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Sample Design Calculation

Sample Design Calculation based on AASHTO/FHWA Allowable Stress Design as noted in the
“NHI-00-043, Mechanically Stabilized Earth Walls and Reinforced Soil Slopes - Design and
Construction Guidelines”, March 2001.

e Design a 20-ft tall MSE wall with the following geometry and loading conditions
0 Level toe with 2-ft embedment depth below final grade
o0 Level backfill, B=0-degrees
o Live load traffic surcharge of q=250-Ib/ft

e Segmental retaining wall block for this sample calculation has a mechanical connection
and high strength geotextile reinforcement will be used to reinforce the soil.

Figure 1 — General cross section of MSE wall.
Traffic Surcharge, g=250-psf

IREEREEEERERRRRERER

Reinforced Soll Retained Soil
Foun%n Soil
e Soil Design Parameters
1. Reinforced Soil ¢’=35-degrees  ¢’=0-Ib/ft? y =125-Ib/ft®
2. Retained Soil 0’y =28-degrees ¢’ =0-Ib/ft? v,=110-Ib/ft>
3. Foundation Soil 0’=28-degrees ¢’ =0-Ib/ft? vt =110-1b/ft®
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External Stability Calculations
Figure 2 — Free Body Diagram of MSE wall.
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Determine Active Earth Pressure Coefficient (Ka ex)) based on Rankine Earth Pressure
Theory and Horizontal and Vertical Forces acting on the MSE wall.

Koo = cosﬂ[ cos 3 — \/cosz B—cos’ ¢, ] Eq. 1
cos B+ \/cosz B—cos’ 4,
Ko = COS(O){COS(O) —/cos? 0 cos? 28} — 0361
cos(0) ++/cos? 0 —cos® 28
F1 =%y H? Kogexy = % (110 Ib/ft%) (20-ft) 2 (0.361) = 7,943 Ib/ft Eq. 2
Fo = q H Kaexy = (250 Ib/ft?) (20-ft) (0.361) = 1,805 Ib/ft Eq. 3
L=0.7H = 0.7 (20-ft) = 14-ft Eq. 4
Vi=yHL = (125 Ib/ft®) (20-ft) (14-ft) = 35,000 Ib/ft Eq.5
Vo=qL = (250 Ib/ft?) (14-ft) = 3,500 Ib/ft Eq. 6
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~ External Factors of Safety for Overturning, Sliding and Bearing Capacity
Factor of Safety for Overturning - FSor
e Moments are taken about Point “O” (see Figure 1)

e Resisting moment does not include traffic surcharge, q

L
. . Vl(j
FSor = ZMoments-Reswtlng _2Mg 2 590 Eq. 7
Y Moments-Overeturning XM, ( H j (H j
| = 1+ F| —
Mr = % Vi L - % (35,000 Ib/ft) (14-ft) = 245,000 lb-ft
1 1 1 1
Mo = 3 FiH+ > FoH = 3 (7,943 Ib/ft) (20-ft) + > (1,805 Ib/ft) (20-ft) = 71,003 Ib-ft
FSor = LM, = 245,0001b-ft = 3.45 > 2.0 therefore meets requirement.
>My,  71,003Ib-ft
Factor of Safety for Sliding — FSg.
e Resisting force does not include traffic surcharge, q
i . isting - V, -|tan
FSo. = ZHorl_zontaI Res_lsFlng Force: 2R ! ( ¢f)21.5 Eq. 8
2 Horizontal - Driving - Force 2 F, F+F,
FSs. = 2P _ 35,000Ib/ft-(tan 28 ) = 1.91 > 1.5 therefore meets requirement.

YF, 7,9431b/ft+1,805 Ib/ft

Factor of Safety for Bearing Capacity — FSgc
e Rpgc = Resultant of Vertical Forces
e Resisting moment for bearing capacity (Mgregc)) includes traffic surcharge, q
e e = eccentricity (feet)
e B’ = effective foundation width
e o’y = vertical overburden stress (Ib/ft?)

e qu: = ultimate bearing capacity (Ib/ft?)
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Rec =Resultant of Vertical Forces = V; + V, = 35,000 Ib/ft + 3,500 Ib/ft = 38,500 Ib/ft Eq. 9

Mg g0 = % (Rec) (L) = % (38,500 Ib/ft) (14-ft) = 269,500 Ib/ft Eq. 10

e=£_MR_Mog£ ______ e:14—ft_269,500|b-ft—71,003|b-ft _ 184t Eq. 11
2 Rgc 6 2 38,500-Ib/ ft

