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INTRODUCTION

e

This monograph presents the results of the
stress analysis, by means of the Beggs Deformeter
apparatus,’ of nine shapes of single-barrel conduits.
A partial analytical check was made using the
least work method to determine the redundant
reactions for all shapes due to a uniform vertical
load and a uniform horizontal load.

All personnel of the Experimental Design
Analysis Section, including several rotation en-
gineers who had training assignments in the sec-
tion, assisted in the experimental work and com-
putations. In particular, the assistance of W. T.
Moody in computing the analytical solutions, and
the work of H. E. Willmann, who prepared the
drawings and also assisted in the experimental
work and computations, is gratefully acknowl-
edged.

The nine shapes of conduits studied are those
most widely used in Bureau of Reclamation
structures. All except shape D and the square
shape have semicircular top portions of uniform
thickness. They can be further described as follows:

1. Shape A: horseshoe-shaped interior with a
horizontal exterior base.

2. Shape B: circular-shaped interior with a
horizontal exterior base.

3. Shape C: circular-shaped interior with a
curved exterior base.

4. Shape D: circularshaped interior with a
square-shaped exterior.

5. Shape E: uniform thickness with a horizontal
base.

6. Shape F: uniform thickness of horseshoe
shape.

7. Shape G: transition between shape B and
shape E with fillets of 14 » radius in lower interior
corners.

8. Circular shape of uniform thickness.

9. Square shape of uniform thickness.

Reaction coefficients for bending moment,
thrust, and shear at selected locations along the
centroidal axis of the conduits have been deter-
mined for 15 different loading conditions.

! See Appendix for description of this instrument.

The 15 loading conditions considered are as
follows:

1. (1113 top with (111 foundation.
11 top with PP~ foundation.

| top with X111 foundation.

} top with PP~ foundation.
ATx. top with (IT13 foundation.
AP top with P~ foundation.
7N top with £fIT] foundation.
N top with PP~ foundation.
Dead load with B foundation.

© ® N s o ok ®» DB

Uniform horizontal both sides.

-
e

. E& horizontal both sides.

[y
—

. Uniform internal radial.

—
[\

. E& internal radial with £f11] foundation.
14. B
15. B

load.

Figures 1, 2, and 3 show cross sections of each
shape, giving the dimensions and the location of
points at which the reaction coefficients have been
determined.

Each shape was analyzed for three values of
crown thickness, f, expressed in terms of the
internal crown radius, r. These three values were
t==r/2, t=r/3, and t=r/6. A conduit of unit length
was considered in the analysis. Bending moment,
thrust, and shear coefficients were determined at
the various locations shown, and are expressed
in terms of unit intensity of loading and unit
internal crown radius. Multiplying the reaction
coefficient by the proper load factor gives the total
bending moment, thrust, or shear at the centroid
of the section under consideration.

—
w

internal radial with =¥ foundation.

external hydrostatic including dead






APPLICATION

The reaction coefficients determined in the
study are tabulated in figures 4 through 50 for
the various shapes and loading conditions. The
reaction coefficients are given for points on the
right side of the conduits only, since the conduits
and loadings are symmetrical about the vertical
centerline. The shear reactions on the left side of
the vertical centerline will have an opposite sign
from those given for the points on the right side.

Consistent units should be employed when
using these data. Thus, if loads are expressed
in pounds per square inch, all dimensions of the
conduit must be expressed in inches. The bending
moment will then be in inch-pounds per inch of
conduit length and the thrust and shear in pounds
per inch of conduit length. If the load is expressed
in terms of pounds per square foot, the dimensions
of the conduit must be expressed in feet, and the
bending moment will be in foot-pounds per foot
of conduit length and the thrust and shear in
pounds per foot of conduit length. It will be
noted that the bending moment in inch-pounds
per inch is numerically equal to the bending
moment in foot-pounds per foot.

One should bear in mind that this analysis
assumes no restraint to the deformation of the
conduit.

In some cases this restraint, or passive pressure,
may be important. Some work on passive pressures
on tunnel linings through rock has been done by
R. S. Sandhu.? By using his method for deter-
mining the intensity of the passive pressure, and
using the moment, thrust, and shear coefficients

2 Sandhu, R. 8., “Design of Concrete Linings for Large
Underground Conduits,” Journal of the American Concrete
Institute, December 1961, pp. 737-750.

314-468 O -68 - 2

for a circular conduit given by figure 50, the
effect of restraint may be approximated.

The foundation load distribution due to a
vertical load on the conduit must be assumed,
and is influenced by the modulus of elasticity of
the foundation material. As the foundation
modulus increases, the foundation load distribu-
tion approaches a concentration at the outside
corners of the conduit, and as it decreases the
load approaches a uniform distribution. For all
vertical loading conditions except three, two dis-
tributions were assumed, wviz., uniform, and
triangular with zero at the center and maximum
at the outside corners.

For the dead load the assumed foundation
reaction is minimum at the center varying linearly
to a maximum at the outside corners, with the
intensity at the center equal to the intensity of
the weight of the conduit at the center of the
base.

For the triangular internal radial load the as-
sumed foundation reactions were uniform, and
triangular with zero at the outsides and maximum
at the center.

For the triangular external hydrostatic load,
including dead load, the unit weight of the
conduit material and the unit weight of water
were assumed to be 150 and 62.4 pounds per
cubic foot, respectively. With these assumptions
the weight of the conduit for the t=r/6 case,
except shape D, is less than the uplift, causing
the conduit to float. The reaction is assumed to
be uniformly distributed across the top. The
coefficients for this assumption (conduit floating)
are given in figure 49. In the other figures of this
loading condition, tension is assumed to develop
uniformly along the foundation.






DETERMINATION OF NORMAL

STRESS DISTRIBUTION

In a curved beam the neutral axis will not be
coincident with the centroidal axis, and the normal
stress distribution on radial lines, due to moment,
will not be linear. However, the radius to the
neutral axis and the normal stress distribution
may be determined by the following equations,
derived from the Winkler-Bach theory for curved
beams: 3

"= W
where

r, is the radius to the neutral axis
r is the internal radius

r, 1is the external radius

¢t is the wall thickness (rr)

In is the log to the base ¢,

T My,
= Gt yate @

where

o, is the normal stress in the tangential
direction
M is the bending moment at the centroidal
axis
3 Murphy, Glenn, Advanced Mechanics of Materials,

MeceGraw-Hill Book Co., Inc., New York, 1946, pp. 217-
219.

T 1is the thrust at the centroidal axis

Y. 1is the distance from the neutral axis to
the point of interest (positive outward)

e is the distance from the centroidal axis
to the neutral axis.

As t decreases ¢ approaches zero, and the g, dis-
tribution approaches linearity.

a3, a8 computed by equation (2), is only for a
constant thickness section. Where the section
thickness is not constant, the distribution of
stresses must be determined by some other method,
such as photoelasticity.

The extreme fiber stress in a constant thick-
ness curved beam due to bending moment may be
determined by the equation:

Mt
ab=K2—I 3)
where
o, is the extreme fiber stress
M is the bending moment at the section
t is the width of the section
I is the moment of inertia of the section
K is the factor by which the extreme fiber
stress, assuming linear distribution, is
modified to correct for curvature.
The following equation for K was obtained by
equating equations (2) and (3):

- 1Y
K=gGtyme )

The values of K and e for the t/r ratios used in
this study are tabulated below:

TaBLE 1.—Correction factors for different radii of curvature

K
t e
Inside Qutside
fiber fiber
r/2 1. 153 0. 880 0. 0168r
r/3 1. 105 0.912 0. 00807
r/6 1. 054 0. 951 0. 0021r
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FIGURE S
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FIGURE 6

REV. JULY 9, 1953
REV. SEP. 29, 1964
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FIGURE 7
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+0.442]-0.120]-0.324]|+0.387 |~0.101 |-0.313[[+0.335 |-0.085 |~0. 30!
+0.488 (-0.141] -0 +0.431 |-0.122 0 +0.378 |[-0.105 0
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' vrt vr vr ver? vt vr vr? vr vr
+0.504 |+0.143 0 +0.434]{+0.128 0 +0.364 |+0.122 0

- +0.416+40.313]/40.616}/+0.356]+0.279[+0.547{/+0.297 [+0.254|+0.47¢

+0.200 [+0.686|+0.903|[+0.167[+0.610]+0.802||+0. 135 [+0.543|+0.697
—0.061 [+1.071{+0.869]1-0.050[+0.952]40.772((-0.054 [+0.840]+0.668
=G 288]+1.347]+0.613]1-0.251[+1.198]+0.544|(-0.213 |+1.053]|+0.468
—0.425[+1.484[+0.250]|-0.366 [+1.319]+0.222](-0.305 [+1.157][+0. 184
=0.4492 [+1.500]-0.1431-0.380|+1.333[-0.128[{~0.314 |+i.167]|~0.122
~0.377]+1.474(-0.313](-0.322+1.309]-0.283 [|-0.262 [+1.143]-0.262
9 ~0.262+1.429 [-0.478[~0.222 [+1.267 [-0.434|[-0.173 [+1. 103 [-0.399
10 |-0.101}+1.365]|~0.638|1—0.080|+1.207 |-0.580}[-0.047 [+1.047]-0.529
Il j+0.116 |+0.197 [~0.980]/+0.085 | +0.204 | -0.924 |[+0.07 ! [+0.201]|-0.868
12 |+0.316 {+0.007]|-0.660}[+0.275[+0.018 |-0.623}(+0.250 [+0.020 [-0.586
13 ]40.443 [-0.106 |-0.332]]+0.395 |-0.091]-0.314]1+0.362 [-0.086 [-0.295
14 }+0.486 [-0.143 0 +0.435]-0.128 0 +0.401 {-0.122 0
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SHAPE B

powrt| M | L =] Tl ]

vir v vr vr vr vr vr vr vr

+0.524 {+0.108 0 +0.455 | +0.082 [ +0.389 | +0.056 0

+0.434 |+0.279|+0.625]{+0.375 | +0.235|+0.559((+0.319 [+0.190 |+0.493
40.214 |40.656 ]+0.920(|+0.180 [+0.571 [+0.825|[+0.150 |+0.486{+0.730
-0.054 [+1.046 [+0.893{|-0.053 {+0.920[+0.804({-0.051 |+0.794|+0.715
+1.330 |+0.643|}-0.257|+1.175]+0.584]|-0.224 |+1.020]+0.525
-0.438|+1.475 |+0.284[(-0.385|+1.308]{+0.265|(-0.334 |+1.140 [+0.248
=0.467 }+1.500 |-0.108)]-0.413 |+1.333|-0.082]|-0.36! }+1.167 |-0.056
=0.4061+1.476{-0.290/]-0.363[+1.312|-0.249)(-0.323 |+I.149|-0.207
+1.429]-0.468||-0.265]+1.271}-0.413]]-0.242 [+1.113 [-0.355
+0.755]-1.047}|-0.189 [+0.712|-0.942||-0.195 |+0.666 |-0.836
+0.449{-0.871][+0.030]+0.423|-0.779]||+0.002 [+0.396 |-0.686
+0.204|-0.648 || +0.206 | +0.193 [—0.570}/+0. 160 |+0.184 |-0.492
—0.026 {-0.360[{+0.312 |-0.009]{-0.317 ||+0.250 |+0.007 |-0.274
-0.108 0 +0.3501-0.082 0 +0.283 |-0.056 0
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SINGLE BARREL CONDUIT
BEGGS DEFORMETER STRESS ANALYSIS

y COEFFICIENTS FOR MOMENT, THRUST, AND SHEAR
+ Sign convention &’ TRIANGULAR VERTICAL LOAD = UNIFORM FOUNDATION REACTION
SHAPES A, B, AND G
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FIGURE 9

