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Metal Concrete Deck

¢ Profile Details

Profile Type MetFloor® 80 Nominal Sheet Thickness
Profile Yield 350 N/mm? Effective Sheet Thickness
Permanent Shuttering? Yes

* Cross Section Details

* Slab Details

Concrete Grade C35/45 Slab Depth

Concrete Type Normal Weight Modular Ratio

Wet Density 2550 kg/m? Dry Density

Mesh Type A193 Mesh Cover

Mesh Layer Single Mesh Yield Stress

Bar Diameter 12 mm Bar Yield Stress

Axis Distance

Account for End Anchorage No Number of Studs per Rib

Stud Diameter N/A

Screed Depth 50 mm Screed Density

* Slab Drawing

MetFloor® 80 - 1.2 mm.

1 25 mm cover to A193mesh.
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30 mm axis distance to 12 mm bar

1.20 mm

1.14 mm

160 mm
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2450 kg/m?
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500 N/mm?
500 N/mm?
30 mm
N/A

2400 kg/m?®

A393 mesh

at top A393 mesh at

Bottom

450

H10 @200MM
C/C

Internal Beam Detail

150mm thick layer of
well compacted type 2
granular hardcore.

N
& 50mm concrete

blinding.

Retaining wall

References & Sizes

LEGEND

DENOTES STEEL BEAM

P1 DENOTE 215Wx440Lx215 Deep Padstone
P2 DENOTES 100Wx440Lx215 Deep Padstone
DENOTES Metal Deck
(See Section Details)
References & Sizes
Ref Size & Description

B1 203x203x46 UC Steel Beam

Note:

1- All internal walls are 215mm thick 7.3N block wall.

2- External walls are 300mm brick and block cavity walls.
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GROUND FLOOR PLAN SHOWING STRUCTURE ABOVE

Scale:1:30

DO NOT SCALE FROM THIS DRAWING. ALL
DIMENSIONS TO BE CONFIRMED ON SITE.

g NOTES

1. Drawings shall be referred to for
structural work only unless otherwise
stated and read in conjunction with
Architect’s, Services Engineers and
Sub—Contractor’s drawings.

2. The Contractor shall check all levels
and dimensions, any errors or
omissions are to be reported at once
to the Engineer.
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References & Sizes
LEGEND
¢ DENOTES TIMBER JOISTS
References & Sizes
Ref Size & Description

T1 47x200 C24 Timber Joists @450mm c¢/c

T2 | 47x170 C24 Timber Joists @450mm c/c
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INTRODUCTION
Ref:
INTRODUCTION

CLIENT WOULD LIKE TO HAVE CALCULATIONS FOR A NEW BUILDING.

2935

215mm Thick 7.3N
215 Block wall

1 1 1 1 1 1

Bl B1 B1 B1 B1 B1

- P2-100Wx440Lx215 Deep Padstone ‘P1215Wxa40Lx215 Deep Padstone | P1-215Wx440Lx215 Deep Padstone P1-215Wx440Lx215 Deep Padstone PLIT5Wad0L215 Deep Padstorne P1-215Wxd4001215
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GENERAL SPECIFICATION
- ALL UNSPECIFIED LEVELS AND SETTING OUT SHALL BE AS PER THE ARCHITECTURAL DRAWINGS AND CONFIRMED BY THE CONTRACTOR.

- THE CONTRACTOR IS TO DESIGN, SUPPLY, INSTALL, AND MAINTAIN ALL NECESSARY TEMPORARY PROPPING TO ENSURE VERTICAL AND
LATERAL STABILITY TO ALL PARTS OF THE NEW AND EXISTING STRUCTURE.

- UNLESS NOTED OTHERWISE, IT HAS BEEN ASSUMED THAT THERE ARE SUITABLE FOUNDATIONS BENEATH ALL EXISTING LOAD-BEARING
WALLS.

- THE LENGTHS OF ALL STRUCTURAL ELEMENTS (E.G. BEAMS, COLUMNS, RAFTERS ETC) MUST BE MEASURED BY THE CONTRACTOR TO SUIT ON-
SITE BEFORE PLACING ANY ORDERS ON MATERIALS

- DO NOT SCALE FROM DRAWINGS OR TAKE DIMENSIONS FROM THE CALCULATIONS AND ANY DISCREPANCIES MUST BE REPORTED
IMMEDIATELY TO THE STRUCTURAL ENGINEER.

- ALL WORKS MUST BE UNDERTAKEN BY A SUITABLY COMPETENT AND EXPERIENCED CONTRACTOR
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LOADINGS

Ref: Output
LOADINGS (SOURCE: NA TO BS EN 1991-1-1:2002)
Dead Loadings
Internal Timber Floor Build
- Timber boards+joist = 0.35 kN/m2
- Ceiling and services = 0.15 kN/m2
Total = 0.50 kN/m2
Internal Timber Floor Build (Attic)
- Timber boards+joist = 0.15 kN/m2
- Ceiling and services = 0.15 kN/m2
Total = 0.30 kN/m2
Timber Flat Roof
- Asphalt waterproofing = 0.35 kN/m2
- Timber joists and insulation = 0.30 kN/m2
- Ceiling and services = 0.15 kN/m2
Total = 0.8 kN/m2
Timber Pitched Roof
- Tiles= 0.60 kN/m2
- Batens= 0.10 kN/m2
- Rafters = 0.15 kN/m2
Total = 0.85 kN/m2
Roof Space
- Joist+Insulation = 0.15 kN/m2
- Soffit = 0.15 kN/m2
Total = 0.30 kN/m2
Masonry Walls
- Blockwork = 14.00 kN/m3
- Lightweight Blockwork 7.3N = 10.00 kN/m3
- Standard clay bricks = 20.00 kN/m3
Live Loadings
Internal Live Loading
- Al Domestic use = 1.50 kN/m2
- Partitions with a self-weight of 1.0 kN/m wall length: gk = 0.5 kN/m2. = 0.50 kN/m2
Total = 2.00 kN/m2
- Snow and access (flat roof) = 0.75 kN/m2
- Snow and access (pitched roof) = 0.75 kN/m2
- Flat roof accessable for normal maintenance and Repair - Category H = 0.75 kN/m2
- Attic, live loading = 0.60 kN/m2
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Load Takedown
Ref:
LOADING
Dead Load Live Load
1.B1
(Span= 4.40 m ) Loading Span Loading Span
First floor 3 kN/m2 x 2.00 m = 6.000 kN/m| 5.00 kN/m2 x 2.00 m = 10.000 kN/m
Total udl 6.000 kN/m 10.000 kN/m
2. Raft Foundation
External wall
Loading Span Loading Span
Cavity wall 3.6 kN/m2 x 2.60 m = 9.360 kN/m
First floor 3 kN/m2 x 245 m = 7.350 kN/m| 5.00 kN/m2 x 245 m = 12.250 kN/m
Total udl 16.710 kN/m 12.250 kN/m
Internal wall
Loading Span Loading Span
Brick wall 3.6 kN/m2 «x 2.60 m = 9.360 kN/m
Dist (B1 @ full udl) 28.4 kN / 520 m = 5.462 kN/m| 44.00 kN / 5.20 m = 8.462 kN/m
Total udl 14.822 kN/m 8.462 kN/m
Dead Imposed
Load from slab on retaining wall (P1)
Load Span Load Span
First floor slab 3 kN/m2 «x 1.40 m = 4.200 kN/m| 5.00 kN/m2 X 1.40 m = 7.000 kN/m
UDL = 4.200 KN/m| 7.000 KN/m
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STEEL BEAM ANALYSIS & DESIGN (EN1993-1-1:2005)

