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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
s0ll 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 18 necessarily limited to phases of en-
gineering which pertain directly to the program of the So0il 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. 8Since 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 Carrcll 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. 8. Atkinson

A. Carnes

Edwin Freyburger

J. J. Coyle

C. J. Francis

J. G. Bamesberger

Karl 0. 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, 4, ¥ 4;, (see ES-3);

ratio of stiffnesses, KS o 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.

= vertical distance from top of fill to top of conduit.

HZ = 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.
s = stiffness of slab (see ES-28 and ES-29).
Kw = 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."
Mz = simple beam moment at point ''¢c.
MkQ = moment at distance k& from end of beam,
Mx = ng where x = k2.
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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psi
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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 ko 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.

(2ZKu") + 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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6 = angle between horizontal and inclined surface;
= angle between horizontal and back face of wall.
= tangent of angle of internal friction in backfill.

= 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.
= summation sign -- sum of.

Yo = 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. 1In 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 knowledge 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 1s an extremely important factor in the design of hydrau-
lic structures. The durability 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 numercus 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 he 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 job 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 sald than done because of the many variables such as differences in
construction materials at different locations, differences in types of
scil, both in foundations and backfill, and differences in climate and ex-
posure conditions. ‘

2.1 Dead l.oads. Dead loads are fixed in magnitude, point of appli-
cation, and direction and act on the structure continuocusly. 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 Comstruction”; 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 sbout 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 1bs. 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 a 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
gbrupt 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 textboock 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 sgainst 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 1bs. M = 3638 ft. lbs.
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For the resultant P to have the same moment about the base as the
load diagrem it must be located a distance, e, above the bottom of the
gate opening =M + P = 3638 + 1715 = 2.12 ft.

[}

Waler Surfoce 7 e

Z.

TII1

G2.4%x3=/87

499 624x8:4929.p5.F

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

P=vwAy = 62.% x5 x 1 x 5.50 = 1715 1bs.
52
K 12 _ _
X=y+y= 5.5 + .5 = 5.88 £t.; 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

P =27.5x 62.4
58.3 x 62.4

638
= %7%3 = 2,12 ft.

1716 1bs.
%638 ft.1bs.

it
]

e
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2.2.2 Active Lateral Earth Pressure. The determinetion of
precise values for lateral earth pressure is 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
s0ils or unylelding walls.

During recent years this subject has received conslderable attention
as & 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 s0il are needed to make use of the currently avalleble advanced methods
of solution. Only in unusual cases would the type and size of structures
built by the Soil Conservation Service Justify 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
soils 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/p vi? sin (6 - J) (6.2-1)

sin(z + P)sin(f — 1) }*
sin® € sin(e + Z) (1 +/sin(e + Z)sin(e — 1)

where

total pressure per linear foot of wall in lbs.
specific (unit) weight of soil in 1lbs. per cu. ft.
height of wall in ft.

angle between back face of wall and horizontal.

angle of internal friction of the socil.

friction angle between soil and back of wall.

angle of surcharge between fill slope and horizontal.

NSO =E d
fiownnonl

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 varisgbles involved
approximately as indicated below:

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

7 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 sufflcient vibration to warrant reducing Z to zero in ad-
dition to producing & surcharge on the wall.

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

V4 ;—harfzonfa/

ievﬁorfzcwvﬁa/
/180°-(E+@B+8)

.
-----

Culmenn 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
i1s 1llustrated 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 6 and i, and then tabu-
late the values of &, 1, ¢, 2, and w.

Step 2. Lay out lines AB and AC as shown in fig. 6.2-3. Line AB is
lald 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° — (2 + ¢ + @).

Step 3. Compute the weight of the various earth fill slices indi-
cated. An easy way to do this In this case is: Extend the earth f£ill
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, AlO, Al2, etc.,
thus defining various 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.



6.2-6

The weight of the earth slice (1 foot thick) 0-8-A-0 is determined by multi-
Plying the hase 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-0 is found by adding the weight of the slice
increment 8-A-10-8 to the weight of the slice 0-8-A-0. 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 £111 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.; 1.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 -its 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 12°2 x sin®(99°28' — 35°)

2
81n?99°28'81n(99°2874+20°) (} tj/ 51n(20%+35°)sin(35°-18726" ) j)
51n(99°2814+20°)sin(99°28'~ 180261

P =

2
- 7200 x (0.9023k) = 3000 1bs.

. 0.81915 x 0.28513 \?
(0.98638)2(0.87064) (l+/o_87064 X 0.98778)

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

Py = P cos [z + (6 - 90°)]
P, = P sin [% + (& - 9diﬂ

2620 1bs.

3000 cos 29°28!

3000 sin 29°28' = 1470 1bs.
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/2-0

W8 -d808. /bs.

#=35°

&= 0% ore 7‘0/7_79/77‘

w = 100 1bs/Pt>
6 = 99°-28'

BN
Wik
no
Q
[v]

D

5

2_ ,
£-99°28

/80° (E +#r8):= 25232

Compute Slice Weights

w8 = % x 8 x12.02 x 100 = 4808 1bs.

AW

W10
wle

Etc.

W8 + AoW = 4808 + 1202 =
6010 + 1202 = 7212 lbs.

weight of 2 ft. slice increment

% X 2 x 12.02 x 100 = 1202

6010 1bs.
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If the angles 1 and Z equal zero and angle & = 90 degrees, then
Coulcmb's general equation reduces to

P=1ﬁzw@%f?%ﬂg (6.2-2)
s51n

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

This case is 11lustrated in the following example. Its solution is
probebly 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 Ffig. 6.2-4)

A two-foot surcharge has been assumed in this case; this 1s approxi-
mately egquivalent 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. In
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
bigector 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
easlly by converting P into an equivalent fluid pressure diagram as shown
in fig. 6.2-4. From this equivalent fluid pressure dilagram the load on
the wall AT beccmes a trapezoidal pressure diagram. The resultant of the
trapezoidal pressure disgram can be found as indicated in fig. 6.2-%, or
the total load and moment about the base can he 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= 8.5 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).

1 -~ gin 2 1 — sin 350
1o w2 L= sin g _ 15y 100 x 13 Lo 8in 350
/ 1+ sin ¢ / ? 1 + sin 35°

. 0.426k42
1.57358

o)
i

= 8450 = 2290 1bs.
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Compute Slice Weights

Wh = 1/2 x b x 13 x 100 = 2600 1bs
AW = weight of 2 ft slice increment
=1/2 x 2 x 13 x 100 = 1300 1bs
W6 = 2600 + 1%00 = 3900 1bs
Ete.
FIG

L9, ¢-0 bisector of £ 748
0 4 6/ 8 /0 /2
Q
R e S e
YR J ' !
b
2] 8 |
\ | °
% 9 |
N
- #
| P:2290./bs. . L\2240
I <
S | we-=3200 o
N | Wd:2600/bs. N
§_ - A ¢=350 325.
D
1 d/3w=352
180-(8+Z+8)=55°
C Compute Equivalent Fluid
Pregsure on OA
8=90°% 2=0 1/2 wE2 = 2290 Ibs
w = 100 Ib/ft3 L2290 X2 _ po 1 pp/etd
13

Resultant load and moment from
dwg. ES-4 for y = 13 and h = 2

R= 82.5x 27.1 = 2240 1bs
M= 342.8 x 27.1 = 9290 ft 1lbs
M_ 9%

R‘z_e%‘“bft

. 6.2-4

If the angle & = 90 degrees and angle Z = zero, then Coulondb's

equatlon reduces to

(6.2-3)

P = 1/2 wH®

¢ sin(¢ 1)

e

sin(6-1)
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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(30°+26°34 '),

Note that when 7 = 0, 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
2o ~e_ (= -26%34"'
.0, 4
6 M
8
o/ -
b/ /
N
9 / 8
o
~
™
L\
=
/ T %
/, W6 =4Oo27¢.
90° > WdL=2684. I1bs
/ - 270
@=30
A o -
/8O- (B+O+E)=60° 396, posf \
ZF=0° =/5w-
(o
AM = 15 cos 260341 = 13 .42 ft. Equivalent fluid pressure
Wh = 1/2 x b x 13.42 x 100 = 2684 1bs 1/2 wB® = 2970
AW = 1/2 x 2 x 13.42 x 100 = 1342 1bs v oW x2 e Tbs /£t
W6 = Wh + AW = 2684 + 1342 = L0o26 225

W8 = W6 + AW ; ete.

FIG. 6.2-5
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Algebraic Solution: (Based on equation 6.2-3%.)
. _ 0.5 %100 x 225 x cos® 30°
( \/31n¢sin(¢ i) )2 ( /sin 30%s1n(30°4+26°34 ')
sin(e-1) 8in(90%+ 26934 1)
11250 x 0.8665 - 2970 1bs.

0.50 x o.8§5)2
(l +\/ 0.89%

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

P

I

1/2 wH?

The shearing strength of the soil is determined by tests that give
values of the angle of internal friction, ¢, and of cochesion. ¥or 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 i1s negligible. The moisture content of
clay affects its shearing strength so that the angle ¢ may vary from zero
for fully saturated clay to sbout 30 degrees for dry clay; cohesion is
usually quite high in dry clay with considerable decrease with increased
moisture.

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

The density of the backflll obviously 1is a factor in the lateral
pressures that it will exert.

The most important single characteristic for most soils other than
clean sands or gravels 1s 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 disposael 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 so0il 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 permesble 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 mey soon fill all the voids in the soll 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 retalning walls and comparsable
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 gource 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 reasonable
gulde 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

Fquivalent Fluld Weight

Permea- | Shearing Approx. in 1bs per cu £t

~ Type of Soil bility | Strength Dry Welght Ordinary Drainage | Satu-

3
lbs/ft Al B= rated

1. Clean sand,
‘gravel or sand- ‘
gravel mixture | high high 110 20 35 80

2. Well-graded
sand, silt, and

clay mixture low high 125 ko 65 85
3. Sandy, clayey

silt low good 100 L5 80 90
L, Clay very

low low 100 90 90 120

5. Fluid nud,

sluiced silty

clay or clay. none - - - 135

lCondition 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.

2¢condition B - Subject 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 essentiil 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
s0ils 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
particuvlar 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
wlth a coarse sand or gravel filter and collector running 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 scil 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 cutlet. 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
8 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-
£1i11l composed entirely of sand.

"The interposition between the fluid clay backfill and the
bulkhead of & 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 approximately one-half as ef-
fective, and 1t 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 smeller than those of a fluid.

"The foregoing statements should be taken only as indications
of order of dimemnsion, accurate to approximately + 10 percent.”
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FIG. 6.2-0

Soils that contalin 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 Mechanies" 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-
Ooff wall under a dam is sometimes used to increase the factor eof safety
of the structure against sliding. Such practice is not recommended, but
may be necessary in some cases.



6.2-15

Coulomb's equation for passive pressure is:

P = Wi csc © s8in(6 + @) z (6.2-4)
P 2 - e
e _ [sin(@h2)sin(@i)
sin(6-2) J/ sin(& - 1)

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

cos® ¢ (6.2-5)
(; _V/sin ) si?(¢ + 1)
cOos. 1

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

P = vHS 1+ sin ¢
p 2 1-—sgin ¢

(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 conditions.
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
4. Cclay 2

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 Loads on Underground Conduits. This subject is espe-
cially important to engineers of the Soil Conservation Service hecause 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. 6.2-7).

(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

EFnbonkment _:;%zmvzuvn“
TANTZRNTAWT

Diteh dug in vnorsturbed
eorth ono bockfi//ed
with relatively /oose
ecrthH

Nalurag/ Ground Surfoce

Norfvrol! Ground
Surrfoce -

(o) DITCH TYPE (b) PROJECTING 7TYPE

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

"When a conduit is placed in a ditech not wider than sbout two
or three times 1ts outside breadth and covered with earth, the back-
£111 will tend to settle downward. This downward movement or tend-
ency for movement of the soil in the ditch above the pipe produces
vertical frictlional forces or shearing stressesg along the sides of
the ditck which act upward on the prism of s0il within the ditch and
help to support the backfill materlal. Assuming the cohesion be-
tween the backfill material and the sides of the ditch to be negli-
gible, the megnitude of these vertical shearing stresses is equal to
the actlve lateral pressure exerted by the earth backfill agalnst
the sides of the ditch mmltiplied by the tangent of the angle of
friction between the two materials. This assumption of negligible
cohesion 18 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
gides 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 glven by the followlng equation:
1 - e %k

6.2-
T (6.2-7)

— 2
P =7by

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.

1

o = 2_%;”_ (6.2-8)

/.2 -
K = YEI TE _ ati0 of active lateral pressure to (6.2-9)
\A“2+l +p vertical pressure (from Rankine's theory).

p#' = tangent of the angle of sliding friction between back-
111 and adjescent earth,

p# = tangent of the angle of internal friction of the back-
£i1]1 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 £ill material between the sides of the conduit and the sides
of the ditch. In 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 1tself 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 gtructure will be reduced by the
amount of load the side fills are capable of carrying.

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

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

-
gg = =22 (6.2-12)
2 K o

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
gsides or the conduit is placed in & 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.”
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A sample computation of Cd follows: Assume K g¢' = 0.13, and
H, + by = 10, then
H
e
2K u' ~—
1-e% 5 5.
Cd-_- =
2K pu 2 x 0.13

e-2 x 0,13 x 10

1

._1__:;61-___1?6 B
0.2

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

Projecting Conduits

Drop inlet barrels and culverts, as usually bullt, 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
8oil 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 Bp may vary between zero and l.6,‘the limits in-
dicated on the curve on drawing ES-22.

Values of Kgwill, in almost all cases, lie between 0.11 and 0.192,
the meximum possible value. Fig. 6.2-8 shows a plotting of Ku as the
ordinate against u as the abscissa with corresponding values of ¢ =
arc tan g .

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 ux (and
hence Ky ) 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 Kpu
for use in any specific caese, 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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LOADS ON RIGID PROJECTING CONDUITS

STRUCTURAL DESIGN
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STRUCTURAL DESIGN: DISTRIBUTION OF SURFACE LOADS
THROUGH EARTH FILL.
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5. /n vnusvo/ cases determine pressures from Boussinesg equations
or other more prec/se methods. ~ See references /isted below.
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increases with an increase in Kg . 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 probsble 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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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 compalible with the
inherent lack of precision in estimating design wvalues of 9 and Kpo

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

Example 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.
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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
sgbout 15 and 16 in. respectively. The foundation for the conduit is &
glacial till, dense and well graded and the embankment material will be
s dense (compacted) well-graded mixture of sand, silt, and clay with a
unit weight, 7, of 132 1lbs per cu ft. Since it is necesgary to excevate
overburden to sound foundation for both the earth embankment and the con-
duit, the conduit will proJject 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 lbs per sq ft.

Step 1. Select the proper value of &8 from the table on draw-
ing ES-22, compute the projection ratio, f» and then compute the product

dp-
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 above difference in elevation is equal to
the height of the conduit = [(15 + 16) + 12] + 5 = 7.58 ft, and the top

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

i

Step 2. BSelect 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 + bc) from data on He given
in the problem and the value of b, computed in step 1. (Hg + bg) =

(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 Bp and Kz determined above
and compare this value with the value of (H, + b.) found in step 3. If
(B + b,) is greater than (Hg + b.), the incomplete projection condition
exists; and if (He, + b,) 18 equal to or less than (He + b.), the complete
projection condition exists.

In our present example for dp = 0.436 and Ku = 0.19, (He + ba) =
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
fficient C,.

‘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 C, from the following equation:
Co = A (Hy + b)) —1.223p (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)-
(L.22 x 0.436) = 4.7k,

Step 6. Compute W. = load per linear foot of conduit from the
following equation:

We = Co 7 b2 (6.2-14)

In this case W, = 4.7h x 132 x 12.17% = 4.7h x 1.32 x 10® x 1.48 x
102 = 9.27 x 10* = 82,700 1bs.

Next compute the load in 1bs per sq ft on the conduit = We + be =
(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 £t and 8p = 0.436.
Step 2. From example 1, Ku = 0.19,
Step 3. H, + b, = 10 + 12.17 = 0.823.

Step 4. From example 1, H. + b, = 1.38 for K = 0.19 and
3p = 0.436. Since (H, + b,) = 0.823 (from step 3) is less than (Hg + b,)
= 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 Ho + b,
= 0.823 and K = 0.19, C, = 0.97.

Step 6. Wa = Co 7 b = 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 conduite 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.

§7op oFf Embarnkment

M. Top of Irtch or

Typrco!/ Negotive
,0/‘0/;90‘/'/79 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 £ill around
or above the conduit (because of seepage and possible piping failure), it
is recommended that conduits installed in the negative proJjection condi-
tion be designed as projection condults 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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Distribution 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 Wo + 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 asbout the vertical
axis of the condait.

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 availeble, 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 s distance H
below the fill 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 aress 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 above.

2.2.5 Highway Loads. The latest edition (1949) of the "Stan-
derd Specifications for Highway Bridges" of the American Association of
State Highway Officlals 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 belng designed require more conservative design
assumptions.

2.2.6 Wind Loads. The usual structures designed and bullt by
the So0il 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
varallel 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® (6.2-15)
where
p = pressgure on a vertical flat surface normal to wind
direction in pounds per square foot (psf).
K = & 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 is8 K = 0.003%, Assuming
a wind velocity of 100 miles per hour and K =-0,003, p equals 30 ps?f,
which is another commonly used design value.

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

P, =P 280 (6.2-16)
1+ sin® 6
where
P, = normal unit pressure on inclined surface in psf.
p = pressure on flat vertical surface normsl to wind direction
in psf from equation (6.2-15).
€ = mgngle hetween the horizontal and the lnclined surface.

For example: Assume a design value for p = 30 psf. Then the normal pres-
sure on a roof having a rise of 10 feet 1n a 4O-foot span is computed as
follows: © = arc tan 0.5; sin 6 = 0447

p. = 30 =X O.M47 _ _ 20 4 pat.

n 1 + (0.M47)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 iesue 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 thelr 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 sbove fac-
tors. Where sleet 1s 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
handbocks and other available references for additionsl data.

2.2.8 7Ice Pressures. Ice pressures used in the design of dams
have ranged from zero to gbout 50,000 1lbs per 1lin ft. The problem is
highly indeterminate and recommendations vary over a wide range.

TIce 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. iIn the Transactions of the American Soclety 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 Soll Conservation Service
are not subject tu 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
damsging 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-
Jected to ice pressure; lce 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 lbs 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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5. 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 galned
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-
tlon 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 1mportant 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 structurael 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:

SH =0 (6.3-1)
TV = 0 (6.3-2)
M =0 (6.3-3)

In words, these equations say that for a body t6 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. Isolate 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 externmal acting on this free body.

3. Compute the wnknown 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 1llustrated numerous times
in other sections of this handbook that deal wilth the design of specific
structures.

A designer's analytical ability can be lost through slovenly design
notes and lnadequate, sloppy engineering drawings. After a designer knows
the fundamentals and how to apply them to specific problems, he must pre-
sent hig 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 #bove 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 Load 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 originsl preparation.

Use of the following drawings will be illustrated in other sections
of this handbook.






STRUCTURAL DESIGN: SHEAR AND MOMENTS FOR
TRAPEZOIDAL LOAD ON CANTILEVER
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STRUCTURAL DESIGN: MOMENTS FOR TRAPEZOIDAL LOAD
ON CANTILEVER
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S5'-6"1 27.7 | 25.3| 24.1| 22.7

21.1

19.4

17.6

15.8

13.9

12.0

10.1

8.33

6. 64

5.06

3.65

2.42

1,41

0,65

5'-9") 31.7 | 29.1| 27.8] 26.3

24.7

22.9

20.9

18.9

16.9

14.8

12.8

10.8

8.83

7.02

5.34

3.84

2.54

1,48

6'-0"| 36,0 33.3| 32.0] 20.4

28.6

26.7

24.6

22.5

20.2

18.0

15. 8

13.5

11.4

9.33

7.80

5.63

4,04

2.67

6'=3" 40.7 37.9( 36.5| 34.8

32.9

30.9%

28.7

26. 4

24.0

21.6

19.¢

16.7

14,3

12,0

9.83

7.78

5.91

4.23

6°~6"| 45.8 | u2.9| 41.3| 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°=9"| 51.3 | u8.2| 46.6( 4u.8

y2.7

0. 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

4.2

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

48.0

46.1

43.0

39.9

36.7

33.4

30.1

26.8

23.6

20.5

17.14

14.6

7°=6"] 70.3 | 66.9| 65.1]| 63.0

60.6

57.9

55.1

52.1

us8.9

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

44,4

40.7

36.9

33.2

29.5

25.9

22.4

a‘-0"| 85.3 | 81.7| 79.7( 77.5

4.9

72.0

68.9

65.5

62.0

58.3

54,5

50,6

46.7

42.7

38.7

3u4.7

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

8.9

ny.7

40. 4

36.2

32.1

§'=6"| 102.4 | 98.4] 96.4( 93.9

91.1

88.0

84.6

a81.0

71.2

73.1

68.9

64,6

60.2

55.7

51.2

46,7

42.2

37.8

8'-9"1 111.7 [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

$'-0"]121.5 |117,3{115.1|112.5

109.6

106. 2

102.5

98.6

ou, I

90.0

85, 4

80.7

75.8

70.8

65.8

60.8

55.7

50.7

9'~3"] 131.9 | 127.6(125.3|122.6

119.5

116.1

112.3

108. 2

103.9

99.3

94,5

89.5

84, 4

79.2

74,0

68.6

63.3

58.0

9°'—6"| 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

B2.7

77.1

71i.4

65.8

9'-9%| 154.5 | 149.9}147.5 144, 6

141.3

137.6

133.6

129.2

124.5

119.6

14,4

109.0

103.5

97.8

92.0

86.1

80.2

Th.3

1D'—0"| 166.7 | 162,0]159.5[156.5

153.1

149.3

135,2

140.6

135.8

130.7

125.3

115.7

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 1

10.2

103. 4

10°-9™) 207.0 | 202.01199.3|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 14

21.5

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

i162.1

155.2

148.1

140.8 |133.5

126.0

11'-3"] 237.3 | 232.0(229.2225.8

221.9

217.5

212.

