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Soil and raft definition

Soil definition

Allowable bearing pressure;

Number of types of soil forming sub-soil;

Soil density;

Depth of hardcore beneath slab;

pressure check)

Depth of hardcore beneath thickenings;
pressure check)

Density of hardcore;

Basic assumed diameter of local depression;
Diameter under slab modified for hardcore;
Diameter under thickenings modified for hardcore;

Raft slab definition

Max dimension/max dimension between joints;
Slab thickness;

Concrete strength;

Poissons ratio of concrete;

Slab mesh reinforcement strength;

Qallow = 75.0 kN/m?

Two or more types

Firm to loose

hhcoresiab = 150 mm; (Dispersal allowed for bearing

hhcorethick = 100 mm; (Dispersal allowed for bearing

Yhcore = 20.0 kN/m3
Odepbasic = 3500mm
(I)depslab = ¢depbasic - Nhcoreslab = 3350 mm

Odepthick = Odepbasic = Nhcorethick = 3400 mm

Imax = 10.000 m
hsiab = 250 mm

fou = 40 N/mm?
v=0.2

fysap = 500 N/mm?
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Partial safety factor for steel reinforcement;

vs =1.15

From C&CA document ‘Concrete ground floors’ Table 5

Minimum mesh required in top for shrinkage;
Actual mesh provided in top;

Mesh provided in bottom;

Top mesh bar diameter;

Bottom mesh bar diameter;

Cover to top reinforcement;

Cover to bottom reinforcement;

Average effective depth of top reinforcement;
Average effective depth of bottom reinforcement;
Overall average effective depth;

Minimum effective depth of top reinforcement;
Minimum effective depth of bottom reinforcement;

Edge beam definition

Overall depth;

Width;

Strength of main bar reinforcement;
Strength of link reinforcement;
Reinforcement provided in top;
Reinforcement provided in bottom;
Link reinforcement provided;

Bottom cover to links;

Effective depth of top reinforcement;
452 mm

Effective depth of bottom reinforcement;
mm

Internal slab design checks

Basic loading
Slab self weight;
Hardcore;
Applied loading

Uniformly distributed dead load;
Uniformly distributed live load;

Internal slab bearing pressure check
Total uniform load at formation level;

A142;

A393 (Assiabtop = 393 mm?/m)

A393 (Assiabbtm = 393 mm?*/m)

Ostabtop = 10 mm

dsiabbtm = 10 mm

Ctop = 20 mm

Cbtm = 40 mm

dtstabav = Nsiab - Ctop - Psiabtop = 220 Mm
dbstabav = Nsiab = Cotm - Psiabbtm = 200 mm
dslabav = (dislabav + dbslabav)/2 =210 mm
distabmin = Gislabav = Pstabtop/2 = 215 mm
dbstabmin = dbslabav = $slabbtm/2 = 195 mm

hedge =500 mm

bedge = 500 mm

f, = 500 N/mm?

fys = 500 N/mm?

4T16 bars (Asedgetop = 804 mm?)

3 T16 bars (Asedgebtm = 603 mm?)

2 T10 legs at 300 ctrs (Asv/sy = 0.524 mm)
Cbeam = 40 mm

dedgetop = Nedge = Ctop = Pslabtop = Pedgelink - ¢edgetop/2 =

dedgebtm = Nedge - Cbeam - Pedgelink = ¢edgebtm/2 =442

Waiab = 24 KN/m® x hgjap = 6.0 KN/m?>

— _ 2
Whcoreslab = Yhcore X Nhcoresiab = 3.0 KN/m

Wpudl = 2.0 KN/m?
Wiual = 5.0 KN/m?

_ _ 2
Wudl = Wslab + Wheoreslab + Wpudi + Wrudl = 16.0 KN/m

PASS - wuai <= qaiiow - Applied bearing pressure is less than allowable
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Internal slab bending and shear check

Applied bending moments
Span of slab;

Ultimate self weight udl;

Self weight moment at centre;
Self weight moment at edge;
Self weight shear force at edge;

Isiab = ¢depslab + dislabay = 3570 mm

Wewuit = 1.4 x Weiap = 8.4 kN/m?

