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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= 5.000 B := 0.0ldeg qq := Olpsf qp := 1500psf Z = 1.0t Hemp = .67t
Soil Properties

Reinforced Soil Retained Soil Drainage Fill Foundation Soil Pullout
(Internal) (External) ~g = 1100pcf N := 1200pcf C; =07
i = 1100pcf e = 1200pcf g := 34Meg op = 26eg
&; = 32[deg &, = 26[deg cg 1= 0.0psf
Cysi = 0.8 Cgse = 1.0

Segmental Unit Properties
Height Length Width

Setback Center of Gravity Batter
H,:=80nh  L;:= 180h W, = 120h A, := 0.750n G, := 6ln A,
w .= atan| —
Infiled Unit Weight Hy
1= 1200pef Hinge Height

(i: |: (Wu_Gu)
Hy, = iff tan(w) = 0, H,| 2———

o | = P 0w <

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

Internal Active Earth Pressure

External Interface Friction Ange

8¢ 1= if( 4 > e, be, ) [Eq. 3-16]

External Active Earth Pressure

2 2
Ka: = cos(d)1 + w) : Ka, := COS(¢e + w) :
cos(w)zlibos(w - 6i) 1+ Sm(d)l i l) 1n(¢1 B) cos(w)zﬁios(w - Se) 1+ sm(d)e ’ e) 1n((¢e B))
cos(w - 61) [dos(w + 3) cos(w - 66) [dos(w + 3)
[Eq. 3-11] [Eq. 3-11]

Orientation of Critical Internal Failure Surface

ai:m{-tan(q)i—@) JTtan(®; - 8] fran( s - )+cot(¢i+w))[g1+tan(ai—w)mot(¢i+w))}+¢i [Ea. 3-14]

1+ tan(8; - w) ftan(; - B) + cot(; + w))

Orientation of Critical External Failure Surface

o= ata'{—tan( ) \/tan [@tan( ) + cot(dJe + w))[@l + tan(6 - w) Ebot(d)e + w)q vo. [Eq. 3-14]
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External Stability Analysis

Sliding
Given
T [T (L - W, - Z)Han(B) Fan(w) | i T
cdsequ[{(L - W, -2) + prr——— + LG ... Ban( o)
1 (L—WH—Z)Ean(B)Bian(w)}ma
_+3me[ﬁL_W“_Z) (L-w,-2)+ I - tan( B) an(w) "o
[T (L - W, - Z) Gan(B) Ban(w) | i
Caseagfi(L - W, - 2) + + LG ... fan( by)
. B 1 — tan(3) flan(w) |
i | L-W,-2) man(B)l__ﬁan(u)):|
5B W 2L W, - 2) e e )|
[E (L—Wu—Z)I__ﬂan(B)Bian(w):|
CaseerL + | qqi(L - W, - 2) + T + LG ... Ban dbg)
| (L—Wu—Z) [an( 3) [Han( w)
+—FAL- W, -Z)p(L- W, -2) + :||__tlan 8)
L5 = i 2 1 — tan(3) lan(w) ]
1 (L - W, - Z) Han(B) Han(w) 2
—Ka B JH +| (L - W, -2) + Ban(B) | Ros(3— w) | -
2 1 — tan(3) Han(w)
(L - W, - Z) Fan(B) Han(w)
+ (qd + ql) Ka['H + {(L -W, - Z) + | tan(B) B :|Eian( B):| Eios(ée - w)
Overturning leiding = Find(L) leiding =3.278ft I
Given
[(Lmem) [EmL + Hman(w)):|:|
| (L - W, - Z) fan(B) Han(w) )
=B gL - W, -Z) (L - W, - 2) + fan(B) || Hian(w) + W, + Z +—({L - W, - 2)
2 1 — tan(3) Han(w) 3
, [(L Wo-2) (L—Wu—Z)I__tlan(B)I__ﬂan(u)):|
+(L-w,-2Z) +
) %(L_W ) (L—Wu—Z)IIian(ﬁ)L_ﬂan(w)} ! 1 - tan(B) fan(w) © Hikn(e) +
o= ad ° 1 - tan(B) fan(w) 2

(L - W, - Z) Ban(B) Han(w)

1 — tan(3) Han(w)
(L - W, - Z) Fan(B) Fan(w)

1 — tan(3) flan(w)

1
|:E[KaeB{e[ﬁH +(L-w,-2)+

+ (gq+ q1) Ka, H{(L—Wu—z)+

Lovertuming -= F ind(L)

Lyliding

A= max| | Loyerturning

0.6H

Based on Overturning and Sliding: L= 5.0 (Roundupl)

2
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}man(B)TI}os(ée - w):| [E He(L-Wy-2) + (
}I]ian(ﬁ)}lﬁos(ée - w)} % . [(L v

L - W, - Z)Han(B) &

1 — tan(3) fian(w)
L - W, - Z)an(

9!