207.4

201.7

195.7

189.3

182.7

175.8

168.6

161.3

163.8 |146, 1

138.3

11°—-6"] 253.5 | 248.1|245.1|241.7

237.7

233.1

222.8

216.9

210.7

204.2

197.3

190.2

182.8

175.2

167.4|159.6

151.4

11°-9™] 270.4 | 264.8(261.8|258.3

254.2

249.5

238.9

232.9

226.5

219.8

212.7

205,3

167.7

189.8

181.8 |1

73.5

165.2

12'-0"| 288.0 | 282.3|279.3|275.6

271.4

266.7

255.7

248.6

243.0

236.1

228.8

221.2

213,3

205.2

196.9 {1

a8.3

179.7

12'-3"1 306,4 | 300,6(297.5293.7

28%. U

284.5

6
2
2444
4
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 | 319.6/316.41312.6

308.2

303.2

287.7

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

308.2

297.1

289.6

281.6

273.4

264.8

265.9

246.7|237.3

227.7

13'-0"] 366.2 | 360,0)356.7 [352.7

348.0

342.8

337.1

330.8

323.9

316.7

309.0

300.8

292.3

283.5

274.3

264.,9 |255. 2

245.3

13'-3"1 387.7 | 381.4{378.0}373.9

369. 2

3¢3.9

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"| ¥10.1 | 403.6|400.1]396.0

391.2

385,7

379.7

373.1

365.9

358, 3

350.2

381.7

332.7

323.4

313.7

303.8 |2

93. 5

283.0

13'-9"{ 433.3 | 426.7 |423.2 [418.9

414.0

408.4

402.3

395.5

388.2

380,14

372.1

363.3

354.1

34,6

33u.7

324, 41313.9

303.1

14'=0"1 457.3 | 450. 7|447.0 [4u2,7

437.7

132.0

425.7

418.8

411.3

403.3

394.8

385.9

376.5

366. 7

396. 5

346.0(335.1

3238, 0

14-3" ] 482.3 | 475.5(471.8{U67.4

462.2

456. 4

50,0

4430

435.3

%¥27.1

418.5

409.3

399.7

389.6

379.2

368.4(357.2

345.8

14°~6" 1 508.1 | 501, 2 (497.4 |492.9

387.7

481.8

475,2

468.0

460, 2

451.9

443, 0

433.6

423.7

413. %

102.7

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

38,7

438.2

427.2

415.9 (404.2

3%2.1

16°-0"] 562.5 | 555.3|551. 4 |506.8

541.3

535.2

528.3

520.8

512.7

504.0

494.7

484.9

474, 6

463, 8

U572, &

441,0(429.0

416.7
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STRUCTURAL DESIGN: SHEAR FOR TRAPEZOIDAL LOAD

ON CANTILEVER

Pressure Q Wso
Dragram ) 5=F(,V -52) w = I

>\h 0 | t—0n|1°—3"| 1'—6"| 19" 2'=0") 2'=3") 2'=6"[ 20| 3'-0"|3'—3"]3'—6" 2" -9" | y—0" u'=3"| 4’6" 4'—9"| 5’0"
10" 0.50 0

1'-6" 1.13| 0.63] 0.34] O

2’0" 2.00| 1.50] 1.22] 0.88 0.47] ©

2'-6" 3.13 2.63| 2.34f 2.00| 1,59 1.13| 0.59| 0

3'=0" 4.50 4.00f 3.72| 3.38| 2.97| 2.50| 1.97| 1.38| 0.72; 0O

3'-3" 6.28 | 4.78] 4.50| u.15| 3.75| 3.28| 2.75 2.16| 1.50[ 0.78| ©

3'-6" 6.13 5.63] 5.34| 5.00{ -4.59| 4.13| 3.59| 3.00| 2.34| 1.63| 0.84]| O

3'-9" 7.03 | 6.53| 6.25| 5.90| 6.50f 5.03| ¥.50| 3.90| 3.25| 2.53| 1.75] 0.90| 0

4'=0" 8,00 7.50| 7.22| 6.88] 6.u7| 6.00| 5.u7| 4.88] ¥.22| 3.50| 2.72} 1.88} 0.97| O

y'-3" 9,03 | 8.53| 8.25{ 7.90| 7.50| 7.03} 6.50| 5.90| 5.25| 4.53| 3.75| 2.90} 2.00} 1.03| 0O

4'~6" 10.1| 9.63| 9.34| 9.00| 8.59} 8.13| 7.59] 7.00} 6.34] 5.63| u.8u| %.00; 3.09}{ 2.13| 1.0%]| 0

y'=-g" 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] O

50" 12,5 12.0| 11.7]| 1t.4] 11.0[ 10.5| 9.97{ 9.38| 8.72| 8.00| 7.22| 6.38| 5.47| u.50( 3.47| 2.38| 1.22] O
B'-3" 13.8 | 13.3] 13.0| 12.7{ 12.3]| 11.8] 141.3| 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| 1u4,3] 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
59" 16.5 1670{ 15.8{ 1s5.u4| 15.0| 14.5] 14.0| 13.4! 12.8] 12.0f 11.3] 10.4] 9.50| B.53] 7.5C| 6.40| 5.25] u.03
[ 18.0 17.5| 17.2| 16.9| 16.5| 16.0{ 156.5| 14.9| 1u.2| 13.5{ 12.7| 11.9| 11,0 10.0] 8.97] 7.88{ 6.72| 5.50
6°'-3" 19.5 | 19.0| 18.8| 18.4] 18.0| 17.6| 17.0| 16.%4| 15,8] 15.0| 14.3| 13.4| 12.5| 11.5] 10.5] 9.41] 6.25| 7.00
66" 21.1| 20.6| 20,3} 20.0{ 19.6} 19.1| 18.6| 18,0f 17.3| 16.6} 15.8}-15.0| 14.1, 13.1| 12.1} 11.0} 9.84] 8.63
69" 22.8 | 22.3| 22.0( 21.7| 21.3| 20.8| 20.3| 19.7} 19.0| 1B.3| 17.5| 16.7| 15.B} 14.8| 13.B{ 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
73" 26.3| 25.B) 25.5| 25.2| 24.8) 2u4.3| 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| 2u.3| 23.6( 22.8] 22.0] 21.1] 20.1| 19.1| 1B.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
s 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| .5]| 28.8( 27.9| 27.0| 26.0| 25.0| 23.%| 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
B'-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 | #o.0| 39.7[ 39.4| 39.0| 38.5| 38.0f 37.4| 36.7| 36.0| 35.2| 3u4.4| 33.5| 32.5] 31.5 30.4]| 29.2| 28.0
9'-3" 42.84 u42.3| u2.0| 41.7| 41.3| 40.8| 80.3| 39.7| 39.0} 38.3| 37.5] 36.7| 35.8| 34.8] 33.8] 32.7| 31.5] 30.3
96" | 45.1 | u4.6] 44.3| #4.0| u3.6] 43.1| u2.6[ uz.0| #1.3] 20.6| 39.8] 39.01 38.1] 37.1| 26.1] 35.0] 33.8] 32.6
9°'-9" 47.5 | u7.0| u6.8} 46. 4| u6.0| u5.5( #5.0[ 44| u3.8| 43.0] 42.3| 414 | 40.5{ 39.5| 38.5] 37.4] 36.3| 35.0
10'-0" 50.0 | #9.5( 9.2} u8.9} u8.5| u8.0| 47,5 46.9| #6.2| 45.5| 44, 7! 43.9 | 43.0}| 42.0| 41.0| 39.9| 38.7| 37.5
10'-3" 52.5{ 52.0( s1.8] 51.4] 51.0] 50.5] 50.0| u9.u| 48.8| 48.0| 47.3| 6. 4| 45.5| 44.5| 43.5] 42.4| #1.3| 0.0
10*-6" 55.1 | 54.6| 54.3| 54.0( 53.6| 53.1| 52.6| 52.0( '51.3| 50.6( u9.8| u9. 0| 48,1 47.1) 46.1| 45.0( 43.8| 42.6
10'—9" 57.8 | 67.3] 57.0f 56.7] 56.3| 55.8] 55.3| 54.7] 54.0| 53.3] 52.5] 51.7| 50.8( u9.8| 48.8] 47.7| u6.5| #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| %8.0
11°-3° 63.3 | 62,8 62.5] 62.2] 61.8] 61.3| 60.8| 60.2| 59.5| 58.8| 58.0| 57.2| 56.3| 56.3| 5.3 | 53.2| 52.0| 50.8
116" 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| 61.5] 63.B| 62.9| 62.0| 61.0| 60.0} 58.9 | 57.8/ 56.5
12'-0" 72.0 | 11.5| 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| 714.9| 71.3] 70.5| 69.8] 68.9 | 68.0| 67.0| 66.0| 64.9| 63.8B| 62.5
12°-6" 78.1 | 77.6} 17.3| 17.0] 76.6| 76.1] 75.6| 75.0| 7u4.3]| 73.6| 72.8| 72.0| 7i.1| 70.1] 69.1| 68.0| 66.B| 65.6
12'-9* 61.3 | a0.8| 80.5] 0.2} 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.u| 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| 84.7| 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| 8a.1| 83.1| B2.1| B1.0| 79.8} 78.6
13'-9" 94,5 | 9u.0| 93.8] 93.4] 93.0] 92.5[ 92,0 91.4] 90.8] 90.0] 89.3| 88.4| 87.5| B86.5( 85.5| 84.4| 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
14°=3" |101.5 [101.0100.8 [100.2(100.0[ 99.5| 99.0] 98.u} 97.8] 97.0 [ 96.3] 95.4 | 94.5] 93.5| 92.5( 94.4{ 90.3 | 89.0
14'~6" | 105.1 | 104.61104.3 [1084.0[103.6 [103.1 |102.6 1102, 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[108.3 |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.%]111.0 {110. 5 [110.0 [409.% |108.7 {108. 0 |107.2|106. 4 |105. 6 |104.5{103. 5 |102.4 |101. 2 |100.0
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STRUCTURAL DESIGN: SIMPLE BEAM MOMENTS FOR
UNIFORMLY DISTRIBUTED LOAD

Mx
K | ¢ \Jae

g&% we
Alx:Mi/:?—k//"e): — (/%) .01 | 0.00495]0.0396
0.02 | 0.00980/0.078%

r's
or My =CW.E, where C= ?//'U 0.03 | 0.014550.1164

0.04 0.01920{0.1536
0.05 0.02375|0.1900
0.06 0.02820]0.2256

4 0.07 | 0.03255{0.2604
0.08 | 0.03680(0.29u4
X=kE Je W=g4 : 0.09 | 0.04095/0.3276
_ 0.1 0.04500/(0.3600
! 0.11 | 0.04895]0.3916
A4 @ /bs. per ff B 0.12 | 0.05280]0, 4224
oW | o . W 10,13 | 0.05655(0. 4524
A"z | 8" Z 190,14 | 0.06020/0,4816
0.15 | 0.06375]0.5100
| | LOAD 0.16 | 0.06720|0.537¢
: 0.17 | 0.07055|0.56u44
0.18 | 0.07380]0.5904
[~ I 0.19 | 0.07695(0.6156
0.2 0.08000]0.6400
14,:_2.“1 \\ D Lyl -aw 0.21 | 0.08295[0.6636
0.22 | 0.08580|0.6864
\1>£ - 0.23 | 0.08855{0.7084
: N 0.24 | 0.09120[0.7296
0.25 | 0.09375(0.7500
' W 10,26 | 0.09620|0.7696
: 2 - - -
SHElAIR ?'A?RAM\\ 7 0.27 | 0.09855/0.7884
6 9 1w Y 0.28 | 0.10080|0.8064
1§ 8 g 0.29 [ 0.10295/0.8236
313+ 8 ® 0.3 | 0.10500{0.8400

0.31 | 0.10695/0.8558

g. 0.32 | 0.10880]|0.8704

\\\\ 0.33 | 0.11055[0,8844
\g

N 0.34 0.1122010.8976
\Q- 0.35 0.11375{0.9100
0.36 0.11520(0.9216

0.37 0.11655(0.9324
Q 0.38 0.11780{0.,942y

S 0.39 0.11895(0.9516
| 0.4 0.12000]0.9600

_11

1

|

|

054{
Xlo
/,
o

My
Kjé

o o/ 02 063 o4 o5 a¢ 3 oZ o/ © 0.4l 0.1209510.9676
Y

g 0.42 | 0.12180]0.97uyy
0.43 | 0.12255/0.9804

MOMENT DIAGRAM 0.44 | 0.12320|0.9856
0.45 | 0.123750.9900

My 0.46 | 0.12420|0.9936

M@ 0.47 | 0.12455(0,9964

0.48 0.12480(0.9984
0.49 0.12495(0.9996
0.5 0.125001.00
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EFERENCE U. 5. DEPARTMENT OF AGRICULTURE | STANDARD DWG. NO

SOIL CONSERVATION SERVICE |ES - |

SHEET __! OF |

ENGINEERING STANDARDS UNIT

paTE 10 - 26 - 49

REVISED 3-30-50



STRUGTURAL DESIGN: TPk LAY MOWENTS FOR

[ 4
4
x=kd | i
A f j, ‘ )
R +P( 59 | Rg =P
| LOAD £
I
|
I
_ord-o
] 'P/T) N
I
|
| g
| V8=PT
I
I
I
SHEAR DIAGRAM
|
I
|
|
Y
MOMENT DIAGRAM
My =F(L~a)k, when kl< a; My<Po(!-k) when kf >a
Mmax = P(Jfg)a
When load (P) is of € of beam (a =5—£ )
R4 =Rs :28 5 Vmax -‘-28
MX -‘-?ekj J Mma,( =TP£
REFERENCE U. 8. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO.

SOIL CONSERVATION SERVICE | ES- 2
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STRUCTURAL DESIGN: SIMPLE BEAM MOMENTS FOR
TRAPEZOIDAL LOAD

My =M=-8E " pfE+C)

3.

where C = g, D=k(1-k%), £33 K D £
0./ (0.099|2.727
M max. when k= ¢ /-I+ I/CZ#-’:—{/ 0.2 {0./192 | 2.500
0.3 10.273|2.308
NOTE: Ordinarily it is not necessary to compute, 0.4 | 0.336 | 2./43
the maximym moment. It con usually be 0.5 | 0375 |2.000
determined from the moment diagram 06 {0384 /.875
with sufficient accuracy. The maximum 0.7 10.357 | 1.765
moment will occur betfween k=0 500 0.8 | 0.288 | /.666
ond k=0577 0.9 047/ | 1.579
X=k? | kgz 1
an , =Load
g, T[T L g, Loco
, A T I length
4
pA:E(ngf?Zj iLOAD QB 6(3?/7‘-2?2)'
|
T |
_ L
h=5Cg92) SN ey kG, B)
\;><\\
|
RN y
| N 7 =€'(5?/ *2372)
SHEAR DIAGRAM | |\
j ] \
_r ______.___.7?L’ \\
S| N
1}
3 //

MOMENT DIAGRAM

k=0 0/ 02 03 04 05 06 07 08 09 /0
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STRUCTURAL DESIGN: SIMPLE BEAM MOMENTS FOR

TRIANGULAR LOAD

M =Myp=%gLTk-£3) =15 We (-4 £ <
xkléf/)33/ / 0./ |oo33
C=l(4-£%) 0.7 0064
i 0.3 |co9/
%‘! cwe o4 |0//2
o5 |e/25
M 1s moximum whern k=0577 0577 0/283
2 oe |0/28
Vo= Vip=W(t%-£7) o7 lo//2
¥ ke ? 0.8 [009¢
0.9 0067
' x=kl W=% 5.,!
LS
b
I
A | Z - 8
-~ i "1
LOAD DIAGRAM
|
_ i "
I B X
V, = // W [
479 \PQ‘\F
a|577\.¢! N ,
| | . |BBW
SHEAR DIAGRAM
I ' \__
| |
1]
: | \\\
/ ;"
k= © 0/ 02 ©3 04 05 06 ©.7 08 ©9 /0O
MOMENT DIAGRAM
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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 HYDROSTATIC  LOAD
xkd_|\P x=kd

jRXALL y x=4L W=77§,1
W=gt I N
A EB A I 3
F-74 Li/-a) j ¢ = /eod per foof A 8

v N B SNV NI

lood Diagram Lood Diagrom Lood piogrom

5/5’}17 (+)

2V ne
Jz0- 212
Moment Diegrom 2§<.‘§\_¥§§° 58&& §§0
5/mo/l Beom Coefficients Simpte Beam C‘oefﬁc/m:ts
at lenth pointsinM=CWE aF fenth points in ML
MoMENT AT ANY Po/nT kL riom A Moment Diagrom Momaent Diogram
For Ofksg
Mys My =(1- g)(kffgk-.)ﬂl SHEAR AT _ANY PoinT kL Feom A SHEAR AT ANY Poinr k€ Feom A
Vao Vg =%l 1-24)W Vo= Vog= %0(3-082W
For g% k &/ * ke ke Var = Go(3-104)
M= Mg “2i284-7s2-30)2L MoMENT AT ANY Poinr &L reom A MOMENT AT ANy PoinT kit Feom .
M= M, =5 (64-642-1) W M= 27043
Maximum Posirive Mosent (k= g) T «t %/ 451wt M= Mot Bol-2-106IWL
Maxismum Posirive Moment (k= ¥2) Maximum PosiTive MoMenT (k=05477)
22l a)? 3
Moy < 28%(1-2)2 Pt Mgy g W2 Hysgreg = 00429 WiE
£rxep EA‘:’F Ma‘;‘"w ;g”‘iﬂ') Fixep EnD Moments (Negativa) Fixeo EnD_Momenrs [ Megative)
ap= £ (/-£)PL M Ay
My Hre)Re Mo M= 72 W4 o 2
4" o
. PelOkips EXAMPLE
a3 SHEAR IN KiPS
W = /.25 kips o Jait]azs]ase|dr3tlast]ass|oss]ors !au 297 2
] I ] l l l I I I l l% T }5_'0',(',” | | | | | Conc.Lood |+14/|+ 241|424/ |+ 3¢/ (2255 - 2.59]-2.59|-259]-259]-259]-259 - 2.59
A **{ 1123 %207- 2iw | 250 reoolrasolss00 b2 50 k50| © [-1501-300l450]-é00]-750
L= 1507 Vi Yo (3101 5,38 |+326 [+ 2.92|+2.36 1+ 2.3 [+458 |sa56|-0e8 | 214 |-383|-5.74| 257
¢z o'“, Diggrom Fu* 4000 /bs, Tota/ |Wa2Neer|wdesliz.?? ;’,’;33 +R99|-2.03]-77|- 773 1092|433} 196
f,,-/.5aﬂlbs.
Fixep END _MoMENTS
5 - Conc Lood- My~ B(1-E)?Pe - 0333(06eiax/5 = 22.22 Ft kips
& el Unif lood- My= YeW,d = fpxiBx/5= 18.75 ft kips
g [LLH Hyd Lood - M= fs Wyl = Usx/25x /5, = 11.25 FF kips
T mm———
otde ' (—)m g Tota! M- 5B.22 Ft kips
1 ¢
! \ 3 Conc. Lood - Mg = a%(1-£) P2 = (23337066 71OXI5= 11.1/ FF kips
Sheor Diagrom = Unif Load - My = YaWyd = Ypxi5xi5= 18.75 £t kips
T Hyd Load - My = Yo Wyl = Yo */l265x/5 = 16.87 FF kips
| Tota! Mag: 46,78 £/ kips
| 258/ kips (Max Pasitive h 7
II- ] SIMPLE _BEAM MOMENTS /N _FT._Kips.
7T L] | o loitloz2|a32 | daaeloaelast|ceelare|nss|aae] 7
& 1| Y r.])- 7 Cone_Load | 0 00| 20,00\3000|3333|3000|2500|2000|1500| 1a00] s00] ©
N X| gyl [ZLzCuit | O vos3liaco|zasalzsocolzzo0|28.3) 210023681800 10.08] ©
~ »L N Hi= oWt | 0 | A57)/as0|i5seliae7/8.90)z..10|21.60|2000|/6.20] 9sz] ©
E | § Total 0 _|25.70148,5808.99]7500| 75,20 7423['3.40 5873[44202475) o
M % See £5-1,£5-2, ond FS-23
. * ¥ The Uniform lood ond Hydrostatic lead con be combined and £5-3used.
Moment Diogram
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STRUCTURAL DESIGN: FIXED ENDED BEAM MOMENTS FOR
PARTIAL UNIFORMLY DISTRIBUTED LOAD— PRISMATIC BEAMS

g = lood per foo?

FIXeD END MOMENTS

“/= glhl A _ 7/
W I 3 Mag™ 72 L2(6 - 88 + 3w
A; zd ;5 Mo Y2l (4 - 36) W
3 Z y
LoAD DinGRAM SIMPLE BEAM REACTIONS
Ry =V % wiz-e)
eg = Vas =z 1/2 WE
I3
Va (+l Fixep EnD REACTIONS
1l P
T Mag M,
I(:-? Vep EAngA"P:f _-"""( Ai “)
! My Mo
IHEAR DiAGRAM Ry=Vy RS - (_437_5)
7 Py SimpLE _BEam Moment ar C
m ¢ ME= RE(2L-2£)
c
] Prorring  MomenT DiAGrAMm
. g L Plot M2 at C
Mas - M - . 2 Plot simple beom momenr diagrom
e Mas for spon (ed) ond load (W) vertically
7 abore /ineFAc‘ (See £S5 -/)
A .) 3 Plo? M,.; ot A
MomenT _Di1AGRAM 4.Plot My ot B
g * Joad per foo? FixeD END MOMENTS
) W= g(etl-ot) g M;a <% gﬁ(é-gg@g‘)?z/-af’é-&a*.?az)?fj
4 2 MW c o4 - PR '
At—7 IMTw I ;5 M= Yol 2354 32);2_( Sl 30)?,2]
p [ 74 3 SImPLE BEAM REACT/ONS
2 £ R Ry =V =lyw(a+tz)
LoAp Diacram RI=vi=lpw(2-q-2)

1]

(+)
L

]
SrEAR Diacram

oM e 4Wret-al)

TT ”~
) V
2 e

&

Momenr  Diasceam

FIxEp END REACTIONS
May- Mza)

‘?AF' VAF.E: +

Mas~Maa)
Aa:' y;r"?: - C___]r___

SimpeLe BEAm Moments AT CE D

ME=Ri(L-22)
My = R% (aL)

PLoTTING MomeNT DIAGRAM

L Plot M:atC

2. Plot Mz ot D

3 Plot simple beom moment diagrom
for spon (#L£-al) ond load (W)
vertically above /ine CD (See £S5-/)

£ Plot Map a? A

5. Plot 44‘u¢7f 8

REFERENCE  CONF/nu/ity /n
Concrete Building Frames,
Thirdg Edition, Port/ond
Cement Association.
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STRUCTURAL DESIGN: MOMENTS IN SINGLE BARREL

Assumprtions -
L /~ Loods ond frome ore
symmerricol/ obouwt
F————F———— B| 0] center /ine of Frome.
yd N\ | 2~ The gnolysis /s bosed
on centrer /ine odimen-
s/ons.
3- The effect of smal/
fillets /s neglected.

Heh + 1
L = Z +fw
Ks . oo (1s)> H
Tw 4 Tw Kw Tw L
b= ¢
= 3
Mos Moy~ P (U 7 U ) (C*2)*-/
F
My Mg P(Us *9UE) 7.¢72
Mee * Mg = O Ug = Myp *Myg

- F_ L F yA
Map * My =0 Ue Moy + Mzp

=C

Sign _convention - A moment acting irn a c/lockwise
airection orn o Jjo/nt /s posSitive.

1 X

I all

Cavtion: Use proper s/gn of fixead end moments
when substituling them in the gl/ven egualt/ons.
Nomenc/arture :

Mo = Moment at end ‘"of member ‘ob’

Mg = Fixed end moment a# end “a“of member “ab "
UYS5 = Algebrarc sum of Fixed end moments of o =
unbolaonced frixed ena moment ol a.

Ky = Strffness of wall.

Ks = Strrness of s/ob.

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

SOIL CONSERVATION SERVICE |ES-28

SHEET | OF |
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STRUCTURAL DESIGN: MOMENTS IN DOUBLE BARREL

A A Y A

Assumptions:
/. - Lloools ornd Frame ore

l

: symmetrico/! abou?

| center /ine of frome.
|

|

|

{
________ 4 |+

2.- The anal/ysis /s based
on center /line dimen-
N\ pd
P P e 7 0 s/ons.
' fj - The effect of small
£ = fillets /s neglected.

Mop =M42 +2m /U,F-n é/;)
F
Moo My * m (VE-0US)  4on s

5
_ s F £ F
Met =Meg + m (U -nly) Lops B
Mee = Mp +2m (U -nUf) z "z
3
Mob *Mar=0; Mey * Mg = O; £ - - 7-?) Li"
Ky w
Vpe = Mo =O. c
T glcr)E-1
Sign Convention - A moment
octing in @ clockwise n=2(c+s)
girection on a joint is £ £ £
positive. Ug = M,ca * Mg,
ya ab *M

m(l | aé:ﬂ Nomenclalture:

Myp=Moment ot end "a" of
member ‘ab”

Coution: Use proper sign Myp= Frxed end /770/77c?ﬂ)‘ ar
of fFixed end moments end ‘a"of member ‘b’

when subs/ituting them Uy = Algebraic sum of Fired
/n the given egquotions. ena moment's at _joint o =

unbalonced frxed end
moment of a.
Ky = Stiffness of wai..
Ks = Stiffness of s/ob.

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

SOIL CONSERVATION SERVICE | ES-29

SHEET I OF |
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STRUCTURAL DESIGN : Cortesian grid point designation system,
positive sign convention, symbols and nomenclature

0.5b ¢ C.5b -
Origin
Free v |/
T T T LT T T T
I | ’+)( I
[
x=0.2a/0———<f>———4>-——<#-—-<>-' - -—é———#—l —*{F—‘({P——(?
! | | | | |
7 | 7
i e e S SR SR SRS
7 | | | | | | [ o
[
e s S S S SR S S S SR
l I | | | I I I 7
7
T, S T S SRS S S S S S -
| | | I | I | 7
N D U D S N N VD S 7
57////2’/ L i il
0 £ Ke] 0 n 0 Ea) 0 o fa]
0 < M N = — o M < 0
o o o o o o] o c o o
] I I 1 1 (@ + + ¥ F ¥
M

CARTESIAN GRID POINT DESIGNATION SYSTE

SYMBOLS AND NOMENCLATURE

Y

+X

POSITIVE SIGN CONVENTION

vertical dimension of
fixed slab, ft

1l

horizontal dimension of
fixed slab, ft

vertical moment, 1b ft/ft

horizontal moment,
1b ft/ft

intensitz of pressure,
1bs/ft

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

weight, lbs/ft2

rectangular coordinates
in the plane of the
slab

SNNEN = fixed edge

XY

REFERENCE

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
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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?

T 17T ] | T ! T IR +On02
] X= 0,441
T T P x= 0020 [ T
P i -t 1 SR
1 11 *:
L - = = i B ‘o~:60
_.:-— /__.--—— = ~ X = 0
P ~ T ‘ ) O
N S ‘ ™
L \\ -
0.25 T N
Y ]
ey 1]
05 +a >
< O
P -GO -0.02 ¢
.
I +
\ '3}
N o
: RS o
1.0 ooa §
u e,
A & o
A =
0,6 ] 'TE-'
N4 @
N — -0.06 ::’
IS Y4
|'5 N [ g
i
T o
+—
ot
: 0,08 qé
N ' S
L=}
20™Y
0.5b 0.5b
/ ' 7} N
o L
; 4
/] o 2.5° .
“
7 : 2
4 //, a -0.12
/] N
| - 7 TN ; o
+X y=0
REFERENCE STANDARD DWG. NO.

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

analysis unit réport No. 30, December 1954 | SOIL CONSERVATION SERVICE ES-104

SHEET_2_ OF _85
ENGINEERING DIVISION - DESIGN SECTION | pare 5 155




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

slice y=%0.Ilb

Vertical moment determines tension in vertical steel
My = [Moment coefficient]; pa2

T B AT 7777

3.0

- = 11 X=0.44
*—— 6'6‘/ H P [ X= O,aq S —
/1'4 = u 1 ] -
- al =1
=== = - x=0 ] 0
I‘\ i £
0.25 Y o
- rd +
05 "N A .@o >
= -0.02 ¢
\ y Lo
\ ©
. 3 @
N N 72
1.0 o
N N1 -0.04 E,
P . O
*
ey |
R+ o
£ o ~0.06 2
0,' 1.5 "‘lh\ :“_
6 \ 8
\6 N i
(e C -
c
(3]
-0.08 g
\\ O
2. L--_Jz
0.5b 0.5b
y=-0.b y=0.1b N
T‘L Origin AN
— 0o - -0.10
y \w .
1
L~
% (o} o ; <
//A [o] (o] - 2.5 \\
7 ; o N
7 o | o % N
? 0 o # -0.12
4 . /
e ]

+X I y=*0.Ib
REFERENCE STANDARD DWG. NO.
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STRUCTURAL DESIGN : Rectangular slabs with hydrostatic load;
coefficients for vertical moment, My, at fifth points on vertical
slice y=10.2b

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

T 1 1] +0.02
T
& x= 0.4q
[+] - =
2 OS] -
L] /-4“’ & xi—-ﬂ—‘b‘u”—_ 1] Xz 0 6 &
e = . x:=0 R 0
"~ c—‘\)'
025 - o
*‘“c +I
05 ~& "
Q9 >
S -0.02
S 0
+—
[&]
10 N 8
=4
-0,04 S
o
>
INE e
'%,'l.s 45%\ +
/O é o o
oF . 006 5
[
[+}]
Q
[&)
20 -
o
-0.08 €
)
0.5b 0.5b N =]
y=-0.2b y=0.2b
Jj_—\—;\ Origin 2.5
] 2 SR 0.10
7 % AN
Y ° ° 4 3.0
/ s © .
o} o [
%
V4 fo) o ”
X U
|p ATV 7,
Y
+X

[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=¥0.3b

N

Vertical moment determines tension in vertical steel
My = [:Momen'r coefficienﬂx pa?

