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the urban population of the state in
solving the technical problems of urban
life; third, to solve the purely engineer-
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lation and industries of the state.
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Fig. 1. Testing a 36 Tneh Drain Tile with Ames Standard Homemade
Testing Machine,
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TESTS OF CEMENT AND CLAY DRAIN TILE AND
SEWER PIPE

CHAPTER 1
THE PRESENT SITUATION

Article 1. Importance of the Subject. Tile drainage is
of very great importance in lowa. The state is far in the lead
of any other in the union in the amount of drain tile manufac-
tured. More are said to be made at Mason City than at any
other place in the world. The value of Towa’s annual manufac-
ture of clay drain tile passed the $3,000,000 mark in 1910, and
1t has been estimated by a competent authority® that the annual
value of our cement tile output 1s in excess of $1,000,000.

The tile drainage of lowa 1s only fairly begun, yvet the gov-
ernor of the state, in his 1911 inangural address, has quoted es-
timates by county officers familiar with Iowa drainage that about
125,000 miles of tile drains have already been constructed on
lowa farms.—enough to reach five times around the entire world.

At the 1911 meeting of the Towa State Drainage Association
a committee presented statistics showing that over $15,000,000
was being invested in public county drainage work, in only 31
counties of north central lowa. The same committee estimated
that four times this amount will be required to complete the
publiec drainage work in these 31 counties, and speculated that
$£450,000,000 will eventually be expended in completing the com-
bined public and private drainage work of the entire state.

The authors of this bulletin do not either affirm or deny the
correctness of the above estimates as to present mileage of tile
drains and eventual total cost of complete drainage in lowa, for
no reliable data are available which will warrant anything more
than a mere guess. It 1s certain, however, that the cost will be
very great, and much larger than is commonly realized. It is
certain, also, that the greater amount of the enormous expendi-
ture will be for tile drains.

Moreover, the quality of drain tile and sewer pipe manufae-
tured and used is of great importance throughout the entire
country. The value of the annual output in the United States
of clay drain tile and sewer pipe alone was $21.818,518 in 1910, **

*Mr. Chas. E. Sims, Worthington, Minn,, formerly secretary of the Interstate
Cement Tile Manufacturers’ Association.
** Mineral Resources of the United States, Vol IT, 1910.
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The output of cement pipe would increase this sum very mate-
rially, and when we add the cost of labor and materials to that
of pipe, it seems probable that at least 579,000,000 are being spent
annually in the United States in the construction of sewers and
drains.

Article 2. New Conditions of Use and Manufacture of
Drain Tile. In the extensive. publie, county drainage work in
lowa, the large tile drain has been growing in favor rapidly of
recent years, as -a substitute for the objectionable open ditel,
Literally millions of dollars are being spent on these great tile
drains, of 15 to 44 inches in diameter. This construction of such
large tile drains is a new development in drainage work.

The extensive use of cement tile for hoth large and small drains
1S another new development in drammage. Since 1905, the use
of this new material has grown from nothing to more than
$1,000,000 worth. annually, im lowa alone.

[n Towa especially, then, and extensively in cther states. we
have a new and unprecedented condition as to tile drainage.

First, in the case of cement tile, we have for both large and

I'ig. 2. The Construction of a 36 Inch Tile Drain in Boone County, lowa.




13

small drains, a very extensive use of a material which has never
been extensively tried out before for this exact purpose.

Second, i the case both of cement and of clay tile, we have,
for drains of 15 to 44 inches diameter, the extensive use of file
e stzes so unprecedently large that the tile have never before
heen tried out under actual field conditions of use, to determine
by experience the strength necessary to sustain the loads to which
they must be subjected in the diteh.

Under these cirecumstances, a very unsatisfactory and even
dangerous condition has arisen in our drainage work,

Article 3. The Present Situation as to Standards for
Drain Tile and Sewer Pipe. The manufacture and use of
tile and sewer pipe are of very great pecuniary importance.
as shown in Art. 1, above. Moreover, the failure of agricultural
drains may ruin the farmer’s crops, and the failure of a sewer
may endanger the health of a neighborhood.

(‘cnsidering the importance of the subject, and remembering
that sewer pipe of fairly large diameters have been in extensive
use for generations, it would certainly seem that standard meth-
ods for testing sewer pipe and drain tile should have been adopt-
ed and brought into general use long since.

Until now, however. there have been no standard methods for
testing drain tile and sewer pipe. Engineers and inspectors
simply give the pipe an external examination, and, where there
are no serions defects visible, try to determine by intuition
whether they will carry safely the loads which must rest upon
them. In many cases rejected pipe have been proven by tests
to be stronger and better than accepted pipe from the same lot.
In many cases, the sincerest efforts of both manufacturers and
engineers have failed to exclude pipe which afterwards cracked
in the diteh.

There has heretofore, moreover, been no way to defermine
what weights of diteh filling the pipe must carry in actnal use.

It is full time to develop a correct method for calculating the
actual loads on pipe in ditches; to develop and generally adopt
a standard method for testing drain tile and sewer pipe; to
adopt fair and adequate standard specifications for the quality
of drain tile and sewer pipe, as indicated by standard tests; and,
finally, to subject drain tile and sewer pipe to tests as generally,
and as faithfully as 1s now practiced with steel, paving brick,
and cement.



CHAPTER 11
FAILURES OF DRAIN TILE AND SEWER PIPE

Article 4. Recent Failures of Tile Drains. Owing to the
recent extensive use of drain tile so large that past experience
has not yet furnished proper precedents. many serious cases have
recently oceurred in Iowa of failure of large drain tile by erack-
ing in the ditches. We are recelving frequent reports of new
instances, and believe the situation serious.

Two general classes of failure have been reported to us:
First, cases of eracking which develop during construction: sec-
ond, cases in which drain tile supposed to be all right are found
to be eracked after a considerable time has elapsed since con-
struetion.

Cases of cracking during construction. There are many of
= iy these. Frequently the ecracked pipe

Z N ! are removed, and hy special care in in-
é’ | specting and laying the pipe the drains
‘ R} are completed, but with the pipe prob-
4 S ably loaded nearly to the cracking
L<L D pomnt. In other cases completion is
E N . found impracticable with the pipe
Ve "*S = %}\ originally furnished.
}.,k: ﬂ %I NN Figs. 3 and 4 show the conditions
V> L (S\-Q\m two typical cases of cracking of
L Q‘\% large drain tile during construection.
*G < x‘*s‘*'(bl | % n Pig.3i1s especially typical of many
N Z %*- | A\ ‘Ef other cases of which we have learned,
Sx EP\ g;“‘: H'nrl for that reason e f‘ha.“ gjve mn
Q < S| | Q 1111]_ .1lw letter of '\Ir }*.. 0. ;\elsnn,
%’\& g O drainage engineer. ustherville, I‘u'f'.-'n.
\g 4 X O g,% who reported the case to us. Writing
% & _ _QJ}S 1\1}13101' date of February. 18, 1911, My,
s K X% INEISON says:

““Many of the tile, from 24 inches to 28
inehes in diameter, being laid in Drainage
District No. 40 of Emmet (founty, have
broken under the weight of earth in the
Fig. 3. racking of 24 diteches. The breaks have oecurred under a
to 28 Inch Cement Drain variety of conditions, as regards the quality
Tile during Construction, in and age of the tile, the depth of fill over
Drainage District No. 40, them, the kind of soil in which they were
Emmet Co., Towa. laid, and the manner in which it was placed

N\
N

2 .
7 /e

=
=
{"l
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about them. The manner in which they broke also varied somewhat, but
usually there were four nearly straight breaks the length of the ftile. The
top and bottom cracks, opening inward, were plainly seen, but the break on
each side, opening outward, was not so easily observed. Sometimes the
breaks were diagonal, or irregularly formed, as though they had followed
lines of weakness.

¢¢The tile did not go clear down, as they wedged or arched over, although
some of them looked very unstable in that position, and I expect them to go
clear down when they are subjected to floods,

¢ As to the quality of the tile, some of them must be classed as very poor,
especially where the first breakage was found, but others would usually be ac-
cepted as excellent tile. In some of those which broke, the conerete was strong
enough to break the hard stone found in it. The thickness of walls was
approximately one-twelfth of the diameter of the tile. The age of the tile
also varied, some being rather green. A good share of them were a month
old and over, so that it seemed reasonable to expect them to bear a load.
Some tests indicated that their strength was much inereased, and perhaps
sufficient, when they had heen left in the moist or wet diteh for some
weeks before loading.®

“‘The depth of filling over the tile varied from one to seven feet, Many
of them, on a line where the quality was poor, broke under abont three feet
of filling, some of them in very soft earth at that. Many broke even after
being carefully selected, and the earth packed about them.

““Some tile were tested while lying by the diteh on dry ground, by plae-
ing a plank across them and having a number of men stand on it. They
held up more weight in fhat manner than was over the broken ones in the
diteh. This made it look as though they were much weaker when wet, and
it was also apparent that the tile which broke down absorbed the most
water: or it might be stated the otber way, that the tile which absorbed
the most water were the ones which broke down.

Tt was all along noticeable that the tile which had been made the
wettest were the strongest.

“‘Large tile for this district were made at two different factories, and
tile from both were among the failures.

s Some large tile made at other factories and used in an adjoining county
were examined. and similar breakage found. This was among some thicker
walled tile, too.

“‘Pwo lines of twenty-four ineh clay tile examined also showed some
broken file.

‘¢ The deepest fill under which observations were made was about eight feet.

¢t Some twenty-six inch tile placed in deep cut broke when the diteh was
partly filled. They were relaid and bedded with concrete to about half
way up the sides of the tile. Bedding carefully with earth did not seem
to answer.

“‘No breakage of smaller tile dne to the weight of the fill on them has
been observed, but while inspecting tile from various factories for various
distriets a percentage of weak tile has been found to be quite general,

¢¢On some branches of twelve inch tile, at least fairly well aged, it was
noticed that some of them beeame wet all aronnd after laying, though there
was but an inech or so of water in the ditehes. In walking over these it
was fonnd that the wet ones could he easily broken by a jar from the boot
heel. This could not be done with the dry ones in the same diteh. Tt might
be well to add here that all weak tile so found were broken in and re-
placed.”’

* NOTE —Under date of Mareh 1, 1912, Mr. Nelson reports further on this paint
as follows: “In rezard to those tile examinations made in three places in the sum-
mer of 1910, they were re-examined in the spring of 1911, and the tile were found
broken in all cases. Examination of another part of the ditch where it was partly
filled also showed that the breaking dewn was continued for a long time after the
filling had been done."
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Fig. 4 shows the conditions in the noted case of failure of 36
inch diameter tile in Drainage District No. 20. Sae County, Towa.
It has been prepared from in-
formation supplied hy Prof.
H. W. Gray. of Ames, lowa,
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Cases of cracking which did
not develop until a consider-
able timq after construction.

Rig. 4. Cracking of 36 Inch Ce- Many engineers believe that
ment and Vitrified Clay Drain Tile if fhe pipe can be made to
m;ringvl'nnﬁtrn‘rlmui. in. Drainage Dis hold up without i,!.;“.]{mg dur-
trict No. 20, Sae County, Towa. ing construction they will
never crack afterwards, Some have stated to the authors that
drain tile hregk 24 hours after being laid or not at all.

This belief is undoubtedly incorrect. ss s shown by good evi-
dence in many instances.

Thus, see Mp Nelson’s statement on page 15, also note the
cracking of the vitrified clay pipe in Draimage District No. 29
Sac County, Towa. as mentioned on page 16, which cracking, in
spite of the close attention given during consiruction, owing to
the failure of the firss tile tried, was not discovered until the
lapse of a vear.

The fact is that many drain tile which are not chserved to
fail during construction, and are supposed to he all right after-
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wards, are actually standing eracked in the ditch. This condi-
tion. may not be discovered for some time, until one collapses, or
until a eareful inspection is made for some other reason.

Thus. a very competent and conscientious drainage engineer
wrote us August 25, 1911, reporting some failures of drain tile
on the work of another engineer in his vicinity, but said of Inas
own work :

¢Tp the tile that I have inspected in the last four years I have not had
a fTailure reported.”

But under date of November 17, 1911, he wrote:

“{Wo have had another tile failure since the other, and for this one I had
inspected all the tile carefully . . . I rejected about 209 and the ones
I let go were nice looking tile and had a good clear ring. They had a two
inch wall (24 inch tile) and my judgment was that they were good. The
other failure made the people suspicious, and so we dug down to them in
the deep eut and found several eracked lengthwise into quart ers,”’

He goes on to say that the tile laying in this case was watched
by an inspector all the time and that the lower quarters were
hedded better than is common. The tile in this case had been
laid about 3 months when the eracking was discovered.

Not infrequently the eracking is discovered in the spring, after
the tile have heen in the ditch over winter, as in the following
case, reported July 13, 1911, by Mr. T. R. Martin, Drainage En-
gineer, of Emmetshurg, lowa:

“‘The failure ocenrred in Drainage District No. 43, Palo Alto County,
[owa. The pipe were cement tile, 24 inches in diameter, with 2 inch
walls, supposed to be made of Hawkeye Portland cement and gravel, in the
proportions 1-3. They were hand tamped, dry mixture, witered 6-8 days
under roof. They were placed in the diteh when 2 to 5 weeks old, blinded,
and allowed to stand thus for about 4 weeks, after which the filling was
completed.

‘“The depth of fill above the top of the pipe ranged from 2.8 it. to
6.6 ft.. and averaged 5.4 ft. The width ot the diteh was about 2.5 ft.

at the level of the axis of the pipe, and 3 ft. at the surface of the ground.

‘s The filling material was top soil and elay in proportions from 1-1 to 1-3.

‘+The trench filling was completed last fall. After the first partial
thaw this spring it was discovered there were not 50 out of the 1160 or
so feet of these tile which did not show eracks from weight of filling. ™"

A very interesting and instructive case of eracking of drain
tile has been reported to us by Mr. Geo. K. Mc¢Cullough, County
Fngineer, Storm Lake, Towa. It oceurred in some 16 inch elay
tile laterals. in that same Drainage District No. 29, Sae County,
[owa in which occurred the noted failure of 36 inch tile already
deseribed. There were in all 3 lines of 16 inch tile drains in
the distriet. for two of which ditehes 36 inches wide were dug
by a machine, while for the third a diteh 20 inches wide at the
top of the pipe was dug by hand. One of the authors visited
the drains and found that

“Practically all of the tile laid in the machine dug trenches were broken,
while 1o broken tile had been found in the hand made trench.”
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This brings out very clearly the general prineiple that the
wider the diteh, the heavier the load on the pipe

I".l';_':. o, View of CUracked 36 Ineh Drain Tile {rom Dhiteh | Urainace
I.".'-T]1|'| _\\.II_ s, I1|1|I'|[||_' L Onntv. 1“'.'.”_

The serious mportance of tile failure in Towa 1s illustrated
well by this particular Drainage Distriet No. 29, Sae County,
|m'~.':|, I \'a'|llw+|l I||4- hT;||li||I}' of the mam outlet :|Itti ol at ]t,;“;
two large laterals is known to be endangered by extensive crack-
ilt_‘_‘{' of the tile. Mr, Geo. K. MeCallough states that

*“The farmers in the distriet have already paid out about 50,000 on a
watershed of only about 4,000 aeres, '’

Ll

Data of all the above and of many more cases of failure of
drain tile in ditches will be found in Table No. 1, page 24 below.

Article 5. Faillures of Sewer Pipe. (‘racking in ditches 1s
net confined to drain file, but frequently oceurs in sewer pipe
S well,

I*‘jL", b shows the conditions of a Very Ij.'pin'.‘L' IS, l'-'|HII'I|'4] 1
March, 1912, by Mr, Chas. I’. Chase, Consulting Engineer, ol
(‘linton, lowa, Mr. Chase savs:

“*This pipe was carefully Tmad under my direction about 14 yvears ago, and
taken up to be reconstructed 4 years ago. About oue half of the pipe was
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eracked. Cracks extended 25 to 60 feet at a stretch in continuous lines, as 1
it was one pipe. Conditions were favorable, and all pipe would be called
oood,

N v = =
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e . - Fig. 7 shows an-
N2\ 4 .
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Fig. 6. Cracking ot 36 Inch Vitrified Clay back by L

Sewer Pipe in Ash Street Sewer, Clinton, Iowa. vack by the pipe

layer, was found
resting on the pipe. The 20 inch pipe was double strength, and
about 50% was found to be cracked. The 18 inch pipe was sin-
ole strength, and most of 1t was found cracked,

The width of the diteh at the level of the pipe varied from 2 to
41/, ft. An extremely interesting fact observed was that all of the
pipe were found eracked where the width was 3 to 414 ft., but
only part were cracked where the width was only 2 to 215 ft. The
filling at the sides of the pipe was found to be in a comparatively
loose condition. This illustrates again the fact, also observed 1n
Drainage Distriet No. 29, Sac County, lowa (see page 17) that a
pipe of given diameter is subjected to very much heavier pres-
sure in a wide than in a narrow diteh.

Fig. 8 shows the conditions under which a very instructive
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failure occurred at Gary, Ind., in 1908. All the data of this
failure were furnished by Alvord & Burdick. Sanitary and
Hydraulic Engineers, Chicago, I1l. The sewer was constructed
i May and June, 1907, of a good quality of 20 inch vitrified
sewer pipe. The work was done under much difficulty, owing to
the poor foundations, and the presence of water in large volumes.
but eare was taken to secure good results, and about 12 inches of
muck under the sewer was excavated and replaced with sand.
When the sewer was completed, the depth of filling was only about
3 ft. above the top of the pipe. Immediately afterwards, how-
ever, the Gary Sand Co. filled 10 ft. more over the entire sewer
and vieinity, discharging the material from side dump cars on a
track which paralleled the sewer on the east.

L 15°0°
) I O W
§
; 0
~ QT
{1 #eler Mo
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i T T /8Storncon
f—— 13-0 — —l——- \ Wifrifred Clay
| Sewer Fpe
- H
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Fig. 7. Cracking of 18 and 20 Inch Vitrified Sewer Pipe at (Charles City,
]uw:l.

In the spring of 1908 exceptional floods subjected the entire
sewer to a bursting pressure estimated by the engineers at 3 to 4
pounds per sq. in. (7 to 9 ft. head of water). In March, 1908,
the sewer collapsed in several places, and filled with sand, so that
eventually its entire reconstruction became necessary in May
and June, 1908,

On examination, and removing the old sewer, 529 lengths of
sewer pipe were found cracked, out of a total of 260. Two views
the cracked pipe in place are shown in Fig. 9. In a few cases
the eracked pipe had been forced g part several inches at one end
of a length, but not at the other; and in one or two cases the
tops were smashed in entirely. The sewer was nearly full of
sand, very firmly imbedded. The sewer was found to have set-
tled somewhat, and to have been forced s few inches west by the
pressure, which, owing to the manner of making the fill, was not
truly vertical in this case. | |
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It was the opinion of Messrs. Alvord & Burdick that the sewer
pipe were cracked by the ineclined pressure due to the side fill
soon after the sewer was completed. and

‘‘that the sewer remained in this condition for some time, maintained in
shape by the uniform external pressure of the earth, but the exceptional
floods in Gibson's run, in the spring of 1908, caused the entire sewer to
withstand an internal pressure of 3 or 4 pounds per sq. in., which, in places,
lifted the broken sections, allowing water to escape imto the surrounding
soil, and permitting the outside sand to enter in large quantities, all of
which finally resulted in the filling and eomplete elogging of the sewer. '’

The above failure of a eracked sewer at Gary, Ind., is especially
mstructive as indicating what is likely to happen to a eracked
tile drain or storm sewer whenever it becomes overcharged, so
as to flow under pressure.

Data of the ahove and of many additional cases of e acking
of sewer pipe in ditehes will be found in Table No. 1, page 24.

In fact, the ecommon presence of eracked pipe in large sewers
has been known for several years. Valuable papers on the sub-
Ject have been published by Mr. A. Potter and by Mr. J. N.
Hazlehurst.®

From Mr. A. Potter, Consulting Engineer New York, N. Y.:

**As we have little or no published data relating to the extent of broken
sewer pipe in constructed sewer systems, and there is so little known abouf
it, engineers have gone on building pipe sewers under specifications which
Will, in the opinion of the writer, produce broken pipe in all of the larger
S1Zes.

““In the experience of the writer in replacing sewer lines which have
outgrown their eapacity, more unexplainable breakage has been discovered
i cement sewers than in vitrified sewers.

“*Much information about broken pipe in systems throughout the country
has come to the writer through reliable sources, '

Mr. Potter recommends bedding all pipe sewers larger than
15 1n. diameter in concrete for one-third their height,
From Mr. .J. N. Hazelhurst. Consulting Engineer, Mobile. Ala. -

"It is unquestionably a fact that if careful investigations were made of
pipe sewers of the larger sizes an enormous amount of pipe would be found
to be cracked, and it is only when a pipe is so badly broken as to collapse
that official attention is given and reports insisted upon.

“*The writer is of the firm belief that under normal conditions the use
of unprotected, vitrified clay sewer pipes should be limited to and inc¢luding
15 inch diameters; that beyond, and ineluding 24 inch. a standard sewer
pipe encased in a lean concrete up to the spring line, and then beveled off
at 45 degrees, is good construetion; that reinforced concrete pipe of 27, 30
and 33 in. ean he economically manufactured, preferably on the line of
the works, and should be used: while 36 in. and larger sizes should be of
brick, or continnons concrete construction, depending on soil, available ma-
terials, and other couditions.’’

The opinion of Messrs. Potter and [Hazlehurst that there is :
wide prevalence of cracked pipe sewers larger than 15 in. in
diameter is confirmed by the statement of M. 1. Bannon, (Mity

* See the references in Table No. l, page: 25,
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Engineer, Ft. Madison, la., who writes under date of March 4
1912

““In fact T have had oceasion to open our sewers in many places, and I
have seen but few places where the sewer pipe was not eracked or injured
in some respect,’’

Article 6. Data of Failures of Drain Tile and Sewer
Pipe. We have conducted an extensive correspondence and
made a careful search in engineering literature to collect data of
failures of drain tile and sewer pipe in ditches. We have in-
corporated all the records we could ebtain in Table No. 1. below.
In connection with the cracking of the 18 in. storm sewer at
Cedar Falls, Towa, it may be stated that the sewer was laid on
a very flat grade, and emptied directly into a ereek. The next
spring after it was constructed it was found to contain 6 in.
of mud, and to be cracked.

Article 7. The Effect of Care in Bedding, Refilling and
Tamping Upon the Cracking of Drain Tile and Sewer Pipe in
Ditches. There is ample evidence that care in bedding the pipe
and refilling and tamping makes a material difference in the
weight of fill the pipe can carry before cracking, but the evi-
dence is also amply conclusive that the effect of such care is
much less than most people suppose, and that in numerous cases
the utmost care has utterly failed to prevent cracking.

When cracking has ocenrred during construction, the very first
thought has naturally been to attempt to overcome the difficulty
by greater care in laying. Mr. Nelson (see page 15) states that
“bedding carefully in earth did not seem to answer ', in District
No. 40, Emmet County. Prof. Gray reported the failure of the
most careful bedding and tamping to prevent the cracking of
the 36 in. ecement tile in Distriet No, 29, Sac County. The au-
thors of this bulletin have personally observed the failure of
very careful bedding, under direct supervision of the pipe man-
nfacturer, to prevent the cracking of the pipe in Dist. No. 48,
Boone County.

The authors also observed in Dist. No. 48, Boone County.,
however, that tile laid direetly on a flat bottomed ditch in hard
soll cracked under less depth of filling than when the lower
quarter was carefully bedded in a shallow layer of eranular
soil on a shaped bottom,

There 1s ample evidence that pipe laid on a hard bottom erack
more readily than those laid on a softer soil.

Mr. Seth Dean, Drainage Engineer, of Glenwood, lowa, has
reported™ that in an instance in his experience, 24 inch drain tile
stood up in 13 ft. of quick sand, and failed in a considerably
shallower stretech of ordinary soil adjacent. In this case the

* See the Towa Engineer, Vol. XI, page 149,
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TABLE NO 1
DATA OF FAILURES OF DRAIN TILE AND SEWER PIPE IN DITCHES FROM OVERWEIGHTING BY DITCH FILLING

| Kind |Diam-| Height
Authority Place of eter | of fill Extent and Character of Failure
| Pipe Ins. | Ft.
FAILURES OF DRAIN TILE
H. W. Thompson Dist. No. 19, Greene Co., Ia. Clay | 12 6 11 lengths cracked, 2 collapsed, under road.
T, J. Johnson Private drain near Mount Vernon, Ind. Clay | 12 7 A considerable amount eracked.
G. K. McCullough Dist. No. 29, Sac Co., Ia. Clay 16 8 |About 5800 ft. cracked.
A. 0. Anderson Dist. No. 31, Kossuth Co,, Ia. Clay 20 8 100 ft. cracked; several collapsed.
Walter Barber Dist. No. 5, Clay Co., Ia. Cement 20 |2.0-4.7({10% ecracked. Poor pipe.
Walter Barber Dist. No. 5, Clay Co., Ia. Cement 22 |2.2-4.5|39% cracked. Poor pipe.
W. B. Warrington |Dist. No. 25-89, Pocahontas-Calhoun Cos., Ia. |Clay 22 8.5 |A few lengths collapsed.
Walter Barber Dist. No. 5, Clay Co., Ia. Cement 24 |2.4-5.6|71% cracked. Poor pipe.
Walter Barber Dist. No. 8, Clay Co., Ia. Cement 24 8.5 [Several cracked. Good pipe.
T. R. Martin Dist. No. 43, Emmett Co., Ia. Cemeont 24 |2.8-6,6196% of 1160 ft. cracked.
H. W. Thompson Dist, No. 2, Greene Co., Ia. Clay 24 7 ‘1 pipe collapsed. 3 eracked.
H. M. Howard Dist. No. 31, Kossuth Co., Ia. Clay 24 11 Yo % of 2000 ft. eracked.
F. Goodrich Dist. No. 13, Humboldt Co., Ia, Cement 24 |[4.5-6.565% of 3000 ft. cracked.
F. O. Nelson Two Districts, Nog, — —, Co.; Ina. Clay 24 | B orless|Part cracked.
R. G. Austin Dist. No. 66, Hamilton Co., Ia. Clay 24 | 7.5 |Those under a road grade eracked.
K. €. Kastberg Double culvert at Boone, Ta. Cement 26 | 4 One line eracked and one sound. ﬁ
F. O, Nelson Dist. No. 40, Emmett Co., Ia. Cement [24-28| 3-7 |[Many cracked,
S. B. Gardner Dist. No. 18, Hardin Co., TIa. | Clay 26 B.5 |14 pipe went down over night.
W. B. Warrington |Dist. No. 30, Pocahontas Co., Ta. Cement 20 i ‘A few feet collapsed under road grade.
H. A. Chambers Dist. No. 33-10, Boone Co., Ia. Cement 32 2-8 |Quite a lot eracked.
H. W, Gray Dist. No. 29, Sac Co., Ia. Cement a6 5 All eracked and removed during construction.
. K. MeCullough Dist. No. 29, Sae Co., Ia. Clay a6 10.5 |1 pipe collapsed and 15% % of 700 ft. eracked.
H. A. Chambers Dist. No. 48, Boone Co., Ia. Cement a6 5 Cracked during construction.
H. A. Chambers Dist, No. 48, Boone Ca,, Ia. |Cement 36 8 Cracked even when most earefully bedded.
FAILURES OF SEWER PIPE

T. J. Johnson Private drain near Mount Vernon, Ind ]C!u}' - - 10-12 |Practically all of 2000 ft. eracked.
(a) J. N. Hazlehurst| A southern city Clay | 15 G6-19 |70 ft. eracked-—40 Ibs. rammer.
(n) J. N. Hazlehurst| A southern city Clay | 1R G—19 |450 ft, eracked—40 lbs, rammer,
T. R. Warriner Cedar Falls, Ta. Clay | 18 3—6 400 ft. eracked (probably freezing).
R. J. Pooley Charles City, Ia. Clay | 18 B.5 |7T89: of 278 ft. cracked.
(a) J. N. Hazlehurst|A southern city, Clay 20 6—-19 115 ft. cracked—40 lhs. rammer,
R. J. Pooley Charles City, Ia, Clay 20 8.5 |47% of 68 ft. cracked.
John W. Alvord Alley 8, Gary, Ind. Clay 20 13 94% of 560 pipe cracked; 2 collapsed.
(b) A. Potter Joint Trunk Sewers, N. J. Clay a0 4—18 |119% of 438% ft. cracked.
(e) W. P. Snow An Ohio city Clay 20 6 20% eracked. (Frozen lumps in filling.)
(a) J. N. Hazlehurst|A southern city Clay 22 6-19 360 ft. eracked—40 Ibs, rammer,
(n) J. N. Hazlehurst| Brunswick and Savannah, Ga, Clay 1R-30 A considerable amount eracked,
(a) J. N. Hazlehurst|Tampa, Fla. Olay Liarge| Outlet sewers eracked —veplaced by O, I. pipe.
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(b) A. Potter |Joint Trunk Sewers, N. J. Clay 24 4-18 |6% of 26303 ft. cracked.
(n) J. N, Hazlehurst/ A southern city Clay 24 6-19 |25% of 4234 ft. cracked—40 1bs. rammer.
(a) J. N. Hazlehurst|A southern city Clay 24 13 Many cracked. 150 ft. in one stretch.
(a) J. N, Hazlehurst| Birmingham, Ala. Clay 24 Badly cracked. % mile to dynamite explosion.
M. E. Bannon Locust St. Sewer, Ft. Madison, Ia. Clay 24 7-12 |One entire block eracked. Bad cave in,
C, H. Young drd St., Muscatine, Ia. Ulay 27 2 Under filled ground. One bad break.
S. L. Etnyre Council Bluffs, Ia. Clay 36 8 Liaid across a fill.
Chas. P. Chase Ash Street Sewer, Clinton, Ta. {Clay 36 7—-10 |509% of 900 ft, cracked.
MISCELLANEOUS FAILURES FROM WEIGHT OF DITCH FPILLING
(d) W. W. Patch (. Iron 48 8-23 |Water pipe.
(e) W. R. Price Street Culvert, Cleveland, Ohio C. Iron T2 G0 Bedded in conerete.
K. €. Kastberg sewer at Walnut and Ist St., Des Moines '‘Brick T2 18 Crown settled and ecracked.
(f) R. Hering Cohoeksin Creek Sewer, Philadelphia, Pa, Brick 222 4 |Elliptical eross section: erown setiled and cracked.
(f) R. Hering Mill Creek Sewer, Philadelphia, Pa. Brick 240 10 [Crown settled and cracked.

NOTE: Mr. F. A. Barbour, in 18897, wrote letters “to all the places in New Englund where it was known that there had been failures.
The sizes which have failed have usually been 18 inches in diameter, and. upwards, of standard pipe, but in three cases double strength has
failed. Iixcept in one place where pipe known to be of inferior quality was laid, the depth of eut has been sixteen to twenty feet, In
almost all cases there is a reasonable cause of failure in the condition or method of construction.'

(See Journal of the Association of Engineering Societies, Vol. 19, page 215.)

(a) See Municipal Engineering, Vol 34, page 282,

(b) See Municipal Engineering, Vol. 30, page 288,

(¢) See Engineering News, Vol. 53. page 42,

(d) See Engineering News, Vol 52, page H47.

(e) See Engineering News, Vol. 35, page 342.

(f) See Trans. Am. Soe. €. E,, Vol. 7, page 225,

NOTE (2): 1In the above cases, noted in Table No. 1, the cracking was practically always into quarters, by four longitudinal ecracks,
respectively at the top, the hottom, the mid-height on each side, just as shown in Figures 2, 3, 5, 6, 7, and 8., '[he only exceptions to this
vule are readily explainable by defects in the pipe, or other specinl conditions. '
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comparatively uniform, semi-liquid pressure of the quiek sand
would furnish the probable explanation,

Fig. 10, Photograph Showing Typical Conditions of Bedding of Drain
.III_I{L :“ ]IT: |.'|" '|Ij-p- i_-.:._ 1T 1'1'!'|I."l= i El.l' }-'-1:I.-!!: rl.,:f' |I|.:”|'ET thl nlq':rl‘l""-
of the ecireumference. and receive practically no side support.

\‘\T[E-;I'-' "f!j'"]-iij f’:”l]llle:' '31:. I:|l‘ H]i!ql r“‘-q-h ]-IHHJ‘._'_ }lltli"ﬁ' 1O I”';a_

vent "”“'E'!'"'!" "“”“'i':'“' of the pipe, vei !‘i!l]llrlill,‘..'“ of the filling

Oover ![il' ]lilll- 1']1’::". i”. TIH] ]|I':|1.~'.1|~'_ 15[]’1 !ll;"l'ﬁ 1|F]i:I Catse I.:il-ll;l;;ilj!:.
.l‘!il""; IS t"l.,“filtj"r-li ]:I:I.r ;|:1. |.‘;||-'! !'F'}.H.‘i-j’r'fi [”'. ..‘ll-l!'ﬁ.‘-i.T'."i. '_I_ :\- [[;tf}]'-_
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hurst and A. Potter,* that eracked sewer pipe are sometimes
found in the shallower trenches in tully as large proportions as
in the deeper.

In the construction of large tile drains it is common practice
to fill in at first only 2 to 4 ft. depth over the pipe, and to allow
them to stand several weeks or even months in this condition.
Some engineers believe that in this way a cohesive resistance
may be developed which will carry more of the load to the sides
of the ditch, hut any such relief seems quite precarious. How-
ever, cement pipe, of ages commonly used. will gain materially
in strength bhefore receiving their full loads if this plan is fol-
lowed.

Article 8. The Probability and the Consequences of Collapse
of Cracked Drain Tile and Sewer Pipe in Ditches. In view of
the apparently extensive and widespread prevalence of eracked
pipe, in all the larger sizes of tile drains and pipe sewers, which
the data in Articles 4, 5 and 6 demonstrate, the important ques-
tion at once arises: What is the probability of such pipe collaps-
ing, and how serious will he the consequences of collapse?

It 1s undoubtedly true that a large amount of eracked tile is
standing and has stood for vears without collapsing in large tile
drains and pipe sewers. Mr. F. A. Barhour found that 1n a test-
ing machine, where 6 in. to 24 in. pipe were surrounded by care-
fully tamped earth between walls 3 ft. apart, it was practically
impossible to cause collapse by inerease of pressure after the
pipe cracked.** Often. as in Charles City and Clinton, lowa,
the fact that the pipe in drains and sewers are cracked 1s first
learned when they are uncovered for other reasons.

In all such cases the eracked pipe are held in position without
collapsing by arch action, just as a brick sewer might stand. in
favorahle soil, even when made out of dry brick alone, without
any mortar,

Both cement and clay pipe are made of very rigid and com-
paratively brittle material. They are cracked by a very slight
distortion,*** much less than the ready yielding of even the most
carefully tamped diteh filline. Collapse of the pipe, however,
requires a much more extensive sidewise vielding of the soil
at the level of the midheight of the pipe, and if the side filling
s fairly well packed, and especially if there is little space at
the midheight between the outside of the pipe and the solid sides
of the ditch, the pipe may be held pretty firmly in place even
after it is eracked.

This explains why, in several places where tried, it has been
found impossible to prevent cracking of the pipe by tamping the

* See the references in Table No. 1 above. _
** See Journal of Association of Engineering Societies, Vol. 19, page 215,
vE® See page 157, hereinafter.
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filling around the pipe, even with the greatest care, while at
the same time mueh pipe remained in position, without collaps-
ing, after eracked.

Yet the stability of e¢racked pipe in ditches must be admitted
to be precarious, even when not over taxed by floods, as 1s demon-
strated by numerous instances where one or more cracked pipe
have actually collapsed and caused damage and heavy expense
for repairs, extending often to the entire reconstruction of the
drain or sewer.

Moreover, cracked tile drains and storm sewers are subject to
special danger of collapse, because they are never large enough
to provide for the most extreme and unusnal floods. Hence they
are certain to be over taxed at long intervals, and to run under
pressure eventually, The disastrous experience at Gary, Ind.
(see page 20), shows clearly how in such cases the pressure from
a sudden flood may actually foree even the sections of a eracked
sewer pipe with cemented joints apart, and how in any case the
water will escape through the joints and eracks of the pipe into
the surrounding soil, softening it and permitting a cracked pipe
somewhere to collapse, thus causing the drain or storm sewer to
fill in with mud and sand. |

Article 9. General Conclusions as to Failure of Drain
Tile and Sewer Pipe in Ditches. The facts and reasoning al-
ready presented warrant the following general conelusions as to
failures of drain tile and sewer pipe in ditches:

I. There have been a large number of fatlures of drain tile
and sewer pipe by cracking in ditches, and there is a wide
prevalence of cracked pipe in cxisting sewers and drains, The
cracking is generally confined to pipe larger than 15 in. in diam-
cltev.  Engineers have not properly appreciated cither the extent
or the tmportance, nor have they fully understood the causes, of
cracking of drain tile and sewer pipe in ditehes.

2. The principal cause of the ervacking of the drain tile and
sewer pipe i ditches s somply that, as al prosent manufactured,
sizes larger than 15 v, in diameter are very gencerally too weak
to carry the weight resting upon them from more than a few feet
depth of diteh filling.

. In very many cases it is entively impossible to prevent
cracking in ditches of drain tile and sewer pipe as al present mai-
utactured by any possible reasonable amount of care in bedding
and laying the pipe and refilling the ditches. A material dif4
ference in the carvying power of the prpe, however, can be made
by proper care in bedding and laying.

4. Drawn tile and scwer pipe crack more readily in ditches
with hard bottoms than when laid on stightly yielding soils.

. It 1s reasonable, advantageous and necessary to require the
pipe laying contractor to carefully shape the bottom of the ditch
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to fit the lowest 90 degrees of the pipe surface, and to carefully
bed the pipe for this distance in sand oy granular soil, so as to
secure a firm, uniform bearing.

6. Drain tile and scwer pipe are so regid as to crack from such
slight distortions, as compared awith the yielding of the most
solidly tamped carth filling, that it is not feasible 1o prevent
cracking by tamping the difch filling on each side of the pipe al
the midheight.  Sueh side tam ping, however, should always b
required, and thoroughly done. for it is of great value in pre-
venting the collapse of pipe after they arve cracked.

7. Wherc the pipe are found to crack in spite of faithful ob-
servance of the specifications stated in 5 and 6 above, the only
effective remedy, other than using stronger pipe, is to bed the
pipe in concrele up to the midheight.  Swuch conerete can bhe lean,
and need not be thick if the soil is firm, but must thoroughly fill
all spaces between the lower half of the pipe and the bottom and
sides of the diteh.

8. The width of the diteh at the level of the pipe makes a
great difference in the weight of filling resting on the pipe, this
werght being greater the wider the diteh. Also, the narrower
the diteh at the midheight of the pipe, the more effective is the
side support against {he collapsing of cracked pipe.

9. Where the ditch filling over the pipe is rammed in layers
during refilling, there is serious danger of eracking large drain
tile and scwer pipe by using too heavy rammers and too thin
a layer just above the pipe.

10.  Whale large amounts of cracked drain tile and sewer pipe
are standing without collapsing in existing drains and sewers.
the stability of cracked pipe must be considered precarious, as
has been demonstrated by nuwmerous collapses.

11.  Cracked pipe are especially dangerous in tile drains and
storm sewers, for the reason that, in the best engineering practice,
ot s not found practicable to make their capacity equal to the
most exceptional floods. Henee they are cortain crentually to
be overcharged, and to run under pressure, and the collapse of
cracked pipe is likely to result at sweh times from the softening
of the soil by water escaping through the joints and cracks,



CHAPTER II1
THE THEORY OF LOADS ON PIPES IN DITCHES

- Article 10. The Mathematical Theory of Loads on Pipes
11 DitChE‘S. The 1}'[1i|';ll conditions of Ill;ll{!!‘l}_" 0Tl ]*f[n'.‘i in ditehes
are shown in Fie, 11,

'he side pressure of the filling materials against the sides of

a a
SN/

]"i;_". 1 I rl'_‘k';lit’.',ll ‘THH'IHIHIH.“\ of Ht‘lﬁithll;j .'II]1| |.H:I-|i!‘._'_-' of ]'if:‘ in IDitehes,
the ditch develops a frictional resistance. which helps to earry
part of the weight.
prs et : | , :
[his frietional resistance relieves part of the vertical pressure
near the sides of the diteh, so that at the level of the top of the
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pipe the vertical pressure of the filling material is much heavier
in the middle of the diteh than at the sides. Moreover, there is
some arching effect at about the 45 degrees point on each side,
and the comparatively level part of the top of the pipe is much
more solid and unyielding than the side filling material. For
these reasons, the diteh filling above the top of the pipe receives
only a negligible support, in ditches of ordinary width, from the
filling at the sides of the ditches.® Tmperfections in the side
filling and tamping add to the exactness of this principle.
Hence the pipe must he strong enough to carry safely the en-
tire weight of the ditch filling materials above the top of the
pipe less the friction of the filling against the sides of the ditch.
The mathematical discussion of the caleulation of the weight
to be supported by drain tile and sewer pipe 1 ditehes 18 prac-
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Fig. 12. Figure Ilustrating the Mathematical Theory of Loads on Pipe
in [itehes.

* For an extremely wide ditel this prineiple would no longer hold snfiiciently correct
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tically the same as already published hy .J
the pressures in grain bins,

The following mathematical notation will be used in this dis-
CISS101 :

Let W=total weight on pipe, per unit of length.
V=the average mtensity of vertical pressure
unit of area.
w=the weight of ditch filling, per unit of volume.
B=the breadth of ditch a little below the fop of pipe.
H=height of ditch filling, above top of pipe.
p=the coeflicient of internal friction.
K=the ratio of lateral to vertical e
w'=the coefficient of friction of
the diteh,
e=the base of Naperian logarithms,
C=a coefficient of loads on pipes in ditches,
tical pressure per unit area in a diteh of unit width under a
diteh filling material weighing unity per unit volume.
NOTE 1. Corresponding units must be used throughout for all the above
quantities. It is best to state all quantities in feet and pounds.

NOTE 2. K may he caleulated by Rankine’s formula.

anssen for caleulating

at the top of pipe, per

arth pressure.
ditch filling against the sides of

C= the average ver-

VEFT —,
o = e @)

T S R T

------------

Let Fig. 12 illustrate a section of unit length of a diteh. and
let us consider a horizontal slice of diteh filling havine an in-
finitely small height — Q.

By equating the vertical forces acting on this thin slice, we

have B (V + dV) — BV + WBAH — 2K,’VAH, whence

dV 2Kp"V
= dIl. By integration. log (w — ) =
2K’V B
| R ———
B
no
constant —2Ku” —.  Since V—0 for H — O, constant = log w.,
B
2K’V I

Hence, log (w — ) = logw — 2Kp” —, and

B I3




I
; R
e _H
w— 2K 3 i 2Kp 55—
= —————— Whenge, V = — wRB.
b 9K #*i 2Ky’
E 13
But W = BV,
1
1 -
SR H
(S 13
Hence, W — - — _wB=
2K’

Which gives a mathematical expression for the load W on pipes
in ditches.

NOTE.—Prof. A. N. Talbot, of the University of Illinois, has assisted
us in developing the above mathematical diseussion.

Article 11. A Working Formula for Calculating Loads
on Pipes in Ditches. For making actual caleulations of the
loads on pipes in ditches we readily derive from the above the
convenient working formula,

W =— CwB? 2

In the working formula (2) the coefficient **('"" of lvads on pipes
in ditehes may be caleulated by the formula:

1
A M =g

_—
g

8= SR P (3).
23001

NOTE.—pu should be used in place of p in formula (3) whenever u' is
greater than g.

For actual ealculations of loads on pipe in ditehes the values
of €' are to be taken from Table No. 7, page 44, or Fig. No. 15.
page 45, both of which give safe working values of C for dif-
ferent ditceh filling materials. When C is obtained in this way
the calculations by the working formula (2) become very simple.

It will be shown in Chapter IV, pages 65 to 88, hereatter, that
formulas (1), (2) and (3) have been very completely tested by
actual weighings of loads on pipes in ditches, and that 1t has
in this way been fully demonstrated that reliable caleulations
can be made with them.
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TABLE NO, 38
WEIGHTS OF SOLID UNDISTURBED SOIL IN PLACE

.'t | é‘. L
S a -
B Kind of Soil o e oF .
5% & = | 58S
.8 - e T E N
e Pl Mot~ 18— | [ 3
7 E El0 | B58
A. TEETS OF SOIL ON FARM NEAR HANFORD, I0WA
1 | Black Top Soil 90.5 99 .2
1 | Black Top Seil 96.8 | 108.4
1 | Black Top Soil 96.7 | 107.6
1 | Black Top Spil | 98.8 | 106.0
4 | Average B - I | 984 | 105
1 | Yellow Clay, - 5, Ft. Deep i | 116.5 | 119.9
1 | Whitish Clay, Ft. Deip | 124.9 | 126.5
__.5_1 Average - ] e - | 121 | 123
1 | Sandy Clay, 3% Ft. Decp I'urﬁg“ 122.9
1 | Sandy Olay, 3 Ft. Deep - g98.9 | 107 .8
2 LJ\ verage TR 106 [ b &
1 | Clayey ‘iqntl 4 Ft. Deep N 121. ‘5 ' 133.8
1 | Clavey Sand. 4 It Deep 121, 130.2
1 | Olayey Sand and (’oursn Pehbles, 4 Ft. Deep 1 127 2 | 1?_3__1_1
3 | Average o - 1328 | 132
1 | Blue Clay, 4% Ft. Deep - | 114 | 118
B. TESTS OF SO1L IN DITCH FOR EXPERIMENTS ON LOADE ON PIPES, AMES, I0WA
1 | Sandy Yellow Clay, 1.7 Ft. Diep 104.4 |
1 | Yellow Clay, 3.3 Ft. Deep 120.0
3 | Mixture of Yellow and Blue Clay, 16 Ft. Deep 136
3 | Blue Clay, 18 Ft. Deep 137
S Blue Cln}, 20 Ft. Decp = | 137 _ -
2 | Yellow Clay, a few Rods from above Experiment Diteh, 9 |
| Ft, Dt‘pth | 138
1 | Yellow Clay, a few Rods from above Experiment Diteh, 4 |
F't, I)ﬂ;ﬂh | 129

In refilling tile drain ditches the materials are generally de-
posited loose, by scrapers or by hand. They then gradunally
compact, mainly from the effeet of rains and floods. Complete
saturation will almost certainly ocenr eventually, through over-
flowing of the surface, and through overcharging of the drain
by exceptional flocds. Where the tile do not fail during con-
struction, the unit weights of diteh filling causing the heaviest
loads on the drain tile may approach those given for saturated
materials in Table No. 2, or for soils in place in Table No. 3,
and all drain tile should be strong enough to carry these weights
safely.

Sewer pipe will undoubtedly need to be strong enough to car-
ry the same weights, since thorough amming or ﬂoodmg mn re-
filling is usually specified in order to prevent future settlement
of street thif-lm,s

Hence it is believed that the weights shown in Table No. 6.
below, will be reasonable and safe to use in calenlating the max-
imum loads on drain tile and sewer pipe in ditches.
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Article 12. The Weights of Ditch Filling Materials.
The proper weights of diteh filling materials to use in working
formula (2) for ealenlating the loads on pipes in ditches must
be determined from actual measurements, We have made a
number of such measurements of the weights of diteh filling,

and of soil in place, with the results shown helow, in Tables

Nos. 2 and 3.
TABLE NO. 2

MEASUREMENTS OF WEIGHTS OF DITUH FILLING

: i
3 5=
a8z - : 2 .
= Kind of Soil Condition of Soil o2
b o
== -
S 25
= -
A. GRANULAR MATERIALS. NOT TAMPED DR SATURATED,
3 |Black Top Soil | Loose—Wet—20% Water | 60
3 |Black 'I'up Soil [Loose—Damp-—From 2 Ft. Depth | 75
4 |Mixture of Black Top Soil and Yel- |Loose—Wet—19 .49 Water I 80
low Clay | |
3 Yellow Clay, Slichtly Sandy | Loose—Damp—From 4 Ft. Depth | 75
3 Iielllm Clay, h*rv Sandy | Loose—Damp—TFrom 6 Fi. Depth | BS
1 lBlua Clay Loose—Dry—From 15 Ft. Depth had!
to be Pickod ! R3
1 |Sand - | Dry o= Il | 99
1 |Sand IDamp—59% Water | 92
B. SATIRATED GRANULAR MATERIALS,
4 [Black Top Soil |Saturated S . 1100
3 [Black Top Soil |Saturated, 259 Water | 108
2 [Yellow Clay AT ‘Haturur*d 17% Water 1127
2 |Yellow Clay ~|Saturated, 26% Water 1145
1 |[Sand

. DAMP GRANULAR MATHERIALS ; RECENTLY DROPPED INTO DITOHES, BUT NOT TAMPED
OR FLOODED. See Table No. 11, page 71,

— e ——— —— o m— — e i y—

1 [Yellow Clay [Dropped into 2 Ft. Diteh 8.0 Ft. Deep| 84
1 [ Yellow U}{!F Il}rnpputl into 2 Ft. Ditch 4.2 Ft. Deepl 86
1 |Yellow Clay [Dropped into 2 Ft. Ditch 6.2 Ft. Deep| B3

1 [Yellow Clay |Dropped into 2 Ft. Dit¢h 6.8 Ft. Deep| 87

1 |Yellow Clay ll‘lrnpmd into 2 Ft. Diteh 7,8 F't. Deep| BB

1 |Yellow Clay (Exposed to Wenther | Dropped into 2 Ft. Diteh 6,5 Ft. Deep|103

) about ‘”:3 Mo.)

