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EXCAVATE
UNSUPPORTED CUT
1 TO Z m HIGH

PLATFDRM\

\\\\/\\\\f\\\\a\\\\ ,\\- ,\\Q\,\A\

AN

1-2m

STEP 1. EXCAVATE SMALL CUT

GEOCOMPOSITE MAIL BAR
STRIP DRAIN

N /\\ /\\ /\\\ ,\\

STEP 3. INSTALL AND GROUT NAIL
(INCLUDES STRIP DRAIN INSTALLATION)

STEP 5. CONSTRUCTION OF
SUBSEQUENT LEVELS

N NN

N
‘\//\//\ A //\//\//

STEP 2. DRILL NAIL HOLE

TEMPORARY FACING DRAINAGE STRIPS

ST ONEN

STEP 4. PLACE TEMPORARY FACING
(INCLUDES SHOTCRETE,
REINFORCEMENT,

BEARING PLATE, HEX NUT, AND
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Standard"”
Activit Most Not Obtained from field
ity /FHWA suitable for | suitable for activity
Reference
Preservation and
Transportation of Soil | ASTM D4220-95 All NA Representative samples
Samples
Field Thin-Walled Tube ) Sands, )
Procedure Sampling ASTM D1587-00 | Clays, Silts Gravel Undisturbed samples
Subsurface
Explorations (Soil and | ASTM D35434-97 All NA Various
Rock)
. ASTM D1586-99 Stratigraphy, SPT N-values
Sta“‘}rardtlzgg‘?lf;a“‘m ASTM D6066- | Sand, Silt @ relative density,
s 96e1® groundwater, samples
Continuous stratigraphy, soil
Cone Penetration Test | ASTM D5778-95, | Sand, Silt, Gravel, type, strength, relative
(CPT) Briaud (1992) and Cla bouldery soil density, K, ®, pore
Y ry Y p
pressures, no sample
Field Vane Shear Test |\ gpy pos73.04 | SOftt0 Sandand |y 4ined shear strength
. (VST) Medium Clay Gravel
Field Test
Soft Rock,
Dense Sand, . )
Pressuremeter Test ASTM D4719-00, Non- Soft Clays, Soil t)(/ge, strength,. K.“. ’
. " Loose Silts OCR ", compressibility,
(PMT) Briaud (1989) Sensitive .
and Sands soil modulus, no sample
Clay, Gravel,
Till
Flat Plate Dilatometer AS.TM D6635._01’ Sand and SO].I type, Ko, OCR,
Test (DMT) Briaud and Miran Cl Gravel undrained shear strength,
©s (1992) ay soil modulus, no sample

Notes: (1) Individual ASTM standards can be found in ASTM (2002). Arman et al. (1997) and Sabatini et al. (2002)
present general discussions on these field procedures.
(2) SPT can be used with limitations in clays and gravels.
(3) K, is the at-rest earth lateral pressure coefficient.
(4) OCR is the overconsolidation ratio.
(5) ASTM D6066-96¢1 for the use of SPT in liquefaction resistance evaluation.
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SPT Nieas
Relative Density (blows/300 mm
or blows/ft)
Very loose 04
Loose 5-10
Medium Dense 11-30
Dense 31-50
Very Dense >51

@@UJN oxwulfeW)&JbéwloMyf—YJgde

SPT Nimeas
Consistency (blows/300 mm
or blows/ft)
Very Soft 0-1
Soft 24
Medium Stiff 5-8
Stiff 9-15
Very Stiff 16-30
Hard 31-60
Very Hard >61
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PROCEDURE TEST NAME ST?NDARD —APPLICABILITY
ASTM" | AASHTO "
Visual and Manual Description and .
Classification Identification of Soils D280 Allsoll
Classification of Soils according to USCS ¥ | D2487-00 M145 All soils
Particle-Size Analysis (with sicves) D422-63 (1998) T88 Granular soils
. _ Fine-grained and
Soil Fraction finer t.han No. 200 (75-pm) D1140-00 TIl granular materials
Sieve
boundary
Index : ;
Moisture Content D2216-98 T265 All soils
Parameters — ; ; ;
Atterberg Limits D4318-00 T89,T90 | Fine-grained soil
Organic Contents D2974-00 rig4 | Fine-grained ol
fraction
Specific Gravity of Soil Solids D854-00 T100 All soils
Unconfined Compressive Strength (UC) D2166-00 T208 Fine-grained soil
Unconsolidated-Undrained Triaxial . . .
Compression (UU) D2850-95(1999) |  T296 Fine-grained soil
Strength ' ' jaxi
reng Consolidated Undramed Triaxial DA4T67.95 734 Fine-grained so
Compression (CU)
Direct Shear (Consolidated) D3080-98 My | SendsandFine.
grained soils
Hydraulic . .
Conductiviy Permeability (Constant Head) D2434-68 (2000) | T215 Granular soils
One-Dimensional Consolidation D2435-96 1216 Fine-grained soil
Compressibility | One-Dimensional Consolidation D4186-89 ¢! Fine-rained ol
(Controlled-Strain Loading) (1999) I GAea
Frost Heave and Thaw Weakening D5918.96 (2001) Silts
Ot Susceptibility
Collapse Potential D5333-92 (1996) Loess, silt
Swelling Potential D4546-96 T258 Fine-grained soil

Notes: (1) Individual ASTM standards can be found in ASTM (2002).
(2) Individual AASHTO standards can be found in AASTHO (1992).
(3) USCS: Unified Soil Classification System.
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ROUPREPUE A

In-Situ Test Results I]‘)i'::::; = & (degreeS)(b) -
Oto4 Very Loose <28 <30
SPT N-Value 4to0 10 Loose 28 to 30 30to 35
(blows/300 mm 10 to 30 Medium 30 to 36 3510 40
TE LD IR ) 30 t0 50 Dense 36 10 41 40 t0 45
> 50 Very Dense > 41 >45
Normalized <20 Very Loose <30
CPT cone 20 to 40 Loose 30to 35
bearing 40to0 120 Medium 35to 40
(‘(’l‘*j‘if")a(‘z‘fﬁ, 120 to 200 Dense 40 to 45
o > 200 Very Dense > 45

Notes:

(1) SPT N-values are field, uncorrected values.

(2) P, is the normal atmospheric pressure = 1 atm ~ 100 kN/m* ~ 1 tsf.
(3) Range in column (a) from Peck, Hanson, and Thornburn (1974).
(4) Ranges in column (b) and for CPT are from Meyerhof (1956).
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SPT N-value (blows/300 mm or bl/ft) SPT N-value (blows/300 mm or bl/ft)
P4: normal atmospheric pressure =
(a) (b) 1 atm ~ 100 kN/m2 ~ 1 tsf
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Equation Soil Condition Associated Test

S =029 P. N *7 Normally consolidated to
u-— V.o a

lightly overconsolidated SPT

— O
Su = e ~Ow Various CPT
Nk

Symbols: P, = atmospheric pressure, N = uncorrected SPT blow count, q.= cone

tip resistance, o, = total overburden stress (same units as q.), Nx = cone factor;
typical value is 15.
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Equation Soil Condition Associated Test Reference

. Normally consolidated Skempton (1957),
540y =0.11+0.0037 PL and overconsolidated Vst Chandler (1988)
[sotropically
Consolidated Triaxial
S./6’.=0.129+0.00435 PI | Normally consolidated | Compression (based Wroth (alr;(;?)oulsby

on Cam-Clay, a
theoretical model)

Normally consolidated | Mainly Isotropically

$/6’,=(0.23+0.04) OCR” | and overconsolidated, | Consolidated Triaxial Jamiolkowski et al.

low to moderate PI Compression (1985)
Slightly
$/6%,=0.22 overconsolidated, Direct Simple Shear Mesri (1988)
low PI

Symbols:  PI = Plastic Index.

o', = Effective preconsolidation pressure. Use 6, = ¢’y, = effective vertical overburden pressure
for normally consolidated conditions.

o’. = Effective consolidation pressure in an isotropically consolidated triaxial CU test.
OCR = Overconsolidation ratio = 6°,/G",.
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A
STANDARD
TEST APPLICABILITY
ASTM" | AASHTO®
Rock Mass Classification D5878-00 — Rocks Mass
Rock Unconfined Compressive Strength D2938-95 — Intact Rock
Direct Shear of Rock D5607-95 — Interface of Intact Rocks
Rock Triaxial Compression (no pore pressure 066495 26 Intact Rock
measurements)

Notes: (1) Individual ASTM standards can be found in ASTM (2002).
(2) Individual AASHTO standards can be found in AASHTO (1992).
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Mild to no
T . Strong Corrosion Corrosion ASTM At
est Units . . . Test

Potential/Aggressive Potential/Non- | Standard Method

Aggressive
PH — <4.5,>10 5.5<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 T291-91

Stray current — Present - — —

Note: (1) ppm = parts per million.
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Ultimate Bond
Material Construction Method Soil/Rock Type Strength, q,
(kPa)
Marl/limestone 300 - 400
Phyllite 100 - 300
Chalk 500 - 600
Soft dolomite 400 - 600
: Fissured dolomite 600 - 1000
Rock Rotary Drilled Weathered sandstone 200 - 300
Weathered shale 100 - 150
Weathered schist 100 - 175
Basalt 500 - 600
Slate/Hard shale 300 - 400
Sand/gravel 100 - 180
Silty sand 100 - 150
Rotary Drilled Silt 60 - 75
Piedmont residual 40 - 120
Fine colluvium 75 - 150
Sand/gravel
low overburden 190 - 240
Cohesionless Soils Driven Casing high overburden 280 - 430
Dense Moraine 380 - 480
Colluvium 100 - 180
Silty sand fill 20 - 40
Augered Silty fine sand 55- 90
Silty clayey sand 60 - 140
Sand 380
Jet Grouted Sand/gravel 700
Rotary Drilled Silty clay 35 - 50
Driven Casing Clayey silt 90 - 140
_ _ _ Loess 25 . 75
Fine-Grained Soils Soft clay
Stiff cla 20 - 30
Augered ey 40 - 60
Stiff clayey silt
Calcareous sand 40 - 100
‘ 5o Sl 90 - 140
clay

Notes: Convert values in kPa to psf by multiplying by 20.9
Convert values in kPa to psi by multiplying by 0.145
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q, (kPa)=14P, (MPa)[6 — P, (MPa) ] (Equation 3.4)
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q, (psi) = —— P, (ksf) [ 125 — P, (ksf) ]
214 (Equation 3.5)
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Cased | prinole
Drill Rig Drilling Method OPEI‘I’ O | Diameters Drill Bit Cuttings Removal Comments
Type Hole? | Auger- (mmfin,) Types
Cast? '
]éeaci) F.llght Kelley- Yes No
ar riven Mechanical
Sectional Solid-Stem | Yes No Hydraulic rotary
- Rock - - auger methods for
Sectional Hollow- 100=300/ 12 Mechanical (air £C
Auger | g Yes Yes 412 Soil, support) drlllllng competent
Continuous Flisht Drag, etc. soils or weathered
S‘oli d-Sten; s Yes No Mechanical rock.
Continuous Flight Mechanical (air
Hollow-Stem Yes Yes support)
Single-Stem Air v N Hydraulic rotary
Rotary €8 0 methods for
o drilli.rllg comkpetent
utton, soils, rock, or
103«:2800/ Roller, Compressed air mixed ground
Duplex Air Rotary Yes Yes Drag, etc. condltlon_s
Rota (pneumatic
Y hammers
availgble).
Sectional Solid-Stem v N Mechanical Hydraulic rotary
Augers €S 0 100-300/ | Rock, cchanica auger methods for
: i1 Soil, : : drilling competent
Sectional Hollow- Yes Yes - Drag, ete. | Mechanical (air | goils or weathered
Stem Augers support) rock.
Pneumatic rotary
Air | Single-Stem Air 100-300/ | o™ | gohods for
Track | Rotary Yes No 412 oller, Compressed Air | drilling non-caving
Drag, etc. competent soils or
rock.
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soft fine-grained
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soil N S S R A A S RN R

Failure surface

b) Shallow deposit of soft fine-grained soil
underlain by stiff layer
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GROUP Pin (i =load type, n = Group Number)
™ |7 |D|@D?| @D, cF| E| B |SF|W|WL|LF|R+s+T | EQ | ICE | %
I 10 ] 1 1 0 1 | 1 1 0 0 0 0 0 0 100
IA 10| 1 2 0 0|0 0 0 0 0 0 0 0 0 150
IB |10 1 0 1 1|11 ]1]0fo0]o0 0 0| o |[*=
II 10 ] 1 0 0 0 1 1 1 1 0 0 0 0 0 125
I 10| 1 1 0 1 1 1 1 (031 1 0 0 0 125
v 10| 1 1 0 1 1 1 1 0 0 0 1 0 0 125
v 10| 1 0 0 0 1 1 1 1 0 0 1 0 0 140
VI 10| 1 1 0 1 | 1 1 (031 1 1 0 0 140
VII 10 ] 1 0 0 0 1 1 1 0 0 0 0 1 0 133
VIII 10| 1 1 0 1 | 1 1 0 0 0 0 0 1 140
IX 10| 1 0 0 0 1 1 1 1 0 0 0 0 1 150
X9 [10]1 1 0 0[1®{ojojofo]o 0 0| o |100
Notes: (1) Source: AASHTO (1996).
(2) (L+In = Live load plus mumpact for AASHTO Highway H or HS loading.
(L +I)p = Live load plus impact consistent with the overload entenia of the operation agency.
(3) Percentage of mcrement of allowable stresses (determined with recommended factors of safety).
(4) Percentage = Maxunun;iﬁg:;é?p;g;:g Rating) x 100
(5) Pg=1.00 for vertical and lateral loads on all other structures.
(6) Load Group X 1s for culverts.
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PERMANENT SHOTCRETE N END CAP

