Analysis of a 2'-8" Murata Retaining Wall with No Surcharge and Level Backfill

These calculations are written and derived using a per foot width of retaining wall.

Soil Properties

The following soil values are used for example purposes only and shall NOT be used for individual wall designs without consulting a geotechnical
engineer for site conditions and soil values.

Murata Fill
(O 36|° Peak friction angle of the Murata fill
Ve = 125|pcf  Density of compacted Murata fill
Retained Soil
O, = 26]|° Peak friction angle for the retained soil
Y, = 110|pcf  Density of the retained soil
Bearing = 1500(psf ~ Bearing capacity of the retained soil
Calculate the mobilized interface friction factor for the Murata fill and retained soil W,
Murata Fill 4
8.= 2/30, Gy GRADE
= 2/3(36°)
= 24.0 °
Retained Soil £ }
5.= 2/30, B
= 2/3(26° — -
= ( Z)L7.3 ° Au s I_ Ll
Miscellaneous Properties and Loads L - ad L L =
PGA, = 0.427 from USGS detailed printout ]‘
K, = Olg Assume 0 ~
Qg = O[psf  Dead load surcharge GRADE| ¢ 1
q = O[psf  Live load surcharge /
Wall and Block Properties _CQ!
H= 2.625|ft Height of wall |
H, = 0.656|ft Segmental Retaining Wall (SRW) unit height
W, = 0.968|ft SRW unit width
D, = 1.312(ft SRW unit depth
hip = 0.5]ft Leveling pad depth
Yo = 120.8[pcf  SRW average density of SRW unit and Murata Fill
G, = 0.484|ft SRW unit center of gravity from the front face of the unit
A, = 0.101|ft Setback per course
Msrw = 0.74 Unfactored coefficient of static friction between SRW units
Wy = 0.7 Masonry Reduction Factor
B= 0.0|° Back slope angle
a, = 449(lbs  Tested shear capacity between SRW units.
Calculate the weight of a 1' wide strip of the wall.
Wy = Y W H(1" width)
= (120.8 pcf)(0.968')(2.625')(1")
= 307 lbs
Calculate the SRW wall batter angle from vertical. Calculate the SRW wall batter angle from the toe horizontal.
w = Arctan(A,/H,) o= 90°+w
= Arctan(0.101'/0.656') = 90°+8.73°
= 8.730 ° = 98.730 °



Soil Loading Coefficient
Calculate the active soil pressure coefficient induced on the wall by the Murata fill.

sin?(D+w)

K. =
2 sin?(a)sin(a-6¢)(1+V((sin(D+6¢)sin(D;-B))/(sin(a-8¢)sin(B+a))))?
sin?(36°+8.73°)
= in(36°+24°)sin(36°-0°
sin2(98.73°)sin(98.73°-24°)  [1+ \/ _sin(367+247)sin(36707) __
sin(98.73°-24°)sin(0°+98.73°)
= 0.179
Calculate the resultant active soil force induced on the wall by the Murata fill and its horizontal and vertical components.
P, = 0.5K,yH? P,y = P,cos(8-w) Py = Psin(6.,-w)
= 0.5(0.179)(125 pcf)(2.625')? = (77 Ibs)cos(24°-8.73°) = (77 Ibs)sin(24°-8.73°)
= 77.0 Ibs = 74.3 lbs = 20.3 lbs
Calculate the active soil pressure coefficient induced on the wall by the retained soil.
« sin?(D,+w)
° sin?(a)sin(a-6,)(1+V((sin(®,+8,)sin(D,-B))/(sin(a-8,)sin(B+a))))*
sin?(26°+8.73°)
= in(26°+17.3°)sin(26°-0°
sin?(98.73°)sin(98.73°-17.3°)  [1+ \/ _sin(26°+17.3")sin(26°07) _ I
sin(98.73°-17.3°)sin(0°+98.73°)
= 0.289
Calculate the resultant active soil force induced on the wall by the retained soil and its horizontal and vertical components.
P, = 0.5K,y,H? Py = P,cos(8,-w) Py = Psin(6,-w)
= 0.5(0.289)(110 pcf)(2.625')? = (109.6 Ibs)cos(17.3°-8.73°) = (109.6 lbs)sin(17.3°-8.73°)
= 109.6 lbs = 108.4 Ibs = 16.4 Ibs
| | P
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Seismic Active Earth Force Coefficient
Calculate the variable, K;, and intermediate variable, 6.

K, = (1.45-PGA,,)PGA,,/2 0= Arctan(k,/(1-k,))
= 0.427(1.45-0.427)/2 = Arctan(0.218/(1-0))
= 0.218 g = 123°
Calculate the active seismic and soil coefficient induced on the wall by the Murata fill.
sin?(®;+a-0)
Kae = cos(8)sin?(a)sin(a-0-8;)(1+V((sin(D+6;)sin(D;-6-B))/(sin(a-5;-0)cos(B+a))))?
sin%(36°+98.73°-12.3°)
B C0s(12.3°)sin%(98.73°)sin(98.73°-12.3°424°)  [1+ J _5in(367+24%)sin(36%12.3"-07) I
sin(98.73°-24°-12.3°)sin(0°+98.73°)
= 0.317
Calculate the resultant active seismic and soil force induced on the wall by the Murata fill and its horizontal and vertical components.
Pae = 0.5K,e(1-k,)yH? Paen = PagCos(8;-w) Paev = Pagsin(6.-w)
= 0.5(0.317)(1-0)(125 pcf)(2.625')? = (136.5 lbs)cos(24°-8.73°) = (136.5 lbs)sin(24°-8.73°)
= 136.5 lbs = 131.7 lbs = 36.0 lbs
Recall the resultant active soil force induced on the wall by the Murata fill and its components.
P = 77.0 lbs Py = 74.3 lbs Py = 20.3 lbs
Calculate the resultant seismic force induced on the wall by the Murata fill and its horizontal and vertical components.
APaE = PaE'Ps APaEH = PaE'Ps APaEV = PaE'Ps
= 136.5 Ibs-77 Ibs = 131.7 Ibs-74.3 Ibs = 36 Ibs-20.3 Ibs
= 59.5 Ibs = 57.4 lbs = 15.7 Ibs

