DEEPXCEY”

Developed by Ce.A.S. srl, Italy and Deep Excavation LLC, U.S.A.

Example with a base slab and lining option #1

This document presents an example on the proper use of a the base slab feature. The lining
feature creates a seal at the excavation level for ground water. As a result, if the uplift due to water is
greater than the dead load, the vertical stresses will be negative and the excavation unstable. In this
version, the software gives the possibility to include the base slab weight (support) in the stabilizing dead
weight during analysis. This can be done by enabling the "Treat as base slab option" for the slab support. A
critical limitation, is that the base slab base must be positioned on the excavation surface (however, the
support reference elevation is at the middle of the slab height). Also, for this feature to work properly one
should use a horizontal excavation.

Two main walls: Xleft.wall = 0Om Xright.wall = 10m
Wall depth: 15m
Wall section: Diaphragm wall 60cm thick
Model limits: Left -10, right +20, top +10, bottom -20
Slave walls: Installed from top-down on both walls at 3m intervals
Wall section: 30cm thick
Soil: Friction= 30 deg, Vi= 20 kN/m>, y4= 19 kN/m? total
1st stage exc: -3m
3rd stage exc: -9m
Final excavation: -9m
Base model

KpH=32 KpH=3 KpH=3 KpH=3
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Boring 1

Figure 1: Model of the problem

From the General tab select Model Dim.-Limits to launch the dialog in Figure 2:
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Info Madel El
| Info 7| Desa
| ; .

Design Section Name and General Data x
1. Design Section Name
Base model

2. Soil Stratigraphy - Boring
This design section uses Stratigraphy or Boring | Boring 1 -

3. Boundaries / Model Limits

Top 10 m
Left -10 m Right | 20 m
Bottom -20 m

4 Right Wall (2nd Wally
| Use right wall {add second wall on right)

5. Wall In-Plane Rotation

Angle in plane from y+" axis 0 deg

This angle rotates the wall angle from the horizortal y+' axis. To see the
effect. change the angle say 10 degrees and go to View Top-Plan.

B. Link Design Section to 3 Base Design Section

Link this design section moedel and methods to a Base Design

] Section (Soil code cases are not linked, this way you can assume a
different Eurocode 7 case in this design section while the model is
the same as in the Base Design Section).

Base Design Section

oK Cancel

Figure 2: Set project limits (for viewing model better)

— -
| Properties | Model  Loads/Supports  Seis

& CPT

¥

late Ka-Kp|| Borings  CPT logs
Rankine | (zoil layers) - import ™
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- Edit Wall Properties x
Wall Sections A.Wall Type | D. Concrete-Rebar | F. Draw|
1. Wall Type 2. Wal Name
~ Soldier pile and 20em
~ lagging
[ Sheet pile wall 3. General Section Data
: Soldier Files
U Secampiewal |y sn0n 8 B
it i e — Woa - »
_ Tangent Pile Wall Sheet Piles . J(_. b bl
= P e e
1. Diaphragm wall AZ 26 g
: f——
 Soldier pile and
= tresmied concrete |\ BNLY reinfarcement [T Usa plain conarete
() Custom
4. Dimensions 5. Structural Materials
[ \Widthd (0.3 rv] Concrets - Rebar Matenals
Concrete mat.
Her, Space 5 |1 m 20725 %
Passive width (below exc.) 1 m Rebar steel mat.
z : r 5500
Active width (below exc:) 1 m
[ Add The "passive width and active width below exc." are used 1o multiply. sl ik
I 5l pressures o the wall element below the excavation grade {see Fe3Rl
manual),
Delete = = : —= -
e . 6. File offset options (double row of piles for soldier piles and tangent pile walls only)
Copy ] Use pils offsst File offset 0 LijJ
Paste: j_i Lige etiffness increase Stiffness factor for A x (0.5 offset)™2 |0 o
Redimesion wall sutomatically oK LCancel

Figure 3: Select Edit wall Sections then add a 2nd wall and change the width to 30cm

Next add a stage and change the excavation on the center to -3m.

| Model | Loads/Supports  Seismic  Analysis  Slope  Stability+  Design  Results

st wall h Left 000 Left |-8.00 1 i 1&
wd Wall Center (.00 o || Center -8.00 . " :
Surface = v = Add | Delete Insert
nd wall || Options =~ Right 0.00 "r| Right -8.00 - Stage Stage
I Surface Elev. nexttowall & || Water Elevations - Seftings 1= Stages
| Model | Loads/Supports Seismic Analysis Slope Stabili
stwall E Leftooo Left 800 1 | wgr
nd Wall Center -300  o|| Center -800 5| =
Surface - » e —i | Cptions
'nd wall Options ™ nght':ﬂ.ﬂﬂ % Right -800 -

