Example Application 6

Full-Scale Test Wall
In Sand
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Sand Properties — Mohr-Coulomb Model

density 3.63 slugs/ft®
bulk modulus ~ 1.33x10° psf
shear modulus  0.8x10° psf
friction angle 36°

dilation angle  7.5°

cohesion 0.0

Shotcrete Properties

Young’s modulus ~ 4.80 x 10® psf
Poisson’s ratio 0.2
moment of inertia ~ 3.00 x 1073 ft*

area 0.333 ft?



Soil Nails and Tiebacks Properties

Property Row 1 Nails Row 2 Nails  Row 3 Nails  Grouted Tieback  Ungrouted Portion Row 4-7 Nails
Young’s modulus (psf) 4.2 x 10° 4.2 x10° 4.2 x 10° 4.2 x10° 4.2 x 10° 4.2 x10°
Area (ft?) 8.5x103 8.5x103 8.5x103 0.0103 0.0103 8.5x103
Bond Stiffness (Ib/ft/ft) 6.3 x 10’ 6.3 x 10’ 6.3 x 10’ 6.3 x 10’ 0.0 6.3 x 10’
Bond Strength (lb¢/ft) 5000 5000 6000 9000 0.0 6000
Yield Strength (lby) 73620 73620 73620 222750 222750 73620

Reinforcement Spacing

Row Spacing (feet)
| 4.5
2 3.5
3 9.0
4 4.5
5 4.5
6 4.5

7 4.5




Step 1

Step 2
Step 3
Step 4
Step 5

Step 6
Step 7
Step 8
Step 9
Step 10
Step 11

Modeling Procedure

Generate the model grid and assign the material model and boundary conditions to represent the physical
system prior to construction of the test wall.

Solve for the initial equilibrium state prior to construction.
Excavation Stage | — excavate to elevation 98 and install shotcrete lining and Row I soil nails.
Excavation Stage Il — excavate to elevation 96 and install shotcrete lining and Row 2 soil nails.

Excavation Stage 111 — excavate to elevation 91 and install shotcrete lining and Row 3 soil nails. Install
tieback and pretension.

Excavation Stage IV — excavate to elevation 87 and install shotcrete lining and Row 4 soil nails.
Excavation Stage V — excavate to elevation 82 and install shotcrete lining and Row 5 soil nails.
Excavation Stage VI — excavate to elevation 78 and install shotcrete lining and Row 6 soil nails.
Excavation Stage VII — excavate to elevation 73 and install shotcrete lining and Row 7 soil nails.
Excavation Stage VIII — excavate to elevation 72 and install shotcrete lining.

Show axial forces along tieback and soil nails. Plot displacements in soil.
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The [Include structural elements] User Interface option will be used for this exercise. The system of units are [Imperial: foot-slug-second].
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A project title is assigned, and a project file testwall.prj is created and stored in a working directory.
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Step 1-1 In the [Geometry Builder] import the boundary geometry file testwall.geo. (This geometry can be obtained from a dxf or drawn in the [Sketch] tool.)
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Step 1-2 Check the [Blocks] edit stage and press [Build] to extract one quad block. Press [OK] and exit the [Geometry Builder].
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Step 1-3 In the [Blocks] edit stage of the [Edit] tool, add horizontal lines at elevationy =72, 73, 78, 82, 87, 91, 96 and 98, which correspond to excavation

stages. Also, add vertical lines at x =-20 and 0.0. This creates separate blocks in the model to control zoning.
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Step 1-4 In the [Boundary] edit stage, set boundary conditions by checking [Automatic boundary cond.].
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Step 1-5 In the [Mesh] edit stage, uncheck [Use automated zoning] mode and specify zoning manually as shown. Select [Adjust ratios] to adjust zone ratio for
the region of zones to be excavated.
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Step 1-6 In the [Materials] edit stage, check [Create] and create the material sand with Mohr-Coulomb properties as shown.
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Step 1-7 Press [SetAll] to assign the sand material to all zones in the model. Click [OK] to exit the [Edit] tool.
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Press [Execute] to create the commands to send to FLAC, and press [Save] to save the model state (testwalll.sav).
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Step 2-1 |Initialize the stress state using the [In Situ]/[Initial] tool. The stresses vary linearly from 0.0 at the top of the model to syy = -4446.0, sxx = -2000.0 and
szz = -2000.0 at the bottom of the model.

