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Verification Analysis of the Redi Rock Wall

Program: Redi Rock Wall
File: Demo_vm_imperial_en_05.grr

In this verification manual you will find hand-made verification analysis of the Redi Rock Wall
in a permanent design situation. The results of the hand-made calculations are compared with results
from the GEO5 — Redi Rock Wall program.

Terms of Reference:

In Figure 1, an example of wall is shown. Wall is constructed of the 7 blocks RediRock. Setbacks
of the blocks are 1.62 in (0.135 ft). Homogenous soil (silty sand S-F) is considered at the both sides of
the wall. Footing from the crushed stone has a thickness 0.98 ft and it is placed below the wall. The
properties of soil and footing (effective values) are shown in Table 1. Verification analysis of the wall
is performed with the help of safety factors. The bearing capacity of foundation soil is calculated by
NCMA standard.

1.50ft
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Figure 1 Construction of the Redi Rock Wall — dimensions

] Unit weight Angle of internal Cohesion of sail Angle of fric.tion
Soil 7 [kN/m?] friction ¢, [°] ¢ [kPa] Str?t;;o"
S-F 120.00 28.00 0.00 18.30
Crushed stone 130.00 40.00 0.00 26.00

Table 1 Soil properties — effective values



Verification of the Whole Wall

Calculation of the weight and the centroid of the wall. The wall is divided into 8 blocks (7
blocks of RediRock and footing), which are shown in Figure 1. Table 2 shows the dimensions of the
blocks, their weights and centroids.

Type of Height | Width | Area wLé?gI:lt Weight | Point of action
Block block h; Wi Aiz 7l W, Y - W, - xi W, -z
[ft] [ft] [ft’] [ocf] [Ibf/ft] i i

1 60 1.500 |5.000| 7.500 | 130.00 975.00 | 2.990 | -1.730 | 2915.250 | -1686.750

2 41 1.500 |3.375| 5.063 | 130.00 658.19 | 2.313 | -3.230 | 1522.064 | -2125.954

3 41 1.500 |3.375| 5.063 | 130.00 658.19 | 2.448 | -4.730 | 1610.920 | -3113.239

4 41 1.500 |3.375| 5.063 | 130.00 658.19 | 2.583 | -6.230 | 1699.776 | -4100.524

5 41 1.500 |3.375| 5.063 | 130.00 658.19 | 2.718 | -7.730 | 1788.631 | -5087.809

6 41 1.500 |3.375| 5.063 | 130.00 658.19 | 2.853 | -9.230 | 1877.487 | -6075.094

7 28 1.500 | 2.271 | 2.769 130.00 359.97 | 2.435 |-10.730| 876.677 -3862.478

8 Footing | 0.980 |5.490 | 5.380 | 130.00 699.40 | 2.745| -0.490 | 1919.853 -342.706
Total 5325.32 - - 14210.688 | -26394.553

Pressure at rest is considered.

Table 2 Dimensions, weights and centroids of the individual blocks

e Centroid of the construction:

X, =

t

ZVVI Xi

14210 .688

5

1

> 5325.320
ZWi

1

i
N _ —26394.553

> 5325.320
ZWI

=2.669 ft

~4.956 ft

Calculation of the front face resistance. The depth of the soil in front of the wall is 1.51 ft.

e (Coefficient of earth pressure at rest:
(For non-cohesive soils the Jaky formula for computing of the coefficient of earth pressure at
rest K, is used)

K, =1-smn ¢ =1-sin(28.00) =0.531

e Vertical normal effective stress o in the footing bottom:
o, =y-h=120.00 -1.51 =181.200 psf




Pressure at rest in the footing bottom:
o, =0, K, =181.200 - 0,531 =96.217 psf

Resultant force of stress at rest §,:
(Resultant force S, acts only in horizontal direction, therefore S, =5, andS, =0)

So =%-00 -h =l-96.217 -1.51=72.644 Ibf / ft

Point of action of the resultant force §:
Xy = @ =0.245 ft

2y =—%h=—%-1.510 =-0.503 ft

Calculation of the weight and the centroid of the soil wedges. In figure 2, two soil wedges are
shown. Soil wedges are considered above setbacks and at the back side of the wall. The geometry of

both wedges is given by the inclination 3, .
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Figure 2 Soil wedges - geometry

e Calculation of the angle «; is obtained from the iterative formula:
()= SO B e ) Sinp— f)-cos(a; +0)
2-tan(g)-cos(a; — B) 2-tan(e)-cos(a; — f)

