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STEP 1. EXCAVATE SMALL CUT

STEP 3. INSTALL AND GROUT NAIL STEP 4. PLACE DRAINAGE
STRIPS, INITIAL SHOTCRETE
LAYER & INSTALL BEARING

PLATES/NUTS

STEP 5. REPEAT PROCESS TO STEP 6. PLACE FINAL FACING
FINAL GRADE {ON PERMANENT WALLS)
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Mild to no
] . Strong Corrosion Corrosion ASTM .
Test Units . . . Test
Potential/Aggressive | Potential/Non- | Standard ‘
. Method
Aggressive
PH — <4.5,>10 55<pH <10 G51 T 289-91
Resistivity | ohm-cm < 2,000 Greater than 5,000 G57 T 288-91
Sulfates ppm"” > 200 Less than 200 D516 T 290-91
Chlorides ppm =100 Less than 100 D512 T 291-91
Stray current - Present - - -
Note: (1) ppm = parts per million.
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FLAC3D 3.00
Step 3866 M odel Perspective
00:27:39 Tue Aug 02 2016

X: 40.000
¥: 0.000

Rotation:
Z:300.000

-1.949¢+001

X:-1.890e+000
Y:-9.541e-001

Center:
Z

0.8
Ang.: 22.500

Mag.:

Dist: 3.265¢+002

excavation

soil

Block Group

Linestyle
Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FILAC3D 3.00

Step 30966
00:43:08 Tue Aug 02 2016
History

1 Max. Unbalanced Force

Linestyle

2.353e+002 <-> 1.103e+006
Vs.
Step

1.000e+001 <-> 3.096e+004

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FILAC3D 3.00
Step 30966 M odel Perspective
00:47:58 Tue Aug 02 2016
Rotation:
X: 50.000

X: 2.462e+000

Center:
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FILAC3D 3.00

Step 30966 Model Perspective
00:51:22 Tue Aug 02 2016

Center: Rotation:
X:1.075e+001 X: 50.000
Y: -8.440e+000 Y: 0.000
Z:-2.069e+001 Z: 20.000
Dist: 3.265e+002 Mag.: 08
Ang.: 22.500

Contour of Y-Displacement
I agfac = 0.000e+000
-2,6792¢-002 to -2.5000-002
-2,50008-002 to -2.0000-002
-2.00008-002 to -1.5000e-002
-1,5000¢-002 to -1.0000-002
-1,0000¢-002 to -5.0000e-003
-5.0000¢-003 to 0.0000&+000
0.0000e+000 to 5.0000e-003
5.0000e-003 fo 1.0000e-002
1.0000e-002to 1.5000e-002
1.50006-002to 2.0000-002
2.00008-002 fo 2.0414e-002
Interval = 5.0e-003

Axes
Linestyle

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FILAC3D 3.00

Step 30966 M odel Perspective
00:55:34 Tue Aug 02 2016

Center: Rotation:
X:-3.157e-001 X: 60.000
Y:-6.191e+000 Y: 0.000

Z:-2.258e+001 Z: 20.000
Dist: 3.265e+002 Mag.: 08
Ang.: 22.500

Contour of Displacement Mag.

I agfac = 0.000e+000
0.0000+000to 1.0000e-002
1.00006-002 to 2.0000-002
2.00008-002 o 3.0000e-002
3.0000e-002 fo 4.0000e-002
4.0000¢-002 fo 5.0000e-002
5.0000¢-002 to 6.00008-002
£.0000-002 to 6.70168-002

Interval = 1.0e-002

Axes
Linestyle

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FILAC3D 3.00

Step 30966 Model Perspective
01:03:22 Tue Aug 02 2016

Center: Rotation:
X: 5.242e+000 X: 60.000
Y: 4.321e-001 Y: 0.000
Z:-7.610e+000 Z: 30.000
Dist: 3.265e+002 Mag.: 2.44
Ang.: 22.500
Axes
Linestyle
cable Axial Force
Magfac = 0.000e+000
tension
compression

Maximum = 1.608e+005

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FILAC3D 3.00

Step 30966 M odel Perspective
01:07:54 Tue Aug 02 2016

Center: Rotation: .