Calculate the active seismic and soil coefficient induced on the wall by the retained soil. The following equation incorperates a phase shift of
90 degrees in some trigonometric functions as shown in The Principles of Foundation Engineering (1984).
sin}(®,+a-0)

Kee = cos(8)sin?(a)sin(a-0-8,)(1+V((sin(D+6,)sin(D,-6-B))/(sin(a-5,-8)cos(B+a))))?
sin?(26°+98.73°-12.3°)
- cos(12.3°)5in%(98.73)sin(98.73°-12.3417.3°)  [1+ | Sn(267+17.37sin(26"12.3%-07) I
N sin(98.73°-17.3°-12.3°)sin(0°+98.73°)
= 0.476
Calculate the resultant active seismic and soil force induced on the wall by the retained soil and its horizontal and vertical components.
Pag = 0.5K,e(1-k,)v/H? Pagn = Paecos(5,-w) Pagy = Paesin(6,-w)
= 0.5(0.476)(1-0)(110 pcf)(2.625')? = (180.3 Ibs)cos(17.3°-8.73°) = (180.3 lbs)sin(17.3°-8.73°)
= 180.3 lbs = 178.3 Ibs = 27.0 lbs
Recall the resultant active soil force induced on the wall by the retained soil and its components.
P = 109.6 Ibs Py = 108.4 lbs Py = 16.4 lbs
Calculate the resultant seismic force induced on the wall by the retained soil and its horizontal and vertical components.
APg = Pae-Ps APgey = Pog-Ps APgey = Pae-Ps
= 180.3 Ibs-109.6 Ibs = 178.3 Ibs-108.4 lbs = 27 Ibs-16.4 Ibs
= 70.7 Ibs = 69.9 lbs = 10.6 Ibs
\ [
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Summary of Wall Forces
The maximum resultant forces summarized below are enveloped from the forces induced by both the Murata fill and retained soil.

Max P, = 109.6 Ibs
Max P, = 180.3 Ibs
AP, = 70.7 lbs

Surcharge Loads
Calculate the resultant force on the SRW induced by the surcharge load on the retained soil and its horizontal and vertical components. It is assumed

that the surcharge load is uniform and continuous.

q

Psy = 108.4 lbs
Paen = 178.3 lbs
APy = 69.9 lbs

Pqa = AaK,H Pqan = Pggc0s(6-w)
= (0 psf)(0.289)(2.625') = (0 lbs)cos(17.3°-8.73°)
= 0.0 Ibs = 0.0 lbs
= qK,H Pgin = Pgicos(6-w)
= (0 psf)(0.289)(2.625') = (0 lbs)cos(17.3°-8.73°)
= 0.0 Ibs = 0.0 lbs
Xw
|
Wy
|
{
| P.
| sV

Py = 16.4 Ibs
Paev = 27.0 lbs
APy = 15.7 Ibs

Paav = Pgasin(6-w)
= (0 lbs)sin(17.3°-8.73°)

= 0.0 lbs

Pgv = Pgisin(6-w)
= (0 lbs)sin(17.3°-8.73°)

Y, = Hi2

= 0.0 lbs

qu

L/P

Ye = 0.6H
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External Stability Checks

Wuy

The National Concrete and Masonry Association (NCMA) recommends the following factors of Gu

safety for the individual failure modes of a retaining wall (2010).

Failure Mode Static Seismic
Base Sliding| FSy 1.5 1.1
Leveling Pad Sliding| FSy 1.5 1.1
Internal Sliding| FSy 1.5 1.1
Internal Overturning| FS;; 1.5 1.1
Overturning| FS,; 1.5 1.1
Allowable Bearing| FS. 1.0 1.0

Global Stability

Consult a Geotechnical

Engineer

Base Block Sliding

Calculate the factor of safety for the base retaining wall block sliding on the leveling pad.

Static Case

GRADE| ¢ _—

hi

Calculate the resistance to sliding due to friction between the base retaining wall block and the leveling pad.
Rec = (ub)(WW+PsV+quV+quv)tanq)i

= (0.7)(307 lbs+16.4 |Ibs+0 Ibs+0 Ibs)*tan(36°)
164 Ibs

Calculate the driving forces for a sliding failure.

PaH = P5H+quH+PqIH

Calculate the factor of safety for base block sliding.

FSsl = Rsc/PaH

1.52

Seismic Case

108.4 lbs+0 lbs+0 lbs
108.4 Ibs

164 Ibs/108.4 Ibs

.. HORIZONTAL
| | MOVEMENT

The capacity of the system to
resist the applied lateral forces
applied to the wall.

Calculate the resistance to sliding due to friction between the base retaining wall block and the leveling pad.
R = (Mp) (WP +P gy +Pg+0.54P ¢y Jtan®;

(0.7)(307 Ibs+16.4 Ibs+0 lbs+0 Ibs+7.8 lbs)tan(36°)
168 Ibs

Calculate the driving forces for a sliding failure.
Paen = PsuitPqan+Pqin+0.54P ey

Calculate the factor of safety for base block sliding on the leveling pad.

FSsl = Rsc/PaH

1.17

168 Ibs/143.3 Ibs

108.4 Ibs+0 Ibs+0 Ibs+35 Ibs
143.3 Ibs



Leveling Pad Base Sliding
Calculate the factor of safety for the leveling pad sliding on the native foundation soil.