1 |Mixture of Yellow and " Blue Clay, | Dropped into 1\'1~¢l&rﬁfﬁﬁtlwniﬁll.[-ﬂﬁ
| Mostly Yellow. Cald Weather 2.70 to 4.05 Ft. Wide, 7.7 Ft| to
|“BII | Deep a7

1 ixture o Cellow Mayv, IL sl i » : '

i M&“F {*.-1?.-}“-.m(nﬂﬂdwl::::'ﬂpr( In},il}rlu;l;?;}fl into 4 Ft. Diteh, 14.7 FtL. ?ﬂﬂ
101

I [Mixture of Yellow and Blue Clay Droppid into 2 Ft. Ditch, 16.8 Ft [105
Rather Moist. | Deep to

I 109

. GRANULAR MATERIALS DROVFED INTO DITOHES AND 'NIF\ THOROUGHLY WET DOWN,
BUT WITH DRAINAGE AT PACH END OF SEOTION 2 TO T FT. LONG, S0 AS TO PREVENT
THOROUGH SATURATION. See Table No. 11, page 71,

1 [Yellow lZl.u Weighing 87 Lbs, per [Immediately Affer Thorouzhly Wet-

| Cu. Ft, M | ting Down N

1 ;\'#:'lnwll"'la; Weighing 87 Lbs, per i.\!’har Standing 6 Davs ;
'u, Fit. y

g e SR — —

| 97
01
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1 |Yellow Clay Weighing 87 Lbs. per |[After Further Wetting Down and|
Cu. Ft. e S Standing 3 Days Longer ey
1 |Yellow Clay Weighing 85 Lbs. per |After Heavy Rains had Partly Filled|
Cu. Ft. B0 Diteh with Water o 19 1105
1 |Yellow Clay Weighing 103 Lbs. per |After 2.0 Ft. Ditch 6.5 Ft. Deep had
Cu. Ft. Filled with Water above 18 In. Pipe|119
1 |Yellow Clay Weighing 107 Lbs. per |Immediately After Thoroughly Wet-i
{6 By ¥ ting Down 113
1 |Yellow Clay Weighing 107 Lbs. per |After Standing 1 Day and .:'Lfter&
Cu. Ft. | Some Further Wetting Down 117
E. CONSOLIDATED DITCH FILLING MATERIALS IN PLACE IN REFILL.
3 |[Yellow Clay, 87 Lbs. per Cu. Ft., 17 |
Days After Placed, and 11 Days |16% to 209 Moisture 116
After Thorough Wetting Down. to
| Ditch 2.0 Ft. x 6.7 Ft. Deep. {130
11 |Yellow Clay, 107 Lbs. per Cu. Ft, |
12 Days after Placed, and 4 Days [15% to 189 Moisture 128
after Thorough Wetting Down. to
__Ditch 2.24x16.8 Ft. Deep. 1129
Yellow Clay, 119 Lbs., per Cu. Ft, l
1 Subjected to Super Load of 1135 |From 1 Ft. Depth (135
1 Lbs. per Sq. Ft. in Ditch 2.0 Ft. x [From 2 Ft. Depth 1124
1 6.3 Ft. Deep and Then Thoroughly |[From 4 Ft. Depth 1123
Wet Down. |
1 |Sand e Freshly Deposited and Tamped* 1115
1 |Sandy Loam | Freshly Deposited and Tamped™ | 96
3 |Light Sandy Loam from Depth of 2 to |
3 Feet in Recently Refilled Gas [Partly Compacted by Street Traffiec (117
Pipe Ditch. i |
1 |Gravel, Loam and Clay, 1 Ft. Depth, |Compacted by Weather and Strn{*tl
in Fill over Concrete Bridge. et | Traftic {124
1 |Sandy Loam and Sand 2% Ft. Decp |Compacted by Weather and Street|
in Fill over Concrete Bridge. Traffic (128
2 |Yellow Clay and a Little Black Soil, .’
21 Ft. Deep in Old 2% Ft. Wide |Compacted by Weather |108
Ditch. !
2 |Half and Half Yellow Clay and Black |Compacted by Weather and Originall
Soil, 2% Ft. Deep in Old 2 Ft. Flooding 113
i Wide Ditch. o Tx i IR AR E i e
2 |Yellow Clay, 4 Ft. Deep in 21 Ft. |Compacted by Weather 1119
Wide Ditch, 3 Yrs. Old. g e [
2 |Black Top Soil, 8 Ft. Deep in 2% Ft. |Compacted by Weather 113
| Wide Diteh, 3 Yrs. Old. e P !
1 |Half and Half Yellow Clay and Black ]
| Soil, 4 Ft. Deep in 1% Ft. Wide Compacted by Weather 112
| Old Ditch. f
1 |Half and Half Yellow Clay and Black | !
| Soil, 5 Ft. Deep in 1% Ft. Wide Compacted by Weather (121
| Old Ditch. I |
1 |Black Top Soil, 3 Ft. Deep in Old Tile |Compacted by Weather bl
|

| Ditech 1x3% Ft.

* See Journal of Association of Engineering Societies, Vol. 19, page 206.
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TABLE NO, 38
WEIGHTS OF SOLID UNDISTURBED SOIL IN PLACE

.'t | é‘. L
S a -
B Kind of Soil o e oF .
5% & = | 58S
.8 - e T E N
e Pl Mot~ 18— | [ 3
7 E El0 | B58
A. TEETS OF SOIL ON FARM NEAR HANFORD, I0WA
1 | Black Top Soil 90.5 99 .2
1 | Black Top Seil 96.8 | 108.4
1 | Black Top Soil 96.7 | 107.6
1 | Black Top Spil | 98.8 | 106.0
4 | Average B - I | 984 | 105
1 | Yellow Clay, - 5, Ft. Deep i | 116.5 | 119.9
1 | Whitish Clay, Ft. Deip | 124.9 | 126.5
__.5_1 Average - ] e - | 121 | 123
1 | Sandy Clay, 3% Ft. Decp I'urﬁg“ 122.9
1 | Sandy Olay, 3 Ft. Deep - g98.9 | 107 .8
2 LJ\ verage TR 106 [ b &
1 | Clayey ‘iqntl 4 Ft. Deep N 121. ‘5 ' 133.8
1 | Clavey Sand. 4 It Deep 121, 130.2
1 | Olayey Sand and (’oursn Pehbles, 4 Ft. Deep 1 127 2 | 1?_3__1_1
3 | Average o - 1328 | 132
1 | Blue Clay, 4% Ft. Deep - | 114 | 118
B. TESTS OF SO1L IN DITCH FOR EXPERIMENTS ON LOADE ON PIPES, AMES, I0WA
1 | Sandy Yellow Clay, 1.7 Ft. Diep 104.4 |
1 | Yellow Clay, 3.3 Ft. Deep 120.0
3 | Mixture of Yellow and Blue Clay, 16 Ft. Deep 136
3 | Blue Clay, 18 Ft. Deep 137
S Blue Cln}, 20 Ft. Decp = | 137 _ -
2 | Yellow Clay, a few Rods from above Experiment Diteh, 9 |
| Ft, Dt‘pth | 138
1 | Yellow Clay, a few Rods from above Experiment Diteh, 4 |
F't, I)ﬂ;ﬂh | 129

In refilling tile drain ditches the materials are generally de-
posited loose, by scrapers or by hand. They then gradunally
compact, mainly from the effeet of rains and floods. Complete
saturation will almost certainly ocenr eventually, through over-
flowing of the surface, and through overcharging of the drain
by exceptional flocds. Where the tile do not fail during con-
struction, the unit weights of diteh filling causing the heaviest
loads on the drain tile may approach those given for saturated
materials in Table No. 2, or for soils in place in Table No. 3,
and all drain tile should be strong enough to carry these weights
safely.

Sewer pipe will undoubtedly need to be strong enough to car-
ry the same weights, since thorough amming or ﬂoodmg mn re-
filling is usually specified in order to prevent future settlement
of street thif-lm,s

Hence it is believed that the weights shown in Table No. 6.
below, will be reasonable and safe to use in calenlating the max-
imum loads on drain tile and sewer pipe in ditches.



Article 13. The Coefficients of Internmal Friction, ,, and
of Friction Against the Sides of the Ditch, ,’, for Different
Ditch Filling Materials. For calculating a table of working
values of the coefficient ** """ of loads on pipe to use in the work-
ing formula (2), the proper values of p the coefficient of internal
friction, and of p’, the coefficient of frietion against the sides of
the diteh, must be known for substitution in formulas (1) and
(3). We have made a number of measurements of px and p” by
the use of the simple apparatus shown in Fig. 13.

In use, the box was placed on a leveled surface of a pile of diteh
filling in determining p, or on a ledge of solid materials in place

Boltorn/ess box Jinches
Sguare inside, 17//ed with 74e

material fo be fested. \

Soring Balance rfor — ....... = =
welg/11r7q ,ouif'/—r e
- ——
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T = =
o . — = ——— -—i »
M2 ‘ff S -?' JIH_‘n *"” L R Ty ii'frz- =
A W= ﬂ{/fﬂ. i ui- ’E.m:x '\_;A .‘Fﬂﬁ 4_*,.:.:-,.;,, mﬂf"gﬂ.{;;{%

. ', £ *__Qr‘;aqm -m'l
L

B e ot My ul'F. = fﬂ_
;m_-;f.-: i.-g o) £ i = [ 468 et f}‘f

bl
»

\_JPuis rmoterial 1s e same as 1hot i ihe box for fesrts of /rnterro/
friction, bul /s o ledge oF so/id tnaterial inplace for fests of
Srde frictror.

Fig. 13. Apparatus for Determination of Coefficients of Internal Friction
w, and of Friction against Sides of Diteh wu'.

near the side of the diteh in determining x© The box was filled
with the diteh filling material, and this material weighted to
various intensities of pressure. For each weight the force neces-
sary to mamtain a very slow steady motion was measured by the
spring balance.

Contrary to the laws of sliding frietion of solids, it was found
that the force required to start motion was generally smaller than
that necessary to maintain it. It seems possible that the first
motion is due to the rolling of some of the granular particles of
diteh filling material which have happened to assume unstable
positions. In calculating p and p” we have used the forces neces-
sary to maintain a slow motion.

Our measurements of the coefficients of internal frietion, p,
and our caleulations by formula (1) of K, the ratio of lateral to
vertical pressure, are given in Table No. 4, and our measurements
of the coefficients of friction, p’, against the sides of the ditch
are given in Table No. 5.
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TABLE NO. 4

FRICTION,

AND

i
RATIOS OF LATERAL PRESSURES, K, IN GRANULAR
DITCH FILLING MATERIALS

CALCULATIONS OF

7 3 s =
- = : SeE
=l o - - w
& ~ o 'E = ] o
(=3 s == Llw
w2 Kind of Soil E o “gﬁg E=a
o4 1] D ==
2 &4, ll"*.g lﬂg‘g
S & A B =
A. LABORATORY TESTS OF VARIOUS GRANULAR MATERIALS
3 |Damp, Black Top Soil 28 0.32
7 |Damp, Black Top Soil 36 (.40
6 {Damp, Black Top Soil 64 0.50
3 |Damp, Black Top Soil 68 0.587
3 |Damp, Black Top Saoil 112 0.70
3 |Damp, Black Top Soil 152 (4 0y
25 |Average | | 0.53 | 0.36
4 |Saturated Black Top Soil 96 0.65 0.29
3 |Saturated Black Top Soil 176 0.56
2 |Saturated Black Top Soil 256 0.34
4 |Saturated Black Top Soil 386 0.34 0.51
13 |Average | f 0.47 | 0,40
Average clay (Goodrich) Ei'iu{l 0.40
0
10000 1
3 |Damp, Yellow Clay 82 0.41 0.45
3 |Damp, Yellow Clay 6 0.53
3 |Damp, Yellow Clay 120 0.58 0.33
3 |Damp, Yellow Clay 164 0.57
3 |Damp, Yellow Clay 19 0,56
3 |Damp, Yellow Clay B - ol vedo 0.48
18 |Average | | 0.52 | 0:87
5 |Clay to Crawl (Goodrich) . 300 ‘
to 0,54
1100 (0.38-0.64)! 0.36
6 [Clay to Break (Goodrich) g0
to 1.00
1100 [(0.71-1.65)| 0.17
3 |Saturated Yellow Clay RS 0,63 0.30
3 |Saturated Yellow Clay , 184 0.46
3 [Saturated Yellow Clay 248 0.45
3 |Saturated Yellow Clay 360 0.34 0.51
14 |Average | | 0,47 | 0.40
1 IReddish Yellow Clay (Goodrich) 839 Saturvated | 2500 | | ©.40
3 |[Dry Sand " 96 0.58
3 |Dry Sand 176 0.63
3 |Dry Sand 240 0.58
3 |Dry Sand 320 0.56
3 |Dry Sand 384 0.54
3 |Dry Sand 464 0.49
2 |Dry Sand GO8 0.46
20 |Average | | 0.55 | 0,85
"2 |Wet Sand a6 0.65
2 |Wet Sand 176 0.59
4 |'Wet Sand 240 0.58
2 |Wet Sand 2320 0.58
3 |Wet Sand 284 0,58
3 'Wet Sand 464 0.48
1 |Wet Sand GOS8 0.50
16 |Average | | 0.57 | 0.34
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3 |Dry Sand [ 40 l 0.53 | 0.36

14 |Dry Sand (Goodrich) |80~1400 057 - 0,34
| 1(0.25-0.70) |

5 |Dry Sand (Goodrich) | 80-300| 0.62 [“0£31
] | (0.33-0.78) |

9 Dry Sand (Goodrich) |100-900| 0.52 | 0.37
‘ [(0.43-0.62) |

4 |Slightly Moist Sand (Goodrich) 80—-250] "' 0,88 | 0.20
| | (0.64-1.05) |

8 'Moist Sand (Goodrich) 100-900| 0.62 08
(0.51-0.83) |

2 |Wet Sand _ 48 0.58 033

8 |Semi-Saturated Sand (Goodrich) RO—-800 0.60 | 0.32
| 1(0.58-0.64) ]

NOTE.—The data ecredited above to Goodrich are scaled from Fig. 40, of the paper
by E. P. Goodrich on ‘“Lateral Earth Pressures” (see Vol. 53, page 298, of Trans.
of Am. Soc. C. E., Dec., 1904), except that K for reddish yellow clay 83% saturated
is from Fig. 30, of the same paper.

B. TESTS OF GRANULAR DITCH FILLING MATERIALS USED IN EXPERIMENTS ON LOADS
ON PIPES IN DITCHES—ALL DUG FROM SAME DITCH, 4 FEET WIDE BY 24 FEET DEEP
BY ABOUT 20 FEET LONG. TESTS MADE AT VARIOUS TIMES FROM AUGUST 1 TO JAN-
TARY 1. MATERIALS EXPOSED TO WEATIHER.

9 |Damp Black Top Soil [160—-480] 0.47 0.40
9 |Damp Yellow Clay 160480/ 0.44 0.42
15 |Damp Yellow Clay 96—400 0.66 0.29
22 [Damp Yellow Clay 96—400 0.58 0.33
20 [Damp Yellow Clay 96528 0.58 0.33
17 Damp Yellow Clay | 06—464 0.96 0.18
63 |Damp Yellow and Blue Clay—Mostly Highest| 96-464 0.85 |
| Yellow Averaze| 96-464 0.76 | 0.2b
Lowest| 96—-464 0.69 l
72 |Damp Yellow and Blue Clay—DMostly Yellow 96—-464 0.64 I 0.30
12 |Damp Yellow and Blue Clay—DMostly Yellow 96-384 0.83 | 0.22
5 |'Moist Yellow Clay, Granulated by Digging out of 1
|  Diteh after Wetting Down 96—320 0.85 T |
0 |Saturated Yellow Clay | 96-240 0.39 10,45
18 |Moist Yellow and Blue Clay, Granulated by Digging! |
|  out of Diteh after Wetting Down | 96-464| 0.93 | 0.19

TABLE NO. 5

MEASUREMENTS OF FRICTION u’, OF GRANULAR DITCH FILLING MA-
TERTALS AGAINST SIDES OF DITCH

|

- L
» Wy o =
-:; ﬁ._: hﬂ-;ﬁ;'
a2 e xpuriis : : S G
ec Diteh Filling Sides of Ditch M ors
o= ea U A
3 u = o
s U s, L
F: -:I .:T' a O s
e i= = = oo
A. LAFORATORY TESTS OF VARIOUS GRANULAR MATERIALS
3 ]—I‘}ump Top Soil T Top Soil in Place | 112 |0.43
3 |Damp Top Soil Top Soil in Place 192 10.52
3 |Damp Top Soil |Top Soil in Place Dt OhT
3 ll”mmp Top Soil ;'l‘np Soil in Place 352 [ﬂ..'-';:l‘
3 |Damp Top Soil s 'Top Soil in Place | 544 |0.66
15 |Average | | 0.53
ET])&THD_EB(L _rl’np—f_f’-;il_ T3 ___IT'np Soil | 40 |0.36
6 !|Damp Black Top Soil :Tnp Soil 130 0.55
3 [Damp Black Top Soil ‘Top Soil 28R 0LTS
2 |Damp Black Top Soil 3 _"E_ip Soil '_ 320 |0.69
15 |Average | | 10.58
"3 |Saturated Top Soil " |Top Soil in Place | 42 [0.48
3 !Saturated Top Soil |'Top Soil in Place | g3 10.59
3 |Saturated Top Soil |Top Soil in Place B g ani 04
3 ISaturated Top Soil Top Soil in Place | 166 [0.33
3 |Saturated Top Soil [Top Soil in Place | 238 |0.47
15 |Average | I 10.46

e e e
e e —— et
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S—Clontinuwed

g S (|aE
- = Ditch Filling Sides of Diteh Hig [2E
S 0 k>
(=] v o
S5 nE | &%
< H AS lD®m
1 |Damp, Yellow Clay [Yellow Clay in Place [ 2112 - |0.25
2 |Damp, Yellow Clay Yellow Clay in Place 192 |0.38
4 [Damp, Yellow Clay Yellow Clay in Place 272 [0.42
4 |Damp, Yellow Clay Yellow Clay in Place 352 |0,50
5 |Damp, Yellow Clay Yellow Clay in Place 496 |0D.60
16 |Average | i | |0.43
3 |Saturated Yellow Clay Yellow Clay in Place 48 |0.42
3 |Saturated Yellow Clay Yellow Clay in Place 92 (0.33
3 |Saturated Yellow Clay Yellow Clay in Place 136 |0.37
3 |Saturated Yellow Clay Yellow Clay in Place 212 .44
3 |Saturated Yellow Clay Yellow Clay in Place 256 |0.33
15 |Average | | |0.38
20 [Dry Sand Dry Sand 96-608B10.55
3 |Dry Sand Dry Sand 40 |0,53
3 |Dry Sand Saturated Clay 40 ]0.62
16 |Saturated Sand Saturated Sand 96—608|0.57
2 |Saturated Sand Saturated Sand 48 |0D.58
3 |Saturated Sand Saturated Clay 40 |[0.67
21 |Moist Sand Dressed Fir Sheeting A6-608]0.43
21 Moist Sand Rough Fir Sheeting 96-608/0.49
15 |Moist Clay Dressed Fir Shecting 96—608/0.57
26 |Moist Clay Rough Fir Sheeting 96-608|0.68

NOTE.—The above measurcments of g

r

were generally made wpon horizontal sur-

faces, shaped with a spade to imitate thp frictional conditions of the sides of ordi-
nary hand-dug ditches.

B. TESTS OF GRANULAR FILLING MATERIALS USED IN EXPERIMENTS ON LOADS ON
PIPES IN DITCHES—ALL DUG FROM SAME DITOH, 4 FEET WIDE BY 24 ¥EET DEEP, BY

ABOUT 20 FEET LONG. TESTS MADE AT VARIOWS TIMES FROM AUGUST 1 T0 JAN-
UARY 1. MATERIALS EhPOSED T0 WEATHER.
10 |[Damp Black Top Soil Damp Black Top Soil in Place|180-480(0.49
18 |Damp Yellow Clay Damp Black Top Soil in Place, 96—400/0.72
9 |Damp Yellow Clay Damp Yellow Clay in Place 160-480]0.66
20 |[Damp Yellow Clay Damp Yellow Clay in Place | 96-400/0.65
23 |Damp Yellow Clay Damp Yellow Clay in Place 96-528|0,77
18 |Damp Yellow Clay Damp Yellow Clay in Place 96-464 0,80
62 |Damp Yellow and Blue COlay— |
Mostly Yellow Damp Yellow Clay Highest| 96-464/0,92
in Place Average| 96-—464|0.85
7 I Lowest| 96-464|0.81
17 |Damp Yellow and Blue Clay—
Mostly Yellow Wet Yellow Clay in Place 96-464/0.44
75 |Damp Yellow and Blue Clay— BN
Mostly Yellow Damp Yellow Clay in Place 96—464 0. 64
12 |Damp Yellow and Blue Clay—
. Mostly Yellow : Damp Yellow Clay in Place 96-384|0, 87
21 |Moist Yellow Clay, Granulated by |
Digzing ont of Diteh after Wit
ting Down Damp Yellow Clay in Place | 96-608/0.78
9 |Moist Yellow Clay, Granulated by
Digging out of Diteh after Wet-
ting Down Flooded Surface of Yellow Clay
1 s in Place 1304—6080.20
15 |Saturated Yellow Clay Yellow Clay in Place, Smeared! |
with Mud 06—46410.46
25 [Moist Yellow and Blue Clay, Gran- ]
ulated by Digging out of Diteh | Moist Yellow Clay in Place 06-4640.50
after Wetting Down

NOTE.—The above measurements of p° were made upon ledzes near the sides of

the ditches, on horizontal surfaces, shaped to imitate (he actual frictional conditions
of the szdu». of the ditches at the time,.
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A study of the data in Tables 4 and 5 shows a large range of
alues in suceessive tests of the same material nunder different
pressure. The variation in results may be due in part to the
rather crude nature of the apparatus, but probably mainly rep-
resents real differences in properties in slichtly different por-
tions of a mass of recently deposited earth, or in the same por-
tion under different pressures.

Manifestly, a considerable number of friction measurements
should be made and averaged in each particular case, to obtain
fair average values of the constants to use in diteh ealculations.

When a fair number of friction tests are made and averaged,
we find by ecareful measurements of the actual loads carried by
pipes (see pages 65 to 88 hereinafter) that elosely correct re-
sults can be secured in computations by formulas (2) and (3),
(page 33).

The fact is that, within the range of ordinary diteh filling
materials. it takes a large difference in the values of the friction
coefficients. to make a material difference in the weight earried
by the pipe. This point is very clearly shown on Fig. 14, page
43. by the small range in the values of C between the extremes
of ordinary materials.

The real diffieulty in selecting the proper oeneral working
values of p, K, and p/ for different diteh filling materials 18 to
decide upon safe, and at the same time reasonable, allowances
on the side of safety, required in order to provide for the effects
of prohable saturation of the materials under actual diteh con-
ditions.

Article 14. Safe Working Values of Weights, Ratios of
Lateral Pressure, and Coefficients of Friction Against the
Sides of Ditches, for Different Ditch Filling Materials
After a careful study of actual ditch conditions and of the data
oiven in Tables Nos. 2, 3. 4 and 5. above, we have adopted ap-
proximate, safe values of w. K and p” as given in Table No. 6,
helow. for caleulation of the maximum Joads on pipes in ditches.

TABLE NO. 6

APPROXIMATE SAFE WORKING VALUES OF THE CONSTANTS TO BE USED
IN CALCULATING THE LOADS ON PIPES IN DITCHES

| :—'T‘ni_t ) f?'_—_:f{_tlm_ﬁf |“'_—‘j(,'_u;'-i_1iviu-nt
Weieht aof Fill-iLateral to Tn~|‘-| of Friction
ing. Lbs. per| tical Farth | Against Sides

Diteh Filling

| Cu, It Pressures | of Trench
Partly Compacted Top Soil (Damp) 00 ' 0.33 (.50
Saturated Top Sail ' 110 0.37 ' 0,40
Partly Compacted Damp Yellow Clay | 100 L 0.40
Saturated Yellow Clay 130 ' 0.37 ‘ 0.30
Dry Sand ' 100 [ 0.33 N.50
Wet Sand | 120 | (.33 0.50

sg— e ——

NOTE —The above values of W, K and g’ are for use 1n formulas (2) and (3),
on page 23.

In connection with Table No. 6 i should be noted that it 1s
the value of the product of K and p’, instead of their separate
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values, which determines the weights resting on drain tile and
sewer pipe in ditches.®

For ordinary materials the ratio of lateral pressure, K, is high
when the coefficient of friction, /. is low, and K is low when p
is high.

Hence their product is much more nearly constant than either
separately.

However, p’ will be much affected by the smoothness of the
sides of the diteh, and values lower than those of p for the
same diteh filling materials have been selected for Table No. 6,
to allow properly for those diteh conditions which will bring the
heaviest loads upon the pipes.

Article 15. The Variations of Loads on Pipes in Ditches
Corresponding to Differences in the Consistencies of Dutch
Filling Materials. The consistency (or softness) of the diteh
filling materials is indicated numerically by the coefficient, p, of
internal friction. and is affected hoth hy the character of the
particles of the material, and especially by the degree of satura-
tion with water. The effect of the consistency is shown in a
very clear and interesting manner on Fig. 14, herewith, which
has been prepared from computations with formulas (1), page
32, and (3), page 33,

In Fig. 14, the consistencies of the ditch filling maferials are
shown by the abscissas, which represent different values of p,
the coefficient of internal frietion. For liquids, the value of p
is 0. as shown at the left of the diagram, and for solids the value
of x would be very great, falling heyond the right of the diagram.

A study of Table No. 4, shows that ordinary ditch filling ma-
terials have coefficients, p, of internal friction, ranging from
0.3 to 1.0, limits which are indicated by prominent vertical lines
on Fig. 14. For ordinary diteh conditions, u*, in Table No. 5,
is not often much less than the corresponding values of p, In
Table No. 4, and hence in Fig. 14, the values of **C"" for or-
dinary ditch conditions would be nearly directly over the corres-
ponding values of u, as given at the bottom of the diagram.

Hence Fig. 14 shows clearly the fortunate faet that ordinary
diteh filling materials eause muech smaller loads on pipes 1n
ditches than would be imposed by either softer or more solid sub-
stances. In faet, either liquids, as at the extreme left of Fig.
14, or solids, as beyvond the extreme right wonld impose their full
weights upon pipes in ditehes; whereas ordinary diteh filling
materials impose only fractions of their full weights, sueh as
are indicated by the ratios of the values of **C"" for such ma-
terials, in Fig. 14. to the corresponding maximum values of **C"°
for liquids, at the extreme left.

* See formulas (2) and (3), page 33.
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In Fig. 14, heavy vertical lines have been drawn, and labelled.
corresponding to the sale working values of Kp” assigned in
Table No. 6, for computing the ordinary maximum loads on
pipes in ditehes for 1]|4= common diteh filling materials.  The ex-
cess in the values of “*C77 on these vertical lines over the values
of ““C"" for ordinary 1I|¥{h filling materials shows how mnech
of an allowance has been made. in selec fing the werking values
of K and p” in Table No. 6, for the effect of saturation, in de-
creasing friction and thereby inereasing the maximum loads on
pipes in ditches,
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Fig. 14. Diagram Showing the Values of **C77, the Coefficient of Loads
on Pipes in Ditches, for Different Consistencies of Diteh illing Materials,
from Liquid to Nearly Solid. The Consistencies are Indicated by the
Values of the Abscissas, which Represent g, the Coefficient of Internal
Friction. The Values of **C'"" are Proportional to the Loads on the Pipe
in any Given Diteh.

Article 16. A Table and a Diagram of Working Values of
““C’’, the Coefficient of Loads on Pipes in Ditches. Dy sub-
stituting in formula (3). page 33, the safe working values of K
and p’ given in Table No. 6, page 41, we have computed Table
No. 7. of safe working values of **C"", to use in caleulating the
ordinary maximum loads on pipes in diteles.
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TABLE NO, 7
APPROXIMATE SAFE WORKING VALUES OF “C", THE COEFFICIENT OF
LOADS OX PIPES IN DITCHES

)

Ratio Approximate Values of *'C"
H For Damp Top | p.- Saturated For Damp For Saturated
' Soil and DPry gty | e i as = =
and Web ‘Saud. | Top Soil | Yellow Clay Yellow Clay
; 0.46 | 0.47 [ 0.47 (.48
?g 0_.85 .86 (). =28 0.90
1.5 1.18 1.21 1.25 1.27
2.0 ‘ 1.47 1.51 1.586 1.62
2.5 1.70 W 1.83 1.91
3.0 1.90 1.09 2,08 2.19
3.5 2.08 2,18 2.928 2 .43
4.0 2.99 ‘ 285 2. .47 .65
4.5 2.84 9.49 2.63 2 85
5.0 2.45 2.61 | a.78 3.02
5.5 2.54 5.72 9. .90 3.18
6.0 2.61 2,81 3.01 3.32
6.5 2 . 68 9. R0 3.11 3.44
7.0 273 2 a5 3.19 3.55
7.5 2 .78 3.01 ; 3.27 3.65
8.0 9 B2 3.06 l 3 B¢ 3.74
R.5 9 .85 3.10 | 3 .39 3 .82
a.0 2 88 3 14 3 .44 3.R9
9.5 2.90 3.18 3.48 3.06
10,0 2.492 | 3.20 3. 52 4.01
11.0 2.95 3.25 3.58 4.11
12.0 9.a7 3 98 ‘ .63 4.19
13.0 2.99 3,81 3.67 4.25
14.0 3.00 3.33 | 3.70 4.30
15.0 2.01 3.34 | 3.72 4.34
Tnfinity 2.03 | 2. 38 3.79 4.50

NOTE.—**C’’ is to be used in caleulating the ordinary maximum loads
on pipes in ditehes by the formula,
W= O R 3 e i tare ks oG e (2);
Where W=load on pipe in ditches, in pounds per lin. ft.,
(*—coeflicient of loads on pipes in ditebes,
w=weight of ditch filling material, from Table No. 6, page
41, in pounds per cu. ft,,
B=Dbreadth of diteh at top of pipe, in feet,
H=height of fill, above top of pipe, in feet.
NOTE 2.—For values of H/B not given in Table No. 7, sufficiently ac-
curate values of ““*C’' ean be obtained by interpolation.

For some purposes a diagram of values of **C’ 1s more con-
venient and ¢lear than a table. Hence we present, in Fig. 15. a
diagram of the values of **C’" given in Table No. 7.

The diagram, Fig. 15, of values of ““C’" shows with espeeial
clearness how the loads on pipes in ditches vary with the depth
of the diteh, since **C"" is proportional to the load on the pipe
when the width of the diteh and the nature of the filling material
are constant. Fig. 15 shows that there is very little increase of
loads on pipes in ditches for any increase in depth of fill beyond
10 times the breadth of the diteh at the top of the pipe.

Article 17. A Table of Ordinary, Safe, Working Maximum
Loads on Pipes in Ditches for Different Filling Materials
and Dimensions of Ditches. By taking the safe, working
values of **C7’, the coefficient of loads on pipes in ditches, from
Table No. 7, page 44, or Fig. 15, page 45, and the safe, work-
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ing value of w, the weight ot the diteh filling material in pounds
per cubie foot, from Table No. 6. page 41, 1t 1s easy to subsfitute
in formula (2), page 3¢ {|'1-;u-;|h*|1_ for convenience 1L use, on
pages 44 and 45). and calenlate a table of sate, working, max-
imum loads on pipes in ditches ot different dimensions, when
filled with any of the eommon ditch filling materials. The re-
sults of such computations are oiven in Table No. 8, herewtth.

b
B
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TABLE NO, 8
APPROXTIMATE ORDINARY MAXIMDM LOADS ON DRAIN TILE AND
SEWER PIPE IN DITCHES FROM COMMON DI'TC'H FILLING
MATERALS. IN POUNDS PER LINEAR FT.
m 4
EEE. B==Direadth of Ditch, at Top of Pipe
.::"’::.,
m=T [ | |
I|& B E 2R | 8F: | 4Pk | 5 Ft 1LEY, ' 2Ft. | 3Ft. | 4 Ft. | 5 Ft.
erfynd | | .
Purtly Compacted Damp Top Soil, H Saturated Top Soil.
90 Lbs. per Cu. Ft. 110 Lbs. per Cu. Ft.
2 Feet 130 810 490 G670 830 | 170 380 600 B20 1020
4. A 200 530 BRO | 1230 | 1580 260 670 | 1080 | 1510 | 1950
g 230 690 | 1190 | 1700 | 2230 310 B70 | 1500 | 2140 | 2780
8 " | 250 | 800 | 1480 | 2190 | 5790 ‘ 840 | 1080 | 1830 | 2660 | 8510
10 * 260 B8O 1640 2450 4290 || 350 | 1150 2100 3120 4150
Dry Sand. [ Saturated Sand.
100 Lbs. per Cu. Ft, | 120 Lbs. per Cu, Ft.
2 Feet 150 3240 550 740 910 180 | 410 GH0 890 1110
B R 280 q470 1360 1750 2710 710 11570 1640 2100
G 260 T010) 1820 1890 24810 310 a10 1590 2270 | 2970
g " 280 590 1580 2850 2100 40 1050 1910 2R20 3720
10 290 980 | 1820 | 2720 | 3650 d50 | 1180 | 2180 | 3260 | 48R0
~1 B 400 1040 2000 3050 4150 a60 129l 2400 3650 | 4980
14 400 [ 1090 | 2140 | 3820 | 4580 360 1310 | 2570 | 3990 | 5490
Lo JO0 | 1130 | 2860 | 85560 | 4950 d60 | 1850 | 2710 | 4260 | 5940
IR 300 | 1150 | 2850 | 3740 ! 5280 360 | 1380 | 2820 | 4490 | 6330
20 A J010) 1150 2420 S920 5550 | 300 1400 2910 4700 BEGD
ez 800 | 1180 | 24B0 | 4060 | 5800 || 360 | 1420 | 2980 | 4880 | 6960
24 ° SO0 1190 2540 4180 | 6030 a6o 14810 a(h0 5010 7230
26 " | 800 | 1200 | 2570 | 4200 | 8210 [ 360 | 1440 | 3090 | 5150 | 7180
o8 Y 400 | 1200 | 2600 | 4370 | g390 a0 | 1440 | 3120 | 5240 | 7670
30 400 | 1200 | 26380 | 4450 | ¢580 |! a60 | 1440 3150 | 5340 | 7830
Infinity | 300 | 1210 | 2730 | 4850 | 7580 || 860 | 1450 | 3370 | 5890 g090
Partly Compacted Damp Yellow Cluy 2 Saturated Yellow Clay,
100 Lks. per Cu. Ft. H 130 Llis, per Cu, Fi.
2 Feot | 180 350 550 750 | 938D | 210 470 730 | 1000 | 1240
4 250 620 10160 1400 1800 || 340 B4 1430 1870 24370
g * 300 830 1400 1880 2580 430 1140 1900 2630 8410
. R 230 840 1720 2500 3250 4910 1380 2360 33860 4400
10 * 350 1110 2000 2920 i a880 n20 1570 2760 3980 D270
Qe 360 | 1200 | 2220 | 3320 | 4450 540 | 1730 | 8100 | 4560 | 6050
14 a70 1280 2410 2650 4950 560 1850 d410 5050 G760
156 “ 370 1330 2570 3950 400 || 570 1940 44660 6510 7440
18 380 1380 2710 4210 aB10 bT0 2020 ARKD 58930 ROB0D
20 * 380 1410 2830 4450 3180 580 2090 4070 G280 RG11
33 « 80 1480 20920 4640 GO0 HR0 2140 4240 6610 2130
a4 480 | 1450 | 8000 | 4820 | 6800 680 | 2180 | 4380 | 6810 | 9590
28 " 380 | 1470 | 3060 | 4980 | 70RO 580 | 2210 | 4500 | 7160 |10010
28 M 380 | 1480 ( 8120 | 5100 | 7310 || 580 | 2940 4610 | 7380 110430
BO * 380 | 1490 | 3170 | 5230 | 7530 580 | 2260 | 4700 | 7590 10780
Infinity | 380 | 1530 | 3410 | 6060 | 9480 || 580 | 2340 | 5370 9360 114620

Table No. 8 is
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Engineers, in preparing such specifications, should bear in
mind two 1mportant principles:

First: The specified minimum allowable strengths of drain
tile and sewer pipe should be enough greater than the ordinary
maximum loads given in Table No. 8, to afford a reasonable fac-
tor of safety. See pages 157 to 163 for further discussion and a
definite recommendation on this point.

Second : The pipe must be tested by a standard method, which
duplicates, with sufficient exactness for practical purposes, the
actual diteh conditions of hedding, in order that their test
strengths shall be the same which would actually develop in the
ditch. For a detailed deseription and discussion of such a
standard method, see pages 89 to 99 hereinafter.

For unusual materials, or other unusual conditions, the en-
gineer may make a number of determinations of: First, w, the
weight per cubie foot of the filling material; second, p, the co-
efficlent of internal friction: third, p’, the coefficient of friction
against the sides of the ditech. He may then caleulate the prob-
able loads which will rest on the pipe by means of formulas (1),
(2) and (3), pages 32 and 33. For the measurements of frie-
tion he may use home made apparatus. similar to that shown in
Fig. 13.

Article 18. The Theory of Loads on Pipes in Ditches
Wider at the Top than at the Bottom. In many cases ditches
for tile drains and pipe sewers are dug wider at the top than at
the hottom, and the question arises, what value of I3, the breadth
of the diteh, should be substituted in formulas (2) and (3),
Tables Nos. 7 and 8, and diagrams, Figs. 14 and 15, in such cases?

Fig. 16 shows a seale drawing of a wedge shaped diteh in which
we have actually welghed the loads on the pipe for different
heights of fill, as will be explained later on pages 70 to T4, here-
inafter.

In such cases of wedge shaped ditehes as are shown in Fig. 16.
it must be apparent, on imspection and study, that the weight of
the diteh filling materials will arch over from the sides of the
diteh to the pipe, at about the height of the 45 degrees points on
the circumference of the pipe, as indicated in Fig. 16. Outside
of the 45 degrees points, the diteh filling material is of less verti-
cal depth and will settle less 1n the process of compacting than
the material nearer the center of the diteh.

Henece, a frictional resistance will be developed along the lines
aa in Fig, 16, just as if thev were the sides of the diteh, ex-
cept that the amount of this frictional resistance will be deter-
mined by the value of p, the coefficient of internal frietion of the
ditch filling material. instead of by p’, the coefficient of side frie-
tion.

Hence, further, in the case of ditehes wider at the top than at
the bottom, the proper value to substitute for B in formulas (2)
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and (3), Tables Nos. 7 and 8, and diagrams, Figs. 14 and 15, 18

the breadtl of the diteh at th, height of the 45 deqgree paints on

{h ']}'f]m' CLre H:H_,f'r renee, .}'u_w' a little below the frr;i r.:f the ?}fp;_
That the above reasorn-

o 4./ 2 A mg and statement are cor.
A m N f" NN reet, is demonstrated clear.
Q it KoY lv by the fact that in Ex.

| 1 y 3. the tact that in K
1 f1 N o periment No, 8 Table No.
’:’\ ﬂ N t‘: 12, page 74, the loads on
+N 1 3.69— & the pipe caleulated on this

hasis agree closely with the
loads  actually found hy
weighing, and that loads
caleulated hy substituting
the average width in the
tormulas would he much
larger than the aetual
loads.

L

W
S
Lt 33 e

T

fied Cloy Fpe

: 7 Further proof is found
$ " v | . l 3
;/ ’ in the fact that even in the
- . extreme case shown in Fig.

7, page 20. the comparison.
in Table No. 15. page 84,
of the breaking loads. eal-
cilated for B—the breadth
of the diteh at the top of
the pipe, with the labora.
tory strength of similar
pipe, shows a close corre-
5|'ml||h*nt'1'* Hf Tfll,* t'i‘l}t'lllﬂti‘l'l
loads with the observed
facts as to the cracking of
Fig. 16. Seale Drawing of Diteh  the pipe.
]{..,W'l ‘il:]l‘-lfi[l't'l'IHIil;;IH“.::\';l. 8, ,;!;”]"I“ f\'n[. Article 19. The Effect
I::H"IL‘]I]::I- l"l;;"-» in Ir-:i'r1t-l|ul=:4lh\'\'h|l:‘ i.:l: Hl:.- of super LOH.dS upon LORdS
Top than at the Bottom, on PipES in Ditches. In ad-
dition to the loads caused
by the weicht of the ditel filling. Pipes in ditehes may have to
carry loads resultine from piles of paving hrick. lumber, and oth-
er materials at the surface of the ground. from foundations. from
the wheels of wagons, from road rollers, and fraction engines. ete,
All such loads will be called “*super loads®? i this disenssion.
A super load, then. is iy loned applicd to 1), filling in a diteh
cver and H‘huf'f 1S alrn 1y .*.Irlff.!.f.

chHVirry

”
70

There are two general cases of super loads on ditehes - Flirst,
loads which extend a long distance along the diteh as compared
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with its breadth and depth; second, short loads, such as those
from wagon wheels and road rollers.

CASE 1. Loxeg Surer Loaps, or THOSE OF (‘ONSIDERABLE
LENGTI ALONG THE Drrci As COMPARED WITIH ITS BREADTII AND
Depri.  These are sich loads as might result trom piles of pav-
ing brick, or other materials of construction, on the street.

Fig. 17 shows a seetion of the diteh of unit length.
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Let Li=long super load, per unit of length of diteh,

Liy=load on pipe, per unit of length, due to L.
Ci=coeflicient of loads on pipes in ditches due to long super loads, L.
V=average intensity of the vertical pressure in ditch filling at any

level, per unit of area.

K=ratio of lateral to verticul pressure in the ditch filling,

‘=-coefficient of friction of the diteh filling against the sides of the
diteh,
H=height of fill, above top of pipe.
B=breadth of the diteh, at top of pipe.
e=the base of Naperian logarithms.

Then, considering a thin horizontal slice of the diteh filling
and proceeding as on page 32, we have :

dV 1H : : :
~ = —2Ku’ LB— for the differential equation,
and finally, after integrating and solving,
By — 0l o xe e e (4).
1
WIIEI'E (_1; e T = el it e (ﬁ).
.
FEKJL 5

Using the safe values already assigned for K and p” in Table
No. 16, pg. 41 we have computed Table No, 9, giving safe values
of C;.

TABLE NO. 9
APPROXIMATE SAFE VALUES OF C; TO USE IN FORMULA Lip—=CiLn

Lip=Loads psr Unit of Length, on Pipes in Ditehes, Due to L.
Li—=Long Super Loads on Ditches, per Unit of Length.

= : ' |

H/B 5323] 'rlllz,?} Fiﬂ!urﬂt[fd Damp Yel- Saturated H
Soil | Top Soil low Clay Yellow Clay B

0.0 [ 1.00 ' 1.00 1.00 | 1.00 0.0

0,5 0.85 0.86 0, 3x | 0,89 f 0.5

1.0 0.72 0.75 0,77 0,80 1.0

1.5 0.61 0. 64 0,67 J 0,79 1.5

2.0 | 0.52 0.55 0,59 ! 0.64 1 2.0

2.5 0.44 0,48 0,52 ' 0.57 2.5

3.0 0.37 0.41 0.45 J 0.51 3.0

4.0 0,27 0.31 0,85 | 0.41 1 4.0

5.0 0,19 | 0.23 0.27 | 0.33 5.0

6.0 0,14 0.17 0.20 | 0.26 6.0

R.0 0.07 0.09 0,12 . 0,17 8.0

10.0 0.04 0,05 0.07 | 0.11 | 10.0

NOTE.—H=—Hzgeight of fill in ditch, above top of pipe.
B—Breadth of ditch, at top of pipe.

We have checked the mathematical theory given above, which
leads to formulas (4) and (9) and Table No. 9. by weighing the
actual loads on two pipes, at different depths in ditches, pro-
duced by superloads of pi1g iron. The results are given in Table
No. 13, pg. 75. and show a very close correspondence of the
theory with the actual welghts.

ExamrrLe 1. What load should he provided for as imposed by
a pile of paving brick, 6 feet high, on a 24 in. pipe sewer, whose
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top is 6 ft. below the street surface, the diteh being 3 . wide at
the top of the pipe, and the filling vellow elay 7

Solution. The weight of the paving brick as piled would proh-
ably be about 125 Ibs, per eu. {1, Henee Ly would be 125 x 6 x 3
— 2950 1bs, per lin. {1, 1f the diteh filling has been deposited re-
cently and is not in danger of saturation. C, would be taken
from Table No. 9; for damp clay, and for a value of H/B =
6/3=2. Hence Ly, = 0.58 x 2250 = 1300 1hs, per lin, ft.

NOTE. ~If the elay filling has been thoroughly consolidatesd for a sufli
cient time to develop cobesion, Ly, would be much stoaller, unless there is
danger of saturption, s by hwavy rains, which might destroy the eohesion.

If the soil were sund, instend of clay, however, colesion would probably not
groatly affect the result, and Liy wonld be 052 X 2030 = 1200 lhs, per lin. 4

CASE 2. Snowr Svrer Loaps, Sucn as Toose FrOM W AGONR,
TracTion ENGINgs Axn SteEas Roap ROLLERS. Lt
Laeshort super load, per unit of length of ditel.
A= the distance L, extends along the ditch,
lqlv-—thn lond on pipe, per unit of jength, due to Ls
i.‘zi‘ﬂﬂﬂlr‘iﬂlll. of logds on l'il‘l"" i ditehpes due to short !Iilil‘.‘rll_ﬂl{lﬁ. Ly.
Ve Average intonsity of vertieal pressure in the diteh filling nt any
level, por unit of nren.
K—TRatio of laternl to vertical pressare in the diteh filling.
Ka=The ratio of longitudinal to vertical pressure in the diteh filling.
w=rcoeflicient of internal friction in the diteh filling,
W eeorMicient of friction of the diteh Hlling agnipst the sidles of the
diteh,
1= height of fill, above top of [ 1
Be=hreadth of ditel, at top of pipe.
e—Imso of Naperian Jogarithms,

In the case of short super loads, the length of the short section
of diteh shown in Fig. 17 would be A instead of unity, and the
ends of the thin horzontal shee would be subjeeted to frietion
equal to 2 K, VaBdll.

Henee the differentinl equation wounld be

iV . dll ! dl
g = = 2R’ B 2R.p N and the final  result
would be |
l.l,p = {.-..ll-.. ................................. (6 ¥y
1
Where C, = —m™W-————— e o KON
i !
E}{H' — El{dﬂ —
i ) E A

The most uncertain factor in equations (61 and (7) 18 the
proper value of K, the ratio of the pressure parallel to the uxis
of the ditel at any point in the diteh filling to the vertical pres-
sure.  Sinee the diteh filling s less solid than the diteh, and
henee vields more readily to pressure, it seems apparent that the
longitudinal horizontal pressure in the diteh filling at any point
will eertainly be less than the lateral (or teansverse) horizontal
pressure ; that is, K, will certainly be less than K,



TABLE NO. 10
APPROXIMATE SAFE VALUES FOR Csx TO USE IN FORMULA Lisp=—=CyTLx

Lsp=loads, per unit of length, on pipes, in ditches, tIiJ'El::_tI:i.’_ under L, due to Ls.
Ls=short super loads on ditches, per unit of length, of length A aslong diteh.

Sand and Damp Top Soil || Saturated Top Soil |1 Damp Yellow Clay || Saturated Yellow Clay

BMi=LK | K.—KkK [l Ka=3iiK | K=K ] Ka—=%K | Ki—K I_¥e=LBK | K.—K
H/B F— | A— N — | A= I A= j e | A= | A— H/B

B | B ' B B l | B B | | B ] B

B — B — B —_— — B f — B — B —_ B —

10 10! ||| 10 10 | 10 10 10 10
0.0 (/1,00 1.00 1.n0' 1,00 [ 1.00 |1.001.00 | 1.00 || 1.00 [ 1.00 1.001.00(]'1.00]|1.00 1.00 [ 1.00 ] 0.0
0.5 0.97 10.82 | 0.70 | 0,12 0.78 | 0.33 [ 0.71 | 0.18 0.7910.84 | 0,72 | 0.13 0.81]0.34'| 0.74 0.13 0.5
1.0 0.5910.11 10,49 | 0. o2 0.61 [0.11 | 0.51 [ 0.p2 0.6310.11 (0,52 | 0.0 | 0.66 0.12 |0.55 [0 po 1.0
1.5 0.46 n.na} 0.84% 0.48 | 0.04 | 0.38 0.51 ( 0,04 | 0.38 0.54 (| 0.04 | 0.40 5.5
2.0 0.3510.01/| 0,24 ’ 0.38[0.01[0.28 0.40/1 0,01 | 0.27 0.44 | 0.01 | 0.30 2.0
215 r‘ D.27 l{:-. 17 0.2 .18 0,32 (.20  0.85 D.22 1 2.5
8.0 {l'o.a1 0,12 0. 2 0.13 0.25 0.14 | 0.29 0.16 3.0
4.1 ]u.lz 0.06 0,14 (.07 0.16 0,08 0.19 .00 4.0
5.0 0.07 0.03 0,09 0.03 .10 0.04 0.13 0.05 5.0
6.0 0. 04 0.01 0.05 | 0,08 0.06 0.02 0.08 0.03 6.0
8.0 0,02 I 0.02 (.03 0.01 0,04 0.01 8.0
10.0 [l 0l01 | | 0.01 | ([0 01 | 0.02 | : 10.0

NOTHE 1.—H=—Height of fi|] in diteh, above top of pipe.
B—Breadth of diteh, at top of pipe.
—Ratio of laternl pressure to vertical in the ditech filling.
Ka—=Ratio of longitudinal pressura to vertical in the ditch filling.

NOTE 2 —Values of Us for Ka—O0 are given in Table No. 9, page 50.
NOTE 3.—The formnlga Lisp=CyLix holds true only directly undey Ls.  Bevond Ls, in either direction, the intensity of load on the pipe
diminishes rapidly.

NOTE 4.—The above formulas, Nos. (6) and (7), and Table No. 10, have not heen checked hy weighings of the actual londs on pipes in
difches, as was done in the case of formulag (2) to (5), and Tables Nos. ‘7 to 9. Hence, caleulations based on formulas (6) and
(7) and Table No. 10 cannot be considered very reliable. '

cY
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For diteh filling in very loose condition, K, will probably be
small, but will in any case be considerably greater than 0.

For diteh filling thoroughly consolidated and compacted by
time and by water, K, will probably approach equality, but al-
ways remain somewhat less than K.

For K, = 0, C. becomes equal to C,, for which values are
already given in Table No. 9.
For K, = 14 K, and tor K, = K, approximate safe values

of C. are given in Table Na. 10, above, for short-super loads.
of length along the ditch A — B, and A = /10, using the safe
values for K, p and " given in Table No. 6, pg. 41.

ExampLe 2. The wheel of a steam road roller is 22 in. wide
and carries a load of 8000 1bs. When rolling transverse to the
street, what load will 1t impose on an 18 in. pipe sewer, 1n a
recently settled diteh, 214 fi. wide at the level of the pipe, with
T4 ft. height of yellow elay filling?

Nolution. The length A of load in this case is 0.731B. The
alue of /B = 7.5,/25 — 3.0. Assuming that the longitudinal
pressure in the diteh filling is 14 the lateral, and interpolating
in Table No. 10, hetween the values of 0.25 for A — B. and 0 for
A = B/10, we find that . = approximately 0.18. Ience, ap-

: SO0 : :
proximately, L, — 0.15 x 783 — 800 Ibs. per hin. ft,

NOTE.—The pessible effect of cohesion may be taken into acconnt in
the ease of an old diteh, with clay filling, as already noted on pg 5l

As illustrating the possible degree of uncertainty in the above
computed result, due to the fact that we are nuncertain as to the
proper value of K,. the ratio of longitudinal to vertieal pressure
in the diteh filling, we may note that in Example 2,
for K, = 0. C. = 0.45_approximately (See Table No. 9.) ;
for K, — 1/2K. €. — 0.1R, approximately (See Table No. 10) ;
for K, = K. (. = 0.10, approximately (See Table No. 10).

Evidently caleulations made by formulas (6) and (7) and
Table No. 10 are not very reliable, and there is great need of a
series of tests of the actual loads on pipes caused by short
super loads, but such tests would be very difficult to make, and
test results are not available.

In the meantime formulas (6) and (7) and Table No. 10 will
be of some value to engineers of good judgment, in assisting
them to make reasonable safe allowances for the probable effect
on the loads on pipes in ditehes from heavy concenfrated loads
on wagon wheels, traction engines, and road rollers.

