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Job Ref: [ MDM406
tstem
Left hand side basement wall Right hand side basement wall
Position of stem : Party wall with No. 83 Position of stem : Gable wall
Total height of wall including thickness of base (h) : 3.15 m Total height of wall including thickness of base (h) : 3.15 m
Thickness of wall (tgem) : 0.35 m Thickness of wall (tsem) : 0.40 m
Height of soil including thickness of base (h) : 2.88 m Height of soil including thickness of base (h) : 3.15 m
Angle of backfill or slope (B) : 0 Degree Angle of backfill or slope (B) : 0 Degree
Internal angle of friction for retained soil (¢) : 20 Degree Internal angle of friction for retained soil (¢) : 20 Degree
Dead surcharge in SLS (W) : 0.0 KN/m? Dead surcharge in SLS (W) : 2.2 KN/m?
Live surcharge in SLS (W) : 0.0 KN/m? Live surcharge in SLS (W) : 15 KN/m?
Height of surcharge loads from underneath of base (hy) : 0.00 m Height of surcharge loads from underneath of base (h;) : 1.90 m
Vertical dead load on stem under temporary work in SLS (Wy,) : 33.6 kN/m Vertical dead load on stem under temporary work in SLS (W) : 76.2 kN/m
Vertical live load on stem under temporary work in SLS (W),) : 5.2 kN/m Vertical live load on stem under temporary work in SLS (W),) : 2.0 kN/m
Vertical dead load on stem after construction in SLS (Wg3) : 345 kN/m Vertical dead load on stem after construction in SLS (Wgs) : 77.1 kN/m
Vertical live load on stem after construction in SLS (W/,) : 10.3 kN/m Vertical live load on stem after construction in SLS (W3) : 10.8 kN/m
Additional horizontal dead load to stem in SLS (Wy) : 0.00 kN/m Additional horizontal dead load to stem in SLS (Wy4,) : 15.60  kN/m
Additional horizontal live load to stem in SLS (W) : 0.00 kN/m Additional horizontal live load to stem in SLS (W) : 2.20 kN/m
Height of horizontal load from underneath of base (hy) : 0.00 m Height of horizontal load from underneath of base (hy) : 0.43 m
Height of ground water from underneath of base (h,,) : 2.00 m Height of ground water from underneath of base (h,,) : 2.00 m
Depth of base (tpase) : 0.45 m Depth of base (tpase) : 0.45 m
Length of toe (lye) : 1.00 m Length of toe (lye) : 1.00 m
Length of heel (lhee) : 0.00 m Length of heel (lee) : 0.00 m
Dead load by wall, screed or others on toe in SLS (W) : 0.00 KN/m? Dead load by wall, screed or others on toe in SLS (W) : 0.00 KN/m?
Live load on toe in SLS (W) : 0.00 KN/m? Live load on toe in SLS (W) : 0.00 KN/m?
General
Density of soil (W) : 19.0 KN/m® Density of saturated soil (Wgy) : 0.0 KN/m®
Required ratio of resistance against sliding : 15 Required ratio of resistance against overturning : 15
Strength of steel (f,) : 500 N/mm? Strength of concrete (fg,) : 40 N/mm?
Allowable bearing pressure of ground (q) : 200 KN/m?

*** The design is based on cantilever retaining walls which considers 1m length. Each wall will be analysed for 3 cases and designed for the worst case ***
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Left hand side loading in SLS Right hand side loading in SLS
Active pressure coefficient (K,) 0.49 Active pressure coefficient (K,) 0.49
Passive pressure coefficient (K) 2.04 Passive pressure coefficient (K) 2.04
Total height of soil behind retaining wall (he yar) 2.88 m Total height of soil behind retaining wall (he ar) 3.15 m
Height of stem (hgiem) 2.70 m Height of stem (hggem) 2.70 m
Total height of soil behind stem (he sem) 2.70 m Total height of soil behind stem (he gtem) 2.70 m
Self weight of stem (SWgenm) 22.7 kN/m Self weight of stem (SWgem) 25.9 kN/m
Total additional horizontal load to stem (W},) 0.0 kN/m Total additional horizontal load to stem (W},) 17.8 kN/m
Length of base (Ipase) 1.35 m Length of base (lpase) 1.40 m
Self weight of base (SWpase) 14.6 kN/m Self weight of base (SWy,se) 151 kN/m
Self weight of toe (SW,,e) 10.8 kN/m Self weight of toe (SWqe) 10.8 kN/m
Total dead load on toe (W4 (oe tot) 0.0 kN/m Total dead load on toe (W4 (oe tot) 0.0 kN/m
Total live load on toe (W, e tor) 0.0 kN/m Total live load on toe (W e tor) 0.0 kN/m
Total surcharge on heel (Ws hee) 0.0 kN/m Total surcharge on heel (Ws neel) 0.0 kN/m
Height of saturated soil above base (hga) 1.55 m Height of saturated soil above base (hgyy) 1.55 m
Self weight of saturated soil on heel (SWgy) 0.0 kN/m Self weight of saturated soil on heel (SWg,,) 0.0 kN/m
Self weight of non saturated soil behind stem (SW,) 0.0 kN/m Self weight of non saturated soil behind stem (SW,) 0.0 kN/m
CASE 1: ANALYSIS FOR EXISTING LOADING
Not applicable Not applicable
Case 2: UNDER TEMPORARY WORK ANALYSIS
(Consider using only the existing vertical dead loads for stability against sliding and overturning without any pressure from ground water)
Left hand side wall Right hand side wall
Stability for sliding Stability for sliding
pn=0.75*Tang 0.27 p=0.75* Tan¢ 0.27
Active force from soil (P 2) 38.6 kN/m Active force from soil (P ) 46.2 kN/m
Active force from surcharge (P,s>) 0.0 kN/m Active force from surcharge (P,s>) 3.4 kN/m
Total sliding force (F,) 38.6 kN/m Total sliding force (F,) 67.5 kN/m
Resistance by friction (Ps,) 19.3 kN/m Resistance by friction (P ,) 32.0 kN/m
Resistance by passive force (P, ) 3.9 kN/m Resistance by passive force (P, ) 3.9 kN/m
Total resistance force (Fes2) 23.3 kN/m Sliding resistance force (Fies 2) 35.9 kN/m
Ratio of resistance against sliding = F s,/ F» 0.6 Ratio of resistance against sliding = Fes5 / F» 0.5
0.6 < 15 ** FAILS. Backfill of soil is required ** 0.5 < 15 ** FAILS. Backfill of soil is required **
Stability for overturning Stability for overturning
Soil (Mg ) 37.1 kNm/m Soil (Mg ) 48.5 kNm/m
Surcharge (Mg ,) 0.0 kNm/m Surcharge (Mg ) 3.3 kNm/m
Additional horizontal load (M;, ,) 0.0 kNm/m Additional horizontal load (M, ) 7.7 kNm/m
Total overturning moment (M) 37.1 kNm/m Total overturning moment (M,) 59.5 kNm/m
Resistance by stem & vertical DL (M; gem 2) 66.1 kNm/m Resistance by stem & vertical DL (M, gem 2) 122.5 kNm/m
Resistance by base (M, yase 2) 9.8 kNm/m Resistance by base (M, pase 2) 10.6 kNm/m
Resistance by surcharge on heel (M; g heel 2) 0.0 kNm/m Resistance by surcharge on heel (M g heel 2) 0.0 kNm/m
Total resistance moment (Mg 5) 76.0 kNm/m Total resistance moment (Mg ») 133.1  kNm/m
Ratio of resistance against overturning = Mg / M, 2.0 Ratio of resistance against overturning = Mg, / M, 2.2
2.0 >= 15 OK 2.2 >= 15 OK
Bearing pressure in SLS Bearing pressure in SLS
Total vertical load on base (Ng; s pase 2) 70.9 kN/m Total vertical load on base (Ng, s pase 2) 117.2  kN/m
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Distance to reaction (Xg. s 2) 0.55 m Distance to reaction (Xg s ) 0.63 m
Eccentricity of vertical load in SLS (eg s ) 0.13 m Eccentricity of vertical load in SLS (eg s ) 0.07 m
lpase / 6 = 0.23 >= 0.13 Load resultant lies inside middle third lpase / 6 = 0.23 >= 0.07 Load resultant lies inside middle third
Pressure under base (pss) : 81.9 kN/m? Pressure under base (pg.s) : 109.4  kN/m?
81.9 <= 200 OK 109.4 <= 200 OK
Moment for stem in ULS Moment for stem in ULS
Soil (Me uLs stem 2) 49.2 kNm/m Soil (Mg uLs stem 2) 53.5 kNm/m
Surcharge (Mg yis stem 2) 0 kNm/m Surcharge (Mg ys stem 2) 3.7010566 kNm/m
Additional horizontal loads (M, y_s stem 2) 0.0 kNm/m Additional horizontal loads (M, yis stem 2) 5.2 kNm/m
Total moment for stem (My,s stem 2) 49.2 kNm/m Total moment for stem (My,s stem 2) 62.4 kNm/m
Moment for base in ULS Moment for base in ULS
Total vertical load on base (Nys pase 2) 107.5 KkN/m Total vertical load on base (Ny_s pase 2) 167.3  kN/m
Total moment on base (My,s pase 2) 51.9 kNm/m Total moment on base (My, s pase 2) 83.7 kNm/m
Total resistance moment on base (M es uLs pase 2) 106.4 kNm/m Total resistance moment on base (M s uLs base 2) 186.4 kNm/m
Distance to reaction (Xy.s ) 0.51 m Distance to reaction (Xy,s») 0.61 m
Eccentricity of vertical load in ULS (ey.s2) 0.17 m Eccentricity of vertical load in ULS (ey.s ) 0.09 m
lpase / 6 = 0.23 >= 0.17 Load resultant lies inside middle third lpase / 6 = 0.23 >= 0.09 Load resultant lies inside middle third
Maximum pressure under base (Pmax uLs base 2) 139.4  kN/m? Maximum pressure under base (Pmay uLs base 2) 163.8  kN/m?
Minimum pressure under base (Pmin uLs base 2) 19.9 kN/m? Minimum pressure under base (Pmin uLs base 2) 75.3 kN/m?
Bearing length of base (L pase 2) 1.35 m Bearing length of base (L pase 2) 1.40 m
Bearing length of heel (L, heel 2) 0.00 m Bearing length of heel (L, heel 2) 0.00 m
Pressure under heel/stem interface (Pyis nheel 2) 0.0 kN/m? Pressure under heel/stem interface (Pyis heel 2) 0.0 kN/m?
Pressure under toe/stem interface (pys e 2) 50.9 kN/m? Pressure under toe/stem interface (Pycs toe 2) 100.6  kN/m?
Total vertical load on heel (Ny,s heel2) 0.0 kN/m? Total vertical load on heel (Ny,s hee 2) 0.0 kN/m?
Clockwise moment for heel at wall centre (Mys heel pos 2) 0.0 kNm/m Clockwise moment for heel at wall centre (Mys heel pos 2) 0.0 kNm/m
Anticlock moment for heel at wall centre (My,s heel neg 2) 0.0 KNm/m Anticlock moment for heel at wall centre (My_s neel neg 2) 0.0 kNm/m
Net moment for heel at wall centre (My, s heel net 2) 0.0 kNm/m Net moment for heel at wall centre (My,s heel net 2) 0.0 kNm/m
Moment for toe at wall centre (My,s (oe 2) 61.4 kNm/m Moment for toe at wall centre (Mys (oe 2) 87.2 kNm/m
Max net moment for base at face of wall (M s pase net 2) 61.4 kKNm/m Max net moment for base at face of wall (My, s pase net 2) 87.2 kNm/m
CASE 3: AFTER CONSTRUCTION ANALYSIS
(Consider using all loads but no check for stability against sliding is required)
Left hand side wall Right hand side wall
Stability for overturning Stability for overturning
Surcharge (Mg 3) 0.0 kNm/m Surcharge (Mg 3) 3.3 kNm/m
Additional horizontal load (M, 3) 0.0 kNm/m Additional horizontal load (M, 3) 7.7 kNm/m
Moist backfill above water table (Mpaw 3) 8.3 kNm/m Moist backfill above water table (M,paw 3) 14.7 kNm/m
Moist backfill below water table (Mppw 3) 16.4 kNm/m Moist backfill below water table (Mo 3) 214 kNm/m
Saturated backfill (Mg, 3) -6.4 kNm/m Saturated backfill (Mg, 3) -6.4 kNm/m
Water (M,, 3) 13.1 kNm/m Water (M, 3) 131 kNm/m
Total overturning moment (M3) 31.3 kNm/m Total overturning moment (M) 53.7 kNm/m
Resistance by stem & vertical loads (M; gem 3) 79.3 kNm/m Resistance by stem & vertical loads (M; siem 3) 136.6 kNm/m
Resistance by base (M, yase 3) 9.8 kNm/m Resistance by base (M, yase 3) 10.6 kNm/m
Resistance by loads on toe (M; e 3) 0.0 kNm/m Resistance by loads on toe (M; e 3) 0.0 kNm/m
Resistance by surcharge on heel (M; g hee 3) 0.0 kNm/m Resistance by surcharge on heel (M ¢ heei 3) 0.0 kNm/m
Resistance by moist backfill (M, , 3) 0.0 kNm/m Resistance by moist backfill (M, 3) 0.0 kNm/m
Resistance by saturated backfill (M, g, 3) 0.0 kNm/m Resistance by saturated backfill (M, ¢, 3) 0.0 kNm/m
Total resistance moment (Mg 3) 89.1 kNm/m Total resistance moment (Mg 3) 147.2  kKNm/m




