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WHITE & LLOYD
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Devon House
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Job no.

24-CE-070
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RETAINING BASEMENT WALL ANALYSIS

In accordance with EN1997-1:2004 incorporating Corrigendum dated February 2009 and the UK national annex
Tedds calculation version 1.0.00

Design summary

Overall design status; PASS

Overall design utilisation; 0.971

Description Unit Provided Required Utilisation |Result
Bearing pressure kN/m? 100 62.09 0.621 PASS
Design - Combination 1.35G + 1.5Q + 1.5Qr

Description Unit Provided Required Utilisation |Result
Pure axial capacity kN/m 5022.43 112.49 0.022 PASS
Bending capacity kNm/m 56.53 -30.32 0.536 PASS
Shear axial capacity kN/m 129.27 55.18 0.427 PASS
Foot. bending reinf. mm?/m 785 762 0.971 PASS
Foot. shear capacity kN/m 111.24 89.99 0.809 PASS

Basement wall details
Stem height;

Thickness of stem;

Stem area;

Density;

Fixity at base of the wall;

Angle to rear face of basement wall;

Retained soil height;
Backfill soil angle;
Groundwater level;
Water density;

Strip footing details
Footing depth;

Toe length;

Heel length;

Total length;

Footing area;
Density;

Footing rotation;
Total height;
Effective soil height;

hstem = 2700 mm

tstem = 300 mm

Astem = hstem x tstem = 810000 mm?
Ystem = 25 kN/m?3

Pinned

a =90

hret = 2700 mm

B=0

hwater = 1700 mm

Yw = 9.8 KN/m?3

hfooting =300 mm

ltoe = 1200 mm
lheet = 0 mm
ltotal = 1500 mm

Afooting = ltotal X Niooting = 450000 mm?
Yfooting = 25 KN/m?3

Prevented

htotal = hstem + hfooting = 3000 mm

heff = hret + hfooting = 3000 mm




Loading details

Axial permanent load on top of wall ;
Axial imposed load on top of wall ;
Imposed surcharge load;

Retained soil properties

Soil type;

Moist soil height;

Saturated soil height;

Moist density;

Saturated density;

Characteristic effective shear resistance angle;
Characteristic wall friction angle;

Base soil properties

Soil type;

Soil density;

Characteristic cohesion;

Characteristic effective shear resistance angle;

Using Coulomb theory
At rest pressure coefficient;

Lateral pressure

Permanent surcharge pressure;
Imposed surcharge pressure;

Soil pressure at top of retained soll
Soil pressure at groundwater level
Soil pressure at footing;
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Pc = 48.74 KN/m
Pa =12.9 kN/m
pasur =10 kN/m?

Firm clay

Nmoist = 1000 mm
hsat = 1700 mm
ymr = 19 KN/m3
ysr = 19 kN/m3
¢'rk = 23.5 deg
ork =9 deg

Stiff clay

o = 19 kN/m?3
C'bk = 0 KN/m?
¢'vk = 23.5 deg

Ko =1 - sin(¢'rx) = 0.601

pa.surch.press = Ko x €O (8r.d) x pa,sur = 5.9 KN/m?

PG.surch.press = Ko x COS (8r.d) x pa,sur = 0 KN/m?

psoi.Top = 0 KN/m?

PsoilwaterLevel = Ko x COS (8r.d) x Nmoist x ymr = 11.3 kN/m?

PSoil.Footing = Ko x €08 (8r.d) x (hmoist X ymr + (hret + hfooting - Nmoist) X (Ysr -
1w)) = 22.2 KN/m?
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Water pressure at footing; Pwater.Footing = Yw X (hwater + hfooting) =19.6 kN/m?
61.64 kN/m
10 kN/m?
y L4
i 5.94 kN/m?
Gg 17.22 kN/m?
(:-\ 43.18 kN/m?
47.76 kN/m?
62.09 kN/m? 62.09 kN/m?

