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Segmental Retaining Wall Design Calculations per NCMA

Wall Geometry
Height Backslope Dead Load Live Load Distance to Slope Wal below grade attoe
= 1101t B = 10.0-deg qq = 0-psf qp := 0-psf Z:=1.0-ft Hemp = .67-ft
Soil Properties
Reinforced Soil Retained Soil Drainage Fill Foundation Soil Pullout
(Internal) (External) Ng = 110-pef N == 120-pef Cj:=07
7 := 110-pcf Ye := 120-pcf (g = 32-deg g = 26-deg
& = 32-deg & == 26-deg —Ey—
Cdsi =0.8 Cdse =1.0
Segmental Unit Properties
Height Length Width Setback Center of Gravity Batter
Hy,:=8im L,:=18in Wy i=12:in A, = 1.0-in Gy = 6-in A,
W = atan| —
Infiled Unit Weight Hy
= 120-pef Hinge Height

o =025 )

Internal Interface Friction Angle
2
8= —; 8; = 21.33-deg [Eq. 3-17]
3

Internal Active Earth Pressure

External Interface Friction Ange

8¢ = if{ ¢ > Pe, G, ) [Eq. 3-16]

External Active Earth Pressure
cos(d)i + w)z
Ka; :=

Ko o cos(d)e + w)z

2 e 2
5 sin(; + ;) -sin(¢; - B) 5 sin e + 8,)-sin( (. — B))
cos(w) ~c0s(w— 51)- 1+ cos(w) -cos(w - Be)~ 1+
cos(w - 6i)-cos(w +3) cos(w - 66)-cos(w +3)
[Eq. 3-11] Ka; = 0.256 [Eq. 3-11]

Ka, = 0.339

Orientation of Critical Internal Failure Surface

'{—tan +\/ tan tan(d)1 B) + cot(d)i + w))-(l + tan(éi - w)~cot(d)i + w)):| [Eq. 3-14]
Q; := ata + &

1+ tan(éi — w)-(tan(d; - B) + cot(d; + w))

Orientation of Critical External Failure Surface

'{—tan +\/tan tan ¢ B) + cot(¢e+ w))~(1 + tan(ﬁe— w)-cot(¢e+ w))} [Eq. 3-14]
Q. = ata + O

1+ tan(ée— w)-(tan( e — B) + cot( e + w) )

1
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External Stability Analysis

Sliding
Given
T i '( ) (L- W, - Z) tan(B)-tan(w) | i (6) T
Cise qd-_ L-W,-Z)+ |~ tan(B) n(0) | +L~eH ... -tan| §g
1 ( ) ( ) (L—Wu—Z)-tan(B)~tan(w):|
—~e(L-wW,-2) | (L-wW,-Z :
_+ e Wo wTHE 1 — tan( B)-tan(w) an(®) |
T (L— W, —2)-tan(B) tan(w) | i
Caser| 9a| (L= Wy —Z) + + LA H ... tan(dg)
. L 1 — tan(3)-tan(w) |
i | (L - W, — Z)-tan(B)-tan(w)
+— (L= Wy—=2Z) (L-W,-2Z) + -tan(B)
L 2 1 — tan(3)-tan(w) |
(L— W, - Z)~tan( B)-tan(w)
Caser| e L+| aq| (L- Wy —2Z) + +L~H -tan( d)
1 — tan(3)-tan(w)
1 (L—Wu—Z)-tan(B)-tan(w)
+— (L= Wy —2Z) (L-W,~2Z) + tan(B)
L5 = i 2 1 — tan(3)-tan(w) ]
1 (L—Wu—Z)-tan(B)~tan(w) 2
—Kagve|H+ (L—Wu—Z) + -tan(3) -cos(ﬁe—w)
2 1 — tan(3)-tan(w)
( ) ( ) L - W, - Z)-tan(B)-tan(w) ( )
Ka. —W.— . .cos(s. —
+1{qq+q)Kag| H+|(L-W,-Z) + | tan(B) an() tan(@3) |-cos{ 8, — w
Overturning leiding := Find(L) leiding = 6.035ft I
Given
1
[(L%H)-[E-(L + H-tan(w)):|:|
1 (L - W, - Z)-tan(B)-tan(w) ’
+| =~ (L= Wy = Z)-| (L-W,-7Z) + tan(B) -|:[H-tan(w) + Wyt Z+=(L- W, - Z)J
2 1 — tan(3)-tan(w) 3
(L - W, - Z)-tan(B)-tan(w)
{ (L—Wu—Z)~tan(B)~tan(w)} 2 (L—Wu—Z) ’ 1 — tan(3)-tan(w)
+qq- (L—Wu—Z)+ . + H-tan(w) +
20 = 1 — tan(3)-tan(w) 2

(L—Wu—Z)~tan(B)~tan(w) (L—Wu—Z)-tan(B)-tz

2
-tan(3) ~cos(5 —u)) . l H+ (L—W —Z)+
1 — tan(B)-tan(w) ¢ 3 N

1
|:E-Kae-’\{e-|:H+ (L-W,-7)+
L - W, - Z)-tan(B)- tan(w) 1
-tan(3) ~cos(6e—w) . E H+ (L—Wu—Z)+

1 — tan(3)-tan(w)
L—- W, - Z)-tan(

+(gq + a1)-Kag H{(L—Wu—z) +

1 — tan(3)-tan(w) 1 —tan(3)-ta
Loverturning = Find(L) |L0Venurning =473t |
Lsliding
,&‘A:: max Lovenurning L=6.6ft
0.6-H

Based on Overturning and Sliding: JL=80ft (Roundupl)

2
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Eccentricity

L''=L-W,-Z

(L - W, - Z)-tan(B)-tan(w)

L":=
1 — tan(3)-tan(w)
Lg=L'+L"
h:= Lg-tan(B)
Wi = L H

1
X, =—(L+ H-tan(w))
2

1
Wig = ?‘{i'(L'—Z)'h
2
X, =H-tan(w) + Wu"‘;'LB"' V4

Z-‘rLB

XqB =

Actual Heigth of wall:

Hy = (H + h)

Earth Pressures:

1 2
Py = [E'Kae'%'(H +h) -cos(6e - w)}

1
Y, =—(H+h)
3

Py = (qd + ql)-Kae-(H + h)-cos(ée— w)

1
Yq=—(H+h)
2

L L L
Pt Yy + Papr Yg = Wit Xri = — | = Wi Xeg = — ~ag(Lg) Xep=>

+ [(H + h)-tan(w)] + Wy,

w W, + WrB RECHE (Lﬁ)

Surcharge is applied over: (L'+L") = 6.1351t

¢ :=if(e £ 0,0.075L, ¢)
W

Brutusl| 11.xmcd
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[Eq. 5-1]

[Eq. 52]

[Eq. 53]

[Eq. 54]



Bearing Capacity

_ I:Wri +Wig+ (qd + ql) (L'+ L"):|

Qa: B Q.= 1371.964-psf|

® 2
Ng = tan(45.deg + Tfj -exp(ﬁ-tan(de)) [Fig. 4-5]
N, = if] dp = 0,5.14,(Ny — 1)-cot( &) [Fig. 4-5]
N, = 2-(Nq+ 1)-tan(¢f) [Fig. 4-5]

1
Quit == ¢ N +E"YFB'N'\( + ’Yf’Hemb'Nq |Qult = 6424'334']954 [Eq. 4-20]

Qult

Fearns =3 s 419

a
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Internal Stability
Reinforcement Properties
Geogrid Design Data
Backfill Soil Type := (gravel)
1 2 3 4 5 6 7 8 9 Geogrid Number
Type = (411 834 1199 1336 2004 2508 3011 3873 7914) GNI1 = 4 GN2:=2

T
inter = (1145 1145 1145 1145 1145 1145 0)

T
slope = (38 38 38 38 38 38 0)

mach = (4540 4540 4540 4540 4540 4540 0)x:=4..1 Xisthe number of grids at the top of the walll of a different type