Ratio of resistance against overturning = Mg 3 / M3 2.8
2.8 >= 15 OK

Bearing pressure in SLS

Total vertical load on base (Ng; s pase 3) 82.1 kN/m

Distance to reaction (Xg s 3) 0.70 m

Eccentricity of vertical load in SLS (eg s 3) 0.03 m

lpase / 6 = 0.23 >= 0.03 Load resultant lies inside middle third

Pressure under base (pss) : 68.7 kN/m?
68.7 <= 200 OK

Moment for stem in ULS

Moment for stem in ULS
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Ratio of resistance against overturning = Mg 3/ M3 2.7
2.7 >= 15 OK
Bearing pressurein SLS
Total vertical load on base (Ng; s pase 3) 128.9 KkN/m
Distance to reaction (Xg s 3) 0.72 m
Eccentricity of vertical load in SLS (eg s 3) 0.02 m
lpase / 6 = 0.23 >= 0.02 Load resultant lies inside middle third
Pressure under base (pg.s) : 101.9  kN/m?
101.9 <= 200 OK

Surcharge (Mg y; s stem 3) 0 kNm/m Surcharge (Mg ys stem 3) 3.7010566 kNm/m
Additional horizontal loads (M, y_s stem 3) 0.0 kNm/m Additional horizontal loads (M, yis stem 3) 5.1988 kNm/m
Moist backfill above water table (M paw uLs stem 3) 17.8 kNm/m Moist backfill above water table (Mpaw uLs stem 3) 18.6 kNm/m
Moist backfill below water table (Mpow ULs stem 3) 18.0 kNm/m Moist backfill below water table (Mmpow ULs stem 3) 18.0 kNm/m
Saturated backfill (Mgp yis stem 3) -4.2 kNm/m Saturated backfill (Mgp, yis stem 3) -4.2 kNm/m
Water (M, uLs stem 3) 8.5 kNm/m Water (M, uLs stem 3) 8.5 kNm/m
Total moment for stem (My,s stem 3) 40.2 kNm/m Total moment for stem (My,s stem 3) 49.9 kNm/m
Moment for base in ULS Moment for base in ULS
Total vertical load on base (Ny.s pase 3) 116.9 KkN/m Total vertical load on base (Ny_s pase 3) 182.7  KkN/m
Total moment on base (My,s pase 3) 43.9 kNm/m Total moment on base (My, s pase 3) 75.6 kNm/m
Total resistance moment on base (Mes uLs pase 3) 127.2  kKNm/m Total resistance moment on base (M s uLs base 3) 208.6  kNm/m
Distance to reaction (Xy,s3) 0.71 m Distance to reaction (Xy,s 1) 0.73 m
Eccentricity of vertical load in ULS (ey.s3) 0.04 m Eccentricity of vertical load in ULS (ey.s3) 0.03
lpase / 6 = 0.23 < 0.71 Load resultant lies outside middle third lpase / 6 = 0.23 < 0.73 Load resultant lies outside middle third
Maximum pressure under base (Pmax uLs base 3) 109.4  kN/m? Maximum pressure under base (Pmay uLs base 3) 167.3  kN/m?
Minimum pressure under base (Pmin uLs base 3) 0.0 kN/m? Minimum pressure under base (Pmin uLs base 3) 0.0 kN/m?
Bearing length of base (L pase 3) 1.35 m Bearing length of base (L pase 3) 1.40 m
Bearing length of heel (L, heei 3) 0.00 m Bearing length of heel (L neel 3) 0.00 m
Pressure under heel/stem interface (Pyis heel 3) 0.0 kN/m? Pressure under heel/stem interface (Py,s heel3) 0.0 kN/m?
Pressure under toe/stem interface (pycs e 3) 28.4 kN/m? Pressure under toe/stem interface (Pycs toe 3) 47.8 kN/m?
Total vertical load on heel (Ny,s heei3) 0.0 kN/m? Total vertical load on heel (Ny,s hee3) 0.0 kN/m?
Clockwise moment for heel at wall centre (Mys heel pos 3) 0.0 kNm/m Clockwise moment for heel at wall centre (Mys heel pos 3) 0.0 kNm/m
Anticlock moment for heel at wall centre (Mys heel neq 3) 0.0 kNm/m Anticlock moment for heel at wall centre (Mys heel neq 3) 0.0 kNm/m
Net moment for heel at wall centre (My, s heel net 3) 0.0 kNm/m Net moment for heel at wall centre (My,s heel net 3) 0.0 kNm/m
Moment for toe at wall centre (My,s (oe 3) 43.0 kNm/m Moment for toe at wall centre (My,s (oe 3) 74.6 kNm/m
Max net moment for base at face of wall (M, s pase net 3) 43.0 KNm/m Max net moment for base at face of wall (My, s pase net 3) 74.6 kNm/m
OF STEMS

