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FOREWORD

This report supplements the plans and specifi-
cations for the pumps, motors, and pumping stations of
North Little Rock, Arkansas, and is prepared for the
purpose of facilitating the examination and review by

higher authority.
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WAR DEPARTMENT
U. S. ENGINEER OFFICE
LITTLE ROCK, ARKANSAS
ANALYSIS OF DESIGN

PUMPING STATIONS - NORTH LITTLE ROCK, ARKANSAS

1. Avuthority. - The North Little Rock Pumping-Stations were
authorized for construction by the War Department.Civil Appropria-
tion Act, 1941, approved June 2l 19&0.

2. Purpose. - The levee and floodwall constructed under previous

authority provide adeguate flood pfotection td the city but make nec-
essary some means of disposing of drainage and sanitary sewage°when
the normal outlets are blocked byiﬁékansas River floodwaters., An
existing pumping station known as tﬁe Baring Cross Station serves
the western two-thirds of the area. The ﬁroposedlpumping stations
will serve the remaining part of the area, whiéﬂ includes the busi-
ness section of North Little Rock;_ahd‘thﬁé wiil render the flood'
protection works fully effective, ’ |

3, §33£g,g-‘Thisyanalyéis is supplementary to the Basis of De-
sign which forms a part of the Definite Project Report. Refcerence is
.made thereto for a general description of the area concerned, includ-
ing the existing Baring Cross Pumping Station, and a discussion of the
hydrology upon which the design of the project is based. This report
summarizes the findings of the Basis of Design and discusses data
with regard to the pumps as adopted and the structural design and

principal features of the proposed pumping stations. It has been



prepared for submission to facilitete the review of the construc-
tion plans and specifications for the North Little Rock Punping
Stations by higher authority.

L. Swmary of Findings Developed in Basis of Desizn.

a. Stations Required. - The studlus outllncd in the Basis

of D681gn developed the need for three pump1n~ statlons to be located
near the floodwall and levee: a Maln Street S+at1on to dlspoqe of‘
the storm water run-off from‘an éréa of 150 éct;s 1nc1ud1ng the main
business section of North Littlevthg. a Hickoryhstféét;étatién to
dispose of the sto wul watcr‘run-off from a rtéidential ;ﬁd éértl&
undeveloped erea of 220.acres; and a Cedar Street Stétion tt éis-
pose of the sanitary sewage from an cstimated ébpulation of about

5,000, The stations will be locatcd &s shown on Plate I, pane 29.

b. max1mumtmlow Ratcs.‘~ The probable maximum flov rates,
based on a_EO—year frequgncy as determined by correiatitg rﬁn—off
with river stages réquiring pumpitg, were foundtto'té.aé féiloﬁé:
~at the Hain Street Station, 73 OOq gallons per ﬁlnﬁté ét.th;
Ahlcko”} S+reet Statlon, 66 000 ga]loas per mlnute,*aﬂd at’ the

Cedar Street Station, 566 gallons per minute.

C. Pump Capacities. - At the Tain Street Stativl, pump

_capacity equal to the maximum Ilom rate or 73 OOO gallons per
minute, we.s considered desirable, At thc qlckorv Street Statlon
the study disclosed that present sewer capacity was about 16,000

gallons per minute; that there was little prospect of extensive

future storm water sewer improvements; and that a considerable

-Da
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volume of storage was available., It was coﬁclude@uthat §ﬁpr§s§nt
pump capacity of 20,000 gallons per minute would beksatisfactory
but that provision should be made at the pumping station for a fu-
ture incregge in capacity. At the Cedar Street Station, the con-
‘clusion‘was reached that a capacity éf 750 gallons per minute should
be provided togeth?r with a stand-by unit of like capascity and pro-
vision for a futufe increase in capacity.,

5. Approved Project. - The Definite Project was approved by the

Offiée, Chief of Engineers, subject to the following conditionss
- "a. The capacity of the Hicquy Street Station should be in-
creased to provide for the initial installation of two 15,000 gePemm,
pumps, with provision for an additional 15,000 g.psme pump -if-future
conditions indicate that such mction is necessary., *-* * -
'?1.: Provision should be made to keep the sanitar&usewééé
out of ﬁhe bﬁildings. * * * Other changes in the lay-out of the pump-
ing stations, * * * should be mede. These are briefly as follows: * * x
"(1) Alter the intake to the Main Street Station so
that the normal flow will reach the small pump without passing through
the main pumping pit. |
"(2) Provide a bypass in the Main Street.Station so
that the storm water pumps will not have to stért and stop too fre-
‘quenﬁly.
"(3) Use full voltage starters for the moetors if this

is not objectionable to the Power Company."