%: % =233ft......... e s% ......... 1.84-ft < 2.33-ft (therefore eccentricity is okay)

B’=L- 2e = 14-ft— 2 (1.84-ft) = 10.31-ft Eq. 12

7
GCv

_VitVo +Fising _ 35,000 Ib/ft+3,500 Ib/ft+79431b/ft (SIn0°) _ 500 e £q 13
L—2e 14-ft - 2(1.84-ft)

Meperhof equivalent stress distribution

g, = 37337 /]  MSEW Screen Shot of Meyerhof stress distribution,
e = 1.84 [f] vertical overburden stress and eccentricity.

| 1200

Bearing capacity factors can be found in most Foundation Engineering text books or by applying
the following formulas, in this example for ¢’=28-degrees:

o Ng=tan® (45 + g)e“ta”"’ = 14.72 Eq. 14
e N¢=(Ng-1)cotd = 25.80 Eq. 15
e N,=2(Ng+1)tan ¢ = 16.72 Eq. 16
Qut = C¢Nc + %'Yf B’ N, (this is the ultimate bearing capacity) Eq. 17
que = (0-psf) (25.80) + % (110-1b/ft%) (10.31-ft) (16.72) = 9,481 Ib/ft?
FSgc = Qo — 9,481 Ib/ft2 = 2.54 > 2.0 therefore meets requirement. Eq. 18
o', 3,734 1b/ft2
e_18-M 443 Eq. 19
L 14-1ft
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~ Internal Factors of Safety for Sliding, Ove

Determine the reinforcement Long Term Desig

rstress, Pullout and Connection

n Strength of a High Strength Geotextile

Tux = Ultimate Geosynthetic Strength (from manufacturer) = 7,200 Ib/ft

RFcr = Creep Reduction Factor (from manufacturer) = 1.68

RFip = Installation Damage Reduction Factor (from manufacturer) = 1.10

RFp, = Durability Reduction Factor (from manufacturer) = 1.10

LTDS = Tult - __[2001b/tt = 32741b/ft  Eq. 20

RFcrxRFidxRFd ~ 1.68x1.10

x1.10

Determine Internal Active Earth Pressure Coefficient

_1l-sing _ 1-sin35
Kaginty = - = -
1+sing 1+sin35

= 0.271

Determine Reinforcement Pullout Properties

F* = tan¢ = tan 35° = 0.700

Rc = 1.0

Ci = 09

Css = 08

C = 2.0 (for geotextile or geogrid)

a = 10

Eq. 21

Pullout Resistant Factor Eq. 22
100% Geosynthetic Coverage

Coefficient of Interaction (from manufacturer)
Coefficient of Direct Sliding (from manufacturer)
Reinforcement effective unit parameter

Scale correction factor (from manufacturer)

Calculate maximum tensile force in each reinforcement layer. We need to determine horizontal
stress (on) along the potential failure line from the weight of the reinforced fill (yZ) plus, if
present uniform surcharge loads (q) and concentrated surcharge loads Aoy and Acy.

Z

o2 = surcharge load due to sloping backfill
Aoy = horizontal surcharge load due to footi

Aoy = vertical surcharge load due to footing

q = traffic surcharge= 250-Ib/ft?
oy = horizontal stress = Kgginy ov + AcH
oy = \verticalstress = yZ + o, + q +

distance from top of wall to reinforcement layer

"""""" z=3.5 T
--- lLayer 9 ----——
ngp | Eg-———-——---- 7=9.5’
oo [~ Layer6 ———4L
““““““ z=15.5

Aoy
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Given no slopes or footing loads: o, Aoy and Aoy = 0-psf

For this sample problem we will calculate the vertical and horozontal stress at three geosynthetic
layers located at a depth of 3.5-ft, 9.5-ft and 15.5-ft from the top of wall.

Ovmy = VYZm * o2+ Qq + Aoy Eq. 23
ova = (125 Ib/ft®) (15.5-ft) + O-Ib/ft? + 250-Ib/ft? + O-Ib/ft2 = 2,188 Ib/ft?

ovey = (125I10/ft%) (9.5-ft) +0-Ib/ft® + 250-Ib/ft> + O-Ib/ft> = 1,438 Ib/ft®

ove = (125Ib/ft%) (3.5-ft) +O0-Ib/ft? + 250-Ib/ft? + O-Ib/ft2 = 688 Ib/ft?

ohn) = Kagny ovn) + Ach Eq. 24
ona = (0.271) (2,188 Ib/ft?) + O-lb/ft? = 593 Ib/ft?

one = (0.271) (1,438 Ib/ft®) + O-lb/ft® = 390 Ib/ft?

ong = (0.271) (688 Ib/ft?) + O-lb/ft? = 186 Ib/ft?