0 T M T s " T M T
me\z'" PONT| i | w | v ve | v | v e | w | e
v +0.456|+0.240] 0 ||+0.406]|+0.204] 0 ||+0.347|+0.177] 0

+0.372]70.407 30,59 1][+0.331+0.353 |#0.528|(70.282 |[+0.307 |+0.462
0,168 |+0.770[+0.854][+0.151|+0.677 |+0.764 |[+0.126 |+0.591|+0.669
~0.073 [+1. 139 |+0.600]-0.060 |+ 1.006|+0.718 ||-0.054 |+0.879|+0.623
=0.275 |+1.396|+0.529]|-0.235 [+ 1,236 [+0.478 ||-0.201 |+ 1.08170.420
=0.383 |+1.509 [+0.156 ||-0.328 |+1.339 |+0.148 |-0.278 [+1.171|+0.131
-0.369 [+1.500|-0.240|-0.3 19 |+1.333 |-0.204]|-0.272 [+ 1.167 |~0.177
+1.481]-0.338](-0.246 |+ 1.317 |-0.293|(~0.209 |+1.152 |-0.256
=0.167 |+1.455]|-0.435](-0.147 |+1.294 [-0.381|[~0. 124 |+1.132 |-0.334
~0.022 | +1.423]|-0.531]-0.022 | +1.265 |-0.467||-0.016 |+1.106 |-0.41)
+0.131]-0.115 |-0.648][+0.106 |-0.071 |-0.673 ||+0.081 |~0.033 |-0.708
+0.250 |-0.203|-0.298]|+0.231 |=0.164 |=0.307|[+0.215 |~0.134 [~0.321
+0.298 |-0.235|-0.082|[+0.281 |-0.199 | -0.083 ||+0.268 |~0.17 1 |-0.086
+0.306 [-0.240] O |[+0.289|-0.204] 0 |[v0.276 |-0.177] ©
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v vr vr v vr vr vr vr vr v
4111 +0.455/+0.250] 0 ||+0.397[+0.217| 0 |[+0.3341+0.200] o

+0.371(+0.416[+0.588(/+0.323]40.365 |+0.524 |(+0.269 [+0.329[+0.456
+0.168|+0.779|+0.849}1+0.144 [+0.688[+0.757|[+0.116 [+0.610]+0.658
=0.071 |+1.146/+0.793|[-0.065[+1.015(+0.708](-0.060 [+0.895/+0.613
—0.271]+1.401{+0.520{|—0.236 [+1.243 [+0.467]|-0.201 |+1.092]+0.400
+1.512]|+0.146 |{—0.326 [+1.343[+0.135[|-0.273 |+1.177]+0.10%
—0.358 {+1.500|-0.250||-0.313]+1.333]-0.217[[-0.260 [+1.167 |-0.200
—0.262 |+1.462[-0.419(|~0.230]+1.2991-0.372|(—0. 187 [+1.134|-0.340
=0.117 [+1.405|-0.582][~0.105[+1.246[—0.522|[—-0.077 [+1.084{—0.474
+0.073 |+1.329]|—0.738(|+0.061[+1.176[~0.664|1+0.069 |+1.019 [~-0.602
~0.017{—0.698||+0.149{+0.024|—0.694}/+0. 146 [ +0.051[-0.695
~0.181]|-0.326]|+0.256 |—0.146 |-0.322]1+0.256 |-0.126 [-0.32!
-0.241]-0.095]{+0.302 |-0.208]|-0.093||+0.304 [~0.190 |~0.092
—0.250 0 +0.311]-0.217 0 +0.313 |~0.200 0
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— . +0.464 [+0.220] 0 |[¥0.413]+0.175| 0 |[+0.357]+0.136] 0O
+0.380 [+0.387 | +0.596|/+0.337 | +0.325|+0.535|(+0.290 | +0.267]+0.473
+0.173 [+0.753 [+0.864[+0.154 |+0.652 | +0.778 |[+0.129 |+0.555|+0.690
—0.073 |+1.125+0.814||-0.062 [+0.986]+0.738 |[-0.058 |+0.850 | +0.658
—0.280 |+1.386 | +0.546|(-0.244 |+1.222|+0.503 |[-0.213 |+1.060|+0.455
~0.393 [+1.504|+0.175 ||-0.345]+1.332|+0.175[-0.302 [+1.161 [+0.170
=0.386 |+1.500 |-0.220](-0.345|+1.333|-0.175|[-0.307 [+1.167-0.136
~0.290|+1.462 |-0.402|[-0.268]+1.301|-0.342||-0.246 |+1.139 |-0.287
~0.140 [+1.402|-0.577|[=0.142 | +1.247]|-0.503 ||-0. 142 |+1.092 |~0.433
~0.0721+0.551]-0.981]-0.088+0.551]-0.900(-0.104 |+0.546=0.821
+0.091 [+0.166]-0.648|[+0.071]+0.179]-0.583|{+0.052 [+0.187 |~0.519
+0.202 |-0.063|-0.367|[+0.175|-0.038]|-0.317 |[+0. 150 [~0.017 |-0.269
+0.252 |-0.196 |—0.128|+0.220 [-0.154|-0.109 |[+0.189 |[-0. 118 |-0.09)
+0.264 |-0.220| 0 ]|+0.230|-0.175] 0 |[+0.197]|-0.136] ©
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FIGURE 10

REV. APR. 15, 1968
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NOTE: g represents the weight per unit
volume of soil cover on the arch of
the conduit section in units consistent
with those of the radius r.
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r r r
t = 3 t =3 t =%
M T S M T $ M T S
PONT | 9rs | 5 |9 | or% | 5t | 5 | 9% | Gt | o
| +0.045 [-0.054 0 +0.040 |-0.039 0 +0.032 |-0.027 0
2 +0.043 [-0.050 1+0.020 |[+0.039 [-0.036 [+0.015 |[+0.030 [~0.025 [+0.011
3 +0.034/-0.022 [+0.069 [[+0.03 1 |~0.015[+0.053 [{+0.025[-0.009]+0.039
4 +0.014 |+0.064 [+0.14 1 |{+0.014 [+0.053[+0.109 [[+0.011[+0.043[+0.081
) -0.014]|+0.218 [+0.188 /-0.011 [+0.174 [+0.146{|-0.01 1 [+0.135[+0.109
6 —0.042+0.391 {+0.161([-0.037 [+0.310[+0.123||~0.035 [+0.238 |+0.092
7 ~0.063 /+0.483 |+0.054][-0.055 | +0.382]+0.039][-0.049(+0.292[+0.027
8 [-0.074(+0.485+0.022|/-0.063 |+0.383]|+0.013](-0.054 [+0.293 [+0.007
9 —0.076 |+0.486 |-0.010 [[-0.063 [ +0.383]-0.012|[-0.053 [+0.293|-0.0/3
10 |-0.068+0.484 |~0.042)(-0.056 |+0.382[-0.038|~0.047 [+0.291[-0.033
11 _]-0.011]4+0.114]-0.292(/-0.016 [+0.091]-0.252])~0.022 [+0.072|-0.214
12 [+0.056[+0.080|-0.195]+0.043]+0.062]-0.:69]|[+0.027][+0.047[-0.143
13 |+0.097[+0.061 |-0.098+0.078 [+0.045 [-0.085|[+0.057 [+0.032]-0.072
14 [140.111[+0.054 0 +0.090|+0.039 0 +0.068(+0.027 0
M T S M T S M T S
PN g | ort | g || 5 | 5 | 5w | 9p | g | e
I [+0.046]|-0.059 0 +0.0391-0.043 0 +0.031|-0.028 0
2 +0.043]-0.055[+0.022(|+0.037[-0.040[+0.016][+0.030]-0.026[+0.011
3 +0.033]|-0.026]40.072(]+0.029 [-0.018 [+0.055|[+0.024|-0.010[+0.040
4 +0.013|+0.061[+0.144([+0.012 {+0.051{+0.111[[+0.010[+0.042]+0.082
5 -0.016]+0.216]+0.193|[-0.015]|+0.172]|+0.149)-0.013 +0.134+0.110
6 —0.0461+0.390|+0.165;/-0.042]+0.309[+0.127][-0.037[+0.238(+0.093
7 ~0.068|+0.483(+0.059(|-0.061 [+0.382{+0.043]1-0.052[+0.292]+0.028
8 ~0.077/+0.486(+0.003||-0.067]+0.384[-0.002][-0.055 [+0.293[-0.007
9 [-0.070]|+0.4841-0.052}(-0.060]+0.381]|-0.047{{-0.048]+0.290[-0.043
10 |~0.048(+0.475|-0.107[(-0.040[+0.373[-0.091]|[-0.0371]+0.283]-0.078
11 [-0.005]|+0.162(-0.280||-0.009[+0.133]|-0.237|[-0.010]+0.105[-0.196
12 [+0.052[+0.104 |~0.189/|+0.039/+0.082{-0.160]{+0.030]+0.062[-0.132
13 |+0.087[+0.070-0.095)({+0.069]+0.053[-0.080][+0.055/+0.037(-0.067
14 [+0.099(+0.059 0 +0.080{+0.043 0 +0.0641+0.028 o
M T S M T S M T S
PONT] or® | 9 | o Nl 98 | 5rf | o | o | GF | or
! +0.048]-0.067 ] +0.0421-0.049 0 +0.0341-0.036 o]
2 +0.045)-0.063 |+0.024 |{+0.040]-0.046 [+0.018 [[+0.032 [-0.034[+0.013
3 +0.034|-0.034 [4+0.076 |(+0.031 [-0.024[+0.058 |[+0.026 [~0.016 [+0.044
4 +0.012 |+0.055 [+0.150//+0.012 [+0.046 [+0.116 {{+0.010 [+0.036 [+0.088
) -0.019 {+0.212 |+0.200((-0.016 [+0.169 [+0.155]{~0.014 [+0.130[+0.117
6 ~0.051 [+0.388 [+0.1731/-0.045 |+0.307(+0.134 |[-0.040 ]+0.236 [+0.1 0!
7_|-0.076 |t0.483+0.067(|-0.066 [+0.382(+0.049 ||~0.057 [+0.292[+0.036
8 ~0.088 [+0.487 [+0.008(-0.073 |+0.385]+0.00 | |[~0.062 [+0.294 [-0.002
9 -0.081]+0.485{-0.052 || -0.067 [+0.382]|-0.047 |[-0.056 [+0.292[-0.041
10 |-0.063]|+0.320]|-0.271}|-0.054{+0.259]|-0.222 {[-0.048 [+0.204[-0.176
11 _|-0.005]|+0.229]-0.224|-0.005[+0.182[-0.182 ||-0.007 [+0.141][-0.144
12 _|+0.042(+0.157/-0.163{+0.035[+0.121[-0.130][+0.025[+0.091[-0. 10}
13 140.071+0.091[-0.093[+0.059[+0.068]-0.074 |{+0.043 [+0.051[-0.057
14 {+0.081 [+0.067 0 +0.067 [+0.049 0 +0.050 [+0.036 0