In accordance with EN1993-1-1:2005 incorporating Corrigenda February 2006 and April 2009 and the UK national

annex

23.715

Load Envelope - Combination 1

TEDDS calculation version 3.0.14

4400

kNm

Bending Moment Envelope

574
4400

Shear Force Envelope

4400

-52.2

Support conditions
Support A

Support B

Applied loading
Beam loads

Load combinations
Load combination 1

Vertically restrained
Rotationally free
Vertically restrained
Rotationally free

Permanent self weight of beam x 1
Permanent full UDL 6 kN/m
Variable full UDL 10 kN/m

Support A

Permanent x 1.35

Variable x 1.50
Permanent x 1.35
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Analysis results

Maximum moment

Maximum shear

Deflection

Maximum reaction at support A

Unfactored permanent load reaction at support A
Unfactored variable load reaction at support A
Maximum reaction at support B

Unfactored permanent load reaction at support B
Unfactored variable load reaction at support B

Section details
Section type
Steel grade

Support B

Mmax = 57.4 kNm
Vmax = 52.2 kN

Smax = 8.3 mm

Ra_max = 52.2 kN
Ra_permanent = 14.2 kN
Ra_variabie = 22 KN
Rs_max = 52.2 kN
Rs_permanent = 14.2 kN
Rs_variabie = 22 KN

Variable x 1.50
Permanent x 1.35
Variable x 1.50

Mmin = 0 KNm
Vimin = -52.2 KN

Smin =0 mm

RA_min =52.2 kN

RB_min =52.2 kN

UC 203x203x46 (British Steel Section Range 2022 (BS4-1))

S355

EN 10025-2:2004 - Hot rolled products of structural steels

Nominal thickness of element
Nominal yield strength

Nominal ultimate tensile strength
Modulus of elasticity

t = max(tr, tw) = 11.0 mm
fy = 355 N/mm?

fu = 470 N/mm?

E =210000 N/mm?

Yy é ‘
t N/
E > 72
k3
¥y = ‘
T
« 203.6 »
Partial factors - Section 6.1
Resistance of cross-sections o =1.00
Resistance of members to instability i =1.00
Resistance of tensile members to fracture e =1.10

Lateral restraint

Effective length factors
Effective length factor in major axis

Span 1 has lateral restraint at supports only

Ky =1.000
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Effective length factor in minor axis Kz=1.000
Effective length factor for torsion Kira =1.000
Kirs =1.000
Classification of cross sections - Section 5.5
e =[235 N/mm?/ f,] = 0.81
Internal compression parts subject to bending - Table 5.2 (sheet 1 of 3)
Width of section c=d=155.8 mm
c/tw=266xeg<=72x¢ Class 1
Outstand flanges - Table 5.2 (sheet 2 of 3)
Width of section c=(b-tw-2xr)/2=855mm
c/tr=96xe<=10x¢ Class 2
Section is class 2

Check shear - Section 6.2.6
Height of web
Shear area factor

Design shear force
Shear area - cl 6.2.6(3)
Design shear resistance - ¢l 6.2.6(2)

hw=h-2xt=181.2mm
n =1.000
hw/tw<72x¢e/n
Shear buckling resistance can be ignored

Ved = max(abs(Vmax), abs(Vmin)) = 52.2 kN
Av=max(A-2x b xtr+ (tw+ 2 xr) x tr, ) x hw x tw) = 1802 mm?
Verd = Voira = Ay x (fy / V[3]) / ymo = 369.3 kN

PASS - Design shear resistance exceeds design shear force

Check bending moment major (y-y) axis - Section 6.2.5

Design bending moment
Design bending resistance moment - eq 6.13

Slenderness ratio for lateral torsional buckling

Correction factor - Table 6.6

Curvature factor

Poissons ratio

Shear modulus

Unrestrained length

Elastic critical buckling moment

Slenderness ratio for lateral torsional buckling

Limiting slenderness ratio

Design resistance for buckling - Section 6.3.2.1

Buckling curve - Table 6.5
Imperfection factor - Table 6.3
Correction factor for rolled sections
LTB reduction determination factor
LTB reduction factor - eq 6.57

Med = max(abs(Ms1_max), abs(Ms1_min)) = 57.4 kNm
McRrd = Mpird = Wiy x fy / ymo = 178.1 kNm

ke = 0.94
Ci=1/k?=1.132
g=[1-(2/1)]=0.815
v=0.3
G=E/[2x (1+v)]=80769 N/mm?
L =1.0 x Ls1 = 4400 mm
Mor=Cix 2 xExl/(L2xg)x[lw/ L+ 12x G x|t/ (n2 xE xI;)] =330.6
kNm

At = V(Woiy x fy / Mor) = 0.734

Ao = 0.4

ALT> uto - Lateral torsional buckling cannot be ignored

b
ot = 0.34

p=0.75

ot =05 x[1 + 0wt x ( ALT- ALTo) + B x Atq] = 0.759
yur=min(1/ [gur + V(@ - B x @), 1, 1/ A?) = 0.852




Project Job Ref.
J UST MAES Y COED GUEST HOUSE, MERTHYR TYDFIL, CF47 |65
B E A M S Section Sheet no./rev.
B1 01/ 4
JUST BEAMS , '
28 HARROW ROAD, NEWPORT Calc. by Date Chk'd by Date App'd by Date
ZR 06-11-2024 |ZR 06-11-2024 |ZR 06-11-2024

Modification factor
Modified LTB reduction factor - eq 6.58

Design buckling resistance moment - eq 6.55

Check vertical deflection - Section 7.2.1

f=min(1-0.5 x (1-ke)x[1-2x( A-0.8)3, 1) = 0.970

¥LTmod = min(ycr / f, 1) = 0.878

Mb,Rd = yLT.mod X Wiy x fy / ym1 = 156.5 kKNm

Consider deflection due to permanent and variable loads

Limiting deflection
Maximum deflection span 1

8im = Ls1 / 360 =12.2 mm

8 = max(abs(Smax), abs(dmin)) = 8.305 mm
PASS - Maximum deflection does not exceed deflection limit

PASS - Design buckling resistance moment exceeds design bending moment
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MASONRY WALL PANEL DESIGN
In accordance with BS5628-1:2005

Masonry panel details

Unreinforced masonry wall without openings
Panel length

Panel height

Panel support conditions

Effective panel length
Effective panel height

L =5500 mm
h =2800 mm

All edges supported
Ler = 1.0 x L = 5500 mm
her = 1.0 x h = 2800 mm

5500

Tedds calculation version 1.2.16

Single-leaf wall construction details
Wall thickness
Effective wall thickness

t=215mm
ter=t=215mm




Project Job Ref.
J UST MAES Y COED GUEST HOUSE, MERTHYR TYDFIL, CF47 |65

B E A M S Section Sheet no./rev.