16



7

Gravity settings @
@ Magnitudefdirection
Magnimde [ft’,'sz,],
132.18504 =

Direction {ccw from -y)
[] vertical

=
Angle 0.0 =

() Components
X-gravity[ft/s2]i0.0

Y-gravity[ft/s2]-0.0

[

'~
=
|~

Execute ][ Cancel H Help ]

Mechanical settings ﬁ

Perform mechanical calculations

Grid static damping SE static damping
@ Local 0.8 @ Local 0.8
™) Combined (0.8 i) Combined (0.3

Coordinate update

(") Small-strain

Bad <geometry = [ratio] 0.19

<update > geometry frequency [steps] 10

K]0

[ Execute H Cancel ][ Help ]

Step 2-2 Assign gravity in the [Settings] /[Gravity] tool, and turn on the large-strain calculation mode in the [Settings]/[Mech] tool.
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Step 2-3 Solve for the initial equilibrium state using the [Run]/[Solve] tool, with [Solve initial equilibrium as elastic model] checked.
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Step 2-4 Plot the maximum unbalanced force history, using the [Plot]/[Quick] tool, to check that equilibrium is reached. Save the state as testwall2.sav.
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Step 3-1 Initialize displacements to zero in the [In Situ]/[Initial] tool by pressing the Clear? [Displmt & velocity] button. Press [Execute] to send the commands
to FLAC.
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Step 3-2 Stage | excavation — use the [Material]/[Assign] tool and select [null] material to excavate zones to the depth y=98. Press [Execute] to send the
commands to FLAC.
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Step 3-3 In the [Structure]/[Liner] tool, check [Add] and drag the mouse along the boundary as shown to attach liner nodes to gridpoints in the excavation

region. Press [Execute] to send the commands to FLAC.
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Step 3-4 In the [Structure]/[SEProp] tool, assign liner properties as shown.
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Step 3-5 In the [Structure]/[Cable] tool, check [Add], select 10 segments, and left click the mouse at a point inside the grid. This opens a New Cable segment
dialog. Input a starting point at x=-0.1, y=100.75, and specify an angle of 190° and length of 12.0. The cable, composed of 10 segments, is created as shown.
Press [Execute] to send the commands to FLAC.
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Step 3-6 In the [Structure]/[SEProp] tool, assign cable properties as shown. Note that cable spacing for the Row 1 cables is 4.5 ft.
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Step 3-7 Solve for the equilibrium state using the [Run]/[Solve] tool. Plot cable forces in the [Plot]/[Model] tool. Press [Save] to save the state as testwall3.sav.
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Step 4-1 Stage |l excavation — use the [Material]/[Assign] tool and select [null] material to excavate zones to the depth y=96.
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Step 4-2 In the [Structure]/[Liner] tool, check [Add] and drag the mouse along the boundary as shown to attach liner nodes to gridpoints in the excavation

region. Press [Execute] to send the commands to FLAC
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Step 4-3 In the [Structure]/[Cable] tool, check [Add], select 10 segments, and left click the mouse at a point inside the grid. This opens a New Cable segment

dialog. Input a starting point at x=-0.1, y=96.25, and specify an angle of 190° and length of 12.0. The cable, composed of 10 segments, is created as shown.
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Step 4-4 Press [ProplID] to change the property ID number for the new cable. Press [Execute] to send the commands to FLAC.
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Step 4-5 In the [Structure]/[SEProp] tool, assign cable properties as shown. Note that cable spacing for the Row 2 cables is 3.5 ft.
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Step 4-6 Solve for the equilibrium state using the [Run]/[Solve] tool.

testwall4.sav.

Plot cable forces in the [Plot]/[Model] tool.