Mesw = Wewutt X lsiab? x (1 + v) / 64 = 2.0 kNm/m
Mesw = Wswutt X lsiab” / 32 = 3.3 kNm/m

Vew = Wawutt X lsiab / 4 = 7.5 KN/m

Moments due to applied uniformly distributed loads

Ultimate applied udl;
Moment at centre;
Moment at edge;
Shear force at edge;

Resultant moments and shears
Total moment at edge;

Total moment at centre;

Total shear force;

Reinforcement required in top
K factor;

Lever arm;

Kslabtop/0.9)) = 209.0 mm

Area of steel required for bending;
mm?/m

Minimum area of steel required;
Area of steel required;
PASS - Assiabtopreq <= A

Reinforcement required in bottom
K factor;

Lever arm;

Ksiabbtm/0.9)) = 190.0 mm

Area of steel required for bending;
mm?/m

Area of steel required;

mm?/m

PASS - Assiabbimreq <= Assiabb

Shear check
Applied shear stress;
Tension steel ratio;

Wudiat = 1.4 x Wpugl + 1.6 x Wiyg = 10.8 kN/m?
Moudl = Wit X lsiab? x (1 + v) / 64 = 2.6 KNm/m
Meudi = Wudiutt % lsiab’ / 32 = 4.3 kKNm/m

Vud| = Wydlult X |s|ab/ 4 =9.6 kN/m

Mse = 7.6 KNm/m
Msc = 4.6 KNm/m
Vs =17.1 kN/m

Kslabtop = Mse/(feu x dtslabavz) =0.004
Zstabtop = Uisiabay x MIN(0.95, 0.5 + V(0.25 -

Asstabtopbend = Mze/((1.0/ys) x fysiab X Zsiabtop) = 84

Assiabmin = 0.0013 x hgiap = 325 mm?>/m

— _ 2
Assiabtopreq = MaX(Asslabtopbend; Asslabmin) = 325 mm~/m

labtop = Area of reinforcement provided in top to span local depressions is

adequate

Kslabbtm = Mzc/(fcu X dbslabavz) =0.003
Zetabbtm = Obsiabay X MiN(0.95, 0.5 + V(0.25 -

Asslabbtmbend = Mzc/((1 -O/Ys) X fyslab X Zslabbtm) = 56

Asslabbtmreq = maX(AssIabbtmbend, Asslabmin) =325

- Area of reinforcement provided in bottom to span local

depressions is adequate

V = Vy/disiabmin = 0.080 N/mm?
p= 100 x Asslabtop/dtslabmin =0.183
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From BS8110-1:1997 - Table 3.8;
Design concrete shear strength; Ve = 0.490 N/mm?
PASS - v <= v, - Shear capacity of the slab is adequate

Internal slab deflection check

Basic allowable span to depth ratio; Ratiopasic = 26.0
Moment factor; Mtactor = Mso/bsiapay” = 0.115 N/mm?
Steel service stress; fs = 2/3 X fysiap X Asslabbtmbend/Assiabbtm = 47.109
N/mm?
Modification factor; MFsjab = min(2.0, 0.55 + [(477N/mm2 - fs)/(120 x
(0.9N/mm? + Meactor))])
MF5|ab =2.000
Modified allowable span to depth ratio; Ratioaiow = Ratiopasic x MFsiap = 52.000
Actual span to depth ratio; Ratioactual = lsiab/ dbsiabav = 17.850

PASS - Ratioacia <= Ratioanow - Slab span to depth ratio is adequate

Edge beam design checks

Basic loading

Hardcore; Whcorethick = Yhcore X Nhcorethick = 2.0 kN/m2

Edge beam self weight; Wedge = 24 KN/M> x hedge x bedge = 6.0 kKN/m

Edge beam bearing pressure check

Effective bearing width of edge beam; bbearing = bedge = 500 mm

Total uniform load at formation level; Wudledge = WDudiWLuditWedge/DbearingtWhcorethick = 21.0
kN/m?

