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PREFACE

This handbook is intended primarily for the use of Soil Conservation
Service engineers. Much of the information will also be useful to engi-
neers in other agencies and in related fields of work.

The aim of the handbook is to present in brief and usable form in-
formation on the application of engineering principles to the problems of
soil and water conservation. While this information will generally be
sufficient for the solution of most of the problems ordinarily encoun-
tered, full use should be made of other sources of reference material.

The scope of the handbook is necessarily limited to phases of en-
gineering which pertain directly to the program of the Soil Conservation
Service. Therefore, ennhasis is given to problems involving the use,
conservation, and disposal of water, and the design and use of structures
most commonly used for water control. Typical problems encountered in
soil and water conservation work are described, basic considerations are
set forth, and all of the step-by-step procedures are outlined to enable
the engineer to obtain a complete understanding of a recommended solution.
These solutions will be helpful in training engineers and will tend to
promote nation-wide uniformity in procedures. Since some phases of the
field of conservation engineering are relatively new, it is-expected that
further experience may result in improved methods which will require re-
vision of the handbook from time to time.

The handbook material has been prepared by M. M. Culp, Head of the
Engineering Standards Unit of the Engineering Division, and his associ-
ates, Woody L. Cowan and Carroll A. Reese, under the general direction
of the Engineering Council. The Council is made up of the regional engi-
neers and the Chief of the Engineering Division at Washington. Under
its direction the needs of engineers in all parts of the country have
been considered and are reflected in the subject matter selected, the
method of presentation, and the organization of the different sections.

Many sources of information have been utilized in developing the
material. Original contributions and verbatim use of previously published
materials are acknowledged in the text.

Engineering Council:

T. B. Chambers, Chairman
W. S. Atkinson

A. Carnes

Edwin Freyburger

J. J. Coyle

C. J. Francis

J. G. Bamesberger

Karl O. Kohler, Jr.
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NOMENCLATURE - SECTION 6

effective tension area of concrete per bar;
area;

coefficient.

area of individual reinforcing bar.

height of vertical slab fixed on three edges;
distance from end of beam to concentrated load;

ratio of distance from end of beam to start of partial uniform
load to total beam span.

width of compression face of member;

breadth or width of vertical slab fixed on three edges.
breadth of conduit.

breadth or width of ditch or trench at top of conduit.
coefficient [k(1 - k)] + 2 (see ES-1);

ratio of load intensities, q, ¥ q,, (see ES-3);

ratio of stiffnesses, Ks * Kw, (see ES-28 and ES-29).
coefficient (see page 6.2-22 and ES-22).

coefficient (see page 6.2-18 and ES-15).

nominal diameter of bar

k(1 - k?) (see ES-3).

effective depth of section;

distance between two concentrated loads (see ES-25).
nominal diameter of bar.

thickness of concrete cover to center of bar closest to extreme fiber.
3+ (1 + k) (see ES-3).

2.7183 = base of Naperian logarithms;

eccentricity;

moment arm.

compressive stress in concrete.

compressive strength of concrete.

stress in reinforcement.

stress in compressive flexural reinforcement.

tensile stress in plain concrete.

yield strength of reinforcement.
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H = height of wall;
= vertical distance from top of fill to top of conduit;

= vertical distance between center lines of top and bottom of conduit
(see ES-28 and ES-29);

= horizontal component of force.
H = vertical distance from top of fill to top of conduit.
= height of equal settlement.
h = vertical dimension or distance (see ES-4);

= vertical inside dimension of conduit (see ES-28 and ES-29).

i = angle of surcharge between fill slope and horizontal.
j = ratio used in reinforced concrete relations.
K = ratio of active lateral pressure to vertical pressure;

= a shape factor coefficient for wind loads.
= stiffness of slab (see ES-28 and ES-29).

K: = stiffness of wall (see ES-28 and ES-29).
= radius of gyration;
= ratio of distance from end of beam to a point on the beam to total
span length.
L = distance between center lines of vertical walls of rectangular
conduit (see ES-28 and ES-29).
L = horizontal inside dimension of conduit (see ES-28 and ES-29);
= length of beam.
Qd = development length.
= moment.
Mab = moment at end "a" of member "ab."
Mib = fixed end moment at end '"a'" of member '"ab."
Mi = simple beam moment at point 'c."
ng = moment at distance k& from end of beam.
Mx = ng where x = k&.
m = (see ES-29).
N = direct force.
n = modular ratio of steel to concrete;
= (see ES-29).
P = resultant active force per foot of wall (see page 6.2-4);
= concentrated load.
PH = horizontal component of P.
Pv = vertical component of P.
Pp = resultant passive force per foot of wall (see page 6.2-15).
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psf

psi

iii
intensity of pressure at a point;
(see ES-28).
normal unit pressure on inclined surface.
pounds per square foot.
pounds per square inch.
intensity of load on a beam;
(see ES-28).
resultant of a system of forces on loads;
reaction.

reaction at end "A" of beam.
reaction at end "A'" of fixed ended beam.

simple beam reaction at end "A."

shear.

algebraic sum of fixed end moments at joint "A."
bond stress.

vertical component of force;

wind velocity;

shear.

shear stress in concrete.

allowable shear stress taken by concrete.

shear at end "A" of structural member.
shear at end "A" of fixed ended member.
shear at end "A" of simply supported member.

shear at distance k¢ from end of member.

total load on a beam.

total load per unit of length on a conduit.
specific weight of soil per unit volume;

weight of equivalent fluid per unit volume.
coordinate length (usually horizontal).
coordinate length (usually vertical).

factor associated with flexural crack width;
angle of friction between soil and back of wall.

ratio of lengths or distances.

(2Ku") + bd (see page 6.2-17).
unit weight of backfill (see ES-15 and ES-22).

settlement deflection ratio (see ES-22).
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© = angle between horizontal and inclined surface;
= angle between horizontal and back face of wall.
u = tangent of angle of internal friction in backfill.

H' = tangent of angle of friction between fill material and the sides
of the ditch or trench.

= projection ratio.

Py = steel ratio for temperature and shrinkage reinforcement.
L = summation sign -- sum of.

Zo = perimeter of tensile reinforcement.

¢ = angle of internal friction of a soil.

Additional symbols and notations used in reinforced concrete design discussions
conform to those given in the '"Reinforced Concrete Design Handbook' of the
American Concrete Institute.
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SECTION 6
Structural Design - General

1. General Discussion. Structural design is a combination of practical
engineering sense and theory. The design process involves two broad phases
of the total job. In the first phase the general features or layout of
the job are decided upon, tentative selections of the various types of
materials to be used are made, and decisions as to the functional require-
ments of the job are reached. The second phase involves the proportioning
of the various parts of the structure to carry the required loads. These
two phases are closely related by several factors, one of which is the
necessity to produce the required structure economically.

A good structural designer will have a thorough kmnowledge of construc-
tion methods and practice, and he will constantly strive to prepare plans
that can be executed without unusual complications; he will weigh the extra
costs involved in the construction of complicated details against the func-
tional advantages thereof.

He must ask the following questions over and over during the design
process: First, how does this structure and its parts bend, deflect, or
move? Second, how can it fail? These are powerful questions. Seldom can
the first question be answered with quantitative precision, but it can
usually be answered qualitatively. It may be difficult to estimate the
magnitude of the strains, rotations, and displacements, but it is impera-
tive that the sense and location of these movements be well defined. Con-
sideration of the second question should include the possibility of failure
by collapse of one or all of the structural elements or by sliding, settle-
ment, or some other form of displacement of the entire structure.

Durability is an extremely important factor in the design of hydrau-
lic structures. The dursbility of a structure is affected by design as-
sumptions, materials, construction practice, and climate. It is not enough
to design a structure so that it has sufficient structural strength only;
it must be designed to resist structural or physical deterioration for the
anticipated life of the structure. Reinforced concrete hydraulic struc-
tures that will be subjected to numerous freezing and thawing cycles must
be so designed and built that cracks of sufficient size to permit concen-
trated seepage of water through the structure will be prevented.

Often there are several ways to solve a design problem, two or maybe
three of which are definitely superior to the others. Any engineer that
has worked in the design field for very long will have assembled a set of
design notes, aids, and ways of doing things that he likes and with which
he is familiar. His methods may be excellent or they may be inefficient
and yet produce sound results. It is far beyond the scope of this handbook
to attempt to include even several of the different methods or procedures
that might be used to solve any one of the various problems treated. In
general, the procedure will be to present one system or method of solution
that is practical and adequate and then illustrate it with examples. In
some cases various methods will be presented to demonstrate the advantage
of one or to facilitate the combination of a set of computations with sub-
‘sequent steps in the solution of a general problem.
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2, Loads. One of the most difficult jobs confronting the structural de-
signer is the determination of the loads to be carried by the structure.
Many questions need to be answered. What possible loads can come to the
structure during its lifetime including the construction period? In what
possible combinations can these various loads act? What are the relation-
ships between magnitude and frequency of the various loads and what effect
should these relationships have on design load and unit stress assumptions?
What hazards are involved should the structure fail?

Answers to the above questions will provide guidance in selecting
design loads. Specially designed structures of unusual magnitude, cost,
or complexity, or those in which the hazards are high, should failure
occur, will justify a considerable expenditure of time and energy for ac-
curate determination of loads. Such structures are designed for a speci-
fic location and purpose and extensive studies in soil mechanics and other
fields may be justified.

On smaller structures where the hazards of failure and costs are both
comparatively low, it is reasonable and practical to develop standard de-
tailed construction plans that can be used from job to Jjob over a wide
range of conditions. The problems of load determination for the design of
such structures are somewhat different than for a specific structure to
be built at a given location. In the design of standard structures an
attempt must be made to determine the average load for each of the various
possible loading conditions and then check to be certain that the maximum
loads do not encroach on the factor of safety too far. This is more easi-
ly said than done because of the many variables such as differences in
construction materials at different locations, differences in types of
soil, both in foundations and backfill, and differences in climate and ex-
posure conditions. :

- 2.1 Dead Loads. Dead loads are fixed in magnitude, point of appli-
cation, and direction and act on the structure continuously. They result
from the weight of the structure itself and attached appurtenances, and
always act in a vertical direction since they result from the pull of
gravity.

Extensive tables of weights and specific gravity are given in several
handbooks, and it is considered unnecessary to reproduce them here. One
such table can be found in the Manual of the American Institute of Steel
Construction entitled "Steel Construction"; another is in King's "Handbook
of Hydraulics."

The selection of specific weights requires thought and good judgment.
Often materials thought of as having fixed specific weights (unit weight)
vary considerably in density. For example, the specific gravity of alum-
inum will vary from about 2.55 to 2.75. The weight of earth in pounds per
cubic foot will vary from 65 to 130 depending upon the moisture -content,
void ratio, and specific gravity of the solid particles. Very well com-
pacted earth may vary from 90 to 130 lbs. per cu. ft.

For standards and small structures, average values must be chosen
with good judgment. On specific structures more precise values should be
used.
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Special caution is justified in those cases where the effective
weight of a material is lowered by its submersion in water. Remember
that a body heavier than water is reduced in effective weight by an amount
equal to the weight of the displaced water, and a body lighter than water
by unit weight (specific weight) will displace its weight of water if it
floats; if it is submerged, it must be held down by & force equal to the
weight of the displaced water minus the weight of the body in air. A more
thorough treatment of this subject is found in the section on "Hydraulics -
General."

2,2 Live Loads. All loads other than dead loads are live loads.
Live loads may be steady or unsteady, fixed, movable or moving; they may
vary in magnitude and be applied slowly or suddenly. Fortunately most
live loads encountered in the design of hydraulic structures are fixed
and relatively steady. However, load fluctuations may be severe and very
rapid in a pipe line when a valve is closed suddenly or when there is an
abrupt change in flow conditions in the pipe. Bridges are subject to
moving loads and impact effects. Earth pressures will vary in intensity
but are slow in changing.

2.2.1 Hydrostatic Pressure. Triangular and trapezoidal pres-
sure diagrams that indicate a linear relationship between intensity of
pressure and depth are used to represent both water pressure and earth
pressure. See Section 5, Hydraulics - General, for a more complete treat-
ment of hydrostatic pressure, or refer to King's "Handbook of Hydraulics",
or to any standard textbook on hydraulics.

The solution of a simple but common problem involving hydrostatic
pressure is given below. In this illustration the solution is found by
three equivalent but slightly different procedures. Note the ease with
which this particular problem is solved by the use of drawing ES-4. It
will usually be found that this procedure is easiest and most rapid for

rectangular areas, the most common case encountered.

Problem: Find magnitude and point of application of resultant pres-
sure on a vertical slice (12 inches wide) of the submerged sluice gate
shown below. The gate opening is 5'-0" high. Neglect loads around edge
of gate that are directly against the gate frame.

Solution No. 1 - (See Fig. 6.2-1.) Compute intensities of pressure at top
and bottom of gate as shown on the drawing. Next compute moment of load
diagram about bottom of gate.

Load x Arm = Moment
187 x 5.00 935 1bs. x 2.50 ft. 2338 ft. lbs.
1/2 x 312 x 5.00 = _780 " x 5/3 " 1300 " "
P = 1715 1lbs. M = 3638 ft. 1lbs.
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For the resultant P to have the same moment about the base as the
load diagram it must be located a distance, e, above the bottom of the
gate opening =M + P = 3638 + 1715 = 2.12 ft.

Warer Surfoce 7 .o

I
11T
g

3-0

G2.4x3=/87

499, 624x8-499.p.5.f

Solution No. 2. King's "Handbook of Hydrauliecs", page 20, 3rd edition:

P=vwAy = 62.b x5 x1 x 5.50 = 1715 1bs.
52
K 12
X=Y+§"=5-5+—5'75'—5.88 ft.; 8.00-5.88 =2.12 = e

Solution No. 3. Use drawing ES-4 for y = 8-0, h = 3-0, and w = 62.4

S =P =27.5 x 62.4 = 1716 1bs.
M= 58.3 x 62.4 = 3638 ft.lbs.
M _ 3638 B

5 = %7%3 =2,12 ft. = e
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2.2.2 Active Lateral Earth Pressure. The determination of
precise values for lateral earth pressure 1s difficult, if not impossible,
because of the wide variation in soil types and characteristics, soil
moisture relationships, rigidity of the restraining wall, and other fac-
tors. The classic theories give reasonably good results in those cases
where the physical conditions closely approximate the assumptions on which
the theory is based; they may be in serious error for cohesive or wet
soils or unyielding walls.

During recent years this subject has received considerable attention
as a part of the rapid development of the field of Soil Mechanics. As yet,
however, there has been no reasonably easy and accurate solution to this
general problem. Extensive tests of the physical and structural properties
of soil are needed to make use of the currently available advanced methods
of solution. Only in unusual cases would the type and size of structures
built by the Soil Conservation Service Jjustify such tests.

Hence, it has been arbitrarily decided to use the classic method of
Coulomb and the other customary practice based on equivalent fluid pres-
sures as the two most applicable methods for our work.

Coulomb's method is applicable only to dry, noncohesive, permeable
gsoils of high structural strength best exemplified by relatively clean sand
or gravel.

Coulomb's general equation for active earth load on a yielding wall is:

P = 1/2 wi® 5in®(6 — ) (6.2-1)

2
wt o suie ) R

where

total pressure per linear foot of wall in lbs.
specific (unit) weight of soil in lbs. per cu. ft.
height of wall in ft.

angle between back face of wall and horizontal.

angle of internal friction of the soil.

friction angle between soil and back of wall.

angle of surcharge between fill slope and horizontal.

~FNeoo=s Hd
wwonnononon

- Coulomb's equations are based on the assumption of linear variation
in pressure; hence, P always acts on the surface under consideration at
H/3 above the base.

Dry, clean sand and gravel evidence values of the variables involved
approximately as indicated below:

Variable Units Min. Max. Remarks .
w 1bs/£t3 100 120 Increases with compaction
¢ degrees 35 45 Increases with compaction

Z degrees 20 25 Sand against concrete
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Note: If the fill will be subjected to vibration from any source, the
value of Z should be taken as zero. Tractors used for backfilling will
usually provide sufficient vibration to warrant reducing Z to zero in ad-
dition to producing a surcharge on the wall.

This nomenclature is illustrated in fig.. 6.2-2 below.

V4 /—harfzonfu/

[—vborfzcuvﬁa/
/180°-(E+B+6)

-----

FIG. 6.2‘2

Culmann has developed a graphical solution to Coulomb's equation
that has practical value, particularly for those cases in which the back-
fill surface is irregular or carries a surcharge. This graphical solution
is illustrated by the following examples.

Example 1 - (See fig. 6-2-3)‘

Step 1. Draw a sectional elevation of the wall and the earth fill
surface to scale, compute the values of angles © and i, and then tabu-
late the values of &, 1, ¢, 7, and w.

Step 2. Lay out lines AB and AC as shown in fig. 6.2-3. Line AB is
laid off from A, the heel of the wall, above the horizontal line AD so
that the angle BAD = ¢. Line AC is laid off from A below the horizontal
line AD so that the angle DAC = 180° — (Z + ¢ + ©).

Step 3. Compute the weight of the various earth fill slices indi-
cated. An easy way to do this in this case igs: Extend the earth fill
line past point M and draw the line AM through A so that the angle NMA is
90 degrees. Scale or compute the length of the line AM. Next lay off
distances 8, 10, 12, etc., feet from point O along the earth £ill line to
the scale used in drawing the wall. Draw the lines A8, A10, Al2, etc.,
thus defining verious earth slices whose weights are to be computed. In
a case such as this, the use of an even increment of distance along the
earth fill slopes will facilitate the computations as will be seen later.
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The weight of the earth slice (1 foot thick) 0-8-A-0 is determined by multi-
plying the base of the triangle = 8 feet by the height = 12.02 feet by one-
half by the unit weight of the earth. (See the computations on fig. 6.2-3.)
The weight of the slice 0-10-A-0O is found by adding the weight of the slice
increment 8-A-10-8 to the weight of the slice 0-8-A-0O. The weight of the
slice increment is computed as shown in fig. 6.2-3. Add increments to ob-
tain weight of other slices.

Step 4. To some convenient scale lay off the weights of the various
earth f£il1l slices along the line AB with the zero point of the scale at A,
thus locating points W8, W10, etc.

Step 5. Next draw lines from W8, W10, etc., parallel to the line AC to
an intersection with the corresponding lines A8, A10, etc.; i.e., the line
from W8 parallel to AC is drawn to an intersection with the line A8, etc.

Step 6. Connect the points'of intersection obtained in step 5 with a ‘
smooth curve and draw a tangent to this curve parallel to the line AB.

Step 7. From the point of tangency found in step 6 draw a line paralle
to AC back to the line AB. The length of line at the scale used in plotting
the weights along AB is the value of the resultant load on the wall = P. Th
" horizontal and vertical components of P can be found graphically as indi-
cated in fig. 6.2-3.

Step 8. Locate the point of application and direction of the resultant
load P. The point of application of the load is on the wall a vertical dis-
tance of one-third H above 1its base. The direction of P is defined by the

angle Z.

This graphical solution can be checked by substitution in Coulomb's
general equation as follows:

0.5 x 100 x 122 x sin®?(99°28' — 35°)

2
81n299°28'81n(99°28'+20°) (1 + / s1n(20°+35°)sin(35°-18°261) )
51n(99°2814+20°)sin(99°28'- 18°26")

P =

2
) 7200 x (0.9023h) = 3000 1bs.

(0.98638)%(0.8706k) (1 +/°~81915 X 0-28515)2

0.87064 x 0.98778

The horizontal and vertical components of P can be computed from the
following equations:

P, = P cos [% + (& - 90§ﬂ
v = P sin [% + (8 - 9053

2620 1lbs.

]
]
I

3000 cos 29°28!

P 3000 sin 29°28' = 1470 lbs.
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/2-0

W8 -4808. /bs.

¢= 35‘ ° 2 ,
&= 90°+arc fongent /3 =99°28

w = 100 1bs/£t°®
8 = 99°-28"

| 359

20°

arc tan % = 18026

e N
nwon

/180°% (E +#+8)=25%232"

Compute Slice Weights
w8 = % x 8 x 12,02 x 100 = 4808 1bs.
AoW = weight of 2 ft. slice increment

% Xx 2 x 12.02 x 100 = 1202

W10 = W8 + AW = 4808 + 1202 = 6010 1bs.
Wl2 = 6010 + 1202 = 7212 1lbs.
Etc.
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If the angles 1 and Z equal zero and angle 6 = 90 degrees, then
Coulomb's general equation reduces to

P = 1/2 wH? i : :i‘; (6.2-2)

which is identical to Rankin's equation for this case.

This case is 1llustrated in the following example. Its solution is
probably most easily accomplished by the above equation (6.2-2) unless a
scale drawing of the wall and other tools are readily available for the
graphical construction. The graphical solution is demonstrated to point
out some important relationships for this case and to further illustrate
its use.

Example 2 - (See fig. 6.2-k4)

A two-foot surcharge has been assumed in this case; this is approxi-
mately equivalent to a heavy crawler-type tractor that might be expected
to operate close to the top of the wall during construction operations.
Paragraph 3.2.18, page 137, of the "Standard Specifications for Highway
Bridges" of the American Association of State Highway Officials requires
the placement of a two-foot surcharge of earth where highway traffic can
be expected within a distance of one-half H from the top of the wall. 1In
either case, the two-foot surcharge is a logical addition to the load on
the wall. In such cases Z should be taken equal to zero.

The graphical solution was made following the procedure outlined in
example 1. Where the top of the fill is horizontal, as in this case, the
bisector of the angle TAB defines the wedge of maximum thrust so that the
maximum value of P can be drawn without constructing the curve.

The value of P = 2290 1bs, found from the graphical construction,is
the load on the surface OA. The value of the load on AT can be found most
easily by converting P into an equivalent fluid pressure diagram as shown
in fig. 6.2-4. From this equivalent fluid pressure diagram the load on
the wall AT becomes a trapezoidal pressure diagram. The resultant of the
trapezoidal pressure diagram can be found as indicated in fig. 6.2-4, or
the total load and moment about the base can be found very easily by the
use of drawing ES-4 as follows: For h =2, y = 13, and v = 27.1,

2240 1bs.
9290 ft.lbs.

R=8= 82.5 x27.1
M= 342.8 x 27.1

The solution for P given in fig. 6.2-4 may be checked by equation
(6.2-2).

