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I. INTRODUCTION

l. Statement of the Problem

Retaining walls have in the past been classified into
several principal types, l.e. gravity, cantilever, and flexible
walls [Tschebotarioff(l)] [Bowles(2)], based on the method of
achieving stability. There is a new type; the reinforced earth
retaining wall, which was developed on the principle of steel
reinforced earth. At this time, there are neither construction
specifications nor criteria for design to be used by the engi-
neers. This report suggests an elementary way to analyse and

design a retaining wall constructed of reinforced earth.

2. Purpose of the Report

The purpose of this rebort is to suggest a way to analyse
a strap reinforced earth retaining wall based on the theory of
Coulomb as modified by Rankine concerning earth pressure. The
Principle of reinforced earth is used to set up a series of
tables which indicate to the designer the proportion of rein-
forcement in the earth mass, the relationship beftween the
proportion of reinforcement and the separation of layers, and
the width of the wall. In these tables some variables are
held constant while others are allowed to vary. These tables
allow the designer to arrive quickly at values for the proportion

of reinforcement for each combination of variables.
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3« Scope of the Report

A review of the theories of earth pressures and an intro-
duction to the principle of the reinforced earth are given in
this report. The major part of this report is aimed at develop-
ing a procedure for this type of retaining wall design. Second-
vly. a computer program was developed to be used to prepare a
series of useful tables for the values of the proportion of
reinforcement to earth. Finally, numerical examples and a
conclusion from the writer summarize the results and suggest

areas for future study.
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ITI. REVIEW OF LITERATURE

A. Earth Pressures

1. Assumption Based on Coulomb's and Rankine's Theories

Coulomb(3) in 1776 was the first to develop an applicable
theory of soil pressures and shearing resistance from a purely
theoretical study of retaining structures. The basic assumptlons
for Coulomb's earth pressure theory were as followings:

(L), The soil is isotropic and homogeneous and possesses both
internal friction and cohesion.

(2). The rupture surface is a plane surface.

(3)s The friction forces are distributed uniformly along the
plane rupture surface.

(4)s The failure wedge 1s a rigid body.

(5)e There is wall friction between the wall and the soil.

(6)s Failure is a two dimensional phenomena, and the problem
considered is a unit length of an infinitely long structure.

His assumptions 1imit the analysis to the ideal soll with many

simplifing assumptions for ease of computation.

Rankine(4) in 1857 considered the soil to be in a state of
plastic equilibrium and used essentially the same assumptions
as Coulomb, except that he assumed no cohesion or wall friction
which greatly simplified the calculation of problem. He studied
the state of stresses with a loose granular mass with zero
cohesion. His analysis was also based on T.c assumption that

a slight deformation of the soil is sufficient to bring into
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play its fu%l'frictional resistance and thus to produce immedi-
ately an acti#e state 1f the soil tends to expand parallel to
its surface and a passive state if it tends to compress parallel

to its surface.

2. Vertical Earth Pressure

Figs. (1) shows the vertical stress at any depth, caused
by the self-weight of soil, which can be computed simply by

considering the weight of soil above that depth.
Oy = YZ

where oy, is the vertical stress

Y ié the unit weight of soil

Z 1is the depth

Lambe (5) stated “The unit weight is seldom constant with

depth." “Usually a cohesionless so0il becomes denser with depth
becasue of the compression caused by the increasing vertical
stress." If the unit weight of the soil varies continuously
with depth, he suggests that the vertical stress can be evaluated

by means of the integral
Oy = ji y' dz, where y' 1s variable

In practice, the average unit weight of the soil through

the depth is always used by engineers for design purposes.
3. Active and Passive Lateral Farth Pressures

A retaining wall constructed and backfilled with a cohe=-
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Fig. (1) (a) The vertical stress at depth z

caused by the self-weight of soil with

horizontal surface

(b) The vertical stress at depth 2z

caused by the self-weight of soil

-with inclined surface
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sionless material as shown in Fig. (2-a), that is moved forward
slightly results in the soil also moving forward. As the soil
moves the friction forces become fully mobilized (Rankine's
assumption), and an analysis of trial wedge as reported by
Terzaghi(6) and Lambe(5) indicates that the critical surface is

approximately a plane surface at an angle of

g
9=450+-?
with the horizontal plane, where g is the internal friction
angle of soil. At this point the failure wedge and driving
weight are a minimum. This minimum is termed the active earth
pressure.
If the wall is moved into the backfill, Fig. (2-b), the

failure wedge can be approximately by a plane surface at an

angle of

9=Ll'5°"-2—

with the horizontal plane. For such a movement into the back-
£i11, Bowles(2) says that the retaining wall must provide a
sufficient push against the soil to overcome the frictional
resistance along the rupture plane. The pressure developed in

this case is termed the passive earth pressure.

4, Coefficients of Lateral Earth Pressures

To simplify computations these earth pressures are given

in the forms of coefficients K5 and Kp. According to Bowles(2)
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and Jumikis(?7), Fige (3) and Fig. (&) illustrate the concept of

the coefficients of active and passive laterazl earth pressures.

From Fig. (3) the total active earth pressure

2
1 cos g
Pal = — YHZ (1)

cos & [1.FJ/Sin(¢+6) sin(ﬁ—s)]z
cosé cos3

cos?g
cosd [1.hJ/§1n(¢+6) sin(g_sjjz

"cosbé cosB

i

Ka1 (1)

where K, is the coefficient of active earth pressure in which
the wall friction is considered. The pressure distribution is
shown in Fig. (3-b).

The total passive earth pressure

2
1 cos™ g
Pp1 = 5 yi® : o 5 (2)
cost [1 - J/éln(¢+ ) 51n(g-B)]
cosé cosB
2
cos
Kp1 = - (2)

cosd cosB

I [1.;/%in(¢+6) sin(g-g)jz

where Ppl acts downward to the normal of the back of the wall
at the angle of wall friction &, K1 is the coefficient of
passive earth pressure with the wall friction considered.

Fig. (&) shows the case of Rankine's earth pressure in
which the wall friction is neglected.

The total active earth pressure
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1 cosB - Jcos“3-cos=g
Pgp = =— YH2 COSB (3)
2 cosB + Jcos<B-cos3g

cos3 = JcosS=2B~cos3g

a2 = COSB (3")
coSB + 4cosS2B-cos=g

-

where Kg» is the coefficient of active earth pressure with the
wall friction neglected.

The total passive earth pressure

1 > cosB + +/cos®B-cos®g
— yH™ cosp (&)
2 cosB - vcos?B-cos®g.

sz

cosB + vcos28-cos?g (40)
K,» = cosp bt
e cosB - vcos?B-cos?g

where Kpp is the coefficient of the passive earth pressure
with the wall friction neglected.

Singh (8) points out that P,, and P,, must be parallel

p
to the surface of the backfill as a conseguence of Rankine's
assumption of non-existence of frictional forces between the
soil and the wall. Terzaghi (6) and Singh (8) also agree that
frictional forces between the so0il and the wall do develop with
the movement of the wall and the resultant pressure is inclined
to the normal to the wall at an angle that approaches the
friction angle between the soil and the wall. This is the basic

difference beiween Rankine's and Coulomb's theories.

In the case of
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Egs. (l):(l')l(z}r(z')t(B)l(B')n{“’)s(}“") would become

I

1 . V4
Pal = Pap = 7 YH® tan®(45°- 3 )

Kal = Kap = tan? (45°- £ )

l 2 2,,20, &
EYH tan (‘I-I'S'i‘-é-)

tan® (450+ Z)

ol
H
i
od
o
I

Be Principle of Reinforced Earth

The principle of reinforced earth was first generally
introduced by Vidal (9) in 1969. There are some major concepts
in reinforced earth, which must be mastered to develop the

design of straps reinforced earth retaining walls.

l. Reinforced Earth

Reinforced earth is a material formed by combining earth
and steel reinforcement. "Earth" covers all types of soil
found in nature, including both granular soil and soils which
exhibit cohesion. In this report the earth was assumed to be
made up of strictly non-cohesive soil. When rectilinear rein-
forcement is introduced horizontally in this earth the whole
mass exhibits some cohesion, which arises from friction of
grains of earth against the reinforcement forming a body of
reinforced earth.

It is assumed that there is grain-reinforcement friction
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Fig. (5-a) A reinforcement is connected to the
soil grains by tensions Ty and Tp
and with the stress w normal to the

reinforcement over a length L
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distribution
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without sliding, and that the reinforcement is connected to

the earth and properly placed and designed.

