Engineering manual No. 39

Updated: 6/2024
Complex Design of the Entire Wall Made of Prefabricated Blocks

Program: Prefab Wall
File: Demo_manual_39.gpz

The aim of this manual is to show the complete design of an entire wall made of prefabricated blocks. The
final wall will look as follows.

The wall is proposed along the part of the street "Turisticka" between points 1 and 2. The contour of the
wall is approximately marked on the map below with a red line.
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The coordinates of points 1 and 2 in the S-JTSK coordinate system are as follows:

- Point 1: X =-745546,50 [m] y =-1043687,03 [m]

- Point 2: X =-745519,55 [m] y =-1043726,24 [m]
Note: The coordinates of the points can be normally obtained from the geodetic engineer, for preliminary
design the coordinates can be obtained from most map applications (Google Maps, Mapy.cz). However,
these applications provide points mostly in GPS, for conversion to X,Y coordinates you can use e.g.

Stratigraphy program, which allows this conversion.


https://www.finesoftware.eu/help/geo5/en/coordinates-conversion-01/

The terrain at the base of the wall in the lower part is 300 m above sea level, and the terrain in the upper

part is 305 m above sea level. The wall retains 4 m of soil at the bottom and 3 m at the top. The wall will
be placed 0.5 m in the soil.

Behind the wall, there is a sandy silt. For drainage reasons, a gravel-sand backfill will be made behind the
wall at an angle of 45°.

The parameters of both soils are as follows:

Sandy silt Backdfill

Unit weight : y = 1800 kN/m3  Unitweight: vy o= 20,00 kM/m?3
Stress-state : effective Stress-state: effective

Angle of internal friction ; per = 28,00° Angle of internal friction : per = 3300°
Cohesion of soil ; cer = 15,00 kPa Cohesion of soil : cer = 0,00 kPa
Angle of friction struc.-soil : & = 1500° Angle of friction struc.-soil : & = 2000°

Soil 1 cohesionless Soil : cohesionless
Saturated unit weight : yezt = 18,00 kN/m3  3aturated unit weight: Vezt = 21,00 kM/m3

The wall must meet all the verifications we will perform according to EN1997, Design Approach 2.

Launch the "GEOS5 Prefab Wall" program and in the "Settings" frame, select the Analysis settings as
“Standard - EN1997 - DA2” and the Type of construction as "3D wall".
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In the "Blocks" frame, select the type of blocks you want to build the wall from. We can either define the
blocks manually (specify their dimensions and parameters) or use the built-in catalogs of manufacturers.

In our case, we will choose the catalog from the American company Redi-Rock.
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In the "Wall shape" frame, enter the floor plan and heights of the wall. For simpler types of input, the 2D
input method can be used. In this mode, we define only the height of the wall, and the plan layout of the
wall parts is defined in the "Panels" frame. For more complex assighnments, 3D input including loading of

the wall plan is more suitable. We choose this method.
We start by loading a map of the area - it can be downloaded here.
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https://www.finesoftware.eu/help/geo5/en/input-of-plan-01/
https://www.finesoftware.eu/help/geo5/en/input-of-plan-01/
https://uloziste.fine.cz/s/HmW7XsEWZpwck9n

Then, in the "Map Rectification" tab, place map points A and B by dragging the mouse and insert the real

coordinates of points 1 and 2 (see above in the assighment). Map point A corresponds to point 1 (start of
the wall), and point B corresponds to point 2 (end of the wall).
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In the next step, switch to the "Enter line" tab and insert the wall points with the mouse. Start at point A
and end at point B. The program will automatically insert a spline-type curve through the wall line. We
have inserted 7 intermediate points to follow the street line as closely as possible. A sample of the point
input is also included in the tutorial video for this program.

The point coordinates are displayed in the table at the bottom of the window. It is also possible to define
the height coordinates of the bottom and top of the wall for each point. We define heights only for the

start and end points — this is sufficient for designing the wall shape.
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Defining heights at the beginning of the wall


https://www.finesoftware.eu/geotechnical-software/video-tutorials/518/creating-a-3d-wall-design-in-geo5-prefab-wall/?videotutorial=309
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Defining heights at the end of the wall

Confirm the 3D input with the "OK" button after defining the heights and the wall shape expanded into
2D will be drawn on the desktop.
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Now we switch to the "Panels" frame, where we select the basic block that will be used to fill the panels.
The Redi-Rock system offers two block sizes - standard and XL. We will choose the standard.

Next, we specify the depth of the wall in the soil as 0.5 m (see the input above) and generate the panels
using the "Generate" button.
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In the case of walls with row setbacks, the so-called "Reference row" is an important input. This
determines which row of blocks follows the exact floor plan of the wall. The other rows are shifted to the
reference plan by the specified offsets. We chose the first row of blocks, it is underlined in green in the
picture.



