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PURPOSE OF THE STATON 

THE purpose of the Engineering Ex .. 
periment Station is, first, to afford 

a service for the other industries of 
Iowa, similar to that afforded by the 
Agricultural Experiment Station to the 
agricultural industries; second, to assist 
the urban population of the state in 
solving the technical problems of urban 
life; third, to solve the purely engineer .. 
ing problems of the agricultural popu= 
lation and industries of the state. 
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Fig. 1. Te~ting- a :16 Tnrh Drain Tile "ith An1es Stan<lan1 TTon1emnile 
Testing 1'fachi ne. 
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of I~e<ld111g ancl J;oatl111g of l)1pPs 111 l)itC'h<>" !~0 
l◄'igurP Jllustratine: .Jlatht•n1atH·,d 'l'lti>or~· of 

IJoatls on J>ipt>s 111 l)1tch<'s :11 
,.\ppal'atn!i for l)P1l'l'lllin111g ( 'opffi<'iPu1-; of 

I◄'ric-t1ou of I)itrh I◄'illing :;\IatPrials :{7 
\Tariation of l,oa<ls on I>1pt->s 111 lhtc·hPs for 

l)iff:'t'rt>nt ('ons1stl0 U<.'iPs of Iht<.'h J◄'ilhug :\Ia-
tt,ruds. fro111 F'lu1<l to :-;ohtl -1-:1 

f)iag'l'cllll of .i-\.pproxi11u1tt"', :-;aft'. \\'orking \Tal-
lH"-, of · (' · ·. t hP ( 'ot'ffitI<>Ht of I.Jo,uls 011 

l>1pt->s 111 l) itc-hPs . --1-;; 
r'iglll'f' Jlln-;trat111g th<> 1'hP01')' of J;oa<ls 011 

J>ipt'<.; in J)1t('lH•s \\T1dPr at 1 ht• 'l'op 'I'han at 
th<' 1iotto1n -!~ 

l◄'iO"\ll'P Illnstrati110' thP Tht•or, of th1· I~fl't•t·t of 
~ ~ . . 
Snp<'I' J;oc1ds on t l1t1 IJo,Hls 011 J>ip1•-; in 
l)1t(•hPS . -1-1) 

l◄,ig. 1 ~ J◄,1gn1•p Illustrating t hP 1'hl'Ol') of t hP I~tl'P<.'1 ol' 
thP Shoc•k of 1'a1npi11g 011 th1' J;oads on P1pt>s 
in l)1i c·lH'S 

I◄'ig 10. C'ross Nt1 c•t1011 of .. \.pparatus lTs11d at ... \111Ps l'or 
'\\Tpighing thP A<.'1ual I .. oads 011 J> ipPs i11 
I) itrh<'S . G7 

I◄'ig 20. Snrfac·<' \Tit•\\· of .. \pparat n<.; l Ts<'<1 in I~xpPri 
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n1t
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1111 J> ip,•s i11 I >it,·hPs 
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rrI•~S'l'S ()F' ('l~}IEi\'r A?\D ( 1L .. A.1T DR.i\I~ TIT/B AND 
8 It\•{I~R PTPJ~ 

CI-I ... \.PTER I 

THE PRESENT SITUATION 

Article 1. Importance of the Subject. Tile drainage is 
or , Pl'~ grPat 11nportan<·e in Io"·,1. 'I1he state is far in the lead 
of c111\- otht.>1· in the nnion in the an1onnt of drain tile 111annfat'-• 
tnrrd. :\lore arP saHl to ht' n1ade at llason l'ity than at anY • • 
other pla<·e in tl1e "orl<l 'fhe value oC Io,Ya 's annnal n1anufae-
t11rP of <'lay drain tile passed the $:3.000.000 1nark in 1910, ancl 
it ha5 hPen t->s11111ated h~, a eo1npetPnt authority* that the annual 
Y,ilnr of our c·c111ent tile output is in c:x<·ess of $1,000,000. 

'I'he tih• cli·ainage of I o" a is onl~· fairly begun, yet the go,·­
ernor of thP state. in his 1011 inaugural ad<lress, has quoted es­
ti111atrs li~· <·01111t:v offieers fan1iliar ,vith I o"·a drainage that about 
12~ 000 111iles of tile drains haYe already heen constructed on 
Io\\ a farn1s.-enoug-h to rrach fivp ti1110s 2ronnc1 the Pntire "'orld . 

. At thP 1911 1nePting· of the Io"·a 'tate Drainage Assoeiation 
a c-01nn1ittl•f pres<.>nte<l statistics sho"·ing that OYer $15,000,000 
"·as being- inYestecl in pul)lie co1n1ty drainage ,York, in only 31 
c·onnt1('S of north erntral lO\\'a. rl'he san1e co1n1nittee esti1nated 
that four tin1es this a1nonnt "·ill he required to co111plete the 
pnhlic draina~:e \York in these 31 counties. and speculated that 
$-1-50,000.000 "ill e,·entually he expen<lecl in co111pleting the co1n­
Linecl public ancl priYate drainage "·ork of the entire state. 

The authors of this hnlletin do not either affir111 or denv the 
• 

correctness of the ahoYe estin1ates as to present mileagr of tile 
drains and eYent nal total cost of con1plete drainage in Io,Ya, for 
no reliable data are aYailable ,Yhich ,,ill ,Yarrant anything 1nore 
than a 1nere guess. J t is certain. ho"·eYer, that the cost "·ill he 
Yfl",\' great, and 111ueh larger than is cornn1only realized. I t is 
(•c0 rtain. also, that the g-reate1· a111ount of the enormous expendi-
1 nre "ill be for tile drains. 

:\Ioreoyer, the quality of drain tile and se,r(lr pipe 111anufac­
turecl and used is of great in1portancc throughout the entire 
C'ountry. The Yalue of the annual output in the TTnitec.1 States 
of clay drain tile and se,,er pipe alone was $21,818,518 in 1910.** 

* ~Ir. Chas. E. Sims, ,Yorthin!.!ton, :\[inn., formerly Se<'rt>tary of tht> Intprstate 
CMn F nt Tile iianufacturers' ,\sso<·iat1on 

** :Mineral Resources of the 1.init, d l::,tatPs, Yol . II, 1910. 
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The ontpnt of cen1cnt pipe "onld inrrease tl11s stun Yet',Y n1ate­
rially, ancl "·hen "·e acl<l the (•o~t of lahor and 1natrrials to that • 

of pipe, it seen1s probable that at least. '73,000,000 are being spent 
annuallv in the lTnited States in the <'Oll~trnl'tion of se"·cr and • 
drains. 

Article 2. New Conditions of Use and Manufacture of 
Drain Tile. l n the extensi, e. puhhC', co1u1t)' drainage "·ork in 
Io\va, tbe large tile clrain has been gl'o"·1ng 111 faYor rapidly of 
recent years, as a snh. tit nic for the ohje<:tionahle open diteh. 
I1itera1ly 1nillions of do]]a1 s are heing pent on these great tile 
drains. of J 5 to 44 inc he in clia1netcr. 'l'his c·onstr11ctio11 or nch 
large tile drains i a ne\Y cleYelopn1ent in drainage "·ork. 

The extensiYe use of cen1ent tile for hoth largr and sn1all drain 
is another ne,Y develop111ent in drainage. Since J !105, the use 
of thi ne"· 1naterial has grO\\ n f'ro111 nothing 1o 1nore than 
$1,000,000 iYOrth, annually, in l o,Ya alone. 

In I o\\·a especially, then. and extensiY(1 l)' in other ~tate .. iYe 

ha,·e a ne,v and unpreeeclen1ecl eondit ion a. to tile drainagr. 
First, in the ca e of cc1ncnt tilr, \\C ha,e for both large and 

Pig. " The ConstructioIJ of a 3G Tuch Tile Drain 1n Boone County, Iowa. 
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s111all drains, a very rxt<>nsiY(' use of a n1aterial \\·hi<.'h ha never 
• 

been extensively triecl out heforr for this l'XcH·t purpose. 
A 

1ccond. in the case both of c·en1ent aud of clay tile, '"e have, 
for drain. of J 3 to -!-l: inc.:hPf> dianieter, the extensive u. e of til c 
in si:cs so u11prccrdc JIily largr that the tile have nrver lirrore 
been t ried out under aetual field conditions of use, to cleter1ninc 
by experienre thr s!rength ll<'t'<'~s,n·y to sustain thr loads to \\'hich 
the~· 11111st he suhjeetecl in th,, dit<'h. 

l Tnder these tirL·un1stan<'PS, a very nn atisfaetorv and evl'n . ' 

dangerou conditio11 has a rispn in onr drainage ,vork. 
Article 3. The P resent Situation as to Standards for 

Drain Tile and Sewer P ipe. 1~he nu1nnfaC'tnre and use of 
tile and • e,Yer pip<' are of very great pernniary i1nportanc·P. 
as sho\\·11 in .• \ rt. 1, ahove. ~!orc>o,c.•1>, the failure of agricnl tnral 
drains n1a)· ruin the farn1rr \; c·rops, ancl thr failure of a se\\·rr 
n1ay enclangl'r the health of a neighhorhoocl. 

C1cn idering the i111portanc·r of the suhjpc•t, and r<•1ne1nhering 
that e,rer pipe of fairly large dia111Ptcrs ha,·e hern in rxtrnsivr 
n c for generations, ii " ·0111<1 c·ertainly sce1n that standard 111eth­
ocls for testing se\Yc·r pipt> <111d clrain tile should haYe heC'n adopt­
ed and brought into grnL•ral usr long since. 

r 'ntil no,Y, ho,YPY<'l'. thPre have' ht>c•u no standard 111<:'thods for 
testing drain tile and sc',\'<'l' pipP. }~nginePrs anc.1 inspectors 
sin1ply giYe the pip<> an extPrnal i>xan1ination, and. ,rhpre tl1<1 rr 
are no serious defec·ts Yisihlc>, try· to c.lc>tP1111ine h)' intuit ion 
"·hether they "111 t,UT)' saf<,l)· thP Joacls ,\'hic·h 1111tst rPst npon 
the111. I n 111a11~· tases rC'jec·tt>cl pipe lHlY<' lH·en Jll'OY<'ll by trsts 
to he stronger and hPttPr than ac·c·cptcc1 pipC' fro111 the sa1ne lot. 
I n n1a11;y eases, tht• si1H·<:>rest efforts of hoth 1na11nfartnrers and 
engineers haYc• failed to extluc1P pip<' "·hich after\\·ards 1·1·ac·kecl 
in the ditC'h. 

1'here has lH'l'P1oforP, 111orPOYe1·, hePn no ,\'a)' to c.l<--ter111i11e 
,Yhat ,,·eights of ditth filling thP pipe 11111st rarry in actual use. 

T t is full tinlL' to de,•plop a torrec·t 111ethod fen· talenlatiug the 
ac.:tnal loads on pipe in ditthes; to c1eY('lop ancl generally adopt 
a standard 111c>thocl for f('st ing- cl rain tile and Re\\'('l' pipr; to 
adopt fair and adeqnat0 stan<lard speeifications for the quality 
of drain tile and SP\\'er pip<'. as inclit:atc,cl hy stanc.1arcl tests; and, 
finally, to snhjec·t drain tilP and SC'\\' C'l' pipe to 1c.•sts as generall~', 
an(l as faithfully as is no"· pr:-H·ti<'ed "ith steel, paving brick, 
and cement. 



CIIAPTER I I 

FAILURES OF DRAIN TILE AND SEWER PIPE 

Article 4. Recent F ailures of Tile Drains. O"·ing to the 
recent extensi,·e u e of drain tile so large that past experience 
ha not yet furnished proper precedents. 1nany serious cases haYe 
recently occun'ecl in I o,ya o C failure of large drain tile by crack­
ing in the ditches. '\\1 e are rece1Ying frequent reports of ne,Y 
instances, and belieYe the situation serious. 

rrwo general classes of failure ha, e been reported to us: 
F'irst, cases of cracking " ·hich cle, elop during con truction; sec­
ond, cases in "·hich drain tile supposed to he all right are fonncl 
to be cracked after a considerable time has elapsed since con-
truction. 

(

1

ascs of cracking cluri11y co11st1 uctzon. 'l'here are 111any of 
_ -,; - rm~ these. Frequently the craeked pipe 

[ are re1no, ed, and hy special care in in-

~ !~!cc\\~~P~~~ct
1b~~~g,;!~~11~~;:e :l~~ed;:~~~ 

l::~ , ahl:v loaded near}~, to the cracking 
-.t::: ~ point. J n other l'ases completion i 
~h✓• 'K: found i1npracticable "-ith the pipe 
~ ~ ~ ~ '-1-.. orig·-inall)' furnished. 

f-:::: ~ ~ C) ~ I~1 ig:s. :1 and 4 sho" the conditions 
C) "t ~-~ in t"·o typical rases of cracking of f ~--,.....--~,,w C) ~ large drnin tile dnring construction. 
(.:) ~ ~ ~ Is) Fig. 3 is e perially i)·pical of many 
~ 0 

~(':) ~ ~ other ea. es of "hich "·e ha,·e learned, 
<:::, :% (S :::;:;.--:: ~ f and for that rea on ,, e shall give in 
~ ~ ~ :::S \) full the Jetter of .:'If r. F. 0. Nel on, 
').... ~~ -- ~ QJ drainage E>ngineer. EsthE>rYille, Io,,·a, 
\l ~ ~ ~ ~ i "·ho rcportrd the <'ase to us. " Triting 
~ ~ ~ ~ nnder date of 1-<'ehrnary 1 , 1011. ::\I r. 
~ ~ rel on ays: 

~ ~ "1Jany of the tile, fron1 24 inches to 2 
~ inrhes in dia111eter, heing laid in Drainage 

J)istrict No. 40 of Ennnct C'ountv, haYe 
broken uncler the "eight of earth. in the 
ditrhes. The lire::iks h:l\e orl'nrred under a 
, ar1ety of ronditions, as regards the quality 
and age of the tile, the depth of fill over 
then1, the kin cl of so!I in "hiC'h the, were 
laid, and the 111anner in "hich it "~s · placed 

Fig. 3. Cracking of 24 
to 28 J nch Cen1en t Draitt 
Tile during Coustrurtion, in 
Drainage District No. 40, 
Emmet Co., Iowa. 
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about them. The nulnIH'r in whid1 they _broke also varied sornewbat, hut 
usually there w·ere four nearl~· straight breaks the length of the tile. Th~ 
top and botton1 craeks, opening inward, "~ere plainly seen, but the break on 
each side, opening out,Yard, ,Yas not so easily ohser,ed. Hometi1nes the 
breaks were tliagonal, or irregularly forme<1, as though they hacl followe<l 
lines of weakness. 

"The tile d id not go dear do" n, as they "e<lgecl or an·hed cl\ er. although 
so1ne of then1 ]ooke<l ,cry unstable in that po<;1t1on, and T cxpe\'t them to go 
clear do,Yn \\'hen they are suhjc<·ted to floo<ls. 

'' As to the quality of the tile, son1e of then1 nn1st be rlassc<l as Yery poor, 
esrecially where the first breakage \Yas fonncl, hut others would usually he a<'· 
c·epted as exeellent tile. In son1e of those whi<·h hrokt', the conerete was strong 
enough to break the banl stonc found in it. The thiekncss of "alls \\as 
approx~1natl.'ly one h,elfth of the dian1eter of the tile. The age of the tile 
a]c;o Yar eel, s0111e he;ng rather green. .\ gooa share of then1 were a 1nonth 
old and o,er, :,;o that it sern1rcl rrasonable to ex1 ec·t the1n to bear a load. 
Son1e tests indieate1l that their strength was nnl<'h 11wrrasr<l, anc1 perhaps 
snflie ent, \\hen they hn,l l1pen lPft in the rnoist or \\et cliteh for son1e 
\\eeks l1pfore loa1li1;g.* 

'· The clepth of filling over th<' tile> Yarie<l fro1n one to seYen feet. :\Ian~• 
of thr1n, on a line \\"her" th<> qnalit~· was poor, broke uncler about three feet 
of filling-, son1e of tlie111 in , f'l')" soft earth at that. :.f:111y l1rnke e,·en after 
being <:arcfnlly sel<.'<·ted, antl th€' earth pac·ke1l ahout thf'nl. 

· • So111e tile \YC'l'C tC'sted ~Yhile lying l1v the dit<'h on clrv ground, by plar­
ing a plank ac·ross thPnt and ha,·ing a nnmhrr of men stancl on it. They 
held up rnore "eight in that n1an11er than \\·as o,·er the hrnken ones in the 
<liteh. This n1ade it, look as thon~h tlie)· "ere 1nt1<'h "eaker nhen "et, and 
it was :-ilso apparent that the tile which broke clo,Yn al1sorl1ecl the 1nost 
\Yater; or it n1ight lie state1l the other \\'ay, that the tile whirh absorbed 
thr n1ost ,\ater \\Cle the ones whi<·h broke c1o\\11. 

'' It was all along notil•f';1hle that thi> tile whic-h had he<>n made the 
wettest ,Yere the strnn~est. 

'· Large tile for tine; tlistri<:t \\ ere n1ac1e at. t\\O different factories, anc1 
tile fron1 110th "·ei-e atnnng the failures. 

'' Ron1e large tile rna<1e at othPr fa<·tories ancl use,1 in an acljoining rounty 
,\ere cxarnined. an<l sin1ilar hrenkrige found. This was an1ong so1ne thi1·ker 
walled tile, too. 

'• 1'\Yo hnes of t\\rnt, ~four inrh rlay tile exan1inecl also shO\\ed some 
broken tile. 

'' The dePprst fill nniler whi<·h ohser, ations wcrr n1a1le \\as about eight feet. 
· • ~01ne t\,ent:·-six ir1<•h tilc pla<·e<l in <leep c·nt hrc,kr when th<> clitrh was 

l'artly fille<l. They were re lai<l anrl heclclecl with c·on<'rete to ahonl half 
way up the sides of the tile. Hedding <'arcfnlly "ilh earth c11d not seen1 
to ans"er. 

'' X o hrcakaJ:!e of im1a llf'r tile due to the \\'eight of the fill on them has 
heen ohser,·e<l, hut while i11c;11crting tilr fro1n ,·ariou'- fac·tories for Yarious 
d1strirts a per<·entage of "eak t ilP hns l1een f on n<l to he qn i te i;rrnera 1. 

''On son1e hra1H'ht>s of t\\rlve iru·h tile, at least fairly well agC'rl, it \\as 
noti<·ecl that so~nc of thern hec·amr \\t'I all arounc1 :,fter laying. though th<>re 
\\as hnt :in in<'h or so of "atPr in the elite hes. In walking· o,·C'r these it 
,Yas fonncl that the "et ont•s <'oul<l he ea:-ilr broken l1y a jar fro,n the hoot 
heel. This c·oul<l not he <lone \\ilh the clr)' ones in the sam" clit<'h. It rnight 
he well to acld hen' that all weak tile so fonn<1 werr liroken in ancl re-
plaeed.'' 

* XOTE -l'ndc·r 1lat1• of )fan·lt 1, 1!)1'.l, )f1· :,-.,\,..on rPpnrls furtlwr on this point 
as follows: "Tn rpg-anl to thosr- ti)P ,.,1mina tions madP in thn·r pla1"PS in tlw sum· 
mer of 1910, they wPrP re-rxaminr<l in tlw sr>ring- of 1911. and the tile were found 
brokrn in all c·as1 s. Examination of anoth,·r part of thr dit<·h wlwrr it was partly 
fillrd also showrd that the breaking d,,wn was continued for a long time aftt>r tl~E} 

filling had been done." 
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}1'
1a . .f slunr~ th<' r·o11<]itions 1n tht' not1·d 1•as11 11f f.1ilt1rl' of ~~6 

in,·h dia1t1Pf Pr til11 in [)1 ai11;1!!1 J)1<.;t11,·t No. 2~J, ~a.-•< \11111tr, Jo" a. 
1 t h.is h1•r11 pl'Pp;n ,•d fro1n iu­
fu1·111atio11 supplit>d h~ Prof. 
If. \\'. (;1a.,·, of ~\n11s, lo\\,l. 
~I I". 1•'. ~''. c >kP.V. Ill," < 'hil'f 
E111ri111•1•r of 1 lrP < 'i·n1P11t ( ;11n ~ 

('o., ('lii,•ng-o, Ill., and Jlr. 
(iPo. f(. ,,, ( 1l1011gh, ('011nty 
l-:11gi11e1•1 ~101111 LakP. fo\\·a .. 
;ill ot' \\ I 11111 \\" 11 r,• <'1!1ploy1•d 
1,v thP 1·01111fv 01· hv tl11-' 1·011-
1 ;·,11·t11r to r,·i"o,·t 11;1 f h,• 1';1 ·1. 
111"1

1 
HS t ll"illf'1•1·i11g- PXp1 'ts 

J 11 th s , :1s11 t hf' (·r111,·11 t til,• 
;it lir·st 11ppli .. d \\f'r,• ah:111 

d <J 1111d , 11 l t h ,-. d l'.i in " a" 
1·0111pl<•t,•d \\ith hea\·~·. \"itr· 
ti,• I r·l,1.v pip(• ·111port,•d l'r1ln1 
,, ithout th,• st,111'. Only 
SI\ l.'11 IPU!.!I hs I f t It SI' ('l'cl(·ked 
d111·in!.!" th(' 1·01r._, of 1·on 
str11etio11. hut a 't, 1· th,· lap,, 
o[ c1 y, r ·1 j:-, r,•por·t,1d that 
:{] IPll!.!tl s out of 21lll exc11n­
i111' I h, , I .-•,•11 i\11111<1 to Iii• 
1·1·a1•k1•d undP1· th,• full d1•pf h 
of' fill. 

r', ,(,\ o/ r ,·a( I. i It</ 1,·J, i( h rl id 
1111/ rlr1•rlo1, u11til a r,111sHl,r­
olilt ti,11 r of I,,. rr,11st1111 llf111. 

J•'i:,r. 1 f'ra, ti, :,r of ·•r 1, th 1 ,. .:\lan.v <•1J~.d111,,•,·s liPlic, r> lha1 
111p11t a11,I \-,,rili<'I l'l;n Jlr·111 T ile ii' tli1• pipt• 1·a11 ht' n1adl' to 
du,1111,; <'011~t111t 111111. 111 l>ra111a!.!1' 111-. hold up\\ itlio11t 1·raf'ki11g· d11r-
tn, t :-{o. :!!I,~ t'ount,. rnl\:i ing- 1·onslr11clio11 1l1ry \\'ill 
111•\1•1· c•r;i,·k 11t't1•1·,,·;11·ds "11111" l1i1\t' st.ii,· l lo 1ht' a11tlto1·s lhat 
d1·,t111 t ilc· l11·1•;rk 2'1 hours ;1 l't1•1· hPill~ laid or not at all. 

·r1t1s h,•li,,r IS 1111rlo11hlf'dlv iu1·01·1•p1•(, /IS IS sho,, 11 l,v !,.!Ood ('\"i-
d1•1l(•p 111 111,llJ\' 1nsl;1111•ps . . 

'1'}111:-- Sl'I' .:\Ir >-Plsou ·..., slat,·1111•111 1111 pag11 l.l :dso nolp (he• 
1·r;r(•kn1:.r of tl11• \Jfl'11i"d I l,1., pip,• 1n f>l'ilin.rg,, l>1str1,•t .:-{o ~'I. 

Sac· < 'ou11ty, lo\\ a. as lll<'llliont•1l 011 ]>Hgl' I (j "IJ11•l1 c·1•a1·k1ni.r. in 
sptlP ol" th,• 1·los<' .iftP11tio11 giv,•11 cl11rin!.! 1·n11st1·t11•t1011. o,vi11i,.?· to 
fltP fail111·1• 111' Iii,• first Iii,• t1·i,•d, \\;1:-; 1101 d1s1•0,p1• .. d until fh1• 
I ,IJ ><.;I' of c1 y t•a 1·. 

'1'111• fa,·t is th.it 111;111,v clr:iin lilc• \\}11<·li 
t'ail dul'iug 1·oust111ction, and al'e s11ppospd ;i I'<' 11111 1,lis1 1 \ Pd to 

1n "" all Jl!.!ht ;1ft1·1-
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\Yard , are aetnally , tanding rra<'kcd in thC' <lit<'h. ' rhis c-ondi 
tion n1ay not. he disc·OYl'rC'd for son1<> ti111r. until 011P <:ollapsPs, or 
until a careful inspe<•t 1011 is 111ac1P for son1C' otl1<•r l'<'n-;on. 

Thu . a Yery c·on1pC'1Pnt ancl ('Olls<'ientions clrainage C'nginPPl' 
"·rote ns ..£\ugnst 2:5, 1911, reporting son1e fa1lnrrs of drain tile 
on the ,York of another c>uginP<'l' in his , i<·111ity. hnt saHl or his 
o,Yn ',York: 

'' In the tile that. I lnn·c in~J ('<·tell 111 the last four ye:irs T 11:n C' not hail 
a failure reported '' 

I~nt nnd<.>r datP cf ~o, l'lnhrr 17, 1 ~)11 . hr \\' l'Otc>: 
'' \\ e ha\'e hacl another tile fail11rc> si1H'<' tll<' utll<'r, an,1 for this onc> T hacl 

ins1 eetetl all the tile t•ar<>fully . . . 1 n1,ie1·t<>cl ahout ~fl'~ and thc> onc>s 
I let go wc>re nic<> looking tilt• nn1l hail a goo<l 1·lc>ar ring. They hail a two 
in<'h "all (~-! iuch tile) anil 1ny j111lgn1p11t ,u1s that tht1 y \\Pre good. TIH• 
otlwr 1ailure 1na<l11 the peoplf' s•1spi<'io11s, anil so "<' tlug tlo\\lt to thp111 in 
the de<>11 rut and fountl se, crrli ri·n1·kc•d kngth,, isc into quarters.·· 

IIe goes on to sc1~· that the• til<1 lay111g in this t·as<' \\as \\ctt<·l11·d 
hr au inspector all the tinll' and that th<· lo,\<'l' quar1<1 ts \\'t'l'<' 

heclded hetter than is c·o1n111on. 1'ht• tilt, in this <·asP h,Hl lH•en 
laid ahont :3 111onths \\hPn the erac·king "as d1sc·O\l'l't•cl. 

Xot infrP<!lH'lltl~ the c•ratking 1s dis<·o,•prrd in thP sp1 ing, aft<•r 
the tile ha Ye h(•en in tbr dit<·h OYPl' \\7nt<>r, ar-; 111 11H· follo\\·ing 
ca. e, reported ,Jul,· 1:~. 1 !111, hr :\fr rr. I~ :\Iart1n. l)rainag<' 1◄:n­
gineer. of I•:111111etshnrg. lo\\·a: 

'• The failure oc·c·tllTC'tl in Drainage• l>istri1 t ,o 4:1. Palo Alto <'01111ty. 
Iowa . The 11iJ t' wpre 1·1•111t>11t t de, :!4 in, hf'" in ,li :1rneter, "ith :! 111,·h 
"alls, suppo!-ed to be n1a.Jt• of Ila,, k11y1• J>ortlancl c'l'IIH'llt and gr:n t•I, 111 the 
proportion~ 1 :L Tht1y ,11•re liand ta1111 <•d, clry n11xt11n•, "at<•rf' l n day, 
undt>r roof. Tlw:v \\Pl<' pl:1 1 1•d iu thc> <litrh \\lwn :! to :; \\C'Pks 0]11 bl111tlPcl. 
an<l allowe1l to slan,l thus for ahout -l \\l'eks. attPr ,,hi1•h tlH1 filling \\as 
nllllJlletecl. 

•·The tll.'pth of fill al,oYc• the top of thf' piJ <' rang1•tl from 2-., tt. to 
fi.li ft .. an1l a,prngell ;i.4 ft. TlH• \\itlth ot thP 1lil1·h \\as ahont :.!.i ft. 
at tlH' le, C'l of th<' axi-. of the J iJ C', an<l :~ ft. at thl' snrfac l' of th!' gro1111d. 

•·Th!' filling rnatt•rial ,,;,<; top soil an,1 1·lay in prcl( ortion, fron1 I 1 tn 1 :L 
'• The trer11·h filh11g ,, as c·o111pl<'ti>cl last J all. .\ l t(•t t ht' first Jtartial 

thaw this spring it \\as clisr•o,<>r<>cl tlu•n' \\fff<' not .ill out of the• I Hill or 
so feet of th<""<' tiJp \\ hi1·h cllcl not sho\\ 1·ra1·ks fro1n ,,,·i~bt of filling.'' 

_..\. Yer:v 111terc•sting- a11<l 111struc·tiYP <·as<' of <·rac·kinir of drain 
tile has hPPn rPport('d to us h~ :\Ir. (:Po. I(. ~I<·( 1 ttlln11gh, ( 'otui1y 
l~ngineer, Stor111 LJclkP. lo" ,I. lt oc·<·urrP<l Ill so1111• 1 fi inc·h (']a~ 
tile lateral1,, in that sa111r l)rainag-e l)1strH·1 '\'o 2!). Sae ( 'onnty, 
Io,Ya in \Yhic·h otc:urrecl thP nott>d failnrP of :3(5 inc·h tile ah·c,adY • 

<l, ... s<:rihecl. ThPr<> "Pr<' in all :~ linPs of 1 G 1nc·h tilt> dra111s 111 
the distriet, fer t\\·o of "·hi<·h ditthPs :~G in<·hc•s ,, id<' \YPI'<' dug 
h.v a 1nathi1H', ,Yhile for tlH' third a dit<·h 20 in<'lH·s "idP at th(• 
top of th0 pip<> ,Yas cln~ h? hand. ()1H• ol' iltP ant hors , 1s1tPcl 
the drains ancl found that 

'' Pra1•ti1·allv all of thf' tile lai<l in th£> mac•hinf' <lug tn•nc·lH's \\'('n• hroki>n, 
\\l11le no l roken tile bad been foun<l in thl' li:111cl n1acli> trp111·h. ·' 

I 



'l'his brings 111tt ,·1•1·y 1·l1•a1·ly thP g"f'IH:•1·111 pr111<·ipl1 that th<• 
,vid<·r t IH' d1 t 1·h. l h<· l11•c1 viL•t· t hl• ]l)ad 011 1 hC' p1 pe 

Fig-. ;; \ 11" 111' < 'r.1, k, cl .:,, I 11, It P1.1111 'I d1 I 10111 lht h 111 T rn111a~1• 

lhstl i<t '\ 1 -1"-, Boo1n• l 0\1111~, l11\\:I, 

' l'ht• sp1•1011s lll)HH'(c1111•1> of' t iii' fc1ih11·C' I I 1\\ a is ilhtst l'afl,J 
\\PII b) tl11s pa1·ti1·11ln1· l h.1'11:1!.!.<' l)is1rit"I '\ > :.!'l. Sae <'ouu•., 
lo\\a Ill \\h11h th<· :--t,il1ili1, ol' th1• 11111i11 lHllit•t Hild or at It 1,t . . 
t,vo l:irg1• lat1•1,tls s l,1111,, 11 to 1,,-, 1•1Hlang-t'l'1"'d l,y f>;..;t1·nsi, 1• t'l',lt'k 

iuu- ni' th1• till' \l1 l:1•0 I\ \lr<'ulloug-h stat,•s that 
• • 'l'ht> f:1n111•r-; 111 th11 ,list I Ht ha,1' ah<':111~ pn1tl out :1ho11t .._, ,1100 on a 

\\:IIL•rsh1•1l of 01il.,· :11111111 l,tHJO :11 1'1""· '' 

l)atn or c1ll tht• ahn,1• n11d ol' lll;JII\' lll4ll't S, If f:1ilt11'1' of 
• 

dl'nin tilt' in dit1•h1•s "ill IH· "011nd in 'l':1lil1•. n l Jlil!!'t' 21 h1,lcnv. 

Article 5 F ailures of Se\ver Pipe < 1·a,·ki11!.!. in ditl'ht•'- 1s 
IHI l'onfi111d 1C1 di,1111 ttl1 I, 11 l1l'q111•11tl) tll't'lll's in st'\\1'r p1p1• 

:is \\ p\ I. 
l◄1 1g-. ti sho\\'- lh1· 1C111d'tiu11s ol' a \1•1·y t_,p·1,' 1 1s, l'l'IH>rtc•d 

~fc11·1·h, 1 !ll'.2 li., \Ir ( 'lt,1s P ( 'h:ts1•. l 11 11s11lt II~ Enl.!ill1'1'l', 
~ 

( 'l1nton, IO\\'ll . .:\Ir. ( 'h.ts1• ~.i,s 

. 
111 

ol' 

••This pi11• \\:ls 1':tH•f11ll., l.1 d I ud1•1 111) dir1•1•ti1111 :tlinut 11 : 1•:11·:- :18;11, :111,l 
tak1•11 up to h,• r1•1•011stn11 tl•d 1 .' 1•a1 s ago. .\ hout olll' halt of th1• p1p1• \\ :1:; 
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rracked. Crarkc; extrnclr1l ~5 to GO feet at a stretl'h in rontint1ot1<; lines, as if 
it \\as one pipe C on<1 itiot1s "ere fasorahle, and all pipe would be en lied 
crood ·' ,-. 

3G
11 

J/Jrrilied 
C/o~Sewe 

--,Pipe 

Fig. <L ( 'raek1ng of ·~u 1 n, h Yit rifie<1 Clay 
, t>\\<'J" Pipe in Ash f;trcct ~e\\<'l', (1inton, lo\\a. 

F ig. 7 sho"·s an-
~ other interesting 

though not as typ­
ical case of crack­
ing of se,Yer pipe. 
reported in April, 
1911, bv l\I r. R. I> . 

• 
Pooley, City }~n -
gineer, Ch !l rles 
City, I o"·a The 
sewer ,Yas bui lt in 
J 901. and re1novecl 
in 1!111 to lower 
the grade, the ,,a­
ter pipe having 
h(•rn laid in the 
111canti1nr l )yna-
1111te "·as nsecl 111 
blasting out· the 
trenches for hot h 
the se" er and ,Ya 
ter pipe. ...\ bont 6 
inches of earth 
,vere placed und<'l' 
the se,Yer pipe be­
fore laying. ( 1

011 .. 

siderahle blasted 
roc:k, supposed to 
bav0 been sho,·elecl 
back by the pipe 
la)'er. "as fou11d 

resting on the pip0. 'l'hc> 20 inl'h pipe "as double strength, and 
about 50;~ "as found to he crac·ked. 'l'he 18 inch pipe "as sin­
gle strength. and n1ost of it "as fonn<l C'raekPll. 

The ,Yidth of the ditch at the level of the pipP varied fron1 2 to 
41; ft. 1\.11 extren1e1; interesting fa<·t ohserYcd ,Yas that all of the 
pipe "·ere found cracked "here the ,Yid th "·as ,1 to 41 ~ ft., hut. 
011ly part ,,ere c1·aekrd "·here the" idth "·as only 2 to 21, ~ ft. 'l'he 
filling at the sides ol' the pipe ,Yas found to hr 111 a con1paratively 
loose cond1t1011. Tlns illn!-;trates again the fa(.'t. also obser,ed in 
D rainag<> Distriet Xo. 29, 8ar (;onnty. Io,Ya (see page 17) that a 
pipe of giYen dia1neter is snh.iticted to Yery 1nn<·h heaYier pr0s­
snre 1n a ,yide than in a narro"· ditch. 

}..,ig. 8 sho-,ys the conditions under ,vhieh a Yery instrncti,e 



20 

failure occurred at Gary, I ncl., in 1908. All the data of this 
failure ,vere fnrnishecl by J\.lvord & I1Ln·dick, Sanitary and 
IIydraulic Engineers, ( ihicago, Ill. 'l'hc sc"'E'r \\'as constructed 
in l\I ay and June, 1907, of a good quality of 20 inch vitrified 
se,Yer pipe. The ,,,ork \\'as done under n1uch difficulty, owing to 
the poor foundations, and the prE>sencc of ,vater in large volumes, 
but care " 'as taken to secure good results, and about 12 inches of 
muck under the sev,"er ,vas excavated and replaced with sand. 
When the se,ver " 'as completed, the depth of filling ,Yas only about 
3 ft. above the top of the pipe. I1nmed1ately after\\'ards, ho,Y­
ever, the Gary Sand Co. filled 10 ft. n1ore o,,er the entire se,Yer 
and vicinity, discharging the material fro1n side du1np cars on a 
track ,vhich paralleled the se,ver on the east. 

4'cr 
;-,-+,,-, Jff:Jfer Main 

/S~o• 
---------,. 

1.3!.o" ~--~-1~-=i:~18"storx:hrd 
-----~-----1=,-_i_,.~- 1t mn&dChy 

SewerPJpe 

Fig. 7. Cra<'king of 1 and ~O Inch ·vitrified Sewer Pipe at C'barles City, 
Iowa. 

In the spring of 1908 exceptional floods subjected the entire 
se,ver to a bursting pressure estimated by the engineers at 3 to 4 
pounds per sq. in. (7 to 9 ft. head of "·atcr ). 1n l\Iarch, 190 . 
the se,ver collapsed in several places, and filled ,Yith sand, so that 
eventually its entire reconstruction beran1e neces ary in :\Iay 
and June, 190 . 

On examination, and re1noving the old SP"Ter, 529 length of 
se,ver pipe " 'ere found crarked, out of a total of 560. T,vo Yie,vs 
the cracked pipE> in place are sho\\--u in Fig. 9. In a fe"' ca es 
the cracked pipe had been forced apart se,·eral inches at one end 
of a length, hut not at the other; and iJJJ one or t"·o cases the 
tops ,-vere smashed in entirely. rrhe . e,Yer "'as nearl)r full of 
sand, very fir1nly i111heddecl. The se\\·er " ·as found to have set­
tled son1e,vhat, an<l to have been f or<'ecl a fe"T inches ,rest by the 
pressure, ,vhi<'h, o"•ing- to the n1anner of 1naking the fill, "·a·s not 
truly vertical in tl1is case. 
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Original Surface ·· ..... •-:...: 
~ 

MUCK. 

Fig. 
in Alley 

Muck. ­
Muck. 
Muck 

Sand 
Sond 

· -- -Sond 

Sand 

Sond 

Con1litions under "hllh :!fl Inch Y1tr1fie<l ~e"er Pipe Craeke<l 
, Gary Ind .. 190~. 

Fig. 9. Two ,·ie\\S of C'ra<·kecl ~O Tn<'h Yitr1fied flewcr Pipe 1n .,.\lley "· 
Gary, Ind., 190 
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It "·as thr opinion of ~Ic>ssrs .... \1,ord & J{urdi<'k that the se\\er 
pipe \\'er..- c·raC'ked by the inrhn<1d p1 P'-is1trP clur to the side fill 
soon af'ter thr SP\Yrr \\'as C'01nplPtrd. and 

'• that, the se" er n'ma111P 1 in this 1•01Hl1t1011 for snn1e tin1e, n1aintained in 
shape hy tilt• uni1onn external pn•ssun• of the earth, hut the ex<-eptional 
floods in (;ihson 's run, 1n the spring- of 190", c-aus<'il the entire sewer to 
withstaucl an internal pressure of :{ or + ponnds per sq. in., "hi<'l1, in pla<'es, 
liftecl the> hrokpn St'l'tio11s. alien, ing- ,1 :1h•r to ps,·a11' into the surrounding 
soil, and J'c>rmitt1ng the outside' sa11<1 t.1 pnter in 1:ir~c <]Uantitics. all of 
"hil'h .finally rc>~ultc•cl in the filling- and ,•ompl<'t<' <'lo~ging of the c;ewcr. ·' 

The ahOYP failure> of n <•r,u·kPd SP\\ Pr c1t ({a1·y, Ind. 1s e peeiall~T 
instruc·tiYe as ind1<'a1ing "·h;1t 1s likPI~· to lu1ppen to a cracked 
ti le drain or s1orn1 se\\·cr \Yhenc, <'1 it hc>c·o1nes over<·harged, so 
as to flo" un<ler p1·ess1u·P. 

I)ata of the a hen e and of 111c111) additional <·asrs of eraeking 
of se,Yer pipe in ditehes "ill he found in 'J'ahle i'\o 1. page 2-!. 

I n fact. the c·cnunon pres<>n1·e of <·r;11•ked pipe 111 large se"·e1-s 
has hern kno,y11 for sr,•pr,il rc>ars. ,·,duahlP papc~rs on the suh­
.iec:t have hP011 puhlishC'd h)· .:\fr ~\ J>ottrr and h~ ::\Ir .• J. X. 
II azlc,hurst. * 

F'ron1 .:\fr . ..:\ J>ottPJ'. ('ons1ilti1ur l1:1udnPPr ="<" 1·ork. ~- \~.: 
'' As "C haYe little' or n•> p11hl1sh('cl data l'f>lati1q,r to th<' <'Xt(•Ht of broken 

S!'\l('f pipe> in c·onstrurtcrl St>\IC'r systt>n•s, and 1h!'rt' is so littlP kncn,11 ahout 
it, cng·ineers haYc> goHe 011 huild1ng piJ" -:1' \IPJs nndc'r SJH'11ifieations "hi,·h 
will, 111 thc opinion of the "ritcr, pr()(lt11't' lirokpn Jiip11 in all of the larger 
SIZe't 

"In the <.')<J-,t'l'll'JH•e of the• ,,1I(cr in 1,,p]:11•i11!! Sf>\11•r linc>s "hit'!1 ha,c> 
oulgrcn, 11 thc>ir c·apa<'ity, 1111iro llli<'XJ•lainal1]p hrc>nkngp has h<'Pll 1lis1·0,·ere1l 
in 1·emcnt S('\lt'rs than in vitrified -:e,,c,rs. 

'' ;\[1wh information ahout hrokC'n 1,i1 P iu -:ystc•ms th1011gho11t the ronntr.'· 
has 1·ome to the "rite1· through reliahll• so11n•c s. · · 

~fr. I)oltrr 1 P<·o11111H.'nds h<·dcli11g nll pipe SP\\ t 1-s larg:<>r than 
] :'i in. dia1nrtp1• in <·onrrete for OllP-third tht>i1· h<• g-ht 

I1
,ro111 ::\fr . . J. ~- IIazelhurst. ( 'on:..nlting· I~ng·in1•p1•. :\lohilP ... \la.: 

'' It 1s llIHJll<'Shonahly :i fa<'t that 1t I arpf11l in,·c,.,t igntions "prc n1a<lC' of 
pi1•c ~<'wers of the lar'!<'l" size's an c1101111nus a11H>1111t of pq c' "onl,l he fo1111el 
f o hE\ c·raekf>d, and it 1s only whr>n a pi pt> is so h·11lly brok1>11 as to c·ollar,s0 
that offieial attention 1s g11 <>n a nil rcy)()rts insisted upon. 

'' The "ritcr is of th0 firm liC'lief that 11n,lt•r nonnal ron1litio1 s the> use 
of 11nprot0dcd, , 1trifie1l c·lay sc" C'l pi]J<'S shonl<l lie> li111ited to ancl in<'111cl111g 
1-> inrh diamc>tC'rs; that hP:nncl, :ind in,·luding ~4 i111'!1, a. standanl :-<l'\\Cr 

pipe (.'1wnscil in a Jc>an t·o1H•rete 111, to thc spring linE', and thc•n l>c>Yelcd off 
at. ,1;; clegreC's, is goo,l c·oustnwtion; that rt•inforr0d 1·011t•rt,fc> pi1 c> of :!,. :in 
an<l 3:l in. rnn he e1•onon1i(•ally 111a11ufart11r0,l, p1 l'fc>rahly on the> line of 
the "orks, and sho11l11 11<' u:--p<l: "hilc> :lli in. ancl l:trger sizc•s shonl•l he 1>t 
briek, or eonf i11111l1 s 1·on<"l'('t<' 1·011sh1ll'tion, <lept'11cl111g on soil, :n·aiJabl<' ma ­
terials, ancl otlwr c•q111liticllls." 

'rhe opinion of' :\fpssn,. Po11c•1· and llc1zl<•hn1st that ihPrr is a 
\\id<> IH'P\,il<•Jl<•p ol' <·n11•kpcl pip<' S<'\\<'t's lntg<'I' 1h,111 1:i in in 
d1ian1PtPr is v1,1lfi1·n1Pd l>Y 1 liP s1H1l'IIH•nt of :\I l◄j T~nnnon ( 1itY 

• , < 
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EnginC'C'r, Ft. :\fallison, Ia .. \\'lio \\·ri1t>s nnd<•r datP of ~Tarl'h -!, 
1912: 

'· In fart T ha,·c> hacl nc, :1-; i on to 01 <'11 our S<'\\PJ s 111 111:iny pla<'<'S, an<l 1 
h:nE' seC'n b11t. fC'w pl:H·t's \\liPl'l' thc> SC'\\Pr Jii1 <' \\Hs 1101 c·r:ll'kPcl 01 i11j11recl 
in SOlllC l'CSI ('l: t. ' ' 

Article 6. Data of F ailures of Drain Tile and Sewer 
Pipe. We haYe condu<·tt>d an <'Xten, i, <' t•orrespondt•ll<'l' and 
1nade a careful sear<·h in Pngint•ering li1Pra111rp 1o eollpc•t data or 
failure of drain tile and S<•\\'Pl' pipe in di1<·h<•s \\"p ha, e in­
corporated all the rt•<·or<ls \\· p t·ottld ch1ain in TahlC' Xo. 1. hclo,v. 
In connection \\·ith thP t·1 :i<·king- of thP 18 111. sto1·1n sp,vrr at 
('edar Falls, Io\\·a. it 111ar lip stated tha i 1 h<· se\\ e1· "a~ laid 011 
a Yery flat grade. aud e111pti<'d diret•tl.' into a cr<><>k. 'I'he nrx1 
spring after it "as <·01H;tr11l'tt>d 11 " ·as found tn <·ontain 6 1n. 
of 111ud, and to be <'raeke<l 

Article 7. The Effect of Care in Bedding, Refilling and 
Tamping Upon the Cracking of Drain Tile and Sewer Pipe in 
Ditches. There is a1nplt e, 1dPn<·P tlint (•arf' 111 hPdding ihP pip,, 
and refilling- antl ta111pinp- 111,tl·1•s a n1ntt•1·ial diff<·l'Pllt'<' in th<' 
\\·ei 0 ·ht of fill the JlilH' t·,lll c·arrY hefc;l'<' <·1·aeki11°· hu1 11H· <'Yi t."'- .. '-I• 

clenc-e is al o an1pl.'· <·on<·lu--.ivP that thP t>fft•et of su<·h c·a1·e 1s 
111uch less than 111ost prople suppose, and that 1n 111111H 1·uus tast•s 
the utinn t ('arP ha. utte1·i.'' fatl1•d to pre\'t•nt era<·king. 

"\\""hen eracking ha<.; oc·c·n1Ted clnring c·onstrut·t1on, thP Yt>ry first 
thong-ht has naturall~· hPPll 1o a1t1•111pt too, t>l'<·on1e tht· diffit·ult~· 
hy greater care in laying. :\fr );elson (see page> 1:-5 sta{<•s that 
"bedding carefully in <•artl1 did not SPPlll to ans\\'L'r ". in D1strH·I 
Xo. 40. l~n1111et County. J>1·of. (;ray repur1r<l th<' failnr<· of ih<· 
n10 t c·areful heclcl1ng and ta111ping- to Ill'<'\ Pllt thP 1·1·,1<·king of 
thf' 36 in. c·e1nent tilP 111 l)1striet Xo. 2D. ~at• ('011111,· . 'J'hp an-

• 
tho1-s of this hnll<·tin ha, e pPrsonally ohsl'I'Yed 1 he failttl'<' of 
\'<'l')' eareful hed<ling. 1111<le1· direc·t s11perYision of th<> p1pP 11uu1-
nfacturer. to preYPnt thP era<·king of the pipe in I >ist. :'\n -th, 
Boone C'ountY. 

< 

The authors also oh~Pl'\'C'<l n1 I)ist Xo. 4 . I~oone ('onniv . 
• 

ho\\·eYcr. that tll<' laid dirPc-tlY on 
• 

soil craC'kecl und<'r lc>ss clc>pth of 
quarter \\·as ca ref ull:v hPdd<'d in 
soil on a shape<l hotton1 

a fiat hotto1n<'<l d1tc·h lll hard 
filling than \\·heu tll<' lo\\ <'I' 

a shallo\\' layer of granular 

There is a1nple eYidc,nc•p tl1at pipe laid on a hard hotf 0111 cratk 
1nore reaclilv than those laid on a softer sod. 

< 

;\Ir. Seth Dean, l)rainage }~nginccr. of (HPn\\ nod. Io,Ya. has 
reported* that in an insian<·P in his rxp<>1·ience. 2-! inc·h <lrain tile 
stood up in J :J ft. of quic·k sancl. and failt1<l in a c·onsHlPra hl.'· 
shallo,,er stretch of ordinary scnl adjaecnt. In this <·asp th<> 

* St-e the Iov;a Eng-in, Pl', Yol. XI, pag-e 1 J9 . 
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T\BLE 10 1 
DATA OF F.\.IL'CRES OF DR.\IX TILE \ '\'D SE\YER PIPE IN DITCHES FR011 OYER\YEIGI-ITIXG BY DITCII FILLING 

Authority 

H. \Y. Thompson 
T. J Johnson 
G. K. :McCullough 
\. 0 Anderson 
\\' niter Barber 
\\'niter Barber 
\\'. B. \\' arringtoo 
\V alter Barber 
\\'nltPr Barber 
T R :Martin 
H \\'. Thompson 
H )I. Howard 
F Goodrich 
F. 0 Nelson 
R. 0 Austin 
K C Knstberg 
F O ".'-.elson 
R B Gardner 
\\' B Warrington 
II .\ Chnmbers 
H W Grav 
G IC. :McCullough 
II .\ Chambers 
If. A. Chambers 

Kind Diam 
Pince of eter I 

Pipe _ ~ns. I 
FAILLRES OF DR \I~ TJLE 

1 Dist Xo. 19, Greene Co., In. Clay 

I Private drain near :Mount Yernon, Ind. Clay 
Dist. No. 29, Sac Co., Ia. C'!aJ 

· Dist. No. 31, Kossuth Co., Ia. Clay 
Dist No. 5, Clay Co., In. Cement 
Dist. Xo. 5, Clay Co, In. Cement 
Dist No. 25-39. Pornhontns-Calhoun Cos, Ia . Clay 
Dist. :\ o. 5, Cla~ Co., In. Cem~nt 
Dist. No. fl. Clay Co., In. Cement 

12 
12 
16 
20 
20 
'>•~ 
~~ 

Hei~ht 
of fill 

Ft 
Extent and Charnckr or Failure 

6 11 lengths <·racked, 2 collnpsrd, under road. 
7 .\ considt>rnble nmount rrarked 
8 \bout 5300 ft c·rn<·ked 
8 100 Jt. crnc·kcd • srvernl <·ollapsccl 

2. 0~ 1 . 7 10% crnc•krd Poor pipe 
2. 2 4. 5 39';',, rrnrked Poor pipe. 

8. 5 ,\ few l!'ngt hs rollnp~ed. 
2. J -5. 6 71 ';'n <Tnc•kpcJ Poor pipe 

Dist Xo -13, Emmett Co., In. CPrnrnt 
Dist. No. 2, Greene Co. In. Clay 

22 
21 
2,1 
2 ,1 
2 ., 
2-1 
~ ~ 
3-t 
:.? ·~ 
26 

8. 5 SrYrrnl rrnrked Uood pipe. 
12. 8-6. 6 96',~ of 1 Iri0 ft. <'rnc·krd. 

7 1 pipe eollnpsecl. 3 erarked. 
Dist. :\o. 31, Kossuth Co, In. 1Clay 
Dist :K'o 13. Humboldt Co., Ia . Ci>rnrnt 
Two Distrirts. :\os - -, • Co., In. C'lny 
Dist Xo. 66, Hamilton f'o, Ia. Clay 
Double culvert at Boont>, Ia. Cement 
Dist ~ o 40, Emmr-tt Co., Ia. C'emt>nt 
Dist :\o 18, Hardin Co., Ia. Clay 
Dist ~o. 30. Porahontns Co .• In. Ci•ment 
Dist Xo. 33 10. Boone Co., Ia. 1Cr-ment 
Dist :\ o. 29, Sa<' Co., In. I <.'t•mr-nt 
Dist ~o. 29. Sn<" Co., Iu. Chi) 
Dist Ko -18, Boon1• Co., In. 

1
cerni•nl. 

Dist Xo .18. Boone Co., Tn. Crnwnt --· 

!?,·1-:.!8 
~fl 
30 
3 •• . ... 
:16 
36 
36 
Bfi 

t '.\ Jl ,l'RES Ot' st:WRR P!Pr: 

11 ~-2 ';,, of :.lOOO ft. <·rn<•krcl. 
•1 .5-6.5l65'7n of 3000 ft. t•rnc·ke<l. 
8 or less Part rrnrked. 

7. 5 'l'host, u nclPr n road ~rad,, rrn<'ked. 
,I One line <·rnl'ked nnd one sound. 

3-7 ~fnny cruekl'd 
8. 5 l •l pipt> went down ovrr night. 

6 ,\ fow fr,•t collnpM•d nndt>r n111d gr:11Ir. 
~---8 Quite• H Jot crn,-k,.cl 

5 All rrn .. kPcl nncl rpmoved during c·onstruction 
10.5 jl pipe c·ollupsfll nnd 15½',~, of 700 ft. ernrked. 

.'i Crnc·ked during c·onstruetion. 
9 Crnekt>d i>n•n \\ hrn most c·nri>full~- lwddecl. 

T .• J .Johnson Prin1tP clruin nenr ;\[ount \ 1·rno~.- Ind. j0lny r-1-2-.,..,-1-0-.-1--~--=r'""r_n_c·-,i:-c-·nlly nil of :!000 ft. <'l"ll<'kNI. 
( n) .J. N Hazlehurst \ southern city Clay 15 6 19 70 ft .. crnl'ked-,t O 11,s rummE r. 
( n) .T. N IIn:1.lehurst \ southrrn rity Clay ' 18 6 19 150 ft. t'nH'kNI -•10 lhs. rammrr. 
T R. \Varriner Cedar Fnlls, Ta. Clar 18 3 6 too ft t•rnc·ked (probnhly frr,,zing). 
H. ,J Poolt>y C'hnrlt>s City, In. 101ny I l R 8. 5 78?~ of :.l78 ft. <'rnrki>d 
(n) ,J. N. IIazlehurst A southi>rn c-ity. f'lny I 20 I 6 19 115 ft . r1·111•ked- 10 lbs. rnmmer 
R .. r Poolt>y Charles City, In lf'lnv I 20 8.5 17'1,. of 68 ft. c'l"n<'krd 
,John W. Alvord Allt>y 8, Gary, Tnd. C)n} 20 I 1 :l ' !) l 'rn of 560 pipe c'l'lll'kl'd, :.l <·oll11p1,C'd. 
(b) A Potter ,Joint 'frunk Sewers, N. ,T. f'lny 20 ,t- 18 11"/,, of 118'} ft rnu•kpcl 
(r) \V P Snow An Ohio eity ('Jay 20 6 l2or;,, r1·11<'1,Nl (Frozrn lumps in filling .) 
(n) .T ~ Ilazlehurst A southern <"itv CJny 22 6-t!) j160 ft <"rnc•kt>cl· tO lb~. 1·11mmer 
(a) .r. X. Ho:r.lehurst nrunswic•k nncl SaYannuh, Gn . f'ln;, 18-:lO _ \ roni..idrrnhle nmount c·rnc•kcd 
(n) ,T. N. Hazlehurst Tnmpn, Fla. 1Clny Lnigp l IOutlt>t sr\\rrs c·rn('ked n•plnc•ecl by· C I pipC'. 

1:-.:> 
~ 
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,(b) \.. Polter ,Joint 'I'n1nk Sewers, N J. 
(a) ,J. N IJazlehurst .\. southern city 
(a) J _ N. IIazlehurst A southern city 
( a) ,T N. Hazlehurst Birmingham, .\la. 
l\I E. Bannon Locust St Sewer, Pt. l\fad1son, 
C H Yrung ard St, l\(uscntine, Ia. 
S L . Etnyre Council B luffs, Ia. 
Chas. P. Chase .\sh Strret Sewer, Clinton, Ia. 

Ia. 

MISCRLL~~KOUS F~JLLRES 
( d) \\". \\. Patch 
(e) \\' R. Pnce Street Culvert, CIPvelnnd, Ohio 
K C. Kast berg ::!ewer at \\'ulnut and 1st St , Dt:>s .:',foiiws 
( f) R. Hering Coho<'ksin Crt:><'k Sewer, l'hiladl'iphta, Pa. 
( f) H. Hering .:',fill Cre<'k Sl'wer, Philndelph1a, Pa - ---

Cla~• 
Cla~ 
ClaJ 
Clay 
Clay 
Clay 
Clay 
Clay 

2 ·.1 
24 
24 
21 
2-t 
27 
36 
36 

}'ROM WEIOIIT 

C. Iron ,JS 
C. Iron 72 
Brick 72 
Brick 222 
Brick 210 

-~-18 
6 19 
13 

7-12 
25 
8 

7-10 

OJ? IH1'CH 

8-23 
60 
18 
•1-

10 

6% of 26303 ft. cracked. 
25% of 423 ! ft. cracked--to lbs. rammer 
l\fany crockc•d. 1 50 ft. in one stretch 
Badly cracked. 1/1 mile to dynamite explosion. 
One Pntire block cracked. Bad <"ave in. 
Under filled ground. One bad break. 
Laid across a fill 
50'10 of 900 It. cracked. 
},'ILLINU 

,vater pipe. 
Bedded in concrete. 
Crown settled and C'rarked 
l Elliptical cross st•c•tton; crown seU led and cracked 
1Crown sPtt led and cracked 

). O'l'E: l\fr F A. Barbour, in 1897, wroie letteri-. "to all the JJlaees in New Englund where it was known that then• hnd bec'n failures. 
The sizts which hoY(' fnilrd havt> usually hec n 18 inl'hes in dinnwtPr, ancl upwards, of stanclnl'd pipe, but 111 threp casPs double strength hus 
failed Except in one plac·e whpre pipe known to be of inferior quality was lai<,l, the depth of t·ut hnh bt>en sixteen to twenty feet. In 
almost all cases the1·e is a reasonable <"ause of failure in tlw c•ondit1011 or method of constru<'tion ." 

(See ,Journal of the Asso1·iation of EnginePnng So<'ieties, Yol. 19, page 215) 
(a) See l\Iunic•ipnl EngmePring, Yol 34, page 292 
(b) SPe l\Iuni<'ipal Engineering, Yo! ao, page 288 
(c-) See Enginec•ring News, Vol 53, page 42. ts:> 
(d) See Engineering l\'ews, Yo! 52, page 5 17. 01 
(e) See };ngineering :N'ews, Yo! :is. page :l·J2. 
(f) S<•e 'l'rnns. Am Soc (' E., Yol 7, pngp 22.:;. 

l\'OTE (2): In the uhove C'!lsPs, noted 111 TahlP :-.o J, th!' 1'r11ck111g wns prndicnll~- nhva~·s into qnartPrs, by four longitud111al <'rac·ks, 
rPspeC'tively at the top, thP bottom, thP mid-hPight on Pll<'h side, just as shown in Figures 2, 3, 5, 6, 7, and 8 The only exeeptions to this 
l'Ul e nre rP11clily expluinnhle by dt>frl'ls in the pipe, or other hJH'c·inl ,·ond1tions. 

- . - • 
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comparatively uniform, semi-liquid prP~snre of the quick sand 
,,·ould furnish the prohahle explanation 

.. 

... ,.I 

..,. 

• 

• 
.. ):_. .. ,. 

• 

► • 
,.J 

• 

Fig. 10. Photogr:q h Sh,ndng Typi1•al ('111J(litious of Be,liling of D1a1n 
Ti]p in llit.·hes. The 1'11 P Irl' lw1lch•d on the hott01n for about 90 degrees 
of the <·ireunif1•re111·e. and re1·pi\l' pra('ti,·ally 110 sicle support. 

"\V-Jnle eareful ran1111iJ1g· of the sidt> diteh filling hPlps to pre­
,·ent ro111plete c:olla11se of thP pip<>, yt>t ra11n11ing of the filling 
OYPr the pip(' n1a)' hP too hc•a,·y, ancl 111a,v hPlp rausc> rrac·king 
'fhis is e,·iclenc:Pd h~· the fa~t, l'l'portecl h~ ~Iessrs .. J =--: . IIazle-
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hnrst ancl ..:\ . Pot1p1·, * that <·rac·kell SP\\"<'l' pipe are son1etin1es 
found in the shallo"·er trent·h<' · in fully as large proportions as 
in the deeper. 

I n the co:nstru(•tiou of large tile drains it is ronunon practice 
to fill in at fi1st on!)' 2 to+ ft. dPpth o,·rr thf' pipe, and to allow 
the1n to stand several \\'c>eks 01· evf'n 111onths in this eondi.tion. 
Son1e engineers belie•\' <' th,1t in this "·a:v a cohrsive r esistanre 
n1aJ,.. he <leveloped \Yhith " ·ill <·,u·1·y n1<,1•p of the load to the sides 
of thP ditch, hut any s11<·h l'Pli<'f sep111s qnite precarious. IIo,Y­
c,·er, ce1nent pipe, of agc>s <.·onnnon]~, usPcl, "·ill gain 1naterially 
in strength heforr l'<'<·vi\'ing tht,ir full loads 1.f this p lan is fol­
lO\\'ed. 

Article 8. The Probability and the Consequences of Collapse 
of Cracked Drain Tile and Sewer Pipe in Ditches. I n vie"· of 
the apparent]3, ex1PnsivP and \\·idcspread prevalenrc of eracketl 
pipe, in all the largpr sizPs of tile> <lrains and pipe se\,·ers, "·hich 
the data in ... .\.rii<·les -1-, :; and 6 dr111onst rate, the> i111portant ques­
tion at once arises: "\.Vhat is the prohahiliiy of such pipe rollaps­
ing, and ho"· serious \rill lH' the c·onsE>rJuenees of collapse? 

It is nndonhtrcll,v tr11p that a large an1onnt of cracked tile is 
stancling and has stood for ) ears \\'ithout rollap, ing in large tile 
drains and pipe Sf'\\' Prs. ~fr. }, . ..:\.. Barhonr found that in a test­
ing 1nachine, \\'hPre 6 in. to 2-1- in. pipr \\'PrP surrounclrcl by C'are­
full:y tan1p<><l earth het\\·<' en " ·:ills ;~ ft. apart, it ,Yas prac.:lically 
i1npossih]r to eause <·ollapsc h)' nH•reasP of prrssn1·e after the 
pipe c1acked.':;, ,:~ ()ftc>n. as in ( 1harlps ( 1ity and ( 1linton. I o,ra, 
the fac·t that the pipP in drains and sei\·rrs are <'racke<l is first 
learned ,vhen thP)' are n1H·o,·p1pcl for other reasons. 

In all , uch easc>s the c·rac·kc,d pipe are h<>ld in position ,rithont 
c·ollapsing hy al'c·h attion, .inst as a hritk SP\YC'l' n1ight siancl, in 
favorable soil, <',~en ,, hc1n 1nade out of dr:v briek alone, " ·ithout 
any n1ortar. 

Both C'en1e11t and t·lay pipe are 1nadC' of vPry rigid and co1n­
pa1·atiYely hrittlP rnaterial. Thp~• arc• c·1·acked by a very slight 
di tortion,**,,:, 1nnc·h less than ihP ready yielding of <'ven the n1ost 
earefnlly tan1pr tl clitc·h filling. C'ollapsP of the pipe, ho\\"ever, 
requires a n1nc-h n1or<' extC'nsi\·e sidc"·ise )·ielcling- of the soil 
at the levPl of the 111idhPight of the pipe, an<l if tlir sicle filling 
is fairly \Yc>ll lHH'kf'tl. an, l espe<·ially if there is little space at 
the 1nidheigbi hct,YePn tlie outside of the pipe and the solid sides 
of the ditch, the pipe lllH)r he ht1ld prett~· tir111lJr in plac-e eYen 
after it is cracked. 

This explains i\'h)' , in se,·<•ral plac·es \\"he>re tried, it has heen 
found iinpossihle to prt1 ,·c·nt C'l'H<·king- of 1hr pipe hy ta1nping the 

• See the r e frnnc•ps in T a hi r Xo. 1 ahon•. 
8<'e .Journal of . \ s so,·1at 11111 o f i':n~ Lll PPl'in g S tH'l l'l 1t•s , Yol. 19 , p::ge ~15. 
S t pagr 157, lw reinafter 

• 
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fill ill!.! .tl'Olllld till' p ipP. l' \"1•11 \\ ith 
tl11• s.11111• 111111• n1111·h pipe• 1·1•111c1i11ed 
111i.r, aff 1•1· 1•ra,·kPrl. 

lhl• ~u·1•a l1s1 
i11 position. 

1•,lJ'l', \\ hili· a f 
1tho11f lllllaps 

\ ', t t ht• st.i liility of 1•1·c1,·k,•d pip,• i11 dit,·l11•s 11111st he• ad,nil ll•d 
to hl• pt'l't 'H r-io11,;; 1 ,·1•11 \\ h t 11 not (l\'1•1· 1.i XPd Ii., flllo Is. a" IS cll'lllllll­
sl 1·af P1l hy 11111111 1·011s 111sf.1111, s \\ I 1 1'1' 1>111• 111· 111011 , 1·a1·kt1d pipt 
ha,I' a1·lually 1·ollapsPd c1 11 cl 1·a11s, I d:1111:ig-t• a nd li1•:1vy exp, 11 1 
for l'Pparrs 1•xt1•1Hl111i.g· ofl,•u lo Iii, 1•11ti1·1• r1 •1·11ns t1·u,·li1111 of lhP 
d1 illll (II' Sl'\\·1•1·. 

:\101·1•0, t 1·. 1·1·a,•kl•d til1• dra lls illld slo1·111 s1•\\ 1•rs HI I s 1hj1•ct tu 
SJ>l'l·ial d,111!!1'1' or 1·11llap I' b, ('ii ISi' lh,·.v lll't• lh'\1•1· l:tl'!!I t'IIOll!!h 
t, (ll '1"•id e for f he• 111osf t'\. I 1'1'111<' ;1 11d 111111s11,il Hoods. I l1•111·t• th<>.'' 
ar .. 1, rf:iin lo l•t• 1,, 1•1· tax,• l at 1011 11 i11{1•1·,·,ils, :ind 111 r1111 11nd1•1· 
p1· .. sst1l'l' 1\1•11lnall.' 'f' h,· d1sast1111s 1xp1•1i1•1Jc1• at l~;11y, 111d. 

s1•1' PH!.!I' :!fl . shn\\" t·ll'a l'ly ho,, i11 -.11 h ,·as,-. I h1") p11 ss11r1 fron1 
a s11ddl' ll tlood 111," i11•f11allv 101·,·c•, \Lil fill• s, t 011-. 111' a <'l',1t·k ,")d • 
sc •\\pJ• pipt• \\Ith ,·,•11, .. 11l1 •cl ,10111ts ;q1:r1I and ho\\' i 11 c111y <cl'-iP lh<> 

\\,l(c>l' "ill ""''"P" th1011!.d1 th,• .inints .111d 1•1·,H•ks o f tlH• pl}ll' into 
th .. '-illr1·01111d111g soil sol'l1 Hill!.!' it and p1•1·111i1 ti11g- a 1•1·a1 kt'cl p ipe 
so1111\\l11•1·1· lo 1·ollaps1>, ti n,.._ 1;111si11;.; 1hP dr·ain 111· sl111·111 s""''r to 
fill i11 \\ ith 11111d and a11d 

Article 9. General Conclusions as to F ailure of Drain 
Tile and Sewer Pipe in Ditches 'l' l.e ,.1 s ilnd r1·c1son111g- ,d-
1·1•ad,, (ll<''- ' 111 1' l \\HI 1·,1111 th,• lollo,\ ing- !.!t•IJ1 r, I •(ltH·I 1,111 11s ,l..., 111 
t'ailun s of dr:1 i11 til .. and s1•,,1•1· pip" i11 rlit,·li1>s: 

I. I I, r, llfll'< l)I, 11 11 /(fr!) 111u11l1r 1· ()J fail,u·, ,. nj rlroi11 Iii, 
our! s, 11, ,. JJiJ11 l1y r,·,1r/;i11,1 i11 t!ifcl,, s. 1111,l Iii,,·, ,s " //'/(Ir 

/JI'< 1·11/r JI(, u/ ('111, I,, rl />i/>t i11 r .ri,I ill!f ·" II•r1•,; a n,J d, a, 11s 1'1,, 
r'/'(11 I.;,,,/ is !f< 11, ru'ly 1 ,;11Ji11, rl lo 11i1>r l111·11r r //,011 J j i11. i11 di,11,1-
, fr r. J; 11,1i11( J s I tll't 11n{ 1II·u11, r/y (f/J/>J'<, i11{, r/, if/,, J' //1, , rlr 11I 
or //1, llll/>nrl,11 <, . 11111· !,,,,., l/11 !} fully 1t11d1 r.,/11rl(/ flu , 111rsts, oj 

,·rru·l.i11!/ 11/ dra111 fi/1 ,,nr/ "("'' J' f)if)1 i11 ,l1f< hr.,. 
'!. 'l'/11 11ri11, ;,,,,, 1 r11<s ul II,, ,•rrl(/, iuu , r 'Ii, ,!rai11 /ill oud 

,\( II' I I ' /Ii/ 1 r i II tf if I I, , I \ \ II JI/ 1 l y { /, (f { , (I -. (I/ j II \f II f JI I (I I I II / 1 Ir I II J' 1 (/ • 

.,i:, s 1,,,·u, 1· tl,1111 Ii '"· ;,, dio,111 Irr (//'I ,., I .'I .'/' JI( 1·1,lfy loo //'( (I/.· 
lu, 01·1·11 1111 u·, i!f/1' J't slill!J upo,1 Iii, 111 f,·0,11 1110,·t f/,fl/1 a /1 11 , , t l 
" ( I J/ l, () i ,Ii I ( /, Ji" i II !I. 

3. I 11 1·, ,·y 111u11y < u,1 s 1I i-. , ulir, ly i11111n ,,1/>I, l11 1>r1 I'< ul 
, rocl "'!I i11 rlit, !,, -. ,f rlr11111 f1 1, n11r/ s, H'r r 11i11r "' al />J, ·" nl 1110,1 
llj(Jt f lft'I ,/ l>]j (///!} /1 l'i\i/1l1 / I /.\11//(/(ilt 1/11/01( J I r (// I I/ /)I rlrllfl!/ 

011(/ lo!}iu,1 //,, 1,i11, our/ r,Ji/l111y tl,r ,~ilcl,,, . I 1110I 1 ·,J/ rli[i 
f, I'< II<, in f /,1 < or, yi11r1 11111{'£ ,· nJ llu 11i11r. hu11· cc,·., 1111 h, 111arh 
1111 11r11111, , or, i,, l11 <ldiu!I <111,/ loyin!f. 

f. l>n,i11 Iii, ({JI,/ ,,t11·r,· 11i111 rrork ,11n11 1·,otli/11 i11 di/,/,,., 
tf'ifl, ho, rl l1nf{o11,.._ hon 11·/1, 11 l,,i,! , 1 sliyl II, 'jicl,ii11,1 ,u , 

,>. 1 1, ,·, o.,r,1101> . orl1·on{oyro11, our/ 11,,, ,.,·,1rI1 In r, 111111 r //,, 
/>ip, ln!J111u co11/,·aclo1· lo, o,·, /111/11 ,;/,of>< flu bolln1u o,t !hr d,t, It 
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to fit the lo1l'rsl .90 rlrgrrcs of /he p•ipr s1u'[ru·r, a11rl to r·arcfully 
bed the p·ipc for this distan<·r in sa11rl or v>·n1111l({r soil. so as lo 
secur(' a firn1. unifo,·n1 brari11g. 

6. Drain ti1r a11rl sr ll'rr pipr ar< so riyid as lo r·rru-1,· fron1 surl, 
slight clislortions. as ro>n1u1r<rl 1ti/J, Ilic yirlrli11.CJ of thr 111ost 
solidly ta111prd ral'//i fi1/i11y, that it is 110! /raslblc lo prr l'( 11I 
cracking by trunpin.r; thr rlitrl1 filling on racl, sirlr of /hr p1pr at 
/II( 111idheigltt. ,'\uch sirlr fant[Jing, liou·r1·(r, should al1l'a1;s hr 
1·<q1ti1·ccl, and lliorougl1/y dour . fur ii i.~ of great calur in prr­
l'( nting l 71 e collapsr of p1 f)< aft<,. tlu y arr crackr rl. 

7. H'lirrr the pi/Jr a1< fou11r! to <rach i11 spite of faithful ob-
S(rt·ancc of 1hr S[)(r'i/icalio11s s/a!rrl in .> and 6 aboi·r, Ilic 011/1; 
r_ij'rctii·c rcnurly. otlur than using slro11gc,· pipe, is to bed tlu 
pipe in co11c1·ctc up lo //I( 1111rlluiylil. ,'\uch conerctc ra11 br /fall, 
a11rl need 110/ br tliirk if thr soil is fir111, but n1ust tJiorougltly fill 
all spaces bct1rrcn flu lo11·rr half of /1,r pi11r and thr bolto,n and 
sides of the ditrl1. 

&. 1'lic zciclth of the rlitr·h at llu lrl'rl of !hr pi11r n1al,<s a 
grrat dijfcrc11<'r in tlir ·11·righl of filling rrsti11.c; 011 Ilic pipe, this 
u•pight being grraf<r thr 1c1drr flu ditch. ~Ilsa, lltr 11arro1t•rr 
the ditch at thr n1irllrriyht of the pipe. tlir 1norr <JJ'rrfii-r 1s //,r 
sidr suppol'f agai'11st tlir <ollapsi11g of rrarkrrl JJipr . 

