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Retaining walls

Example 3.16 Design of a cantilever retaining wall (BS 8110)

The cantilever retaining wall shown below is backfilled with granular material having a unit weight, p, of 19 kNm™
and an internal angle of friction, ¢, of 30°. Assuming that the allowable bearing pressure of the soil is 120 kNm™, the
coefficient of friction is 0.4 and the unit weight of reinforced concrete is 24 kNm™

1. Determine the factors of safety against sliding and overturning.
2. Calculate ground bearing pressures.
3. Design the wall and base reinforcement assuming f,, = 35 kNm™, f, = 500 kNm and the cover to reinforcement
in the wall and base are, respectively, 35 mm and 50 mm.
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SLIDING

Consider the forces acting on a 1 m length of wall. Horizontal force on wall due to backfill, £, is
F,=0.5p,h = 0.5 X 34.2 X 5.4 = 92.34 kN
and
Weight of wall (W,) =0.4 x5 x 24 =48.0 kN
Weight of base (W,) =0.4 x4 x 24 =384 kN
Weight of soil (W) =29 X% 5x 19 = 2755 kN
Total vertical force (V) =361.9 kN
Friction force, F, is
F. = uW,= 0.4 x 361.9 = 144.76 kN
Assume passive pressure force (F) = 0. Hence factor of safety against sliding is

144.76
92.34

=156>15 0K

OVERTURNING
Taking moments about point A (see above), sum of overturning moments (M,,.,) is

Fax 54 9234 x54
3 3

=166.2 kNm

125

9780415467193_C03b 125 9/3/09, 1:14 PM



Design of reinforced concrete elements to BS 8110

Example 3.16 continued

Sum of restoring moments (M..) is
M= W,x 09 + W, x 2+ W,x 2.55
=48 x 09 + 38.4 x 2 +275.5 X 2.55 = 822.5 kNm
Factor of safety against overturning is
822.5

——=49>20 OK
166.2

GROUND BEARING PRESSURE

Moment about centre line of base (M) is

Fa X 5.4
M= 2220 W x 11 - W x 0.55
234 x 54
- 9238 X504 | 48 x 1.1 - 2755 x 0.55 = 67.5 kNm
N = 361.9 kN
M _ 675 b_4
N 3619 6 6

Therefore, the maximum ground pressure occurs at the toe, p,., which is given by
3619 6X67.5
Poc ==+~ —

Ground bearing pressure at the heel, pee IS

=116 kNm™ < allowable (120 kNm™)

3619 6x67.5 ,
Prea ==~z =65 kNm

BENDING REINFORCEMENT

Wall

Height of stem of wall, h, = 5 m. Horizontal force on stem due to backfill, F, is
F, = 0.5k,ph?
=05x"sx 19 x 5°
=79.17 kNm™" width
Design moment at base of wall, M, is

YeFh, 1.4 x79.17 x5
3 3

Effective depth
Assume diameter of main steel (®) = 20 mm.
Hence effective depth, d, is

d = 400 — cover — ®/2 = 400 — 35 — 20/2 = 355 mm

Ultimate moment of resistance
M, = 0.156f,,bd> = 0.156 x 35 X 10° X 3552 x 107 = 688 kNm

Since M, > M, no compression reinforcement is required.
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Retaining walls

Example 3.16 continued

Steel area

M 184.7 x 10°
= 8 0 = 0.0419

T fbd? 35 x10° x 3552
2= d[05 + /(025 — K/0.9)]
= 355[0.5 + /(0.25 — 0.0419/0.9)] = 337 mm

M 184.7 x 10°
O.87fyz 0.87 x 500 x 337
Hence from Table 3.22, provide H20 at 200 mm centres (A, = 1570 mm?/m) in near face (NF) of wall. Steel is also
required in the front face (FF) of wall in order to prevent excessive cracking. This is based on the minimum steel
area, i.e.

S

= 0.13%bh = 0.13% x 10°x 400 = 520 mm?/m
Hence, provide H12 at 200 centres (A, = 566 mm?)

Base

Heel

l 275.5x1.4=385.7 kN

700 400
2900
————————
Toe A B ’C D Heel
I : v |
T
[ P2 =1.4x65=91kN m=
P :Pa

p1=1.4%x116=162.4 kN m=

2.9(162.4 — 91)
+ s

p, = 91 = 142.8 kNm™

Design moment at point C, M,, is
3857 x29  29x384x14x145 91x 297 51.8x29x29
2 4 2 2x%x3
Assuming diameter of main steel (®) = 20 mm and cover to reinforcement is 50 mm, effective depth, d, is
d =400 — 50 — 20/2 = 340 mm
160.5 x 10°
~ 35 x 10° x 3407
z=340[0.5 + +/(0.25 — 0.0397/0.9)] < 0.95d = 323 mm
_ M 1805107
0.87f,z  0.87 x 500 x 323
Hence from Table 3.22, provide H20 at 200 mm centres (A, = 1570 mm?/m) in top face (T) of base.

=160.5 kNm

= 0.0397

S
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Design of reinforced concrete elements to BS 8110

Example 3.16 continued

Toe
Design moment at point B, M, is given by
_ 162.4 x 0.72 0.7 x38.4x1.4x0.7

M, = = 36.5 kNm
2 4x2

 365x1142
1605

Hence provide H12 at 200 mm centres (A, = 566 mm?/m), in bottom face (B) of base and as distribution steel in base
and stem of wall.

