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RAFT FOUNDATION DESIGN (BS8110 : PART 1 : 1997)

Tedds calculation version 1.0.13

Asslabtop
— e e e e e e hslab
\/ hhcoreslab
Asslabbtm
Soil and raft definition
Soil definition
Allowable bearing pressure Qallow = 50.0 kN/m2
Number of types of soil forming sub-soil One type only
Soil density Firm to loose
Depth of hardcore beneath slab hheoresian = 150 mm  (Dispersal allowed for bearing pressure check)
Density of hardcore Yheore = 19.0 kN/m3
Basic assumed diameter of local depression Odepbasic = 2000mm
Diameter under slab modified for hardcore Odepsiab = Qaepbasic - Nhcoresiab = 1850 mm
Raft slab definition
Max dimension/max dimension between joints Imax = 7.500 m
Slab thickness hsiab = 175 mm
Concrete strength fou = 35 N/mmz2
Poissons ratio of concrete v=0.2
Slab mesh reinforcement strength fysiab = 500 N/mm?
Partial safety factor for steel reinforcement Ys =1.15
From C&CA document ‘Concrete ground floors’ Table 5
Minimum mesh required in top for shrinkage A142
Actual mesh provided in top A393 (Assiabtop = 393 mm?2/m)
Mesh provided in bottom A393 (Assiabbtm = 393 mm2/m)
Top mesh bar diameter Osiabtop = 10 mm
Bottom mesh bar diameter Osiabbtm = 10 mm
Cover to top reinforcement Ciop = 20 mm
Cover to bottom reinforcement Cbtm = 35 mm
Average effective depth of top reinforcement distabav = Nslab - Ciop - Psiavtop = 145 mm
Average effective depth of bottom reinforcement  dpsiabav = hsiab - Cotm - Osiabbtm = 130 mm
Overall average effective depth dsjabay = (Cisiabay + bsiabav)/2 = 138 mm
Minimum effective depth of top reinforcement istabmin = Jislabav = Psiabtop/2 = 140 mm

Minimum effective depth of bottom reinforcement  dpsjapmin = Jbsiabav - Osiapbtm/2 = 125 mm

Slab edge reinforcement
Mesh provided in top A393 (Asedgetop = 393 mm2/m)
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Mesh provided in bottom

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

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

A393 (Asedgebtm = 393 mm?2/m)

Wsiab = 24 kKN/m3 x hslab = 4.2 kN/m?2

Whcoreslab = thore X hhcoreslab = 29 kN/m2

Wpudl = 1.8 kN/m2
Wpydl = 1.5 kN/m2

Wudl = Wsiab + Wheoresiab + Woudl + Wiugl = 10.4 KN/m?2
PASS - wuai <= Qaiiow - Applied bearing pressure is less than allowable

lsiab = Qdepsiab + Qisiabay = 1995 mm
Wewuit = 1.4 X Wgjap = 5.9 KN/m2
Mesw = Wswuit X lsiap2 X (1 + V) / 64 = 0.4 KNm/m
Moesw = Wswuit X lsian? / 32 = 0.7 KNm/m
Vew = Wit X lsiab / 4 = 2.9 kKN/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

Area of steel required for bending
Minimum area of steel required
Area of steel required

Reinforcement required in bottom
K factor

Lever arm

Area of steel required for bending
Area of steel required

Wydlult = 1.4 x Wpudl + 1.6 x Wpugl = 4.9 kN/m?2

Mecudi = Wadiutt X lsiap? X (1 + V) /64 = 0.4 KNm/m
Meudl = Wugiuit X lgian? / 32 = 0.6 kNm/m
Vidl = Wugiutt X lsian/ 4 = 2.5 kN/m

Mze = 1.3 KNm/m
Mz = 0.8 KNm/m
Vs = 5.4 KN/m

Kslabtop = Mze/(feu X disiapa?) = 0.002
Zstabtop = Cisiabay X MiN(0.95, 0.5 + V(0.25 - Kyjaptop/0.9)) = 137.8 mm
Assiaptopbend = Mze/((1.0/7s) X fysiap X Zsiabtop) = 22 mm&/m

