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Thls &:Iletln ls one of a gerleg of etght techntcal tnilletlns, deslgaated as
Houslr{tr Deslca Aglggo These BulLetias are dLrrlded lnto partel eaoh of rhleh
r1l1 deal rtth sone elerent of technLcal destgn,

Plnf f, PB0.IEqf GruDE DESIGI, ls lesuod rlth thls latroduction. Other partol
such ae Saaltary Setrer Designl Roadray and Farking Pavenenta, and related sub-
Jeotse rfll be isauedp fron ttna to ttne, as they are conpJ.eted.

Thls conneotcd serles of }louslng Deaign Notes il.lL contaln techdcal datae
notes, observatlone ard reeonnendatlong re1atS.ng to the design problcns rhlch
ere concerned rlth Lor-rent houatag baged on the eontlaulng obseryatlon and
Lntensr.ve stdy of pubLlc houel.ng proJects rhtch heve b€eu tn operatLoa for
more thaa ten yeara" ft should be noted that aLL reoomnendatloas are advLaory
onl3rl except to the srteat that they refer to or reflect the nandatory requlre-
ments of the orrrentp publishod PEA trLlnlmrn Phyaloal Standards and Crlterta.

Theae tn{lletins are not offered aa te:rtbook naterlale or rltb any preteose
that they deel erhaustlvely rlth aqy partlorlar aubJect. ID nangr tastances
they e:<preas oplnlons rhlEh nay be aubJect to challengee and thcy are rrlttcn
rlth a frank acknonLcdgnsat that naqy readers - partlctrlarly profegeloaals -
Eay bc as relI lnforncd ln speciftc flelds as thc rrlters - perhapa Eore 80.
Thc PIIA bcllevcse horcvcte that carefirl considcratlon of thc e:rpcrlcacc
reoorded "tnil the suggeatlons offered should, nesult la the avotdance of certain
Ehortconlngs rhleh have been noted ln eldsting proJeets and la proflttng fron
the knoledge of the rary good eharacterlgtLcs rhieh have beea observed aDd
studledo
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SITE ENOINEERING

(Supplementary Information and Modtftcatlon I'lotes)

Stnce some of the recommended plannlng criteria and statements.lncluded in
thls Brrlletin, publlshed tn L950r are tnconststent with current PHA thiriking
and ln eomd lnstences, are at varlance wlth present PHA Standards, the follow-
lng notes are prepared to amend or emphastze the r:efereneed itens.

1.
of

Dedicatlon of Pro Streets and Drives. Paragraphs I and 7(e), Part ff
s and Drivesrrr Part I of

yard
lrr,

, t
BuLletin llo. LR-3 do not sufficlently emphasize the necessity for dedication
of proJect streets and drives to relieve the project of future maintenance
expense. Present Low-Rent Housing Manual Section 2O7.lt paragraph 3b(1),
states that, rrTo the greatest extent possible aI[ streets, parking, artd
service access facllities shall be_{ellg,Igq to meet manda tory loca1 regula-
tions for dedication to the clty for maintenance.rt This requires that an
early and factual lnvestigation be made of.applicable local regulatlons and
that the basic sbreet and service systen be determined nith these requlrements
in mlnd. Actual dedlcatlon of these facillti.es should be accomplished at the
earllest posslble date.

In line with Low-Bent Housing l,lanua1 Section 2O7.7-, paragraph !a, where LocaL
regulatlonq are considered excesslve to project needs, effort should be made
to obtaln a walver to permit adequate and more economical construction.

2. Pro ect Grade Desi (Walks, steps, banks, and ground areas. )
Section 2O7.1, paragraph rrGradtng, rr and naragraph

3b(2); Bulletln No. LR-lr Part I, ItProJect Grade Designrtt especially item llre
third paragraph; and Bulletin No. LFt-3, Part f, iten B, are considered adequate
informatlon on this subject. Hcrwever, many projects continue to show single
@,andtreatthe2frI,1INIMUMgraderequirementasthoughitiffisinevitab1yresu1ts1nnumerousminorstepandbank
changes ln grade where a steeper walk grade and yard grades would produce a
safer, more economlcal and easi-er maintalned condition,

3. Paved Areas at Entrances. Para graph 21(e) of Bulletin No, LR-3, Part I,ftl The entrance platformshould not be treated as a rrluliscellaneous Detail.
and walk expanslon areas, as generally deslgned, are recurring development
and maLntenance problems. fn many cases, such paved areas gry__!4geeqqglq in

Lor.r-Rent Iio u ng

size for the free mov
F3hould be emphaslz

ement of tenants and serulce at these critical locations.
ed that special care be taken to provide adequate plat-

fonns at twln and row house type unlts and expanded walks or other paved
areas at main entrances to apartment type dwellings. Adequacy of these areas
should be predicated on the ample accommodation of the erpected concentratlon
of people and actl-vities for the w'ldely varying types of use expected.

-t-
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Lo O&IECIfVES. the grade desJ.gn for a housing proJect esnsl"sts bf the
detatLed flttlnge Ln elsvati,on, of the slt,e p3"an to tho topograp{" Baslc
obJectlves are effectLve dratnage and eror+L$n eont.t-ol"u If these arc
attal.nede oeoaorry ln malntenexre& ehoul".d fo,},lorw" CIther eoastderatlons Lnclude
oconoagr ln fLrat eoste the eonvsu*enee of, tenantse ard good appearatrooso

Uasatlgfaotory grede and dnalnage eondS.tto,ns have been experlanced ta nery
erlsttag lmreat oroJectso Sone of the dtf,t"tcul"tl.es have cone fron laaccnrate
eoastnretion, poor coupaetlon of f111 and backf,fJ.le and taeffectLrc pl.antlrg
for onoalon controli but often the grado r{eslgn hes boen falrlty, . The results
have been lnereased naiatenanco oxpenroe addJ.ttonal. eapltal expcrdlturesr and
pernanent defeets Ln the proJec'beo

Thls hrlletla antllnos deEtgn prects.ee rhJ.eh, based on constnrctlon and naln-
tcnanca oryerlcncee cED be reeonmended as gafe *ad satlsfactoryo dlpeadlx f
La a ehqok llet rhtch su&artseE tho neanc of achLeving the abonre-nenttonsd
obJcotivaeo

2o PR&IECI GR3DES fiO fHE SITE PIJIS' fn p]anntag a housJ.ng proJeet, the
grade deetga f,oLtrom tmedLateJg the pneparatlon of, the sLte plans and the
tro deatga operatlons are closely lnterdependeuto If tho stte plan ls aot
rcll adapted to the topographye the dof,eet wLl]" t]e refl"ected ln undcstrable
grade condLtloas; and lf proJect grades are not fforked out to best adventagee
Bono Ecrlts of tha glte pX"an wlll bo lost. PauJ"ty design f,n eithsr rospeet
nay reault La trnremanted eoets of slta gr'adJ.ng, dralnage feetlttlea Erd
butldtng foundattona"

Even though tho atte planner rj.sualireCI projcet grades eonotantly ae hls plan
I,a devclqnde he can hardty foresee rhether lt rtll prove aetlsfCetoty aE
regatdt grades and dralnage ln ovety dotallo Thorefore, the,,p1an phoeld not
bs rfroacnr urtll the gradc dcelgn la conplcted," The grado deslgaer raf, dla-
eovor ehangeae alaor oaes at leart, that rtI} fuuprove dnalnagej ellnLnatc
earth baakse or reduee atorn B6uer eoetso fle ghould be alcrt to theee possi-
blLltloao

fhtle c Alacusgloa of sLto pS.annl"ng le treryord thc seopre of thls tnrJ.lottae oue
concr.deretloa related to draJ.nage nertts mntLon; lt ls preforable general\y
in Io-rcrt proJcetce to loeate roadraya ln nvaill"eyer rether than on rr!.dgeamo
fard areaa 1111 thea plteh tcard the roadsp ead tf the latter are gtvca
contiauoua doraratd slo,pea to elte bouradarteo they rll} aervo as enorgenolr
dralnage ohannclco Stom a€f,ara are rare$r destgned to harrdlc larlrun storn
floteo

3. IffiDBtriB0lND DnAIfS, For htgh denotty proJoctse corylete ayatene of ctorn
Eilcrs aro akeys nccesgaqr and thelr per-DU cost gencral\y ls qultc lor' e$
ae proJect douslty deoroasoa, th!.c coat rl,aaa rapJ"dJy and eooaougr ln thc ctorr
Esrcr lnatall"atlon beoorss lnereaslagly lryortanto

ol"-



BuLLetln l{oo I8-4
PIBS I

EETT
PEA

3-%,-50

Thc grade dealgner ltrst vlffd.i.zc proJect stonu BilerB -- those thet hls
gradca rlLL neeeasltatc -- Xu urch thc ss!6 rqtr that the stte plenncr
vlsu.aLtuec projaet grados. fn facte the proJcct grade study aad the atom
66rcr desJ.gn ane both basteally eonearaed rlth aito draLaage, and ray bc
troetcd Loro or f,.eos as a sd.ugtrc dcd.gn qrcratlon,

To a ccrtal"a exbonte storr rater nay be aarrtcd auay elther ovcr thc surfeeo
or udorgroundo Fo ennptrce a gi.rea uea rer be dratncd by provldlag flll
so as to shsd ths rater to a sitc boundary or Uy lactalLlng an uadcrgrould
drain ead {.nlct" &rt rhcre stom rotcr mret be eonducted ecroat tho altc
for ary dtstancce thc bsst plrco for lt la undcrgrouDdo

thc follwlng toxt csntaLac soac dLseuaslon of the coadLtlonp nnder rhloh
atoril gerars +nd lnlata bceoro aceossrrlro Eolcvcr, eLtc condLtlosa, suoh ar
soLl erostbJ.Ltty, al.opec and ralnfall tntcasltye vary trencndourly ald
dcelcLoaa f,taaJJy nuat bc bascd ou ths dcalgaerrc Judgnento In aors e:l,atlag
Lq-rent proJcetc, Judguat la thls rcgard ras uarircly lnflueaocd by ptea$rrc
for eooaoqr La ftrat eoate rether thea ta lelatenanocn

4" PAEBEQUISIIES T0 GRADE DBSIGU. Beforc undertallng proJeet gr.lde atudleca
corprehoasl.ve tnforaettoo oa slte condltloue rugt bo obtataed ald doeirioaa
reeehsd regardlng ocrtala deaLgn poliotea and dctaLls. Sccdcd ercr

8o .0n aoeurate topographl.e rap of the alte.

bo Eatabltahed gradea of ctty streeta borrilerlag or crocglng the cltcn
(Xf sueh gradoa are not egtabLtshcd or changpr eplrear deglrabler thc loca1
arathorlty ahou!.d roqucat approprtatc actloa by the otty")

oo Grade elevatLong erd lnfornatlon regerdlag tbe adoquaoy of crtottag
soxero at the cLtee and rugarilLng off-tlte seror cxteaslon! ncocltatlr or
propoocdo

do HLgh reter eleyationce tf aay part of the glte lt aubJcet to floodl'8r
elthor fron atrcanae tldcrl oF ourcharged stom sororle

€o Subeurfaco sol,I lnweti.gatloa detao

fo trafomatloa on dre.Lnage condtttoar of, adJotulng propertics, ospoeLslly
tf ary arah prqlertlec draLa onto the alte or lf rry pert of the alte hrs
natural dratrege oato adJolnlag property. (fUfs lnfsraetlou ahould be ob0alaod
or ycrLf{6d by tbe dcalgntng engtaeer),

So Bengo of pem{.eatbIc helght,a of f;lrst floors above flatchod grrdo;
bcLghtr of erarL qptocg (ff any) .nd proposed rcthodr of gredlug aod dntalag
then; and regrtatto dcpths of f,anndatlonc be1or preseat gradco

ho 6boac rcctlonc of ncr ttrectt ed drivoa"

o2o

-oc-ocG---66o-to -----c- -o9--c--- rc----o



1. Deternlnatlon as to the general e:rtent clf storrn sewers to be
provlded. (See precedlng sectlop.)

5. DIRECI DBAfNAGE TO SInEmS. The fuieal neaDs of grounda draluage Gorl-

slsts of eoutlnuous easy sLopes, dormward fron bulldingg to adJacent
streets, drlves, and parking aroaeo Thls nethod of 9t"1*9" tendc to prc-
vent ary conceatratloL of gtorm vater fl.o-n on graaeed or pLanted arces,
and ge-nlrally obvlates the ueed for storn te_Y?r l1leta el,sesbere than_tn
pa"eiente, the nethod ts that oonmnly used for dralnlng the Ygds o1
prtvate houses, and lt shonld be enployed ln proJeot deslgn.to the extent
(generally trnitea) that the slte plan and topography permlt.

(l) onarnaGE ALoNG wALKS

(a) onarnaee FRoM wALKS oNTo GRASSED AREA

FIGURE I ALTERNATIVE METHODS OF DRAINING GOURT AREA
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thlr ucthod of dralnage La not ooneLdcred ar lafe aa that'
f,6roover, thc dlehed acntcr paaclo of Sohcac B pcaent a
rpfGtrrnoe than the arorued panek of Sehcurc A.
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trouble for
uscd ln

the vast

iILus-
gloBesr

6o DB'IIUAOE f0 mf,fs VS. DRAIN&E m G8AIiSB lnEls. Therc are tro barle-
aILy iltfferlng nethods sf dratning proJect grounda. Flgurc I shovc tihe
epplloatlEn of eaeh to a court betveen tro snall apartunt brdldlngao Ia
bsth eehenee the storu rata 1g drat^ued auay frou the tulldtnga to thc
Grpos?alopecl nalu ualka. Uader Schene l, the vatcr frou the graoeed eentral
uee ls alao dralned touard the rallae ard the latter arc gLvea rufflaicnt
Blopc to couduot the ratcr aloag theli. suter cdge (partly o t[re ual[ urd
partly on.ttrc graag) to the sercr lnlet .at thc lorer end of thd cotrr"E. Ilndsr
flpb"no,,B the^algru nater ts expeotcd to olosr the vaLlc,,Qg.{ Ei*oh._fnfets lnthc centcr of the grasscd erGElr

a

& r'vad.atlo i.n Sehenc A, etoru vetcr ulgbt bc oonduot.d to tbc lalct
tbroutb vory shallor dcproaaloao (eualee) centcred ebout trc fcct fror
tho outcr cdgc of thc ualtgr and otrrled rradcr thc crors ru& fa lnall
oulvortgo llorcvcr, thc dralaagc aJpca-bctucon thc hrlldltegr*la qrrltc cnall
and iiho nal&s arc fatrly rlde (6 fcct)e so thc ctqro tnta f,Lor=r.Ioag onc
r!.dc of thco shotrLd aausc lttt1c lnoonvcalcacoo

Sohomo l.

that flalks bc
feet)r,tbat thcy

at

flou

ry!r'b
, uPptr

-4'

rcduccd

la pneferablo
tnstaneer nay

1r foruedr allt
and nanagenento

uay be carrled
tever.thclcao,

oato the
ralka heve

:i ''

bourfug pnoJ ecta ln the nauncr ehoun ln Schore A,
oJ cesea uo acrloro obJoetloag beo bccn ralaod

Lovcr llnlts also should bc ugcd for tlght



EEII
mr
?11-fr

OBS()LETE
4*."t Zfi

/-),L BullotlaIo.tre-4
= b'@ I PrRt r

8. ffilfEl BEIUEEf, X0I-EOUSE BUU.DItrOS. ltgun 2 rhorr tn rootloa tlrer
rdar for hrndllag ltorr ntor elon3 r ccatrelly locttcd rpprorch nll
Drtrrca tno rvphouro buflillgr rhlo! lrvo rpprorlntcly tLc rerc olovrtlon.
9oborc I uttlllor the ooatrrl rrlL (onc ddo ud tbc tdJolalng leva) m r
dretuge cheaacl; gchcre B Lccpr tbe nall corpurtlvcly fror iror ritor ty
rcrDt of r cororrtc a6torl eod Scbcr C raaolplfubu tbo rer romlt by
lcru. of e rrrlr (rltb culvortr udor rr$reaoo rrlhr) loortod tdJroont to
thr ooatrrl f,ll.
gcb.D I 1r tLr em ururlly uployrd la lou-rrnt borulng, thor lt fu ttro
-rblrloltl lrrt rryonrlvo, rad 3orcrrlly fu nttrfratorT. lbc prvgd aUttor
rddr to aDrtr 1r e d[Et trrrrrd to oblldmn rt phy, ud trner0l 3onrrlly,rr{ sulvortr uo cbJoctloneblo, to r lom rrtcut, for rtrthr ietolto

tiA I ltA0tf,AY
LT

?

(A} DRAINAcE To oE}ITRAL IYALx

sH[!.!t.[Jlilr r] otoumD H Lrt,,

0trrtratutv

(1, DiAtilAe r 7o PAVEO OUr?ti

0lrrxlatfl?

0uLyt

(C, DRAIilAEI TO TWALE

FIGURE 2 ATTERI{ATIVE. METHOOS, OF DRAITTAOE
BE'TUEEN ROW.HOU3! !UtLDtNOB
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llgurc ! rbo6 yrril prdlng alil drelargc rthodr for nodcratc to gtccP
orirr rlopce botrrrcn ror bulldlagr.

7o MAX

15 96 tlx oiArilAoEwAY r 7o rtil.
ROL-L

3H OWING STEE P WALK
SLOPE IN LIEI' OF STEPS

t70 mAx.

.%t

SHOWINC OOMPARA?IVELY
EASY YARD SLOPE, WtTH
BANK AND STEPS

ORAII'AC EWAY

ALT

SH OWING DRAINAGE TO
CENTRAL WALK

tIA LE

sHowll{o swALE
PARALLELING BUILDING

U'ALX

Sf,A LE

SHOWING DUAL APPROACH WALKS (FOR STEEP SLOPES)

FIGURE 3- TYPTCAL GRADING BETIYEEN BUILDINGS ON

SLOPTNG SITES

9. fid,t!. tho profcrrcd dra{.nrp Plrn fu oac fD *toh no lrelcr erc
rogrilred, .boc rt boat thoro rhellor dcprcrrloa! orrry ooaoortretcd filon
rtriah uy bc !*lou.hr lDollvc. Eorrvcr, lt tr of!,cn llrporalblc to d_cv;Igp
r pha.lD frlch grrtiel ercri .Er1r*.rc prcrcnt raoothl ootlnnmt rlsPct
to lnvod ltolrr

t:
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Crrt l.E urcr of rrrlca arc lllurtrdct ta Flgurrcl a rna l, othorr !n Flgurrr
l+ ana 5. tbet ln Flgurc !, catrlllng rtora ratcr flsr rorosc cntrenoc talkrp
tr drf!.nltely rudcrlrablc, rlaoc lutrnrfirot dratargc of thc nILr 1r thc tl-
rcat lncvltablc ncrultr Emvcr, ror bulldlngr nrrt c@tl.ma bc looatcd et
r lsrrr olcvatloa thaa ailJiocat strectc and drlvca1. ard aa lntqrvcalng rralc
bcoomg rcocraery. Flgurc 5 tllurtreter hor to peke thc bcrt of thla unde
rlrablc altuttlou. But the rohcns should bc adoptcd oaly after ocry cffort
har bccn udc, throush rai clag bulldtns*' cTclt;.1fr1;ilt*"f"':itflrfl:t

CURB
provlde ooatlauouc donnrd cloper
frou thc bulldtag to thc adJacent
parmnt.

SWALE

I

7.

I

,'I

FIGURE 4 SWALE AROUND
TWI N HOUS E

Othcr urec of rales laoludc rcrvlag
ar roddcd dralaage oharnele frm dora-
rpoutr, and lateroeptlug eldc-hlll or
of,f-rltc dralnagc and oerrylng lt
erornd the butlt-up part of tho proJ-
cot, Ia the letter urcl thc ccle
m,y attaln the proportloac of a grassed
dttoh. In rare oaee!, too, a godded
cralc must be ured to oarrlr off draln-
egc fror a sEl1l surfaoed tfoa. fhls
ls alother undeclrablc dralaage
but oooaaloaally eryloyed rtren no storn
loiltr lc avallablc. Suoh ccleg nuat
bc glven sufflotent slope to prcvcnt
rlltiag.

oo
MIN

9.OO
+

8.75 L75

I 2 9.oo

+
78 5

t

ltron porrlblcl thc bottor of aralca should be at lcagt 10 feet dtstant fron
adJeoot butldlag nIIr and one foot lmr tha,n flnlghcd grade at thc ralls.
lhc gmle rcotlon rhould peratt grass outtlag rith pcrer equlpueutn

CUR

il.oo

ro.6 5

1t.20

7.60 .8.28 9.O7 9:t7 r0.53

;-e SERVICE DRIVE

FL. EL ro.0 0,I

FL. E

9.63 9,639. r38.26 to.5 0

7.95 IO.t5

to.52

9.638.26

8.35 9.OO 9.30

-...-..-
8.65

2TL
9.739.53

ruoon er.l FL. EL

I

|".
I

I

I t,t3 2.50

il.2 3 t?.o2 lz:to

FIGURE 5 SWALE THROUGH REAR YARD
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fhc fol"loulng teble ehows enrggeeted naxLuun clopcs for accdcd aralcs and
for eodded svalcs, rcspcctlvaLy, ln rclatlon to drainago arGass

Drainaqc Arca*

11000 sg. ft.

llaxlmun SLopcs for
Esgdsd-Elules S@d.-Sg*t!s

5%

3fr 60
7"'L/2fi 251.Lfr L5T

:: r#

21000
51000

Lorooo
20,000
,0e000

100r000
20orooo

IL
ii
nI
ilo
ttr
Ii
nl

* Inelude roofg and paveaents at doublc thclr actual
arca (horizotal proJcetlon)

fhe pareeedlag flgures ar€ lnteneled to seflre as a rough gulde" lu deterrlalng
rben flov channele should have sod pnotectlon and vhea they ahould be paved,
or tmdergrou,rd dralns pnovLded, Ulth seeded srales the obJeot-lve obvlousLy
1g to get a atand of graac bofore appreelable erosLoa oecur&i J.n thls, meb
rtJ.l depend oa the eeason as veLI aE orr aoll characterlstlcs" $ra1es nay
roqutre proteet,J.on ln the forn of nuLeh or trec boughs tuttl uorc perranot
poteeti.oa caa be povldedo

10. EARTE B.AfifiS. Experience has proved conclusl.voly that eart& lenlcg s1'e
a soure€ of endLees troublc 1s [qu-r6nt houolng proJects" Eroelon and rear
fron ehl'I.dren0g play nake them eoaily to malntaLn and they oftca renaln
unstghtly ln epJ.te of aatatctrancc cfforts and expeuseo Xoreovere banks
neceEsl-tate vaLkuay stepe, ubieh arG I baaand, ae vell ag a nrdgance to
tonants"

To ulnlnlse the noed for ateep eart& baake and ral&vay etopsa

Bo Uaa sloplng grade linap along brulldinga, Lnstead of strivfug for
noro or Loae level trbenchestro (gnoothly fl-orrtng mrrfecos throughout thc
site nay be aorc pJ.eaaing tJraB a senleg of tcrraeee; and the slopJag gradc
llneo nlLL not neeassarlly entalL stoppedl footings for bulldlnga")

bo Glve bulldLug entrauee mlks lodcrately oteop ELspcs rdtb an ogcc
pnof5.3"c, Ln preference to ltght gradas uhl.ch rould uecossitatc steps tlona
to nala wa1kg.

Go Uco otcpped ranps, vhsrc praotleablc, ln ltcu of etcpen (Iheso
1111 gtve s3.opes, fron { to 1 to 6 to 1, wcr r*rleh a porcr Ertr can be
oporated" )

-8:
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do Substltute retalnlng ralLa for earth banks ln favorable locationr

and rhea cost LlnltatLong pernlt" (Dry nasonry raIls, rhsre sultable stone
tg avalJable, are leas costly than concrete and nore pLeasing ln appearanceo
The flrst cost of retalning raLls nay be offset to a conslderable exteat
by the addltlonal ground area nade usableo llhen eteep tnn]rs extend dorn
fron bulldlngs to street slderalks, Lor na1ls al.ong the relks have been
found parblcuJ.arly a&nntageous,)

Every effort ehouLd be nade to ellnlnate aL[ ]g! banks. They have often
beeu us€d rrhere the dlfference ln elevatlon corld have been taken up easl\r
by glving a Ltttle nore alope to walka and grassed areao.

there a steep earth bank (2 to l, naxluun) gUg! be ueed, lt ghould be given
a relL-rounded eectlon, and surface rater should be dlverted back fron lts
top, unJ.ese the dralnage area above lt ls erbrenely small" DLverslon nay
be acconpUshed b5r a ve47 shallor B;aLe, contlnued dorn or around the bank
ln s eodded ehannelo

11, DRAIIAGB fROf, IEffiSPOIIfS' fn blgh-denolty proJects serer connectionE
to roof leaders are lndispenbable; ln practlca[y gII Lor-rent proJecto tbey
are most deelrableo They rere not provlded, horever, ln ntrnerouo exlstlng
proJeots -- Ln aome Lastancos because of lack of outLet for storn serers,
Ln othere for reasong of eeonory. The reeults frequently have been con-
tlnued eroalon tn grassed areas aad danpnees ln basenente and crarl spaceoi
a congiderablc anount of correottve rork hae been necossar;ro

Nevertheleee, for very lor-denslty proJeota rlth d.ornspouts on both gldea
of butLdtnge, the coet of serer oonneotlonE nay be e:rtrenely high" There-
fore, rhere condltiona are favorable (rberc alopes are Ilght aad the soII
poroua), the od.ssLon of dormspout counectlons nay be rarrantedo

In sonc lnstancca conncctions nay bc nccesgar'5r to only a fer domepoutse
such as those dtscbargtng near the top of a slope. And, rhere no stora
ssuora are avallable, dornospout drainage, ln sons case8, may be plped to
dlscharge through a street or drlveray curb, Further, sodded emlee uay
Eerye ln oerbatn Locations to conduct roof rater to safe pol.nta of dis-
charge" The lnportant thlng ls to glve the problen careful study.

L2, POCSEIq. The groundg arsas ln nany proJeets contaLn 1or areas fron
rhlch s:[orfri water utrst escape through rrnderground draLns, AE a rule these
depresalons are shaLlotr and tf a drala beoones atopped, tha ;ater rlLL sluply
overflor to a roadray or another draln rlthout causlng serlous danageo
OceaeLonally, horever, there ls a deeper poeket, such as a declded sag ln a
street, or a court partlally eneloeed by a bulldlngr rhere the ologglng of
a draLn rould result ln danage to sone bulldlag or ln eerlous.erosiono
0bvtoualye srch a condltloa should be ellnLnated by a change tn the slte or
bulJdtng planee or guarded agalnrt by precaubLong taken ln the dralnage
deelgn" Dupllcate draLns nay be rarranted ln sone lustanceso

-9-
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13. IROCEDLRE IN ffi^0DE DESICTNS ESTIBtISHIHG BIIILDII{G rL00R EIEV{TIOIS. Tho
proJeot grade deslgn le nornally developed as a rhole, adJustlng and read-
Justlng bnrlldlng, grouade and roadray elevatlona, until a thoronghly eatis-
facto4y baLance of aLl featureg Ls achleved" The startlng polntl 88 a rule,
aonsLgtg of the establlshed grades of boundarSr atreets"

Exeept proJects comprised of multL-otory butldtnge, the grade deslgn nornally
lncludes the flxlng of bulldlng flrst-floor elevattous. In thtg phase of
desLgn, archlteetural conslderatlone - &16 speclflcal\y, the correlatlon
of butLdlng 1eve3.a - Eay be inportant, but no vlenpolnt ehould prevalJ, to
the excluslon of others, Very often, ralalng the floor elevatlon of a bulldlng
only a fer lnches rlll luprove dralnage condltlons lupEasurably.

Bulldtng 1evele Eay be governed sfurpIy by the neceosary rise 1n raltrays to
btrlldlng entrances. l&ore oftene floor levels tbroughout the proJect are
egtabllshed tentatlvelvr or roaduay grades are asBuned; then through trial
aI[ grade elenatlons are adJusted untlI the result ls eatlafactoryo

Ilhen a ralk closely paral-IeLs a ror buLldlng, the ralk slope rlL1 generally
neceseltate variatlon In the nmber of otepae and sometlnes in rlser helghts,
at entrances. These dctermlaatlons nay be lncludcd ln the gradc dcslgn.

Uo f,ALffAI GRADES" tra3.tray gradea conetltr$e a maJor part of the grade
deslgn work and tts proper executlon ls eesentiaL to effectlve site dralnage
and to the sattsfactory appoarance of open areaoo

The mlnimura grade reconnended for proJect ralka Ls 0"56r although tro excep-
tlons nerlt nentlonr first, naLke adJolntng roadraye or parklng atea curbe
are sonetlmes lald practleally rithout loagltudlnaJ. elope; and second;
bulldtng entrance or other ehort ralks can besb be pS,anned for a I"00f slope
to abeoib aLnor inaccuracles ln constructlono Aa prevlotrsly aotedr aLL walkc
shoul.d. be crogs-aloped or crotnedo

The maxlnun grade recmmended for naln ralka La L6t for eatrance raLke 15[r
but rlth congideration gLven to gradee conrrm ln the Locallty, and restrtctlng
the slope to @ rhere snor and lce nay prevall for a long nlnter BoaEono
Generally speaklng, steep gradea are far preferable to atepa and tbe earth
bantca that go rlth them" Adjolnlng the top and bottou of stepa, ralk slopes
shouLd not exeeed 2 per cento

Sharp breake ln grade -- ln long ralkee at ;alkray Lnterseetionol or ln
butldtng entranoe raLko -- sre conoplcuous aDd unsigbtly" Gradlng plane should
shor the characterLstlce of vertical curves required.

Another unslghtly grade condLtlon ls a long;alkray rlth a waqtr or nrolLer-
coasterr profJ.J.e" ThLs ls s66n occastonal,ly on flat sltes, rhere ral.ks dlp
torard catch basing located at lntervals; and along sloplng nallse the gradea
of parallel ralks are aonetlmee obJectloaably irreguIar"

-10-
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L5. GRADES AT EXISTIIIG TBEES T0 BE PRESERVED. Flnlshed grades shouId,, lt
poeslble, be nade to conforn very closely to exlctlng gronnd Levals at tree
locatloneo Trees ehould nover be left on Eqglt nounds, and fllltng around
then 1g perd.oelble only lf apealal proteot,lve neasuree are taken. tioreover,
tree locatLons nay be shorn lnaccurately on the survey nap and so earrled
over on t,he proJect drarlngsi or the spread of branches Esy not, be fully
taken lnto aecount" Locatlona and base elevatlons of treeg ehould ba ehecked
as soon as hrlLd.lngs are stak€d out ln the fleldo An lll-advlsed and Elgllc-
cessful attempt to save a tree la LlkeJ.y to result in an unsightly grade
condittou after the tree has been removed.

L6. IffiIIUUU AllD t[INIUIil SLOfES. Llnltlng olopes for grasoed and surfaced
areao depend to gone erbent on Local coud.ltl.onet poroslty and aroglblllty
of the eol.L, frequency of ley cond.ltlonae and the ateepaess of sJ.opes to
thlch the people ln the locallty are accustoned.

Costs also are a conslderatl,on. lben a slte la extrencly flat or extreneLy
steep, aome rlsk nust be asltmed ln enploytng grades thst rlll not resrrlt ln
exorbltant grading cogts. Eorever, elopes Llghter than the recouended
rel,nlua abould be uged rlth earrtione especlall.y tf the aoll ts noaporoua.
Orades us6d Enst be sufflclent to trtake rqln uinor laaccuraclcs ln constructlon,
lncJ.rdlng sone sllght settlenent of f111 and bacldiLl.

Ihe follotlng tabulatloa shore uaxLmum and nlnlmu slopes consldered deglrable
for uhat nay be terned traveragen condLtlonsr

Streets and drlves - croxned sectlon rnlth
curbs

Streets and d.rl-veg - crorned aectlon wlth
conblnatlon curb and gutter

Servlce drives - laverted erorn sectlon
ColLector and approach waLks
Entrance ralksr

AdJolnlng bulldlng platforns
Elscrhere

Paved rcereatlon areas, lncludlng sltting
areag

$urfaced laundry yard.e
Tenant yardsr

Up to /r feet fron bulldlngs
Eleerhere (exeept Uants)

tsanagenent-nstnteaarce areas 3

Up to l+ f eet fron buiLdi.ngs
ELeewhere (except Uanks)

Grassed playgrounda
Paved guttera
SraLess

f,lth flon crosolng over raLk (See
Other (See

Earth bankg

llaxlnun Slooe

8.@

8.wg.w
Lo.o6 y
2.w

L5"w y
2.06
5,oq

4.w
15,06

l+.ffi
25.w
2.M

Tab1e oa page 8
fabLe on page I

2toL

Ulnlnun Slope

o.56

O.lr&
o"@
o.56

L

0.
0o

2,w
L.M
2,Oql.w
0.75fi
o"56

2.06
1.06

o

L
w
@
56
56

y 4 there Lcy oondltlona may prevall ln rlnter seasoJl.
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L?. GRADING DRATEIIGS. The nanner of shorlng flnlshed gradee on the drar-
lnga ls nost iaportant both for accurate exeeutLon of the deslgn and for
use of the plans on the Job. Follorlng are brlef suggeatlona on the natnre
and scope of grade deslgn tnformatlonl

Bo Shor proposed @ on the gradlng block plana for
proper correLatl.on and checktng;lth finlshed grades for lnterlor Eroaer
Glve stationLng, rates of grade, and FCls and PIrs of verbtcal clrv€s.
(Roadray proflles are ugually not essentlal Ln the constructlon contract
drarlngs, but may be needed In the deslgn strrdy.) Stror roadray erlrb eleva-
tlons at all connectlng ralks; ahor curb elevatlons alao at the ends of all
roundlngs, and gutter eLevatlons ;here speclal seetlons are regulred.

b. Shor ral.kray srades at all bulJ.dlng entranoeg, ralk Lntersectlons,
ralk and. roadray Lntersectlonse breaks In grade, etc. Where neceosar;r,
lndlcate requlolte rarplng of ralk surfaceso

cr Shor flnlshed grades for gtrrfaced areas (other than roadraye and
mJ.ks) al.ong thelr gtdee and at lnterlor polnts as neeeoEary to tndlcate
shaplng.

d. For lams and olanted areaee ehow finlshed gradee at corners of
bulldlngs, breake Ln grade, top and botton of b'nkcr ete. Shor cross
sections of banke and sraleo, lndicatlng rotmdlnge.

€o and, as necossary, the nuuber
of entranee steps and rlser helghts. Archltectr:ral draulngs shouJ-cl shor
a seetlon through each t3pe of entrancen

f. Shor flnlehed grades of surfacEd areao so1eIy by spot elenatlons,
and finlshed grades of larns aad planted areas generally by thls nethod;
use finlshed grade contonrs on\y rhcn they are necEssary to lndlcate hor
the surface le to be shaped.

18. GRADIIIG SIIPEBWSION. f,hlle slte sJ.opes nust be sufflcLent to absorb
ninor Lnaccuraeles In construetlon, the grade deslgn cannot provLde lnaur-
ance agalngt careLeso rork, such ae Lnsufflelent conpactlon of flIL and
baekflJ.I, lrregrrlar flnlshed grading, and Lnaccuracles In settlng ralhray
forms.

Such defects have been experleneed, not lnfrequentJy and ;lth costly results,
ln exlsting projects" The remedy obvlously lles ln thorough, conpetent
inspeetLon. 0ccasLonal cheeko should be nade of the contractorrs gradesr ind
the lnspectors and the engineer (to ttre extent of hts supervisory servlces)
shouLd foLlow gradlug operations closelyo

-L2-
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cH[Er lJq[-ron GnApE .pEsrGN

1. TOR ETEGTITYE DRAINA@:

a. Glve contlnuous adequate sLopes to aLI parts of the site not ocouplecl
by bulldlngs; provlda poslttve slopes away fron bnrlldlngs; provlde good
longlttd,lnal, as relI as transverse, slope ln ralkmys, unleso they adJoin
paved gutters"

bn Avold dralnlng gurfaced arcas onto grasged, Ercag.

o. Do not hesitate to use one sl.dc of a ral,k as a dralnageray rhore that
ls deflnltcly thc slnplest and nost coononl.cal nethod of drainage and nhere
the storm rater flor 1111 not be axcesslva, but provlde gral.es paralIellng
ralks rhere practicabllc.

d. So far as posslble, avold svales crosslng ralkraye -- elther under
then (ln cuLvertE) or ovGr them.

B. Avold. pookcts fron rhlch the stoppagc of a dralu rould causc danagc
to bulldlngs or serlouo rash across grassod areas. If such pockets arc
unavoldabLc, provide d.upllcate dralns or take other adequate deslgn precautlono.

f. ?rovldc storn sercrs and sewer lnlets, so far as feasiblc, to lntcr-
cept concentratlon of storm ratcr flor.

(1) In ground,a aroasy 1ocatc lnlots adJaccnt to, btrt not rlthln,
walkrays; provldc a paved bordar batreon the gratlngo and larme or plantlng;
sct gratlngs about J laches bclor adJacont flnlshed gradr tn suaLL dcprcss-
lona that rLIL collect thc etorm ratsro

(Z) In roadrays, ralatc the spaclng of lnlots to tholr capaclty to
rEcelve tho flou"

B. Dlvert fron thc eltc (or that portlon of It to be dsvcloped) any
dralnage fron off-gltc or tmbull-dablc arcas.

h. Avold lncrcaslng thc storn watcr runoff onto adJolnlng propertles.

2. FOR EROSION COMROLr

, ao lltlllzo nndersound dralns to thc grcatcsb fcaslblc cxtont.

(1) Conncct dornspouts to storn scrors lf siwers aro aval-lab1e and
thc oost ts not prohtbitlvc; or, rhcrc fcaelbh, provldc downspout connoctlons
to dlschargc tbrough roadray or parklng ar.a curbs,

-1-A-
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(Z) Work out gradeo to mlnlnlze danage tf etora seilera are
eurcharged.

b. Keep rater dtffused over graased areas eo far as pose1ble.

c. Provide sod or pavement, lf and as necessary, Ln open draLnage
channels.

d. Mlnlnlze t,he use of eteep earth banks byr

(f) Uslng sloplng grade llne along hrlldlngs, lnstead of strlvlng
for series of nore or lees level bencbes.

(a) Glvlng bulldlng entrance walks conparatlvely steep slopes, ln
preference to llght gradas nhlch rould necessltate steps dorn to naln ralks.

0) Uelng perrons, rhere practlcable, ln Ileu of steps.

(li Substltutlng retalnlng ralIa for earth barks rhen cost llntta-
tlone pernlt and condltlons are favorable.

€. Bound the top and botton of banks.

f. Divert draiuage aray from the top of earth banks and steep slopee,
except rhen the dralnage area ls very smal1.

3 a

g. Preserve exlstlng ground cover on large open areas rhere practlcabJ.e.

FOR SArgft AIiID LMBILITYT

a. Where loy eondltlons occur frequently durlng rlnter nonths, try to
keep ra3.k and roadray grades reIL wlthin recommended naxlEUESr

b. Hhere an eRtrance ralk J-s steep, rorurd off the top to gLve a grade
not exceedlng 4 rhere the ralk Jolns the butldlng steps.

c. Avold steps ln yard ralks; nev6r uBe a slngle step.

d. Carry servlce drlves across street eideralks at slderalk grade, rather
than depressLng the roadrays and usLng curbs; but provlde storn aetrer lnletst
nhere feaslbLe, to prevent excesslve storn water flow across the f,a1kso

o. Avold sharp breaks in grade and waqy profl.lea ln walks and roadrays,

f. Work out grades to l-nsure preservatl-on of trees rhleh are to remaln
ln place.

g. Provlde positlve drainage for erarl spaces.

h. Avold hlllslde ctrts rlth slopes that are not oertaln to be stable.

2-4.
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4. I'On DCONOltr IN FIRST COSTr

Br Draln proJect areaa dlrectly lnto adJaoent pub1:tc streets eo far
aa posalble.

b. Strlvc for a reaeonab1e balance of cut and f111.

e. At bulldtng sltea avold deep flIIs rhlah lould add matertally to the
cogt of foundstlons. (Thts 1s nalnly a slte-plannlng consideratlon, rhere
deep fILLE are necessarye the ar€as ean best be used for pJ.aygrounds or
parkJ.ng areas. )

d. f,eep gradeo as hlgh as practlcable there rock or rater-bearlng solI
llIL lnoreaga ngterlally the cost of utlLlty lnetallatlon. (FtJ-llng, nade
to thie end, uay regult la slnpllfied grade deslgn and, Lese need for storn
gerers. )

6r In lor denalty proJeots, preeerrc topsotl ln place rhcre practleable,
avolding cuts of but a feir lnches.

3-A
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SITE-ENGINEERING

P.ART II - RON'WNT AIID PARKING NREA PAVENMNTS

1. SCOPE OF ENGINEERING WORK

The general layout of project streets2 drlves and parking areas is fixed in
preparing the site p1an. The ensui.ng engi-neering work consists of selectS-ng
proper surfacing materials, establishing lines and grades, drafting roadway
cross sections and other details, and preparing construction speciflcations
and estimates.

This work sirould be done by an engineer e:rperienced in pavement construction.
Since these notes are prepared mainly for his reference, they outline the
conditions bearing on pavement design which are peculiar to low-rent housing
or which project maintenanee experience has proved require special attenti.on.

2. SUBGRADE

The subsurface investigation of the project site 1 uu carried out by the
Local Authority, will supply information useful in pavement design. Such
information will necessarily be supplemented by field investigation on the
part of the engineerl who must be in possession of all facts necessary to
determine the need for subdrainage, subgrade stablization, or a subbase for
the surfacing. The extent of filling for roadways will be ascertained as
project grading plans are developed, and precautions can be taken toward
insuring stability of the pavement. Even though project roadways are of
llmited extent, the experienced engineer will not neglect subgrade examlnatlon.

3. ROADIINf, CROSS SECTION

The crowned roadway section with curbs is most comnon\y used for project
streets and maln driveways andl with the exception later noted, is the most
desirable. Curbs have been omltted in some earlier projects, but with eonse-
quent extra expense for maintaining shoulders, side ditches and pavement edges.

The dished or inverted-crown sectj.on has been employed extensi.vely for service
drives. ft is economical as regards storm drainage and is adapted to camying
drives across sidewalks at the sidewalk grade -- a desirable arrangement.
However, the dished section has met wlth some disfavor, chiefly because of
the difficulty of accurately grading the central gutter. ff the dished sect,ion
is given a fairly good longitudinal s1ope, there need be little hesitancy in
using it. The section is not recommended for other than service drives, or
for paving material other than concrete.

The side-sIope secti"on, vrith drainage to one side, has been employed advan-
tageously in a few projects to obtain a better adjustment of driveways to
topograplly and to red.uce storm sewer costs.

See Bu.lletin No. LR-2, ttSubsurface Soil Investigation.n
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Recommended roadway crowns per foot of roadway width are as follows:

Egcli_qn Averaqe Crown Form of Clown

Crowned - servi-ce drives
Crowned - streets
Dished
Side-s1ope

l/lr Lnch
3h6 tr

3/S rr

3/S rt

per foot Parabollc
Parabollc
Plane
Plane or paraboli.c

Max.

/r, CURBS Ar[D GUTTERS

Roadway curbs have three functions, each important from a project maintenance
standpoint: to control drainage, to keep wheeled traffic on the pavementl
and to protect pavement edges.

Tlith reference to drainage, curbs have been omitted advantageously under one
unusual combination of conditionse namely, a flat site, porous soiI, and
mild climate. Under these conditions, with the roadweys drai-ning onto
grassed shoulderse mrrch of the surface water seeps into the ground and a
mi.nimum of storm sewer i.s required. 0rdinari\y, however, curbs are desirable
to form paved drainage channels and to prevent roadside erosion.

Curbs are obviously not required to control drainage along dished pavement
or the upper edge of the side-sIope section of road. Howeverl e:<perience
has demonstrated the need of curbs to keep cars off lawns and to protect
plantinge fences, clothes-line posts, etc., located close to project drives.
rrRolledrr curbs are not effective for this purpose. A curb height of 5 or
6 inches is recommended.

For concrete pavementl an integral curb serves the purpose of a rfthickened
edgerrr and its cost is, therefore, more or less offset by greater lnvement
strength. For bituminous pavement,, curbing provides permanent protection of
the pavement edge. Combination curb and gutter ls preferred to plain curbl
not only because concrete is a better material for the gtrtter, but there is
less tendency for the curb and gutter to draw away from the pavement and
permit water to reach the subgrade.

5, ROADW.AY GRADES Y

The site plan, ln its relatlon to topographyr obvlously fi-xes within rather
close limits the grades to which roadways must be buiIt. As a ru1e, the
engineer (grade designer) must simply obtain the most satisfactory slopes,
maximum and minimum, that the plan permits. The grade design is normally
developed as a whole, adjusting and readjusting building, grounds and roadway
elevations until the best posslble balance of all considerations is obtained.

See Part f1 rProject Grade Designtt, of this Bulletin.
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Eieht per cent may be cited as generally the steepest desirable grade for
roadwaysl although the maxj-mum wiJ-I depend considerably on s$reet gradients
commonly used in the locality. A O.50% grade is considered the mlnJ:num
desirable for stralght or integral curbs, while with comblned curb and
gutter, permitting more accurate finishingl a slope of O./+O]A 1s admissible.
A grade of at least 0.60/, is desirable for pavement of the dished cross
section.

Vertical curves'should be used where the algebraic difference between the
gradients of intersecting grade lines exceeds O.5Ool.

6. CURVES A}ID CURB RADII

Horizontal curves in roadways are fixed roughly by the site p1an, and the
engineer works out the precise measurements, i.ncluding the curve data required
for field location and street dedication plats.

IVlinimum curb return radii recommended for street and driveway intersections
are 3

Widths of fnter-
sgctine Rogdgglg

10 feet and 10 feet
10 feet and 16 feet
10 feet and 20 feet
16 feet and greater widths

25 feet
20 feet'
15 feet
10 feet (preferably 15 ft. )

I\Iini-mum
Curb_!gdigg

7. CHOICE CF' PAVEIIIENT TYPE

Two groups of surfacings are unsuitable for use in low-rent projects -- one
because of high first cost,, the other because of excessive maintenance. The
former group includes pavements sueh as sheet asphalt or briek, which norma1Ilr
are laid on a concrete base; the latter comprises surfaeings like calci-um
chloride-treated gravel or water-bound macadam, without a bituminous wearing
course.