In ihe discussion of Mr. F. A. Barbour’s paper, **The Strength
of Sewer Pipe and the actual Earth Pressure in Trenches,”” read
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before the Boston Society of Civil Engineers, Nov. 17, 1897, % M.
Henry Manly stated that in seven years experience in running
steam rollers over recently filled sewer and drain ditches in
Boston he had encountered very few cases, and those only in
very shallow ditches, where the pipe had erushed from the effect
of the roller. Moreover, he stated that when an excavation is
made in a rolled street the visible effect of the steam roller does
not extend fturther than a foot or two below the surface. On the
other hand, Mr. Harrison P. Eddy, Superintendent of Sewers at
Worcester, Mass., said:

““My own experience is that sewer pipe breaks, nine times out of ten, in
shallow trenches, and not in the deeper ones, —— - and I always be-
lieved it was on account of the extreme pressure put upon the pipe due to
the lack of protection, from the small amount of material about the pipe.’’

Article 20. The Effect of the Shock of Tamping Upon
the Loads on Pipes in Ditches. There is reliable evidence that
the shock of such tamping as is commonly prescribed in sewerage
specifications may often be the determining factor in causing
cracking. Mr. Jas. N. Hazlehurst, M. Am. Soc. C. E.. Atlanta,
Ga., has described a case ocenrring in his own experience in “‘an
important southern city,”™* where very thorough tamping with
a 40 Ibs. rammer was required in sewer ditches in which a laree
amount of 15 1. to 24 in. cracked pipe was afterwards found,
under depths 6 to 21 ft., the greatest damage heing found in
ditches of shallow cover. Mr. Alexander Potter, M. Am. Soe. (.
E., New York, has described an instance in his experience *%¥
where 24 1n. pipe, in a 6 to 8 ft. ditch, cracked mueh more ex-
tensively when special pains were taken by the contractor in re-
filling and ramming.

Mr. Potter also testifies that he found more cracked pipe in
shallow than in deep ditches in the construction of the 150 miles
of joint sanitary sewers in New .Jerseyv: but in conneection with
this statement, and that of Mr. Hazlehurst. it should be remem-
bered that in any average sewer system there is apt to be a
much: greater length of shallow and medium than of very deep
sewers, and an engineer might fail to recoonize this fact properly
In t]i!‘it‘ll:‘iﬁillg.:* the relation of cracked ]'ni[n* 1o t]t‘--[ith, So far as
weight of refill alone is concerned, there is absolutely no doubt
that the lcads are greatest in the deepest ditech. The effect of
the shock of tamping shonld apparently be the same in a shallow
as in a deep diteh.

Fig. 18 is drawn to scale to show the conditions in tamping a
30 1. pipe with 6 in. cover. the diteh affording 6 in. clearance
cach side of the pipe. 5

* See Jonrnal of the Associntion of Engineering Societies. Vol 19, pp. 193-1141,

* See Table No. 1, p. 24, hervin, and Municipal Engineering, Vol. 84, p. 293.
*** See Municipal Engineering, Vol. 30, p. 200,




518
-
k!
o
b
T il
II',"
-
ﬁ. r'-"-l- - -
YA Fammer<r|}.- . Highest
A we: F= ol
werghirng T = fol/

,z BT o, P Cn, | — = :}
: 'm. i i ‘II'I. g I'I IT' w—b —-;:'n} = am. )
S s aukaletod s PESS/ONT
LY --_,_,'__ " - T -=s ﬂg‘r'r‘ it ',.
‘{‘3 = g m e A EE A P 7
SR ol e S5 AR,
== i e L o .::,
O R Zve 2K
\- '.__l = In_ﬂ _|_,"‘I "/"
: ‘l: l.l. :.;\\“
S RS 8 S
H .-'-: .-1“' "‘/“@
z i J.. 3 RS >
z \1' : ___ -.J'- _ -1,"1
.- { I_.'.J_ = _:'_- ?j‘.
] = Ay 2 {?
r_; Hlff l'; . '& %’

Fig. 18. Figure Illustrating the Theory of the Effect of the Shock of
tamping upon Loa Is on Pipes in Ditches,

Let T=weight of rammer vsed in tamping.

l.et b=length of ove side of rammer.

Let F=height of fall of rammer.

Let {=compression of filling material under one blow of rammer at
the end of the tamping,

Let T.— the maximum pressure on the earth filling resulting from the
shock of a blow of the rammer.

The pressure on the earth filling is 0 at the heeinnine of the
compression, and averages 14 T. during the process of compres-
sion. lence

f — TF. whence

For a thin depth of cover, especially over a large pipe, prac-
tically the full pressure T, will be transmitted to the pipe.
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For greater depth of cover, part of T, will go to the sides
of the diteh, and only a part will be fransmifted to the pipe. In
such case an area of pipe equal to the arvea of the rammer, and
directly under the rammer, will probably carry approzimately
the percentage of T, for different depths of cover given in Table
No. 10 for K, — K, A = B, and H/B — H/b. The pipe will
also carry additional pressure from T, outside this area.

Examrre 3. What loads were probhably imposed on the sewer
. . . ; 3 R r Y
pipe in the case mentioned hy Mpr., .J. N, Hazlehurst (See pg.
54) where a 40 lbs. rammer on 6 in. cover apparently eaused
some cracking, and was superseded later with success by a 30 1bs.
rammer on 12 in. cover, the rammer being 8 in. square, and the
filling material clay?

Solution. Since the ramming was carefully inspected, and
was required to be very thorough. it seems reasonable to assume
that the height of fall was at least 0.5 ft. and that the ramming
was continued until a ecompression of about 14 in. (=0.01 ft.)

0.50
0 01— 4000 1bs.

for the 40 lbs. rammer, In Table No. 10, we find, for H/B =
H/b = 0.5/0.67 = 0.95. K, = K. A = B, under damp clay,
that about 62% of T, or 2500 lbs. would be transmitted to an
area of the pipe 8 in. square, dirvectly under the rammer, with
a total shoek load on the pipe somewhere hetween 2500 and
4000 1bs.

For the 30 Ibs. rammer with 12 in. cover, and perhaps 0.015
ft. compression under the final blow, T, = 2000 1bs., with 38%,
or 800 Ibs., transmifted to an area of the pipe 8 in. square,
directly under the rammer, and some further pressure outside
this area.

was produced by one blow. Hence T, — 2x40x

From these results it is apparent: First, that the 40 Ibs.
rammer on the 6 in. cover may readily have caused some crack-
ing of the pipe; second, that the 30 Ibs. rammer on the 12
in. cover was probably not much, if any. more than one-third as
severe on the pipe.

The authors have recently obtained and studied 28 sets of
sewer specifications, covering 22 of the principal eities of the
United States and the practice of six leading sanitary en-
gineers. We find the requirements as to tamping generally to
be lacking in definiteness. Only four specifications gave the
welghts of rammer, and these ranged from 12 to 30 lbs, Four
specifications required 12 in. eover, one 9 inches, eight 6 inches,
one 5 inches, and one 4 inches. Two prominent cities require
that the filling material shall be earvefully pounded, in 6 in.
layers, with a 30 Ibs. rammer in one city, and 25 1bs, in the other,
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which we believe to be dangerous treatment of filling nearer
than 12 in. to the pipe.

We believe the best specification we have seen for tamping
material within the danger distance from the pipe to be that
eredited in *‘Sewer Specifications,” Clay Products Publicity
Bureau, Kansas City. Mo.. to Hering & Fuller, of New York.
This reads as follows:

‘¢Suitahble material shall be filled in and bronght up evenly on hoth
sides of the sewer pipe, and carefully shoveltamped, or rammed with a
tool having a face about 114x5 in. and weighing 5 to 7 lbs,, so as not
to disturb the pipe joints, at the same time making the filled trench thor-
oughly compact, until the filling reaches one foot ahbove the top of the
sewer. "’

““When the back filling has been carried fo one foot ahove the top of
the sewer it shall be thoroughly rammed with ramming tools having faces
of 25 to 36 sq. in, and weighing (not less than) 20 Ihs.”’

We would cut out the words ““not less than’', in the last hine
of the above specifications.

It should be remembered that the danger of cracking pipe by
tamping increases greaily as the weight of the rammer inereases,
while the same consolidation can be secured by a greater number
of blows from a lighter rammer with a smaller face.

Article 21. The Effect of Ditch Sheeting Upon Loads on
Pipes in Ditches. Ditch sheeting is used so extensively in

“sewer and drain construction, in order to prevent caving, that

the question of its effect upon the loads on pipes in ditehes 1s of
considerable mmportance.

Smooth vertical sheeting in place, with all inside braces and
rangers omitted, or removed before rvefilling above them, would
increase the load on the pipes beyond that of an unsheeted dileh
i stmalar soil, by deereasing the side friction, whose cocfficient
is p’, as appears in Table No. 5, pg. 40. The same fact was
shown experimentally by Barbour, as will appear by comparing
his experiments Nos. 2 and 3, given in Table No. 14, pg. 81,
hereinafter. In this case the inerease in pressure was 117%. We
would estimate that in the average actual diteh the increase in
the loads on the pipe due to smooth vertical sheeting left in
place in the diteh might be 8 to 15% of the loads from the
freshly deposited granular filling materials.

The above may be eonsidered the ordinary case when the sheet-
ing is left permanently in place.

In case the diteh should be refilled without removing the n-
side braces or rangers, the rangers would prevent sliding of the
filling in actual contact with the sheeting, and substitute an in-
ternal frictional resistance along the vertical plane of the inside
surface of the rangers. IHence, when the ditch is refilled with
sheeting in place, supported by lines of horvizontal rangers, the
loads on the pipes in the ditches should be about the same as
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in unshected ditehes. Barbour's Experiment No. 6, given in
Table No. 14, pg. 81, hereinafter, demonstrates the truth of
the ahove statement. In faet the rangers would have the effect
of decreasing the width of the diteh, and so would actually de-
crease the load on the pipe, as also appears in Barbour’s Ex-
periment No. 6,

The effect of the removal of the sheeting upon the loads on
pipes in ditehes is an important question, concerning which we
have as vet no experimental evidence. There are two cases for
consideration :

First, when the sheeting is removed, during or soon after re-
filling while the filling materials are still in a granvlar condition.
It seems to us plausible to surmise that, as the sheeting planks
are pulled one by one, the granular filling materials will read-
just themselves, so that there will be little effeet upon the load
on the pipe.

Second, in the tmprobable case that the sheeting should be
left in place for a very long time, until the filling materials be-
come thoroughly eonsolidated, and until cohesion has developed
in them to the greatest possible extent, then, in the ease of clay
filling, it seems to us plansible to surmise that pulling the sheet-
ing might have the effeet of practically eutting connection be-
tween the filling and the sides of the diteh, greatly inereasing
the load on the pipe, and perhaps even making it practically
equal to the entire weight of the diteh filling. This contingency
is entirely dependent upon the development of strong cohesion
in the diteh filling, and could not oceur with sand filling.

The effect of settlement of the sheeting while still in place
after the refill 1s of some interest, though such settlement s,
perhaps, not very apt to occur. Any such settlement, of ap-
preciable amount, would materially increase the load on the pipe
in the diteh, for it removes. or at least reduces, the side support,
which ordinarily carries a quite large part of the weight of the
filling.  Barbour’s Experiment No. 4, and his super load ex-
periments, both as given on pgs. 81 and 82, hereinafter. show
abnormal results which seem to us most readily explainable
on this principle.

Finally, with regard to the effect of diteh sheeting nupon loads
on pipes in ditehes, after careful consideration. we belicve that
the values of **C°" and of the ordinary safe maximum loads on
pipes an ditches, given in Fig. 15, and Tables Nos. 7 and 8, will
provide safely for all probable ovdinary effect of ditch filling,
except when the sheeting is Teft permanently in place, in which
case the estimated marimum loads should be incrcased 10% to
15%.

Article 22. The Effect of Consolidation of Ditch Fill-
ing Materials, and of Variations in Their Consistency by
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Tamping, Flooding, Weather and Time, Upon the Loads on
Pipes in Ditches. The theory of loads on pipes in ditches
which has been developed in this chapter is based on the prin-
ciple that for freshly deposited granular ditch filling materials.
and others without cohesive strength, the pipe must carry the
entire weight of diteh filling materials above it. within the
breadth B, exeept such part as is carried by side frictional re-
sistance. The actual weighings of the loads on pipes in ditches
in the tests which are yet to be deseribed in Chapter IV of this
Bulletin will demonstrate the correctness of this theory, and of
formulas (1) to (5) resulting from it.

With the passing of time after the refilling of a diteh is com-
pleted, however, the constitution of the ditch filling changes, and
affects 1ts properties in such a way as certainly to change the
load resting on the pipe. 1t is the object of this article to in-
quire into the nature of these changes, and their effect upon the
loads on pipes in ditches.

FIRST: Ditch filling materials may be consolidated during
construction by ramming or flooding, and they tend to consoli-
date after construction by flooding and time, in such a way as
greatly to increase their weights per cubic fool.  Any such in-
crease wn the wml wetghts per cubic foot will increase the loads
on the pipes in proportion to the weights per cu. ft. Except in
the case of clean sand or gravel filling, however, the consolidation
will develop a cohesive resistance, which for most of the time will
offset the increase in load, at least in part. o

SECOND: Consolidation of the ditch filling materials, con-
sidered apart from the temporary softening effect of any water
saturation causing it, would probably slightly decrease the frie-
tional resistance and thereby slightly increase the loads on pipes
in ditehes, as clearly indicated in Fig. 14. Except in the case
of clean sand or gravel filling, however, such consolidation will
certainly be accompanied by the development of a cohesive re-
sistance, which will more than offset anyv increase from the
change 1n frietion.

THIRD: C(Caonsolidation of the ditech filling materials, con-
stiddered apart from the temporary softening effect of any water
saturation causing t, and crcept in the case of clean sand or
gravel filling. will be accompanicd by the development of co-
hesive strength, or ability to resist shearing stresses independ-
ent of lateral pressure. The development of this cohesive
strength, including cohesion of the ditch filling to the sides of
the diteh, together with the shrinkage of the filling materials as
they consolidate with time, materially relicves pipes i ditehes,
as time passes, from the loads they carry when the ditehes are
freshly filled, and from the maximum loads which wmay develop
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later from saturation by flooding and from increase wn wnal
weight of diteh filling.

This principle seems clearly demonstrated by the fact that
in all our actual weighings of loads on pipes in ditches, re-
ported in Chapter 1V, hereinafter, the loads on the pipes ma-
terially decreased with the lapse of time after the filling was
completed, and became much smaller than can be explained by
the highest possible frictional resistance alone.

FOURTH: Softening of the consistency of the ditch filling
materials by saturation with water from flooding, from time to
time, will weaken and perhaps destroy cohesive strength, and
decrease frictional resistance, and will thereby matermally in-
crease the loads on pipes in ditches, the inerease gradually disap-
pearing as the filling material dries out again. We believe that
the marimum loads on pipes in ditches, from the weight of
ditch filling, will ordinarily occur at the time of the first very
thorough flooding of the ditch after refilling is completed, for
then there will be a material settlement of the filling material,
weakening the junction with the sides of the diteh, while this
junction is at the same tome berng ubricated with water. How-
cver, it is entirely possible that the mazimum load maght occur
at a later date, due to an extreme saturation of the filling ma-
terial at the time of some later and greater flood. After the
maximum load has oceurred, the load on the pipe in the diteh
will again gradually decrease, owing to the re-development of co-
hesive streneth and inereased frictional resistance.

These are the phenomena shown in the aetual weighings of
the loads on pipes in ditches, reported in Chapter 1V, hereinatter.

However, we were unable to saturate the materials in our ex-
periments as thoroughly as we believe theyv are hable to be
saturated under actual field conditions, owing to the fact that
we were testing only a few feet length of pipe, and our ditch
was open from top to bottom at each end of the test section,
thus affording very open drainage to the diteh filling.

We have platted some points from cur experiments on Fig. 15,
and it will be seen that they fall a little short of the safe
values of “*C7" assigned for saturated yellow clay, the ditch
filling used.

We behieve the safe values of ““C’’ given in Table 7 and Fig.
15 to be large enough to provide safely for the ordinary maxi-
mum loads ¢n pipes in ditches due to weights of diteh filling.

In confirmation of this, Table No, 15, pg. 84, hereinafter
shows that all known cases of eracking of sewer pipes in ditehes
for which definite data are available can be accounted for, in
comparison with the strength of the same or similar pipe, by
loads computed by formulas (2) and (3), and Fig. 15,

P——— e
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In further confirmation, Table No. 16, pe. 87. liercinafier.
shows that in numerous cases pipe are standing sound in existing
ditches, which would certainly erack if the maximimm loads on
them were much greater than those computed by formulas (2)
and (3) and Fie. 15.

In confirmation of our general cenclusion, stated above. as to
the time and mode of oceurrance of the maximum loads on pipe
in ditches, we quote the statement of Mr. Alexander Potter.® en-
dorsed by Mr. J. N. Hazlehurst.** {hat :

“* From examination of constructed lines of pipe sewers, it is almost cer-
tain that if a pipe line ruptures at all it will do so at the fime of the

first heavy rain storm after the trench has heen completely back filled,
provided the frost is out of the ground when the rain oceurs.'’

Article 23. The Probable Effect of Freezing Upon Loads
on Pipes in Ditches. It has been sugoested that freezing and
thawing may have an important effect, in cold climates, upon
the loads on pipes in ditches which do not extend far below the
frost line.

There 1s authentic evidence that drain tile have eracked in
freezing weather, during winter construction work, with only
a foot or two of earth thrown on them from the hottom spading.
In one instance several tile cracked over night without any
covering whatever.

In these cases there was little or no space between the sides
of the tile and the sides of the ditch, and frozen clods of earth
would prebably make a solid connection.

Undoubtedly, the explanation of the eracking is horizontal ex-
pansion of the freezing sides of the diteh against the sides of
the drain tile.

The remedy 1s to cover the tile deeper.

We have no evidence that freezing will increase the vertical
pressure on drain tile or sewer pipe in ditches, and we do not
believe it likely to do so.

Article 24. Recapitulation of the General Principles of
the Theory of Loads on Pipes in Ditches. In closing Chapter
111, it may be well to recapitulate briefly the general prineiples
of the theory of loads on pipes in ditches, as it has been de-
veloped therein,

1. The werght of the filling in a drainage or sowerage diteh,
AT THE TIME OF MAXIMUM LOAD ON THE PIPE, is car-
ried partly by the pipe, and partly by friction against the sides
of the ditch. Cohesion greatly redices the loads carried by the
mpe at ordinary times, after the ditel is refilled and partly con-
solidated, except in the case of clean sand, or gravel filling, but
does not appreciably affect the MAXIMUM loads.

* Municipal Engineering, Vol. 30, p. 290
** Municipal Engineering, Vol 34, p. 203,
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2. The marimum loads on pipes in ditches, due to the weight
of ditch filling materials, will usually occur at the time of the
first very thorough surface flooding of the diteh filling after
construction, when there is a large scttlement of the refill, but
there as possibility of their occurring later, at the time of ex-
treme saturation of the ditch filling, by surface flooding of the
ditch and by overcharging of the drain or sewer. The maximum
loads may even be postponed for many years in some cases, as is
Jrequently shown by settlement of the filling in old ditches dur-
g paving construction.

3. Nafe values of the ordinary maximum loads on pipes in
ditches, due to the weight of ditch filling materials, can be com-
puted by formula (2), pg. 33, using the values of ““C°’ given
i Table No. 7 and Fig. 15, pg. 45, or, more conveniently car
be estimated directly from Table No. 8, pg. 46. The above
formulas have been very completely checked by actual weigh-
igs of loads on pipes in ditches, whose results are given in
Tables Nos. 11 and 12, pgs. 71 and 74.

4. In calculating the mazimum loads on pipes in ditches, die
to the werght of diteh filling, by formulas (2) and (3), Fig. 15
and Tables Nos. 7 and 8, the value to use for H is the height of
the filling above the top of the pipe, and the value for B is the
breadth of the ditch a little below the top of the pipe. The
width of the ditch above the pipe makes practically no differ-
ence an the load on the pipe, which is just as great for a vertical
ditch as for one several times as wide at the top, but of the
same width a little below the top of the pipe.

5. IN DITCHES OF PROPORTIONS CUSTOMARY IN
ACTUAL WORK, the diameter of the pipe used in any par-
ticular ditch, of a fived, given width, makes practically no dif-
ference in the load on the pipe. A 12 inch pipe will have to car-
ry the same load as an 18 inch pipe, if both are placed in ditches
2 [t wide, under other similar conditions. (See experiments
Nos. 2 and 3, pg. 71).

6. The width of the ditch a little below the top of the pipe
makes a great difference in the load on the pipe, which is very
much heavier for wide than for narrow diteh s, (See Table No. 8,
pg. 46. Also sce the case of the 16 inch tile in District No.
29, Sac Co., lowa, which cracked in a ditch 3.0 ft. wide, see
pg. 84, but remained sound in a diteh 1.7 ft. wide, sce pg.
87, both under 8 ft. of fill. The caleulated load was 2100
lbs. per lin. ft. in the first case, and onl y 1000 lbs. per lin. ft. in
lhe second case).

7. In case a wide ditch is necessary for constructive reasons,
the load on the pipe can be diminished greatly, wn firm soil, by
stopping the wide ditch a few inches above the lop of the ppe,
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and digging in the bottom the narrowest ditch practicable to
receive the pipe, making bell holes at the side for the sewer pipe,
if mecessary.

8. The loads on pipe in ditches, due to the weight of ditch
filling, increase for greater depths of fill, but the proportion of
the total weight of filling carried by the pipe decreases as the
depth increases, and after the depth of fill becomes cqual to ten
times the breadth of the ditch at the top of the pipe there 18
practically mo further increase wn the load on the pipe [or
greater depths.

9. ‘The loads on pipes in ditches, due to the weight of ditch
filling, are dirvecily proportional to the weights per cubie foot
of the ditch filling matertals.  Of the common diteh filling ma-
terials, clay is the heaviest, and black top soil the lightest, sand
being intermediate. For safe wewghts per cubic foot, see Table
No. 6, pg. 41.

10. Grades or fills built over the surfaces of completed
ditches, and piles of sand, gravel and other materials having in-
ternal friction, operate to increase the loads on pipes in ditches
to the same extent as an equal added height of ditch filling, for a
ba:ﬁadth, of ditch equal to that at a little below the top of the
ppe.

11. A SUPER LOAD is any load applied to the upper sur-
face of the ditch filling, except loads from fills or heaps of
granular materials. A LONG SUPER LOAD is one extending
a considerable length along a ditch, as compared with its depth
and breadth, and may be caused by piles of paving brick, lumber,
ete., over the ditch. Long super loads on completed ditches
cause inereases in the loads on pipes in ditches by percentages of
the super load which decrease as depth increases, and safe valies
for which can be compuled by formula (4) and Table No. 9, pg.
50. Formula (4) has been closely checked by actual weigh-
ings of the increase in loads on pipes in ditches due to super-
loads, whose results are given in Table No. 13, pg. 75.

19 A SHORT SUPER LOAD is one extending a short dis-
tance along a ditch as compared with the breadth and depth,
and may come from the wheels of wagons, traction engines,
steam road rollers, ete.  Short super loads, on completed datches,
cause increases in the loads on pipes in ditches by percentages
of the super load which deerease as the depth increases, and safe
values which can be estimated, but not very reliably, by formula
(6) and Table No. 10, pg. 52. Formula (6) and Table No.
10 have not been checked by actual wetghings of inerease of loads
on pipes in ditches.

13.  Cracking of pipes in ditches s som ctimes caused by heavy

tamping of the filling materal over it, or too thin a cover layer.
3
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The pressures transmitted to the pipe by tamping with rammers of
different weights, on cover layers of different ﬂaiaimz-ﬁsses, may he
estimated, but only approzimately, by the aid of formula (8),
Pg. 55 and Table No, 10, pg. 52.

4. Ordinary ditch sheeting may cause some increase in the
loads on pipes in ditches Jrom fresh filling, but does not increase
the probable maximum loads unless left in permancitly,

15. Freczing, and consequent horizontal expansion of the
sides of ditehes against the sides o ! the pipe, sometines CAuUses
cracking of drain tile and scwer pipe, where they are not covered
sufliciently deep.

16. The general effoct of the lapse of time after the comple-
tion of the refilling as to decrease rather than inerease the loads
on papes in ditches, though the mazimum loads, as indicated in
principle 2, abave, generally do not occur until some (ime after
the refilling is fimished, and wnder certain conditions may not
occur for many years.
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CHAPTER IV

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 Theory of
Loads on Pipes in Ditches by Actual Tests. Mathematical
theories are of value in engineering only in so far as they are
soundly based on correct experimental data. Hence it has been
necessary to subject the theoryv of loads on pipes in ditches de-
veloped in Chapter T11 to the test of a eareful series of weighings
of the actual loads on pipes in ditches, and of a careful com-
parison with the actual observed facts as to failure and sound-
ness of pipes in specific ditches under actual use.

It is the object of Chapter IV to give all obtainable results of
stch tests of the theory of loads on pipes in ditches,

Article 26. General Plan of Tests at Ames of Actual
Loads on Pipes in Ditches. We can find record of only one
previous attempt to make actual tests of the loads on pipes in
diteches. namely, that by Mr. F. A. Barbour, Boston, 1897, which
was called to our attention after our own tests were well under
way, and which will he deseribed and discussed later, in Art. 31,
pes. 79 to 83. Mr. Barbour’s tests were made in such a way.
as we shall demonstrate in that discussion, as to have led
him to very erroncous conclusions, both as to the actual amount,
and as to the general laws of loads on pipes in ditches.

We early decided that it was necessary for us to nndertake an
oxtensive series of tests of the actual loads on pipes in ditches,

In planning these tests it was decided to test the loads on actual
drain tile and sewer pipes, placed in ditches dug to imitate
closely actual practice in Towa in drain file and sewer construc-
tion. so that there might be no question as to the correspondence
of the loads with those in actual use. To make absolutely certain
that the method used for supporting the ends of the section
tested did not affect the loads on the pipe, it was decided to run
tests on, two sections, one more than three times the length of
the other. because if there were any such appreciable effect it
would certainly make the result for the short section differ ap-
preciably for the same heights of fill from those for the longer
section.
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It was also decided to try pipes of different diameters, from
12 in. to 36 in. inside diameter, in ditches of different widths,
from 1.5 ft. to 4 ft., and of different heights of fill above pipe,
from 0 to 17 ft.

Two tests were planned with pipes of different diameter in
the same diteh.

One test was planned of a ditch with sloping instead of
vertical sides.

Two tests were planned of the effect of heavy super loads of
pig iron, on top of different heights of fill,

Tests were planned of the variation of the loads on the pipes
with the lapse of time after com pleting the fill.

Tests were also planned of the effect of saturation of the ditch
filling upon the loads on the pipes.

It was decided that in all these {ests the loads on the pipes in
the ditches should be actually weighed, hy supporting the pipes
from a system of levers leading to a platform scales.

Article 27. Description of Apparatus Used at Ames in
Tests of Actual Loads on Pipes in Ditches, The apparatus
used in our tests is shown in eross section m Fig. 19.

Solid conerete foundations were constructed each side of the
experimental ditch, far enough away to avoid danger of inter-
ference with or from the ditch. On these was placed a substan-
tial system of steel T heams and levers, from which the pipes in
the ditch were hune, a short distance above the bottom of the
ditch, by vertical rods. which at their lower ends carried solid
woeden beams passing through the pipe and sha ped to fit it. The
system of levers from which the rods were hung had all its ful-
crums in the same horizontal plane, and «nded on a support on a
platform scales. These were balanced bhefore any filling was
placed, and the weight on the pipe could he readily determined
from the initial and actual readings, and the ratio of lever arms.

The ends of the section of earth filling were maintained ver-
tical planes by planking, which did not (quite touch the sides
of the diteh, and had no support from below. The two systems
of planking for the two ends were held together by horizontal
rods which did not touch any other part of the apparatus. At
the beginning of each test the end planks were held up by
wires attached to the system of levers above, but these wires
were cut during the experiment when sufficient filline had been
deposited to make this safe. A fter such cutting, the end plank-
ing had no vertieal support from below or above or the sides
of the ditch. Thus they could not affect the loads on the pipe
in the ditch, and that they did not do so was proven by making
some tests of sections of pipe only 2.1 ft. long, for comparison
with the regular tests of sections 6.75 ft. long. The comparison
showed no appreciable difference in the unit loads for the two
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lengths, for equal heights of fill, whereas, if the end planking
had affected the loads on the pipe appreciably, it would cer-
tainly have made a much greater proportional difference for the
2.1 ft. than for the 6.75 ft. sections.

The apparatus deseribed above was found to work very satis-
factorily during the experiments.

Article 28. General Description of Tests at Ames of Ac.
tual Loads on Pipes in Ditches. The experiments with the ap-
paratus just described in Art. 27, hegan about August 1, 1911,
and continued till March 25, 1912, though the bulk of the work
was completed Dec. 23, 1911,

Some preliminary experiments were first made with a shallow
diteh, a seetion of pipe only 2.1 ft. long, and with comparatively
light and simple weighing apparatus, such as illustrated in
Fig. 20.

These experiments proving successful, the diteh was enlarged,
and the more substantial weighing apparatus shown in Fig. 19
was nstalled.

_'I*.‘:;_n* 20. Surface View of ;‘.p}_}:lr:ltuﬂ Used in Experiment No. 1 for
Weighing the Actual Loads on Pipes in ditches. Mueh More Heavy and
Substantial Apparatus was Used in Larger Experiments, as Shown in
Fig. 19. |

It was found necessary to protect the diteh from the weather
by a tent during the experiments, to prevent caving of the
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sides. Considerable ground water seeped into the diteh, and
was, in general, pumped out daily.

The experiments proceeded in the order they are numbered in
Tables Nos. 11, 12 and 13.

The diteh finally became 24 ft. deep by 4.15 ft. wide, by
about 20 ft. long. Tests were made of the weight in place of
the soil encountered. (See Table No. 3). DBelow the black top
soil, yellow clay was found to a depth of 16 ft., below which
came blue elay ; both were firm and solid.

During each experiment several determinations were made
of the coefficient of internal friction p, of the filling material,
and of the coefficient p of its friction against the sides of the
diteh. (See Tables Nos. 4 and 5, and 11 and 12). These de-
terminations of friction were made with the simple, home made
apparatus shown in Fig. 13.

The ditch filling was simply drepped into the diteh in each
case, none of it being rammed.

All diteh filling deposited in the ditech was weighed in each
experiment, and the corresponding loads per cubie foot were
computed from the volume of diteh filled. Some additional
measurements of weights per cubie foot were made on removal
of the filling. using our regular apparatus for such work. (See
Tables Nos. 2, 11 and 12.)

More variation was found in the properties of the diteh filling
material from time to time than was anticipated, since it all came
from the same ditch.

After completing the fill in each experiment, the variation of
the loads on the pipe from day to day was watched, as long a
time as could be spared hefore beginning the next experiment.
We were considerably surprised to find, as we soon did. that the
load decreased rather than increased as time elapsed after filling,
and it was intended to observe the load on the pipe in Experi-
ment No. 9. the last, throughout the winter of 1911-12, and the
spring of 1912, but when the frost went out of the frozen sides
of the open ends of the diteh, at the end of March, these open
ends caved in, and wrecked the apparatus.

In several of the experiments we attempted to saturate the
ditch filling thoroughly a few days after the filling was com-
pleted, but we believe we failed to secure very thorough satura-
tion. owing to free drainage from top to bottom at each end of
the section of filling experimented with. Hence in Tables Nos.
11 and 13. we have designated this process a thorough wetting
down. rather than a saturation. The result in each case was to
increase the load on the pipe in the diteh, as indicated in Tables
Nos. 11 and 13.

The weather during the experiments was normal from Aug. 1
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to Dec. 1, but the winter following was abnormally cold, with a
large amount of snow on the ground all the time.

The ditch was covered by a tent, as already stated, but the
excavated material was left exposed to the weather. In experi-
ment No. 8, there was a tendency for the filling material and
the sides of the diteh to freeze slightly at times, and in Ex-
periment No. 9 it was necessary to put a tent warmed by a
stove over the filling material, and to protect the ditch from
freezing till the fill was completed.

Article 29. Results of Tests at Ames of Actual Loads on
Pipes in Ditches. The results of the experiments described in
Articles 26 to 28, above, are given in Tables Nos. 11, 12 and 13.

Table No. 11 contains the results of all the regular tests of
loads on pipes in ditches due to ditch filling, in ditches with
vertical sides.

Table No. 12 contains the results of a special experiment to
determine the actual loads on a pipe in a diteh wider at the
top than at the bottom.

Table No. 13, contains the results of two special experiments
to determine the effect of super loads of pig iron upon the
loads on pipes in ditches, at different depths.




TABLE NO. 11
RESULTS OF DIRECT WEIGHING AT AMES OF LOADS ON PIPES IN DITCHES

] gr A - = = | W=Total Load
> ] (B ﬁ =, L § 5 177 B~ | on Pipe, Lbs.
2, (e = & = &2 s =y _ - | per Lin. Ft.
e e « | B = © 14 got R
A L - I~ o 2 |we | =8 |2ES|® |22E
B B Character and Condition of Ditch Filling =2 83 | SMT @ SRmE| =
w | e = w Material 5 == B ] [ 2ok | 2 -
- Se | B8 = S s. =¥ o2 - g S g
= 2O 2 — e £ = D o = 5!:- - = g
g | & EE ol = U T & SE= o= w% = *EE
5 lg .| 42 | He gu |BE™| 0F | L T‘E: 2z = R
31 A T 25| N3z 15 | M58 U2 |22 28 | 28
B laal 4% | Rak 1y == =0 - 8 o= 3= T LA ~— R
> i [ S W 1.5 |Damp Yellow Clay 0o | 86 0.44 | 0.43 | 0.66 0.67 .lﬁﬂ }SD
T | 12| 1.67 9 0 |Damp Yellow Clay 0 H6 0.44 | 0.48 | 0.6 0.97 230 1.:I}lliil
3| A2 |1 16T o 9 |Damp Yellow Clay 0 26 0.44 | 0.43 | 0.66 1.2 :.}].ﬂ 2§D
1 B I Y 1.2 !Damp Yellow Clay 0 RG 0.44 | 0.43 | 0.66 1.62 -:59{'! :df'[]
1 12 1.67 4.2 |Damp Yellow Clay g 86 0.d44 0,43 0. ﬁf: 1,52 390 380
o 12 | 2,00 1.4 |Damp Yellow Clay (Rather Dry) ] 88 0.66 | 0.29 0.66 | 0.62 220 220
p 12 | 2.00 1.4 |Damp Yellow Clay (Rather Dry) by 88 0.66 | 0.2 0.66 0.62 220 270
2 12 2.00 8.2 0 BS (0,66 0.3 0,66 1.20 420 450
2 12 2.00 4.8 0 88 0.66 0.29 1 'I:!.ﬁﬁ- 1.567 550 a60
2 1 12 | 2.00 5.8 Note—-Water in Bottom of Diteh Rose Each 0 B8 0.66 | 0.29 | 0.66 | 1. 75 620 630
s |12 | 2.00 ]| 7.8 Night to Axis of Pipe 0 8’8 | 0.66 | 0.29 | 0.66 gflui* 710 ;T{
2| 12 | 2.00 e : ¢ s 44
. 18 | 2.00 TSy ) yamp Yellow Clay (Rather Dry) () BT 0.58 | 0.83 | 0.65 | 0.73 250 220
18 | 2.00 3 3 |pamp Yellow Clay (Rather Dry) 0 87 0.58 | 0.833 | 0.65 | 1.22 420 aTa
18 | 2.00 | 9.9 |Damp Yellow Clay (Rather Dry) 1/24 7 0.58 | 0.33 | 0.66 | 1.2% 420 390
18 | .00 | 5.2 |Damp Yellow Clay (Rather Dry) 0 a7 | o.58 | 0.33 | 0.65 [ 1.64 | 570 | 530
18 | 2.00 6.8 |Damp Yellow Clay ( Rather Dry) 0 87 0.58 | 0.38 | 0.65 | 1.80 660 630
18 | 2.00 6.8 |Damp Yellow Clay (Rather Dry) 3 7 o058 | 0.33 | 0.65 | 1.90 (60 650
18 2,00 6.8 |Heavily Jarred S 1 BT 0.58 0,33 0.65 1.90 660 570
8- |, 2,00 6.8 |Allowed to Stand 4 BT 0o.58 | 0,33 | 0.65 | 1.90 660 640
1B | 2400 6.0 |[Wet Down with Six Inches of Water 5 97 f 1.86* 720
3 18 2.00 5.8 |[Allowed to Stand 1A 101 4810
3| 18 | 2.00 5 5 |Further Wetting Down 11 106 1.58* G670
3 18 2.00 5.3 lAllowed to Stand 14 110 460
3 | 18 | 2.00 4.8 |Heavy Furtber Wetting Down 141% 122 g [ ) | 610
4 | 18 | 2.00 0.4 'Damp Yellow Clay ( Rather Dry) 0 84 0.58 | 0.33 | 0.77 | 0.19 60 RO
4 | 18 | 2.00 1.4 |Damp Yellow Clay (Rather Dry) 0 84 0.62 210 180
4 | 18 | 2.00 9 1 |Damp Yellow Clay (Hat her Dry) 0 84 | 0.58 | 0.88 | 0,77 0.87 290 290
4.1 18 | 2.00 2.0 |Damp Yellow Clay (Rather Dry) 0 54 0.58 | 0.83 | 0.77 | 1.14 380 370
4 | 18 | 2.00 q.0 |Damp Yellow Clay ( Rather Dry) 1 B4 0.58 | 0.38 | 0.97 | 114 380 400
4 | 18 | 2.00 3.0 |Damp Yellow Clay ( Rather Dryv) 3 84 1.14 380 | 390

I




TABLE NO, 11—=Conteriued

= | & : i, K = | W=Total Load

L] e & = z e | & | 52Z| on Pipe, Lbs.

L7 — '3 b=t -] e =

g | AR | 2 r E = S8 | = | per Lin. FLi
- C-: o = é 7t = = = j ﬁ — 'E % =
= SE | e ot s = S -3 o | [ ZaE

- = S J Character and Condition of Diteh Filling = 22 | ¥Ha| = smE| =
= |° = =a Muterial b t = =2 =~ | B S = .
O =2 b © = ko e 2 £ g B g i
Ele €. | 2B k= sz | s | 52| 28 |O°4| & =2
Elg | 28 [He | .= | BER| 53 | 88E| o2 | |82 = 2%
2 l=g| N5 |15 Bz | Nz NE | U285 UE |882| 25 | 22
B I8 23 | meEE B | 2G| 32 | 282 & | Taa ]| Al ==
o 18 2.00 1.0 |] [ 0 85 0.45 150 140
5 18 | 2.00 2.1 0 85 0,87 400 270
b | 18 | 2.00 3.1 About the Same Material and Condition as in 0 B5 1.17 400 370
51| 18 | 2.00 4.4 | [ Experiment No. 4, Henee Ky = about 0.102 0 RS 1.48 500 480
D 15 2.00 5.4 0 B5 1.68 570 560
5 18 2.00 6.2 || L 0 RS 1.81 620 620
5 | 18 | 2.00 5.0 |Heavy Rains Filled Ditch with Water 4 105 _ 1.29* 540
6 | 18 | 2.00 1.0 |] [ 0 108 0.96 | 0,18 | 0.80 | 0.48 2010 200
fi 18 2.00 1.8 0 103 0.96 .18 0.8 .83 340 330
6 1B | 2.00 3.1 0 108 .96 0.18 .80 1 520 470
6 | 18 | 2.00 4.1 | ¢ Damp Yellow Clay (Exposed to Weather about 5 0 103 0.96 | 0,18 | 0.80 | .1.54 630 GO0
g | 18 =.00 5.0 214 Months) 0 103 0.94d 0.18 .80 1.98 T30 710
6 | 18 | 2,00 | 5.9 0 | 108 | 0.96 | 0,18 | 0.80 | 1.00 | 820 | 800
6 18 2.00 6.5 | 0 103 0.96 .18 0.80 g b | 870 260
6 | 18 | 2.00 5.6 |Diteh Filled with Water above Top of Pipe 2 1189 1.45¢ GA0
6 18 2.00 6.3 More Filling Added 2 119 1.61*° 70
7| 18 | 2.24 1.1 Mixture of Yellow and Blua Clay, Mostly Yellow 0 108 0.76 | 0.25 | 0.60 | 0.47 250 a7
7 | A8 3.24 2.6 Mixture of Yellow and Blue Clay, Mostly Yellow 0 108 0.76 | 0.25 | 0.60 | 1.00 540 490
71 18 | 2.24 2.6 [Mixture of Yellow und Blue Clay, Mostly Yellow 1% 108 0.76 | 0.25 | 0.60 | 1.00 540 480
71 18 | 2.24 3.6 Mixture of Yellow and Blue Clay, Mostly Yellow 0 108 N.76 | 0,25 | 0.60 | 1.30 700 630
7| 18| 2.24 4.7 Mixture of Yellow and Blue Clay, Mostly Yellow 0 108 0.76 | 0.25 | 0.80 | 1.57 850 760
T 1318 |2y 5.8 Mixture of Yellow and Blue Clay, Mostly Yellow 0 108 0.76 | 0.25 | 0.60 | 1.81 980 S60
T 18 | 2.24 6.8 |Mixture of Yellow and Blue Clay, Mostly Yellow 0 108 0.76 | 0.25 | 0.60 | 2.01 1080 a70
7|18 | 2.24 7.8 Mixture of Yellow and Blue Clay, Mostly Yellow 0 | 109 0.76 | 0.25 | 0.60 | 2.18 | 1198 | 1070
7 | 18 | 2.24 8.9 [Mixture of Yellow and Blue Clay, Mostly Yellow 0 108 0.76 | 0.25 | 0.60 | 2.84 | 1270 | 1170
7 |18 | 2.24 | 10.1 [Mixture of Yellow and Blue Clay, Mostly Yellow 0 108 0.76 | 0,25 | 0.60 | 2.49 | 1350 | 1240
7| 18 | 2.24 | 10.1 |Mixture of Yellow and Blue Clay, Mostly Yellow Yo 108 0.76 | 0.25 | 0,80 | 2.49 | 1350 | 1250
718 | 2.24 | 11.2 |Mixture of Yellow and Blue Clay, Mostly Yeollow 0 107 0,96 | 0.25 | 0.60 | 2.61 | 1400 | 1320
T |18 | 2.24 | 12.5 |Mixture of Yellow and Blue Clay, Mostly Yallow 0 107 0.76 | 0.25 | 0.60 | 2.74 | 1470 | 1420
7| 18 | 2.24 | 13.7 |Mixture of Yellow and Blue Clay, Mostly Yellow 0 106 0.96 | 0.25 | 0.60 | 2.83 | 1500 | 1500
718 | 2.24 | 14.9 |[Mixture of Yellow and Blue Clay, Mostly Yellow 0 1086 0,76 | 0.25 | 0,60 | 2.91 | 1550 | 1560
7| 18 | 2.24 | 16.1 |Mixture of Yellow and Blue Clay, Mostly Yellow | 0 105 0.76 | 0,25 | 0.60 | 2.98 | 1570 | 1610

al
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7] 18 | 2.24 16.8 |Mixture of Yellow and Blue Clay, Mostly Yellow 0 105 0D.76 | 0.25 | 0.60 | 8.02 | 15080 | 1630

7 | 18 | 2.24 | 16.8 |Mixture of Yellow and Blue Clay, Mostly Yellow 1 105 0.76 | 0.25 | 0.60 | 8.02 | 1580 | 1600

7 | 18 | 2.24 | 16.8 |Mixture of Yellow sund Blue Clay, Mostly Yellow 2 105 0.76 | 0.25 | 0.60 | 3.08 | 1590 | 1580
| 18 | 2.24 | 16.8 |Mixture of Yellow and Blue Clay, Mostly Yellow 6 107 0.76 | 0.25 | 0.60 | 3.02 | 1620 | 1580
= | 18 | 2.24 | 15.9 |Saturated with 10 Inches of Water B 113 3.10* 1760
: | 18 | 2.24 | 15.6 |Allowed to Stand 9 116 1510
r | 18 | 2.24 | 15.5 |Some Further Saturation 9 117 1520
7| 18 | 2.24 | 15.5 |After Standing One Hour 9 117 1460
7 | 18 | 2.24 On Removal after Further Consolidation 129
9 | 86 | 4.15 0.2 |Mixture of Yellow and Blue Clay, Mostly Yellow 0 92 n.83 | 0,22 | 0.87 | 0.05 a0 a0
o | 86 | 4.15 1.0 Mixture of Yellow annd Blue Clay, Mostly Yellow 0 04 0.83 | 0.22 | 0.87 | 0.42 650 590
g | 86| 4.15 3.4 |Mixture of Yellow and Blua Clay, Mostly Yellow 0 06 0.83 | 0.22 | 0.87 | 0.69 | 1150 | 1080
0 | 36°) 4.156 3.8 |Mixture of Yellow und Blue Olay, Mostly Yellow 1/24 a6 0.83 0.22 | 0.87 | 0.69 | 1150 1070
g | 36 | 4.15 4.9 |Mixture of Yellow nnd Blue Olay, Mostly Yellow 0 97 o83 | o.22 | 0.87 | 0.86 | 1440 | 1380
@ | 36 | 4.15 . 5.4 | Mixture of Yellow and Blue Clay, Mostly Yellow 0 98 0.83 | 0,22 | 0,87 | 1.02 | 1720 | 1630
0 [ 36 [ 4,15 | 6.3 Mixture of Yellow and Blue Clay, Mostly Yellow 0 oo 0.83 [ 0.22 | 0.7 | 1.16 | 2000 | 1880
o | 86 | 4.16 | T:4 |Mixture of Yellow and Blue Clay, Mostly Yellow 0 09 (.83 0.22 0.87 1.81 | 2280 | 2160
g | a6 | 4.15 7 a4 |Mixture of Yellow and Blue Clay, Mostly Yellow 1% 101 0.83 | 0o.22 | 0.87 | 1,80 | 2260 | 2360
0| 86 | 4.15 8 4 |Mixture of Yellow and Blue Clay, Mostly Yellow 0 0o 0.83 | D.23 | 0.87 1.43 | 2440 | 2560
4 a6 | 4.15 9.6 |Mixture of Yellow and Blue Clay, Mostly Yellow 0 a9 0,83 0.22 0.87 1.56 | 2660 | 2750
o | 86 | 4.15 | 10.7 JMixt.ure of Yellow and Blue Clay, Mostly Yellow 0 a9 0.83 | 0.22 | 0.87 | 1.67 | 2840 | 2850 -
] : 36 | 4.15 11.8 Misture of Yellow and Blue Clav, Mostly Yellow 0 0o 0.83 | 0,22 | 0.BY 1.76 | 8010 | 3140
0 | 36 | 4.10 12 9 Mixture of Yellow and Blne Clay, Mosily Yellow 0 09 0.83 | 0,22 | 0,87 | 1.86 | 3160 | 3340 -1
9 | %6 | 4.15 | 12.9 [Mixture of Yellow nnd Blue (lay, Mostly Yellow 0 0o 0.83 | 0.22 | 0.87 | 1.86 | 8160 | 3270%* Co
g | 86 | 4.15 | 12.9 |Mixture of Yellow and Blue Clay, Mostly Yellow 1/24 0o 0.83 | 0.22 | 0.87 | 1.86 | 3160 | 3400
4 ‘ a6 | 4.15 | 18.7 |Mixture of Yellow and Blue Clay, Mosily Yellow 0 100 0.8% [ 0.22 | 0.87 | 1.92 | 83300 [ 3470
9 | ag | 4.15 | 14.7 |Mixture of Yellow and Blue Clay, Mosily Yeallow 0 101 0.88 | 0.22 | 0.87 1.98 | 8450 | 3640
o | 46 4.15 14.7 !Mixture of Yellow and Blue Clay, Mostly Yellow 1 101 0.83 Q.22 0.87 1.48 3450 aRT70
a | a6 | 4.15 | 14.7 Mixtura of Yellow and Blue Clay, Mostly Yellow 2 101 3ORN
a | 36 | 4.15 | 14.7 [Mixture of Yellow and Blue Clay, Mostly Yellow 1 101 2.a8% 4050
o | 88 | 4.15 ‘Mixture of Yellow and Blue Clay, Mostly Yellow 5 | AURD
0 | 86 | 4.15 Misture of Yellow and Blue Clay, Mostly Yellow 13 | 2440
g | 86 | 4.15 Misture of Yellow and Blue Clay, Mostly Ycllow 24 | 3110
9| 86| 4.15 Mixture of Yellow and Blue Clay, Mostly Yellow a3 2340
9 | 36 | 4.156 Mixture of Yellow and Blue Clay, Moxtly Yellow 69 1700
g | 86 | 4.15 | 14.4 [Mixture of Yellow and Blue Clay, Mostly Yellow p3 , 2710

» Theso wvalues of “C" are calenlated from the carrosponding weighings,

#* The end pieces wera straightened here,

k\;ﬂTE.——Tlu- fill in Experiment No, 9 was completed Dee. 24, 1011. The open ends of the ditch ench side of the 6 ft. 11 in. section of
pipe under test, were kept :-Em.-rad, Thers wns somé infiltration of ground water, and, as the winter was very severe, n large amount of len
eenmulated in the diteh. When the thaw came the sides of the open part of the ditch ecaved in and wrecked the apparntus,




TABLE NO. 12
RESULTS OF DIRECT WEIGHING AT AMES OF LOADS ON PIPES IN DITCHES
TESTS OF WEDGE SHAPED DITCH SHOWN IN FIG. 16, PAGE 48

— LT, o -~
= = . - = w | W=Total Load

- el & . = (= = 77! ‘2 g~ | on Pipe, Lbs.