50 mm (2 in.) MIN
DIA. SCH 40 PVC PIPE

s

I X

sl
i

MmN

PROTECTIVE
PVC CAP
(NOTE 1)

RFO!
SEEGT \oN

NOTES

1. PROTECTIVE CAP NEEDS TO BE REMOVED AFTER FINAL
SHOTCRETE IS APPLIED

2. SPACING OF DRAINS IS TYPICALLY 3.3 m (10 ft)

TYPICAL DRAIN DETAIL

GEOCOMPOSITE GEOCOMPOSITE
DRAIN STRIP CONTINUOUS DRAIN STRIP
SOIL NAIL WALL GRAVEL DRAIN

DRAIN PIPE FINISHED
.. HARDBOARD GRADE
COLLECTOR
DITCH
FINISHED
GRADE FILTER FILTER
FABRIC ; \l,. FABRIC
\ \ i
R 4.\ S > i
WEEP HOLE
" WEEP HOLE GEOTEXTILE
TOE DRAIN FOOTING DRAIN

LS 0 00 (6,105 e o les jo ey 25 sle ol S sl Gl Jgene oiSe ) dlg) 4 by e LS O-YF S
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CLASS C STONE

TIMBEI} CAP (1' DEPTH)

1- 2"X10
2-2"X8"

NONWOVEN
GEOTEXTILE

RIGID INSULATION (6")

TIMBER BOARDS
(USE ONE SIZE FOR
ENTIRE WALL -
2"x8"OR2"x 10")
TIMBER POST
(4" x 68", SPACED
AT 5'-0" O.C.)

VARIES RIGID INSULATION

" GEOCOMPOSITE
(19" MAX) (6 1/4™)

DRAIN STRIP

REINFORCED (AT 5'-0" O.C.)

SHOTCRETE
")

CONCRETE BLOCK
(12" x 12" x 24")

RIGID INSULATION
(6" x 5' LONG)

SOIL NAIL
(TYP)

<
> CRUSHED STONE
FILTER FABRIC PVC PIPE (6" DIA.)

a) Example of Soil Nail Wall with Frost Protection

10-FOOT LONG TONGUE & GROOVE
TIMBER PLANK FACING
(10-FOOT LONG)

2-INCH TONGUE & GROOVE
INSULATION BOARD -

7
)
(2-INCH) ) i
;7
CAST-IN-PLACE STRUCTURAL y
CONCRETE WALL J
K

GEOCOMPOSITE
DRAIN STRIP
(AT 5'-0" O.C.)

SHOCRETE 15° - 25°

TEMPORARY FACING
(4-INCH)

PVC SLEEVE
(WEEPHOLES AT 5' O.C;
GEOCOMPOSITE LOCATION)

PERMANENT SOIL NAIL
(TYP)

CONCRETE FOOTING

PERFORATED PVC PIPE
COLLECTION TRENCH
b) Example of soil nail wall with Frost Protection
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PERMANENT FACING
TEMPORARY FACING

-

CONVENTIONAL SOIL-NAIL
HEADED-STUD CONNECTION

Tr (TENs),
LE Fo
. N SoiL nagy) °F

Mi” “ x
'/I )

STRUT NAIL CONNECTION
(PLATE AND NUT)

NOTE:
Cst AND Ty DETERMINED FROM HORIZONTAL
AND VERTICAL EQUILIBRIUM

FOR SOIL NAILS INCLINED AT 15" AND
STRUCT NAILS INCLINED AT 45°:

Tsr= 1.4W
Cst= 1.9W

WHERE W = WEIGHT OF FACING SUPPORTED
BY SOIL NAIL AND STRUT NAIL

O-YA S

EXISTING GROUND SURFACE

CONCRETE DITCH

FACING
ORIGINAL
GROUND SURFACE
— -
| — Sv.
e p—
uPPER WALL | LiFT4 ‘ GEOCOMPOSITE
CAST-IN-PLACE CONCRETE, fa DRAIN $TRIP
SHOTCRETE, OR VEGETATION
(PROVIDE ADEQUATE I
SURFACE DRAINAGE)
LIFT 2 1
R
Sy \
15" (TYP)
LOWER WALL
Y uera

SOIL NAIL (TYP)

FINAL GRADE

FOOTING DRAIN

6‘4'1:3.‘:’)9“4’.‘55)° ol 6)‘Ké.@)‘%° dged s O-Y S

H2

H1
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Grade (fy): 420 MPa (Grade 60), 520 MPa (Grade 75).

WWM features (refer to Appendix A, Table A.2).

Rebar features (refer to Appendix A, Table A.3).
Concrete Strength (f.’): 21 and 28 MPa (3,000 and 4,000 psi).
Select headed-stud characteristics (Table A.6).

Select bearing plate geometry: min. 200 x 200 mm (8 x 8 in.) and 19 mm (0.75 in.) thick
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TABLE 6.4: FACING RESISTANCE FOR VARIOUS FAILURE MODES (SI UNITS).

(a) FACING RESISTANCE FOR FLEXURE, Ry

(d) FACING RESISTANCE FOR HEADED STUD,

TENSILE FAILURE, Rgg,
(PERMANENT FACING)

(TEMPORARY FACING)
| Nail ory @)
h®  Spacing Prot (Y0)
Ratio® 0.5 1.0 2.0
(mm/in.)| [-] Rgr in kN (kip)
.67 5 2 5 (9. 2 .
100/4 0.6 50(12) 105 (24) 10 (48)
1 75(18) 155 (36) 315(71)
150/6 0.67 90 (20) 175 (40) 355 (81)
T 1 130 (30) 265 (60) | 535(120)
200/ 0.67 105 (24) 210 (48) 425 (95)
1 155 (36) 315(71) | 635(143)

Headed-Stud Shaft Diameter, Dg R
min in. kN (kip)
9.7 3/8 120 (28)
12.7 172 210 (48)
15.9 5/8 330 (75)
19.1 3/4 480 (108)
222 7/8 650 (146)

Based on a reinforcement yield strength. f,. of 420

MPa (Grade 60). For f
multiply the values in the table by 1.24.

520 MPa (Grade 75),

For

permanent facing. for h = 100 mm (4 in.). divide Rgp
by 2: for h = 150 mm (6 in.), divide Rgr by 1.5: for
h =200 mm (8 in.). use same Rgg.

(b) FACING RESISTANCE FOR SHEAR

PUNCHING, Rgp
(TEMPORARY FACING)
n® ! f'c(_:,) Bearing Plate Length, Lgp (inm/in.)
2008 | 2259 | 250110
(mm/in.)|(MPa) Ryr in kN (kip)
100/4 21 140 (32 150 (35) 165 (37)
28 165 (37) 175 (40) 190 (43)
150/6 21 245 (56) 265 (60) 285 (64)
28 288 (65) 305 (69) 325 (74)
200/6 21 380 (85) 400 (91) 425 (96)
28 435(99) | 465(105) | 495 (111)

(c) FACING RESISTANCE FOR SHEAR

PUNCHING, Rgp
(PERMANENT FACING)
hl‘(s) [ f'c(s} Headed-Stud Spacing, Sgs (mm/in.)
1004 | 1255 | 150/6
(mm/in.)| (MPa) Rgp in kKN (Kip)

100/4 21 95 (21) 95 (21) 95 (21)
28 110(25) 110 (25) 110 (25)
125/5 21 130 (30) 145 (33) 145 (33)
28 150 (35) 170 (39) 170 (39)
150/6 21 175 (40) 195 (44) 210 (48)
T 28 205 (46) 225 (51) 245 (55)

Based on 4 headed-studs and a vield strength. fy. of
420 MPa (Grade 60). For f, = 520 MPa (Grade 75),
multiply the values in the table by 1.24

Notes:
(1)
(2)

(3)
@

(5)

h is the facing thickness.

Nail space ratio is the lowest of either Sy/Sy or
Su/Sy. resulting in a value less than or equal to 1.

f'.is the conerete nominal compressive strength.

Pt 15 the total reinforcement ratio calculated as

Ptot= PuTPm Where p, and p,, are the nail head and
mid-span reinforcement ratios, respectively.

p;= a/0.5h, where a;;= cross sectional area of
reinforcement per unit width in “i” direction (vertical
or horizontal) and at location “j” (nail head or
midspan).

h. =1L, - tg + tp Where: L, is the effective headed-stud
length (Table A.6): tp is the bearing plate thickness
[typically 19 mum (0.75 in.)]: ty is the headed-stud
head thickness (Table A.6).

(face) a>q 0 2k oo wlbisde (7
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1000 500 333
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o Other Requirements
1) Project design life: wall is for a temporary excavation expected to be open a few months.
Assume temporary structure.
2) Aecsthetics requirements: none.
3) Performance criteria: conventional.
4) Deformation performance: conventional

Dense
silty
sand

¥ =120 pef
¢ =35 deg

C =100 psf
q,= 18 psi

Figure 6.6: Example.

STEP 1: INITIAL CONSIDERATIONS AND PARAMETERS
A. Wall layout: Height, H =8 m (24 ft); wall length >> H; face batter: o = 0; slope: f = 0;
B. Soil nail spacing: Sy=Sy=1.5m(5 ft)
C. Soil nail pattern on wall face: uniform
D. Soil nail inclination: i= 15 degrees
E. Soil nail length distribution: uniform
F. Soil nail materials: Nail bar: Grade 420, f, = 420 MPa (60 ksi)

G. Soil properties

From site investigations, dense to very dense silty sands with the following properties
were encountered:

¢’ =35 degrees, ¢’ = 5 kPa (100 psf), y = 18.9 kKN/m® (120 pef)
Ultimate bond strength is selected as:

o= 125 kPa =18 psi
Select Dpy = 150 mm (6 in.) in step H below.
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Select FSp= 2.0 in step H below.
Calculate normalized bond strength:

% Doy 18 psix(144in2/f%)x 6 in.x (1 f/12 in.)

= =022
FS,y5, 8, 2 x 120pef x 5ftx 5t

H. Other design considerations

D)

2)

Drilling method: For the existing ground conditions, conventional rotary drilling is
possible (Chapter 3).

Drill hole diameter: Select a minimum diameter compatible with these conditions:
Dpy =150 mm (6 in.)

Corrosion Potential: The ground corrosion potential is unknown. Per Appendix C
guidelines, for temporary structures and ground with unknown aggressivity, provide
Class II corrosion protection as a minimum. Provide a minimum grout thickness of 25
mm (1 in.) over nail bars.

Minimum Factors of Safety: For the following conditions: Temporary structure, static
loads only, non-critical structure, use:

Minimum
Failure Mode Resisting Component Symbol |  Recommended
Factors of Safety

Global Stability FSq 1.35

External Global Stability FSg 1.2-1.3
Stability Sliding FSq. 13
Bearing Capacity FSy 4.3
Internal Pullout Resistance FSp 2.0
Stability Nail Bar Tensile Strength FS; 1.5
; Facing Flexure FSpr 1.35

Facing : :

Strength Facing Punching Shear FSp 1.35
Headed-Stud Tensile (A307 Bolt) | FSyr 1.8

+ Loading Conditions
1) From Table 5.5:

o po oP

Dead load (self-weight is the only dead load)

Live Load (minimal during construction, and neglected beyond construction)
No wind

No impact

No seismic load
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STEP 2: PRELIMINARY DESIGN

Nail Length and Diameter using simplified charts
For o =0, f =0, use Figure B.1. With ¢’ =35 degrees and p = 0.22

L/H=10.60
tmax.s = 0. 195
Nail Length

Correction for drillhole diameter, Cy. = 0.83 (from Figure B.7)

L=0.60x 24 ft x 0.83 = 12.0 ft. Check: 12.0/24 =0.50. This value is on the low side.
Adopt L =16 ft (L/H = 0.67) to reduce potential wall deformations.

1.5 T
\ T T
r \\ \ Friction Angle
v 4 (degrees)
\ 27
r \ Math e S e e e 3
L8 — 3
— 38
I -
) L L/IH=0.60 =
- -
05 - b ] il

o
o L

o
FS
{

o

w
T
\
1
\
\
y)
.

W

Nail forces for FS; = 1.0

Normalized Design Nail Force, t\jax-s
o
~N

n=022
|

| i |
0.1 0.2 0.3 0.4

= .

o

i qlDDﬂ
Normalized Bond Strength, p=—c—-
184Sy

Calculate Design Nail Tensile Load

Correction for drillhole diameter, Cr= 1.48

Toacs = tmacs ¥ S Sy HCyp =0.195x 120 x 5 x 5 x 24 x 1.48/1,000 = 20.8 kip

Required cross sectional area of steel

Tpues FS7 _ 208 %15

— __max-s
A=

f 60

Y

=0.52 in’
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Select a No. 25 (No. 8) threaded bar with cross sectional area A = 510 mm® (0.79 in?)
and diameter = 25 mm (1.12 in.) (see Table A.1).