1l — sin > 1 — sin 350
po1/o e =8 ® 3y 100 x 132 Lo sin 357
/ 1+ sin @ / ¥ T+ e 35°

< 0.426k42
1.57358

8450 = 2290 1bs.
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9, ¢-0 bisector of £ 748
0 P74 6/ 8 /0 /2
Q
= S S 2u= 54
‘o %& |
oS ‘
18 ' 8
3 |
)
%) <9 |
Y
I = #
| P:2290. /55 L £:\2240
| N
o | 2
L | N
§ y
C Compute Equivalent Fluid
Pressure on OA
T 90°, z=0 1/2 wH? = 2290 1lbs
= 100 1b/£t3
¥ / W = 2229—§L3 = 27.1 1b/2t3
Compute Slice Weights 15
wh =1/2 x % x 13 x 100 = 2600 1bs Resultant load and moment from
AoW = weight of 2 ft slice increment dwg. ES-h for y = 13 and h =2
= 1/2 x 2 x 13 x 100 = 1300 1bs R = 3?;2.2 X 27'1 = 2240 1bs
W6 = 2600 + 1300 = 3900 1bs ﬁ - 26 x 27.1 = 9290 £t lbs
Ete. == %SEB = 4.15 £t
FIG. 6.2-4

If the angle & = 90 degrees and angle Z = zero, then Coulomb's
equation reduces to

2
P = 1/2 wH2 cos® ¢ (6.2-3)

sin ¢ sin(@-1) 2
(l +f sin(e-1) )
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Example 3 - (See fig. 6.2-5)

In this example a negative value of the angle i has been assumed
and an illustration solved graphically and algebraically. The graphical
solution is straightforward following the rules previously given. Signs
of the angles must be watched in the algebraic solution. For example,
in this case, sin(@-i) = sin 30°-(-26°34') = sin(3094+26°34'),

Note that when Z = O, the direction of the resultant load is normal
to the wall; then if the wall is vertical (© = 90 degrees), the resultant
load P is horizontal.

o
F - ;
Lo = (= -26>34
-2 4
6 M
g
[ 0,
A / 2
y ’
N / 8
0
~
L))
[\
>
/ T %
/ W6 =4o2¢.
//%V Wd=2684. /bs.
@=30°
A O
/80-(B+O+ Z)=60° 396 .ps1.
Z =O° :/5‘0-
C
AM = 15 cos 26°34k' = 13.42 ft. Equivalent fluid pressure
Wh = 1/2 x 4 x 13.42 x 100 = 2684 1bs 1/2 wE? = 2970
AW = 1/2 x 2 x 13.42 x 100 = 1342 1bs v = 29722; 2 _ o6k 1bs /££2
W6 = Wb + AW = 2684 + 1342 = 4026
W8 = W6 + AoW ; etc.

FIG. 6.2-5
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Algebraic Solution: (Based on equation 6.2-3.)

P =1/2 Vi _ _ 0.5 x 100 x 225 x cos® 30°
(T V/éln¢sin(¢ -1) (} +v/§in 300s1n(30°+26°34 ' )
sin(e-1) sin(90%+ 26934 )
- 11250 x 0.866° 2970 1bs.

0.50 x 0.835)2 )
(; +V/ 0.894

As pointed out previously, the lateral earth pressure depends on
numerous characteristics of the backfill.

The shearing strength of the soil is determined by tests that give
values of the angle of internal friection, ¢, and of cohesion. For rela-
tively clean sand and gravel the angle of internal friction is high. It
usually varies between 35 and 45 degrees and is affected very little by
moisture content; the cohesion is negligible. The moisture content of
clay affects its shearing strength so that the angle ¢ may vary from zero
for fully saturated clay to about 30 degrees for dry clay; cohesion is
usually quite high in dry clay with considerable decrease with increased
moisture.

Permeability of the backfill may vary from very high values for
clean sands and gravels to practically zero for consolidated -clays.

The density of the backfill obviously is a factor in the lateral
pressures that it will exert.

The most important single characteristic for most soils other than
clean sands or gravels is the moisture content. Numerous tests have
shown that earth pressures go up with an increase in moisture content of
the backfill. The amount of moisture in a backfill depends upon several
factors which can be grouped under two principal categories. They are:
(1) factors affecting the availability of free water; and (2) those fac-
tors affecting the disposal of excess free water.

In general, there are two sources of surface supply and one of under-
ground supply. Water may reach the backfill of a wall by direct rainfall,
overland flow, or lateral underground seepage.

Good surface drainage and a layer of well-graded, relatively impervi-
ous soil of high density, that shrinks little on drying, placed on top of
the backfill will help to reduce infiltration of water from the surface.

In open permeable soils above a low water table (below the bottom
of the wall by several feet), water that does penetrate the soil surface
seeps vertically through the profile and causes little if any increase in
lateral pressure. Even in permeable soils, if the water table is high
and no drainage is provided, the amount of water that infiltrates through
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the surface may soon fill all the voids in the soil thus completely satu-
rating it with an accompanying large incredse in lateral pressure due to
the addition of the hydrostatic load.

In soils of low permeability, adequate drainage is difficult and
costly. The drainage usually provided for retaining walls and comparable
structures is entirely inadequate for clay soils with the result that if
a clay backfill is allowed to become wet, as it usually will, there is a
gradual increase in lateral pressure with the increase in moisture until
at complete saturation the backfill acts very much like a liquid.

Freezing temperatures and the subsequent formation of ice layers in
fine-grained soils constitute another possible source of increased lateral
earth pressures.

In view of the many factors that affect lateral earth pressures, it
is somewhat presumptuous to present the following table; however, we are
continually faced with the design of various types of structural elements
that must satisfactorily resist lateral earth pressures. The previous
discussion and the following table 6.2-1 should constitute a reasonsable
guide for estimating probable lateral earth pressures for small structures.

TABLE 6.2-1

Equivalent Fluid Pressures for Compacted
Backfills of Various Soils with no Surcharge

Equivalent Fluid Weight

Permea- | Shearing Approx. in 1bs per cu ft

, Type of o1l lyi1ity | Strengtn | DTV WelgMt Ioa oty Drainage | Satu-

3
1bs/ft AT B2 rated

1. Clean sand,
‘gravel or sand- -
gravel mixture | high high 110 30 35 80

2. Well-graded
sand, silt, and

clay mixture low high 125 ko 65 85
5. Sandy, clayey
silt low good 100 45 80 90
k., Clay very
low low 100 90 90 120

5. Fluid mud,
sluiced silty
clay or clay. none - - - 135

l1condition A - Infiltration from rainfall is only source of surface
water; good surface drainage away from the wall; low water table several
feet below bottom of wall.

; 2Condition B - SﬁbJect fb rainfall and inflow of surface runoff from
adJacent areas; poor surface drainage; high water table near or above
bottom of wall.
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Drainage of the backfill is usually essential if pressures are to be
kept low enough to permit economical designs. However, the cost of pro-
viding adequate drainage may be so high for clay and other fine-grained
soils that it becomes economical to design relatively low walls for high
lateral pressures and use only nominal customary drainage. The availabil-
ity of pit-run sand or gravel for use as drains and the cost thereof will
affect this decision. Obviously, it is impossible to state any fixed
rule--the decision should be based on comparative cost studies for any
particular structure and site.

A minimum smount of drainage should be provided for all walls subject
to lateral earth pressure. Weep holes of 3 or 4-inch diameter with the
lowest practical free outlet should be provided at 5 to 10 feet spacing
with a coarse sand or gravel filter and collector rumning the full length
of the wall. Such a filter should be at least 18 inches thick and have a
horizontal dimension of 18 inches up, depending upon the soil type. In
clayey silts and clays, the horizontal dimension of the filter might well
be made equal to half the height of the wall if filter material is readily
available and cheap.

It 1s often advantageous to use a perforated collector pipe in the
filter and outlet this pipe through the wall at intervals of 50 to 100
feet. Usually such a pipe need not exceed four inches in diameter if it
is placed on a one-percent grade and does not extend more than 50 feet on
each side of the outlet. Such pipe should be durable and of sufficient
strength to withstand the loads imposed on it.

Very good drainage of clay backfills can be accomplished by placing
a large filter of clean, coarse sand or gravel or sand-gravel mixture
back of the wall as indicated in fig. 6.2-6. This recommendation is based
on work reported by Prof. Gregory P. Tschebotarioff of Princeton Univer-
sity in Paper No. 2374, Vol. 114, 1949, of the Transactions of the Ameri-
can Society of Civil Engineers entitled "Large-scale Model Earth Pressure
Tests on Flexible Bulkheads." The following quotation is from page 431
of the above reference:

"The use of a sand dike sloping away from the bulkhead of a
natural (1:1.7) slope was found to be fully effective in reducing
the fluid lateral pressures transmitted to the bulkhead from the
unconsolidated fluid clay backfill behind the dike. The pressures
against the bulkhead were no greater than those exerted by a back-
£i11 composed entirely of sand.

"The interposition between the fluid clay backfill and the
bulkhead of a vertical sand blanket with a width equal to the bulk-
head height was found to be just as effective as the interposition
of a sand dike. When the width of the blanket was equal to one-
half the bulkhead height, it was only aspproximately one-half as ef-
fective, and it was completely ineffective when its width was equal
to one-tenth of the bulkhead height. In the latter case the lat-
eral pressures transmitted to the bulkhead from the unconsolidated
clay backfill were no smaller than those of a fluid.

"The foregoing statements should be taken only as indications
of order of dimension, accurate to approximately + 10 percent."
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FIG. 6.2-6

Soils that contain appreciable amounts of clay are subject to ex-
cessive shrinkage. During dry periods, extensive cracking of such soils
can be expected; cracks are quite apt to open up at the plane of contact
between a wall and the backfill. Such cracks may extend to depths of
10 feet or more. Where such walls and backfills are subject to overland
flow, the minimum lateral pressure for which the wall should be designed
is full hydrostatic pressure, since water will enter the crack between
the wall and the backfill and develop full hydrostatic pressure for the
depth of the crack before the soil can swell to its original volume and
slow down the infiltration of water at the surface of the ground.

The following references are good sources of information on lateral
earth pressures:

1. "Soil Mechanics in Engineering Practice" by Karl Terzaghi
and Ralph B. Peck; published by John Wiley and Sons.

2. "Fundamentals of Soil Mechanics" by Donald W. Taylor;
published by John Wiley and Sons.

3. "The Theory and Practice of Reinforced Concrete" by
Clarence W. Dunham; published by McGraw-Hill Book Co.

2.2.3 Passive Lateral Earth Pressure. Passive lateral earth
pressures are more highly indeterminate than active pressures. As would
be expected, less research has been done on them than on active pressures
and the methods of evaluating passive pressure are more directly depend-
ent upon theoretical mechanics without experimental verification. Hence,
it is wise to be conservative in the use and evaluation of passive resis-
tance in the design of structures.

Passive resistance of the earth in front of a retaining wall or cut-
off wall under a dam is sometimes used to increase the factor of safety
of the structure against sliding. Such practice is not recommended, but
may be necessary in some cases.
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Coulomb's equation for passive pressure is:

P = wHE csc & sin(® + @) Z (6.2-k)
P 2 . - a
—~ _ [sin(@+2)sin(@ei)
Jsin(8-2) V/* o1n(6 - 1)

It is conservative and customary to ignore wall friction in comput-
ing passive pressure. Then when Z = O and the wall is vertical (& = 90°),
equation (6.2-4) reduces to:

cos® ¢ (6.2-5)
G __\/sin # sin(g + 1)
cos. i

When 7 = 0, & = 90°, and the earth surface is level (i = 0), equa-
tion (6.2-4%) becomes:

wHZ 1 + sin ¢
= T—ein g (6.2-6)

Table 6.2-2 gives approximate values of the ratio of passive lateral
pressure to vertical pressure for a range of soil types and conditionms.
These values will give reasonable values of passive resistance and are es-
pecially useful where the earth surface is confined by the apron of a dam
or where it carries a surcharge.

TABIE 6.2-2
Ratio of Passive Lateral
Type of Soil Pressure to Vertical Pressure
Dry Saturated

1. Clean sand, gravel, or

sand-gravel mixture L 3
2. Well-graded sand, silt,

and clay mixture 3

3. Sandy clayey silt
k. Clay 2 . 0

Unless the structure rests on a permeable foundation in which the
water table is several feet below the bottom of the wall or cut-off wall,
the saturated condition should be assumed in design.

Probable frost depths also influence the selection of values to be
used. In silty clays, and clays especially, thaw and the accompanying
change from ice to water will soften the soil and reduce its resistance
to lateral movement to almost nothing. Unless the soil is very well
drained, the passive resistance should be taken as zero for the normal
average frost depth.
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2.2.4 TLoads on Underground Conduits. This subject is espe-
cially important to engineers of the Soil Conservation Service because of
the numerous field conditions encountered that require such load determi-
nations. Drop inlet barrels, inverted siphons, tile drains in unusually
deep cuts, and culverts are examples of structures that are subjected to
the loads discussed below.

Much of the following material has been taken from a paper by Prof.
M. G. Spangler of Iowa State College entitled "Underground Conduits - An
Appraisal of Modern Research" which was published as Paper No. 2337 of
the 1948 Transactions of the American Society of Civil Engineers, Vol.
‘No. 113. 1In the following discussion wherever direct quotations are made,
they are from the above paper unless specifically designated otherwise.
Prof. Spangler's equations and figures have been re-numbered to conform
to the system herein.

"Underground conduits, in general, may be divided into two main
classes on the basis of construction conditions under which they are
installed, that is (1) ditch conduits and (2) projecting conduits.

(1) 'Ditch conduits' are structures installed and completely
buried in narrow ditches in relatively passive and undisturbed soil.
Examples of this class of conduits are sewers, drains, and water
mains (see fig. 6.2-T).

(2) 'Projecting conduits' are structures installed in shallow
bedding with the top of the conduit projecting above the surface
of the natural ground and then covered with an embankment, as shown
in fig. 6.2-7. Railway and highway culverts are good illustrations
of this class of conduits. Conduits installed in ditches wider than
about two or three times their maximum horizontal breadth may also
be treated as projecting conduits.

op of Construcled

Enbonkment
ﬁKW?%WZﬁg;;g7NN7FWW“

Difeh oug in undsrstfurbed
N eorth ono bockri//ed
| with relatively /oose

2] eorth

Natural/ Ground Surfoce

Norfuro/ Ground
Surrfoce -

(o) DITCH TYPE (b) PROJECTING TYPE

FIG. 6.2-7
Essential Elements of Typical Conduits
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Ditch Conduits

"When a conduit is placed in a ditch not wider than about two
or three times its outside breadth and covered with earth, the back-
£111 will tend to settle downward. This downward movement or tend-~
ency for movement of the soill in the ditch above the pipe produces
vertical frictional forces or shearing stresses along the sides of
the ditck which act upward on the prism of soil within the ditch and
help to support the backfill material. Assuming the cohesion be-
tween the backfill material and the sides of the ditch to be negli-
gible, the magnitude of these vertical shearing stresses is equal to
the active lateral pressure exerted by the earth backfill against
the sides of the ditch multiplied by the tangent of the angle of
friction between the two materials. This assumption of negligible
cohesion is justified because: (a) Even when the ditch is dug in
and backfilled with cohesive material, considerable time must elapse
before effective cohesion between the backfill material and the
sides of the ditch can develop after backfilling; and (b) the assump-
tion of no cohesion yields the maximum probable load on the conduit.
The maximum load may develop at any time during the life of the con-
duit due to heavy rainfall or other causes which may eliminate or
greatly reduce cohesion between the backfill and the sides of the
ditch."

The total vertical pressure within the ditch at the elevation of top
of conduit is given by the following equation:

— (6.2-7)

where

P = total vertical pressure in the width by at the top of the con-
duit in pounds per linear foot of conduit.

7 = the unit weight of the backfill in pounds per cubic foot.

by = breadth or width of the ditch or trench at the top of the
conduit.

e = 2.7183 = base of Naperian logarithms.

2 1
by
\/ 241 —u
K = VE Z— K _ ratio of active lateral pressure to (6.2-9)

‘/,,‘2...1 ny vertical pressure (from Rankine's theory).
p#' = tangent of the angle of sliding friction between back-
£i111 and adjacent earth.

p# = tangent of the angle of internal friction of the back-
£ill material.
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"The proportion of this total pressure that will be carried by
the conduit will depend upon the relative rigidity of the conduit and
of the fill material between the sides of the conduit and the sides
of the ditch. 1In the case of very rigid pipes such as burned clay,
concrete, or heavy cast-iron pipe, the side fills may be relatively
compressible and the pipe itself will carry practically all the load,
P. On the other hand, if the pipe is a relatively flexible, thin-
walled pipe and the side fills are thoroughly tamped in at the sides
of the pipe, the stiffness of the side fills may approach that of
the conduit and the load on the structure will be reduced by the
amount of load the side fills are capable of carrying.

"For the case of rigid ditch conduits with relatively compres-
sible side fills, the load will be:

Wo = Cq 7 bg® (6.2-10)

"For the case of flexible pipes and thoroughly compacted side
fills having the same degree of stiffness as the pipes, the load
will be:

W, =Cq 7 by b, (6.2-11)
in which W, is the total load on the conduit, and

-aH
Cq = l-e ¢ (6.2-12)
2K 4

The solution of equation (6.2-12) is facilitated by the use of the
curves shown on drawing ES-15 which give values of Cd for various typical
kinds of backfill material.

"The width of ditch, by , is the actual width of a normal,
parallel-sided ditch. In case the ditch is constructed with sloping
sides or the conduit is placed in a subditch at the bottom of a
wider trench, experiments have shown that the width of ditch at or
slightly below the top of the pipe is the proper width to use when
determining the load.

"These ditch conduit formulas (equations 6.2-10 and 6.2-11)
with proper selection of the physical factors involved give the max-
imum loads to which any particular conduit may be subjected in ser-
vice. On the other hand, because of the development of cohesion,
any particular conduit may escape the maximum load for a long time,
sometimes until its removal for other causes than load failure. Ex-
periments and field observations show that the load on a conduit at
the time the fill is completed is usually less than it will be at
some later time. This condition accounts for the fact that sewers
and other conduits which have been observed to be structurally sound
immediately upon completion are sometimes found to be cracked some
months or years later."



6.2-19

A sample computation of Cyi follows: Assume K g' = 0.13, and
H, + by =10, then
H
c

- ! ——
1-e XM 5 _

Cd = =
2K u' 2 x 0.13

e-2 x 0.13 x 10

=_1.:__;%°___E6 = 3,56
0.

This value checks the value obtained from the curve on drawing ES-15.

Projecting Conduits

Drop inlet barrels and culverts, as usually buillt, are examples of
projecting conduits. A thorough treatment of loads on projecting conduits
requires no less than the amount of discussion devoted to it by Prof.
Spangler in the reference given previously. A thorough study of this
technical paper is recommended. Since space does not permit reproduction
of this part of Prof. Spangler's discussion, only the actual working pro-
cedure necessary for the solution of our ordinary problems will be given
below.

Almost all of the projecting conduits encountered in the work of the
Soil Conservation Service will fall inside the range of variables indica-
ted below.

The settlement deflection ratio, 3, will vary between zero (O) and
one (1). Values recommended for use are given in drawing ES-22.

The projection ratio, p, is equal to the distance between the natu-
ral ground surface and the top of the conduit divided by the width of the
conduit, b,. For economically proportioned conduits this value will
rarely exceed 1.6 and may vary from zero to 1.6.

Hence, the product 3p may vary between zero and 1.6, the limits in-
dicated on the curve on drawing ES-22.

Values of Kg will, in almost all cases, lie between 0.11 and 0.192,
the maximm possible value. Fig. 6.2-8 shows a plotting of Ku as the
ordinate against x4 as the abscissa with corresponding values of ¢ =
arc tan & .

It is possible for values of Ku to be below 0.11, but not probable.
Only in case of a fully saturated soil with high clay content would such
values be possible and these circumstances are unusual. Values of u (and
hence Kp) can be determined from soil shear tests, and this should be
done on important work. If there is doubt as to the proper value of Ku
for use in any specific case, use the highest probable value. It is ob-
vious from the curves in drawing ES-22 that the vertical load on a conduit



STRUCTURAL DESIGN: LOADS ON DITCH CONDUITS
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STRUCTURAL DESIGN:

LOADS ON RIGID PROJECTING CONDUITS
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STRUCTURAL DESIGN: DISTRIBUTION OF SURFACE LOADS
THROUGH EARTH FILL.

Single Concentrated Lood
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T _ P j i
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175 H ¢ 175 H N
o ‘
Elevotion Cross - section

Two Concentrated Loads - (overlapping areas of influence)
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1.75H +d L 75 |
Elevotion Cross-section

Notes - Genera/
l. When H £2.ft Jloads shall be treated aos concentrated /oods
applied directly to the conduit.
2. Where H >/0ft wheel /oods may be neglected.
3 When H >3 Fft neglect effect of impact from moving wheel loads.
4. When H £ 3ft add 20 percent to wheel loads for impoct effect.
5. In vnusua/ cases determine pressures from Boussinesg equations
or other more prec/se methods. — See references /isted below.
References:

/. "Fundamentals of Soil Mechanics® by D.W. Taylor - poges 250-266.

2. "The Theory and Practice of Reinforced Concrete”by ¢ W. Dunham, p.207

3. "Underground Conduits - An Appraiso/ of Modern Research” by M.G.
Spangler in Trons. AS.CE. Vol. /13 for /948.

4" "Standord Specifications for Highway Bridges” of The Americon
Association of Staore Highway Officiols-Fifth edition 1949 - poge /43.
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increases with an increase in Ku . Hence, to be on the conservative side,
the highest probable value of Kgu that might exist during the life of the
structure should be used in computing design loads that will produce maxi-
mum moments and shears in the top and bottom slabs of rectangular conduits.
(To determine maximum shears and moments in the side walls of rectangular
conduits, the vertical and horizontal loads should be determined by use of
the lowest probable value of Kg.) For circular conduits, if in doubt as
to the proper value, use Kg = 0.19. A table of approximate values of Ku
for different soils is shown on drawing ES-22.
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FIG. 6.2-8

The method of computing C. (see drawing ES-22) used herein deviates
slightly from the correct equa%ions given by Prof. Spangler. A small
error in results is due to an approximation which is compatible with the
inherent lack of precision in estimating design values of ® and Kp.

Computation procedure and the use of drawing ES-22 are illustrated
by examples given below.