Assiabmin = 0.0013 X hgjap = 228 mm2/m
Assiabtopreq = MaX(Assiabtopbend, Asslabmin) = 228 mm?/m

PASS - A preq <= A » - Area of reinforcement provided in top to span local depressions is adequate

Ksiapbtm = M/ (feu X psiavav?) = 0.001
Zjabbtm = Absiabay X MiN(0.95, 0.5 + V(0.25 - Kgaboin/0.9)) = 123.5 mm
Assiabbtmbend = Mzc/((1.0/Ys) X fysiab X Zsiabbim) = 15 mmaz/m

Assiabbtmreq = MaX(Assiabbtmbend; Assiabmin) = 228 mm?/m

PASS - Assiabbtmreq <= A - Area of reinforcement provided in bottom to span local depressions is adequate
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Shear check
Applied shear stress V = Vx/disiabmin = 0.038 N/mm?
Tension steel ratio p = 100 X Asgiaptop/Disiabmin = 0-281
From BS8110-1:1997 - Table 3.8
Design concrete shear strength Ve = 0.602 N/mm?2

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 Miactor = Mzo/dpsiabar® = 0.048 N/mm?2

Steel service stress fs = 2/3 X fysiab X Asslabbtmbend/Assiabbtm = 12.731 N/mm?
Modification factor MFgia = min(2.0, 0.55 + [(477N/mm? - f5)/(120 x (0.9N/mm? +
Mfactor))])

MFia = 2.000

Modified allowable span to depth ratio Ratiogiow = Ratiopasic X MFgjap = 52.000

Actual span to depth ratio Ratioaetual = lsiab/ dbsiapay = 15.346

PASS - RatiOactuar <= Ratioaiow - Slab span to depth ratio is adequate

Slab edge design checks

Basic loading

Hardcore Whcoreslab = Yheore X Nhcoresian = 2.9 KN/m?2

Slab self weight Weiab = 24 KN/m3 X hgjap = 4.2 kN/m?2

Edge load nhumber 1

Load type Longitudinal line load

Dead load Wpedget = 1.4 KN/m

Live load Weedget = 0.0 kN/m

Ultimate load Wiitedget = 1.4 X Wpedget + 1.6 X Wieqget = 2.0 kN/m
Longitudinal line load width Dedger = 100 mm

Centroid of load from outside face of raft Xedget = 90 mm

Slab edge bearing pressure check
Total uniform load at formation level Wudledge = Wpudl + Wiudl + Wsiab + Wheoreslab = 10.4 kN/m?2

Centroid of longitudinal and equivalent line loads from outside face of raft

Load x distance for edge load 1 Moment; = Wuitedget X Xedget = 0.1 kKN
Sum of ultimate longitud’l and equivalent line loads XUDL = 2.0 kN/m

Sum of load x distances YMoment = 0.1 kN

Centroid of loads Xpar = XMoment/LUDL = 50 mm

Initially assume no moment transferred into slab due to load/reaction eccentricity
Sum of unfactored longitud’l and eff'tive line loads XUDLsls = 1.4 kN/m

Allowable bearing width Daitow = 2 X Xpar + 2 X hneoresiab X tan(30) = 273 mm
Bearing pressure due to line/point loads Qiinepoint = ZUDLSIS/ bajow = 5.1 KN/m?
Total applied bearing pressure Oedge = Qiinepoint + Wudledge = 15.5 KN/m?2

PASS - Qedage <= qaitow - Allowable bearing pressure is not exceeded

Slab edge bending check
Considering a 1.0m width of slab
Divider for moments due to udl’s Bua = 8.0
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Applied bending moments
Span of slab

Ultimate self weight udl

Self weight bending moment
Self weight shear force

Iedge = ¢dep5lab + dtslabmin =1990 mm
Wedgeult = 1.4 X Wgjap = 5.9 kN/m?2
Medgesw = Wedgeult X |edge2/1 0 = 2.3 kKNm/m