Bar installation: This bar can be installed with no difficulty in the drillhole. Available
cover is at least (6 - 1.12) /2 =2.44 in. = 62 mm > minimum cover =25 mm.

STEP 3: FINAL DESIGN

A. External Failure Modes

Only the preliminary design developed in Step 2 is considered in this example.

B. Seismic Considerations

No seismic considerations are necessary in this example.

C. Internal Failure Modes

Only the preliminary design developed in Step 2 is considered in this example.

D. Facing Design

1) Maximum design tensile force at the face:

T, = T, [0.6+0.057 (S, []-3)]=

=20.8[0.6+0.057 (5-3)]=19.5x0.71=14.9 kip
2) Facing Features

a) Wall facing type:
Temporary: Shotcrete + WWM
Permanent: Cast-in-Place Reinforced Concrete
b) Facing geometry
Temporary facing thickness, h = 100 mm (4 in.)
Permanent facing thickness, h =200 mm (8 in.)
Steel reinforcement
fy = 420 MPa (60 ksi)
Temporary facing reinforcement: Select WWM: 4x4 - W2.9 x W2.9
Select Rebar: horizontal and vertical waler bars: 2 x No. 3, Grade 60
Ag=2%0.11 =0.22 in.?) in both directions)
Permanent facing reinforcement: No. 5 @ 12 in., each way
Concrete Strength, f.” =21 MPa (3,000 psi)

Select headed-stud characteristics:
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4 H-Studs: '/, x 4'/s, Grade 60, L= 100 mm (4 in.), Dy = 25 mm (1 in.),
Ds = 13 mm (0.5 in.), ty = 8 mm (0.3 in.), Sg = 150 mm (6 in.), headed-
stud spacing, Sgs = 150 mm.

Select bearing plate geometry

Bearing Plate, Grade 36, Length: Lgp = 225 mm (9 in.), thickness: tp = 25
mm (1 in,).

3) Facing Reinforcement

Temporary Facing
a) Reinforcement in vertical and horizontal directions in midspan
Area per unit length (WWM for temporary facing) (Table A.2)
Bm =84 = 0.087 in /At for WWM 4 x 4 - W2.9 x W29,

b) Reinforcement in vertical and horizontal directions around soil nail head

+ Aéﬂ=0.087+ %:0.13 in/ft

H

dyg =8y, =y

¢) Cp=2.0(Table5.1)
d) pa=aw/0.5h=(0.13 in A/12)/0.5 x 4in.) x 100=0.54 %
€) Pm=aw/0.5h=(0.087 in/f/12)/(0.5 x 4 in.) x 100 =0.36 %

JE psi] R oo
) Puin[%] = 024 ‘p, 024 00 _ 499

fy [ksi] 60
f' [psi
O Path = =0.OSM[9—O]=1.5%
£, [ksi] 90 + , [ksi] 60 90+60

h) pm = 036%> puin=022% ¥

P = 0.36%< puac=15% v
) po = 054%>ppin=022% v

po = 0.54% < puax = 1.5% ¥ polpn=15<25 v
D) Pt = PatPm=0.54%+0.36%=090%

Permanent Facing
a) Area per unit length for No. 5 @ 12 in., each way (Table A.3)
avn = 8ym = 0.31 1n2/ﬂ

b) Total reinforcement in vertical direction (no waler bars)
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8, =8,y =031in2/ft

¢) Cr=1.0(Table5.1)

1/f‘[psi]
d) ppin[%]20.24 = 0.24 3’000=0.22‘%,

f, [ksi] 60
f' [psi

€) Poml”0]20.05 ‘[pf] = — |= .05&0—0[ al )=1.5%
f, ksi]( 90+ £, [ksi] 60 \90+60

f) pa=pm=031/12/(0.5 x 8) x 100 = 0.64% (satisfies both ppin and Prax)
g2) po=129%

4)  Facing Tensile flexural Resistance (Rgr) - Temporary and Permanent Facing
a) Facing flexural resistance (Rgg)
Temporary: From Table 6.4a, Rgr = 140 kN (32 kip)
Permanent: From Table 6.4a, Rgr = 412.8 kN (93 kip)
b) Verify: FSgr Ty < Rer
Temporary: 1.35 x 14.9=20.1 kip <32 kip v’
Permanent: 1.5 x 14.9=22.4 kip <93 kip v

5)  Facing Punching Shear Resistance (Rgp) - Temporary and Permanent Facing
a) Facing flexural resistance (Ryp)
Temporary: From Table 6.4b, Rgp = 150 kN (35 kip)
Permanent: h,=41in.-03in.+1in.=4.7in. (120 mm)
From Table 6.4c, with Sys = 150 mm (6 in.)
Rp = 145 kN (32 kip)
b) Verify: FSep To <Rep
Temporary: 1.35 x 14.9=20.1 kip <35 kip v
Permanent: 1.5 x 14.9=22.4 kip <32 kip v

6)  Facing Head Stud Resistance (Ryr) — Permanent Facing

a) Maximum tensile resistance (headed-stud tensile failure) (Ryr)
Ry =Ny Agy £, =4x0.196 in.* x 60 ksi =47 kip

b) Verify: FSep T, =1.8 x 14.9=26.7 <47 kip v
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Figure 8.2: Hydraulic Jack Used for Soil Nail Load Testing.
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SOIL NAIL TEST DATA SHEET

Project: SR14- WALL #10 Station: 20+00 Nail No.: R1=-5
Project No.: 4 vio Length: 21" (TENDO)
Date: 2-23-90 Bonded Length: 15" Hole Dia.: 6 i
Field Inspector:_d SMTH Unbonded Length: -}
Type Test: Verification Ultimate: Proof: X
Load Movement (in.) T-;)r;:?n Tg:ﬂ?:
T il :.mL.:?.ﬂ..f, PE’::;:' G‘?g":' y Gfg:‘ 5 ?{3{ 10h #8 (GR 60)
% (Kips) (ps) Gage Commenis
10-00 AM - e 200 0.000 0000 0.000 ALIGNENT LOAD
10: 00 25 29 500 0036 0.038 0.037
1002 25 79 500 0038 0.040 0039
10:03 0 158 1000 0995 0.996 9%
10:05 50 158 1000 O.‘i‘%' 0.999 a999
10: 06 75 236 1500 0165 0.168 0167
10: 08 75 236 1500 0.170 0172 0171
1009 100 JL5 2000 0234 0237 0236
1014 100 JL5 2000 0240 0242 0.241
10:15 130 41.0 2600 0.360 0.361 0.361 Creep test
10:1530 (.5) 130 410 2600 0364 0.365 0.365 1 to 10—minute hold
1016 (1) 130 410 2600 0.367 0.368 0.368 (lood cel = 400)
10:17 (2) 130 41.0 2600 0369 0.370 0370 1 to 10—-minute
. (3| 130 40 200 | 03w | o3n | o creep movement
10- 20 (5) 130 410 2600 0.371 0372 0372 = 0372 — 0368
1021 (6) 130 410 2600 0.371 0372 0372 = 0004 n < 004 i
10-25 (10) 130 410 2600 0371 0372 0372 therefore creep
h movement passes |
__occeptance cnterig
5

Source Porterfield et al. (1994).
Figure 8.3: Typical Data Sheet for Soil Nail Load Testing.
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ELASTIC MOVEMENT

Project: SR14— WALL #10 Soil Nail No.: Ri-5

Project No.: Sf14 w10 Bonded Length: 15"

Date: 2-23-0 Unbonded Length: 6

Bar Size: _ #8 (GR 60) Bar Dig.:i— 20 (in.) Cross—sectional Areaz 077  (sq.in.)
Test Load
P (kips)

0.6

Movement
(inches)

08

10

12

Meas. Movement >

(0.8)(41)(6)(12)

(0.79)(29,000)

0.8

Test Acceptance Criteria:

x P x UL x 12

7

= 0103

AxE

Meas movement
41 Kps = 0372

Therefore Test Nol Posses Bastic Cnteno

at max F of
n > 0103 n,

c
| el
mwowown

Source Porterfield et al. (1994).

area of tendon (sq.in.)
unbonded length (ft.)

test load (Kips)
29,000 Ksi

Figure 8.4: Example of Data Reduction from Soil Nail Load Testing.
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Y.Y

TEST NAIL CREEP MOVEMENT

Project: SR14— VALL #10 Soll Nail Ne.:__ RI=5
Project No.: 4 vIo Date: 2=25-9
| B 1 H i |
111 ] | | T 1

T T f

an !

B il

|

i

0.400 H—— +1

; 1

+

T
~ .
: o
§ ® ghd . i |
= I i
- I
[ ] 1
E
; 1
o
=
(-9
o«
4
L8]

il
i ! i
0.300 i

Log Time (minutes)

Source Porterfield et al. (1994).
Figure 8.5: Example of Data Reduction from Soil Nail Creep Testing.
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SURVEY POINT —. 1.5 m (4.5 ft)
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:-\\_L | )

1.0m@3.0f) —fL, 1.5 m (4.5 ft)
(TYP) 4 L aYR)

‘---'"".. -'T [
\\r:-f_“‘ 1.0 m (3.0 ft)
(TYF)
FACING —
TN e [TYP]
1 ; ~

\INCLINOMETER

3

50m
1.0m

(15 ft) -
MINIMUM (3.0 ft)

Source Byrne et al. (1998).
Figure 8.6: Typical Instrumentation.
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TABLE A.1
THREADED BAR PROPERTIES [ASTM A615, GRADES 420 and 525 MPa (60 and 75 ksi)]
Nominal Bar -5 d 1 Max. Diameter ASTM
L I L Yield Strength | Max. Axial Load
Designation Area Welght w/Threads Grade
English | mm in.* mm’ | Ibs/it | kg/m in. mm | English | Kksi MPa ki s kN
60 60 414 26.4 118
w#h 19 044 254 1.50 224 0.86 21.8
75 75 517 330 147
60 o0 414 360 160
#] 22 0600 387 2.04 3nd 099 251
75 75 517 45.0 200
60 o0 414 474 211
#8 25 079 510 2.67 398 1.12 28.4
75 75 517 503 264
o0 o0 414 600 267
HO 29 1.0 645 3.40 5.06 126 32.0
75 75 517 75.0 334
60 60 414 76.2 339
#10 32 1.27 B9 4.30 6.41 1.43 363
75 75 517 953 424
60 60 414 936 417
#11 36 1.56 1,006 5.31 7.91 1.61 40.9
75 73 517 117.0 520
60 60 414 1350 601
#14 43 225 1,452 T.65 11.39 1.86 472
75 73 517 168.8 75l

Source: Byme et al. (1998).
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TABLE A.2
WELDED WIRE MESH DIMENSIONS
METRIC AND ENGLISH UNITS

Mesh Designation " A‘::::Epfrr:rs:its’:_f:.:t.:!h Weight per Unit Area

Metric English Metric English Metric English

{(mm x mm-mm® x mm?) | (in. x in-in¥100 x in2/100) | (mm¥m) (in.2/ft) (kg/m?) (Ibs/ft%)
102x 102 - MWIxMWO 4xd - W1 AxW 1.4 B8.9 0.042 151 3.1
102x102 - MW 13xMWI13 4xd - W2.0xW2.0 127.0 0.060 2.15 44
102x102 - MW 19xMWI19 4xd - W20xW20 1842 0.087 303 6.2
102x102 - MW 26xMW26 4xd - WA 0xW4.0 2540 0.120 430 5.8
152% 152 - MWOxMWO txb - Wl4xW1.4 59.3 0.028 1.03 2.1
152x152 - MW 13xMWI13 txb - W2.0xW2.0 84.7 0.040 46 30
152x152 - MW 19xMWI19 txb - W2.O0xW2.9 1228 0.058 205 42
152x152 - MW 26xMW26 txb - Wa.0xW4.0 169.4 0.080 283 58

Source: WERI (2001).
MNotes:
(1} The first two numbers indicate the mesh opening size, whereas the second pair of numbers
following the prefixes indicates the wire cross-sectional area.
(2} Prefix M indicates metric units. Prefix W oindicates plain wire. If wires are pre-deformed, the prefix D is
used instead of W.
{3) This value is obtamed by dividing the wire cross-sectional area by the mesh opening size.
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TABLE A.3

REINFORCING BAR DIMENSIONS (ENGLISH AND METRIC)

Bar Designation Nominal Diameter Nominal Area
English | Metric in. mm in.’ mm’
3 10 0.375 9.6 0.11 71
4 13 0500 12.7 020 129
5 16 0.623 [5.9 031 199
) 19 0.750 19.1 0.44 284
7 22 0.875 2232 0.60 387
8 25 L.000 254 0.79 510
] 29 [.128 287 .00 645
10 32 [.270 323 127 Bl9
L1 36 L. 410 358 [.36 1,00
L4 43 1693 43.0 225 1,452
18 57 2257 573 4.00 2,581

Sourcer Byrne et al. (1998).