T { +0.01
T - 0_60 ] e e -
% .I‘zr(—)-“%f Pt
28 L 020t Zane
et = 5 "‘: ] Xz O 0
£
n M
0.25 ™ @)
o 5 1 < 4’\: +!
o s ~001 %
<
] v -
2
= &=
N %)
Y - H~002 @
3 o
c
O
%. ™ o
.6 . -003 x
g =
% 2
L5 O
NS E
- -004
[ +\ (o]
X Q
% £
i ©
\ E
0.56 |  0.5b —005 3
y=-0.3b| y=0.3b 2.0 =1
A Oriqin |
_ ° gOrigin |
/ | ,/—-—~—r> +y N
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7 4
7 ° ° ¥ ‘
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5 o 2 25 -007
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N
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X N
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30[yzx030
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STRUCTURAL DESIGN : Rectangular slabs with hydrostatic load;
coefficients for vertical moment, My, at fifth points on vertical

slice y=10.4b
Vertical moment determines tension in vertical steel
My = |Moment coefficient|, pa?
+0.005
x= 0.6¢
== i
- I- 40 -
i g =t - - L0
0.25 ! SNum . u <+
0.5 X2 0. 20 . = o
i +
0 gH-0005 "
X, WO 1
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1O -
>
2 \ -0.010 o
O, \\ o
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Q
(&)
I
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e - 0025 E
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7 A 0035
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J-0040
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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
Vertical moment determines tension in vertical steel

My = I:Moment coefficienﬂx pa?

x=0-' x=a- 0
G N \\
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0
__\ \m‘\ 1] ~— LD'
IANR x=0.80 1 N o
05T N +!
NN 0
. -0.004 ™
NN c
N 2
[—- h m
N -0006 o
i c
1.0 < o
A - 0.6 °
I~ x=- 0,00
%, TN "
. N ey
% H ~0.008 ¢
o] 2
© N 2
G
K Y=
15 o
. N
L EA -oo010 ©
X +~
—0'4 C
\ e @
== E
¥ O
N =,
0.5b 0.5b -ooi2
y=-05b y=0.5b 20 oo

-

R J «—Origin i S0
. [ty _h
-0.014
25 =
o 1
— ! 3.0
R T l

/l/ LTS

o y=t0.5b
REFERENCE STANDARD DWG. NO.

U. S. Bureau of Reclamation photoelastic U. 5. DEPARTMENT OF AGRICULTURE EsS-104

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

SHEeT. /] oF 85

ENGINEERING DIVISION - DESIGN SECTION | pare  5.1.55




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?
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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 hydrostatic
load; coefficients for horizontal moment, My, at tenth
points on horizontal slice. x= O.4a

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 paz
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STRUCTURAL DESIGN: Rectanguiar 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

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

U. S. Bureau of Reclamation photoeiastic
analysis unit report No. 30, Detember 1954
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STRUCTURAL DESIGN : Rectangular slabs with hydrostatic load;
coefficients for shear at fifth points on fixed side edges
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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 coefficiend] 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

Vertical moment determines tension in vertical steel

My = [Moment coefficient]y 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=% O.1b

Vertical moment determines tension in vertical steel
My = [Moment coefficient]y pa2
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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=*0.3b

Vertical moment determines tension in vertical steel

My = [Moment coefficient]y pa2
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STRUCTURAL DESIGN : Rectangular slabs with %4 hydrostatic
load ; coefficients for vertical moment, My, at fifth points on
vertical slice y=*04b

Vertical moment determines tension in vertical steel

My = [Moment coefficient]y pa2

analysis unit report No. 30, December 1954
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STRUCTURAL DESIGN : Rectangular slabs with %4 hydrostatic
load ; coefficients for vertical moment, My, at fifth points on
vertical slice y=*05b

Verfical 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 horizontal moment, My, at tenth points
on horizontal slice x= Q

Horizontal moment determines tension in horizontal steel
My = [Moment coefficien_ﬂy pa2

U. S. Bureau of Reclamation photoelastic
analysis unit report No. 30, December 1954
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STRUCTURAL DESIGN : Rectangular slabs with 2/4 hydrostatic
load; coefficients for horizontal moment, My, at tenth points

on horizontal slice x=0.2a

Horizontal moment determines 'fensé'c;rg in horizontal steel
My = [Moment coefficient], pa?
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.on horizontal slice

STRUCTURAL DESIGN : Rectangular slabs with 24 hydrostatic
load; coefficients for horizontal moment, My, at tenth points

x = 0.4a

Horizontal moment determines tension in horizontal steel
My = [Moment coefficienﬂy pa2
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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/ 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 coefficient], pa?
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STRUCTURAL DESIGN : Rectangular slabs with 2/ 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], pa
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STRUCTURAL DESIGN : Rectangular slabs with 3 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 23 hydrostatic
load ; coefficients for shear at tenth points on fixed

bottom edge x=a

Shear = [Shear coefficient] pa

0.5b - 0.5b
_ 1a—Origin
A 4 / +y
/] I “
g L
/
; 7 C
7 [ wl ©
o 7 72
o 7 ! 7 +0.35
7 [
1 4WW/ ) e axiE
p ' r : et
+X f e
o A = +0.30
% 3° 3
hV a4 o
LA Lo L ] "
A0 g *
ar A L]
r tb‘ P
> A +0.25 o
V4 Y A : o
.! A Pd E
1 4 /7 l/rL/ 2
/ P +
-_zf /! . 1 (o]
(I A /] - +O.20 0
4 // ©
4 4 P 2
LA
47 ] L)% =
lr"!i" , Ix/
Vi N A o
y +Q.15 C
P 2
[ - o
¥/ i
=1
I =
W} y, 2_’
7 +0.10 ©
4 v =
, y <
7 Q
4 (&)
S
+005 g
| o LA E?)
Al =
A ~
=t 1
] y=+0.5b ‘ : o
0.25 0.5 1.0 1.5 20 2.5 30
in D
Ratio /0 I Xx=a
REFERENCE STANDARD DWG. NO.
U. S. DEPARTMENT OF AGRICULTURE
U. S. Bursau of Reclamation photoelastic ES-104

analysis unit report No. 30, December 1954 SOIL CONSERVATION SERVICE SHEET _2_9_ oF 85

ENGINEERING DIVISION - DESIGN SECTION | patg  8-1-55




STRUCTURAL DESIGN : Rectangular slabs with !4 hydrostatic
load ; coefficients for vertical moment, My, at fifth points
on vertical slice y =0

Vertical moment determines tension in vertical steel
My=[Moment coeff'icienﬂx pa?
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STRUCTURAL DESIGN : Rectangular slabs with Y 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 coefficient], pa?
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STRUCTURAL DESIGN : Rectangular slabs with Y& hydrostatic
load ; coefficients for vertical moment, My, at fifth points
on vertical slice y=¥02b

My=[Moment coefficient], pa?

Vertical moment determines tension in vertical steel
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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 coe'ﬁ‘icienﬂx paz
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STRUCTURAL DESIGN : Rectangular slabs with Y4 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], pa?
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STRUCTURAL DESIGN : Rectangular slabs with Vs hydrostatic

load; coefficients for vertical moment, My, at fifth points
on vertical slice y =¥ 0.5b

Vertical moment determines tension in vertical steel
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STRUCTURAL DESIGN : Rectangular slabs with Y3 hydrostotic
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 Y5 hydrostatic
load; coefficients for horizontal moment, My, at tenth points
on horizontal slice x =0.2q

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

Horizontal moment determines tension in horizonta! 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 Ys 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 l/3 hydrostatic load;

.coefficients for shear at fifth points on fixed side edges
y =20.5b

Shear = [Shear coefficient] pa
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STRUCTURAL DESIGN: Rectangular slabs with I/3 hydrostatic 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, My, at fifth points on
vertical slice y=0

Vertical moment determines tension in vertical steel
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STRUCTURAL DESIGN : Rectangular siabs with uniform load;

coefficients for vertical moment, My, at fifth points on

vertical slice y=+0Q.|b

Vertical moment determines 'rensuon in verhcol steel

My = [Moment coefficient] x pa®
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STRUCTURAL DESIGN : Rectangular siabs 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 coefficienﬂ 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 vertical steel
My = [Moment coefficienﬂ 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=1+0.4b

Vertical moment determines tension in vertical steel
My = [Moment 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=+0.5b

Vertical moment determines tension in vertical steel
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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 coefficient], plo?
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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 fension 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 = [Momgn»tr cqefficienﬂy pa2
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STRUCTURAL DESIGN : Rectangular slabs with uniform load |
coefficients for horizontal moment, My, at tenth points
on horizontal slice x =Q.6aq

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

T +0.04
y=0
- R
TS
P = y:itO.‘It‘v" T \--t:-
4 - y=10.2b “~y
1/ < - = : S —-.E B +o-02 O
’ = . ©
AA P J’é\t O
By
FH = "
» b1 y:.'to.3b x
» A
1 . c
T~ o .9
—
< o
C o
2 bt
a o
0.25 I - &
\ ] 2
3 _0.02 o
A N
_ N T >
05 et ¥ =230.4p = r=1
I - S
0.5b 0.5b - S
—Origin . ;:_004::
A & 1 YH T o
/) ] 4]
7 © N o
/ o . p=
[T +—
;oooocLoooo " © H -
- N £
1-0.06 ©
1.0 % ' T |2|
] Il
5~ ITT7777 7777777777 N
%, TR X 8
O,}, . i
° 4 o 7 0.08
&N 15
RS
— (0]
isb
T J ]
20 ]
55 3.-0'0.10
| x =0.6a0
REFERENCE _ U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO.
U. S. Bureau of Rectamation photoelastic ES-104

analysis unit report No. 30, December 1954 SOIL CONSERVATION SERVICE
sHEeT A3 oF_85

ENGINEERING DIVISION - DESIGN SECTION | pate __s-1-55_




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 coefficienﬂy pa?
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STRUCTURAL DESIGN : Rectangular slabs with uniform load;
coefficients for horizontal moment, My, at tenth points

on horizontal slice

X=aq

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

Shear = [Sheor coefficient__\ pa
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STRUCTURAL DESIGN: Rectangular slabs with uniform 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 2 uniform load,

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

Vertical moment determines tension in vertical steel
My = [Moment coefficiently pa?
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STRUCTURAL DESIGN: Rectangular slabs with 2/ uniform load;

coefficients for verncal moment, My, at fnffh points on
vertical slice y-=

My = I:Momem‘ coeffucnen]x pa2

Vertical moment determines tension in vertical steel
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‘] U. S. Bureau of Reclamation photoelastic

STRUCTURAL DESIGN: Rectangular slabs with 2 uniform load;

coefficients for vertical moment, My, at fifth points on
vertical slice y= *0.2b

Vertical moment determines tension in vertical steel
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STRUCTURAL DESIGN: Rectangular slabs with 2/3 uniform load;
coefficients for vertical moment, Mx, at fifth points on
vertical slice y= +0Q.3b

Vertical moment determines tension in vertical steel
My = [Moment coefficient]y pa?
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STRUCTURAL DESIGN: Rectangular slabs with 2 uniform load,
coefficients for vertical moment, My, at fifth points on
vertical slice y=£0.4b

Vertical moment determines tension in vertical steel
My = -EMomen’r coefficiently 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= £ 0.5b

Vertical moment determines tension in vertical steel
My = [Moment coefficient]y pa?
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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

Horizontal moment determines tension in horizontal steel
My = [Moment coefficient]y pa?
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horizontal slice x = 0.2a

STRUCTURAL DESIGN : Rectangular slabs with %3 uniform load:
coefficients for horizontal moment, My, at tenth points on

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 = 0.4a

Horizontal moment determines tension in horizontal steel

My = [Moment coefficient]y pa?

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

Y0
| 4T -]1 R
S S PECCNIY AP ) g aan=®
- - R SNam - +0.02
% HEB= o]
I I <
> & y=20- 2P o
[ |~ - i
Zars - v
] M c
N 0 o
. 5
- g
0.25 EEEES
™~ - 1T o
P == y=£0.4Y c
- ] -002 ©
05 02 =
>y
[+1
X C
Q
O
-004 &
[ }]
O
1.0 o
&
= c
[+ 4]
'90 £
f‘/é, -006 ©
6 K 1=
oN 15
= i — y =io.5b
20 REREN
0.5b 0.5b 25 360'08
. —Origin ¥=0.4a '
1 & -ty
/]
|
;ao o c 0 ®0o OO0 O (
o
) ’ 7
; “
% |
p S T// Sl
*X x=0.4a
REFERENCE STANDARD DWG. NO.

ES-104

sHeeT_BO or 85

DATE _8-1-55




STRUCTURAL DESIGN : Rectangular slabs with 2 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]y pa?
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STRUCTURAL DESIGN : Rectangular slabs with %z 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 pa?
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slice x =

a

STRUCTURAL DESIGN : Rectangular slabs with %3 uniform load:
coefficients for horizontal moment, My, at tenth points on
horizontal

Horizontal moment determines tension in horizontal steel
[Moment coefficient]y pa?
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STRUGCTURAL DESIGN: Rectangular slabs with 2/3 uniform load;
Coefficients for shear at fifth points on fixed side edges
y=+0.5b

Shear = [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 ccmplete insofar as it illustrates the
use of the Moment and Shear curves of ES-104. 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 ;
Componenf wall slab loads
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;

Vertical moments (Mx) in wall slab

Values Moment Coefficients
? k6.9 hhs .8 104.7 Moments (ft kips) Total
x . Moment
N Py Pe 7y M, M, M, | (£t xips)

0 0 0 0 0 0 0 o}

o | 0.2| - + 0.0045] + 0.0008| — 0.0004 0.01] + + 0.3 —0.04 | + 0.54

o | 0.4 ~ + 0.0065] + 0.0030| + 0.0013 0.03] + + 1.34 + 0% + 1.81

0 | 0.6]+ + 0.0085] + 0.0060| + 0.00k9 0.07] + + 2,671 +0.50] + 3.51

0 |0.8] + + 0.0048] + 0.0053| + 0.0051] — 0.4o| + +2.36| + 0.53 | + 2.72

o | L.0]| - - 0.0280| — 0.0200| — 0.0170 1.11} - -8.921 —1.78 | - 10.90
+ 0.1 o} 0 0 0 0 0 0
£ 0.1| 0.2} - + 0.00%0| + 0.0007} — 0.0003 0.0L} + + 0.31) - 0.03| + 0.48
+ 0.1) 0.4] - + 0.0055| + 0.0026) + 0.0013 0.03| + + 1.6] + 0.1% | + 1.59
+ 0.1]1 0.6] + + 0.0080| + 0.0058] + 0.0045 0.07| + + 259 + 0.7 ] + 3.37
+ 0.1]| 0.8} + + 0.0045| + 0.0048{ + 0.0047 0.37| + + 2,14 + 049 | + 2.47
* 0.1 1.0| - - 0.0251{ — 0.0185| — 0.0160 1.07| - ~ 8.251 - 1.68 | — 10.04
£ 0.2 o] 0 0 0 0 0 0 0
t 0.210.2] - ¥+ 0.0020| + 0.0001| — 0.0004 0.01] + 0.10| + 0.0k} — 0.0k | + 0.11
*0.2]0.4] - + 0.0030| + 0.0019] + 0.0008 0.05] + 0.14f + 0.85| + 0.08 | + 1.10
* 0.2]0.6]+ + 0.0060] + 0.004%0| + 0.0033 Q.04 + 0.281 + 1.78| + 0.35 | + 2.37
+*0.210.8] + + 0.0030 ! + 0.0038| + 0.0038 0.31] + 0.14 | + 1.69] + 0.4%0 | + 1.92
£ o0.2|1.0]|- - 00,0200 — 0.0150} — 0.0130 0.90| —0.94| —6.69| -—1.36 | — 8.09
£ 0.3 0 0 0 0 0 o) 0 0
* 0.3] 0.2 — 0.0005| — 0.0003| — 0.0004 0.01| - 0.02| -0.13| -~ 0.04 | — 0.18
+ 0.5| 0.4 + 0.0010} + 0.0005| + 0.000L 0.03| + 0.05| + 0.22| + 0.01 | + 0.31
£ 0.3]|0.6 + 0.0021| + 0.0019| + 0.0016 0 + 0.0+ 0.85}+ 0.7} + 1.12
* 0.3] 0.8 + 0.0019 | + 0.0021| + 0.0022| - 0.20| + 0.09| + 0.94| + 0.23 | + 1.06
£ 0.3]1.0 - 0.0130 | — 0.0095| — 0.0085| + 0.63| —0.61| ~ 4.2k —-0.80 | - 5.11
* 0.4 0 0 o 0 0 0 0 0
* 0.4]0.2 — 0.0041} - 0.0012| — 0.0007{ + 0.01 0.19 0.53 —0.07 | -~ 0.78
* 0.kj 0.k — 0.00% | — 0.0013] — 0.0009{ + 0.03 0.17 0.58] —0.09 | — 0.81
+ 0.k 06 - 0.0026 | — 0.0009| — 0.00061 + 0.0k 0.12 ool —0.06 | - 0.54
*0.4]0.8 - ¢.0010| — 0.000L| + 0.0001 | ~ 0.0k 0.05 0.0k + 0.01 | — 0.12
o4 1.0 — 0.0050 | = 0.0038| — 0.0035| + 0.29 0.23 1.69|-0.37 | - 2.00
£ 0.5 0 0 0 0 0 0 0 0
* 0.5} 0.2 - 0.0092 | — 0.0022| — ©.0010 | + 0.01 0.43% 0.98| - 0.10 | = 1.50
+ 0.5] 0.4~ — 0.0087 | — 0.0034% | - 0.0021 | + 0.03 0.41 1.52]| —0.22 | — 2.12
+0.5]0.6]|- — 0.0072 | — 0.0042| — 0.0031 | + 0.09 0.%4 1.871 - 0.32 | = 2.4k
+0.5{0.8]| - - 0.0040 | — 0.0028 | — 0,002k | + 0.1k 0.19 1.25|—-0.25 1 — 1.55
*0.5)1.0 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
paf—p| - 1h2.6 L6 .9 ks 8 104 .7 Moments {ft kips)
Total
% Moment,
= % By P, Pe v, M, M, M, My (ft kips)
0 0 + 0.0001f + 0.0240| + 0.0040 | + 0.0018( - 0.01| + 1.13| + L.78| + 0.19| + 3.09
0|t 0.1 0 + 0.0200| + 0.0035 | + 0.001k 0 + 094 + 1.56] + 0.15| + 2.65
0+ 0.2 0 + 0.0120| + 0.0020 | + 0.0007 0 + 056 + 0.89| + 0.07| + 1.52
0|t 0.3 0 — 0.0020| ~ 0.0010 | — 0.0004 0 ~— 0.09]| — 0.45| —c.04| — 0.98
o[ ok 0 — 0.0210% — 0.00%0 | = 0.0016 0 - 0.98] - 1.78| —0.17| - 2.9%
0% 0.5 0 - 0.0470 | = 0.0070 | - ©.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| + 4%.03
0.2[% 0.11 + 0.0002] + 0.0200| + 0.0050 | + 0.0025| — 0.03} + 0.94| + 2.25| + 0.26 | + 3.4o
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| — 0.4b5| = 0.05 | — 0.5k
0.2[% 0.4] ~ 0.0002| - 0.0200]— 0.0050 | — 0.0026| + 0.03] — 0.9k | - 2.25| = 0.27| - 3.1
0.2]% 0.5 0.0003| — 0.0%80 | — 0,0115 0.0053| + 0.0k —2.25| - 5.13| - 0.55 7.89
0.4 © + 0.0006| + 0.0220 | + 0.0085 [+ 0.0052| — 0.09| + 1.03| + 3.78| + 0.55 | + 5.27
O.4* 0.1 + 0.0005| + 0.0190 | + 0.0075 |+ 0.0047| — 0.07| + 0.8 | + 3.34| 4 0.450 | + L.65
0.4{£ 0.2 + 0.0002| + 0.0120 | + 0.0048 |+ 0.0030| — 0.0%| + 0.56 | + 2.14%| + 0.%31 | + 2.98
0.4+ 0.3] = 0.0001| ~ 0.0010 o} — 0.0001| + 0.0L{ - 0.05 0 - 0.01 | - 0.05
0.4+ 0.4 — 0.0006| — 0.0180 | — 0.0072 [ - 0.00k5| + 0.09] —0.84 | = 3.01 | - 047 — L.43
0.4]+ 0.5| - 0.0010 0.0450 | = 0.0176 |- 0.0106| + 0.14} —2.11 | - 7.85| -~ 1.21 | - 10.93
0.6 0 + 0.0013| + 0.0183 | + 0.0097 |+ 0.0073| — 0.19| + 0.86 | + 4.32| + 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
0.61% 0.2] + 0.0007| + 0.010k | + 0.0060 |+ 0.0045| — 0.10| + 049 | + 2.67 |+ 047 | + 3.53
0.6]% 0.3 0 0 + 0.0007 |+ 0.0006 0 0 + 0.3+ 0.06 | + 0.37
0.6]x 04| — 0.0012| — 0.0150 |- 0.0077 |— 0.0056| + 0.27| — 0.70 | — 3.k3 | = 0.56 | — k4.55
0.6|* 0.5 — 0.0028 0.0370 |— 0.0207 [— 0.0154 | + 040 | — 1. 74 {~ 9,23 | - 1.61 | — 12.18
0.8 o + 0.0019 | + 0.0093 [+ 0.0060 [+ 0.0050| — 0.27 | + 0.4k |+ 267+ 0.52 | + 3.36
0.8[+ 0.1 + 0.0018| + 0.0084 [+ 0.0056 |+ 0.0048| —0.26| + 0.39 |+ 2.50 | + 0.50 | + 3.13
0.8/t 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| + 0.0% |+ 0.55 | + 0.13 | «+ 0.59
0.8[* 0.4 | — 0.0011| — 0.0074 [~ 0.0045 |- 0.0036 | + 0.16 | — 0.35 |- 2.0L |- 0.38 | — 2.58
0.8|x 0.5 0.0051 | — 0.0210 |- 0.0145 0.0123 | + 0.73 | — 0.98 |- 6.46 | — 1.29 8.00
1 o) — 0.0016 | — 0.0059 [— 0.0040 |— 0.0034% | + 0.23 | - 0.28 |- 1.78 [-0.36 | -= 2.19
1 i+ 0.1|-0.0015|— 0.0055 [— 0.0038 |- 0.00%32|+ 0.21 |~ 0.26 |—1.690 |- 0.34 | — 2.08
1[* 0.2 0.0013 | — 0.00%3 |~ 0.003C |— 0.0026 | + 0.15 | — 0.20 |— 1.34 [—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.kp
1 {* 0.5 0 0 0 0 0 0 0 0 0
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;
Example of interpolation, horizontal and vertical moments

in wall slab

M = ENNESEEEEARS SN SRR ARARAS AR
Pt~ _sT Full Hydrostatic Load ;
[ I R | [ l
- - 0.76 Hydrostatic Load
& SEanauEnZ s SUNE
) 0 E=SSn SR
5 DS SRES
g 667 Hydrostatic Load < = =T
&
Q b,
Q
()
£ — 0,00 I~
e
- 0.010 I
[aY] 15 = 1Y
O . . - -
o o (@] (@]
-+l +l -+
Ratio y/b
EXAMPLE OF INTERPOLATION OF MOMENT COEFFICIENT (My)
FOR 0.76 HYDROSTATIC LOAD ALONG SECTION x = O
¢
x=0 5.57 - 2.93 = 0.58 & 1.52 + 2.65 & %.09
" 0.0 ‘:’ 0.0 T 0.0 ‘11’ T o.0
| | i
x = 0.2a"} 1-89 - 3.4 — 0.54 + 2.09 + 3.40 4.03
———————————————————————————— O
K 1.50 - 0.78 % 0.18 [+ 0.11 _(l:)I 0.48 + 0.5k
A i ! [
= —10.93 — 4.h3 - 0.05 + 2.98 + L.65 + 5.07
x=Oda g0 G- O R o D,
- 2.12 - 0.81 + 0.31 + 1.10 + 1.59 + 1.8
{ |
I
| I !
x=0.6ad-1218 A= h.55 a4+ 0.37 A 3.55 A4 5.2l 4v 5.5
Q- o bl — 0.54 {?’: 1.12 {?; 2.37 ﬁt 3.37 J>+ 3.51
[ | |
k- 0.8aA-8:00 =258 4059 4229 o+ 505 b 5.6
/<— 1.55 - 0.12 {:)i 1.06 {?i 1.92 {?i 247 @ 2.72
[
i |
B 0.0 — 0.42 ,L— 1.07 - 1.62 - 2 08 - 2.19
X = a 77 OO, /u/5/ll/ I\J/8109 /V/lool; ash 10.90
0.0 - - 8. - - 10.9
o o o o
+ + + + o
1] n il i i
= = ™ = e

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

' Horizontal Moment .

