CONNECTICUT RIVER rLCCD CONTROL PROJECT

HOLYCKE, MASS.

CONNECTICUT RIVER, MASSACHUSETTS

ANALYS!S OF DESIGN
FOR
LOCAL PROTECTION WORKS

FISCAL YEAR 1938 DIKE SECTION, ITEM HI.2
INCLUDING PUMPING PLANTS — CONTRAGCT

APPENDIX A

APRIL, 1939
CORPS CF ENGINEERS, U.S.ARMY
_.SINGNTER OFFICT PROVIDENCIF



HOLYOKE DIKE
. ’ L
ANALYSIS OF DRSIGH x {0} - i*{i
APCTENDIX

JAPBLE OF COWTHNTS,

Appondix A
Poge Xo.
R Teilraces No, 1 and Fo, 2 Aelmp2g
T : Stability of structure - IHigh voter ‘ A=l
" S Floor Slab Awb
e Gate Structurc Basgc Slab AT
Stability of Structurc -~ Low ¥Wabter A=
Sump Well -~ Section Above Sluice Sate Anl
Sump Woll -~ Scction at Siuice Gato Amld
Conduit for Tailrace Ko, 2 A~18
Pury Roon Floor _ ' A=19
Tailrrce o, & ' Aw30-A45
Stability of Strueburs -~ High ¥nber £330
Streases in 1&11-Butmeu Conduits : ‘ . A=35
Stobility of Structure - Low Woter ‘ LeBT
Conduits ‘ S A=39
Swm Floor Slab _ A o Awdd
Toilrace Ko, 7 : . .‘.A—ﬂ6~ﬂ68
Stobility of structure - High Vater . o Ae4s
) Tell Betwooen Conduits o A=B1
' Stability of Structure -~ Low Water ' Am52
Conduits _ A=l
Lpron in Front of Conduits S AmB9
Pumn Sump ot Sluiee Gote Oponing IR . A<BlL.
- _ Pump Housc %all ' - L AwB4
Sump Floor Slab & Sump Floor- Slab Extonsion . A~BB
Tallroece o, 10 . . : n*69~4“129
\ " Design Data ‘ L : A=G9
Purp Rooxm ¥Floor : _ £=T0O
X Purp Room Roof ' ' o A=85
' Conduits ‘ A=B8 -
. . Pump Swp Yalls ' . L Ae9B
o Roar Wall nt Main Sluice Gates - T A=99
2 ‘ Fronmt ¥all at Mein Slulco Gabes o A=100
S ‘Bogann in Pront of Sluiec Gate Twll_mt Bl, 77.00 A=101
o %tablllty of Struﬁturc - High “aber - A-102
. . Design of Count arit: vt - High .atcr & Low Yiator A-111
P Desipgn of Conduits * A=116
Dosign of Swuyp Floor $lab ' S A=119

Design of Cronc Boams ' . A=120.

L] :




Dreo

No,

96
96
96
96
97

58.
98
98
28
86

99
.99
09
99

99
89

Teilrace Gote S
it 1)

Wingwalls o
"

WEILE

Wall from Sta.5+89,74 b 11+22,83% (Soc,

1

N

1

HOLYQEE PIKE

AALYSIS OF DESLIGH

AFPENDIE

TLBLE OF CONTHNTS (comtld)

Appendix B

tructure Mo, €
" Wee 8
" He, 9
" No, 11
" Mo, 12

dpoendix C

f Tailroce Ho,

6
" Mo, 7
8

" Wo,

" Wi, 9
" Tog, 10
" Ho. 11
" Wo, 12

(Soction at 9+60

(Scetion ot T+0)

Vinll
Fall
Wall
Tnll
Tinll
Well
Woll
Tall

Tall
Tall
Wall
Wall

¥inll
Wall

fron
from
from
from
from
from
fron
from

frov
from
from

From

from
from

St
Sto,
Stee
St
Sta,
Sta.
Sta.
Sto.