Wall 02/ 2
JUST BEAMS
28 HARROW ROAD, NEWPORT Calc. by Date Chk'd by Date App'd by Date
ZR 06-11-2024 |ZR 06-11-2024 |ZR 06-11-2024
I
I
Masonry details
Masonry type Aggregate concrete blocks with no voids
Compressive strength of unit Punit = 7.3 N/mm?
Mortar strength Class/Designation M6 / (ii)
Height of masonry units ho =215 mm
Density of masonry v =18.0 kN/m?
Least horizontal dimension of masonry units tmin =100 mm
Ratio of height to least horizontal dimension ho / tmin = 2.15

From BS5628-1 Table 2d - Characteristic compressive strength of masonry
Characteristic compressive strength fk = 6.40 N/mm?

From BS5628-1 Table 3 - Characteristic flexural strength of masonry
Plane of failure parallel to bed joints fix_para = 0.17 N/mn??
Plane of failure perpendicular to bed joints fio_perp = 0.41 N/mm?

Vertical loading details

Partial safety factors for material strength

Category of manufacturing control Category I
Category of construction control Normal
Partial safety factor for masonry in compression  ymc = 3.50
Partial safety factor for masonry in flexure ymf = 3.00
Partial safety factor for masonry in shear ymv = 2.50

Slenderness ratio (cl 24.1)
Allowable slenderness ratio SRai =27
Slenderness ratio SR = min(hef, Ler) / tef = 13.0
PASS - Slenderness ratio is less than maximum allowable

Vertical loading (cl 28)

Partial safety factors for design loads
Partial safety factor for design dead load vic = 1.40
Partial safety factor for design imposed load yia = 1.60
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Check vertical loads at top of wall
Design vertical load on wall

Design vertical load stress on wall
Bearing safety factor

Allowable stress capacity

Check vertical loads at 0.4 x h below top of wall
Length of bearing distribution at 0.4 x h
Eccentricity of concentrated load

Design vertical load on wall

Design vertical load stress on wall

Design bending moment

Resultant eccentricity at the top of the wall

Capacity reduction factor
Allowable stress capacity

Fv = (Gk + Gk / Wb) X i + (Qk + Qok / Wb) x yia = 542.7 KN/m
fv=Fv/t=2.524 N/mn?

Ybear = 1.50

feap = Ybear X fi/ Yme = 2.743 N/mm?
PASS - Allowable stress capacity exceeds design vertical load stress on wall

le =0.8 x h +w, = 2443 mm

ec=(t-lb)/2=57mm

Fum = (Gk + Gok / ld) x yi6 + (Qk + Qek / la) x yra = 45.1 kKN/m
fum = Fym / t = 0.210 N/mn?

M = (G« x €6 + Gek x ec / la) x yic + (Qk x ea + Quk x ec / ld) x yra
My = 2.6 KNm/m

ex=M,/Fwm=57 mm
From BS5628-1 Table 7 - Capacity reduction factor

B =0.51

feapm = B x fi/ Yme= 0.936 N/mm?
PASS - Allowable stress capacity exceeds design vertical load stress on wall
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MASONRY BEARING DESIGN

In accordance with EN1996-1-1:2005 + A1:2012, incorporating Corrigenda February 2006 and July 2009 and the UK

National Annex.

Tedds calculation version 1.0.14

Summary table
Load Local concentration Spreader Utilisation
Design force ‘ Resistance | Design stress ‘ Resistance
1 104.3 kN \ 65.3 kN 1.11 N/mm? \ 1.50 N/mm? 0.742 Pass
Masonry panel details
Panel length L =2000 mm
Panel height h =2800 mm
Thickness of load bearing leaf t=215mm
Effective height hef = 2800 mm
Effective thickness tef =215 mm
Masonry material details
Unit type Aggregate concrete - Group 1
Compressive strength of masonry unit fe = 3.6 N/mm?
Height of unit hu =215 mm
Width of unit wu =100 mm
Conditioning factor k=1.0
- Conditioning to the air dry condition in accordance with cl.7.3.2
Shape factor - Table A.1 dsr=1.38
Mean compressive strength of masonry unit fb = fo x k x ds = 4.97 N/mm?
Specific weight of units v =18 kN/m®
Mortar type M4 - General Purpose
Compressive strength of mortar fm = 4.0 N/mm?
Compressive strength factor - Thl. NA 4 K=0.75

Characteristic compressive strength - eq. 3.1
Short term secant modulus of elasticity factor
Modulus of elasticity - ¢.3.7.2

Design compressive strength of masonry
Category of manufacturing control

Class of execution control

Partial factor for compressive strength
Cross-sectional area of wall

Design compressive strength of masonry

Partial safety factors for design loads
Partial safety factor for permanent load
Partial safety factor for variable load
Superimposed vertical loading details

Permanent UDL at top of wall
Variable UDL at top of wall

fk = K x 607 x fn®3 = 3.49 N/mm?
Ke =1000
Ew = Ke x fk = 3491 N/mn??

Category Il

Class 2

= 3.00
A=Lxt=043n7?

fa = fc / ym = 1.16 N/mm?