'Vertical Moment
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;
Vertical and horizontal moments in wall slab
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STRUCTURAL DESIGN : DESIGN EXAMPLE |

Shears in wall slab
Values Shear Coefficients Shear
pa—= | — 7.9 2.9 23.5 5.5 (kips/ft) gﬁg:j
z * % Py Py Pe Py Sw Sg Se "p E:_Lf%g-
0o |* 0.5| - 0.00211 + 0.3650 | + 0.0160} — 0.0020| + 0.02| + 0.91| + 0.45] — 0.01| + 1.37
0.2 | 0.5| + 0.0001| + ©.3900| + 0.0850| + 0.0305 0.0 | + 0.981| + 2.00| + 0.17| + 3.15
ok 1+ 0.5] + 0.0035| + 0.3700| + 0.1500| + 0.0773| = 0.03| + 0.93| + 3.55} + 0.43] + 4.86
0.5 1+ 0.5| + 0.0215| + 0.3500 | + 0.2100{ + 0.1570] — 0.16| .+ 0.88] + h.ok| + 0.86] + 6.32
0.8 1% 0.5] + 0.0780| + 0.2150 | + 0.1690| + 0.31515| — 0.55| + 0.5% | + 3.97| + 0.83| + k75
1.0 | 0.3 + 0.0230 0.0 + 0.0100| + 0.014k| — 0.17 0.0 -| + 0.24| + 0.08] + 0.15
1.0l 04| + 0.0610] + 0.0320 | + 0.0480| + 0.052k] ~ 0.46 ]| + 0.08] + 1.13} + 0.29] + L.0b
1.0 |+ 0.3] + 0.1070| + 0.1670 | + 0.1480| + 0.1407| — 0.80| + 0.2 + 3.8 + 0.77| + 3.87
1.0+ 0.2] + 0.1310] + 0.2600] + 0.21% | + 0.1961] — 0.98| + 0.65]| + 5.05] + 1.08| + 5.80
1.01+ 0.1} + o.1lk2u | + 0.3200 | + 0.2510| + 0.2263] - 1.07| + 0.80 | + 35.90] + 1.24] + 6.87
1.0 0 0.1460 | + 0.3400 | + 0.26k0| + 0.23%6| — 1.10] + 0.85 | + 6.20| + 1.30| + 7.25
SHEAR® ALONG FIXED EDGES x = a AND y = + 0.5b TN WALL 5LAB
The magnitude and location of the maximum shear may readily be obtained from the above

table.
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;
slab loads

Heel

HEEL SLAB

W = 32,710 1lbs

= 16,330 ]bs

=
=,
I [
L_EL, !
|
2.251
W = 32,710
Determine the total vertical load W.
Weight x lever arm = Moment
Wall Stem = 1 x 18 x 150 = 2,700 x 9.5 = 25,650
= 0.5 x 18 x 150 = 1,350 x 8.67 = 11,705
Footing = 2 x1h x 150 = 4,200 x 7 = 29,k00
Moist Earth = 8 x 20 x 125 = 20,000 x b = 80,000
= 0.5 x 18 x 125 = 1,125 x 8.33 = 9,370
= 1x2x125 = 250 x 8.5 = 2,125
Saturated Barth = 8 x 13.5 x 15 = 1,600 x b = 6,480
= 0.38 x 13.5 x 15 = 75 x 8.25 = 620
Counterfort = X ui5 X 22 = 10 x 8.17 = 80
E_E_l%ﬁé_E_EQ - 50 x 5.50 = 275
Water = bx5.33x62.4 = 1,330 x 12 = 15,960
M = 32,710 IM = 181,665
M 181,665
= —— = =2l
X =55 = 35,710 5.55 £t
Determine the horizontal load H.
5 - Weight x lever arm = Moment
Water - Z;éé_§5~—§L— = - 1,675 x 2.k = — k090
Surcharge = 130 x 20 = 2,500 x 10 = 25,000
207 x 65 -
Farth Load = == = 13,000 x 6.67 = 86,710
2
Pore Pressure Load = lz;ézri_%z = 2,405 x 5.17 = 12,435
W = 16,330 M = 121,055
_ (32, 7T10)(8.45) — (16,330)(7.41)
x! = 52,710 R
e = T7.00 — 4,75 = p2.25 ft
REFERENGE STANDARD DWG. NO.
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STRUCTURAL DESIGN : DESIGN EXAMPLE ;
‘Heel slab dimensions and component loads

]

(52 710)( (6)§i'25)) = U588 1bs/ft?

)6 %)
G- %)

o'l

Max Pressure —(

(32 2 {10 ( (6)§§‘25)) - 8k 1os/ft2

o=

Min Pressure —(

3002 1bs/ft?

he—

-
i
.
!

2979 1bs/ftZ
84 1bs/ft?

VL/

4588 1bs/ft®

Q_ Stem

HEEL SLAB LOAD DIAGRAM
p, = (4588 — Bh)(fﬁ) = 2895 1bs/ft®
p, = (20)(125) + (13.5)(15) + (2)(150) ~ 84 = 2918 1bs /£t
2 _ (2.895)(9)% = 23h.5 £t kips/ft
pye? = (2.918)(9)°

H

g
<

o

1]

236.4 ft kips/ft

i3
it

o
4 ¢
+x @
(@)
+ =
]
o
F ARy S S A ARy S S S RN Sy SN ANy AN SN AN A A 4 Net
b = 14-0 L__P_u___l Pv Load |
_ | v | |t |
IDEALIZED HEEL SLAB DIMENSIONS COMPONENT HEFI SLAB LOADS
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STRUCTURAL DESIGN

Moments (M) in heel slab

DESIGN EXAMPLE ;

Moment Coefficient
Values paZe 235, 4 - 2345 Moment (ft kips) Total
Moment
+ % 2 Dy Dy M, M, ft kips
0 0 0 0 0 0 )
0 0.2 + 00,0200 + 0.0070 + 473 — 1.64 + 5.09
0 0.4 + 0.0250 + 0.01he + 5,901 - 3,33 + 2.58
0 0.6 + 0.0130 + 0.01k2 + 3.07 - 3,33 ~ 0.25
0 0.8 — 0.0300 - 0.00L8 - 7.0% + 1.13 - 5.96
0 1.0 - 0.1290 - 0.0610 —30.50 + 14,50 -156.20
+ 0.1 0 0 0 0 0 0
£ 0.1 0.2 + 0.0180 + 0.0067 + Lb.26 ~-1.57 + 2.69
+ 0.1 0.4 + 0.0230 + 0.0138 + 5,44 - 3,24 + 2.20
+ 0.1 0.6 + 0.0120 + 0.0133 + 2.84 - 3.12 - 0.28
+ 0.1 0.8 - 0.0275 ~ 0.00k1 - 6.3 + 0.96 - 5.54
+ 0.1 1.0 - 0.1210 - 0.09575 —28.60 +13.48 -15.12
+ 0.2 0 0 0 0 0 0
0.2 0.2 + 0.0130 + 0.00k3 + 3.07 - 1.01 + 2.06
£ 0.2 0.4 + 0.0170 + 0.0105 + b op2 - 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 + 047 - L4.77
£ 0.2 1.0 - 0.0970 — 0.0482 - 22,03 +11.30 ~-11.6%
+ 0.3 0 0 0 0 0 0
+ 0.3 0.2 + 0.0030 + 0.0013 + 0.71 - 0.30 + 0.41
+ 0.3 0.4 + 0.0070 + 0.0059 + 1,65 - 1.38 + 0.27
+ 0.3 0.6 + 0.0048 + 0.0078 + 1.1% ~ 1.83 - 0.70
* 0.3 0.8 — 0.0133 - 0.0005 - 3.14 + 0.12 - 3.02
+ 0.3 1.0 - 0.0615 - 0.0335 —1k4. 54 + 7.86 - 6,68
+ 0.4 0 o} 0 0 0 0
+ 0.4 0.2 - 0.0117 - 0.0031 - 2.77 + 0.75 - 2.04
t 0.4 0.4 - 0.0072 - 0.0009 - 1.70 + 0.21 ~ 1.k9
+ 0.4 0.6 - 0.0038 + 0.0012 - 0.90 - 0.28 -1.18
£ 0.4 0.8 - 0.0068 — 0.0002 - 1.61 + 0.05 - 1.56
+ 0.4 1.0 - 0.0225 - 0.01k45 - 5.32 + 3.40 —-1.92
0.5 0 0 0 0 0 0
+ 0.5 0.2 - 0.0323 - 0.0091 — 7.64 + 2.1% - 5.51
* 0.5 0.4 - 0.02k9 — 0.0088 - 5.8¢ + 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—- 236 .4 - 234 .5 Moment (ft kips) Total
Moment

X )

0 0 + 0.08k0 + 0.0225 + 19.86 - 5.28 +14.58

0 * 0.1 + 0.0760 + 0.0195 + 17.97 - L4 ,57 +13.40
e £ 0.2 + 0.0500 + 0,0125 + 11.82 - 2.9% + 8.8¢

0 + 0.3 + 0.0030 - 0.0013 + 0.71 + 0.30 + 1.01
0 + 0.k — 0.0740 - 0.0206 - 17.49 + 4.8% -12.66
0 + 0.5 - 0.1880 — 0.0430 — Ll bk +10.08 -3k, 36
0.2 0 + 0.073%0 + 0.0212 + 17.26 — 4,97 +12.29
0.2 0.1 + 0.0650 + 0.0192 + 15.37 - L.,50 +10.87
0.2 + 0.2 + 0.0430 + 0.0126 + 10.17 - 2.95 + 7.22
0.2 + 0.3 + 0.0020 + 0.0007 + 0.hk7 - 0.16 + 0.31
0.2 + 0.h — 0.063%0 - 0.0182 - 1%.89 + ko7 —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 - 4.50 + 8.97
0.4 £ 0.1 + 0.0520 + 0.0178 + 12.26 - h.17 + 8.12
0.4 + 0.2 + 0.0350 + 0.0127 + 8.27 - 2.98 + 5.29
0.4 + 0.3 + 0.00k40 + 0.0028 + 0.94 - 0.0 + 0.28
0.4 + 0.k - 0.0470 — 0.0147 - 11.11 + 3,45 - 7.66
0.4 £ 0.5 - 0.1250 - 0.0439 - 29.55 +10.29 -19.26
0.6 0 + 0.0335 + 0.0137 + T.92 - 3,21 + 471
0.6 + 0.1 + 0.0308 + 0.013%0 + T7.28 - 3.05 + 4,23
0.6 + 0.2 + 0.0215 + 0.010k4 + 5.08 — 2.4 + 2,64
0.6 + 0.3 + 0.0035 + 0.00L40 + 0.83 - 0.94 - 0.11
0.6 + 0.4 - .0285 — 0.0090 - 6.73 + 2.11 - 4. 62
0.6 + 0.5 - 0.0805 - 0.03%2 - 19.03 + 8,25 -10.78
0.8 0 + 0.0045 + 0.0030 + 1.06 - 0.70 + 0.36
0.8 + 0.1 + 0.0041 + 0.003%0 +  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.k - 0.0112 ~ 0.0030 - 2.55 + 0.70 - 1.95
0.8 + 0.5 - 0.0292 - 0.0163 - 6.90 + 3.82 - 3,08
1.0 0 - 0.0260 - 0.0122 - 6.19 + 2.86 - 3.29
1.0 £ 0.1 — 0.02k2 - 0.0116 - 5.72 + 2,72 - 3,00
1.0 + 0.2 -~ 0.0193 - 0.0097 - L.,56 + 2.27 — 2.29
1.0 + 0.3 - 0.0123 — 0.0067 - 2.91 + 1.57 - 1,3k
1.0 * 0.k — 0.0045 - 0.0030 - 1.06 + 0.70 —~ 0.36
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

+15.007 = T T T T T
T ! l 1]
B . L4 |
SEa Lebtt 25
= -.“_‘*: CLINT B 1]
TG Lo N - -
+10.0 mERS T
=X :0.40[__ K K
TP ‘\\ \\
T ‘k\
R ‘ LEAY
+ 5.0 Xz O-Sa N N
& ™t A\
T NN
0.8 )
X = al -
0 e w\ ] X -'u
, T
Lt ‘:‘\ L1 X <0 114
- 1 AN H, - '8&4_.
— S y= Qg \ ]
W —
~ _ N
(/2] —5’0 \ N
& A\ \\ A “O
hd AV & 4
2o ]
— N
[T
> -100 ) X
\ A |
= TN
- i \ +\
> \o
= - \ A [nn
— \ \ \077
- —|5.0 \ \ !
< A
Ll
\
= \ \
o A
=
-20.0 ’f‘o:_
Y NoT]
= Yoo
2]
VA
\
-25.0 as
] \
G \
-30.0F ] \‘
I
i Mx = O
v
\
-35.0 ‘
0 10.1 +0.2 0.3 0.4 +0.5
RATIO -yg

REFERENGE

U. S. DEPARTMENT OF AGRICULTURE
SOIL, CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN SECTION

STANDARD DWG. NO.
ES-104

SHEET 84  OF 85

DATE 4 -13-56




STRUCTURAL DESIGN:
Moments and shears |n heel slab

y DESIGN EXAMPLE ;

o — 34,36 = 12.66 _+ 1.01 .+ 8.89 Lt 13.4%0 + 14.58
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MOMENTS (M,) AND (M,) IN ft kips/ft IN HEEL SLAB
i
Shear Coefficient Shear
Values pa —s= | 26.3% - 26.1 kips/Tt Total
Shear
g + % Py Dy 5y 5y kips/ft
0 + 0.5 + 0.90 + 0,114 +23.7| — 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 + 159 - 6.3 |+ 9.6
0.6 + 0.5 + 0.435 | + 0.252 + 11k - 661+ 4.8
0.8 + 0.5 + 0.110 | + 0.130 + 29| - 3.4 - 0.5
1.0 + 0.5 - 0.075 | — 0.020 - 20| + 05~ 1.5
1.0 + 0.4 + 0.085 | + 0.1%0 + 2.2 - 341 - 1.2
1.0 + 0.3 + 0.34 | + 0.271 + 9.1 - 7.1+ 2.0
1.0 0.7 + 0.5%2 | +.0.355 + 3] - 9.5+ 5.0
1.0 + 0.1 + 0.655 | + 0.399 +17.2 | -—10.% | + 6.8
1.0 0.0 + 0.692 | + ¢.b411 + 182 —10.7 | + 7.5
SHEAR ALONG FIXED FDGES X = a AND y = + 0.5b IN HEEL SLAR

The magnitude and location of the maximum shear may be readily

obtained from the above table.
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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,
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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 /Ec 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, Pes 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

o 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, Pe> 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

(1) 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,/ J?z) or 1.4(16 d,) but not less than 12 inches.

For all other tension bars, the development length, Rd, is the larger of
(1600 Ab/ Jfg) or (16 d,) but mot 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, Rd, is the larger of
(800 4,/ J?Z) 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, Qd, but not less than 30 bar diameters. The classes
and minimum lengths are:

Class A splice . . . . . . . . . L0 Qd
Class B splice . . . . . . . . . 1.3 Rd
Class C splice . . . . . . . . . L7 ld.

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. ¢

(q9) 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, Rd, beyond the point where bent or terminated ten-
sion reinforcement is 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=f ?dc A

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

may be taken as the allowable stress), d_. is the thickness of concrete
cover in inches measured from the extremé 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

"CRST 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.

Revised 12-80



6.4-5

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 ff = 4000 psi, n = 8.0, £5 = 20 ksi,
and concrete cover from center of steel = 2.5 in.

(a) Simple Bending

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

Solution: On ES-164, sheet 1 at moment My = M = 1L4.0 £t kips and
the balanced stress line, read d = 7.20 in. and A = Ag = 1.34 sq in.
A practical solution is @ = 7.5 in., % = 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 # @ 12 in. on centers.
Solution: d =8 — 2.5 = 5.5 in.; from BS-4 Ag = 0.20 sq in per ft

On ES-16k4, sheet 1 at effective depth 4 = 3.5 in. and
A=Ay =0.20 sq in., read M = Mg = 1.70 ft kips per Tt of width.

Problem: Find 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 % kips.

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

On ES-16k, sheet 1 at moment Mg = M = 26.4 £t kips and d = 12.5 in.,
read A = Ay = 1.k2 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)5 by using the transformed
section and the common flexure formula.

Solution;
lO"
A
M =22 ft kips
12'5" A.S = 1020 Sq in
| 2-#7
@ ®
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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.

may be located in several ways, but two are shown.

This

(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/)7.6
= 4.0k
Corrective Area 10.00 x 0.2k = 2.k 3.92 9.4
50.0 201.6/50_0
= 4.03"
(2) Direct solution for location of neutral axis. Balance the

10

[

12.5 t“‘“‘-N A,

12.5-x
5xZ + 9.6x

X

[ —— 3

1.20 x 8 = 9.6

Compute the Moment of Tnertia about the neutral axis.

%(10)(&.03)3 = 218
9.6(8.47)% 688
T = 906 in*

Compute the unit stresses.

Mx _ (22 x 12 x 1000) (4.0%)

fe =73 906

c

120
ll-.OBH

= 1170 psi < 1600 psi OK

£y = nM(d — x) _ 8(22 x 12)(8.47) _ 19 7 ket < 20 ksi OK

I 906

Revised 2-54

‘ moment of the compressive
[ g area and the moment of X
the transformed steel area
x about the unknown location
\ of the neutral axis.

(1ox)(§) = 9.6(12.5 — x)



5.

2.

6.7

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 £t of width.

Solution: On ES-164, sheet 1 at moment My = M = 65.0 ft kips and

d = 15.0 in., read required steel areas A = Ag = 3.0 sq in. and
A = 0.70 sq in.
From ES-46 select:

# @ L" on centers for tensile steel.
#8 @ 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 £t kips per ft of width
and a direct compressive force of 13.7 kips per ft of width.

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

Mg M+¥§: =15.5 +1§il}-2‘—3'—5=19-5ftkips

il

On ES-164, sheet 1 at moment Mg = 19.5 ft kips and d = 9.5 in.,
read A = 1.40 sq in.

N 13, .
ASV=A—§-5=1.1LO——§5Z=O.72 6q in.

From ES-U6 select:
#7 @ 10" on centers.

Problem: Same as problem (b)l except moment is 22.0 ft kips per ft

of width,
. Na" 13.7 x 3.5 .
Solution: Mg =M + 15~ = 22.0 + = = 26.0 ft kips

On ES-16k4, sheet 1 at moment Mgy = 26.0 ft kips and 4 = 9.5 in.,
read required areas A = 1.90 sq in and

Al = 0,70 sq in. Thus Ag = A — é% =1.90 — igéz = l.22 sq in.
From ES-U6 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:

wit stresses.

§g;ption:

Check the solution of problem (b)2 by computing the

Replace the moment, M = 22.0 ft kips and direct com-

pressive force N = 15.7 kips, by an equivalent eccentric compress-
ive Torce as shown.

b = 12"

d. - 9.511 N

2.5“
_+1  —

e
Aé:O.TE sq in

AS=1.25 sq in
@

13.7K
% s
,\ﬂ f} fc
Ql H
r{b—
ohd ] Ce
%Jls—l XJ . Cs
[ 1
7 [ g
_.\—--—>- " n
\ A
AN Ny
) :»T
fS
T

The force relations in terms of concrete stress are:

Ce L

it

2

Cs

I

il

T

= fobx = 6 fex

%(n — 1AL = fc(’-‘——'—‘f—'i)(n - 1)L = 5.0k (E-=-222)

2500y = (22 E)nag = 10.070(22E)

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

T(19.3 + 3.5) = Ce(13.3 + %) + Cg(13.3 + 2.5)

208 £(222%) = 6 £x(13.3 + ) + 9.6 fc(x—g—-@'i)

%2 + 39.9x% + 153.8x = 1188

therefore, by trial, x = 3.75 in.
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Summation of forces yields:

6 £(3.75) + 5.04 £o(2212 2823y _ 19 £,(2:2.23-15)

3.75 3.775
= 13700
therefore, fo = 1550 psi < 1600 psi 0K
fg = 8(1.550)(21%?755—5(2)
= 19.0 ksi < 20 ksi OK

(c) Bending and Direct Tensile Force

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

il

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

1"
My =M -1 =22.0 - 2:TX3:3 _ 18,0 £t kips

On ES-16%, sheet 1 at moment Mg = 18.0 ft kips and 4 = 9.5 in.,
read A = 1.28 sq in.

AS=A+%=1.28+1'2%Z=1.975qin

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

Problem: Determine the allowable total shear at the face of the

support of a uniformly loaded beam hsving 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: d =13 — 2.5 = 10.5 in.

On ES-16k4, sheet 2 at d = 10.5 in. and q = 1.2 kips per lineal L,
read Vg = 9.88 kips.
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5. Problem: Same as problem (d)1 except b = 8 in.
Solution: Compute ¢ for b =12 in., q = l.2(%§) =1,8 kips per
lineal ft.
On E3-164, sheet 2 at 4 = 10.5 in. and q = 1.8 kips per lineal ft,
read Vg = 10.4 kips. Compute Vg for b =8 in.,

Vg = 10.#(%) = 6.93 kips.

3, DProblem: Dstermine 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 £t carries a live load of 2.0 kips per sq ft.

Splution: For the first trial neglect dead weight; then q = 2.0 kips
per lineal ft and Vg = % ql = % x 2.0 x 12 = 12.0 kips. On ES-164,
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 ¢ = 2.0 + O.lBO(lEQ% L '5) = 2,19 kips per lineal ft, so that
Vs = % x 2.19 x 12 = 13.1 kips. On ES-16k, sheet 2 at Vg = 13.1 kips and

q = 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: Determine 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 £0 = 1.96 in. and the line for #5 bars, read

V/d = 0.83 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 1f #5 bars
are used to reinforce a one-way cautilever slab having t = 15 in.
and V = 11.9 kips per £t of width.

Solution: d = 15 — 2.5 = 12.5 in.; V/d = %‘% - 0.95 kips per in.

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(%i%%) = 7.45 in.
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(£) Temperature and Shrinkage Steel

1. FProblem: 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: #4 @ 6", #5 @ 9",

#6 @ 13", or #7 @ 18". Tor the unexposed face, the minimm value

of py is 0.001. Thus from ES-L7 any of the following might be
selected: #3 @ 6", #4 @ 12", or #5 @ 18". Note that ES-16h4, sheet 1
can be used to determine the required areas of T and S steel; i.e.,
for 4 = 16 — 2.5 = 13.5 in. and py = 0.002 read Az = 0.38 sq in. per
ft, similarly for p; = 0.001 read Ay = 0.19 sq in. per ft.

Revised 9-64






STRUCTURAL DESIGN:

REINFORCED CONCRETE DESIGN

WORKING STRESS DESIGN
ALLOWABLE STRESSES

ALLOWABLE WORKING STRESSES IN CONCRETE

Description
(Stresses in psi)

Class of Concrete

Any

5000 | L4000 | %000 | 2500

Compressive strength

Modular ratio, for concrete
weighing 145 pcf *

fe
505.%

5000 LOOO | 3000 | 2500

T 8 9 10

&

Flexure:
Ixtreme fiber stress in
compression
Extreme fiber stress in
tension in plain concrete

0.40£¢
1.6*J;%

2000 1600 | 1200

88

1000

113 102 80

Shear (computed as V/bd as a
measure of diagonal tension):

Beams - shear at a distance [d]
from the face of the support:
Beams with no web reinforcement
Beams with properly designed
web reinforcement

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

1.1V8g

5.0 \/’EZ':

2.0vg0 | 1

T8 70 60 55

354 316 274 250

126 110 100

Flexural Bond (deformed bars,
sizes $ #11):
Tension top bars

All other tension bars

=1

(D

3.4J88/D = 350
4.8Vs1/p = 500

= mominal diameter of bar, inches)

* n is taken to nearest whole number

ALLOWABLE WORKING STRESSES [N REINFORCEMENT

Description
(Stresses in psi)

Grade of Steel

40, 50, or 60

In tension: fs 20000
In compression:
flexural members fe 20000
columns fg 16000
REFERENCE

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN SECTION

STANDARD DWG, NO.
" ES-160
sHeeT 1 _oF _3_

DATE 7-64

Revised 8-80




STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN
WORKING STRESS DESIGN
ALLOWABLE BOND STRESSES

Allowable Flexural Bond Stress, psi

Class Bar Size
Description of
Concrete| #3 #U #5 #6 #1 #8 #9 #10]| #11
5000 350 | 350 | 350 | 321 | 275 | 241 | 21k 192} 175
Tension %000 350 | 350 | 342 | 287 | 246 | 215 | 191 172} 156
g:fs 3000 | 350 | 350 | 298 | 248 | 213 | 186 | 165 | 1hk9| 135
2500 350 | 340 | 272 | 227 | 19k | 170 | 151 136f 124
A1l 5000 500 | 500 | 500 | k5L | 389 | 340 | 302 212| 247
Other
Tension Looo 500 500 | L8T 405 347 30k | 270 24k3| 221
Bars 3000 500 | 500 | 422 | 351 | 300 | 263 | 23k 211{ 192
2500 | 500 | 480 | 384 | 320 | 27h | 2b0 | 213 | 192| 1Tk
Flexural Bond Stress
u = v
Lojad
V = total shear at the section under investigation, lbs.
To = sum of perimeters of the longitudinal tension bars at the section,
inches, if all bars are the same size; for mixed sizes, substitute
L AS/D, where A, is total longitudinal tension steel area and D is
the largest bar diameter.
3 = ratio of distance between resultant compression and tension forces
to the depth, d. Usually taken as T/8 for these computations.
d = effective depth, inches.