.9. 1r7ir 1·r tlir di/, h filli11g ui·r r the pip(' is ranunrd in la1;r,·s 
rl111·i110 refilling. th,1c is srrious da11r1rr of c1·r1cking la1·gr d1ai11 
tile a11cl Sr/l'll' pipr b.11 lfsi11,r; loo ll(a1·y ra1111J1t rs and luo l/1111 
a layrr just aboi·c tlir pipe. 

10. lrhilr large a11101111ls of c racl,·rd clrai11 tile O}ld sr1t·r r pi/J< 
a1·c sfancling ll'ifliout collaJN,111y in r.risti11g rlraiJ1s a}lrl sr 11·, rs. 
flir stability oj crrtcl.rd pipr n1ust be consirlc1·cd prrtarious. as 
has brcn clr n1onslrafrrl by n1unr ro11s collapses. 

11. ('rackrrl pipr arl rsJJreially rlnngcrous i11 lifr cl10111s anrl 
sto,,n sczcrrs. Jo, /hr rcaso11 f/,r,f, in thr b<st r11yi11rr1·111.r; prru·fif'r, 
it is not found practicablr to 111akr lhrir ca1>r1rify rr1ual to tlu 
1110s/ r.crrp/1u11al Jfoorls. Hr11cr {l,cy arr crrtai11 < z·r 11tually to 
br Ol'rrcharvrrl, and to run unrlr 1· p1·rssurr. anrl tlu co11apsc of 
crarkcrl pip, is /tl,rly lo result at sur·h ti111rs fro111 flu softr11i11r; 
of f/,r s"il by 11· 1tr r rsrapinr; tlirouyl, flu Joints aurl craf'ks. 

■ 
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CII~\P'l'I1:R III 

THE THEORY OF LOADS ON PIPES IN DITCHES 

Article 10 The Mathematical Theory of Loads on Pipes 
in Ditches rl'hc> 1> pH·,d c·otHht ons of loadinl-! on I q11·s 111 cht• hr-.; 
n rr <ihcn, 11 111 I•'ig 11. 

1'hP side prPss11re1 of the filling 111nt1•1·1,ils against 1ht (,Jd1· of 
0 a -i -,--r 

-! "'"'"' 
-! 
-1 
-! / 
-J 
-.i 

H 

the ditch de, {'lops n frictional rc>:s1st.n1t•r, \\'hi1·h hL•lp. to ear1 > 
parL of the "eight 

'l1his 1'1·ic·l1011nl r1·,nstnnr·c• 1·pli1•\ ps part of 1hP Y1'rtieal pr1'. 8\ll'l' 

near the sidPs of llH' d1l<'h, so thc1t c1t lhl' Jt,, <'I ot' the tnp ot the 

• 
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pipe the Yt'rtical 1n•pssure o[ the filling 111att>rial is 1nnl'h heavier 
in the n1iddle of the ditt·h than at the sitll" . ~[or0over, th0re i. 
so1ne arching effe<·t at ahout the -!:-i c1egrl"es point on P,H·h sicle . 
and the t•on1 1Hu·at i, Pl~· h•,·p] part of thP top of thP pipe is 1nuch 
n1ore sulid and unyil'ltliug than th0 side filling 1natPr1al. I,"or 
the e reasons. the ditl'h filling aboYe the top of the pipe receives 
only a negligihle snpport. in clitl'hPs of ordinary ,Yiclth. fro111 the 
filling at the sidc>s of th0 elite-hes.-~ I111pprfcc:tious in the side 
filling and ta1nping acld to th<' t>Xa<·tnrss of 1his princ·iplc. 

I I ence the pip<" n1ust h<' strong enough to carry safely the en­
tire \\·eight of th<' clitc·h filling n1atl·rials ahove the top of the 
pipe les. the fric·tion of thc> filling against the sides of the ditch. 

The 1nathen1atic:al cliscn. sion of the c·alculation of the \Yeight 
to he supported hy drain tilr and s<>,Yer })ipc in ditches is pra<·-

' • • 
I I 
I 
I I 

/ I 
/ I 

/ : ,,- --7 
I ' I 

1' I 
, I I 
I I 

I 

Pig. 1 :!. Figtll'P Illustrating the ;1lath('lllati<·al ThC'nry of Lo:uls 011 Pil'l' 
in llit(·h,s. 

• 
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tically the sa1ne as already pnh]i-,hec1 li~· .Jan<,sen for calculating 
the pr·e, ures in grain bins. 

The fol10"·1ng n1athc1natical notation "·ill he nsecl in this dis-. 
cuss1on: 

Let \\.,.=-total "·eight on IHI e, per unit of length. 
, ,. =the aYerage intensity of Yertieal pressure at the top of pi11c, per 

unit of area. 
"=the "·eight of ditch filling, J er unit of \'oltnne. 
B=thc breadth of ditrh a little below the top of pipe. 
II-height of diteh filling, aho, e top of pir e. 
µ=the coefficient of internal frirtion. 

l{=-the ratio of lateral to , ertical earth JJJc>ssure. 
µ'=the coefficient of friction of ditrh filling against the sides of 

the ditch. 
e=the base of Xaperian logarithn1s. 
C'=a coeffil'ic>nt of loads on pipes in clitrhes. C' the a,·erage Yer-

tieaJ pressure 1 er unit area in a <litf'h of uuit, width under a 
<liteh :filling 1naterial \\Cighing unity J er unit , oltune. 

NOTE 1. Corresponding units nn1sl he used throughout for all the abo, e 
quantities. It is best to state all quantities in feet. and 1 ounds. 

NOTE 2. K may be caleulatecl by Rankin<' 's fonnula. 

\ 
•) + 1 f-',- /J 

I( = . . . . . . . . . . . . ( 1 ) . 
\ ' 

') + 1 + /J, - /1. 

J,et Fig·. 12 illustrate a src-iion of unit lrngth of a ditch, and 
let us consider a horizontal slieP of ditc·h filling- haYing an in­
finite]~r s1nall height = dII. 

By- equating the Yertical forces acting· on tlu~ thin slice, ,ve 

21(µ', ... 
cl II. 13,v integration, log ( ,, - ---J 

B 

B 

TI 
constant - 21(µ' - . 8ince ,T = 0 for IT =- 0, constant=- log,,. 

B 

2I(µ', ... 
TTrnce, log ("· - - -- = log '" 

D 

II 
2I(p' and 

13 

.... 



1 
1 

II 

1 
"I' ' i· - \.µ 13 

2 I(p' 

1 
1-

lT 
"2 I{" • ,.. B 

\\Thic·h giYes a n1ath1•1nat i1·,d <'XPJ pss1n11 fol' th<' lo,111 \\' on pip<':-, 
in ditches. 

::;OTE.-Prof. ,\. ~- T:dbot, of the l'11i,ers1ty of Ill11101s, has assi!-h•d 
us 111 de,·(')op11 g ti C' alio,0 n1·1th •m, t, ll disc11ss1011 

Article 11. A Working· Formula for Calculating Loads 
on P ipes in Ditches I◄'or 111ak1ng Hl'1nal <·al1·11la11ous of tht> 
loads 011 J)llh'~ 111 d1t<·h<•s "'<' r,·,ulily d,•ri,l' l'ro111 1hP aliovP tlH· 
eonYenient \\·orking· for1nula. 

(',rif' ........................ . 

In thr> \\·ork1ng for11111la (~ , tliP c•o1•ftic·ic•n1 · · ( '' · nf lo;ids <HI 

in ditrhes 111c1, lip <1,deulat<·d l,y tlH· for11111l;i: . . 

1 

( ' =-= 

1 

lT ,, J' . 
i· - '-/J- B 

•) I\r I .., ,, . . . . . . . . . . . . . . . . ( ; { . 

~OTE.-µ sltoul<l IL' 1 ~eel i11 1 la1'l' ofµ' 111 f11111111la (:\) \\hl't l'\l'l' µ' is 
great0r tban µ. 

}'or actual c·alc·11latio11s of ]o;ids on pipe' in ditc·h1·s the• ,,tl111•s 
of ( 1 are to he takPn fro111 'I'ahle Xo. 7, page -1--l-. or },ig. Xo. 1."i 
page 4:5. hoth of \\·hic·h giYe safl' \\'orking ,·aluPs of (' for clif­
ferent c1itc·h filling 111c11<•r1als. \\rhl'n ( ' is olitain«>d 111 tl11s \\ c1y 
the caleulations hy the "·orki11g fornnila ( 2 1 l1t•<·o111P YPI',\' sin1plP. 

If \\·ill lie '3ho,Yn in ( 'haptc·r I \', page:-; 6."i to b8, lit•rt11d'tPr, that 
for1nnlas ( 1 . (21 a111l (:3, ha,1• het>n ,,,r,\· ,·on1plPtPI,\· 1Ps1t•d hy 
actual \\"eighings of loads on pipPs in di1c·lirs, and th11t 1t hns 
in this \\'aY liec>n fnllY <IP111onstratetl that rc>l1ahle c·alc·11latio11s . . 
can he made \\'ith them. 
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In 1·c>fillin, file d1, in ditehc>s lht• n1a1{•1·1,t1 .... 11'(' g1•11c"•r:dlv d1•-
po..,1t1•d 101 ..,., Ii., s ·1 1p1•1·s 01· h~· J1a11 J. l'ht .' 1111•11 !.!r,1d11,tll_v 
1·0111pn1·I, 111;11nl.v l1·1111t fl11, c•flc>rl 111' 1·.1i11s nnd floods. C10111pl<•t1• 
sal111·:itio11 \\ ill ;ti 11nsl <>c•rtai11I., oc·e 11· 1'\1•11t11nlh·. th1•1111!.dt o\'(

1
1·­

fio,,i11g- ol' tit,• ..,,111';11·1>, n11d lh1·1)11~lt O\e1·rhargi11g- of thi• d1·:ii11 
I., 1•x1•1•p1 i1111al rloods. \r h,•r1• t h11 t ilP do not f:1il during 1 11 
,t, H·tio11. th,• 1111it \\,,ights of di11•h iilli11!.! 1•ansi1t!.!' ti I 1•n, " 
load~ 011 fl P dl':ii11 'ii, n1a,v app1·0:11•lt lhosr !.!i\Pll 1'01·, ti 11,lf, I 
111af1·rinl, 111 'l'ahl1 11 ~. 01· f'o1· soils i11 pla,•,· i11 'l';il,I,, \o ·i 
:tll I all d1.11n Iii,• sl,11,tld lip sl1·011~ r·1111t1!.!li lo 1•:11·r.,· lltl's(• \\l'l!.d11 .... 
s.il'1•h 

:-;,.,,<'I' pipl' \\ ill 1111d1 11hl1•dl.v 111•1·d 111 IH• sl1t111g- 1'111111!.dt lo l':tl'-
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ul sf I 1'1•! dt I I lr1•s 

[I, )'A '(' it, is "' l1t \1•d tlt:1t rh,· \\1•igl1ls sh11\\ll i11 ·r:1bl1 \11 ti. 
h1•l11\\·, \\ =11 It, l't•ason;il,J,, illld s:il'c· {11 11s1• in 1•nlenl:1'i11!.!' tl11 !Hi1X­

i111u111 Jot1ds 111 d!':tiu t 1111 ;i11d SI'\\ 1•1· pip1• i11 dit,·1 ts 

... 



Article 12. The Weights of Ditch Filling Materials. 
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h,• d i'{ Pl 111 i11 , d 1'1·11111 ;11•f 11al 111pas111•p111, 11 ls \\',, h,l\'r> 111ad1• a 
JIIIJll i H

1
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:.l \vt:>1,1,::-, 

1 
I 

, ~ti) I In~,!!.! l I l•c•p 
Sn 1uh I la) 3 I t J) JI 

\ \"1 I .I ~fl 

l I J;t)ty :-;,1111), I Ft l•Np 
1 I In,<,. Sand. I I'I )} ep 
I < In)~ 1:i1111,I 111,l <'011,; Prill 
3 \'l"(I l::' 

I Blu (I), 11 • It Dep - -

I Ft O p 

U TI r, F "OJI J:S f>J'I JI 1011 f '\Pf I I \I :-.T o, I \I 

1 -s wd , llo, c In, J 7 l't D p 
1 \ ,·llo\\· I 'l:n, :I ,l l•'t. l >t p 
n M1"1:tur" of Ydlo, n<l Jllur ( I ) , 
3 11111, <'l,1), 18 rt n , 

11 I Blu, l'l 1), :.!0 Ft D p 

I 6 I t 0, 11 

o ... 

Ydlow I I , n fe" Hod f1om 
Ft JI pt h 1bu,r I "II nm rt Du h 

!Ill'-

!} 
l 

\ dlo" (In,, n ( " H HI fr III nl o, r l''l:p r1111e111 ll1td1 1 Ft I>, pth 

91 10.; 

1 II 5 119 Q 
l"l.!1 I'.! h r, 
1 1 l' 3 

l I 1 fl 1 ••• , -- 2 
98 ti 107 '! 

10, I l .:i 

1- I 3 1 3 .. 
121 ., 

I 10 . , - -1 • i ... I 1 2 
12 11~ 

11 I I I " -
,.\ ~, " JO\\ A 

IO I 1 
I' 0 
1 h 
137 
137 

In 1·c>fillin, file d1, in ditehc>s lht• n1a1{•1·1,t1 .... 11'(' g1•11c"•r:dlv d1•-
po..,1t1•d 101 ..,., Ii., s ·1 1p1•1·s 01· h~· J1a11 J. l'ht .' 1111•11 !.!r,1d11,tll_v 
1·0111pn1·I, 111;11nl.v l1·1111t fl11, c•flc>rl 111' 1·.1i11s nnd floods. C10111pl<•t1• 
sal111·:itio11 \\ ill ;ti 11nsl <>c•rtai11I., oc·e 11· 1'\1•11t11nlh·. th1•1111!.dt o\'(

1
1·­

fio,,i11g- ol' tit,• ..,,111';11·1>, n11d lh1·1)11~lt O\e1·rhargi11g- of thi• d1·:ii11 
I., 1•x1•1•p1 i1111al rloods. \r h,•r1• t h11 t ilP do not f:1il during 1 11 
,t, H·tio11. th,• 1111it \\,,ights of di11•h iilli11!.! 1•ansi1t!.!' ti I 1•n, " 
load~ 011 fl P dl':ii11 'ii, n1a,v app1·0:11•lt lhosr !.!i\Pll 1'01·, ti 11,lf, I 
111af1·rinl, 111 'l'ahl1 11 ~. 01· f'o1· soils i11 pla,•,· i11 'l';il,I,, \o ·i 
:tll I all d1.11n Iii,• sl,11,tld lip sl1·011~ r·1111t1!.!li lo 1•:11·r.,· lltl's(• \\l'l!.d11 .... 
s.il'1•h 

:-;,.,,<'I' pipl' \\ ill 1111d1 11hl1•dl.v 111•1·d 111 IH• sl1t111g- 1'111111!.dt lo l':tl'-

1·., t.11• ....,,111t• ,, <'i!.!ltts s11 1•1• tl!n1·011glt 1·:i111111111!t 01· f1011di11!.! i11 1·1•-
1il1"11;., ls 11s11;tll., sptt J111 I i11 1,1·d1•1· lo p1·t,\C'llt f11t1111 s1 IIIP111t•11t 
ul sf I 1'1•! dt I I lr1•s 

[I, )'A '(' it, is "' l1t \1•d tlt:1t rh,· \\1•igl1ls sh11\\ll i11 ·r:1bl1 \11 ti. 
h1•l11\\·, \\ =11 It, l't•ason;il,J,, illld s:il'c· {11 11s1• in 1•nlenl:1'i11!.!' tl11 !Hi1X­

i111u111 Jot1ds 111 d!':tiu t 1111 ;i11d SI'\\ 1•1· pip1• i11 dit,·1 ts 

... 
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Article 13. 'Ihe Coefficients of Internal Friction, /t, and 
of Friction Ag·ainst the Sides of the Ditch, p.', for Different 
Ditch Filling Materials. }\>r c:,1l(·ulati11g a table of "·orking 
, alnes of the c·o('ftil·i<'n1 · · (' · · of load~ on pip1' to 11sp in the ,,·ork­
ing for1nula (2). thP prope1· ,·,d11t1s of 11. the t•opt'fi.vient of internal 
friC'tion, and of ,,', tlH' c·oefti<·ient of tl'i<·tion against the sides of 
the ditt;h, 11111st hl1 kno,Yn fol' suhstitntion in for11111las (1 \ and 
(:3). "\\"c haYr 111a<lP a 1111111lH1 l' of n1casure1nt1nts of 11. and 11' h)· 
then e of the si1npl<.> apparatus shcn,n in l◄'ig. ):3. 

Inn e, the ho'\." as ph1c•c,d on a lt1,·t1 le<l snrf,H·e of a pile of c.lit<·h 
filling in deter1nini11g p. or nu a ledge of solid n1a terials in plac'l' 

Bottomless box 3 inches 
square 1ns1de, rt/led with fhe 
mofer10/ fo be /-esfed 

Spring Bo/once /'or 

we1~:~~;, ::u7 ,'//-:.. ' , - -- -- -- -......... ..... ... , ,, ,., ,,,,.,,,, 

' + • 

lh1s mofer10/ 1s lne some os thot-1n the box /'or test's or Inferno/ 
rr1cf1on, bul1soled9eorsolld rnofer10/ 1nploce /'or fesfs of' 

Side rr1cf1on. 
Fig. 1~. Apparatus for DPter:ni11ation of C'oefli1·i<'nts of luternal Frietiou 

µ, an<l of Fri1·tiou against ~ic1ps of J)1tl.'h µ'. 

near the sidP of the dit<·h iu de1ern1ining µ' 'l'he box \YHS filled 
,-vith the cliteh tilling' 1naterial. and this 1naterial \Ye1ghtrcl to 
various intensities of pr1•ssnrf>. I~.,or each "eight the force neces­
sary to n1a1ntain a ve1•y slo\\ stra<lY 1notion "as 111easured bv the ._ .. .. ._ 

spring balance. 
C'ontrarv to the la,-vs of sliding fric-tion of solids, it "·as fonnd 

• 
that the force required to start 1notion ,ras g·r11rrally sn1aller than 
that necessary to n1aintain it. It set>1ns possihlP that the first 
1notion is due to the rolling of so111e of the gTaunlar partic·les of 
ditth filling n1aterial \\·hif'h ha, e happenrcl to assn1ne unstable 
positions. In calc.:nlating p, and p' \YP havr nsrcl thr forees nec·es­
sary to 111aintaiu a slo,Y 1not ion . • 

Our measnre1nrnts of thP c•opffic-ients of intrrnal friction. 11., 

and our calculntions h~· for11111la (11 of J{, the ratio of lateral to 
vertieal pressure, are given in 'fahlt> ;\O 4. and our 1nt1 asnre111en1s 
of the coefficipnts of fri<·tion, µ'. against thc.· sicll·S of the diteh 
arc gi,·en in 'l'ahle Xo. 5. 
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T.\BLJ<~ Xo. 

:\IE \SL HEME. T-; 01<' T,'J'l•;J,X.\L 1-'Hl<"l'f!Jr-.', µ,, .\ \'I> <' \L( l'!, \'I'JOXS OP 
H.\'"JO<, 01•' J, \'J'EH \L PHE~~UHJ•:~. K, IN <H{ \Xl•L,\J{ 

I>I'rcrr PTLLTX(i .,r \TJ•:HJ.\LS 

;. 

Kind of Soil 

\, L.\HOR.\TOR\ ·n STs 

:J I Dump, Black 'l'op Soil 
7 Damp, Bla<'k Top Soil 
6 Damp, Bla<'k Top 8oil 
:l Damp, Black Top f;uil 
!l Damp, Black 'fop Soil 
3 )Damp, Black 'l'op Soil 

25-IAvt'rage --
---------

1 
:i 

Sat nrated 
Saturatrd 
Saturated 

1 Sntura ted 
13 Average 

Bln<'k Top 
Black Top 
Bla('k Top 
Blnc·k Trp 

Soil 
Soil 
Soil 
Soil 

Averag_e_c-=lar (Goodrich) 

3 Damp, Yellow Clay 
:3 Dnmp, Yellow Cluy 
3 Damp, Yellow Clay 
3 Damp, Yellow Clny 
8 Damp, Yellow Clay 
3 Damp, Yellow Cla~-

~Average ---
5 /Clay to Crawl (Goodrich) 

G Clay to Ill'eak (Goodrich) 

31Snturated 
:l Suturuted 
:3 1 Saturated 
3 I Sat urn ted 

1-1 I \ 'l"('l age 

Yellow 
Yellow 
Yellow 
Yellow 

:. ;.... 
1-, <:. 

P.. 0. 

~ 

:::: 
"' -- ---·- -C: ;:... ,... 

" (I, -o-o u -·-
11:-E 
::i C ;:.,. 

l !!8 I 0.:3!! 
36 o.4o I 
6084 I 0.50 I 0.57 

11~ 0.70 
1s!! 0.12 I 

-,- - o.53 I o.36 --~ ____ .....:, __ _ 
!lli 

17G 
~56 
3:36 

::l/i00 
to 

10000 

a:.? 
70 

120 
1/il 
19G 
210 

I 300 
I to 

1100 

I 80 
to 

1100 

8~ 

I , 18 I 
::l 18 
3/iO 

0.65 
0.!>6 
0.34 

0.29 

0.34 0.51 --- ----:--0. -17 0. 40 

I 

0. ll 
0.5~ 
0.58 
0.57 
0.56 
0.48 

I 0.5-t I 
1<0.38-0.64 ), 

I 1.00 
I 

<o.71-1.6:i)I 

0 40 

0.45 

0.31 

-
0. 37 

0. 36 

0 . 17 ----

I 0. 6:l 
0. •16 
0. 15 

I o.a-t 
_I _0.17 --

0.30 

0.51 
o. 10 

1 Reddish Yellow Clay(Go~rh l83', f;atnrnl, d 2,;00 
3 'Dry Sn n cl ----:- -::!)---cr;,---,.-- 0. -1 () 
:J Dry Sand 176 
:i Dr\ Sand 210 
3 Dr~ Sand 320 
3 Dr,· Sand f!8 l 
3 Dr,· Sand l 1, l 
2 Dry Sand 608 

2o'f .\ verage ---
2 l'''et f;ancl 
:.l \Yet Sand 
:i "·et Sand 
3 " 'rt Sand 
3 \Yet Sand 
:l \Yet Sand 
1 \Yrt Sand 

l(i I \, er II i?t• -----

!)(i 

176 
210 
•~jO 
?. q I 
-Hi-t 
r,oq 

I 

I 

0.58 
0.63 
0,:,8 
0.56 
0. 5 I 
0.49 
0.46 
0,5/; 0.35 

0. r,:-; 
() :,!) 

0.5'l 
0./iR 
0 5q 
0. IR 
0.50 
0.57 1 0. 3 I 





'

I 1 I 

ti
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.. \ studv of the dat;i in 'l'a lilts -t- a1Hl :i sl o\\ s ,1 lar<•1' ran°e ur • i:-, t-

\ alll('S 111 S\l('('('SSl\ t' ft st--; or 1 h1• ',clllH' 111c1t1 rial under ditf1•1'<'111 
prts<:,lll'<'. 'l'ht> ,ariation 111 r<•sults 111a)T h<' duP in 11a11 to thP 
1·a•h0r <·1 n<1r natnrt• or tiH• appar,1t11s, lint prohalil~· 111ai111r rep­
rt•s<>nts rPal diff< 1·1•1H·t•s 111 propl•I 1H'S in sligh1l)T diftPl'Pllt po1·­
tions of a 111ass of rt•(·<•ntly d1•positc•<l l'cll th. 01· in thP s,nne po1·-

1 ion 11ndt•r d1ffer0nt p1 e surf's 
::\Ianifestlv, n c·onsH1erc1hle nu111h<'r of fri1·1ion 111rasnrP1nPnts 

• 
shonlll be n1aclt> antl H\'erag<><l in <•ac·h parti1·11lnr c·ase. to ohtain 
fair average YaluPs of th<' <·nnstants to nse in clit<·h ralculations. 

"\"\°11C'n a fai1· nnn1ht>r of fri<'t1nn tPsts nr<' 111nd0 and averaged, 
\\ e find h,T car0f11l nH•asn1 <•111Pnt~ of the ac·tnal loalls carried hv • • 
pipes (see page'> 6:-i to 8~ herPinaftt>r, that c·losely correct re-
sults cc111 he set·111·1<1 in <·0111p11tat ions hr fnr1nnlas 1 2 and (:~ ) . 

page 33 ) . 
'rhe fart is that, ,vithin th<' rall!!.C of or1linarv ditch filling • 

1natrrials. 1t takes a lnrg:<' <1ifl'<'l'l'l1<'<' in the \',ilnes of the frif'tion 
<·oeffic-ients, to 1nakP a 111af Prial ditferrn<·<' in the "·eight rarrietl 
hr the pipe. This point. is \"L~r~· <·learlr sho\v11 on }'ig. 1-t, pag<' 
•!:L hy the s111all 1·a11!.!P in th<> Yalnes of ( het,vP< u th<' 0xtre1nes 
of ordiuarv 11u1t<>r1als 

• 1.'he rc>al diffic·nlt~ 111 sl'lP<•ting tli1• proJH'l' genL•ral \\'orking: 
valn<>S of /'• I(. ancl ,,' for diffp1•t•11t clit<·h filling n1n11•rials 1s to 
<lc>eide upon c.;afc. and at 1111• sanH' ti1n0 rrasouahle. alln,vauc•ps 
on the side of safc•t~T. req11irPd in order to proYi(ll~ 1'01· the rfft><'ts 
of prohahle saturation of th1' 111atPrials under aetnal cliteh c·on-

thtions. 
Article 14. Safe W orking Values of W eig·hts, Ratios of 

Lateral Pressure, and Coefficients of Friction Against the 
Sides of Ditches, for Different Ditch Filling Materials 
... .\ ftC'r a ra1·< f11l stnd, of a<·1na1 d1t<·h C'ond1tions and of the data 

• 
}!'!Yen in 'l'ahl<•s :'\ns 2, :{. 4 an 1 ;;, aho\"P, \\ e ha\"l' acloptr<l ap-
proxi111nt<>. saft> , ,tln<'<..; of " ·· I( and ,,' ,ls g-iYl'll in Talile :'\o. G. 
l>0lo\\', for <'Hl<'11laiion of the 111ax1n1n111 lontls 011 pipes in <lit1·hrs 

'I' \RLl. xn r. 
APPROXI>f\'I'I~ ~\T'F. \\' Ol!KJ\;'C \'\T,l'ES OF THF. ('()XST.\XTS rro BE r:-;En 

IX C.\L(' l L .\'l"l"\(; THE LO \J)~ n:s PIPES r:--: J)IT( ' IIE:--

Dit•·h I illin~ 

l'artl~ ( \ impa< t e tl ' l'op :-;011 I I> mp ) 
:--aturn lt d 'rop !:--o•I 
P,,··t1• (' •lllJ> ,ld ti 1> , IP)> Yd)"\ ( l ,l ~ 
Sa t ,- , •I l• llo\\ ( In \ 
J)J :-; I l . 

w=l"nit K=-Hatio of 
\\. t 1.:ht of Fill L, t, ral to \',•r 
111 1; Lhs p r t 1enl E a rth 

('11 l ' t P r ssur s 
tJ 11 

11 0 
1 () () 
1 ·10 
1 on 
1 ''0 

, 1 I 1 
0 'l i 
!l .'.l l 
() ~. 
I) :1'l 
(l ·1~ 

- -
µ.'=('o pffic1ent 

of Fr1l't1011 
.\~a11,,t ~idt"s 

of ' l'rt ll<'h 

o. :;n 
0 . 10 
0. l ll 
U 'lO 
o ;o 
0 ." () - -,v t s 11,l 

,O'l'E ·1 h t .11, •\ (' \ , Ju,•s o f \\ K : Jltl µ_' alt f ,r ll hC' Ill f t I 111ul.1s c:n au,I ( 11 

on pa~e 1 I 

In 1·1,11,n1·<·1ion \,·ith 'l'ahh· :'\n. (i 1t should 111• 11011•d 1l1nl it 1s 
tltc vallll' of thP 11rod111 f ot' I( ancl ,,'. iustl'ntl of thvir st pa1ate 
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, alu<'s. ,Yhi<·h <lelt•r1ni111•'> 1 h<• \\'1•i~l ts 1 t "t 111g 011 <lr,1in t ilc a111l 
st'" rr pipe 111 elite he . 

1◄'01· orcli11a1·)-1natL•11cd-.; the ratio ul' la feral pt p-.;s111·1• I(, is high 
\\"ht>n the c·OL·fii1·ic•nt of tr l't1011, µ' ls lo\\·, and h. I'> lo\\ \\ heu p' 

ls high_ 
IIc>llt'.<' th(_)ir pro(luc·t 1 111u1·h 11101'L' nf•arly t·onst,1111 than eilht>r 

srJHlratcly. 
Ilo\\·ever, 11-' ,vill h(• 111t1l'h afl't•c·tc•cl h.v t ht snH ot hnl's of t h1~ 

side. ol' the ditc·h. and Yah11•..., lo\\'f•t· than thos<' of /l for the 
san1e ditl'h filling 111atc rials h,n c• h1•r11 s< lt l'fL•cl 1'01· 'I'ahlr ~o. G. 
to nllo\\ 1n·opc1l)· for tho C' d1tc·h c·(H1tlJt1ons \\ hic-h \\'ill hr1ng th<' 
hl'a, 1r t load. upon 1hr p1p1"<; 

Article 15. The Var iatj ons of Loads on Pipes in Ditches 
Corresponding to Differences in the Consist en cies of Dutch 
F illing 1Ylate1ials. 'I'he c·o11s1stP1H: 01· softnP of the clitc·lt 
filling 111atc•1·1als is incl 1·a tt>cl nu111rric·a II: Ii., 1 h< c·oc•tlic·ieuL p .• of 
intc•rn,d friL·t1ou. and I'> ,1fl'1·ct1d hntll by the 1·hara1·tc>1· of thl' 
partic·lc of th<' 111at<11·1.1). ;i11d 1•s1H t•iall,v h.v 1hP d,•µr,•c or satura­
tion \\1th \\·atPt'. 'fhe 1ffl'et ol th1• co11sis11•111•~ ts shn\\Jl 111 a 
Y<'l ~- elear a1Hl in1< I'< ..,1 tJH! n1c11111p1• 011 I•1 i(!. 1--1, Ju I'<"\\ 11 h. ,,·hieh 
ha hl'('ll ]H'P]litr1•cl fru111 1·0111p11tations ith forn111lc1s ( ] . pag-1• 
:12 ancl (:~ . page :tl 

In J,'ig. 1-1. thl c·ons1st nc-i,•s of th ditc·h filli11!! 111atc>1·1ctl.., arc 
sho\\·n h:· the• ahs1·1ssa \\ ltic•h l'PJ)l 1 '-< lit ditl\·rrll1 ,·al111•s of fl, 
th<' c•oc ffi1 ient of nt1•r1H1l f1·i,.tio11. I 'or liquids, th,• ,·,il111• of µ 

o a sho\\·n at the )pf'f of the dia~ra111 . .ind for solids thP valll<' 
of" \\011lcl h1• \"C'l'Y !!Tl at fallinu IH•,·011d th<• 1·i0 h1 of thP diatrra1u r · , ..._~ C'I • l""'" b • 

.\ stt dv of Tah]c ><, -±, sho\\·s that ordi1u1rY di1c•]1 fillin!.! 111c1-. . 
ti rial" haYr 1·orl1ic1t1 s /t. of i111,,rna] fril'ti<,n, 1·a11!!it1i.r 1'1·0111 

0.:3 to 1.0. li1nits \\hi1·h ar1• indi<'at<'d 1,y pron1i1H•nt ,erli<·al lin<'s 
on }'ig. 1-4-. }.'or orclinar~• dit1·h c·o11ditio11s, 11-', i11 'J'al>l1• '\o :;, 

:::. not oftpn 11nh·h l1•ss than th1..1 c·11r1·L'spondi11g values of ,,. in 
'l'.1hlP .\o -!, a111l h11 1 ·l in l•'ig. 1-1, th1• value of'' (''' for 01·­

dina1') d t1:] >nditio11"' l)\l}d hC' n,·arly dir()etl: o,·1•1· the t•OJ'l'<•s­

ponding val tPs o · ·,. c1s g-1vrn a1 the• hot ton1 of the diagran1. 
IIcn<'c I·"ig-. 1-1- sl o\\ s t·',,,u·)" the fort unatC' faC't 1 hn t ordina rv 

tlit1•h fillin!! 1111 t, 1·1,ds ea 1 , n1uth s111allf'r loads 011 pipr>s i;1 

ditc-h,•s than \\·oul,l h•' inq os1 I hy pithrr softt>l' or 1nor(• solid sub-
st. 11 1•s Jn •·aet, rit111•r I tds, as at th() extn•111c> lel'1 of J◄,ig. 
1-1- <rs ls , s lH"YOHd th,• rxtl'Pllll' l'ii.d1t \\·ou]d in1posf' thPil' full 
\\-l·i~l ts J, 1 pipes in ditc·h<'s: \\ hPl't'iJS ordi11a1·y dit<·h filling 
1nat<'r as upos,• only frat·tion~ of 1hPir full \\·ei!.dlts. u<·h as 
are' in L , t•d by 1 he ratios of l he , alu(•s of '·I• .. for sueh nu1-
t •rials. in I·,it!. 1-1-. to the> rorrc•sponding- n1axi111111n , allll''> of '' (' · · 
for liquids. at the extrf'Illl' left 

... forrnulns _ nd p g 33 
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111 }'ig. 11. h(•a,·_v ,· .. 1·ti•·al li111•s lt;ivP 1111n d1·a\\ll and lalH·lh·d. 
<·orr1·. pnndin~r 111 th<' sa 1'1• \\·111·ki11!.!· \'a li1P-.. ol f\11' ;il-;slgn<>d 111 

'J'alilP '\o (i, fol' < 11111p11ti11u· tl1t• 111·di11al'~ 111,1\.1111111n loa<ls <1ll 
pip<-.. in 1Lt1·hPs l'or th, , n1111111111 d1t1·h lilling 111;itp1•i,ils 'l'h1 t>'\­

<'«'"''- Ill 1111• \',dll<'S or ( ()I} th1·s1• \'Pl'ti,·al lints 11\( I tl1t• vah11 ... 
or "(' . for ordinill'\ d11t·h lill111g lllcltPl'IHls sliO\\s lin\\' 111\l{ Ii 
of' ;111 .illn\\·,111t·<' has IH•1·n 111c1<l1•. i11 s1l11 t111g th, \\ t,,J J... ng vain,-. 
ol' ]( and JJ 1 in 'l';d1l1• );11_ (i. for thl' 1•1l',,, 1 111 -..,11111•,tfiuu. in d1• 
1·r1'.i-..i111.r l'l'i1·tion and th1•1·1•liy illl'J'1•asing 1 hL' 1: . .1.\ 1nu111 lo:ids 011 

• 
pip1·'-; Ill dit1·h1"~-

Oc 
oooiao 

0 
'i) 
s 
~ 
-..J 

0./ Oc O'f 04 0 5 O , l "18 Q9 " / 4 
Ab ««ne-= v::: ~ oel'/'. e J o / lnl~•r r>ol rr1ch or> , 

O!_R~C TIO("fS 
.... .,~e n v ) o ,. :z:..,,.., ci C • a }(,r "- ,✓ on son~ ., ,.., c. s .-,,,,u 

Wht!!n u ( ~ r d Ko,,, 50,..,,,, ,- ver t ol o ~ u C: ,np , ,. "" '-' 
ue It' CJ ,.., x u evrv~ ,,,, d o o ro ,,..,., o "' 'f " .,., • '-' 

C -, !;,Ol'n" 11 e rl ca .,, 11. ..,u 

4C 

. ~ JO 

}'i;J". 14. I l ia:.:r:1111 :--he, \\ 1111-! t h1• \ ' :ilt1ps Ill ·' l' · ·, the < '111 •fli1•il•11t nf LtJ:ul..; 
fill l'il cs in I >itt•lll',, t fir I l1fl,11•111 ( 

0

1111s stl'lll' lt 's of J l1t1 h l'i llini.: :\latt•ria)s, 
tro111 Liquid !fl ;\1•a1 ly '-i1 l. Tlw l 'on-."st1•11<'.il's an• I 1111i1•al1 •<l li: t ht> 
\~ahws of thP .\hs •i-.-..:, h11 h Hl•pr1•-..1•nt µ. th1' < ',w1Ji1•i1•11I nt l11t1•r11al 
Frd1011 Tht> \ · ah1p, of"!'" a11• l'rfl1' 0J'l1011:il to th1• Londs 0 11 th1• P 11c 
111 :11n c;i\PII llit1·h. 

Article 16. A Table an d a Diagram of W orking Values of 
" C'', the Coefficient of Loads on Pipes in Ditches. J{y suh­
-..titnt1ng in for111nla :~. pa!.!1' ·t~ tli1• s,d<' \\ork111g ,,ilut•s ol l\. 
and ,,, ,.!"iY<'ll in 'l';i hl1• '\o () pauP -11. \\' «' h:t ,·,~ <·0111pu tt"d 'l'ahll' 
\() i, or af1· \\"ol'ki11!!,' ,al111•s (,r ··( ' ". lo l\Sl' Ill 1·,ilt·lllat111g th,· 
ordinar) 111a.xi11111111 loads on pipes i11 dit< lies. 
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T\BLE O i 

.\PPH.OXl:\J.\'1'1': S \J.'E \\'0Hh.l);'C1 Y \Ll'l~S OF "('"', TIIE <' 11EFFICIE~T OP 
LOAD:, 1)X PI Pr,::; IN I >1'1 C'H I~~ 

-- -- -
Hatio 

.\pprox11nnte Ynlu s of "(,'' 

- -- - - - - ----
ll Dnmp 'fop 

Dr~ I For :snturated !•'or J>amp For Saturated 
B :Sm) and Top Soil Ytllow Clay Yellow Clay 

I l \\'et ~:ind -- 0.46--1- -,- - ----
0.5 (I • Ii ll. I; 0. id 

1 .0 0. ,5 I 0.H6 I O.t!" 0.90 
1. l R 1.:.!1 1 . ' :' 1 .,-

1 .5 I 
. _., . -' 

j.O l 1 . 17 1.51 1.56 1 .112 
3.5 1 .70 1.77 I 1 . 1-1 3 1.91 
3.0 1. no 1.99 2.08 '..L 19 
3.5 I 2.08 '.!.18 :!.~ti 2.13 

-LO " 1)1") ~.15 2. 17 !! . r,5 - . --
4.5 2. 3 1 2. 19 ., fi 8 ~ . t'i5 -. 
5.0 2. 15 2.61 .., -.. 3.02 

- • I 

5.5 ~. 51 •> -') =:!. 90 3 .15 .-Jol..J 

6.0 ~.61 2.~ l 3.01 3 . 32 
G.5 2. ti8 2. 89 3. 11 3.44 
7.0 ~.73 2.95 3. 19 3.55 
7.5 ~.i'S 3.01 3 .27 3.G5 
8.0 ~-~~ 3.06 3.33 3.74 
S.5 .., - 3. 10 :1.39 3.Q2 - • i-o 
9.0 2.88 3 14 3.44 3.89 
9.5 2.90 3 . 1 i, 3. p:; 3.!..16 

10 , 0 ~.!l2 3 ~o 3.5~ 4 .(Jl 

11 . 0 2.95 3.23 3.55 4 11 
l'.LO 2.!:J7 3.2Q 3.63 4 . 19 
13. 0 2.99 3.31 3. 1, 7 4 ., -. -., 
l •1 . 0 3.00 3. 3'i 3.70 4.30 
15.0 3.01 3. 31 3. i2 4 .3! 

Jnl1n1ty 3 03 3. 3 q 3.79 4 .50 
- --- -- -- - - - -- -- - - -

~<>TE.-·•l''' is to be• USL'd in 1•alr11Jatin~ th1• ordinary 1naxinnun loads 
on 1>11 ls in clitelH•.., by th(' forrnula. 

\\'==Cw]~~ ........... . ........ ( ~). 
,Vherl' \\r=loa <l on pire in cl1fl'ht•s. in pnuuds J er lin. fl., 

< '=-<oefiil'ient of load, on p11 l':S in ditcl1es. 
" "=-W('ight of r1't I filling n1atcrial, fron1 Tal1h' ::-o 6. page 

41, in poun<ls } er <'tt. ft., 
H=btl'adth of l t at top of pi1 e, in t\0 et, 
II= height nf fill. aho,·p top of pif e. in feet. 

~'\01'E :?.-For \'alucs of 11/B not gi\'e11 in 'I'ahlL' • o. 7, sntlil'ieutl~- ac 
ti r te ,·ah1t s of '' (' ·' ean he obta111l d hy iut('q olation. 

}'or ·ou1e purposes a <lic1gra1n of valtH's u •· u (' · · 1s n101·e l'Oll­
Yeuient and l'lL•ar tL, n a table·. Ile11<·0 \\'t• Jll ,,sl•llt 111 }.,ig. l?i a 
d1agra111 o[ the Ya] lPs of : · ' ' · · !..riven in ·ral 11 ~o i 

'l'he diagra111. Ji'ig· 1->. of Yc1ln1 s of · · (' · · sho,,s " ·i th espeeial 
c:learness hon tlte loads ou pipes in di11·li1• , ar: ,, ith the depth 
of the dit('h, since· { · 1s p1 opo1 tional to tl1P lon,l on the 11ipe 
,Yhen the "idtl of 1ht> d t ·11 ,111 1 tht• natnrf of 1he filling 1naterial 
a1·e eonstani. }'iz. ]'.) sho\\s tha1 thc1t -. ,erv litth, inerea ·e or 
loads on pipes 111 clitehrs for any inerPas<> 111 <l,,pth ot' till heyond 
10 t1111es the hrcadth of thr ditl'h Ht 1ht> top of the pipl'. 

Article 17. A Table of Ordinary, Safe, Worl{ing Maximum 
Loads on Pipes in Ditches for Different Filling Materiais 
and Dimensions of Ditches ]\~- taking tht' .afe. ,Yorking 
YahlPS of '· ( 1 

• •• f he c•op''fi<·i<'ll1 of Ina, l on pipes 1n d1tcht• . i'ro111 
'fable ~o. i, page 4-l:. or l<'ig. 13. page -l:i. and the safe, "·ork-

• 
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C rorJ! = lnrinitv ,,,~ / ~ /-
;ti' 

1 I 

o 05 1.0 15 e.o 2.s 3 .0 3.S -4.o 4.s s.o .5.5 6.0 
II fl 

Cocrr1c1E1YTS C or LoAos ON RPes IIY 01rcHes 
Fig. 1-5. D1agran1 of Approxnnatc, Safe, \York1ng ,·alues of••( ' '', the 

<'oeffi<"ient of Loads on l'q es in llit<'l1es, to Csc in ( 'aknlating the Onliuary 

~fn.xinnun Loalls on l'iJ <'S in llit<·hc~. 

ing value of ,v, the ,\·pight of the cliteh filling 111aterial in pounds 
per cnhic foot, u·o1n 'fahl<1 ~o. G, pa~r<> 41, it is c>asy to c;;;uh..,tit11in 
in for1nula (2), pag<' :~:1 (rl'p<>att><l. for 1·nnvt>niP1H·P 111 use, on 
pages -:1--1- and 4.'),. ancl (·al<'nlate n iahlP of' sal'P. ,vorking, 1nax­
i111nn1 loads on p1pPs in tlit1·hl's of differ1•11t. clinH•nsions. " 'hPn 
filled \Yith any of the eo1111non <lit(·h filling· n1c1t<•r1als. 'fhe l'P­

sults of urh ton1putations ell'<' given in Tahlc ~o 8, h<'l"e\ritl1. 
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T \ n I, Y.: ~ O. ~ 

,\PPHOXT)I \'l'E OHl>IX \H'i M.\XP,ll ,1 LO \l>S 01\ llH \IS 'I'll,[<; ,\;:,,:J> 
i;;E\\ EH l'IPE I:-; l>l'I < 111':~ l'HO;\I I O~J.\ltl'.'\ I>l'I'<'H FII,LIXl; 

;1.r \'l'J,;I{ \Is IX POl':\"J>S l'bR 1,l~Y.~ \I{ r'T. 

n=Brc>: dth of I>1tch, nt Top of Pip 

2 Ft. 3 Pt. 5 l't 

Pnrtl~ C'ornpul'tC'd DamJI Top ':So I 

l 
G 
8 

10 

" 
" 
" 
" 

!)0 Lhs. per Cu. Ft. 

1::10 310 .J90 670 830 
:JOO 5:10 8HO l '.l30 l t;~O 
:!30 690 1190 
:!50 800 1.J30 
:!60 880 1610 

Dry Sand. 

1700 
21:J0 
:!.J50 

100 Lb~. p r Cu. Ft. 

!J~30 
:! 7!Hl 
H'.l!IO 

:! l•'f'<'I 1 ;;o :l 10 550 7 10 9 lO 
.J ·• :!:JO 5!11J 970 l '!GO 17!'i0 
fj " :!fiO 760 13:!0 ll'-90 :!llll) 
8 :!80 S90 1590 :!::150 !ll 00 

10 " :J!)rJ 9~0 lK:JO :!7:!0 3o50 
1..: " 3011 1010 :!000 3050 1150 
1 I " 3(10 109(1 :!l I0 33:.lO l,';1<0 
1 Ii " !JOO 11 :JO :.:!GO :1550 HJi>O 
Jl'i " 300 1150 :!:150 3710 3280 
:!II " .100 1170 :J l:!O 39:!0 55fill 
:!:! 300 11 ISO 2 IKO I 060 5/'lOO 
:J 1 :ioo 1190 :J5 10 11 t10 r;nao 
:!ti 300 l :JOO 25 70 4290 G:.l I 0 
:!.-l 300 l:!00 :!fiOO 1370 <i3ll(l 
{O " 300 l:!00 :JG30 .J 150 G."i.I0 
Infilllt) 300 l:!10 :!730 IK50 758(1 

l'nrtl) C'omp11<·tnl I>ump 'I Pllo\\ l'ln) 
l 00 LI s. per C'u. Ft. 

:! I·' .. et I 60 350 550 7 50 
:!50 n:.io 1010 I JOO 
300 830 1 JOO 19!10 
330 9!l0 1720 :.l:iOO 
350 1110 :!000 :!920 
3fi0 1200 2220 3320 
370 1280 211 o 3r;;;o 
370 1330 2570 3950 
380 13RO 2710 l:.HO 
3RO 1110 2S30 Jl5() 
3RO 11'.iO :!920 4610 
BHO 1150 3000 48:JO 
380 14i0 3000 I9RO 
3RO 1180 3120 5100 
8RO 1 l!lO 3170 5230 
3RO 1520 3110 GOGO 

1 .. 

.. 
1 I " 
I Ii " 
1 8 " 

" 
" 
" 
" 

30 " 
T11finit> 

930 
1800 
2580 
32SO 
3A80 
J 150 
1!)50 
t;JOO 
5810 
lilHO 
1)500 
6800 
70RO 
7::110 
7530 
9180 

l Ft. 

liO 
::? uo 
110 
JIO 
351) 

!.1 Ft. 3 Ft. J l't. 

S, tnr:it,·d Top 8oil 
11 0 Lhs. per (, u l t 

5 Pt. 

-,--,--
3AO 600 820 1020 
n;o 1090 1s10 19so 
870 1500 21 10 27KO 

1 O'lO 18:JO :!liGO 3510 
11.50 2100 3120 1150 

i-,a111r:il,•cl Sand. --'---
12 I l,hs p r <'u. J.'t. 

1 8-ll,......,.- 1 l O G 5 0 S 9 0;:---,--:-1 1:--:1 0 
271) ilO 1170 16JO 2100 
:llo HlO 1591> :J::!'iO 2970 
3 10 l 070 1910 :Jtc20 3720 
350 11~0 2180 1260 1380 
360 1250 :.!JOO :36!';0 1980 
3fi0 1:110 :!570 '."1990 1 5 l!lO 
'ltiO I 350 2710 J2GO j 59 10 
3t1t> I 31:10 :!820 I 190 j 63!111 
3 r;o I I !JO 2H l O 1700 6tHiO 
lHiO 11:!0 :!980 1880 li91iO 
3~0 11::10 SOJO 5010 7230 
3/lO 1 110 3090 5150 7 J6o 
3/lO 1110 :1120 .52 JO 7H70 
'JGO 1110 3JfiO 5a 10 78:JO 
31i0 1 150 3270 58'.~0 9090 

210 
:'l lO 
130 
190 
fi20 
510 
sr;o 
570 
570 
fi80 
5>!0 
5-.0 
580 
5RO 
fiHO 
5/'I0 

.Snt11rnlf•rl Y,•llow ('lny. 
1 ao LIJs. p r Cu. Ft. 

170 
810 

11 10 
1 ~!80 
1570 
1730 
18t;O 
1910 
2020 
20!}0 
2110 
21 iH) 
2210 
2210 
22fl0 
2310 

730 
13:10 
1!1/JO 
:!:tt,O 
27tHJ 
11 on 
3110 
30/jO 
3880 
1070 
12 10 
1380 
1500 
Hi!O 
1700 
5270 

1000 
1870 1 2,rno 

1210 
:!370 
ano 
l 100 
5~70 
6050 
G7rJO 
7 l 10 
ROGO 
8610 
9130 
9590 

3:-J GO 
8980 
J51i0 
5050 ' 
5510 
59:iO 
6280 
GfitO 
6910 
71r;o 
7380 
7590 
9360 

111010 

i l O 180 
10780 
l 16:!0 

rrah)p ~() < 1'> 111tt•I1ClPd to f11rn1-.;h dr,1in;q,r1• and f'\\'f>l'Hg'(' f>ll­

g-in, 1 r \\ 1th s111TH:1Pll1 <l,1f,1 ot' th(• prohahl" 11u1xir11uu1 lo,Hls \\ hic·h 
,,·ill h,• u11pos<•d on pip<• 111 dit,·h<..., h.'· the· ordinal'.V <litc•h filling 
111at1 r al to 1·nahlP the 111 to JH'PIH!l'(' 1·c•aso11al,J,, and af<> spr•c·iti­
c·atio1 s for 111ini1111111 allcnvahl<> strc•ngths of dra=n ti)P <1n<l S<'\\t'l" 

pipe 111 th,•ir (•onst1·11<•tion \\Ol'k. 'J'hc•n. li.'' t<'st1ng th,• pipe 1n 
;1<lva11r<> of l!S<' 111 tlH• <liteh. th" <'ni1i11c•p1• <·a11 dc•fp1•111inP "·ith 
<'1•1·tai11t.'· ,,·hl•fh<•1· h, ...,, < uld af't•C>pf or !'Pj,:,,•t th" r11atP-rial sup­

pliC'd h.'· the> f'Ollll'a ·tor, and i•an JH'f'\'1•11t \\'ith rPason,dilc• <·<•r­
taint>· tl11• 01·(•11r1·<•nrP ()f fc1ih11·0...., 1·on1 tr"H<"king, s11C·h as are list,•cl 
iu 'I'ahlc ~o. l (pHge 2+ . 

• 



• 

-li 

En~ri11e<•rs. in pr('pa1·ing snth SJH'<·ili.1·atio11s. should lH•ar in 
1nind t \YO i111portant prin(•ipl1•s · 

F,,.._t: ThP '-P<'tifi<'cl 1nin11nu11t allo" ahlt> st r1 ngths of cl rain 
tile and <'"'Pl' pipe ho11J<l ht' c·nough grPafer than the ord111c11·,· 
1nax1111u1n loads gi, 1 n in 'J'nhlc> :-.:o. ~ to a11'01·<l a rPasonahJ1, fa<:­
tor of saft>t~. Set• pagt·..., 1:>7 to 16:~ for further d1s<•11ss1on a11<l a 
definit<> re<·o1n1np11clation on tlus point. 

,..;:( on<l. 'rhe pip,• 1n11st h,• tPst1•d h)· a standal'd 111ethod, ,vhic·h 
duplic·atc1s, "'ith snfli<·i1•nt t•'GtclnP.s 101 pr.t<·ti<·al 1n1rposf's, thP 
aetnn] dit,·h 1·1n1ditious of h11 <ld1ng, in ol'dl'I' that th< ir test 
strengths ...,ball ht1 the ..,,Ill 1• "hic·h " 'ou]d ac·tually dl', p]op in the 
ditch. !:.'or a cl1 tail1 d dt·...,< 1 iption ancl d1s<·t1ss1011 or sH<·h a 
standard 111Pthod sc•p pt1g1·s '-'I to !)!) hert>inaft1•1·. 

r,or nnnsnal 111atPrials, or otht•r 11nnsnal 1·01Hlitions. tlH' c>11-
g1neer 111a.'· 1nakc> a 1111111hPr ol' detern1u1ations of }'i1st, "· the> 
\\·1,ight. per <·nhi1· foot ol' th,, filling- 1nalt>t--ial, Sl < rn1d. ,,. the co­
pfth·ient or inll rnal fl'i1·tion: third, p'. th<' <'oPl"fi<·it>nt of fri1·tion 
against thP sidt>s of thl' ,lit, ·h. II<' n1ay thl'n c·alc·ulatP thP proh­
H hle loads "h11 h "ill 1·1,st on 1 h1' pip<' h.v 111Pa11s of forn1nlas ( 1 , . 
(2 ) and :3 pag1•s .~2 a11d :1 :J. For th1• lllt'il lll'PllH'll1s or fric·­
tion hP 111ay ll"<' ho111P 111acl1· appal'atus. s1111il.1r to that sho,rn in 
Fig. J :t 

Article 18. The Theory of Loads on Pipes in Ditches 
Wider at the Top than at the Bottom In 111a11y ras<'s dtt<·h1s 
!'or tilP <lralll"> and JllJH' sc \\1•1s ,t11' chtg ,vidPr at thP lop than at 
th,• hottcn11. and th<> qttl'">l1011 c1r1ses, ,vhat vain<' ol' l{. thP hrPadth 
of tht> ditrh. <.;ho11ld IH• s11'1">titlltPd in fo1·111ulas 2 ' a11<l (:~' . 
·rahles xo...,_ 7 ,11111"' and dta!.!l'clll\S l1'1gs. 1-l- an<l l.>, In suc·lt <·as<' ! 

}?1g. ] () sho\\ S <t s1•;dl' d l';l\\'ing or H "eclgP shapPd ch t eh Ill \\ hic·h 
\\'<' ha,·p at·tua]I.' \\eighed th,• loads ou the p1pc> for ditfPr1•11t 
hr1ghts of fill, as" ill IH· 1•xplai11ed la1er on pag-c>s 70 1o 7-l. hPr<'­
inaf1er. 

I n '.ll<·h (',I(''-; or " 'pdg·,, shaJH'd dit<·h(>:,, ii'> a1·1 ',hO\\' ll in I◄'ig-. 1H. 
it 11111:,,t hc• appa,rnt . on 111sp<>c·tion and st11d;, that th1• \\"<•ight of 
thP c1it<·h filling 111at1·r als \\·1]1 areh n,Pr fron1 1ht• fiH.lPs of 111<• 
cl1tch to thP [)If><, ,lt ahont th1• h1·ight or thP -1:-i <lC'gJ'('l'S po111t:-. Oil 

thP 1·11·c·111!lfc>rPn1·c> of th, · pipt'. ,1, iuclic·atPc1 in 1◄,ig lh. ()11 ts1d<· 
of the> J;") degrc>Ps point:-. th1· d111·h fillinl! 1naft•rial 1s ol' lPss vp1•t1-
1·<1 l <l<>pt h and "ill sPt tlP lPss 111 the• pro<·<'ss of c·o111pa<·t ing tha 11 
the> n1at,1 rial llPHrPr thP c·<•ntPI' of the> clit1·h. 

II r11c·P, a l'ri1·tional rt•s1st.1111•p "ill lie d<'\'1•lopt t1 along the hut•<; 
aa 1n Fig. l!i, .inst as 1f tl1t.,· \\Pl'<' the> sidt•s of th<· 1ht1:h. ex­
C'Ppt that thr a111ou11t ol th,s fric·li11nal r1•s1stanc·P "ill he• drh·1·-
1ninPd h.'r th!' ,·altll' ofµ th1 I opffi1·i1·nt nf 111t<•r11al fl'H·tHHl of tl1P 

dit<·h filling n1atl'J'Jal. 1nst1•a<l of h.,· it', thP c•opffi1•i1•nt of -.;1d1· f ric· ­
t i0n 

fJp111·c•. furth1•1', i11 //,r, osr n( r/1/r l1r" 11·1rl, 1 of flu /011 lllf111 ol 
/Ju /Jo!l0111, /1, r /JJ 'nJ1r1· l'olur lo ~11b.-.:f1l11fr for 11 111 for1111dus ( .!) 



and (3). '/10!,l,s ,\·o,;, 7 ,11,d ..,, 11111[ diu,1rao1s , !,'iqs. If ,nu! Jr;, i..; 
thr l11·r,1dth of thr ditch r1! //,, Ju "qi,{ of lltr l'i clccn·cr fUJint~ n11 

//,r 11ipr rirrun,f, 1'< 11r,. J ,~ta lit I brl ,u· fhr /07) of tl,c J1i1>c. 

1'h,it th,· a bo\ e rea:-.on-a , 
1-' 1. 4 // 
1~ . r, ~ 
fJ C\J 
N ; 
~ I 3.69 
tl , 
N ~ 
ti"' 

I 3 40
1 

.. 
' ~ l\, 

l 3 17 

C.70 
, 

I 

l'ig-. lti. :-:,•:tie nr:1\\1111-! ,) tch 
1·,,,d 111 1:~q <'r1111e11t :"\o, '-, 'l'al le :'\o 
I::!, page 7i. 11111 t1at111g- 'l'heo1, ol 
I oad<; 011 I 'q f'<; 111 IJ11 rh,1 s \\ ider at till' 
'l'op thn11 .11 tht' Hottorn. 

lllg' alld ..,L,lfpn1 .. ut nre ror-
11·rt is dt1 111on:-.I l'at,.,d l'li'ar-• 

1, h_\ th,• t'ac·t that i11 J•::-.­
l P1·i111c•nt Xo. '. 'J'.ibl(.' i\1J. 
12, page i l, the ],)ads on 
t IH pipc> rn l<·ulnt<'d on thi:-. 
I ,1 Is flf.{I'(: f' C'!Os •J,v \\"ith 1 h<' 
I >ads aetuall,· f'ouud hv 

• • 
\\('Jghin!!. and that Joc1ds 
c•,tlc•ulatt•d hv substituting 

• 
the Ol'<ragc \\irlth in th<' 
f< r1n11las \\ ould hP n1uc•h 
l:11g-<•1· th:in the nctual 
londs. 

1·'111·1 lie,· p1·oof is found 
iu I h<' fa{'t th11t e,·en in thr 
, xt1·c1nP <>nsc> sho\\ u in J,' iz. 
7 J agr :!O, thP rornparison. 
in 'J',,hlr :-.:c,. lfi. JHl!?e "·L 
of thc hl'L1ak111!!' loads, rul­
e· rl11t< l ft>l' B thP brendth 
oi th<' d1trh at the top 11f 
tit Jllf>P, \\ ith th,• l:1bo,.:1-
to1, str<:ni?th of si111il:il' • 

pi fH • ho\\ s n (•losc> C'Ol'l'<'­

~pn1HIP111·<• of th(• rnlrulntc>d 
lo.ids \\ ith thf> of,st~r,·,1d 
I arl s a 1o the t:'1':lt·kiu!.! of 
thr pipe. 

Ar ticle 19. The Effect 
of Super Loads upon Loads 
on Pipes in Ditches. 1 n a l 
rlitinn to the l1, ds 1•,1 rs, ,l 

h.v fhP \\1
1

igl11 of 1111• clitr•li l11l111~. piprs ill ditrhrs 111:ry h: ,, to 
l':tl'l',V lo:ids l'l'sult ill!! f1·0111 pil<: of pa, i11g h1 it·k, J111111'Pr ind nth­
i'!" 1natP1·ials .it I lit., st11·f:irc> of th<' gr· H111d f111111 foundati, us 1"1·on1 

1 h 1• \\ li1
1

rls of\\ ag,)11:-., froJ11 1·nad 1·011 , s , 11d t l'ae11011 t'I !.!lilts , t•·. 
,\II s111·h l11:ids \\ ill Ii«• r·;ill«•d "s1q11 I .,,ads" i11 this , Is, 11,s1011 . 

\ ~117>11· l,111d, lhc1
11, i..; ,uII1 lo ,tf aJJp/1,d lo 1/,r fill111y r It 

, t·rr ,1111/ a[11n·, ii..: ou·n u·riql,/. 

'l'l1r
1

r·c• ,II'<.' 1\\0 gt•flp1•:II f':J:-..1•s of' s11p11· lt>:tds on di• I •s: f 'ir.,l. 
lo:1cls "hif'h 1.•:-,;f,,1,d a long dis1a 11,·,· :ilor,!.! lhl' dit,·'1 • , ,,11 ,p:11·,·d 



,,-ilh its hn•c1d1h an I d1•1ith: ~<<t>lld. ,h1lrt load,. s11t·h c1s those 
1'1·11111 ,, n !.!Oll \\'h1 11•ls nnd rnnd r11l1Pl's. 

( \'-11•, 1 L<1~1: ~l'l'lH Lo\l)s, PH '1'111)~! 1)1 ('()~--IPEH\BLF 

I,1,.:-- 1, I JI . \ 1 PN1; l'IIE I )t'l'('II \'-, ( ·n~11· \HI I) \\'!'I'll IT-.. 1;1n \llTII \~I) 

1 )gl''l'IT. I h11s1• a 1 ,, s\11•h lllnds a~ 111ight 1·1•:s11lt l'l'Olll pile•, nf p:1,·­
in!.!.' hr i1·k. c)l ' olh1•1· 111at1•1'i,il:-. or ('t,Jlsl!'ll(•l1011. l))l tile· :--fl'(•t•f 

l•'i,., 1, :-.ho\\'s a "t•1•tin11 nf thl' dill'h 111' 1111it l1•11!.!I 11. ,,... . 

I 
t 
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J'ig. Ii 1'11,!Uft' Jllu.,tratinl,! tl11.• 'lh1or~ ol 
the l:ffp( t of ~up<.'r loads upon llac Lo.11b 011 
l'ipes iu Ditchc~. 
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Let L, long su1 er load, pc>r unit of length of <litC'h. 
L,., load m1 pipe. per unit of length, ,Jue to L,. 

C'1 c·oeflieic>11t of loads on pipes in 1litC'hPs due to Joni-! SIIJ er loa1ls, Li. 
,. a, P1ag<> inte11s1t v of the , erti<'al JIIPssnn, in ,lit<'h filling at any 

1<>, el, Jier unit ot area. 
I( ratio of lateral to , ert11·al pressure in the <litrh filling. 
µ' <'OC'ffic•ient of f1 i,·tion of the> iliti·h filling against the sides of the 

<li tc h. 
II height of fill, aho, e top of pipe>. 
B breadth of th<' <1 tch, at top of pipe>. 
" the bas<' of Xaperian logaritl·u1'I 

Then, considcr1ng a thin horizontal slH·p of the cliteh filling 
and proceeding as on page 32. "r hav< · 

d\~ - 21( ' dTI for thp diff Prt>ntial ec1uation, \'" µ I~ 

and finally, aft<'r integrating aud solving-. 

T..11r <
1

11J1 ••••••••••••••• (-! ). 
1 

'.?I{µ R 
f B 

··········(:5). 

lTsing the afe ,·alues alrrady as.s1g11t-'d f 01 I( and µ' iu Tahle 
~o. 16. pg. 41 ,, e have <·01upn1rd '1',d,Ip ~o (), gi,·ing. afe value. 
of C1. 

T \BLE XO 9 

APPROXIl\f \TE 8 \FE V.\Ll J< :S ()},' C'1 •ro t·si,~ I~ FOl{;\fl·L.\ L1r-C1L1 
L1p Loads p 1· t'nit of Leni:th. on PipPs in J>itl'h£:-<, nu to I,1. 
L1=Long .8uper Loads on Ditdws, per t•nit uf Lo'IIC'lh 

Sand and 
Saturated Damp YP) '-,a ra t,•,l II H B Damp Top 

Soil Top Sn I Io" Cla) \ I ,w Cla~ B -~.o l 00 1 00 1. 00 1. 00 0.0 0.5 0.85 0.06 O.~H O.S9 0.5 1.0 

I 
0.72 0.; :> 0.77 o.so 1. 0 1.5 0.61 I 0 G I 0.67 0 -., 1.5 • I -2.0 0.5!! 0 5E I 0.59 0. fl I '.LO 3.5 I 0. 1 J 0 18 0.5~ 0.57 ., --.:> 3.0 0.37 0 41 ' 0.4:> 0.51 :LO 4.0 0 .,,.. 0.,11 0.35 0. 11 4.0 

• w I 

I 5 0 0. 19 o.~3 0 •>- O.:l3 5.0 • w , 6 0 0. J 4 o. 17 o.~o O.:!li 6.0 tl 0 0.07 0.09 I 0. l:! 0 17 8.0 10 0 0.04 0.05 0 07 0. 1 1 10.0 -};0TE ll=IIrig-ht of fill in dit<'h, r,hon 1oJ) of JHpe. B=Rreadth o( dit<'h. at top of Jll)>f. 

, ,re ha Ye checked the 111ath<'n1atit·al theory RI\ rn aho, e. ,, hit'h 
leads to for1nnla, (4) and (:5) and Tahle Xo 9 b) \\l'igl11ng the 
a<.!tual loads on t,Yo pipes, at. different. depths in d1tehe . pro­
duced by superload of pig iron. 'I'he results arP giYen in 1,ahle 
.1. o. 13, pg. 75, and sho,Y a Yery <·lose eorre. ponden<'e of the 
theory \Yith the a<.!tnal " ·eight. 

Ex \11IPLE 1. What load hould he pro, 1dl•d for a, 11npo~rd b:~ 
a pile of ]Ht,'ing brick, 6 feet high. on a 2+ in. pipl' st1\\-e1·. \\·hose 

I 



~~,p t!\fi ft 111•)0,, th, "'11,11 "'arta1·1. tl11 d1~ h l11111c; '! \\11'4 11I 

ti,. t• po· 1\11· p,p1•. and th, J1l11111! ~ 1•ll11\\ ·l.1~ 
.,·,,1,,1,1111 'l'lu· ,,, 1cht o ti 1· pa, 1111.! l1r11·" II" pil, .I ,,01 iltl pr11l1 

altl~ 111· ahout 1:!;, It-. p, r 1· 1 11 JI, 111·1' L ,,1111hl I,, 1:!.-, '\Ii'\ ,l 
:!:!;,o 11, .... p, r I 111 t 11 th• tl1h·h tilh11i.: """ 111 ,-11 d,,111, ... 11,,d r, 

• , • 1 11 t 1., a II d i" 11 o t , 11 d" 11 I!, r o t ,, 1 t 111 11 t 1111 < ' " 1111 I cl 1,, • 1 , , k, 11 

I ro111 '1'11111, ,o. 'I. tor d1111q1 «·lay and f111• ,1 , ;du, ol 11 I{ 
h .~ :! ll,1H·1•I. 11;,11,'.!:!;,11 111u111,.., 111rl.11 It 

, 1 1'1 I I f I I , , 1, h , .: l,. , , • , r, . , . ..I , , , l, I f , • " 1 IJ 
to 1l1 , 1111 1 1) 1 , , I, 1 , ,I I, II , I • r !I! , · t , r, 1 

,, t II! • I, I I. 'I \ II ..:•. "' I I I ' ",.. ,. 
1 r, ,11,I. 1 •, I ,t , , , , 1 r. , ,11 111 , ,. , I Ir, I 1,h , , • 

I I i t t IW 

I.'• I 111 

t II I r• t ., , I 1 . c , I h, 1 i ,. _ ' • 1 11 • ~ , r I I t t. 
II f j I I' I 

.,.r, Ii h ,If f I 
c • • , ~ 1-: '.!. s 11 .. "T s, , , u 1 .. , , , .. . ~ l • 11 \.... ·r II o --1 1- 1(11" , ,. , , • , , .... 

'1'1< \( TIO' J,:,(,I I ., \' P :--11 ',, H .. \I) H111 I.I 1(-. l.1 I 

• 

111rt ... ,1,r !0,1•1 ,r ,, 1 ,t 1•1-:1lt ,t ,It I, 
ti 1 ,h ., 111 , I. , xi,, , , •,: •11 d • I. 

I,, 

\ 
I,, p 

( .. 
\ 

ti, lnH«I 111 I 'I 1. I' r I• 11 ut 11 •.:•I. ,l t •• I, 
I Ill ti I II .. , ,,t I ,, cl' I I I t II I I I ,, I I 

\\1ra .. t _. •• , ,~ 1,t \tY'I lo 1r, ll I"' 

l orl L I t r)o I I'-, L, 
ti '• I, ldl11t.,! : 1 •I~ 

h. 

".J 
jJ 

I-

1,,,1 1,r 111• 11 ,re 
B I I Ill ol ,t I r j I II \ I ~ I ii ' ~. - Ir 

r1" r,11 IJ of .,,, I! ' ,i I • It t I' 

, 111 II•, 1 c II I •, ~ 11 11 r , I 1 , t .. , , , • I 1 

o f11, 11 t t ,,t tr, t 111 n 1 •I, ,i I 11 
d t I,. 

11 I , 1 ~ht o t (II I • l , , t II I , 1 I , 

It), ,It 
I jrc ,r, , ti, 

.. • I I ft I I ~ 
llll,! ._:,I'-' l•t 

H lu, .1d1'1 111 1111, I ,it I 'I' 1 I 1, 1, 
, I, '-4. 111 , iJ l'rl , 11,~.ir , 1 1 

I 11 the• ''ii'-'' of ..,l,or! '-ill pc·r load,. I h, 1,•nt.rl h ol I h,· ... 1i111·t .., .. ,., on 
or d1t1•h ,ho\\ ll Ill I '1t.r l 'j \\ ntdd 111 .\ 111,l1 .,d ol II Ill I\'. ,111d tl11· 
,11d'-i ol tl11• th111 lu,r11011t.il.., ,,. \\1111ld 111 -.11l,,11°l'l1·d to lr11·t1011 

1·q1111 l to :! I, \',,I \d 11. 
I l,•111·1• 1 h,· d1tr1•1·, rat .d 

ti\. . I I, , cl 11 
\' - II l { 

I qllll I 11111 \\ lhi)tl 
d 11 
.\ 

lit• 

I I I' ii 1111 I ,., ... II I I 

,, oHld It,. 
I. c. L (, 

l -
\\'Ill I ~ ( ' 

II II 

' " I- I• \ 

'l'I,, 11111-.1 11111, 1 t,1111 t.11 tol 111 , q11,.t 011, li 1111.J ,.., tl11 
prop11· ,ah1t• 111 I,. ti, r,d ,1 ul 1I, p1,,-.11, p:••·,tl ,Ii,, ill\ 11'\1-. 

nl tlu dttih at all\ p111111 11th, d1t,l1 lilhlll! 111 tli1 ,~1t1t·11I I''''" 
-.,11._, ~11111· tlu· d.t ·I, 11l11t1L' ,.., ;, ,, , •hd 1l,,111 tl11 d •,·h. 11111I 

Ii, 11, • 1 ~ 1 I ti..., 111 o t I re a ti I~ I II I' 1 , ... ... 11· • 1 t -. , • u , , p JI .i ,., 1 1 
1 

t la II t I Ii, 
lon1.nt11d11111l l,ot· ,, 111, I pt, ,,tn, 111 ti, ,11 1 h 1;:1 Ill! ,d 1111, JHIIIII 
\\ II 111·t.1 nl., l11 l1 ,.., th.ill tl I l,1,, 1i1I 111· tr,11,..,,. I"• I ul ,nntal 
pr, ,.., 11 , • t h II t 1-., J, " 11 I , , . rt a 1, ~ I 11 : , ..,.., t h 11 11 I\ 
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'I' \RLE XO. 10 

,\PPHOXI;\L\TE SAFE YALl l~S l'OR Cs '1'0 l,<;E IX FOH;\fl'L,\ Ls
1
-C.L, 

L,1,=londs, P<'r unit of length, on pipPs, in ditdws, dir<'clly under Ls, clue lo Ls. 
Lo,,:-:::short s11p1•r londs on ditrl1es, Pl'r unit of length, of length ,\ along ditch. 