16 =1.35
yia = 1.50

gk =0.00 kN/m
gk = 0.00 kN/m
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Eccentricity of permanent UDL load equ=0mm
Eccentricity of variable UDL load equ =0mm

Slenderness ratio of masonry wall - Section 5.5.1.4

Slenderness ratio limit

Slenderness ratio

Concentrated Load 1 details

2800

Permanent concentrated load

Variable concentrated load

Eccentricity of concentrated load

Length of concentrated load

Width of concentrated load

Height of concentrated load

Distance of load to right vertical edge
Distance of load to nearest vertical edge

Mim = 27
A =hef/ ter =13.0
PASS - Slenderness ratio is less than slenderness limit

104.34 kN

300]
/ ;(
/ g
93.56 kN/m J
fe—1210——»
2000
Gie1 = 28.40 kKN
Qxct =44.00 kN
et =0 mm
Le1 =203 mm
Wer1 =215 mm
het = 2800 mm
ri1 =198 mm
a1 =198 mm

Walls subjected to concentrated loads - Section 6.1.3

Eccentricity check

Area of bearing

Effective length of bearing at mid-height
Effective bearing area

Bearing area ratio check

Initial enhancement factor

Maximum enhancement factor

Enhancement factor for concentrated loads

en<=t/4
PASS - Eccentricity of load is less than t/4
Ab1 = Lot x Wet = 43645 mm?
leim1 = Let + het / 2 x tan(30) + r11 = 1210 mm
Actt = lefm x t = 260105 mm?
Avatior = Min(Ao1 / Aer1, 0.45) = 0.17
Bintt = Max((1 + 0.3 x a11 / het) x (1.5 - 1.1 x Asatio1), 1.0) = 1.34
Bmaxt = Min(1.25 + a1 / (2 x het), 1.5) = 1.29
B1 = Min(Binit1, Bmax1) = 1.29
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Design value of the concentrated load
Design value concentrated load resistance

Design of spreader beam

Type of spreader

Type of bearing onto spreader
Location of load from RHS of spreader
Length of spreader

Height of spreader

Width of spreader

Eccentricity of load on spreader
Modulus of elasticity

Second moment of area

Modulus of the wall

Winkler's constant

Characteristic of the system
Classification of spreader

Krilov's functions for the spreader length

Krilov's functions at the point load

Using method of initial conditions
Initial moment of LH edge

Initial shear of LH edge

Which gives

and

Therefore,
Initial deflection of LH edge
Initial rotationof LH edge

Location of maximum deflection
Krilov's functions at the spreader length

Distance of point load right of loaction
Krilov's functions at the spreader length

Nedet = Giet x Y16 + Quot x yia = 104.34 kN
NRrde1 = B1 x Abt x fg = 65.29 kN

Applied concentrated load exceeds design resistance, spreader required!

Concrete padstone

Point load
P11=220 mm
Lspt =440 mm
hspt =215 mm
Wspt =215 mm
espt =0 mm

Espt = 29962 N/mm?

lsp1 = 1/12 x Wep1 x hsp1® = 178062552 mm*

ko = Ew/ h =1.25 N/mm?/mm

Ke1 = ko x Wsp1 = 268.09 N/mm/mm

o1 = (Kot / (4 x Espt x lsp1))"™ = 0.00188 mm*

oL1 = a1 x Lsp1 = 0.83 Medium

Bat = 1/2 x (cosh(alt) x sin(180 x oL+ / ©r) + sinh(al1) x cos(180 x al1/ 1))
=0.82

Can = 1/2 x sinh(alL1) x sin(180 x oL+ / ) = 0.34

Dt = 1/4 x (cosh(ol1) x sin(180 x a1 / ) - sinh(al1) x cos(180 x ol / 1))
=0.09

Aup11 = cosh(ou x P11) x cos(180 x a1 x P11/ ) = 1.00

Bor11 = 1/2 x (cosh(out x P11) x sin(180 x ot x P11/ 7t) + sinh(ou x P11) x
cos(180 x a1 x P11/ m)) = 0.41

Mo1 = 0 KNm

Vo1 =0kN

(4 x a1? x Caat x 801 + 4 x a1 x Dot x Dot) x Espt x lsp1 - Bop11 / o1 x NEger =
0.00 kNm

(4 x or® x Bant x 801 + 4 x 011? x Caa1 x Do1) x Espt X lspt = Aep11 x Nedet = 0.00
kN

do1 = 0.87675 mm
®o1 = 0.000079

Xadeft = 220 mm

Aoxdert = COSh(au1 x Xdeft) x COS(180 x ou x Xder1 / 1) = 1.00

Boxdert = 1/2 x (cosh(ou x Xdeft) x SiN(180 x o1 x Xdert / 1) + sinh(o x Xdeft) x
cos(180 x a1 x Xdet / 7)) = 0.41

Pidert = 0 mm

Duptdett = 1/4 x (cosh(o x pideft) x SiN(180 x a1 x P1dert / ) - Sinh(ou X P1deft)
x €0S(180 x o x p1der1 / m)) = 0.00
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Particular integral due to load 8'1 = Daptdeft / o1 x Neaet / (Ispt x Espt) = 0.000 mm
Maximum deflection Smaxt = Auxdeft X 801 + Buxdert x ®o1/ a1 + &'1 = 0.890 mm
Location of maximum moment xm1 = 220 mm
Krilov's functions at the spreader length Coxmt = 1/2 x sinh(ou x xm1) x sin(180 x a1 x xw1 / ) = 0.09

Doxmt = 1/4 x (cosh(ou x xm1) x sin(180 x a1 x xw1 / 1) - sinh(air x Xw1) x
cos(180 x a1 x xw1 / m)) = 0.01

Distance of point load right of loaction pivt =0 mm

Krilov's functions at the spreader length Bepimt = 1/2 x (cosh(ai x pimt) x sin(180 x ot x pimt / ) + sinh(ou x pim1) x
cos(180 x a1 x pmw / 1)) = 0.00

Particular integral due to load M1 = -Bopimt / 01 x Nede1 = 0.00 KNm

Maximum moment Medspt = (4 x 01? x Cott x 301 + 4 x a1 x Dt x @o1) x (Isp1 x Esp) + M1 =
5.72 kNm

Location of maximum shear xvi =220 mm

Krilov's functions at the spreader length Baxvt = 1/2 x (cosh(au x xv1) x sin(180 x au x xv1 / 1) + sinh(ou x Xv1) x

cos(180 x a1 x xv1/ ) = 0.41
Coxvt = 1/2 x sinh(ai1 x xv1) x sin(180 x o1 x Xv1 / 7t) = 0.09

Distance of point load right of loaction pivi =0 mm

Krilov's functions at the spreader length Acptvt = cosh(au x p1vi) x cos(180 x ou x prv1 / ) = 1.00

Particular integral due to load V'1 = -Auptv1 X Nede1 = -104.34 kN

Shear at concentrated point load Vi = (4 x o3 x Baxv1 x 801 + 4 x 012 x Coxvt x Do1) x (Isp1 x Espt) + V'1 = =
52.17 kN

Maximum shear Vedspt = Max(Abs(V1), Neaet - Abs(V1)) = 52.17 kN

Maximum allowable stress under spreader GRaspt = P1 x fa = 1.50 N/mm?

Maximum reaction NEdspt = Kt x Smaxt = 238.53 KN/m

Design stress oedsp1 = Neaspt / Wept = 1.11 N/mn?