Flexural bond stress is not considered in compression.

e 'STANDARD DWG. NO.
U. 5. DEPARTMENT OF AGRICULTURE | o
SOIL CONSERVATION SERVICE sheer 2 oF _3

ENGINEERING DIVISION . DESIGN SECTION| DATE 7-64

Revised 8-80




STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN
WORKING STRESS DESIGN

DEVELOPMENT LENGTHS

. Development Length, inches
; Class Bar Size
: Description of
Conerete | #3 #4 #5 #6 #7 #8 #9 #10 | #11
5000 12 12 1h 17 20 25 32 ho | 49
Tension Looo 12 12 1k 17 21 28 35 ks | 55
gg?i 3000 12 12| a8 25 | 32 | m1 5o | 6b
2500 12 12 1k 20 27 36 L5 51| 70
A1 5000 12 12 12 12 1L 18 23 ‘ 29 | 35
Other 14000 12| 12| 12| 12| 15 | 20 | 25 32| 4o
Tension
Bars 3000 12 12 12 13 18 23 29 37| 46
2500 12 12 12 1k 19 25 32 41 | 50
5000 8 8 8 9 11 12 ik 161 17
A1l 4000 8 8 10 11 13 15 161 18
Comﬁiziflon 3000 8 8 11 | 13| 15 | 16 18{ 20
2500 8 8 10 12 1h 16 18 20| 22
Notes:

(a) Development lengths are given for design yield strength.
fy = 40 ksi

(b) Tension bars spaced laterally not less than 6 inches on center,
and bars with at least 3 inches clear from face of member to

first bar may use 0.8 development lengths shown but not less
than 12 inches.

(c) See ES-227, sheet 3 of 3 for lapped splice lengths.

REFERENCE, STANDARD DWG. NO.
U. S. DEPARTMENT OF AGRICULTURE ES-160
SOIL CONSERVATION SERVICE
SHEET__ 3 ofF_3
ENGINEERING DIVISION - DESIGN SECTION! oparte o 1-64

Revised 8-80






STRUCTURAL DESIGN: Reinforced Concrete Design
Strength Design
Lap Splices in Reinforcement

Lapped Splice Lengths, inches
Grade Class Class Bar 8Size
of Description of of
Steel Concrete |Splice [#3 # #5 #6 #7 # # #0 #11
A 12 15 19 23 27 30 34 38 46
6000 B 16 16 19 23 27 30 38 48 59
c 21 21 2% 29 3% 39 50 63 77
A 12 15 19 2% 27 30 3% 41 50
5000 B 16 16 19 235 27 33 42 53% 65
C 21 21 24 29 34 43 sh 69 85
Tension A 12 15 19 23 27 30 3 L5 56
Top 4000 B 16 16 19 23 28 37 47 59 72
Bars c 21 21 24 29 37 8 61 77T 95
A 12 15 19 23 27 33 41 52 64
%000 B 16 16 19 24 32 43 54 68 83
C 21 21 24 31 42 55 70 89 109
A 12 15 19 2% 27 3 45 57 70
2500 B 16 16 19 26 35 47 59 T4 91
c 21 21 24 34 ¥ 61 77 97 119
A 12 15 19 23 27 30 3 38 b2
4o 6000 B 16 16 19 23 27 30 34 38 42
c 21 21 21 2% 27 30 36 LUk 55
A 12 15 19 2% 27 30 3 3B L2
5000 B 16 16 19 23 27 30 34 38 46
C 21 21 21 23 27 31 39 k49 61
Oi;Alhl A {12 15 19 23 27 30 3% 38 k2
T er 4000 B 16 16 19 23 27 30 %% 42 52
ension c 21 21 21 23 27 3% A 55 68
Bars
A 12 15 19 23 27 30 34 38 L6
3000 B 16 16 19 23 27 31 38 49 60
C 21 21 21 23 30 4 50 64 78
A 12 15 19 23 27 30 34 4 50
2500 B 16 16 19 23 27 33 42 53 65
o 21 21 21 24 33 L4 s55 70 85
6000 12 12 15 18 21 24 27 30 33
ALl 5000 12 12 15 18 21 24 27 30 33
Compression 4000 12 12 15 18 21 24 27 30 3%
Bars 3000 12 12 15 18 21 24k 27 30 33
2500 16 16 20 24 28 32 36 40 4y

Tension bars spaced laterally not less than 6 inches on center, and bars
with at least 3 inches clear from face of member to first bar may use 0.8
lap lengths shown but not less than 12 inches.

-

REFERENCE U.S. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO.
SOIL CONSERVATION SERVICE ES-227
SHEET30F 3
ENGINEERING DIVISION - DESIGN UNIT DATE 1279







WORKING STRESS DESIGN

fo= 2500 psi

STRUGTURAL DESIGN: REINFORCED CONCRETE DESIGN,
BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE.

FOR 12 INCH WIDTH

Equivalent moment, Mg, foot - kips

s Saont

s SRRy
e e

Effective depth »d, inches

e Y
e g I s
ER e gy o SRR

The portion of the chart to the
left of the Balanced Stress Line

is for singly reinforced sections.

The tensile steel is stressed to

its allowable limit; the concrete L.
is stressed below its allowable

limit.

The portion of the chart to the
right of the Balanced Stress Line
is for doubly reinforced sections.
Both the tensile steel and the
concrete are stressed to their

allowable limits.

. or without compressive steel.

CHART CONSTANTS
£& = 2500 psi
n = 10.1
fo = 1000 psi
fg = 20,000 psi

NOMENCLATURE
M = Bending moment--ft kips
Ag = Area of tensile steel--sqg. in.
AL = Area of compressive steel--sq. in.

d = Bffective depth--inches
Py = Temperature and shrinkage steel

(When using

ratio = m .
either p; curve, mentally redesig-
nate A as Ag.)
CONDITIONS FOR WHICH CHART APPLIES:
b = 12
Ml — ~_f T
T_ [ ] Aé‘ M N
d e ———r — @
% e
L f h 2
S __4 e

n
Sections having moment only, with or without

compressive steel.

Mg =M; Ay = A
Sections having moment and direct force, with

a. Moment and compression force:
N

E:

the solution does not apply if Ag < O.
b. Moment and tension force:

N

N"
MS:M—TQ'; AS=A+§6

= A—

STANDARD DWG. NO.

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

ES- 161
SHEET_1 OF _3

DATE 4-64

ENGINEERING DIVISION - DESIGN SECTION

REFERENCE




f;=2500 psi
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STRUCTURAL DESIGN: REINFORCED CONGCRETE DESIGN, WORKING STRESS DESIGN.
ALLOWABLE TOTAL SHEAR AT FACE OF SUPPORT OF UNIF

12ved

~ 1000

BEAM WITHOUT WEB REINFORCEMENT.

lEEVC

(1.+
Vg = allowable total shear

Vs

ntrated load, and

(2) the unit load is con

1s valid if, within the interval [4]:
stant.

(1) there is no conce

Solution

T support, kip
ance equal to [d]
psi

at face of suppor

hes
1

stress
of support = 1.1

= allowable shear
from face
d = effective depth, inc
4 = unit load, kips per

Ve

. AGRICULTURE
SOIL CONSERVATION SERVICE

U. S. DEPARTMENT OF
ENGINEERING DIVISION - DESIGN SECTION




STRUCTURAL DESIGN: REINFORCED GCONGRETE DESIGN, WORKING STRESS DESIGN.
PERIMETER OF TENSILE REINFORCEMENT REQUIRED FOR FLEXURAL BOND.
FOR 12 INCH WIDTH

f¢=2500 psi

Tension Top Bars

Tension Bars Other Than Top Bars

Lo = required perimeter of tensile u = allowable bond stress, psi
Yo = 8OOO(V/d) reinforcement at the section, inches For tension top bars u = 3.4 fFi/D s 350
T Tu V = total shear at the section, kips ; _ 5 <
4 = effective depth, inches For tension bars other than top bars u = 4.8 JE&/D s 500

REFERENCE

AG! Building Code (ACI 318 -63)

U. 8. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN SECTION

STANDARD DWG. NO.
ES- 161
SHEET 3 OF_3
DATE __7-64




STRUGTURAL DESIGN: REINFORCED CONCRETE DESIGN, WORKING STRESS DESIGN
BENDING ONLY OR BENDING GOMBINED WITH DIREGT FORCE. fc =3000psi
FOR 12 INCH WIDTH
Equivaient moment, Mg, foot- kips
30
28 o
26 |0
24 ;;{,’37:,;
20 .
\‘\'@0

e}

Effective depth, d, inches

The portion of the chart to the
left of the Balanced Stress Line

The tensile steel is stressed to
its allowable limit; the concrete
is stressed below its allowable

limit.

The portion of the chart to the
right of the Balanced Stress Line

Both the tensile steel and the
conerete are stressed to their
allowable limits.

is for singly reinforced sections.

is for doubly reinforced sections.

CHART CONSTANTS

@ f& = 3000 psi
o =9.2

fe = 1200 psi
Ty = 20,000 psi
NOMENCLATURE

M = Bending moment--ft kips

Ag = Area of tensile steel--sq. in.

Aé = Area of compressive steel--sg. in.
4 = Effective depth--inches

Py = Temperature and shrinkage steel

ratio = 5(@s2.5) (When using

either py curve, mentally redesig-
nate A as Ag.)

CONDITIONS FOR WHICH CHART APPLIES:

.li_f_gfq - EiPS
T % My XN
d 2% As ( - i“ E@
LN ] f { 2
e g

. Sections having moment only, with or without

compressive steel.
Mg =M; Ag=A

. Sections having moment and direct force, with

or without compressive steel.
a., Moment and compression force:

Mg =M+ mar, Ay = A— X
o 12’ - 20’

the solution does not apply if Ag < O.
b. Moment and tension force:

na" N

Mg =M- B A = A+ 50

REFERENCE

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN SECTION

STANDARD DWG. NO
ES- 162
SHEET _1 OF _3
DATE _4-64




fs =3000 psi

WORKING STRESS DESIGN.

ALLOWABLE TOTAL SHEAR AT FAGCE OF SUPPORT OF UNIFORMLY LOADED
INCH WIDTH.

REINFORCED CONCRETE DESIGN,

WITHOUT WEB REINFORCEMENT.

BEAM

STRUCTURAL DESIGN:

FOR 12
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, WORKING STRESS DESIGN.
PERIMETER OF TENSILE REINFORCEMENT REQUIRED FOR FLEXURAL BOND.
FOR 12 INCH WIDTH

fc = 3000 psi

Tension Top Bars Tension Bars Other Than Top Bars

Lo
S

/i Poaif.

%o = required perimeter of tensile u = allowable bond stress , psi
8000 reinforcement at the section, inches For tension top bars u = 3.4 /F£1/D = 350
o = Ta <V/d) V = total shear at the section, kips °
d = effective depth, inches For tension bars other than top bars u = L.8 /Fi/D s 500

REFERENCE

ACI Building Gode (AGI 3!8 -63)

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE

ENGINEERING DIVISION - DESIGN SECTION

STANDARD DWG. NO.
ES-162

SHEET 3 OF_3
DATE __7-64




STRUCTURAL DESIGN:
BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE.

REINFORCED CONCRETE DESIGN, WORKING STRESS

FOR 12 INCH WIDTH

DESIGN

f.=3500 psi

Equivalent moment, Mg, foot - kips
R R

N
. ., . . i’ ‘\\\\ "
,‘\ “\‘( \
Y
N Vo
< N

Effective depth, d, inches

ot CHART CONSTANTS
. . £& = 3500 psi
« N n - 8.5
& = S y fe = 1400 psi
9 - V’(/ - {; : 'f i g 3 /" . X N fg = 20,000 psi
: /’ AN N U ¥ T o ¥ - * R
by gt % b : NOMENCLATURE
. : ! f i . BN AR M = Bending moment--ft kips
8 (u')\ fodg o N XN ARCTANRN Ag = Area of tensile steel--sq. in.
s | AN i ) " NAX N ™ Al = fArea of compressive steel--sq. in.
o v I 74 ¢ . “ 7\ A0
g 0 o ‘S o Xe 2V ) d = Effective depth--inches
7 * {‘ : S o {0 Py = Temperature and shrinkage steel
: /‘O R \ . ratio = bla+2.5) " (When using
< /os \\ either p, curve, mentally redesig-
S éfo y \o nate A as Ag.)
6 8 )
%4 % 8-6\3 CONDITIONS FOR WHICH CHART APPLIES:
. .o b =12
W — ~ - fo
r—® '.
5 a T % M( I ¢
The portion of the chart to the ez i 3
left of the Balanced Stress Line xx £ : 2
is for singly reinforced sections. -8 _,{ }‘_
The tensile steel is stressed to . X a . .
its allowsble limit; the comcrete 1. Sectlons‘hav:.ng moment only, with or without
a is stressed below its allowable compressive steel.
“ limit. Mg =M; A5 =4A
2. Sections having moment and direct force, with
3 or without compressive steel.
The portion of the chert & a. Moment and compression force:
right of the Balanced Stress Line Na" N
is for doubly reinforced sections. Mg =M+ 153 Ag = A— 20°
Both the tensile steel and the the solution does not apply if A < O.
+ 5 d to their Pp
concrete are stresse b. Moment and tension force:
3 allowable limits. Mo - M- Na" s N
s = 125 A =4+5g
REFERENCE STAND
U. S. DEPARTMENT OF AGRICULTURE ARD DWG. NO.

SOIL CONSERVATION SERVICE
ENGINEERING DIVISION : DESIGN SECTION

ES- 163
SHEET_1 OF _3
DATE 4-64




3500 psi

c:

f

OADED

FOR 12 INCH WIDTH.

REINFORCED CONGRETE DESIGN, WORKING STRESS DESIGN.
SHEAR AT FACE OF SUPPORT OF UNIFORMLY L

BEAM WITHOUT WEB. REINFORCEMENT.

STRUCTURAL DESIGN:
ALLOWABLE TOTAL

= unit load, kips per lineal foot
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Allowable Shear Diag
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STANDARD DWG. NO.
ES- 163

SHEET _2  OF
DATE __7_64

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
ENGINEERING DIVISION - DESIGN SECTION

q

ACl Building Code (AC| 318-63)

REFERENCE




STRUCTURAL DESIGN: REINFORGCED CONCRETE DESIGN, WORKING STRESS DESIGN.
PERIMETER OF TENSILE REINFORCEMENT REQUIRED FOR FLEXURAL BOND. fe=3500 psi
FOR 12 INCH WIDTH

Tension Top Bars Tension Bars Other Than Top Bars

2o = required perimeter of tensile u = allowable bond stress, psi
5o - BOOO(V/d) reinforcement at the section, inches For tension top bars u = 3.4 /FL/D = 350
T Tu V = total shear at the section, kips . _ - <
d = effective depth, inches For tension bars other than top bars u = 4.8 /F1/D s 500

REFERENCE U. S. DEPARTMENT OF AGRICULTURE ETSANlpggD DWG. NO.
AC! Building Code (ACI 3i8 - 63) SOIL CONSERVATION SERVICE SHEET 3 OF 3.

ENGINEERING DIVISION - DESIGN SECTION DATE 7-64




STRUCTURAL DESIGN: REINFORCED CONGCRETE DESIGN, WORKING STRESS DESIGN £ - 4000 psi
BENDING ONLY OR BENDING COMBINED WITH DIREGT FORCE. ¢ P
FOR 12 INCH WIDTH

Equivalent moment, Mg, foot - kips

CHART CONSTANTS

fe = 1000 psi

n =8.0

feo = 1600 psi
Ty = 20,000 psi

Effective depth, d, inches

NOMENCLATURE

M = Bending moment--ft kips
8 Ay = Area of tensile steel--sq. in.
Aé = Area of compressive steel--sq. in.
d = Effective depth--inches
Py = Tempersture and shrinkage steel
: ratic = 5{a+2.5) (When using
Q either Py curve, mentally redesig-
o nate A as Ag.)
6 CONDITIONS FOR WHICH CHART APPLIES:
b =12
4 -4——.—->i — rq— fc
RN My N
o (=t
5 The portion of the chart to the 2 Z artt
left of the Balanced Stress Line s £ ; 2
is for singly reinforced sections. s ] b
i 1 is stressed to o
gz Zi;ﬁ:«iﬁliti;ﬂii? ihe concrete 1. Sections having moment only, with or without
> Py
is stressed below its allowable compressive steel.
limit. Mg = M; A5 =4
4 2. Sections having moment and direct force, with
X or without compressive steel.
The portion of the chart to the a. Moment and compression force:
right of the Balanced Stress Line Na" N
is for doubly reinforced sections. Mg =M+ 5 As=4- 30?
Both the tensile steel and the the solution does not apply if Ay < O.
concrete are stressed to their b. Moment and tension force:
gllowable limits. Na" N
3 MS =M 12; AS = A+ 20
REEERENCE

STANDARD DWG. NO.
U. S. DEPARTMENT OF AGRICULTURE ES- 164

SOIL CONSERVATION SERVICE SHEET 1 OF 3
ENGINEERING DIVISION - DESIGN SECTION DATE _ 4-6a




fe=4000 psi

REINFORCED CONCRETE DESIGN, WORKING STRESS DESIGN.

ALLOWABLE TOTAL SHEAR AT FACE OF SUPPORT OF UNIFORMLY LOADED

STRUCTURAL DESIGN:

12 INCH WIDTH.

FOR

BEAM WITHOUT WEB REINFORCEMENT.

[ 2

TT7

Hl
L.

I

b

-
127

+ v 3 P YV IT T TV ¢ 1 D)

lll-)-l-Vc
allowable total shear at face of support, kips

(1 4+ 1000q,

12v.a
Vs = 1600

Beam Elevation

e interval [d]:
d load, and

ant.

(1) there is no concentrate
(2) +the unit load is const

Solution is valid if, within th

1.1 /el psi

from face of support

allowable shear stress at distance equal to [d]
= effective depth, inches

Vs
ve

d
q

Allowable Shear Diagram
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AC! Building Code (ACI| 318-63)




STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, WORKING STRESS DESIGN.
PERIMETER OF TENSILE REINFORCEMENT REQUIRED FOR FLEXURAL BOND.
FOR 12 INCH WIDTH

fo = 4000 psi

Tension Top Bars

Tension Bars Other Than Top Bars

20 = required perimeter of tensile u = allowable bond stress, psi
Yo — 8OOO(V/d) reinforcement at the section, inches For tension top bars u = 3.4 /FL/D = 350
T Tu V = total shear at the section, kips . _ . <
d = effective depth, inches For tension bars other than top bars u = 4.8 /F1/D s 500
REFERENCE U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO.
ACl Building Code (ACI 318 ~63)

SOIL CONSERVATION SERVICE
ENGINEERING DIVISION - DESIGN SECTION

ES- 164
SHEET_3 OF 3
DATE__7-64




STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, WORKING STRESS DESIGN
BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE. fe= 4500 psi
FOR 12 INCH WIDTH

Equivalent moment, Mg, foot- kips
N o0 N

60_ e ._,‘;__‘._ ] _\_ A YIS NS S ﬁ_'._.M‘.

CHART CONSTANTS

Effective depth, d, inches

£¢ = 4500 psi
no=17.5
fc = 1800 psi
fgy = 20,000 psi
NOMENCLATURE
/ M = Bending moment--ft kips
8- i N Ag = Area of tensile steel--sq. in.
o o Al = Area of compressive steel--sq. in.
S d = Effective depth--inches
7 O.s D = Temperature and shrinkage steel
/ /N .- S .
‘0 N ratio = 5(@12.5) (When using
< /.5 & either p, curve, mentally redesig-
S S nate A as Ag.)
6 RS
. /'0 -$ CONDITIONS FOR WHICH CHART APPLIES:
) 3:0 b =12 £
I —~_p— fo
oalt Myr N 7
5- d ol ( - ¢
The portion of the chart to the 2 Ai" t
left of the Balanced Stress Line cee £ ; 2
is for singly reinforced sections. s ] —
The tensile steel is stressed to 5 i n R .
its allowable limit; the concrete 1. Sectlons.hava_ng moment only, with or without
is stressed below its allowable compressive steel.
4 limit. Mg =M; Az =A
2. Sections having moment and direct force, with
. or without compressive steel.
The portion of the chart to the a. Moment and compression force:
right of the Balanced Stress Line Na" N
is for doubly reinforced sections. Mg =M+ T55 Ag = A- 26?
Both the tensile steel and the the solution does not apply if Ag < O.
. concrete are stressed to their b. Moment and tension force:
3 ) allowable limits. Na N
MS:M_—lT?—; AS=A+%
REFERENCE .
U. S. DEPARTMENT OF AGRICULTURE ) EEAN?QZD DWG. NO.
SOIL CONSERVATION SERVICE i
.SHEET _1 OF _3

ENGINEERING DIVISION - DESIGN SECTION
. DATE __4_64




STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, WORKING STRESS DESIGN.
ALLOWABLE TOTAL SHEAR AT FACE OF SUPPORT OF UNIFORMLY LOADED

REINFORCEMENT. FOR 12 INCH WIDTH.

BEAM WITHOUT WEB
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fe = 4500 psi

STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, WORKING STRESS DESIGN.
PERIMETER OF TENSILE REINFORCEMENT REQUIRED FOR FLEXURAL BOND.

FOR 12 INCH WIDTH
Tension Bars Other Than Top Bars

Tension Top Bars

20, inches

ba,

##H
T

u = 3.4 /E/D = 350

u = allowable bond stress, psi

For tension top bars
For tension bars other than top bars u = 4.8 /FL/D s 500

Yo = required perimeter of tensile
reinforcement at the section, inches

= total shear at the section, kips
STANDARD DWG. NO.

8000
Lo = == (v/a) -
d = effective depth, inches
U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE ES- 165
SHEET_3 OF 3
DATE__7-64

ENGINEERING DIVISION - DESIGN SECTION

REFERENCE

AC! Building Code (ACI 318 -63)




STRUCTURAL DESIGN:

REINFORCED CONGRETE DESIGN,
BENDING ONLY OR BENDING GCOMBINED WITH DIRECT FORGCE.

INCH WIDTH

WORKING STRESS DESIGN

f,=5000 psi

Equivalent moment, M., foot- kips

Effective depth, d, inches

CHART CONSTANTS
o = 5000 psi
n =7.1
fe = 2000 psi
Ty = 20,000 psi

NOMENCLATURE

Bending moment--ft kips
Area of tensile steel--sq. in.
Aé Area of compressive steel--sqg. in.

=
no

It

o
ol d = Effective depth--inches
7 Py = Temperature and shrinkage steel
ratio = b——(d+2.5) + (When using
either Py curve, mentally redesig-
nate A as Ag.)
6
CONDITIONS FOR WHICH CHART APPLIES:
b =12
¢ F— - - fe
T~ L d
5 T M( A ¢
The portion of the chart to the 2z i ©
left of the Balanced Stress Line ccee £ : 2
is for singly reinforced sections. =3 _.{ }.__.
The tensile steel is stressed to X X o X .
its allowable limit; the concrete 1. Sectlons.havz.ng moment only, with or without
is stressed below its allowable compressive steel.
4- limit. Mg =M; Ay =A
2. Sections having moment and direct force, with
. or without compressive steel.
The portion of the chart fo the a. Moment and compression force:
right of the Balanced Stress Line Nar N
is for doubly reinforced sections. Mg =M+ o5 As=4A- 267
Both the tensile steel and the the solution does not apply if < 0.
£ 4 to thei e
concrete gre stressed to their b. Moment and tension force:
3 allowable limits. ) u- Na" A N
s = 125 A =4A+5
REFERENCE STANDARD DWG. NO.

U. 8. DEPARTMENT OF AGRICULTURE ES- 166
SOIL CONSERVATION SERVICE ;
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fe = 5000 psi

se

REINFORCED CONCRETE DESIGN, WORKING STRESS DESIGN.

ALLOWABLE TOTAL SHEAR AT FACE OF SUPPORT OF UNIFORMLY LOADED

STRUCTURAL DESIGN:

FOR 12 INCH WIDTH.

BEAM WITHOUT WEB REINFORCEMENT.
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valid if, within the interval [d4]:
constant.

ere is no concentrated load, and

(1) th
(2) the

unit load is

Solution is

equal to [d]

1.1 fe,

= unit load, kips per lineal foot

psi

1000q
(3 + T3,
allowable total shear at face of support, kips
from face of support =

= effective depth, inches

c = allowable sghear stress at distance

Beam Elevation
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= 5000 psi

fe

REINFORCED CONCRETE DESIGN, WORKING STRESS DESIGN.

PERIMETER OF TENSILE REINFORCEMENT REQUIRED FOR FLEXURAL BOND.

STRUCTURAL DESIGN :

INCH WIDTH

4

FOR

Tension Bars Other Than Top Bars

Tension Top Bars

u = 3.4k /FL/D = 350

For tension bars other than top bars u = 4.8 JE&/D = 500

For tension top bars

u = allowable bond stress, psi

reinforcement at the section, inches
total shear at the section, kips

effective depth, inches

20 = required perimeter of tensile

Vv
d

(v/a)

8000
Tu

ZO:

v Ioq L

STANDARD DWG. NO.
ES- 166
SHEET_3

DATE

OF_3

7-64

U. S. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
ENGINEERING DIVISION - DESIGN SECTION

REFERENCE

AC! Building Code (AGI 318 -63)




= 5500 psi

fe

REINFORGED CONCRETE DESIGN, WORKING STRESS DESIGN

BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE .

.
.

STRUCTURAL DESIGN

INCH WIDTH

12

FOR

Equivalent moment, Mg, foot-kips

\0?

0

CHART CONSTANTS

1

[

5500 psi

= 6.8

n

2200 psi

fe

fg = 20,000 psi

NOMENCLATURE

M = Bending moment--ft kips

Area of compressive steel--sq. in.

Area of tensile steel--sq. in.
= Bffective depth--inches
D, = Temperature st shrinkage steel
“v(a+2.5)

A
A

a

« {When using

either Py curve, mentally redesig-

nate A as Ag.)

ratio
CONDITIONS FOR WHICH CHART APPLIES:

| pe e

is for singly reinforced sections.

The portion of the chart to the
left of the Balanced Stress Line
The tensile steel is stressed to

sayodul ‘p ‘yyde

n

P 8A1199)3

L. Sections having moment only, with or without

the concrete

is stressed below its allowable

its allowable limit;
limist.

3

A
2. Bections having moment and direct force

= M; Ay =

compressive steel.
Mg

N0 S v

4

fy
N

with

2

Ay = A=

a. Moment and compression force:
Mg =M +

or without compressive steel.