T, := Typegni-plf [T, = 1336-plf Ta = Typegno - plf Tap = 834-plf

acg = intergn-plf  |acg = 1145-plf Aes = slopegni-deg [N = 38-deg Vesmax = MaxcgNi PIf | Vesmax = 4540-plf
acg = intergny pIf |acen = 1145-plf Nes2 = slopegnp-deg  [Aegp = 38-deg Vesmax2 = maxcgny - plf |Vcsmax2 = 4540-p111

4
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Tension in Geogrid # of grids for Depth of first

Number of Grids:  Grig Spacing (ft): that spacing: grid (ft): Length of grids: L
n, =4 Spacingl =2 n =4 h; =3.67 L;=80 L,:=80 L, := ?
t

Spacing2 := 1.67 np =0

Make all zero when using one geogrid

Note: make sure that the
elevations don't excide the height
ofthewall (H) H = 11 ft

top := length(E) p:==2..top top = 4
grids := length(E) n:=1..top Ao=1. grids -1
3.67 8
izl e

' 834 A= 1336
9.67 834 Ta = plf 8

JV@)\ =Ta T, = -plf 1336

N 1336

834

T
T, = (834 834 834 834)-plff

— Ep—l + Ep

D, =——> D, = 0-ft

) Dgrids+l =H

T
D =(0 467 667 8.67 11)ft|

Total Applied Tensile Strength in the Geosynthetic reinf.:
rD(n+l)
an = J (’Yi'D +q+ qd)-Kai~cos(6i - w) dD [Eq. 5-36]
D

T
Fo =(297.624 309.512 418.687 625.453)-plf

Safety factor:

T,
n
FSten =
n

g1’1

T
FSn = (2.802 2.695 1.992 1333)

5
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Pullout Capacity
Anchorage Length of Geosynthetic

La, := L, — W, —[(H + h) — E; |- tan(90-deg — o) + [ (H + h) — E; |- tan(w) ~ [EQ. 5-46]

T
La =(1.578 2.867 4.156 5.445)ft

Note: If the anchorage length is less than 1ft then there is not enough embedment length and it has to be
increased. Note thatin some cases it might just be the top two grids.

Average Depth of overburdenon Anchorage length

La,
d,=E + |:(H - En)-tan(90~deg - cxi) + T - (Z + H-tan(w) — Au):|~tan( B) [Eq. 547]

T
d =(44 6242 8.084 9.926) ft

Anchorage Capacity

AC, = 2-Lan~Ci~(dn-A{i + qd)-tan( ¢i) [Eq. 5-49]

T
AC = (668.05 1722.134 3233.307 5201.567)-pld

T
Fo =(297.624 309.512 418.687 625.453)-plf

Safety Factor
—>
AC
FSy, = - [Eq. 544]

g

T
FSpo =1(2.245 5564 7.722 8.316)

Internal Sliding

Reduced reinforcement length

1
ALy = |:(E1+1 - El)'(m - tan(“’)ﬂ if ng>2 [Eq. 551]

1
Spacingl-ft-| —— — tan(w) | if ny =2
tan((xe)

0 if ng=1

T
AL =(0 1.651 1.651 1.651)ft

Ly =L,- W,- AL, [Eq. 5-50]

n

T
Ly =(7 5349 5349 5349)ft

Length of sloping ground

(L‘SII - Wu) -tan(3)-tan(w)

Lgg =L + -7 [Eq. 553 & 5-52]
n n 1 — tan(3)-tan(w)

6
Brutusl| 11.xmcd



11/7/2024

T
Lig = (6.135 4447 4.447 4.447)ft

Height of slope above crest of wall
h', = Lyg -tan(3) [Eq. 5-54]

T
h' =(1.082 0.784 0.784 0.784) ft

Weight of reduced reinforced area

Wii =L -Eni [Eq. 5-55]

n

T
Wi = (2826 3336 4513 5690)-plf

Weight of wedge beyond reinforced soil zone

Wig = %.((Lsﬁn.h'n))m{i [Eq. 5-56]

T
Wig =(365.04 191.78 191.78 191.78)-plf

Friction developed by weight

R, = cds{qd.(LS@ + z) + W +Wig :|-tan(¢i) [Eq. 549]
n n n n

T
R = (1595 1764 2352 2940)-plf

Shear capacity of facing elements

vy = min] Vegmax - s + (if( By > Hy., Hy, Ey) -y W) -tan( ) | [Eq. 4-25]

T
V, =(1489 1677 1864 1895)-plf

Driving Forces
From retained soil

PSII = |:%~Kae-we-(En + h'n)z-cos(ée - w):| [Eq. 5-6]

T
P, = (435 802 1376 2104)-plf

From surcharge

Pqu = (qd + ql)-Kae~(En + h'n)-cos( 8 — w) [Eq. 58]

T
Py =(0 0 0 0)plf

Factor of safety against internal sliding

P, =P +P, [Eq. 5-11]
n n n

T
P, = (435 802 1376 2104)-plf

R +V,
FSy =—— [Eq. 548]
n

(%)

T
FSy = (7.096 429 3.064 2.298)

7
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Local Stability of Facing Units

Facing Connection Strength

TconnIl = min[vcsmaxn’ des + (if(En > Hy, Hp, En) 'P\fu'Wu)'tan( >‘csn)i| [Eq. 5-59]

T
Teonn = (1489 1677 1864 1895)-plf

T
F FSeomn = (5.003 5.417 4.452 3.03)

Resistance to Bulging

Shear capacity at each geogrid layer

vy = min Vogmax» 8gs + (if( By > Hi, Hy, By) -y Wy)-tan( 3o | [Eq. 4-25]

T
V, =(1489 1677 1864 1895)-plf

Driving Force at each geogrid layer

n

P, = |:%~Kai-ﬂ{i~(En)2~cos(Si - u)):| + (qd + q1)~Kai~(En)~cos(Si - u)) [Eq. 5-11]

T
P, =(184 439 803 1276)-plf

Sum of tension in reinforcement layers above layer being considered

n
+1 = E Fg
i

i=1

T
F =(0 298 607 1026 1651)-pld

gn

FSy, i=— [Eq. 561]

T
FS,. = (8.101 11.881 9.525 7.572)

Maximum unreinforced height of SRW units y:=E; = 3.67ft

Moment equilibrium

A= 0-psf

Driving Moments

1
P [E.Kai.m.(y)z.cos(gi ] w)} Eq. 45

8
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Wal Height

Unreinforced Stability

Applied Bearing Stress

Py= (qd + q1)~Kai-(y)~cos(ﬁi - u)) [Eq. 4-6] P'y = 0-plf
1
a7
1
4=
Resisting Moments
W 49
1
X'w = Gy +—(y)-tan(w) [Eq. 4-16]
2
M| = W, X', [Eq. 4-15] M, = 321.217 il
M,
'O
Factor of Safety against Shear failure 1489.078
1489.078
V' 1= agg + W'y tan( Ay (Eq. 4.25] \a
V',
FSy, i=—
sh P [Eq. 4-27]
R 1N1
Summary

Q,=1372-ps

FShearing = 4683

Grid Geogrid Tensile Geogrid  Anch. Anch. FS Grid FS FSInt FS FS
Elevation  Length Force Strength  Length Capacity ~ Tension Pullout Sliding Conn Bulging
(1.0) (1.5) (1.5) (1.5) (1.5)
Fg1’1 Ta1’1 ACII

E, = L, = pIf = E = La, = plf = Fstenn = Fspon = Fssln = FSconnn = Fsscn =
3.67|ft 8|ft 298 834 1.58|ft 668 2.8 2.24 7.1 5 8.1
5.67 8 310 834 2.87 1722 2.69 5.56 4.29 5.42 11.88
7.67 8 419 834 4.16 3233 1.99 7.72 3.06 4.45 9.53
9.67 8 625 834 5.45 5202 1.33 8.32 2.3 3.03 7.57

9
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Segmental Retaining Wall Design Calculations per NCMA

