Calculations for the Design of Standard 1750mm high 'L' Wall Units
with Standard Design Parameters

Note that the L wall units must form part of an overall retaining structure designed by a competent engineer, which
includes a base slab of at least 200mm thickness to ensure sufficient anchorage for the dowel bars fixing the L unit
base. This slab when considered together with the L wall units must be sufficient to resist the sliding and overturning on
the whole retaining sfructure resulting from its function. This is likely fo result in the need for a slab to extend significantly
beyond either the toe or the heel (or both) of the L unit and have sufficient bending reinforcement in the top or
bottom (or both) as dictated by the design and the site circumstances.

Contract Name: Standard Product Design
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Reference: -
In accordance with: BS EN 1992-1:2004
BS EN 1997-1:2004
Assumed parameters: Maximum soil/backfill density: 18.0 kN/m?
Minimum angle of internal friction: 32.5°
Maximum angle of slope: 30.0°
Maximum live load surcharge: 10.0 kN/m?
Design cases considered: Buried foot (toe in), zero slope + maximum surcharge
Exposed foot (toe out), zero slope + maximum surcharge
Buried foot (toe in), maximum slope + zero surcharge
Exposed foot (toe out), maximum slope + zero surcharge
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1750mm Standard L-Wall
with Standard Design Parameters
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1.0 Retaining Wall Design

Overall height (h)

Base length (Lpgse)

Stem thickness at top (tgem_top)
Base thickness at end (tpase min)
Unit width (wy)

Distance to bolt 1 (from face)
Distance to bolt 2 (from face)
Number of bolts / row (No.)
Angle to rear face of stem (al)
Angle fo top face of base (a2)
Concrete Density (yc)

Average stem thickness (tsem)
Average base thickness (fpase)
Stem height (hgem)

Toe length (Lioe)

Cover block (c)
Cover deviation (ACgey)

Height of retained soil (hyet)
Moist density (Y

Char' eff' shear angle (¢'4)
Char' wall friction angle (6,4)
Angle of soil surface (B)
Variable surcharge(Surchargeg)

1750 mm
875 mm
110 mm
120 mm

1000 mm
438 mm

N/A

2 No.

90.9°

91.3°

25.0 kN/m?
123 mm
130 mm

1620 mm
752 mm

45 mm
5mm

1750 mm
18.0 kN/m?
32.5°

21.7°

30.0°
10.0kN/m?

BY: S.JH

CHK: C.B.

SHEET: 20f 20

Stem thickness at top
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- Base Length R
Depth to action of shear / moment (z) 500 mm
Additional shear force acting at z (V,) 0.0 kN
Additional concentrated moment acting at z (M,) 0.0 kNm

The following design is carried out in accordance with BS EN 1992-1:2004 & BS EN 1997-1:2004 at the ultimate limit state. Global Design (2.0) done on a per
metre run basis and then pro-rated to the unit width, where not equal to a metre, in Design Values (2.6).

Partial Factors on Actions

Permanent unfavourable action (YG)
Permanent favourable action (YGf)
Variable unfavourable action (YQ)
Variable favourable action (yQf)

V, partial factor (yv,)

M, partial factor (yu,)

Partial Factors for Soil Parameters

Angle of shearing resistance (yq)
Effective cohesion (y.)

Weight density( vy)

Retained Soil Properties based on Coulomb

Design eff' shear resistance angle (@'r.d);

Design wall friction angle (6r.d);

Level backfill active pressure coefficient (ka);
Sloped backfill active pressure coefficient (ka);

Soil Heights & Areas

Effective height of sloped sail (heg)

© Property A
<39 Property B
ST 0 —
gg g & Property C
£ g g, 8 Property D
o g_ -g Property E

Property F

Area of Soil (A)

Equilibrium (Table A.1

1.10
0.90
1.50
0.00
1.50
1.50

Equilibrium (Table A.NA.2

1.10

1.10

1.00

Equilibrium

30.0°

19.9°

0.304

0.818

Equilibrium

Rear (heg) Front (hesp)
2184 mm 1750 mm
2.64354m 1.516m
1.52625m 0.875m
1.52625m 0.875m
0.00000m 0.000m
0.00000m 0.000m
0.00000m 0.000m
0.000 m? 0.000 m?

Comb' 1 (Table A.3

1.35
1.00
1.50
0.00
1.50
1.50

Comb'1 (Table A.4

1.00
1.00
1.00

Combination 1
32.5°
21.7°
0.276

0.538

Combination 1

Rear (heg) Front (heso)
2184 mm 1750 mm
2.506m 1.405m
1.447m 0.811m
1.596m 0.895m
-0.126m -0.071m
-0.230m -0.129m
-0.080m -0.045m
-0.197 m? -0.062 m?

Comb' 2 (Table A.3

1.00
1.00
1.30
0.00
1.30
1.30

Comb' 2 (Table A.4

1.25
1.25
1.00

Combination 2
27.0°
17.7°
0.341

0.852

Combination 2

Rear (heg) Front (hesp)
2133 mm 1750 mm
2.823m 1.659m
1.630m 0.958m
1.439m 0.846m
0.170m 0.100m
0.278m 0.163m
0.087m 0.05Tm
0.253 m? 0.088 m?
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with Standard Design Parameters

Additional Line Load

06-Jan-17

REV: 0

BY: S.JH

CHK: C.B.

SHEET: 30f 20

Method given in Reynolds (Table 21) to allow for the effect of the additional slope beyond the theoretical angle of repose
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Sketch 1: Line load o
rear of retaining wall

Sketch 2: Line load to
front of retaining wall

2.0 Retaining Wall Global Design

Primary Critical Dimensions

—

-

D

Secondary Critical

Dimensions

The global design determines a maximum overturning and sliding force on the retaining wall for each of the three combinations (EQU, Comb'l, Comb'2) in
the two loading conditions (presented below) applied to the front and the back of the wall. All designs are done on a per/metre run basis.

IRRNNRN)

Loading
condition 1

Level fill with
surcharge

hret
hret

— |

Backfill to rear of wall (A) Backfill to front of wall (B)
2.1 Global Forces at EQU

Loading condition 1 -Backfill to rear of wall with level fill and surcharge (A)

Surcharge Load;

Four h=Kg®cos(8, 4-(90-a))eyqeSurchargeq*hret:
Active Pressure;

Fret 0=V *Ka*COS(8,¢~(90-)) * Y *hyei/2;
Additional shear load acting at z;

F2=Vaoyy,

Weight of wall stem;

Fstem=Yar* Nstem ® fstem ® Ystem?
Weight of base;

Frase=Yor® Loase * thoase ® Ybase:
Retained Soil;

Fret=Yat® (Nret-Toase) ® Lioes Yimr
Friction on virtual Back of walll;

Fuall 1ict=YGr*Ka®SinS:.* Yonr * Nrer /2

Backfill to rear of wall (C)

0.304+0.935¢1.5210°1.75=

1.120.30420.9352181.7512/2=

0e1.5=
Horizontal Force (H):

0.921.6220.123225=

0.920.87520.13225=

0.921.6220.752+18=

0.920.304¢0.34¢18¢1.75/2/2=
Vertical Force (V):