REINFORCEMENT DETAILS

The sketch below shows the main reinforcement requirements for the retaining wall. For reasons of buildability the
actual reinforcement details may well be slightly different.

= 260 mm?/m < minimum steel area = 520 mm?/m

S

U-bars H12-200

(FF) far face

(NF) near face
(T) top face
(B

)
H12-200(FF) —»| ) bottom face

Distribution

steel H12-200 <

H20-200 (NF)

Starter bars H20-200
H20-200 (T)

—»—f4— 200 kicker

Distribution
steel
H12-200 H12-200 (B)
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GEOMETRY APPLIED LOADS
Conc. Stem Height ........... 500 m Uniform Surcharge ........... 0.0 KPa
Stem Thickness Top ........ 40.0 cm Strip Pressure .................. 0.0 KPa
Stem Thickness Bot ......... 40.0 cm Strip 0.6 m deep, 1.2 m wide @ 0.9 m from Stem
Footing Thickness ............ 400 m Stem Vertical (Dead) ........ 0.0 KN/m
Toe Length ......ccccceeeeinis 070 m Stem Vertical (Live) .......... 0.0 KN/m
Heel Length .................e 290 m Vertical Load Eccentricity 15.2 cm
Soil Cover @ Toe ............. 000 m Wind Load on Stem .......... 0.0 KPa
Backfill Height .................. 500 m OK
Backfill Slope Angle ......... 0.0 deg BACKFILL PROPERTIES
Backfill Density .................. 19.0 KN/m?
SEISMIC EARTH FORCES Earth Pressure Theory ...... Rankine Active
Hor. Seismic Coeff. kh ....... 0.00 Internal Friction Angle ....... 30.0 deg
Ver. Seismic Coeff kv ........ 0.00 Active Pressure Coeff. Ka 0.33
Seismic Active Coeff. Kae 0.30 Active Pressure @ Wall .... 6.3 KPa/m
Seismic Force Pae-Pa ....... -8.8  KN/m Active Force @ Wall Pa .... 92.3 KN/m
Water Table Height ........... 000 m
SOIL BEARING PRESSURES
Allow. Bearing Pressure .. 120.0 KPa SHEAR KEY DESIGN
Max. Pressure @ Toe ...... 115.0 KPa OK Shear Key Depth ................ 0.0 cm
Min. Pressure @ Heel ...... 65.1 KPa Shear Key Thickness ......... 0.0 cm
Total Footing Length ........ 400 m Max. Shear Force @ Key .. 0.0 KN/m
Footing Length /6 ............ 067 m Shear Capacity Ratio ......... 0.00 OK
Resultant Eccentricity e ... 018 m No shear key has been specified
Resultant is Within the Middle Third Moment Capacity Ratio ...... 0.00 OK

Wall Pressures (KPa)

(Comb: Envelope) 0.0 0.4

Rh =82.3 KNim

180 m

Paszsive

I I 228 m | Rwv =360.3 KN'm
e \I
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OVERTURNING CALCULATIONS (Comb. D+H+W)

OVERTURNING

Force Arm Moment
KN/m m KN-m/m
Backfill Pa ............. 92.34 1.80 166.2
Water Table .......... 0.00 0.13 0.0
Surcharge Hor ...... 0.00 2.70 0.0
Strip Load Hor ...... 0.00 2.50 0.0
Wind Load ............ 0.00 4.64 0.0
Seismic Pae-Pa ... 0.00 3.24 0.0
Seismic Water ...... 0.00 0.13 0.0
Seismic Selfweight 0.00 0.00 0.0
Rh = 92.34 OTM = 166.2
. _ _166.2 _
Arm of Horizontal Resultant = 0234 - 1.80 m
. _ _820.3 _
Arm of Vertical Resultant = 36032 - 228 m
Overturning Safety Factor = 8203 _ 49452
166.2 OK

STEM DESIGN (Comb. 0.9D+1.6H+E)

Height d Mu dMn Ratio
m cm KN-m/m KN-m/m
5.00 35.5 0.0 0.0 0.00
4.50 35.5 0.2 112.8 0.00
4.00 35.5 1.7 123.1 0.01
3.50 35.5 5.7 123.1 0.05
3.00 35.5 13.5 123.1 0.11
2.50 35.5 26.4 123.1 0.21
2.00 35.5 45.6 151.4 0.30
1.50 35.5 72.4 241.6 0.30
1.00 35.5 108.1 241.6 0.45
0.50 35.5 153.9 241.6 0.64
0.00 35.5 211.1 241.6 0.87

Shear Force @ Crit. Height .. 117.7 KN/m

Resisting Shear ¢Vc ............. 261.5 KN/m

Use vertical bars D20 @ 20 cm at backfill side
Cut off alternate bars. Cut off length = 2.13 m
Vert. Bars Embed. Ldh Reqd .. 284 cm
Vert. Bars Splice LengthLd .... 54.6 cm