Reactions at base of stem (from 2D analysis model)

Axial
Shear
Moment

Bearing pressure check

Vertical forces
Stem;

Footing;

Retained soil;
Applied axial loads;
Total;

Horizontal forces
Stem;
Retained soil;

Distance;

Surcharge load;
Water;

Distance;

Prop;
Total;

Rv.stemBase = 81.89 kN/m
RH.stemBase = 39.98 KN/m
Rwm.stemase = 0 KNm/m

Fv.stem = Astem X ystem = 20.25 kN/m

FV.Footing = Afooting X Yfooting = 11.25 KN/m

Fv.soil = hmoist % Iheel X ymr + hsat X Iheel X (ysr - yw) = 0 KN/m
Fv.applied = Pc + Pa = 61.64 kN/m

Fv.Total = Fv.stem + Fv.Footing + Fv.soil + Fv.Applied = 93.14 kKN/m

FH.stem = RH.stemBase = 39.98 KN/m

FH.soil = (Psoil.walBase + 0.5 x (Psoil.Footing - PSoil.WalBase)) X hfooting = 6.41
kN/m

DFH.s0il = htfooting X (2 / 3 X Psoil.wallBase + PSoil.Footing / 3) / (PSoil.wallBase +
Psoil.Footing) = 0.148 m

FH.surch = pa.surch.Press X hiooting = 1.78 KN/m

FH.water = (Pwater.WaliBase + 0.5 X (Pwater.Footing - Pwater.WallBase)) X hfooting =
5.44 kKN/m

DFH.water = hrooting X (2 / 3 x Pwater.WaliBase + Pwater.Footing / 3) / (Pwater.WaliBase
+ Pwater.Footing) = 0.146 m

FH.prop = FH.stem + FH.soil + FH.surch = 48.18 KN/m

FH.Total = FH.stem + FH.s0il + FH.surch - FH.Prop = 0 KN/m
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Moments
Stem;

Footing;
Retained soil;
Surcharge load;

Water;

Horizontal base prop;
Moment resisted by base prop;

Total;

Bearing pressure check
Distance to reaction;
Eccentricity of reaction;
Loaded length of base;
Bearing pressure at toe;
Bearing pressure at heel,
Factor of safety;

Mstem = Rv.stemBase x (ltoe + tstem / 2) - RH.StemBase x hfooting = RM.StemBase =
98.56 kNm/m

MFooting = FV.Footing X ltotal / 2 = 8.44 KNm/m

Msoil = Fv.soil X (ltoe + tstem + Iheel / 2) - FH.soil X DFH.s0il = =0.95 KNm/m
Msurch = Fv.surch x (ltoe + tstem *+ Iheel / 2) = FH.surch x hfooting / 2 = -0.27
kNm/m

Mwater = Fv.water x (ltoe + tstem + Iheel / 2) - FH.water X DFH.water = -0.79
kNm/m

MH.prop = FH.Prop X hfooting = 14.45 KNm/m

MRest.prop = ltotal / 2 x Fv.Total - (Mstem + MFooting + Msoil + Msurch + Mwater +
MH.prop) = -49.58 KNm/m

Mrotal = Mstem + MFooting + Msoil + Msurch + Mwater + MH.Prop + MRest.Prop =
69.86 kNm/m

x = Mrotal / Fv.Total = 750 mm
= x-lotw/2=0mm
lioad = ltotal = 1500 mm
Qtoe = Fv.Total / ltotal X (1 - 6 x € / lota) = 62.1 KN/m?
Qheel = Fv.Total / liotal x (1 + 6 x € / liota) = 62.1 KN/m?
FoSbearing = Pbearing / Max(Qtoe,gheel) = 1.610

PASS - Allowable bearing capacity exceeds maximum applied bearing pressure

RETAINING BASEMENT WALL DESIGN

In accordance with EN1992-1-1:2004 incorporating Corrigenda January 2008 and the UK national annex

Tedds calculation version 1.0.00

Concrete details - Table 3.1. Strength and deformation characteristics for concrete

Concrete strength class;

Aggregate type;

Aggregate adjustment factor - ¢l.3.1.3(2);
Characteristic compressive cylinder strength;
Mean value of compressive cylinder strength;
Mean value of axial tensile strength;

Secant modulus of elasticity of concrete;
Compressive shortening strain - Table 3.1;
Ultimate strain - Table 3.1;

Shortening strain - Table 3.1;

Effective compression zone height factor;
Effective strength factor;

Coefficient ki;

Coefficient kz;

Coefficient ks;

Coefficient ks;

Partial factor for concrete -Table 2.1N;
Compressive strength coefficient - cl.3.1.6(1);

Design compressive concrete strength - exp.3.15;

C28/35

Quartzite

AAF =1.0

fek = 28 N/mm?

fem = fok + 8 N/mm? = 36 N/mm?

fetm = 0.3 N/mm? x (f/ 1 N/mm?)23 = 2.8 N/mm?