PASS - Design stress under spreader is less than the allowable bearing stress

Walls subjected to mainly vertical loading - Section6.1.2
Eccentricity of permanent UDL at mid-height below concentrated load

€gmut = €gu X het / (2 x h) = 0.0 mm
Eccentricity of variable UDL at mid-height below concentrated load

€qmut = €qu X het / (2 x h) = 0.0 mm
Eccentricity of concentrated load at mid-height emct =€c1/2=0.0mm

Initial eccentricity - ¢.5.5.1.1(4) eint = her / 450 = 6.2 mm

Concentrated load at mid-height as UDL Nmct = Nedet / leim1 = 86.25 KN/m

Vertical load at mid-height Neat = (gk +y x t x (h - het / 2)) x yi6 + Gk x yr@ + Nmet1 = 93.56 kN/m
Design moment at mid-height Med1 = gk X Y16 X €gmut + Qk X YiQ X €qmut + Nme1 X €mc1 = 0.00 KNm/m
Eccentricities due to loads - eq. 6.7 emt1 = Abs(Med1) / Nt + eint = 6.2 mm

Slenderness ratio limit for creep eccentricity Ao =27

Eccentricity due to creep ek =0.0 mm

Eccentricity at mid-height - eq. 6.6 emk1 = Max(emt + ex1, 0.05 x t) =10.8 mm
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From eq. G2 Arn=1-2xem/t=0.90
Fromeq. G3 Ut = (her / tef x (1 / Ke)"2 - 0.063) / (0.73 - 1.17 x emk1 / t) = 0.52
Capacity reduction factor - eq. G1 Dm1 = Ar1 x exp(-(u?) / 2) = 0.79
Design vertical resistance of panel - eq.6.2 Nrd1 = @m1 x t x fa = 196.77 KN/m

PASS - Design value of vertical resistance exceeds applied vertical load




Project Job Ref.
J UST MAES Y COED GUEST HOUSE, MERTHYR TYDFIL, CF47 |65

B E A M S Section Sheet no./rev.

P2 04/ 1
JUST BEAMS ' :
28 HARROW ROAD, NEWPORT Calc. by Date Chk'd by Date App'd by Date
ZR 06-11-2024 |ZR 06-11-2024 |ZR 06-11-2024

MASONRY BEARING DESIGN

In accordance with EN1996-1-1:2005 + A1:2012, incorporating Corrigenda February 2006 and July 2009 and the UK
National Annex.

Tedds calculation version 1.0.14

Summary table
Load Local concentration Spreader Utilisation
Design force ‘ Resistance | Design stress ‘ Resistance
1 52.2 kN \ 31.2kN 1.19 N/mm? \ 1.54 N/mm? 0.776 Pass
Masonry panel details
Panel length L =2000 mm
Panel height h =2800 mm

Panel support conditions
All edges supported

2800

«———2000——
Effective height of masonry wall - Section 5.5.1.2
Vertical restraints L < 30 x tef (Wall restrained at the top and bottom and stiffened on two
vertical edges)
Horizontal restraints Simply supported
Reduction factor - eq. 5.9 pa=(0.5xL)/h=0.36

Effective height of wall - eq. 5.2 het = p4 x h =1000 mm
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Wall construction details

= <" |

<100 > 100>}« 100»|
\—

T\—

[
A

Wall type

Inner leaf thickness
Cavity thickness
Outer leaf thickness

Cavity wall

t2=100.0 mm
tc =100.0 mm
t1=100.0 mm

Effective thickness of masonry wall - Section 5.5.1.3

Effective thickness of inner leaf
Effective thickness of outer leaf
Factor for the relative E values

Effective thickness - eq. 5.11

Masonry material details

Unit type

Compressive strength of masonry unit
Height of unit

Width of unit

Conditioning factor

terr = 12=100.0 mm

tert = Min(t1, t2) = 100.0 mm

kter = 1.00

ter = (Ktef X tert® + ter2®)"® = 126.0 mm

Aggregate concrete - Group 1
fe = 3.6 N/mm?

hu =215 mm

wu =100 mm

k=1.0

- Conditioning to the air dry condition in accordance with cl.7.3.2

Shape factor - Table A.1

Mean compressive strength of masonry unit
Specific weight of units

Mortar type

Compressive strength of mortar
Compressive strength factor - Thl. NA 4
Characteristic compressive strength - eq. 3.1
Short term secant modulus of elasticity factor
Modulus of elasticity - ¢l.3.7.2

dss=1.38

fo = fe x k x dst = 4.97 N/mm?

v =18 kKN/m®

M4 - General Purpose

fm = 4.0 N/mn?

K=0.75

fi = K x 27 x fm®3 = 3.49 N/mn?
Ke =1000

Ew = Ke x fk = 3491 N/mn?

Design compressive strength of masonry for inner (loaded) leaf

Category of manufacturing control

Class of execution control

Partial factor for compressive strength
Cross-sectional area of wall

Design compressive strength of masonry

Partial safety factors for design loads
Partial safety factor for permanent load
Partial safety factor for variable load

Superimposed vertical loading details
Permanent UDL at top of wall

Category I

Class 2

= 3.00
A=Lxt=0.20 m?

fa =fk/ym = 1.16 N/mn??

vic =1.35
12 = 1.50

gk = 0.00 kN/m
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Variable UDL at top of wall gk = 0.00 kN/m
Eccentricity of permanent UDL load equ=0mm
Eccentricity of variable UDL load €equ=0mm

Slenderness ratio of masonry wall - Section 5.5.1.4
Slenderness ratio limit Aim = 27
Slenderness ratio A=het/ter=7.9
PASS - Slenderness ratio is less than slenderness limit

Concentrated Load 1 details

52.17 kN
stooﬂ
\
/ \|
/ s
/ 40.41 kN/m J
9 f———1410———»|
A
372000—ﬂ
Permanent concentrated load Gret = 14.20 kN
Variable concentrated load Qket = 22.00 kN
Eccentricity of concentrated load €1=0mm
Length of concentrated load Lc1 =203 mm
Width of concentrated load Wet =100 mm
Height of concentrated load het = 2800 mm
Distance of load to right vertical edge ri1 =398 mm
Distance of load to nearest vertical edge an =398 mm

Walls subjected to concentrated loads - Section 6.1.3

Eccentricity check e <=t/4
PASS - Eccentricity of load is less than t/4
Area of bearing Av1 = Let x Wer = 20300 mn?
Effective length of bearing at mid-height leimt = Let + het / 2 x tan(30) + r11 = 1410 mm
Effective bearing area Asit = lefmt x t = 140979 mm?
Bearing area ratio check Aratiot = Min(Ab1 / Aet1, 0.45) = 0.14
Initial enhancement factor Bintt = Max((1 + 0.3 x a11 / het) x (1.5 - 1.1 x Aratiot), 1.0) = 1.40

Maximum enhancement factor Bmaxt =Min(1.25 + a11/ (2 x het), 1.5) =1.32
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Enhancement factor for concentrated loads B1 = Min(Binit1, Pmax1) = 1.32
Nedct = Gket x yiG + Qiet % yi@ = 52.17 kN
NRract = 1 x Apt x fa = 31.21 kN

Applied concentrated load exceeds design resistance, spreader required!