Present plans conform to these requirements except that:

(1) In conference, it was pointed out that no sani-
tary sewage reaches the lain Street Station and it was agreed full
corpliance vith requirement b(1) would not be necessary.

(2) Recuirement b(3) was discussed with officials of
the city of North Little Rock, who made strenuous objéctioﬁ to such
procedure, The municipally owned power company now restricts such
commercial instellaticns and objects to the use of full voltage
sterters on riotors of more than 50 hp. 4As this appears-in line with
general comnercial practice, plans are made in conformity therewith,

In ‘sumnmary, the approved project prcvides for the following equipment:

. ‘ -+ Number : Rated : Total
Station : of Pumps : Type : Capacity : Capacity
ain Street : 1 t Volute : %,000 :
v 2 : Propeller : 10,000 :
: 2 t Propeller : 25,000 ¢ 73,000
Hickory Street : 2 (1) : Propeller : 15,000 : 30,000
Cedar Street 2 (1) : Volute : 750 : 750 (2)

20 e

(1) Provision is made for the future installation of an
acditional unit.

(2) One unit of present installation to be used for stand-
by service.

6, Functioning of Stations.

8. General. - The ¥ain and Hickory Street Stations vill

receive storm water run-off; the Cedar Street Station, only sani-
tary sewage.

b. Main Street Station. - The normel gravity flow now

passes through a 5-foot diameter opening in the floocdwall at the

foot of l’ain Strect where a slide gate is provided to prevent



backflow. The pumping station lay-out will provide a separate by=- .
pass through the floodwall into a suction well from.ﬁhich the pumps..
will discharge back into a chamber which connects to a li-foot by - -
7-foot conduit leading into the gravity outlet at the existing gate
well on the riverside of the wall, A slide gate will be provided in
the bypass inlet to the suction well just landward of the floodwall to
prevent gravity flow from entering the sump, In operating the station,
the gravity outlet will first be closed, the gate in the bypass inlet
opened, the switchboard energized, and pumping started under manual
-control, Thereafter, provision is made for automatic operation. A
2li-inch pipe, controlled by a hand-operated gate valve designed for.
low heads, will connect the suction well with the outlet conduit. -:
This: bypass.can be operated'toAreturn'flow"to the sump so as.to obvi-
ate frequent starting and stopping of the pumps or, at river stages.
exceeding elevation 2/,7, ‘to admit water to tﬁe sunp before opening the
inlet slide gate and thereby equalize the stage on opposite sides

of the gate. A low weir in the outlet conduit will be provided in
order to cause the 24-inch bypass to run full under low-water pump-
ing conditions. Lay-out and sections are shown on Plate II, page 26,

c. Hickory Street Station. - Gravity flow now passes through

the levee in a reinforced concrete culvert with .a gate at the river
end. The station will be located adjacent to the culvert on the land-
side with the suction well at the same level as the culvert inlet
(elevation 236). When the gravity outlet is closed, flqw will be

ponded above, and at stage 239 (elevation of inlet weir) will have



free access to the suction well. The estimated minimum pump drav-

1

down level is elevation 2L1, at which stage the heading up due to
the inlet weir is estimated as less than 1/2 inch. The pumps will
discherge through pipes over the top of the levee. As at the "lain
Strect Station, pumps will be started under manual control, and
thereafter operation will continue autormatically until pover is
again cul off from the switchboard, Lay-out and a section arc
shown on Plate III, page 27.

d. Cedar Str:et Station. - This station will he locsted

landward of the existing gravity outlet through the flocdvall so

as to provide a distsnce of 2l fect botween the wall and the build-
ing. The lay-out provides for directing the flow by mcans of two
gate valves, one in the gravity ovtlet end one in the inlct o =
depressced suction vell, Punps will be sct in a dry pit and will
discherge beck into the gravity line bslow the gate valve and land-
ward of the floodirll., 1In starting op:ratioa, the srevity outlet
will first be closcd, then flow will bs adritted to thy sucticn well,
and pumping started menually., Thereafter, omeration will continue

automstically. Lay-out and sceticns are showm on Plate IV, page 28,

T+« Typc of Pumping Equipment,

2. General, - Thne storm wotcer purmps must hove large
cipacity, will be used infrequently, sud ordinarily will operuto
under heads of 10 foet to 15 foct with o possible maxirum hend of

