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LL (Liquid Limit) > 50
PI (Plasticity Index) > 20
Undrained Shear Strenghts <50 kPa
LI (Liquidity Index) > 20

Organic Soil



@ Back porings

Wall borings

0.75H Proposed wall

@ location

@ Front borings

Mate: Distances shown are recommended maximums,

Proposed wall location

Back
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Table 3.2: Cohesionless Soil Density Description

Based on SPT N-Values.
(Source: Terzaghi et al . 1996)

Relative Density

SPT Nmeas
(blows/300 mm
or blows/ft)

Very loose 0—4
Loose 5-10
Medimum Dense 11-30
Dense 31-50

Very Dense =5l

Table 3.3:

Fine-Grained Soil Consistency Description

Based on SPT N-Values.
(Source: Terzaghi et al . 1996)

SPT Npeas
Consistency (blows/300 mm
or blows/ft)
Very Soft 0-1
Soft 24
Medium Stiff 5-8
Stiff 9-15
Very Suff 16-30
Hard 31-60
Very Hard =61
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Soil Type Author e 2 3 B
Sand P 0 1.0 0 0.65, K,
Sand T 0. 0.7 0.2 025,
Soft-to-Medium Clay P 0.25 0.75 0 AK*
Temp. Support Medium Clay T 0.6 0 0.4 0.3
Stff fissured Clay P 0.25 0.50 0.25 Kot
Perm. Support Medium Clay T 0.75 0 0.25 0.375A

*Kop = 041010
tKep = 0.2100.4

Sowurce: P = Peck (1969); T = Tschebotaroff (1973).
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Resistance: T,= K. ¥z ih-5)

025 025

gy= K. ¥H q,=K_yH

75 = 075

K, = tan*(45°— /2)

Y K. =0.65K, ;
Sand (whcn TLH = n.ns] K=K, [! —?E—} =0.65K,

Clayey sand
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L: Total Nail Length

Jean-Louis Briaud,' Fellow, ASCE, and Yujin Lim,* Student Member, ASCE
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Ultimate Bond
Material Construction Method SoilRock Type Strength, gy
(kPa)
Marl/limestone 300 - 400
Phyllite 100 - 300
Chalk 500 - 600
Soft dolomite 400 - 600
) - Fizsured dolonute 600 - 1000
Rock Rotary Drilled Weathered sandstone | 200 - 300
Weathered shale 100 - 150
Weathered schast 100 - 175
Basalt 500 - 600
Slate/Hard shale 300 - 400
Sand/gravel 100 - 180
Silty sand 100 - 150
Rotary Dnlled Silt 60 - 75
Piedmont residual 40 - 120
Fme 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
Angerad Silty fine sand 55- 00
Silty clayey sand 60 - 140
G Sand 380
et ted Sand/gravel 7
Rotary Drilled Silty clay 35 - 50
Dnven Casmng Clayey silt 90 - 140
Loess 25 - 75
Fine-Grained Soils Soft C].EI} M0 - 30
Stff clay
Augered Stiff clayey silt 40 - €0
- 40 - 100
Calcareous sandy
: 90 - 140
clay

Notes: Convert values in kPa to psf by multiplying by 209
Convert values m kPa to ps1 by multiplymg by 0.143
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Failure modes

of
soil nail wall
External Internal Facing
failure failure failure
modes modes modes
*1 Global stability I Nail-soil .
| pullout failure Facing flexural
failure
a3 =)
=liging stability »|Nail tensile failure
(or base shear) .
\ 7 Facing punching |
Shear failure X
Bearing failure

(or basal heave)
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EXTERNAL FAILURE MODES

/ SoIL
7/ STRENGTH .
S ‘a‘
NAIL '/ STRENGTH
RESISTANCE ,
SN ‘\' FAILURE G- s SOIL STRENGTH 2 ’
P77 SURFACE P77 AT BASE & -
[a} GLOBAL STABILITY [b] SLIDING STABILITY [C} BEARING FAILURE
FAILURE FAILURE (BASAL HEAVE)

INTERNAL FAILURE MODES

2
‘M

M = Moment
V = Shear

(d) NAIL-SOIL e) BAR-GROUT (f) NAIL TENSILE (g) NAIL BENDING AND/OR
PULLOUT FAILURE P{jﬂLOUT FAILURE FAILURE SHEAR FAILURE
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FACING FAILURE MODES

FAILURE HEADED-STUD
BREAKAGE

MOMENT

SN :
(h) FACING FLEXURE (i) FACING PUNCHING (j) HEADED-STUD

FAILURE SHEAR FAILURE FAILURE
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Global Stability Failure

Surcharge q, ) Minimum recommended factor of
7o safety for global stability, FS.