Wall Geometry
Height Backslope Dead Load Live Load Distance to Slope Wal below grade attoe
=901t B = 10.0-deg qq = 0-psf qp := 0-psf Z:=1.0-ft Hemp = .67-ft
Soil Properties

Reinforced Soil Retained Soil Drainage Fill Foundation Soil Pullout
(Internal) (External) ~g = 110-pef ~g = 120-pef C; =07
7 = 110-pcf Ye = 120-pcf (g = 32-deg g = 26-deg
& = 32-deg & == 26-deg —Ey—
Cysi = 0.8 Cge = 1.0

Segmental Unit Properties
Height Length Width

Setback Center of Gravity Batter
Hy:=8in L;:=18in W, = 12-in A = 1.0-in Gy = 6-in A,
v w := atan| —
Infiled Unit Weight Hy
3= 120-pef Hinge Height

o =025 )

Internal Interface Friction Angle
2
8= —; 8; = 21.33-deg [Eq. 3-17]
3

Internal Active Earth Pressure

External Interface Friction Ange

8¢ = if{ ¢ > Pe, G, ) [Eq. 3-16]

External Active Earth Pressure
cos(d)i + w)z
Ka; :=

Ko o cos(d)e + w)z

2 e 2
5 sin(; + ;) -sin(¢; - B) 5 sin e + 8,)-sin( (. — B))
cos(w) ~c0s(w— 51)- 1+ cos(w) -cos(w - Be)~ 1+
cos(w - 6i)-cos(w +3) cos(w - 66)-cos(w +3)
[Eq. 3-11] Ka; = 0.256 [Eq. 3-11]

Ka, = 0.339

Orientation of Critical Internal Failure Surface

'{—tan +\/ tan tan(d)1 B) + cot(d)i + w))-(l + tan(éi - w)~cot(d)i + w)):| [Eq. 3-14]
Q; := ata + &

1+ tan(éi — w)-(tan(d; - B) + cot(d; + w))

Orientation of Critical External Failure Surface

'{—tan +\/tan tan ¢ B) + cot(¢e+ w))~(1 + tan(ﬁe— w)-cot(¢e+ w))} [Eq. 3-14]
Q. = ata + O

1+ tan(ée— w)~(tan(¢e— B) + cot(¢e+ w))

1
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External Stability Analysis

Sliding
Given
T i '( ) (L- W, - Z) tan(B)-tan(w) | i (6) T
Cise qd-_ L-W,-Z)+ |~ tan(B) n(0) | +L~eH ... -tan| §g
1 ( ) ( ) (L—Wu—Z)-tan(B)~tan(w):|
—~e(L-wW,-2) | (L-wW,-Z :
_+ e Wo wTHE 1 — tan( B)-tan(w) an(®) |
T (L— W, —2)-tan(B) tan(w) | i
Caser| 9a| (L= Wy —Z) + + LA H ... tan(dg)
. L 1 — tan(3)-tan(w) |
i | (L - W, — Z)-tan(B)-tan(w)
+— (L= Wy—=2Z) (L-W,-2Z) + -tan(B)
L 2 1 — tan(3)-tan(w) |
(L— W, - Z)~tan( B)-tan(w)
Caser| e L+| aq| (L- Wy —2Z) + +L~H -tan( d)
1 — tan(3)-tan(w)
1 (L—Wu—Z)-tan(B)-tan(w)
+— (L= Wy —2Z) (L-W,~2Z) + tan(B)
L5 = i 2 1 — tan(3)-tan(w) ]
1 (L—Wu—Z)-tan(B)~tan(w) 2
—Kagve|H+ (L—Wu—Z) + -tan(3) -cos(ﬁe—w)
2 1 — tan(3)-tan(w)
( ) ( ) L - W, - Z)-tan(B)-tan(w) ( )
Ka. —W.— . .cos(s. —
+1{qq+q)Kag| H+|(L-W,-Z) + | tan(B) an() tan(@3) |-cos{ 8, — w
Overturning leiding := Find(L) leiding = 4.885ft I
Given
1
[(L%H)-[E-(L + H-tan(w)):|:|
1 (L - W, - Z)-tan(B)-tan(w) ’
+| =~ (L= Wy = Z)-| (L-W,-7Z) + tan(B) -|:[H-tan(w) + Wyt Z+=(L- W, - Z)J
2 1 — tan(3)-tan(w) 3
(L - W, - Z)-tan(B)-tan(w)
{ (L—Wu—Z)~tan(B)~tan(w)} 2 (L—Wu—Z) ’ 1 — tan(3)-tan(w)
+qq- (L—Wu—Z)+ . + H-tan(w) +
20 = 1 — tan(3)-tan(w) 2

(L—Wu—Z)~tan(B)~tan(w) (L—Wu—Z)-tan(B)-tz

2
-tan(3) ~cos(5 —u)) . l H+ (L—W —Z)+
1 — tan(B)-tan(w) ¢ 3 N

1
|:E-Kae-’\{e-|:H+ (L-W,-7)+
L - W, - Z)-tan(B)- tan(w) 1
-tan(3) ~cos(6e—w) . E H+ (L—Wu—Z)+

1 — tan(3)-tan(w)
L—- W, - Z)-tan(

+(gq + a1)-Kag H{(L—Wu—z) +

1 — tan(3)-tan(w) 1 —tan(3)-ta
Loverturning = Find(L) |L0venurning = 3.834ft |
Lsliding
A= max| | Lovertuming L=54ft
0.6-H

Based on Overturning and Sliding: Li=70-ft (Roundupl)

2
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Eccentricity

L''=L-W,-Z

(L - W, - Z)-tan(B)-tan(w)

L":=
1 — tan(3)-tan(w)
Lg=L'+L"
h:= Lg-tan(B)
Wi = L H

1
X, =—(L+ H-tan(w))
2

1
Wig = ?‘{i'(L'—Z)'h
2
X, =H-tan(w) + Wu"‘;'LB"' V4

Z-‘rLB

XqB =

Actual Heigth of wall:

Hy = (H + h)

Earth Pressures:

1 2
Py = [E'Kae'%'(H +h) -cos(6e - w)}

1
Y, =—(H+h)
3

Py = (qd + ql)-Kae-(H + h)-cos(ée— w)

1
Yq=—(H+h)
2

L L L
Pt Yy + Papr Yg = Wit Xri = — | = Wi Xeg = — ~ag(Lg) Xep=>

+ [(H + h)-tan(w)] + Wy,

w W, + WrB RECHE (Lﬁ)

Surcharge is applied over: (L'+L") =5.1131t

¢ :=if(e £ 0,0.075L, ¢)
W
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Xgp =5

<= 9.902 ft

jasi
|
o)
)
N
X
=g

|PSH = 1887.145-p111

Y, =3.301ft

PqH = Opl

Yy =49511t

e =0.2425ft

e=0.243ft

B =6.515ft
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[Eq. 5-1]

[Eq. 52]

[Eq. 53]

[Eq. 54]



Bearing Capacity

_ I:Wri +Wig+ (qd + ql) (L'+ L"):|

Qa: B Q.= 1094.148-psf|

¢ 2
Ng = tan(45~deg + Tfj -exp(ﬁ-tan(de)) [Fig. 4-5]
Ne = if ¢f = 0,5.14, (Ng - 1)-cot( ) | [Fig. 4-5]
N, = 2:(Ng + 1)-tan( ) [Fig. 4-5]
Quit = ¢ N + %qf-B.N7 + ¢ Hemb Ng |Qult = 5854.474-psq [Eq. 4-20]

Qult

Fsbearing = Q_ Fsbearing = 5.351 [Eq. 4-19]

a
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Internal Stability
Reinforcement Properties
Geogrid Design Data
Backfill Soil Type := (gravel)
1 2 3 4 5 6 7 8 9 Geogrid Number
Type = (411 834 1199 1336 2004 2508 3011 3873 7914) GNI1 = 4 GN2:=2

T
inter = (1145 1145 1145 1145 1145 1145 0)

T
slope = (38 38 38 38 38 38 0)

mach = (4540 4540 4540 4540 4540 4540 0)x:=4..1 Xisthe number of grids at the top of the walll of a different type

