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GENERAL, STATEMENT OF PROBLEM

The purpose of this paper is to analyze the stresses in the
wall slab of a counterforted retaining wall and to determine
from this analysis, if possible, whether or not the conventional

method of design for the slab is economical.

The conventional method of designing the wall slab of a
counterforted retaining wall is to consider the wall as a series
of independent horizontal strips between the counterforts. These
strips are then designed either as continuous beams or as simple
beams extending from one counterfort to the next. This method
completely neglects the effect of cantilever action from the
horizontal base slab where it joins the vertical wall. In the
case of large counterfort spacing this effect may be considerable
and it is possible that some reduction in material could be made

if this effect were accounted for in the design calculations.

In order to throw some light on the effect of neglecting
the cantilever action, the following analysis has been made on
a wall slab designed by the conventional method. The dimensions

of the slab are as given in the drawing on page 5.
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ASSUMPTIONS,

Throughout the deflection calculations the moment of inertia,
"I, of the horizontal beam strips and the vertical cantilever
strips was assumed as that of solid concrete of the full depth
of the beam or cantilever. Under this assumption no allowance
was made for the effect of reinforcing. This would not have been
possible anyway without assuming some sustem of reinforcing in

the cantilevers.

In the determination of the flexural and shear stresses, the
assumption was made that sufficient reinforcing steel was in place
to take all tensile stresses due to bending, both in the cantilevers
and in the beam strips. It was further assumed that this steel
was imbedded in concrete three inches measured from the face of

the concrete to the center of the steel bars.

In the calculation of the cantilever and beam strip deflec-
tions, no allowance was made for the twist of either cantilever
or beam strips in order to afford continuity of the wall. This

effect was assumed negligible.



The wall slab was assumed to be a slab rigidly fixed on
three sides and free on the fourth side. Although this may not
be strictly true, it is believed to be sufficiently near the truth

for purposes 0f this analysise

CALCULATIONS «

The method of ca&lculation used is based on the principle of
dividing the slab into vertical cantilever strips and horizontal
beam strips. Then the load is distributed between these two systems
of strips so that the corresponding points in each system will have
an equal deflection.s This load distribution is accomplished by a
trial and error process until the deflections are approximately

aquale.

The reader is referred to Appendix A for a copy of sample

calculationse
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CONCLUSIONS .

A study of the calculations and of the stress diagranms,
as shown on the previcus pages, leads the author to believe that
the conventional method of design of the wall sleb is not too
uneceonomical. From the detail of the caleulations and to some
extent visible from the resulting curves it becomes apparent that
any decrease in the thickness of the wall near its base would
greatly reduce the proportion of the load taken by the cantilevers.
This decrease in cantilever load must be absorbed as an additional
load on the beam strips. Consequently, the beam strips having
greater load will require nearly as great a depth as if designed
neglecting cantilever effect. Thus very little saving in concrete
appears possible from consideration of the cantilever effect in

the designe

In regard to the economical use of reinforcing steel, it
may be possible to effect a saving by reinforcing the base of the
wall for cantilever action, thus reducing the amount of hori-
zontal reinforcing necessary in this region. However, the answer
to this question is beyond the scope of this paper and the idea

is merely suggested as a possibility.
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The most serious difficulty with the design of a wall slab
by considering the effect of cantilever action is that the only
method so far developed is to assume & design and then check the
stresses, With an analysis of stress as tedious as this one,
unless the wall were very large, the amount of extra labor nec-

essary to effect such a design would be an unwarranted expense.

In any further investigation of this subject by a similiar
method of analysis, the author would suggest that the investigator
use a greater number of horizontal strips near the base of the
wall in his calculations as the cantilever effect beyond &

certain height becomes relatively insignificant.
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APPENDIX A

CALCULATIONS



OUTLINE of CALCULATIONS:

All deflection coefficients for the beam strnps in bernding
WeEre Tﬂkef/ 'frcl,'/ 7-/75 A,/,\SC, Sfeej COHStFUft/of; Ma’r;yd,'f'
All - other deflectiot: coefficients were calcvlated vi109
the farn»u./’a;;; ;
Bendm? ‘F & Mm ax

E being constant  throughout the protlem, it
was assvimed as unmity to simplify compvtations.

All units of /6n97‘/1 are 1h-. feéet

Coefficients of deflection For cantilevers : J 4 '[:fu

tmeans the . deflection at strip A-A - of the cantilever
In question dve to a U nmit-load - en rthe cgrtileyver
gt sstrip BB err, '

Coefficrents of deflectrorr For bearns K BEL-RH Iieahs
the deflection = at point BE (left) due 0 g Umit
loead on the beam  sérip at  BE (right), €fc,

£t

The beam strips are Wide .

= . 23 :

Fhe .cantilever strips are TGz fi- wide.

Lrn rmany instances the uvse of Maxwell's
Fec/procal deflections served to sherten The
Work consideratk i'f,' .
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Coefficients of Deflection "K' for Beam Strips.
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Trial loading deflections: Trial *1Y

BEAM. SYSTEM

Boiit A £

Fak = Kags-,
LR s X s =590 A2 A T 688
+ KAFi-¢c x Load AF ‘ | ‘ ¥ep = JZ2Leo
Gl e e R t Har-¢ X Load AF :
t Kac.x x Load AF l 2924 X 45 = L3l
GO Raves -2 B LT 'To'/“a/ FAF - 2.63,‘/
Total FAE - > +)850,) : ~
cRernt B EL | FPofal BF
FBE, T KBEL % Load EBE F o= Kar-£ X Load BE
49,9 X L.os9s= 976 S0.0 x Jo&ys5 = J2.98
+ kﬂ’f;_*c X Load BF l X 2 = 1085.9
SO0 % L o35 5 5Y2 + KBr-¢ X Load BF
+ Haer-pX Load BE = 999 X [/085 = _/68.3
20.7 X /o06"‘7$~:_,~?_b__‘2.4 }‘fd:[-f;* »— 214 2
Total For— A ok e g ‘
Point. EE£i | Point CF

fcEr = Kekyey X Load CE

x Load Ar

: Far. = Kar-£

Folht. AF

X Load

‘ Fer = Ker-r X Load cE.

S 0N e T F0¥ 2P0 X /20=_323.6
P Kirii. % lodd F | A
R.ox LBl R 227 t HcF-c X Logd cF
t AcE)px Logd CE _ Shih . Pl 8 ¥
c AT R0 T AN Telal fert R R
Total ,fcf * &7 ' e
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Tria) /oaé{mg deflections:

| CANTILEVER
Point 'A,f |
FaE = JA-'A X Load A[ :

Tvial #ry
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L
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BEAM  STRESS

Calcvulation of Beam FErnd Momenrs.
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CANTILEVER  STRESS:
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Calcvilatiorn eof Fear: Stress:

Sfr;p c-C

With caontiiever actior :

[2@4)(/:_/(‘(.6" it X
fe = grsebx nosxEe - 397 psi.

Gl SiBe Y008 s
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