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REINFORCED CONCRETE RAFT FOUNDATION

NEW DWELLING OFF ALLTYGRUG ROAD, YSTALYFERA, NEATH PORT TALBOT

LOADINGS
DEAD: kN/m?
ROOF:

Tiles 0.60

Felt & battens 0.04

Rafters 0.12

Insulation 0.04

Plasterboard & skim 0.15

0.95 kN/m?

UPPER FLOORS:

Finishes 0.10

Decking & joists 035

Plasterboard & skim 0.15

0.60 kN/m?

MASONRY:

100mm thick & finishes 2.50 kN/m?
TIMBER FRAME:

Self weight & finishes 0.60 kN/m?
IMPOSED:
ROOF:

Snow 0.60 kN/m?
UPPER FLOORS:

Residential 1.50 kN/m?

GROUND FLOOR:
Residential 1.50 kN/m?

Garage 2.50 kN/m?
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RAFT FOUNDATION DESIGN (BS8110 : PART 1 : 1997)

Tedds calculation version 1.0.12
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Soil and raft definition

Soil definition

Allowable bearing pressure

Number of types of soil forming sub-soit

Soil density

Depth of hardcore beneath slab

Depth of hardcore beneath thickenings

Density of hardcore

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

Raft slab definition

Max dimension/max dimension between joints
Slab thickness

Concrete strength

Poissons ratio of concrete

Slab mesh reinforcement strength

Partial safety factor for steel reinforcement

Qallow = 50.0 kN/m?
One type only
Firm to loose
Nhoresieb = 150 mm  (Dispersal allowed for bearing pressure check)
Phcaremick = 0 mm (Dispersal allowed for bearing pressure check)
Yheore = 18.0 kKN/m3
¢depbasic = 2000mm
Odepstab = Qdepbasic - hhcoreslab = 1850 mm
€ (depthick = (depbasic - hhcorethick = 2000 mm

Imax = 14.500 m
hsiab = 150 mm

feu = 35 N/mm?
v=0.2

fysiab = 500 N/mm?
Ye=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

A142

A252 (Assizbtop = 252 mm?2/m)

A252 (Assiaboim = 252 mm?2/m)

Qslabtop = 8 mm

Oslabbtm = 8 mm

Ctop = 25 mm

Cown = 35 mm

disiabav = hstab - Ctop - Pslabiop = 117 mm
dbstabav = Nstab - Cotm - Gstabbim = 107 mm
dsiabay = (Gistabav + Qbsiabav)/2 = 112 mm
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Minimum effective depth of top reinforcement
Minimum effective depth of bottom reinforcement

distabmin = dislabav - ¢slabtop/2 =113 mm
Ubslabmin = Ubsiabay - ¢slabblm/2 =103 mm

Edge beam definition

Overall depth

Width

Depth of boot

Width of boot

Angle of chamfer to horizontal
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
Effective depth of bottom reinforcement
Boot main reinforcement

Effective depth of boot reinforcement

Internal beam definition

hedge = 675 mm

bedge =400 mm

hboot = 225 mm

boeot = 250 mm

Oledge = 60 deg

fy = 500 N/mm?

fys = 500 N/mm?

3 H20 bars (Asedgetop = 942 mm?)

3 H20 bars (Aseagenim = 942 mm?)

2 H10 legs at 200 ctrs (Asv/sv = 0.785 mm)

Cbeam = 35 mm

dedge!op = hedge = Ctop - ¢slablop - ¢edgelink - ¢edgetop/2 =622 mm
dedgebtm = Nedge ~ Cheam - Pedgelink ~ Qedgebtm/2 = 620 mm
H10 bars at 225 ctrs (Asboot = 349 mm?/m)

dboot = Nboot - Cbeam - Oboo/2 = 185 mm

Asintlink Asinttop Asslabtop
§ o = o= o= == == = - o e sms e e
(| S — — -— s s S s emm e thIab
/\ / i: Phcorestab

Phoorethick

LONNHN

Overall depth

Width

Angle of chamfer to horizontal

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

Link reinforcement provided

Effective depth of top reinforcement
Effective depth of bottom reinforcement

‘ Qm | \ Asintbtm

hint = 675 mm
bint = 450 mm
oint = 60 deg

fy = 500 N/mm?2

fys = 500 N/mm?