T, := Typegni-plf [T, = 1336-plf Ta = Typegno - plf Tap = 834-plf

acg = intergn-plf  |acg = 1145-plf Aes = slopegni-deg [N = 38-deg Vesmax = MaxcgNi PIf | Vesmax = 4540-plf
acg = intergny pIf |acen = 1145-plf Nes2 = slopegnp-deg  [Aegp = 38-deg Vesmax2 = maxcgny - plf |Vcsmax2 = 4540-p111

4
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Tension in Geogrid # of grids for Depth of first

Number of Grids:  Grig Spacing (ft): that spacing: grid (ft): Length of grids: L
ny =3 Spacingl =2 n =3 h; =3.67 L;=70 L,:=70 L, := ?
t

Spacing2 := 1.67 np =0

Make all zero when using one geogrid

Note: make sure that the
elevations don't excide the height
ofthewall (H) H = 91t

top := length(E) p:==2..top top =3
grids := length(E) n:=1..top Ao=1. grids -1
3.67 7
—
E=|5.67 |ft LT L=|7|ft
834 Tyi= —— 1336
7.67 M 7
oy =T Ta =) P 1336
834

T
T, = (834 834 834 834)-plff

— Ep—l + Ep

D, =——> D, = 0-ft

) Dgrids+l =H

T
D =(0 467 6.67 9)ft

Total Applied Tensile Strength in the Geosynthetic reinf.:
rD(n+l)
an = J (’Yi'D +q+ qd)-Kai~cos(6i - w) dD [Eq. 5-36]
D

T
Fg =1(297.624 309.512 498.264)-pli

Safety factor:

T,
n
FSten =
n

g1’1

T
FSen = (2.802 2.695 1.674)

5
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Pullout Capacity
Anchorage Length of Geosynthetic

La, := L, — W, —[(H + h) — E; |- tan(90-deg — o) + [ (H + h) — E; |- tan(w) ~ [EQ. 5-46]

T
La =(1.983 3272 4.562)ft|

Note: If the anchorage length is less than 1ft then there is not enough embedment length and it has to be
increased. Note thatin some cases it might just be the top two grids.

Average Depth of overburdenon Anchorage length

La,
d,=E + |:(H - En)-tan(90~deg - cxi) + T - (Z + H-tan(w) — Au):|~tan( B) [Eq. 547]

T
d =(4.208 6.05 7.893)ft

Anchorage Capacity

AC, = 2-Lan~Ci~(dn-A{i + qd)-tan( ¢i) [Eq. 5-49]

T
AC =(803.122 1905.307 3464.58)-plf]

T
Fo =(297.624 309.512 498.264)-plf

Safety Factor
—>
AC
FSy, = - [Eq. 544]

g

T
FSpo =(2.698 6.156 6.953)

Internal Sliding

Reduced reinforcement length

1
ALy = |:(E1+1 - El)'(m - tan(“’)ﬂ if ng>2 [Eq. 551]

1
Spacingl-ft-| —— — tan(w) | if ny =2
tan((xe)

0 if ng=1

T
AL = (0 1.651 1.651)ft|

Ly =L,- W,- AL, [Eq. 5-50]

n

T
L = (6 4349 4349)ft

Length of sloping ground

(L‘SII - Wu) -tan(3)-tan(w)

Lgg =L + -7 [Eq. 553 & 5-52]
n n 1 — tan(3)-tan(w)

6
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T
Lig = (5.113 3.424 3.424)ft

Height of slope above crest of wall
h', = Lyg -tan(3) [Eq. 5-54]

T
h' =(0.902 0.604 0.604) ft

Weight of reduced reinforced area

Wii =L -Eni [Eq. 5-55]

n

T
Wi = (2422 2712 3669)-plf

Weight of wedge beyond reinforced soil zone

Wig = %.((Lsﬁn.h'n))m{i [Eq. 5-56]

T
Wig =1(253.5 113.72 113.72)-pl

Friction developed by weight

R, = cds{qd.(LS@ + z) + W +Wig :|-tan(¢i) [Eq. 549]
n n n n

T
R = (1338 1413 1891)-plf

Shear capacity of facing elements

vy = min] Vegmax - s + (if( By > Hy., Hy, Ey) -y W) -tan( ) | [Eq. 4-25]

T
V, = (1489 1677 1864)-plf

Driving Forces
From retained soil

PSII = |:%~Kae-we-(En + h'n)z-cos(ée - w):| [Eq. 5-6]

T
P, = (402 758 1318)-plf

From surcharge

Pqu = (qd + ql)-Kae~(En + h'n)-cos( 8 — w) [Eq. 58]

T
Py =(0 0 0)plf

Factor of safety against internal sliding

P, =P +P, [Eq. 5-11]
n n n

T
P, = (402 758 1318)-plf

R +V,
FSy =—— [Eq. 548]
n

(%)

T
FSq = (7.027 4.078 2.85)

7
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Local Stability of Facing Units

Facing Connection Strength

TconnIl = min[vcsmaxn’ des + (if(En > Hy, Hp, En) 'P\fu'Wu)'tan( >‘csn)i| [Eq. 5-59]

T
Teonn = (1489 1677 1864)-plf

T
F FSeomn = (5.003 5.417 3.741)

Resistance to Bulging

Shear capacity at each geogrid layer

vy = min Vogmax» 8gs + (if( By > Hi, Hy, By) -y Wy)-tan( 3o | [Eq. 4-25]

T
V, = (1489 1677 1864)-plf

Driving Force at each geogrid layer

n

P, = |:%~Kai-ﬂ{i~(En)2~cos(Si - u)):| + (qd + q1)~Kai~(En)~cos(Si - u)) [Eq. 5-11]

T
P, = (184 439 803)-plf

Sum of tension in reinforcement layers above layer being considered

n
+1 = E Fg
i

i=1

T
F =(0 298 607 1105)-pld

gn

FSy, i=— [Eq. 561]

T
FS,. =(8.101 11.881 9.525)

Maximum unreinforced height of SRW units y:=E; = 3.67ft

Moment equilibrium

A= 0-psf

Driving Moments

1
P [E.Kai.m.(y)z.cos(gi ] w)} Eq. 45

8
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Py= (qd + q1)~Kai-(y)~cos(ﬁi - u)) [Eq. 4-6] P'y = 0-plf
1
o7
1
Y' = —. [Eq. 4-8] Y' = 1.84ft
a =5
Resisting Moments
Wy = 44
1
X'w =G+ E-(y)~tan(w) [Eq. 4-16]
M| = W, X', [Eq. 4-15] M, = 321.217 il
M';
(3
Factor of Safety against Shear failure 1489.078
1489.078
V' 1= agg + W'y tan( Ay (Eq. 4.25] \a
V'
FSSh = P—'a [Eq 4_27]
\Q 1n1 _
Summary
Wal Height
Applied Bearing Stress
Grid Geogrid Tensile Geogrid  Anch. Anch. FS Grid FS FSInt FS FS
Elevation  Length Force Strength  Length Capacity ~ Tension Pullout Sliding Conn Bulging
(1.0) (1.5) (1.5) (1.5) (1.5)
Fy Ta AC
- == = = FSen = FS,, = FSq =  FSem = FS¢ =
E, = L, = plf plf La, = pIf tenn po, sln conn se,
3.67|ft 7|ft 298 834 1.98|ft 803 2.8 2.7 7.03 5 8.1
5.67 7 310 834 3.27 1905 2.69 6.16 4.08 5.42 11.88
7.67 7 498 834 4.56 3465 1.67 6.95 2.85 3.74 9.53
9
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Segmental Retaining Wall Design Calculations per NCMA

Wall Geometry
Height Backslope Dead Load Live Load Distance to Slope Wal below grade attoe
H=T70ft B = 10.0-deg qq = 0-psf qp := 0-psf Z:=1.0-ft Hemp = .67-ft
Soil Properties

