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FIG. I. LOCATION PLAN OF INTERCEPTING SEWERS AND GENERAL LAYOUT OF SEWAGE DISPOSAL PLANT

Sewage Disposal at Middletown

by Tuomas F. BowE

Consulting Engineer, New York

Connecticut community enlarges sewer system and builds a primary disposal

plant featuring latest mechanical aids in treatment

MECHANICAL DEVICES play an im-

portant role in the sewage

treatment plant recently completed at
Middletown, Conn. From grit han-
dling to final sludge disposal by in-
cineration, the new plant incorporates
many types of new equipment to pro-
mote disposal efliciency and ease of
operation.

Designed for a flow of 3 m.g.d,
the plant provides sedimentation,
separate sludge digestion in rectangu-
lar tanks, vacuum dewatering, and
incineration in a multiple hearth fur-
nace. Improvemenis made in the
sewer systein at the same Hmez in-
cluded the construction of a pump-
ing station and 3.5 mi. of inter-
ceptors.

Middletown, with a population of
24,500, 1s located in the central por-
tion of the state, on the wes: hank
of the Connecticut River, about
thirty miles from Long Island Sound.
Previous to operation of the present
plant, the majority of sewers wers
discharging their flow without treat-
ment to the Connecticut River or its
tributaries, through 16 outlets. A
small portion of the zewage is treated
by an Imhoff tank installation,

The design of intercepling sewers
was prepared to direct most of the
city’s sewage to the treatment units
without pumping. This was compli-
cated by the need of placing pipe
lines and plant above normal flood
levels of the river. The various out-
lets were intercepted by three main
hranch sewers known as the North.
South, and East interceptors.

North Interceptor—This is  the
main sewer paralleling the river
and it serves the more developed sec
tion of the city wherein combined
gewers exist, It is about 7,700 fi. in
length, and is routed across Sumner
Creek on a two-span steel bridge.
Provision was made to by-pass storm
fows in excess of maximum hourly
sanitary sewage volumes, by the con-
struction of ten regulator chambers.

The regulators consist of an ad-
fustable float and szate arrangement,
the gate being of the reverse Taintor
type. The float chamber is connected
with the interceptor and volume dis
charges are controlled by the depth
of flow in the sewer.

Sewage from the northerly end
of the city is directed to the inter-

tor by H i tation,
cep Or Yy a sma pl‘lll’!pl!]%z{S}gS%]LL

This is equipped with duplicate cen-
trifugal pumps of the vertical type,
electrically driven, and with a rated
capacity of 750 g.pm. each, against
a total head of 30 fr. Operation of
the station is entirely automatic, con-
trol being exercised with [foat
switches and automatic alternators.

South Intercep'or—This sewer is
10,000 ft. in length, and includes two
bridged stream crossings, and a si-
phon which conveys sewage across
a valley. A feature of the siphon de-
sign is an arrangement whereby
sewage may be drained from the
lower siphon chamber to an exist-
ing low level sewer.

East Interceptor—This sewer in-
volved the installation of 10,000 ft
of cast iron pipe line across the
meadow on wooden pile hents. Sub-
sequently, fill was placed up to and
around the pipe. Suitable arrange-
ments were necessary 1o rnaintain
cross surface drainage Irom the in-
land side during low river stages,
and toward the inland side at flood
stages, since the earthwork was notl
designed to serve as a dam.

Both steel and cast iron pipe were

uf,%ﬁnAW bridge crossings. The
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Flg. 2. Housed in the control building (top) is the principal mechanical equipment.
The center picture shows the combination grit and screening collectors,
vacaum slndge filter, and lzboratery facilities. The bottom view shows the
filter appurtenances and het water boilers in the basement,

pipe is supported by piles, which in-
cludes half of the outfall line as well
as the East interceptor, is of cast
iron. The balance of the system is
of vitrified and reinforced concrete
pipe, the latter being used for sizes
24 in. and larger. Reinforced con-
crete pipe is surfaced on the interior
with a bituminous material.

Pile foundations used

The treatment works are located
almost midway between the naorth
and south boundary lines of the city,
about 1,100 ft. from the Connecticut
River. The site is low-lying meadow
land, adjacent to Sumner Creek.
Overlying foundation material con-
sists of alluvial deposits of silt, sand,
and clay, and it was necessary to
supporl all structures on pile founda-
tions. Cast-in-place concrete piles,
driven to an average depth of 33 ft.,
were used for the plant structure.
Timber pile bents were used to sup-
port the influent and eflfuent sewers.
Bearing capacities of piles were de-
termined by a coutinuous driving
record on each pile, and by static
load tests applied to selected piles.

In addition to their primary duty
of load bearing, the piles will also
serve to resist hydraulic uplit ac-
tion, incidental to annual high flood
waters. Basement walls and floors of
the buildings are designed to with-
stand water pressures of 26 fi., cor-
responding to the all-time high flood
record in March, 1936,

Treatment plant design

Investigation of Middletown’s sew-
age, and of the river flow and dilu-
tion, indicated that primary treat-
ment would suffice. The various unils
are designed for an anticipated flow
in 1946 of 3 m.g.d. This corresponds
to a flow of 113 gallons per capita,
for an estimated serviced population
of 26,500 persons, and includes do-
mestic, commercial, and industrial
wastes, as well as a reasonable al-
lowance for infiltration.

Sewage from the interceptors con-
verges al a junction chamber and
passes lo duplicate mechanically-
cleaned combination grit and screen
chambers housed in the control build-
ing. Adjustable baffles provide for
an average velocity through the grit
chamber of 1 ft. per sec. The har
racks have clear openings of 1 in.;
operation of the rakes and buckets
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s automatic and intermittent by
means of time relay switches, with
settings from 33 sec. to 33 min. Grit
and screenings are discharged to a
covered inspection chute and, after
sorting, are directed to the sludge in-
cinerator hy means of a belt con-

veyor. This conveyor is also used:

for transporting sludge cake which
has been fOltered.

Following the grit and screen
chambers, the sewage flow is directed
through a 9x18 in. venturi tube, to
either or both of two clarification
tanks arranged to operate in paral-
lel. The fow meter, located on the
ground floor of the control build-
ing, provides a conlinuous and to-
talized record of the sewage passing
through the plant.

A pipe gallery, extending along the
southerly end of the tanks, contains
all piping and control valves for de-
livery of sludge and sewage to and
from tanks. Sidewalk-type lights pro-
vide adequate illumination for this
water-tight chamber, and valves and
meeter tube can be readily serviced
The vent for gallery is carried above
flood levels of the river.

Clarification tanks are of the rec-
tangular longitudinal flow type. Each
unit is 75 by 25 ft., with an aver-
age water depth of 9 ft.; the deten-
tion period is 2 hr., based on design
flow. Each tank is equipped with two
rows of chain and flight type col-
lectors, which draw the settled solids
to the influent end. At this point,
eross-collectors are provided to fur-
ther collect and concentrate the
sludge before withdrawal.

The flights are arranged to collect
floating maiter on their upper return
travel. Foll width skimming is ef-
fected by comstruction of concrete
shoulders at the waler line, leaving
a minimum of clearance between
wall and flights. The scum so col-
lected is placed in a receiving trough,
drains to sludge pumps, and is de-
livered to digestors.

The efluent from the clarifiers is
discharged into the river through a
24 in. c.d. outfall sewer,

Rectangular digestion tanks

The digestion tanks are rectangu-
lar in shape, 16 f& wide, 85.25 fu
long, and have a depth of 16 fi.
These units, with a combined volume
of 41,780 cu.ft., will provide 60 days
detention.