Loading
condition 2
Sloped fill
without N
surcharge E
—— |
Backfill to front of wall (D)
Lever Arm Moment
7.5 kN 0.875m 6.5 kNm
8.6 kN 0.583 m 5.0 kNm
0.0 kN 1.250 m 0.0 kNm
16.1 kN M 11.6 kNm
4.5kN 0.062m 0.3 kNm
2.6kN 0.438 m 1.1 kNm
19.7kN 0.499 m 9.8 kNm
2.6kN 0.875m 2.2kNm
29.3kN My. 13.5 kNm
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Loading condition 1 -Backfill to front of wall with level fill and surcharge (B) Lever Arm Moment
Surcharge Load;
Four n=Kgecos(8, 4)eYqeSurchargeq®hpet: 0.304¢0.94¢1.5¢101.75= 7.5kN 0.875m 6.6 KNm
Active Pressure;
Fret n=Yg*Kq®COs(&rq) -Ym,Oh,ef/Z; 1.120.304¢0.9418¢1.75A2/2= 8.7 kN 0.583 m 5.1 kNm
Additional shear load acting at z;
F=Vao vy, 0e1.5= 0.0 kN 1.250 m 0.0 kNm
Horizontal Force (H): 16.2 kN M. 11.6 kNm
Weight of wall stem;
Fstem=Yat* Nstem * tstem ® Ystem: 0.9¢1.62¢0.12325= 4.5kN 0.814m 3.6 kNm
Weight of base;
Foase=Yot® Lbase * Toase * Ybase: 0.90.87520.13425= 2.6kN 0.438m 1.1 kNm
Friction on virtual Back of wall;
Fuvall fict=Yor® Ka®SiNS: o * Yomr * Nret2/2; 0.920.304¢0.342181.75NA2/2= 2.6kN 0.875m 2.2 kNm
Vertical Force (V): 9.6 kN My: 7.0 kNm
Loading condition 2 - Backfill to rear of wall with sloped fill and without surcharge (C) Lever Arm Moment
Active Pressure;
Fret_n=Ys*Kq®COs(&; 4-(90-a)) 'YmﬁhemZ/Z: 1.120.81820.93521822.184A2/2= 36.1kN 0.728 m 26.3 KNm
Additional Point Load
Fx n=Ya*Ymresin(@'r.d)ecos(p'r.d) e A; 1.12180.520.8660= 0.0kN 1.750 m 0.0 kNm
Additional shear load acting at z;
F=Vao vy, 0e1.5= 0.0 kN 1.250 m 0.0 kNm
Horizontal Force (H): 36.1 kN M. 26.3 kNm
Weight of wall stem;
Fstem=Yat* Nstem * tstem ® Ystem: 0.9¢1.62¢0.12325= 4.5kN 0.062m 0.3 kNm
Weight of base;
Foase=Yot® Lbase * Toase * Ybase: 0.90.87520.13+25= 2.6kN 0.438 m 1.1 kNm
Retained Soil;
Fret=Yor® ((Nret-foase)  (Lioe * AN (B) /2)) *Lioe ® Yinr: 0.9¢(1.62+(0.75220.577/2)) #0.752+18= 22.4kN 0.499 m 11.2kNm
Friction on virtual Back of wall;
Fuwall fricFYef'KA°Sin6r,d°Ymr'heﬁ|2/22 0.9¢0.8180.34¢18¢2.184A2/2= 10.8kN 0.875m 9.4 kKNm
Vertical Force (V): 40.2 kN My. 22.0 kNm
Loading condition 2 - Backill to front of wall with sloped fill and without surcharge (D) Lever Arm Moment
Active Pressure;
Fret n=YG*Kq®COS(&; q) *Vrr* Neit?/2; 1.1¢0.81820.94¢18¢1.75A2/2= 23.3kN 0.583 m 13.6 kKNm
Additional Point Load
Fx h=Yc*Ymresin(@'r.d)ecos(¢p'r.d) e A; 1.1218¢0.5¢0.866+0= 0.0kN 1.750 m 0.0 kNm
Additional shear load acting at z;
Fo=Vao Yy, 0e1.5= 0.0 kN 1.250 m 0.0 kNm
Horizontal Force (H): 23.3kN M. 13.6 kNm
Weight of wall stem;
Fstem=Yo1® Nstem * fstem * Ystem: 0.9¢1.62¢0.12325= 4.5kN 0.814m 3.6 kNm
Weight of base;
Foase=Yor® Lbase * Toase * Ybase: 0.90.87520.13+25= 2.6kN 0.438 m 1.1 kNm
Friction on virtual Back of wall;
Fuwall fricFYef'KA°Sin6r,d°Ymr'heﬁ22/22 0.9¢0.8180.34¢18¢1.75N2/2= 6.9kN 0.875m 6.0 kKNm

Vertical Force (V): 13.9 kN My. 10.8 kNm




1750mm Standard L-Wall
with Standard Design Parameters

2.2 Global Forces at Combination 1

Loading condition 1 -Backfill to rear of wall with level fill and surcharge (A)

Surcharge Load;

Four h=Kgecos(8, 4-(90-a))eyqeSurchargeq*hret: 0.27620.92321.521021.75=
Active Pressure;

Frot n=Yo*Kq*COS(8; o-(90-0)) * Yo ® Nror2/2; 1.35¢0.27620.9232181.75A2/2=
Additional shear load acting at z;

FeeVatyue 0e1.5=

Horizontal Force (H):
Weight of wall stem;

Fsiem=YGf° hstem'ttem'Ysiem; 101.6220.12325=
Weight of base;

Fbcse:YGf' Lbcse°Tbose'Ybose7 100.875¢0.1325=
Retained Soil;

FreizYGf° (hrei—fbose) ¢ Lioe-YmH 101.62¢0.752+18=
Friction on virtual Back of wall;

Fual tict=Ycr*Ka®SinG: 4 * Yo * et /2 120.276+0.37#18¢1.75/2/2=

Vertical Force (V):

Loading condition 1 -Backfill to front of wall with level fill and surcharge (B)

Surcharge Load;

Fsuor n=Kqg®cos(6, g)eYqeSurchargeq®hret 0.27620.929¢1.5¢101.75=
Active Pressure;

Fret n=Yc*Ka®COS (& q) Vo Nror2/2; 1.3520.27620.929218¢1.75/2/2=
Additional shear load acting at z;

F=Vae vy, 0e1.5=

Horizontal Force (H):
Weight of wall stem;

Fsiem=YGf° hstem'ttem'Ysiem; 11.6220.12325=
Weight of base;

Fbcse:YGf' Lbcse°Tbose'Ybose7 10.8750.1325=
Friction on virtual Back of wall;

Fual ticr=Yor *Ka®SinS, ¢ * Y * i 2/2; 100.276+0.3718¢1.75/2/2=

Vertical Force (V):

Loading condition 2 - Backfill to rear of wall with sloped fill and without surcharge (C)

Active Pressure;

Fret_n=Yo*Kq*COS(8;.4-(90-0)) * Y *hein /2 1.3500.5380.923+18+2.184A2/2=
Additional Point Load

Fx n=YG *Ymresin(@r.d) scos(p'r.d) e A; 1.35¢18¢0.537+0.843+-0.197=
Additional shear load acting at z;

F2=Vaoyy, 0e1.5=

Horizontal Force (H):
Weight of wall stem;

Fsiem=YGf° hstem'ttem'Ysiem; 11.6220.12325=
Weight of base;

Fbcse:YGf' Lbcse°Tbose'Ybose7 10.8750.1325=
Retained Soil;

Fret=Yot® ((Pret-Toase) F (Lioe * TAN(B) /2)) *Lioe ® Yinr: 1¢(1.62+(0.75220.577/2))*0.752+18=
Friction on virtual Back of wall;

Fual fici=Yor*Ka®SinG, o * Yme* et 2/2: 140.538+0.37+18+2.184A2/2=

Vertical Force (V):
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Lever Arm Moment
6.7 kN 0.875m 5.9 kNm
9.5kN 0.583 m 5.5 kNm
0.0 kN 1.250 m 0.0 kNm
16.2 kN My 11.4 kNm
5.0kN 0.062m 0.3 kNm
2.8kN 0.438 m 1.2 kNm
21.9kN 0.499 m 10.9 kNm
2.8kN 0.875m 2.5 kNm
32.6 kN My, 15.0 kNm
Lever Arm Moment
6.7 kN 0.875m 5.9 kNm
9.5kN 0.583m 5.6 kNm
0.0 kN 1.250 m 0.0 kNm
16.3 kN My 11.5kNm
5.0kN 0.814m 4.1 kNm
2.8kN 0.438 m 1.2 kNm
2.8kN 0.875m 2.5 kNm
10.6 kN My 7.8 kNm

Lever Arm Moment
28.8kN 0.728 m 20.9 kNm
-2.2kN 1.750 m -3.8 kNm
0.0 kN 1.250 m 0.0 kNm
26.6 kN Mg 17.2 kNm
5.0kN 0.062m 0.3 kNm
2.8kN 0.438 m 1.2 kNm
24.9kN 0.499 m 12.4 kNm
8.5kN 0.875m 7.5 kNm
41.2kN My 21.4kNm




1750mm Standard L-Wall
with Standard Design Parameters

Loading condition 2 - Backfill to front of wall with sloped fill and without surcharge (D)

Active Pressure;

Fret n=Yo*Ka®COS(6, ) *Yimr® Neir2 /2
Additional Point Load

Fe h=YG*YmreSin(@'r.d) ecos(p'r.d) e A;
Additional shear load acting at z;

F2=Vaoyy,

Weight of wall stem;
Fstem=Yat* Nstem ® fstem ® Ystem:
Weight of base;
Frase=Yor® Loase * thoase ® Ybase:
Friction on virtual Back of walll;

Fwo\l fict=YGr® KA' Sinér.d *Ymr® heff22/2;
2.3 Global Forces at Combination 2

Loading condition 1 -Backfill to rear of wall with level fill and surcharge (A)

Surcharge Load;

Four n=Kg®cos(8, 4-(90-a))syqeSurchargeq*hret:
Active Pressure;

Fret n=YG*Ka*COS(8,.4-(90-0)) * Y *Nyei”/2;
Additional shear load acting at z;

F=Vao Yy,

Weight of wall stem;

Fstem=Yar* Nstem ® fstem ® Ystem?
Weight of base;

Frase=Yor® Lobase * thoase ® Ybase:
Retained Soil;

Fret=Yat® (Nret-Toase) ® Lioes Yimr:
Friction on virtual Back of walll;

Fual 1ict=YGr*Ka®SinSr.q® Yoo Nrer /2

Loading condition 1 -Backfill to front of wall with level fill and surcharge (B)

Surcharge Load;

Four n=Kgecos(8, 4)eYqeSurchargeq®het:
Active Pressure;

Fret n=YG*Ka®COS(6.g) * Yrnr* et /2
Additional shear load acting at z;

F=Vaeyy,

Weight of wall stem;

Fstem=Yar* Nstem ® fstem ® Ystem?
Weight of base;

Frase=Yor® Lobase * toase ® Ybase:
Friction on virtual Back of walll;

Fuall 1ict=YGr*Ka®SinS:.q® Yonr * Nrer /2

1.35¢0.53820.929+18¢1.75/2/2=

1.35¢18¢0.537+0.843-0.197=

0e1.5=
Horizontal Force (H):

11.62¢0.12325=

10.875¢0.1325=

1¢0.5380.3718¢1.75A\2/2=
Vertical Force (V):

0.34120.94821.310¢1.75=

10.34120.948¢181.75N\2/2=

0e1.3=
Horizontal Force (H):