X: 5.242e+000 X: 60.000

Y:4.321e-001 Y: 0.000

Z:-7.610e+000 Z: 30.000

Dist: 3.265e+002 Mag.: 2.44

Ang.: 22.500

SEL Geometry

Magfac = 0.000e+000 : - -
Axes Wi i o =
Linestyle ——MM8M8m™ . ’ 3 ; . e
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X .
N
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FLAC3D 3.00 xoe

Step 16601
06:11:14 Sun Aug 07 2016 1.64
History
1 Max. Unbalanced Force L4
Linesye ——mM—————
2.875e+002 <-> 1.704e+006
Vs, 1.24
Step
1.000e+001 <-> 1.660e+004
1.04
0.8+
0.6+
0.4+
0.24 W
\ \ \ w
N T
Itasca Consulting Group, Inc. 05 10 15
Minneapolis, MN USA x10M4
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FLAC3D 3.00
Step 16601 Model Perspective
06:14:36 Sun Aug 07 2016

08
Ang.: 22.500

Z: 50.000

Rotation
X: 50.000
Y: 0.000

Mag.:

Z:-1.750e+001
Dist: 3.265e+002

X: 0.000e+000
Y: 0.000e+000

Center:

N
‘,

.mp@;&@uuv,&siwsb&a@dw

GV S 138le 5 s cwaie g3le Jaw FY-F S

0 -3.0000e-002
0 -2.0000e-002
0 -1.0000e-002
0 0.0000e+000
0 1.0000e-002

0.000e+000
1.0e-002

0000e-002 to 2.0000e-002
0000e-002 to 2.6405e-002

0000e+000

0403e-002
0000e-002
0000e-002
0000e-002

-3
-3
-2
-1
0
1
2

Contour of X-Displacement

Magfac

E

Interval
Itasca Consulting Group, Inc.
Minneapolis, MN USA

AXes
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FLAC3D 3.00
Step 16601 Model Perspective
06:15:43 Sun Aug 07 2016

Rotation

X: 50.000
Y: 0.000
Z: 330.000

Z:-1.750e+001
Dist: 3.265e+002

X: 0.000e+000
Y: 0.000e+000

Center:

08
Ang.: 22.500

Mag.:

Contour of Y-Displacement
Magfac = 0.000e+000

E

0 -3.0000e-002
0 -2.0000e-002
0 -1.0000e-002
0 0.0000e+000
0 1.0000e-002

0000e-002

0000e-002

0347e-002
0000e-002 to 2.8032e-002

0000e-002 to 2.0000e-002

0000e-002
0000e+000

3
3
2
-1
0
1
2

1.0e-002

Interval =

AXes

Linestyle

Itasca Consulting Group, Inc.

Minneapolis, MN USA
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FLAC3D 3.00

Step 16601 Model Perspective
06:17:39 Sun Aug 07 2016

Center: Rotation:

X: 0.000e+000 X: 50.000

Y: 0.000e+000 Y: 0.000

Z:-1.750e+001 Z:330.000

Dist: 3.265e+002 Mag.: 08
Ang.: 22.500

Contour of Displacement Mag.
Magfac = 0.000e+000
| 0.0000e+000t0 5.0000e-003
5.0000e-003 to 1.0000e-002
1.0000e-002to 1.5000e-002
1,5000e-002to 2.0000e-002
2.0000e-002to 2.5000e-002
2.5000e-002to 3.0000e-002
[ 3.0000e-002to 3.5000e-002
3.5000e-002to4.0000e-002
4,0000e-002 to 4.2963¢-002
Interval = 5.0e-003

AXes

Linestyle

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00

Step 16601 Model Perspective
06:19:41 Sun Aug 07 2016

Center: Rotation:

X: 1.048e+001 X: 30.000

Y: 9.120e+000 Y: 0.000

Z:-1.289e+001 Z:330.000

Dist: 3.265e+002 Mag.: 125
Ang.: 22.500

Contour of Displacement Mag.
Magfac = 0.000e+000
0.0000e+000to 5.0000e-003
5.0000e-003 to 1.0000e-002
1.0000e-002 to 1.5000e-002
1.5000e-002 to 2.0000e-002
2.0000e-002 to 2.5000e-002
q 2.5000e-002to 3.0000e-002
\ 3.0000e-002 to 3.5000e-002
3.5000e-002to 4.0000e-002
4.0000e-002 to 4.2963e-002
Interval = 5.0e-003

AXes

Linestyle

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00

Step 16601 Model Perspective
06:26:07 Sun Aug 07 2016

Center: Rotation:
X:-4.111e+000 X: 50.000
Y: 3.303e+000 Y: 0.000
Z:-9.055e+000 Z: 310.000
Dist: 3.265e+002 Mag.: 3.05
Ang.: 22.500

SEL Geometry
Magfac = 0.000e+000

cable Axial Force
Magfac = 0.000e+000

tension
compression
Maximum = 1.569e+005
Axes

Linestyle

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00

Step 16601 Model Perspective
06:29:20 Sun Aug 07 2016

Center: Rotation:

X: -4.249-001 X: 50.000

Y: 5.432e+000 Y: 0.000

Z:-9.055e+000 Z:330.000

Dist: 3.265e+002 Mag.. 3.05
Ang.: 22.500

SEL Geometry
Magfac = 0.000e+000

Axes

Linestyle

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00

Step 7850 Model Perspective
10:25:05 Fri Aug 19 2016

Center: Rotation:
X: 4.988e+000 X: 30.000
Y: 8.639e+000 Y: 0.000

Z:-2.200e-001 Z: 300.000
Dist: 3425e+002 ~ Mag.: 1
Ang.: 22.500

Contour of Displacement Mag.

Magfac = 0.000e+000
1.4562e-005 to 2.0000e-003
2.0000e-003 to 4.0000e-003
4.0000e-003 to 6.0000e-003
6.0000e-003 to 8.0000e-003
8.0000e-003 to 1.0000e-002
1.0000e-002 to 1.2000e-002
1.2000e-002 to 1.2922e-002

Interval = 2.0e-003

Axes
Linestyle

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00

Step 10139 Model Perspective
10:26:55 Fri Aug 19 2016

Center: Rotation:
X: -3.525e-001 X: 40.000
Y: -6.105e-001 Y: 0.000

Z:-1.421e+001 Z: 30.000
Dist: 3.265e+002 Mag.: 1
Ang.: 22.500

Contour of Displacement Mag.

Magfac = 0.000e+000
4.2362e-005 to 2.0000e-003
2.0000e-003 to 4.0000e-003
4,0000e-003 to 6.0000e-003
6.0000e-003 to 8.0000e-003
8.0000e-003 to 1.0000e-002
1.0000e-002 to 1.2000e-002
1.2000e-002 to 1.4000e-002
1.4000e-002 to 1.6000e-002
1.6000e-002 to 1.8000e-002
1.8000e-002 to 1.9523e-002

Interval = 2.0e-003

Axes

Linestyle

Itasca Consulting Group, Inc.
Minneapolis, MN USA

(Cnl 003

ool L5 355 G ) yie B gas 4o abmlz bl Fe-F s

0




FLAC3D 3.00

Step 12436 Model Perspective
10:28:55 Fri Aug 19 2016

Center: Rotation:

X: 0.000e+000 X: 40.000

Y: 0.000e+000 Y: 0.000

Z:-1.750e+001 Z: 30.000

Dist: 3.265e+002 ~ Mag. 1
Ang.: 22.500

Contour of Displacement Mag.