avoul 20 fuet, Vertvies!, propcller type pumps sre particularly

wauplted to ruch scrvice in that they are comperatively incxonensive,

b5
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develop good efficiency, and require a minimum of space, particu-
larly wﬁen driven by vertical motors, Accordingly, the large pumps
will be of the vertical, propeller type. In addition to the storm
water pumps, there is a need for one trash pump and two sanitary sew-
age pumps. . In this case, the choice was determined by the ability of
the pumps to pass comparatively large solids and be relatively free
from stoppage due to clogging of the impeller or pump passages. Non-
clogging trash and sewage pumps of the volute type are outstanding‘in
such service and have been adopted. All pumps will be powered by
electric induction motors, The study outlined in the Basis of Design
indicated this source of power to be economical, reliable, and con-.
venient, especially since the city of North Little Rock operates its
own electric distribution system.

b. Propeller Pumps.

—

(1) Setting. - General data from pump manufacturers indi-
cate that these pumps should be set so as to draw water from a sump
aéea 2-1/? to 3 times the pump diameter and that the suction bell
should be about one diameter above the pump floor. In general, the
‘data indicate that best performance will be secured by a pump setting
which tends to prevent prerotation of the water and a consequent tend-
ency to vortex formation with attendant noise and vibration. Tests
" made for the U, S. Engineer Office, Memphis, Tennessee, in connection
with the design of the Nonconnah pumps, indicated that a width of suc-

tion bay equal to about 2-1/2 times the pump dismeter gave excellent

results, and that the suction bell could be set at a minimu@ distance
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of 0.3 of the pump diameter above the sump floor ard still secure
good nerforrunce, = These indicated setiings appear to agree reason-
ably well with thé practice of the Rureau of ‘Reclamation., A recent
design of this bureau prdvides'about this individual sump width, to-
gether with a éhapiné of the back wall of the sump, in somewhat the
same manner as a turbice scroll csse; that i1s, the back wall is made
up of two coiicave curves which meect in a line contacting the edse
of the suction bell, Such construction should prevent'prerotation
of the incoming flow and guide it diructly into the suction intakoc.
In general, there appears to be an advantage in setting these pumns
in irdividial sump comnartments rather than collectively in onc
lafge nit without division walls, The individual settincs meke
nore certain that cach pump will oncrate to capecity without un-
due influence from adjcocent pumps. Subscquent to the desion, model
test results have hecome available relative to the sstting of vpro-
peller‘pumps. These data appear in Technical ilemorandum Mo. VI, of
the University of California, Colleoge of Engincering, and are in
ceneral ayreement with the vprinciples discussed herein.

(2) Speed. - The pump specd which will prove satisfac-
tory under service conditioans is dependent upon the head, capacity,
and suction submergence. The relation between head, canacity, and

spoed is cxpressed by the snceific spued formula which 1s as follows:

s =\/EZ;§:_x1up.m.
a ok
where T incdiecates spocific speed;
Z.peme 1s cischarge in gallous ner winute;
r.p.me. 1s speud in revolutious per rinutce;
H is the total dyramic hcad in fect.
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Specific speed applies to the point or zone of maximum pump efficiency
and not to the entire range of operation. It indicates the speed in
‘r.p.m., at which a geometrically similar impeller must run if of such
size as to discharge one gallon per minute against a head of one foot.
It has been found that for a given head and capacity, a pump of low
speed and consequently low specific speed will operate safely with less
submergence than one of higher speed. The Hydraulic.Institute has
recommended and published upper limits of specific speed for centrifu-
gal, mized flow, and propeller type pumps in the form of a chart.
Recent practice with respect to specific speed requirements for pro-
peller pumps is indicated below:

SPECIFIC SPEED OF PROPELLER PUMPS INDICATED BY RECENT DATA

H +  Pump characteristics :
. tRef, :Capacity tApprox., s b
Agency and project tWo. + 1,000 : head :Sp601f10: Source of data
! g.p.n. ¢ feet speed :
U. S, Engincer Departe : : : :
ment s : : : : :
“Ceredo-Kenova : 1 : 5 -18.5: 20-1,0 : 13,000 :Spec. 516-39-297
: ? : : : dated May 1939
Huntington 2 :17 =25 1 13-36 : 11,000 :Spee, 516-L1-11
: : : : : dated Sept., 1940
Nonconnah and Cypress : 3 225 25 : 10,000 :Report of tests
Creek : : : : : July 1940