The choice of pavement type, therefore, will Iie between bituminous surfacing
and portland cement concrete, aird if the former is decided on the engi-neer
must select the class which from the standpoints of cost and durability is
best adapted to the project. The principal considerations are the following:

&r Character of lroject: tr[hgel lgadE. High-density projects usually
vrarrant or require a higher type pavement than those of low density.

b. pagggent on Fi[ed-Ground. A flexible pavement (U:.tuminous) is
eonsidered safer than a rigid pavement for laying over new fi1ls of any
depth.

l+

-3-

)



I oBsHr-FtF
PIRT II

HTs'A
PITA

6-t5-50

c. Loqgl Materj-als and lqcal Conslruction Prsctice. trllith particular
referenoe to bituninous pavemeBt, the best product for the money will be
obtained by selecting a type that permlts fullest use of 1oca1ly available
aggregates, and that 1oca1 contracting organi-zations are equipped to 1ay
and are experieneed in laying.

d., Payen:gnt Cross Section. As previously noted, concrete shou]d be
used for pavements of dished eross secti-on.

or luraUifitv: i,o.w-l@nce. Housing nanagement seldom has the
personnel or equipment which city street departments have to carry out
regular pavernent inspection and repairs. Consequently, the need for proj-
ect surfacing repairs may be overlooked until disinte$ation has become
serious. ft is most desirable to 1ay a durable pdvement.

f. First Cost. The consideration just mentioned must of course be
related to reliable construction cost estimates of the surfacing types
considered.

g. Ci-ty Requirements. Streets paved under a project constructi.on
contract are frequently dedicated to the cityp thus relieving the project
of their maintenance. When this is to be the case, the street i-mprovements
must obviously be constructed to meet city requirements.

8. BTTUMTNOUS PA"NBIIIEM

Bltr:minous pavement for housing projects has the advantages of pleasing
appearance, flexibility, ease of repaire and sometimes low first cost. The
last is not attainable if the pavement must be comparati-vely hearry -- cqnsist-
ing, for example, of a 2-inch plant-mix wearing surfaee on a two-course '

crushed rock base. Such a roadwayl with curb and guttere is Iikely to cost
about as much as p:rtland cement concrete. E:t in some localities surface-
treatment or penetration methods, successfully adapted to inexpensive locafly
available aggregates, produce comparatively low-c,ost and wear-resi-stant surfac-
ing which the Local Authority can hardly afford gg! to use.

To prepare proper specifications foi u:.tuminous pavi-ng, the engineer hust
not only be thoroughly fanrillar with site conditions, but should have first-
hand knowledge of local practice and all related conditi.ons.

The main disadvantage elperi-eneed with bituminous pavement in lorr-rent projects
has been its frequently high maintenance cost. In most instances this has
been attributabl-e to the use of too light a surfacing, either as to base or
wearing course or both. fn some cases the fault has been poor workmanshlp
(Iack of competent inspection). Since bituminous pavement construction is a
specialized line of work, the Local Authority should amange for the full-tine
services of a quallfied inspector. (The 1lmited supervi.qion furnished by the
engi-neer under the terms of the Architectts contract is not enough.)

I
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9. PORTTAND CEIVIENT CONCRETE PAVEIIIENT

The recognized merits of concrete pavement for project roadways are
durability, Iow maintenance expense; and in many cases a flrst cost ln
keeping with low-rent housing.

The engineer should be able to use loca1 standards as a generally safe
guide i.n conerete roadway design. Practice varies widely, however, and the
following surmary shows, for convenient reference, certain widely accepted
design standardss

&o Slab Thlckngpg (based on 350 p.s.i. tensile strength in concrete;
modulus of subgrade reaction of 100 lbsr per sq. in. per in. of yield; and
Itprotected cornersrr). 

unif orm
Class of Street IhickneSs

5rtResidential (61000 lUs. ordinary
maximum wheel load)

Feeder (7rooo Ibs. ordinary
maximum wheel Load) 7n

b. Loneitudingf Joiglg.

Spacing: 12# feet maximum.
Type: Dumqy-groove marking lanes for 2- and 3-1ane roadways;

same for /r-lane roadway, but center joint to be free,
keyed; all jolnts to be sealed; dummy-groove (about 0.3
depth of slab) to have non-extruding fi1ler.

Tie bars: i, x 3On @ 2t6nt deformed, for dummy-groove joints

c. Transversg Contraction Jeints.

Spacing:
Type:
Dowels:

Spacing:

rype;
Dowels:

15 feet for gravel aggregate, 20 feet fob crushed rock.
Dummy-groove, with non-exbruding filler, and seal.
None required for joints 50 feet or more from e:rpansion
jointsl closer to expansion joints, same dowels as
requlred for expansion joints,

d. Trgnsverse_E:manglqn Joints.

At each side of pavement intersectionsl 300 to 500 feet
between intersections (tnis spacing only when contraction
joints provided as above).
\/i i""L- riA"-rtil, non-extruding filler, and seal.
Slip type; l//ru x 18r' @ 18n smooth, for 6r000-1b. wheel
load; 3/lru x 18rr @ 15tr for 7r000-1b. wheel 1oad.

-5-
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or Trqnsggigq, Cgns!,IggllgLJgtE!9.

Typer Planer sealed.
Dowe],s: Same as for expansion joints.

ft is generally desirable to specify the Ioca1 standard for concrete mixl
howeverr.air-entraining concrete should be considered 1n all cases.

:

10. PNRKING XEEAS

The pr,e-oeding discussion of roadway pavement design is generally applicabtre
to pq,pting area surfacing. Tlheel loadlng on the latter ls lighter, however,
and pavement thickness may be slightly Iess.

Concrete pavement for parking areas should be confined, as a ru1e, to sma1l
bays adjoining concrete roadways. Elsewhere, bituninous surfacing is pref-
erable because of its generally lower cost and more satisfactory appearancer
,tr'or resi-sting disintegration due to oil- drippings, a tar mixture ii prefer-
able to asphalt.

Itrlaintenance enperience has shown the need for curbing around par\ing areas.
I[ood bumpers of ond kind or another have been used in some cases, but they
are not as satisfactory as concrete curbs,

11. DRAUIINGS AI\D SPECTFICATTONS

The trarchitectural block planstt usually show construction contract informa-
tion regarding the location, surface dimensions and grade elevations of
roadways, parking spaces and other: surfaced areas. However, a special site
plan showing roadway Io:ation data may be needed when streets and drlves
have very irregular: alignment.

* Roadway profiles should form a part of the design studies, except when
slopes ar.e very llghtp and preferably should be included in the contract
drawings. fn the event they are not so issued, vertical curwe data as
well as other road grades should be shown in fu11 detail on the blook plans.

Details for concrete pavements should include complete layouts of jolnts --
e:rpansion, longitudinal, and transverse contraetion -- for parking bays and
roadway intersections.

Specifications for pavements and surfaci-ngs may be shortened greatly by
stipulating construction in accordance wjth certain city or State hlghway
department specificati.ons. Some such standard or standards will usually
fit the project ne.edse and lower costs are likeIy to result from directly
specifying pavement types with which Local- contractors are familiar. How-
ever, the city or state specifications should be examj.ned carefully, and
exceptlon taken to any requirements that would be impracticable or unnoc-
essary for the project work.

-6-
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L2, TNSPECTION OF CONSTRUCTION

The need for conpetent inspectlon was mentioned prevlously ln connection
wlth bitunLnous pavemente but poor rorkmanship in proJect roadway paving has
not been confined to surfacing of this klnd. From the preparatlon of sub-
grade to completion of surface course, close inspection should be provided
for all pavement lai.d. F.urthermore, even though project roadways are of
llmited ententz laboratory testtng of materials should not be lgnored. At
a reasonable cost, it provides an important form of lnsurance against poor
workmanship.

-? -
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SqE ENGINEERINg

PART III . RECREATION AREA SIIRFACIIre

1. INTRODUCT ION

The inportance of poper surfacing for recreati.on areas was recognized at the
inception of the prrblic housing program, but considerabLe time has been reguired
to gain basic experience. For early pnojects, the pnlncipal deslgn gulde 1ay
in public p1-ayground practice, although the surfacing problen there is not
altogether the sarne as in housing.

Much valuable infornation on recreation area design has now been obteindd.
Although there rernains some di.fference of opinion as to the best surfaces
for speciflc play uses, the divergent views are based on experl.ence under
differing conditionsl especially as to climate. Majority opinl.on, as re-
flected ln this bul1etin, appears fairly clear.

Satisfactory surfacing for recreation areas can be had only byr (f) 
"fopqr choice of surfacing type, (Z) cornpetently drafted specifications,

and (3) first class workmanshi.p. A. deficiency in any of these factors may
result in seriously impaired usefulness of the srrfaeing or the need for
costly reconstruction.

The locatlons, dlmensions and proposed uses of recreatlon areas are flxed
in pneparing the site p1an. This bulletin deals with the sr:rfgcing for
such areas.

2. SIJRFACING IISES

Fbom a pg standpoint as related to surfacing, recreation areas in low-rent
housing projects may be classified as followsi

Sporbs fields for softba11, footba11, etc.

Game courts:

a

b

(1) Those requiring a hard surface -- for basketball, shuffle-
board, hopscotch, etc.

(Z) Those requiring a soft surface -- for croquet, narblesl horse-
shoe pitching, etc.

0) Those for which a hard or soft surface is optlonaL -- for
paddle tennis, badminton, voIleyba1l, etc.

co Areas fo:: rolIer skating and other intensive use by school-age
children and adults.

d. Water play areas.

-1
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(1) Yards for supervlsed play (na1nly tn turf).
(e) lreas cloge to drelllags, for play under pareatal rupervtstou

(surfaatag optlonal).

f. tooal play areasr

(1) Paved oourts betseea apartment bulld-lagsr

(a) Other area6, aurfaood. or r:asurfaoed, for reoroetloaal rre€rtr

go Areas undcr flxed playground equltrrnent.

h. Sitttag areas3

(I) At apartncnt buttdlng entra,noee.

(2) Elserhare, for o@on llser

G) At tndlvtdual drelltag entranocs o ,

I glvea area may, of oourgol ccFro dlfferent reoreatlonal purposcr, but tte'prtnolpal use or uses muat be horn before celcctlng the surfao[ag t5pc.

trot llsted above are oertatn aroas rhtoh should be haril-curfaoed merely be-
oause it rouLd. be tmposslbls to matntaln grass on thm. Exanplce are atrlpr
betreou sidswalk and ourbe, and misoellandoue omall plots ihloh rould suffcr
fron pedestitaa ahort-outttag. IIhtIe suoh areaE are aot plaancd prlnarlly
for reoreatlonal use, thg surfeolng problcn ls muoh the sane. fhe ccthctto
value of grassed, strlps betreen stderalks and ourbg 1r fully appreolated.
Eorever, managemeat experlenoc tndloates that only rndcr the most favorablo
ooaditions, inoludlng lor proJeot deoslty, ls lt pr:aotloablc to ualntatn
g,rass oa suoh 8f9EBo

3. DEsIBABIG gIIAturEs rr{ smrAcr}ro

PABT III

Eo Year-round ut,lllty.

b. Freedm flo dust and naterlal that rlll staln or track.

co l{on-abrasiyeness, nLnfurlzlng cuts and brulees frm falIs.
d., Pleaehg sppearancc.

.t

There ls no perfect surfaclng naterlal. The probl@ 1n each caae 1a to
selcct the naterlal poseesslng the best cmblnation of qualLtlee fe tte
partloular use !r the loeallty. Ibe follorlng dealrable quallttes app{y
to surfaclnga fe alL usegt

€o Dtrabtllty.

-2-
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f. Availabllity at reasonable cost.

For trhardfr surfacing, the following additional qualities are important:

a. Requisi.te smoothness for the intended use -- for wheel toys, games
with bouncing balLs, ro1ler skating, etc.

b. Firmness of footing (ary or wet).

cr A degree of reslllouce.

d. Suffiolent hardness to prevent scufflng or pentranent intientation
under use.

4.- CI4SSES AND TYPES OF SrrRFAoINeIs

Followlng are the princtpal surfacings rrhlch have been lald on recreation
areas in lm-rent houslng faoJegtss

Class Tvpe

Earth Turf
Loam
Sand-clay
Clay-gravel

Aggregate Gravel
Stone screenings
Granulated slag
She1l

Bitunlnors Penetration nacadam
Bituninous concrete
Sheet asphalt
Cork-asphalt (bitrurinous

concrete and surface treatment)

Concrete and Masonry Monolithlc concrete
hecast concrete slabs
FJ-6gstones
Brlck
Granite blocks

Marked differences in speclficati"ons have added greatly to the kinds of sur-
facing laid. Bituninous surfacing has been of both asphalt and tar; and the
asphalt has been of various kinds and grades.

Table f, a sunnary of recommendations on recreatlon area surfacings, relates
the above-listed nateri?ls to the gEgg enumerated on pages 1 and 2. The recom-
mendations are subject to considerable adjustment for local conditions, as
explained in the following brief discussion of the various surfacing types.

-3-
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I.IBLE I

Recomended Surfaclngs for Reofeallon @
lP;OJ"ot P"lSttV *a g

t

fiInd of Area
Ldw- and Moderato-Denslty
Projeots (Iwlns, Row-
Hougesr ud Flate)

High-
(
Denslty ProJeota
Apartnents)

Sporbs flelds

Game oourta

Aroas for
roller skatlng

Ilater play aroasr
Spray aurfeoe
Borrler

PIay areaE for
cmall chlldren
(oupenlsed
prav)

Paved oourta be-
treen apartrnent
bullillngs

Areas under flxed
playground
equtpnent

Sltttng aroar

Turf; Loam

Sheet asphal.t; bltrmlnous
ooncrete; portland ceneat
ooncroto; sand-olay; turf
(aooordiag to lntended use)

Sheet asphalt; bit,arlnous
oonorete; portland oment
oonorete

Portlaod oeuent oonoreto
Bttr.ulnous oouonete

lflala1y turf, but rlth sonc
portland oqnent oonorete

-

Ltght loan; sand; tanbark;
sawdust; shavlngs

Portland ceoent oonareteS
briok or flagstones otr
sand oushion

Sheet asphalt; bltrmlnoue
oonorete ; portlaad omeat
ooncrete; sand-olay
(aoaordlng to lntended use)

Sheat asphalt ; bltm.lnoua
ooncrete ; portlaad oement
consret,o

Po*land oemgnt conorete
Bltrrrinous oonorete;
brlok lald ovar oonorete
basc

Halnly turf, but wlth
eonc portland cemeat
oonorete

Sheet asphalt; bitunlnous
oonoretoS portla.ad o orent
conorete

tlght loan; sand; taabark;
sarrduat; ehavtngs

Porblend cement concrete;
brick; flagstonos

Surfaoinga are listed. roughly ln the ordor of thelr deslrability
under [averagetr oond,ltlons. The reoonmend.atlons are subjeot to some
edjustnent for soil and cllnatic oondltlous, matertals availabre
looal}y, eto.

v

-h



HTIFA
PIIA
6-]-5-50

#SSULETEBulletin No. I,B,-4
PART III

5, SUBGRADE

A thoroughly drained subgrade
surface. Tiith turf and other
subdrainage will increase the
maintenance costs. tr[ith hard
freezing and thawing.

is important for every kind of recreati-on aTea
soft surfaces (Ioam, sand-c1ay, etc.), effective
number of hours the areas can be used and decrease
surfacings, subdrainage vril1 minimize damage from

Generally speaking, money is better spent in improving the subgrade than in
combating an unfavorable soil condition by constructing a heavf base. 0n
plastic clay soils that are unstable when wet, a subbase of material such
as pit-run gravel or stone screenings, vtri-11 provide subdrainage and serve as
a cushion against soil movement. Tile drains should be provided in conjunc-
tion wlth such a subbase.

6. TURF

Turf is generally recognized to be the nearest-to-ideal surface for large play-
grounds. fts principal disadvantages 1ie in its unsuitability for use when vuetor when the ground is frozen or thawing, and the difficulty of maintaininga stand of grass on areas that receive intensive use. Coniequently, with"the
excepbion noted belorv, turf should be employed as a play .urf-r"" oniy on::elatively large areas in lovr- and moderite-denslty projects.

Since playground turf v,ri11 be subjected to more severe wear than will lawns
generally, special care must be taken in soil preparati.on. Othervrise, mai.n-
tenance cost rvi11 be increased and the value of the playground permanently
impaired. If by any means pnacticable, the establishing of turf should be
undertaken soon after building construction starts; if possible, a cover
crop should be grown and plowed under. h any case, the specifications for
soil preparation, seeding, etc., should be ralated to the project construc-
tion program and the area should not be opened to play use until a good stand
of grass is obtained. ft generally takes 6 or 8 months from the time of
seeding to establish turf vigorous enough to withstand playground use.

(Pertinent to the preceding is the fact that considerable investigation has
been made of economieal means of establishing turf for hard lrcar, rrgravelled
turfrr belng a development in that direction. As a result, some authorities
now Iean, under certain conditionse to using the right kind of grass and
commercial fertilizer on hard or poor soi1, in lieu of the customary top-
soiling process. )

Play areas for smaI1 chlldren should be mainly in turf, although up to l/3
of the area may be hard-sr:rfaced if the unpaved portlon will provide /+00
sq. ft. for free play and sufficient use space for apparatus, Since these
areas are quite sma11, they may often be sodded, rather than seeded.

7. t04UI

Loam and natrrral sol1 have seldom been employed as playfield surfaees Ln low-rent,
proJects. lheir advantages ahd disadvantages are too obvious to require menti.on,

-5-
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although lt should be noted that dust nuisance can be abetOd effectively by
calcium chloride applioations.

8. SAND-CLAY, CLAY-GRAVEL

Clay nixtures have found their principal use in southern states where bitunj.nous
surfaces becone quite hot in the sunmer. Sueh mixtures have been laid in the
North a1so, but with rather less satisfactory results, partly because the
break-up from freezing adds to naintenance and nakes the surfacing unsuitable
for use during a greater proportion of the year.

Sand-clay is nost 1ikely to be advantageous in locallties where a suitable
natural mixbure is avai-Iab1e and is in comron use for playground surfacing,
since laboratory control and mechanical mixing add greatly to cost. However,
if mechanical mixlng is required, the specifications should provide for the
advance preparati-on of sanple plots with different pnoportions of naterlals,
to determine the best combination. ft is suggested that the test mixtures
contLin jO/,, tpward and downward, of sand.

Sand-clay should be laid on a subbase of cinders, gravel, stone or slag to
permit using the surface more quickly after rains. ft is sonetimes so laid
with a compacted thickness of only 2 j.nches.

9. GRAVET

Gravel surfacing is 1ow in cost and pleasing in appearance, but the loose
material must be swept off pavements and raked out of lawns; children throw
lt around; and weeds must be cleared out frequently. Gravel is considered
unsuitable generally for any use as surfacing in low-rent projects.

10. SCREENINE.S

Limestone screenings, granulated s1ag, cinders, shel1, and similar materials
have scrne bf the disadvantages of gravel; moreover, they are abrasive and
detract generally from appearances. These materials also are considered.
unsuitable for reereatj-on area surfacing in houslng projects.

11. BITUMINOUS SUBFACING

For intensively used recreation areas, bituminous surfacing pnoperly laid has
important advantages: fear-round usefulness, snooth[€ss, finnness of footing,
a degree of resilience, and a surface that can be marked for court gsrrroso
Moreover, it ls easy to repair and generally reasonable in first cost. Ix
housing project experience, however, bituminous surfacing has frequently pnoved
far from satlsfactory. The reasons for this are noted in the following discusoion,
which covers the principal points meriting considerati.on in the use of this class
of surfacing:

a. -Linitations on Use, Bituminous surfaej.ng has met objection in sure
localities because of its becoming soft, sticlcy, and too hot for bare feet

6
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in the sumnerr llith the proper grade of asphalt cement specified., bitunin-
ous concrete should no! become sticky or objectionably soft in midsummer.
However, it is heat-absorbent and should not be used in the southern states
unless careful consideration indicates that no superior naterial i-s available.

Bituminous surfacing should not be laid on sma1I or irregularly shaped areas,
all parts of which cannot be reached eas11y vrith a power roller. Compaction
by tamping is 1ike1y to result in poor rvorl<nr'anship --_ in a rough surface and
one thit indents easily. tr\rther, in the case of sma1l areas, the necessary
permanent edging j-ncreases materially the per-square-foot cost.

b. Eggg_ggpr-Eg. The base course for bituninous surfacing consists
commonly of well-compacted crushed rock vrith fines svrept and roIled lnto the
surface voids. The thickness necessary to provide a firm foundation for the
surface course obviously depends on soil and climati-c conditions (see the
previous discussion of rrsubgraderr). Four inches is the recommended minimum
depth.

c. Surface Course. The most common defect in bituminous surfacing as
laid on recreation areas has been roughness and abrasiveness -- a defect due
in part to inappropriate surfaclng types and in part to poor vuorkmanship
(1ack of competent inspection). As to surfacing type, the principal fault
has lain in using too coarse-graded aggregate.

The bitumi-nous wearing surfaee should be Srylb,, @8, impervioug and !!pg-
glai4ed -- in other wo1$s, of a texture sirnilar to sheet asphalt or hot-laid
ilituminous concrete. This is not to infer that, properly specified and 1aid,
a satisfactory surface cannot be produced by using dense-graded, cold-laid
mixtures, but the hot-Iaid types are more certai.n to prove satisfactory.
M.oreover, one or both of them are standard in most states and large cities.
Sheet asphalt and bituminous concrete are preferably laid in two courses,
having a total thickness of about 2 inches

Specifications for bituminous surfacing should be prepared with a fu11
knowledge of the kinds of such surfacing laid 1oca11y in streets and roads,
that is, of the kinds which local contractors are equipped to 1ay and for
which aggregates are read.ily available. The specifications may often be
shortened greatly by stipulating construction in accordance ruith city or
state highway department specifications. Hovrever, such specifications
should be examj-ned carefully and any requirements eliminated that are not
entirely practicable in their application to the pnoject work.

d, PermaEegl-lrg"-jgpgt*. Unless bituminous surfacing ls laid against
buildings, walks or other solid constructi-on, permanent side supports of con-
crete, brick, or steel curbing should be provi-ded. Obhervrise, ravelling is
quite certain to occurl even though the base course is extended slightly be-
yond the edge of the top course. trYood side forms may be heaved by frost and
at best are impermanentl they have generally proved unsatisfactory.

e.'![grkmansh:p-igJef,igg. The usefulness of biturninous-surfaced recre-
ation areas 1n low-rent project has often been impaired by inferior workmanship.

-7-
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Specifying a suitable mix is in itself no guarantee of a satisfactory job.
Apart from the general supervision normally supplied by the civil engineer,
bituminous-SgEfa,clgg-ebgg14-le-lgig-under the constant suBervision of ag
inspector th-orouqhb experienced in that line of-wo4k.

t2. cOBK-ASFtiAtT

Cork-asphalt surfacing of both the hot-mix and surface-treatment types has
been lald i.n a number of Iow-rent projects; and specimen areas of the two
types and of di.fferent mixtures were laid on a large p.Lay area in a
I[ashingtotrr D. C. project._ The hot-ni.x specimens show no sign of disintegrs.-
tion after ten years of use. Based on these tests, the tentatively recommended
formula for hot-mix cork-asphalt is:

Ground cork, 8- to 2{-mesh
Sand, graded as for sheet asphalt
Limestone dust
Asphalt, 70 to 85 penetration

Percggtaee by WeieE!
*

77
n1
ry

a6

100_ a

Cork-asphalt is slightly more resilient (or soft) tfran standard bitrxrinous
pavements, and. slightly superior to sheet asphalt as regards abrasiveness.
However, it is considerably more costly and rather more difficult to 1ay
than hot-mi.x asphaltic concrete or sheet asphalt. Consequently, there is
greater risk of inferior worinnanship; cork-asphalt surfacing inspeeted on
certain public playgrounds was not standing up satisfactorily in all cases.
The material is recornmended for use in low-rent projects only when it has
been laid in the locality and its use has proved generally successful.

t3, PORTLAND CTMENT CoNCRITE

The advantages and disadvantages of concrete surfacing are too obvious to
require enphasis. The advantages ilclude year-round utility, minjnum
maintenance expense, and a smooth surface for ro1Ier skating, wheel toys and
various court games. Among the disadvantages are hardness on the feet (Iack
of reslliency), glare (which may be lessened by dark coloring), and the
necessity for contraction joints in other than sma11 areas. For eomparatively
Iarge, intensively used play areas, bituminous surfacing has been laid in far
more projects than has portland cement concret,e. For sma11 sitting areas,
concrete is, as a rule, decidedly preferable to bituminous surfaclng.

u. FRECAST CoNCRETE STABS

To lend variety, precast concrete slabs (about 16 inches square and 2 inches
thick) have sometimes been used for sitting-area surfacing. I€id with open
jointsl such surfaces have proved unsightly, dangerous, and difficult to
maintain. If used at all, the slabs should be laid with tight joints and on
a sand cushj.on. However, thelr initial cost j.s little less than that of a
nonolithlc concrete slab and maintenance costs are higher.

:'g -
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l-5. FI,AGSTONES

Flagging laid on a sand bed should be in large slabs that can not be
removed by childred, and joints should be tight. As a ru1e, there is
1itt1e justification for using this type of surfacing except on special
areas in high-density projects. Ill such instances, the flags should be
laid on a sand cushion over a concrete base.

l:6. BRICK

Brick on sand cushion does not provide a surface smooth enough for vrheel
toys, court games, eLc. However, brick surfacing is satisfactory for
sitting areai and it furnishes needed color in grounds areas. It has been
laid in numerous existing projects -- sometimes successfully, sometirnes not.
Tight laying is important; otherwj.se childr'en remove the brick. Edges of
brick areas should be protected by solid curbing of concrete, steeI, or
brick set on end ln concrete. Brick laid on a mastic bed over a concrete
base makes an excellent surfacing for sitting areas, but, as i.n the case
of flagstones similarly 1aid, is rather too costly to be provided. in other
than exceptional cases in high-density projects.

L7. GRANITE BLOCKS

Granite blocks salvaged from old pavements have been utilized i.n low-rent
pnojects in several eastern cities. They have been employed maidly for
walknray edging, for surfacing the space between sidewalk and curb, and for
covering other areas subject to severe wear. The blocks are altogether
too rough for most play uses and are not very satisfactory for sitting erooso
Reports indicate that, lf used, they should be laid on a sand bed and with
tight joints, rather than with open joints fi11ed wlth topsoil.

18. F]NAL CHOICE OF SURFAC]NG

The recommendations contained in Table l, (prgu 4) are, as notedy subject
to adjustment for loca1 conditions, and these should be investigated
carefully. Bituminous surfaces should be specifled vrith caution, for
laying in the southern states.

Loeal practice in surfacing school yards and park playgrounds ls often worth
investigating, Some 1oca11y employed type not referred to in this bulletin
may be found suitable for housing poject use; or check may be had on experl-
ence reported in this discussion. Local practlce is necessarily based on
Iocal1y prevailing conditions of every sort -- climate, availability of mater.
la1s, ski11 in laying certai.n kinds of surfacing, etc. -- Brrd useful informa-
tion may be obtained.

9glg in the selection of surfacing types is important. Decisions should. not
be perfunctory and should not be made without field examinatibn, or first-
hand knowledge, of the kinds of surfacing Foposed for use.

1
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1 SCOTE

The general layout and widths of project wal-kways are fixed in the develop-
ment of the site plan, the details of which are discussed ln other PIIA

bulletins. Thereafter" in project grade design, walk grades are established
and vualkway steps located and dimensioned. This disposes of a major part of
the design work in connection with project walks. This particular bulletin,
therefore, eovers the.fleld of walkvray material-s and construction details,
in light of actual praject construction and maintenance experience.

Portland cement concrete has proved generally to be by far the best materi-al
for vuallovays in low-rent pnojects. Concrete walks are satisfactory in
almost every respect from a rruserr point of view, and they requi-re a minimum
of maintenance. Obher walk materj-als are discussed in this bul.letin, but
mainly to explain why their use is ry! recommended..

The following terb refers to walks within the project site. Sidewalks in
existing streets, or in streets to be dedicated, must be built to comply
with 1oca1 municipal standards.

2. CCD{CR3TE TIIATK CONSTRUCTTON

fbom a construction-cost standpoint, it is desirable to specify construction
methods that 1ocal contractors are accustomed to and equipped to fo11ow. How-
ever, fairly closely spaced contraction joints are reconmended for control-
ling the locati-on of cracks.

Air-entraining cement should be specified in severe clinates where salt or
calcium ehloride may be used frequently for ice removal. The use of color-
ing ccrnpound in projeet walks is rarely justifiable.

Concrete walks are built to a varlety of specifieations, but the trend in
recent years has been toward (t) one-course construction (a /r-inch slab thick-
ness is commonly used in housing projects), (Z) crnission of any subbase unless
soil- conditions are unfavorable (see Par. 8 following), and (3) expansion
joints at intervals generally not exceedi.ng 50 feet. Such construction has
proved satisfactory and should generally be followed.

There is no prevailing practice, however, as regards eontraction joints. III
some places they are omitted entirely; in others, metal separation plates
are used to form fuI1-depth joints, often spaced as closely as /i or 5 feet-;
elsewhere, grooves (aummy joints) one or two inches deep are simi-1ar1y spated.
This latter practice, which has become quite common, comesponds to.that
widely used in highway eonstructi.on; when the sl-ab parts at the weakened
p1ane, an i-rregular break prevents displacement.

-1-
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3. BTTUMTNoUS WAU(S

Bituminous wal-ks present a pleasing appearance -- when they are kept in good
repair -- and they can someti.mes be laid at a eost comparing favorably with
that of concrete. But experience with them in low-rent projects has been
unsatisfactory. Roll-er operation has been difficult, if not tnpossible, over
narrow wallnuays having frequent sharp interseetions; permanent side supports
to prevent ravel-llng have generally been omitted; and lack of expbrt inspec-
tion has been reflected in faulty worlonanship.

If and when 1aid, bituminous walks should be of a mix that will produce a
smooth, dense surface. However, such walks should 4g! be laid without per-
manent si-de supports (steel or concrete) or unless 1oca1 experience j-n walk
construction, preferably in nearby housing projects, proves that the diffi-
culties clted above can be overcome.

/'. IRECAST C0NCRETE SL'ABS; FTAGSTONES

Stepping-stones, about 12 x 18 inches, have been laid to form house-entrance
and other minor walks in various exi-sting pojects. These are usually laid
26tt to 28rt on centers. They are sightly, when well laid and maintained, but
the stones are hard to keep at grade; children dig them up; it is difficuft to
wheel baby-carriages over them, etc. Minimum-width concrete walks can be bull-t
at little more cost and are far rnore satisfactory.

Glosely-Iaid concrete slabs or flagstones cost at least as much as concrete
walks and, excepting possibly the matter of bppearances , axe less satisfactory
than nonolithic conerete.

5. GRAVEL WAIT{S

Experience with gravel walks in low-rent projects has been wholIy unsatisfactory.
Children scatter the pebbles around and the binder tracks into houses. No
such walla;uays should be specifi-ed.

6. ROUND INGS

Fxperience has shown that roundings (or splayings) are need.ed for lawn protec-
tion at all walk i.ntersections, with the possible exception of those at house
entranpe walks. Radius of the rounding may be approximately half the greater
walk width. As a ru1e, an expansion joint should be loeated at the end of
each such rounding; thus, at a right-angled intersection of two 6-foot walk-
ways, there should be four expansion joints, each 5 feet from the intersection
of the walkway centerlines.
,1. VEI1GES

h certain high-density projects walkway verges (or borders) have been re-
quired to prevent destructive wear on adjoining grassed areaso O1d stone
paving blocks have been used for the purpose; since they are uncomfortable

-2-
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to v;a11: on, thoy koep pod.estrlans on the ooncrote surraoe. A loiv curb serves
tho same purpose, although riot so offectlvoLy.

8. SUEB.[,SE, SUBGF.ADE

A subbaso of gravel, clnders or similar matorial, under ooncrete vralks, is
unnocessary unl-ess d.rainage oonditlons are unfavorabl.e or the soil ls soft or
unstable. If provldod, it is important that the sublraso have adequate tilo
drain outlets. Subdrainage is important for walks, as wel). as for roadways,
whero the ground-water LeveL is very closo tc the surface.

9. TMJ,KIIAY SLOPES

The ninimum grade reoomncnded for proJect walks is O.JS, -- L.Oq for build-
ing entrance waIke. A 1.0Qfi nninlmtrm is prefomed, however, for all walks.
The rcooronended naxtmum ls LS" for maln wal.ks and tfl" for entrancs walks --
6% tn each caso, where snow and. loe nay provaLl during a J.ong winter soasoni
and duo consideration should always be given to the nature of the terrain
and to the sLopes comnonly used ln tl're locality. y

Sharp brcaks in grade should always bo avoided, and tho drawlngs should show
typioal dctal}s of verticaL curves ln ralks. In main walks, such curves Day
be falrly Long -- 2J faet' or more -- wlth forms set ln short straight ohords.
fn steep entrance walks, the ourvee wllL neoessarlly be quite short -- 6 feet,
more or less, wtth top of fornre ourtod, to ftt. Provtcltng vertical curvos ln
wa}ks requlree additlonal care in daslgn and ln staking the work ln the flold,
but lt adds onLy sliglrtly to construction costs, and appoarances are lnprovcrl
materialLy.

As a safety provlslon, walks within about 2 feet flom the top and bottom of
steps should have very ltttle slope -- sayr only 1/l inch por foot. This
may be aocompltshed, where a steep entrance walk Joins a building platforn,
by a level tangent extehdlng from the base of the steps fo'a potnt of inter-
sectlon of vertical- curve, about 7 feat distant.

1;?alk6 should be oross-sloped (ar: ercrwned) not less than l/la Incin per foot.
ltre directton of oro6s slopo, to fit the dralnage soherne, should be shcmrn
on the gradc. drawings by arrm pr:tnts.

10. IYAIEWAY STEPS.

Ilhilc walhray steps, and the earth banks that go wlth them, &re e:rtrcrnely un-
destrabLe, tihcy are frequently unavold,able , Iltron required, thelr Looatl.on,
riao and run aro flxcd ln tho proJect grado deslgn,. Tho rlee obvlously
should bc baacd, on a uniform step throughout ttre project. A 5-lnoh rleer
a:rd lZ-inoh tread, oorrespondlng to a 2 to I slope, &re conmonly uscd
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although, where ground space permits t 3 to I banks with 5-inch by f5-inch
steps may be considered preferable. (These observations do not apply to
steps at building platforms. Ilhpre appnoach walks are laid quite close to
row houses, steps at all such buildlng platforms can seldom be kept of the
same dimensjon.) Steps should be pitched. slightly for drainage. An inter-
mediate landing is desirable when a flight of steps rises more than 5 feet.
Short sections of walkway should be provided between ends of steps and
adjacent cross wal-ks or drives.

Cheek vralls along the sides of steps serve as beams and aid in keepfurg the
adjoining bank in good condition. Iltren not provided, erosion often leaves
the step corners protruding in an unsightly and unsafe way.

Tlhere there will be much storm water flow to the top of a flight of steps,
it is recommended that a concrete gutter be cast integz'a11y with the cheek
wal1 on the down-hi1I side of the steps, that i-s, on the side toward"whlch
the eonnecting walk from above j.s cross-sIoped. At its top, the gutter
should be spread to intercept the storm water flow. Controlling erosion at
the side of steps has always been a difficult poblem, not only due to sur-
face drainage but because children play and run their wheeled. vehicles up
and down slopes in these places.

Handrails are generally considered advisable for flights of yard steps con-
taining'5 or more risers -- 3 or 4t where snow and ice are conmon during

- the vriinter months. A double rail j-s desirable so that one pipe will be Iow
enough for small children.

Foundation wal].s (or posts) at top and bottom of steps should be carried
down to undisturbed soi1.

11. PERRONS

Stepped ramps, or perrons, are adapted to slopes up to about /j to 1, over
which a power molrer can be operated. They are better for passage of bicycles
and perambulators than are ordinary stepsp but are recommended for use only
where a walkway, without them, would definitely be too steep. The longitudi-
na1 slope of perron treads should not exceed l/2 inch, per foot, preferably
7/tr inch.

L2. ]NS}ECT ION

Although walks comprise a simple phase of pnoject construction, poor worhnan-
ship has caused trouble in various existi.ng pnojects. hobably the nost.
serj-ous defects have resulted from inaccurate grading of forrns, particularly
where grades have been Iight. To thls and other details of walk construction
the engineer and inspectors should give close attenti.on.

--/r -
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PART V - SPRAY POOL DESIGN

1. IIVTRODUCTION

I^later play facilities, consi-sting of spray poolse wading pools or makeshift
apparatus, are in use in a large majority of existing low-rent projects.
L4akeshift sprays, such as attachments to fire hydrants, have been resorted
to mainly because the need for pools was not, foreseen; and wading pools are
no longer recommended si.nce the.y ere a definite health hazard. Ghildren
lie down and paddle.in them and it is impossible to provide necessary health
precautlons. tr'Jading pools are prohibited in many cities.

The spray pool is, therefore, the recommended type of water play facility,
and is dealt with in these notes which are concerned primarily with the
construction details of the pooI.s. I^later play facillties in their relati.on
to slte planning are covered in Part III oi Bulletin No. trR-3, Local recro-
ation officials and nearby Housing Authorities should be consulted lrr each
case, in deciding whether a spray pool should be included in the project.

The recommendations which folIor^r are mostly tentative and are based in part
on an investigation conducted in 194,5. The views expressed by management
personnel in connection with that study differed in some respects, but
majority oplnion on various points was clear and in large part is reflected
herein.

2O SPRAY TIEADS AIVD SETTINGS

Tab1e I lists types of spray heads and settings, ruhich have been used more
or less satisfactorily in existing projects. The spray arrangements are
listed roughly in their order of preference, as indicated by field reports,
and notes are given concerning observed resultsr

Observations indicate that for a good spray the heads or noazles should
deliver fron 2 t/Z to 5 GPM per 100 sq. ft. of area sprayedy this being
roughly equivalent to a rainfall of from 2 l/2 to 5 inches per hourr
Dome heads (as used in some projects) del-iver water at about this rate (one
tested at 10 p.sri.r discharged 31 GPl,{) and sma1l nozzles, although varying
greatly ln characteristics, can be obtained and amanged. to give any de-
sired spray intensity.

The spray should preferably consist of drops, rather than jets or mist.
That from ortfices not exceeding V16 inch in diameter and from various
makes of small nozzles is satisfactory.

-1-
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Lateral-horiz onta].
or at upward angle

Dome 6-7 ft. Vertically upward

8-inch bath 6-7 ft. Vertically upward

Dome O-3 ft. Upward at /r5o

Observations

Water pressure at spr
must be reduced to 5

This position of head gives a
lower intensity of spray than
does the lateral setting. Pres-
sure must be reduced as above.

Type

Dome

Small
nozzles

Height
above Floor

6-7 tt,_

0-1 ft.

Direction of
Discharge

)
)

ay head
to 10 pbi.

)
)
)
)

)
)
)
)
)
)
)

Intense sprayi comparatively
smaIl cover&geo

Children block spray, when opera-
ted at requisite reduced pressure
for an ordinary-sized pool.
Satisfactory results reported
when installed at edge of large
paved playground where a higher
pressure was used..

) wfrite consensus favors large
) spray heads set high above fIoor,
) sma1I Lornr-set nozzles have given
) fairLy satisfactory results in
) many projects.

Upward vertically
or at, l+5o

The preferred spray arrangement,, as indicated in Table I appears to be the
large high-set dome, discharging lateral-Iy. A setting with the. spray a{is
horizontiL is recomrnended, although by means of an elbor^r (ZZ-t/Zo or 45o),
the angle mqy later be adjusted, if necessary, to glve a more satisfactory
coverage for the pool dimenslonsr Spray heads are sometimes made with
oriflces especially amanged to give a predetermined spread and intensity.
(l t/t*tnch orlfice discharges about 0.20 GPM at the low pressure at which
the spray must, be operated.)

If the spray heads are to be nozzles Located at floor level-, they should
be of arnpS.e slze to give the proper discherge at low pressure, and so avoid
mistingr The nozzles should be set for overlapping eprafeo

The preceding remarks regardlng spray intensity, etc.r apply to facilitles
for school-age children, who Like the spray heavy enough to be dxcitingr
For tots, the spray preferably should be fine and tlghte and 1o^r sprays are
better, slnce very smal.l- children do not like spray falLing on their headsr
Space and cost considerations permitting, the pool area may, thereforee
contain facilitles suitable for both age-groupsr Those needed for smal-I
children would be quite limited in extent.

-2-
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NOTE I DIMENSIOIIIS INDICATED DO NOT INCLUDED POOL BOROERS

FIGURE I SUGGESTED FORMS FOR SPRAY POOLS
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3. SPRAY POOL ANEA AND SHAPE

Where the space available for recreation areas does not exceed that required
by the PIIA Physical Standards, the spray pool area will be l-imited approxi-
nately as follows: /r00 sqr ft. for 100 DUls plus 100 sq. ft. for each
additional 100 DUts, with 1000 sq. ft. as a maximum. Itlhere more recreatlonal
space is available, a larger area may be allotted to the pooI, and this may
be desirable, partlcularly in the south where pools receive nuch more use
than in northern states; further, allowance should be made for the |tdrifttr
of the spralr However, 1500 sq. ft. may be regarded generally as the maximum
area needed (not including the paved border) for any pooI. fn large projects,
two or more pools may be providedr It is worth noting that the major cost
item in spray pool construction is usually the piping installation, not the
concrete sIab.

Fig:ure No. 1 shours typical forms and suggested dimensions for spray pools.
For a large spray head on an elevated standardr an area of about 700 sq. ft.
is required, while small nozzles can be arranged to spray practically any
size or form of pool, from positions within the area or along its border.
Should more than one large spray head be installed for a poolp the heads
shouLd be located to avoid overlapping sprays, as children need a litt1e
space llto come up for air.ll
/r. POOL PA]/E}.MNT AND BORDER

Float-finished concrete is recommended for the spray &rear E:qpansion joints
in the slab are undeslrable and unnecessary andr by use of heavy mesh rein-
forcemente the number of contraction joints may be minimized. The latter
may be formed as tongue-and-groove rrconstruction jointsrr, vrith rninimun-
radius rounding so as to detract as little as possible from the suitability
of the area for roller skating and other kinds of p1ay. Minimum slope to
the drain should be L/8 inch per foot.

Field opinion is unanimous as to the need for a paved border at least 8 feet
wide around the spray ar€a,r Thls border may be of bituminous material,
concrete, or brick, and preferably should pitch away from the pooI. In no
case should grassed or planted areas drain onto the spray pool pavement.

5, CONTROT VAtvES

The water supply controj- valves must be secure from tarnpering by children,
reasonabJ-y accessiblee and within sight of the spray &r€Bo They may be
Located in a masonry pit with indestructlble cover and J.ock, or in the
basement of a neerby community building.

In addltion to the cut-ofr' in the supply line, there should be a globe
va1vg, or a pressure-reducing valvee which can be adjusted to the proper
fLor^r (see Figure 2). When more than one large spray head is used, an
individual control should be provi-ded for each, as well as a valve on the
main supply. The water supply piping must slope to a sma1l draln valve

-4-
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DETAIL PLAN .8,

SEE DETAIL
PLAN.B.

df"!-l,-f -t!dl

DOME.TYPE Of,
EALL SPRAY HEAD

e"cluv. w,r. prpE

oPENrl{9

E,H. FLOOR DRAII{
WITH SECONDARY
STRAINER

PLAN OF AREA

r PAVED BORDER I

f-8:o'E_.1
OPENING
FOR VALVE

COVER. WITH OPENING HEIGHT
DEVICE

6"

. PTTCH

C.I. SOIL PIPE

SECTION 
,A'

FIGURE 2 SPRAY POOL DETAILS
whlch r.rlll pernl.t dralnlng the water fron the ptplng after the water play season
ts gver.

6. DMrtl

fhe spray pool draln should be of a^n antl-freezlng tlrye, and adequate Ln oapaalty
to talce the spray-hgad dlscharge wltfuotrt rnpoundlng more than an lno]r q. so of
vater. Moreover, lt ehou.ld be seorrre agalnst ta,mpering by ohlldrenl and stoppage
by sttaks and stones. It nay conslgt of, a heavye Look-t5pe strainer w!.th a
gecondarly stral.nere e a look-tlTe stralner get ovtr a emall catoh basiu; on lt
Fay be of some speclal deelgn aa tllustrated 1n Flgtre 2. Long gratlngsl auoh
as ar€ used, to lnteroept dratnage fru drlveways onto sldewalksr tray also be
used.

XEY SLOPE 
,ffi

,
lrloo
J
(9

Go

G,UO
Et
f<
OJo)
lrJ ('
GIr,
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Yooo
F
lrl
G

,
l!F
.o

TGRAVEL
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The l,ook-type stnainer should be a fine gratlng or a perforated pJ,ate, to
keep the area aB snooth as posslble for other recreatlonal user If a catch
basln ls provlded, lt should be trapped, but a basl4 is recommended only
when the pooJ. draln nust be oonnected to a conbLned sewer, since the standing
water nay provide a breeding place for nosquitoes.

ft fu lnportant that sand boxes and spray pooJ.s be rell separated; other-
rlse ahlldren wLlI carry sand onto the pool area, from whlch lt ntIl be
washed lnto the draln.

6- HIIFA-PIIA, I^Iashre D.C.
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1 RETAINING WALLS

&r @ge NEede(. Housing projects on steep sites are usually planned
in a series of terraces, with the transition from one to another made in
part by the project buildings and in part by earth banks or retaini.ng waI1s.
The banks, because of their far lowe:: first cost, must generally be used.

In high-density projects, however, where land oosts are high, retaining
wal1s may conserve valuable space needed for recreational use, laundry dry-
ing yards, etc.; space that otherwise would be occupied by bantrrs. Moreover,
retaining wa11s are sometimes essential in fitting a site plan to rugged
terrain; and such wa11s, to the extent they are used in any project, elimi-
nate the costiy naintenance of earth banks. This latter consideration,
however, is rarely inportant enough in itself to justify wa1I construction.

Determination of the need for retaining wal1s is a combined site-planning
and grade-deslgn problem. fn visualizing project grades as the plan is
developed, the site planner can, to a large extent, determine if and. uhere
wal1s w111 be necessary. Then, as finished grades are established, the
site engineer can make the final determinations and, in the detailed dcsigii,
fix top, base and footing elevations.

b. SpeSfgl-gongfdg&Eong. Since civil engineers generally are familiar
with retaining wall design, no discussion of waII stabiJ ity, expansi-on joints,
contraction joints, drainage, etc., is included in this bulletin. Noted
belowr however, are several considerations, based on planning and maj-ntenanee
experi-ence, concerni-ng the provisi-cn of such wa1ls in Iow-rent projects:

(f ) Retaining walls with footings car.r'i ed below frost line are
comparatively costly structures. They have been used in some locations where
they could have been avoided satisfactorily by finished grade adjustments.

(2) Reinforced concrete is generally the most economical material
for retaini-ng wa11s.

0) Dry stone masonry, however, where suitable stone is available,
is an economical and. suitable material for wa1ls of up to moderate height,
As a ru1e, dry wal1s need not extend much below finished grade, although
they should rest on undisturbed. soi1.

Q) Where a slope must extend down sharply from a building to an
adjacent walk or roadway, a low wa11 may be advantageous at the base of the
sIope, to give needed berm along the building and,/or decrease the length of
slope. For such purpose, a dry wa11, or a concrete waII in the form of a
high curbr maX be adequate.

-1-
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(5) llrttm, et tir blrr of r l,on3 rtcop alo1n, e lor rr11 rttl
r rrle b.tlli ltr tr urcltl b btrrocpthg rtorl ntrr aad omtrbla:
oredrd ntorld.