B =0.000°- inclination of terrain

o; =30.000° - estimate

1% iteration: ¢; = arcsin sin(28.00 —0.00) - cos(30.00+ 28.00) | _ 31.32°
2 -tan(28.00) - cos(30.00 — 0,00)



sin( 28.00 —0,00) - cos(31.32 + 28.00)
2-tan(28.00) - cos(31.32 — 0.00)

2" jteration: a; = arcsin(\/ j =30.90°

sin( 28.00 —0.00) - c0s(30.90 + 28.00)
2-tan(28.00) - cos(30.90 — 0.00)

3" iteration: ¢ =arcsin( J=31.03°

=30.99°

4™ jteration: ¢, = arcsin
2-tan(28.00) - cos(31.03 —0.00)

sin(28.00 —0.00) - c0s(30.99 +28.00)
2-tan(28.00) - cos(30.99 —0.00)

=31.00°

\/sin( 28.00 —0.00) - cos(31.03 + 28.00)
5™ jteration: ¢; = arcsin \/

=31.00°

6™ iteration: a; = arcsin

sin( 28.00 —0.00) - cos(31.00 + 28.00)
2- tan(28.00) - cos(31.00 —0.00)

Inclination of the wedge 9, :
8., =90.00° —; =90.00°-31.00° = 59.00°

Soil wedge 1, is composed from two parts (part A and part B):
W, =(0.328 - (2.271 -0.328)) -120.000 = 76.476 Ibf / ft

2.(3.375 2271 -0.135)— 00
tan(59.00)

Wy, = 5 -1.500 |-120.000 =93.304 Ibf / ft

Points of action of the parts A and B:

x, =0.490 +0.135 -6 +0.328 + %20'328) =2.600 ft
z, =—0.980 —1.500 -7 + 0328 _ 112316 ft
x5 =0.490 +0.135 -6 +2.271 + 3.375 2013522271 _ 5 g9y ft

3

z25 =—0.980 —1.500 -6 — 1.500 _ —10.480 ft
3

Total weight and centroid of the soil wedge 1:
W, =W, +W, =76.476 +93.304 =169.780 kN /m

_Wax, t Wy T6.476-2.600+93304-380 o

W, 169.780

X



76476 -(~11.316) +93.304 - (-10480) _ | oo

z ::‘Vk 24+ Wi -2p _
: W, 169.780

Total weight and centroid of the soil wedge 2:

o = arctan m =85.882°
4.0.135

w'=(5.000 —3.375 - 0.135) =1.490 ft

i 1490 . 2n(85.882)- @n(59.000) _ o
tan(85.882) + tan(59.000)

W, =2.215- ! + ! -120.000 =198.000 Ibf / ft
tan(85.882) tan(59.000)

X, = 0.150 +0.041 +1.0287 + QA4+ 0'6753' cos(85-869)) _ | 388

2, =—0.980 ~1.500 - 222 _ 3018 fy
3

Calculation of the active pressure. The construction is divided into four levels, in each is
calculated active earth pressure and resultant forces. Resultant forces of the active pressure are shown

ft

in Figure 3. The active earth pressure is calculated using Coulomb’s theory.
SalJ

f"\ 2 Sa2

a2+62

fﬂﬁ\ 3 Sa3/63

Figure 3 Active earth pressure — resultant forces




e Coefficient of active earth pressure in all levels:

a - back face inclination of the structure
S =0°- inclination of terrain

Effective values from the Table 1 are used in calculation.