3 H20 bars (Asintiop = 942 mm?2)

3 H20 bars (Asintbtm = 942 mm?)

2 H10 legs at 200 ctrs (Asv/sv = 0.785 mm)
dinttop = hint - Ctop - 2 X Oslabtop - Ointtop/2 = 624 mm
dintbtm = hint - Coeam - Qintink - Pintotm/2 = 620 mm
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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

Wslab = 24 KN/m® X hsap = 3.6 kN/m?

Whoresiab = Yheore X Nihcorestab = 2.7 KN/m?

Woudi = 2.0 kN/m?2
Wiudl = 1.5 kN/m2

Wud = Wslab + Wheoreslab + Wbud! + WLudl = 9.8 kN/m2
PASS - wyai <= Qatow - Applied bearing pressure is less than allowable

Isiab = Odepsiab + Chslabav = 1967 mm

Wswult = 1.4 X Wsiab = 5.0 KN/m?

Mesw = Wewult X lstab? X (1 + V) / 64 = 0.4 KNm/m
Mesw = Wawut X lsian® / 32 = 0.6 kKNm/m

Vsw = Wawult X lsiab / 4 = 2.5 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

Area of steel required for bending
Minimum area of steel required

Area of steel required
PASS - Assi q <= A

Reinforcement required in bottom
K factor

Lever arm

Area of steel required for bending
Area of steel required

Wudutt = 1.4 X Woudi + 1.6 X Wiudl = 5.2 kN/m?
Moeudi = Wudiut X lsiab® X (1 + v) / 64 = 0.4 KNm/m
Meudi = Wudiut X Isiab? / 32 = 0.6 kNm/m

Vudl = Wuduitt X lsiab / 4 = 2.6 kKN/m

Mse = 1.2 kNm/m
Mze = 0.7 kNm/m
Vz = 5.0 kN/m

Ksiabtop = Mze/(feu X Qislabav?) = 0.003

Zaiabtop = Qistabay X MIN(0.95, 0.5 + V(0.25 - Ksiabiop/0.9)) = 111.1 mm
Assiabtopbend = Mze/({1.0/Ys) X fysiab X Zsiabtop) = 26 mm&m

Asslabmin = 0.0013 X hatab = 195 mm2/m

Assiabtopreq = Max(Assiabtopbend, Asstabmin) = 195 mm2/m

p - Area of reinforcement provided in top to span local depressions is adequate

Kstabbim = Mze/(feu X dosiabav?) = 0.002

Zstabbim = Qbslabav X MiN(0.95, 0.5 + V(0.25 - Ksiabbtm/0.9)) = 101.6 mm
Asstabbtmbend = Mzc/({1.0/¥s) X fyslan X Zstabbim) = 17 mm?2/m

Assiabbimreq = Max(Asslabbtmbend, Asslabmin) = 195 mm2/m

PASS - A q <= Assiebbim - Area of reinforcement provided in bottom to span local depressions is adequate

Shear check

Applied shear stress

Tension steel ratio

From BS8110-1:1997 - Table 3.8

v = Vr/dhsiabmin = 0.045 N/mm?
p = 100 X Asstabtop/distabmin = 0.223
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ve = 0.588 N/mm?
PASS - v <= v. - Shear capacilty of the slab is adequate

Design concrete shear strength

Internal slab deflection check
Basic allowable span to depth ratio
Moment factor

Steel service stress

Modification factor

Ratiopasic = 26.0
Miactor = Mzo/dbstabav® = 0.065 N/mm?
fa = 2/3 X fysiab X Asslabbtmbend/Asstabbim = 22.234 N/mm?
MFsiap = min(2.0, 0.55 + [(477N/mm?2 - £5)/(120 x (0.9N/mm2 + Mactor))])
MFsiab = 2.000
Ratioalow = Ratiobasic X MFsiab = 52.000
RatiOacual = lsia/ dbstabay = 18.383
PASS - Ratioaciual <= Ratioaiow - Slab span to depth ratio is adequate

Modified allowable span to depth ratio
Actual span to depth ratio

Edge beam design checks

Basic loading

Hardcore Whoorethick = Yheore X Nhcorethick = 0.0 KN/m?2
Edge beam

Rectangular beam element Wheam = 24 kKN/mM? X hedge X Dedge = 6.5 kN/m
Whaoot = 24 kKN/M3 X hboot X Dooot = 1.4 kKN/m