OK
OK

OK

RESISTING

Force Arm Moment

KN/m m KN-m/m
Stem Top .............. 4712 0.90 42.4
Stem Taper ........... 0.00 1.10 0.0
CMU Stem at Top .. 0.00 0.00 0.0
Footing Weight ..... 37.70 2.00 75.4
Shear Key ............. 0.00 0.70 0.0
Soil Cover @ Toe . 0.00 0.35 0.0
Stem Wedge ......... 0.00 1.10 0.0
Backfill Weight ...... 275.50 255 7025
Backfill Slope ........ 0.00 3.03 0.0
Water Weight ........ 0.00 2.55 0.0
Seismic Pae-Pa .... 0.00 4.00 0.0
Pa Vert @ Heel ..... 0.00 4.00 0.0
Vertical Load ......... 0.00 0.95 0.0
Surcharge Ver ....... 0.00 2.55 0.0
Strip Load Ver ....... 0.00 2.55 0.0
Rv = 360.32 RM = 820.3

SLIDING CALCS (Comb. D+H+W)

Footing-Soil Friction Coeff. .. 0.40
Friction Force at Base .......... 1441  KN/m
Passive Pressure Coeff. Kp . 3.00
Depth to Neglect Passive ..... 040 m
Passive Pressure @ Wall .... Infinity KPa/m
Passive Force @ Wall Pp .... 0.0 KN/m
Horiz. Resisting Force .......... 1441 KN/m
Horiz. Sliding Force .............. 92.3 KN/m
Sliding Safety Factor = 1% =156>15 OK
LOAD COMBINATIONS (ASCE 7)
STABILITY STRENGTH
@ D+H+W @ 1.4D
(@ D+L+H+W @ 1.2D+1.6(L+H)
(® D+H+0.7E 3 1.2D+0.8W
(@ D+L+H+0.7E @ 1.2D+L+1.6W
(B 1.2D+L+E

® 0.9D+1.6H+1.6W
@ 0.9D+1.6H+E 2
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HEEL DESIGN (Comb. 0.9D+1.6H+E) TOE DESIGN (Comb. 1.2D+1.6(L+H))
Force Arm Moment Force Arm Moment
KN/m m KN-m/m KN/m m KN-m/m
Upward Pressure . -182.4 1.08 197.3 Upward Presssure 107.4 0.36 384
Concrete Weight .. 24.6 1.45 35.7 Concrete Weight .. -7.9 0.35 -2.8
Backfill Weight ..... 248.0 145 359.5 Soil Cover ............ 0.0 0.35 0.0
Backfill Slope ....... 0.0 1.93 0.0 99.4 Mu= 35.6
Water Weight ....... 0.0 1.45 0.0 Shear Force @ Crit. Sect. .. 50.6 KN/m OK
Surcharge Ver. .... 0.0 1.45 0.0 Resisting Shear ¢Vc ........... 253.4 KN/m
Strip Load Ver. .... 0.0 1.45 0.0 Use bott. bars D12 @ 20 cm, Transv. D12 @ 20 cm
90.1 Mu = 197.9 Resisting Moment ¢Mn ...... 86.2 KN-m/m OK
Shear Force @ Crit. Sect. .. 93.7 KN/m OK Develop. Length Ratio at End ...... 0.19 OK
Resisting Shear ¢Vc ........... 249.7 KN/m Develop. Length Ratio at Stem ... 0.04 OK
Use top bars D20 @ 20 cm, Transv. D12 @ 20 cm
Resisting Moment ¢Mn ...... 230.3 KN-m/m OK MATERIALS
Develop. Length Ratio at End .... 0.19 OK Stem Footing
Develop. Length Ratio at Toe .... 0.52 OK Concrete f'c .... 35.0 35.0 MPa
Rebars fy ........ 500.0 500.0 MPa

Stem Prazsuras (KPa)
__{Comb: 0.9D+1.6H=E) a.0 0.0

2.0 50.7 0.0 2.0 o
8 = 2 A
=] o = 8
] = = 9 m o
g = I ET =

=
@ o 2 a8 =

{Comb: 0.9D+1.6H+E)
Shaded areas representthe structural capacty

Cmt. Sectign
LY
I_ | 2418 2.0 2.0 261.5
Moment Diagam Shear Diagram 3

{KM-mf'm) {KMm)
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GEOMETRY APPLIED LOADS
Conc. Stem Height ................ 500 m Uniform Surcharge ............... 0.0 KPa
Stem Thickness Top ............. 40.0 cm Strip Pressure .........cccceeeene 0.0 KPa
Stem Thickness Bot .............. 40.0 cm Strip 0.6 m deep, 1.2 m wide @ 0.9 m from Stem
Footing Thickness ................. 400 m Stem Vertical (Dead) ............. 0.0 KN/m
Toe Length 070 m Stem Vertical (Live) 0.0 KN/m
Heel Length 290 m Vertical Load Eccentricity ..... 152 cm
Soil Cover @ Toe .......ccoeeneee. 0.00 m Wind Load on Stem ............... 0.0 KPa
Backfill Height .........ccccoeeeeene 500 m OK Wind Height from Top ........... 152 m
Backfill Slope Angle .............. 0.0 deg