K , - coefficient of active earth pressure

2
. - cos” (p—a)

at : . :
cos’(a;) - cos(a; +6,)- 1_,_\/ sin(@ + &,) - sin(p — f3) ]

cos(a; +0;)-cos(a; — )

Calculation of the 1% evel:

a, =31.00°
0,=¢=28.00°
2
K, - cos“(28.0-31.0)

> =0.701

c0s?(31.0) - cos(31.0+28.0)| 14 | Sn(28-0+28.0)-5in(28.0=0.0)
cos(31.0+28.0)-cos(31.0-0.0)

Calculation of the 2" level:

a, = arctan[4'0'135 ) (=) =-4.12°
5-1.500
0, =18.30°
2
K, - cos“(28.0+4.12)

> =0.293

c0s?(—4.12) - cos(—4.12 +18.3) | 14 | SN(28.0+18.3)-5in(28.0~0.0)
cos(—4.12 +18.3) - cos(—4.12 - 0.0)

Calculation of the 3™ level:
a, =31.00°

0, =p=28.00°

2 p—
K, - cos”(28.0-31.0)

> =0.701

cos?(31.0)-cos(31.0+28.0).| 1+ | S 28-0+28.0):sin(28.0~0.0)
cos(31.0+28.0)-cos(31.0-0.0)

Calculation of the 4™ level:
a, =0.00°
5, =18.30°




cos*(28.0-0.0)

K, = ~=0.322

cos*(0.0) - cos(0.0+18.3)- 1+\/sin(28.0+18.3)-sin(28.0—0.0)J

c0s(0.0+18.3)-co0s(0.0-0.0)

Vertical normal effective stress o _in all levels:
o, =0.000 psf

o, =y-h =120.00-1.500 =180.000 psf
G, =0, +y-h =180.000 +120.000 -5.528 = 814.200 psf
Gy =0, +y-hy =814.200 +120.000 - 2.215 = 1080.000 psf
0., =05 +y-h, =1080.000 +120.000 - 2.480 = 1377.600 psf

Active earth pressure o, in all levels:
O a0 =0, - K, =0.000-0.701=0.000 psf

al,a =

O, =0, - K, =180.000-0.701=126.180 psf

a

- K, =180.000-0.293 =52.740 psf

Cury =0 - K, =814.200-0.293 = 238.561 psf

a

=0, K, =814.200-0.701=570.754 psf

O3 =03 K,3 =1080.000-0.701=757.080 psf

a

=0, K,, =1080.000-0.322=347.760 psf

Cap =04 - Ky =1377.600-0.322 = 443.587 psf

a

Resultant forces of active earth pressure S . and horizontal and vertical components:

=l.aau, h, :%~126.180 -1.500 =94.635 Ibf / ft

Sal 2

Sue =S -COS(@, +6,) =94.635- cos(31.0+28.0) = 48.741bf / fi

S, =S, -sin(a +8,)=94.635-sin(31.0+28.0) =81.118 Ibf / fr

al,

1

Sa2 = E : (GaZ,b - O-aZ,a

Sur e =S -COS(@t, +8,) = 769.763- cos(—4.12 +18.30) = 746.303 Ibf / fi

) hy+0,,,h = % -(238.561 —52.740) -5.285 +52.740 - 5.285 =769.763 Ibf / ft

Spr. =S8, sin(a, +6,) =769.763-sin(—4.12+18.30) =188.592 Ibf / ft



Sy = (O — Tyn) Py + Oy Iy = % -(757.080 —570.754) - 2.215 + 570.754 - 2.215 = 1470.576 Ibf / ft

2 a3,a

S =8, -cos(a; +03) =1470.576-cos(31.0+ 28.0) = 757.403 Ibf / ft

ald,x

Sps. = S,y -sin( @ +6,) = 1470.576-sin(31.0 + 28.0) = 1260.530 Ibf / ft

1
Sa4 = 5 ' (O-a4,b - O-a4,u

=8, -cos(e, +0,) =981.270-cos(0.0+18.3) =931.643 Ibf / ft

) Iy 4Gy hy = % (443 587 —347.760) - 2.480 + 347760 - 2.480 = 981.270 Ibf / ft
S

ad,x
Sus. =S, -sin(a, +8,) =981.270-sin( 0.0+18.3) =308.1 1 11bf / ft

Points of action of resultant forces:
1.500

tan(59.0)
3

x, =0.490 +5-0.135 +3.375 - =4.240 ft

7, =—0.980 - 6-1.500 —@ =-10.480 ft

52.740 -5.285° . (238.561 —52.740)-5.285°
2.215 | 2-tan(85.882) 6- tan(85.882)
@n(85.882) 55 740.5 985 + (238.561 —52.740)-5.285
. . 5