Permanent

Temporary walls Walls

Potential
failure
plane of

longth b " Static Seismic Static Seismic

\
' Soil nails of

length L
1.35 1.10 1.35 1.10

s, ZR cLp+ T, cos(y—1i +|: W+Qq—F, )cosy + T, sin(y—i)— Fhsmw]tanq)

F
ZD (W+Q;—F,)siny +F, cosy

Ry = Facing oapacky

y=45+(¢9/2) (Sheahan and Ho 2003; FHWA 2003) — Ry =ttt oty

IOU? SIS Ry = Nall putiout capaeity
'

T_ [kN/ m] :LZ:(Tzll ), Ty=min.of Ryand Ry

=l

—

G, q, = Ultimate load transfer rate and bond strength

R,) [kN]=(nDL,q,)/1000 (R.) [kN]=(025nd’f,)/1000

1.~06=10T,..
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Surcharge q,
trbtbbat bl
L

2H,

Sliding Stability Failure

Plane on which lateral
pressures acts

Minimum recommended factor of

safety for sliding stability, FS
F, +Pcosp_

Temporary walls Permanent Walls

vH, | cos(B—a)

P=72i‘2K(l—k, ){1+ﬂ[ S ]}

Static Seismic Static Seismic

cos’ ($—a—a)

i acm(a+ﬁ+m)[l+ EXEIT =D J‘ 130 110 150 1.10
cos(a+P+o)cos(f—a)
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Facing a(x)
. = > = WL
(a)
I
' - "
— ¥
q(x)
(b) ﬁu“l
W
T{x} &
Trmax

" W”WWW [ —

T o = Maximum Mail Force
T, = Tensile force at nail head
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Surcharge q,
Nail Soil Pullout Failure

(Q.Ls),

(T ),

Passive
zone

{ 5 )z =K(q, +Yz)SsSy

Minimum recommended factor of
safety for pullout failure, FS,

(2u = ﬂxluI)IX{

Temporary walls Permanent Walls

Static Seismic Static Seismic

<Lp>z[m]=L{

(H—2z)cos(y + a)}

cosasin(y +1)
2.00 150 2.00 1.50
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Nail Tensile Strength Failure

(FST )z = R—

Minimum recommended factor of hore: R = Af = :
safety for pullout failure, FS; where: Ry = A e

axial tensile load capacity of

Temporary walls Permanent Walls nail

Static Seismic Static Seismic A = c/s area of nail

f, = yield strength of nail
1.80 135 1.80 1.35
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FAILURE

Minimum recommended factor of safety (FHWA 2003)

Static loading Seismic loading
Failure mode Temporary | Permanent Both temporary and
walls walls permanent walls
Facing flexure failure, FSq¢

Facing punching shear failure,

FSee
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equivalent soil LB B,

overburden: YAH o yAH Dg
\ (width of excavation Is typécally very large) —\ r—ﬂ
TR AT
— T i
{HB
H SUHT l H
soft
soft ‘ e fine-grained |
fine-grained \ \ .~ / : soll  \
soll I\ \.,_ / / Bc \/2
N\ = )4
b _//
o

Failure surface

b) Shallow deposit of soft fine-grained soll

a) Deep deposit of soft fine-grained soii underiain by St layer

Fs, - SuNe

Su
Heq ﬁf’_E




R
ahvurduni bl Oduit Pk (SIR 51 G0 (gui! i

Tt R lﬁ -
.
. g
iy THMHHH Q, = 7Dy
L i —
. 5 :

R; = Nail Tensile Capacity
R; = Facing Capacity
R; = Pullout Capacity

Q,, q, = Ultimate load transfer rate and bond strength

TO ~0.6-1.0 Tmax

1) R, < R; < R; (pullout controls, shown in example above )
2) R; <R, < R, (tensile failure controls)

3) R <R; or R; (facing failure may control depending on T/T,.,)
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Facing Resistance, R; . Pullout Resistance, R,

T (x)

/7 P '\.\.
Q\SIip Surface Calculated

by Limit Equilibrium
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(Facing) sy, >lyb
(L) 259, 4 Jlasl (555 (puass )
To = T (KN).[0.6 4+ 0.2(Spar — 1)]

max

S .x=max(S,,S;)

h,=[100,150,200 mm] . (Temporary Facing) cée 25,
h,.=[200mm,e.g] (Permanent Facing) ls 55,
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L S =| Rebar Mesh
H or WWM
(Final
d=05h facing)
/ > A
F
b,
—a,, B a,, ! o |
Waler Bar (TYP) Waler Bar
Fy

l

1 o /
i WWM
] ., (Temporary
anm « Facing)
h

! v d=05h

4. A.
Section A-A
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FRACTURES ON
A EXTERNAL FACE S0IL

—— N —— ———— ———— —— —

|
I
|
|
|
|
|

4
‘ Llucmcm

A ——— INTERNAL FACE
. vi LINE P = (b) ULTIMATE DEFORMATION PROFILE

g z

3 ;