(6) looor rhould bo prorldod rlmg tho topr of rctrlnlng rrrllr,
orcpt ln tho ouo of lor nllr rnoh rr rcforcd to h rubprregrrph (b)
ebovor

(7) f3rh orccpttng lor rrllre eko tborc of dry rtor ruoary,
rurfroo rrtrr rhould not bo ponltted to flor dou trhe mll froco

(81 Flttlag thc edr of nllr to flnlrhrd gredc urtllty rcqulror
rtryr rrtendlag broL ltlto tho buL.

(9) lrlrtlag, retdatng rrlhr lf rq;r, to b. loft ln pleoc &oulA
oo trrrrtigrtrd for strbtllty.

oo btrbfqAfl!_Ptrar.. I!, eddltlo to rhorhg rell trotlonr, Jolltriotrllrr@gp, tto.1 tho drrrl"ngr rhould laolqlc u
clorrtloa (or proflb) rUo,rfag orlglnd groqril llac ud ftaldod gredor
rlolt orob rotebtlg rrlll. thlr frollltrtcr teklat of,f quentltlcr eld
chroltttg nll tllnnclolrro

2. clolErsLl8 sIItBoEt

lo Plrnnlag eoacldoretlooa. thc lr5rout of outiloor olottordr:ffng
froll!,tba lr prvprrly a frrturc of tho rlto phae rad the drtlgn

rcaglaoerla3 probhni"
of tho
Ec,rttr,olotLorllnr rupportr ocrtetaly prcrcatr no

rltr oaglac.t. @ lor..rcat proJetr rhould br follter r!.th romadoil
rbbel rqulrcncntt for thorc faollltlc. end rtth oorth drtl, qrofirl h
thclr dotgn.

(f) In ballt nrrlr, olothctllaor enc oftcn rtrug mrc or lor
lnrlnadloulu-to- thc bulldiattr fror hoob aot ln tzhr butldbg rellr tc
lnrtr (rft& rbort o!or. u!. or hoob) loottcd m frr Drol ar praotlorblo
trc th. butldlngr but aot too clorc to rorvloo drlvor or rrltr. Eorvot,
drro rar yrrd. rrrt vcrlr rhrllr, rultlplo lLac! r.rc rtrung lnnllol to
th. bulldlagr ed arc enpportcd oa trnrtr rlth oro.r irllo EnffiEEtlrttor
rrrraglnlt, tha portr ora bo redc to a.nr ar 5nrd cllvlrlou rrrbr ud la
aD or3cr er Jnrd fcaoo portr. boreadcil llac lcagtzhr, helglt, c'to.1
.re r. follmr

Llrc lcagthl 6O fsct for olo-bcdroon ualtr, 15 fo 100 fcct for largrr
tuitr.
Ltac hotghtr 6t-2rr Daaurrd abovo flnl.bcd gredr at poctt or nll.

Speotlg bctrca panlhl llaorr lltorartsly l2r iral l8r.
(2) Ir oomnafty drylng 1nrdr, port-.upport d nlh erc loortrd on

ffirtruag bctrpo. Intenodtatc tupportt rrotn rldor of

-2 -
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groldcil lf t&o ltlc logth crcrodr ebout 19 toot, Eromilrat drtrllr rrr
rr follonr

Lf!. fGgtht lt lout 20 foot P.s E ..md.
Lbo Eolgltr (ra .Doil.).

tprclag botra perlllol llrrr lltrr'zatrlyl tro .Pro.. of l0 bchor
ud oac of ,O lnchor.

81no brtrca po.tr ad riJrornt dryll6-yatt ttoorr !6 lmhor.

D. hrt Dtrarls.. olot&mllar rqryotttl h protoct d.lljl; Lrlr 3nr
orrlly ffiy by grur tsrt o tbr *o1o {Lirly rrtlrfrctorlly.
Iajtrlol of fllrry roctloa, roqulrlag ruDrqnrlt r,obforctmt by ror ot
rolortr ploml brrr boo oqnrtmoodl hourrrfr rli lrDlor I rst If Lrro
bol pnprril to rbou rq3rrtrd lnrt rlul elro rortr dotdlot tlrte fbr tto
ea3lrorto dllrrr tc chrL hlr rlrb3, putl,oulerly of rq4nrt. t! tIF
l$ drTllg yertr.

ITE,! I
Irflratod Clotbr rod

bqulrltr hrtr
LlreIdrr cf

Llror

I.nrldo
Dl-tt t

&rI1e.
3Zl-"t- 7g tr!

I
2

I
5

1r
$r
1*'
2.
et
,'

(2,)

[3i],
[*:]

(2r) t6o tbr.(a.) 2oo tbr.
(2:) 250 lbr.(att) !0o lbr.(1L') 3gio lbr.

120 lbr.
l5O lbr.
tEO lbr.
2IO lbro
2!O lbr.

210 1b..
40 lbr.
,ro lD..
I90 ltr.
tgio lbr.

lrET II

Soctloa Sdulur
Lt.pdre-Pfrf E:iFf Etroac np.

[#]
(a*.)
(r')
(rr)

0.1,
O.2,
O.r,
o.16
1.06
l.?2

0.16
o.4
0'lo
O.71
l.r,
2.4,

Ia trbh If roctlon nodull erc glvcu for botrh rteadard rad c-trr ttrong plp..
lh!.lo tAr httcr tr aot er cffloleat atruotunlly er rtradar.il plpo, lt ny
Dr apootcd to havc a omrlilorably loa6or llfir

alr ,

Fhrunl Stnngtt of Etrcl DIlr

-nTwt :EtT ---o-
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loll.d E enil I rootloarl rl urod b3r foaoo uaufrotrrrorr, hrtc boo utlllro{
er olothcrltac portr 1o nnrerour proJrctr. trel![lry rlttbtly orr lr pouib
por foot, thol! cootlon lodulrrr (uornil tblr mJor ulr) tr rppro-lutoly
080. lborc rcottonr htvo lto rdvutagr of pnotlodly trilrflrttr ltfo tf
thcy lrc krpt pa!,rtrd, putloularly rt tho groud ltac. ltrol o6lor ui
tocr erl aot cfflclcat rootlonr for lnrtro

Stool Bortt ebould bc clthor prtatod eftor omstloa or 3dvallnd ettr
frbrl,oetloa, rltlrougb t&r lrttor tr uot aro.t.rrJr tf gtlv+lrd retrrtdl
rrc utcd and tho nclbcm en not rlded tn ftbrlottlrr3. (foe lnrtr rr
urcd trbualvcly ln rrr heurtag bstr ort!3 to thrlr rlortr llfl., tblr urr
la lcr.rut pnoJoots 1r aot moorndcil.)

,. ttrqto

tbo loortlcl of, prcJoot foaoor h ftnat h thr devolopnt of thr r!.b plu.
frlh thoro notcr dcil rrtlly rtth ibrtgn dotellrl tbo rr&Jrot oan not br
ropurtcd fron ocrtrta plunlag oonrldcratloar. tbr lrttor trcIdo forclng
oorte, proJoot ippoararocr, ud thr mrd for fcaoln3 r. nlrtr{ te proJot
nllntcneaoc and to tbo ourtorr of thr poplc to b. bour0o

lo @[gU;ce. teblc fY glvor ruggortcd foaoo t5per rnn h.fthtr tor
vrrlour EoE-l6FT.cr I through 5 et llrtod, fonool aro u r mlo-omrldorod
c-trcloly Acstnblc, tf uot n oa!!rr;r. Drnancat proteottvr fomlr3 (rm 7)
1r geurrdly accdcd aroud len eld plutod .r!1, h mltl-rtory-1ulUfl8 psot-
oebs, aLso often La speolal l.ooetlons la roy-houge proJects, aueh at dlrgornrrr!'
betreoa butldlng corners and rrln walhrqy fultcraectloas, to preveat @rncr-
outtlng. Illtlrrtc eooaoJr 1r bcrt !.rvc0 by lrrrrotag *rr ftuhg rtll b.
aoodoil, nthcr thaa by oolrtnrotl,n3 lt lrtr, rflor har rad plratla3 hrro
bro doegcd. Eorllr, doohloac ln tbo nttcr rurt cltra bo tdlnnood by
cortruotlon osrt ltrltrtlonr.

D. tcnent lr&tsq1q.urD!. thoro 1r oopldcrrbh rllff.aGoo of cplllo
dtr to 1@ trtbor tonutrt r.rer yrrilr rheulrl Dr fomoo,
cr tlr plotr rerLrd ol? h rro othrr rrnrr, tmb u Ly rbr$rn trote
olctho IInc rupportr. or nrkrrt la ;elb rEd bulldte3 nlh. frr{l b tho
rcer of r bulldlng iM ectLnr oolorod er r troup, rl,th ro Clrlrtearl
rltht! tzho group. t noyor tonelt yrr{ fcmlag 1r rorrlerro{r xnr3rao0
orp*loaoe oa oprretln3 proJrotr (lt uy) tr tL hcdtty rLcnld ty dl Dr.
bo lavortijetrd. thr rort bpor*.ut ooarldontloa, hcurr, rill Lo thrt of
oort lh!.tattour. lr e rulo, ohrLn llat f,oaolag of ldlvlOurl Snrdr rurt bo
rrgrrrled r. rn ortrtvrgrnt tta .nn orro *1.h orl bo oorllmoA ufy (l)
*ra lcoal o-porlcuoo pro'rrr lt 1r rrtmty dortnble, EA (a) *ra ifto
lnpruwnt ani othm proJcot dcolqneat oortr 1111 bo ruruurlly 1or.

o. teryrorer:r pretoottrr ltrmlag rry bo prcvldcd by thr lrar lni plut-
fl3 oont ity, (f.;r.Edhg oi*ottrr thr coirrct
odlr for rdatcDoo.. Irt otl{rr cr.c, lucL foaolag rry bo reqptr.erf tor r
mrhrt ortrndcd lnrtod rrd lt Lr dorlnblc thrt e ulfrrrr ttgbtly rd
eieqprto ftr;n of'fcnoc bo orotrd.
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IABIA IV
Fenotnr Tvpel and Eglshts

Fcnclar Uret

1 0n retrlalng ralls

2. Boundary barrlcsdcr
along rallroadr,
prlvate propcrty, etc.

3. Clothcr dryfng yud
omloaurer

4. Prlaolpal. recreatlon
area rnoloatrro /

5, Pre-achool ehlldrcatr
play area caolnaurct /

6. Truporary protectlon of
Ieura ald pl,adrng

7. Poruancnt protectlon of
lrrng aad plantlng

8. Garbagc collcctloa
pl,etfora eaclogurer

9. haant rcar yard
cncloanrcl

Approprlate Tvpog

Chaid ltnk

Cbaln ].lnk

Cbaln llnk

Cbatn llnk

Chaln llnk
or rrood

Ulre gtraod, onc
to throe rl.reg

Ulre strrnd, er
dccorlbed oa page 6,
or obela Ilnk

Chatn Llak

Ylrc atrand, at
dcscrlbed ln pagc 6,
or ohaln }[ak

@
/+ feet

6 fcet

L to 5 f,sct

6 foct
(rore for cpcelal. usce)

$ fcct

2 to !| feet

zl to 3t fcct
for ntro atraod;
J to { fect
for chala Ilak

zL to 3t reet
for vlrc rtraad;
3 to 1 fcot for
ohaln llnk

d. Cbaln=Ilnk fq4clne, elthough too costly to be crployod for aay aad
tll prrpolca, ls by far tbe roct urcfirl t5rpe ln lor*rent proJects. Itr
edvratagcs are a fitrly long llfe aad a tlght barrlcade nbcre auch la
roqutrod. fto dlsadvantagea 11o ln rcported hlgh oalntonanca cost llr rone
proJccts (rntU partlcular rcfcrcncc to yard gatca) end appearaDco uben uaed
for tcnaat ;rerd enalotulcro Gateo are gencrrlly consldarcd unneceasary ln
opnlnga la chaln lIrk fonalng arorrad laundry-drylrg yarda, gcncrel play
afctle end garbage oolleetlon statlons. Hovovcr, dospltc HlntenancG coo-
rlderatlolE, getor rre urually rcgardod ar an lrprtaat feature of tenant-
yard fcnalag, 1f ead rbca bullt. Rccorncndod conatructloa dctella for ahala
l!.ak faaelng are glven la Dlvlrloo, 2)1 Slte Inprovcnents (aoadc, Yalka, ECe.);
Guldc $?colfloetlona, Bullctla I{o" LB-I3o

Srfrr to BtrJ.lctla f,o. Lfu3t Part III
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8r lllre-strand fenclns, althoqgb souether exbrenoly dlfflctrlt to Ealn-
taln, hag bcsn uged guccesrfully ln nany proJccta. It ts often advantageouc
from the standpoint of eppearance as reIL as cost, and has proved satlsfacbory
bu1lt ag folLorsr

Postsr L-V2 to 2-L/2 lndb f .D. galvanlzed steel plpe vlth
screw @pr .9r 2.7-Lb, galvanlled steel H or f sectlon;
poats 6 to I feet apart, wltb z-VZ to )-t/2 teet
exposed and, 2-L/2 feet ln coacrete rettlng.

Strandar Tvo L/1, to l/S laeh, ?-nlre tristed strands, at least
12 lnches Epart, top etraad 2]3n lo 3r3n above flnished'
grade; strauds strung through holeg drllled ln posts
or, preferab\r, secnrely olanpcd to posbs,

f,o llood fenclns, enployed e:rtenslvely in defense and uar houslng, 1s not
as sound an i-nvestnent, ae steel fence, but nay be preferred for appearaneer
tlhen u.scd (constmciLon cost conslderatlons not precludlng lts use), natn
connectlons should be bolted and the lurber should recelve preoervatlve treat-
nent by a uethod that w111 not tnterfere rlth lta belng prlnted" Posts ray
be radc replaceabl.e ln concretc settlnga.

tro REFUSE C0tLE6TI0il SfATIoNS

a. Scopen ?he folIowfug notog conslst of brlef reconuendatlons on the
dosi.gn of refuse collectlon stations wben and where they are to be bullt -ult,hout reference to slte-plannlag consldcratLoas and wlthout dleeusstron of
tbc edvaatages and dteadvantages of these statlons ln lov-rent proJects.

bo Deglgn Featureg. The prtnclpal elenents of a ueII deslgned refuse
sollectloa ctatloa aret

(1) A concrete-paved platforu, preferably wtth rldges or wood cleats
on nhleh the cens w111 stand, sloped to a central draln.

(2) Conerete foundatlon wa11s at leact 18 lnches decp and extendcd
bolow froat llne, rlth aa outvard proJectloa of approrlnately 12 Lnches, as a
trarrler againrt ratgt burowlng uader the platfornr

(3) Eaolosu.re rnIls of brlck or @ncr€te, at' least 3-L/2 feet hlgh,
rlth entrencc through one end, or chaln Iluk fence and sorcen plantlngn (l
rqall ls preferrcd - aad one vhlch harroaLzer vlth bulldtng cxterl.ora. At
baet, reiuse colleetlon statlons detract 1n gorc degree frou proJeet appearances.)

(+) Seter and sever eonneotlons for clcanlng and dralnage"

Furtbernoro, sole neans should be provlded, such as chaln attachnente to the
nalIs, to prevent the loss of can lidso

6-
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or Qurgtl,tv pf Ecfuse. Deta on tbc quantltlca of Errbare aad rubblgb,
thc raln cotpoacats of E@,9,, fror lon.-rut proJeetr rrs not at oonpletc
aa dgbt bc dcaircd. Thc aoountr vrrlr lu dlffcrcnt aestlons of tbc oountryl
aad overy effort should bc sdc to obtala rcllablc lafornatlon looa1ly,
copeclally fron any cxlatlng proJcctc. ?hc follonlng are bclleved to ic
fatrly rcprelentattve egtlnatcs of.g! qurntttlca, aultable for chcoklng
purposcrs

Garbaee (hflk, unrrrappcd) | 2A/2 gelloar, or apprcrlnately
5 pounda, pcr ferlly por day.

Bubblohr 3-L/2 gallons, or rlryrorlratdy pouada, per
farlly per day. (Arher 'not lncluded).

9onbtnod GarbaeE aad &&blrhr 5 gellotrol ot apprortntcly
GL/l poooa", p"i rr"rfr- plr dey.

d. ColLeellon Statlon Capaoltv. Garbagc le oollcltod gcLl-veetlyp lf
not rore often, ln rnoct cltles, altbough rubblgb eollcrtlon rey be vcckly.
Hevtng aaccrtaiaed looal rcqulrcreatg ar to thc acparetlon of gartrgc rud
rubblch, knorlag the oollcctloa lateralo, ed heviag rado tho bcrt pomtbb
crtlratc on quaatltlcr (lnoludlag aeher, lf any), qln ogpactty, aud rcqtrl-
rltc sbatloa dlaensloas for varylng nr:nbers of drellJ.ngs can be oorlnrtcd"

tweaty-flve gallon oaaa (18tt dlanctsr x 26a bkh) arc ruggcgtcd ag tbs
rrxlnnn slle for garbage, and 33tallon cans (ZUt/2, dtancter x 33n hgh)
ar sulteble for nrbbl&, or conblned garbagc and rnbblrlrc The nurlclpal
dcpartuent havlng Jurlsdlctloa should be coasulted on caa slseg, hovovrr,

lhe colleotlon atatlon platforn should bc of auple slze. A Llttlc crtra
f}oor area and a fer addltlonal feet of tap-rlll lncreaae cogt but llttlc,
rhlls tnadcquate capaclty 1111 qulte oertalnly result ln rurolghtly aad
lnranltary conditlons. lloreover, refusF oontalaers l.aat Longer and involve
Ieas nalntonance and clean-up of ap!.Llage., lf slzed for at least 251 norc
thaa peak. quantltl.ca.

cr Congluglon. Rsfuse eollectlou statlon deelga should bc undcrtrkoa
oaly after obtalnlng al1 perttncnt lnforoatlon avallable locally conccrntng
refirsc quaatltles and other condltlone affeoting the deslga, Collcotlon
ctatJ.ons, concedcdly far from an ldca.l Eoanr of gettlng r1d of proJeo0
refuse, have cauged operatlng dlfflcultlec on rat, proJccta, aad every prc-
oautlon should bc ta&en to rlnhlze guob dlffloo.ttlcc vhcn thlc ncthod cf
dlepoaal ls to be enploycd.
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S]TE ENGINEERING

EA!I_y.I i -_ r,'rArEE-D-Igr RIBUUON

1. SCOPE

An anple supply of potable water is indispensable to rrd.ecent, safe end sani-
tary houslngrr built under the United States Housing Act. Ti'trater mrst be
available at adequate pressure, as well as in sufficient quantity, for
tlomestic consumption, fire fighting, Iawn sprinkllng, and incidental uses.

Urban Iow-rent projects are always supplied from operating water works
.systems and. lt is expected that nearly aI1 rural_nonfarm projects .wi1I be
so serred. Should a project be proposed ln a place where there is no
operating utility, decision as to source of water supply must obviously be
nade at the time of site selection. The responsibility of operating a water
supply plant ls one which the Local Authority should avoid, if possible.

Since water supply works, if any, in low-rent housing will be exceptional,
these notes deal with water di.stribution onIy, and this generally is a simple
engineeri.ng problem. Nevertheless, competence and. attention to d.etai-I are
essential in developing an efficient layout'and specifylng proper materj-aIs.
The engineerls work often i-ncludes a check on the adequacy of the public
water supply at the si.te.

2. EXISTING MAfNS; IIIOBKING PRESSURES

The site utility map furnishes certain information on exi.sting water mains
and working pressures needed for distribution system design. However, lt
orclinarily shows only the mains within or immediately adjacent to the site
and, unless these lines are of ample size and are connected to nearby
feeders, they may not provide an adequate supply for the project, particularly
for fire protectlon.

In any event, the engineer must be accurately informed regarding working
pressures and capacities of existlng mains, and the most reliable information
can be obtained by fire-flow tests made at hydrants near the site. Upon
request by the Architect, the Local Authority may have such tests made by
the local water works or fire department.

3 . METHCD OF IIIATER SERVICE; MTERING 1/

Local regulations, unusual rate structures, or other conditions sometimes
necessitate installing a meter on the serwice to eaeh dwelling unit, or to
each building. Usua11y, however, vrater can be purchased at consi-d"erab1y
less cost through a master meter by the Local Authority, than through lndivi-
tlual meters by tenants; so the former is the method commonly employed and, for

See Bulletin No. LR-11, rrSelection of Utilitiesrr.
1-
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the most part, that referred to in this d.iscussion. Generally speaking,
check meters on tenantst services, when water is purchased wholesale,
are not economical.

Water may be supplied (t) tfrrough a single master meter, (Z) through two
or more meters off different mains. with the lines interconnected. for
security against interrupti-on of service t or (3) through trgroup metersrr --
a separate meter for each group of buildings or dwellings. Under the last
two methods arrangements should be made, if possible, to consolidate the
meter readings and thus obtain a lower rate. fn principle, the problem in
each case is to determine the method of water servj-ce whi-ch, within the
rate structure and any concessions negotiated, will result in minlmum annual
costs, water rentafs, operating costs, and d.ebt service considered. The
tlistributi.on system tlesign obviously cannot be undertaken until agreement
is reached with the water department (company) as to the method of water
service, and the point(s) of delivery and metering.

to. DOtmsTIC i,ryATER SiIPPLY

&r Wa@&reqligg. The average daily water consumption in public,
low-rent projects varies widely with climatic conditions, type of d.we11ing,
and habits of occupants, ranging from ab6ut 100 to 300 gallons per dwe11ing.
For a speoific project, the figure can best be based on record.s from exist-
ing projects (if any) in the loca1ity, although 2OO gallons is a fairly
safe allowance except in more or less ari.d regions.

tr[ater consumption, hovrever, is usually not an important figure in project
distribution system desi-gn. It is employed in studying the methods of water
service described. above, and in rare i-nstances in considering special water
storage facil-ities.

b. Pe$-p-retic Demand. Domestic water supply lines are sized to
furnish the rlmaximum momentary demandrr which may be expected to oceur
occasionally, tlue to the simultaneous opening of a number of faucets. The
peak varles with l-ocal- cond.itions such as climate, type of project, operating
pressure in the mains, tenantsl customs and occupations, etcoy arrd cannot be
estimated with any accuracy. Nevertheless, from data derived from various
sources, Figure I has been prepared to show roughly, for design purposes,
the maxlmum flows for varying numbers of dwelling units. The intlicated flows
are doubtless somewhat liberal for high-density projects and probably light
for Iow-density projects in semi-arid regions, where the lawn-sprinkling
demand is quite heavy. For cold-water distribution only (hot water distrib-
uted from central or group heating plants), about 25% nay be deducted from
the d.emands shown.

co Residual-Pressure..V For sizing d.omestic water supply Ii-nes, the
requislte minlmum pressure at the building wall mrst be determiaed for each

See Bulletin No. ffi-?, Part XI, rrWater Supply Systems in Buildingsrl
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type of buildlng proposed. This involves decision (or agreement betueen thedistribution system designer and the building piping deslgner) as to horv theavailable pressure d.rop vri-11 be split up, that- is, fiow ,rr6f, *iff be expendedin the distribution system and houi much lvithln the building. It rivi11
generally be found desirable, rvhen practicable, to supply ihe peak domestic
d'emand at building rvaIIs, at not l-eis than the'folloroiirg-prorsi""s,

Serrrice to one or tlnro dwelling units only: 25 p,s.i. for one-stcny
brrildings;30 p.s.i. for 2-story; add 5 to 10 p-.s.i. in each casefor flush valves.

Single servi-ce f,o a 2- or 3-story bullding: 30 p.s.i, for 2-story;
35 p.s.i. for 3-story; add 5 to 10 p.s.i. in each case for flush
valves.

serwice to multi-story buirding: A pressure as high as feasible,
that is, with negligible pressure drop in service 1ine.
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5 WATER SUPPLY FOR F]RE PROTECTIONa

Br Fire_FJows. The flow of water required. for fire protection depends
on the characterlstlcs of the project - its size, type and spacing of
bulldlngs, nature of eonstruction, etc. - also on fire risks from adJolnlng
properties and on the capacity of available pumpers. Subject to adjustnent
for these conditions, and to modification in the light of advice received
from the loca1 water department or from engineers of the fire j.nsurance
bureau in the state, the following flows may be regarded as average
requirements:

ftpe of Pls,iec!, Fire E]9sJ$!ne1e-Ei&)

Three -story apartments
or combinations

Two-story row houses or
flats

Single-story row houses or
two-story closely spaced
seml-detached houses

Detached or semi-detached
houses, generally

750 GPNI from any one hydrant
1500 GPM from any two adjacent

hydrants

(Same as preceding)

750 GPM from any one hydrant
1000 GPM from any two adjacent

hydrants

750 GPM from any one hydrant L/

L/

Multistory building projects are usually in metropolitan areas where
requirements regardling fire flows are urc11 established. Rural nonfarm
projects may be in places having limited water supply and distribution
facilitles; in such cases the designer should (1) proviae a degree of fire
protection consistent with that generally available in the comm.rnityr md
(Z) recognize the fire risk in spacing buildings and choosing building
materials.

b. TotCf,_.EEg_D.e@g5!. The preceding d.iscussion refemed to the flow
at any speciflc location. For a large project, especially one on an out-
lying site, the total demand for water for fire protection should be
related to the size of the project. This demand can be approximated from
the following tabIe2 ?/

Adequate protection may be afforded, by 500 GPM, especially if housing
is of fire-resi-stant construction. Hor,vever, most fire department
pumpers are of 750 GPM capacity, and the supply at each hydrant should
be such that a pumper cannot cause negative pressure in the mains.

?/ Based on rrTable of Required Fire Flowrrr the National Board of Fire
Underwritersl rrStandard Schedule for Grading Citles and. Tovlns.rr

_lr_
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co ReEidUg!-$ess$re. At fire hydrants, the residual pressure at tines
of maximum fire flow can hardly be figured. safely at less than 15 p.s.i. for
engine streams.' ft should. not be so low as to cause negative pressure at
any plumbing fixtures in the project. Illhen hydrant streams are dlrect, the
resitlual pressure at hyclrants should, lf possible, be not less than l0 p.s.i.

d.. E@ Spacins. Fire hytlrants in housing projects
are commortly spaeed 300 to /+00 feet apart and, when practicable, are so
arranged that every buildtng can be reached from two hydrants with a maximm
hose length of 300 feet from each. A good check on hydrant spacing nay ibe
nad.e by noting the area served by each hyclrant: it should not exceed 1201000
sq.ft. for Iow-density and 1OOrO00 sq.ft. for high-density projects. (ttre
preced.ing statements apply to fire protection by engine streams. For direct
hydrant streams, a special determination, based on the available residual
pressure, is necessarlr)

To permit pumper connection by a single length of suction hose, hyttrants
shoultl be located not farther than 7 feet from a surfaced roadway. However',
when the roadway does not have curbing, it will be to the interest of saf.ety
to set hydrants back about 6 feet from the edge of the surfacing. Hyd.rants
should never be located within 25 feet of the building protected; fifty feet
ls the prefemed distance.

It is important that the Ioca1 fire tlepartnent be consulted regarding the
type of fire hydrant and the hose-coupling threacl to be specified, also
the proposed locations of hydrants. Hydrants installed in housing projects
usually have a 5-inch valve opening, two hose nozzlesl ohe punper nozzle,
and 6-lnch connection to the main.

6. C'ENERAL LAYOUT 0F YIATER LINES

&r Fire maing, as a ru1e, can best be located. along streets and main
drives, since that is where the hydrants are seto To facilitate repairs,
they should be in the grassed area at one side of the pavement and at a
generally uniform d.istance from the curb. An imegular layout, with mains
angllng here and there across yard areas, should be avoi-derl. Preferably
fire uralns shoultl be looped, in order to elimlnate dead ends. Consultation
with the 1ocaI fire or water department regarding water main location and sizeg.
ls generally advisable.

b. Domestic supply lineg should., in general, b laid out in whatever
way will minimize pipe quantities, but their location must be carefully
coordinated with that of other utilities -- sanitary sewers, storm sewers,
and gas. For row-house projects, comparative layouts and estimates are
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need.ed to d.etermine the arrangemenb of utilities that will be most economi-
cal, with building spacing and. grade contlitions taken into account. The
various utilitles should be spaced sufficlently to permit taying each i.n a
separate trench.

7. IffDRAULIC CAICULATIONS

dt Flow_D:Lagram. For convenient reference, a comprehensive flow
diagram, Figure 2, rrFlow of lrfater in Pipesrtrbased on the Hazen and'Ftri1li-ams
formula, is included in these notes.

The value of the coefficient rrcrr to be assumed in using the d.iagram rn:.st
take into account the probable reductlon in carrying capacity of the pipe
during a period of at least /e0 years. T[hile this is quite difficult to
estimate, the determinatj-on must obviously be made jointly with the selec-
tion of pipe materials frl and it should be based on j.nformatlon as to how
city distribution llnes have sustained their carrying capacity over long
periods. Such experience cannot supply conclusive evidence concerning
pipe that has come i-nto use during comparatively recent years. For the
latter, the chemical analysls of the water, its aggressiveness as measured.
by its action on other kinds of piplngl and any short-term experience wl1I
serve as guides. fn any event, conservative assumptions are uarranted, since
water lines lose capacity from sedimentation, mineral deposlts, and vegetable
and animal growths, as well as from corrosion. Moreover, the coefficlent
must cover loss of head due to valves and fittingsl and cement lining, when
used, reduces appreciably the sectional area of fIow. It is suggested that
only where there is good evidence to the contrary, the coefficlent assumed
for tar-coated cast iron pipe be not highor than 80, and that for no other
material be higher than 110.

b. Av4ilab1e Loss of Egad. Pipe sizing is of course based on the
available pipe-frlction loss betjween the point of supply and that of
dellvery vrithin the project. The loss is fixed by (f) the initial pressure,
that is, the mlnimum pressure which ordinarily may be expected at the point
of supply during hours of high water consumpti6n, (e) tne pressure loss
through the master meter, (3) the requisite residual pressures at buildlng
walls and at fire hydrants, and (t) the pressure gain or loss due to
difference in ground. elevation.

c. PlesgUlq-Lg-gE-Ibrous.h Metqrs. Figure 3, rrPressure Loss through \iyater
Metersrrr shows appro-ximate pressure losses through tlisc, compound and fire-
service meters at different rates of fIow. Compound meters ire most ofteninstalled as master meters in housing projects, trleters may frequently be one
size smaller than the line in which they are installed.

d.. Line Slzine. It may be assumed safely that the domestic water
supply d,emand will be comparatively light in case of a serious fire in the

See paragraph 8, rrPipe Materialsrr.

t
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FIGURE 3. PRESSURE LOSS THROUGH WATER METERS

projeot; anil that, for other than large projects, the average domestlc
demand is negligible ln comparis.on with the maximum fire demand. Generallye
therefore, mains on which fire hydrants are located may be sized for the peak
fire demand; then, with the sl-zes of these mains known, the remai.ning lines
may be sized for the maximum domestlc demand, with no allovuance for fire fIow.
The following is a suggested. procedure for determinlng domestic supply pipe
sizes:

(f) Select first the longest run of plping from the point of supply
to a building or tlvrelling unit.

(Z) Note the number of dwelling units served at o:itical points along
this line and from Figure I find the maximum momentary demand at each such
point, thus determining the maxlmum flows in various sections of the line.

(l) Assume pipe sizes and rletermine correspond.ing pressure drops,
repeating the process until the total drop approximates the available pipe-
friction loss in the line.

(t) Follow the same procedure for shorter runs in the system, but
maintain reasonable uniformity in slzing.

8. PIPE TATERIATS

0bviously, undergror:trd water pipe should, if practicable, be of materials
vrhich will not require replaeement for a period of at least {0 years. fn
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princlple, the seleetion of materlals should be based on comparative esti-
mates of annual costs - Lnterest, replacement and maintenance. Practicallye
the nost economical pipe materlals are generally those which <iuite certainly
give the longest serviee. Trenching and pipe laying comprise a considerable
part of the total cost of the pipe installed, and a definitely superior
naterlal nay add but a sma1l percentage to total cost. It is most important
to avold a perfunctory choice of pJ.pe materlals, without thorough consider-
ation of all available information.

Any discusslon of the theory of corrosion or the various conditlons (of solI
and. water) hfluencing its rate, ls beyond the scope of these notes, which
are confinect to a brief sunmary of speclal considerations and suggestions
as to practlce.

&o fnternal Corrosign gnd InSIUElaUon. Generally speakLng, soft water
(f to 60 p.p.m. of hardness), sueh as found in New England and along the
south Atlantic coast, are quite corrosive, while harder vraters are less so,
the alkaline salts being precipitated to form a protective coating on the
pipe wall.

(f) For Uiglg^I-gg;l6, cast lron pipe has been used generally ln
projects. The plpe has been cement-Iined in some cases, but more often has
had ooal tar pitch coating. Tar-coated pipe is known to tuberculate rapldly
with very aggressive waters. Unless 1ocal experience indlcates that with
such plpe the coefficlent rrcrr wlII not drop below about 80 during a leO-year
perlod, cast iron pipe with cement (or enamel) lining, or cement-asbestos
plper may best be used. It should be practicable, economicallyl to specify
a naterial for malns that will render satisfactory service for the life of
the project.

(z) For @gmafl-s:i-@d l:lnee O/|-incn up to 2-t/2-
tuch), the' proutei-ilflEfilo-re dim#ufi, 

"s 
#b"fE-perroration ancl chokage.

Sma11 ptping used in existlng projects has, in large part, been Type K copper
tubing. However, lead, brass, galvanized wrought iron, and cast iron have
been lald In nany cases. (The use of galvanized steel plpe for underground
lines was confineil mainly to war housing.)

0) The possibte
due to the dlssolving of amoun s of the metal iron, Iead, or copper

{

reguires consideration in some cases. Protection against iron di-scoloratlon
(ilred waterrr) I where such protection Ls necessary, can be had. by cement
llnlng. Lead pipe should be specified only when loca1 experience or experi-
ment has proven that lt can be used safely, since lead may be picked up by ver..,.
soft waters high in carbon d.ioxide and its salts are very poisonous. (U.S.
Publlc Hea1th Servi.ce Drinking f,Iater Standards state that lead present should
not exceed 0.1 p.p.m.). g.ggpgl also may be a{tacked. by soft, acid waters.
The amount of metal dissol.vetl is unllkely to approach the 1.0 p.p.m. permi.tted
under U.S.P.H.S. standards, but a much smaller quantity may be objectionable
ln stalnlng fixturec and laundry, also in causing perforation of the tublng.

-9-
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b. E-glerna1 Comogio4. This topic refers mainly to soil or galvanlc
corrosion, as electrolysis is seldom a problem in piping lald wtthin project
sites.

(f) RegiSlg4gg-to-Corrosi,94. Extensive tests have shovln that:
(i) the commonly used ferrous.plpe materials do not differ greatly in thelr
resistance to soil corrosion; (2) the rate of pitti-ng, hovrever, d.ecreases
with time -- hence addltional thickness of metal adds, in greater than
d.irect ratio, to the life of the pipe; O) in most soiIs, copper and red brass
(851A .opper, L5% zinc) corrode much *ore slolvly than do iron and steeI, and
the corrosion Ls more uniform; (4) wet, organic soil in which sulphi'ues are
present i.s especially corrosive to copper; and (l) Iead generally corrodes
more rapidly than copper but more slowly than ferr:ous metal-s.

Soil corrosion, like internal comosion, should seldom be a serlous problem
with water @iEEr since the rval1 thickness of the pipe (if cast lron) is
sr:fficient under ordinary conditions to withstanil pitting for a long period.
Iltith servigge and other smaI1 domestic supply piping, v,raII thicknesses are
Iess and the possibility of complete penetration i.s much greater.

(Z) Copditiong-Cgge-1elAlfle-e9il-g.qlosio4 include variation in
moisture content and ln soil characteristics, and_ dissimilarity of materials
(eIectricalIy connected). An example of the latter is copper tubing con-
nected, v,rithout insulating coupling, to cast iron pipe. Corrosion of the
iron vril1 be accelerated. Horvever, i'rhen the copper (cathodic) area is very
snall in comparison with the iron (anodic) area, e.g.r. a brass valve in a
ferrous service Iine, the eorrosive effect may be slight.

0) Cathodic Plolgglion. f,/ Vttren the soil at the project site is
known to be corrosive, the Local Ar:thority may rve11 retai.n a eomosion engineer
to (f) advise regarding gas and vrater distribution system materials, Q)
determine vrhether cathodic protection is necessary and, if so, (3) decide
whether for the gas system only or for both gas and water, and (zn) design
and superwise the installation of the cathodic protective system.

Cathodlc protection of water lines will- become far more important, should
emergency regulati-ons prohibit the use of copper pipe. Although the cathodic
protection may not be in*stalled untit some time after general construction is
conpleted, the possible need for lt must be foreseen when the d.istribution
system is installed, so that jumper wires can be provided around cast iron
pipe joints, and the project piping ean be insulatetl from the publi.c water
works system.

c o Loca! Experi5lnce .
nally and erbernally, is ca
lmpossible to predict with

The corrosion cf utr.tlergrourrd water -l-j.nes, inter-
used by numerous interrelated factors, and. it :i.s
accuracy the effeet of a gi-ve:l water or soil- on

See Bulletin llo. LR-'7, Part Vr |tsafet;. Cor.rsiC.t,ratin;:s in the fnsta]lation
of Gas Pipi-ng.rr

-10-
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different pipe materialsn Horrrever, the city water v,iorks system is in effect
a laboratory in which various kinds of piping have been tested, often over
long periods, and the results of such tests should comprise the most reli-
able guide in the selectj.on of pipe materials. This is not to imply that
local practice should be follor,ved perfunctorily, that all pipe materials
will have been tri-ed out adequately, or that recommendations received may
n.ot be influenced by personal preferences. Expert interpretation of
results may be needed, lvith attention to special soil conditions at the
site, and to possible future changes in local r;vater purification methods.

Since water for low-rent housing projects is obtained almost always from
public water works, lt may be assumed to meet 1ocal health department
standard.s and to be safe and po'uable. Trlhilethe possibility of its becomlng
contaminated within the project distribution system may seem negligible,
water mains are hot necessarily aIr',rays under pressure and they cannot be
kept absolutely rvatertight, especially at joints. The following precau-
tionary measures are, therefore, recommendecl:

See rrFire Hydrants and Hydrant Spacingrrr paragraph 5d.

-11 -

A few Local Authorities have initiated corrosion detection and con-
trol programs and may have formed sound opinion as to the kintis of water
piplng that should be installed for additional projects.

9. DISTRIBUTION SYSTEI\,I APPURTENANCES 1/

&c [{eter-fnqtallation. i\,laster meters are provided sometimes by the
rr,ater department, sometimes by the Local- Authority; in either case, the
installations must meet r,vater department requirements. Iftaster meters
should have by-passes and, if service ls through tlvo or more meters at
different points in the project and with interconnecting lines, a check.
valve should be provided at each meter. ilieters are occasionally located.
in building basements, but more often i-n concrete vaults, Vaults should.
be drained by a pipe leading to the ground surface nearby or to a storm
sewer (if there is no possibility of backwater); or a dry rrell may be
provided.

b. Valves. Valves (including stops) are recommended (f) at interyals
of not more than 8OO feet ln all mains, (Z) in branch l.ines near their
points of take-off from larger lines, and (l) in all services. As a ru1e,
valves in hydrant branches may be provided or omitted, according to local
practi-ce, but they should be installed wherever hyd.rants are connected to
lmportant feeders or are so located as to be partieularly subject to accl-
dental damage by traffic. A uniform position of valves throughout the
project --for example, in line with curbs, street sidewalks, or bu5-ldings--
should be maintained.

10. PROTECT]ON Otr' iIATER SUPPLY
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Eo Deslen Measures. These conslst of requlrements to be lncorporated
ln th€ drawlngs ard epeclftcations.

(f) Lay water Ilnes and sewers generally ln separate trenches
and keep the trsnches weLl separated.

(Z) In the event sewer and water tlnes mrst be lald ln the same
treach, bench the water plplng on undlsturbed earth 'rr'eIl above the eewer
alil uake the sexrer water-tLght.

(l) Lay mter Ilnes, so far as practlcable, at a hlgher elevatlon
ttun sewero; provlde adequate support where one 1lne 6pane the trench of
another.

(a) Avold uslng stop-and-waste cocks; 1n any event, clo not
lnrtalt then beLow ground water Level or at less than adJudled safe
dtstanoe, eoll condltlons oonsldered, fron a sanltarf s€rrrerr

(6) Slze ftr.e rnalns large enough to dellver, utrder poeltlne
preesur€, the naxtmun drafb that wl1l be imposed on them by flre ilepart-
rent pulpero -- thls to obvlate the posslblllty of polluted ground water
betng drawn lnto the malns through ninute leaks.

0) Use sterlle yarnlng materlall lf braided hemp, sterlLlze lt
on the Job. Do not use Jute.

(8) Provlde for thorotrgh flushlng and effective sterlllzatlon of
the dtgtrlbrtlon system after comp1etlon.

b. . These

' (5) Avold any dlreot
Bystea and the eanltary oetrer
to fluah taakol oewage Frppe,ftre hydrant tlralns, eto.)

aro oovenstl tn Dtvtston 2"!,,
Grrtde Spedtfloatlone, Bul-Iet

Oo

rater

ction betvpen the water cllstrlbutlon
Dr (tUfs refers to water oonneotlona
and sewBr conneotlons to reter vaul.to,

conne
slste
eto. p

Utlllties rs, Water and Gas It of the
ln No. LR-13. They lnclude alL

prcoautlons to keep plpe and appurtenanoes reasonably free from dlrt ard
treach water whlle they are belng lnstall-ed.

Health Eoard Reaulatlong. The drarlngs and speolflcatlons for the
distrlbutton systen should, of course, comply wlth state or other

health board requlrements and any requlslte approval be obtaLned.

-L2- HI{FA-PHA, tr[ash. D.C.
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1. APPROACH TO DESIGN

Gas main extensions ir urban areas can seldom be sized with precj-sion si-nce
population growth and future uses of gas are extremely *ifficult to foresee.
It is considered better practice to install pipe a little larger than necer
sary than risk its provi-ng too smaI1. fn public low-rent housi-ng, however,
the situation is somewhat different: the exact number of families to be
housed is lo:qryn and the uses of gas are predetermed. From this basie
knowledge a reasonable approximation of the peal< demand is possible and a
closer dete:srination of pipe size is wamanted. Ga.s lines must be sized
amply as a safeguard to life and property, but wasteful overdesign avoi-ded.

The method herein recommended for sizing gas distribution system piping is
described in some detail, since engineering referenee books contain littJ.e
d:irectly usable material on the subject. The gas-florv diagrams supplied are
like hydraulic tables and diagrams, in that they obviate the need for detailed
computations.

The sizing of mains, however, is but one feature of the preparation of dranr.
ings and specifications for gas distribution systems. The task should not
be performed perftrnctorily, as careful study and investigation are required
in many details. The principal points to be considered, together with
becommended practice, are outlined in these notes which refer to piping for
natural and manufactured gas distri-bution. (A forthcoming bulletin wil1-
dealwith iiquefied petroleum gas i-nstallations. )

2. EXPIANAT]ON OF TtrNMS

&c Gas distribution pressures are classificd as foll-ows:

@ :- up.to about l-5 inches of water colums, generally 3 to
9Jnches (one inch of water column equals 0.578 oz.per sq. in.)

fntermediate - from 1 Ib. to approximately 1! Ibs.
per sq. i.::.

(High pressure mains, which generally carry pressures of 50 lbs,
per sq. in. or more, are not used in public housing projects. )

b. The speci[ic gravity of gas is the ratio of its wcight to that of
air, with aii at-I.OO. Manufactured gas gcnerally has a Sp. Gr. of frcm
0.1+O to O.7Oi natural gas from about O.1,5 to 0.5! for Itdryrr gasr and 0.65
to O.B! for ttcasingheadtt gas. The capacities of meters ancl regulators, and
the flow of gas through pipingr vary inversely with the square root of the

-1-
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Sp. k' of the gas. Thus, with equipment capacity ratings based on 0.60
Sp. Crr.e factors such as fo11ow should be applied to the ratings:

For Sp. Gr. of O.L5r a factor of 1.15
For Sp. Gr. of 9.85, a factor of O,Bh

d. $g_USgE equals 1O0r0O0 Btu.

3, I{ETHOD OF GAS SEA,VICE Y
a. Wholesale hrchase. The gas supply for publi-c housing projects is

usually 6Tfaffi-yTffiI6a1e pur-has 
", 

- tirl utility c ompany aJrtvering the
gas at a meterj-ng stati-on or statlons Located near the border of the site.
These notes apply mainly tc that method of service.

b. Nurnber of Coru:ections. Gas may be supplied through a si-ngIe con-
nection, with it's master nreter or meters, or through several i::dependent
coru:ectj-ops e ooe for each block or group of buildings. Where there are
existing gas mains in various abuttjng streets, the trgroup-nsteringtt method
may result in considerable saving in j.nitial cost. However, unless meter
readings can be consolidated, the resultant higher gas cost may far outweigh
the possible savlng in first cost. A centrally located point of delivery will
minj:nize project distribution system costs, but no one existing main may be
of suffj-cient capacity to delj-ver therenti-re supply at a single point.

e. Se:srice Contract. The service contract with the utility company will
stipulatFTlFtlFptffinr pcints at which gas will be delivered, (2) the
maxjnnrm and ninjmum pressures that will be maintaj.ned on the project side of
the meters at, the delivery p.jnt, and (l) the mjlimum Btu content of the gas.
This information is prerequisite to distribution system design.

l+. T,OW-PFESSIIRE vs. INTERI{EIIIA1E-FRESSITBE DISTRIBUTION

Intermedj-ate-pressure distribution (Generally availabJ-e with natural gas
only) permits usi-ng much smaller piping than for lou'-pressure, whereas with
the latter no pressure regulators are required and there is l-ess possibility
of gas leakage. fn general, lntermediabe pressure (where it is available at
the site) gives a much more economical installation in low-density projects,
while 1r,w-pressure distribution may be preferable for high-density projects.
Further, the smallcr mains which can be used with intermediate pressure cost
less to protect cathodically against corrosion.