1 —tan(3)fia

|L0venurning =2.654 1t |




Eccentricity

L'=L-W,-Z

(L - W, - Z) fan(B) Fan(w)

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

X, = %ML + Han(w))

1
Wrﬁ = EB{imL' - Z)[Hl
2
Xrﬁ = Hlflan(w) + W, +;DLB +Z

Z+L
— g
XQB =

+[(H+h)fan(w)] + Wy

Actual Heigth of wall:

H, := (H + h)

Earth Pressures:

1 2
Py = [E[Kaeﬁfeml-l + ) T2os(8, - w)}
1
Y, :=—[W(H +h)
3

Py = (qd + ql) Ka.l(H + h) Ebos(ée - w)

1
Yq:=—H +h)
2

L L L
Pl + Pquq - Wil Xy - ? = Wil X = ? - Qd[ﬁLﬁ) Xqp~ ?

w Wi + Wig + qqfLg)

Surcharge is applied over: (L'+L" =31t

Check e :=if(e<0,0.075L,¢)

B:=L-2[

3
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[Fig. 2-10]

[Fig. 2-10]

[Fig. 2-10]

[Fig. 2-10]

[Eq. 515]

[Eq. 519]

[Eq. 5-16]

[Eq. 520]
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[Eq. 56]
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[Eq. 5-10]

[Eq. 5-25]

[Eq. 5-24]
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[Eq. 5-1]

[Eq. 52]

[Eq. 53]

[Eq. 54]
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Bearing Capacity

— I:Wri +Wig+ (qd + ql) L'+ L"):|

o
B
‘1) 2
Ng = tan(45llleg + Tfj Exp(ﬁﬁian(de)) [Fig. 4-5]
N = if ¢ = 0,5.14, (Ng = 1) @ot{ o) ] [Fig. 4]
N =2 o) Fa.+3
1
Quit == c¢N¢ +EBff[BDN'\{ + ’YfDHemeNq |Qult = 4387.095 @Sq [Eq. 4-20]
Q
a
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) GNI:=2 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 wall of a different type

Ta = TypeGNlﬁblf Ta = 834@1 TaZ = TprGNz E)lf TaZ = 834[}1)1

acg .= intergn BIf  |acg = 11450l Nes = slopegnideg [N = 38Ldeg Vesmax -= Maxcgni PIf | Vegmax = 45400p1
A = interGNz E)lf A = 1145[}1)1 >‘CSZ = slopeGNz IIileg >‘CSZ = 38[(116 Vcsmaxz ‘= maxcgN?2 E)lf |VcsmaX2 = 4540@14

4
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Tension in Geogrid
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# of grids for Depth of first
Number of Grids:  Grig Spacing (ft): that spacing: grid (ft): Length of grids: L
n, =2 Spacingl := 2 ny =2 h; := 1.67 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 = 51t
top := length(E) p:=2..top top = 2
grids := length(E) n:=1.. top A= 1. grids - 1
. (1.67j . 0L L (5) )
= LD- = t
3.67 — a 5
834 A= 834
834 Ty = 034 [plf
T, =T T, = If
Ry a2 a 334 p
834
T
T, = (834 834 834 834)[plf
E,-1 +E
p-1 7 Fp
Dp = T Dl = Ot Dgrids+l =H

T
D =(0 267 5)ft

Total Applied Tensile Strength in the Geosynthetic reinf.:

rD(nﬂ)
an = J (’\{IDD +q t+ qd) [KaiIBos(éi - w) dD [Eq 5'36]
D
n
T
Fg = (181.928 305.837 )[plf]
Safety factor:
Ta
n T
FSien = FSin = (4.584 2.727)
n F
g1’1
5
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Pullout Capacity
Anchorage Length of Geosynthetic
Lay := L, — W, —[(H +h) - E, |Ban(90Meg - o) +[(H + h) -~ E;|fan(w)  [Eq. 546]

T
La =(1.994 3.199) ft

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

Average Depth of overburdenon Anchorage length

La,
dy 1= By + {(H - By) lan(900deg o) + —= = (2+ Hitan(w) - Au)} () [Eq. 547]