Reinforced Soil Retained Soil Drainage Fill Foundation Soil Pullout
(Internal) (External) ~g = 110-pef ~g = 120-pef C; =07
7 = 110-pcf Ye = 120-pcf (g = 32-deg g = 26-deg
& = 32-deg & == 26-deg —Ey—
Cysi = 0.8 Cge = 1.0

Segmental Unit Properties
Height Length Width

Setback Center of Gravity Batter
Hy:=8in L;:=18in W, = 12-in A = 1.0-in Gy = 6-in A,
v w := atan| —
Infiled Unit Weight Hy
3= 120-pef Hinge Height

o =025 )

Internal Interface Friction Angle
2
8= —; 8; = 21.33-deg [Eq. 3-17]
3

Internal Active Earth Pressure

External Interface Friction Ange

8¢ = if{ ¢ > Pe, G, ) [Eq. 3-16]

External Active Earth Pressure
cos(d)i + w)z
Ka; :=

Ko o cos(d)e + w)z

2 e 2
5 sin(; + ;) -sin(¢; - B) 5 sin e + 8,)-sin( (. — B))
cos(w) ~c0s(w— 51)- 1+ cos(w) -cos(w - Be)~ 1+
cos(w - 6i)-cos(w +3) cos(w - 66)-cos(w +3)
[Eq. 3-11] Ka; = 0.256 [Eq. 3-11]

Ka, = 0.339

Orientation of Critical Internal Failure Surface

'{—tan +\/ tan tan(d)1 B) + cot(d)i + w))-(l + tan(éi - w)~cot(d)i + w)):| [Eq. 3-14]
Q; := ata + &

1+ tan(éi — w)-(tan(d; - B) + cot(d; + w))

Orientation of Critical External Failure Surface

'{—tan +\/tan tan ¢ B) + cot(¢e+ w))~(1 + tan(ﬁe— w)-cot(¢e+ w))} [Eq. 3-14]
Q. = ata + O

1+ tan(ée— w)~(tan(¢e— B) + cot(¢e+ w))

1
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External Stability Analysis

Sliding
Given
T i '( ) (L- W, - Z) tan(B)-tan(w) | i (6) T
Cise qd-_ L-W,-Z)+ |~ tan(B) n(0) | +L~eH ... -tan| §g
1 ( ) ( ) (L—Wu—Z)-tan(B)~tan(w):|
—~e(L-wW,-2) | (L-wW,-Z :
_+ e Wo wTHE 1 — tan( B)-tan(w) an(®) |
T (L— W, —2)-tan(B) tan(w) | i
Caser| 9a| (L= Wy —Z) + + LA H ... tan(dg)
. L 1 — tan(3)-tan(w) |
i | (L - W, — Z)-tan(B)-tan(w)
+— (L= Wy—=2Z) (L-W,-2Z) + -tan(B)
L 2 1 — tan(3)-tan(w) |
(L— W, - Z)~tan( B)-tan(w)
Caser| e L+| aq| (L- Wy —2Z) + +L~H -tan( d)
1 — tan(3)-tan(w)
1 (L—Wu—Z)-tan(B)-tan(w)
+— (L= Wy —2Z) (L-W,~2Z) + tan(B)
L5 = i 2 1 — tan(3)-tan(w) ]
1 (L—Wu—Z)-tan(B)~tan(w) 2
—Kagve|H+ (L—Wu—Z) + -tan(3) -cos(ﬁe—w)
2 1 — tan(3)-tan(w)
( ) ( ) L - W, - Z)-tan(B)-tan(w) ( )
Ka. —W.— . .cos(s. —
+1{qq+q)Kag| H+|(L-W,-Z) + | tan(B) an() tan(@3) |-cos{ 8, — w
Overturning leiding := Find(L) leiding = 3.729ft I
Given
1
[(L%H)-[E-(L + H-tan(w)):|:|
1 (L - W, - Z)-tan(B)-tan(w) ’
+| =~ (L= Wy = Z)-| (L-W,-7Z) + tan(B) -|:[H-tan(w) + Wyt Z+=(L- W, - Z)J
2 1 — tan(3)-tan(w) 3
(L - W, - Z)-tan(B)-tan(w)
{ (L—Wu—Z)~tan(B)~tan(w)} 2 (L—Wu—Z) ’ 1 — tan(3)-tan(w)
+qq- (L—Wu—Z)+ . + H-tan(w) +
20 = 1 — tan(3)-tan(w) 2

(L—Wu—Z)~tan(B)~tan(w) (L—Wu—Z)-tan(B)-tz

2
-tan(3) ~cos(5 —u)) . l H+ (L—W —Z)+
1 — tan(B)-tan(w) ¢ 3 N

1
|:E-Kae-’\{e-|:H+ (L-W,-7)+
L - W, - Z)-tan(B)- tan(w) 1
-tan(3) ~cos(6e—w) . E H+ (L—Wu—Z)+

1 — tan(3)-tan(w)
L—- W, - Z)-tan(

+(gq + a1)-Kag H{(L—Wu—z) +

1 — tan(3)-tan(w) 1 —tan(3)-ta
Loverturning = Find(L) |L0venurning =2.934ft |
Lsliding
A= max| | Lovertuming L=42ft
0.6-H

Based on Overturning and Sliding: Li=50ft (Roundupl)

2
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Eccentricity

L''=L-W,-Z

(L - W, - Z)-tan(B)-tan(w)

L":=
1 — tan(3)-tan(w)
Lg=L'+L"
h:= Lg-tan(B)
Wi = L H

1
X, =—(L+ H-tan(w))
2

1
Wig = ?‘{i'(L'—Z)'h
2
X, =H-tan(w) + Wu"‘;'LB"' V4

Z-‘rLB

XqB =

Actual Heigth of wall:

Hy = (H + h)

Earth Pressures:

1 2
Py = [E'Kae'%'(H +h) -cos(6e - w)}

1
Y, =—(H+h)
3

Py = (qd + ql)-Kae-(H + h)-cos(ée— w)

1
Yq=—(H+h)
2

L L L
Pt Yy + Papr Yg = Wit Xri = — | = Wi Xeg = — ~ag(Lg) Xep=>

+ [(H + h)-tan(w)] + Wy,

w W, + WrB RECHE (Lﬁ)

Surcharge is applied over: (L'+ L") = 3.068 ft

¢ :=if(e £ 0,0.075L, ¢)
W

Brutusl 7.0.xmcd

-
[
W

L"=0.068 ft

= 3.068 ft

= 0.541ft

™

Wi =

|
w
o0
oY
<@
o
=

= 4

Wyg = 59.499-plf

X = 4.92ft

Xy =3

o= 7.541 ft

jasi <
| |
NS}
)
) 3
al\ [
= =g

|PSH = 1094.585-p111

Y, = 25141t

PqH = Opl

[Fig. 2-10]

[Fig. 2-10]

[Fig. 2-10]

[Fig. 2-10]
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[Eq.
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520]

521]

56]
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[Eq. 5-1]

[Eq. 52]

[Eq. 53]

[Eq. 54]



Bearing Capacity

_ I:Wri +Wig+ (qd + ql) (L'+ L"):|

Qa: Q, = 863.442-ps

B

o)

f .
Ng = tan(45~deg +7j -exp(ﬁ-tan(de)) Ny = 11.854 [Fig. 4-9]
Ne = if ¢f = 0,5.14, (Ng - 1)-cot( ) | N = 22254 [Fig. 4-5]
N, = 2:(Ng + 1) tan( ) N, = 12539 [Fig. 4-5]

1

Quit = e N + E'“!f'B'NA( + N Hemb Ng |Qu1t = 4359.481 -psq [Eq. 4-20]

Qult

Fsbearing = Q_ Fsbearing = 5.049 [Eq. 4-19]

a
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Internal Stability
Reinforcement Properties

Geogrid Design Data

Backfill Soil Type := (gravel)
1 2 3 4 5 6 7 8 9 Geogrid Number
T
Type = (411 834 1199 1336 2004 2508 3011 3873 7914) GN1:=4 GN2:=2