11.62¢0.12325=

10.875¢0.1325=

11.62¢0.752¢18=

10.34120.303¢18¢1.75A2/2=
Vertical Force (V):

0.3410.9531.3210¢1.75=

10.341¢0.95318¢1.75N2/2=

0e1.3=
Horizontal Force (H):

11.62¢0.12325=

10.875¢0.1325=

10.34120.303¢18¢1.75A2/2=
Vertical Force (V):
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Lever Arm Moment
18.6kN 0.583 m 10.8 kNm
-0.7kN 1.750 m -1.2 kNm
0.0 kN 1.250 m 0.0 kNm
17.9 kN Mg 9.7 kNm
5.0kN 0.814m 4.1 kNm
2.8kN 0.438 m 1.2 kNm
5.5kN 0.875m 4.8 kNm
13.3 kN My, 10.1 kNm

Lever Arm Moment
7.4kN 0.875m 6.4 kNm
8.9 kN 0.583m 5.2 kNm
0.0 kN 1.250 m 0.0 kNm
16.3 kN M 11.6 kNm
5.0kN 0.062m 0.3 kNm
2.8kN 0.438 m 1.2 kNm
21.9kN 0.499 m 10.9 kNm
2.9kN 0.875m 2.5 kNm
32.6 kN My, 15.0 kNm

Lever Arm Moment
7.4 kN 0.875m 6.5 kNm
9.0 kN 0.583 m 5.2 kNm
0.0 kN 1.250 m 0.0 kNm
16.3 kN Mg 11.7 kNm
5.0kN 0.814m 4.1 kNm
2.8kN 0.438 m 1.2 kNm
2.9kN 0.875m 2.5 kNm
10.7 kN My, 7.8 kNm




1750mm Standard L-Wall
with Standard Design Parameters

Loading condition 2 - Backfill to rear of wall with sloped fill and without surcharge (C)

Active Pressure;

Fret n=YG*Ka®COS(6, 6-(90-0)) Yoy * Nerri /2
Additional Point Load

Fe h=YG*YmreSin(@'r.d) ecos(p'r.d) e A;
Additional shear load acting at z;

F2=Vaoyv,

Weight of wall stem;
Fstem=Yat* Nstem ® fstem ® Ystem?
Weight of base;
Frase=Yor® Loase * thoase ® Ybase:
Retained Soil;
Fret=Yot® ((Nret-Toase) T (Lioe * 1N () /2)) * Lioe * Yimr:
Friction on virtual Back of walll;
Fual 1ict=Yor* Ka®Sind:.4* Yo hein */2;

Loading condition 2 - Backfill to front of wall with sloped fill and without surch:

10.852¢0.948¢1822.133/N2/2=

11820.45420.89120.253=

0e1.3=
Horizontal Force (H):

11.62¢0.12325=

10.875¢0.1325=

1+(1.62+(0.752+0.577/2)) #0.752¢ 18=

10.8520.303¢1822.13312/2=

arge (D)

Active Pressure;

Fret n=YG*Ka®COS(6, ) *Yimr® Neira /2
Additional Point Load

Fe h=YG*Ymresin(@'r.d) ecos(p'r.d) e A;
Additional shear load acting at z;

F2=Vaoyv,

Weight of wall stem;
Fstem=Yat* Nstem * tstem ® Ystem:
Weight of base;
Foase=Yot® Lbase * Toase * Ybase:
Friction on virtual Back of walll;
Fual 1ict=Yor* Ka®sing. ¢* Yo * etz /2;

2.4 Summary of forces and moments on wall

Equilibrium H My \ My.

A: LC1 - Backfill to rear: 16.1 kN 11.6 kNm 29.3 KN 13.5 kNm
B: LC1 - Backfill o front: 16.2 kN 11.6 kNm 9.6 KN 7.0 kNm
C: LC2 - Backfill to rear: 36.1 kN 26.3 kNm 40.2 KN 22.0kN
D: LC2 - Backfill fo front: 23.3kN 13.6 kNm 13.9 KN 10.8 kN
Combination 1 H My \% My

A: LC1 - Backfill fo rear: 16.2 kN 11.4 kNm 32.6 KN 15.0 kNm
B: LC1 - Backfill to front: 16.3 kN 11.5 kNm 10.6 KN 7.8 kNm
C: LC2 - Backfill fo rear: 26.6 kN 17.2 kNm 41.2 KN 21.4 kN
D: LC2 - Backfill to front: 17.9 kN 9.7 kNm 13.3 KN 10.1 kN
Combination 2 H My \ My.

A: LC1 - Backfill to rear: 16.3 kN 11.6 kNm 32.6 KN 15.0 kNm
B: LC1 - Backfill o front: 16.3 kN 11.7 kNm 10.7 KN 7.8 kNm
C: LC2 - Backfill to rear: 34.9 kN 26.7 kNm 43.3 KN 23.2 kN
D: LC2 - Backfill fo front: 23.0kN 14.2 kNm 14.9 KN 11.5kN

Vertical Force (V):

100.852¢0.9532181.75A2/2=

11820.454+0.891+0.088=

0e1.3=
Horizontal Force (H):

101.6220.123225=

100.8750.13225=

100.852¢0.3032181.75A2/2=

Vertical Force (V):
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Lever Arm Moment
33.1kN 0.711m 23.5 kNm
1.8kN 1.750 m 3.2 kNm
0.0 kN 1.250 m 0.0 kNm
34.9 kN Mg 26.7 kNm
5.0kN 0.062m 0.3 kNm
2.8kN 0.438 m 1.2 kNm
24.9kN 0.499 m 12.4 kNm
10.6kN 0.875m 9.3 kNm
43.3 kN My 23.2 kNm
Lever Arm Moment

22.4kN 0.583 m 13.1 kNm
0.6kN 1.750 m 1.1 kNm
0.0 kN 1.250 m 0.0 kNm
23.0 kN My 14.2 kNm
5.0kN 0.814m 4.1 kNm
2.8kN 0.438 m 1.2 kNm
7.1kN 0.875m 6.2 kNm
14.9 kN My 11.5kNm
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2.5 Resultant actions

Sliding force
Assuming the characteristic base friction () is equal to the vertical force multiplied by 0.4
Equilibrium Combination 1 Combination 2
Vepu-H LC1 - Backfill to rear: 4.3 kN 0.73 ULS Ratio 3.1 kN 0.81 ULS Ratio 3.2 kN 0.80 ULS Ratio
LC1 - Backfill fo front: 12.3 kN 0.24 ULS Ratio 12.0 kN 0.26 ULS Ratio 12.1 kN 0.26 ULS Ratio
LC2 - Backfill to rear: 20.0 kN 0.45 ULS Ratio 10.1 kN 0.62 ULS Ratio 17.6 kN 0.50 ULS Ratio
LC2 - Backfill fo front 17.7 kN 0.24 ULS Ratio 12.6 kN 0.30 ULS Ratio 17.0 kN 0.26 ULS Ratio
Resultant moment *Positive values indicate a stabilising moment and negative values indicate a destabilising moment
Equilibrium Combination 1 Combination 2
My-My LC1 - Backfill to rear: 1.9 kNm 1.17 ULS Ratio 3.6 kNm 1.31 ULS Ratio 3.4 kNm 1.29 ULS Ratio
LC1 - Backfill to front: -4.6 kNm 0.60 ULS Ratio -3.7 kNm 0.68 ULS Ratio -3.9 kNm 0.67 ULS Ratio
LC2 - Backfill to rear: -4.3 kNm 0.84 ULS Ratio 4.3 kNm 1.25 ULS Ratio -3.5 kNm 0.87 ULS Ratio
LC2 - Backfill fo front -2.8 kNm 0.79 ULS Ratio 0.4 kNm 1.05 ULS Ratio -2.6 kNm 0.81 ULS Ratio

2.6 Design Values

The stability of the structure is defined by the EQU load combination and therefore the stability of the foundation design should be based upon the following
maximum values which relate to this specific load combination. These values are pro-rated to take account of the width of the retaining wall. The loading
condition will determine the direction of the sliding force and whether the moments are clockwise or anti-clockwise.