Examgle 1

Problem: It is proposed to build an earth dam with a culvert-
type spillway as a retarding structure for upstream flood control. Pre-
liminary design indicates that the height of fill above the top of the
conduit, H,, will be 38 feet and that a twin 5x5 ft monolithic reinforced
concrete conduit is required to provide the necessary discharge capacity.



6.2-21

Preliminary structural design of the conduit indicates that the dividing
wall between the two 5x5 conduits will need to be 8 in. wide, that the
sidewalls will each have a width of 9 in. at the top of the conduit, and
that the top and bottom slabs of the conduit will have thicknesses of
about 15 and 16 in. respectively. The foundation for the conduit is a
glacial till, dense and well graded and the embankment material will be
a dense (compacted) well-graded mixture of sand, silt, and clay with a
unit weight, 7, of 132 1bs per cu ft. Since it is necessary to excavate
overburden to sound foundation for both the earth embankment and the con-
duit, the conduit will project above the excavated grade for its full
height. Find the maximum load on top of the conduit per foot of conduit
length and the average load intensity in 1lbs per sq ft.

Step 1. Select the proper value of 3 from the table on draw-
ing ES-22, compute the projection ratio, p, and then compute the product

3p.
From ES-22, for a foundation material of dense, well-graded glacial
t111, &= 0.70.

The projection ratio, p, equals the difference in elevation between
the top of the conduit and the ground line divided by the top width of the
conduit, b,. In this case the asbove difference in elevation is equal to
the height of the conduit = [(15 + 16) + 12] + 5 = 7.58 £t, and the top

width of the conduit, bs, = [(9 + 9 + 8) + 12] + (2 x 5) = 12.17 £t. Then
p="T.58 + 12.17 = 0.623, and 3p = 0.70 x 0.623 = 0.436.

Step 2. Select a proper value of Ku from drawing ES-22 for the
type of embankment material to be used. The highest probable value of Kee
for a compacted, well-graded mixture of sand, silt, and clay is 0.19.

Step 3. Compute the value of (He + be) from data on He given
in the problem and the value of b, computed in step 1. (H, + bc) =

(38 + 12.17) = 3.12.

Step 4. From the "Curves Used to Determine Whether Complete or
Incomplete Projection Conditions Exist" on sheet 1 of 2 of ES-22, find the
proper value of (He + be) for the values of 3p and Ku determined above
and compare this value with the value of (Hc + bc) found in step 3. If
(Ho + b,) is greater than (Hg + b.), the incomplete projection condition
exists; and if (Hc + bc) is equal to or less than iHe + bc)) the complete
projection condition exists.

In our present example for 3p = 0.436 and Kg = 0.19, (He + be) =
1.38. From step 3 (H, + b,) = 3.12, which is greater than 1.38, hence an
incomplete projection condition exists.

Step 5. From the proper curve on sheet 2 of ES-22, compute the
\gficient Ce-

\In this example, since the incomplete projection condition exists,
e value of A from the curves at the top of sheet 2 of ES-22 and
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compute Co from the following equation:
Cc = A (H, + by) —1.228p (6.2-13)

If the complete projection condition exists, find the value of Ce
directly from the curves at the bottom of sheet 2 of ES-22.

For the example at hand, find A = 1.69; then C, =(1.69 x 3.12)—
(1.22 x 0.436) = 4.7k,

load per linear foot of conduit from the

Step 6. Compute We
following equation:

Wo = Cu 7 b2 (6.2-14)

In this case W, = 4.74 x 132 x 12.17% = 4.74 x 1.32 x 10 x 1.48 x
102 = 9.27 x 10* = §2,700 1bs.

Next compute the load in 1bs per sq ft on the conduit = W; + b =
(9.27 x 10*) + 12.17 = 0.762 x 10* = 7620 1bs per sq ft.

It is significant that the ratio of the actual load to the weight of
earth above the top of the conduit = 7620 + (132 x 38) = 1.52.

Note: If the final structural design deviates appreciably from the
dimensions used in the load determination, revision is necessary.

Example 2

‘ Problem: Find the load intensity in 1bs per sq ft on top of
the conduit of example 1 when H, = 10 ft. Assume that conduit dimensions,
foundation conditions, and embankment are the same as in example 1.

Step 1. From example 1, b, = 12.17 ft and 8p = 0.436.
Step 2. From example 1, Kg = 0.19.
Step 3. H, + b, = 10 + 12.17 = 0.823.

Step 4. From example 1, Hy + b, = 1.38 for Kg = 0.19 and
3p = 0.436. Since (H, + b.) = 0.823 (from step 3) is less than (He + bg)
= 1.38, the complete projection condition exists.

Step 5. Since a complete projection condition exists, find C,
directly from the curves at the bottom of sheet 2 of ES-22. For H, + b,

Step 6. W, = Co 7 b2 = 0.97 x 132 x 12.17% = 0.97 x 1.32 x
10 x 1.48 x 10% = 1.895 x 10* = 18,950 1bs. W, + b, = 18,950 + 12.17 =
1560 psf. . .

The ratio of load to weight of earth above the conduit = 1560 =+
(132 x 10) = 1.18.
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Negative Projecting Conduits

Negative projecting conduits are constructed in a narrow trench as
shown in fig. 6.2-9. They differ from ditch conduits in that the embank-
ment extends above the top of the ditch (natural ground line) for a dis-
tance which is considerably greater than the distance from the top of the
conduit to the top of the ditch.

§7o,o of Embankment

/é Jop of ortch or

Typrco/ Negative
P/q/écf/'n_g Condurt

FIG. 6.2-9

The mathematical theory for this condition has not been published.
If the backfill between the top of the conduit and the natural ground
line were filled with loosely placed material, the loads on the conduit
would probably be less than on a normal projecting conduit with equal f£ill
height. If the backfill in the ditch (as indicated above) were compacted
to equal or greater density than the adjacent natural ground, the loads
on the conduit would probably approach the loads on a fully projecting
conduit.

Since the theory is not available for this load condition, and since
dam construction methods do not permit the placement of loose fill around
or above the conduit (because of seepage and possible piping failure), it
is recommended that conduits installed in the negative projection condi-
tion be designed as projection conduits with a positive projection ratio
of 0.8.

It is difficult to see how a conduit could be safely installed in an
earth dam embankment as a negative projecting conduit, since all of the
backfill would have to be thoroughly compacted.
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Distribut:lon of Loads. The total earth fill load per longitudinal
foot of conduit, W,, may be assumed to be uniformly distributed in the
transverse direction over the width of the conduit, b.. Hence, the load
in 1bs per sq ft on the conduit is equal.to We + b,. For circular or
elliptical conduits a slightly more accurate and conservative assumption
is that the load will be uniformly distributed over the width of the con-
duit subtended by an angle of 120 degrees symmetrical about the vertical
axis of the conduit.

Surface Loads. The following method of computing the effect of sur-
face loads on underground conduits is an approximation. More accurate
methods based on the Boussinesq equations are available, but their appli-
cation is somewhat tedious and the added refinement will not compensate
for the cost of applying the method on most of our work.

A single concentrated load applied directly to the earth fill surface
is assumed to produce a uniform intensity of pressure at a distance H
below the £ill surface on a square area of influence whose side dimension
is 1.75H. When two or more equal concentrated loads are so located on s
horizontal fill surface that their areas of influence overlap for a given
value of H, the intensity of pressure shall be determined by dividing the
total of such loads by the area contained within the outside boundary of
their combined areas of influence. These conditions are illustrated in
drawing ES-25.

The specifications of the American Association of State Highway Of-
ficials, fifth edition, may be used where applicable instead of the s&bove.

2.2.5 Highway Loads. The latest edition (1949) of the "Stan-
dard Specifications for Highway Bridges" of the American Association of
State Highway Officials provides thoroughly tried and tested load assump-
tions for highways. These specifications should be accepted as standard
and used unless the specifications of the highway agency having jurisdic-
tion over the project being designed require more conservative design
assumptions.

2.2.6 Wind Loads. The usual structures designed and built by
the Soil Conservation Service are not materially affected by wind; and
where wind loads are significant, ordinary methods of load determination
are adequate.

Such methods are based on the assumption that the wind direction is
rarallel to the earth's surface. The intensity of pressure on a vertical
surface normal to the wind is given by the following equation:

P = KV° A (6.2-15)
where
P = pressure on a vertical flat surface normal to wind
direction in pounds per square foot (psf).
K = a shape factor coefficient.
V = wind velocity in miles per hour.
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Values of K vary over a range from 0.002 to 0.006 depending upon the
shape of the body. A design value commonly used is K = 0.003. Assuming
a wind velocity of 100 miles per hour and K =-0.003, p equals 30 psf,
which is another commonly used design value.

For surfaces that are inclined to the wind direction, the intensity
of normal pressure is given with satisfactory accuracy by Duchemin's
equation which follows:

p. =P ._2._9_1..1’_'_9.._ (6.2_16)
n 1+ sin® @

normal unit pressure on inclined surface in psf.

pressure on flat vertical surface normal to wind direction
~ in psf from equation (6.2-15).

angle between the horizontal and the inclined surface.

¢
" non

For example: Assume a design value for p = 30 psf. Then the normal pres-
sure on a roof having a rise of 10 feet in a ho-foot span is computed as
follows: © = arc tan 0.5; sin € = 0.447

p =30 2XOMT o) e,

n 1 + (0.447)2

An excellent discussion of this general subJect is contained in an
article entitled "Wind Pressure on Structures" by Mr. George E. Howe,
which was published in the March 1940 issue of Civil Engineering, Vol. 10,
No. 3. This reference contains an extensive bibliography on this subject.

2.2.7 Snow Loads. Snow loads, including sleet (ice), act ver-
tically and their magnitude is a function of the wind velocity, geographic
location of the structure, slope of the loaded surface, and other factors.
Snow loads vary from zero to 30 psf or more depending upon the above fac-
tors. Where sleet is probable, a design load of 10 psf is often assumed
to provide for its effect on the structure.

Since there are relatively few design situations in our work that re-
quire consideration of snow and ice loads, you are referred to standard
handbooks and other available references for additional data.

2.2.8 1Ice Pressures. Ice pressures used in the design of dams
have ranged from zero to about 50,000 1bs per 1lin ft. The problem is
highly indeterminate and recommendations vary over a wide range.

Ice pressure depends upon (1) thickness of the ice sheet, (2) rate
and range of change in ice temperature which is not directly correlated or
equal to air temperature, (3) the temperature gradient through the ice
sheet, (4) the degree of confinement of the ice sheet at its boundaries,
and (5) other factors. One of the most recent discussions of this subject
is found in a paper entitled "Thrust Exerted by Expanding Ice Sheet" by
Edwin Rose, Esq. in the Transactions of the American Society of Civil En-
gineers, Vol. 112, page 871, which contains a bibliography on this subject.
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Most structures designed or built by the Soil Conservation Service
are not subject to damaging ice pressures for several reasons. If damage
or excessive load from freezing ice is anticipated, careful consideration
should be given to possible changes in layout and design to avoid such
damaging loads. Such changes can often be made with less increase in cost
than would be involved in designing to withstand the possible ice pressure.
Earth fill bérms at normal pool elevation may be designed to hold the water
surface away from reinforced concrete drop spillways, drop inlets, chutes,
trash racks, and other structural elements that might otherwise be sub-
Jjected to ice pressure; ice pressures have no significant effect on earth
embankments principally because of the ability of the earth to yield with-
out damage and because of the sloping surface of contact between the earth
and the ice which limits the normal pressure to that required to overcome
frictional resistance.

Mr. Clarence W. Dunham, in his book "The Theory and Practice of Rein-
forced Concrete", recommends a load of TOO 1bs per lin ft of retaining
wall applied at the earth surface to provide for frost (ice) pressure where
poor surface drainage exists and there is a probability of ice formation
in the upper layers of the soil profile. This recommendation emphasizes
the necessity for, and advantages of good surface drainage and good inter-
nal drainage of the soil profile, conditions under which the above load
need not be considered. Please refer to the discussion on the effect of
drainage on active lateral earth pressures in part 2.2.2 of this section of
the handbook. -
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3. Design and Analysis

Experience and judgment are the foundation of all structural design
which is basically a cut-and-try process. The first trial or preliminary
design may be close to the final or far away, depending upon the ability
of the designer to estimate (from experience and judgment) the sizes and
proportions of the various structural elements. The final step in the
design process is to check the design in all of its elements by an analy-
sis of the structure to be certain that it will resist the loads that
come to it without exceeding the permissible stresses. The designer's
goal is to produce plans for an adequate, safe, and economical structure;
analysis is but one step in the process and is important only as a check
on the designer's judgment.

3.1 Fundamental Requirements. A structural designer must meet cer-
tain basic requirements of experience, knowledge, and ability. His value
as a designer will increase as his experience grows; experience is gained
both from doing and from reading about what others have done.

The basic principles of structural analysis are relatively few in
number and, with a few exceptions, are relatively simple. The structural
designer must have a thorough, clear, and complete knowledge and concep-
tion of equilibrium; force; moment; couple; the basic laws and proposi-
tions regarding the composition and resolution of forces, moments, and
couples; the laws of statics; and the geometry of continuous frames. The
basic theory is simple; the diffdiculties arise in applying the principles
to the many types of structures and loading conditions encountered. It
is important to realize that unless the basic principles are thoroughly
understood, their application to actual structures can be exceedingly
difficult and often erroneous. Frequent review of good texts on analyt-
ical mechanics and structural theory will help fix these principles in
the mind.

The equations of statics are so important that they are listed below
for emphasis. For planar structures they are:

TH =0 (6.3-1)
=V =0 (6.3-2)
M =0 (6.3-5)

In words, these equations say that for a body to be in equilibrium,

(1) the algebraic sum of the horizontal components of all forces acting
on the body must equal zero; (2) the algebraic sum of the vertical com-
ponents of all forces acting on the body must equal zero; and (3) the al-
gebraic sum of the moments of all the forces acting on the body about any
point in the plane of the forces must equal zero. These equations are
necessary and sufficient for the solution of any statically determinate
planar structure.

Free Body Diagrams. One of the most powerful tools of structural
analysis is the free body diagram. A good designer will develop skill in
their preparation and use; he will know and be able to apply the following
steps:
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1. TIsolate a portion of the structure by passing a section (not
necessarily straight) that cuts the member or members in which unknown
forces or stresses are to be found.

2. Draw the free body diagram and show carefully all of the forces
both internal and external acting on this free body.

3. Compute the unknown forces from the equations of statics.

Free body dlagrams are also of value in the determination of the
correct sense of shears, moments, rotations, and deflections; they give
credence to the proverb that "a picture is worth 1000 words."

The use of free body diagrams will be i1llustrated numerous times
in other sections of this handbook that deal with the design of specific
structures. ' .

A designer's analytical ability can be lost through slovenly design
notes and inadequate, sloppy engineering drawings. After a designer knows
the fundamentals and how to apply them to specific problems, he must pre-
sent his ideas in clear, neat, complete design notes and good drawings,
or his effort and ability will not be recognized and appreciated. Anyone
who has attempted to check a poorly prepared set of design notes or a
carelessly prepared drawing will agree with the above comment. The refer-
ence value of cold, inadequately recorded engineering work is almost nil.

3.2 Shear and Moment Curves. Any of the modern textbooks on ele-
mentary structural theory and many books on strength of materials contain
thorough discussions on the preparation of shear and moment curves and on
the interrelationships between load, shear, and moment.

To aid in the computations involved in such work, several drawings
have been prepared and included herein. Use of these drawings will facili-
tate the preparation of shear and moment curves on many of the cantilevers,
beams, slabs, and rectangular frames encountered in soil conservation en-
gineering. Your attention is especially directed to drawing ES-4, "Shear
and Moments for Trapezoidal lLoad on Cantilever." The data contained in
the three sheets of this drawing has found increasing use over the past
8 to 10 years since its original preparation.

Use of the following drawings will be illustrated in other sections
of this handbook.
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STRUCTURAL DESIGN: MOMENTS FOR TRAPEZOIDAL LOAD
ON CANTILEVER
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26. 4

24.0

21.6

19.1

16.7

14.3

12.0]

9.83

7.78

5.91

4.23

6'—6"

45.8 | 42.9| u1.3]| 39.6

37.6

35.4

33.1

30.7

28.1

25.5

22.9

20.3

17.6

15.1

12.7

10.3

8.17

6.19

6'—9n

51.3 | 48.2| 46.6| 4u.8

42.7

40. 4

38.0

35.4

32.7

29.9

27.1

24. 2

21.4

18.6

15.9

13.3

10.8

8.55

7'.0"

57.2 | 54.0| 52.3| 50.4

48.2

45.8

43.2

40.5

37.6

34.7

31.6

28.6

25.5

22.5

19.5

16.7

13.9

11.3

7'=3"

63.5 | 60.2| 58.5| 56.5

54.2

51.7

49.0

46.1

43.0

39.9

36.7

33.4

30.1

26.8

23.6

20.5

17.4

14.6

7'=6"

70.3 | 66.9| 65.1| 63.0

60.6

57.9

55.1

52.1

48.9

45.6

42.1

38.7

35.2

31.6

28.2

24.8

21.4

18.2

7'-9"

77.6 | 74.0| 72.2| 70.0

67.5

64.7

61.8

58. 6

55.2

51.7

48.1

4.4

40.7

36.9

33.2

29.5

25.9

22,4

8'=0"

85.3 | 81.7| 79.7| 77.5

74.9

72.0

68.9

65.5

62.0

58.3

54.5

50.61

46.7

42.7

38.7

34.7

30.8

27.0

8'-3"

93.6 | 89.8| 87.8( 85.4

82.7

79.8

76.5

73.0

69.3

65.5

61.5

57.3

53.2

48.9

44,7

40.4

36.2

32.1

86"

102.4 | 98.4| 96.4| 93.9

91.1

88.0

84.6

81.0

77.2

73.1

68.9

64.6

60.2

55.7

51.2

46.7

42.2

37.8

8'-9"

111.7 | 107.6|105.5(102.9

100.0

96.8

93.3

89.5

85.5

81.3

76.9

72.4

67.7

63.0

58.2

53.4

48.7

43.9

90"

121.5 1117.3]115.1)112.5

109.5

106. 2

102.5

98.6

94U

90.0

85. 4

80.7

75.8

70.8

65.8

60.8

55.7

50.7

9t—3n

131.9 [127.6]125.3122.6

119.5

116.1

112.3

108. 2

103.9

99.3

94,5

89.5

84. U4

79.2

74.0

68.6

63.3

58.0

9'mp"

142.9 (138.5]136.11133.3

130.1

126.6

122.6

118.4

113.9

109.1

104.2

99.0

93.7

88.2

82.7

77.1

71.4

65.8

99"

154.5 | 149.9|147.5|144. 6

141.3

137.6

133.6

129.2

124.5

119.6

114.4

109.0

103.5

97.8

92.0

86.1

80.2

74.3

1p0'-0"

166.7 | 162.0[159.5[156.5

153.1

149.3

145.2

140.6

135.8

130.7

125.3

119.7

113.9

108.0

101.9

95.8

89.6

83.3

10'-3"

179.5 | 174.7|172.1(169.1

165.6

161.6

157.3

152.7

147.7

142.4

136.8

131.0

125.0

118.8

112.5

106.1

99.6

93.0

10°-6"

192.9 | 188.0|185.4|182.4

178.6

174.6

170.2

165.3

160. 2

154.7

148.9

142.9

136.7

130.3

123.7

117.0

110.2

103. 4

10'-9"

207.0 | 202.0}199.3[196.1

192.4

188.2

183.6

178.7

173.3

167.7

161.7

155.5

149.0

142.4

135.6

128.6

121.5

114.3

11'-0"

221.8 | 216.7]213.9(210.6

206.8

202.5

197.8

192.7

187.2

181.3

175.2

168.8

162.1

155.2

148.1

140.8

133.5

126.0

11'-3"

237.3 | 232.0(229.2(225.8

221.9

217.5

212.6

207.4

201.7

195.7

189.3

182.7

175.8

168.6

161.3

153.8

146.1

138.3

11'-6"

253.5 |2u8.1|2u5.1|2u1.7

237.7

233.1

228.2

222.8

216.9

210.7

204. 2

197.3

190.2

182.8

175.2

167.4

159.5

151.4

11'-9"

270.4 | 264.8)261.8(258.3

254. 2

249.5

244, 4

238.9

232.9

226.5

219.8

212.7

205.3

197.7

189.8

181.8

173.5

165.2

12'-0"

288.0 | 282.3|279.3(275.6

271.4

266.7

261.4

255.7

249.6

243.0

236.1

228.8

221.2

213.3

205.2

196.9

188.3

179.7

123"

306.4 | 300.6(297.5(293.7

289.4

284.5

279.2

273.3

267.0

260.3

253.1

245.6

237.8

229.7

221.3

212.7

203.9

194.9

12'-6"

325.5 | 319.6]316.4|312.6

308.2

303.2

297.7

291.7

285.2

278.3

270.9

263.3

255. 2

246.9

238.2

229.3

220. 2

210.9

12'-9"

345.4 | 339.4(336.1(332.2

327.7

322.6

317.0

310.8

304.2

297.1

289.6

281.6

273.4

264.8

255.9

246.7

237.3

227.7

13'=-0"

366.2 | 360.0}356.7|352.7

348.0

342.8

337.1330.8

323.9

316.7

309.0

300.8

292.3

283.5

274.3

264.9

255. 2

245.3

13'-3"

387.7 | 381.4|378.0|373.9

369. 2

363.9

358.0 [351.5

344, 5

337.1

329.2

320.8

312.1

303.0

293.6

283.9

273.9

263.7

13'-6"

410.1 [ 403.6(400.1(396.0

391.2

385.7

379.7

373.1

365.9

358.3

350.2

341.7

332.7

323.4

313.7

303.8

293.5

283.0

139"

433.3 | 426.7 [423.2(418.9

414.0

408. 4

402.3

395.5

388.2

380.4

372.1

363.3

354.1

3446

334.7

3244

313.9

303.1

14°-0"

457.3 | 450, 7|447.0 [442.7

W37.7

432.0

425.7

418.8

411.3

403.3

394.8

385.9

376.5

366. 7

356.5

346.0

335.1

324. 0

1=3"

482.3 | 475.5|471.8(467. 4

462.2

456.4

450.0

543.0

435.3

427.1

418.5

409.3

399.7

389.6

379.2

368.4

357.2

345.8

1y'-6"

508.1 | 501.2[u97.4 (492.9

487.7

481.8

475.2

468.0

460, 2

451.9

443.0

433.6

423.7.