Press [Save] to save the state as
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Step 5-1 Stage lll excavation — use the [Material]/[Assign] tool and select [null] material to excavate zones to the depth y=91.
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Step 5-2 In the [Structure]/[Liner] tool, check [Add] and drag the mouse along the boundary as shown to attach liner nodes to gridpoints in the excavation

region. Press [Execute] to send the commands to FLAC
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Step 5-3 In the [Structure]/[Cable] tool, check [Add], select 10 segments, and left click the mouse at a point inside the grid. This opens a New Cable segment

dialog. Input a starting point at x=-0.1, y=91.25, and specify an angle of 190° and length of 12.0. The cable, composed of 10 segments, is created as shown.
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Step 5-4 Press [ProplID] to change the property ID number for the new cable. Press [Execute] to send the commands to FLAC.
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Step 5-5 In the [Structure]/[SEProp] tool, assign cable properties as shown. Note that cable spacing for the Row 3 cables is 9 ft. Press [OK] to send the

commands to FLAC.
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Step 5-6 In the [Structures]/[Cables] tool, check [Add], select 3 segments, and left click the mouse directly on the shotcrete liner node, as shown above. This
opens a New Cable segment dialog. The starting point for the ungrouted portion of the tieback will be connected to the shotcrete liner. The tieback angle is
190° and the ungrouted length is 21 ft.
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Step 5-7 In the [Structures]/[Cables] tool, check [Add], select 10 segments, and left click the mouse on the ending node of the ungrouted portion of the tieback.
When the New Cable segment dialog opens, check [Free] and specify an angle of 190° and length of 24 ft. The grouted portion of the tieback is created.
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Step 5-8 Press [ProplID] to change the property ID number for the tieback. The ungrouted portion and grouted portion are assigned different property ID
numbers. Press [Execute] to send the commands to FLAC.
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Step 5-9 In the [Structure]/[SEProp] tool, assign properties for the ungrouted portion of the tieback as shown. Note that tieback spacing is 9 ft. Press [OK] to
send the commands to FLAC.
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Step 5-10 In the [Structure]/[SEProp] tool, assign properties for the grouted portion of the tieback as shown. Note that tieback spacing is 9 ft. Press [OK] to
send the commands to FLAC.
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Step 5-11 Open pretension.fis in the [Fish editor] tool. Click on the execute button to open the Fish input dialog. The FISH function is described in Section
1.10.5 of the Structural Elements volume. The pretension value of 186,000 Ib is assigned, and the starting and ending nodes of the ungrouted portion of the
tieback (node_1 = 48 and node_2 = 47) are input. (Note that the starting node, node_1, must be the node with the lowest x-coordinate.)  Press [OK] to
execute the function.



=11
file Tdit Shaw Tools View Meiz @

Consie. et | | potes. NEEER BN | olhuﬁnumm‘r!:mmli @
& TestWallin Sand Buid Ater Matenal In Situ Utity Siructure Settrgs ot {5 Wodd Table Mstory Profle - Fal MomeP 5P | Fos | Quik | Saune Color DIF | Manager
hmln" 5+ m rbasnes hav‘.‘rﬁ': )
festwal? sav
testwals s Slep.69386 1
fostwald s Cable Plot

W Axial Force on
Structure  Max. Value
#2(Cable) -5484E+03 11
#3 (Cable) -3.327E+03
#4 (Cable) -2.111E-02
#5 (Cable) -1.435E+05
#6 (Cable) -1.860E+05
Boundary plot

Cable Plot 1]
Shear Spring Bond Yields

-

Matieve>
|Steep delets TAULL

-

struct node 3L grid 41,27 add e
struct node 32 grid 41,24 [ Sove State File ["s2)

|erruct node 33 grid 43,35

|strucs node M grid 45,24 =

|struct mode 3% grid 42,23 23 tebeck

struct liner begin node 13 end zode 31 seg 1 prop 5201 | Locaten: C: FUACaxsrcises Testival ["sv)