I Santi and I>nrnp Top Soil , I-Saturated Top Soil , Dnmp Yellow Clay , I Saturntl•d Ydlow Clar 

Jl/B Kn=%KI Kn=K j'-K~ ½Kj -K-,, K '/Kn -%k /-Ke-I(-11 Kn ½K! Ku=I( --- -

-- --
\ -, B- -, _,\ 1 l3~: ~ _}_\ / -:-J ,~ -B-li - _,\- If__:i-_A- --:- 1:-,\ , -;:- •':;'- fl-. I li/B 

B . - / B , - - /I n , - 1 B I - /I B I - - B ( - /1 B 
1 

- I n 
10 10 10 1 10 1 10 J }0 1 10 

1 

10 0.0 
0.5 
l.O 
1 . '> 
~.() 
2.5 
3.0 
I 0 
5.0 
(l 0 
R.O 

10.0 

1. 9~ f. o~ 1-1-:-00 ,-1. o~ 1 1~90 /-1. 9~-,-1. 6o 1-:-00 jT~f ("1. oo l 1, ~~ i ·1 ·. oo / 1. ~o 11-:-00

1

-1. ~o- I 1. on j' o. ~ l O . , , / 0 . 3 _ 0 . 7 0 / 0 . 1. / 0 . 1 8 0 . ,l ,J I O . 7 I I O • 13 / 0 . 1 !J O . 3 t O . , _ 0 . l 3 0 . o J O . 3 I O . 1 , , 0 . 1 3 0 . ,> 
o_r;gl 0.11, 0.,19 o.o:.i , 0.61 j 0.11 o.r;1 o.o:.J I o.<rn I 0.111 o.5:.l / o.o:.i / o.r,6 0.12 o.5'> 0.02 f 1.0 'o .. ,n 0.0:i)o.-a.1 1,o.,is o.o.i 1 o.:ir, 0.51 o 0110.:-18 1

1

0.51/0.01 0 .. 10/ 

1 

1.s 
I o. 35 o. o I I o. , ., I o . 38 I o. o 1 / o. e 6 I ' 11 . lO ,, . o I o. '7 I 

I 
o. ,JJ o o 1 I o. 30 e . o en 

:0.211 /0.11 J/0.20 0.1s 10.a21 /0,20 o.35

1 

o.:.l!l/ I .Ls t....:i 1
0.:.i1 O.l'..!J o.:.ia 0.11 1 I O'J5 0.1,1 /O.!lf> 10.1r, I 3.o 
0.121 I 0.06 ,, 0.14 / I 0.07 , 0. lG I I 0.08 / I O 19' 0,0f) -l.O 

' 0 07 O. O'l / 0. Of> 0. O'l O. l O (l. 04 ' 0. 1 'l O. 05 j 5. 0 
o. o , 1 1 o . o 1 1 o. 05 1 • o. 02 , , 1 o _ oa , , o _ 02 

1 
r, o oa , , o. llll • 1 G. o 

0.0!! / 0.02 0.0:l 0.01 <>.O-l 0.IJI 8.0 
0. 0 I I 

1 
0. 01 1 I I 1 0. 0 I I O O:.l I I I 

1 
1 O. O 

XOTE 1.- 1I=TI,0 11tht of fill m d1tc-h, nbo\e top of p1pl' 
B=Hrcadth of dH 0 h, at 101, of pipe 
K-=:Rntio of lnt('rnl Jll"l'S!<llre •o V(rticnl in 111<' ditl'h filling-. 
K ,::=-::Hnt 10 of long-itudinnl pressurl' t,o Ycrticnl in the cli!C'h filling-. 

XOTE 2. ,•,.i1Hs of Cs for Kn=O nre g-iyen in Tnhle Xo. 9, pac:-e 50. 

xo•rn 1. --n., fonuuln r,,, ,,. r,, holds I nw onh· ,fo-ec.Jh· un,le, L,. B"'""'' r,., In ellhn• din cllon, the uHcusl"· of to,ul on 11,e pq,e diminislws rapidly. · · · · 

X 11"'10 •I.- The , b,e, lonm, I"• X ns. ( 6) , utl ( 7). , nd T, hie X o. I 0, hm u,J h,,.,. 1·l1e,· ked b)· wel<h In .<s nf the n clu ,J loads on pl pe, In 
dll,•h,,s, ,s wn, done In tlw easo of fo,·m., las (,) to tr,). , nd 'Po hies X o,. 7 Io O. II enee, e,Jen l ,1 Io.,, '"' s.·,l on £om, n I a, ( 6) on d (i) nnd Tnhl1> Xo. 10 cnnnot bu consiclerNl very l°<'linlile. 
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For ditch filling in Yery 1oos<' <·ondition, l(a ,,·ill probably lie 
s111all, but \\·ill in an.v east' lH' c·onsidl'rahly grPa1l'r than 0. 

J:1.,or ditch filling thllroughly 1·onsoli1latPtl and to111pacted h~· 
ti1ne and hy \\·at<>1·, I{, ,rill prllbalily approach eqnalit~·, hut al-

• \\'aYs re1nain so111e\\ hat ll'ss than 1( 
< 

}'or I{a = 0, l',_ hPco111t•s <'qnal to ( ' 1, fur ,vhiclt values are 
ahead,,· given in 'l'a hle Xo 9 

For I{a == \~ I(, an,l fo1 I( I(. approxi111atl' safe Yalut·s 
of C's are given in Talile :\u. 1l), alH>\L'. for -_hort-supPr loads 
of leng:th .1long the tlitl·h .. \ l~. and .. \ -= i{ 10. nsing the safe 
values for I(. p an<l 11' g1,vn in 'l'alilP ;\o {i. pg -1-1 . 

Ex \::\IPLE 2. 'fht• \\ h11·1 ol' ;i stPa111 1 llHd ro11Pr is 22 111. \\·icll' 
an.l l'arries a load of ~I'.()() llis. \\'h1'11 rolling 1 ran.._, <'!'SP to 1l1t• 
st1 eet. "hat load \\·111 11 111qH>st• on an l ~ in. pipl' st'\\ <'l'. in a 
retently settle,l clit<'h. ~ 1 :.! 1'1. ,,·id1• at thl' lt>,·el of the pip1•, \\'ith 
71~ ft. height of yt>llo,,· (•la~· filling! 

Sol11tio11. 'f]l(• ]p11~!1 h .. \ of ]o,lll :11 111s (',ISi' l', n:,:{J{. '1'11<· 
Y,tluc cf I I l{ . 7.fi ~.:i _- '{ () .\ss11111i11g tl1111 the longiti1dinal 
prP<;Slll'(l in thP clit1•h filling 1s t :.! th1· 1a11·1·al. and in1Prpolatiug 
in Table> Xo. 10. ht>t,,t•t•n thl' ,,tl11t>s of ll.~.i l'or .\ -- I{ and() for 
...:\. == l3 10. \\'t' tintl that <' appl'oxi111atl'ly 0.1~. II1•11<·c>. ap-

. ~()()() 
• prox1n1ately. I .. ,r, =-- 0.1~ x 

1
_~;

3 
~Oil lhs. per lin. ft. 

XOTE.-The I, ~:-ilill' l'ffP1 t of ,·ol•c ..;1011 111:i~- 1,l' tc1k(•11 into a1•P111111t 111 

the < ase of an ol,1 t1 tcli, "ith ,·I:.y filli11g-, :1~ alri•·1,h· 11ot1•tl 1111 pg. ;,1, 

.... \s illustrating till· pos..,1hl1• d1•gTP1' of lllH'<'J'ta inty in th,· 1d10\'I' 
con1pntPrl l'P'-illlt. d111• , > th1• fat1 that '"" ;in• 1111c•1•rtai11 as to 1he 
proper value of I( . th<· J'atio of lotlf!i1tuliual to ,·t•rtiC'al prl'ssn1·1• 
in the diteh tilling. ,,·1• 1nay uott> that in I•:xa111ple 2. 
for K'l 0. C's= 0.-l:i. apprnxi1nat<'ly (Svt~ 'I'nhlP Xo. <I.,. 
for K

1 
== 1 21(. (\ - 0.1b. ,q1p1·oxi111at1•I~· (Sr•P 'l'c1hlt> ;\O 10); 

for I(a == I(. ('s · ll.10, appr1;xi1nately r St·e 'l'ahlt• :\"o 10 ;. 

l~Yident]Y tal1·11latillllS 11111cl1· ll\· fo1·n11tlas 16 1 an<l (7, a111l . . 
'f~h1e ;\0. ]0 are 11nt Yf'l'V J'l•lial,li·. and tlH·n· 1s grpat 11t1•<l of a . ' 

series of tPsts of thP a1•t11al loads on pipt•s 1·ausl'<l hr short 
super loads. hnt s11<·h tt•s1s \\·011ld 11< \'l'l'Y difti1·11l1 to uutkP. ,1n<l 
test resnl ts arc not a,·aila hle 

I n the n,C'antinH' for111ulas , G' an<l (7 J ;11111 'fahl1· i\ll 10 ,,·ill 
he or so1ne vah1<• to <>ng1nt•Prs of g-no<l jndgnH•nt, in ass1st1ng 
then1 to 111akP reason a hi<· sa re al lo\\·c1n,·t•s for the pro ha hlP rffpc•t 
on the loacls on pip1•s in ditl·h1·s f1•n111 ]u,av~• 1·on•·1•111ratPd loads 
on \Yagon \\"hc·l'ls. tl'a1·t1011 t•11g1n1•s an,1 road !'oll1•rs. 

I n the distussiun of ,:\Ir.}' .• \. J{arl,r11l''·s pap<'1', "Th<· Strength 
of Se\\·er P ipe an<l the aetual I◄:arth l)ressure in 'l'renches, '' read 
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hel'orc 1he l3oslon Soeic,t)· of ('i,·il I•:ugi11rc•rs. i\O\'. 17, l 07,'"' Jlr. 
ll enry 1'lanly stated that 111 Sl'\ c•n )'ears <'XpPrienC'e in running 
stea1n rollers oYer rerentJy fillc·d S<'\Y('r c1ncl drain ditrbe. in 

• 
l~oston he• had euco1u1terecl Yer)' f<',Y c·ascs, and tho e only in 
Yer)' hallo\\ ditches, \\lil'l'<' 11H' pipe had ernshecl fron1 the effeet 
o[ the roller. l\IoreoY<'l', hP stated 1hat "hen an excaYation i 
1naclc in a rolled street the Yisihlc• ptfrc·t of the stea1n roller does 
not extend fnrthc1· than a foot or t" o helo"· the . nrfacc. On 1he 
other hand, ~[r. liarrison 1>. I1jddr, 8uperiutendent of Sc\\·er at 
\.Vorcester. ~Iass .. said: 

"~I) onn ex1 C'l'iC'nec 1s that SC\\Cr pi)<' lireaks, ninC' ti1ncs out of ten. in 
shallow I renehrs, ancl not iu the deeper ones. an<l I ah, ,\rs be 
liC',rcl it. "as on a<'count of the cxtren1e prrss11n, put upon the pipe due to 
the lack of proteet1011, fro1n the sn1all a111ou11t of 111atcrial about tbe pi1 e. ·' 

Article 20. The Effect of the Shock of Tamping Upon 
the Loads on Pipes in Ditches. '!'here> 1s reliable evidence that 
the shock of' sn<'h 1an1piug c1s 1s eon1111onl~ pre cribecl in se,Yeragc 
peeifh·ations 111a? ol"tru hr the dclr1·1nining f,1etor in ran ing 

(·raeking. :\I r. ,)as. N. IIazh•hnrst, :\ I -<\111. ~oe. ( '. 1~ .. .._\tlanta, 
Ga .. 11a. cleserihed a case oc·c·111Ting· il) his O\\ n experienee in ·'an 
i1nportant southern C'it)·, '·~:"" \\'herr , t'r)-' 1horough ta111ping- "ith 
a +O lbs. rannnrr " ·a 1·equirecl in sr\\ <'l' elite hrs 111 \Yhich a hll'g'e 
a111ou11i or J '.1 in. to 2+ 111. rrackrd pipl "as aft rr\\·ards fonncl, 
under clc1 p1.hs 6 to 21 ft.. the grc>atPst cla111agr being fonncl in 
llitches of :sl1allo\\ cover. :\fr. -<\lexander I>ot1er, :'II. ... \111. Soe. ('. 
]~., Ne\\' \"ol'lc, has clescrihl'cl an 1nsta11l'e in 111-.; P'\:J)erience ,:~**. 
" ·he1·e 2-:I· in. pipr, in a 6 to 8 ft. cht<'h, t·1·c1ekecl 111nch 1nore ex­
t ensi ,·el~· ". he' ll s prC'ia 1 pains " ere' t akc>n h:v the C'Oll tractor in re­
fi ll ing and 1 annning:. 

:'I l l'. Pottl'r also tc•stifit>s tha1 he• fnnncl 1110l'l' l'l'a<'kc>d pipe> in 
shallo\\· than in det>p clitrhc>s in thp c·onstr11c·tio11 of the 1~0 111iles 
of joint sanitar:v Sl'\\l'l'S in NP\\' .Je1·sc')'; hut in c·onnec·tion ,vith 
this stalrnic>ni. and that ol' :\Ir. TfazlPhnrst 1t should he re111e111-• 
hered that in any avr1agr sr\\c'I' S)'stp111 1hc•rr is apt to he a 
1nnch g-1eat('r length of shallo\\ uncl HH'<lit1111 than of Yer:v clc>t'P 
st>,, ers, and an c>ngi11pc>1· 1nigh1. l'ail to l'<'<•ogn1ze this faC'l properl)· 
in clisc·nssing the rPlatio11 of c·1·aekc>d pipe' to dPpth. So far as 
"eight of r(,fil l alone is eoneerned, ther<' is ahsolutr])' no doubt 
that. the> lcacl. ,U'<' grec1tPst in !he clrc>pes1. clii<'h. 'l'ht' rffeC't of 
the shork of 1.a111ping should appa1·r11tly hr the sanH' in a hal!o,r 
as in a clcrp clitth. 

F'ig. 1 L is clra\\'11 to s1·a1t, tu sho\\ thc> ronditious in ta111ping a 
:10 in. pipe \\1th 6 in. eo,rr. ihc• ditth afl'ord1ng 6 in. cleara11<•p 
('H{'h side or tlll' pipe. 

St'<' ,Journal of 1hP \so.;oci.dinn <•f En!!'in,•t•ri1.:: snd .. lit•s, Yil l!l pp 191•" 11. 
S,•t• TnhlP Xo 1, Jl :.l-1, l11•r,·in, nncl :\[unie1pal F11·~i11f'Pri11!! Ynl 3-1, p. '..!93, 

St•t• :\[uni..ipal En:;iiwerin:::-, \'ol. 10, p :.lflO, ~ 
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Rammer =: ·:I , H,gh&st 

We19h1ng T~--. r°= roll 

Fig·. ]',. Fi}.,tHt' llh ,(rating the TIH>or:, of thP Effpc•t of thl' ~h,wk of 
tamping ll) 011 Lo:i ls 1111 l'q l'S in I lib lit:-. 

I.et T=\\ ri;.d1t of ralllllH·I' ll'-'\'cl in tan1pi11!.!, 
LPt h=lrngth oi 0111• sicli> of n1n1111er. 
Lrt F heii.d1t of 1all of ra111111rr. 
Let. 1 <'onq ll:-sio11 of filli11g 111:iterial 1111<1Pr one hlo,,· of ra111lll<'l' ,1t 

th<' en<l of the tanq in!.!·. 
Let T,.= the 111axi11111111 p·l'":-lll'l' on tlw c>arth filling I"l''-Ulting fro111 the 

slHwk of a hlo\\ of the ran1111er. 

The pressure on t lH• earth filli11g is n at tlH· hpg·inning ot' th<· 
c·o1nprPssion, ancl clYPrag-Ps 1 :! 'I' .. dnl'ing 11H' p1'0<·1'ss of c·o1np1'1•s­
sion. I I t>llC'<' 

}, 1 

'l' e - 2'1' 
'1' 

. . . . . . . . . . 

1'1 or a thin 11Pptl1 or 1·0,·t>r, 1•s1H·1·i,ill.v oY<'l' a la r g<> pip1>, p rac·­
t i1·al1y thr 1'11ll prPss111•p 'I'.. "ill ht> 11ans111it1t><l to 1 h<· ptJH'. 

• 
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I•'or gr.-•a(,,1· dC'pth of C'OY('J', pa1·t of' 'I\. ,vill ~o to the si,l,·s 
or the dit,·h, aud 011ly n pa1·t ,rill hr tr;1us11iitied to the pipe. 111 
sur·l, cos, 011 01·(u of JJiJ>C equal fo flu a,·ca of tllc-, r,1111111rr, a11d 
dirr,·tly 111ulrl' the ra111111£r. u·ill p,·obably car1·y ap1»·0.r.i,11al1;/y 
fl,r 11a,·,·c11toq, or 'J' "ol' d1Ll,rr11f d<pllis of roi•c,· git•£n in Table 
\ o. JU Jo, /( - I\. 1 _ 1:, ,uzd fl 1: ff b. '!'lie pi11e u~ill 
also carry a<lrlit,011,,l J11·rss1u·r /1·0111 '!\. outsid( this ar(a. 

I •:xA:\fl'LE !L \\~hat loads \\'t'l'e probably i1npo:-;ecl 011 tilt ',l'\\('t' 

pip<• i11 tl11• 1·asP 1nrntio11ed b:v ::\11· .. J. N. IIazlrhur:-;t "l~ pg-. 
;; I ) ,vher,• a -10 lhs. 1·a1n111Pr on G in. e0Yr1· apparent •. , < au ·f•d 
~ollH' e1·a1•ld11g. and ,vas sup1'1·seded lat, 1· \\ it h urrr s by a 30 lhs. 
1,1111111<•1· on 12 i11. ,•ov,•r. th,• 1·a111111rr ht'ing- sin. s 1uare, aud the 
fil I i 11 g 111; 1 t e 1 ·i a I e I a~• ? 

,....,1Jl11!io11. "'- 1 ,•p th,., 1·a1n1ning \\'fl::-. ri11·eft1ll? inspPcte<l. ,ind 
\\as 1·equil'l•d to hP ,·c•ry thorough. it sPPllls rea,onabl{' tc , sstn 1e 
tl1c11 th,• h<•1!.d1f of t':ill \\'as at lrast 0.5 f1. and that the 1, ~ 1ng­
""~ 1·011ti1n1t•d until a ro111pr('ssio11 of about Is in. (-=-0.01 ft. 

o ~o 
\\,IS produr,~<l h~y 011(' hlo\\·. ll f'll('C 'r 2x40xo~~l- 1noo lhs. 

fnr th" -10 11 s 1·an1n1er. In 'l1ablr • ·o. 10, \\·e find. for II l{ -
I 1/ h - . O.:i O 67 0.7:i. I\ I(, .. \ - I~- under dnn1p ,·lay. 
that c1ho11t 62'1 of 'I' 01· 2::,00 lhs \\onld he tl'ans1nitted to au 
a1·1•a of tht> pipP ~ in. squarC'. dir('etly under thr ran1u1C'r. \\ith 
" total sho<·k load Oil lht> pipr SOllll-'\\herp he{\\('('1) ·>;;oo and 
-4000 ll1s 

l"or thP 'H) lbs. 1·an11nt'J' \\ ith 12 in. <'OVl'I', and p!.>rh,q s 0 01 i 
ft.. <·0111JH L'Ss1un 1111dt1 1' t hr final blo\\', 'l'e 2000 lbs., , • 1 j" , 

01· ~l)() ll1s t 1·a11s111it ll'd to all area of thP pipt• ~ ·1 s L 1, , • 

t1·, t I tly 1111d1•1· I ht• ranHllPI'. a11d so111P fnrth('r pt ·,s 11-., lt• 
t 11-., ill'(';l. 

J:.'1·0111 lht s<' r,'stil1s it is appa1·cnt: 1·,ir,t. that the 40 11 s 

r:1n1111p1• on thl' G in <·over ni;1v readilv ha,<' c·aused :-;on1e c-r, h . . 
ing or 1hc pipC', S('(Olld, that thr ~~o lbs. ran1111rr on the ]•) 
in <'ovr1· "•''i proh.ihl,v 1101 11111,•lt, if a11,v. n1orP than one-third ,1s 
s, \ 1•1·e on • ht pi pt•. 

'l'ht antl101s IH1,·~ 1·11 ,·l'11tlv obtained aud studied 9"' sets of • 
st ,,,,e ...,p1·1.ih1,1111H1s. 1•0,1•ri11g ~:2 of 11 t pri11t.•ipnl 't lS 11f the 
l nilld ~t,1l1•s :n1d 1h1• p1·a1·ti1•t o sJ\. lt':Hling· s n tq1y e11-
!!.ill1"l 1·s "\\ c find tltr 1 rq11il't'l1H'J11s c1s to 1a111pin!.!· !.!:t'lll'l'all~· to 
h,• l.1 k 11g i11 <IL•fi11itt•111 ss lh1l,\ 1 111· sp1•l'ifit·ations !.!'c1Ye thl' 
\\1-i!.dtls of 1·a111111e1·, and 1 1:,;(' 1·;111!!.l'd fro111 1210 {0 lhs }\nu· -spr1"fi1·nf ions I t>q11ir1•d 1 •J in. cov1•1·. olle D inl'hcs, t iu-ht (5 1nthes. 
on<' S in, hPs, and our 4 inl'he:-;. 'l\vo p1·01111111•nt 1:i1 ll s r1•q11ire 
t l1nt th<' fill111g 111, 1, 1·ial shall ht.' c•arPfull,v po 111d1 d. 111 6 in. 
l.1: l'l'"-, \\ ith a :~() lhs 1 ,111u11C'r i11 0110 c·it_v, and~.) Is 111 the otht•1·. 

' 
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\rhitli \\'P hl'li<'V(' to lie dc111gt•l'olls tr1•c1t111t'nt of fillin!.!; llPill'('l' 
than 12 in. to the pipP. 

\\'"e hc·liPVP 1lt<' lH,st .spp1•ifi1·ation '"" ha,,, SP(•n for ta111pi11g 
1natc>rial "·ithin the• dc111g-Pr disf a111·1' f!'n111 thP pip,• to hP that 
,·rc•dited in · SP\\'Pl' SpP1•ifi<',1tion'- ·' ( 'laY J>!'odu<·ts J)11hli1·it )' 
Burc,au. l(ausas ('it.,. :\Io .. to IT1·1111!.!; & ~'11ll1·l'. ot \'1·,,· \'"ork. 
'I'his reads a~ follcn\'s: 

· S itahl<' n1atC'rial shall br fillr,1 in and hrnngl1t up t' \'t•nly on hoth 
si,11 s of the• SC'WPr piJ <', a11d 1·,1rpf111l~· sho,·(') ta•111 <'•l. or ra111111c<l "ith a 
tool ha,·in~ a f;wr about 1 1:!x.i 111. ;111rl "ei~h111g ;j to 7 lhs .. so as not 
to rli:-turli th<' pi1 r joints, at thr -.·1111e time n1nking the fill<'tl trend1 thor 
oul-(hl~• <'OlllJHl<'t, until the filli11~ rea<'111•s one f(Jot ,dio,e tl,e top of th<' 
Sl'\\'('l". •• 

· · ,r1wn th<' l1a,·k filling has li1•1•11 c·arrie,1 to ,nip foot aho,·p the top of 
tli<• ~<'\\er it shall l,11 th,>rnughl: r:illllllP1l \\1th rarn111i11g· tools haYing fa<'lS 
of~ j to :ins 1, in I an,l \\(•igl1111g 1 rot k,s tha11 ) ~o lbs . • ' 

\y·<' "·onld eut out tlie ,vords .. J10! 1,s, f/11111", in the last 1inl' 
of thP aho\'r s1H·c·i1i<·ations. 

It should ht' l'l•111c•111lH•1•pd that tlic• ,1ange1· of (·raeking- pip<~ hy 
ta111pu1g inl't'Pases grt>atly as tl1<• \\'('ii..d1t of th<' rc111111H•r iIH'l't'HS<•s. 
\Yhilc> the 8cl111<' 1·011solidation 1·an hP s1•c·nr<•11 by a µrPatPr ntuuhPr 
of hlo,, s fro111 a l 1ght ,. • 1·,11111H1•r "ith a s111,illl't' fa<·c> 

Article 21 . The Effect of Ditch Sheeting Upon Loads on 
Pipes in Ditches l)1t1·h shP1•11ng 1s 11sP<l so PX1P11s1,ply 111 

sel\'"er an.cl drnin constrnetion, in order to ])l'P\'ent <·a, ing, that 
thP q 1rstion of its etl'Pc t upon t ht• ]oac1s 011 pipes 111 tlitc·lu•-; is of 
eousHl<>ra hlc in1pol'tanc·e. 

,'\i11ootli 1·r rti, ·rtl sl11, ti11y i11 1>lac1. 1f'ifl1 all i,1s1rlr lJrr1c1 .~ our! 
ranqr ;s rnnif It rl . or r, 11101·1 d lH fnrr rr fi1li11g r,l101·r fhr111, 11•011/rl 
i11r; r "·"' tlir lorul 011 Ilic J>iJJ< s l>r1;onrl tliof nf r111 1111sl1l1 fl d rlifel, 
i11 si111ilr11· soil , l>y rl1, r1 osi11y fl,r sirlr frietio11, 11·l1oge ror ffi/'ir 11/ 
1s p.', as O/>J>lai's i11 11tdJ1r .\'"o. i, p<J. ,fn. 'fhr sa1ne fal't \\HS 

sho\\ 11 PXpc•1·i1ne11tall)· hy I~al'llonr, as "ill appea1 hy c-01npa1·ing 
his expPri111Pnts '\os. 2 ancl :L gi, en in 'f able Xo. 1-1-, pg. h1 
ht•rPina f 1 Pl'. I 11 1 his <·asp the i n<•rpast• in pres-;111·e ,, a"- 11 '"; . \'\rt> 
\\'onld f'st1111a11• that in 1hP aYPrng·( a<·t11al dit1·l1 tlH inc·rr•asr .n 
the ]na,ls 011 th<' pipe• <1111• 1o s1nooth Yt>1'ti('al sh1•Pting 1,•ft in 
pla<·c> 111 tlH' <lit1·h 111ight hr"- to 1;;,; of the loads l'rnn1 th1· 
frc>-;h}y clt•positPd g-rannlar filling 111at1,ri,ils. 

'J'he aho, e 111c1Y hp <·011s1dl'l'ed the ordinar, case \\'hPn tl1P sht•P1-. ' 

ing is left ppr111a1ll ntl~ 111 pla<·c>. 
In case the> <1i1<'h shonld hp 1cfillPll ,vithont re1110, ing thP i11-

-;ide ht a<·t>s 01· 1·<111µ-<'l''- thP ralH!< 1·s \\'onlcl pt'PYc>nt slid inµ: of thl' 
filling in a<·tnal c·n111;H•1 ,,·itl1 111<' slH·<·ting-, an<l s11hstitnt1• an in­
tPrnal fri<·tinnal l'<''- st; ll<'t' along the \'l'rti<'al plane of 11H· inside• 
snrf,H·P of the l'HllUl'l''-. I I t>111·<'. 11'/,(11 t/u: diltb 1s ; r fi1l1 rl 1f'ill1 
•dl(tfiny in plor,, sUJIJ)11i'f1il lnJ li11.;; o( /,o;·i:011fal 111119rrs, flu 
l(}r((ls 011 flu piJ>< \ i11 tlir dit,·lu ~ ~71011/rl l>r obo11t f/,r saJJu r1s 



in 1111slu,t,rl dif('/i(~. B:irho11r's J~xp1•ri111rnt :---:11. G, g-iY('ll in 
'l'ah1P \o 1·1, p!.!. ~1, h1•1·,•i11af'tc•r, <l1.•111011strat1•s thi-• 11·uth of 
thP abo,1• s!;1tP1111•111. In faet th<> ra11g-e1·s ""011ld ha\'(' tht> 1•t1',•1·t 
of d,•1•rpc1~111g- the• \\'idth of th,• clit«·h, and s11 "'011lrl a,·tuall.v d1•­
crc·ns1• flH load on th1• pip<', 118 :ilso app«·at·s i11 Barbour's Ex­
P<'I 1111( 11 { i\ o. G. 

'/'/,c rjJ,et of'/,, 1·t111"1•1,l of Iii<' shcrli11g upon th,· 1oad:-. 011 

pipes in ditrhPs ,.._ c111 i11q11n·t.i11t q111•stio11. f'OIIC'er11i11!r \\hi1·h "·c• 
ha, t as , <'f 110 ex p1•ri1tll'll la I e\'idc>IH·e. 'l'IH•re a re t ,vo (•a:-.rs for 
1·011sid1·1·,tt io11: 

l•'1rs1. 1chr11 //,r slil£finy i., 1·c1J101•td, du1·i11y OI' soon uft,r J'<­

j,11111[! ,,.J,if( //,, (illin11 11lutr1·ial., a,·< ~fill in u gr,,nular rr11lfliti"n 
11 <•P111s to us plausihlC' to s1tr111ise that. ;is tlt1.:> sl l't t=n!! pl.1111 s 
arc• p11ll1 d 1.1 l,~• 0111•. tht• g-ra1111lar filli11g 111nt1•1· als \\·ill 1·1.:ad­
.i11st t111•111s1•lv<'s. so thnt thPrC' "ill ht• little ,,fT0rt 11p111 the load 
011 t ht• pip,•. 

~1 tond. i,1 flu i1111n·oh,rlill I a." that th< ,·l,rcli11g slto 1 1 11r 
ft/ u1 11loc1 Jo,· a l'l t'!I lo11y li11u. 1111til tlH• filling 1 c1 I r 1" l •­
t'Olllf' 1horoui.dilv C'o11solicl11,.,d. and until C'Ohesion ,..., l1,tlo11•cl . ' 
in thc•111 to tht g1·c•a!l•st p1 -.s1hlt• C'Xll•lll. thC'tl, in tht , s, of lay 
filling", 11 s1°P111s to 11s pl;i sil 11· to surn1isC' that pulling- t 1e .... 11'l'l­
i11~ 111i~.d11 hlt\l th•· t•tr, t ' J>l'HC'iiC'all~· rnttill!! C'UlllH'('I on ht•-
1\\'('('ll 1111• fillin!.! and thC' sidPs of tht• ditC'h, !:l'('.it1.v in1·11•as111!! 
thP load 011 the pipe', and pt•1·h:1ps ('\·L•n 1naki11:? it prc1l'l1lall_v 
1•q11al to th<' c•nt ir1• "1•ig-ltt of I he ditt'h fill in.!!. 'I h..., 1·ontinu n v 
1c.; c•uti1·Pl~· d1•J)l'l1tlt·11I llJ)Oll th1• clt>,1>l111'lll1•nt II st1·on!.!· coli1•s )II 
111 th<' di11·h filli11g·, and <'<Hild 1101 01·1·u1· ,vith sand t:llin!!. 

'l'h< r/)'Lcl o'· s 'II, 111, 11! of /l1e sh1, ling 1cliil -.· ·~1 i11 p' 
aft, r I I ,·r fill 1s ol' so11H' int«'l't'sl. 1 hough sut· s1 ttle1nent -... 
111•rlnq .._ 1101 , t t',\ apt to 01·1•111·. ..\11y sueh spttl 1111111. of HI 
pl'L'<'ii!hl, ;i111011111, "·01tld 111a1Priall_v iuc·rrnse the It, d n "1t piJ c 
i11 1hl' dit«·h. fol' it 1'11 1110,1" or at lrast 1·t•dt1C'Ps, 11 l s de -,;ttpJll)l't. 

,vhi,·h c1·din:11·il: 1.111·11 s, 1,11i1l' lal'!!C' pat·t or 11 l \\l':td1t of tlH~ 
tilli11g. H·11·ho111 s l >,p111nlr111 Xo. I. a11d ts .._ lJ>l'I' load PX­
p1•l'i111Pllfs. lio1 h as !!i, 1•11 on pg~. ~1 au I "i2. h('l't 111aftt•1 shn\\' 
nhnor111:il I'Psnlf..., ,Yhi{'h s1•1•1n to us 11os1 1·t.>,1tlilv <'Xplaiuahlr 
011 this pri111·q.J1 · 

/'111ally. \\"ith l'l'gard to th,, l'fl0

1•1·t l)I' dit,•h ,ht 1•ti11~ 11po11 10,1 Is 
on p1p1·" in dit1·h1•s, al't1•1· 1•a1·('f11l <1011s11l1•rc1t1011, H't bllic1 ' 1 

· 

th 1'0l111, < ( ··<'" anrl oj l/11 ordi11 ''!/ safe i,nu,11 1011 " n 
J>iJJ(" JI d,t I,,"· (Ji /'t ti iu J,'iu. 15. 1111d '/'able-. \ "· 7 o II({ s. ,( fl 

11r1,1 id, sof,ly /01 all J>tobohlr ordi111n·y cl!<ct of ditch Jillin!l, 
( 1, JJf 1!'h111 l/11 slu, tiny 1s I fl p, r111a11cJ11/y i11 1>lacr. in 1rhiclt 
rus, flu ,sli111t1/1d JJlffJ'i11111JJ1 loads -:/iould b, i11c1·<0."tl JO', fo 
1 - ( 

I I 

Article 22. The Effect of Consolidation of Ditch F ill­
ing· Materials, and of Variations in Their Consistency by 
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Tamping, Flooding, Weather an d Time, Upon the Loads on 
Pipes in Ditches 'l'ht> t ht•or) of loads on JllJ>l'S 111 d1teh<'s 
"luc·h ha. hPc n clP, PlGpPcl in tins <"haptt·r 1s hased on the pr1n­
c·1pl<> that for fr(·",;hl)· cl(•pos·tt>cl granular d11c·h filling n1atPrial . 
ancl othPI"S \\'ithout c·oh<>sl\P st1pugth. the pipe• 11111st c·aIT)' thP 

• <'D1irP "t•1ght of clitc·h filling 111atPrials aho,P it. \\ithin th<' 
hrc•adth l{ PXc·Ppt stH·h part a<, 1s c·arriPcl hy siclP fric·tional l'P­
sist.-nH·P. 'I'he a<"tual \\"l'ighing~ of thP load · on piprs 1n clit<·hrs 
in thr te ts \\·hi<"h are yPt to he desl'r1lH•cl in ('hapt<'r I\' of this 
J~ullet111 "ill <1L•nHn1stratP tht1 c·or1•pc•tnPss of tlns thc>orY, and of 
for1nnlas 1 \ to ( ~ r11sult1ng fron1 it. · 

\\.,..ith the passn1g of tin1e aftc•r 1hl' rPfilling llf a cliteh is to1n­
plP1c>cl, hcn,p,·pr, thr c·onst1tut1on of the dit<·h filling c·hang<'S. and 
affec·ts its propertiPs 111 suc·h a "ay as <·ertainl)· to <"hange thr 
loac.l rPsting r,n thr pipe. It 1s tht> ohjec·t of this arti(·le to in­
q11i1·e into the nat11rt' of tlH·se <·hangPs, and thPir effl'tt npon the 
loacls on p:ipPs 111 clitc·hPs. 

}
1 / lt, 'T: l) if< I, fillu1y 1110ft l'inl.-.: 111t11J bt co11so1irlalfrl <lu1•1J1g 

<onsfru,·tion by ra111>11i11!f OJ" JfonrT111g. and tlu11 ftnrl to ronsoli­
rlaf< afftr ro11.,;/111rfio11 by flooding anrl fi111r, i11 su,J, a ll'UIJ as 
y,·ratl11 to inc1to,;t !Jui,· ll'(iyltts /nr ,ubi1 font. ~11111 surh in­
<r<asr in tlir 1111it u·ru1l1!.-. ,,,, ,ub1c foot ll'ill i11<rrasr flu loads 
011 fli< f)l/)(S in /JJ"OJ>orf,,,11 to flu ll'rl!Jhls /)(I' <Ii. fl. f>-::<·ept in 
1hr' <·asc• ol' c·lran sand or graYt•l filling. ho,, P\'Pr. the t•onsoliclation 
"·ill cle, elop a c•olH·s, l' rc s1sta11c·<1

, "hi<·h for n1ost of the ti111e "·ill 
offsrt the in<'l'<'HSl' in load. at ]past in part ,. 

,\'!?('( ).\'/): ('011solulaf ion of flu tlif<·J, fill111y 111aft rials . <'OJI· 
slrl<rrrl apo,t f1on1 f/,r fflllJ>ora1·11 soff,11i11q rfft<I of n11I1 11•ofr1· 
sfllura/io11 ,r111si11y it, 11·oul<l /Jrobnbl11 slit;lifly rltt·r,asr flu fri, 
f1011al l'< s1sla11, r 011t! flu rt !JI/ s1iglttly i11('rrast flu 1o(Jrls 011 piprs 
in rlltflus. as tl,arly i11rli, ·ol1rl i11 111 iy Ji. 11~-xc·ept in the c·asP 
of c·lc>au saud or graYl'l filling. ho,, l'\'l'I', snc·h eonsnlidation "·ill 
(•<'rtainl.' he> a<·<·on1pa111ecl h)· thP dPYPlop111P11t t,I' a C"ohesi, c r<>­
s1stan<·<'. \\'I il'h ,vill 111orP than offsc·t an? inc•rpasP fron1 th<> 
<·hang<' in f11<'11011 

Tf[llff): (011solirlufi,,11 of fl,r rl1f,·l, fillinr; 111ol,r1als, t·o11-
-;ir/tr<rl 01u1rt /1001 f/,r t,n11>ol"(IJI/ -.:offt11i11<J t/Jttl of 01111 11·nltr 
so I If ra f ion , tt ll 'illl•fl it. fl 11rl , .rct J)I 111 I lu 1·asr of <Ito II sa 11rl 01· 

<Jrr11·tl filli11q. 11·1ll b, ar·<·o111JHlllltrl ln; fl1t tlr l'rlopnu nl of ,·o-
luv11·c 'ifrr11ytli. ur f/bility to r,sist 'illffl/'111_(/ slr,s.'irs 111rltp,11d­
,1,t oj loftral 1>r1sslfl'l 7'lu rl,1•tloJ>JJ1<JII of this ro/l(sll't 
,l11J1!f(/,, iJ1c'lurli11.<J 1olusio11 of flu rlilf'll ftll111q tu flu sirlts of 
flu rlifl'l,, lo!ft fl,, r 11•1flt fl,, sl1ri11/,u1Jr of flu filluu; 11ut/11·1<tf,; tJs 
f/,111 ,·,nsolu/1(/r 11·itli li11lf. 111al,1iol1y r,/i,1•,,; J>i111s 111 rlif</,r.,. 
a.'i li111, 1u1.,s 'i. fru111 ti,, load" llu 11 t'tl/Tlf 1rlu II tlu d1f,·lu s arr 
J1,sl,f1; fill,t!. onrl f,·0111 flu 111ari111u111 loarls 1rhi,·l, IIIO!J r!t1·rlof> 
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lalrr fro111 satura/1011 by flood1n(j and J ro111 incrrasr 1·n unit 
11·rig/,l of ditch fillu1g. 

'l'his principle see11L-i clParly c1Pn1onstrat<·<l liy the faet that 
in all our aelual \Yt>1glii11gs or loads on pipt>s in c1itrhes. re­
ported in Chapter 1 \'·, Ju re111a l'tt•1, 1h< loads on the pipes ma­
terially- de<·reas<'d ,rllh thP laps( of ti1ne ,1 ftl'r the filling ,,as 
ro1npletP<l, and hr1·a111e 1nueh s111a llc1· than <·au he explained hy 
the higliesl possible fric·lional rtsistanr•p alouP. 

/1
1Q[TJl11![: ,l.{offr11i11(j of {l1r co1u,is{roc !J of 1/ie dltclt filling 

1nale11als by saluratio11 ll'llh u•otrr fro,n jlnodi11g, fron1 ti,nr: to 
ti,11e, 1c11l llcrtlir'Jl a11rl ptrllftps drslroy ,·o!,rsi1•f' slre11gtli. a11rl 
dcc1·casf' f,iclional 1rsu;frn1cr. 011rl ll'ill tlurf'l111 1nrtfrrial111 i11-

crrasc the loads 011 p11Jcs 111 d1tcl1rs, the i11r·r< rts< grrulualllJ di,c.;rrp­
pco,·i11g a.'. tlir jilli11g 111al<, 1al di u :s out a ya 111. 1r f' brlic1·c that 
llif u1a1i1n1u11 loorls 011 JJi[}(S in d1lclics. f,·u11i tltr 1cc1ylit of 
<h./cl, filli11y. 11·ill orrlino,·ily or, 1u· at the ti111c of fl,(' first 1·cr.11 
thorough Jloorli11g of f!,r. rli/('li a[l<'1' rcfilli//[f 1s ro1,1z>lctcd, for 
thrn llu1c 1cill b( a n1ofc1·iol ,;rfflr111111f nf Iii filli11q 1110/rrial, 
u·cal.-rn111y the .}l/lltf1011 u·itlt //,r c.;ulr.-: of {fir rl,/rli, 1tliilr this 
ju11ctio11 is al tltr slunc li111c h{'i11g lu/Jr1colf'rl 1tiflt u·afrr. lln11·­
r-i:e,·, if is c11f11rly poss1bl<' tl,al fl,c 111al'i11111111 load ,ni<Jlil ocrlfl' 
at o la/1 r <late. dut to (Ill c.,.f,·< 111r sofura/1011 of tltr filli11g n1rr­
ferlal al /!tr ti111r of ::;0111f' fat, r aud yrcat, r Jfoocl. ,,\fter the 
1nnxi11n11n loacl has oc·eHrrt>d, thr lontl on tl,e pipe in the ditc-h 
"'ill ng-nin grc1cl11all.v <lec·rcasP. o,ving lo th( r(~-clt~Yt>lop1nent of co­
hesive strength nncl inereasrcl I'l'ic•tional 11•s1staurP. 

'rlH•sc are 1h<> phc>no1ne11a c:;lic,vn in th.:- a('tnal ,, eighing. of 
the loads on pipes 111 clii<·hes. 1·eporlecl i11 ('haptPr I, .... hereinafter. 

lio"·e,'Cl', \\e ,rp1·c u11ahle lo sa1nr,1tP the 1naterials in our ex­
pe1·i111e11ts as tlio1·011ghl.v as "e helir,l' tlH''\' arc liable to he 
saturated nntler al'tnal field conditions. o,,ing to the fac·t that 

' "·c "err tPsting onl) a fc•"' fe1•t length of pipe. ancl our cl1teh 
,vas opPn fro1n top to ho! to1n at eal'h entl of the test section. 
thns affording , er:v open drainc1ge to the ditc·h filling. 

\\
7
(' haYc' platted son1P points J'ro1n cur e.xpt ri1nents on T•'1g. 1:5. 

ancl it '\¥ill he seen that thev fall a liltl< short of the safe 
Yalnes of"(''' assiµ:nccl for 'sai1uated Yello\\ elaY, the dit<'h 
filling 11secl. · · 

,,e helit'YC tl1e safe ,,llues of''·(''' giYPU in 'l1ahlP 7 a1u.l 1_..,ig. 
15 to hP large l'llongh to proYicle sal'el)· for th<' ordinar:v 1naxi-
1n11111 loads C;ll pipes in tlitehes tlne to \\ eights ot diteh filling. 

ln confirn1ation ol' this, 'l'able i\O ];5, pg. -!, hereinafter 
sho\\·s that all kno\\·µ1 cases of l'l'ac·lnug of sr,re1· pip<'S 111 tli1C'lH'S 
fol' ,,·hi<·h dPfinitP data a1·e ,rvailahh c·an be aec ountrd for in 

• 
t•o1n1Hu·1so11 ,,ith lhC' strength of the s,n11e or in1ilar pipe, hy 
loads con1puied by for111ulas (2) and ( 3), and 1'1 ig. 15. 
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In further conth·111atio11. 'l'nhl<' :-:o. 1G. pg·. t-i7. h1•1•pi11af1l'l'. 
sho"· that in nn1nc•rous <·asp.., pip<' ,ll'L' Rtan<ling- sound in Pxisting 
ditche, "·hich \\Ould 1•p1•t;1111l, 1·rac·k 11' 11H• 111c1:x.i1nnn1 loads on • 
the111 "ere 1nn<'h g-1·<1at1•1· than thosp c·o111putl'd by !'or11111las (21 
and ( 3) and J:<,ig-. l ~-

In con firn1c:1tio11 or our gt>ll<'l',d <·1:11l'lt1s1011 stat<•cl ahoYP, as to 
t he ti111e and n1odL' of o<·<·t11·rc1n<·P o!' 1hP 111a~i111tn11 loads on J>lP" 
in ditehes, \Ye quott> 1 h<' sta IL'llll'nt of ~r 1· . \ l<·xand<•1· I>ot1Pl', c•n­
dor~ed by ::.\I r . . J '\ IIazl<·ln1rst. · that: • 

'' Fron1 exan1111at1011 o. 1011stru, tt'd Iii Is of J>IJ l' s1•,1t•1:,;, it ts ahnost t'l'l' 

taiu that if a pi] e linl' I'll) tlll'l'S at all it ,, ill llo sn at tl11• t Tllll' of th" 
first heay~· rain stonn aft1•r th<• t1t>11<h has hPl'll 1·11111pll'tt>ly h:11•k lilkd. 
pro, ided the frost is out of thl' grnnn<I ,, I 1•11 rl1<' r,1111 o, 1 11rs. '' 

Article 23. The Probable Effect of Freezing Upon Loads 
on Pipes in Ditches. It ha..., l1t•<'ll suggt>...,1 <·d that I 1 <'('Zing ancl 
tha,Yin g 1nay ha,·e an i111po1 t;int l'fr1·1·1. 111 c·olcl 1·li1na1<'s, upon 
the loads on pipes in dit<·ht>s "·hi<·h do not <·Xi<•nd far l>Plcnv thl' 
fro t lin e. 

There 1s anthenti1· P\ ic!Pn<·<' that drain til<' have 1·1·a<·k<'cl. in 
freezing \YeatlH•r. during- \\·int1•1· <·011st1ul'tinn \\ork, ,,ith only 
a foot or t\\·o of rarth thrn\\'11 on tht•111 !rcnn 1l1<• hot 10111 spadinir 
In one instan<'e Sf'\l'l'al tilt> 1·ra1•kf•cl O\'<•r night ,,1tliout an.' 
eo,·ering "·hate, er. 

I n thee f•asrs ther<' ,,,1s little• 01· no spa<·P 11<'1\\·1•1 n tltc• sicl<·s 
of the tile ancl th<' s1dt•s of th<· dit1·h. and f1·oz<•n 1·locls of <'al th 
\\·ould prohahly 111akP a solid c·oun,•<·tion. 

l Tnclonhtedl.'·, the l'Xplanation or tl1P 1·ra1·king 1.., horizo11ta l <'X­
pansion of thfl fl'<'fl:t.ing: s1d1•s o!' thP ditc·h against th<· sid1•-; of 
the drain tile 

T he ren1ecly is to c·ove1· the tile d<·epc1·. 
\\Te ha Ye no e, I<l<·lH1t> that f 1•p1•:t.ing "ill ill<'l'<'HS<' t ht• Y1•1·t i<'n l 

pressure 011 drain till' ot· <-i<'\\l'l' pipe in dit1·h<'s, and \\'l' do not 
helieYe it likPly to dn so 

Article 24. Recapitulation of the General Principles of 
the Theory of Loads on Pipes in Ditches In < los111g ( 'hapt <'l' 
lII. it n1ay he \\~c·ll to l<1 <·ap1ttilat<> lir1pfly the gc•lH'l',il prineiple~ 
of the theory of load-; on pip<-; 1n clitthPs, as 1t has hPPll dP­
Yelopecl therein. 

1. Tlir H'<UJl1I uf flu fifli11q 111 o d1ainar1c rn s,11·r1ayt rlil,·l1 . 
• L1' THE Tfl!E ()!•' 11.1.\rllll ' lf Jj f) . ll> n.\ T JJE,' J>JJ>f;, is ,rn·­
ricd parfll} by flu /Jifu. a11rl p111·/ly b1J f I i1 /1011 ar;o111sf flu s1rlrs 
of the ditrl1. ( 'olusi(/11 r1rraf111 ,·,rlu,,s llir luarl-.: ,orri,d by tlir 
pipe at 01·cli11r11 !I f 1111r.,. a(fr, 1111 rlit,1, 1s Ir fill, rl a11tl /J fl 1111 r1111-

solidaflrl, (rrrpt ut flu ,as, of rlr,111 sr11lfl. 01 yru1·cl fill1ny. lnrt 
docs not apprcria!Jly aJTrrl f/,r 11 l .\ rl lll 'lf lnruls. 

• ~I11ni1·ipal Eng111e»1in!!, Yo! ao, p :?!lO 
7 * ;,funidpal En;;1nH ring, Yo! :3 l, p ~9·3 
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2. 11 ltc 111aJ·inuuil loads 011 f)1pcs /11 d,tclu s, due lo lhc 1rcigh l 
oj ditch fil/11111 >naterials, 1u1ll usuallu orcu1· at the t1n1c of thr 
first 1•ery thorough surface .flooding of fltc <l1lrh fillillg afte,· 
conslruclio11, u•hcn there is n laryr s< !fir 111, 11! of !hr rrfill , but 
there is possibility of f/,r1r occ11rru1g loflr, al f/,r tiu1e of e1-
l1·c111e sat,u·ation of the cl?tcl, fil/111g, UIJ surfa<·r flooding of the 
ditch and by ovrrchargi11g of the dra111 or sru·r1 TJie nia.ri>11u111 
loads 111ay ei·en br poslponcd /01· 111a1111 years u1 sonic cases, as is 
frequc11tly shou·n by sett len1cnf of tlir fillu1g in old ditches dur­
ing paving construcllon. 

3. A.
1afe values of the orclinarlJ JJ1a ri1111un loads 011 pipes ill 

dllclics, dur to thr zccight of cl1tc'1 filling 1110!< rials, can be co111-
putecl by fo1·111ula (2) . pg. 33, using tlll values of''('" given 
in Table ~\ro. 7 and F1ig. 15, pg ii, 01, 111ore ro11vc11ie11tly ca11 
be cslinzalecl directly fronz Tablr \ o ~',, pg 16. The above 
forJ11ulas have bec11 vrry co1J1plclrly clucktcl U!J actual 1ccigh­
i11gs of loads 011 pipes 111 d1tcltes, ll'hosc ,·csults are given i11 
Tables ,\Tos. 11 and 12. pgs. 71 a11rl 71 

4. I n calc11lalzng the 111a.cin1un1 loads on p1prs 111 ditches, due 
to the zceight of d·itcli fill111g, ln; forn1ulas 2 and (3, , J?ig. 15 
and Tables .Yos. 7 and c, the t·alue to use /01· II 1s tlze height o"jl 
the filling above thr fop of the pipr, 011<! the 1·nlur for B is fltc 
b1·earltli of the clillh a little bclo1r tlir fop of thr pipl. The 
zcidth of the clitch abol'e tlte pipe 111al, < .~ practically 110 differ­
ence in the load 011 th r pipe, ll'hiclt 1s ,111.~t as great for a vertical 
clitch as for one se1·rral tunes as 1c·idc al the fop, but of the 
saJJ1c 1.vidth a little belo1l' the top of the piJ>e 

5. 11\T DIT(1JJ E)._ OF PROPOJ?T/ ().\ j._y ('t'/'T0.11.ARl" J.\T 
.AC

1
TUA L 1)70Rl[, the clia1ncler of the pipe usecl 111 any par­

ticular ditch, of a ft.red, given ll'idtli, 11u1!tr,s practically no dif­
fe1·c11ce i11 the load 011 !hr J)ipe. .£1 12 111ch JHJ)l 1cill hai·e to car­
ry the san1e load as a11 1 inch pipe, if both a, r placed in ditches 
2 ft zuidc, u11de1· olhrr si111ila1· co11ditio11s. (i 1le cxpe,·inzcnts 
.\Tos. 2 and 3, pg. 71). 

6. The 1v•iclth of the ditch a little bcloll' the top of the pipe 
rnakcs a g1·eat cli/Jc rr,ncc in the load on fhl pipe, u·hich is very 
111uch ltcar1ier for 1uidr than for 11arrou• ditchr,s, (Sec Table ,.\To. c, 

pg. 46. Also sec the case of the 16 111ch tile 111 D 1st1·ict ~\ To. 
:2.9, ac Co., l o1l'a, 1l'l11ch cracl,cd 1J1 a ditch 3.0 ft. ll'idc, st r 
pg. 1, but rcn1a1ncd sound 111 a ditch 1.7 ft. 1c1clc, sec pg. 
87, both 'Undc1· ft. of fill. The calculal(<l load 1t.:as 2100 
lbs. pc1· 11·11. ft. in the fi1·st case, and only 1000 lbs. per lin. ft. in 
I lie second case) . 

7. / 11 case a 'll'i<l( ditch 1s ncccssa,·y for co11strucfii·e rcasolls. 
the loa<l 011 !hr pipe can be <lin1inishe<l g1·rafly, i11 fi1·n1 soil . by 
slopJ>ing the 1uide d1tclt a j'ric inchrs above th( top of the pipe , 
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and digging in the uotton1 the narrozvcst clitr:'1 vraclicaule to 
receive the pipe, n1aking brll holes at the side for the seu·cr p1·pe, 
if necessary. 

The loads on pipe in ditc lu s. clue lo tlir iueighl of ditch 
filling, i11c1·ease for greater depths of fill, but the proportion of 
the total 11·cight of filli11g rcu·ri<d by tl1c pipe decreases as the 
depth iJ1crcases. a11d ajt, ,· tlte dr ptlt of fill b(ro111rs rqual to ten 

• tin1cs thr breadth of flu ditch at ilic top of the pipe tl1ere 1·s 
vractically 110 further 1·11rr< ase i11 the load on the vipe for 
greater depths. 

9. The loacls 011 z>ipcs in rlitcltes, due to tl1r ?l'rigllt of ditch 
filli11g, are directly p1oport1onal to the u·riglits per cubic foot 
of the ditch filling J11afr rials. Of tl1r cvn11110J1 d1tcl1 filling nia­
tcrials, clay is the hca1·1< ~1. a11<l black top soil the lightest, sand 
being iJ1tern1ccliate. l 11or safe 11·eights per c11b1c foot, sec Table 
1\T 0. 6, pg. 41, 

10. Grades or fills ln11lt oi·cr the surfaces of co,npletccl 
ditches, a11d piles of sand. ura1·el and other 111atcrials hai•ing in­
ternal frictioJ1, opcraf< to i11creasr the 7oods 011 pipes in ditches 
to the sa111e c.rtc11t as an rqual added height of cliteli filling, for a 
breadth of ditch cqHal tu that at a little bclozu the top of the 
zY!pC. 

11. .1 i LTPER ]_;().ll) 1c; anu load applied to tl1f 11ppe1· s1u·­
face of tllc rlitrh filli11r; , 1.1 < c pt loads fro111 fills or heaps of 
granular 111atc1·1als. ~l ], () .\'(; 8 [ 'PER LO.JD is 011e c.rte11di11y 
a considerable lr11gll1 ulu11y a clilcl1 . as co111parrrl H'lfli its clcplli 
and breadth, a11cl 111oy !Jr rau.-;cd by pllcs of pav111g bricl,, l1nnber. 
etc., orcr the ditcll. Lon(} Sllf)( 1· loads on con1pleted ditches 
cause increases i11 tlic loads 011 pipes in d1tcl1cs by percentages of 
the super load 1chicli d,c1·(asr as rlrptll increases. an<l safe 1•al11rs 
for u:hich ca11 be ru111z;11frrl b11 forn1ula (4) ancl Table ,\'o. 9, pg. 
50. For1nula (i'\ Jias h,r11 closll!J clucltrd by a<'iual 1c<1gh­
i11gs of the i11crcoc;r i11 loads 011 pipes in cl1tchcs dll(' to sUf)c r 
loads, 1chose results <U e gii·c11 111 Table .\·o. 13, pq. 7.1. 

12. A ~ HORT ST'J)ER LOAD is 011c extc11cling a sl1ort clis­
ta11ce along a clif< h as ro1111Jarerl 1cith the b1·ca<ltli and depth, 
and ?nay co111r fro111 tlic 1chrrls of 1vago11s, traction engines, 
stean1 road roll£ rs,< tc. Short super loads, 011 co1J1plctld ditcl1cs , 
rause i11crcasrs 1·11 thL loads on zHpr.c; i11 dittl1rs b11 pcrrrntagcs 
of the s11pe1· loacl 1chicl1 (l(c1tasr as tl1c clepfl, incrrasrs, and safe 
values 1cl1ich can be rsti111afr<l , b11t not l'l1'.1J r<liably, by for1n11la, 
(6) and Table .\To. 10. pr;. S2. For111ula (6) and Table .1.\To. 
10 have not been clirckccl lJ,IJ actual 1ceiglti11gs of 111creas( of loads 
on pipes in ditches. 

13. ( 1 rarki11g of J>lfHS 111 ditr.Jus is sonut1111<s ca11s(d UIJ ]i('nl'lf 
tarnping of tlic fill111y 111at, riol oi-cr it, or loo t/1111 a cvt'lJ' la!)l r 
3 
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The 1n·cssurcs tra11sn1itflrl to the pipe VIJ lan11nng u·zth ranuners of 
different u·ciglt!s, on eoi·rr lr11;rrs oj dijj'r, r.11! thirl. 11rsscs, n1ay be 
esti1natccl, but only app10.r1111ofrly, by tl,r old of for111ula (8), 
pg. 5."i an l J'ablc ;.\'o. 10, pg. j·J 

11. Ordinary rlitrl, shretinq 111oy rousr, son1r increase in tlir 
loads on pipes i11 rl1frl,rs /1·0,n f, rs!, filling, Intl docs not inc, rose 
fl,r probablr 1na.11n1u111 loads unlr,;s lrft in prr11u111rntly. 

J:;. ft rrczi11g, and con.~rqurnt /,n,·izonfol £fJH1J1sioJ1 of thr 
sides of clitchrs against tl,r sl(frs oj f l,c J>i/Jr, -;on1r t11nrs causes 
cracking of drain tile and ~ru·c1 1,ipr, ll here !!tr .If a,·r not eo1·rrcd 
sufficiently clrrp. 

16. The general rff'rc/ of thr lapsf' of li111r aftrr fl,c co111plr­
tio11 of the refilling zs to drr1 casr rafhc-r f l,rn1 i11r1 ca<;r thr loarJ.:, 
on pipes i11 clitrhcs, though flu n1a.riJJ11n11 loarl,. a,; inrhcatcrl in 
princiJ>lr- 2, abo1•r, <JrncralllJ do not orcu1· until SOJ/IC t1111e after 
the refilling is finished , and undrr ccrtoin conrl1t1011s 111ay not 
occur for n1any years. 

d ., 
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TESTS OF ACTUAL LOADS ON PIPES IN DITCHES, AND 
COMPARISON OF CALCULATED LOADS WITH 

STRENGTHS OF PIPES IN KNOWN CASES 
ACTUAL USE 

Article 25. The Necessity of Checking the Th eory of 
Loads on Pip es in D itches by A ct ual Test s. :\f ath<•nu1 ti cal 
theories are of Yahtl' in en°1nt>er1no• 0111,· in so far as thP\' are ~ h ., • 

soundly hased on <·ort'P<·t 1•xp<1ri111Pntal data. IIPnc•<> it has hc>en 
neees ary to suh.il'<·t. thP thPor, of loads on pip<>s in clit<·hes de­
,·eloped in ('haptPl' III to 11H' test of a c·aret'nl sPrit>s of " ·eigl1ings 
cf the ac·tnal loads on pip<-'S n1 ditt•ht•s. and of a <'cll'l'fnl <·on1-
pari. on \Yith the c1<·t11al ohsPr, P<l fa<·ts as to failure and c;;onnd­
np. s of pipPs in SJH'<'Jfi<· chtc·lH's 1nHlt>r ac·tna1 11se. 

It is the oh.it>l't of ( 1haptt•r I \'" to gi\'P all ohta111ahlt> rPsttlts of 
. n<·h tests of thP 11H or~ of loads on pip<>s in dit<·hrs 

Article 26. Gener al P lan of T est s a t Ames of Actu al 
Loads on P ipes in D itches. "\"\T P c·an fincl r1'<'or1l of onlr ont> 
prPYious att<>n1p1 to 111akP a1·111al tests of the loads on plp<'s 1n 
ditchPs. nan1elY. that h,~ :\Ir. I-<'. ~\ I-~arhon1·. I~oston. 1M()7, "hH·h . . 
\\'a ea11ed to our ;ittPnt1on aftPr our 0\\11 1Psls \\·rr1• \\<•II 11ndPr 
,YaY. an<l ,Yhi1·h "·ill 11(' dPsc·rihP<l ancl d1senssecl latc•r in .\rt. :{1, 

• 
pgs. 79 to h:{. '7\f r. J{arhou1· ·s tPc.;;ts \\ Pl'<' 11u1<lc· in s11<·li a ";iy 
as \Ye shall de1nonstratl' in tliat cl1s<·11ss1on. ,ls to lia,•p l1•d 
hi1n to, er.v Prrnnc•ou-.; 1•0111·l11sions. hoth as to th<> a<·t11al a111011111, 
an<1 as to th<• gPnt•r<il ],1\\s of loads on pip<'s in dit<·hc'8 

\ \TP rarlY c}pc•idP<l that 1t ,Yas ll<'<'<'S8cll'Y for ns 1o 1111<lc•rtakP an . . 
,:1x1rnsiYP. Pl'iPs of tP:,.,ts of th<' a<·tnal loads on pipes in <lit<·hPs. 

I n planning-1h<'l-i<' 1Psts 1t \\HS 1lpr•idP<l to test thP loads on a1•t1u1l 
drain tile nnc1 Sl'\\<'l' pipPs, pla<·<'c1 in c1it1·hPs <lng io i111itat<' 
c·losely ar·t11al prat1i<·<· in lo\\a in <lrain tilP an<l SP\\<'!' eonstrn<·­
tion. sn that thPrP 111ig-ht he• no qnt>stion as to the> <·orrPsponcl<'n<·c' 
of thP loads \\7th thosP in a<·tual 11sP. 'I'o n1akc> ahsol11tPlv <·Prtain • 
that thr 111Ptho<l ns<>cl for supporting thP Pncls of 1hf' spc·tion 
tPsted did not affpc•t thP loads on thr pipP, it "as clp1•irl<'d to run 
tPsts on, t\\·o SP<·tions. 01H• 1nor<• than t hr<'P t i1110s 1 hP length of 
the other. heenns<' if thl•J'<' "<'l'P any snc·h apprP<'Hl hlc> pffpc•t it 
\\·ould rertainlr n1ak<' thP 1'<'sn1t for thP sl1<n·t SP<·tion differ ap­
prrciahly for thP san1P heights of fill f1·01n thosr for the longpr 
section. 
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I t "'as also decided to try pipes o.f different diameters, from 
12 in. to 36 in. inside diameter, in ditches of different widths. 
Crom 1.5 ft. to 4 ft., and of different heights of fill above pipe, 
from O to 17 ft. 

T,vo tests were planned ,Yith pipes of different diameter 1n 
the same ditch. 

One test '"as planned of a ditch ,Yith sloping in,CJtead of 
vertical sides. 

T,Yo tests ,vere planned of the effect of heavy super loads of 
pig iron, on top of different heights of fill. 

Te ts "Tere planned of the Yariation of the loads on the pipes 
,Yith the lapse of time after co1npleting the fill. 

Tests were also planned of the efl:'eet of satltration of the ditch 
filling upon the load on the pipes. 

I t \Yas decided that in all these tests the loads on the pipes in 
the ditches honl<l be actuall:v "eighecl, by snppo1iing the pipes 
from a system of levers leading to a pJatforn1 scale . 

Article 27. Description of Apparatus Used a t Ames in 
Tests of Actual Loads on Pipes in Dit ches. The apparatus 
used in our i.e ts is sho,,,n in cros section in J<,ig. 19. 

Solid concrete foundations " 'ere (•onstructed each side of the 
experimental ditch, far enough a,Ya}' to a,·oicl clanger of inter­
ference " ' ith or from the ditch. On these ,, as placed a substan­
tial system of steel I hea1ns and leYers, fro1n " ·hich the pipe in 
the ditch ,vere hung, a short distance abo, c the hotto1n of thf' 
ditch, by vertical rods. vthich at their lo,Yer <>nd carried olicl 
"rooclen heam passing through the pipe and shaped to fit it. The 
sy tern of levers fron1 which the rods "·ere hnng had all its ful­
crun1s in the sa1ne horizontal plane, and ·n<1ecl on a support on a 
platform cale . These "·ere balanced hefore an.Y filling " ·as 
placed. and the " "eight on the pipe could hc> rendily determined 
fro1n the initial and actual readings, ancl the ratio of lever arms. 

The ends of the section of earth filling ,vere n1aintained ver­
tical planes by planking, ,Yhich did not qnite touch the sides 
of the ditch, and had no support fro111 helo"·· The t,Yo , Ystc111s 
of planking for the t,Yo ends ,,·ere held tog·ether h~r horizontal 
rods "·hich did not touch any· other part of the apparatus. At 
the he0nning of each test the end planks " 'ere held up by 
"·ires attached to the yste1n of leYe1-. above, hut these ,vires 
,vere cut during the experiment " ·hen sufficient filling had been 
deposited to make this safe. 1\ fter such cutting, the end plank­
ing had no Yertical support fron1 belo"· or aboYc or the side 
of the ditch. Thus they could not affect the loads on the pipe 
in the ditch. and that they did not do o ,vas proven hy making 
some tests of sectioniS of pipe only 2.1 ft. long, for compari on 
\\'ith the regular tests of ections 6.75 ft. long-. The comparison 
sho,Yed no appreciable difference in the unit loads for the t"'O 
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Fig. 19. Cross Section of 1\.pparatus lrse<l at ~\n1es, for "\Yeighing the 
Actual Loads on Pipes in Ditches. 
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lrngtl1s, for equal heights of fill, ,vhereas, 1f the encl planking 
had af'f'eetccl the load on 1hc pipe appreciably, it "·ould cer­
tainly ha, e 1nacle a 1nuc·h g-rPHt<'r 1n·oportional difference for the 
2.1 ft. than for th<' 6.73 ft sc>c·tions 

The apparatus de5c1·1hed ahcl\ <' "c1 

factor1I:v during the C\..pc>1 unents 
fonnd to " 'ork verv sati -• 

Article 28. General Description of Tests at Ames of Ac. 
tual Loads on Pipes in Ditches 'I'hc <>Xp<:'rnncnts "1th the ap­
paratus .inst dcs('rihed in .. \rt 27, h<>~an ahout A-\.ugu t 1. 1911. 
and cont1nuecl till :\I arch 23, 1 DI 2, 1 hong-h the hulk of the \York 
" ·as co1nplf>tP<l l)c<' 2:3. I !JI 1. 

Honie prl'liu1inary rxperi111rn1.., "l'l'e fi1 st n1acle " 'ith a shallo"· 
d1tc·h. a seetion of pipe onl)· 2 1 ft lollg and \\ith eon1parat1vely 
light a1Hl s1111ple ,Yeighing apparat 1s. snl'h as illn tratrcl in 
}'ig. 20. 

'l'hPl-i<' expc11 in1cnt 1n·oyi11g sne<'P'-sf11l , the clitc-h ,Ya. enlarged. 
and the> 1nore substantial ,, P1~d11ng ,1pparatns sho" u 1n f..,ig. lfl 
"·as 111sfallcd 

Pig. 20 R11rfa<·<' , I<'\\ of \pparat us t Sl' 1l in I ' x1 enn1ent ~o I for 
\\ l'lghing the ,\t'tnal Loa1ls on Pipes in ditl'hcs. "\[111 h "\Ior<' IIe:n y and 
Ruhstantial \pparat11s \\as lIS<'<l 1n Larger Ex1 <'rin1euts, a~ Sho{,u iu 
Pig. 19. 

It \\a~ founc1 necrssnr)· to prot<>et the dit<'h fro111 the \\·eather 
ht a tent <luring f he c\..periu1ents, to pre>, ent ea, 1ng of the 
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sides. Considerahle grou11d ,Yater seepecl into the diteh, and 
\Yas, in general. pu1nped out daily. 

The C'Xperi1nents proceeded in the order thC'y are nn111herecl in 
Tables l\os. 11, 1~ a11<l 1:3. 

The ditch finally heca111e 2-! ft. deC'p l>y ±.15 ft. "itlC', hy 
abottt 20 ft. long. 'l'c>sts \\'ere nuHle of the "·eight in plaec of 
the soil enconnte1·rd. ( ~t'<' Tahle l\O. :3 ) . Bt1 lo,v the hlack top 
soil. yello"· elay \\HS found to a depth of 16 ft., helo,,v ,Yhi<'h 
ean1e blue rla,y; both \\'Pl'l' tir1n and solid . 

• 

During eac-11 <>Xperi1nent seYeral de1 e1·n1inations "ere 1nacle 
of the coeffieien1 of in1Prn,d friction /J, of thP tilling 1natt1rial, 
and of the coeffit·iL•nt µ' of its fri<·tion against thr sides of the 
ditch. Ree Tahl<'S );os -! an<l :-i, an<l 11 an<l 12 l . 'l'hese de­
tenninations of fri<·tion \Yl'l'f' u1ade ,rith the snnple, hon1r nuu.lt­
apparatus sho\\·n in F'ig- 1 :t 

'rhe ditch filling ,,·c1s si1npl,v <lropped into thr dit<·h 1n eac-h 
ease, none of it hP111g· 1 annn<•<l. 

.All ditrh filling- dt1JH1s1tt>cl in the dit<'h "as \Yeig-hec.l in each 
experi1nent. and thP ( orrpsponc.l1ng loa<L5 per ruhir foot "·ere 
co111puted fron1 the , oln1ue of ditc-h fillt>tl. 801ne ac.lc1itional 
1neasure1nents of \\·eights IH r <·nhie foot "ere 111a<lc on ren10,·al 
of the filling, 1u-nng oHr regular apparatus for sneh \\·ork. (See 
Tahles Xos. 2, 11 an<l 12.) 

:\fore variation \Yas fonn<l iu the properiies of th<' dit<·h filling 
n1aterial fron1 tinH' to t11111· than \\as anticipated, sinl'e it all <·a111e 
fron1 the san1e d1tvh . 

.After eo1npleting the till in <'cl(·h expcri111Pnt. the Yariation of 
the loads on the- pipe fro1n day tn llay \\ as ,Yattht>d, as long a 
tin1e as could he sJHll'ed lH•for<> hPg-inning the next <'XJH'l'llnPnt . 
We ,,,-ere considerahl~ snrprisetl to finll, as \Ye soo11 clicl, that the 
load dec-reased rath<'r than inc:rease<l as ti1ne elapsPtl after filling, 
and it \Yas intenc1e<l to ohst>l'i'l' the load on thP pipe• in }~xperi 
1nent Xo. n, the last, throughout the \Yinter of 1<)11-12, and thP 
spring of 1n12. hut " ·hen tlH' frost "·ent ont of thP frozPll sides 
of the open enc.ls of the c.litt'h, at the end of ~far<·h, thf'se open 
ends caYecl in, and ,rrf'eked the apparatus. 

Tu seYeral of the experin1<>nts "e atte1np1e<l to satnratf' the 
ditch filling thoronghly a fp\\· clays aftt1r the' filling \\·as rrnn­
pletecl, hut \\'C hPl1eYr ,rP failPtl to se<·nre Yl'l'Y thorough satura­
tion, o"·ing to frt>e drainage fro1n top to hotto111 at pac·h Pn<l ot' 
the section of filling expt>rin1entP<l "1th. ITPn<·P in 'fahlPs ~os. 
11 and 1:3, \Ye lul\ l' dPsig11c1t11 d this pro<·es.<; a thorough \\'1•tti1u; 
down, ra1 her than a sa turat1011. 'l'hP result in ea(•h c·as<" \\·as to 
increase the loa<l on th1• pip<' in the ditc-h, as in<li<·atecl in TahlPs 
~os. 11 and 1:3. 

The \Yeaiher 1lnring tlic> expPrin1Pnts ,ras J1or1n,tl frcnn .\ug. 1 
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io Dec. J , but the \vin.ter follo,ving \\'as abnormally cold, ,vith a 
large amount of sno,, on the ground all the time. 

The ditch \Vas covered by a tent, as already stated, but the 
excavated :material ,vas left exposed to the "·eather. In experi-
1nent No. , there \\"as a tenclency for the filling material ancl 
the sides of the ditch to free.te shghily at times, and in Ex­
periment No. 9 i t '"'as necessary to put a tent warmed by a 
stove over the filling n1aterial, and to protect the ditch fro1n 
freezing t ill the fill ,vas co:rnplete<l. 

Article 29. Results of Test s at Ames of Actual Loads on 
P ipes in Ditches. The results of the experiments described in 
Articles 26 to 2 , above, are given in Tables Nos. 11, 12 and 13. 

Table No. 11 contains the results of all the r egular tests of 
loads on pipes in ditches due to ditch filling, in ditches "ith 
vertical sides. 

Table Ko. 12 contains the results of a special experiment to 
determine the actual loads on a pipe in a ditch ,,rider at the 
top than at the bottom. 

Table No. J 3, c-ontains the re ult of t"·o special experiments 
to determine the effect of super loads of pig iron upon the 
loads on pipes in ditches, at different depths . 

• 

I 
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TABLE NO. 12 

RESULTS OF DIRECT \VEIGHING AT Al\1ES OF LOADS ON PIPES IN DITCHES 

TESTS OF WEDGE SIIAPED DITCH SHO\YN J;'.\f FIG. 16, PAGE 48 
I ..c I 

bO "' ,.-... 
\'\'=Total Load 

., 
C ' ..... - ,,:; c,:, 

..., . 
·- C c:: "' ·- .... '-' on Pipe, Lbs. 

- ·-..., - ., =;... H ...... U2 oc "' Ali< ::; ca. 
,,:; 

"' ;l ·- per Lin. Ft 
p. 

.... ,u' I r.:.p:; "' rzi~ .... ..., "' .... "' 0 ·-
0 <IS "' 0 ..., V)-

P-t - ...:l "' C "' ~ - C 
z 0 p. .... 

~ 
..... ... - -~ o.8 

·- o'M Character and Condition of Ditrh Fillin£r :Material 0 "' ...,0 ...,.P-f,...... C 
.... ..ci:i.. 0 

.0 C:·-
"' u·- ;.. 

"' 
.... 0 

.... ...:i "' ..., 0 ,-! ·- ISP< o -C I 
..., .... 

and \Vidth of Ditch at Top of Fill ... 
·- <.,, ---- <.I ~ 

"O .... ..c p. 