Resultant sliding force; 20.0 kN/m - Loading condition 2 (Backfill to the rear)
Vertical load;  40.2kN/m - Loading condition 2 (Backfill to the rear)
Resultant destabilising moment; 4.6 kNm/m - Loading condition 1 (Backfill to the front)

The structural design of the retaining wall is based upon the following maximum pro-rated values from Combinations 1 & 2.
Resultant sliding force; 17.6 kN/m - Combination 2 with loading condition 2 (Backfill to the rear)

Resultant anti-clockwise destabilising moment; 3.5 kNm/m - Combination 2 with loading condition 2 (Backfill to the rear)
Resultant clockwise destabilising moment; 3.9 kNm/m - Combination 2 with loading condition 1 (Backfill o the front)
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3.1 Analysis Height 1
h
Analysis height 1 (S1) 500 mm — s1
Soil depth at S1 500 mm
Area Related to Additional Line Load Comb' 1 Comb'2
Property A 0.401m 0.474m
Property B 0.232m 0.274m
Property C 0.256m 0.242m
Property D -0.020m 0.029m
Property E -0.037m 0.047m
Property F -0.013m 0.015m
Area of Soil (A) -0.005 m? 0.007 m?
Loading condition 1 -Backfill to rear of wall with level fill and surcharge (combination 1) (A) Lever Arm Moment
Surcharge Load  Fsur_h=Kaecos(ér.d-(90-a))eyQeSurchargeQeh; 0.276+0.9231.521020.5= 1.9 kN 0.250 m 0.5 kNm
Active Pressure  Fret_h=yGeKaecos(&r.d-(90-a)) symreh?/2; 1.35¢0.27620.9231820.5/2/2= 0.8 kN 0.167 m 0.1 kNm
Shear at z Fz=VzeyVz QOe1.5= 0.0 kN 0.000 m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 2.7 kN M. 0.6 kNm
Loading condition 1 -Backfill to front of wall with level fill and surcharge (combination 1) (B) Lever Arm Moment
Surcharge Load  Fsur_h=Kaecos(ér.d)eyQeSurchargeQeh; 0.27620.9291.521020.5= 1.9 kN 0.250 m 0.5 kNm
Active Pressure  Fret_h=yGeKaecos(&r.d)symreh?/2; 1.35¢0.27620.929¢1820.5/A2/2= 0.8 kN 0.167 m 0.1 kNm
Shear at z Fz=VzeyVz Qe1.5= 0.0 kN 0.000 m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 2.7 kN M. 0.6 kNm
Loading condition 2 - Backfill to rear of wall with sloped fill and without surcharge (combination 1) (C) Lever Arm Moment
Active Pressure  Fret_h=yGeKaecos(&r.d-(90-a)) symreh?/2; 1.35¢0.538¢0.923¢1820.5/2/2= 1.5kN 0.167 m 0.3 kNm
Additional Point Load  Fx_h=yGeymresin(p'r.d)ecos(p'r.d)eA; 1.35¢18¢0.537+0.843+-0.005= -0.1kN 0.500 m 0.0 kNm
Shear at z Fz=VzeyVz Oe1.5= 0.0 kN 0.000 m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 1.5kN M. 0.2 kNm
Loading condition 2 - Backfill to front of wall with sloped fill and without surcharge (combination 1) (D) Lever Am Moment
Active Pressure  Fret_h=yGeKaecos(&r.d)symreh?/2; 1.35¢0.53820.929¢18¢0.5/A2/2= 1.5kN 0.167 m 0.3 kNm
Additional Point Load  F, n=Yg*Ymesin(@'r.d)scos(p'r.d)sA; 1.35¢18¢0.537+0.843+-0.005= -0.1kN 0.500 m 0.0 kNm
Shear at z Fz=VzeyVz Qe1.5= 0.0 kN 0.000 m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 1.5kN M. 0.2 kNm
Loading condition 1 -Backfill to rear of wall with level fill and surcharge (combination 2) (A) Lever Am Moment
Surcharge Load  Fsur_h=Kaecos(ér.d-(90-a))syQeSurchargeQeh; 0.3410.9481.3¢10¢0.5= 2.1 kN 0.250 m 0.5 kNm
Active Pressure  Fret_h=yG *Kaecos(&r.d-(90-a)) eymreh?/2; 100.34120.948218¢0.5N2/2= 0.7 kN 0.167 m 0.1 kNm
Shear at z Fz=VzeyVz 01.3= 0.0 kN 0.000 m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 2.8 kN M. 0.6 kNm
Loading condition 1 -Backfill to front of wall with level fill and surcharge (combination 2) (B) Lever Am Moment
Surcharge Load  Fsur_h=Kaecos(ér.d)eyQeSurchargeQeh; 0.3410.95321.310+0.5= 2.1 kN 0.250 m 0.5 kNm
Active Pressure  Fret_h=yG +Kascos(ér.d)eymrsh?/2; 100.34120.953218¢0.5N2/2= 0.7 kN 0.167 m 0.1 kNm
Shear at z Fz=VzeyVz 0¢1.3= 0.0 kN 0.000 m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 2.8 kN M. 0.6 kNm
Loading condition 2 - Backfill to rear of wall with sloped fill and without surcharge (combination 2) (C) Lever Am Moment
Active Pressure  Fret_h=yGeKaecos(&r.d-(90-a)) symreh?/2; 100.852¢0.948¢18¢0.5/2/2= 1.8kN 0.167 m 0.3 kNm
Additional Point Load  Fx_h=yGeymresin(@'r.d)ecos(p'r.d)eA; 101820.454¢0.891+0.007= 0.TkN 0.500 m 0.0 kNm
Shear at z Fz=VzeyVz 0e1.3= 0.0 kN 0.000 m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 1.9 kN M. 0.3 kNm
Loading condition 2 - Backfill to front of wall with sloped fill and without surcharge (combination 2) (D) Lever Am Moment
Active Pressure  Fret_h=yGeKaecos(&r.d)symreh?/2; 100.852¢0.953¢18¢0.5/2/2= 1.8kN 0.167 m 0.3 kNm
Additional Point Load  Fy p=Yg*Ym*sin(p'r.d)ecos(p'r.d) e A; 121820.454+0.8910.007= 0.1kN 0.500 m 0.0 kNm
Shear at z Fz=VzeyVz 0e1.3= 0.0 kN 0.000 m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 1.9 kN M. 0.3 kNm
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3.2 Analysis Height 2
Analysis height 2 (52) 1155 mm
Soil depth at $2 1155 mm h
Area Related to Additional Line Load Comb' 1 Comb'2 Ly s2
Property A 0.927m 1.095m
Property B 0.535m 0.632m
Property C 0.591Tm 0.558m
Property D -0.047m 0.066m
Property E -0.085m 0.108m
Property F -0.030m 0.034m
Area of Soil (A) -0.027 m? 0.038 m?
Loading condition 1 -Backfill to rear of wall with level fill and surcharge (combination 1) (A) Lever Arm Moment
Surcharge Load  Fsur_h=Kaecos(ér.d-(90-a))eyQeSurchargeQeh; 0.276+0.92321.521021.155= 4.4 kN 0.578 m 2.5kNm
Active Pressure  Fret_h=yGeKaecos(&r.d-(90-a)) symreh?/2; 1.35¢0.27620.923¢18¢1.155A2/2= 4.1 kN 0.385m 1.6 kNm
Shear at z Fz=VzeyVz Qe1.5= 0.0 kN 0.655m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 8.5kN M. 4.1 kNm
Loading condition 1 -Backfill to front of wall with level fill and surcharge (combination 1) (B) Lever Arm Moment
Surcharge Load  Fsur_h=Kaecos(ér.d)eyQeSurchargeQeh; 0.276+0.929¢1.521021.155= 4.4 kN 0.578 m 2.6 kNm
Active Pressure  Fret_h=yGeKaecos(&r.d)symreh?/2; 1.35¢0.27620.929+18¢1.155A2/2= 4.2 kN 0.385m 1.6 kNm
Shear at z Fz=VzeyVz QOe1.5= 0.0 kN 0.655m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 8.6 kN M. 4.2 kNm
Loading condition 2 - Backfill to rear of wall with sloped fill and without surcharge (combination 1) (C) Lever Arm Moment
Active Pressure  Fret_h=yGeKaecos(&r.d-(90-a)) symreh?/2; 1.35¢0.538¢0.923¢18¢1.155A2/2= 8.0kN 0.385m 3.1 kNm
Additional Point Load  Fx_h=yGeymresin(@'r.d)ecos(p'r.d)eA; 1.35¢18¢0.537+0.843+-0.027= -0.3kN 1.185m -0.3 kNm
Shear at z Fz=VzeyVz Oe1.5= 0.0 kN 0.655m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 7.8 kN M. 2.8 kNm
Loading condition 2 - Backfill to front of wall with sloped fill and without surcharge (combination 1) (D) Lever Am Moment
Active Pressure  Fret_h=yGeKaecos(&r.d)symreh?/2; 1.35¢0.538¢0.929¢18¢1.155A2/2= 8.TkN 0.385m 3.1 kNm
Additional Point Load  F, n=Yg*Ymesin(@'r.d)scos(p'r.d)sA; 1.35¢18¢0.537+0.843+-0.027= -0.3kN 1.155 m -0.3 kNm
Shear at z Fz=VzeyVz Qe1.5= 0.0 kN 0.655m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 7.8 kN M. 2.8 kNm
Loading condition 1 -Backfill to rear of wall with level fill and surcharge (combination 2) (A) Lever Am Moment
Surcharge Load  Fsur_h=Kaecos(ér.d-(90-a))syQeSurchargeQ-eh; 0.3410.94821.3101.155= 4.9 kN 0.578 m 2.8 kNm
Active Pressure  Fret_h=yG *Kascos(&r.d-(90-a)) eymreh?/2; 100.34120.948218¢1.155N2/2= 3.9 kN 0.385m 1.5 kNm
Shear at z Fz=VzeyVz 01.3= 0.0 kN 0.655m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 8.7 kN M. 4.3 kNm
Loading condition 1 -Backfill to front of wall with level fill and surcharge (combination 2) (B) Lever Am Moment
Surcharge Load  Fsur_h=Kaecos(ér.d)eyQeSurchargeQeh; 0.3410.95321.3101.155= 4.9 kN 0.578 m 2.8 kNm
Active Pressure  Fret_h=yG +Kascos(ér.d)eymrsh?/2; 100.34120.953218¢1.155N2/2= 3.9 kN 0.385m 1.5 kNm
Shear at z Fz=VzeyVz 0¢1.3= 0.0 kN 0.655m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 8.8 kN M. 4.3 kNm
Loading condition 2 - Backfill to rear of wall with sloped fill and without surcharge (combination 2) (C) Lever Am Moment
Active Pressure  Fret_h=yGeKaecos(&r.d-(90-a)) symreh?/2; 100.852¢0.948¢18¢1.155A2/2= 9.7kN 0.385m 3.7 kNm
Additional Point Load  Fx_h=yGeymresin(@'r.d)ecos(p'r.d)eA; 101820.454¢0.891+0.038= 0.3kN 1.185m 0.3 kNm
Shear at z Fz=VzeyVz 0e1.3= 0.0 kN 0.655m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 10.0 kN M. 4.1 kNm
Loading condition 2 - Backfill to front of wall with sloped fill and without surcharge (combination 2) (D) Lever Am Moment
Active Pressure  Fret_h=yGeKaecos(&r.d)symreh?/2; 100.852¢0.953¢181.155A2/2= 9.7kN 0.385m 3.8 kNm
