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INTRODUCTION
Many types of dams have been built using less material
and yet refaining the safety and permanence of a ®gravity"
dam. The most successful of these 18 the single arch dam
where conditions permit 1ts use; and so tke purovose of this
thesis 18 to d etermine the difference 1n material, e.l. the
amount of concrete, under a given set off conditions, between
a gravity dam and an areh dem,
The given conditions are:
1. A vertical walled canyon, 1CO ft. in width,
capable of resisting the arch thrust.
2. A good foundation, non-porous rock--nO uplifs,
3. Coef., of friction- concrete on concrete .6
concrete on rock .75
4. Helght of dam 100 ft.
5. Top width 6.5 ft
6. No wind or ice pressure

7. Non-overflow type dam
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DESIGN GF NCN-OV tR#LOW
SOLID-GRAVITY DAM
The general reguirements for the stabllity of a gravity
tyoe dam are:
1. There shall be no tendency toward overturning
2. That the maximum oressure on any plane will

not exceed a certaln prescibed safe working 7

stress.
. That there will be no sliding on horizontal
sections.
The first condition 1s met by keeping the resultant
pressure in the middle third of the base of the ®ectlion, X
e
thus meklng the factor of safety agalnst overturalng 2 or
greater. The second condition is met by spreading out the
base from that required to fulfill the first condltion, if
necessary. The third condition is almost always met by the
regulrements of the first and second conditlions.
Nomenclature--The symbols used will have the following sig-

nificance:

W = The welght of the masonry of the dam above any Lorizontal

section,
h = The helght of the dam sublected to water pressure.
P.= The horizontal water pressure on the upstream face.
R = The resultant of P and W
e = The eccentriclty of center of pressure on horizontal

section.
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1

Unit comoression on upstream face.
Unlt comoression on downstream face.

The factor of safety ageinst sliding

= The factor of safety agalnst overturning

The length of base

The unit shearing stress

The distance to R from the heel of the baase of tke
horlzontal sectlion

The distance of W from the hecl of the base

The distance of P from the heel of the base



Determination of the Cross Section
Cresr 6.5’

ez o .
b.= hx¥2.4 - 100 x 64.5 = €4.5 /0
150 say €5 ft. 2

Add triangular plece 4.5 x 90!

to upstream face to counteract

the effect of the top with T

-/

of 6.5 ft., on the center

K-X12

of gravity. 7o Y
8.5 \:”

&s

>

L erri efow Coesr [/00°

A - 625

Area of the cross section equals % (65 x 100 - €.5x1C - 4.5x%90)

The volume of dam = 3,485x100 - 348,500 cu. ft. or 12,91C cu. yd
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Sectlion 0!

to 10! Reservolr full

— 65—

Rn

R.

6.5x10x150= 9750#
2 2
wh® - 82.4x107 - 5,120

Mieel1 = O

3130 x 10/3 1 9750x3.25 = 9750z = o

fs

v v/
10,400+ 31,€90 _
9750 - 4.33.

4.33- 3.35 = 1,08!
4

/ Lo ox
9760 (4 4 6x1.08 , _
ZLED (1 + 8508 - 1,500 (1 # 1)

#q’ 7
3000 - 28 Py 5’;13
0

= 9760x.6 = 1.88
3120



fo = 3x150%b8 = 24150%x6,58 = 2.03

€3.4h -—éz—q-nﬁ—-

s =P = 3120 =3
A 6.5x144

Reservolr emonty

2760 (1 3 §%Z§9§) = 1,500 (1 % 0)

6.5
= 1,500 = 14 L.
= 1,500" "= 14 p+



Section 10!' to25! Eeservior full

We (IX12 6,551 + 2o79X15) 154 _

850 + 14,625 + 10,975 = 26, 450

P =62.4
== x (13 - n3) = 31, 24(35% - 108) = 1€,380 **

26,450 k

850x+25%2 , 14,€35%x4 +10,935x10.5
3

k = 6.58!

16,380X + 3130x10 = 19,500x25%2
3

X = 17.94"

«
]

Mieel = 0

16,380x7.06 +« 3,120x15 + 28,425x6.58 + 9,750x4 - $6,2002= 4



2z = 115,700 + 46,800 + 174,000 + 32,000 = 10,27
36,200

(0]
1]

10,37 - 8.5= 1.87

= $6.300 (14 6x1.87 2 %
P ==t ( £xL87) = 2130 (1 €.€)
Py
P = 3540 a 25 r.s.l'.

p = 93,5&0': 605 r.JJ

£, - £6,200x,6

8 = "19,500 = 1,11
£ . 2x150x17.02

0= &3 4xz5 = 3.33

8 = 19,500 _ _ g
17x12x13

Reservoir empty
9750x4 + 26,535%x€.58 = 3€,300x

x 5.89

(]
1]

8.5 -5.89 = 2.1
p = 36,200 (1 £x2.61 ) = 2130 (1 ¢ .92)
17

P=170"""=1p:i

e
"

4,100 "= 28 ..