TABLE A.4: SELF-DRILLING HOLLOW CORE BAR PROPERTIES

(MAI BAR TYPE)

Bar “";‘:::L';:‘r“" C"“’ﬁ?ﬂ“"““' Yield Load Ultimate Load Weight
Description

mm in mm* in.* kN kips kN kips kg/m Ihs/ft
R25N 25 l 303 047 151 34 200 45 2.61 1.75
R3I2N 32 A 432 067 231 52 280 63 3.6l 242
R328 32 A 503 078 280 03 360 21 4.21 282
R38N 38 | ¥4 748 l.16 401 O 498 112 597 4
RSIL 51 2 903 1.4 449 101 498 112 | 7.47 5
RSIN 51 2 1052 | 163 | 632 142 801 180 | 8.06 5.4

Source: httpyfwww dywidag-systems. com
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TABLE A.5: PROPERTIES OF SELF-DRILLING HOLLOW CORE BAR PROPERTIES
(CTS/TITAN BAR TYPE)
Effective Outer Cross-Sectional . . .
Bar Diameter Area Yield Load Ultimate Load Weight
Description

mm in. mm* in.* kN kips kN kips kg/m Ibs/ft
30/ 16 26 .00 3R2 0.59 L 80 40.5 220 49.5 3.01 2.02
32/20 28 [ % 445 0.69 210 47.2 260 58.0 3.42 2.30
30/11 26.2 [ 116 446 0.69 280 63.0 338 76.0 3.50 2.35
40720 36 [.42 o4 .00 430 96.7 510 [14.7 5.35 3.60
40/16 36 [.42 879 .36 528 [18.7 660 [45.4 6.90 4.64
52/26 48.8 [.94 1337 2.08 730 lo0.5 929 209.0 1062 7.14

Source: http:fwww.contech.com
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TABLE A.6
HEADED-STUD DIMENSIONS

MNominal Length Head Diameter Shaft Diameter Head Thickness Head Areal Head Thickness/

= > e
mim im. mm in mm im. im. mm im.

Yyw Al 105 4125 12.7 0.5 6.4 0.25 47 019 4.0 0.75
e x 4l 105 4125 19.1 0.75 9.7 0.38 7.1 0.28 4.0 0.75
Yox als 156 6.125 19.1 0.75 9.7 0.38 7.1 0.28 4.0 0.75
Al 105 4125 254 1 12.7 0.5 79 0.31 4.0 0.62
Yk 5% 135 53125 254 1 12.7 0.5 79 0.31 4.0 0.62
Yaw el 156 6.125 254 1 12.7 0.5 79 0.31 4.0 0.62
hex 67 162 T.875 LB 1.3 159 0.625 79 0.31 4.0 0.50
a3 B9 15.5 LB 1.3 19.1 0.750 9.5 0.38 2.8 0.75
Hox 1046 41875 LB 1.25 19.1 0.75 9.5 0.38 2.8 0.75
x5 132 51875 LB 1.25 19.1 0.75 9.5 0.38 2.8 0.75
RN 157 6. 1875 JlA 1.25 19.1 0.75 9.3 0.38 2.8 0.75
Ty x 46 102 4 349 1.4 222 0.875 9.5 0.38 25 0.75
Tex 5 127 5 349 1.4 222 0.875 9.5 0.38 25 0.75
Tl x 616 152 & 349 1.4 222 0.875 9.5 0.38 25 0.75

Nominal length indicated is before welding.

» ForDyg = 1727, Lg is approximately 1/8" shorter after welding.
» ForDyg = 5/87, Lg is approximately 3/16" shorter after welding.

[ tSH
DS:C

Source: Byme et al. (1998).
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TABLE B.1
VARIABLE PARAMETERS

Parameter Units Values
Face Batter degrees 0, 10
Backslope degrees 0, 10, 20, 30
Effective Friction Angle degrees 27,31, 35, 39
Ultimate Bond Strength KPa 52, 104, 172, 276, 689
psi 8,15,25,40,100
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TABLE B.2
ADDITIONAL PARAMETERS

Fixed Value

Included Studi :
n.c ude Parameter Units used for Design s U L
in p? Values
Chart
Pullout Factor of Safety, FSp - 1.0 0.5-1.0
Nail Horizontal Spacing, Sy m (ft) 1.5(5) 1.2-1.8(4-6)
Included
Nail Vertical Spacing, Sy m (ft) 1.5(3) 1.2-1.8(4-6)

Total Unit Weight, v kN/m? (pef) 18.9 (120) 17.3-20.5(110- 130)

Global Factor of Safety, FSq - 1.35 1.35-2.0

Drillhole Diameter, Dpy mm (in.) 100 (4) 100 - 300 (4-12)
Not Included

Cohesion, ¢ kPa (psf) 5(100) 5-24 (100 -500)

Wall Height, H m (ft) 12 (40) 6.0-24(20-80)

odal Cowds Enax—s 9 L/H polie ol cglics 0l ooy gy LT b Lo jloges a5 Sledlbl b alius oledb] 51
as C3L9C2L‘ ClL =) w‘]@ Jj‘ S AL NN =) w‘),o S 90 D¢ C)Lo‘ b Lb)|.>9_oj)'|
el 0l oolo ULM..) b.7J_i.'::)O( DDH ) C‘)}m)bﬁ)‘ 6:.’[.)5
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Backslope
L P9 #=1(9.Dp.)/(r Sy Sy)

9, = qy/FSp
T\

Face Batter
a=0

3 v C c*=c/yH
H S\,-' = f’! ' q}
N [ ©°=0.02 t5y.¢ = Normalized Maximum Design Force in Nails
\ J’ % FS=135 =T, . JYHS,S,
NP Dyy= 100
T o ™M Eor other FS, c*, and Dy,
\ see Figure B7
1.5 I
i Friction Angle
i (degrees)
S N T N e e R el 31
| -_— = 15
' — - — 39
I 27
E -
aJ ot |
0.5 —_— T T ==
_ (a) ]
0
w L p
x i J
@
o I ]
g 03
5 - J i
L B A - - .
3 | — -1 — ]
c 02 - — = — L - = ]
2 - - — - _ i
% B - _— —_— ] e
a i é" .= .
- - - — 4
S 01 = -
] B 4
E - ]
z - (b) Nail folrces for FS;=1.0 ]
0 . 1 i
0 0.1 0.2 0.3 0.4
. 9.Dpn
Normalized Bond Strength, p = ﬁ
Y Ou Oy

Figure B.1: Batter 0° - Backslope 0°
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Face Batter
a=0

Si\

Backslope
B=10°
L 1= (9.Dpu)/(y Sy SV)
q,=q,/FSp
\L 7. C o c*=c/yH

¢ =0.02
FS=1.35

t max-g = Normalized Maximum Design Force in Nails
= Tmax-s’,y H SH SV

/
\
J

—_
—

Dpy= 100 mm For other FS, ¢*, and Dy,

L/H

Normalized Max. Design Force, thgx.g

see Figure B7

115 T I
- Friction Angle
L (degrees)
L 27
T B N S | B 31
T ~ . — — — 35
CoN~ T~ — - — 139
- ~ | —~ [~
- —_— _— | - -‘- -
» = — _ — = — — 4
0.5 o = =
| (a) ]
0
0.3 ///:’:"
L — - -=" e 7
L I —_— 4
L - - _ — R s i
0.2 R B
i -7 -_ . - i |
L - T . .
L . -1 _
0.1 -
i NOTE: |
L {b} | Mail fc-rceis are for FSz; = 1.0
O 1 1 1
0 0.1 0.2 0.3 0.4
, q.D
Normalized Bond Strength, p = —o—=
7 Su Sy

Figure B.2: Batter 0° - Backslope 10°
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Face Batter Bagkzslgpe
= o}
=10 [ e u=(a.Douy S,y Sy)
N RN o JFS
[ * qU P
R c*=c/yH
H s, |F 7. G0
N [ ¢"=002 tpaxs = Normalized Maximum Design Force in Nails
N ~ J’ " FS=1.35 =T, /YHS.S,
;\{\ — D,,= 100 mm For other FS, ¢*, and D,
N see Figure B7
1.5 T .
r Friction Angle
L (degrees)
L 27
I N N N N e A [P — 31
1 35
L N e — - — 39
AN ~
T - L~ ~o -
S ~ == -
\ - \.,___- I \
- —_— — s - -_-—-__—-— T
0.5 S - e
_ (a) 1
P 0 - i
X
x L i
“E B 7
8 03
5 L
L L i
g) B ..-—-""—_— 7]
C_f) r / — B
] 02 i — - = ]
I - T — — :
= : /.— - _ e —_— - = =1 T
- = - —_— L " - N
© 0.1 P
s [ l :
£ i NOTE: ]
S o (b) Nail forces are for FS; =1.0 |
0 0.1 0.2 0.3 0.4
: q.D
Normalized Bond Strength, i = ——=
Y Sy Sy

Figure B.3: Batter 10° - Backslope 0°
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Backslope

Face Batter B = 100

a=100 [

1= (d.Dpn)/ (v Sy Sy)

£ / d. = qy/FSp
NS c¢*=c/yH

H s, |f I
A / c*=0.02 tgx-g = Normalized Maximum Design Force in Nails
T N ~ J"\ FS=1.35 =T _ JyHS,S,
i‘\ — Dpy= 100 mm For other FS, ¢*, and Dy,
] see Figure B7
1 5 \ I | |
i \ \ \ Friction Angle
L . \ (degrees)
L \ 27

_ \\ N \ —————— 31
1 . ~ 35

~
T I— —. =
E - - \ ,‘\-‘\ —
— » \ . \ .-——-__-_- "'-——.______ .
| ~— — -_'-.__ ]
0.5 S A —

. (a) i

o
w

o

V)
\
\

\
\
\\\\
1\
.
|
|
1

\
1

Normalized Max. Design Nail Force, tygx-s
\\
\

\
\
\
\
\
\ \
\
\

o
—

\\

- NOTE: -
I Nail forces are for FS; = 1.0

[ (b) i
0 0.1 0.2 0.3 0.4

4.Dox
¥ Sy Sy

Normalized Bond Strength, p =

Figure B.4: Batter 10° - Backslope 10°
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Backslope o
Face Batter B =30°
— ,’1.,__7__7
a=0 [ L;\ / n=(9,Dp)/(v Sy Sy)

>/

& I‘,""I / Qa = qU/FSP
L /% c, d ¢c*=c/yH

¢ =0.02 t max-s = Normalized Maximum Design Force in Nails

S Fs=135 =T,0/v H Sy Sy

N Dpy= 100 mm

I
w
F
T T

For other FS, ¢*, and Dy,
see Figure B7

1.5 . T .
- Friction Angle
5 (degrees)
5 \ 39
1

i \ i

L/H

I T ]
05

[ (a) ]
O - -
03 B // _

0.2 //
_—

0.1

NOTE:
Nail forces are for FS; = 1.0

Normalized Max. Design Force, t__

(b)
O | |

0 0.1 0.2 0.3 04
9.0y

Normalized Bond Strength, u = (o«
g, u 7S, S,

Figure B.5: Batter 0° - Backslope 30°
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0.4

Yy.
Backslope @
Face Batter . B =302 \W
< \“\\‘ﬁ\\‘ = (@Dl S, S)
\_ “\w/
d. = qy/FSp
/, c, b c*=c/yH
S L =002 t = Normalized Maximum Design Force in Nails
/ _ max-s ~
T N ™~ . FS=1.35 =T _/yHS,S,
N — Dp,= 100 mm .
T — For other FS, ¢*, and D,
see Figure B7
1 5 T T T
B Friction Angle
B (degrees)
B 39
1
I - -
j i \ |
B — i
0.5
L (a) |
0
2 B |
<
® B i
4_'8 - i
g 03
5 B i
L B i
c B / |
D
8 o2l - |
() 0 2 | / |
> 5 i
@®
= _ / |
§e; B i
o 0.1
= B NOTE: -
£ i Nail forces are for FS; = 1.0 7]
2 - (b) |
0 I | L
0 0.1 0.2 0.3
. aDDH
Normalized Bond Strength, 1 = 3. S
H Vv

Figure B.6: Batter 10° - Backslope 30°
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Corrections of Soil Length

I_LI (corrected) = C,; x C,y x Cyp x % (from charts for Dy, =100 mm, ¢* =0.02, FS; =1.35)

where:

C,_ = Correction for Drillhole Diameter
C,_ = Correction for Soil Cohesion
Cs. = Correction for Global Factor of Safety

see chart (a) below
see formula (b) below
see formula (c) below

Corrections of Normalized Maximum In-Service Nail Force

t (corrected) = Cp x Cyp x t

max-s

(from charts for D =100 mm, ¢ * = 0.02)

max-s

C1g= Correction for Drillnole Diameter
Cop= Correction for Soil Cohesion

see chart (a)
see formula (b)

(a) Correction for Drillhole Diameter

1 T T T T T T T ——I—l— 2
”
”’
- [T
- - —
O 09 L C1F 118 O
c - oy
> e ot
& 08 N ? 16 2
p ad o
RS / "E
5 0.7 /’ . 14 S
® y o
S 06— 7 112 ©
(@] ' 4 C1iL O
/
0.5 1 1 1 | 1 1 I 1 1 1 L 1
100 150 200 250 300

Drillhole Diameter, D, (mm)

(b) Correction for different values of normalized cohesion (c*=c//H)

Co=4.0c"+1.09=085

Cor=-4.0c¢"+1.0920.85

(c) Correction for different global factors of safety

C;3.=052FS+0.30=1.0

Figure B.7: Correction Factors
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Table C.1: Criteria for Assessing Ground Corrosion Potential.