Additional Point Load  Fy p=Yg*Ym*sin(p'r.d)ecos(p'r.d) e A; 121820.454+0.8910.038= 0.3kN 1.155 m 0.3 kNm
Shear at z Fz=VzeyVz 0e1.3= 0.0 kN 0.655m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 10.0 kN M. 4.1 kNm
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3.3 Analysis Height 3
Analysis height 3 (S3) 1515 mm
Soil depth at S3 1515 mm
h
Area Related to Additional Line Load Comb' 1 Comb'2
Property A 1.216m 1.436m
Property B 0.702m 0.829m
Property C 0.775m 0.732m ——=S3
Property D -0.061Tm 0.087m
Property E -0.112m 0.141m
Property F -0.039m 0.044m
Area of Soil (A) -0.046 m? 0.066 m?
Loading condition 1 -Backfill to rear of wall with level fill and surcharge (combination 1) (A) Lever Arm Moment
Surcharge Load  Fsur_h=Kaecos(ér.d-(90-a))eyQeSurchargeQeh; 0.276+0.923+1.521021.515= 5.8 kN 0.758 m 4.4 kNm
Active Pressure  Fret_h=yGeKaecos(&r.d-(90-a)) symreh?/2; 1.35¢0.27620.923+18¢1.515A2/2= 7.1 kN 0.505m 3.6 kNm
Shear at z Fz=VzeyVz 0.0 kN 1.015m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 12.9 kN M. 8.0 kNm
Loading condition 1 -Backfill to front of wall with level fill and surcharge (combination 1) (B) Lever Arm Moment
Surcharge Load  Fsur_h=Kaecos(ér.d)eyQeSurchargeQeh; 0.276+0.929¢1.521021.515= 5.8 kN 0.758 m 4.4 kNm
Active Pressure  Fret_h=yGeKaecos(&r.d)symreh?/2; 1.35¢0.27620.929¢18¢1.515A2/2= 7.2 kN 0.505m 3.6 kNm
Shear at z Fz=VzeyVz 0.0 kN 1.015m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 13.0 kN M. 8.0 kNm
Loading condition 2 - Backfill to rear of wall with sloped fill and without surcharge (combination 1) (C) Lever Arm Moment
Active Pressure  Fret_h=yGeKaecos(&r.d-(90-a)) symreh?/2; 1.35¢0.538¢0.923¢18¢1.515A2/2= 13.8kN 0.505m 7.0 kNm
Additional Point Load  Fx_h=yGeymresin(@'r.d)ecos(p'r.d)eA; 1.35¢18¢0.537+0.843+-0.046= -0.5kN 1.515m -0.8 kNm
Shear at z Fz=VzeyVz 0.0 kN 1.015m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 13.3 kN M. 6.2 kNm
Loading condition 2 - Backfill to front of wall with sloped fill and without surcharge (combination 1) (D) Lever Am Moment
Active Pressure  Fret_h=yGeKaecos(&r.d)symreh?/2; 1.35¢0.538¢0.929¢18¢1.515A2/2= 13.9kN 0.505 m 7.0 kNm
Additional Point Load  F, n=Yg*Ymesin(@'r.d)scos(p'r.d)sA; 1.35¢18¢0.537+0.843+-0.046= -0.5kN 1.5165m -0.8 kNm
Shear at z Fz=VzeyVz 0.0 kN 1.015m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 13.4 kN M. 6.3 kKNm
Loading condition 1 -Backfill to rear of wall with level fill and surcharge (combination 2) (A) Lever Am Moment
Surcharge Load  Fsur_h=Kaecos(ér.d-(90-a))syQeSurchargeQ-eh; 0.3410.94821.32101.515= 6.4 kN 0.758 m 4.8 kNm
Active Pressure  Fret_h=yG *Kascos(&r.d-(90-a)) eymreh?/2; 100.34120.948218¢1.515N2/2= 6.7 kN 0.505m 3.4 kNm
Shear at z Fz=VzeyVz 0.0 kN 1.015m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 13.0 kN M. 8.2 kNm
Loading condition 1 -Backfill to front of wall with level fill and surcharge (combination 2) (B) Lever Am Moment
Surcharge Load  Fsur_h=Kaecos(ér.d)eyQeSurchargeQeh; 0.3410.95321.3101.515= 6.4 kN 0.758 m 4.8 kNm
Active Pressure  Fret_h=yG +Kascos(ér.d)eymrsh?/2; 100.341¢0.953°1821.515N2/2= 6.7 kN 0.505 m 3.4 kNm
Shear at z Fz=VzeyVz 0.0 kN 1.015m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 13.1 kN M. 8.2 kNm
Loading condition 2 - Backfill to rear of wall with sloped fill and without surcharge (combination 2) (C) Lever Am Moment
Active Pressure  Fret_h=yGeKaecos(&r.d-(90-a)) symreh?/2; 100.852¢0.948¢18¢1.515A2/2= 16.7kN 0.505m 8.4 kNm
Additional Point Load  Fx_h=yGeymresin(@'r.d)ecos(p'r.d)eA; 101820.454¢0.89120.066= 0.5kN 1.515m 0.7 kNm
Shear at z Fz=VzeyVz 0.0 kN 1.015m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 17.2 kN M. 9.2 kNm
Loading condition 2 - Backfill to front of wall with sloped fill and without surcharge (combination 2) (D) Lever Am Moment
Active Pressure  Fret_h=yGeKaecos(&r.d)symreh?/2; 100.852¢0.953¢18¢1.515A2/2= 16.8kN 0.505 m 8.5 kNm
Additional Point Load  Fy p=Yg*Ym*sin(p'r.d)ecos(p'r.d) e A; 121820.454¢0.8910.066= 0.5kN 1.5165m 0.7 kNm
Shear at z Fz=VzeyVz 0.0 kN 1.015m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 17.3 kN M. 9.2 kNm
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3.3 Analysis Height Z
z
Height - Variable z (Sz) 500 mm —|+¥ sz
Soil depth at Sz 500 mm
Area Related to Additional Line Load Comb' 1 Comb'2
Property A 0.401m 0.474m
Property B 0.232m 0.274m
Property C 0.256m 0.242m
Property D -0.020m 0.029m
Property E -0.037m 0.047m
Property F -0.013m 0.015m
Area of Soil (A) -0.005 m? 0.007 m?
Loading condition 1 -Backfill to rear of wall with level fill and surcharge (combination 1) (A) Lever Arm Moment
Surcharge Load  Fsur_h=Kaecos(ér.d-(90-a))eyQeSurchargeQeh; 0.276+0.9231.521020.5= 1.9 kN 0.250 m 0.5 kNm
Active Pressure  Fret_h=yGeKaecos(&r.d-(90-a)) symreh?/2; 1.35¢0.27620.9231820.5/2/2= 0.8 kN 0.167 m 0.1 kNm
Shear at z Fz=VzeyVz QOe1.5= 0.0 kN 0.000 m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 2.7 kN M. 0.6 kNm
Loading condition 1 -Backfill to front of wall with level fill and surcharge (combination 1) (B) Lever Arm Moment
Surcharge Load  Fsur_h=Kaecos(ér.d)eyQeSurchargeQeh; 0.27620.9291.521020.5= 1.9 kN 0.250 m 0.5 kNm
Active Pressure  Fret_h=yGeKaecos(&r.d)symreh?/2; 1.35¢0.27620.929¢1820.5/A2/2= 0.8 kN 0.167 m 0.1 kNm
Shear at z Fz=VzeyVz Qe1.5= 0.0 kN 0.000 m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 2.7 kN M. 0.6 kNm
Loading condition 2 - Backfill to rear of wall with sloped fill and without surcharge (combination 1) (C) Lever Arm Moment
Active Pressure  Fret_h=yGeKaecos(&r.d-(90-a)) symreh?/2; 1.35¢0.538¢0.923¢1820.5/2/2= 1.5kN 0.167 m 0.3 kNm
Additional Point Load  Fx_h=yGeymresin(p'r.d)ecos(p'r.d)eA; 1.35¢18¢0.537+0.843+-0.005= -0.1kN 0.500 m 0.0 kNm
Shear at z Fz=VzeyVz Oe1.5= 0.0 kN 0.000 m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 1.5kN M. 0.2 kNm
Loading condition 2 - Backfill to front of wall with sloped fill and without surcharge (combination 1) (D) Lever Am Moment
Active Pressure  Fret_h=yGeKaecos(&r.d)symreh?/2; 1.35¢0.53820.929¢18¢0.5/A2/2= 1.5kN 0.167 m 0.3 kNm
Additional Point Load  F, n=Yg*Ymesin(@'r.d)scos(p'r.d)sA; 1.35¢18¢0.537+0.843+-0.005= -0.1kN 0.500 m 0.0 kNm
Shear at z Fz=VzeyVz Qe1.5= 0.0 kN 0.000 m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 1.5kN M. 0.2 kNm
Loading condition 1 -Backfill to rear of wall with level fill and surcharge (combination 2) (A) Lever Am Moment
Surcharge Load  Fsur_h=Kaecos(ér.d-(90-a))syQeSurchargeQeh; 0.3410.9481.3¢10¢0.5= 2.1 kN 0.250 m 0.5 kNm
Active Pressure  Fret_h=yG *Kaecos(&r.d-(90-a)) eymreh?/2; 100.34120.948218¢0.5N2/2= 0.7 kN 0.167 m 0.1 kNm
Shear at z Fz=VzeyVz 01.3= 0.0 kN 0.000 m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 2.8 kN M. 0.6 kNm
Loading condition 1 -Backfill to front of wall with level fill and surcharge (combination 2) (B) Lever Am Moment
Surcharge Load  Fsur_h=Kaecos(ér.d)eyQeSurchargeQeh; 0.3410.95321.310+0.5= 2.1 kN 0.250 m 0.5 kNm
Active Pressure  Fret_h=yG +Kascos(ér.d)eymrsh?/2; 100.34120.953218¢0.5N2/2= 0.7 kN 0.167 m 0.1 kNm
Shear at z Fz=VzeyVz 0¢1.3= 0.0 kN 0.000 m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 2.8 kN M. 0.6 kNm
Loading condition 2 - Backfill to rear of wall with sloped fill and without surcharge (combination 2) (C) Lever Am Moment
Active Pressure  Fret_h=yGeKaecos(&r.d-(90-a)) symreh?/2; 100.852¢0.948¢18¢0.5/2/2= 1.8kN 0.167 m 0.3 kNm
Additional Point Load  Fx_h=yGeymresin(@'r.d)ecos(p'r.d)eA; 101820.454¢0.891+0.007= 0.TkN 0.500 m 0.0 kNm
Shear at z Fz=VzeyVz 0e1.3= 0.0 kN 0.000 m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 1.9 kN M. 0.3 kNm
Loading condition 2 - Backfill to front of wall with sloped fill and without surcharge (combination 2) (D) Lever Am Moment
Active Pressure  Fret_h=yGeKaecos(&r.d)symreh?/2; 100.852¢0.953¢18¢0.5/2/2= 1.8kN 0.167 m 0.3 kNm
Additional Point Load  Fy p=Yg*Ym*sin(p'r.d)ecos(p'r.d) e A; 121820.454+0.8910.007= 0.1kN 0.500 m 0.0 kNm
Shear at z Fz=VzeyVz 0e1.3= 0.0 kN 0.000 m 0.0 kNm
Moment at z Mz=MzeyMz 0.0 kN 0.000 m 0.0 kNm
Horizontal Force (H): 1.9 kN M. 0.3 kNm
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3.4 Summary of forces and moments on wall
These values are pro-rated to take account of the width of the retaining wall.