U. 8. Bureau of Reclama-:
tion: : : :

“Tule Leke - Klemath 3.6 -7,2:10-13,5: 11,000 :Spec.1illi2-D,dated

e

. .
.
. . H

=

Project : : . : : Oct., 1940

Contra Costa Plants : 5 : 16 =32 :23-33 : 8,000 :Spec. 758, dated
Sl to Ly : 6+ 15 .30 : 50,5 : 6,000 : Feb., 1938
Buford-Trenton t 7 36 :21-31 : 8,100 :Spec.lLl7-D,dated
: H T H ‘ : : Nov. 1840

Note: Pumps included under reference numbers 5, 6, and .7, will
operate a much greater proportion of the tlme than
others listed.
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Specifications previde that the Forth Littlc Rock propeller pumps
have a speeilic speed not exceeding 11,000,

c. Volute Pumps. - The volute pumps required are of srall

‘capacity and present no unusual features. Specifications require
that the scware pumps pass a L-inch sphere and the trash puip nass
a 5-inch sphere, the intention Leing to secure 6-inch and 8-inch
pumps, réspectively. Specific speed for these pumps has been
limited to L, 000,

8. Equipmeut Incidental to Operation.

a. Controls. - Automatic, multiple-switch, float controls

will be provided at all stations so as to raintain the -level of
water in the several suction wells at safe elevatlons and provide
for varying rates of flow, Oune float 1ill control all the pumps
in any station (sump pump at Cedar Street cxcepted) by encrgizing
successive circuits through tiliiﬁg.negcury switches causiag
various pump comthinations to Lecome ovurative, Only ot the Lain
Strect Station, vhere it will b: nccessary to control five pumps,
will the systerm be well developed. The tvpe of control »rovided
will be such as to permit ready adjustient of the stage setting.at
which urits function,

b, - Gates and Valves,

(1) - ¥ein Street Station. - A 5-foot by >-foot square

slide mote will be provided at the irlet behind the trash racks to
proevent the mormal gravity flow from ren hiﬂgAthe-S£dtiOﬂLStf@. ‘A

light ¢ate, designed for a head of 15 feet, is specified. The gate
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will be hand operated and geared so that one man can open it against
a head of 10 feet., The bypass at the station insures that it will
not be.necessary to operate the gate under a greater head, At thisg
station all pump discharge lines will be closed against backflow by
flap gates of rugged design. This type of gate will permit autoﬁatic
operation. and has given satisfactory service under'likepébcrating
conditions. No other provision against backflow ié considered neces-
sary.

(2) Hickory Street Station., - No slide gates, flap gates,

or gate valves will be employed in the construction of this station.
An existing slide gate will protect apgainst backflow, Automatic
siphon break valves will be used in the discharge lines over the
levee to prevent buckflow due to siphon action when pumping stops.

(3) Cedar Street Station. - The design provides two

2li-inch gate valves (see subparagraph. 6d) designed for a 30-foot head.
Smaller gate valves will be used in the suqtiqn and discharge lines
of each pump to provide for dismantling under flood conditions, Check
valves in each individual discharge line will permit automatic pump

operation and prevent backflow,

c. Cranes., - For the installation and ready servicing of
pumps, hand-operated cranes will be provided at the Main Street and
the Hickory Street Stations of 5-ton and l-ton capacity, respectively.
At the Main Street Station a distance of 12 feet will be providgqhbe-

tween the motor floor and the lifting hook in raised position. At

the Hickory Street Station this distance will be 11 feet & inches.

~11-
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-Pump colurns and shafts will be made in such lengths as to peruit
installation and removal with this available heaq roo.n. The
travel of the cranes will be sufficient to service the station
surips.

Q ¥Main Street Station.