Calculate the maximum tension (Tmax) in each reinforcement layer. The maximum vertical
spacing (S,) between reinforcement layers is limited to 2.0-ft.

Tmaxm) = (onm) (Sv) Eq. 25

Trax@ = (593 Ib/ft?) (2.0-ft) = 1,186 Ib/ft
Tmaxe) = (390 Ib/ft2) (2.0-ft) = 779 Ib/ft
Tmax@) = (186 Ib/ft?) (2.0-ft) = 373 Io/ft

Calculate the Factor of Safety for Reinforcement Overstress in each reinforcement layer.

LTDS,,,
FSosm = ——— Eq. 26
max(n)
FSos() = 3274 lo/t = 2762>>1.50 .. ok
1,186 Ib/ft
FSos(e) = % = 4202>>150 .. ok
FSos(9) = % = 8.787>>150 .. ok
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Observation: The factor of safety for reinforcement overstress increases in the upper portion of
the wall due to the lower stress level. In this example we are using one type of reinforcement for
design, however in a real application two or three types of reinforcement types may be used with
highest strength reinforcement in the lower portion of the wall where the stress is high and lower
strength reinforcement in the upper portion of the wall where horizontal stresses are lower.

Stability with respect to reinforcements’ pullout requires the following criteria be satisfied...

Tmax:LF*YZp L:CRca Eq. 27
FS .
where: FSpo =  Safety factor against pullout > 1.5 Rc = Coverage ratio
Tmax = Maximum reinforcement tension o = Scale correction factor
C = 2 for geogrid or geotextile F* = Pullout resistance factor
vZ, = Overburden pressure, including distributed dead load surcharges, neglecting
traffic loads (see Figure 30 in NHI-00-043).
Le = Length of embedment in the resisting zone. Note that the boundary between

the resisting and active zones may be modified by concentrated loadings.

Required embedment length in reinforced zone beyond the potential failure surface is determined
from:

1.5(T iy ) £q. 28

Lewy >
C.F*.Ci yz(n) .Rc.a

Determine the active zone (L) for each reinforcement layer.

Lamy = (H—2z@m) tan(45-¢/2) Eq. 29
La@ = (20-ft—15.5-ft) tan(45-35°2) = 2.34-ft . .

a €
Lagy = (20-ft—9.5-ft) tan(45-35°/2) = 5.47-ft "5?* =
Lag) = (20-ft—3.5-ft) tan(45-35°%2) = 8.59-ft

, T
Active] 0 z9=35 T
Determine the actual design embedment length for (Le) for Zone | T Layerd o
i e 26=9.5’

each reinforcement layer. L ;,,_ ______
Lemy = L—Lap Eq. 30 20 Z:Lax_/e_rf -Rgsi-SQ—L_ |
Le = 14-ft—2.34-ft = 11.66-ft SN N Zone 23-15;3

4
Le(s) = 14-ft-547t = 8.53-ft rll_— Ea_yfrf ______ Theoretical failure
Leg = 14-ft—8.59-ft = 541t = 0 ¢ W """ plane at 45+¢/2
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Determine the Factor of Safety for Pullout for each reinforcement layer.

C-F*c¢ -y-Z. L., 'R -«
FSpon) = T e Eq. 31
Tmax(n)
3
FSpa) = (2.0)(0.7)(0.9)(225-Ib/ ft*)(15.5 - ft)(11.66 — ft)(1.0)(1.0) — 24009150 - ok
1186 —1Ib/ ft
3
FSooe) = (2.0)(0.7)(0.9)(2125-Ib/ ft°)(9.5— ft)(8.53 - ft)(1.0)(1.0) 16.389 > 150 - ok
779-1Ib/ ft
3
FSpo) = (2.0)(0.7)(0.9)(125- b/ ft*)(3.5— ft)(5.41- ft)(1.0)(1.0) 8.001> 150 - ok

373-1Ib/ ft
Stability analysis with respect to Internal Sliding along individual reinforcement layers.

z FR tan P _ Vl(n) tan P

FSsLn) = Eq. 32
Z FD Fl(3) + I:2(3)

p = tan*(Cgs*tan ¢) = tan™ (0.8 tan 35°) = 29.256° Eq. 33

Previously defined or calculated terms/values to be used in internal sliding calculations:

Kaexy = 0.361 y=125-Ib/ft® 743 = 15.5-ft Z(9)= 3.5-ft p = 29.256°

Quatic = 250-Ib/ft? = 110-Ib/ft®  z = 9.5-ft L = 14-ft

Internal Factor of Safety for Sliding on Layer 3 4=250-psf

F1(3) = Yoy 22(3) Ka(ext)
le—

Fig = Y% (110 lb/ft®) (15.5-ft)? (0.361) =4,771 Ib/ft T bl
le—

Fae) = 0 2@3) Kaex 3 V1(3) —

2 15.5° | T F2(3)

Faz) = (250 Ib/ft?) (15.5-ft) (0.361) = 1,399 Ib/ft o -
le— Z3/2 7313

Vig = vzl | ’

---lLayer3----

Vig = (125 Ib/fE) (16.5-ft) (14-f) = 27,125 Ib/ft
V., tan 29.256 .
FSsLz) = 1) I‘— 14 —’I
Fl(3) + I:2(3)
FSoL = 27,125 Ib/ft (tan 29.256) — 2463 > 150 - ok

4,771 1b/ft +1,399 Ib/ft
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Internal Factor of Safety for Sliding on Layer 6

Fie) =
Fie) =
Foe) =
Foe) =

FSsi(6)

Yoy, 22 (6) Ka(ext)

15 (110 Ib/ft%) (9.5-ft) 2 (0.361)

0 Z(s) Kagexy

(250 Ib/ft?) (9.5-ft) (0.361)
v Ze) L

(125 Ib/ft3) (9.5-ft) (14-ft)

_ Vy, tan 29.256

Fl(G) + Fz(e)

_ 16,625 Ib/ft (tan 29.256)

1,792 Ib/ft + 857 Ib/ft

1,792 Ib/ft

857 Ib/ft

16,625 Ib/ft

Internal Factor of Safety for Sliding on Layer 9

Fie =

Fi)

F2e)

F2e9)
Vi)
Vo =

FSsi o) =

FSsL(9)

Yo Yr 22 9 Ka(ext)

15 (110 Ib/ft%) (3.5-ft) 2 (0.361)

0 Z(9) Kagexy

(250 Ib/ft?) (3.5-ft) (0.361)
YZo L

(125 Ib/ftd) (3.5-ft) (14-ft)

Vi tan 29.256
Fioy + Fao)

6,125 Ib/ft (tan 29.256)
243 Ib/ft + 316 Ib/ft

243 Ib/ft

316 Ib/ft

=6,125 Ib/ft

= 3.515>1.50 .. ok

g=250-psf
\
T ]
Va(6) ]
‘_'
Zp = T F2(6)
9.5 . i i F1(e)
6 Z6/3
le—
---Layer 6 ---- —-*
|<— 14'—’|
g=250-psf
X B Lajer9o -- }
79 z9/2 Zo/3
35

le—— 14'——|

= 6.136 > 1.50 .. ok

Observation: The factor of safety for internal direct sliding increases as you move from the
bottom of wall to the top of wall. This is due to the fact that the reinforcement length remains
constant at L-14-ft throughout the wall height while the horizontal force on a given
reinforcement layer decreases as reinforcement elevation increases. In short internal direct
sliding controls the design lengths at the bottom of the wall, whereas pullout failure controls the

design lengths at the top of wall as previously calculated.
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Screen shot from program MSEW 3.0 with respect to internal sliding and external sliding.

Enlarge = = i and Fi Jati e miers
Static Fe = 1.809 Seismic Fs = 1.316

Length Fs_ Fs E
-

o ceiemi Dezignated Name

2.45 1.73
1.84
3.08 220
2.56
3.05

=i | jen e o | LAYER #

Screen shot from program MSEW 3.0 with respect to bearing capacity.

AR AN VA VAR AN

-—

Fg =1805.2 b/t

- ==

Dizplay resultants
of external loads
_sesme [ s |
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Internal eccentricity calculations for each reinforcement layer. Note ASSHTO/FHWA does not
require an evaluation of e/L, the calculation provide here is for information only.