Left hand side stem Right hand side stem
Cover for reinforcement (c,,) : 75 mm Cover for reinforcement (c,) : 75 mm
Diameter of tension bars (¢;y,) : 16 mm Tension bars (¢;,) : 3 No. Layers Mesh A393 10 mm
C/C spacing for tension reinforcement (S, ya) : 200 mm C/C spacing for tension reinforcement (S ya) : 200 mm
Diameter of distribution bars (¢g ) : 12 mm Distribution bars (¢q) : 3 No. Layers Mesh A393 10 mm
C/C spacing for distribution reinforcement (Sq yay) : 200 mm C/C spacing for distribution reinforcement (Sq yay) : 200 mm
Design moment (Myg) = Max (Mus stem 2 » MuLs stem 3) 49.2  kNm/m Design moment (Myzy) = Max (Mys stem 2 » MuLs stem 3) 624  kNm/m
Depth for tension reinforcement (dy,a;) 267.0 mm Depth for tension reinforcement (dy,.;) 300.0 mm
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Kwaxll = Mwall / (fcu *1000 * dwallz) 0.017 KwaII = Mwall / (fcu *1000 * dwaxllz) 0.017
0.017 <= 0.156 then only tension reinforcement is required. 0.017 <= 0.156 then only tension reinforcement is required.
Lever arm (Zan) 253.7 mm Lever arm (Zan) 285.0 mm
Required tension reinforcement (A req wai) 446 mm?%m Required tension reinforcement (A req wan) 503 mm2/m
Minimum required tension reinforcement (Ag; min wai) 455 mm?%m Minimum required tension reinforcement (Ag; min walt) 520 mm2/m
Tension reinforcement (Ag; wai) = Max (Agtreq wall + Ast min wall) 455 mm?%m Tension reinforcement (Ag; wai) = Max (Ag; req wall + Ast min wall) 520 mm2/m
Provided tension reinforcement (A pro wan) 1005 mm?/m Provided tension reinforcement (A pro in wall) 1178 mm?%/m
1005 > 455 OK 1178 > 520 OK
Minimum required distribution reinforcement (Ag min dis wall) = Ast min wall Minimum required distribution reinforcement (Ag min dis wall) = Ast min wall
Provided distribution reinforcement (As pro dgis wai) 565 mm?%m Provided distribution reinforcement (Ag yrq dis wan) 1178 mm2/m
565 >= 455 OK 1178 >= 520 OK
Total horizontal force to wall in ULS (Fy,s wan) 47.5 kN/m Total horizontal force to wall in ULS (Fy, s wan) 75.4 kN/m
Applied shear stress to wall (Vy,s war) 0.18 N/mm? Applied shear stress to wall (Vy,s wan) 0.25 N/mm?
0.18 <= 5.0 OK 0.25 <= 5.0 OK
Ast pro inwall / (Awan * 10) 0.38 Ast pro in wall / (Awan * 10) 0.39
Design concrete shear stress v 4 from Table 3.8 — BS 8110: 0.57 N/mm? Design concrete shear stress v, 4 from Table 3.8 — BS 8110: 0.57 N/mm?
0.57 >= 0.18 No shear reinforcement required. 0.57 >= 0.25 No shear reinforcement required.
Design service stress (fs yan) 150.9  N/mm? Design service stress (fs yar) 147.1  N/mm?
Modification factor for tension 2.0 Modification factor for tension 2.0
Permissible span to depth ration 14.0 Permissible span to depth ration 14.0
Actual span to depth ration = hgep / dyan 10.1 Actual span to depth ration = hgem / dyan 9.0
14.0 >= 10.1 OK 14.0 >= 9.0 OK
DESIGN OF BASES
Left hand side base Right hand side base
Cover for reinforcement (cy,) : 75 mm Cover for reinforcement (cy,) : 75 mm
Diameter of tension bars (¢;,) : 16 mm Tension bars (¢;p) : 4 No. Layers Mesh A393 10 mm
C/C spacing for tension reinforcement (S pase) : 200 mm C/C spacing for tension reinforcement (S pase) : 200 mm
Diameter of distribution bars (¢qy) : 16 mm Distribution bars (¢q) : 4 No. Layers Mesh A393 10 mm
C/C spacing for distribution reinforcement (Sq pase) : 200 mm C/C spacing for distribution reinforcement (Sq pase) : 200 mm
Moment for base (MyLs base net) = MaxX (Mycs base net2 » MuLs base net 3) Moment for base (MyLs base net) = MaxX (MuLs base net2 » MuLs base net 3)
61.4 kNm/m 87.2 kNm/m
Depth for tension reinforcement in base (dpase) 367.0 mm Depth for tension reinforcement in base (dpase) 340.0 mm
Kbase = MULS base net / (fcu *1000 * dbasez) 0.011 Kbase = MULS base neI/ (fcu *1000 * dbasez) 0.019
0.011 <= 0.156 then only tension reinforcement is required. 0.019 <= 0.156 then only tension reinforcement is required.
Lever arm (Zpase) 348.7 mm Lever arm (Zpase) 323.0 mm
Required tension reinforcement (A req base) 405 mm?%m Required tension reinforcement (Ag req base) 621 mm2/m
Minimum required tension reinforcement (A min base) 585 mm?%m Minimum required tension reinforcement (Ag; min base) 585 mm2/m
Tension reinforcement (Ag; pase) = MaX(Agt req base »+ Ast min base) 585 mm?%m Tension reinforcement (Ag; pase) = MaX(Ag; req base » Ast min base) 621 mm2/m
Provided tension reinforcement (A pro base) 1005 mm?%m Provided tension reinforcement (A pro base) 1571 mm2/m
1005 > 585 OK 1571 > 621 OK
Minimum required distribution reinforcement (Ag min dis base) = Ast min base Minimum required distribution reinforcement (Ag min dis base) = Ast min base
Provided distribution reinforcement (A py gis base) 1005 mm?%m Provided distribution reinforcement (As po dgis base) 1571 mm2/m
1005 >= 585 OK 1571 >= 585 OK
Shear for heel at face of wall (Vs hee) 0.0 kN/m Shear for heel at face of wall (Vs hee)) 0.0 kN/m
Shear for toe at face of wall (Vs toe) 101.8  KkN/m Shear for toe at face of wall (Vs toe) 167.6  kN/m
Applied shear stress to base (Vy, s pase) 0.28 N/mm? Applied shear stress to base (Vy, s pase) 0.60 N/mm?
0.28 <= 5.0 OK 0.60 <= 5.0 OK
Ast pro base / (dbase * 10) 0.27 Ast pro base / (dbase * 10) 0.46




Design concrete shear stress v, pase from Table 3.8 — BS 8110: 0.50 N/mm?
0.50 >= 0.28 No shear reinforcement required

Tension reinforcement for each face of stem: T16 @ 200 mm

Distribution reinforcement for each face of stem: T12 @ 200 mm

Tension reinforcement in top & bottom of base: T16 @ 200 mm

Distribution reinforcement in top & bottom of base: T16 @ 200 mm

Provide T8 @ 200 mm U-bars for top of stem
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Design concrete shear stress v, pase from Table 3.8 — BS 8110: 0.61 N/mm?

0.61 >= 0.60 No shear rei

Reinforcement for each face of stem:
Reinforcement in top & bottom of base:

Provide T10 @ 200 mm U-bars for top of stem

nforcement required

3 No. Layers Mesh A393

4 No. Layers Mesh A393

DESIGN OF SLABS IN BASEMENT

Thickness of slab (tga) : 0.30 m Span of slab (lgjap) : 4.30 m

Diameter of tension bars (¢ sjap) : 16 mm C/C of reinforcements (S; gjap) : 200 mm
Diameter of distribution bars (¢q siap) : 16 mm Top cover for reinforcement (Cgjap) : 25 mm
Diameter of dowel bars (dgowe) : 16 mm C/C of dowel bars (Syower) : 200 mm

Design slab for heave as worst case loading than water pressure as a simply supported slab connected between base of retaining walls with dowels

Pressure from heave (Ppeave) = (he * We) - (20% * (he * W,))

Net uplift pressure (Pup) = Pheave = (24 * tgap) - (Min (W oe et » Wa toe right))
Moment by uplift (My,) = (1.5 * Py * lgap’) / 8

Shear by uplift (V) = (1.5* Pyp * lgap) / 2

Depth for tension reinforcement in base (dg)ap)

Kslab = Muu / (fcu *1000 * dslabz)

Lever arm (Zgjap) = Min ((dsiap * (0.5 + sqrt(0.25 - (Kgjap / 0.9)))) , (0.95 * dyjap))
Required tension reinforcement (Ag; req siab ) = Mup / (0.87 * f, * Zg4)
Minimum required tension reinforcement (A min siab) = 0-13 * tgap * 10*
Tension reinforcement (Ast slab) = MaX(Ast req slab » Astmin slab)

Provided tension reinforcement (Ag pro sian) = (1000 * 70 * ¢y gab?) / (4 * Sy gfan)

Minimum required distribution reinforcement (Ag min dis siab) = Ast min slab
Provided distribution reinforcement (As pro dis slab) = (1000 * 7t * ¢y Slabz) ! (4* Sigjan)

Design service stress (fs giap) = (2 * f, * Agisian / (3 * Ast pro stab)

Modification factor for tension = 0.55 + ((477 - f5gap) / (120 * (0.9 + (M, / (1000 * ds,abz)))))

Permissible span to depth ration = Basic span to effective depth ratio * Modification factor for tension * 1
Actual span to depth ration = Ig,, / dgjap

Provided reinforcement by dowels (As gower) = (1000 * 7t * ¢dowe,z) ! (4 * Syowel)
Shear capacity of dowels (Vies gowel) = (0.6 * fy * A gowe)) / 1000

Tension reinforcement in top & bottom of slab: T16 @ 200 mm
Distribution reinforcement in top & bottom of slab: T16 @ 200 mm
Connect slab to the base of retaining walls with T16 dowels @ 200 mm

Pheave = 43.8 kN/m?
Pup = 36.6 kN/m2
My = 110.2 kNm/m
Vip = 118.0 KN/m

dgjap = 267.0 mm

Ksab =  0.039
0.039 <= 0.156
Zgjap = 253.7 mm
Agt req slab = 999 mm2/m
Ast min slab = 390 mm?/m
Astsiab = 999 mm?/m
Agt pro slab = 1005 mm2/m
1005 > 999
Asmindssiab= 390 mm?m
As pro dis slab = 1005 mm2/m
1005 >= 390
fs stab = 331.2 N/mm?
1.0
20.9
16.1
20.9 >= 16.1
As dowel = 1005 mm2/m

Vies dowel = 301.6 kN/m
301.6 > 118.0

Only tension reinforcement is required

OK

OK

OK

OK
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tstem
Left hand side basement wall Right hand side basement wall
Position of stem : Rear extension wall to No. 83 Position of stem : Rear Extension right hand side wall
Total height of wall including thickness of base (h) : 3.15 m Total height of wall including thickness of base (h) : 3.15 m
Thickness of wall (tgem) : 0.45 m Thickness of wall (tsem) : 0.45 m
Height of soil including thickness of base (h) : 3.15 m Height of soil including thickness of base (h,) : 3.15 m
Angle of backfill or slope (B) : 0 Degree Angle of backfill or slope (B) : 0 Degree
Internal angle of friction for retained soil (¢) : 20 Degree Internal angle of friction for retained soil (¢) : 20 Degree
Dead surcharge in SLS (W) : 0.0 KN/m? Dead surcharge in SLS (W) : 0.0 KN/m?
Live surcharge in SLS (W) : 1.5 KN/m? Live surcharge in SLS (W) : 15 KN/m?
Height of surcharge loads from underneath of base (hy) : 3.15 m Height of surcharge loads from underneath of base (h;) : 3.15 m
Vertical dead load on stem under temporary work in SLS (Wy,) : 0.0 kN/m Vertical dead load on stem under temporary work in SLS (W) : 0.0 kN/m
Vertical live load on stem under temporary work in SLS (W),) : 0.0 kN/m Vertical live load on stem under temporary work in SLS (W),) : 0.0 kN/m
Vertical dead load on stem after construction in SLS (Wg3) : 14.5 kN/m Vertical dead load on stem after construction in SLS (Wgs) : 13.8 kN/m
Vertical live load on stem after construction in SLS (W/,) : 5.0 kN/m Vertical live load on stem after construction in SLS (W3) : 3.6 kN/m
Additional horizontal dead load to stem in SLS (Wy) : 0.00 kN/m Additional horizontal dead load to stem in SLS (Wy4,) : 0.00 kN/m
Additional horizontal live load to stem in SLS (W) : 0.00 kN/m Additional horizontal live load to stem in SLS (W) : 0.00 kN/m
Height of horizontal load from underneath of base (hy) : 0.00 m Height of horizontal load from underneath of base (hy) : 0.00 m
Height of ground water from underneath of base (h,,) : 2.00 m Height of ground water from underneath of base (h,,) : 2.00 m
Depth of base (tpase) : 0.45 m Depth of base (tpase) : 0.45 m
Length of toe (lye) : 1.60 m Length of toe (lye) : 1.60 m
Length of heel (lhee) : 0.00 m Length of heel (lee) : 0.00 m
Dead load by wall, screed or others on toe in SLS (W) : 0.00 KN/m? Dead load by wall, screed or others on toe in SLS (W) : 0.00 KN/m?
Live load on toe in SLS (W) : 0.00 KN/m? Live load on toe in SLS (W) : 0.00 KN/m?
General
Density of soil (W) : 19.0 KN/m® Density of saturated soil (Wgy) : 0.0 KN/m®
Required ratio of resistance against sliding : 15 Required ratio of resistance against overturning : 15
Strength of steel (f,) : 500 N/mm? Strength of concrete (fg,) : 40 N/mm?
Allowable bearing pressure of ground (q) : 200 KN/m?