Static Case
Calculate the resistance to sliding due to friction between the leveling pad and the retained soil.
Rap = (WwtPsy+PgavtPatyc(hip) (Wi thi,)(1' width))tan®,
(307 Ibs+16.4 lbs+0 Ibs+0 Ibs+(125 pcf)(0.5')(0.968'+0.5')(1')) *tan(26°)
202 Ibs

HORIZONTAL )
MOVEMENT ! |

Calculate the driving forces for a sliding failure.
PaH = P5H+quH+PqIH

108.4 lbs+0 lbs+0 lbs
108.4 Ibs

Calculate the factor of safety for leveling pad sliding on the retained soil below.
FSsl = Rslp/PaH

202 lbs/108.4 Ibs

1.87

Seismic Case
Calculate the resistance to sliding due to friction between the leveling pad and the retained soil.
Rsc = (W +Pgy+Pgay+Poy+0.5*AP e +y (i ) (W +hy ) (1" width))tan®,
(307 Ibs+16.4 Ibs+0 lbs+0 Ibs+7.8 Ibs+(125 pcf)(0.5')(0.968'+0.5')(1'))*tan(26°)
206 lbs

Calculate the driving forces for a sliding failure.
Py = P5H+quH+quH+0.SAPEIEH

108.4 Ibs+0 Ibs+0 Ibs+35 Ibs
143.3 Ibs

Calculate the factor of safety for leveling pad sliding on the retained soil below.
FSy = Rslp/PaH

= 206 lbs/143.3 lbs

1.44

Xw

P

Y, =HP2

qdVv

+PqIV
%qu APaen
P +PqIH

The capacity of the system to
resist the applied lateral forces
applied to the wall.

AP
/ APgey

qdH

Ye = 0.6H




Global Overturning Check
Calculate the factor of safety of the resistive moment versus the

overturning moment about the front corner of the base block.
Calculate the resisting moment arm of the wall units.

Xw = G,+0.5Htan(w)-0.54,
0.484'+0.5(2.625')tan(8.73°)-0.5(0.101")

0.635 ft

Calculate the height at which the resultant surcharge force is applied.
Yo = H/2
=2.625'/2
1.312 ft

Calculate the height at which the resultant active soil force is applied.
Ys=H/3

2.625'/3
0.875 ft

Calculate the height at which the resultant seismic force is applied.
Y. = 0.6H

0.6(2.625'")
1.575 ft

Static Case
Calculate the moment resisting overturning.
M, = WXy +Poy [WtYtan(w)]+Pgqy [W,+Y tan(w)]

213 lbs-ft

Calculate the overturning moment.

M, = PyY+PgyYq
= (108.4 Ibs)(0.875')+(0 Ibs)(1.312")
= 95 lbs-ft

ROTATION

The capacity of the system to
resist the overturning caused by
the lateral forces applied to the
wall.

(307 Ibs)(0.635')+(16.4 Ibs)[(0.968')+(0.875')tan(8.73°)]+(0 Ibs)[(0.968')tan(8.73°)]

Calculate the factor of safety for the retaining wall overturning about the front corner of the base block.

Fsot = Mr/Mo
213 lbs-ft/95 Ibs-ft
2.25

Seismic Case
Calculate the moment resisting overturning.
M, = Wy Xy +(Poy+0.58P ¢y ) [W +Y tan(w)]+P oy [W +Y tan(w)]

222 lbs-ft

Calculate the overturning moment.
M, = PgY+0.54P gy Y +P Y,
(108.4 Ibs)(0.875')+(35 Ibs)(1.575')+(0 lbs)(1.312")
150 Ibs-ft

(307 Ibs)(0.635')+(16.4 lbs+7.8 Ibs)[(0.968')tan(8.73°)]+(0 Ibs)[(0.968')tan(8.73°)]

Calculate the factor of safety for the retaining wall overturning about the front corner of the base block.

Fsot = Mr/Mo
= 222 |bs-ft/149.9 Ibs-ft
1.48



Bearing Check
Calculate the factor of safety for the bearing pressure on retained soil versus the bearing capacity of the native foundation soil.

Calculate the eccentricity between the horizontal location of the weight of the wall and the center of the base block.

ey = Xw.0.5W,
= 0.635'-0.5(0.968") Xw
= 0.151 ft
!
Static Case Wy |
Calculate the eccentricity of the resultant bearing force and the center of the base block.
e = (Mg-Wyew)/(Wy+Pg+Pgay+Pqn) = ‘
= [(95 lbs-ft)-(307 Ibs)(0.151')]/(306.8 lbs+16.4 lbs+0 Ibs+0 Ibs)
= 0.150 ft | |
o~ |
Calculate the length of the Meyeroff pressure distribution. N
B. = W, +h-2e, |
= 0.968'+0.5'-2(0.15")
= 1.168 ft —_— ], & _}
Calculate the uniform Meyeroff bearing pressure. o~
Q, = (Wy+Pgy+Poqy+Pqn)/Bc Bc

(307 Ibs+16.4 Ibs+0 lbs+0 Ibs)/1.168' i

Qa 290
Recall the allowable bearing pressure.
Bearing = 1500 psf Rb?
Calculate the factor of safety for the leveling pad bearing on retained soil
FSy. = Bearing/Q, €c | Wy+h,
1 Lad
= 1500 psf/277 psf 2
= 5.42
The capacity of the soil

Seismic Case supporting the system to resist
P the vertical loads.

Calculate the eccentricity of the resultant bearing force and the center of the base block.
€= (Mo'WWeW)/(WW+P5V+quV+PqIV+APaEv)
[(150 Ibs-ft)-(307 lbs)(0.151')]/(306.8 lbs+16.4 lbs+0 Ibs+0 Ibs+15.7 lbs)
0.305 ft

Calculate the length of the Meyeroff pressure distribution.
B. = W, +h;-2e,

0.968'+0.5'-2(0.305")
0.857 ft

Calculate the uniform Meyeroff bearing pressure.
Q, = (Wyy+Pgy+Pggy+Pgy+0.5AP ) /B,
(307 Ibs+16.4 Ibs+0 lbs+0 Ibs+7.8 Ibs)/0.857"
386 psf

Calculate the transient bearing capacity. Consult a geotechnical engineer if a third increase in
your bearing capacity for transient or short term loads.
Transient Bearing = 4*Bearing/3
= 4(1500 psf)/3
2000 psf

Calculate the factor of safety for the leveling pad bearing on retained soil.
FSy. = Transient Bearing/Q,

= 2000 psf/386 psf

5.18



Global Stability
Consult a geotechnical engineer for global stability of the site soil around the retaining wall.