PASS - Wudledge <= Qaiiow - Applied bearing pressure is less than allowable

Edge beam bending check
Divider for moments due to udl’s; Bua =10.0

Applied bending moments

Span of edge beam; ledge = {depthick + dedgetop = 3852 mm

Ultimate self weight udl; Wedgeult = 1.4 X Wedge = 8.4 KN/m

Ultimate slab udl (approx); Wedgeslab = Max(0 KN/m, 1.4xWsjabx((ddepthick/2 x 3/4)-
bedge)) = 6.5 kN/m

Self weight and slab bending moment; Medgesw = (Wedgeult + Wedgeslab) X IedgeZ/Bud| =22.1 kKNm
Self weight shear force; Vedgesw = (Wedgeult + Wedgeslab) X ledge/2 = 28.7 kN

Moments due to applied uniformly distributed loads

Ultimate udl (approx);
Bending moment;
Shear force;

Resultant moments and shears

Total moment (hogging and sagging);

Wedgeudl = Wudlutt X §depthick/2 x 3/4 = 13.8 KN/m

Medgeudi = Wedgeud! X |edge2/[3ud| =20.4 kNm

Vedgeud = Wedgeud! X ledge/2 = 26.5 kKN

Msodge = 42.6 kKNm
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Maximum shear force;

Reinforcement required in top
Width of section in compression zone;
Average web width;

K factor;

Lever arm;

Kedgetop/0.9)) = 429 mm

Area of steel required for bending;
mm?

Minimum area of steel required;

Area of steel required;

mm?

Vsedge = 55.2 kN

Dedgetop = Dedge = 500 mm

bw = bedge = 500 mm

Kedgetop = Msedge/(feu * Dedgetop X dedgetopZ) =0.010
Zedgetop = edgetop x MiN(0.95, 0.5 + V(0.25 -

Asedgetopbend = Mzedge/((‘I .0/ys) x fy X Zedgetop) =228

Asedgetopmin = 00013 X 10 X bw X hedge = 325 mm2

Asedgetopreq = MaX(Asedgetopbend, Asedgetopmin) = 325

PASS - Ascdgetopreq <= Asedgetop - Area of reinforcement provided in top of edge beams is adequate

Reinforcement required in bottom
Width of section in compression zone;
K factor;

Lever arm;

Kedgebtm/0.9)) = 420 mm

Area of steel required for bending;
mm?

Minimum area of steel required;

Area of steel required;

mm?

PASS - A g <=A

Edge beam shear check
Applied shear stress;

Tension steel ratio;

From BS8110-1:1997 - Table 3.8
Design concrete shear strength;

Dedgebtm = Dedge + 0.1 X ledge = 885 mm
Kedgebtm = MEedge/(fcu X bedgebtm X dedgebtmz) =0.006
Zedgebtm = Jedgebtm x MIN(0.95, 0.5 + V(0.25 -

Asedgebtmbend = Msedge/((1.0/ys) x fy X Zedgebtm) = 233

Asedgebtmmin = 0.0013 x 1.0 x by x hedge = 325 mm?

Asedgebtmreq = MaX(Asedgebtmbend, Asedgebtmmin) = 325

- Area of reinforcement provided in bottom of edge beams is

adequate

Vedge = V):edge/(bw X dedgetop) =0.244 N/mm2
Pedge = 100 x Asedgetop/(bw X dedgetop) =0.356

Veedge = 0.524 N/mm?

Vedge <= Vcedge * 0.4N/mm? - Therefore minimum links required

Link area to spacing ratio required;
0.460 mm

Link area to spacing ratio provided;
=0.524 mm

Asy_UPON_Syreqedge = 0.4N/mm? x by/((1.0/ys) x fys) =

- 2
Asv_UpOon_Syprovedge = Nedgelink XX Pedgelink /(4xSvedge)

PASS - Asy_UpOn_Syregedge <= Asv_UPON_Syprovedge - Shear reinforcement provided in edge beams

is adequate
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Corner design checks

Basic loading
Corner load number 1

Load type; Line load in x direction

Dead load; Wpcomnert = 9.6 KN/m

Live load; Wecornert = 0.0 kKN/m

Ultimate load; Wuitcornert = 1.4 X Wpgomert + 1.6 X Wicomert = 13.4
kN/m

Centroid of load from outside face of raft;

Corner load number 2

Ycornert = 100 mm

Load type; Line load in y direction

Dead load; Wpcomner2 = 9.6 KN/m

Live load; Wicorner2 = 0.0 kKN/m

Ultimate load; Wauitcomer2 = 1.4 X Wpcomer2 + 1.6 X Wicorner2 = 13.4
kN/m

Centroid of load from outside face of raft;

Corner bearing pressure check

Total uniform load at formation level,;

kN/m?