St
Sto,
Stoe
Sto,

Sta.
St

e

ot 10+40)

L¥12¢ Lo A+377,5 (Scebtion o A+80)
114+47,15 o 11481,35 ond 11+81,79 to 12+51,38 D=0

Yie aiy%o 10+40

20+31= %o 214185 iSCGtioﬁ ot 20+78)

21+35- fo 28+42, 5=
23+83,0m Lo 25+64,0- (Scotion at 24+75)
26+18.6 to 27+81,8 (Scetion ol 27+60)

30+48.7+t0 BO+BT4Om
31+43,5~ bo 32+24,1
E4+E6m o 44400 -

AA+0Be = L5HTTe
214270 - 42+4be
CE5+TTe = 45+57a
B+3217 = Br36ls
42+AAT « A5+60z
49+33% - A9+6B=
B4d5m - Br8lm
B+2d1z - B+B217
16+577 ~ 49+557
51+85% ~ 52+26m

b=

Scotion ot 23+0)

Page Mo,
B-1
B-16
B-34
B-50
Bu71

C-1
C=11
Cm34
C~55
C-73
C-104
0=-128

D=1

D-10
D=12
D14

D25
De28
D-38
D2
D-50

D=56
D62
Dub9
D78

Du87
D94

=100

S

RIS -~ S-S RS G



BN

“

Drowing
Ho,

99 Wall ot
100 Wall at
100 %all ot
100 Wall ot
100 Wall st
100 Toll at

Gote at
n t
n 1t
1t 1
LH 1t
14 "
1t 1
1t H
111 f1
it it

Hoists

B+81i+:::

50+57-

v

HOLYOXE DIRE

ANALYSTS OF DESTGH

APPEHDIX

T/.2LE OF CONTENTS (conttd)

o L A oy

B+2410

51+854

27+81,9 = 28+62,5
28+62,H - 29+ 76,4
53+80,2 = Bét20m
2047044 » 30+48,7
52+¥24,1 - 32+54,76
S0 w 3o+&T
36+056 to 36+44-

Outlet Ho.
11 11

]
1
1t
L

e

;AD'Q endix B

(e

Page No,

D107
D-107
D-114

D~-118

D-125
D-124¢
D137

el
Fm8
E-15
E-26
Ew26
Ew20
E-15
E40
26
E-d0
Ewb4

S S PRI N e




HOLYOKE DIKE

ANALYSIS OF DESIGN

APPENDIX

A, General Information,

1. Location design grade and loading, The reinforsed

conerete flood wall will extend from the ond of the wall knovm

as The Initiel Fiseal Year 1939 Unit, Holyoke, Massachusetts, to
1002 south of tailraee structure #10, Tailrace gate structures
occur at the following stations: ¥o, 1 at Sta, 16+75f, No, 4 at Sta,
25+90%; No, 6 nt Sta, 35+60=, No, 7 at Stc. 40+83%, No, 8 at Sta.
44+30%, No, 9 at Sta, 50+10%, No, 10 at Sta, 52+00=, No, 11 at Sta.
55490, and No, 12 at Sta, 58+80~, Pumping stations will be incor-
porated as a part of Tailrace Gote Structures Nos. 1, 4, 7 axnd 10,
The structures arc designed to resist a principal load coming from

. the assumed head of water teken from 1,5 to 2,9 fect higher than

the walls and therefore somewhat groater than the Comprehensivo Plan
flood stage., This design hcad is in accordance with instructions
from the Office of the Chiof of Engincers, The walls could be raised
by temporary breast work at times of extreme flood, In general, the
secondary lomding is the ground f£ill on the londside of the walls,

The wnlls vary in height from 8té" to 3710",

2, Type of wall, In general the "T" {type cantilever wall i
wes selectod as being the most economicnl for the héight of wall ;
needod under the existing conditions, The soctions of the flood
woll cdjacont to the tailrace structures were of a buttress type
due to the neccssary inercascd height, For some scetions of the
woll duc to local conditions, such as o building c¢bstruetion, an
"L" type contilever was used as the most practicable type., Con=-

erete facing wnlls were used at locations of existing dikes,

-) -



3s Tailrace gate strucbures. The conercete tailrace structures
were designed to resist o load coming froﬁ a head of ﬁater, equivalent
to that used in the design of the walls, . The structures wore inveosti-
gated for stobility for two conditions of loeding; one with tho river
at flood stagé ond one with the river dowm. The conduit portions of
‘the structurés woere desigped as rigid boxos loadod with muximum Pros-
sufcs obtainablo,

4, Punping .stotions, In the following design enelysis the

pumping stabtions were considered an inbegrel part of the tailracc

gate structures,
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B, Genorpl Design Data,

1. General. Tho structural design of tho structures have
AN
boon cxeeuted, in general, in occcordancs with standard oractice,
The specificotions which follow cover tho condition affecting the
design for stability, reinforced conereto and structural stecl,