Switch to the "Wall geometry" frame and press the "Generation of Wall Geometry" button. Select the

required type for the top, base, and bottom block, and the setbacks between the rows, and use the "OK"
button to generate the wall.
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The wall was preliminarily designed with 41-type blocks, the top block is made of Top block 28-type and
the base block was chosen as 60-type. The rows were set with a spacing of 41 mm. All the rows are
described in detail in the table, and the meaning of the abbreviations is explained in the program help.

We will now proceed to the verification to check whether our design is OK.


https://www.finesoftware.eu/help/geo5/en/wall-geometry-02/

We start in the "Cross Sections" frame, where we define the cross-section we want to check. We specify
the sections using the chainage, in this case, we are interested in the section at the beginning of the wall,
where the wall is highest. So we add a section at the distance of 1 m, which is drawn on the desktop.
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After selecting a cross-section in the table and pressing the "Cross Section Analysis" button, the program
switches to the standard 2D mode where the wall can be checked.
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Note: If we want to go back to 3D mode, we can use the "3D Wall / Cross Sections" button.



In the "Soils" frame, enter the soil F3, which is behind the wall, as well as the backfill material (see the
parameters in the assignment).
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o

And input the backfill in the "Backfill" frame at an angle of 45°.
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Now let's move on to the wall calculation itself - starting in the "Verification" frame.
(G0 2024 - refa Wl (4 ) [CAUserburar\ Desiop\EM3D - preb\ P EM\ Demo, il 0 gpz |
File Edit Input Analysis Outputs Settings Help
Hy B~
-B8- e
DB -5 7
s —
Prject
= R30S0 © setings
s%ede;
FoRS - B
0508
S Ross 1 e
5050505 £} Profile
= Rjelele;
Q 090058, 5%
— o e
@ e & Foundation
s i
P e
K e
B %y 7 Water
P50
55 = sucharge
PR 127 s
RS L tptettocs
it A Eantnquake
?v::::f [ Stage setting:
| 4
= Eearng cop.
& stabiity
' - veriation s 3 [11] Bin detad
[No. < Force T &=.1 & ‘Applic. point " Minor | Verification
| ml | m ) 2l ot NOTOK. (1116%)
|1 Weight - wall 990 100,15 oz, 23 0 qe. SATISFACTORY  (31,9%)
2 Vieight - earth wedge 0% 366 123 oz 0 | -
3 Weight - eath wedge 14 121 47 O
|74 [Active presure: 601 5106 %2 Er ] oo =
[E¥ Add Picture
Verification : 0
Total: 0
[ List of Pictures.
[ List of Annexes.
i o

We can see that on the first verification (overturning) the wall is not satisfactory - the utilization is over
111 %.

Now, of course, we have several options that we could use to improve the design — change the type of

blocks, reinforce the space behind the wall with geogrids, etc. As the simplest option, we will try to
change only the setback between the blocks — everything else will remain the same, but more shifted
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rows will have a more favorable effect on the stabilizing moment due to the shift of the center of gravity
of the wall.

So we return to the 3D design - by switching in the "Geometry" or "Settings" frame.

In 3D mode, we return to the "Wall geometry" frame, where we press the "Generation of Wall Geometry"
button and change the row setback to 238 mm. Confirm with the "OK" button and the wall will be re-
generated.
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In the 2D view, the wall still looks the same, in the 3D view the larger setbacks are obvious.
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GEOS

Then go to the “Cross Sections” frame again and run the calculation for the earlier defined section.

%:Hm Outputs  Settings e -
PISEEN: B R Nad (el

El

=

o}

ol <[5

e

In 2D mode, we go through all available checks.
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We start in the "Verification" frame, where we check the overturning and slip.
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In the "Bearing capacity" frame, we verify that the stress under the wall does not exceed the bearing
capacity of the foundation soil.

To calculate the bearing capacity of the foundation soil, we use the "Spread Footing" program, where all
data is automatically transferred after pressing the " Launch program Spread Footing" button.
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14



ab Wall (B4 bt
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Calculation of foundation soil bearing capacity in the “Spread Footing” program

In this program, we can also get the settlement and rotation of the wall foundation.

[ @ spreac Facting [
Fle Edit Input Analysic Owputs Settings Help

80~ R [7]

ab Wall (64 bit]

VERT. BEARING CAPACITY : SATISFACTORY  (75,3%)
HOR. BEARING CAPACITY : SATISFACTORY  (34,3%)

£
P
Q
B o
[
/ 7
/ 7
; ;
ff
/ : /
i/ q
/ /
I ]
/ 7 Somaer

Settiement and rotation of foundation - results.