BACKEFILL PROPERTIES

Wall taper a =aTan (taper/H) = aTan ((40.0 - 40.0) / 100 /5.00) = 0.000 rad

Backfill slope B =slope *rn/ 7180 =0.0*3.14 /180 = 0.000 rad

Internal friction ¢ = /nt. friction *rn/ 180 =30.0 * 3.14 /180 = 0.524 rad

Wall-soil friction 6=¢/2= 0.524/2= 0.262 rad

Seismic angle 8 =a7an (kh/(7-kv))= aTan (0/(1-0))= 0.000 rad

Footing length fig = toe + stem + hee/ =0.70 + 40.0/ 100 + 2.90 = 4.00 m

Height for Stability Hs = wedge + backfill + footing =0.00 + 5.00 + 40.0/ 100 = 5.40 m

Earth pressure theory = Rankine Active Moist density = 19 KN/m? Saturated density =20 KN/m?

* _ 203 _ 2 4)14 ]2
Active coefficient ka = Cosp[Cos - (Cos™ - Cos™§)%2 ] = 0.33
Cos B+ (Cos?pB - Cos? @)z

Active pressure pa = ka *y =0.33 * 19.0 = 6.3 KPa/m of height

- For stability analysis (non-seismic)
Active force Pa = ka *y *Hs?/2=0.33*19.0*5.402/2= 92.3KN/m
Pah = Pa *Cos =92.3 * Cos (0.000) = 92.3 KN/m ,Pav = Pa *Sin 3 =92.3 * Sin (0.000) = 0.0 KN/m
Water force Pw = (ka *(vs - yw-y) + yw) *(water + footing)?/ 2
Pw =(0.33 * (20.4 - 9.8 - 19.0) + 9.8) * (0.00 + 40.0 / 100)?/2 = 0.0 KN/m
- For stem design (non-seismic)
Active force Pa = ka *y *H?/2= 0.33*19.0*5.002/2= 79.2KN/m
Pah = Pa *Cos B =79.2* Cos (0.000) = 79.2 KN/m ,Pav = Pa *Sin 8 =79.2 * Sin (0.000) = 0.0 KN/m
Water force Pw = (ka *(ys - yw - y) + yw) * (waler table)?/ 2
Pw =(0.33 * (20.4-9.8-19.0) + 9.8) * 0.002/2 = 0.0 KN/m
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Cos¥¢p-a-86)
Sin(¢ + ) *Sin(¢ - B - 6)
Cos(5 +a +6) *Cos(B-a)

Active seismic coeff. kae =

Cos8 *Cos?a *Cos(0+a+6) *[1 + )z J?
- For stability analysis (seismic)
Seismic force Pae = kae *y *Hs?/2 *(1- kv)=0.30*19.0*5.402/2*(1-0.0) = 83.5 KN/m
Paeh = Pae *Cos (0 +a) 83.5 * Cos (0.262 + 0.000) = 80.7 KN/m
Paev = Pae *Sin (0 +a) =83.5 * Sin (0.262 + 0.000) = 21.6 KN/m
Water force Pwe = kh *(ys - y) * (water + footing)?/ 2
Pwe =0.00 * (20.4 - 19.0) * (0.00 + 40.0/ 100)2/ 2 = 0.0 KN/m
- For stem design (seismic)
Seismic force Pae = kae *y *H?/2=0.30 * 19.0 *5.002/2 = 71.6 KN/m
Paeh = Pae *Cos (0 +a) 1.6 * Cos (0.262 + 0.000) = 69.1 KN/m
Paev = Pae *Sin (0 +a) =71.6 * Sin (0.262 + 0.000) = 18.5 KN/m
Water force Pwe = kh *(ys - y) * (water table)?/ 2
Pwe =0.00 * (20.4 - 19.0) * 0.002/2 = 0.0 KN/m

OVERTURNING CALCULATIONS (Comb. D+H+W)

- Overturning
Backfill = Lat factor *Pah = 1.0 *92.3 = 92.3 KN/m
Arm=Hs/3=5.40/3= 1.80m Moment = 92.3 * 1.80 = 166.2 KN-m/m

Water table = Lat factor *Pw =1.0 * 0.0 = 0.0 KN/m
Arm = (Water table + Ftg) /3 50.00 + 40.0/ 100) / 3= 0.13 m Moment = 0.0 * 0.13 = 0.0 KN-m/m
Surcharge = Lat factor *ka * Surcharge *Hs = 1.0*0.33* 0.0 *5.40 = 0.0 KN/m

Arm=Hs/2=540/2= 2.70m Moment = 0.0 * 2.70 = 0.0 KN-m/m
Stripload = 2 Latfactor *2 *Q/n *[B - Sin B *Cos (2a)] = 0.0 KN/m
Arm= 250 m Moment = 0.0 * 2.50 = 0.0 KN-m/m

