CHAPTER 8: Earth Retaining Structures

8.1 Reinforced Concrete Retaining
Walls with Level or Surcharged Backfill

Description

Earth retaining walls are used in construction wherever a separation of grades at different levels is required.
Retaining walls must be designed to resist the lateral pressures due to the retained soil, and the additional
forces due to any surcharge.

This application determines required footing width, footing thickness, wall thickness and reinforcement areas
for retaining walls with a level backfill, with or without a surcharge. Lateral earth pressures and the surcharge
may be specified by the user.

Intermediate values computed by this application include the lateral forces on the wall due to earth pressure
and surcharge, the weight of the wall and the weight of the soil over the toe and heel of the base, the required
toe and heel projections of the retaining wall base or footing, bearing length and base soil pressures at the toe
and heel under service loads and factored loads, overturning moment and sliding force, resisting moment and
force resisting sliding, wall and footing thicknesses required for flexure and shear, and areas of wall and
footing reinforcement for walls with a level backfill and any specified surcharge. Surcharge may be specified
as zero. The Strength Design Method of ACI 318, is used.

The required input for this application includes the strength of the concrete and the reinforcement, the unit
weights of concrete, reinforced concrete and soil, the equivalent horizontal fluid pressure due to the soil, the
surcharge weight, the coefficient of friction between footing and soil, the allowable soil bearing pressure at
service load, the required safety factor against sliding, total wall height from top of wall to bottom of footing,
depth from the lower grade level to the bottom of the footing, estimated wall and footing thicknesses and front
and back face wall tapers (if applicable), rounding factor for base width, preferred reinforcement ratio, clear
concrete cover of wall, toe, and heel reinforcement, and the estimated reinforcing bar sizes for the wall, toe
and heel.

This application uses PTC Mathcad solve blocks to determine toe and heel projections for full bearing on the
base with zero heel pressure under service loads (unless a wider base is required to avoid exceeding the
permissible soil bearing pressure) to provide an adequate safety factor against sliding, or to obtain a ratio of
resisting moment to overturning moment of two. The application uses the estimated values for wall and
footing thicknesses unless a larger wall or footing thickness is required for shear or flexure. If it is necessary
to revise the estimated values for wall or footing thicknesses, or bar sizes, the application may be rerun with
the actual dimensions and bar sizes to confirm the initial results. Walls with known toe and heel dimensions
may be checked by entering the toe and heel dimensions where indicated within this document.

A summary of input and calculated values is shown on pages 21-25.
Reference:

» ACI 318-89 "Building Code Requirements for Reinforced Concrete.” (Revised 1992)
» Reinforced Concrete Fundamentals, 3rd Edition™, by Phil M. Ferguson
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Input Variables

T

d,:=[0 0 0 0.375 0.5 0.625 0.75 0.875 1.00 1.128 1.27 1.41 0 0 1.693 0 0 0 2.257] -in

Total height from top of wall to bottom of footing:

Depth from lower grade level to bottom of footing:

Surcharge on backfill:

Surcharge weight over the heel:

Estimated footing thickness:

Estimated wall thickness at top of footing:
Front face wall taper:

Back face wall taper:

Unit weight of soil:

Coefficient of friction between footing and soil:
Equivalent horizontal fluid pressure due to soil:
Allowable soil bearing pressure:

Wall reinforcing bar diameter:

Toe reinforcing bar diameter:

Heel reinforcina bar diameter:

H:=21-ft+6-in
D:=0-ft
q:=300- psf
@y =0-psf
hp:=18-in
hypi=18-in
tp:=0 in
t,:=6 in
~:=100 pcf
cs:=0.95
k;,:=30-pcf

Ds ::4'k8f



Heel reinforcing bar diameter: dyp, = dbg

The variable db represents standard reinforcing bars No. 3 to No. 11, No. 14 and No. 18, defined below. The
subscript number designates the specific bar size. Bar diameters may also be entered directly.

Initially, the values for wall and footing thicknesses, wall tapers, and bar sizes must be estimated. If the final
selected values differ significantly form those initially assumed this application should be repeated using the
final values.

Enter qw = 0 psf for highway and railroad surcharges and qw = q if an actual surcharge load is present over the
heel. Surcharge weight over the heel is customarily omitted for highway and railroad surcharges. Omitting
surcharge weight over the heel is conservative.