SINGLE BARREL CONDUIT
BEGGS DEFORMETER STRESS ANALYSIS
COEFFICIENTS FOR MOMENT, THRUST, AND SHEAR
VERTICAL ARCH LOAD - UNIFORM FOUNDATION REACTION
SHAPES A, B, AND C
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NOTE: g represents the weight per unit
volume of soil cover on the arch of
the conduit section in units consistent
with those of the rodius r.
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SEP. 8, 1980

- % t- 4 - g
V] T S M T S M T S
PONT] 5 | are | g Jl 63 | grt | G f] G5 | gre | gre
I +0.028|-0.022 [} +0.030|-0.015 0 +0.024| -0.009 0
2 +0.027|-0.020]+0.012 {|+0.029]-0.014 [ +0.009 || +0.024 { - 0.008|+0.006
3 +0.021]40.005(+0.053 ]| +0.024|+0.006 [ +0.041 || +0.020 |+0.007|+0.030
4 +0.008|+0.087+0.118 ||+0.012|+0.070|+0.092]i+0.009|+0.056 | +0.068
5 -0.011 1+0.234+0.161 [|-0.008[+0.186 | +0. 125 | ~0.009|+0. 144 [+0.094
6 -0.030[+0.399{+0.130 ||-0.028 [+0.316 | +0. 101 || -0.028|+0.243|+0.074
7 -0.041+0.483 [+0.022-0.038]+0.382 [ +0.015 || -0.037|+0.292; +0.009
8 -0.043[+0.483 [-0.010{{-0.039:+40.382|-0.010 ]| -0.037]+0.292)~0.0!1
_ 9 -0.035(+0.482|-0.042 {|-0.032 {40.380|-0.036|| -0.031 |+0.291{-0.031
10 -0.018(+0.478|-0.074|-0.018 [+0.37?[-0.061 || -0.019|+0.288{-0.051
- +0.005|+0.060|-0.189 || +0.003 |+0.052|-0.178 || -0.002|+0.044]-0. 166
12 +0.038|+0.033|-0.083 || +0.036 [+0.026 | -0.078 || +0.029[+0.019|-0.073
13 +0.051(+0.023|-0.020 {|+0,048 [+0.0i17 |-0.019.]] +0.040|+0.010|-0.018
14 +0.052 [+0.022 0 +0.050 |+0.015 [+] +0.042 | +0.009 0
T S M T M T
powt | %5 | gr | ae |l ars | o | o || a5 | gm | o
i +0.030 [-0.024 0 +0.029|-0.017 0 +0.023 | -0.009 0
2 +0.029 -0.02-2 +0.013 ||+0.029(-0.015 | +0.009 || +0.023|-0.008 | +0.006
3 +0.023 | +0.003 |+0.054 ||+0.024[+0.004 | +0.042 || +0.019 | +0.007 [ +0.030
4 +0.010 |+0.085 | +0.120 i+0.011 {+0.069 |+0.093 || +0.008|+0.056 | +0. 068
5 -0.01) |+0.233 [+0.163 [{1-0.009{+0.185 |+0.127}|-0.010|+0.144|+0.093
6 -0.030 [+0.399 {+0.132 ||-0.030|+0.316 |+0.102]| -0.029 | +0.243 [ +0.074
7 -0.041]+0.483 1+0.024 {-0.041|+0.382 [+0.017 || -0.038| +0.292 { +0. 009
8 -0.040[+0.482 {-0.031 ||-0.039[+0.381|~0.028][-0.036[+0.291 | -0.027
9 -0.0241+0.476 {-0.085 |}-0.025 [+0.375 |-0.072 || -0.024 | +0.286] -0.062
10 +0.009 |+0.463 {-0.139 [{+0.001 |+0.364 |-0.116 || -0.002|+0.276]|~-0.096
11 +0.013|+0.093 [-0.190]|j+0.011 |+0.08! |~0.17! || +0.008( +0.068|-0.153
12 +0.038 [+0.044 |-0.081 |[+0.035|+0.035|~0.074}] +0.031| +0.026|-0.066
t3 +0.048 |+0.027 [-0.019]]+0.044|+0.019 |-0.017 || +0.040|+0.011|-0.016
14 +0.049 90.024u [+] +0.045{+0.017 0 +0.042|+0. 009 0
M T S M T S M T S
Pt | 05 | o | o || o | o | o || o | e | o
| +0.029}-0.031 0 +0.030(-0.023 0 +0.026|-0.016 0
2 +0.028[-0.028 |+0.014 ||+0.029[-0.021 [+0.011 [|+0.025|-0.014 | +0.008
3 +0.021[-0.002|+0.058[|+0.0231|-0.000|+0.045 || +0.020|+ 0.00i | +0.034
4 +0.006 [+0.081 | +0.124||+0.010|+0.065[+0.097|] +0.008[+0.051| +0.073
5 -0.016 [+0.230/+0.168||-0.012|+0.182 [+0. 132} ~0.011[+0.140]|+0.100
6 =~0.037|40.397{+0.138 ||-0.034{+0.314 [+0.108}|~0.032|+0.241|+0.081
7 ~0.050|+0.483|+0.031||-0.0471+0.382 [+0.0231{/-0.043| +0.292| +0.016
8 ~0.051{+0.483]|-0.028|1-0.046[+0.381 |-0.025]{ -0.043 | +0.292| -0.022
9 -0.033|+0.476 | ~0.087}i-0.031[+0.375(-0.073{|-0.031]+0.286|-0.060
10 -0.029]+0.254 | -0.249||-0.025|+0.213|-0.210||-0.025]| +0.174|-0.172
[ +0.005|+0.138|-0.152 || +0.007[+0.112 |-0.126|[+0.005}+0.088|-0.102
12 +0.025[+0.071[-0.073}| +0.026 | +0.055|-0.058 || +0.022 | +0.040| -0.045
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FIGURE 14
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FIGURE
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1 [+0.000]-1.006] o |[+0.000]-i1.005] © |}/+0.000|-1.004] 0O
2 0 |-1.006]+0.001][~0.000]-1.005 [+0.001 ][-0.000][-1.003]+0.001
3 |=0.001 |- 1.005]+0.003||-0.001 |[~1.004 |+ 0.003 || —0.000]-1.003[+0.002
4 1-0.002 |- 1.004]+0.004|[-0.002 [-1.004 [+ 0.004 || —0.001]-1.003{+0.003
5 |-0.003 |- 1.003]+0.005}[-0.003 |~ 1.003 [+ 0.004 | -0.002]-1.002+0.003
6 |-0.005|-1.001|+0.006|-0.004 [~1.00i [+0.005 |{-0.003]-1.001 |+0.003
7 |-0.007 |- 1.000 [+0.006 [[-0.006 [~1.000 [+ 0.005 |{ ~0.004{~1.000 [+0.004
8 |+0.009 |-0.988]-0.147[|+0.011 |-0.988 |- 0.144] +0.014]-0.989 [-0.142 |
9 [+0.058(-0.951]-0.298{+0.063 |-0.954 |- 0.29 1] +0.068|-0.957 - 0.285
10 |+0.057|-0.948(+0. 308 |[+0.062 [-0.951 |+0.300][ +0.067[-0.955 [+0.290
[ +0. 156 ||+0.008 |-0.985 [+0.152 [ +0.012 [-0.986 | +0.147
12 +0.003][-0.011 [-0.995 [+ 0.002 ||~ 0.007]-0.997 |+0.002
13 . +0.001||-0.012 [~0.995 |{+0.001 ||- 0.008][-0.997]+0.00!
14 |-0.014|-0994] 0 |l-0.012]|-0.995] o [[-0.008]-0.996] 0
SINGLE BARREL CONDUIT
BEGGS DEFORMETER STRESS ANALYSIS
COEFFICIENTS FOR MOMENT, THRUST, AND SHEAR
UNIFORM INTERNAL RADIAL LOAD
SHAPES A, B, AND ©
XPEL-380