2 AR | 28 = 32 = i

oA =B 5 =4 o = 6 e - =& | per Lin. Ft
& il e oo | FX = e 28 e =RAr
R U P : & | %s | 28 |2E~| & | =28
Al o 2o Character and Condition of Diteh Filling Material - ge | wHg| B LB @
ol He | B and Width of Ditch at Top of Fill o %’J 'E-E b %:EJ % = "E" 2
g | & $° | T \F e €= | BEoal g | S il .
£ 5| 58 | e o |B3R| &3 [E3E| o2 |Jlaf| & | A%
=3 MLl D15" e = = = - E o -l s 0 -
2 2d| T | Hs, Ez LIﬂ:i |l=.-1 J SHRULE R 2 R H=
B lAdl = | Bax I =8 =0 = SEl 3 | 28 A =

Yeilow and Blue Clay, Mostly Yellow—

8 | 27 | 2.85 0.8 Top Width 8.03 ft. 0 89 0.64 0.80 0.63 0.26 190 250
B | 27 | 2.8B5 1.8 Top Width 3.15 f1t. 0 93 0.64 0.380 | 0.63 0.57 430 460
o 27 2.85 18 Top Width 3.15 ft, 3 93 0,64 0.30 0.63 0.5 430 480
8 27 2.8 3.0 Top Width 3,28 {t, 0 93 0.64 0.30 0.63 0.87 660 670
8 | 27 | 2,85 4.0 Top Width 3.40 ft, 0 03 0.64 0.30 0,63 1.09 820 B10
B 27 2.856 0.2 Top Width 3.57 ft. 0 97 0.64 0.30 0.63 1.381 1030 940
8 27 2.8 5.2 Top Width 3.57 ft. 2 97 0,64 0.30 (.63 1.31 1030 RRO
R 7 | 2.85 6.8 Top Width 3 .86 ft, 0 a7 0.64 | 0.30 | 0.63 | 1.57 | 1240 | 1120
8 | 27| 2.85 6.8 Top Width 3.86 ft. 1 97 0.64 | 0.30 | 0,63 1,57 1240 1100
B8 | 27 | 2.85 T Top Width 4.05 ft. 0 07 0.64 | 0.30 | 0.63 | 1.68 | 1320 | 11RO

NOTE.—The weather was cold during Experiment No. 8, and the ditch filling material froze sligchtly at the surface at each stop of a day -
or more. It was loosened with a pick each time before proceeding.
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TABLE NO. 13
RESULTS OF DIRECT WEIGHING AT AMES OF THE EFFECT OF LONG SUPER LOADS ON THE LOADS ON PIPES IN DITCHES

. i

= | = L = - 227 | Lap—=Lond on
: < < o = . 7 [ 7 B g~ Pipe due to Long
€ | AR | EA k= = o ~ <& G = & = |Super Load, Lbs.
s |& | wg [o® | & s lSa (82 |2 | amd ) verhis 2
gl RS | =& ou Character and Condition of Diteh Filling Materinl | = 8 98 | wt=| B SaL| 2
= 1° o . and Lbs, per Lin. Ft. of Pig Iron Supe o == =T L -§ ‘D *g - -
il | 3% | &8 Load above Top of Fill ) g B | BE |25, €, %‘ﬁ g T
8 - o T R b=t ;
1T | &2 | He S, |BER| S5 |85F| &2 |938| £ A%
& |2g| [F T'E : £z L|§= g alf'g HE ﬁ:ﬁ = h.%
|88 as | Bes . Ba Ll Sz = | Sag | av nE
Damp Yellow Clay (Rather Dry)—
4 1R o:_0n 2.0 Super Loond=—0 (i R4 0,58 0.33 0.77 0.56 (1] D
4 18 | 2.00 3.0 Super Load=—210 (0 Hd 0.58 | 0.33 | 0.7 0,50 120 130
4 | 18 | 2.00 3.0 Super Load=460 0 84 0.58 | 0.88 | 0.77 | 0.56 260 280
4 | 18 | 2.00 3.0 Super Lond=650 0 =4 0.58 | 0.33 | 0.77 | 0.56 460 360 &
4 | 1B | 2.00 3.0 Saper Lond=750 0 R4 0.58 | 0.83% | 0.97 | 0.50 420 410
4 | 18 | 2.00 3.0 Super Load=—090 0 84 0.8 | 0.88 | 0.77 | 0.56 550 530
4 | 1B | 2.00 a.0 Super Load=—1170 0 R4 0.58 | 0.33 | 0.77 | 0.58 G0 30
1 18 | 2.00 3.0 Super Lioad=1410 0 84 0.6 | 0.38 | 0.77 | 0.56 700 GOO** e §
4 | 18 | 2.00 2.0 | Super Load=1610 0 R4 0.58 | 0.88 | 0.77 | 0.56 | 800 760 “n
4 18 | 2.00 3.0 Super Load=1810 0 R4 0.58 | 0.83 0.97 | 0,56 | 1010 HA0
1 18 | 2.00 3.0 Super Load=—1510 1/12 B4 D.568 | 0.38. | D.77 0,56 1010 920
4 | 18 | 2.00 3.0 Super Load=1810 1 84 0.58 | 0.83 | 0.77 | 0.56 | 1011 0870
4 | 18 | 2:00 3.0 Super Load=1810 3 B4 0.58 | 0.88° | 0.77 | 0.56 1010 070
4 | 18 | 2.00 2.0 Super Load=0 2 270
4 |18 | 2.00 8.0 Super Load=—0 8 2%0
4 | 18 | 2.00 a.0 Snper Load=0 4 410
Damp Yellow Clay
G| 18 | 2,00 6.8 Super Load=—0 0 119 0.96 | 0.18 | 0.80 | n_40 0 0
L 18 | 2.00 fi.n Super Load=510 0 119 0.96 0.18 0.80 0.40 200 220
6118 | 2.00 | 6.8 | Super Lond=1020 0 119 | o086 | 0,18 | 0.80 | 0.40 | 410 | 120
6| 18 | 2.00 6.3 Super Load=1400 LN 116 0.6 | 0,18 | 0.80 | 0.40 600 G20
a8 | 18 | 2.00 6.3 Super Load=1730 | O 110 0.96 | 0.18 | 0.80 | 0.40 690 T00
6] 18 | 2.00 6.3 Super Load=1730xs 1 119 0.96 | 0.18 | D.80 | D.40 GO0 660
6| 18 | 2.00 6.8 Super Load=—2270 0 119 0.96 | 0,18 | 0.B0 | 0,40 210 RE0
f 18 | 2.00 6.3 Super Load=—2270 % 118 0.896 | 0.18 0.80 | 0,40 g1n 820
6] 18 | 2.00 6.9 Super Load=2270 5 116 0.96. | 0.18 | 080 | 0.40 a10 820
6 | 18 | 2.00 | £.3 | Super Load=2270b 1 119 | o.06 | 0,18 | 0,80 | 0.40%| 910 | 020
8 | 18 | 2.00 6.3 Super Lond=—=2270¢ :a 119 0,96 | 0,18 0.36¢ RO

n Super lond all taken off and then replaced. b Filling wet down with 4 in. of water.
* Calenlated from weighed loads on pipe.

** Tie struts broke here and allowed the frame carrying the pig iron to rest against the gides of the ditely for the remainder of the experiment.

¢ Same further saturation.
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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. Tables Nos. 11, 12, and 13 are so
arranged as to permit a ready comparison of the actually weighed
loads on the pipes with those caleulated by formulas (1) to (5),
of the theory of loads on pipes in ditches, given in Chapter I11.
Fig. 21 presents to the eye the same comparison in the case of the
two experiments, Nos. 7 and 9 with deep ditehes.

Both the tables and the diagram show a remarkably close
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correspondence of the actual loads with those caleulated by
the theory. We did not anticipate before the experiments began
that there would he nearly such elose correspondence.

Toue CORRECTNESS AND RELIABILITY oF THE THEORY OF LOADS
ox PipeEs IN Ditcnes GiveN IN ('napTer THREE ARE EVIDENTLY
DEMONSTRATED BY THE RESULTS OF THE TESTS 0F AcTUuAL LioAps
oN PipeEs IN DITCHES.

FrictioNnan ProrerTiES oF Diten Fiooing.  Evidently what-
ever unexactness may have existed in the deferminations of in-
ternal side friction, due to variations in the diteh filling ma-
terials and to erudeness of the apparatus shown in Fig. 13, was
imsufficient to affect materially the calenlated loads. Only 1n
Experiment No. 7, for which a ditech more than 20 ft. deep had
been freshly dug through strata of yellow and blue clay, with
arving infiltration of ground water at different levels, was
there any difficulty in securing fair average values of the coef-
ficients of frietion, and this diffieulty was overcome by increas-
ing the number of determinations, and by special care in imitat-
ing the actual ditch conditions.

By referring to Fig. 14, pe. 43, it will be seen that the
maximum possible value, for granular materials, of Kp’, the
product of the ratio of lateral to vertical pressure by the coef-
ficient of side friction, is about 0.193, and that this maximum
possible value of Ky’ gives the minimum loads on pipes 1in
ditches possible in the absence of cohesive strength.

The diteh filling materials used in our experiments varied
somewhat in their frietional properties from time to time, doubt-
less from the effect of exposure to the weather, but they gen-
erally approximated the condition giving minimum loads with-
out ecohesion. Thus. in Experiments Nos. 1, 2, 3, 4, 5, 8, and
9. the variation of Kp’ from 0.193, did not exceed 0.010, (1t
should be remembered that p should be used instead of pf
whenever the latter is the greater.)

In Experiment No. 6, however, the value of Ku was only
0.144. owing to a stiff consistency which gave lower lateral pres-
sure. K. while at the same time the side friction p” was less
than the internal friction p. The result was an increase in the
load on the pipe for full depth of filling of 14%.

In Experiment No. 7 the value of Kp” was lowered to 0.150
by a combination of moderately stiff filling materials and a
rather slippery condition of the lower half of the sides of the
ditch. due to some infiltration of ground water into a freshly
dug ditch 20 feet deep. The result was an increase in the load
at full depth of 23%. _

[t is interesting to note that in each of these two expernnents
Nos. 6 and 7. the actual weighed loads showed imcreases cor-
responding closely to those caleculated from the values of Kp'.
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CouEsioN. The results of the experiments show that there
was little, if any, cohesive resistance until after the filling of
each ditch was completed. There seemed to be a little lag in
the development of the load on the pipes as the filling pro-
gressed, which is best shown on Fig. 21, by the effect of the
stops at noon, night and over Sunday:. Allowing for such lag,
practically all the difference between the full weight of the
ditch filling materials and the loads on the pipe is fully ac-
counted for in every case by frictional resistance alone, up to a
time somewhat later than the completion of the filling. This
first maximum loading, occurring prior to any wetting down,
was reached almost immediately after completing the refill in
Experiments Nos. 1 and to 7, but not till the expiration of 4
days in the case of the laree ditch in Experiment No. 9.

In connection with the practically entire absence of cohesion
in these experiments until after the completion of the refill, it
must be remembered that the filling was not tamped, but was
simply dropped into the ditch, We believe that heavy ram-
ming would have developed some appreciable cohesion during
refill, but we do not believe that such cohesion would have had
any material effect upon the maximum loads on the pipes
in the ditches, which are caused later by thoroughly wetting
down the diteh filline.

Soow after the completion of the refill in each of our exper-
iments, where time tests were made. the loads on the pipe hegan
gradually to diminish. That this mcrease was due to the de-
velopment of cohesive strength is shown clearly by the fact that
loads on the pipe soon became less than the lowest possible for
frietional resistance alone (1. e. for Ky’ — 0.193). In Experi-
ment No. 9 the total decrease in 69 days during the winter of
1911-12 was 58%. The ditch filling was not wet down at any
time in this experiment, and the ditch was covered by a tent.

The development of cohesive strength in our experiments was
most rapid after the ditch filling had been thoroughly wet down.
Thus, in Experiment No. 3. the maximum load on the pipe was
caused by thoroughly wetting down the ditch filling, and was
then reduced 339 in 6 days by the development of cohesion.

Tue Errect or WerTing Down THE Drrern Finning, As al-
ready stated, our attempts to saturate the ditch filling thoroughly
by flooding in each case were not entirely successful, owing to
the free drainage at each open end of the ditch. We have desig-
nated the results thorough “wetting down,’’ rather than satura-
tion or flooding,

~ Each thorough wetting down resulted in a corresponding max-
mum load on the pipe in the ditch, much higher than the
previously existing load, but we believe not as high as would
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have resulted from more thorough saturation, in a ditch without
such free drainage.

After each wetting down the maximum load produced thereby
decreased rather rapidly as the water drained away, due to the
redevelopment of cohesive resistance.

A second and third wetting down would again cause a fem-
porary increase in the load on the pipes, but not usually to so
large a value as that produced by the first, after which the loads
would again decrease.

In Experiment No. 9, the saturation of the filling and ground
from the spring thaw was causing a gradual inerease of the load,
9 months after the diteh was filled, when the apparatus was
wrecked.

Tue PHENOMENA OF THE VARIATION OF Loaps FROM COHESION
axp OF Maximunm Loaps Due 10 FLOODING AND SATURATION
WERE JUST AS ALREADY DISCUSSED IN ARTICLE 22.

We have platted on Fig. 15 the values of ““C”’ at the time of
the maximum loads produced by wetting down the diteh filling.
It will be seen., by comparing these points with the curve of
(1 for saturated clay, that our safe values for *C’’ in Tables
Nos. T and 9, and Fig. 15, were made somewhat larger, to allow
for probable more thorough saturation of the diteh filling ma-
terials from surface flooding, or from over charging of drains
and storm sewers.

Article 31. Tests by F. A. Barbour, Boston, Mass., 1897,
of Actual Loads on a Platform in a Ditch, with Discussion
of Results, and Comparison with Formulas. We have al-
ready made mention of some tests by Mr. F. A, Barbour, n
1897. These were reported in a paper read before the Boston
Society of Civil Engineers, printed in full in the Journal of the
Association of Engineering Societies, Vol. 19, pgs. 193-241, De-
cember, 1897,

\[r. Barbour’s experiments, six in number, were all made with
a horizontal, wooden, weighing platform, supported on an hy-
draulie eylinder, and placed 8.8 ft. below the top of a ditch.
The ends of the platform were sheeted vertically to the top of
the diteh, and the sides were sheeted vertically to 3 in. above
the platform.

While the end sheeting makes a material difference, it 1s
easily possible to derive a mathematical formula for the loads
on the platform. DBy a process similar to that already given on
pg. 32, we find,

| 1
W ]{h A H:]'__ T
W=—" Fh“ i
A h
Ky’ J
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Where A—Ilength, and B—=breadth of platform, and R, =the mean hydrau-
lic radius of a horizontal section of the prism of diteh filling over the platform.
The other mathematical notation is the same as already given on pg. 32.

The coefficients of internal and of side friction of the ditch
filling material were not measured by Mr. Barbour. Fortunately
sand was used for five out of the six experiments, and does not
vary so much in its frietional properties as do other materials.
From a careful study of Tables Nos. 4 and 5, we may assume
Ky’ = 0.193 for sandy loam, K = 0.35 for sand, p = 0.5 for
sand, and p’ = 0.46 for side friction of sand on *‘smooth’ ver-
tical sheeting.

EXPERIMENTS NOS. 1 and 2. In these the ditch widened to 4.0 ft.
at the top of the side sheeting, and then sloped unsheeted to 6.0 ft. wide at
the top.

EXPERIMENTS NOS. 3 and 6. Diteh sheeted vertically on both ends

and both sides from bottom to top, around platform about 5.2 ft. by 3.2 ft.
In Experiment No. 3 the sheeting was smooth. In Experiment No. 6 **pieces
of boards and planks were nailed to the sheeting in various ways to in-
erease friction'’; hence the filling would yield along the inside of these
pieces, around a space about 5.0 ft. by 3.0 ft., and internal friction of the
filling would be substituted for side friction against the sheeting.

EXPERIMENT NO. 4 was made on a ditch with sloping sheeted sides,
and gave abnormally high and wregular results, as shown by Mr. Barbour
in his Fig. 3. We believe the eause to have been a slight settling of the
sloping sheeting, under the ramming and the weight of fill.

EXPERIMENT NO. 5. In this experiment the ditch, above the side

]

sheeting extending 3 in. above the platform, was dug out to a width of 5 ft.,
with vertical unsheeted sides.

In table No. 14 the agreement between the caleulated and the
actual loads is not so close as in our own tests, given in Tables
Nos. 11 to 13, but the discrepancies are not very serious, al-
though we were without accurate data of the coefficients of frie-
tion to use in the ealeulations.

Many of the actual loads in every one of Mr. Barbour’s tests
were somewhat smaller than is explainable on the basis of frie-
tional resistance alone, which fact seems proof that the tamping
of the filling in six ineh layers developed some cohesive strength.
The cohesion seems practically to have disappeared, in the case
of the sand and gravel, by the time the filling of the diteh was
completed, owing probably to slight movement of the particles in
settling as more material was added above and tamping con-
finued. ’

We do not believe that the small cohesion noted would ma-
terially have affeeted the maximum loads on the platform which
would have resulted from thoroughly flooding the filling.

On the whole, we consider Mr. Barbour’s experiments to af-
ford strong confirmation of the correctness and general reliability
of our theory of loads on pipes in ditches as given in Chapter 111,
hereinbefore. |

Mr. Barbour made some very serious errors in planning and




TABLE NO. 14

COMPARISON OF CALCULATED AND WEIGHED LOADS ON PLATFORM IN DITCH IN BARBOUR'S EXPERIMENTS. POUNDS
PER LINEAL FOOT

Height Experiment No. 1 I Experiment No. 2 [ Experiment No. 3 [ Experiment No. 5 [l Fxperiment No, 6
of Iill ,l Calculuted | Weighed || Calculated | Weighed || Caleulated |  Weighed || Caleulated | Weighed [| Calculated | Weighed
0.5 170 180 160 100
1.1 ’ (4) 850 330 340 290 340 280 310 310
k.5 (1) 830 330 (6) 510 460 490 450 480 410 440 470
2.0 (2) 470 420 (6) B30 560 620 550 610 490 570 540
b (d) 570 480 72 B0 750 610 720 590 670 630
3.0 700 550 B30 670 870 670 830 650 770 690
3.5 780 590 030 720 980 790 930 T20 B60 770
4.0 |50 620 1020 800 1080 870 1020 800 940 B20
4.0 920 660 1100 B70 1170 970 1100 860 1010 590
Rl 9840 710 1180 950 1260 1060 1180 940 1080 950
5.5 1040 T60 1240 1020 | 1340 1150 1240 1020 1140 1030
6.0 1090 BOO 1300 1080 1410 1260 1300 1130 1180 1110
6.5 1130 860 1350 1210 1480 1350 1350 1180 1240 1180
T20 1170 g0 1410 1260 1540 1460 1410 1850 1280 1230
7.5 1210 960 1450 1340 1590 1530 1450 1430 1310 1300
8.0 1240 1000 1490 1420 1650 1640 1490 1510 1350 1370
5.8 1290 1080 15560 1510 I 1720 1760 1550 15660 1400 l 1470
(1)=1.2 depth (3)=2.3 depth (5)=1.6 depth
2)=1.8 depth (4)=1.05 depth (G)=—==2.1 depth

NOTE 1. Al filling was deposited in six inch layers and tamped, with one man tamping to one shovelling.

NOTE 2. In Experiment No. 1, the filling was sandy loam, weighing 96 Ibs, per eu. fi. In all the other experiments, the fiilling was
sand and gravel, weighing 115 lbs. per ecu. ft.

NOTE 3. Platform about 5.2 by 3.2. Ends sheeted vertically to top of ditch, and sides sheeted vertically to three inches above platform,
in ull experiments,

I8
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interpreting his experiments, owing almost entirely, as we be-
lieve, to the fact that the true mathematical theory of loads on
pipes in ditches was not yet known at that time.

First, as the final result of his tests he gave, in his Table No.
6, estimates of the net pressure, in pounds per square foot, of
earth on pipes in ditches, for different depths, which are very
badly in error. For example, this Table 6 may be tested by

applying it to some of our experiments as follows :

LOAD ON PIPE, LBS. PER LIN. FT.
: Estimated by
Actnally Weighed Mr. Barbour's FError in Barbour's

Table No. 6 Table 6
Our Experiment No. 2 750 360 —52%
Our Experiment No, 3 720 420 —420%
Our Experiment No. 7 1760 950 —45%
Our Experiment No. 9 4050 1850 —54%

The errors in Mr. Barbour’s Table b, are due partly to the
use of end sheeting in his experiments, partly to his erroneons
conclusions as to the general laws of loads on pipes in ditches,
and partly to the use of too low a unit weight of diteh filling.

Second, Mr. Barbour was 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 wrong 1s proved by our
own experiments, and by observations of the cracking of the
same pipe in the same ditch in wide stretches, which remained
sound in narrow.* Mr. Barbour’s erroneous conclusions resulted
from the fact that, in his Experiment No. 2, he began the widen-
ing of his ditch 3 in. abore his welghing platform, whereas, as
we have shown in Art. 18, pg. 47, the effective width of the
diteh must be measured a little below the top of the pipe.

T'hard, Mr. Barbour was also decidedly in error in concluding
that the load on a pipe in a given ditch inereases in proportion
to the depth, after a depth of 10 ft. is reached. On the contrary
the load does not increase nearly in proportion to depth (See
our Fig. 21 peg. 76, for the results of actual tests to 17 ft.
depth), and after a depth of 10 times the width of the ditch at
the top of the pipe is reached there is practically no further in-
crease at all in the load on the pipe. (See our Fig, 15, pg. 45
and Table No. 8, pe. 46). Mr. Barbour’s erroneous coneclu-
sion as to the effect of depth resulted from a purely empirical
attempt to extend the eurves of results of his tests for a max-
mmum height of fill of 88 ft. to greater depths, without any
knowledge of the true mathematical law.

Tests of the Effect of Super Loads. Mr. Barbour made fests
of the effecet of a super load of 3750 Ibs. at the conclusion of
four of his experiments, and concluded that 23.0% was trans-
mitted to the weighing platform in Experiment No. 2, 30.99%

b E:‘we 'T_ah]es Nos. 15 and 16, pages 84 and 87 for instances at Charles City, Ia.,
and in District No. 29, Sae Co,, Ia,
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in Experiment No. 3, 19% in Experiment No. 5, and 327 in
Experiment No, 6. It will be seen that these results are widely
discordant, though the depth of fill, the effective width of the
diteh, and the filling material were alike in all the experiments.
The two high results were for ditches sheeted on all sides, and
the two low results for end sheeting only. Sinece the super load
consisted in each ease of 30 granite blocks, averaging 125 lbs.
weight each, it seems plausible to believe that the trench sheet-
ing and possibly the ditch filling were settled, or at least heavily
jarred, in placing the super loads. A very slight settling of the
sheeting would materially increase the load on the platform. The
caleulated percentages of super load which should have been
transmitted to the platform are 189 for Experiments Nos. 2
and 5; 24% for Experiment No. 3, and 16% for Experiment
No. 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. The cor-
rectness and reliability of the theory of loads on pipes in ditches
given in Chapter 111 may be given further test by applying it to
the cases of failure for which data are given in Table No. 1. By
comparing the loads so calculated with the actual strength of
similar pipe when tested in the laboratory, and bedded for the
tosts in a manmer similar to that prevailing in ordinary ditch
work, valuable evidence ean be obtained on two important
points:

First, the reliability of the theory of loads on pipes in ditches.

Second, whether the lahoratory method of bedding the pipes
in ditches does fairly reproduce ordinary actual field conditions
in. ditches.

Table No. 15. below. has been prepared in this manner. The
strengths of pipe are taken from Tables Nos. 18 to 21, hereinafter.
In Table No. 15. the correspondence of the calculated loads with
the actual strengths of pipe is so close as to demonstrate quite
conclusively the correctness of the theory and also the correct-
ness of the method of bedding the pipe.

There is considerable uncertainty in many of the cases 1n
Table No. 15, as to the closeness of correspondence of the ditch
pipe and the test pipe, but in several instances test pipe were
seeured either from the same ditch or from the same factory,
and in all such cases the correspondence of calenlated load and
actual strength was especially eclose.

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 No. 16, below, a similar comparison is made between the
ealeulated loads and the actual laboratory strengths of similar




TABLE NO. 15

CALCULATED LOADS ON DRAIN TILE AND SEWER PIPE IN ACTUAL CASES OF FA ILURE, AS COMPARED WITH BEARING STRENGTH OF SIM-
ILAR PIPE IN LABORATORY TESTS
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DRAIN TILE
Dist. No. 19, Greene Co., Ta. Clay 12 [2.0%| & 130 2.2 1100 840-1770 |Cracked Test pipe vitrified: ditch pipe common.
Near Mount Vernon, Ind. Clay X2 2.0%|007 130 2.4 1200 840-1770 |Cracked Test pipe vitrified ; diteh pipe common.
Dist, No. 29, Sae Co., Ia. Clay 16 43e00 s 120 2.0 2100 1290-2010 |5300 ft. eracked Test tile selected from same factory.
Dist. No. 31, Kossuth Co., Ta. Clay 20 ]3.3 8 120 1.8 2300 1170-1630 (700 ft. cracked; severalld test tile from same factory, but not so
I collapsed hard burned as those in ditch.
Dist. No. 5, Clay Co., Ia. (Cement | 20 (2.5 | 4.5 |125| 1.5 1200 1110-1450 |Cracked Poor pipe.
| Dist. No. 25-39, Pocahontas- | | ' |
| Calhoun Cos,, Ia. Clay , 22 12.5 | 8.5 |125| 2.4 1900 1460-2400 [A few collapsed Test pipe 24 inch, from samae factory.
| Dist. No. 5, Clay Oop., Ia. Cement 22 2.6 | 4 125 1.8 1100 See 20-24 in.|Cracked Poor pipe.
| Dist. No. 5, Clay Co., Ia. Cement 2 2.8 | 5 125| 1.5 1500 600-1850 |Cracked Poor pipe.
Dist, No. 8, Clay Co., Ia. Cement 24 2.8 | B.5 |[185] 2.2 2200 1420-2240 |Cracked Good pipe.
Dist. No. 43, Palo Alto Co.. Ia. Clement 24 |2.5 5.5 125 3 530 1300 600-1850 [1100 ft. cracked
Dist. No. 2, Greene Co., Ia. Clay 24 (2.8 | 7 120 1.8 1700 1460-2400 |4 failed at one point
Dist. No. 31, Kossuth Co., Ia. Clay 24 [3.3 |11 1058] 2.1 2400 1460-2400 |A few cracked Extri good pipe; probably better than
test pipe.
Dist. TI\:T}u. IE,E*IumhﬂIdt- ?Iﬂ.. Ta. Cement: | 24 |2.8 | 5.5 |125 1.6 1600 600-1850 [(659% of 3000 ft. cracked|28 pipe from same ditch tested.
Two Dists. Nos, — and —, — _
Co., Ia. Clay 24 |12.8*| 7* |125] 1.9 1900 1460-2400 |Part eracked Report said 8 ft. maximum £,
Dist. No. 66, Hamilton Co., Ta. Clay 24 8.0 | 7.5 |[120] 1.7 1800 | 1460-2400 |Several cracked Under a road grade. Sand Il
Double culvert at Boone, Ia. Cement 26 (3.8 | 4 125| 1.1 1500 | 1360-1800 50% eracked One line cracked and one sound,
Dist. No. 40, Emmet Co., Ia. Cement |24-28|3.0*%| 3 110 1.0 1000 600-1850 |Large amount eracked |Poor tile, green. Test tile 8 mo. old.
Dist. No. 40, Emmet Co,, Ta. Cement |24-28(3.0*%| 7 110 1.8 1800 1360-2240 |Large amount cracked |Good tile, over 1 mo. old.
Dist. No. 18, Hardin Co., Ia, Clay 26 12.7 | B.5 [100] 2.1 1500 1460-2400 114 pipe cracked Remainder reported all right.
Dist. No. 30, Poeahontas Co., Ta. |Cement 30 [3.7 | 6 1101 1.2 1800 1440-2250 [A few collapsed Under a road grade.
Dist. No. 33-10, Boone Co., Ia. Cement 82 |3.5*%| 4 130 1.2 1900 146Q0-2070 |Many cracked
Dist. No. 29, Sac Co., TIa. Cement 36 |14.2 | 5 105 1.2 2200 2010-2270 |All cracked 3 test tipe from same ditch.
Dist. No. 29, Sac Co., Ta. Clay 30 4.2 [10.5 [180] 1.9 4400 3900-6340 [15% of 700 ft. cracked Test pipe from same factory, with bells.




Dist. No. 48, Boone Co., Ia, |Cement | 36 [4.2

Dist. No, 48, Boone Co., 1a.

| 2330-3010 |Cracked

Cement ’ 36" |4.9 || b llﬂ(l 2100 glﬁﬂﬂ- Cracked

Best possible bedding.
diteh,

|Ordinary bedding.

diteh.

3 test pipe same

3 test pipe same

Near Mt. Vernon, Ind. 1 Clay | 12 [2.2*|11

A Southern City Clay 15 2.5 6

A Southern City Clay 18 ]E.T‘| 6-19
Cedar Falls, Ta. Clay 18 2o
Charles City, Ia. Clay | 181 |2.0.| 8
Charles City, Ia. Clay | 18 [|4.0 | 8
Charles City, In. Clay | 20 ]jn 8
Charles City, Ia. Clay [l 20 {4.”_ H

A Southern City | Clay | 30 [[2.9%|

Alley B, Gary, Ind, | Clay 20 l'.":'l.”' IIJ
Joint Trunk Sewers, N. J, Clayv | 20 i.’i_u*l 4-18
An Ohio Ciwy Clay 200 |3.0*

A Southern City (May 29 '1]*|

Joint Trunk Sewers, N. . | Clay 24 13.4"

A Southern City ('lay 24 |H B
Another Southern City Clay 24 |B.A* 1305
Locust St,, Ft. Madison, Ta. Clavy | 24 [3.8*10
ard St., Musecatine, Tu. Clay 27 (3.3
Couneil Bluffs, Ta. Olay 36 |h.0

Ash St., Clinton, [Ia. Clay 46 4.5

1370-=1750
1220-=3880
1570—-4500
2010=-3040
1570=3250
1570-3250
2070-4920
2070-4920
17204920
1720-3720

2000 ft. eracked
70 ft. eracked
eracked
1400 ft. eracked
Mast sound
cracked
Most sound

All eracked

1115 ft. eracked

- of 560 pipe cracked Collapses
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3.31400-3900 20 —4920
| 20-4920
3.3/2000—-4100]
3.1/1700—4700!
21910 0=4500

1-18/130l1. 2 060-5620
5050-5 620
1050-5620
2050-5110
30805940
A900-6340
3000-6340

ITn a private drain,
Some where shallow.
Some where shallow.

40 lbs. rammer,
40 1bs. rammer,

Oracking probably due to freezing.

Some
Some
Some

Some

‘Some where shallow,
B4 of 263038 ft. eracked Some eracked where shallow.
anch of 4234 fr. cracked Some where shallow.
Large amount eracked
All cracked: one block 'A bad cave-in. »
A bad break
Cracked

D. §.

|TInder

broken &tene
broken stong i
broken stone in

eround,
' Liaid on filled ground.
07, of 900 ft. eracked|Test pipe from same factory.

refill,
refill,
refill.
refill.

of 4882 ft. eracked!Some ¢racked where shallow,
i cracked
cracked

|Some where shallow. 40 lbs. rammer.
cansed failure when sur-
charged,
Frozen lumps in diteh filling. -

40 lbs. raommer.

40 Ihs, rammer,

* Dimensions marked thus, **", assumed without the aid of very reliable information.

NOTE.—There is considerable uncertainty of close correspondence of the sewer pipe which failed with those tested. The uncertainty is least in the cases of

the sewer pipe failnres in Towa.
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pipe in all the instances in which we have succeeded in obtaining
authentic data of the taking up of sound drain tile or sewer pipe
from ditches, or their inspection, pipe by pipe, from the inside.

There must be a large amount of information of such cases
in the private possession of engineers all over the country, and
we regret that we could not' get definite data of many more
cases. Many to whom we wrote could state general 1mpressions
to us, but we could use only cases where reliable men have act-
ually examined the pipe.

While in Table No. 16, as in Table No. 15, there is consider-
able uncertainty of the correspondence of the ditch pipe and the
test pipe in part of the cases, vet in four cases the test pipe
were obtained from the same diteh, and in 9 other cases the test
pipe were from the same factory as the ditch pipe.

Table No. 16 indicates, though much more extensive data are
desirable, that a safety factor of 1.65 may usually be suf-
ficient to insure stability of drain tile and sewer pipe, as to loads
from diteh filling. under ordinary, favorable diteh econditions.

It may even occasionally be found that pipe in a diteh are
sound when developing a strength in laboratory tests no greater,
or even somewhat less, than the loads in Table No. 8. for the
maximum loading may sometimes he delayed for many years,
as 1s often demonstrated by the settlement of diteh filling in old
trenches upon flooding or rolling after the top erust has been
removed in paving construction.

Article 34. General Conclusions as to the Correctness
and Reliability of the Theory of Loads on Pipes in Ditches.
The general results of the tests of loads on pipes in ditches
given and discussed in Chapter IV may be summarized as
follows :

1. The correctness and reliability of the theory of loads on
pipes wn ditches developed in ( ‘hapter 111, has been demonstrated,
with remarkable closeness, by an cxtensive series, at Ames, Iowa,
of actual weighings of such loads, on pipes ranging from 12 in.
to 36 in. in internal diameter, in ditches from 0 to 19 ft. in
depth.

2. The correctness of the theory of loads on pipes in ditches
is also confirmed, with a fair degree of closeness, by a series of
tests made by F. A. Barbour, Boston, Mass., in 1897, of loads on
a plank platform, 5.2 x 3.2 ft., in a ditch 8.8 ft. deep, though
Mr. Barbour’s own table for est tmating loads on pipes in ditches,
and his own conclusions as to the general laws of such loads,
are very seriously in error.

3. Cohesion has no appreciable effect upon the MAXIMUM
loads on pipes in ditehes, whioh ageeur at times when cohesion has
bheen destroyed by saturation, but cohesion greatly diminishes
the ORDINARY loads, between {imes of saturation.
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TABLE NO. 16

PROBABLE FACTORS OF SAFETY IN VARIOUS INSTANCES OF DRAIN TILE AND SEWER PIPE KNOWN TO BE SOUND IN
THE DITCH
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DRAIN TILE
g mes, Ia, Cement 8(1.5 |10 [130]3.5/1000/1650-2330(1.9 [In ground 31 years; 10 test tile from same ditch.
}:::nfe b'j[t':t]: Cﬁl-.lugﬁnhﬁ Cn, Ia. Clay 80.9 (10 115’.’{} 4.1| 400 T760-1060 2.2 lﬂn farm of *\nchew Ericksen; in ground 8 yrs.
Dist. . 20, Humbeldt Co., Ia. Cement [12[1.2 | 5.5/110(2.9| 500| 560-1410/2.0 IIn ground % year. o
]{ui:lnnd {nnwnt Drain, Humboldt, 1a. |Clay 14|1.5 | 4.5/120/2.2| 600[1290-2010(2.7 |Test tile 16", . _
Dist. No. 29, Sac Co., Ia. Clay 14/3.0 | 5 [110[1.8/1800|1290-2010/1.3 |Test tile 16” from same factory; ditch pipe not
closely examined.
Dist. No, 29, Sac Co., Ia. Clay 16/1.7 | 8 1120/2.9(1000{1290-2010{1.6 |Test tile from same factory; ditch pipe not E
' closely examined.
Dist, No, 20, Humbholdt Co,, Ta. Clay 16{1.8B 7.5(125(2.4(1000/1540-2010|1.7 |Test tile, 18" ; from same factory.
Dist. No. —, Hardin Co., Ia. Clay 16|1.8 | 9 |125 3.0\12{}{) 1290-2010(1.4
Dist. No. 2, Humboldt-Kossuth Cos., Ta. |[Clay 18|1.8 | 4.5|110|1.7| 600|{1540-2010|2.9 :
Dist. No. 14, Calhoun Co., Ia. Cement [18/2.1*( 5 [130/1.8(1000(2300-2300(2,3 |Test tile eut from drain; in ground 3% yrs.
Dist. No, —, Dallas Co., Ia. Clay 18/2.0 | 8.5/120(2.2(1100/1540-2010(1.6 |In ground 5 or 6 yrs.
Dist. No. 43, Palo Alto Co., Ia Cement [18|2.0 4.5/125|1.7| 900/1160-1600(1.4
Dist. No. 43, Palo Alto Co., Ta. Cement [20(2.2%| 4.2|125|1.5| 900|1270-1790|1.6
Dist. No. 31, Kossuth Co., Ia. Clay 24/2.5 | 8 |105/2.2/11400(1460-2400({1.4 |Extra good pipe; probably better than test
I pipe ; not closely examined.
SEWER PIPE
Towa State College, Ames, Ta. Cement (10/1.8 | 5 130]2.1| 900|1450-20380]/1.9 |In ground 31 yrs.; 10 test pipe from same ditch.
Asylum for Feeble Minded, Glenwood, Ia. |Clay 12(1.8%|10 [130(3.1/1300/1930-3400|2.0 |In ground 25 \'T‘i
21st. St. & Carpenter Av., Des Moines, Ia. {lny 12/1.8%| B 13012,8/120011610-1610]1.4 In ground 16 yrs: 1 test tile, from same ditch.
West 9th St.,, Des Maoines, Ia. Clay 15/2.3 |11 [130(2.9|2000/3180-3860(1.9**|In ground 29 years.
West Grand ’w. Des anr"a, Ia. Clay 15/2.8 (19 [130|3.8(2600(8180—-3860|1.3** |In ground 20 years.
Hardin Co., Ia. Clay 18{2.3 |16 25(3.5|2300|2260--3260(1.3
East Lyon St., Des Moines, Ia. (lay 2113.0 (16 |125|2.8(3200|3750-4250(1.3**|In ground 20 years.

* Dimensions marked *'*"

recent manufacture.
on W. Grand, and on East Lyon St

assumed without

St

Des Moines, Wis

aid of wvery rehiable
** In these three cases the test pipe tested were obtained from
The sewer on W. 9th

information,
the same factory which furnished the old pipe, but the test pipe were of

taken up, and it is certain the pipe were sound throughout, but the sewers
Des Moines, were simply cut into to build manholes,
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4. The theory of loads on pipes in ditches given in Chapter 111
checks closely with the tabulated data of actual fmlures of pipes
in ditches, when comparison is made between the caleulated loads
and the laboratory strengths of similar pipe.

5. The close correspondence of caleulated loads and labora-
tory strengths of similar pipe in the tabulated cases of farlure of
pipes an ditches also proves that the Towa standard method of
testing the bearving strength af drain tile and scwoer pipe de-
velops just about the same strength in laboratory tests which the
sume pipe develop in ordinary actual ditch conditions.

6. Careful comparison of caleulated loads with laboratory
strengths of pipes ascertained by actual cramination to be sound
in actual use in ditches indicates that a safety factor of 1.65 will
be sufficient to insure stability against craclking, under ordinary,
favorable ditch conditions, but more data are needed to settle
this poindt.




CHAPTER V

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. We have already shown in connection
with Fig. 10, pg. 26, and Fig. 11, peg. 30, that the typical
field bedding and loading of pipes in ditches are such that their
effect on the pipe can be reproduced with practical exactness 1n
laboratory tests by bedding the pipes in sand during the tests
for 90 deerees of the circumference at the bottom, and also for
90 degrees at the top.

Fig. 22 shows the ordinary field conditions of bedding and
loading still more clearly. The tile shown is 36 in. internal
diameter.

Fig. 23, 1s a photograph taken on the same drain as Iig. 22,
at a point where the nutmost care had been taken, under the im-
mediate direction of the pipe manufacturer, in bedding the bot-
tom of the pipe and firmly tamping the side filling around the
pipe, in an attempt to prevent the cracking which was oceurring
elsewhere along the drain under about 5 ft. depth of fill. This
extra care did not prevent the cracking of the pipe under 9 (t.
of fill, although it did enable the pipe to carry a somewhat
oreater depth of filling than the ordinary bedding shown in
Figs. 10 and 22.

The fact that the most careful tamping of the side filling
around the pipe will not keep pipe from cracking has been noted
in numerous other cases of eracking during construction. The
reason for this fact is plainly apparent in Table No. 25, pg. 150,
hereinafter, in which it appears that the maximum elongation up
to the breaking point at each end of the horizontal diameter
at the mid height, of a drain tile or sewer pipe Is usually only
about 1/50 inch, or less, even for pipe as large as 36 in. diam-
eter. The compression ol the side earth filling resulting from
this insignificant elongation is too slight to develop any side
resistance large enough to help materially In preventing erack-
ng.

The fact that bedding test pipe in sand for 90 degrees of the
circumference at the bottom, and the same amount at the top,
does reproduce ordinary actual ditch conditions with substan-
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Fig. 22, Photograph Showing L'ypieal Actual Field Conditions of Bedding
and Loading of Pipes in Ditehes.

The bottom of the I'i]:t'*- are bedded for about 90 degrees of the eircum
terence. There is practically no side support. The load of diteh filling
material is supported mainly by the

=.1IE|- '_.F'F lft':['l'l_“i HTI Ti':l" l'II'L'lIIJI1I{'*T'l"ll"i'.
Photograph was of the pipe |

eing laid when the photographer eame upon
the work without previous notice.
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Fig. 28. Photograph Showing the very Best Possible Bedding of DPipes
in Ditehies,

The bottom of the ditelh has been shaped to fit the 36 1. pipe and the
bottoms of the pipes bedded 1 a laver of granular material. The side filling
has been carefully tamped around the pipe.

[n spite of this care in laying all the pipe eracked under about 9 ft.

of fll, )
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tial aceuracy in laboratory tests is shown conclusively in Table
No. 15, by the close correspondence of caleulated actual loads
with laberatory strengths of pipe from the same ditech or fac-
tory, or similar pipe, in all cases of actual cracking in ditches
of which definite data could be seeured.

Article 36. The WMathematical Theory of the Stresses
in Drain Tile and Sewer Pipe, Due to Actual, Ordinary
Ditch Filling, and to the Loads Applied in Iowa Standard
Laboratory Tests of Bearing Strength. Fig. 24 shows the
approximate distribution of the loading on a drain tile or sewer
pipe, in the ordinary ditch, and in the lowa standard method
of testing the bearing strength. The distribution of loading is
only approximate. Probably the actual load is somewhat heavier
at the center than at the edges of the 90 degrees strip of cir-
cumference which takes practically all of the weight at the top
and at the bottom, and, on the other hand. there will be some
horizental components of pressure which will slightly offset cen-
tral concentration.

In Fig. 24, the stresses in the shell of the pipe are greatest at
points 0 and 4, though mot much greater than at points 2
and 6.

Let W=total weight of diteh filling, or laboratory applied load, eausing
cracking of the pipe, plus 5§ of the weight of the pipe itself, both in pounds
per foot of length of pipe.

NOTE.—Mathematical analysis shows that the weight of the pipe causes
only 95 as much bending moment at point 0 as does an equal weight of
earth.

Let R=the radius of the pipe, measured to the middle of line of the

shell, in inches.
t=the thickness of the pipe shell, in inches.

M,=the bhending moment at point 0, in wnch lbs. per inch of length,
(which practically equals moment at point 4).

M.=the bending moment at points 2 and 6, in inch Ibs. per i of
length.

Ty=the total thrust at points 0 and 4, in lbs. per in. of length.

T.=the total thrust at points 2 and 6, in lbs. per in. of length.

S,=the total shear at points 0 and 4, in Ibs. per . of length.

S,=the total shear at points 2 and 6, in Ibs. per . of length.

Po=the modulous of rupture, or nominal, tensile breaking stress in the
material of the pipe shell, at points 0 and 4, in Ibs. per sq. in.

Equations for the moment, the thrust and the shear at any
point in the pipe shell are readily derived by methods first pub-
lished for flexible rings, so far as we are aware, by Mr. E. .J.
Fort, now Chief Engineer of Sewers for Brooklyn, N, Y., and Mr.
C. W. L. Filkins, in the Journal of the Association of Engineers
of Cornell Untversity, Vol. IV. 1895-6. Messrs. Fort and Iil-
kins analyzed the case of a flexible ring, resisting two equal and
opposite concentrated loads, applied racially at the two extremi-
ties of a diameter,

Their analysis of this ease has been republished in various

T .
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Fig. 24, Diagram Illustrating the Calenlation of the Modulus of Rup
ture. and Showing the Approximite Loading on Drain Tile and Sewer Pipe
from Ordinaryv Diteh Filling, and from the Loads Apphed in Iowa Standard
Laboratory Tests of Bearing Strength.

In the Laboratory tests the pipe are bedded in sand for 90 degrees of
the cireumference at the bottom, and the same amount at the top.
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places since, as notably by Prof. A, N. Talbot, of the University
of Illinois, in Bulletin No. 22, of the Illinois Engineering Ex-
periment Station. Prof. Talbot also reproduced the correspond-
ing analysis for the case of a wvertical loading wunif yrmly dis-
tributed over the full width of the pipe.

The method of deriving the equations for stresses and dis-
tortions in all these cases, and for Fig. 24, is simply to solve the
six standard equations of equilibrium of stresses and forces (3
statie, and 3 elastic equations), well known to all students of
engineering mechanics. This involves some tedious integrations,
and we will not repeat the mathematical details.

The results, for a wniform vertical loading over 90 degrees
width of circumference at top and at bottom, as in Fig, 24, are
as follows:

M,— -+ 0169 R —..... (9) M,— —0154R Y ...... (13)
Tf_, == 0.000 ............ {1{-_” TL:: — _{_ 0500 T‘:__ _______ (14)
So= 0.000 ........... 11)
d = | S,=0.000 .......cc00- (15)
e S (12)
tE

NOTE 1.—The coeflicient of R —for M, is practically ¥

NOTE 2.—The bending mmnenta thrusts, and shears at the ecritical

i

points 0, 2, 4 and 6, may be computed for different loadings by the fol-
lowing table:
TABLE NO. 17

MAXIMUM STRESSES IN FLEXIBLE RINGS DUE TO DIFFERENT LOADINGS

Symmetrical Vertical M M. Ss Sa
Loadings : o
Concentrated Loads J W “J J W W] )
W,—0° Wide{+0.318 R—|—0.182 R —0.000] .500 —[0.500 —]0.000
Uniform Loads 12 12 | 12 ~\
W,—60° Wide|+0.207 * |[—0.168 *“ [0.000/+0.500 *|0.000 *}0.000
Iiniform Loads ‘
W,—90° Wide|+0.168 * |—0.154 *‘* |0.000 500 *“|0.000 *“]0.000
Uniform Loads l ] |
W,—180° Wide|+0.125 ' |—0.125 ' |0. [Hll‘ll 500 ¥ |D,Elﬂl] = l.ﬂ.ﬁ(i'ﬂ
|

Article 37. The Cardinal Qualities of Drain Tile and Sewer
Pipe, to be Determined by Standard Tests.

The cardinal qualities of drain tile and sewer pipe are two in
number:

Farst, the quality of the material in the shell;

Second, the bearing strength of the pipe.

The quality of the material is a eardinal quality, because the
pipe will disintegrate and go to pieces unless the material of
which it is made is so durable as to resist all disintegrating
agencies. A cement tile must be of hard, uniform, strong and
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impervious conerete, in order to resist the destructive agencies,
and to prevent their penetrating into its pores. In the same
way, soft or under burnt clay drain tile or sewer pipe are un-
satisfactory, sinee such pipe cannot resist the action of freezing
and thawing, and may disintegrate from other causes. Also, a
laminated structure in clay drain tile or sewer pipe causes fallure
from frost. High bearing strength of the pipe as a whole, though
absolutely essential, is not alone a satisfactory indication of
the quality of the material from which the pipe is made; for
high strength may be secured by using thick shells, even when
the material of the shells is poor. Pipe with thick shells might
be strong enough, and still be porous and disintegrate.

Two simple tests may be made of the quality of the material
of which drain tile or sewer pipe are made; namely, the absorp-
tion test, and the determination of the modulus of rupture.

The absorption test is of great importance for cement and
clay drain tile and sewer pipe. In the case of cement tile, the
agencies tending to destroy the concrete cannot act with much
rapidity unless they can readily obtain access to the interior of
the walls. In the case of clay tile, freezing would not be detri-
mental if the water could penetrate only with great diffieulty in-
to the walls. Hence, the absorption test has a greater import-
ance in testing drain tile and sewer pipe than cenerally with
other materials of constrnetion.  For this reason, and because 1t
is simple and easy to make, we advocate 1t as one of the standard
tests for drain tile and sewer pipe,

The modulus of rupture, as already explained, is the nominal
tensile breaking strength of the material of the pipe shell. The
real tensile strength of the material will be much lower than the
modulus of rupture, owing to the fact that the true distribution
of stress in the shell is quite different from that assumed.
Nevertheless. the modulus of rupture indicates the ability of the
material to resist frost and other agencies which cause stresses
in the material. It is proportional to the tensile strength uni-
versally tested for cement, and correspends closely to the stand-
ard transverse test of paving brick. It requires no separate test,
and is readily caleulated, with little additional labor, from the
results of the bearing strength test.

Hence. we recommend three standard test requirements for
drain tile and sewer pipe; namely, the per cent of absorption,
the modulus of rupture, and the bearing strength, of the pipe.
These three test requirements involve two standard tests; namely,
the absorption test and the hearing strength test.

Article 38. The Method of Making Absorption Tests. The
making of absorption tests has been standardized for paving
brick, but not for other materials. We have used the standard
method for paving brick as a basis from which to start in




96

developing a standard method of making absorption tests of
drain tile and sewer pipe.

lixperimenting with different sizes of test pieces, with re-
sults (as given in Table No. 24, below) which show mno very
material difference with size, we have adopted 3 inches by 3
inches by the thickness of the pipe shell as the standard size,

Our tests of the rate of absorption, as shown for cement tile
in Fig. 30, below, show that the water is absorbed so rapidly
that 24 hours is a sufficient time for immersion instead of 48,
as adopted for paving brick.

Cemplete specifications for standard absorption tests are given
below.

Article 39. The Method of Making Bearing Strength Tests.
We have developed standard specifications for a method of
making bearing strength tests with the pipe bedded in sand
for 90 degrees of the cirenmference at the bottom. and the same
distance at the top, which reproduces. with substantial aceuracy,
actual diteh conditions, as discussed in Articles 35 and 36,
ahove.

This method has proven very satisfactory under several vears
¢l use.

1. Our standard method develops laboratory bearing strength
substantially equal to the strength developed by the same or
similar pipe in ordinary, actual ditches.

2. Our standard method enables the load to be uniformly
distributed over the pipe, recardless of unimportant irregular-
ities in the shape.

3. Sand is a material for bedding which ean readily and
cheaply be obtained in any community for the standard test.

4+ By marking the pipe in (quarters before testing, aceurate
bedding in the sand is readily insured, both above and below,
and the method is, therefore. aceurate.

9. The method permits the testing of pipe with bells as
readily as of those without. since the bells, as well as the
straight pipe, can readily be imbedded in the sand hearinge. We
have made numerous tests of sewer pipe with bells, and find
no diffiecnlty in such work.

7. The method is ¢cne which c¢an he readily used for fiold
tests, without any testing machine whatever. by simply piling
sacks of cement, or sand, or earth, or any other convenient ma-
terial, upon the sand in the upper bearing. We have often
made such field tests.

8. The method is equally fair to cement pipe and to clay
plpe.

J. It is a simple method. which can he carried out by any
competent engineer, or by any competent superintendent cf a
factory,
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10. It is a method which does not require a mathematical
translation to enable its results to be understood by people who
are not engineers or manufacturers, which is not the case when
such tests are made with other methods, since these do not give
the actual SI.I'{*Hgﬂ'I of the lri[u‘ as used i the {litt'll; moreover
mathematical translations of hearing strengths obtained by test-
ing methods which do not nnitate actual diteh conditions are
very unreliable.

Article 40. Towa Standard Specifications for Tests of Drain
Tile and Sewer Pipe. Our standard specifications for tests
of drain tile and sewer pipe, as discussed above, and given
in full below. have been adcpted as standard by the following
organizations:

Tuae Association or lowa CEMENT USERS,

TaE AssocIATION oF lowa Briek axp TiLe MANUFACTURERS,

Tue lowa STATE DRAINAGE ASSOCIATION, and

Tue lowa ExcINgErING Socigry, all at their 1911 meetings.

Hence. the specifications may be considered officially adopted
as standard for lowa.

However, the American Society tor Testing Materials has re-
cently formed a committee to prepare standard specifications for
drain tile. and has already had for sometime a committee on
standard specifications for sewer pipe. These committees will
make thorough investigations of the whole subject, and their re
ports, when adopted by the Society, will doubtless become stand-
ard for the entire country.