2. Unid% weights, The following unit weights for maborials

wero nssumed:
Water 62,5 pounds per oubic foot,
Dry carth 100 pounds per cubic foot,
Saturated carth 125 pounds per éubic foot.
Conorete 150 pounds per cubic footb,

Structural steel 489,85 pounds per cubic foot,

3+ BEoarth pressures, In compubting sctive corth preossures
equivalent fluid pressures computed by the usc of Rankine'!s formula
were used, They are as follows:

Equivalcent liquid pressure of dry carth = 35 pounds per
cubie foot,

Equivalent liquid pressure or saburated earth = 80 pounds
per cubic foot,

In computing passive resistances, Rankine's formula wos
usod, with the coefficient of internal friction - 35 degrees,

4., Hydrostotic uplift,

B. River side of sheet piling, full head due to headwater,
b, Landside of sheet piling,

(1) At landward toe, full hoad due to tailwater,

(2) At shoet piling, full head duc to tailwobor plus
one~holf the difference betweon heodwnter and toailwater,
(3) At intermediate points, the uplift was sssumed to

vary uniformly with the distance “f¥om the toe,
3=




5, Overturning., The rcsultant of all external loeds, in-
cluding hydrostotic uplift and cxeluding base pressure, does not
foll within the middle third under every condition but under no
condiﬁion is ‘the nllowanble bearing volue of the soil oxcéodod.

6. Sliding, The totol horizonbtal forces due to cxternnl
loads shall not excced the rosistance aveilable from friction and
passive roesistance., The coofficient of friction wsed is 0,45,

7. Boaoring. The total bearing prossurc, cqual to the sum of
hydrostatic pressure plus the romaining effective bose pressure,
shall in no cose coxceed tho moximum allowublo s0il prossure,

8, Frost cover., All footing basvs shall lic at least 4 feet
bencath the ground surfacc to avoid heaving by frost action,

9. Path of porcolation. Excopt where stecl shoot piling is

driven to rock, the minimum path of pereolation shall be determined
as follows: Wall with shoet pilc cut-off and with filter on land-

side fivo times the hoad of water for wall with stom up to 5tO"

~above the base and four times the head of water with stem greater

than 510" above the baso,

10, BReinforeced Concrete, In gemoral all reinforced conerete

was designed in accordance with the "Joint Code of the American
Concrete Institube and the Reinforcing Stoel Institubte for the
Dosign of Concrote and Reinforeed Conerete issued in 1928 and the
"Progress Repgrt of the Joint Committee on Stondard Speeifications
for Concrete and Reinforeod Conerete issued in January 1937,"

(2) Allownble siresses, The alloweblc working strosses
in conercte are based on an average ultimatc compressive strongth
in 28 days of 3400 pounds per squorc inch for Class "A" coneroto

and 3000 pounds per square inch for Class "BY concrotc.
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(b) Flexurs (fo),. ' Lbs. per sg, in.

Extremc fibre stress in compression
Eﬁtromo fibre stress in comprossion
adjacent to supports of continuous or fixed beams or
rigid fromes
(¢) Shoar {v)

Beoms with no web reinforcoment and

without specinl anchorage

Beams with no web reinforcoment bub
with special.nnohorage of longitudinal steel
Boams with properly designed web roe
inforcement and with special anchorage of longitudinsl
steel
Footings where longitudinal bers have
ne sovceial enchorage
Footings where longitudinal bars have
special anchorage
(4) Bord (u).
In beems, slabs and ome way footings
Where specinl anchorage is provided
The above stresses ore for deformed bars,
() Bearing (fo).
There » concrobte member has an arce at
loast twice the arca in beoaring

(£) Steel stresscs

Tension

Web roinforcoment

800

900

40

60

180

60

100

200

500

18,000

16,000




(z) Protective conorete covering,

Tyoe of jembers Miniawm cover in inches
Intorior alabs 1-1/2
Intorior booms 2

Hembers poured directly against the gpround 4

Mombers cxposed Lo carth or water bub

poured ngainst forms 3
For scecondary stocl, such as tommorature and spacer

sticcl, the above minimwa cover may be deereased by the diamcter

of tho temporaturv or spacer stecl rods,




Cs PRasic Assuuption for .esigi.