)| Surface Elev. nexttowall 1 || Water Elevations - Settings 1 |

5
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Base model
Eom Elom
KeH=0.323 KeH=0233 T KeH=0233 KeH=0.233
KeH=2 KpH=2 im KpH=3 KeH=2
El2m
E ~ -£m v -Am ~ -£m
gt=20 kN/m3 - = -
Fr=30deg
E=15000kFz
Eur=43000 kPz
L1 o g L
Baoring 1

Figure 4: Add stage 1 and excavate in the center
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Now, on the 2nd stage we will install the first set of liner walls on the slave nodes. First add a 2nd stage:

Maodel Loads/Supports Seismic Analysis Slope Stability+ Design
stwall E Left 0.00 Left -800 . | W
2d Wall Center 000 - | Center 800 - || —
Surface - e = | Options
nd wall || Options =~ Right 0.00 = Right -800 =
a i Sorface Hlev. nexttowall & || Water Elevations - Settings T=

Results

i
Insert
Stage

Stages

Now draw in one strut at elevation -2.5m. To draw the strut select first on the left wall at the desired
elevation and then on the right wall (the elevation can be modified later):

Gener

1: Boring 1

B Edit Boring
Custorm lar

Use Boring

Design Se

?{1}: Bast

dsp |
-

m
<

FEERQ

Base model

E0m

25 o]
e

£

ilq

i<

E
gt=20kN/im3
Fr=30deg
E=15000kP=
Eur=33000kP2

Boring 1

Figure 5: Struts installed in stage 2 at El. - 2.5.
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Next, double click on each strut and change the elevations, and on Tab B, select the Slave node option:

| A Genersl | B. Prestress-Unbraced | C. Results | D. Motes | E Envelope|

1.1 Coardinates at Wall
1.1 Apply Prestress to Stages
Adjust Support @) This Stage Onl
[ Prestress = B s
2 - (Z) From Stage 1 to 2
1 [Ny i e
Slave-master behavior (sdvanced)
Suggestions ]

Connect element to slave wall nodes
2. Unbraced Lengths Options
[ Use user-defined unbraced lengths .
Horizontal Unbraced Length LuH |0 (06 |KkPa
Vertical Unbraced Length Lul/| 0

3. Slab Live Load

4. Themal Strain Options {Slabs and Struts Connecting two walls)
Thermal Strain (+Expansion) 0

4. Spring Support Options

|[kNiem  Max<Yielde  |knN

Spring k;{'r
Spring kRot 0

| kNimd  Min Yield[0 kil

| ol

Figure 6: Change strut elevation and select option Connect element to slave wall nodes.

Next add a new stage and change the excavation on the center to -9m:

Base model

ElLom Eom
i Ed
a9m
55m
Z = ELIE 7] o _\_/ m 5m
gi=20kNim3 = = =
Fr=30 deg =
E=15000kP= em
Eur=45000 kP=
L S L ="
Baring 1

Figure 7: Stage 3, excavate to El. -9m on center.
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Now add a new stage (stage 4). Next add a new slab that is 1m in thickness at elevation -8.5m. First define
the slab properties:

| Properties .[ Model Loads/Supports Seismic Analysis Slope Stabi
Y & O /
+ 4+
S 4 bk

a-Kp  Borings CPT logs Edit Wall Edit ancher [Edit slab Rdit strut Helical anchor
ne (soil layers) -import = sections sections ctions fections sections

) Stratigraphy i | Wall Sections & Structural Sections fo-Supports )

[ Available Siabs : :
[ A Section Properties :
Siab H=100cm P | B. Advaniced | C. Section Envelope |
Slab H=30cm T Name =
Slab H=40cm Siab Ho100 6 s
| £ 5lab Type . . ‘_f
@ [*s| Rectangular Slab "
3. Structural Matenals X X
Canerete| C20/25 - fek| 20 - |MPa .
ECI EERE
E@B&EE [MPa -
Rebar [EW *_r] ﬁ'l'k!E{H} _ ip,.fpa |__| Chot
Bottom
510000 c©m2 e 2333233 omd Load 75 Kjm

Bipp  com B‘wi]ﬂrﬂ |cm #i100  |cm [ Recalculate Properties

5. Longitudingl Slab Reinforcement

Metric Bars Type 010 in mm, US bars indicated with # sign

Add Mew Slab Section B. Shear Reirforcement
Bard =% =.|'1'ﬁ_1]_ crnZ sKi0 'em szﬂ cm

lete Selected Slab Sect

Figure 8: Define new slab section
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Base model

ELOm

il
3
|
|
|
|

il
3

Figure 9: Stage 4, add slab select first on left wall then on right wall. Then double click on the slab.