T
d =(1.67 3.67)ft

Anchorage Capacity
A, 1= 2[La,[T;({d, By + qq) Ban( ) [Eq. 545]

T
AC =(320.399 1129.663 )Ijbhi

T
Fo =(181.928 305.837 ) pl]

Safety Fact%'
AC
FS,, = - [Eq. 544]

g

T
FSpo = (1761 3.694)

Internal Sliding

Reduced reinforcement length

ALy, = {(Em -E) Eém - tan(“’)ﬂ if ng>2 [Eq. 5-51]

1
Spacing]l [l —— — tan(w) | if ny =2
tan((xe)

0 if ng=1

T
AL =(0 1481)ft

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

n

T
Ly =4 2519)ft

Length of sloping ground
(L‘S - Wu) [an( 8) Han(w)
Ly =L +-—0 -z [Eq. 553 & 552]
n n 1 — tan(3) flan(w)
6
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T
L =(3 1.519)ft

Height of slope above crest of wall
h'y := L dan(B) [Eq. 5-54]

n' =0 0)f

Weight of reduced reinforced area

W'rin = L'SHEEnE}“ [Eq. 5-55]

T
W = (735 1017)[plf

Weight of wedge beyond reinforced soil zone

Wig 1= %[Q(Lsﬁnm'n)) B; [Eq. 5-56]

w'rBT =(0 0)plf

Friction developed by weight

Ry = Cdsi[Eqd[QLsﬁ + Z) + Wy +Wig :|man(¢1) [Eq. 549]
n n n n

T
R = (367 508)0plf

Shear capacity of facing elements

Vurl = min[vcsmax 18+ (if(En > Hy, Hy, En) E7\fuwvu) man(>‘cs)] [Eq. 4-25]

T
V, = (1302 1489)0plf

Driving Forces

From retained soil

P, = B[Kaeafe[@En 1) eos(8, - w)} [Eq. 56]

T
P, = (48 230)0lf

From surcharge

Py = (qq + a) Ka {E, + 1) Ros(3, - w)  [Eq. 58]

T
Py = (71 156)0pl

Factor of safety against internal sliding

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

T
P, = (119 386)0lf

R‘S +VU.
FSy = ———— [Eq. 548]
n

(")

T
FSy = (14.055 5.173)

7
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Local Stability of Facing Units

Facing Connection Strength

TconnIl = min[vcsmaxnv des + (if(En > Hy, Hp, En) E7\fuwvu) man(xcsn)] [Eq. 5-59]

T
Teonn = (1302 1489)(plf

T
F FSeonn = (7.154 4.869)

Resistance to Bulging

Shear capacity at each geogrid layer

V. := min] Vegmay s + (if(Eq > Hy, Hy, By) G, (W, ) Ban (X )| [Eq. 4-25]

n

T
V, = (1302 1489)0plf

Driving Force at each geogrid layer

n

P, = B[Kaiaﬁtﬁlan)zmos(éi - w)} +(aa + @) Kay ({E,) @os(5; - w) [Eq. 511]

T
P, =(93 296)0plf

Sum of tension in reinforcement layers above layer being considered

FSy, = —— [Eq. 561]

T
FS;, =(14.04 13.008)

Maximum unreinforced height of SRW units y=E = L67ft gy := 00psf

Moment equilibrium

Driving Moments
1
P S eols-)| s

8
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Py = (ag + a) Kay(ly) os(3; - w) [Eq. 4-6]
1
V=19 o 47
1
Y, =—F [Eq. 4-8] Y', = 0.84ft
4=
M, = P + P IY'y [Eq. 4-17] M', = 19.600bf
Resisting Moments
Wy YV, 3 49
1
X'y, := G, + —[y) Han(w) [Eq. 4-16]
2
M, = W' X, [Eq. 4-15] M, = 115.888 fipli
M,
o
Factor of Safety against Shear failure 1301.57
1301.57 | _
V' 1= g + Wylan( ) [Eq. 4-25] Vi 36.967
V', 36.967
FSy, = — FSq, =
T [Eq. 4-27] 7136967
A QR7T
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
~ = Z= 2= FSe, = FS, = FSq =  FSyu = FS¢ =
E, = L, = plf plf La, = plf tenn po, sln conn se,
1.67|ft 5|ft 182 834 1.99|ft 320 4.58 1.76 14.05 7.15 14.04
3.67 5 306 834 3.2 1130 2.73 3.69 5.17 4.87 13.01
9
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