2. Frictlion between Earth and Reinforcement

According to Vidal (9) friction is the basis of the theory
of reinforced earth. |
A reinforcement is connected to the soil gréins=by tensions
Ty and T, as shown 1s Fig. (5-a). If the stress in the earth
perpendicular to the plane of the reinforcement has the value
w (the force normal to the reinforcement over a length L ) and
there is no sliding between earth and reinforcement, and there

is_a relationship

AT

< f (5)
2wl

wWhere aT = Tl - Tp.

f is the coefficient of friction between earth and rein-
forcement.

Formula (5) assumes that the reinforcement members are
flat and that a layer of reinforcement forms a plane. In
reality the reinforcements are in flat bands of limited width
spaced at finite distances from each other as shown in Fig.

(5-0).

If K, is the proportion of reinforcement per length,
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formula (5) becomes

AT < 2wL Kp £

AT = 2wL K. (6)

g
where S is the safety factor

3. Stresses in Earth and Reinforcement

Vidal (9) points out that there are some difficulties in
calculating forces in reinforced earth, which result from deal-
ing with a composite non-isotropic material. But he states
that this does not interfere with the wvalidity of Mohr's circle
which makes it possible to represent the stresses in the earth
around a point.

If a cube of non-cohesive earth, Fig. (6-a), is subjected
to a compression stress'Nl on its two faces, under the stress
condition shown in Fig. (6-b), it can not remain in equilibrium
because the lohr's circle C; cuts the failure envelope [Singh
(8)]. The cube can only be stable when compression force Nz is
at least equal to K Nj, acting on its other axial faces, as

shown in Fig. (7-a).

where

- 2 .2
K, = tan (450 > )

in which case the Mohr's circle C, becomes tangential to the
failure envelope. According to Terzaghi (6) this means failure

under the active-pressure condition is just occurring. I Np
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Fig. (6=-a) A cube of non-cohesion earth
is subjected to a2 compressive

force Nj on its two faces

failure envelope
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Fig. (6-b) MNohr's circle represents the
state of the stress in the

unbounded earth
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subjected to a compressive force Nj
on its two faces, and Ny on its
other axial two faces

Failure envelope
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Fig. (7-b) Graphic representation of state
of the stress at failure, ¢
¢, represents the earth 1n €latic
equilibrium
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is greater than KgNj the Mohr's circule Cj, Fig. (7-b), shows
the earth in elastic equilibrium.

In the absence of reinforcement these stresses, N2 and
No' can only be produced by external forces.

Vidal (9) considered an elementary cube of reinforced
earth, Fig. (8-a), which is assumed to be oriented so that the
reinforcement is arranged perpendicular to the direction of the
compression force Ny. It is also assumed that there is no
sliding between the reinforcement and the earth particles.

Thus the neighboring particles A and B are rigidly connected by
the reinforcement, and everything acts as if the two plates A'
and B' as shown in Fig. (8-b), formed of the external particles
which can produce stresses on these two cube faces, are connected
by the reinforcement.

Vidal (9) concludes that when the cube is subjected to a
compressive stress N; it does tend to expand along the reinforce-
ment members, and that sliding of the particles within the cube
is impossible up to the point where the compression forces Ny
become equal to K Nj. AT this point the corresponding Mohr's

circle obviously becomes tangential to the failure envelope.
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Fig. (8-a) A reinforcement is introduced hori-
zontally into the cube of non-cohesive
earth which is subjected toa vertical

compressive force Ny
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Fig. (8-b) A cube of reinforced earth is in
equilibrium '
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III. RETAINING WALL DESIGN DEVELOPED BY THE PRINCIPLE CF

RETINFORCED EARTH

Retaining walls are always designed to retain the thrust
from the earth mass behind the wall by its full or partial self-
weight. Fig. (9-a) shows a wall in Rankine's case (a smooth
vertical face and with a cohesionless material in the backfill
are assumed) with a driving force Py against which it must
provide adequate stability against sliding and overturning. TFig.
(9-b) shows how the horizontal pressure distribution along the
wall face with increasing depth.

According to the principle of reinforced earth the fric-
tional forces between the soil and the reinforcement are used
to balance the horizontal force, P, cosB.

Fig. (10) indicates the reinforcement introduced into the
soil mass. As long as the reinforced earth is stable; no sliding
will occur in the earth, the reinforced earth as a whole acts as
a gravity wall with a vertical face. The other necessary design
computation is checking it against sliding on the base or over-
turning at the toe, due to the driving force of the earth behind
the reinforced earth wall.

The analysis and design of the reinforcing stirap for a
reinforced earth retaining wall involve the following steps:
Step (1). Calculate the horizontal driving force Py in the

reinforced earth.
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Fig. (9) (a) Active earth pressure diagram

in Rankine's case

(b) Horizontal active pressure distribution

along the wall with increasing depth.
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A retaining wall constructed of strap rein-

forced earth
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a
P, cosB = Py
yHK
YHK, cosg
According to Eq. (3) and Eq. (3')
" cosB - cos®8 - cos®y

P, = i'1.’H2 cospB
2 COSB + +Cc0S%B = cos®y

cosB = «cos®B - cos®g

Kg = cosB

cosB + +cos®B - cos®g

The horizontal driving force would be

1
Py = P, cosB = E;YHzKa cosB (7)

Step (2). Calculate the total possible resistance between the

earth and the reinforcement.
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From Fig. (10)

H =memmm e height of the wall

L e e width of the wall

Y =———me—————— unit weight of the soil

B mmmm—m—m————— angle of the backfill

d mm———————— distance between each layer of reinforcements

I emmmmmm————— coef. of friction between soil and reinforce-
ment

K memmmmsinm proportion of reinforcement per foot wall

At layer No. (0)

Ny 1s the soil. weight above the layer



according to Eq. (6) the resistance force is

f
Fo =2 Ng Kpp =
0 °o rg

5
F =2.-_-Y-L2tans-1{r.§
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™
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the resistance force is

£
Fl =L (24 + L tanf)eye Kp +

At layer No. (2)

the resistance will be
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=L (4d + L tang) v o« Kpnoo

£
S

At layer No. (3)
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ke = =l d -
T

T

2B
W
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J

the resistance will be

T
F3 =L (6d + L tan3)eys K. o —
S

Similarly

0.8

the resistance force at layer No. (n) is

b
F, =1 (2nd + L tanB)-y.Kr.-g-

" Then it follows that the total resistance force

F

)

F
where n
Step (3).

—_—

it

S F
i=0

2 T
[L (n+1) tanpg +2Ld(l+2+loocunnn)]y _o}ir. —S—
(%% + 1) (thans + LH)Y -Kr-%;

H
= number of layers

Determine Kr values.

A

(8)
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The reinforcing members are stable against sliding if

P, = % AT. <F = (H + 1) (tha LH) K z
H 32" "1 =7~ Ya B ¥ i
From Eq. (7) and Eq. (8)
1 H 2
Y Y i K, cosg = (7T + 1) (L tanB + LH) v Kpn 5

where f = tana, a is the friction angle between soil and rein-
forcement.
If S = 2, then

H? cosB cosa Kg

(9)

fr = (ali + 1)(L%tang+LH)sina

Ky is obviously a function of H, L, B, &, d, and Kz« In turn
L depends on the active thrust from the backfill of the rein-
forced earth wall, and on the sliding resistance of the base

when the reinforced earth is considered as a whole.

Step (4). Check sliding of the wall.

From Fig. (11) the active horizontal force from the backfill

is

_PH. P,' cosé = Py’ cosd (10)
but the resistance force on the base is equal to

L(wy+w,) [tang + Kp(tana-tang)] (11)

where wy is the weight of soil body ABCD



Fig. (11) Forces acting on a strap reinforced

earth retaining wall



wo 1s the weight of soll body ADE

Then,

must be satisfied.

Step (5). Check overturning about the toe
g L 2
Mg = Wy =z + Wo L 3 ) (12)
) (H+Ltanp)
I‘fl-t = PH. ‘_'T"_‘— - Pv' ¢ 1 (13)

where [y 1s the moment about the toe, produced by the reinforced
earth body
iy is the moment about the toe, produced by the thrust

from the backfill

PV' = P_"' siné = Py' sin g

Wl =H'L'Y

I
Wy = E L2 tang « vy
Then,
M,
Se Fo = —2'> 2
Mg

must be satisfied.

Step (6)s Select the cross section of reinforcement.

The highest horizontal driving stress is at the bottom of the
wall. It is assumed that the layer of reinforcement at the

base takes the stress such that



Then,

where fr is the working allowab;e strength of the reinforcement

A 1s the needed cross séction of each strip reinforcing

member per foot wall

In discussion of the cross section of the reinforcement
there are many kinds of shapes such as strips, wire mesh, steel
cable, to be possible used as long as they give the neéessary
friction surfaces in the longitudinal direction.