Ecm = 22 KN/mm?2x(fem / 10 N/mm?2)03 x AAF = 32308 N/mm?
g3 = 0.0018

gcu2 = 0.0035

ecu3 = 0.0035

A =0.80

n=1.00

k1 =0.40

k2 =1.0 x (0.6 + 0.0014 / gcu2) = 1.00
ks = 0.40

ka=1.0 x (0.6 + 0.0014 / gcu2) = 1.00
yc =1.50

occ = 0.85

fed = otee X fox / Yc = 15.9 N/mm?
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Compressive strength coefficient - cl.3.1.6(1); ocew = 1.00

Design compressive concrete strength - exp.3.15;

Maximum aggregate size;

Reinforcement details

Characteristic yield strength of reinforcement;
Partial factor for reinforcing steel - Table 2.1N;
Design yield strength of reinforcement;
Nominal cover to wall front reinforcement;
Nominal cover to wall rear reinforcement;
Nominal cover to footing top reinforcement;
Nominal cover to footing bottom reinforcement;

Wall vertical reinforcement details
Reinforcement provided;

Bar diameter;

Area of reinforcement provided;
Maximum allowable spacing - cl.9.6.2(3);

Min.area required per metre length - cl.9.6.2;

fowd = Oloow X fok / yc = 18.7 N/mm?
hagg =20 mm

fyk = 500 N/mm?
ys=1.15

fya = 435 N/mm?
Crom.front = 50 mm
Crom.rear = 50 mm
Cnom foottop = 75 mm
Cnom footbot = 75 mm

2 Layers of 10 mm ¢ bars at 200 mm c/c

dstemv =10 mm

As prov.stemyV = 2 X 7T X dstemv? / (4 x Sstem.v) = 785 mm?/m
Smax.Stem.v = MiN(3 x tstem, 400mm) = 400 mm

PASS - Maximum allowable spacing exceeds reinforcement spacing

As.min.stemv = 0.002 x tstem = 600 mm?2/m

PASS - Reinforcement provided exceeds minimum reinforcement required

Wall horizontal reinforcement details
Reinforcement provided;

Bar diameter;

Area of reinforcement provided;
Maximum allowable spacing - ¢l.9.6.3;

Min.area required per metre length - cl.9.6.3;

2 Layers of 10 mm ¢ bars at 200 mm c/c
(I)Stem.H =10 mm
As.prov.StemH = 2 X TT X (])Stem.H2 / (4 X SStem.H) =785 mmZ/m

Smax.StemH = MIN(3 x tstem, 400mm) = 400 mm

PASS - Maximum allowable spacing exceeds reinforcement spacing

As.min.StemH = maX(025 X As_prov_Stem_V, 0.001 x tstem) =300 mm%m

PASS - Reinforcement provided exceeds minimum reinforcement required

Footing main reinforcement details
Reinforcement provided;

Bar diameter;

Area of reinforcement provided;
Maximum allowable spacing - 9.3.1.1(3);

Min.area required per metre length - exp.9.1N;

10 mm ¢ bars at 100 mm c/c
¢F00!.Iong =10 mm
As.prov.Foot.Iong =T X (1)Foot.|ong2 / (4 X SFoot,Iong) =785 mmZ/m

Smax.Foot.long = min(3 x hfooting, 400mm) =400 mm

PASS - Maximum allowable spacing exceeds reinforcement spacing

As.min.Foot.long = maX(026 x fotm / fyk, 0.001 3) X maX(dfoot,top, dfoot,bot) =316
mm2/m

PASS - Reinforcement provided exceeds minimum reinforcement required

Footing distribution reinforcement details
Reinforcement provided;

Bar diameter;

Area of reinforcement provided;

Maximum allowable spacing - 9.3.1.1(3);

Min.area required per metre length - exp.9.1N;