Each unit is equipped with all-
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Flg- 3. Design details of rectangular slndge digestion tanks,

steel sludge collectors and scum
breakers. These consist of channel-
shaped cross flights, mounted at 10
{t. intervals on endless chains. Di-
agonal fins and manganese steel wear-
ing shoes are attached Lo the flights,
the latter sliding on abrasion resist-
ing flats at both the upper and lower
runs. The diagonal fins are arranged
to move sludge alternately to the
left and right as well as forward
and, in this manner, thoroughly mix
the sludge.

Concentrated digested sludge is ul-
timately deposited in deep hoppers,
at the influent end of tanks. The
speed of the chains is 2 ft. per min,,
and equipment is cperated about 4
hr. per day. Collector chains are
kept taut and free of excess siresses
by means of cables, pulleys, and
counterweights, mounted above the
tanks.

The "digestion tanks are equipped
with six gas collecting domes, having
s 12 in. water seal. To circulate hot
water through the digestors for the
maintenance of an 83 deg. F. tem-
perature, 2-in. ci. pipe coils are
used; these provide 750 sqdt. of
heating surface. A cylindrical 2,650-
cu.ft. steel tank, mounted on top of

the digestors, is used to store excess
gas under a pressure of 25 Ih.

Sludge {from the elarification tanks
is pumped 1o the digestion tanks, the
pumping being alternated between
digestors on successive days. Super-
natant liguor is returned to the in-
fluent sewage. All tanks and chan-
nels containing sludge or sewage are
surface-proofed with a bituminous
material,

Contrel building features

All other appurtenances utilized in
treating the sewage are housed in the
control  building, which measures
36x55 ft. in plan. The sludge incin-
erator occupies a wing of the strue-
ture, and is separated from the re-
mainder of the building by a divid-
ing wall. The incinerator is located
in the basement, and is charged by
a screw conveyor located on the
eround floor. Gas apparatus, includ-
ing fame trap and meter, has been
installed adjacent to the incinerator.

Equipment located in the main
hasement of the building includes
two sludge pumps; duplicate sludge
conditioning tanks; hot water boiler
for digestion tank heating; a steam
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Flg. 4, Gas storage tank with a capacity of 2,650 cu.ft. mounted over the under
ground digestion lanks. Excess gas will be stored under a pressure of 25 ih.

plant for the building; various ap-
purterances necessary for the opera-
tion of the vacuum fiiter; and a gas
COMpIessor.

The ground fleor coniains the
vacuum filter, with belt conveyor,
the grit and screen mechanisms, and

the main switchboard panels. Also
located on this fleor, in steel-glass
enclosures, are the office, lahoratory,
and chemical feed and storage room.
A halcony has been constructed above
these rooms for storage of equip-
ment and possible chemicals, if it is

Flg. 5. Sludge incinerator of the multiple hearth type. At the left are the dust
collectors and vre-heater,
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found advisable to purchase the lat-
ter in guantities greater than truck-
Ivad lots.

Located directly under the chem-
ical storage room are the sludge con-
ditioning tarks, where lime and fer-
1ic chloride are added. Sludge is eon-
ditioned in batches, being wmixed
with horizontal shait paddles, and
pumped to the filter pan on the
ground floor. The vacuum filter is
of the continuous rotary drum type,
with a net area of 96 sq.i., and is
guaranteed to produce three pounds
of solids {dry weight) per =quare
foot of filter area per hour, Filer
cake is discharged directly lo a belt
conveyor; the fillrate liquor is re-
turned to the influent sewage by
gravity.

Sludge cake is conveyed by the
belt either to the variable speed
screw conveyor feeding the incin-
erator, or to storage piles on the
charging room floor when the in-
cinerator is not operating. Although
the digested sludge cake is antici-
pated to be of a uniform nature, the
variable speed feature on the screw
conveyor provides a convenient con-
trol of the rate of feeding to the in-
cinerator, should any variation oc-
sur in the moisture or volatile con-
tent of the cake.

Multiple-hearth incinerator

The sludge incinerator is of the
multiple-hearth type, 9.25 ft. in di-
ameter, with four hearths. It is gnar-
anteed 1o convert to an inert ash,
cne ton of dry sewage solids in 8 hr.
without creating any smoke or odor
nnisance. The guarantee is based on
burning a sludge cake containing not
mn excess of 7D per cent moisture,
and with a heat value of 4,000 B.t.u.
per 1b. of dry solids. Sludge passing
through the unit is subjected to a
lemperature of 1200 deg. F.

Ash discharges at the hottom of the
unit, and is elevated by bucket con-
veyor to an ash hopper, located at
the ceiling of the charging room; an
enclosed steel chute conveys the ash
cutside of the building at truck load-
ing height, and is disposed of hy
(lling about the site,

The plant is designed to utilize
the combustible gases evolved as a
by-product of sludge digestion. Both
heating nnits are provided with du-
plicate burners, while the sludge in-
cinerator is equipped with combina-
tion burners to use either digestor
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gas or fuel oil, the latter being for
stand-by purposes.

The gas system comnsists of col-
lection domes in the roof of the di-
gestors, a gas compressor, the gas
siorage tank, and & flame trap. The
compressor is automatically con-
irolled by a mercoid switch, set to
starl at 4 In. water pressure in the
gas domes, and stop when this pres-
sure is reduced to zero inches. The
storage tank is provided with pres-
sure reliel valve, releasing at a tank
pressure of 28 1b. per sq.in. A pres-
sure reducing valve, installed be-
tween the storage tank and gas
washer, reduces the gas pressure en-
lering the washer and flame lrap to
8 in. water pressure. A bypass line
permils utilization of the gas di-
rectly from the digestion tanks. This
line is also used to return gas fo
the sealed digestors while withdraw-
ing sludge, thereby preventing the
formation of a vacuum and breaking
of the gas dome seals.

Operating resulis

While it is yet too early to oul-
line any detailed data on operating
results the following comments may
be of interest.

The flow through the plant has
shown considerable seasonal varia-
tion since sewage was admitted in
March, 1937. In that month, the
Aow averaged 2.52 m.g.d.; in April,
2.25% and in May, 1.53 m.g.d. Duz-
ing the summer months of June,
July, and August, the flow to the
plant has averaged 1.07 m.g.d. Pri-
mary treatment has resulted in an
sverage reduction in settleable solids
of about 95 per cent, and a reduc-
tion of the suspended solids of 50
per cent,

Lime was added to digestors
during the first few weeks of opera-
tion; thereafter the tanks maintained
a pl of 6.9 to 7.1, without further
control. Heating water has been cir-
culated through the tank coils for 4
to 6 hr, each day, to maintain tank
temperatures of 83 to 85 deg. F.
Gasilication Is proceeding satisiac-
torily, and it is anticipated on the
basis of present conditions, that suf-
ficient gas will he available shortly
for all intended purposes.

Results of operation of the vacuum
filter have been highly satisfactory.
Rates as high as 8 Ib. of dry solids
per sqit. of flter area per hr. have
reen obtained. Sludge delivered from
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the digestors has a solids content of
15 to 15 per ceni. As previously
noted, lime and ferric chloride are
employed as coagulating chemicals;
G to 8 per cent lime, and 2 to 3 per
cent ferric chloride have been found
suitable for this sludge. When so
conditioned, the solds content of the
filter cake averages 40 per cent; in
no case has it fallen below 35 per
cent, and on at least one occasion,
it has been as high as 46.5 per cent.
The performance test on the incin-
erator was not completed at the time
of this writing.