413,34

402.7

391.7

380.3

368.5

14°'-9"

534.8 [ 527.8(524.0(519.4

514.0

508.0

501.6

494.0

486.0

477.5

468. 4

458.8

4u8.7

438.2

427.2

415.9

404.2

392.1

15'-0"

562.5 | 555.3|551.4 [546.8

541.3

535.2

528.3

520.8

512.7

504.0

494.7

484.9

474.6

463, 8

452.6

441.0

429.0

416.7
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STRUCTURAL DESIGN: SHEAR FOR TRAPEZOIDAL LOAD
ON CANTILEVER

Pressure j:_q W
. .4 2 2
Dragrarm | 5‘2(}/ -»%) W = l

Ajfi\f 0 | tr-o"f1°-3"| 1'~6"( 1°=9"| 2'~0"| 2'~3"| 2'~6"| 2'=9"| 3'~0"| 3'~3"|3'~6"|3'-9*| 4*~0"|u'~3"| 4'-6"| 4'-9"| 5°-0"
1'-0" 0.50 0

1'-6" 1.13 0.63| 0.34 ©

2'-0" 2.00 1.50] 1.22| 0.88] 0.47 0

2'-6" 3.13 2.63| 2.3u4] 2.00f 1.59( 1.13 0.59 0

3'-0" 4.50 4.00| 3.72] 3.38| 2.97| 2.50 1.97] 1.38] 0.72 0

3'~-3" 5.28 4.78| 4.50| 4.15| 3.75| 3.28| 2.75] 2.16] 1.50f( 0.78 0

3'-6" 6.13 5.63[ 5.34| 5.00f -4.59| 4.13| 3.59 3.00| 2.34% 1.‘63 0.84 0

3'-9" 7.03 6.53| 6.25| 5.90] 5.50| 5.03| 4.50| 3.90| 3.25| 2.53| 1.75 0.90 0

y'-o" 8.00 7.50| 7.22| 6.88] 6.47| 6.00| 5.47| 4.88| u.22| 3.50| 2.72| 1.88| 0.97 0

y'-3" 9.03 8.53| 8.25| 7.90| 7.50( 7.03| 6.50| 5.90| 5.25| ¥.53| 3.75| 2.90| 2.00| 1.03 0

4'-6" 10.1 9.63 9.34| 9.00| 8.59| 8.13| 7.59] 7.00| 6.34| 5.63| u.84| 4.00 3.09| 2.13| 1.09 0

§'-9" 11.3 10.8| 10.5| 10.2| 9.75| 9.28| 8.75| 8.16| 7.50| 6.78} 6.00 5.16 4,25| 3.28| 2.25| 1.16 0

5°'-0" 12.5 12.0( 11.7| 11.4} 11.0| 10.5] 9.97| 9.38| 8.72| 8.00| 7.22| 6.38| 5.47| 4.50| 3.47| 2.38| 1.22 0
5'-3" 13.8 13.3 13.0] 12.7| 12.3| 11.8] 11.3| 10.7 10.0| 9.28| 8.50| 7.66| 6.75| 5.78| 4.75| 3.66| 2.50| 1.28
5'-6" 15.1 14.6] 1u.3) 14.0| 13.6| 13.1| 12.6{ 12.0]| 11.3]| 10.6| 9.84| 9.00 8.09| 7.13| 6.09| 5.00| 3.84| 2.63
5'~9" 16.5 1670 15.8| 15.4| 15.0| 14.5| 14.0| 13.4| 12.8| 12.0| 11.3| 10.4| 9.50| 8.53] 7.5C| 6.40| 5.25] ¥4.03
6'—0" 18.0 17.5| 17.2| 16.9| 16.5| 16.0| 15.5| 14.9| 14.2| 13.5| 12.7| 11.9] 11.0| 10.0| B8.97| 7.88| 6.72| 5.50
6'-3" 19.5 19.0| 18.8| 18.4| 18.0| 17.5| 17.0| 16.4| 15.8| 15.0| 14.3| 13.4| 12.5| 14.5| 10.5| 9.41}| 8.25| 7.00
6'-6" 21.1 20.6| 20.3| 20.0| 19.6| 19.1| 18.6| 18.0| 17.3| 16.6| 15.8|-15.0| 14,1 13.1| 12.1 11.0| 9.84| 8.63
6'-9" 22.8 22.3| 22.0| 21.7| 21.3| 20.8| 20.3| 19.7| 19.0| 18.3| 17.5| 16.7| 15.8| 14.8| 13.8 12.7] 11.5/| 10.3
7'-0" 24,5 24.0| 23.7| 23.4| 23.0| 22.5| 22.0] 21.4| 20.7| 20.0| 19.2| 18.4| 17.5| 16.5| 15.5| 14.4| 13.2 12.0
7'-3" 26.3 25.8| 25.5| 25.2| 24.8| 24.3| 23.8| 23.2| 22.5| 21.8| 21.0| 20.2| 19.3| 18.3| 17.3| 16.2| 15.0| 13.8
7'-6" 28.1 27.6| 27.3| 27.0| 26.6| 26.1 25.6| 25.0| 2u4.3| 23.6| 22.8{ 22.0| 21.1| 20.1 19.1 18.0| 16.8( 15.6
7'-9* 30.0 29.5| 29.3| 28.9| 28.5| 28.0| 27.5| 26.9| 26.3| 25.5| 24.8| 23.9| 23.0 22.0| 21.0] 19.9} 18.8| 17.5
8'-0" 32.0 31.5( 31.2| 30.9| 30.5( 30.0 39.5| 28.9| 28.2| 27.5| 26.7| 25.9| 25.0{ 24.0| 23.0| 21.9| 20.7| 19.5
8'-3" 34.0 33.5| 33.3| 32.9| 32.5| 32.0| 31.5( 30.9| 30.3| 29.5| 28.8 27.9| 27.0( 26.0) 25.0| 23.9| 22.8| 21.5
8'-6" 36.1 35.6| 35.3| 35.0| 34.6| 34.1| 33.6| 33.0| 32.3| 31.6| 30.8]| 30.0| 29.1| 28.1 27.1| 26.0| 24.8| 23.6
8'-9" 38.3 37.8) 37.5| 37.2| 36.8| 36.3| 35.8] 35.2| 34.5| 33.8 33.0| 32.2| 31.3| 30.3| 29.3| 28.2| 27.0| 25.8
9'—0" 40.5 40.0| 39.7| 39.4| 39.0( 38.5| 38.0| 37.4| 36.7| 36.0| 35.2| 34.4| 33.5| 32.5| 31.5 30.4| 29.2| 28.0
9'=3" 42.8 42.3| 42.0 u1.7| 41.3| 40.8| 40.3| 39.7| 39.0| 38.3| 37.5| 36.7| 35.8| 3u4.8| 33.8| 32.7 31.5| 30.3
9'-6" 45.1 4y.6| 44.3| 4.0 43.6| u3.1| ¥42.6| 42.0| ¥41.3 40.6| 39.8| 39.0| 38.1| 37.1| 36.1| 35.0| 33.8| 32.6
9°'—9" 47.5 47.0| 46.8| 6.4 46.0| 45.5( 45.0| 4u.4| 43.8| 43.0| 42.3| u1.4| 40.5| 39.5| 38.5| 37.4| 36.3 35.0
10'-0" 50.0 49.5| 49.2| u8.9{ u8.5| 48.0| 47.5| u6.9| u6.2| 45.5| 4u.7| 43.9| 43.0| 42.0| 41.0| 39.9| 38.7| 37.5
10'-3" 52.5 52.0| 51.8] 51.4] 51.0| 50.5| 50.0 49.u4| 48.8| u8.0 | #47.3| u6.u| 45.5| 44.5| 43.5| y2.4| u1.3| 40.0
10'-6" 55.1 54.6| 54.3| 54.0| 53.6| 53.1| 52.6( 52.0| 61.3| 50.6 | 49.8| 49.0| 48.1] 47.1 Y6.1| 45.0] 43.8| 42.6
10°'-9" 57.8 $7,3| 57.0] 56.7| 56.3| 55.8| 55.3| 5u4.7 54,0 53.3| 52.5| 51.7( 50.8| u9.8| 48.8| 47.7| 46.5| ¥45.3
11°'-0" 60.5 60.0| 59.7| 59.4| 59.0| 58.5] 58.0| 57.4| 56.7| 56.0 | 55.2| 54. 4| 53.5| 52.5| 51.5| 50.4| 49.2| 48.0
11'-3" 63.3 62.8| 62.5) 62.2 }61.8 61.3] 60.8| 60.2| 59.5| 58.8| 58.0| 67.2] 56.3| 55.3| 54.3| 53.2| 52.0| 50.8
11'-6" 66.1 65.6| 65.3] 65.0| 64.6| 64.1( 63.6] 63.0| 62.3| 61.6| 60.8| 60.0 | 59.1| 58.1| 57.1| 56.0| 54.8| 53.6
11'-9" 69.0 68.5| 68.3| 67.9] 67.5| 67.0| 66.5| 65.9| 65.3| 64.5| 63.8| 62.9 | 62.0 61.0| 60.0| 58.9| 57.8| 56.5
12'-0" 72.0 71.5| 71.2| 70.9| 70.5] 70.0| 69.5] 68.9| 68.2| 67.5| 66.7| 65.9| 65.0| 64.0| 63.0| 61.9| 60.7| 59.5
12'-3" 75.0 74.5| 74.3] 73.9| 73.5| 73.0| 72.5( 71.9| 71.3]| 70.5| 69.8| 68.9 68.0) 67.0| 66.0| 64.9| 63.8| 62.5
12'-6" 78.1 77.6( 77.3| 77.0]| 76.6| 76.1| 75.6| 75.0| 74.3| 73.6 | 72.8| 72.0| 71.1| 70.1| 69.1 68.0| 66.8] 65.6
12'-9" 81.3 80.8| 80.5| 80.2| 79.8| 79.3| 78.8| 78.2| 77.5| 76.8| 76.0| 75.2| 74.3| 73.3| 72.3| 71.2 70.0| 68.8
13°-0" 84.5 84.0] 83.7| 83.4| 83.0| 82.5( 82.0| 8t.4| 80.7( 80.0[ 79.2| 78.4]| 77.5 76.5| 75.5| 74.4] 73.2| 72.0
13'-3" 87.8 87.3| 87.0| 86.7| 86.3| 85.8| 85.3| 8u4.7| 84.0| 83.3| 82.5| 81.7 | 80.8| 79.8 78.8] 77.7| 76.5| 75.3
13'-6" 91.1 90.6| 90.3| 90.0| 89.6| 89.1| 88.6| 88.0( 87.3| 86.6| 85.8| 85.0| 84.1| 83.1 82.1| 81.0| 79.8| 78.6
13'-9" 94.5 94.0| 93.8] 93.4| 93.0| 92.5|92.0} 91.4| 90.8( 90.0| 89.3| 88.4| 87.5| 86.5| 85.5 8y.u4| 83.3| 82.0
14°'-0" 98.0 97.5| 97.2] 96.9] 96.5] 96.0 | 95.5| 94.9[ 94.2( 93.5[ 92.7| 91.9| 91.0| 90.0( 89.0| 87.9| 86.7 | 85.5
143" 101.5 | 101.0[100.8 [100.4 [100.0| 99.5] 99.0| 98.4] 97.8]| 97.0] 96.3| 95.4 | 94.5] 93.5| 92.5| 91.4| 90.3 89.0
14°'-6" 105.1 | 104.6 [104.3 {104.0{103.6 |103.1 |102.6 {102.0]101.3|100.6 | 99.8] 99.0| 98.1 97.1] 96.1] 95.0| 93.8| 92.6
14°-9* 108.8 | 108.3 |108.0 [107.7[107.3 {106.8 |106.3 |105.7 105.0/104.3 {103.5[102.7 {101.8]100.8| 99.8| 98.7 | 97.5 96.3
15'-0" 112.5 |112.0 |111.7 [111.4|111.0 [110.5 [110.0 |109.4 [108.7 {108.0 [107.2]106. 4 [105.5]104.5}103.5 [102. 4 [101. 2 |100.0

REFERENCE

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

ENGINEERING STANDARDS UNIT

STANDARD DWG. KO.
SHEET __3 oF
DATE __11-1-49

3

USDA-SCS-HYELTTSVILLE P

1667

Revised 6-4-51







STRUCTURAL DESIGN: SIMPLE BEAM MOMENTS

FOR

UNIFORMLY DISTRIBUTED LOAD

Mx
Ve we K ¢ V@
/’G’%/’%"k//'ka Z k(/-4) 0,07 | 0.00435 o.ggs
0.02 | 0.009800.0784
or My =CW.E, where C= zﬁf/"’) 0.03 | 0.01455/0.1164
0.04 | 0.01920[0.1536
0.05 | 0.02375/0.1900
0.06 | 0.02820/0.2256
YA 0.07 | 0.03255|0.2604
0.08 | 0.03680(0.2944
X=k£L i W:yz : 0.09 | 0.04095{0.3276
0.1 0.04500(0.3600
{ 0.11 | 0.04895[0.3916
A 4 /bs. per FF B 0.12 | 0.05280(0.u224
o- W4 ! o, - W 1013 | 0.05655(0. 4524
A”Z : . 8" Z |o.14 | 0.06020]0.4816
0.15 | 0.06375/0.5100
} LO|AD 0.16 | 0.06720]/0.537¢
I 0.17 | 0.07055/0.56u44
0.18 | 0.07380]/0.5904
N | 0.19 | 0.07695/0.6156
W RN | 0.2 | 0.08000|0.6400
b5 R NE AT 0.21 | 0.08295/0.6636
0.22 | 0.08580|0.6864
\F( ‘ 0.23 | 0.08855|/0.7084
1 0.24 | 0.09120{0.7296
l N y w | 0-25 | 0.09375[0.7500
=7 |0.26 | 0.09620]/0.7696
SH'I:AIR ?'A?RAM\\ g 0.27 | 0.09855/0.7884
9 0.28 | 0.10080]0.8064
Y N \
19 8 o g 0.29 | 0.10295|0.8236
§ | Q/‘NQ N 0.3 | 0.10500|0.8400
S R B . N 0.31 | 0.10695]/0.8556
T N vd N N 0.32 | 0.10880|0.8704
N \ 0.33 | 0.11055/0.88u44
N N 0.34 | 0.11220/0.8976
N Q/ \Q- 0.35 | 0.11375/0.9100
g 0.36 | 0.11520{0.9216
0.37 | 0.11655[0.9324
N 0.38 | 0.11780]|0.9u24
Q 0.39 | 0.11895/0.9516
| 0.4 | 0.12000]0.9600
0 o/ 02 03 04 o5 a4 03 02 o/ © 0.41 | 0.12095/0.9676
¢ 0.42 | 0.12180]0.974y
F 0.43 | 0.12255/0.9804
MOMENT DIAGRAM 0.44 | 0.12320[0.9856
0.45 | 0.12375/0.9900
My 0.46 | 0.12420[0.9936
M@L 0.47 | 0.12455/0.9964
0.48 | 0.12480/0.9984
0.49 | 0.12495[0.9996
0.5 0.12500]1.00
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STRUGTURAL DESION: o' ine cAl MOMENTS FOR

- L
aQ
x=kL | g
A f jl ‘ 8
Ry =p{%‘9) : Rg=PL
| LOAD 4
|
|
|
] ‘P/!f) >
N
I
l
| o
| VB =PT
|
|
SHEAR DIAGRAM
I
|
|
|
|
N
MOMENT DIAGRAM
My = P(L-a)k, when kl<a; My=Po(l-k) when kL >a
Mmaox = ,o(.li_{l)a
When load (P) is at € of beom Ca =é—2)
RA =PB =2£ 7 Vmax =2e
My =FkL; Mmax =44
REFERENCE U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO.

SOIL CONSERVATION SERVICE ES-2
SHEET __! oF __!

ENGINEERING STANDARDS UNIT patg - 171749




STRUCTURAL DESIGN: SIMPLE BEAM MOMENTS FOR
TRAPEZOIDAL LOAD

My=mg=-2"DE +¢)

where c=£—£, D=k(1-k%), E=/ 5 k 0 E
0./ 10.099|2.727
M max. when k= ¢ [-1+ [/E2E3C#3 ] 0.7 [0.192 [ 2.500
0.3 {0.273]2.308
NOTE: Ordinarily it is not necessary fo computel 0.4 | 0.336 | 2.143
the maximym moment. It con usually be 0.5 | 0.375 | 2.000
determined from the moment diagrom | 0.6 10.384| /.875
with sufficient accuracy. The maximum 0.7 |0.357| 1.765
moment will occur between k=0 500 0.8 | 0.288 | /.666
and k=0577 0.9 047/ | 1.579
L
X=kt | K
- 42
?/I , l‘} ,oer un/f
\ A T ; length
-£
Ra=5(3q:7g2) iLO"’D -£(6g,12g)
|
N\\ i
2
%-g(\?g,/?"gz) \\ix/l{r_-%-u[?,t?_{_k)
" \\
|
| ™ Y,
} RN V=& (3;/ 7‘2572)
SHEAR DIAGRAM | |
L] \
T '"""“'7% \\
Iy N
]
k=0 0/ 02 03 04 05 06 07 08 09 /0
MOMENT DIAGRAM
REFERENCE U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. KO.
SOIL CONSERVATION SERVICE | g5-3
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STRUCTURAL DESIGN: SIMPLE BEAM MOMENTS FOR
TRIANGULAR LOAD

WMol g -8 5 WL (4-4) £ 1o
C=t5(%-42) 0.z |00é4
e+ CHz Ce o
0.5 |0/25]
M 18 moximum when Kk=0577 0577 0/288
2 0é [0/28
Vo= Vo= W/t -k 0.7 |07/
= Ve = W% 08 0096
0.9 0057
x=kl W=72';/
LS
Al | | 8
| V4 ~
| |
LOAD DIAGRAM
|
"
=Y ) X
V=% W \P&\l‘
al577\¢, i .
i gy ~l |B°%BW
SHEAR DIAGRAM
| | N
| |
: /’L\\
/ X

kK= © 0/ 02 03 04 05 06 07 08 09 /O

MOMENT DIAGRAM

REFERENCE Cbﬂf/'nu/f,y n . U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO.
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STRUCTURAL DESIGN: FIXED ENDED BEAM MOMENTS FOR
CONCENTRATED LOAD, UNIFORMLY DISTRIBUTED LOAD, AND

HYDROSTATIC LOAD ON PRISMATIC BEAMS

CONCENTRATED _LOAD

UNIFORMLY DISTRIBUTED LOAD

x=kl_|P
A 8
74 L(/-2)
L

load Diagram

20-2)pt

Moment Diagram

MOMENT AT ANy Poinr kL rRom A
for O£k <g
Myx Mg =(1- z) (kf?!k"l)Pl

for g€k £/
My Mg 2(2ek-2+2-3k)PL

Maximum_Posirive Moment (k&)
Myy =282(1-2)2 Pt

FIxEQ _END MoMENTS (Negative)
M= 2 (/) e
M,

X=kL

W=gt
JINRRARANNRRERRARRERRERENN
9=/aadper foot
£

Lood Diagram

SRR

Simp/e Bcam C‘oeff'/::/enfs
at tenth poinfsin M=CWL

Moment Diagrom

SHEAR AT ANY PoINT kL Feom A
VerVig =% (1-26)W

MOMENT AT ANy PoinT kL Feom A
My =My =%2(6k-64%-1)WL

Maximum _PosiTive Moment (k=1z2)
M* =l WL

Fixep END MOMENTS (Negative)
Mg Mo Yo WL

HYDROSTATIC LOAD

x=kL W=727,l
e

VR

Lloogd piogrom

Simple Beomn Coeft Ficients
at ﬁmrh points in M<CHWL

Moment Diogram

SHEAR AT ANY PoNT k£ Feom A
Vo= Vit = %(3-106)W

MOMENT AT ANy Po/NT kL FROM .
M, = My = %o(9-2-10kI WL
Maximum _PosiTive MomenT (k=05477)
M pser7e = 0429 WL

Fixep _Eno _MomeNTs (Megative)
Mg Ys WL

27,
(1-2)PL Maar “Go Wl
5'0° | Peiokips EXAMPLE
assse SHEAR IN_Kips
Wy = /.25 kips 0 lait]oz£]o32]d530ast]ass]oe2]072]as2]092] Z
| ! l l | | | | l I !w ’,'5'0,‘,”[ | | | | | I Conc.Lood |+14/]+741|+74/(#24/ %355 ]-2.59]-2.59|-259]-2.59]-2.59]-2.59 |- 2.59|
4 Ll il 8 “{m-&f/-zk)m »250 |+600ir& 50l+800v2.50|+1.50| 0 |-150]-3.00|-450|-600] 750
L= 150" VLYo (3106 M+ 8,381+ 326 142921+ 2.36 1+ 23 [¢458 |+a56|-aé8 . 2/4-383|-5.74] 257
Lood Diogrom #* 4000 /bs. Tota/ _ |#8.29116.67|1458p12.77V'35¢ |#@e9|-2.03|-4.77|-7.73} 10.92|-14.33] 1796
Ju=4500/bs.
Fixep END MOMENTS
§ N Conc Load- My = 2(/-2)*PL - 0333(0667)oxI5 = 2222 Ft kips
2 idil Unif Load- My= e Wy2 = YpxI5ix /5= 18.75 F+ kips
N Il Hyd. Lood- Ma= Ys Wyl = lsxI25X /5, = /1.25 Ft kips
0422 H,L“ r-')m g Total M= 52.22 ft kips
~
; ) 3 Conc. Load- Mgz e2(/-2) P2+ (2.339°(0667)/0x/5= I1.1] fF kips
Shear Diagrom = Unif Lood - Mg = Y2 Wyl = Ygx/5x/5= 18,75 f* kips
Hyd. Load - Mg = Yo Wyl = Yp*/h25%/5 = 16.87 Ft kips
| Toto! Maa= 46.73 F1 kips
258/ F1. kips (Mox Positive M 7)
/ff 6] SIMPLE _BEAM MOMENTS IN FT._K/Ps.
, [l 0 _lor£]oz]a3s [Fazl04s] as20ez]arz [062|aoz] 2
g /-)J}) 3 v 7 Conc_Load | 0 _|/0.00]2000|30.00|3338]30.00|2500|2a00|/15.00(1a00| 5:00] 0
N S| gullYL=cut | 0 i0.13/800]2343]2500|2200|28.13]2700| 2368|1800 1073] 0
N & HL=CoWyl | O a5 7i1460|/.i_5_6. /667 |/8.9012/./10|2/,60|20./10 &20 262 o0
‘5.: § Total 0_|25.7014880(68.93(7500|75,90|74.23]68.60|56.73| 44202475 | ©
M % See £5-/,£5-2, and ES-23
. * % The Uniform load ond Hydrostatic lood can be combined ond £5-3used.
Moment Diagrom
REFERENCE  COnfinuity in U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO.
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STRUCTURAL DESIGN: FIXED ENDED BEAM MOMENTS FOR
PARTIAL UNIFORMLY DISTRIBUTED LOAD— PRISMATIC BEAMS

= Jlood per foo?
4 W= gzl

LTI Iw T €

>
2NN

zd
2

TITIYIrrY

LOAD D/AGRAM

(+
M

&

MomeNnT _DIAGRAM

fFixep END MOMENTS
Mis=%225(6 - 82 +32)W
Ml Y2882(4- 36) W

SIMPLE BEAM REACTIONS
R =V W(2-¢)
Aag b ‘f"éé Wz

FIXED END _REACTIONS

Mo Mba)
li:'=vﬁ"iaf + ( 45; BA

_ M- M)
e Zoe

Ry=Vy RS

SimpLE _Beam Moment ar C
M= RS (L-22)

PLorTInG MomenT DiaGram

L Plot MZat C

2 Plot simple beom moment diagram
for spon (z4) ond lood (W) vertically
above /ine AC (SeeES-/)

3 Plot Ml of A

4.Plot Miaot B

g = Jood per foo?
W= g(el-at

>

AARANANAN

7oT[TTTT]'Wl'I'ITﬂTg

N
Q
F
R
S

N
—

rPrVII7777

4MesL-al)

&

. -
My mé

Moment DiaGram

8

Fixep END MOMENTS
Mg~ U268 +329924-a6-8a+3aY)g 4]
Mip= Yoll2%(# -32)g2.0~-2%(4-30)3 4]
SIMPLE BEAM REACT/ONS
RS =V§=lyw(a+z)
Ry =V) = lhw(2-a-2)
F1xep END REACTIONS
(Mis- Mga)

oL - ViR +

- g
RE<VS RS - (Maz-Mga)

SimpLE Beam Moments AT C ¢ D

ME=R5(L-22)
M5 =R5 (al)

PLOTTING MOoMENT DiAGRAM

L Plot MZatC

2. Plot Mg ot D

3 Plot simple beom moment diagrom
for span (sL£-at) ond load (W)
vertically above /ine CD (See £S-/)

4 Plot MA’A at A

5. Plot Mh,at 8

REFERENCE  Continurly In
(oncrete Building Frames,
Third Edition, Port/ond
Cement Association.
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STRUCTURAL DESIGN: MOMENTS IN SINGLE BARREL

Assumptions -

L /- Loods ond frame ore
symmerrico/ obout
F————1———— BD| 0 center /ine of Ffrorme.
| i 2- The gnolysis /s bosed
| | on center /ine dimen-
| I s/ons.
Ny } & } 3- The effect of small/
| |
I I
| I
| I

fillets /s ﬂeg/ec fed.