Design value of the concentrated load
Design value concentrated load resistance

Design of spreader beam

Type of spreader

Type of bearing onto spreader
Location of load from RHS of spreader
Length of spreader

Height of spreader

Width of spreader

Eccentricity of load on spreader
Modulus of elasticity

Second moment of area

Modulus of the wall

Winkler's constant

Characteristic of the system
Classification of spreader

Krilov's functions for the spreader length

Krilov's functions at the point load

Using method of initial conditions
Initial moment of LH edge

Initial shear of LH edge

Which gives

and

Therefore,
Initial deflection of LH edge
Initial rotationof LH edge

Location of maximum deflection
Krilov's functions at the spreader length

Distance of point load right of loaction

Concrete padstone

Point load
P11=220 mm
Lsp1 =440 mm
hspt =215 mm
Wspt =100 mm
esp1 =0 mm

Espt = 29962 N/mm?

lspt = 1/12 x Wept x hsp1® = 82819792 mm*

ko = Ew/ h =1.25 N/mm?/mm

Kot = ko x Wspt = 124.69 N/mm/mm

a1 = (Kot / (4 x Espt x Isp1))" = 0.00188 mm™

olL1=ou x Lsp1 = 0.83 Medium

Bt = 1/2 x (cosh(olL1) x sin(180 x al1 / ) + sinh(aL1) x cos(180 x alL+ / w))
=0.82

Cunt = 1/2 x sinh(al1) x sin(180 x oL+ / 7t) = 0.34

Duit = 1/4 x (cosh(al1) x sin(180 x alL1 / 1) - sinh(al1) x cos(180 x aL1 / 1))
=0.09

Asp11 = cosh(au x P11) x cos(180 x ou x P11/ 1) = 1.00

Bop11 = 1/2 x (cosh(ou x P11) x sin(180 x o1 x P11/ 1) + sinh(ou x P11) x
cos(180 x a1 x P11/ 7)) = 0.41

Mo1 =0 kNm

Vo1 =0 kN

(4 x a1? x Cat x 801 + 4 x a1 x Dot x Dot) x Espt x Isp1 - BoP11 / 01 x NEdet =
0.00 kNm

(4 x or® x Bant x 801 + 4 x 011? x Cott x Do1) x Espt x lspt = AwP11 x Nedet = 0.00
kN

801 = 0.94250 mm
@01 = 0.000084

Xdeft = 220 mm

Auxdeft = cosh(ou x Xdert) x cos(180 x a1 x Xdert / 1) = 1.00

Baxdert = 1/2 x (cosh(ou x Xder1) x SiN(180 x ou1 x Xder1 / 1) + Sinh(ou x Xdeft) x
cos(180 x a1 x Xaeft / 7)) = 0.41

Pidert = 0 mm
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Krilov's functions at the spreader length Dopidert = 1/4 x (cosh(oi x p1dert) x Sin(180 x a1 x P1dert / ) = Sinh(out x P1det)
x c0S(180 x a1 x p1der1 / m)) = 0.00
Particular integral due to load 8"1 = Daptdeft / o1 x Neaet / (Ispt x Espt) = 0.000 mm
Maximum deflection Omaxt = Auxdeft X 801 + Baxdert x Do1/ a1 + 8'1 = 0.956 mm
Location of maximum moment xwt =220 mm
Krilov's functions at the spreader length Coxvt = 1/2 x sinh(ou x xm1) x sin(180 x a1 x xw1 / ) = 0.09

Doxmt = 1/4 x (cosh(ou x xm1) x sin(180 x a1 x Xw1 / ) - sinh(air x Xw1) x
cos(180 x a1 x xw1 / «)) = 0.01

Distance of point load right of loaction pimt =0 mm

Krilov's functions at the spreader length Bapimt = 1/2 x (cosh(ai x pimt) x sin(180 x ot x pimt / ) + sinh(ou x pim1) x
cos(180 x a1 x pmw / )) = 0.00

Particular integral due to load M'1 = -Bopimt / a1 x Nede1 = 0.00 kNm

Maximum moment Medspt = (4 x 01? x Coxtt X 801 + 4 x a1 x Daxwt x Do1) x (Ispt x Esp1) + M1 =
2.86 KNm

Location of maximum shear xvi =220 mm

Krilov's functions at the spreader length Baxvt = 1/2 x (cosh(au x xv1) x sin(180 x aut x xv1 / 1) + sinh(ou x Xv1) x

cos(180 x a1 x xv1/ ) = 0.41
Coxvt = 1/2 x sinh(au1 x xv1) x sin(180 x o1 x xv1 / 7t) = 0.09

Distance of point load right of loaction pivi =0 mm

Krilov's functions at the spreader length Aupivt = cosh(ai x p1vi) x cos(180 x ou x prv1 / ) = 1.00

Particular integral due to load V't = -Auptvt X Nedet = -52.17 kN

Shear at concentrated point load Vi = (4 x 013 x Baxv1 x 801 + 4 x 012 x Coxvt x @o1) x (Ispt x Espt) + V'1 = =
26.09 kN

Maximum shear VEeaspt = Max(Abs(V1), Nedct - Abs(V1)) = 26.09 kN

Maximum allowable stress under spreader GRaspt = P1 x fa = 1.54 N/mm?

Maximum reaction NEdspt = Ket X Smaxt = 119.26 KN/m

Design stress oEdsp1 = Neaspt / Wept = 1.19 N/mn??

PASS - Design stress under spreader is less than the allowable bearing stress

Walls subjected to mainly vertical loading - Section6.1.2
Eccentricity of permanent UDL at mid-height below concentrated load

€gmut = €gu X het / (2 x h) = 0.0 mm
Eccentricity of variable UDL at mid-height below concentrated load

€gmu1 = €qu X het / (2 x h) =0.0 mm

Eccentricity of concentrated load at mid-height emct =€c1/2=0.0mm

Initial eccentricity - ¢1.5.5.1.1(4) eint = her / 450 = 2.2 mm

Concentrated load at mid-height as UDL Nmet1 = Nedet / lefmt = 37.01 kN/m

Vertical load at mid-height Negt = (gk + vy x t x (h - het / 2)) x yt6 + qk x yia + Nmc1 = 40.41 KN/m
Design moment at mid-height Med1 = gk X Y6 X €gmut + Qk X Y@ X €gmut + Nme1 X €mct = 0.00 KNm/m
Eccentricities due to loads - eq. 6.7 em1 = AbsS(Med1) / Nedat + €int = 2.2 mm