Analysis 1 @ 500 Analysis 2 @ 1155 Analysis 3 @ 1515 Analysis z @ 500
Combination 1 H My H My H My H My
Rear level fill & surcharge (A) 2.7 kN 0.6 kNm 8.5kN 4.1 kNm 12.9 kN 8.0 kNm 2.7 kN 0.6 kNm
Front level fill & surcharge (B) 2.7 kN 0.6 kNm 8.6 kN 4.2 kNm 13.0 kN 8.0 kNm 2.7 kN 0.6 kNm
Rear sloped fill without surcharge (C) 1.5 kN 0.2 kNm 7.8 kN 2.8 kNm 13.3 kN 6.2 kNm 1.5 kN 0.2 kNm
Front sloped fill without surcharge (D) 1.5 kN 0.2 kNm 7.8 kN 2.8 kNm 13.4 kN 6.3 kNm 1.5kN 0.2 kNm
Combination 2 H My H My H My H My
Rear level fill & surcharge (A) 2.8 kN 0.6 kNm 8.7 kN 4.3 kNm 13.0 kN 8.2 kNm 2.8 kN 0.6 kNm
Front level fill & surcharge (B) 2.8 kN 0.6 kNm 8.8 kN 4.3 kNm 13.1 kN 8.2 kNm 2.8 kN 0.6 kNm
Rear sloped fill without surcharge (C) 1.9 kN 0.3 kNm 10.0 kN 4.1 kNm 17.2 kN 9.2 kNm 1.9 kN 0.3 kNm
Front sloped fill without surcharge (D) 1.9 kN 0.3 kNm 10.0 kN 4.1 kNm 17.3 kN 9.2 kNm 1.9 kN 0.3 kNm

Analysis 1 @ 500 Analysis 2 @ 1155 Analysis 3 @ 1515 Analysis z @ 500
Back face is in tension values H My H My H My H My
Max sloped & horizontal comb' 1 & 2 2.8 kN 0.3 kNm 10.0 kN 4.1 kNm 17.2 kN 9.2 kNm 1.9 kN 0.3 kNm
Analysis 1 @ 500 Analysis 2 @ 1155 Analysis 3 @ 1515 Analysis z @ 500

Front face is in tension values H My H My H My H My
Max sloped & horizontal comb' 1 & 2 2.8 kN 0.6 kNm 10.0 kN 4.3 kNm 17.3 kN 9.2 kNm 2.8 kN 0.6 kNm
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4.0 Wall Base Design

Analysis of the wall base is carried out at the following lengths (measured from the stem face of the wall):

Analysis length 1 (B1)
Analysis length 2 (B2)
Analysis length 3 (B3)

235 mm
595 mm
830 mm

The number of rows of bolts will determine how the forces are distributed in the base.

This design is done on the basis of an anchor system using:

1 rows of bolts

Since the overturning forces must be balanced by the force in the anchors there can be no rotation at the pivot point. Therefore the base can be modelled

as having a fixed support at the pivot point as shown below.

Anti-Clockwise rotation (two Anchor system)

Forces in single row anchor system

M=FS1elbl

Forces in two row anchor system

M=FSTeLb1+FS2el02 )
FS1/LB1=FS2/Ib2 2)

FS1=lb; FS,/Ib,
M=(Ib,A2)¢FS,/Ib,+FSyelb,
FS,=M/[(I61A2)/IbyHb,]

4.1 Anchored Anticlockwise Rotation

Maximum overturning moment
Lever arm to closest anchor (lb1)
Lever arm to furthest anchor (Ib2)

From the above equations:
Tension force in closest anchors (FS1)=
Tension force in furthest anchors (FS2)=

X:|

Rearrange(2)

-
q

Clockwise rotation (two Anchor system)

Substituting into (1)
Factorise & rearrange

Wall Base ULS Moment

3.5 KNm
438 mm
N/A

8.0 kN
0.0 kN

235mm

595mm

830mm

Tension Moment Top face:
Shear:

4.2 Anchored Clockwise Rotation

Maximum overturning moment
Lever arm to closest anchor (Ib1)
Lever arm to furthest anchor (Ib2)

From the above equations:
Tension force in closest anchors (FS1)=
Tension force in furthest anchors (FS2)=

X:|

1.6 kNm
8.0 kN

3.9 KNm
437 mm
N/A

8.9 kN
0.0 kN

235mm

0.0 kNm
0.0kN

595mm

0.0 kNm
0.0 kN

830mm

Tension Moment Top face:
Shear:

0.0 kNm
0.0 kN

1.4 kNm
8.9 kN

3.5 kNm
8.9 kN

3.5

3 "g\
25

X

A

800

1000

Wall Base ULS Moment

600

800

1000
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5.0 Anchor Design

The anchor design, shown right, is considered for the effects of tension and shear. The dowel connections in the first row (closest fo the face) and the second
row are checked independently at ultimate limit state.

Char' ultimate tensile strength of dowel (fy); 550 N/mm2 Partial saftey factor grout (Ygout) 3
Dowel bar diameter(p) 16 mm Partial saftey factor resin (Yresin) 3
Height of Shims 20 mm
Standard Embedment Length 150 mm

30mm preformed hole to be ——
filled with Parex CS Grout

First Row: Dowel Bar Length (D) 275 mm 16mm diameter dowel bar *\\
First Row: Effective Depth In Precast (he); 105 mm 20mm diameter holes filled with O\ 2| 2
First Row: Effective Depth In Foundation (hes); 150 mm Sika Anchorfix -1 resin ‘\ E g OE) 3
\ o\ S=| B &
Maximum of 20mm shim and Dry Pak - \ \ N é é qg)
Second Row: Dowel Bar Length (D)) N/A flooded with Parex CS Grout ) _ | ©
. via grouting hole | E&
Second Row: Effective Depth In Precast (he); N/A E3
Pre-cast Base n

Second Row: Effective Depth In Foundation (he); N/A Z
In-Situ
Foundation

Determination of the bond resistance of grout

<

Conbexira GP grout has been tested in tension by the manufacturer in accordance with EN1504 Part 6 - Anchoring of reinforcing steel bar yielding the
following results:

Deformation 75kN Maximum Load (N m)
Dry test 0.49 mm 92.8 kN
Wet Test 0.44 mm 106.3 kN
Contact area of 16mm diameter test bar with 150mm embedment is equal to: 7540mm?