The design of sewers and treat-
ment works was executed by the
wriler serving as cousulfing engi-
neer. Consiruction was supervised by
the personnel of the Department of
Public Works of Middietown, Sam-
uel C. Cannon, superintendent, and
Richard K. Mylchreest, chairman of
the board. The treatment plant was
built by the Suburban KEngineering
Co., New York. The job was financed
in part with PWA grant,

Acknowledgment is made to John
G. Albertson, the writer’s associate,
and Charles I. Potts, Jr., of his staff,
for assistance in the preparation of
this article.
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QUANTITIES
of JUVE, G-E-BREWSRE and G=K SEWER JOINT COHMPOUND Required
Per Join for Connecting fe S« T« H. Standard
Vitrified Pipe.

Size of Paunds Pounds
Pipe Jute G=K Compound
4% +03 52
6 # &O"% 1 3-22
aw o185 1.08
1o¥ 26 242
12" s31 3 O
167 40 % eb
18: od'7 5 eB1
21 oG5 T «59
24% 74 8«58
il 1429 12 .87
0" 1.85 _ 1548
BgY 1.76 155
Kl : 2edd 28 .8

This ealculation is based on 105 oxcess
for pvossible wastos

FEMNN UL VER | WOUMPFANT NEW CNGLAND ME AL WULVERT WO,
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440 PAUL D. SARGENT
GorrUuGATED METAL PIre Mo o SotTen Ly
MANUFACTURER'S ASSOCIATION 1
OF NEW ENGLAND
1417 STATLER BUILDING
BoSTON, MASS.
| b
March 15, 1935 hel
Mr., Norman Germaine, P
‘Asst. City Engineer, 17
‘¥Middletown, Conn. f"g
: Py
gar Mr. Germaine: ot
Mr. Ryan, of the Berger Metal Culvert Company, s
has aslked us to send you information regarding the value of fn# ava
in Kutter's formula, ‘?3f

CHEZY FORMOLA j

. In 1775 Chezy developed a formula for determining the =
flow of water in open channels znd pipes which has been in general
use and is written as follows: -

V=cYRE Q=AV and Q = A cYRS T
in which: —

@ = discharge in cu. ft. per sec.

A = cross-sectional area of flow in sq. ft.

V = mean velocity of water, in feet per sec.

¢ = a coefficient of roughness whose value depends

upon the character of surface over which water is flowing.

R

mesn hydraulic radius in ft. = area of section
wetted perimeter
slope, or grade, in feet per foot

S

il

This is a fundamental formula, and is the basls of most capacity
formulas.

KUTTER'S FORMULA: !

Thousands of experiments have been made to deter-
mine the value of ¢ to be used in sbove equation, and a large
nymber of such experiments were made by two Swiss engineers, Gang- | [
ulllet and Kutter, which resulted in the following formula,
commonly called Kutter's formula:

41.85 + 200281 4 1.811
o n

C = R

1 tr%-(§1-65 + BOO§81)

ASSB0Q0CIATION MEMBERS

BANCROFT AND MARTIN ROLLING MILL Co. BERGER METAL CULVERT CO. OF N. E.
_ PENN CULVERT COMPANY NEW ENGLAND METAL CULVERT CO..




n whichs

= slope in ft. per foot
hydraulic radius in ft.
N = goefficient of roughness.

=

it

The factor, "n", in both the Kutter and Manning form-
1a, is intended to be a measure of the effect of roughness; not
only of skin or sliding friction but of all other retarding in-
iuences as well, once the water 1s inside the pipe. It does not
jnhelude losses of head which may be incurred in entrance or exit
=nd hence leaves out of account an important phase in the hydraul-
ic cycle of subsurface flow.

Selection of the proper value of "n" to use in &
gspecific case depends upon the exercise of trained judgment after
careful consideraticn of all data relating te similar conditions.
If no data of comparable conditions exist the choice of "n" be-
comes little more than sclentific guesswork. Under such clrcum-
stances an assumed value of Yn'" may fail to represent actual flow
conditions by a wide margin. HMuch more research is required before
greater accuracy can be obtained. At present the best that can be
done is Lo record the average values in currenit use among conserv-
ative engineers. '

Values of 'n' for Sewers

n = 012 for unplaned lumber and ordinary iron pipe

n = ,013 for concrete and vitrified clay pipe with good
~alignment

: n = ,015 for ordimary brick work

L0280 for corrugated metal-

n = ,025 for canals and rivers in good condition

o
a6

The above value of "n¥ for corrugated pipe bto be used
- in the Kutter formula, was arrived at as follows:

_ Measured Value of
SQURCE Kutterts Mnw

Flow tests of storm sewer at Bl Paso, Texas,
1087.8 ft. pipe on tangent, 24" diameter
service conditions (Eng. N-R, 4-17-13)- .0199

Iowa Flow Testsy University of Iowa Bulletin

No. 1, Series 103, p.55. Average of four

sizes, 12", 18", 24", 30%, 30 feet long,

laboratory conditions— - - = = = = = = = - = 0215

Arlington Flow tests by U.S5. Bureau of Publilc

Roads, average of two sizes, 8" and 10", 200

ft. long, laboratory condltions, (Eng. i. Re,

B-2-02, PuB3b2)~ =~ = = = = = = = - = - - 0190

Average of all suthorities ,0201

ooy




as specified by the State Highway Department of Connecticut fo
culverts. No doubt, the asphalt coating will reduce the wvalue
of " to something like 0.19 or possibly 0.17. .0l o O

I expect To be in Middletown next week, about Wed-
nesday, and will be very glad to discuss this subject further
with you.

Very truly yours,

CORRUGATED METAL PIPE ASS'N. OF N.I.

EEC By K £ Xsm

eh

The above tests were made on galvanized corrugated
pipe. There have been no tests made for coated corrugated pipe
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lgﬁerceptor Design

The basis of design used should provide for one-half
the cross section available &t the end & twenty-five

year period, or inclusive of the year 18956. Quantities used
ﬁere as outlined under "Quantity of Sewage. The rates ol
discharge were 200 per cent of sverage daily domestic, 150

“

per cent of industrizl, 200 per cent of average dally
commercial rate, and wet westher infiltration from the
anticipated miléage of sewers. The tsbulsztion following,
displays the estimeted contributions from the various sources
’by-zones for the yaer 195H6.

In the allocation of povulaticn to the various zones,
som= duplication was anticipated in order to aésure the
adeguacy of the interceptor &t sach point. The summation

of population in this tabulation is in excess of the estimoted

total for that dete. Rither the North or South or both

Intercentors should provide sufficient capacity for a more

extended period than planned.

Intercention and sccumulation of flows from the

various zones occur in various orders according to Plan A,

, or C. In Plan A (sec Plate IX) the zones are cumulative
in the numerical order Dl’Dgﬁ ete., while in Plan B (see

blate X-- one pumping station) the interceptor flows northerly

from Zone D14 to'DQ and southerly from Zone Dy to 4, with a

junction at the puwmping station. ¥From the station to

he plant site, cavacity is providad in the force main.




In Plan C (see Plate XI) with one pumping station, the

North Interceptor ig composed of two branches;one flowing

Northerly serving Zones Dis and Dg to B,,inclusive, and
lower portiong of D10>D11 and Dj4. The other branch
flows southerly serving Zones Dy to Dy, inclusive, both

branches terminating at a pumping station from whence

the flow is pumped to a high level line at College Street.