IfSeea1sb gulletin No. lR-11, ttselection of

-2-
Utilitiestr

cr T_he ipa-b.1gggJ.re of gas is expressed in Btu per cubic foot at
600 F, afr[-70Tffi8-6ffiercury. The heating -vaIue of manufactured gas iJI
the Unlted States ranges roughly from hCO to 6OO Btu and that of natural gas
froro 900 to 12C0 Btu per cubic foot.
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5, IAYOUT OF MAINS AND Sm,VTCES

a. The radial Syp_tgn of distribution provides for the flow of gas by
one route only. Irt results in the most direct runs of piping frorn +,he point
of supply to the buildings served and, therefose, ln lowest costs.

b. The pgsJstem perrnits gas flow by two or more routes. Secondary
distributors are sometimes connect,ed at each end to a main distribu-i;or.
loopi::g tends to provide slightly greater security of service by s5sorbing
high unbalanced demand and by maintaining a supply of gas by one route,
should that from the other be cut off. However, a main distributor virtu-
a1ly encircling a project, and sized to supply practically the entire peak
demand through either leg, is wasteful and unnecessary, especially in
fey;-psessure distributj.on.

cr Cooqdi4q!1on-_with Otber -Ut+h_Li-e_s. The location of gas lines must
*-:.*r1_

be coordinated carefully with that of other utilities -- yraterr sanita.ry
sewers and storm sewers. tr'or rch'-house projects, comparative layouts and
estimates are needed to determine the arrangement that will- be most econornical,
building spaclng and other conditj-ons taken into account.

ld(,Lo L) Trenches for
any

. Gas pipi-ng should nct be laj-d in the
gas if any, may enter seyyers

enance men and causing fi-re
same a

and sewer manholes, endangeri-::g the life of
or ercplosionsn F[irther, gas may seep through backfilled earth in trenches
for considerable distances; when the gas lines are laid in separate trenches,
adequate precautions can be taken to prevent such seepage from entering
basements or crawl spaces. y'

6. P]IAI(-HOUR C,A.S DEMAND FOR COOKING, I,TATE,R HEATING, A}ID REFRIGE,RATIO}.I

3.t $r" !"q}_$ury9 for gas varies with climate, customs, occ:irpations,
etc., and is not susceptible of accurate estlmate. Some gas compani-es har,'e
done considerable research on demand rates, and their practice shorllc be o.

reliable guide in project design j-n their localtties. For use elsen'l:ere eriC
for checking purposes jn any case, Fi-gure 1, based on information obtaj.ned
from numerous sour.ces, shows approximate peak loads for varSring numbe,rs of
dwe11i.::g r.rnits and different uses of gas (except space heating). Altliough
the loadjng is expressed in peak-hour rates, the maximum rate cf demand
may occur for only a few mintues.

b. Appliance lalings, on which the peak demands shown in Figule 1
are based, are noted on the diagram. They are approximate averages llor
appliances of different makes. Variations from them will cr"inarily not
affect pipe sizing.

Gas PiPing. tt

-3-

Consideration jn the fnstallation of
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FIGURE I PEAK-HOUR GAS DEMAND FOR COOKING,WATER HEATING AND
REFRIGERATlON

c. Egge_-9gglp_gg_ggqc9-Ieegg. The demands derived from Figure I
can be considered to iaclude but IittIe allowance for ttre tnci&ata1 use of
ovens for space heattng. If dwellings will be tttenant -heatedn and gar for
eookirg nmanagemot-orppliedrrr some all-owance should be nade for thls
possible exbru de,mand.

7, PEAK-HOIA DEffiAND FOB SPACE HE,ATIIYG

It must be assrlned that in extremely cold weather practically aL1 E)aoe
heating appliances will be operdted sinultaneously during early noralng hour.
Horever, it is extremcly improbable that the peak hcating load will ocsur
sj:nultaneously with the peak cooking Ioad, exccpt possibly ln very straIL
groups of uni-ts. It is recommended, therefore, that the cornblne_d_Aeq$hqr
9qll*9 be cletermined (1) by applying the percentages noteTEltil:E-tF
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total of the input ratings of connected heatj-ng appliances, and (Z) fy adding
to the peak-hour load for heating, so determined, that for other uses of gas
as derived fronr Figure 1 (or as otherniise estimated)s

Nu:nber
of

DUls

1
10

100
1000

Pereentage of Total
Input Ratings of

E@
too%

90%
B5/,
Bo%

Obviously the designer must be informed as to the input ratings of all space
heating applj-ances to be installed, including those j-n comrm.rnity facility
builiLings. The input ratings of gas-fired space heaters in low-rent projects
r1ary from about 3OrOO0 to h5rOOO Btu, ,those of gas-fi-red furnaces from
6orOOO to Borooo Btu, per dwelling unit..

B. AVATI.ABIE PRESSIIRE DROP

&. Residual Pressure. The availabJ-e pressure drop to be used in pipe
guaranteed delivery pressure on the project sidesizing , of eourse, the

of the master meter less the requi-site residual pressure at the building waLl
(or house regulator). For interme&iate-pressure distribution, a minimum
pressure of 2 1bs. per sq. ln. at the house regulator is recommended. For
1ow pressure dlstribution, the m:injmum desirable pressure at the building
wa11 may be determined as fol1-ows:

fnches of Water Colunnffi
gaq gas

mi.tnjJrrum pressure at appliances
Pressure drop in bullding piping
Pressure drop through check meter

or approximately

)i- These figures should be checked against ].ocal practj-ee in
adjusting appliances.

b. Differences in Crround Elevation. @s pressure increases roughly 0.I
inch of water column for each 15 foot rise in elevation. Obviously thi-s has
a measurable effect so1eIy in Icw-pressure distribution; and only in nulti-
story buildings, or in the unusual case of buildings being materially ]ower
than the point of gas supply, need the factor be taken j-nto account.

h.6-rt
0.3

2,3',1
0.3

t/2

o,5fr
5

o.5
3.1
3

-5



K is equal to ( D5 1

)EL+3.6+0.03D
D

D is the actual lnternal- diameter of the pi-pe in jnches.

For low pressures, however, the rrPolerr formuLa was used for pipe sizes larger
than ll-inch, since in those sizes it gives more conservative results than the
Spitzglass formula. The Pol-e formula (symbols as above) is:

^ .n5r .r
Q = 2338 (ffiz

L
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9, Cd.S-FIXW FORMULAS

With the exceptions noted beIow, the gas-fIow diagrams, Figures 2 and l, are
based on the Spitzglass formulas for rrsnd-16-gndtt flow of gas in pipes: 

;

(r) for 1cw pressures (not exceeding 1 1b. gage):

e= 3i5o K (&)+

(2) for intermediate and hlgh pressures (exceeding 1 Ib. gage):

Q=l+B3onf*l*'sr,'

i-n which:

Q is the quantity of gas in cu. ft. per hour, at
30 inches mercury and 60 degrees F.

K is a 'constant based on the pipe diameter (see belori)

h is the pressure drop in inches of water column

P is the pressure drop in 1bs. per sq. in.

a is the average pressure (absolute) :-n ttre pipe 1ine, 5n
1bs. per sq. iJI. (absolute presflre.in gage plus atmos-
pheric; latter is 1it.7 p.s.i. at sea leveL

S is the specifi-c gravity of the gas

L is the length of pipe in feet
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EXAXPLE NO.I
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PRESSURE DROP IN LBS. PER SQ, IN. PER IOO FEET

o
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8qooo
60,ooo
sqooo

EXAMPLE NO.I
CAPACITY OF 3-INCH PIPE 8OO
FEET IN LENGT4 WITH PRESS-
URE DROP OF IOTO 2 PS.I. AND
S.O.60:
ENTER DIAGRAM AT:

avER. PREss. oF'roJ2 ,e es.r-

ANo DRoP O15$6=r uay'oo'
FIND 3r,ooo c.F/HR. CAPAoITY

EXAMPLE NO.2
(orsrnreurroH svren oesren)
MAX.PIPING RUN I4OO FT;
PRESS. OROP 5 TO 2 P.S.I.

ENTER OIAGRAM AS SHOWN.
AND PLOT POSITION OF PREDE.
TERMINED PEAK LOADS ON

VERTICAL LINE.

AOOPT GENERALLY PIPE SIZE
FIRST ABOVE LOAD POINT.
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IIGURE 3 GAS LINE SIZING DIAGRAM-INTFRMEDIATE PRESSURE'v\

10. PIPE SIZING

a. Gas-Flow_liiry8. Figure 2 is for fq,q-pressure distribution,
I,'i.grrr.e3ffiExamp1eNo.1ineachdiagramshowsthesoiution
of a simple gas-fIow problem, and Example No. 2 lllustrates the practical
use of the diagram in distribution system design.
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b. Procedure. Following is a recornmended ratj-ona1 procedure for
dis tributiSl-ffi'm pipe siziig:

(1) Determine as described above, the available pressure drop in
the system.

(2) From Figure 1, and wj-th adjustment for space-heating appli-
ances if any, determine the peak gas demands above al-I
ttcriticaL poj-ntstt (principal junctions of 1ines, etc. ) in the
system, thus determlning the fl-ow for: which each 1i-ne should
be sized.

(3) Select first the principal (and preferably the longest) run of
piping in the system and, proceeding as illustrated in Example
2 in each diagram, read off pipe sizes for every section of
the l-ine.

(1+) (Optional) Increase slightly the diameters thus determined for
pipjng near the point of supply and decrease those torrard
the upper end of the U-ne. Compute pressure drop section-by-
section, readjust sizes if necessary, and recompute, until
the total drop approximates that available. (ttris step tends
to give more uniformity in the computed sizes of branch 1ines.
The procedure corresponds to that usually employed in si-zing
water 1ines. )

(5) Note the trremaining pressure droptt at each of the above-
mentioned rrcrj-tical pointsrtt thus fixing the available pressure
drop for each branch.

(6) Size the branch lines in the same general way as the principal
Iine.

c.
to absorb

Siz

(2)

(3)

Lo Linesl. It was previously noted that loops may serve
and maintai-n a supply of gas from one end of the

Size each 1eg as though it were an independent line.

Increase the size of the intennediate part of the loop so that,
with a load approximating 50% of the peak, servj-ce can be
maintalned through cither 1eg.

1oop, should that from the other be cut off. To insure fulfilment of the
latter fr:nction, the following procedure in pipe sizing is suggested:

(1) Find by i-nspection the approxtmate location of the ttpoint of
no velocitYtt in the ]ooP.

11. PIPE MATERIAIS; CORROSION CONTROL

It is obviously desirable that the project distribution system be instal-led so
as to senre without exbensive replacements for a period of at least l+0 years.':

-9-
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In most projects thj-s can be aecomplished, practicably and economically. Cas
leakage with its attenffit hazards can be minjmized. and general relaying of, ..-lines (with resultant damage to sj-te improvements and inconvenience to tenants)
can be avoided.

The principal problem is that of controlling soil corrosion, and the solution
lies in proper pipe coating and, in many instances, i-n cathodic protectj-on.

This bul-Letin contains no discusslon of the theory of soil corrosion, the
characteristics of cor.rosive and nofi-corlosive soils, or the design of cathodid
protection systems. L/ tt outlines, rather, certain it"pt to be tiken, in
connection with gas dj-stribution system desi-gn, to gain effective corrosion
control.

&. Determination of SoiI Corrosiv_ifir. ft is essential, fi-rst, to as-
certaintsoflthesoi1attheprojectsite.Fromthe
Iocal gas company the engineer should be able to obtain valuable j-nformation
concerning the lasti-ng qualities of d:ifferent pipe and coating materials in
1ocaI soi1s, although the possi-bility of exceptional conditions at the site,
particularly as regards the ground water 1eveI, old filIs, etc., should be
considered. Further, unless such investigation indicates strongly that soil
at the project site is not corrosive (or only mildly so) electrical- resisti-
bility tests should, if practicable, be made at :-ntervals over the area.
Information so obtained serves the following purposes.

(f) Aids in determj-ning the kind of pipe coating to be applied.

(2) Indicates whether cathodic protection is necessary. (Generally
needed if electrical resistivity is less than 3000 ohrn-cms.; may be needed
for higher values. )

(3) Indlcates, i-n case cathodic protecti-on is necessary, whether a
sacrifj-cia1 anode system will- be satisfactory or a rectifier system should be
installed. (mtter advisable for electrical- resistivity of more than
J+OOO otrn-cms. )

(l+) Shows, if a rectifier system is needed., the area or areas of
lowest resistivity, where the ground beds can best be installed. (ft :-s
desirable that these be at l-east 150 feet from the piping to be protected. )

(u) Corcosj-on Engineering Services. I,^lhen the distributj-on system will
be laid in-corroslvtsoi@hority should, as a general ru]e,
obtain competent corrosion engineering advice at an early stage of the project
planning. The services (not a part of those rendered unde? the Architectts
Contract), which a corrosion engineer can perform, include (1) making the
above-mentioned resisti-vity tests, (2) supplying expert advice on the need

IfEee mretin N@ of Underground Fipingl

-10-
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for cathod:ic protection, (3) aetermjning the type of protective system
(galvanic anodes or rectifier), i-f any, to be provided, (h) cheeking on
available and sui-tab1e locations for anodes, and (5) aduising regarding pipe
materials and coati-ngs. (Ttrese services may cover both the gas and water
systems. ) Further, if a cathodic protection system is found advlsable, the
corrosion engineer can design it (after project construction) and supervise
its lnstallatj-on. Moreover, he can traln management personnel in its
lnspection, testing and maintenance.

In the case of very smalI projects, the employment of a corrosj-on engineer
duri-ng the project-desi-gn stage may not be considered entirely necessary, even
though the soil on the site j-s known to be corrosive. In such instances, the
utility company may be able to make prelirninary soi] tests and flrrnish a
report; othernrise, the tests can be deferred until the completion of project
constrrrction. T:: the latter event, specifications for the underground piping
and coating wl11 necessarily be based on general 1ocaI exlperience, and the
pipjrg installation should be adapted to cathodj-c protection. The protect-
ive system, i-f and when later determined necessary, can be designed and
i-nsta1led at such time.

c. Pipe Material-. This discussion 1s predicated on the use of steel
Pipe, that is the material generally specifled for underground gas
U.nes in public houslng projects. Steel costs less than cast iron and copper,
and is safer against fracture than cast iron. Moreover, in most projects,
the najor part of the piping is small*slze, not obtainable in cast i-ron;
frrrther, the development of cathodic protection has worked to the advqntage
of steel pipe. Nevertheless, the fact that the Gride Specifications]/cover
steel only is not to be construed as a recornmendation agai-nst the other
materials, which generally have a longer life than steel without cathodlc
protection. Cast iron pipe, however, should not be lai-d in unstable ground,
nor copper in cj-nders or wet organic soil.

d. Pipe Coatlng. The amount and kind of pipe coating _required on steel
pipe depend--on-soll-corrosivj-ty and mechanical soil action (soi1 stresses).
For extraordinarilysevereconditions the covering may be sueh as follows:
l/1:6n enamel, glass wrap, L/3Zu enamel, tar.-impregnated fe1t, L/3Zu enamel,
and kraft paper, respectively. On the other hand, in alkal-ine soils of very
high electrj-caI resj-stivity, bare steel pipe may last indefinltely. Most
engineers, hcwever, prefer some sort of coatj-ng under practically all cir-
cumstances. Anrple protective eovering is particularly desirable for service
lines, since these have J.ess wall thickness than mains and they are generally
laid close to the surface, where they are more l-iable to attack due to srr-
face water (from lawns and roofs) percolating through the soil.

The Gr:Lde Speci-fj-cations cover but two types of coatings: (1) factory-
applied bitr:rdnous enamel with tar-impreganted felt and kraft paper (the
latter to protect the coati-ng and to show up damage j-n handling), and

@-ffi.
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(2) a fj-eld-appilied, coal-tar*base coating. However, there are various other
more or less widely used protective coverj-ngs on the market, and specifica-
tions may be drawn in the light of 3-oca1 experience, with special regard to
possible coating damage from soil movement, Tt is preferable to avoid refer:-
ence to proprietary products. Field-applied coating is 1ike1y to be more
practical than factory wrapping for very smal1 projects, requiring limited
quantities of pipe. .

There is no unanimity of opinion as to the coating that should be used in
connectj-on with cathodic protection. Some engineers consider bituminous
enamel with one layer of asbestos felt, or glass wrap, sufficient. A good
degree of lnsulation is desirable to minjmi-ze the el-ectrical energy required
for the protection and increase the l-ife of sacriflcial anodes.

e. Protection of !1pe__qeq!igg. The Guide Specifications include the
customary requirements for uniform bearing for pipe, refilling with sand the
trench bottoms cut in rock, care in pipe handling, careful backfill-ing around
piper etc., alJ- directed tor,'vard preventing damage to the pipe coating and
obtaining an even distributj-on of earth pressure against the coated surface.
The enforcement of all such requirements is most important.

f. Adapting the System to Cathodic Protection. Unl-ess J-ocal experience
or resistivity tests prove, beyond doubt, that the gas distribution system
wiJ.I- be laid in Dorr-corrosj-ve soil, the system should be install-ed to facil-i-
tate cathodic protection. The requisite measures (covered j-n the Gride
Specifications) include: (1) insulatj-on of the system from the gas company
supply mai-n, (2) provision of jumper wires around. mechanical couplings or
other joints that do not provide electrical- contact, and (3) installing j-nsu-
lating coupllngs i-n service Ii-nes at buildings (unless both gas and water
systems wiIL be cathodically protected). The cost of this work is negligible
1n comparison with the etpense of doing it at a later time.

l,2. DISTRfBUTION SYSTEM APPUBTE}TAI{CES

a. llaster l{eter-_a4_4_gsg1g!pf E!Ctro4. The master gas meters and the
pressure regulators (if any) on the main supply are usually provided by the
gas company. Housing for the equipment is sometimes provided by the company,
sometjmes by the Local- Authority. The housing, whether it consj-sts of a
separate building or of a utility room or rooms in the project, shoul-d be of
fire-resistant construction wi-th special provi-sion for ventilation. Meters
and regulators should be of ample capaci-ty.

b. Valves and Cut-Offs. Valves are little used in l-ow-pressure mains
because tE'mwT&s*ffi:be stopped. effectively and eaFffif=ilffis of bir gs
or stoppers. They may be provided., however, in smaIl secondary distributors
near their point of connection to mains. fn inte4qed:-at51presEirye Iines,
valves are recomnended (1) at convenj-ent intervals in loops, and (Z)-in
secondary distributors at their points of connection to the mains. A stop
should be provided in each service, whether low-pressure or intermediate
pressure, at a point where it will be accessible irt case of fire.

-72-
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c. Service 394}q!ggg. Sewice (or house) regulators, as needed in
trrt"rrn"6i;ffi=iffiffiffit-ems, may generally be placed to serve two, four
rJr rnore dwelling units. However, careful check should be made of the
rnanufacturersl recommended working capacities of the regulators against the
maximum rate or gas demand. It, is irnportant that the specifications state
accurately the requisite capacitj-es and pressure reduction for the regulators
r.'equired.

d. Dri.p Pots. To prevent accumulation of condensate which will obstruct
i;he flow of gas, distribution Ij::es for manufactured or mixed gas should be
sloped to drip pots at 1-ow points. Gas services al-so should be sloped, if
possible, so that condensate will flow back to the mains. Otherwise, a drip
pipe.r outside the building or in the basement (if any), should be provided./
In natural gas systems, drips should be provided at a sufficient number of
k:w points to permit blowing out all 1ines.

l-3, LOCAL PRACTICE

I,lhi1e the r"esponsibility for the effi.cj-ent plan:ring of the gas distribution
system lies with the engineer, the advice of 1oca1 gas company officials on
various matters should be obtained. The companyls experience under actual
oondj-tions of soiI, climate and gas characteristics will be most vaIuab1e, and
its practi-ce concerning various details can often be followed to advantage.
Follcwing j-s a summary, in part covering points mentioned in the precedj-ng
pages, of the information which it is generally desi-rable to obtain from the
local company.

(1) Description, includirrg rated working capacities, of the master
meters and regulators which the company proposeS to install for
serving the project.

(2)

(3)

Specific gravj-ty of the gas.

Peak-hour gas demand data, if any a'railable; extent'to which
range ovens are commonly used j-n the locality for incidental
space heating.

(l+) Corrosi'rity of Ioca1 soils; experience with different pipe
coveri-ngs.

(5)

(6)

(7)

Type of joints currently used in steel pipe of dlfferent sizes.

Minjmum pipe size used for house services.

Depth to which malns and services are laid.

o serve preca' on was a contributory cause of an
explosion wrecking a multi-family building in a Iow-rent project.

I
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(B)

(e)

Fressure for which appliances are customarily adjusted.

(ro)

Practice as to provision of drip pots in jntermedia.f,e-p3essure
mains; design of drip pots.

Makes of service regulators employed (if any are to be used in
the project); mJnimum pressure maintained at service regulators"

The prece<ting is in addition to the information to be set forth ln the
contract for gas servi-ce, namely, (f) tne point or points at wliich gas wilJ-
be dellvered, (2) the maxj-mum and minimum pressure of supply to the project,
and (l) thg mj-nimum Btu content of the gas.

- 1,1+ - HHFA-PHA, Wash. D. C.
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SJTE ENIGilIEER]NG

I,ART IX - SANITARY SE1IER DESIGN

1 GENERALa

A r,later-camiage system of sewerage is recogni-zed as necessar.v for lldecent,
safe and sanitary dwellingsfr constructed under the United States Housing Act.
The need has been met generally, in completed projects, through connection to
public sewerage systems, although j-n occa"sional instances other means cf sewage
disposal have been employed. Experience has shor,rn that if public sewers are
not available, the ser^rage disposal problem shoul-d be solved at the time of
site selection: a feasible method of disposal, acceptable to locaI health'
authorities, must be found and adopted if the site is to be utilized.

This discussion comprises, first, some observations regarding alternative
methods of project seruage disposal, noting points to be investigated during
site selection and project planning; and, second, an outli-ne of recommended
bases of sanltary sewer design, together with suggestions derlved from project
maintenance experiehce r

2. PROJECT SEI^IAGE TRIIATIVIENT PLANT

Rarely have perma.nent public housing projects been built on sites where ttprojectrr
seuage treatment plants were required, although this method of sewage disposal
was of necessi-ty widely used in the war Lrousing programr ft may be necessary
to employ lt for some rural nonfarm, if not urban, projects under the current
progranlo However, the method involves relatively high initial cost and
operatlng expense and, generally speaking, can be justified only for a site
which, lacking public sewerage faciJ-ities, otherwise possesses remarkable
advantages. ff and r.rhen such a si-te is considered for acquisition, an experi-
enced sanitary engineer should be retained and information obtalned as t,o the
type and cost of a sewage treatment plant r^rhich r.rilI meet, the approval of local
health authorities. Design of the plant should aIso, if the site is selected,
be entrusted to a competent sanitary engineer.

3. SUBSURT'ACE SEI^IAGE DISPOSAL

Sewage from a few projects has been disposed of by means of small septic tanks
and tile beds, eaeh installation serving a single dr,relling or, more oftenr'a
group of three or four units. The results have been generally unsa.tisfactory,
nott^rithsta"nding successful use of the method for private houses in the same'
localities. In varying degrees, the fault apparently has lain in inadequate
soj-I lnvestigation, inadequate space for tile beds, and tenantsr carelessness.

I'levertheless, consideration may oecasionally be given to sites, especially for
rural nonfarm projects, that have outstanding merit, but no public selrerage

-1-
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facilities" fn anir ,.,;uc;h jnstance, it is strongly recommended that:
(1) subsurface ser/a.ge cii"sposal be considered only for a very small project -
so small'uhat a project treatment plant would be too costly to build and
operatel and (Z) the method be adopted only after competent engineering
investigation, anrl uhen soi-!. pereol-ation tests, topographic conditions, and
ground water le,reis, .iiidir:a-;e strongly that the rnethod i,ii1I prove satis-
factor.y and the::e r"'il-.I- be no possibilitS, of contaminating any water
supply, public or pi:ivateo Prior approval of the method should be obtained
from iocal health arrthorities.

4. COI{}lECTIClri T0 PUIJLfC SEiERAGE SYSTEUI

Sanitary seirers availabfe eLt public housing sites are usually adequate to
serve the projects. (n fer.i ezeep',,ions, not dj-scovered or fuIIy recognized
before projec+, completi-on, l:avo cau.sed serious clifficulty in the past.)
Reliable ans-r^rers 'bo the fol.Lor^ring questions should be obtained at the
time of slte selection eind rrerified during project design:

&r Are exis'Ling sanita.::y (or combined) sewers of sufficlent capacity
and in satisfar:tory condition i,o receive project sewage?

b. Are existing sewers deep e nou.qh to serve the entire site by
gravity flor^r? If not, from r+hat portion of the site must sewage be pumped.
or buildings excluded?

co ff e:risting ser.{ers :equire extensions or other improvements in
public streets, what part (if any) of the cost must be borne by the project?

dn ff public sel^rers are available only a.t some diste,nce from the site,
will it be econornically feasible to pro.ride the necessary connections to them?

Project seuage should be dj-scharged into a public serrerage system unless the
cost is prohibitive. Only under extraordinary circumsta"nces should the l-ocal
authcrity assume th.e responsibil-i-t;r and expense of sel^iage disposal by any
other fteai1s c

5, TYI'E OF StrT.].ERAGI.' SYSTE}.{

I{hen storm vater drains are rcctuired, the type of system, ,lseparaterr or
rrcombined", to be constructed in the project will generally be that in use
Ioea1ly. Hovrever, if the mr.r-nicipality is working toward separation of sewage
from storm uater, public interest may be better served. b;, pa5ripg the neces-
sarily higher cost of separate sel.Iers, even though public se\.rers at the site
are of the eombined- type, lihis is a matter for special- determination. A
separate system of sr:r,re::s r,rithin ii project mar.X afford better protection against
sellage backing up into ba-se;i,ents.

-2-
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While water supply systens must be capable of meeting the maximum 1qqgslqry
demand, sanitary sewerage systems have an impounding capacit.y which levels
off all minor peaks. (The cubic contents of the sanitary sewers in a
project may equal the average sewage flow for a period of 3 hours or more.)
Thus, the maximum rate of sewage flow is much less than the maximum momen-
tary demand for water, except in the ease of very large groups of dwellings.

The sewage flow eonsists not only of domestic sewage, but of infiltration
and surface wat,er entering the ser,rers around manhole lids or elsewhere.
Idhile, in general, there should be no storm water connection to sanitary
se!trers, it is preferable, if municipal regulations permit, that garbage
collectlon platform drains connect to sanitary sewers rather than to storm
sewers.

Recomnended design rates of flow in sanitary sewers serting public low-rent
housing projeets are as follows:

from /i00 gallons per capita per day, or approximately 0.25 cu.ft.
per second per 100 DUrs, for 100 DUrs or less.

to 300 gallons per capita per day, or approximately 0.19 cu.ft.
per second per 100 Dutsrfor 1000 DUrs or more.

3
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The above flows are for sel.r3rs flowing full and should be sufflcient
to cover a moderate amount of infil-trati-on. idhen sewers are to be laid
below the grounri water leve1 or in areas subject to flooding, the maximum
a1louab1e J-eakage should be stipulated in the specifications. A maximum
infiltration of 81000 to 121000 gallons pen da5r per mile of sewer, depend.ing
on soil conclitions, is suggested. (The figure may be fixed by loeaI
regulation. )

The diagram on page 3 shows sanitary sewer sizes for varying numbers of
dwelling units and different pipe slopes. It is based on the above-
recommended design rates of flow and on n = 0.015 in the Kutter formula.

7. I',iINIL'ruM GRADIS FOR SANITARY SEI^IERS

Standard practice call-s for slopes which wi.I1 produce a velocity of at
least 2 feet per second in sanitary sewers flowing fu1I or half fuIl. For
n = 0.013, follor,ring are tire comesponding rates of grade:

Pipe
Jl_ze

tfi+
6n
8rt

10fl
12l|
15il
18il

Mi-nimum
Grade

a a

a

c

a

e

I
0
0
0
0
0
0

a

o

a

a

t0%
60%
/"o%

28%
22%
L6iL
t c4^

-However, when little additional trenching cost wi-lI result, it is desirable
to base minimurn grades on n = 0.015. Such grades are approximately 50%
higher than the preceding, and may be taken from the di-agram.

0n the other hand, gracies lighter than tabulated above must be used fre-
quently to avoid s€rdage pumping, since periodic selrer flushing is 1ike1y
to cost much l-ess than the maintenance and operation of a pumping station.
In such cases, it is important to i^'ork out the grades consistently to use
to best advanta6le all of the falI that is available. The velocity of flow
should not be l-ess than l-t/z feet per second i,,rith sewers flowing fu1I.

8. },{INII\{UI,{ DIAI,IETERS FOR SA\]ITARY SENIERS

Four inches is the recommerrded minimum diameter for horrse connections, 6
inches for .short laterals not lbcated in streets, and 8 inches for other
lines. Under standard practice in many cities, 6-inch pipe is used in
house connections and 8-inch or larger in all latera.ls.

9. SANITARY S"tli,iER LAYOUT

Design objectives r,rhich are in part peculiar to public, low-rent houslng
projects, include the fol1owi.ng:
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Eo Locating sewer mains and laterals in street areas, preferably not under
pavements, uhere practicable, so that the project will be relieved of the
maintenance of the lines if the streets are dedleated.

b. Locating the sewers to avoid existing trees !, and. coordinating the
sewer layout and t,he plant,lng design so that new trees will not be planted
over or near sewer ditches.

co Coordinating the sanitary sewer lines with the locations and grade
elevations of other utilities: storm sewers, steam and hot vrater conduits,
and gas and water lines. The various utilities should be spaced suffi-
ciently to permit laying each in a separate trench and, where possible,
sewers should be laid below water lines.
10. I./IANHOLES AND CLEAN-OUTS

The usual practice of providing manholes at all breaks in line or grade,
and at aI1 junctions in lateral sewers, is not followed rigidly in public
housing projects. The reason is that irregularity in the arrangement of
buildings, also rugged topography, would often necessitate an excessive
number of manholes; moreover, manhole castings in lawn areas create some
difficulty in maintenance operati-ons. The maximum recommended manhole
spacing is 300 to 400 feet, depending on the grades at which connecting
sewers are Iaid, and the diameter of the sevrer.

Cleanouts can generally be substituted for manhol-es at the upper end of
sanitary sewers and at changes in the alignment of short laterals. They
are sometimes terminated about one foot below finished grade, to save cost
and avoid metal frames and covers in lavm areas. However, this practice
has met some objection, and shoul-d be followed only where the.ground never
freezes to an appreciable depth.

1]. SEI^]ER PIPE AND PIPE LAYING

Engineers for publlc housing have usually specified only pipe and bituminous
joint material for sanitary sewers. Detailed recommended requirements for
materials and r^rorkmanship are contained in Division 2/, of the Guide Specifi-
cations, Bulletin No.LR-I3, for Urban Housing, and in Division 16a of the
Basic Specifications, Bulletin No.LR-22 for Rural Itlonfarm Housing.

Pipq in deep trenches requires special attention in both d.esign and con-
struction supervision. The trench load va"ries r"rith the square of the
trench width at the top of the pipe; hence, the trench should be as namow
as practicable at that level. Generally speaking, if the trench load will
exceed about 3/tr of the rrsand-bearingrt cruihing strength of standard-
strength clay sewer pipe, extra-strength pipe should be employed or concrete
cradles provided, il

See Bulletin No. LR-9; Part II, rrPreservation of Existing Trees.rt
SeerrTrenc[ Loading Tablesrf , published by the Clay Sewer Pipe Associ-ation,
Inc., Columbus, Ohio

il
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Pipe in shallow trenches may require protection against damage by construction
operations (grading ELnd trucking), if not afterward. 0n flat sites, sewer
house connections and the upper ends of laterals must often be laid quite
close to grade. T,'I}ren existing ground levels or finished grades are such that
sewers r.rilI have less than about 2-L/2 feet of cover at all time during con-
struction," it is ::ecommended that the pipe be enca.sed in concrete or cast
irori pipe substituted" (Breaks in pipes have remained undiscovered. in some
cases until long after project occupancy. )

Adverse soil conditions have been a sorrce of diffictil ty in a number of proJ-
ectsn It is the engineerrs responsibility to inform himself fu11y on site
soil conditions and to deslgn aceordingly. Se#ers in very unstable soil may
consist of cast lron pipe supported on two-pile bents or hung from building
r,ral1s, or of tile pipe with contiriuous concrete beam supports. I^lhen eondi-
tions are less severe (for example, when trenches are in saturated sand) a
base of gravel or crushed rock on a floor of Z-inch plank may afford a satis-
factory bearingo

!2. SEI^IAGE PUI,.,]PING STATIONS

Project maintenaince experience has shown that the following points merit
special att,ention in the design of sewage pumping stations, when such are
required;

o.r fnvestigating the possibilitX, ,^rhere the sewage lift is slight, of
avoiding pumping entirely. This may sometlmes be accomplished by deep
trenching, adclitional length of seurer line, or omitting buildings from the
lowest part of the site. Obviously, the point should be investigated at the
time of site selection.

b. Selecting a pumping station l-ocation as far from dwelling buildings
as practicable, especially if the station will have screens r^rhich require
cleani.ng, and locating the station where it will be accessible from a surfaced
roadr,rayo

cc Preparing a complete and accurate statement of operating conditions
in order to obtain equipment r,rhich will operate most efficiently.

d. Using the dry-lrel1, rather than wet--r+elI, type of centrifugal pumps.

er ProviCing, where feasible, an overflow from the wet r,re1l, for use in
emergencies.

f. Providing stand-by power, where an overflow is not feasible. (tfris
may not, be essential in a1l ca"ses, but the possible need for it should be
considered, )

gr Keeping the motor room floor wel.I above possible flood leveI of
sewage, should the pumps faiI.

h. Constructing a superstructure over the station to facilitate proper
care of the equipment,.

6
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i-. Providing a positive system of ventilation of the pump room, also

the motor room unless it is within the superstructure enclosure.

j. Providing a bar or basket screen iri the r^ret weII, unless pumps or
ejectors are of a type not requiring screens; providing a manhole in the
wet-weIl roof directly above the screen.

k. ExtenCing valve stems, including those on the drainage sump valves
in the pump pit, to the motor room floor or to a platform located above
the highest possible sewage IeveI.

1. Using guides, in lieu of tubes.. for the floats.

rrrr Providing flexibl-e pipe connections on the suction and discharge
sides of the pumps; using no sewage piping smaller than 4-inch.

nj Avoiding connection of any kind between potable water lines and
the pump or sewage piping.

The preceding points apply principally to centrifugal-pump installations.
When only a smaI1 amount of sewage will be handled, pneumatic ejectors may
be preferable.

For the usual duplicate-pump installation, it is recommended that the
capacity of each pump be 25% fo J0/" greater than the maximum estimated
sewage fIow. However, when sewers will be laid generally above ground water
Ieve1, it should be safe to base pump capacity on a rate of fl-ow about, 2O/"
lower than that recommended for pipe sizing. Between high and 1ow sewage
Ieve1s, the uet well should provide at least trO minutesr storage at the
average rate of fIow, but the width of the wet weII should'be not less than
J feet. Dimensions of the dry well should provide adequate'working space
around the pumps.

I
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1 GENERAL

Drainage condltions have frequently received too 1ittle attentlon in site
selecti-on, and have occasionally not been understood fu1ly during projeet
design. Moreover, although storm s€wers are not essential on al-I projeets,
efforts to economize by their omission have sometimes boen ll1-advised.

For these reasons, in part, nuaerous proJeets have been danaged by flooding
or erosion, and costly corrective work has been necessary; tenants have
been inconveniencedl and, ln a few j-nstances, sewege from combined sewers
has backed up into basements or flooded yard areas, croating lnsanitary
conditions.

This bulletin consists nainl-y of: (r) a brief discusslon of baeic informa-
tion on drainage conditions, needed in site selection and proJect design,
(U) en outline of the rrrational nethodrt of ealculating storm water nmoff,
in its application to housing projects, and (c) reconnendations on other
features of storm sewer design., all based largely on project, naintenance
experience.

2. DISPOSAL OF STOBM IIATER

Storm water from projects is disposed of by one, or a combination, of the
following meanss

a. By dicsbersrng r!_ tbrsueh prsjeet storu seryerp into existins etsls
or cogblngd_-g@. This method is almost always enployed to some extent
where existing sewers are avai"lable. It is essential for large, high-
density projects.

b. Efdigsbefgilgt lhroush projgct_-E!9lg_S9gers._iuto_a learby opeB
ggtgl_cgreg. This method is employed occasionally, when a well defined
water course is avaj-lable. The observation, often made, that a site has
rrgood natural drainagetr is no indication that there is a water eourse into
which project storm sewers can be discharged.

co Eg_gerclfegggigg_t!9_site tojggg!!_qu$ege_Cralaaee into abutti3g
public streets. This method is employed to a greater or less extent on
all sites. It can be used as the sole nethod of disposal only for eompara-
tively sma11 sites where topographic conditions are entirely favorable.

d. !f!rafggsg_we11g. Dep drainage we1Is have been used ln only one
locality, where certain rarely found oonditions exist. Generally speaklng,
shallow rrdry wellsrr are altogether j-neffecti-ve for surface drainage,
lncludlng that from roofs.
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3, EXIST]NG DRAINAGE FACILITIES

The foilowing is a brief check list covering points on which general but
reliable lnformation is requi"ed in site selection, and detailed aceurate
information is indispehsable for project design:

a. ff existing storm or combined sewers are to be utjlized for project
drainage, are they structurally and otherwise in good operating condition?

b. About how often and to what extent are such sewers surcharged?
(lteighborhood inquiry may be necessary to obtain a reliable answer to this
question, particularly as to whether back-fIow into basements ever occurs
during heavy rains.)

c. Just how will the surcharge of existing sewers affect the planning
and operation of the project? More specifically, will any part cf the site
be subject to flooding and, if so, can the project be so planned that the
storm water will cause no appreciable property damage or serious inconven-
ience to tenants?

d. If existing sewers are of the combined type, woul-d their over-
loading cause insanitary conditions in the project?

e. If existing sewers are inadequate to serve the project, to what
extent, if any, wiJ.l their enlargement be provided without cost to the
proj e ct?

f. If a natural water course or open ditch is the obvious and only
outlet for project storm sewers, is it at a l-ow enough elevation to serve
that purpose? Can project drainage, if and as increased by the site
developrnent, be discharged into such water course or ditch without causing
damage to the site or adjoining property?

/n. EXTENT 0F PRoJECT SToIUI SEWERS

The need for storm sewers is, of course, related to physiographic conditions
- soi1, topography and rainfall. However, the extent of the storm sewer
system in a qpecific project is governed more directly by: (u) the grade
design, which establishes automatically the locations of most sewer inlets,
and (b) the decision as to whether sewer connections are to be extended to
downspouts, and to crawl spaces, if any. The storm sewers must be laid out
in the most economical way to reach the predetermined points of storm water
collection.

The sewer designer should be alert to the possibility of grade changes that
would simplify the storm sewer installation. (The grade study and the
storm sewer design, both basically concerned with site drainage, may be
regarded as largely a single design operatlon.) Further, some adjustment
in the site plan may be found advisable to accommodate storm sewers and
other utilities in the most efficient manner.
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As ln the case of other utility systems, storm sewers can be cleeigned with
greater accuracy for housing projects than for urban areas generally, sJ-nce
the physical characteristics of the site will be subject to littl.e or no
change during the life of the project. Careful siaing of stom sewers is
requisite from the standpoints of safety and econony.

Under the rational metlrod of design, the storm-water nrnoff in cublc feet
per second is the product of: (r) tle drainage area in aeres, (U) tne rain-
fa11 intenslty in inches per hour, and (c) the runoff ooefficlent.

The dseinegg ereg for all or any part of the site may readily be taken fron
the grading drawings; the gglgfuU intensitv is the estilnated naximum in
the locality for storms of an assuroed frequency and of a duratlon equal to
the rrtime of concentrationrr; the lunoff cogffieient is flxed by determing
the proportion of the area which has an lmpervious gurface, and then fixing
the respective coefficients for pervious anC imperwious surfaces. The
storm water flow should be calculated for every sewer inlet and junction
point in the system.

The rational method of design may be considered directly applicable to
. either storm or combj-ned. sewers, since in housing projects the storm water
flow during heavy rains, generally, so far exceeds that of domestic selJuage
that the latter may be disregarded.

6. TIII{E OF CONCENTRATION

it{uch of the time required for storm water on a housing slte to
specific point is consumed in slow flow over unsurfaced areas.
the case of large projects is there 1ike1y to be any inportant
between rrinl.et timerr !/ and the |ttime of concentrationtt 2/ tor
area.

reach a
0n1y in

difference
the entire

Inlet time may vary between 5 to 20 minutes, or even wider linits, depending
upon surface slopes, nature of the soi1, and inlet spacing. ft has been
found that 10 minutes is a fair estimate of this perlod for many projects,
with 15 mlnutes as the time of concentration. Therefore, the rainfall-
intensity diagrams (Figure 1) are for a 15-mimrte duratlon, although it
may be necessary to employ a shorter duration j-n some instances, particularly
for tndividual inlets located at critical points.

rrfnlet timerr iS the maximum period required for storm water to flow to
an inlet from any point in the area it drains. r

2/ ttTime of concentrationrt is inlet time plus the period of flow in the
sev/ers.

-3-



(
\*n ,.. ..

Bulletin No. LR-^{
PART X

:. ?. . 
HIiFA

PHA

/+-l6-57

7. RAINFALL TnEQTTENCY

In housing projects, as in cities generally, cost corisiderations usually
preclude building storm sewers large enough to handle the runoff during
rains of maximum intensity. fn principle, the rajnfall frequency empJoyed
in storm sewer design should result in an approximate bal-ance b.etween fj rst
cost and probable future damage.

Is.MIN. RATNFALL - IN.-PER-HR. RATE
TO BE EXPECTED ONCE IN 2 YEARS

I5-MIN. RAINFALL - IN.-PER-HR, RATE
TO BE EXPECTED ONCE IN IO YEARS

15-MIN. RAINFALL - IN.-PER-HR. RATE
TO BE EXPEGTED ONCE IN 50 YEARS

Is-MIN. RAINFALL - IN..PER-HR. RATE
TO BE EXPECTED ONCE IN 5 YEARS

I5-MIN. RAINFALL - IN.-PER-HR. RATE
TO BE EXPECTED ONCE IN 25 YEARS

15-MIN. RAINFALL . IN..PER-HR. RATE
TO BE EXPECTED ONCE IN IOO YEARS

FIGURE I RAINFALL INTENSITIES

r11
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Having determined the rainfall frequency and the time of eoneentration to be
employed, the comesponding intensity. of rainfall may be derived from local
weather station data or taken from Figure 1. (tne aiagrams in Figure 1 were
reproduced, in slightly altered forn, from a much nore complete series
given in |tRainfall Intensity-Frequeney Data r,, !/ by David L. Yarne11.)

Fi-gure 2 supplies & convenient means of converting I5-rninute rainfall rates
to rates for longer and shorter perlods. (For example, if the rate for 15
minutes Ls ln l/2 inches per hour, that for 30 minutes is approximately 3.1

If the surcharge of a certain sewer would surely cause basement flooding
or severe erosion, a rainfall frequency of 25 years or more may justifiedly
be adopted. ff, conversely, it would result in 1itt1e more than ponding
of storm water between street curbs, a frequency of about 2 years may be
assumed. A surcharged condition is likeIy to be more obJectionable in
combined sewerg than in storm sewers.

8. RA]I{FALL INTENSITY

lnches. ) to

9, COEFFICIENT OF III/IPERVIOUSNESS
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FIGURE 2 RELATION OF Is-MINUTE
RAINFALL INTENSITIES TO INTENSITIES
FOR OTHER DURATIONS

]f MGGm;eoutPlrblicatlon-No. 201,, Unites States Department of
Agriculture.

The proportion of the site covered
by buildings and surfacing tends
to vary directly with project den-
sity. However, it varles with
certain other design features. ?hus,
this factor - the rrcoefficient of
imperviousnessrr - should be
determined for each project (or
each part of it separately
considerea) by taking off the
surfaced and building-coverage
areas from the approved slte p1an.

Following are ggglggg coefficients
of imperviousness for a large
number of existing projects.
The figures are intended for checking
purposes and preliminary estinating,
and should not be employed for
final deslgn:
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20...
30...
4O.....
50 and over

Approximate Coef f icienl
of fmperviousness

0.30
o.35
0./*0
0. 50
0.60
o.65

10
t5

10. COE,FF]CIENT OF RUNOFF

&. For 
-igpggglsgs-e.Eeggr 

recommended runoff coefficients, depending on
slopes and various other conditions, are3

TJith downspouts connected to sewers 0.75 to 0.85
With downspouts not connected to sewers 0.60 to 0.75

b. For psEgiggg_glgg.Er the coeffieient will vary widely with surface
slopes and nature of the soiI.r However, the following should serve as
a reasonable design guide, although the upper and lower limits may not
meet extrerne conditions:

For very light slopes and sandy soil 0.10
For moderate slopes and clay subsoil 0.25
For steep slopes and non-porous subsoil 0.50

c. The gombilgd cgef!!919n! of rUre[! fs the weighted average of those
for pervious and impervious areas respectively. Based on the above
coefflcients of imperviousness, the runoff coefficients for projects of
varying density are approximately as follows:

lensily

For very
light slopesl
seldrss-bse.if,

Eor
moderate slopesl

s1cv subssil

0.60
o.65
0.70
o.725
o.75

10
20
30
/+o

50

0.30
o.375
o./r5
0. 50
o.55

o'/n5
0. 50
o.55
0.60
o.65

The combined coefficient should be carefully computed for each project -
preferably for each part of it considered in pipe sizing. The preeeding
values are suggested for checking, prellminary estimates and similar uses.

DUrs per acre of developed project area within property llnes.

6

.For Steep
slopes; nori-

lglouE sg!.eoil
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11. STONM SEIIER SIZES
,t

Figure 3 shows requisite diameters of storm seluers in relation to drainage
area, combihed runoff coefficient, and hydraulic gradient. The diagram is
based on a ralnfall ratr of ./+ inches per hour and on Kuttert s f ormula, with
n = 0.015. For other rainfell rates, the diagram may be employed by in-
creasing or decreasing the drainage areas proportionately. For n =i0.013r
sewer discharges are l5'h greeter than those shownl the value of 0.013 may be
assumed for lines larger than 2/+-inch, while for lines 2/r inches or less in
diameter a 'lalue of 0.015 is recommended.

Storm sewers should be of sufficient diameter, not only to handle estimated
storm water flows, but to be reasonably secure against stoppage by grit,
stones, trash or other material that can get into them through the particu-
1ar type of inlet provided. Gratings, of course, afford considerable pro-
tection in this regard, at least as compared with open-throat inlets, but
catch basins with trapped outlets are the most effective. Following are
recommended minimum diameters for storm sewers connecte.d to different types
of inlet:

Sewers receiving drainage from catch basins
with trapped outlets

Sewers receiving drainage from plain inlets
.with grating type opening

8 inches

10 inches

Sewers, receiving drainage from plain inlets
with side opening (open throat) 15 inches

In sizing sewers, the designing engineer should put his calcul-ations -
covering pervious and impervious areas, run-off coefficients, discharges,
etc. - in suitable tabular form for checking uses and permanent record.

1:. MINIIV]L'M GRADES FOR STORIII SEI.'TERS

Engineers for low-rent housing projects have usually specified clay pipe
for combined sewers, and either clay or concrete pipe for storm sewers.
Division 2/+ of the Guide Specificatiohs, Bulletin No. LR-13, gives detailed,
recommended fequirements for materials and vrorkmanship. Design problems
related to trench loading and adverse soil- conditions are identical with
those described in Part IX, rrSanitary Sewer Designrr, of this bulletin.

I

To be self-cl-eaning, storm and combined sewers should be laid at grades
which will produce a velocity of at least 2 t/2 feet (preferably 3 feet )per second with pipes flowing full-. Flow velocities in relation to grades
for various pipe sizes are shown in Figure l.

l3. SEIuER PIPE AND PIPE LAYING
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SEII/ER ]NIET TYPES AND LOCAT]ONS

&. !Xpg-g. Storm sewer inl.ets may be Sgtlb_bagr3g or plglg iplgts,
and either such form of chamber may have a gratins or a g-i@:gpgnigg
(or curb) inIet, or both. These types, iffustrated in FigurE-tr, are
diseussed briefly below.

b. fnlet locationg, as preyiously noted, are fixed largely in the
project grade study. Nevertheless, the storm sewer design should include
a check on the locations proposed, in both yard areas and streets, to
ascertain whether: (f) tire inlets will be necessary and effective at such
points, ana (Z) the locations are the best possible for economy in the
sewer layout. Further, inlet capacity should be checked against the
ca.lculated storm water f]ow at each inlet location. Inlets at street
intersections are, as a rule, better located at one end of the curb return
than near its center.