ROTATION

The capacity of the native soil to
resist the shear induced by the
retaining wall system.

hN SHEAR FAILURE PLANE

Summary
The following is a summary of the recommended factors of safety and the calculated factors of safety.
Summary
Failure Mode Static Seismic Static Seismic
Base Sliding| FSy 1.5 1.1 1.52 1.17 PASS
Leveling Pad Sliding| FSy 1.5 1.1 1.87 1.44 |PASS
Internal Sliding| FSy 1.5 1.1 10.38 10.99 |PASS
Internal Overturning| FS;; 1.5 1.1 3.91 1.51 PASS
Overturning| FS,; 1.5 1.1 2.25 1.48 |PASS
Allowable Bearing| FSy. 1.0 1.0 5.42 5.18 [PASS
Global Stability Consult a Geotechnical Engineer
Conclusion
A 2'-8" Murata Retaining Wall (4 blocks tall) is structurally sufficient to
resist the given soil pressures and 0 psf of surcharge and a 0 degree
backslope.




Internal Stability Checks

Block 3
Block Number h=[ 1.969]ft = 3(0.656"/block)
Static Loads
Murata Fill Retained Soil
Recall the previous calculated active soil pressure coefficients.
K,=0.179 K,=0.289
Recall the given soil properties from the geotechnical engineer for the project.
Ve = 125 pcf Y = 110 pcf
8. = 24.0° 8, = 17.3°
Calculate the resultant active soil force induced on the wall and its horizontal and vertical components.
P, = 0.5K,y.(1' wide)h? P, = 0.5K,y,(1' wide)h?
= 0.5(0.179)(125 pcf)(1')(1.969')? = 0.5(0.289)(110 pcf)(1')(1.969')2 1
= 43.30 Ibs = 61.65 lbs
P,y = P,cos(6.-w) P,y = P,cos(d,-w) 2
= (43.3 Ibs)cos(24°-8.73°) = (61.65 Ibs)cos(17.3°-8.737) A
= 41.77 lbs = 60.95 Ibs
P,y = P,sin(6.-w) P.v = P,sin(6,-w) 3
= (43.3 Ibs)sin(24°-8.73°) = (61.65 Ibs)sin(17.3°-8.73°)
= 11.40 lbs = 9.22 Ibs
Seismic Loads a ~ |
Murata Fill Retained Soil
Recall the previous calculated active seismic and soil pressure coefficients. n
Koe = 0.317 Koz = 0.476 o
Calculate the active seismic pressure coefficient
Ke = 0.138 =Kye-K, Ke = 0.187 =K,eK,
Calculate the resultant active seismic force induced on the wall and its horizontal and vertical components.
P.e = 0.5Kpy (1" wide)h? P.e = 0.5Kpy,(1' wide)h?
= 0.5(0.138)(125 pcf)(1')(1.969')? = 0.5(0.187)(110 pcf)(1')(1.969')?
= 33.49 Ilbs = 39.79 Ibs
P.ey = P,ecos(6.-w) P.ey = P.ecos(6,-w)
= (33.49 Ibs)cos(24°-8.73°) = (39.79 Ibs)cos(17.3°-8.73°)
= 32.31 lbs = 39.34 lbs
P.ev = Pasin(6.-w) P.ev = Poesin(6,-w)
= (33.49 Ibs)sin(24°-8.73°) = (39.79 Ibs)sin(17.3°-8.73°)
= 8.82 Ibs = 5.95 Ibs

Surcharge Loads
Calculate the resultant force on the SRW induced by the surcharge load on the retained soil and its horizontal and vertical

components. It is assumed that the surcharge load is uniform and continuous.

Pqa = AgKa(1' wide)h Py = aiK,(1' wide)

= (0 psf)(0.179)(1')(1.969') = (0 psf)(0.289)(1')(1.969')
= 0.00 lbs = 0.00 lbs

Pgan = Pqac0s(8-w) Pgin = Pgicos(6-w)
= (0 lbs)cos(24°-8.73°) = (0 lbs)cos(17.3°-8.73°)
= 0.00 lbs = 0.00 lbs

Pqav = Pgasin(8-w) Pav = Pgsin(8-w)
= (0 Ibs)sin(24°-8.73°) = (0 lbs)sin(17.3°-8.73°)
= 0.00 lbs = 0.00 lbs



Static Load Application
Calculate the applied distributed load to the retaining wall and the resultant location from the
bottom of block (3).

Horizontal Load at the Top of the (3) Block Wall
Wit = qgK(1')cos(8-w)+qK,(1')cos(6-w)
(0 psf)(0.289)(1')cos(17.3°-8.73°)+(0 psf)(0.289)(1')cos(17.3°-8.73°)
0.0 plf

Horizontal Load at the Bottom of the (3) Block Wall
Wy = WK yh(1')cos(8-w)+g4K,(1')cos(6-w)+q K, (1')cos(6-w)
= 0 plf+(0.289)(110 pcf)(1.969')(1')cos(17.3°-8.73°)
+(0 psf)(0.289)(1')cos(17.3°-8.73°)+(0 psf)(0.289)(1')cos(17.3°-8.73°)
= 61.9 plf

Calculate the location of the active soil pressure.
¢y = h-[h(2*wyg+Wyr)l/ [3(Whg+Wir)]
1.969'-[(1.969')(2(61.93 plf)+0 plf)]/[3(61.93 plf+0 plf)]
0.656 ft

Calculate horizontal resultant active soil force.
Pan = h(Wyr+wyg)/2

(1.969')(0 plf+61.93 plf)/2
61.0 lbs @ c,

Vertical Load at the Top of the (3) Block Wall
Wyt = qgKy(1")sin(6-w)+qK,(1')sin(6-w)
(0 psf)(0.289)(1')sin(17.3°-8.73°)+(0 psf)(0.289)(1')sin(17.3°-8.73°)
0.0 plf

Vertical Load at the Bottom of the (3) Block Wall
Wyg = Wyr+K,yh(1')sin(8-w)+q4K,(1')sin(8-w)+q,K,(1')sin(6-w)
= 0 plf+(0.289)(110 pcf)(1.969")(1')sin(17.3°-8.73°)
+(0 psf)(0.289)(1")sin(17.3°-8.73°)+(0 psf)(0.289)(1')sin(17.3°-8.73°)

= 9.4 plf Y

Calculate vertical resultant active soil force. 1 |
Pav = h(wyrtwyg)/2
(1.969')(0 plf+9.4 plf)/2
9.2 Ibs

i




Seismic Load Application

Calculate the applied distributed load to the retaining wall and the resultant location from the

bottom of the base block.