x, =0.490 +0.135 +3.375 +

=4.309 ft

52.740 -5.285° . (238.561 —52.740)-5.285 >

2 6
2, =-0.980 —1.500 —2.215 — - - — 6776 f1
527405285 4 (238:561 5;740) 5385

570.754 -2.215° . (757.080 - 570.754)-2.215 2

Xy = 0.490 + 5,000 — — 2 2N(9-0) 5 0806_'22‘%5795'22 s =485 fr
570.754 -2.215 + —— > : :
570.754 -2.215% , (757.080 -570.754)-2.215 2
2 6
25 =—0.980 —1.500 — — : =-3.536 ft
5707542215 4 (157-080 5720.754) 2.215
X, =5.490 ft
347.760 - 2.480 , (443.587 —347.760)- 2.480°
2= 2 6 —_1.190 fr

(443 .587 —347.760) - 2.480
2

347.760 - 2.480 +



e Total resultant force of active earth pressure S :
Sue =S8uix TS t S0, TS, =48741+746.303+757.403+931.643=2484.090 Ibf / ft

Su =S, +Sp. + S+, =81.118+188.592+1260.530+308.111=18383511bf / ft

S, =S, 2 +85,> =~/2484.090° +1838.351% =3090.346 ibf / ft

e Point of action of total resultant force:
4

Zsai,z X

N _ 81.118 -4.240 +188.592 - 4.309 +1260.530 - 4.856 +308.111-5.490

Ye=T 4 1838 351
Zsai,z ‘
1
x, =4.879 ft
4
Zsai x Zi
I N -(~10.480 )+ 746..303 - (— 6.776 ) + 757.403 - (~ 3.536 ) + 931.643 - (~1.190 )
“ g 2484090
Zsai,x
1
z, =—3.766 fi

Checking for overturning stability. The moments calculated in the analysis rotate about the
origin of the coordinate system (left bottom corner of the structure, Figure 1). Resisting moment M

and overturning moment M, are calculated for verification. Results are compared with results from
the GEO5 — Redi Rock Wall program.

e Calculation of resisting moment M, :
M, =W-x, +S;-z0+W, - x, +W, - x, +§_, -x

a

M, =5325.320-2.669 +72.644 -0.503 +169.780 -3.311 +-198.000 - 4.550 + 1838 .351 - 4.879

M, =24682 .175 Ibfft/ ft
Result from the GEO5 — Redi Rock Wall program: M, = 24655 .70 ibfft/ ft

e (Calculation of overturning moment M :

ovr *

M,, =S, -z, =2484.090 -3.766 = 9355 .083 Ibfft/ ft

Result from the GEO5 — Redi Rock Wall program: M =9318.70 Ibfft/ ft

e Safety factor:

M .
g - Mo _ 24682.175

M 9355.083

ovr

=264 > 1.50, SATISFACTORY

Result from the GEO5 — Redi Rock Wall program: FS =2.66 > 1.50, SATISFACTORY



Checking for slip. Slip in the footing bottom is checked.

e Normal force in the footing bottom:
N=W+W, +W, +§, =5325.320 +169.780 +198.000 +1838.351 = 7531 .451 Ibf / ft

e Eccentricity of the load (width of the footing d =5.490 ft):
_d M, -M,, 5490 24682.175 —9355.083
2 N 2 7531 .451

e =0.710 ft

In the program, eccentricity is calculated as a ratio.

e =€ 071015
T d T 5.490

euy =0333 > ¢, =0.129, SATISFACTORY

e (Calculation of resisting horizontal force:

H,., =N-tan(p)+c-(d—2-e)=7531.451 - tan(28.00) +0.000 - (5.490 — 2-0.710) = 4004 .544 Ibf / ft

Result from the GEO5 — Redi Rock Wall program: H,, =4005.20 Ibf / ft

e (Calculation of acting horizontal force:
H,, =S, —S,=2484.000 —72.644 = 2411 .446 Ibf / ft