Magfac = 0.000e+000
5,5309¢-005 t0 2.50006-003
2.5000e-003 to 5.0000e-003
5.0000e-003 t0 7.50006-003
7.50006-003 to 1.0000e-002
1,0000e-002to 1.2500e-002
1.2500e-002 to 1.5000e-002
1.5000e-002 to 1.7500e-002
1.7500e-002 to 2.0000e-002
2.0000e-002t0 2.25006-002
2.2500e-002t0 2.50006-002
2.5000e-002 to 2.6099e-002

Interval = 2.5e-003

Axes

Linestyle

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00

Step 14742 Model Perspective
10:30:40 Fri Aug 19 2016

Center: Rotation:

X: 0.000e+000 X: 50.000

Y: 0.000e+000 Y: 0.000

Z:-1.750e+001 Z: 30.000

Dist: 3.265e+002 ~ Mag.. 1
Ang.: 22.500

Contour of Displacement Mag.

Magfac = 0.000e+000
1.2612e-004 to 5.0000e-003
5,0000e-003 to 1.0000e-002
1,0000e-002to 1.5000e-002
1.5000e-002 to 2.0000e-002
2.0000e-002to 2.5000e-002
2.5000e-002t0 3.0000e-002
3.0000e-002to 3.0263¢-002

Interval = 5.0e-003

Axes

Linestyle

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00

Step 16601 Model Perspective
10:33:48 Fri Aug 19 2016

Center: Rotation:
X: 0.000e+000 X: 40.000
Y: 0.000e+000 Y: 0.000

Z:-1.750e+001 Z: 20.000
Dist: 3.265e+002  Mag. 1
Ang.: 22.500

Contour of Displacement Mag.

Magfac = 0.000e+000
1.7664e-004 to 5.0000e-003
5.0000e-003 to 1.0000e-002
1.0000e-002 to 1.5000e-002
1.5000e-002 to 2.0000e-002
2.0000e-002 to 2.5000e-002
2.5000e-002 to 3.0000e-002
3.0000e-002 to 3.1769e-002

Interval = 5.0e-003

Axes

Linestyle

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00

Step 8844 Model Perspective
12:33:49 Fri Aug 19 2016

Center: Rotation:

X: 0.000e+000 X: 40.000
Y: 0.000e+000 Y: 0.000
Z: -1.750e+001 Z: 20.000
Dist: 3.265e+002 Mag.: 1

Ang.: 22.500

Contour of Displacement Mag.

Magfac = 0.000e+000
5.9642e-005 to 5.0000e-004
5.0000e-004 to 1.0000e-003
1.0000e-003 to 1.5000e-003
1.5000e-003 to 2.0000e-003
2.0000e-003 to 2.5000e-003
2.5000e-003 to 3.0000e-003
3.0000e-003 to  3.5000e-003
3.5000e-003 to 4.0000e-003
4.0000e-003 to 4.4511e-003

Interval = 5.0e-004

Axes

Linestyle

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00

Step 11515 Model Perspective
12:35:16 Fri Aug 19 2016

Center: Rotation:

X: 0.000e+000 X: 40.000

'Y: 0.000e+000 Y: 0.000

Z: -1.750e+001 Z: 20.000

Dist: 3.265e+002 Mag.: 1
Ang.: 22.500

Contour of Displacement Mag.