Wehamter = 24 kN/m? x (hedge - hslab)z/(2 X tan(aedge)) =1.9 kN/m

Boot element
Chamfer element

Slab element Wslabetmt = 24 kN/M? x hsiab X (hedge - hsiab)/tan(cedge) = 1.1 kN/m
Edge beam self weight Wedge = Wheam + Whboot + Wehamfer + Wsiabeimt = 10.8 kKN/m

Edge load number 1

Load type Longitudinal line load

Dead load Wpedget = 14.0 kKN/m

Live load Weedget = 0.0 kN/m

Ultimate load Waultedget = 1.4 X Wpedge1 + 1.6 X Wiedget = 19.6 kN/m

bedge1 =100 mm
Xedget = 100 mm

Longitudinal line load width
Centroid of load from outside face of raft
Edge load number 2

Load type Longitudinal line load

Dead load Whedge2 = 10.0 KN/m

Live load Wiedgo2 = 11.0 kN/m

Ultimate load Waultedge2 = 1.4 X Whedge2 + 1.6 X Wiedge2 = 31.6 KN/m

bedgez = 140 mm
Xedge2 = 320 mm

Longitudinal line load width
Centroid of load from outside face of raft

Edge beam bearing pressure check

Effective bearing width of edge beam
Total uniform load at formation level

Bbearing = Dedge + bboot + {Pedge - Nsiab)/tan(oedge) = 953 mm
Wudledge = WDudI+WLudI+Wedge/bbearing+thorelhick =14.9 kN/m?2

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

Load x distance for edge load 1
Load x distance for edge load 2

Moments = Wuttedge1 X Xedget = 2.0 kN
Momentz = Wuedge2 X Xedgez2 = 10.1 kN

Sum of ultimate longitud’l and equivalent line loads TUDL = 51.2 kN/m

Sum of load x distances
Centroid of loads

IMoment = 12.1 kN
Xpar = EMoment/ZUDL = 236 mm

Initially assume no moment transferred into slab due to load/reaction eccentricity
Sum of unfactored longitud’l and efftive line loads =UDLsls = 35.0 kN/m
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Allowable bearing width Balow = 2 X Xpar + 2 X hncoreslab X tan(30) = 645 mm
Bearing pressure due to line/point loads Qinepoint = ZUDLSIS/ barow = 54.3 kN/m2
Total applied bearing pressure Qedge = Qiinepoint + Wudledge = 69.1 kN/m?

Qedage > Qaiow - The slab is required to resist a moment due to eccentricity

Now assume moment due to load/reaction eccentricity is resisted by slab

Bearing width required breq = ZUDLSsIs/{Qallow - Wudiedge) = 996 mm
Effective bearing width at u/s of slab Dreqeft = breq - 2 X hhcorestab X tan(30) = 823 mm
Load/reaction eccentricity € = Dreqefi/2 - Xoar = 176 mm

Ultimate moment to be resisted by slab Mecc = ZUDL x e = 9.0 kNm/m

From slab bending check
Moment due to depression under slab (hogging)  Mse = 1.2 kNm/m

Total moment to be resisted by slab top steel Msiastop = Mece + Mze = 10.2 KNm/m

K factor Kslab = Msiabtop/(feu X distabmin?) = 0.023

Lever arm Zsiab = Gistabmin X MIN(0.95, 0.5 + V(0.25 - Ksa/0.9)) = 107 mm
Area of steel required Asslabreq = Msiabtop/{(1.0/ys) X fy X Zsiab) = 219 mm2/m

PASS - Assiabreq <= Assiabiop - Area of reinforcement provided to transfer moment into slab is adequate

The allowable bearing pressure under the edge beam will not be exceeded
Library item - B pressure with moment transfer

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

Applied bending moments

Span of edge beam ledge = Qrepthick + Cedgetop = 2622 mm

Ultimate self weight udl Wedgeult = 1.4 X Wedge = 15.2 kN/m

Ultimate slab udl (approx) Wodgesiab = Max(0 kN/m, 1.4xwWsiabxX{(Pdepthick/ 2x3/4)-(Dedge+(hedge-Nsiab)/tan(iedge))))
Wedgsslab = 0.2 kN/m

Self weight and slab bending moment Medgesw = (Wedgeult + Wedgesiab) X ledge®/Budi = 10.6 kNm