» Strong Corrosion Mild to nul Corrosion ASTM AASHTO
Test Units Potential/Aggressive Potential/Non- Standard Test
8 Aggressive Method
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 T291-91
Stray current — Present — — —

Note: (1) ppm = parts per million.
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Modified from Byme et al. (1998).
Figure C.1: Grouted Epoxy-Coated Nail (Class I Protection).
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Figure C.2: Sheathing-Encapsulation on Grouted Nail (Class I Protection).
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Modified from PTI (1996).

Figure C.3: Criteria for Selection of Corrosion Protection.
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Figure D.1: Subsurface Stratigraphy and Design Cross-Section.
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Figure D.3: Flow Chart for Level of Corrosion Protection.
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Table D.1: Minimum Safety Factors.

Minimum Factor of Safety
Resisting Component Symbol
Static Loads | Seismic Loads
Global Stability (long-term condition) FSg [.3 [.1
Global Stability (1* Excavation Lift) FSg [.2 WA
Bearing Capacit}"“ FSy 3.0 2.3
Sliding Stability FSe 1.5 1.1
Pullout Resistance FSp 2.0 [.5
™ail Bar Tensile Strength FSq [.8 [.35
Facing Flexure FS¢p 1.5 [.1
Facing Punching Shear Failure FSgp [.3 [.1
Headed-5tud Tensile Failure (A307 Bolt) FSur 2.0 1.5

Note: (1) Mot considered in example.
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Sy 508 D=V Joaz 51 (FSpp) (SausS oy liebl cupo by ol iy i SL3 a5l 5 sl )
ZOO; ‘54 ML?:A 4.39i;.:‘ cqa c}L?:.o

s = qu' FSp=100/2 =50 kPa (7.3 psi)

b ol plyp 00,5 o)l by loges jo b aS oy jlid (SauiS (g m Cwglin -Y

1 = (gaDpu)/ (7 Si Sv) = 50 x 0,15/ (18 x 1.5 x 1.5)=0.185

L, w‘).:‘).: AW )lJ'L;.Q ‘;M -Y

¢* =ciH=2.5/(18 x 10)=0.014

ol ) Wl e s a4 B-Y IS 5l (L/H) g e osis jlmin S Job 9=YYC 5 0=B=- sy -f
L/H=-/v\ (Gl 00 (55lwsb D-F S & yg00 a0 Gy
1] Cawd 4 5 Slge g owaid Lal i ol o loges ol -0
Dpx=) - -mm (fin) iz i ,had @
CTe/oY o lonigy (Soiez @
FSa=\/Y0 (Cds0 (S slo)led 51p) tom) co o @
(D-0 JS&) st (55950 L/H lp 55 Slowomas -7
T glygw ylab @

Don=V0-mm sl B-Y s 5D Ci. = 0.83 (read from Figure B-7 for Dpy=150 mm);

Cisg=-IAY (J.u‘j:;u
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Cuy=40xc*+1.09=-40=x0.014+ 1.09=1.03 = 0.85; and
sl oo @
Cy =052 xFS:;+030=052x1.5+030=1.08 = 0.85.
35,5 (o0 pebald Djgo cnl 4 oals pdail 0l lonig e Jsb -V
LH=C xCy x Cyy x LIH=0.83x 1.03 x 1.08 x 0.71 =0.92 x .71 = 0.66

(VYFt) asas o amdl Lmlidl (FtY) +/#m U Jlps Job widy b 5l a8lal o)l dculxe sl A
H=\./#m

L=0.66x10.6=7.0m(23 ft)

Alrltotu oS Job 5o sl T IS Job sl oY Lsee 5l ays, i a5 oS 5,8 -

Lotu=TL=7x7=49.0m (161 ft)
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L/H

Normalized Design Nail Force, t paX-S

1.5 \ '\ .
I \ N Friction Angle
B ‘ \ (degrees)
B ) 27
AN NREN
- ‘\ B N N | E 31
) =3 — - — 39
-~ L/H=0.71 \\ o
) T~ ;‘:';‘-'ﬂi-—
- = -.__\: —_ T - - -::—_'?:
0.5 iy iy
- (a)
0
0.4
0.3 -
/
- -_— - 1~ -
0o Laxs=0195 é‘:” _ - L —
L /‘:— = g _—-: _ —
r o - — — -
- T = -
L - —T
0.1 R { -
- (b) pn=0.185 Nail forces for FSg; = 1.0
0
0 0.1 0.2 03 o
Normalized Bond Strength, u = 9sDon_
gth, n=> S, S,
Figure D.4: Normalized L/H and Tensile Force for a = =0, ¢’ =33°.
1 T T T T T — = 2
- T
- =~ T
. - 1.8
-

— P .
¢y C=083 | e ¥
3 . < 16 =
XS] ,\ <
8 » CiE=1.47 O

[}

g 0.7 ,/ N -
5 o
o // \ 8

0.6 ,/ \_\ s
i CiL
d -_—e—— - = - C,
05 L L L I L | 1
100 150 200 250 300

Drillhole Diameter, D, (mm)

Figure D.5: Drillhole Diameter Correction.
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Ol 5ot oo Jsb 55501 -B

395 (50 035 e OleSy 65X (S Job 5l 2,5 wep3 Ve Loty (0leSe et 658 1 e b )

Lot N.U=1/Ltotu 9 (F-Y Lisw)

S ygan] a5 S e s IS e Jsb DoV USs 5) FEL/LL sos s gla Jsb 5l eslinul L Y

.QQ; <° MLZA

V@V e Jsb Lr gl e Jsb =Li a5

Ly=1.1x49/54=10.0m (32.7 f1),
L,=L;=10.0m (32.7 ft),
Ly=L=0.7x10.0m=7.0 m (23 ft), and
Le=L7=05x10.0m=50m(16.4 ft).

e (iS5 piSTa> -C

tman.so= FARA

s sl Y
it Elygms 3
Cir= 1.47 (from Figure D.5)
S (S
Cor=-4.0xc*+1.09=-4.0x0.014 + 1.09=1.03 = 0.85.
b ol Dol o rin e (53 -
tmaxes = C1F X CoF ¥ tpaxes = 1.47 x 1.03 x (0.195 =0.30

b Sl 2l b e 90 Sl ¥
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Toaxs =7 % H x S x Sy X tmaxs = 18 x 10.6 x 1.57 x 0.30 = 128 kN (28 kips)
93,5 oo dsmilns w355l Ry e LS Cod,ls D
Ry =FSt X Tynaes = 1.8 x 128 = 230 kN (51 kips)

20,5 (50 drmbme &jpanl 4 A oY (2 35 b (o550 ghaite mhaw iE

fy Ty
, _ 128 KNI x 18

A, = - ~ =443 mm” (0.69 in.”)
(.52 [kN/mm"~]

o bl 0V mm? o e ahaiie mlaw b HEYAYOMM s L o0ptS oty 0,5 o 3 A) Jgu 5 F

YW
Do oo 13 eads (gile ol slaloges 5l ennl caws 4 ol b 5l sl aods G
oS Job 5951 -
L=7.0m (23.0 ft)
Ol pe Job oY

Li=L;=L:=10.0m(32.7 f1)
L,=Ls=7.0m(23.0 f)
Lg=L,=5.0m (164 f1)

5 oSy GbasSll sl cialosl Jsb 4 ke ol Tma®  YAKN(YAKIDS) Jsb foe g5y ,iSTos -Y

D9 (o0 B8 i LSy
fS9re V98 plaw ¥
A, =443 mm’ (0.69 in.%)
b 5oY g8 s -0

A;= 510 mm” (0.79 in.%)
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Table D.2: Load Cases.

Load Nail-Length Loads .\-I.'ll'l_ll'tl-}l' Ex:ava.atinn Depth Failure Fgure
Case Pattern of Nails H, in m (ft) Surface
l No nails D 0 First Lift 0.7 (2.3} Through toe D6
2 Uniform DL+L 7 Full: 10 (33} Through toe D.7
3 Non-uniform D 4 Midheight 5.5 (18) Through toe D&
4 Non-uniform DL+L 7 Full: 10 (33) Through toe D9
5 Non-uniform D+ EQ 7 Full: 10 {33) Through toe D.10

sl ly bie S Caglin glayully wi (31 Wiy g5y 5 S by Cuglie slayally (b

g (o0 a3 a0 50 (Bgy e BB (2S0ly) Jemily ad Bl (6l 03] 5 St

dmsla D-Y g J31s FSq (sl SNAIL JI531 05 L 5 S 5l a0 25l fne 9500 85T 5 Lesee Jobo (€
23,5 o
Sl o0 3,lg SNAIL ;o Les cud )b g foe yhad  cgian oYU

=6 -Y

Dyl oo adE D-Y Jgax 0 g oals &l D=V 5 D-7 i ;0 SNAIL la s Ul mls sl ol o A
5 sy clolls 15 SNAIL zas o i | eyl ol gy b Blite il ey s gglans IS oy
&S oo iyl e |y 00 sl mlaw
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PROJECT TITLE @ Sgil Hail Ewample - First Excawation Lift Date: 12-05-2001

File: d&
Ainimum Factor of Safetu = 1.23 1
2.5 m Behind Uall Crest
Al Ball Toe
LEGEMD

H=- 2.7 m GAn Pl COM S1G

Ef-md deg  kFa  WPa
e & 1 168 3 2.5 0.4

—_—
SCALE = A m

Figure [).6: Load Case 1: First Excavation Lift - No Nails — No Live Loads,

FRLJECT TITLE @ Soil nail exanmple - Unifors Hail Length bate: 12 85 £0a1

Flle: 42

Rinieun Faclor of Safety = 1.51

9.6 m Brhird Uall Crest
AL wall Tos

LEGEMD
FE= SO .8 kM I
Fy= 420.0 HPa
Zh= 1.5 m
Sw= 1.5 m
ML A 216G
F dew kPa kPa
8 I3 G.8.180.4
8 39 0.9 150.0

= o Sudl Boumd (1) [
SCALE = 3 m m&lmhl‘rpﬂ [

Figure .7: Load Case 2: Uniform Length Pattern and Static Loads.
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FEMECT TITLE : Snil Design Exanple — Half-way Excavation

Date: 12-05-2001

File: 43
Rirnimem Factor of Safety - 3.09
B.7 m Bochind Hall Crest
At Wall Toe
LEGERD
PE= GOB.0 kH
F¥= 423.0 HPa
Sh= 1.5 n
H* 5.5 m Ze= 1.9 8
GAR ML COM S1E——
k=3 dey kFa kPa
1 1E.8 I3 o6 8.0
B: 3 & @@ 9 04 6.0
SRR Spil Bound . (1)
SCALE = 3 m

Figure ILB: Load Case 3: Excavation Depth of H = 5.5 m.

FROJECT TITLE : 30l Mall Decign Exasple - Yariable Mall LenBate ' 12-05-2001

Hininaa Factor of Safcty =

7.9 m Behind Uall Crest
at Mall Tos

File! 41
1.50
LEGEND :
PE=- 152.0 kM
F¥= 420.0 HPa
Shr 1.5 m
Sur 1.5 m
G PRI oM 5i6
Bl deg RFPa KPa
1 8.6 33 0.0 18e.@
2 a3 P8 1508
i
T Bai) Bownd. (1) L
mﬂrel&.r |
]

Figure I.%: Load Case 4: Non-Uniform Length Pattern and Static Loads.

PRLJECT TITLE :© Hoil Mail Ewanple — Seismic Load Date : 12-05-0001
File: d4
Hininus Factor of Safety - 1.1%
9.E m Behind Wall Crast
Al Mall Too LEGEND: i
Crit.nc= .74
Hom . EH= @.17g
Uet PEH= & Mg
P5= 500.0 KM |:
= 4Z0.0 MFa |;
H= 10.80 n Th= 1.5 n
Su= 1.5 A
GAR PHI ©OH 316G
kHond deg  kFa  kPa
L 18.8 33 8.4 190.9
0o: 3 2 20,8 3 0.0 1%0.0
- Sodl Bound. (1)
SCALE = I m

Figure ID.10: Load Case 5: Non-Uniform Length Pattern and Seismic Loads,
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Table D.3: Summary of Results.

Case Description Calculated FS¢ _-ﬂr::;}r::lr:ll:a“;?&;
l Nonails [.23 [.2
2 Uniform Pattern — Static [.51 [.3
3 Half Excavation — Static 309 [.35
< Non-uniform Pattern — Static [.50 [.5
5 Non-uniform Pattern — Seismic [.13
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(F-) 9 lse) LSS e Jsbo @

L=7.0m(23.0 ft)
Ltotaru= 5304 m(1654 Fl}

O-F 5)l90) Loyt e Jsbo @

Li=Li=L=100m(32.7 fi)
Li=Ls=7.0m(23.0 ft)
Le=L,=50m(l6.4fi)
LT[]T.—‘;L NU= 554 m f]....3 Fl}

B sl asl L o) Wil glaie [0 SOl as 0 Vosgas LSS il g ol oSl sl IS sle sk
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Table D.4: Maximum Design Nail Forces.