If round reinforcement is selected instead of flat recti-

linear reinforcement, Eg. (6) would become

AT =2y + L W » v » Kp' »

W+,

where r is the radius of the rod

K..' is the number of rods per foot wall

x
w 1s the average pressure around the rod

In this report only the flat strip reinforcement is

considered.,



IV. NUmMBRICAL mXAMPLES

"Design a retaining wall constructed of reinforced earth,
which is to retain an embankment 30 feet high. The backfill
slopes 10° to the horizontal, g = 350, and vy = 120 pef. The
bearing capacity of the base is assumed to be high enough to
stand the weight of the wall."

As far as this example is concerned, a lot of choices can
be considered from appendix A,. First of all we should deter-
mine how wide to design the wall. Secondly we also should decilde
the separation between the layers of reinforcement.

Here we select arbitrarily for the values of L and d

L =14 , 4 =17
then from Table (29)

H=30", g=35°,8=10", L=121", 4=1"
and we obtain

Kp = 0.456
where the units for K, are inches per foot of wall. This means
that a strip of reinforcement 0.456 inches wide and 14 feet long
would be used in each layer per foot of wall.

If we make an other choice of

L=15", 4 =2°
with the same data as before
then

K, = 0.8836

There are some other things left for the designer to consi-
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der such as the allowable tensile strength of the reinforcement,
such that a reasonable cross section for the strap reinforcement
may be selected to prevent overstressing the steel strap.

Finally, there is a special case when

is not an integer. Then an additional layer of reinforcement
which is lain on the top of the base is necessary to make up the
height of the wall. This is illustrated as following:

In the case of

H=20'", ¢g=35°, g=10°, L=9', d=23"

from Table (17) we get

Kr = 1.917
but
B w20 = B8
3

an additional layer (20-3x6 = 2') is used at the bottom as shown
The following figures show how the layers of reinforcement

are distributed and show the relationships between the data.
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(a) (Not to Scale) (b)
Fig. (12) Numerical example

(a) A strap reinforced earth retaining wall

H=30'" g=30° L =14 4 =1"

(b) Top view of reinforcement with the

proportion of 0.456" per foot of wall
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Fig. (13) Numerical example

(a) A strap reinforced earth retaining wall

H=20', #=35 L=9', d=3"

(b) Top view of reinforcement with the proportion of

1.,917" per foot of wall



Kr = inches

Figo

(14)

L =ft. , width of walls

memmepemmmm = =mago=mmee =1
mmeecgmmese s m e oo (=2

cmmeXem o efeeen =3

H=20", g=2140° pg=0°

K, values with different separations of
layers of the reinforcement, the wall
height is 20 feet, and the internal
friction angle of the soil g = 40°,

the Backfill 8 = 0°
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Kr = inches
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Fig. (15) K, values with différent separations of
layers of the reinforcement, the wall
height is 30', and the internal friction
angle of the soil g = 35°, the backfill
8 = 10°
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V. CONCLUSIONS

(L) Both the Rankine and Cculomb earth pressure theories
are useful in the analysis of retaining walls.

(2). The friction between the earth and the reinforcement
is the basis of the theory of reinforced earth. The fundamental
calculation of the friction between earth and reinforcement is
extremely simple. As long as the stresses in the earth and the
reinforcement are known, only a simple procedure is needed to
design such a retaining wall.

(3)s When data such that H, 4, 8, L, 4, f are determined,
a strap reinforced earth retaining wall can be designed simply
by looking up the values of K. and selecting the cross section

of the reinforcing member, where

H =mmmmm—e— height of the wall
L m=m—mm——— width of the wall
Y m—m——m—— unit of the scil
f =———————— internal friction angle of the soil
B —mmm————— angle of the backfill
d ———=—eeaa distance between each layer of reinforcement
i coeff. of friction between soll and reinforce-
ment
K, =======- pfoportion of reinforcement per foot wall
Kr _ H2 cosB cosa Kg

( g +1 ) ( thanB + LH ) sina



LG
where
£ = tana, «a isfthe friction angle between zo0il and rein-
forcement,

(4}s When the height of the wall is held constant, the
wider the wall the smaller the proportion of reinforcement is
needed. The proportion of reinforcement increases as the
separation of each layer of reinforcement increases with the
height and the width of the wall held constant.

(5)e The analysis for a retaining wall constructed of

reinforced earth is similar to that for a gravity wall.
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VI. SUGGESTIONS FOR FURTHER RESEARCH

(1). Since scale model tests are often an effective method
of checking theoretical calculations, it is suggested that
scale models be constructed in order to prove the accuracy
of the theory of reinforced earth.

(2)« A study of the influence of the stresses in the reinforced
earth due to earthquakes and of the stability of the
structure under the influence of the external forces
induced by earthquakes is proposed.

(3)e As far as the material is concerned, a retaining wall

' constructed of reinforced earth could appear to be more
economical than a reinforced concrete wall. However, 2
study of the relative economy of such structures from the
view points of the time factor and their simplicity of con=--

struction is also suggested.



APPENDIX A

(a) Flow Chart of the Computer Program

(b) The Computer Program
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(a) FLOW CHART ( Start )
1
// Znter Data _J//
Compute
Coeff., of Active Earth Pressure, Egq. (1')
Coeffs of Active Earth Pressure, Eg. (3')
| Compute
. Horizontal Driving Force PH2, EqQ. (10)
|
Compute

The Moment to Resistance Overturning about Toe TMO,Eq.(1Z)

The lioment Tending to Overturning about Toe THT, Eq.(13)

No Check

If TMOZ 2TMT

Compute
he Proportion of the Reinforcement CR,EqQ.9

!

Compute

The Resistance Force along the Base RF,Eq.(11)

No Check

If PH2zl.5RE
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Table 1

K. values, inches per foéot of the wall
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Table 2

X, values, inches per foot of the wall
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" Table 3
Ky values, inches per foot of the wall
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K. values, inches per foot of the wall
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Kp values, inches per foot of the wall
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Ky values, inches per foot of the wall
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Table 9
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Table 10

K, values, inches per foot of the wall
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Table 13

K,. values, inches per foot of the wall
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Table 15

Ky values, inches per foot of the wall

HIFT) = 20 Prlo= 22U BLTA = 24

K S

3

D

P i bait i S ek R e e IR i
oS WP e NI o}

«HUTUG2950
e (2206864500
NH2HG6T11100
« HARLOAPT
«BARIANDTN
CATNNR2GIN
«LOTTNT410
LH2BORH20G
e 39019860414
« 3730734450
« 349691000

NETY 1 2
WL LFT)

Labh CT 56600
13704800900
laZ2AbH00 76N,
TelZ2870300
let366G4100
N TARET,
s BH]IOTHRHU
1ROy
762105290
e (12251150
«H6TH591910

[XN]

22 VOLELENY
Vas 1antrurr;
le7871770007
1eF. 25020701
laiBTHACENS
la2tiibzpror
| a2 B2 1800
lel V2267800
10526555010
1e218%€EGG
e 957649250

Table 16

K, values, inches per foot of the wall
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inches per foot of the wall
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Ky values, inches per foot of the wall
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K. values, inches per foot of the wall
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Kn values, inches per foot

= 20
1

56445284y
«GB6LETLTH
f479285420
«376867280
«337411677
] -‘304671}1 n
<277:C8780
22535742C0
«23328581C
215622600

20011866275

«18641C0%U
174210910
163292210

K, values, inches per foot of the wall
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Table 25

Ky values, inches per foot of the wall
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Table 27 - 66

K, values, inches per foot of the wall
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K,. values, inches per foot of the wall
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Table 29

K, values, inches per foot of the wall
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K. values, inches per foot of the wall
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Table 31

K,. values, inches per foot of the wall
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K, vlaues, inches per foot of the wall
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Table 33 69

Kn values, inches per foot of the wall
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Table 34 :
K, values, inches per foot of the wall
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Table 35

K, values, inches per foot of the wall
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26 1644231 1C «275821G78U LM TLILELD
27 : «13B36R86130 T «26R789237 *« 389948775
28 - «132753854 . 57206900 «3T741225 1
26 2127532150 e 4706262y «35G40RTTC,
ar : - e122665100 - e 237663620 e 345692554