Result from the GEO5 — Redi Rock Wall program: H,, =2410.73 Ibf / ft

e Safety factor:
H, 4004.544

FS — res —
H 2411 .446

=1.66 > 1.50, SATISFACTORY

act

Result from the GEO5 — Redi Rock Wall program: FS =1.66 > 1.50, SATISFACTORY

Bearing Capacity of the Foundation Soil

e Stress in the footing bottom:
N 7531 .451

o = =
d—-2-e 5.490-2-0.710

=1850.479 psf

Result from the GEO5 — Redi Rock Wall program: o =1849.80 psf

Calculation of the bearing capacity. The length of the wall is 32.81 ft. Therefore the effective
width of the footing controls the bearing capacity.

o Effective width of the footing:
by =b—2-¢=5.490-2-0.710 =4.070 ft

e Bearing capacity factors are determined from tables (NCMA standard):

10



N, =14.720
N, =25.800

N, =16.720

Bearing capacity of the foundation soil:
d =1.510 ft -foundation depth

/4

Ry=c-N_+y-d-N, +%.y-beff ‘N

R, =0.000 -25.800 +120.000 -1.510 -14.720 + % -120.000 - 4.070 -16.720 = 6750 .288 psf

Result from the GEOS — Redi Rock Wall program: R, = 6750.80 psf

Safety factor:
_ Ry 670288 4 s S 200, SATISFACTORY
o 1850.479

Result from the GEO5 — Redi Rock Wall program: FS =3.65 > 2.00, SATISFACTORY

11



Dimensioning - Analysis of Sections

Analysis of the joint between the block 1 and the footing

Joint between the block 1 and the footing is analysed. The joint (in the level of the axis x) is
shown in Figure 4.

| e——

o~
)

1':33'43-'-:33'-:'&3'-1:

A 4

Figure 4 Dimensioning — joint between the block 1 and the footing

Calculation of the weight and the centroid of the wall. Table 3 shows the dimensions of the
blocks, their weights and centroids.

Type He;gh Width | Area wli_‘?é:mt Weight | Pointof action
Block] of 1, " " i " x [ft] [ft] e e
block | 1 | 11| el | | me | Z;
1 60 | 1.500 | 5.000 | 7.500 130.00 975.00 2.500 | -0.750 | 2437.500 -731.250
2 41 11.500 | 3.375 5.063 130.00 658.19 1.823 | -2.250 | 1199.551 | -1480.928
3 41 |1.500 | 3.375 5.063 130.00 658.19 1.958 | -3.750 | 1288.407 | -2468.213
4 41 11.500 | 3.375 5.063 130.00 658.19 2.093 | -5.250 | 1377.263 | -3455.498
5 41 | 1.500 | 3.375 5.063 130.00 658.19 2.228 | -6.750 | 1466.118 | -4442.783
6 41 |1.500 | 3.375 5.063 130.00 658.19 2.363 | -8.250 | 1554.974 | -5430.068
7 28 |1.500 | 2.271 2.769 130.00 359.97 1.946 | -9.750 | 700.322 -3509.708
Total 4625.920 - - 10024.135 | -21518.448

Table 3 Dimensions, weights and centroids of the individual blocks

12




e Centroid of the construction:

5
2 Wi-xi 10024 .135
= A= 2 167 fi
4625920
ZWI
1

5
ZWi-zi
L= _-as8.448 o P
5. 4625 .920
ZWI
1

Calculation of the front face resistance. Depth of the soil in front of the wall is 0.53 ft. Pressure
at rest is considered.

e Coefficient of earth pressure at rest:

(For non-cohesive soils the Jaky formula for computing of the coefficient of earth pressure at
rest K, is used)

K, = 1—sin ¢ = 1 —sin(28.00) = 0.531

e Vertical normal effective stress o_ at the level of the joint:
o, =y-h=120.000 - 0.531 = 63.600 psf

e Pressure at rest:
o, =0, K, =63.600-0.531 =33.772 psf

e Resultant force of pressure at rest §,:

(Resultant force S, acts only in horizontal direction, therefore S, =5, and S, =0)