Nail Foree in kN (kip)
MNail # Symbol Case 2: Case 4:

Uniform Pattern |Non-Uniform Pattern
{Static)

T, 0.4 (0.1} 87.1(19.5)
2 209 (4.7) 100.5 (22.6)
T; 488 (10.7) 115.9 (26.1)
- 76.7(17.2) 71,7 (16.1)
Ts 104.6 (23 5) 102.9 (23.1)
171.8 (38.6) 63.4(14.3)
T; 2405 (54.1) 135.0 (30.3)

Maxitmum Nail Fores Toax

(FS; = 1.5)

w | | b o=
]

i
= |

= IRV
=
|

240.5 (54.1) 135.0 (30.3)

Average Nail Force Tave 94.8 (21.3) 96.6 (21.7)

[FS; = 1.5)

Average Nail Force Tae?

£47017 72 gD 14T
(FSom 1) 542(12.2) 652 (14.7)

Averape (FSg= 1) +

0.57 .67

Averags (FS; = 1.5) Tave
Maximum Design Nail T =T . x Tave—s 138 (31 01 (21
Fotce (FS; = 1) s T Tave (31) (21)

Note: (1) Computed by SNAIL.

(B ol #-F i) sle;)) wlaxd :B

DS i ] 05, slal )
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Traws = 138 kN (31 kip) (uniform pattern)
Trax-s =91 kN (21 kip) (non uniform pattern)
fy =550 Mpa (75 ksi),

9l (o0 dmlne AUl AT 03Y (e 355 oo haile gl

_ I38[kN]x1.8
0.52 [kN/mm”* ]

=478 mm~ (0.74 in.”) for Case 2

_ 91[kN]x 1.8
0.52 [kN/mm" ]

=315mm” (0.48in.”) for Case 4

alowy 4 odd 03) (ye Hlaie 4 ¥ 350 sl SNAIL SJUT51 suls bl oY (S 95 oo zhaw
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s 7,0 -D
98 (50 03) GeedS w5l To sl e o (525 (595 —)

=T .. [06+02(S, -D]=[0.6+02(1.5-1)]T . . =07T_ .

0.7 x 138 =97 kN (21 kip) for Case 2
0.7 x91 =64 kN (14 kip) for Case 4

Ti:l
Ti:l
T:J

.ml{@uéﬁdawéd@lésvaf

e g O (gl aie I Lo le Sl Jold e Lo pled 05l S lpdll> b alie sl ol
O 6 aSie CenSh Ll gy LIS A 0395 cnl 5o (531 90 led [l SO el s 4l (o
o eBES CaSl al sled Gl odle 43005 b)) (selly 5 S8se sled gl e jsb a4 b (Faes

255 o0 o8 e Ldgies

(Ol o sl sl To="-/Yx\YA=aYkn ) Haso sled ;o ouds dwlore (69,0 (2 555y 5l colaul b

Bl oo Cews @ Plas bl Slojlius D=V Jgaz 40 00l G s ool sl ,iS JBlos slacal o

Static Loads Seismic Loads
Facing Capacity Symbol FS | Capacity (kN) — Capaf:ir}'
) (kN)
Flexure R 1.5 | 46 [.1 107
Punching Shear Rep 1.3 [ 46 [.1 107
Headed Stud Tensile R 2.0 [ 94 [.3 [ 46

B9 09790 sled sl bl vl avslie s92ge sles Slnd b blis o (65900 sl Sl b ()

Dl (o0 Sl 33,5 o0 5l gl oo Al (gams S 0 a5 les b

Lo Cols =Y



www.icivilir pilrac (uwaigs 9 (leauiiils gols ULy

i

Sl @i Gl Slaisl 4 D=0 Jguz 0 5 oad ooy las D-VY S jo Led e sleST509

d =100 mm
q—SH =1.5 m—-| (Parmaneant
150 mm Facing)
-y, e arm—
2 2
I--m-ﬁjmm m -“-tﬁmm m o
= L "l
Waler Bar Bearing Plate
— Mo, 13) — (225 x 225 x 25 mm)
|~ x N
A N
o N
] ' =
S,‘. =1.5m lm-2!:|mm2]n | |
I‘ISD mm
L
a, wiHimeitin \ Welded Wire Mash
{152x152 -
o Y MW19xMW18 ea. way)
s ¥ A
Steal Bar Mash _.{ > A
——
(Ne. 13, 300 mm
Section AA 0.C., sa. way) d=h2 =50 mm

Flexural Capacities are the same in the
WVertlcal and Horizontal directions

Figure D.11: Reinforcement in Facing.
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Table D.5: Facing Main Features.

Permanent Facing

Element Description Temporary Facing
Thickness (k) 100 mm (4 in.) 200 mm (8 in.)
General Facing Type Shotcrete CIP Concrete
Comp. Strength, £, 21 MPa (3,000 psi) 28 MPa (4,000 psi)
Type WWM Steel Bars Mesh
Reinforcement Grade 420 (Grade 60) 420 (Grade 60

Denomination

152 = 152 MW 19 = MW 19
(6= 6-W20:xW20)

No. 13 @ 300 mm (each way)
[MNo.4 @ 12 in. (each way)]

Other Reinf. Type Waler Bars 2 = 13 mm (2 = #8) -
Type 4 Headed-Studs '/ x 4'/; -
Steel 250 MPa (Grade 4207 -

Bearing Plate -
Length; Ly =225 mm (9 in.) —

Thickness: tp=25 mm ] .} -
- Nommal Length: L, =105 mm (4 in.}
- Head Diameter: Dy=254 mm (I in.)

s=12.7mmi /s in.)

Dimensions

Dimensions - Shaft Diameter:
- Head Thickness: ty=7.9 mm (0.3 in.)
- Spacing: Sgy =130 mm (6 in.)

Headed Studs

(D-¥ wul=#IF 25) Rer (ies Canglio (o) -F

ng‘l.w W}a_a Cond Lg)'LnbsAm -a

39 oo i pai 43S0l (g3l Cogdl Cud

il sl B 35 50 b dulio 15 (e B 0 5l aloli d oI5 (g5le Cusl (o050 ghaie mhaw A oS
“Bge sles (sl axbl o d=N/2 5 (Adl 05T (eardly ) o S5l s ils 0 Sl (55 L)

g (55l Coghl Coums yiSTas g JSlo> d=Y++/¥=V-emm (fin) cob sl slp gd=N e /V=0-mm

{ [psi] Y
P min -DU] = 024 ——=0.24 ﬂ = 0.18%

F, Tksi] 75

f [psi] [ ) / \
o241 = 0,05 0 [ 90|05 2000( 90 1, o,
F [ksi] | 90 + F[ksi] | 75 190+ 75 | .
J N J A . ‘ C)-‘*’ C)—{‘ 4-3 R
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Gl il Jsb 5 axly 2 0 mhaw (65le Cusil G D=AMEEITFY) (Ll iy sl ool 8 Lice b
b

as=p d x width
aspun = 0.0018 » 50 [mm] x 1.0 [m] =90 mm’/m (0.043 in.z.-"fl}
aspax = 0.0110 % 50 [mm] x 1.0 [m] = 550 mm-/m (0.26 in.z.-"ﬂ}

3k cugis Sl b

A Jgaz b ExF=WYAWY/A oSl amly )5 aSis) oS solinal 1OV OY=MW4 aSs S5 5|

aan =123 mm /m=1.23 x 10™ m"/m (0.058 in.”/ft)

Sl ol (S ol s 90 Sz 90 j0 a0 13 (HF)VY o,les 88l 5 (g0ges Jlg 5,5 Juo 90 1 e 4o
(A-Y Jgax 3leolaiw L) L

Ag=2x129=258 mm" (0.4 in. ).

L) 9,5 plmil i ol 0 WWIML Laiie i o il b wlgs oo oo ool 6V cisline (g3les s

QELUE SN

As
dep =8gy T =
M
. 2 . .
a, = % =295 mm?*/m =2.95 x 107 m*/m (0.14 in.*/f1),

4 WS e el a5 A3l oo YOANYY=Y/) Lasg aladi g gore SLLI 65l Cusli o o spdle 4

28l g (gogas (5,l05Lad 5 oog aline 88l g sOges Ty 90 @y cal oold 1B gile Cuedr Sl o @
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g = 123 mm~/m> 90 mm~/m

4y = 295 mm”/m > 90 mm°/m
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dem = 123 mm~/m=< 550 mm~/'m

4., = 295 mm®/m < 550 mm*/m
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Rer= —= x(a_ +a

) [mm* | i ! x h[m]xf, [MPa]=

—b
3{]5 5 gm S

Ref = —— % (295+123)x 0.10 x420 =132 kN (29 kip)
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(295+123)

ST 2NN 100 =0.84%
1,000 x 50

Por =

A.MS MLBAFSFF=\/Y" usyo LgLo.J (5‘)‘. RFF ‘L5M~o.> w.sj.lo b 9 FSFFXTO ‘oo; Mbu \) LS’LQ’ GL"")l% h

Design load = 1.35 = 97 = 131 kN (29 kips) (Case 2)
Design load = 1.35 = 64 =86 kN (19 kips) (Case 4)
Wigd (wyp Rl oo osile (B o )lge
o 3320 b 4y (65L0 0l oo Rp 3l jieS dian 7,0 sla )b aS!l Lo &
b gl @
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024 VPP oy AH000 510,

f [ksi] 75

¥

Pmin [D”’] =

F;[rm]! 90 ‘: Ummnn( 90
f,[ksi] | 90+ [ksi] ) 75 wm?s

P o [%0] = 0.05 =1.46"%

as = p d x width
agyn = 0.0021 = 100 [mm] x 1.0 [m] =210 mm’/m (0.043 in.z.-"ﬂ}
dgpax = 0.0146 x 100 [mm] x 1.0 [m] = 14460 mm-/m (0.26 in.z.-"ﬂ}

3l st Sl b

aly 55 HO) ofy 2 5550 4y S50 Yo MM 10 V8 o5lads Suye 0,5 e 51 U5 5 (o5l sl 0l S

abadi o Job axly o 0 IS g5le coeis @Lw.os)‘so.;)lfa\.gé)lb O;LJMG:.QA*S oolaz! (GWK.'J
bw‘ﬁ‘f@od‘#‘shbob)


http://icivil.ir/omran

Yra
Aom = Ae, = 199 3 1.000/300 = 663 mm~/m (0.31 in.% ft)
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663

, =—————x 100 =0.66%
1,000 = 100

[]hm = phn :p'-'m = P

Cr s Llsel
A sl €f=) (0-) Jga 5D 5l el sl sl
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ReF = "_f]iS € 1326 % 0.2 x420=419 kN (93 kips)
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Design load = 1.5 x 97 = 146 kN (32 kips) (Case 2)
Design load = 1.5 x 64 =96 kN (21 kips) (Case 4)
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V, =330 ,[f.[MPa] = D', [m]h[m]
233,50 e ) dolae 4 VE ) JSCie bl 6l
V, =330 x+/21 x7x (0.225 + 0.10) x0.10 = 154 kN (34 kip)
L el s )5 ASte Ly S bl 4 Canglie
R, =C,V,,
9% 50 (28 9>y bl S alddlons b aCp a5
R,, = 154 kN (34 kip).
ol dslne LB 55 5-F Jgaz 51 e ol Rep=)OF KN (FFKIPS) ol ol
sl Sy 1 o 0 dslims polie b 45 Rep=) 0+ KN(YOKIPS) 015 o )l #-¥ Jgoer
S dlne ol sled sl 1,Rep b
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he=Llg+tp-tgg=105+19.1 -7.9=116 mm (4.6 in.), and Sy = 150 mm (6 in.)
D'e=min (150 + 116 o0or2 x 116)=232 mm (9.1 in.)

V, =330 x+/28 x1x 0.23x0.116 = 146 kN (32 kip)
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R,, = 146 kN
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Res =4 Ay fy =4 x (7 12.7°/4) x 0.420 = 213 kN (47 kips).
od Sl o S Hlade (g S Ll ool &l D-F Joom o oy p g Les sl b b Ao
Gl S S lojlgs ST egi diges ol il oo pleisle (eauily (x0) <o SOl gl e Cud b
o Jeoe Hles cut B 3l Jb s xS S8y ax STy, o0 L5 a4 Ve emm(Fin) SL adsl sl 8
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Table D.6: Summary and Verification of Facing Capacities.

Design Loads (T, x F$)'"
Failure Mode Symbol | Facing Static Selsmic Facing Remarks
Loads Loads Capacity (kN)
Temp. 131 132 OK
Flexure Rer i
Perm. 146 107 419 OK
Temp. 131 ' 154 OK
Punching Shear Rep P
Perm. 146 146 OK
Headed Stud Tensile Rgsg Perm. 194 146 213 0K

Note: (1) Comesponds to Case 2.
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Nails
Element Deseription Values
1l Pattern Square -
- ) Vertical, Sy 1.5 m (5 {t)
il Spacing
Honzontal, Sy 1.5 m(5 ft)

Not uniform

20° (first nail), 15° (remaining)

Mail Inclination
MNail Mumber

Per section

Uniform Pattern

L=7.0m(23 ft)

MNail Length . L= 1327 1) Lo Le=T.0m (23.0 ft) =[-=5§
E Non-Uniform Pattern L, ]___,. ]__._ 10,0 m (32,7 ft), Ls, Ls=7.0m (23.0 ft), Ly=L-= 5.0
m(l6.4 ft)
o Type Threaded No. 25 mm (No. 8)
Nail Bar
Material Steel Grade 520 (75 ksi)
Drillhole Minimum Diameter 1 50 mm (6 in.)