, Table 36 o

Ky values, inches per foot of the wall _

HIFT) = 30 " PHI "= 45 " BETA = 20
D(FT 1 2 : 3
WLAFT) - , -

g o we ok s G By ey pepsescec: b B B785CCT80 " 7 7 1.2T77B192GC
1¢- «403662510 ¢ TE2GLOB11U l.13759430C
11 « 2A30ITAH0 . - e 102386060 laNN23106500
12 « 3209260445 0 T T T e63764211C 0 GG2TG1582D
17 « 3N THT650 «582698560 , «R4T5E]1REN
14 e 2763694 L « 538465800 « TTRREGATN
15 e ?E5529717G T HhOUK2R2TU «T1C4T2R51
14 « 2369069380 «456011910 eAATHEERILHN
17 «22G730870 e L27566GT0 62205674
ip 0206352170 " "« 3998B485( <SR1E6SUEREN
16 e 193601590 « 375103068y e EHSGLHULLG Y
2 182125820 @3H28068810 5122672600
71 W 171776070 Te332816140 CHELLA61TE
22 0162397850 «31466L5847 57666670
22 15386363 «298110C780L « 433615670
24 TAGURTIAN T~ T T J2BRANCKINSLTT «H11643730
25 +1289191180 «26915577¢C « 91465220
2¢ 2122344000 «25641667G e 3T2G6071N
27 126277800 2 2LH663240 «3R5873RI0G
2P e 120665140 «2237THRT20 W INLNRAT N
29 e 11945868 223701190 ¢AP2HRELHG0
54 « 1100617310 02143210530 e 3117390690



Table 37

Kr values, inches per foot of the wall

HIFT)

NIFT)
“L(FT)
14
18
16
17
16

]1¢a

) W o) i ) W
o T LI o R S

0y

Hhoe

1

N7 faORT:
SN TOTRRAL
P22 HREHB
42281000
164 TIA2T 00
ADANGR2TNG )
e 1 BLARYSN)
«2B513260G

380595627

«26IRKQQDT

«A4BOHSTINN

«334751140
c221876140
< A0GRLTE

. «258B884940

«2BBSTERED
278559295
e 2699606600
261524326
+253599340

246140547

«23910279510
«23246607C

0226183200

2220231610

« 214584060,

«20921945C

PHI

30
’

JelGTU:T4H51:1,
letin26% 500
lev 211%0iuwn
WGl 12070 0
T IZ74630
e G496y
w016%521 Ty
" THILOLED
e 42865730
s 710354 1Gy
«HANTY LTy

HLTA

«652561734

«62B424T50
eBUBLLGS TRy
«+58252726L
563415340
254465481 u

e H27065947
«517595124

«495122530

LB1I560130

L4GHE258%U
«4538623230

“441595770.

«420G74820
«418949850
«40B47610U

71

Yo7 TRy
| LY R A Y A R
PRI R AV VIV,
seliL it LG
le22M%2 7700
TelUbrz2urun
1e13G59233500
lJavhuEurbuu
fGTLELT AR
IHTEELEAG T
« G20 T1E270
e FRELTILEY Y
«RO4550010
«E254LERGHLT
«a 757935330
e 772212510
e TA4BLELZ22G
« 725412110
s TULLTOLTY
«H33G85SGT0
e ABLAETICTE
«BHNECEDIRY

W 62G963]30

613810240
«598464590



K,. values, inches per foot

FOFT)
DIFT)
wLIFT)
16 !
17
e
1"1
20
2
bl
%
24
28
26
21
28
2¢
an

21

" AD 0~ T

o ) W

=y

Table 38

= h{)
1

Wil H30 630
W H 72905060
AN BORGNT
N 19683460
a AT RN
e 2TAGLORAN
e THECHATN
e 3L 1 1GHGOT
e 425026961
e 3113606600
« 248201220
«286.25510
278726070
66217050
« 2544162870
« 245254457

. 226672380
« 2286172040
2221042600

«2139CT7C6%
207174010
« 200810740
«1947880CCC
«18901:79520

. +183661690

Pl

of the wall

e

£

e 8L LHBOL] L
WUPRAPGNE2
OAL4HETL
i1 AR TAL
e ITE2004 Ty
e 7T2R36236U
LT TLGL
GOHED NG Z 2
fGALTLTETL
(U TEIHEBU
eLbZZudiTu
e558450T760U

C «536373b08L

«515854100

! GHTLITH3U

-

et (BESH14T

«HEPLTLHETU
U634 8ubGU
«431559370
«41762678C
240448625650

. «3592059C90 .

«38030C38v
36915527y

.«35857758y

72

1

a
r

Tehtial9ee!. s
1202120411
a2 r2u0nLy
Tad ! s ETGI;
Tal%hLE4E 200y
11772020000,
lafi iy Teat:d,
RN AR AN ALy
e I 1ALLELT
e B UL62LE10

VAL e AT

L]
-] .
s

A

L ]
~ =3
: LY N
W TR e = AR AN X

O o an

-~ =t
(&
e M
o
L.

Y

]
h
~J

.
foul
‘N

«S5T4412140
«25T1E432C
"« B4ubB5542y
«5253575CC



Table 39

K. values, inches per foot of the wall

ICFT)
NDIFT)

WLFT)
2t
21
;7
23
24
25n
26
27
2R
°Q
ar
3
22
213
24
35

36
27
38
3Q

a4t

= i,

1

o 12313710
e ANNEARTELU
«AT0L IR
«351341270
« 334187410
«318441674
«3C394GR2U
« 290545800
« 2781327470

« 255 RRABL
« 205871060
«2365CG5GUD
« 227737990
« 2195037445

« 211760620 .

«20446726C
«197586860

PHI

e ?266613127 .

«1910864CH

«18493632%
«179110010

40
2
SBUT062925,

s 1627592410
» 7122568520

LebobULIBGY
oKL 24611T0

621719400
eHI3L.828U

T «H6T7256114

« 543030316

FE LA

«52753728L |

499582667

- 048!“;9::‘76&
461757410

s 444631340
«42B554930

_«41343745C

«3991%841C
«385T764B4C

_«2730T7347U

«261C6616C
« 349690990

73

2"
)
7

L
’

leliz2b4 110
11175%1%00
1e:E8GHET
leGnia U020
s 3509314410
«ILEYI260
«PHIGT1Z215%
e FR1LGE1IGN
TSR ZREN
e THAP2EZTELT
e T219LERTN
S TIRATE N,
e THE2 820y
«65143662°C
«G278B2E15
CENET2EGEL
« 584071520
«236519235¢C
s 54E65G50L1U
«527807395N
«5123380110



WLIFT)

12
l4
15
16
17
I8
160
20
.20
27
272
24
25
26€
27
28
2%
R
2]
EY
a2
A4
25
14
37
48
a9
4G

Table 40

= 40
1

]

« 523301000

W4B5Y6RBTN

«493570960
125222770

«H0209660

« 377575810
«ARBIB2340
«34D]1 TR0
2323979280
« 3192526210

L e29580714G _

« 2834818502
« 272142580

261675550

« 251983860
e 242%84440

 a234605660

« 226735480
« 219469820
e 212611280
«?27616R610
270104830

« 194387660

« 18ROAT79NND
+1B388C11C

C«179041160

e 174450360
170089100

Ky values, ;nches per foot of the wall

3!
2

1e 021780700

VLB THHABE
ct58LHH45 2910,
630196630

e lbl361725

e 1379527310
697112120
«66415T0U60
6325320616

«HU3TTOETD -
1 eD¥7528220 |

553464550
«521325940

. «210890G350

+49196849C
474398180

W458039670

442771670
428488700

«41569R420

0442519670
«397 687 BEC

.e37051857U

»36R976380

2359004040
349556560

340593590
332078740

74

N :
3

P52 TR

13N LGTNNG

le20T473900
1e216%324%0%

lalthiusotl;

Tei511E6AKTH
le242R2070
« IT2TLTLE!N
«PARTTADT
fRAHKANTZ21N
«BHH1HETST
+RICEBREYGEE
s TTRL4EB4LZE]
e 745512810
«T20T7G1CBY
« 5356408860
«HT71081247
«HH4RTIIOTN
«G27785700
«57R1E74550
+53072R16%
5722620714
«35603£828
«HLn5G330Y
«525982680
«51214102C
«%499009200
+466533980



ML(FT)

14
1%
16
17
18
19
2¢
21

22
273
b
25
26

271

28
2G
3L
31
22
33
34
I8

26 .

5B d
28

a9 .

40

Table 41

= 40
1

L]

cHERGLHAPD

C e435613720

wHUBTNRZ1D
«3851212590

-«358563680

+338310220
¢ 320092710
« 303620230
« 288654670
« 274996427
« 262450520
« 2500901330
« 240382410
«2ANKETLTO
221460510
«212988220

« 2050687020 . _ .. .

«197701590
«150783520
2164250240

.178184230 -

«172432210

S 16TCD4640.