From this point, the Interceptor collects Zone D1g, Dyj , ' i

D13 and then Dja.




The South Interceptor is common to ali plans.The order
of accumulation is indicated in the following tabulation which

represents Plan A, :
. PLAN A--TNTKRCEPTOR

REQUIRED  REQUIRED CUMULATIVE

ZONE  CAPACITY  CAPACITY--HALF FULL SIZE GRADLENT

HALF FOLL c.f.s. FEET PER
c.f.3. HUKNDREED

North Branch

1.7 1.87 1gn 0.12

0.04 1.71 18" 0.12

0.23 1.94 18" 0.15

0.39 2.33 201 0.12

. 0.13 2.46 20m 0.14
0.39 2.85. 247 0.08

Dy, 0.01 2.86 241 0.08
Dy 0.48 5.54 241 0.09
Dg 0.14 .48 241 0.095
D10 0.356 %.84 24 0.12
D1 0.50 4.%4 27 0.08
Dio 0.05 4.%9 o7 0.08
13 0.52 4.91 27" 0.11
0.25 5.14 27 0.12

South Intercentor




0.28 5.98 27n 0.155

Bast Intercentor : ,

0,40 0.40 1on 9.29 i |
ol

| |

| |



These flows accunmulate at the treatment plan£ site.
In view of the time element, maximum flows will not prevail
from all lines at the sane time. The trunk line serving
all interceptors is, therefore, designed for the above
volumes when flowing two-thirds full, the summation of
these flows being as follows:

D 5.14 c.f.s; Begquired sigze
1-14 B .
and Gradient

11.58 c.f.s. agn 0.0%

The outfall line is capable of providing this capacity

flowing full as a gravity force main. A 24Y cast iron line
under & head of two feet will discharge this flow against

high water levels of 31.00 without backing up in the sewers.
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Pig. 1 shows the annual precipitation for the
period 1859-1953 tdgether with the mean, median,
upper and lowey quartlles. During ithis period the
precipltation was greater than the mean on 3b occa--
sions and less than the mean on 40 occasions.

The first 45 years of the period 1859-1933 (l.e.
1859-1903) Wwas wet while the last 30 years (i.2.1904=
1933) wds dey. During the former, the preclpitation
was greater than the mean on 27 occasions and less
than the mean on 18 occasions. During the latter,the
precipitation was greater than ihe mean on 8 occasions..
and less than the mean on 22 ¢ccasions.

Both the drlest year ﬂ8%§3 and the wettest year
(1901) occurred during the first 45 years of the peri-
od 1859 to 1903. A study of Fig. 1 reveals that the
wet period is not made up of a succession of abnormal=
ly wel years, but rather that it is made up of a pre-
penderance of years in whlch the precipitation is
greater than the mean ( in a few of which the precipi-
tation is extremaly great) together with a minority of
vears in which the precipitation is less than the mean
(in a few of which the precipitation is extremely
small)e A similar study of Flg. 1 shows that the dry
pericd is made up of a preponderance of years in which
the precipitation is unusually small together with
pelatively few vears in which the pr801p1tat10n is in
close proximity to ithe mean.

The arithmetic mean or average annual precipitation
durlng the 45 year wet period, 1859-1933, is 49.17 inches
This 1s 5.8% greater than the mean of the 75 year period.
The mean annual precipitation during the 30 year dry peri-
66; 1904=1933, is 4245 Inches or 8.7% less than the mean
of the 75 year period.

These deviations from the mean corroborate the gener-—
al impression that dry periods diverge wmore from the mean
than wet periods.

Bl




Filge 1 shows the ampusd proe initation for the
voried 1850-1075 together wiith the wean, median,
upper and Jower quartiles. IDuring this peried the
pragipitation was grostor than the =ean on 55 osas
sions and less than the mean an 40 sacasiong,

The firat 45 yeaws of ithe popled 1809=3022 [L1ene
1050-100%) was wot while the last =20 yoare {18 1004
1988) wan dove Buring the fevmer, the presipitadion
was greaber than the n on 27 poeaslons and lost
“han the mean en 18 eceouslions. Duving the latber,the
progipitation was groater then the meanm on O oosasisns
and less than the mean on 22 cessalong,

JOE
Deth the drivst year (1846) and the wotitest TEAT
{1901) cocurred during the firgt 45 roars of the povis
ad 1859 te 1808. A gitudy of Fige 1 voyeasls thal the
wat peried lo pot made up of a suscossion of alme rma e
iy wel yesrs, but rather that 1t is made an of 4 prge
- penderance of yvears in whish the pragipitation is
greater than the mean { in 3 Pew of whish the praaioi-
tatien 4o amtm great] together with a mimerity of
g@%%@ in vhish the vreeipitatisn is less than the woan
¢ in a fow of which the presipitatipn io aztromely
sealils 4 gimilar study of Pige 1 shows that the dpy
paried ic made up of a praponderanse of years In whish
the presiplitatien is vousually emsll together with
relativaly few yeare in whish the mpreclpltatiop is in
gloge proxinity to the mean. .

The arithmetie mean or avews
duripg the 45 year wet peried, 180 3¢
Thiz is B8 groater than tho wos 5 year
The mesn anmual presipitatien during the 59 vaar 4vy oort
ady, 100441955, 1s 4045 inches or 3470 loss than the meaw
ef the 7L gear poviod.

e

_ Those doviatlions from the mesrn servebovats the BTG P
a1 impreseion that dyy povieds diverge mrre from the mean
than wot povicds.




that any inaccuracies arising from that sourcs arg off=-
set by the fact that the long term record, as used pro-
bably more representative of the true precipitation than-
the short term record available at Mt. Higbye It will be
shown subsequently that the 30 Year record 1904-~1933 is
about 9% less than the average of the 75 vear period. It
is doubtful that the record at Middletown would fail to
be representative of conditions at Mt . Higbhy by as widse

a margin as 9%.

O PFEE 2 T

Therefore, on this basis, the policy followed in cen- iy
timring the records taken at Middletown with those taken o

at Mt. Higby, 3 or 4 miles distant from Middletown, would 4
seem to be justified. ' .




The preeipitation as recorded at Mi. Higby is measured
daily at 12 e'sleock moon. The guage is a eylindrical none
recording guage and the measurement-is made by means of a
graduated wd, Smowfall is measursd, and the result veecorded
in the Department of Public Workk vecord of moteorolégical
observatlons as inches, of snowfall. Tt is then melted and
measured again. This last when measured is recorded as prow
eipitation. Thus it may be observed that the rosord of prow
ecipltation includes melied snow. The reeorded ebservation
at 12 o'eleck noon is the precipitation for the 24 hour
pericd preceding the time of cbaervation, The ebsmrvations
are reported once a month to ths Searetary of the Department
of Fublie Werks who enters the same in a bound volume kept
for that purposs. _

During the year 1895 the Beard of Water Commissioners
began certain studies in somnect ion with the proposed sohe
strugtion of the Mt. High Regservolr and a study of the
precipitation was included. TFor this purpose the records
from 1859 to 1895 were tabulated and the mean for each.
month and the mean anmaal precipltation eomputed. Thess
flgures were presented in the anmual report of the Board
of Water Commissioners for the vear 1895.