21



FIGURE 18

, 1954

, 1953 — JAN. 286,

REV. JULY 9,
REV. SEP. 20,1964

. t=% tef t-%
Pressure distribution along
vertical € of conduit.~-,
M T s ™ T s M s
VMl w |l w el | o]
| _]*0203[-0.577] © |l+0.203]-0.586| 0 |l+0.183]-0.581] 0
2 _140.179 [-0.558+0.146 |[+0.180]-0.568 | +0.149 |[+0.16 1|-0.571|+0.150
< 3 ]+0.110|-0.503[+0.265 )+0.115 [-0.513 [+0.271 ||+0.100[-0.515 [+ 0.272
w 4 [+0.011{-0.423{+0.332}1+0.020{-0.431 | +0.340 [+ 0.012 |-0.433|+0.342
g 5 }-0.100|-0.335 /+0.329 ||-0.086 [-0.341 [ +0.338 | - 0.087 [-0.342 |+0.340
@ 6 [-0.195]-0.258[+0.244][-0.178]-0.261 | +0.255 [ -0.173|-0.26 2|+ 0.257
7 _1-0.250]-0.216[+0.077 |[-0.233 |~0.215 |+0.088 §—0.225|-0.215|+0.091
8 [-0.232]~0.207]-0.231]|-0.218]-0.206 [~0.220 [ ~0.209]|-0.206]-0.217
;Lw__(- 9 [-0.120{-0.189]|-0.6i6[-0.107 [-0.188 [-0.605 [~ 0.098]-0. 190 |-0.602
10 [+0.102 1-0.154]-1.075 }1+0.175 |-0.156 [~ 1.064 § ¥0.127-0.159]~1.081
T HIIIIII il ¥ 15 et =1t |+0.209]-1.169]+0.314 |[+0.217 |-1.140 [ +0.221 [ +0.214 |- 1.115 |+ 0.101
‘2 ]+0.1401-1.309]+0.228|+0.167 |-1.290 | +0.166 § +0.190 |- 1.277 |+ 0.086
13 |+0.095]-1.394[+0.120 |i+0.133 [-1.381 [ +0.089 [ +0.172[-1.376 |+ 0,049
14__[+0.079]-1.423] o [|[+os21]-1.412] 0 WK+o.165|-r.408] o
Press::r:l %l-stg;bm:‘tg' l:lonq
it~
TR vl AR &S TE IS TS TS
————— LD we wr e wr e wr L0 wr
I |+0.191]~0.538] 0 {[+0.177]-0.549] 0 |[+0.165]-0555] o
2 _|*0.169|-0.520]+0.136 ]|+0.156]-0.530 [+0. 139} +0.145|-0.536|+0.14 1
o 3 [+0.105]-0.469[+0.246[[+0.095]-0.478]+0.251 | +0.088|-0.483 |+0.254
g 4 [+0.013[-0.396 +0.305[+0.008]-0.403[+0.312 [[+0.006|-0407]+0.316
< 5_ |-0.087]-0.316+0.295]-0.088]|-0.321[+0.304-0.085]-0.324]+0.309
z 6 [-0.171]-0.248/+0.206]{-0.170[-0.251]+0.217]-0.162]-0.253 | +0.202
7 =0.213-0.215[+0.038]]-0.213]-0.215 |+0.045[|-0.203[-0.25 |+0.055
8 1-0.193]-0.203|-0.230][-0.194)-0.202|-0.220][-0.165|-0.202[-0.214
‘.,zu»é 9 |~0.104|~0.168|-0.560|(-0.104|-0.169 | -0.550)[-0.094[-0.172]-0.543
0 [+0.054[-0.100|-0.940 /[+0.058|-0.106 |-0929||+0.074]-0.1/5 |-0.922
iR TMHH = pert 1 [+0.1331-0971]-0.012][+0.136[-0.937-0.083]/+0.146]-0.901|-0.171
12 [40.157 [-1.241(+0.019 [I+0.166[~1.22 1 [-0.028 ] +0.18 7| ~1.202|-0.087
13 [+0.166-1.406/+0.018{+0.180]-1.393]-0.006 [ +0.208(-1.384|-0.035
14 lto.re8[-1.462] o |[+0.183]-1.451] o0 |[+0.214|-1.445] o
Pressure distribution along
vertical € of conduit.-~ pont | M T s M I S M I S _
. ," 'l'! 'F. 'l“ 'F! 'I‘. 'l“ 'f“ 'l'! 'l"
|__|+0.188]-0.536] 0 |[+0.177[-0.551] 0 |[I+0.175/-0570] o
° 2 [40.166~0.518]+0.136 [|+0.155 |-0.532+0.140][+0.154]-0.550 | +0. 144
w 3 _[+0.1021-0.468 [+0.245 [[+0.094 |-0.480]+0.252|[+0.096 |- 0.496 | +0.262
o 4 140.011]-0395 [+0.303 |[+0.006|-0.405[+0.313 |[+6.011]|-0.418]+0.327
5 5 |-0.089(-0.315 |+0.293 [[-0.090]-0.322{+0.306 |[-0.083 |- 0.331 |+0.322
® 6 [-0.1731-0.248 [+0.205 }[-0.172]-0.252|+0.216][-0.164 |- 0.256]+0.237
7 _|=0.214 /-0.215 [+0.036 )|-0.215 [-0.215[+0.051]|- 0.209 |- 0.215 [+0.070
8 [-0.190]-0.202]-0.250]]-0-154]~0.201]-0.236]|- 0.192]-0.200]-0.216
eoura 9 ]-0.087/-0.164-0.606]-0.092|-0.165]-0.591](-0.092[-0.165]-0.57)
" 10 [-0.053|-0.630|-0.229-0.060[-0.591]-0.256/| -0.066|-0.541|-0.285
[T’l”f’f’ﬂf & ]H | et ! 1#0.001)-0.963]~0.312 [1+0.002]-0.939{-0.324|[+ 0.006|-0.909|-0.337
12 |+0.080]-1.204]-0.405 [[+0.087]-1.191]-0.398| +0.097[~1.174[-0.350
. 13 ]+0.145(-1.395/-0.230][+0.154 |- 1.381 [-0.227 || +0.166 |~ 1.363 |-0.222
NOTE  w represents the weight per unit 14 [+o.r69]-1.464] o0 |[¥0.178|-1,449] 0 |[*o.191]-1.430] o

with those of the radius r.
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FIGURE 17

Pressure distribution along
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NOTE: w represents the weight per unit
volume of water in units consistent

with those of the radius r.
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REV. APR. |5, 1968

SHAPE A

SHAPE B

SHAPE C

FIGURE 18
t-f t =3 e g
M T S M T S M T S
P°'”’FWI§TF&7§WFFF
- | _J*o.iispri131] o |[-0.007]+0.905]” 0 1-0.078[*0.713| o
e 2 [+0.101(+1.194[+0.094]|-0.008+0.937 |+0.008]/-0.068 |[+0.719 [-0.071
Dead weight of 3 : 3 [+0.069[+i.380]+0.168[|~0.010 [+1.034 [+0.013][~0.039 [+0.735]-0. 128
one-half of conduit  © 4 |+0.001|+1.668]+0.206/-0.013 [+1.186 [+0.014 [[+0.003 [+0.766 |-0.160
t=L, 560wt 3 5 |-0.060]+2.033 [+0.193[(-0.016 [+i.383]+0.010 |[+0.049[+0.814]-0.157
=L seeswrt £ ] 6 |-0.107]|+2.438]+0.122[-0.016 [+i.610 [+0.000][+0.085[+0.882]-0.115
s R 2 -2 7 _|-0.122/42.843)-0.006|-0.012 |+1.850]~0.016 |[+0. 111 +0.974 |-0.033
t=g. 088wt g Jv 8 [-0.159[+3.235[+0.305||-0.048 [+2.115 |+0.297 |[+0.078[+1. 116 |+0.278
s 9 _|~0.283[+3.7221+0.663(-0.177 [+2.471{+0.665][-0.049 [+1.345|+0.655
Y — ey 10 _|-0.497[+4.351]+1.056](-0.404[+2.964|+1.078 ||-0.284 [+1.705 |+1. 086
: 11 }-0.290[+3.639[-2.002|-0.339 [+2.990 |-1.390 ||-0.308[+2.206 |-0.737
t=g, 1102w T ] 12 ]40.148]+3.583]-1.384(-0.027 |+2.607 |-0.574 |[-0. 158 |+2.102 |~0.538
t=%,0.380wr o, i 13 ]%0.426/+3.423]-0.707}+0.173 [+2.69) [-0.502|[-0.024|+2.033 [-0. 283
*imE-0.403ur _} mm 2(r+t)w | 14 _[*0.522]+3.369] o [+0.242]+2651 0 |[-0.070]v2.008] o
poNT| B | | S || M| 1 S M T s _
l wrd | wr? | wr? wr’ wrt | wrt || Wrd | SwrE | Wt
[ |__|+0.128]+1.065] 0 |[+0.012]+0.852] 0 |[-0.064]%0.667] ©
o 2 [+0.110]+1.131]40.111(]40.009[+0.886 [+0.021]|[-0.056|+0.674|-0.059
Deod weight of 5 3 |*0.0611+1.3221+0.201{+0.001]+0.988]+0.039][-0.032[+0.695/-0.105
one-half of conduit 8 4 [-0.01i]+i.622]+0.252[|-0.012]+1. 148]+0.052]|[+0.002]+0.733|-0.127
t=L. 58wz T 5 |~0.089|+2.000{+0.250|]-0.028]+1.356]+0.056|[+0.038[+0.790|=0.117
i ml sesewrt o § |-0.156[+2.421]+0.186}[-0.042[+1.596[+0.052|[+0.065]+0.870[-0.070
t=3. s88awrt & 7 __[70.192142.843]+0.060||-0.054]+1. 850 ]+0.037][+0.075]+0.974[+0.014
t=g, eoeewr® £ 8 |0.221|+3.244]+0.221][-0.086[+2. 125[+0.236|+0.042[+1.128]|+0.248
¢ =17 7 ] 9 |-0.2711+3.791(+0.389|{-0.161]+2.540+0.458][-0.050[+1.419]+0.521
B8R e 10 [-0.313+4.560]+0.535||-0.258]+3.172]+0.673](-0.193|+1.920/+0.801
T} It_1-0.136]+4.217]-1.602][~0.192 [+3.257|-1.022|[-0.203 [+2.365]-0.434
t=L, roaswr ) 12 |+0.112[+3.792]-1.147]|-0.025[+2.961[-0.756|[-0.131|+2.207]|-0.360
‘. B 0.810wr b-. i’," '3 |+0.296]+3.526]|-0.598)|+0.102][+2.770]-0.401|[-0.066|+2.095|-0.202
3. O I ol +t)w 14 [+0.363[+3.435] o0 |{+0.149]+2.704] o0 |[F0.042[+2.055] o
R SRS R Hiiiiiliili
M T S M T S M T S
| PONTISE [ we |wa lsa dsa lwe ||l we | we | o
|__]+0.096{+1.087[ o [[+0.014]+0.861] 0 |[-0.080[+0.696] o0
o 2 |*0.080]+1.152[+0.105]{+0.0 11 [+0.896+0.019][-0.070[+0.702[-0.066
Dead weight of H 3 _[*0.033]+1.342]+0.190](+0.004 [+0.996 [+0.035]/-0.043 [+0.721[-0.119
one-hatt of conduit  © 4 [-0.034]+1.637 [+0.236)-0.007 |+1.155 [+0.045|[-0.004 [+0.754]|-0.1a8
t=f, 5060wt 3 5 |-0.107 ]+2.0) | [+0.230{|-0.020 [+1.361 [+0.048][+0.038 |%0.805]-0.142
t=f, 0203wt £ 6 |-0.167 [+2.426 [+0.164][-0.032 [+1.599 [+0.042|[+0.073 [+0.877|-0.098
t=L istawre E 7 |-0.195]+2.843 [+0.038}/-0.041 |+1.850 [+0.028 |[+0.090 [+0.974 |-0.015
s > 8 |-0.219]+3.271]+0.2051-0.073 |+2.145 [+0.237|[+0.063 [+i.136 [+0.233
9 ]=0.265{+3.870]+0.380||-0.151 [+2.605[+0.470][-0.03 1 [+1.462 [+0.523
he 10 _|-0.198 [+3.764 |-1.130][-0.133 [+2.698]-0.607]|-0.039 |[+1.698 [-0.136
. ti_]+0.001[+3.571[-0.802[[-0.023 [+2.637 ]-0.384|{-0.019 [+1.771]-0.015
t= g, 0.926w 12 _1+0.135[+3.490[-0.382|[+0.035 [+2.649 |-0.051[=0.035]|+1.877]+0.151
t=4§, 0.220uwr}., - '3 ]+0.200{+3.435|-0.217|{+0.052 |+2.683 [-0.052]|-0.062]+1.987[+0.086
*t= L, -ossewr oy 4 |*t0.223|+3.413} o0 |[+0.058 [+2.694] o |]j-0.072]+2.026] o

NOTES: w represents the weight per unit
volume of water in units consistent
with those of the radius r