Reinforcement Layer 3
1

Mre = Vig L = % (27,125 Ib/ft) (14-ft) = 189,875 Ib-ft

Mo(g) = %Fl(g)Z(g) + %Fg(g)Z(g) = %(4,471 |b/ﬂ)(155-ft) + %(1,399 |b/ft)(155-ft) = 35,492 Ib-ft

XMy, 189,875 Ib-ft

FSote)= = =345 >20
XMy, 35492 Ib-ft q=250-psf
Lyer S R TERATRY
et Meg—Mog _L T
2 RBC(3) 6

Z3 V1(3)

F(3)=1399 Ib/it
o _14-ft 189:8751b-ft—35492Ib-ft e # FL@= 7L

2 27,125 Io/f = 1.308-At 23/2
1251/t 27125 b/ft 733 :

i ---lLayer 3 ----
e _ 1.308 - ft — 00935
L 14 - ft
) |—— 14'——|
Reinforcement Layer 6
M) = % VigL = % (16,625 Ib/ft) (14-ft) = 116,375 Ib-ft

Moy = %Fl(g)Z(e) + %Fz(g)Z(e) = %(1,792 Ib/ft)(15.5-ft) + %(857 Ib/ft)(15.5-ft) = 9,745 Ib-ft

YMge 116,3751b-ft

FSot@) = =11.94 >2.0 4=250-pst
SMoe 9,745 lo-ft Layer 6
€= L ——M RE) M 00 < L ZTs Vie) F2(6)=857 b/t
2 RBC(6) 6 9.5
j_ 16,625 Ib/ft 6/3 6/2
_14-ft 116,3751b-ft-9.7451b-ft _ o o --- Layer 6 - -
T2 T 16,625 Ib/ft HRtaad F1(6)=1792 b/t
% = —0'ff6f'tﬂ =0.0419
ey —
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Reinforcement Layer 9

Mr) = % Vig L = % (6,125 Ib/ft) (14-ft) = 42,875 Ib-ft

Mo = %F1(3)Z(9) + %Fz(g)Z(g) = %(234 Ib/ft)(15.5-ft) + %(316 Ib/ft)(15.5-ft) = 836 Ib-ft

XM 42,8751b-ft

FSorte)= =51.25 >2.0 q=250-psf
2Mye 836 Ib-ft Layer 9
)
V1(9)
e:L_—MR(g)_MO(g)SL X F---Lafer9 -~
2 RBC(Q) 6 ;z F2(9)=316 Ib/f
' F1(9)=234 b/t
14-ft 42,875Ib-ft—8361b-ft
€= —— =0.137-ft
2 6,125 Ib/ft 6,125 Ib/it
e _ 0.137-ft — 0.0098

L 14-ft ™

Observation: The factor of safety for overturning increases dramatically as you move from the
bottom of wall to the top of wall. Resisting and overturning moments both decrease as you move
from the bottom of wall to the top wall with overturning moments decreasing at a much faster
rate than the resisting moments; this is due to the fact that the reinforcement length remains
constant at L-14-ft throughout the wall height. In actual design overturning for external or
internal stability is performed to determine the eccentricity needed for bearing capacity analysis.
Furthermore overturning never controls the design reinforcement length that is typically
controlled by either sliding at the bottom of the wall pullout at the top of wall or overall global
stability.
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Stability analysis with respect to Connection Capacity

Connection capacity results for the high strength geotextile indicate the connection capacity is

_ (o]
Teonnn) = 2,585-1b/ft + N tan 31 Eq. 34
6000 6000 -
5- e
—o—1A g g}_{' . - e
s000 € sow| TTTThEMQIE) oo
= -
< S ot
2 4000 { 5 40007 M
P = o
= = ,/’ﬂ
i 3000 A g 30009 7 T
':..2 ? ,:ff'"
z -0
£ 20001 g 2000 A s L
N

1000 A

Displacement (in.)

0

1000 4

0

1000 2000 3000 4000 5000
Applied Normal Load (V) (Ib/ft)

6000

Test Te.sr Test Equivalent Approx. Approx 0.75-in. Peak Connection Strength Equations
No. Specimen Normal Normal No. of Strength Strength h
Width Stress Load Blocks Height

(in) (psi) (Ib/ft) () (1b/ft) (Ib/f) AT wn}
1A 320 114 1643 15 150 1600 3504
1B 320 152 2190 20 200 1909 3972 Loz = 1195 + (N)tan ( 189)
1c 320 19.0 2738 25 25.0 2093 4223
D 320 2238 3283 30 30.0 2195 4457 A peak = 2585 + (N)tam( 310)
1E 32.0 26.6 3833 35 35.0 2425 4889

Nw = Zm) Yook (this is the normal load on the connection) Eq. 35
Yblock = 112-1b/ft (provided by block manufacturer based on connection test data)

RFp = 1.10 (reduction factor for durability at the connection)