10 mm ¢ bars at 200 mm c/c
¢Foot.tran =10 mm
As prov.Foottran = T X (I)Foot.tran2 / (4 X SFoot.tran) =393 mm?/m

Smax.Foot.tran = min(3.5 x hfooting, 450mm) =450 mm

PASS - Maximum allowable spacing exceeds reinforcement spacing

As.min.Foottran = 0.2 X As.prov.Footiong = 157 mm?/m

PASS - Reinforcement provided exceeds minimum reinforcement required
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DA1 6.10 load combinations (ULSD)
1.35G + 1.5Q + 1.5Qr (0.971)

1.00G + 1.5W (0.592)

1.35G + 1.5Q + 1.5Qr + ywx1.5W (0.971)
1.35G + 1.5Q + ywx1.5W + ysx1.58 (0.971)

Critical ULSD combination results: 1.35G + 1.5Q + 1.5Qr

Bending moment Shear force Axial force
2 2 2
g>‘, 32.2% ’%3}0

I \
s‘ \
|
[ \
J \ \
| |
C \
| |
\
|
‘ \
-296 |

12.5) ’;] o

Check pure axial capacity
Ultimate axial force;

Strain with uniform compression; €0 = &c3 = 0.00175
60 = min(go x Es, fyg) = 350 N/mm?

Nrdo = As.prov.Stem.V x oo + (tstem - As.prov.Stem.V) x fed = 5022.43 KN/m

NEed.max / Nrdao = 0.022
PASS - Design axial capacity exceeds ultimate axial force

NEd.max = 112.49 kN/m

Stress in reinforcement ;
Pure axial design capacity;

Slenderness limit - (cl.5.8.3.1)
Effective length factor (Fig. 5.7); f=1

Unsupported length; lu =2700 mm
lo=fxlu=2700 mm

i = tstem / V(12) = 8.7 cm

Effective length;
Radius of gyration;

Slenderness ratio (5.8.3.2(1)); Aslender = lo /i =31.2

Analysis moments combined with moments due to imperfections (cl. 5.2 & 6.1(4))
Smaller factored end moment; Mji.end = 0.0 KNm/m

Larger factored end moment; M2.end = 0.0 KNm/m

Ecc. due to geometric imperfections; ei=1lo/400 = 6.8 mm

Mo1 = min(abs(M1.end), abs(Mz2.end)) + €i x Nedmax = 0.8 KNm/m
Moz = max(abs(M1.end), abs(Mz.end)) + €i x Nedmax = 0.8 KNm/m

Minimum end moment;

Maximum end moment;
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Slenderness limit for buckling (cl. 5.8.3.1)

Area of concrete; Ac = tstem - As prov.stemv = 299215 mm?/m
Factor A; A=0.7

Mechanical reinforcement ratio; ® = As.prov.stemv X fyd / (Ac x fea) = 0.072
Factor B; B =1(1+2x®)=1.070

Moment ratio; rm = Mo1/ Mo2 = 1.000

Factor C; C=17-m=0.700

Relative normal force; N = Ned.max / (Ac x fcd) = 0.024
Slenderness limit; Mim =20 x A x B x C/(n) = 68.1

Aslender / Mim = 0.458
Actual slenderness ratio is less than limit, slenderness effects may be neglected

Wall desigh moment (negative)

Stem moment; Mstem = -29.6 KNm/m

Wall design moment (conservative); Med = min(Mstem - €i X Ned.max, -Ned x max(tstem / 30, 20mm)) = -30.3
kNm/m

Check bending capacity when F is Neq at bottom of storey

Design axial force; Neqd = 112.5 kN/m

Design bending moment; Med = -30.3 kNm/m; (front face in tension)

Position of neutral axis (by iteration) z=34.8 mm

Moment of resistance of concrete
Concrete compression force (3.1.7(3)) Fc =n x fea x min(max(Asb x z, 0Omm), tstem) = 442.1 KN/m
Moment of resistance MRdc = Fe x (tstem / 2 - min(Asb x Z, tstem) / 2) = 60.2 kNm/m

Moment of resistance of reinforcement

Area of tension face reinforcement; As = Asprovstemv / 2 = 392.7 mm%/m

Depth to tension face reinforcement; dt = tstem - Cnom.front = §stemH - dstemv / 2 = 235 mm
Strain in tension face reinforcement; gs = gcus X (1 -dt/ z) =-0.02011