"' ..c u·- 0 c:: IS "' ::iR ..., "' ... «SO bl)O .... Ill • IS ,.. s '-' bl) 
8 

:;: -~ ce 0 "' "' ~E-< .... 
-~~..; .,,R <llC 0 o ui a, C - ... p. c:: 

«S -- Co ... ;.. ,_ ... ., 

TI~- ~'fr,:, o- p:; ... ~ ll~1 0 . - ..c 
jllo 

O·- R 
"' 8 

c:, "' 0 <: 

~~~ 11.f A b.O 
p. c:: .,; ll E-< 8 ;..-, 

~3 :i ll E • c:: C) 

• - • '(b 

~ 
·- C I=: ..c .... 

·- e= ' ... Ibo,"::: ~-C\1 ;.--..,. 
~ AH i t:Cld c:: r,:, 

' E-<A ~o ::i..:: 2~ ::ir... : ...:lA 0:: --- PO ;:::: I - -----/Yellow and Blue C'lny, l\Iostly Yello\\·- I 
8 27 2.85 0. 8 Top \'i'idth 3. 03 ft. I 0 89 0.64 0. 30 0.63 0.26 190 250 8 27 2.85 1. 8 , Top \'i'idth 3. 15 it. 0 93 0.64 0.30 0.63 0.57 430 160 8 27 2.85 1. 8 Top '\\'idth 3 .15 ft . 3 93 0.64 0.30 0.63 0.57 430 480 8 27 2.85 3.0 Top \Yidth 3. 28 ft. 0 93 0.64 0. 30 0.63 0.87 660 670 8 27 2.85 4.0 Top \\"idth 3. 40 ft. 0 93 0.61 0.30 0.63 1.09 820 810 8 27 2.85 5.2 Top Width 3. 57 ft. 0 97 0.64 0.30 0.63 1.31 1030 940 8 27 2.85 5.2 Top \'\' idth 3 . 5 7 ft. 2 97 0.64 0. 30 0.63 1.31 1030 880 8 27 '.L85 6.8 Top V.•idth 3. 86 ft. 0 97 0.64 0.30 0.63 1.57 1240 1120 ' 
8 27 2.85 6.8 Top Width 3. 86 ft. 

I 1 97 0.64 o. 30 0.63 1.57 1240 1100 8 27 2.85 7.7 Top \Vidth 4. 05 ft 0 97 0.64 0.30 , 0.63 1.68 1320 1180 
NOTE.-The weather was cold during Experiment No 8, and the ditch filling material froze slightly at the surface at each stop of a day 

or more. It was loosened with a pick each time before proceeding. 

-:i 
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Article 30. General Discussion of Results of Tests at 
Ames of Actual Loads on Pipes in Ditches, and Comparison 
of Tests with Formulas. 'f11hh•s ?\os. ]1, 12, and 1:1 are .o 
arrangPd as to peruut a rc·,1dy c·o111par1so11 or the aetually ,,01ghed 
loads on 1lH' pipes "ith 1hosl' c·alc·ulatPd h~- forn1nlas (1 ) to (5) , 
of 1hc lh<'or,v of loads 011 pipe•-.; 111 ditc·hcs, g·i,l'll 111 t'hapter JI] . 
},ig. 21 presPnts to 1hP P_\'<' 1hr sa1ll<' c·o111pa11~011 in thl' case of the 
1\\o C'\peruncnls. Nos 7 and IJ. "i1h dP<'P ditc·hPs. 

I~oth the tables and tlH· diag-rn 1n . ho" c1 r1•n1arkahlY elo. e • 

: B=-1/Srtl 
I I 
~8 2 ??4r'f .,, 
I 

=4 l5rl. 
,- ' /..-- .... , ,,. ' ' 

.... -:,.-,, 
I 

' 

0 t i I I I I I 
~ I-

Curves show cote. v-
lo/ed loads \ A \ ro1nts o show 

~\ \ we,9hed loads. 

RS f-\ 
~ IY19/?I S'tvp Crj d 

.. ~ \ 
~ \ d ' .36 inch pipe ·n 
~ o' ._ \ 4.l5rf di/ch ;s i- \ __ o\ - - 1 -
\f'j 7, 

T 
0 ... 

' 
\ 0 

\ C \ - i--

\ 
~Sunday \ 

() I S top 
I \b 
I 

I"\ I 

I \ I 
• 

1Yt9/JI .5Yqo9 \ \ I 

I °' ' I 0 • 
C 

ff\ -

14 

·~ 
' '> 

/YoonSfop~ 
\ ( 

- _.,. 
\p 

-·-

/6 

t..." 18 1i?ch ptpe 1n 
I c.24/'t dilcr 
V l 
b I 

0 /000 cOOO 3000 4 000 

r1~. 21. l>iagra1n :--.ho\\i11g l'01npar1son of the \V1'1ghin!.!s of .\<.tnal 
Load, on l'ipt•s in l> t hes 111 l~:qi<.>1':rn t•nts ::\os. -; .111d 9 \\ith the ( all'ulated 
Loads. 



t 
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<·orresponclerH·e of the> ac·tnal loads \\'ith tho'-t' c•al(·nla1(· l by 
thP theo11·. ,\ ... <.• did not a11ti1·ipai<' h('fot'(' th<> P\.pPri111Pnts bt1ga;1 
that the1·e \\ouhl h<· 11<.'arl:v sn<·h elos<' <·orrt>spondl'n<·t•. 

T11B ( 10RREt" r::--1,ss \'\I> l~I::LI\BILITY oP TrrL 'I'rn-:nRY oF L,<>\I>:-; 
OX I>IPES IX })ITC !IL~ ({I\ E ~ I'\ ( 'll ,\l'TER 1'11HEF \RE J•~\"IfH•.'\'lLY 

l)I :\IO::-.~TR \TED BY TIIE J{Est LT:-: CH•' TIIE TE~TS OF ~\<'Tl',\L J ;0.\I):,-; 

Di\ PIPE:--. 1:--.- l)rrc11E...; . 

FRICTIOX \L l'Rol'ERTIES op J)1T<'II }'ILLI~G Evi<l<•ntly "·hat-
<'YC'l' llllPX,H:tnc•ss 1nav ha,·e <'XistPd in the dPtPr1ninations of in-• 
tern,ll i->idc> fric·tion, <ln<> to , ariations 111 th<' dit<·h filling 1na-
terials and to c·rlHh•npss of OH• apparatus sho,Yn in I◄,ig. 1:3. "as 
111suffitic>nt to affet·1 111atPriallY tll<' eah·nlated loads. (}ul, in . . 
l~xpP1i1nPnt Xo. 7, for ,yhic·h a ditt·h 1nore than ~n ft. <lePp hacl 
heen fresh])' dug- tluough stratH of yPllo"' a1Hl hh1<• <·la.v, "ith 
,·ar;vinp: infiltration of /.U onncl " ·atc·r at diff Pl'Pnt 1t1\'Pls, "·as 
tht>re any cliffi<'nlt)' 111 sp1•11riug fair av<>ragc• va1ut>s of thc• copf­
tieiPnts of fric•tion. and this diffi<·nlt,· " ·as 0Yl'r<•n111r hv in<·reas-. . 
ing the lllunhc•1· o!' d<•tp1•111n1at1ons. and h)· SJH'tia1 <.·arc' in i1nitat-
ing the ac·tual clit<·h e·oudit ions 

l~)' referring to },,ig-. 1 +, pg-. -.1:3, it ,Yill ht> St'en 1 hat the 
n1axinuun pos')ihle Yalu<'. for gl'anular nutlt·rials, of I(1i'. th<> 
proclnct of the-' ratio of latp1•a l to , <'1'1 ie·al prPssnrP h)' 1 h<' <•opf­
fil'ient of s1<le frit•tion, is ahont O l!l:3, and that this 111axi111u1n 
possihll' Yalnl' of 1(1,' µ:i ,~l'S t ht> 1ni111111nn1 loa<ls on pipPs in 
clitehes possil1le in th1• c1list·1H·e ol' coht·sl\'t:' str1•ngth 

'I'he diteh filling 111att111als usP<l in onr experi1nrnts YariPcl 
so1nc>,Yhat in thPir fl'i<·t ional proJH'l'tiPs fro111 t lllH' to tinH\ douht­
lrsi-. front the pffe<·t o!' t•xpos111·p to th<' \\'Path<•r. but they g<'n­
<>rall)' app1·oxi111atPel thP 1·011<lition g1, 111g- n1iui1nn111 loads "·ith 
out. (·nht1sion. 'I'hns. 111 l◄:xpt1ri11u•nts ~os. 1. 2, 3, +. :i. K. and 
9. thc> Yariation of I(µ' fro1n () 1 !l:3, dicl not t'\.<'<'<'ll 0.()10. ( I t 
should he· renH1 111lH•r<•d that l' shonld lie· 11s<'d instl'ad of 11' 

\\'h('11C'YP1' the• latt<'l' 1s thl' ~.rrPatPr. 
In l◄:xperin1Pn1 ~o. G. ho\\·<·,c•1·. the• valll<' of 1(11' ,,as 0111)' 

0.1-±-±, o\\ 111g- to a still' l'ons1stc·ll<·)· " ·h ic·h !!;cl\'<' lo\\ <'l' la tc•r,tl prc•s­
surP, I(. \\ hile at 1hP sa111l' tnn<' thP siclP !'ric·tion ,;' \\ as lc>ss 
than thP intt•t·nal f1·it·t1011 p . 'l'hc• l'Psnlt \\as an i111•rpast1 111 th<' 
load on tlH• pipe• for fnll d, •pth of filln1g of 1-±' 1 

In ExpPrin1p11t ~o 7 tllf• Yahtc• of 1(/J' \\HS lo\\·<•l'Pd to 0.1::5!1 
hy a l'Olnhinatiou ot' 111odl'1·11t<'lY stiff fill111!! n1atPr1als ,11Hl n . . . 

rat11<•r sl1p]H'l')' c·o11<litio11 nf tlH• lo\\t'l' halt' of tltP sidl's of the• 
dit<·li dn<· to sn111t• infilt nit ion o\' g1·ouncl ,vat('r into <1 frc>shlY • • 
<lug: clitc·h 20 fl'<'t d<'<'Jl. 'l'h<' r1·s1l1t \\·as au inc·reasP 111 th<' load 
at full cll'pth of 2:1 1

; 

It is intl'rPst1ng to uot1• that in P,1<·h nt' th(•Sf' t,vo t'Xp<•ri111t•nts 
Xo-;. 6 ancl 7, thP a,·tnal \\·<'iirhe·cl loads sho,,l'cl i11wr1asl's tol'­

r<'sponclinp.: c·losPI? to those c·al<:ula1l'tl fro1n th<> values ot' l(p'. 
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CorrESION. The results of the cxperi1nents sho,v that there 
,vas little, if an;y, cohesive resistance until after the filling of 
each ditcl1 was completed. There seemed to be a little lag in 
the development of the load on the pipes as the filling pro­
gressed, ,vhich is best sliown on ~,ig. 21, by the effect of the 
stops at noon, night and over Sunday. Alla" ing for such lag, 
practically all the difference bet" een the full \\'eight of the 
diteh fi]ling materials and the loads on the pipe is fully ac­
counted for in eve1·y case by frictional resistance alone, up to a 
tin1e some,vhat later than the con1p1etion of the filling. This 
first maxin1um Joading, occurring prior to any ,vetting do,vn, 
,vas reached almost iinmedia te1y af trr co1npleting the refill in 
Experiments os. 1 and to 7, but not till the expiration of 4 
days in the case of the large ditch in Experiment :ro. 9. 

In connection "·ith the practically entire absence of cohesion 
in these experi1nents until after the con1plPtion of the refill, it 
n1ust be remembered tha_t the filling· "as not tamped, but ,vas 
simp}:y dropped into the ditch. "'\"\Te believe that heavy ram­
ming \\'ould have developed so1ne appreeiable cohesion during 
refill, but ,ve do not believe that such cohesion \\"onld have had 
any material effect upon the n1axiinun1 loads on the pipes 
in the ditches, iYhich are caused later hJ· thoroughly " ·etting 
clo,Yn the ditch filling. 

Soon after the con1pletion of thQ refill in each of our exper­
in1ents. ,vhere time tests were 111ade, the loads on the pipe began 
gradually to clinunish. That this increa r "as due to the de­
velopment of cohesi, e strength is sho"·u clrarly by the fact that 
loads on tbe pipe soon became less than the Io,vest possible for 
frictional resistance alone ( j_ e. for K;,l' = 0.193). In Experi­
n1ent No. 9 the total decrease in 69 clays clnring the " 'inter of 
1911-12 ,vas 5 %. The ditch filling ,vas not ,vet doii71 at any 
time in this experi111ent, and the ditL·h ,vas coYerecl hy a tent. 

The develop1nent of cohesiYe strength in our experiment "·as 
1nost rapid after the ditch filling had been thoroughly wet do-n·n. 
Thus, in E xperin1ent No. 3, the 1naxi1nu111 load on the pipe "·as 
caused by thoroughly iYetting <lo,, n the ditch filling, and ,vas 
then reduced 33(';(' in 6 days hy the de, elopn1ent of cohesion. 

TnE EFFEC'r OF "'\\
7
ETTING Do,YN TJIE DrTcrr FrLLIXG. As al­

readJ• stated, our atte1npts to saturate the ditch filling thoroughly 
by flooding in each case \Yere not entirrl~r snece, ful, Oi\ing to 
the free drainage at each open end of the <litch. "\Ye have de ig­
nated the results thorough ",vet ting <lo,Yn," rather than satura­
tion or flooding. 

Each thorough ii'etting do,vn resulted i11 a corresponding max­
imu1n load on the pipe in the ditc-h, 1nnch higher than the 
previously existing load, but ,,·e believe not as high as ii"Onld 
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1 ··c• 1·t•:-.ulted fro1n 1no1·e th<H'Oll!.!1 saturation, in a dit1•h "·ithoul 
Sll 1' b r l't'C d l'cl i n;igp . 

.,\lier ea,·h \\'t•t1in:.r d1)\\'ll t1H• 111axinn1111 loa<l prnd1te1•d lhPrehy 
d, t·r, a::.f•d ra1hc1· rapidly a-., ·Ji ,vat1•1· draitH•d a,vay. due to the 
rPd1•Yelop1n •11t of eohrsivc• 11, stanr<' . 

• \ sec•nnd ·11 d third ,yet1ing do,v11 ,Yonl,l again 1·au-..;P a t1-.1n-
po1·c11·y in,•rp;i-.,p in the• load on, 11H• pip,-., Intl not 11s 1ali~' to sn 
larg,-. a \alue ,1:-. hat prud1H·1•d hy th,• '11-..;t afft>r \\'lttl'.h th1• loads 
,Y11uld a~a111 , ll f•as<'. 

In I•: I =111.-•nt ~o. D. ti I s; t·u·ation ol' thP tillin!! and gr11u111l 
front thP -...p1·i11!.!' tli;l\,. ,vas 1·a1ts111i.r a gradual in,•1·Pas1' ot: ti I lnad. 
:~ 111ont11s a!'t1·r till' di11·h ,,as fill,-.d, \\'ht'll th1• appa ratus \\ilS 

\\' 1·c•1 • kL I I 
'l'IIE P IIC.l\0:\IF.N.\ 01•' THI \' d.\'l'l(IN (IF L 11 \[)S Fl{ll\J ( '0111::::;10N 

.\~I> 111· ~I.,.x1l\1l·.,r I ,o ,n~ l >l 1 'l'O Ft 101H~1: .,:-:r ~ \Tl'H.ATio:,,: 

\\ 1' HI , JI S'I' .\::-- .. \ I,Hg \DY I )I:--< l :--:--Ell l:S. . \ H'l ll'l,E ~~ -
\\ t lt,1,·1• platt1•d 011 I•"iu-. 1.'> th1"' vah1,..., 11f "(

0
' at the tiuH• of 

tl.1 .1..1xin111111 load~ Ill'oduec·d hy \\'1•tt ng do\,·n the dih·h filling. 
l 1 "ill l, s1•e11. by ro111pari11!.! th1•s<' points \\'ith th<' <:lll' \'e ut' 
" ( ''' !'or s;t!Hrat1•d (')av. that oul' snl\ ,·,d111•s lnl' '' ('"1'' in 1'ahlt·s 

• 
.\n-., 7 and !l , a11d l◄'ig-. 1 ;-i, \\'1•1·1• 111adt son11 \\ lu1t larg·er. to nllo\\ 
tor I roh;1bl1• 111ol'P tho1·otH.d1 sa1u1·:it111u of th1• <lit1·h filling 1na­
lC'1 · tis front surfarl' floodinu. or f1·0111 11\'1'1' 1·harg:i11g of 1lrains 

,l 111 l st Ill Ill s \\ 1•l's 
Article 31 Test s by F . A. Barbour, Boston, Mass., 1897, 

of Actual Loads on a Platform in a Ditch, with Discussion 
of Results, and Comparison \vith F ormulas \\'"p hc1\'e ,11 
r, 1, 11 .1de 111t•11I < 1 of sn1111• t,,,ts Ii) \ I r 1•' ,\ I~arl111111 ~11 
1'-'l i 'l'hl'St' \\'l't'1• t'<'}H>l'l1'<l in .t pn(H'l' r1•a<l hefo11· thP l ~o,to 11 
i"'l<ll'll'l~' of < 'i,·il l•:11µi111•1•l'::-. p1 i111t•d in full in tl11· .J1111rn,il of tl1<• 
_\ s::-,oc•iation of I•:ngiBPPl'ill~ '--.11 iL•ti,•s. \ '111. l ~l. pgs 19:l-~•l l. l)p. 

l"l•111lil'r. l ~\17. 
;\ Ir I~arhnu1•\, <'Xl>l'l'i1111•nts -.,1'\. in 11111111'1 1. \\'t'l'<"' all 1nad1• "·ith 

a hor1111ntal. \\011d1•11, \\'1•ii.rl11n 1 r p',111'01·111. -.;11ppor11'1l 1111 an hy­
dra\111<· 1 yli1111,•r, and pla(•ed -.. " It. h,•lo\\ the top of a di t<·h. 
1'ltt' 1•1 1..., f thP plat'' 1 1 \\'1•11 ,ht1•l1>d v1•1·ti1•all.v to thf• top of 
the dit I .. 111d lhe sid,·s \\"l'l't' sh11•t1•d \'l'l'titally to :1 in. aboY1• 

1 !11· plat 1'01·111. 
\ \ 111h tht• 1•111l sh1•1•ti11~ 111ak1•s ;1 111al1•rial ditt'i•r1•111·1•, it is 

.i--...1,~ 1,11,s )lt• to d,•ri,·p a 111: ti natiC'al fnr111ula for tlH• loads 
Lil tl11• I l. I ·111"111. Hy a p1·11<•1•ss, 11il:ir tn that all'eady giv1:1n 011 

p!!. :\2. '"'' find. 1 
\\' I { ,\ H I -
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\Yl1('re A le>ng1h. anc1 B ln•paclth of platforin, 0.1111 R" tic 1nean hydrau­
hl' ralln1s oi a hon:tontal sec·tion of the> prism of clitrh filling o,er the platform. 
The other 111athc>mat1l'al notation 1s t11e sa111l' a'- aln•at1y ~i,·en on pg. 3:! . 

rrhe C'OC'fficic>11ts of intl'l'llal and of sjdp l'ric:tiou ot' the ditch 
filling 1llate1ial \\"<•rl' 11ot nH•asutP<l h) :\ Ir l~arlionr. }'ort1111ately 
sand " ·as used for fi, e ont of Ou• "lI \. ,,xp1•ri111c>nts. and doe not 
YarY so nn1l'h in its l'rirtionnl pL'op,•rlH·s as do other n1at<'rials. 

< 

Fro1n a (•a •pJ'nl st11d.v ol' 'l'ahlP"l Xos. -:J au1l 3, ,Ye 111a)r assnn1e 
l{p.' = O.JD:3 for san<l)· loa111. I( O.:~.) lor sancl. 11 - 0 . .>5 for 
sand, aud 1i' =- 0.-l-6 for sill<· l'rH·t 1011 of 1-iH11<1 on "1511100th " Yer­
tic·al . hPet ing. 

EXPEHL\Il;:;\TS J\O~. 1 and 2. In thpse thl• 1lit1·h \\i1le11c1l to -!.Oft. 
at the top of the s1Clc shc>ct nig-. nnc1 tlH•n slopl•d un~l1t•Ptcll to 6.0 ft. "icle at 
the top. 

1-::XI~E RT\Tf,:~TS ~OS. ;3 an,l 6. Diteh shreti•d \Prtic•ally cn1 110th encls 
nn,l both s1dps frmu botto111 to top, arouncl plat t'or111 ahout .i.2 it. lrr :3.~ ft. 
Tn Experiment ?--o. ~l the shrct111g was smooth. 111 ExJ•l• r in1e11t '\o. G '· p1e<'eS 
of hoards :n11l planks ,,pn• 11ailc1l to the ,hc>11ti11::r in ,ariovs "H}S to in­
crease friction'·; l1t'111·e the filling ,,011111 ) il'l (l a Ion~ thl' 111si1le o f these 
pil'Cl'S, arouncl ,1 spa1•p abou1 .3.IJ ft. liy ::.o ft .. and intt•n1al friction ol the 
fill ng wou],l be s11bst1tutecl for siclc• f ri,·tion :1gai11..;t thl' slwcting-. 

EXJ>ER I ;\J F.:'\'l' ~() 1 was m:Hlc• on a '11teh \\·1th :--lo}'ing- sheet eel s1clcs, 
nnd ga,p abnormalh· !ugh an<1 irrel,!ular results. ns :-ho,,n by ;\Ir. 13.uhonr 
111 l11s E'1g. 3. \"\ e helic>,e the <':,use to h:l\ c bl'l'Il a :-light sPtt ling of thr 
sloring shet>t111g, under ti(' r:in11ning- ancl the \\Pig-ht of fill. 

EXl'ERr~rE;"T '\'O. 5. In this PX[Cl'in1cnt tl11' ,litl'h, aho\'C the side 
sheeting cxte11drng :: 111. alio,·e the platfonn, \\H, ,lug out to a "i,lth of 1 t., 
"1th , er! il'al uushcetecl :-icle~. 

Iu tahlP ~o. l l 1h<' ;igrc'('Jllent het\\'('f'll the c•;ilc·ula(ecl and the 
ac·tnal loads i not so c·losp ns i11 our 0\\' 11 1Pc.,(s given in 'l'able::; 
~os 11 to 1 :3, hut the c11sc•rppn11c•1ps ar11 not , Pl')' sPrions. al­
though "c· \Yl'l'<' \\'ithout ar·c:1u·at<' data of the 1·oeffi1·ien ts ol' l'rie­
tio11 to use> 1n the calc·ulations. 

:\fanv of the ac·tnal londs i11 C'\'c•rv onP of \fr 13nrhonr's te t . . 
" 'Pre so1nP\\ hat . 1naller t h,111 1s <·~plaina li]e 011 th<' ha sis or fr c:-
tional rec.,i. tan<·e alo11e. ,,J11th l'a1·t S<'<'lll, proof that thP ta111ping 
of the filling in six inch la)·e t•o;;; dl', eloped so1111 1 1•ohesi, e tren6rth. 
The c·ohesi0n SPe111s prac·(i1•a11)' tu h,1,e chsapp1·ared. iu thP c-ase 
of thr sand ancl gra,·el. h~ thP ti111e the· filling ol' tl1<· diU·h ,vas 
con1pleted, o,ving probably to :-.light 1110\'PlllPlll of the pc1rti1·lrs in 
s~•ttling as 111ore 111aleri,il \\as adclPd aho,,~ and ta1nping l'Ot1-
t1n11ecl. 

"\\\• do not helic-YP th;i t 1111• s111a1l 1·oh1•:-;1011 notl'cl \\011111 n1ct­
t<•rially h,l\ e affeC'1Pcl 1hP 1naxin1n1n l<,ad5 011 tli<' plat l'or1n "·hic·h 
,Yould ha ,·e rPsnl t0cl f10111 tho1011ghl)· floo,1111!! t hP !ill ing. 

() n thr 11·liolc, u·c crn1qr!rr 111'. J/a rlJ01n •~ f' .l'fJ, ri111r11/.~ loaf­
ford sl1011g cu11fi.1111af1011 of tlu ro1rrr/11,~s 011,l r;r.1u,·ol 1cliobilily 
of ou ,· fhco,y oj loads 011 pip,s iJ1 rlitchrs o-; r;11·r11 i11 ( 'l,r1pfrr lll. 
lt r r ci11brjorP. 

~fr. l3arhonr n1adP sonic_, Ye l') scr1oni-. ,•r rors in planning and 
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T.\BLE :-.o. 1·1 

C(r\lP_\HTSO=" OP C.\LCrL.\TEI> ,.\i\ I> \\I•;H111ED LO\US ()~ 1'L.\'l'FOH;1[ 1'-i J>ITCII I:>. B.\HBOUR'S EXPEI'tl.;1[1•~=--Ts. POC2'DS 
l'J•; I{ LI). 1•:.\ I, FOUT 

11, ight 
of Pill 

0.5 
1 . II 
1 ;-, 
2.fl 
~.;, 
ti • 0 
B . ;, 
I o 
I. 5 
5.0 
;) r, 
,; • (I 

(1 fi 
7.0 
~ ~ ' . ~ 
~.o 
q ~ 

Expci·im,·nt Xo l 
Calt-ulat,<l I \\'C'i!;hC'd 

( 1 ) 3 :1 ii 
{:!) •170 
(~{) !i70 

,110 
780 
!sf,() 

!l :.! (I 

!1:--tl 
1010 
llJ!l0 
11ao 
1170 
1210 
12;10 
1 '.!!tt) 

330 
l:!O 
I H( I 

fif>O 
590 
H20 
HtiO 
710 
7GO 
KOO 
fl(j() 

!JOO 
9li0 

1000 
l OKI.I 

Exprriment ).o :! 

Cu lt-u 11.t t•tl I \\', h:hul 
1,0 , lrlO 

(,l) :-150 j 330 
t5) r,10 ,1()0 
\ 6) ti'.10 !itill 

720 fi:l(I 

I 

ti3ll li70 
9:10 7:!0 

10:!(l I 8()0 
ll(lll I 870 
1180 9;,o 
1:!,10 10:!0 
i:100 1080 
1:150 1:!10 
1110 I 1:!110 
l ,150 13 HI 
lHIO 1120 
15!",fl l'ilO 

(1 '~I.:! tlepth (3)-2.!l 1\ppth (5)·.=1.G tl,pth 

Exp,rim,nt ~-.,. 3 -- ·-
l 'nkulat,·<1 I \\'ci~lied 

340 
l!HI 
620 
750 
ti j () 
!l :-, () 

10:lO 
1170 
12li0 
l:l,111 
1•110 
l,IHO 
1510 
1590 
1650 
li;.!0 

390 
.Jf,O 
550 
610 
670 
79() 
870 
H70 

1060 
11 r,o 
12HO 
13;,0 
1-1 (j(I 

1530 
1c;10 
1 7 (jl) 

I 

' 

11 

I I 

EXJH'rim1·nt Xo 5 'I 1':xpt•riml•nt ~o. 6 
Cni/ulntnl 1-\\'t>idw!l 11 Calculated I \\'cighcd 

- - ,·-- 160 - - 100 

310 
,180 
610 
720 
8:JO 
930 

1 o::io 
1100 
1180 
12,10 
1300 
13!>0 
1,110 
1•150 
1·190 
1550 

280 
110 
•Hill 
590 
nr,o 
7~0 
800 
~GO 
9-10 

1020 
1130 
1180 
13:.0 
14:l0 
1510 
151i0 

310 310 
.1.10 470 
570 5.10 
670 630 
770 690 
860 770 
940 8'.!0 

1010 1 890 
1080 950 
11 10 10:io 
1190 1110 
12 -IO 11 tHl 
1280 1230 
1110 , 1300 
1350 I 1370 
1.100 I 1-170 - -

(2 =1.8 d,·ptli (t)--=1,llii d,pth (1,)==!.l 1lt-pth 
:-,;oTE 1. .. \II fillin::: was 1l1•pos,t,,,l in six ind1 la~·••rs nnd tamprcl, with Oil!' man tampln~ to onr shon,Jling 
:!\'O'l'E '..!. Tn E,qwrimPnl Xo 1, th,• filhn::; was sandy loam, wci:.:h1ng !JG lhs. 1wr 1•11. ft. In nil the otlu·r 1e:xp,,rirun1ts, the fiilling was 

snll(l an,l :.:rnvl'I, w,•1d11n:.: 115 llts. 1wr 1·11. ft 
);<l'I'E :i. Platfnrm nlrnut 5.'..! hr 3.::l. En<ls slJp1•tl'd n'rtin11ly to top of dikh, nn,l sitll.'s shPftc•d Y(rtirnlly to thrr<' inrhPs above platform, 

in nil 1•x1wrimt•nt,: 

00 
f--" 
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interpreting his experiments, o-,ving ahnost entirely, as we be­
lieve to the fact that the true 1nathe1natical theory of loads on ' pipes in ditches was not 3ret known at that time. 

Fi1·st, as the final result of llis tests he ga, e. in his Table Ko. 
6, estimates of the net pressure, in pounds per square foot, of 
earth on pipes in ditches, for different depths, ,vhich are very 
badly in error. For example, this 'I'able 6 1nay be tested by 
applying it to so1ne of our experiments as follo,Ys: 

LOAD ON PIPE, LB~ PER LIX FT. 
Estimated by 

Actually "•eighed ~Ir. Barbour's Error in Barbour's 
Table No. 6 Table 6 Our Experiment No. 2 750 360 -52% 

Our Experiment No. 3 720 420 -42% 
Our Experiment No 7 1760 950 -45% 
Our Experiment No. 9 4050 1850 -54% 

The errors in l\Ir. Barbour's Table 6, are clue partl:r to the 
use of end sheeting in his experin1ents, partly to his erroneous 
conclusions as to the general la,vs of loads on pipes in ditche , 
and partly to the use of too lo,v a unit Vi'Cight of ditch filling. 

econd, l\Ir. Barbour ,Yas entirely in error in concluding that 
the loads on pipes in ditches are proportional to the horizontal 
projections of the pipes, and are not affected by the width of 
the ditch. That these conclusions are "'rong 1s proved by our 
own experiments, and by observations of the cracking of the 
same pipe in the same ditch in ,vide stretches, "·hich remained 
sound in narrow.* l\Ir. Barbour 's erroneous conclllSions resulted 
from the fact that, in his E xperiment No. 5, he began the "·iden­
ing of l1is ditch 3 in. aboi·e his weighing platform, ,vhereas, as 
,ve have sho,vn in Art. 1 , pg. 47, the cjj'ective iuidth of the 
ditch must be 1neasured a little belozv the top of the pipe. 

Third, l\Ir. Barbour ,vas also decidedly in error in concluding 
that the load on a pipe in a given ditch increases in proportion 
to the depth, after a depth of 10 ft. is reachrcl Ou the contrary 
the load does not increase nearly in proportion to depth ( See 
our Fig. 21, pg. 76, for the results of actual tests to 17 ft. 
depth), and after a depth of 10 ti1nfs the \Yid th of the clitch at 
the top of the pipe is r eached there is practically no further in­
crea e at all in the load on the pipe. (See our Fig. 15, pg. 45 
and Table No. 8, pg. 46 ) . :i\Ir. Barbour ·s erroneous conclu­
sion as to the effect of depth resulted .fro1n a purely en1pirical 
attempt to extend the curves of re ults of 1n tests for a max­
imn1n height of fill of ft. to greater depths, "rithout any 
kno,vlec1ge of the true mathe1natical la"~. 

Tests of the Effect of >.:_ uprr Loads i\Ir. Barhour 111ade test 
of the effect of a super load of 3750 lbs at ihe conclu ion of 
four of his experi1nents, and conc-luded that 2:J.,:5r r ,vas trans-
1nitted to the ,,eighing platforn1 in l~xperin1ent ~o. 2, 30.9~ 

* See Tables Nos. 15 and 16, pages 81 and 87 for instances at Charles C,ty, Ia., 
aud in District No. 29, Sac Co., Ia 
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in Experi1nent ;(o. 3, 19~?o in J~,;;:peri1nent .,.o :"i, and 32<.1 in 
l~xperi1ncnt ~o 6. It \\·ill he seen that these res 1lts are \\·itll•lY • 
clist'ordant, though the depth of fill. the effL•l'tI,l \\I•lth of 1he 
ditch, and the filling 1naterial "·ere alik<> in all the cxpt>rinH'nt-., 
'fhe t,Yo high resnl ts "rere for <lit<'he"> sheet eel on all sides. and 
the t\\·o lo"' rc>sults for e1Hl sheeting only ~1nce the super load 
c·on&isted in eaeh c·as,• of :10 granite hloeks a vcrag1ng 12;-j lhs. 
,\·eight caeh, it see1ns pla11s1hlc to helie,·c that 1he tren,·h sl l'Pl­

ing ancl possibly the diteh filling ,\·ere settled. or at l1•ast Jipa, ily 
jarred. in plaeing the super loads ... \ Yery slight settling of the 
sheeting ,vould 1nateriall~ in('rease the loa1l on the platf or1n. 'l'hP. 
calculated percentag<'s of supt>r luacl \Yhi1·h shoulcl ha,e heen 
transm tied to the platfor1n are 1 '3', fer Experin1ents Xos. 2 
and 5; 2·-.l/~ fur 1':xperin1ent >.o ,3, and 16,-~ for J~xperi1nenl 
Xo. 6. 

Article 32. Comparison of Calculated Loads on Pipes in 
Ditches in the Known Cases of Cracking Under Actual Use 
with the Laboratory Strengths of Similar Pipe. 'rhe tor­
rectness and relialnlity of the theo1~r of loads on pipes in <litehes 
given in Chapter III u1ay 1,e giYen further test by applying it to 
the cases of failure for \Yhil'h data are giYen in 'fable Xo. 1. I~y 
co1nparing t he loads i,,o l'alc·ulatell ,Yith the a(•tnal ... treng-th of 
sin1ilar pipe \Yhcn testPd in the laboratory, a1Hl heclded for the 
tests in a 1nan:nc.•r si1nilar to thai prevailing in ordinary cliteh 
"ork, Yalualilc e, 1clenee C'an be obtained on t\\'O i111portani 
points: 

.f1,1rst, the reliability of the theory of loads on pipes in ditc·hes 
SLco11il, ,Yhether the lahoratory n1ethod of bedding the p1pPs 

in clitchC's does fairly rep rod nee orclinary al'tual field con<li tions 
in ditches. 

'l'ahle ?\o. 15. helo,v. has heeu prepar<'d in this nu1nner. Th<' 
strengths of pipe are taken iro1n 1'ahlt's :--.:os. 1-, to 21. hereinafter. 
In Table Xo. 13. th<' eor1·t•s1><n1<lence of the> c·al1·nlate1l loads" ith 
the actual strengths of pipe> 1s so close> ac.; to <lP1nonstratc> quite 
eontlusiYclY the l'Orrpc•tnPss of th<' thpor, ancl also the> C'OrrPet-

• • 
n.<•ss of the n1eihod of hedlltng the pip<'. 

There is eo11sillerahl<' unc·i rtainty in nu111~· of the c•asPs 111 
Table Xo. 1:;, as to the 1·1osenL•ss of l'Orrespondl'lll't' of thP d1t1 h 
pipe and the tt>st pipl'. hut 111 se, Pral instan1·Ps tc•st pipP ,vt>rl' 
serured C'ither fro1n th<' sall e dit<·h or fro1n thP sa111e fnetol'y, 
and in all su<'h l'HS<'S thP 1·nrr1•spnnclr11c·c of 1·,il1·nL1t<•1l load a1Hl 
al'tnal ~trc>n~th \\c1S < sJH'l·ially <·lost' 

Article 33. Comparison of Calculated Loads on Pipes in 
Ditches where the Pipes are Known to be Sound Under Ac­
tual Use with Laboratory Strengths of Similar Pipe. In 
Table i\O. 1G. h<,lo"-· a s111tla1 1·01n1H111son 1s na.J,, hl't\\t'l'Il the 
calculatt><l loads an1l thl' aetnal 1ahort1to ~ str<'ngths n · c;nnilar 
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TABLE NO. 15 

CALCUL~\TED LOADS OX DR.\IN TILE AND SE\VER PIPE IN ACTLAL O.\SES OF FAILURE, AS OOi\CPARED \\'ITH BE,\RING S'£REXGTH OF SIM­
ILAR PIPE IX L.\.BORATORY TESTS 

Locntion 

Dist. No 19, (,rel' 
N'enr Mount Yer 
Dist ~o. 29, Sac 
Dist J\o. 31, Koss 

Dist. No. 5, Clay C, 
Dist ?\o. 25 ~9, 

, In. 
[nd. 

1 , Ia. 

hontas-
Cnlhoun Cos., 

Dist l\" o. 5, Cluy C 
Dist ;'l' o. 5, Clny C 
Dist No 8, ClnJ C 
Dist No. J3, Pnlo 
Dist No. 2, GrPeno Co., Ia. 
Dist l\o. 31, Kossuth Co, In. 

I 

-"' ·-... 
"' -"' ;;l 

jOlay 

j°'"'" Clny 
Clny 

, Cement 

/clay 
Cemrnt 
Cemrnt 

Clay 
Clay 

Dist No. 13, IIumholdt Co, In. / Cement 
Two Dists. !',os, - nncl -, -

Co., In 
I 
C'lny 

Dist '{o 66, IIamilton Co, Ia. Clay 
Double culvrrt at Boone, In, !C'emrnt 
Dist No. 10, Jt~mmet Co , Ia. Cement 
Dist No. 10, EmmE>t Co, In Crmrnt 
Dist Xo 18, IInrclin Co., In, C'lny 
Dist No 30, Pocahontas Co, Ia jC'em<>nt 
Dist ~o 33-l o, Boone Co., Ia. . c,,ment 

-"' 
.d 
<., ...; 

.-::: ~ 
"' A i::: "' H .... 0. 
i-." 

o-
~ 

C, ::: .... -"' "dO s "' "' <l.> 0. 

c:, 
i,-
0 
.0 

"' 
::: 
~ 

.... 
0 ..., ....~ 
~ ..,-
·~ Ct 

- -.... ~ 
0 

I - =, .oO 
bi - ... 

.,..Q,) 1, 

::::: °'l 
<11 "' ;;:;.o 

I A 
... 0 

~E-< 
~~I ... -

~p":; I: ~i:::: 

I 
I 
I 

I 
I 

12 2.0 
12 2.0 
16 3.0 
20 3.3 . 

20 
I 12. 5 

22 o) -...., . 0 
•'l •) .,_ 2.6 
24 2 8 

2 .I 12. 3 
3,1 3. 3 

!I:.: 1:::* 
2,i 3. 0 

I 26 3 .3 
2•1.-28 3.0* 
2·1 28 3. 0" 

26 2.7 
30 3.7 
32 3.5* 

6 
7 
8 
8 

-1 5 

8 5 
4 
5 

I 7 
,11 

5,5 

7* 
7.5 
1 
3 
7 
8.5 
6 
t 

130 
130 
120 
120 

I 
1251 
125 

1251 l'.35 
125 
125 

'120· 

I 105 / 
125 

I 125 1 
120 
125 
] ] 0 
110 
100 
110 
130 Dist No 29, Sac Co, In. Crment 

Dist Ko 29, ~nr Co., Ta. Clay . 36 ·l.2 
36 4 .2 

5 105 
10. 5 130 ~-

.... 
0 

~ 
.; \D 
p... .... 

C> ~o 
:o~ 
"' .g: .. 
... 0 
P; • 

2 •) . ., 
2.4 
., 0 ... 
1.8 

1.5 

2.4 
1.3 
1.5 
2.2 
1.7 
1.8 
2.1 

1.6 

1.9 
1.7 
1. ] 
1.0 
1.8 
2.1 
1.2 
1.2 
1.2 
1.9 

' I 

I 
I 

<I) • - "' .0 ,.Q 

"'H .,Q 
0 • ... "' 

P-c=:' • 
"d tl, it 
<I) 
- A . 
~ o.~ 
::i ,c:, ,.:i 
<., 
- c,: I-< 
"' 0 <I) 

0,-:i A 

I-< 
d i:l 

] ~~ 
·- J.., s... 
(I) ..s"' 

"'°' .... I-< 
0 0 • 

.0 "' .d d.0 
t,,.:i H 
s:J - .,,­
a,· Q) -

I-< 0. "' ooitei 

Effect on Pipe 1n 
Ditch Remarks 

DRAIN TILE 

1100 
1200 
2100 
2300 

1200 

1900 
1100 
1500 
2200 
1~00 

1700 
2400 

1600 

1900 
1800 
1500 
1000 
1800 
1500 
1800 
1900 
2200 
4,100 

810-1770 Cracked Test pipe vitrified; ditch pipe common. SJ0-1770 Crnrked Test pipe vitrifird; dHch pipe common. 1290-2010 5300 ft. cracked Test tile selected from snme factory. 1170-1630 700 ft. crncked, several -1 test tile from same factory, but not so 
collapsed hard burned ns those in ditch. 

1 
1110-1450 !Cracked . Poor pipe. 

I 1160-2100 A few collapsed Test pipe 2-i inch, from same factory. See 20-2,l in. Crackecl Poor pipe 600-1850 Crnrked I 1•120-2240 Cracked 
600-1850 ,1100 ft r"rnrluul 

Poo1 pipe, 
Good pipe. 

l 1460-2,JOO 
1160-2-100 

I 600-1850 

[ l 160-,2 100 
1160-2400 

I 1:-160- 1500 
600-1850 

1360-2210 
1,160-2400 
1440-2250 
116Q-2070 
2010-2270 
3900-6310 

4 failed at one point 
A few cracked 'Extra. good pipe; probably better than 

I test pipe. 
65% of 3000 ft. cracked 28 pipe from same ditch tested. 

Part cracked 
Several cracked 
50"/o cracked 
Large amount cracked 
Large amount cracked 
11 pipe cracked 
A few collnpsed 
lUnny cracked 

IR<>port said 8 ft. maximum fill. 
Under a road grnde. Sand fill. 
One line crn<"ked and one sound. 
Poor tile, green. Test tile 8 mo. old. 
Good tile, over 1 mo. old. 

!Remainder reported all right. 
!Under a road grade. 

All cracked 
15% of 700 ft. 

3 test lipe from same ditch. 
crocked _'!'est pipe from snme factory, with bells. 



Dist No 48, BoonP Co., Ia. 

Dist. No 18, Boone Co., Ia. 

l\car \ft Y .. rnon, Intl 
.\ ~nut hrrn C'i t y 
.\ 8nutlwrn City 
f'etla r Fn lls, J a 
Charles City, J,1. 
C'hnrks City, Ia. 
Charil's City, Ta 
C'harh•s City Ta 
\ Snuth1·r11 (' t~· 
,\IIPy 8, Unry, Inrl 

.lnint Trunk :-,, w,·rs, X. ,T 
\n Ohio ('ih 
\ 8outhrrn City 
Joint Trunk 8 w,-rs, N .T 
A 8n11tlwrn f'itv 
\noth, r 8011th1:rn C'itv 
Loni st :,,1 . Ft. ~f n ,l i-;~111, T n 
3rd 81, :Sfu:-.l'atinr, Ta. 
C'ounl'il Bluffs, Ia. 
Ash 8t Clinton, Ta 

I C'rnwnt 

I I Crmrnt 

< 'la v . . 
<'la)· 
( 'lay 
( 'lay 
('1:iy 
< 'lay 
<'la\' I • 
<'l·n 

I <'l ;, ;. 
('lay 

<'!av 
<'lay 
I 'l:t y 
<_'la v 
C'lay 
Clay 
('lay 
f'lay 

1('lay· 
(') r. y 

36 

3G 

12 
15 
18 
18 
18 
11< 
~o 
:.! 0 
:!O 
~() 

'.! () 
:! () 

I ., 
• J 9 

I •1 
• J :, 

:L'.!*llt 
j.!l* fl lf> 
'.L 7* 1; -19 
~.7* !l-Ci 
'.!.O I l'I.:> 
·I (l I ~ . r, 
:J. () 
I. (I 

i. u--­
:, . () 

~. r, 
ri • .s 
ll 19 

l :l 

100 

100 

130 
130 
110 
l •>r Jd 

135 
1:15 

1. 6 

1.~ 

3 . 0 
1 . 8-:{ . Ii 
l . 7-:~. 5 
1.1-1.7 

'.! . /'I 
1 . 7 

1:15 '.! R 
1:1;; 1.7 
1 :lo l . li-1 . 1 
10:;, 1.7 

3.0* -l lli 110,l.'.! 3.:l 
3.0* Ii 113n 1.ri . ) . ) :i . 1 • fl-I !l I 1 :i O I 1 • fi-3 . 3 

'.!I 'l. 1* 1-181301.1 l.1 
:1 1 ·1 ;11o. fl . 1 H l :i C_l 1 . 5-:~ . !:? 
:J I :l . :l * 1 3 . 5 1 ;{ 11 :.! . 7 
'.!I :l.:1* 10 130 '.l.'.l 
'.!7 '3. :i '.!;; 1 :in :L fl 
3i; 1;;.o H 1:in 1 .. 1 
:in 11.5 9 1111> 1., 

2800 

'.BOO 

..! :l 3 0-'.l 0 1 0 C'ral' kPd I Bl•st possible beddin!;. 3 test pipe same 
ditd1. 

1930-'.:?590 Crneketl !Ordinary brdding, 3 t1•st pipe so.me 
I ditch . 

i; gw ~;R PU' J;; 

1900 
Jr,OO-'.l!)OO 
1 nno :i:ion 
1000-·1 ;,00 

]fi()I) 

:1701) 
] 500 
:1700 

1700-3700 
,1:;00 

l .JOO-:l!)O() 
Hl00 

:2000 .11 on 
1700-J'jOO 
'.! 1 llfl--1 ;",00 

3800 
:non 
f>lOO 
IIH)O 
1-;nn 

1:l7() 17.50 
1 :.!'..!O-:{tHlO 
1:i71)--Jr,OO 
:.lOlll- :into 
1;; 71l :l:.! ;,ll 
l ~70-:t.!f>O 
'.!07 Cl- 19'.!0 
:.in,n J!l:.!O 
17'!0-l!l:!CJ 
l 7:.!0-17:!I) 

17:.!0 19'!0 
17:.!0 1!J'~O 

-titl:,0 
:! ()fj ()-:)Ii.-! I l 
~0;)() [ifi'!O 
:~n;,0-5fi:!O 
'.!050-51 t 0 
:l()l'lO- ,H 10 
:H)llll-!i:1 1 n 
:l!lOil-li'.l-10 

:3000 ft. c·rarki>cl 
711 ft crnrkl'd 
-1 f>0 ft. crac·kecl 
1no ft. 1T11t·ketl 
::'l[ost sound 
\ II rrnrkPd 

::'lfost sound 
,\II crnekl'd 

In a private drain. 
Some where shallow -10 lhs rnmmer. 
Some wht•rt' shn llnw ,10 lhs. rnmmer. 
Cral'k1ne: proha bly 1lue to frrt·zing, 
Some !Jrokl'n stone in n•fill 
Som!' hrok,•n stunt' in rr•fill 
Some hrok,•n stmw in 1•pfill 
'-,'lm !' hrok,•n stone in l'!'fill. 
Some whl're shallow. ,10 lhs ramrnt>r. 11.; ft .. rnekt>cl 

fl l'i of 5GO pip1• crnrkl'd Collapsi>s rnui-l'<l fnilurl' wlwn sur· 
c· lta n:::<'tl 

ll'i of 13B:.l ft 
•n~i· "ra .. k,•cl 

rrarke<I I Some c·rnrkrd whrn• shallow. 

l GO ft t'l"al'kl'<l 
,;, i of :Jli:io:i ft. rral'kt>cl 
'.:?!i'j- nf --1:.!3 I ft l'ral'kPd 
Lan:::<' nmonnt era<'kP<l 
\II l'l'llrkr,1!: Olli' liloc·k 
\ hn,I hn•ak 

C'ruc·kl·d 

FrozPn lumps in cliteh filling. 
Some whPre shn llow. --l 0 lhs. rummer. 
:-;nml' c·rac·kPcl wh,•rp shallow. 
~nmi> where i:hallow. ,10 lbs. rnmmrr 
J) -;;; Piflt' 
\ had ra,·p in. 

{ ncl·'r fill1·cl !;l'OUllrl 

Lnicl on fillecl i:::rouncl 
,;or•; of !)00 ft. ,-r:lt'kt•d Test ptpP from- samP fado!l ___ _ 

• Diml'nsions marke,1 thus. "*", ns:-.umPcl without th,· aid of Vl'I")' rpliahh• information 
::'\'OTT-:.- TJi,,r,, is 1·1111si,J,•rnhlP unc·,-rtainty nf dosr n1rrPsp11ncll1 ll1"l' of tJu, sewn· pip<.' whid1 faill·cl with those (PStt'cl 

the Sl'Wer piJll' fuilnr, s in Tn,\·n 
Thr unc .. rtainty is }past in th,, cases of 
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pipe in all the in. tan<..'e 111 ,vhich "e lu1, e snceeede<l in obtaining 
authentic data of the taking- up of sound drain tile or se,Yer pipe 
fro1n ditthe . or their in peel1on, pipe b~- pipe, fron1 the in ide. 

'l'here 1nu ·t be a large a11101u1t of infor111at1on of nch ca es 
in the p1 i, ate po . c. sion of cngllh'<'l'<;; all oYer the country, and 
\\C regret that \\C conld not get d<>finit<' data of 111any 1norc 
c:a c . :\I any to "ho111 "c "1·ote eould state general i1npre 1011 
to u hut "e c·onld u e 0111, c:a cs \\ h('l'c reliable n1cn ha Ye act-' . 
ua]l~, e,a1nin<'cl the pipe 

\\Tlule 111 'l'ablc :\o. 16, as 111 'Pahl<.> °;\o 1;;, there 1 con, ider­
able uncerta1n1Y of the corresponden<..'c ol' the dil <..'h pipe and the . . 
test pipe 111 part of the ea es. yet. iu four cas<'s the te t pipe 
,vere ohta1nccl fro1u the san1e cl11ch and in 9 other ca, e the test 
pipe ,, ere frcnu the sa1ne factor~ as the di t <..'h pipe 

'r able ~o 16 incli<..'ate , though 1nt1<'h n1orc ex(<'nsi, e data are 
de~irahle. that a snfrty faC'tor of l .6;i 111ny usually be suf­
fic:ient. to 1nsnrc tah1ht)· of drain tile> and <'"t'r pipe, as 1o loads 
fro111 ditl'h filling. under orcl1nar.,, fa, 01·,d1lr ditch couclition . 

It 111ay evPn oc·cas1on,lll)· hp foun<l that pipe 111 a ditch are 
sound \\hen de,eloping- c1 lr<'ngth in laboratnr) tests no greater, 
oi- e,en on1e\\hat less, than 1h<' loads 1n 'l'ahlc ~o .. for the 
111a\.in11un loading llHl)' so111c>ti111ps he dPlay<'cl for 1nan.v Y"nrs. 
as 1s often den1on-;t1atc>cl h) the settlr1111•nl of diteh filling 111 old 
trenc:hrs upon flooding or roll111g after 111<' top crust has hrcn 
re1no, eel in pa, 1ng C'onstrnPt1011. 

Article 34. General Conclusions as to the Correctness 
and Reliability of the Theory of Loads on Pipes in Ditches. 
'l'he g'l

1 ne1·al results of the trst of 1oncls on pipes in ditC'hes 
gn en nncl ch c•u . ed in ( 'hapter I,. HUI) hP s111n1narizecl as 
fo1Io" s: 

1. 1'/u corr(rf 11rss anrl rll1abilit11 of 1hr lhrory of loads 011 
pipes in diiclics dc1·cloprd 111 ( 'lutf)lr r I I I, It([-. brr 11 dcn1onsl rat rd, 
u·itlt rc111arl.-ablr closcnrs,;, b11 an c.r{rn.-.11'£ srrI, '), at .,{1,ncs, l oina, 
of ar:luol l<'rig!tinq~ of -.urh load . .,· , 011 pip(-. 1rn1u111q fron1 12 1n 
to 36 in. in i11tr111al rl1a111Lir1·, in dilclu-; /1on1 0 trJ 19 ft. 1n 
deptlt. 

2 'l'ltc col'rr:cl11rs.r; of t!tn tltcor11 of loarls on pIprs 111 <l1tcl,cs 
is (({<;o conjitJ11(r/, 1c1/l, o fai,· drg1rr of clo,s(',ncss. by o c;rr1rs of 
tc.•ds 111arlc u11 1•

1 

.1 Ila, unur, !Joston. 1/a<;s, 111 JC..97. of loorls 011 
a pla nl, plat! 01111. 3.2 , 3. 2 / t . 111 a d1l( /1 S. /l rlrrf>, lltouqlt 
.11,· 1/arbrnu \ ou·11 table for rsl1111ati11g loorls 011 1>ipr.,; 111 d1tcltrs, 
and l11s ou·n concl11.\'ir>11s as lo t/in [Jrnrrol lo11·s of c;11r!, loads, 
arr 1·, r11 '>r1 iousl11 in o,·ro, 

3. rohr. ion ha-. no apprn(111blr cfl·crf upon thr 11.1 .¥111[1.1! 
lnf/d..,, ll f)l/U'> in d1t(lus, 1chicl, nrcur at lunrc; u·hrn rnhr<,.ion l,oc; 
brr11 d,-.tro1;,rl In; s1'ur"tiou, but cohrs1on urcolllj rl11n111islirs 
the ()f?DI\ . lRly lnr,ds, br!/1,.ccn li,nrs of o;afurofinn 



TA nLE NO. 16 

PROBABLE F.\CTORS OF SAFETY IN VARIO CS IXST \NC'R8 OP DR.\IN TILE AND SE\, ER PIPE KNo,vN TO BE SOUND IN 
THE DITCH 
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10 130 :3 .5(1000{16:i0 23:lo:1 .9 
10 120 1.1, 40017(i0-10602.2 

Remarks 

1 In ground :11 years; 10 test tile from same ditch. 
iOn farm of .\ndn•w Ericksen; in ground 8 yrs. Iowa Stnte Colle~P, AmPs, Ia. 

GrnYe Twp., Ilumholdt Co, In. 
Dist. ':'\o. ~o. llumhol<lt Co, Ia. 
Hutlnnd f'om;Pnt nrnin, Humboldt, 
llist Xo ~9, Sac Co, Ia 

In Clay 

I al 1. 5 
8 0. 9 

12 1. ~ 
1-11.5 
1413.0 

5.5 110 2.91 500 560-11101'.LO 
-LS 120 '..l.'..l 600 1290-2010 2.7 
5 110 1. 3 1300 1290-2010 1. 3 

In ground !)1 yenr. 
Test tile 16". 
'fl'st tile l!i" from same fnrtory; ditch pipe not 

dosPh pxamint•d. 

Dist. !\o. 29, Sac Co , Ia 

I>ist No. 20, Humholclt Co., Ia. 
])ist. No -, IIardtn Co, Ia. 
J)ist No. ~. IIumholdt•Kossuth Cos., Ia. 
Dist No. 1.1, Calhoun Co., Ia. 
Dist. No. - , Dallas Co., In. 
Dist. No. 4:1, Palo Alto Co., Ia. 
Di::-t No. -1:1, Palo .\ Ito Co., Ia. 
Dist. No. 31 Kossuth Co., In. 

Io\\·a Statf> Collr~P .• \mes, Ia 
,\S) !um for J<'rehle Minch•cl, GIPnwood, In. 
21st St & f'nrpPntPr .,\ v D,s l\Ioi nes. Ia. 
\\'.,st 9th St., DPs :Moin<'s, In 
\\·rst Grand ,\v., Drs l\Iotnf's, Ia. 
Jiardin Co, Ia. 
East Lyon St , Des l\[oines, In 

--

Clay 

Clay 116 1
1. 7 

/clay 16 1.8 
Clay 161.8 
Clay 181.8 
Ct-ment 18 2. 1 * 
Clay 18 2.0 
C!>ment 18 2. 0 
C!>ment 20 2. 2 * 

_1c1ay _ 24 2.5 , 

8 12ol2.9l100011290-'..l010 1. 6 

7.5 125 2.11000!1sto 2010 1.1 
9 125 3.0 1200 1290-2010 1.-1 
4.5 110 1.7 600 1510 2010 2.9 
5 130 1. 8 1000 2:100 2300 2. 3 
8.5 120 2.:11100 1510-2010 1.6 
4.5 1251.7 900 1160-1600 1.4 
-1. 2 125 1 . 5 900 1270-1790 1. 6 
8 105 2.2 1400 1-160-2100 1.-1 

~-I - I , , 
SEWER PIP!, 

T1•st tii"e from .same factory; ditd1 pipe not 
dns1•ly pxa miiH'cl. 

T!>st tile, 18"; from same factory. 

Trst tile rut from drnin; in ~round 311 yrs. 
In ground 5 or 6 yrs. 

Extra gootl pip!>; probnhly bPttcr than ttst 
I pipr; not C'losrly examini>d. 

Cenwnt 1 0 1. 8 5 I 1:10 2. 1 900 1-150 2030 1 . 9 In ground 31 yr;:_ ; 10 test pipe from same ditch. 
Clay 12 1. 8* 10 1130 3 .1 1:300 1930-R-100 2 0 In ground 25 yrs. 
Clny 12 1.8* 8 ,130 :LS 1200 1610-1610 l .•1 In ground 16 yrs; 1 test tile, from same ditch. 
Clay 15 2.3 11 130 2.9120001:ll80-3860 1.9* * In ground 29 )"ears. 
Clay 15 '..l.:1 19 1:io :1.8 2600'3180-3860 1.:1** In ground 20 years. 
('Inv 18 2. :1 16 125 3. 5 '2300 2260-3'..lfi0 1. :i 

• I I C'lay 21 3 0 16 125 2. 8 3200 :1750-J250 1. 3 • * In ground 20 years. ...:___:__:_ __ ...:.,_ _ _:_ ___________ _ 
* Dimensions marked "*" assum1 cl without aid of ,en· reliable information_ 
* * In thPSP thr!'e c·ns,•s the !Pst pipP tpsil'cl wPre ohtni°n!>d from lh<' same factory whirh furnished the old pipe, hut ll1!> test pip!> were of 

rN•rnt mnnuhcturP. The sewer on ,,, 9th Rt, Des l\Ioinrs, wa~ tak!>n up, and it i;; !'!'rtnin the pipe were sound throug-hout, hut the sewers 
on \\'. Grand, and on East Lyon St, DPs l\Ioinrs. W're simply rut into to build manholes. 

00 
-l 



I. '/'hr theory al lo11d . ., 011 piJ)r~ in (/,itrlus r1il·, 11 in f 'ha1>/1,. I I I 
lir-cl.s clo,<.ly u·1th th{ tauulat,d clafo of '"tual fail11r,s < r 1>i1>,s 

in dilclics, l<'h, 11 co,1111u,·i. 011 is 01adc bl f u•cc n lite colcul<t t <l lo<trfs 
011d the labo,·alory slrlH!J[l,,._ of ,i111ilar /'l/><:. 

, 1'11< close co1·1·c\J1vnch ll('( of calrulatc d load," and lubora-
to, 'Is rr nylhs of si,nil",. piJ> 111 ll1t lal,1tlr1tcrl ra.-.," of failu,·, of 
1,i11 " 111 dilchrs olso 7n·oi·c, that flil fou•a standard 111, thn<l of 
!,,·tiny tlir: b,a,·inv ,·trc11yth oJ cl1·"i11 fil, and ~,u·,, pi/'< d,-
1•rlCJJJs just a/Joui 1hr .. a111r slrlll!][h in lahoralo,·y !,,/, 1chic!t Iii, 
so1111 11i111 dccc 1011 i11 o,·dinary actual difrl, < ond1t/f111s. 

f]. ( ',u·cful < o,1171a1·iso11 of cah ulafrd load. lf'i[h lahuralor11 
"t,·, nglhs of pi11cs a.,r<.rlaincd by''< 111<1' 1.ra,ni11afio11 In br sound 
in actual 11-;c i11 ditcl1<s i11(/irafc.~ that a w1fcf1J foe for of f.(J,j u·ill 
he s1tffie1.lnf to insur, stability uuoinsl cra£1,inv. 1111rlr1· ordi11al'!J, 
f,11•01·r1/Jll difclt ,011difiv11s. hut 111orl dafo a1·e 11c,<lrrl lo srlllc 
!Iii.,; 1>oi11l. 
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STANDARD METHODS FOR TESTING DRAIN TILE AND 
SEWER PIPE 

Article 35. The Bedding and Loading of Drain Tile and 
Sewer Pipe Under Actual Ditch Conditions, and in Stand­
ard Laboratory Tests. "\\' e ha, e already slto\\·n in connectioa 
\\"ith Fig. 10. pg. 26. and :B,ig. 11, pg. :30, that the typical 
field bedlling and loading of pipes in dit<·heH are such that their 
effect on the pipe can he reprollnced \Yith practi<·al exactnes in 
laboratory tests hy bedding the pipes in i:;aud during the tests 
for 90 degrees of the <·ir<·11n1feren<·e at the hotlon1, and also for 
90 degrees at the top. 

Fig. 22 sbo\\s thP Ol'<linary tiel<l l'onditions of hedding and 
loading still n1ore elearly 1'1H' tilt> sho\\·n is :36 in. 1ntel'nal 
dian1eter. 

Fig. 23. is a photograph taken on the sa111e drain as 1',ig. 22, 
at a point \\·here the ntn1ost care had hrrn takPn. 1111<ler the in1-
n1ecliate dire<·tion of lht> pipt-> 111anufaetnrer. in hc>dcling the bot­
ton1 of the pipe and fir1nly tan1ping the side filling aronncl 11H' 
pipe, in an att<>1npt to pr<>vPnt the l'racking- ,Yhi<·h \\US oecnrring 
el e\\·here along the drain undl·r ahont 3 l't. depth of fill. This 
extra care did not pre,·ent thP c·raeking- of the pipe 11nder D ft. 
of fill, although it dicl PnahlP thP pipe to c·ar1 ... v a son1P\\'hat 
greater depth of tilling than th<' ordinary he<lding sho\\·n in 
J-; igs. 10 anll 22. 

The faet that the 1nost c·arPl'nl ta1npi11g of thP side filling 
around the pipe ,rill not kec'p pipe I' ro1n c·rac·king has hc>Pn noted 
in nun1erous other c·ast1s of <·racking during constrtH·tion. ThP 
reason for this fac·t 1s plainl;v clpparent in TahlP ~o. 2,3, pg. 130. 
hereinafter, in "·hic·h it appears that the 1naxin1u111 C'longatiou up 
to the breakill)<;; point at t'~H·h end of the horizontal dian1etpr 
at the n1id height of a drain tile or se\\·er pipe is nsually only 
about 1 50 inC'h, or }pss, eYPll for pipe as large as :36 in. dian1-
eter. The con1pression of the side earth filling rPsnlting fron1 
this insignifieant elongation 1s too slight to deYelop any side 
resistance large enough to hPlp n1aterially in preYenting crack­
ing. 

The faC't that hedd1ng test pipe in sand for 90 dPgrees of the 
circun1ference at thP hotton1, and the sa1ne a1nount at the top, 
does reproduce ordinary actual ditch conditions ,Yith suhstan-
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Fig. :.!2. Photograph Rho" ing TypH·al Ac tua] Ji'1elcl Conditions of Bedding 
and Loading of Pipes 111 D1tr!l(>s. 

The bottmn of the pipes are ll€c1<1e<l for about 90 <l<"grees of the circurn­
feren<'e. There is pra<·t1ralh no side support. The load of diteh filling 
1naterial is supporte<l 1nainly by the top 90 degrees of the cirrun1ference. 

Photogra 11h "as of the pipe being laid when the photographer carne upon 
the ,York "ithout previous notice 
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Fi:.!. ~;:. l'hotogr;q It ~lie," Ill;.! the> \ Pry J:1•st Po~silih• H1•1lcling- of I'ij es 
i 11 ll itc•lJt>s. 

Thf' liottom of tl11• cl1tt It ha" 1,1 vn ..,Ji;q l'cl t1J tit t]11 .. :!ti i11. piJ P aucl the 
hotto111..; of tit!' J'lJ 1''-' l,pc].)p,l 111 a l:iyc•1· "f gr:111ular lll:lf1•ri:1I. The :-;tdt' filli11g 
has l>t-'Pll c•:nPtnlly ta11q c·d :1rc,1111d t Ill' 1'111•. 

Tn spite of this ,·a1c• 111 la; 111g all the p111• ,·ra,·k1•d 1111.Jer al,nut D ft. 
of fill. 
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tial accuracy in laboratory tests is sho" n eonclusi,·ely in Table 
No. ]5, by the close correspondence of ealculatecl actual load 
,vith laborator:r strength of pipe fro1n the sa111e ditch or fac­
tory, or sin1ilar pipe, in a]l c-ases of aetual cracking in ditches 
of ,vhich definite data cou]cl he secured. 

Article 36. The Mathema tical Theor y of the S tresses 
in Drain Tile and Sewer Pipe, Due to Actt1al, Ordinary 
Ditch F illing, and to the Loa ds Applied in I owa Standard 
Laboratory T ests of Bearing Strength . }'ig. 2J ho\\·s the 
approximate distribution of the loachng on a drain tile or se,Yer 
pipe, in 1hc ordinary ditch, and in 1hP I o\\·a standard 1nethou. 
of testing the bearing strength. The chstrihntion of loading is 
on]y approxi1nate. Probab]y the actual load is son1e,Yhat heavier 
at the center than at the eclgcs of 1hr 90 degree strip of cir­
cun1ference "·hich takes practi<'all~r all of' the "·eight at the top 
and at the bottom, and, on the other hand, there "·ill be ome 
horizontal con1ponents of pressure \Yhieh \\'ill slightly off et cen­
tral concentration. 

In ]?ig. 2-1-, the stres cs in the shell of the pipe are greate t at 
point O and 4-, though not n1nch g-reater than at points 2 
and 6. 

Let W total "eight of clitch .filling, or la bo1 a tory a pp lied load, causing 
cracking of the pire, plus ;;_, of the "eight of the pipe itself, both in pou11ll~ 
per foot of length of pipe. 

N'OTE.-1\Iathernatical analysis sbon-s thnt thP "e1ght of the pipe causes 
only 5 :s as 1nuch bending n1on1ent at point O as docs an equal "eight of 
earth. 

Let R= the radius of the pipe, n1easu1c<1 to the n1iclclle of line of the 
shell, in inehes. 

t - the thirkucss of the pi] e shell. in iilc lirs. 
l\fo- the bending n101nent at point 0, in in,,Ji lbs. per i11eh of length, 

("hich practically equals n101nent at point -1). 
:'-f,= the bending n101nent at poillts 2 an1l 6, in inch lbs. per in of 

length. 
To- the total thrust at points 0 antl I, in lbs. JJl( in. of length. 
T2- thc total thrust at ro1nts ~ and 6, 1n lbs. pc r in. of lc11_qth. 
S,,-the total shear at points 0 aucl 4, 111 ll s 1n r i11. of le1,gth. 
S2 the total shear at points ~ and 6, 111 ll .~ pr.r i11. of lc11r1th. 
Po the n1o<lulous of rupture, or norninal, tensile breaking stress in the 

n1atcrial of the piJ e shell, at points 0 and 4, 111 lbs. per sq. 111. 

JDqnations for the 1no111eut, the thrust and the hear at any 
point in the pipe shell arc readily dcriYed h~· 1neihod first pub­
lished for flexible ring , o far as "'C are a"·are. by :\Ir. E. J. 
1~

1

ort, no"' Chief E ngineer of Se,Yer for J3rooklyn, ::\1". Y ., and ll l r. 
C. W. L. Filkins. in the ,Journal of the 4..\.ssociation o.f Engineers 
of c~ornell 1TniYcrsi ty, '\' ol. 1"\ ... , 1 D5-6. lf cs r . },'ori and Fil­
kins analyzed th(• rase of a flexible ring-, l'C' isting t1vo equal and 
opposite co11cc11lratcd loads. appliccl radially at the tu•o c.xtrcn1i­
tirs of a clianictcr. 

rr heir analy is of Lhis case has been rcpnbli hcd in yarious 
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I'1g. :!-1- JJial-(ra111 Jl111strati11,.; 111 < al<•11lat11111 of 1111> ~11111 ilus of Rup-

ture. and '-.ho,, ing tl11• .\ p)'roxi111atP Lo:rdi11g- 011 I>rai11 Ti],, a11d S<'\\<'r J>q l' 
front Ord r •• r_, Jlit,·h 1'11li11g-, a11d frotll thP Loads \J,plil',1 i11 lo\\ l Sta11clard 
Laboratory Tests o1 HPan11g- ~trP11gth. 

In tire Lal,01ato1~· I< sts th!' piJ" an• l,pi),)p,l i11 s·1111l for !10 1ll'gn•es of 
the ein·u111fen•111•p at the loottom, and tlll' sa111<• :tlll<lt111t at tlrl' top. 
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places since, as notabl3r by Prof. A. N". rralbot, of the UniYersity 
of I llinois, in Bulletin 1 o. 22, of the Illinois Engineering Ex­
periment Station. P rof. Talbot also reproduced the correspond­
ing an~lysis for the case of a vertical loading uni/ J1·111ly dis­
tribitted over the full ividth of the pipe. 

The method of deriYing the equations for tres es and clis­
tor tions in all these cases, and for Fig. 24, is simply to solve the 
six standard equations of equilibrium of stresses and forces (3 
static, and 3 elastic equations), ,Yell kno,vn to all students of 
engineering mechanics. This inYolves so1ne tedious integrations, 
and we "rill not repeat the mathe1na tic al details. 

The results, for a 'llniforni 1:crticol loaclzng oi·cr 90 degrees 
iuidth of circ1nnfercnce at top anrl at botton1, as in Fig. 24, are 
as f olloYvs : 

·yv 
110 = + 0.169 R 12 ..... (9) ~ "' l\I2 - - 0. 1;)4 R 

12 
...... (13 

T 0 = 0.000 ............ (10 ) "' T 2 = + 0.500 12 ........ (14 
S0 = 0.000 ........... (11 ) 

'" R 12 

2 = 0. 000 ............ .. ( 15) 

Po= t
2 

••••••••••• (12) 

"' NOTE 1.-The coefficient of R 
12 

for ).1~ is practically 1,i. 

TOTE 2.-Tbe bending mon1ents, thrusts. an<l shears at the critical 
points 0, 2, 4 and 6, may be computed for different loadings by the fol­
lo,nng table: 

T \BLE XO 17 
l\IAXI:t.IUAI STRESSES IX FLEXIBLE RI~GS DCE TO DIFFEREXT LO \DIXGS 

S~ mmetrical Vertical 
Loadings 

So 

Concentrated Loads w "'- - "" ,,I 
,v,-0° "\Vide -1-0. 318 R - -o. 182 R - o. ooof -to. 500 - o. 500 - o. ooo 

Uniform Loads 12 12 I 12 1 2 

"\\',-60° Wide +0.207 " -0.168 " 0.000 -t0.500 "0.000 "\0.000 
Uniform Loads 

,v,-90° \Vide +o 169 " ,-o.1s-1 " o.oool-t o.soo " 0.000 " 0.000 
Uniform Loads 

\V,-180° "\Vide +0.125 " -0.125 " o.oooj-t o.500 " 0.000 "
1
0.000 

Article 37. The Cardinal Qualities of Drain Tile and Sewer 
Pipe, to be Determined by Standard Tests. 

The cardinal qualities of drain tile and se"·cr pipe are t,vo in 
nu1nber: 

First, the quality of the 111alc1·ial in tlte sliell_; 
Second, the bear1·11g strength of the pipe. 
Th e quality of the ,nate1·ial is a cardinal quality, becal1 e the 

pipe "'ill disintegrate and go to pieces unle s the material of 
,vhich it is 1nade is so durahle as to re i t all di integrating 
agencies. .J-'.. cement tile 1nust he of hard, uniform, strong and 
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i1nperviou<; tOill'l't't<'. in ordPr to rc>s·st the clestrutti,·p agt'I1t·1ec:;. 
and to pre,ent th<>i1· pt•nt•tratiug into 1t~ JHll't""> In the sallH' 
,,·ay, soft or under burnt t·la:v drain til<' or st'\\l'l' pip<' arr un­
<;at fattory, snH·e suth pip<' c·a1111<>t re 1st tht• attion of frl'rzing 
and tlu1\\·ing. and n1ay d1c.;intl'{!l'atP fro1n otlH•r t·ausrs ~\lso, a 
la1ninatecl strueture in t·la~ drain tile or se\\'er pipP causPs failure• 
fron1 fro t. I I1gh hearing strPugth of the pipe as a ,, hole. though 
ab olutely essential. 1:-; not alone a satisfac·t >l'Y i1ulieation of 
the c1ualitv of the n1atP1 ial fro1n \\ hic·h the pip<' is n1ade; for 
}ugh strength n1ay hl' S('t·uretl hy using t hitk shells. pvrn \\'heu 
the n1atc>r1al of the sliPlls ic:; poor. J>1pe "it h th1tk shells n1ight 
ht> strong c'nough. and still ht' porous and disintPgrate. 

T\\O sin1ple tP ts 111aY ht' 111ade of the quality of the n1aterial 
of ,, hith drain tile• 01 :-;1 \\ Pl' pipe are n1adr; 1u1n1t•ly, tlir abso1·p­
tiu11 f(sl, ancl thr dc•t<•r1111nation of f/i( J11or/11lus u_f rupiurr. 

Tlic absorJJ!io11 ft:-:f 1s ot' g-reat in1portc1nc•p for cen1ent and 
clay drain tile aud se\\ < r pipP In the l'HS<' of <·e1nt>nt tile, the 
aO'ent·ll'S tendin<r to tle-;tro, thP c·ontret<' tannot aet ,Yith 1nnch 

h ,... • 

rapidit~· unless th<·) <·an readil)' obtain ae·t·t>ss to the interior of 
th(' \\alls Jn thP 1·as<' ol' <·lay til<•. frt>Pz1ng \\onld not he detri-
1nental if tlH· \\'at1•r < u11ld {ll'll<'tratc• only \\ ith great eliffit·nlty 111-

to the ,rall~ Ile n<·P, thP absorption tt'si has a greatPr i1nport­
anc•p 111 t<''-t111g chain tilP and s•\\·er pip,• than g<ll<'l"ally \\7th 
otht>l' 1na1< rials nf 1·onst1·1u·1 ion. },or this r1,a-;on, nncl h1•eanse it 
is sin1ple and Pas~ to 111ak1•, \\' <' ad,·oeate it as one of tlH' stanclarcl 
tc•sts for drain till' and s1·\\"<'I' pipt•. 

Tiu 111odulus of rupf111r. a'-i alrPacly explain<'cl, is the 110111i11al 
f<11sil< b1ralt111!f ,l1<J1!flli of th1• n1atL•rial of tlH• pipe shell. 'J'hc· 
real tr11.~il< sf1< 11r1fh of th<· nultPrial \\·ill h<• nn1<·h lo\\er than the 
111odulus of r11pt111P, o\\·ing to thP l'ac·t tha1 th<' true> distribution 
or strc• s in th<· sht 11 is qtlltt• difl'Pl't•nt fro111 that aS."'illlll("l. 
);'c,, t•rthPlPss. tht• 111oclnlus of 1 nptnrP indieatc>s the ahility of th< 
1natPrial to r<'SI'-it 11 ost ancl otht•r agc>nc·H•s \\ lnc·h c·all'-<' strc•ssi>s 
in th<' n1att•1i,ll It is proportional to th<' tPnsilP st1·(ngth uni­
' rr~all)' tc•stc•tl 1'01 1·1•J1l<'!lt. and c•orrc·s1H,Uds c·lost·ly to thP stan l­
ard trans, Pl'Sl' tPst of pa, 111g hric·k. It rPqll l't'S no sPparatP test. 
anel is rt•atlilY c·alc ulatt>d, \\ 1th lit tic• acltlitional lahor. fron1 th<' 

• 
l'l'<:;lllts of thl' hparing stl'Pllg'th tl'st 

IIe11<·<>. \\"P rt•<·o11111H•lld tlir,1 -;/a11rlar<l l1:-d r1<111ir1nu11f.,; for 
drain tile> aucl Sl'\\l'l' pipP: na111l'l~. flu j)(f" c,nt of ohso1pf1on, 
f/,r n1od11l11-; of I ll[>l/11"1. 1111<1 flu b,uri11<J :-:/J'< nyfh. oJ flu />if". 
1'hpse thrt><' tP<:;t r1•q11irc•n1<'Hts 1nvol \ L' t\\ o stancla1 ll tl'sts. 11a111Pl), 
thP abso11,t1011 t,sl and the• l11or111y sf1111r;fJ, t1,f 

Article 38. The M eth od of Making Absorp tion T ests. 1'ltt> 
n1aking of ahsol pt1on 11·s's has IH•1 n stand,1rcl1zt l fo1 paving 
briek. hut not for ot\Jpr 111at1•1·1,tls \Ye• h,1\'1• 11s11cl th1 standard 
111cthotl t'or pa,·i11g l,ric·k a:-; a basis fro111 ,Yhieh to start in 
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de, eloping a standard 111<,tho<l of 1naking ahsorption tests of 
clrain t ile and se" er pipe. 

J~xperi111enting "1th clifferen1 sizes of 1Pst pieees. ,,,,.1th re­
sults (as giYen in Tahle ~r,. 24, bC>lo\\ "Inch c;;ho"· no Yery 
n1aterial difl'prenc·e "·ith siz<>. \\'c• haYe acloptrd 3 in che by ;3 
inches hr the thickne. s of th<• J>pe 1:;hl1 1l as th<> standard ize. 

Onr tests of the ratP ol' ahsorpt1011. as sho" n for een1ent tile 
in 1~,ig. ;jo, ht•lo"·· sho" that thP "·atc>1· 1s ahsorhE>cl , o rapidly 
that 24 honrs is a snffic•ipnt t111H• for i11111101"Sion in teacl of 4 , 
as acloptrd for paY1ng br1<·k. 

('c1nplete sprc·ific·ations fo1·. tanclarcl ah~orption te ts are giYen 
helo"· 

Article 39. The Method of Making· Bearing Strength Tests. 
\\Tc ha, e cleYPlopecl sta11cl,1rd "lH'<·tfi<'ations for a 1nethod of 
1naking bC'aring '-itrc•11gth tc1 s1" ,,1th the' JHP<' bedded in . and 
for !)0 dPgrr1's ol' tht• c·i1·c·11111fp1•p11c•p at the• botto1n, and the a1ne 
clistancP at the top, "hiC'h rPpl'<Hlnc·t>s. ,\'ith snh tantial accuracy, 
a<'tual ditc·h c·cn1clit1ons. as clis<·ussl'<l in ~\rti('le · :35 and 36. 
ahoYe. 

'l'his 111t>thocl has 1>1·ov011 YPl'_\ '-ic1t1sfaeto1~· under eYeral year 
cf llSP 

1. Our sic111darcl 111pthotl clc•, Plops l,iliorator_\T bea1ing. trcngth 
s11hstantiall)' c•c111al to the> strength d('\ •lop(•d h>· th<' sa111e or 
sn11ila1· pip<> in ordinar)'. ac·tnnl ditc•hps 

2. ()111' standard 11 Pthod l'llHhlt•s th( load to he 11n1for1nly 
clistrihntt>cl o, pr tht> Jllfl<', rt•g-ardlt>ss of unin1po1·tant irregular­
i tiPs in tht> sbap<'. 

:t ~a1Hl 1s a 1na (p1•ial for ht•dding- ,vhic·h (·an r<.'adil~· and 
C'heapl)' h<' olitainc>d in an)· c·o111111unit~ fc,r tht' s1anclard t0 t. 

!. 11)· 111a1·king- thp pip<' in q11a1 te1·-.., }ipfort.' 1<.' ting, ac·c·nratl' 
hPclcliug- iu thP sand 1s l'Padily 111snrt>cl, hoth aho,c• and h<'lo,Y, 
ancl the lllt>ihod is. tlH•rc•fotP, aet•11ra1t> 

:5 'I'hr 111c>thod pern1its the tt•st111g· of pipe "1th ht>ll. a 
1·c~adi ly as of thosp "·1thout. sillt',' tht> hPlls, , "ell a the 
sl1aight p1pP, can 1c•achl, ],p 1111hP ldt>d in 1ht . ancl ht>aring. \y·(' 
have> 111ach• nun1p1·ous 1t•sts of Sl'"t'l' pipP "1th hell·. and fin l 
no d1ffic·nlt v 1n sn<·h "ork • 

7. 'l'he nu•1hocl 1s < llc> "h1t•h ean he 1·pachlY ll, l'd for fi,,JJ 
1<'sts, \\'1thont an~· 1Psting: n1ac·lnnc> "ha1t•, er. i'>~' si1npl,\· piling 
sac·ks or c•p111t>nt, or sand. or t•arih, or nny othPr c•onYl'llient n1a­
!t11 ial, npon tl1e• sand in 1ht• llJlP<'l' ht>,iriug. ,,r<' haYe often 
n1c1clc• snc·h lieltl tests 

b. rf' h<' Illt>thotl is t'qually l'air to eeint•nt pipr and to elay 
J>IJ>C'. 

!). 11 is a sin1plP 
('Olll})t'it~nt C'llg'llH','l', 

factory. 

Ill<'thocl, "h1<·h c·au ht' carrit'tl out ln· anY 
• • 

or hy auy t·o1111H'(c1 11t snpc>1·int pndent of a 
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10 I t i"-> a 111<>tho l \Yhil·h dol'-, not l't' I 1irP a 111athP111ati1·al 
1rau...,Iation to Pnahll' It'-> 11·",H}t-, to lu• Hn<l1•1·..,111od li~· lH·opli• "·ho 
arP not pJ1gin1·<•1..., 01· nu 11Hfc11·tt1rl'J's, \\ 11·1·1 1..., n()t 11.1• 1 ase \\·l11•n 
",ll< h 11'",ts aI <' 111ad1• ,vith ot ltt·r 1111·th1,d ..... sin ·t th1•s( do not g-i\'<' 
t!H' al·tnal .... t1Pngtl' of tlH pip<· a-.; lls<'ll 111 'h<' d11< h: 111orL'O\'l'l' 
1nathP111atH·al t1·a11...,Jatiou" ol' lH·a1H1g- str1•111.rths ohtain1•d Ii~ tl'-;t­
ing 111Ptho1l<., \\h1t·h do n11t i111ita1l' a1·tnal dit<·h (·0111litio11s Hl'l' 

, <'I"\ 1111rpliahlt1 
• Article 40. Iowa Standard Specifications for Tests of Drain 

Tile and Sewer Pipe. <h11· s.;tandard "PP1•1ti(·at1011s for t<>st-, 
of 1lra111 till' a11d SP\\ 1·r pl{H'. ,1..., d1s1·n""t>d ahnYP, and !.!."l\ <'11 

in f111l lH•lo\\·, ha,<' l (•<·ll ad1,ptt11l as stanilar<l Ii~· thP follo,Ying 
orga111zat ions: 

'l' lIE .. \ :--so<'I \TIO'\ ol•' lo\\\ ( I '.TEXT lT~I•:R~. 
1'IIJ· .. \ s:--O<'I\'111>:--; OF ] ll\\'\ J{HH K \XD 'I'II,E .:\{\'\l F.\C'TtTRER~. 

'rue lo,, \ ~T \ l'I l)R \)); \(,I- .. \-...-...1)('}.\TIO"K. and 
'l'IIL l o,,, 1◄::-..liI'\ll.l{IXl, ~<HIF'rY. all at th1·ir 1!111 11H•l'tiugs. 
II (•llt'('. thl' sp1•1·1fil·atious 111c1~· hl' 1·onsi<lerl·<l offi1·iall)' adoptPtl 

HS <-.tandard for In\\ ,t. 
IIo\\'PVl'l'. thP .\ 1111•1·it·nn ~u< i<•tr for 'I't•sting Jlat1·rial-.; ha-. r«'-

<·Pntl)· for1n<'d a ,·on11nit 11· • to p1·<•par«• stand,n·ll spp1·i1i,·at 1011s for 
drain tile. and hc1s alr<·adY had for so11H•tillH' a 1·01n1uittl'P on 

• 
')tandartl "iJH'<·ifi1·nt1ons fot SP" l'l' p1pt'. 'I'h1•s(' f•o1H111ittt•Ps ,vill 
n1akt· thorn1t!d1 111Yl'st1g-ations of tht• \\·l!oll' suh.il'l't, and th<'ll' l'<' 

ports. \\ hc•n adoptt•d h~ the ~ol'i(•tr, "·ill douht]l'.,_..., lH1 <·01lll' sta11d-
ar<l foe thP en1 irt• (·ount I'). 

lo,,·\ ST \;\D \RI> S1 1 1-c1FH' \Tio,s '<lH . \ B-...oHl'TH>, 1'1·::--T:-- <ll' l)1L\I~ 

'!'!LC \~I) SI.\\ IR l1 Il'E. 

1. ,• [ >J,; ( 'Jlff;\s 'J/11 Sj)((il/1(1/.\ s/1011 ((/('/, lJ< O[J/JJ'()f"i11u1l,-

l.11 tltr,, i11tl1ts sr111,11,. and slio/1 ,.rl,1Hl /111 full f/,ic);/11.-.:s of//,, 

f Ji J)( It' '11 , II' if l, I/,, u If I, r sf, 111-.: If 1d I ult< II. 
l. \l ll/JJ.;J< ')f1 7/~, T 8/'f~'('/lff;\, /?11•, i,/(liri<luol 

/,sf.-: ,,;/,all ,u11-;{,tut, 11 sl,11"/01rl /,.sf, f/1( ,11·,,or;, uf f/11 ji1·, 011<1 
flu ,,,ult /01 ,a,/1 ,11,,1111111 /)(ill</ <Jll'r/1 i11 f/1< r,11urf nf flu frsf 

:r J)fl 1'J\ (, . J>f; ( ' /11/~\....... f;,u/1 S/)(f'i///(/1 sholl I,, rlri,,J Ill 

, "1 , 1 1 ·, 11 , or l 1 .'I u I I, , 1 , , I JI ,l , 1 o I u 1 11 u J , 11 I , ji, i o l I, , a I . 11 11 I i I i I , ·, 11 s 1 -; 

lo lo.sr (11rtlu 1· a1>1>1'1 r i th!, <t11/111111f-; uf JltfJi.,tur, ll'lu II r, J>r of, dfy 

111 , i!Jl" rl. 
i. !~fl ( ', 'fl I\ (J • 'l'}J'('l 1/ r; \,' . 1// :;/{/for, s (Jr flu SJ)(, i-

i//( 11.s shalf hr l!/ 11,/,, ,/ lf'tt/1 a 'ili(l' I!/ 11sli /11 fur, 1('1 iy/1i11!f flu first 

tin, r 
.,. 1r1.;1(; }[/\(l. Tiu ,'ifl!(i111111-.: .-;/,all{){ /1'1iulud. iu111ud-

iat, ly IH fur, 1111111, 1·siu11, 1111 rt !10/011,, 111 s,·al,s , "fH1'il, uf itlffi­
l'Ofi11y flu 11·, ",ht a, 1 1110 1 l11 ll'il/1111 11111 -f,, f/i u{ 0111 />11· 11 11f. 

fi. H'. 1 Tr;J( f '·')J(. '7'. 1 \ !>.lltf> Tf~'. 'I T/11 11·0!,,., 11111/11.11, d 
i11 lit( sla11<la1rl 1li.su1 f!lllJ/1 /,sf ~/,111{ /JI 111u·, .. -.11(! l('{lfr r, of fl" 
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atir ten1perature of a rooni iohicli is artificially heated in cold 
seasons of the yea1·. 

7. l 1.ll1.llE R 1O.\r OF vPECI JJ E.Y'S. The speciniens shall be 
conipletely in1111ersed, in iuatc1· for a period of 24. honrs. 

8. R E-1VE I GIII1.YG. I 11u11eclialely upo11 being re1novcd fron1 
the 1uater the speci1nens shall be dri(cl by pressing against then1 
a soft cloth or a piece of blotting pape1·. Th ere shall be no 
rubbi11g or brushing of the spec1·111c11s. The re-1ueighi11g shall 
then be done hn'J11ediatcly 1l'ith a balance 01· scales capable of in­
dicating the iueight accurately 1l'ifhi11 011c-te11th of one per cent. 

9. CAL CULATIO1\T OF RESULT. The result of each ab­
sorption test shall be calculated by takiug the difference betiueen 
the 1·11,itial d1·y 1ueight and lh6 final u·cight, and dividing by the 
initial clry 1ueight. 

I o,YA STANDARD SPECIFIC.\TIONs POR TESTS OF TIIE B EARIKG 
STRENGTII OF DRAIN TILE .\ '\D SE,YER l">IPE 

J. PECIJJE1\r . Tl1e specnncns shall be 1n1broke11, full 
sized saniples of the pipe to be tested. They shall be carefully 
selected so as to represent fairly Ille quality of tlie pipe. 

2. ,.\T[\llB ER OF PECIJI E1\rS. Fil'c i,1cliviclual tests shall 
constitute a sfalldarcl test) the ai·erage of the fi1 ·r and the result 
for eacll spec-i1ne11 being given in the l'l pr/1·t of th c test. 

3. DR }rl ~\rG. The spccin1e11s shall b dried by keeping thcni 
in a iuarni, clry roo1/l for a period of at least tu•o clays prior 
to the test. 

4. 1f E I GI1l1\TG. Each dried specin1e11 shall br zvcighcd Oil 

a reliable scales just prior to lhc test. 
5. BE DDI1.\TG OF' YPEC1IJJEi\T F ORT EST. Each speci11ie11 

shall be accurately niarkcd, 1uith pencil or c1·ayon lines, ·in 
quartc1·s, prio1· lo the test. 1'?prcin1e11s sliall be carefully bedded, 
above and bclou:) in sa11d1 for the 011c-fo1,r/h circu111fere11ce of 
the pipe, 111easured Oil the n1iclclle line of the pipe ioall. The 
depth of beclding aboi•e and bclo1u the 7,1pe at Ilic thinnest points 
shall at each place be equal to onc-jou1·/h the dian1ete r of the 
/Yipe, n1easurecl betzoecn the n1iclclle !111es of lite pipe ll'alls. 

6. TOP BEA R J,.\TG. The lop bearing fra1ne shall not be al­
lo1l'erl to con1r- in contact u•·illt the pipe or 1oith the test load. 
1'he upper surf ace of the sa11cl in the top bearing shall be care­
/ ully struck lei-cl ioith a straight edge, ancl shall be care/lilly 
covered ivith a heai·y, rigid, top bearing, u:·ilh loiuer surface a 
t1·ue plane. 1nacle of heavy ti111bers or othe1· 1·igicl n1aterial , cap­
able of llnifor111ly distribllting the test loacl icithout app1·eciable 
bending. The test load shall be appli<'cl at the exact center of 
this top b('aring, in such a u·ay, ci{h('1· by the use of a sph<'rical 
beari11g, or by the use of t100 rollers at right angles, as to leai·e 
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thr. br.aring frcr to 11I0l'( i11 boil, <li,·lcfion". /11 casf. thr: test 1s 
,narlr u1ithout flu? llSf' nf a 11u1rh11u, r111<l l,y piliug 011 u·1 iyJit, 
tlir Hliglit 11111!} br JJiltrl rlirlf'ily 011 a 11lal[l11·111. J'lsli11q rn flu 
fop /Jraring, prnl'i<lrrl, /,ou·( 1'(1", that tJ,l H'lighf is f)ilr,i in s1((/i 

"1vay as tu insllJ'( uuifor;11 rlist1·il11ctio,1 of {/11 loarl Ol'(t' tlu fof) 