Comosion Protection

Grout-protected nail bar

Class 11 Protection

Minimum Cover

S0mm (2 in.)

PVC Centralizers

as specified

Grout

Neat Cement

minimum .= 21 MPa (3,000 psi) (at 28 days)

Ultimate Bond

Minimum specified

Q=mx0.15 = 100=47 kN/m (3.3 kips/ft)

Reinforcement

Strength
Element Description Temporary Facing Permanent Facing
Thickness (h) 100 mm (4 in.) 200 mm (8 in.)
General Facing Type Shoterete CIP Concrete
Comp. Strength, ', 21 MPa (3,000 ps1) 28 MPa (4,000 ps1)
Type WWM Steel Bar Mesh
Grade 420 MPa (Grade 60) 420 MPa (Grade 60)

Denomination

152 = 152 MW 19 = MW 19
(6*6-W29= W29

No. 13 @ 300 each way

(No.4 @ 12 in. ea. way)

. t'_Jth:r i Type Waler Bars 2 = |3 mm (2 = #8) -
Reinforcement
Type 4 Headed-Studs '/; = 4"/,
Steel 250 MPa (Grade 420) -

Bearing Plate

Dimensions

-

Length; Lgp=225 mm (9 in.)

Thickness: tp=25mm (] in.)

Headed Studs

- Nominal Length: L, =105 mm (4 in.)

- Head Diameter: Dy =254 mm (] in.)

Dimensions

- Shaft Diameter: Ds= 127 mm ('/z in.)

- Head Thickness: ty= 7.9 mm (0.3 in.)

- Spacing: Sys =150 mm (6 in.)
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Verification Test Loading Schedule.

Load Hold Time
0.05 DTL max.(AL) | minute
0,25 DTL [ 0 minutes
0,530 DTL [ 0 minutes
0.75 DTL [0 minutes
[.00DTL [ 0 minutes
[.25DTL [0 minutes
[.50DTL (Creep Test) 60 minutes
[.75DTL [ 0 minutes
2.00 DTL [ 0 minutes
230 DTL [0 minutes max.
J0DTL or Failure [0 minutes max.
005 DTL max. (AL) | minute (record permanent set)
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Proof Test Loading Schedule.

Load Hold Time
0053 DTL max. (AL) Until Movement Stabilizes
0.25 DTL Until Movement Stabilizes
0.50 DTL Until Movement Stabilizes
0.75 DTL Until Movement Stabilizes
[.ODDTL Until Movement Stabilizes
[.25DTL Until Movement Stabilizes
[.50DTL (Max. Test Load) Creep Test (see below)
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Table 1: Shoterete Gradation Limits for Combined Aggregates.

Percent by Mass Passing Designated Sieve (AASHTO T 27)
Sieve Size Grading Designation
A B C
19 mm L00 100 [00
12.5 mm [00 100 R20-G5
0.5 mm L00 GO- 100 T0-90
4.75 mm O3-100 T0-85 50-70
2.4 mm S0-100 S0-7T0 315-55
.2 mm 50-83 35-55 20-40
600 wm 25-60 20-35 [0-30
300 um 10-30 8-20 5-17
L 50 um 2-10 2-10 2-10
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Table 2: Composition of Shotcrete.

" " Mini & "
Type of Minimum Cement .\[ﬂx.ll'l'l:ll'l'l Air Content s ['“"'“u"'f 23_ Day
Shoteret Conkeni Wt Range Compn Em;'e
. p.n crete Ratio Strength™
"OCESS
(kg/m™) | (Ibiey’) (%) (MPa) (psi)
Wet 315 550 0.s5s NA 28 150
Diry 35 550 0.50 NA 28 150
Wet (w/EA) 325 550 045 5 min 28 150
Dy (w/EA) 35 550 0.4s 5 min. 28 150

Notes: (1) W/C =Water/Cement (by weight).
(2} EA =Entrained Air.
(3) According to AASHTO T 23,
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Table 3: Sampling and Testing of Shotcrete.

Material or Property or BT Test Methods or K CaioneT Sampling
Product Characteristic Bor Specifications 4 - Point
A fent _ AASHTOT 152 or | load™ Truck, mixer
Alr conten AASHTO T 196 period or agitator ™
Shotcrete Unit mass = AASHTO T 121 | perload™ T"'-‘Elf-”‘-'--"-'gllf
or agitator
) | set per25 m? )
Compressiv B Producti
ompressive I AASHTOT23 | (33 cy), but not less T
strength I _iny | test panels
than | =et each day

Notes: (1)

-

1
—

When continuous mixing is used sample every 7.5 m” (10 ey).
Sample according to AASHTO T 141.
Prepare production test panels according to Subsection 2.05. Obtain two 75-mm (3-in.) diameter
core specimens from each panel according to AASHTO T 24, A single compressive strength test
mesult is the average result from two 75-mm (3-in.) diameter core specimens from the same test panel
ested according to AASHTO T 23 at 28 days.
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SUATL

Thiz ix Progras SHATL

il U4, EITHER EXPHESSED OR
IAFLIED. WITH ¥ UR FERFURRARCE: OR ITS FITHESS
FOE ANY FAETICULAR FURFOSE

Fress {EMTER: to Contines e | PTEE&‘.‘& {EN TER} lU CU”[]”UE.

1. English to English
2. From English to Metric
3. From Metric to Metric

#=ad EHINEERING  UMIT was

If user desires to create a new file, enter N,
screen prompts:

ingut for this “Type in the name of your Data File now"
for new filename,

Use up to a maximum of 32 characters

EHTER THE HAHE OF THE FILE HOW - | | PTE‘SS {E\' TER} to CUnlinUe,

© Hit EMTER - y

Iy 095 Sledbl Lls ol oS 058 o ol amian jo N audS Lid b ojle was LB SO valesy 5)l5 S

Ao lid |y enter alsl gl oS solaiul 5SS YY iSTas U BB was el sl g oS ol

35Ty il o e b s 0o JLizd |, @NtEr LY aaSs wiS 5 1 sz g0 bl Sy smlssi 15 S

DS 0lg 1y BB pb sl 55 s 098 (o0 9295 9SS b

SIS YY :aSlas

s s ST e (C:\\designdatainput Jie) ail s el Jols ab ol oo o)y b
Aaps lus | enter adll gl

ko jLzé |, Back space ;0,8 SU sl
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Do you want to change the title? (Y/N)
If Y, the next message asks:
Type in your new title
Use up to a maximum of 32 characters
Press <ENTER> to continue,
Press <Backspace> to erase

If N, ready to input data.

30 a5 Wil o)lg caliBie (699,9 sl Ly gwlem 0 sl alil 5l plaS e (gl sl e ools (ol 6l
alg o Page Up 4 Page down sl olS (5,50 a0 b G 5l JEl sl .ol oo (gan dids «p)
ol 5L Toae wiilss oo 45 Wisdh oo 0,53 b L Lus o wisd sl by ools a5 LSy wed oolizul

5l o le (99,5 sle L

Project Description (Optional)
Wall Geometry
Reinforcement Parameters
Soil Parameters

Search Limit

ile el hs Cewl S (6 s sl 00ls ol Ll sle 4l S A A

Surcharge

Earthquake Acceleration

Water Surface

Search Limits Specification

Slope Below Wall

Varying Reinforcement Parameters
External Horizontal Force
Specified Failure Plane
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Vertical Wall Height

Wall Batter from the vertical axis

First Slope Angle

First Slope Distance from Wall Crest

Second Slope Angle

Second Slope Distance from First Slope

Third Slope Angle

Third Slope Distance from Second Slope

Fourth through Seventh Slope Angle, and Slope Lengths

O oo =1 O bh B ) b =
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Panel 1
1.-WALL GEOMETRY:
H= ft------—-Vertical Wall Height.
B = Degree--- Wall Batter from Vertical Line.
I1= Degree| S1= ft--- 1st Slope Angle and Distance.
2= Degree| S2= ft---2nd Slope Angle and Distance.
3= Degree| S3= ft---3rd Slope Angle and Distance.
4= Degree| S4= ft---4th Slope Angle and Distance.
I5= Degree| S5= ft---5th Slope Angle and Distance.
6= Degree| S6= ft---6th Slope Angle and Distance.
7= Degree-----7th Slope Angle.

2.-REINFORCEMENT INPUTS:(Use OPTION 5 if LE, AL, SV, D, or BSF* varies.)

N= e Number of Reinforcement Levels.
LE= ft-------Reinforcement Length.
Al= Degree---Reinforcement Inclination.
SV1= ft------- Vertical Distance to first Level.
SV= ft------- Vertical Spacing from second to N level.
SH= ft-------Horizontal Spacing
PS= Kips----- Punching Shear at reinforcement head.
FY= Ksi------ Yield Stress of Reinforcement.
D= in------- Diameter of Reinforcement.
DD= mn------- Diameter of Grouted Hole.

Use Arrow and Return Keys to move around, Backspace and Delete Keys to edit
When data entry finished, press Page Up, or Down, or Esc Key to Run program.

e ,Lué |, Page Up L Page down oS aslsl sl »
D28 o mlei ) o Jsb 5 Llgy gols 18 cadle FL1 s

OV Bb) s sba ol

2 G 2515 5 g Wgd ol plajes jsb 4y by e plod sl (V BL (lee 10) wilys (o0 e sl el
28 sk &2 0l o s 5 it Ll 03,55 Cuadle ol b (sle sl isd halng Logiies 0
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Sign Convention Sign Convention
(Wall) (Slope)

Note: a. 4,6, 8 (Slope Distances are measured
along the slope and not horizontally).

b. 3,5,7,9 represent the slope angles.

Figure F.1: Wall Geometry Definition.
Hlas,le col slo il )l

Number of nail (reinforcement) levels (Maximum of 30)
Nail (Reinforcement) length (*)

Reinforcement inclination (*)

Nail vertical distance to first level (can be negative)
Vertical spacing (*)

Horizontal spacing

Punching shear capacity

Nail bar yield strength

Diameter of nail bar (*)

Diameter of drillhole

Bond strength*

23 o ol |y el s glo pal )y a3 B2 IS0



www.icivilir plrac (uw2ige 9 (leauiils gols Uiy

AR

— A /— Wall Crest

A
6 4
® -é) AX Level 1

5

O) ' Level 2 (1)

\— Toe

A
Section A-A Elevation

Figure F.2: Reinforcement Parameters.
(¥ Jib) S sl il

109D i py sl e b sy (o0 S g Y Cudn Sl

Unit Weight, GAM.
Friction Angle, PHL
Cohesion, COH.
Bond Stress, SIG.

= D o =

Locasly o sl b oY ol 5 0gd oo G pod lgeo cly aads g0 Slaizs s L oS sl Y 0 500

S5l oo by 4 YL
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Panel 2

3-50IL PARAMETERS:
NS = MNumber of soil types.( |=Top layer to 7=Botom layer-
Layers must not intersect within himits of search).
Weight| Angle|Cohes. | Bond®| X5 | Y5 | XE | YE
LAYER Pcofl|Deg. | PsU| Psi| (fi) | (1) | (It | (f1)
l

4 -SEARCH LIMIT:

L&5= fi-Begin Search Il LS=0, Search starts at wall crest.
LN= ft-End Search{ Horzontal Distance From Wall Toe).

b+ End of Data Inputs required o run SNATL Sttt 4
S-8URCHARGE: Maximum of 2 different surcharnzes are entered.
First | Second

XKL= | ft——DBegin Surcharge: Dist. from Toe.
XR= | fi--—-End Surcharge: Dist. from Toe.
PL= | ps Fl-Loading At Begin Surcharge.
PR= | pslifi-Loading At End Surcharge.

b Lse "UP'orf DOWN'arrows to scroll. Hit'CF or 'g' to guit. 4444+

Seo ,Lué |, Page Up L Page down oS aslsl sl »

Hlas,be 9250 5l o wly oo el a5 1) ol Jlse

oXgd ()55 S LHleSh Hob 4y b 5 eSSy Lyl o

(¥ Bb) sl
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Loading Intensity

Begin 3
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Search Limit
1 2 3 4 5 [ 7 8 9 10 Specified
Node (L) Search Limit
11
LN
Upper 10
Wedge
Search Line Failure Plane at Node 7
Limit \\‘ 7
Lower 6 (&)
Wedge 5 Search Grid
(Shown for L=7)
4
Option #2 FSEARCH =2
3 For this specified failure plane:
2 =6, JJ=4, LA=T7, LB=".
1

X

Figure F.3: Search Grid Definition.

Loading Intensity

Smd End 4
~
] -l
Distance from toe 3
Begin Surch
( eg|:1 urcharge) _ m“
2
Distance from toe 4
(End Surcharge) 3 -I
B —— e
-1 |=-= 1
D —_—
2
Example of

Surcharge on
both sides of wall

Figure F.4: Surcharge Definition.
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Panel 3

6.-EARTHQUAKE ACCELERATION:

PKH= %KH/100--Vertical Earthquake Coefficient.