:-uu:! liner begin node 31 end scde 32 seg 1 prop 5001 Mensme: testwalld sy N m'
struct liner begin node 12 end scde 33 seg 1 prop 2001 y
struct liner begin node 31 end oode 3¢ s=g 1 prop 301 I“ HWHM]

|struct liner begin nose 14 end acde 135 seg 1 prop 50Ol — e

|strect node 3€ -0,1,.94.75

struct node 37 -11.91763),80. 66622

struct cable begin node 38 end zode 37 seg 10 prop 2003
struct prop 2003

prop 2003 spacizg 9.0 ¢ 4.2E3 ares C.0065 khend 6.3E7 sbeond 600N b
struct node 47 4, @519904E-4, 0200034 slave x ¥ M
|struct node {8 -20.620817,80.357344

| node 4% ~44.315503,84.1897%

|atrucs cadle begin node 47 end sode 45 seg 3 prop 2064
struct cable begin node 48 end sode 49 seg 10 prop 2004
stIuct prop 2004

|struce prop 2005 =
srruct prop J004 apecisg 9.0 ¢ 4.7E9 aves 0.0103 yield 222750.0
|ptruce peop 3005 specizg 9.0 e 4.2E9 ares 0,0103 kbond 4,387 sbond 200
;uax ‘pretension,fis’

|ser _preceneif§000 node_led7 mode 2edE

'gnuuaau § |

i

ealt-=—=po8 | amE sl o dssbMEz000

]

.

[ o) wl y £

et
B

2
10 bory

Step 5-12 When the calculation stops, return to the [Project] pane and check that the axial load in the cable is at the pretension value of 186,000 Ib. Save the
state as testwall5.sav.
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Step 6-1 Stage IV excavation — use the [Material]/[Assign] tool and select [null] material to excavate zones to the depth y=87.
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Step 6-2

region. Press [Execute] to send the commands to FLAC.

In the [Structure]/[Liner] tool, check [Add] and drag the mouse along the boundary as shown to attach liner nodes to gridpoints in the excavation
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Step 6-3 In the [Structure]/[Cable] tool, check [Add], select 10 segments, and left click the mouse at a point inside the grid. This opens a New Cable segment
dialog. Input a starting point at x=-0.1, y=87.25, and specify an angle of 190° and length of 12.0. The cable, composed of 10 segments, is created as shown.
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Step 6-4 Press [ProplID] to change the property ID number for the new cable. Press [Execute] to send the commands to FLAC.

48



Cable Element Properties g

Property list: Properties
1 ‘Geometric | Medmam:al]

C2

C3
c 4 Cross-sectional parameters 2D/3D Equivalence
@ 1: Area [ft2] 0.0085 =) (") Continuous in Z-direction
C5 () 2: Radius [ft] 0.0 1= (@ Spaced Reinforcement
~

T e B

'

Cable Element Properties

Property list: Properties
C1 | Geometric |/ Mechanical |
Elastic Grout Material
Cc2 : s ® : ®
Young's Modulus [Ibf/ft2] 4.2e9 (® Bond stiffness [bf/ft/ft] 6.3e7 ®
C3 [7] Excluding Szz in comput. mean eff. confin. stress Bond Strength [bf/f] l6000 %
G4 il Roee . BondFricAngeldeg] (0.0 %
C5 Compressive [Ibf] 0 = . o
Density Thermal
Compute with timestep (Static only) Thermal ExpansionLo.O =
New [slug/FtR]b;.O 7 ::
[ Clone JII1 Default Values ]
ok |[ cancel || bep |

Step 6-5 In the [Structure]/[SEProp] tool, assign cable properties as shown. Note that cable spacing for the Row 4 cables is 4.5 ft. Press [OK] to send the
commands to FLAC.
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Step 6-6 Solve for the equilibrium state using the [Run]/[Solve] tool. Plot cable forces in the [Plot]/[Model] tool.

testwall6.sav.

Press [Save] to save the state as
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Step 7-1 Stage V excavation — use the [Material]/[Assign] tool and select [null] material to excavate zones to the depth y=82.
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Step 7-2

region. Press [Execute] to send the commands to FLAC.