Stress in tension face reinforcement; 6 = max(gs x Es, - fya) = -434.78 N/mm?
Force in tension face reinforcement; Fst= As x 0 = -170.74 KN/m

Tension face reinf. moment of resistance; MRdst = Fst x (tstem / 2 - dt) = 14.51 kKNm/m
Area of compression face bars; A's = Asprov.stemyv / 2 = 392.7 mm3/m

Depth to compression face reinforcement; d' = Cnom.rear + ¢stemv / 2 = 55 mm

Strain in compression face reinforcement; €'s = gcus x (1-d'/z)=-0.00203

Stress in compression face reinforcement; c' = max(e's x Es, - fyd) = -405.37 N/mm?
Force in compression face reinforcement; Fsc = A's x ¢' = -159.19 kN/m

Comp. face reinf. moment of resistance; Mrdsc = Fsc x (tstem / 2 - d') = =15.12 KNm/m

Total resistance of section
Resultant concrete/steel force; F = Fc+ Fst + Fsc = 112.18 kN/m
PASS - F is within half of one percent of Neq
Moment of resistance; Mrd = MRdc + MRast + Mrasc = 59.55 kNm/m
abs(Med) / Mrq = 0.509
PASS - Design moment capacity exceeds ultimate bending moment

Check bending capacity when F is Ned at top of storey

Design axial force; Neq = 85.1 kN/m

Design bending moment; Med = -30.3 kNm/m; (front face in tension)
Position of neutral axis (by iteration) z=33.6 mm
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Moment of resistance of concrete
Concrete compression force (3.1.7(3))
Moment of resistance

Moment of resistance of reinforcement
Area of tension face reinforcement;

Depth to tension face reinforcement;
Strain in tension face reinforcement;
Stress in tension face reinforcement;
Force in tension face reinforcement;
Tension face reinf. moment of resistance;
Area of compression face bars;

Depth to compression face reinforcement;
Strain in compression face reinforcement;
Stress in compression face reinforcement;
Force in compression face reinforcement;
Comp. face reinf. moment of resistance;

Total resistance of section
Resultant concrete/steel force;

Moment of resistance;

Check shear capacity of wall (cl.6.2.2)
Design shear force;
Depth to tension steel;

Longitudinal reinforcement ratio;

Comp stress in concrete from axial loading;
Design shear resistance (exp.6.2a & 6.2b);

Check footing in flexure - Section 6.1

Design bending mnt, 1200 mm from wall face;

Depth to tension reinforcement;

Lever arm;

Depth of neutral axis;

Fe =n x fea x min(max(Asb x z, 0Omm), tstem) = 426.5 kN/m
MRdc = Fe x (tstem /12 - min(ksb xXZ, tstem) / 2) = 58.2 kNm/m

As = Asprov.stemv / 2 = 392.7 mm?/m

dt = tstem - Cnom.front - ¢stem H - dstemv / 2 = 235 mm
&s = goua x (1 - dt/ z) = -0.02098

6 = max(gs x Es, - fya) = -434.78 N/mm?
Fst=As x 6 = -170.74 kN/m

Mrast = Fst x (tstem / 2 - di) = 14.51 KNm/m
A's = Asprov.stemv / 2 = 392.7 mm?/m

d' = Cnom.rear + ¢stem.v / 2 = 55 mm

g's = gz x (1-d'/z) =-0.00223

o' = max(e's x Es, - fya) = -434.78 N/mm?
Fsc = A's x ¢' =-170.74 KN/m

Mgasc = Fsc x (tstem / 2 - d') = -16.22 kNm/m

F = Fc + Fst + Fsc = 85.01 KN/m
PASS - F is within half of one percent of Neq
MRrd = MRdc + MRast + MRrasc = 56.53 kNm/m
abs(Med) / Mrq = 0.536
PASS - Design moment capacity exceeds ultimate bending moment