Self weight shear force Vedgesw = (Wedgeult + Wedgesiab) X ledge/2 = 20.2 kN

Moments due to applied uniformly distributed loads

Ultimate udl (approx) Wedgeud = Wudlult X Qdepthick/2 X 3/4 = 3.9 kN/m
Bending moment Medgeud = Wedgeud: X ledge?/Buai = 2.7 kNm
Shear force Vedgeud = Wedgeud! X ledge/2 = 5.1 kN
Moment and shear due to load number 1

Bending moment Medget = Wultedge1 X ledge®/Bual = 13.5 KNm
Shear force Vedget = Wuttedget X ledge/2 = 25.7 kN
Moment and shear due to load number 2

Bending moment Medge2 = Wuitedge2 X ledge®/Budl = 21.7 kNm
Shear force Vedgez = Wultedge2 X ledge/2 = 41.4 kN

Resultant moments and shears
Total moment (hogging and sagging) Mredge = 48.5 kNm
Maximum shear force Viedge = 92.4 kN

Reinforcement required in top

Width of section in compression zone Dedgetop = Dedge + bboot = 650 mm
Average web width bw = bedge + (hedge/tan(tesge))/2 = 595 mm
K factor Kedgetop = MEedge/(fcu X bedgetop X dedgelopz) = 0.006

Lever arm Zedgetop = Qedgetop X MIN(0.95, 0.5 + V(0.25 - Kedgetop/0.9)) = 591 mm
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Area of steel required for bending
Minimum area of steel required
Area of steel required

PASS - Asodgetopreq <= Ased

p ~ 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

Area of steel required for bending
Minimum area of steel required

Area of steel required

PASS - Asodgsbimreq <= Asodg

- Area of reinforcement provided in bottom of edge beams is adequate

Edge beam shear check
Applied shear stress

Tension steel ratio

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

Link area to spacing ratio required
Link area to spacing ratio provided

PASS - Asv_Upon_Svreqadge <= Asy_UPON_Svprovedge - Shear reinforcement provided in edge beams is adequate

Boot design check

Effective cantilever span

Approximate ultimate bearing pressure
Cantilever moment

Shear force

K factor

Lever arm

Area of reinforcement required

PASS - Asbootreq <= Asboot - Area of reinforcement provided in boot is adequate for bending

Applied shear stress

Tension steel ratio

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

Corner design checks

Basic loading

Corner load number 1

Load type

Dead load

Live load

Ultimate load

Centroid of load from outside face of raft
Corner load number 2

Load type

Asedgetopbend = Mzedge/({1.0/Ys) X fy X Zedgetop) = 189 mm?
Asedgelopmin =0.0013 x 1.0 x bw % hedge =522 mm?
Asedgetopreq = maX(Asedgetopbend, Asedgelopmin) =522 mm?

Dedgebim = Dedge + (Nedge - Nstab)/tan(Oiedge) + 0.1 X ledge = 965 mm
Kedgebim = Mredge/(feu X Dedgebtm X dedgebim?) = 0.004

Zedgebtm = Qadgebtm X MiN(0.95, 0.5 + V(0.25 - Kodgebtm/0.9)) = 588 mm
Asedgebtmbend = Mzedge/({1.0/ys) X fy X Zedgebim) = 189 mm?

Asedgebtmmin = 0.0013 x 1.0 X bw X hedge = 522 mm?

Asedgebimreq = Max{Asedgebtmbend, Asedgebtmmin) = 522 mm?

Vedge = VEedgd(bw X dedge!op) =0.250 N/mm?
Pedge = 100 x Asedgetop/(bw X dedge[op) =0.255

Veedge = 0.448 N/mm?2

Vedge <= Vcedge + 0.4N/mmy - Therefore minimum links required
Asv_UpON_Svreqedge = 0.4N/mm? x bu/((1.0/vs) x fys) = 0.547 mm
Asv_UPON_Suprovedge = NedgelinkXTX@edgelink®/(4XSvedge) = 0.785 mm

Iboot = booot + dboot/2 = 343 mm

Quh = 1.55 X Qallow = 77.5 kN/m?