«161875167
«15702018C

152418530

«14805117C

Ky values, inches per foot of the wall

W

5
2

c9150:16160

«HBHT4E38TU
079"!(.'4545{.'
e 4bLZ2T7219u
»5, 00052870
s GO0EIC3GL
e 6246429190
e 592762340
«5635635GC

e 536612620
512481490 .

450287305
«469312030

e45C15%550

432375310
«415E324150
«LCNAGEBOL0
»38H96B84C
« 3724862120

. «350804760

«34766349C
+33665237C

..e326056680

316041990
+306563210

_«297579C50.

» 289052280

75

1n
2

10341605000
1746057605
1e 163265560
1076445356
1.0256589C0
« 967724600
«915614116
«E6E4755130
<P256RGEAN
< 736626250
«TENELLORG
« 717947120
CERTOCELST
«£59530220
«h33LB50GD
$€552454L0G
cSECHLL2EY
«565518540
«545725630

. «2271E2E30

«50G68GTTO
Wb60G22367240
«ATTT11070
WLBKANRRZ2EN
«449150780
435987920
«423495240



76

. Table 42

K, values, inches per foot of the wall

FIET) = 40 . PHI =

24

o A

3h BETA = 20
DIFT) 1 , 2 ' 3
WL(FT) o

16 «139G2270 «8OR2TN60G la184210410
17 e ARLHHATANN e 1H4T30530 le 1" TEROAN
1R «2GP23ARGTY . L s TLT22791L 1efizHh 171105
10 «24NKT 114N eHGLUROTHEG WNFHO D022
2t «A2099530G0 eH267T05CR0 e 12195 90N
-2 0303374340 «FO2302270 +PATTINITOHN
2?7 « 787389110 eH61093CG10 s AD2GAHEERT
23 272825480 532659260 «THGLOTTBE
259505110 506652650 . «T423L5316
25 247276140 482781150 767336530
2€ +236017850 s ENTY6TTE «6T51208E0
27 0225616280 . . . «i 40488940 - «b645367530
28 «21598CHR0O «421676980 e L1TRESEZN
29 +207031930 #404205200 562267650
_an +198700240 .. 387538760 568375390
21 «19092589C «3727601C0 « 546126880
a3 2182656010 «358566490 #H2534167D
2176844400 . _ . .. «345267650 ... . «ENHEST2TO
34 170450290 ©33278391C «487567130
25 164437560 321044760 670367960
.36 +158774C80 43099875106 .- #45416775C
37 153431270 299556310 438684820
38 «148383500 «289701130 4244645840
39 143607800 . . . .280377150 - 410785150
46 139083520 271544030 397843620



77

Table 43

K, values, inches per foot of the wall

. 4G

HIFT) = a0 ~ PHI = 40 BETA = n
NNFT) 1 w7 2 3
WLIFT)

1] 46285990 «56R894712C 146192620200
12 454932490 «588201530 1¢3N131R5CH
13 . 0419937680 819678350 16201217166
14 +389942130 761315610 1115415900
18 . 2363946000 710561230 1.0410G54800
16 «341199370 666151150 e 1598R920
17 +3211288720 626565750 «D1RSTTIRIG
18 »4-3288350 592134350 W RETS545THED
10 * 287325800 . »567969394 e A218B541N
on « 272950600 522020920 cTRETGI1ED
20 « 259961430 . 507542730 e TH2E1CELD
2?2 «248144HG90 cLBL4LTEH60 705810120
22 2373256080 462405490 WETRGLARAN
24 0227466250 44416GCT6T ESNB5G51G
.25 . +218367600..- 726336730 624632510
26 2209968840 « 4092939170 cGEND6LESRE
27 «202192220 «394756230 «5TEZE2E20
28 + 194971070 .. «3B065780C «5577CTGE0
29 « 168247920 + 367531700 536476650
2f s+ 181972000 «!5528M630 «E2r527640
.5 176107900 __ 243819960 «G03726240
22 « 170590680 «332075580 CHRTOCHLLAN
21 165425990 «32208237U 473206760
34 . «16C564410 . .«3134E2613G . W45G288520
55 «155976850 3045326250 T WhLB16E3EC
36 151644160 «25606718G - «433772860
37 «14754567C. . . « 288065360 . 422045270
38 2143662890 250484690 «41094270CC
39 +139G679230 . 273292790 « 4006405710
0136479740 .. . . _ . «266460470 . --«390395580
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Table 44

Ky values, inches per foot of the wall

.2';

HLFTY = &40 PHI = 4U ALTA = 10
N{FT) 1 ' 7 3
WL(FT) :

12 C «&39 726200 E58513140 1e?BTE21500
12 ChNADPORRYY s TBO16D6P0 1156225300
)4 373778410 72919785V 106618050
1% «3ATHLTHOD  « 678291060 eI TT5%10G
16 «324362630 «633279440 «U2782799G
17 e 304H03N560 « 593583476 e PEGLEREDL
.18 v 265967260 . «55832176C0 «P17999%606
19 269814400 e 526780470 LT71794700
2C 2755285290 49841 HTBG 720234740
21 e ?H21487910 e 472764950 e HI265568N0
22 230212340 40462210 HEPEILA20
«?219321797 «42R1GG680 AP T2622RN
24 . «2093455C0 CGUGRT221TU - «BIRRISE1N
25 200173690 «39NR15300 e B T25E9856
26 191713500 5 1429TT8C 5652595766
27 « 183865740 . .e359015G2C e H259GETLN
28 176622620 W 3LLE34650 «5NE222R40
26 169665660 331642490 LBHEGLE2N
50 163564170 . .. . 219336550 e hb6TEETE3L
21 » 1576740320 57839800 $4510211006
212 12156620 «2970G6770G 435222740
.23 146978000 . .. «2EHTH5T7060.. 4PCL254T0
2y 2142108240 « 27744943 liNBLGSRR0
28 «1375208C0 o] 6RUG30LN0 e 3223T72LEN
g C«132192130C . . . . .. 60041770 « 380591470
27 «179101180 e252C54700 36G285440
38 125229169 « 244455020 358212680
39 - «121559180 . . L w237329850 . «347715830
44 »118C76060 ¢ 230529450 «337752450



Ky values, inches per foot of the wall

HEFT)
NEFT)

CLAFTY

14
16
16
17
18

. 16

2
21
22
P
Zh
25
26
27

28

29
ar
31
golrd

33

B o o g

25
26
37
28
29
4¢

. - 108285090 <o

= 40
]

«2T7HRT10THN
e ANHHHN02N
«3122318470
A0NGEARCCH
282025110

. 265108880

249914600
+236195600
«223750110
212411430

Table 45

PH ]

202040700
« 172521256 -

» 183754420
«175656160
+ 168154420

«1611871C0

«154T70ML50

« 142587510
«127684250

«1236154C0

»119455690 .

«115525690
«111807510C

-« 148647560 . .. .

4132706040 - .
. 128024760

Hi
2

s 120796020
GTH615H2610
6228846420
05876ﬁﬁ}86
« 250620470
eH1799353C
«HuT2849U
461143780
cA426B4546T
414708030
« 304460440

2 ATEHTHELU

+35875R660
e 342CKTT60

- 328301490

+3146GB64U
«302034210

. «290216680

« 279166090
« 268812120

- +2590%2760 - -

«243953110
« 241244360

e 23223036 - -

225550160
«218290870

e211413750 - - -

79

20

3

1707071100

«N51220010
WG21G80T71D
W PECGOREND
WALGT2%660
e TER2Z34LTIC
e 7148672060
675626310
6H00L29420
«6" 7555500
«57753N3200
W SEATOA2TG
575623 1EN
W SMPULEERED
LL4P05GGRTO
WH5107CLL0
«Lf2515230
425201165
«H0O0I0E3T
«393641C30
« 279601030
e 36621441C
« 252567240
«3L16GRESD
s 330457220
«315821530
«3INSTL5T50
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Table 46

Ky values, inches per foot of the wall

hi{iFTY = 40 Pl = 4l BLTA = 0

hA0THA] 60
¢ AT LA
« T RGH LT
e 32 ARG
«ACTOHBRPOT
s ARTIICTR
e PHG2P2R00
e 7HAR[KGAN
« 239308990
« 226713780
« 215378090
«2C5121980
s 14579R250
e 16T2RH280C
e17948174"

e172302470 - -

« 165675450
¢159529320
- 0153841480
+ 148536600
«143585390
«138953600
«134611300
« 130532170