The assumed weight

per unit volume

of the conduit is 150w/62.4.
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to develop at the foundotion. For the
assumption thaot the conduits float see Figure 49.
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FIGURE 19

SHAPE D
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FIGURE 25

REV. APR. 15, 1968

Note: No vertical arch lood on Shape D.
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NOTE: q represents the weight per unit
volume of soil cover on the arch of
the conduit section in units consistent
with those of the rodius r.
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FIGURE 26

REV. APR. i5, 1968

Note: No wverticol arch load on Shape D.
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NOTE. g represents the weight per unit
volume of soil cover on the arch of
the conduit section in units consistent
with those of the rodius r
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FIGURE 27

REV. APR. |5, 1968

. - L i
t = t = § t = £

< o)

=
M S M T S M T S
crd cr? crl crt crt cr’ cré crt

POINT

o
-
"

+0.2311+0.008 [ +0.167]-0.017 [ +0.095]-0.028 0

+0.210(+0.022|+0.145([+0. 153 ]|-0.006[+0.098]|+ 0.088 |~ 0.022|+0.051

+0.145]+0.077[+0.308|[+0.11 0{+0.033{+0.213[1+0.065[+0.001[+0.119

+0.031]+0.183{40.498||+0.033|+0.112]+0.355{/+0.021[+0.053[+0.218

-0.083/+0.881|+0.308/[-0.034[{+0.576[+0.230{(-0.011[+0.319]+0.152

~0.161)+1.116{+0.254{i-0.093|+0.753(+0.198][-0.050[+0.438]+0.138

-0.220(+1.309]+0.145|[-0.139[+0 8689[+0.122||-0.082]|+0.520|+0.052

-0.240(+1.465|-0.005([-0 159 |+ 992(+0.017|[-0.099[+0.576 [+0.028

SHAPE D

W~ |-

~0.211]+1.601[-0.188||-0.146{+! 083[-0.111][-0.096|+0.623]-0.048

10 1-0.125]+1.734]-0.407||-0.094[+1.178|-0.264||-0.072 [+0.678]|-0.139

Il [+0.033(+1.877-0.674||+0.008|+1.287{-0.455|[~0.018 [+0.755]-0.258

13 |#0.157(+0.087|~0.399((+0.123]+0.089|~0.299}[+0.067 [+0.078[-0.198

3.406cr—t = £—0.600 cr

____-,.

i
1
X IH“H . I Fo . . . . . . ) .
& W HTH ’ 12 [+0.055[+0.301|-0.861|[+0.039 |[+0.258|-0.653|[+0.006 |+0. 194 |~0.429
]
;

14 1+0.202|+0.007{-0.109/[+0.159{+0.027(-0.080[{+0.094 |[+0.035|-0.052

J2.64acr—t =5 —o0.333¢r 4

15 [+0.210]-0.005 0 +0.165[+0.017 0 +0.097 [+0.028 0

1.807cr—t=g—0.167cCr

Mo T S M | T | s || M [ T | S

POINT crd cr? cr® crd cr® crt crd cre crt

+0.183]+0.054] © +0.12 1]+0.019 0 +0.059{-0.000{ O

+0.159(+0.094]|+0.144|140.107[+0.045/+0.093|[+0.052]+0.01 2]+0.046

+0.093[+0.210]40.257|[+0.067]+0.119[+0.167|{+0.034]+0.047[+0.082

+0.000[+0.385+0.309][+0.010]+0.230}+0.202|[+0.008 [+0.100]+0. 101

-0.097[+0.5941+0.281}{-0.050;+0.362[+0.187{[-0.02 1 [+0.164]+0.095

~0.169+0.804+0.160({~0.097[+0.497|+0.113]1-0.043|+0.228[+0.062

SHAPE E

-0.186]+0.982]-0.054||-0.1 12(+0.611|-0.019]|-0.053[+0.284}+0.000

@|~|ojo b r]—

—0.168[+1.1481-0.054]/-0.105[+0.722]-0.019}[~0.053[+0.339[+0.000

T
i
IR LN

9 ~0.150(+1 315(-0.054/1-0.099{+0.833/-0.019][-0.053][+0.395[+0.000

10 |-0.132+1.482(-0.054/|~0.092+0.944(~0.019||-0.053 |+0.450{+0.000

i1 |+0.032(-0.054(-0.659({-0.004[-0.019(-0.531}|-0.026[+0.000[-0.33!

12 j+0.1871-0.054]-0.293|{+0.121(-0.019|~0.236[{+0.052{+0.000|-0.147

2.476 cr—t = 5 — 0.600cCr

13 1+0.243]|-0.054|-0.073((+0.166]-0.0 19[-0.059][+0.080]+0.000[~0.037

i
! 2
|

14 [+0.252}-0.054 0 +0.173|-0.019 0 +0.084+0.000 0

s
“{1.750¢cr—t = §—0.333¢r }°

0.939¢cr—t =L —o0.187¢r

M T S M T S M T 1 S

ot S | | =Sl S| ==l =%
OINT | = cr® crt crd crt cr crd crt cr

+0.185]4+0.057] © 40.115(+0.019 0 +0.056]+0.001| O

+0.161]40.098/+0.143][+0.100[+0.045][+0.0931{+0.049[+0.013{+0.045

+0.096|+0.213+0.255(]+0.060[+0.118{+0.167][+0.03 1 [+0.048]+0.081

+0.004|+0.388|+0.307/|+0.003[+0.229[+0.203][+0.005[+0.101[+0.100

+0.595]+0.278(|-0.057 [+0.362[+0.187](~-0.023[+0.164[+0.094

-0.163|+0.805|+0.157(|-0.104}+0.497(+0.113]|-0.046(+0.229{+0.060

-0.179[+0.982{-0.057]|-0.119}+0.6 11|-0.019||-0.054 |+0.284[-0.001

SHAPE F

|~ D|w|o] -
]
(=]
o
d
N

-0.1501+1.067|-0.210(1-0.104 [+0.66 7}-0.114[[-0.049]+0.311[-0.045

9 |-0.096|+1.027}-0.358]|-0.071 |+0.642]|-0.206{|-0.034|+0.299]-0.088

10 1-0.020]+0.886-0.463/{-0.022[+0.541]-0.270][-0.009 [+0.255]-0.1 16

It |+0.019[+0.211|-0.606||-0.000/+0.16 3|-0.408}|-0.002[+0.094]|-0.21 |

12 1+0.122|+0.031(-0.311|{+0.074[+0.040|-0.205|{+0.039]+0.029|~0.104

2.206cr—t = £ —0.500¢r

2

/
\41.564cr—+t = £ —0.333¢cr}’

13 [+0.164]-0.044(-0.095][+0.103[-0.011[-0.059]{+0.056 [+0.003 }-0.029
14 |+0.170|-0.057| 0O +0.108]-0.019 0 +0.058|-0.001 0

3
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NOTES: ¢ represents the weight per unit volume of
concrete or other materiol in units consistent
with those of the radius r,

See Figure 2 for net area of shapes.
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FIGURE 31
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+0.053

-0.209

-0.215

Ol NN H|win]—

-0.200

-0.204

-0.241

=0.200

-0.216

-0.197

~0.200

(=]

—0.108

-0.170

-0.570

~0.112

-0.546

=0.111

=0.167

+0.053

-0.103

-0.949

+0.050

-0.925

+0.051

=-0.107

~N

+0.135

-0.981

-0.016

+0.127

-0.082

+0.120

~0.881

[+

+0.158

-1.25!

+0.017

+0.156

-0.027

+0.160

'

+0.168

~1.416

+0.017

+0.170

-0.005

+0.179

-1.363

(4]

+0.171

~1.472

0

+0.173

+0.184

—~1.424

POINT

wrd

wre

wrt

wr?d

wr?

wrt

wr

wrt

wrk

+0.262

-0.68!

0

H0.256

-0.684

+0.239

-0.693

+0.233

-0.658

+0.173

+0.229

-0.661

+0.174

+0.2 14

-0.669

+0.176

+0.152

-0.593

+0.317

+0.152

-0.596

+0.319

+0.142

-0.603

+0.323

+0.032

-0.497

+0.406

+0.040

-0.499

+0.408

+0.036

-0.505

+0.414

-0.106

-0.387

+0.418

-0.089

-0.389

+0.421

-0.085

-0.393

+0.429

-0.233

-0.285

+0.345

-0.209

-0.286

+0.348

-0.199

-0.288

+0.355

-0.321

~0.215

+0.181

-0.292

-0.215

+0.184

-0.278

-0.215

+0.193

@~ w|ro|—

-0.320

-0.215

-0.208

-0.292

~0.215

-0.205

-0.281

-0.215

-0.196

-0.171

-0.218

-0.708

—0.144

-0.215

-0.705

-0.135

-0.215

-0.696

+0.164

~0.215

-1.319

+0.190

-0.215

-1.316

+0.196

-0.215

-1.307

+0.291

~1.318

+0.810

+0.299

-1.316

+0.661

+0.265

-1.307

+0.470

+0.066

-1.319

+0.540

+0.115

-1.316

+0.441

+0.135

-1.307

+0.313

ra| 13

~-0.069

~1.319

+0.270

+0.0086

~1.316

+0.220

+0.057

-1.307

+0,157

-0.114

~1.319

0

-0.031

~1.316

+0.03 1

-1.307

POINT

wr3

wrt

wrt

wrd

wrt

40.222

-0.576

+0.193

-0.606

+0.198

-0.556

+0.149

+0.17 1

-0.585

+0.129

-0.502

+0.271

+0.108

-0.528

+0.030

-0.422

+0.340

+0.017

-0.444

-0.080

-0.334

+0.338

-0.085

-0.349

~0.175

-0.258

+0.255

-0.175

-0.266

-0.230

-0.215

+0.088

-0.231

-0.215

-0.217

-0.251

-0.200

-0.224

-0.250

Wim(~O | blw]—

=-0.116

-0.385

~0.539

-0.128

-0.388

+0.085

-0.615

-0.887

+0.065

-0.628

+0.135

=1.179

-0.073

+0.09 |

-1.098

+0.114

-1.310

-0.070

+0.117

-1.257

+0.104

-1.39%

-0.042

+0.136

-1.359

[T T ETTTTH. ooorsiyore 2

NOTE: w represents the weight per unit
volume of water in units consistent
with those of the radius r,