Mboot = Quit X looot?/2 = 4.5 kKNm/m

Vboot = quit X lboot = 26.5 KN/m

Kboot = Mboot/(feu X dboo?) = 0.004

Zpoot = dboot X MIN(0.95, 0.5 + ¥(0.25 - Kbo/0.9)) = 176 mm
Asbootreq = Mboot/({1.0/vs) X fyboot X Zboot) = 59 mm2/m

Vooot = Vboot/dboot = 0.143 N/mm?
Pooot = 100 X Asboot/Tooot = 0.189

Veboot = 0.492 N/mm?2
PASS - Vboot <= Veboot - Shear capacity of the boot is adequate

Line load in x direction

Wocornert = 14.0 kN/m

Weeornert = 0.0 kN/m

Wauticornert = 1.4 X Wbcomert + 1.6 X Wicomert = 19.6 KN/m
Ycomert = 100 mm

Line load in y direction




8% Tekla Tedds Project Job no.
FAR Structures Ltd New Dwelling, AlltygrugRoad, Ystalyfera, NPT
20iGagwelifvenuoaGaswell Calcs for Start page no./Revision
Swansea, SA3 4RU X
t: +44 (0)7703 043 608 S eouncaion B
e:andrew@farstructures.uk Calcs by Calcs date Checked by Checked date Approved by Approved date
AR 04/07/2020
Dead load Wocomer2 = 14.0 KN/m
Live load Wicomer2 = 0.0 KN/m
Ultimate load Wauitcorner2 = 1.4 X Wbcomerz + 1.6 X Wicomer2 = 19.6 kN/m
Centroid of load from outside face of raft Xcormer2 = 100 mm
Corner load number 3
Load type Line load in x direction
Dead load Wbcomera = 10.0 KN/m
Live load Wicarners = 10.0 kKN/m
Ultimate load Wulicornerd = 1.4 X Wocomer3 + 1.6 X Wicomera = 30.0 kN/m
Centroid of load from outside face of raft Ycomers = 320 mm
Corner load number 4
Load type Line load in y direction
Dead load Wocorner4 = 10.0 KN/m
Live load Wicomerd = 10.0 kN/m
Ultimate load Wultcorner4 = 1.4 X Wpcorner4 + 1.6 X Wicarmers = 30.0 kN/m
Centroid of load from outside face of raft Xcomer4 = 320 mm

Corner bearing pressure check

Total uniform load at formation level

Net bearing press avail to resist line/point loads Qretcorner = Callow - Wudicomer = 35.1 kN/m?

Total line/point loads

Total unfactored line load in x direction Wiinex = 34.0 kN/m
Total ultimate line load in x direction Wauitinex =49.6 KN/m
Total unfactored line load in y direction Wxliney = 34.0 kN/m
Total ultimate line load in y direction Wiuttiney = 49.6 kN/m

Total unfactored point load
Total ultimate point load

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

Wrpoint = 0.0 kKN
Wiuttpoint = 0.0 kN

Pcomer = 1935 mm

Bending moment about x-axis due to load/reaction eccentricity
Myt = max(0 KNm, Wuicomert X Peomer X {Peomer/2 - Yeomert)) = 32.9 KNm

Moment due to load 1 (x line)
Moment due to load 3 (x line)
Total moment about x axis

Wudicomer = WDudl+Wiudl+Wedge/Dbearing+Whcorethick = 14.9 KN/m?

Pcorner =[W}:Iinex+W):liney+‘j( (W}Zlinex+W):Iiney)2+4XqnelcornerXWZpoint)]/ (2><Qneicorner)

Mxa = max(0 kNm, Watcomers X Poomer X (Pcomer/2 - Yeomera)) = 37.6 KNm

Mzx = 70.5 kNm

Bending moment about y-axis due to load/reaction eccentricity
My2 = maX(O kNm, Wuncornerz X Peomer X (pcomer/2 - Xcornerz)) =32.9 kNm

Moment due to load 2 (y line)
Moment due to load 4 (y line)
Total moment about y axis

Mya = max(0 kNm, Wuitcomers X Pcomer X (Pcomner/2 - Xcornera)) = 37.6 kKNm

Mzy = 70.5 kNm

Check top reinforcement in edge beams for load/reaction eccentric moment
Max moment due to load/reaction eccentricity Mz = max(Mzx, Mzy) = 70.5 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 = 48.5 kNm

Total moment to be resisted

M):comerbp =M+ M)Zedge =119.0 kNm

Width of section in compression zone bedgetop = Dedge + bboot = 650 mm
Kcomertp = Mzcomertp/{feu X Dedgstop X dedgetop?) = 0.014

Zcomerbp = Oedgetop X MiN(0.95, 0.5 + V(0.25 - Kcomerbp/0.9)) = 591 mm
Ascornerbp = Mecomerbp /((1.0/Ys) X fy X Zcomerbp) = 463 mm?