• surfarr of f/,r sonrl 
7. J,'fr~l l/ f;.' J<'<)Jt 1'<)!' .1 \ /) JJ<J1'1 {J 11 l?f; 11{!.\ <,, Thr 

f~·an1cs fol' fl,r fop and l1uffo,11 LJ(fll lll!f'i .,/,all l1r con111os(d oi 
tunbr1s so liral'lj as lo al'oirl ll/J/JJ'fCia/Jf( [J<11rli11r1 by f/,r sulr 
pr<1ss11rr of the !iianrl. Thr frot11(S sl,all lH c/11-;s,rl 011 tlui,· 111-

(f'rior s11r[a< cs \ o J r<1111( -;hall c 011u in 1 onfcu t u·it" f/11 J)iJn 
rl111·i11g tlir. trsf ~1 sf, iJJ of so/I , Toti, 111<1!f l,, alfr1rlurl to tlir 
inside of thr 11/J[U,. J ran11 011 , a<'/, .'>1rlr along flu loH't r crlyr to 
11rr1·c11t f/,r cs<O/Jr oj sr111tl b,tu·,111 flu fru11u and flit file. 

~. , 1. l\[) ! .\ IIJ;;.1J(J.\(;8 11/ic so11d IISlrl jor b,rldinq f/,r 
tilr al top a11rl botfo,11 shall br 11•,r:,d1rd sand, l<'lii, Ji ltas passrd a 
\ o "i s,r,r11. I t shall b, dri,rl by k1Cf)i11y it S/Jl<<Hl out f/,i11 
111 a n·a r,11, d ,.,1 , 001,1 

.9 . .tll'J)J.1l('~1Tf().\ ()J,1 J,n.11). Tiu t,;;f lna<l s/ioll hr fl/J-

JJlirrl qr,ul11ally. a11rl 11·1f/iouf sllfHl, or d1sf11rl1,111c•f' of f/,r. /JiJJr. 
Thr. application of flu load s/,r1/l l)( ,·or11,rl 011 ,•1111fi11Ho11sly. f111d 
flu [)ipc .<i/iall 11ot br alfoH't rl to sfru1rl rt11!f c,n1si<l, rablr ll 11yfl, of 
ti,11c 1111<lrr a load s111oll1r than flu br,al,i,u; loarl 

JO. ('.l[,('['/1,JTJ() .\ ()}1 [1}1 .ll{l\ (; J,.').lf). Tiu total 
b1·eakiJ1y load shall hr tol,r11 as 11111<1! to flu total fuJJ Toad, i11-
rlu<li11g f/ir np[>llr<f load. flu 11·,1yltt of fop fra111r • ..;aJltl [01· foJJ 

'brnring, fop lur11·111y ti111l)(/'S, ,t,, pl11.'i fi1·1-riyl,fs of flu ll'tiyltt 
of fltr pipr. This total load shall lH rlil'idrcl by tl11 l, 11gf/, of 
the pipe i11 .frrf, so a;; to yi1·r flu lHori11q ~lrr 11qf/, f)f'I' li111rn· foot 
of p1pr [ 11 frsi111(f srll'f'I' pip,. flu lHll8 .-:Ju,ll l1r hrrldrrl n11t/ 
loaded. as 1rrll as tlu hody nf flu ftiJJ(. n11rl t/11 l( 11yf/, 01·, r all 
shall be 11srd i11 <Otll/HlfiH!f flu h,ari11y sfrl 11yf/, JJ1 r li,urtr fool. 

l{ l'LE FOR ( ' \LCl1L \T1:s:n 'l'IIE ,:\Io1H·Ll':-. nF l{t-I'Tt 'HC I~ Io,,'.\ 
.'T \'\[)\HD 'fE-.::.Ts OF l)H \I~ 'J'II,E \ '\'ll SI \\'I:H PIPE 

Tiu .11()1)[ l,['.' ()/? J(l'l'T{ !ff; of dro111 {i/( n11d srH'rr J>iJH 
111 l ou•a Sta,ul<ud f,sfs ,llftll bt i•;11111>11lrd by flu follo11·i11y 

!( l I,J.;: 
[)11'1rlr flu [)((IJ"ill!f sf1·, 11yf/, i11 11n1111ds pr/' li11tfll' f1Jrd !>1/ !'2. 

a11rl 11111lti1Jl11 lnJ t/1< rotl111s i11 in, lu -:. 111t as1n r rl to tl11 ,,, 11fr1· li111 
of tlir J>ipc 1call: f/u II rlil'id1 f /11., 1>r11rlut f hy flu s11H 111·r of f/,r 
fop or bolfo111 thick11t,s of ti" 11i111 ll'<lll i11 i1ul11s. Tiu quo­
fi£ 11f 1cill [)( flll 111od11l11s nf r1111f llr<. i11 J>01u1ds f)( r squa,·r inch. 

11/,c a1·<rnur tlii,·k,u:-s of f/,l ,,;,,, 1t'(lll shall 1>£ 1ar,fully 
1111 as1u·,d at flu IOJJ uf f/11 1>i111. a11d a/~11 at tlu lJuflu111, f111d f/ic 
.~1,1oll11· of flu tu·o <1l'<l'Oflc thi,k1u.,,,s s/,((/1 l11 l/S(rl i11 the conk 

/J1tlafiu11::;. 
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RESULTS OF IOWA STANDARD TESTS OF DRAIN TILE 
AND OF SEWER PIPE 

Article 41. The Ames Tests of Drain Tile and Sewer 
Pipe. .For s<•, <•1·,il , ,•ars 11" l:ni,!'111...1 1 1~ l: \fH'I 111 <>nt !--tation 
ol' th<> Jo,,a St.t1<' ( 'ollPgt•. at .i:\111Ps, Ia .• has hePn <'11!.!ag-etl iu 
111akiug 1'\:1P11s1,P tl'sts of d1ai11 till' a11d s1'\\'«'l' p'p<' '1'1 Pe hP­
gan in ans\\ t 1·111g < alls 1'01 .iss1stan,•,• l'l'n1n J,;nginr1•1'- ancl ( onnty 
offi<'lclls 1·011n,•,·1Pd "11h d1 a 11, i-!t' \\111 k. 011 a1·1·011n1 ot thP rr,H k­
ing- of p1p1· i11 di1< I <'s 'I'hc• lc,\\a ~1:i11da1·d .:'IT .. tl od of tt>st 11!! 
li<•a1·ing st1·1•ngth \\,Js d, Y1•lopt•d ,·al'I~· i11 th1• \\ol'k ,is a l'Psnlt of 
1·,11•pf\tl studv of' ,1<·t11,d dit1·h t•o11ditious . • 

I\1rt oi' 1111' \\·ork of 111akiIM! tli,• t1•sts It ts h1•t>n <1o ndn1·fc><l in 

,, 
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the field, or al thr fa<·1ory, at Yarious points 111 l<nYa, hut 111ost 
ha been donP at ..:\llH.'S, 111 thl' I◄~nginl'<'l'ing- l~xperi1nent Stat1<,n 
laboratnrie . 

I>art of the spe<·i1nrns t'ur tlH' te:st \\'<'l'<' ohla1111•d on artlutl 
\York. at ,arions points iu 1hL stat<', hut 111ost ha,l' heeu supplied 
by· , arion · ee111L1 llt and <·lay pipe 111a11nfaL·iurers, pa1 tly pur­
cha ed, hut largt>l)- gratis <>n<· tir1n nlonp :-;ent us t,,o <·ar 
load of e\\ Pr pipt>. , ahH·<l at SP\ <'l'al hnndrPds of du1lars, f1·Pt' 
of t'harge. C\<'11 pa) 111g the f1<'1ght. 

,, .... e ,H:kno\\ ll'<hrl' "·ith thanks thl' valn,ililt> t1ss1st<11H·t• anLl en­
operation ren<lt>re<l l,y 111;111., p<·oplL' 1n tlu:,; \\ork 'l'h<' list ot' 
tho e \\ho ha,<' h<·lpt1d 1s so long· an<l the ,,ork has PXtPndt•cl 
o,er o nu1nY Years. ti at\\<' find <>Hl'sPl,es 1111cilil<> to llll'l11ion hv . . . 
n,une nL~arl)· all thosL \\ ho l1c1, < hPlpt•d. 

Article 42. T ables Nos. 18 to 25. Showing R esults of Ames 
Tests of Cement and Clay Drain Tile and Sewer P ipe. 'l'h0 
d tailed resnltc; of th, ~\llll'S 'J\,"ts c1pp1•ar 111 this ~\rtil'l<·. in 
'l'ah]l, ~o. 1)-. to ~j 

In alL o, er a thousan<l sp1•1 illl<'llS hc1v1• l1t1 <'ll t<·stP<l. at difft1 I'(•llt 
ti1nes, part in S<'\ 1•1·,tl \\',l) s, to ohta111 th<' data givt>u in thPs1• 

tahh~s. 
In the t'clSl' of t'l'llll'llt tilP. tht' pip(' tl'sh·<l l'<'lll'l'St>llt a ,Yidl' 

Fig. :!G. An Eight I1wh ('1»11t>11t Jlr:11~ Till'. Tak1•11 l'l' for TP:-..ts after 
l' se<l in (, roun<l for Thirty one Yea rs. 
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rang·e of ages. In fact, ,, C' spc•urC'd sonic> 8 in. ancl 10 in. cement 
pipe, " ·hirh had been in artual use 111 the ground. in a drain and 
in a se"·er respeetivcly, for thiri) -one Yt'al'S. 

T'hc ec111e11t pipe tested also rPprt>sent different proportions of 
n1atcrials. different prot·t>sses of 1nanufa<'tt1re, and the product 
of dif-i'C're11t factories. .Jlost of the pipe ,rere n1a<lc three to four 
years ago. 

'rhe clay pipe> include pipe n1ade fron1 surface clays, fro111 
fire clays, antl fro111 shales. "fht'Y "pre 1nac.le at different fac­
torit>s iu Io,, a. I llinois, and :\lissour1 

In addition to our o\\·n tests. "P have included a fe"- made bY 
• 

]~urns & :\Icl)onncll, ('onsulting }~ngineers , of l{ansas City, :\Io., 
and kindly furnished us for this pu1pose. 

F'ig. ~,. Se,eral Ifun1lrrcl Dollar:,, '\\'orth of , ·i tnfie1l ClaJ Se"er Pi1 e 
l<'ree fro111 Oue l•'al'tory, Broken in Tests 



• 

•.• 
-• :;.. 

0:, 
. 

.... 
;,, 
• .. 

-
-

/
,
 

..... 
" • 

.. -• • 
-

-
:::: -
.... ::-' 

'fl 
:... 
f. 
~
 

. 

I \ \ 
"' .:J. ... C

 

e c., 
... -

jll.l,) 
J 

,I 
uo I l.11 

(\ 

lll 
l>~ 

.l ,<I 
I' I 

IJ
llld

llH
 

JO
 

111np 
I\ 

\ 

I.I 
111•1 

.l 
I 

q I 
•111zu ,.11~ 

:-u 
J
I 'H

 

, \'I 

er ... 
=

 =
 

'.:'-" 
-.., 
~
 -.. .:: E-

(
lllll' l 

l' 11d I\ 

s l'l 
'1

tfill l \
\
 

., 
q.>

ll J u 1 
m

o11 ,n 

su
1

 
d

o
.L

 

S
.JI( Ill} 

'J
 '1 lllll 1

(1
 

llO
!lJ

 
!O

J.) 

I •J 

-=
 0 ... t.. 

-::: ... -= ... c., 

a:: C
 

.. .!ii: 
a:: C

 

>< =, 

-
"' 

C
: 

-
-

0 

-
-

-
-"' 

... a:: 
;:, 

-.:: 
0 

0:., 
... 

a 
!2 -

:; 
"O

 

e 
~
 

... 
.:: 

.: 
.. -

0 
- .... 

:.. 

--o
-::>

 
::~

:,:.:c
-::, 

,~
 l•

 C
'l -: "f.. 

~
 'I': 

-.,:. 
:
;
 ~
 ;

:
 I

•
 

: 
r-

1
:-

t
-

t--c 
-

l ... ~
 'X. 

r.,; =
 :, 

t-

;r. 

... : J
l 

i,­
rr. 
.... ;.. 

-
-
o

-
c

-
o

-
o

-
'=

''=
' 

-
:.: 

"°,-c.,::-""""'I, = ~
c
c
 

-
,..1 0 

-
0 =

 ...... =-4" -
... -

-c. 
0 
-

-
.... ---

::>
=

>
-=

.:::-o
-c

--::::o
:: 

0 
~
 

"':., ,_, -
l.'"" 

-
-

t-
: l -

C
l O

 
-

0 
-

t0
::;.. _

. :
l -

-
C

. 
.,......,._.,...._ 

----

.. ... 
:'l '""I ~1 !:'1 C

l ':l :1
 :"l C

l :'1 ~
l ,:1 

_.,.. ___ .... __ ,.... __ _ 

•":. e 
lt: 1

/) U": o 
~
 I() c -:=: 

L
-

o 
, ... ~

 i.::. l"" 
I....,. ..n ~

 
"': ~

 
L

~
 I!'" l': 

=
,o

=
."

"
"
'O

C
C

O
C

C
::C

 

C
: 

C
: 

ct, 
Ill 

I I I \ 

~
,:.=

.:::o
-:>

e
o

::.--c
-:. 

=
 :: 

7
.) .... ~

 "f"J ~
 ~
 C

 -
t: L"': 

rs. 
C

 
.1

 :1
 c-
~
 

C
"' -

'"'l :-1 -
-

,:-1 
:'1 

-----
......... -

........ --
r
-c

:.:e
o

:c
c

 
=--= 

=
.:

1
-

-=
,"

C
c;.:--r.0

•~
 

.=-, 
l : I 

I
-
~
 ~
 -

:1
 i:' l -

-
C

l 

-----
------

I I 
I I 

~
1A

1c1.1e1:1.1:1:1:1 
,c

,\ 
_ .......................................... -
l.""' 

_.. :l ~
 

:;., 
:") 

L
 .. 

~
 

,,.. 
•~

 
..., I,. 

:
;
 •~

 
l
~

 

c
,.: _

_
_

 .. -:.::,.. _::; :
"
\
 

-
-

..,. , .... 
-

L;"' 
If" 

-
I 

• 
~
 

L
,.. e :-1 

1"" 
,-.. 

-
L

,.. 
~
 

-
-

L
• 

----~-
----­

. 
. 

"
=

'~
~

0
,-

~
~
 

:: 

__________ ..,_
 -

-----------~\-

___ ,.. ________ -
_., ..... --~....-;--.-4---

ti) 

.., 
I 

-
=

 
::, 

IE I 
,:, 

-e 
er. 

=
 

-
~
 

;, 
C

: 
-

-
-

=
 

~
 

~
 

IE 
- ::: 

, 
.. , 

.... 
-

-

I 



-

"' From "' -::: --- -
0 - ...... 
%; :::: ,..,, 

-- -0 ., ;; 
:,, ;., ~[, 

E-, c.. ..... • 
Sherburn 11-5 

, l1-5 
..,.\_v_e_r_a_e;_c_. ---- ---11 _:5 

Story City ,~•17 1--l I 6 

Emmetsburg 11 ·l 4 
1--l 4 
1-,1 .:j 

1-1 1 
1 --1 4 I 
1-1 4 
1-4 I -1 
1-1 

I 
-1 

1--1 -1 
1-,1 -1 
1-•l -1 
1::4_1_ -t 

-~ 

Average I 1-J ,1 

Emmetsburg I 1-·1 I zs 
1-·i 28 
1-1 28 
1- i 28 

.\. VPl"Ug(' I f I-1 - l-28 

l ' 

TABLE XO 18 -TESTS OF CEilfEXT TILE - Continued 

"' 0., 

.:: 
::: 

H 

. 
:;; 
~ 

"' -::: 
"' 

i:; 

-1 
I 4 
I ,l 

I 

,\ vera,2'.e 
Thido1ess 

"' --H 

A 
0 

8 
0.62 
O.G3 

-

" --H 

s 
C --0 

(.!l -
12 
12 

"' ., 
.:: 
t. 
::: 

...... 

.:: 
bf 
::: 
C, 

' ..... 

I J.Oj0.51-0.5112.21 

.; 
.::, 
' H 

---~I ·-., :;.... .,.. 

:!: -' ...... 
. 
~ 
~ 
0 _, 

~ 

"' -::::. .... 
• 

-- .. --H~ 
::: 
;" :::: ~--­- ' :/1 ...... . ~r:: --·= -;., 

~t 
"" ' - -

1170 1180 
9GO 970 

-, 1070 

7.01 790- 79,l 

---... " ::: u - . ----::: .... "" :i:: ~ a 
'-'W 
0 ::: 
·~ ;... 0 
~- Q) --- ::::. - -::: ;.. - . 0 
::::: (h 'lJ - - ...:: .... -; 

~ ,.-; .... --570 
•180 
5:!0 

.'>an 5.9 

Tr,;sTs OP 5 IX<'Jl ('l-::\IJ,:XT TILF: 
.. •. 

5 0.58 12 I 1550 l'HlO 10801 
5 0. 50 131,-.; 870 '3(i() 790 
5 0.,15-0.GO 12%j 970 9GO[ I 090 
5 0. 55 12 IOfiO I llGO 1-110 
5 O.fiO 1 •J 1" I 

.J li- 11100 10801 990 
5 0.55 1~ 1310 1350110:io 
5 0.5fi I'.!¼ l 11160 l,t-10 1100 
5 0.55 112 ¼ 11:H1 lllOj 850 
5 0 '" ' I •) 1.1 I i,60 !i50 !'JOI ' .. ,., ~-•, 
5 I 0.58 12% 1060jl010 7'..!0_ 
;, - - - f) 1 · 8:10 820 930! O.-L,-0.;,;, 1~ 11 

5 or.r t•>l'I I 10 JO J 030 ,s01 • 1J,> · - /l - - -I s I 11070 880' 

;) 0 . ,15 -0 . :, r, 11 '..l ,,. 1 11 0 1 1:30 11:370 
5 I0,,15-0.55 l .'!% 1180 1160 l :l, 10 
5 IO. :l!i-0. 55 I 12 ~-4 1 120 11 00 2080 
5 10. ·15-0. 55j 121;~ 1 •170 1 l !iO 1 6 10 

I s I I I ,,-
112 1 01 15801 

' Remarks I 

.. 

l,\llthese tilt> mad11ne made. Yankton cement 
Poor gravl'l, rottrn 1whblcs. 

Poor e;ra vel ' -

I Poor i:ravt•I. 

- --

J'\ II mac-hine mad 0. Yunkton l"emrnt. Two ~ ears 1n 
c;rounrl. 

I 

~ 

\-I. 
0 
~ 



-
.-------~-~--

--- ---

LI\ 10 l li i,01 127 0 l .nke ('it y I - I :-1 ~ O.:"",r.-0.IHI 12 ., 
, 1- 1 

I 
n r, II. tiO I :! II BO J ,11 0 9BO 

I 1-• I H 5 O.!',f,-0.00 1~ J .J ,10 J ,l f,rl I l l fl I All m a"11i11 .. rnnrlr 

I 1-,1 :i r, o.55-(1.uol 1~ 1 Uli<OI 1:Ht() 107 0 
1 ,I :1 r, II. (ill I ~% · 1!!,10 1:.! 10 HOil 
1- 1 3 r, 0. f> 5-0. f,Q I 1 :.! 1 11 •l llj I I ,,O t-80 - - -- -.~ ~ 

I I I I • j l ;J!Hlj l O I O .\ n rn.:c> I 1 I I a 5 I 

- - - - -
:--h,•rl,u rn 1 'I 5 0. 1;~ 1~ 

I 
11 HO I I 7 0 ,10 

I l r, • I r, • O.h:! I 1 :.! I I !l~ll I !J!I() (jf)I) 

·-· ~--- - -- -
!:-lory ('1I~ :.! I 1 1 I «; 'i O,llll-fl GI l:.!.'I 10.(1 1:! 10 1:.!:.!11 7 ~o 1 I • B 

~.15 1 l -5 0. 5,-l ll. t,:I l :.! • 1 IO. 0 13:'",0 J.l:!O ~•20 10. t, 
i1n 1- I I I ,!I O,lil}-0.lif,ll:.! :I 1 ll LI I I 11110 t1 '; I) fi(,(11 !l . I 

,,i\ \"l"l'HJ!e I_ ' ! I 1 i"!l 7UO IO. 3 

Lak,• t'1ly 2 1 :,; I r; 1.~ t) 
I 

'i O.t,:.! O.t,;,i I :.! LI 10.1'1 I 100 l :J';"II 8 '11) 7. :-l ,\pp,r,ntl •o ,.,, mud, from dn,•r 1·0111-r,•IP thnn :.!· 1 !) 

!! HI I ,P2 r, 5 0. fl(). ti. G.'; ii:.! 'I IO. :-1:.!'100 2:.!htl 1 170 7.0 :.?50 Tiu sr t 1lr \\ f1 1"t~ tn kt II from drnins 111 tlw 
~;, n I 3 1,:! (I I :; 0 . . ),~ ---0. t-;[> I:! .l 1(1 5 ltlli•) l!100 12,10 t,. i{ I 11':tlll:tl!'• J->q,.-.rirn•· 11tnl I•'nrm Lal-.,, Cit v low,,. 

' . ' 251 I - 3 1.-;: Ii 1 !IO 50 0.GO I:! ,I 10." :!)l:!11 :.!110 1980 7 I ...... - -- - - - . -.\ \'\'l'n~t~ I L_ l_ l ll''1J 1 l'l"O - 1 ' -- ~ - ~ - • - -- • J .L • ,, 1.. f • ~·, 
- -

Linhy :.! I \ I I • !l tl . 7 ;, II • i" 11 I :.! • a I 1 , II :!fl!lfl !,:0 I (I 1 ! I itl 
I'.~ I B I 1 !IO f,f) (),Iii 12.:l I 1) :, I i!IO I 7 H) I 1 :10 

- -
.\ \'Pfllf(t> I I I I ~!lll 1 1 O!i(l -

~'1'.STS OP Ii J:,;'1'11 f'l;;\I E~'f' 1' J Lh 

- ·- ---
J<:mmN"hurg 1 I '.I t";? fJ I) ~ - 0 . • 1 '' 1 s JOI ,-;:J () --( ... ,.) . tJ;, .., t, I I .- ) t I 

I I I :P6 Ii (\ 'i:-. il,1,"i J:.!1,, 8(111 i!lll 7!.!(.I 
I I t 112 ti 0 • • 0 • I•> 1 10:10 }f):.!I) fl 10 .\ II 11111d1ine m:llle. !I. ort 11\w nC'rn :::;1111,s Cf 111!'111. I ,.>.>· . l),J - · 1 

1 I a i.? n 11 ~o O.h5 1!! 1.1 ' ;~io ,~,,, 7!1 II 
I t :J t.~ Ii 0 - 0 () f • I., 1 ' -.:10 ~~(J !100 I •• , ' • ,., - I I-

I I 1 al,~ fi I I l ;, II (, II I :.: 1,:l I H'.!fl 1 !II Ill l:.!:.!ll 
I t ,I 14..? I j I 0. f,O l !.! 1·4 7.'iO 710 5i0 
I I :) 1~ ti lo -- 11 1·· 1•,1 ,· I 1i:~u (j~C) ;, ,,o . . ,),)-- . ),) - ,. - _1 ___ - --- - -~- - -A \'l'l'II ;:-1 1 I ,~ l,4-.: I (, ~JO ii l fl 

' ----
-- - -1~m nwt .,Jm ri; 

I 
I t :J t Ii - -, fl , ii O O (if, J :.! I, I 11 tll) I O!IO 1 '..'00 

1

::-unw a" 'I:! inch tih• for 11 i st ~o. 5. S,,n he low. 
I I I 

~t fl 0.5i 0.60'1:_:1,~ 1 I !!tJ I I 1)0 1 <111(1 
I 

I I I !! I I Ii 0 ~!i 1:!~;; 1 I~- 1_£70, ~71) ,\II m:1,·lti11<> Jrrndr Yankton Cl'lllt>nt - - ---- ·-- . -•\ \'( rng,• ' I I I O I I f, '101H1' 1 ono . -



, 

T.\RLE XO I 8 - TESTS OI•' CE)IE~T Tll,E - Continu,•d 

_. • 
Thickness I ' c:, = . 

I "' .. C, 

:,, .\ ,Trngc .c - ::, C..' 
"' ..::i _ .... --e:r.~ C. - .. - - .., - =- C, <., C, - c:. ~ .., • 

I "' I = - ,;_ -; - -.,; - .,; " C "'"·= C" 
From .c ..::. ~ - - ..... 'J. , I HC'mnrks - - = = - rn- C • 

" C = .: .... - - ,._ 
0 - C <:, "' ~( ~ ✓• t ·-.. - I - -w ... - - - w 

C - I ::, - -~ ..... .., - E .c ,:., - - - -0 - - ·: ;::., ,.;. .. - - = C ~, ~· ~ - 0 C - - - C:lll::l"' .,, 
"' u - :, 
'-' I .. - -:: ,., C!. c., - ..::: .::i - C ;;.. E-< I • ... 

't"" 
.. ~ .,,,,. -- .. - ., ... .... ·, - - ,., . -- .,.... __ 

Emm<'tsbur!;'- I 1 t ~8 f, ; 0. 55 0. tlS I I ½ 10110 1110\ 10101 jTwo yi•nrs In l!ro11111l. .\fnchinP mntle. Ynnkton cement 

3 . 6 10.,0--0.75 12 171'1011790 , 102() Lnk" City I i 1-1 l 1-t 3 fl 
1
o.i;o, o.70 12 1 lG30 11;10 1270 

t 
1-1 3 I (l 0. 70-0.AO 12 J,130•) t ,l (I 830 11- t 3 I 6 0.50 0.70 12 105011000 11 !JO 
1- 1 I a f, o. ifl-0. 75 12 11 60, 1170 070 
1-1 3 f, 0. 70.-0. 75112 1 300 1310 75() ...... 
l •I 3 11 0. 70 12 11701180 '<-10 A II mnchine mn<le. --1-,1 3 G o. 70-0. 75112 1340 1350 770 ·~ 

1-t I 3 ,; 0. 05-0. 70111 711 1270 12!'10 ~50 
1-1 I 3 G 0 65-0 75111 ~:, 117011200 790 
1-1 3 6 1 0 . 05 0 , 7 0 1 I 2 ¼ 1310 1300 SRO· 
1-t 3 (i , 0 65 -0. 7 5. 12 ' 1 350-13&01 8!JO - , - . -

A\'crngc I l .i I a I ,~ I '13701 8!101 
' ' - . -~----

- -- -Fnirmoot 1-1 ' l I I 6 0 57-0 63112 1,:,i 1160,1110: 9110 Strnm<'d 30 hours Left in cu r111i;: room 5 dn)· 
.I 1,1 (l 0 , 55. 0. GO. 1 2 ~~ 11~0 110011000 'rhrn pilrd in yard . A II mnclunr mntle, stenm 
I ) ' I I 3 "0, 4 5 0.6511:.l¼ I · 1050 "! Ot o 1100 

I 
curer!, ,\ tins C{'mrnt. 

j 1 I I O.GO I 12~1 • j l 070 1 10_1_iol __ il 1 o' - I!_• 
~ -· Avcrngc I I 1 ,1 I u I ·1 oi.011 o.so - - -

7 1 1'.!50 123011010 D11n1·omb11 I 2 I, IO. li~-0. ll5l 1 :.l 1/4 
'J ,. 

.o. ,;o o. 11nl 12 ~'a 11/j(l(l 1,11:10 111 ,10 -., fl I (I (JI': J'JI ' 1/iOO 1,IRO 070 - I • il ._ '1 t 
-

' I I I Ii I I 

- ·-'- 131101 1010 ,\ Yt•rnge 2 I . -
-

Dunromho ' - -12,-· GO,!i5-0. fi5 l1:.!'t. - ~, ·1 I li0- I 180l I 0:101 l <'n11rsr nnd poorly tnmpril 

~ -



Siu rLu1·n 

.A,·eragP 

btory City 

,\ Y11 rn~t:-

~tory C'ity 

,\n··rng, 

I i-r. 
___ , ;1-fi 

' 11-5 - -
.J :i 
1•1 
J5 
.in 
17 I 

4-< 
4 !I 
:;o 
fi 1 ~,-. ·'-5a I 

S11 
;,r; 
5G 
,;; 
5~ 
5!1 
(l() 

til 
( .. , ,_ 
r;3 
n 1 
n;, 
GI i 
r.; 
G8 
(ifl 
7 (I 

71 
72 
7:1 
7.1 
i5 

!! H ;.! 
~s~ 
~~• 
~ .~fi 
:!~fl 

.... 
s 
-
C 

-.;, 

M 

.... 

1 

to 

:in; 

(i 

(i 
(j 

Ii 
t1 
Ii 
(> 

n 
Ii 
,; 
Ii 
,; 
u 
fl , . 
tj 

fl 
() 

Ii ,, 
Ii 
(i 

Ii 
,_; 
(i 
«, 
Ii 
G 
(i 
r, 
t, 
r, 

-I -' " ' 
7 

Ii 
I, 

0. fl2 
O. Ii:.! 

1:.! · 7!10 
13 I ' 8!-10: 

1i00 
890 

.'1701 
G,1 o 

Ii O.G2 . --- , I I~ I R10 6001 -

r,. !I O. li/i-11. 71111:.!. :I 
I• (I I •r; (I -•11•• •> l. ( . h~- . ';, . • • ~ 
r, . H n. <iH-ll. r;r,, 1 :.l. a 
li.<.1 0.1il)-O. 70 12.:l 
:, . 7 Ill . 7 'l- n 7 O 1 :.l • :1 
~ •1 11 "O O -,111<> '' ., .. I~ . ' . . ' - _. . -
f1,!li0.1i'.I 
Ci • 0 ,· 0. r,5 
(i, (I (l. 7:l 
5. 1-! 0. 60 

(l. r,~ 
0 . t;;, 
ll.70 
0.60 

I~. :1 
I ., ., -. -
1:!.:-l 
12. :l 

l ,l.[1 1 17H0:177011110I li.8 
l 3 . ;, 15711 1 5 7 0 j I O:.! 0 I -~ • 1 
1:1.7 ]!i(iOIJ550 10:.!0110.3 
1 :.! • ,-i I 000 !1:s/1 1 7ti(I ll. 7 
1:i.:1 1:i ,1ol1r.'.!n l ~70 1 r,,2 
13.fl 137.j 1:150

1 
,70 11.0 

1:.!.Hlll!IO 1170 1 flliO ;,.'.! 
12.511310 l::!!10 ' 5GO .-,.:.! 
1:l. l 1:11'5 I 1,11 1 7~(1 11.:.! 
13.fll1251110101'i0 7.2 

:..!110.,;r,_0_;0'1:.?.al 1:1.:.: 1 .1'(:i 11170 n7o n .. 1 
.:; . II O. 5~ (I. no 12. :.! I 3. :1 I I 70 l HiO' 1210 4 . 7 
s .r, 11>. nr, o. G:l I:.! .HI 13.2 11300 12111-. i;r,n r,. 9 
5.fl O 6:1-0.li:,'12.3 l:.!.n 1210 1200 S40, t,.I 
ti.010.ns.o .ti;, 12.3l1 1:.!.fi 1:1"n11a;o Hoo ,1.tt 
fi. 1 .0. 73- fl.70 1:.!. ,I I I. I 1710 1730 1 !HiO Ll 
5.!II0.73-0.7:l 12.-l 1--1.1 11,125 111111 i,10 1,.1 
r,.!1 o ;;i. o_r,r, 1:.:.:.! I'..! .1' 1ar.o 1a-10 1 xuo r..s 
~,.i1,o.o:. o.rJr. 12."2 12.r,p:iosl1 'too RliO r,_1 
5.!1 O 70-tl.7.'i 12.3 12 . .'i 15.'itl 1.">llli ~iO 7.2 
li.1 ,fi,fifl-0 7:1 12.4 '1 1:l.2

1
1,l •l t) 113(1 i,ijll 8.3 

r;.n l n.7.'i ".!la 1:.!.a 1:1.r. 1,11,r, 111:;11 lilt<) 7.H 
G.O 0.73-0.51' 12.3 1 13.!I 13"0 j l ~l lfl 11211 !l.i 
G.ll ' II.H3 11.ti:t 1:.!.:ll 1:.!.7 11:1)11 lfi!l(I 11111 I I .fl 
Ii, Io.,.:.. O.(l5 12.31 12.:i l l 1::!0II 1(10 7201 !1.3 
!>.!) II, 7!>-11.!1/; 1:.!.,1 1 1 I.II lf,1·W 1;,~11 1010 ~.H 
n.o (,.;o o 5.'i1 12.3' 1;,.f1 1ano 1270 11:10 - :-.o 
ri.n 1o. rn~o.i-1 12.11 1.1.3l1r;:1:; l!ilo 1onol ri.a 
5.~l 0 . li3-0.f1'.: 1:.!.3 l" .-11 1'1'~0 l'':80 !l:!0' £<.5 
li,010.(i,; 0.1,:!11''.fi 12.:!I 1-<'lll S:.:o fi lOI 7,;, 

'5.~10.sq-0.115•12.~' 1:1.0 1:ioo · 1:.?f11, 10;0 ' -~ 1 
fi.t!O.fi7 0.1,fi 112.:l1 l:l.:! ll!J"i 11-.11 7;,111 !1.2 
fi.!l O.fiR O (i.'< l'L'..' 12.'..! B!Ht' :-170 520 7. ,1 

----. 

,\II marhine mnde ,\II thf'Sf' tiJ,, w,•re walt>r 1·11n•1l 
1,y sprinkliui;. 'l'il,• llJlJlt?ar to lJ!' mnd!.' to1, <lry. 

H rob• int n 7 pl!'<'<'S. 

I ' I 11:i1i1~·1111 7.fi I ------

I ,"i • fl'{). 6:,, () . j ) I J ~ 2 
5 . !1 0 . 7 0-0 1; I 1 :.! . :! 
r, . 0 IO . G:.!-0 , 11 l 1 1 2 , :.! 
5.!ljfl.nl-O.r.0112 2 
n . o In. IHi-O. 5 r, 11 :! .. 1 ' 

1 I. 0 
13.n 
1 ;1. fl 
11 .0 
1;, 0 

I I !IO I 1 7 ( I 
I !)!Ill I Oj() 

;,30 5''11 
111;11 1050 
89:i I ~1<11 

1 !1:10 

ifi(II 5 !1 
-•111 ' - I ' . ' . 
3!101 

(l ·"' 
1 I liO ,I . Ii 

7~0 5. 3 --

'fh<'~" til!' won• i111m,.rst>d iu watt•r :JO <l:l\'.~ nn<l t,•sted 
whih• \\'Pl. • 

770 H.O I 
-'---

__. 
::::, 
-J 



From I f. I 
I -::, ·-0 -/4 

;., 
C ,. - c 

I 
f. 

"' I 
;., 

E-- ~ 

Storr City 428 1 
429 
4ll 0 to 
431 
432 3% 

AYl'ra~e 

Emmetsl,urg 1-4 . 
I 

1-4 
1--l I 

1 1 I 
1-,1 
1 · l I 1-4 
1-1 I 
1-·1 
1-4 
1 ,1 
1-l 

A ,·c-ra~P l - 4 I 

-----
Lake City 1- 1 ' 

1-•J 
1 •1 

l 1 l l 
1-J 
1 1 I 

A ,•<>rni:-e 1 1 

l 

TABLE XO 18 -TESTS OF CE1IEXT TILE - Continued 

,JJ ---::, .... 
~ 

"' er .... 
18 
18 
18 
18 
18 

\ Y(lrae"P 

"' ThitkllfSS 
CL 
.:: 
'-' ::: .... "/. 

::: 
:: .... 
C, v; - ::: -"' .... ::: - 0 -- . -,= :::. 0 
~ 

C 
E-< ~ 

"' 0, --<; 

::: 
H 

---tr 
::: 
"' ' -

ii. 
.::, 
' >-< 

-.:: 
er ., 
;:; 

] 1 
14 
13 
1 l 

R.0I0.R0-0.70 12.3 
5.9 0.R0-0.G5'12.3 
R.0I0.65-0.GS 12.3 
5.9 0.70-0.6511~.3 
5. 9 0. 7 0-0. G5 12 . 3 __ l •I 

I._ 

I 
I 

I 

. -"' --
~ I I '"' "' . - u - -= . ~ . , .... ~;;: ~~ ;., ., 

Remarks - I .: ,.; ,,, c.. ~ .... 
c:,: . - C' -·-- , ~:, ' x~ -,-. -0 

tf s ·--0 - ~ -- ,. --1 :::. '-' .::: - - -·- - ;.. - ;., - C ,. ""= f. - C: '/, cl'. 
0. C.:,.,;,. C • .... ~ -.... ,.,,. ' ,,, ............ ,... .... 

21101'.l06() 1570 3.9 Th( sP tile are similar to No. l3 -75, but 12 months 
1950 1900 l ,150 6.2 I older. 
1970 19:.io 12so: 5.9 
18-1011790,11701 6. o 1 
1870 l 8:{0 1190 5.6 

'190011330'. 6.0 

•rEli'l'S Of' 7 I:-.'{ H ('f:~IEXT TILE 

1 ½ I 1 0. fi5 -0 . 7 s 11 2 ¼ ·1.lfi0 l-H0l1090 
1 1,~ 7 I 0,70 12¼ 1'.!G0 12,101 810 
1 % ( 7 0.60 0.70J12¼ /'l::!O 810 7:.!0 
1 1z , {). fifl-0. 7(1 ]2 % I 750 7 io1 660 
1 1.'2 7 0.70 112¼ 1210112ooj 790 
1 ½I , 0. 5fi- O. RO: l 2 ¼ , 800, 700 8 10 
1 ~'2 I i 0 . (Hl-0 , 7 0 1 l 2 ¼ I ,1390 l 370J 1210 
1 ½j 7 (I, f,8 0 80112 1;4 1700 161'!011170 
l½ 7 o. 60-0.i0 1 1:.l ¼ J"l:iO 121011070 
1 ½l 7 0.G:,-0.75 121,~ 1150 1110 870 
1 1-2 ' 7 0,(;:'; -0,80 l:!l;~ 11410 1390 1060 
1 ½I 7 0 fi0-0 7011211.i .I'.!701125011110 

--

C'rn<"kl'd Str •nks of dirt in fral'tlll'l' . 

• \II mndune made. .:-;'orthweskrn Stall's cement. 

I½ 7 I ' I 111801 950 

:J 7 0. 70- 0. 7 SI l '1 1010110501 Gfl0 
3 7 0. H5-0. 7;, l •~ I 900 910 690 
3 7 0.65 o. 7511:~ 1100 1110 8 io ]l\lnchine mndr 
3 7 ) 0 . 7 0-0 . 7 5 l :.l 880 8fJO 580 
3 I 1 0.60 o.so112 1170 1180 1050 
3 7 10.6s-o.10 12 9101 920 7001 
3 7 - i' I I I 11oiol-7GOI 

I--' 

0 
00 
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:/J 
a., --

From 
.✓,· I -..... 

"' -::l -- . 
0 - ... ·- C "' 0 - ..... ,,. ... .... ... 

"' 0 -- ;:i. -,,., - .. ~ 

"' :.. t.t ·-E-< c., ... ,.., 
• ..... 

Lake City 1-1 3 8 
1-4 3 8 
1--1 3 8 
1-1 3 8 
1-! a 8 
1 ! 3 8 

Average 1-4 3 I 8 

Duncombe -1 6 
4 8 
·1 8 

Average 1 I s 

Duncombe 12 8 
12 8 
1~ 8 -12_1_8 I Average 

Sherburn ll--1- I I 8 

Ames 3i2 I : 372 
Q 372 8 
~ 372 8 0 
A 372 8 .;,: 

372 8 .... 372 8 0 
:,,; 372 I 8 

372 
I ~ 372 --

Average 1372 I s 

TABLE ~0 18 -TESTS OF C E11E\"T TILE - Continued 

Avernge 
Thi1·kn, .ss 

:/J 

"' --er. I <, - i:: -H H 

er. 
::l e .:::: 

H -0 to ... 
A. - ,.. -0 "' 0 

E-< ~ ~ 

0. 70 -0. 7 5 l '.} 
0 . 65-0 . 7 511 '.! 
o. 65-0. 75 12 
0.70-0.80 1'.! 
o. 70-0. 75,12 
0. 70-0.80112 
- - I 

0. 78-0.83 1'.! ½ 
0.80 12¾ 
o. so 1:.PA 

0.80 12¼ 

I ri:. 
,::l 

I ' .... 
...: --tc ·-"' • :::: 

0.75 0.80 12% 
0.75-0.85 12~-i 

1·-1-

0.75 I 12 

11.25-1.35 ~!) ~·'2 
1. 25 1. 35 30 
1. 20-I . 30 30 

1.30 ';30 
1.30 30 
1 30 30 
1 30 130 

1.25 1 30·19 11.? 
1.25 1 30120½ 

1.30 20 

I ! I 

--,., -'f. ... ,, 
..:, I -= . ;:: . Q 
' - -- Ee ~,~ _,_. :.. - - ,, 

"C - :i:: ~ .. ..: - 1::: . ; ::;' 
C '":: ::n I Remarks 
' :n- A I .... ~ 

0 
~( :' :r. .... ·-"O ;:1 ~ -- ~ ;:), ., :: ;::.. - -·- - ... - ... - 0 

;:i. C: i ...... 
- :/J r. 

p.. .., - C - ,::l - .... -... - ' ~~ ... --
990 10001 7,JO 

1170 1180 1010 
860 870 7 10 

12:!0 1230 920 
1140 1150 850 
1090 1100 K'.!0 1

All machine made 

• 
I ,10901 850 

- -
17201700 1 0:l0 
1-180 l 160 RHJ 
18001780 1020 -- 16,to I 960. -

- ·----
1150•1110 fi50 Yery course ,uutc rinl 
1900 } 81'!0 1220 
9 000 1980 1'.!90 
-- ltl70i1050 

j}(G0117PI 760 

· -1z10-19~ol ,180 
-1 I 30: 19~0 t8Q 
I (i00 l IHW 51 0 
1800 l!l•I0I •16() 
4070 1650 :170 
109011 ,mo! a Ro 
1190 1700 • 390 
3750''.!3301 580 
332011970 ,190 
3070 1860 ,130 

Crnck 23 in. long- turned to % point. 

All from foundntion <lrnin of old mnin lmildin~ nt 
Iowa State CollP1te. 31 yenrs in ,::round. · 

I 11880 1 160 

~ 

~ 

0 



l'ilot ?> lound 

A \·era~t• 

Enunl•tsburc; 

,\ vnra::e 

Eu11ne•t s1n1 n:~ 

Luke C'ity 

~\ \'t.H··3 ~f• 

D n1H"oml1t.1 

• 

"277 I 1-:i I :l 7.!>

1

o . xo n.801 1:!.:l l :! I .Cl 15 10 1-H.l ll l'l!H) 10.H l'l'i l ,• ma d,• qui t,i " l'I 
1 278 11- :1 :! I 7. !I 0. 7 ;, ll,HO l :!.:l :! I .Ol1 J !J0 1l l tiO 7 (i0 11 .:t 
/:l7!l I :1 •> H.ll O ll0-11 . 80 1:!.3 :.l l .11 1·1 10 l :.!~ll 7 111 !-1. !l 
I :.n-1 n 1-:1 I :.i j 7 • !-I I o 7 r, o . ~ a 1 :i . a I :.! 1 . o I x 1HJ I R, 1 o "r, o 1 o . n 
,:!K l 1- :1 :.i 7.S l o i,o o.7H t :.! . :! :! J .0111 1u I 1oso , 1;1;0 , 11 . :1 

1- !l ,-:! -- I . I f I _, 117111 7 10 110 . 1; __ - -- . 
·n:srs OF 10 J:-,'1 ' 1[ I f: )IE:-,'T 'I'Jl,l: 

-- - ---
1- 1 :! 1-'2 10 10.rlo - n vi", 12~ 1 111>00 11 000 710 
1- 1 2~~ lf.1 

1
,).80 o . u11 , 12 1.~ 100011000 710 II AII ninchiuP made'. Yankt-011 c,•mPnt 

1 - 1 :!\~ 10 11 . ,:,-11 . x;-, 1:!~i l:!!lll 1'..:tH> 1 JO:l(I 
1- 1 I :l 1h 10 1•l.hO- .O . !ll) 12~'i liOO ! t'ill0 1 J20 J i' I>arty mixture, poorly ,·ompac-tcd . 
1 - 1 I :.i•~ 10 

1
,J . 85- O . !lt>, 1:.l 1.i 5011 510 .{20

1 
Puody cumpnc-lc' <l 

1- t :! % 10 11 . x'i l:! ~-i ' t,:in 1 1,!>o ,t I o 
1- 1 21.~ ! 10 0 -~0 - 0. 90 1:! i,; 750 750 ' 5 3 0 

' 1 t I :!\2 10 I o . xr. 11:.i¼ 1 r-,qo r,go a;o 
l - -1 :! 1/,i 1.0 O.rl0-0.911 12~, 11011111101 750 
1-,1 :.!½lio ll . t\llO . ~H1t:!l!i l"Hl01HIO KIil ' -
l ·I :_i 1,2 11 () ll. 70-ll . !)fl 1 :! l:'1 I Oht> i 1 ill'lll !l!hl I 
1 -.1 I ::!½ 1 10 0 . 7;,- 11 . !JS 1:!~i , ___ 111so , 1oso1 ~7,, 
1 - 1 I '._!1,t.l J () - - •. --· - ' !)()(I I (i(i0 - -I - - - - - ·- i,.... - ' ~------=-------------------------- ,_. 
1- 1 ' G 110 n . l(K 1:.! , ---1:.:70 '.1:.i9111 'iliO - I - - - · - - - -- - --

I 1- 1 1 :.: 1n II . 8!i O . !Hl I 1 7~ 1:.!811 1 l :n11 l x:.! o 

11- 1 \ and 111 o.75-0.Hfi 1~1.~ I l 11 O i 1 I -~ 0 I !l :! I! 
1- 1 ,I 10 0.!lll- 0.!l.i 1:.! 1:.!:!0 1'..! -10 7011 1 

)1-,1 Sl'I' l 0 lo. Rii-ll. !15 1'..! l ,l :.!01 1 I .JO !11 0 
1--1 H,,. 1 n O . Hll - 1.110 11 '.\< 11,ll iO 1 ,l tl()' h!Hl 

I 1mark:,. 10 ti 1 o ' 1-,1 1 n . !HJ II • !.l 5 ' 1 :.! ! 1 ()1,(1 10~() 

I I I I " 11 (l ll.~5- ll.Hf; 12 I 1 :n o 11:lOI R I () 

11- 1 t' 1 (I o. t,O, o. !15 l:! I.{, I 15!10 l 590 l l '.:O 
I I I " I I () I (). H 0-0 • !l Cl 1 1 :.! 1090 11] 0 7811 

' 1- 1 " I 1 o 10 - - o ,,- I '' 112 ,10 11-JliO 7!H) I • to- :1 •• ;') .... ' 
1-1 " JO jo. s-,- 1. onl 1 :! 870 S!HI :;no 

11- 1 I " I 10 O.H0- 1 .1101 11 1,{! I 1 1<MO i ll llO i8o l 
! I --1--l -:!:T° l-lt-> - -

I I I I I:.!50 ' I{ l fl I I 

l~ 
1 8 

I O I O • ,l 5 1 '..! ~-L I 
11 11 O.R0 - 0 . 85 121/4 . 

1'.lfiOj l :l ~O' R,10 
1-1 ao. 1.120 1 1 i>oo 

I (i of thr~1• til,.i W>'r,_• :.! months old . mri,J .. of eoan,e, 
Wl'I mal>'rin l, uncl <i wert' ,l months old, ma,le of 
liner and <l1·yt'r material All m,1ch1ne made. 

Pnorly c·omp11d1•cl. 

1 J>oorl 1·0111p11!'tc,l. 
Brok , n at Oil<' t•nd, 

-, -

lrn !!round l li mnnths - - -- - - - -- - - - - --------

;.... 



From 

Auws 

Avera~e 

Ames 

\vl'raire 

Stor~ City 1 
2 

0 
~ 

""' Ill 
a., 

E-< 

u, 
<l, 

..c: 
<.) 

"' ::: 
"' ..c: H 

s:: .... 
::: 0 ,_,.. ·- 0 .... ... <l, ... ,... .... ., 

0 -0. ::: 
0 <l, ~ ... !tr . ·-P-; _. 

' Ci 
137:3 10 
' 372 110 

l:l :.372 10 
~ 37~ 10 
0 

:172 10 ::: 
,;:,: ·372 10 .... 372 10 

I 
0 3-•) 10 ~ • I~ 

I H72 10 
a1·] 10 

1372 110 

3-•> 10 ::: ,_ 
... :- I I 1 o 
0 .... 

~ 0 :l,...'> 
;?. ::: I' I -,;:,: 

;37~ 10 

TABLE NO. 18 -TESTS OF CEMENT TILE - Continued 

Average 
'l'hickr.ess 

u, 
(1, 

..c: vi vi "' .0 ::: Q ...:l H H 

"' ~ s:: s - -H - -0 b~ bt .... s:: -~ A .... 
0 0 a., • 

E-< p::: ..:l ...... ...... 

1. 25-1. 35 ;30 I 
1.25-1.35 30 I 

1.30-1.40 :-10 
I 1. 25-l. •L> 30 

1.20-1.30 30 
1.20-1.s!O 30 

1.25 30 
1. 0:,-1. 3.5 ' 30 
1. 25-1. -10 ,ao 

! l . 15-1 . 3 5 I 2 t I 

I I I 

l 1. :.io-1 . -10 10 ' 
I 

I 1 .20-l .30 j'.l7 
I . 
I 

I I 

0: 
"' ... 
.0 ..c: ;:, 
H ..... -- 0. s:: b., ~ -H 
.,:J ::: -C> ,... i:i::: O' ce :....= 0 - ' .._.Ul Ul..., ... 1 0 

~( ... u, ... 
"O ;:, a., 

.!: ~ a., -A 
::, p, ;., 

c;: vi ,,:i en 
A ..;..~ O,o _. 

~..:l ::a...:i ' 
15000120::iol 620 
3630 1480 •J50 
.i560 18501 5'.lO 
3810 1550 •170 
J050116501 5,tO 
4035 16•10 5 4.0 I 3560 1450 440 
3850 15701 660 
-!TOO 1910 1 580 
39110 ,20101 710 

I 11110: 560 

:.l'.ll5 I 910 300! 

2075 1 9501 310 
I - ' 
I I 9301 300 

-s:: ., 
Q 
... 
<l, 

p.. 

-- Remarks 
0 .... 
0. ... 
0 
Jl 
.0 
-1! 

I All from old sewer at Iowa State College . 
in ground. 

I -, 
Partly disintegrated while lying on g-round. 

samP sewer. 30 years in ground, then 
ing on surface of .:round. 

1-3½ 1 7 10 0.90-0.90 12.2 29.0 1550 1.510 870] 9 .• 3 
I or , 7 10 0.90-0.90 . l:.l.O ' 29.0 lOlO 10:.lO 570 9.7 

,vater cured. :\Ia de too dry. 

1--1 1 ________ 1_~-- I 
A,•erairc I I I I I l1280i-720 l -9-_ 6 

EsthE'rv1lle 8 11 3 3 10 1 . 00 0 . 85 12 . 2 29.0 105011030! 660 7.0 '\Yet mixture. \Veil graded aggregate. 
9 1-3 3 10 0.85-0.77 12.1 29. 0 1080 1060 820 7 D 

10 .1-3 3 '10 :0.80 0.90 12.2 29.5 11215 1240 860 7 5 ! 
\veragE' 1-3 3 10 111101 1so1 7.4 I 

31 years 

,\II from 
l year ly• 

f-' 
~ 
N) 
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From 

0 z -"' ., 
F-< 

Fairmont 

Average 

Duncombe 

Duncombe 

Average 

Sherburn I 

Average I 

Swea City I 

Armstrong I 

Average I 

Bancroft I 

• 

TABLE NO 18 -TESTS OF CE?.IE~T TILE - Continued 

-,\ verage G., i::: 
"' I'< "-,,; Thickntss - ::, C,) - J::• 
' - . ., 

H .,-
p. = .c ,,; t( r:,:. -<.; ., 

'ti Q • 
::,H ., 

"' i::: ..c 2 "' i= ~ p. 
.c H VJ <J C, I'< •- O" VJ 

A - w...:l ...,(I) • Remarks = - A ...:l >-4 A • i::: H 0 0 i;.." H 0 ·- 0 
br t VJ k .... ..... "' "' "O ::, "' -k ""' - Cl s .c - -~ p. 0. 0 

., 
H - .c "' - p. k p. s '0 bl> tr - k ::, 

0 0 oJ a= p. .... A 0. dj ,.n 'O • rn - ., 0 VJ k bO ·- 0 0 "' :.-- 0. "',,, ..... ..0 ..0 p. _. A E-< 1:l'.l ...:l ..... _. 
i:o....:i 

'°"''"" 
_. 

• • ' 
1-3½ 7 12 0 . 9 0-1 . 10 12 ¼ 11801180 790 Steamed 30 hrs. Left in curin!; room 3 days. Then 
1-3½ 7 12 1.00- 1.10112¼ 1760 1750 950 piled in ~-ard ,\II machine madt>, stenu1 cured, 
1 .a½ 7 12 0.85-1.05112¼ 1340 131.0 1000 :Marquette cement. 
l-3 1h 7 I 12 0.95-1 0512¼ 9001 910 550 Poorly compactt>d 

l l -3 ½ I 7 112 112901 8201 - --

' ' l 112 l l .05-1.15 112¼1 11530115301 7601 Stea!ll cured i days. l!'rozen 2 wreks --------
12 12 1.10-1.15112 
12 12 1.10 12 
12 12 1.10 12 - - - -L 12 ;12 

1/i ,2aso 2:-iao 1030 
¼ 119001 1890 8so1 
¼ --- 1900 1890 850 

I I 12oao-9101·----:-, --------------------

1
1-5 ; 1~ I 1.00 12 
1-5 I 12 1 .00 i l ~ 

11-5 I 1 12 

11180112101 6601 
__ , '1380 1 no 760 -- l ] 1 :l 1 0.:....1 _7_1__; Ole__..:.. 

I I 12 112 I 1.20 12 l l 300ll330I 5101 ITn drain 9 months. 

I I 6 112 I 112 6 12 12 
I I 6 112 I I 

I] 150114801 
1150 11801 . . 
I 113301 I I 

I I I 12 I 112 1135011380! 
~---'-

....... ...... 
~ 



• 

Anws l jl-:1 I 2-1~ I 1.25 2•1 1400 7:10 2601 !Poorly rompnc•INI. . - ~ ---
1-:l l 2 12 1 ,50 2 •1 3200 11; 10 ,no :--011• -'fcmpcr11turc wns low dunn..:- th, se two months. 

It-a 2 12 1.50 2 ·1 23BO 1'..!,10 :no j All nre r:-perimt·ntnl tile. 1Innd mnd o by ~! ills & 

.A vt•rngP 

Artll'S 

AH•r11~r> 

Ames 

,\ Vl'rllge - . 

,\me:; 

.\ \"l'T:l~l' 

,\ml'S 

,\ \'ernge 

Ames 

.A v ♦ 1rac:n 

~tnry City 

I 1
1-a I 2 12 1 ,50 '..!1 22901 190 300 ) folrs. 
1-a 1 2 112 1,50 '..!·1 :30001r,,111 381l, , 

1-:i ,- '..!- I:.! 1. so I I I ) i"oo• 350 • 

•> u ., 
1
1:.l 
1~ 

2.00 
1
2,1 I l 27!)011 -1sol 2111! 

2, 00 '..!,l 3'iflll l!lf>(l '.}80 
, 1-a 
l 1 a 
1-:1 •• u 1!! 2.00 I I I _1 1700 25-0=---==--=-,---~=--=-----------~~~~======-=--=--=--=-----------

1-a 
1-:l 
1 

1 I 
1 I 

11 

I l :! 
1~ 

1~ 

1 1 I:! 

1 • ."iO 
I . 50 

1.50 

i.:.!5 

:J ·i 
2 .t 

--'----'------!' 

3/Hi0I 1 fl'i0 
-•>"o ,.., • ·o a..,.:_-, .... hh 

12:J'..!0 

-HlO 
6t;0 

580 

2,1 112so5;00 u;o 1-:1 
1-:l , , 11 I I'..! 2. on 12-1 _-_......, 8 7flO I. , 1.1 o __ G~r,_o ___ ..:.•--------------

- - 11-112 1-3 <> 00--2. 25 1 ' I 1r.o,o fl!iO 

l :! 
1 ·1 
I I 

15 
11; 
17 
1 8 
HI 
io 
~1 I ..,., _., 
:..!a 
~ -1 

1-:l 
1-:J 
1-3 
1 3 

j,t 
~.1 
~ ·I 
z.1 

1-3 21 
1-3 '..!I 
1-3 21 
1-3 ~ 11 
1-3 

From 
1 :-1 ' 

to 
1--1 
" .. .. 
. ' 
" 
" 
" 
" 
" 

::? . 1 

7 
" ' 7 
7 
" I 
" ' " I 
7 

7 
" I 
7 
I 

1~ 
1~ 
1 :! 
12 

·~ 12 
1 !.! 
1 'J 
12 

1 .i)!l ,~ 1 
1 • .'i(I 2,1 
1 . ,ir, 'J .& 

1.,15-1. 50 

1 .H:i ~1 
2.00 1'.! I 
'.!. 00 12 1 
2.10 l:.!•I 

l.fl5-2.10 

I 1 , ll Cl , !I :l- II • !I H 1 :! . :! 
l:! OI0.!17-0.!16112.:.! 
11 .!I ll.!19-0.ll I l'.!.'..! 
11.fl 'O. fl3-1.0 J 12 .2 
1:!.o o.nn 1.111 12.r, 
]:!,() 1,(1l-O.fl5 12.'.! 
1'.!,0 0,!l7 0.!17 12.'..! 
12 . 0 . () . !19-0 . ~ 7 1 :.! • '.! 
12 .0'0.~8 O. flfl 12.2 
12.0 0.9R-0.9i 12 .'.! 
12 • O O • 9 7-0. 9 t< 1 :.! • .:! 
12 , 0 0 . 9 fi-1 . II'.! 1 2 . 1 
l 1 , 9 0 fl 1-() . !l ,; 1 2 . 1 

15:10 ,:.::110 
;;o-:o 2r.so 
12,10 ,2 160 

2:1;;0 

IR I 10 3121) 
r,5 70 ~:!~ ..1 tl 
tl:!~O :i!!OO 

I G:l!lO ,:J'..!50 
I '-{ 110 

:17,011170 
30.0 11210 
3 f> • :; ~· 1 n 
37.r. 1110 
38. 0 !JO:, 
38.0! 810 
39.0 lfl'.!0 
:l8.f> 11130 
:!8. 5 It OtiO 
38. 5 ti!l5 
37. 01 !105 
39. 5 89f> 
37. 0. ·"~0 

I 0!-1 o 
12ao 

9:111 
11 [,0 

!I'.! ll 
!'i30 

1010 
11511 
IO~ll 

~l'..!0 
l'\1) r: 
; , - 'l 

910 
1' t () 

5,10 
1150 
;,HO, ______ _ 

5!10( , 

IHO 
1 IO 
170 
I '10 

- - -· -

150 1 .--------------

z:: 01 9 r; ,_o !l. -1 
f,70 10.0 
7'.!0 10.0 
n:.:ol 1 o. !l 
500 7. 8 
ROO 1 :! . H 
fHi0 !I. i 
;r,0I11.:-i 
FilO 11,0 
530 10.8 
530 8. 7 
190 H.!l 

\\'ater 1·un·cl 
.\g!..♦-rt'l:'lllt- quite fint> Coucr,:•tc mixed too dry. 

i--, ..... 
"'-i 



(I) 

From "' .,:: 
,:: -i:: 0 ·- 0 

0 - ...... :.. ,..-; z 0 
0. ...., 
0 C, (I) 

"' :.. bn 

E-< p.., ,: 

~tory City I '.:ls •• 7 
I 26 " 7 

27 " 7 
28 " 7 
29 " 7 
30 " 7 
31 " 7 
32 " 7 
33 .. 7 
3.t .. 7 
35 " 7 
36 " 7 
37 " 7 

I 38 I " 7 
A,erage I I I 

Story City 258 1-31;·2-, ~ ~ I 

259 to 7 
260 l 1 7 
261 " 7 
262 " 7 
26:J " 7 

' 

2 6,l " I 7 
265 " I 7 
26G " I 7 
267 •• 7 

Average I I I 
' 

Story City 127 1 1 8 
275 to 8 
276 3¾_ 8 

Av<.>rag-e I I I 

TABLE NO. 18 -TESTS OF CE1IENT TILE - Continued 

-Average .: -a:i :.. C, 

rr. Thit"kness .:::,. ..c: • ;:: {.) 

H - . 
C, be~ Ai:; ~ ..c: "' -H C, 

"' <I) ,:: -,:: .,:: c,i 
--j "' . :i:: . p, ,:: 

H c,i "' 
,.. :..,_ O' 

d .0 0 u.i H -UJ. Remnrks 
Q ...:l ,:: 

H ,..:i 0 .. - H 0 
c,i bn ~ "' :.. ·-(I) a::. - 'O ;:l O.> -- ,:: - 0. 

"' H a - .,:: C, ,:: ~ - A :.. 
8 0 er, e:c1 - 1-o • ;:l 0 - :::l ·- - <:: "' 

"O . rr. t"il A - O.> - - (I) ·- 0 0 C, 

~ 
A c, _ 

..:: ,.0 :;::; 
Q F-, i:!'.l H 

__. ~....:1 .,.-;;H • 
11.9 12.11 37.5 I G ., Broke into 8 pieces while placing into machine 
12.0 0.98-0.92 12.2 °12.2 9'.?0 9 10 fiOO 10, 1 
1:.L 0 0.98-0.95 12.1 1 38.51 875 890 510 11. 4 

11.9 0.93-1.01 12.1 39.5 830 850 530 12. 8 
11. 9 0.9l-0.94 12.2 1 39.0 935 950 580 9.8 
11 9 0.98-0.96 12.2 1 35.0 620 6 l 0 360 11.2 
ll.9 0.99-0.!).J- 12.2 39.0 790 810 49012 .5 
11 9 0. 99-0. 99 12. 2 38.0 800 820 150 6.7 

111. 9 0.95-0.98 12.2135 .01065 1080 650 6.9 ~ 

11. 8 0.92· 0.98 12.1 , 38.5 1065 1080 fi90 8.6 
11.9 0 98-0.99 12.21 39.0 860 880 .190 11 2 I 
12.010 98-1.00 12.1 3,1.0, 760 775 ,J,J-0 9 9 
11.9 0.98-1.00 12.1 38.51 750 770 13017 .6 I 
12.0 0.98 0.95 12.1 ·10.5 1 870 885 50010.9 I 

--
I I I I 910 5701 9.9 -- -

11.9 10.95-1.00 12.2 ::ll'I. op L,tl 11:50 6901 9.9 
111 . 9 1,00-0.98 12.3 38.5 1a·•o,1300 7j0 9.7 .\11 tlwse tile in water •1 da~·s before testing. 
l'.LO 0.9.,-1.00 12.2 ::l8.5j 10]0 1oan 630 9.0 
12.1 1.00-1,01 12.2 38.0 10;)0 1030 570 9.9 
12 . o I 1 ·. 02-1 . ()() 12 . 2 39.0 1111i0 llnOI 640 8.a 

38.5 lHlO 11130 (i .J-0 10. ,1 11 9 l 00-1 . 02 12. 2 
1 '.'.l O 1 00-0. 9 O' I:.! . 0 35. 51 1150 (i(;() -l10l'l3 Concretr ·n·ry .frinble. 
12 0 1 00-0.9/) 12.3 3~.o 111op1Ho 690 10. l 
11.9 0 95-0.95 I:Ll 38.0 1110, 11:10 ll70 10.7 
l l . 9 I l . 00-0 . 9 5 , 12 . 2 38.5 1150, 1150 380 l O. 7 

' - I I I I 110901 610 10.3 I 

1 1 .910,90 1 .00 1f.1 40.0 775 7HO 510 8 7 ITheso tile wrre immersed in water 30 cln~ s nnd tested:. 
12.10.95-0.95 12.2 ,JO. 0 705 090 410 9 . 9 while wet. 
11.9 0.90 0.90 12.0 39.0 605 600 100 13.5 --

I 
. I I I I I 6801 1-10110~ 

f--l 
f--l 
m 



Stor~ City 

.\V('l'll~- _ 

EstherYille 

3 18 From 
3 19 1-3½ 
120 to 
J2 l l -• l 

I 122 " 
i 23 " 

..J 2·1 " 
1125 

.. 
-126 .. 

1,127 " 

39 I 1 -3 
10 11-3 
11 1-3 
42 1-3 

18 11 .8 1 .00-0.95 12. 1 
18 12 .0 ) .00-0.95 12.1 
]8 Ll 
18 12 

.9 0.85 0.95 1 •} •) ., . ..., 

. 0 0. 90-0. 95 12 .2 
18 11 . 9 0. 95-1. 00 12 . 1 
1 8 11 
18 11 

.9 0,9/i~0.90 12.1 

.90.95-0.90 12.2 
18 11 .0 0.90- 1 .00 12.2 
18 '12 
18 I 12 

.0 0.90 1. 00112.2 

.011 00 0 . 95 12.2 T ····-

;\½ll'..l.1 1.08- 1.25 ' 12.0 
3 ½ · 11 . 9 1 . 10- 1 . 12 l:.l . :.l 
31/:.?112.1 1.10-1.:.JOl l 'J.1 
3½ 11.9 1.11- 1,11 l:.l.2 

3-1 
3,1 
37 
:36 
36 
3 1 
35 
37 
:-15 
38 

1350 13 10 800 9.6 
1180 1170 700 9.9 
131011290 970 7. I 
1190 1170 780 7.8 ThN;r 
12801 1270 760 9.0 oldr 
1270 12()0 8 10 10 .6 
1320 1300 860 9.2 
l -100 U\80 920 s 7 I 11 501130 760 9 1 
1 f,'.10 15fJ1)1 950 8.5 -- -

_ 11:.i~Ql ~30 9.o l 

tile are similar to ~os. 12·38, hut 12 months 
l'. 

19.0 10~f> ' l060 -190110.2 iC01~<'rdr m11_d1~ wet. \\'ell graded ug:grcgatP 
Hl .O 1a,r,,13qo r,20 8.8 hkr markings present 
17 .5jll60]1180 520 8.2 I 

"'Cb· 

17 .!>11•130 l 160 · r,,101 9.0 --~---'-------------------------
11270 s,01 9. 1 

\ V l'l" 11 ""f\ -- ~ ~ - .L --'- ). -- - -
Goodell 123,\ 1 3 ½ 

23B 1-3 ½ 
23C ] 1-3 1,~ I 

1 
1 
1 

I 12 0 l . l 0-1. 05 11 . 9. ;\ 7. 0 885 
12.2 1.05-1.0011·~ .o 38.0I 51-!:, 
12.a10.9H-1 .osll:L2 38.o; u;o 

8P:1 100·11.5 StPnm c•url'd for six days. Xo other tr<'utrnent . 
!>80 3001 9.6 
Jfi0 1 '..l80 R. 8 I 

------ --- linOI :J30IIO.O \v<'rnge 

F,mm<'t shur~ 

' 
.\ Yl'l"Ug'(' 

Lake City 

\vl'rnge 

TJ.;s•rs 01,' 11 1-:-;rn OE.'.\!E~T Tll,I' 

l ,1 6 I 1 4 
11-1 6 11-1 

li=l ~ Ii'-~ 
1-·1 6 14 
1- l 6 1 ·1 
1-·J 6 1,1 

--11 .3f>-l .-t;; 1 '.! 1 4 l(iOO lfilO 570 
11,,10 - 1.50131,~ 18!)01890 620 . 

\ 
1 . t 5 1 2 % 1 :1 7 o 1.1 o o -1 a o 
1 . -1 0 131/1 '!0'.!0 20']0 060 : 

I 1, ,10 12~.j 18801880 • (,'.30 
1.35-1.4S 12½ 11550 1 5fl0 550 
1.35- 1 . 15121.ii •J:'G02280 800 j 

\JI machine 111nliP Yankton cPment. 

Se,e1·al snwll lumps of dny and some rotten pebblr>s 

1-·1 6 11,1 
1-,l : 6 11 

1.30-1 , -10 12ri 25'.~0 2510 1 9SO 
1.35 1 . 15 12 % 1780 17!)0 • nan S<'vr>ral ~2 in. lumps of day and seYeral rotti-n pebbles. 
1.30-1.5011:!7~ 1 11500•1500' 570 SeYernl small lumps of clay in tile. 1-J 6 l •l 

--11-,1-,-r,-p t .1..- 1 I I - 18501 Cl I OI 

1- -1 
1 1-•1 
1--J 

I 1- -1 

7 11 ,l 1.05 -1.101:! I 12801310 1 750 
7 } ,f }.00-1.10_12 I 138014]0" 8801 
7 1-l 1. 05 1.10, l'! 1'!8011110 7!>0 
7 14 1.05-1.10[13 13()0 1190 7!)0 

\II rnnrhine made 

1
1-,J 
1- -l 

--,1--1 

7 ' 1-1 1.05- 1.1~ l '; I 11•~0 1-1~01 8'.JO I 
7 111 1.10- 1.1., 1. 9 .• 0 9.,0 -19 0 
111-1 I I - ·1 I . 113001 1sof I -·· 

f-1 
f-1 
--:i 



'!'ABLE Nl_l 1.;; ~ TEST::, fll~ ('1-:~tr.;~ T Tll,E - Cont1nul d 

-- - --- -~-~ -----~ ---I ~\ ,·,•rrii:•· I I ! I . I ~ • 

r, 'l'hll'kll .,, 

I 
- - • I -

t, 
, - -

~ - -r - = I .. - u_..... -- - --- iJ) - :: . z- j .. ~ 
,.. 

I = .,, - :., ... ~ - - • 

"' .... - = .. - '="I - .,, .:; I Hrmnrks 
From l 

.,._, - I -=. I -
I 

Q _ ,, ... ~, . 
= - :.: I - • ...: ·r. - = • = - = - - I - t,, ... l.r.~ 0 . -~ .,_ "' 0 

I t: - . -
,,: - C: 5 I - I - - -~ :,'- -

% <:. - - ... - - - -
e - - - - - ·- = I. 

- = e ti ·! 

I -= ... - c, ... - ~ - -.. C: c::. - - i:!v. ~it. ,/l 

"' ,: - <:. - -:.._ I -.::. ..:l 
<-- tr - 0 0 I <:. • -

E-
,.. ... E:-, - . ..,. ... - - . ... - .... - - ..,. . -- ~-- • 

• --'1 a , H 1 - --
A r m1;1 ron~ (,11 /1 11 3 '1 25-1 '38 l~ .o H::i 19:Jo 1 ~HO ::,:.:o 6. 60 

t.O I I ] 3 1 '1 3 . 8 1 . 111 1.35 l~ O' 91 I l •HlO I 1 111 [,(10 1 fJ 9 5 

GO~ 

1

1 3 l 1:1 .7 1 .37 -1. 1:! 118 0 RI.I 1750 'I I 7(1 5!101 'i .00 

I ,;o:i -· _ 1-3 l I 13.81 1 ,'.!ri 1 .301 18 ,0 H{l 1 (i;IO I 000 -1 ~0 5. ,15 

604 1 3 I 1 , I ;_1 . 7 11 • 23 --1 . '.!H I h. o t•O 1!.liJO 1300 5,1() 7 .05 

• 111t10' 510. ,; • G I 

, ..... 
Ceylon I 1 ,1 1 .50 ~· :! ,,30 I .!:!O :Jf,IJ' 

- --- - .. 

~ 

- -
Cl•)lon 

I I I 8 1 I 1 55 I '.! ,I ::! 100 1250 Ill) 

' I 8 I 1 I ' 1 'j() :! t :.! 1 110 11 0 

,\ Vt•rn::r I I i; I 1 I I - l l 70 330 

-
~ - ~-

S1,,ry C1t.y __ [ I I 1- 4 I - ,11.11 .101.'.!5 12.a 5~ l:.!00 l'.! I•> t,!!O 'j 0 \\'ntt r 

' 
-- ~- · - --- I .-:itt 11:! - ~-

Bdnu,111I ·..i.1 n I I a ½ 1 li1.'.!l 15 1 417.5 h~.! 6HO 320 13.8 <.'ured Ill t;tl'lllll G dll)' 

'2:1E 1-·1•,.. I 1,1.3!1 .:!O l l!i 12.0 4~ ,., 9.12 0'.10 11011 .'.!' 1'em1Jrroturc 

:!'IP I 3 •-~ I I 1 I . l l ~ 0- 1 . !! t; 1 2 . ~. r,2, 0 05!) 910 111 0 l'.! .5 

- -~,~- - . - - ~ - ~~I-- -- - --- -

A vt•rni:c I I I I : 850 :JOO 12 ,8 
J 

T 1-,STS OF 1 5 J :Sr JI I I M ~NT T ILE 

Emmctslmrg I I 1 t_P-'..: 115 I 50~ 1 551 ti 11- lt120 llilO 500 
1- 1 I t, 1}..: If, 1 .r,o - 1 .5r,112~!, 1570 15901 H.iO Yankton CNlll'llt :\Inch inc> mn<le 

I 4 •Ph 15 l . 1 0-1 . 50 12 1:, 1 1h00 18101 1,:Jll 
1--1 I li1/2 15 11. 50-1. tl5 I'.! ~-~ 2:l!!Of2f1!!0 710 

1 "I ••'h , lf> _ _I_ ;_·1 ~ ' I 2 ¼ I I :-,1 0 1530' 500 
. ~ I r~-, -~11780 ' r,70 

A ,·ilraa,:o I I 1 I G1h,l5 I 



Lnkc City 

A v,•rn_ge 

Estherville 

Armstrong 605 
606 
607 
608 

1-4 
1 .4 
1- 4 
1-4 
1- 4 

.1- 4 
11 .J. 

1-3 
1-3 
1- 3 
1-3 

' 

7 115 1 .20-1 .25 12 1 3 10 1 380 61 0 
7 15 1 .20-1 .25 12 1390 1430 670 
7 15 1 .20-l .25 12 11 80 1220 570 
7 15 1. 25 12 1270 131 0 570 
7 15 1 .20-1 .25 12 15 1 0 1550 730 
7 15 1.20-1 .25 12 I 1 1RO 1 120 660 

7 115 
. 

13901 64 01 

39 11s 11. ao-1 so 2,1 I_ 13.J.00, 12501 5101 

1 11 . 611.40-1.52 
1 \ 1 1 . 6 1 . 38-1. -18 
1 1 i 6 1 32-1. 47 
1 1 I 8 1 42-1 . 29 
1 11 1 6 1. 40-1.,1.0 

-----
18.0 10-1 1179011190 400 6.65 
18.0 103 1810 1200 420 i.15 
18 0 10,1 1980 1320 510 7. 50 
1 8.01105 12280 1520 610 6.20 
18 0 104 2020 1350• '160 6. 25 

.---~----- ~~-~ 

[I n drain 3- years. Considernbl(!__ deposit on bottom ¼. 

I 609 11-3 - . 
,\Yernge I I I I I I ,---1 11320 4801 6.21, ---'------'----------------------
Swen City , , 48 15 

s wen City I 42 15 
42 15 
012 15 
42 15 
42 1 5 

Avprngc •12 15 

Swea City r 1s I 15 

Bancroft 2 I 15 

Lake City 1-·1 112 1 6 
1 l 12 16 
1-1 12 16 
1-1 
1-4 

1 J-•l 1-- 11 
A vt>ra~<' 11--1 12 116 

~3 .1 

1.70 12 1 
1.75 24 
1. 65 24 
1.65 2·1 
1.65 2- 1 

1.60 12 

24 

I •I 000 I :l O 60 I 

11800 
2000 
2200 
1800 

1 
1 

960 280 
060 2 10 
1 60 300 
9 60 240 

Hand tamped 

Poorly made. 

All th<>se tile in drain three years. 

2600 1 360 350!..1 ---'-'-----=---------------
111001 2701 !In drain three years. 

1900 19601 530 In drain 15 months. 

12000110/lOI 

•r~:STS 01<' 16 lXf'H CF.J\IE~T TILF. 

11. 20-1. 25\12 
11.20-1.2512 
1.20-1.30 12 . -

1 • 20 1. aol l..;, 

12•10 1280 6 40 
1280 1320 650 
138011120 710 
1200 12 10 620 

960 10001 500 
11801220 590, 

I 12501 s101 

Yery poorly compacted. 

...... ...... 
~ 



From 

l'cJ!on 

.\Yl'ra~c 

Ct:ylon 

~\ ,t 1r.t:.:-e 

Sa,· City 

. ( '"t ,S,ne .,1 )· 

,\ vernt:l' 

l>unromh 

I>unt·umt.n 

:,,; .. 
r. 

-

,. --C ·--
? --,: --

l -
1- ~ 
1 - 1 
1,- 1 

1 1 

I 
A \'!'!'/lg'<' - - - I ~-

Amrs 

, \ \ 'P )'IIJ,!t• 

1.-.:1, 
I 1 :i 
11 :l 

v. ---= C -...... 
,.; 
!r 
--: 

,'! 

8 

s 

10 

7 

7 

., ., ., ., 

., ., 

,. 
= .., 

-
., 
= c:: ·---

11> 
l!i It, 
1 I I 
1 ,; 

T.\BLE .\'O. 1:~ --11-;r~ OP <'E~lEXT TILE-Con1iuu1•d 

I 

I 
I 

\n•rnge 
Thi,·k11is,.. 

r. -
::. 

=--
l.iO 
I • Ii 7 

1 . a:; 
1 . 1,[i 

,r. 

= 

= 

,.,. ..... 

;/) 

-
= -. -Ti· 
= . -

:! l 
:.! • 1 

j . l 
~ l 

I 

v! .:: 
' ----" ::. 

• .,.. ,.... 

I 

-
.;. , I -· -::~ , 

ec .a. 

-= = c., ..: .. = - - . 
'l~ --
~~ --- - -- ... - c:: -J: - c.. -· -... ,.,. • --

HIOO I 0101 
'! 1 00 I 1 111 - - ---- -· 

I OGO 

•~f,50 I 3S0 
:!:.!f>O I 1811 

- I .. 
~ . I ::... = --
~ 

~ r. 
... 

;.;i -- -:: - . CJ - , ...... -
2,;o 
:.! !) 0 

280 

3,0 
B'.!OI 

-
-' -... 
•• c... 

I --0 .--::. ... 
0 ,. ~ -~ 

R,•marks 

- - 3 101 -I tl 

18 

1 ::! 
1~ 
1 ,q 

-18 

18 

] I'! 
-

18 

11 :-I 
JK 

118 

Jf;;,,1> OF !IS l~l'H (.l .. "1~ ls"T 1'11,1· 

I • dO IO•) 1 20 

l. "0 '!. IO 2·1 
1 5fi-l !101:.! I 
1. ~o- 2. l!OI:.!, 75,10 3_-;50 

• I l I ;a170 

I 1 70-1 • fl(I 2 I _1_ 21100 137(1 3(10 

I .!t /)2 1 ' 3 ti50 1 i'ilH) CiIO 
1 1 .75-1.~H; :! I ' llOOOl::io;o '!30 I - ·-~ --· I --- ~-180 7:.!fl 

- . - . 
1 . 7;; 12 I '?tll O 13 70 1 370 

I 1 . 7 5 :! • I 1 !HHI j l o:.:o :.!70 
' -- -I I I 11:.:llol :'l:.!O 

• 

Cul from tilP 3 ~i year.s 111 clr11111 ~o. 11 

Hntlwr 
Rather wrL n11x 

ome I inch pl'bble 
cnru•rc te 

<'11r('1\ IO clays, l•'roZl'll r,•ma111il,•r of t11ne 

\II lhc folio\\ ing til l' macl,• l,y .\I ills ,\. \In! s nn, 
hanrl tn1111 v cl 

....... 
1,;i 
0 



\nws 11-:1 I 2 1I il I !.l.7ii 
1
-J, I I :.!7f,OI I I POl 170I I.Mills & :\foJc,s. 

I :l 2 , 18 2. 75 !.l, I 3:J80 I 800 !.l l 0 

\n•ra)!o I _ II-3 I !.l 118 I I _L ___ I Jl<i50I 190 

\111,.s ' __ '1- :~ I 11 I~~-'- I . 75 l:.!•1 I · - 5:llHlj!.!7201 730 :'llills ,',;; :'I f oles 

.\mts I !i-=3. 11 1 llt! 1- !.l.75- -1:.!~I - - 7500l:18Gll lliO - -f~ff11s---:\'--:\tole., 
1-3 11 _18 I !.l.75 l!.!•I I 71H0i3700I ,11 0 

\\"t>l"ngo I 1--:-3111 i 18 l · - l I l378or·1r,o 

Ames ' IJ-3 2,1 11' - 1.70 '!,I - 1050!0 10 800 Poorly tnmpcd :\tills & :'l[olrs 
1 a 2,1 1:-1 1 1.75 ·J1 I -~:;1H> tiJGo 1 370 
1-3 21 IK 1,75 21 2{)00 1520 ,110 

Avrrag-n I 1 3 !.l I lH _ - - -- -- I _ I 31 ~ J_!Ci0 __ 

Frnsrr '(1T01--3 1 I : 1 ~ 1 ~o 30. 2 '•>fi/j :1!170 15{)0 I 00 r,. 0 
a1211-a 1 11 1~ 1 ~r, ao.1 ·J,1i 1o"OJhOO' 110 s.a I I-' 

- - ~- • -- .• -- --- - . -- ------ - ---- t...:> 
\,•rrn~e I I 3!HHl 16001 ,110' :3.7, I-" - -- -------~---- -
\rmstroll:? ·1>10 1-3 1 11'1.0 I ,!}0-1 75'30.0 ~;•• a·no-Gf, 350 5. 13 

- 'HI 1 1 1 3 1 18.0 1,70 1.~5 30.0 ':!73 31170 1170 ,1•>01 Ii.Gt) 
IH2 11-3 1 17 <JI "15-1.70•30,0'27,I •:1310 13'lft 31-iO' 6.95 
G 1 \l 11 3 I I I 7 !l 1. 75 1. Ri :H). Ol'!li!) 1500' 1 101) 3801 
61 I 11-3 I 1 117 !l I .fl0-1.70 30.0 "\7!1 :17~0 ).';JO ,130' 5.85 

\\"t'l'lll?I' ____ - I I ~~ . -.----;1100 3901 G.21 

\rmstron~ 1 J '!0 '!, I I 27:;o 1 l'iO 
1 s ·•o "1 ·•,vo1·•~0 ____ I "I. -' ...J •• ,_l w,> 

\,crn~c ,-- 1 I 3 '20 --- ,-- 11,150-

Bunrrnft -- - -,=-~~~-- 3½ ---1- l 1 'd200 1680 

Bnncroit -- - --:· - i 12 20 I 5301) 27:10 -- --- - . 

<'eylon I ' ·~o 1.!lO 1'!4 '3100lii<0 1---:150 



From ,r. --C 
/4 --;r. 
:, 

' 
. - -

Ceylon 

Average 

Ames 11-3 
1-3 

Average 1-3 

Ames 1-3 
J 1-3 
1-3 

Ames 1-3 
1-3 

11-3 
--------;---,- . --
A vera11:e 

j 1-3 
.1-3 

Ames 

Average I 1-3 

Ames 1-3 
1-3 

11-3 
Average 1-3 

I 

z. 
:., -
-:J; ---I - . -- ., 

I ...... --I -= . 
:, .. ~, -.,.. -

9 l!!O 
9 20 
9 "'0 .--
9 ~o 

I !! 20 
2 1~0 

I 2 :! () 
-

I 2 4.!0 

T.\.BLE NO. 18 - TESTS OF CE:\lEXT TILE - Continued 

I 
I 

l 
I 

.\ vera~e I 
Tlll('kn, :;s 

,r. 

= .... 
Po 
C 

E-< 
1.75 
1.80 
1 .. 75 

1.75 
1.75 

z. 

= .... 
-= C -0 
~ 

z. 
:, --:., ---
.::: ~, 
;:: 
:., 
' .... 

,24 
~·1 
i~ ➔ 

I 

I :.i-t 
~.1 

~ -. --.::: ~, 
:., 

:;... .--

i 
I 
I 

:., 

:f. 
,.. 

.::: • ::: 
' t'r;: - ...: - =.. - I ::: ,._ -- .,,, - :" ::: -
~ --- -- ' - "./J "L- ::: . -

;ti ..... tl 2 - --:., =- - -
;.., -- -:i;. :: 'f. - - I - -- --.,.. - ' - ' . -- ,-; -

!! 15011:lOOI 390 
~.noo1113oj 3:!ol 
~~5011~00 360 

:12101 360 

lfi:.l51 is9o !!60 
1675 1 9101 270 

--
v 
I-

• ...... 

------;.. 
z -_. 
• 

I Remarks 

In drain 8 months. I In drain 8 months. 
In drain 5 months 

I 
• 

All the following- .\m,·s tile are hand tamped. 1Iade 
by :\tills & ).Inks for !'Xpl'rimental purpose~ 

9001 :.l70 I 

'.!.'.!5 21 '.!100 1150 210 
I 2 120 ., .,- ·•1 I 1-"r) 9-., 1°0 _ _ _ &,f • ..,..;) ,_ . ;.)._ ... IV 1' 

I 2 20 1 I -- 1ono '"igo•'- ·-

I 11 
11 

I 11 

I :.i.1 
~4 

I :.i 1 

2·1 
I 24 
\ 2 t 
I !! i 

1.75 120 ~o __ l.i5 
20 

~o 
120 
I :.i o 

20 
20 
20 

I :.i o 

1. 60 
1.75 

2,20 
2.20 
2.20 

!!-~ 
2--1 

!.! J 
~4 

- -
3 ! 00iJ780 530 
i!:!01) :!180 610, 

1980 590 

:!000 1370 -1701 
:.!GOO 1880 410 --

1380 4 io 

---

2•1 ,1600'.2 -JOO I 4-60' 
21 3900'.~or,o 390 
2-! 1,100,23001 4-10. ___ ,. _____ _ 

I I _ I__ 12250 13oJ I 

1-l 
N> 
N> 



• 

Ames 1-3 24 18 2.75 24 7000 3610 
1-3 24 18 2.75 24 6930 3580 
1-3 24 18 2.80 24 6810 3520 
1-3 24 18 2.80 24 7420 3820 

-- --

430 

420 l 400 
I j 0 ·---'--

Average I 11-3 I 2 4 118 I 1 · I I l36 JO I 4201 I ---',--------------------

Fraser 209 1-3 2 
21 0 1-3 2 
2 11 1-3 2 
212 1-3 2 

17 .9 1.84-1.76 30. 1 
18.0 1.80-1.97 30.0 
18.0 1.82-1.80 30. 1 
18. 0 1. 78-1. 93 30.2 

263.5 29601 1260 
266.8 3200 1350 
264 .0 2970 1260 
267.0 2730 1160 

320 8. 2 !Steam cured for 6 da)s. Hawkeye cement. 
360 7. 8 
320 8. 7 

-- --- -- - . -----. . 
300 9. 5 , 

Average I I I I I I I I 112501 3201 8.5 -'----------------------

Goodrll 

Emmetsburg 

A VPra .,.e 
"' 

Sac City 

Average 

Duncombe 

1231 11-3%1 1 
1
18.211.70-1.75121.2 196.0111181 6001170110.3 !'Steam cured 6 days. Placed outside 

. weather. ~ \\". states ,·em<'nt ---------
1n freezing 

'rESTS OF 20 IKCII CE~l E:!\"T TILE 

- --- - ---- - -- -- - - -
1--1 10% 20 1.60-2.00 ~-l 3100,1630 530: 
1-4 10¼ 20 1.60-1.90 2'.l 2270 1210 130 Hand tamped Yankton cement. 
1-4 10¼ 20 1.65-1.95 24 3 .120 1790 600 
1-4 10¼ 20 1 65-1. 85 24 3180 16701 560 _ 

- . - - - --
11 -4 I 10¼ 120 115601 5401 ·---'-----'---------------------

1-4 
1 4 
1-4 

11-•1 

20 2. 00-2 .10 24 7260i3720 8501 
20 1.90-2.20 24 7000,3590 9001 
20 1 .90-2.20 24 6500 3340 840 

120 l~~~OI 8601 

7 
1
20 

1
1.so-2.00 2 4 I 

1
4400 2280

1 1 20 _1.80-2.0012 1 45~012340 
6401 
650 

Hand tamped. 

Averago I I I 7 120 I I I I 123101 6501 
~--'---

Fraser 213 1-3 
214 1-3 
215 1-3 

Average 11 3 

Fraser 1343 ll-3 

•) -2 
2 
•) -

20 1 1.85-1.92 
120 . 1 1.80-1.97 
19.9 1.85-1 .90 

29.81800 12880 12301 320 7. 8 I Steam cured for 6 days. 
29.8 299 3270 1390 390 7.2 
29.81295 12860 1230 330 8 . 1 I 

112801 3501 7. 7 

14 l20.0l2.00-1.8029.8l300 l4850Jl9601 5501 7.4 

IIawke~-e cement. 

;...... 

I .,:; 
e,.;, 

-

~ 



1 

.. I 



---- -
.\ rmstro ng 625 t -3 

626 l -3 
627 l -3 
628 11-3 
629 l 3 

. .\. YC'l'[lg'(' 

Ilumboldt 

.., 
I 

Averai;e 

Sac Cit\• • L!.:...'. t_L 

D uncombe 

Armstr ong 

- - -= • =- ----·----

T J,STS OF 2 1 ] ~C H (' l•:in o,'r T ILE 

1 2·1 . •I 2. 30-2. ,10 30. 0 158 1860 l !) 10 
1830 
1900 
1 9:10 
1970, 

11 0 5.70 
5 . 70 1 2•1 . 1 2.30-2.,10 30.0 Hil 1560 

1 2 4 .2 2. •l- 5-~~. 25 30.0 lCH 1760 
1 2.1. !3 2.3!l-2.20 30.0 1.6 l 1820 
1 2 ·1. :l 2.50·2 . .J 0,30.0 16 I 49:Hl 

,100 
•l:l 0 8.00 
•I• I 0 5.30 
380 . 

' ' ' I 
--'--- _JQ JOI , j IO 6 . 1 8 I 

8 I 2,1 12. 05-'.3. 301:l•b I 1G90, 930 260 
8 ~·1 1. 75 -2. :!5 ~-l I 

1000 GOO• :.ll 01 'Dirty mntcrial. 
8 2 1 j. 10--j. :-J0124 2510j 1:lGOt 330 
8 2,t 1. 70 2. 3012,L 2•130- l :l20 500 Note -1'111.>SP tilP from diteh in District :So 13, Hum• 
8 2,1 3. 00-~~. ~O .... '.J•I •~060j l l:{0 :no hold t County, wherr 65 ':1c of tile <·1 :u·ked under 
8 :! 1 1.H0-~.~5 ~., !!~!,() 1 i:10 370 

' 
-1~)? ft.to 6~f ft. fill. 

8 2sol 1.80-2.20 :! •1 :!0 1011120 370 
8 :.!-1 2,00-2.30 2-1 21- 10 1170 320 
8 2➔ L . 80 -2. 2 0 ~--1 I 1800jl 000[ 330 
8 :!.J. 1.90-2.20 ~! -1 I 1580 890 270 
8 2 -! ,1.70 2.20 2-1 233011270 180 
8 ~4 1. 80-2. ,10 :2-1 :!570 1:{90 170 C'rnck 10 inches Ion~ turned to ~g point 
8 ~ -t 1.90-'3.20 :~,! 2570 1190 -120 \--1 
8 2·1 1.80-2.30;24 23, 10' 1270 420 N> 
8 2•l 2.10-2.30~4 :!770 1 190 370 c.n 
8 2 ! 1. 70-2. 301'.~• I 1780 990 370 
8 2 -1 1.90-2.3012,1 1050 630 190 
8 21l 1. 80-2. 3012-1 12170 1 190 100 
8 2 4 1 . 90-2. 30 2,1 1710 960 290 
8 2il 1 . 80-2 . 20 2-1 I [:"!3 60 1280 I 130 
8 3 4 l . 95-'L 25 2 I 3--190 18fi0 530 1CnH·k 12 inches Ion~ turned to 1,/4! point. 
8 2, l 1 80-'.L 10 2 I :2360 1260 -1 ao Crack 12 inches long turned to l/8 point. 
8 2 ~ 11 80--2.30 2 -1 2~·10 1220 ,100 
8 2, 1 ., oo ., •>o •>.:t 

I 
25~~0 1 360 370 ..,,J -w •"-' ,J 

8 ~.! 12.00-2.302 1 2-1 10 1 3 10 3501 l);'otP.-Considernble d irty grn'\'e l and lumps of day 
8 24 1.90-2.B02 l :~790 1500 150 in all the t ile. 
8 2,1 11.902.302-1 12710 ] 160 J30 
8 2, 1 2.00-2.30 2 1 3010 16 10, 130 

-
8 12,1 I ~ .. _1 ·--· 11220 3701 

[2 1 12. 30-2 _. 50 ~:!- I 1 ·12201'32•101 4 80[ 

8 12 1 12.00-2.2512 1 I 1..110012 1 60 1 sso; 

¾.124 I 2 1 I 121001 11101 



TABLE XO 18 - TESTS OF CEME,T TILE - Continued 

' -
Average 

. ::: 
;r, ... 

Tf11('kno,s - ::: {.) 
"' - .::: . 

' :;.. d 11, ...... ~~ .... .::: :n _....., 
11, - 11, ::: -- .c "C 11, i::: ::,:: ii. 

"' I -.... "" ~ - b·- C' 
From ' I tfJ I - "' - 0 I Remarks I ::: ::: - :r. ...:I -~~ i:: - ...:I ' i:: - . H H - C - C - "f'. ~ 11, ;r, tr ::- ·-C .:: - ',:;j - ., -,..-; - ::: ::: ,.:::; - - ..:: Po 0. % "' .... - - ,., .:: Cl. 

ii a e - - ·- ::: ... 
tr ~l - ;.. --

I 
- - ·- - ~ i - J.. ;r, ;:; .. ~ 0. - - ., - :=:- :.r. 

bl I C i:. ., ...= - - -,., e ., 
;... --; -E,,; c., _.. - E-- M ' .... ~,...:: ... 

• - - - ..... • ~"""""' • 
Armstrong I I 1 12 1 I 12-1 I 13000 16301 --

----
ITo,tNl nt Lt·dy11rd. Elmore I I l½(:.l-1 I 2 I I 1:!1'100 20201 • 

1 ~-% 1!!·1 I ~ ·J 1 tll0.] 820 
A'>'ern.ge 

L LJ % l:.!4 I • 1920 

B11nC"roft I I ., It, l'> -1 I '..l ·l '.!HOO 1 1201 Tc•.stccl at Bau<"roft.. 
I--" ;½ ~4 ~ ~ :l 000 I l(j2 0 I 

j t...:> 
Av('ra~o I I .. , l,(, I'' l - ,_ - I I I I 1 ;,'.!0I m --

·n:sTs (H' '..lli 1:-<'H ('l·!Ml~:-T TILi-: 

Fraser '272 11-:{ 2 I ~fi ~.:.H>-~.:!O :!--1 :i Sf> aa:1011800 ,t301 7.1 •., .... ,i 1 3 2 .26 .1 :~. :iO-~. 10!24 :r;o 25~0 J3GO 360 8. '.! ,.., ,. -
Average I • I - 1-=--:- - -3901 -7. 6 

I 11 :;tio 

-
Armstrong 630 1-:1 I 1 2H.O 2. G!>-2. GO 10 is71'1 ,,1700118801 330 5. 751 

631 1-3 l 2G.1 '..l. 70-2. 65 10 577 '-1710 1880 320 5.90 
632 1-3 l 2G.O '..l. 60 30 575 ,I GOO J 8 1(1 330 7.50 
G33 1-3 1 2 (j. -I 2. J0•-2.liO :10 5 (j 1 ,1910 19uo 110 5. •l 51 
63 t I 1 .3 1 ~5.9 '.L 70-2. 60 30 577 ,J!-150 l!Jl'l 3~0 7.55 

Avrragc I I I I I 
- f - - 350; 6,131 I 1900 

' -
Tl•:i-1'S CH' 28 11'( '1{ v1,::-.n;:..;1• '!'ILE 

- . - ---
Armstrong I 6:1s 1-3 l 27.5

1
2 80 2.75r30 , 628 j5•l ·J0 1 '..l l80 3601 5.5~ 

636 1-3 1 28.0 2 70 !L80 30 : 631 5580 22='10 380 5. 8i> 
637 1-:l 1 27.0 '.L70 2.701:10 1629 15620 22 .. 11) 3901 6. 251 
G38 J 3 1 27.5 2.so-2.75 ~o ; n:17 5100 2160 3GO 5.80 
639 1-3 1 27.0 2.80·2.70 '.!() I irn :1 5150 21801 880 

I I I --Av('rnge I I I I I 12200, 3701 5.85 



"" l~~ns~r 1271 11-3 , 2 128 12. 00-2. 10130 1635 133501 1570( 5001 8. 1 
---

Fraser ~5 11 3 i.f 121.912.30-::f.35129.91518 1360011 11 01 3 L0I 52, 
---

TES'rs 01~ 30 INCH CEi\H:N'l' TIL~: 

Fraser 1268 11-3 -
~ 2 129.7 2.60-~.80 29.9,640 13260,11601 2901 5~ 

li~rnser 

Swea City 

Avcra~e 

, _ ,- _ , 11 1ao.012.55-2.so129 9 1 612 J t:!001 16801 3601 6.o 13,16 11-3 

2 
•) -
2 

32 
\32 
., ., ,,~ 

TESTS Or" 32 JNCII CKi\fE~T 1'1Lf1 

j,1 

~-1 
~-1 

12800l lG00 
2900 1650 

___ 1_1630 

• 

~ot<•.-These two hand tamped tile were made of 
, finer material than the two mal'hine tamped 

Swen City 11/4132 I 2-1 I l• l 100122501 • l\lachine tamped. 
, . 1 1,(i 82 , 12 l 1-11 00 2250 

~\-v-·e-rn_g_e----'-1--'-1--l--1½132 I 12•1 I _I 12250! _ 

Banc-roft '>. 1%, 1 •>•) - ,_ ,"),.. 
2½ 32 

Averns:-e 2½ 132 

1
2 1 
24 
34 

1
330011850 
3300 1850 
I 1850 

BnnC'roft I I I 21 132 1 2-~ 1500012700 

11\fnl'hinc 
I 

tamped 

' 
I 

IIIand tamped 

'rES'l'S 01~ 31 INCH (Ei\fEN"r 'l'IL~: 

Fraser -------· l269_J_l -3 I 
,, 134 _12 80-3.00129 91800 1315011 l~O 290 7.7 .., 

17'r!l.~P1" 1,1 <-1:1 11.-u J .1 • 1 J•)•J;; ..J,uu-

- . 
I) t .., I -1 f') I 1 . t l'l'l O•) 1:HL'J.80129.7785 15100·~0701 -1101 5.2 

TESTS OP 36 INCH CEi\CE'l'r 'l'ILE 
-

Sac City 

Averag_c 

1-.J 136 2. 80-3. 50 30 5 ~50 2430 510 
1-,J 36 2.80-3.80 30 568012520 520 
1-1 136 2.80-3.30 30 5030 2260_ ,170 

- -1-11--1 I l36 I 130 I _ -- l2-1_Q0I 500 

Sac Cit> 1-4 I 36 3. 50-3. 80124 

I 
'5380 29701 4001 

1-4 I 36 3. 40-3. 80 2·1 I 5 140 30001 4301 
1-4 36 3. 60-3. 80 ·~-~ 59'.?0 2740 350 

A,•erage 11 -4 136 124 12900 1 3901 

Tamped with air rnmmers From drain where tile 
broke down under about 5 feet of fill in ditch 50 
inC'hrs wide. 

[Fr om drain 

l<'rom factory. Tamped with air rnmmers. 

,.... 
l:'v 
-:) 



From 

Fraser 

Frasl'r 

.\verago 

% 

-,,,, 
0, ,... 

A 

I 
I 

C 
% -'/, :., 
~ 

~;o 
:i 10 

"' ... 
:,.. .-

.\ 
H 
C 
I) 

E 
F 

I Xrar-
Middle 
l•'nr 

---
B I Xear 

Far 
C l\'i,ar 

1liddlr 
' Ji'ar 

l J , !\ ,,ar 
l•'nr 

I~ I XPar 
Far 

Ii' Nc•nr 
Par 

' 

I 
I 
j 
I 
I 

I 

TABLE XO. 18 -TESTS OF CE11E~T TILE - Continued 
. --.\ vernge -~ ~ 

,r. ;.. ~ 

1 Thic·kn, ss ' - c.; '/. - - -' rti - . :., - C. ::: ;.. .::: - er. --- - ,,, - ,., - - . ,,, 
~ -r. ::: - - ~ ::: -.... "fJ 1:: -~ - - - I Hc•mnrks 

'/; - - - - I - - ' "'-: :r.. ::: I - - - ' ' 'l:. t- ::: - - . ..... ...... - - - C - ;... 'F. ~ ·-- - :., V) • -::, t:r ,:,; -;.. ,..., - C - - - ::: C. - - :::. :., ::: - - - - -;:: - .... C Tc. Ti ;... - ::: -- . 
0. - - I = i.. - . ;; - rr " - - :., - ..,; :.I. ;... 0 0 :., '!,,...:: - - .:::i ::.- I - --=... .,... - r ~ ' .,... cc...:: - . .... - - .- ,... __ 

• 
• 1-a J 1~ 38. 1 !'.l. 80-'..l 90 '.lL 'l 7'.!0 I 101 lJ 22301 !501 9 ., 

hv:;011980 380 
-~ 11-3 lG l3G O 3.0-'..l V :.!1.0700 -

3.'i.9 G,!50 '..llSOj 3-101 
-

From U('('1•ptPd till', St:ition Drain :-So 18 :{. ~--:J. ~ ar,. !J 1 o;;o I{ • 1 4 
:➔ 5. 9 :J.1-!.!.9 .i5. 9 l 050 7,1 no '.l-HiO -PHI rl. 5 From II c1•pp lt•cl t ilr, Stat10n 4 Boon, C.o 36.0 3. 1-:l. 0 :JG.o 1050 1 .. ioo 2il 1 o 51 0 7.5 From U('('l'f}tPd ti 1 (·, Stat ion i 
:J5.H 3. O-:l. l ali.0 1050 !)3,(0 rll 10 570 8.0 From UC'C'PJ)I t>cl ti It> St at ion :17. 
35.9 :L03.l :iri.0,1050 9G!H>1:12no 580 7 . (j Fr,,rn /l('('t•JJtPr ti )p. Station 37. ar,. 7 3. 0-3. '.l :IG.O 1050 l71;r,o 2f>50 ,1 GO 7. 0 i From_nc.:_rptPc!.___!i!_1, ~talion 37. 

_ __xo1;u1:.i120 ,190 7.8 --- -- -
Rta:-. FOR<'D,"f; l>A'I',\ FOR :lli 1:-.-<·11 <•1.;)11-~;,;•r 1'1T,f; FHO\( H<11,:o: ( '() 111!,\JX xo. ,Hl 

D1i-.tn111·._, from Encl 
of 'I'rle, I111,. 

- I "' :.. 
"' r. -- -=- -

I --~ - C -.::c ... ::: 
~~ :;:..~ 
8.0 I ~7.H 

15.9 l 20.0 
28.1 ~ r. 

I • ol 

I 
I 

I>iqall<'l' of \\'ins from I1111°r Hurfac•p 
,,r ·n1... 111,;. 

C. 
0 

E-< 
1 ' (l 
] • Ii 
I (j 

--C --C ,.,., -
1 • (i 

1 • (j 

l • H 

~ I -
~ 

-:, 

-= 
~ 

.._,., 
..::: 

I .:: bl - "' ,.,, 
' - -1 . (j 1 • Ii 

1. (i 1 . (j 
1 • (j l. r, - . ----7.8 28. 1 

2/i .. j fJ. l> 
·~ 

,J • 0 I 32.0 
l Ii. 0 I 20.0 
28.5 I 7.5 
7.0 I 20.0 

27.0 9.0 --·-15.0 I 21 . IJ 
28.fi I 7.5 
12.0 I i. 1 .0 
28.0 8.0 

- - -

I 
' 

1 . 0 
2.a - -

0. !) 
~. 1 

1 • 5 
1 . ,I 

1 . !J:j 
1 . I 

I • J 
1 • fi 

] . ~ -- 2.2 I 1 . 3 ---- - -l • 7 ~.(} - 2 . 2 ·~ ~-
1 . fi5 1 • !> ,2 • fi ----] . 7 i. :1 ~.r, 
2.2 --- 2.0 ~.o 
~.o 

I 2.0 
J • f j 
2, 1 

1 0 

-----I 2. 05 
' !! • 1 

1 . 1 
0.7 
1. 8 

• 

I 1.5 
~.o --

I I • a 
!J. () -
2 I 

I 1 fl 

H,·11111rks 

,\II tiJ,, wn·p 3/i" !011~. 

l >i:nn•tc r of l'f'inforin~ w1rP rangPs from 0.18" 
tu 0.:.ll". 

Somp of thP wi1·,•:; w1•ro w,.J,lt•cl int.o hoops, hut 
most of thnn hnd thr < nds lJ!'nt too fnr for 
hnoJJs whi<"h \\'<'1"<1 lcH>Jll'd tngPthpr, 

...... 
ts:> 
00 



From 

Brooklyn, N. Y 
Tulsa, Okla 
Tacoma, \\ ash. 
Tacoma, \\'ash 
Nampa, Ida. 

'l'ABLE l\O 19 

'l'ESTS OF C'I~?\11◄:NT SE\\'ER PIPE 
- . -

"' l 'l'hi<'knrs,- "' -
I 

C of \\ all, i BrPaking .. = Rrll H :r. . ;:I :, 

Load - u 
Ins. = ~ 

i: H ..... -- ;:I - ;.. 

' I 
c,; - ::i::H ., 

E /. - .:::: p.. 
C "' i. = "' = - - I I I ~ H - ~· '+- ~ Remarks ·- - - ' ~J;. 

= A "' ' = /. ,-. ::: 
H ,'J. .. - ..... 

~ - ,. 
0 - ',I;;. 

/. - I ' • ;.. /. 

- - "' .j - - ' - ~ 
.. 

;.-; .. - ::: - - -.,:: =,-....,1 - - - - - -- - -
'fr .. .:,: .. ~- ~, - -- ::., - '"' :'l ; .!:. ,7, 

r,/',' - - ,. .::.. - - /. ,. -::: :, :., . - . 
c,; - I 

0 - :,.. .- I ::; -- ,-. -
<""' ' -- :... .... :... c.: .,,,,,. ~· :... ~::.. ~~ .... 

,-. ,-. ~ --- --
'ff;~']'~ or· 1~ });('II <'1Dflc!s1' PIPl-: 

_I 1 ~ o cl at n -g i ,. t' n r1•· : 1 ~ . 0 1 l . ~ [> l ~ 5 I 1:;a :-in 1:.i900 -1:I001;;:!o: 'I' ,-ts hy Burns and ;\kl>onn• IL 

I :.l g-urding- the IH'lls 1 l:.l. O 1. 50 1. ;;o, 1,1;, :.l,t ti;,tlO l:.!!lOI :j'~l) 

I ;{' ~ I 1 :l. 0 I 1 . :!5 1. :,!;, I 111 ,'..! 11 1'!:.llO -111011:;0
1 Kosrnol'rc!P. 

l:l:l l:l 1 <it :-,111:1ot10 li<itl I 1 :'.\o hell. 
lOH :l I, :.l9!">011 ll-10 :11:,1 1 Tn pt>r joint. 

.----- - - - . 

( St•e ~t•nernl uote). 

----· 
1,l 1:.i.n 1.0:111 .n:1 

j :.l9 I l :.l. QI I . d:1, :!..:_ 6:1 
1:1~51) 9,-,0 .Average I I I I I 

1•1,;sTS o~· 15 1:-; <'11 ('IDll-::-.·1• l'Jl'I•: 

1:1~lsn, Okla. .1: __ i·~o_ (};!ta gin•n re· 1-">.0 l.~1 11.-1,1

1 

1zK ~-11 11~0 ~11901 ~~II 'l'c:-.ts by Burns & l\ft·Donnrll (::Se general note). 
(,uswold, In. 11,l e;ard111g tltt· hells 15.UJI.1>3 l.o:1 l1ll ~-I ,1910 JIKOI hall 
.\verage I I -- - 1-- I I -1- I I - ~380 700 

Griswold, Ia. 

Griswold, Ia. 

Tf;S1'S 01' 18 I]'; <'II CJ;;\{W\'T l'lPg 

IJ-11Xo data givpn lB. :.l.O 1~.0 27;1 :l-1 ;,9'lOl:l!J71l (i:.lll Tl•sts br Burns & l\-l<"l>nnni>ll. ( S ,e general note) 

TESTS 01<' :.l 1 IXCJI CJD!El\"T l'Il'J<: 

1111No dntn. givt•n 1:i i ~.50 1 ~.50 4 l0 2 1 H:J(j(J':11:l0 1 5:;o Bell n·inforerd with "1" Ring of Xo. 8 w11·e. 
l 

I 
I I Trsts hy Burns & 11('Dnnnell. (Sr gl'!leral note). 

'J'J,;STS Oli' ~7 INl'lI CE)fE~T PIPE 

27 wire mesh and four =:;" wire, hor· 30jNo data givPn 

I 

2. 88J2. 88

1

! 960j 18 11680 2920 -1-1-0 R<•.infon·Pd ,\ ith 

I I 
1zontal rods 

---------'-- ___________ I __ ! __ Tests hy Burns & :'11< Donnell ( See grn,·ral note). 

Tt;;;Ts OF :10 1:-;c11 CJ•;.\{lo:NT l'IPI•: 

30 3ljNo data given 3.00 3.00:11001-18 733011830 [ 280 

___ ,_I I I, I' 
RtinforC'rd with wire mesh and four :Xi" wire, hor­

izontal rods. 
, Tests bv Burns & i\kDonnell ( S '!' general note). _I 

General Notr: In nil thP tests by Burns & l\kDonnrll, lht• l,pll and pipe wPrP h dd cl on the body on!~·. and thP lPne;th of body was used 
in the cakulation of the hearing streng-th per linear foot instend of bt•dding all of the pipe, inl'lu<ling the bell, nnd using thr l1>ngth OYer all, 
as required by the Iowa standard specifications. 

-

~ 

"" (.Q 

- . _.._ ________ 



r 

From 

\ul>urn, Ia 

.\ Yt'rnt:t' 

J~mmdshurg, In. 

. .\ \'t'rllg(l 

De So'o, Ia. 

,\ ,. N·n !!c> 

0 

~ 

-"' ., 
E,..; 

~fl2 
::!5:3 
3fi·t 
255 I 

•I 
5 
(l 

218 
219 
!!20 
221 
r>•l•) 
~~~ 