Wind load = WL factor * Pressure * Wind hejght =1.0 * 0.0 * 1.52 = 0.0 KN/m

Arm = Ftg + Stem - Wind height/2 =40.0/100 + 5.00 - 1.52/2 = 4.64 m

Moment =0.0 * 4.64 = 0.0 KN-m/m

Backfill seismic = EQ factor * (Paeh - Pah) =0.0 * (80.7 - 80.7) = 0.0 KN/m

Arm=0.6 *Hs =0.6 *5.40 = 3.24 m Moment = 0.0 * 3.24 = 0.0 KN-m/m

Water seismic = EQ factor *Pwe = 0.0 *0.0 = 0.0 KN/m

Arm = (Water table + Ftg)/3 =(0.00 + 40.0/100) /3= 0.13m Moment = 0.0 * 0.13 = 0.0 KN-m/m
Wall seismic = EQ factor * (WStem + WTaper + WFtg) *kh =0.0 * (0.0 + 0.0 + 37.7) * 0.00 = 0.0 KN/m
Moment = EQ factor * (WStem * (Ftg + Stem / 2) + WTaper * (Flg + Stem / 3) + WFtg *Ftg/2) *kh =

=0.0*(0.0 *(40.0/100 + 5.00/2) + 0.0 * (40.0 / 100 + 5.00 / 3) + 37.7 * 40.0/ 100/ 2) * 0.00 = 0.0 KN-m/m

Hor. resultant Rh= 92.3+ 0.0+ 0.0+ 0.0+ 0.0+ 0.0 + 0.0 + 0.0 = 92.3 KN/m

Overturning moment OTM = 166.2+ 0.0+ 0.0+ 0.0 +0.0+ 0.0 +0.0 + 0.0 = 166.2 KN-m/m
Arm of hor. resultant= O7TM/Rh = 166.2/92.3= 1.80m



Project:  Verification Example Page#
Engineer: Javier Encinas, PE 6/29/2014
Descrip: Cantilever Retaining Wall - Metric

ASDIP Retain 3.0.0 CANTILEVER RETAINING WALL DESIGN www.asdipsoft.com

- Resisting
Stem weight WStem = DL factor * Thickness * Height * yc %.0 * 40.0 / 100 * 5.00 * 23.56 = 47.1 KN/m
Arm = Toe + Thickness /2= 0.70 +40.0/100/2 = 0.90 m Moment = 47.1 * 0.90 = 42.4 KN-m/m

Stem taper WTaper = DL factor * AThick * Hejght/2 *yc =1.0 * (40.0 - 40.0) / 100 * 5.00 / 2 * 23.56 = 0.0 KN/m
Arm = Toe + Thick + AThick /3 = 0.70 + 40.0/ 100 - (40.0-40.0)/100*2/3= 1.10 m

Moment =0.0 * 1.10 = 0.0 KN-m/m

CMU stem at top = 0.0 KN/m

Arm = Toe + Thickness /2= 0.70+0.0/100/2= 0.00 m

Moment =0.0 * 0.00 = 0.0 KN-m/m

Ftg. weight WFtg = DL factor * Length * Thickness *yc =1.0 * 4.00 * 40.0 / 100 * 23.56 = 37.7 KN/m
Arm =Length/2=4.00/2= 2.00m Moment = 37.7 * 2.00 = 75.4 KN-m/m

Key weight WKey = DL factor * Depth * Thickness *yc =1.0 * 0.00 / 100 * 0.0 / 100 * 23.56 = 0.0 KN/m
Arm = Toe + Thickness /2= 0.70+0.0/100/2= 0.70 m Moment = 0.0 * 0.70 = 0.0 KN-m/m
Soil cover = DL factor * Toe * Soil cover *y =1.0 * 0.70 * 0.00 * 19.0 = 0.0 KN/m

Arm=T7oe/2= 0.70/2= 0.35m Moment = 0.0 * 0.35 = 0.0 KN-m/m

Stem wedge = DL factor *AThick * Height/2 *y =1.0 * (40.0 - 40.0) / 100 *5.00 /2 * 19.0 = 0.0 KN/m
Arm = Toe + Thick - AThick /3 =0.70 + 40.0 /100 - (40.0-40.0) /100/3= 1.10 m

Moment =0.0 * 1.10 = 0.0 KN-m/m

Backfill weight = DL factor * Heel * Hejght *y =1.0 * 2.90 * 5.00 * 19.0 = 275.5 KN/m

Arm =Fig - Heel /2=4.00-2.90/2= 2.55m Moment = 275.5 * 2.55 = 702.5 KN-m/m
Backfill slope = DL factor * (Heel + AThick) * Wedge /2 *y =

=1.0*(2.9+(40.0-40.0)/100) *0.00/2*19.0 = 0.0 KN/m

Arm = ftg - (Heel + AThick) /3 = 4.00 - (2.90 + (40.0 - 40.0) / 100) / 3= 3.03 m

Moment =0.0 * 3.03 = 0.0 KN-m/m
Water = DL factor * Heel * Water table *(ys - y) = 1.0 * 2.90 * 0.00 * (20.4 - 19.0) = 0.0 KN/m

Arm =Flg - Heel /2= 4.00-2.90/2= 2.55m Moment = 0.0 * 2.55 = 0.0 KN-m/m
Seismic Pae-Pa = EQ factor * (Paev - Pav) = 0.0 * (21.6 - 21.6) = 0.0 KN/m

Arm = Footing length =4.00 m Moment = 0.0 *4.00 = 0.0 KN-m/m

Backfill Pav = Lat factor *Pav=1.0*21.6 = 0.0 KN/m

Arm = Footing length =4.00 m Moment = 0.0 *4.00 = 0.0 KN-m/m
Concentrated = DL factor * Ver load + LL factor * Ver load =1.0 * 0.0 + 0.0 * 0.0 = 0.0 KN/m