S, =%-a, h= %-33.772 10.53 =8.950 Ibf / ft

e Point of action of resultant force §:
x, =0.000 ft

Z :—%h:—%-0.53 =—0.177 ft

Calculation of the weight and the centroid of the soil wedges. The soil wedges are the same

as in the verification analysis of the whole wall (Figure 2). The centroids of the both soil wedges must
be recalculated.

o Weight of soil wedges:
W, =169.780 Ibf / ft

W, =198.000 Ibf / ft

13



e Centroids of soil wedges:
x; =3.311-0.490 = 2.821 ft

z, =—10.857 +0.980 =—9.877 ft
x, =4.550 —0.490 = 4.060 ft
z, =—3.218 +0.980 = —2.238 ft

Calculation of active earth pressure. The construction is divided into four levels. In the first
three levels, the active earth pressure and the resultant forces are the same as in the verification
analysis of the whole wall. Centroids of the all resultant forces must be recalculated.

e Vertical normal stress in the 4™ level:
0., =0 +y-h, =1080.000 +120.000 -1.500 =1260.000 psf

e Active earth pressure o, in the 4" level:
Crsa =04 - K, =1080.000-0.322 = 347.760 psf

Ca4p =04 - K, =1260.000-0.322 =405.720 psf

e Resultant force of the active earth pressure S, and horizontal and vertical components:

S, = % (O sy = Casa) hy + Gy -hy = % +(405.720 — 347.760) - 1.500 + 347.760 -1.500 = 565.110 Ibf / ft
S ar =S -cos(@ +8,) =565.110-cos(0.0+18.3) = 536.530 bf / fr

Sps. =S, -sin(a, +8,) =565.110-sin(0.0+18.3) = 177.440 Ibf / ft

e Points of action of all resultant forces of the active earth pressure:
x, =4.240 —0.490 =3.750 ft

z, =—10.480 +0.980 = -9.500 fr
x, =4.309 —0.490 = 3.819 fr
7, =—6.776 +0.980 = —5.79 ft
x; = 4.856 —0.49 = 4.366 ft
2y = —3.536 +0.980 = —2.556 ft
x, =5.000 ft
347.760 -1.500° | (405.720 347 .760)-1.500>

2 6
347 760 -1.500 + (F03 720 —347.760) -1.500

2

4 =—

=-0.731 ft

14



Total resultant force of the active earth pressure S, :
S =Sux TS + 83, 844, =48.741+746.303+757.403+ 536.530=2088.977 Ibf / ft

Su =S, +Su. + S+, =81.118+188.592+1260.530+177.440=1707.680 Ibf / fi

S, =8, +5,% =2088977% +1707.680° =2698.147 Iif / ft

Point of action of the total resultant force:
4

S . x
Z T 81.118-3.750 +188.592 - 3.819 +1260.530 - 4.366 +177.680 - 5.000

1
a3 1707 .680
Zsai,z
1
x, = 4342 ft
4
Z Sai x i
e . N0 -(~9.500)+746.303 - (— 5.796 ) + 757 .403 - (— 2.556 ) + 536.530 - (- 0.731)
“ - 2088 .977
zsai,x
1
z, =-3.407 ft

Checking for overturning stability. The moments calculated in the analysis rotate about the

origin of the coordinate system (left bottom corner of the block 1, Figure 4). Resisting moment M,

and overturning moment M, are calculated for verification. Results are compared with results from
the GEO5 — Redi Rock Wall program.

Calculation of resisting moment M :
M, =W-x, +S;-z0+W,-x, +W, -x, +§, -x

a

M, =4625.920-2.167 +8.950 -0.177 +169.780 - 2.821 +198.000 - 4.060 +1707 .680 - 4.342

M, =18723 477 Ibfft/ ft
Result from the GEO5 — Redi Rock Wall program: M, =18735.10 Ibfft/ ft

Calculation of overturning moment M, :
M,, =S, -z, =2088.977 -3.407 = 7117 .145 Ibffi/ ft

Result from the GEO5 — Redi Rock Wall program: M, =7116.30 ibfft/ ft

Safety factor:

M .
s _ Mo _ 18723 471

M 7117.145

ovr

=2.63 > 1.50, SATISFACTORY
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Result from the GEO5 — Redi Rock Wall program: FS =2.63 > 1.50, SATISFACTORY
Checking for slip. Slip in the joint between the block 1 and footing is checked.