RFcr = 1.45 (reduction factor for creep at the connection)

The mode of failure should still be considered to be pullout if longitudinal ribs in geogrids do not
rupture, with longitudinal being defined as the direction of the applied load, or for geotextiles if
significant ripping of the geotextile perpendicular to the direction of loading does not occur.

o T is defined as the peak load per unit reinforcement width obtained in the connection
strength test, where pullout is known to be the mode of failure, or the load at which the
end of the reinforcement between the facing blocks deflects 15 mm.

e  Tuiconn IS defined as the peak load per unit reinforcement width where rupture is the mode
of failure in the connection strength test.

e T_o is the ultimate wide width tensile strength (ASTM D-4595) for the reinforcement
material lot used for the connection strength testing.

www.SunCam.com
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CRym = M Eq. 36
u(n) T g.
Lot(n)
TSC n
CRsm = TA Eq. 37
Lot (n)
Tacqup) = T CR, (connection capacity based of reinforcement rupture or break)  Eq. 38
™) RF,-RF.,
Tacpo) = (Tiot) (CRs) (connection capacity based of reinforcement pullout) Eqg. 39
T
FS (rup) = y (connection factor of safety based of reinforcement rupture or break)  Eq. 40
T
FS (o) = @ (connection factor of safety based of reinforcement pullout) Eq. 41

max

Reinforcement Layer 3

Tmax@ = 1,186-Ib/ft (previously calculated when determining FSos)

Z(3) = 15.5-ft

Ng = (15.5-ft) (112-Ib/ft) = 1,736-Ib/ft

Teom@ = 2,585-I0/ft + 1,736-Ib/ft (tan 31°) = 3,628-Ib/ft

CRU(3) = M = 0.5039
7,200 - Ib/ft

CRS(3) = M = 0.5039
7,200 - Ib/ft

Tacun) = (7,200 - Ib/ft) - (0.5039) = 2275-Ib/ft

(1.10) - (1.45)

Tacpoy = (7,200-1b/ft) (0.5039) = 3,628-Ib/ft

I:S(rup) = M = 1.92>150 .. ok
1,186 - Ib/ft

FSpy = o20-lb/M - 306> 150 . ok
1,186 - Ib/ft

www.SunCam.com Copyright® 2011 Blaise J. Fitzpatrick, P.E. Page 15 of 24



Reinforcement Layer 6

Tmaxe) =
Z6) =
Ne =
Teonne) =

CRye)

CRs(G)

Tac(rup) =

Tacpo) =

FStup) =

FSpo) =

779-1b/ft (previously calculated when determining FSos)

9.5-ft
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(9.5-ft) (112-1b/ft?)
2,585-Ib/ft + 1,064-Ib/ft (tan 31°)

3,224 - Ib/ft

7,200 - Ib/ft
3,224 - Ib/ft

7,200 - Ib/ft

(7,200 - Ib/ft) - (0.4478)

(1.10) - (1.45)

(7,200 - Ib/ft) (0. 4478)

2,022 - 1b/ft

779 - Ib/ft

3,224 - 1b/ft
779-1b/ft

Reinforcement Layer 9

Tmax@) =
Z99 =
N =
Teonn(e) =

CRu(g)

CRs(9)

Tac(rup) =

Tac(po)

FSgup) =

FSpo) =

373-1b/ft (previously calculated when determining FSos)

3.5-ft

(3.5-ft) (112-Ib/ft’)
2,585-Ib/ft + 392-Ib/ft (tan 31°)

2,821- Ib/ft

7,200 - Ib/ft

2,821- Ib/ft

7,200 - Ib/ft

(7,200 - Ib/ft) - (0.3917)

(1.10) - (L.45)

(7,200 - Ib/ft) (0.3917)

1,768 - Ib/ft
373 - Ib/ft

2,821- Ib/ft
373 - Ib/ft
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1,064-1b/ft
3,224-1b/ft

0.4478

0.4478

2,022-Ib/ft

3,224-1b/ft

2.59>150 ..

414 >1.50 ..

392-1b/ft
2,821-Ib/ft

0.3917

0.3917

1,768-1b/ft

2,821-1b/ft

4,75 >1.50 ..

7.57>1.50 ..
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Global Stability Analysis

A global stability analyses is presented for the wall by modeling the same wall height (H=20-ft),
live load traffic loading conditions of q=250-psf and soil strength/unit weight properties. The
geosynthetic-reinforcement length and vertical spacing modeled in the global stability analyses
was determined by hand calculation and verified with program MSEW (3.0) using the FHWA
NHI-00-043 methodology as shown in Part 2 of this course.