Foundation stiffness:
Auverage madulus of deformation Eges = 654 MPa
Foundation in the longitudingl direction is rigid (k=123,81)
Foundation in the direction of width is igid (k=438 24)
Verification of load eccentricity

Max. eccentricityin direct

M. eceentrcity i
Ma overall eccenticity

Eccentricity of Ioed is

Overallsettiement and rotatien of foundation:
Foundstion setdement = 141 mm

Depth of influence zone = 382 m

Rot.in direction of width = 0,000 (an*1000): (0.0E+00")

Anaipi: (8] 1]

Find max, values automatically
Initial in-situ stress in the fosting bettom

Reduction coefficent to compute setiement

- e thickness effect (ki)

Samtlernent

Frames —
[E] Project

£ Settings

£ Profile

[ s

3 Assign

& Foundation

T Load- LC

& Geometry

& Footing bottom
& 56 bed

= Materisl

¥ Surcharge

5 GWT+ subsoil
& Essthouske

M stage setfings.
o Semiement

ok Dimensioning

Manage -
B stmdee
[ X Exitwithout smving

Outputs. -
[£7] Add Picture

Bearing cap. : ]
Total : °
[£F]List of Pictures

) List of Annexes

e 8

S Copy i

Fames =
[E] Project

£ Settings

£ Profie

A sais

B Aswign

& Foundation

T Load - LC

| Geometry

& Faoting bottom
& 56 bed

= Material

& Surcharge

5 GWT + subsoil
& Essthouske

1 stage settngs.
e

& Semiement

& Dimensioning

Manag =

X Exitwithout saving

Outputs. -
[£7] Add Picture
Settlement : °
Total : °
[£F]List of Pictures

) List of Annexes

e 8

B, Copyview

By clicking the "Exit and save" button, we return to the "Prefab Wall" program. All information from this
program will be part of the output document of the entire wall.
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In the "Dimensioning" frame, check the joints between the individual blocks.

(@ GEOS 2024 - Prefab Wl (54 bi) [C:\Users\turan\ Desktop\EMI33 - prefab\ Finsf\EN\Demo_manusl_39.gpz
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Finally, the overall stability calculation is performed in the "Slope Stability" program — this program is
launched automatically when you click on the "Stability" frame.
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Again, we will save all the results to be part of the documentation of the original task.

The wall has met all verifications.
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At the end we print detailed documentation - it includes a clear list of all the blocks used, their weights,

and volumes - this is especially important when preparing a quotation, organizing the transport of

materials, etc.

(3D GEOS 2024 - Prefsb Wl (64 bit)[C:\Users\turer\ Desktop\EM32 - prefiet) Final EN\Derme_manuel 38.gpz ]
File Edt nput Anslysi ~ =
Pt Al prink and sxpont document
e D E - . (o Scheme: 3 Page setup Select all One page.
= = = color . %u der and fost 15 move selectio & e EM'\ e
Son Pint Cpn B) Headermdfocter | Page uo O Miliwiepages
and edit [2) Page numbering width pages [ Book

[ Active pressure - distribution

(%] View Annexes
¥] Add Annexes

List of Annexes

(] Forces on structure .
Overallverfication - comb. 1

Forcas tthe fosting bottom
Fspreod footing

=

P ber ot we gt ol vahma|
I

gl

Finput data

(A Analysis methods
[ZPartialfactors

048 000-352)
1) meo-87)
91 1.37) 1000 - 14.88)
183 0.00- 1892

914 @0-5877)

1 Weight-wal |
2 Weight - eatth we|

3 Actve pressure

Wambor otal weight Tots vorre

| A Dimensioning tm)
A Dimensioning No. 1 T W zmm e
[ Active pressure - partresults el
- dustribution | Dimansions:
[ Active pressure - distibut Dierons”
[ Forces on structure

wallsnage

Rl
Wert= 244 005
Vet =311 =0

Dimensicns
048505 x071m

Raiu
Wiight= 101500 g
Ve =48 =1

weign= 47,0083
Veare <820 &7

Oimensicns.
04650850 x1@m

Raon
Weipt= 15180 kg
Votre =088 a7

Dirvensions
Q4Be 11751 82m

518 51419000k

ol

HAPanch
[ Wall geometry
[ Wall design

Dimensioning

e ——— B9-10/10 | [§ #4@210x297cm)

Frames =
Elprojest

23 Settings

= Blocks

& Geometry

E Profile

Soils.

B Assign

& Foundstion
 Backil

™ Terain

[ Water

= Surcharge
LI FF resistance
& Applied forces
o Earthquake
[P stage settings

2 Vesfication

™ Bearing cap.

[& Dmensoning |

& Stability

Outputs =
[3¥|Add Picture
Dimensioning: D
Total: ]
& List of Pictures

List of Annexes

[B] &

(5, Copy view

With this we have completed the design, the wall with a length of about 60 m will consist of 518 blocks of

the Redi-Rock system with a total weight of about 514 tons.

Final view on the wall

Note: An example with this task (demo_manual_39.gpz) can be found in Online examples.
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