Normal force:
N=W+W,+W, +5_, =4625.920 +169.780 +198.000 +1707 .680 = 6701 .380 ibf / ft

Eccentricity of the load (width of the footing d =5.000 ft):

oo d My =M, 500 18723.59-7U7.145 o0
2 N 2 6701 .380

In the program, eccentricity is calculated as a ratio.

epn =2 =278 0154
d 5000

ey, =0333 2 e,, =0.154, SATISFACTORY

Calculation of resisting horizontal force:
Reduction of the contact between the block 1 and the footing is not considered

H,, =N -tan(¢@)+c-(d —2-e)=6701.380 - tan(40.00) + 0.000 - (5.000 —2-0.768) = 5623 .125 Ibf / ft
Result from the GEO5 — Redi Rock Wall program: H,, =5624 .25 Ibf / ft

Calculation of acting horizontal force:
H, =S, —-S,=2088.977 —8.950 = 2080.027 Ibf / ft

Result from the GEO5 — Redi Rock Wall program: H_, =2079.68 Ibf / ft

Safety factor:
FS = B = 5623.125 =270 > 1.50, SATISFACTORY
H 2080.027

act

Result from the GEO5 — Redi Rock Wall program: FS =270 > 1.50, SATISFACTORY
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Analysis of the joint between the block 2 and the block 1.

Joint between the block 2 and the block 1 is analysed. The joint (in the level of the axis x) is
shown in Figure 5.

Figure 5 Dimensioning — joint between the block 2 and the block 1

Calculation of the weight and the centroid of the wall. Table 4 shows the dimensions of the
blocks, their weights and centroids.

Type | Height | Width | Area W:?g't]t Weight | Pointof action
Block| of h, w; A, W, W, - xi W, -zi
block | [ft] [ft] | [ft] [ p7 c"ﬂ bf/ee) | X [ftl |z, [ft]
1 - - - - - - - - - -
2 41 | 1.500 | 3.375 | 5.063 | 130.00 | 658.190 | 1.688 | -0.750 | 1110.696 | -493.643
3 41 | 1.500 | 3.375 | 5.063 | 130.00 | 658.190 | 1.823 | -2.250 | 119.551 | -1480.928
4 | 41 | 1.500 | 3.375 | 5.063 | 130.00 | 658.190 | 1.958 | -3.750 | 1288.407 | -2468.213
5 41 | 1.500 | 3.375 | 5.063 | 130.00 | 658.190 | 2.093 | -5.250 | 1377.263 | -3455.498
6 41 | 1.500 | 3.375 | 5.063 | 130.00 | 658.190 | 2.228 | -6.750 | 1466.118 | -4442.783
7 28 | 1.500 | 2.271 | 2.769 | 130.00 | 359.970 | 1.811 | -8.250 | 651.726 | -2969.753
Total 3650.920 - - 7093.761 | -15310.818

Table 4 Dimensions, weights and centroids of the individual blocks
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e Centroid of the construction:

5
ZWi-xi
4 ~7093.761

X, =

= 43 ft
3, 3650.920 f
ZW!
1

5

ZWi-zi
 —15310.818

! = —4.194 ft

3. 3650.920 /i
ZW[
1

g =

Calculation of the weight and the centroid of the soil wedge. Only weight of the wedge 1 has
effect. The centroid of the edge must be recalculated.

o  Weight of the soil wedge:
W, =169.780 Ibf / ft

e (Centroid of the soil wedge:
x, =3.311-0.490 —0.135 =2.686 ft

z, =—10.857 +0.980 +0.135 = —8.377 ft

Calculation of active earth pressure. The construction is divided into two levels. In the first
level, the active earth pressure and the resultant force are the same as in the verification analysis of
the whole wall. Centroids of the all resultant forces must be recalculated.

e Vertical normal effective stress in the 2" level:
C,=0,+y" h, =180.000 +120.000 - (5.285 +2.215) =1080.000 psf

e Active earth pressure o, in the 2™ level:
Cra =0, - K, =180.000-0.293 = 52.740 psf

Gy =0 - K, =1080.000-0.293 = 316.440 psf

e Resultant force of the active earth pressure S, and horizontal and vertical components:
1