While great care has been exercised in taking and pre=
gording the observations, no eéffort has been made to oome -
pile er analyse the data sinee 1895. This is due ne doubt,
to the fact that Hiddletewn enjoys an abundant supply of
water foy its present population. f

The cempilation of preecipitstien records, particulare
ly when the records ara allowed to accumalate, is a tedious
task. In the hops of reducing the amount of work o be done
at some futurs time, this study -has been made. If the re=
sults hereinafter set forth prove to be sufficiently valu-
able, it is hoped that the obsevrvations at Mt Higby will
be continued in somewhat the form used herein, so that a
continuos record will be available at almost a moment's
notice.

HISTORICAL NOTE: The records, from which this study
wag made were observed and recorded from 1859 to dune 1,
1868, ineclusive, at Uesleyan Univergity, under the direcs
tien of Prof. John Johnston; and from thence to 1892 at
Hiddletown Coeperative WUsather Statien by H.D.,A. Ward; and
Trom thence te April 1, 1898 at the Middletown Cooperative
Ueather Station on South Main Straet by Charles W. Hubbargd
and from thense te April 1, 1899 at Mt. Higby Reservolr by
Je Wo Buock; and from thence to Nov. 1, 1913 at Mt. Hi by
Reservoir by Edwin Bywater: and from ﬁhenca to date at Ht,
Higby Reservelr by William J. Ackerman,

It may be avgued, and prap@rlg 8¢, that the records
presented are not wholly thése of Lhe Mt. Highy Statisw
because, in reality, only the last 35 ¥ears of the record
was obtained at that statiom. It is assumed in this study




that any Inaccuraclies arising from i{hat source are off=
set by the faet that the lopg term record as used pro-
bably more repraesentative of the true precipitation than
the short term reserd available at Ht. Higby., It will be
showm s&bsequantly that the 30 year record 1904-1933 1s
about 9% less than the average of the 76 year peried. It
is doubtful that the record at ¥Uiddlatown would fail te

be ‘reapresentative af caﬁéitians at Hb. Highy by as wide

a margin as 9%«

Therafore, on this basis, the poliey followed 1& OO =
tinuing the records taken at HMiddlestown with those taken
at Mt. Higby, & or 4 miles distant from HMiddletown, would
paem to be justified.
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The precipitation as recorded at Mt. Higby is measured
daily at 12 o'clock noon. The guage is a ¢ylindrical none
recording guage and the measuremont is made by means of a
graduated wd. Snowfall is meéasured, and the result recordegd
in the Department of Public Work% Mecord of %etaoroldgical

| observations as inches, of smowfalle. It is, then melted ang

measured again. This last Whenmmeasured»iﬁ‘recordad as pre-
cipitation. Thus it may be observod that the record of pre-
cipitation includes melted snows. The recorded observatiag
at 12 o'clock hoon, is the Preclpitation for the 24 hour

perilod preceding the time of observation. The obsarvations

ars reported once a month to ths Secretary of the Department
of Public Works who entems the same in a bound volume kept

mrtmmxmmmw.

During the year 1895 the Board of Watern Commissioners
began certain studies in comnection with the proposed copn-
struction 6f the Wt . Higby Reservoir and a study of the
brecipitation was included. For this purpose the records
from 1859 to 1895 wers tabulated and the maan for each
month and the mean anmual precipitation computed. These
figures were bresented in the annual report of the Boarg
of Water Commissioners for the year 1895,

While great care has been axercised in taking and rege-
cording the observations, no effort has baen made to com-
pilea or.analyse the data since 1895, This is due,no'daubt,
to the fact that Middletown enjoys an abundant supply of
water for its present population,

The compilation of precipitation records, parbiculape
ly when the records are allowed to accumulate, is a tedious
task. In the hope of reducing the amount of work to be done.
at some future tlme, this study has been made. TF the rao=-
sults hereinafter set fopth prove to be sufflciently valy-
able, it is hoped that the Observations at Mt. Higby will
be continued in somewhat the form used herein, so that a
continuos record will be available at almost a momant's

notice.

HISTORICAL NOTHE: The records, from which this study
was made were observed ang recorded from 1852 to Juna i,
1868, Inclusive, at Wesleyan Univeraity, under the direcs .
tion of Prof. John Johnston; and from thence to 1892 at
Middletown Cooperative Weather Station by H.D.A. Ward; ang
from thence to Appril 1, 1898 at the Middletown Cooperative
Yeathor Station on South Main Street by Charles W, Hubbard;
and from thense to April 1, 1899 at Mt. Higby Reservoir by
Jo W Buck; and from thence to Nove 1, 1913 at Mt. Higby
Reservoir by Edwin Bywater; and from thenecs to date at IMit.
Higby Reservoir by William J. Ackerman,

It may be argued, and broperly so, that the records
Presented are not wholly thdse of ithe Iit. Higby Station
because, in reality, only the last 35 years of the record
was obtained at that station. It is assuned in this study
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Monthly Percent of Time (1859 - 1933) (75 years) in which the
Precipi- Indlcated amcunt of Monthly Precipitation has been
aquallad ov r:nmmpﬁi":r%\.

taticon ) e
In_inches.] Jan. Faeb.| Mar.] Apr.iMay [ Jun Jul | Aagl Septl Octd Nov | Des

0.00=0.49 1100 1100 {100 |100°[100 1100|100 {100 [100 |100 [100_|100
0.50-0,99 [100 {100 |98.7[100 {96 (96 |100 (100 [97.3|100 l100 [100
1.00~1 .49 100 97.398,71100 9%.%19%.%198,7 (100" Q0,7197.3193.% 1100
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5.00-3449 {64 162,70 70.7] 62,7 65.3157,5]64.7]75.5146.7 57,560 |ag.a| |
3.50=3,09 | 49,8 5.8 61,341 .3 54.7]41.2148 _|66.7]42,7(48 lag. |pa.v ¥
4.00=4.49 140 |44 |50.7/ 32 |45.5(29.3]42.7(61.3(20.5/40 |a6.7!za.7]
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8.00=R.49 | 1.3 1.4 6.9 2.9 o e 67l s |4 law | 1. 1.2 a
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10.00-10.49 o o ol 1.4 o 1.8 5.5 1.3 2.7 2.7 ] o | 1.z Sy
10.60-20.09 o o ol 1.8 o 1.3 s.n g 131,80 o | 1.5 0
11.00-13.49 o o of 1.4 o v.4 4 | ol 1.81.31( ¢ ol 12
2001109 0 O 0l 1.4 o ol 27 ol 13150 0 ] 0 K
00-12.49 o ol o1 1.4 o ol 2.4 ol olixl g ol !
+50=12.96 0 a_ o o) & al 2.7 © 0 |1.21 0O Q0
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Annual and Monthly Precipitation (1859 - 1933

75 Years)

arranged in thelr ordeyr of ma nitude.

Oct . Now.