]

e. Equipment., - A pump capacity of 73,000 g.p.m., or
about 160 c.f.s., is to be provided. The low flow is oply abecut
1,000 g.p.mns, or slightly more than 2 ¢,f.s., and since reclatively
little storage is available, the variations in flow must be ab-
sorbed by the station equipment. Two means toward this end arc
provided: & comparatively large nwunber of units sc ac to provide
flexibility in operation and n gated bypass between suction sump
and discharge outlet such that ianflow ney be made to approximate
outflow, end frequent starting and stopring of the pum»s thus
prevented. Uanits selected include one volute type sump pump of
3,000 gepem. capacity, two propeller pumps of 10,000 g.,r.m.
capacity, and two propecller pumps of 25,000 g.p.m. capacity.

b. Operation. - Fvidently &ll of the purmds should not
be startecd at the same time, for in such case the suction sump
prcbably would be emptied before norral inflow could be cstab-
liched. The automatic operation desircd requires that cach pump
be assigned a range in which it will operate such that additional
units come into operation at succcssively higher stapes. The sump
clevation must then be such as to provide adequate subnergence

for the pumps first in service. This consideration led to fixing



the sump level at elevation 23l at this station, A .pit will be pro-
vided in the sump floor'£oimake-p§séi£i;.fhe ﬁnwéféfiﬁg“of”£ﬂe sunp
chamber., Tﬂe fldodggtefin the:gravi£§ outlet prébébly ﬁiiixﬁe closed
when tﬁe river stage reaches elevaﬁi&ﬁ 215 and run;off %hereafter
pumped untii the’river againvrécedes; Howe&er, the design permits
closing the outlet at a lower gtage and ﬁaintaining a‘suétionlievel
1imi£eq oﬂly by the capacity and draw-down of the pumps, . The opera-

tion assumed in the design is indicated in the following‘tabula?

tion:

ASSUMED PUMP OPERATION
Pump No. 1 2 3 n 5
Capacity, gePate. -~ 2,000 io,ooo 10,000 25,000 25,000
Starting Stage 237 2l 213 L5 L7
Cut-off Stage 233 239 2l,0 2le 2z
Minimum Submergence, ft. 1 2 L 5 6

c. Design Condifions. - The grade of the flood protection

works is such as tc provide a 3-foot freeboard abovs the 1927 flood
and the design of the floodwall considers water'ét'iﬁs’top. The maxi-
mum river stage considered in pump operation is one foot below top of
wall, or about elevation 259, and the stage a£ which theApﬁﬁgg'are de-
signed to give rated capacity is 253, or slightly above theimidpoiﬁt
in the range of expected operation (2l,5-259) . Assumed des}gﬁicondi-

tions are set out in further detail in the following tabulation:
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DESIGN CONDITIONS - WAIN STREET STATION

s L, . sMaximum Operat-

Item Rated Condition sing Conditiogw
1 :2& 3% :4L&5 1 :2&3%:L %5
%,000:10,000:25,000: (1) (1) :(1)

Pump No.,
Capacity, g.o.m.

ss o» oo oo | 0w

c.f.s. 6.67: 22.2 :+ 55.6 : s :
Assuned discharge diameter, : : t : :
inches : 10 420 . 36 : :
River stare, elevation ¢ 253 , 253 , 253 .259 ,259 259
Suction level . 233 ., 239 , 2L2 ,23%3% ,2%0 212
Static herd, feet .20 .1, 11 26 .20 .17
Estimated losses beyond pump, : . . . :
fest . 9 . 0.3 0.2 ,2 .03 0.2
fBiquivalcent static head on pump, . . . . R .
foet =5 B VP Y T B B 28 120.3717.2

(1) Assumed as about 90% of rated capacity.
10, Hickory Strect Station.

a. Equiprent. - Two propeller pumps of 15,000 z.p.m. ca-
pacity each will be installed initially with provision for the fue
ture installation of a third unit. The relatively large volume of
storage avsileble at the site will obsorb variations in flow end
makes a bypsss within the station, such as is supplied at the
Hein Street Station, unnecessary., About 150 feet of discharge
piping will be required at this station to carry pumpage over the
levee and discharpge it safely., Embedded pipe sections will be
Class B cast iron; the remaining sections will be 3/@~inch'we3ded
pipe madc of corrosion-resisting steel. Pipes will be supported
at approximetely 18-foot centers on concrcte pedestals., At the
outlet end a depressed concrete apron will be provided to still
the discharge and prevent crosion of the sandy carth material,

The apron hcadwall will incorporute a large block of concrete
to which the pipes will be securcly anchored so as to tranéfer

the dynamic reactions incident to operation, Outlet piping was
d-sizned to discharge at leest 5 feout below flood stage in the

river,
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b. Operation. - The expeétation is that the gravity outlet
will be closed at about the same time as that at Main Street but the
design permits some latitude in action, The suction level which can
be maintained will depend upontthe capacity and limit. of draw-down of
the pumps, The sump level was fixed by the elevation of the culvert
inlet at 236 and the limit of feasible drawadown was considered as
about 2lj1. If is assﬁmed that oné punp will come in£o opératién at &
suction level of‘QhB and the other at & suction 1éveinof éh5.” Pﬁmps
would cut off at an eleﬁation not lower than 2&1;