Net bearing press avail to resist line/point loads;

Total line/point loads

Total unfactored line load in x direction;

Total ultimate line load in x direction;

Total unfactored line load in y direction;

Total ultimate line load in y direction;

Total unfactored point load;
Total ultimate point load;

Length of side of sq reqd to resist line/point loads;

Xcornerz = 100 mm

Wudlcorner = WbudiHWLudi+Wedge/Dbearing*Whcorethick = 21.0

Qnetcorner = Gallow - Wudicomer = 54.0 kN/m?

Wsjinex = 9.6 KN/m
Wuttinex =13.4 KN/m
Wsjiney = 9.6 KN/m
Wsutiney = 13.4 KN/m
Wspoint = 0.0 kN
Wsuitpoint = 0.0 KN

Pcorner

2
=[W):Iinex*’WZIiney*'\/((Wzline>(+W):Iiney) +4><QHetcorner><W):point)]/(2><QHetcorner)

Pcorner = 356 mm

Bending moment about x-axis due to load/reaction eccentricity

Moment due to load 1 (x line);

Yeomer1)) = 0.4 KNm
Total moment about x axis;

My = maX(O KNmM, Wultcomner1 X Pcomer X (pcorner/2 -

Msx = 0.4 KNm

Bending moment about y-axis due to load/reaction eccentricity

Moment due to load 2 (y line);

Xcomer2)) = 0.4 KNm
Total moment about y axis;

My2 = maX(O KNmM, Wuitcomer2 X Pcomer X (pcorner/2 -

Mgy = 0.4 kNm

Check top reinforcement in edge beams for load/reaction eccentric moment




el

T

Project: Raft Foundation Analysis & Design, In accordance Job Ref.

with BS8110 : Part 1-1997 and the recommended values.

GEODOMISI Lt

GEODOMISI Ltd. - Dr. Costas Sachpazis

Civil & Geotechnical Engineering

Section Sheet no./rev. 1

Civil & Geotechnical Engineering Consulting Company for
Structural Engineering, Soil Mechanics, Rock Mechanics, Foundation Calc. b Date Chk'd by
Engineering & Retaining Structures. -0y Date App'd by Date
Tel.: (+30) 210 5238127, 210 5711263 - Fax.:+30 210 5711461 - Mobile: (+30) Dr. C. Sachpazis |23/02/2014
6936425722 & (+44) 7585939944, costas@sachpazis.info
Max moment due to load/reaction eccentricity; Ms = max(Mgx, Msy) = 0.4 KNm
Assume all of this moment is resisted by edge beam
From edge beam design checks away from corners
Moment due to edge beam spanning depression;  Msedge = 42.6 KNm
Total moment to be resisted; Mscomerp = Mz + Msedge = 42.9 KNm
Width of section in compression zone; Dedgetop = Dedge = 500 mm
. - 2y _

K factor, Kcornerbp - M):cornerbp/(fcu X bedgetop X dedgetop ) =0.011
Lever arm; Zcomerbp = edgetop x MIN(0.95, 0.5 + (0.25 -
Keomerbp/0.9)) = 429 mm
Total area of top steel required; Ascornerbp = MEcornerbp /((1 -O/Ys) X fy X Zcornerbp) =230
mm?

PASS - Ascornersp <= Asedgetop - Area of reinforcement provided to resist eccentric moment is
adequate
The allowable bearing pressure at the corner will not be exceeded

Corner beam bending check
Cantilever span of edge beam; lcomer = ¢depthick/\/(2) + dedgetop/2 = 2630 mm

Moment and shear due to self weight

Ultimate self weight udl; Wedgeutt = 1.4 X Wegge = 8.4 KN/m

Average ultimate slab udl (approx); Weomersiab = Max(0 kN/m, 1.4 xWianx(daepthick/(V(2)x2)-
bedge)) = 5.9 KN/m

Self weight and slab bending moment; Mcomersw = (Wedgeutt + Weomerslab) X leomer2/2 = 49.5
kNm

Self weight and slab shear force; Veomersw = (Wedgeult + Weomnerslab) X lcomer = 37.6 kN

Moment and shear due to udls

Maximum ultimate udl; Weomerudi = ((1.4xWpygr)+(1.6xWyar)) x ¢depthick/\/(2) =
26.0 kN/m