PIPE INLET

GATCH BASIN WITH TRAP OOMBINATION
INLET- MANHOLE

TOP OF

NORMAL GUTTER LINE

GUTTER LINE

CURB CATCH BASIN (wlTH HooD SEAL)
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FIGURE 4 DRAINAGE STRUCTURES
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!5. INTET CHAIIBERS: CATCH BASINS i/S. PLAIN INLETS

&r ggtgh EgEins with trapped outlets are necessary on combined serilersi
and catch basins, with or without trapped outlets, should be used on storm
sewers having grades which may not produce a self-cleaning velocity of f1ow.
A trapped outlet is useful in preventing the entrance into the sewers of
sticks pushed through gratings by children. However, catch basi-ns are
d.ecidedly objectionable in several respeets: they require occasional clean-
ingi cleaning is sometines neglected until stoppage occursi the basins are
1ike1y to become foul and breeding places for mosquitoes; and the water
seal in the trap may freeze during severe wj-nter weather.

b. Plain inlets afford 1itt1e protection against sewer stoppage, but
they do gg! have the objectionable features of catch basins; and plain
inlets may serve as manholes (which catch basins can not), with one inlet
connected to another, thus effecting considerable econony. Such inlets are
recommended, therefore, when:(1) sewers are not of the combined typer (2)
sewer grades rui11 produce a flow velocity of at least 2 t/2 feet per Beeond,
and (3) sewers are amply sized as protection against cloggirrg (see paragrapl
11).

cr Jp-19!-ehgghggE in surfaced areas should be of concrete or brick; in
grassed areas they may be of such materials or of tile pipes set on end.
Howeverr it is preferable that inlets be large enough for a man to enter.
Plpes with gratings resting in their bell-s are not satisfactory.

16. GRATING.TYPE INLETS

Grating inlets are of necessity used in grassed and plane surfaced areas,
also in roadways of dished, cross section, and may be used in gutters along
curbs (either so1e1y or inconJunction with curb openings). Several points
regarding their design meri-t emphasi-s:

&r Except in gutters along curbs, a circular gratlng is preferable to
a rectangular one, sinee the circular casting can not fal1 through the frame.

b, To al1ow for partial stoppage by leaves, paper, etc.e the grating
area (gross) should be not tess ihan about three squ"re feet p"r sec. ft. of
str:rm water flow.

Go Gratings shouLd be heavy enough not to be removable by children;
otberwj-see lock bolts should be provided.

d. The design should permit using standard gratings, cast in the 1ocality.
The engineer should check on the form, dimensions and weights of such
products.

-10-
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h. Occasionally, where service. drlves cross sidewalks at sidewalk
grade, a grate-covered trough (such as used around gasollne serviee stations)
may be extended wholly or partially across the drive. This tlill generally
intercept the water more effectively than a standard selrer lnlet, and may
cost no rlofe r

€r Gratings should aiways be set in depresdi.ons 2 to 3 lnches below
finished grade. This applies to gratings ln Iatms, roadways, and other
surfaced areas. (Lack of attentlon to thio polnt, in pnoJect drawings
and construction, has resulted in poor drrri.nage in many cases.)

f. Grating frames in grassed areas should have concrete collars not
less than 12 irrches wid.e. When adjoining valks1 the outer edge of the
co11ar should. be about L/lr :'nch below the walk edge.

gr Rectangular gratings in roadway gutters should have their bars
parallel to the direction of f1ow. Thls gives maxiuun lnfIow capaclty
emd non-clogging characteristics. Such gratings should be of ample length.
inlet castings should always be glg!:ggg - not perforated covers.

].7. SIDE.OPEI{ING TI{LETS

Side-opening inlets usually provide nore effebtive openings than do gratingse
and are rnuch less subject to stoppage, but they are obvlously suitable for
use only in roadways or other paved areas having curbs.

The most important objective in their design l-s diversion of the flow from
the gutter into the curb opening. This involves forming a shallow depres-
sj-on in front of the inlet and., especially on slopese adJusting the length
of the opening to the flow. It is essential that the storm water flow to
each inlet be calculated.

Only comparatively recently has the subject of inlet capacity been receiv-
ing the attention it needse and much research remains to be done. Follow-
ing, however, are approximate figures on the intake capacity of si$er-opening
inlets located along gutters with different longitudinal slopes: */

(r) e) 0)
!e.ss!4-s!_Jslsj lZ-ls.pc 3% slope

(+)

5% s].:ope

(l)

198-s&e

CrfoSe
CofrSr
Cof r S.
C.f.So

4
6
I

10

feet
feet
feet
feet

L] .75 e.f os.'0.50 cof rS.
1.30 c.f.s. 1.00 c.f,s.
1.85 c.f.s. 1.50 c.f.s.
2./*0 c.f.s. 2.00 c.f.s.

0./r0 c.f.So OrSO
0.75 c.f.s. O.55
1.15 c.f.sr 0.80
1.50 c.f.s. 1.I0

t Based largely on data contained in Engineering Experinent station
Bulletin }tro. 10, North CarolLna State Col1ege.

L/
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The preceding flgures should be used with caution, and. only for conditions
whieh approxfunate the following3 

,

&o An inlet slot at least 5 inohes high and without.vertical bars or
other obstructi-on.

b. "An 18-inch gutter having a cross slope of I L/2 inches to the inlet
slot.

co The gutter depressed an additional 3 inches immediately in front
of the inlet opening, with adjoining pavement surface warped accordingly.
(I,Iith a 6-inch curb elsewhere, this gives'a ourb height of 9 inches - the
maximum desirable - in front of the inIet.)

If the inlet j-s located in a pocket in the roadway, i^rith flow to it from
both directions, its capacity may be double or mqre than given in column
(2) above.

Side inlet capacity may be increased materlally by a grating set in the
gutter, and this combined type of inlet is standard. in many citi-es. It is
more costly than the simple side inlet and becones less effectlve with
ircreasing slopes.

There is generally some advantage in follow"ing locaJ. standards, and it is
necessary to do so ln the case of streeta to be dedicated; but this does
not lessen the importance of checking inlet capacity against storm water
fIow.

Weep holes for subgrade drainage are sometimes provided in roadway inlets
on the roadway side of the chamber. Located. just below subgrade leve1,
they are especj-al1y desirable in the case of inlets loeated at 1ow points
in the street grade.

- tZ - HI-IFA-PHA, Wash. D.C, (,641)
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1. ]NTRODUCTION

The grade design for a hou.sing
in elevation, of the site plan
effective drainage and erosion
in naintenance should foIIow.
first cost, the convenience of

project consists of the detailed fittiqg,
to the topography. Basj.c objectives are
control. If these are attained, econorqy
Other considerations include econorny in
tenants, and good appearances.

Unsatisfactory grade and drainage conditions have been experienced in
narqr exlsting low-rent projects. Some of the dtfficulties have come
from inaccurate construction, poor compaction of fill and backfill, and
ineffective planting for erosion control; but ofben the grade design has
been faulty. The results have been increased maintena.nce expense, addi-
tional capital expenditures, and permanent defects 1n the projects.

Grade design should be done by an experienced and competent designer of
this type of workl he should realize the drainage problens created and
the appearance of the completed work. Gradlng and drainage are insepa-
rably tied in together. Poor grading and improper or insufficient
drainage are difficult to cure later.

This Parb I outlines design practice which, based on construction and
maLntenance experience, can be recormended as safe and satisfactory.
Exhibit 1 is a check list which sumnarizes the means of achieving the
abovementioned ob j ectives .

2. PROJECT GRADES AND THE S]TE PI,AN

In planning a housing project, the grade deslgn and the preparation of
the site plan are closely interdependent design operations. If the site
plan is not well- adapted to the topograptry, the defect will be reflected
in r:ndesirable grade conditlons; and if project grades are not worked out
to best advantage, some merits of the site plan will be lost. Faulty
design in either respect ma;r result in r:rrwaranted costs of site grading,
drainage facilities, and building foundations.

Difficulties invariably arise when the design of building units and the
organizatidn of building shapes and building groups are detern:ined far
-in advance of development study of site planning and slte engineering
problems lnvolved and of the possible resultant site deslgn conditi.ons.
Designers of buildings should seri.or:sly consider the topographlc condi-
tions and allon sufficient flexibility in the forming oi Uuilaings ana
buJ.lding groups. Some sites nay require speeial buildings, such as
spl-it-Ieve1 with the lovi level in the rear, others with the low level

-r-
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in the front, etc. Planning of bulldings and building groups, site
planning, and site engineering should be truly a harmonious team effort.

Even though the site planner should visualize project grades constantly
as his plan is developed, he can hardly foresee whether it will prove
satisfactory as regards grades and drainage in every detail. Therefore,
the plan should not be rrfrozenrr until the grade design is completed. The
grade designer may discover changes, minor ones at least, that will im-
prove drainage, elirdnate earth barks, or reduce sto:m sewer costs. He
should be alert to these possibilities.

While a discussion of site planning is beyond the scope of this bulletin,
one consideration related to drainage merits mention: it is generally
perferable in low-rent projects to locate roadways in ttvalleysrr rather
than on rrridges.rt Yard areas should slope away from buildings tovrards
the roads and drains. lVa1ks should not be used for drainage-ways or as
drainage swales.

3. UNDERGROUI{D DRAI}IS (Storm Sewers )

For high denslty projectsl complete systems of storm sewers are always
necessary and their per dwelling r:nit cost generally is quite low. But
as project density decreases, this cost rises rapidly and econoil6r in the
storm sewer lnstallatLon becomes increasingly irportant.

Itre grade designer must visr:slize project sto:m sewers--those that his
grades will necessitate--in much the same way that the site plarrner vis-
ualizes proJect grades. In fact, the project grade study and the stor"m
sewer design are both basically concerned with site drainage, and nay be
treated more or less as a single design operation.

To a certain erbent, storm water nay be carried away either over the
sr:rface or r:nderground. For example, a given area nay be drained by
providing fill so as to shed the water to a site borurdary or by install-
ing an r:ndergrorurd drain and inlet. But where storm water must be con-
ducted across the site for arqr distance, the best place for it is under-
ground.

The following terb contains some discussion of the conditions under
which storm sewers and inlets become necessary. However, site condi-
tions, such as soil erosiblllty, slopes, and rainfall intensity, varlr
tremendowly and declsions finally mr:^st be based on the designerts
judgment. fn some existlng low-rent projects, judguent in this regard
was r:nwiseJry influenced by pressure for econory in first cost rather
than in rualntenance.

/*. PREAIQUISITES T0 GRADE DESIGN

Before project grade studies are undertaken, comprehensive infJrmation
on si.te conditions (see Bulletin LR-2) mrst be obtained and decisions

a
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,reached regarding certain design pollcies and details in order to take
advarrtage of natural environrnent. The following data are needed:

a. An accurate bor:ndary and complete topographic nap of the site
erbended far enough beyond the site bor:r:daries to provide sufficient
information for the correct design of stor"m sewers and their final
points of discharge.

b. Established grade of eity streets bordering or erossing the
site. If such grades are not established or changes appear desirable,
the.Local Authority should request appropriate action by the city.

c. Iocationl size2 and invert elevations and inforrnation regarding
the adequacy of existing sewers at the site as well as off-site sewer
extensions necessary or proposed.

d. High water elevations to determine whether any part of the site
is subject to floodingl either from strea:ns, tides, or surcharged storm
sewers. (ValuaUle information and records of flood plain data on rj.vers
and streams and storm tldes in coastal areas may be obtained from the
Corps of frrgineersl U.S. AmDr, District Offices.)

e. S:.bsurface soil investigation and percolation test(s) aata.

f. Inforration on drainage conditions of adjoining properties,
especially if any such properties drain onto the site or lf any part of
the site has natr:ra1 drainage onto adjoining property. (ttris inforua-
tion should be obtained or verified by the designing engineer. )

g. Infor"mation pertaining to existing streans within, adjacent to,
or near the site:

(1) Right to reallgn, relocate, widen, deepen, d.em, andr/or pipe
the strea.rn

(.2) Diseharge ar:gmented storm drainage from site into stream

(3) Easenents required, if arry

h. The Local Authorityrs attorrrey should deternine and advise of
the legaI responsibility involved by items in sub-paragraphs g above and
j below pertaining to the existing and augmented natural drainage from
the site onto adjoining property. The laws on this are not unifor"m in
all States and may also vary within a State.

, i. Storm drainage requireuents for leaders, ce1lars, areaways, artd
erawl spaces, as well as quantity of storn drainage flowing onto the
site from adjacent properties.

j. Can adjacent property ormers legal\y refuse or block by curbs,
wa1Is, etc. the floly of natural drainage from the site?

-3-
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k. Range of pernissible heights of first floors above finished
grade; heights of crawl spaces (if any) and proposed methods of grading
and draining them; and requisite depths of foundations below present
grade,

I Cross sections of new streets and drives.

Dete::rnination as to the general erbent of stor:n sewers to be]II.
provided

n Check local topographic or other available records to deternine:

(1) Wtrether site previously had a ravine, swamp, mine, gu1ley
o? was used as a durrp for sanitary disposal or a fill area.

(2) Geological history which will indicate the presence of
glacial deposits and other information.

o. Obtain available inforuation from residents of neighborhood,
utility eompanies, and contractors as to their lcronledge of surface
changes and underground conditions.

p. Inspect site for evidence of damage from foundation settlement
of existing buildings, dry or wet conditions of basementz and previous
earth slides.

q. Iocal rainfall and climatological data.

5. D]RECT DRAINAGE TO STREETS

The ideal means of grounds drainage consists of continuous easy slopes,
dorvnward from buildings to adjacent streets, drives, and parking areas.
This method of drainage tends to prevent arJr concentration of stor"m
water flow on grassed or planted areas, and generally obviates the need
for storm sewer inlets elsewhere than in pavements. The method is that
cornmon\r use for draining the yards of private houses, and it should be
employed in project design to the extent that the site plan and topo-
graphy pezmi.t.

6. DRAINAGE TO GRA.SSED A-REdS

The difficulty experienced in draining onto grassed areas, as illus-
trated in Figr:re I, has lain in the lack of effective grading. Light
ground slopes, inaccuracies in topsoil grading, and expansion of the
turf above original finished grade have contributed to the r:nsatisfac-
tory result. fn Figure 1, the storm water is expected to cross the walks
and reach inlets in the center of the g3assed area; therefore, extreme

1
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FIGURE I DRAINING COURT AREA

care is requj.red in order to provide for positive, long-te:m drainage
in this manner.

7. ST0zu IVATER Fl0lll 0N VTIAII(S

As a general proposltion, it is preferable not to r:se walks as drainage-
ways. The storm water flovr in some instances may be a nuisance and
until turf is formed silt nay be carried onto the walks, causing trou-
b1e for pedestrians and management.

It is essential that walks be cross-sloped (or crowned) properly (lr/+ or
3/8 i:rch per foot), that they have adequate longitudinal sIope, and that
they be built accurately to grade. In addltion, the quantity of flow
along the edge of the walks should be limited. It is iroportant, further,
that sto:m sewer inlets be provided at points of concentrated flow.
Whenever gutters and swales rmrst pass urder walks over /* feet wlde, con-
sideration should be given to providing means for cleaning,

8. DRAINAGE BETVIEEN ROW.HOUSE BUILDINCNS

Figure 2 shonrs in section two schemes for handling storm water along a
centrally located approach walk between two row-house buildings which
have approxinately the same elevation. Scheme A keeps the walk compara-
tiveIry free from water by means of a concrete gutterl and Scheme B ac-
complishes the sane result by means of a swale (with culverts r:nder
entrance walks) located adjacent to the central walk. In the latter
instance, careful attention should be given to grades and size of opening
so that the culverts will not become restricted at a later date.
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DRAl NAGEWAY

(A) DRAlNAGE TO PAVEO GUTTER

DRAII{AGEWAY
LK

CULVE

(B) ONAINAGE TO SWALE

FIGURE 2 ALTERNATIVE METHODS OF DRAINAGE
BETVYEEN ROW.HOUSE BUILDINGS

9. SWAI,ES

Ihe preferred drainage plan is one in which no swales are required;
since at best these shallow depressions caxry concentrated flows wtdch
nay be serior:,s\r erosive. However, it ls often iryossible to develop a
plan in which grassed areas everXrwhere present smooth, continuous slopes
to paved areas and stolt drain inlets. Properly laid out and protected,
swales can provide a means for directing storu water effectively.

Uses of swales include senring as sodded drainage channels from down-
spout, splash-blocks, and intercepting side-hiII or off-site drainage
and carrylng it around the built-up part of the proJect. In the latter
use, the swale may attain the proportlons of a grassed ditch. In rare
cases, too, a sodded swale mu.st be used to carry off drainage from a
snal1 surfaced area; however, this is an undeslrabLe nrcarrs of dralnage
but occasional\y unavoldable when a storm serer is not available. Such
swales nust be given sufflelent slope to prevent siltiag.

The high point of a swale should be at least 0.5 feet belor grade at
building, with I.0 feet preferable. Shen possible, the bottm of swales
should be at least 10 feet distant fron adjacent bullding walls and one
foot lovyer than finished grade at tbe walls. Ttre swale section should
peruit grass cutting with power equipment.

-6-
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the following table shows suggested maximum slopes for seeded swales
and for sodded swales, respectively, in relation to drainage areas:

Maximr:m Slopes for

Drainage Areax Seeded Swa1es Sodded Swales

1r000
21000
5r 000

10r000
20r000
50r000

100r000
200r000

sq. ft.
ll

il

il

il

ll

il

il

5fi
3%
t-v2$
Lfi

25%
t5%
8ft
1%
2%

t%

x fnclude roofs at 3.75 and pavements at 3.00 times their respective
actual ar€as in horizontal projection.

The preceding figures are intended to serve as a rough guide in deter-
mining when florrv charurels should have sod protection and when they
should be paved, or undergrorurd d.rair.s provided. With seeded swales
the objective obvior:sIy is to get a stand of grass before appreciable
erosion occursi in this, much will depend on the season as well as on
soil characteristics, Swales may require protection in the fo:n of
mulch or tree boughs until more perrrranent protection can be provided.
If the temain is easily eroded, the swales should be paved.

10. EARTH BANI6

E:cperience has proved conclusively that earbh banks are a sor:rce of
endless trouble in low-rent howing projects. Erosion and wear from
children's play make them costly to maintain and they often remain un-
sightly in spite of maintenance efforts and expense. Moreover, banks
necessitate walknay steps, which are a hazard as well as a nuisance to
tenarrts.

To nlnimize the need for steep earth banks and walkway steps:

a. Use sloping grade lines along buildings, instead of striving for
more or less leveI rrbenches.rr Smoothly flowing surfaces throughout the
site na;r be more pleasing than a series of terracesl and the sloping
grade Ilnes will not necessarily entail stepped footings for buildings.
However, sloping grade lines along buildlngs should be used wlth caution
where buildings do not have cellars (basements) or first floors are
slabs on growd. The grades along the building waIls should not be
higher than the lowest row of weep holes of the building wa11s.

-7 -

ll
tl

il
ll
It

lt

il



Bulletin No. LR-4
PA.RT I

HHFA
PHA

Dec. L965

b. Give buil-ding entrance walks moderately steep slopes with art
ogee profile, in preference to tright grades which would necessitate
steps dovm to main walks.

c. Use stepped ramps, where practicable, in lieu of steps. (These
will give slopes of approximately 20$ over which a porrer mower can be
operated. )

d. Substitute retaining walls for earth banks in favorable locations
and when cost limitations permit. Dry masonry waIIs, where suitable
stone is available, are less eostly than concrete a.nd more pleasing in
appearance. The first cost of retainlng walls nay be offset to a con-
siderable erbent by the additional grou:d area made r:sable. When steep
banks erbend down from bulldings to street sidewalks, Iow walls along
the walks have been found particularly advantageor:s. Dry masonry wal1s
should not be used where they may be subject to damage by vandals, and
the joints should be small enough that they will not be used by veruin
or snakes. If snall joints are not feasible because of the nature of
the material, then r:nits should be bedded in mortar.

EVery effort should be made to elininate all low banlcs. Ttrey have often
been r:sed where the difference in elevation could have been taken up
easily by giving a little more slope to walks and grassed areas.

Where a steep earth bank (3 to I rnaximr:m) must be used, it should be
given a well-rounded section. Surface water should be diverted back
fronr its top, r:nIess the drainage area above it is extremely smaII.
Dlversion nay be accourplished by a very shallow swa1e, continued down
or around the balk in a sodded charurel. If flovir is considerable, diver-
sion should be in concrete paved gutters to storu drainage appurtenances.
Earth banls steeper than 3 to 1 but in no case steeper than 2 to 1 may
be used only after thorough investigation indicates the material to be
stable for such a slope.

11. DRAIT'IAGE FRC[[ DOliyNSP0lJTS

In high-density projects sewer connections to roof leaders are indis-
pensable; in practically all low-rent projects they are most desirable.
They have not always been provided in nunerous existing projects--in
some i.nstances becar:se of lack of outlet for sto:m sewers, in others for
reaEions of econoqy. The results frequently have been continued erosion
in grassed areas and dampness in basements and crawl spaces; a con.sider-
able anount of comective work has been necessarTr

Nevertheless, for very Iow-density proJects with downspouts on both
sides of buildings, the cost of sewer connectj.ons nay be ertremely high.
Therefore, where conditions are favorable (where slopes are light and
the soil porous), the omission of downspout, connections may be wa:ranted.

8
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In some instances corurections may be necessary to only a few dovrrnspouts,
such as those discharging near the top of a slope. Arld, where no stom
sewers are available, downspout draj-nage, in some cases, may be piped to
discharge through a street or driveway curb. Further, sodded swales rnay
serve in certain locations to conduct roof water to safe points of dis-
charge. It is important to give the problem careful study. Downspouts
not corunected to storm drains should extend to 6 lnches above grade and
discharge throu.gh a boot onto heavy precast concrete splash blocks not
less than 3 feet long with wide outfalls for dispersion and reduction
of erosion. The lowest 6 feet of erberj.or dovrnspouts, including the
boots, should be of extra heauy cast iron.

12, POCKETS

The gror:nds in nany projects contain lovr areas from which stort water
must escape through wrdergroru:d drains. As a rule these depresslons are
shallow and if a drain becomes stopped, the water will simFly overflonr
to a roadwby or another drain without cawing serior:s damage. Occasion-
ally, however, there is a deeper pocket, such as a decided sag in a
street, or a court partial-Iy enclosed by a building, where the clogging
of a drain would result in building damage or in serious erosion. 0b-
viously, such a condition shoul-d be eliminated by a ehange in the site
or building plans, or guarded against by precautions taken in the
drainage design. Duplieate drains may be warranted in some instances.

t3. PROCEDURE IN GRADE DESIGN; ESTABLISHING BUILDING FL00R ETEVATIONS

The project grade design is no:mal\r developed as a whole, adjusti-ng and
readjusting building, grorxrds, and roadway elevations, until a thoroughly
satisfactory balance of all features is achieved. The starbing point,
as a ru1e, consists of the established grades of bor:ndary streets.

The grade design shoul-d include the fixlng of building flrst-fIoor ele-
vations. In this phase of design, archltectural considerations--more
specifically, the correlation of building leve1s--may be importarrt, but
no viewpoint should prevail to the exclu.sion of others. Very often,
raisipg the floor elevation of a building only a few inches will in-
prove drainage conditions i.rmeasurably.

In a great many projects, the establishing of well-considered and real-
istic first floor elevations and grades of boundary streets are the keys
to good site grading design results. Avoid resting concrete floor slabs
on fill over 5 feet deep. To adjust buildings to longitudinal slopes,
steps in floor levels should be used. ILre resulting steps in grading at
the buildings should be earefully designed in all details so as not to
create trapped drainage areas at the buildings, rnaintenance problems,
and unsightly conditions.

-9-
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Building levels may be governed simply by the necessary rise in walk-
ways to building entrances. More often, floor levels throughout the
project are established tentatlvely, or roadway grades are assuned; then
through trial all grade elevations are adjusted until the result is
satisfactory.

When a walk closely parallels a row building, the walk slope w111
generally necessitate variation in the number of steps, and sometimes
in riser heights, at entrances. These deterrrinations may be included ln
the grade design.

l/+. ITAII$AY GRADES

Walkway grades constitute a major part of the grade design worli and
proper executi.on is essential to effective site drainage and to the
satisfactory appearance of open areas.

The minimum grade recormended for project concrete walks is 0.50/, and
for bitu:n:inous walks l.Oofi, althorrgh two exceptions merit mention: first,
walks adjoining roadways or parking area curbs should be laid to the
same grade as the top of curbsl and second, building entrance or other
short walks can best be plarured for a 1.00/ slope to absorb mlnor inae-
euracies in constructlon. As previously noted, all walks should be
cross-sloped or crorvned. Ttre preferred MINIMUM grade for al1 walks is
1.00f as this reflects the minimum general rates.

TIre maximum grade recormended for main walks is 7$-S$ and for entrance
walks tO$, Uut with consideration given to grades cormon in the local-
ity, and restricting the slope to 6$ where snow and ice ma6r prevail for
a long winter season. Generally speaking, steep grades are far prefer-
able to steps and the earth banlc that go with them. Adjoining the top
and bottom of steps, walk slopes should not exceed 2$ where the approach
walks exceed 5/.

Sharp breaks 1n grade--in long walks, at walkway intersections, or in
building entrance walks--are conspi.cuous and unsightly. Gradlng plans
should show the characteristics of vertical curves required. Use verti-
ca1 curves where the algebraic difference between the gradients of
intersecting grade lines exceed,s 2fi.

Another unsightly grade condition is a long walkiuay with a wavy or
rrrollercoasterrr profile. This is seen occasi.onally on flat sites, where
walks dip toward catch basins loeated at intervalsl and along sloping
ma1ls, the grades of paralIel walks are sometimes objectionably
irregular.

-r0-
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l-5. GRA.DES AT EXISTING TRXES TO BE PRESERVED

Trees that are to remain should be protected. Finished grades should,
if possible, be made to conform very closely to existing ground Ievels
at tree Locations. Trees should never be left on smal1 mounds, and
filling around them is permissible only if special protective measures
are taken. Tree locations should be shovrn accurately on the drawings.
The spread of branches should be fuIIy taken into account. Locations
and base elevations of trees should be checked as soon as buildings are
staked out in the field. An iIl-advised and unsuccessful attempt to
save a tree is likely to result in an unsightly grade condition should
it be required to renove the tree at a later date.

16. [[AXIMU[ AIID MIN]I/ILM SLOPES

Limiting slopes for grassed and surfaced areas depends to some extent
on local conditions: porosity and erosibility of the soil, frequency of
icy conditions, and the steepness of slopes to which the people in the
locality are accustomed. In areas where unconsolidated soils have a
history of being susceptible to erosion, i.e. l-oess (wind-blown glacial
deposits), sand, and silts, the U.S. Soil Conservation Service should be
consulted on the treatment and heights of slopes. Avoid the unbalancing
of slopes by overexcavating along the toe.

Where moderately steep to steep slopes are needed, the r:se of a jute
mesh spread on the surface, or appropriate muIch, will prevent erosion
until grass has rooted and fo::ned a protection sr:rfacing.

Costs also are a consideration. When a site is extremely flat or ex-
tremely steep, some risk must be assr:med in enploying grades that will
not result in exorbitant grading costs. Hovrever, slopes lighter tharr
the recomrnended rcinimums should be used with caution, especially if the
soiL is nonporous. Grades used must be sufficient torrtake uprrrninor
inaccuracies in construction, including some slight settlement of fill
and backfill.

The following tabulation shows maximum and ninimum slopes considered
desirable for what may be termed rraveragerr conditions:

Maximrun Slope Minirnrm Slole

Streets and drives - crowned section
with curbs

Streets and drives - crowned section
with combination cr:rb and gutter

Service drives - inverted. crown section
Collector and approaeh walks

rr 2 See footnotes at end of tab1e.

8.oos o.5o%

o.5o%
o.60%
o.5o/,2

oo%
oo/,
to 8$L

8.
8.

7%
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Lfaximr.rm Slope Minim:m Slope

Brtrance walks:
Adjoining building platforu.s
Elsewhere

Paved recreation areas, lncluding sitting
areas

S)rrfaced ]aundry yards
Tenant yards:

Up to 4 feet fron buildings
Elsewhere (except banks)

Ivlanagement -maintenance &reas :

Up to 4 feet from bulldings
Elsewhere (except banks)

Grassed playgrounds
Paved gutter, concrete
Swales:

With flow crossing over walk
Other

Earth banks
Preferred ninimum slope -- all

paved surfaces and lawns

2.oo%
10.OO$r

1
I

0
0

2
I

2
1
I
0

2
I

oofi
oo%

50%
50{,

oo%
oo%

oo%
oo%
50fi
504"

oofi
oo%

2,OO%
5.oo%

1,OO%
L5,OO%

/-.oo%
25.oo%
2.5/,

See Tab
See Tab

(
(

page
pqge
I

Ie on
1e on
3lo

7)
7)

1.oo%

r 6$ where icy conditions may prevail in winter season.
2 For concrete on1y. Use 1S for bitr:minous.

17. GRADING DRAWINCS

The rnaru:er of showing finished grades on the drawings is most irportant
both for accurate execution of the design and for use of the plans on
the job. Following are brief suggestions on the nature and scope of
grade deslgn information.

a. Srow datum used for all elevations.

b. Srow elevations of existing and proposed roads: along center
line and at top of curb at intervals not greater than 100 feet; at the
apex, P[rs, PCrsz and at not greater than 25 foot intervals along verti-
ca1 curvesl at aII connectlng waIksl breaks in grade, ends of roundingsl
at gutters where special sections are required.

c. ,$row walkway grades at all building entrancesr walk intersec-
tions2 walk and roadway lntersectionsl breaks in grade, etc. V/here
necessary, indicate requlsite warping of walk surfaces. $row by arrows
the crowning and eross-slopes of walks and pavements.

d. &row finished grades for surfaced. areas (other than roadways and
walks) along their sides and at interior points as necessary to indicate
shaping.

_l,2-
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e. For lawns and plarrted areas, show finished grades at corners of
buildings, breaks in grade, top and bottom of banks, catch basins, etc.
Srow cross sections of banks and swales, indicating roundings.

f. Show building first floor elevations and, as necessary, the
nuriber of steps and riser heights.

g. Sholu finished grades of sr:rfaced areas, lawns, and planted areas
by spot elevations; in addition show finished grade at one-foot contor:rs
(reformed contor:rs) to indicate how the surface i.s to be shaped. On

rolling and steep sites, contours (refo:med contours) must be used in
addition to the spot elevations to indicate the finished grading of all
areas.

18. GRADING SUPERV]SION

While site slopes must be sufficient to absorb minor j.naccr:racies in
construction, the grade design cannot provide insurance against careless
work, such as insufficient coupaction of fill and backfill, irregular
finished grading, and inaccuracies in setting wallarvay forrns.

Such defects have been experienced, not infrequently and with costly
results, in existing projects. The remedy obviously }ies in thorough,
cornpetent inspection. Occasional checks should be made of the contrac-
torrs grades, and the inspectors and the engineer (to tne erbent of his
supervisory services) should follow grading operations cIosely, espe-
cialIy the backfill compaction at buildings, structuresl and utilities.

Before proceeding with topsoiling and planting work, the contractor
shoul-d submit to the Local Authority a certificate that al-I the grading
work has been accomplished in accordance with the drawings and specifi-
cations. In the event revisions have been made, they should be listed
with a statement on whose authority such changes were made and the
Teasons.

L9. TERIvIITE PROTECTION

Subterralean ternites become most numerous i.n moist, warm soi.l contai.n-
ing an abr:r"idant supply of food in the form of wood or other celluIose
material. They ofben find such conditions beneath buildings where the
spaee below the first floor is poorly ventllated and where scraps of
lumber, form boards, grade stakes, sturq>s, or roots are lefb in the soil.
Most te:mite infestations in buildings occur because wood touches or is
close to the ground, particularly at porches, steps or terraces. Cracks
or voids in for:ndations and concrete floors make it easy for terruites to
reach wood that does not actually touch the soi1. The teru:ite problem
is aggravated by the fact that some lumber on the market i-s from young,
second-growth trees which contain large amorurts of sapwood. Such lumber
is sr:sceptible to termite attack. In any specific locality the problem

-l-3-
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depends upon such factors as nature of soiI, moisture conditions, locaI
building practices, wooded areas, rotted wood, 1imbs, stumps, etc.

Check to deterrnine if ternite protectlon is necessary in the general
area of operations. This should be done by or at the expense of the
Loca1 Authority. Assistance may be obtained from the 1oca1 County Agri-
cultural Agent, l-ocal or regional office of the U.S. Dept. of Agricul-
ture, and local rel-iable exterminator organizations. Check with neigh-
boring homeovmers, particularly those of ol-der buildings and buildings
adjacent to the project site.

Thorough treatment of the ground and protection of foundations during
plaruring and construction phases is much cheaper and more effective
than treatment after completion of construction and subsequent infesta-
tion.

Remove all wood forms, waste wood, Iumber, tree-roots and limbs from
within the bu:ilding, along wa11s, piers, from under slabs-on-grade areas,
cel-lar floors, crawl- spaces and from all fill against bulldlng wa1Is,
pi.ers; porchesl etc. Remove tree roots from within 5 feet of foundation
walIs. Do not bury wood beneath porchesl steps, terraces, in crawl
spaces, under celfar floors and slabs-on-grade. Before constructj-on
work is started on the site, remove stumps and other wood debris from
the building areas,

Give proper consideration to termite protection for the speclfic type
of construction of the project in establishing first floor levels and
the grades around the buildings. Al-1 wood el-ements should be above
finished grade. Where wood forurs caru:ot be removed, use metal_ fo::ns.

One of the most susceptible types of construction, and one that often
gives a false sense of secr:ri.ty, is the concrete slab-on-gror:r:d. Ter-
mites can gain access to the building over the edge of the slab through
erpansion joints, openings around pl::abingz and cracks in the slab. In-
festation in this tlpe of building construction i-s most difficult to
control. In this type of construction, Dretreat the soil with chemicals
before pouring the concrete. This will prevent termites from entering
through these openings; also to reduce penetration through these open-
Lngs, fill them with roofing grade coal-tar pitch or rubberoid bitunt-
nous seaLers.

Soil treatment is generalJy with water emulsions at specified concentra-
tions. The chemicals and their concentration vary in different parbs of
the country and soi.Is encoru:tered. Consult with Local Authorities

-L/r-
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concer:ri.ng type and kind of treatment krown to be effective in that
area.r ft is particulary iq'orbant to check with health authorities
for acceptable treatment methods when there is arqr possibllity of con-
tamination of ground water.

1 See also FIIA publication No. 376, Hore and Garden Bulletin No. 64,
U.S Department of furlculture January 1960 and PllA Bulletin No. ffi-13,
Division 2, for additional guidance.

-L5- HHFA-PHA, Wash. D.C,
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PROJECT GRADE DESIGN

CI{ECK LIST FOR GRADE DESIGN

1 FOR EFFECTIVE DRAITIAGE:

a. Give conti.nuow adequate slopes to all parts of the site not
occupied by buildings; provide positive slopes away from buildings;
provide good longitudinal, as well as transverse, slope in wa1kways,
unless they adjoin paved gutters.

b. Avoid draining surfaced areas onto grassed areas.

c. Do not hesitate to use one side adjacent to a walk as a drain-
ageway where that is definitely the sinplest and most economical method
of drainage and where the storrn water flow will not be excessj.ve. Pro-
vide swales paralleling walks where practicable.

d. Avoid swales crossing walkurays; any dralns urrder walks should be
provided with a per"manent means for easy cleaning of drain,

e. Avoid pockets from which the stoppage of a drain would cause
damage to buildings or serious wash across grassed areas. ff such
pockets are unavoidabler provide overfl-ow areas or duplicate drainsl or
take other adequate design precautions.

f. Provide storm sewers and sewer inlets, so far as feasible, to
intereept concentration of storm water flow.

(1) In gror:nds areas, locate inlets adjacent to, but not within,
walklraysl provide a paved border between the gratings and lawns or
plantingsl set gratings about 3 inches below adjacent finished grade ln
smal1 depressions that will collect the storm water.

(2) In roadways, relate the spacing of inlets to their capaeity
to receive the flovr.

g. Divert or intercept frorn the site (or that portion of it to be
developed) any drainage from off-site or r:rrbuildable areas on approval
of Local Authority attorney.

-1-
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2. FOR EROSION CO}TIROL:

a. Utillze underground drains to the greatest feasible erbent.

(1) Connect doivnspouts to storm sewers if they are available
and the cost is not prohibitive; or, where feasible, provide downspout
coru:ections to discharge through roadway or parking area curbs. For on-
site surface disposal, provide precast concrete splash blocks for dis-
persion and reduction of erosion.

(2) Work out grades to minimize damage if storm sewers are
surcharged.

b. Keep water diffused over grassed areas so far as possible.

c. Provide.sodded or paved swales if and as necessary, in open
drainage channels.

d. Ivtinirnlze the use of steep earth banks by:

(1) Using sloping grade line along buildings, instead of
striving for serj-es of more or less level benches. Caution where bulId-
ings do not have cellars (basements), first floors are slabs-on-grade or
over a crawl space. Do not establish finished grades that are higher
than the lowest row of weep holes of building wall.

(2) Giving building en.trance wal-ks comparatively steep slopes,
in preference to light grades which would necessitate steps down to main
walks.

(3) Using perrons or stepped ramps where practicable, in lieu
of steps.

(4) Substituting retaining walIs for earth barks when cost
Iinitations pe::nit and eonditions are favorable.

e. Round the top and bottom of banks.

f. Divert drainage away from the top of earth banks and steep
slopes, except when the drainage area is very smaII.

g. Preserve existing ground cover on large open areas where
practicable.

3. FOR SAT'ETT AND LWASIL]TY:

&. tllhere icy conditions occur frequently during wi-nter months, try
to keep walk and roadway grades well within recomended rnaxlrrrurrs.

-2-
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b. lfl:ere an entrance walk is steep, round off the top to give a
grade not exceediry zfi where the wal-k joins the building steps.

c. Avoid steps in yard walks; never use a single step in the walks.

d. Carry service drives across street sidewalks at sidewalk grade,
rather than depressing the roadways and using curbsl but provide storm
sewer inlets, where feasible, to prevent excessive storm water flow
across the walks.

roadways
Avoid sharp breaks in grade and warry profiles in walks and

f. Work out grades to insure preservation of trees which are to
remain in p3-ace.

g.

h.
stable.

Provide positive drainage for crawl spaces.

Avoid hill-side euts with slopes that are not certain to be

/r. FOR ECON0lvtr IN FIRST COST:

a. Drain project areas directly into adjacent public streets so
far as possible.

b. Strive for a reasonable balance of cut and fiII.

c. At building sites avoid deep fills which would add materially
to the cost of for:ndations. (fnis is mainly a site-planning considera-
tion; where deep fills are necessary, the areas can best be used for
playgror:nds or parking areas. )

d. Keep grades as high as practicable where rock or water-bearing
soil will i.ncrease naterially the cost of utility installation. (f:.ff-
ing, .ade to this end, malr result in sinplified grade design and less
need for sto:m sewers.)

e. In low density projects, preserve topsoil in place where
practicable, avoiding cuts of but a few inches. However, if these areas
will be traversed by construction equipment or might be contamlnated by
the storage of construction materials, it would be advlsable to strip
and stoclpile the topsoil for futr:re spreading.

-3 -
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5. COORD]}TATION OF TNILITIES

&. The Site B:gineer should coordi-nate the location and elevation
of all utilities, including those not designed by him. The coordination
is to assure proper cover from finished grades and ascertaining of
clearance at their crossings, relative horizontal locations, interfer-
ence with sr:rface structure, plal areas, etc. Ttris pertains to water,
sewers, gas, electric (overhead and underground), telephone, telegraph,
heating lines, I-mpulse wiring and all services.

b. It is the Archltectrs responslbility to ensure that this is ac-
complished and to obtain the cooperation of all concerned.

-1 IIHFA-PIIA, rrYash. D. C.
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SITE ENGINEERING

PART II - ROADVIIAY AND AREA PAVMIENTS

1. ]NTRODUCTION

The general layout of proJect streets, drives, and parking areas is fixed
in preparing the site p1an. ltre ensuing engineering work consists of
selecting proper surfacing materials, establlshing lines and grades,
drafting roadway cross sections and other details, and preparing con-
stn:.etion specifications and estimates.

Ttris work should be done by an engineer experlenced in pavement con-
stmctlon. Since these notes are prepared main\y for his reference, they
outline the conditions bearing on pavement design which are pecullar to
low-rent housing or which project maintenanee experience has proved re-
quire special attention.

To the greatest extent posslble, all streets and service road access
facilities should be ilesigned to meet the mandatory 1oca1 regulations
for dedication to the lvtrrnicipality for maintenance. This requires that
an early and factual investigation be made of applicable loca1 regula-
tions and that the basic street and service system be deternined with
these requirements ln mind. Actual dedication of these facilities
should be accomplished at the earllest possible date. Therefore, streets
and roads to be dedicated should have grades, all construction details,
and utilities approved by appropriate lvtrnicipal officials. Where 1ocal
regulations are considered excessive to project needs, effort should be
made to obtain a waiver to pernlt adequate and more econornical- con-
struction (see paragraph 7g of this Part II).

Obtain from the Local Authority information on ar5r prior waivers of
1oca1 codes or regulatlons obtained by the Local Authority affecting
the design of the project; also statement of ar5r work, such as street
improvements, to be performed by others and, therefore, not to be in-
cluded in the construction contract for the project.

2. SiIBGRADE

Ttre subsurface investigation of the project sitel, as carrLed out by the
Local Authority, will supply info:mation useful in pavement design.
,Such information will necessari\r be supplemented by field investigation
on the part of the engineer, who rnrst be in possession of all facts
necessary to determine the need for subdrainage, subgrade stabilizatjorr,

I See Bulletin No. LR-2, rrsubsurface Soil fnvestigationsn
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or a subbase for the pavement. The extent of filling for roadways will
be ascertalned as project grading plans are developed, and precautions
can be taken toward lnsuring stability of the pavement. Even though
project roadways are of l-im:ited extent, the experienced engineer will
not neglect subgrade examination.

3. ROADWAY CROSS SECT]ON

The crowned roadway section with curbs ls most cormon\y used for project
streets and main driveways and, with the exception later noted, is the
most desirable. Curbs have been om:itted in some earlier projects, but
with consequent extra expense for maintaining shoulders, side ditches,
and pavement edges.

Ttre dished or inverted-crown section has been employed extensively for
service drives. It is economical- as regards storm drainage and is
adapted to carry drives across sidewal-ks at the sidewalk grade--a
desirable arrangement. However, the dished section has met with some

disfavor, chlefly because of the difficulty of accurately gradlng the
central gutter. If the dished section is glven a fairly good longitudi-
na1 sIope, there need be little hesitancy in using it. Ttre sectlon is
not recormrcnded for other than service drives or for paving materi.al-
other than concrete.

The side-sIope section, with drainage to one si.de, has been erployed
advantageous\r in (cross-s1ope) projects to obtain a better adjustment
of driveways to topography and to reduce storm sewer costs.

Recommended roadway crowns per foot of roadway width are as follows:

Section Average Crown Fo:m of Crown

Crowned--service drives

Crowned--streets

Dished

Side-slope ( Cross-sIope)

/,. CURBS AND GUTTEITS

l/4 incn per foot

3/tA " rr rr

3/8 rr rr

t/+ rr rr

Parabolic

Parabolic

Plane

Plane

't (Max. )

,r (NIax. )

Roadway eurbs have four functions, each important from a project main-
tenance standpoint: to control drainagel to keep wheeled traffic on
the pavement; to protect pavement edges, adjacent lawns, and plant-
ings; and to promote traffic safety.

-2-
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Curbs are obviously not required to control drainage along dished pave-
ment or the upper edge of the side-sIope seetion of road. However,
experience has demonstrated the need of curbs to keep cars off Lawns and
to protect persons, planting, fences, clothes-line posts, etc., located
close to project drives. rrRolledrr curbs are not effective for this pur-
pose. A concrete curb of 5 or 6 inches in exposed height is recormrended.

For concrete pavement, an integral curb serves the purpose of a 'rthick-
ened edgertt and its eost is, therefore, more or less offset by greater
pavement strength. For bituminous pavernent, curbirg provides permanent
protection of the pavement edge. Combination curb and gutter is pre-
ferred to plain curb, not only because concrete is a better material for
the gutter, but there is less tendency for the curb and gutter to draw
away from the pavement and perrft water to reaeh the subgrade. The same
compaction, drainage and base material used under the pavement should
extend under the curb and gutter.

5. ROADWAY GRADES1

Ttre site p1an, in its relation to topographyr obviously fixes within
rather close llmlts the grades to which roadways must be bui1t. As a
rule, the erglneer (grade designer) must simply obtaln the most satis-
factory slopes, maxfun:n and minim:m, that the plan pernlts. The grade
design is normally developed as a whole, adjusting and readjusting
building, grounds and roadway elevations until the best possible balance
of all considerations is obtained.

Eight percent uay be cited as generally the steepest desirable grade for
roadways, although the maximum will depend considerably on street
gradients conmonly used in the locaIity. A O.5O/" grade is considered
the minimum desirable for straight or integral curbs, whil-e with corn-
bined curb and gutter, perrdtting more aceu-rate finishing, a slope of
O.4O% is admissible. A grade of at l-east 0.60/, is desirable for pave-
ment of the dished cross section.

Vertical cur\res shoul-d be used where the algebraic difference between
the gradients of intersecting grade lines exceed.s 2.OO/".

6. CURVE AND CURB RADII

Horizontal cuwes in roadways are fixed roughly by the site pIan, and
the engineer works out the precise measurements, includirg the curve
data required for field location and street dedication p1ats.

lSee Part I, 'rProject Grade Design, tt of this Bu11etin.
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Minimum curb return radii recornrnended for street and driveway intersec-
tions are:

Widths of Inter- Minimm
sectlng Roadways Curb Radius

10 feet and 10 feet 25 feet

10 feet and 16 feet 20 feet

10 feet and 20 feet 15 feet

16 feet and greater widths 15 feet (use larger radius
when designing for truck and,/or bus traffic. )

7. CHOICE OF PA\IEIVIENT IYPE

T\ro groups of surfacings are unsuitable for use in 1ow-rent projects --
one because of high first cost, the other because of excessive mainte-
nance. The fo::mer group includes pavement such as brick, which normally
is laid on a concrete base; the latter comprlses surfacings like cal-
cium chloride-treated gravel or water-bound macadam, without a bitumi-
nous wearing course.