[ow A STANDARD SPECIFICATIONS FOR AB<ORPTION TESTS OF DRrRAIN
TILE AND SEWER PiPE.

i SPECIMENS. The specimens shall each b approrimale-
ly three inches square, and shall erite nd the full thickness of the
pipe wall, with the outer skins wnbroken.

9. NUMBER OF TEST SPECIMENNS. Five ndividual
tests shall constitute a standard test, the average of the five and
the result for cach specimen being given in the report of the test.

3 DRYING SPECIMENS. Each specimen shall be dried v
an oven, or by other application of artificial heat, until il ceases
to lose further appreciable amownts of motsture when repeit dliy
wetghed.

4. JBH'FN[IIY(; H!’jﬁrf‘f‘”ﬁ.\'."’:_ All .wr‘j'm'rs uf the .\:p”‘!‘—
mens shall be brushed with a stiff brush before weighing the first
fime.

5. WEIGHING. The spectmens shall be weighed, immed-
iately before immersion, on a balance or seales capable of indi-
cating the weirght acciratcly within one-teatl of one per cent.

6. WATER FOR STANDARD TEST. The water employed
in the standard absorption test shall be pure, soft water, at the
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air temperature of a room which is artificially heated in cold
seasons of the year.

7. IMMERSION OF SPECIMENS. The specvmens shall be
completely vmmersed in water for a period of 24 hours.

8. RE-WEIGHING. Immediately wpon being removed from
the water the specimens shall be dried by pressing against them
a soft cloth or a piecce of blotting paper. There shall be no
rubbing or brushing of the specimens. The re-weighing shall
then be done tmmediately with a balance or scales capable of in-
dicating the weight accurately within one-tenth of one per cent.

9. CALCULATION OF RESULT. The result of each ab-
sorption test shall be caleulated by taking the difference between
the anatial dry weight and the final weight, and dividing by the
watial dry weight.

lowaA STANDARD SPECIFICATIONS FOR TESTS OF THE BEARING
STRENGTH 0F DrAIN TiLE AND SEWER PIre

1. SPECIMENS. The specimens shall be wunbroken, full
sized samples of the pipe to be tested. They shall be caref wlly
selected so as to represent fairly the quality of the pipe.

2. NUMBER OF SPECIMENS. Five iadividual tests shall
constitute a standard test, the average of the five and the result
for each specimen being given in the veport of the test.

3. DRYING. The spectmens shall be dried by keeping them
e a warm, dry room for a period of at least two days prior
lo the test.

4. WEIGHING. Each dried specimen shall be weighed on
a relwable scales just prior to the test.

5. BEDDING OF SPECIMEN FOR TEST. Each specimen
shall be accurately marked, with pencil or crayon lines, in
quarters, prior to the test. Specimens shall be carefull y bedded,
above and below, in sand, for the one-fowrth circumference of
the pipe, measured on the middle line of the pipe wall,  The
depth of bedding above and below the pipe at the thinnest points
shall at cach place be equal to one-fourth the diameter of the
pipe, measured between the middle lines of the pipe walls.

6. TOP BEARING. The top bearing frame shall not be al-
lowed to come in contact with the pipe or with the test load.
The upper surface of the sand in the top bearing shall be care-
Tully struck level with a stravght edge, and shall be carefully
covered with a heavy, rigid, top bearing, with lower surface a
true plane, made of heavy timbers or other rigid material, cap-
able of wmformly distributing the test load without appreciable
bending. The test load shall be applied at the exact center of
this top bearing, in such a way, either by the use of a spherical
bearing, or by the use of two rollers af rmght angles, as to leave
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the bearing free to move in both directions. In case the test 1s
made without the use of a machine, and by piling on weight,
the weight may be piled dvreetly on a platform, resting on the
top bearing, provided, however, that the weight is piled in such
a way as to insure uniform distribution of the load over the top
> surface of the sand.

¥ FRAMES FOR TOP AND BOTTOM BEARINGS. The
frames for the top and bottom bearings shall be composed of
timbers so heavy as to avoid appreciable bending by the sule
pressure of the sand. The frames shall be dressed on thewr in-
terior surfaces. No frame shall come in contact with the pipe
during the test. A strip of soft cloth may be attached to the
inside of the upper frame on each side along the lower edge to
prevent the escape of sand between the frame and the tile.

S SAND IN BEARINGS. The sand used for hedding the
tile at top and bottom shall be washe d sand, which has passed a
No. 8 screen. It shall be dried by keeping i spread out thin
in a warm, dry room.

9. APPLICATION OF LOAD. The test load shall be ap-
plicd gradually, and without shock or distwrbance of the pipe.
The application of the load shall be carried on continuwously, and
the pipe shall not be allowed to stand any considerable Tengt hoof
time under a load smallér than the breaking load.

10. CALCULATION OF BEARING LOAD. The total
breaking load shall be taken as equal to the total top load, n-
cluding the applied load, the weight of top frame, sand for top
bearing, top bearing timbers, ete., plus five-cights of the werght
of the pipe. This total load shall be divided by the length of
the pipe i feet, so as to give the bearing strength per linear foot
of pipe. In testing secwer pipe, the bells shall be hedded and
loaded, as well as the body of the pipe, and the length over all
shall be used in computing the bearing sire ngth per linear foot.

QrANDARD TESTS OF DRAIN TiLE AND SEWER PIPE

The MODULUS OF RUPTURE of drain tile and sewer pipe
in Towa Standard tests shall be computed by the following
RULE:

Divide the bearing strength pounds per linear foot by 12,
and multiply by the radius in inches. measured to the center line
of the pipe wall; then divide this product by the square of the
top or bottom thickness of the pipe wall in wnches. The quo-
tient will be the modulus of rupture, in pounds per square inch.

The average thickness of 1he pipe wall shall he carefully
measured at the top of the pipe, and also at the bottom, and the
smaller of the two average thicknesses shall be used in the com-
putations. y

RurLe ror (CALCULATING THE Mopurnus oF RUPTURE IN Towa
|



CHAPTER VI

RESULTS OF IOWA STANDARD TESTS OF DRAIN TILE
AND OF SEWER PIPE

Article 41,

The Ames Tests of Drain Tile and Sewer
Pipe.

For several years the Encineerine Experiment Station
of the lowa State College. at Ames. la., has been encaged in
making extensive tests of drain tile and sewer pipe.  These he

gan 1 answering calls for assistance from Enegineers and County
officials connected with drainage work, on account of the crack-
ing of pipe in ditches. The lowa Standard Method of testing
earing strength was developed early in the work, as a result of
caretul study of actual ditch conditions.

Part of the work of makine the fests has been eonducted in

= v Sewer Pipe, about to be Placed in
the Testing Machine,

— — - '* .‘.\". ‘L-:P

il % Vo
| 14r. Zo.

Forty-two Ineh Vitrified Ola
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the field. or at the factory, at various points in lowa, but most
has been done at Ames, in the Engineering Kxperiment Station
lahoratories.

Part of the -'|-L""l|!u-n- for the test were obtained on actual
work, at various points in the state: but most have been .-I||r|rl!:'1
h}' various cement and clay pilpe manutacturers, [ml'll_k P
1‘}l;if~'1-t]. but larg: l_‘u' rrd LS. One firm alone sent us two car
loads of sewer |ri;rl'_ valued at sev ral hundreds of dollars, free
of charge, even paving the freight

We acknowledee with thanks the valuable assistance and co
'li|1't'£ITi1*II T'l'liiil‘!'t'ill ]'_‘%' many people 11 this unr]g .llb.v list, of

”'.H_*-«t' Hl!H |l.’l‘*~'r.' ||-']]:r~l IS St 'Hrl'__' :l.“lt 1i:r' H-il'l{ Nas r'\.h']!llr'i
over SO many vedls, that we find ourselves unable to mention !lﬁ-
Nnane Hu-:ﬂ'i_\ all those who have i"*l”li

Article 42. Tables Nos. 18 to 25. Showing Results of Ames
Tests of Cement and Clay Drain Tile and Sewer Pipe. The
detailed results of the Ames Tests appear in this Article, n
Tables No. 18 to 25

In all. over a thousand Speciiens have been tested, at dafferent
f1mes, part 1mn st veral wavs, 1o obtain the data given n these

tables.

In the case of cement tile, the pipe tested represent a wide
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range of ages. In fact, we secured some 8 in. and 10 in. cement
pipe, which had been in actual use in the ground, in a drain and
in a sewer respectively, for thirty-one years.

The cement pipe tested also represent different proportions of
materials, different processes of manufacture, and the produect
of different factories. Most of the pipe were made three to four
years ago.

The clay pipe inelude pipe made from surface clays, from
fire clays, and from shales. They were made at different fac-
tories in lowa, llinois, and Missour.

In addition to cur own tests, we have ineluded a few made by
Burns & McDonnell, Consulting Engineers, of Kansas City, Mo.,
and kindly furnished us for this purpose.

HEHE HHE
ST

| = |

I'JI rr}j I-:__I.: E - .ll.l- '

i

et Lo

BNl

13

» e
ey
-+

L Dy

Fig. 27. Several Hundred Dollars Worth of Vitrified Clay Sewer Pipe
;| ¥ ¥ & w
I'ree from One F actory, Broken in Tests.




TABLE NO. 18
TESTS OF CEMENT TILE

Avernge o ; Ep
4 | Thickness S IEE |8 ~
& % T == -
- < & o a2 >
. ¢ £ I % T | Es e
From = - e, 2| E| = 2 |g=|S2| = Remarks
3 <2 s = g re : we | ¥E Z
e ; = - — ] -1 - B cAl|Sa =
o (- 21" BlE| B|2|E0|27] &
#] 2| €| 2|8 F| S| 2| 5|s85|28] 2
& o < | 8! & Al 3] B | «lgalasl = |
TESTS OF 4 INCH CEMENT TILE
Emmetshurg 1-4 a 4 .55 12 1200]1200] 750] All these tile machine made. Yankton cement.
1—4 3 4 0,50 12% 1050/1030! 770!
1-4 p 4 .55 12 1150{1150, 720| -
1-4 2 4 0.55 15 10301030 700
1—4 2 4 (.55 123 1110/1080] G880 ok
1-4 ' 1 0,50 1245 600} 590| 450 Poorly made; porous spots. ' o
-4 2 4 .55 12% B50] B30 580 (W]
14 ) 4 (.55 12% 11001080 680
1-4 = 1 050 128% 1210 11960 890
1-4 - 4 0,50 1244 11701150 B6O
1-4 - 4 0,55 123 11201100 600
{14 2 4 0.50 |[12% 010, 890, 670
Average | -4 | 2 | 4 | 1 | | 110401 F00] 1
Independence ' | 4 [0.45-0.565/12 [1000[1000] 930] Fine sand.
4 10.45-0.55/12 1200 1200/ 1110 Fine Sand.
l 4 10.40-0.52/12 1280/ 1280|1500 Medium sand.
t 4 10.42-0,50)12 1710 17101800 Medium sand.
4 [0.85-0_70(12 15001500 2300 Wetter medium sand.
4 .45 12 Q80| 980, 900 Wetter mediom sand.
4 N.50 18 149014901120 Coarse sand.
4 |0.45-0.60[12 1200/1200/1110 Coarse sand.
J 4 [(0,45-0.55/12 120012001110 Sand from another pit.
1 050 12 14101410 1060 Sand from another pit
‘ 4 0.50 |12 11601160 B70 Same wetter,
- d |[0.45-0.55/12 | 11250/1250(1160 Snme wetter.
Average 1 1 4 | | 1 | 12801250 |




TABLE NO. 18 — TESTS OF CEMENT TILE — Continued

Average o ?: 5
# | Thickness =l e e N -
= s Tl Ee 5S4
. 2 & o it || Bidi @ &
. o | . s m o B a 5‘
From a o 3 = = = E g | £ Remarks
E = - — —_ = — - E
= e i g | @ - - = wh | 28 =
Zz| 5| 2|28 d|=£| 3| 3[=R2& B
2 o = = &1 &p ) S i =
| | S8 = 8| @ | A |gEes| 2
= y = A | = 3| B 4 12222 = g
Sherburn I1-5 I | i 0.62 12 1170/1180] 570
[1-5 4 0.62 |12 960! 970 480
Average | [1-5. | | 4 | 1 | E 11070| 520|
Story City 1247 |14 | 6 | 4.0/0.53-0,51]|12.2 7.0] 7T90| 794| 530] 5.9 |
o
TESTS OF 5 INCH CEMENT TILE =
-~
Emmetshurg 1—4 4 5 .58 12 ‘ |1550[1560/1080 |All these tile machine made. Yankton cement.
1-4 4 5 0.50 1234 B70| B60| 790 Poor gravel, rotten pebbles.
1-4 1 5 0.45-0.60(1214 Q70| 960, 1090
1-4 ! 3 0.55 12 LOS0 (1060 810
14 4 |5 0.50 |12% 11001080, 990
14 4 5 (.55 12 1340|1350 1080
14 4 | 5 0.55 (123 1460{1440{1100 [
1-4 4 | 5 0.55 |12% 1130[1110| 850
14 4 5 0.55 1214 560 550, 420 Poor gravel,
1—4 1 5 .58 1214 1060/1040( 720
1—4 4 i) 0.45-0.551121% 830| B20| 930 Poor gravel
ey e | 0.55 |12 | 1040]1020| 780|
Average r 1= e R ) | F ! | [1070] 880 i_
Emmetsburg 1-4 28 5 |0,45-0,565(|12% 1140(112011270 All machine mads, Yankton cement. Two years in
1—4 28 5 [0,45-0.55(12% 118011601340 ground.
1-4 28 5 [0.35-0.55(121 1120/ 1100/2080
1-4 28 5 [0.45-0.55|121% 147014501640
Average | |14 | 28" |5 | | | | [1210[1580] |




- —4*

Lake City 1-4 4 5 |0.55-0.60/12 1640165011270
1-4 3 5 0,60 12 1430/1440| 930
1-4 3 b [(0.55-0.60/12 1440[1450(1110 All machine made,
1—4 3 o 0.565~-0,60/12 1380139011070
1-4 3 5 0.60 |12% 1240(1240] 8OO
1-4 3 [+ 0.55-0,60/12 1140{1150] BEO
Average | [1=4 | B8 | 5 | | | (139011010 |
Sherburn I 1-3 a | 0:.62 12 (116011700 710 !
\ 1-5 b | 0.62 (12 | | 980| 990] 600 !
) (]
Story City 244 (1-4 6 |5 0.60-0.6112.3] 10.0[1240[1220] 780[11.3
245 |14 3 0.58=0.63/12,3| 10.011350 1320 920(10.6
(246 [1-4 | 4.9/0.60-0.65(12.8| 10.0/1000, 970| 660 9.1
Average | l | f I | | |__ Jir70] 790[10.3 |
Lake City i‘.!fif:l 11=81a) 6 | B 'tﬂ.ﬁ-'_!-—l._l.ﬁﬂ:'t'_-‘!.ﬂ 10,8/ 14001370 830 7.3 Appeared to be made from drier concrete than 249
1240 (1-3% i 5 II.GH—H.!"]:‘%]I.E.H 10.812800|226011470| 7.0 250. These tile were taken from drains at the a
250 |1-31,-2| i | 5 |0.58-0,65(12.8| 10.5]11980(1900/1230| 6.8 Drainage Experimental Farm, Lake City, Towa.
1251 |1-8% 6 4.910.50=0,.60/12.3] 10.8i2180/2140/1980] 7.4 s
Average l ! 1 | [ ] I | |1920[1880] 7.1 | EE"
Linby 244 | | | 4.9(0.75-0.70[12.3] 11.0]2080/2040] 970 |
248 | | 4.9/0.60-0,.65/12.3| 10.5/1790/1740/1130|
Average ] ] | ! | | 118901050 |
TESTS OF 6 INCH OEMENT TILE
Emmetsburg 1-4 | “8%!] 6 |0.55~0.65|12% 840 B30| 750
1-4 | 8% 6 |0.55-0.6512% ROO| 700/ 720
1-4 3% 6 |(0,55-0.65|123% 10301020, 930 All machine made, Northwestern States cement,
' 1-4 33| 6 |0,50-0.65/12 | 780| 720| 790
' 1 3% | B |0,50-0 65124 | B30, ”20! 900!
I 1—=4 36! A (), 45060 ]ﬂ‘lﬁ ‘ 920 a10l1 ""ﬂ\
1=4 3% B 0. 60 123 7501 740! 570
i 11-4 | 31| B 0.556-0,65|12% | B30 620 560
Avorage : 1=¢ | 8%| 6 | | I 810] _R10)] |
Emmetshurg 1-4 24 6 [0,50-0.65(121% |110011080/ 1200 ‘Same as 12 inch tile for Dist, No. 5. See helow.
‘ 11-4 24 6 [0.55-0.6012% |]120 11nn 1000/
1—-4 =4 6 0.55 1255 1100[{1070, 970/ All machine made. Yankton cement.
Averange | [1=4 |’ 24 |6 | _ | r 1090|1060 | ;




TABLE NO. 18§ — TESTS OF CEMENT TILE — Continued

Thickness i ] =
& | Average = | F..]12, <
= . - i &5 -
S E - =1 = -]
. = = b~ a0 1e By
= o — & G E = .2 =
From - - ) g2l 8| 3| S |el (g2 ¢ Remarks
s| £ | S| 8]a | | | o |wg|lag] =
= o Lo - = £ v = | R e B B
- = - = s L e - N - =
i 2 & | 2| = = | §| = e [22|322| Z
= 2 - Al = = = = | ===l |- {5 -
Emmetsburg I—4 | 28 | 6 |0,55~0.65/112%]| 11060]1110{1010] |'Two yvears in ground. Machine made. Yankton cement.
Lake City 1—4 3 6 0.70-0.75/12 17B0{1790{1020
1—4 3 (3 0.60-0.70/12 163016401270
1-4 3 6 0.70-0.80|12 1430|1440| B30
1-4 3 6 0.50-0.7T0)12 105010801190
1-4 3 (i} 0,70-0,75]12 116011170] 670
14 3 6 |0.70-0.75/12 130013101 750
1-4 3 6 0.70 12 14701480, 840 All machine made.
1-4 3 6 0.70-0.75/12 134011350 770
1-4 3 6 0.65-0.70{117% 1270/1290] 850
1-4 3 6 0.65-0.751113% 1170|1200 790
1-4 3 6 0.65-0.T70]112 1§ 1910,1%00| 840
1:4 3 6 0.65-0,75/12 1850|1360] B90O
Average l1-¢ | 8 |6 | i | | 1a70] 800| [
Fairmont 1—4 14 6 [0.57-0.63{12% 1160[1140] 960 Steamed B0 hours. Left in curing room 5 days.
14 14 6 |0.55-0.60/12% 11201100, 1000 Then piled in yard. All machine made, steam
1—4 14 6 |0.45-0,65|12% 1050104011400 cared, Atlas cement,
14 14 6 0.60 12% |11070{1060| 810
Average 14 |14 |6 | | I I 1080 1040] |
Duncomba 2 6 [0.68-0,65/121% 1250(1280/1010
2 6 |0.60-0,66/12% 1500 1480/1140
2 6 0,65 12 % 1500(1480| 970|
Average | 2 | 8 | | 1190{1040]
Dunecombe | 12 | 6 |0,55-0,65]12% 1150{1130]10a0]

Coarse and poorly tamped.

901
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Sherburn 1-5 i 0. 62 12 I 790| B00| 570 ,
1-56 I 6 0,62 12 | HB80| Bo0| 640
Average | [1-5 | | 6 | 0.62 [ | 840] 600] |
Story City 43 5.9(0.65-0,70[12,8| 14.5[1780[1770/1110| 6.8
44 i 6.0/0,.65-0.75/12.2| 13.5/1570/1570/1020| 8.1
45 i 5.8(0.68-0.65{12.8| 13.7(1560/1550/1020/10.3
46 i 6.000.60-0.70/12.3] 12.8]/1000] 980| 760| 6.7
a7 fi 5.710.73-0.70/12.3| 13.3/1540(1520| 870! 6.2
43 ti 5.9{'0.70—0-‘?{} 12,21 13,0/1375(1850| 770/11.0 |All machine made. Al these tile were water cured
49 6 | 5.9(0,63-0.58/12.8| 12.8/1190/1170 960| 5.2 | by sprinkling. Tile appear to be made too dry.
50 6 6.0/0.65-0.6512.2| 12.5/1810/1290]| 860! &.2
51 6 | 6.0{0.73-0.70/12.8| 13.1(1885{1870| 780/11,2
52 6 | 5.810.60-0.60/12.3 13.9/1425/1410/1080| 7.2
33 ﬁ 5.9/0.65-0.70112.8| 12.2/14856/1470| 970 6 2
54 - 6 5.910,58-0,60[12,.2| 13.3 1470/146011210! 4.7
55 8 0 S.HLﬂ.ﬁﬁ—ﬂ.ﬁﬁHE.F! 13.2/1300/1290! &50] 5.0
50 G 5.9/0.63-0.65/12.8! 12.6/1210/1200! 840! 6.1
57 | = 6 | 6.0/0.65-0.65/12.8! 12.5(1380(1370| 900| 4.6 .
58| o | 6 | 6.1/0.73-0070{12.4| 11.1(1740/1730| 960 4.1
59 - 6 2.910.73-0.73112.4| 14.1/1425(1410( 740| 6.1
GO < 0 5.9{0.73-0_ 65(12.2( 12.8(1350/1340! R00! 5.8 s
61 2R 6 5,8|0,65-0.65(12.2| 12.5(1805]1300| 860! 5.1 (e
6Ha 0 5.910.70-0,75|12.3| 12.5/1550|1540| 870] 7.2 =]
67 S fi 6.1/0.68-0.73112.4| 13.2(1440{1430! B60| B.8
64 o G 6.010.75-0.68]12.3| 13.5|1465/1450/1010! 7.8
65 6 6.0/0.73-0.58112,3| 13.9[1320/1310/1120| 9.7
66 [ 6.010,63-0.62(12.8] 12.711600/1590/1110/11.6
67 i 6.110,.65-0.65(12.3| 12.5/1120|1100/ 720/ 9.3
68 6 5.910,75-0.65[12.4| 14.0[1580 1540/1010| 8.8
o t G.010,70-0.55112.3! 15.0[1300/1270/1180/| 8.0
70 (5 6.0[0.67-0.74{12.3| 14.8/1635/1610/1000| 6.8
71 6 | 5.9/0.63-0.62/12.3/ 12.4/1320(1280! 920| 8’5 |
72 fi 6.010,65-0.63(12,0| 12,8 820! B20! 540 7.5 [Broke into 7 pieces.
79 f 5.9|0,.58-0,65/12.2| 13.0]1800]1290'1070] 8.1
74 i 6.110,.67-0.66/12.8| 13.2(1195(1180| 750| 9.2
75 | i 5.910,68-0.6812. 2| 12,2 Ranl 870! 520! 7.4
Average | ] | [ r | ' | (1860 910| 7.5
Story City 283 | 1 | 7 5.910.65-0.71]12.2| 14.0/1190/1170] 760] 5.9 |These tilo were immersed in water 30 days and tested
283 7 5.9[11.?n-n.ﬁ1i*12.:: 18.0|1000|10701 T90| 7.4 while wet,
284 to 7 6.0|0.62-0.61[12.2| 18.0| 530] 520| 380! 6.8
285 7 5.9/0.61-0.50/12.2! 13.0[1070/1050|1160| 4.6
286 | 3% 7 | 6.0/0.66-0.56[12.4] 15.0| 895 880 780! 5.3
Average | l i I I | I | | 930 770] 6.0 |




TABLE NO. 18— TESTS OF CEMENT TILE — Continued

Average % i e
% | Thickness el ot ST [P o
= : = e | 25 =
= 0 o = =i =
From g R gl 30 & | 2ledem 2 SV
ta = - el — = -— 5 -
8 b S o | @ - : \ o |0l | B 8
= 5 = L g = |l & |2 E
= 2 . E Sy - =, E-: =7l [ ) f 2 2
; = ot = - i - O <
Al (> 2 1lals sl 2ol ElEallsl S
Story City 428 1 | 18 6. 010 60-0.70112.3] 14 |2110]2060]1570] 8.9 |These tile are similar to No. 43-75, but 12 months
429 18 | 5.9/0.60-0.65/12.3| 14 |1950(1900(1450| 6.2 | older.
1430 to 18 6.0/0.65-0.68/12.3| 13 1970192011250 5.9
431 18 5.9|10.70-0.65|12.3| 14 184017901170 6.6
1432 39 18 5.9(0,70-0.65/12.3| 14 |1870/1830/1190| 5.6
Average [ | | | | | ] | 190011330]| 6.0 |
TESTS OF 7 INCH CEMENT TILE =
Emmeisburg 14 [ 1%[ 7 [0.65-0.75/12% 1460/1440]1080 =
1—4 1% T | 0.70 1234 1260(1240| 810
1—4 1% 7 0.60-0.70/12% B20| 8101 T2 Cracked. Streaks of dirt in fracture.
, 1—4 1ia1 7 0,60-0.70|12% T50| 740] 66D
' 1-4 116 7 (.70 1234 121011200 7890
1—4 1%| 7 |0.55-0.60(12% 800/ 790/ 840
1—4 1% 7 |0.60-0.7012% 1390|1370(1310 All machine made. Northwestern States cement,
1—4 | 11;"2| { 0.68=0.80(121% 1700/1680(1170
1—4 1%| 7 |0.60-0.70/12% 11230{1210{1070
1-4 136| 7 0.65-0.75(12% 1150/1140| BTO|
1—4 1| 7 0.65—0.80|1213% 141013901060
1—4 14| 7 |0.60-0.70[/12% | [1270{1250/1110 |
Average | 1—4 | 1%! 7 | | | | [1180| 950| |
Lake City 1-4 3 7 |0.70=0,75|12 1040[1050| 690 |
1-4 g | 7 [0.65-0.75/12 000| 910| 690
1-4 d i 0.65-0.75(12 1100/1110] 8B40 Machine made,
[1-4 | 8 | 7 0.70-0.75[12 B80| 800 580
1-4 3 7 10.60-0.80{12 1170118011050
1—4 3 7 |0.65-0.70|12 910| 920| TOO
Average | -4 | 8 |7 | [k | [1010] 760|
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Duncombe T 6 | 7 |D.65-0.75/12% TRO0 177013400 |
l (] S 50."58——0._70 124 2100/2070,1960
| 6 | 7 10.60-0.70/12% 1900187011660
Average : | Lo T I 1 | [1900/1650] |
Sharburn 1-5 l | % | 0.75 l_u: 1100 1200, 680 l
=5 | | 7 0.76 |i2 .umluanj R10
Average | J1=5 | 1 7 I —1 1____|1310] 750] I
Story City 243 [1-¢ | 8 | 6.9 0.60-0.7012.3] 16.0/1000/1080] 7380 =.8 |
TESTS OF B INOH CEMENT TILE
Emmetshurg 1 3 - D30 |18%] [1320/1326] 760 :
’ |1~ 3 8 0. 78-0.85 124 161001810 870
1 ] #  N.75=D_85 uv.l 125001240 810/ 1
. 11=4 3 R0, TR0, 88 12y 128001870 830/
' fl—«l 4 8 0.80 ll:ﬂﬁ| 12001200 740 All machine made. Narthwestorn States cement. -
1-4 a - O.80 _ 124 1080110201 500
I 14 | B 8 10.76-0.90/12% | 1400/1300| 910
. 14 4 8 10,75-0, :tr- 1184 1430/ 1370 RO0) sy
14 a 8 10,750 w8 124 | 11301120 7a0 ‘3
| 1=4 | 3 8 0. au_u nm‘:u 1210 12101 700 2
l 111 l a2 B 0.70-0,90/12 1500 15001120
l1—¢ 8 | 8 |0.75-0.85/12 1430 1440) 940 .
Average I = | B 18 | | | | _[1a20] 830] |
Eramolshurg =¢ |8 78 T 0.7 N3 8501 BoO| 60| [ B
5 i 8 | o016 (12 | i-mn 9001 580
Average 1=t 1 6 |8 | T 1 1 | "RA0| 570! |
Ermm . taburg ] -4 i 24 8 0, 70-0. R0 lﬂ"ﬂi! 120012000 960 ISame ax 12 inch tile for Dist. No. 5. Ser bilow.
. 1-4 p | R D, 750, 80/ 1294 152011500 980 ANl machkine made,
| 1—4_ | 24 | 8 [0.75-0.85/12%] 1200/ 1280! 830! . o
AVErage ] -4 |24 | B | I I i [1aa0! 9200 1
Emmotaburg j1-4 128 | B [).T0-0, 80124 1217013260] 940 ‘All machine made.  Yankton cement. Two years in
14 R 8 0.75-0.85]10 )mm,nmn RO0 i ground.
1 2R B N, TO-0,80/12Y 1710 1660 12460
‘ 14 aN R 0,700, 801915 1180 11700 BT l
11— a8 R 10,700 85 12 | ARPO1AK01080]
Average il i1 128 1 A | ] ; 10000 BRO| I




TABLE NO. 18 — TESTS OF CEMENT TILE — Continued
Average iz ;f B
% | Thickn:ss ool RO =
5 s | EE |85 s
= @ . H
» = = ® e o - ﬂ “ =
From < 2 - g = 2 g 18=wg T Remarks
B G D R N ol i
= = = o ] = - - — - ; = E e
2O W 8 (8 55 gl =| 2| 2 [8a|5=| B
) 2 N = = -B0 50 = 5 S [R=tr =
= = & o (=1 > = D = # 'g o o
& e & e 1= =] W =1 o= | B2 .
A - < | &al& gl 3l = | < a3 |39 =
Lake City 1-4 3 8 0.70-0.75|12 9901000, 740
1-4 o 8 0.65-0.75(12 1170 11801010
1-4 b 8 0.65—-0.75|12 B260| B70| T40
1—-4 3 B 0.70-0_80{12 1220[(1230]| 920 )
1-4 a 5 0.70-0.75|12 1140(1150| 850 All machine made.
1-4 3 8 0.70-0.80|12 1090/1100| 820
Average | |l1i-4 | 3 | 8 | [ | |1000| 850]| |
Duncombe 4 B [0.78-0.83|12% 1720/1700/1030
4 . 0.80 124 1480(1460| 840
£ s 0.80 [12% 1800(1780|1020
Average | | || 4 |8 | | 16401 960] 1
Duncombe 12 ] 0.80 124 1150|1140] 650 Very coarse material,
12 | 8 |0.75-0.80[12% 11900(1880(1220
_12 B |0.75-0.85 12% 12000][1980[1290
Average ] | LA W | | i [1670]1050] |
Sherburn | [1—4 | | 8 | 0.75 |12 [1160[1170] 760] |
Ames 372 B 1.25-1.35|20 %% 4730|1850| 480 I
372 = 1.25-1.35/|30 4730|1920]| 480
g 372 8 1.20-1.30{30 4600(1860| 510 Crack 23 in. long turned to % point.
= [872 2] 1.30 30 4800(1940] 460
_ﬂ 372 B 1.30 30 4070|1650| 870 All from foundation drain of old main building at
. |372 8 1.80 30 4090|1660{ 380 Town State College. 31 years in ground.
o 872 B 1.30 an 4190(1700( 390
< (372 8 [1.25-1.30|19% 375012830| 580
372 8 |1.25-1.30{201% 3320(1970( 490
372 | B 1.30 |20 3070/1860| 430
Average | I 1872 | B | | | |1880] 460]

OLT




Pilot Mound 277 |1-38 2 | 7.9/0,80-0.80/12.2| 21.0[1510[/1490] 860[10.6 [Tile made quite wet.
278 |1-3 2 7.910,75-0,80/12,.3| 21.0/1190{1160} 760/11.3
279 |1-3 2 8.0/0.80-0.80/12.3] 21.0/1310[1280} 740/ B.9
280 [1-8 2 7.8(0.75-0.83112.3| 21.0 Hﬁﬂi B40! 550(10.9
281 _1—3 2 7.8(0,80-0.78 l_..’. 21 21.0/1110/1080] 660{11.3
Average i = i [ ] 1 f | | 11170] 710/10.6 |
L]
TESTS OF 10 INCH CEMENT TILE
Emmetsburg 1-4 216110 |D.80-0.90|12% hlmm 11000| 710
1-4 216110 |0,B80-0.90/1214 1111111’1[11111 710 All machine made. Yankton cement.
1-4 216110 [0.76-0.85|12%% 129012801020
1-4 2% 10 |n fm-n 00,12 1% GOO| 600 420 Dirty mixture, poorly compacted.
1-4 2% 110 85-0.90/12% J 600( 510 320 Poorly compacted.
1-4 214 (10 l 0.85 [12% 650| 6560/ 410
1-4 215110 |0.80-0.90|121% 750 T50; 530
1-4 23110 0,85 1234 580| 590! 370
1-4 216110 0.80-0,90(1214 110011100 780
1-4 216110 |[0.80-0.90]12% 1200111901 840 -
1-4 2% (10 [0.70-0.90|12% 1080110801 990
14 2%{10 [0.75-0.95(12% 1080,1080] 870
Average | (14 | 2%f10 | = | | |~ | 000] 660] | —
—
Emmetshurg | l1-4 | 6 [10 | .88 12 | 11270(1290]| 7060| |
Lake City 1-4 [ 2 10 |0,.85-0.90/1117% 1280|1310] 820 6 of these tile were 2 months old, made of coarse,
1-4 and (10 |0.75-0.95|12% 1130(1140] 920 wet material, and 6 were 4 months old, made of
- 1—14 4 |10 |0.90-0.95|12 1220,1240! 700 finer nnd dryer material. All machine made.
1-4 see |10 0.85-0.95/12 1420|1440 910
1-4 Re- (10 [0,90-1.00(11% 1460 1480| B30
|1-4 |marks|10 !0,90-0.95/12 10601080 610
1-4 - 10 [0.85-0.95(12 131011330 8B40
1—14 s 10 0,.80-0.95{121% 1539015901130
1-4 b ) 1 o PO 1 B ﬂﬂu—D_gﬂil“ 1090(1110| 780 Poorly compacted.
1—4 s 10 0.85~0.95|12 124011260 790
1—4 “ |10 [0.85-1.00[12 870| 890! 580 Poorly compacted.
1—4 110 |0.80-1.00/11% 1040{1100| 780 Broken at one end.
Average | [1-4 | 2-4 |10 | | | ] 11250] R10| |
Duncombe I ] 12 |10 0.85 |1 2‘;&.’ 11350 )| B40 I
18 |10 |0.80~-0,85|1214 1430/1420/1000 In ground 16 months.




TABLE NO. 18 — TESTS OF CEMENT TILE — Continued

Average % ;‘f 5
# | Thickness 2| 8 ~
= i bR &S 5
. | 2[4 sl 2l & | 2 |EE|Bal M
- & — - T &
) 'E 'I-E _E', th - p oo o = p :h; = E o
b = = o & = = = EO = =T i = o
" =2 4 g < 50 8 = |8 |2 .
& = o = =Y = = 'S 2| = [ B 7
X Aol = e =) =3 @ b = 2E =R —
= 8 - = B va — = = [ = — -
Ames 372 (10 [1.25-1.35[30 | 5000(2030] 620 All from old sewer at Towa State College. 31 years
372 10 1.25-1.35(30 J630[1480] 450 in ground.
2 (353 10 1.30-1.40(30 4560|1850 520
Z 372 0 [1.25-1.45/30 18810|1550| 470
| = [872 10 1.20-=1.30(30 4050|1650, 540
~ 1372 10 1.20-1.40(30 4035|1640, 540
= 1372 10 1,25 130 3560 1450; 440
, 372 10 1.05-1.35/30 38501570 G6D
372 10 1.25-1.40(30 700/1910| 580
272 10 |1.15-1,35|24 3960(2010| 710/
Average i f 1372 [10° | | [ I |1710| 560]| I
Ames g |372 Jlﬂ 1.20-1.40{30 2215| 910| Hfhﬂl Partly disintegrated while lving on ground. All from
82 ' | | | same sewer. 30 years in ground, then 1 year ly-
oo 1372 |‘H} 1.20-1.3027 2075 B:Ef]l 31{!‘ ‘ ing on surfaece of ground.
) | ~4 : | r | |
Average [ ; |B72° 100 | | | | | 930/ 300] |
Story City [ 1 |1-3%| 7 [10 [0.90-0.90]12.2] 29.0]1550/1540| 870| 9.5 |Water cured. Made too dry.
2 or T }li} [].9(1-{}.9[.]['12.[1]: Eﬁ.ﬂ‘lﬂ—lﬂilﬂﬁﬂ 70| 9.7
| 14 . ' |
Average = [ | | | | | 11280 720] 9.6 |
Estherville 8 [1-3 3 |10 1.00—0.35[12.‘2 20.0/1050(1030| 660| 7.0 |Wet mixture. Well graded aggregate.
) 1=5 3 10 0.85-0.77{12.1| 29.0(1080]1060| 820| 7.9
10 |1-3 3 |10 |0.80-0.90|12.2! 29.5|1245[/1240| 860| 7.5
Average | 11=8 | 3 |10 | | | | '|1110| 780] 7.4 |

GLL
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TESTS OF 12 INOH CEMENT TILE
Emmetsburg 1—4 1% (127 [0.60-1.10/12% 950/ 950 640 _
1-4 416 (12 [0.95-1.056/12% a00| 910 540 All machine made. Yankton ecement,
1-4 4% |12 1.00 1214 abu| 560 300
[ 1 412{12  |0.95-1.05{12% 800, ®10! 470
Average - |14 | 4% 12 | T | | B10| 490| |
Emmetsburg T—4 | 24 |12 [0.90-1.05[12% | |1n-1:m 1-1111‘ 94:11‘_ |Machine made. Same as two for Dist. No. 5 just be-
] [ | X | e low. Yankton cement,
Emmetshurg 1-4 24 (12 |0.95-1.05{121 | 142014200 810 All from Dist. No. 5. In!g on ice first winter. Frozen
|14 | 24 }_1'.5 I ) |18 3% 1240(1240] 670] in ice second winter, Chopped from ice third winter.
Average | |1-4 | 94 (12 | | | [1330] 740] ]

All the following Emmetsburg pipe are vejected tile from the slough in Distriet Noo 2, where the noted “Failure” oceurred. Tile had lain in

witer and been frozen o jee

over winter.

Many showed calcium carbonate concretions, mainly on the outside.

Emmetshurg E 1-4 | 24 |12 --1.9::-1.::5[1:5',-a | 740 50| 450] Poorly made—porous—eracked, incrustations outside.
1-4 24 112 10.95-1.05(12% | (132001820 T90 Somewhat disintegrated.  Imerustations outside.
| 1-4 24|12 10,90-1,05121 | (1150/1130] 750
| 1—4 24 (12 Iilrﬂﬁ—l.l-":'lﬂ‘,i 1050, 1050 630 'All machine made. Yankton cement.
i-4 | 24 [12 [0.85-1.05{12% | 1170/1170] 700 |
| 1-4 24 (12 [0.90-1.10)12134 | 1150 1140] TT(W |
1-4 24 |12 |(0.95-1.056{12% | 650 h'fiui 400 ‘Very coarse mixture. Poorly made. Porous. In-
1-4 | 24 12 |0 95-1.05/121 1270[1270| 760 | ecrustations outside,
1-4 24 (12 [1.00-1.10{111% 9701040, 570 Fl“ﬂnrlr compacted, Porous,
1—4 24 |12 |0.95-1.0512% | 510] 520/ 310 Poorly compacted. Very porous. Incrustations outside,
! 1-4 24 112 10.95~-1.05{123 | | 910 __!.-}I!!I__.'iﬂl'l] !f{mhm' porous, Large amount incrustations outside.
Avyornge I [1-4 | 24 |12 | | [ | 110001 600] l
Lake Uity 1-5 12 |12 [0.80-1.05,1% | ||n.':n 1040] B8O
|1=5 12 (12 [0.95-1.00|12% | 128011300 7RO \
|1-:': 12 |!:£ I{I.Hn—lduullz | B10| 84d0| T00| Very poorly compaeted.
1-5 2 12 |0.75-0.95|121 1180 11801 I:H’t! Poorly compacted.
| 1= | 12 |12 0.95-1.0012 1100/1210] 710
1-5 12 |12 |0,80-1.00/12% 108011090/ 020
| 1-5 | 12 {12 |0.80-1.05/12 1240012601060 All machine made.
[ 1-5 12 (12  [0.85-1.00{12% 1210/1220] 910
‘1—5 12 12 0.756=0.895|12 1090, 1110/ 1060
| 1-5 12 112 |0.90-0.85/12 1200/1220| 810
’ 1-5 | 12 |12 |0.90-1.00(12 270/1200| 860
- |I—5 12 |12 D851 .001124 1170|1180 BRO
’ 1-5 12 112 [0,85~-1,0001% A601 9801 730 Very poorly compacted.
_ |1:5_|_l:=’. 12 [0.80-1.00{12%| 12430({2410(2020 | Very dense, rather wet mixture, exceptionally good tile,
Average '| [1-5 | 12 [12 | I| | | |1240] 960 | ,_._

481
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TABLE NO. 18 — TESTS OF CEMENT TILE — Continued

Average o E'..'. 5
4 Thickness e ] =
= o e I =70 &
: = & o | 8|2 £
: - = ; |8 b e |EE | T
From b = = ] = 2 |mR | g < Remarks .
< g B . i, . = ) . - <
3 ': _&: o - - = =T '-:'
z| E( 2| 2|la g|&| 2 |Z2|25 38 B
@l & | & | B 2| 2| 2| B|l54|82| 8
z = b0 v = = @ e A |lewa | Sc =
i Ay = = = (23] = = - || g -
Fairmont 1-3 1% 7 12 10.90-1.10]121% 1180|11R0| 790 Steamed 230 hrs, Left in curing room 3 days. Then
1-3% | 7 |12 (1.00-1.10|12% 1760|1750 950 piled in yard. All machine made, steam cured,
1-3% | 7 |12 [0.85-1.05{12% 1340(1340/1000 Marquette cement.
1-3% 7 112 |0.95-1 0565|1234 900} 910| 550 Poorly compacted,
Average I [1-8% | T |12 | f | J [1290| B20] |
Duncombe | | | 1 |12 |1.05-1.15]124| [1530[1530| 760 |Steam cured 4 days. Frozen 2 weeks. =t
[S—
e
Duncombe 12 12 1.10-1.15|12% 2850(|2330|1030
12 12 1,10 12%4 190011890 850
12 12 1.10 1214 1900 Lﬁ_‘!ﬁ} B50
Average r | BV | 1 | [2030] 910] |
Sherburn ‘ |1—5 ‘ 12 ‘ 1.00 |12 ‘ lllan 1210| 660
1-5 12 1.00 12 1380|11410| 760
Average | 11-5 | b =7 | | | [1310| 710] |
Swea City | | 0 1 ¢ A (R =10 D [ & | 1300|1330] 510] ITn drain 9 months.
Armstrong ‘ | | 6 |12 i |12 | 1450|1480
6 12 12 11501180 _
Average ] | T ] | 1 |1380| i 1
Bancroft r | 1 12 | 12 | 11850]1380] | |

S : e e e oo — _M - :



Ames 1-3 2 (12 1.25 24 1400| 730| 260 Poorly compacted. ‘ | _
1-3 2 |12 1.50 24 3200/1640( 410 Note —Temperature was low during these two months,
1-3 2 |12 1.50 24 2390(1240| 310 All are experimental tile. Hand made by Mills &
1-8 2 12 1.50 24 2290(1190] 300 Moles,
s 1-3 2 12 1.50 24 3000(1540]| 380 |
Average | 1-3 2 22 | 1.50 | |1400] 350| |
Ames 1-8: P 12 l 2.00 24 2790)1450| 210 ‘
1-3 2 2 | 2.00 24 3790|1950! 280
Average [ [1-3 2 12 | 2.00 | | [1700] 250] |
Ames | 1-3 11 12 ’ 1.50 24 2860(1970| 490 I
1-3 11 12 1.50 24 5230|2660, 660
Average |I |1-3 11 12 | 1.50 | | 12320 580] |
Ames l 1-3 11 |12 ‘ 2.256 24 112805700 670
1-8 11 |12 2.00 |24 R760/4440! 650
Avernge | -3 11 |12 |2.00-2.25| | |5070! 660] I
Ames 1-3 24 |12 ‘ 1.566 |2 |14530(2810] 540| |
1-8 24 |12 1.50 |24 '5070(2580! 650! l,
1-3 24 |12 | 1.45 |24 |4240|2160| 580] J
Average r 1-3 | 24 [12 |1.45-1.50/ | 12350 590] r -
Ames 1-3 24 (12 1.95 |24 6G140(3120] 480 J
1-8 24 12 2,00 ]24 5570|2840, 410
1-3 | 24 [12 2.00 |24 #280(3200! 470
1-3 24 |12 ] 2.10 |24 |6390(8250] 440
Average | [1-3 24 112 11.95-2.10] f [3130| 450] |
Story City | 12 [ From 7 kll_':ll'lﬂ.‘:‘l:i-ﬂ.ﬂﬂ 12.2] 37.0(1070/1090] 740| 9.6 |Water cured.
13 |1-8%| 7 [12.0/0.97-0.96|12.2] 36.0({1210(1230| 720| 9.4 |Aggregate quite fine. Concrets mixed too dry.
14 to 7 111,9(0.99-0.93(12.2| 85.5| 910| 980! 570(10.0
15 | 14 7 (11.9/0.93-1.01!12.2] 37.5/1110[1150! 720/10.0
16 - 7 [12.0/0,90-1.04|12.5| 38.0| 905 920| 620/10.9
17 - 7 (12.0(1.01-0.95/12.2! 38,0/ B10| 830! 500] 7.8
18 -\ 7 12.0(0.97-0.97|12.2| 39.0/11020/1040| 800{12.90
g [ 7 |12.0[0.09-0.97/12.2 38.5(1130[1150| 660/ 9.7 '
20 5 7 |[12.0/0.88-0.98/12.2| 38.5/1060{1080| 750/11.3
g1 | ¥ 7 |12.0l0.06-0.97/12.2] 38.5| 895| 920/ 540/11.0
22 i 7 12.0(0.97-0.98|12,2| 37.0| 05| 925| 530/10.8
23 i 7 (12.0/0.96-1,02|12.1| 89.5| B95| 910 580| B.7
24 I’ 7 [11.9(0.94-0.95/12.1] 37.0| 820! R40| 490 6.9
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TABLE NO. 18 — TESTS OF CEMENT TILE — Continued

Average " = =
% | Thickness < ] =] = “
= # T | BB =
O & o = R 11 e
s | £ | A o s L (B B - g
From < B § i = & 2 e [ @ g- Remarks
= s S 2 | o - : : PO I =
0 = (- e = SRR - = ) (- DO = B O =
- 5 & B, s g 5 | BlEs|2s| B
4 T = o =] ¥ = = .0 5= =
e 2y -~ 2 = e = = =t Ve | e <
sStory City | 25 * - I B 12.1| 87.5l 1 6.2 |Broke into 8 pieces while placing into machine,
26 = 7 12.0/0.98-0.92(12.2| 42.2| 920| 940/ 600 10.4
27 B 7 12.0(0.98-0.95|12.1| 38.5| 875| 890( 540|11.4
28 o 7 11.9(0.93—1.01|12.1| 39.5| 830| 850| 530|12.8
29 g 7 11.9]0.94-0.94(12.2| 39.0| 935 950| 580| 9.8
30 e 7 11.0(0.98-0.96|12.2| 35.0| 620 640| 360|11,2
31 4] T 11.9(0.99-0.94112.2| 39.0| 790| 810| 490/12.5
32 i /i 11.9(0,99-0.99|12.2| 38.0| 800 820| 450| 6.7
33 - 7 11.9/0.95-0.98(12.2| 35.0/1065(1080| 650| 6.9 %
34 | 7 [11.8/0.92-0.98|12.1| 38.5(1065(1080| 690| 8.6 oy
a5 £ 7 11.9/0.98-0.99(12.2! 39.0| BR60| B80| 490|11.2 ;
a6 N i 12.0/0.98-1.00/12.1| 84.0| 760 T775| 440| 9.9
37 s 7 11.9 D.QS—LGI’}H‘_&.] 38 .5| 750| 770| 430| 7.6 |
[EBaa I i 12.0/0.98-0.95/12.1| 40.5| 870| 885| 500]|10.9 |
Average | f | | I | | | | 940] 570] 9.9 |
Story City 258 |1-31% 7 |11.910,95-1.00/12.2| 838.0]1150|1150] 690] 9.9 )
250 to 7 |11.9{1.00-0.98(12.3| 38,5/1320|1300| 720} 9.7 All these tile in water 4 days before testing.
- - . |260.| 1-4 | 7 [12.0]0.95-1.00{12.2| 38.5(1030(1030| 630| 9.9
261 . i 12.111.00-1.01112.2| 3B.0|1050|1080| 570] 9.9
262 . { 12.0(1.02-1.00(12.2| 39.0/1160|1160) 640| 8.3
263 | T 11.9(1.00-1.02/12.2| 38.5/1160/1160| 640{10.4
264 % T 12.0(1.00-0.90{12.0| 35.5] 650| 660| 440/13.8 |Concrete very friable.
265 s 7 12,0(1,00-0,95{12.3| 38.0/1170 1160| 690/10.1
2606 e 7 11 910,95-0,95(12.1| 88;0|1110] II’H} 6T70110.7
267 ] T 11.9|l.ﬂ0—ﬁ.95 12,2 38.5 1]J[]]11 G80|10.7
Average | N | | | | | Ilﬂﬂﬂl B40(10.3 |
Story City 274 1 8 [11.9(0.90-1.00/12 .1 40.0| 775| 760| 510| 8.7 IThr::'Eu tile were immersed in water 30 days and tested
275 to 8 12.1(0.95-0195(12.2| 40.0| 705| 690| 410 9.9 - while wet.
276 | 838 8 |11.9/0.90=0.90{12. 0| 89.0| ‘605| 600| 400/18.5 |
Average | t | s | 1 | | 680| 440(10.7 |