2!.?3 
224 
2!l5 
226 
~27 
228 
2:!9 
~30 

"' ::::: 
H 

i.: 

, \ VP 1·ni:te 
Thit-k1wss 

,,, 
c:I 

H 

T \BLE NO 20 

TESTS Ol~ CL\ Y DR \IN TILE 

,,, 
::::: 

H 

,,; 
~ -...:: 

"' ~ 
...:: 

-d 
r. 
0 

...:: 

.c..., 
-rrr.<. 
c:I • 
c:, A .... --...:: en 

., ... 
;:I -0. - . -c 
~ ..... 
.... O" 
ow ., -<IJ 

E 

"' C: 
H S - -·1"' -= ..c Q,. 

... 
tr "' 
AA 

"' ... ;:I Q, 

- p, 
;:, . 

-::, :r. 0-= r. ·-..., ...... 

E ~ be I := 
p. .;..;, C ·:- ~ 
0 0 "1) ,..i i:::,. 

_t1 0:: -- ~ ;;; ~ 

... . 
c: en 
Q, -= 

~...:l ~..J 

TESTS OF 5 I:S-<'ll <'LA\' llR.\I:S- TILE 

5.0 
5. 1 
5.0 
•I. 9 

5.0 
5. (I 

5.0 

O.G5-0.60 
0.G0-0.GO 
O.G0-0.60 
0.65-0.65 

O.liO 
0.6t 
0.62 

ti.O 0.70-0.60 
6.0 0,60-0,69 
6.5 0.60-0,68 
6.1 0.55 0.fi0 
G.2 0,60-0.68 
6.2 0,60-0.65 
6.0 0.58-0.63 
6.3 0.63-0.60 
6. 1 0. 62-0. 60 
6 . 1 0. 62-0. 65 
6.2 0.62-0.60 
6. 1 O. 61-0. fiO 
G.3 , 0.63--0.60 

lj.:! 
12.3 
12 . 4 
12.5 

12.8 
1'.L i, 
1 ·~. 8 

!.J.O 
8.8 
9.3 
9 ,.5 I 

1G50 
1700 
1100 
1 :l I 0 

1180 
740 
firlO 

ltl50 1 

1700 
],100 

. 13,10 

~530 

1070 
1110 
920 
730 

960 

fi 10 j ,LlO 
G80 I .fOO 
6-10 ,100 
(l;,O I ,110 1 

'l'ESTS Or' 6 J);C'H CL.\Y I>R,\IX TII.~: 

1~.3 
12 0 
11.9 
11.8 
11. 9 
11. 9 
12.0 
11.9 
11.9 
11.7 
119 
12.0 
11.9 I 

l 'l. 0 
1 ~.:; 
12.8 
12.8 
l'.L5 
12.8 
12.8 
12.8 
12.8 
12.8 
12.5 
l'.L8 
12.~ 

1750 17,10 
!3~so J 2:1so 
1630 
1700 
1700 
1910 
1630 
1390 
1770 
1100 
1810 
1:380 
1610 

1610 
1710 
1710 
1920 
1610 
l •100 
1780 
1 ·150 
1850 
1290 
1 G50 

I 1700 

• 

1320 I 
1710 
13 fj() 
1590 
1350 
1160 
13 ,J 0 
1100 
1400 
lOGO 
1150 
1020 
1300 
1380 

.... 
c:: ., 

0 
... 
Q, 

p... 

A 

-p, ... 
0 

"' ,:J .... 
• 

1 G. 1 
18.5 
15.0 
15.1 
- - . 
16.3 

G. • I 
3.3 
8.2 
3. ,f 
1.8 
2.6 
~ ') ~. -
5 ') ·-.. 1, 7 
5. 1 
~i . 2 
3.8 
1 2 
4 8 

Remnrks 

Salmon colon•<l, with great variation in 
thickness of shl'll. · 

Tile purd10sed from lor·al denier at 
Ames, Ia. .All well hurnc><l, the fra,·· 
ture showin~ a uniform dark red 
color . 

~ 
CJ,j 
0 



De Soto, -Ia. 

Average -- -
De Soto, Ia. 

Average 

Emmetsbur~ 

.Average 

EmnH·t:--burj\", Ia. 

Average 

Yan 1:leter, Ia. 

l<'t. Dodge, Iu. 

Average 

~31 
232 
233 
234 
235 
j36 
~37 
2::18 
239 
2 -1 0 
~-11 
2·12 

"'8~ w j 

288 
289 
290 
291 

7 
8 
9 

6.1 I o.68 o.58 
6 . 2 0 65 -0 . 62 
6.2 0.55 0 G2 
Ci. 1 0 59 0. 67 
Ci. 1 0. 62· 0. 63 
6.2 0,61-0.6 1 
{l.0 0.5 1--0.CiCi 

Ci,0 0,(i0-0.Ci0 

ll .6 13.<l 1910 
11. 7 12.f> 2390 
11.7 12.0 21 10 
11.8 12.5 1910 
11.7 12.0 1910 
12, 0 I ] !:l , 5 1850 
11.6 12.0 2100 
11 .7 12.0 2050 
l 1 5 [ 12 . 5 2 0!l 0 
12.l 13.0 1910 
11 . s 1 a . o I -.n oo 
11 .fl 12 .5 2~80 

2010 
2 160 
2210 
)980 
1980 
1860 
2500 
2120 
:.n 90 
1930 
21 10 
2500 

l 690 
]810 
2000 
1620 
1 J 60 
1120 
2-130 
1920 
2010 
1820 
1660 
1960 --

5.6 
5.9 
2.9 
7.3 
1 • 1 
7.1 
3.7 
.1,0 
7.3 
(i. 8 
5.8 
I. 5 

• 

G.O O 5fi O.fil 
G. l O.fi5-0.fi5 
,1.2 I 0.;,5- 0.65 

6 . 1 0 . 60-0 . fiO . --
' 21Ci0 1820 5.-1 , _ 

(
. ., 
}, w 

6. 1 
5.9 
6 ., 

• w 

(• •> 
l • w 

G O 
G O 
6 ') 

0 60-0. 59 
0,58-0.50 

11.8 
12.0 
l 1 . 8 ' 
12. 0 1 
12. 1 

0. 58-0. (i3 
0,58-0.H0 
0.62-0.li6 , --. -

0. 62 1· 12 . q 
0. 63 13. 0 
0,60 12 .8 --

13.0 
13.0 
13 .0 
1a .o 
13 ,0 

--
615 
9:JO 

l(j;i() 

--
625 I •lflO 1 

930 760 
tr.GO 1360 

f, • 1 
7. 1 - ~ :>. j 

1860 J 570 I 7, 7 

1Thest> tilr werr immPrsedin watf'r 30 
days and trstrd while wet, 

1850 
1310 1300 I 1130 ,1.0 

·11l!O 1~1370 -5.8 l'I'wo we;lkC'st rdrcted in a\'era~1n;{. - ·-- -- -

630 I 590 ~20 
730 570 I .100 

11 80 111 0 8•10 
760 1 550° I 

811\mon C'olorc>cl, very soft. 
811lmon colorc>rl, \'ery soft. 
Grunular tPxturc. ----------------

•r~:STS Or' 7 1:SCH ('I,.\\' DR.\l:S Tll,t: 

1 0 ' 7. 0 0. liO I 1-.:?. 8 
11 , 7,0 I 0.Cil 1 12.8 

12fl0 
850 
890 

1:!30 
810 
810 

1030 ' 
630 
r,;o I 

Salmon C'olorcd soft burned drain tile. 

12 I 1 . o o. 03 13 . o - ,- --9Ci0 800 

5 
7 

'l'l•:STS o~• ~ J:,.CCH !'I,,\\' UR,\I:S- TII,t: 

8. O I O. fi!,- O. GS 12. 0 ' Ill. 3 2:! 10 '..?220 I l 900 3. 6 I Common hard burnt druin pipe 
I 8.4 0.70-0.70 12.8 I 16 .3 I 1190 1·110 . 1080 19.0 JI-'rom n different stratum in same pit. 

----------

7 

3 
4 
5 
G 
7 
8 

8.0 
8.0 
8.0 
8.0 
8.0 
8.0 

0.75 
0.75 
0.70 
0.70 
0.70 
0. 70 

26.0 
j5.0 
2·1.0 
2•1. 0 
24.0 
2•1. 0 ---

3110 I 1-130 I 930 
1150 1980 1:!80 
3570 1770 1320 
2330 11-10 8-lO 
3600 l 830 1350 

, 2900 1 •170 ]090 
---', ' 1Goo I 1130' 

\ Vitrified salt glazed. 
I 

~ 
C,lj 
~ 



r 

From 

Emuietslmrg, Ia. 

,\verage 

Pt. Dodge, Ia 

C 
% 

-·J: ., 
-
13 
11 
15 

3 
1 
fj 

170 
171 
172 
173 
17t 
1i5 
l 7 fj 
177 
178 
179 
180 
181 
182 
188 
l 8-l 
18/i 
186 
187 
189 
189 
l 90 
191 

TABLE XO 20- TE._,T.._, OF CLAY DR \IN' TILT~-Cont1nucd 

:, 
::: -
... 
" -" ----

\vcra~e 
1 'l'hicknc,,;; 

·r. 
::: -
Q, 
C r 

•r. --
= 0 --

:::: . -
8.0 
R.O 
8. () ' 

I~.3 
l'.!.O 
12.0 
12. :{ 
l'.L 1 
1 •) I) -. -
l'.!.l 
1 •) •> -·-1., I) -. -
1:!.~ 
1 •) ., -. -
1:!.() 
11) I) -·-12 1 
1~.l 
12.3 
1i.2 
12.2 
12.2 
12.2 
12.3 
12.2 
12.3 
12. :'l 
12. ,t I 

0.70 
o. 70 
0.70 

1. 00-1 00 
I . 00- 1 . 00 
1 .00-1 .no 
1 .00 0.98 
1 .05-1. 00 
1. 00-]. 00 
0 98-0 D!i 
1 . 01 -0 99 
1.08-1 .07 
1 . 07 1 . 07 
l . 05- J • o 7 
1. 0'.!-1, 0::l 
1 07. 1.06 
1.01-1.00 
l . 03 I • 0'.! 
1 . 06-1 . 06 
1 . 07 I . 07 
1.05-1.0G 
1 07 1.07 
1 06 1.07 
1 OG I • 08 
1 o:i 1.00 
1. O/i-1 08 
1 00-0,!}!i 
1 • o:{ 1 03 

·r 

..... 

-t,.(i 
::: ., . -

.,, --• --
:,,; ., 

:,.. --

i. 

-
-= ~ 
--~ ::, 

---

. . ---= ~~ 
t:,r'""' -v C.: 
1. ·­- . f ..... 

... 
Cl ;.; 
C: =-
-~ f, 
l,..:, __. - . . --

::, ... --- ---
;i,: -

..... :;­
::, •.f • 

'J'. I,., 

::: ~ 
~ c.. -- . :: :/", ----,...-:,-1 

--
:..J 
... 
::, 

" -
0 --... 
0 
r. 

.,:) __. 

Remarks 

Salmon colored, soft burned drain tile. 
l'.!.8 
12.8 
l'.!.8 

1130 1060 780 
810 760 I 570 

900 _8 10 1 CH!)_,-------;-·--------------
890 l 670 1 1 

T~;sT.<; fH' 12 );\"I'll l'LA\' l>R.\JX TII,~; 

. - - -.,r:: 8 -- - I •>93r:: ..,;.}, ,,.) ...... ) 
'.!5.8 Ht 5 3375 
2t 7 75.0 3!il)() 
'.!5.0 82.0 '.!HMO 
21 D 83,11 '.!H7U 
'.!t.9 ~5.0 2865 
'.!1.9 78 0 I 3'.!!IO 
.,,- l I -- r1 3"-'0 
·- .) • . ' 4 • ' • ,> ., -
2 ,1 9 tlfl 5 I BOG;, 
:!·I 8 I ll LO ,1515 
21.9 H5.o aonr, 
2 I_ fi ' HO. 5 30:'!5 
:!f.8 H:,,O ' ;{0;15 
25. :1 
25. I 
25. l 
., r; ., 

2;;:;; I 
2·1 .. 5 
25.0 
26.1 
~;;. ] 
:! I . 8 
25.3 
25. 1 

81.0 2720 
83 5 30fl0 
8,100 2790 
l'l<l.O '.JOlO 
8 1. 0 3 I 80 
83. r, I 3070 
81.0 2910 
87.0 1780 
85,o :nno 
R5.5 !.? ,185 
80 0 2530 
85. o '.!9ao 

1390 
l;,90 
1770 
1 110 1 
1,1:;o 
1 100 
1 <iOll 
lli50 
I 190 
1710 
1500 
],ft(() 

1-f 80 
l 'l:JO 
1 '> 1 0 
1360 
1 ,170 
1550 
1500 
1 ,J20 
880 

1 Ii 60 
1210 
12,10 
1 J30 

750 
8/iO 
950 
780 
770 
1r.o 
91i0 
~JOO 
7:iO 
Hlill 
775 
iiO 
750 
i~O 
71'!0 
690 
7 ,f() I 

800 
760 
720 
,•JSO 
850 
(l '.l 0 
750 
770 

5.3 
L7 

:, • J ,. ,, 
I • ~ 

3.8 
2. •l 
~. ,I 
,.f .8 
3.9 
5 ., . -
5. !1 
3. 1 
I 0 
. I . , I 
3. Ii 
3 .8 
3.7 
5.8 
5.1 
I • 3 
6. •I 
3 I 
7 (l 
I 8 
7 (l 

.\II the:;t> vitrified and snit g:lnzed. 

+. 

!--' 
<:,.:> 
~ 



• 

Ft. Dod i.tt, I a, I l!l:J 1 t) •> 1 ,00-0.95 25.1 ' 
81 0 23/10 1200 I 720 6.8 -·-193 12.1 1 .00 0.95 :J,1 . l 76 0 3500 1770 1050 3.5 

19,1 12 . 3 1.00- 1.00 25 0 79 0 1700 8,10 ,170 ,1 • 3 

195 1 :1 • •1 1. 05- l . 05 2 I . 8 8fi.O 3,170 1 710 900 3 .., • u 

)96 1:l.3 1.00- 1.03 2 ,J 0 79.0 28,10 1370 7 ,10 6. ,I 

197 12 . •l 1.00- 1 .00 ~5.1 80.0 2810 1370 770 I 7 6 

198 12. 1 1 . 00- l . 00 ~ ,1 • f) 76.0 3210 1570 880 6 6 

199 1 'l ., 1 . 00-0. !)5 2 f> • 01 79.0 :l810 13·10 830 6 f> -. -
:JOO 1~ .3 1.00-1.00 !!5. 1 79.0 2270 1110 610 5 9 

:JO 1 12.3 l 0.98 1.00 25.0 RI.. 0 2,100 1 l 80 680 I i>.3 

~()~ 12.3 1 .00-1.05 I 2,1.!l 82.0 2970 I 1,160 800 .5. 6 

~03 12 .9 1.00-1.00 25.0 81.0 3170 1520 870 I 3.8 
-- - ---- I 1.130 

,\ Vt!J"fl ge I I I I 770 5.0 
- - -

2!13 I 1 :J-:-1- -0-. 90--0. 95 1 12. •I 
- --

Van ~Ictt•r, Ia. I 
as I 2031) !3000 13::J(I I 7"' l) "l'i I(' u~~d for drnin from \'('trrinary 

29•1 12.0 0.90-0 90 11 .9 :H> 211\8 2210 1 l,t0 I 3.9 Builclin~. 

2!)5 12.1 I 0.93-0.88 I 12.1 3 (i 
I 2282 I 22SH) 1570 6.0 

296 l 12.0 o.sn o.94 12.2 _ 36 3,1 12 3,1 I 0 2300 ; . 1 

297 12.0 0.tHi-0.90 11.9 :Hi ,, 102 ,11 GO 3030 3.8 
- - --- - . - -

Average j I ' I ' l 2s 1~,_1!~80 I 
re ,.. 

__ j ,) . ' ' - ~ 

- __, 
Cv 

\'an ::\I('t.cr, In. From 33f> 12.1 0.90 0.92 12.0 I 37 I 2080 2080 i 1380 8.1 ''l'll;'S(' t il;-;\'rrr immers,·cl in wat.er for 
.:,.:, 

satn<.- lot of tilt• llS 3:Hi 12.0 0. 9G-O. ~10 11. 8 I 36 :?790 28,10 1900 fi. 6 1lir1·<' W<'E'ks, and brok<'n whilr sat· 

~OS. :!!)3 20i. I :1:17 1:.1.0 0.!13-0.98 12.0 37 3110 3110 1950 I 6.5 urntrd, 

338 12. l 0.90-0.90 12.0 36 3150 3150 :!100 7.6 

339 12.0 0.90-0.98 12.l 37 2 ,150 2J50 ] 16:JO I 6.7 
---

,\ \"l'rUt!C I I I I 2_735" I 1790 I 7.1 

-- -
Tl•:!';TS 01" 16 1:-.-c11 <'O)L\fOX Ob\ Y DR.\JS Tll,ls 

- -· 
.. \uhuru, Ia. 8nn lar to ,\ 1 lG.3 1 . 3-1 . 3 25.3 I 11:i I 3350 1600 -680 I I C'olm-1·ed. - Bod~;- {ull -of air bubbl('S 

the tile 11sP<l in Sa< \ •) 16.8 1.1 1.1 :!5. 8 I 15 I 3560 1660 1000 Lii;:ht !'ream color. 
' ~ 

Co. Drain ::-; () ~C}, A3 l(j. 3 1.2-1.l 25.6 I I 5 37Ci0 t76o 110Go 

where n tile fa h1 re ,\ ,I 1 r,. () 1 1-1. 1 :.!5.:l 115 4210 :JO]() I 122() 

occurred. I .\5 1 G. 3 j 1.1-1.1 •lf>. 3 115 31 (j(l 1500 i 910 
- -- -
.\ VC'l'llgl' l ' j 

1710 I 970 
- -

-

\uburn, In. I _.\(j lll. ,I 1.1-1.1 25.~ 11 r, 2710 1290 750 l Crram color. Thrse tile were srledl'd 

,\8 16. ,1 1.1-1.1 ~[,. 1 115 3010 1,150 870 as wrnk. 

,\ 10 16. ~ 1. 2 1. 1 zr,,5 115 3310 : 1560 9,10 
-- I -

A vrr!llrl' I I I I I 1,130 I 850 



r 

T \BLL '\O 20- TE.STS OF CL\ Y DR \I:\ TI LE-Continued 
- --. 

:., -
I 

... -.\ ~·er age -I 
,r_ - ... 

Thickness .c . . - ~ - - -• - ·- - . ..... -- - -CL -- ... 
I 

' 

I 0,:: - :., I I ,;, I ::: . ::: 

I - <> ::: ::.. ...... 'f "' 
,r_ "' ,._ - ... =- I Remarks 

From - ::: .c C -..... 
I 

Ch ::: I • • f, .... ...... .... I .... - C 0 er. - V.:.., ·-:., - I . t.t QJ :: ... -z - ,.: - -- .... - - i:: c.. ::: .c c:, - c.. ,., - I - ... E C Cl u - 0 - - .... - . V. 

I -~ c.. - - :., c.. cc J'. 