The choice of pavement t;rpe, therefore, will 1ie between bituminous
surfacing and po.rtland cement concrete, and if the former is decided on
the engineer must select the class which from the standpoints of cost
and durability is best adapted to the project. As a general rr1e, pave-
ment for streets, roads, drives and parking should be of the heavy duty
type. The principal considerations are the following:

a. Character of Pro ject; Wheel Loads. High-oensity projects usually
warrant or require a higher type pavement than those of 1ow density.

b. Pavement on Fi1led Ground. A flexible pavement (Uiturninous) is
consider nt for laying over new fills of arqr
depth.

c. Local lvlaterlals and local Constructlon Practice. With particular
reference to pavements, the best product for the money will be obtained
by selecting a type that permits fullest use of 1ocal1y available ag-
gregates and that local contracting organizations are equipped to lay
and are experienced in laying.

d. Pavement Cross Section. As previously noted, concrete should be
used for pavements of dished cross section.

-4-
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e. Durability; Low lvlaintenance. Hous irg management seldom has the
persormel or equlpment which city street departments have to camy out
regular pavement inspection and repairs. Consequent\y, the need for
project surfacing repairs may be overlooked until disintegration has
become serious. It is mcst desirable to lay a durable pavement.

f, Flrst Cost. The consideration just mentioned must of course be
related to reliable construction cost estimates of the surfacing types
considered.

g. City Requirernents. Streets paved under a project construction
contract are frequently dedicated to the city, thus relieving the proj-
ect of their maintenance. When this is to be the case, the street im-
provements rust obviously be constmcted to meet city requirernents.

8. BITTJI/IINOUS PAI/TMENT

Bitr:minous pavement for housing projects has the advantages of pleasing
appearance, flexibility, ease of repair, and sometimes low first cost.
The last is not attainable if the pavement must be comparative\r hear4y --
consisting, for example, of a 2-inch plant-mix weari-ng surface on a two-
course crushed rock base. S\rch a roadway, with curb and gutter, is like1y
to cost about as much as portland eement concrete. But in some localities
surface-treatment or penetration methods, successfully adapted to in-
expensi.ve locaI\r available aggregates, produce conparatively 1ow-cost
and wear-resistant surfacing which the Iocal Authority can hard\r afford
not to use.

The use of crushed stone or crushed gravel is preferred for base ma-
terial beeause of its interlocking nature. In areas subject to freezing,
the base material should not have more than three percent (by weight) of
silt and clay fraetions.

To prepare proper specifications for bituminous paving, the erlgineer
rmst not only be thoroughly famlllar with slte conditions, but should
have first-hard lorowledge of 1oeal practice and all related conditlons.
The Asphalt Institute, College Park, Ivlaryland, is available for guidance
in preparing speciflcations.

The main disadvantage experienced wlth bituminous pavement in low-rent
projects has been its frequently high maintenance cost. In most in-
stances this has been attributable to the use of too 1lght a surfaclng,
either as to base or wearirg course or both, poor drain4ger improper
preparation of subgrade, and compaction. rn some cases the faul-t has
been poor workmanship (Iack of competent inspection). Since bltuninous
pavement construction is a specialized line of work, the Local Authorlty
should arrange for the fu11-time servi.ces of a qualified inspector.
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(me finited supervlslon furnished by the engineer under the terms of the
Architectrs Contract ls not enough.) IXnphasize proper subgrade prepara-
tlon, compacti.on, and drainage.

9. PORTI,AND CEIMNT CONCRETE PA\EI\,ENT

The recognized merits of concrete pavement for project roadways are
durability, 1ow maintenance expense, and in many cases a first cost in
keeping with lovrl-rent housing.

a. Base Course. Provide base course where required to obtain ade-
quateue@Iwayswherefrost.susceptib1esurgradesoi1soccur1n
areas subject to frost.

^ 
b. .Deslgn. The ergineer should use local standards as a generall-y

safe guide in concrete road.way design. In addition to the traisverse
expansion joints as provided in the referenced paving guides, provide
premolded expansion joints around. manholes, drainage siructure-s, andutility appurtenances within the pavement areas.

10. PARKING AREAS

The preceding discussion of roadway pavement design is generally appli-
cable to parkirtg area surfacing. Wheel loadlng on the latter is lighter,
however, and pavement thicla:ess may be slightly 1ess.

Concrete pavement for parking areas should be confined, as a ru1e, to
small bays adjoining concrete roadways. Elsewhere, bltr:minous surfacing
is preferable because of its generally lower cost and more satisfactory
appearance. For resisting disintegration due to oil drippings, it is
recormrended that the bituminous surface be sealed with a coal tar pitch
eumlsion or s5mthetic mbber, modified tar, or asphalt ermlsion.

Llaintenance experience has shovrn the need for curbing around parking
areas. V{ood bumpers of one kind or another have been used in some
cases, but they are not as satisfactory as concrete curbs.

11. DRAWINGS A}ID SPECIFICATIONS

The rrarchitectural block plansrr usually show construction contract in-
formation regarding the location, surface dimensions, and grade eleva-
tions of roadways, parking spaces, and ottrer surfaced areas. However, a
special site plan showing roadway location data may be needed when
streets and drives have very irregrular alignment.

Roadway profiles should forrn a part of the design studies. Vertical
curve data as well as ottrer road grades should be shovrrn in ful-1 detail
on the block p1ans.

-6-
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Details for concrete pavements should include corplete layouts of
joints -- expansion, lorgitudinal, and transverse contraction -- for
parking bays and roadway intersections.

Speciflcations for pavements and surfacings may be shortened greatly by
stipulating constmction in accordance with certain city or State high-
wa;rdepartment specificLtions. Some such standard or standards will
usually fit the project needs, and lower costs are IikeIy to result
from directly specifying pavement types with which local contractors
are familiar. However, the city or State specifications should be ex-
amined carefully, and exception taken to ar5r requirements that would be
impracticable or unnecessary for the project work. When stipulating
city or State specifications, a concise general description should be
included. See paragraphs I and 7g of tttis Part II.

12. INSPECTION OF CONSTRUCTION

The need for competent inspection was mentioned previously in coru:ection
with bituminous pavement, but poor worhanshlp in project roadway paving
has not been confined to surfacing of this kind. From the preparation
of subgrade to completion of surface course, close inspection should be
provlded for all pavement laid. Furthernore, even though project road-
ways are of linlted extent, laboratory testlng of materials should not
be ignored, At a reasonable cost, it provides an important foru of
insurance agalnst poor worlcnanship.

The most thorough and complete drawlngs and speclficatlons are of Ilttle
value if proper worlsranship is not perforued by the contractors and lf
adequate conpetent lnspection of the work is not provided.

-7 -
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PART III - RXCREATION ANEA SURFAC]NG

1. INTRODUCTION

The inportance of proper surfacing for recreation area,s was recognized
at the incepti-on of the public housing program. For early projects, the
principal design guide 1ay in public playground. practice, although the
surfacing problem there ls not altogether the saJne as in housing.

Much valuable information on recreation area design has now been ob-
tained. Although there remalns some difference of opinion as to the
best surfaces for specific play r.rses, the divergent views are based on
experience r:nder differing conditions, especially as to climate. Major-
ity opinion, as reflected in this Bulletin, appears fairly clear.

Satlsfactory surfacing for recreation areas can be had only by: (1) a
proper choice of surfacing type, (e) good drainage, (:) conpetently
drafted speciflcations, and (4.) first class wortrrnanship. A deficiency
in any of these factors may result in seriously impaired usefulness of
the surfaclng or the need for costly reconstruction.

The locations, dimensionsr md proposed uses of recreation areas are
fixed ln preparing the site plan. This Bulletin deals with the sr:rfac-
ing for such areas.

2. SURFACING USES

From a use standpoint as related to surfacing, recreation areas in 1ow-
rent housing projects may be classified as follows:

&. Sports fields for softbaIl, football, etc.

b. Garoe courts:

(1) Those requiring a hard sr:rface -- for basketball, shuffle-
board, hopscotch, ete.

(Z) Those requiring a soft surface -- for croquet, marbles,
horseshoe pitchlng, etc.

(3) Those for which a hard or soft surface is optlonal -- for
paddle teruris, badminton, vo11eybaIl, etc.

c. Areas for roller skating and other intensive use by school-age
children and adults.

d. [tater play areas.

-1-
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e. Play areas for small children:
(1) Yards for supervised play (mainly in turf).

(2) Areas cl-ose to dwellings, for play under parental supervi-
sion (surfacing optional).

f. Local plaY areas:

(f) Paved courts between apartment buildings.

(Z) Other areas, surfaced or unsurfaced, for recreational rrses.

g. Areas under fixed playground equipment.

h. Sitting areas:

(1) At apartment building entrances.

(2) Elsewhere, for cortrnon use.

(3) At lndlvidual dwelling entrances.

A given area may, of course, serve different reereational purposes, but
its principal r:se or uses must be kronn before selectlng the surfacing
type.

Not listed above are certain a.reas which should be hard-surfaced merely
because it would be irnpossible to maintain grass on them. Examples are
strlps between sidewalk and curbs, and miscellaneous smal1 plots which
would suffer from pedestrian short-cutting. 'il/hile such areas are not
planned primarily for recreational use, the surfaeing problem is much
the same. The esthetic value of grassed strips between sidewalks and
curbs is ful1y appreciated. However, management experience indicates
that only under the most favorable condi+"ions, including 1ow project
tlensity, is it practicable to maintain grass on such areas.

3. DES]R^A,BIE QUAIITIES IN SURFACING

There is no perfect surfacing material. The problem in each case is to
select the material possessing the best combination of qualities for the
particular rise ln the Ioca11ty. The followlng desirable qualities apply
to surfacings for all uses:

a. Year-round utility.

b. Freedom from dust and material that will stain or track.

co Non-abrasi"veness, mlnimizing cuts and bruises from fal-Is.
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d. Pleasing appearance. (Use of colored pavements for some recrea-
tional areas, sitting areas etc. )

e. Durability.

f. Availabllity at reasonable cost.

For I'hardrr surfacing, the following addltional qualities are importantl

a. Requisite smoottm.ess for the intended use -- for wheel toys,
games with bouncing ba11s, roller skating, etc.

b. Firmness of footing (ary or wet).

c. A degree of resilience.

d. Sufficient hardness to prevent scuffing or pennanent indentation
under use.

For bituminous pavements possible use of vinyl or acrylic ern-rlsion
seals for color in Iocal areas.

Also use of resilient materials as rubber-asphalt and asbestos-asphalt
emulsion sr:rfaee courses with above type sealer in local play areas.
Higher cost, but good appearance -- possibly usable in smaI1 children
p1ay.

/r. CLA,SSES AND TY?ES 0F SURFACINGS

Followirg are the principal surfacings which have been laid on recrea-
ti.on areas in low-rent housing projects:

Class TYPe

Earth Turf
Loam
Sand-c1ay
CIay-gravel

Aggregate Gravel
Stone screenings
Granulated slag
Shell

Penetration maeadam
Bituminous concrete
Cork-asphalt (bituninous

concrete ald surface treatment)

-3-
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Concrete and MasonrXr Monolitttic concrete
Precast concrete slabs
Flagstones
Brick

Playground Cushion Rubber Matting, Forn, Pads, Tan-Bark,
Sawdust, Sand

Ivlarked differences in specifications have add.ed greatly to the kinds of
surfacing laid. Bj.turainor:s surfacing has been of both asphalt and tar;
and the asphalt has been of varlous klnds and grades.

Table I, on page 5r a flunmary of recomnendations on recreation area sur-
faclngs, relates the above-listed materials to the uses enumerated on
pages 1 and 2. The recommendations are subject to considerable adjust-
ment for Ioca1 conditions, as explained in ttre following brief discussion
of the various surfacing types.

5. SUBCTRADE

A thoroughly drained subgrade ls important for every kind of recreation
area su-rface. With turf and other soft sr:rfaces (Ioam, sard-c1ay, etc.),
effective subdrainage will increase the number of hours the areas can
be used and decrease maintenance costs. With hard sr:rfacings, subdrain-
age will minimlze damage from freezing and thawing.

Generally speaking, money is better spent in improving the subgrade thart
in combating an unfavorable soil condition by constructing a heavy base.
0n plastic clay soils that are unstabl-e when wet, a subbase of material
such as pit-rul gravel or stone screening will provide subdrainage and
serve as a cushion against soil movement. TlIe dralns should be pro-
vided ln conjunction with such a subbase.

6. TURF

Turf is general\r recogrdzed to be the nearest-to-ideal surface for
large playgrounds. Its principal disadvantages 1ie in its unsuitability
for use when wet or when the ground is frozen or ttrawing, and ttte diffi-
culty of maintaining a stand of grass on areas that receive intensive
use. Consequently, with the exception noted below, turf should be em-
ployed as a play surface only on relatively large areas in low- and
moderate-density projects.

Since playground turf w111 be subjected to more severe wear than w'iII
lawns generally, specLal care must be taken in soil preparation. Other-
wise, maintenance cost will be increased ard the value of the playground
permalently iupaired. If by anJr means practicable, the establishing of
turf should be undertaken soon after bullding construction starts. If
possible, a cover crop should be grorn ard plowed under. In any casie,
the speclfications for soil preparation, seeding, etc., should berelated

-1-
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Recornmended Surfac
ect

TABI,E I

for Recreation Areas Related to
and of

Kind of Area
Low- and Moderate-Density
Projects (twins, Bow-
Houses, and Flats)

High-Density Projects
(Apartments )

Sports field.s

Game cor:rts

Areas for
ro1ler skating

Water play areas:
Spray surface
Border

Turfl loan

Sheet asphalt; bituminous
concretel portland cement
concretel sand-clay; turf
(according to intended
use)

Bituminous concretel
portland cement
concrete

Portland cement concrete
Bituminous concrete

Turf

Sheet asphalt; bituminous
concrete; portland cement
concretel sand-clay
(according to intended
use)

Sheet asphalt; bituminous
concretel portland cement
concrete

Portland eement concrete
Bitu.mlnous concretel
brick laid over concrete
base

Bituminous or portland
cement concrete with opeu
digging areas

Play areas for
smalL children
(supervised
play)

Paved courts be-
tween apartrnent
buildings

Areas under fixed
playgromd
equipment

Iv1ainly turf, but with
some portland eement
concrete

Sheet asphalt; bitumlnous
concretel portland cement
concrete

Light loam; sand; tanbark; Light loaml sard; tanbark;
sawdustl shavingsl rubber sawdustl shavingsl rubber
matting; foam pads matting; foam pads

Sittlng areas Portland cement concretel Portland cement concretel
brick or flagstones on brick; flagstonesl asphalt
sand cushion block

1 Surfacings are listed roughly in the ord.er of their desirability
under average conditions. The recormrendations are subject to some
adjustment for soiL and climatic condlti.ons, materials available
local.Iy, etc.
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to the project construction program and the area should not be open to
play use until a good stand of grass is obtained. It generally takes
6 or 8 months from the time of seedlng to establish turf vigorous enough
to withstand playground use.

(Pertinent to the preceding is the fact that considerabl-e investigation
has been made of econorical means for establishing turf for hard. wear,
"gravelled turfrr being a development in that direction. As a result,
sone authoritles now lean, under certain conditions, to using the right
kind of grass and commercial fertilizer on hard or poor soil, in lieu of
the cr:stonary topsoiling process. )

Play areas for small children should be malnly in turf, although up to
t/l of the area may be hard-sr:rfaced if the unpaved portion will provide
/r00 sq. ft. for free play and sufficient use space for apparatus. Since
these a.Teas are quite smaIl, they may often be sodded, rather than
seeded.

7. IOA}I

Loarn and natural soil have seldom been employed as playfield surfaces in
Iow-rent projeets. Their advaatages and disadvantages are too obvious to
requlre mention, although it should be noted that dust nuisance can be
abated effectively by cal-clurn chloride applications.

8. SAI'ID-CLAY, CLAY-C.RA\IEL

Clay mirbr:res have found their principal use in southern states where
bituninous surfaces became qulte hot in the sunrner. Such mixtures have
been laid in the North also, but with rather less satisfactory results,
partly because the break-up from freezing adds to maintenance and makes
the surfacing unsuitable for use durirg a greater proportion of the
year.

Sand-clay is most like1y to be advantageow in local-ities where a suit-
able natural mixture is available and is in corrnon use for playground
surfacing, since laboratory control and mechanical m'ixing add greatly
to cost. Horvever, if mechanical mixing is required, the specifications
should provide for the advance preparation of sample plots with dlffer-
ent proportions of materials, to dete::nine the best combination. It is
suggested that the test nixtr.rres contain 3O$, upward and downward, of
sand..

Sard-clay should be lald on a subba-se of cinders, gravel, stone or slag
to permit using the surface more quiclcly after rains. It Ls sometimes
so laid with a coupacted thichress of only 2 inches.

-6-
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9. GRA\TEL

Gravel sr:rfacing is low in cost and pleasing in appeara"nce, but the
loose material must be swept off pavements and raked out of lawns;
children throw it around; and weeds must be cleared out frequently.
Gravel is considered unsuitabl-e generally for any usie as sr.rfacing in
low-rent projeets.

10. SCRTEN]NCS

Limestone screenings, granulated s1ag, cLnders, shell, ald similar mate-
rlals have some of the disadvantages of gravell moreover, they are abrrr-
sive and detract generally from appeararces. These materia-Ls also are
considered. unsuitable for recreation area surfacirig in housirg projects.

11. BTTUiVIINOUS SURFACING

a. Limitations on Use. Biturninous surfacing has met ob jection in
some localities because of its beconing soft, sticlry, and too hot for
bare feet in the surmer. Urith the proper grade of asphalt cement speci-
fied, bituminous conerete should not become sticlry or objectionably soft
in rnidsummer. Bituminous surfaceilare heat absorbing arrO may be drab in
appearance. However these disadvanta€es may now be eliminated by apply-
ing a sealer or color coating to the bituminous surface on recreational
or sitting areas. Bitundnous $lrfacing should not be laid on smal1 or
irregularJy shaped areas all parts of which cannot be reached easi\r
wlth a power roll-er. Compaction by tamping is 1ike1y to result in poor
worlsnanship -- in a rough surface and one that indents easily. Further,
in the case of snaI1 areas, the necessary permanent edging increases
material\r the per-square-foot cost.

b. Base Course. The base course for bituminous surfacing consists
commonly of well-compacted crushed rock gravel or sheIl with fines swept
and rolled into the surface voids, or of blturninoi:s ccncrete. The thick-
ness necessary to provide a firm foundation for the surface cor:rse ob-
viously depends on soil and climatic conditions (see the previ-ous dis-
cussion of 'tsubgrade"). Four inches is the recournend.ed minimuru depth.
Latest AASH0 tests lndicate best performa.nce using bitr.rninous concrete
bases. Cost studies should be made of different sections to obtaln
optimum section -- lncluding di.fferent bases a:rd surfaces.

-7-

For intensively used recreation areas, bituminous surfacing properly laid
has important advantages: year-round usefulness, smoothness, fi.rmness
of footing, a degree of resilience, and a surface that can be marked for
court games. ivloveover, it is easy to repair and generally reasonable in
first cost. In housing project erperience, however, bituminous sr:.rfacing
has frequently proved far from satisfactory. The reasons for this are
noted in the following discussion, which covers *,he principal points
meriting consideration in the use of this class of surfacing:
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c. Sr:rface Course. The most cornmon defect in bituninow surfacing
as laid on recreation areas has been roughness and abrasiveness -- a
defect due in part to inappropriate sr:rfacing types, improper surface
sealing, poor worlcmanship and lack of competent inspection. The
biti:minous wearing surface should
finegrained. Sheet asphalt and bi laid

be smooth, dense, imperviou.s and
turninous concrete are preferably

in two cou.rses, having a total thiclo:ess of 2 inches. Base must be
accurate as to grade with sufficient screeds or blocks for grade control.

Specifieations for bituninous surfacing should be prepared with a fu1l
hnowledge of the kinds of such sr:rfacing laid locally in stree-bs and
roads, that is, of the kinds which 1ocal contractors are equipped to 1ay
and for which aggregates are readily available. The specifieations may
often be shortened greatly by stipulatlng construction in accordance
with city or State highway department specifications. However, such
speclfications should be dxamined carefully and argr requirements etini-
nated that are not entirely practicable in their application to the
project work.

d. Permanent Side Supports. Unless bitu.mlnoris surfaclng is lald
against buildings, walks or other solid construction, pe:manent side
supports of concrete, brick or steel curbing should be provided. Other-
wise, ravelling is quite certain to occur, even though the base course
is extended slightly beyond the edge of the top course. ItVood side forus
may be heaved by frost ard at best are inpermanent; they have generally
proved unsatisfactory and should not be used.

e. Worhansh+!_'in Lg[ing. The usefulness of bitumlnor:s-surfaced
recreat1@roJecthasoftenbeenirnpairedbyinfer1or
worknanship. Specifying a suitable mix is ln ltself no guarantee of a
satisfactory job. Apart from the general supervision normally supplied
by the civll engineer, bltr:.ninous surfacing should be laid under the
constant supqrviqlql o! ar inspector thoroughly erperieneed in that line
of work.

L2. CORK.ASPHALT

Cork-asphalt sr:rfacing of both the hot-mix and sr:rface-treatment types
has been laid i-n a nr:mber of low-rent projectsl and specimen areas of
the two types and of different mixtures were laid on a large play area
in a Washington, D.C. project. The hot-m:ix specimens show no sign of
disintegration after ten years of u.se. Based on these tests, the tenta-
tlvely recommended formula for hot-mix cork-asphalt is:

Percentage by Weight
Gror:nd cork, 8- to 24-mesh
Sand, graded as for sheet asphalt
Limestone dr:st
Asphalt, 70 to 85 penetration

---rtn
7L
7 t/z

I6
g

I
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Cork-asphalt is slightly rnore resilient (or soft) than standard bitr:mi-
nous pavements, ard slightly superior to sheet asphalt as regards
abrasiveness. Honever, it is considerably more costly and rather more
dtfficult to Iay than hot-mix asphaltic concrete or sheet a.sphal-t. Con-
sequently, there is greater risk of inferior worknanship; cork-asphalt
surfacing lnspected on certain publlc playgrounds was not standing up
satisfactorily in all cases. The material- is recornmended for use in
low-rent projects only when it has been laid in the locality and lts use
has proved generally successful.

L3. PORTI.AI{D CEMENT CONCRTTE

The advantages and disadvantages of concrete surfacing are too obvious
to require emphasis. The advantages include year-round utility, ralnimum
maintenance expense, and. a smooth surface for roller skating, wheel toys
and various court galnes. Among the disadvantages are hardness on the
feet (1ack of resillency), glare (whlch may be lessened by dark col-or-
ing), and the necessity for contraction Joints in other than small
areas. For comparatively 1arge, intenslvely used play area"s, bituminor:s
surfacing has been laid 1n far more proJects than has portland cement
concrete. For smal1 sitting areas, conerete is, as a rule, decided\r
preferable to bitunrlnous sr:rfacing.

l4. PRECA,ST CONCRETE STABS

To lend variety, precast concrete slabs (about 16 lnches square and 2
inches thick) have sometjmes been used for sitting-area sr:rfacing. Laid
with open joints, such sr:rfaces have proved unsight\y, dangerous, and
difficult to maintain. If used at all, the slabs should be laid with
tight jolnts and on a sand cr:shlon. However, their inltial cost is
little less than that of a monollthic concrete slab and malntenarlce
costs are hlgher.

L5. FI,AGSTONES

Flagging laid on a sand bed should be in large sl-abs that can not be
removed. by children, and joints should be tight. As a ruIe, there is
Iittle justificatlon for using this type of surfacing except on speclal
area.s in high-density projects. In such lnstarlces, the flags should be
laid on a sand cushion over a conerete base.

16. BBICK

Brick on sand cushion does not provide a surface smooth enough for wheel
toys, court games, etc. However, brick surfaclng is satisfactory for
sitting areas and it furnishes needed color in ground areas. ft has
been laid in numerous exlsting projeets -- sometimes successfully, some-
times not. Tight laying is important; othenuise clr-ildren remove the
brick. Edges of brick areasi should be protected by solid curbing of

-9-
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concrete, steeI, or brick set on end 1n concrete. Brick laid on a mastic
bed over a concrete ba.se makes an excellent sr:rfacing for sitting areas,
but, as in the case of flagstones similarly 1aid, ls rather too costly
to be provided in other than exceptlonal cases in high-density projects.

17. GRANITE BIOCKS

Gran-ite blocks salvaged from old pavements have been utilized in low-
rent projects ln several eastern cities. They have been employed mainly
for wal-kwary- edging, for surfacing the space between sidewalk and curb,
and for covering other areas subject to severe wear. The blocks are
al-together too rough for most play uses and are not very satl-sfactory
for sitting arreas. Reports inrlicate that, if used, they should be laid
on a sand bed and with tight joints, rather than with open joints fi1led
with topsoil.

18. }']NAL CHOICE OF SURFACING

The reconmendations contalned in Table I above are, as noted, subject to
ad.justment for loeal conditions, and these should be investigated care-
fuIly. Bituminous surfaces should be specified wittr caution for laying
in the southern states.

Local practice in surfaci-ng school yards and park playgroutds is often
worth investlgating. Some locally employed type not referred to in this
bulletin may be fourd sultable for houslng project usel or check may be
had on experience reported in this discr:ssion. Local practice ls neces-
sarily based on local-Iy prevailing conditions of every sort -- cllmate,
availability of materials, ski1l in laying certain kinds of surfacing,
etc. -- and r:sefu1 info::mation may be obtained.

Care in the selection of surfacing types ls important. Decisions should
not be perfunctory ard should not be made without fleld examination or
firsthand tro:owled.ge of ttre kinds of surfacing proposed for use.

-10- HHFA-PHA, Wash. D.C.
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PART IV . IVALIffAYS

1. INTRODUCTION

The general layout and widths of project wallcvyays are fixed in the de-
velopment of the site p1an, the details of which are discussed in other
PHA bulletins. Thereafter, in project grade design, walk grades are
established and wallaruay steps located and dimensioned. This disposes of
a major part of the design work in connection with project walks.

Portland cement concrete has proved generally to be by far the best ma-
terial for walkways in Io'n-rent projects. Concrete wal-ks are satisfac-
tory in alnost every r'espect from a rruserr point of view, and they require
a minirnr:.m of maintenance. Other wal-k materials are discussed in this
buI1etin, but main-iy '[o explain why their use is not recommended.

The following text refers to wal-ks within the project site. Sidewalks
in existing streets, or in streets to be dedicated, must be built to
cotrrply with Local municipal standards.

2. CONCRTTE WALK CONSTRUCTION

Concrete walks are built to a variety of specifications, but the trend
in recent years has been toward (t) one-course construction (a 4-inch
slab thiekness is commonly used in housing projects) , (Z) omission of
any. subbase unl-ess soil conditions are unfavorable (see paragraph I be-
1ow), and (:) premolded expansion joints at intervals geierallJ-not ex-
ceeding 30 feet, at walk intersecti.ons, at top and bottom of steps,
abutting entrance platforms, bullding walIs and metal stmctures (see
paragraph 6 below). Such construction has proved satisfactory and
should general\r be followed.

There is no prevailing practice, however, as regards contraction joints.
In some places, metal separation plates are used to form fuIl-depth
joints, often spaced close to 5 feet apa::t. Elsewhere, grooves (aurrny
joints) one or two inches deep are similarly spaced. This latter prac-
tice, which has become quite common, corresponds to ttrat wideiy used in
highway constmctionl longltudinal grooves (aurrny joints) are placed in
the center line of walks that are over 6 feet widel for wal}s over 10
feet wide the longitudinal joint should preferably be formed by metal
separation plates for the fu11 depth. Surface finish general\r is wood-
float or carpet-fIoat t)npe.

From a construction-cost standpoint, it is desirable to specify con-
stmction methods that local contractors are accustomed to and equipped
to fo11ow. However, fairly c1ose15r spaced contraction joints are recom-
mended for controlllng the location of cracks.

-1-
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Air-entraining cerlent sh,:u1d be specified in severe climates where salt
or calcium chloride may be used frequently for ice removal. The use of
coloring compound in project walks may be justifiable. Exposed aggregate
concrete walks may be used to provide interest at nominal extra cost
where attractive aggregate and competent worlsnanship are available. In
critical frost susceptible areas, it is recommended that a vapor barrier
such as subgrade paper or po\rethylene be placed on the subgrade before
placing concrete.

3. BITUMINOUS WATKS

Bituminous walks present a pleasing appearance -- when they are kept in
good repair -- and they can sometimes be laid at a cost conrparing favor-
ably with that of concrete. But experienee with them in lolv-rent proj-
ects has been unsatisfactory. Ro11er operation has been difficult, if
not impossible, over narrow wal-lanrays having frequent sharp intersec-
tions. Further, permanent side supports to prevent ravelling have gen-
erally been omitted, and lack of expert inspection has been reflected in
faulty worlananship.

If and when 1aid, bituminous walks should be of a mix that will produce
a smooth, dense surface. However, such walks should not be laid without
permaneni side supports (steel or concrete) or unless-I5cal erperience
in walk construction, preferab\r in nearby housing projects, proves that
the difficulties cited above can be overcome.

1. PRXCAST CONCRXTE STABS; FLAGSTONES

Stepping-stones, about 12 by 18 inches, have been laid to form house-
entrance and ottrer minor walks in various existing projects. Ttrese are
usually laid 26 to 28 inches on centers. They are sightly, when well
laid and maintained, but the stones are hard to keep at gradel children
dig them up; it is difficult to wheel baby-carriages over them, etc.
Minimum-width concrete walks can be built at little more cost and are
far more satisfactory.

Closely-Iaid concrete sl-abs or flagstones cost at least as much as con-
crete walks and, exceptirg possibly the matter of appearances, are less
satisfactory than monolithic concrete and more costly to maintain.

5. GRAVEL WALKS

Experience with gravel walks in Iow-rent projects has been whol-Iy unsat-
isfactory. Children scatter the pebbles around and the binder tracks
into houses. No such walkways should be specified.

6. ROUNDINGS

Experience has shown that roundings (or splayings) are needed for lawn
protection at all walk intersections, with the possible exception of
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those at house entrance walks. Radius of the rounding may be approxi-
mately half the greater walk width. As a m1e, an expansion joint
should be located at the end of each such roundingl thus, at a right-
angled intersection of two 6-foot walkways, there should be four expan-
sion joints, each 6 feet from the intersection of the walkuray center-
lines.

7. \TERGES

In certain high-density projects wal}<iruay verges (or borders) have been
required to prevent destructive wear on adjoining grassed areas. 01d
stone paving blocks have been used. for the purposel since they are
uncomfortable to walk on, ttrey keep pedestrians on the concrete surface.
A 1ow curb serves ttre sarne purpose, although ttris is not so effective
and could cause tripping.

8. SUBBASE, SLIBCTRADE

A subbase of gravel, cinders or similar material, under concrete walJrs,
is urrnecessary unless drainage conditions are unfavorable or the soil
ls soft or unstable. If provided, it is important that the subbase have
adequate tile drain outlets. Subdrainage is lmportant for wa1ks, as
well- as for roadways, where the ground-water leve1 is very cl-ose to the
surface.

9. IJVAIKWAY SLOPES

The mininrrrm grade recomnended for project concrete walks Ls O.5O$--
l.Oq foiSituninous and buil-ding entrance walks. A 1.00$ m:-nirn:m is
preferred, however, for all walks. The reconunended ma:rimum is 7-BS for
main and lO$ tor entrance walks -- 6% in each case where snow and ice
may prevail during a long winter season; and due consideration should
always be given to the nature of the terrain and to the slopes com-
monly used in the 1ocality.t

$tarp breaks in grade should always be avoided, and the drawings should
show typlcal- details of vertical curves in walks. In main wa1ks, such
curves may be fairly long -- 25 feet or more -- with forms set in short
straight chords. In steep entrance waIks, the curves witl necessarily
be quite short -- 6 feet, more or less, with top of forms curved to fit.
Providing vertical curves in walks requires additional care in design
and in staking the work ln the fieId, but it adds on\r slightly to
construction costs, and appearances are lmproved material\r. Show de-
tailed verti.cal curve grades to obtain desired results.

As a safety provision, walks within about 2 feet from the top and bot-
tom of steps should have very little slope -- s&yr on$ l/4.inch per

r See also Part I, rrProject Grade Designr'r of this Bulletin.
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foot. This may be aceomplished, where a steep entrance walk joins a
building platform, hy 1eve1 tangent extending from ttre base of the steps
to a point of intersection of vertical curve, about 3 feet distant.

Walks should be cross-sloped (or crowned) not les.s than l/4 irlch per
foot. The direction of cross sIope, to fit the drainage scheme, should
be shown on the grade drawings by arrow points.

10. IVALI{IVAY STEFS

Avoid steps in eoll-ecting waIks, if at all possible. \llhile walkway
steps, and the earth banks that go with them, are extremely undesirable,
they are frequently unavoidable. When required, their location, rise
and mn are fixed in the project grade design. The rise obviously should
be based on a uniforrn step throughout the projeet. A 6-inch rise arrd
l-2-inch tread, comesponding to a 2 to 1 sIope, are comrnon\y used a1-
though, where ground space permits, 3 to 1 banks with 5-inch by 15-inch
steps may be considered preferable. (These observations do not apply
to steps at building platforms. Where approach wal-ks are l-aid quite
close to row houses, steps at all such building platforms can seldom be
kept of the same dimension. ) Steps should be pitched slightly for
drainage. An intermediate landing is desirable when a flight of steps
rises more than 6 feet. Short sections of walkway should be provided
between ends of steps and adjacent cross wal-ks or drives.

Cheek walls along the sides of steps ser"ve as beams and aid in keeping
the adjoining bank in good condition. tl{hen not provided, erosi.on often
leaves the step corners protmding in an u:rsightly and unsafe rrray.

lYhere there wil-l- be much storm water fLow to the top of a flight of
steps, it is recommended that a concrete gutter be cast integral\r wlth
the cheek walL on the down-hiI1 side of the steps, that is, on the side
toward which the connecting walk from above i-s cross-s1oped. At its
top, the gutter should be spread to intercept the storm water florry. Con-
trolling erosion at the side of steps has always been a difficult prob-
1em, not only due to surfaee drainage but because chil-dren play and run
their wheeled vehicl-es up and dovrrn slopes in 'uhese places.
Handrails are general\r considered necessary for flights of yard steps
containing 5 or more risers -- 3 ot 4 where snow and ice are coiltrnon
during the winter months. A double rail is desirable so ttrat one pipe
will be 1ow enough for sma1l children.
For.rndation walls (or posts) at top and bottom of steps should be carried
down to undisturbed soi1.
11. PERRONS AND STEPPED RATIPS

Stepped ramps, or perrons, are adapted to slopes up to about 5 to l, over
which a power mower can be operated, Tbrey are better for passage of
bicycles and perambul-ators ttran are ordinary steps, but are recornrnended.
for use on\r where a walkvray, wittrout them, woul-d definitely be too
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steep. The longitudinal slope of perron treads should not exceed
t/2 inch per foot, preferably l//n incn, For stepped ramps, the pre-
ferred is a 6-inch riser and 5-foo'b tread.

L2. INSPECTION

Although walks comprise a simple phase of project ccnstmotion, poor
worlsnanship has caused trouble in various exjsting projects. Probably
the most serious defects have resulted from poor finishing and inaccurate
grading of forms, particularly where grades have been light. To this
and other details of walk construction the engineer and inspectors
should give close attention. (See Part II, paragraph 12, of this Bulle-
tin. )

-5- HHFA-PHA, lYash., D.C.
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SITE ENGINEERTNG

PART V . SPRAT POOL DESIGN

1. INTRODUCTION

Water play facillties such as spray poo1s, wading pools, and lmprovised
sprays are in use in margr low-rent housing projects. Properly designed
and constructed facllities are very popular wlth children and are a
worthwhile addition to large high-density projects not served by compar-
able conrmunlty or municlpal facillties. .Srna1l low-density projects eon-
sisting of detached and semi-detached housing usualJ;y flnd little need
for a special faeility. The decision as to the need for a facility, as
well as the kind of facillty to be provided, should be made as ear\r as
possible in the projectrs design and only after consultation with the
responsible uunicipal authorities. Failure to reach a timely deeislon in
this natter usual\r results either in resortLng to a makeshift facility
at a later date, or in providlng a prohibited facllity. As a general rlIe,
spray pools are preferable to wading pooIs, slnce the latter are consid-
ered to be a health hazard and are even prohibited ln some localities.

Spray pool deslgn is dealt with here for the sole purpose of pointing
out d.esign consideratlons whieh experlence has shown to be slgnificant.
The principles set forth are appropriate to any water play facility.

2. POOL PAVEITENT AND BORDER

FieLd opinlon is unanimous as to the need for a paved border at leastI feet wlde around ttre spray area. This border may be of bituminousmaterial, concrete, or brick, and should pitch away from the pool. rnno case should grassed or planted areas diain onto the spray ioot pave-ment.

3. CONTROL VAIVES

The water supply contror- valves must be secure from tampering by chil_dren, reasonab\r accessible, and within sight of the spray area. Theymay be located in a masonry pit with indesfructibl" 
"oir"r"and lock, orin the basement of a nearty commrnity building.

rn addition to the cut-off in th_e supply 1ine, there shour_d be a globeva1ve, or a pressure-reducing valver-wrricrr 
""rI u" adjusted to the properflow (see Figure 1). ll[hen m6re than one rarge 

"pruy head is used, anindividual controL_should be provided for ""fh, as well as a var-ve ont|9 1.i1 supply. The water pipins m:st s1op" io . smar-l drain valvewhich will permit draining the-water from tire piping after the waterplay season is oyer.
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The spray pool drain shouLd be of an anti-freezing type, and adequate in
capacity to take the spray-head discharge without impounding more than
an inch or so of water. Moreover, it should be secure against tamperlng
by children and stoppage by sticks and stones. It may cons:Lst of a
hearry, lock-t;pe strainer with a secondary strainer, or a lock-type
strainer set over a smal-I catch basinl or it may be of some special de-
sign as illustrated in Figure 1. Long gratings, such as are used to
intercept drai-nage from driveways onto sidewalks, may also be used.
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The l-ock-t;pe strainer should be a fine grating or a perforated pIate,
to keep ttre area as smoottr as possible for other reereational use. If a
catch basin is provided, it should be trapped, but a basin i.s recom-
mended only when the pool drain must be coru:ected to a combined sewer,
since the standing water may provide a breeding place for mosquitoes.

It is important that sand boxes and spray pools be well separatedl
othervi-se children will carry sand onto the pool ated., from which it
wiII be washed into the drain.

-3- IIHFA-PHA, Ilash. D.C.
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PART VI . MISCELI,ANEOUS SITE IMPROVXXVIENTS

1. RTTAINING WAILS

a. Where Needed. Housing projects on steep sites are usually
plaru:ed in a series of terraces, with the transition from one to another
made in part by the project buiLdings and in part by earth banks or
retaining walls. The banks, because of their far lower first cost, are
generally used.

In high-density projects, however, where land costs are high, retaining
wal1s may conserve valuable spaee needed for recreational use, 1aundry
drying yards, etc., space that othervise would be occupied by barrks.
Moreover, retaining wa1ls are sometimes essential in fitting a site plan
to rugged terrainl and such wa11s, to the extent they are used in ar5r
project, eliminate the costly maintenance of earth barrks.

Determination of the need for retaining waIls is a combj-ned site-
plaru:ing and grade-design problem. In visualizLrtg project grades as the
plan is developed, the site plarrner can, to a large extent, determine if
and where wall-s will be necessary. Then, as finished grades are estab-
lished, the site engineer can make the final determinations and, in the
detailed design, fix top, base, and footing elevations.

b. Special Considerations. Since civil- engineers general\r are
familiar with retaining waI1 design, no d.iscussion of wall stability,
expanslon joints, eontraction joints, drainage, etc., is included in
this bu1letin. Noted beIw, however, are several considerations, based
on plann-irg and maintenance experience, eoncerning the provision of
such walls in low-rent projects.

(1) Retaining walls with footings carried below frost line are
comparatively costly stnrctures. They have been used in some locations
where they could have been avoided satisfactori\r by finished grade
adjustments.

(2) Reinforced concrete is generally the most economical ma-
terial for retaining waI1s.

(:) Dry stone masoruTr, however, where suitable stone is avail-
ab1e, is an economical- and suitabl-e material for wal1s of up to moder-
ate height. As a mle, dry wal1s need not extend rmrch below finished
grade, although they should rest on undisturbed soil. See Part I, para-
graph 10d, of this Bu11etin.

(1) Ithere a slope must extend down sharply from a building to
an adjacent walk or roadway, a Iow wa11 may be advantageous at the base
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of the s1ope, to give needed berm along the building anarlor decrease the
length of sIope. For such purpose, a dry waI1, or a concrete wal1 in the
form of a high curb, may be adequate.

(5) Elsewhere, at the base of a long steep sIope, a 1ow wa11
with a swale behind it is useful in intercepting storm water and. con-
taining eroded material.'

(6) Fences should be provided atong the tops of retaining walls,
except in ttre case of low wal-ls such as referred to in subparagraph (/*)
above.

(7) Again exceptirrg Low waLls. also those of dry stone masonrTr,
surface water should not be permitted to flow down the wall- face.

(8) Fitting the ends of wal1s to finished grade usual\r re-
quires wings extending back into the bank.

(g) Existing retaining waIls, if ar1y, to be left in place
should be investigated for stability.

c. Retainiqg_Wall- lfele. In additlon to showing wall sections,
joint ae@r drainage, etc., the drawings should in-
clude an elevation (or profile) showing original ground line and firrished
grades along each retaining wall-. This facilitates taking off quantities
and checking waII dimensions.

2. CLOTHESLINE SUPPORTS

a. Plarnring Considerations. The layout of outdoor c1o r,nes-drying
facil-ities is properly a feature of the site pIan. Site engineers on
low-rent projects should be familiar with reconmended minimal require-
ments for these facilities and with certain data useful in their design.

(f) In tenant {ards, clotheslines should never be strurg from
hooks set in the building waI1s. Where rear yards are very sha11ow,
multiple lines may be strung paraIIe1 to the buildings and supported on
posts with cross arms. Recommended line lengttrs, height, etc., are as
follows:

Line length: 60 feet for one-bedroom units, 75 to 100 feet for
larger ullts

T,ine height: 6'-2u, measured above flnished grade at posts.

Spaeing between paraI1e1 lines should be 18 inches.
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Line Sag: Dre consideration should be given to clothesline sag
in order to minimize damage to clothes poIes. Although the increase in
clothesline sag will not particularly increase the length of the Iine,
it will- materially decrease the strain on the clothes poIes. A sag of
approximatu$ l/+Oth of the span will provide a safety factor over a
clothesline without sag.

(2) fn. coqnU+1y {ryire yards, post-supported rails should be
located on two sides of ttre area and wires strung between. Intermediate
supports shou1d be provided if the line length exceeds about 35 feet.
Becormnended details are as follows:

Line length: At least 20 feet per dwelling r.rnit served.

line Height: (As above).

$pacing between paral1e1 lines: Alternately, l-8 inches and 30
inches.

fuaee between posts and adjacent drying-yard fence or other
obstruction: 36 inches.

b. Post Dimensions. Clothesline supports, in project design, have
generally been sized largely by guess but on the whol-e fairly satisfae-
toriiy. Instances of flimsy section, requlring subsequent reinforcement
by means of eoncrete pi.ers, have been experiencedl however, a minimum
of 2-1"/2 inch galvan-lzed steel pipe has given satisfactory service.

Rolled H and I sections, as used by fence manufacturers, have been
utilized as clothesl-ine pcsts in rnrmerous projects. Weighing slightly
over 4 pounds per foot, their section modulus (around their major axis)
is approximately 0.80. These sections have the advantage of practicallJ
indefinite f-ife if they are galvanized. Steel argles and tees are not
efficient sections for posts.

Steel posts should be galvanized after fabrication, although the latter
is not necessary lf galvanized material-s are used and the members are
not welded in fabricatirg.

3. FENCES

The location of project fences is fixed in the development of the site
pIan. Whil-e these noti:s deal mainly with design details, the subject
can not be separated from certain planning ccnsiderations. The latter
include fencing costs, project appearance, and the need for fencing as
related to project maintenance and to the customs of the people to be
housed.

a
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TABLE I
Fencing ffies and Heights

Fencing Uses Appropriate Tlrpesl

1. 0n retaining wal1s Chain l-ink

Chain link2. Boundary barricades
along railroads,
private property,
around L.P. tanks,
master gas meters,
electrical trans-
former stations,
maintenance material
open storage, etc.

3. Clothes drying yard
enclosures

4. Principal recreation
area enclosures

5. Pre-school childrenrs
play area enclogrres

6. Terrpcrary protection of
lavirns and planting

7. Permanent protection of
l-awns and planting

8. Garbage collection
platforrn encl-osures

9. Tenant rear yard
enclosures

Chain link

Chain link

Chain link
or wood

Wire strand, one
to three wires

Wire strand, chain
1ink, or post and
chain

Chain link

lYire strand or
chain link

Suggested Heights

4 feet,

6 feet

4 to 5 feet,

6 feet
(more for special uses)

3-t/2 teet

2 to 3-l/2 feet

2-t/2 to 3-t/2 teet
for wire strandl
3 to 4 feet for
chain link; 2-y2
feet for post and
chain

4 feet,

2-t/2 to 3-t/2 feet
for wire strandl
3 to 4 feet for
chaln l-ink

1 Discussion of each type is on the following pages.
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a. Fencing Uses. Table I gives zuggested fence types and heights
for various uses. For uses 1 through 6 as listed, fences arq as a rrlle
considered extremely desirable, if not necessary. Permanent protective
fencing (use ?) is generally needed around laurn and planted areas in
multi-story-buildirg projects, also often in special locations in row-
house projects, such as d.iagonally between building corners and main
wallauay intersections, to prevent corner-cutting. Ultimate economy is
best served by foreseeing where fencirg will be needed., rather than by
consttucting it 1ater, after lawns and planting have been damaged. Horrrr-

ever, decisions in the matter nnrst often be influenced by construction
cost limitations.

b. Tenant Yard Enclosures. There is considerable difference of
oplnion due to local conditions, as to whether tenantsr rear yards
should be fenced, or the plots marked off in some other manner, such as
by, shrubs, trees, clothes line supports, or markers in walks and build-
ing wa11s. Yards in the rear of a building are sometimes enclosed as a
group, with no divisions within the group. Whenever tenant yard fencing
is considered, management experience on operating projects (if any) in
the locality should by all means be investigated. The most important
eonsideration, however, will be that of cost limitations. As a ntIe,
chain link fencirg of individual yards nnrst be regarded as an extrava-
gant ltem and. one which can be considered onJ-y (1) when loca1 experience
proves it is extremely desirable, and (Z) wnen site improvement and
other project development costs wil-1 be urusually 1ow.

c Temporary protective fencing may be provided by the lawns and
ptanting@iocal- Authority, depending on whether the
contract ca1ls for maintenance. In either case, such fencing may be re-
quired for a somewhat extended period and it is desirable that a unifo::m,
sightly and adequate type of fence be erected.

d. Structural Screen lllal1s. IYhenever the servi.ce side of a dwell-
idg unit@xposed to ttre street, a structural screen
service area should be provided. Basic material used in the building
should be reflected in structural sereen waI1s. Two dwelling units
should share one enclosed service area and it should be large enough
and high enough to accornmodate drying area, garbage cans and temporary
storage for wheel toys and yarrl tools.

e. Chain-link fencing, aIthough too cost\r to be employed for any
and all purposes, is by far the most useful tlpe in low-rent projects.
Its advantages are a fair\r long life and a tight barricade where such
is required. Its disadvantages lie in reported high maintenance cost in
some projects (with particular reference to yard gates) and appeararlce
when used for tenant lrard enclosures. Gates are general\r considered
unnecessary in openings in chain link fencing around 1aundry-dry:-ng
yards, general play area, and. garbage collection stations. However,
despite maintenance considerations, gates are uzualIy regarded as an
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important feature of tenant-yard fencing, if and when bui1t. Chain Link
fabric should terminate 4 inches above finished grade. Vir1yl-clad or
aluminum chain link fence No. 9 gauge wire may reduce maintenance in
some locations.

l. -strand fenc , although sometimes extremely difficult to
maintain, has been used zuccessfully in mar5r pro jects. It is often ad-
vantageous from the standpoint of appearance as well as cost, and has
,proved satisfactory built as follows:

Postst l-V2 to 2-l/2 inch I.D. galvanized steel pipe wittr
screw cap, or 2.7-iLb. galvanized steel H or I sectionl
pcsts 6 to 8 feet apart, with 2-Y2 to 3-t/2 feet ex-
posed and, 2-t/2 feet in concrete setting.