1. Tailrace “ete Structures.

() Stepility, The stability of the spte structures as
a unit was investigated for the worst conditions of loading; namely,
with the river st flocd strre snd salsc with the river ot low sta.c.
In all conditions of loadin., the bare vressures were held helow
the 2llowehle,

{(*) Pocc zlahs of nuuo houses,  The ron” glahs sre of re-

in*oreed ceonerete. The;, were desizned to carry the full desd load |
plue & live load of L0 pounds per square foot of rool soarfaces ]

(¢c) “mchinery room Plocrs. The mechinery room floors were i

desirned to coarryv all motors, ete. sctually to be placed on that floor
as +all as a uniform load.
The followin~ assuv phtions were made for design purposes:

(1) ¥or the floor slub the desizn loads vere the

estimated dead lomd plus o unifora load of 350 pounds per squere Toot. ;
(2) Fof.removable steel flocr plates, the ﬁesign

losds wefe the estimeted desd ioad plus é unifiorn load of 350 pounds

per sguare foct, \
(5) For the floor herug the desi-n leads were the

estimate dead losds on the unnecupied porition of: the floor slabs

which contribnte lesde to ihe heams mder conriderstion, For the

wechinery loads sn impact factor of 100 per ceut has beun adced.

(¢) Puamp room side walls and floor slab.

In desinin~ the pump room side walls and floor
slabs, the sssumption was mede that the side walls, ahove the
mochinery floor are simplyv supported st the top edrzes “nd Pixed at

the hase,

T
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(e) ~Sumps, The pumping stetion sumps were designed as
closed horizon%ﬁl reetangular frames conbimous at all.four corners,
except for the portions included in the depth of the sump sluice
gate openiﬁgs. These ﬁortions were designed as horizontal frames
hinged on each side of the slulce gate oponings, The sump floor
slabs and the oxtonsions of these slabs to the land side of the
structuros woere designed for the net upward roactions against them
as well as for the gravity loads which they ars to support, The
slabs werc assumed as simply supported except where conditions
Justified assumptions of continuity,

(f) Conduits, Tho conduit vortions of the tailrace struce-
tures wero designed as rigid frames to carry the meximum possible
loads from earth cover, horizontal carth thrust and maximum base
Pressurc, & |

(g) Halls.

(1) The roar wall was designed to resist an carth load
from the £i1l on the land side and also g wabter load from the river
sidc,

(2) The front curtein wall vwms designed to resist an

" ice pressurce of 1000 pounds per squarc foot assumed o act over two

feet giving a loading of 500 pounds per foot,
(h) -Bubtresses, The buttresses were designed as cantilover
beams carrying a load of one-half tho s?an of the conduit.
2, Flood walls, The reinforced concrpte flood wolls werc
agsumed to act as cantilovor walls, resisting lateral forces in both
dircctions, The roestraint of tho shect piling was neglected,

(a) Wall Stem, The stem was designed as a cantilever

G




beam fixed at the top of the base support te carry the difforential
load due to wabtor pressure and.earth nressure, the landside face
of tho stem was dosigned to carry the load from the backfill or
railroad for those scetions of the wnll wher¢ these loads exist,

(b) Basc Slab, Both riverside and landside footings were

designed as cantilever booms fixed at the face of the stem,

3., Wing walls at_gato structuros, The reinforced conorate
wing walls wore assumed to act os buttress walls, rosisting lateral
forees in Both dircetions, The restraint of the shoot piling is
ncglected.‘ |

(a) Woll Stom, The stom was designed to carry the
differential load duc to water pressurc and earth pressurec by beam
action to the bubtresses,

(b) Landsidec Base Slab, The landside footings were designed

as beams simply supported at the buttresses, due to the "stepping up"
of thc bascs adjacent to the structurc,

(c) Rivorside Basc Slab, The riverside foobings were designed

as cantilevor boams supported at the face of tho stom,
(&) Buttresses, Tho buttressos were dosigned to resist the

comprossional tonsional snd shoaring forecos induced by the slabs,

B



HOLYOKE DIKE
AWALYSIS OF DESIGN
APPUNDIX. A

LHTRODUC TION

Grades of concrete at top of walls were changed after computations
were completed, This raise in grede is in favor of stability since the
walls were computed originally for an extra 3 £t. head with less dead
load in the stem,

Slight variations may be found between the computation dimensions
and the dimensiocns of the final strueturse., In no case was this variation

enough to warrant redesign,
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