Story City /348 | From| 18 [11.8 1.00-0.95/12.1] 34 |1350/13840| 800| 9.6
349 |1-316| 18 |12.0(1.00-0.95112.1| 34 1180(1170| 700 9.9
420 to 18 [11.9/0.85-0.95|12.2| 37 |[1310,1200]| 970| 7.4 J o
421 | 1=4 | 18 |12.0[0.90-0.95[12.2| 36 [1190{1170 780! 7.8 |These tile are similar to Nos. 12-38, but 12 months
422 “ 18 11.9(0.95-1.00[12.1) 36 1280(1270| 760| 9.0 older.
423 2 18 [11.9/0.95-0.90({12.1| 34 [1270{1260| B840|10.6
424 ) 18 |11.9l0.95-0.90(12.2| 45 [1820(1300| 860( 9.2
435 - 18 11.0{0.90-1,00|12.2| 37 1400(1380| 920| 8.7
426 o 18 |12.0/0.90-1;00[12.2| 85 |1150|/1130{ 760 9.1
427 5 18 [12.0{1.00-0.95[12.2| 38 [1620]1580] 950 B.5
Avernge 1 [ 1 l 1 | | | [1290] 830] 9.0 |
Estherville 39 |1-3 3 1;&[12.1'1.ﬁ8—1.25|1‘_’,.{],l 49.0/1025/1060] 490/10.2 |Concrete made wet. Well graded aggregate. Web-
40 |1-3 316 111 .8(1,10-1.12(12.2] 49,0(1375|1380| 620| 8.8 [ like markings present,
41 |1-3 33 (12.1|1.10-1 .Ei]|1‘3.1_1 47.5/1160]1180| 520| B.2
Ul 42 1::-1__. I-l‘;f;_ll.ﬂ_l.11-—1.11|l.2.‘.’il 47.511480/1460| 640| 9.0
Average | | | I l | 1 | |1270]_570] 9.1 |
Goodell 23A |]—3 ‘,{:‘ 1 [12.0]1.10-1.05|11.9] 37.0| 885| B93| 400|11.5 |Steam cured for six days. No other treatment.
288 |1-3%6| 1 [12.2]1.05-1.00{12.0| 38.0] 5856 580 300 9.0
i 530 |1-8%| 1 |12.3]0198-1.05/12.2| 38.0| 460| 460| 280 8.8
Average 1 1 | ] | | 1 | | 650| 8380[10.0 |
TESTS OF 14 INCH CEMENT TILE
Emmetshurg 1—4 6 14 |1.35=1.46]12%% [1600/1610] 570 All machine made, Yankton cement.
1-4 6 14 1.40-1.50(12% 1890(1890| 620 :
1-4 G (14 1.45 12% 1370(1400] 430 Several small lumps of clay and some rotten pebbles.
&1-4 6 14 1.40 1214 12020(2020] 660
1-4 6 14 1.40 1234 1880{1880| 620
1-4 6 14 1.35-1.45|12% 15501660, 550
1-4 6 14 1.35-1.45|12%4 29602280 800
1-4 (3] 14 1.30-1.40/123% 2520(2510] 950
1-4 6 (14 |1.85-1.45(12% 1780(1790( 630 Several %% in, lumps of clay and several rotten pebbles.
’ 1-4 | 6 (14 |1.30-1.50/1% 95 150011500, 570 Several small lumps of clay in tile.
Average | [1=4¢ || & |14 | i [ | 11850| 640] |
Lake City 1—4 7 |14 |1.05-1.10]12" | [1280}131 L‘li 760
1-4 7 |14 |1.00-1.10|12 1380|1410/ 280 All machine made.
Il—«.l 7 14 1.05—=1.10]1 1280(1310| 750
1—4 7 14 1.056-1.10|12 1360(1390] 790
]1—-1 i 14 1.05-1.15(1% 1400{1430]| 820
1-4 7 [14 |1.10-1.15]12 020| 950| 490
Average 1= | 7 (14 | | | 1 [1300[ 750]
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TABLE NO, 18 — TESTS OF CEMENT TILE — Continued

Average - B -
% | Thickniss :‘: = s E:E ~
3 g ClE=ES| %
“ > i 5 i S | g= == =~
From " - 2 = z £ g | B3 |wew = Remnarks
= R (= B (N el Bl S B
. = - & i - » - b = oy & =
s| B2 |28 d|<£| 2| 2|E£53% E
- & 5 C R = g = = |SE|Z2| 2
El &l <] Bl8 al ]l B | =|8-]|83] =
Armstrong 600 |1-3 1 Ti5.R|1.26-1.88]18.0, 88 [1930[1280| 520 6.60
601 [1-3 1 113 8l1.19-1,.35(18.0| 91 [1660{1110] 500| 6.95
602, |1-3 1 13 7i1 37-1.12/18.0| 89 [1750/1170] 580| 7.00
603" |1 1 IIH.Hll.“H—l.ﬂﬂllﬂ.u' 29 |1620(1090] 420 5.45
604 |1 1 [13.7/1.23-1.28/18.0| 90 |is6oj1800| 540 7,08} _ ———
Average | | | | | ] | | _]Il_lmll 510] 6,61
Ceylon | 1 | 14 | 1.50 [24 | u530[1220] 850) r =
oo
Ceylon ‘ I 8 [14 1.50 |24 2400(1250| 340 |
| 8 |14 | 1.50 (24 12100{1100] 3820]
Average [ | | B 14 | 1 | [ 1170 330) I
Story City |11 (1-4 | 7 [14.11.10-1.25]12.3] 58 [1200/1240] 620] 7.9 |Water cured.
Belmond 23D |1-3 % 1 14.2 1.15—1;3{1]12.1! 47.5) 6RZ| Bl-l{li aa0i13.8 Cured in steam 6 days, Pluced outside.  Winter
a3k |1-81%| 1 [14.8[1.20-1.156/12.0| 48.5| 932 930/ 440111.% Tempernture.
S3% [1-3%| 1 l14.1]1:20-1.25/12.2] 52.0| 950| 940| 410/12.5
Avernge | | | | | [ | | 850| 390[12.8 |
TESTS OF 15 INCH CEMENT TILE
Emingtatuts 1=4 GT4TiE T1.850-1.55[12% |  |1620(1040] 5001 [ s
1-4 6% (15 |1.50-1.565]12% 15670{1580] 490 Yankton eement. Machine made.
1-4 61 (15 |1.40-1,50|{12% 180011810 630 |
1-4 616/15 [1.50-1.65112% 2320(2820/ 710
1-4 615 1.45 |12 1510/1530] 500 |
Averoage | 14 | 6%|15 | | | [1780] 570/ 1




Lake City 1-4 7 |15 |[1.20-1.25(12 1340/1380| 640
1-4 T 15 1.20-1.25|12 1390/1430| 670
1—4 7 15 1.20-1.25|12 1180(1220| 570
1-4 | 7 15 1.25 12 1270/1310| 570
1-4 7 15 1.20-1.25|12 | 1510(1550] 730
1-4 T 15 1.20-1.25|12 128011420] 660
Average | = e A 5 - | | | 11890| 640| |
Estherville | ! | 89 |15 |1.30-1.80[24 | 12400|1250| 510] [Tn drain 8 years. Considerable deposit on bottom 1.
Armstrong 605 |1-3 1 [14.61.40-1.52|18.0/104 1700[1180] 400 6.65
606 |1-3 1 14.6|1.38-1.43(18.0[103 1810/1200| 420 4.45
607 |1-3 1 14.6l1.32-—1.47 18.01104 1980(1320| 510| 7.50
608 |1-3 1 |14.8]1.42-1.29|18.0(105 9280|1520, 610| 6.20
609 |1-3 1 |14.6|1.40-1.40/18.0 1[}_-*_1_ 2020|1850 460 6.25
Averange | | L l | | f | |1320| 480| 6.21] -
Swea City | r | 48 |15 | |24 | [4000[2060] | |Hand tamped.
=
1 _ -
Swea City 42 |15 1.70 |24 11800| 960] 230 Poorly made. o
42 15 1Y 24 2000[1060] 240
42 15 1.65 24 2900(1160] 300 All these tile in drain three years.
42 15 1.65 |24 18001 960 240
42 |15 1.65 |24 2600(1260| 350
Average | | | 42 |16 | | | | [1100] 270| [Tn drain three years.
Swea City | | |18 |15 | 1.800 |12 | 190011960 530] |Tn drain 15 months.
Banecroft I | [ 5T | |24 | 120001060 1 f
TESTS OF 16 INCH CEMENT TILE
Lake City 1-4 12 16 1.20-1.25|12 1240(1280| 640
1-—4 12 16 1.20-1.25|12 1280(1320| 650
1-4 12 16 1.20-1.30|12 1380|1420 710
1-4 12 16 1.20-1.25|12 1200(1240| 620
1-4 12 116 [1.20-1.30(12 9601000 500 Very poorly compacted,
o THF 1-4 | 12 |16 |1.20-1.30[12 | 1180/1220| 590
Average | l1-4 | 12 |16 | | [ | 11250/ 610/ |




TABLE NO. 18 — TESTS OF CEMENT TILE — Continued

Average o ‘.:. ﬁ
v | Thickness S| =2 S -
& . pei | =g
— i L= | e t
: < = n = | Esl|& (¥
I = - - @ £ = == '
From z = c = = C g gm o Remarks
. S = ~ ; ™ 3 : - =
= pre o £y ] - = - d | = =
z| 8| *[5|8 £|E|E|E|s8|E5 B
2 , = = Te it = |5 .|2 . =
- = & g | = = = o 2|54 |22 =z
= 5 s L~ il = .- &> 2 [ i =) '
= [P - = = oa) b = T - = s ) -~ S0 -4
Ceylon | 116 1.70 24 1900/1010| 2860
| 16 1.67 |24 2100[1110! 290
Average ° | | | [16 | | ] | [LOG0| 280| |
Ceylon - I | 8 |18 | ‘1.65 |24 i 2650/1380] 370 |
\ | 8 l16 | 165 |24 5950/1180] 820
Average | | | B |16 | | | | [1280! 840] | o
TESTS OF 1B INCH (CEMENT TILE g
Sac City i =4 | 40 |18 | 1.B0 [10%| (20002300 590 |Cut from tile 8% years in dranin No. 14.
Saec City 1—4 IR |1.80-2,10|24 9270127101 700} Rather coarse miaterial, some 1 inch pebbles.
1-4 - 18 ‘.1_55-].-!}!1 24 574029401010 Rather wet mix. Dense concrete.
1-4 18 1.80-2,30|24 7303850 990 |
Average | = 118 | | I | (3170 900] I
Duncomh | | | X 28 I1.70-1.90124 | 12600{1870] 890] \Cured 10 days, Frozen remainder of timoe.
Duncombe I ‘ | 7 llﬂ ‘l.ﬁml.ﬂu;z-t | 36501890 610 !
: 7 |18 |1.75-1.85|24 gonoiangol 830
Average | | | 7 118 | I I [ [2480] 720] |
Ames ‘i l'-.l-—':!* r Z [18 || 1,75 [24 | ‘T—!ﬂlﬂ 1370| 370 All the following tile made by Mills & Moles are
1-3 2 |18 1.75 24 1900{1020] 270 hand tamped.
Avernge | j1-8 | 2 18 | | | | 11200] 820] |

T ' o



gy

e s g »  /
Ames 1=4 l 2 |18 ‘ 275 |24 12750(1490] 170 Mills & Moles.
: 1-3 2 18 2,76 |24 3980[1300| 210
Average | 1-3 | 2 (18 | | | | [1650] 190 |
Ames [ [I=8 |1 38 7 1.%5 |24 | 1630027201 730] IMills & Moles.
Ames | =8 X |8 | " 2.75 |24 | TH00(3800] 460 |mua & Moles,
1-8 |11 {18 | 2.9 |24 7180 4700 440
Averago J 1=3 | 11 (18 |- [ | | |8780] 450] [
Ames ’ 1-3 24 |IB | 1.70 24 | | 195011040/ H'I"i[}i Poorly tamped. Mills & Moles,
1-3 294 |18 | 1.%5 |24 | 250011360! 370 ‘
1 |1-3 24 |18 1.%5 124 | 1290015200 410] i
Average i 1-3 | 24 |18 | L | 11310! 860] |
Fraser 1841 |18 | 14 18 | 1.80 g0 . 9l285 13970/1590] 400! 6.0 |
1842 |1=3 | 14 |18 | 1.85 |30.1l276 402016001 410] 5.1
Average | [ I I | Iﬂi”‘.“”lﬁ“‘.” 41“: 5.7 |
Armstrong 'nfﬁ']l—s &"i 118.0/1.00-1,75180.0]272 [B210]|1280] 350| 5.45|
1611 |1-3 1 118.0'1L.70-1.85130.0/278 |83670/1470] 420| ﬁ.ﬂu|
612 |1-3 i 1 '17.9/1.85-1.70(30.0/274 18310/1880! 280! 6.956
613 |1-3 1 17.911.75-1.87180.0/268 [13500{1400| 380/
614 [1-8 | 1 [17.9/1.90-1.70130.01279 |8780/1510| 440| 5.85]
Average | | [ | i 1400 390] 6.21)
Armstrong | | | 9 |20 | |24 275014501 I |
| | | 8 |20 (24 12850[1250) | I
Average | 1 | & |20 | | | 11350/ ' 1
Bancroft | [ | 8% | | 82001680 [ ]
Baneroft | 12: |20 | l S5aoniz27aal [ |
Ceylon | | 1 20 1.90 |24 | 3400|1780 4501 |

1él




TABLE NO. 18 — TESTS OF CEMENT TILE — Continued

Average 2 = Z
% | Thickness 2 |S.|8u *
E . f— E."‘" :._: =
= L . 2t = =
& o - -‘g v 'g E = | & & —
From % - = = o - 2 || nm = Remarks
& = ke ’ b 1 i ] T (=t =
. nacs 1 L] . E = = . i
= E| 2| 2|8 €|4|E|Z|=525 E
| & | = | 8 s | 2| F| 2|2s|Zs| 2
g o Y S © @ = = = | 2= an
= ¥ = a " Al = = = |23 =22l =
Ceylon l 9 |20 .95 24 2450113001 390 In drain 8 months.
9 |20 1.80 24 210011130, 320 In drain B months
| 9 |20 1.7 24 2950|1200/ 860 |In drain 5 months.
Average | ' | 9 200 | I | | 11210| 360| |
Ames [1-3 \ 0 120 ] | 70 il 24 ‘ 1625 B90| 260 |All the following Ames tile are hand tamped, Made
1-3 | 2 |20 ‘ 75 24 1675| 910| 270 | by Mills & Moles for experimental purposes.
Average | 1-8 | 2 [20 | l i | 900| 270] |
Ames [1-3 20 (2000 T 2e2s tzd ) 2100(1150] 210 4
= 2 120 | 2.2 24 | 11750 970! 180 |
Average ! 1=3 | 2 [200 | | | | |1060] 100} I
Ames ‘ [1-3 ‘ 11 |20 ‘ 1.76 |24 ‘ i:HUU!l'?R{l' 530
|1-3 11 |20 1.76 |24 '4200/2180| 640
Average | [1=3° | 11 |20 | | ; .' |1980! 590] |
Ames ‘ 1-3 |24 [20 | 1.80 |24 i 2600/1370] 470 l
1-3 | 24 |20 | 1.75 |24 2600/1380] 410
Average | |l1-3 | 24 |20 | | | | |1380| 440] |
Ames 1-3 24 |20 2.20 24 4600|2400/ 460
1-3 24 |20 2.20 |24 3900(2050| 390
1-3 24 |20 2.20 24 4400(2300| 440
Average I 1-3 | 24 [20 | I l |2250| 430] [

ocl



dl

Ames 1-3 24 18 20 24 70003610 430
1-3 24 |18 2.75 24 6930|3580| 420
1-3 24 18 2.80 24 6810(3520| 400
1-3 24 18 2.80 24 7420|3820 440
Average | [1-8 | 24 |18 | I | | |3640| 420]
Fraser 209 |[1-3 2 17.9|1.84-1.76[/30.1]|263.5|2960|1260| 320| 8.2 |Steam cured for 6 days. Hawkeye cement.
210 (1-3 2 |18.0(1.80-1.97|30.0|266.83200|1350| 360 7.8
211 |1-3 2 18.0(1.82-1.80[/30.1|264.0(2970|1260| 320 8.7
212 |1-8 - 2 18.0]1.78-1.,93 _30.'.'-3 267.0(2730|1160] 300| 9.5 |
Average | 1 ] I I | [ I |1250| 820| B.5 |
Goodell 231 ‘1—31,rﬁ| 1 'IB.2|1.T0—1.15,241.2 19(5.(1'1118‘ ﬁUDI ITD|1L}.3 Steam  cured 6 days. Placed outside in freezing
wenather, N. W. states cement.
TESTS OF 20 INCH OEMENT TILE
Emmetsburg 1-4 10% |20 1.60-2,00|24 3100|1630 /B0
1-4 10% |20 1.60-1.90|24 2270|1210 430 Hand tamped. Yankton cement.
1-4 1034|120 1.65-1.95|24 3420(1790!1 600
1-4 1034 (20 1.65-1,8524 3180(1670| 560
Average | [1-4 | 10% |20 | | | | |11560| 540| |
Sac City 1-4 20 3.00-2.10{24 7260|3720| 850 Hand tamped.
1-4 20 1.90-2.20/24 70003590 900 )
_ 1-4 20 1.90-2.20|24 6500 3340 3_4[]
Average | [1-4 | 120 | | | | |3550| B60| |
Duncombe 1 \ i rol | 1.80-2,00{24 ‘ ldiﬂﬂ 2280 640 |
7 20 |1.80-2.00|24 4520(2340] 650
Average 1 | [T 200 I | | [2810| 650| ]
Fraser 213 |1-3 2 20.1|1.85-1.92{29.8|300 2880(1230| 320| 7.8 |Steam cured for 6 days. Hawkeve cement.
214 |1 2 20.1/1.80-1.97|29.8(299 3270|1390| 390| 7.2
215 |1- 2 19.9(1.85-1.90|295.8|295 |2860/1230 330__8.1
Average | 11=-3 | 2 | | | | J |11280] 850 7.7 |
Fraser 843 |1-3 | 14 |4850|19601 550] 7.4 |

120.0]2.00-1.80]29.8|300

ol




TABLE NO, 18 — TESTS OF CEMENT TILE — Continued

|

\ -
Average v i 3z
# | Thickness = |22 =
= @ Il e = E"E -
= - J |sg|m &
i 2 | 3 i B g | a |8 | e "
From g - . = = = £ = -1/ g pmarks
] < = - , =
= = = z Ed - = = o | T | B -
Z o = © | = z = = - =
el S R (6 - S| | =B 3
- = s - oy -3 5 = = ‘ o & &8 .g
= o - 2 | = fa L = = = |IB3 a2 - | , -
Goodell § 23G [1-3%| 1 [20.0[1.80-2.00{24.2/249 [2077/1110| 310! 9.6 |Steam cured for “(days. Northwestern states cement, -
[23H |1-3%| 1 [19.9]1.90-2.00/24.0(250 [2820(1160| 800] 8.9
Average l ] | | | I | | 11130] 800] 9.3 |
Armstrong .~ [615 [1-3 1 [20.0[1.00-1.90/30.0[311 [4200/1680] 420( 5.85| :
616 [1-3 | 1 |20.0{1.90-1.90/30.0/30R 266014600 370 6,15
617 |1-3 1 |10.8(1.90-1.0530.0)308 [3610(1440/ 360 5.60
618 |1-3 1 |20.0/1.90-1.85/80,0/810 [34601880| 370 4.90
619 [1-3 | 1 [19.0/1.70-1.90{30.0/310 |3560/1420| 450| 7.2

Average — | | | . [14B0] 390] 6.00]

vel

TESTE OF 22 INOCH CEMENT TILE

Sae City 1—4 a6 |22 2.45 |24 |5520(2280( 470 |
J1-4 36 |22 9.10 |24 4200|2200 500 |
Average I 11=4¢_ | 86 |22 | [ [ [2240] 480 \|
Fraser - 561 ‘ 2 121_9[2 12-2.07/29.7|378 ~[2925/1680/ 400] 6.0 [Steam cured _ Hawkoye coment’” -
J_!;I 1-3 2 |22.0(2.10-2.12/90.7/|378 |8785/1620)-870| 6.8 | Bl
Average 1 i | 1 | —1 [1650| 380| 6.1 |

Fraser — 844 [1-3 | 14 |21.0]2.10-2.1029,7/874 _ |4480[1810] 410] 5.7 ~ |

Armstrong 620 |1-3 1 [22.0[2.10-2.20]30.0|380 |4100]1640| 370| 6.060] -
621 |[1-3 1 \21 9 1.90-2,20/80.0/380 [4310{1730| 480( 6,30
622 (1-3 1 |22.012.10-2, 16 a0.0/885 41701670 BRO| 5.80
823 |1-3 1 (|21.8 .3 15-2.25130.0/881 42701710 370! 5,75
— 624 [1-3 | 1 22.0[2.20-1. 55 30,0877 |3710{1480] 390| 6.20
Average | | | | | [1660] 400! '6,13]

- o -, = g J - - r— T N gy — e B e e T e S 7 S S T T E A T g
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TESTS OF 24 INCIH CEMENT TILE
Armstrong 625 |1-3 1 24.4|2.80-2.40|30,0(458 48601940 410 5.70
626 ‘1-43 1 (24.112.30-2.40|30.0/461 |4560/1830| 400| 5.70
627 [1-3 1 |24.2/2.45-2.95|830.0(461 |4760/1900| 420| 8,00
G28 |1-3 1 24.212.36-2.20(30.0|464 482011930 440| 5.80
629 ’1—3 1 24.812.50-2.40|30.0{464 493011970| 380
Average | | | | | | | 1 11910] 410] 6.18]
Humboldt 8 |24 |:'£:.le—‘£.3(1|'-34 1690 930| 260
8 (24 [1.75-2.25|24 1000 600( 210 Dirty material.
| 8 |24 f'_’..lu}—f'.*..:amm 2510/1360| 330
8 24 [1.70=2.30124 24301320 :'-flﬂ] Note—These tile from diteh in Distriet No. 13, Hum-
s 24 |2.00-2.3072: B06011130( 310 { holdt County, where 659 of tile eracked under
g8 |24 [|1.90-2.25|24 2250|1230 :-17{1] 4% ft. to 616 ft. fill.
8 |24 |1 .B0-2.,20|24 2040{1120 :iTU;
g (24 |2.00-2.30/24 | 2140(1170( 320
8 (24 |[1.80-2.20(24 | 1800{1000| 330
8 |24 |1.90-2.20(24 | 1580, R90| 270 1
8 |24 [1.70-2.20|24 | 283011270 -mﬂ[
8 (24 [1.80-2.40/24 2570113901 470 Crack 10 inches long turned to 1% point.
8 |24 |1.90-2.20|24 9570(1890| 420 e
8 [24 |1.80-2.30(24 2340(1270| 420 b
8 (24 |2.10-2.30|%4 2770(1490| 370 7]
8 |24 |1.70-2.80|24 1780| 990| 370]
8 |24 |1.90-2.30|24 (1050 630| 190]
> 8 [24 [|1.80-2.30(24 2170(1190| 400
8 |24 [1.90-2.30124 1710| 960| 290
B (|24 [1.80-2.20|24 2360(1280| ‘430
8 (24 [1.,95-2.25(24 3490(1850| 530 Crack 12 inches long turned to 3% point.
8 |24 |1.80-2.40|24 | 2360(1260| 430 Crack 12 inches long turned to % point.
8 |24 |[1.80-2.30(24 | 2240(1220| 400
8 |24 [2.00-2.20|24 2520(|1360| 370
8 |24 [2,00-2.30|24 2410/1310| 350 Note.—Considerable dirty gravel and lumps of clay
8 |24 [1.90-2.30|24 9790/1500| 450) in all the tile,
8 (24 [1.90-2.30(24 2710(1460| 430|
| = 24 2.00-2.30|24 |3010(1610| 430
Average | | | 8 |24 | 24 | 1 11220] §70] l
Sac City | [1—=4¢ | |24 [2.30-2.50|24 | |4220]2240]| 480] |
Duncombe I | | 8 |24 [2.00-2.25|24 | 14100[2160] 580] I
Armstrong | | | 3% 124 | |24 | 12100[1170] ] |




TABLE NO, 18 — TESTS OF CEMENT TILE — Continued

Average 2 ¥ 5t
% | Thickness e (Y B o s e ~
5 g |8 50| £
: e = 3 = @ vl -
P o = i = o 3 g |BE| oS - Remarks
| rom = -é - S = 3 =1 m: r.*": 2
1 = o Y 7 = < = e s e
| B2 [2[& d|=| £ |3 |2&E_8| &
- B T = S < o I - = %
2 = St =8 = z o o |sB8|sd| B
= -3 - = | e fas - = - | A2 Al <
Armstrong | | |21 |24 | (g 3000|1620 | |
Elmore } 11 (24 24 ‘ AR00]2020 | Tested at Ledyard.
115 (24 l [2-1 34001820 |
Average | | | 1% (24 | ] I | 1920 | 1
Baneroft 215124 l rﬂ-l ‘ 26001420 | \Tﬂsted at Baneroft. -~
i 215 |24 |24 30001620 b
Average | 1 | 215]24 | ] | | [1520] l | =r
TESTS OF 26 INCH CEMENT TILE
Fraser 1372 |13 ‘ 2 |26 |2.20-2.20]|24 |385 H-HEHHBUU' 430| 7.1
|278 |1-3 2 |26.1/2.30-2.10|24 |370 [2580/1360| 8360| 8.2
Average | | | l | | | |1580] 390| 7.6 |
Armstrong 630 |1-3 1 26.0]2.685=2.60|30 078 4700|1880| 330| 5.75!
631 |1-3 1 20.1|12.70-2.65|80 D 4710(1880( 320 5.90
632 |1-3 2 26.0 2.60 30 D1D 460011840| 330 7.50
633 |1-3 1 26.4|2.40-2.60|30 561 491[]“9!}{1 410| 5.45
634 |1-3 1 [25.9|2.70-2.60(30 |577 |4B50|1940| 350| 7,55
Average | | | | | | ! | |1900| 350| 6.43|
TESTS OF 28 INCH CEMENT TILE
Armstrong 645 |1-3 1 27.5|2.80-2,75|30 628 5440|2180| 260| 5.50
636 |1-3 1 28.0|2.70-2.80/30 631 5580|2230 380| 5.85
637 |1-3 1 27.0]|2,.70-2.70|30 629 5620123240| 300| 6.2!
638 [(1-3 1 27.5|2.80-2.75(30 637 5400|2160 360 5,80
639 [(1-3 1 27.0|12.80-2.70(30 G35 345012180| 380
Average | | ] L | | | | 12200| 870| 5.85]




Fraser 1271 |1-8 | 2 |28 [2.00-2.40[30 [635 18850]1670| 500| 8.4 |
Fraser 845 [1-3 | 14 |127.9]2.80-2.35/29.9|518 |3600[1440] 840| 5.5 |
TESTS OF 30 INOH CEMENT TILE
Fraser 1268 |1-3 | 2 [29.7/2.60-2.80[29.9/640 [3260[1460| 290] 5.9 5
Fraser (346 |1-3 | 14 [30.0[2.55-2.50]29.9|612 [4200|1680| 360] 6.0 |
TESTS OF 32 INCII OEMENT TILE
Swen City l ! | 2 \HL‘: ~ |24 \ ‘ESDGIIEDU _\ Notc—These fwo hand tamped tile were made of
__|_ 2 |32 |24 _ 12900{1650 finer material than the two machine tamped.
Average | | | 2 |82 | 124 | f [1630] 1 |
Swea City i 134|132 l 24 \ |41.00/2250 i « |[Machine tamped.
_ 1% (82 2.4 | 4100|2250
Average | | | 1145132 | |24 | i 122560 | 1
Baneroft ‘ I \ 216 132 \ - Fi ‘ 133001850 ' lMauhinE tamped.
‘ 215 |82 24 18300{1850 ‘
Average ] I | 2% |32 | 124. | | |1850] | |
Bancroft | | |24 18 |24 | 150002700 | |Hand taumped.
TESTS OF 84 INCH CEMENT TILE
Fraser 269 |1-3_|_2 |34 |2.80-8.00[29.9(800 |3150|1460(_290| 7.7 | =
Fraser 347 [1-8 | 14 |33.9]2.80-2.80]29.7|785 [5100{2070] 410] 5.2 |
TESTS OF 36 INCH CEMENT TILE
Sac City 1—4 86 [2.80-3.50(80 5450/2430| 510 Tamped with air rammers. From drain where tile
1-4 36 |2.80-3.80|30 5680|2520| 520 broke down under about 5 feet of fill in ditch 50
1-_-4_ [36_ 2.80-3.30 ﬂﬂ_ | 5030(2260| 470 inches wide.
Average 1 1—4 | |36 | |80 | | [2400|_500] |From drain.
Sae City 1-4 | 36 |3.50-3.80[24 53R0[2970| 400 From factory. Tamped with air rammers.
1—-4 ‘ 36 |8.40-3.80|24 5440(3000| 430
14 36 |3.60-3.80(24 15920[2740| 350
Average I |l1—4 | |86 | |24 | | 12900 390| |

LGl




TABLE NO. 18 — TESTS OF CEMENT TILE — Continued

Average : Z.: B
¥ | Thickness Ll B ©
< - = |EZ | as : y
= -/ L o o
L u : =
- = = . = TR B Ry
P @ Z . 2 | 8 2 g |Eslos : Remarks
= o— = L4 = = oy, = -
= 5|2 | 2|8 €4 5| 3|g8|28 B
8| 2| 5| 2|8 E|5|3|%|24/34 2
= - = = T = < |ma | S5a | =
Fraser 270 ’1—3 , 12° [38.1/2.80-2,90(24.3|720 [4010]2230| 450! 9.2
340 [1-3 16 [36.0] 3.0-2.9 |24.0(700 |3950/1980/| 880
Fraser A 35.9| 3.2-3.2 [35.9[1050 |6450]2150] 340] 8.1 |From accepted tile, Station 4.  Drain No. 48
B 35.9)| 3.1-2.9 |35.9(1050 |7400{2460| 480! 8.5 |From accepted tile, Station 4, Boone Co.
8] 36.0| 3.1-3.0 (36.0{1050 |7R00/2810] 510| 7.5 |From accepted tile, Station 4.
D 35.8| 3.0-3.1 136.0/1050 [9340{3110| 570| B.0 (From accepted tile, Station 37.
E 35.9| 3.0-3.1 136.0/1050 (9690/3230| 580| 7.6 |[From accepter tile, Station 37.
) 35,7| 3.0-3.2 |86.0/1050 17T66012550] 460, 7.0 |From accepted tile, Station 37.

Average I [ I |I [ | | |8060[2720| 480 7.8 |

REINFORCING DATA FOR 36 INCH CEMENT TILE FROM BOONE €0, DRAIN NO. 48 E
Distance from End| Distance of Wires from Inner Surface
of Tile, Ins. of Tile, Ins.
= g Remark
= .E _; ;'5 é ETORIKS
— v E g £ = g
z = SE g% 5 s e i
= e gl £g | & = = 3
A Near 8.0 27-.8 1.6 1.6 1.6 1.6
Middle 15.9 20.0 1.6 1.6 1.8 1.6
Far 28.4 (A 1.6 1.6 1.6 1.6
B Near {ieds 28 1 1.0 1.5 1,85 | 2.0 . :
Far 96.4 :81.5 A I I 1045 ] 2-.1_5 All tile were 36" long:
C HEBI‘ 4.” 321.0 u-g 1'1 ]...] 1')' 1] : 3 111 wel e \ L
Middle 16.6 25°0 g1 1 0.7 Tlfngt:é-lgf reinforing wire ranges from 0,18
Far 28.5 7.5 122 | 2.2 1.8 1.8 i
D Near 7.0 29.0 it 272 2.0 1.5 Some of the wires were welded into hoops, but
Far 27.0 9.0 1.55 1.5 Db 2.0 most of them had the ends bent too far for
E Near | 15.0 21.0 1.7 2.8 2.5 1.8 hoops which were looped together.
‘ Far | 28.5 7.5 2.2 2.0 2.0 2.0
F Near l 12.0 24 .0 2.0 1.9 1.6 2,4
Fﬂr -EE"D Br_l-'o Efﬂl 2k d._':-l" U




TABLE NO. 19
TESTS OF CEMENT SEWER PIPE

4 | Thickness | . g o
Bell S | of Wall, | 4| DPresking |5 g
Load - D
Ins = =)
ke - | i éﬂ o
1l F LB e
: z 7 z 4 |2 g | b
From E ﬁ: = E S 5} = o < g Remarks
: g & | & Ry s =B~ )
| & E& & e = . |A& | 2| B
3l B Es % | Bl | B |S|B B \x.lEE] 2
- Y, = E-; L ‘: = C. e = | =] i :=,.:| e
= i bl 1) _— s — £ - it —_ e =i -
TESTE OF 12 INCH CEMENT PIPE
Brooklyn, N. Y. | 1|No data given re-[12.0/1.25]1.25| Is'dr.'jﬁ|lﬂﬁfﬂliﬁﬂﬁllﬁ:ﬂﬂ |Tests by Burns and MeDonnell.  (See general note).
Tulsa, Okla. 2| garding the bells(12.0/1.50(1.50| 14524 GLRO3290] 820
Tacoma, Wash. 3 = 12.411.25/1.25] 11124 8210{4110{1450) Kosmoerete.,
Tacoma, Wash. 17 14.0/1.63/1.63| 122(24| 6150[3080| G660 Na hell. .
Nampa, Tda, 29 lll*s,.nll.r'iﬁ,l .63] 109(24| 2950[{1480| 315 |Taper joint,
Average ] | 1 | | | 13250 950] |
PESTS OF 15 INCH OCEMENT PIPE
Tulsa, Okla, 13[No data given re-[15.0[1.44/1.44| 178/24| 41802000 750 |Tests by Burns & MeDonnell. (See general note).
Griswold, Ia. 15| garding the bells|15.0|1.63|1.63| 170/24| 4970]2480| 650]
TESTS OF 18 INCH CEMENT PIPE
Griswold, Ta. 114|No data given |18, 2.0 [2.0 | 273[24] 5950|2970 G20] (Tests by Burns & MeDonnell. (See general note).
TESTS OF 24 INCH CEMENT PIPE
Griswold, Ia. 11|No data given |24 [2.50[2.50( 440|24| 6260[3130 5511| Bell reinforced with “1'" Ring of No. 8 wire,
, i Tests by Burns & McDonnell. (See general mote).
TESTS OF 27 INCH CEMENT PIPE
30| No data given 97 |2.88/2.88| 960[48|/11680(2920( 440]| Reinforced :;rith wire mesh and four %" wire, hor-
izontal rods.
=5 - Tests by Burns & MeDonnell. (See general note).
TESTS OF 30 INCH CEMENT PIPE
31| No data given 30 [3.00]3.00/1100/48| 7330|1830 280 | Reinforced with wire mesh and four %" wire, hor-
| izontal rods.
'Tests by Burns & McDonnell.  (See general note).

(eneral Note:

as required by the Towa standard specifications,

‘ In all the tests by Burns & MeDonnell,
in the ecaleulation of the bhearing strength per linear foot; i

the bell and pipe were hedded on the body only, and the length of

body was used

nstead of bedding all of the pipe, including the bell, and using the length over all,

6al




TABLE NO. 20
TESTS OF CLAY DRAIN TILE

| & A
Average | @ - =
Thickness = £ = o
; o &= 5
E ; : y ] L t &
From & = = = =3 sz - Remarks
- i b— — - —_ m (415 g
e z < - . - — L0 & ik =
Z = — g = = 5 a & e =
2 i = = 2 3 B e | 2
| e 2| 2 S35
= a = = 3 E | & ma | S5 =
TESTS OF 5 INCH QLAY DRAIN TILE
Auburn, Ia, 262 | 5.0 | 0.65-0.60 | 12,3 | 9.0 | 1650 | 1650 | 1070 | 16.4
258 Dok 0, 60=0, 60 12.8 5.8 1700 1700 1110 18.5
254 =l 0.60-0,60 12.4 9.3 1400 1400 920 15.0
255 4.9 0.65—0.65 ! 12.5 9.6 1340 1340 730 15.1
Average | | | [ [ | | 1530 | 960 [ 16.3 | E
>
Emmetsburg, Ia. 1 5.0 0.60 12.8 680 640 430 | Salmon colored, with great variation in
8 [ &0 0.64 128 ' 740 ’ 680 | 400 thickness of shell.
fi 5. 0.62 12.8 (R0 640 400 | |
Average | [ | ! | | | 650 | 410 | 1
TESTS OF 6 INCH CLAY DRAIN TILE
De Soto, In. | 218 | 6.0 | 0.70-0.60 | 12.8 13.0 | 1750 | 1740 | 1320 6.4 |Tile purchased from local dealer at
219 6.0 | 0.60-0.689 | 12.0 1Z.8 3230 | 2250 | 1710 3.8 Ames, In. All well burned, the frac-
280 6.5 | 0.60-0.68 | 11.9 12.8 1630 | 1640 | 1360 8.2 ture showing a uniform dark red
231 .1 0.55-0_,60 11.8 128 1700 1740 1590 3.4 color.
222 6.2 0,.60-0.68 11.9 12,5 1500 1710 1350 4.8
228 8.2 0.60-0.65 | 11.9 12.8 1910 1920 1460 2.6
224 6.0 00.58-0,63 12.0 12.8 1630 1640 1340 DR
225 6.3 0.63-0.60 11.9 12.8 1390 1400 1100 5.2
226 G.1 0.62-0.60 11:8 12.8 1770 1780 1400 - B
227 | 6.1 | 0.62-0.65 | 11.7 | 12.8 | 1400 | 1450 | 1060 | 5.4
228 6.2 0.62-=0.60 11.9 125 1840 | 1850 | 1450 4.2
229 G:1 0.61-0,60 12.0 12.8 1280 1290 1020 3.8
230 | 6.8 | 0.63-0.60 | 11.9 | 12.3 | 1640 | 1650 | 1300 | 4.2
Average I i [ | | | | 1700 | 1880 | 4.8




R— o JE— I R S—— e BB ™ = D
F— - — - A L T ———— D R
- B - S — S
B - - - — R ——
. L -
iy
Ale

0.68-0.58 | 11.6 13.0 1940 | 2010 | 1690

De Soto, Ia. 281 6.1 5.6
232 6.2 | 0.65-0.62 | 11.7 12.56 23900 | 2460 | 1810 5.9
238 6.2 0.55-0.,62 LT 12 .0 2140 2210 2060 2.9
284 6.1 | 0.59-0.67 | 11.8 12.5 1940 | 1980 | 1620 7.8
235 6.1 | 0.62-0.63 | 11.7 12.0 1940 | 1980 | 1460 4.1
236 6.2 0.61-0, 64 12.90 12.6 1850 1860 | 1420 7.1
287 6.0 | 0,54-0.66 11.6 12.0 2400 | 2500 | 2430 3.9
) 288 ] 6.0/] 0.56-0,61 | 11.7 | 12.0 | 2050 | 2120 | 1920 | 4.0
239 6.1 | 0.65-0.58 | 11.5 1235 2090 | 2190 | 2040 Tes
240 6.2 0.55-0,65 12.1 13:.0 1940 1930 1820 6.8
241 6.0 | 0.60-0.60 | 11.8 13.0 2100 | 2140 | 1660 5.8
o - 242 6.1 | 0.60-0.60 | 11.9 12.56 9480 | 2500 | 1860 4.5
Average I | | £ | | 2160 | 1820 | 5.4 |
De Soto, la. 98T 6.2 | 0.60-0.59 11.8 13.0 615 625 400 | 6.1 |These tile were immersed in water 80
288 6.1 | 0.58-0.50 | 12.0 13.0 930 930 760 e | days and tested while wet,
289 5.9 0.58-0.63 11.8 13.0 1630 1660 1360 8.7
290 6.2 0,58-0.60 12 .0 13.0 1850 1860 1570 DT
291 6.2 | 0.62-0.56 121 13.0 1310 1300 1180 4.0 e
Average | e [ 1 | | | 1610 | 1370 | 5.8 [Two wenkest rejected in averaging.
Emmetsburg 7 6.0 0.62 2.8 630 590 420 Salmon colored, very soft. ﬁ
B8 6.0 0.63 | 13.0 730 570 400 Salmon colored, very soft. —
9 6.0 0.60 | 12.8 1180 | 1110 840 Granular texture.
Average | 1 [ | | | | 760 | 550 | |
TESTS OF 7 INCH CLAY DRAIN TILE
Emmetsburg, la. 10 7.0 0,60 | 12.8 1290 | 1230 | 1030 |Salmon colored soft burned drain tile.
11 7.0 .64 12.8 850 B10 630
12 7.0 0,63 13.0 890 840 G670 ‘
Average | '| | I | | | 960 | 800 | | .

TESTS OF B INCH CLAY DRAIN TILE

Van Meter, Ia. ’ b | 8,0 \ 0.65-0.65 | 12.0 | 16.3 2210 | 2220 | 1900 3.6 |Common hard burnt drain pipe.
T 8.4 | 0.70-0.7 IZL8 1 258 1490 | 1410 | 1080 | 19.0 |From a different stratum in same pit.

Ft. Dodge, Ia, 3 BS07 (I 0LTS 26.0 3110 1430 930 Vitrified salt glazed.

4 8.0 | 0.75 25.0 4150 | 1980 | 1280

b 8.0 | 0,70 24.0 3570 | 1770 | 1320

6 8.0 0.70 24,0 2330 1140 8340

T 8.0 | 0.70 24.0 600 1830 1350

8| 8.0 0.70 24.0 2900 | 1470 | 1090

Average 1 | | | | | | 1600 | 1130 |




TABLE NO. 20—-TESTS& OF CLAY DRAIN TILE—Continued

el

< -
Average % = g
Thickness = ot = ~
= 5 -
‘ | < | 52 | &5 | &
From - = é‘ & 3 ::‘1;""' 510 2 Remarks
S ; é r - - . - t s -: E
. 7 = £ = = z g= | 2& =
. g - = =0 R = = o % =
s - § £ g G & g2 | 34 2
e o = = = — = < g | == <
Emmetsburg, Ia. 13 8.0 ‘ 0.70 [ 12.8 | 1130 | 1060 780 Salmon colored, soft burned drain tile.
14 | 8.0 0.70 12.8 | 810 760 570
156 | 80| oi70 12.8 | 900 | 840 | 640
Average | | |’ | B90 | 670 | |
TESTS OF 12 INUH CLAY DRAIN TILE
Ft. Dodge, Ia. 3 12.3 | 1.00-1.00 | 25.8 77.5 2935 | 1890 750 5.3 |All these vitrified and salt glazed.
4 12.0 1.00-=1,00 25.8 B4.5 3375 1580 560 4,7
6 12.0 1.00-1 .00 ad.7 75.0 a600 1770 950 5.4
170 12.3 1.00-0,98 25.0 82.10) =HED 1410 T80 T
171 2.1 1.05=1,00 24.9 83.0 2970 1450 770 3.8
172 12.3 1.00-=1.00 24.9 856 .0 2865 1400 T60 2.4
173 12.1 .98, 95 24.9 8.0 3200 1600 960 2.4
174 | 32.2. || 1..01=0.99 | 25.3 77.0 3380 | 1650 900 4.8 |
175 13,2 1.08-1.07 24.9 KG.5 3065 1490 Ta0 3.0
176 S 1.07=1.07 24.8 B4 .0 3515 1710 H60 5.2
LTT | 128 1.05-1,07 | 24.9 85.0 3065 | 1500 | 775 5.2
178 12.40 1,02-1,02 24.6 BO.5 3035 1480 770 3.1
179 12,2 1.07-1,06 24 .8 85.0 40385 14R0 720 4.0
18D 12.1 1.01-1.00 25.3 H1.0 2720 1330 730 4.4
181 1201 1.08=-1.02 ol B3.5 1090 1510 T80 3.6
182 12..8 1.06-1.06 | 25.1 84.0 2790 1360 690 3.8
183 12.2 1.07=-1.07 | 25.2 BG.0 3010 1470 740 3.7
184 12.2 1.05-1.048 25.0 H4.0 3180 1550 200 a8
185 12,2 1.07=-1.07 24.5 83.5H 3070 1500 760 o, 1
186 12,2 1.06-1.,07 250 B4.0 2910 1420 720 4.3
187 12.8 1.06-1.08 oLl 87.0 1780 BRO 450 6.4
188 12.2 1.083-1.00 | 25.1 85,0 4190 1560 850 3.4
189 12.3 1.05-1.08 | 24.8 B5.56 2485 1210 G20 7.6
190 12.3 1:00-0.95 | 25.8 B0.0 2530 | 1240 750 4.8
191 12.4 1.03-1.03 25.1 B5,0 2980 | 1430 T70 7.6




Ft. Dodge, Ta, 192 12,2 1.00-0.95 81.0 2350 | 1200 720 6.8 |
198 | 12.1 1.00-0.95 76.0 3500 | 1770 | 1060 3.5 i
194 | 12.3 1.00-1.00 79.0 1700 8B40 470 4.3
195 | 12.4 1.05-1.05 RGO 3470 | 1710 900 8.2
196 | 12.38 1.00-1.08 79.0 2840 | 1370 T40 6.4
197 12.4 | 1.00-1.00 80.0 2810 | 1370 770 7.6
198 | 12.1 1.00-1.00 76.0 3210 | 1570 RBO 6.6
199 12.2 | 1.00-0.95 79.0 9840 | 1340 830 6.6
200 12,3 1.00-1.00 79.0 2270 1110 G610 5.9
201 12.3 | 0.98-1,00 E1.0 2400 | 1180 680 5.3
202 12.8 1.00=1.05 82.0 2070 | 1460 800 5.6
203 12.8 1.00=1.00 1.0 3170 1520 870 i 8.8
Average l l 1430 770 5.0 |
Van Meter, Ia. 203 | 12.1 | 0.90-0.85 | 12.4 48 2039 | 2000 | 1320 ! T8 ”l‘ila used for drain from Veterinary
994 | 12.0 | 0.90-0.90 | 11.9 35 2188 | 2210 | 1440 3.9 Building.
295 12.1 0.93-0.88 12.1 a6 2283 22910 1570 6.0
‘ 206 | 12.0 | 0.89-0.94 | 12.2 36 34492 | 8410 | 2300 Tl
297 12.0 0.86=0,90 11.9 a6 4102 4160 3030 3.8
Average | | 2810 | 1930 | 5.7 |
Van Meter, In. From 335 12.1 0.90-0,02 37 2080 | 2080 1380 8.1 Thesge tile were immersed in water for
same lot of tile as| 886 | 12.0 | 0.96-0,90 a6 2790 | 2840 1900 6.6 three weeks, and broken while sat-
Nos, 293-297. 337 12.0 0.93-0.93 37 3110 3110 1950 fi.5 urated.
338 12,1 0.90-0.90 36 21560 31560 2100 of Sl 3
| 339 12,0 0.90-0.98 a7 2450 2450 1620 6.7
Average | | 2780 | 1790 | 7.1 |

OF 16 INCH COMMON CLAY DRAIN TILE

Auburn, Ia. Similarto] Al | 16.3 1.8-1.8 95.3 | 115 8350 | 1600 | 680 Qolor ved. Body full of air bubbles.
the tile used in Sac A2 | 16.3 1.1-1.1 25,8 || 115 3560 | 1660 | 1000 Light ecream color.
Co. Drain No, 29, A3 16.3 1.2-1.1 25.6 1156 3760 1760 1060
where o tile failure Ad 16.0 1.1-1.1 25.8 115 4210 | 2010 1220
__oecurred. A5 | 16.3 1.1-1.1 25.8 | 115 8160 | 1500 910 |
Average ] 1 1710 970 | I
Auburn, Ia. A6 | 16.4 1.1-1.1 i 115 a710 | 1290 750 o Cream color. These tile were selected
A8 | 16.4 1.1-1.1 A 115 3010 | 1450 870 as wenk,
Al0 16.2 1.2-1.] 115 4310 1560 940
Average | 1 | 1430 | 850 | [

eel



TABLE NO. 20—TESTS OF CLAY DRAIN TILE—Continued

Average s o = ke
Thickness 5 ?';ﬁ ;:E 2 j
sl o4 | € | B2 TS| &
From - = z e Q 7= B % Remarks
: - 1 = = <, = 3 c
o ; g - - =, E.:.El :E E ':
“ s = E = = T & [ Z& =
= = [T g = = G
7 E -7 p = 6 2 @ o 24 @
-EE — J‘J Q
i £ a = = 3 = = ag | =2 <
Auburn, Ia. A7 | 16.4 1.1-1.1 25.3 | 115 ] 3910 | 1870 | 1130 Red color. These samples were select
A9 16.4 L21=10T 25.1 115 3010 1440 860 ed as strong,
A1l | 16.4 | 1.1-1.1 [ 25.5 | 115 | 3610 | 1710 | 1080
Average | f 1 | | 1670 | 1010 | |
Auburn, Ia. Al2 16.4 1.1-1.,1 | 25.8 ‘ 115 610 | 1700 | 1020 ‘ Ilmmersed in water for 5 hours and
‘ | tested wet.
TESTS OF 18 INCH VITRIFIED SALT GLAZED TILE
Ft. Dodge, Ia. 204 18.9 1.33-1.,30 24.9 152 3160 1550 | 780 )
205 18.6 1.38-1.3R 24 .8 168.5 2090 1540 650 5.8
2086 19.2 1.28-1 .28 24 .4 147 4200 2010 1030 4.1
207 19.1 1.830-1.35 24.6 1562.56 24610 1670 840 5.8
| 208 | 18.9 | 1.23-1.30 | 24.7 | 152 8830 | 1900 | 1050 | 4.2 |
Average | f I r I | 1740 | 870 | 5.5 |
TESTS OF 200 INCH CLAY DRAIN TILE
Lehigh, Is. 19.8 | 1.30-1,30 | 80.0 | 206 29385 | 1170 570 5.18 |These were sent from the factory, but
20.0 | 1,25-1.25 | 80.0 | 206 4095 | 1630 B0 4.10 said to be of same quality as those
21.0 1.82—-1.25 | 80.0 | 208 48956 1560 R30 5.18 sent to Drain No. 31, Kossuth Co.,
19.8 | 1,25-1.30 | 30,0 | 206 3895 | 1560 B30 | 5.53 In., where some tile cracked in ditch.
Average | I f i r | 1480 | 770 | 5.0 |
TESTS OF 24 INCH VITRIFIED SALT GLAZED TILE
Lehigh, Ta. 826 | 24.6 | 1.50-1.50 [ 80.0 | 820 | 4700 | 1880 | 880 | 4.4
327 | 24.3 1.50-1.52 | 29.5 310 5400 | 2220 | 1060 4.8
828 | 24.6 | 1.25-1.25 | 30.83 320 3700 | 1460 1010 4.0
829 | 24.3 | 1.80-1.25 | 30,0 | 820 5090 | 2050 | 1410 8.5
= 8330 | 24.5 | 1.30-1.80 | 29.5 | 820 5900 | 2400 | 1540 4.2
Average 1 r | 2000 | 1180 | 4.1 |

pel



TESTS OF 28 INCH VITRIFIED SALT GLAZED TILE

Lehigh, Ta. 98-2.00 | 29.5 | 520 4050
LOR-2.00 | 29.6 | 465 4200
05-1.90 | 29.6 | 445 3280
.00-1.98 | 20.8 | 490 1860
Average ] 3370
THESTS OF 30 INOH VITRIFIED SALT GLAZED TILE
Lehigh, la, 2,001 98,4 | 465 3480 2.8
9.5 452 2780 4.6
LH0-2.00 | 29.3 452 4450 3.1
' 29.0 490 2740 4.3
29.5 | 455 | 3500 4.0
Average | | 8390 | 3.8 |

Cel




TABLE NO. 21
TESTS OF CLAY SEWER PIPE

9el

. : ol =
Bell o Thickness Breaking = &
i ' — of Wall Lioad A o
- == B4
‘ & % z . g [ 2
|2 | 8| 3 I A |
From g (&8 | & B - q | 8 L= I~ g Remarks
- = — 7 = | @ ™ = H = -
] <S5l - S = - 0 = O -
B | 5| 24 e = T Y] - ) Ll &
2l E|EE| 2| 2| 5 2 |z2| €| B |s.|3s] 2
Elaldsl el 218 g &8l 3] 8 ==l =
TESTS OF 6 INCH VITRIFIED SALT GLAZED
Lehigh, Ia. 1| No data given | 6.0 0,70 26 4820/2220/1280 |Light colored.
2/ No data given | 6.0 0.72 26 o820/ 2690(1460 Dark colored.
3| No data given | 6.0 0.70 56 489022601280 Dark colored.
4/ No data given | 6.0 0.72 26 5!]2{:']‘3320 1260 Dark colored.
ol No data given | 6.0 D59 [:Eii 4530(2110(1220 Dark colored.
6| No data given | 6.0 0.70 |28 44.1'53]:11:_3!'1;11_1‘in | Dark colored.
Average 1 i | | r [ | | 12280/1270] |
Des Moines, Ia, 112.25] 6.0 0,65 27 | 3200[/1430] 960 ‘Underburnt,
2|2.00 6.0 0.70 26 4650/1690| agn J
3|2.00 6.0 0.67 | 126 | 4400/2030{1260
412.00 6.0 0.62 | 126 | 4400/2010!1460 !
Average | f | 1 | | ] I [ 11790/1160)| |
Macomh, TII. 1554/2.6 110.7| .65] B.15/0.75-0.75] 58|82.5| 8720|1720]1150/2 .9 |
155812.0 | 7.9/ .57( 6.10/0.70-0.68( 8195.8 4120/1910(1170/1 .8
155012.1 | 8.0l 55| 6.15/0.75-0.70| 8sl58. 6 3870(1790/1030(3 . 6
15602 .1 ‘ 8.0 .551 6.2010.65-0,70] 31(26.0| 4070/1880(1260|3 .5
561175 | 7i9| 52| 6.00/0.65-0 48] silae:s 3670/1710/1140/2.5
Average = | 1 | r | r | [1800(1150]2.7 |
TESTS OF B INCH VITRIFIED SALT GLAZED
Lehigh, Ta. 1| No data given | 8,0 0.70] 26 3310/1530/1130 Light colored.
2| No data given | 8.0 0.70 26 3600[1660/1230 Light eolored.
31 No data given | 8.0 (.80 6 261011200, 670 Light eolored. Badly laminated.
4! No data given | 8.0 0.70 26 S82011800[1320 Dark colored.
5!/ No data given | R.0 0.70 26 3540|1630(1210 Dark colored.
6] No data given | B.0 0.70 26 3150 14601070 Dark colored.