Global stability analyses are sensitive to soil strength parameters therefore changes, differences
or variances between assumed strength parameters that may have been made in stability analyses
and actual site specific strength parameters can significantly affect the type and length of the
geosynthetic-reinforcement required.

Commentary on Cohesion and Factor of Safety in Global Stability Analyses

Cohesion has major effects on stability and the long-term effective strength value of cohesion is
not always certain. Furthermore, cohesive backfill in made-made embankments (if at all used) is
likely to be normally consolidated. Consequently, it is often assumed in practice that for design
purposes the apparent cohesion is zero (c=0-psf), especially under drained loading conditions.

If cohesive fill is used, extreme care should be used when specifying the cohesion value.
Cohesion has significant effects on stability and thus the required reinforcement strength. In
fact, a small value of cohesion will indicate that no reinforcement at all is needed at the upper
portion of a MSE wall. However, over the long-run cohesion of manmade structures tends to
drop and nearly diminish. Since long-term stability of MSE walls is of major concern, it is
perhaps wise to ignore the cohesion altogether. It is therefore recommended to limit the design
value of cohesion to 100-psf but only in residual soil and no cohesion in fill soil.

Global stability for this example is analyzed using the commercially available two-dimensional
slope stability program ReSSA (v3.0), screen shots provided from program ReSSA by
permission of the software developer Adama Engineering (Www.geoprograms.com).

Global stability analyses were performed using Bishop's method of slices (Bishop, 1955), which
accounts for moment equilibrium used for circular searches; and Spencer's method (Spencer,
1973), which accounts for force and moment equilibrium used for circular and non-circular
searches. Spencer’s factor of safety best represents the most precise factor of safety against
global stability for non-circular slip surfaces, although factor of safety results for circular and
non-circular slip surfaces are often similar using Bishop, Janbu, or Spencer's method if the slip
surface is uniform as in the case of circular surfaces. It is generally accepted to use Bishop's
method of slices for circular searches.

www.SunCam.com Copyright® 2011 Blaise J. Fitzpatrick, P.E. Page 17 of 24
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Search Domain for ROTATIONAL ANALYSIS -- General Geometry

Search of critical cirdes is limited to
user's defined range of entry and
exit points. Input only the range of
% ( program will calculate the
corresponding v ) :

All X values are in [ft]

Circles Start points {upper part)

Once the geometry, soil properties and loading are
input the engineer needs to set upper and lower
limits to find the minimum factor of safety.

From X1 value = | 105 E
to X2 value = | 145 g

Cirdes Exit points {Jower part)
o034 || atovs ffotre..
=
=

upper part

X =83.39ft.
¥ =920.54 ft. Exdusion Zone |

2 v
? i?@ DEFAULT

Select ™™

Display all specified cirdes

o ]

Method of Stability Analysis :
*+ Comprehensive Bishop
™ AASHTO/FHWA - Bishop

Cancel |

Search Domain for ROTATIONAL ANALYSIS -- General Geometry

Search of critical drdes is limited to
user's defined range of entry and
exit points. Input only the range of
% ( program wil calculate the
corresponding v ) :

All % wvalues are in [ft]

The ReSSA program will display all internal,
compound internal and deep seated circles to be
analyzed.

Circles Start points (upper part)

From X1 value = | 105 g
to X2 value = | 145 g

Cirdes Exit points {(lower part)

¥3toX4 | Y3to'Y4 || Other...
=
=

Exdusion Zone

X =80.83 ft. |

Y =933.93 ft.

ROR = 0.00 d%ﬂm
2 2gee) o |

Select ™®

| Display all specified circles

o ]

Method of Stability Analysis :
* Comprehensive Bishop

" AASHTO/FHWA - Bishop Cancel |
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Results of Bishop Analysis

RESULTS DISPLAY PLOT [PRINT CAFTURE SAFETY MAP
The critical slip surface or slip surface with the lowest safety factor is
shown; this is the factor of safety. For this section Fs=1.49.
f SCALE [it]
2 e
-3 30
4
5 *
E
B t20
g
10
F10
Toe paint
a
abp
v Hide Scale
S m Minimum factor of safety = 1,49 ¥ = 80.80 ft, TRimtTdtt;ﬁ?ngeF
tﬁ;‘fﬁ ﬁmedrﬁm of Radius = 30,18 ft. ¥ =929.14 ft. v?:;d pawmnmr:‘ i