The portion of the chart to the
right of the Balanced Stress Line

3

S S 4
BN ST AN RN AV
D N Y N 4

I
ol
|

Bl
207

the solution does not apply if

Nd"
1z
b. Moment and tension force:

is for doubly reinforced sections.

Both the tensile steel and the

A < O,

OF

STANDARD DWG. NO.
ES- 167
SHEET_1

4

DATE

U. 8. DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE
ENGINEERING DIVISION - DESIGN SECTION

concrete are stressed to their

allowable limits.

REFERENCE




fe =5500 psi

STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, WORKING STRESS DESIGN.

FOR 12 INCH WIDTH.

ALLOWABLE TOTAL SHEAR AT FACE OF SUPPORT OF UNIFORMLY LOADED
BEAM WITHOUT WEB REINFORCEMENT.

ncentrated load, and
stant.

is valid if, within the interval [d]:
th
(2) +the unit load is con

(1)

Solution

)
shear at face
stress

1000
lEHVc

1

f

pth

Vg = allowable tot

N
aaaaa

(1 +

12ved
= 1000
¢ = allowable shear

Vs
v
d = effective de
q

GRICULTURE

U. S. DEPARTMENT OF Al

SOIL CONSERVATION SERVICE

IGN SECTION

ENGINEERING DIVISION - DES




= 5500 psi

fo=

REINFORCED GONGRETE DESIGN, WORKING STRESS DESIGN.

PERIMETER OF TENSILE REINFORCEMENT REQUIRED FOR FLEXURAL BOND.

STRUCTURAL DESIGN :

12 INCH WIDTH

FOR

Tension Bars Other Than Top Bars

Tension Top Bars

u = 3.4 /TE/D = 350

For tension bars other than top bars u = 4.8 /FL/D s 500

= gllowable bond stress, psi
For tension top bars

u

reinforcement at the section, inches
total shear at the section, kips

effective depth, inches

Zo = required perimeter of tensile

8000
Tu <V/ a) v
d

Zo
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AC! Building Code (ACI 318 -863)




STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN, WORKING STRESS DESIGN
BENDING ONLY OR BENDING COMBINED WITH DIRECT FORCE.
FOR 12 INCH WIDTH

fec=6000psi

Equivalent moment, Mg, foot- kips

® 1 o o°®

Effective depth, d, inches

The portion of the chart to the
left of the Balanced Stress Line

The tensile steel is stressed to
its allowable limit; the concrete
is stressed below its allowable
1imit.

The portion of the chart to the
right of the Balanced Stress Line

Both the tensile steel and the
concrete are stressed to their
allcwable limits.

is for singly reinforced sections.
. Sections having moment only, with or without

. Sections having moment and direct force, with

is for doubly reinforced sections.

CHART CONSTANTS

fi = 6000 psi
n = 6.5

fe = 2400 psi
fy = 20,000 psi

NOMENCLATURE
Bending moment--ft kips
Area of tensile steel--sg. in.
Area of compressive steel--sq. in.

Effective depth--inches
Temperature and shrinkage steel

| AT T [

ratio = b(a+2.5) " (When using

either py curve, mentally redesig-
nate A as Ag.)

CONDITIONS FOR WHICH CHART APPLIES:

it e T
o Mo N
d 2% (-‘_-A_— in Eg
e Q0 2
e L
ke

compressive steel.
MS = M; AS = A

or without compressive steel.
a. Moment and compression force:
na" N
Mg =M+ =% As=A_E’
the solution does not apply if Ag < O.
b. Moment and tension force:

na" N
Mg =M 153 AS:A+20

3
REFERENCE
U. S. DEPARTMENT OF AGRICULTURE E’;‘N Dl"e*;g DWG. NO.
SOIL CONSERVATION SERVICE SHéET ! o 3

ENGINEERING DIVISION - DESIGN SECTION DATE 464




fe=6000 psi

STRUCTURAL DESIGN:

REINFORCED CONCRETE DESIGN, WORKING STRESS DESIGN.

ALLOWABLE TOTAL SHEAR AT FACE OF SUPPORT OF UNIFORMLY LOADED

FOR 12 INCH WIDTH.

BEAM WITHOUT WEB REINFORCEMENT.
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= 6000 psi

fe=

REINFORCED CONGCRETE DESIGN, WORKING STRESS DESIGN.

- PERIMETER OF TENSILE REINFORCEMENT REQUIRED FOR FLEXURAL BOND.

STRUCTURAL DESIGN:

12 INCH WIDTH

FOR

Tension Bars Other Than Top Bars

Tension Top Bars

= allowable bond stress, psi

u

Lo = required perimeter of tensile

u = 3.4 /FL/D = 350

For tension bars other than top bars u = 4.8 /FL/D = 500

For tension top bars

reinforcement at the section, inches
total shear at the section, kips

effective depth, inches

8000
= (v/a) -
a

ZO:

STANDARD DWG. NO.
ES- 168

SHEET_3 OF 3

7-64

DATE

SOIL CONSERVATION SERVICE
ENGINEERING DIVISION - DESIGN SECTION

U. S. DEPARTMENT OF AGRICULTURE

REFERENCE

ACI Building Code (ACI 318~-63)
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STRUCTURA

L DESIGN:

TYPICAL BAR TYPES

REINFORCED CONCRETE
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1. All dimensions are out to ouf of baor:

J* dimension on 180° hooks to be shown only where
necessary to restrict hook size. Otherwise, sftarn-
dord hooks are fo be used.
Where "J"is not shown, "J " will be CIIN_ 1
kepl equal to or less than “HY Where

¥ can exceed “HYif should be shown,
‘H"dimension on stirrups fo be showrn where nec-
essary fo restrict hooks.
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stondard bending folerorices, bending dimensions
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Figures in crircles show types,
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STRUCTURAL DESIGN:

REINFORCED CONCRETE

STANDARD HOOK DETAILS,AC! CODE

RECOMMENDED SIZES OF 180°HOOK  |gor size| 70°% Approx.
AorG J H
Delarling dimension - O AorG 7
f L ___j 3 4 3 3
f A *4 6 4 | 4z
{
B R 4 *5 7 5 5
2 E]
4d Mn. 3 ] 6 54
o #y /0 7 77
K /- 10 9
D=6d for *#3 thru *7 *9 13 | wi | 107
A 3
D =8d for *8 thru *1I 0 | 15 |roz | vz
#1/ 8 724 | 1-27
MINIMUM SIZES OF 180° HOOK sor size | 9% Approx
AoréG J H
D= 5d Min. #3 4 23 3
D = 11d Mox. 14 5 | 3% | 33
% 6 47 | ¢z
i 8 57 67
*7 9 c: | ¢f
NOTE: This table to be used only y 4 4
for special conditions where hook & /0 7 7z
smaller thon recommended sizes # 4
X ) 9 /2 8 9z
/s necessary. Nol oppropriate ror p 3
hard grades of steel. /0 /-1 8% 10
7% /-2 0 | 108
RECOMMENDED SIZES Sor Size | 1OOK |ARPrOX.
& MINIMUM SIZES OF S0° HOOK AorG | J
*
Deltailing oimensron - 0 AorG 3 S 6/
! '_; | *4 7 8%
L D ————| 3
! 5 9 107
k) > - -
S c 10 /-0
NS D=7df *7 10 | 1-2F
IS ” 3
~ 8 1-2 | /-4
*g /-4 /-7
#10 /-6 | 1-9F
#1 /-8 | 2-0
REFERENCE STANDARD DWG. NO.
U. S, DEPARTMENT OF AGRICULTURE
NAc/ Standara FIE5-45 SOIL CONSERVATION SERVICE ‘ES -20
ENGINEERING STAN N SHEET : o€ I
h h DARDS UNIT DATE 4-18-50

Pevrsed 12-22-5%0 '~






6.4-11

"(d) Do's and Don'ts. Experienced designers and detallers will
develop a list of "do's and don'ts" such as the following:

1. Cive complete and accurate dimensions on engineering drawings.

2. Show detalls at corners and Intersections of walls and at
window and door openings.

'3. Use notations which cannot be misinterpreted, such as "each
way" rather than '"both ways"; "Wo. 5 at 12, each face staggered" rather
than "No. 5 at 12 staggered. n

4. Congestion of steel: should be avoided at points where mem-
bers intersect. Make certain that all reinforcement shown can be
properly placed. For example, at the intersection of a beam and
girder, the beam bars should be bent at a different elevation than
those in the girder so as to avoid interference when the steel is be-
ing placed. Ancother very trodblesome point is the intersection of
columns with beams and girders.

5. Make certain that hooked and bent bars can be placed ahd
have adequate concrete protection.

6. All bars, straight or bent, requiring hooks should be so0
designated by the designer.

7. Length of laps, polnts of bend, and extension of ‘bars should
be specified by the designer. Do not use the ratios L/T, L/5, and
L/% shown on Typical Drawings unless Justified by structural analysis.

8. Be sure that unusual bends can be made with ‘Btandard bending
equipment.

9. Avold ordering accessories such as bolsters and high-chairs
in 1/8-inch increments of heights, as stock sizes come in 1/4-inch
increments.

10. It is advisable t0O prepare placing drawings the game size as
the engineering drawings.

11. For special or unusual conditions, be sure that adequate de-
taileg are shown for proper placing of the reinforcement as the average
steel setter does not understand engineering principles. Examples are
cantilevers and continuous footings in which the reinforcement is in
the opposite side from which the steel setter is accustomed.

12. Schedule dowels with the footings rather than in the column
schedule.

13. Do not forget to splice column bars at top of upturned beams
rather than at floor level.

14. Do not detail bar lengths to fractions of an inch. See Sec-
tion 203 for standard tolerances. Increments of 3 inches for straight
bars are recommended. 7

15. Where the lengths are not specifically fixed, 'such as for
temperature steel, slabs on ground, and walls, use stock lengths or
lengths which can be cut from stock lengths with a minimum of waste.

16. When a member has a break in its direction so that the rein-
forcement in tension tends to separate from the body of the concrete,
speclal anchorage must be. provided ‘gnd shown in detail. Examples are
the Junction of stairs and’ landing;"‘and where the soffit of a beam
forms an angle.

17. Be sure that bent bars are not so0 large and unw1eldy that
they cannot be transported.”



6.4-12

4 4.7 Febricating Shop Practice. It is important that the
designer snd detailer are acquainted with practices of the fsbricating
shop, so the fabricating may be kept as simple and economical as pos-
sible. We are therefore quoting the following articles from the Manual
of Standard Practice for Detailing Reinforced Concrete Structures (ACI
Stendard 315-48),

"202. Warehouse Stock

"There is some variation in the stock carried in different lo-
calities and also by fabricators in the same locality. The infor-
mation which follows should be supplemented by information from local
febricators.

"Fabricators ordinarily stock only one or two grades of rein-
forcing steel. For bars, intermediate grade billet steel and rail
steel are by far the most common, although other grades may at times
be available. For spirals, hot rolled rods of intermediate grade
sre commonly stocked, although other grades and cold drawn wire may
be available."

The following table of standard sizes of reinforcing bars is from
ASTM Specification A305.

Bar | Unit Wt Nominal Dimensions Round Sections
No. Lbs/Ft - | piameter-Inches | Cross-Sectional Perimeter
Decimal Area  Sq Tn.
2 0.167 0.250 0.05 0.785
3 0.376 0.375 0.11 1.178
4 0.668 0.500 0.20 1.571
5 1.043 0.625 0.31 1.96%
6 1.502 0.750 0.k 2.356
7 2.04k 0.875 0.60 2.749
8 2.670 1.000 0.79 3.142
9 3.400 1.128 1.00 3544
10 4.%03% 1.270 1.27 3.990
11 5.31% 1.410 1.56 4 430

Bar numbers are based on the number of 1/8 inches in the nominal d4i-
ameter of the section.

Bar No. 2 in plaln rounds only.

Bars numbered 9, 10, and 11 correspond to former 1" square, 1-1/8"
square, and 1-1/4" square sizes and sre equivalent to those former stan-
dard bar sizes in weights and nominal cross-sectional areas.

The quotation from ACI Standard 315-48 is continued below.

"The quality of reinforcing steel is governed by specifications
of the American Society for Testing Materials, designated as follows:
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"Billet-Steel Bars for Concrete Reinforcement,
Designation A-15,

Rail-Steel Bars for Concrete Reinforcement,
Designation A-16.

Axle-Steel Bars for Concrete.Reinforcement,
Designation A-160.

Cold-Drawn Steel Wire for Concrete Reinforcement,
Designation A-82. _

Welded-Steel Wire Fsbric for Concrete Reinforcement,
Designation A-185.

"With the exception of the No. 2, all of these sizes are ordi-
narily furnished as deformed bars, the type of deformation depending

upon the rolling mill. The No. 2 bar is generally available only as &
plain bar.

"Baras are stocked by most fabricators in lengths of sixty feet.
By special arrangement longer bars can sometimes be obtained but ship-
ping limitations must be considered. Usually No. 2 bars are stocked
in twenty-foot lengths because of the difficulty of handling such
light bars in greater lengths.

"203. Tolerances

"Practical limitations of equipment and speed of production make
it necessary to establish certain tolerances in fabrication which can
be met with standard shop'equipment. Where greater accuracy is re-
quired than given by the tolerances which follow, it must be definitely
stated, as an extras charge is made for this type of fabrication.

"Reinforeing bars are cut to length by shearing with a tolerance
of one inch more or ome inch less than the specified length. Where
more exact lengths or finished ends are required, the bars must be
cut by speclal shears, or by attachments to regular shears, or by cold
sawing.

"The dimensions of a bent bar are measured out to out of bar.
The tolerance for the over-all bent length is one-half inch more or
one-half inch less than the specified dimension for No. T bars or
smaller, and one inch more or one inch less for larger bars. For a
truss bar the tolerance in height is one-half inch less than the spe-
cified dimension. No greater height is permitted so that there is
assurance that the bars can be placed within the depth of slab or
beam specified.

"The diameter of column spirals is measured to the outside of
the spiral. The tolerance is one-half inch more or one-half inch less
than the specified diameter.”
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5. Structural Steel

5.1 Use and Exposure, Structural steel is not used extensively
in the work of the Soil Conservation Service, and hence this discussion
is general and brief. Structural shapes have limited use in the con-
struction of (1) small I-beam bridges, (2) light trusses for supporting
irrigation flumes and pipes, (3) interlocking sheet steel piling drop
spillways, (h) bents for supporting flumes, pipes, and suspension span
cables, (5) trash racks, (6) drainage, irrigation, and flood control
gates, and (7) other structural accessories such as ladders, foot bridges,
ete.

Such varied use provides wide differences in exposure conditions
and probsble corrosion hazard. In most cases the steel will be unpro-
tected from the natural forces of wind, rain, sleet, snow, etc.; and in
some cases it will be in direct contact with the earth and subject to
alternate wet and dry conditioms.

5.2 Design. The latest edition of the "Standard Specifications
for Highway Bridges" adopted by The American Association of State Highway
Officials should be used as the basic reference for unit stresses and
design criteria insofar as they are applicable to the problem under study.
Section 4, page 14l of the fifth edition (1949) of the above reference
presents allowsble unit stresses and Section 6, page 166, presents design
criteria. These unit stresses should be used where exposure conditions
are comparable to those normally encountered in highway bridges. For
more severe exposure conditions it i1s recommended that the basic allow-
able unit stresses be reduced 10 percent.

The principles, procedure, and formulas required in the design of the
relatively simple structures encountered in our work are readily available
in many texts and handbooks, and it seems unnecessary to duplicate them
here.






STRUCTURAL DESIGN:

STRUCTURAL TIMBER, UNIT WORKING STRESSES OF VARIOUS
SPECIES FOR DIFFERENT EXPOSURE CONDITIONS

BENDING AND SHEARING STRESSES, IN POUND3 PER SQUARE INCH

Transverse Bending Stresscs Horizontal
All Sizes Thickness, 5" and Qver Thickness, 4'‘ and Under Shearing Stress
Species of Timber Continuously || Occasionally Usually Occasionally Usuaily Dry or Wet
Dry Wet Wet Wet Vet
Select | Common [| Select |Common | SelectiComnon || Select [Common | Select | Common jiSe lect Conmon
ash, White, commercial............ 1400 | 1120 |j1200 960 | L00C | 800 | 1070 | 210 890 760 125 100
Beech and Bireh, Yellow......... .+|1500 | 1200 [|1300 | 1040 | 1000 | 800 || 1150 | 980 890 760 125 100
Cadatr, Port Orford and Alaska..... 1100 830 [{1000 800 | 90C ] 720 890 | 760 800 680 90 72
Cedar, Western Red.....cvevvnnnras 300 720 § 800 640 | 750 | 600 710 | 600 670 570 80 64
Cedar, Northern and Southern White| 750 600 || 650 520 | 600 | 480 580 1 490 530 450 70 56
ChESTIUL e et enianroreernrcanesns 950 760 || 850 680 | 700 [ 560 760 | 650 620 530 90 72
Cypress, Southern ... 11300 | 1040 (1100 880 | 900 | 720 980 | 830 800 680 100 80
Douglas Fir, Coast Region.........|1600 | 1200 §1385 | 1040 ] 1065 | 800 || 1235 | 985 950 755 20 72
Douglas Fir, Coast Region,Dense...|1750 | 1400 {1515 | 1215 | 1165 | 935 | 1350 | 1150 | 1035 880 105 84
Douglas Fir, Rocky Mountain....... 1100 880 | 800 720 | 700 | 560 800 | 680 620 530 85 68
Fir, White, commercial 1100 880 [ 900 720 | 800 640 800 | 680 710 800 70 56
Fir, Balsam.......... .. . 200 720 | 780 600 | 600 | 480 670 | 570 530 450 70 56
Hemlock, Western........ ..|1300 1 1040 [ 1100 880 | 900 | 720 980 | 830 800 680 75 60
Hemloclk, Bastern..vevsrer-nenren., 1100 880 [ 900 720 | 800 | 540 800 [ 680 710 800 70 58
Hickory,  veceoioninir o niannnn 1900 | 1520 [1500 | 1200 | 1200 | 960 | 1330 | 1130 [ 1070 910 140 112
Larch, WoSTETM..vcervervarvoranann 1200 960 [ 1100 880 900 | 720 980 | 830 800 680 100 80
Maple, Sugar and Black............ 1500 | 120C [I11300 | 1040 [ 1000 | 800 || 1150 | 980 880 760 125 100
Maple, Red and Silver....,........| 1000 800 || 900 720 700} 9560 800 | 680 8620 530 100 a0
Oak, Red and White, commercial....|i400 | 1120 #1200 960 | 1000 | a0o | 1070 | 910 830 760 125 100
Pine, Southern Yellow...isvsvevavos]|renn 1200 (... 1040 | ..., 800 ..-. 985 755 as
Pine, Southern Yesllow,Dense..... .+| 1750 | 1400 (1515 | 1215 | 1165} 935 || 1350 | 1145 } 1035 880 128 103
Pine, White, Yellow,Sugar, Ponderosa| 900 720 |} 800 640 750 800 710 | 600 670 570 a5 68
Pine, NOTWaY..utituronneresn e 1100 880 || 1000 800 | 800 | B840 830 | 760 710 600 a5 68
Poplar, Yellow...seeeeurneraunannan 1000 800 | 300 720 | 800 | 640 800 | 680 710 800 a0 64
RedwWood..ciririarenrannnaens .| 1200 960 {1000 800 800 840 890 760 710 600 70 56
Spruce, Red, White and Sitka 1100 880 || 900 720 | 800 | 640 a00 | 680 710 800 85 68
Spruce, EngelMann....oeeeeeaccseas 750 600 650 520 500 | 2400 580 | 490 440 370 70 56
TAMATACK . e v s tevivoennensnaransanns 1200 960 || 1100 880 | 900 | 730 980 | 830 800 680 95 76

COMPRESSIVE STRESSES AND ELASTIC MODULI, IN POUNDS PER SQUARE INCH

Compressive Stresses Average
Perpendicular te Grain Parallel with Grain Modulus
Species of Timber Contin-| Occa- Usu= H cont inuoun Ly Occasionally Usually ' of
uously | sionally ally Dry Wet Wet Elasticity
Dry Wet Vet

Select or Common Select | Common | Select|Common | Select | Common All Classes

Ash, White, cormmercial................ 200 375 " 300 {| 1100 880 1000 | 800 300 720 1, 500, 000
Beech and Birch, Yellow.... 500 375 300 1200 9680 | 1100 880 900 730 1,600,000
Cedar, Alaska......... e 250 200 150 800 640 750 600 650 520 1,200,000
Cedar, Port Orford.. - e 250 200 150 200 720 825 660 750 600 1,200,000
Cedar, Western Red.......viveivenenera 200 150 125 700 560 700 560 630 820 1,000, 000
Cedar, Northern and Southern White.... 175 140 100 9550 440 500 | 400 450 360 800,000
Chestnut.......... l .................... 300 200 150 800 640 700 560 600 480 1,000,000
Cypress, Southern.......... . 300 225 200 || 1100 880 | 1000 | 800 800 640 1,200,000
Douglag Fir, Coast Region.. 345 240 215 1175 880 1065 800 905 680 , || ' 1,600,000
Douglas Fir, Coast Region, pense 380 260 235 || 1285 | 1025 1165 | 935 390 795 1,600,000
Douglas Fir, Rocky Mountain........... 275 225 200 a0¢ 640 800 640 700 560 1,200,000
Pir, White, commercial.......ccuveuuuns 300 225 200 700 560 700 | 560 800 480 1,100,000
Fir, Balsam...csvvevvens . 15¢ |° 125 100 700 560 600 | 480 500 400 1,000,000
Hemlock, Western....... 300 225 200 900 720 90C 720 800 640 1,400, 000
Hemlock, Eastern...... Chereaaaee 300 225 200 700 560 700 | 560 600 480 1,100,000
HICKODrYs ve et st inaetica e icainarcaanan 600 400 350 1500 12001 1200 260 1000 800 1,800, 000
larch, Western.......... 325 2295 200 1100 8801 1000 | 800 800 640 1,300,000
Maple, Sugar and Black 500 375 300 { 1200 960 | 1100 | 880 | 900 720 1,600,000
Maple, Red and Silver.....eviersnvsarns 350 250 200 800 540 700 560 600 480 1,100,000
Oak, Red and White, Commercial........ 500 375 300 1000 800 900 720 800 640 1, 500, 000
Pine, Southern Yellow.......eonvenuns. 880 | .... | 800 680 1, 600,000
Pine, Southern Yellow,Dense 380 260 235 || 1285 | 1035| 1165 | 935 990 795 1,600,000
Pine,White, Yellow, Sugar and Ponderosa. 250 150 125 750 600 | 750 | BOO 650 520 1, 0C0o, 000
Pine, Norway 300 175 150 800 640 800 640 700 560 1,200,000
Poplar, Yellow.. .. 250 150 125 800 640 700 560 600 480 1,100, 000
Redwood . 250 150 125 1000 800 300 720 750 600 1,200,000
Spruce, Red, White and Sitka.. .. 250 150 125 800 640 750 600 650 520 1,200,000
Spruce, Engelmann.. . 175 140 100 600 480 550 440 450 360 800, 000
Tamarack 300 225 200 1000 800 lol] 720 800 840 1,300,000

REF § . .
ERENCE U. S. DEPARTMENT OF AGRICULTURE STANDARD DWG. NO

SOIL CONSERVATION SERVICE |ES -26

H. H. Bennett, Chief SHERT | OF 1

ENGINEERING STANDARDS UNIT pare  5-4-50
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shown, but the drawing should not be cluttered up with unnecessary
views, marks, and notes. The first sheet of this drawing will be the
layout sheet which will show the over-all structure features and dimen-
sionsg., This sheet will usually contain a bill of materials and lumber
cutting bill. The followling detail sheets will show the detailed con-
struction information, such as details of members, Joints, etc. If the
structure ig complex and has numerous detail sheets, it is hest to show
a bill of material and lumber cutting bill on each detall sheet with a
summary shown on the layout sheet. The allowable unit stresees used in
the design should be indicated on the layout sheet along with whether
the design is based on standard dressed, standard rough, or special sizes
of lumber.