176652990 -

123473180
2119654490
«11642CHR0
«113356R88C
«110450290
« 107689040

—

PFT) 1 Lo Z

e b4 10100]) 20
«a TGHLNRS T
o T OHAL 20
wOhGTip 7 U,
ot T14%580
OGO TED
2 H2R6250R0U
B TOROGK0
4067222290
f442641640
e 42N50N060
e 4CNLTE2HU
e 382212780
0365652220
«350416710

- 336400050

»223461550
«31148153C
» 3010357190
2GNC000CTU
«2E03332G60

«271290370G

«262812540
2254848520

-« 247352960

241285760
232611150

0227297330

$22131582¢
«215641070
«210250040

-
A
-

1e7%21630.00
Jel 2N 1HH200
1o NPLBGPLGE
NTRTTTAN
«OGT16LLANG
AN Y Yl
e 771110 18RD
s T2NHKB0ITHG
fERLB35050
6LE5LERSN
eHL16GRTEZSN
fHELTLAHZZG
HELLTLHING

" eHET2NEN

sAHODBEH20 N
«HhTAGNARED
oLSE3EHEET
HLOCERZHN
«L424EB3Z60C
«H156721010
C 3G THT1950
«385C209%4G
« 373282740
«3A24009005
»352C46570
e 3L2267510G
«2330170410
e2724253420
«315929024C
- «3INBCLETEC



VLLFT)

-—

}
12

14

1=
16
17
18
16
2¢
21
22
22
24
25
26
27
28

26

20

i ]
-

[5S JR SL IR UL RS I
5 T KA IS

33 2
Lo BEN e\l

o
Do

Table 47

= A0
1
s 370 AR 5 {0

e LR IGTHIH
RN ThHTT L.

« 793506714

2 TR2B00. 57D

e IRLTBIALU
«238811:970
e 224622510
«211934710
2200522340
« 1502035140
+ 180827950
0172273610
0164437400
+157222100

-—«150587780

« 144430180
«128734127

133426640 - = -

«128476930
123850320

119516490 -

«115448770
111623650

« 104620190
101606820

o (198365420 -+ -

«0G5482714

(92746777

Ky values, inches per foot of the wall

44 BiLTA

pa

o AR TOhAYEL
el 0T This
cH1aeT0%f:
«H 73212624
«D27E6310
s LOTHA {20
H6B24G920
438548690
413777270

© - e391496000

«371348980
« 353045070
*336343710
23210G44440
« 366978900

-« 294004660-

282000310
«27MR61RTC

-2260499640

« 250835920
241803020

- 0233341720
225399580

«217931900
£ 210856780
0204258470
« 197984760

- 2192GC4677C

» 186418630
«181077040

81

16

.
s

1 -.’Ji'a'/'ﬂ’l-/’jf;f]
TR TT,
=07 "."JP:‘-",‘"'
e RRGHPET 20
s TENEGIAGHMN
e I2R7G2L1M
FE21103%60
eHH252HE5C
606251860
«S7358720C
e SLLLUEYLEDC
«D1T2520G50
472TB2EE0
dHTR36T4L50
dLf0TERRID
e430751020
«f13714/3240
«306ELLI2D
«3R164£227C
«3675C037SC
«35426955G
a381672770
«3302272CC
«319295570C
-« 3NBGRBING
e 259262450
« 2NOTOTINN
« 781370870
0273124490

« 265298940



K, values, inches per foot of the ﬁall

H{FT])
DIFT)

LLIFT)
17
13
14
18
16
17
18
-1e
20
21
232
24
- 2Y
2€
27
28 -
20
R
ER
2z
33
a4
35
3¢&
27
28
a0
4H 0

Table 48

= 40
1

« 342829500
e 413882110
« 2891400
s 2HTHTRORN
«2HBURANZD
« AP HhG22N0
« 217831150
« 204765260
« 193029570
« 182432250

- 172820580 -~

«16406279C
156052620

-« 168699976 -

2141928670
2135673670

‘s 179879460 -

e1 24408020
«119487850
«114812710
«11G44099¢
« 106244850

e 1024699776

«UYBRBLNIT
LY54LT8323
(392265440
«8G522997R
«CRG2BRIZE

PHI

2083637466 -

45

2

e (63339106

S eH 12815390

e 564453770
! 22A0HH20

wt B6O51110

Qﬁr'lq_ﬂ L4060
wh420280490

-439077998G -
«3T6667230
«356179200

e337411610
« 3203132060
«3C4674380

«2770G876C
e 26486710

© 4253574160

« 242067590
« 223255820

«22415817GC -

2215622650
« 207625670

-« 200118610

«193059310C
«186410060

e 180137290

1742103106
«16R6G3960

2163262190~

82

en

w

« N6 ZGOG
«HOTBL10BD
s PAPEHGLUNZG
dTHEETTETD
«sTV12121400
o’;’;’tr}an". 16
6P ICGRLED
«HAHBT2L160
W552154271
5216462590
U FL54T270
45652658920
446383090
« /25351112
dLPBEGREIG2D
W 2ERORCELD
« 271512800
«IRE1222306
«2L]1TOGELD

«32B4177AC

«2]EG12€40
2 3NL]IGETED
« 2921570410
e 282854370
«273112420
«2639220E0
2552329240
2470244730
0739242070



Table 49

K, values, inches per foot of the wall

tI(FT)
DIFT)

LL(FT)
18
16
20
21
;2
?'.I
24
78
27

28
29

3¢

3]
‘np -
23

24
T 38
26
a7
38
29
4 (i
41
42
43
L
45
L
47T
4§
49
Hhi

= 50
1

24420621180

420450120
w40 NUB6TTN

«382262740

« 265643570
«A80LCE42D
+3363292090

«323453930

«311474150
+ 21003500670

0289993170 7

« 280326730
2271283930

«26280631C

« 254847480
267347120

PHI

240280060

272332605610

4227291950 -
271210580

«215635950
210245050

«205117120°

«200233380C
2195576790

«19113186G

» 166884490
«1R2821780

2178021060

« 175204210
«171628610C
168196040 °

30
2

e 1645279C
068218460

BETA

«B2480TET0

« TBESACYALG
«TLHOBZBO5(

«687330620
«650R4E6010

e 634467330
" «610G68560

« 589148720

540871680
532133890

499863350

«4BR2264106
«445241900

o024 ]10i9230

s 422578210
412403760

Te4(2345120

«39276549G
e 8363141C

el 14512510

717223620 7

T «D26RE3Z2790

 e9155C4650

WA4B51R0910
W4T71318580

«36658112C

« 358611960
« 350681920
¢ 343669790
« 33665613V

.329923000'

83

G

i1
-

1a348746190GH
16277755500
14212867700
lal360R4ENT
la1251€1700
1.n653327100
107115556400
«3710G415C
33744420
«A751613580
FATLAHEZAD
«527150G18C
BN9245150
e 783140520
« 75856673730
« 7356774720
« T1L0O3QFTC
oHA3EARTELN
«ATHITICIN
«H561447T720
«HAPETTTITC
£2248%6730C
«E069322E660
«592130616G
«27BG32270
o SHLEBIETD
«DR1TSEGED
«53A04L96TEN
«B2TTHERHENAN

e R16539450

-RN5TTR220
«Hh95456220
«4B85547100



8L

Table 50

K, values, inches-per foot of the wall

"¢ 0269620340

HEFT) = %0 PHI = 50U BETA = 10
DIFT) 1 2 : 3
WLLFT) -
el dANHQEANEGN e 19560106010 el 70471 81.0
21 « 28520260 « 755232110 1111672000
b ' «366316610 fT18544120 1.N8T4LENNTY
22 ' e LA LBRAN  WBBROALINU 1070272100
24 233606670 6547282310 fOARRMEI DA
25 0219224470 6261711006 «G215%4E60
24 «3AN566507N " L B0N142680 WFR3228G10
27 0292674720 eBT6054270 WRLTTTELEE
28 2862277420 553676020 e ilL2/62E0
29 271671760 T e93259462C «75426005G
30 2261776510 513468630 «7537C5240
21 252528650 cH9EZLLTE( « 728997580
22 «2438616730 W4 TERGH560 e 7M39TREL D)
23 235725180 462384010 e6ANLESTEC
24 « 228171620 4LT3T] 260G CWHERIGSEIN
25 «?22085GB10N Te433225010 637575660
26 « 214052880 «41INRT29RC CETTGIH2EN
37 207617590 417250660 555350050
2R 201525700 «39530N036( 581762860
39 165749630 « 383070430 «5HKECBESTO
4 1902666320 «373214120 eS4LG2LEETN
41 21556523470 2762986450 «534210975
42 L 160092560 293258480 «5126858GC
43 175365710 343586570 ENG2LLL2D
4¢ 170856930 335142430 493228510
He 166551640 326697450 AALRLGLEN
L 2162436580 o 1R625590 HHRG20TON
47 « 158499540 .. 10G02940 457555210
4R 154720390 « 30350765y Lh66T1ETC
49 «151115879 «296419600G 426240200
50 0147649500 0426233740