V =55.18 kN/m
dv = tstem - Crom.front - Pstem.H - dstemv / 2 = 235 mm
Crd.c=0.18/yc =0.120
kv = min(1 + v¥(200mm / dv), 2) = 1.923
p1 = mMin(As.prov.stemv / (2 x dv), 0.02) = 0.002
Vmin = 0.035 N/mm? x kv*? x (fok / 1N/mm?)°5 = 0.494 N/mm?
kiv=10.15
Gep = NEd.max / (tstem = As.prov.stem.v) = 0.376 N/mm?2
VRd.c = (Max(Crd,c x kv x (100 N¥mm* x pi x fek)V3, Vmin) + K1.v x Gcp) x dv
=129.3 kN/m
V / VRrdac = 0.427
PASS - Design concrete shear capacity exceeds ultimate shear force

MEed foot = -69.3 kKNm/m
droot.top = hfooting - Cnom foot.top = Footlong / 2 = 220 mm
Kioot = abs(MEdfoot) / (dfoot.top? x fek) = 0.051
K'foot = (2 x M x atee / yc) x (1 - A x (8 - ka)/(2 x k2)) x (A x (8 - k1) / (2 x
k2)) = 0.207

K'> K - No compression reinforcement is required
Zioot = MiN(0.5 + 0.5 x (1 - 2 x Koot / (1 x atec / yc))®®, 0.95) x droot.top =
209 mm

Xfoot = 2.5 x (dfoot.top - Zfoot) =28 mm
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Area of tension reinforcement required;
Minimum area of reinforcement - exp.9.1N;
Maximum area of reinforcement - ¢l.9.2.1.1(3);
Area of tension reinforcement provided;

As des = abs(Med foot) / (fyd x Zfoot) = 762 mm?2/m

Asmin = max(0.26 x fem / fyk, 0.0013) x droottop = 316 mm?3/m
As.max = 0.04 x htooting = 12000 mm?2/m

As.prov.Footlong = 785 mm?2/m

abs(As.req) / As.provFootlong = 0.971

PASS - Area of reinforcement provided is greater than area of reinforcement required

Check shear capacity of footing (cl.6.2.2)
Design shear force;
Depth to tension steel;

Main reinforcement ratio;

Design shear resistance (exp.6.2a & 6.2b);

Vioot = 89.99 kKN/m

dv.foot = dfoottop = 220 mm

Crd.c=0.18/yc =0.120

kv.foot = min(1 + V(200mm / dv.foot), 2) = 1.953

plfoot = MiN(As.prov.Footlong / dvfoot, 0.02) = 0.004

Vminfoot = 0.035 N/mm? x Kyfoot®? x (fok / 1IN/mm?)%% = 0.506 N/mm?
VRd.cfoot = Max(Crd,c x Kvfoot x (100 N2/mm# x pisoot x fek)'’3, Vmin.foot) X
dv.foot = 111.2 KN/m

Vioot / VRd.cfoot = 0.809

PASS - Design concrete shear capacity exceeds ultimate shear force

Vertical reinf.
10 ¢ bars @ 200 c/c

I

Horizontal reinf.
10 ¢ bars @ 200 c/c

'Y

(

)

A

£

Transverse reinf.
10 ¢ bars @ 200 c/c

b

Longitudinal reinf.
10 ¢ bars @ 100 c/c
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ANALYSIS
Tedds calculation version 1.0.37
Geometry
Geometry (m) - Steel (BS5950) - UB 203x133x30
z
1
. 25 2 2.5 3
A7 1 A 2 A
Loading
Self weight included
Permanent - Loading (kN/m)
N NN N
© 0 0 =]
N N N N
» X
v
z
Imposed - Loading (kN/m)
© © © ©
» X v 4
v
Z
Results
Reactions
Load case: Self Weight
Node Force Moment
Fx Fz My
(kN) (kN) (kNm)
1 0 0.3 0
2 0 0.9 0
3 0 0.3 0
Load case: Permanent
Node Force Moment
Fx Fz My
(kN) (kN) (kNm)
1 0 26.7 0
2 0 87.7 0
3 0 26.7 0
Load case: Imposed
Node Force Moment
Fx Fz My
(kN) (kN) (kNm)
1 0 11 0
2 0 36.1 0
3 0 11 0
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Forces
All load cases - Moment envelope (kNm)
-21.4
Jay
12.6 12.6
All load cases - Shear envelope (kN)
43.8
26.7
hay
-26.7

-43.8