15.584 8.08

10.28 7 .35

Q11 7 .=ma4

7‘5"2 8078

8.95] 7,29

8,00 7,03

753 676

752 6,70

8

6 .76] 6,80

It

G653 6,44

.18 6,38

6,11 6.16

5.98[ 6,02

061|594

D84 15.72

D471 573

5.39|5.72

B30[ 5455

012 5.48

4,945,253

TR
= |
e

4 78] |

4,695,002

467 4,04

4.56]4 .74

4.56] 4.51

4351|4450
4.24| 4,47

4 .23 4 .39

412 4,34

4.11] 4,33

440814 .29

3.9414,.25

5.9414.16

Z.0914 .15

50914 ,08

H.6214 .00

A257153,98

(Continued on
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Annual and Yonthly Precipitati

I
o0 arranged in Ordey of Magnitude . 1 SH

144,90 | 3.%6] 3,98 N84 5,13

Annual Jan.! Feb. (March Appill May {June July Aug. Bept.|0ct . (Nov. | Dac.
4537 | 3e47]53,68 |4.02 |3.18 ] 3.58 Seld | 3.31]4,55 [2.8]1 |3.34 D634 [ 5,57
400201 B4 8067 15,01 [3.18 ] 3.57]5.07 | 5.14]4.42 5,74 3.3213.28 | 3,56
5e2) | 3.42(3.8) 13,89 3,17 | 3.55 507 | 3.06]4.35 2,72 | 3,32 318 | 3.54 [
D12 [ B, D42 1387 (3,18 ] 3,51[%.02 | 5.04 4232 12.7) | 3.31 3,18 | 5,54
44,96 | 3.38|3.31 [3.83 |5,14 | 5.48/3.01 | 2.99/4.27 2,65 222 3,11 | 3,45

Mﬁ&ﬂmMMLMLﬁML 15208 | 85.42

4 W57 | F.30 328 |3.58 [3.06 ] 7,33 2.99 | 2,98(4,15 |2.55 2.9813.04 | 2 31

44 .55 17| 3.09 13,57 BSa06 2.92 8434,4.15‘2445ﬁ_2.98 5200 | 8,37 | :
44,05 1 3,071 5.08 |3.51_[3.02 | 2.15(2.86 | 2.06 4.08 2,44 | 2,862,090 | .31 | |
15e74 | 320615403 5248 13,00 3,1212.75 | 2,84 3.98 .59 2e75[2.85 | 3,21 |
42495 1 5.00{2.95 13,46 12,91 | 3,00|2,72 | 2.84. 2257 12,74 (2,81 | 5,04
42.80 | 2,992,003 13,45 2,90 | 3.00(2.70 27681370 (2,37 2.7312.80. 1 2.no

42111 249618871344 12,90 2.9312,45 | 2,72]5.50 .27 | 2.60 2.80 | 2.99 ii
422701 2.9212.81 13,22 [2.80 | 2.87(2.45 | 2,72 3.29 b.av 2.64 (2,75 | 2,87 :

142,69 | 2,862,702 |z 1 2.78

2,886

42.20 | 2.62(2,4] |2.853
. 2.4912.30 12.8% |o,.79

42460 | 2,84[2,71 (3,02 [2.585 2663 | 2,34

£.4712.20 12,79 2,35 | 0,27
2.4312.14 2.29 | 2.2g

2.41 | 2.72(3,.23 o =25 2.65312.,685
507 2.31 | 2.56]2.64 23886

22,40 2»81.jidi&,gJéﬁL_jilﬁlﬁ_ELEELiLQlLﬁ_BJEEL;iﬂm&ﬁEJ&EL_J1¢LLﬁ2+5ﬁ;_245£L
42.43 | 2,68 2450 12,89 249 | 2.58]|2.21 | 2.36/0,09 R.05_[2.2012.45 | 2,45
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|
|
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|
|
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SELE DETAIL

STANDARD L ENGTH
RANDOM LENGTHS 8:079-0,10\0, 11:0012-0" WIL L BE SUPPLIED
ON ANY ORDER UP TO I5% OF TOTAL.
RANDOM LENGTHS ON SPE g‘lfl. ORDER May BE OF LENGTH
AS ABOVEOR If BELOW 8-0" LONG;/N MULTIPLES OF 6]WITH
A MINIMUM LENGTH OF 40"

STENCIL MARKINGS:
SIZE 8 CLASSENGH!WORD SEWER 08 CULVERT FOLLOWING -
CODE DATE PRECEDED BY FACTORY LETTER W-WAUKEGAN, M-MANVILLE,
J-warson-3" HiIGH.
PIPE 6”8 LARGER TO CARRY SERIAL NUMBER:" HIGH.
HYDROSTATIC TEST MARKINGS-%' HIGH.
CLASS | SEWER TESTED rO /00 LBS.
I LT L i 150 »»
v JM CULVERT »w 200 »
ar }¥ *y as e 250
THE WORD BLOCK:CIRCUMFERENTIAL DIRECTION:I HIGH -
4-0°TO 5-0,9"FROM ONE END ONLY.
&6~ 8-0]12" » EACH -
§-0" 22.'% L1 * 2]

10'-0" 257 n ar "

«
1= 275 FROM EACH END.
2L 0, 30" X T .
}‘J"'O: J;é’_rf " "y LE]

4 LY
ALEalT

BN,

N A
Q N

AV

-

L
END PRIMED 85—

DETAIL OF
END GROOVING

FOR JOINT ASSEMBLY
SEE DWe . NeTP 343

TABLE OF DIMENSIONS ININCHES ULTIMATE STRENGTH
W CLASS ! | CLASS I | CLASSI | CLASSWV LBS. PER  LIN. FT.
01| A T D> T 0 T D, T D> CLASS | \CLASS Il |CLASSII CLASSIV
4 |125,.39 | 478 | — - — — - - 4125 - — —_
6 |25 | .42} 684 | — - - -— - - 2880 - - -
8 |./25| 48] 896 — - - - - - 3100 - - -
10 |125] 50| 11.00 | 56| 1112 b5 /1130 7 - - 2580 | 3690 | 4920 -
12 1125 | .54|1308 | 64| /328 | .74 /348 | — - 2370 | 3850 | 5/00 —
14 |.125| .58| 1516 | .73| /546 | .84 /1568 | - - 2200 | 3920 | 5/50 -
16 125|621 /7249 | 82| /17.64 | .94 /7.88 | — - 2120 | 4050 1 5280 -
/18 |.780]| .65 19.30 | .80} /1980 {103 2 006 1122024 | 2030 | 4140 5360 | 6340
20 |.480| .69|2/.38 | 94| 2/868 /13| 2226 12512250 2290 | 4280 5850 | 7100
24 |.180| 75| 2550 /06| 26/2 |[3/ 2662 | /45| 2690 | 2340 | 4550 7050 | 8600
J0 1.1801 .96| 3192 124 | 3248 |/.64|33.28 1.85| 3370 | 2980 | 5000 8180 |/0450
36 1./80|115| 3830 |/4/ | 3882 1693| 39.86 |2.18| 4036 | 3500 | 5400 9700 /2300
TOLERENCES - STANDARD & RANDOM LENGTH /"
D~ & To 10" /2~ 08" \OUT OF ROUND; 4’75 10" 125°| GROOVE: DIS TANCE FROM END 2{ 25"
12"7020"1508° 1&%0 20" 190" WoTH - 2.063
24%70 36"20"5 10" 24'0.36' 250" DEPTH - 4'miE" #0308
Dy & Ouror Roune Tolekances NOT CumULATIVE - 1Bwag’ W04
ELC T R Vi

JOHNS-MANVILLE SALES CORP

TRANSITE PIPE DEPARTMENT

TRANSITE PIPE

DATE 9-6-
ReV 3538

NO SCALE

TRANSITE SEWER & CULVERT PIPE
CLASSESITIIV

DRAWING N2 TP 342
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W |

/
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FOR GROOVED END OF
PIPE SEE DWE. N° TP 342

<y

SECT/ION |
SLEEVE SHOWN ASSEMBLED ON TRANSITE
SEWER & CULVERT PIPE

JOINTING TAPE & COMPOUND SUPPLIED WITH PIPE

JOINTIING TAPE (.SEWER JOINT

COMPOUND

STENCIL MARKING

SIZE & CLASH CIRCUMFERENTML

47-::/0 Pms-ié HIGH

!2 J6° 2"