*** The design is based on cantilever retaining walls which considers 1m length. Each wall will be analysed for 3 cases and designed for the worst case ***
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Left hand side loading in SLS Right hand side loading in SLS
Active pressure coefficient (K,) 0.49 Active pressure coefficient (Kg) 0.49
Passive pressure coefficient (K) 2.04 Passive pressure coefficient (K) 2.04
Total height of soil behind retaining wall (he yar) 3.15 m Total height of soil behind retaining wall (he ar) 3.15 m
Height of stem (hgiem) 2.70 m Height of stem (hggem) 2.70 m
Total height of soil behind stem (he sem) 2.70 m Total height of soil behind stem (he gem) 2.70 m
Self weight of stem (SWgenm) 29.2 kN/m Self weight of stem (SWgem) 29.2 kN/m
Total additional horizontal load to stem (W},) 0.0 kN/m Total additional horizontal load to stem (W},) 0.0 kN/m
Length of base (Ipase) 2.05 m Length of base (lyase) 2.05 m
Self weight of base (SWpase) 221 kN/m Self weight of base (SWy,se) 221 kN/m
Self weight of toe (SW,,e) 17.3 kN/m Self weight of toe (SWqe) 17.3 kN/m
Total dead load on toe (Wj (oe tot) 0.0 kN/m Total dead load on toe (W4 (ee to1) 0.0 kN/m
Total live load on toe (W, e tor) 0.0 kN/m Total live load on toe (W e tor) 0.0 kN/m
Total surcharge on heel (Ws hee) 0.0 kN/m Total surcharge on heel (Ws neel) 0.0 kN/m
Height of saturated soil above base (hga) 1.55 m Height of saturated soil above base (hgy,) 1.55 m
Self weight of saturated soil on heel (SWgy) 0.0 kN/m Self weight of saturated soil on heel (SWg,,) 0.0 kN/m
Self weight of non saturated soil behind stem (SW,) 0.0 kN/m Self weight of non saturated soil behind stem (SW,) 0.0 kN/m
CASE 1: ANALYSIS FOR EXISTING LOADING
Not applicable Not applicable
Case 2: UNDER TEMPORARY WORK ANALYSIS
(Consider using only the existing vertical dead loads for stability against sliding and overturning without any pressure from ground water)
Left hand side wall Right hand side wall
Stability for sliding Stability for sliding
pn=0.75*Tang 0.27 p=0.75* Tan¢ 0.27
Active force from soil (P, 2) 46.2 kN/m Active force from soil (P ) 46.2 kN/m
Active force from surcharge (P,s>) 2.3 kN/m Active force from surcharge (P,s>») 23 kN/m
Total sliding force (F,) 48.5 kN/m Total sliding force (F,) 48.5 kN/m
Resistance by friction (Ps,) 14.0 kN/m Resistance by friction (P ,) 14.0 kN/m
Resistance by passive force (P, ) 3.9 kN/m Resistance by passive force (P, ;) 3.9 kN/m
Total resistance force (Fes2) 17.9 kN/m Sliding resistance force (Fes 2) 17.9 kN/m
Ratio of resistance against sliding = F s,/ F» 0.4 Ratio of resistance against sliding = Fes5 / F» 0.4
0.4 < 15 ** FAILS. Backfill of soil is required ** 0.4 < 15 ** FAILS. Backfill of soil is required **
Stability for overturning Stability for overturning
Soil (Mg ) 48.5 kNm/m Soil (Mg ) 48.5 kNm/m
Surcharge (Mg ,) 3.6 kNm/m Surcharge (Mg ) 3.6 kNm/m
Additional horizontal load (M;, ,) 0.0 kNm/m Additional horizontal load (M, ) 0.0 kNm/m
Total overturning moment (M) 52.2 kNm/m Total overturning moment (M,) 52.2 kNm/m
Resistance by stem & vertical DL (M; gem 2) 53.2 kNm/m Resistance by stem & vertical DL (M, gem 2) 53.2 kNm/m
Resistance by base (M, yase 2) 22.7 kNm/m Resistance by base (M, yase 2) 22.7 kNm/m
Resistance by surcharge on heel (M; g heel 2) 0.0 kNm/m Resistance by surcharge on heel (M g heel 2) 0.0 kNm/m
Total resistance moment (Mg 5) 75.9 kNm/m Total resistance moment (Mg ») 75.9 kNm/m
Ratio of resistance against overturning = Mg, / M, 15 Ratio of resistance against overturning = Mg, / M, 15
15 <= 15 OK 15 <= 15
Bearing pressure in SLS Bearing pressure in SLS
Total vertical load on base (Ng; s pase 2) 51.3 kN/m Total vertical load on base (Ng; s pase 2) 51.3 kN/m
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Distance to reaction (Xg. s 2) 0.46 m Distance to reaction (Xg s ) 0.46 m
Eccentricity of vertical load in SLS (eg s ) 0.56 m Eccentricity of vertical load in SLS (eg s ) 0.56 m
lpase / 6 = 0.34 < 0.56 Load resultant lies outside middle third lpase / 6 = 0.34 < 0.56 Load resultant lies outside middle third
Pressure under base (pss) : 73.9 kN/m? Pressure under base (pgs) : 73.9 kN/m?
73.9 <= 200 OK 73.9 <= 200 OK
Moment for stem in ULS Moment for stem in ULS
Soil (Me uLs stem 2) 53.5 kNm/m Soil (Me uLs stem 2) 53.5 kNm/m
Surcharge (Mg yis stem 2) 5.0039058 kNm/m Surcharge (Mg ys stem 2) 5.0039058 kNm/m
Additional horizontal loads (M, y_s stem 2) 0.0 kNm/m Additional horizontal loads (M, yis stem 2) 0.0 kNm/m
Total moment for stem (My,s stem 2) 58.5 kNm/m Total moment for stem (My,s stem 2) 58.5 kNm/m
Moment for base in ULS Moment for base in ULS
Total vertical load on base (Nys pase 2) 71.8 kN/m Total vertical load on base (Ny_s pase 2) 71.8 kN/m
Total moment on base (My,s pase 2) 73.8 kNm/m Total moment on base (My, s pase 2) 73.8 kNm/m
Total resistance moment on base (Mes uLs pase 2) 106.3  kNm/m Total resistance moment on base (M s uLs base 2) 106.3 kNm/m
Distance to reaction (Xy.s ) 0.45 m Distance to reaction (Xy.s») 0.45 m
Eccentricity of vertical load in ULS (ey.s») 0.57 m Eccentricity of vertical load in ULS (ey.s ) 0.57 m
lpase / 6 = 0.34 < 0.57 Load resultant lies outside middle third lpase / 6 = 0.34 < 0.57 Load resultant lies outside middle third
Maximum pressure under base (Pmax uLs base 2) 105.8  kN/m? Maximum pressure under base (Pmay uLs base 2) 105.8  kN/m?
Minimum pressure under base (Pmin uLs base 2) 0.0 kN/m? Minimum pressure under base (Pmin uLs base 2) 0.0 kN/m?
Bearing length of base (L pase 2) 1.36 m Bearing length of base (L pase 2) 1.36 m
Bearing length of heel (L, heel 2) -069 m Bearing length of heel (L, heel 2) -069 m
Pressure under heel/stem interface (Pyis heel 2) 0.0 kN/m? Pressure under heel/stem interface (Pyis heel 2) 0.0 kN/m?
Pressure under toe/stem interface (Py,s e 2) -18.9  kN/m? Pressure under toe/stem interface (Pycs toe 2) -18.9  kN/m?
Total vertical load on heel (Ny,s neel 2) 0.0  kN/m? Total vertical load on heel (Ny,s neel 2) 0.0  kN/m?
Clockwise moment for heel at wall centre (Mys heel pos 2) 0.0 kNm/m Clockwise moment for heel at wall centre (Mys heel pos 2) 0.0 kNm/m
Anticlock moment for heel at wall centre (My,s heel neg 2) 0.0 KNm/m Anticlock moment for heel at wall centre (My_s neel neg 2) 0.0 kNm/m
Net moment for heel at wall centre (My, s heel net 2) 0.0 kNm/m Net moment for heel at wall centre (My,s heel net 2) 0.0 kNm/m
Moment for toe at wall centre (My,s (oe 2) 73.1 kNm/m Moment for toe at wall centre (Mys (oe 2) 731 kNm/m
Max net moment for base at face of wall (M, s pase net 2) 73.1 kKNm/m Max net moment for base at face of wall (My,s pase net 2) 73.1 kNm/m
CASE 3: AFTER CONSTRUCTION ANALYSIS
(Consider using all loads but no check for stability against sliding is required)
Left hand side wall Right hand side wall
Stability for overturning Stability for overturning
Surcharge (Mg 3) 3.6 kNm/m Surcharge (Mg 3) 3.6 kNm/m
Additional horizontal load (M, 3) 0.0 kNm/m Additional horizontal load (M, 3) 0.0 kNm/m
Moist backfill above water table (Mpaw 3) 14.7 kNm/m Moist backfill above water table (M,paw 3) 14.7 kNm/m
Moist backfill below water table (M pow 3) 214 kNm/m Moist backfill below water table (Mo 3) 214 kNm/m
Saturated backfill (Mg, 3) -6.4 kNm/m Saturated backfill (Mg, 3) -6.4 kNm/m
Water (M,, 3) 13.1 kNm/m Water (M, 3) 131 kNm/m
Total overturning moment (M3) 46.4 kNm/m Total overturning moment (M) 46.4 kNm/m
Resistance by stem & vertical loads (M; gem 3) 88.8 kNm/m Resistance by stem & vertical loads (M; siem 3) 85.0 kNm/m
Resistance by base (M, yase 3) 22.7 kNm/m Resistance by base (M, pase 3) 22.7 kNm/m
Resistance by loads on toe (M; e 3) 0.0 kNm/m Resistance by loads on toe (M; e 3) 0.0 kNm/m
Resistance by surcharge on heel (M; g hee 3) 0.0 kNm/m Resistance by surcharge on heel (M g heei 3) 0.0 kNm/m
Resistance by moist backfill (M, , 3) 0.0 kNm/m Resistance by moist backfill (M, 3) 0.0 kNm/m
Resistance by saturated backfill (M, g, 3) 0.0 kNm/m Resistance by saturated backfill (M, ¢, 3) 0.0 kNm/m
Total resistance moment (Mg 3) 111.5 KkNm/m Total resistance moment (Mg 3) 107.7  kNm/m
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Ratio of resistance against overturning = Mg 3 / M3 2.4 Ratio of resistance against overturning = Mg 3/ M3 23
24 >= 15 OK 2.3 >= 15 OK
Bearing pressurein SLS Bearing pressure in SLS
Total vertical load on base (Ng; s pase 3) 70.8 kN/m Total vertical load on base (Ng, s pase 3) 68.7 kN/m