Horizontal Load at the Top of the (3) Block Wall
Wire = KevcH(1')cos(8-w)+wyr
(0.187)(110 psf)(2.625')(1")cos(17.3°-8.73°)+ Oplf
40.0 plf

Horizontal Load at the Bottom of the (3) Block Wall
Wige = Key(H-h)(1')cos(8-w)+wyg
(0.187)(110 psf)(2.625'-1.969')(1')cos(17.3°-8.73°)+ 61.9plf
75.2 plf

Calculate the location of the active seismic and soil pressure.
cye = h-[h(2*wygetwWire) 1/ [3 (Wit Wire)]
1.969'-[(1.969')(2(75.2 plf)+40 plf)1/[3(75.2 plf+40 plf)]
0.884 ft

Calculate vertical resultant active soil force.

P.en = h(Horizontal Load @ Top+Horizontal Load @ Bottom)/2
(1.969')(39.97 plf+75.25 plf)/2

113.4 Ibs @ c,¢

Vertical Load at the Top of the (3) Block Wall
Wyre = KeycH(1')cos(6-w)+wyy
(0.187)(110 psf)(2.625')(1")cos(17.3°-8.73°)+ Oplf
6.0 plf

Vertical Load at the Bottom of the (3) Block Wall
Wyge = Key(H-h)(1')sin(8-w)+wysg
(0.187)(110 psf)(2.625'-1.969')(1')sin(17.3°-8.73°)+ 9.4plf
11.4 plf

Calculate vertical resultant active seismic and soil force.
Paev = h(Wyretwyge)/2

W1

(1.969')(6.05 plf+11.39 plf)/2
17.2 Ibs |




Internal Overturning Stability
Calculate the factor of safety of the resistive moment versus the overturning moment of the block (3) overturning about the

front corner. ROTATION

Static

Calculate the overturning moment.
M, = Pancy

(61 Ibs)(0.656')
40.0 lbs-ft

Calculate the weight of a 1' wide strip of the wall (3) blocks tall.
wy, = Y W, h(1'wide)
(120.8 pcf)(0.968')(1.969')(1')
230 lbs

Recall the resisting moment arm.
Xy = 0.635 ft The capacity of the system to

resist the overturning caused by
the lateral forces applied to the

Calculate the moment resisting overturning. !
wall.

Ivlr = WWXW+PaV[Wu+h*tan(w)/2]
(230 Ibs)(0.635')+(9.2 Ibs)[(0.968')+(0.656')tan(8.73°)]
156 lbs-ft

Calculate the factor of safety for the retaining wall overturning about the front corner of the (3) block.

FSot = M,/M,
= 156 Ibs-ft/40 lbs-ft
= 3.91
Seismic
Calculate the overturning moment.
Mo = |:)aEHCyE
= (113.4 |bs)(0.884')
= 100.2 lbs-ft

Calculate the moment resisting overturning.
M, = WyXy+0.5P ¢ [W, +h*tan(w)/2]

(230 Ibs)(0.635')+(4.6 Ibs)[(0.968')+(0.656')tan(8.73°)]
151 Ibs-ft

Calculate the factor of safety for the retaining wall overturning about the front corner of the (3) block.
FSot = M,/M,
151 lbs-ft/100.2 Ibs-ft
1.51



Internal Sliding Stability
Calculate the factor of safety of block (3) sliding on block (4).
Static

Calculate the resistance to sliding due to friction between the (3) block and the block below it.
. , HORIZONTAL
Rsc = (HMspw) (Wi +P,y)+a, [ ] MOVEMENT

(0.74)(230.1 Ibs+17.2 Ibs)+(449 Ibs)

632 Ibs

. . . I

Recall the resultant horizontal active soil force. |
!

|

Py= 61.0 Ibs
| —
o I W BROKEN TAB
Calculate the factor of safety for block sliding. [
Pt e l
FSS| = Rsc/PaH —
=632 lbs/61 Ibs
= 10.38
Seismic

Calculate the resistance to sliding due to friction between the (3) block and the block below it.

Rsc = (“-SRW) (WW+0'5 PaEV)+au

(0.74)(230.1 Ibs+4.6 Ibs)+(449 Ibs)

The capacity of the system to
623 lbs

resist the overturning caused by
the lateral forces applied to the
wall.

Recall the resultant horizontal active seismic and soil force.

Paen = 113.4 Ibs

Calculate the factor of safety for block sliding.
FSq = Ree/0.5P, ¢y

623 lbs/56.7 Ibs
10.99



Internal Stability Checks

Block 2
Block Number h=[  1312]ft = 2(0.656"/block)
Static Loads
Murata Fill Retained Soil
Recall the previous calculated active soil pressure coefficients.
K,=0.179 K,=0.289
Recall the given soil properties from the geotechnical engineer for the project.
Ve = 125 pcf Ve = 110 pcf
8. = 24.0° 8, = 17.3°
Calculate the resultant active soil force induced on the wall and its horizontal and vertical components.
P, = 0.5K,y.(1' wide)h? P, = 0.5K,v,(1' wide)h? \
= 0.5(0.179)(125 pcf)(1')(1.312')? = 0.5(0.289)(110 pcf)(1')(1.312') C1
= 19.25 Ibs = 27.40 lbs -
P,y = P,cos(6.-w) P,y = P,cos(d,-w) 2
= (19.25 lbs)cos(24°-8.73°) = (27.4 Ibs)cos(17.3°-8.73°) o A
= 1857 lbs = 27.09lbs !
P,y = P,sin(6.-w) P.v = P,sin(6,-w) : BA
= (19.25 Ibs)sin(24°-8.73°) = (27.4 Ibs)sin(17.3°-8.73°)
= 5.07 Ibs = 4.10 Ibs
Seismic Loads PN
Murata Fill Retained Soil "
Recall the previous calculated active seismic and soil pressure coefficients. o
Kie = 0.317 Kise = 0.476
Calculate the active seismic pressure coefficient
Ke = 0.138 =Kye-K, Ke = 0.187 =Ky K,
Calculate the resultant active seismic force induced on the wall and its horizontal and vertical components.
P.e = 0.5Kpy (1" wide)h? P.e = 0.5Kpy,(1' wide)h?
= 0.5(0.138)(125 pcf)(1')(1.312')? = 0.5(0.187)(110 pcf)(1')(1.312')
= 14.88 lbs = 17.68 lbs
P.ey = P,ecos(6.-w) P.ey = P.ecos(6,-w)
= (14.88 Ibs)cos(24°-8.73°) = (17.68 Ibs)cos(17.3°-8.73°)
= 14.36 lbs = 17.48 lbs
P.ev = Pasin(6.-w) P.ev = Poesin(6,-w)
= (14.88 Ibs)sin(24°-8.73°) = (17.68 Ibs)sin(17.3°-8.73°)
= 3.92 Ibs = 2.65 Ibs