The Computations for the suceeding sectlons are done

in a simalar manner.



DESIGHN CF AN ARCH DAY
Hanna MNethod
from

Design of Dams by Hanna and Kennedy

Arch dams differ from gravity dams rrincirally in that
they transmit the water load to the slies, rather than to
the bottom of the canyon.

In order that the material of the gravity dam and arch
dam shall be similar, we shall assume the maximum allowable
cornressive stress in the concrete eaqual to the maximum
stress in the gravity dam, which was 139 p.s.l., or 20,200
pounds per sausre foot, and the allowable shear 31 p.s.i.
In any arch dam there will be some tension 2t the crown or
At the abutments; 8o we willl use the 2’lowable tension of
50 p.s.i.

We will use s constant redlus of extrados, 82' and a
constant cent~al angle of 75°.

The arch ring will te consliered 'thin' 1f the radius

f the extrados 1s more than 5 fimeg the thiciness of the
erch ring, below 5 the arch ring 13 considered 'thick'.

Nomenclature:

N, Mg, V, = thrust, moment and shear at the abutments.

a’ a

Nhs» Mho Vh

thrust, moment sni shear at the haunch

Ne, Mg, Ve = thrust, moment and shear ot the crown

X



Nomenclature:

P = unit water pressure on upstream face of any sarch ring
p' - unit water nreasure on neutral axis of any arch ring

R = radius of extrados

T = radlus of neutral axls
re = radius of neutral axis thick arch ring
t = thlckness of arch ring rsdlally to the neutral axls

¢4 = one-half central angle of ext-ados for loaded arch ring

151

angle between the crown radlus and the radlus of extra-
dos through point g

g€ = any stress point on neutral axis

unit stress at extrados

]
]

fy = unit shear at extrados

unit gshesr

)
<
1]



Cross aection of the Arch dam

CresT 63
The thlcknessesgs of the arch rings at the Jo
6.5
various ellevations were found by trlal and
error. The'thin cylinde?' formula which
25’

was used in the calculations of srch /€’
dams in the past gave erroneous results
in this case, and so the arch ring

thlcxnesaeg were found by trial and <o

28’
errore.

The volume of any section = ,
7S5

t - t' 3 2(ry - rp/2(2xmx h)76° d
3609,

Der7w below CroesT /00

b-g2’

The t’)tal volume of arch I“ir‘.g - ElOye' E:‘__) (82_6 5 ) —(16 - 6,5

5

2

2

)

16 6.5

(28 + 42 x 50)(82 - 1_64_+_.2_§J(27175°
2 360°

222,620 cu. ft. = g, 350 cu.yda.

) =

4
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Volume of the Arch wedge 2t abutments

x 2 ¥ ten

Area of wedre = t_g_ztm‘l $. total ~rea = 2 2 tané. £2 tan
. —— J787(B6.52 ¢ 6.52
Vol:me of wedge - . o C = J’ x 10 « (6.58 + 162) 767 x 15
<

2 .
+ (102 + 38 ) (767) o 55 , (228 + 422) 767x £0 = 60,095 ou. 1.

Totel volume of arch dam = total volume of sarch ring - the

volume of the wedges = 222,620 + 60,935~ 283,615 cu. ft.



Horiz'l
plane ft.
below
crest

10

25

85

50

75

100

Horiz'l
plane ft
below
crest

10

25

85

50

75

100

Thick Tyve

Radlus of of
of Arch Arch
Extrados Ring Ring Abut't
823 6.5 thin 49.5
83 16,0 think 22,0
€3 1€.0 thilck 2l.C
82 28.0 thick 35.0
82 SE.0 thick 4€.0
83 42.0  thick 53.0

2e.5
11.0
11.5
18.0
36.0
29.5

Shearing Stress
P.s.1.

Haunch Crown

0
0]
0
0]
0]
0

Comblned Compressive Stresses in Area P.s.i.