X-Coor=—==>XWIl= ft XW2= f{t XW3= fi
Y-Coor=—=>YWIl= ft YW2= f{t YW3= fi

KH= AJG---—- Horizontal Earthquake Coefficient.

T.-WATER:
FLAGW= === (0= not Used. 1= Piezometric. 2= Phreatic
Ist Point 2nd Point 3rd Point

fdkdck ks kbt bkt OPTION #] Frdsddkskdidd b dhdedrdhdhdtds

FLAGT= === 0= Ultimate Bond, Yield, &Punching Shear values.
1= Factored Bond, Yield, &Punching Shear values.
2= Tie-back Wall only (with Soldier pile wall).
P oo odeapofoageog DPT‘IDN #2 P e ool e opeiofeap
FSEARCH= === 0= The Search is Routinely from Nodes 1 to 10.
1= The Search is conducted from nodes LA to LB.
2= For Specified Failure Plane. Input I And JJ.
LA= Beginning at node 'LA". II= Horizontal
LB= Ending at node 'LB". 1= Vertical
Fededeh ek ke i e sl sl e ol e OPT'ION #3 fedededhgek ok ok ke e el sl e sk sl e e sl e e
FLAG= === 0=Thereisno TOE; 1= Thereis TOE. Enter DATA:
Ist Slope Angle|l st Slope Length| 2nd Slope Angle|2nd Slope Length
[8=  Degree| S8= Feet| 9=  Degree| S9= Feet
SD= Ft, Vertical Depth of search.] NTS=  No. of Searches.

Sues ,Lué |, Page Up L Page down oS aslsl sl »

il oo 5l Jelod 95 (elaST (B she 6 Aliis (sl 02K eeal Wb ) el () Ll i

e oo )8 A ly s Ldog gleil Gl g o5l sl

Option 1: Used this option to define the maximum reinforcement strength. The option is

recognized through the field FLAGT.

FLAGT = 0. Values of bond strength, reinforcement yield strength, and punching shear
capacity are entered with ultimate values. Program uses these strength parameters
divided by the indicated factor of safety.

FLAGT = 1. Values of bond strength, reinforcement yield strength, and punching shear
capacity are entered as factored values. SNAIL uses these values to calculate the factor
of safety.

FLAGT = 2. Use only for tieback walls (with soldier piles). No vertical component of
the reinforcement is transmitted to the failure wedge.
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Option 2: Search is specified within limits provided by points LS to LN (x-coordinate of left and
right boundaries).
FSEARCH = 0. Search is performed for all nodes, from 1 to 10.
FSEARCH = 1. Search is performed between specified nodes LA and LB.
FSEARCH = 2. Factor of Safety of a specified failure surface is computed. Enter points
ITand JJ. Results are limited to selected range.
Option 3: Toe geometry is specified (see Figure F.5)
FLAG=0. No toe is considered
FLAG=1. Toe is considered and geometry must be input:
(1) First slope angle (positive counter clockwise)
(2) Length of first slope
(3) Slope angle below toe (positive counter clockwise)
(4) Length of slope extension
(5) Maximum depth of search below toe
(6) Number of searches (maximum of five) below toe

Wall

@ Wall Toe (0,0)

A

Depths Searched
(Five Maximum)

®

assumm:lz

Figure F.5. Slope Geometry below Wall Toe.
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Option 4: An external horizontal force, PD, which acts on the wall is specified. Force is positive
when pointing toward the wall and negative when pointing away from the wall.
Moments due to force are not considered. Force is transmitted to lower wedge.

Option 5: FLAGN = 0. Unused variable.
FLAGN = 1. Data for varying nail parameters is entered (Panel 5).
OPTION 5 allows modifying the nail parameters listed below (Nos. 13-20) at each nail
level.

13. Total nail length

14. Nail angle of inclination
15. Nail vertical spacing
16. Nail bar diameter

17. Bond Strength
18. Nail horizontal spacing
19. Drillhole diameter

20. Nail bar yield strength

3 el Mgy ©,03 5 Fe 050e (5 Alols Wisd Mol BBl o Logiies wiily 0 B 5 F slo a4y S
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Panel 4

EEE R L R E R E R R (}PTI(}N #4 EEEE R E R LR R R R E R R EE R L L

PD= Kips/ft-Width. External force on Wall. --=(+)|(-)=--

AN=  Degrees from horizontal. Positive = Counterclockwise.

EEE RS E R LR L E L E L E R EE R L (}PTI(}N #5 3k ok ok skk ok ook ok ok ko sk ook ok ok ook ok shak ok sk ak ok ok Rk

FLAGN= === (= 0PTION #5 is not Used; 1= Used. Enter DATA:
Reinf. Reinf. Vert. Bar Bond

Length  Inclination Spacing  Diameter  Stress
(ft) (Degree) (ft) (inch) Factor®

LE(O)=  AL(Ol)= SV(0l)= D(01)E=  SIG(01)=

LE(02)=  AL(02= SV(02)= D(02=  SIG(02)=

LE(03)=  AL(03)= SV(03)= D(03=  SIG(03)=

LE(0d)=  AL(04)= SV(04)= D(04)=  SIG(04)=

LE(05)=  AL(05=  SV(05)= D(05)=  SIG(05)=

LE(06)=  AL(06)= SV(06)= D(06)=  SIG(06)=

LE(07)=  AL(07F= SV(07)= D(07F SIG(07)=

LE(OB)=  AL(08)= SV(08)= D(08)= SIG(08)=

LE(09)=  AL(09= SV(09)= D(09=  SIG(09)=

LE(10)=  AL(10F= SV(10)= D(10F SIG(10)=

*NOTES: The Bond Stress Factor (BSF) is a mutiplier of Bond applied
throughout a bar, regardless of soil parameters. (Default = 1.00)

+++++ Use "UP'or'DOW N'arrows to scroll. Hit 'Q' or 'q' to quit.+++++

LE(11)= AL(11)= SV(11= D(1l)= SIG(l1)=
LE(12= AL(12= SV(12= D(12= SIG(12)=
LE(13= AL(13= SV(13)= D(I13)= SIG(13)=
LE(14= AL(14= SV(l4= D(l4= SIG(l4)=
LE(15= AL(15= SV(I15= D(15= SIG(l15)=
LE(16)= AL(16)= SV(l6)= D(16)= SIG(16)=
LE(17= AL(17= SV(7)= D(17= SIG(17)=
LE(18= AL(I18= SV(I8)= D(I8= SIG(I18)=
LE(19= AL(19= SV(19= D(19= SIG(19)=
LE(20= AL(20= SV(20)= D(20=  SIG(20)=
LE(21)= AL(21)= SV(21)= D@l= SIG2l)=
LE(22= AL(22= SV(22)= D@22 SIG(22)=
LE(23)= AL(23= SV(23)= D@23)= SIG(23)=
LE(24= AL(24= SV(24= D@24= SIG(24)=
LE(25= AL(25= SV(25)= D@5= SIG(25=
LE(26)= AL(26= SV(26)= D(26)= SIG(26)=
LE(27= AL(27= SV(27)= D@7= SIG(27)=
LE(28)= AL(28)= SV(28)= D(@28)= SIG(28)=
LE(29)= AL(29= SV(29= D(29)= SIG(29)=
LE(30)= AL(30= SV(30= D@0= SIG(30)=

Use Arrow and Return Keys to move around, Backspace and Delete Keys to edit
When data entry finished, press Page Up, or Down, or Esc Key to Run program.
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=xx Do you

in a data file for later use

Search Limits

40.0 ft

Press:
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sh to save the data used for this run
or editing? (Y/N)

User is asked if input needs to be saved.

If N is entered, the program returns to
data input panels for further
modifications.

If' Y is entered, input file must be saved.
If the selected filename is the same as an
existing file, the existing file will be
overwritten. File automatically assigned
the extension “inp.”

Press <ENTER> to continue

Wigd S Giuled amao 10 S50 LSS allyy s aliis (6 dwiin 9 (699,5 sl oolo

Date: 07-23-Z002

Program SNAIL - Version 3.09b File: 962375

L )
= ARE THESE DATA INPUTS OK 7(Y¥/N) =

TR

ft

.0 L

COH SI6
psf  psi
100 ?5.3

SCALE = 10 ft

5 for Screen mode. 2 for Zoon.

Q for QUIT

If data requires additional modification,
press <N>
If data is correct, press Y.

The solution is initiated.

g o0 00l Joled 3 (6 axmio (J> by o
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CALIFORNIA DEPARTMENT OF TRANSPORTATION

_—
03:58:14 This is 3MHAIL..... Version 3.09b 07-Z3-2002

ENGINEERING F \ %, DIVISION OF

SERVICE ] % MATERIALS AND

CENTER [ I i FOUNDATIONS

Be patient! I am rumning... Hit ‘0’ or g’ to quit. Run can be inter[’upted by pressing <Q>

el oad ooly ialed (SG81F ol 4y > 5l gl asds 5 IS o

PROJECT TITLE : Case 96 £3 75 © 10 Date: 07-23-2002

File: 962375
MHinimum Factor of Safety = 1.35

7.9 ft Behind Wall Crest
At Wall Toe

H= 40.0 ft
LEGEND:
PS= 62.5 Kips
F¥= 60.9 K=si
3h= 5.0 ft
Su= 5.0 ft
GAM PHI COH 3SIG
pcf degq psf psi
1120.0 23 109 75.3

SCALE = 10 ft

Press: ()= Quit. HN= Node. 3= Screen. &= Zoon. R= Report.

il ool ool yioled g3 lo Ll
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l. Problem title, filename, and run date;

2. Wall geometry with nails, boundary lines between soil layers, and water surface;

3. Critical failure surface and associated minimum global factor of safety;

4. Distance behind the wall where the failure surface daylights;

5. Search depth below wall toe (if 3-wedge option is used);

6. Surcharge, water table and the horizontal force (PD) on facing boundary lines will be
shown;

7. Legend summarizing soil unit weight, strength parameters, water table surface (if used),

soil layers ID, vertical and horizontal nail spacing, nail bar yield strength, and facing
punching shear capacity (PS on output screen);

8. Height of the wall (H), and reinforcement length (L); and

0. If seismic loading was present, Ky (horizontal seismic coefficient), ratio of vertical-to-
horizontal seismic coefficient, and A: yield acceleration that gives a FS = 1.0.

1098 (oo 0wy )5 5l e

Do you want to print the Minimum factors of safety? (Y/N)
If'Y, analysis results is printed in a report
If N, user is asked if previous data needs to be modified

Do you want to edit previous data file for another run? (Y/N)
If N, user is asked if another existing file or a new file will be modified

Do you want to edit another file? (Y/N)

If Y, filename must be entered. If N, the program stops

Nail forces at every nail level is shown for the 10 most critical failure surfaces along with the
associated factors of safety and are saved to an output file (ASCII or text file). Additionally, the
average nail force that yields a global factor of safety=1.0 is also included in the output file. An
abridged output file of an example run is presented below:

RESULTS OF THE MINIMUM SAFETY FACTOR
FOR SPECIFIED FAILURE PLANES AT THE TOE AND BELOW

MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE

SAFETY  BEHIND PLANE

FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft)  (deg) (f) (deg) (ft)

Toe 1354 71.5 26.1 239 40.1 654

Reinf. Stress at Level 1= 0.000 Ksi
2= 4490 Ksi (Pullout controls...)
3= 10.470 Ksi (Pullout controls...
4= 16,449 Ksi (Pullout controls...
5= 22.429 Ksi (Pullout controls...
6= 30.767 Ksi (Pullout controls...
7= 139.508 Ksi (Pullout controls...
8= 43.524 ksi (Punching Shear controls..)

e

Press <ENTER> to continue...
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MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE

SAFETY  BEHIND PLANE

FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(ft) (deg) (ft) (deg) (ft)

NODE 2 1.352  73.0 258 243 39.6 663

Reinf. Stress at Level 1= 0.000 Ksi

2= 3.878 Ksi (Pullout controls...
9.929 Ksi (Pullout controls...
15.980 Ksi {Pullout controls...)
22.031 Ksi (Pullout controls...)
30.552 Ksi (Pullout controls...)
39.383 Ksi (Pullout controls...)
43.559 ksi (Punching Shear controls..)
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Press <ENTER> to continue...

...skips intermediate results

MINIMUM DISTANCE LOWER FAILURE UPPER FAILURE

SAFETY BEHIND PLANE PLANE

FACTOR WALL TOE ANGLE LENGTH ANGLE LENGTH
(f) (deg) (f) (deg) (1)

NODE 6 1.353 79.0 27.1 355 38.5 606

Reinf. Stress at Level 1= 0.000 Ksi

2= 0.682 Ksi (Pullout controls...
= 6.911 Ksi (Pullout controls...
14.343 Ksi {(Pullout controls...)
22.843 Ksi (Pullout controls...)
31.344 Ksi (Pullout controls...)
39845 Ksi (Pullout controls...)
43.427 ksi (Punching Shear controls..)
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Press <ENTER> to continue...
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* For Factor of Safety = 1.0 *
*  Maximum Horizontally Average Reinforcement Working Force:  *
* 22.323 Kips/level *
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Press <ENTER> to continue...