K factor
Lever arm
Total area of top steel required
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PASS - A bp <= A p - Area of reinforcement provided to resist eccentric moment is adequate

Corner beam bending check
Cantilever span of edge beam

The allowable bearing pressure at the corner will not be exceeded

lcorner = ¢depthick/\l(2) + dedgelop/2 =1725 mm

Moment and shear due to self weight

Ultimate self weight udl
Average ultimate slab udl (appro

Self weight and slab bending mo
Self weight and slab shear force

Moment and shear due to udls
Maximum ultimate ud)

Bending moment

Shear force

Moment and shear due to line
Bending moment

Shear force

Moment and shear due to line
Bending moment

Shear force

Wedgeuit = 1.4 X Wedge = 15.2 kN/m

X) Weomersiab = Max(0 KN/m, 1.4xWsiapX(§depthici/(/ (2)x2)-(bedge-+{Nedge-Nsiab)/tan (0leage)) )
Weomersiab = 0.0 KN/m

ment Mcomersw = (Wedgeutt + Weomersiab) X lcomer?/2 = 22,6 kNm

Veomersw = (Wedgeult + Wcomerslab) X lcomer = 26.2 kN

Weomerudl = ((1.4xWoua))+(1 BXWLudI)) X ¢depthick/‘l(2) = 7.4 kN/m
Mcornerudl = Weomerudl X |comer2/6 =3.6 kKNm
Veornerudt = Weornerud X lcomer/2 = 6.3 kKN
loads in x direction
Mecorneriinex = Wxultiinex X lcomer®/2 = 73.8 kNm
Vcomerlinex = Wzuttinex X lcomer = 85.6 kN
loads in y direction
Mcomerliney = Wiuhliney X leomer?/2 = 73.8 kNm

Vcomerliney = Wxultiney X lcomer = 85.6 kN

Total moments and shears due to point loads

Bending moment about x axis
Bending moment about y axis
Shear force

Mcomerpointx = 0.0 kNm
Mcomerpoin!y =0.0 kNm
Vcomerpoint =0.0 kN

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

Mzcomerx = Mcomersw+ Mcomerudi+ Mcomerllney+ Mcornerpointx =100.1 kNm
Vicomerx = Vcomersw+ Veomerudi+ Vcomerliney + Vcornerpoim =118.1 kN
M):cornery = Mcomersw+ Mcomerudi+ Mcomerlinex+ Mcornerpoimy =100.1 kNm

VEcomery = Veomersw+ Veomerudi+ Vcomerlinex + Vcornerpolnl =118.1 kN

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

Design bending moment
Design shear force
Reinforcement required in top
K factor

Lever arm

Mzcorner = {Mzcomerx + Mzcomery)/2 = 100.1 kNm
Vzcomer = (VZcornerx + V):comery)/2 =118.1 kN

of edge beam

Keomer = Mecomer/(fou X Dedgetop X Hedgetop?) = 0.011
Zcomer = dedgelop X m|n(095, 0.5+ ‘1(025 - Kcorner/o.g)) =591 mm

Area of steel required for bending Ascomerbend = Mzcomer/((1.0/ys) X fy X Zcomer) = 389 mm?

Minimum area of steel required
Area of steel required

Ascomemin = Asedgetopmin =522 mm?
Ascorner = maX(Ascomerbend, Ascomermin) =522 mm?