Computed Variables
B minimum required width of footing
T minimum required toe projection from face of wall at top of footing
F minimum required heel projection from face of wall at top of footing
Pa  horizontal force due to soil pressure
Pq  horizontal force due to surcharge
Wr total dead load
Mot overturning moment due to active soil pressure and surcharge
Mr resisting moment due to dead load
pre  Soil bearing pressure at toe of footing at service load
preel  SOil bearing pressure at heel of footing at service loads
Lb  length of bearing on base at service load
proe_f  SOil bearing pressure at toe of footing at factored load
preel_f Soil bearing pressure at heel of footing at service loads
Lo+ length of bearing on base at service load
hf  minimum required footing thickness
hwo  minimum required wall thickness at top of footing
tr front face wall taper corresponding to required wall thickness
tb back face wall taper corresponding to required wall thickness
As e required area of toe reinforcement
As neel required area of heel reinforcement
As_wall required areas of wall reinforcement at specified points

Material Properties and Constants

Enter f'c, fy, we, wre, kv and kw if different from that shown.

Specified compressive strength of concrete: flo=4-ksi

Specified yield strength of reinforcement

(fy may not exceed 60 ksi, ACI 318, 11.5.2): Fy:=60-ksi
Unit weight of concrete: w,:=145 - pcf
Weight of reinforced concrete: w,.:= 150 pcf

Shear strength reduction factor for lightweight concrete kv = 1 k,:

P A m—-r A A



for normal weight, 0.75 for all-lightweight and 0.85 for sand-
lightweight concrete (ACI 318, 11.2.1.2.):

Weight factor for increasing development and splice lengths kw k,:
=1 for normal weight and 1.3 for lightweight aggregate concrete
(ACI 318, 12.2.4.2):

Modulus of elasticity of reinforcement E,:=29000- kst
(ACI 318, 8.5.2):

Strain in concrete at compression failure

(ACI 318, 10.3.2): Sepp1-003
Strength reduction factor for flexure _—
(ACI 318, 9.3.2.1): ¢5:=0.
Strength reduction factor for shear 6.=0.85
(ACI 318, 9.3.2.3): T
Sizing factor for rounding wall and I
footing thicknesses: FHTE2n
Sizing factor for rounding base width: SzB:=3-in
Concrete cover of bottom toe reinforcement: cly:=3-in
Concrete cover of top heel reinforcement: cl,=1.5-in
Concrete cover of wall reinforcement: cl,:=1.5-in
Sliding factor of safety: SF:=1.5

The safety factor for the base sliding on soil should not be less than 1.5 unless other means are provided to
prevent sliding.

Reinforcing bar number designations, diameters, and areas:
T
No:=[012345678910 11 12 13 14 15 16 17 18]

T

d,:=[0 0 0 0.375 0.5 0.625 0.75 0.875 1.00 1.128 1.27 1.41 0 0 1.693 0 0 0 2.257] -in

T
Ap:=[0 0 0 0.11 0.20 0.31 0.44 0.60 0.79 1.00 1.27 1.56 0 0 2.25 0 0 0 4.00] .in’

Bar numbers, diameters and areas are in the vector rows (or columns in the transposed vectors shown)
corresponding to the bar numbers. Individual bar numbers, diameters, areas and development lengths and
splices of a specific bar can be referred to by using the vector subscripts as shown in the example below.
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Example: No =5 d, =0.625 in A, =0.31 in’

Limit the value of f'c for computing shear and development lengths to 10 ksi by substituting f'c_max for f'c in
formulas for computing shear (ACI 318, 11.1.2, 12.1.2):

F'e maz=if (f.>10-ksi, 10-ksi, f'.)
The following values are computed from the entered material properties.

Nominal "one way" shear strength per unit area in concrete (ACI 318, 11.3.1.1, Eq. (11-3), 11.5.4.3):

f/
Yo 2. c_m.ax

pst

=k «psi=126.491 psi

Strain in reinforcement at yield stress:

€y:&:0002
E

s

Factor used to calculate depth of equivalent rectangular stress block (ACI 318, 10.2.7.3):

' —4.ksi
h—.sz,if((f’cgzi-ksi) ,0.85,0.65)
ksi

B, = if((f’cz 4-ksi) - (f/,<8-ksi),0.85—0.05- =0.85

N———

einforcement ratio producing balanced strain conditions (ACI 318, 10.3.2):