He=h *ts
__________ é, \'!) L’Z*fw

As =[ﬁ3.£
Fy Y Tw %, € =7,

. L
N A
Mob=%2 "P(é/c;*? (/;) d (©+2)2-/
Mo Mg p(Us *7UE) g=C*2
Mae * Meyg =O U; = Ma'; "Mo:;
Mab * Mo =© UL =My + My

Sign _convention - A moment acting in a c/lockwise
oirection on a jo/nt /s positive.

g )

I |

Caution: Use proper s/gn of fixeod end momenrs
when substituting them in the grven eguarts/ons.
Nomenclature :

Mo = Moment ot ena ‘o "of member ‘ob”

My = Fixed end moment at end “a”of member “ab "
U5 =Algebras/c sum of fixed end moments of o =
unbalonced frixed ena moment ot a.

Ky = StiFfness of wall.

Ks = Stiffness of s/ob.

”

REFERENCE
U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO.

SOIL CONSERVATION SERVICE |ES-28
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STRUCTURAL DESIGN: MOMENTS IN DOUBLE BARREL

f

—td

w 4 Z L 7

{

Assumptions:

+9

[ T‘ —————————————— <
|
|
|
|
|
|

/. - Loools ano Fraome ore
symmeirico/ gbou’
center /ine of frome.

2.- The analysis /s based
on center line dimen-

S/ons.

Myp =Map +2m (Uf-nl))
Moo My + 0 (Uf =)
Mog *Meg + m (Ug -nls)
M. =M;:, *+*2m (U; -/76/;)
Mop *MgF=0; My, *Mg, = O;
Mpe = Mep, =O.

Siqn Convention - A moment
octing in @ clockwise
agirection on a joint is
positive.

N

Coution: Use proper sign
of fixed end moments
when substituting them
n the given eguotions.

*\“1 3. - The effect of small
fillets /s neglected.

H =h 7‘7‘5
W, %
= ¥ 4+ &
L=4+ 2 12
ﬁs.:c: _f;s)sﬁ
x, (7] 7

Nomenclature:

Map=Moment ot end ‘" of
. /member ob”

Myp= Frxed end momem‘ at
ena ‘a”“of member ‘ob’

é/ = A/gebraic sum of frxed
end momenis at joint o =
unbalonced Frxea end
moment of a.

Ky = Stiffness of wai..

Ks = Stiffness of s/ob.

REFERENCE
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STRUCTURAL DESIGN : Cortesian grid point designation system,
positive sign convention, symbols and nomenclature

¢
0.5b 0.5b
Free - S;'gm
x=0¢0 Q ? © \ 72}
I I

B S e .

| I I

R ..

e i s SR S 5 S

ISSEEEEES

e
_%%
+

k\\\\\’\\\\\\\ N\ \\\ NN N\ SNNNN

S B A0 S AR S N
|
I
I

X= a/ L A i\ J AL A Lo
W/ //);// 7727 /////’ /////7/////7/////7/////7/////7/////7// g
0 ¥ @™ « = S ] B 3§ 8
o o o o o o o o e o
y ! ) I.I III ? .Il: "l- + + +
- = > > > > > = 5 = 5

CARTESIAN GRID POINT DESIGNATION SYSTEM

SYMBOLS AND NOMENCLATURE

A =ty a = vertical dimension of
fixed slab, ft

horizontal dimension of
fixed slab, ft

= vertical moment, 1b ft/ft

= horizontal moment,
1b ft/ft

= 1ntens1t¥ of pressure,
lbs/ft

= shearing reactions per
unit length acting nor-
mal to the plane of the
slab, 1bs/ft

i w = weight, 1bs/ft®

+X X,y = rectangular coordinates
in the plane of the
slab

POSITIVE SIGN CONVENTION TXNNY = fixed edge

REFERENCE STANDARD DWG. NO.
U. S. DEPARTMENT OF AGRICULTURE

SOIL CONSERVATION SERVICE Es-104

sheer 1 oF 85
ENGINEERING DIVISION-DESIGN SECTION

DATE 4-13-56




STRUCTURAL DESIGN : Rectangular slabs with hydrostatic load;
coefficients for vertical moment, My, at fifth points on vertical
slice y=0

Vertical moment determines tension in vertical steel

My =|Moment coefficient]x pa?
TTT T ] +0.02
H X=0,4q !
=T e x= 0,20 TS
= = —— = TS
B ™~ X3
] B = 0 26,
/—‘ L . 1 = X =
== - — (0]
k [ N
N I~
0.25 @]
t
05 £ >'.
A -002 ¢
.2
-
(8]
C [(}]
N [72]
|c\)\ - c
* 004 o
o o
x
0)‘/ . N —
(o] c
g ®
(o) ‘O
-006 .=
p +\ t
SR 8
i
AN o
4+
[ -l
()]
-008 £
s
=l
20
0.5b 0.5b -
¥y=0—+ Origin
» -0.10
- $* —-—r—--ry <
7 : %
/] N
2.5
 © N
/ A,
é ! / ™ o.12
/ 4 A
7 7/ ,
| % 4 2% 7z 30
v +X y=0
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STRUCTURAL DESIGN : Rectangular slabs with hydrostatic load;
coefficients for vertical moment, My, at fifth points on vertical
slice y=*0.lb

Vertical moment determines tension in vertical steel

I s e
My =|Moment coefficient|y pa?
T +0.02
- 1 X=0.44
o 1 T - T T3
*,_0.5// e = x=0.2a ==
A = T | N
= —1 N
= e =S.s x=0 S 0
N ~ £
0.25 o
Jpas + +
) N :So >
= -0.02 ¢
\& N J .9
©
N ™ [ )]
\\ \\ v
1.0 ™ o
C = -004 §
\\ \\ T~
N o)
*
=
N c
N 2
(4 - (&)
»% 15 10 0.06 ;2
7 AN b
fo) (]
6 (o]
0\ (8]
\\ +—
c
(]
- -0.08 £
\\ o
2. =
. _05b | 0.s5b
y=-0.b y=0.1b N _
—'..L Origin \\
A Y u -0.10
2 o ' o ? .
A o [} 4 2.5 \\
71 ; o N
; o o % A
" / | é
7 o I P :-O.IZ
/] g
| 7777 777777 3.0

X l y=20.1b
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STRUCTURAL DESIGN : Rectangular slabs with hydrostatic load;
coefficients for vertical moment, My, at fifth points on vertical
slice y=%X0.2b

Vertical moment determines tension in vertical steel

+ -

My = |Moment coefficient|, pa?
X X .
T +0.02
T
o xz 0.4q
x> Qe e T =
/// I X=__,__'f°—— L1 iy 4
same A :’/\ x=0 9 1o
s &
0,25 .
Suuy o
<o -+
0.5 \C.e n
9 >
S S -002 ~
g S 0
©
1.0 N o
(7]
g
0.04 o
o]
x
NL 1
'90/).5 AN +
/O S o 2
- o
PN | 006 O
[
(3]
o
(8}
2.0 -
c
0.08 "E’
N o
0.5b 0.5b =
=-0.2b y=0.2b
P_:\ Origin 2.5
7 DR 2 B 0.10
/] o o V) 3
7 [
7 % ]
o) o ; )
7 . . ’ o 3.0
‘ Z
%
o o
/ - A 4
l o 77 77777

[y=t0.2b
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STRUCTURAL DESIGN : Rectangular slabs with hydrostatic load;
coefficients for vertical moment, My, at fifth points on vertical
slice y=10.3b

Vertical moment determines tension in vertical steel
My = ]:Moment coefficient]x pa?

llll!l] TTT1 +Oo‘
A s=
3 " - OTA‘OFT' = -
" - Ty
= = i: 0.20 & =
N == 114 _: xz=0 o)
u n
M
0.25" ~ o
+ +I
0.5 30 "
O —-0.0l >
Q
N N [
°
-
N (8]
0 N-002 9
C o
\ o
% X °
,(.) . —0.03 *
s N &
° ®
1.5 ©
&
ENE —0.04 [
* o
_B\° o
N +-
™\ c
()]
0.5b 0.5b ] 005 g
y=-0.3b| y=0.3b 2.0 =]
,\| Origi |
/ o —g—r19in g +y N
7 | 4
’ o o 4 -0.06
4 4
4 o o “
7 o \
y (o] O L/ A
1 o o U 257
5 ; - 3 "0.07
) 777797777 777777777 \
) ™
1-0.08

30[y=x03b
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STRUCTURAL DESIGN : Rectangular slabs with hydrostatic load;
coefficients for vertical moment, My, at fifth points on vertical
slice y=*0.4b

Vertical moment determines tension in vertical steel

My = [Moment coefficient|y pa?
+0.005
x= 0.6a
== [
1 T A 40 -
e 1 x: O = x— 0' gty 0
I N == = = -D
0.25 8 St A ¢
- X= . —
0.5 g o
Ty +|
< - n
0 '90'::: 0.005 iy
\‘ c
» .2
1O -
>
") x -0.010 4
O), Y o
N c
(6] o
s o
[ A -0.015 *
1.5 FEI
NS 2
O
Ik ‘-
\ -0.020 “6
\ O
(8]
A +
N c
- 0.5b 0.5b o 2.0 0025 g
| y=-04b | y=0.4b —‘ 3 ' 6
T \ s
/ | 4r,Oru;m —y ] L=l
A A
7 e :
2 ° A\ -0.030
/) \
14 o
7
4 o 2.5
v
1) /] A . -0.035
e ] \
+X
N
N
560.040
' | y=+0.4b
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STRUCTURAL DESIGN : Rectangular slabs with hydrostatic load;
coefficients for vertical moment, My, at fifth points on vertical
slice y=* 0.5b

My = [Momenf coef‘ficien'r:lx pa?

Vertical moment determines tension in vertical steel

0.25H
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Le]
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STRUCTURAL DESIGN: Rectangular slabs with hydrostatic
load; coefficients for horizontal moment, My, at tenth
points on horizontal slice.x=0

Horizontal moment determines tension in horizontal steel
My= [Moment coefficient]y pa?

+0.04
y=0
L /’/"’ —~‘-N‘~\\
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STRUCTURAL DESIGN: Rectangular slabs with hydrostatic
load; coefficients for horizontal moment, My, at tenth
points on horizontal slice.x=0.2a

Horizontal moment determines tension in horizontal steel
My= [Moment coefficient]y pa?
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STRUCTURAL DESIGN: Rectangular slabs with
load; coefficients for horizontal moment, My, at
points on horizontal slice. x= O.4a

hydrostatic
tenth

Horizontal moment determines tension in horizontal steel

My= [Moment coefficient]y pa?
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STRUCTURAL DESIGN: Rectangular slabs with hydrostatic
load; coefficients for horizontal moment, My, at tenth
points on horizontal slice. x=0.6a

Horizontal moment determines tension in horizontal steel
My= [Moment coefficient]y pa2
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STRUCTURAL DESIGN: Rectangular slabs with hydrostatic
load; coefficients for horizontal moment, My, at tenth

points on horizontal slice x=0.8a

Horizontal moment determines tension in horizontal steel

My= [Moment coefficient]y pa2
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STRUCTURAL DESIGN: Rectangular slabs with hydrostatic
load; coefficients for horizontal moment, My, at tenth
points on horizontal slice. x=a

My= [Moment coefficient], pa?

Horizontal moment determines tension in horizontal stee)
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STRUCTURAL DESIGN : Rectangular slabs with hydrostatic load;
coefficients for shear at fifth points on fixed side edges
y =£0.5b
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STRUCTURAL DESIGN : Rectangular slabs with hydrostatic
load; coefficients for shear at tenth points on fixed bottom

edge x =a

Shear = [Shear coefficieni] pa
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STRUCTURAL DESIGN : Rectangular slabs with 24 hydrostatic

load; coefficients for vertical moment, My, at fifth points on
vertical slice y=0

Vertical moment determines tension in vertical steel
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My = [Moment coefficient]y pa?
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STRUCTURAL DESIGN : Rectangular slabs with 2/3, hydrostatic

load; coefficients for vertical moment, My, at fifth points on
vertical slice y=%0.lb

Vertical moment determines tension in vertical steel
My = [Moment coefficient]x pa?
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STRUCTURAL DESIGN : Rectangular slabs with 24 hydrostatic
load; coefficients for vertical moment, My, at fifth points on
vertical slice y=*0.3b

Vertical moment determines tension in vertical steel

My = [Moment coefficient]y pa2
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STRUCTURAL DESIGN : Rectangular slabs with % hydrostatic
load ; coefficients for vertical moment, My, at fifth points on
vertical slice y=%0.4b

Vertical moment determines tension in vertical steel
My = [Moment coefficient]y pa2
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STRUCTURAL DESIGN : Rectangular slabs with 24 hydrostatic
load ; coefficients for vertical moment, My, at fifth points on
vertical slice y=%t0.5b

Vertical moment determines tension in vertical steel

My = [Moment coefficient]y pa2
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STRUCTURAL DESIGN : Rectangular slabs with 2/ hydrostatic
load; coefficients for horizontal moment, My, at tenth points
on horizontal slice x= 0

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y pa®
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STRUCTURAL DESIGN : Rectangular slabs with 2/3 hydrostatic
load; coefficients for horizontal moment, My, at tenth points
on horizontal slice x=0.2a ‘

Horizontal moment determines tensisn in horizontal steel
My = [Moment coe\‘ficienﬂy pa2
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STRUCTURAL DESIGN : Rectangular slabs with 2/3 hydrostatic
load; coefficients for horizontal moment, My, at tenth points
on horizontal slice x = 0.4a

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y pa?
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STRUCTURAL DESIGN : Rectangular slabs with 24 hydrostatic
load; coefficients for horizontal moment, My, at tenth points
on horizontal slice x = 0.6a

Horizontal moment determines tension in horizontal steel

My = [Moment coefficient], pa?
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STRUCTURAL DESIGN : Rectangular slabs with 2/3 hydrostatic
load; coefficients for horizental moment, My, at tenth points
on horizontal slice x =0.8a

Horizontal moment determines tension in horizontal steel
My = [Moment coe1‘ficien’[|y pa2
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STRUCTURAL DESIGN : Rectangular slabs with 2/3, hydrostatic
load, coefficients for horizental moment, My, at tenth points

on horizontal slice x=a

Horizontal moment determines tension in horizontal steel

My = [Moment coefficienﬂy pa2
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STRUCTURAL DESIGN : Rectangular slabs with 2/3 hydrostatic
load coefficients for shear at fifth points on fixed side
edges y =X0.5b

o
Shear = [Shear coefficient] pa o
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STRUCTURAL DESIGN : Rectangular slabs with 2/3 hydrostatic
load ; coefficients for shear at tenth points on fixed

bottom edge x=a

Shear = [Shear coefficient] pa
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on vertical slice y

=0

STRUCTURAL DESIGN : Rectangular slabs with !z hydrostatic
load coefficients for vertical moment, My, at fifth points

Vertical moment determines tension in vertical steel
My=[Moment coefficient], pa2
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STRUCTURAL DESIGN : Rectangular slabs with '/3 hydrostatic
load ; coefficients for vertical moment, My, at fifth points
on vertical slice y =% O.lb

Vertical moment determines tension in vertical steel
My=[Moment coefficienﬂx paz
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on vertical slice y =202b

STRUCTURAL DESIGN : Rectangular slabs with Y3 hydrostatic
load ; coefficients for vertical moment, My, at fifth points

Vertical moment determines tension in vertical steel

ENGINEERING DIVISION - DESIGN SECTION

My=[Moment coefficient], pa? o
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STRUCTURAL DESIGN : Rectangular slabs with ! hydrostatic
load, coefficients for vertical moment, My, at fifth points
on vertical slice y =1 0.3b

Vertical moment determines tension in vertical steel
Mx=|:Momen’r coefficien{lx paz
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STRUCTURAL DESIGN : Rectangular slabs with '/3 hydrostatic

load ; coefficients for vertical moment, My, at fifth points
on vertical slice y =1 0.4b

Vertical moment determines tension in vertical steel

My=[Moment coefficient], pa2

m—— = +0.002
229 ocas
- 0.60 1= ==
— %29 o
u ——— l:| T q,
. EPZ 1] 1 x=0 EEE 0 S
\ xz 0.4a: x=0.2a t‘
>
N c
025 o 2
+
05 -0002 ©
o
N 7
\\
N o
\‘\ E
o
10"
¢ - *
O'OO4I—-:I
c
| 2
=
4
'5‘
1.5 - o
< 0006 o
] *\
AN £
O/‘. +N ()]
il
(o] RN E
<>\<5 2.0 2
S -0.008 I_E_l
0.5b 0.5b
y=-0.4b | y=0.4b -
l | 4~Origin l 25 N
1 4° . M7 S >
© o 4 *-; 60.0|0
L .
A ° o
4 o
4 %
_?,0‘ 1 ° i 7
7 /9/////1/// -
P
+X y=+0.4b
SEFSERE::'::U of Reclamation photoelastic U. S. DEPARTMENT OF AGRICULTURE STANDARD WS 1O
et e 30, Decamber 1954 | SOIL CONSERVATION SERVICE | ES-104

ENGINEERING DIVISION - DESIGN SECTION

sHeeT 34_ oF 85
DATE _ 8-1-55




on vertical slice y =*0.5b

STRUCTURAL DESIGN : Rectangular slabs with Vs hydrostatic
load; coefficients for vertical moment, My, at fifth points

My = [:Moment coefficienﬂ x Ppa2

Vertical moment determines tension in vertical steel
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STRUCTURAL DESIGN : Rectangular slabs with ¥z hydrostatic
load ; coefficients for horizontal moment, My, at tenth points
on horizontal slice x=0

Horizontal moment determines tension in horizontal steel
My = [Moment coefficieni]y pa?
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STRUCTURAL DESIGN : Rectangular slabs with Y3 hydrostatic

load; coefficients for horizontal moment, My, at tenth points

on horizontal slice x =0.2a

Horizontal moment determines tension in horizontal steel

My = [Moment coefficient]y paZ
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STRUCTURAL DESIGN : Rectangular slabs with ¥z hydrostatic
load; coefficients for horizontal moment, My, at tenth points
on horizontal slice x =0.4a

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y pa®
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STRUCTURAL DESIGN : Rectangular slabs with Y5 hydrostatic
load; coefficients for horizontal moment, My,at tenth points
on horizontal slice x = 0.6a

Horizontal moment determines tension in horizontal steel
My =[Moment coefficient], pa
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STRUCTURAL DESIGN : Rectangular slabs with Yz hydrostatic
load; coefficients for horizontal moment, My, at tenth points
on horizontal slice x=0.8a

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y pa®
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STRUCTURAL DESIGN : Rectangular slabs with Y3 hydrostatic
load; coefficients for horizontal moment, My, at tenth points
on horizontal slice x=a

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y paZ
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STRUCTURAL DESIGN: Rectangular slabs with 'z hydrostatic load;

.coefficients for shear at fifth points on fixed side edges
y =£0.5b

Shear = [Shear coefficient] pa
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STRUCTURAL DESIGN: Rectangular slabs with '/3 hydrostatic load;
coefficients for shear at tenth points on fixed bottom edge