Crown Haunch

Fx In x in
82.0 14.0 60.5 37.0
77.0 -13.5 44,5 23.0
70.0 -12.5 39.5 35.5
€3.0 -9.5 38.0 239.0
58.5 -11.0 29.5 a87.0
46,0 -4.5 28.0 32.0

STRESS TABLE FCR THE ARCH DAM

Abutment
Ex In

-15.0 114.5
-52.0 136.0
-46,.5 137.0
-3.0 139.0
-34.0 138.0
-85.,% 141.0



Arch ring 1 ft. high whose center is 25 ft below water surface

R = 83 ft.
R/t = 5.01 arch ring can be considered
t =16 ft.
as elther 'thick or thin!
r =174 ft.
We will use'thin'.
t/r = 16/74 - .816
K = 100.6
No = p'rx (1 K88 oo\ 63.ax7ax (1 -106.6x163)
r ’ 12x74%

127,900 (1- .415) = 74.900

-r(p'r - Neo) 3134- - co8 # = _74(53,000) gin 37° 30' _cog 0O
N 376307

» -74(53,000) (.07) = 874,200
-(p'r - N¢) sin = 53,000x8in 0° = O

p'r -(p'r -Ny) cos = 127,900-53,000xcos 1€° 45'= 77,700

-74(53,000) sin 370 30!
370 30!

- cos 180 45' . -74(53,000)(5017)

- €6,600

53,000x sin 18° 45' = _ 17,000

137,700-53,000x sin 37° 30' . 85.900

-74(53,000) 8in27° 30!
(53, ) 270 551~ - °08 370 30 - -74(55,000)(.137)

=-54€,000

*53,000 x sin 370 30! =.53,000 X609 -323,100



Stresses at Abutments

f =N EM &
- % : (comnressive stress formula)
f «_ 85,900 - -546,000x6
16 l6x16é

fe= 5350 - 12,850 =-7,500

f1 = 5350 + 13850 = 18,200
£y = SV o 3x%32,100 - 3000 =23 p.s.i.
8t ax1lé
at haunch
F = 27,700 , 66,600x6
18 16x16

fe = 4,250 » 1,550 = €,400

fi= 4,850 - 1,550 = 3,300

£f. =3V _ 3x17,000
v t = "2x16 = 1600 = 11 p.s.i.
at crown

£ = 74,900 4 274,300x6
16 16x16

f1 = 4650 - 6450 = -1800-=

a)
o
]}

4,600 + 6,450 = 11,100

o)

‘A PRECECDING CALCULATION SimiLar



Arch ring 1 ft. high whose center 1s 25 ft below water surface

R

R/t = 5.01 arch ring can be considered

el ther 'shick or thin"

We will use 'thick!.

83 ft.
as
16 f¢t.
74 ft.
g}'ﬁ;—-——' = — _, = 75.83"
10 - .
T % ge 1.24
¢ = 74.00 - 75.83 = 17
r . .2167 K' = 4.97
'n
PR (1- K' ) - 62.4x25x83 (1- 4
12

_rn(pR - Nc) Bil:** °COB‘,)=

[ 3

PR - (PR -N,) cos ¢ = 127,900

-73.83 (53,900) )a017) = 66,400
-(pR-Ng) 8in ¢, =

187,900 - 52,900x.793 = 86,000

-73.83 (52,900)(.137)= ~535,000

-52,900 x .609 =

-32,300

.97 y -
5 ) = 75,000

73.83 (53,900)(.07) #373,800

-53,900x847= 77,700

-53,900 x .34l =-18,050



£y

Stresses st Crown

t
N Mrp(3 + c)
*n_ ¢+ - 75,000x73.83 4 273,800%x73.83%8.17
Rt Rl 82x16 82%1€S
12
= 4300 + 5900 = 10,100
:
MyY_t_ -c)
Nrn - 2 _ 75,000x73.82 - 273,00x73.83xR.83
(R -t)t (R-t)I €€x16 66x341
= 5250 - 7050 = -1800
0

At thie haunch

?7,700x73.88 , €6,4C0x73.8338.17

83x16 82x341
# 4,300 + 1,400 = 5,700

77,700x73,83 - €€,400x73.83x7.83

66x16

66

X541

= 5,400 - 1,700 = 3,700

3x18050 = -1,700

8x16

At the Abutments

86,000x73,837 . +2635,000x75.82x8.17 . g, 700

83x16

=+ 4850 -11,500

8

3x341

-6,700



RESULTS AiD COJCLUSIONS
The total volume of materials saved ecuals the volume of

the gravity dam minus the volume of the arch dam

= 348,500 - 283,615 = 64,885 cu. ft.

The % saving = 33‘; fgg = 18.6%
¢ y ©

The arch dam , no{only represents a sévings of 18.6% of
concrete, but a2l1so has the greater safety factor of the two
dams. And in conclusion, I believe that wherever possible

an arch dam can be used advantageéously.

finils



T
i
»
}

X

| S+

v

5
A

-
fi
=
i
&
r 5 p
. £ W

3
’ :
< Ty
| Y
5
o
43 B .
T Y
i
g S
£t
Iy L
: \
~ = M s 9
1 \ f
A RS

14

Hu?