B1+0.85-f, E; ¢,
Ppi= .
fy Es'€c+fy

Maximum reinforcement ratio (ACI 318, 10.3.3):

=2.851%

pmaw:

:%-pb:2.138%
Minimum reinforcement ratio for beams (ACI 318, 10.5.1, Eqg. (10-3)):

) ;—ﬂ.ﬂzo 333%
mwn 2 '

Shrinkage and temperature reinforcement ratio (ACI 318, 7.12.2.1):

ptemp::H if f, <50 ksi =0.18%
I H 0.002

|| else if f, <60 ksi

l

l H0.002— Ty !
Ll 60 ksi
0.0018- (60 ksi)
|| Ty
I H 0.0018+ (60 ksi)

+0.0002

I else if >0.0014




|| ” v.uvuli4

Preferred reinforcement ratio:
1
ppref 3= 5 * Prmax = 1.069%

Flexural coefficient K, for rectangular beams or slabs, as a function of p (ACI 318, 10.2):
(Moment capacity ¢Mn = K(p)F, where F = bd?)

K(p)=¢yp-l1-— 2y )

| 2-085.7,) "



Calculations
Thickness at top of wall:

h’wt = hwb — tf_ tb = 12 in
Stem wall height:

Depth of fill over toe:

E:=if (D—hj)>0-ft,D—h;,0-ft) =0 ft

Footing width B as a function of Fand T:
B(F,T):=T+h,,,+F

Active soil pressure resultant:

2
P, kh-HT-ft:6.934 kip

Surcharge soil pressure resultant:

Pq::kh-%-H-ft:1.935 kip
Overturning moment Mot:

Mot::Pa'§+Pq'g: 70.493 kip- ft

Weights of wall segments, soil segments over the wall tapers, and surcharge qw over the back face taper per
unit length of wall:

kip

w'=[3 0 0.75 0 0.5 0]



Distances from the area centroids of segments to the face of the wall at top of footing:

2 =[6 014 0 16 15] in

Total dead load as a function of F and T:

wp(F,T):=| Zw+(B(F T)-hyw, o+ (T-E+F-C)+y+q,- F))) ft
Dead load resisting moment as a function of F and T:
( ( 2 > \)
MR(F,T)::I\Z(w.(x+T))+|\B(F’Z) y wrc—i-(%-E Y+ (F-C+v+q,-F) (—+T+hwb))}|/|.ft

Location of dead load resultant from the edge of the toe as a function of Fan T:

Mg(F,T)—M,,
wg(F,T)

zp(F,T):=

Eccentricity of the dead load resultant from the footing midpoint as a function of F and T:

B(F,T) Mg(F,T)-M,

lauuan 2 wg (F,T)

Base contact bearing length as a function of F and T:

Ly (F,T): _lf( (F,T)g@,B(p,T),3.wR(F,T))

Concrete volume of the wall per unit length as a function of F and T:

Vol (F,T) —((hwt+ : +_”) .C+B(F,T)- hf) -ft

Soil bearing pressure at toe of base as a function of F and T:

Pioc (F,T) =:if(6 (F,T)> B(FG’T) : ZLZI(?F(f;?) ’ "UBR((FF,,;;) o 6-e(F,T)«(wg(F,T))

Soil bearing pressure at heel of base as a function of F and T:

pheel(F’T)::if(e(F,T)Z B(FG,T) e kif) : 1;)33((;,;) ! 6-e(F,T).wR2(F,T)\|
’ )

\




Calculations to determine required toe and heel dimensions T and F

Estimated value of heel projection F (calculated assuming the toe projection T is equal to zero, and that the
weight of the wall and footing, and the soil and surcharge over the heel is just sufficient to provide the
required safety factor against sliding):

N~———

SF. <Pa+Pq)—cf-(Zw+ (P by w,e) 1+ ft

Fi= =8.809 ft

Cf' <hf'wrc+0'7+qw> 'ft
Estimated value of toe projection T assuming F equals the value computed above and that the resultant of the
gravity loads Wk is located at B/3 from the face of the toe:

T::if'(xR(Fao'ft)ZM,O-]‘%,M

—xR(F,O-ft)):1.43 ft

F and T with dead load equal to SF x the sum of the horizontal forces, and Wr at least B/3 from the face
of the toe:

8 p=gft T:=1 ft
>
g T>0
O
2 ( \
£ SF'<Pa+Pq>_cf'l\zw—i_h’wb'h’f'wrc—i_T'<h’f'wrc+E'7>}|'ft
7 F=
§ cf-<hf-wm+C-7>-ft

op(F,T)> BET)

3

g [F] _[8.566]
2 [TJ‘_Fmd(F’T)_[QAOGth

F and T with Wr equal to SF x the sum of the horizontal forces, the resisting moment greater than 2 x the
overturning moment, full contact bearing on the soil, the soil bearing pressure at the heel less than or equal to
the toe pressure, and toe and heel pressures less than or equal to the allowable ps:

Guess Values
T

VB 1 D . D

=SF




£

§ ptoe(F7T)Sps ptoe(F7T)20‘k5f
LB(F7T)=B(F’T) pheel(F’T)Sptoe(F7T)

g [F]_ _[8.566]

3 [TJ'_Flnd(F’T)_[2.406jft

Minimum required footing width B1 before rounding:

B,:=F+T+h,, B,=12.471 ft
Required Base Width, Toe and Heel Projections

Final footing width B(F, T) toe projection T, and heel projection F by rounding Bz up to the nearest multiple of
SzF and rounding the resulting value of T up to the nearest inch:

B::ceil( B \|-SzB B=12.5 ft
\SzB)
T::if(ceﬂ(m\|-SzF>o-ft,ceﬂ|(m\|-SzF,o.ft\l
\ \ SzF ) \  SzF ) )
F:=B-T—h,, T=25 ft
B=12.5 ft F=85 ft

Note = Walls may be checked at this point by defining known footing dimensions T and F instead of using
calculated values.

clear,, (T) clearg,, (F) B:=T+F+h,, B=12.5 ft

Values of total dead load, resisting moment, toe and heel pressures, and bearing length with the final selected
values of the heel and toe projections:

Toe projection: T=2.5 ft

Heel projection: F=8.5 ft

Bearing length: Lg:=Lg(F,T) Lp=12.5 ft
Resisting moment: Mpy:=Mpg(F,T) Mp=171.495 kip- ft

Soil bearing pressure at toe: Dioe = Pioc (F',T) Dioe = 3.822 ksf



Soil bearing pressure at heel: Dheet = Pheet (FsT) Dheer=0.028 ksf
Total weight of soil and concrete:  wg:=wg(F,T) wrp=24.063 kip

Concrete volume per unit length of wall: ~ Vol:=Vol(F,T)  Vol=43.75 1t

Calculations to determine soil bearing pressures at factored load

Factored dead load Wr_f and resisting moment MRr_t using an 0.9 factor for wall and footing dead loads, and a
1.4 factor for soil and surcharge weights for computing soil bearing pressures at factored loads.

(See: "Reinforced Concrete Fundamentals” by Phil M. Ferguson):

Load factors for weights:

T
f:=[0.9 0.9 0.9 1.4 1.4 1.4]

ijzz(ZE7+o.9- (Behpow,.) +1.4- ((T-E+F-C')-7+qw-F))-ft:30.406 kip

2

B -k )

\) 2
wTC}I}I+14 (T E:y+(F-C:y+q,-F)- (E+T+hwb}.}|}| . ft

(e (
Mp = |\I\Z(w-f)-(w+T)+0.9-l\
Mp, ;=225.429 kip- ft

Location of factored dead load resultant from toe:

My j—1.7-M,,
R =3.473 ft

wRJ

Eccentricity of dead load resultant from base midpoint at factored load:

Bearing length on base at factored load:
LB_fizifl(efSE,F, 3 'fl?f\l =10.418 ft
\" 6 )
Soil bearing pressures at factored loads:

=5.837 ksf

( B 2w [w 6eeowp £\ 1
ptoe_f—lf|\ef R_f Rj f R f }l}l-_
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Wall Design

Shear on stem wall as a function of distance y above base:

=17k (C—y)-[CZY L 9).