X=a
Shear = [Shear coefficient] pa
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STRUCTURAL DESIGN : Rectangular slabs with uniform load;

coefficients for vertical moment, My, at fifth points on
vertical slice y=0

Vertical momen'r determines tension in vertical steel

My = Moment coeffncnenﬂx pa?
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STRUCTURAL DESIGN : Rectangular slabs with uniform load;
coefficients for vertical moment, My, at fifth points on
vertical slice y=+0Q.|pb

Vertical moment determines tension in vertical steel
My = [Moment coeffucnent
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STRUCTURAL DESIGN : Rectangular slabs with uniform load;
coefficients for vertical moment, My, at fifth points on
vertical slice y=120.2b

Vertical mocment determines tension in vertical steel

My = [Moment coefficient|x pa®
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STRUCTURAL DESIGN : Rectangular slabs with uniform load;
coefficients for vertical moment, My, at fifth points on
vertical slice y=+0.3b

Vertical moment determines tension in verticol steel
My = [Momen'r coeffucuen]x pa?
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STRUCTURAL DESIGN : Rectangular slabs with uniform load;
coefficients for vertical moment, My, at fifth points on
vertical slice y=+0.4b

Vertical moment determines tension in vertical steel
My = [Moment coefficient|x pa?
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vertical slice y=+0.5b

STRUCTURAL DESIGN : Rectangular slabs with uniform load;
coefficients for vertical moment, My, at fifth points on

Vertical momenf determines tension in verticol steel

My = Momenf coefficient| x pa
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STRUCTURAL DESIGN : Rectangular slabs with uniform load;
coefficients for horizontal moment, My, at tenth points

on horizontal slice x=0

Horizontal moment determines tension in horizontal steel

My = [Moment coefficiently pa?
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STRUCTURAL DESIGN : Rectangular slabs with uniform load;
coefficients for horizontal moment, My, at tenth points
on horizontal slice x =0.2a

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y pa?
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STRUCTURAL DESIGN : Rectangular slabs with uniform load;
coefficients for horizontal moment, My, at tenth points
on horizontal slice x =0.4a

Horizontal moment determines tension in horizontal steel
My = [Moment coefficiently pa2
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STRUCTURAL DESIGN : Rectangular slabs with uniform load ;

coefficients for horizontal moment, M

on horizontal slice x =0.6a

y» at tenth points

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y pa?
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STRUCTURAL DESIGN : Rectangular slabs with uniform load
coefficients for horizontal moment, My, at tenth points
on horizontal slice x =0.8a

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y pa2
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STRUCTURAL DESIGN : Rectangular slabs with uniform load;
coefficients for horizontal moment, My, at tenth points

on horizontal slice x=a

Horizontal moment determines tension in horizontal steel

My = [Moment coefficient], pa2

T T
y=20.5b.
- 0
0.25 "FRES N
0-5 \\ q A R -
\\\\ ™ B -— y:*
AN J N9
N > = = "0.0l »)
N, + "
1.0 N L =
\ N
c
N N S
AN N +
N < 002 9
N N o I
N NS o
y N c
\
1.5
N N -003 _>
o =1
N \.V [ -
WA S 2
NIAN AN QO
N —
R « 5 b
04. 3 \ ‘\\xo J 8
o 6 ._\ '/6 \\ _0.04 (8]
o =
2.0 N} e
\ <§:>
N
=J
-0.05
05b |, 05b : n
4-0rigin N
= +y N
7 i /
/ Z
/ 4 -006
7 % © X
% x
7 Z
é ! Z N
A 7 \
7 ; 4 1 \
b | | N-o0.07
' 30
+X X=q

REFERENCE

U. S. Bureau of Reclamation photoelastic
analysis unit report No. 30, December 1954

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN SECTION

STANDARD DWG.

ES-104

NO.

SHEET 99 OF_85

DATE

8-1-55




STRUCTURAL DESIGN: Rectangular slabs with uniform load;
coefficients for shear at fifth points on fixed side edges
y=£0.5b

Shear = [Sheor coefficien{] pa B>
» +1.6
0.5b 0.5b
y=-5b y=5b
1 é,Origin o
[ ty Y, +1.4
',l
'/
° o
o]
i +1.2 .
@)
' § +1
! - ’— 1"
P I 4 = & >
L ' "0 (LO/ 8
+x x +.0 ©
p o
)
/ . m
e
// g
©
// +0.8 2
7 v
v o
Y, X = 0.40 g
Zams = LH+06 5
LA ey
/o =
y, Q
= X064 o
| 4 A B ~ +0.4 :
pd - P
M~ ] O
1 i o
—
o
0.2 2
S +0.
SREESENE: &,
xs 0 g1t
I~ - - o O
— . X = a 1 F - —
T
' -0.2
0.25 0.5 1.0 1.5 20 2.5 30
Ratio Ya [y=t0.5b
REFERENCE GRI U STANDARD DWG. NO.
U. S. Bureau of Reclamation photoelastic U. s DE}'.)ARTNIENT OF AGRICULTURE Es_ 104

analysis unit report No. 30, December 1954 SOIL CONSERVATION SERVICE SHEET _5_6__ oF 85

ENGINEERING DIVISION - DESIGN SECTION | DATE __8=1-55




STRUCTURAL DESIGN: Rectangular slabs with uniform load ;
coefficients for shear at tenth points on fixed bottom edge
X =a

Shear = [Sheor coefficienﬂ pa
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STRUCTURAL DESIGN: Rectangular slabs with % uniform load,

coefficients for vertical moment, Mx, at fifth points on
vertical slice y=0

Vertical moment determines tension in vertical steel
My = [Moment coefficient]y pa2
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coefficients for ver'ucol moment, My, at flfth
vertical slice y= +Q.lb

STRUCTURAL DESIGN: Rectangular slabs with 2/ uniform load;

points on

My = [Moment coefflmen]x pa2

Vertical moment determines tension in vertical steel
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STRUCTURAL DESIGN: Rectangular slabs with 2/3 uniform load;
coefficients for vertical moment, My, at fifth points on
vertical slice y= £0.2b

Vertical moment determines tension in vertical steel
My = [Moment coefficient]y pa2
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STRUCTURAL DESIGN: Rectangular slabs with 2/ uniform load;

coefficients for vernccl moment, My, at flffh points on
vertical slice y= +0.3b

Vertical moment determines tension in vertical steel
My = [Moment coefficient]y pa2
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STRUCTURAL DESIGN: Rectangular slabs with 24 uniform load,
coefficients for vertical moment, Mx, at fifth points on
vertical slice y= £0.4b

Vertical moment determines tension in vertical steel

My = [Moment coefficient]y pa2

[Momen'r Coefficienﬂxolong section y=+0.4b
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STRUCTURAL DESIGN: Rectangular slabs with 24 uniform load;

coefficients for vertical moment, My, at fifth points on
vertical slice y= *0.5b

Vertical moment determines tension in vertical steel
My = [:Momenf coefficienﬂx pa2
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STRUCTURAL DESIGN : Rectangular slabs with %z uniform load;
coefficients for horizontai moment, My, at tenth points on
horizontal slice x=0

My = [Moment coefficient]y pa?

Horizontal moment determines tension in horizontal steel

analysis unit report No. 30, December 1954 SOIL CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN SECTION

" 5 +0.04
11 | 1
— 11
B R yl=i’10.lb L T
% L (I) }zb e =
- \J‘—f '/\
= +0.02
a A
L1
2
& = o
. L1 —£0'3b// i u
L1 " »
mRSSSE ] EEEEEC= ° S
025 05 ~ \\ =
(8]
()]
(7]
o
1.0 -002 <
o
T T o
A\ = :'\;o’Ab al >
= Se - =1
% = 5 =
. ®
% . \ -004 G
N -
(V]
(@]
1.5 ©
=
-006 o
£
o
2 =
+—— *\
osb | 0sb c0 ., NS —008
Origin EX' 2.0 ‘S
1 72 Y 4
2 H % {
/ 4
Y
7 o
o /] ; 2.5 N -0.10
Nlm ] / I
/]
4 | 2 3.0
. S /{ S S S S S
+X x=0
REFERENCE STANDARD DWG. NO.
. U. S. DEPARTMENT OF AGRICULTURE
U. S. Bureau of Reclamation photoelastic ES-104

sheer 64 oF 85
DATE _8-1-55




STRUCTURAL DESIGN : Rectangular slabs with %z uniform load;
coefficients for horizontal moment, My, at tenth points on
horizontal slice x = 0.2a

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient], pa?

y=0
1 — i e \:\
NP // _/y =*0.1b =io’22—- ——
> = n +0.02
/: =aiil
AL - ] O
ZZaAnEp= \,=‘£0-3b,,— ] N
= - —1] =] O
:’ - =t o) 1]
T — i >
0.25 -
TN c
0.5 7Y R
X ©
N N (3}
N ")
—= -0.02
‘ S =040 c
1] i 2
1.0 ©
>
N =
\ '0.04 S
o
-
“—
(]
(@)
. (&)
|.5 N "0.06 prem
D c
7 =
(o] N
\6 o
S =
AN
0.5b 0.5b -0.09 20 ™ J’\»co -008
Origin x=0.2a &)
— >/ / —— 4
_ L] y NS
oooodlboooooﬁ—- 25 | M
3.0
7 o
o
oo /
| 4
| L
p Z //////////I S S
' x =0.2a
+X |
REFERENCE STANDARD DWG. NO.

. U. S. DEPARTMENT OF AGRICULTURE
U. S. Bureau of Reciamation photoelastic

analysis unit report No. 30, December 1954] SOIL CONSERVATION SERVICE ES-104

sHEET 65 oF 85
ENGINEERING DIVISION - DESIGN SECTION DATE _8-1-55 ;




STRUCTURAL DESIGN: Rectangular slabs with 2/3, uniform load,;
coefficients for horizontal moment, My, at tenth points on
horizontal slice x = 0.4a

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y pa®
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STRUCTURAL DESIGN : Rectangular slabs with 2/3 uniform load;
coefficients for horizontal moment, My, at tenth points on

horizontal slice x = 0.6a

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient], pa2
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STRUCTURAL DESIGN: Rectangular slabs with 2/;:, uniform Iodd;
coefficients for horizontal moment, My, at tenth points on
horizontal slice x = 0.8a

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y pa?
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STRUCTURAL DESIGN : Rectangular slabs with 23 uniform load;
coefficients for horizontal moment, My, at tenth points on
horizontal slice x=a

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y pa?
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STRUCTURAL DESIGN: Rectangular slabs with 2/3 uniform load;
Coefficients for shear at fifth points on fixed side edges
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Shear = l:Sheor coefficienﬂ pa
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STRUCTURAL DESIGN : Rectangular slabs with 2/ uniform load;
coefficients for shear at tenth points on fixed bottom edge
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;
Dimensions and design loads

DESIGN EXAMPLE

This is strictly an academic example and is only complete insofar as it illustrates the

use of the Moment and Shear curves of ES-10k.

The following figure shows the essential

dimensions and possible-loads on the interior panel of a counterforted retaining wall.
Both the wall slab and the heel slab approximate a plate fixed on three edges and free

on the fourth.

Center line dimensions have been used for both slabs.
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;

Component wall slab loads
-
(o]
B i
i 2
O &~
—i .
o
T [
Q
=R . \ 3
[ T\ \
N\ \
Pw Ds Pe -I pp I
Water Surcharge Earth ' Pore Pressure’
Load Load Load Load
COMPONENT WALL SLAB LOADS
p, = vh = (62.4)(6.33) = 395 1bs/rt?
pg = wh = (65)(2) = 130 1bs/ft?
Pe = wh = (65)(19) = 1235 1bs/ft>
p, = vh = (20)(14.5) = 290 1bs/ft?
p,a = (0.395)(19) = 7.5 kips/ft
psa = (0.130)(19) = 2.5 kips/ft
pea = (1.235)(19) = 23.5 kips/ft
Ppa = (0.290)(19) = 5.5 kips/ft
p 2% = (0.395)(19)2 = 142.6 ft kips/ft
psa® = (0.130)(19)2 = L46.9 £t kips/ft
pea® = (1.235)(19)% = Ub5.8 £t kips/ft
p,a” = (0.290)(19)% = 104.7 £t kips/ft
b 1k
a2~ 19" 0.737
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;

Vertical moments (Mx) in wall slab

Values’ Moment Coefficients

| — 142.6 46.9 445.8 10Lk.7 Moments (ft kips) Total

y X . Moment
ts | 3 Py P Pe Py M, Mg Mg M, (ft kips)

0 0 o] 0 0 , 0 0 0 0 0 0

o | o0.2] —0.0001] + 0.0045| + 0.0008| — 0.000%| + 0.01| + 0.21| + 0.36| — 0.0k | + 0.54

o | o.k] ~-0.0002] + 0.0065| + 0.00%0| + 0.0013| + 0.03| + 0.30| + 1.34| + 0.14 | + 1.81

0o | 0.6] + 0.0005| + 0.0085| + 0.0060| + 0.0049| — 0.07| + 0.%0| + 2.67| + 0.51 | + 3.51

o | 0.8] + 0.0028| + 0.0048| + 0.0053| + 0.0051| — 0.40| + 0.23| + 2.36] + 0.53 | + 2.72

o | 1.0] = 0.0078| - 0.0280| - 0.0200| - 0.0170| + 1.11| - 1.31| - 8.92| — 1.78 | — 10.90
+ 0.1 © 0 0 0 0 0 0 0 0 0
+0.1] 0.2] - 0.0001| + 0.00%0]| + 0.0007| — 0.0003] + 0.01| + 0.19| + 0.31| — 0.03 | + 0.48
+ 0.1] 0.4| —0.0002| + 0.0055| + 0.0026] + 0.0013| + 0.03| + 0.26| + 1.16{ + 0.1% | + 1.59
£ 0.1] 0.6 + 0.0005| + 0.0080| + 0.0058} + 0.0045| — 0.07| + 0.38| + 2.59| + O.47 | + 3.37
+ 0.1] 0.8 + 0.0026| + 0.0045| + 0.0048{ + 0.0047| —0.37| + 0.21| + 2.14| + 0.k9 | + 2.47
+0.1| 1.0| = 0.0075| — 0.0251| — 0.0185| — 0.0160| + 1.07{ — 1.18| — 8.25| — 1.68 | — 10.04
+ 0.2 0 0 0 0 0 0 0 0 0 0
+ 0.2 0.2| - 0.0001| + 0.0020| + 0.0001| — 0.000% | + 0.01| + 0.10| + 0.0k| — 0.0% | + 0.11
+0.2| 0.4 -0.0002| + 0.0030 | + 0.0019}{ + 0.0008 | + 0.03] + 0.14| + 0.85| + 0.08 | + 1.10
+ 0.2| 0.6+ 0.0003| + 0.0060| + 0.0040| + 0.0033| — 0.04| + 0.28| + L.78| + 0.35 [ + 2.37
+0.2|0.8|+ 0.0022| + 0.0030| + 0.0038| + 0.0038| — 0.31| + 0.14| + 1.69| + 0.40 | + 1.92
+ 0.2 1.0| = 0.0063| — 0.0200 | — 0.0150| — 0.0130 | + 0.90| — 0.9% | — 6.69| —1.36 | —8.09
0.3 0 0 0 0 0 0 0 0 0 0
+0.3|0.2|-0.0001| - 0.0005| — 0.0003| — 0.0004 | + 0.0L| — 0.02| — 0.13| — 0.04 | — 0.18
+ 0.3 0.4 | — 0.0002| + 0.0010 | + 0.0005| + 0.0001| + 0.03| + 0.05| + 0.22| + 0.01 | + 0.31
* 0.3| 0.6 0 + 0.0021 | + 0.0019| + 0.0016 0 + 0.10| + 0.85| + 0.17 | + 1l.12
+0.3| 0.8+ 0.001k | + 0.0019 | + 0.0021| + 0.0022 | — 0.20| + 0.09| + 0.94| + 0.23 | + 1.06
+0.3]1.0[—-0.0044| - 0.0130 | — 0.0095| — 0.0085| + 0.63| — 0.61| — k.2k| —0.80 | = 5.11
+0.4] 0 0 0 0 0o - 0 0 0 0 0
+0.4]0.2]=0.0001| - 0.0041| - 0.0012| — 0.0007| + 0.01| - 0.19| — 0.53| — 0.07 | — 0.78
+ 0.4 | 0.4 = 0.0002| = 0.0036 | — 0.0013| = 0.0009| + 0.03| = 0.17| = 0.58| —0.09 | — 0.81
+0.%| 0.6 - 0.0003| — 0.0026 | — 0.0009| — 0.0006| + 0.0k| — 0.12| — 0.%0} — 0.06 | — 0.54
+0.4]0.8|+ 0.0003| - 0.0010| - 0.0001| + 0.0001| — 0.04| —0.05| — 0.0%| + 0.01 | — 0.12
+0.4011.0l=-0.0020| - 0.0050| — 0.0038| — 0.0035 | + 0.29| — 0.23| — 1L.69| — 0.37 | = 2.00
£ 0.5 0 0 0 0 0 0 0 0 0 0
+ 0.5|0.2|=0.0001| - 0.0092 | = 0.0022| = 0.0010| + 0.01| — 0.43| — 0.98| = 0.10 | — 1.50
+ 0.5 0.4~ 0.0002| - 0.0087| — 0.0034%| — 0.0021 | + 0.03| — 0.k1| - 1.52| —0.22 | — 2.12
+ 0.5|0.6| = 0.0006| — 0.0072 | = 0.00k2| — 0.0031 | + 0.09| — 0.34 | - 1.87| —0.32 [ — 2.4k
+0.5]0.8|=0.0010| - 0.0040 | — 0.0028 | — 0.0024 | + 0.14| — 0.19|—-1.25| - 0.25 | = 1.55
+0.5]1.0 0 0 0 0 0 0 0 0 0
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STRUCTURAL DESIGN ; DESIGN EXAMPLE )
Horizontal moments (My) in wall slab

Values Moment Coefficients
pa®—s| — 1L42.6 k6.9 L5 .8 10L4.7 Moments (ft kips)
Total
% v Moment
S + 5 Py Dy Pe P, M, Mg MeA M, (ft kips)
0 0 + 0.0001f + 0.0240| + 0.004%0 | + 0.0018[ — 0.01| + 1.13| + 1.78| + 0.19| + 3.09
0|+ 0.1 0 + 0.0200| + 0.0035 | + 0.0014 0 +0.94 +1.56) + 0.15] + 2.65
0|+ 0.2 0 + 0.0120| + 0.0020 | + 0.0007 0 + 0.56| + 0.89] + 0.07| + 1.52
Of* 0.3 0 — 0.0020| — 0.0010 | — 0.0004 0 - 0.09| — 0.45| —0.04| - 0.58
N ENR 0 — 0.0210| — 0.0040 | — 0.0016 0 -0.98| - 1.78} —0.17| - 2.93
0% 0.5 0 — 0.0%70| = 0.0070 | = 0.002k 0 - 2.20| - 3.12| = 0.25| - 5.57
0.2+ 0 + 0.0002 + 0.0230 | + 0.0060 | + 0.0030| — 0.03| + 1.08| + 2.67| + 0.3L| + L4.03
0.2|% 0.1} + 0.0002| + 0.0200 | + 0.0050 | + 0.0025| — 0.03| + 0.94| + 2.23| + 0.26 | + 3.40
0.2/* 0.2 + 0.0001| + 0.0130| + 0.0030 | + 0.0014| — 0.01| + 0.61| + 1.34| + 0.15| + 2.09
0.2/ 0.3] — 0.0001| — 0.0010 | = 0.0010 | — 0.0005| + 0.01| — 0.05| — 0.45| — 0.05| = 0.5k
0.2|% 0.4 — 0.0002| — 0.0200 | = 0.0050 | — 0.0026| + 0.03| — 0.9k | — 2.23| = 0.27 | — 3.41
0.2|%£ 0.5 — 0.0003| — 0.0480 | = 0.0115 | — 0.0053| + 0.04| — 2.25| - 5,13 - 0.55 | — 7.89
o.4l o + 0.0006| + 0.0220 | + 0.0085 | + 0.0052| — 0.09| + 1.05 | + 3.78| + 0.54 | + 5.27
0.4{£ 0.1f + 0.0005| + 0.0190 | + 0.0075 |+ 0.0047| — 0.07| + 0.89 | + 3.34| + o.b9 | + L4.65
0.4{£ 0.2{ + 0.0002| + 0.0120 | + 0.0048 | + 0.0030| — 0.03| + 0.56 | + 2.14 | + 0.31 | + 2.98
0.4 0.3] — 0.0001| - 0.0010 0 — 0.0Q01| + 0.01| — 0.05 0 - 0.01| - 0.05
0.4+ 0.4| — 0.0006| — 0.0180 | — 0.0072 | = 0.0045| + 0.09| — 0.8k | — 3.21 | — 0.47 1 = L.43
0.4% 0.5 — 0.0010| — 0.0450 | — 0.0176 |- 0.0106| + 0.14| — 2.11 | - 7.85| - 1.11 | — 10.9%
0.6/ © + 0.0013| + 0.0183 | + 0.0097 |+ 0.0073 0.19| + 0.86 |+ k32| +0.76 | + 5.75
0.6]% 0.1| + 0.0012| + 0.0163 | + 0.0088 |+ 0.0067| — 0.17| + 0.76 | + 3.92 | + 0.70 | + 5.21
0.6/% 0.2 0.0007| + 0.010% | + 0.0060 |+ 0.0045 0.10| + 0.49 [+ 2.67| + 0.47 | + 3.53
0.6|%* 0.3 0 0 + 0.0007 |+ 0.0006 0 o} + 0.31|+ 0.06 | + 0.37
0.6]* 0.4] — 0.0012 0.0150 | — 0.0077 |— 0.0056| + 0.17| — 0.70 | = 3.43| - 0.59 | — L4.55
0.6[* 0.5]| — 0.0028 | — 0.0370 |- 0.0207 |- 0.0154| + 0.40 | = 1.74 |- 9.23 | = 1.61 | — 12.18
0.8 o + 0.0019| + 0.0093 [+ 0.0060 |+ 0.0050 | — 0.27| + O.lk |+ 2.67|+ 0.52 | + 3.26
0.8/ 0.1| + 0.0018| + 0.0084 |+ 0.0056 |+ 0.0048| — 0.26| + 0.39 [+ 2.50 | + 0.50 | + 3.13
0.8]% 0.2| + 0.0016 | + 0.0058 |+ 0.00k2 |+ 0.0036| — 0.23| + 0.27 |+ 1.87 |+ 0.38 | + 2.29
0.8{+ 0.3| + 0.0008 | + 0.0008 |+ 0.0012 |+ 0.0012| — 0.11| + 0.04 |+ 0.53 | + 0.13 | + 0.59
0.8|% 0.4 | - 0.0011 | — 0.0074 [~ 0.0045 |- 0.0036 | + 0.16 | — 0.35 |- 2.01 |- 0.38 | — 2.58
0.8|+ 0.5]| — 0.0051 | — 0.0210 [— 0.0145 |- 0.0123| + 0.73| — 0.98 |- 6.46 |- 1.29 | — 8.00
1 0 — 0.0016 | = 0.0059 |~ 0.0040 |- 0.0034 | + 0.23 |- 0.28 |- 1.78 |- 0.36 | - 2.19
1|+0.1(-0.0015]|~ 0.0055 |— 0.0038 |- 0.0032| + 0.2L|—0.26 |- 1.69 |- 0.34 | — 2.08
1 {+0.2]-0.0013 |- 0.0043 |- 0.0030 |- 0.0026 |+ 0.19|—0.20 |- 1.3k |- 0.27 | = 1.62
1 [+ 0.3]-0.0009 - 0.0027 |- 0.0020 |- 0.0017 |+ 0.13 |- 0.13 |- 0.89 |- 0.18 | — 1.07
1% 0.4|-0.0004 |~ 0.0010 |- 0.0008 |- 0.0007 |+ 0.06 |- 0.05 |- 0.36 |- 0.07 | = o0.ko
1t 0.5 0 0 0 0 0 0 o} 0 0
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;
Example of interpolation, horizontal and vertical moments