Surcharge Loads
Calculate the resultant force on the SRW induced by the surcharge load on the retained soil and its horizontal and vertical

components. It is assumed that the surcharge load is uniform and continuous.

Pqa = AgKa(1' wide)h Py = aiK,(1' wide)

= (0 psf)(0.179)(1')(1.312") = (0 psf)(0.289)(1')(1.312)
= 0.00 lbs = 0.00 lbs

Pgan = Pqac0s(8-w) Pgin = Pgicos(6-w)
= (0 lbs)cos(24°-8.73°) = (0 lbs)cos(17.3°-8.73°)
= 0.00 lbs = 0.00 lbs

Pqav = Pgasin(8-w) Pav = Pgsin(8-w)
= (0 Ibs)sin(24°-8.73°) = (0 lbs)sin(17.3°-8.73°)
= 0.00 lbs = 0.00 lbs



Static Load Application
Calculate the applied distributed load to the retaining wall and the resultant location from the
bottom of block (2).

Horizontal Load at the Top of the (2) Block Wall
Wit = qgK(1')cos(8-w)+qK,(1')cos(6-w)
(0 psf)(0.289)(1')cos(17.3°-8.73°)+(0 psf)(0.289)(1')cos(17.3°-8.73°)
0.0 plf

Horizontal Load at the Bottom of the (2) Block Wall
Wy = WK yh(1')cos(8-w)+g4K,(1')cos(6-w)+q K, (1')cos(6-w)
= 0 plf+(0.289)(110 pcf)(1.312')(1')cos(17.3°-8.73°)
+(0 psf)(0.289)(1')cos(17.3°-8.73°)+(0 psf)(0.289)(1')cos(17.3°-8.73°)
= 41.3 plf

Calculate the location of the active soil pressure.
¢y = h-[h(2*wyg+Wyr)l/ [3(Whg+Wir)]
1.312'-[(1.312')(2(41.28 plf)+0 plf)]/[3(41.28 plf+0 plf)]
0.437 ft

Calculate horizontal resultant active soil force.
Pan = h(Wyr+wyg)/2

(1.312')(0 plf+41.28 plf)/2
27.1lbs@c,

Vertical Load at the Top of the (2) Block Wall
Wyt = qgKy(1")sin(6-w)+qK,(1')sin(6-w)
(0 psf)(0.289)(1')sin(17.3°-8.73°)+(0 psf)(0.289)(1')sin(17.3°-8.73°)
0.0 plf

Vertical Load at the Bottom of the (2) Block Wall
Wyg = Wyr+K,yh(1')sin(8-w)+q4K,(1')sin(8-w)+q,K,(1')sin(6-w)
= 0 plf+(0.289)(110 pcf)(1.312")(1')sin(17.3°-8.73°)
+(0 psf)(0.289)(1")sin(17.3°-8.73°)+(0 psf)(0.289)(1')sin(17.3°-8.73°)
= 6.2 plf

Calculate vertical resultant active soil force. \ \
Pav = h(wyrtwyg)/2
(1.312')(0 plf+6.2 plf)/2
4.1 lbs




Seismic Load Application
Calculate the applied distributed load to the retaining wall and the resultant location from the
bottom of the base block.

Horizontal Load at the Top of the (2) Block Wall
Wire = KevcH(1')cos(8-w)+wyr
(0.187)(110 psf)(2.625')(1")cos(17.3°-8.73°)+ Oplf
26.6 plf

Horizontal Load at the Bottom of the (2) Block Wall
Wige = Key(H-h)(1')cos(8-w)+wyg
(0.187)(110 psf)(2.625'-1.312')(1'")cos(17.3°-8.73°)+ 41.3plf
67.9 plf

Calculate the location of the active seismic and soil pressure.
cye = h-[h(2*wygetwWire) 1/ [3 (Wit Wire)]
1.312'-[(1.312")(2(67.9 plf)+26.6 plf)]/[3(67.9 plf+26.6 plf)]
0.561 ft

Calculate vertical resultant active soil force.
P.en = h(Horizontal Load @ Top+Horizontal Load @ Bottom)/2
(1.312')(26.65 plf+67.93 plf)/2
62.1 lbs @ c,e

Vertical Load at the Top of the (2) Block Wall
Wyre = KeycH(1')cos(6-w)+wyy
(0.187)(110 psf)(2.625')(1")cos(17.3°-8.73°)+ Oplf
4.0 plf

Vertical Load at the Bottom of the (2) Block Wall
Wyge = Key(H-h)(1')sin(8-w)+wysg
(0.187)(110 psf)(2.625'-1.312')(1')sin(17.3°-8.73°)+ 6.2plf
10.3 plf

Calculate vertical resultant active seismic and soil force.

Paev = h(Wyretwyge)/2 | |
(1.312')(4.03 plf+10.28 plf)/2 | |
9.4 Ibs




Internal Overturning Stability
Calculate the factor of safety of the resistive moment versus the overturning moment of the block (2) overturning about the

front corner.