Distance to reaction (Xg. s 3) 0.92 m Distance to reaction (Xg s 3) 0.89 m
Eccentricity of vertical load in SLS (eg s 3) 0.11 m Eccentricity of vertical load in SLS (eg s 3) 0.13 m
lpase / 6 = 0.34 >= 0.11 Load resultant lies inside middle third lpase / 6 = 0.34 >= 0.13 Load resultant lies inside middle third
Pressure under base (pss) : 45.2 kN/m? Pressure under base (pg.s) : 46.6 kN/m?
45.2 <= 200 OK 46.6 <= 200 OK
Moment for stem in ULS Moment for stem in ULS
Surcharge (Mg y; s stem 3) 5.0039058 kNm/m Surcharge (Mg ys stem 3) 5.0039058 kNm/m
Additional horizontal loads (M, y_s stem 3) 0.0 kNm/m Additional horizontal loads (M, yis stem 3) 0 kNm/m
Moist backfill above water table (Mpaw uLs stem 3) 18.6 kNm/m Moist backfill above water table (Mypaw uLs stem 3) 18.6 kNm/m
Moist backfill below water table (Mmpow ULs stem 3) 18.0 kNm/m Moist backfill below water table (Mmpow ULs stem 3) 18.0 kNm/m
Saturated backfill (Mgp yis stem 3) -4.2 kNm/m Saturated backfill (Mgp, yis stem 3) -4.2 kNm/m
Water (M, uLs stem 3) 8.5 kNm/m Water (M, uLs stem 3) 8.5 kNm/m
Total moment for stem (My,s siem 3) 46.0 kNm/m Total moment for stem (My,s stem 3) 46.0 kNm/m
Moment for base in ULS Moment for base in ULS
Total vertical load on base (Ny.s pase 3) 100.1  kN/m Total vertical load on base (Ny_s pase 3) 96.9 kN/m
Total moment on base (My,s pase 3) 65.7 kNm/m Total moment on base (My, s pase 3) 65.7 kNm/m
Total resistance moment on base (Mes uLs pase 3) 157.9  kNm/m Total resistance moment on base (M es uLs base 3) 152.0 kNm/m
Distance to reaction (Xy.s3) 0.92 m Distance to reaction (Xy,s3) 0.89 m
Eccentricity of vertical load in ULS (ey.s3) 0.10 m Eccentricity of vertical load in ULS (ey.s3) 0.13
lpase / 6 = 0.34 < 0.92 Load resultant lies outside middle third lpase / 6 = 0.34 < 0.89 Load resultant lies outside middle third
Maximum pressure under base (Pmax uLs base 3) 72.5 kN/m? Maximum pressure under base (Pmay uLs base 3) 72.5 kN/m?
Minimum pressure under base (Pmin uLs base 3) 0.0 kN/m? Minimum pressure under base (Pmin uLs base 3) 0.0 kN/m?
Bearing length of base (L pase 3) 2.05 m Bearing length of base (L pase 3) 2.05 m
Bearing length of heel (L, heei 3) 0.00 m Bearing length of heel (L neei 3) 0.00 m
Pressure under heel/stem interface (Pyis nheel 3) 0.0 kN/m? Pressure under heel/stem interface (Py,s heel3) 0.0 kN/m?
Pressure under toe/stem interface (pycs e 3) 15.9 kN/m? Pressure under toe/stem interface (Pycs toe 3) 15.9 kN/m?
Total vertical load on heel (Ny,s neel 3) 0.0  kN/m? Total vertical load on heel (Ny,s neel 2) 0.0  kN/m?
Clockwise moment for heel at wall centre (Mys heel pos 3) 0.0 kNm/m Clockwise moment for heel at wall centre (Mys heel pos 3) 0.0 kNm/m
Anticlock moment for heel at wall centre (My_s heel neq 3) 0.0 kNm/m Anticlock moment for heel at wall centre (Mys heel neq 3) 0.0 kNm/m
Net moment for heel at wall centre (My, s heel net 3) 0.0 kNm/m Net moment for heel at wall centre (My,s heel net 3) 0.0 kNm/m
Moment for toe at wall centre (My,s (oe 3) 59.7 kNm/m Moment for toe at wall centre (My,s (oe 3) 59.8 kNm/m
Max net moment for base at face of wall (M, s pase net 3) 59.7 KNm/m Max net moment for base at face of wall (My, s pase net 3) 59.8 kNm/m
DESIGN OF STEMS
Left hand side stem Right hand side stem
Cover for reinforcement (c,,) : 75 mm Cover for reinforcement (c,) : 75 mm
Tension bars (¢;) : 3 No. Layers Mesh A393 10 mm Tension bars (¢;) : 3 No. Layers Mesh A393 10 mm
C/C spacing for tension reinforcement (S, ya) : 200 mm C/C spacing for tension reinforcement (S yay) : 200 mm
Distribution bars (¢q) : 3 No. Layers Mesh A393 10 mm Distribution bars (¢q) : 3 No. Layers Mesh A393 10 mm
C/C spacing for distribution reinforcement (Sq yay) : 200 mm C/C spacing for distribution reinforcement (Sq yay) : 200 mm
Design moment (Myg) = Max (Mus stem 2 » MuLs stem 3) 58.5  kNm/m Design moment (Myzy) = Max (Mys stem 2 » MuLs stem 3) 58,5  kNm/m
Depth for tension reinforcement (dy,a;) 350.0 mm Depth for tension reinforcement (dy,.;) 350.0 mm
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Kwaxll = Mwall / (fcu *1000 * dwallz) 0.012 KwaII = Mwall / (fcu *1000 * dwaxllz) 0.012
0.012 <= 0.156 then only tension reinforcement is required. 0.012 <= 0.156 then only tension reinforcement is required.
Lever arm (Zyan) 3325 mm Lever arm (Zan) 3325 mm
Required tension reinforcement (A req wai) 404 mm?/m Required tension reinforcement (A req wai) 404 mm%m
Minimum required tension reinforcement (Ag; min wai) 585 mm?%m Minimum required tension reinforcement (Ag; min wall) 585 mm2/m
Tension reinforcement (Ag; wai) = Max (Agtreq wall + Ast min wall) 585 mm?%m Tension reinforcement (Ag; wai) = Max (As; req wall + Ast min wall) 585 mm2/m
Provided tension reinforcement (A pro wan) 1178 mm?/m Provided tension reinforcement (A pro in wall) 1178 mm?/m
1178 > 585 OK 1178 > 585 OK
Minimum required distribution reinforcement (Ag min dis wall) = Ast min wall Minimum required distribution reinforcement (Ag min dis wall) = Ast min wall
Provided distribution reinforcement (As pro dgis wai) 1178 mm?%m Provided distribution reinforcement (Ag prq dgis wan) 1178 mm2/m
1178 >= 585 OK 1178 >= 585 OK
Total horizontal force to wall in ULS (Fy, s wan) 49.4 kN/m Total horizontal force to wall in ULS (Fy, s wan) 49.4 kN/m
Applied shear stress to wall (Vy,s war) 0.14 N/mm? Applied shear stress to wall (Vy,s wan) 0.14 N/mm?
0.14 <= 5.0 OK 0.14 <= 5.0 OK
Astpro inwall / (Qwan * 10) 0.34 Astpro inwall / (Awan * 10) 0.34
Design concrete shear stress v 4 from Table 3.8 — BS 8110: 0.57 N/mm? Design concrete shear stress v, 4 from Table 3.8 — BS 8110: 0.57 N/mm?
0.57 >= 0.14 No shear reinforcement required. 0.57 >= 0.14 No shear reinforcement required.
Design service stress (fs yan) 165.5  N/mm? Design service stress (fs yar) 165.5  N/mm?
Modification factor for tension 2.0 Modification factor for tension 2.0
Permissible span to depth ration 14.0 Permissible span to depth ration 14.0
Actual span to depth ration = hgep / dyan 7.7 Actual span to depth ration = hgem / dyan 7.7
14.0 >= 7.7 OK 14.0 >= 7.7 OK
DESIGN
Left hand side base Right hand side base
Cover for reinforcement (cy,) : 75 mm Cover for reinforcement (cy,) : 75 mm
Tension bars (¢p) : 4 No. Layers Mesh A393 10 mm Tension bars (¢;p) : 4 No. Layers Mesh A393 10 mm
C/C spacing for tension reinforcement (S pase) : 200 mm C/C spacing for tension reinforcement (S pase) : 200 mm
Distribution bars (¢qp) : 4 No. Layers Mesh A393 10 mm Distribution bars (¢q) : 4 No. Layers Mesh A393 10 mm
C/C spacing for distribution reinforcement (Sq pase) : 200 mm C/C spacing for distribution reinforcement (Sq pase) : 200 mm
Moment for base (Mys base net) = MaxX (Mucs base net2 » MuLs base net 3) Moment for base (MyLs vase net) = MaxX (MuLs base net2 » MuLs base net 3)
73.1 kNm/m 73.1 kNm/m
Depth for tension reinforcement in base (dpase) 340.0 mm Depth for tension reinforcement in base (dpase) 340.0 mm
Kbase = MULS base net / (fcu *1000 * dbasez) 0.016 Kbase = MULS base neI/ (fcu *1000 * dbasez) 0.016
0.016 <= 0.156 then only tension reinforcement is required. 0.016 <= 0.156 then only tension reinforcement is required.
Lever arm (Zpase) 323.0 mm Lever arm (Zpase) 323.0 mm
Required tension reinforcement (A req base) 520 mm?%m Required tension reinforcement (A req base) 520 mm2/m
Minimum required tension reinforcement (A min base) 585 mm?%m Minimum required tension reinforcement (Ag; min base) 585 mm2/m
Tension reinforcement (Ag; pase) = MaX(Ast req base + Ast min base) 585 mm?%m Tension reinforcement (Ag; pase) = MaX(Agt req base » Ast min base) 585 mm2/m
Provided tension reinforcement (A pro base) 1571 mm?%m Provided tension reinforcement (A pro base) 1571 mm2/m
1571 > 585 OK 1571 > 585 OK
Minimum required distribution reinforcement (Ag min dis base) = Ast min base Minimum required distribution reinforcement (Ag min dis base) = Ast min base
Provided distribution reinforcement (A py gis base) 1571 mm?%m Provided distribution reinforcement (As po dgis base) 1571 mm2/m
1571 >= 585 OK 1571 >= 585 OK
Shear for heel at face of wall (Vs hee) 0.0 kN/m Shear for heel at face of wall (Vs hee)) 0.0 kN/m
Shear for toe at face of wall (Vs toe) 75.9 kN/m Shear for toe at face of wall (Vs toe) 72.7 kN/m
Applied shear stress to base (Vy, s pase) 0.22 N/mm? Applied shear stress to base (Vy, s pase) 0.21 N/mm?
0.22 <= 5.0 OK 0.21 <= 5.0 OK
Ast pro base / (dbase * 10) 0.46 Ast pro base / (dbase * 10) 0.46