+0.102

-1.424

+0.143

-1.399

SINGLE BARREL CONDUIT
BEGGS DEFORMETER STRESS ANALYSIS

COEFFICIENTS FOR MOMENT, THRUST, AND SHEAR

INTERNAL RADIAL LOAD - UNIFORM FOUNDATION REACTION
SHAPES D, E, AND F

TRIANGULAR
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FIGURE 32

SHAPE D

SHAPE €

SHAPE F

Pressure distribution olong
vertical € of conduit ., M T S M T S M T S

POINT eps |

+0.240
+0.229

+0.198

+0.151

+0.040
~0.100
-0.216
-0.290
-0.304
~0.248
~0.117
+0.049
+0.176
+0.275
+0.316

wrt | ort
~0.668 0
-0.6631+0.07%
-0.646[+0.133
—0.609 |+0.155
—0.276[+0.565
—0.2498 [+0.498
-0.231[+0.368
-0.215}+0.168
-0.188]-0.101
-0.141[-0.433
—0.065[-0.817
-0.712 |-0.350
-1.014 |-0.380
-1.242]-0.264
-1,332 0

wrd
+0.241
+0.230
+0.198
+0.151
+0.068
-0.076
—-0.196
-0.275
-0.294
-0.239
-0.106
+0.0i7
+0.148
+0.254
+0.299

wrt
-0.69!
-0.686
-0.667
=0.629[+0.17¢
-0.291{+0.583
—0.259]+0.519
~0.236[+0.390
=0.2151+0.191
-0.186 |-0.078
=-0.139]-0.411
-0.067|-0.794
-0.670]~0.392
-0.975]-0.435
—-1.214]-0.305
-1.309 0

wed wrt
+0.234
+0.224
+0.194
+0.147
+0.010
-0.125
-0.235
-0.303
~-0.313
-0.254
-0.126
+0.082
+0.207
+0.300
+0.338

0
+0.081
+0.143

+0.070
+0.123
+0.141

+0.545
+0.476
+40.345
+0.144
-0.125
-0.457
-0.840]
=0.309
-0.332
-0.230

o|el®|~]|alan|alu]e]~

~

w

rs

I

Pressure distribution along

vertical & of conduit-., ]

ke
1

Pressure distribution along

POINT| -5

wrt

wrt

wrd

X
wrt

S_
wel

M T

wr? wr?

wrt

+0.332

-0.771

+0.313

-0.769

0

+0.287/-0.765

+0.300

-0.745

+0.197

+0.283

-0.743

+0.196

+0.259]-0.739

+0.195

+0.207

~0.671

+0.362

+0.197

-0.669

+0.361

+0.180[-0.665

+0.359

+0.069

—0.560

+0.469

+0.068

~0.559

+0.468

+0.061{~0.556

+0.465

-0.09!

-0.43¢2

+0.497

-0.081

-0.431

+0.495

-0.076/-0.429

+0.491

-0.246

=0.309

+0.431

—0.225

-0.308

+0.429

-0.209]-0.307

+0.425

-0.363

-0.215

+0.271

-0.334

-0.215

+0.26

-0.309]-0.215

+0.265

-0.392

-0.21%

=0.118

-0.361

-0.215

~0.120]

-~0.335[-0.215

=0.124

=-0.272

-0.21i5

-0.618

-0.241

-0.215

~-0.620

~0.2131-0.215

-0.624

+0.032

-0.215

-1.229

+0.064

-0.215

-1.231

+0.093]-0.215

-1.235

wrs +0.253

=1.229

+0.413

+0.221

-1.231

+0.326

+0.177]-1.235

+0.251

+0.173

-1.229

+0.099

+0.174

=123

-0.006

+0.163|-1.235

-0.124

L +0.167

-1.229

=0.039

+0.200

~1.23

-0.114

+0.227]-1.235

-0.208

alalnl=|ale|e|~lofx]a]wlm]-

o) +0.179

~-1.229

+0.226

- t.231

0

+0.270]-1.235

vertical & of conduit-., M

x-

)
2wr>

w‘;.LLT- 17 wre
ot wr

POINT o

wre

wrt

wrd

wrt

wrd wrt

+0.288

-0.683

+0.271

+0.251]-0.693

+0.260

-0.660

+0.174

+0.244

+0.175

+0.226]-0.669

+0.178

~0.595

+0.318

+0.168

+0.320

+0.154(-0.603

+0.057

-0.499

+0.407

+0.054

+0.410

+0.048[-0.505

—0.080

=0.388

+0.421

~0.075

+0.424

-0.074 [-0.393

~0.208

=0.286

+0.347|

-0.196

+0.350

—0.187(-0.208

~0.298

-0.215

+0.183

-0.280

+0.187

—0.267]-0.215

~0.312

=0.209

=0.110

—0.294

-0.106

-0.282]-0.208

-0.222

—-0.256

—0.478

-0.209

—0.474

—0.201[-0.255

o|e|e|~]|o|ofafw|ns| -~

-0.010

=0.380

—0.901

~0.005

-0.897

—0.005|-0.384

+0.088

—0.934

+0.065

~-0.338

+0.033 ]-0.096

»

+0.179

-1.092

—0.403

+0.172

-0. 441

+0.156|-1.058

Lo g

+0.272

=~1.246

-0.304

+0.279

—0.333

+0.279 [-1.228

+0.314

&

-1.317

+0.328

+0.335]-1.307

NOTE: w represents the weight per unit
volume of water in units consistent

with those of the radius r.

&
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FIGURE 33
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t-f t -3 - g
M T S M T M T
| pont| L S | shl|wnlsa|vn | | v | o
i |+0.240[+0.943] 0 |[+0.142]+0.768] ©0 ||+0.001|+0.612] 0O
be 2 |+0.205[+0.977 |+0.244](+0.123 |+0.790 |+0. 140|(~0.004 |+0.621 |+0.040
) § 3 |+0.0951+1.090 |+0.529|[+0.060 |+0.867 |+0.322|[-0.026 [+0.66 1 [r0.124
oaved weight ofit S 4 |-0.103|#1.315]+0.685|-0.06 1 [+1.030 |+0.575|-0.078 |+0.762 |+0.282
t=L,r002wrt 2 5 ]-0.181]|+2.365[-0.0131~0.08 1 |+1.638 |-0.132 ||~0.065 |+0.995|-0.232
w H . i 6 |-0.202]+2.809[+0.059/{~0.066 [+1,938 |-0.057||-0.017 [*1.1751-0.158
a tTI AT E 7 1-0.244(+3.173[+0.117|[-0.068 [+2.169 |+0.019 ||+0.009 [+I.285 |-0.066
S t=g.er00wrt g 8 |-0.290]+3.521]+0.182|(~0.092 |+2.386 [+0.12 1 ||+0.007 |+1.384 |+0.069
3 v 9 |-0.343]+3.9301+0.265|[-0.138 |+2.666[+0.256][-0.033 |+1.541 |+0.253
i 10 |-0.396]+4.478 |+0.355](-0.209 |+3.082|+0.414 ||-0.120 |+1.630 {+0.476
11 |-0.417 [+5.240]+0.423||-0.204 |+3.705 [+0.566 ||-0.244[+2.321 [+0.707
£ 12 |-0.190]+4.481]-1.982||-0.179|+3.465 |~1.346 ||-0.227 |+2.526 |-0.700
t=g, !-e98wr i3 |+0.133 [+3.977]-1.403]1+0.052 [+3.099]-0.973 ||-0.099 |+2.308 |-0.542
t=f,0.02wr} -/ 14 |+0.366 [+3.664 |-0.726|[+0.22 1 [+2.867 |-0.513 |[+0.000 [+2.162 |-0.295
t=§,0.000we] FTITTITEITY] ‘etrevw 15 [roasifeass7| o Jro2erfre7es] o0 J[roo037]+2.iio] o
™ T s [ T s [ [T [*s
=y POINT| s | wet | wrt fl wed | wer | et || wes | wr | wef
> D) T |+0.001|+1.365] ©0 ||-0.079[+1.085] 0 |-0.150|+0.866] 0
g X 2 |-0.004]+ 1.421{+0.033|]-0.0731+1.112]|-0.039]1-0.134|+0.866[-0.110
Dead weight of & "\ 3 |-0.016]+1.682|+0.051|[-0.054}*1.190]-0.077|{-0.089|+0.067|-0.204
w one-haif of condult 5| \1 4 |-0.028]+ (.834]+0.040][-0.024[+1.314|-0.113|[-0.021/+0.874]|-0.268
t=£, s.seswr®t & 5 |-0.028]+2.150]|-0.010/[+0.017[*1.473]-0.146|[+0.059|+0.890]|-0.289
a t=L. 3330wt 'E’ + § |-0.005[+2.498]-0.104|[+0.068[+1.657[=0.17¢|[+0.139[+0.921|-0.262
a " ¥ .« E 7 |+0.057 |+ 2.843]- 0.240|[+0.127]+1.850|-0.197|(+0.204|+0.974|-0.185
z te=§. 1880w 2 1 8 |40.047]+ 3.244]%0.315|[+0. (12 |+2.117[+0.303]+0.194|+1.107[¥0.259
—TT 9 |-0.166]+3.644|+0.982|[-0.088]+2.3084[+0.915|(+0.018[+1.241[*+0.815
s 0 N e 10 |-0.620[+4.045]+1.760)[-0.510f+2.651[+1.637][-0.361]+1.375[+ 1. 482
L 11 ]-0.376|+3.135]-2.697||-0.448|+2.470]-1.989||-0.366|+1.857|-1.178
t=§. o.eoewr . | 12 |+0.374]+3.135|- 1.798][+0.104[+2.470]-1.326|[-0.059[+1.857]-0.786
t= L. oieswrbe. y 13 |+0.824]+3.135]-0.899)+0.436]+2.470]-0.663|[+0.138|+1.857|-0.393
3 T Colr +tw 14 |+0.973/+3.135] 0 ||r0.546/+2.470] 0 |[+0.203)+1.857] 0
M T - ® T -
o I__|r0.074]+1.188] o |[-0.021]+0.945] 0 |[-0.103|+0.763] 0
3 2 |+0.062|+1.250]|+0.079]|-0.021]|+0.977]|=0.003/(-0.091[+0.767]-0.084
Dead welght of 3 |+0.027[+1.429]+0. uéi —0.018[+1.069]-0.007|/-0.057[+0.7791-0.153
w One-haif of conduit B 4 [-0.020[+1.709]+0.165](~0.0!14 [+i.214[-0.014]|-0.007[+0.801]-0.195
t=f,aerowet | S |-0.086(+2.061]+0.143]/-0.007 |+1.403]-0.025|[+0.050]+0.639]-0.20¢
w t= L. 306t wrt g 6 |-0.096 [+2.452]+0.067|[+0.005 [+1.620]-0.039}/+0.103 |+0.895[-0.163
< 3 . & 7 |-0.092|+2.643]-0.063/[+0.021|+1.850 |-0.056||+0.139]+0.974|-0.083
: t= &, raiswr J 8  [-0.096]+3.205[+0.077}{+0.010[+2.098]+0.142|[+0.130[+1.112]+0.t65
9 |-0.156]+3.543]%0.248]|-0.069 [+ 2.368+0.378[+0.043|+1.316 |+0.456
== 10 |~0.287]+3.860[+0.461/(-0.226 |[+2.66 1 |+0.647|/<0.13 1 [+1.584|+0. 772
1.: 11 |-0.220|+3.539]=1.344]/-0.215 |+2.655|-0.824]|-0.142|+1.820]-0.313
t= £, 0.708 wr . | 12 140.124]+3.416]-0.942)1-0.002|+2.631]-0.571|/~0.060|+1.895]-0.206
H 13 |+0.336+3.339|-0.485|[+0.130 |+2.616 |-0.292|[-0.01 1 [+1.943]-0. 102
t= 5, 0080w \a 14 [+o.411[+3.312] 0 |[f+o.175[+2.611] 0 |[+0.008]+i.959] o