Arm = Toe + Stem - Ecc = 0.70 + (40.0 - 15.2) / 100 = 0.95 m

Moment =0.0 * 0.95 = 0.0 KN-m/m
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Surcharge = Srch factor * (Heel + AThick) * Surcharge =1.0 * (2.9 + (40.0 - 40.0) / 100) * 0.0 = 0.0 KN/m
Arm = ftg - (Heel + AThick) /2 = 4.00 - (2.90 + (40.0 - 40.0) / 100) /2= 2.55m

Moment =0.0 * 2.55 = 0.0 KN-m/m

Strip = Strip factor * Surcharge *Heel = 1.0 * 0.0 * 2.90 = 0.0 KN/m

Arm = Footing - Heel /2= 4.00-2.90/2=255m Moment =0.0 * 2.55 = 0.0 KN-m/m

Ver. resultant Rv =2 Vertical forces = 360.3 KN/m

Resisting moment RM = 2 Moments =820.3 KN-m/m

Arm of ver. resultant = RFM/Rv = 820.3/360.3= 2.28 m

Overturning ratio = RM/OTM =820.3/166.2= 4.94 > 200 OK

Wall Pressures (KPa)

EDnmb: Envelope) 0.4
228 m | Fv =360.3 KNim
Fh =923 KN'm
E
u‘ - S - Passive %
- S = 0.0 KN'm I_ % -
22.8 0a 342 : o —+—
— 3 @ 2 % P00 m ;Flr Friction = 144.1 KN/
L] — i, —
§5.1KPa &3 E E E a % R=360.3 KN\m a=0.18m
SOIL BEARING PRESSURES (Comb. D+H+W)
Ft, RM - OTM 4. 20.3 - 166.2
Eccentricity = L9 . o = 00 - 820.3 - 166 = 0.18m
2 Rv 2 360.3

Bearing length = Min (Ftg, 3 *(Ftg /2 - Ecc)) = Min (4.00,3 * (4.00/2-0.18)) = 4.00 m
Rv + 6 *Rv *Ecc 360.3 + 6*360.3*0.18

Toe bearing= —— = = 115.0KPa < 120.0 KPa OK
Ftg? 4.00 4.00?
Heel bearing = Rv ) 6 *Rv *Ecc = 360.3 ) 6*360.3*0.18 - 65.1 KPa
Ftg Ftg? 4.00 4.00?
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SLIDING CALCULATIONS (Comb. D+H+W)

Passive coefficient kp = 7/ka =1/0.33 = 3.00 KPa

Passive depth Dp = Soil cover + Ftg + Key - Neglect depth =0.00 + (40.0 + 0.0) / 100 - 0.40 = 0.00 m
Passive pressure top = Ap *y * Neglect depth = 3.00 * 19.0 * 0.40 = 22.80 KPa

Passive pressure bot = Ap *y *(Dp + Neglect depth) =3.00 * 19.0 * (0.00 + 0.40) = 22.80 KPa
Passive force = (Pressure top + Pressure bot) /2 *Dp =(22.80 + 22.80) /2 * 0.00 = 0.0 KN/m
Friction force = Max (0, Rv * Friction coeff,) = Max (0, 360.3 * 0.40) = 144.1 KN/m

Sliding ratio = (Passive + Friction)/Rh = (0.0 + 144.1)/92.3= 156 > 1.50 OK

STEM DESIGN (Comb. 0.9D+1.6H+E)

Backfill = Lat factor *Pah = 1.6 *78.7 = 126.7 KN/m

Arm=Hb/3=5.00/3= 1.67m Moment = 126.7 * 1.67 = 211.1 KN-m/m
Water table = Lat factor *Pw =1.6 * 0.0 = 0.0 KN/m

Arm = Water table /3 = 0.00/3 = 0.00 m Moment = 0.0 * 0.00 = 0.0 KN-m/m
Surcharge = Lat factor * ka * Surcharge *Hb =1.6 * 0.33 * 0.0 * 5.00 = 0.0 KN/m
Amm=Hb/2=5.00/2= 250 m Moment = 0.0 *2.50 = 0.0 KN-m/m
Stripload = X Latfactor *2*Q/n *[B - Sin B *Cos (Z2a)] = 0.0 KN/m

Arm= 250 m Moment = 0.0 * 2.50 = 0.0 KN-m/m

Wind load = WL factor * Pressure * Wind hejght 0.0 * 0.0 * 1.52 = 0.0 KN/m

Arm = Stem - Wind hejght/2 =5.00-1.52/2= 424 m Moment =0.0 * 4.24 = 0.0 KN-m/m
Backfill seismic = EQ factor * (Paeh - Pah) =1.0 * (69.1-69.1) = 0.0 KN/m