£z CLASS | sewer pipe CLASS Il sewer PiPE

D ' D Oy D, 4 8! C £ T 22 D3 Dy A4 8| C | £
4 39| 478 | 555! 65| 706 55|38 — - - - i ol B
6| 42| 684 760| 70| 70!6| 55 38| — - - - - (= - -
8 | 48 896 | 9721090 70|6| 59381 - - - - = |- = |-
10| 50| 7100 /1200|1320 70|6| .60 |50 56| 7172 1200|1334 70(6| 67 |44
/12| 541308 1400 /1525| 70 |6| .62 |46) 64| 7328|1478 1870 | 70|6| 76 | 45
/4 58| 15/6 1600|1730 807! 65| 42 J3| 1546|1636 | /808| 80|77 85 g5
/16| 62!/724|18/0|1950| &0\|7| 70|43 82| 1769 /1854 2044 8017 95|45
/18] .65 |/830 2020|2164 80|7| .72 .45 90 | 1880|2076 | 2282 80\7| 107 | 48
20| .69 [12/38|2230|2380| 0|8 75| 46| 94 2188 2290|2500 | 90|8| 105] 51
24| 75 12550 2640|2810 | 90|8| 85451 106 26/2 (2770|2944 90 (8| 117 | 49
JO| 9613192 3285|3490 /1058 103 |.46 | 124 3248 | 3346 | 3626 | 105|9| 140 | 49
36 | 1/5 | 383013950 4200| 1059 125|601 147 3882 | 3980 | 4294 | 1059 157 | 49

CLASS /I cuLverr pipe CLASSIV cutverT pipE

/10| 65 |11.30)7220| /1380 70\6| .80 |45 ]| ~ — — - - (=i — -
12| 74 |/1348|1440)| /1630, 70\6) 95|46 1 — - - - = =] | -
14 84!1565|1660|/870| 807|105 96 | — - - - - |- = -
16 | 94|17.88(1900(2130| 80|7|1/5|586| - - - - - - - I~
/181 103 | 200621002350 80 7| (25|47 112\ 2024 (2120 2394 807 37 | 48
20| 113 |2226 2320 2592 | 80 |8|136 147|125 225012346 2650 90|8| 152 |48
241 /3/ | 2662 27603072 | 90 |8| 156 |49 | 145 | 2690 2780 |3/38 | Q08174 .50
0| /641332813428 |38/2 | 1059 192 |.50] 185 F370 | 3470 | 3908 | /105192 /9 .50
36 | /93 |3986 4086 | 4534|105 (9| 224 .50 2/8 4036 (4136 (4646 ) 105! 8| 255 |.50
TOLERANCES -

LENGTH A-4'r0 /2 PIPE 1,25"
14207 ™ 375"
2y’ Lspp’

1Z=20" /90

2mae” > =054 10"
24" 103¢" v = 05"+,12%

DIAMETERS 4 Tort "PiPE 05 +.oa’ OUT OF ROUND 4 rolO”P{PE J25 MAX. THICKNESS OF COUPLING 10"

" FEVEL *5°

24°-36“ 250"

JOHNS-MANVILLE SALES CORP

TRANSITE PIPE DEPARTMENT

SLEEVE COUPLING FOR TRANSITE
SEWER AND CULVERT PIPE.

TRANSITE COUPLING

NO SCALE DATE 9.6-39
REV. 10-24-30

DRAWING N2 TP 343




APPENDIX V

Relation Between 3-Edge Bearing Test and Actual Supporting Strength of Pipe

The following relations between laboratory test strengths, as indicated by
the 3-edge bearing test, and the actual supporting strengths of equivalent pipe when
in the trench have been worked out during several years of experimentation by the
Iowa Engineering Experiment Station,’ partly in cooperation with the United States
Bureau of Public Roads:

PANY,

1,12 Seb . \lr A |

1.50 Seb /{{é // ey

1,87 Seb CC LS e

For "concrete cradle" bedding ={§‘§$ ;Ob —
. e

Where Seb = 3~edge bearing laboratory
strength in 1lb, per ft. of pipe. -

For "impermissible" bedding
For "ordinary" bedding
For "first class" bedding

H THE DISTINCT

NTAL TO THE INTEREST OF THE COM

: ] space /perfoot
"Impermissible" bedding is that meth~ EFe=—=r== of diarmeter bt

“od of bedding pipe in which materially insuf- //” <) ot less than /" 7
ficient care is exercised to shape the founda= <f/‘ at least §% G =] ///
tion surface to fit the lower part of the pipe " 4

exterior and to fill all spaces under and a- EHDEELEV : END ELEV
round the pipe with granular materials at The 3-edre b . test
least partially compacted, © ©refge bearing tes b

BJECT TO RECALL, WiT

El

D IS LOANED, SU
GHT BE DETHIM

"Ordinary" bedding is that method of bedding pipe completely buried in
ditches in which the pipe is bedded with "ordinary care", in an earth foundation
shaped to fit the lower part of the pipe exterior with reasonable closeness for a oman
width of at least 50 percent of the pipe breadth; and in which the remainder of the
pipe is surrounded to a height of at least 0.5 ft. above its top by granular mate-
rials, shovel-placed and shovel-tamped to f£ill completely all spaces under and adja- _
cent to the pipe; all under the general direction of a compstent engineer, i

When Transite Sewer Pipe is laid on two wood blocks, one at each blocking "
point (one-fifth of the length of the pipe from each end), and the spaces under and i
around the pipe are refilled with granular materials well tamped in place, the bed-
ding may be considered "ordinary" bedding.

"First class” bedding is that method of bedding pipe completely buried in
ditches in which the pipe is bedded carefully on fine granular materials in an earth
foundation carefully shaped to fit the lower part of the pipe exterior for a width
of at least 60 percent of the pipe breadth; and in which the remainder of the Pipe
is entirely surrounded to a height of at least 1.0 f+t. above its top by granular
materials which have been carefully placed by hand to completely fill all spaces un-
der and adjacent to the pipe, and thoroughly tamped on each side and under the pipe
so far as practicable, in layers not exceeding 0.5 #t, in thickness; all under the
direction of a competent engineer, represented by a competent inspector constantly
present during the operation,

“18"NOT TO BE USED FOR AIE‘( PURPOSE WHICH M1

"Comerete cradle" bedding is that method of bedding pipe in which the
lower part of the pipe exterior is bedded in plain or reinforced concrete of suit-
able thickness under the lowest part of the pipe exterior and extending upward on
each side of the pipe for a greater or less proportion of its height,

(Over)

t~JC)}1PQ£5-hdl\Pd\lll_l_EE : Power Products DATE August, 1939

(Cancelling sheet

Installation of Transite Sewer Pipe dated July, 1938)
Appendix V BMT-666
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Appendix V continued

First Class Bedding Concrefe-cradle Bedding

Jmpermissible Bedding

Or‘dimy Bedding -

Table 1 gives the laboratory test strength of Transite Sewer Pipe as de-
termined by the 3-edge bearing test made in accordance with the procedure set forth

by the Americen Society of Testing Materials,

Table 2 gives the actual supporting strength of Transite Sewer Pipe when
bedded by each of the four methods of bedding commonly employed. The use of wood
blocks is equivalent to "ordinary"” bedding.