PASS - Ascorner <= Asedgeiop - Area of reinforcement provided in top of edge beams at corners is adequate

Corner beam shear check
Average web width

Applied shear stress
Tension steel ratio

Dw = Dedge + (hedge/tan{oleqage))/2 = 595 mm
Veomer = Vzcomer/(bw X dedgetop) = 0.319 N/mm?
Peorner = 100 X Asedgetop/(bw X dedgstop) = 0.255

From BS8110-1:1997 - Table 3.8
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Design concrete shear strength Vecorner = 0.401 N/mm?
Veorner <= Vecorner + 0.4N/mm? - Therefore minimum links required
Link area to spacing ratio required Asy_UPON_Svregeomer = 0.4N/mm?2 x bw/((1.0/ys) X fys) = 0.547 mm
Link area to spacing ratio provided Asy_upon_Svprovedge = NedgelinkXTtX(edgeink?/(4XSvedge) = 0.785 mm
PASS - Asy_Upon_svreqeormer <= Asy_UPON_Svprovedge - Shear reinforcement provided in edge beams at corners is
adequate
Corner beam deflection check
Basic allowable span to depth ratio Ratiosasiccomer = 7.0
Moment factor Muractorcomer = Mzcomer/(Dedgetop X dedgetop?) = 0.398 N/mm?2
Steel service stress fscorner = 2/3 X fy X Ascornerbend/Asedgetop = 137.743 N/mm?
Modification factor MPFcomer=min(2.0,0.55+{(477N/mm?-fscorner)/(120%(0.9N/MM2+Miactorcomer))])
MFcorner = 2.000
Modified allowable span to depth ratio Ratioaliowcomer = RatiObasiccorner X MFcomer = 14.000
Actual span to depth ratio Ratioactuarcomer = lcomer/ dedgetop = 2.774
PASS - Ratio, <= Ratio - Edge beam span to depth ratio is adequate

Internal beam design checks

Basic loading

Hardcore Wheorethick = Yheore X hhcorethick = 0.0 KN/m?

Internal beam self weight Wint=24 KN/m3x[(hintxbint)+(inr-hstab) /tan(ctint) + 2xhstabX(Nint-hsian)/tan{oint) |
wini = 13.3 kN/m

Internal beam load number 1

Load type Longitudinal line load

Dead load woinit = 8.0 kN/m

Live load wiint = 8.0 kN/m

Ultimate load Wulintt = 1.4 X Wpintt + 1.6 X WLint = 24.0 kKN/m

Longitudinal line load width bintt = 100 mm

Centroid of load from centreline of beam Xintt = 0 mm

Internal beam bearing pressure check

Total uniform load at formation level Wudint = WDudH+WLudi+Whcorethick+24KN/M3xhint = 19.7 kN/m?2
Sum of factored longitud'l and eff'tive line loads ZUDLint = 24.0 kN/m

Sum of unfactored longitud'l and eff'tive line loads EUDLslsint = 16.0 kN/m

Centroid of loads from centreline of internal beam

Load x distance for internal load 1 Momentintt = Watintt X Xint = 0.0 kN
Sum of load x distances IMomentint = 0.0 kN
Centroid of loads Xparint = EMomentin/ZUDLint = 0.0 mm

Moment due to eccentricity to be resisted by slab  Meccint = ZUDLint X abs{Xoarint) = 0.0 kNm/m

Assume moment due to eccentricity is resisted equally by top steel of slab on one side and bottom steel of slab on other
From slab bending check

Moment due to depression under slab (hogging)  Mse = 1.2 kNm/m

Total moment to be resisted by slab top steel Mestabtopint = Meccin/2 + Mze = 1.2 KNm/m
K factor Ksiabtopint = Mslabtopint/(feu X disiabmin?) = 0.003
Lever arm Zsiabtopint = Cislabmin X MiN(0.95, 0.5 + V(0.25 - Ksiapiopiny/0.9)) = 107 mm
Area of steel required Assiablopinireq = Msiabtopin/((1.0/Ys) X fysiab X Zsiabtopint) = 27 mm?m
PASS - A pintreq <= Asstabiop - Area of reinforcement in top of slab is adequate to transfer moment into slab

Mt to be resisted by slab btm stl due to load ecc'ty Msiabbimint = Mecein/2 = 0.0 kKNm/m
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K factor Ksiabbtmint = M, int/(fou X dbsiabmin®) = 0.000
Lever arm Zsjabbtmint = bstabmin X MiN(0.95, 0.5 + V(0.25-Ksiapoimin/0.9)) = 98 mm
Area of steel required in bottom Asslabbiminireq = Msiabbrmint/{(1.0/Ys) X fysiab X Zslabbimint) = O mm2/m
PASS - A intreq <= A - Area of reinforcement in bottom of slab is adequate to transfer moment into slab

Bearing pressure

Initially check bearing pressure based on beam soffit‘chamfer width only

Allowable bearing width boearint=min(2x(bins/2xtan(ctim) + hint)/( 1 +tan(ount) ), Dint+2x(Nint-hsiab)Aan(oint))
Docarint = 779 mm

Bearing pressure due to line/point loads Qiinepointint = ZUDLSISiny/bbearint = 20.5 kN/m?2

Total applied bearing pressure Qint = Qlinepointint + Wudint = 40.2 kN/m?