Jg ¢

AT P ey
=agng)
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(Facing) sy, >lyb
e & Ko Jode s yilion g (9 S e Y
Jf:(MPa)
(%) = 20
£.(MPa) 600

pmax(%) = 50 * )

fy(MPa) (600 + f,(MPa)
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(Facing) sy, >lyb
s IS 0 Shee e ke S Y

a
pn(%) =5 — + 100

Pmin < Pn < Pmax
Pmin < Pm <

Ahw
Sy

ahn = Clhm ~+
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(Facing) sy, >lyb

S, h[m]

R [KN| =—Ex(a,, + am)[lmnzhu] X [ ] x £, [MPa|

v

S, h[m]
Sy

R g [LN] = %X(ﬂm +a,_ ) [1111112;’111] X [

] x . [MPa|

T <y 1 Cp
( Permanent Facing - Cf = 1
[t =100mm - Cf =2
Temporary Facing —» <t = 150mm - Cf = 1.5
\ t=200mm - Cf =1
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(Facing) sy, >lyb
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(Facing) sy, >lyb
(o3ls sl a9 sl ladd ) a9, @l Hlebl i po g Canglin (rned O

p——————— DC J—— SHS ———
I P WALER BAR (TYP) 23".2'.";;3?..'“
SURFACE
CONICAL |
FAILURE R./2 f
SURFACE F A k\\ \\ |

Shear Resistanc
Rp/2

h ' ) ‘. L + . o 7 ...'c' .‘-'o '.a) h '
h/2 )'. P E '.'\':‘-'_"Tvp) bl s '.."\","'. ') hi/2
i ST i
oL . \ To II"—IDE.ALIZED
T \_ IDEALIZED SOIL DEFLECTION
: SOIL REACTION Doy
o (b) PERMANENT HEAD-STUDDED CONNECTION
(a) TEMPORARY BEARING-PLATE CONNECTION

&
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(Facing) sy, >lyb

(o3l s g, slp hads ) ag; milb Hloebl oo g Cwglio s O

RFP — CPVF

Ve [kN|=330 \/f; [MPa] n D_'[m]h,_[m]

,C — L‘BP + h b D)C — II]iIl Of (SHS + hc ElIld Zh(_')
=
hc:h hc:L-S-tg+tp

] 00 d.d)f).h:)& (w.fs)ngb)w&owwfo) Cp=1éo$6u Lgﬁ)ls LS‘)'.’
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(Facing) sy, >lyb

Rpp
1

O
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(Facing) sy, >lyb

Ryr =Ny Agy fj,'
(oac ¥ Yaoro) pre 5 olows ‘NH

o oo S ahaio s : Agy

R pp
1

O

FSyr =



|
Sl 1 Ot ey S10 310 (5! 0

FAILURE

Minimum recommended factor of safety (FHWA 2003)

Static loading Seismic loading

Failure mode Temporary | Permanent Both temporary and

walls walls permanent walls

Facing punching shear failure,
FS.. 1.3 ) i
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0 o
Minimum Recommended Factors of Safety
. 1 s - 2
Failure Mode Resisting Component Symbol Static Loads™ Seismic Loads
: {Temporary and
Temporary Permanent Permanent
Structure Structure Structures)
Global Stability (long-term) FSe 1.35 1.5% 1.1
External Global Stability (excavation) FSc 12-139 NA
Stability Sliding FSer 13 15 1.1
Bearing Capacity FSy 259 3.09 239
Internal Pullout Resistance FSp 2.0 1.5
Stability Nail Bar Tensile Strength FSt 1.8 135
Facing Flexure FSgr 135 1.5 1.1
) Facing Punching Shear FSgp 1.35 1.5 11
Facing Strength
H.-Stud Tensile (A307 Bolt) FSar 1.8 20 1.5
H -Stud Tensile (A325 Bolt) FSur 15 1.7 1.3

Notes: (1) For non-critical, permanent structures, some agencies may accept a design for static loads and long-term
conditions with FSg = 1.35 when less uncertamnty exists due to sufficient geotechnical information and
successful local experience on soil nailing.

(2) The second set of safety factors for global stability corresponds to the case of temporary excavation lifts
that are unsupported for up to 48 hours before nails are installed. The larger value may be applied to more
critical structures or when more uncertainty exists regarding soil conditions.

(3) The safety factors for bearing capacity are applicable when using standard bearing-capacity equations.
When using stability analysis programs to evaluate these failures modes, the factors of safety for global
stability apply.
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" NL CONFIGURATION

i

4

’ 4

= "i \
l' - som NAI
2N ™

. Weathered Rock . Fine-Grained
Variable and Stiff Soil Sandy Soil Soil
on/H and &, /H 1/1,000 1/500 1/333
C 1.25 0.8 0.7