T
inter = (1145 1145 1145 1145 1145 1145 0)

T
slope = (38 38 38 38 38 38 0)

mach = (4540 4540 4540 4540 4540 4540 0)x:=4..1 Xisthe number of grids at the top of the walll of a different type

T, := Typegni-plf [T, = 1336-plf Ta = Typegno - plf Tap = 834-plf

acg = intergn-plf  |acg = 1145-plf Aes = slopegni-deg [N = 38-deg Vesmax = MaxcgNi PIf | Vesmax = 4540-plf
acg = intergny pIf |acen = 1145-plf Nes2 = slopegnp-deg  [Aegp = 38-deg Vesmax2 = maxcgny - plf |Vcsmax2 = 4540-p111

4
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Tension in Geogrid # of grids for Depth of first

Number of Grids:  Grig Spacing (ft): that spacing: grid (ft): Length of grids: L
ny =3 Spacingl =2 n =3 h; =3.67 L;=50 L,:=50 L, := ?
t

Spacing2 := 1.67 np =0

Make all zero when using one geogrid

Note: make sure that the
elevations don't excide the height
ofthewall (H) H = 71t

top := length(E) p:==2..top top =3
grids := length(E) n:=1..top Ao=1. grids -1
3.67 5
—
E=|5.67 |ft LT L=|5|ft
834 Tyi= —— 1336
7.67 M 5
oy =T Ta =) P 1336
834

T
T, = (834 834 834 834)-plff

— Ep—l + Ep

D, =——> D, = 0-ft

) Dgrids+l =H

T
D =(0 467 667 7)ft

Total Applied Tensile Strength in the Geosynthetic reinf.:
rD(n+l)
an = J (’Yi'D +q+ qd)-Kai~cos(6i - w) dD [Eq. 5-36]
D

T
Fy =(297.624 309.512 61.563)-plf

Safety factor:

T,
n
FSten =
n

g1’1

T
FSn = (2.802 2.695 13.547)

5
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Pullout Capacity
Anchorage Length of Geosynthetic

La, := L, — W, —[(H + h) — E; |- tan(90-deg — o) + [ (H + h) — E; |- tan(w) ~ [EQ. 5-46]

T
La = (1.505 2.794 4.083)ft|

Note: If the anchorage length is less than 1ft then there is not enough embedment length and it has to be
increased. Note thatin some cases it might just be the top two grids.

Average Depth of overburdenon Anchorage length

La,
d,=E + |:(H - En)-tan(90~deg - cxi) + T - (Z + H-tan(w) — Au):|~tan( B) [Eq. 547]

T
d =(3.939 5781 7.623)ft

Anchorage Capacity

AC, = 2-Lan~Ci~(dn-A{i + qd)-tan( ¢i) [Eq. 5-49]

T
AC =(570.371 1554313 2995.344)-pld

T
Fo =(297.624 309.512 61.563)-plf

Safety Factor
—>
AC
FSy, = - [Eq. 544]

g

T
FSpo =(1.916 5.022 48.655)

Internal Sliding

Reduced reinforcement length

1
ALy = |:(E1+1 - El)'(m - tan(“’)ﬂ if ng>2 [Eq. 551]

1
Spacingl-ft-| —— — tan(w) | if ny =2
tan((xe)

0 if ng=1

T
AL = (0 1.651 1.651)ft|

Ly =L,- W,- AL, [Eq. 5-50]

n

T
L = (4 2349 2349)ft

Length of sloping ground

(L‘SII - Wu) -tan(3)-tan(w)

Lgg =L + -7 [Eq. 553 & 5-52]
n n 1 — tan(3)-tan(w)

6
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T
Lyg =(3.068 1379 1.379)ft

Height of slope above crest of wall
h', = Lyg -tan(3) [Eq. 5-54]

T
h' =(0.541 0.243 0.243) ft

Weight of reduced reinforced area

W'rin = L'S 'En"'\{i [Eq 5'55]

n

T
Wi = (1615 1465 1982)-plf

Weight of wedge beyond reinforced soil zone

Wig = %.((Lsﬁn.h'n))m{i [Eq. 5-56]

T
Wig = (9126 18.45 18.45)-plf

Friction developed by weight

R'S = Cdsi'[qd'(Lsﬁ + Z) + W'ri + W'rB :|-tan( (1)1) [Eq 5'49]
n n n n

T
R, = (853 742 1000)-plf

Shear capacity of facing elements

vy = min] Vegmax - s + (if( By > Hy., Hy, Ey) -y W) -tan( ) | [Eq. 4-25]

T
V, = (1489 1677 1864)-plf

Driving Forces
From retained soil

PSII = |:%~Kae-we-(En + h'n)z-cos(ée - w):| [Eq. 5-6]

T
P, = (341 673 1205)-plf

From surcharge

Pqu = (qd + ql)-Kae~(En + h'n)-cos( 8 — w) [Eq. 58]

T
Py =(0 0 0)plf

Factor of safety against internal sliding

P, =P +P, [Eq. 5-11]
n n n

T
P, = (341 673 1205)-plf

R +V,
FSy =—— [Eq. 548]
n

(%)

T
FSy = (6.862 3.593 2.376)

7
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Local Stability of Facing Units

Facing Connection Strength

TconnIl = min[vcsmaxn’ des + (if(En > Hy, Hp, En) 'P\fu'Wu)'tan( >‘csn)i| [Eq. 5-59]

T
Teonn = (1489 1677 1864)-plf

T
F FSeomn = (5.003 5.417 30.28)

Resistance to Bulging

Shear capacity at each geogrid layer

vy = min Vogmax» 8gs + (if( By > Hi, Hy, By) -y Wy)-tan( 3o | [Eq. 4-25]

T
V, = (1489 1677 1864)-plf

Driving Force at each geogrid layer

n

P, = |:%~Kai-ﬂ{i~(En)2~cos(Si - u)):| + (qd + q1)~Kai~(En)~cos(Si - u)) [Eq. 5-11]

T
P, = (184 439 803)-plf

Sum of tension in reinforcement layers above layer being considered

n
+1 = E Fg
i

i=1

T
F =(0 298 607 669)-pld

gn

FSy, i=— [Eq. 561]

T
FS,. =(8.101 11.881 9.525)

Maximum unreinforced height of SRW units y:=E; = 3.67ft

Moment equilibrium

A= 0-psf

Driving Moments

1
P [E.Kai.m.(y)z.cos(gi ] w)} Eq. 45

8
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Py= (qd + q1)~Kai-(y)~cos(ﬁi - u)) [Eq. 4-6] P'y = 0-plf
1
a7
1
Y' = —. [Eq. 4-8] Y' = 1.84ft
a =5
Resisting Moments
Wy 549
1
X'w =G+ E-(y)~tan(w) [Eq. 4-16]
M| = W, X', [Eq. 4-15] M, = 321.217 il
M';
(3
Factor of Safety against Shear failure 1489.078
1489.078
V' 1= agg + W'y tan( Ay (Eq. 4.25] \a
V'
FSSh = P—'a [Eq 4_27]
\Q 1n1 _
Summary
Wal Height
Applied Bearing Stress
Grid Geogrid Tensile Geogrid  Anch. Anch. FS Grid FS FSInt FS FS
Elevation  Length Force Strength  Length Capacity ~ Tension Pullout Sliding Conn Bulging
(1.0) (1.5) (1.5) (1.5) (1.5)
Fy Ta AC
- == = = FSen = FS,, = FSq =  FSem = FS¢ =
E, = L, = plf plf La, = plf tenn po, sln conn se,
3.67|ft 5|ft 298 834 1.5(ft 570 2.8 1.92 6.86 5 8.1
5.67 310 834 2.79 1554 2.69 5.02 3.59 5.42 11.88
7.67 62 834 4.08 2995 13.55 48.66 2.38 30.28 9.53
9
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Segmental Retaining Wall Design Calculations per NCMA