Strands: TWo t/+ to Z/B j:ncn, 7-wire twisted strands, at least
12 inches apart, top strand 2t3tt *ove finished grade;
strands strung through holes drilled in posts or,
preferably, securely clamped to posts.

g. tl{ood f encing is not in all cases as durable and as sound. an
investment as steel or aluminum fence, but may be preferred for appear-
ance, privacy, and to fit architectural concept. It ls subject to de-
facement, burning, insect attack, and vandalism in some areas. Main
corurections should. be bolted and the lumber should receive preservative
treatment by a method that wil-l not lnterfere with its being painted.
Wood fencing may be of locust, cedar, or redwood posts set in concrete
footings, with cedar or redwood rails, pickets, or slats--depending on
1oca1ity. Red cedar posts and pickets do not require preservative
treatment.

h. Post and Chain Fence

Posts: t-5/8 inch O.D. galvanized steel welded or searnJ-ess
pipe set in concrete footings.
Post caps on all posts should be gray cast iron and
fastened to posts with a 5/8 incn cadmium plated drive
screw.

Chain: Galvanized,3/16 inch steel link chain with approxl-
mate\r 1O lirrks to the foot.

RXFUSE AND GARBAGE FACILITIES

Selection of an appropriate refuse and garbage facility cannot be taken
lightly since an ill--consldered choice can result in an unsatisfactory
atd./or insanitary situation after occupancy of the project. Because
projects vary as to size, building t;lpes, and location, no single tlrpe
of facility--incinei'ator, individual, or group garbage station--can be
consi-dered appropriate for al1 situations. fn addition, variances in
rmrnicipal practiees and capabil-ities in col-lecting and disposirg of
refuse and garbage add further complications to finding an appropri-
ate solution. The optimum choice wil-1 usual3y be ttre one which
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provides a reasonable balance between initial costs and long-term main-
tenance requi.rements, encourages proper use and care by tenants, is com-
patible with the loca1 municipal system, and does not present either an
unsightly or potenti-a1ly insanitary situation.
In what fo11ows, there is no intent to erpress preference for ar\y par-
ticular facility:

a. Incineratlon. The design considerations for incinerators are
covered in Low Rent Housing Bulletin 1,R-7, Part XIX, and are therefore
not covered in this Bulletin.

b. Individual Garbage Stations. When provided, the individual gar-
bage station for each dwelling un-lt should conslst of a substantial and
eLevated pad or pipe mounted rack. Its l-ocation should be convenient to
the user and as unobtrusive as possible. The area around the station
shoul-d be well drained with a durable, non-dustirg surface, since there
will be above average traffic at this area. In this connection, under-
ground stations have shown themselves to be unsatlsfactory because of
the difficulty and expense of providing adequate drainage, their sus-
ceptibility to rodent intrusion, the difficulty of keeping the well
clean, and the hlgh rate of corrosion of containers.

c. Refuse Collection Stations
(f) Scope. The following notes consist of brief recommenda-

tions on the design of refuse collection stations when and where they
are to be built--without reference to site-planning considerations and
wittrout discussj.on of the advantages and disadvantages of these stations
in l-ow-rent projects.

(2) Design Features. The principal elements of a welL designed
refuse collection station are:

(.) A concrete-paved platform, preferably with ridges or
wood cleats on which the cans will stand, sloped to a central drain.

(b) Concrete foundation wal1s at least 18 inches deep and
extended below frost 1ine, with an outward projection of approximately
12 inches, as a barrier against rats r burowing under the platform.

(") Enclosure wall-s of brick o:: concrete, at least 3-y2
feet high, with entrance through one end, or chain link fence and screen
planting. (l walI is preferred--and one which harmonizes with building
exteriors. At best, refuse collection stations detract in some degree
from project appearance. )

(a) Water and sewer corurections for cleaning and drainage.
Drains should be properly trapped. See Part IX, paragraph 6, of this
BulIetin.
Furthermore, some means should be provided, such as chain attachments
to the wa1Is, to prevent the loss of can 1ids.
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(3) O+antity of Refuse. Data on the quantities of garbage and
rubbish, the main components of p[ry, from low-rent projects are
not as complete as might be desired. The amounts vary in different sec-
tions of the country, and every effort should be made to obtain reliabl-e
information local\r, especially from ar5r existing projects. The fo11ow-
ing are believed to be fairly representative estimates of peak quanti-
ties, suitable for ehecking purposes:

Garbage (Uutt, unwrapped) : 2-t/Z gallons, or approx-
imately 5 pounds, per fam-
i\y per day.

Rubbish: 34/2 ga1Ions, or approximateiy t-l/4
pounds, per family per day. (Ashes not
included) .

Combined Garbage and Rubbish: 5 ga11ons, or approxi-
mately 6i/4 pounds,
per family per day.

(1) Collection Station Capacity. Garbage is collected semi-
weekly, if not more often, in most cities, although rubbish collection
may be weekly. Having ascertained 1oca1 requirements as to the separa-
tion of garbage and rubbish, Iorowing the collection intervals, and hav-
irg made the best possible estimate on quantitj.es (including ashes, lf
any)r can capactty and requisite statlon dimensions for varying mrmbers
of dwellirgs can be computed.

Twenty-five gallon cans (I8" aiameter x 26" high) are sqgested as the
ma:rimum size for garbage, and 33-ga11on cans (ZO-t/2" diameter x 33'l
high) as suitable for rubbish, or combined garbage and rubblsh. The
murticipal department having jurisdlction should be consulted on can
size, however.

The collection station platform should be of ample si.ze. A little extra
floor area and a few additional feet of wafl- will increase cost but
1itt1e, while inadequate capacity will quite certainly result in un-
sightly and insanitary conditions. Moreover, refuse containers last
longer and involve less maintenance and clean-up of spillage, if sized
for at least 255 more than peaJ< quantities. Provide concrete step or
steps so that children may deliver refuse without spi11age.

(5) Conclusion. Refuse collection station design should be
undertaken on\r after obtaining all pertinent i.nformation available
Ioca11y concerning refuse quantities and other conditions affecting the
design. Collection stations, concededly far from an ideal- means of
gettiqg rid of project refuse, have caused operating difficulties on
many projects, and every precaution should be taken to minimize such
difficulties when this method of disposal is to be employed.

I HIIFA-PHA, Wash. D.C.
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PART ITII

S]TE ENGINEERING

1. INTRODUCTION

An ample supplJ of potable water is indispensabl-e to rrdecent, safe, and
sanitary housingrr built under the United States Housing Act. Water rmst
be available at adequate pressure, as well as in sufficient quantity,
for domestlc consumption, fire fighting, lawn sprinkling, and incidental
uses. Stand pipes and tanks should be avoided as far as posslble.

from operating water works
rural- nonfarm projects will

Urba+ low-rent projects are always supplied
systems and it is expected that nearly all
be so served. ShouLd a project be proposed
operating utility, decision as to source of
be made at the time of site selection. The
a water supply plant is one which the Local
possible.

in a place where there is no
water supply must obviously
responsibility of operating
Authority should avoid, if

Since water supply works, if any, i.n low-rent housing will be excep-
tional, these notes deal with water distribution- on1y, and this generally
isasimp1eerrgineeringprob1em.t.te@compeieneearrdaitention
to detail are essential in developing an efficient layout and specifying
proper materials. The engineerts work should include a check on and an
evaluation of the adequacy of the public water supply at the site.

2. EXISTING II/AINS; VUORKING PRESSURES

Ttre site utility map furnishes certain information on existirg water
mains and working pressures needed for distribution system design. How-
ever, it ordinarily shows only the mains within or immediately adjacent
to the site and unless these lines are of ample size and are connected
to nearby feeders, they may not provide an adequate supply for the
project, particularly for fire protection. If existing water malns
require extensions to the site, or larger sizes, or other imFrovements
in pub1lc streets, early lcrowledge is needed eoncerning what part, if
any, of the cost must be borne by the project.

lSee also Part I1, paragraph 1, of this Bu11etln.

NOTE: Ttris Part supersedes Part \tII dated 2-20-51. The material has
been brought up to date.

1
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In any event, the engineer rust be accurately informed regarding uorking
pressures and capacities of existing mains, and the most reliabLe infor-
mation can be obtained by fire-flow tests made at hydrants near the
site. Upon request by the Architect, the Local Authority may have such
tests made by the local water works or fire department.

3, IiIETHOD OF WATER SERVICE; IvIETERINGI

Local regulations, unusual- rate structures, or other conditions some-
times necessitate installing a meter on the servlee to each dwelllng
unit or to each buildi.ng. Usually, hovrever, water can be purchased at
considerably less cost through a master meter by-bhe Local Authority
than through individual meters by tenants; so the former is the method
corrnonly employed and, for the most partr'that referred to in this
discussion. Generally speaking, check meters on tenantst services, when
water is supplied by the project, are not economical.

Water may be supplied (I) throWh a single master meter, (Z) through two
or more meters off different mains, with the lines intercorueected for
seeurity against interruption of' service, or (3) throughrrgroup metersrr--
a separate meter for each group of buildings or dwellings. Under
the last two methods arrangements should be made, if possible, to con-
solidate the meter readlngs and thus obtain a lower rate. fn princlple,
the problem in each case is to deternine the method of water service
which, within the rate structure and any concessions negotiated, will
result in ninimum aru:ual costs--water rentals, operatlng costs, and
debt service considered. The distribution system design obvious\r can-
not be undertaken until- agreement is reached with the water department
(company) as to the method of water service and the point(s) of
delivery and metering. 2

/,. DOIUEST]C WATER SUPPLY

a. Yfater Consumption. The average daily water consu-urption in
l-ow-rent projects varies wldely with cliuratic conditi-ons, type of
dwelling, and habits of occupants, ranging from abqrt 100 to 300 gal-
lons per dwelling. For a speclfic projeet, the figure can best be based
on records from existing projects (if 

"r,V) 
in the 1oca1ity, although

200 gallons is a fairly safe allowance except in more or l-ess arid
regions. Check with the Local- Authority and the 1ocal water supply
agency.3 lvater consumption, however, is usually not an important ?igure

] See Bulletin No. LR-I-I, 'rselection of Utilities.rr2 See Bulletin No. LR-U; Part I.
3 See Bulletin No. LR-11, Part II.

-2-



HHF'A

PHA

Dec. L965
Bulletin No. In-4

PART VIl

in project distribution system design. It is employed in studying the
methods of water service descrlbed above, and in rare j-nstances in con-
sidering special water storage facilities.

b. Pea.k Domestlc Demand. Domestlc water supply lines are sized to
furnish @ demandrr which may be expected to occur
occasionally, due to the sirm:ltaneous opening of a mrmber of faucets.
The pea^k varles with local- conditions such as climate, type of project,
operating pressure in the mains, tenantsr customs and occupations, etc.,
and carurot be estinated wlth any aecuracy. Nevertheless, from data
derived from various sources, FigUre t has been prepared to show rough\r,
for design purposes, the maxiur:m flows for varying numbers of dwelling
units. Tl:e indicated fl-ows are doubtless somewhat liberal for high-
density projects and probably light for low-denslty prcjects ln semi-
arid regions, where the lawn-sprinkling demand is quite heavy. For
eol-d-water distribution only (hot water distributed from central or
group heating plants), about 25$ nay be dedueted from the demands shown.
It is advisable to check local experience before setting a value for
peak demand.
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e. Residual Pressure. l For sizing domestlc water supply 1ines,
trre requ@ure at the bullding wa1I rmrst be determined
for each type of building proposed. Ttris lnvolves decision (or agree-
ment between the distribution system designer and the building pipirg
designer) as to how the available pressure drop w'iII be split up, that
is, how mreh will be expended in the distribution system and how rmrch
within the building. It will generally be found desirable, when prac-
tieable, to supply the peak domestic demand at building wa1Is, ,at not
less than the following pressures:

Service to one or two dwe11lng units only: 25 p.s.i. for
I-story buildirgs; 30 p.s.i. for 2-story.

Single service to a 2- or 3-story building: 30 p.s.i. for
2-story; 35 p.s.i. for 3-story.

Service to mrlti-story building: A pressure as hlgh as feasible,
that is, with negligible pressure drop in serviee 1ine.

5. WATER SUPPLY FOR FIRN PROTECTION

a. Fire Flows. The flow of water required for fire protection
dependsoffiacteristicsoftheproject..1tssize,typeana
spacirg of buildings, nature of construction, etc.l also on flre risks
from adJoining properties and on the capaclty of available pumpers.
Subjeet to adjustment for these condltions and to modification in the
light of advice received from the locaI water department or from engi-
neers of the flre lnsurance bureau in the State, the following flows may
be regarded as average requirements:

he or_treieq! lliqe Flow (Si4gre Flre)
Three -story

or combina
apartments
tions

Tho-story row houses or
f l-ats

Single-story row houses or
two-story closely spaced

Detached or semi-detached
houses, generally

750 GPIvI from argr one hydrant
1500 GPM from ar5r two adjacent trydrants

(Same as preceding)

750 GPM from arly one tgrdrant2
1000 GPM from argr two adjacent tqydrants

750 GPM from ar5r one l5rdrant2

See Bulletin No. LR-7, Part XI.
2 Adequate protection may be afforded by 500 GPM, especial\r if hous-

ing is of fire-resistant construction. However, most fire department
pumpers are of 750 GPM capacity, and the supply at each }5rdrant should
be such that a pumper cannot cause negative pressure in the mains.

-/,



HI{FA
PHA

Dec. L965
Bul-letin No. tRf,

PART VII

Ivhrltistory building projects'are usually in metropolitan areas where
requiiements regarding fire flows are well established. Rural nonfarm
projects may be in places having linited water supply and distribution
facilities. fn such cases the designer should (1) provide a degree of
fire protection consistent wlth that generally available in the com-
munity, and (2) recognize the fire risk in spaclng buildings and choos-
lrg buildlng materials.

b. Total Fire Demand. The preceding discussion referred to the
flow at ar5r specific location. For a large project, especially one on
an outlying site, the total demand for water for fire protection should
be related to the size of the project. Ihis demand can be approximated
from the f ollowing tabl-e: r

Approximate Nunber
of Dwelling Units GPM Required

250
500

rr000
1r500
2r5OO

c. Residual Pressure.

aa

At fire lrydrants,

11000
1r500
2r000
2r5OO
31000

residual- pressure atthe
times of ma:<funrm fire fl-ow can hardly be figured safely at less than
15 p.s,i. for ergine streams. It should not be so low as to cause nega-
tJ.ve pressure at any plumbing fixtures in the project. When hydrant
streams are direct, the resldual pressure at hydrants should, if pos-
sib1e, be not less than 50 p.s.l.

d. Fire Hydrants and lly4rant Spqci4g. Fire hydrants in housir:g
projects are conmon\r spaced 300 to /+00 feet apart and, when practicable,
are so arranged that every bullding can be reached from two tlydrants
wlth a maxj-rn:.n hose length of 300 feet from each. A good check on
trydrant spaclng nay be made by notirg the area served by each hydrant:
it should not exceed I20r000 sq. ft. for low-density and 1001000 sq. ft.
for high-density projects. (tte preceding statements apply to flre
protectlon by engine streams. For direct hydrant streams, a special
determination, based on the available resldual pressure, is necessary.)
It is important that fire tgrdrants be coru:ected to unmetered. water
mains.

To permit punper connection by a single length of suction hose, hydrants
should be located not farther than 7 feet from a surfaced roadway. How-
ever, when the roadway does not have curbing, it will be to the interest

1 Based on rrTable of Required Flre Flowrrt the National Board of Fire
Undenrriterst rrStandard Schedule for Grading Cities and Towns. ?t
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of safety to set hydrants back about 6 feet from the edge of the sur-
facing. Ilydrants should never be located within 25 feet of the building
protected; 50 feet is the preferued distance. Do not install fire
hydrants where parking areas and loadlng areas will- become inoperative
by reason of their existence there.

It is important that the local- fire department be consulted regarding
the type of fire hydrant and the hose-eoupling thread to be specified,
also the proposed locations of }qrdrants. Ilydrants instal-Ied in housing
projects usually have a 5-inch valve openirg, two hose nozzles, one
pumper nozzle, and 6-lnch corurection to the main. Ilydrants along
the boundary streets should usually be installed by the nn-rnicipality
(check the Cooperation Agreement) .

6. GENERAI LAYOUT OF \,VATER LINES

a. Fire ma'ins, as a rrrle, can best be located along streets and,
main arfi6d]ffi that is where the hydrants are set. To facilitate
repai-rs, they shoultl be in the grassed area at one slde of the pavement
and at a generally uniform oistanee from the curb. Arr irregular layout,
with mains argling here and there across yard areas, should be avoided.
Preferably fire mains should be looped, in order to eliminate dead ends.
Consultation with the Ioca1 fire or water department regarding water
main l-ocation and sizes is generally advisable.

b. Domestic supplv lines should , in general, be laid out in what-
ever way will uiinimize pipe quantities, but their location rrmst be care-
fuIly coordinated with that of other utilities--sanitary selvers, storm
sewers, electric, heating 1j.nes, and gas. For row-house projects, com-
parative layouts and estimates are needed to determine the arrangement
of util-ities that wil-l be most economical, with building spacing and
grade conditlons taken into acco,.rnt, The various utilities should be
spaced sufflclently to perrnit laying each in a separate trench. Avoid
street washers in play areas. lVlrerever possible, water mains and serv-
ices should not be under pavements (to facilitate maintenance).

7. HTDRAULIC CAICULATIONS

a, Flow Diagram. For convenient reference , a comprehensive flow
diagram, Figure 2, rrFlow of Water in Pipesrrr based on the Hazen and
Wil-liams forrmrla, is included ln these notes.

-6-
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TLre value of the coefficient 'rcrr to be assumed in uslrrg the diagram uust
take into account the probable reduction in carrying capacity of the
pipe during a period of at least /'0 years, ltllhile this is quite dlffl-
cult to estlmate, the deternination rmrst obvlously be made jointly with
the selection of pipe materialsr and it should be based on informatlon
as to how city distribution lines have sustained their carrying capacity
over long periods. Such experience cannot supply conclusive evidence
concernirg pipe that has come into use durtng comparativel;r recent years.
For the latter, the chenical analysis of the water, its aggressiveness
as measured by lts actlon on other klnds of piping, and any short-term
experience w111 serve as guldes, In ar5r event, conservative assumptions
are warranted, since water lines lose capacity from sedimentation,
mineral deposits, and vegetable and animal growths, as well as from
comosion. Moreover, the coefflcient must cover loss of head due to
valves and fittings; and cement linlng, when used, reduces appreciab\r
the sectlonal area of flow. It is suggested that except where there is
good evidence to the contrary, the coefficlent assuned for tar-coated
cast iron pipe be not hlgher than 80, and that for no other materlal be
higher than 110.

b. Available Ioss of Head. Pipe sizing l-s of course based on the
available plpe-frlction loss between the point of supply and that of
delivery within the project. Ttre loss ls fixed ty (f) the initial pres-
sure, that is, the rdnfun:m pressure which ordinari\r may be expected at
the point of supply during hours of }r-igh water consumption, (e) tire
pressure loss through the master meter, (3) the requlsite residual pres-
sures at building walls and at fire trydrants, and ( ) the pressure gain
or loss due to difference in grormd elevatlon.

c. Pressure Ioss Through lileters. Figure 3, rrPressure Ioss through
Water lvbtersrrr shows approximate pressure losses through disc, compound
and fire-service rneters at different rates of f1oiv. Compound meters are
most often installed as master meters in housing projects. Ivbters may
frequentJry be one size smaller than the line in which they are installed.

d. Line Sizing. It may be assumed safely that the domestic water
supply demand will be comparatively 11ght in case of a serlous fire in
the projectl and that, for other than large projects, the average
domestic demand is negi-igible in comparison w'ith the na:rlmum fire
demand. General\y, therefore, mains on wb-lch fire trydrants are located
may be sized for the peak fire demand; then, with the slzes of these
mains known, the remalning lines may be sized for the manimum domestic
demand, with no allowance for fire flow. The following 1s a suggested
procedure for determining domestlc supply pipe slzes:

(1) Seleet first the longest run of piptng from the point of
supply to a building or dwelling ru:it.

I See paragraph I beIow.
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(NOTE: SMALL CIRCLES SHOW A.I,Y.W.A.-SPECIFIEO MAXIMUM LOSS OF HEAD)

5 rooo 2000 5000

FLOW IN GALLONS PER MINUTE

FIGURE 3. PRESSURE LOSS THROUGH WATER METERS

(Z) Note the number of dwelling units served at crltical polnts
along this line and from Flgure 1 find the maxiuum momentary demand at
each such point, thus determlning the manimum flows in various sections
of the 1ine.

(l) Assume pipe sizes and deterrnine corresponding pressure
drops, repeating the process until the total drop approximates the
available plpe-frlction loss in the line.

(1) Fo11ow the same procedure for shorter runs in the system,
but maintain reasonable uniformity in sizing.

8. PIPE MAIERIAIS

Obviously, underground water pipe should, if practicable, be of materials
which will not require replacement for a period of at feast 40 years.
fn principle, the selection of naterials should be based on comparative
estimates of aru:uaI costs - interest, replacement and maintenance.
Practically, the most economical pipe naterlals are generally those
which qulte certainly give the longest service. Tbenching and pipe 1ay-
lng comprise a considerable part of the total cost of the pipe installed,
and a definitely superlor material may add but a smaIl percentage to
total cost. It is most iruportant to avoid a perfunctory ehoice of pipe
material-s, without thorough conslderatlon of all available lnformation.
Argr discussion of the theory of corrosion or the various conditions
(of soil and water) inftuencing its rate is beyond the scope of these
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notes, which are confined to a brief sulrlnary of special considerations
and suggestions as to practice.l

a. Internal Corrosion and fncrrrstation. Generally speaking, soft
waters ( 1 to 60 p.p.m. of hardness), such as found in New Ergland and
along the south Atlantic eoast, are quite cori'osive, while harder waters
are less so, the alkaline salts being precipitated to form a protective
coating on the pipe wal1.

(f) For water rrains cast iron pipe has been used generally ln
projects. The pipe has been cernent-l-ined in some cases, but more often
has had coal tar pitch coating. Tar-coated pipe is known to tuberculate
rapidly rith very aggressive waters. Unless loca1 experience indicates
that with such pipe the coefficient rtcrr rJtrill not drop below about 80
durlng a 4O-year period, cast iron pipe wlth cement (or enamel) lining,
or cement-asbestos pipe, may best be used. It should be practicable,
econonically, to specify a material for mains that wilt render satls-
factory service for the fife of the project. Cement-asbestos pressure
pipe for malns is in successful use.

(Z) For services and other small-sized llnes (l/+-incn up to
Z-1-/Z-inch), ttre both perforation
and chokage. Smal1 piping used ln existing projects has, in large part,
been $pe K eopper tubing. Holrever, 1ead, brass, galvanized wrought
iron, cast iron, Comnercial Standard a97 flexible polyethylene and
Conmercl-al Sta^ndard 207 rigid unplastlcised polyvlnyl chloride pipe
have been laid in a nr:mber of cases. (fte use of galvani-zed steel pipe
for underground l-ines was confined maln\r to war housing. ) Lead ptpe
1s generally linrited for use as goose-necks.

(3) The poss ible effect of pipe materlal on the quality of the
water, due to the dissofvl ad,
or copper) requires consideration in some cases. Protection against
iron discoloration (ttted water'r), where such protection is necessary,
66-te had by cement Ilning. Lea.d pipe should be speeif ied only when
1oca1 experlence or experiment has proven that it can be used safe\r,
since lead may be picked up by very soft waters high in carbon dioxide
and its salts are very polsonous. (U.S. Pub1ic Health Service Drinking
Water Starulards state that lead present should not exceed 0.1 p.p.m.)
Copper also may be attacked by soft, acid waters. Ttre amount of metal
dissolved is unlikely to approaeh the 3.0 p.p.m. permitted under
U.S.P.H.S. Standards, but a much smaller quantity may be objectionable
in stalning fixtures and 1aundry; also in causing perforation of the
tublng.

b. External Corrosion..--corrosion, as electrolysis is
project sltes.

This topic refers nainly to soil- or galvanic
seldom a problem in piping laid wittr:in

I See Part VIII, paragraph 11, of thls Bulletin.
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(Z) Conditions accelerating soil eorrosion include variation
in moisture content and in soil characteristics, and dissimilarity of
materials (e1ectrically corinected). An exarnple of tire latter is copper
tubing coru:ected, without insulating ccupling, to cast iron pipe. Cor-
rosi.on of the iron will be accelerated. However, when the copper
(cathodie) area i-s very small ln comparison with the iron (anodic) area,
e.g.r a brass valve in a ferrous servlce 1ine, the corrosive effect may
be slight.

(:) Cathodic Protection. l lYhen the soil at the project site ls
known to be corrobive, the Local Authority may well retain a corrosion
ergineer to (a) advise regardlng gas and water distrlbution system
materlals, (t) determine whether eathodic protection is necessary and,
if so, (c) decide whether for the gas system only or for both gas and
water, and'(d) design and supervise the installation of the cathodic
proteetive system.2

Cathodic protection of water 1lnes will become far more JrnFortant
should emergency regulations prohibit the use of copper pipe. Although
the cathodic protection may not be installed until some time after gen-
eral construction is completed, the possible need for it must be fore-
seen when the distrlbution system is installed, so that jumper wires

1 See Bulletin No. IR-7, Part V and Local Housing Authority lutranagement
Handbook Part V, Section 7, Ivlaintenance of Undergror:nd Util-ities.

2 See Part VIII, paragraph 11, of this Bulletin.

-11 -

(1) Resistance to Corrosion. Dctensive tests have shown that:
(a) tne commo terials do not differ greatly in
their resistance to soil corrosion; (b) the rate of pitting, however,
decreases with time -- hence additional thiclmess cf metal adds, in
greater than direct ratio, to the life of the pipe; (c) in most soils,
copper and red brass (85/o copper, 75$ zinc) corrode much more slowly
than do iron and steel and the corrosicn is more uniforml (A) wet,
organie soil in which sulphites are present is especially corroslve to
copperi (e) lead generalty comodes more rapidly than copper but more
slorvly than femous metals; and (f) Commercial Standard, 797 flexlble
polyethylene plastic pipe and Commercial Standard 207 rigid unplasti-
cised polyvinyl chloride pipe have shown no visual coz'rosion due to
soils of any degree of corrosiveness.

Soil comosion, l-ike internal corrosion, should seldom be a serious
problem with water mains, since the wal-l thiclmess of the pipe (if cast
iron) is sufficient under ordinary conditions to wlthstand pitting for
a long period. With servlces and other small- donrestic supply piping,
waIl thiclcresses are :IG-- the possibility of complete penetration
is rmch greater.
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can be provi-ded around cast iron pipe joints and the project piping
ean be insulated from the public water works system.

c. Local- Experrence. The corrosion of underground water 1lnes,
interna1@,iscausedbynumerouSinterre1atedfactors,
and it is impossible to predict with accuracy the effect of a glven
water or soil on different pipe materials. However, the city water
works system is in effect a laboratory in which various klnds of piping
have been tested, often over long periods, and the results of such tests
should corprise the most reliable guide in the selection of pipe
materials. This is not to imply that 1oca1 practice should be followed
perfrurctorily, that alt pipe materlals wl1l- have been tried,out ade-
quately, or that recornrnendations received may not be influenced by
personal preferences. Expert interpretation of results may be needed,
wlth attention to special soil'conditions at the site and to posslble
future changes in 1oca1 water purification methods.

A few Loca1 Authorities have initiated corosion detection and control
progrAms and may have forued sound opinion as to the klnds of water
piping that should be installed for additional projects.

9. DISTR.IBUTION SYSTEIVI APPURTENANCESl

a. Meter Installatlon. Master meters are provided sornetimes by
the water department, sometimes by the Local Authority; in either case,
the installations mrst meet water department requirements. illaster meters
shouLd have by-passes and, if servlce is through two or more meters at
different points in the project and with j.ntercormecting Iines, a check
valve shouLd be provided at each meter. It,bters are occasional\y located
in building basements, but more often in concrete vaults. Vaults should
be drained by a pipe leading to the ground surface nearby or to a sto:m
sewer (if ttrere is no possibility of bacli:water); or a dry well may be
provided

b. Valves. Valves (including stops) are recomnrcnded (1) at inter-
val-s of nffie than 800 feet in all nains, (2) in branch lLnbs near
their points of take-off fron larger 11n6s, ana (f) in all services.
Valves in hydrant branches should be provided according to locaI prac-
tice. A unifora position of valves throughout the project--for
example, in line with eurbs, street sidewalks, or buildings--should
be maintained. Pressure reducing valves should be installed on water
mains to keep the water pressure as near 50 pounds as possible in
dwellirg units. Individual pressure reduclng valves should not be used
unless design precludes use of maln line reducing valves.

1 See rrFire llydrants and Hydrant Spacingrtr paragraph 5d above.
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c. Provision for Vlateri4g l4ryqqAreas. Hose bibs should be located
arould the perimeter of buildings ln such a maruler that all lawn and
plantlng areas can be reached by 100 feet of hose.

10. PROTECTION OF WATER SITPPLY

Since water for Iow-rent houslng projects is obtained almost always from
public water works, it nay be assuned to meet 1ocal health department
standards and to be safe and potable. llVhlle the possibillty of its
becomlng contarninated vrtthtn the project distribution system may seem
negligible, water malns are not necessarily always under pressure and
they cannot be kept absolutely watertlght, especially at jolnts. Ihe
followirg precautionary measures are, therefore, recolmended :

a. Design }leasures. These consist of items to be incorporated in
the drawings and speclfications.

(1) Iay water, electric, and gas lines and sewers i.n separate
trenches and keep the trenches well separated.

(Z) In the event sewer and water lines must be laid in the
same'trench, bench the water piplrg on undisturbffiarth wetl above the
sewer and make the sewer water-tight.

(:) Lay water Iines, so far as practicable, at a higher eleva-
tion than sewers; provide adequate support where one line spans the
trench of another. However, minimum depth of water malns and services
should be below frost line and at such a depth that the pipe w111 not be
da.uraged by traffic, eguipment, planting and utilitles'

(4) Avoid using stop-and-waste cocksl in any event, do not
install- them bel-ow ground water l-eveI or at less than adjudged safe
distance, soil conditions considered, from a sanitary sewer.

(5) Avoid any direct corurection between the water distribution
system and the sarritary sewer system. (ttr:.s refers to water connectlons
to flush tanks, sewage pumps, etc., a.nd sewer connectlons to meter

,vaults, fire trydrant drains, etc.). Provlde proper supports for plpes
and appurtenances in unstable ground.

(6) Size fire malns large enough to deliver, trnder positive
pressure, the ma:cirn:m draft that will be imposed on them by fire depart-
ment pumpers -- this to obviate the possibllity of polluted ground water
belng dravm into the mains through rninute leaks.

(7) Use sterile yarning materiall if braided hemp, sterilize it
on the job. Do not use jute.

-L3 -
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(8) hovide for thorough flushlng and effective sterilization
of the distribution system after completion.

(9) To retard corrosion, protect all underground steel and
wrought iron piping in accordance with the provisions of low-Rent Hous-
ing Irlanual Section 207.1, paragraph 8.

b. Precautio.r"ry tlu."ures ln Dtstribution S;rstem lnstallatlon.
These include all customary precautions to keep pipe and appurtenances
reasonably free from dirt and trench water while they are being in-
stalIed.

c. Health Board Regulations. The drawings and specifications for
the water distribution system should, of course, comply with State or
other health board requirements and any requisite approval obtained.

t1 HHFA-PHA, Wash. D.C.
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PART VII] - GA,S DISTRIBUTION]

1. INTRODUCTION

Gas main extensions in urban areas ean seldom be sized with precision
since population growth and future uses of gas are extremely difficult
to foresee. It is considered better practice to install pipe a little
larger than necessary than risk its proving too snal1. In public low-
rent housing, however, the situation is somewhat different: the exact
nurnber of fam:ilies to be housed is krown and the uses of gas are pre-
determj.ned. Fbom this basic hrowledge a reasonable approximation of
the peak demand is possible and a closer determination of pipe size is
warranted. Gas lines must be sized amply as a safeguard to life and
property, but wasteful overdesign avoided. z

ltre sizing of mains; however2 is but one feature of the preparation of
drawings and speeifications for gas distribution systems. Ttre task
should not be performed perfunctorily; as careful study and irtvestiga-
tion are required in many details. The prineipal points to be consid-
ered, together with recommended practice, are outlined in these notes
which refer to piping for natural and manufactured gas distribution.
Li(uid petroleum gas systems should be designed and installed in ac-
cordance with National Fire Protection Association Standards, current
edition of Pamphlets Nos. 58 and 59. Where loca1 cod.es are more
restrictive, the Ioca1 code should be used.

2. DPLANAT]ON OF TERIUS

a. Gas distribution pressures are classified as follows:

Low -- up to about 15 inches of water colulrr, generally 3 to
9 inches (one inch of water column equals 0.578 oz. per sq. in. )
Intermediate -- fron 1 to approximately 15 1bs. per sq. in.
(Hlgh pressure mai.ns, which generally carry pressures of 50 lbs.
per sq. in. or more, are not irsed in public housing projects. )

b. The specific gravity of gas is the ratlo of its weight to that
of air; with air at 1.00. l,hnufaetured gas generally has a Sp. Gr. of

'' (See also Part II; paragraph 1, of this Bulletin)
2 See Bull-etin No. LR-11; Bulletin LR-7 Part V; and Lccal Housing

Authority ltflanagement Handbook Part \r, Section 7.

NorE: This Part supersedes Part vrrr dated 4-3-51. The materj.at has
been brought up to date.

-1-
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frorn 0.40 to 0.70; natural gas from about 0.55 to 0.65 for ttdtyrrgas,
and 0.65 to 0.85 for ttcasingheadttgas. The capacitles of meters and
regulators; and the flow of gas through plpingl vary inversely with the
square root of the Sp. Gr. of the gas. Thus, with equlpment capacity
ratings based on 0.60 Sp. Gr.; factors zuch as fo11ow should be applied
to the ratings:

For Sp. Gr. of O./+5t a factor of 1.15
For Sp. Gr. of O.85t a factor of 0.84

c. TLre heating value of gas is expressed in BTU per cubic foot at
a reference temperature and pressure base at which a utility company
sel1s gas. Tl:e standard cubic foot will be defined in ttre utility con-
pany tariff. A few of the more commonly used standard cubic feet are:

Teqperalute Ease hessure Base

The heating value of natural gas will no::rnaIly vary at the point of sale
from 950 to 1050 BTU (per cubic foot).

d. O:ne the::n equals 1001000 BTU.

3. }IETHOD OF GAS SERVICE1

a. Project Rrchase. The gas supply for public housing projects
is usually obtalned by project purchase, the utility company,deliver-
ing the gas at a metering station or statlons located near the bord.er of
the site. Ttrese notes apply mainly to that method of service.

b. Ih:mber of Corurections. Gas may be supplled through a slngle
connectionr with its master meter or meters; or through'several inde-
pendent connections - one for each bloek or group of buildings. Where
there are existing gas mains in various abutting streetsl the Itgroup-
meteringtt method may result in considerable saving in inj.tial cost.
However, unless meter readings can be consolidated, the resultant higher
gas cost may far outwelgh the posslble saving ln first eost. A centrally
located point of dellvery will minimize project distribution qrstem
costsl but no one existing main may be of sufflcient capacity to delive::
the entire supply at a single point.

1 See also Bulletin No. LR-11, 'rSelection of Utilitiesrr
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' c. Service Contract. Ttre sei'vice contract or published tariff
under which the utility company furnishes gas servi.ce will usually stip-
ulate (f) tfre point or points at which gas will be delivered, (2) whether
existing gas mains require extensions to the site or other improve-
ments, and the part, if arqy, of the cost whieh must be borne by
the project (see Iow-Pent Housing Iirhnual Section 2O5.7)t (:) tfre maxi-
mum and minimum pressures that will be maintai.ned on the project side of
the meters at the delivery point or points, (+) the minimum BTU content
of the gas, (f) tfre price of gas under one or more rate schedules, (O)
whether there is to be firm or interruptable service, and (7) tfre basis
of interuptable service including standby equipment requirements. This
information is prerequisite to distribution system design.

1.. LOW-PRTSSUR.E vs. INTERIVIEDIATE-PHTSSURE DISTRIBUTION

Intermediate-pressure distribution permits using much smaller pip-
1ng than for 1ow-pressure, whereas with the latter pressure regulators
are not required and there is less possibility of gas leakage. In gen-
eraI, lntermediate pressure (where it is available at the site) gives a
much more economi.cal installation. F\:.rtherr the snaller mains which
can be used with intermediate pressure cost less to proteet cathodically
against corrosion.

5. ],AYOUT OF I/AINS AI{D SERVICES

a. Single lbtering. One master meter provides for the flow of gas
by one route only. It results in the most direct runs of piping from
the point of supply to the buildings served and, therefore, in lowest
costs. (See guffetin No. LR-11)

b. M:ltlple li4eterine. T\rvo or more gas delivery points into a com-
mon distribution system will provide a continuity of service in event of
failure of one to provide service or if one is shut out for maintenance.
However, a distribution system should not be designed to deliver the en-
tire peak-hour through one meter. This is ururecessary and adds to the
construction costs as well as increasing the monthly gas cost unless con-
junctive billing is agreed to by the utility company.

c. Coordination with Other Utilities. Ttre location of gas lines
must be coordinated carefully with that of other utilities -- water,
sanitary sewers and storm sewersl telephonel telegraph, steam, electric
and private servlce 1ines. For row-house projects, comparative layouts
and estimates are needed to determine the arrangement that w111 be most
economical with building spacing and other conditions taken into ac-
count. Wherever possible, gas mains and services shoul-d not be under
pavements, to facilitate maintenance.

3
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d. Separate Trenches for Gas Lines. Gas piping should not be laid
in the same trench with arly other utility and shoul-d be laid bel-ow frost
l-ine. Leaking gas, if any, may enter sewers and sewer manholes, endanger-
ing life and property by possible fire or explosions. F\rther, gas may
seep through backfilled earth in trenches for considerable distances.
When the gas lines are laid in separate trenches, adequate precautions
can be taken to prevent such seepage from entering basements or crawl
space. 1

e. Natural or Liouefied Gas. When natural or liquefied petroleum
gas is to be supplied, service corunection, from outside gas lines should
rise above grade before entering the crawl space or basement of a
structurel where the first floor is sl-ab-on-grade, such gas piping
should enter the structure above the first floor sLab. lYhen manufac-
tured or mixed gas is suppIled, servj.ce coru:ections may enter the crawl
space or basement without rising above gradel where the first floor
is slab-on-grade, such gas piping should enter the structure above the
first-floor slab and be adequately protected against freezing tempera-
tures and damage to insulation.

6. PEAK-HOUB GT,S DEMAND FOR COOKING, V{ATER }IEATING, AND FTFR]GERATTON

a. Peak Demand. The peak demand for gas varies with climatel
customs, occupationsl etc., and is not susceptible of accurate estimate.
Some gas companies have done considerable research on demand rates, and
their practice should be a reliable guide in project deslgn in their
localities. For use elsewhere and for checking pur?oses in any case,
Figure 1r based on information obtained from numerous sources, shows ap-
proximate peak loads for varying m:mbers of dwelU-ng units and different
uses of gas (except space heating). Although the loading is expressed
irr peak-hour rates, the maximum rate of demand may ocour for only a few
minutes.

b. Hatings. Appliance'rati.ogsl on which the peak demands shown ln
Flgure 1 are based, are noted on the diagram. They are approximate
averages for appliances of different makes. Variations from them will
ordinarily not affect pipe sizing.

c. Range Ovens for sbace Heating. The demands derived from Figure
1 can be considered to include but I1ttle allowance for the incj.dental
use of ovens for space heatlng. If dwellings will be trtenant-heatedtt
and gas for cooking 'rproject-suppliedr'r some allovrance should be made
for this possible extra demand.

-1-

r See Bulletin IR-7: Part V.
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7. PEAK-HOIIR DHVIAND FOB SPACE HEATING

It must be assumed ttrat in extremely cold weather practically all space
heating appliances will be operated simultaneous\r during early morning
hours. Ilcwever, it is extremely i-urprobable that the peak heating load
w111 occur simultaneously wlth the peak cooklng load, except possibly in
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very smaIl groups of units.
conrbj.ned peak:hqut demand be

It is recommendedl thereforer that the
determinedl (r) tv applying the percentages

noted below to the total of the input ratings of connected heating ap-
pliancesl anO (2) by adding to ttre peak-hour 16ad for heating, the

E

FIGURE I PEAK-HOUR GAS DEMAND FOR COOKING, WATER HEATING AND
REFRIGERATION
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Nr:mber
of

DU's

Pereentage of Total
Input Ratings of

Heating Appliances

l:oo4

90/,

85fi

80fi

1

10

100

1000

Chvious\r the designer must be informed as to the input ratings of all
space heating appliances to be instal-led, including those in cormunity
facility bulldings. Tl:e input ratings of gas-fired space heaters ln low-
rent proJects vary from about 301000 to /+51000 BTU, those of gas-fired
furrnaces from 60;000 to 801000 BTU, per dwelling unit.

8. AVATI,ABLE PRES.SURT DROP

d. Resi.dual Pressure. the avail-able pressure drop to be used j-n-
pipe sizing is, of coursel the guaranteed delivery pressure on the proj-
ect side of the master meter less the requislte residual pressure at the
buildlng wa11 (or house regulator). For intermediate-pressure dlstribu-
tion, a mlnimum pressure of 2 Ibs. per sq. in. at the house regulator is
recommended. For low-pressure distr'ibution, the minjmum desirable
pressure at the building waI1 may be dete:rrined as follows:

Inches of Water Column
lr,hnufactured. Natural

gas gas

Minimum pressure at appliances 2.3x 1.6x

Preszure drop in building piping 0.3 0.3

Pressure drop through check meter 0.5 0.2

Total 3.t 5.1.

orapproximately 3 5t/2

',( These figures should be checked against loca1 practice in
adjusting appliances.

-6-
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b. Differences. in Gror;nd Elevation. Gas pressure increases
roughly 0.1 inch of water column for each 15 foot rise in elevation.
Chviously this has a measurable effect in Iow-pressure distribution
and ln multi-story buildingsl or in the unusual ease of buildings being
materially lower than the point of gas supply. This factor should be
taken into account.

9. GA,S-FLOW FORMUI,A,S

With the exceptions noted be1owl the gas-fIow diagrams, Figures 2 and 3,
are based on the Spitzglass formulas forrrend-to-endrrflow of gas in
pipes:

(f) for Iow pressures (not exceeding l- lb. gage):

e = 3550 _(k)r"
(Z) tor interuediate and high pressures (exceeding I Ib.

gage):

e= /,830 _(H)r,
in which:

Q is the quantity of gas j.n cu. ft. per hour; at
,30 inches mercury and 60 degrees F.

K is a constant based on the pipe diameter(see below)
h is the pressure drop in inches of water column
P is the pressure drop in 1bs. per sq. ln.
a is the average pressure (absolute) in tne plpe line;

in Ibs. per sq. in. (absolute pressure in gage plus
atmosphericl latter is 14.7 p.s.i. at sea Ievel)

S is the specific gravity of the gas
L is the lergth of pipe in feet

D?K is equal to I+3.6+0.03D
D

D is the actual internal diameter of the pipe in
inches.

For low pressures; however, the trPolerr forrnula is used for pipe sizes
larger than 4 inchl since in those sizes it gives more conservative

-7 -
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results than the Spitzglass fo::muIa. Ttre PoIe forzuula (sJmrbols as
above) is:

e --z33s(*\"' \sr /
PRESSURE OROP IN INCHES OF WATER COLUMN PER IOO FEET

EXAMPLE NO.I
(DETERMINING PIPE CAPACITY)
GIVEN A PRESSURE OROP OF
O.3I IN, PER IOO FT. AND O,45
SP. GR.:
FlNo AS SHOWN t7,5OO C.F.
HR. CAPACITY FOR 6-IN. PIPE.
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EXAMPLE NO.z
(DISTRIBUTION SYSTEM DESIGN)
GIVEN A MAXIMUM PIPING RUN OF
II5O FT. AND A PRESSURE DROP
oF I |NCH.
ENTER DIAGRAM AS SHOWN AND ON
VERTIGAL LINE NOTE POSITION OF
PREDETERMINED PEAK LOADS FOR
CRITICAL POINTS IN DISTRIBUTION
SYTEM.ADOPT GENERALLY PIPE SIZE
FIRST ABOVE RESPECTIVE POINT.
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FIGURE 2 GAS LINE SIZING DIAGRAM-LOW PRESSURE
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PRESSURE DROP IN LBS. PER SQ. IN. PER IOO FEET
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EXAMPLE NO.I
CAPACITY OF 3-INCH PIPE 8OO
FEET IN LENGT4 WITH PRESS-
URE OROPOF IOTO2 PS.I. AND
S'O.6O:
ENTER DIAGRAi' AT:

AvER. PREss. oF ejg =s es.r.

AND DRoP or5ftr-ruay'oo'
FtND 3r,ooo c.r/xn. capacrrv

EXAMPLE NO.z
(orsrnraurron svreu oestctt)
MAX.PIPING RUN I4OO FT.

PRESS..DROP 5 TO 2 P.S.I.

ENTER DIAGRAM AS SHOWN
AND PLOT POSITION OF PREDE-
TERMINED PEAK LOADS ON
VERTICAL Lll,lE.
ADOPT GENERALLY PIPE SIZE
FIRST ABOVE LOAD POINT.
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FIGURE 3 GAS LINE SIZING DIAGRAM-INTERMEDIATE PRESSURE

10. PIPE SIZING

a. Cas-FIow Diagrams. Figure 2 is for Iow-pressure distribution,
Figure 3 for inte:mediate. &arrple No. l- in each diagram shows the
solution of a simple gas-fIow probleml and Bample No. 2 illustrates the
practi.cal use of t,tte diagram in distribution system design.
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. b. Procedure. Following is a reconmended rational procedure for
distribution system pipe sizing:

(f) Determlne as described abovel the avallab1e pressure drop
in the system.

(Z) Flom Figure 11 and with adjustrnent for space-heating
appliances if any, determine the peak gas demands above
all 'tcritical pointsr (principal jr:nctions of Iinesl etc. )
in the systemz thus dete:mining the flow for which each
line should be sized.