A.General | B Prestress-Unbraced | C. Resutts | D. Notes | E. Envelope |
1. Dimensions
1.1 Coordinates at Wall 1.3 Lengths =
K06 m Liree 9.4 'm
£35 m Lﬁxg{i- |
1.2 Angles
ARETE e
Horizontal
Spacing 1 m
2. Support Type and Structural Section Used
) Tieback [ Helicalanchor ~ Structural Section | Edt |
Raker Slab H=100cm v]
(™) Strut
@ Slsb End Moment Connection Effective (2) 0 =

V| Include =lab weight in verical stress freat as base slab).
Frxed

Spring (ses Tab B

3. Activate/Deactivate Support - Permanent or Temporany
W Activate support for this stage

|| U=e'elasfopiastic sprng

|:?-'3L-'= Behaviour Linear elastic

‘ oK ‘ Cancel

Change the slab elevation, and select the option "Include slab weight in vertical stress".

Press OK.
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Warning: Apply same Siab'sat.;liz';g;- E
§ ' - i

The concrete slab is not treated the same way for all stages.
Would you like te include the slab weight on the vertical stress for all stages?

Yes -i ’ Mo

Select YES.

Now add a new stage (stage 5), and change the water elevations to -7 on all sides (left, center, and right):

Base model

ELOm

ELOm
25 m7< T=
£
5 ‘ am [ X3
~ m SV
Tm T T | Tm] T Tm
3 = L L = L AL — IEm

ot=20kN/m3 = P = = =

Fr=30d=g
E=15000kPa &m
Eur=45000 kPa

L e L s
Boring 1

Figure 10: Stage 5, excavation on center to El. -9m, slab installed, and water at -7.
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Now create a seal on the excavation (Lining effect):

Go to the Analysis tab, and then advanced options. Then select the option Seal excavation (create liner)

P i . g i
Loads/Supports Seismitc Analysis Slope Stability+ De:
Mult _'?_ -lel B=0 Jct wall ~ i =0 Inc
. Drive side | : Mo friction = [ Do
Clays: |Analysis:) L
Service Default » | Simple | Resist side : No friction = Fes
(EUR etc) v | Water beH & H};rdrnstatic & Wall Friction

|"’iz Simplified flow
Bl Funflownet
& User pressures

Seal excavation (create liner} I

Main wall Dotted water (liner effect) Excavation is sealed

Base model

ELOm ELOm
v ul
/] A
sy /s
m | | | ~Am] |74 m
F = EA En e £ =

gt=20 kN/m3

Fr=20 deg *
E= 15000 kP2
Eur=45000 kP2

Boring 1

Figure 11: Stage 5, seal effect applied.

Now press calculate near the screen bottom to analyze this example.

E‘ Selected design section E_‘NI desiagn sections

Calculate {F‘ress.}
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Prassures (kPs)

=230 200 30 100 130 200 230 -250 -2
e PP e
ELOm
F
gt= 20kN/im3
& T30 s T
Eur=45000 kPa
Boring 1 227 4kPz E54kPs
=== Effectwe verical soil pressures
Stage 3: Vertical effective stress with no slab and no water seal (55.4 kPa)
Prassures (kPa)
-250 200 -150 -100 50 O 50 100 150 200 250 =250 -2
(IR R I R LR R RN RRRLN LA RARL | e
ELOm
F
o= 20kN/m3 |
E=Fl';&):gdk?a I i = TEEmT
Eur=45000 kFa
Boring 1 22T 4kF= 81 kPa

—— _Eifective vertical soil pressures

Stage 4: Vertical effective stresses with slab included (no lining effect). Note: 55.4 kPa + Slab dead 25 Kpa +
Slab live load 0.6 kPa = 81 kPa

Base model

Prassures [kPz)

q
;
"

4y
]
N

ELOm

‘ Bl

Q=20 kN/m3
Fr=30deg { - ~ - .

E= 15000 kPa E.Em

Eur=45000 kP2

Boring 1 213kPa €3.6kPa

——— _Eifective venical soil pressures

Stage 5: Vertical effective stresses with slab included and lining effect.

Vertical eff. stress= 6m x 20 kN/m? + (25 kPa+ 0.6 kPa) - (8m water depth x 10 kN/m?) = 65.6 kPa
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