¢+ Design Conditions, - The grade of the levee is at about

elevation 259 and' the center of the dischargeAline*will reach an eleva-
tion of about 261, The maximum river stage considered in pump opera-
tion is 258 and the stage for rated flow delivery is taken as 252,
These conditions are comparable to those assumed at the Main Street
Station., The design conditions are set out in further detail bhelow:

DESIGN CONDITIONS - HICKORY STREET STATION

Rated :Starting : Maximum Operat-

ine Condition

(1)

Item

[=}

Condition:Condition

15,0005 (1) %

Pump capacity, g.p.m.-

c.f.s. P33z :
Assumed discharge diameter,- .. ° ‘ * :
inches ool : :
River stage or control elevation®: 252 Fogr (o) f 2?8
Suction level ool a3 : 2Ll
Static head, feet ! E: : 17
Bstimated losses beyond pump,  ° : :
feet (3) o o : 2
Equivalent static head on pump, °© ; P ’
foot T3 P20, : 19

Assumed as 80% to 90% of rated capacity.

Assumed high point on center of discharge.

Based on 1325 feet of 2l-inch pipe with flared discharge.
(Flare omitted in final design.)
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N O -
~— e



11. Cedar Street Statiqi.

a. Equipnment. - The Cedar Strect Station will dispose
of only sanitary sewagc., Pumps will be of the nonclog sevage vo-
lute type and will be placed in a dry pit with suction sump so
located as to exclude sewage and gases from the building and pump
pit. To care for the maximum anticipated flow of 566 g.p.m. and
to provide reserve copacity, & service unit of 750 g.p.m. capacity
and a like stand-by unit is providec. Provision is als6 made at
the station for the future installation of an additional unit,

A small sump pump will carc for seepage and leakage,

<

b. Operation., - The top of the 2L-inch inlet (fixed by

e
na

present sewer grade) will be about e¢levation 235 and it is prob-
able that the gravity outlet will be closcd somctime aftor the
river stage roaches this elevation., The suction sump is set at
elevation 231 so s to provide a lirmited volume of storage and to
pérmit sufficient drow-dorm within the sump £$‘eétablish free
outflow in the main sewer above and thué prevent deposition;
Pumping, once sturtod, will continue under autém&tic control,

It is assumed that the starting clevation will be set at 2%7 and

the cut-off about elevation 2%0,5.

c. Desipn Conditioas. - The river stages assumed in

pump operation are 258.5 as a maximum end 252,5 when the pumps sro
delivering thcir rated capucity. These are comparuble to the con-
ditions cousiderud ut the other stotions, The design concitions

arc sct out in further detail in the following tabulation:
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DESIGN -CONDITIONS =~ =

Rated-

iotd : : " Maximum Operating
‘Descrlpﬁlon t Condition Condition
Pump capacity, g.p.m. f 750 f (1)
c.fes, o 1.67 : o

Assumed discharge diameter, : :

inches 6 "
River stage Lo2%2.5 258.5
Suction level . .230.5 230.,5
Static head, feet =~ : 22 X 28
Estimatcd losses exclusive of pump ; 5 : L
Egquivalent static head on pump .27 : 32

(1) Assumed as 90% of rated capacity.

12, Soil Investigations., - The field exploratioﬁé made in prepa-

ration for the design of the stations consisted ofvﬁ;ég;pborings with
visual field classifications at each of the three sitéélijocations
of holes and logs of materials en@éuntargd.are gﬁbﬁﬁzpn‘fiates II,
III, and IV, pages 26, 7,‘apd:Qé;mfégﬁ%é{RVéiiim In general, all
materials may be considered cohgsionieés. ANo i;bordferAtests were
made to determine physical properties of the ﬁatérialé. Accordingly,
unit welghts and pressures werc estimated. Values used in theAdesign
are set out in subparagraph 133ﬁ1). As a result of the investigations,
the conclusion was reached that the foundationé will safely support
any load likely to be imposcd by ﬁhe design, The moximumn foundatioﬁ
pressure at each station was sstimated to be as follows:

Maximum Foundation Pressure
Station Lbs. per Sq.‘Ft.

P—

Main Street 2,100
Hickory Street 2,000
Cedar Street 1,900

-17-
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13, Structural Design Critcria,

a, Assumsc Loadinss.