Slenderness ratio limit for creep eccentricity Ao =27
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Eccentricity due to creep ex1 =0.0 mm
Eccentricity at mid-height - eq. 6.6 emk1 = Max(em1 + ex1, 0.05 x t) = 5.0 mm
From eq. G2 Arn=1-2xem/t=0.90
From eq. G3 Ut = (her / tef x (1 / Ke)"2 - 0.063) / (0.73 - 1.17 x emk1 / t) = 0.28
Capacity reduction factor - eq. G1 Dmi = A1t x exp(-(u?) / 2) = 0.87
Design vertical resistance of panel - eq.6.2 Nrd1 = ®m1 x t x fa = 100.72 KN/m

PASS - Design value of vertical resistance exceeds applied vertical load
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RC RAFT FOUNDATION

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

Tedds calculation version 1.0.05

Design summary

Overall design status PASS

Overall design utilisation 0.942

Slab

Description Unit Provided Required Utilisation |Result
Bearing load KN/m? 50.0 11.7 0.234 PASS
Top reinforcement mm?/m 393 165 0.420 PASS
Bottom reinforcement mm?/m 393 165 0.420 PASS
Shear resistance kN/m 56.0 10.5 0.188 PASS
Span to depth ratio 60.0 32.9 0.548 PASS
Edge/corner beam

Description Unit Provided Required Utilisation |Result
Top slab reinf. for bearing mm?/m 393 283 0.720 PASS
Top reinforcement (edge) mm? 603 568 0.942 PASS
Bottom reinforcement (edge) mm? 603 568 0.942 PASS
Shear reinforcement (edge) mm2/m 698 362 0.519 PASS
Boot reinforcement (edge boot) |mm?m 349 291 0.833 PASS
Shear resistance (edge boot) kN/m 103.6 21.2 0.205 PASS
Bearing pressure (corner boot)  |kN/m? 50 15 0.296 PASS
Top reinforcement (corner) mm? 603 387 0.641 PASS
Shear resistance (corner) kN 74.9 55.8 0.745 PASS
Span to depth ratio (corner) 16.0 6.6 0.415 PASS
Internal beam

Description Unit Provided  |Required  |Utilisation | Result
Top slab reinf. for transfer mm?/m 393 157 0.400 PASS
Bot slab reinf. for transfer mm?/m 393 157 0.400 PASS
Bot slab reinf. for bearing mm?/m 393 157 0.400 PASS
Top reinforcement mm? 804 635 0.789 PASS
Bottom reinforcement mm? 804 635 0.789 PASS
Shear reinforcement mm?/m 698 407 0.583 PASS
Concrete details - Table 3.1. Strength and deformation characteristics for concrete

Concrete strength class C32/40

Aggregate type Quartzite

Aggregate adjustment factor - ¢l.3.1.3(2) AAF =1.0

Characteristic compressive cylinder strength fok = 32 N/mm?

Mean value of compressive cylinder strength fom = o + 8 N/mm? = 40 N/mm?

Mean value of axial tensile strength fom = 0.3 N/mm? x (fad 1 Nfmm?)?® = 3.0 N/mm?
Secant modulus of elasticity of concrete Eem = 22 KN/mm?2x(fom / 10 N/mm?)°2 x AAF = 33346 N/mm?
Ultimate strain - Table 3.1 gcuz = 0.0035

Shortening strain - Table 3.1 ecus = 0.0035

Effective compression zone height factor A =0.80

Effective strength factor n=1.00
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Coefficient k1 k1= 0.40

Coefficient kz k2=1.0 x (0.6 + 0.0014 / gcu2) = 1.00

Coefficient ks ks = 0.40

Coefficient ka ke =1.0x (0.6 +0.0014 / gcu2) = 1.00

Partial factor for concrete -Table 2.1N vc =1.50

Compressive strength coefficient - cl.3.1.6(1) occ = 0.85

Design compressive concrete strength - exp.3.15  fed = oee x fok / yc = 18.1 N/mm?

Compressive strength coefficient - cl.3.1.6(1) oeow = 1.00

Design compressive concrete strength - exp.3.15  fowd = otcow x fok / v = 21.3 N/mm?

Maximum aggregate size hagg = 20 mm

Monolithic simple support moment factor B1=0.25

Density of reinforced concrete

Reinforcement details

Characteristic yield strength of reinforcement
Partial factor for reinforcing steel - Table 2.1N
Design yield strength of reinforcement

Soil properties

Allowable bearing pressure

Soil classification

Density of hardcore/compacted fill
Angle of dispersal through fill from horizontal
Assumed diameter of depression

Peonc = 24.5 kN/m®

fyk = 500 N/mn?
rs=1.15
fya = fyk / ys = 435 N/mm?

Qallow = 50.0 kKN/m?

D - Two or more variable soil types with variable density
prit = 20 kKN/m?®

o = 60.0 deg

(Qdep_basic = 3500 mm

A393 mesh - 104 at 200 c/c

A393 mesh - 104 at 200 ¢/c

C32/40 slab

Hardcore base

Section through slab

Slab details
T K
150 : /
I

Slab thickness

Hardcore thickness

Diameter of depression modified for hardcore
Nominal cover to slab top reinforcement
Nominal cover to slab bottom reinforcement
Top reinforcement provided

Area of top reinforcement provided

Average effective depth of top reinforcement
Minimum effective depth of top reinforcement
Bottom reinforcement provided

Area of bottom reinforcement provided

Average effective depth of bottom reinforcement

hsiab = 150 mm

hii_siab = 150 mm

(Qdep_stab = Qep_basic - hfiil_siab b1 = 3350 mm
Crom_slab_t = 35 mm

Cnom_slab_b = 35 mm

A393 mesh - 10¢ at 200 c/c

As,prov_t_siab = 393 mm&m

davg_t_slab = hslab - Cnom_slab_t - {t_slab = 105 mm
Omin_t_siab = hslab = Cnom_slab t = 1.5 x ¢t_stab = 100 mm
A393 mesh - 10¢ at 200 c/c

As,prov_b_slab = 393 mm&/m

davg_b_slab = hslab - Cnom_slab_b - ¢b_s|ab =105 mm
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Minimum effective depth of bottom reinforcement  dmin_b_siab = hsiab - Cnom slab_b = 1.5 x ¢b_siab = 100 mm

Slab UDL loading

Permanent UDL to slab WG siab = 2.0 KN/

Variable UDL to slab wa_siab = 3.0 KN/n?

Slab design check

Slab self weight Welab = poonc X hsiab = 3.7 KN/m?

Slab fill self weight Whil_slab = pfil x hiit_siab = 3.0 KN/nm?

Total uniform load at formation level Fsiab = Wsiab + Will_siab + WG slab + WQ_siab = 11.7 KN/m?