Su2 =7 (Ou2p = Ouza) hy ¥ Oy ey = % -(316.440 — 52.740) - 7.500 + 52.740 - 7.500 = 1384 .425 Ibf / ft
Sup =S, -cOS(@, +8,) =1384.425- cos(—4.120+18.3) =1342.232 Ibf / ft
Sur. =S, -sin(a, +8,) =1384425-sin(—4.120+18.3) = 339.184 If / ft

e Points of action of resultant forces of the active earth pressure:
x, =4.240 —0.490 —0.135 =3.615 ft

z; =—10.480 +0.980 +1.500 = -8.000 ft

18



52.740 -7.500° | (316.440 —52.740)-7.500>

x, =3.375 42 1an(85.882) (316 44?6 ?2(2834%8)2)7 S0 - o-80 ft
52,740 -7.500 + 210 = .
52.740-7.500° _ (316,440 ~52.740)7.500°
2 6
=TT - ' — 2857 fi
52740 -7.500 + 10440 5;-740) 7.500

Total resultant force of active earth pressure S,
Sue =8y TS0, =48.741+1342.232=13909731bf / ft

S.. =Su. +8,,. =81.118+339.184=420.3021bf / ft

S, = \/ S,2+5,.2 =1390.973% + 420302 =1453.086 Ibf / ft

e Point of action of the total resultant force:
4

zSui,z : xi

1 _ 81.118-3.615 +339.184 - 3.580
4 B 420.302

zSai,z
1

xa:

=3.587 ft

.
1 _ 48.741-(~8.000)+339.184 - (—2.857)
s, - 1390.973

=-3.037 ft

Checking for overturning stability. The moments calculated in the analysis rotate about the
origin of the coordinate system (left bottom corner of the block 2, Figure 5). Resisting moment M,
and overturning moment M, are calculated for verification. Results are compared with results from
the GEO5 — Redi Rock Wall program.

e Calculation of resisting moment M, :
M, =W-x, +W -x, +8,-x,

M, =3650.920-1.943 +169.780 - 2.686 + 420.302 -3.587 = 9057 .390 Ibfft/ ft
Result from the GEO5 — Redi Rock Wall program: M, =9074 .20 Ibfft/ ft

e Calculation of overturning momentM , :
M,, =S, -z, =1390.973-3.037 = 4224 .385 Ibfft/ ft

Result from the GEO5 — Redi Rock Wall program: M, = 4227 .50 Ibfft/ ft
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Safety factor:

M .
g o Mo _ 9057.39

M 4224 385

ovr

=2.14 > 1.50, SATISFACTORY

Result from the GEO5 — Redi Rock Wall program: FS =2.15 > 1.50, SATISFACTORY

Checking for slip. Slip in the joint of the block 2 and the block 1 is checked.

Normal force:
N=W+W, +§_, =3650.920 +169.780 + 420.302 = 4241 .002 Ibf / ft

Eccentricity of the load (width of the footing d =3.375 ft):

M., -M : 390 — 4224 .
e d My =M, 3375 9057390424385 0
2 N 2 4241.002

In the program, eccentricity is calculated as a ratio.

e £ 0 416
P d 3375

ey =033 > e, =0.162, VYHOVUJE

Calculation of resisting horizontal force:
Properties of the block: F),,, =9000.000 Ibf / ft - maximal shear capacity

H,, =N-tan(p)+c-(d—2-e)=4241.002 - tan(75.00) + 0.000 - (3.375 — 2-0.548) = 15827 .635 Ibf / ft
H,, =15827.635Ibf | ft > Fyuy =9000.000 Ibf / ft —> H,, =9000.000 Ibf / ft

Result from the GEO5 — Redi Rock Wall program: H,,. =9000.00 /bf / ft

Calculation of acting horizontal force:
H,, =S, =1390.973 Ibf / ft

Result from the GEO5 — Redi Rock Wall program: H_, =1391.89 ibf / ft

Safety factor:
s = e (0000 _ 07 o150, SATISFACTORY
H._.  1390.973

act

Result from the GEO5 — Redi Rock Wall program: FS =647 > 1.50, SATISFACTORY
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