Bending moment; Meomerudi = Weomerudi X leomer /6 = 29.9 KNm

Shear force; Veomerudl = Weomerudi X lcorner/2 = 34.1 KN

Moment and shear due to line loads in x direction

. 2
Bending moment; Mcomeriinex = Wsuttinex X lcomer /2 = 46.5 KNm
Shear fOfCG; Vcornedinex = Wsultlinex X |corner = 353 kN

Moment and shear due to line loads in y direction
Bending moment; Mcomeriiney = Wsultliney X leomer2/2 = 46.5 KNm
Shear fOfCG; Vcornerliney = Wsultliney X |corner =35.3 kN

Total moments and shears due to point loads

Bending moment about x axis; Mcomermointx = 0.0 KNm
Bending moment about Yy aXiS; Mcomerpointy =0.0 kKNm
Shear force; Vcomerpoint =0.0 kN

Resultant moments and shears
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Total moment about x axis; Mscomerx = Mcomerswt Mcomerudit Mcomertiney
Mecomerpointx = 125.9 kKNm

Total shear force about x axis; Vscomerx = Veomerswt Veomerudit Veomeriney + Veomerpoint
=107.1 kN

Total moment about y axis; Mzscomery = Mcomerswt Mcomerudit Mcomeriinex+
Ivlcornerpointy =125.9 kNm

Total shear force about y axis; Vscomery = Veomerswt Veomerudit Vecomeriinex + Veomerpoint
=107.1 kN

Deflection of both edge beams at corner will be the same therefore design for average of these
moments and shears

Design bending moment; Mscomer = (Mscomernx + Mscomery)/2 = 125.9 KNm
Design shear force; Vscomer = (Vscomerx + Vscomery)/2 = 107.1 kN
Reinforcement required in top of edge beam
K factor; Keomer = Mscomer/(fou * bedgetop X edgetop”) = 0.031
Lever arm; Zcomer = Jedgetop X MIN(0.95, 0.5 + V(0.25 -
Kcomer/0.9)) = 429 mm
Area of steel required for bending; Ascomerbend = Mzcomer/((1.0/vs) x fy x Zcomer) = 674
mm?
Minimum area of steel required,; Ascomermin = Asedgetopmin = 325 mm?
Area of steel required; Ascorner = Max(Ascomerbends Ascomermin) = 674 mm?
PASS - Ascorner <= Asedgetop - Area of reinforcement provided in top of edge beams at corners is
adequate
Corner beam shear check
Average web width; bw = bedge = 500 mm
Applied shear stress; Veomer = Vcomer/(Bw % Qedgetop) = 0.474 N/mm?
Tension steel ratio; peomer = 100 x Asedgetop/ (Pw X dedgetop) = 0.356
From BS8110-1:1997 - Table 3.8
Design concrete shear strength; Vecomer = 0.508 N/mm?
Veorner <= Vecorner + 0.4N/mm? - Therefore minimum links required
Link area to spacing ratio required; Asv_UPON_Syreqcorner = 0.4N/mm? x bw/((1.0/ys) x fys)
=0.460 mm
Link area to spacing ratio provided; Asv_UpPON_Syprovedge = Nedgennkxnx¢edgelink2/(4><Svedge)
=0.524 mm

PASS - Asv_upon_sSyreqcormer <= Asy_UPON_Syprovedge - Shear reinforcement provided in edge beams
at corners is adequate

Corner beam deflection check

Basic allowable span to depth ratio; Ratiobasiccomer = 7.0
Moment factor; Mfactorcorner = MEcorner/(bedgetop X dedgetopZ) =1.232
N/mm?
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Steel service stress;
N/mm?

Modification factor;

fscorner)/(1 20><(09N/m m2+Mfactorcorner))])

Modified allowable span to depth ratio;

Actual span to depth ratio;

PASS - Ratioactuaicorner <= Ratioanowcorner - Edge beam span to depth ratio is adequate

fscomer = 2/3 x fy X Ascornerbend/Asedgetop =279.448

MPF comer=min(2.0,0.55+[(477N/mm?-

MF corner = 1.322
Ratioaliowcomer = Ratiobasiccomer X MFcomer = 9.255
Ratioactualcomer = lcomer/ dedgetop = 5.819