Table 3 pives the trench loads for verious depths and widths of trench
in various types of soil,

Table 1: Average Strength of Transite Sewer Pipe
A,8,T.M, 3~odge bearing test

b, per Linear Foot

Pipe size,

inches Clasgs 1 Clags 2
4 . 3490 - ———
6 2540 ———
8 . 2790 —_———

10 2360 3690
12 2180 3850
14 2040 3920
16 ' 1965 4050
18 2000 _ 4140
20 2150 4280
24 2400 4550
30 2790 5000
36 . 3280 5400

Table 2: Actual Supporting Strength of Transite Sewer Pipe
with Various Types of Bedding
{1b, per linear feet of pipe)

Pipe size, Impermissible Ordinary - PFirst Class Concrete Cradle
inches Clesgs 1 Class 2 Class 1 Class 2 Class 1 Class 2 Class 1 Class 2
4 3910 ——— 5835 - —-—— 6525 - 9810 ————
5] 2645 - 33810 o 4755 - 7150 —_——
3 3125 ———— 4185 —_—— 5220 - 7850 ———-
10 2640 4140 3540 5540 4420 6900 6640 10380
12 2440 4305 3285 5770 - 4030 7200 . 6130 10820
14 2285 4395 3060 5880 3820 7340 5735 11000
16 2200 4545 2950 6075 36880 7575 5550 11390
18 2240 4530 3000 6200 3740 7740 5620 11610
20 2410 4790 3225 6420 4025 8000 6041 12030
24 2680 50095 3600 6825 4490 8505 6745 12780
30 3125 5600 4185 7500 5220 9350 7850 14050

36 3685 5050 4920 8100 6135 10100 9225 15100

e

T
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Appendix V - continued
Table 3: Approximate Maximum Loads Imposed on Pipe
in Trenches by Common Filling Materials
Lb, psr Lin., Ft, of Pipe
(Marston and Anderson)
Width: of trench at top of pipe, ft.
5 Depth of 1 o 3 4 5 1 2 3 4 5.
Z fill above .
g pipe, ft. Dry Sand {100 1b. per cu.ft.) *Saturated Sand (120 1b, per cu.fd,)
i 2 150 340 580 740 930 180 410 550 890 1110
: 4 220 590 970 1360 1750 27C 710 1170 1640 2100
o 8 260 760 1320 1890 2480 310 210 1B%0 2270 2870
7 8 280 890 1590 2350 3100 340 1070 1910 2820 3720
g 10 290 980 1820 2720 3650 350 1180 2180 3260 4380
z 12 300 1040 2000 3050 4150 380 1250 2400 3650 4980
| 14 300 1090 2140 3320 4530 360 1310 2570 3990 5490
; 16 300 1130 2260 3550 4950 360 1350 2710 4260 5940
S 18 300 1150 2350 3740 5280 - 360 1380 2820 4490 G330
5 20 300 1170 2420 3920 5580 380 1400 2910 4700 8860
5 22 300 1180 2480 4060 5800 360 1420 2980 48380 6960
E 24 300 1190 2540 4180 603G 360 1430 30350 5010 T30
u 26 300 12C0 2570 4230 6210 360 1440 3090 5150 7460
g 28 300 1200 2600 437C 6390 360 1440 3120 5240 7670
= 30 300 1200 2630 4450 6530 360 1440 3150 5340 7830
g
i Partly Compacted Damp Yellow Cley *Saturated Yellow Clay
2 (100 1ha. per cu, £4,) (130 1b, per cu,ft,)
z 2 160 380 550 750 930 210 470 T30 1000 1240
§ 4 250 620 101c 1400 1800 340 840 1330 1870 2370
z 6 300 830 1400 1980 2580 430 1140 1900 2830 3410
; 8 330 990 1720 2500 3250 490 1380 2360 3360 4400
z 10 350 1110 2000 2920 3880 520 1870 R760 3980 5270
= 12 360 1200 2220 3320 4450 540 1730 3100 4560 6030
: 14 370 1280 2410 3650 4950 560 1850 3410 5080 8780
§ 16 370 1330 2570 3950 5400 570 1940 3660 5510 7440
W 18 380 1380 2710 4210 5810 570 2020 3880 5930 8060
o 20 . 380 1410 2830 4450 6180 580 2090 4070 6280 8610
K 22 380 1430 2920 4640 6500 580 2140 4240 6610 9130
< 24 380 1450 3000 4820 6800 580 2180 4380 €210 9590
f 26 380 147C 30680 4980 7080 530 2210 4560  7ls0 10010
c 28 330 1480 3120 51C0 7310 580 2240 4610 7380 10430
E 30 380 1490 3170 5230 7H30 580 2260 4700 7590 10780
2 *These two sub~tables, "Saturated Sand" and *Saturated Yellow Clay",
g contain the most important figures flor practical use.
:

On the following two pages there appear graphs based upon the maximum
trench load figures shown in Table 3, above, The curves indicate the maximum loads
on each size of pipe when the pipe is laid in a trench of the recommended width,
which is shown over cach curve, These curves, in cpnjunction with the figures in
Table 2, indicate the type of bedding required.

JOHNS-MANVILLE Power Products DATE  July, 1938
Installation of Transite Sewer Pipe
P Appendix V - continued BMT-867
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Appendix V - continued

MAXIMUM TRENCH BACKFILL LOADS FOR DAMP YE;LLOW CLAY
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Appendix V = continued

ATURATED SAND
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APPENDIX VI

Using Wood Blocks in Bedding Transite Sewer Pipe

Bedding of Transite Sewer Pipe on wood blocks 1s recommended as a means
to eliminate much of the uncertainty of trying to shape the bottom of the trerch
to conform to the barrel of the pipe along its full length., The use of templates
and rigid inspection are essential to secure a properly shaped french bottom, If
templates and rigld inspection are not used, the pipe may contast the bottom of the
trench only at the ends of the pipe or at the center of the pipe, with resultant
failure in flexure or crushing.

The following diagrams illustrate the relative loading of pipe supported
at the ends, at the center and at the predetermined blooking points. It should be
noted that when the pipe is supported at the blocking points, it will carry a load
of 5.8 times that which it will carry when supported at either ends or center.

Bedding the pipe on wood blocks whith have been placed under the marked
blocking points, together with well tamped backfill
under and up to the horizontal diameter of the pipe,
will assure development of sufficient supporting
strength in flexure and crushing to be egquivalent
to "ordinary" bedding, described in Appendix V,
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Tahle 1
Sizes of Wood Blocks

Table 2
Depth of Trench Bottom Below Invert

Depth in inches*

Pipe size, Size of Blocks,* Board ft. per Pipe size,
inches inches 1000 ft. of pipe** Inches Clags 1 Class 2
4 to 6 2 x4 x 10 86 4 to 10 22 S
8 to 12 Z2x 6 x 12 154 12 o 18 3 ———
14 & 16 2x8x 16 274 18 3% -
18 2% x 3 x 16 342 20 3-%— 32
20 & 24 25 x 10 x 18 431 24 =y 4
30 ¢ 3 x 12 x 24 924 30 s 1
364 4x 12 x 24 1232 36 5% 5%

*Applies to undressed lumber,
**Applies only when trench bottom is
dug to proper grade.
Instead of 3" or 4" blocks, combina-
tions of thicknesses may be used; as
two 2" blocks for ome 4" block,
Grade of

*An allowance of approximately
2" hes been made +o provide for
the thickness of shingles to be
used in bringing the pipe to the
exact grade,
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