PASS - qint <= Qaiow - Allowable bearing pressure is not exceeded

Internal beam bending check
Divider for moments due to udl's Bua = 10.0

Applied bending moments

Span of internal beam lint = ¢depthick + dintop = 2624 mm

Ultimate self weight udi Wintwit = 1.4 X Wint = 18.6 kN/m

Ultimate slab udl (approx) Winislab = Max(0 kN/m,1.4xWsiaoX((§depthicn<3/4)-(Dint+2x(Nint-hsiab)/tan(oin)) )
Wintsiab = 2.2 KN/m

Self weight and slab bending moment Mintsw = (Wintutt + Wintstab) X lint?/Budi = 14.4 kNm

Self weight shear force Vintsw = (Wintult + Wintslab) X lin/2 = 27.3 kN

Moments due to applied uniformly distributed loads

Ultimate udl (approx) Winudl = Wudiult X Qdepthick X 3/4 = 7.8 kN/m

Bending moment Mintud) = Wintudi X lm?/Budi = 5.4 KNm

Shear force Vintudl = Winwd X lin/2 = 10.2 kN

Moment and shear due to load number 1

Bending moment Minit = Wuttint X lint®/Buagr = 16.5 kNm

Shear force Vintt = Wultintt X lin/2 = 31.5 kN

Resultant moments and shears

Total moment (hogging and sagging) Mzint = 36.2 kNm

Maximum shear force Vzint = 69.1 kN

Reinforcement required in top

Width of section in compression zone Dinttop = bint = 450 mm
Average web width Duint = Dint + hinytan(aint) = 840 mm
K factor Kinttop = Mint/(fou X binttop X dinttop?) = 0.006
Lever arm Zinttop = dintiop X MIN(0.95, 0.5 + V(0.25 - Kintop/0.9)) = 593 mm
Area of steel required for bending Asintiopbend = Mzin/({1.0/s) X fy X Zinttop) = 141 mm?
Minimum area of steel Asinttopmin = 0.0013 X bwint X hint = 737 mm?
Area of steel required Asinttopreq = Max(Asintiopbend, Asinttopmin) = 737 mm?2
PASS - A q <= Asinttop - Area of reinforcement provided in top of internal beams is adequate

Reinforcement required in bottom

Width of section in compression zone bintotm = bint + 2 % (hint - hsiab)/tan(tint) + 0.2 X lint = 1581 mm
K factor Kintbtm = Mzint/(feu X Dintbtm X din!blmz) =0.002
Lever arm Zintotm = dintotm X MIN(0.95, 0.5 + ¥(0.25 - Kiniom/0.9)) = 589 mm

Area of steel required for bending Asintotmbend = Mzin/((1.0/4s) X fy X Zintbtm) = 142 mm?
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Minimum area of steel required

Area of steel required
PASS - A g<=A

Internal beam shear check
Applied shear stress

Tension steel ratio

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

Link area to spacing ratio required
Link area to spacing ratio provided

Asintotmmin = 0.0013 % 1.0 x buwint X hint = 737 mm?
Asinlblmreq = maX(Asinlbtmbend, Asinlbtmmin) =737 mm?
- Area of reinforcement provided in bottom of internal beams is adequate

Vint = Vzint/(Dwint X dinttop) = 0.132 N/mm?2
pint = 100 X Asintiop/(Duwint X dinttop) = 0.180

Veint = 0.357 N/mm?

Vint <= Veint + 0.4N/mm? - Therefore minimum links required
Asv_UPON_Svreqint = 0.4N/mm? x bwin/({1.0/ys) X fys) = 0.773 mm
Asy_upon_Syprovint = NintiinkX0X@intiink?/ (4XSvint) = 0.785 mm

PASS - Asy_upon_svreqim <= Asv_upon_svprovi:t - Shear reinforcement provided in internal beams is adequate