*t= g ,-0TIBWS

X

NOTES: w represents the weight per unit

volume of water in units

consistent

with those of the radius r.
The ossumed weight per unit volume
of the conduit Is 180w/ 8e. 4.
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t =7 t = § t =%
POINT CMTz I R DA R (R ST
vr vr vr vr vr vr vr vr
i +0.375 1] 0 +0.333 0 0 +0.292 0 0
2 +0.325{+0.1001+0.375[1+0.289 |+0.089 |+0.333|1+0.253 [+0.078 [+0.292
3 +0.18840.375[+0.650](+0.167|+0.333{+0.577][+0.146 |+0.292 [+0.505
4 .0 +0.750 [+0.750 % +0.667.({4+0.667 ] +0.583(+0.583
5 ~0.188[+!.125[+0.650{|-0.167 [+1.000[{+0.577||-0.146 |+0.875[+0.505
6 —0.325]+1.400(+0.375(]-0.289]+1.244(+0.333|]~0.2563[+i.089[+0. 292
7 -0.375|+1.500 ] ~0.333[+1,.333 4] -0.292({+1.167 0
8 -0.325[+1.400[-0.376}1-0.289 ]+ 1.244[-0.333 |[-0.253[+1.089(~0.292
9 -0.188[+1.125{-0.650(|—0.167 [+1.000|-0.577)[-0.146 [+0.875[-0.505
10 (4] 10.750-0.750 0 +0.6671-0.667 0 +0.583 |-0.583
i +0.188 [+0.375|~0.650||{+0.167 |+0.3331-0.577||+0.146|+0.292 |-0.505
12 +0.325[40.100{-0.375(]+0. 289 (+0.089(-0.333|[+0.253 [+0.078[-0.292
'3 +0.375 0 0 +0.333 0 0 +0.292 0 0
pont| M [ T S0 T T s XTI =
vr vr vr v vr vr vr vr vr
1 +0.505 Q 0 +0.447 Q 0 +0.390 [4] 0
2 +0.380 1] +0.500][+0.322 0 +0.500((+0.265 0 +0.500
3 +0.005 0 +1,000||-0.053 [4] +1.000||-0.110 0 +1.000
4 -0.245]+1.500 0 -0.220+1.333 0 ~0.194|+i.167 ]
5 ~0.245|+1.500 0 -0.220[+1.333 0 ~0.194|+1.167 [}
[ ~0.2450+1.500 [ —-0.220(+1.333 ] -0.194]+i.167 0
7 -0.245|+1.500 0 -0.220(+1.333 0 —-0.194l+1.167 0
8 ~0.245{+1.500 0 -0.220|+1.333 0 -0.194[+1.167 0
9 +0.005 0 —1.000||~0.053 0 -1.000||-0.110 '] -1.000
i0 +0.380 [+ —0.500[|+0.322 4] -0.500((+0.265 0 -0.500
1K) +0.505 0 0 +0.447 1] 0 +0.390 0 0
M T S M T S M T S
PONT| S |~ v v [ | o )l v | v | wF
| +0.358{+0.03/ [} +0.330{+0.026 0 +0.291(+0.021 0
2 +0.319]+0.130}+0.367)}+0.286|+0.115 }+0.326+0.253{+0.098+0.286
3 +0.185[+0.402|+0.634|(+0.167{+0.358[+0.564]|/+0.148(+0.310[+0.495
4 +0.004|+0.772[+0.728||+0.006|+0.685]+0.648|(+0.006 [+0.598 [+0.569
5 -0.176|+1.140|+0.623[1-0.155|+1.013(+0.554|[~0.135[+0.885{+0.487
6 ~0.303|+1.408[+0.345|[-0.269(+1.251{+0.308([-0.236[+1.094[t0.271
7 —0.344(+1.500(~0.031({-0.306|+1.333|-0.026(|-0.269(+1.167[-0.021
8 -0.336|+1.500|-0.031]|-0.299(+1.333]-0.026{([~-0.264[+1.167]-0.021
9 -0.328{+t.500{-0.031{[-0.2931+1.333|-0.026/i-0.259+1.167|-0.021
10 |-0.293[+1.476|-0.267||-0.262|+1.311]-0.247|[-0.233[+1.145[-0.225
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FIGURE 35
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FIGURE 36
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FIGURE 48

REV. APR. 18, 1968

CIRCULAR

SQUARE

SHAPE 6

t=% t = £ *t - &
M T S ] T s M T S
- PONTI v st | we flws [ we | ad [l am | ue | o5
< _[+o.106[+1.T14] 0 [+0.004]+0.885] o |[-0.088]+0.767] 0
_ $ 2_ [+0.0901+1178]+0.098][+0.002|+0.979[+0.013//-0.078/+0.712|~0.069
oo yeignt ot 3 3 |+0.0a7[+1.365]+0,177|-0.002[+1.017|+0.023]|-0.050]+0.730]-0.125
tef, arowrt & 4 |-0.015]+1.656[+0.218][-0.009]+1.172]+0.028][-0.009]+0.76 {[<0.155
N £ eesrurt B § _[-0.081[+2.02a[+0.207|[-0.016|+1.373|+0.027|[+0.035|+0.810]-0.r52
R E. 6 |-0.133]+2.433]+0.139][-0.021]+1.605]+0.019]/+0.073/+0.880]=0.105
t= g, l3sawrt c:l 7 |-0.153]+2.843]+0.011]|-0.023]+1.850|+0.003]|+0.054]|+0.974]|-0.026
3 8__[-0.133[+3.173]-0.158][-0.020[+2.085|-0.017|[+0.088,*1.120|+0.085
9 |-0.076]+3:365/-0.306|[-0.012|+2.291[-0.035]/+0.055/+1.331]+0.i84
e 10_[+0:006|+3.437]|-0.375|/-0.00/]+2.456|-0.044][+0.003[+1.574]%0.232
< L 11 _]+0.093]+3.432]-0.337][+0.01 0[+2.575]-0.040|[-0.053]+1.799]+0.21
te g, 0. Tetwr 5 12_1+0.158]+3.401]|-0.198|[+0.015 [+ 2.646/-0.024-0.096|* 1.958]+0.125
teg,0 108w e, 5 13_[*0.182[+3.38€] 0 |[+0.022]|+2.670] 0 |[-0.112|*2.016] 0O
*{= 50 664wr %’m ‘2(ret)w
"-'ifv“-'-r]. ™ T S ] T s ™ T s
> 1 POINT W T wri v | wrt ot o7 e wet
3! _i,_ T_[+0:358[+).081 0 |[+0.157[#0.900] 0 |~6.015][+0.753] 0
Deod weight of /DR R 2__[+0.208]+1.081]+0.601|[+0.057[+0.900]+0.401][-0.065+0.753|+0.200
one-holf of conduit 7 Is 3 |-0.243/+1.081]+1.202](-0.244]+0.900/+0.801||-0.215[+0.753(+0.401
t=L5,600wt E[" 4 |-0.294]+1.803]-0.956|[-0.233|+1.068]-0.845]|-0.186 ]+0.467]-0.6 14
t=%,3.740 wre g -l’ % 5 [+0.101]+2.404]-0.581|(+C.127]+1.469]-0.553|[+0.142]|+0.668]-0.531
tm L 1736 wrt B 6 _|+0.245]#3.005[+0.044|[¥0.278 |+1.870]-0.011]|+0.303]+0.8068]|-0.072
s :‘ i 7 |+0.015[#3:606]+0.919|[+0.096 |+2.270|+0.780/[+0. 1 72]+1.06870.636
— __'}'* E 8 |-0.715]+4.207]+2.0a4|[-0.544 |+2.671]+1.622||-0.375]+1.269]+1. 594
- S 9 [-0.515[+3.419]-2.605][-0.51 1[+2.655|-2.003]|-0.417[+1.969]-1.088
h) 10 |+0.537[+3.419 |-1.402][+0. 24 |+£.655]-1,002]|-0.009]+1.969]-0.544
t=%, roorwr Y 11_Jecseaj+sai9] o |[+0.4s1|*2.655] o |Jro.127]v1.969] o
t=§,0038wr b - o
*e = §onwe] N TTITHTTHR 0o
™ T s ] T s ] T s
o PONTISe [ W [l e [ wr [ o |l we | wer | 5
3 | (to.06i+i.171] o ][-0.012|+0.943] 0 ||-0.104]*0.765] o
£ 2__|+0.048f+1.233]+0.084|I-0.011]+0.974]-0.002|[~0.092 [+0.768]-0.084
Dead weight of 3 [+o.012]+1 414]+0.148][-0.009]+1.067|0.006|[-0.058]+0.780]-0. 154
one-haif of conduit g 4_|-0.039]+1.696[+0.177]|-0.005+1.213|-0.013||-0.007/+0.803]-0.196
t=F,5.40awrt § 5 |-0.050[+2.053]+0.158|[+0.002]+1.402|-0.023|[+0.050]+0.839]-0.20¢
t=3.3.ee7wrt gl 6 1-0.125/+2.448]+0.084][F0.013+1.620|-0.037|[+0.104[+0.895|-0. 165
te§ remurt 9 7__[-0.126]+2.843]|-0.046][+0.028]+1.850|-0.054|{+0.140]+0.974|~0.084
o 8 [-0.164]+3.143]+0.361][-6.003 [+£.050[*0.3 11|[+0.122|+i.074]+0.239)
s 9 [-0.312]+3.444]+0.829]|[-0.132|+2.251[+0.738|[+0.0 1 6]+ 1.1 74[+0.62¢
10_[-0.487]+3. 9 10[+0.813)|-0-296[+2.607[+0.8 12]|-0.1 £9]+1.426]+0.790
11 |-0.613]+4.529]+0.748[(-0.447]+3.118]+0.854|[-0.293]+1.035]+0.939
t=F, 0988w 12 [-0.443]+4.102]-1.830)[-0.397[*3.163]-1.155||-0.3 13]+2.256]-0.a62
t= 3, 0.220wrf-, 13 |0.116/+3.634]-1.648]1-0.183|+2.839[~1.131][-0.217]+2.091]-0.579
*ta L —0.6aawr 1_mm 14 140.217[+3.329]-1.391|[+0.049[+2.613 -l.oag] ~0.091]+1.957]-0.644]
15 1+0.478]+3.3291-0.696][+0.245[+2.613]-0.521]/+0.029]+ 1.957]-0.322
16 [r0.565]+3.3e5] 0 J[t0.310]*2.613] o0 |[*0.070|+i.957] o

NOTES: w represents the weight per unit
volume of water in units consistent
with those of the rodius r.