From the results of the tension tests in dry conditions the average bond resistance is calculated according o the following equation.

Average bond resistace;
fom=N, m/A; 92.8/7540= 12.3 N/mm2

5.1 Anchorage in Precast

5.1.1 Resistance to Tension Loads

The resistance to tension loads in the pre-cast base shall be defined by the point of steel failure and the initial basic resistance of the anchor to pull-out. The
design assumes that concrete cone failure and splitting failure cannot occur in the base due to the reinforcement cage used. The resistance to tension
loads in the foundation is based on test data.

Maximum Tensile Load per Anchor (N); First Row Second Row
N = Max(Clockwise Force, Anticlockwise Force)/No. Max(8,0)/2= 4.5 kN N/A

5.1.1.1 Steel Failure

Area of steel;

As=Trep?/4; e 16A2/4= 201 mm?
Characteristic resistance of an anchor in the case of steel failure;
Nris=Asefu 201+550/1000= 110.6kN
Design resistance of an anchor in the case of steel failure;
NRas=Nris/ Yns: 110.6/1.15= 96.1kN
Ratio between design action and design resistance First Row Second Row

Brn=N/Nggs 4.5/96.1= 0.05 N/A
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5.1.1.2 Pull-Out Failure to Pre-Cast Base
Characteristic resistance to pull-out; First Row Second Row

NRip=TT* P *Hegt1 *fom Te162105¢12.3= 64.9kN N/A
Design tension capacity of anchorage;

Nrd,p=Nrk,p/Ygrout: 64.9/3= 21.6kN N/A
Ratio between design action and design resistance

Brn=N/Nggs 4.5/21.6=0.21 N/A

5.1.2 Resistance to Shear Loads

The resistance to shear loads is defined by the point of steel failure. The design assumes that the shear load acts at the failure surface and therefore there is
no lever arm and that concrete pry out failure or edge failure cannot occur in the pre-cast base due to the reinforcement cage used.

Maximum shearing force per anchor;
V=Max Shear Force/No. Dowels

5.1.2.1 Steel Failure, Shear Load without Lever Arm

Area of steel;
As=Trep?/4;

Characteristic resistance of an anchor in the case of steel failure;
Vi s=0.5¢Agef .

Design resistance of an anchor in the case of steel failure;
Vras=Vres/ Yms:

Ratio between design action and design resistance
Bv=V/Vgqs

5.1.3 Resistance to combined tension and shear loads

(NED/NRD,Dowe\)]’5+(VEd/VRd,dowe\)]’5 <1.0;

(Nep/Ngo) >+ (Vea/Vea)° < 1.0;

(Nen/Nrp)+(Vea/Vra) < 1.2;

5.1 Anchorage in Foundation

From Sika Technical information - Characteristic resistance to pull-out of deformed bar;
Ngip=30kN

Design tension capacity of anchorage;

NRd,pzNRk,p/Yres'm;

Ratio between design action and design resistance
Brn=N/Nggs

Anchorage provided is adequate

17.6/(2+1)= 8.8kN

me16A2/4= 201 mm?

0.5+201550/1000= 55.3kN

55.3/1.15= 48.1kN

First Row Second Row
8.8/48.1=0.18 N/A
First Row Second Row
0.09 N/A
0.17 N/A
0.39 N/A
30.0kN
30/3= 10.0kN
First Row Second Row
4.5/10= 0.45 N/A
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6.0 Reinforcement Design

All the standard retaining walls have different
reinforcement cages, however, they follow one of two
patterns. The 1000mm and 1500mm are a type one and
1750mm and above are of a type 2, these are shown
(right). A reinforcement check is then done on the three
heights of the stem and three lengths of the base which
are located to give the maximum moment and shear

force with the minimum reinforcement.

Cage Provided

This retaining wall has a Type 2 cage.

Reinforcement Provided

Diameter
Bar Mark 1 10.00
Bar Mark 2 10.00
Bar Mark 3 10.00

6.1 Section Analysis

Analysis height 1 (500mm)

Depth @ S1 (hS1)
hS1 - Depth torein' (d1)

Back face in fension
Front face in tension

Analysis height 2 (1155mm)

Depth @ S2 (hS2)
hS2 - Depth fo rein' (d1)
hS2 - Depth to rein' (d2)

Back face in fension
Front face in tension

Analysis height 3 (1515mm)

Depth @ S3 (hS3)

hS3 - Depth fo rein' (d1)
hS3 - Depth to rein' (d2)
hS3 - Depth fo rein' (d3)

Back face in tension
Front face in tension

Analysis height z (500mm)

Depth @ Sz (hSz)
Depth to rein' (d;)

Back face in fension
Front face in tension

Spacing
200
200
200

118 mm
50 mm

As,prov
393
393

129 mm
50 mm
79 mm

As,prov
393
393

135 mm
50 mm
85 mm
85 mm

As,prov
393
785

118 mm
50 mm

As,prov
393
393

[(——1 Bar Mark 01
[ Noft Designed

e ——— —

€—— K ———————
|
|

[——] BarMark 01
[——1 BarMark 02
[=——=1 BarMark 03
[ Not Designed

As,prov | L3 | L3
393
393 I | | f f i
393 aieianiants et e e e |
Type 1: Cage Arrangement 1000mm Type 2: Cage Arrangement 1750mm &
&1500mm Above
\
4 44
°|
Configuration Type 1 & 2
Eff' Depth As',prov Eff' Depth
68 0 0
50 0 0
[ N
A d
1
ld, £ dy
d
- Or---@ @-—-@&
Configuration Type 1 Configuration Type 2
Eff' Depth As',prov Eff Depth
79 393 50
79 393 50
! J
\/ idl
d d
: 1 3
--88---00--808---80--88 I ¥
Configuration Type 1 Configuration Type 2
Eff' Depth As',prov Eff' Depth
85 785 50
85 393 50
\
4 49
|
Configuration Type 1 & 2
Eff' Depth As',prov Eff' Depth
68 0 0
50 0 0
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Analysis length 1 (235 | I
nalysis leng (235mm) \I/ hvd ld3
ld1 --@-----@ L J @ -—--@ d, [d,

Depth @ B1 (hB1) 135 mm dq
hB1 - Depth to rein' (d1) 85 mm -209---50 7Y @---2@
hB1 - Depth to rein' (d2) 85 mm
hB1 - Depth to rein' (d3) 50 mm Configuration Type 1 Configuration Type 2

As,prov Eff' Depth As',prov Eff Depth
Top face in tension 393 85 785 50
Bottom face in tension 785 85 393 50

¢ Y
Analysis length 2 (595mm) g 1d
g 1 ' -~ @----@--—-@-----@----0--1- - ldQ

Depth @ B2 (hB2) 127 mm @ @@ PPS
hB2 - Depth to rein' (d1) 0mm
hB2 - Depth to rein' (d2) 77 mm Configuration Type 1 Configuration Type 2
hB2 - Depth to rein' (d3) 50 mm

As,prov Eff' Depth As',prov Eff' Depth
Top face in tension 393 77 393 50
Bottom face in tension 393 77 393 50

Il Il
Analysis length 3 (830mm) A’ d hd ds
1 1 Y Y S —" W T ldz
d

Depth @ B3 (hB3) 121 mm [ VY Y Y S Y S——. 4
hB3 - Depth to rein' (d1) 0mm
hB3 - Depth to rein' (d2) 71 mm Configuration Type 1 Configuration Type 2
hB3 - Depth to rein' (d3) 50 mm

As,prov Eff' Depth As',prov Eff' Depth
Top face in tension 393 71 393 50
Bottom face in tension 393 71 393 50

6.2 Concrete Properties

Concrete details & design

Concrete strength class

Characteristic compressive cylinder strength
Characteristic compressive cube strength
Mean value of compressive cylinder strength
Mean value of axial tensile strength

5% fractile of axial tensile strength

Secant modulus of elasticity

Partial modulas of elasticity of concrete
Compressive strength coefficient - cl.3.1.6(1)
Design compressive concrete strength - cl.3.1.6(1)
Maximum aggregate size

Deviation

Required concrete class

Maximum concrete strut capacity

Minimum concrete strut capacity

Reinforcement details

Characteristic yield strength of reinforcement
Modulas of elasticity of reinforcement
Partial factor for reinforcing steel - Table 2.1N
Design yield strength of reinforcement

Pre-Cast
C45/55
fae= 45 N/mm?
feecupe= 55 N/mm?
fem= 53 N/mm?
fetm= 4 N/mm?
fet00s= 3 N/mm?
Ecm=22¢ (fem/10)%2 36283 N/mm?
Yc= 1.50
Qcc= 0.85
fea=0cc*fek/Ye= 25.5 N/mm?
Nagg= 20 mm
ACgey= 5 mm
Class= XC3/4
VRd,max(cot (8) = 2.5)= 5.08
VRd,max(cot (6) = 1.0)= 7.38

fyi= 500 N/mm?
Es= 210000 N/mm?
vs=1.15

fya=f/vs= 435 N/mm?
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6.3 Stem Reinforcement Design

Moment

Moment capacity of section

Design Bending Moment

Area of tension reinforcement provided

Area of compression reinforcement provided
Effective depth fo tension rein' (d,;)=d-Ac;

K Factor =M/(b*dp;2efck);