Wall Geometry
Height Backslope Dead Load Live Load Distance to Slope Wal below grade attoe
M= 6331t B = 10.0-deg qq = 0-psf qp := 0-psf Z:=1.0-ft Hemp = .67-ft
Soil Properties
Reinforced Soil Retained Soil Drainage Fill Foundation Soil Pullout
(Internal) (External) Ng = 110-pef N == 120-pef Cj:=07
7 := 110-pcf Ye := 120-pcf (g = 32-deg g = 26-deg
& = 32-deg & == 26-deg —Ey—
Cdsi =0.8 Cdse =1.0
Segmental Unit Properties
Height Length Width Setback Center of Gravity Batter
Hy,:=8im L,:=18in Wy i=12:in A, = 1.0-in Gy = 6-in A,
W = atan| —
Infiled Unit Weight Hy
= 120-pef Hinge Height

o =025 )

Internal Interface Friction Angle
2
8= —; 8; = 21.33-deg [Eq. 3-17]
3

Internal Active Earth Pressure

External Interface Friction Ange

8¢ = if{ ¢ > Pe, G, ) [Eq. 3-16]

External Active Earth Pressure
cos(d)i + w)z
Ka; :=

Ko o cos(d)e + w)z

2 e 2
5 sin(; + ;) -sin(¢; - B) 5 sin e + 8,)-sin( (. — B))
cos(w) ~c0s(w— 51)- 1+ cos(w) -cos(w - Be)~ 1+
cos(w - 6i)-cos(w +3) cos(w - 66)-cos(w +3)
[Eq. 3-11] Ka; = 0.256 [Eq. 3-11]

Ka, = 0.339

Orientation of Critical Internal Failure Surface

'{—tan +\/ tan tan(d)1 B) + cot(d)i + w))-(l + tan(éi - w)~cot(d)i + w)):| [Eq. 3-14]
Q; := ata + &

1+ tan(éi — w)-(tan(d; - B) + cot(d; + w))

Orientation of Critical External Failure Surface

'{—tan +\/tan tan ¢ B) + cot(¢e+ w))~(1 + tan(ﬁe— w)-cot(¢e+ w))} [Eq. 3-14]
Q. = ata + O

1+ tan(ée— w)-(tan( e — B) + cot( e + w) )

1
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External Stability Analysis

Sliding
Given
T i '( ) (L- W, - Z) tan(B)-tan(w) | i (6) T
Cise qd-_ L-W,-Z)+ |~ tan(B) n(0) | +L~eH ... -tan| §g
1 ( ) ( ) (L—Wu—Z)-tan(B)~tan(w):|
— e (L-wW,-2)| (L-W,-2Z :
_+ e Wo wTHE 1 — tan( B)-tan(w) an(®) |
T (L— W, —2)-tan(B) tan(w) | i
Caser| 9a| (L= Wy —Z) + + LA H ... tan(dg)
. L 1 — tan(3)-tan(w) |
i | (L - W, — Z)-tan(B)-tan(w)
+— (L= Wy—=2Z) (L-W,-2Z) + tan(B)
L 2 1 — tan(3)-tan(w) |
(L—Wu—Z)~tan(B)-tan(w)
Caser| e L+| aq| (L- Wy —2Z) + +L~H -tan( d)
1 — tan(3)-tan(w)
1 (L—Wu—Z)-tan(B)-tan(w)
+— (L= Wy —2Z) (L-W,~2Z) + tan(B)
L5 = i 2 1 — tan(3)-tan(w) ]
1 (L—Wu—Z)-tan(B)~tan(w) 2
—Kagve|H+ (L—Wu—Z)+ -tan(3) -cos(ﬁe—w)
2 1 — tan(3)-tan(w)
( ) ( ) L - W, - Z)-tan(B)-tan(w) ( )
Ka. -W, — . . 5. —
+1{qq+q)Kag| H+|(L-W,-Z) + | tan(B) an() tan(@3) |-cos{ 8, — w
Overturning Lsliding = Find(L)
Given
1
|:(L~'YC~H)-|:E-(L+H-tan(w)):|:|
1 (L - W, - Z)-tan(B)-tan(w) ’
+| =~ (L= Wy = Z)-| (L-W,-7Z) + tan(B) -|:[H-tan(w)+Wu+Z+—~(L—Wu—Z)J
2 1 — tan(3)-tan(w) 3
(L - W, - Z)-tan(B)-tan(w)
{ (L—Wu—Z)~tan(B)~tan(w)} 2 (L—Wu—Z) ’ 1 — tan(3)-tan(w)
+qq- (L—Wu—Z) + . + H-tan(w) +
20 = 1 — tan(3)-tan(w) 2

(L—Wu—Z)~tan(B)~tan(w) (L—Wu—Z)-tan(B)-tz

2
-tan(3) ~cos(5 —u)) . l H+ (L—W —Z)+
1 — tan(B)-tan(w) ¢ 3 N

1
|:E-Kae-’\{e-|:H+ (L-W,-7)+
L - W, - Z)-tan(B)- tan(w) 1
-tan(3) ~cos(6e—w) . E H+ (L—Wu—Z)+

1 — tan(3)-tan(w)
L—- W, - Z)-tan(

+(gq + a1)-Kag H{(L—Wu—z) +

1 — tan(3)-tan(w) 1 —tan(3)-ta
Loverturning = Find(L) |L0venurning =2.631ft |
Lsliding
,&‘A:: max Lovenurning L =3.798 ft
0.6-H

Based on Overturning and Sliding: Li=50ft (Roundupl)

2
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Eccentricity

L':=L- Wu -7 [Flg 2-1 0] [Eq 5'1]

-
[
W

L—W, - Z)-tan(B)-t
e 1 ()B)an( B() :‘“(“’) D= 0068 R [Fig.240] [Eq.52]
—tan -tan(w

Lg:=L'+L" Lg = 3.068 ft [Fig. 2-10]  [Eq. 53]
W, = L~ H W,; = 3481.5-plf [Eq. 5-15]
1
Xy :=—+(L+ H-tan(w)) X, = 2.896 ft [Eq. 5-19]
2
1
Wigi=—";(L'-2)-h W;g = 59.499-plf [Eq. 5-16]
2
2
X;p = H-tan(w) + W + ?LB +Z X = 4.836ft [Eq. 5-20]
Z+ Lﬁ
Xgp = + [(H + h)-tan(w)] + Wy, Xqp = 3.893 ft [Eq. 5-21]
Actual Heigth of wall:
Hg:= (H+h) ¢ = 6.871ft

Earth Pressures:

1 2
Py = [E~Kae~%'(H +h) 'cos(5e - w)} Py = 908.721-plff  [Eq. 5-6]

~ jas
Il

o

[

N

=g

1
Y, :=—(H+h) =2 [Eq. 591
3

Py = (qd + ql)-Kae-(H + h)-cos(ée - w) P = 0-plf [Eq. 58]

1
Yy i=—(H+h) Yy = 3435 R [Eq. 5-10]
2
P Yo+ P Yo = Wei| X == | = Wy Xy - = (Lg)| x L
. Y. —W... R . -—|-qq . i
sH' 1s qH 1q ri 1i 5 B3| 2B 5 d'\tg qB3 5 oisos it [Eq. 5-25]
C = c=0.
w Wri + WrB +qq (LB)

Check 8= if(e < 0,0.075L, ¢) e=0.16ft

. . =L-2 = Eq. 524
Surcharge is applied over: (L'+ L") = 3.068 ft Bi=L-2c b= 2id i [Eq. 5-24]

3
Brutusl 6.33.xmcd



Bearing Capacity

o [Wyi+ Wi+ (aq+ @) (L'+ L]
a-"—
B

or)’
Ny := tan| 45-deg +7 -exp('rr-tan(de))

Q, = 756.469-ps

Z Z.
£
| Il
N —_
) —
N o0
W W
N N

[Fig. 4-5]

[Fig. 4-5]

[Fig. 4-5]

[Eq. 4-20]

[Eq. 4-19]