(:) Select first the principal (and preferab\r the longest)
run of piping in the system and, proceeding as illustrated
in Barple 2 in each diagrarn, read off pipe sizes for
everXr section of the line.

(1.) (Qtionat) Increase slightly the dlaneters ttrus deter-
mined for piping near the point of zuppIy and decrease
those toward the upper end of ttre line. Compute pressure
drop section-by-section, readJust sizes lf necessaryp and
recomputer until the total drop approximates that avail-
able. (ffris step tends to give more r:nifomity in the
courputed sizes of branch lines. ' lhe procedure corresporlds
to that usual-Iy ernp:Loyed ln sizlng water 1ines. )

(: ) Note the tfremaining pressure drop It at each of the above-
mentioned itcritical polntsl tt ttrus flxlrg the available
pressure drop for each branch.

(e) Size the branch lines in the same general way as the
princlpal llne.

c. Sizlng I.ooped Lines. It was previously noted that loops may
serve to absorb unbalanced demand and maintaln a supply of gas from one
end of the 1oopl should that from the other be cut off. To insure ful-
filment of the latter function, ttre follorving proeedure ln pipe sizing is
suggested:

(f) Find by inspection the approxlmate loeation of ttre 'lointof no velocityrt in the 1oop.

(z)

o)

Size each Ieg as though it rrere an independent llne.

Increase the size of the intermediate part of the loop so
that, with a load approximating 50% c:t the peak, service
can be maintained through elther 1eg.

-10-
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11. PIPE MATERIALS; CORROSION CONTROL

It is obviously desirable that the project distribution system be
installed so as to serve without extensive replacements for a period of
at least /r0 years. I:: most projects this can be accomplished, practi-
cably and econonically. Gas leakage with its attendant hazards can be
minimized and general relaying of lines (with resultant darnage to site
irnprovements and i.nconvenience to tenant.s) can be avoided. The princi-
pa1 problem is that of controlling so1l corrosion, and the solution lies
in proper pipe coating and, in margr instances, in cathodic protection.
Thls Part VIII contains no discussion of the theory of soil corrosion,
the characteristics of corrosive and non-corrosive soi1s, or the design
of cathodic protection systerrs.l It out11nes, ratherl certain steps to
be taken; in connection with gas distribution system design; to gain
effective coruosion control.

&. Corrosion frrsineering Servlce. lllhen the distribution system
will be laid in corrosive soi11 ttre Iccal .&rthority should, as a general
ruIel obtain competent corrosion englneering advice at an early stage of
the project planning. The services (not a part of those rendered under
the Architectrs Contract) which a corrosion engineer can perfor:n in-
clude (1) making resistivity tests, (e) supplying expert advice on the
need for cathodlc protection, (:) aete:rminlng the type of protectlve
sys'tem (galvanic anodes or rectifier), if any2 to be provided, (1-)
checklng on available and suitable locations for anodesl a-nd (5) advis-
ing regarding pipe materials and coatings. (These services may cover
both the gas and water systems. ) Ftrrther, if a cathodic protection sys-
ten is fbund advisable, the corrosion engineer can design it (after
project constructlon) and superrrise lts installatlon. I\rtcreover, he can
train Inanagement persorunel in its inspection, testing and maintenance.

In the case of very mnll projectsl the employment of a corrosion engi-
neer durirg the project-design stage may not be considered entirely
necessaryl €ver though the soil on the site is Isrown to be corrosive.
In such instances, the utility company may be able to make preliminary
soil tests and furnish a reportl othemrise, the tests can be deferred
until the completion of project construction. In the latter event;
specifj-cations for the underground piping and coatlng will necessarily
be based on general 1oca1 experlence; and the piping installation should
be adapted to cathodic protection. The protective systeml if and when
later determined neeessaryz can be designed and installed at such time.

b. Pipe lrlaterial. Ttris discussion is pred,icated on the use of
steel pipe, since that is the material generally specified for under-
ground gas lines d.n public housing projects. Steel costs less than cast

1 See Iocal Housing Auttrority fuhnagement llandbook Part V, Seetion 7;
gbttetin No. LR-?; Part V; and low-Bent Housing lhnuaI Section 2O7.I,
paragraph 8.
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,iron and copperl and is safer afiainst fracture than cast iron. More-
over, in most projectsl the major part of the piping is smal-1-si.ze, not
obtainable in cast ironl further, the development of cathodic protection
has worked to the advantage of steel pipe. Nevertheless; the fact that
the Guide Specifications cover steel only is not to be construed as a
reconrnendation against the other material-s, which generally have a
longer life than steel- without cathodlc protection.l Pipe should not be
lald without taking proper precautions for hazards such as unstable
ground, cinders, wet organic soi1, rock, peat; water-table, bacterial
corrosion and stray el-ectrical currents.

c. Pipe Coating. The amount and kind of pipe coating required on
steel pipe depend on soil corrosivity and mechanical soil action (soil
stresses). Orn the other hand, in alkaline soils of very high electrical
resistivityz bare steel pipe may last indefinitely. ilbst engineers,
however, prefer some sort of coating under practically all circumstances.
Ample protective covering is particularly desirable for service
1ines, since these have less wa11 thickness tha-n mains and they are gen-
erally laid close to the surface, where they are more liab1e to attack
due to surface water (from lawns and roofs) percolating through the soi1.
There are two general types of coatings: (t) factory-applied bitr:minous
enamel with tar-impregnated felt antl kraft paper (ttre tatter to protect
the coating and to show up damage in handling); and (Z) a field-appliedr
coal-tar-base coating. However, there are many other more or less
widely used protective coverings on the market, and specifieations may
be drawn in the light of 1ocaI experiencer with special regard to pos-
sible coating damage frour soil movement, It is preferable to avoid
reference to proprietary products. Field-applied coating is like1y to
be more practical than factory wlapping for very smaI1 projects requir-
ing limited quantities of pipe.

There is no unaninity of opinion as to the coating that should be used
i-n corrnection with cathodic protection.2 Sone engineers consider bitu-
minous ena:neI with one layer of asbestos feIt, or glass wrap, sufficient.
A good degree of insulation is desirable to minimize the electrical
energy required for the protection and increase the life of sacrificial
anodes.

d. Protection of Pipe Coating. tre Chride Specifications include
the customary requirements for unifo:m bearing for piper refilling with
sand the trench bottoms cut ln rock, care in pipe handlirg, careful
backfilling around pipe, etc., al-l directed toward preventing damage to
the pipe coating and obtaining an even distribution of earth pressure
against the coated surface. The enforcement of all such requirements is
most important.

.See Local Housing Authority l\fanagement Handbook Part V, Section 7.
See Low-Rent Housing lvtranual Section 2O7.1, paragraph 8.

1

2
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e. !flapting the SSrstem to Cathodic Protdction. Unless loca1 ex-
perience or resistivity tests prove, beyond doubt, that the gas distri-
bution system will be laid in non-corrosive soilr the system should be
installed to facilitate cathodic protection. the requisite measures
(covered in the Gride Specifications) include: (f) insulation of the
system from the gas conpany supply main, (2) provision of jr:mper wires
around mechanical couplings or other joints that do not provide electri-
cal- contact, and (:) installing lnsulating couplings in service lines
at buildlngs (untess bottr gas and water systems will be cathodically
protected). The cost of this work is negligible in comparison with the
erpense of doing it at a later time. Vlhere distribution pipe lines pass
under a right-of-way having heavy traffic2 precautionary measures should
be taken to protect the pipeline from irqtact and shock loadings by use
of casing that is vented and cathodically protected.

l.2. DISTRIBUTION SYSTEII,I APPURTENAIICES

B. Ivlaster lvhter and Eegulator Station. lhe rnaster gas meters and
the pressure regulators (if any) on the main supp\y are usually provided
by the gas companJr. Housj.ng for the equipment is sometimes provided by
the comparqrl sometimes by the Local Authority. The housingl whether it
consists of a separate building or of a utility room or roons in the
project, should be of fire-resistant construction with special provision
for venti.lati.on. Ivleters and regulators should be of ample eapacity.

b. Valves and Cut-Offs. Valves are Iittle used in low-pressure
mains because the flow of gas can be stopped effectively and easlly by
means of bags or stoppers. They may be provided, however, in sma11
secondary dlstributors near their point of connection to mains. In
inte:mediate-pressure lines, valves are recommended (1) at convenlent
intervals in loops, md (e) in secondary distributors at their points
of connection to the mains. A stop should be provided in each service,
whether lorv-pressure or intermediate pressure, at polnt where it will be
accessible in case of fire. 

,

c. Service Regulators. Service (or house) regulatorsl as needed
in intermediate-pressure systems, rnay generally be placed to serve two,
four or more dwelling units. However, careful check should be made of
the manufacturers t recomended worklng capacities of the regulators
against the maximr:n rate or gas demand. It is irnportant that the
specifications state accurate\r the requisite capacities and pressure
reduction for ttre regulators requi.red.

d. Dnip Pots. To prevent accumulation of condensate which will
obstruet the flow of gas, distribution lines for gas should be sloped
to drip pots at 1ow points. Gas services also should be slopedl if
possible, so ttrat condensate will floiv back to the mains. Obher"wise,
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a drip plper,outslde the building or in the basement (tf any), should
be provided.' kovislon should be made to pump drips, espeeially where
the gas is being oiI or stearn fogged. Drips should be provided at a
sufficient mrmber of low points to pe::nit blowing out all lines.

]-3. TOCAI PRACT]CE

While the responslbility for the efficient planning of the gas distribu-
tion system lies with the engineerl the advice of loca1 gas company
officials on varlous matters should be obtained. Ttre corrparqrrs experi-
ence under actual conditions of soil, climate and gas characteristics
will be most valuable; and its practice concerning various detalls can
often be fol-lowed to advantage. Following is a sunmaryl 1n part cov€r-
ing points mentioned in the preceding pages, of the information which it
is generally desirable to obtaln fron the locaI company.

(1) Descriptionl including rated working capacities, of the
master meters and regulators which the cornpany proposes
to install for serving the project.

Q)

(3)

Specific gravity of the gas.

Peak-hour gas demand data, if any availablel extent to
which range ovens are cormlonly used in the locality for
incldental space heating.

Tlpe of pipe ard pipe joints used for mains and services.

(1.) Corrosivity of 1ocal soiIsl experience with different
pipe coverings.

Minimum pipe slze used for house services.

Depth to which mains and services are laid.

kessure for which appliances are customarily adjusted.

kactice as to provision of drip pots in intermediate-
pressure mainsl design of drip pots.

(fO) Ivh.kes of service regulators employeo (ir any are to be
. used in the project); minimum pressure maintained at

service regulators.

1 Failure to observe this design precaution was a contributory cause
of an explosion wrecking a multi-family building in a low-rent project.

(:)

(6)

Q)

(s)

(e)

-Ll.-
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The preceding is in aaAition to the infor:mation to be set forth in the
contract for gas service, na.melyl (f ) tfre point or points at which gas
will be delivered, (2) the maximum and minimun pressure of supply to the
projeet; ana (3) tte mlnimr:m HIU content of the gas.

I1.. FOINDATIONS FOR PIPES

Pnovide proper supports for plpes and appurtenances in unstable ground.

-L5- HIIFA-PHA, Wash. D.C.
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SITE ENGINEERING

PART IX - SANITARY SE\ITER DESIGN1

1. INTRODUCTION

A water-carriage system of sewerage is recognized as necessary for
rrdecent, safe ard sanitary dwellingsrr corrstructed rrnder the United
States Housing Act. The need has been met generally, in completed
projects, through corrnection to public sewerage systems, although in
occasional instances other means of sewage disposal have been employed.
Experience ha.s shoym that 1f public seners are not available, the sewage
disposal problem should be solved at the tirae of site selection. A
fea.sible method of disposal, acceptable to local health authorities,
must be found ard adopted if the site ls to be utiU-zed.

The discr:ssion comprises, first, some observations regarding alternative
methods of proJect sewage disposal, noting points to be lnvestigated
auring site selection and project plannlng; and, second, an outline of
recormended bases of sarritary sewer deslgn, together wlth suggestions
derived from project maintenance experience.

This work should be done by an engineer experienced in design and con-
structlon of sanltary ard sto:m sewers, and of sewage treatment and
dlsposal plants. These notes a-re prepared for his guidance and refer-
ence. There are involved mrmerous considerations, details of design,
variable 1oca1 conditions and requirements, etc. Design charts for
variow values of n, also a number of design procedures, are available
ln staldard referenees and publications. Therefore, it is considered
more appropriate not to incorporate in this Bulletin what could at best
be only very meager design information and procedures, flow charts for
a llmited value of n, and other limited design factors.

2. PROJECT SEWACIE TREATIVIENT PI.ANT

Rarely have permanent public hoirsing projects been built on sites where
rrprojecttr sewage treatment plants were required, although this method of
sewage dlsposal was of necessity widely used in the war housing program.
It nay be necessary to employ it for some rural nonfazn, if not urban,
projects ulder the cunent program. However, the method involves rela-
tively high initial cost and operating expense and, generally speeting,
can be justified only for a site which, lackirg public sewerage facil-
itJ-es, otherwise possesses remarkable advantages. If and when such a

t See also Part II, Paragraph 1, of this BuJ.letin

NOTE: This Part supersedes Part IX dated /+-lL-5L. The material has
been brought up to date.
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site is considered for acquisition, an experienced. sanitary engineer
should be retained and inforuation obtained as to the tlpe and cost of
a sewage treatment plant which will meet the approval of local health
authorities. Design of the plant should aIso, if the site is selected,
be entrusted to a competent sanitary engineer. In the event of unfavor-
able soil conditions and/or lack of available space for subsurface
sewage disposal -- which should no::ma1ly be sufficient car:se for not
selecting the site -- consideration may be given to the use of a sewage
treatment plant on the site. Provision mr:st be available for the
d.Lsposal of the treated effl-uent into a publlc strea.m, etc. The treat-
ment wlll have to be such as to produce an effluent satisfactory to the
health authorities and so that the Local Authorlty wiII not be subject
to lega1 action and clairns arising therefrom. This type of plant wil1,
of course, require operation arld maintenance, md there are eertain
psychological conslderations (objectlons by the residents) if the plant
is near the residence bullilings. illany types of camouflage have been
usea (tigtrt fences, ornamental gardenwalls, etc.), as well as the use
of partial or completely subsurface struetures (where subsr:rface condi-
tions permit). The costs and all the factors must be evaluated by the
engineer and the Iocal Authority in terms of the ramifications involved.
There are a number of package sewage treatment plants produced by sev-
eral manufacturers. Some of these are still being modified and per-
feeted. A mrmber of prants are in successfur use. A recent survey of
these plants in use by public housing projects in the southeaste.rn part
of the country resulted in the following recommendations:

(a) Package sewage treatment plants cannot be economically operated
at sma1l projects and, therefore, should not be installed at projects
of less than 20 dwelling units.

(U) Uxperience proves that these sewage treatment ptants need. more
frequent inspection and servicing than ls claimed necessa.ry by the
manufacturers. A minimum of three visits a week to each sewage plant is
required, md more frequent vi'sits are preferred. The best operations
invariably receive the most visits by the malntenance men.

(c) ff possible, do not use lift pumps upstream of the treatment
plants. Plaee plants lower in the gror:rd (subsurface conditions per-
mitting), so as to have gravity flow wherever practical.

3. SUBSURFACE SEWACIE DISPOSAI

Sewage from a few projects has been d-i.sposed of by means of sma11 septic
tanks and tile beds, each installation serving a single dwelling or,
more often, a group of three or four units. The results have been
generally unsatlsfactory, notwithstanding suceessful use of the method
fo:: prlvate houses in the sa.me locallties. fn varying degrees, the fault
apparently has lain in inadequate soil investigation, inadequate space
for tile beds, and tenantsr carelessness. Where subsurface sewage

o,

-2-



IflIFA
PHA

Dec. 1965

Bu]-letin No. LR-/+
PART IX

e

disposal is planned, the site should be of amFle size for disposal
fields ph:s sufficient area for 100S expansion. (See Low-Rent Housing
Ivlanual Section 2O5.1.)

Nevertheless, consideration may occasionally be given to si.tes,
especial\r for rural nonfa:m projects, that have outstanding merit, but
no public sewerage facilities. In any such lnstance, lt ls strongly
recommended that: (f) subsr:rface sewage disposal be considered only
for a very small project - so small that a prcject treatment plant would
be too costly to build and operatel and (2) the method be adopted only
after corpetent engineering investigatlon, and when soil pereolation
tests, topographic conditions, and ground. water 1eve1s indicate
strongly that the nethod will prove satisfactory and there will- be no
possibility of conta:ninating any water supply, public or private.
Percolation tests should be made, if possible, in the presence of the
engineer rs and/or health department representatives.

Prl-or approval of the method should be obtained from the 1oca1 health
authorities and other authorities havlng jurisdiction. Approval by the
authorities concerned for on-site sewage treatment and disposal is
mandatory. Such approval, however, does not guarantee desi.red results,
does not assume responsibility for successful operation for any reason-
able length of time, etc. The designing engineer, the Iccal Authority,
and the contractor must, in their fields of activity, accomplish the
work in a proper manner.

/*. CONNECTION TO PUBLIC SEWERACIE SYSTzu

Sanitary sewers available at public housing sltes are usually adequate
to serve the projects. (l few exceptions, not discovered or fu11y
recognized before project completion, have caused seri.ous difficulty in
the past. ) Reliable answers to tJre follow'ing questions should be ob-
tained at the time of site selection and verified during project design:

a. Are existing sa:ritary (or conbined) sewers of sufficient capacity
and in satlsfactory condition to receive project sewage?

b. Are existing sewers deep enough to serve the entire site by
gravity flow? If not, from what portion of the site must sewage be
pumped or buildings excluded?

c. If exlstlng sewers requlre extensions or other improvements in
public streets, what part (if any) of the cost must be borne by the
project?

d. If public sewers are avallable only at sone distance from the
site, will it be economically feasible to provide the necessary corulec-
tions to them?

-3-
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e. If additional sizing and depth of sewers w"ill be required to
service areas outside of project limits, will provision'be made for
the beneficiaries to make paynent for the extra cost?

Project sewage shoul-d be discharged into a public sewerage system unless
the cost is prohibitive. 0n1y under extraordinary circr:ms.tances should
the Ioeal Authority assume the responsibility and expense of sewage
disposal by any other mears.

5, TYPE OF SEWNRAGE SYSTEM

When storm water drains are required, the type of system, 'rseparaterrorItcombinedr" to be constructed in the project will generally be that in
use locally. However, if the municlpallty i.s working toward separation
of sewage from storm water, public interest may be better served by
payr.ng the necessarily higher cost of separate sewers, even though
public sewers at the site are of the combined type. This is a matter
for special- deterrnination. A separate system of sewers within a proJect
may afford better protection against sewage backing up lnto basements.

6. ]VIAXIMUM RATE OF SEWAGE FLOW

lttlhile water supply systems must be capable of meeting the ma:rimrrm
momentary demand, sanitary sewerage systems have an iupourding capacity
which levels off all minor peaks. (The cubl-c contents of the saaitary
sewers ln a project may equal the average sewage flow for a period of
three hours or more.) Thus, the maximumrate of sewage flow 1s much
less than the ma:cimum momentary demand for waterl except in the case of
uery large groups of dwellings.

The sewage flow consists not only of domestic sewage, but of infiltra-
tion and sr:rface water entering the sewers arortnd manhole lids or else-
where. Whi1e, in general, ,there should be no storm water corurectlon to
salitary sewers, it is preferable, if municipal regulatiors permit, that
garbage collection platforu drains, properly trapped, corurect to sarri-
tary sewers rather than to storm sewers.

Recommended design rates of fl-ow in sanitary sewers serving public low-
rent housing projects are as follows:

from /+00 gallons per capita per day, or approxirnately 0.25 cu. ft.
per seeond per 100 DUrs, for 100 DUrs or less.

to 300 gallons per capita per day, or approximately 0.19 cu. ft.
per seeond per I00 DUrs, for 1000 DUrs or more.

The above flows are for sewers flowlng fuII and should be sufficient to
cover a moderate amor:nt of infiltration. When sewers are to be lald
below the ground water 1evel or in areas subject to flooding, the

-1-
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maximum al1owabIe leakage should be stipulated. in the specificatlons.
A maxlmr:n lnfiltration of 81000 to 121000 gallons per day per mile of
sewer, depending on soil condltions, is suggested. (The figure may be
fixed by loca1 regulatlon. )

7. MINIIIUM CTRADES FoR SANITARY SEWEnS

The followlng are slopes which will produce a velocity of at least
2 feet per second in sanitary sewers flowing fuII, (for n=0.01-3:)

4n.

Minimrrm
Grade

6'l

8rt

10il

L2'l

7_5n

18'r

24n

L.LOfi

o.6ofi
o.5t/,
o.2e%

o.22%

o.L6%

o.L2$

o.o8%b
However, when 1ittIe additional trenching cost w111 result, it is
desirable to base mininun grades on n = 0.015. Such grades are approxi-
mately :0S nlgfrer than the precedlng. Pipe should be deslgned and laid
on a grade so as to produce a velocity of at least 2-L/2 ft. per second
flowing fuIl. The r:se of asbestos cement pipe fritf be helpful where
flat slopes are necessa^lTri n = 0.011 may be used for this pipe thus
perrittlng flatter grades.

8. IVIINIMT]M DIAIUETER.S FOR SANITARY SEIIIER.S

Four inches is the recomnended mlnim:m dia.meter for house corurectlons,
and 6 lnches minimr:ra for other Iines. Under standard practice in marly
cltles, 6-inch nininrim 1s r:sed in hor:^se coru:ectlons and 8-inch or
Iarger in all laterals.

9. SANITANY SEIITER LAYOUT

Deslgn objectives which are in part peculiar to 1ow-rent housing projeets
incl:de the following:

&. Locatlng sewer malns and laterals in street areasi, preferably
not under pavements, where practicable, so that the project will be
relieved of the mai.ntenance of the l1nes if the streets are dedd.cated.

Pipe
Size
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b. Locatlng the sewers to avoid existing trees, md eoordinating
the sewer layout and the planting design so that new trees wlll not be
planted over or near sewer ditches. Provide proper supports for pipe
and appurtenances in uastable grourd.

c. Coordlnating the sanitary sewer lines with the locatlons and
grade elevatlons of other utllltles: storm sewetrs, electric, steam and
hot water conduits, md gas and water Iines. The various utllities
should be spaced sufficiently to perrflt laying each in a separate trench
and, where possible, serflers should be lald below water lines.

10. MANHOLES AND CLEAN-OUTS

The usual practice of providing manholes at all breaks in line or gradg,
a:rd at all junctions in lateral sewers, should. be followed rigidly in
public housing pro jeets. The maximum recormended mantrole spaeing is
300 to 400 feet, depending on the grades at which corrnecting sewers are
laio and the diameter of the sewer.

Cleanouts can generally be substituted for mantroles at the upper end. of
sanitary sewers and at changes in the aligruent of short l-atera1s. Pro-
vide locking devices on all cleanout covers and on marrhol-e covers withln
the project site (not in publlc streets). See Figr:re I for two types
of cleanouts.

THREAOEO PLUG FIN. GRAOE THREADEO PLUG
/- ar J

oAsr rRoN trle B€No

45' BEND

CAPPED END CAPPED END
OF LINE OF LINE

FIGURE I. TYPICAL ALTERNATE CLEANOUTS FOR

SANITARY SEWERS

11. SE]TER P]PE AND PIPE LAYING

Engineers for public housing have usually specified only pipe ard bitu-
minor:,s joint material for sanitary sewers. Specifications should also
provide for pipe joints of watertight preformed rubber gaskets securely
Iocked against displacement (it is a labor saving item).

Pipe in deep trepches requi.res special attentlon in both design and
construction supervision. The trench load varies with the square of the
trench width at the top of the pipe; hence, the trench should'be as
n€rrro\ru as practicable at that level. Generally speaking, if the trench
load will exceed about l/4 of the "sand-bearing'r en:shlng strength of
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standard-strength clay sewer pipe, extra-strength pipe should be
employed or concrete crad.Ies provided.r

fD

Pipe in shallow trenches may require protectlon against damage by con-
lng and trueking), if not aftenrard. 0n flat

sites, sewer house connectlons ald the upper ends of laterals must
often be lald quite close to grade. When existing ground levels or
finished. grades are such that sewers will have less than about 2-L/2
feet of cover at all tine during construction, it is reconmended that
the pipe be encased ln concrete or cast iron pipe substituted. (Breaks
in pipes have remalned undiscovered in some cases until long after
project occupancy. )

Adverse soil condltions have been a source of difficulty in a number of
projectE -:t-fs-t-=ne engineerIs responsibility to inform hirnself fully
on site soil conditions and to design accordingly. Sewers in very
unstable soil may consist of cast iron pipe supported on two-plIe bents
or hurtg from building walls, or of tile pipe with continuous concrete
beam supports. When corrlitions are less severe (for example, when
trenches are in saturated sand) a base of gravel or cnrshed rock on a
floor of 2-inch plank may afford a satisfactory bearing.

L2. SEWAGE PUMPING STATIONS

Project maintenance experience has shorn that the following points
merit special attention in the design of sewage punping stations, when
such are required:

&. Investigatlng the possibillty, where the sewage lift is s1lght,
of avoiding pu.mping entirely. This nay sometimes be accomplished by
deep trenching, additional length of sewer 1ine, or omitting buildings
from the l-owest part of the site. Obviously, the point should be
investigated at the time of site seleetion.,

b. Selecting a puqping station location as far from dwelling
buildings as practicable, especially if the station will have screens
whieh require cleani.ng, and locating the station where it wILl be
accessible from a surfaced roadway.

co Preparing a complete and accurate statement of operating eond.i-
tions in order to obtain equiprnent which will operate most efficiently.

d. Using the dry-well, rather than wet-well, type of centrifugal
punps.

' See 'tTrench Loading Tablesr" published by the CIay Sewer Pipe Asso-
ciation, Inc., Columbus, Ohio.
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e. Providlng, where feasible, an overflow from the wet weII, for
use in emergencies.

f. Providlng stand-by power, where an overflow ls not feasible.
(tfris may not be essentlal ln all cases, but the possible need for it
should be considered. Check requirements of 1oca1 health authorities
and other authorities havirg jurisd.iction. )

g. Keeping the motor room floor well above possible flood leve1 of
sewage, should the pumps fail.

h. Constructing a superstructure over the station to facilltate
proper care of the equipment.

i. Providing a positive system of ventilation of the pump room,
also the motor room unless it is w-ithin the superstructure enclosure.

j. Providing a bar or basket screen in the wet well, unless pumps
or eJectors are of a type not requirlng screens; providing a marrhole
in the wet-well roof directly above the screen.

k. Extending valve stems, lncluding those on the drainage surrtr>

valves ln the punp pit, to the motor room floor or to a platform
located above the hlghest possible sewage level-.

1. Using guides, in lieu of tubes, for the floats.

m. Providing flexible pipe connections on the suction and discharge
sides of the punps; rrcing no sewage piping smaller than 4-inch.

rr. Avoiding connection of any kind between potable water fines and
the punp pr sewage piplng.

The preceding points apply principally to centrifugaf-pump instal-la-
tions. 'lillhen only a smal1 amouat of sewage will be handled, pneumatic
ejectors may be preferable.

For the usual dqllicate-punp installation, it is recomnended that the
capaclty of eaeh pr:rp be 25$ to 50$ greater than the maxlmr:m estimated
sewage f1ow. However, when sewers will be laid generally above ground
water IeveI, lt should be safe to base pump capaclty on a rate of flow
about 2OS Loner than that recornnended for pipe sizing. Between high and
low sewage IeveIs, the wet well should provide at least 10 rninutesl
storage at the average rate of flow, but the width of the wet well
should be not less than 5 feet. Dlmensions of the dry well should pro-
vide adequate working space around the pumps.

J
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S]TE ENGINEERING

PART X - STOHvI SEWER DESIGNT

1. INTRODUCT]ON

Drainage conditions have frequently recelved too little attention in
slte selection, and have occaslonally not been understood fu1ly during
project design. I\rtrcreover, although storm sewers are not essentlal on
a1I projects, efforts to economlze by their omission have sometimes been
iLl-advised.

For these reasons, in part, numerous projects have been danaged by
floodlng or erosi.on, and cost\r corrective work has been necessal1r;
tenants have been inconveniencedl md, in a few instalces, sewage from
combined sewers has backed up into basements or flooded yard areas,
creating insanitary conditj.ons.

This Part X consists main\r of: (a) a brief discussion of baslc infor-
mation on drainage conditlons needed in site selection and project
design, and (b) recommendations on other features of storu sewer design,
all based large\y on project maintenance experience. Storm sewers are
also referred to as storm drains.

2. DISPOSAI OF STORM WATER

Storm water from projects is disposed of by one, or a combination, of
the follorling means:

a. e!o:u eelqrs into existing
storu or combined sewers. This method is almost always employed to some
extent where existing sewers are available. It is essential for Iarge,
high-density projects.

b. dis it ect storm sewers into a ne
open water course. is emp occas , awe
defined water coursp is available. The observation, often made, that a
site has t'good natural drainage'r 1s no indication that there is a water
course into which project storm sewers can be discharged. (See Part t,
paragraph 4, of this Bul1etin. )

r See also Part IIl paragraph 1; of this Bulletin

NCIIE: Thls Part supersedes Part X dated 1-1.6-51-. The material has been
brought up to date.

b
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c. Br merely grading the site to pemit surface drainage into
abutting public streets. Il:is method is employed to a lreater or less
extent on al1 sites. It can be used as ttre sole mettrod of disposal on\r
for comparatively smaI1 sites where topographic conditions are entirely
favorable.

d. Biv drainage weIIs. Deep drainage wells have been used in only
one loca1ity, where certaln rare\y for:ad conditions exist. Creneral\r
speaking, slallow trdry ileI1srr are altogether lneffecti.ve for surface
drainage, lncluding that from roofs. Honever, in favorable subsurface
conditions, properly designed dry wells, leachlng we1ls, and similar
structr:res of sufficlent number to provide required storage pending
percolation have been successfully used. The economic maximum depth
of -these structures is 20 feet and the effective minimr:m is approxl-
mately 6 feet, both depths from the finished gradesl leaching basins
serving drainage structures for ar5r given area should be cross-connected.
Thorough inspeetion of this work is essential.

3. EX]STING DRAINAGE FACITITIES

the follorving is a brief check li.st covering points on which general but
reliable lnfor"natlon is required in site selectionr md detailed
accurate infonnation is indispensable for project deslgn:

a. If existing storu or comblned sewers are to be utilized for
project drainage, are they structurally and othe:syise ln good operating
condltion?

b. About how often and to what extent are such sewers surcharged?
(Neignnorhood inquiry may be necessa:ry to obtaln a reliable answer to
this question, particularly as to whether back-florv into basements ever
oecurs during heavy rains.)

c. Just hory will the surcharge of existlng sewers affect the plan-
ning and operation of the proJect? Ificre specifically, wiII any part of
the site be subject to flooding and, if so, ean the project be so
planned that the stor:rn water w111 cause no appreciable property damage
or serious inconvenienee to tenants?

d. If existlng sewers are of the combined t;rpe, would their over-
loadlng cause insanitary condltions in the projeqt?

e. If existing sewers are inadequate to serve the project, to what
extent, if any, w111 their'enlargement be provlded without cost to the
proJectt If existing storm or eombined sewers require extension to the
bite, or other improvements in pub1lc streets, what part, lf ar5r, must
be borne by the proJeet?

f. If a natural water course or open dltch is the obvious and only
outlet for project sto:m sewers, ls it at a lom enough elevatlon to

\

J
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serve that purpose? Can project drainage, lf ard as increased by the
site development, be diseharged into such water course or ditch without
causing danage to ttre site or adjoining property? (See Part I, para-
graph 4, of this Bul1etin. )

1. EXTENT OF PRO]ECT STORM SEWERS

The need for storm sewers is, of course, related to physiographic
conditions - soil, topography and rainfall. However, the extent of the
sto::m sewer system in a specifie project is governed more directly by:
(a) the grade design, which establishes automatical\y the l-ocations of
most sewer lnIets, and (b) the decision as to whether sewer corunections
are to be extended to downspouts, arld to crawl spaces, if aly. The stor"m
sewers must be laid out in the most eeonomlcal way to reach the prede-
temined points of storrn water collection.

Ttre sewer designer should be alert to the possibllity of grade changes
that would slmplif) the stom seir'/er installation. ( Ttre grade study and
the sto:m sevrer design, both basically concerned with site drai.nage,
nay be regarded as largeJy a single design operation. ) F\rrther, some
adjustment in the site plan may be found advisable to acconmodate storm
sewers and other utilitles in the most efficient manner. (See Part I,
paragraph 2, of this Bulletin. )

5. RAINFAIL FREQUENCY ATiD INTENSITY

a. In housing projects, as ln cities generally, cost considerations
usually preelude building stor"m serlers large enough to handle the rr.rnoff
during rains of manimum intenslty. In principle, the rainfall frequency
employed in storm sewer design should result in an approximate balance
between first cost and probable future damage. Obtaln from the locaI or
regional Weather Bureau office infornatlon pertainlng to rainfall lnten-
slties and frequencies for use in design work.

b. If the surcharge of a certain sewer would surely cause basement
ffooatng or severe erosi.on, a rainfall frequency of 25 years or more
may Justlflably be adopted. If, conversely, it would result ln little
more than ponding of sto::m water befifeen street curbs, a frequeney of
about 10 years may be assuned. A surcharged condition is like1y to be
more objectionable ln combined sewers than in sto::ur sewers.

6. COEFFICIENT OF IMPERVIOUSNESS

The t'coefficient of imperviousness" should be determined for each
project (or each part of it separate\r considered) by taking off the
surfaced and buildlng-coverage areas from the approved site p1an.

II
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7. COEFFICIENT OF RI]NOFF

a. For impervious areas, reconmended nrnoff coefficients, d.epending
on slopes and various other conditions, are:

Ittith dorvnspouts coru:ected to sewers 0.75 to 0.85

With downspouts not connected to sewers 0.60 to 0.75

b. For pervious areas, the coefficient will vary widely with surface
slopes and nature of ttre soil. However, the follorrling should serve as
a reasonable design guide, although the upper and lovver limits may not
meet extreme conditions:

For very light slopes and sandy soil 0.IO

For moderate slopes and clay subsoll O.25

For steep slopes and nonporous subsoil 0.50

Factors may be higher for design for longer storm frequency.

c. The combined coefficient of runoff is the we ighted average of
those for pervious and imFervious areas respecti.ve\r:

For very For
light slopesl moderate slopesl

Density eE44v llDqelf clqv subsoil

For steep
slopesl non-

porors subsoil

10
20
30
A.O

50

30
375
1.5

50
55

0
0
0
0
0

5

45
50
55
60
65

0
0
0
0
0

0
0
0
0
0

60
65
70
72
75

Ttre combined coefficient should be careful\r computed for each project --
preferab\y for each part of it considered in pipe sizing. The preceding
values are sqgested for checking, preliminary estimates anfl simifar
uses.

8. STORM SEWER SIZES

Storm sewers should be of sufficient diameter, not on\r to haldle
estimated sto:m water flows, but to be reasonab\r secure against stoppage
by grit, stones, trash or other material- that can get into them through
ttre particular type of inlet provlded. Gratings, of course, afford con-
siderabLe proteetion in this regard, at Least as compared with open-
throat inlets, but catch basins with trapped outlets are the most effec-

/-
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tive. Following are recommended n-inimtm diameters for storm sewers
corurected to different types of inlet:

Sewers receiving drainage from catch basins
with trapped outlets l2 inches

Sewers receiving drainage from plaln inlets
with grating type opening

Sewers receiving drainage from plain inlets
with side openlng (open throat)

15 lnches

,

15 lnches

In slzing sewers, the designing engineer should put his calculations --
covering pervious and inpervlous areas, nrn-off coeffieients, dis-
charges, etc.r--in suitable tabular form for checklng uses and pe:manent
record.

9. MINIMUM GRADES FOR STONM SEWERS

To be self-cleaning, storm and combined sewers should be laid at grades
which wi}l produce a velocity of at least 2-Vz feet (preferabry 3 feet)
per second with pipes flowing ful-l. (see rart Ix, paragraph 7, of this
Bu11etin. )

10. SEWER PIPE AND PIPE I,AY]NG

Engineers for low-rent housing projects have usual\y specified clay pipe
for combined sewers to include 24 j'nch diameter with reinforced concrete
for large sizes, and either clay or concrete pipe for storm sewers.
Design problems related to trench loading and adverse soil conditions
are ldentical with those described in Part IX of this Bulletin. Pro-
vide proper supports for pipe and appurtenances in unstable ground.

For pipe culverts, pipe described above is used and, in addition, for
15 inches and over, considerable use is made of corrugated metal pipe
(OrP), coated and lined, ofproper gauge for the loadings at locations
involved. For clay and concrete plpe, use concrete headwalls and for CMP
use standard end sections. The use of concrete splash aprons on the
outflow ends to reduce eroslon and assist the flolr is recomended. For
culverts over 12 inches, install locking removable gratings in the head-
walls to prevent accidents to children, animals, etc.

11. SE11IER INI,ET TTPES AND TOCATIONS

a. TYpes. Sto:m sewer lnlets may be catch baslns or plain inlets,
and either sueh fo:m of chamber mey have a grating or a side-openlng
(or eurb) inIet, or both. These fipes, illustrated in Figure 1, are
discussed briefly oelow.

lf
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PLUG

WATER

PIPE INLET
(FOR LAWNS)

COMBINATION
INLET-MANHOLE

tCATCH BASIN WITH TRAP
(FOR COMBINEO SEWERS)

OF CURB

NORMAL GUTTER LINE

GUTTER LINE SECT.

CURB CATCH BASIN (wITH HooD SEAL) ELONGATED CURB INLET

FIGURE I DRAINAGE STRUCTURES

b. Inlet locati.ons as previous\r noted, are fixed largely in the
project grade study. Nevertheless, the stort sewer design should ln-
clude a check on the locations proposed, in both yard areas and streets,
to ascertain whether: (1) the inlets will be necessarXr and effective at
such points, and (2) the locations are the best posslble for econonqr in
the sewer layout. F\:.rther, inlet capaeity should be checked agalnst the
calculated storm water floiv at each ln1et location. Inlets at street
lnterseetions are, as a ru1e, better located at one end of the curb
return than nbar its center.

)2. INLET CIIAtr,tsEB,S: CATCH BASINS VS. PLAIN INLETS

a. Catch basins with trapped outlets are necessarXr on combined
sewersi and catch basins, with or without trapped outlets, should be
used on storm sewers having grades which may not produce a self-cleaning
velocity of flovy. A trapped outlet ls useful in preventing the entrance
into the sewers of toys and sticks pushed through gratings by chlldren.

ELEV

J
HOOD SEAL

WATER

6
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Honever, eatch basins are decidedly obJectionable in several respects:
ttrey require occasional cleaningl cleaning ls sometlmes neglected untl1
stoppage occurs; the basins are Iikely to become foul and breeding places
for mosquitoesl and the water seal in the trap may freeze during severe
winter weather.

b. Plain inlets al'ford ]ittle protection against sewer stoppage,
but ttrey do not have the.objectionable features of catch baslnsl and
plain inlets may serve ad nanholes (which catch basins can not), witlr
one inlet corrnected to another, thus effecting considerable economy.
Such inlets are recommended, therefore, when: (1) sewers are not of the
combined type, (2) sewer grades w111 produce a flow velocity of at least
2-V2 feet per second, and (3) sewers are aroply sized as protection
agalnst clogging (see paragraph 8). Provide catchment /' ft. deep in
dralnage structures (tawn basins and road catch basins) that discharge
into leaching basinsl this is necessar1r to intercept dirt, Ieaves, shav-
ings, etc. from washing into the leaching basins. At street intersec-
tions, inlets should discharge into a catch basln (with catchment and
cast iron hood seal), which then discharge into the combined sewer.
When sto:m sewers are used, a similar scheme can be employed but the
hood seal may be omitted.

c. Intet chambers in surfaced areas should be of concrete or brickl
1ngrass@maybeofsuchmateriaIsorofti1epipesseton
end. However, lt ts preferable that 1nlets be large enough for a man to
enter. Plpes with gratings restlng ln their be11s are not satlsfactory.

L3. GRATING.TYPE INLETS

Grating inlets are of necessity used in grassed and plane surfaced
areas, also ln roadways of dished cross sectlon, and may be used ln
gutters along curbs (either sole\y or in eonjr:netion with curb open-
irgs). Several points regardlng thelr deslgn nerit emphasis:

a. Exeept ln gutters along curbs, a circular grating ls preferable
to a rectangular one, since the elrcular casting can not falI through
the frame.

b. To allcivr for partlal stoppage by leaves, paper, etc., the
gratlng area (gross) should be not less than about three square feet per
sec. ft. of storn water flow.

c. Gratlngs should be heavy enough not to be removable by chlldren.
Provide locking devices on ai1 gratlngs and mantrole covers withln ttre
proj.ect site (not ln public streets).

d.. The design should pe:mit using standaxd gratlngs, cast'ln the
Locality. The englneer should check on the for.m, dimensions and weights
of such produets. Use hearrSr duty type in roadways, trafflc area6 and at

la
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curbs. Drainage gratlngs at walks and in lawns should be of a type that
will not pe:mit chlldrens usual toys to faII in, also in which womensl
normal qrpe heels would not be caught.

e. Gratings should always be set in depresslons 2 to 3 inches below
finished grade. This applies to gratings in lawns, roadways, and other
surface Erreas. (f,act of attention to this point, in project drawings
and construction, has resulted in poor drainage in marly cases. )

f. Grating franes in grassed areas should have concrete collars not
less than 12 inches wide. When adjoinfug wa1ks, the outer edge of the
coIlar should be about t/1 i-:ncn below the walk edge.

t

g. Rectangular gratings in roadway gutters should have their bars
para1IeI to the direction of flow. Thls gives manimum inflovr capacity
and non-clogging characteristics. Such gratings should be of ample
length. Inlet castings should always be gratings--not perforated covers.

h. Occasional\r, where service drlves cross sidewalks at sidewalk
grade, a grate-eovered trough (such as used around gasoline se:svice
stations) may be extended wholly or partially across the drive. This
will generally lntercept the water more effective\r than a standard
sewer inlet, and may cost no more.

M.. SIDE.OPENING INI.ETS

Side-opening inlets usually provide more effective openlrgs than do
gratings, and are much less subJect to stoppage, but they are obvlous\r
sultable for use on\y in roadways or ottrer paved areas having curbs.
Tlre most imFortant objective in ttreir design is diversion of the flow
fron the gutter into the curb opening. tris involves formlng a shallow
depresslon in front of the inlet and, espeeial\r on slopes, adjusting
ttre length.of the opening to th'e flolr. It is essential ttrlt tfre sto:m
water flow to each inlet be calcul-ated.

Orly comparative\r recent\y has the subject of inlet capacity been re-
ceiving ttre attention it needs, and much research remains to be done.
Following, however, are approximate figures on the lnta-ke capacity of
side-openlng inlets located along gutters with different longitudinal
slopes: r

Lengttr o{ Inlet 1% sl-ope 3% slope 5% slope 10% slope

1 Based largely on data contained in Engineering Ecperiment Station
Bulletln No. 30, North Carolina State Co1lege.
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feet
feet
feet
feet

1.

6
I

10

0
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1
2

75
30
85
/ro

30
55
80
10

c.f . s.
c.f.s.
c.f.s.

c.f . s.
c.f.s.
c,f . s.

c.f .s.
c.f.s.
c.f.s.

e.f.s.
c.f.s.

c.f . s.c.f.s.c.f.s.c.f.s.

c.f.s.

0
I
I
2

50
00
50
00

0.
0.
1.
1.

40
75
t5

05

0
0
0
1
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The preceding flgures should be used with caution, and only for condi-
tions which approximate the follou,ing:

a. An inlet slot at least 5 inches high and wlthout vertical bars
or other obstruction.

b. An l8-inch gutter having a cross slope ot t-l/2 inches to the
inlet sLot.

c. The gutter depressed an additional 3 inches immediately in front
of the inlet opening, with adjoinirg pavement surface warped accord-
inglJ. (With a 6-inch curb elsewhere, this gives a curb height of 9
inches--the manimum deslrable--in front of the inlet.)

If the inlet is located in a pocket in the roadway, with flow to it from
both directions, its eapacity may be double or more than that given in
column (2) atove.

Side inlet capacity may be increased material\y by a grating set in the
gutter, and this combined type of inlet is standard in mar5r cities. It
is more cost$r ttran the si-mple side inlet and becomes less effective
wittr increasing slopes.

There is general\r some advantage in following loca1 standards, and it
is necessazy to do so in the case of streets to be dedicated; but this
does not lessen the importance of ehecking inlet capacity against storur
water fIow.

V{eep holes for subgrade drainage are sometimes provided ln roadway in-
lets on the roadway side of the chamber. Located just below subgrade
Ieve1, tJrey are especial\y desirable in the case of inlets located at
low points in the street grade.

9 IIHFA-PILA, ltfash. D. C.
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PART XI

SITE ENGINEERING

PART XI . ELECTRICAII

1. INTRODUCTION

This Part XI contains no discussion of the numerous details of deslgn
or construction of the electrical work for the housing projects. It is
intended only to call partlcular attention to several ltems of impor-
tancej affecttng the site.

Bulletin No. LR-8 discusses in d.etail the consideratlons and methods of
design and construction. Part I deals with Interior Installations and
Part 11 deals with Drterior Distribution. ,Gui.de Specifications for this
work are available.

Bulletin No. LR-ll contains atldltlonal info:uation of value to the elec-
trlcal tlesiguing engineer concerrring selection of utllities.

2. OVERHEAD vs. UNDERGR0UND DISTRIBUIION

This subject is discussed in conslderable detail in Bu1letin No. LR-8,
Part II. Recent trend in nu.merous parts of the country is that utility
companies are more slrorpathetic and agreeable to absorbing all or part of
cost for fu11 or partial underground services. Srch action will depend
on a number of considerations and ls an item subJect to negotiation.

3, NEGOTIATIONS WITH IITILITY COMPA],IY

It is important that the local .&rthority complete the negotiations with
the ttility eontpany pertaining to extension of services to the site (if
necessary-), netering, rates, point or polnts of deIivery, type of serv-
ice, and other items as discussed. ln Bulletlns LR-8 and. LR-II, before
proceedJ.ng with design work. ff possible, some of these items, such as
extension of service, metering, and. rates, should be agreed. upon before
site seleetion.

1 See also Part 1I, paragraph 1, of this Bulletin.
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/T. COORDINATION WITH OTHER SITE IMPRWEfuIENTS

The design of the exterior distributlon, both overhead and underground,
should be eoordinated with the site p1an, project grading scheme, and
with all other site lmprovements, including sewers, gas, water, pavetl
areas, recreatlon areas, trees, and plant naterial. If feasible, locate
electric vaults, manholes, and simllar structures so that thelr drainage
may be diseharged into the storrn drainage system.

5. EXIERIOR LIGHTING

Coordinate exterior lightlng with entrances to buildings, sitting areas,
recreation areas, pedestrlan and vehicular aceess, and parking areas.

iU. S. GOVERNMENT PRINTING OFFICE: 1966 O -'?79-6?1
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