Arm=0.6 *Hb =0.6 *5.00 = 3.00 m Moment = 0.0 * 3.00 = 0.0 KN-m/m

Water seismic = EQ factor *Pwe =1.0 * 0.0 = 0.0 KN/m

Arm = Water table /3 =0.00/ 3= 0.00 m Moment = 0.0 * 0.00 = 0.0 KN-m/m

Max. shear = 126.7 + 0.0 + 0.0 + 0.0 + 0.0 + 0.0 + 0.0 = 126.7 KN/m

Shear at critical section = Max shear - Max shear/Hb *d =126.7 - 126.7 / 5.00 * 35.5 / 100 = 117.7 KN/m

Max. moment= 211.1+0.0 + 0.0 + 0.0 + 0.0 + 0.0 + 0.0 = 211.1 KN-m/m

Shear strength @ Vn = @ *0.17 *(fc)% * 10 *d ACI Eq. (11-3)
@Vn= 0.75*0.17 * (35)% * 10 * 35.5 = 261.5 KN/m> 117.7 KN/m OK

UseD20 @ 20.0cm  As=1571cm¥m  p=As/bd= 15.71/(100 * 35.5) = 0.0044

Bending strength @ Mn = @ *d?*fc *q *(1- 0.59 *q) ACI 10.2.7
@Mn = 0.90 * 35.52* 35.0 * 0.063 * (1 - 0.59 * 0.063) = 241.6 KN-m/m> 211.1 KN-m/m OK
Hooked Ldh = 0.24 *fy/ (Fc)% *db * 0.7 =0.24 * 500.0 / (35.0)% * 2.00 * 0.7 = 28.4 cm ACI 12.5

Dev. length at footing = Ftg - Cover =40.0-5.0=35.0cm > 28.4cm OK
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Stem Prazsuras (KPa)

__{Comb: 0.9D+1.6H=E) a.0 3.0
I_ ;l -U.El - 50.7 “W-“ a.0 o o
o = = £
= o @ i
] = = 9 m o
2 = FR - S
@ o = & & =
{Comb: 0.9D=1.6H=E)
Shaded areas representthe structural capacty
Cmt. Sectign
| 2418 2.0 2.0 261.5
Moment Diagam Shear Diagram
{KM-mf'm) {KMm)

HEEL DESIGN (Comb. 0.9D+1.6H+E)

Bearing force = (Bearing1 + BearingZ2) /2 * Heel = (15.0 + 110.8) / 2 * 2.90 = 182.4 KN/m
Arm = (Bearing1 * Heel?/ 2 + (Bearing2 - Bearing1) * Heel?/ 6) / Force
=(15.0%2.90?/2 +(110.8 - 15.0) * 2.902/6) / 182.4 =1.08 m
Moment = 182.4 * 1.08 = 197.3 KN-m/m
Concrete weight = DL factor * Thick * Heel *yc = 0.9 * 40.0/ 100 * 2.90 * 23.56 = 24.6 KN/m

Arm =Heel/2 = 2.90/2=1.45m Moment =24.6 * 1.45 = 35.7 KN-m/m
Backfill weight = DL factor * Heel * Helght *y =0.9 * 2.90 * 5.00 * 19.0 = 248.0 KN/m
Arm =Heel/2 = 2.90/2=1.45m Moment = 248.0 * 1.45 = 359.5 KN-m/m

Backfill slope = DL factor * (Heel + AThick) * Wedge /2 *y =
=0.9* (2.9 +(40.0-40.0)/100) *0.00/2* 19.0 = 0.0 KN/m

Arm =Heel *2/3= 2.90*2/3= 1.93m Moment =0.0 * 1.93 = 0.0 KN-m/m
Water = DL factor * Heel * Water table * (ys - y) = 0.9 * 2.90 * 0.00 * (20.4 - 19.0) = 0.0 KN/m
Arm =Heel/2 = 2.90/2=1.45m Moment = 0.0 * 1.45 = 0.0 KN-m/m
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Surcharge = Srch factor * (Heel + AThick) * Surcharge =0.9 * (2.9 + (40.0 - 40.0) / 100) * 0.0 = 0.0 KN/m

Arm=Heel/2 = 290/2=1.45m Moment =0.0 * 1.45 = 0.0 KN-m/m

Strip = Strip factor * Surcharge * Width =0.9 * 0.0 * 1.22 = 0.0 KN/m

Arm = Djstance - AStem + Width/2 =0.91 - (40.0-40.0)/ 100+ 1.22/2= 1.45m

Moment = 0.0 * 1.45= 0.0 KN-m/m

Max. Shear Vu =-182.4+24.6 +248.0+ 0.0+ 0.0+ 0.0 + 0.0 = 90.1 KN/m

Max. Moment Mu =-197.3 + 35.7 + 359.5+ 0.0 + 0.0 + 0.0 + 0.0 = 197.9 KN/m

Shear strength @ Vn= @ *0.77 *(fc)’2 * 10 *d ACI Eq. (11-3)
oVn=0.75*0.17 * (35)%2 * 10 * 33.9 = 249.7 KN/m> Vu =90.1 KN/m OK

Use D20 @ 20.0 cm As =15.71 cm?m p=As/bd= 15.71/(100 * 33.9) = 0.0046

Bending strength ¢ Mn = @ *ad?*fc *q *(7-0.59 *q) ACI10.2.7
@ Mn = 0.90 *33.92* 35.0 * 0.066 * (1 - 0.59 * 0.066) = 230.3 KN-m/n> Mu = 197.9 KN-m/nDK