Vedgesw = Wedgeult X |edge/2 =5.9 kKN/m

Moments due to applied uniformly distributed loads

Ultimate udl
Bending moment
Shear force

Moment and shear due to load number 1

Effective slab width
Bending moment
Shear force

Resultant moments and shears
Total moment (hogging and sagging)
Maximum shear force

Reinforcement required in top
K factor

Lever arm

Area of steel required for bending

Area of steel required
PASS - A

Wedgeudl = Wudlult = 4.9 KN/m?2
Medgeudl = Wedgeudl X Iedge2/ﬁud| = 24 kNm/m

Vedgeudl = Wedgeudl X |edge/2 = 49 kN/m

beff1 = min(xedge1, bedge1/2 + 0-3X|edge) + bedge1/2 + 0.3 x |edge =697 mm
Medge1 = Wultedge1 X Iedge2/(ﬁud| X beff1) = 14 kNm/m

Vedge1 = Wultedge1 X |edge/(2 X beff1) = 28 kN/m

Mzedge = 6.2 kKNm/m
Viedge = 13.5 KN/m

Kedgetop = M):edge/ (fou X distabmin?) = 0.009

Zedgetop = Gisiabmin X MIN(0.95, 0.5 + V(0.25 - Koggaiop/0.9)) = 133 mm
Asedgetopbend = Mxeage/((1.0/Ys) X fysiab X Zedgetop) = 106 mm2/m
Asedgetopreq = MaX(Asedgetopbend, Assiabmin) = 228 mm2/m

Reinforcement required in bottom
K factor
Lever arm
Area of steel required for bending
Area of steel required

PASS - A

preq <= Asedgetop - Area of reinforcement provided in top of slab is adequate

eq <= A

Kedgebtm = M):edge/ (fou X doslabmin?) = 0.011

Zedgebtm = Obsiabmin X Min(0.95, 0.5 + (0.25 - Kedgebtm/0.9)) = 119 mm
Asedgebtmbend = Mzedge/((1.0/Ys) X fysiab X Zedgebtm) = 119 mm2/m

Asedgebtmreq = MaX(Asedgebtmbends Assiabmin) = 228 mm?/m

- Area of reinforcement provided in bottom of slab is adequate

Applied shear stress

Tension steel ratio

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

Slab edge deflection check

Basic allowable span to depth ratio
Moment factor

Steel service stress

Modification factor

MFeqge = 2.000

Modified allowable span to depth ratio
Actual span to depth ratio

Vedge = VEedge X 1.0m/(1000mm X dtslabmin) = 0.097 N/mm?2
Pedge = 100 x Asedgetop X 1.0m/(1 000mm x dtslabmin) = 0.281

Veedge = 0.602 N/mm?
PASS - Vedge <= Vcedge - Shear capacity of the slab is not exceeded

Ratiopasicedge = 26.0

Meractoredge = Msedge/Tbsiapmin® = 0.394 N/mm?

fsedge = 2/3 X fysiab X Asedgebtmbena/Asedgentm = 101.130 N/mm?
MPFeqge=min(2.0,0.55+[(477N/mm23-fseqge)/(120x(0.9N/MM2+Miacioredge) ) )

Ratioauowedge = Ratiobasicedge X MFedge =52.000
Ra-tioactualedge = |edge/ dtslabmin =14.214

PASS - RatiOactualedge <= RatiOanowedge - Slab span to depth ratio is adequate
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Corner design checks
Basic loading
Corner load number 1
Load type Point load
Dead load Wpcomert = 7-5 KN
Live load Wicomert = 7-0 KN
Ultimate load Wuitcornert = 1.4 X Wpeomert + 1.6 X Wicomert = 21.7 kN
Centroid of load from outside face of raft Xcomert = 100 mm
Centroid of load from outside face of raft Yeonert = 100 mm