*J,5. GOVERNMENT PRINTING OFFICE: 1981-0-727-744/1701






WS F / PR -OF <1 G-k O-pix 7
S8 ostediz g ™ [ mwR e o] 0013 W epte g ST R Ye ONIMYT ONIYTINIONT
2 wasAng o 4 #3507, i

T R :

Iamon

IND SUAVANYLS NN

HITAHHS NOLLYAHASNOOD TOs
HINL AT OY 40 LNHNIM VARG 6 71

LSO RUBIALIY UT 7 [0S SUpDeaas G B sOg At Y
UBADD ZBAIUGT JO F JSOE O INOY
HOYS 41 ‘g 403 jSUIOED paincd $FAD) U1 QUD S40D
/33003 40 2 4553 {0 PADY [[OYS [BHF BUIIMOIUIPL Il
Jral WOl oN s 03 fuoTA0y B0
6 3y (AOUIM PUD VoD Tur im AROIILIOUSL
PaIned 3G [{PYE SIS S SBASUDIY PUD [DUKNIBUC) YL
.3 PN HY
L 53809 posaca b sasiions NV STVH
romaps suy
0 GBUDT By PUSIED LOYS PUT B [RADAE PUD

DS il D33 © B 4T 30ir ) 00 SO S UL
“ad
YN o SPUS By PUOARG G2 puB IR pun Adid 244
BLCiD SPOALIOD 3G JENE PUO BITYII [8H0IE PUS .
DS Unt jrd LoD B BG 11oWE B} Ui adil 2atiy My _ N /A
1Rt wo S Gy BinGrbuLL) 3G [i0yS BT DuGL) Ay fs |
BT 2GS 2 f0 (IO P JrOQE (OB |3 [ >~ T
s ain i Sl WP U P 5490 b YL f =¥
proeres 25 tp1 410G 703 As st <y . | Nrwe smsaves
:5FLON 2
oSS m
H
HILNS NIVYC Tl FHEIS ¥ SO ONT LITLNO ANV ~ L
ITON dIIM SO NOILDIS NIFYIS Quvno TVWINY TTYIS 40 TIVLIIO 3 m
- &
Y3 r s R 33 #
savysom o, ¥ oy H
tam w20@ 5ig0q fy ¥ Fomy
B Bar2003 Yy Brg—4 T N
" 4 JSeayeRen pua Soyis srost 3 .
Py’ 23048 ‘BOOE DIDMPIDY UPILDT Y0P o -]
ik iS5 e cxanni e oo Beirygra-ssous pevpucys s X saomp oy risn g SMILODS NOISNILXS TIvMaYSH R
W03 P IryaIDgE IOMADEN dim WOb DS £ 'YEeH te L 1 Py [y
. ; ~
—— — GiE
L BTG BIG] PR OSCG I 05T Lnn.wu
3557 e adid 2igi3 082 1
3 -B 1
3 ONOIV NOILOTS -SS0ND
-
NOILYATIZ WYIHLENMOC JTVH
! L
: .
g . hnr.(.uuulnhunuHHunlAnrvu.hunur»Nvlu:N \\\\\\ I
_ N P S i - f =
DIy Y g i :
s R s pugoacy sad
p SEEECECE EFERT e T Stmmm s s s e D e HBLIUOD i
1 e pud By
Buspa #0053 panpuo)s ]| |
- &H\.e | il wBBrIE pionB j6unD ONE . |
3 e pogrs LR | TIEMINIA 3 R
= ® o 1 s e
: TrImaIM !
oy Wgowo  BElT - |
wap. '
) vﬂ g H H NOISNILY? TTYMOVIN
I B et
nagp 59T
" T30S B .
& 3 I3
* | - T
wag 1114 PIIRE By Js-%i
o3 1 | ¥
s 7 - G 7 > a5 - B>




-
o ]
£ oy
A "
LT X Figp s #E@ G J Feris WIS ok | wE@is
b4 [ ] s
N o | H
U »
i
LY = H ~
5 ¥ )
¥ 3 A
: : g me
E S -
# 4 STIRRUR
a2
; .
T e 20 S by M °
§ m— 3 s ®
> o x -
- 5 .
1|} LKl 16 LT X 2d@/C 20 Al fa@ s _ SECTION A-A w.
- Y
Srees irr unesposed face, Vertical Steel 27 irom foce Sieel i erposed face, Horizanio! sleal 2" from face viorm “ cos
SECTIONAL ELEVATION OF HEADWALL
i I 2 consiryation
3% a/8-0) o
15 (243 Jong) 3 S(24-3 1ong),
i7 T A Fo
! ¥ T + Y | el wser
T] P :Qm @ ona), i ot foct” P
, 2 :
2 — Z —— ,_ ELEVATION -LONGIT VDINAL :
1 i Tike SILL AND BUTTRESS Lo SECTION D0
r ! L Phc._ L { . [ 2r-x 'y
[
g 1 [l
s Il L] lm.. 3 wetrey LT L #4818 (dpron)
L N b
H - -
3 ¥ Wi e
~ . [ . W # 5 @ is5f1pron} 1iof |#s@rstapron)
[ 2 N e
M < * 2 m . v
- M fe: <)\ w M L Ypoatream face w5 (23-310ng)
w u . 3017
. T
lut H [X;
i *# 5@ 14 (Apror)
..... HEN . Ay
N S FIF
v. *é | 1
NI
oy SECTIONG-G ﬁl el G]n.b\n& |_...ax _h.haﬁhaa _
c 7 X, =
l._ IE; #5723°3 fong) -
| ¢ 3
Downslream foce
ELEVATION - TOEWALL § TRANSVERSE SiLL
nl_ Ry 403 wigs  |RE| wsass 70 _u #5005 s
T ¢ Wrouahi Jote, & " wide,
Steel in bollom foce ) Stees in fop foce Dimcea ot § o wess here
Tronsverse sieel 3" From foce Tronsverse sleel 2" from foce C spiice s necessary, fop
PLAN-APRON U. 8. DEPARTMENT OF AGRICULTURE

ALTERNATE CONSTAUCTION JOINT

ENGINEERING ORAWING

R/C Drop Spillway - £e(0-0, h=6-0, £ 140-0

SCIL CONSERVATION SERVICE

ENGINEERING STANDARDS INIT

o
i
2707 Yackar (BT LA 7
SN 4. Reese G o dovesen ¥
R R
 Arownell E£S-2)08- 30 BE
= s 7w asany




e F 8 § o __iF-fr-t e
38 0g-PGH2-53 AITROIL
. -~
% wosahog Qi-l& , uhb&b‘.“v
e | TR

7

monm

N0 P YA AN N

ADIAMHAS NOLLVAHASNOD 1108

GOf a7 091 & DO 2 Aomppds doag oty

ONIMPYT ONINIINIONT

TTYMONIM - NOILVAITF

| 30/ WOL) .2 [BHS [BJUOTIIRN - 2204 PISOTFR Ul (3345

TIYMONIM - NOILLVAZNT

2004 iy P 1S (0314430 - 358, pasOLIIUN vt 9SS

FUALIAITHLY A INHALEYI S D ! w‘n ) |m| 7 KT — ﬁ
T ™a  sors | - o fcTs5e = BEXD G
r . i N
N 3
a - - —— = i _— &
NOISNTLNS TTYMOVIH [° -], 3 == ——————}-— - RS SEES B Ry e EE =
‘ TIVMIQIS SO NOILINAN v~ -=5-f i = et tettalaty inis [l wiot 8 iyt ettt s e dteteliniein ettt pttgel H
(S22 MOIBT T
; r il sl !
ot i HIG ;
L9275 a L o
A k . ! |l
ralan->3 2 i | = B i 7 ’
) 3 | :
; -3 NOLLO3S -
Joas 240GF : =
i y
T opse i y i
> ’ \m\\ L E 4
== |
p=rall # ]
2 \ TIVMONIM § TIVMIOIS 7o
HC NOILINNE - NV 7 DN/LOOS TIVMENIM - NV I
ONILOOS NOISNILAZ TIVMOVIN-NYId 230y dog w 1pE4S
P304 WO, T B30,/ WOAL L F) T
FRWE JOUPTHEUDT (394 poyipn g (1r0m304) 5 w, G 4 B ’
200/ dag 2207 Wiy}l -
(Buora.pz)5e bl wpF | L A e, WY L NS = i
{ewor £-01) g4- T‘_ _L = T 1 1T 1 .
7] =mihG ~
i | 1 e " ®
1] " \\ &
{Buer e-07) 0 m I. s [ — 1H\
(O £ pZ) S e [ ] T .: nﬂ :
F-F°238  NOISNILXI TIVMCVYIH-NOILYATTZ
230y wedppumeg 20y Wo4EC
EL- 3 5, uw& s
[ : ITEMITIS - NOILLVAZ IS TIWMTCIS -NOILVAT IS
4 . a0y waoay, 3 JIRE O{UOIIOH ‘S2T) PICOTIILY IIBIS BIO) WL LT [PRS JON{ARA PIRY PISOCTIUN WP [RIE
By
|
& & FCEY]
o ] = p— — ponsny
N o] w0 S 150
oriameress
[?
>-F
‘i s
i : h 133 s
I ¢ i « m % -
B = Sk TRE
N
] ezl
o~ \
\\ g
] V\ L ,
> A=
;i h - - L~
i 2iSrw 1 o o7 CEDD




STEEL SCHEDULE
£ OCATION [sczeJauan) i ensra [rvee L OCATION caweTa Jros] 4 F A LOCATION Y] srre] ouran] el 4 | & Jroraz er] LOCATION rotas £1]
Foerei ] a0 7% Feadwll axlersion Peolimg | JE E: LR Fewa ra 7 T | Re ool 55 ]
. Fip i T . = Z00 [~ v 'l - 35 d —
B foe T+ + - = A = Fi < < - e
Toewall ond Fronsverse 3/ o 3 - d . 243 |- = = 460 | Sidenai
v = L = EL Toavoll LI A IR & X &S 2oladre | "1 5]
Toawal and wingwoll 3 = [Apeees 37 [ e {5 LR 2 ]
R < T~ a r ot T s -
L 7 Zongituinal 341 % 753 |- - il = T 7
- z = Tronsvares s 7 LN L T 5
il i FE i Butirgsy H E - = L 2 20 7]
- - - - - ] 3 |~ LI - EZ] 2] 0] 7. TN
= 14 I7i = Wergarall il 7o Iiewel! and wingwor! Je. DK -¢_}
Wirsgoert? Jacling ond g ort < [ * - £ 0> Wirgeealt _____ _ 7 ria
Toewail ond wingwall foefg e’ o 7 - ) X 2 30
e g ) T ¥ 3 s = -
= — 1 3 = - T = o 7 - 1
= = = 7 r < — 5 = + 7 = - =]
— 7 T = 1= = 55 o 3 = s
- L = IE] - i u ] - 7 LEIE d - “ﬁniﬁﬁshnF |
— —13a —— = FEK - T [ He ocinol o ]
(oo order wirgwarr |27, 77e T Wingael G TawoTT y; N = - 5 =
o a 2 3 Sas T g el e el 3T - = - 3
Ul well Fi) 24 37 " d o |- i F0r-E [Auftreas
Cufor? wolland peadwall | 24] 3 L = 3 o - YTE 4
T giang e SheT < T z 255 |57 = 45 - z
[Corarr woll orvd hdwi ex? | 2¢ b M il 79 - T % = o
Cufor? wall ond teadworl | 23 73 s [ * z FAC NN = F% = 137 = 2
Apron ord sigewol? 2616 {or ¥ 17 3 7O = Z | 33l | & =T g
Aeren 23 7 2ds 31 7 7261 0 - il HZ IR v R
L7 30 KL & [T g% (L T |%3 28] 71X il HNE[ 4] 4 il z
Apren 24 22 Fd 4 - E7d GO0~ - [E3K] £l o &0
| LOM i 2 37 &7 * - 1G4 - 3y & 4 R : 43+
| angiludinal sl orid Feomall 7 IR A NiEA Ca T D O £ -2 I
tongifwdinal il il é2le iz.x [ v - N7 -
£ o = b2 ) P = 1
. J2-0 7-4 f T
o - -t 4 — Sarfied it
£ 20:¢ - %0 =2 , 200 respective bor locolians and remain ol orfopar| 5% {Eiav, ] -
ra-af siplie BEXIS #3f g e some rorani standord drap veledritt witt | o N
= apifiways i this series Standard bars vory viong € of sorth X «
el ot required are nat tisted in the mﬁ. o aliap For = N
2 N shect schedule. 73 iy o v ~
tptream earm™ . P ¢ SIBEWALL “ Treesa TYPE 2
. ~ e P
ot e —— el LI -
MEADWALL ; HEAOWALL 3
= 2 EXTENSION O Aration e 5
s  Crean pit e —_
o9 o o o [~euTTRESS ot are-of TYPE I8
wi »] - 3 ihre pine 4 s s p i
a2 Pivg ends ef 4" drom. e - b The bor Sehede (1 [isted in the opprorimale
periorated fibre oHer, bieert WINGWALL b order of phcernent. Sors | through 46 are
e with concrele N S=0.00 AP, carloied o the £irat pour. il retnforcing
ﬁ e e = ES B 4 teas 2 rourd, "5 i3 an chbeeviohion for
S pe ! stroight.
ki Lk k] BAR TYPE DETAILS
Pty il s iy pindoveglngupdyely vty ey e 4dien. fibre o,
RE e i : One foor aguare of % mesh,
X i i Zine outlel. 23 g0 goiti et cloth sereen,
. : - TOEWALL CUTOFF wal y b dogrs groce placed
- e ohid Sheer Jor Delween fifter f weep hotes,
DOWNSTREAM ELEVATION Ar_|||||r|||l:< el Weep hafes
f 1
Cizar pif run 3ond end
150 e 358 - ravel mixiure con~
" $4-0 Fibre ploe drain Filter | CROSS -SECTION ALONG & vt orang sicenctt
(ra, 50-0 Parforcind ribre prpe -4 diom, 2] -
—_— = = TR
wwwwwwwwwwwwww T T SECTION OF WEEP HOLE
- AND DRAIN FILTER
B Fire S b
1 ¢ HEADWALL EKTENSION FOOTING -z
A H ~ QUANTITIES
2| o Reinforced concrete 108 45 Cu you
£ 39 Pl <2 | - APRON Reinforcing steel
N 2 #4 2035.00 72 765 .6 Pounds
| £ 4 scss.50 777 .87
h r_bhm_réc_zb_. as ne2s  wITI
X3 1532.00 * 230006 *
7 15.00 " 0.6 "
N L. %300 " 5903 -
e 4 ). #38 1200 108.80  *
o of TRANSVERSE SHL N, WINGWALL Drooge Perrorated Fibrs pipe-4"d. S1.5 LK
\:FOATING Drainage - Orom filter 169 Gyl
e
N V. R DEBARTMENL <1IF AGRE tRE
PLAN 3 SO1L CONSERVATION SERVICE
PERSPECTIVE VIEW
Wt ro seote -
X RRIN(E NTANDANI UXIT €rass 8" ﬂnlhﬂwﬁ\. vt
£y © 20,000 15/2g.4
TR T (R 7.
MN “\n &h- s o ocnany 2 - Note: SPructine s symmesricol abowt £
i 5 _.\\n fée Jo00 excapt for «.-\3\1 pipe drom NAPIES 7 Lo
CA4 Ree - R.Bayesce 7 fo o K00 - and oulte? .
T C “hamfar ol exposed edges f R R
‘2, 2 - 2108-
LR frgune: i 308308 | p. o, k60,00 00-0 L i3 C.il ] L




Steel in unexpased face - Verticat stoel 2 fram fuse

SECTIONAL ELEVATION OF HE

i

ADWALL

R £
IS a‘%‘@m\- Ed 1@ ex bl._ e s L
Rkl
< T
] ¢_ |
ey '
{
- o I ¥
2 n =
& ® & mmu
g g @ 5
N N =
J o
< o E Mls oo
I R Jo—— — | g e =
— =y - K ¥
B = - ?
i
[/EY
= N TR
@7 % &@ ) e %5
” 2o e | Tides +Pos 10 m@.ﬁk
A~

Stent in expoved Foce. Norizonial sleel 2% From foce

SECTION A-A

o \@ s
T h i g » % ﬂ
- . = T s l'.lnrl
i = e =
1 o H K" e
- ~ 1 -
F F
L 1 ] 4
: Wy u
o 8 &
3 o ©| & &) &
IS ® e N
i -
v £ (Be s ri0f o |6k s@as ol ¢ (@o s Lfmn.P..

Steel m boiom face.
Tronsverse sheei 3 From foce

4 R Browner
LoD

ES-2I10B-308
PR {

Eilis

PLAN-APRON

Srear i top face
Tronscerse siee! 3* fram foce

Kore:

an

roces
5

-
&

D@ o

)
I

(5B
Tl

SECTION G-G

ELEVATION - LONGITUDINAL SILL AND BUTTRESS

@5

2l Beox
oIk faces

.‘w@

Lo

>

e @ )
u.\..t.‘."r. @ ., m...!ll.:l

! — -
5 r L |
Y i S
! [0 @ers _T @es

! ; z. —a

I [Gf insireom race @&

. S £ Q@

pnm A

il e " im .

T 0] i
7 Downsireom foce

mrm{pﬂ.OZ.qOmib_-r B TRANSVERSE SILL

=l

SEC. D-D

The tongitudingl end froasverse sita shoft
be poured monotinically with the apron
ond withou! use OF o horironiel cansieuttion
Joint

Al Grmgnsions Showing islance from
face of corcrele 10 staal esignote the
clear disfance,

U. 8, DEPAR/MENT OF AGRIGULTUNE
SnIL nOTmmﬁ{)ﬁ_OZ SKRVICE

=TT

R

sums




. . DGew " <€ o G-@ en L T e m ‘ B%u@or % Ba n
— xv||

N\
s
B@en
| es

\
303
I

¥
LAY

s@es

Sy, v |

Conatruction joinky %

Staesin exposed face. Korienlel steel 27 From fose
ELEVATION- SIDEWALL

1@ee s
i~

i

I90 4 )

Steel in unetposed foce, Vertice! stea! 1° From face

ELEVATION- SIDEWALL

3

PR lf_#@es

v Uasrenm face T Doweyfrenn Vote
ELEVATION- HEAOWALL EXTENSION SECTION 8-8
My & @ & @
N L =
B A e
L1
LR, e
o 1
- amer] L1, Ma00 g
Rl oe n_ln» - Jhw% NM T
q@ﬂg tongitudtin steel Longrhoil stesl
e & 7F ¥ from face 2" fram face
sror o PLAN - HEADWALL EXTENSION FOOTING
PLAN - WINGWALL FOOTING PLAN - JUNCTION OF
@Beors SICEWALL & WINGWALL \ ”
= el
Aﬂﬁ ]
= By 4 'lm &
) 2] @ HR@
R = 2 @ Above cres?
] s @ M
- N i g
s \ s @ H ] 20 20
e e o @ 9
] Bl . b ®¢
o - T T
o S e lof le] o] o] o] [&] [e] e 11 {%x seom e
8 Sttt opemimpmalpumpat b - g s i — | oy ———— prsiausisgmey . Sy I 3 PLAN - JUNGTION OF SIDEWALL
....... e s = i . AND HEABWALL EXTENSION
- = - - 1 - i
L |
- i °
ik Ewt
.F_Ml 1P & I 2e 7t = o ens
Stee! wn unexposed foce. Verinm! sheel 27 From foce @ * ®® % —_
ELEVATION - WINGWALL Heodwatls, B Sleet i enjpored face. Horiearlel sice! 2° from face
. S H, DE| 1ICULTURE
ek 250, g0 wire o ‘_v 2 o crass-fietiy ELEVATION - WINGWALL SOIL CONSERVATION SERVIGE
¥ vith concresy. - £ gt o ot
- oo e pi S B A e v
e I 7Ty Wi ; we w T ©
S T | L7 P,/ SRR T s Coi =
RSN A Rwese T g Aoyesorn§ i T . W o
T o aeoen e S DETAIL OF SMALL ANIMAL,GUARD SCREER ALTERNATE CONSTRUCTION JOINT , S el
e e P ANG BUTUET END OF 4" FIBRE PIoE - a o+ em




20-0 L /5-0
4
18- % ¢
ARG
<
RN e Upstreom earth £ill line
e, 3
S o c-o0
~ \[ ________ L]
o HEADWALL
Y 9 S
: o
N R
N

Plug end
with concrefe

HALF DOWNSTREAM ELEVATION

}ﬂ

1/2-0 74
6-0

8
b

T

Settled £ill elev

p—

.
1 2 ©
~1~._' / SIDEWALL .
(T Crestelev,
s ) o
1 4" diem. N 3
! 98 oeration holé
1
2 1811 .
2 | _ Fibre pipe ¢,
= : Small animal guard screen, olroin filter, ™ .
WINGWALL ! 3% diom. Weep holes | Stondord cross-fitting
1 L/ 4-8 | 4-8 [ 48 -4
| -
. N S T YA
3 o B ~
Flev, SN < i @ © & - Plug end with concrefe
£ [ T R T 5 G -
" ~iy| il 5-3
~ 3
m CUTOFF WALL—:
~. gk
roswart~ % 189 _IL/oil/-a
22-/

CROSS-SECTION ALONG £

35-0 £
L 27-0 Fibre pipe drair filter
[2-0 R 25-0 Perforated fibre pipe-4“dia.
P
oo  ee——
L e ;
Moo Froa——— 2 T T T T T T  shinghaimipintniniapiniuinipiiniy j i) mindioiiaiejeninl..
I HEADWALL EXTENS/ION FOOTING “
be b
Y
& 1
3
=
%_/_. 2-9 /-0 4-9 H
- e e
5; 2
i 3
S
Q
N
3 APRON
3
TRANSVERSE SILL ~N
_____ P e ]
t e
S *
~
HALF PLAN

*4 Mesh, 23 go, galv. wire Heodwolly Sfandord couplin
cloth screen, hardware /
grade.

Standord cross-fFitting

Plug with concrete

Two f x If bolts, each with ,
two g rlof washers, 2| &

DETAIL OF SMALL ANIMAL GUARD SCREEN
AND OUTLET ENO OF 4" FIBRE PIPE

NOTES:

The structure is symmetricol about ils cenferiine excepl
the 4" fibre pipe ond drain filter which are sym -
me/frical about the outlet of the fibre pipe.

The tibre pipe sholl be Orangeburg Fibre pipe or equal.

The fibre pipe drain filter sholl be a clean pit run sand
ond grovel mixture and shall be continuous along
the pipe and extend 210" beyord the ends of the

pipe.

The m,i!ep hole droin filter shall be a clean pif-run sond
and gravel mixture ond shall extend the length of
the sidewall,

Chamfer oll exposed edges 2"

All fillets €

The /longitudinal and transverse sills shall be poured
maonolithically with the aprorn ond withouf the use
of o horizontal construction joint.

A/l reinforcing steel shall hove of least 2" of concrete
cover and in foces poured against earth, it sholl
have of least 3" of concrete cover

A/l reinforcing bor lengths shall be in increments of 3"

ENGINEERING DRAWING

SECTION OF WEEP HOLE
ORAIN FILTER

One fool squore of ¥4 mesh, 23 go. golv. wire
cloth screen, hordwaore grode, placed betweer
__filler ond weepholes.

U.$. DEPARTMENT OF AGRICULTURE
SOIL. GONSERVATION SERVICE

ENGINEERING STANDARDS UNIT

RAC Drop Spillwoy - F =10°0,h=§-0, L=30-0

REFERENCE

ENGINEERING Awnoyz-
DESIGNED 8Y

C.A Reese

.
CAJ HC APPGOVAL
Y

R.Boyeson

‘CHECKED BY STANDARD OWG. %O,
LR Brownell ES-2108-30 BE

DATE: /- /3-5/ SHEET ofF 3 SHEETS



—#3

# 4

#4@/6 .

w5@ /5

/10 | #S@/S

N -
® =
N St o
*
¥
#4 STIRRUP i
Y| e ) /o |
== Y Py
: 3
i U 5
EY - . 9
| s |L 12-0 /20 % N tg)
P Q / M ~
& t Q * N
#
3 e *5©9 ,L/-e 4509 *40/6 20 J_A‘J f4@/c I , SECT/ION A-A N /
T e *
Sleel i1 unexposed face. Verticol steel 2”° from rface Steel in exposed foce. Horizonlal sfeel 2 " from race / —
1406 %6 #4D8
SECTIONAL ELEVATION OF HEADWALL /8IE o
3#8(19-3)/ e al80) Zi 2! construction
3 y iy
#5(24-3 long) ¢ #5(24-3 long) 2 o
-7 1 77
o A N o) 3
1] 247240 1o77G). #4(240 long) ¥ " Both faces |
/-3 /-3
o} 7 x S y —— 5 - )
— i ELEVATION -LONGITUDINAL L
AN | |
] L b T 03 - IT - H-¢ | SILL AND BUTTRESS D SECT/ION D-D
3-
i ! 3 | - ek *4@15 [
”6 A T
1 =
| #3 Herr #e” P
F F # 5 (4gron) ! o
L u A3 e : :
-~ : $ #5(4pron)
N M # 4 (4pron) ¥
2 \ * Y S
% — 2 - k i # 5 @/5(4pron) 1104 _\#5@15(4pron) | |
< ~ |
o N \/ Ny Q ], 1 7
* ¥ g Q 8 M #3953 *9 Uos? > #5(23-3 long)
@ Ny : SECTION C'C jostreom race
W - *#3 @2
®
i
|
b 4
» z‘ SECTION 6-G #4@ 15 (Apron) 1-10# J__# 4@/5{4pron,
¢ , ' "
#5(23-3 long,
G Y ( % '
<~ Downstream foce
L/ ELEVATION - TOEWALL § TRANSVERSE SILL
¢ 4@ /5 110# wd@15 7 #s@15 1104 £5@ /5 |3
9 i"Wrouq/v/ 1ron plate,é " wide,
Steel in bollorn foce ! Stee/ in lop face ploced of £ of wall. Where
Transverse sfee! 3° from foce Tronsverse stee/ 2" from face c - sp_//'ce;, is necessory, lop
PLAN-APRON y 3 mches. U. S. DEPARTMENT OF AGRIGULTURE
SOIL CONSERVATION SERVICE

ALTERNATE CONSTRUCTION JOINT

ENGINEERING DRAWING

R/C Drop Spillway - F210-0, h:6-0, L 2300

ENGINEERING STANDARDS UNIT

REFERENCE

’

ENGINEERING APPROVAEZ uﬁy’l
DESIGNED BY ¢ [/oRaw By

C.A.Reese

» 3 EOVAL . J/

R. Boyeson

CHECKED 8Y

DATE /- /3-5/

J, R.Brownell

STANDARD DWG. NG.