Average ] e [ || [ I |~ [@550{TiH0] |




LEL

Des Moines, Ia, 1122575 5.0 0,72 83 613013820/|2320
212.50 8.0 0.75 33 0060/3310(2140
8|2.50 8.0 0.75 a8 700025801660
413.79 8.0 0.75 a3 7210 2630|1680 '
5(2.50 R.0O 0.80O 35 6460(2370|1340
612.2 8.0 0.75 33 5250(1950(1240
Average ] O e | 1| [2680[1780[ |
Macomb, III. [554]2:6 |10.7| .65] H.]:‘:IH.TE—U 75| 5B|32.5, 4540|1680 116'0_1_0
[535(2.6 |10.7] -62 8.15/0.75-0.75| 58|32.6| 4t)4ﬂ’lfﬂt} 1120/
'35_5 H,L ID_._T ._ﬁfl 8. l{} IJ ——U TC\, _ul.{h?-“_ : 1GO0/ 17301150 d 5
Average 1 | i | \ ] | u 1 11700/1120/3.9 |
Ft. Dodge, Ia. 1!1 i) | | 8.0 |0.80 | 26 ] 4510206011170 Vitrified salt glazed.
212.00] l 8.0 |0.75 26 2430[1570(1020] Vitrified salt glazed.
Average | | | | | | | t | 18201100/ 1
TESTS OF 9 INCH VITRIFIED SALT GLAZED
Macomb, TIL. 54912.3 [11.5| .55| 9.0 (}.?I—H.T“‘ 60|31 .8 HTJ_Eﬂ'l‘ikimllﬂﬂ 1.4
s50/2.2 [11.4| .57| 9.0 |0,75-0.T5 60132.1| 5190/1940/1600|1.2
55102.4 |11.5| .60] 9.0 |0.75-0.72| 61/32.2| 5290 107011540 153 |
55213.2 11.5! .57 9.0 |0.75-0.80| 60|31.6 .}.}tilllmt} 1080(1.4 |Frm-turvd, Not as well burned as preceding
553|2.5 [11.4| .57| 9.0 [0.75-0.75] 62|32.4| 4500|1700 1220(1.7 | one.
Average | = | T | | I 1 |17210]132011.4 |
TESTS OF 10 INCH VITRIFIED SALT GLAZED
Des Moines, Ia. 1]2.0 l 10 (),88-0.88 182 | 6370 23:‘:(]',135(’1’ Dark red. Evenly burned,
212.0 10 (.88-0.88 |H!£ 5810(2180(1270 Dark red. Evenly burned.
312.0 l 10 (0.B8-0.88 (32 7570(2840]1630 Dark red. Evenly burned.
Average == 1 ! l | | | | 12820]1850]| |
Lehigh, Ia. 1| No data given |10 iﬂ.HE—i'I.H'-" 26 4260[1970/1320 | Light ecolored. Not evenly burnt.
2| No data given |10 10, B2—0 .82 26 Iii{iiﬂ'llTHH 1190 |Light colored. Not evenly burnt.
3| No data given |10 0.82-0,82 u6 4310/1980/1330 ‘Dark color.
4| No data given |10 |0,83-0.83 96 | 4200[1940/1260 'Dark color.
5| No data given (10 |11.HH-H.RG (26 3370[1560( 980 Medium light color,
6| No data given [10  |0.80-0.80] 26 3800(1760|1240 Dark color.
Average || | | | | } 1 | [1820[1220] |




TABLE NO. 21—TESTS OF CLAY SEWER PIPE—Continued

8€1

o U -
Bell = | Thickness Breaking | 5 _'5
of Wall Load = -
b =R, »
i ﬁ i":. :H H"""'.
|8 | 2| B il b g | .| =
From 2 | N o = = £ I s Crf - Remarks
» —_ bl w o= . = = i o
S =8| = g = X . = | =F TSIy
A [ - S I B (- — g - i P T sl sl S
ul BB 2| 5| - 2| B ®| 5|5 |25 &
7 g | &5 = = £ = o = = A - B
[-¥] [} il e - = =] =7 - o o h—|"=' <
= N It S 1 =3 - 0 = - = |2 = =
Macomb, TI1. o44/2.8 (12.8| .77(10.25 0,85-0.85| B80(32.7| 3700(1860| B70!3.5
545(3.0 [12.8| .77|10.25 D.Bﬂ—-ﬂ,B:‘i‘ 50/33.0| 3900/1420(1030/3.8
546(2.6 (12.8| .77|10.30 0.35-0.85* 80132.6| 3300({1210/1210!4 .8
54'?"2-7 12.8] .72|10.30/0.80-0,80 80/32.5| 8850[1420(1030/3.3
|548|2.5 |12 8| .77 10.30/0,85-0.85 T8182.38| 4550|1690 11:‘@_(1_3.{]
Average | I | ] I i | | ] |1420| 960[3.7 |
TESTS OF 12 INCH VITRIFIED SALT GLAZED
Des Moines, Ia. 1/3.0 12.0 [1.00-1.00] 27 8500 1580| B6O Well burnt. Med. red. Hair ecracks.
i 213.0 12.0 |1.00-1.00 |27 209022601240 Well burnt. Dark red.
| 8/3.0 12.0 [1.00-1.00 127 | 5620|2500/1350 Evenly burnt. Med. dark red.
Average I | f [ | | | ' | [2110[1150] |
Lehigh, Ta. 1/ No data given [12.0 |1.05-1.05! i’_*f:'n 6280|2900|1450 Medium dark eolor.
2| No data given 112.0 [1.056-1.05] |26 5460,2520(1370 Dark color.
3| No data given [12.0 [0.97-0, T ]:Eﬁ 4170/1930/1120 Dark color.
4| No data given [12.0 |[0.98-0. 08 126 | 4860/2240(1270 Dark color,
5| No data given (12,0 G.HT-—H.Q'}" 126 4600121201230 Dark eolor,
6| No data given [12.0 |1.05-1 051 |26 492012800({1130 Dark color.
Average == . 1 R |2340[1260] | )
Macomb, TII. 53912.6 [15,0] .80|12.3 ‘ﬂ.ﬂﬂ—ﬂ.ﬂﬂ 103,32.6] 4210(1550/1040]4 .8
540(2.5 [14.8| .80(12.2 |0.90-0,90| 09782 .5 4710 L740]/1170(3.1
|641|2.4 |14.9] .80|12.8 [ﬂ.ﬂﬂ—-ﬂ.ﬂﬂ{ 100.82.2] 4410/1640/1100(4 .2
|1542]2.6 |14.9( .RO|12.8 ID.HI}——-UL-BG 09132.5| 8710(1370| 920|3.4
54312.5 114.8] .8012.1 |0.85-0.85| 94/32.0| 4660/1750(1170|2.3
Average f | | l | | | |1610/1080/3.6




Standard 16| No data given |12 0.88-0.88| 101{30.0 112?0‘4510 Hlﬁﬂ\ \I’l‘estﬁ by Burns & McDonnell, Kansas City, Kan,
Double Strength ] 27| No data given |12 1,_13-1.1_3 125(30.0 _QEBG 38521660 (See general note for cement BEWE?_PI])IE)_.F_
Average | | | | | | i | | [4180]2410] |
Des Moines, Ia. l [2,00|15.5| |12.5 [1.10-1.10] 80|26.0] 8500[1610] 750] |Taken from old sewer.
Des Moines, Ia. S (2.3 [14.8(0.70[12.0 |0.97-0.97| 110/32,1 R27013080[1770|1.92|From factory.
T 2.8 |14.9]0.70(12,0 |[0.98-0.98 110/82.1| 7710/2800/1580|3.30
Ule.2 |14.9/0.70|12.0 [0.97-0.97| 110 3250 7T60(3290|1880(2 .21
V2.3 I‘:'.H]”.Tﬂ 12.0 |0.95-0,97| 110|32.2 0110/3400/2030[1.70
wl2 3 |14.8/0.75/12.0 |0.95-0.96| 110(32.3| 596013220 132011 .75/ Injured in shipping. Omitted in averaging.
| x |2.3 |14.8/0.70/12.1 |0.97-0.98| 110{32.2| 7430[2760|1590|2.10
Average | [ | | | | | l | 7TB73[2925|1695/2.16]
TESTS OF 15 INCH VITRIFIED SALT GLAZED
Des Moines, Ia, | 1|2.50] & 116,00 |1 18-=1.13| 25 A680/1630| 8BGO Medium dark red. Bottom break at hair crack.
’ g | | | | [ Very dark red.
2(2.:25] | [15.0 [1.13-1.13] 26 4400120001060 Broke at blister. 3 inch diameter. E
Average | l | l | | | i 1 1820 960] | O
Macomb, Tl 53013.3 |18.4]0.90/15.2 [1.00-1.05| 151|33.6| 4640|1660(1120/3.5
Single Strength 531/3.2 |18.0/0.87/15.1 |1.00-1,00| 143(32.8 3840|1220| 820]2.6
sa9i3 1 |18.5/0.82|14.9 [1.00-1.00| 143|32.9 4090/1490(100012 . 4
533(3.3 [18.3/0.85/15.2 |1.00-1.00| 145|33.1 3490|1260| B50(2.7
534/3.2 |18.6/0.90/15.4 [1.05-1.05| 149(33.2| 3490|1260| 770[3.3
Average I [ [ | | 1 | | I |1380| 910]2.9 |
Macomb, TII, 58513 .4 [19.3 (1.1 ‘15.5 \1 _80-1.30| 190|834.4| 5520|1930| B00|4.1
Double Strength 536:3.3 19.2/1.1 [15.4 |1.80-1.25| 187|84.4| 5570 1940| 870(3.6
53713.3 |19.2|1.1 llfj.ﬁ ‘1.30—1&0 187|34.2| 5420|1910, 770(|3.9
538/3.5 |19.2|1.1 [15.6 [1.20-1.20] 175(33.7| 4220]1510| 730|4.6
Average I | ] | f | IE | [1820| 790/4.0 |
Standard 18| No data given [15.0 l] .00-1.00| 148]|30.0] 8920357012380 |'Tests by Burns & MeDonnell.  (See general note
Double Strength 26| No data given |[15.0 [1.25-1.25| 178 30.0 9730[3890/1680 |  for cement sewer pipe).

Average | =] | l | | | I 1 |3780[2030| |




TABLE NO. 2I—TESTS OF CLAY SEWER PIPE—Continued

) o i
Bell = | Thickness Breakin = o
| of Wall Bad = |8
& 7 g . @ | 2
From w |.Z = ‘ £ ’ £ o i o i
s 2|84 8| 2 - S (5 4 |= [=B| & Remarks
il = | mE | & £ = = i, - Sl 2 el T
=T E -‘:H “ 0 = = 413 il = — =
sl TR Tl . : L8 | haul b = B s
v B |'Eu = = a e T = o s = o "
TR T E-'-T—q“ﬁr—-ffxiz"ﬁj-i-’*.f;-%ﬁ
es Moines, Ia. | M 2.5 [18.2/10.80(14.8 [1.15-1.15] 150|82.3] 9350|3470|1740/2.85
‘ N (2.4 (18.2/0.85|15.0 |1.15-1.10| 150/32.0 Bﬁaulwwull?"n'féﬁ
B o igi['&ggl:jg 1.10-1.10| 150(32.1| 8860/3310|1810/2.30
= | - 2 i - ] |'" | 2 g 17 sl T-] Ly N 'K h &
| G (328 [15:30:8000e-8 102 1110] 15002 2 |a00s013740/2850/3 14| Vitrifed betier than the Dalance of the 15 inch
! { Y " e Ars v ‘_..”'i 5 =l .-.rl.I-lf .T 1 ':".
Average ; X 12:4 118.410.60114.8 |1.10-1.10| 150132.1| 8510(8180(1740]3.88| e
_ I . | | | . | 9300|3470[1940/2.22
TESTS OF 18 INCH VITRIFIED SALT GLAZED ;
Macomb, TIL [820[3.4 [22.1]1.1011R8 " SNl NI T -
Single Strength 50119 3 |3:3.'..f ILM:H:E.' H ::::%;.-::':I {H;H:I :11:}‘8;:“{1]1‘1[‘1 BEH il,.} e
Racidadiigdad 1.10(18.8 |1.20-1.90| 507|33-4] 5180/1860|1080/2 8
523(3.5 (22.2/1.10/18.3 |1.20-1.20| 206{33.4| 4430]1590| 900/3.3
T |:n24|:.-i 3 n'.!:;.:.*il.l.ﬂ,ls.z ..1,:3{1_:1.‘2{1. 208{R3.0 4:;:mf15'i’ﬂ| HEHJ{I:E I
| | | | | | |1680] 950(3 .0 |
Macomb, TIL I525[8.8 |25.1|1.4 [1B. 8 | 5 = | 957190 5 T
" B Y F=T NE ¥l A - I 1.:'— z L) E . sl L) -
Double Strength 526(8.8 IEE_HII.H [1B.8 | ] .Lil 1 Gf[‘, L: 2 :-::El,“:ﬂ]‘m 730(3.7
527|383 (95 711 3 'IR-{" ]'__._I l- ;:3,3-: i} !:f:”l_ui.ui 'lﬂlf_'i 3,ﬁ
528(2.7 |22.7/1.3 [18.a [ Yot | A5aBdan) 0180222011030 445 o
520/2 5 199 gli e 2 I e e s G101725501 99013 .1 | Light gray core, 0.9 in. thick, Balance black.
Average } | 2 i;,_jl 18.2 1.4=1.4 | 246|82.7| 8310|3040[1280|3.1 |Uniform blue gray color. f i
: | | | i r | 2440]1010|3.2 |
St. Louis, Mo, 52325|3.0 |121.8 0 o : r ; . _
Siogle Sirength  |383]5.0 (31010 [1aa | Samae3 | 207[R3- AT 00T0TERB0MTAOOG 5]
883140 |121.8/1.0 |18.0 1.2-1.2 ’ 507(32.0| 650019260(1960/4 78
ek | -r Im Hrl.ﬂ I8.1 | 1.2-1.2 | 207|88.3] 7350/2650/1480/4.10
I [ l 1 | 2830[1570]4.06]




St. Louis, Mo. 37718.1 |21.8[1.8 18.3 1.56-1.5 246(33.4| B620 3000[1130/4.10
Double Strength 37813.1 |21.8(1.3 |18.1 1.5-1,b6 946(33.1(12070/4370|1580(3.560
37018.1 [21.8[1.8 |[18. 1.5-1.5 246133 .2112445(4500/1640/4.61
380/3.1 {21.8|1.3 |18.1 1.5-1.5 246|33.3| 8670({3150 1140/4.356
Average I | | | | | | | |13780|1370(4.14] :
Standard i 19| No data given [18.0 [1.13-1.18] 191 30.0] 6900/2760|1740] |'1‘ez-;ts by Burns & McDonnell. (See general
Double Strength 95| No data given [18.0 ]I.:‘i(}-l.ﬁ{], 254/30.0| 7770{8110{1120] note for cement sewer pipe).
Average || | | | | | [ [ |2930[1430] |
bﬁs Moines, Ia. [ H12:8 [21.5](0.90|17.9" |1.30-] B0 20ni31.9] 8380 31801176012, 00|From {actary.
T 1576 [31.1/0.85/18.0 |1.20-1.20] 200/32.0| 8520|3190|1760!1.98
7 |2.8 |21.5/0.85|18.1 |1.20-1.20( 200 82,01 T610(2820 156(1[2.56 Not burned as well as rest.
K|2.8 [21.56(0.80118,2 1.20-1.20| 200/82.4| B730,3260|1800}3.30
L |2.8 |21.6/0,80[18.0 [1.20-1.20 Eﬂﬂ!ﬂ!!.l‘ 8450/3180[1760|2 .45
G l2.7 121,60 80l17 .0 |1.20-1.20| 205/31.9| 8310(8180[1750(2.32] .
|

Average

| 8340|3130[1730[2.43]

TESTS OF 20 INCH

VITRIFIED SALT GLAZED

Average

Macomb, Tl E1012.9 124.5]1.0 [20.5 | 1.8-1.8 | 240|32.6] 4800(1770] -960(4.1 |
Single Strength 51113 4 |24.7]1.0 [20.7 | 1.8-1.8 | 245|33.2| 5050|1830('99014.0 Whole set burned uniformly.
s12la’'3 |24 .6l1.0 |20.7 | 1.3-1.8 | 244(33.1| 4750|1720| 930|4.2
=13/3.2 [24.5/1.0 [20.8 | 1,3-1.3 | 240[32.8] 5100(187011020/4.2 \
514(3.1 124.8/1.0 |20.7 | 1.3-1.3 | 248|33.3| 5450|1970/1060]4.0
Average | l | | ] | | | | |1830] 990|4.1 |
Macomb, TIL F1513.4 125.4/1.2 |20.5 |1.60-1.60| 303|388.7| 6540/2330| 840|3.9 |
Double Strength 516/3.6 |25.5/1.2 [20.7 |1.60-1.65| 308(33.9| 5840(2070| 750/4.8
517153.3 |25.5[1.2 |20.7 !1.60—1.60| 301[33.3| 6490|2340| 850/4.6
518!3.5 |25.5/1.2 |20.6 |1.60—1.60| 296(83.3| 7440|2680 970)4.2
s10l3.3 |25.5/1.2 [20.7 |1.55-1.60| 298(83.2| 7040(2540| 980)|3.9
Average — | l | = | | I 2300| 880/4.3 |
St. Louis, Mo, 374]3.6 |25.3|1.8 [19.8 ] 1.5-1.5 | 285|88.5| 6365|2280| 900|4.68|
Single Strength 375(3.5 [25.8[1.8 [19.8 | 1.5-1.5 | 292(33.6| 9740/3480|1370/4.05
_|876]8.5 |25.8|1.3 |19.8 | 1.5-1.5 | 292{33.3|10340[3720[{147014.84
r [

| 131601250452

vl



TABLE NO. 21—-TESTS OF CLAY SEWER PIPE—Continued

4 O -
Bell 5= | Thickness Breaking | 5 5
. of Wall L.oad 2
B 7 2 &5 ‘:E
2 20 (L= E ol _-L'Q s = - - R k
o A EBE NS & . &8 E| 4|3 |°4] 4 R
o . — E r ﬁ Q g - - - ::T Ii-' E L2 ‘:
| = | E=] =8 — = =l 5 | = s
man ’5‘;:' e —5 I: T -E =0 Ej 1:_'.! - -g - E
oy = el i v = - -] =] e o e w W
u 3] o = - < o 3 Y o =< | == =
Hl =Sla8l Bl < 5 M el = |3slZ2al <
St. huuis, Mo. ail|3.3 |25.3|1.5 |20.2 1.8-1.8 325(33.7[(12960|4610[(1300/4.8
Double Strength 37213.8 [25,3|1.5 |20.3 1.8-1.8 325(38,8]13860|4920{1400(4.12
37313.83 [25.3|1.5 |20.1 1.8-1.8 325|833 .4| 9010[3250| 920/4.30
Average [ | ! | | ] ] | | [4260{1210|4.41| -
TESTS OF 21 INCH VITRIFIED SALT GLAZED
St. Louis, Mo. 368]3.6 |26,5/1.5 |20.4 1.9-1.9 351|833.4|12450|4470]1150[|5.30
Double Strength 369)3.6 |26.5|1.5 |21.2 1.8-1.9 351(33.8|15420/5470(1620/|4.65
N 27013.5 [26.56{1.5 |20.8 1.8-1.8 351/33.4/13050 47(}(}_ l:iﬁ_['l _.E.(}I'J
Average | I | | | ! f [ | |4880[1380]4.98| —
e
Standard 21| No data given [21.0 [1.50-1.50| 805|30 ‘ 7570(3030]1260] Tests by Burns & MeDonnell. (See general
Double Strength 22| No data given |21.0 [2_.00-2,00/ 388|30 [14010|/5600[1340 note for cement sewer pipe).
23| No data given [21.0 |2.00-2.00| 381/30 |11120(4450/1060 :

Average J [ f I | | J I i |4360|1220| |

TESTS OF 22 INCH VITRIFIED SALT GLAZED

oy
St. Louis, Mo. [862(3.5 [27.0(1.2 |23.8 | 1.7-1.7 | 855[33.5{18495|4830/1670]3.55
Double Strength 36313.5 [27.0(1.2 |22.2 | 1.7-1.7 | 846/33.3|12575(4530/1560/3.76
364(3.5 (27.0(1.2 122.3 | 1.7-1.7 | 853(33,4/13400(4810|1660|3.87
865(3.5 [27.0/1.2 |22.3 | 1.7-1.7 | 853|33.6(14000(5000|1730(3.60
366/3.5 [27.0(1.2 (22,1 | 1.7-1.7 | 853(33.2[16500(6050(2070/3.10
367[{3.5 [27.0/1.2 |22.1 | 1.7-1.7 | 853[33.6[13500{4820|1650|4.05
Average | [ | r | | | | 15010]1720]8. 65|
TESTS OF 24 INCH VITRIFIED SALT GLAZED
St. Louis, Mo. 850/4.0 129.0/1.4 |24.2 | 1.6-1.6 | 350[34.0] 7940[2800[1180
Single Strength 35214.0 |28.5/1.4 |24.0 | 1.6-1.6 | 857|84.0| 6900(2380| 990/5.60
35814.0 |28.5/1.4 [24.2 | 1.6-1.6 | 350(34.0| 8460|2980[1240/4.20
355(4.0 [28.5/1.4 |23.5 | 1.6-1.6 | 350(33.2| 7300/2660/1100|4 .60
356/4.0 |28.5/1.4 |24.2 | 1.6-1.6 | 350/33.5| 8000(2860(1200(8.95
857|4.0 |28.5[1.4 [24.0 | 1.6-1.6 | 350[33.5/10000|3580|1500/4.20
Average | | |I 1 [ ] | | | |2880|1200/4 .51/




|

St, Louis, Mo. 4.0 1.6 2.0-2.1 440/34.0 3740[1020
Double Strength 4.0 114 2 0-2.0 | 440(34.0 50501390
1.0 1.6 2.0-1.9 | 440|34.5 3010[1200
4.0 1.6 a (-2.0 | 440/34.5 450011250
4.0 1.6 2.1-1.9 440|34.5 3080| 940
® 4.0 5l 2.0-2.0 450134.0 6620 155_0
Average | |4320]1230|8. 83|
Double Strength | No data given 2.256-2,.25| 513.31.1 il:iﬁ'lu 5410|1160 |Test by Burns & McDonnell. (See general
| note for cement sewer pipe).
Macomb, T i5.4 |29.3|1.4 1.55-1.60| 366 85.8 2150| 980 4
Single Strength 5.0 |129.8|1.4 1.60-1,60| 367|34.4 o200 980 9
4.8 |29.3|1.4 1.60-1.60| 368.34.7 2060 B90 B
5.8 [29.8]|1.4 1.60-1,60| 367(35.2 2050| SBO =
4.4 |29.1(1.4 1 60-1.60| 850/34.8| 6870/2400]1030]4.5
Average | | |2190]| 950(4.4
Macomb, 1L 4.2 180.0[1.5 ’ 2. .0-1,9 | 440/34.0 506011210(3.7
Double Strength 4.4 180.0}1.5 2.1-2.0 458(34.56 8190, BR0|4.7
4.2 |30,4|1.5 |- 9 0-2.0 | 460/34.1 3400| 940 3.6
4.4 |180.1{1.5 2.1-2.0 460134 .1 3050| 840(4.8 _
4.4 |30.2!1.5 2 (0-2.0 | 450(84.5 3300! 910/8.5 |Broke at 9470 after standing under load for
1 | 23 minutes.
Average | | | |3380| 960/4.1 | X
Lehigh, Ia. 1.85-1.40| 870|32.8| 5910{2170 1270/3.1 TBottom cracked full length at 5780 Ibs.
1 30-1.40| 350|32.8[10070(3700|2340(3.7
1.80-1.40| 340i81.8 £170/3100/194013.5
_40-1.40| 840(31.8 13510 5110_21’70 4.1 |Broke at bottom first,
Average | |8520]208018.4 |
Pes Moines, Ia. A 3.0 1.15/23.9 |1.50-1,50] 275 26.3 4250|2020
B 3.1 1.50-1.50| 275|26.4 4890|1840
¢ 3.2 1.50-1.50] 275|26.5 3750|1780
_D 3.1 1.50-1.560] 275|26.5 BR50|1830
E 3.2 1.55-1.50f 275]|26.5 3880 1840
¥ |3:1 1.45-1.560] 275]26.0 8810|1940

Average

A020 800018801208

orl




TABLE, NO. 21—TESTS OF CLAY SEWER PIPE—Continued

uf ay d-i
Rell = | Thickness Breaking | = 5
* | of Wall Load a |
=1 P =
[ ¥ E :ﬁm ﬁ:J
| E 4 ) 1 4 v g | B
. ) : : A =) =y A ;
From | E :E | :’ E | it 7 7 | 8.7 g Remarks
=] | ] 2 o x - - £ o =
A 2 | E5| & = g | 25 9 ([8 (g £
- - - = oy - - b | = = -
BlElgg| 21 E s £ BB B a3 B
. el SRESIE 2 LS B E 2 2 lagls3| 2
TESTS OF 27 INCH VITRIFIED SALT GLAZED
St. Louis, Mo, 3ﬂﬁ'.:...n_"3£375[1.a [27.5 | 2.2-2.2 | 660[41.1[15780[4610[1180]3.78
Single Sirength 589/4.0 132.5/1.8 [27.3 | 2.2-9.2 | 660/40.8|13840|1070 1030[4.07
39014.0 132.5(1.8 |27.0 I 2.0-2.8 | 660/40,.6(12630/3730/1130|4. 09
139114.0 [32.5[1.8 [27.0 | 2.2-3.2 | 660|40.2 13680|4080/1030/4.15]
Average eS| I | r 4 j | | [4120[1090 /4. 00|
St. Louis, Mo, 1885(3.5 |33.5[2.0 |27.1 ] 9.4-2,3 ’ 730(39.9/13930[4180] 970|5.12
Double Strength 38613.5 138.512.0 (27.8 | 2.4-2.4 | 730|40.2|19830!5040|1980 4.00
' 387|8.5 [83.5|2.0 |27.8 | 2°.4.9 4 | 780140.5 10380[3080| 670[4.60]
Average | ] | i | [ e | | [4400] 970[4.57] =
Standard | 20| No duta given |27.0 2.00-2.00| 540[30.0/16530]6610/2000 Tests by Burns & Mc¢Donnell.  (See general
[ r | [ l ] i E [EE note for cement sewer pipe).
TESTS OF 30 INCH VITRIFIED SALT GLAZED
St. Louis, Mo, 392140 136.5|2.0 [30.7 | 2.8-2.5 | 790 40.5/16600[4920[1280(4. 30
Single Strength 393(4.0 |86.5/2.0 ]3{}-4 2.4-2.2 | 790/40.4|17550/5220(1470|4 15
194/4.0 136.5/2.0 30.4 | 2,5-2.2 | 790/40.0|14300|4590 1200|280
39504.0 136.5(2.0 [30.2 | 2 455 | 100l4s o 12050(3530| 990(4.45
415/4.0 [36.7(2.0 [30.4 |2.28-2.3 | 790[41.0/14850(4350[1140
Average =5 ! | ! | | J | [4460[1220]4.18]
St. Louis, Mo, 296/4.5 137.512.0 [80.8 | 2.7-2.7 [ 910/40.7(17130/5060] 9601455
Double Strength 39714.5 187.512.0 (30,2 | 2.6-2.7 | 910]40.4(19630/5680/1150 4.60
J9814.5 187.5(2.0 130,83 | 2.6-2.7 | 910]40.4|23290|6980!1400 4.58
399/4.5 |37.5]2.0 [80.2 | 2.6-2.6 | 010]40.6|16470 4000 990/4.96
Average | | | | [ [ | | 15640[1120(|4 . 65]

2!
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Standard | 12! No data given [80.0 ['2.5-2.5 ‘ TUD]BU.ﬂilﬂ.‘iBO 5‘010|1030| Tests by Burns and McDonnell. (See general
| gl note for cement sewer pipe).
PESTS OF 33 INCH VITRIFIED SALT GLAZED
St. Louis, Mo. 10015.2 [40.5(|2.0 |32.8 4850(1140(3,83
Single Strength 401l5.2 [40.5|2.0 [83.2 | 2.5-2.5 446010603, 60
402(5.2 |40.5|2.0 [83. 2.5-2.5 537012703 .88
403|5.2 [40.5|2.0 |32. 9.5-2.5 6310/1480(3.386
416(5.0 |40.8(2.2 [|33. 2.5-2.48 44201060 All of bell zone.
417!6.0 |40.5|2.2 [33.0 |2.55-2.5 4250{1070 05% of bell gone.
Average [T 1 t |4940|1770|3. 67
St. Louis, Mo. [A0415.0 [41.5[2.0 [32.2 | 2.7-8.0 (1050 41.9]14910/4270| B50(|4.96
Double Strength 405|5.0 |41.5]/2.0 |32.7 | 2.7-2.8 |1050(41.2 18610/3970] BOO|4.76
A0615.0 |41.5(2.0 (33 °o 8.9 9 [1050/41.5[17010|4920{ 9504.46
407]5.0 |41.5]2 0 |33,2 | 319-28 |1050/42.1]14850|4090] 790|4.84
Average l | | | |4310] 850[4.75]
TPERTS OF 86 INCH VITRIFIED SALT GLAZED
St, Louis, Mo. 108(5.2 |44.0]2.0 |36.5 1100141.2(16710/4880]11L70[4.40
Single Strength 400(5.2 [44.0|2.0 |36.3 4580110014, 60
419|5.0 |42.8|2.2 [86.7 51601290
42015.8 [43.3]|2.8 [36.5 1960[1290 14 inches of bell gone.
Average = I I |4890]1210]4.50]
St. Louis, Mo. 11015.2 |44.0]|2.0 [36.5 | 2.8-3.0 11.6121960|6340(1320|4.36
Double Strength 411]5.2 |45.0|2.2 |86.8 | 8.0-2.9 ]1200]|41.1|1334013900 770]|5.18
112!5.2 |45.0/2.2 |36.8 | 2.7-2.8 11200|41.0|18380|53801210 4.40
413!5.2 |45.0/2.2 [86.7 | 2.8-3.0 \mnn 41.8(18170|5280(1110(4-41
418|5.0 |43, 36.6 | 2.8=2.9 [1200|41.6|15625|4510| 950
I

Average

5080[1070|4. 66|

TESTS OF

INCH VITRIFIED SALT GLAZED

St. Lomis, Mo.
Double Strength

‘414‘4. 7 |52

512.5 }42‘7 1 3.2-3.8 ll;‘iﬂ.’i
I _

42-.&\13730[535{1

1D[]D|4.BB‘

CPI
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TABLE NO. 22
TRANSVERSE TESTS OF CURVED BEAMS, CUT FROM TEST TILE

IF1

I E:" Beam Dimensions (In. ) Modulus of Rupture, Lbs. per Sq. In.
—
z E | e
Remmarks & ,E = Beam Tests ‘ Similar Tile
b = = % b7
= & = = 4 | S
5 'z > 5 _E = o . ) S - 3
2| s 3 5 = = [ g g 2 % | .= g z -
g o z = = % = e A U O U = < =
These beams were im-| 277 | 2 | Cement B | 0.78-0.85 | 3.1-3.5 J d.6—1.5 550 780 | 1010 860 550 710 860
mersed in water for]! 278 i Cement R 0.70-0,85 3.0-3.3 3.6—4.5 380 660 890 760 2a0 710 B6GO
two weeks and test-| 280 2 | Cement 8 | D.78=0.85 3.2=3.7 | B8.6-4.5 550 650 740 550 550 710 BG)
ed wet. | 281 5 | Cement 8 | 0.80-0.80 | 8.3-3.9 | 3.6-3.6 560 | 710 870 (60 550 710 860
These beams were air| 277 2 | Cement 8 | 0.78-0,82 [ 3.2-3.2 | 8.64.5 | 960 | 1110 1250 260 boQ I 710 560
dried before testing.| 278 6 | Cement 8 [0.75=0.90 | 2.5-3.8 | 3.6-4.5 650 | 1030 | 1400 ‘ 760 550 710 860
| 279 3 Cement 8 0.78-0,81 3.3-4.5 3.60—4.5 680 80 1170 740 550 T10 860
280 4 | Cement 5 \ (., BO-0. RS 3.3-4.1 3.68-4.5 oT70 S40 1010 650 250 710 8560
281 4 C'eme nt 8 0.80-0,82 | 3.1-3.4 | 3.6—4.5 650 RA0 1140 660 650 | 710 BG0
Story City 2 | 2| Cement | 10 [ 0.88-0.85 | 3,9-4.0 | 4.0° 870 [ 925 | 980 570 570 720 870
Estherville 8] 1 Cement 10 0.75 3.4 l’ 3.0* 8970 G610 660 780 860
Estherville 10 | 1 Cement | 10 | 0_.R0 4.7 | a.0* | | 290 | HGD 660 780 860
Story City 12 4 | Cement 12 | 0.90-=1,00 | 8.7-4.1 | 4.0-6.0%] =290 690 BB0O | 740 450 | 570 750
Story City 13 4 Cement 2 0.90-0.95 d.4-3.9 J 4.0=-7.0% 740 RO0 1100 | 720 430 570 750
Story Sity 14 g | Cement | 12 | 0.95-1.00 | 3.7-4.6 | 5.0-6.0 | 130 500 | 1190 570 430 570 750
Story City 17 2 Cemeant 12 0.86-0.88 | 2.8-3.2 | 5.0% 510 520 5510 200 430 ST0 750
Story CEI}' 20 4 | Cement 12 0,98-1.,00 4.0-4.7 | 4.0-6,0* 200 870 1000 750 4730 o700 750
Story City 23 8 | Cement | 12 | 0,05-1.00 | 4.2-4 4 4.0% 720 010 | 1200 580 430 570 750
Story City 33 2 | Cement 12 0.895=1.00 2.8-3.5 5.0* 520 | - 600 680 650 430 aiv0 790
Estherville 40 | 1 | Cement | 12 1.05 4.3 | B.0* 540 620 | 520 | 570 | 640
Estherville 42 1 Cement 12 1.13 3.0 4,0*% 540 640 520 570 640
Story City 274 | 6 | Cement | 12 | 0.95-1.00 | 3,1-8.7 | 8.7-4.8 | 520 | @&o 840 | 510 | 430 | 570 | 7s0
Story City 275 4 | Cement 12 0.92—1.00 3.1-83.3 d.7-4.1 480 530 G60 410 430 570 750
Story City 276 12 (Cement 13 0.95-1.00 3.0-5.0 3.74.1 440 610 760 410 430 570 750
Average of above 127 tile (46 tests of 12 tile) | 660 | | 590 | I |
Story City 114 | 1 | Cement | 12 0.85 3.9 5.0% 1180 | 430 [ 570 | 750
Story City 117 | 9 | Cement | 12 | 0.95-1,00 | 2.9°4.7 | 3.5-8.0*| 210 | &40 | 900 430 | 570 | 780
Story City 118 9 | Cement 12 | 0.95-1.00 | 2.7-65.0 | 4.0-6.0* 160 700 | 1010 1 430 570 750
Story City 119 1 | Cement 12 0.95 5.8 4. 0* 530 430 570 750
Story City 129 1 | Cement | 12 (.98 3.2 4,0% 870 430 | 570 | 750
Story City 132 2 | Cement 13 0.98-1.00 3.4-3 .4 4.0-6,0* 510 G660 810 430 65T0 750
Story City 133 1 Cement 12 1 0.85 4.4 H.0* 300 | 430 270 750
Average of Nos. from 114 to 133. (24 tests of 12 jnch tile) | 700 | | | 480 570 | 1750




Story City 11 9 | Cement 14 | 1.10-1.20 | 3.2-4.6 3.9-4.1% 810 | 980 | 1190 620 620

Fraser 15T 2 | Cement 18 1.90-1.90 | 3.4-4.9 Tl 460 490 520 200 320 360
Fraser 160 2 | Cement 18 | 1.62-1.65 | 4.5-4.5 | 4.0-5.0* 360 430 490 300 320 360
Fraser 161 2 | Cement 18 | 2.00-2.00 | 3.7-4.6 BRa 420 500 580 300 320 360
Fraser 300 6 | Cement 18 1.80-1.88 | 4.6-5.3 | 4.0-6.0% 430 660 900 300 320 360
Fraser 213 9 | Cement 20 | 1.85-1.90 | 3.0—4.9 6G.0-7.0* 120 230 380 320 320 350 390
Fraser 208 3 | Cement 20 1.58-1.92 | 3.6-4.7 | 5.0-6.0% 700 710 710 320 350 390
Fraser 299 5 | Cement 90 | 1.70-1,85 | 4.1-5.0 | 4.0-6.0* 270 520 GS0 320 350 390
Fraser 291 4 Uement 28 2.10-2.10 4.2—-4.7 3.9-4.1 340 440 510 500 500

Van Meter 7 2 | Clay 8] 0.70-0.70. | 3.0-4.58 4.0* 1280 1450 | 1630 | 1080 1080

Ft. Dodge 6 1 | Clay 12 1.00 3.5 208 1200 950 470 770 ||| 2050
Fit. Dodge 148 3 | Clay 12 1.00-1.00 | 8.7-4.5 | 5,0-7.0%| 1830 1400 | 1500 470 770 1050
Ft. Dodge 167 1 | Clay 12 1.00 4,4 4.0% 1200 470 770 | 1050
Ft. Dodge 170 4 Clay 12 1.00 3.0 AT b T10 780 470 770 1050
Ft. Dodge 172 5 | Clay 12 1.00-1.00 | 2.7=5.1 3.8-4.2 1090 1430 | 1630 760 470 770 1050
™, Dodge 179 1 | Clay 12 0.95 d5 7T 0 1520 750 470 770 | 1050
Ft. Dodze 194 2 | Clay 2 | 1.00-1.00 | 2.2-3.9 4.0% 320 690 | 1060 470 470 770 | 1050
Ft. Dodge | 198 2 | Clay 12 | 0.96-0.98 | 8.0-3.5 4.0* 1180 | 1230 | 1280 830 470 770 | 1050
Van Meter 293 9 | Clay 12 0.90-0.92 3.0-4.2 | 4.0-6.0%| 1680 | 1810 1940 1320 | 1320 1920 | 8030
Van Meter 904 1 Clay 12 0.98 3.9 hiLO* 2600 1440 1320 19320 3030
Van Meter 295 1 | Clay 12 0,88 4.8 5.0 1740 1570 1320 | 1930 | 3030
Van Meter 296 5 | Clay 12 | 0.89-0.92 | 2.8—4.3 | 4.0-6.0%| 1120 1920 | 8190 | 2300 | 1320 1930 | 3030
Van Meter 297 1 | Clay 12 0,90 T 5.0* 1740 3030 1320 1930 | 3030
Van Meter 385A 4 | Clay 12 | 0.90-0.97 | 4.2—-4.,8 | 4.5-7.0 1100 | 1450 | 1670 1380 | 1380 [ 1790 | 2100
Van Meter 3368 4 | Clay 12 0.90-0.93 | 5.5-6.0 | 4.5-7.0 1580 | 1990 | 2480 1900 | 1380 1790 | 2100
Van Meter 337C 3 | Clay 12 | 0.94-0.95 | 5.5-5.7 | 3.5-6.0*%| 1870 | 2110 | 2550 1950 1380 1790 | 2100
Van Meter 338D 4 | Clay 12 | 0.90-0.95 | 4.2-5.5 4.0-6.0 | 1820 | 2150 | 2730 | 2100 | 1380 1790 | 2100
Van Meter 3398 2 | Clay 12 | 0.95=1.00 | 5.7=5.9 6.0* 800 | 1250 1740 | 1620 1380 | 1790 | 2100
Ft. Dodge 155 1 (Clay 18 1.20 4.0 4., 0* 1020 GoH0 8BT0O 1050
Ft. Dodge 208 35 Clay 18 1.20-1.25 3,94.6 8.5-6.0% 210 1070 1580 1050 650 B70 1050
Lehigh 326 4 | Clay 24 | 1.50-1.556 | 5.6=7.0 9,0 770 1180 ! 1500 BBO 880 | 1180 | 1540
Liehigh 827 5 Clay 24 1.50-1.50 5.6—~6.4 7.0-12.0 470 1450 2060 1060 280 1180 1540
Liehigh 317 4 Clay 28 2.00=2.00 3.9-5.8 8.0* 940 1300 1670 1260 620 1060 1300
Lehigh 318 4 Clay 28 1.90-=-2.00 4.8-6.0 i B 870 1320 1790 1300 620 1060 1300
Lehigh 319 4 | Clay 28 1.90-2.05 | 4.2-5.0 T Ok 1530 | 1780 | 2110 | 1060 620 1060 | 1300
Lehigh 820 4 | Clay 28 | 1.90-2.00 | 5.8-6.3 B.0* 490 | 1400 | 1940 620 620 | 1060 | 1300
Liehigh 321 4 Clay 30 1.85-2.00 4.7-6.4 5.0-12.0| 1700 2170 2000 143 1000 1300 1640
Lehigh 322 4 | Clay a0 1.95-1.95 5.6-06.8 B 0N 1020 | 1440 | 1760 | 1000 | 1000 | 1300 1640
Lehigh 323 4 Clay 30 1.95-2.00 5.3-6.6 8.0-9.0%| 1880 2190 2990 1640 1000 1300 1640
Lehigh 24 4 Clay 30 1.80-1.85 G.0-T7.2 8.0% 1550 1880 2190 1050 1000 1300 1640
Lehigh 395 4 Clay 30 2.00-2 10 4.1-6.7T 9.0% 1900 | 2090 2240 1350 1000 1300 1640

NOTE.—In all tests marked *, one flexible knife edge bearing was used.

LVL



SAME TILE, CUT FROM POINTS ONLY A FEW IN
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TABLE NO. 23
VARIATION OF 48 HRS. ABSORPTION IN DIFFERENT SPECIMENS FPROM

—

CHES APART

. & S | i s
> | Process of Manu- <., Bl Z | Process of Manu- = =9
facture £ 2 oM facture g% s
= a9 2 w0 = =5 b
= ol <= |l &= ad | =9
CEMENT TILE || CLAY TILE
5 |Hand Tamped,—Dry,|] 20 5.5% Salt Glazed Tile (from| 24 3.7%
ll? 1—31;:%, Age “E Mos.| or 8.3% different depths in| 24 4.6%
5 22 5.5%| shell ), 24 3.49%
6 :: o inches | 6.1%|! o 5 24 3.5%
6 ) ': : 5.3% Hard Clay Tile—Dull| 8 or | 6.1%
G - 6,69 Glazed, 10 9.9%
8 B " | o 10.3% Hard Clay Tile. 8 or G.2%
8 ‘1: Itlt :: 9,8%5 xx % 10 5119%?\7
8 9.5%| ¢ ¢ “ | 5.8%
g i ] i T_Gﬂi by S 1"-’. Or 11 ﬂ?ﬂ
5 L i i Bee L o 14 _|11.3%
. 7.0%:| z * 8 2.6%
1 |Machine Made — Dry, 16 8.7%| A - 1 gr %1 .2'5{’.:5;
1 | 1-3%, Age 6 Mos.| inches | 8.3 2 z «  |11.8%
s = 4 i or | B.7%I| 1 |Red Tile, | Tile [12.8%
s m T [emaller| 690 1| - i3 |12i17
3 o i ¥ ?-5,_;:£_if 2 ;i inches [18.7%
== = _ = _?'T;_::...[ 2 and |15.9%
5 “ " ' 71 ,: 1 b2 smaller | 15.8%
3 4 ‘" L ] e B ¢ 118.5%
4 L id LE] ? 1(\;{ 'E :: “° 16‘1 6’:{“
4 LE i i ﬁlﬁﬂ}t ILE " ™ 15;5%:
.l i Wi il ﬁ : ﬁf{:;z, D R 16 N ﬂf}-
) i s i * .4| b = 2 lg.ﬂf"
T o - 70
il e « |73l « l19i3%
- . Ay T i Wi ] Y
10 |Machine Made — Dryv, 0 . 19 “ 16.2%
N0 £ (e SRR | B ” “  118:7%
]ﬂ' Wi (X {_l’ 8:'.1‘%:'-' T 2 [Iﬁ.ﬁf;’?‘
12 | T z 6 [9.3%|| o | « & |1A8=1T00
12 “ “ e 57|l o s e e
12 . 5 | 6 | 88%|—21_ = S D
: - : 771 3 |Black Center — Hard el g B
13 6 9.0%| = 7 8%
] 3 Wi i r)l- 1 l_} : _1(?.;{: 3 El] Tfﬂi}f’t’h P, i T . gfr'l:-l'
13 | s - 6 9. 76% |\ = 8.5%
14 [Poured Tile — Very| 30 | 8.8%]| & p 7 I |12:8%
, Y| o ol 8 L “ 111,69
14 | Wet. 30 [ 9.1%]|| g i . ' 094
14 2 g | 30 | 8.9%] 17.3%
15 a o 30 |10.49%
15 i o 30 10, 805
15 y o 30 11.19%
16 Z X 30 [10.2%
If'f . - 30 8,904k
16 a B 30 |11.6%]|
17 T 5 30 9. 8|
17 " — 30 10, 0% |
1.7 - = 30 D.6%)|
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TABLE NO. 2

COMPARATIVE 24 HRS, ABSORPTION TESTS OF LARGE AND SMALL
PIECES OF DRAIN TILE

Large Picces — 40 to 100 Sq. Ins. Small Pieces — 9 to 20 Sq. Inms,
- Large Picces Small Pieces
=l — i ) IS |
2 = : | | ‘
= — -
& ~ (= O | & || 5S ' 15 = Remarks
AN 2o e = s SR
=% % | 2| £ | S ‘ - g 2 .
S5 At F= — T o o = | =
CEMENT TILE
947 1 i 11.7 I 550
244-246 3 5 B.G | 9.5 | 11.2 9.1 | 10.8: | 1.8 |
948-251 | 4 35 G.7 7.4 8.3 6.8 | ol | 7.4
43-105 62 g 2.9 T.0 10.4 3.8 T.1 11.8 |
43-105 51 6 2.0 i.d 6.0 Full size tile..
1-2 2 10 5.6 i, 8 8,0 | 9.2 | 9.4 9.5 |
8—-10 3 10 e s 0.8 H.5 7.0 TeD 7.9
256=257 | 2 | 10 5.4 6.2 | 7.0 6.1 B:8 | 7.8 |
12-38 [ '
106134 | » G5 13 7.8 8.4 16,2 b D 9.5 13.8
258-266 | |
258-266 3 n 7.0 8.2 5.9 Full size (ile
39—42 ! 2 8.4 8.8 9.2 B .0 103
11 i 14 8.1 T
156-161 i 18 5.0 R.D 15 P4 h.1 7.9
208209 pL 1= i 5.5 . a9 d -9 6.2 5 o
210—212 3 18 G.0 7.4 7.0 7.8 8.7 4.5
213215 4 a() ) 7.R 2.9 .4 Tel K.1
216—317 2 a2 i.d 5.4 G.5 6.4 6,0 (S
272-273 2 20 T 7.8 B0 751 7.6 8.2
371 1 28 0.6 8.4
268 | a0 8.7 T Jil
269 1 a4 7.8 T.0
270 1 | 36 10,1 9.2
CLAY TILE
252-255 4 b 1.4 14.4 15.9 15,0 1 16,8 18.5
91R-—9049 a5 i 0. a 4.3 I 2.8 .1 7.4
218242 5 f 2.3 $Pl ¢
D~ 2 - i. 0 10,4 16 .4 3.6 11.4 19.1 [ Full size tile
3-6 | Our  hard  and
135—-148 | » 81 12 2.0 4.7 | ({74 2.4 D2 | 1&.0 one sofl
158-203 | |
149-155 | ] 12 1R 1 4.0 5.3 . B 1.6 G.0
204-208 | § T




TABLE NO. 2]

0¢l

HALF ELONGATIONS OF HORIZONTAL DIAMETERS OF DRAIN TILE AND SEWER PIPE UNDER IOWA STANDARD VER-
TICAL LOADINGS
s | 2 ey
- = Intermediate r]’h-fnr- Final Deformation ,
B - mations g
E % e E‘i = . ‘ ._ﬁ,_._. g, Remarks
= & _.E 3 B é; == ....E = %
e=| == E i == e ‘ =g £
o e e : o - o g O e
Sl Ed Sl > o e HZ >
CEMENT DRAIN TILE
18 | 1.8 | 0.0085 1600 - Curve regular though shightly curved after 950 Ibs. per lin, fi.
20 1.9 ! 0.0041. | 1920 | |l urve a straight line to 1350 1bs, per lin, ft,
22 | 2.1 l‘iﬂ 0.0048 | l
f 1:50 0.0105 1810 | | lturw rpguh;r Begins 1u11.‘1l'tp,' at 1150 1bs. per lin. ft,
28 | 2.3 | 1020 | 0.0070 | , Curve regular to 1020 Ibs. per lin. ft. when deformation inereases much
| 1430 | ﬂ.ﬂ! 75 1440 0.0316 ‘“_ﬂlulv_ rapidly than lond.
30 | 2.5 | 1!15(1 ; 0135 1680 | 0.0255 | Curve regnlar.  Deformation increases rapidly after 1650 Ibs. per lin, ft.
34 | 2.8 | 1730 t} 0124 2070 | 0.0240 f Curve regulur, Not s straight line,
a6 3.0 | 9 0 0.0135 { 4230 00170 f Curve a little irregular.  Fairly straight to near end
36 | 3.0 2100 0.0105 2300 | 0.0185 |Curve regular. Straight to nenr end.
CLAY--SEWER PIPE
18 1.2 1410 | 0.0140 1680 | 5. S Curve regular and straight to 1410 lbs. per lin. ft.
18 122 1410 0.0147 1860 8. 8. |Curve regular and straight to 1410 Ibs. per lin. ft.
18 1.4 1780 0.0073 2890 D, 8. Curve regular and straight to 1780 Ibs. per lin. ft.
18 1.4 1950 0.0078 2420 D. 8 | Curve regular nnd straight to 1950 Ibs, per lin. ft.
1B 1.4 1950 0.0083 2350 D, 8. |Curve regular and straight to 1950 lbsg, per lin. ft.
20 1.3 1500 0.0161 1830 5. S Curve regular and straight to 1500 lbs. per lin, ft
20 1.3 1480 0.0169 1720 S. 8. |Curve regulur and straight to 1480 lbs. per lin. ft.
20 1.3 1480 0.0147 1970 8. 8. Curve regular and straight to 1480 lhs. per lin. ft
20 1.6 1950 0.0135 2070 0.0135 D. 8  (Corve regular and straight to 2070 Ibs, per lin. ft.
20 1-6 2000 0.0140 2840 D. 8. |Curve regular and straight to 2000 Ibs. per lin. ft.
20 1.6 1450 00,0120 D. 8. [Curve regular, not quite straight.
2000 0.0180 2680
24 2.0 2420 0.0182 8050 (0.0305 D. 8. Curve regular and almost straight to end.
o4 2.0 3300 (0.0160 D. 8 [Curyve regulnr and straight to end,
30 2.8 2R50 0.0155 Standard |Curve regular and straight to 4200 lbs, per lin, ft,
4200 0.0225 4350 Culvert
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Article 43. The Modulus of Rupture of Drain Tile and
Sewer Pipe. In studying the values of the modulus of rupture
in. Tables Nos. 18 to 21, the first striking fact which attracts
notice 1s the extremely high results for cement tile in many
cases, as compared with the tensile strength of cement mortars.