in wall slab
+ 0.005 T T T T T T T T T T T T T
l ! | l TrrrrrrrrrrrerrrrrTT
S~ o7 Full Hydrostatic Load
T T T T T I I
- g —r 0.76 Hydrostatic Load
s S |
- Lo AN
:’% ° INT=
E 0.667 Hydrostatic Load o =
a
() M A
o] B N
O
g - 0.005 S
<
S
- 0.010
F! o AN = N
°© (@] o o (@] o
+l +l -+l +l +l
Ratio y/b
EXAMPLE OF INTERPOLATION OF MOMENT COEFFICIENT (M)
FOR 0.76 HYDROSTATIC LOAD ALONG SECTION x = O
¢
x=0 - 5.57 - 2.93 _—0.58 _+ 1.52 _+ 2.65 )+ 3.09
0.0 ‘:’o.o Too "I’oo T 0.0 T o.0
I I | i
x = 0.2a’f 7-89 - 3.4 — 0.54 J;+209 + 3.40 4.03
e N -4 - (> {()-——_———-—{ )" _(
}_150 - 0.78 _?5018 |+ 0.11 _?I 0.48 >+ 0.5k
[ | I I
x = 0.ka 4—10.95 - L.b3 - 0.05 + 2.98 + 465 + 5.27
’<—'2_1_2—" ——0_8"1"'4}'6._3_1""%_1?6""(%'1 59 '(P+ 1.81
| 1 |
|
[ I | !
x=0.6af-1218  U=4.55 4+ 0.37 A 3.53 A& 5.2l 4 5.7
- A 7 {Jl?ieﬁ ¢+557 A)+ 3.51
| I I
x=08ad- 800 =258 059 229 A 315 5.36
’<—155 l—012 4%106 ?;192 ?2&7 @ 2.72
[
| |
- 0.0 J\— 0.k2 ,L— 1.07 J-1.62 - 2.08 - 2.19
X = a (J/06 7 /V/g/oo /V/5/ll /V/8/O9 /V/lo o 74 10.90
& . E . & o 8 0 .
1) ) o o o
+ +i + + + o]
] 1] n ] i i
<) =) =2 ™ <) =2

HORTZONTAL AND VERTICAL MOMENTS IN ft kips/ ft IN WALL SLAB

|
' Horizontal Moment .

' Vertical Moment
1
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;
Vertical and horizontal moments in wall slab
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< / L y=t0.4
= 0.6 e
X o
=+0.2b-H- oy 0
I\ ! /
08
y! /
\ ty=+0.3b -
~ i Sy =t0.2b
ANRS [ Ill-_y=fo. b1 L
AR SS ] y.-c
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VERTICAL MOMENT (Mx) IN FT KIPS/FT
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N +10.0
wn
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X
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I- ESSs 1201 1x =0.4q0
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;

Shears in wall slab
Values Shear Coefficients Shear
= = = . Total
pa—>| — 7.5 2.5 23.5 5.5 (kips/ft) Shear
X kips
by + % Py Pg Pe pp Sy Sg Se sp Tt
o |t 0.5 -0.0021] + 0.3650| + 0.0150| — 0.0020| + 0.02| + O.9L| + 0.45| = 0.01] + 1.37
0.2 1% 0.5] + 0.0001| + 0.3900| + 0.0850| + 0.0305 0.0 | + 0.98] + 2.00| + 0.17| + 3.15
ok |+ 0.5] + 0.0035| + 0.3700| + 0.1500| + 0.0773] — 0.03} + 0.95| + 3,531 + 0.43] + 4.86
0.6 |+ 0.5] + 0.0215| + 0.3500| + 0.2100{ + 0.1570| — 0.16|.+ 0.88| + 4.94k| + 0.86] + 6.52
0.8+ 0.5| + 0.0780 | + 0.2150 | + 0.1690| + 0.1515| — 0.59| + 0.54| + 3.97| + 0.83] + L.75
1.0 |£ 0.5} + 0.0230 0.0 + 0.0100| + 0.0144]| - 0.17 0.0 | + 0.24| + 0.08] + 0.15
1.0+ 0.4] + 0.0610| + 0.0%20 | + 0.0480| + 0.0524| — 0.461 + 0.08] + 1.13| + 0.29] + 1.0k
1.0 |+ 0.3] + 0.1070| + 0.1670| + 0.1480| + 0.1407| - 0.80| + 0.k2 | + 3.48| + 0.77| + 3.87
1.0 |+ o.2| + 0.1310| + 0.2500 | + 0.2150| + 0.1961| — 0.98 + 0.65|+ 5.05| + 1.08] + 5.80
1.0 |+ 0.1 + 0.1k25 | + 0.3200| + 0.2510| + 0.2263] — 1.07} + 0.80| + 5.90| + 1.24] + 6.87
1.0 0 + 0.1460 | + 0.3%00 | + 0.2640| + 0.2356| — 1.10| + 0.85 | + 6.20| + 1.30] + 7.25
SHEAR" ALONG FIXED EDGES x = a AND y = * 0.5b IN WALL SLAB

The magnitude
table.

and location of the maximum

shear may readily be obtained from the above
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STRUCTURAL DESIGN : DESIGN
Heel slab loads

EXAMPLE ;

HEEL SLAB

W = 32,710 1lbs

n 5.55!
- H = 16,330 ]bs
=
=
N
| ]
|
x' [
e
2.25"
W = 32,710
Determine the total vertical load W.
Weight x lever arm = Moment
Wall Stem = 1x18 x 15 = 2,700 x 9.5 = 25,650
= 0.5 x 18 x 150 = 1,350 x 8.67 = 11,705
Footing = 2 x 14 x 150 = b,200 x 7 = 29,400
Moist Earth = 8 x20 x 125 = 20,000 x b = 80,000
= 0.5 x 18 x 125 = 1,125 x 8.33 = 9,370
= 1 x2x 125 = 250 X 8.5 = 2,125
Saturated Barth = 8 x 13.5 x 15 = 1,620 x L = 6,480
= 0.38 x13.5x15 = 75 % 8.25 = 620
Counterfort = l—f—iiﬁ—ﬁizi 10 x 8.17 = 80
5 x 12.5 x 10 _ 50 x 5.50 - 275
2E e X2 5 .
Water = bx533x62.4 = 1,330 «x 12 = 15,960
IN = 32,710 IM = 181,665
M 181,665
X = Z_W = m 5.55 ft
Determine the horizontal load H
5 6ol Weight x lever arm = Moment
Water 135 2X 2.t _ . 1,675 x 2.4k = — L 090
Surcharge = 130 x 20 = 2,600 x 10 = 26,000
20% x 65
Earth Load = = = 13,000 x 6.67 = 86,710
2
Pore Pressure Load = w = 2,b05 x 5.17 = 12,435
W o= 16,330 IM = 121,055
v _ (32,710)(8.45) — (16,330)(7.h1)
x' = 2 55,710 2 = 4. 75 ft
e = 7.00 — 4.75 = 2.25 ft
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STRUCTURAL DESIGN: DESIGN EXAMPLE ;
‘Heel slab dimensions and component loads

o'l=

]

(521110)(1 N (6)55.25)) - 1588 1bs/rt?

)6+ %)

)(1 _ és) - (52i110)(1 _ (6)§§.25)) _ 8L 1pe/et?

Max Pressure =(

o=

Min Pressure .—.(

84 1bs/ft®
3002 1bs/ft?
-

T ]
! P
. |-
Y 3 V/
tt" ~
5 o P
o o
—~ Al
8 -~
@
@. Stem
i 2

HEEIL SLAB LOAD DIAGRAM
p, = (4583 — 8k)() = 2895 1bs/f£t?
py = (20)(125) + (13.5)(15) + (2)(150) — 84 = 2918 1bs/ft
p,a® = (2.895)(9)" = 234.5 £t kips/ft
2 = (2.918)(9)°

1]
1]

236.4 ft kips/ft

pua = =
o P
+X o
O
+ =
I}
(o]
T 7T T 77717777 7 77 Net
B b = 14-0 . DPu | | Pv ] | Load |
IDEALIZED HEEL SLAB DIMENSIONS COMPONENT HEEL SLAB LOADS
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STRUCTURAL DESIGN : DESIGN EXAMPLE ,
Moments (Mx) in heel slab

Moment Coefficient
Values pass 2354 — 234.5 Moment (ft kips) Total
Moment
+ %’ g_ Py Dy M, M, ft kips
0 0 0 0 0 0 0
0 0.2 + 0.0200 + 0.0070 + k.73 - 1.64 + 3.09
0 0.4 + 0.0250 + 0.01k2 + 5.91 - 3.33 + 2.58
0 0.6 + 0.0130 + 0.01k2 + 3.07 - 3.33 - 0.25
0 0.8 - 0.0300 - 0.0048 - 7.09 + 1.13 - 5.96
0 1.0 - 0.1290 - 0.0610 - 30.50 + 14,20 -16.20
+ 0.1 0 0 0 0 0 0
+ 0.1 0.2 + 0.0180 + 0.0067 + 4,06 - 1.57 + 2.69
+ 0.1 0.4 + 0.0230 + 0.0138 + 5.4k - 3.24 + 2.20
+ 0.1 0.6 + 0.0120 + 0.0133 + 2.84 - 3.12 - 0.28
+ 0.1 0.8 - 0.0275 - 0.0041 - 6.50 + 0.96 - 5.5k
+ 0.1 1.0 - 0.1210 - 0.0575 —28.60 +13.48 -15.12
t 0.2 0 0 0 0 0 0
+ 0.2 0.2 + 0.013%0 + 0.00k43% + 3.07 -1.01 + 2.06
+ 0.2 0.4 + 0.0170 + 0.0105 + b.o2 - 2.46 + 1.56
+ 0.2 0.6 + 0.0090 + 0.0117 + 2.13 - 2.7k - 0.61
+ 0.2 0.8 - 0.0220 - 0.0020 - 5.20 + 0.47 - L4.73
+ 0.2 1.0 - 0.0970 - 0.0482 - 22.93 +11.3%0 -11.63
+ 0.3 0 0 0 0 0 0
0.3 0.2 + 0.0030 + 0.0013 + 0.71 - 0.30 + 0.h1
+ 0.3 0.4 + 0.0070 + 0.0059 + 1.65 - 1.38 + 0.27
+ 0.3 0.6 + 0.0048 + 0.0078 + 1.13 - 1.83 - 0.70
+ 0.3 0.8 - 0.0133% — 0.0005 - 3,1k + 0.12 - 3.02
+ 0.3 1.0 - 0.0615 - 0.03%5 —1k4. 54 + 7.86 - 6.68
+ 0.4 0 0 0 0 0 0
+ 0.4 0.2 - 0.0117 - 0.0031 - 2.77 + 0.73 - 2.04
+ 0.4 0.4 - 0.0072 - 0.0009 - 1.70 + 0.21 - 1.4
+ 0.4 0.6 - 0.0038 + 0.0012 - 0.90 - 0.28 - 1.18
t 0.b 0.8 - 0.0068 | - 0.0002 - 1.61 + 0.05 - 1.56
+ 0.4 1.0 - 0.0225 - 0.0145 - 5.%2 + 3.40 -1.92
+ 0.5 0 0 0 0 0 0
+ 0.5 0.2 - 0.03%23 - 0.0091 - 7.64 + 2.13 - 5.51
* 0.5 0.4 - 0.02k9 - 0.0088 - 5.89 + 2.06 - 3.83
+ 0.5 0.6 - 0.0160 - 0.0071 - 3.78 + 1.66 - 2.12
+ 0.5 0.8 - 0.0058 - 0.0033 - 1.37 + 0.77 - 0.60
+ 0.5 1.0 0 0 0 0 0
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;
Moments (My) in heel slab

SOIL CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN SECTION

Moment Coefficient
Values pat—s 236 .4 - 2345 Moment (ft kips) Total
Moment
% .
= + % P, D, Mu M, ft kips
0 0 + 0.084%0 + 0.0225 + 19.86 - 5.28 +14.58
0 + 0.1 + 0.0760 + 0.0195 + 17.97 - 4,57 +13.40
0 + 0.2 + 0.0500 + 0.0125 + 11.82 - 2.9% + 8.89
0 + 0.3 + 0.0030 — 0.0013 + 0.71 + 0.30 + 1.01
0 + 0.4 - 0.0740 0.0206 - 17.49 + 4.83 —-12.66
0 * 0.5 - 0.1880 - 0.0430 — b bl +10.08 -3k, 36
0.2 0 + 0.0730 + 0.0212 + 17.26 - k.97 +12.29
0.2 + 0.1 + 0.0650 + 0.0192 + 15.37 - L4.50 +10.87
0.2 + 0.2 + 0.0430 + 0.0126 + 10.17 - 2.95 + T7.22
0.2 + 0.3 + 0.0020 + 0.0007 + 0.47 - 0.16 + 0.31
0.2 + 0.4 - 0.0630 - 0.0182 - 14.89 + L.o7 —10.62
0.2 £+ 0.5 - 0.1620 — 0.0452 - 38.30 +10.60 —-27.70
0.4 0 + 0.0570 + 0.0192 + 13.47 - L4.50 + 8.97
0.4 + 0.1 + 0.0520 + 0.0178 + 12.29 - 4.7 + 8.12
0.k * 0.2 + 0.0350 + 0.0127 + 8.27 - 2.98 + 5.29
0.4 + 0.3 + 0.0040 + 0.0028 + 0.94 - 0.66 + 0.28
0.4 + 0.4 - 0.0470 — 0.0147 - 11.11 + 3.45 - 7.66
0.k + 0.5 - 0.1250 — 0.0439 - 29.55 +10.29 -19.26
0.6 0 + 0.0335 + 0.0137 + T7.92 - 3.21 + 471
0.6 + 0.1 + 0.0308 + 0.0130 + 7.28 - 3.05 + 4,23
0.6 + 0.2 + 0.0215 + 0.010k4 + 5.08 — 2.4k + 2.64
0.6 + 0.3 + 0.0035 + 0.00%0 + 0.83 - 0.94 - 0.11
0.6 + 0.4 - 0.0285 — 0.0090 - 6.73 +2.11 - 4 62
0.6 + 0.5 - 0.0805 - 0.0352 - 19.03 + 8.25 -10.78
0.8 0 + 0.0045 + 0.0030 + 1.06 - 0.70 + 0.3%6
0.8 + 0.1 + 0.0041 + 0.0030 + 0.97 - 0.70 + 0.27
0.8 + 0.2 + 0.0028 + 0.0028 + 0.66 - 0.66 0
0.8 + 0.3 - 0.0012 + 0.0016 - 0.28 - 0.38 - 0.66
0.8 + 0.4 - 0.0112 — 0.0030 - 2.65 + 0.70 -1.95
0.8 + 0.5 - 0.0292 - 0.0163 - 6.9 + 3.82 - 3.08
1.0 0 - 0.0260 - 0.0122 - 6.15 + 2.86 - 3.29
1.0 + 0.1 — 0.0242 - 0.0116 - 5.72 + 2.72 - 3,00
1.0 + 0.2 — 0.0193 - 0.0097 - L4.56 + 2.27 - 2.29
1.0 + 0.3 - 0.0123 - 0.0067 - 2.91 + 1.57 — 1.3k4
1.0 + 0.4 — 0.0045 — 0.0030 - 1.06 + 0.70 - 0.3%6
1.0 + 0.5 0 0 0 0 0
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;
Moments (Mx) in heel slab
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;
Moments (My) in heel slab

MOMENT (My) IN FT KIPS/FT
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STRUCTURAL DESIGN ; DESIGN EXAMPLE 4
Moments and shears in heel slab

The magnitude and location of the maximum shear may be readily
obtained from the above table.

- 34,36 - 12.66 _+ 1.01 .t 8.89 St 13.40 + 14.58
x=0 0.0 T 0.0 T 0.0 ‘:’ 0.0 T 0.0 0.0
| l 3 |
- 27.70 - 10.62 + 0.31 + 7.22 + 10.87 + 12.29
X=0.2a Q-0 o~ "~ 2.0 |: + 0.41 A?:r 2.06 —_?1 2.69 + 3.09
| | ] ' |
- 19.26 - 7.66 + 0.28 + 5.29 + 8.12 + 8.97
= 0.ba P-—F=— —————¢——-—— S -0 - -
X a ? - 3.8% _(J:}— 1.4k9 Lt 0.27 ‘ih 1.56 I+ 2.20 + 2.58
|
! I I
-10.78 |- k.62 - 0.11 + 2.64 + k4.o3 + b1
= 0. —— == -——=- —————c‘r———— -————0
X = 0.6a - 2.12 I_ 1.18 P 0.7 |~ 0.61 _ql}— 0.28 B - 0.26
| | |
- 3.08 |- 1.95 - 0.66 0.0 + 0.27 + 0.3
= 0. —==— ————{)-———— — === il )
x 08a/—o.éo - 1.56 I—Boe _?1473 | 5.54 -4—5.96
2} 0.0 - 0.3 ,,'\— 1.34 J\- 2.29 [L— 3.00 4- 32
*=8 RO Y YA I YA S T T Y - 16.20
KA g & & =
1) o o o o
+1 +i +l -+ -+l o
" " " ] 1] n
) k) ) ) > >
MOMENTS (My) AND (M,) IN ft kips/ft IN HEEL SLAB
]
o
T (M)
|
Shear Coefficient Shear
Val 6. - 6. Total
alues pa —= 26.3 26.1 kips/ft Shear
E + % Py Py 5y 5y kips/ft
0 + 0.5 + 0.90 + 0.11k +23.7T| — 3.0 | + 20.7
0.2 + 0.5 + 0.805 | + 0.213 +21.2| - 5.6 | + 15.6
0.4 + 0.5 + 0.603 | + 0.243 +15.9| - 6.3 |+ 9.6
0.6 + 0.5 + 0.435 | + 0.252 +11.4| - 6.6 | + 4.8
0.8 + 0.5 + 0.110 | + 0.13%0 + 29| - 3.4 | - 0.5
1.0 + 0.5 - 0.075 | — 0.020 - 2.0] + 0.5 - 1.5
1.0 + 0.4 + 0.085 | + 0.1%0 + 2.2 - 3.4 - 1.2
1.0 + 0.3 + 0.346 | + 0.271 + 9.1| - 7.1 |+ 2.0
1.0 + 0.2 + 0.5%2 | +.0.355 + 1.3 - 9.3 | + 5.0
1.0 + 0.1 + 0.655 | + 0.399 +17.2| —10.4 | + 6.8
1.0 0.0 + 0.692 | + 0.411 +18.2| -10.7| + 7.5
SHEAR ALONG FIXED EDGES x = a AND y = * 0.5b IN HEEL SLAB

REFERENCE

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN SECTION

es-104

DATE

SHEET 85 OF

4 13 56

STANDARD DWG. NO.

85







6.4-1

4. Reinforced Concrete

4.1 Classes of Reinforced Concrete. The class of concrete to be
used in any specific job should be based on a study of the job require-
ments as to strength and durability. Many factors affect the quality
of concrete; the best materials and design do not produce excellent con-
crete without high quality methods of construction.

Nine classes of concrete are presently established. They cover
the various conditions of design and construction encountered by the
Soil Conservation Service. For Class 5000, Class 4000, Class 3000, and
Class 2500 concrete the Contractor is responsible for the design of the
concrete mix. For Class 5000X, Class 4000X, Class 3000X, Class 3000M,
and Class 2500X concrete the Engineer is responsible for the design of

the concrete mix. The following is a general guide to these concrete
classes and their use.

Class. 5000 or 5000X concrete -- for special structures, for pre-
cast or prestressed construction, for extreme exposure conditions.

Class 4000 or 4000X concrete -- for standard types and sizes of
structures, for moderate exposure conditions.

Class 3000 or 3000X concrete -- for small simple structures, for
mass foundations.

Class 3000M -- for minor concrete structures in which the quantity
of concrete is less than 5 yards and where the location of the
concrete will permit easy maintenance or replacement.

Class 2500 or 2500X concrete -- for small structures built by
the farmer or unskilled labor, for plain concrete construction.

Guide Construction Specifications 31. Concrete, 32. Concrete for
Minor Structures, and 34. Steel Reinforcement (NEH Section 20) state
the technical and workmanship requirements for the operations required

in reinforced concrete construction. These specifications include such
items as:

Air Content and Consistency

Design of Concrete Mix

Inspection and Testing

Mixing, Conveying, Placing, Consolidating and Curing Concrete
Preparation and Removal of Forms

Fabrication and Placing of Reinforcement.

Guide Material Specifications 531. Portland Cement, 522. Aggre-
gate for Portland Cement Concrete, and 539. Steel Reinforcement (NEH

Section 20) state the quality of materials to be incorporated in the
construction.

Revised 12-80



6.4-2

4.2 Design Codes and Criteria:

4.2.1 General Code to be Used. The American Concrete Insti-
tute Standard "Building Code Requirements for Reinforced Concrete' (ACI
318-77), Appendix B - Alternate Design Method is used as the design code
for working stress design except as modified in 4.2.2.