85

Table 51

Ky values, inches per foot of the wall

HEFT) = 50 PHI = 30 BETA = 2C
NIFT) 1 : 2 - 3
VL(FT)
24 Y LR R F:A ) W GR322T030 1 NNELLLNC0G
A8 SV VIR LY cGH1BER4R0 IGO0
2k «3VTHRB260D «62295N510 WOTHRTGETED
21 e 203980777 T W596228B10 CATTHERRLS
7R 751331600 e 71458320 FAI01H1T0
20 « 779595070 548436510 ANT122010
i « 268660450 526987820 « 775567030
21 258445820 506959260 s 766C51040
52 248695050 cL$6217200 718508350
17 " «2399361706 e T06R4CGE T «69264391C
24 «231520300 v 45413599C cH6HR3511106
35 «?223600710 « 438601370 cOLBLEABLD
BcY " e?216135660 422958440 «L£22AGZRGOC
27 «2090° 88180 f41M124520 s&R3ECL2N
2R 202428000 e 397064400 cERLIASROTN
20 T +196116330 ¢ 364669720 e566147170
an 190135390 «37295788G EHLBEB1ALS5D
41 «1B4GBBO1D 361821480 cE224G2000
42 2179062290 «351237560 T WB516915€8C
4% - 2173928410 241167260 «BN2(55230
44 « 169038330 e3%31575160 HETUTEELD
4% e 164375630 w322429140 4 THL51 6250
hé «159925350 «313699720 CHB16T1200
47 «155673730 «305360G020 «466,629779C
4R T 2151608250 T er0738541GC 43 TEG1E060
49 e 14TTIT340 e2b89753240 «H26425210
50 143990400 «28244271C o415670420



WLIFT)

16
17
iR
14
s
21

27
;2
2h
28
26
27
28
29
3
3]

32
213
24
2R
a6
a7
ag
26
Hii
41
42
43
L&
45
Le
H7
LR
LG
50

K, values, inches per foot of the

= LN
|

«L 213071490

TehG21714%0

e 3TOLE28670
e RHOBATHLU
e L 1845760
325567300
«AINTARBTH
« 257257180
« 284871460
« 272476600

0262956270

«223219C80
244175540
«235758690
2227897170
0220545640
«2136535920

S W 207179240

«2C108R8T74N
195347437
«1689714310
«1B4TE1490
«17991882C
«175305510
.170%22880

166754020

«1627832690
«158996029

‘e 155384430 T

« 151931440
«1T4RAZARBGN

T 145466270

« 142435730
«1395288A80
« 136738200

Table 52

Z

SEAR]TOHD0
» THBBTLEZG

AR08 0 .

e T05EZH290
cOTNASL2640G
« 628612960
«610585120
«563081396
«558786350
«526434LRTU
«515802780
«4G66G8950
413955720
462443880
«44T029GT0
«432608780
«410069750
C40I63G00T70
e 264437430
«382167770
$372524230
«362456000
«352617650
e 343868510
« 335271800
«327054430
«315306480
«311880750

2204792540

«29RC19380
291540600

e PR5337700

2279393160
«273691270

0268217430

wall

86

'.:
o

Te 759580500
lea160UELELT
TeN2HLELANGI
1.028770L6LO
«RLEZTTU
AR LER2S
wETT] 2575
«fR811%9250
« 772360830
s TATLTN2E5C
e 755106010
W 730051C20
« TOLEEL1LD
«HECS5TTELD
«BETEGLIGOG
«£36EE6G55CC
616773620
e I2ANRZETN
«5EMP4G2E50
«SR2QGT2EL
«SLB24L22EN
«532425250
«B16G3e2320
«SrECTREST
293418500
«4513642GC30
e 46G5227ED
4589954350
e HhBESE264LT
«4385G45AD
«h2G05GC20
«419G36970
«411182420
«AN2700940
« 394735120



e
=R

Ky values, inches per foot of the wall

FH{FT)
DirT)
"WLIFT)
18
16
o0
21
272
71

%

25
26
S8
28
29

21
22
Jrand
* b
25
6
7
3k
39
4
4]
oF
42
h
L &
HhE
OH7
48
49

50

Table 53

= 50

l

e IGHOIRT 20
« B RACGHBED
«3726950G0O0
« 310367940
« 295290770
» 781220700
2689230320
« 257329420

"« 246632850

PHI

«236733570

«227546110
 .218596800
$211021770

« 2003565410
« 196579070

T .196G11997)

« 182850370
«V78I36RTD
« 1725409750

167262540 .
e 162451400

«157795350
« 153374980

149173090

« 1451740770
« 141363710
« 137729150

134258620 |

« 130941430

e12776776C

« 124728610
«1218615730

«119021530

3
2

.7173?0%&&
LO1T7370610L
cOL1204430
CHNRATORTI
570224210
552222280

4527502860

« 504761580
+483779860

e 4643620007

46340440
«42557066C

w413527330

« 399201400
« 385597420

T 372731480

«36n629560
2347226180

«3ARKG62T00

«32328RC50
« 218604840
« 3055216606

« 300850920 -

252608760

W 2BUTELS20

277290350

270161020

e 263357245 (
«256E4666C
250621370
e POLGH99T0
s <3B8946240U

+233465290

87

1c

)
2

1aN8ELEGHEND

OB EZEPU
«VAZRAEE2NN
«PORGHTERN
«FH244L72731
«PIZ2T20GT41G
« 776325016
e T42B56650
«T11%77%6C
«6B24LLUT2T
6EEETBRLET
532128240

L f£NC1T76150

HATERLIEN
e EARTLBANZT
«SHLARBLRBRZTN
25 ANTATCHN
«F12655E3 0
«H4TR115%7D
423140520
o hETEITED

95522460

462761770
W430631780
CL15GRTLLE
HPAGETTZ

LANTEG5LGA

cARTHTERTD
<27RCONTTIN
«368839030
«366065640
«351656750
+343590460



VL(FT)

B
21
?
P

25
26
27
28
’¢
ac
%

%7

29
X
2R
26
27
38
49
Vfa(,
41
42
42
& 4
L e
L6

a7

48
49
Y

Table 54

Ky values, inches per foot

«33JRYITAON
1L DGTHA
PUBTLHRIC
-783‘)0?6?{)
«2TN4TANR:
¢ 258LHR040
246611060
236032580
0272622655v
217112762
.2N8621750
W 200662930
«153273410

W1E63216610

«179781479

172631700

« 167834910
«16236235"
157188220

« 152289370

« 147645020
« 143235390

e 1%90CH64T

« 135050887
«131262610

127641010

«172418615%7
« 120684660
1177277000
« 114706310

«111812250

of the wall

3!
2

«HD2RAANT(;
fH1T78207090G
«HHOG2ZTTAN
e HSTCL246GU

520542270,

«SN61E4EET
4863737100

“462567010

« 443752050
425875060
4062172600
362666910

AT 29
«3654671RC

«352648280

«34MBRE200
326214640

o 318480010
e 3083350720
o 2B T2146C

- 269611350

260963690
« 272745000
« 264525150
«25THTEEEU
0250374520
« 243595900
£ 232711991C

230927420

« 225000840

«219324030

88

20

WOACTTLERN
INGILETLD
W PAR2LTGHTN
H1G821825
CTRETOGTHN
.74q"ﬂiqao

.“579LQ?2°
«B3TERTATN
wS1PCQIERD
«EN123LANG
«4BLECLE1D
e L6670544L0
«HE3765T770
«03GHZ2T84LD
eLP25225G570
e 412493740
ar"l‘) F"'JP
«3RCERGEAN
«2TRG2TG30
e AHERLTETAN
e 2ER4LOUELN
«FHBROGEGAD
« 239855460
¢331133330
e 322778770