Results of Bishop Analysis

RESULTS DISPLAY PLOT [PRINT CAFTURE SAFETY MAP
A safety map can be generated that shows all slip surfaces and associated
safety factors along with the section factor of safety, Fs=1.49.
=1" Color Code: S afety Factors
. 300 SCALE [ft]
3 . 195 i
4 1.80
5 1.85 5
B
1.79 +20
g 189
10 1.64 Lig
1.59
- 1?; Toe paint
a
aQBP
v Hide Scale
L Gridlines z factor of safety =149 X =NjA de]t-‘fd( tg1d1?r!gef
T_;ﬁ 1o depay dsvbuton of Radius = 30.18 ft. Y =NjA e
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Search Domain for TRANSLATIONAL ANALYSIS -- General Geometry

Select Interface for Translational
{Direct Sliding) Analysis:

Reinforcement At toe elevation

Toe

User defined search
domain interface
[ fo ke defined for each irterface |

Data input for :
Interface at
Toe elevation

=

100.2 f,

To X2: =

113.3 f

Layer Mo,

From ¥1:

000 [~ | (N | (R | =

=

Divided into N
segments, where

e
?

Tabulated input of data
for X1, X2and N

Click to select layer

t

Translational analysis looks at internal sliding
planes based on a 2-part wedge. Reinforcement
strength and length is key to this analysis.

o= Exclusion Z |
Y=N,l'ﬂ Xdausion £Lone

Gridlines

2]

d&b

v

Display all spedified wedges |

o ]

Cancel |

DEFALLT

Results of Translational Analysis (Direct Sliding)

RESULTS DISPLAY

PLOT fPRINT CAPTURE SAFETY MAP

two-part wedge along each interface:

Toe Elevation

Caolor Code: Safety Factars

»>2.00
. 1.96
1.93
1.89

[
182
178

1.74
1.70

- 1.67

1.63

[

B
v

‘ Click to display captured-critical

mmﬂmm#wm—t"‘-

j—ry
=]

A safety map can be generated that shows all slip
surfaces and associated safety factors along with the
section factor of safety, Fs=1.63.

a0

F20

Toe point

Hide Scale

Gridines | |

X=73.7ft
¥ =927.1ft

Fs minimum found in this run = 1.63
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Search Domain for 3-PART WEDGE FAILURE -- General Geometry

User-defined search domain

passive and Central Wedoe Intersection: | | | 3-part wedge analysis set up with passive/active
Mesfss  [Mes[os | R search box, entrance/exit angles and incremental
fle=[sss  Mes[sss sensitivity.
=l =
¢ leftfiom [14 o |24
byincementsof [1  [deg.]

# of horizontal points, nl= 5

# of vertical points, mL= |4 —]

Active and Central Wedge Intersection:
¥Rs=| 108 ¥Re=| 116 ft
YRs=|901.5 YRe=|912.5 ft.

= =
¢ Right: from | 41 to | 51 ¥ =NjA
¥ =MfA Exdusion Zone |
by increments of | 1 [deg.] q&

# of horizontal points, MR= ’5— _] Gridlines Display all specified wedges |
# of vertical points, rnR— E?@ DEFAULT OK | Cancel |

Results 3-Part Wedge Analysis
CNREl DISPLAY  PLOT /PRINT  CAPTURE SAFETY MAP

C’ﬁd(tndis;ﬂaydistr}'imﬂmnf " -
f’““emmm Safety map generated showing all slip surfaces
= and associated safety factors along with the
| MotesessmwPeses 1 section factor of safety, Fs=1.63.
HE R
o 1.47
[ & 1.45
= 1.43 15
[ g - 141 ARSI, % o i1
i w‘ 1.40
] 138
1.36 1°
1.34
- 133 Taoe paoint

Re Run
Single
F-Part Wedge

Hlde Scale Display all examined wedges ] X =NJA
.. Gridiines [ Fs minimum found in this run = 1,33 [
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Compilation of all three analyses: | |
Fs=1.49 — Bishop Circular — |
Fs=1.63 — Spencer 2-Part Wedge >
Fs=1.33 — Spencer 3-Part Wedge p
/ pd
/ -

Global stability results indicate the most critical slip surface passes below and behind the
reinforced zone. Safety maps for all three analyses (circular, 2-part wedge and 3-part wedge)
indicate safety factors within the reinforced zone are greater than 1.50. The lowest factors of
safety is Fs=1.33, which would meet the minimum requirement for most jurisdictions unless
otherwise specified to be greater than Fs=1.30.
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