ES-2108- 30 BE
2 oF

SHEET El SHEETS




#5

*e@E

———\4

#3012

r5@/2
#5039

L_3-6

Construction
Joint

Construction jo/n/\ ‘:

.
P i s mp s e

g ;v,.." i

——————— @7

r

Steel in exposed face, Horizontol steel! 2" from foce

ELEVATION -SIDEWALL

Steel in unexposed race. Verlicol steel 2" From foce

ELEVATION-SIDEWALL

'Ups/ream foce '\Downstreom foce

L{LL@G | LT REX - T3

5 8 ™y 84 #5(24-5 long)
BE £ A
{ H— - J ~w8(10-3 long)
Nl < g 7 *#<4 17 +
& : .
Q / 1] REN _—
~ % A
* L as 1% d £
1 I A NS N I O P N N ) ol =X 3 TI#8 (103 fong)
| e e e e e e e T ereseen s L [2de2 . |8 #d@72 I~ #5(20-010ng)
hi 7 = Botltom foce i Top foce
_4_{ 25@/5 s 1 *»5@ 77 # 4 (Toewall) Longitudinal steel  Lengitudinol steel
LA 3* from roce 2" from face
PLAN-HEADWALL EXTENSION FOOTING

Stee/ in fop face
PLAN -WINGWALL FOOTING PLAN ~JUNCTION OF
*5@15 SIDEWALL § WINGWALL / v
— b :1_12'0
— E /:V' ) _$_t_—___ 1 [ [
g} ‘1,. / .i : L& ] #5461
N — ; bws |
i
= B *5 §
— — : Above crest
gl SECTION E-E _= |
= | 1,
: s I
= e |
3 { L w#s5de—
In *
& SRR SR S —— T ] I Tt 1ttt 1 — 11 T S W ___L_L_ P Below crest
------------------------- ) e Bt e e e S JUNCTION OF SIDEWALL &
1 ettt AN S DR - - o oo Th T Tt T ot oot 1] o] MEADWALL EXTENSION
2 Q
$ P
i i
;;_H_ +5@/5 .,L”’:I,_ *5@7f _J /0] 24@/5 E <
Steel i unexposed foce- Vertico! sfeel 2*From foce 4 2ers s L 7é U.S. DEPARTMENT OF AGRICULTURE
ELEVATION ~-WINGWALL Steel in exposed face- Horizontol steel 2* from foce SOIL GONSERVATION SERVICE
ELEVA T,ON - W’NGWALL ENGINEERING STANDARDS UNIT
EFERENCE [
Eucmt:n:fc APP.ROVE %@07"“?’3‘0& 7
| ipeese " " eoogeson |
ENGINEERING ORAWING . |, .. soiijwoy £-100, 760, - 30-0 Rl o E3S4 2&08;309?&




Closs "B” Concrete

ENGINEERING APPROV] fs = 20,000 /bs./sq. ", ) )
M £ = 3000 P Note: Structure is symmetricol aboul €
DESICHED BY < except ror 4 ribre pipe dromin
CA.Reese o, fe = 1200 - and outlet.
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PERSPECTIVE VIEW
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STEEL SCHEDULE
LOCATION R SIZE (QUAN. | LENGTH |TYPEI A | 8 |70TAL FT LOCATION \WedRk | S12E IOUAM LENGTH [TYPE\ 4 | B |TOTAL FT| LocAT/on WARK SIZE | QUAN,| LENGTH |TrPE| A 8 |TOTALFT LOCAT/ION WOARK | SIZE | QUAN.| LENGTH |Tvie| 4 | 8 |ToTAL FT-
Toewa// 119 4 20 6 _|2-0 160 32-0 | He extension footing Js; 4| % 3-2 15t 285-0 | Sidewall AR 4 /4-9 | SF 59-0 | Headwall /06] & | 22 /7-3 |S5¢ 379-6
” 215 2 23-3 St 46-¢ “ 4 375 4 20-0 | * 80-0 . 26 4 /3-8 - 55-0 ” 107] 4 20 Z2-9 [~ 55-0
” 314 2 306 v é/-0 v “ & 388 8 /10-3 . 82-0 ” r-2R3 4 126 “ $0-0 ol 1081 4 20 £4-¢ |~ 80-0
Toewo!/ and tronsversesi// | 4 | 3 T3/ 5-6 v 170 -6 . ~ “ 3915 4 24-3 [ ¥ 97-0 " 746 <4 /e | 26-0 | Sidewal/ /09 5 | /14 76 | 7 245-0
d ” v - S|4 125 5-6 hd 137 -6 | dpron ond joewall L0|5 | 24 22-3 2 [273{7-0]534-0 e [ ond headwall/ex?t. 7515 % 18-9 | 2 1169|220 4876 “ 110 4 16-01 * 6€4-0
Toewa!! gnd wingwoll 6 | 5 (46 6-6 ~ 299-0 | Apron 4/ | ¢ | 32 /6-9 |5¢ $36-0 “ - . - 7% S F. /8-3 | 2 [/63]|20] 366 " s 4 15-0 | * 60-0
4 . * 71s 18 -6 4 17-0 ” 42141 15 70 [~ 105-0 d - 4 ” 7715 2 16-3 |2 [143]20] 32-¢ - 1215 | 4 /3-9 ]~ 5-0
'Wl;)iwa// Footing 8 4 2 25-6 . 5/-0 | Longitudinal silT 4318 3 /9-3 d 175-6 “ - - v 78| 5 y: /4-3 12 (/723720 286 “ W31 s 4 12-6 | 50-0
- ” 9|« Z 290 * 58 -0 | Tronsyerse sill 4416 4 /7-0 . &8-0 “ I - ” 79| 5 2 12-3 |12 /03] 20] 246 4 ZIE] 4 /7-61 4¢-0
~ " 10| 4 2 23-9 “ 47-6 | Buttress 4515 % 3-9 v £0-0 “ “ “ d &0 s 2 10-3 | 2 1831 201 20-6 | Sidewoil and headwall /518 | 32 2/-3 /9-3/2-0] 680-0
. * |4 2 /8-3 ” 3é-¢ g 46| 5 4 2-9 v /-0 * - " v 8/ 16 | 34 5-6 | 2 | 3¢{ 20| /870 | Sidewoll and heodwoll exf |16 5 2 20-0 /8-0/2-0% 40-0
g ” 2] 4 2 12-3 d 24 -G | Wingwoll 47 L4 10-9 |~ 43-0 Sidewall and wingwoll 826 | 46 7-3 (/6 531203336 - - " " 1171 5 F /8-6 16612-0] 37-0
Wingwoll feoting and apronn | /13| 5 8 4-6 g 36-0 “ 485 <4 10-0 ‘ 40-0 | Wingwol/l 231 4 4 106 |S? 42-0 * . “ 4 /181 5 2 17-3 12 |/53(2-0] 34-
Toewa/l andW/QL»O// fooling| 14 | 5 |30 3¢ 2 13¢e15¢|270-0 “ 4915 4 3-c . 3¢-0 “ 54 | 4 4 8-¢ “ 38-0 i “ v " 19| 5 2 /5-6 12 i13¢| 20| 3/-0
,. 0 g d AN Z< " 13¢50 ¢7°0 7 5015 | 4 53 | * 330 @ 954 | 4 &S5 | ~ 350 - i “ "_1/20] 5 /4-312 [12-3[20] 28-¢
- o hd 6|5 8 8-0 v 136|4-6| 64-0 “ 5/ 15 4 7-3 " 29-0 “ 6| ¢ 4 8-0 b 32-0 i ~ ~ - /1211 5 2 /12-9 | 2 [109] 2-0] 25-¢
~ 4 > - /1715 4 76 “ 13-6i4-0| 30-0 v 3215 4 &6 " 26-0 “ 37| 4 4 7-0 - 28-0 . ~ * ~ 1221 5 /-3 |2 |9-3120] 22-¢
“ * 4 L /181 5 4 6-9 ‘13el33] 27-0 & 5315 4 56 “ 220 ” 88| 4 4 -0 ” 24-0 “ " ” - /2315 2 9-9 12 |79:20, /19-6
~ - ’ ” 915 4 66 v j3613-0] 2¢-0 ” 54| 5 4 €9 | - /90 “ 89| ¢ 4 5-3 . 2/-0 | Sidewoll and wingwol/ /1241 5 £ 15-6 (/6 |/3$12-0] &zZ-0
" - “ . 201 5 3 5-6 ¥ 13-6{20] 33-0 4 555 4 3-8 ” 15-0 - 90| 4 4 4-6 ;" 18-0 | Headwoll 1251 4 2 17-6157 35-0
Toewall under wingwall 2/ 141 ¢ 276116 |25%(2-0] 165 -8 |Wingwal/ and sidewall se|8 ] 22 9-9 /6 [7-9120|2/4-6 - 9/ | 4 2] 36 |~ /14-0 “ 26| 4 1 2/ 6|~ 24756
~ ” “ 221 4 | ¢ 28-0 v 1260(2-0| /68-0 - “ ol 5718 2 83 " 16-3120]| 16-6 ” 921 4 4 2-9 - /-0 “ 1271 4 { 24 17-0 |~ 408-0
Culroft wall 23 /8 24-0 St 432-0 “ “ ” 5818 2 %0 » 14-012-:0] /2-0 “ 231 5 4 25-0 4 700-0 | Buftress 128 S L &-¢ o 34-0
Culor? woll and heodweall 4 39 e ol 234-0 ” ” ” 5318 2 3-9 “ 1/1~912-0! 7-6 o 94| 5 2 24-¢ ! d48-0 ~ /128| 5 4 -6 | * 2¢-0
ol * o hd 251 & 4 6-9 “ 27-0 wWingwa// 6015 6 20-0_ |5/ 1200 v 9515 2 20-6 “ 47-0 “ 30l s 4 4961~ /8-0
Cutolf wall and hdwl exf 26 /56 10-6 “ /638-0 . e/ |5 rd /90 |~ 38-0 “ %%, 5 2 62 - 33-¢ “ 13/ 4 s £-9 | ~ /9-0
Cutoff wall and heaodwall 271 4123 5-6 . 126 -6 ” 215 sl /e | 33-¢ “ 8715 2 /3-3 “ 26-¢ “ /32| 4 <€ L0}~ 16-0
Apron ard sidewal/ 28/ 6 | c8 6-3 2 133|301425-0 ” 3|5 /4-3 g 28-% ” EZAN 2 9-9 “ /96 . 133, 4 4 36 |~ 74-C
Apron 915 {17 28-9 St 488 -3 " 645 £ /2-0 ” 24-0 ” 99| 5 2 &-0 o /2-0 - 134 4 4 2-9 | ¥ 11-0
“ 30] 4 [ 34 3-6 ” 119 -0 “ G5! 5 F. 9-9 v /9-6 Wingwal! and siclewol/ 700 5 4 28-3 /6 |2a3[20] //3-0 “ 135| 4 4 2-3 “ 9-0
Apron and foewall /1 4124 22-8 2 |2r9l/-07546-0 - AR 2 7-6 - /5-¢0 Headwall extension 0/14 ] 80 12-6 | 5¢ 1000-0 4 13¢| 4 4 /e 1" &0
Longitudinal sill 321 4128 <~ 54 |Seedelail| 175 -0 “ c72[5 2 5-0 | /0-0 “ ” 0213 |72 | /9-¢ |~ 1404-0 - 37] 4 | 4 /13 |~ 45-0
Longifudinol sill ond foewoll | 331 7 | & 3-8 21291710 /5 -0O]Sidewal/ 68| ¢ | /2 /7-¢ |~ 2/0-0 | Headwoll /0313 | 2 /7-6 | * 35-0
Longitudinal sill 34161 ¢ 8-0 157 ] 48 -0 “ ¢9|e¢ | 2 [ /7-3 177 34 ” 1041 3 137 | /7-¢ |~ 425-¢
Headwall footing 33 512 24-3 “ | 48 -6 “ 701 ¢ 4 16-0 - &40 i 105] & 4 //-é ~ 4¢-0
L. 4 2-0 7-4 g . -]
> . . S - Note: The mork nurmbers indrico’e the ~ . (= Seftled Fill F“
* 20°0 150 150 200 7 respective bor locotions ond remoirn Nofe: £levation of fop of [~ {Etev.
18-9F 2:ipl e G la-88 /18-927 %W the some forall standard drop constructed £ill will o .
— - spillways in this series. Standard bors vory along & of eorth — N <
RN 7 not requircd/are not listed in the ’5"//; e’:’c‘:”/_,"/"/ for ~
™~ 2 IS g stee/ schedule. 28 |\_sertement 2—'/ ° /7 /1 F)
= A\l 7 SIDEWALL .
Ups/reamﬂz/\»\ lLLé-0 - TYPE S4 TYPE 2
Fill hine ~S- . - - 4 N
s 9
HEADWALL . HE ADWALL ! &2 ‘(’Z N\
= : P EXTENSION ! 470, Aeration hole N > );
‘ /9-8 F -
Sl ol o BUTTRESS N 7 TYPE 16
NS " S o & Fibre pir 9 18-1/ ]
NS Plug end's of 4" diom, NN et /m«'z ;o/e 30 The bor schedule is 1/sted in the approximate
perforated fibre ! urel WINGWALL 3* offom. Weep holes Min order of plocement. Bors / through 46 are
pipe with concrete | 500/ Y7 o 8 %8 24 | contoined in the First pour. All reinforcing
L7 e . » e A steel s round. "St"is an obbreviation for
- ! ~ Straight.
% , : < BAR TYPE DETAILS
n 4°diam. Fib,

N G Fillets ,peug;”xe;e One foo! square of *4 mesh,
by P e 23 go,golv.wire cloth screen,
- | TOEWALL Sec defall, hordwore grode, ploced

T [ J8-92 Sheet 3or'3 between filter { weep holes,
DOWNSTREAM ELEVATION f 221 3 Weep holes
)
Cleor pit rury sand end
35-0 L 35-0 ' N - ! d
- % grovel! mixture corn
L 54-0 Fibre p}pe drain filter | CROSS - SECTION ALONG Q‘ N Finvous along sidewall.
{_z-o )¢ 50-0 Perforaied fibre pipe -4 diom. Lz-oj
e ~
b I e L e
N RS e T T T R T T T T ’ ———__ SECTION OF WEEP HOLE
~ c.\l ——————————————————————————— = B s = S = AND DRAIN FILTER
- - QUANTITIES
= = Reinforced concrete 108 45 Cu yos
LA 2:9 ", 49 ® APRON Reinforcing steel
- 2 #3 2035.00 £t 765.16 Pounds
9 g - # 4 $655.50 ~ 3777 .87 *
h [ LONGITUDINAL 45 761.25 + wII.E
SILL . .
L 1532.00 * 230/.06 “
4 *7 15.00 " 30.¢¢ "
¥ 8 5635.00 " 1519.23 .
““““ =E 3 e e Soaess s == U #9 32.00 * 108.80 *
~ N
ot of TRANSVERSE SILL L WINGWALL. Drainage-Perforated fibre pipe-4°d. 52.5 L.E
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN.
AREAS AND PERIMETERS OF BARS AT VARIOUS SPACINGS

FOR 12 INCH WIDTH

Areas given in top figures in square inches
Perimeters given in bottom figures in inches
Bar Size .
Spacing Spacing
#3 #4 #S #6 #7 #9 #10 #11
2 0.66 1.18 .84 2.65 2
7.07 9.42 11.78 1.1
0.59 1.05 1.64 2.36 3.21
2174 6.28 8.38 10. 47 12.57 14.66 2174
0.53 0.94 1.47 2.42 2.89
111 5.65 7.54 9,42 11.31 13,20 2172
Q.48 0.86 1.34 1.93 2.62
1374 5. 14 6.85 8.57 10. 28 12.00 134
3 , 0.44 0.79 1.23 1.77 2,40 4.00 3
$i71 6.28 7.85 9. 42 11.00
7. 3t AT 0.73 1.13 1.63 2.22 3.69
34 43 5,80 7.25 | -8.70 10,15 31/4
) - 088 0.67 1.05 s 1,51 2.06 . 3.43 4.34
311 B.04 5.3 6.73 | ¥ al08 9.42 1358 311
0.3% 0.63 0.98 1.4l 9B, s 3.20 4.05 5.

334 3.77 5.03 6. 28 7.5%a 8.86 " 12.77 14: 18 334
4 0.33 0.59 0.92 1.3 |1.80 3.80 4.69 4
3.53 4.7 5.89 7.07 8.25 . 11.97 13. 28
0.3] 0.55 0.87 1.25 1.70 2.82 3.57 4.4)

41/4 3.33 u.uy 5. 54 .65 . 7.76 11.27 12.5] 41/4
~0.29 0.52 0.82. 118 T 1,60 2.67 .37 417
4112 3. 14 .19 5.24 “5oamt TR 7033 . 10.64 11.81 411
0.28 0.50 0.78' .12, F° 150 2.53 3.20 3.95
43/4 2.98 3.97 4. 96 5.95 5" 6.94 . 10.08 1.9 43/4
[3 -0.26 0.47 0.74 1,08 .44 2.4 3.04 3.75 5
2.83 3.77 %4 5.65 6.60 8.5] ~9.58 10.63
0.25 0.45 0.70 T 1.37 2.29 . 2.89 3.57
3174 2.69 3.59 4, 49 ~5.39 6.28 8. 18 9.12 0.1 | 5174

0.24 0.43 0.67° 0.96 1.31 2.18 2.76 3.41 - g i
51712 7.57 3.43 4.28 5.1 6.00 7.73 8.71 9.66 5112
0.23 Q.41 0.64 0.92 1.25 2.09 2.6 3.26 .

53/ 2.4 3.28 4. 10 497 | 57 7.ug 833 3.25 53/4
6 0.22 0.39 0.61 0.88 1.20 2.00 2.53 3.12 - I3
2.36 5. 14 3.93 470 - 5. 50 7.09 7.98 8.B6
0.20 0.36 0.57 0.82 1. 11 1.85 2.34 2.88

6172 2,18 2.90 3.62 435 5.07 6.54 7.37 8.18 6172 o
7 0.19 0.34 0.53 0.76 1.03 1.71 2.47 2.68 7
2.02 2.69 3.37 .08 4.71 6.08 6. 84 7.59 .
0.18 Q.31 0.48 0.71 0.96 |.60 2.03 2.50
T2 1.89 2.5) 3, 14 3.77 A 5.67 6.38 7.09 Tin
P 0.17 0.29 0.46 0.66 0.50 .50 1.90 2.3Y 3
1.77 2,36 2.9% 3.53 At 5.32 5.99 6,65
0.16 0.28 0.43 0.62 0.85 141 1.79 2.21
8in 166 2.%2 2.7 3.33 3.88 5:00 5.63 6. 25 811
9 0.15 0.26 0.4l 0.59 0.80 1.33 1.69 2.08 9
1.57 2.09 2.62 3.1% 3.67 .73 5.32 5.91
0. 14 0.25 0.39 0.56 0.76 1.26 1.60 1.97
7112 1.49 1.98 2.48 2.98 3.47 4. 48 5.04 5. 60 911
10 0.13 0.24 0.37 0.53 0.72 1-20 .52 1.88 10
1.4} 1.88 2.36 2.83 3.30 4.5 .79 5.32
0.13 0.22 0.3 0.50 0.69 1. 14 1.45 1.79
10172 1.38 1,80 2,28 2059, ENT Y05 4. 56 5.06 10 1/2
T 0.12 0.21 0.33 0.48 0. 66 1.09 1.38 1.70 i
1,29 1.71 2. 14 2.57 3.00 3.87 4,35 ¢.83
0.12 0.20 0.32 0.u6 0.63 1.Q4 1.32 {. :
n (.2 i.64 2.0 2.6 2.87 3,70 .16 u a2
" PR S e S 2 o & i 197 2
L te CLBT ; 88 3
13 0.10 0.18 0.4] 0.56 .17 [ 13
i.09 I, 48 2.18 2.54 3.68 4.09
" 0.09 0.17 0.38 0.52 0.86 .08 1.3% 14
1.0 1.35 2.02 2.36 3.04 3.42 3.80 .
Is 0.09 0.16 0.35 - 0.48 0.80 1.01 1.25 5
) 0.9% 1.26 i.89 2.20 2.84 3.19 3. 54
.|6 0.08 0.15 0.33 0.45 0.75 0.95 1.17 6
0.88 1,18 1.77 2,06 2.66 2.99 3.32
17 0.08 0. 14 0.3 0.42 0.71 0.89 .10 7
0.83 AT 1.39 1.66 i.o 2.50 2.82 3,13
18 0.07 0.13 0.20 0.29 0.40 0.67 0.84 1.0% 8
0.79 1.05 1.31 1.57 1.83 2.36 2.66 2.95
#3 #4 #5 6 #1 #9 #10 #1
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STRUCTURAL DESIGN: REINFORCED CONCRETE DESIGN

BAR SPACINGS FOR

TEMPERATURE AND SHRINKAGE STEEL

A

\¢

t = thickness of slab or wall, inches

6 7 8 910 12 14 16 18

3 45 6 7 8910 12 W

16 18

2
8 = bar spacing, inches - for py = 0.002
2 3 4 5 6 7 8 910 12 14 16 18
. - A s = bar spacing, inches - for py = 0.003
T Pyt
A = area of bar, sq in.
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4.} Detailing

4.4.1 General. Structural drawings should be simple, clear,
complete, end accurate. They should not contain unnecessary lines, dimen-
sions, symbols, or notes. They should contain, however, all the essential
informetion supplemented by an adequate set of notes that are clearly
stated. Such drawings save time and expense in the drafting room and on
the job. Any engineering office that is doing an appreciable amount of
reinforced concrete design and/or detailing should have a copy of the
"Manual of Standard Practice for Detailing Reinforced Concrete Structures
(ACI Standard 315-45)" published by the American Concrete Institute.

4.4.2 Drawing Standards. The standard drawing sizes and title
blocks to be used by the Engineering Standards Unit are shown in drawing
ES-16.

The recommended scales for detailing are: 1/4" = 1'-0", 3/8" = 1'-0",
1/2" = 1'-0", 3/4" = 1'-0", and 1" = 1'-0". The scale selected will de-
rend on the proper layout of the drawing and the scale necessary to clearly
show all details.

The use of symbols and abbreviations reduces the required drafting
time and makes the drawing more clear and simple. The symbols and abbrevi-
ations should be clear in meaning and should above all be consistent. See
drawings ES-2108-30BE and ES-2108-30B for the use of recommended symbols
and abbreviations.

The recommended type and weight of line to accent the important fea-
tures are as follows:

Concrete line 1/100"
Unexposed concrete line —————-———————— 1/]00"
Reinforcement : 1/50"
Center lines — - 1/100"
Dimension lines e =t 1/150"

4 4.3 Engineering Drawing. The engineering drawing is prepared
by the designer to convey all the necessary information to the draftsman
s0 that he can prepare the detailed structure drawing. The engineering
drawing should be simplé, but should be clear and complete encugh so that
the draftsman will have no doubts as to the designer's intentions. See
drawing ES-2108-30BE for a sample engineering drawing.

4.4 .4 Dpetalled Structure Drawing. The detailed structure draw-
ing is prepared by the draftsman and will be used by the steel fabricator,
construction engineer, and the contractor. This drawing must be complete
and accurate., It should contain the necessary information only. Super-
fluous material and notes add nothing to a drawing but confusion and higher
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costs. The first sheet of this drawing will be the layout sheet which
will show the over-all structure features and dimensions. It 1s ususally
advantageous to show a list of materials on the layout sheet. The fol-
lowing detail sheets will show the steel placement, but will not show the
concrete dimensions except in special cases. The bar schedule may be
shown on the layout sheet, all on one detail sheet, or may be divided on
two or more of the detall sheets, whichever provides the better layout.
The bars should be listed in the order that they will be placed, or as
nearly so as possible. See drawing ES-2108-30B for a sample detailed
structure drawing.

4.4.5 Reinforcement. Typical bar types that will be used are
shown on drawing ES-18.

The required tension lap splices and required bar extensions for
various size bars for the classes of concrete are shown in drawings
ES-227 and ES-160 respectively.

The details of hook bars are shown in drawing ES-20, The recom-
mended sizes for 180° hooks should be used wherever possible.

4.4.6 Notes to Designers and Detailers. The following notes
are quoted, with permission, from the "Manual of Standard Practice for
Detailing Reinforced Concrete Structures (ACI Standard 315-48)."

"109. Notes to Designers and Detaillers. The designer must show
plans which are complete and clear in every detail. The detailer
should not be expected to do any designing or to guess at what the
designer desires. The discussion in sections 105 and 106, together
with the following notes, will assist in preparing satisfactory
drawings.

"(a) Plan Study. The detailer should completely understand
the engineer's design and the builder's method of construction be-
fore be begins detailing the structure. The preparation of plac-
ing drawings, bending details and bar lists for reinforcing steel
requires careful study of the engineer's plans, thoughtful plan-
ning, patience, and above all, accuracy. This statement cannot be
overemphasized.

"(b) Planning. The next step for the detailer in planning
his work should be to determine the scale of the drawings he is to
make, the size of his drawings, their arrangements with regard to
plans, sections, details and schedules, and the number of sheets
required. In his planning he should bear in mind the successive
steps of construction so that all steel required for building any
portion of the structure will be shown on the plan for that portion.
If possible, the drawings should be so planned that the reinforcing
steel setter will need but one print at a time. Where a structure
is large and more than one drawing must be employed, the structure
chould be divided into sections in order to keep the drawings on a
practical scale.

"(c) Checking. Placing drawings should be checked by the de-
signing engineer before the reinforcing steel 1s fabricated.
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STRUCTURAL DESIGN:

STANDARD DRAWING SIZES
AND TITLE BLOCKS
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NOTES:

1. All drawings shall be one of the above sizes and shall have border and trim lines.

2. Standard size typewritten material placed on Size L and Size N drawings shall not have
a linear reduction greater than 1 to 0.75 in the final form.

3. 8Size L and Size N drawings prepared for inclusion in National Engineering Technical
Material shall use the Type A Title Block, except where a Size E drawing is reduced to
a Size N. A Type A Title Block consists of two parts, one at the top of the sheet and
the other at the bottom.

4. Size N drawings prepared for a purpose other than inclusion in National Engineering
Technical Material may use the Type F Title Block.

5. All Size E drawings shall be prepared to accept a linear reduction of 1 to 0.5.

6. Type E Title Blocks shall be used on all Size E drawings.

7. Type D and E Title Blocks shall be used on all National Standard Detail Drawings that
are to be incorporated into a set of construction plans. Type D shall be placed in
the lower left-hand corner of the drawing and Type E in the lower right-hand corner.
The Type D Title Block shall be completed by the office preparing the original stan-
dard drawing and the Type E by the office using the standard.

8. As shown above, all Size E drawings shall be prepared with a 3% x 1 inch vacant space
{without border lines) for recording drawing revisions.
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