K, values, inches per foot of the wall

itk 1)
DT Y
WELET)
1"I
146
16
17
18

o

S IS IV I S BN LV |
b\ LI o RO IS B S

27

L4y

4b
47
48
L9

5 03

Table 55

= ‘r(}

1

PR .l thf\f“-f‘
o 2OB FRORD
e ZHRTTIOPN

L 22703000

e LA TTRNGH
«PURTRG20G0
e ATH20THRG

4261235760

¢ 2493061400
« 238519600

W 2785B128C

« 219438030
« 210598110

 «2031872360

«195G26810
«18917C720

182865020

«176966150
¢ 171435960
0166240930
161351490
156741450

182387520

« 148268940
« 144367120

L 140665400

« 137148770

2133503680
+130617870

« 127580250
« 124680700

«121910016

«1192598C0H
«116722350
« 114290640
«11195818%
1097140010

Pl

ML
’

o LANLTIEG

oL 1T30RGYL

OTZHN0AT
AP Z20G
«LUTE (910
e LGHHGI36N
«HE0L5210
eHD1242399%0G
«48595132000
«4GTB653TU

L4 83T10L0L

40436140
f4138ENG1U
« 398552000
«354317994
« 37106565
« 358696750
« 347125930
«336278230C

T «326087590

«316497180
« 5307454390
« 29R9140C0
« 250835230
« 2632181680

275520600

260022550
s 262461060

256211990

+2502535RU
« 244565990
«23G1311%0
« 233932680
«228955400

L 224165490

219610280

'(21521§070

89

v
7

Vo VBT T ALY
(I A P as

IUBNG TG
N RTLAND
N 148
W F2351805%0
e/ 1B4LT1G0
« 7541332440
2 T19EE466G
«hRABLELELE
+65GEBELTEL
£234727010
BNGINTICH
«SRASLEDRD
«5R3ENTAEN
.%hﬁGGﬁ&hC
WEPTEGRLED
W 51NEELEZD
«&BLGCLET0
AHTAGE2110
5728320
« 452450050
«43G6911210
«L2BN216G0
2 &1 BTG
SANB0TIBTY
2 ARB0Q2CTE0
«2R62674L50
«3TTOEET2C

. « 366297740

e359%27%2G
e351Y2E540
«364276320
«336952230G
+329933360
« 222200050
«3167326050



Table 56

K, values, incheé per foot of the wall

27

F{FT) = 40 Pil] = Al BETA = ¢
NFT) ! Z g
WLEFT)

HE V3005400 ORI TetiZtitest, 11,0,
16 AN 3IN4 990 OO TINS5 RV VIR
17 cACIGL YU cOLTIGSULG « BINBHEGGT
§ 291657230 e STZNGHBHU eHH1GEEG]0
10 27539736210 e5AN195190 e THENLGHP00
= 260762120 cB11404541 . w T2 TRA T Ih
21 e FHTHPALED C4REHEARET], cTVLELLTITN
22 73550407 HH1OST1R6T CHTRERITING
27 « 224530720 HANL2564G T L 64172620
24 214HTRGE6 420702250 E1914L6T4G
26 205229340 DH25652T06 5524546571
26 « 196698450 385221600 eSAHTR2ZTHET
< 188803420 «370634517¢C ELS(REE2G

26 « 181476090 « 3559723240 52388388
29 « 174657710 e 342507840 54200610
30 +16829735G «330121730 485839560
31 « 162350641 « 318457040 WLbHBRBT2650
22 «156778787 « 307527620 CHEDERTREED
N 2181547660 4297266580 H3ATLBETON
Y W1GBE2T200 267514890 WbL232822%0
28 s 14199072¢C «27852027G APGRSTTTIN
24 W 127614550 « 260936250 DT 2RLERD
a7 133477560 «26182136C W 3ABRBI22020
38 « 129560830 ¢ 254138540 «374G1523C
26 .125847390 S 246854510 e 362265320
4t 122321990 22395359280 «353118220G
41 « 118970830 233365860 3L3LLL120
42 «115781470 227169806 e334227100
413 e 112742580 v 221148890 275464436
Al < 10NB43ARGN 2215463000 L A1TNQEELN
LR S IDTCTENID 2211N33726 e3rG1NEPED
He 104 43NLHN e PDLRLAHA0 L 3N1460020
a7 .1C1899320 «i99879437 2274162210
/"8 G0GT5498 2195125010 «2RT165120
49 (197152367 190568100 « 280458730
5C (194923892 2186196850 « 274025580



VLIFTY

17
[
10
o

21
27
;R
24
2t
26€
2
28
2@
arn
21
37
A=
2L
20
6
27
38
39
4 0
41
47
a3
44
4e
LE
47
Hb
T 49
&0

 Table 57

= 50
1

e IINTHNTHN
e PN GIRTGN
274500850
« 259118760
e PHH221HKB
2320064000
210579950
200911730
«1920GC18GC

« 183765890

+176131300
« 16925650
« 162624870

«156251800

«150475250

e 145058980 -

01329070040
135182970
+130669819
+ 126409080
122380710
« 118566650
e 1 14GE0T4HD
e111518350

ellB256244

« 108152420
102196020

«N993TTNRE

CCOBORO564
l(;r}ﬁll()ll:"l

«LY10696269,

«089305928
. 087652720

Ky values, inches per foot of the wall

4t
2

«HCHELB80
e 72015056
«BH2ALH4010
«SUR2TILA0
«HB1011520
«4H620645C
«UAZTUTHIU
41206061
e 34096090
«376619110

e 360463890

« 345488320
«33156%950
«3186:265C
e 3U64L93G20
« 298162580

 W2E453869U

« 2TL55R3GU
+ 265166580

2256313860

e 247956290
« 240054450
232573050
« 225450290
$212747530
«2122&48770
e 206260540
«20r461430
2« 194031070
<TROBRLH00
oLﬁﬁfleﬁbﬂ

 LiT97v1zid
« 175177010

« 1707572690

91

20

2
-

I ot i P £
s HH1RZL I
TZHZTOZD
THEC27126
e I0TGOGRTEN
e LT 1huGLET
ehAR2ECHZG
-(-r!-f”yﬂ"}ﬁij-{}
e T9UGCEED
2BE42606T70
«D3ACLGLLLE
CSORABLEZ)
JLETGTICECH
+MHOREREGHN
AHEB1ICROESED
«43L2G020G

©35L91EEZD

«3532R 774D
e 22277240
C3TVRZAGED
«3219302720
«?225172310
.3R35E32460

« 2G50 1RT20

 WPRBERIOAN

e 2791140415
«27169%8C0
264598200
« 257607680
«251303140



Ky values, inches per foot of the wall

IHrET)

NETY
“WOEETY)

B I - T2 B SR B |

T L e il Sl
D

~
N Ry =

24

A
g
57
X
59

b G

Table 58

L}

1

SIS FFERRIT
e 2N T
e RO (81230
« IHBLTRL4KR0G
< 210042324
« 2540628080
« 240482080
e 227825120
«216423870
« 206127490
¢ 196758060
. 168263260
«160361550

il

«1731470G0

» 1656487584
«160321280
154555610
«1492647730
¢ 164289240

139634750

«12527116%
0131172C3%

1727314040

«1236760C0
«120241030

« 116991270 |

«11391256C
110991724
«108216930
«1U55774%0
«1C30:63740

_«100666910

«N%8379029
« (1961927828
«NG410168N
«NG2099516
s 0ONIROTTSE
« 088340352
« 086573545

HYy
)

o [0TNHT2201,
AR WINCE SR RV
o GHYL T
- [a(;!;f'“;?'l‘)-’f
«HANGTOLEL
HUNG6G2THU
G (1716050
L HEETTHU
o (265437370
482270006
«3RELEHT0
e 3269168130
«2537ER130

«329634670

«326571810
314476570

e3072245250

«2927£8520
< 283028900
W 273896940
265336554
$ 257299600
e249771390
$242556200
W278R57420
« 226452890
e 2234472870
«217714530
C212271670
« 207094310
e202163560
.1974620620
e 1Y2574250
L 18R6E5030
<! 8458406G
«L8N656T40
«176892060
+173283000
«169817320

92

fi

1 afifs L5 2800.0
w12
PRI AT A Al AF
e HEBLOLEPAS
e THLY G GEZ
3 7”)”)(: 5?')4’&(4
anitz22 el
«HETEESGT0
-‘.‘J?h?g'fﬁ?f’}
2 BFENAT2I
e BATCCOTIL
CRAAINLOEN
E2NE662CH
wLhFEETLTLD
«4AGAIRTILD
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Table 59

K, values, inches per foot of the wall
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Table 60

K, values, inches per foot of the wall
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ABSTRACT

The object of this report is to suggest an elementary way
to analyse and design a retaining wall constructed of strap
reinforced earth. |

In this analysis, based on the principle of reinforced
earth, the soil is assumed to be cohesionless. The stresses
developed in the reinforced earth depend on the sum of the
contact actions between the soil and the reinforcement. As a
result, if the reinforcements are properly placed and designed,
a stable reinforced earth body can be built up.

The principle of reinforced earth is used to set up a
series of tables which indicate to the retaining wall designer
the proportions of the reinforcement to the earth mass.

The procedure of analysis and design of a retaining wall

constructed of reinforced earth is presented in part III.