Cover factor = Min (2.5, (Cover + db /2, Spacing /2) /db) =Min (2.5, (6.1 +2.00/2,20.0/2)/2.00) = 2.5

Straight Ld=fv/1.1/(fc) *Size * Location / Cover * db ACI Eq. (12-1)

=500.0/1.1/(35)%»*0.8*1.3/2.5*2.00=63.9cm

Hooked Ldh =0.24 *fy / (fc)*s *db *0.7 =0.24 * 500.0 / (35.0)72 * 2.00 * 0.7 = 28.4 cm ACl 12.5

Dev. length at toe side = Fig - Heel - Cover = (4.00 - 2.90) / 100 - 5.1 =104.9 cm» 63.9cm OK

Dev. length at heel side = Hee/ - Cover =2.90/100-5.1 =284.9en63.9cm OK

TOE DESIGN (Comb. 1.2D+1.6(L+H))
Bearing force = (Bearing1 + Bearing2) /2 * Toe = (163.0 + 143.8) /2 *0.70 = 107.4 KN/m
Arm = (Bearing1 * Toe?/ 2 + (BearingZ2 - Bearing1) * Toe?/ 3) / Force
=(143.8*0.702/2 + (163.0 - 143.8) * 0.70%/3) / 107.4 =0.36 m
Moment = 107.4 * 0.36 = 38.4 KN-m/m
Concrete weight = DL factor * Thick * Toe *yc = 1.2*40.0/100 * 0.70 * 23.56 = 7.9 KN/m

Arm=Toe/2 = 0.70/2=0.35m Moment =7.9 * 0.35 = 2.8 KN-m/m
Soil cover = DL factor * Toe *Height *y = 1.2*0.70 * 0.00 * 19.0 = 0.0 KN/m
Arm=T7oe/2 = 0.70/2=0.35m Moment = 0.0 * 0.35 = 0.0 KN-m/m

Max. Shear Vu = 107.4-7.9-0.0= 99.4 KN/m

Shear at crit. section Vu =Max shear *(Toe - d)/ Toe = 99.4* (0.70 - 34.4/100) / 0.70 = 50.6 KN/m

Max. Moment Mu =38.4-2.8-0.0 = 35.6 KN/m

Shear strength @ Vn= @ *0.77 *(fc)’2 * 10 *d ACI Eq. (11-3)
©oVn= 0.75*0.17 * (35)%2 * 10 * 34.4 = 253.4 KN/n> Vu =50.6 KN/m OK

Use D12 @ 20.0 cm As =5.65 cm?*m p=As/bd= 5.65/(100 * 34.4) = 0.0016

Bending strength ¢ Mn = @ *ad?*fc *q *(7-0.59 *q) ACI10.2.7
@ Mn = 0.90 * 34.42* 35.0 * 0.023 * (1 - 0.59 * 0.023) = 86.2 KN-m/m > Mu = 35.6 KN-m/m OK
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Cover factor = Min (2.5, (Cover + db /2, Spacing /2) /db) =Min (2.5, (5.0 + 1.20/2,20.0/2)/1.20) = 2.5

Straight Ld =1/ 1.1/(fc)’ *Size * Location / Cover *db
=500.0/1.1/(35)%*0.8*1.0/25*1.20=29.5¢cm
Hooked Ldh =0.24 *fy / (fc)* *db * 0.7 =0.24 * 500.0 / (35.0)2* 1.20 * 0.7 = 17.0 cm

Dev. length at toe side = Fig - Toe - Cover =(4.00-0.70)/100-5.0=325.0cm» 29.5cm OK

Dev. length at toe side = Toe - Cover =0.70/100-5.0=65.0cm 29.5cm OK
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SECTION ELEVATION

SHEAR KEY DESIGN (Comb. 0.9D+1.6H+E)

ACI Eq. (12-1)

ACl 12.5

Shear key depth = 0.0 cm Shear key thickness = 0.0 cm

Passive force = Lat factor * (Passivel + PassiveZ) /2 *Key =1.6 * (22.8 + 22.8) /2* 0.0/ 100 = 0.0 KN/m

Shear at crit. section Vu = Max shear *(Key -d)/Key = 0.0*(0.0-0.1)/0.0= 0.0 KN/m
Arm = (Passivel * Key?/2 + (Passive2 - Passivel) * Key?/3) / Force

=(22.8*0.00?/2 +(22.8-22.8) *0.002/3)/0.0=0.00 m
Max. moment Mu =0.0*0.00 = 0.0 KN-m/m
Shear strength @ Vn= @ *0.77 *(fc)’2 * 10 *d

¢®Vn=0.75%0.17*(35)%*10*0.1= 0.7KN/m > Vu=0.0KN/m OK
Use #4 @ 30.5cm As =4.23 cm?*m p=As/bd= 4.23/(100*0.1) =0.4231
Bending strength ¢ Mn = @ *ad?*fc *q *(7-0.59 *q)

@ Mn= 0.90*0.12*35.0 *6.044 * (1-0.59 * 6.044) = 0.1 KN-m/m > Mu=0.0 KN-m/m OK

ACI Eq. (11-3)

ACI1 10.2.7