Corner bearing pressure check
Total uniform load at formation level Wudicorner = Wpudl + Wirudl + Wslab + Wheoreslab = 10.4 kN/m?2
Net bearing press avail to resist line/point loads Qnetcorner = Jallow -~ Wudicorner = 39.7 KN/m?2

Total line/point loads

Total unfactored line load in x direction Wiiinex = 0.0 KN/m
Total ultimate line load in x direction Wiyitinex =0.0 KN/m
Total unfactored line load in y direction Wiiiney = 0.0 KN/m
Total ultimate line load in y direction Wsyitiney = 0.0 KN/m
Total unfactored point load Wrpoint = 14.5 kN
Total ultimate point load Wsyitpoint = 21.7 kN

Length of side of sq reqd to resist line/point loads  peorner =[w:“nex+w£“ney+\/((wmnex+wmney)2+4><qne.comer><w;poim)]/(2><qnetcomer)
pcorner = 605 mm

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

Total moment due to load 1 (point load) Myotart = Mmax(0 KNM, Wurcornert X (Peomer/2 = Yeomert)) = 4.4 KNm
Slab width resisting moment Iy = Min(Pcomer/2 - Yeomerts Xcomert) + (Peomer/2 = Yeomert) = 302 mm
Effective moment Myi = Myotart/ |1 = 14.5 kNm/m

Total moment about x axis Mz = 14.5 KNm/m

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

Total moment due to load 1 (point load) Mytotarr = Mmax(0 KNM, Wyicornert X (Poomer/2 - Xcomert)) = 4.4 KNm
Slab width resisting moment l1 = MiN(Peomer/2 - Xcomert, Yeomer1) + (Peomer’2 = Xcomert) = 302 mm
Effective moment Myt = Mytotair/ |1 = 14.5 KNm/m

Total moment about y axis Mz, = 14.5 kKNm/m

Check top reinforcement in slab for load/reaction eccentric moment

Max moment due to load/reaction eccentricity Ms = max(Ms,, Msy) = 14.5 KNm/m
From slab edge design checks away from corner

Moment due to slab edge spanning depression Mzedge = 6.2 kKNm/m

Total moment to be resisted Mzcomerop = Mz + Msedge = 20.7 KNm/m

K factor Koomerbp = Mzcornerbp /(fou X Disiabmin?) = 0.030

Lever arm Zeomerbp = Chstabmin X MiN(0.95, 0.5 + V(0.25 - Keomerp/0.9)) = 133 mm
Area of steel required Ascomerop = Mzcomerbp /((1.0/¥s) X fystab X Zeomerbp) = 358 mm?/m

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

Slab corner bending check
Cantilever span of slab at corner comer = Odepsian/\(2) + Oisiabar/2 = 1381 mm
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Moment and shear due to self weight
Considering triangular loading
Maximum ultimate self weight udl

Self weight bending moment

Self weight shear force

Moment and shear due to udls
Maximum ultimate udl

Bending moment

Shear force

Wswult = 1.4 x Wsiap X ¢dep5lab/\/(2) =77 kN/m
Mcornersw = Wswult X |corner2/(6 X ¢dep5lab/\/(2)) = 19 kNm/m
Vcornersw = Wswult X |corner/(2 X ¢dep5lab/\/(2)) = 41 kN/m

Weornerudl = ((1 -4'><WDud|)"'(1 -GXWLudI)) X ¢dep5lab/\/(2) = 64 kN/m
Mcornerudl = Weormerudl X |corner2/(6 X ¢dep5lab/\/(2)) = 16 kNm/m
Vcornerudl = Weormerudl X |corner/(2 X ¢dep5lab/\/(2)) = 34 kN/m

Moment and shear due to line loads in x direction
Initially assume this only produces a moment about y axis

Bending moment
Shear force

Mcornerlinex = Wzultlinex X |corner2/(2 X ¢depslab/(2x\/(2))) = 0.0 kNm/m
Vcornerlinex = Wzultlinex X |corner/(¢depslab/(2x\/(2))) = 0.0 kN/m