(1) TUnit Weights and Horizontal Pressures, - The

following unit weights and horizontel pressures for material were

assumed in the design of the structure:

Weight Horizontal Pressure
Lbs. por Cu. Ft. Lbs, pcer Sqg. Fe.
Yater 2.5 62.5
iloist Barth 12l 1.5
Seturated Zarth 12l 83
Concrete 150 -
Steel 1ic0 -
Wind Load - 30

(2) Hydrostatic Uplift., - The uplift pressure vas

assuned to be 100 percent of the hydrostatic pressure applied over
the base of the pump houses. Elovations considered are indicated
belowr:

Melin Iiclkory Cedar
Strecet Stroet Street

Outside EHydrostatic 260 250 ene
Sump Level 23], 27,8% 230

*Approxinate elevation of »umn suction bell,
(3) Roof. - The roof slub and beams werc designed
for dead load plus a live load of LO pounds per squarc foot.

(L}) 1liotor Floors. - The motor floors were desipned

to carry the weight of all pumps suspended from the floor plate as

woll es a surrounding uniform live load of 250 pounds ser squarc

~18-
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foot, or a concentrated live load due to the heaviest single part of
one pump. To the machinery loads (pumps and motors), an impact fac-
tor of 50 percent has been added., ' The weights of pumps and motors
used in the design are as follows:

Capacity of Unit . Approximate Weight,

B.DeM, Lbs. 
25,000 18,000
15,000 . 9,000
10, 000 7,000
5,000 2,800
750 1;800’

Estimated weights accompanying contract bids indicate that the above-
assumed weights are sufficiently close for design purposes.

(5) Columus and Crane Runway. - The columns were de-

signed to carry the full loads from the roof; dead load, live 1oad,‘

and impact effect from the tra&elihg crane; and bending due to the
eccentric loads., In the design a hinged cohditién at the base was
assumed, Crane runways were designed to carry the rated crane load,

plus a vertical impact of 2% percent., At the Cedar Street Station an
overhead beam designed for a goncentrated live load of 1,000 pounds will
be provided to support tackle required in.installatioﬁ or removal of pumps.,

(6) Trensformer Platforms. - The design loads included

the estimated weight of transformers, plus a live load of 250 pounds

per square foot,

(7) Stairway at Wain Street Station. - A live load of

100 podnds per square foot was used.



(8) Trash Racks. - The vortical trash rack bars -will
be spuced at B-I/Q—inch centers and were designed to carry a water
load of 5 feet, or 312.5 pounds per squure foot.

(9) TUnderground Structures. - In gencral, these

structures verce designed for the unit lozds indicated irn subpara-
gragh IBEﬁl). ‘Aé fheiﬁain Strect inlet chember the north vrall is
cGesigned for an addcé surcharse of 1,000 pounds per linear foot to
take care of the load imposcd by the adjacent railroad, and the top
sleb below ground level vwas also designed for this railrosd load-
ing. The grating and top slab above ground level were designed for
a live load of 250 pounds per squerc foot., The outlct culvert
alorg the floodvall on the riverside at the kMain Strect Station
was designed To resist internul pressure duc to pumping and cr-
tornnl pressurs duc to o saturated carth load with top of fill nt
elevation 252, plus & live lond of 200 pounds per sguare foot,

b. Unit Strcsscs,

(1) Reinforced Concretc, - The allownble working

stresses it concrcte, 2s used in the design, are based cn a ton-

russive siroagth of %,000 pounds por squarc inch at 26 d.ys. The

o]

working strosses tabulated belew, excunt for roinforeing stzcl, cre

the swae os those contained in "Standrrds cf Design for Coacrote, ™ ULS,

Kavy Tepartront, Zurcau of Yards and Docks (Yo, 3Yb, Hovemher 15,1329),
(~) Plexure

e Lbs. nur S:

.
Extreme fiber stress in comprossion 1,050

Lxtreme flbor sircss in compression
adjocint to sulnorts of continuous
or fixcd hears cr of rigid frames 1,200

~20-
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(2)

(b)

(e)

Lbs. per

S5q. In.