ROTATION
Static
Calculate the overturning moment.
M, = Pancy
= (27.11bs)(0.437')
= 11.9 lbs-ft

Calculate the weight of a 1' wide strip of the wall (2) blocks tall.
wy, = Y W, h(1'wide)
(120.8 pcf)(0.968')(1.312')(1")
153 lbs

Recall the resisting moment arm.
Xy = 0.635 ft

The capacity of the system to
resist the overturning caused by
the lateral forces applied to the
wall

Calculate the moment resisting overturning.
M, = WyXy+P.y[W, +h*tan(w)/2]

(153 Ibs)(0.635')+(4.1 Ibs)[(0.968')+(0.437")tan(8.73°)]
102 Ibs-ft

Calculate the factor of safety for the retaining wall overturning about the front corner of the (2) block.

FSot = M,/M,
= 102 Ibs-ft/11.9 Ibs-ft
= 8.59
Seismic
Calculate the overturning moment.
Mo = |:)aEHCyE
= (62.1 Ibs)(0.561")
= 34.8 Ibs-ft

Calculate the moment resisting overturning.
M, = WyXy+0.5P ¢ [W, +h*tan(w)/2]

(153 Ibs)(0.635')+(2 Ibs)[(0.968')+(0.437")tan(8.73°)]
100 Ibs-ft

Calculate the factor of safety for the retaining wall overturning about the front corner of the (2) block.
FSot = M,/M,
100 Ibs-ft/34.8 Ibs-ft
2.86



Internal Sliding Stability

Calculate the factor of safety of block (2) sliding on block (3).

Static

Calculate the resistance to sliding due to friction between the (2) block and the block below it.

_ , , HORIZONTAL
Rec = (Msrw) (W P,y )+a, B MOVEMENT
= (0.74)(153.4 lbs+9.4 Ibs)+(449 lbs)
= 570 lbs
Recall the resultant horizontal active soil force. : S
Py= 27.1 lbs |
ol
—F
| M
Calculate the factor of safety for block sliding. | J BREFENTRE
FSS| = Rsc/PaH =
=570 1bs/27.1 lbs
= 21.04
Seismic

Calculate the resistance to sliding due to friction between the (2) block and the block below it.

Rsc = (“-SRW) (WW+0'5 PaEV)+au

= (0.74)(153.4 lbs+2 Ibs)+(449 Ibs) The capacity of the system to
= 564 |bs resist the overturning caused by
the lateral forces applied to the
Recall the resultant horizontal active seismic and soil force. wall.
Paen = 62.1 lbs

Calculate the factor of safety for block sliding.
FSq = Re/0.5P, ¢y

564 |bs/31 Ibs
18.19



Internal Stability Checks

Block 1
Block Number h=[ 0.656|ft = 1(0.656"/block)
Static Loads
Murata Fill Retained Soil
Recall the previous calculated active soil pressure coefficients.
K,=0.179 K,=0.289
Recall the given soil properties from the geotechnical engineer for the project.
Ve = 125 pcf Y = 110 pcf
8. = 24.0° 8, = 17.3°
Calculate the resultant active soil force induced on the wall and its horizontal and vertical components.
P, = 0.5K,y.(1' wide)h? P, = 0.5K,v,(1' wide)h? \
= 0.5(0.179)(125 pcf)(1')(0.656')2 = 0.5(0.289)(110 pcf)(1')(0.656') L1
= 4.81 Ibs = 6.85 Ibs -
P,y = P,cos(6.-w) P,y = P,cos(d,-w) 2
= (4.81 Ibs)cos(24°-8.73°) = (6.85 Ibs)cos(17.3°-8.73°) ~
= 4.64 Ibs = 6.77 lbs i
P,y = P,sin(6.-w) P.v = P,sin(6,-w) 3
= (4.81 Ibs)sin(24°-8.73°) = (6.85 Ibs)sin(17.3°-8.73°) =
= 1.27 lbs = 1.02 Ibs
Seismic Loads PN
Murata Fill Retained Soil "
Recall the previous calculated active seismic and soil pressure coefficients. o
Kise = 0.317 Kise = 0.476
Calculate the active seismic pressure coefficient
Ke = 0.138 =Kye-K, Ke = 0.187 =Ky K,
Calculate the resultant active seismic force induced on the wall and its horizontal and vertical components.
P.e = 0.5Kpy (1" wide)h? P.e = 0.5Kpy,(1' wide)h?
= 0.5(0.138)(125 pcf)(1')(0.656')? = 0.5(0.187)(110 pcf)(1')(0.656')?
= 3.72 Ibs = 4.42 lbs
P.ey = P,ecos(6.-w) P.ey = P.ecos(6,-w)
= (3.72 Ibs)cos(24°-8.73°) = (4.42 Ibs)cos(17.3°-8.73°)
= 3.59 Ibs = 4.37 lbs
P.ev = Pasin(6.-w) P.ev = Poesin(6,-w)
= (3.72 Ibs)sin(24°-8.73°) = (4.42 Ibs)sin(17.3°-8.73°)
= 0.98 Ibs = 0.66 lbs

Surcharge Loads
Calculate the resultant force on the SRW induced by the surcharge load on the retained soil and its horizontal and vertical

components. It is assumed that the surcharge load is uniform and continuous.

Pqa = AgKa(1' wide)h Py = aiK,(1' wide)

= (0 psf)(0.179)(1')(0.656') = (0 psf)(0.289)(1')(0.656')
= 0.00 lbs = 0.00 lbs

Pgan = Pqac0s(8-w) Pgin = Pgicos(6-w)
= (0 lbs)cos(24°-8.73°) = (0 lbs)cos(17.3°-8.73°)
= 0.00 lbs = 0.00 lbs

Pqav = Pgasin(8-w) Pav = Pgsin(8-w)
= (0 Ibs)sin(24°-8.73°) = (0 lbs)sin(17.3°-8.73°)
= 0.00 lbs = 0.00 lbs



Static Load Application

Calculate the applied distributed load to the retaining wall and the resultant location from the

bottom of block (1).