Moment and shear due to line loads in y direction
Initially assume this only produces a moment about x axis

Bending moment
Shear force

Moments and shears due to point loads
Approximate x axis moment due to load 1 (point)
Yeomert)+lcomer-Yeomert))

Mycomert = 10.1 KNm/m

Approximate y axis moment due to load 1 (point)
Xcornert) +lcomer-Xcomert))

Mycornert = 10.1 kNm/m

Approximate shear force due to load 1 (point)

Total moments and shears due to point loads
Bending moment about x axis

Bending moment about y axis

Shear force

Resultant moments and shears
Total moment about x axis

Total shear force about x axis
Total moment about y axis

Total shear force about y axis

Mcornerliney = Wzultliney X |corner2/(2 X ¢depslab/(2x\/(2))) = 0.0 kNm/m
Vcornerliney = Wzultliney X |corner/(¢depslab/(2x\/(2))) =0.0 kN/m

chorner1 = max(O kNm/m, Wultcorner1/2 X (lcorner'YCorneﬂ)/(min(Xcorner1slcorner'

Mycorner1 = max(O kNm/m, Wultcorner1/2 X (lcorner'xcorner1)/(min(YCorneﬂslcorner'

Vcorner1 = Wultcorner1/(2 X (¢depslab/\/(2))) =8.3 kN/m

Mcornerpointx =10.1 kNm/m
Mcornerpointy =10.1 kNm/m
Vcornerpoint = 8.3 kN/m

M)Zcornerx = Mcornersw+ Mcornerud|+ Mcornerliney+ Mcornerpointx = 13.5 kNm/m
V):cornerx = Vcorner5w+ Vcornerud|+ Vcornerliney + Vcornerpoint =15.7 KN/m
M)Zcornery = Mcornersw+ Mcornerud|+ Mcornerlinex+ Mcornerpointy = 135 kNm/m

V):cornery = Vcorner5w+ Vcornerud|+ Vcornerlinex + Vcornerpoint =15.7 kN/m

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

Design bending moment
Design shear force

M):comer = (M):cornerx + M):cornery)/2 =13.5 kNm/m
V):corner = (V):cornerx + V)Zcornery)/2 = 157 kN/m

Reinforcement required in top of slab at corners

K factor

Lever arm

Area of steel required for bending
Area of steel required

Keomer = Mrcomer/ (fou X Gistabmin?) = 0.020

Zoomer = Chgiabmin X MIN(0.95, 0.5 + V(0.25 - Keome/0.9)) = 133 mm
Ascomerbend = Mxcorner/((1.0/s) X fysiab X Zoomer) = 233 mm2/m
Ascomer = Max(Ascomerbend, Asslabmin) = 233 mma2/m

PASS - Ascomer <= Asedgetop - Area of reinforcement provided in top of slab at corners is adequate
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Applied shear stress

Tension steel ratio

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

Slab corner deflection check

Basic allowable span to depth ratio
Moment factor

Steel service stress

Modification factor
fscomer)/(120x(0.9N/mm?2+Miactorcorner))])
MFcomer = 2.000

Modified allowable span to depth ratio
Actual span to depth ratio

Veorner = V)Zcorner/dtslabmin =0.112 N/mm?2
Pcorner = 100 x Asedgetop/dtslabmin = 0281

Vecorner = 0.602 N/mm?2
Pass - Vcomer <= Vccomer = Shear capacity of the slab is not exceeded

Ratiopasiccormer = 7.0

Meiactorcormer = Mzcomer/Gisiabmin® = 0.689 N/mm?2

fscorner = 2/3 X fygiab X Ascomerbend/ Asedgetop = 197.945 N/mm?
MFcormer=min(2.0,0.55+[(477N/mm?2-

Ratioallowcorner = RatiObz-lsiccorner X MFcorner =14.000
Rati0z-1<:tuz-1lcorner = |corner/ dtslabmin = 9.862
PASS - Ratioactuaicorner <= RatiOanowcomer - Slab span to depth ratio is adequate