I - ,fl v,, ,., C 0 :., ► c.. :., .c c- ---. -:- - - • ...- __. c::,...; ...-- - ..... - ...- • ........... . 
Auburn, Ia. ,\ 7 I 16. 4 1 1.1-1.1 25.3 115 I 3910 1870 1130 I Rc·d color. These samples were selel'I· A9 I 16.4 1.1-1.1 125. 1 I 115 3010 I 1-1 ,10 860 I ed as stron~. All 1 16.4 1.1-1.1 25.5 llS I 3610 1710 I 1030 -·- -Average I I I I 

' I I 1670 I 1010 - -
Auburn, Ia. I A12 I 16.4 I 1.1-1.1 '25 .5 I 115 I 3610 I 1700 I 1020 !Immersed in water for 5 hours and 

tf'stPd wet. 
....... TESTS Or' 18 I:'l:<'H \"ITRH'IEn !':ALT Glu\ZED TILE 
c,.:i ·- - ~ 

Ft Dodge, Ia. I 201 18,9 I 1.33-1.30 21.9 ~i~.s I 3 I 60 15so I 790 5.0 I 
205 i 18.6 1.38-1.38 2-1. 8 I 309(1 l 5-l0 I 650 8.8 
206 19.2 I 1.28-1.28 24 .. j 147 4200 2010 1030 4. 1 207 19.1 1.30-1,35 24.6 152 5 33110 lfi70 I 810 5.8 208 18.9 I } .23-1.30 2,t. 7 15~ 3830 1900 1oso I 4.2 -- -,-- -Avera~e 1 ' I I I I 17 10 870 5 5 ---

TEST~ OF 20 IX<'H <' lu\ \" OR,UX TIL~: - ---Lehigh, Ia. I I 10. 8 1.30-1.30 ao_ o l 206 2035 1 1110 I 570 I 5.18 Tlw1<e wPre sent from the factory, 1,ut 20.0 1. 25 1 . 2s , 30. o 1 20n 1on~ 1n10 81JO •1. 1 0 s111d to be of snme quality as those ' 21 .0 1. 32-1 . 25 30.Cl 206 389:> 1560 880 5. 18 sent to Drain Xo 31. Kossuth C'o., 19.8 I 1.2s 1.30 30.0 I 2()(j I 3895 I 1560 830 5.53 In ., when• i;ome tile 1•r11rkecl in ditch. f -, -- - --AvPrage I I I 1 •I 80 I _7.10_1_, 5.0 -- -- ·-
TE~T.S o•· 2 1 IX('II \"ITRn·u:n SALT GLAZE!> 'l'l l.11-: 

326 I 24,6 i~i°l 880 
-Lehigh, Ia. I 1.50-1.50 30.0 :-12 () ,1700 4. ·1 327 2,1, 3 1.50-1.52 29.5 a10 5 100 2220 1 OCiO ,J. 3 

328 24.6 1 .25-1.25 30.3 320 3700 I ,I fiO 1010 4, 0 329 2,1 , 3 1.30-1.25 30.0 :-3~?0 5090 2050 , l ,11 0 3.5 330 2 4 .5 1.30-1. 30 29.5 320 5900 2100 15•~~ 4 ., -~ - - -Average I I I 1 2000 I 1180 4 .1 

~ 
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BPII V, --H 

. 
:... 

s V, I <l, - -"' .... a, 
From I V, ·- -= ..... 

I = .... H ~ .. "' cf. 

"' ·-0 ':: = <l, ..... 
H y; - ~H = ti ... ,!( ... - ::: :.,; .... 

" a, :F. -- ·-., ., 
i:: ~ ..:: :-

E-< , 
E-< 

_, .... H ,-

Lehi1d1, Ia . I Xo data giV<•n l H,O 1 

:.l Xo tlata ~JVPn ll.O I 
:i ! ;-,. o data gin•n fl. 0 
1 :,.; o rlata P:i\'C'll I 6. 0 
5 'so clata 1-{h•pn 

T \BLE ~O 21 
TESTS OF C'L.\ Y SE'i,'ER PIPE 

Thirkne<;s 
of "'nil 

rn 
= .... 

rn 
= -H ---,.: -:::' -0 
~ M -

'l'f;STS Of' 

0.70 
0.ij 
0,70 
O.i3 
0 . 7",! 

6 

I t -Breaking C 
:::: ., 

Load :::. . CJ 
-c :... ~~ "' C p.. "' I ,.,; ~ ,..::: .... V - o·"h.· 

, 
= H .... 

"' 0 .:::, ... :r. ;... ·-~ ~ 
0, - . -- I 
0. .., - :::. - - - ..... ~ - :::: -tr. - -·- = "' "' 

,-:,· ;ii ., - - f. "' C .:::, ..; ~ - .:::, ::.,. , 
E-<_ .. _ ....--:; _. .- .... ...... ..... ,..,. .... . -

I~<'H \'l TRIFJF;O 1-ALT GLAZED 
: :!G I t8~0 ' :J:!!.!O J 1~80 . ,, r 

51'l'.l0 '.l690 11601 I " > 
'., (j •I ~90 :.l:.lGO Ii :.lHO 
l::i6 50:.io /2a20 12r,o 
' '! (i 45ao :.i11o l12:.io 

I 

I Light <'olored 
Dark colorc•il 
Dark rolori,cl 

1 J>ark colorrd 
Dark rolorPd. 

Averng~e ______ ..!,__..!,_ _ _.,! __ ...:.._ _ _,2~--'------

(i. o I 
fl :'lio data gin•n 6.0 0 70 t,!6 •1110 :21:.lO 1160 Dark rolorNl - -,- -, ·-~- ,- - -l I I I :.l280 12701 

Des l\foinl'S, Ia. 

AvPrage 

l\facom h, Ill 

A \'Pr age ---

Lehigh, Tn. 

1 •. , ''51 l 2 12: 00 
a 2. oo I 4 12. 00 1 

L 

1r.r. .112.r, 
'S:iR 2. 0 
55912 1 

156012 1 
561 1 9 

i 

-I I 

po. 7 ' 
7.9 1 

8.0 
8 0 
7.9 J 

6 . 0 0.<i5 
6.0 0.70 I 6.0 0.67 I 
6 . 0 0. 6!.! 

I 

• 65 I 
. 57 , 
. fi5 
. r,5 
. 5~ 

I 

8. 15 0 . 7 5-0. 7 5 I 
(i . 1 0 IO . 7 0 - 0 . fiH 
f, 15 ' 0. 7;, o . 70 
r, . 2 o, o . ll :;- o . 7 n 
6. 00'0. 65-0 65' - -,.., -

- --
/ :f~ool 11:lo , gr,n l - -127 T'ndrrburnt. :~o :l6.50 i 16901 9(10 

!.! 6 1,100 20:JO 1:.!60 
:..! ti I 

' ' 
58 '12.S j 
31 1:!i, . 8 , 
a•~ •~rl . O 
:ll '..?fi . 0 
:ll l25 . 7 

f I -----

.itoo 1:.io10111r,o 
- - " 

179011160 

3720 1720 ' 115012. :! 
41:.lO 191011170 1 . 8 
a870 1790 1 o:io a. Ii 
1070 118HO l l:.lG0 ' 3 5 I 
:l670'1710 11 ,102.3 

_ _I 18001115012. 7 _._ 

-

1 · '\;o 

2IN0 
1 :\' f) 

TJ•:~TS 0};' 8 INCH \"I'l'RU'IF.D 1-.\LT GI.A;/,J•:n 

11 Xo 

data 
dnta 
duta 
dnta 
dntn 
dnln 

i:!'JVPn 
gi\'ell 
id vpn 
l\'!VPn 
.e:1vrn 
givrn 
I 

8.0 
8.0 
8.0 
8.0 
8.0 
8.0 

0.70 
0.70 
0.80 
0.70 
0.70 
0.70 

12(; 
126 
'1 ., 6 .. } 
120 
1:?6 
126 

:l310 15:lO 11:lOI Ligllt 
3600 1660 1230 Light 
2610 1200 670! Light 
38PO •J8001320 Dnrk 
3:5JO 16:30 12101 jDnrk 

colored. 
rolor!'cl 
colorprl 

rolored 
t·ol01·<'d 
rolored. 

Remarks 

--- - -

Badly laminnt<'d. 
5 No 

, 6 , No 
,\ vPi-n~-- - _-__ -_ -_ -J f -1 

I 
3150 l 160 l 070.--- Dnrk 

l I_ - 11550 111101 I --------------

·- ......., 
w 
0) 



Dci; }.loineR, Ia, 1 2. 75 8.0 0.721 33 9130 3320'2320• 

2 2 .50 8.0 0.75 33 9060 33102110 

3 2. 50 8 0 0.75 33 7000 2580 1660 

,J 2.75 8 0 0.75 33 7210 2630 1680 

512.50 8 0 I 0. 801 35 6460 237011310 

6 z. 25 8 0 0.'i5 '33 5250' 1950,12,10 -
! 7 ! I A 'l"E'rage , 1 1 ______ ..:. __ _ I ~2690, 17301 

\I111·omb, Ill. 55•12.(i 110.71 .U5 8.15 0.75-0.75 
1555 2.6 1-10.7 .f>21 8.15 0.'i5-0.7fi 
556 2.6 10.7, ,G218.100.75 0.75 

A 'l"Pra c:e ___ ...:... ___ ..,• __ _ 

Ft. DodgP, In. 111. 751 
2 2 . 00 I I 8.0 lO·f~ 

1 8.0 O.u, 
I 

A 'l"E'rnge I 1 1 l I I 
I 
I 

1'ESTS o~· 9 

}.fa('omh, Ill. 5,1912,3 11.51 .55 9.0 0.70 0.70 
550 ,, ., 11.4 .57 !). 0 0.75-0.75 \ ..... ,,,,_, 

5512.,1 11. 5 60 9.0 0.75-0.72 
J~;•>I•> -> 11 5 57 9.0 0.75-0.80 
•, w''6Je/J 

11 1 .57 9. 0 , 0. 7 5-0. 7.S 

58_32.5 1 ,1510116S011100'•l.0 
5/\132.GI ,l(j,1() 170011120\•l. l 
59 132.5 ,J690 1730,1150 :LS 

1700111201"---!l-- -------------
26 I .1:;10 20G011 l701 Vitrified salt ,:lnzcd. 

I:.! G I 31301570
1
1020 •Vitrified snit ilazrd. 

I - '18~0'1100 
• -- --

1:--'"<'H \'ITRI}'I go ~.\LT GLAZ•:n 

60,:lt .81 379011•130'1 !8011 •. 1 
GO 32.1 5190 J~l--10 1600 1.2 
61 :12 .2 52!l0 1970 l5t0 1. 2 
60 1'.ll.6 3!J.1015001080,J.-l 'Frartun d. '\ot ns well hurnt>cl ns pn•1·cclinc: 
6'.! · '.l:!. 4 ,1590( 1700 12:.!0 1. 7 I one. 

, 1 1 I I ~ 171011320"1 I 
A verac:c 

55312.5 
I 

- -- - -

TJ•;ST:-- 0~' 10 1:--'"('JI \'lTRH'Il•:D SAL'r "' \i',~;o 

Des :\loines, In. 1 12. 0 
-

o. !:l~-o. <is' 10 
2 2. o I 10 0.88- 0.88 
:i 2. 0 10 0.88-0.88 
I 2. 0 l 110 I0.88-0.f\8 

:~:? I 6270 2:lii011380 Dnrk n•d. Evellly burn!'d, 
:l2 ! 5810 :.ll80[1:.l70I 1Dnrk red. Evenly burned. 
:i 2 7570 28,10 16'\01 l llnrk reel. J•~\·enly burnl•!l. 
3•~ 507011890 1100 I Dark HPcl (1fe!l.). }~Yenly hurnt. 

12320 Ul50I A vl'l·n:::, 

Lehi:::h, Ta. 

-
An·rnge 

-1:.l60 1 I 970 13:.l0 
.. 

Light eo!Ol't'(l. Xot. 
1 \o <1:1ta gi\'en 110 10.8:.l-0.82' ~6 evenly burnt. 

•~ '.\o data given 10 0. 8'!-0. t-i2 '.!6 3860 1780 1190 Light ('olorrd. '.:\'oL evenly burnt 

'.J X o dntn gi~·ru 10 0.82-0.8:.l !! 6 ,1a10 19so 1330 Dark ('olor. 
j '\ o dn ta given 10 0.8::l-0.83 2£i 4200 19 10 1260 Durk <"olor. 

5 '\o clntn e:h·en 10 0.85-0.85 I'.! Ci 3370 1560 9801 1Ieclium light t·olor. 

6 '\o data given 10 0.80-0.80 ?.6 3800 1760 l:.l •I0 · Dark color. 
- - '"i s201 t zici I I I 

- --

....... 
c.,.j 
-l 



From 

.Macomh, Ill. 

AvPragp 

DPs l\Ioinf>s, Ia. 

AvPraire 

Lehh:h, Ia. 

Average 

M:acom b, Ill. 

Avt>ragc 

TABLc, '\;O 21-TE'->Tc:; OF <.L.\ Y SC\\ FR PIPF Ccntinued 

C 
~ 

-"· :., 

=-

.,; 
::; ..... 

.::: -~t 
::; 
~ -

Bell 

' -::; 
.~ 
~ - . "' - -r:..: 
::; ... 
" ... ':';.; - -- ' 

,. 
::; -
"· ·.F. 
v 

_;,: 
<.I 

' "' ..... 

... 
" -::., -::; 
"' ~ ,_, 

... 
::., 
;., 

--:: 

Thickne~s 
of \\'all 

"· t: -
~ 

0 
=-

er. ---::; 
~ -----

'J: --. --
t:/ 
:., 

;;.. .-

,. 
:: ..... 
. 

.::: -e, 

., 

' Breaking 
Load 

1- I::: 
v, 
.c 
..) 

-"' -
::... 

-... 
g_ 
,;, 

.c -

" ... --~ - . 
-::; ., 
u --~..:; ~ :..; 

.... -
c'l'.. 
,., ... 
::; ., 
::: c:.. -- . C ! 

-
::: 
C -;:-
0 
'Fl 

.c _,,. ..) 

:5,f ,1~2.8 12.8 .77 10.25 0.85-0.851 fH>132.7 3700j1360' 870 3.5 
5,153.0 12.8 .77 10 .25 0.80-0 8.'> 80 33,0 3900,1,120 1030 3.8 

_:;i.. -~ ,..__ 

51H 2.6 12.8 .77 10.30 0.85-0 85 80 :12.<l 3300 1210 1210
1
,t.8 

5172.7 12 s .12110.300. 80-0 so· sow1.5l 3sr,01.1201oao:i.3 
548

1

2.5 12.8 .77 10.3010.85-0 85 78'32.3 4550 1690 1080 3.0 
, i · 1 -r-··· - , , 1 111201 9603., 

Tf:STS OF 12 1.X('H \"lTRIFH:0 SALT GLAZ~;n 

1 r. 0 I I l 2. 0 1. 00- 1 • 001 
(7 1 3500[1580 8GOI 2 3. 0 ' I 12. o 1.00-] ,00 ··- 5090 22601)2,10 - I 3 3. 0 l!L 0 1.00 1.00 .. - 5r,2~12500 1350 _, 

-r I I ' 121 10 11501 I 

\\'pl) burnt. 
\V!'ll burnt. 
En•nly _!,urnt 

Remarks 

l\[1·d. red. Hair crnc·ks. 
Dark rrd. 

)fc>d , dark rrd. 

1 ~o data t:'IV<'n 112 0 II .05 1 .05 :.! ,; I <l280 290011 ISO i.:-.fodiurn dark l'olor. ., :-:o data irh·un 11!! .0 11 .05. I. 1151 '?6 (i.ftj() 2520 1370 Dnrk color 
w 

3 :,..:o data i.:ivPn ;1~.o 0,fl7 0 971 2() 1170 Hl30 11201 I>nrk color. 1 ~ o dnt .1 c;1ve11 I.!. 0 0 9il-O.fl8
1 2,; 11Hi0 2:.l·JO 1270 j Dnrk rolor. 5 ~ o duta c;ivi>n 12 O <>. 97 O. Hi 

6 Xo data ~in•n 12.0 

!1539,·2.6 il5.0j 
ls to 2.s j1.1.s 
541 2.4 l ,1.9 1 
15-1212. (l 11-1 . 9 
15-13 2.5 1-1.8 ' 
f -1-- f I 

.80112.3 
80 l:.l.2 
80.12.a 
80112.3 
80 12. 1 

!!H .100012120 12ao1 
-2.:.._05-1 . 05. '2H ,1920:!300111:10 
I I ;23 10 ' 1:.ioo1 

0.90-0.90 103. 3?. 6 •1210 1550[10l0 IR 
o.9oo.9ol ona2 r, ,111017.10 .1110:11 

I0.90-0.90 100 3'' 2 .1.110 ]G,10 1]00 •l .2 
0.90~0,901 99 32.5 3710·J:J70 920 3.4 

J>nrk <'olor. 
Dnrk rolor. 

• 

0.85-0.85 91132.0 .J(i(l0175011702 3, 
I I I I l l610 l l080 '3-6 1:------------------

...... 
w 
00 



Sfnndnrd I 1 61 No dnta 
Double Strength 27 No data 

given 
given 1

12 IO. 88 O. 881 l 0 1 , 30. 0\11270 \45 10\3160\ I Tests by Burns & l\IcDonnell, Kansas City, Kan. 
12 1.13-1.13 125 80.0 9630 3852 1660 I (See general note for cement sewer pipe) . 

I - I - __ I- I - I J4180l2410I _ I __ - - -
Average I I I I 

D rs l\1oinrs, In. 

Des l\Ioincs, In. 

Avt>rage 

Des l\1oinrs, Ia. 

Avernge 

l\fnromb, Ill 
Single Strength 

Avernge 

Macomb, 111 
Double Strength 

A ve-rni:.e I 

Standard 
D ouble Strength 
Averae:e 

12.oop5.5I L12.5 lJ.10-l_~of 80l2~.0L8500l1610l_250I_ IT~ken from old sewer 

8 2 .3 
T 2.3 
U 2 .2 
Y 2.2 ,v iz .a 
X 2.3 

11.8

1

0.1011~.o 
1,1.9 0.70 1 ... 0 
14.9 0.70' 12 .0 
11.8 0.70 12.0 
1180.7512.0 
14.80.701'.Ll 

I I 

10. 97 O. 97 
0.98-0.98 

I0.97-0.97 
0.95 0.97 

lo. 95--0. 96 
0.97 0.98 

• 
110 32 .1 
110 32.1 
1103:L0 
110 32. 2 
11 0 ! :~2 . 31 
110: 3!~. -~ 

8270 13080 1770 1. 921From factory. 
7710 280011580 3.30 
8760 3290 1880 2 .21 
9110 3•100 2030 1. 70 
5960 22:!0 1320 1. 75IInjured in shipping. 
7•13012760 1590]2.101 
78731292511695 2 .161 

TES'l''l OF 15 JNCH \ITRJll'IED BALT GL\ZRD 

-

Omitted in averaging. 

112 .so1 I 
~15.0 ,1 .13-1.13 1 1:?7 I 3680116301 860\ :Medium dark reel. Bottom break at hair crack. 

2/;. 2sl 
I I I 

1 .i 100]2oooho60 
Yery dark red. 

I 

530,3.3 
531 3. 2 
532 3. 1 
53313.3 
53,t 3. 2 

535 3.4 
536 3.3 
537 3.3 
538 3.5 

I 

181 No 
26 No 

15.0 11.13-1.131 126 Broke nt blister. 3 inch diameter. 

I I I I I I I __ J18201 9601 __ I 

-
18.4 0.9~ 15.2 ,1.00-1.05 4610 166011120 13. 5 15 1 33.6 
18.0 0.8, 15.1 1.00-1.00 143 32.8 3340 1220 820 2.6 
18. 5 0. 82 11.9 1.00- 1.00 113 32.9 1090 1490 1000 2.4 

18.3 ,0.85 15.2 1.00-1.00 145 33.1 ,H90 1260 850 2.7 
lfl. 6 0. 90 15.4 ,1.05- 1.05 1-!9 33.2 3 .190 1260 770 3.3 

' ' ' ' I I I 
-113801 91012.9 I 

19.3 1.1 15.5 1.30-1.30 19013 4. 4 5520 1930 1 800 4.1 
19.2 1.1 15. 1 1.30-1.25 187 34. , j 5570 1910 870 3.6 
19. 2 1.1 15.6 1.30-1.30 187 34.2 5420 19101 770 3.9 
19 .2 1.1 15.6 1. 20-1.20 175 33.7 4220 ] 510 730 4.6 

l I ' I I I 118201 7901:i.0 I 
- . 

(See general n ote clatn given 115.0 -11.00-1.00 148130.0 . 8920,357023801 1•restsbyBurns&l\IcDonnell. 
data given 15.0 1.25- 1.25 1 178 30.0 9730 38901 16801 for cement sewer pipe). 
-I I I I I I I l3730l2030I I -------

~ 
00 
co 



From 

Des ~!oin(:--, In. 

Avf"lrn~e 

:Maf'omh, Ill. 
Sindt> Strength 

A VPl"ila'.P 

VI 
i:l ..... -% -t,G - C •✓ 

:, :, . ,-1 

:\[ " •> ,_, .. , 
~ ,, I . ,- .. 
o I :.i • . 1 
p :J. ,1 
(J 1:.i.fi 
l{ ':.! ,•l 

,>~oa .. J 
r.,1 l--.j 'l . ) .... . . ' 
:;22 1:1.a 
:;:?:1 a.r, 
:, '.l J a 'l 

- - --
Mal'ornl,, Ill 
Dou hie Strenzth 

~\ vc-ra~r 

St Lou is, ~Io 
S1ndu StrPngth 

A Yf'J"llgP 

5~5 :l.3 
C•)('l'l '{ •)""' I • • ._ 

ti~'i:l.3 
5~A !! 7 
529 2. r, 

'i25ri. 0 13823.0 
:1A:l :J. 0 

1a811:1.o 
-, --,- I 

TABI,I~ ).0 31-TI~.._,T.., OF CL,\Y Sg\\'l~R PIPE-Continued 

I i. I Thicknc~s " -- -Rell Ilrcaking ... -- - :, 
of \Va.II Load - '-' ... - -

I ~ --
~~I "' • I <I. - - Ii c.. - :: ~ I 'J ,-: - :: •f I - 'f -- - I Remarks - - ~ - ,-: - • i -~f. :: -- .,; ~ ..... I-, 

I .., 0 ,. - f .c cii= ....,; = - • 'J, l--. -:, I - - CJ -- - - :, 
.::: c.. c:. =- I 

..... - - - c:. .:,: .: tlf, - :: I.. I.. I el 0 
CJ .: I " I :, - = OJ ~ .; .,, - - :, '✓ ~ CJ - :, 0 ·=- :,.. .;,, ..., ..::i_ .., - .c -- E-- I ..... F- • F- . ·- -, ..... ..... :, • - ..- - -- ..--; - . 

lft.:.! 0,80 1 I. H ] ,J;i-],15 : 1 f>O ll'.l . a 9 'l 5 {) 3', I 7 Cl I I 7 -I() I~ . 3 fi 
18.:.! 0.85 15 O ],);") 1 , 101 l.'>0•3:! o Hll50 ~1:.! 10 177011 .93 
18.:l o.~o 1 I . 8 1.10-1,10 11>01:i:!.1 8HliO ,1:no 1i-101:.i,ao 
18. l O. 80 I 1 l . !'l 1 . 05 - I • l O. lf>0 13!! !! 100!>01.ii 10 '.l'.l,;o '.l .1 1 \'itrifir<l bL•tl<•r than the bnlnnt·e of tlw 15 inch 

11 H . :.! , o. l'l n 1 I. 8 11 . Oi>-1 . 1 o lfif ll:l'..!.:1110 IOO':l81i0 :.!3:!0 1 .71-11 p1pr, 
18. l O. kO 1-1. R 1 . 1 CJ. 1 . l O 1 r,11 :i:l .1 A5tola11,011710 :.!. H3 

9:lOOl3170I 19 -10 !L:.!:.! 

n:sTS OJ,' 18 ...... 1.:s;,•11 ,1Tn1n1-;1> ~,\I,T <:l,,\ZEI> 
~ ---- ---- 0 :!:! . J l 10118.1 1 ~0- I . '..!0 1 :.l07 J3 I , I fi80 j 1 f,l{(I 9;;1>1:1~ I -

~~ • :! 1 l01JH.3 1.:.!0-1 10 20~ :1-:l. I I fiHO 1 lil{O !};;013. !I 
'2:!.2 1.10 18.3 l . 20-- I . 20 !!07 38. ,1 f>lilO lilfill 1or,o :.! ,9 ,.,,, ., 1 10 Jil 3 l . :.!0-1 , :.!O 20(; 33. -1, 1 1 'lC)' 1 ;,!l(i: noo 3. a _._..... . - . 
I•>•;• " 1 1 o I -i '' l.'..!fl-1.:.!0 20a 33. o 1a30 1r,,0 1 8!10 1 (i -- . _, . ~ . _, 

Jfif-0-,-950 3 0 

i:!a 1 1 t lil.:J 1 . 5. 1 • f> ' ''57 :l'I ,.. :,rilO.:.!Ol() 730,:l.7 - I• • • ,> 
!.!2 !I 1 . 3 18.3 l • 4- I • I I :_!5(}133 ,,i li1Hio :.!3!10 1 o IO :l. Ii 
~!! . 7 1 . :J 1 8 . ll 1 . 1-1_ 1 •)r;,•> ·ta r: n,00;2,1:.io 10201:.i. 5 
'..!2.7 1 1.3 18.3 I 1 1- I . t 

.... f -1 · . ,.> 
fih I fl '.':l5tl 9!10 l I I.icrht g1 nv ron•, o 9 in thick . Balant·( • lila"k 22. nli. a :!/ii :!3.H 

18 .~ l,·1-J,,I :.!Jli 32.il H:no1:io10 1280 a.1 I l ~•i forn~ll11~gr11y color. 
:l,l,tOi I 01 O':i-:-i 

21.A'l,O 1 s. 1 , 1. 2 1 . 2 I 207 3:i. 1 I !1010 :1:.ir,o j t 80n :i. r;r, I 
:.!l.A 1,0 17.H 1.2- 1.:~ / :.io1 a:1.0 871>0 :HAO 11no :L75 
21.81.0 18,0 l .:l· l .:.l 207,3:.!,!I fi:.lOO :.l:.!/iO l2GO -1 .7'i 
21.8;1.0 18.1 l,:.! - 1.2 207 :la_!! 7:l50!:!li/i0 1180 •l __:_10 - -.-- f - -- f I 1:.!8:lOllf>iO I .Oil 

~ 



St,. Louis, l\{o. 
D ouble Strength 

3 7 7 3. 1 2 1 .8 
378 3 . 1 2 1. 8 
37 9 3. 1 2 l .8 
3803. 1 2 1 .8 

1 .3 18 . 3 
1 . :i 18. 1 
1 . :l 18. 2 
1 .3 18. 1 

1 .5-1 .5 2-16 
1 .5-1 .5 2 4 6 
1 .5-1 .5 2·16 
l . 5- J . 5 2 -1 6 

' 

33 . cl 
33. 1 
33. :! 
33.3 

I I 

8620 
1207 0 
12 115 

8670 ---

1

3090 11 30 1.1 0 
1:i7 0 1580 3.50 
1500 1 6..tO 4 . 6 1 
3 1 50 ]} 10 .1, 35_ 

- -- .--- ------ -

A ,er age I _I_ l3780l1370l4, 14I 

Standard I 19 '\o data giv<>ll 118.0 ll,1:J~l.131 191130,0 G90012760i 17 10 
D ouble Strength I 25_ "\o data given PLO ;1,50-1.50 25~ 3o.ol 7770 3l l OIJ120 

Tests hy Burns & 1!1"Donn~II ( See general 
notp for !'E>mrnt sewer pipP) 

Average __ I ! I I I I I I --~9ao1 11ao. ----------'------------------------------

Des :Moines, Io.. 

Average 

1\1:ocomb, Ill. 
Single Strength 

I II 2 . 8 I 21 . 5 0 . 9 0 l 7 . 9 11 . 2 0-1 . 2 0 I 
I 12,6 !21.1 0.85l18.0 1 .20 1.20 
.T 2.8 21.5 0.85 18.1 11.20-1 .201 
K 2.8 21.5 0.80 18.2 1.20-1.20 
I, 2.8 21.6f0.80 PLO 11.20-1.20 

, G j2.7 _21.610,80 17.9 1.20-1.20 
I I I I _____ _ 

'.!00,31.9 
200132. o' 
2001a2. o 
200 3:L 1 
200 :l3. 1 
205 :n 9 

8'.l80 31ROl1760 2.00 From factory. 
8520 3190 1760 1.98 
7G10]2820 1560 2.56 Xot burned as well as rest 
87:lO 3'..>.60 1800 3. 30 
R 150l3JROII 760'2. 4:, 
8310131301175012. 321 
8:1 -1 0 3130 1730l'.L-13 

• 

TES'l'S 0~' 20 I~CII VITRIFIED SALT GL.\ZF:D 

5 l O 2 . 9 2,1 . 5 1 1 . 0 
I 51 1 3 . -1 2-1. 7 l . 0 
5123.:-l 2-1. 6].0 
513 3. 2 24-. 5 1 . 0 
5 1 l 3 . 1 2 •l. 3 1 . 0 

20.5 
20.7 
20.7 
20.8 
20.7 

1.3-] .3 
1 . 3 1. 3 
1 3-1.3 
l l'l-1 . 3 
1.3-1.3 

3,) 0 1 3'.3. 61 
2 15 I 33 '.~ 
2 -1-t 33. 1 
2 4 0132. SI 
2·13 33. 3 

4800' 177019601•l , l 
5050\ 1830 990,L O 
1750 1720 930 ·L 2 
5100 1870 ] 020 1. 2 
5150 1970 1060_1.0 

"\\"hole set burned uniformly. 

Avl'rage _____ I I I 11s30 990 1. 1 

:Macomb, Ill. 
D ouble Str ength 

,\ verage 

St. Louis, :Mo. 
Single Strengt h 

Averaire 

515 3. 1 25.-t 1.2 20.5 ll.60-1 .601 303\33.7 65·10 123301 8 1013. 9 
516 3.6 25.5 1.2 20.7 11.60-1.651 308i33.9 58 10 ~3070 750 •1. 8 
517 3.3 25.5 1.2 20.7 11.60-1 .flO 301133.3 6190 23,t 0 1 850 I . 6 

518 3.5 125.5 1.2 120.6 11 ,60-1 .601 296133,3 7-1-lO 2680 970 -t . 2 

519 3.3 25.5 1.2 20.7 l .55-1.GO 298 33.~ 70-10 25•t 0 980 3.9 

I I I I I I I I 12390' 880! 1.3 

37•1 3.5 
37!'>3.5 
376 3. 5 
I,-

125~3 1~3 119 .8 
'25.3 1.3 '19.8 
125.3 1.3 119.8 

1.5-1.5 
1 .5-1.5 
1.5-1.5 

285l33.5 63G5 l2280 900 4 .68 1 
292133.6 97 10 13480 1370 -1 .051 
292;33.3,103,10 3720 1170 L S-l -1 I - I ·11 6011250l l 5:::2...,..1 _________________ _ 

f I I 

!-' 
.,p... 
J--l 



'1',\BLE NO. 21-TESTS OF CL.\ Y SE\\'ER PIPE-Continued 

"' I I(, -Bell I ~ Thickness Breaking ~ ~ 
of \\' all Load o. U 

From 

~ 1----- -----, ~d ~ • 4J c,::...... I(, ,... (/"; ~ . p... 
. C C V CJ') • C 
~ <O ..... e ,JO .a ~ , .... ::=- • I Remarks - ,... I • <O C ~ - • H Or.r, C 
~ ~ (/J j,-; H rJ, I 0 

0 V) 'J) 0 er. ..0 '- V'J"-' 

Z r ~c ~ c E ...., ,.. ~ ,:; ::sv -c. 
- t::~ .._ H ..C: - Q. -0. 

~ C a.> ~ u ~ 0: :: ·- C ~ Cl) '"O VJ v, 
V Q.J ~ c.J ..C > 0 0 > C1J O ~ _; ~..O ..0 

St. Louis, :Mo. 
Double Sti-ength 

be ~ ~ ~- 0 bl) ell - j :; :5 

~ ...) ...... t f-< -< f-< 1::1:) ..- ,J f-< ~""' ~~ -". ----'----'----'--·----------------------
371 3.3 125.3 11.5 20.2 1.8-1.8 325 33.7'1296011610 1300 1.80 
372,3.3 25.311.5 30.3 1.8-1.8 325 33.81138(30 ·1920 140014.12 
373 3.3 '.:l5.3 1.5 120. 1 1 .8-1.8 325 33.-.t 9010,3250 920 -l.30 

Average I I I I I I I I I IJ:.l60ll210l4.-1ll 

'fESTS OF 21 INC'H V!TRJFJGD SALT GLAZF;D 

St. Louis, Mo 
Dou blo Strength 

A ,•pr age 

Standard 
Double Stren~h 

368"3.5 21l.5[l.5 20.4 I 1.9-1.9 
36913.5 26.s

1
1.s 21.2 I 1.s-1.9 

,370_3.5 26.5 1. 5 20.8 1.8-1.8 
_ I_ _ I I I I I 

3 51 3 3 . JI 1 :.l I 5 () 14 •170 1i50 5 . 3 0 I 
3 51 3 3 . 8 15 I 2 0 5-17 0 l ll20 ,1. 65 
351 33. 113050 470011360 5.00 

I I _ 1880 13801•1.981 
---'-----'-------

21 ~o data giV('ll 21.0 ,1.50-1 50 aos :10 I 7570/3030112(l0 
22 Z...o data gin•n 21.0 2. 00-2 00 388 :10 l 101 () 5600, 13,IO 
23 No datn gin•n 21.0 •:.L00-2 00, :-1~1 30 

1

11130 1150 1060 
/
Tests by Burns & :.\!cDonnell. 

note for cement sPwer pipr). 

A,l'ruge_________ , ,--1 _ - I I __ l_ 1.1aao11220 

Rt. Louis, 1\[o 
Double Strength 

TE~T>, OF 22 J~('H \"ITRIF'IED S,\L'f GL,\ZED 

l:16:.l3.5 :.i1.01.:.i 2:.l.3: 1.1-1.1I355l3a.51a-1951830116703.55 
363 3.5 :!7.0 1.'..l 22.:.l 1.7-1.7 346 33.3 125751•1530 1560 3.76 

13fi-13.5 :37.01.2 2:.l.3 1.7-1.7 3:,333.113·100-18l01GG03.87 
3G5 3.5 27.0 1.21::l:.l.3 1.7 1.7 35:1:13614000,5000il7:-!0 3.60 

1

36fl a.s 21.0 1.2 22.1 1.1-1.1 ::is:1:i3.216500 6oso;:.io10 3.10
1 

( See general 

\verage 
367 3.5121.01.2 22.1 1.1-1.1 as::i :i:La1135001,1s2olt650 4.05 

-I -1-- -- I I I I I I I 1~01011 _72_0~1_3_. 6_5_1 _________ --------

TESTS OF 24 1::-.ICII VITRH'JJ.;O SALT GLAZED 

St. Louis, 1: 
Single Streu 

-.o 350 l.O 29.0 1 4 ~--1. 2 1 .6-1.(l 850 31. 0 7940 2800 1180 
5. 601 gth 352 LO 28 5 1.1 2•1. 0 l.6-1.6 35734.0 G900 2380 990 

353 LO 28.5 1 1 2i1 .2 1.6- 1.6 :'!50 34.0 846012980 1240 1.20 
355 ·LO 28. 5 1 1 23.5 1.6-1.6 35033.2 7300 2660 l 100 4.60 
356 •1. 0 28. 5 1. 4 2it. 2 1.6-1 .6 350 33. 5 80001286011200 3.95 
357J,1. 0 28.5l1 4 2,1.0 1.6 1.6 350,33. 5 10000 3580 1500 J.20 

- - -A Vl•rav;e [2880II200l-1 51' -

i-. 

~ 
1-..:> 



bl 1 , i~. ,10 
D1;11bh :::;111n;;1h 

,\ \'N'n!,l' - -

l>ou hit :--,1 n ngth 

1,1 lll'Olll 1,, 111. 
Sttt::lo Sti·cni::lh 

._\ \*(\rni:t: 

:'11 a<'olllh, Ill . 
noubll' ~tl'l'll~lh 

• 

·1r,1 1,1.o ~!1.~1 1.r~ l~- 1.:.! ~-O· ~- I I 1,111 :i,1.011o~!lll~i ~fl1 t?20 :l. l~~ ! 

l
,J(i t \ 1, (1 -!1,:> I .h 1-3,!I _,0-..s,0 ,110 3-1.0 l •l- lltl ;Jfl,,O 1,190 J.t.,,

1 
'15R 1.0 :.!!l,r, 1. 6 '.J.I O :.!,llr ] ,!I •11 01:1,1 ,r, 1 l :.!lill ,3!110 l:.!00 a. «iO 
3fl9 1.0 '..!!l,.', I , ti 23.!l 2.0 '.!.0 ,ltO 3,1,5 1:.J.!lliO ,l [iOO l :.!f>O ,l ,!ICI 
:11io.,1.o '..l!J ,5, 1 .6 .:.!,I. :.! :!.1 - 1.H .J,111 1:1,1.r.1 t18<iO l30ROI !1 -I0 -3.5r. 

,3(il i•1.0 '..!o.5
1
1 .G :.:-1.0 :.! .0-2.0 ,1aola-1. o 15!:(HO 5,;20 1551_1 a.ao 

I I - - ,~ - - - I -·, ~7 - 4 320!123013.8:l - ~ 

:.! I Xo ,latn gtvt:n 
1
24. 0 

1
2. 25-'.!. 25 

I I ' 

513 0 1J520'5-110111130 
-- --- -Trst by Burn~ ,\;. ~l,•l.>01111, 111. 

nol<> for cenwnt :.ewer pipe). - -- ----
( See gi:'nl'r:11 

1

500r5_ 4 2ll-3
1
1. l 12 4 . 4 1 .55-1.60 3661'35.8 64202150 USO 1.1 

501 r..!' l2t1.s 1-,1 l:.! 1 .fi j1 . 1io-1.noi Jtii 3-1.·'l 1,r,;0!22uol 11~0 a.ti 
.5024.3 ,2!1.3 1 .4 ,24 11.1101.601 J ij!-31.7 50702060189013.8 
50:1\5.3 :.!!l.H\1.-1 '.!-1., 1 1 ,'311-l ,ti(I 31i7j3f>.2\ 110202050 SriOfi.2 
'>011. t j2li 11 4 ~t :.! 1 .60-1 .60~~3'1..:!.._ 687021001031!1•1.5 

. ' I:.! lll0I !151_1 ,.1,4 

,,05 ,I .2 30.0 I .5 l:.!• l .2 I 2.0-1 9 14013 1.0 112203!1601121013,7 
r,ntd. 1. -1 ao.o\ 1 .r. :.i-1.:.! ~.' · 1-:!.0 I ,158.a 1.r, n17ol31t10

1 

ti!'O •I. i 
5fli •l ,2 30 1 1.5124,5 2.0-2.0 41303 1.I !11;';'1)3400 !1103.fl 
r,o t- 1.1 ,•I [:1 11 . 11 r, :.!,I.a 1 :.!.1-:.!.0 -lli0 13 1, I ~H7(l:IO[,tl t<I0 -1.8 
509 -1. •I 30.2 1 .5 2'1.3 · 2 0- 2 .0 1 45013-t J,ll tl,liO 33(11) !11 013 .5 1Bro"k1• nt !l,1i0 aft,r st11n1lin::; uwkr lontl for 

I I l I I j ___ _ __ I __ 23 minutes. · 
- - • , 1 13:1~0 !1601,1 . I 

,\ ,·erngc ___ _ -- '. --'''----

Lehigh, In 

.\ ,·t~ro~c 

.1>1's Moines, In 

A Yrrn:::o 

1auq:.:.n 2n .01 1 .:.!!"il:.!• t .~ 11,:ir.-1.-101 n;o 1:.l.~I fi!110.21,u· 12;013. l 
332 2.5 20.0 1.:.!5 2-1.2 1.30-1.40 350 32.S 100i0 '3'i00 :.!3•10j3,i 
:n::i :.:.a !:.?H o 1.2r,

1
21.:1 1 .~0- 1.,10 1 3.101a1.t-il s1;ol31001 1~HO 3.5 

3'!-12.329.01 252 1 0 1 . 40· 1 . l0 3,10.31 S 13510lfi 110'..!i703.1 
I -. ,- - ' ---; .~ - - -1- ' ~ 35201:.!0SO 3 .•I 

.\ a.o 2:..0 1 15 '23.o 1 .50-1 .501 2,5 2H.a• 93301 1250 20:.io1:.:.!
1

1,1 
B 1:1. 1 12 8.0 1. 10!:.?•I .o 11 .50-1.50

1 
2,r,1:.:1; ,,1 "r.r.o a8no1Jg.1011 ,r,n 

(' -'3.'.:! 25.l'l.15 2Ll 11 .50-1.50 :.!';'5,:.:1,.r. 8300 :l'i50ll71'0 1.8G 
n l,1. 1 \2 t-l. qi . 15 '..!fl.!I 1.50-1.r.012,r, :.:1L5 55tOl3!:!51l 1s:io1 1 ,6a 
F. ',L2 28.0 1.15 1:.! L O 'l.55-1.50 275 '.!H.5 3580 3~60' 11'.11 0 2,l ti 
I•' l:1, 1 28.1 1 ,1512·1 ll l l, ,15-1.fiO 2i:>t2ti.G !'1 •10 3:.-10, lfl ,101 1.91 

- -:-.c.20 3tl 011I 1 !"!~01'..!. 03 

Bottom crn~·<l full len~th nt 5;go llis 

Bro"k,.• at. ltottom nn;t, 

~ 

~ 
:,.:, 



r 

From 

St Louis, 
8in~lc 

.Mn. 
.St n•ngt h 

•\'°<'I" Hg'(' ----
::it. Louis, '\To 
Douhl 8trength 

.,,_\yprn~e 

.St111d11rd 

TABLE NO. 21-TES'fS OF CLAY SE\VER PIPF.--Continued 
<fl I :., -C j Thickness I 

Breaking ... C Dell I-< - u ~ 

J,oad (.; of \\'all -;::,.. ... 

:3 I 
;:: C ... 

I ~ I I CJ 

I .::::: ...... CJ J. -
C.. t: I 

c; 
::: I l "· - ..... ::i-

..., c; ·r ,,, 
I 

- C C ,..-? ~ lf, ..... ~ .;, "' H V C ...... 
H 

0 
0 v: •✓, ~ .,, .a ... 'f. \-, ·-~ I " I"= I c; - I 

C .: >-1 CJ ;:I CJ - -- -- C ..., 
C I "-;: c.. - - ~ ~I - - ... tl ... • ... 0 bl ~ 

0 - u I - "' "':: .;, J I ,... :., \., :., - ·- C "' ~ ~ ~ - c; - -r. CJ ..c ;., - 0 ..::..; ..=..o ..c • ~ :., =- ...i - - =- I __. 
=- .. ..- ...1 !- .....:~ ',.-":. ~ 

_., ..... c; I - ..- - . 
TESTS OF' :.!7 J :\' f'H ''ITRH'l 1,;I) S.\LT <:T .. \ZEn 

3RR'I O 132.5, 1.H 127.5 I ::l.::l-::l.~ 
• I• •) I'": •> ,-. • 1) l) •} ') 1,IH!l LO .J~ .. ) 1.8 ~, •. ! ~-~-~-~ 
• ( •> ;- •) ,... I ') •) 1 ·1.) 0 I I . 0 I 1 J •• ) I 1 . 8 ~ I • 0 .•. 0- ~ . 3 
'H)l ..j. 0 3•> r: 1 8 •) n O l ') ') ') ') 
• • • ..J. •> • aJ I • ,I,,.#. ,.J---...,. aJ -- -- - --

~:::: :c1) :A 1!~~1g1~g~g }f,~gl~:/i~I 
(i(iO -10. H 1::lG:lO 'l7~0 11:101 L n:i 
6601-10.2 1368011080 1030 , 1.151 ------:,---+-,--, 111::io 10001.T:oo: _____ _ 

1H5 :J.;; 
:lR<l '.l 5 

,:38 7 ,:J.:i 

3:l.:> ~.o ·21. 1 
'I'' "!'' 0 i•>- ., • ,_., • ,> ,J • ..,, ' • .-, 

a3 5::l.O '.!7.8 ----
~-4-~.3 
~. 1-~ .4 
~ • ..t. -~~ • ..i 

1:1n;a9.9j l 3fl:lo 11~0 9701;,.1'..! 
7:10! ,IO.:? l!lHHO /;910 1'..!ti0

1 
I .OO 

7:lOI I0.5110180 3080 G70
1

-1.GO - -
I __ l·l -100 970j_L5_7'-, - ---

Remarks 

I '..!OIXo rlata c:-1v,11 :37.0 :.LOO-'.LOO' 51030.0llG/;:lOIGGJl)~OOO I I I l ' ' . . 
- -

'l'1•sts IJ\· Burns & :'1-kDonnp)J. See g:rnerul -
TF:,;-rs ()J,' :-in IX! '![ \'l'l'RH'IF.ll S,\LT ,a .. ,zr.n 

"t I . · '( l''(J•" f () l'I(" :- •> (J 1 "l() n •> •> •> ;---~~- ,J()UJ~, ... , o. .. ..... :t-. • >. 'I-'• .. ' ...,.,>-.., ,> 
Smde ~trr•ug:th :rn:1 1 o :ir;.:; '..!. o :io . .J I 2. t--•J. '..! 

1
•1n 11 1 0 ]'IG " '' 0 ''O I •> ~- - '' '> • :-,i . • • ) • ;J - • f) • ' - •• ) " ..... 

"n.- I O .,,. - ,., () l" r) ., I ., I ., ., l•>:-1(), 0 .o>.:,,w. o) o..J _,_ 1 -.,,,,..,,, 

-1151-LO j36.7j2.0 130.4 l2.28-2.3 
.\,·erng-e - I 1 -, - 1 ' 

7!)0 10. /;!] li!iflfl 1,19'..!0l l'..!80 J. :lOI 
7!JO l 40, 1117;,!',015220 1470 4.15 
790 HJ.oil 1:H10· 1•~9011200 a.RO 
790 1,11 . fljl20.5013530 1 99014. ,15 
790141.0 , 11850 ,1:1.50 11 10 

--,-, -- - I l•1lGOjl220"f.L l 8J 

St Lotus, 1Io 
I>ouLlt- St l'<'llglh 

,\ '('fll'tl~P I 

3!l<l 1 ·I 5 ':17. -°>l'L 0 
a91t 1 s 137.512 .0 
:198 1 5 1:17 . .5 2.0 
399 1 I 5 :17.512 0 
I-, -,-

:-io.a 1 2.1-2.1 
30.2 2.6-2.7 
30.3 2.G-2.7 
30.2 2.G-2.6 

9101 -IO 7 17130 50601 960 •L52 
910 1·10.4 19030 SGRO 1150 -1.GO 
910" ,10.4 23290 6910 l.JOO l.t.5 3 
91 0 110 .61 1 6 170 -19 001 99011.96 

-- ·, I-~, 15G 10 111201 1. 65-I 

note ·for cement S<'Wrr pipe) ------

...... 
,p... 
,p... 



• 

Standnrd 121 No 1atn ih-en 130.0 I 2.5-2~5 l_700l30.0112530r,_o1011oso1 !
Tests by Burns nnd 1\IcDonnc-11. - (See general 

no!!_for c-cment sewer pip,_e--'):.,_ ______ _ 

St. Lou is, 1\fo. 
Single Strength 

100 5. 2 
101 5. 2 
102 5. 2 
,1035.2 

1
,1165.0 
117 5.0 - - -

Avl"ra!;e - - I 

SI, Louis, :Mo-.- -
Douhk Strt>1u.:th 

10-t[:,.0 
I 05 5. () 

l
1on \5.0 
•107 5.0 - -

A vt>rage __ I I 

St Louis, 1\[o. 
Sin!;le Strength 

Avc,rnge - -
St. Louis, )To. 
Double Slren2:th 

108 5. 2 
I 109 5. 2 

.
11915. 0 
120 5. 3 ,-

TESTS OF 33 lNCH , ITRIFI~D SALT GLAzr,;o 

10.5 2.0 32.8 2.5-2.5 
10.5 2.0 :l3.2 2.5-2.5 

91.5 -10.2 1162,10 1850 111013.831 
915 ,to. 5 15050 1160 1060 3. 60 
915 ,11.0 ,18330 5370 1270 :L88 
9,15 l0.8 '.2 1•18fJ 1G:ll0 1!8013.36 

10.5 2.0 33.2 2.5-2.5 
10. 5 2 . 0 . 32 . 8 2. 5--2. 5 
10. 8 :L 2 I 3 3. 3 2. 5-:.L -18 

•) ') • •) r.. f) r:: r.. 10 .5 J•- 3a.0 -.->fi--.,>•l 

9 ,15 41. O 150101· 1•120 10601 1.\11 of bell ~one. 
9!:,l,11.0 l •l ,150 •l:.!5011070 95o/o of bell gone. 

19 ,1ofi77Ol3 :...671 ___ - -

-:ii.-:- 5 l 2 . o 
1 -11.5 1 :.! .0 

11.5 \:L0 
11.5 :.!.0 

-tl.02.0 
l LO :LO 

1
12 .82.2 
,13. 3j2. :3_ 

32.:.! \ '..L7-:l.0 11or,o ',1 1 .91J•l910 •l:.!70 
32.7 '2.7 2.8 \1or,o\.11.'2 13c;10 1 :cio70 
33.•I 

1 
2.8-2.9 1050 •ll .5117010\•1920 

33.2 2.9-2.8 j105n -t'2.1 1.1350 -10901 
- I_ I _I_ --l-1310 

8;,0[1.96 
800 l.76 , 
9:,0 ,L.-tfi 
1901 ,1. s-1 I 
s5oj°T:-75I _ 

3(1.5 
36.3 
36.7 
36.5 

'-~ 

TI:sTS o~· 36 J;s'( 'II \J'l'Rll-"Il•;D :,i.\lil' (;L.\ZED 

'..LG-2.7 ll0OIJl.'!IHi7101•1880 1170 •l.40' 
2.Ci 3.fi 1 ll00!,11.1 115!l60 15~0 1100 °1.60 

2 . 65-:!. r,5 1100 11 . 0 17 G:.!0 5160 12901 
:.! 50-'.L Ci:i 1100 4 l. 3 17070 19G0 1:.l90I I 11 inrhrs of bell gone. 

I -,- I -1,isgo : 1210 t. .,o - ------ -
.JL0,2.0 ·136 5 :.l.8 3.0-. 14 1.G '.!19fi0 63,(0 13201•1.36 
15.0]:.l.2 3G 8 3.0-2.9 1200 n.1 13:l,IO 3900 770 5.18 

l
,l:i.02.2 3G 8 2.7-2.8 1:.l0041.01838053801'.:!10 L·J0 
15 .01'..L:.! •:~6.i 2.8 :LO 1200 -11.::l 18170 538011110 •1.41 

1,13.G 2.5 lsG.6 2.8-:.L9 l'.!00 1.11.G 1r,625 .1510 950 ·-----
Avern!?:: __ I I I I I 1 ' I _ ---~030'1070

1
4.661 -

Jl0 5.2 
111 \5.2 
11~:>.i 
(]:! 5.2 
118 5.0 

'TEST::- OF 42 J:-;('ll , ITRIFIBD S,\LT GLAZi,D 

St LO\iis, :Mo. \-t l •l[1.7 52.512.5 ',12.713.2-3 3 \152511'2 .01 18730153501 1000 11.681 
Double Strength I I I I 

• 

• 

f--l 
~ 
CJI 

I 
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TABLE XO. :.!'.! 
TRAXSYERSE TFSrs OF CURYE[) Hg,\:\IS, CCT PRO?II TE8T TILE 

-- - -
I I .,. 

Bl'am Dim<>nsions ( In ) :.\[odulus of Rupture, Lbs. per Sq In. 
:: 

I .... 
I -0 I i::: % -" ·- I I Bram Tests Similar Tile 

Remarks .... "' h I .... ,. 
'/; -0 ' :"' - - I C/J 

I "' ::: ... 
Ill I .... - ,:: 

E-< 
;... :.. - ..:<: -C 0 

I ~ ,:: ..: ,_; ..=> :: <., 
'-::I - ,., ~ ., i::: "' I ~ - c:: -c:: 0 c:: C - i::. ·- ~ c:: - ·- I> :e 

...... I g:; ::: .... ..... ·- .... 
~ 

' ~ ;,; w. ~ E:-< < 
...... ,..-. ,..-. ..-: ""' Th,•sP lwams WPr<' im•J !!ii 1 2 ' C'rm1•nt l 8 I U.78-0.t-5 I 3.1 J.5 3.li-1,S j 55<> I itiO 1010 sno I 550 l ilO $60 mPrsi,d in w11ter for 271'1 I 5 C'Nnl'nt I 8' l).i0-0.~.5 8.0 ~.3 I 3.6 1.5 380 IH,O [ s90 I 'j Iii) .550 ilO . 860 two wr-rks and trst•. 280 Crmeut . I 

;,50 I 
550 I 710 I ., 

I 8 0.7H 0.85 3.2· 3.7 3.fi-L5 G50 710 550 b60 -
870 1 

ed wet 281 5 CPm,•nt 8 0,80-0.!Hl :L3-3.H 3.6-:!.li 5 {ii) 710 660 I 550 710 860 ---~ . ----- . ------ - -Th•se IJpams werl' air 1 27, 1 •> Ci>mfnt I 8 0 - il O K'' 3 •> 'l " I 3. G-L5 !IIJO 11 l 0 l :.!50 I 860 5;i() 710 I HliO - I I' - • ~ • ..... • •,.:.. I dried before trstin~ 1 ~,8 ' 6 (', llll'llt 8 I o ,;,-0 90 !! 5-1.:J 3.6-Lt, 650 1030 l.JOO i60 550 , 1 o I 8tl0 279 3 Crmrnt H 0.ii--0.81 f 1.1 -1.5 3. Ii~ I .'; (if!() 980 1170 710 5,;o 710 860 280 ,1 Ct•lllf'llt 8 0.80--0.H", '1.!!- 1.1 3. 6-1. 3 .=; ';' 0 810 1010 550 550 ! 710 B60 !! 81 I 
-1 ( 'emrut 8 I O . ll O -0 . 8'.! I a. 1 3 .. 1 3.fl- 1 S li5() fl!) I) 11-10 660 550 710 >!(iQ ...... Story City-- - ---- .~ - - . - -- - ---- --

~ 

I ~ 1 2 1 
('('l}lf'Jlt 10 O.R3-(1 ~5 3.!l-1.0 1 1 . II• ~7 0 9!!5 I !)~O I 570 510 I 720 t<70 Esth1>rnlle I 8 I 1 1 Cf mi>nt 10 0.75 3. I I 'l. o• I !l'iO I (if,O ,mo l 7,.;o I 860 c:, E'i1hPr-ville I 

10 1 I <'f,mf'nt ]() O.i:<O ,f 7 I 
5.0* 290 I I li60 8GO 

I 

()(30 7~0 , 
. - - -

570 ,-

Stor·· Cit~· l :.! ,I < 't-n1ent 1~ I O !l0-1 . 00 1 3 7 I . 1 ,1 .0 fi.O* :!20 . 11!10 ,q,H) I 
7.10 I -130 750 8tor• City 13 I •I C'emr-nt I 1 :.? O.!ll).0.95 ,1. 1-3.!J I • I 0-i.O* 'j JO I ~!JO 1100 720 ,f 30 570 ,SO Stor· k1 t} I l I I a f1Pnll)Ut 1 :.! 0. !15 1 . 0() • ,1 . 7 I . Ii 5 . 0- G " 0 1 30 ;,()I) I 1120 570 '130 570 750 8tor-· C1 \ 17 !! C'Pmen t I 12 0.8G o.~H :.!.~-3.2 I t;. O* 510 I 530 GfiO soo I ,t30 5i0 I 750 

f.it{,r ( I - 20 I 1 (',,mPnt I 1 :! 0 9 fl 1 . 00 .1 . I). I 7 1 1.0 iJ.O* 1-1011 I 870 1000 i50 4tl0 570 750 Stor ( ty !!3 3 C!'lll('O t I 1 '.! 0.9!i-l.OO ,1.2- 1 . 1 I •I . O* 120 I 91 () 1200 530 ' ·130 570 750 Stor· ( itv 33 . , 
f't•m Pn t . 12 5.0* 5~0 6()1) G80 G50 -130 5,o I 750 

- 0 !15- 1 00 , '.!. !I 'l . 5 EsthPrn!I,, 10 1 ('pJnf'llt I ]~ 1 . 05 ,L1 I li.O* 510 620 520 570 6Hl Esthr1n·ill1• 12 I 1 f'Pfl'lf'llt 1~ 1. l 2 'LO ' ,I. O* fi, I 0 G 10 5'.!0 570 G-10 Story <'Jty 27~ 6 C',,men1 
I 

]~ 0 . 9 ii-1 . 00 1.J-3.7 3. 7, I • a 520 (;8() 810 510 I 130 r, 'j' 0 750 ½tory City 27S I ,I c .. m .. nt 

1 
12 0.92 1 .00 a . 1 .. a . :i I :i. z -1 1 •180 I 580 6uo I -110 I 13 I 570 750 Story City 27(i 12 CrmPnt 12 0.95-1.00 3. 0-5. 0 3 , · I . 1 I , I 0 r,10 ! 760 ., 1 () 110 I 570 750 (Hi tr-.;ts of l~tilP) - - ---An•ra~e oi nhovt> 12" tiJ,, 

li611 I 5!10 - -- - ~ 

:i,9 I -!>.O*- I - -; Btorv <'itv 

I 
I l , I I (),,m,.nt I I~ I 0.8/i 1180 I ,I :i 0 570 750 Stor,· Cl!~. 117 9 Cc>mi>nl 12 0 9fi-l. 00 ~-9 1.7 :-1.5 8.0*I 210 I 610 I 900 •J30 r,70 7.50 Stor~ Cit· 118 !) CemPnt I 12 0.95-1 .00 '.!.7-5.0 1 .0-R.O* 160 700 I 1010 ,mo 570 7fi0 Stor~- City 119 1 Cement 12 0.!)5 r,.a ' ,LO* 530 I I 570 750 ,130 Rtory City 129 1 C'C'ment 12 0.98 3.2 ,1.0* 870 ,130 570 750 Story City 132 2 (' f'!n1•11t I l !J 0.!18-1 .00 3 . , I .,:J . I I I O~li.O*I 5 10 61i0 I 8 10 ,130 I 570 750 Story City I 1 a:i 1 Cem1•nt 12 I 0.9!i I , I . ,f f>.O* I :JOO ·130 570 750 

- - - -- - . - - ·-AVPl'a~e of Nos. from 111 to 13:J (2 1 tC'i;ts of 12 ind1 ti!C') I 700 ! I I 1 ~0 I 570 I 750 



s 
F 
F 
F 
F 
F 
F 
F 
F ,, 
F 
F 
Fl 
F: 

ory City 
·aser 
·aser 
·aser 
·nser 
·nser 
·asor 
:nser 
:aser 
an l\1<'ter 
.. Dode:e 
: Dodge 
:. Dodge 
t. Dodge 
t Docle:e 
t. Dodge 
t. Docle:e 
t. Dodge 
an "Meter 
an :Meter 
an :Meter 
·an l\1eter 
an l\feter 
'an :Meter 
an l\feter 
'an i\Ieter 
'an l\Ietrr 
'nn :Meter 
't. Dodge 
't. Dodge 
,ehigh 
,ehic:h 
,ehigh 
,ehigh 
,ehic:h 
,ehie:h 
,ehie;h 
,ehie:h 
,ehigh 
,ehie:h 

wehie:h 

11 
157 
160 
161 
300 
213 
298 T 
299 I 
271 

7 I 
6 

118 
167 
170 
172 
179 
19-i 
198 
293 
294 
295 
296 
297 

335 \. 
336B 
337C 
31l8D 
339E 

155 
208 
326 
327 
317 
318 
319 
320 
321 
322 
323 
32·1 
,135 

9 Oement 
2 Cement 
2 Cement 
2 Cement 
6 Cement 
2 Cement 
3 Cement 
5 Cement 
4 Oement 
2 I Clay 
1 I Clay 
3 Clay 
1 I Clay 
1 Clay 
5 Clay 
1 Clay 
2 Clay ' . 
2 Clay 
2 Clay 
1 Cl:.1.y 
1 Clay 
5 Clay 
1 Clay 
4 Clay 
4 Clay 
3 Clay 
4 Clay 
2 Olay 
1 C'lay 
3 Clay 
4 Clay 
5 Clay 
4 Clay 
4 Clav 
4 Clay 
4 Clav 
4 Clay 
4 Clay 
4 Clay 
4 Clay 
4 Clay 

14 1.10-1.20 3.2-4.6 3.9-4.1* 
18 1.90-1.90 3 .4-4. 9 5.0* 
18 1.62-1.65 4.5-4.5 4.0-5.0* 
18 2.00-2.00 3. 7-,1. 6 5.0* 
18 1.80-1.88 4.6-5.3 ,1 .0-6.0* 
20 1.85-1.90 3. 0-·1. 9 6. 0-7. O* 
20 1.53-J .92 3.5-4.7 5.0-6.0* 
20 1.70-l .85 1.1-5.0 ,1. 0-6. O* 
28 2.10-2.10 4. 2-L 7 3. 9-•1. l 1 

8 0.70-0.70 3. 0-·l. 5 ·1.0* 
12 1.00 3.5 •1. O* 
12 1. 00-1. 00 3.7-4.5 5.0-7.0* 
12 1 00 4.4 ,1. O* 
12 1 00 3.6 5.0* 
12 1.00-1.00 2.7-5.1 3.8-4.2 
12 0.95 ·I. 7 S.0* 

l '' 1.00-1.00 2.2-:l.9 ,I. O* . ,, 
12 0.96-0.98 3.0-3 5 4.0* 
12 0.90-0.92 3.9-4.2 ,J-. 0-6. O* 
12 0.98 3 9 5.0* 
12 0.88 4.8 5. 0" 
12 0.89-0.92 2.8-4.3 ,1.0-6.0~ 
12 0.90 L7 I 5.0* 
12 0.90-0.97 1.2-t.8 I 4.5-7.0 
12 0.90-0.93 5.5 6.0 I •1.G-7.0 
12 0.91-0.95 5.5-5.7 3.5-6.0* 
12 0. 90-0. 9;; l. 2-5. 5 .J . 0-G. 0 
12 0.95-1.00 5.7-5.9 6.0* 
18 1.20 -LO ,t . O* 
18 1.20-1.25 3.9-1.6 I 3.5-6.0* 
24 1.50-1.55 5.6-7.0 9.G* 
2 1 1 50-1.50 5. fi-6. ,1 7.0-12.0 
28 2.00-2.00 3.9-5.3 8.0* 
28 1.90-2.00 4.8-6.0 7.0* 
28 1.90-2.05 4.2-5.0 7.0* 
28 1.90-2.00 5.8-6.3 8.0* 
80 1.85-2.00 -1.7-6.4 6.0 12 .0 
30 1.95-1.95 5.6-6.S R.O* 
30 1.95-2.00 5.3-6.6 8.0-9.0* 
30 1.80-1.85 6.0-7.2 8.0* 
30 2. 00-:J 10 ,1.1-6.7 9.0"" 

NOTE.-In all tests marked *, one fl~xible knife edge bearing was used. 

810 980 
460 490 
360 430 
420 500 
,130 660 
120 230 
700 710 
270 520 
310 440 

1280 1 J-50 
1200 

1330 1400 
1200 

710 
1090 1430 

1520 
320 690 

1180 1280 
l 680 1810 

2600 
17•!0 

1120 1920 
1740 

1100 1150 
1580 1990 
]870 2110 
1820 2150 

800 ]270 
1020 

210 1070 
770 1180 
470 1,150 
940 1300 
870 1320 

1530 1780 
490 1400 

1700 2170 
1 o::io 1440 
'880 2190 
1 551) 1880 
]9()0 2090 

• 

1190 620 
520 300 
490 300 
580 300 
900 300 
330 320 320 
710 320 
630 320 
510 500 

1630 1080 
950 470 

1500 I 470 
1-70 

780 470 
1630 760 1-70 

750 •J-70 
1060 I 470 170 
1280 880 470 
1940 1320 I 1320 

i 1-1,10 1320 
I 1G70 1320 

3190 2300 1320 
3030 1320 

1670 1380 1380 
2480 1900 1380 
2550 1950 1380 
2730 2)00 1380 
1740 1620 1380 

650 
ln80 1050 650 
1500 880 880 
2060 1060 880 
1670 1260 620 
1790 1300 620 
2110 1060 620 
19-10 620 620 
2900 1130 1000 
1760 1000 1000 
2990 1610 11000 
2190 1050 1000 
2240 1350 l 000 

620 
320 
320 
320 
320 
350 
350 
350 
500 

1080 
770 
770 
770 
770 
770 
770 
770 
770 

1930 
1930 
1930 
]930 
1930 
1790 
1790 
1790 
1790 
1790 

870 
870 

1180 
1180 
1060 
1060 
1060 
lOGO 
1300 
1300 
1300 
1300 
1300 

360 
360 
360 
360 
390 
390 
390 

1050 
1050 
1050 
1050 
1050 
1050 
1050 
1050 
3030 
3030 
3030 
3030 
3030 
2100 
2100 
2100 
2100 
2100 
1050 
1050 
1540 
1510 
1300 
1300 
1300 
1300 
1640 
1640 
16-10 
16-tO 
1640 

,-l 

~ 
-.:i 

-

--• 
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T.\BLE !\O. 23 

'i'.\HL\TIO~ 01!' 48 rrns \13SORP'I'JOX IN DIFFERENT SPECJl\[EXS FROl\f 
S \l\TE TII.E, Ct:T FROi\I Pt)T,TS O~LY A FE"' IXCIIES .APART 

0 z Proc-ess of 2-fanu· 
fal"ture 

::: 
.... 0 
~ ·-= (/J.. 0 
~ (/J ~ ~ .. / =~ ~µ:) ,,.. 

<D C::<.> rn <D 
- •- d ,ooo -

Process of 2-la nu­
fact ure 

8 . ...:.__: _________ _;__A:.....:..:_H_.:_....:......_~....:.....; .... :........,-','- 8 
11 

5 Hand Tamped,-Dry, 20 
5 1-3%, Age 6 i\Ios or 
5 " " ., ~) -~ 
I 6 " .. inches 

6 " " .. 
G I " " " 
8 .. " I .. 
8 " " I " 
8 " " " 
9 " .. " 
9 " " " 
9 " " " --
1 jl\!achine }.fade - Dry, 
1 1-3 ½, Age 6 l\Ios 
1 .. 
') - .. 
•> " ~ 

•) 
~ " 
;3 " 
3 " 
a " 
4 " 
4 " 
-1 " 
7 " 
7 " 
7 " 

10 :\Jachine 
10 " 
10 " 
12 .. 
]~ " 
1~ " 
13 " 
1 ;3 " 
1 =~ .. 
14 !Poured 
1 -1 I 'iYet. .. 
14 
15 .. 
15 " 
15 .. 
lG 

I " 
lG " 
16 .. 
17 " 
17 .. 
17 .. 

.. 
" 
" 
" 
" 
" 
" 
" 
" 
" .. 
" •• 

11ad1• - Dry .. 
" .. 
" .. .. 
" .. 

Tile 

" .. 
" .. 
,; .. 
" .. 
" 

I 

I 
I 

lG 
inl"hes 

or 

" 
" 
" . ' .. 
" 

.. .. 

HO 
3 0 
30 
30 
:lO 
:.io 
30 
30 
30 

CLAY TILE 

- 5''' Salt Glazed Tile (from 24 I 3.7% 0 • /f I 

B.3'irl different depths in 24 4.6% 
5. 5 'Jr I shell). 24 l 3.4% 

" " 2 4 3.5<,o G.I<;i, ---
5 .3~~ I IIIard Clay Til~Dulll 8 or I 6. I <,:,o 
6. 6',"r, Glazed. 10 5.970 

10.3%·11 Hard Clay Tile. 8 or 6 ?Cf. o.,J,o 

9.8'7,-il " " 10 5.9':o 
9.5';'', " " " 5. 8~'/o 

- 7. 6~ II I " .. 
112 or /11. 0'7o 

9. 5',~ " " 1-.t ll.3o/o 
7. O'), 

112.6'7,: .. .. 8 or -8 r'.'( , " " 10 11. 4':n . I f 

s. 3''i " " " 111 • 8',"tl I 
rl.7'~~ • 11 1 IRed,,Tile. I Tile 112.3% 
G.9',: 1 I 12 12.7% 

~}~,I 21 " /inchesll8.7'"'n 
'·'''12 " and 15.9',. 
7 · 7 '1 '-, -.-1--,-1--.. ---------'-,s-,-n-a.,,ll_e_r...;1-1_5_.-8-,.-'-." 
7 · 1 "1r It " " 118.5,.o r,. (i'; --.. .. jl6.6'1r 

" " I ,15.6"o ., 
" 16.0', .. .. 19 . 0 ,.,,,, .. 

I " II 9. O"'r .. 
" , 19. 3'1,, .. 

I 
.. 

116 .2'~ 
" .. 16. 7M,, 
" .. 

ll6.6'i~ --.. 
I 

.. I 16. 7';~ .. .. 
116.77'i-, .. " 17.9''(; 

Bla<'k Crn(pr - Hard " 7. 8'(1 
Surfacp " 7. 9'11 

• • .. " 8. 5'~ 
" .. ., 

112. 8"" 
" " " 111. 6'7,. . ' .. " l17.3o/r ... 

10.-1'~ 
110.8'1,,I 
I 11 . 1 ,:,:- I 
10.2'1 

I s.9"~ 
I 11 6', I 

9 8 "', I 
10. 0', I 
9.6', I 
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T \BLE XO. !.! l 

CO:\[P.\R\Tl\J<: :!.t HRS \BSOHPTIOi\" 'l'EsT8 OP L\RGJ<; A::--:n h~I\LI, 

Loree Pk,•C's 

..., 
;.. 
C -"' ... 
C • ..=: .,. 
C: 0 
_:~ 

2 1-1-2-!6 
24 -251 

43-105 
-13-105 

1 :.! 
-10 

2:'lfi ~57 
12-38 

106-131 
~:i -266 
~5 -~tll; 

39-1!1 
11 

15li-l ol 
20h-209 
:!10-:!1~ 
:!13 :!15 
:!11>-:!l 7 
•)-•") ~,-3 
...- I - - I 

26'l 
269 
:!iO 

:!52-~~5 
::!18-242 
!!l ~J!! 

5-7 :~ ._, 
1 3.3 1-lfl 
158-:!03 
1 l!l 155 
'.104-208 

1 
3 
t 

5 

3 

} 05 

3 
I 

1 
I 

l 

a 
3 
•> 
., -I 
1 
1 
1 

4 

5 ,, 

t ti 1 

I 1 :! 
f 

... 

5 
.3 
11 
r, 

1 ) 
10 
10 

12 
1~ 
1 I 
I" 
] 1' 
1 ,. 
jO 
'>? --2r. 
2.; 
an 
3 I 
36 

5 
6 
(i 

I:' 

18 

. 
s:: 

'l,6 

6 7 
::i 0 
2.0 
'j . 6 
5 ~ 
., • I 

7 3 

7. fl 
~ t 

'.i 0 
1 0 
6.9 
- 0 

!l 
7 ) 

13 3 
2 3 
!.. j 

I > 

2 6 

3 I 

I'll ( rs OP DIC\li\" TIJ }~ 

11 , 
9.5 
' I 
7.0 
I. I 
6.H 
fi 'l 
l>.2 

fl 

'l 2 ..... 
8 I 
I'> ' ) 5 
7 
i." 
5 . I 
7 8 
!l. h 
8.7 
7. ,i. 

10 1 

1 I. I 
1. 1 
) 1 

1 0. I 

I. 7 

I . 0 

Rrnall PieC'rs _ !l to 20 8q. Ins 

.Smull Pit•C'es 

11.:.l 
8. 3 

IO. I 
(j 0 

". 0 
6 5 
7.0 

16 •l 

12 , I 
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Article 43. The Modulus of Rupture of Drain Tile and 
Sewer Pipe. In :;,tudying th<' values of the 1nodlllus of rupture 
in Tables :Nos. 1 to 21, the first striking fact which attracts 
notice is the extre1nely high re ults for ce1nent tile in n1any 
cases, as con1pared "'ith the tensile strength of ce1nent 1nortars. 

On thi account it ,vas thought ,Yi e to rnake a special series 
of tests of the transverse strength of curved hean1s, cut fron1 
the shell of the san1e pipe fron1 ,vhose bearing strengths the 
values of the n1odulus of rupture gi, en in Tables Nos. 18 a:rul 
21 ,vere co1npl1ted. The results of this series of trans,·erse tests 
are given in Table ?\o. 22, 1u con1parison ,vith the n1oc.luli co1n­
puted fron1 the hearing strength. 

In studying Table No. 22 it should be borne in n1ind that the 
modt1li of rupture hy bean1 tests should, probably, on the av­
erage be appret1ab]y h.ighc>r than those hy bearing strength tests, 
for t\\'0 rea ans: 

First, in cutting out th~ hea1ns, pieees rontaining fla\\'S or .. pots 
of special ,vcakness "·oulc.l ord1na1 ily be fractured and rejettecl. 
Ilence the 111odnh eon1puted fro1n te ts of bean1s cut fron1 the 
pipe "'oulc.l probahly be hiylic1· than the true ai·r,·agc n1odu]i 
of the shells of the san1e pipe. 

cconrl, in lo,,·a standard hearing strength tests (and in actual 
ditch conditions of 1oac1ing) the bending n101nents are nearly 
equal at ea<·h of' four eritical points in a pipe, nan1ely, the top, 
the botton1, and ea<·h side, "hich is not true of other n1ethods of 
testing. ( See pg. !)-! ) . j{oreoYer, the value of the bending 
1no1uent c.:hanges slo,Yly in the vicinity of each of these points, 
,vhich is not true near the tonc0ntrated loads used in other 
metl1ods of testing. H enc.:e, hath in the Io,Ya standard n1ethod 
of te ting hearing- strength ancl in actual ditch conditions of 
loading, the :fi1 st eraf'k in the pipe rnay occur at any point of 
pecial wc>akness in any one of four strips of the shell at and 

near the e eritic-al points, eavh strip seYeral inches "\tide. ·vr e 
have found this to he true, as a n1atter of fact, in hundreds of 
tests in "·hieh "<> ha Ye reeorded the exact points of era eking. 
:\Ioreo,,er, the> fir~t crack at on<·e greatly increases the stresses at 
and near the other thr<>e eri tic:al points, and nearly al"·ays 
causes in1n1ediate con1plete failure. 