11/7/2024

Ne = if ¢f = 0,5.14, (Ng - 1)-cot( ) | o=
N, = 2Ny + 1) tan()
1
Quit == ¢ N +E"YFB'N'\( + ’Yf’Hemb'Nq Quit = 4474.7-ps
ST FS
bearing *= —_ bearing
g Qa g
Internal Stability
Reinforcement Properties
Geogrid Design Data
Backfill Soil Type := (gravel)
1 2 3 4 5 6 7 8 9 Geogrid Number
Type = (411 834 1199 1336 2004 2508 3011 3873 7914) GNI1 = 4 GN2:=2

T
inter = (1145 1145 1145 1145 1145 1145 0)

T
slope = (38 38 38 38 38 38 0)

mach = (4540 4540 4540 4540 4540 4540 0)x:=4..1 Xisthe number of grids at the top of the walll of a different type

T, := Typegni-plf [T, = 1336-plf Ta = Typegno - plf Tap = 834-plf

acg = intergn-plf  |acg = 1145-plf Aes = slopegni-deg [N = 38-deg Vesmax = maxcgny-plf

Vesmax = 4540-plf]

acg = intergny pIf |acen = 1145-plf Aes2 = slopegnp-deg  [Ngp = 38-deg Vesmax2 = maxcgny - plf |Vcsmax2 = 4540-p111

4
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Tension in Geogrid # of grids for Depth of first
Number of Grids:  Grig Spacing (ft): that spacing: grid (ft): Length of grids: L
ng =2 Spacingl =2 ny =2 h; =3.67 L;=50 L,:=50 L, := ?
t
Spacing2 := 1.67 np =0
Make all zero when using one geogrid
Note: make sure that the

elevations don't excide the height
ofthewall (H) H = 6.33 ft

top := length(E) p:==2..top top = 2
grids := length(E) n:=1..top Ao=1. grids -1
. (3.67) . — L (5) )
= LT = t
5.67 _ a 5
834 A= 1336
834 T2 336 ) P
T, =T T, = -plf
Ry a2 a 334 p
834

T
T, = (834 834 834 834)-plff

— Ep—l + Ep

D, =——> D, = 0-ft

) Dgrids+l =H

T
D =(0 467 633)ft

Total Applied Tensile Strength in the Geosynthetic reinf.:

D
r (n+1)
an = J (’Yi'D +q+ qd)-Kai~cos(6i - w) dD [Eq. 5-36]
D
n
T
Fy = (297.624 249.193 )-plf
Safety factor:
Ta
n T
FSiep = — FSien = (2.802 3.347)
n
g

n

5
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Pullout Capacity
Anchorage Length of Geosynthetic
La, := L, — W, —[(H + h) — E; |- tan(90-deg — o) + [ (H + h) — E; |- tan(w) ~ [EQ. 5-46]

T
La =(1.937 3.226)ft

Note: If the anchorage length is less than 1ft then there is not enough embedment length and it has to be
increased. Note thatin some cases it might just be the top two grids.

Average Depth of overburdenon Anchorage length

La,
d,=E + |:(H - En)-tan(90~deg - cxi) + T - (Z + H-tan(w) — Au):|~tan( B) [Eq. 547]

T
d =(3.901 5.743)ft|

Anchorage Capacity
AC, = 2-Lan~Ci~(dn-A{i + qd)-tan( ¢i) [Eq. 545]

T
AC = (726.96 1782.741)-plf

T
Fo =(297.624 249.193)-plf]

Safety Factor
—>
AC
FSy, = - [Eq. 544]

g

T
FSpo = (2443 7.154)

Internal Sliding

Reduced reinforcement length

1
ALy = |:(E1+1 - El)'(m - tan(“’)ﬂ if ng>2 [Eq. 551]

1
Spacingl-ft-| —— — tan(w) | if ny =2
tan((xe)

0 if ng=1

T
AL =(0 1.651)ft

Ly =L,- W,- AL, [Eq. 5-50]

n

T
Ly =(4 2349)ft

Length of sloping ground

(L‘S - Wu)~tan( B)-tan(w)
Ly =L +— -z [Eq. 553 & 5-52]
n n 1 — tan(3)-tan(w)

6
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T
L =(3.068 1.379) ft

Height of slope above crest of wall
h', = Lyg -tan(3) [Eq. 5-54]

T
h' =(0.541 0.243) ft

Weight of reduced reinforced area

W'rin = L'S 'En"Yi [Eq 5'55]

n

T
Wi, = (1615 1465)-plf

Weight of wedge beyond reinforced soil zone

Wig = %~((Lsﬁn~h'n))~"\{i [Eq. 5-56]

T
Wig =(91.26 18.45)-plf

Friction developed by weight

Ry = cds{qd.(LS@ + z) + W +Wig :|-tan(¢i) [Eq. 549]
n n n n

T
R = (853 742)-plf

Shear capacity of facing elements

vy = min] Vegmax - s + (if( By > Hy., Hy, Ey) -y W) -tan( ) | [Eq. 4-25]

T
V, = (1489 1677)-plf

Driving Forces
From retained soil

PSn = |:%~Kae-we-(En + h'n)z-cos(ée - w):| [Eq. 5-6]

T
P, = (341 673)-plf

From surcharge

Pqu = (qd + ql)-Kae~(En + h'n)-cos( 8 — w) [Eq. 58]

T
Py =(0 0)-plf

Factor of safety against internal sliding

P, =P +P, [Eq. 5-11]
n n n

T
P, = (341 673)-plf

R +V,
FSy =—— [Eq. 548]
n

(%)

T
FSq = (6.862 3.593)

7
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Local Stability of Facing Units

Facing Connection Strength

TconnIl = min[vcsmaxn’ acsn + (if( E, > Hp, Hy, En) 'P\fu'Wu)'tan( >‘csn)i|

[Eq. 5-59]
T
Teonn = (1489 1677)-pl]
Tconnn
T
FSCOnnn Fy FSeonn = (5.003 6.728)
n
Resistance to Bulging
Shear capacity at each geogrid layer
Vurl = min[vcsmax’ At (if(En > Hy, Hy, En)"\fu'wu)'tan( >‘cs):| [Eq. 4-29]
T
V, = (1489 1677)-plf
Driving Force at each geogrid layer
1
P, = |:E'Kai‘“fi'(En)2'C°S(Si - u)):| + (qd + q1)~Kai~(En)~cos(Si - u)) [Eq. >-11]
n
T
P, = (184 439)-plf
Sum of tension in reinforcement layers above layer being considered
n
At = Z Fe,
i=1
T
F =(0 298 547)-plf
Vurl
FSy. = [Eq. 561]
n Pan - Fn
T
FS,. =(8.101 11.881)
Maximum unreinforced height of SRW units y=E; =367ft gy :=0-psf

Moment equilibrium

Driving Moments

1
P [E.Kai.m.(y)z.cos(gi ] w)} Eq. 45

8
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Brutusl 6.33.xmcd

Py= (qd + q1)~Kai-(y)~cos(ﬁi - u)) [Eq. 4-6] P'y = 0-plf
1
Yoy E547
3
1
4=
Resisting Moments
Wy = 44
1
Xy Gy ) 5416
2
M| = W, X', [Eq. 4-15] M, = 321.217 il
M';
(3
Factor of Safety against Shear failure 1489.078
1489.078
V' 1= agg + W'y tan( Ay (Eq. 4.25] \a
V'
FSSh = P—'a [Eq 4_27]
R 1N1
Summary
Wal Height
Applied Bearing Stress
Geogrid Tensile Geogrid  Anch. Anch. FS Grid FS FSInt FS FS
Elevation  Length Force Strength  Length Capacity ~ Tension Pullout Sliding Conn Bulging
(1.0) (1.5) (1.5) (1.5) (1.5)
Fy Ta AC
. = = FSen = FS,, = FSq =  FSem = FS¢ =
L, = plf plf La, = plf tenn po, sln conn se,
3.67|ft 5|ft 298 834 1.94|ft 727 2.8 2.44 6.86 5 8.1
5.67 5 249 834 3.23 1783 3.35 7.15 3.59 6.73 11.88
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