Bending moment on stem wall as a function of distance y above base:

1Tk (Ceg) ACZY  a ),

Minimum required wall thickness for shear:

Vo (0 fT
Shem,::M) +Clw+l'dbw:12'2]—5 in
¢v'vc'ft 2

Minimum required wall thickness for flexure:

M, (0-ft
= M+clw+%.dbw:15.67 n

h’flew'_
K<ppref> 'ft

Minimum required wall thickness, compared to thickness entered:

h’l =if <h’flew = h’shear ’ h‘flew ’ hshear> =15.67 in

Minimum required wall thickness

Minimum required wall thickness h'w at base and corresponding wall tapers (minimum values are indicated by
prime marks ') rounded up to the nearest even inch:

hy

- \|:16 n

h' . :=2+in.ceil|
i 2.in)




Wall thickness and effective depth as functions of distance y above top of footing, using the larger of the
entered wall thickness or the calculated wall thickness:

P (4) =1 (B> Ry s gy B ) — % Af (hyy >Ry, (B 1), (1))
dbw

dew (y) = h'w (y) — Clw — T

Wall thickness and effective depth at top of footing and corresponding footing thickness:

h,(0-ft)=18 in  d,,(0-ft)=16.063 in h;=18 in

Distance y from top of footing at 1 ft intervals and at top of wall:

il::O..g y =il-ft szceil(£\| y =C 1:=0..N
ft 4 \ft)

N

Theoretical calculated reinforcement ratio required for flexure as a function of y:

p(y)= I(1 5 (\/1 T s 'Muw2(y) \I\I LI
U gpepted, () c0sep ) T
Minimum required reinforcement ratio: Prmin="0.333%
Preferred maximum reinforcement ratio: Ppref=1.069%
Maximum reinforcement ratio: max (p(y))=0.008
Maximum permissible reinforcement ratio: Prnaz=2-138%

Required reinforcement area, the larger of the theoretical calculated reinforcement or the minimum required
reinforcement:

Ay wan,=if (p (y) 2 Pin» P (y ) -ft-de, <y> s Prnin * Tt + ey (y ))

Maximum and minimum reinforcement areas:
) =1.462 in” min (A, o) =0.403 in”

max <As_wall

All calculated values of y, and As_wail are displayed in graphical and tabular form in the Summary.



Footing Design

Difference between factored toe and heel soil bearing pressures, and the effective wall depth dw to the
centroid of the wall reinforcement at top of footing:

Ap_f::ptoe_f_pheel_fzo'041 kst

d,=d., (0 ft)=16.063 in

w
Intermediate values used in calculating soil bearing pressures on footing:

Ly T L p~T—d,

Xl:=—22____ =0.76 X3=—=  — =0.632
LBJ LBJ
L B-T—-d
X2::£:0,8 X4:=—_" " _—-0.693
B B

Location of critical section for shear on the toe from front face of wall as a function of required toe thickness
for shear:

X5 (h1):=T— (hl—clt—%-dbt)

Ratio of the distance from the point of minimum bearing pressure on the footing to the critical section for
shear on the toe to the bearing length on the footing as a function of required toe thickness for shear:

Xo(h1) Lo~ X3 (1)

Lg
Ratio of the distance from the heel to the critical section for shear on the toe to the bearing length on the
footing, as a function of required toe thickness for shear:

X7(h1)= BZX5(h1)

Soil bearing pressures due to factored loads at distance from front face of wall to the critical section for shear
on the toe, as a function of required toe thickness for shear:

pa s(h1):=llif (Ly ;> X5 (h1))V (Ly ;<B)
I [|X6(h1) i s
I else if L ;<X5(h1)
| [Jo-kss
|| else
| P+ X7 (01)- (Ap_p)

Soil bearing pressures on footing at front and back face of wall:

Prront =1 (Lg ¢=T)+ (Lp y<B) ,X1+pyye 4,if (Lp ;<T,0-kSf , ppee; s+X2+(Ap_f)))



pback’_f::if<<LB_f2T+d’w>+ (LB_fSB> 7X3'ptoe_f7if<LB_fST_dw’O'ksf7pheel_f+X4'(Apj)>>

Shear on toe as a function of footing thickness, using 0.9 factor for opposing dead load:

(hl) :(ptoe_f+pd_f(h1) _0-9'<h'f'wrc+E'7>)

utoe 'X5(h’1)'ft

2

Solve for footing thickness h1 required for shear on toe:

Guess value of hl = hf, the initial assumed footing thickness:

hl:=h;=18 in

( I
fl(hl)::¢v'vc'ft"\hl_Clt_E'dbt}'_ toe(hl)
h1l:=root(f1(h1),hl) h1=0.275 m

utoe(h]-):<4 27110 > k‘qzﬂ

S

Bending moment on toe using 0.9 factor for opposing dead load:

( \
Mu oo = | I(ptoe_f + pfront_f\l 'T2 —~0.9. <hf'wrc+ <D_h’f> .7> T_l f
W\ 3 6 ) 2)
kg-m’
M, 1= (2.247-10") 222
S
Toe thickness required for flexure:
Mu toe 1
h2:=\|———=— +cl,+—-dy, h2=0.229 m
K (ppres) - 2
The larger toe thickness required for shear or flexure:
hy,.:=if (h1>h2,h1,h2) e =0.275 m

Intermediate values used to calculate shear and bending moment on heel:

d
Y1:=cl,+—“=1.938 in
2

Y2:=Ly ;~T—d,=6.579 ft



Y3::§+Y1:4.411 ft

Shear Vu and bending moment Mu on heel using a 1.7 load factor for surcharge load qw:

acC. + €e .
Vu_heel‘=(<1-4' (Covthyew,) + 1.7+ ,) - - oucks T Preel 1 -(Y2))-ft:14.35 kip

2

M _heel :

u.

=((1.4- (C oy +hpow,) +1.7-q,) -F-(Y3)—(p”“g’“—f + ph;e’—f).m?)-ftzgozm kip- ft

Heel thickness required for shear:

.
h3: ﬂ+clh+i-dbh:13.122 in
2

T ¢v'vc'ft

Heel thickness required for flexure:
Mu_heel 1 .
h,4:: —+Clh+—'dbh:15.136 m
K (ppes)-ft " 2

The larger heel thickness required for shear or flexure:
Rpeeri=if (h3>h4,h3,h4) =15.136 in

Minimum required footing thickness as the larger thickness required for the toe or heel:

h’fl = if (htoe 2 h’heel 5 htoe 9 hheel) = 15.136 in

Minimum required footing thickness

Minimum footing thickness rounded up to the nearest multiple of SzF:

h
h’f::SzF-ceil{ )16 in
\SzF')

Effective footing depths to centroids of reinforcement using the larger of the entered thickness or the
calculated footing thickness:

d :if(hf>h/f,hf,h/f)—czt—%-dbt=14.625 in

e_toe*

d. ...:=if (hr>hlr. he. h,r\ —if (M,. woa<0ekipsft.cl.. Cll.\ —i' d...=16 in



e =1 (hy>Np, iy Bg) =38 (Mt <O+ kip - fclyely) =~ diy, =16 in

e_hee

Minimum required toe and heel reinforcement

Toe reinforcement:

[ 2.M, ;.. \)\ 0.85.7,
ptoe:zll_l 1- 2_ ||'

\ \ ¢f'ft'de_toe '0'85'f/c }} fy
Proe=0.001

As_toe =if (ptoe 2 Pmin s Ptoe * ft ° de_toe s Pmin 'ft T de_toe>

2

A, ,.=(3.774.107") m

s_toe —

Heel reinforcement:

( 24 M, poet \ 0.85-f.
Pheer’=|1—[4/1— . 1B
\ \ ¢f'ft'de_heel '0’85"f/c }} ‘fy

Pheel = 0.007

As_heel =if <pheel 2 Pmin s Pheel 'ft ? de_heel y Pmin ® ft T de_heel>

As_heel = 1.335 in2

Compare factored shear and moment on toe and heel with useable capacities:
¢Vn_toe = ¢v * Ve ft ® de_toe

Vi toe () =(3.007-10") ﬂ;ﬂ
S

u

BV 10e=(8.393-10")

kg-m
2
s

._( T .{( — ptoe'fy \. \\. . 2
¢Mn_toe'_|\¢f Ptoe |\|\1 2'0857%} fy)} ft de_toe

kg-m’ kg-m’
IR My e=(2247-10") 20

&M, ,..=(2.247.10")

S S
¢Vn_heel = ¢v * Ve ft ¢ de_heel

kg-m + near=(6.383.10") F9 i

S S

( / pheel'f \ \ 2
¢Mn7heel:: ! ¢f°pheel‘ ! 1 _Tn o .11,, ! 'fy! 'ft'defheel

DV, peer=(9.183-10") 1%




T on_neer 17y I reel 1

{  2-085-f.] "7

v - Te_neet

Mu_heel = <1223 * 105)

i s

2 2
¢Mn_heel:<1-223'105> kg.—2m kg'm
2



Summary

Material Properties and Constants

Sizing factor for rounding base width:

Sizing factor for rounding toe projection
and wall and footing thicknesses:

Factor of safety against sliding:

Specified compressive strength of concrete:

Specified yield strength of reinforcement:

Unit weight of concrete:

Concrete cover of wall reinforcement:

Concrete cover of bottom toe reinforcement:

Concrete cover of top heel reinforcement:

Preferred reinforcement ratio:

Shear Strength reduction factor for
lightweight concrete:

Unit weight of reinforced concrete:
Input

Total height from top of wall to bottom of footing:

Depth from lower grade level to bottom of footing:

Surcharge on backfill:

Surcharge weight over the heel:

Estimated footing thickness:

Estimated wall thickness at top of footing:

Front face wall taper: t:=0m

SzB=0.076 m
SzF=0.051 m

SF=1.5

f.=4 ksi

£,=60 ksi

w,=0.084 ﬂs_
n

cl,=0.038 m

cl,=0.076 m

cl,=0.038 m

ppref: 0.011

k,=1

v

w,,=0.087 2%
n

H=6.553 m
D=0m
q=2.083 psi
q,=0 psi
h;=0.457 m

h

w

»=0.457 m



Front tface wall taper: tf: 0m

Back face wall taper: t,=0.152 m
Unit weight of soil: ~v=0.694 psr
It
Equivalent horizontal fluid pressure -5\ ksi
due to soil: ky=(1.736-107") ==
Coefficient of friction between footing  ¢;=0.55
and soil:
Allowable soil bearing pressure: ps=0.028 ksi
Wall reinforcing bar diameter: dy,,=0.875 in
Toe reinforcing bar diameter: dy,=0.75 in
Heel reinforcing bar diameter: dp,=1 in
¥ th
’qﬁqw q
AETTTE
. Pq
H —5
1 : F_+— 2 1H
; -h L
hi— M Pheel
Pioe L B
Wall Dimensions
Toe projection: T=0.762 m
Footing width: B=3.81m
Heel Projection: F=2591 m
Minimum required wall thickness: b\, =0.406 m
Minimum required footing thickness: '+=0.406 m
Front wall taper corresponding to S
minimum required wall thickness:
Back wall taper corresponding to #,=0.102 m

minimum required wall thickness:



The larger of the entered or calculated wall and footing thicknesses are used for calculating shear and required
reinforcement. If the calculated values for wall and footing thickness are larger than those entered, the
application may be re-run with the calculated values as a final check.

Overturning and Resisting Forces and Moments

Horizontal force due to active soil pressure: P,=6.934 kip
Horizontal force due to surcharge: P,=1.935 kip
Overturning Moment: M,,=70.493 kip- ft
Total dead load: wp=24.063 kip
Ratio of frictional sliding resistance to Cpewp

! .. _ =1.492
horizontal sliding forces: P,+P,
Dead load resisting moment: Mp=171.495 kip- ft

Ratios of resisting dead load moment

M=z —2.433
to overturning moment: Tt

ot

Service and Factored Load Bearing Pressures on Base

Service load toe pressure: Dioe =0.027 ksi

Service load heel pressure: Prear=(1.977-10"") ksi

Base bearing length at service load: Lg=12.5 ft

Factored load toe pressure: Proe_=0.041 ksi
_o_k9

Factored load heel pressure: Pheet £ 7 s’

Base bearing length at factored load: Ly ;=3.175m

Required Toe and Heel Reinforcement
Required toe reinforcement per unit A, = <3_774. 10—4) m>

length of wall:

Required toe reinforcement per unit
length of wall:

2

A, peer=(8.611-107") m

- . .- .. . . - 3



Concrete volume per lineal foot of wall: Vol=1.239 m’

Calculated and minimum required reinforcement area for stem wall versus height y from top of footing to
top of wall:

[1.462]
| 1.289 |
l1.129 |
| 0.983 |
l0.849 |
hm}
0617
| 0.559 |
| 0.547 |
10.535 |
A, war=|0.523 | in
" |o.511 |
| 0.499 |
| 0.487 |
l0.475 |
0.463
l0.451 |
I 0.439 I
0427
| 0.415 |
10.403 |
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====Minimum

—====Calculated

A 4

0 0.15 0.3 0.45 0.6 0.75 0.9 1.05 1.2 1.35 1.5

A (in’

s_wall .
i

p(v)-ft-deu(y)) (in’)