In the [Structure]/[Liner] tool, check [Add] and drag the mouse along the boundary as shown to attach liner nodes to gridpoints in the excavation
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Step 7-3 In the [Structure]/[Cable] tool, check [Add], select 10 segments, and left click the mouse at a point inside the grid. This opens a New Cable segment
dialog. Input a starting point at x=-0.1, y=82.25, and specify an angle of 190° and length of 12.0. The cable, composed of 10 segments, is created as shown.
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Step 7-4 Solve for the equilibrium state using the [Run]/[Solve] tool. Plot cable forces in the [Plot]/[Model] tool. Press [Save] to save the state as

testwall7.sav.
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Step 8-1 Stage VI excavation — use the [Material]/[Assign] tool and select [null] material to excavate zones to the depth y=78.
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Step 8-2 In the [Structure]/[Liner] tool, check [Add] and drag the mouse along the boundary as shown to attach liner nodes to gridpoints in the excavation
region. Press [Execute] to send the commands to FLAC.
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Step 8-3 In the [Structure]/[Cable] tool, check [Add], select 10 segments, and left click the mouse at a point inside the grid. This opens a New Cable segment
dialog. Input a starting point at x=-0.1, y=78.25, and specify an angle of 190° and length of 12.0. The cable, composed of 10 segments, is created as shown.
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Step 8-4 Solve for the equilibrium state using the [Run]/[Solve] tool. Plot cable forces in the [Plot]/[Model] tool. Press [Save] to save the state as

testwall8.sav.
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Step 9-1 Stage VIl excavation — use the [Material]/[Assign] tool and select [null] material to excavate zones to the depth y=73.
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Step 9-2 In the [Structure]/[Liner] tool, check [Add] and drag the mouse along the boundary as shown to attach liner nodes to gridpoints in the excavation
region. Press [Execute] to send the commands to FLAC.
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Step 9-3 In the [Structure]/[Cable] tool, check [Add], select 10 segments, and left click the mouse at a point inside the grid. This opens a New Cable segment
dialog. Input a starting point at x=-0.1, y=73.75, and specify an angle of 190° and length of 12.0. The cable, composed of 10 segments, is created as shown.
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Step 9-4 Solve for the equilibrium state using the [Run]/[Solve] tool. Plot cable forces in the [Plot]/[Model] tool. Press [Save] to save the state as

testwall9.sav.
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Step 10-1 Stage VIl excavation — use the [Material]/[Assign] tool and select [null] material to excavate zones to the depth y=72.
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Step 10-2 In the [Structure]/[Liner] tool, check [Add] and drag the mouse along the boundary as shown to attach liner nodes to gridpoints in the excavation
region. Press [Execute] to send the commands to FLAC.
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Step 10-3 Solve for the equilibrium state using the [Run]/[Solve] tool.

testwall9.sav.

Plot cable forces in the [Plot]/[Model] tool.

Press [Save] to save the state as
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Step 11-1 FISH function, wall fis, plots actual values in the tieback and soil nails. Enter the [Fish Editor] and open and execute wall.fis.
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Step 11-2 Use the [Plot]/[Table] tool to plot tieback forces. Table 9 contains the axial force along the tieback. (Note that forces are first stored in table 8 and

then reordered along the length of the tieback and stored in table 9.)
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Step 11-3  Use the [Plot]/[Table] tool to plot soil nail forces. Tables 1 through 7 contain the axial forces along the soil nails.

68



File Edit Show Tooks Yiew Help i)

Consle| R0 Fish | hotes|

wExtl

& TestWallin Sand
new
toshwall s sav
testwallZ sav
tostwalld sav
testwadad sav
tostwalld sav
testwall sav
tostwalll sav
teshwaiB sav
tostwalld s3v
testval 10 sav

EEL L 2 Mo
wmmunm_mm |

[ f foree |

NEE RE®R B,}El
Mol Tabe tisory Profie | 59 WP 1P | Fos

E| @ ll‘ L]
Quidk | e ok DIF | rager

[hestwatlLsav]

jesll “"Sall.fia’
cenfapce

] s o)

Step:142021

Boundary plot
Displacement vectors
max vector = 2.263E-02

Step 11-4 Use the [Plot]/[Model] tool to plot displacement vectors.
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