Design concrete shear stress v, pase from Table 3.8 — BS 8110: 0.50 N/mm?

0.50 >= 0.22 No shear reinforcement required
Tension reinforcement for each face of stem: 3 No. Layers Mesh A393
Tension reinforcement in top & bottom of base: 4 No. Layers Mesh A393

Provide T10 @ 200 mm U-bars for top of stem
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Design concrete shear stress v, pase from Table 3.8 — BS 8110: 0.61 N/mm?

0.61 >= 0.21 No shear rei

Reinforcement for each face of stem:
Reinforcement in top & bottom of base:

Provide T10 @ 200 mm U-bars for top of stem

nforcement required

3 No. Layers Mesh A393

4 No. Layers Mesh A393

DESIGN OF SLABS IN BASEMENT

Thickness of slab (tga) : 0.30 m Span of slab (l,p) : 3.90 m

Diameter of tension bars (¢ sjap) : 16 mm CI/C of reinforcements (S; gjap) : 200 mm
Diameter of distribution bars (¢q siap) : 16 mm Top cover for reinforcement (Cgjap) : 25 mm
Diameter of dowel bars (dgowe) : 16 mm C/C of dowel bars (Syguer) : 200 mm

Design slab for heave as worst case loading than water pressure as a simply supported slab connected between base of retaining walls with dowels

Pressure from heave (Ppeave) = (he * We) - (20% * (he * W,))

Net uplift pressure (Pup) = Pheave = (24 * tgap) - (Min (W oe et » Wa toe right))
Moment by uplift (My,) = (1.5 * Py * lgap’) / 8

Shear by uplift (V) = (1.5* Pyp * lgap) / 2

Depth for tension reinforcement in base (dg)ap)

Kslab = Muu / (fcu *1000 * dslabz)

Lever arm (Zgjap) = Min ((dsiap * (0.5 + sqrt(0.25 - (Kgjap / 0.9)))) , (0.95 * dyiap))
Required tension reinforcement (Ag; req siab ) = Mup / (0.87 * f, * Zg4)
Minimum required tension reinforcement (A min siab) = 0-13 * tgap * 10*
Tension reinforcement (Ast slab) = MaX(Ast req slab » Astmin slab)

Provided tension reinforcement (Ag pro sian) = (1000 * 70 * ¢y ga?) / (4 * Sy gfan)

Minimum required distribution reinforcement (Ag min dis siab) = Ast min slab
Provided distribution reinforcement (As pro dis slab) = (1000 * 7t * ¢y Slabz) ! (4* Sigjan)

Design service stress (fs giap) = (2 * f, * Agisian / (3 * Ast pro slab)

Modification factor for tension = 0.55 + ((477 - f5gap) / (120 * (0.9 + (M, / (1000 * ds,abz)))))

Permissible span to depth ration = Basic span to effective depth ratio * Modification factor for tension * 1
Actual span to depth ration = Ig,, / dgjap

Provided reinforcement by dowels (As gower) = (1000 * 7t * ¢dowe,z) ! (4 * Syowel)
Shear capacity of dowels (Vies gowel) = (0.6 * fy * A gowe)) / 1000

Tension reinforcement in top & bottom of slab: T16 @ 200 mm
Distribution reinforcement in top & bottom of slab: T16 @ 200 mm
Connect slab to the base of retaining walls with T16 dowels @ 200 mm

Pheave = 47.9 kN/m?
Pup = 40.7 kN/m2
My = 105.3 kNm/m
Vip = 119.0 kN/m

dgjap = 267.0 mm

Ksab =  0.037
0.037 <= 0.156
Zgjap = 253.7 mm
Agt req slab = 954 mm2/m
Ast min slab = 390 mm?/m
Astslab = 954 mm?/m
Agt pro slab = 1005 mm2/m
1005 > 954
Asmindssiab= 390 mm?m
As pro dis slab = 1005 mm2/m
1005 >= 390
fs stab = 316.4  N/mm?
1.1
22.3
14.6
22.3 >= 14.6
As dowel = 1005 mm2/m

Vies dowel = 301.6 kN/m
301.6 > 119.0

Only tension reinforcement is required

OK

OK

OK

OK
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tstem
Left hand side basement wall Right hand side basement wall
Position of stem : Rear extension wall to No. 83 Position of stem : Rear Extension right hand side wall
Total height of wall including thickness of base (h) : 3.15 m Total height of wall including thickness of base (h) : 3.15 m
Thickness of wall (tgem) : 0.45 m Thickness of wall (tsem) : 0.45 m
Height of soil including thickness of base (h) : 3.15 m Height of soil including thickness of base (h,) : 3.15 m
Angle of backfill or slope (B) : 0 Degree Angle of backfill or slope (B) : 0 Degree
Internal angle of friction for retained soil (¢) : 20 Degree Internal angle of friction for retained soil (¢) : 20 Degree
Dead surcharge in SLS (W) : 0.0 KN/m? Dead surcharge in SLS (W) : 0.0 KN/m?
Live surcharge in SLS (W) : 1.5 KN/m? Live surcharge in SLS (W) : 15 KN/m?
Height of surcharge loads from underneath of base (hy) : 3.15 m Height of surcharge loads from underneath of base (h;) : 3.15 m
Vertical dead load on stem under temporary work in SLS (Wy,) : 0.0 kN/m Vertical dead load on stem under temporary work in SLS (W) : 0.0 kN/m
Vertical live load on stem under temporary work in SLS (W),) : 0.0 kN/m Vertical live load on stem under temporary work in SLS (W),) : 0.0 kN/m
Vertical dead load on stem after construction in SLS (Wg3) : 14.5 kN/m Vertical dead load on stem after construction in SLS (Wgs) : 13.8 kN/m
Vertical live load on stem after construction in SLS (W/,) : 5.0 kN/m Vertical live load on stem after construction in SLS (W3) : 3.6 kN/m
Additional horizontal dead load to stem in SLS (Wy) : 0.00 kN/m Additional horizontal dead load to stem in SLS (Wy4,) : 0.00 kN/m
Additional horizontal live load to stem in SLS (W) : 0.00 kN/m Additional horizontal live load to stem in SLS (W) : 0.00 kN/m
Height of horizontal load from underneath of base (hy) : 0.00 m Height of horizontal load from underneath of base (hy) : 0.00 m
Height of ground water from underneath of base (h,,) : 2.00 m Height of ground water from underneath of base (h,,) : 2.00 m
Depth of base (tpase) : 0.45 m Depth of base (tpase) : 0.45 m
Length of toe (lye) : 1.60 m Length of toe (lye) : 1.60 m
Length of heel (lhee) : 0.00 m Length of heel (lee) : 0.00 m
Dead load by wall, screed or others on toe in SLS (W) : 0.00 KN/m? Dead load by wall, screed or others on toe in SLS (W) : 0.00 KN/m?
Live load on toe in SLS (W) : 0.00 KN/m? Live load on toe in SLS (W) : 0.00 KN/m?
General
Density of soil (W) : 19.0 KN/m® Density of saturated soil (Wgy) : 0.0 KN/m®
Required ratio of resistance against sliding : 15 Required ratio of resistance against overturning : 15
Strength of steel (f,) : 500 N/mm? Strength of concrete (fg,) : 40 N/mm?
Allowable bearing pressure of ground (q) : 200 KN/m?