IJe11ce, both ordu1ary artual ditrh co11clitions a11d fl,<' Ioil'a 
standard 111clhocl of tesfillg, srarch out the points of special 
1veakncss i11 a pipe 1nuch niorc thoroughly and sci·crcly than docs 
any other n1cthod for testing bearing strength. 

I-Ience also the Io,va standard n1ethod of testing bearing ' ' . strengtl1 should gi.Ye co111puted moduli apprec1ahly lu1ccr than 
the average n1oduli of thP pipe shells. 

Several beams ,vPre cut frorn eal'h pipe for many of the tests 



tah11latP<l in •rahl< '\o 22. 'l'h1's(• sho\\· a large• \ariatiun in the 
\'allll' of 11u· 111od11l11s of r11ptur1• at diffp1•1•11t points 1u the_> shc>l) 
of th1• sa111e_• pip<>. In 'I'c1hle '\Jo. 2:3, th1' absorption t!"sts of JHCCEs 
a fl'\\ inc ht>s apart also c:;ho\\· in1pol'tHnt ,11iations 'l'h s en 
phns1z1•s i h1 1111po1·t:1n1·1 ol' tl11• ro111·lllsio11s .] 1st stat<> I 

l\.l'<'I>lllg- tlH)s1• l'Gll< lus ons in 111ind, 'I'al,ll' '\o 22 sho\\s per­
haps as satisfa1·to1'_'· 1·011 t•,q1oncll'l1<'L' bet\\·1·C111 th<> n1odnh c·o1npnte l 
f1·0111 IH•ar111g st11•ngth t1•st" and thos,· frnn1 trans,C'l"SP h1•an1 t<>sts 
as <ould he <'XJIP1 t1•d. although thc•rt> a1·e 111an~ dis l<'panf'Ics. 

'l'h1•rp an so1111• st< 1•ial diffi1·ulti,1s in 11H1king sat sfacto1·, t1•sts 
ol' 1 111 \·I'd IH•a111s \\ lii1•h 111a_v ac•c•ount for 111an~ of tie d s<·rt p­
a111 1•:-. 'l'o G\1 r1·01111• tl11 s1' ditli1·ultit•s. ,1hout half th<· tt>sts \\ert> 
n1ad1 "1th th1• 011,1•x sid1• of' tl11 1 ht>a111 up, c111d th,• oth(l half 
"ith th1· <·1111\l'X s d1 do\\ n: ;ind. ;is a fu1·1h1•1· 1n·1·1·aution. a fil'X­

ihl1 kni!'t> 1•dµ1 \\ as 1s1 I at 11111• 1•1lll of t)l(• heain in n1c111y of tht• 
tl's1s 

'I',d,11 \o l"- sho\\s ,·ah11•s of tht• inn l11l11s of rnptttl'f' of 
s111all 1·1111< 111 t.11 as .1iµ-h as l(lllll lhs. p1•1 sq in. in n1an)r in­
stall< 1 s \\ ith a ft" r1 suits still hi!!h1•r. E, I<h ntlY the 111o<l 1 is • 
l't>Jlr('s, 11ts a quilt· diti'1•J't•nt ti in!.! f1·on1 th1• ordinnr~· tens lt> 
slltllgth ot 1·0111·l'Pt1·. \\hi1·h s 1,lll~· .i '\\\ hundr(•d pounds ptt 
squarl' i111 h ll11\,·p\"1•1·. 1,·111 :ll ordiuai, st1aig-ht eo11<'l't"'ll hlall s 
th1 1111><lt1l11s of 1·11pt111·1 Is 1 1111 h high1 1 ti ,111 thP H<,tnal tC'nstle 
st1 ('ll!!th. H \\1 II k111n\ 11 ,a, 1 statl'd i11 t,,xt book:-. on (•oncrt ll 

_\ 1'1•\\· t1•sts. h~ I◄' J> . ,Joi ns1 11. puhlisht>d n1 I•:n!!HH'ering- ::,(t•\\~ 

I' ,r ~\la r1·h 1!1. 1 IJ(i, indi1•at1• that 11
, u1oclulus of rnpt u·t ot 

stra'gh1 vit1·ifil'd l'lily l1t•:1111s. ,ilsn 1s l\\O 01· 11101'1" tillll'S the 
11•11sd1 st1·1•11gth of th1• 1uat1•rial. 
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The Yalue of the n1odnli of rupture in Tahles 18 and 20 for 
different ~izes of tilP are sho,Yn in Figs. 28 and 29, hcrelvith. 

Both ~1g. 2 . and 29 sho"- a "·icle range of the moduli of rup­
ture, ,v-h1ch 1n1ght he expeC'ted \Yith the large varit1ty of pipe 
te ted. 

• ThP f11ll line enrYes are rough a, erage cur, es of Yalues for 
different dia1neters of tile. 

The broken li11e on .B..,ig 2 sho,Ys roughly the results of tests 
111acle b)r ::.\fes, rs. ,J. R. I~lair and ]~. L. Taylor "Tith straight 
beams of concrcte, one n1011th old, and of thi<:kness equal to 1 12 
of the platted dia1ne1ers of tile. 

,\~ith cen1ent tile, at least, the 111oclnlus l)f rnpture apprars to 
Yary greatl~r "ith the <lia1neter of the tile. or perhaps \\'e should 
sa;v. \Yith the tluekness of the pipe shell, heing higher for sn1all 
cliarneters, or rather. thin shells. 

Article 44. The R esults of Absorption Tests of Drain Tile 
and Sewer P ipe Ta bl(_• ?\o. 2±, giYes cun1paratiYe ahsorp­
tion te t of large and snulll pieces of re111ent and clay drain tile, 
and inditates no se1 ious difference in ihe results. 

Fig. 30, fron1 tests 1nade hy :\Ir. I◄.,_ :\I. Okey, sho\\"S the rapid 
rate of ab orption of "ater h,v er1nent tile. 

:\[ore ahsorpi1011 tests are neeclecl before final decision can he 
1nade as to the 1nax11nnn1 allcnvahle per cents of ah orption to 
in ert in stanclard spe<·ific·aiions for clrain tile ancl se,Yer pipe . 
• o far a the l'l·sn1ts in Tables 1 -21, and 2:3 ancl 24, go, they 
indicate that the follou·ing r, qui, r,11< nts can readily be nut by 
good factories. 

For fann tile, ~ ft. nu11ir11un1 <lt'pth, t<'lll<'nt tile, q_o to 1 l.0%, 1nnxinnun 
allowable absorption. 

For farn1 tile, :~ ft. nnnin1un1 clepth, rlay tile, <to tu ln.0%, 1naxirnnm 
allowable absorption. 

For large tile dra111s, <'en1t>nt tile, G.0 to 9.0%, n1ax1nn1111 allo,vable absorp-
tion. 

For large tde <lrains, <'ln.Y tile, o.O to ,.0%, n1axinn1111 al101q1hle absorption. 
For sewers, rhiy se"er pipe, .J-.0 to ;'i 0%. 1naxinn1111 allo"able ahsorption. 

In Yie,\· of the pr<>sPnt ]a('k of snffieiently extcnsiYe data, 
the ahoYe fignrei-; are to hr rt'gard<>d as 1nere1y tentatiYe. lTntil 
more exten. i,·e data, arP availahlc> "·e rreonnnend that each en­
gineer detern1ine t hP lin11t of 1naxin11un a1lovn-thle absorption to 
insert in his spec·ifitations for an? parti<·nlar drain h? first 
making a fe"· alisorption tc,sts of his o,Yn, on a,,ailahle, rcasonahly 
good pipe for the use intPndpc1. 

Jn our vie\\', the true ohjeets of inserting an absorption li1nit, 
in specifications for drain tile and se" er pipe, are: f

1 irst. to 
in ure that the 1nanufaeture is such as to g-i-ve the best results 
reasonably pos..<:;ihle ,Yit 11 iht> 1naterial used; scco11rl, to ex<·1ude, 
for certai:n u es. 1naterials fron1 \\'hich satisfa<:tory pipe for those 
uses cannot be produced co1nmercially. 
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IIence it i perfe<"tly log-ital to assign c.liffe1·ent liniits of ah­
orption to different u1atPrials, ancl to the san1e 1naterial for 

different ll es, as has lH'l'll donc> c1 he, e. 
The tentatiYe lin1its suggested ahoYe " ·oulc.l operate to the 

pn:actical exclusion of sHrfaL·e clay tile for large drains, unless 
bl1rned exceptiona11y hard 

Article 45. Measurements of Elong·ations of H orizontal 
Diameters of Drain Tile and Sewer Pipe, Under Iowa Stand­
ard Vertical Loading·s. ~I easure1ne11t::; of the elongations of 
the horizontal dia1nett1rs of clrain tile an<.l se\\·er pipe under 
different l o\\·a standard loadings ( ,Yhich approxi1nate a~tual 
ditch loadings 1. a1p of i1nportant·L' , for tv,·o rea ons: 

First. ThP c,lougnt1on of the horizontal dia1neter of a tile 
"·ill deter1nine \\"hL•ther or not appreciable sicle resistance to 
cracking is dP, P1opecl h)· 1 he side filling . 

• 

1

cco1ul, a study of the rate of inc-reasl' of elongation as the 
load increases "·ill iudi(•ate "ht,ther or not drain tile or se,ver 
pipe ha Ye an · · Plasti<' li1nit,' · less than the ulti111ate bearing 
trength. beyond "hi<'h it is 11ot safe pern1anently to load the pipe. 

As to thP first point. thl· 111easlll'P1nents of half elongations 
recorded in 'l'ahle ~o. 2.'5, sho\\· that the~' arc> generally less than 
1 50 inc·h at tJu .. t rat:kiug point. eYen f<,r large pipe, \\"hich is 
insuffic-iPnt to de,·elop side resistance of Yery 111aterial account 
in preventing· tracking-. 

..:\.s to the SP<·o1i.l point. a stndy of Table ~<L 2.5, and curYes 
of elongation ( not sho" n 1 \Yhi<·h \\'<' p1attPd for eac-h pipe tested, 
sho\\·s that 111 so11Ie case::; tht1 t>longation inc:1·easrs at. a fastpr 
proporbonal 1at( than the load for loads higher than 75~~ to 
gar~ of the ult1n1atL hearing· strength. 

I n t,Yo tests. loads r r1ual to 1J', and 86 1 c. respeeti\'ely, of the 
nltin1ate hearing strPngths of pip<'s sho\\·ing t1lastit Inuits \Yere 
allo"·ed to rPst 0n the pip<• llll<· hanged for a f <"'" 111 inu tes. l t 
"ya founcl that in c>a1·h <·as<:' th<' half Plongation of 1he hori;r,ontal 
dian1eter intr<•asl•d 0.002 i11<·h "·ithout an)y i1H:reast' of lond. The 
load ,Yasin Pach <·a~P jnst ahout at the "elasti(• li1uit'' of the 
pipe. 

v\re helie,·e that in 1nc1ny <·asPs drain tile and se,rer pipe \Yill 
break under pe1'111anrnt loads appre<·iahl)'. 1nal1er than the break­
ing loads in tests in \Yhic-h the load is steadily increased to the 
breaking point, " 'ithout lone; inte1 ruptions. 'l'his applies to all 
1nethods of tt1st1ng con111101ily USP<l. 01· praetic-alile for co1nn1O11 
use. 

Article 46. Variations in the Quality of Drain Tile and 
Sewer P ipe as Shown by Variations in the Results of Tests. 
All cen1ent and <·laY prodnc·ts sho"' a Yrry <·onsiclerahle range of 
nn1nerical results ~,·hrn snhje<'1ell to tests of qnalit)'. Rattler, 
and especially transYc•rs<' trsts of paYi11g brick. and the tensile• 
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tests of ccn1ent, so extensiYely 1nade. arc f a111iliar instances. Part 
oE the Yariation in the results of tests 1nay no doubt be clue to • 

nnaYoidablr irregularities in the tests the1nsel ,·es, but there is 
also no doubt that to a large degTeP the variation repre ents a 
real corresponding Yariation in the qualities of the ce1nent and 
clay products. caused hy ahnost unaYoiclahle differences in the 
n1aterials and in the processes of nu1nn facture. 'l'o de1nonstrate 
this, one has hut to selel'.t carefully 25 brick fron1 the sa1ne kiln, 
apparently of quite unifor1n quality, and then break the1n nc­
cessi,·ely in a tran , erse testing 1nachine, studying carefully. 
111ean"·hilc, the causes of the 111arked difference ,Yhich \'i' ill be 
found in strength. 

The te ts of ce1nent and clay drain tile and se\\·er pipe in 
Tables Nos. 1 to 23 sho"· -variations, like those <li cu sed above. 
in the results for different spel'.i1nens fron1 the san1r lot. We 
have tudied carefully <Jliite a nnn1bcr of tests of bearing 
strength nu1<.le by thrt'P other 1nethocls, \Yhich have been 11sctl 
pro1ninently in testing <lrain tile or se,Yer pipe, and ,ve find just 
about the san1e -variations ,Yith each 1nethod as appear in our 
o,vn "·ork. IIence, the variations in nu111crical re ults in tlu-­
tahles undoubtedly reprcst'nt, at least in the 1nain. real cor­
responding variations in tht-' quality of the pipe. 

This being the case, the percentage of the n1inin111111 irength 
to the a-verage strength in eaeh lot of si1nilar pipe. in 'fables 
Nos. 1 -21, is evidently a question of l'Ons1derable in1portance 
in connection ,vith the deter1nination of the factor of safetv 

' 
needed to insure safety against <'rac·king ol' drain tile and se,Yer 
pipe in ditches. 

Evidently the cliffercn<'e in strPngth het" een individual pipe 
in a giYen lot ,Yill dept•nd greatl~T upon the l'are "·ith ,vhich all 
" ·eak pipe are eullcd out and rejected on inspection. Ko n1ethou 
of testing can do a,Yay " ·ith the necrssity for a -very careful 
inspection of each pipe hy a con1pctent eng·ineer. The san1e en­
gineer should pre,·ions1y haYr a~siste ll pt->1·sonall~T in testing a 
n1uuher of the sa1ne pipe in a tc•1->ting 111al'h111e. Then, aided by 
the ''ring," on tapping "·ith a hanuner. a L'.On1pet0nt en~;ineer can 
inspect pipe ,Yith so1ne assuranep of e,eenting justice, both to his 
e1np]oycrs and to 1hr 111annfactnrer. 

'.\Te have carefully gone through the tests of hearing strength 
in Tables Xos. l t to 21. a1Hl ,Ye hPlieve, after studying the effect 
of thro\\·ing out unu uall~' \Yeak pipe, ,Yhich should have been 
rejel'ted on careful inspection. that thP 111inin1un1 strength of the 
\\'eake t indiYicluals of a lot of pipr cleli,·ered on the line of a 
drain or se,ver, \\'111, after earefnl inspPl'.tion and culling, he 
about 73r1i of the a,·e1·agc' strPngth. 

This consideration alone. therefore, ,Youlcl l'.all for an average 
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strength of pipe of 130% of the load of ditch filling, and prob­
ably, 1.65 is the least factor of safety " 'hich should ever be used. 

Article 47. The Effect of Moisture on the Strength of 
Drain Tile and Sewer Pipe. In connection ,vith the proper 
factor of safety to use for the strength of drain tile and sewer 
pipe, the question of the effect of moist11re on their strength is 
a matter of considerable importance. Some tests made under 
our direction in 19] 0 indicated that wetting materially decreases 
the strength of concrete. 

Our attention ,,,as later called to this point by l\Ir. F. 0. Nel­
son, Drainage Engineer, of Estherville, Ia., in Feb., 1911. See 
his letter, as quoted on pg. 15, of this bulletin, in which he 
calls attention to the observed fact that the tile which became 
wetted by absorption of wiater in the ditch broke most readily. 

W e then proceeded to investigate the subject by making actual 
tests of dry and ,vet tile, with results (given in detail in Tables 
Nos. 1 and 20), as follows : 

TABLE NO. 26 

TESTS OF THE EFFECT OF ~fOISTURE ON THE STRENGTH OF CE11EKT 
AND OLAY TILE 

Bearing strength of 6 in, rPmPnt hlE', dry ... ........ 1360 lbs. per lin. ft. 
" " " " " '' " wet 30 days . . . . 930 lbs pt>r Jin. ft. 

Bearing strength of 12 in. een1ent tile, dry . . . . . . . . . . . . . . 940 lbs. per Jin ft. 
" " " ·• " '' " wet 4 days ........... 1090 lbs per Jin. ft 
" " " '' " " " wet 30 days. . . . . . . . . 680 lbs. per Jin ft 

Bearing strength of 6 in clay tile, dry ................. 2160 lbs per !in ft. 
" " " " " '' " wet 30 days ......... 1610 lbs per Jin ft. 

Bearing strength of 12 in. clay tile, dry ............. .. , . 2810 lbs. per lin. ft. 
" " " " " " " wet '31 days . . . . . . . . 2730 lbs. per Jin. ft 

Bearing strength of 16 in. clay tilP, dry ................. 1700 lbs. per lin. ft. 
' " " " " " " wet 5 hrs . . . . . . . . . *1700 lbs. per !in. ft. 

The 6 and 12 inch cement tile tested were made by the same 
factory, and ,vere respectively 6 mos. and 8 mos. old ,vhen, first 
tested. Later tests dry showed an increase of strengtl1 of the 
6 in. to 1900 lbs. per lin. ft., and of the 12 in. to 1290 lbs. per 
lin. ft., botl1 st the age of 18 mos. 

The above tests were made in the spring of 1911. In the fall 
of 1911 we inaugurated a series of tests, by l\Ir. F. 0. Boden and 
W. G. White, of the effect of moisture on the strength of con­
crete; and, by I. C. Craft and C. l\Ioriarty, of the effect of 
moisture on the strength of brick. These tests were completed 
in the winter of 1911-12, with results shown in Tahles Nos. 27 
and 2 , herein. 

The tests sho,Yn in Table No. 27 decidedly confirm the con­
clusion that the " ·etting of concrete will usually lower 1naterially 
the strength of conrrete, and this has been confirmed by some 
later tests made b;r Prof. S. l\I. W ood"·ard and ~Ir. Young, at 
Iowa City.** 

* Only one tile tested in this case. 
** See Ene:ineering News, January 16, 1913 

6 
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T.\.BLE NO. 27 

TESTS OF TIII~ EF!!'EC'r OF :MOISTURE ON THE STRENC:,TH OF COXCRETE 

Strength-Lbs. per Sq In. 
Per Cent Absorption Upper Line--Transverse :\Iodulus of Rupture. 

Lower Line-Crushing Strength. 1Interial 

1 hr. 3 hrs. 

----::-::--:-:---------
Before Dried I :hfedium '\"\'et 
Drying 12 h1·s. Wet . __ _ 

1 :2 :-1 CONCRETE 

A 7 days 4.4 4.9 
. 

300 290 310 240 ge I 
1300 1730 1480 1060 

" 1 mo. 4.8 5.7 440 320 320 230 
2080 1890 1150 830 

" 3 .. 4.8 5.7 610 390 350 270 
2160 1950 1590 1230 -- -- - - ---

1 :3 :6 CONCRETE 

Age 7 days 5.1 5.5 I 
210 170 200 160 

1170 970 930 900 
" 1 mo. 5.1 5.8 370 270 230 190 

1830 14:=!0 1040 680 .. 3 " 5.0 5.7 430 280 270 210 
1690 1350 1170 I 950 

1-3 BRIQUETTES TENSILE l-TRENGTH-LllS, l'ER !\Q 1:s' 

Age 7 days 7 .3 7.6 140 2::10 160 80 
" 1 mo. 8. 1 8.1 2:lO 280 220 140 
" 3 " 7 .7 7.7 330 330 380 170 

Nf;.\T IIRIQV ET'l'ES 

Age 7 days 6.9 7.2 600 !HO 290 380 .. 1 mo. 7.6 7.7 610 :isn 370 3!]0 
" 3 " 9.0 10.1 710 8.tn 490 430 

KOTE -Each rPsult given is the average of 4 or 5 l<'sts, :!27 tests. The dry• 
ing was 1n an Plectric oven, at low heat. The medium WPt specimens aYeraged 2½ 
to 3'io moistun•. The wet specimens nveraged 5 ½ to 6"~ moisture. Beams for 
transverse moduli of rupture, 4 x 4 x 16 inches. C'ul11 s for crushing strength, 4 x 4 x 4 
inches. 

T.\.RLE XO. 38 

TESTS OF TIIE EFFECT OF 1IOISTrHg l'PO:s.' TIIF ::-i'l HI•:XGTH OP BRICK 

(~ualily 

Per CPnt 
.\ hsorption Vpper 

Lower 

Strength Lbs per Sq In 
Line Trans,·,•rsP :Moduli of Rupture, 
LinP-C'rushing StrPngth ----------

' 
l 8onkP(l SoakPd Soaked Soaked 

1 Ilr. .J 8 II rs Dry l Hr. -1 Hrs J 8 II rs. 21 Days 

-- - - --
No. 2 Pavers 3.9 

No. 1 Building 4.8 

Building Brick 7.0 

---

1 

9.8 

-------- -------
STIFP J\lUO SHALE BRICK 

5.3 1720 1650 
3690 4730 

6.5 1670 1370 
3000 -1900 

9.8 12~0 12.J0 
3040 '.!600 

PRESSJJ;D nRICK 

9.8 620 
3930 

1450 
:!500 
1520 
:l820 
1110 
2500 

GOO 
3-!:ZO 

1080 
44::lO 
1050 
4000 
1270 
2610 

710 
3310 

1730 
2900 

690 
3700 

NOTE -Ench result 1s the average of 10 tests, = 360 tests The transverse tests 
were of brick tested llatwise, l'Xl'Ppt the pa\'ers, wh1l'h were tested <'dgewise. 
Crushing tests were on 11pproximate cubes, full thi!'kness of Jiril·k, with strel bearings 
on gr,rnnd surfn<'PS. 
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The tests sho,vn in Table I o. 2 indicate that thorough ,vettin O' 
-nrill materiall3r lower the strength of some burnt clay produc~ 
but not all. This is in accord ,Yith ot1r tests of clay tile give~ 
above. The effect of moi ture on the strength of clay' wares 
should be investigated further. · 

• Article 48. Summary of Conclusions from the Ames Tests 
of Drain Tile and Sewer Pipe. The discus ions in this chapter 
of the A.1nes tests and their results may be su1nmarized as follo-n·s : 

1. The A1nes tests of drain tile and seiuer p,ipe have been 
1nade on niore than 1000 speciniens of ce1nent and clay pipe, 
nzade of several n1atcr1als and by several processes of ;nanu,fac­
ture, and including sizes f rorn 1. in. to 42 in. internal dianietc1·. 
The results of these tests are presented in detail in Tables 1\ 7os. 
18 to 25, inclusive. The tests of strength/ presented in the tables 
have all been ;nade by the I oica standard ;n et hod, ivhich closely 
approxiniatcs ordina1·y, actual, ditch conditions. 

2. Th e 1noduli of rupture co111puted froni the strength tests 
are often ve1·y high, for s1nall ce1ncnt pipe, as corn pa reel ivith 
the transverse st re11gth of ordinary concrete bea1ns several inch ec; 
thick, but thC' n1oduli con1putecl fro1n the strength tests of pipe 
a:uerage so111e1chat loice1· than those coniputed fro,n transverse 
tests of curvccl bcanis cut f1 o;n the shell of the sa,nc pipes. 

3. cru, i:ed bea1J1s cut front the shell of the sanic pi'pc sho1u a 
quite large 1.:ar1at1oi1 in the values of the nioduluc; of rupture 
f roni point to point i11 the shell. A lso, different pieces a f ezv 
inches apart in the sa,ne pipe often shoiu n1aterially diff e1·ent 
per cents of absorpt1011. 

i. 0 11 acco1111t of the i·ariation in the nzodulus of rupture of 
pipe shells froni point to point. niathe111atiral co111putalio11s ca11-
11ot be relied upon for co111parison of the breaking loads founrl 
by different n1rt'1ods of testing. Th e safe loads on drain tile 
and seiver pip6 in ditches can only be deler1ni11ed, reliably, by 
tests which app1 o.riniate ordinary. actual, ditch conditions of bed­
ding and loading. 

5. The 111odulus of rupture seenis certainly lo be considerably 
higher for sn1all thicknesses of ce111ent tile than for large thick­
nesses, and probably the san1e general principle holds (to a niuch 
s1nalle1· degree) for clay pipe. 

6. On account of the variation of the niod11l11s of ;·u ptu re 
iuith thickness, ordinary niathen1atical for;nitlas of st,·ength are 
not reliable f 01· dia1neters less ilia n 18 in. in coniputing the in­
crease in the st1·ength of ccn1c11t pipe iuhich niay be secured by 
increasing the thickness of shells. For dian1efe1·s of 18 in. and 
over, the increase in strength dite to thicker cen1 e11t pipe shells 
of the sa1ne quality should ordinarily be a little less in propor­
tion than th e ratio of lhe squares of tlte thicknC'sses. 
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7. /Juubtl,ss 011 acrou11l of lite i,1crcos<d difficulty of burn­
inu Liu urralcr th icknr ssts of pip& shr.lls to the sau1e degree of 
lltorouul111lSS, tltr 1,1odulus of ruptu,·c of double strength vit,-i­
fi, rl clay srll 1£1· pi1>, of thr large sizes is oftr.11 ;11uch lou:cr than 
tlu ,nodulus of ru1,turc of singlr st,·c-ngth pipe. 1\7ol infre­
qur. 11!/y this nu1y !Jc t1·1u tu such an e.rlent that large double 
slrc11gth pipr 111ay test litllr, if any st,·ongcr tlia11 single strength 
of tit, sa,110 dia,11( /( r, f,·o,n f ltfJ sonu factory. G, at(,. carr:, and 
thorougltncss than at 7Jrcse11t a,·c dc~irable 11, th£ burni11g of 
largr.,, dou/Jlc slrr 11glh. clay drain tile and Sl ll'l r p·ipr. 

'l'lte t1vo ob,ic£ ts of aln,or1,tio11 i<sls, a11ll absorption li111its 
in sp,cfiicatifJns fur drain tile and scu·c-r pip,. ore. f~i,·st, to 
insur< tluti the ,11anufact1u·e 1·s such 11s to secure the lust ·esults 
reasonably possible u•itlt the nu1fe;,-ials llS<U: s<cond, ' £ ,·clud-c, 
fo,· C( rtain uses. 111atr.rials fro111 u•hich satisfactory J>ipe for 
thc<;C 1tscs cannot be produc, rl conunc-rcially. Ilcncc, differfilf 
absorption z1·n1its in SJ>tcificatio11s should be assigned to <liff(rcnt 
1il{{f(1·ials. and fo fl,.( sa111e 111aic1·ials for differ£ nt uses. 

9. ln fll{ absence of >11ore r.rte11sit•( data of abso>·ption ii s ,., 
than a1·( yet a1•ailo!Jl£, the saf,st plan for an c11ginee1· to , ,, -
Lou, in detr rn1i11ing ousorption li111ifs to in::;erl in specificat'l·on,') 
fo,· drain tile or sc11•cr vizn is first to rnakc a fcio p1·elin11·nary 
absor1,tion dct£r1ni11ations of piece.~ of good. satisfactory vipe. 
a1 ail ,blc in ltis l'icinif I1. 

~ 

l fa,· as tltc .1,11rs lL,,ds go fliry i11eh·c11fe that tli-e follou►ing 
Jt(Jlt11·c111c11is can r,adily be ,11et by good faciorfr~ in flil 111iddle 
'lt'(Sf: 

l•1or fa,·111 fil(, 3 fl. cl£,J), CLincnl till . .::.o to 1J.OMc 111ax. al­
loz<"ablc absorptio11. 

l•'or far,11 tile, 3 ft. d£cp, clay tilc-, ,.o to 16.0% r,1a.r. allon•­
aulc abso1·1>tio11. 

11101· la1·gc tilt drains. crnH nt tile. 6.:'i lo 9.0<'c n1a.r. allo1t'ablc 
absorption. 

J,'01· laryc till drains. cloy tile. G.0 to 7.0~ n1a.r. allo1cable ab­
sor1,t ion. 

J,'01· s11c, rs. , lay s, u·1 r piJ>e, f.O to 5.0~ 1110.r. allou1abll ab­
sor1>tio11. 

10. Jf (asu,·, 111, 11ts slioH, that the half clong11tio11s of the 
liorizontol di,1111, t, rs of< 1·cn larg( t(111e11t and rla11 drain f ·1 lo 
110! o,·di11a1·il!J ,.,.t,,,l 1 ~iO i11. und<r thri 11 a?..i, 1 1oads f 
dit<'h filling. 1'/iis is too s111all to d, l'£lo71 s ,, , "·" 111( ~ f 
ditcli filling la rye < 11011gb to l,, of 11u1l< ri,,l , , s "'a <.£ i1 µ, <-­
,,, 11ti11y < ,·a king. 

11. JI, ar;11r( 111, 11/s of ti,, half , lu11yali n1~ , f the lto1·i::01 -'al 
dia111ct,rs of ('('/Jl(H{ and cla11 drain tile 1n1d I c1·1rc,·(11' load.s 
!}llltJ·ally plat into r,yul111· ··st1,s-,slrai11" <l111'(s \ot inJ,·<--
'JII< 11tly the"<' ,·11r1•,s yi1·,, i11tl1 a11011s ul 1111 "<la,, 11111t" of the 
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niaterial at 75o/o to 90% of the ultintate breaking load. In tivo 
tests_ of ce·ment pipe, the elongation increased app1·eciably with­
out inc1·ease of load when '' elastic liniit'' loads ivere kept on for 
a f eiv 11ii11utes. 1f e believe it to be probable that in, many cases 
drain tile and se1ver pipe would break under per,nanent loads 
appremably s,naller than the breaking strengths developed in 
laboratory tests, in 1vhich the entire load is applied within a 
co1nparatively short tinic. 

12. The tests slto1v niate1·ial variati·ons in the strength of dif­
ferent pipe froni the sanie lot. uch di-Jj'crences in results are 
also roniinon in other tests of other ce1ncnt and clay products, 
and represent real difj'e,·ences i11 quality. We believe that, with 
very careful field 1nspect1on, and culling out of '!Beak pipe, the 
1veakest pipes ivill be as strong as 75% of the average strength 
of rlrain tile and seioel' pipe delivered for construction. 

13. The Anies tests shoiu that a rnaterial loss of st1·c11gth in 
ce1nent pipe is caused by thorough ivetting. They also indicale, 
but not conclusively, that sonie loss of strength rnay be caused 
in son1 e clay pipe by a thorough ivetting. 

14. A study of th(' variations of strength, and possible losses 
of st1·ength, enu,nerated in 11-13 above, would indicate that a 
saf cty factor as loiv as 1.5 for the required bearing strength 
of drain tile and seiver pipe 1night very probably result in an 
occasional c1·acked pipe in the ditch, and 1ve recomniend 1.65. 

I n con1paring this conclusion witli Table 1\ro. 16, pg. 87, 
it should be ren1en1bered : Fi1·st, that an occasional cracked pipe 
in taking itp old sewers and dralins inight not be noticed, or if 
noticed 1night be attributed to injury in taking itp; second, 
tliat not inf rcquently drain tile and seiver pipe rnay escape the 
1naximuni load,<; froni ditch filling, f roni the in1posit1·on of iuhich, 
nevertheless, there is considerable danger. 

15. A coniparison of the proper factor of safety iuith the 
bearing strength. of drain tile and se1ver pipe in Tables 1\T os. 18 
to 21, and tl1e ordinary maximum loads on, pipes in ditches aS1 
sho1.v1i in Table No. 8, will indicate clearly that, in the case of 
large pipe and fairly deep ditches, the strength, of drain tile and 
se1.ve1· pipe, as noiu generally made, is quite generally insufficient 
to prevent danger of cracking 'under the iueights of ditch filling. 

I n such cases the engineer shoitld either, 
1. Secure pipe of special high strength . 
.2. B ed the pipe in concrete. 
3. Use other materials, such as brick, or reinforced or plain 

concrete. 
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TESTING MACHINES F OR DRAIN TILE AND SEWER 
PIPE 

Article 49. The Need for Inexpensive Testing M achines 
f or Dr ain Tile and Sewer P ipe. 'fhe only "·ay in 1Yhich to 
detern1ine ,, hether a. giYen lot of clra in tile or se\\ er pipe are 
strong enough to he safe against erack1ng in the ditch is to test 
their strength, ancl co1npare it " ·ith the loads they n1ust carry. 

At present the inspeetion of pipe, ancl their acceptance or 
rC'jec-t1ncnt arc left altogether too 1nuc·h io guess ,vork on the 
part of the inspector. 

EYerv cit-v using se,ver 1>i1>e e,·r1·v eount v doincr drainacre 
'- "- 't • '- ~ 0 

"~ork. ancl eYery n1annfactnl'er of drain iile or se"·er pipe, should 
o"-n and use a suitable 1nacl11ne for testing the bearing streng-th. 

(
1ities and counties desiring to clo so can c1ouhtless purchase 

testing 1narhines suitable for testing h)T the Iowa standard 
n1ethocl 1'1·0111 ahnost any reputable n1akp1• of te ting- machines 

For those " ·ho ,vish to obtain a good and satisfactory testing 
111achine for cl rain tile and se"·0r pipr at Yery lo"· cost. we ha-ve 
prepared detailed plans for three n1achines " ·lneh ran be built at 
hon1e, h)' an)· good merhanic. 

:\Ir. II. Riec1cscl. of L aneshoro, lo"TT"a, has hnilt so1ne of the 
... \1nes TPsting l\IachinPs for d1fl'erent peri-;ons, and ,,ill , upply 
others, " ·ho 1nay pref Pr to ln1>· the1n rather than build, at the 
f ollo"ring prices: 
)t..1nc>s • 'tandard rrl"'Sting :;.\Iaehinc> . ... .. $05 00, f.o.h. Lane horo 
... \.111es Senior 'resting l\Iachinc ... . ..... :f;.J.-0.00. f.o.h. I1ane horo 
.i\ 1nes ,J unior Testing ~IachinP ... .. .... $20.00. f.o.h. Lane boro 

~one of tl1e aboYe prices incluch" the plntfor111 srales. \\re v;ill 
snppl>r, free of charge. to an~· per~on " ·ho " ·ill " ·rite us that he 
intends to build one of thesf' 111acl11nrs, cletail0c1 hlue print plan 
for the machine he selects. i'ron1 "·hirh it ran be built by an-v 
good mcehanic fan1iliar ,,ith the plans. · · 

Doubtless quotations for anr of the three A1nrs Testing :\Ia­
chines can he secured fro1n an? good general shop, on tnking 
tben1 the blue print plans. 

Article 50. The Ames St andard Test ing Machine. The 
An1es Standard rrc,sting 1\Iachine is sho\,Il in Fig. 31, anc.l in 
the fron tispiece, Fig. 1, it is sho"-n in aetual use, testing a 36 
inrh drain tile. 
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Fig. 31. The .An1es Standard Testing 1Iachine, for Testing the Strength of Drain Tile and Se\Yer 
Pipe. Cost, about $95, not 111eluding the 2000 lbs. Platform Seales. 

This is the machine "·e rcron1mend for use by cities and faetories which neecl to test a large number 
of pipes and can just as ·well do the work at a fb;ed point. For such "ork it is more conYenient than 
the more po1iable machines illustrated belo,Y. 
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Fig. ~2. The Aines Senjor 'l'esting tfachine, for 'l'<' sting tho Rtrc11glh of Drain 'L'ile nnu Sc\\Cr Pipe. 
Cost about $•JU, not ln<'luding the 2000 lh:; Platfonn 81:alcs. 
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Fig. 3~. Testing a Tl1irty-R1x Inch Drain Tile with the .\mrs Ren1or 
Testing 11achine. 

This is the n1ach1ne "e recommend for cities and counties and factories 
for ordinary testing of drain tile and se"er pipe of large s1zes, "here it 1s 
clesuable to moYe the machine to different locations for different te~ts. It 
can readily be taken down and transported. "\Vith an extra strong lever, we 
ha Ye used it 1n tests of se" er pipe reriuiring a total loarl of 24,000 lhs. to break. 
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. ,.. . . 
~ ~~~r~-•1-- •-·.• 

Fig. 34. The Ames Junior Testing Machine, for Testing Drain Tile up 
to 1 Inches Din1neter. C'ost about $~0, not Inrluding 2000 lbs. Platform 
Scales. 

Article 51. The Ames Senior Testing Machine. The Aines 
enior rresting l\Iachine is hown in Figs. 32 and 33. 
Article 52. The Ames J unior Testing Machine. The ~.\mes 

J unior Testing l\Iachine is sho"·n in Figs. 34 and 35. 
The .1~1nes J unior Testing :\fachine is very convenient, and 

"·here n1uch testing has to he done it may pa;y to use one for 
the s1nall pipe, even ,vhen an Ames Senior ~Iachine is used for 
the large pipe. 

Article 53. F ield Tests of Drain Tile and Sewer Pipe with­
out Testing Machine. It is not at all difficult to apply the 
I owa standard 1nethod of testing bearing strength directly to 
pipe in the field ,vithout using an;y testing machine at all. We 
have often done this. 

All that is necessary is to construrt the top and hotton1 bear­
ing fra1nes, bed the pipes in sand, 1n acrordance with the speci­
fications on pgs. 9 and 99, and apply the load to the and in 
the top bearing frrunes, strictly in accordance ,vith Clause 6, pg. 
98. Sacks of cement, or sand, or earth. or p1les of brick. etc., 
can be used. Often a sin1ple lever can he rigged, to le sen the 
applied loads required. 
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Fig .. {;:;, 'I\•st1ng a T"eh l' I1wh llrant Tile "1th tla• Amf's .Junior 
Testing ~Ia1•lnnc. 

Thie; is the n1a,·hi111' "<' n•,•0111111t•ncl for the tt>sti!tg of 1lrain tile up to 
1 '-, 1nehes cliarnetl.'r. An onlinary ~0ll0 lbs. platfnr111 ._,,alps ust•d "1th the 
nuit:hinP ean liP loadt><l "ithout injury up to fi000 Jhs .. and thr. 1na.xi11n11n ('a• 
parity of the 111al'hine is <letPrniined hy this. 
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Fig. 37. Yiew of Upper '-;.:1,nd 
Beanug ·Prante Arranged fr r 
'l\•st~ of Tiell Pipe. 
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CI-lt\l)TER ,· III 

SPECIFICATIONS FOR DRAIN TILE, FOR SEWER PIPE. 
AND FOR PIPE LA YING 

Article 54. Methods of Strengthening Drain Tile and Sewer 
Pipe to Carry H eavy Loa ds, by B edding in Concrete. Tl1e 
many cases of c1 a eking of drain tile and se" er pipe tabulated 
in Table ~o 1 pg 24, demonstrate that large drain tile 
and se,, er pipe, as at present manufactured. are not strong 
enough to carry safely the " ·eights of ditch filling which n1ay 
co1ne upon then1 in deep d1tcl1<:-s. 

A comparison of Table ~o , pg. 46, of ordinary maximum 
loads on pipes 1n ditches, ,, 1th Tables ros. 18 to 21, pgs. 103 to 
145. sho,v1ng the hearing strengths of drain tile and sewer 
pipe, "111 indicate clearly " ·hen allo" ance is made for a proper 
factor of safety ) Just ,Yhat sizes of ditches cause danger of 
cracking. 

'\Yhcn it 1. found impossible, at reasonable cost. to obtain 
pipe strong enough to do a\\·a~ "·ith the danger of cracking, 
reasonabl~· strong pipe 1nay be used, and strengthened by becl­
d.1ng in con(•rrte 

'\Vhere the s011 in " 'hieh the ditch is rlug 1s so solid and lln­
:rielchng a<; to afford a good safe support for the horizontal side 
thrust "h rh " 'ouhl deYelop at the mid height of the pipe if 
1t c:;houlcl cra<'k, all that 1s nece sary is to fill co>11pletely all the 
spac·e bct,YcPn the tile and the botto1n and sides of the ditch 
,Y1th Yer:v lf'an eonerete, as , ho,Yn in Fig. 3 . 

'I'his n1cthocl has been used \Yith sneres 1n actual cases \Yhich 
haYe been r eported to us 

"\\rhen thP soil 1s ~ 1eld1ng. ho,Yever, as in the ca e of 1nuck. 
quick sand, oft loa1n, and the like, a good, strong, concrete 
n1ust be used. in sufficient th1ckne s below the pipe, and at the 
mid height of the pipe. to furnish in itself a good, strong broad 
foundation. together "ith side abutn1ents at the mid height 
strong enough to carry safely the side tl1ruc;t ,Yhich ,vould de­
--velop if the pipe cracked. This plan 1s sho"'n in detail in 
Fig. 39. 

W e reco1n1nencl applying the 111ethods sho,Yn in Fig . 3 and 
39 at all points on tile drains and e\\ e1 pipes ,vhere the bearing 
strengths of the pipe, as found hy Io,Ya • tandarcl tests ( after 
deducting for the "e1g-hts of the pipes themsC'l, es . arc not at 
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I'ig-. ;1-.,_ \ft>tho,l of :-;tr1•lll,!tll!•ll11r,._ T ,,uil l'ile :11 ,l ._,l t'r Pipt> to l'arry 
11,•a,y Loa1l~, liy H11 d,li111,! 111 ('0111 rt•lt>, 111 Soli11 ~oib 

l1 a-.;t f':i', in l'X<·1•ss of ti P ord"11,11: 111axiH111111 lo,1ds on pipt•s 111 

d1!1·h<•s. a:-. sho\\ n 111 'I'ahl1• \o 1-.. pg -lG 
Article 55. Committees 04 and 0 6 of the American Society 

for Testing Materials on Standard Specifications for Sewer 
Pipe and Dr ain Tile 'I'ht> .\llH'l'llHll Sol'H't: i lr 1\-sting ,Ia 
t<'1·1ctls 1s \\1d1•l: ll'<'O/.n1izl'd Ill th1• l~n1t1•d ""t:11t•s ,ls th1• final 
a11thor1t., for th<' pn•11c11·ation ol' st.indard spl'< 1h1·at1011 ... for tht• 
Yarious n1atp1•1als of 1•011str11<"tion 

I◄'o1· SP\ <'l',il , <'Hi's tie So1·1t 1, ha-.; had a 1·t•g11lar 1·01111nith•L', . . 
dPs1g-11at<1 <l ( '-!, at \\ ork on -.;tandard sp11 1•ifi1·at ions for se\\ L'l" 

p1p1•. hu t thP 1·on1111it1<'<' has not ?et 111adt' an: dt tin1t1• l't'l'Olll-

111Pndatio11 oi' spp1•ilh·atio11::-. 
~1111·e l!ll 1. thl' ScH'l<'I: has al:so had a l'L'Q:ula1· rn1n1nittl'e. 

dPsignat<'cl ('G, at \\ork on -.;ta11tlar1l ~Pt't•ifieations for drain tile. 
c1ud c1n <'ffort 1s hP1ng n1atlL' to <·0111plete definite rpeo111111<.'1Hia­
tio11s l l\ ,J nne. 1914 . 

• 

• 
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Fig. 39. }.letho,i of treugthening Drain Tile a1 <1 Se ,er Pipe to Carry 
1:-Ieavy Lond-;, hy Bed 1 I g 111 ( 'onerete. in Yie]cling Soils 

lo\\·a has onr 111P111her of ( 0111111itter ('-l-, and fonr n1Pn1h1•rs of 
('01111nit te("l ( 16. 

,\Th(ln Uon1n1itt<'t1s ('4 and ('6 of 1 he .. \1neri<·an So('it•t, for • 

rr e ting :\fatc>1·1als < un1plet<' their clefinite r<>ports ancl thrc;;e have 
heen adopted h~ th<.• ~ociet~', their specifications \\·ill nndonht<>cl­
ly he aC'ccptc<l t hronµ hont the conn try a standard for drain fj}e 
ancl '-)< \\'er pipe. 

At present. ho\\'e\'Pr, drainage and se,Yerage engineers. and 
in fact all users and 1nannfaetnrers of drain tile and ~e" er pipe, 
are in the grc>atest uei>cl of fair, definitr and authoritative spec·1-
fication for dr;1in tile for e,Yer pipe. and for pipe laying 

Article 56. Recommended, Tentative, Standard Specifica­
tions for Drain Tile, for Sewer Pipe, and for Pipe Laying. To 
meet the iu1perat1,e 11nmecl1ate ncl'cl for definite sper1fic·ations. 
until ( '0n11111ttees ( '4 and ('6 of the .1\rneriean 8ocie1 Y for Test-, 

ing :\I,tterials <'an c·o1nplete their reports, \Ye rc'<.:ouunend the 
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ns<>, for 1 he pr<•seut, h) all drainage and C\Yerage cng-1n.eers 
of th(' follo"·ing: 

'!'1 '\'I \Tl\ I , 'T \XD \RD f-ipr CJFIC \TIO~S FOR DRAIN TILE. FOR 

!-,},_.,\\ER P IPE, \'\D POR P IPE T1\YIXG 

() ffi< ial111 odozJled b11 the l ou·a late Dra111age ... 1ssoeiatio11 at if') 
1"01 t I>odge n1cet111q, 1/eb. 19, 1913 . 

.. 1 lla1sfon, of "'l n1rs, l a ; Seth Dean. of (,lcnu·ood, l a.: and TT .... 
11 H or1 i11<1lo11, of J>ocahontas. l a, ron1n11ttee. 
1. J,,'.\ (, / \ l~J.; f? T O ll .. 1/(E , ll.J l -1 Tr:, T,. ..! ll tests of drain 

tile and sru·r1 ]>If)£ o,;/,all be 1nadc by the r11g1nrr1 and his as­
s1~dant~ 

2. , 1 l 'J'l-1F)( ''l'JO\ 0 1'' PJJ>E I/ OR TE, 1 T1.. 1! ll drain tila and 
s( n·cr JH[>r for fest-: sliall br care/ ully srlectcd by thr engi11ee1·. 
to rep1 rs< nt f au ly the quality of the pipe, fro111 the stork fu1·­
n1shcd blf the cont ,·actor for use 011 the job 

J l ',11''.l/ }) \ 1' OP CO~ Ti.. OF TE i.. T A ll costs of tests 
of drain tile and sru·c 1 pipe, c.rccpt the cost of the pipe tested, 
shall be paid by the crnploycr of the engineer. The pc,·sonal 
sc1 i·icrs of Ilic cnginrr 1· and l11s assistants shall be pafrl /01· at tltc 
sr1111c ,·afrs allo1l'cd then1 for other reqular 1t·o1k 

i. (' () \ 1'1{,1('TO!l T C) ,:_'f l TPPL1y TEi.. T P IPE FREE Th P 
r,ontror to, shall supply all dra111 tilr and seu•er pipe 1 l{Jlli1·cd 
fo,· frsfs, /1 rr of cltargc , d(livcrcd at tlic trst1ng ,nochinc. l('hich, 
f 01· tl11s n·ork ll'ill be located at. . . . . . . . . . _ ............... . 

()1d111a1·ily not 111orc than one-half p£1' cent of the pipr sup­
plied lf'ill b( frsled. but in an11 ca-:c at lca.~t fii·c pipe shall be 
suppli<d. and i11 casC' the fir,-,f test sho1cs n1arkcd ir1·cgula1it (S. 

or oflur i111po1/a11t pre11liar1tics of pipe, the c11gi11cc1· n1ay 1c­
quirr J>iJ>r fo,· rt sr< nnrl sr t of fesf,; 

5. 1/1,'TJJ()J) 01 1 TEL.,Tl\ G . 11! tests shall be n1adr st1·1ctly 
in acccJ1da11, r u·1tli the l oll'a ~"tandard, pcc1/1cafions for Testing 
!>rain 1'ilr and ~ ru·c1 pipe, as gi1·c11 on pq, 97 to 99, of 
11 ullrtin \ o '31 . of tlir Io11·a }Jnq1nrc1·i11g Erpc11111e11t '- talion. 

6 l/. 1.\Il/lTll L1I~L()ll',JRJ-1}) PER C'E.\ 1'1.. 11B~'ORP-
1 I()\ }'OJ? I>J? ,1/ \ J'I IJE "l \ D ~ ETIT };R PI PE. Thl n1a ri-
1n u111 allo1tablc p<r ernfs of ab,;orpflo11 fo,· d1a111 tile and Sliver 
p111r shall br a,; f ollo1l's: 

/1'01· ( r ,11r nt Drain '1.'ilr, . . .. JJC'l ' cent n1a.r. allo1l'able a11crage 
ab <.;011J! 1011 

Jlor C'la11 !>rain Til< . .... J>c;r cent 1na.r. allou·ablc ai·cragc 
absorpf 1011 

J11or ( '< JJ/( 11/ ~ cu•r r l '1pc , .... per cc ill ,na.r. allo1l'ablc a1·c1·­
agc absrn pf io11 

fi"or ('la11 •"' u•r 1· P 11>< . .... })l r cent 111a.r. allo1cable ai·, rage 
ali\OJ 1>l10J1. 
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. -:..;_O'l'E.-. "'ht>re the engineer does not lrn, e lwtter data of the good pipe available 
1u his locality, we reC'ommend that the absorption per centi; inserted aboYe be between 
the following limits: 

For Cement Drain Till•, 6.5 p<'r cPnl to !l O per cent. 
For Clay Drain Tile, 6.0 per cent to 7 .o per cent 
For Cement Sewer Pipe, no datn aYailal1le 
Fo1 Clny Sewer .Pipe, 4 0 per (·ent to 5 0 per cent 

7. THE ORDI.\ 'AirY JIAXr,11rr,11 LO ,,JD;. o ~\T DR..: lI,\ ' 
TILE A ,\ ' D ;.l E11TER ]>J[>E / 1\ ' DI'l1( 1H E1...:!.. T hC' ordinary n1a.ri­
n1u 111 loads 011 drain tile a11d sell'C'I' pipe i11 ditcliC's, f1·o n1 ro 111-
11 1n11 ditch filli11g n1alr rials , shall be co11siclcred to be as follo·1cs, 
in pouncb; per l111ca1· fool of vipr : 

FOR CL.\. Y, .\.XD .\LL CO~LMOX SOILS OR CO~IBIX.\.TIOXS OF SOILS, EX· 
CEPT s~~n AND LO~M 

Height of I 
FiJJ Above 

Top of Pipe, 
2 ft. I 4 ft. 
6 ft. I 

• 
8 ft. 

10 ft. 
12 ft. 
16 ft. 
20 ft. 
21 ft. 
30 ft. 

1 Ft. 
310 
:310 
,130 
490 
520 
5 io 
!570 
5S0 
S80 
')80 

FOR S \ '\D 

2 ft 18/J 
4- ft. 270 
6 ft. :no 
8 ft . 3-Hl 

10 ft. 350 
12 it. 360 
16 it . 360 
20 ft. :!60 
24 ft 360 
30 ft 3fi0 

,\XD 

Breadth of Ditch at Top of Pipe 

2 Pt. I 3 Ft. I J Ft. I 5 Ft. 
470 730 I 1000 1240 
810 1330 1870 2370 

11!0 1900 2630 3410 
1380 2360 3360 4400 
1570 2760 3980 5270 
1730 3100 I -1560 6050 
1940 3f>60 5510 7 1 HJ 
3090 4070 6280 8610 
2180 1H80 6910 9590 
2260 4700 7590 1 0780 

LO.\.)f, L'X)IIXED \\"ITH OTHER SOILS 

110 650 890 1110 
710 1170 l 640 2100 
910 1590 2270 2970 

1070 1910 2820 3720 
1180 2180 3260 -1380 
1250 24-00 3650 4980 
1350 2710 4260 5940 
1-100 2910 4700 6660 
143 0 :1050 50]0 7230 
1440 3150 5340 7830 

XOTE.-Por dimensions of ditch not ~iven the londs shall be interpolated between 
the loads in the table. 

L . TH E JJJ.\'JJJ[}JJ rlLL0 11T.ABLE B E AR I ,.\ T G 
A 1TRE.\TGTJ-f1"{ (JP DR-"11.\T T ILE r1,\TD i.. EWER PIPE . J.\ To 
rlrai11 tile 01· sriccr pipe 110/ strc11gthc11ed by bedding in coll­
c,·etr shall br usrd in any part of o ditch 1chere flie ai-crage 
bcari11g strenr;th of thr pipC', as rlelern1inecl by !lie l oH•a ta11d­
a1·d Te:,fs (A 1rr ( '1ausr :S, aboi-c ) , is not rqual . in addition to tli c 
1ceiglits of thr pipe tlir111srlrrs. to at lrast 165 per cent of tllc 
ordinary n1a.r1·11111n1 loads 011 pipes in ditcl1C's (as specified i11 
clause 7 above). 

Drain tilr 011<1 sru·cr pipe of less bcari11g strr 11gtl1 tlia11 rc­
qui1·crl in thr oborr pa1·agraph shall, if usccl, be strc11gtl1e11cd by 
bcdcZ.ing i11 coHcrrfr, as proi·iclecl in cla_uses 13 an_d 14, beloi~, al 
the c.rpe11sc of the pipe contractor, ( l1;1i~1 c.rccplzon_ as proi"trled 
in clause Ji ) , 1l'lio shall have the opt1on of payzng /01· sucli 
strc11gtllc11ing, or of fur11ishing pipr sf1·ong enough lo give the 
:-;af 6ly factor of 1.65 as rcqui1 cd above. 
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1'he engineer shall furnish each bidder conve11icnt access, in 
a1nple tin1e before the receipt of bids, to an accurate profile 
sho1uing the depths of pipe at all points of the seu;er or drain, 
and to clear specifications as to 11•idtlt of trench at level of pipe, 
so that the c.racl lc11glhs of e.rlra sfl'o11g pipe or sl1·e11gtheni11g 
by bedding in concrete caH rearlily be ascf'rtaincd in aduance. 

The pipe laying co11f raclol' shall bf' respo11sible for all in­
,·r,ased costs for c.rlra stron(J z,iJ)C or brr/ding i11 concrete re­
quired by 1uiclcr lrc11chcs al tlic lcl'(l of the pipe than specified 
in advance by the e11ginecr, and tlte counllf (city) shall deduct 
therefor fro1n his pay111c11ls, and pay saicl deductions to the pipe 
co11lraelor. 

~\ To drain tile or seu·er pipe shall br usrd in a11y case irhosf' 
n1·cragc bearing strc11qtl1, as dctcrn1111cd by ! n11•a • fandard 
Trsts (1. cc C'lausc 5, abol'c), is lrss tlian specified i11 tlie follo1u­
i11g table: 

------- - - - -
Internal Diameter 

~Iinimnm .\llnwahle AvPrne:e Bearing Strengths 

Less than 15 inches 
15 to 20 inrhes 
21 to 27 inrhes 
'.18 to :lfi inrhrs 

Drain Tilr 
---

1000 Lbs per Lin. Ft. 
1250 Lbs. per Lin. Ft. 
1500 Lbs. prr Lin. Ft. 
l R'iO Lbs. per Lin. Ft. 

Sewer Pipe ---
1250 Lbs. per Lin. Ft. 
1500 Lbs. per Lin. Ft. 
1900 Lbs. per Lin Ft. 
2400 Lbs. per Lin Ft 

.9. GE,\TJ?R~ LL REQUJREJJE,.\TT.r;:: Li , TO TJJE Q[7r1LJT1r 
OP DR.t1f,.\T T ILE. .,.i ll drain tile sliall br good, soHnd tile, of 
first class quality. Tltry shall bf. entirely fl'ce front crachs and 
firf checks e:rtencling into the borl1; of the pipe 1·11 such a ivay as 
appreciably to lo11 1rr its sfrc11gtl1. .\ To ]?ipr shall be accepted 
l1avi11g p1·eces broken out in suclt a 11·0.1; ot to such an extent as 
appreciably to a'/}'rcf Ilic strength of the pipe, or to per,nit tlie 
entrance of soil 1,·nto tlic dra1·11. 

The pipe shells shall have u11ifor1n, slro11g, dense structures 
throughout, 111ithout serious fla1us or 1l'rah spots. 

A.ll pipe shall give a clear ring, u1hrn stood on end or laid 
on 011e side, evenly suppo1'ted at thr lo1!'cr f'lld , or along a line 
of one side) and free else1l•hel'e, and tapped u·itli a light ham­
n1cr 1vhile dry . 

.,.! ll pipe shall be l'egular a1ul !1 uc 1·11 sliapc. The ai·cragc 
clianieter shall not be 111orc than 2 pc1' cent less than the speci­
fied dlianirter. ,\To f ll'O dia111rfcl's of tl,r sa111c pipe shall diffe r 
froni each other 111ore than 7 pc1· cent, 11or shall the average 
<lia1neicrs of adjacent p·ipr difflr 1nore than i per cent. 

Pipe n1ay be ful'/1,ishcd i11 lengths of 1, 2, 21 :?, and 3 feet, but 
J foot lengths shall not be used for sizes over 15 inehes 1·11 

dia.rnete1·. .1.\ To pipe, designed to be straight, shall vary fr01n a 
straight line rnore than 11,2 pe1· cent of its length. 

I f cenient tile are used, they shall show a unif arm, dense 
structul'e, with clean aggregates, u:ell graded as to size of ma-
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terials) and with the grai11s and pieces of aggregate well coated 
and the pores ivell filled with good Portland ce1nent. There 
shall be no spots of specially great porosity. Fracti<,red sur­
faces shall shoiv broken pieces of aggregate, fir1nly bedded in 
the concrete. Th e general appearance of the 1naterial shall be 
at least equal to that of first class gravel concrete, in propor-

• tions: 1 first class Portland cenient j to 2 clean, coarse sandj to 
1 pebbles, 1/8 incli to ½ thickness of tile ivall in size. 

10. GE1\ 1ERAL REQUJRE1llE1\rT A TO THE QUALITY 
OF EWER PIPE. All se'u;e1· pipe shall be of the hub and 
sp1igot pattern, unless special per1nisston be given to itse other 
fo1-nis of joints. B ells shall be of sizes ivhich ivill leave an an-­
n ular space for cenient at least % inch thick for 10 inch pipe 
and smaller, and ½ inch for larger sizes. tandard depths of 
sockets shall be used. 

A ll seiuer pipe shall be of first class quality. They shall be 
entirely free froni cracks and fire checks extending into the 
body of the pipe in such a iuay as appreciably to lower its 
strength. ;_\ 10 pipe shall be accepted having pieces broken, out 
irv such a ivay or to such an extent as appreciably to loiver the 
strength. 

The pipe shells shall be of uniforni, strong, densP struclnre, 
thr01tglzout, icitl1011t serious flaivs 01· iveak spots. 

All sclter pipe shall give a clear ring, when- stood on end or 
laid o,n one side, evenly supported at the loiver end, or along 
a line of OllP- side, an<l free elseivhere, and tapped lvlzilc dry 
iuitli a light hamnier. 

All seiver pipe shall be regular and true in shapP. The avci·­
age dianiete1· shall not be 1iiore than 2 per cent less than the 
specified dianieter. ,.·Yo livo dian1eters of the sarne pipe shall 
differ rnore than 5 per cent. Pipe 1vhich are to join 1·11 the 
ditch shall be filled at the surface before loive1·ing, and shall 
1natch truly, 111ith a111plc roon1 for cen1ent joint. 

eiver pipe 1nay be fu1·11ished in lengths oif 2, 2½ or 3 feet. 
1\

10 pipe, des-ig1tcd to be straight, shall vary froni a straight 
line niore f ha11 1 per cent of its length. 

I f clay sewe1· pipe arc itsed, they shall be the best) vitrified, 
salt glazed pipe. Any ptpe ivhich betrays in any 1nr1,nner a 
want of thorough v1·trification or fusion, or the 11se of i1nproper 
materials or niethods in its nia111tfacture, shall be rejected. All 
pipe shall be sniooth and 1vell glazed o!i the ins~de, and free 
from broken blisters, lit1nps or flakes 1vhich are thicker than 15 
per cent of the 11oniinal thickness of the pipe,. or 1vho_se largest 
dia1nelers are greater than 10 per ce11t of the 1nner dia111eter of 
the p,ipej and all pipe having broken bli;;tel's, litnips or flakes 
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of aIIy size shall be rr jtrtcrl 11nlrss tlir piJJl can br so laid as 
lo bri11g all th ese rlrfer·ls i11 thr fop half of the sr11·r1·. jTo pipr 
sliall be uxrd haiii11y eu11; of flu abo1·r rlrfrcts u11lrss lliry ll'ill 
11ot appreciably icrak< 11 llir pipr, as laul i11 thr ditch. 

I f cc111c J1l sr 1cr r piJJc arc usc<l, lliru shall .-;lioll' a u nif or111. 
clc11sc str1((·{11rr, 1cilh clra11 oggrrurtll.i;, 1l'l11 f)l'O[)Ol'fio11crl as to 
size of 111alrrials, and 1tilh the g1·ains and pirr<s of aggrrgalr 
ll'lll roalr<l a11d llu fJOrcs ll'cll fi11rrl 1cith good F'orllo11d crn1cnt. 
There shall be 110 spots of special/ !J great porosity. fl1ra('/ urrrl 
surfaces sliall shall' b1·okc11 p·icces of aggregate, fir111ly brrldrrl 
i11 the co11crc tr. The gc11cral appcara11ce of the 1nalrrial shall 
be at least equal to that of first class gral'cl concrclc, of propor­
tions: J part of first class P o1·tlr111rl crn1cnf; to 1 of clean, 
('Oarse, grarlrd sand; to 1 or 2 pebbles. 1/8 111 to 1 2 tl1ickness of 
scu·c1· pipr 1calls iJ1 sizr. ~1ll pipl sliall haz·c i·cru sniooth and 
i111pcr1·ious inside surfarrs , r11tircly free _/10111 palclting H.Jith 
"f' IJI C /If. 

_,_;_ F JE LIJ 1 .Ys J' E r 'T 1 <J .Y rJJ? n 11.:11.\T T 1 J.,E Ll .\TIJ ! 
1E TrER 

I'JPE. 1'lu rugintt/' shall l'< ry cru·rfully insprrf all d1·ai11 tilr 
a11d sc11•rr pip< , as ar·lllolly clrlii:crrrl 01011g flu rlitcli for usr. 
Ile 1r·ill r·ull out and 111nrk for rrjcrtio11 all poo1· pipe, a11rl pipr 
so rt,ir('frd sl1all br pron1ptly rr11101·rd by the cont,·actor. 

1:2. ()li f)f.Yrlli l T J>JJ>J,; JhJ}rf .Y(J . .1:l ll pipe laying l/1 0/'­
rlinary soils, 11ot ,·r(Jlliri/lg special fo1uulalio11s. and in u·hiclz 
slrrngllir11i11y by brrlcl1ng in C0/1('1rl< is nut rr(Juircrl bu clausrs 
8 aboz·r and JH a1H1 lf. brlorc, is hrr(blJ rlrslfj/lalrrl "urdli11a1u 
piJJr laying . . , 

I n all ''orrli11ary piJJr layi11g'' in l1arrl soils, tl1< contractor 
slial/ shapr f/1( bof lrJ111 of flu rlit('h appro.rinu,tcly to fit flu 
lozrcst 90 rlrgrcrs (i.i r!tgrrrs ((1('/i sulr flu rr11f(r linr) of flu 
r·ircun1f<1r11cr of f/,r pipr, takinq pa111s to srtlll'r a11 r.rtra fir111 
bcari/lg nrar flu uutcr rrlgrs of flu .<JO clrg1rrs strip. [ Tpo11 tlir 
co11cai·r sur/acr so prcparrd f/,r conlractur shall spread a lauer. 
1 Lo 2 inclus llticl,·. of pull'rrizrrl soil, or sand }rec froJJI pcbblrs 
laryr r tl1a11 1 --1 iHch rlia111r Ir 1·. a11rl shall firnily berl each pipr 
truly lo li11r a11d g1·adt /11( rro11. 

H'l1cr( flu bot/0111 of /hr ditch 1s su zcr I nnd soft as to cllablr 
flu tliu1·011gh brdding of flu· /011·,st .90 drr;rrrs of tlu pipe 1cith­
out fl,r usr of thr layer of pul1·l I izcrl ra1 th 01· sand, and still is 
fir 111 r11ouuh lo affo1·r! yoorl. saf< support tu tlic pipr a11d its 
load of ditch fill1nq, flu r 11gi1u < r 111ay aufliorizr flu on1iss10J1 of 
Ilic layr I' of granular J/Htlr ruil, but su('l, aull1orizalion slia/1 not 
r.rcusr i n1prrf<('/io11s oj btddi11g of flu lo11•rsf <JO <lrgrrrs of tltr 
pipr circlll)lf ( l 'eJICC. 

T !, r sparr brt11·r<11 flu f)lf)r and llu bol/0111 and sirlrs of flu 
ditrl, shall be (l()JJ[JJ,,J-iJT f} / ,, l r JJu.ckrr/ J,' [ ' l,,l,, In; l1and u•ifl, sc-
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lrclrrl ra, tit. a11<li fa)l1pcrl 11·ith a light fa)l1pcr as fast as placed, 
all up In thr l<i-rl of /hr lop of fl,e pi/JC. Tl1r .<l'irlr filli11g shall 
b, ,.arrird up as fa,;/ 011 011r s1dr of fl,r pipr as 011 the olhrr. 

Thr piJJ< shall tli<ll br <01·r1·rd by l1a11d ll'ill1 srlrri<d rnrtli to 
ad< pf/, of at lrast 1'1 inch rs abo1·c the top of !hr pipe. 

11'/u,rl'cl' fhr factor of safrfy of !hr pipe, as calrulalrd fro 111 
flu f<sl .c;frr11.<Jfh a11d the loads 111 rlausr 7, abot·r, rrrrrrl . ..; 2 .. '5, 

t/ir shap111g of Ilic bot /0111 of the ddch to fit 111orr tha11 i5 clr­
gr<<S of the bolfo111 of fl,r pipf'. I11ay br 0111iflcrl, log<llirr u·itl, 
thr brdcling i11 a lay<r of gra111llar 111 atr1·ial , and ll1c sprcial 
ta111pi11g of the sid< fill111g around Ilic pipr. 

11 .• 1Tlt E .\T(lTI-lE,\Tl .\T(} DRLiJ.\T Tll.1 E A .YD .YJ?1ff!JI? 
I ' I PE ro r11RRI' IIE A 1TJ' l ,OAD. 1 B1' BEDDJ,\TG 1.Y c o ,Y­
r ·11r;TIJ, l\~ 8 ()L]l) • 10 /L8 . / 11 all parts of dilchrs ui solid 
sod~ 1tl1rr< cla11sr , abovr , r<quires {71( pipr lo br sfrc11gf l1r11cd 
to carry ltra1·y loads by b<rlrli11g in co11c1ri<, Ilic 11·orh ~hall b<" 
dour a.~ Jollo11• . ..;: 

1 l,r buf/0111 of flu rliftll sltall br sl1aprrl by the co11fraclor lo 
fil oppror1111r1lrly flu 1011·,st (JQ drgJ<<S (41 drgrces ra('/i side of 
/hr Cf'Hfr > li11r) of fhr pip< ci1·ru1nfrrc11cr. [ T[HJII llir ro11care 
s1ufac< c;o JJl'<JJarrrl tlir <Olllraclor sltall .\f)J'<Orl a loyrr of at 
lrasf 2 i11clus of soft coll< rcff' , stiff < 11011yh lo sustain lite u·r1glif 
of tl,r pipr. anrl flu pipr sl1all br fir111l1J brrldrrl /1 uly lo li11r 
ond gracll in flus c•oJ1c1rfr. 

Tlir .c;parr l,f'f1rrcJ1 f/,r pipr 011rl flu bot/0111 a11rl sides o/ flu 
ditch shall flu II br co1111Jlrlrl11 paekrd full of soft co11crclc, up 
to a lrl'rl 13 rlr<rr<rs of fhr pipr c11·c1n11/rrr11cf' above thf'. n11d­
lu i(Jlif 1'ltr tl11< l, 11rs,; of lltr co11errlr sltall not al any pouil 
br less f/,011 2 i11cltrs. I t shall br lr1111prd in place u:ith a ligltt 
ta111pcr. 

rrarc r-.hall br lol,r II to prrl'cllf thr r11lrancc of llir r·o11rrrlr 
to tlir iHf<JlfJJ" of tltr J>ipr fltrn11gli flir joints, and rarll joint 
shall l" pro111J>lly ('l<niucl 011 tltr i11s1dc of tltc pipr , before the 
< 011< rr le !,as had ti111c to Sl t. 

TJ,r ,·011rrrfc us<rl in this 111rll1od of slrr11gthc11i11y pipr shall 
br 111adr of 1 port of Poi tlaHrl r·r111<11f to q parts of gral'cl, or 1 
Porfla11d er 111< 11f lo -; sancl to broken sto11t'. \ ~o pcbblrs or 
slo11r sl1oll r.1rrrrl i11 si:::e 1, ~ i11cltrs l<ss than lhl thicl,nrss of 

f 7, r fOIICfl fr. 
Thr abo1·r /IJJJ<' of ro11slruclio11 sl1all br arloplrrl al such points 

011 tlic rl1tcl1 as 1rq11irrd by cla1u~rs 7 a)ld 8, aboi·r, 1rlicrt' lhr 
soil is as solid os a1·c1aqr fir111 clay sub-soil, and tltc conlracfor 
shall be paid llirr< (01 at !hr priers bi<l by 711111 pcI· li11,,ar fool t'or 
different dia111clc1s of p1'p(, for ' ' B rrlding Pipe in ( '011c·1rl< i11 
'oli<l ~ 'otls," Jor ll'ltich ile111 the cngiJ1cr'I' sh all 111s<rl s1t1falJlr 
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blanks in his ' ' f orn1 for proposals." Payrncnt shall be niorle by 
the county (city J, but 1uill br clcduct rd froni the paynicnts to the 
pipe contractor for pipe. 

14.. TR E,\'GTH E1Yl ,Y(J ]JJ(.JJ \' TI LE 11,\TD E WE R 
PIPE TO C~1RRY II Itri VY LO.r1D , BY BEDDI1\TG 1,\7 C0 1\r_ 
CRETE, I ,\' Y IELDJ,\'(J SOI L . I n all pa1·ts of ditches in 
yielding so-ils (such as ,n11cl1. q11icl1 sane!, rte.), u·here clauses 7 
and 8, aboi·e, require the pipe to be strengthened to ca1·ry heavy 
load.s by bcdddng in concrete, the u·orl1 shall ie done as folloius: 

The botf 0111 of the ditch shall be finished approrirnately level, 
H•ilh sllghtly 1·oundcd corners, and on this shall be spread a 
layer of soft concrete the full 1uidth of the ditch, on ivhich the 
pipe shall be firnzly brrldr d truly to line and grade. The thick-
11css of concrete bclo1u tltc loivest part of the body of the pipC' 
shall be at least 1,8 the inside d1ainefcr. 

Soft concrete shall then be built up on each side of the pipe, 
c01npletcly filling all the spare under and up to it, up to a level 
on each side of the pipe about 13 degrees of the pipe ci, cun1-
frrcncc aboi·c the 1nidhciyht. The iridth of the concrete shall 
bC' such as to giue a thickness on each side of the pipe at its 
)/tidhcight of at least one-fifth the inside d1an1eter. The con­
< retc shall be la1npccl ll'ifh a light tanzpcr. 

(
1are shall be taken tu prrv( 11t tltc e11tra11ce of the concrete 

lo tlu interior of tlu pip< through the joints, a11<l each jo,int 
shall be proJJ1ptly clrancd 011 tlte inside be/ore the conci·ctc has 
liacl ti,ne lo S< t 

The concrllc 1uucl u1 flus ,ncthod of stJcnthcning pzpe shall 
be 1narZc of 1 part of standard Portland ccnient to 5 parts of 
good, coarse, clean graz•rl, or 1 standard Portland cenzent to 3 
clean, coarse, sancl, to 5 b, oh en stone 1\'o pebbles or stone shall 
c.rceccl 2112 inches in greatest clian1etcr. 

The aboi·c type of< onstruction shall be ad,0ptecl at such points 
011 the ditch as the < nyi11ecr 1nay direct, and the contractor shall 
br /Jaicl tlu 1 cf 01 at /Ju pr1ecs bul by hini per linear foot fo,· 
rli/I<rcnt d1on1<lc1s of pi/JC, for ''B edding Pipe in Concrete in 
l 'i<ldi11g :-;oils,'' /01· tl'hich itc,n the engineer shall insert suitable 
bla1zl1s in Iii'\ ''Jorn, for proposals.'' uch paynzent shall be 
n1adc by tltc <011nty (city). and prirtial dlduction therefor shall 
be JJutdr frcnn llir JJaij)IU 11ts to the pipe contractor for pipe, but 
only to flu r .rt< 11/ of flu p1·ic rs u1 the pipe laying contract /01• 
" !Itdd111y J>1pr i11 ('011<1clc i11 .,'\ul1<l •1 oils,'' as specified in 
c 1<111 s r 1 :1. ab v 1 • r • 

1.i. J>Jt () 1'f}('T f()\ ()/11 l )l?. l l.\' 1'JL }J .. J .\ ' D E WE R PIPE 
111IfUJl J,\ ,J( ' Jt l' ! .\ Tll l'J' 1)/ T('Tl /11 /?01/ J11REEZl 1\rG .• \''o 
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drain tile or se11Jcr pipe shall be exposed to freezing in a ditch, 
during consl1·uction, ivith less than. ,2 f cct of d1'trli filling cover 
over 1·ts top . 

Fig. 40. Some Old Timers in the Cen1ent and Clay Tile Industries. An 
old Flat-bottomed Clay Tile, an Old Cement Tile l\I olcled A_roun<l a Willow 
Root for a Cellar Drain, a.nil. an Old Clay Tile )lade by Turning on a 
Potter's Wheel. 
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