4.2.2 Other Design Criteria

(a) The allowable extreme fiber unit stress in com-
pression in flexural members is: fc = 0.40 fé.

(b) The allowable tensile unit stress in reinforce-
ment is: fg = 20000 psi. The design yield strength is: fy = 40000 psi.

(c) Members subjected to bending and direct compres-
sive force, in which the eccentricity (e = M/N) is not less than that caus-
ing balanced working stresses, are designed on the basis of recognized theory
of cracked sections. The tensile steel may be stressed to its allowable value;
the concrete stress may not exceed its allowable value.

(d) In doubly reinforced flexural members, the modu-
lar ratio, E_/E is used to transform compression reinforcement for stress
computations’

(e) The minimum clear concrete cover over reinforcement
is two inches, except when concrete is deposited on or against earth, the mini-
mum clear concrete cover is three inches. However, in structural design of
slabs or beams without web reinforcement, the distance from the surface of the
concrete to the centerline of the nearest reinforcing steel may be taken as
2-1/2 or 3-1/2 inches, as the case may be, to simplify the determination of the
effective depth, for all bars one inch or less in diameter.

Consideration should be given to increasing the cover when a concrete surface
is exposed to high velocities and the water carries abrasive materials.

(f) Reinforcing steel is required in both faces and in
both (orthogonal) directions in all concrete slabs and walls, except that only
one grid of reinforcing is required in concrete linings of trapezoidal channels.
This steel serves either as principal reinforcement or as temperature and shrink-
age reinforcement. The minimum steel areas for slabs and walls having thickness
equal to or less than 32 inches, in each face and in each direction, expressed

as the ratio, Pys of reinforcement area, As’ to gross concrete area, bt, are as
follows:

1. The steel in the direction in which the dis-
tance between expansion or contraction joints
does not exceed thirty feet,

p 0.002 in an exposed face

t

p 0.001 in an unexposed face.

t
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2. The steel in the direction in which the
distance between expansion or contraction
joints exceeds thirty feet,

p 0.003 in an exposed face

t

p 0.002 in an unexposed face.

t

The minimum steel areas for slabs and walls having thicknesses greater
than 32 inches are computed as though the thickness were 32 inches.

When expansion or contraction in a member is restrained along any line,
the concept of equivalent distance between expansion or contraction
joints should be used to determine the required steel ratio, Py- The
equivalent distance is taken as double the perpendicular distance from
the line of restraint to the far edge or line of support of the member.

When the surface of a wall or slab will be exposed for a considerable
period during construction, the steel provided should satisfy require-
ments for an exposed face.

(g) Where a single grid of reinforcement is used,
as permitted above, the steel ratio, Pes is the sum of that listed for
both faces.

(h) Splices and development lengths for temperature
and shrinkage reinforcement are designed for the design yield strength,
f .

y

(i) The maximum spacing of principal steel is twice
the thickness of the wall or slab, but not more than 18 inches. The
maximum spacing of temperature steel is three times the thickness of
the wall or slab, but not more than 18 inches.

(j) Where principal steel is required in only one
direction, it is ordinarily placed nearer the concrete surface than
the temperature steel. Where principal steel is required in both direc-
tions, the steel which carries the larger moment is, ordinarily placed
nearer the concrete surface. Where principal steel is required in
neither direction, the temperature steel parallel to the longer dimen-
sion of the slab or wall is ordinarily placed nearer the concrete sur-
face.

(k) The clear distance between parallel bars. in a
layer is not less than the bar diameter, 1-1/3 times the maximum size
of the coarse aggregate, nor 1 inch. Where parallel reinforcement is
placed in two or more layers, bars in the upper layers are placed
directly above bars in the bottom layer. The clear distance between
layers is not less than 1 inch. The clear distance between bars also
applies to the clear distance between a contact lap splice and ad-
jacent splices or bars.

() The calculated tension or compression in any
bar at any section must be developed on each side of that section by
proper embedment length, end anchorage, or hooks. Hooks may be used
in developing bars in tension. Hooks are not effective in developing
bars in compression.
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(m) The development lengths, for design yield strength
fy = 40 ksi, for bars #11 and smaller, are given as follows.

For tension top bars, the development length, Qd, is the larger of
1.4(1600 A,/ sz) or 1.4(16 d) but not less than 12 inches.

For all other tension bars, the development length, Qd’ is the larger of
(1600 Ab/ /?Z) or (16 d,) but not less than 12 inches.

Top bars are defined as horizontal bars so placed that more than 12 inches
of concrete is cast in the member below the bars. Tension bars spaced later-
ally not less than 6 inches on centers, and bars with at least 3 inches clear
from face of member to first bar, may use 0.8 the development length given
above but not less than 12 inches.

For compression bars, the development length, ld, is the larger of
(800 d/ VE[) or (12 dy) but not less than 8 inches.

In the above relations: Ay is the area of an individual bar in square inches,
and db is the nominal diameter of a bar in inches.

(n) Splices should be made at or close to points of in-
flection if it is practical to do so. Lap splices shall not be used for bars
larger than #11. Bars in a noncontact splice shall not be farther apart than
1/5 the required length of lap nor 6 inches. Lap splices are designed for the
design yield strength fy = 40 ksi.

(o) Three classes of tension lap splices are established.
The minimum length of lap is determined as a multiplier for the class times
the development length, %., but not less than 30 bar diameters. The classes
and minimum lengths are:

Class A splice . . . . . . . . . 1.0 Qd
Class B splice . . . . . . . . . 1.3 ld
Class C splice . . . . . . . . . 1.7 Qd.

The splice class required depends upon the stress level in the reinforcement
to be spliced and the portion of the total reinforcement to be spliced at the
cross section.

If the area of tensile steel provided at the splice location is equal to or
more than twice that required by analysis (low tensile stress in the rein-
forcement) and not more than 75 percent of the bars are to be lap spliced
within the required lap splice length, a Class A splice may be used. If more
than 75 percent of the bars are to be lap spliced within the required lap
splice length, a Class B splice is required.

If the area of tensile steel provided at the splice location is less than
twice that required by analysis (high tensile stress in reinforcement) and
not more than 50 percent of the bars are to be lap spliced within the re-
quired lap splice length, a Class B splice may be used. If more than 50 per-
cent of the bars are to be lap spliced within the required lap splice length,
a Class C splice is required.
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(p) The minimum length for compressive lap splices
is the larger of 24 bar diameters or 12 inches. For £' < 3000 psi, the
lap length is increased by 1/3. ¢

(q) Critical sections for development of rein-
forcement are at points of maximum stress and at points where adjacent
reinforcement terminates.

Except at supports of simple spans and at the free end of cantilevers,
every reinforcing bar is extended beyond the point at which it is no
longer needed to resist flexural stress, for a distance equal to the
effective depth of the member or 12 bar diameters, whichever is greater.

Continuing reinforcement has an embedment length not less than the de-
velopment length, zd, beyond the point where bent or terminated ten-
sion reinforcement 1s no longer needed to resist flexural stress.

At least 1/3 the positive moment reinforcement in simple spans and 1/4
the positive moment reinforcement in continuous spans extends along
the same face of the span into the support at least 6 inches.

At least 1/3 the negative moment reinforcement at a support extends
beyond the extreme position of the point of inflection a distance not
less than the effective depth of the member, 12 bar diameters, or 1/16
the clear span, whichever is greater.

(r) Sufficient longitudinal tension steel perimeter
is provided at every section so that flexural bond stresses do not ex-
ceed allowable values. Critical sections for flexural bond stresses
occur where the rate of change of moment is greatest or where the steel
perimeter is least, or both. For simple spans, critical sections are
at the faces of supports. For continuous spans: for negative steel,
critical sections are located at faces of supports and at locations
where bars terminate; for positive steel, critical sections are at
points of inflection.

(s) To aid in the control of flexural cracking in
beams and one-way slabs, cross sections at both maximum positive and
maximum negative moment locations are proportioned so that the quan-

tity, Z, given by
Z = fs 3dc A

does not exceed 130. 1In the relation: fg is the calculated stress in
the reinforcement in ksi (in lieu of calculations, the value of f

may be taken as the allowable stress), d_. is the thickness of concrete
cover in inches measured from the extreme tension fiber to the center
of the longitudinal bar located closest to the extreme fiber, and A is
the effective tension area of concrete per bar in square inches. A is
determined as the tension area of concrete surrounding the flexural
tension reinforcement and having the same centroid as the reinforcement,
divided by the number of bars.

4.2.3 State and other Local Codes. State and local codes
may not be satisfied by the above mentioned code or design criteria.
The local design engineer should be familiar with the state and local
codes and it should be his responsibility to see that these codes are
met.
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4.3 Design Procedures

4.3.1 Reference Materials. Procedures for design may be found
in several manuals and textbooks, among which are:

"Reinforced Concrete Design'" by Sutherland and
Reese

"Reinforced Concrete Structures' by Peabody
"Reinforced Concrete Fundamentals' by Ferguson

"Theory and Practice of Reinforced Concrete"
by Dunham

"Design of Concrete Structures'" by Winter, et al
"Reinforced Concrete Design' by Wang and Salmon
Various design handbooks by ACI

Various publications of the Portland Cement
Association

"CRSI handbook'" by Concrete Reinforcing Steel
Institute.

Numerous computation aids have been developed to simplify and speed up
design work by eliminating the need of solving various design formulas.
These aids follow, and their use is illustrated by 4.3.2.
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4.3.2 Example Problems. Example problems for:

(a) Simple Bending

(b) Bending and Direct Compressive Force

(c) Bending and Direct Tensile Force

(d) Beam Shear (as a Measure of Diagonal Tension)
(e) Flexural Bond

(f) Temperature and Shrinkage Steel

are solved below. All problems use f! = 4000 psi, n = 8.0, fg = 20 ksi,
and concrete cover from center of steel = 2.5 in.

2.

L.

(a) Simple Bending

Problem: Find the effectivé depth and steel area which produces bal-
anced stresses at a slab section where the moment is 14.0 ft kips
per ft of width. '

Solution: On ES-164, sheet 1 at moment Mg =M = 14.0 ft kips and
the balanced stress line, read d = 7.20 in. and A = Ag = 1.3k sq in.
A practical solution is d = 7.5 in., t = 7.5 + 2.5 = 10.0 in. and
#8 bars at 7 in. on centers.

Problem: Determine the allowable moment for a slab 8 in. thick,
reinforced with #4 @ 12 in. on centers.
Solution: d =8 — 2.5 = 5.5 in.; from ES-4%6 Ag = 0.20 sq in per ft

On ES-16k4, sheet 1 at effective depth d = 5.5 in. and
A =Ag =0.20 sq in., read M = Mg = 1.70 ft kips per ft of width.

Problem: TFind the steel area required for a beam having a width of
10 in., an effective depth of 12.5 in., and a moment of 22 ft kips.

Solution: Moment per ft of width = 22(12/10) = 26.4 ft kips

On ES-16L4, sheet 1 at moment Mg = M = 26.4 ft kips and 4 = 12.5 in.,
read A = Ay = 1.42 sq in. Steel area required for given beam

= 1.42(10/12) = 1.18 sq in.

Select 2 — #7 bars, Ag = 1.20 sq in.

Problem: Check the solution of problem (a)3 by using the transformed
section and the common flexure formula.

Solution:
lo"
1
M =22 ft kips
12.5" A‘S = 1.20 sq in
| 2-#7
o o
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Determine the location of the neutral axis. For simple bending,
the neutral axis is the same as the center of gravity axis. This
may be located in several ways, but two are shown.

(l) Trial and error solution for the location of the neutral
axis. Assume the neutral axis is 3.8 in. below the top
of the beam, take moments about the top of the beam to
obtain a new estimate of the distance to the neutral axis.

Area Arm Moment
Compression 10.00 x 3.8 = 38.0 1.9 72.2
Transformed Tension 1.20 x 8 = 9.6 12.5 120.0
L7.6 192.2/47.6
= 4.0k4
Corrective Area 10.00 x 0.24k = 2.4 3.92 9.4
= )-I-.OB"
(2) Direct solution for location of neutral axis. Balance the
10 moment of the compressive
r*——"—"">{ area and the moment of
[ y the transformed steel area
X about the unknown location
Y of the neutral axis.

-
P

4
12.5 N.A. (10x)(%) = 9.6(12.5 - x)
1205-}(
5}(2 + 9.6X = 120

= ] x = 4.03"
1.20 x 8 = 9.6

Compute the Moment of Inertia about the neutral axis.

-51-(10)(u.05)3 - 218
9.6(8.47)2 688

T = 906 in*

Compute the unit stresses.

2 12 x 1000)(L.0 . .
fo = %; = (22 x 306 )(4.03) = 1170 psi < 1600 psi OK

_ oM@ - x) _ 8(22 x 12)(8.47)

Ts T 506

=19.7 ksi < 20 ksi OK
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Problem: Find the steel areas required at a slab section having an

effective depth of 15 in. and a moment of 65 ft kips per ft of width.
Solution: On ES-164, sheet 1 at moment Mg = M = 65.0 ft kips and

d =15.0 in., read required steel areas A = Ag = 3.0 sq in. and
From ES-46 select:

# @ 4" on centers for tensile steel.
#3 @ 12" on centers for compressive steel.

(b) Bending and Direct Compressive Force

Problem: Find the steel area required at a slab section having a
total depth of 12 in., a moment of 15.5 ft kips per ft of width
and a direct compressive force of 13.7 kips per ft of width.

Solution: 4 =12 - 2.5 = 9.5 in.; 4" = (12/2) — 2.5 = 3.5 in.

MS=M+-¥—2— = 15.5 +1'—5-i]%—5—'—5-=19.5ftkips

On ES-lGh, sheet 1 at moment Mg = 19.5 £t kips and d = 9.5 in.,
read A = 1.40 sq in.

Ag = A - g% =1.40 - 1261 = 0.72 sq in.

From ES-46 select:
#7 @ 10" on centers.

2. _Problem: Same as problem (b)1 except moment is 22.0 ft kips per ft

of width.
"
Solution: Mg =M + 35~ = 22,0 + 221X 322 _ 26,0 £t kips

On ES-164, sheet 1 at moment My = 26.0 ft kips and d = 9.5 in.,
read required areas A = 1.90 sq in and

Al =0.70 sq in. Thus Ag = A — g% =1.90 — lgéz = 1.22 sq in.

From ES-U46 select #7 @ 10" on centers staggered with #6 @ 10" on

centers for tensile steel, Ag = 0.72 + 0.53 = 1.25 sq in. Select
#7 @ 10" on centers for compressive steel, Al = 0.72 sq in.
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3.

Problem: Check the solution of problem (b)2 by computing the
unit stresses.

Solution: Replace the moment, M = 22.0 ft kips and direct com-
pressive force N = 15.7 kips, by an equivalent eccentric compress-
ive force as shown.

13.7
T o
N
(o)} N
—~ .
b = 12" /\" 'N_'_'\ f

{ oA :=§;;g§:::ck
: TA'=O 72’sq in N X DA Cs
mn . ol >
O; 'Cr‘\ ° If r . L— fé
o« ¥ % T
< \ 0
‘ Asil.25 sq in \ DA
e ) o T
—
n

The force relations in terms of concrete stress are:
1

Cc =3 febx = 6 fox
£! _ -

Cs = -2(n — 1)A} = fc(-x——fi)(n ~1)AL = 5.0hfc(x——{2-'-5-)
f - -

T = ;li(n)As = fc(g-.—i;c——'&)nAs = l0.0fc(g‘:‘%—}'{')

Moments about a point on the line of action of the eccentric
force yield:

T(19.3 + 3.5) = Co(13.3 + %) + 0g(13.3 + 2.5)
208 fc(_9.-_i£:.>s) = 6 £ox(13.3 + %) + 9.6 T (52 2.5

x3 + 39.9x% + 153.8x = 1188

therefore, by trial, x = 3.75 in.
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Summation of forces yields:
Cec +Cg — T = 13700

3.7 2.5 9.
= 13700
therefore, feo = 1550 psi < 1600 psi 0K
_ 9. .1
8(1.550)( 3. 75 )
= 19.0 ksi < 20 ksi OK

(c) Bending and Direct Tensile Force

1. Problem: Find the steel area required at a slab section having a
total depth of 12 in., a moment of 22.0 ft kips per ft of width,
and a direct tensile force of 13.7 kips per ft of width.

Solution:
d =12 - 2.5 = 9.5 in.; 4" = (12/2) — 2.5 = 3.5 in.
"
My = M- 2 = 22,0 - 2+LX 322 _ 18,0 £t kips
On ES-16k4, sheet 1 at moment Mg = 18.0 £t kips and d = 9.5 in.,

read A = l 28 sq in.

A =A+55=1.28 + 2221 1,97 sq in

From ES-46 select #9 @ 6" on centers.
(d) Beam Shear (as a Measure of Diagonal Tension)

1. Problem: Determine the allowable total shear at the face of the
support of a uniformly loaded beam having no web reinforcement if
b =12 in., t =13 in., and the live plus dead loading is q = 1.2
kips per lineal ft.

Solution: 4 =13 — 2.5 = 10.5 in.

On E3-16k4, sheet 2 at d = 10.5 in. and q = 1.2 kips per lineal ft,
read Vg = 9.88 kips.
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o. Problem: Same as problem (d)1 except b = 8 in.

Solution: Compute g for b = 12 in., q = l.2(%§) = 1.8 kips per
lineal ft.

On ES-16k4, sheet 2 at d = 10.5 in. and q = 1.8 kips per 1ineal ft,
read Vg = 10.4 kips. Compute Vg for b =8 in.,

Vg = lO.h(%%) = 6.9% kips.

3. Problem: ctermine the depth required by shear, if no web rein-
forcement is used, when a uniformly loaded one-way slab having a
clear span of 12.0 ft carries a live load of 2.0 kips per sq ft.

Solution: For the first trial neglect dead weight; then q = 2.0 kips
per lineal ft and Vg = % ql, = 1 x 2.0 x 12 = 12.0 kips. On ES-16L,
sheet 2 at Vg = 12.0 kips and q = 2.0 kips per lineal ft, read

d =11.9 in. Including the dead weight, d must be greater than
11.9 in.; therefore try 4 = 13.0 in., t = 13.0 + 2.5 = 15.5 in.,

and q = 2.0 + 0.150(22F222) = 2.19 kips per lineal ft, so that

Vs = % x 2.19 x 12 = 13.1 kips. On E3-16k, sheet 2 at Vg = 13.1 kips and

g = 2.19 kips per lineal ft, read d = 12.8 in., Since 12.8 = 13.0
use d = 13.0 in. and t = 15.5 in.

(e) Flexural Bond

"Top bars" are defined as horizontal bars so placed that more than
12 in. of concrete is cast in the member below the bars.

1. Problem: Destermine the allowable total shear at the face of the
support of a one-way simple slab having t = 13 in. and reinforced
with #5 @ 12" on centers.

Solution: d =13 — 2.5 =10.5 in.; from ES-U6 Zo = 1.96 in. per ft
of width. On ES-16k4, sheet 3, the chart for "Tension Bars Other
Than Top Bars" at Zo = 1.96 in. and the line for #5 bars, read

V/d = 0.8% kips per in. Thus V = 0.83 x 10.5 = 8.72 kips per ft
of width.

2, Problem: Determine the maximum spacing permitted by bond if #6 bars
are used to reinforce a one-way cantilever slab having t = 15 in.
and V = 11.9 kips per ft of width.

Solution: d =15 — 2.5 = 12.5 in.; V/d = %%L%

On ES-16k4, sheet 3, the chart for "Tension Top Bars" V/d = 0.95 kips

per in. and the line for #6 bars, read Zo = 3.80 in.

The maximum allowable spacing is s = 12(%158) = 7.45 in.

= 0.95 kips per in.
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(f) Temperature and Shrinkage Steel

Problem: Determine the temperature and shrinkage steel required in
the exposed face and the T and S steel required in the unexposed
face of a 16 in. thick slab. The distance between joints in each
face is less than 30 ft.

Solution: For the exposed face, the minimum value of py is 0.002.
Thus from ES-47 for t = 16 any of the following combinations of

bar size and spacing might be selected: #:+ @ 6", #5 @ 9",

#6 @ 13", or #7 @ 18". For the unexposed face, the minimum value

of py is 0.001. Thus from ES-47 any of the following might be
selected: #35 @ 6", #4 @ 12", or #5 @ 18". Note that ES-16k, sheet 1
can be used to determine the required areas of T and S steel; i.e.,
for & = 16 — 2.5 = 13.5 in. and py = 0.002 read Ag = 0.38 sq in. per
ft, similarly for p, = 0.001 read Ag = 0.19 sq in. per ft.
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN
WORKING STRESS DESIGN
ALLOWABLE STRESSES
ALTOWABLE WORKING STRESSES IN CONCRETE
Description Class of Concrete
(Stresses in psi) Any |5000 | 4000 | 3000 | 2500
Compressive strength o' fé 5000 4000 | 3000 | 2500
Modular ratio, for concrete 503.3
weighing 145 pcf * n .]??7— 7 8 9 10
Flexure:
Extreme fiber stress in v
compression fe |0.kOf¢ | 2000 1600 | 1200 | 1000
Extreme fiber stress in
tension in plain concrete fy [1.6VFL| 113 102 88 80
Shear (computed as V/bd as a
measure of diagonal tension):
Beams - shear at a distance [dj
from the face of the support:
Beams with no web reinforcement | vo |1.1~f¢ 78 70 60 55
Beams with properly designed
web reinforcement v |5.0Vf8| 354 316 274 250
Slabs and Footings -~ peripheral
shear at a distance [d/2] from
the periphery of the area of
the concentrated load or reac-
tion with no web reinforcement |v. |2.0vfa| 11 | 126 | 110 | 100
Flexural Bond (deformed bars,
sizes = #11): -
Tension top bars u 3.4VfL/D s 350
A1l other tension bars u h.8*J;g/D £ 500

(D = nominal diameter of bar, inches)

* n is taken to nearest whole number

ALLOWABLE WORKING STRESSES [N REINFORCEMENT

Description
(Stresses in psi)

Grade of Steel

4o, 50, or 60

In tension: fs 20000
In compression:
flexural members fs 20000
columns fg 16000
REFERENCE STANDARD DWG. NO.

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN SECTION

" ES-160

seeT 1 oF _3_

DATE

7 -64
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