The assumed weight per unit volume
of the conduit is 180w/62.4.
>
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+ Sign convention &
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FIGURE 49

REV. APR. |5, 1968

SHAPE A SHAPE B SHAPE C
[ T S ] T S
ponT| v | o7 | o pont| 5 | T5 | rownt| M5 | J5 | 3
I [+0.067[+0.728| 0 I [+0.019140.679] o0 | ]1+0.080]+0.687| 0
2 [+0.049]+0.772[+0.069 2 |+0.015[+0.710|+0.029 2 |+0.068 [+0.737 |+0.099
3 |+0.027[+0.892]+0.114 3 |+0.007 [+0.797]+0.047 3 |+0.034 [+0.876 |+0.167
4 [-0.001,+1.065[+0.117 4 |-0.003[+0.924[+0.046 4 |-0.010+1.073]+0.184
5 |-0.024 |+1.253 [+0.079 5 |-0.010]+1.070]+0.030 5 |-0.051|+1.289 [+0.147
6 |-0.032 [+1.423 [+0.014 6 [-0.012[+1.213]+0.009 § |-0.078 |+1.483 |+0.073
7 |-0.025[+1.549]-0.048 7 |-0.012 |+1.338]+0.002 7 |-0.085 |+1.625 |-0.007
8 |-0.048|%1.689 [+0.224 8 [-0.035[+1.489]+0.192 8 |-0.102 [+1.785]+0.157
9 |-0.154|+1.913 [+0.561 9 |—0.1061+1,770]+0.421 9 |-0.162 |+2.094 [+0.363
10 |-0.356|+2.266 |+0.954 10 |-0.216 |+2.256[+0.660 10 |-0.148 |+2.099|-0.576
11 |-0.323[+2.281]-1.172 11 |-0.194]+2.452]-0.696 11__1-0.025[+2.025]-0.376
12 |-0.072|+2.127 |-0.829 12 1-0.067[+2.238]-0.537 iz |+0.041]+2.015]-0.105
13 |+0.123[+2.028]-0.429 13 [+0.031]+2.0941-0.291 13 |+0.06¢ [+2.030]-0.057
74 |+0.090]+1.994] 0 14 ]+0.067]+2.043] 0© 14 [+0.070 [+2.035| 0
SHAPE E SHAPE F SHAPE 6
M T s M T s ™
pont| % | ok | o pont| %5 | o | wm eowt| 5 | T | Th
T [+0.061]+0.907| o0 I |+0.103[+0.775] 0 t_|+0.083[+0.778] 0
2 [+0.049[+0.964]+0.099 2 |+0.088/+0.834]+0.121 2 [+0.071/+0.832]/+0.100
3 [+0.018]+1.123]+0.156 3 |+0.047]+0.997+0.201 3 [+0.038[+0.980|+0.165
4 |-0.017|+1.343]+0.143 4 |-0.005|+.226[+0.212 4 |-0.003]+i.188]+0.170
s |-0.038[+1.570[+0.0%6 5 |-0.049|+1.469/+0.150) 5 |-0.037[+1.410[+0.112
6 |-0.028]+1.753[-0.082 6 |-0.069]+1.674]+0.033 § |-0.049[+1.599]+0.010
7__[+0.019]+1.854}-0.226 7 |-0.057|+1.806]-0.094] 7 |-0.033(+1.725|-0.098
8 [+0.023]+1.986[+t0.218 8 [-0.0a7[+1.919[+0.03¢ 8 [-0.048]+1.825/t0.229)
9 |-0.139[+2.121[+0.774 9 |-0.085[+2.053]+0.23 9 |=0.151{+1.925[+0.611
10 |-0.505+2.255}+1.441 10 |-0.188[+2.212 oo.ug 10 |-0.279]+2.163]+0.645]
11 [-0.464+1.0816]-1.933 11 ]-0.174[+2.071]-0.898| 11 ]-0.400[+2.5351+0.667
12 1+0.073}+1.816]-1.288 12 |+0.051{+2.004]-0.623 12 |-0.364]+2. 458]—1.052
13 |+0.395]+1.616]-0.644 13 [+0.190]+1.962]-0.319 13 |-0.163]+2.160]-1.042
4 +o.5o§‘3|.e|s 0 14 |+0.237]¢1.947] 0 14 |+0.045|+1.944]-0.966|
15 [+0.226[+1.944]-0.483]
16 [+0.286[+1.942] 0 ]}
CIRCULAR SQUARE Top reaction is ossumed to be
M T ) ] T s of uniform intensity, v.
POINT | Sev | wrt | wee POINT| 0% | Wr® | wrt Y
1 |*0.106[+0.707] © 7 [+0.315]+0.753] © SHAPE| <%
2 |+0.090/+0.764[+0.125 2 |+0.159]+0.753[+0.623 A |+0.493
3 [+0.047]+0.923[+0.211 3 |-0.308(+0.753 |+1.246 B |+0.312
4 |-0.009]+1.149]+0.232 4 |-0.350|+1.453|-0.614 C_ |+0.558
5 [-0.062]+1.391]+0.184 5 |-0.022|+1.654 [~0.531 E 1+0.754
6 1-0.094[+1.603|+0.085 6 |+0.139]+1.854]|-0.072 F_|+0.713
7 |-0.100[+t.748]-0.026 7 |+0.009[+2.054[+0.636 e |+0.644
[] -0.080|+ 1.842]|-0.109 L) -0.539 |+2.255 [+1.594 Circulor[+0.664
9 [-0.042[+1.912]|~0.152 9 |-0.510[+1.969[-1.933 Square|+0.84%
{0 140.003141.961(-0.185 10_1+0.2151+1.969 {-0.966 For loading dicgram, + sign
1 1+0.043]+1.9931-0.125 1t_]+0.456]+1969] 0 convention, and the assumption
12 [+0.0711+2.010{-0.069 that the conduits do not float
13 |+0.081j+2.016] © see Figures 18, 33, ond 48.

Note: Shape D does not floot.
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FIGURE 80

REV. APR. 15, 1968

t =4 t = § t = ¢

ot | | | | | | | ve | | W

| -0.218 { +0.530 0 -0.183| +0.471 0 -0.150 | +0.412 0
2 ~0.196 | +0.512 | -0.137 |} —0.164 | +0.455| —0.122 || —0.135 [ +0.398 | -0.107
3 -0.130[+40.459| —-0.265|| —0.109 | +0.408| -0.236 {| -0.090 | +0.357 | —0.206
4 -0.024 | +0.375| -0.375{| -0.021{+0.333| -0.333|] -0.019|+0.292 ] -0.292
5 +0.103]|+0.242]| -0.420]} +0.085| +0.215] -0.373}1+0.069 |+0.189]|-0.327
6 +0.211}+0.082| -0.306][+0.179|+0073|~0.272|{+0.149}+0.064)-0.238

7 +0.257 0 0 +0.219 0 0 +0.183 0 0
8 +0.211 1 +0.082| +0.306|(+0.179 | +0.073 | +0,272 || +0.149 | +0.064 | +0.238
9 +0.103 | +0.242; +0.420)| +0.085)+0.215 | +0.373|]+0.069|+0.189 ) +0.327
10 -0.024 | +0.375| +0.375|{~0.021|+0.333 | +0.333||-0.019 |+0.292|+0.292
] =0.130[+0.459 | +0.265[[-0.109|+0.408(+0.236|!-0.090|+0.357|+0.206
12 =0.196 | +0.512 | +0.137|[—0.164 | +0.455|+0.122|{-0.135(+0.398|+0.107

13 -0.218 |+0530 0 -0.183|+0.471 0 -0.150]|+0.412 0
r<- U -y
i§ i
X i
g & a
<>* |

=
+ Sign convention
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APPENDIX: THE BEGGS DEFORMETER

This study has been made using the Beggs
Deformeter apparatus *®° (figure 51).-The basis
of the method is a direct application of Maxwell’s
Theorem of Reciprocal Deflections, which - states
that for any two points on a structure, the ratio
of the displacement at the first point to the load
causing it, applied at the second point, is equal
to the ratio of the displacement at the second
point to the load causing it, applied at the first
point. Displacements are measured in the load
Airantinng .

In the general application of this method of
stress analysis, an elastic scale model of the
structure under consideration is deformed at a
cut in the model by use of a special set of gage
blocks and plugs. Three sets of plugs are used to
apply a rotational, a normal, and a shearing dis-
placement at the gage block. Microscopes equipped
with filar eyepieces are used to measure the model
deflections at points corresponding to the load
points of the actual structure. Deflections are meas-
ured in the direction of the prototype loads. No
loads are applied to the model, Deflections of the
model are read at prototype load points for dis-
placements applied at the gage block. The dif-
ference in microscope readings is a measure of
the model deflection induced by the change at the
gage block from the first position of the plugs to
the second position of the plugs.

From Maxwell’s Theorem the following equa-
tions may be written for the redundant reactions
at the cut section:

For a distributed
load

Ml=%{fpeMdl

For a concentrated
load

M,=P%,
M

¢ Beggs, G. E., “An Accurate Solution of Statically In-
determinate Structures by Paper Models and Special
Gages,”” Proceedings ACI, vol. XVIII, 1922, pp. 58-78.

§ McCullough, C. B., and Thayer, E. 8., Elastic Arch
Bgidges, John Wiley and Sons, New York, 1931, pp. 282-
3

0.

¢ Phillips, H. B., and Allen, I. E.,, “The Beggs De-
formeter Theory and Technique,”’ Bureau of Reclamation,
Denver, Colo., July 1965.

Sl = P:;Zi' Sl =a1;fpes dl

—Pr L
Tl—— dT Tl-—drfpeT dl

where

dy is the angular rotation applied at the cut
by the moment plugs
ds is the displacement applied at the cut by
tha chaar nluog
the shear plugs
dr is the displacement applied at the cut by
the thrust plugs
ex is the measured deflection at a load point,
in the direction of the load, due to da
es is the measured deflection at a load point,
in the direction of the load, due to ds
er is the measured deflection at a load point,
in the direction of the load, due to dr
is the load length
M, is the redundant moment reaction at the
cut
is the scale factor (prototype to model)
is a load acting at a point on the prototype
is the load intensity on the prototype at
the deflection point
is the redundant shear reaction at the cut
is the redundant thrust reaction at the
cut.

]

—

N NS

—

The only unknowns in these equations are
M, T, and 8.

In the actual operation of the Beggs Deformeter
the arithmetic is simplified by the use of calibra-
tion factors based on the plug dimensions and the
eyepiece scales. An influence line through points
obtained by multiplying the deflection ordinates
by the proper calibration factor gives directly
the magnitude of the moment, thrust, or shear at
the gage block position for a unit traveling load.

It should be pointed out that the Beggs De-
formeter method automatically takes into account
the strain energy in a structure due to moment,
thrust, and shear as well as haunch effects and
other shape changes.
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FIGURE 51. -Beggs Deformeter apparatus and shape B condust model.
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