Magfac = 0.000e+000
2.0773e-005 to 1.0000e-003
1.0000e-003 to 2.0000e-003
2.0000e-003 to 3.0000e-003
3.0000e-003 to 4.0000e-003
4.0000e-003 to 5.0000e-003
5.0000e-003 to 6.0000e-003
6.0000e-003 to 7.0000e-003
7.0000e-003 to 8.0000e-003
8.0000e-003 to 9.0000e-003
9.0000e-003 to 1.0000e-002
1.0000e-002 to 1.1000e-002
1.1000e-002 to 1.1871e-002

Interval = 1.0e-003

Axes

Linestyle

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00

Step 13915 Model Perspective
12:45:32 Fri Aug 19 2016

Center:

X: 0.000e+000
Y: 0.000e+000
Z: -1.750e+001
Dist: 3.265e+002

Rotation:

X: 40.000
Y: 0.000
Z: 10.000
Mag.: 1
Ang.: 22.500

Contour of Displacement Mag.
Magfac = 0.000e+000

1.4895e-005 to
2.0000e-003 to
4.0000e-003 to
6.0000e-003 to
8.0000e-003 to
1.0000e-002 to
1.2000e-002 to

2.0000e-003
4.0000e-003
6.0000e-003
8.0000e-003
1.0000e-002
1.2000e-002
1.3724e-002

Interval = 2.0e-003

Axes

Linestyle

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00

Step 16785 Model Perspective
12:46:58 Fri Aug 19 2016

Center:

X: 0.000e+000
Y: 0.000e+000
Z: -1.750e+001
Dist: 3.265e+002

Rotation:

X: 40.000
Y: 0.000
Z: 20.000
Mag.: 1
Ang.: 22.500

Contour of Displacement Mag.
Magfac = 0.000e+000

7.8046e-005 to
2.0000e-003 to
4.0000e-003 to
6.0000e-003 to
8.0000e-003 to
1.0000e-002 to
1.2000e-002 to
1.4000e-002 to
1.6000e-002 to
1.8000e-002 to

2.0000e-003
4.0000e-003
6.0000e-003
8.0000e-003
1.0000e-002
1.2000e-002
1.4000e-002
1.6000e-002
1.8000e-002
1.8546e-002

Interval = 2.0e-003

Axes

Linestyle

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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Step 19379 Model Perspective
12:48:32 Fri Aug 19 2016

FLAC3D 3.00

Center: Rotation:

X: 0.000e+000 X: 40.000
Y: 0.000e+000 Y: 0.000
Z: -1.750e+001 Z: 30.000
Dist: 3.265e+002 Mag.: 1

Ang.: 22.500

Magfac = 0.000e+000
8.1829e-005 to 2.0000e-003
2.0000e-003 to 4.0000e-003
4.0000e-003 to 6.0000e-003
6.0000e-003 to 8.0000e-003
8.0000e-003 to 1.0000e-002
1.0000e-002 to 1.2000e-002
1.2000e-002 to 1.4000e-002
1.4000e-002 to 1.6000e-002
1.6000e-002 to 1.8000e-002
1.8000e-002 to 2.0000e-002
2.0000e-002 to 2.0076e-002

Interval = 2.0e-003

Axes

Linestyle

Itasca Consulting Group, Inc.
Minneapolis, MN_USA

Contour of Displacement Mag.

ol o0liss
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FLAC3D 3.00

Step 22588 Model Perspective
13:23:58 Fri Aug 19 2016

Center: Rotation:

X: 0.000e+000 X: 40.000

Y: 0.000e+000 Y: 0.000

Z: -1.750e+001 Z: 20.000

Dist: 3.265e+002 Mag.: 1
Ang.: 22.500

Contour of Displacement Mag.

Magfac = 0.000e+000
1.2284e-004 to 2.5000e-003
2.5000e-003 to 5.0000e-003
5.0000e-003 to 7.5000e-003
7.5000e-003 to 1.0000e-002
1.0000e-002 to 1.2500e-002
1.2500e-002 to 1.5000e-002
1.5000e-002 to 1.7500e-002
1.7500e-002 to 2.0000e-002
2.0000e-002 to 2.2500e-002
2.2500e-002 to 2.2827e-002

Interval = 2.5e-003

Axes

Linestyle

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00

Step 25099 Model Perspective
13:25:32 Fri Aug 19 2016

Center: Rotation:
X: 0.000e+000
Y: 0.000e+000
Z: -1.750e+001
Dist: 3.265e+002

Contour of Displacement Mag.