Limiting k Factor = 0.5986-0.1862-0.21;

Lever arm (z) =Min(0.95¢d,,,.dn /2 (1+(1-3.53k));
Area of rein' rad for bending (Asreqn) =M/(f,q*2):
Min area rqd (A min) = max(0.26 ¢ (feim/f,i),0.0013) sbed,:

h_1

9.4 kNm
0.3 kNm
393 mm?
0 mm?
58 mm
0.002
0.208

55 mm

Back face in Tension

h_2

11.3 kNm
4.1 kNm
393 mm?
393 mm?
69 mm
0.019
0.208

66 mm
141 mm?
136 mm?

h_3

12.1 kNm
9.2 kNm
393 mm?
785 mm?
75 mm
0.036
0.208

71 mm
296 mm?
148 mm?

where k>k'  Lever arm (z) =d,,/2¢(1+V(1-3.53k)));
Depth to compression reinforcement (d,,)=d-Ac;
Compression Moment (M')=bed,,2efee (kK);
Compression reinforcement rad (As')=M"/(f,q* (dn-dn2)):
Tension reinforcement required (A;) =(M-M')/f,gez+As";

Tension reinforcement required at section (A, eq)

Compression reinforcement required at section (Ag req)

Shear

Shear resistance constant (Cgqy ) =0.18/yc;
Effective Depth Factor (k) =min(2.0,1+v(200/dn1));
Reinforcement Ratio (o) =min(0.02,As/b*d.;));

Minimum shear resistance (Veg,c_min)= 0‘035-k"5-fck0’5-b-dm;
Shear resistance (Vgac 1) = Max(Vea.c minCra,ck® (10000, (fe/1))0.333¢bedy);

Shear resistance required (V)

Moment

Moment capacity of section

Design Bending Moment

Area of tension reinforcement provided

Area of compression reinforcement provided
Effective depth fo tension rein' (d,;)=d-Ac;

K Factor =M/(bedn12efck);

Limiting k Factor = 0.5986-0.1862-0.21;

Lever arm (z) =Min(0.95+d,,,.dn /2 (1+(1-3.53k));
Area of rein' rqd for bending (Asreqn) =M/(f,q*2):
Min area rqd (A, min) = max(0.26 (feim/f,i),0.0013) sbed,:

Pass (3.4)

0.IN/mm?
2.0000
0.0070
38.7 kN
44.1 kN
2.8 kN
Pass (9.9)

Pass (2.7)

0.TN/mm?
2.0000
0.0060
45.9 kN
49.7 kN
10.0 kN
Pass (4.9)

296 mm?
0 mm?

Pass (1.3)

0.IN/mm?
2.0000
0.0050
49.8 kN
50.8 kN
17.2 kN

Pass (2.9)

Front face in Tension

h_2

11.3 kNm
4.3 kNm
393 mm?
393 mm?
69 mm
0.020
0.208

66 mm
150 mm?

h_3

24.3 kNm
9.2 kNm
785 mm?
393 mm?
75 mm
0.036
0.208

71 mm
298 mm?

Pass (3.4)

0.TN/mm?
2.0000
0.0070
38.7 kN
44.1 kN
1.9 kN

Pass (9.9)

where k>k'  Lever arm (z) =d,,, /2 (1+V(1-3.53k)));
Depth to compression reinforcement (d,,)=d-Ac;
Compression Moment (M')=bed,,2efee (kK);
Compression reinforcement rad (As')=M'/(f,q* (dn-dn2)):
Tension reinforcement required (A) =(M-M')/f,gez+As";

Tension reinforcement required at section (A, eq)
Compression reinforcement required at section (Ag req)

Shear

Shear resistance constant (Cgqg ) =0.18/yc;
Effective Depth Factor (k) =min(2.0,1+v(200/dn1));
Reinforcement Ratio (o) =min(0.02,As/b*dn;));

Minimum shear resistance (Veg,c min)= 0.035¢k'*efck®ebed,;
Shear resistance (Vga,c 1) = MAX(Vra,c minCra,c®k® (1000, ¢ (fo/1))0.333¢bed,);

Shear resistance required (V)

Pass (4.9)

0.TN/mm?
2.0000
0.0100
26.6 kN
34.1 kN
2.8 kN
Pass (9.9)

150 mm?

0 mm?

Pass (2.8)

0.1N/mm?
2.0000
0.0060
45.9 kN
49.7 kN
10.0 kN
Pass (4.9)

298 mm?
0 mm?

Pass (2.6)

0.TN/mm?
2.0000
0.0100
49.8 kN
63.9 kN
17.3 kN
Pass (3.7)

Pass (4.9)

0.1N/mm?
2.0000
0.0100
26.6 kN
34.1 kN
2.8 kN
Pass (9.9)
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6.4 Base Reinforcement Design

Moment

Moment capacity of section

Design Bending Moment

Area of tension reinforcement provided

Area of compression reinforcement provided
Effective depth fo tension rein' (d,;)=d-Ac;

K Factor =M/(bedn12efck);

Limiting k Factor = 0.5986-0.1862-0.21;

Lever arm (z) =Min(0.95+d,,,.dn, /2 (1+V(1-3.53k));
Area of rein' rad for bending (Asreqn) =M/(f,q*2):
Min area rqd (A min) = max(0.26 ¢ (feim/f,i),0.0013) sbed,:

where k>k'  Lever arm (z) =d,,/2¢(1+V(1-3.53k)));
Depth to compression reinforcement (d,,)=d-Ac;
Compression Moment (M')=bed,,2efee (kK);
Compression reinforcement rad (As')=M"/(f,q* (dn-dn2)):
Tension reinforcement required (A;) =(M-M')/f,gez+As";

Tension reinforcement required at section (A, eq)

Compression reinforcement required at section (Ag req)

Shear
Shear resistance constant (Cgqy ) =0.18/Yc;

Effective Depth Factor (k) =min(2.0,1+v(200/dn1));
Reinforcement Ratio (o) =min(0.02,As/b*d;));

Minimum shear resistance (Veg,c_min)= 0‘035-k"5-fck0’5-b-dm;
Shear resistance (Vgac 1) = MAX(Vrac minCra,ck®(10000; (fe/1))0.333¢bdy);

Shear resistance required (V)

Moment capacity of section

Design Bending Moment

Area of tension reinforcement provided

Area of compression reinforcement provided

Effective depth fo tension rein' (d,;)=d-Ac;

K Factor =M/(bedn12efck);

Limiting k Factor = 0.5986-0.1862-0.21;

Lever arm (z) =Min(0.95+d,,,.dn /2 (1+(1-3.53k));

Area of rein' rqd for bending (Asreqn) =M/(f,q*2):

Min area rqd (A, min) = max(0.26 (feim/f,i),0.0013) sbed,:

where k>k'  Lever arm (z) =d,,, /2 (1+V(1-3.53k)));
Depth to compression reinforcement (d,,)=d-Ac;
Compression Moment (M')=bed,,2efee (kK);
Compression reinforcement rad (As')=M'/(f,q* (dn-dn2)):
Tension reinforcement required (A) =(M-M')/f,gez+As";

Tension reinforcement required at section (A, eq)
Compression reinforcement required at section (Ag req)

Shear

Shear resistance constant (Cgqy ) =0.18/yc;

Effective Depth Factor (k) =min(2.0,1+v(200/dn1));

Reinforcement Ratio (o) =min(0.02,As/b*d.;));

Minimum shear resistance (Vgg.c min)= 0‘035-k"5-fck0’5-b-dm;

Shear resistance (Vrqgc 1) = MAX(Vra.c min/Cra,c*k® (10000 ¢ (f/1))0.333bed,);

Shear resistance required (V)

Concrete section is sufficently reinforced

Top face in Tension

L1

12.1 kNm
1.6 kNm
393 mm?
785 mm?
75 mm
0.006
0.208

71 mm
53 mm?
148 mm?

148 mm?
0 mm?

Pass (2.8)

0.IN/mm?
2.0000
0.0050
49.8 kN
50.8 kN
8.0 kN
Pass (6.3)

L2

10.8 kNm
1.4 kNm
393 mm?
393 mm?
67 mm
0.007
0.208

63 mm
51 mm?
132 mm?

132 mm?
0 mm?

Pass (2.9)

0.1N/mm?
2.0000
0.0060
44.2 kN
47.9 kN
8.9 kN
Pass (5.3)

138 mm?
0 mm?

Pass (2.8)

0.1N/mm?
2.0000
0.0060
40.5 kN
43.9 kN
8.9 kN
Pass (4.9)

Bottom face in Tension

L1

24.3 kNm
0.0 kNm
785 mm?
393 mm?
75 mm
0.000
0.208

71 mm

0 mm?

148 mm?

0 mm?

Pass (5.3)

0.IN/mm?
2.0000
0.0100
49.8 kN
63.9 kN
8.0 kN
Pass (7.9)

L2

10.8 kNm
0.0 kNm
393 mm?
393 mm?
67 mm
0.000
0.208

63 mm

0 mm?

132 mm?

0 mm?

Pass (2.9)

0.TN/mm?
2.0000
0.0060
44.2 kN
47.9 kN
8.9 kN
Pass (5.3)

L3

9.9 kNm
0.0 kNm
393 mm?
393 mm?
61 mm
0.000
0.208

58 mm

0 mm?

0.IN/mm?
2.0000
0.0060
40.5 kN
43.9 kN
8.9 kN
Pass (4.9)