Shear.

i i

Beams with no web reinforcement and
without special anchorage of

longitudinal steel 60
Beams with no web reinforcement but
~with special anchorage of longi-
tudinal steel 90
Beams with properly designed web
reinforcement but without special
anchorage of longitudinal steel 180
Beams with properly designed web
reinforcement and with special
anchorage of longitudinal steel 270
Bond. ’
Deformed bars 150
Deformed bars with special anchor-
age of longitudinal steel %00
Bearing.
Load over entire area 750
Steel Stresses.
Tension 18,000
Web reinforeing 16,000

Structural Steel., - The design of structural steel

members was carried out in accordance with the "Stsndard Specifica-

tions for Steel Construction”" of the American Institute of Steel

Construction,

(3)
(L)

Bearing on Soil. 5,000 Lbs. per Sq. Ft.
Moduli of Elasticity.

Lbs. per Sg. In.
Steel Es = 30,000,000
Concrete (%,000 p.s.i.) Ec = 3,000,000

Value of n = Es/Ec = 10

-21-


https://Strmdo.rd

(5) Coefficient of Lxpansion.

.0000065 parts per degree Fahrenheit.

(6) Protective Cover for Principal Reinforcemert. -

The thicl'ness of concrete covering, measured from the face of con-
crete to the face of the reinforcement, shall not be less than

indicated below:
Slabs _ 1 inch
Beans 1-1/2 inches

Slabs and bcams exposed to
water or earth, but poured
against forws 2 inches

Xembers poured dircctly
against the ground % inches

1l:. Type of Construction. - All threc s:ations =ill be of

the sarme general type of construction embodving reinforccd concrete
substructurcs with superstructurcs above the motor floor of hollow
tile with brick veneser., Flat rools of roinforced concrete sup-
ported on structural stecel beams and covered with 5-ply tar and
gravel roofing will be provided. In the design of the iain

Strect end Iickory Sﬁ cot buildiacs, structural stecl frames

were provided to carry the crane and roof loads, The Ccdar

Strect building will be comparatively swall so that the struc-
turel stcel columns heve becn omittsd in the desisn and the roof
beams supported on the 12-1/2~inech wulls., The 12-1/2-inch

walls will be comion to all stations, Glass block pancls vill

be us;é for architvectural cffict and for lighting. Each build-
ing ~ill be provided with rcof vertilators and louvers of

ampls sizc to provide for the circulation of air., Supcrstructure
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exteriors will be of face brick with cut stone trim. The substruc-
tures were designed as reinforced concrete rigid frames, carrying
horizontal and/br vertical loads as may be permiitted by the special
wall openings required in any parficuiar case, No contraction joints
will be provided except in the outlet culvert at the Main Street
Station opposite similar joints in the floodwall.

15, Incidental Work not Included in Construction Plans.,

a. Riprap Protection at Main Street and Hickory Street Out-

lets., - As set out in the Basis of Design, riprap protection at these

outlets is contemplated. However, experience in doing like work along
the Arkgnsas River in th¢ vicinity of Little Rock iridicates that the
work can Be done‘most economically and satisfactorily under ‘& sepa-
rate contract. Accordingly, it is proposed to do the work in this -
manner rather than as a part of the general contract for construct- -
ing the stations,

b, Access Road at Hickory Street Station. - The city of

North Little Rock has_aggeed to construct an access road to this
station., Such & solution appears preferable to that coﬁsidered in
the Basis of Design where steep side slopes dnd sharp curvatures were
necessary to construct a roadway over the existing culvert.

16, Time of Completion.

a. Pumping Units, - A separate contract for the pumping

units exclusive of discharge piping valves and switch gear 1s con-
sidered desirable os permitting ropresentative pump manufacturers to

meke direct proposals for the work rather than to deal indircetly
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through & general contractor. The separate contract has the fur-
ther advantage of gotting work under way sconer end of providing
data as to the pumos to be installed in 2dvance of completing con-
struction nlans fer the stations. Speedy delivery of the puwurs
vould be diificult to accomplish becsusc of the present unfavorable
market cqnditions. Purthermore, the tire at which the punips can

be put into cperation is dupendent upon construction of the build-
'ings in which the pumps are to be houvs:id., In view of thuse con-
éi£ions a period of 1€0 days is zlloved for delivery of tho pump-
ing units.

b, Bulldings and Appurtencnt ¥Works. - It aprcars that

this work can be advertised in iarch 19241 and avurded scouwctine
during April., Conplcticon is requisite before the next flocd
szason which nay be considercd to start semetime after Januvary 1,
Accordingly, thce neriod from Muy 1 +o Decimbzr 1, or about 210
days, should bc 2veilable for coastructionr. It is coancluded that

the contract tims shovld be limitcd to 210 days.

N
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