*** The design is based on cantilever retaining walls which considers 1m length. Each wall will be analysed for 3 cases and designed for the worst case ***
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Left hand side loading in SLS Right hand side loading in SLS
Active pressure coefficient (K,) 0.49 Active pressure coefficient (Kg) 0.49
Passive pressure coefficient (K) 2.04 Passive pressure coefficient (K) 2.04
Total height of soil behind retaining wall (he yar) 3.15 m Total height of soil behind retaining wall (he ar) 3.15 m
Height of stem (hgiem) 2.70 m Height of stem (hggem) 2.70 m
Total height of soil behind stem (he sem) 2.70 m Total height of soil behind stem (he gem) 2.70 m
Self weight of stem (SWgenm) 29.2 kN/m Self weight of stem (SWgem) 29.2 kN/m
Total additional horizontal load to stem (W},) 0.0 kN/m Total additional horizontal load to stem (W},) 0.0 kN/m
Length of base (Ipase) 2.05 m Length of base (lyase) 2.05 m
Self weight of base (SWpase) 221 kN/m Self weight of base (SWy,se) 221 kN/m
Self weight of toe (SW,,e) 17.3 kN/m Self weight of toe (SWqe) 17.3 kN/m
Total dead load on toe (Wj (oe tot) 0.0 kN/m Total dead load on toe (W4 (ee to1) 0.0 kN/m
Total live load on toe (W, e tor) 0.0 kN/m Total live load on toe (W e tor) 0.0 kN/m
Total surcharge on heel (Ws hee) 0.0 kN/m Total surcharge on heel (Ws neel) 0.0 kN/m
Height of saturated soil above base (hga) 1.55 m Height of saturated soil above base (hgy,) 1.55 m
Self weight of saturated soil on heel (SWgy) 0.0 kN/m Self weight of saturated soil on heel (SWg,,) 0.0 kN/m
Self weight of non saturated soil behind stem (SW,) 0.0 kN/m Self weight of non saturated soil behind stem (SW,) 0.0 kN/m
CASE 1: ANALYSIS FOR EXISTING LOADING
Not applicable Not applicable
Case 2: UNDER TEMPORARY WORK ANALYSIS
(Consider using only the existing vertical dead loads for stability against sliding and overturning without any pressure from ground water)
Left hand side wall Right hand side wall
Stability for sliding Stability for sliding
pn=0.75*Tang 0.27 p=0.75* Tan¢ 0.27
Active force from soil (P, 2) 46.2 kN/m Active force from soil (P ) 46.2 kN/m
Active force from surcharge (P,s>) 2.3 kN/m Active force from surcharge (P,s>») 23 kN/m
Total sliding force (F,) 48.5 kN/m Total sliding force (F,) 48.5 kN/m
Resistance by friction (Ps,) 14.0 kN/m Resistance by friction (P ,) 14.0 kN/m
Resistance by passive force (P, ) 3.9 kN/m Resistance by passive force (P, ;) 3.9 kN/m
Total resistance force (Fes2) 17.9 kN/m Sliding resistance force (Fes 2) 17.9 kN/m
Ratio of resistance against sliding = F s,/ F» 0.4 Ratio of resistance against sliding = Fes5 / F» 0.4
0.4 < 15 ** FAILS. Backfill of soil is required ** 0.4 < 15 ** FAILS. Backfill of soil is required **
Stability for overturning Stability for overturning
Soil (Mg ) 48.5 kNm/m Soil (Mg ) 48.5 kNm/m
Surcharge (Mg ,) 3.6 kNm/m Surcharge (Mg ) 3.6 kNm/m
Additional horizontal load (M;, ,) 0.0 kNm/m Additional horizontal load (M, ) 0.0 kNm/m
Total overturning moment (M) 52.2 kNm/m Total overturning moment (M,) 52.2 kNm/m
Resistance by stem & vertical DL (M; gem 2) 53.2 kNm/m Resistance by stem & vertical DL (M, gem 2) 53.2 kNm/m
Resistance by base (M, yase 2) 22.7 kNm/m Resistance by base (M, yase 2) 22.7 kNm/m
Resistance by surcharge on heel (M; g heel 2) 0.0 kNm/m Resistance by surcharge on heel (M g heel 2) 0.0 kNm/m
Total resistance moment (Mg 5) 75.9 kNm/m Total resistance moment (Mg ») 75.9 kNm/m
Ratio of resistance against overturning = Mg, / M, 15 Ratio of resistance against overturning = Mg, / M, 15
15 <= 15 OK 15 <= 15
Bearing pressure in SLS Bearing pressure in SLS
Total vertical load on base (Ng; s pase 2) 51.3 kN/m Total vertical load on base (Ng; s pase 2) 51.3 kN/m
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Distance to reaction (Xg. s 2) 0.46 m Distance to reaction (Xg s ) 0.46 m
Eccentricity of vertical load in SLS (eg s ) 0.56 m Eccentricity of vertical load in SLS (eg s ) 0.56 m
lpase / 6 = 0.34 < 0.56 Load resultant lies outside middle third lpase / 6 = 0.34 < 0.56 Load resultant lies outside middle third
Pressure under base (pss) : 73.9 kN/m? Pressure under base (pgs) : 73.9 kN/m?
73.9 <= 200 OK 73.9 <= 200 OK
Moment for stem in ULS Moment for stem in ULS
Soil (Me uLs stem 2) 53.5 kNm/m Soil (Me uLs stem 2) 53.5 kNm/m
Surcharge (Mg yis stem 2) 5.0039058 kNm/m Surcharge (Mg ys stem 2) 5.0039058 kNm/m
Additional horizontal loads (M, y_s stem 2) 0.0 kNm/m Additional horizontal loads (M, yis stem 2) 0.0 kNm/m
Total moment for stem (My,s stem 2) 58.5 kNm/m Total moment for stem (My,s stem 2) 58.5 kNm/m
Moment for base in ULS Moment for base in ULS
Total vertical load on base (Nys pase 2) 71.8 kN/m Total vertical load on base (Ny_s pase 2) 71.8 kN/m
Total moment on base (My,s pase 2) 73.8 kNm/m Total moment on base (My, s pase 2) 73.8 kNm/m
Total resistance moment on base (Mes uLs pase 2) 106.3  kNm/m Total resistance moment on base (M s uLs base 2) 106.3 kNm/m
Distance to reaction (Xy.s ) 0.45 m Distance to reaction (Xy.s») 0.45 m
Eccentricity of vertical load in ULS (ey.s») 0.57 m Eccentricity of vertical load in ULS (ey.s ) 0.57 m
lpase / 6 = 0.34 < 0.57 Load resultant lies outside middle third lpase / 6 = 0.34 < 0.57 Load resultant lies outside middle third
Maximum pressure under base (Pmax uLs base 2) 105.8  kN/m? Maximum pressure under base (Pmay uLs base 2) 105.8  kN/m?
Minimum pressure under base (Pmin uLs base 2) 0.0 kN/m? Minimum pressure under base (Pmin uLs base 2) 0.0 kN/m?
Bearing length of base (L pase 2) 1.36 m Bearing length of base (L pase 2) 1.36 m
Bearing length of heel (L, heel 2) -069 m Bearing length of heel (L, heel 2) -069 m
Pressure under heel/stem interface (Pyis heel 2) 0.0 kN/m? Pressure under heel/stem interface (Pyis heel 2) 0.0 kN/m?
Pressure under toe/stem interface (Py,s e 2) -18.9  kN/m? Pressure under toe/stem interface (Pycs toe 2) -18.9  kN/m?
Total vertical load on heel (Ny,s neel 2) 0.0  kN/m? Total vertical load on heel (Ny,s neel 2) 0.0  kN/m?
Clockwise moment for heel at wall centre (Mys heel pos 2) 0.0 kNm/m Clockwise moment for heel at wall centre (Mys heel pos 2) 0.0 kNm/m
Anticlock moment for heel at wall centre (My,s heel neg 2) 0.0 KNm/m Anticlock moment for heel at wall centre (My_s neel neg 2) 0.0 kNm/m
Net moment for heel at wall centre (My, s heel net 2) 0.0 kNm/m Net moment for heel at wall centre (My,s heel net 2) 0.0 kNm/m
Moment for toe at wall centre (My,s (oe 2) 73.1 kNm/m Moment for toe at wall centre (Mys (oe 2) 731 kNm/m
Max net moment for base at face of wall (M, s pase net 2) 73.1 kKNm/m Max net moment for base at face of wall (My,s pase net 2) 73.1 kNm/m
CASE 3: AFTER CONSTRUCTION ANALYSIS
(Consider using all loads but no check for stability against sliding is required)
Left hand side wall Right hand side wall
Stability for overturning Stability for overturning
Surcharge (Mg 3) 3.6 kNm/m Surcharge (Mg 3) 3.6 kNm/m
Additional horizontal load (M, 3) 0.0 kNm/m Additional horizontal load (M, 3) 0.0 kNm/m
Moist backfill above water table (Mpaw 3) 14.7 kNm/m Moist backfill above water table (M,paw 3) 14.7 kNm/m
Moist backfill below water table (M pow 3) 214 kNm/m Moist backfill below water table (Mo 3) 214 kNm/m
Saturated backfill (Mg, 3) -6.4 kNm/m Saturated backfill (Mg, 3) -6.4 kNm/m
Water (M,, 3) 13.1 kNm/m Water (M, 3) 131 kNm/m
Total overturning moment (M3) 46.4 kNm/m Total overturning moment (M) 46.4 kNm/m
Resistance by stem & vertical loads (M; gem 3) 88.8 kNm/m Resistance by stem & vertical loads (M; siem 3) 85.0 kNm/m
Resistance by base (M, yase 3) 22.7 kNm/m Resistance by base (M, pase 3) 22.7 kNm/m
Resistance by loads on toe (M; e 3) 0.0 kNm/m Resistance by loads on toe (M; e 3) 0.0 kNm/m
Resistance by surcharge on heel (M; g hee 3) 0.0 kNm/m Resistance by surcharge on heel (M g heei 3) 0.0 kNm/m
Resistance by moist backfill (M, , 3) 0.0 kNm/m Resistance by moist backfill (M, 3) 0.0 kNm/m
Resistance by saturated backfill (M, g, 3) 0.0 kNm/m Resistance by saturated backfill (M, ¢, 3) 0.0 kNm/m
Total resistance moment (Mg 3) 111.5 KkNm/m Total resistance moment (Mg 3) 107.7  kNm/m
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Ratio of resistance against overturning = Mg 3 / M3 2.4 Ratio of resistance against overturning = Mg 3/ M3 23
24 >= 15 OK 2.3 >= 15 OK
Bearing pressurein SLS Bearing pressure in SLS
Total vertical load on base (Ng; s pase 3) 70.8 kN/m Total vertical load on base (Ng, s pase 3) 68.7 kN/m
Distance to reaction (Xg. s 3) 0.92 m Distance to reaction (Xg s 3) 0.89 m
Eccentricity of vertical load in SLS (eg s 3) 0.11 m Eccentricity of vertical load in SLS (eg s 3) 0.13 m
lpase / 6 = 0.34 >= 0.11 Load resultant lies inside middle third lpase / 6 = 0.34 >= 0.13 Load resultant lies inside middle third