Magfac = 0.000e+000
1.7149e-004 to 2.5000e-003
2.5000e-003 to 5.0000e-003
5.0000e-003 to  7.5000e-003
7.5000e-003 to  1.0000e-002
1.0000e-002 to 1.2500e-002
1.2500e-002 to 1.5000e-002
1.5000e-002 to 1.7500e-002
1.7500e-002 to 2.0000e-002
2.0000e-002 to 2.2500e-002
2.2500e-002 to 2.3910e-002

Interval = 2.5e-003

Axes
Linestyle

Itasca Consulting Group, Inc.
Minneapolis, MN_USA
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FLAC3D 3.00

Step 28308 Model Perspective
13:31:09 Fri Aug 19 2016

Center: Rotation:

X: 0.000e+000

Y: 0.000e+000

Z: -1.750e+001

Dist: 3.265e+002 Mag.: 1

Ang.: 22.500

Contour of Displacement Mag.

Magfac = 0.000e+000
2.0927e-004 to 2.5000e-003
2.5000e-003 to 5.0000e-003
5.0000e-003 to 7.5000e-003
7.5000e-003 to 1.0000e-002
1.0000e-002 to 1.2500e-002
1.2500e-002 to 1.5000e-002
1.5000e-002 to 1.7500e-002
1.7500e-002 to 2.0000e-002
2.0000e-002 to 2.2500e-002
2.2500e-002 to 2.5000e-002
2.5000e-002 to 2.5768e-002

Interval = 2.5e-003

Axes

Linestyle

Itasca Consulting Group, Inc.
Minneapolis, MN USA
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FLAC3D 3.00

Step 30966 Model Perspective
13:28:37 Fri Aug 19 2016

Center: Rotation:
X: 0.000e+000 X: 50.000
Y: 0.000e+000 Y: 0.000
Z: -1.750e+001 Z: 30.000
Dist: 3.265e+002 Mag

H 1
Ang.: 22.500

Contour of Displacement Mag.

Magfac = 0.000e+000
2.5719e-004 to 2.5000e-003
2.5000e-003 to 5.0000e-003
5.0000e-003 to  7.5000e-003
7.5000e-003 to  1.0000e-002
1.0000e-002 to 1.2500e-002
1.2500e-002 to 1.5000e-002
1.5000e-002 to 1.7500e-002
1.7500e-002 to 2.0000e-002
2.0000e-002 to 2.2500e-002
2.2500e-002 to 2.5000e-002
2.5000e-002 to 2.7232e-002

Interval = 2.5e-003

Axes

Linestyle

Itasca Consulting Group, Inc.
Minneapolis, MN_USA
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Soil as construction material in various projects as well as support for foundations used.

Civil engineers trying to improve the soil strength using mechanical methods to
improve and stabilize or using reinforcement techniques.

One of these methods that improve soil behavior is soil nailing.

So far, various materials such as glass fibers (fiberglass) used in polyester resins, inert
metals such as aluminum or stainless steel, zinc plated steel (galvanized) and polymer
such as geotextiles, geogrid, geocomposite, coated fabrics, tapes, rigid plastics and
elastomers has been worn for this purpose. Various methods are used for stabilization
area of nailing method, of which more applications.

In this study we tried this method and wished for better , safer and less expensive to
stabilize the soil to replace the old methods.

The aim of this study is to deepen stable supply of optimized supporting structures is by
creating a layout that is optimized angle and length to given nails to prevent a deep
rupture and deformation, that modeling is performed by Plaxis and Flac softwares. To
do so we modeled in these two numerical method software .We tried modeling of nails
in 2D models in Plaxis and 2D and 3D models in Flac and compare the results of these
models.

In this study, transformation and stability, and retaining structures at depths of 9 and 14
meters in nailing two layers of soil conditions and the state of implementation of nails at
an angle of 10 degrees and with varying lengths investigated.
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