Horizontal Load at the Top of the (1) Block Wall
Wit = qgK(1')cos(8-w)+qK,(1')cos(6-w)
(0 psf)(0.289)(1')cos(17.3°-8.73°)+(0 psf)(0.289)(1')cos(17.3°-8.73°)
0.0 plf

Horizontal Load at the Bottom of the (1) Block Wall
Wy = WK yh(1')cos(8-w)+g4K,(1')cos(6-w)+q K, (1')cos(6-w)
= 0 plf+(0.289)(110 pcf)(0.656')(1')cos(17.3°-8.73°)

+(0 psf)(0.289)(1')cos(17.3°-8.73°)+(0 psf)(0.289)(1')cos(17.3°-8.73°)

= 20.6 plf

Calculate the location of the active soil pressure.
¢y = h-[h(2*wyg+Wyr)l/ [3(Whg+Wir)]
= 0.656'-[(0.656')(2(20.64 plf)+0 plf)]/[3(20.64 plf+0 plf)]
= 0.219 ft

Calculate horizontal resultant active soil force.
Pan = h(Wyr+wyg)/2
(0.656')(0 plf+20.64 plf)/2
6.8 Ibs @ c,

Vertical Load at the Top of the (1) Block Wall
Wyt = qgKy(1")sin(6-w)+qK,(1')sin(6-w)
(0 psf)(0.289)(1')sin(17.3°-8.73°)+(0 psf)(0.289)(1')sin(17.3°-8.73°)
0.0 plf

Vertical Load at the Bottom of the (1) Block Wall
Wyg = WyrtK,ych(1')sin(8-w)+qy4K,(1')sin(6-w)+q,K,(1')sin(5-w)
= 0 plf+(0.289)(110 pcf)(0.656')(1')sin(17.3°-8.73°)

+(0 psf)(0.289)(1")sin(17.3°-8.73°)+(0 psf)(0.289)(1')sin(17.3°-8.73°)

= 3.1 plf

Calculate vertical resultant active soil force. | |
Pav = h(wyrtwyg)/2 e |
(0.656')(0 plf+3.1 plf)/2 |
1.0 Ibs |

o




Seismic Load Application

Calculate the applied distributed load to the retaining wall and the resultant location from the

bottom of the base block.

Horizontal Load at the Top of the (1) Block Wall
Wire = KevcH(1')cos(8-w)+wyr
(0.187)(110 psf)(2.625')(1")cos(17.3°-8.73°)+ Oplf
13.3 plf

Horizontal Load at the Bottom of the (1) Block Wall
Wige = Key(H-h)(1')cos(8-w)+wyg
(0.187)(110 psf)(2.625'-0.656')(1')cos(17.3°-8.73°)+ 20.6plf
60.6 plf

Calculate the location of the active seismic and soil pressure.
cye = h-[h(2*wygetwWire) 1/ [3 (Wit Wire)]
= 0.656'-[(0.656')(2(60.6 plf)+13.3 plf)]/[3(60.6 plf+13.3 plf)]
= 0.258 ft

Calculate vertical resultant active soil force.
P.en = h(Horizontal Load @ Top+Horizontal Load @ Bottom)/2
(0.656')(13.32 plf+60.61 plf)/2
24.3 Ibs @ c,¢

Vertical Load at the Top of the (1) Block Wall
Wyre = KeycH(1')cos(6-w)+wyy
(0.187)(110 psf)(2.625')(1")cos(17.3°-8.73°)+ Oplf
2.0 plf

Vertical Load at the Bottom of the (1) Block Wall
Wyge = Key(H-h)(1')sin(8-w)+wysg
(0.187)(110 psf)(2.625'-0.656')(1')sin(17.3°-8.73°)+ 3.1plf
9.2 plf

Calculate vertical resultant active seismic and soil force.
Paev = h(Wyretwyge)/2

Wt

(0.656')(2.02 plf+9.17 plf)/2
3.7 Ibs | |

-




Internal Overturning Stability
Calculate the factor of safety of the resistive moment versus the overturning moment of the block (1) overturning about the

front corner. ROTATION

Static
Calculate the overturning moment.
M, = Pancy
(6.8 1bs)(0.219")
1.5 Ibs-ft

Calculate the weight of a 1' wide strip of the wall (1) blocks tall.
wy, = Y W, h(1'wide)
(120.8 pcf)(0.968')(0.656')(1)
77 lbs

Recall the resisting moment arm.
Xy = 0.635 ft The capacity of the system to

resist the overturning caused by

Calculate the moment resisting overturning. the lateral forces applied to the

M, = wyXw+Pay[W +h*tan(w)/2] wall
(77 1bs)(0.635')+(1 Ibs)[(0.968')+(0.219')tan(8.73°)]
50 lbs-ft

Calculate the factor of safety for the retaining wall overturning about the front corner of the (1) block.

FSot = M,/M,
= 50 lbs-ft/1.5 Ibs-ft
= 33.59
Seismic
Calculate the overturning moment.
Mo = |:)aEHCyE
= (24.3 Ibs)(0.258')
= 6.3 lbs-ft

Calculate the moment resisting overturning.
M, = WyXy+0.5P ¢ [W, +h*tan(w)/2]
(77 1bs)(0.635")+(0.5 Ibs)[(0.968')+(0.219")tan(8.73°)]
49 |bs-ft

Calculate the factor of safety for the retaining wall overturning about the front corner of the (1) block.
FSot = M,/M,
= 49 lbs-ft/6.3 Ibs-ft
= 7.86



Internal Sliding Stability

Calculate the factor of safety of block (1) sliding on block (2).

Static

Calculate the resistance to sliding due to friction between the (1) block and the block below it.

Rsc = (Mspw) (Wi +Pay)+ay | | ':noc?\i:ﬂ:ml-
= (0.74)(76.7 lbs+3.7 lbs)+(449 lbs)
= 509 lbs
Recall the resultant horizontal active soil force. = : e
Py= 6.8 Ibs |
|
e
| \
Calculate the factor of safety for block sliding. | J ERAEELIER
I:Ssl = Rsc/PaH :

509 |bs/6.8 Ibs
75.15

Seismic
Calculate the resistance to sliding due to friction between the (1) block and the block below it.

Rsc = (“-SRW) (WW+0'5 PaEV)+au

= (0.74)(76.7 Ibs+0.5 Ibs)+(449 Ibs) The capacity of the system to
= 507 lbs resist the overturning caused by
the lateral forces applied to the
Recall the resultant horizontal active seismic and soil force. wall.
Paen = 24.3 |bs

Calculate the factor of safety for block sliding.
FSq = Re/0.5P, ¢y

507 lbs/12.1 Ibs
41.77