Pressure under base (pss) : 45.2 kN/m? Pressure under base (pg.s) : 46.6 kN/m?
45.2 <= 200 OK 46.6 <= 200 OK
Moment for stem in ULS Moment for stem in ULS
Surcharge (Mg y; s stem 3) 5.0039058 kNm/m Surcharge (Mg ys stem 3) 5.0039058 kNm/m
Additional horizontal loads (M, y_s stem 3) 0.0 kNm/m Additional horizontal loads (M, yis stem 3) 0 kNm/m
Moist backfill above water table (Mpaw uLs stem 3) 18.6 kNm/m Moist backfill above water table (Mypaw uLs stem 3) 18.6 kNm/m
Moist backfill below water table (Mmpow ULs stem 3) 18.0 kNm/m Moist backfill below water table (Mmpow ULs stem 3) 18.0 kNm/m
Saturated backfill (Mgp yis stem 3) -4.2 kNm/m Saturated backfill (Mgp, yis stem 3) -4.2 kNm/m
Water (M, uLs stem 3) 8.5 kNm/m Water (M, uLs stem 3) 8.5 kNm/m
Total moment for stem (My,s siem 3) 46.0 kNm/m Total moment for stem (My,s stem 3) 46.0 kNm/m
Moment for base in ULS Moment for base in ULS
Total vertical load on base (Ny.s pase 3) 100.1  kN/m Total vertical load on base (Ny_s pase 3) 96.9 kN/m
Total moment on base (My,s pase 3) 65.7 kNm/m Total moment on base (My, s pase 3) 65.7 kNm/m
Total resistance moment on base (Mes uLs pase 3) 157.9  kNm/m Total resistance moment on base (M es uLs base 3) 152.0 kNm/m
Distance to reaction (Xy.s3) 0.92 m Distance to reaction (Xy,s3) 0.89 m
Eccentricity of vertical load in ULS (ey.s3) 0.10 m Eccentricity of vertical load in ULS (ey.s3) 0.13
lpase / 6 = 0.34 < 0.92 Load resultant lies outside middle third lpase / 6 = 0.34 < 0.89 Load resultant lies outside middle third
Maximum pressure under base (Pmax uLs base 3) 72.5 kN/m? Maximum pressure under base (Pmay uLs base 3) 72.5 kN/m?
Minimum pressure under base (Pmin uLs base 3) 0.0 kN/m? Minimum pressure under base (Pmin uLs base 3) 0.0 kN/m?
Bearing length of base (L pase 3) 2.05 m Bearing length of base (L pase 3) 2.05 m
Bearing length of heel (L, heei 3) 0.00 m Bearing length of heel (L neei 3) 0.00 m
Pressure under heel/stem interface (Pyis nheel 3) 0.0 kN/m? Pressure under heel/stem interface (Py,s heel3) 0.0 kN/m?
Pressure under toe/stem interface (pycs e 3) 15.9 kN/m? Pressure under toe/stem interface (Pycs toe 3) 15.9 kN/m?
Total vertical load on heel (Ny,s neel 3) 0.0  kN/m? Total vertical load on heel (Ny,s neel 2) 0.0  kN/m?
Clockwise moment for heel at wall centre (Mys heel pos 3) 0.0 kNm/m Clockwise moment for heel at wall centre (Mys heel pos 3) 0.0 kNm/m
Anticlock moment for heel at wall centre (My_s heel neq 3) 0.0 kNm/m Anticlock moment for heel at wall centre (Mys heel neq 3) 0.0 kNm/m
Net moment for heel at wall centre (My, s heel net 3) 0.0 kNm/m Net moment for heel at wall centre (My,s heel net 3) 0.0 kNm/m
Moment for toe at wall centre (My,s (oe 3) 59.7 kNm/m Moment for toe at wall centre (My,s (oe 3) 59.8 kNm/m
Max net moment for base at face of wall (M, s pase net 3) 59.7 KNm/m Max net moment for base at face of wall (My, s pase net 3) 59.8 kNm/m
DESIGN OF STEMS
Left hand side stem Right hand side stem
Cover for reinforcement (c,,) : 75 mm Cover for reinforcement (c,) : 75 mm
Tension bars (¢;) : 3 No. Layers Mesh A393 10 mm Tension bars (¢;) : 3 No. Layers Mesh A393 10 mm
C/C spacing for tension reinforcement (S, ya) : 200 mm C/C spacing for tension reinforcement (S yay) : 200 mm
Distribution bars (¢q) : 3 No. Layers Mesh A393 10 mm Distribution bars (¢q) : 3 No. Layers Mesh A393 10 mm
C/C spacing for distribution reinforcement (Sq yay) : 200 mm C/C spacing for distribution reinforcement (Sq yay) : 200 mm
Design moment (Myg) = Max (Mus stem 2 » MuLs stem 3) 58.5  kNm/m Design moment (Myzy) = Max (Mys stem 2 » MuLs stem 3) 58,5  kNm/m
Depth for tension reinforcement (dy,a;) 350.0 mm Depth for tension reinforcement (dy,.;) 350.0 mm
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Kwaxll = Mwall / (fcu *1000 * dwallz) 0.012 KwaII = Mwall / (fcu *1000 * dwaxllz) 0.012
0.012 <= 0.156 then only tension reinforcement is required. 0.012 <= 0.156 then only tension reinforcement is required.
Lever arm (Zyan) 3325 mm Lever arm (Zan) 3325 mm
Required tension reinforcement (A req wai) 404 mm?/m Required tension reinforcement (A req wai) 404 mm%m
Minimum required tension reinforcement (Ag; min wai) 585 mm?%m Minimum required tension reinforcement (Ag; min wall) 585 mm2/m
Tension reinforcement (Ag; wai) = Max (Agtreq wall + Ast min wall) 585 mm?%m Tension reinforcement (Ag; wai) = Max (As; req wall + Ast min wall) 585 mm2/m
Provided tension reinforcement (A pro wan) 1178 mm?/m Provided tension reinforcement (A pro in wall) 1178 mm?/m
1178 > 585 OK 1178 > 585 OK
Minimum required distribution reinforcement (Ag min dis wall) = Ast min wall Minimum required distribution reinforcement (Ag min dis wall) = Ast min wall
Provided distribution reinforcement (As pro dgis wai) 1178 mm?%m Provided distribution reinforcement (Ag prq dgis wan) 1178 mm2/m
1178 >= 585 OK 1178 >= 585 OK
Total horizontal force to wall in ULS (Fy, s wan) 49.4 kN/m Total horizontal force to wall in ULS (Fy, s wan) 49.4 kN/m
Applied shear stress to wall (Vy,s war) 0.14 N/mm? Applied shear stress to wall (Vy,s wan) 0.14 N/mm?
0.14 <= 5.0 OK 0.14 <= 5.0 OK
Astpro inwall / (Qwan * 10) 0.34 Astpro inwall / (Awan * 10) 0.34
Design concrete shear stress v 4 from Table 3.8 — BS 8110: 0.57 N/mm? Design concrete shear stress v, 4 from Table 3.8 — BS 8110: 0.57 N/mm?
0.57 >= 0.14 No shear reinforcement required. 0.57 >= 0.14 No shear reinforcement required.
Design service stress (fs yan) 165.5  N/mm? Design service stress (fs yar) 165.5  N/mm?
Modification factor for tension 2.0 Modification factor for tension 2.0
Permissible span to depth ration 14.0 Permissible span to depth ration 14.0
Actual span to depth ration = hgep / dyan 7.7 Actual span to depth ration = hgem / dyan 7.7
14.0 >= 7.7 OK 14.0 >= 7.7 OK
DESIGN
Left hand side base Right hand side base
Cover for reinforcement (cy,) : 75 mm Cover for reinforcement (cy,) : 75 mm
Tension bars (¢p) : 4 No. Layers Mesh A393 10 mm Tension bars (¢;p) : 4 No. Layers Mesh A393 10 mm
C/C spacing for tension reinforcement (S pase) : 200 mm C/C spacing for tension reinforcement (S pase) : 200 mm
Distribution bars (¢qp) : 4 No. Layers Mesh A393 10 mm Distribution bars (¢q) : 4 No. Layers Mesh A393 10 mm
C/C spacing for distribution reinforcement (Sq pase) : 200 mm C/C spacing for distribution reinforcement (Sq pase) : 200 mm
Moment for base (Mys base net) = MaxX (Mucs base net2 » MuLs base net 3) Moment for base (MyLs vase net) = MaxX (MuLs base net2 » MuLs base net 3)
73.1 kNm/m 73.1 kNm/m
Depth for tension reinforcement in base (dpase) 340.0 mm Depth for tension reinforcement in base (dpase) 340.0 mm
Kbase = MULS base net / (fcu *1000 * dbasez) 0.016 Kbase = MULS base neI/ (fcu *1000 * dbasez) 0.016
0.016 <= 0.156 then only tension reinforcement is required. 0.016 <= 0.156 then only tension reinforcement is required.
Lever arm (Zpase) 323.0 mm Lever arm (Zpase) 323.0 mm
Required tension reinforcement (A req base) 520 mm?%m Required tension reinforcement (A req base) 520 mm2/m
Minimum required tension reinforcement (A min base) 585 mm?%m Minimum required tension reinforcement (Ag; min base) 585 mm2/m
Tension reinforcement (Ag; pase) = MaX(Ast req base + Ast min base) 585 mm?%m Tension reinforcement (Ag; pase) = MaX(Agt req base » Ast min base) 585 mm2/m
Provided tension reinforcement (A pro base) 1571 mm?%m Provided tension reinforcement (A pro base) 1571 mm2/m
1571 > 585 OK 1571 > 585 OK
Minimum required distribution reinforcement (Ag min dis base) = Ast min base Minimum required distribution reinforcement (Ag min dis base) = Ast min base
Provided distribution reinforcement (A py gis base) 1571 mm?%m Provided distribution reinforcement (As po dgis base) 1571 mm2/m
1571 >= 585 OK 1571 >= 585 OK
Shear for heel at face of wall (Vs hee) 0.0 kN/m Shear for heel at face of wall (Vs hee)) 0.0 kN/m
Shear for toe at face of wall (Vs toe) 75.9 kN/m Shear for toe at face of wall (Vs toe) 72.7 kN/m
Applied shear stress to base (Vy, s pase) 0.22 N/mm? Applied shear stress to base (Vy, s pase) 0.21 N/mm?
0.22 <= 5.0 OK 0.21 <= 5.0 OK
Ast pro base / (dbase * 10) 0.46 Ast pro base / (dbase * 10) 0.46




Design concrete shear stress Vv, pase from Table 3.8 — BS 8110:

0.50 >= 0.22 No shear reinforcement required
Tension reinforcement for each face of stem:
Tension reinforcement in top & bottom of base:

Provide T10 @ 200 mm U-bars for top of stem

050  N/mm?

3 No. Layers Mesh A393

4 No. Layers Mesh A393
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Design concrete shear stress v, pase from Table 3.8 — BS 8110: 0.61 N/mm?
0.61 >= 0.21 No shear reinforcement required

Reinforcement for each face of stem: 3 No. Layers Mesh A393

Reinforcement in top & bottom of base: 4 No. Layers Mesh A393

Provide T10 @ 200 mm U-bars for top of stem