On this account it was thought wise to make a special series
of tests of the tramsverse strength of curved beams. eut from
the shells of the same pipe from whose bearing strengths the
values of the modulus of rupture given in Tables Nos. 18 and
21 were computed. The results of this series of transverse tests
are given in Table No. 22, in comparison with the moduli com-
puted from the bearing strength.

In studying Table No. 22 it should be borne in mind that the
moduli of rupture by beam tests should, probably, on the av-
erage be appreciably higher than those by bearing strength tests,
for two reasons:

First, in entting out the beams, pieces containing flaws or spots
of special weakness would ordinarily be fractured and rejected.
Hence the moduli computed from tests of beams cut from the
pipe would probably be higher than the true average moduli
of the shells of the same pipe.

Second, in lowa standard bearing strength tests (and in actual
diteh conditions of loading) the bending moments are nearly
equal at each of four eritical points in a pipe, namely, the top,
the bottom. and each side, which is not true of other methods of
testing. (See pg. 94). Moreover, the value of the bending
moment changes slowly in the vieinity of each of these points,
which 1s not true near the concentrated loads used in other
methods of testing. Henee, both in the lowa standard method
of testing bearing strength and in, actual diteh conditions of
loading, the first crack in the pipe may oceur at any point of
special weakness in any one of four strips of the shell at and
near these critical points, each strip several inches wide. We
have found this to be true, as a matter of fact, in hundreds of
tests in which we have recorded the exact points of cracking.
Moreover, the first erack at once greatly inereases the stresses at
and near the other three eritical points, and nearly always
causes immediate complete failure.

Hence, both ordinary actual ditch conditions and the ITowa
standard method of testing, search out the points of special
weakness in a pipe much more thoroughly and severely than does
any other method for testing bearing strength. .

Hence, also, the lTowa standard method of testing bearing
strength should give computed moduli appreciably lower than
the average moduli of the pipe shells.

Several beams were cut from each pipe for many of the tests
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tabulated in Table No. 22. These show a large varation in the
value of the modulus of rupture at different points in the shell
of the same pipe. In Table No. 23, the absorption tests of pieces
a few inches apart also show important variations. This em-
phasizes the importance of the conelusions just stated.

Keeping these conclusions in mind, Table No. 22 shows per-
haps as satisfactory correspondence between the moduli computed
from bearing strength tests and those from transverse beam tests
as could be expected, although there are many diserepancies.

There are some special diffienlties in making satisfactory tests
of c¢urved beams, which may account for many of the discrep-
ancies. To overcome these difficulties, about half the tests were
made with the convex side of the beam up, and the other half
with the convex side down; and, as a further precaution, a flex-
ible knife edge was used at one end of the beam in many of the
tests.

Table No. 18 shows values of the modulus of rupture of
small cement tile as high as 1000 1bhs. per sq. in, in many in-
stances, with a few results still higher. Evidently the modulus
represents a quite different thing from the ordinary tensile
strength of conerete, which is only a few hundred pounds per
square imch. However, even in ordinary straight concrete beams
the modulus of rupture i1s much higher than the actual tensile
strength, a well known fact, stated 1n text books on concrete.

A few tests, by F. P. Johnson. published in Engineering News
for March 19, 1896, indicate that the modulus of rupture of
straight vitrified clay heams, also, 1s two or more times the
fensile strength of the material.
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The values of the moduli of rupture in Tables 18 and 20 for
different sizes of tile are shown in Figs. 28 and 29, herewith.

Both Fig. 28 and 29 show a wide range of the moduli of rup-
ture, which might be expected with the large variety of pipe
tested. |

The full line curves are rough average curves of values for
different diameters of tile. |

The broken line on Fig. 28 shows roughly the results of tests
made by Messrs. J. R. Blair and B. L. Taylor with straight
beams of conerete, one month old. and of thickness equal to 1/12
of the platted diameters of tile.

With cement tile, at least, the modulus of rupture appears to
vary greatly with the diameter of the tile or perhaps we should
say, with the thickness of the pipe shell, being higher for small
diameters, or rather, thin shells.

Article 44. The Results of Absorption Tests of Drain Tile
and Sewer Pipe. Table No. 24, gives comparative absorp-
tion tests of laree and small pieces of cement and clay drain tile,
and indicates no serious difference in the results.

Fig. 30, from tests made by Mr. F. M. Okey, shows the rapid
rate of absorption of water by cement tile.

More absorption tests are needed before final decision can be
made as to the maximum allowable per cents of absorption to
insert in standard specifications for drain tile and sewer pipe.
So far as the results in Tables 18-21, and 23 and 24, go, they
indicate that the following requirements can readily be met by
good factories.

For farm tile, 3 ft. minimum depth, cement tile, 8.0 to 11.0%. maximum
allowable absorption,

For farm tile, 3 ft. minimum depth, clay tile, 8.0 to 16.09%, maximum
allowable absorption,

For large tile drains, cement tile, 6.5 to 9.0%, maximum allowable ahsorp-
tion,

For large tile drains, elay tile, 6.0 to 7.0%, maximum allowable absorption.

For sewers, clay sewer pipe, 4.0 to 5.0%, maximum allowable absorption.

In view of the present lack of sufficiently extensive data,
the above figures are to he regarded as merely tentative. Unftil
more extensive data, are available we recommend that each en-
gineer determine the lLimit of maximum allowable ;‘1l>_s_=.mjﬂi-:m‘ to
insert in his specifications for any particular drain by first
making a few absorption tests of his own, on available, reasonably
good pipe for the use infended. | .

In our view, the true objects of inserting an uhsm'ptmu. limit,
in specifications for drain tile and sewer pipe, are: Furst, to
msure that the manufacture is such as to give the best results
reasonably possible with the material used; 5*[-f'mm'._ to ‘{?m'lur_i{?,
for certain uses, materials from which satisfactory pipe for those
uses cannot be produced commercially.
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Hence it is pertectly logical to assign different limits of ab-
sorption to different materials. and to the same material for
different uses, as has been done above.

The tentative limits suggested above would operate to the
practical exclusion of surface clay tile for large drains, unless
burned exceptionally hard.

Article 45, Measurements of Elongations of Horizontal
Diameters of Drain Tile and Sewer Pipe, Under Iowa Stand.
ard Vertical Loadings. Measurements of the elongations of
the horizontal diameters of drain tile and sewer pipe under
different ITowa standard loadings (which approximate actual
ditch loadings), are of importance, for two reasons :

First. The elongation of the horizontal diameter of a tile
will determine whether or not appreciable side resistance to
cracking is developed by the side filling.

Second, a study of the rate of increase of elongation as the
load inereases will indicate whether or not drain tile or sewer
pipe have an “‘elastic limit,”’ less than the ultimate bearing
strength, beyond which it is not safe permanently to load the pipe.

As to the first point. the measurements of half elongations
recorded in Table No. 25, show that they are generally less than
1/50 inch at the ceracking point, even for large pipe, which is
insufficient to develop side resistance of very material account
in preventing cracking.

As to the secoml point, a study of Table No. 25, and curves
of elongation (not shown) which we platted for each pipe tested,
shows that in some cases the eloneation inereases at a faster
proportional rate than the load for loads higher than 75% to
90% of the ultimate bearing strength.

In two tests, loads equal to 75% and 869, respectively, of the
ultimate bearing strengths of pipes showing elastic limits were
allowed to rest on the pipe unchanged for a few minutes. It
was found that in each case the half elongation of the horizontal
diameter increased 0.002 inch without any increase of load. The
load was 1n each case just about at the *‘elastic limit’’ of the
]}i['m.

We believe that in many cases drain tile and sewer pipe will
break under permanent loads appreciably smaller than the break-
ing loads in tests in which the load is steadily increased to the
hl'n-:ul{in;r point, without long interruptions. This applies to all
11“41[1[][]5.; of 1;-*5{5]3;_5‘ q-nfnmnllh' H.‘-;l'li, o1 ]il'Hl.'IiL‘Hh[t‘ For common
Lse,

Article 46. Variations in the Quality of Drain Tile and
Sewer Pipe as Shown by Variations in the Results of Tes!;s_.
All cement and 1*1;|}' }1[':1111[{'[:«‘ show a VeI considerable range of
numerical results when subjected to tests of quality. Rattler,
and especially transverse tests of paving brick, and the tensile
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tests of cement, so extensively made, are familiar instances. Part
of the variation in the results of tests may no doubt be due to
unavoidable irrecularities in the tests themselves, but there is
also no doubt that to a large degree the variation represents a
real corresponding variation in the qualities of the cement and
¢clay products, caused by almost unavoidable differences in the
materials and in the processes of manufacture. To demonstrate
this. one has but to select carefully 25 brick from the same kiln,
apparently of quite uniform quality, and then break them sue-
cessively in a transverse testing machine, studying carefully,
meanwhile. the causes of the marked differences which will be
found in strength.

The tests of cement and clay drain tile and sewer pipe in
Tables Nos. 18 to 25 show variations, like those discussed above,
in the results for different specimens from the same lot. We
have studied carefully quite a number of tests of ,bearing
strength made by three other methods, which have been used
prominently in testing drain tile or sewer pipe, and we find just
about the same variations with each method as appear in our
own work. IHence, the variations in numerical results 1n the
tables undoubtedly represent, at least in the main, real cor-
responding variations in the quality of the pipe.

This being the case, the percentage of the minimum strength
to the average strength in each lot of similar pipe, in Tables
Nos. 18-21, is evidently a question of considerable importance
in connection with the determination of the factor of safety
needed to insure safety against cracking of drain tile and sewer
pipe in ditches.

Evidently the difference in strength between individual pipe
in a given lot will depend greatly upon the care with which all
weak pipe are culled out and rejected on inspection. No method
of testing can do away with the necessity for a very careful
inspection of each pipe by a competent engineer. The same en-
oineer should previously have assisted personally in testing a
number of the same pipe in a festing machine. Then, aided by
the “‘ring,”’ on tapping with a hammer, a competent engineer can
inspect pipe with scme assurance of executing justice, both to his
employers and to the manufacturer.

We have carefully gone throngh the tests of hearing strength
in Tables Nos. 18 to 21, and we believe, after studying the effect
of throwing out unusually weak pipe, which should have been
rejected on careful inspection, that the minimum strength of the
weakest individuals of a lot of pipe delivered on the line of a
drain or sewer, will, after careful inspection and culling, be
about 75% of the average strength.

This consideration alone. therefore, would call for an average
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strength of pipe of 130% of the load of ditch filling, and prob-
ably, 1.65 1s the least factor of safety which should ever be used.

Article 47. The Effect of Moisture on the Strength of
Drain Tile and Sewer Pipe. In connection with the proper
factor of safety to use for the strength of drain tile and sewer
pipe, the question of the effect of moisture on their streneth is
a matter of considerable importance. Some tests made under
our direction in 1910 indicated that wetting materially decreases
the strength of concrete.

Our attention was later called to this point by Mr. F. O. Nel-
son, Drainage Engineer, of Estherville, Ta., 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 water in the ditch broke most readily.

We then proceeded to investigate the subject by making actual
tests of dry and wet tile, with results (given in detail in Tables
Nos. 18 and 20), as follows:

TABLE NO. 26

TESTS OF THE EFFECT OF MOISTURE ON THE STRENGTH OF CEMENT
AND CLAY TILE

Bearing strength of 6 in. cement tile, dry .. .vvvvn v vnvs s 1360 lbs. per lin. ft.
& *2 L L ! = weh B0 daval i s 030 lbs. per lin. ft.
Bearing strength of 12 in. cement tile, dry .........c.ovivuvn. 940 lbs. per lin. ft.
- . i > S0 wWehy & RYE e e s 1090 lbs. per lin. ft.
wet: 30 days. .ya e o 680 1bs. per lin. ft.

Bearing strength of 6 in. clay S AT N iy e T L 2160 lbs. per lin. ft.
s . sy I ol 4 - et 30 [dBYBL veemie vonin o 1610 Ibs. per Lin. fi.
Bearing strength of 12 in. clay tile, dry ..o ieiiiiienn 2810 1bs. per lin. ft.
e - i i i et Bl idavE . saleceninvene b 2730 1bs. per lin. ff.
Bearing strength of 16 in. c¢lay il WYY Lo et by e ate 1700 Ibs. per hLin. ft,
= = ARt - e el | b hYEEs ara slies *1700 Ibs. per lin. ft.

The 6 and 12 inch cement tile tested were made by the same
factory. and were respectively 6 mos. and 8 mos. old when first
tested. Later tests dry showed an increase of strength of the
6 in. to 1900 1bs. per lin. ft., and of the 12 in. to 1290 Ibs. per
Iin. ft., both at 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 Mr. F. O. Boden and
W. G. White, of the effect of moisture on the strength of con-
crete; and, by 1. C. Craft and C. Moriarty, of the effect of
moisture on the strength of brick. These tests were completed
in the winter of 1911-12, with results shown in Tables Nos. 27
and 28, herein.

The tests shown in Table No. 27 decidedly confirm the con-
clusion that the wetting of concrete will usually lower materially
the strength of concrete, and this has been confirmed by some
later tests made by Prof. S. M. Woodward and Mr. Young, at
Towa City.**

* Only one tile tested in this case.
** See Engineering News, Jannary 16, 1913.

i}
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TABLE NO. 27
TESTS OF THE EFFECT OF MOISTURE ON THE STRENGTH OF CONCRETE

_ Strength—Lbs. per Sq. In.
Per Cent Absorption| Upper Line—Transverse Modulus of Rupture.

Material Lower Line—Crushing Strength.
Before Dried Medinm Wet
pis b il _3 hrs. Drying 12 hrs, Wit e
1:2:4 CONCRETE
Age T days 1.4 4.9 300 290 310 240
1300 1730 1480 1060
“ 1 mo. 4.8 5.7 440 320 320 230
2080 1890 1150 830
£ g M 4.8 A G610 390 350 270
2160 1950 1590 1230
1:3:6 CONCRETE
Age T days | 5.1 | 5.6 | 210 170 200 160
1170 970 930 900
** 1 mo. 5.1 5.8 370 270 230 190
1830 1430 1040 680
0 ] 5.0 3 1 430 280 270 210
1690 1350 1170 950
1-3 BRIQUETTES TENSILE STRENGTH-LBES. PER §Q. IN.
Age T days 7.3 | 7.6 140 230 160 80
“ 1 mo. 8.1 acd 230 280 220 140
i 7.7 7 330 330 280 170
NEAT BRIQUETTES
Age T days 6.9 g GO0 610 290 380
e TRmO; 7.6 7.7 640 350 370 320
“ 8 9.0 10.1 740 340 490 430

~ NOTE.—FEach result given is the average of 4 or 5 tests, =— 327 tests. The dry-
ing was in an electric oven, at low heat. The medium wet specimens averaged 214
to 3% moisture, The wet specimens averaged 5% to 69 moisture, Beams for
Fra;mverse moduli of rupture, 4 x 4 x 16 inches. Cubes for crushing strength, 4 x 4 x 4
inches,

TABLE NO. 28
TESTS OF THE EIFFECT OF MOISTURE UPON THE STRENGTH OF BRICK

Per ‘Cent _&Irnngth——hhs. per Sq_. In.
. Absorption Upper Line—Transyverse Moduli of Rupture,
Quality Lower Line—Crushing Strength,
) Soaked | Soaked Soaked Soaked
1 Hr. | 48 Hrs. Dry i He | 4 Hes, | 48 ;v | 21 Days
STIFF MUD SHALE BRICK
No. 2 Pavers 3.0 5.3 1720 1650 1450 1080
3690 4730 3500 4430
No. 1 Building 4.8 6.5 1670 1870 1520 1050
3000 4900 820 4000 _
Building Brick 7.0 9.8 1220 1240 1110 1270 1730
- 3040 i’-ﬁpﬂ___ 2500 2610 __29{1(1
PRESSED BRICK
9.8 9.8 | 620 | 810 | 600 710 | 690
3930 | 3320 3420 3310 | 3700

NOTE.—Each result is the average of 10 tests, — 360 tests. The transverse tests
were of brick tested flatwise, except the pavers, which were tested edgewise.
Crushing tests were on approximate cubes, full thickness of brick, with steel bearings

on ground surfaces.
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The tests shown in Table No, 28 indicate that thorough wetting
will materially lower the strength of some burnt clay products,
but not all. This is in accord with our tests of clay tile, given
above. The effect of moisture 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 discussions in this chapter
of the Ames tests and their results may be summanrized as follows:

1. The Ames tests of drain tile and sewer pipe have been
made on more than 1000 specimens of cement and clay pipe,
made of several materials and by several processes of manufac-
ture, and including sizes from 4 in. to 42 in. internal diameter.
The results of these tests are presented in detail mn Tables Nos.
18 to 25, inclusive. The tests of strength presented in the tables
have all been made by the Towa standard method, which closely
approxrimates ordinary, actwal, ditch conditions.

9. The moduly of rupture computed from the strength tests
are often very high, for small cement pipe, as compared with
the transverse strength of ordinary concrete beams several inches
thick, but the moduli computed from the strength tests of pipe
average somewhat lower than those computed from transverse
tests of curved beams cut from the shell of the same pipes.

3. Curved beams cut from the shell of the same pipe show a
quite large variation in the values of the modulus of rupture
from point to point in the shell. Also, different pieces a few
inches apart in the same pipe often show wmaterially diff erent
per cents of absorption.

4. On account of the variation in the modulus of rupture of
pipe shells from point to point, mathematical computations can-
not be relied upon for comparison of the breaking loads found
by different methods of testing. The safe loads on drain file
and sewer pipe in ditches can only be d.{eirzfrn-:-imrrl._?:;:zz'-iubi;u. by
tests which approrimate ordinary. actual, diteh conditions of bed-
ding and loading.

5. The modulus of rupture seems certainly to be considerably
Wigher for small thicknesses of cement tile than for large thick-
nesses, and probably the same gen eral principle holds (to a much
smaller degree) for clay pipe.

6. On account of the variation of the modulus of rupture
with thickness, ordinary mathematical formulas of .5'1'.'??*-115;{'?& are
not reliable for diameters less than 18 wn. in computing the in-
crease in the sf;'g}'igf'h r‘}f cenment -pipe which miay be Sf'{,'-u-:*'f‘r:i by
increasing the thickness of shells. For diameters of Tq in. and
over, the increase in strength due to thicker cement pipe shells
of the same quality should ordinarily be a little less tn propor-
tion than the ratio of the squares of the thicknesses.
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7. Doubtless on account of the inereased difficulty of burn-
ing the greater thicknesses of pipe shells to the same degree of
thoroughness, the modulus of rupture of double strength vitri-
fied clay sewer pipe of the large sizes is often much lower than
the modulus of rupture of single strength pipe. Not infre-
quently this may be true to such an extent that large double
strength pipe may test little of any stronger than single strength
of the same diameter, from the same factory. Greater care and
thoroughness than at present are desirable in the burning of
large, double strength, clay drain tile and sewer pipe.

8. The two objects of absorption tests, and absorption limits
i specfivcations for drawn tile and scwer pipe, are: First, to
insure that the manufacture ts such as to secure the best results
reasonably possible with the materials used; second, to exclude,
for certain uses, materials from which satisfactory pipe for
these uses cannot be produced commercially. Hence, different
absorption limits in specifications should be assigned to different
materials, and to the same materials for different uses.

9. In the absence of more extensive data of absorption tests
than are yet available, the safest plan for an engineer to fol-
low wn determinang absorption limits to insert in specifications
for drain tile or sewer pipe is first to make a few prelimﬁmry
absorption determinations of pieces of good, satisfactory pipe,
avarlable in his vicinty.

So far as the Ames tests go they indicate that the following
requirements can readily be met by good factories in the middle
west:

For farm tile, 3 ft. deep, cement tile, 8.0 to 11.0% maz. al-
lowable absorption. -

For farm tile, 3 ft. deop, clay tile, 8.0 to 16.09% wmaz. allow-
able absorption,

For large tile drains, cement tile, 6.5 to 9.09% max. allowable
absorption.

For large tile drains, clay tile, 6.0 to 7.0% max, allowable ab-
sorption,

For scwers, clay sewer pipe, 4.0 to 5.09% wmazx. allowable ab-
sorption.

10. Measuremenls show that the half elongations of the
horizontal diameters of even large coment and clay drain tile do
not ordinarily crcced 1/50 in. under their breaking loads of
datch filling. This 1s too small to develop side resistances of
ditch filling large enough to be of material resistance in pre-
venling cracking.

11. Measurements of the half elongations of the horizontal
diameters of cement and clay drain tile under different loads
gonerally plat into regular “‘stress-strain’’ curves. Not infre-
quently these eurves give indications of an ““elastic limit’" of the
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material at 75% to 90% of the ultimate breaking load. In two
tests of cement pipe, the clongation increased appreciably with-
out werease of load when **elastic limit’’ loads were kept on for
a few manutes. We belicve it to be probable that in many cases
drain tile and sewer pipe would break under permanent loads
appreciably smaller than the breaking strengths developed in
laboratory tests, wn which the entire load is applied within a
comparatively short time.

12. The tests show material variations in the strength of dif-
ferent pipe from the same lot. Such differences in results are
also common in other tests of other cement and clay products,
and represent real differences in quality. We believe that, with
very careful field inspection, and culling out of weak pipe, the
weakest pipes will be as strong as 75% of the average strength
of drain tile and sewer pipe delwered for construction.

13. The Ames tests show that a material loss of strength in
cement pipe is caused by thorough wetting. They also indicate,
but not conclusively, that some loss of strength may be caused
in some clay pipe by a thorough wetting.

14. A study of the variations of strength, and possible losses
of strength, enumerated in 11-13 above, would indicate that a
safety factor as low as 1.5 for the required bearing strength
of drain tile and sewer pipe maght very probably result 1n an
occasional cracked pipe in the ditch, and we recommend 1.65.

In comparing this conclusion with Table No. 16, pg. 87,
it should be remembered: First, that an occasional cracked pipe
in taking up old sewers and drains might not be noticed, or if
noticed might be attributed to injury in taking wup; second,
that not infrequently drain tile and sewer pipe may escape the
mazimum loads from ditch filling, from the imposition of which,
nevertheless, there is considerable danger.

15. A comparison of the proper factor of safety with the
bearing strength of drain tile and sewer pipe wn Tables Nos. 18
to 21, and the ordinary mazimum loads on pipes wn ditches as
shown in Table No. 8, will indicate clearly that, in the case of
large pipe and fairly deep ditches, the strength of drain tile and
sewer pipe, as now generally made, is quite generally insuflicient
to prevent danger of cracking under the weights of datch filling.

In such cases the engineer should erther,

1. Secure pipe of special high strength.

2. Bed the pipe in concrete. ) ‘

2 Use other materials, such as brick, or reinforced or plain
concrete.



CHAPTER VII

TESTING MACHINES FOR DRAIN TILE AND SEWER
PIPE

Article 49. The Need for Inexpensive Testing Machines
for Drain Tile and Sewer Pipe. The only way in which tfo
determine whether a given lot of drain tile or sewer pipe are
strong enough to be safe against cracking i the ditch 1s to fest
their strength, and compare it with the loads they must carry.

At present the inspection of pipe, and their acceptance or
rejectment are lett altogether too much to guess work on the
part of the inspector.

Every city using sewer pipe, every county doing drainage
work, and every manufacturer of drain tile or sewer pipe, should
own and use a suitable machine for testing the bearing strength.

("ities and counties desiring to do so can doubtless purchase
testing machines suitable for testing by the lowa standard
method from almost any reputable maker of testing machines.

For those who wish to obtain a good and satisfactory testing
machine for drain tile and sewer pipe at very low cost, we have
prepared detailed plans for three machines which can be built at
home, by any good mechanic.

Mr. H. Riedesel, of Laneshoro, lowa, has built some of the
Ames Testing Machines for different persons, and will supply
others, who may prefer to buy them rather than build, at the
following prices:

Ames Standard Testing Machine. . . .. .$95.00, f.o.b. Lanesboro
Ames Senior Testing Machine. .. ... .. .$40.00, f.0.b. Lanesboro
Ames Junior Testinge Machine. . ... ... . $20.00, f.o.h. Lanesboro

None of the above prices include the platform scales. We will
supply, free of charge, to any person who will write us that he
intends to build one of these machines, detailed blue print plans
for the machine he selects, from which it can be built by any
good mechanic familiar with the plans.

Doubtless quotations for any of the three Ames Testing Ma-
chines can be secured from any good general shop, on taking
them the blue print plans.

Article 50. The Ames Standard Testing Machine. The
Ames Standard Testing Machine is shown in Fie. 31. and in
the frontispiece, Fig. 1, it is shown in actual use. testing a 36
inch drain tile.
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Fig. 31. The Ames Standard Testing Machine, for Testing the Strength of Drain Tile and Sewer
Pipe. Cost, about $95, not ineluding the 2000 lbs. Platform Scales.

This is the machine we recommend for use by cities and factories which need to test a large number
of pipes and can just as well do the work at a fixed point. For such work it is more convenient than
the more portable machines illustrated below.
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I'he Ames Senior Testing Machine, for Testing the Strength of Drain Tile and Sewer Pipe

$40, not Ineluding the 2000 lhs, Platform Seales.
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Mg, 33. Testing i

Testing Machine.
This is the machine we recommend for cities and counties and factories

a Thirty-Six Inch Drain Tile with the Ames Senior

for ordinary testing of drain tile and sewer pipe of large sizes, where it 18
desirable to move the machine to different locations for different tests. It
can readily be taken down and transported. With an extra strong lever, we
have used it in tests of sewer pipe requiring a total load of 24.000 Ibs. to break.
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to IS Inches Thameter.
Scales,

The Ames Junior Testing Machine, for Testing Drain Tile up
Cost about $20, not Including 2000 lbs., Platform

Article 51. The Ames Senior Testing Machine. The Ames
Senior Testing Machine is shown i Figs. 32 and 33.
Article 52. The Ames Junior Testing Machine.
Junior Testing Machine is shown in Fies. 34 and 35.

The Ames Junior Testing Machine is very convenient, and
where much testing has to be done it may pay to use one for
the small pipe, even when an Ames Senior Machine is used for
the large pipe.

Article 53. Field Tests of Drain Tile and Sewer Pipe with-
out Testing Machine. It is not at all diffieult to apply the
Towa standard method of testing bearing strength directly to
pipe 1n the field without using any testing machine at all. We
have often done this.

All that 1s necessary 1s to construct the top and bottom bear-
ing frames, bed the pipes in sand, in accordance with the speci-
fications on pgs. 98 and 99, and apply the load to the sand in
the top bearing frames, strictly in accordance with Clause 6, pg.
98. BSacks of cement, or sand, or earth, or piles of brick, ete.,
can be used. Often a simple lever can bhe rigged, to lessen the
applied loads required.

The Ames

e —————
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'l Testing a Twelve Inch Dram Tile with the Ames Junior

- whal

— i 1
I"“-\..‘ Ing H;:rr..l.q :

This is the machi we recommend o1 the testing of dran tile up to

18 inches diameter. An ordinary 2000 | bhs, E.]_H:..ru- seales usedd HIHII the
machine ean be loaded without injury up to 6000 1bs., and the maximum ca

pacity of the machine 18 determined by this.
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36. Plans for Sand Bear Fig. 37. View of Upper Sand
ing Frame for JTowa Standard Jearing Frame Arranged for
Tests. Tests of Bell Pipe.



CHAPTER VIII

SPECIFICATIONS FOR DRAIN TILE, FOR SEWER PIPE,
AND FOR PIPE LAYING

Article 54. Methods of Strengthening Drain Tile and Sewer
Pipe to Carry Heavy Loads, by Bedding in Concrete. The
many cases of cracking of drain tile and sewer pipe tabulated
in Table No. 1, pg. 24, demonstrate that large drain tile
and sewer pipe, as at present manufactured, are not strong
enough to carry safely the weights of diteh filling which may
come upon them in deep ditehes.

A comparison of Table No. 8, pg. 46, of ordinary maximum
loads on pipes in ditches, with Tables Nos. 18 to 21, pgs. 103 to
145, showing the bearing strengths of drain tile and sewer
pipe, will indicate clearly (when allowance is made for a proper
factor of safety) just what sizes of ditches cause danger of
cracking.

When it is found impossible, at reasonable cost, to obtain
pipe strong enough to do away with the danger of cracking,
reasonably strong pipe may be used, and strengthened by bed-
ding in conecrete.

Where the soil in which the diteh is dug is so solid and un-
vielding as to afford a good safe support for the horizontal side
thrust which would develop at the mid height of the pipe if
it should erack. all that is necessary is to fill completely all the
space between the tile and the bottom and sides of the diteh
with very lean concrete, as shown in Fig. 38.

This method has been used with suceess in actual cases which
have been reported to us.

When the soil is yielding, however, as in the case of muek,
quick sand, soft loam, and the lLke, a good, strong, concrete
must be used. in sufficient thickness below the pipe, and at the
mid height of the pipe, to furnish in itself a good, strong broad
foundation, together with side abutments at the mid height
strong enough to carry safely the side thrust whif.?_h wm_llq {l_t?~
velop if the pipe eracked. This plan is shown in detail 1
Fig. 39. .

We recommend applying the methods shown in Figs. 38 and
39 at all points on tile drains and sewer pipes where the bearing
strengths of the pipe, as found by lowa Standard tests (after
deducting for the weights of the pipes themselves) are not at
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least 609 1n excess of the ordin: 'y maximum loads on ;u;rm 1
ditches, as shown in Table No. 18, pe. 46.

Article 55. Committees C4 :Lnd C6 of the American Society
for Testing Materials on Standard Specifications for Sewer
Pipe and Drain Tile. The American Society for Testing Ma-
terials is widely recognized in the United States as the final
authority for the preparation of standard specifications for the
various materials of construction.

I'or several years the Society has had a recular committee
designated (4, at work on standard specifications for sewer
pipe, but the committee has not vet made any definite recom-
mendation of specifications.

Since 1911, the Society has also had a regular committee,
designated (6, at work on standard specifications for drain tile,
and an effort is being made to complete definite recommenda-
tions by June, 1914,

e e R —
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Fig. 39. Method of Strengthening Drain Tile and Sewer I’-l!-u" to Carry
Heavy Loads, by Bedding in Conerete, in Yielding Solls.

[owa has one member of Committee (4, and four members of
(‘ommittee C6H

When Committees C4 and C6 of the American Society for
Testine Materials complete their definite reports, and these have
been adopted by the Society, their specifications will undoubted-
ly be accepted throughont the country as standard for dramn tile
and sewer ]}'t[n-.

At present, however, drainage and sewerage engineers, and
in fact all users and manufacturers of drain tile and sewer pipe,
are in the oreatest need of fair, definite and authoritative H|H'*v":—
fications for drain tile. for sewer pipe, and for pipe laying.

Article 56. Recommended, Tentative, Standard Specifica-
tions for Drain Tile, for Sewer Pipe, and for Pipe Laying. "o
meet the imperative immediate need for definite specifications,
antil Committees (4 and C6 of the American Society for Test-
ing Materials can complete their reports, we recommend the
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use, for the present, by all drainage and sewerage engingers,
of the following :

TENTATIVE STANDARD SPECIFICATIONS FOR DRAIN TILE, FOR
SEWER PrrE, AND ror PirE LavING.

Officially adopted by the Towa State Drainage Association at ils

Fort Dodge meeting, Feb. 19, 1915.

A. Marston, of Ames, la.; Seth Dean, of Glenwood, Ia.; and W.

B. Warrington, of Pocahontas, Ia., committee.

1. ENGINEER TO MAKE ALL TESTS. All tests of drain
tile and sewer pipe shall be made by the engincer and his as-
sistants.

2. SELECTION OF PIPE FOR TESTS. All drain tile and
sewer pipe for tests shall be carefully selected by the engineer,
to represent farly the quality of the pipe, from the stock fur-
nished by the contractor for use on the job.

3. PAYMENT OF COSTS OF TESTS. All costs of tests
of drawn tile and sewer pipe, except the cost of the pipe tested,
shall be paid by the employer of the engineer. The personal
services of the engineer and his assistants shall be paid for at the
same rates allowed them for other regular work.

4. CONTRACTOR TO SUPPLY TEST PIPE FREE. The
contractor shall supply all drain tile and sewer pipe required
for tests, free of charge, delivered at the testing machine, which,
for this work will be located at. .. ...........c.oovrnmnniin.

Ordinarily not more than onc-half per cent of the pipe sup-
plied will be tested, but in any case at least five pipe shall be
supplied, and in case the first test shows marked irreqularities,
or other important peculiarities of pipe, the engineer may re-
quire pape for a second set of tests.

5. METHOD OF TESTING. All tests shall be made strictly
i accordance with the Iowa Standard Specifications for Testing
Draan Tile and Sewer pipe, as given on pgs. 97 to 99, of
Bulletin No. 31, of the lowa Engineering Experiment Station.

6. MAXIMUM ALLOWABLE PER CENTS ABSORP-
T'ION FOR DRAIN TILE AND SEWER PIPE. The maxi-
mum allowable per cents of absorption for drain tile and sewer
pipe shall be as follows:

For Cement Drain Tile, . ... per cent mazx. allowable average
absorplion.

For Clay Drain Tile, .... per cent max. allowable average

absorption.

For Cement Scwer Pipe, . ... per cent max, allowable aver-
age absorptlion.

For Clay Sewer Pipe, . ... per cent max. allowable average

absorption.
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NOTE.—Where the engineer does not have better data of the good pipe available
in his locality, we recommend that the absorption per cents inserted above be between
the following limits:

For Cement Drain Tile, 6.5 per cent to 9.0 per cent.

For Clay Drain Tile, 6.0 per cent to 7.0 per cent,

For Cement Sewer Pipe, no data available.

For Clay Sewer Pipe, 4.0 per cent to 5.0 pér cent.

7. THE ORDINARY MAXIMUM LOADS ON DRAIN
TILE AND SEWER PIPE IN DITCHES. The ordinary maxi-
mum loads on drain tile and sewer pipe in ditches, from com-
mon dateh filling materials, shall be considered to be as follows,
v pounds per linear foot of pipe:

FOR CLAY, AND ALL COMMON SOILS, OR COMBINATIONS OF SOILS, EX-
CEPT SAND AND LOAM

Height of Breadth of Ditch at Top of Pipe

Fill Above

Top of Pipe 1 Ft. | 23 % | 3. Ft. | 4 F't. | 5Tt

2 ft. 210 470 730 1000 1240

4 ft. 340 840 1330 1870 2370

6 ft. ! 430 1140 1900 2630 3410

8 ft. 490 1380 2360 3360 4400

10 ft. 520 1570 2760 3980 5270

12:1t, Sd0 1780 3100 4560 6050

16 ft. 570 1940 2660 5510 7440

90 fi. 580 2090 4070 G2RO 8610

24 {t. 580 2180 4380 6910 9590

30 ft. | 5810 2260 4700 7590 10780

FOR SAND AND LOAM, UNMIXED WITH OTHER SOILS

B, | 1 81) . 410 I 650 | B2a0 | 1110
4 ft. 270 710 1170 1640 2100
6 ft. 310 | 910 1590 2270 2970
St 340 1070 1910 9820 3720
10 ft. . 350 1180 9180 3260 43R0
12 ft. ‘ 360 1250 2400 3650 4980
16 ft. 360 1350 2710 4260 5940
20 ft. 360 1400 2910 4700 G660
24 {t. 360 * 1430 3050 5010 7280
30 ft, 360 1440 3150 I 5340 7R30

NOTE —For dimensions of ditech not eziven the loads shall be interpolated between
the Ioads in the table.

8. THE MINIMUM ALLOWABLE BEARING
STRENGTHS OF DRAIN TILE AND SEWER PIPE. No
drain tile or sewer pipe not strengthened by bedding in con-
crete shall be used v any part of a ditch where the average
bearing strength of the pipe, as determined by the lowa Stand-
ard Tests (See Clause 5, above), is not equal, in addition to the
werghts of the pipe themselves, to at least 165 per C(‘Hfiﬂf.ﬂlﬁ
ordinary marimum loads on pipes in ditches (as specified in
clause 7 above).

Dirain tile and sewer pipe of less bearing strength than re-
quired in the above paragraph shall, if used, be strengthened by
bedding in concrete, as provided in f‘?ﬂ-f{.ﬂ:f-‘.s 13 ﬂ.n‘d 14, b{a?oui, at
the expense of the pipe contractor, ( with t*'.f.‘{‘{ipfm-i'.t. as provided
in clause 14), who shall have the option of paying for such
strengthening, or of furnishing pipe strong enough to give the
safety factor of 1.65 as required above.
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The engineer shall furnish cach bidder convenient access, in
ample time before the receipt of bids, to an accurate profile
showing the depths of pipe at all points of the sewer or drain,
and to clear specifications as to width of trench at level of pipe,
so that the exact lengths of extra strong pipe or strengthening
by bedding in concrete can readily be ascertained in advance.

The pipe laying contractor shall be responsible for all in-
creased costs for extra strong pipe or bedding in concrete re-
quired by wider trenches at the level of the pipe than specified
in advance by the engineer, and the county (city) shall deduct
therefor from his payments, and pay said deductions to the pipe
contractor.

No drain tile or scwer pipe shall be wused in any case whose
average bearing strength, as determined by lTowa Standard
Tests (See Clause 5, above), is less than speeified in the follow-
ing table:

I T Minimum Allowahle Average Bearing Strengths
Internal Diameter 1 ;
| Drain Tile | Sewer Pipe
liess than 15 inches 1000 Lbs. per Lin. Ft, 1250 Lbs. per Lin. Ft.
15 to 20 inches 1250 Lhs. per Lin. Ft. 1500 Lbs., per Lin. Ft.
21 to 27 inches 1500 Lbs. per Lin. Ft. 1900 Lbs. per Lin. Ft.
28 to 36 inches 1850 Lbs. per Lin. Ft, 2400 Lbs. per Lin. Ft

9. GENERAL REQUIREMENTS AS TO THE QUALITY
OF DRAIN TILE. All drain tile shall be good, sound tile, of
first class quality. They shall be entirely free from cracks and
fire checks extending into the body of the pipe in such a way as
appreciably to lower ils strength. No pipe shall be accepted
having pieces broken out in such a way or to such an extent as
appreciably to affeet the strength of the pipe, or to permat the
entrance of soil into the dran.

The pipe shells shall have uniform, strong, dense structures
throughout, without serious flaws or weak spots.

All pipe shall give a clear ring, when stood on end or lod
on one side, evenly supported at the lower end, or along a line
of one side, and free elsewhere, and tapped with a hight ham-
mer while dry.

All pipe shall be regular and true i shape. The average
diameter shall not be more than 2 per cent less than the speci-
fied diameter. No two diameters of the same pipe shall differ
from each othcr more than 7 per cent, nor shall the average
diameters of adjacent pipe differ more than 4 per cent.

Pipe may be furnished n lengths of 1, 2, 214, and 3 feet, but
1 foot lengths shall not be used for sizes over 15 inches in
diameter. No pipe, designed to be straight, shall vary from a
strazght line more than 1V5 per cent of its length.

If cement tile are used, they shall show a wuniform, dense
structure, with clean aggregates, well graded as to size of ma-
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tertals, and with the grawns and picces of aggregate well coated
and the pores well filled with good Portland cement. There
shall be no spots of specially great porosity. Fractured sur-
faces shall show broken pieces of aggregate, firmly bedded in
the concrete. The general appearance of the material shall be
at least equal to that of first class gravel concrete, in propor-
tions: 1 first class Portland cement; to 2 clean, coarse sand; to
1 pebbles, g 1nch to Vo thickness of tile wall in size.

10. GENERAL REQUIREMENTS AS TO THE QUALITY
OF SEWER PIPE. All scwer pipe shall be of the hub and
sprgot pattern, unless special permission be given to use other
forms of joints. Bells shall be of sizes which will leave an an-
nular space for cement at least 35 vnch thick for 10 inch pipe
and smaller, and 1% inch for larger sizes. NStandard depths of
sockets shall be used.

All sewer pipe shall be of first class quality. They shall be
entirely free from cracks and fire checks extending into the
body of the pipe in such a way as appreciably to lower ils
strength. No pipe shall be accepted having preces broken oul
i such a way or to such an extent as appreciably to lower the
strength.

The pipe shells shall be of uniform, strong, dense structure,
throughout, without serous flaws or weak spots.

All sewer pipe shall give a clear ring, when stood on end or
lard on one side, evenly supported at the lower end, or along
a line of one side, and free elsewhere, and tapped while dry
with a light hammenr.

All sewer pipe shall be regular and true in shape. The aver-
age diameter shall not be more than 2 per cent less than the
specified diameter. No two diameters of the same pipe shall
differ more than 5 per cent. Pipe which are to join wn the
diteh shall be fitted at the surface before lowering, and shall
match truly, with ample room for cement joint.

Sewer pipe may be furnished in lengths of 2, 24 or 3 feet.
No pipe, designed to be straight, shall vary from a straight
line more than 1 per cent of its length.

If clay sewer pipe are used, they shall be the best, vitrified,
salt glazed pipe. Any pipe which betrays in any manner a
want of thorough vitrification or fusion, or the use of improper
materials or methods in its manufacture, shall be rejected. All
pipe shall be smooth and well glazed on the i-ns{de, and free
from broken blisters, lumps or flakes which are thicker than 15
per cent {]f the nominal thickness Df the I'H’.rp{_.‘,'(}l" ?{?h{).SE E{Tr'l‘ﬂf:S{
diameters are greater than 10 per cent uf_ the mmner diameter of
the pipe; and all pipe having broken bhsters, lumps or flakes
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of any size shall be rejected unless the pipe can be so laid as
to bring all these defects in the top half of the sewer. No pipe
shall be wused having any of the above defects unless they will
not appreciably weaken the pipe, as laid in the diteh.

If cement sewer pipe are used, they shall show a wniform,
dense structure, with clean aggregates, well proportioned as to
stze of malerials, and with the grains and picees of aggregat
well coated and the pores well filled with good Portland cement.
There shall be no spots of specially great porosity. Fractured
surfaces shall show broken pieces of aggregate, firmly bedded
e the concrete.  The general appearance of the material shall
be at least equal to that of first class gravel conecrete, of propor-
tions: 1 part of first class Portland cement; to 1 of clean,
coarse, graded sand; to 1 or 2 pebbles, Vi in to Vs thickness of
sewer pipe walls in size.  All pipe shall have very smooth and
impervious anside surfaces, entirely free from patching with
“ement.

«i. FIELD INSPECTION OF DRAIN TILE AND SEWER
PIPE. The engineer shall very carvefully inspect all drain tile
and scwer pipe, as actually delveered along the ditch for use.
He anll eull out and mark for rejection all poor pipe. and pipe
so rejected shall be promptly removed by the contractor.

12. ORDINARY PIPE LAYING. All pipe laying in or-
dinary soils, not requiring special foundations, and in which
strengthening by bedding wn concrete s not required by clauses
S above and 13 and 14, below, is hereby designated ** ordinary
pipe laying.”

In all “*ordinary pipe laying’ wn hard soils, the contractor
shall shape the bottom of the ditch approrimately to fit the
lowest 90 degrees (45 degrees cach side the center line) of the
circumference of the pipe, taking pains to secure an cxtra firm
bearing near the outer edges of the 90 degrees stvip.  Upon the
concave surface so prepared the contractor shall spread a layer,
I to 2 anches thick, of pulverized soil, or sand free from pebbles
larger than V4 anch diameter, and shall firmly bed ecach pipe
trily to line and grade thereon.

Where the bottom of the diteh s so wet and soft as to enable
the thorough bedding of the lowest 90 degrees of the pipe with-
out the use of the layer of pulverized carth or sand, and still is
firm enough lo afford good, safe support to the pipe and its
load of ditch filling, the engineer may avwthorize the omission of
the layer of granular material, but such authorvization shall not
crcise imperfections of bedding of the lowest 90 degrees of the
pipe curewmference.

The space between the pipe and the bottom and sides of the
diteh shall be COMPLETELY packed FULL, by hand with se-

Y W e— | ¢ e e R -
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lected carth, and tamped with a light tamper as fast as placed,
all up to the level of the top of the pipe. The side filling shall
be carried up as fast on one side of the pipe as on the other.

The pipe shall thew be covered by hand with selected earth to
a depth of at least 18 inches above the top of the pipe.

Wherever the factor of safety of the pipe, as calculated from
the test strength and the loads in clause 7, above, cxceeds 2.5,
the shaping of the bottom of the ditch to fit more than 45 de-
grees of the bottom of the pipe may be omitted, together with
the bedding in a layer of granular material, and the special
tamping of the side filling around the pipe.

13. STRENGTHENING DRAIN TILE AND SEWER
PIPE TO CARRY HEAVY LOADS BY BEDDING IN CON-
(RETE. IN SOLID SOILS. In all parts of ditches o solid
coils where clause 8, above, requires the pipe to be strengthened
to carry heavy loads by bedding in concrete, the work shall be
done as follows:

The bottom of the diteh shall be shaped by the contractor to
fit approximately the lowest 90 degrees (45 degrees each side of
the center line) af the pipe circumference. Upon the concave
surface so prepared the contractor shall spread a layer of at
least 2 inches of soft conerete, stiff enough 1o sustain the weirght
of the pipe, and the pipe shall be firmly bedded truly to line
and. grade in this concrete,

The space between the pipe and the bottom and sides of the
diteh shall then be completely packed full of soft concrete, up
to a level 15 degrees of the mpe circumference above the mid-
height. The thickness of the concrete shall not at any point
be less than 2 inches. It shall be tamped wn place with a light
ftamper.

Care shall be taken to prevent the entrance of the conerele
to the interior of the pipe through the joints, and each joint
shall be promptly cleaned on the inside of the pipe, before the
concrete has had time to set.

The concrete used in this method of strengthening pipe shall
be made of 1 part of Portland cement to 8 parts of gravel, or 1
Portland cement to 5 sand to S broken stone. No pebbles or
ctone shall erceed in size Vo inches less than the thickness of
the conerete.

The above type of construction shall be adopted at such points
on the datch as required by clauses 7 and 8, above, where the
coil is as solid as average fum clay sub-soil, and the contractor
shall be paid therefor at the prices bid by him per linear foot for
different dwameters of pipe, for *“Bedding Pipe in Concrete wn
Solid Soils,”” for which wtem the engineer shall insert suitable
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blanks in his *“form for proposals.””  Payment shall be made by
the county (city), but will be deducted from the payments to the
pipe contractor for pipe.

14. STRENGTHENING DRAIN TILE AND SEWER
PIPE TO CARRY HEAVY LOADS, BY BEDDING IN CON-
CRETE, IN YIELDING SOILS. 1In all parts of ditches in
yrelding soils (such as muck, quick sand, cte.), where clauses 7
and 8, above, require the pipe to be strengthened to carry heavy
loads by bedding in conerete, the work shall be done as follows:

The bottom of the ditch shall be finished approzimately level,
with slightly rounded corners, and on this shall be spread a
layer of soft conerete the full width of the ditch, on which the
pipe shall be firmly bedded truly to line and grade. The thick-
ness of concrete below the lowest part of the body of the pipe
shall be at least Vg the inside diameter.

Soft concrete shall then be built up on each side of the pipe,
completely filling all the space under and up to it, up to a level
on cach side of the pipe about 15 degrees of the pipe circum-
ference above the midheight. The width of the concrete shall
be such as to give a thickness on cach side of the pipe at ats
mrdheight of at least one-fifth the inside diameter. The con-
crete shall be tamped with a light tamper.

Care shall be taken to prevent the entrance of the concrete
to the interior of the pipe through the joints, and each joint
shall be promptly cleaned on the inside before the conerete has
had tvme to set.

The concrete used in this method of strenthening pipe shall
be made of 1 part of standard Portland cement to 5 parts of
good, coarse, clean gravel, or 1 standard Portland cement to 3
clean, coarse, sand, to 5 broken stone. No pebbles or stone shall
cxceed 245 inches in greatest diameter.

The above type of construction shall be adopted at such points
on the ditch as the engineer may direct, and the contractor shall
be paid therefor at the prices bid by him per linear foot for
different diameters of pipe, for “Bedding Pipe in Concrete in
Yaelding Soils,”’ for which item the engineer shall insert switable
blanks wn his ““form for proposals.”” Such payment shall be
made by the county (city), and partial deduction therefor shall
be made from the payments to the pipe contractor for pipe, bul
only to the cxtent of the prices in the pipe laying contract for
“Bedding Pipe in Conerete in Solid Soils,”” as specified in
clause 1.3, above.

15. PROTECTION OF DRAIN TILE AND SEWER PIPE
FROM INJURY IN THE DITCH FROM FREEZING. No
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drawn tile or sewer pipe shall be exposed to freezing in a ditch,
during construction, with less than 2 feet of ditch filling cover
over s top.

Fig. 40. Some Old Timers in the Cement and Clay Tile Industries. An
old Flat-bottomed Clay Tile, an Old Cement Tile Molded Around a Willow
Root for a Cellar Drain, and an Old Clay Tile Made by Turning on a
Potter’s Wheel.
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