PASS - allowable bearing pressure exceeds bearing pressure at formation level

Self weight and UDL forces in slab

Effective span of slab left_siab = Qdep_siab + Javg_t siab = 3455 mm

Ultimate applied self weight and UDL's Futt_siab = 1.35 x (Wslab + WG _siab) + 1.50 x Wa_siab = 12.2 kKN/m?
Moment at edge of depression Mheg_siab = Fuit_siab X left siab® / 32 = 4.5 KNm/m

Moment at centre of depression Mpos_siab = Fuit_siab X leff stab® x (1 +v) / 64 = 2.7 KNm/m

Shear force at edge of depression Vsiab = Fuit stab X left stab / 4 = 10.5 KN/m

Total forces in slab

Moment at edge of depression Mneg_total_siab = Mheg_siab = 4.5 KNm/m
Moment at centre of depression Mpos_total_slab = Mpos_slab =2.7 KNm/m
Shear force at edge of depression Viotal_slab = Vsiab = 10.5 KN/m

Reinforcement required in top of slab for bending
Ktotal_t_slab = Mneg_total_slab / (davg_t_slab2 X fck) =0.013

K=2xnxac/yc)x(1-Ax(6-ki)/(2xk2))x(Ax(5-ki)/(2xk))=

0.207
Lever arm Ziotal_t slab = MIN(0.5 x davg_t siab x [1 + (1 - 2 x Kiotal_t_sian / (] X 0tec / vc))®9],
0.95 x davg_t_stab) = 100 mm
Minimum area of reinforcement required As min_total_t_stab = Max(0.26 x fem / fyk, 0.0013) x davg_t_stab = 165 mm?/m
Area of tension reinforcement required As req_total t siab = Mheg_total_stab / (fyd X Ztotal_t siab) = 105 mn?/m

PASS - Area of reinforcement provided exceeds area of reinforcement required
Reinforcement required in bottom of slab for bending
Ktotal_b_slab = Mpos_total_slab/ (davg_b_slab2 X fck) =0.008

K=2xnxac/yc)x(1-Ax(6-ki)/(2xk2))x(Ax(5-ki)/(2xk))=

0.207
Lever arm Ziotal_b_slab = MIN(0.5 x davg_b_siab x [1 + (1 - 2 x Keotal_b_stab / (1 x otee / y¢))°],
0.95 x davg_b_slab) = 100 mm
Minimum area of reinforcement required As min_total_b_slab = Max(0.26 x fem / fyk, 0.0013) x davg_b_slab = 165 mm?/m
Area of tension reinforcement required As req_total_b_stab = Mpos_total_siab / (fyd X Ztotal_b_siab) = 63 mm?/m

PASS - Area of reinforcement provided in top to span local depression is adequate
Shear resistance with no shear reinforcement
Strength reduction factor v1=0.6 x (1 - fx / 250 N/mm?) = 0.523
Max allowable design shear force (cl.6.2.2) VEdmax siab = 0.5 x dmin_t_slab x V1 X fowd = 558 KN/m

PASS - Design shear force in slab is less than the maximum allowable shear force
Reinforcement ratio Pi_siab = MiN(As,prov_t_slab / dmin_t_siab, 0.02) = 0.00393
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k coefficient

Crud coefficient

Minimum shear stress

Minimum design shear resistance

Design shear resistance

Deflection control - Section 7.4
Reference reinforcement ratio

Required tension reinforcement ratio
Required compression reinforcement ratio
Structural system factor - Table 7.4N
Basic allowable span to depth ratio

Reinforcement factor - exp.7.17

Flange width factor

Long span supporting brittle partition factor
Allowable span to depth ratio

Actual span to depth ratio

Edge beam 1 details

kv stab = min(1 + (200mm / drin t siab)®?, 2) = 2.000
Crdc_slab = 0.18 / yc = 0.120
Vimin_siab = 0.035 N/min? x ky_siab>? x (fox / 1N/mm?)®5 = 0.560 N/mn?
VRd,c;min_slab = Vmin_slab X Omin_t slab = 56.0 KN/m
VRdc_siab = MaX(Crd.c_siab x Kyv_siab x IN/MM?2x(100 x pi_stab x fex/ IN/mMm?)"3 x
Omin_t_siab, VRd.c;min_siab) = 56.0 KN/m

PASS - Design shear resistance exceeds design shear

po_siab = (fex / 1 N/mm?)®5 / 1000 = 0.00566
pslab = As req_total_b_slab / Omin_b_siab = 0.00063
P'siab =0
Kb,defi_siab = 1.5
Sbasic_slab = Kb def_siab x [11 + 1.5 x (fox / 1 N/mm?)°® x po_siab / pstab + 3.2 x (fex /
1 N/mm?)°® x (po_stab / psiab - 1)"5] = 747.155
Ks siab = Min(As,prov_b_siab / Asreq total_b_siab x 500 N/mn? / fyk, 1.5) = 1.500
F1=1.000
F2=1.000
Sallow_slab = MiN(8basic_slab X Ks_stab x F1 x F2, 40 x Kb den_siab) = 60.000
Sactual_slab = leff slab / davg b_siab = 32.905
PASS - Actual span to depth ratio is within the allowable limit

Reinforcement

v

225

i

225

3 x 16¢ top

—— -

2 x 10 legs at 225 c/c
shear

3 x 16¢ bottom

10¢ bars at 225 c/c

boot

50

J—200—f———400———F

Section through beam

Depth of beam
Width of beam

Diameter of depression modified for hardcore

Angle of chamfer

Depth of boot

Width of boot

Depth of harcore fill

Effective width of beam bearing

Nominal cover to edge beam top reinforcement

hedge = 450 mm

Dedge = 400 mm

(Qdep_edge = (Qep_basic - hifill_edge bt = 3450 mm

Oedge = 60 deg

hboot_edge = 225 mm

Booot edge = 200 mm

htil_edge = 50 mm

bbearing_edge = Dedge *+ Dboot_edge + (Nedge - hsiab) / tan(cedge) = 773 mm
Cnom_edge_t = 35 mm

Nominal cover to edge beam bottom reinforcement Cnom edge_b = 35 mm

Top reinforcement provided

3 x 16¢
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Area of top reinforcement provided
Effective depth of top reinforcement
Bottom reinforcement provided

Area of bottom reinforcement provided
Effective depth of bottom reinforcement
Shear reinforcement provided

Area of shear reinforcement provided
Boot reinforcement provided

Area of boot reinforcement provided
Effective depth of boot reinforcement

A's,prov_t_edge =603 mn?

3 x 160
As,prov_b_edge =603 mm?

2 x10legs at 225 c/c
Asv,prov_edge = 698 mn?/m
10¢ bars at 225 c/c
Asprov_boot_edge = 349 mm?/m

dt_edge = hedge - Cnom edge t - (])v_edge - ¢t_edge /2 =397 mm

db_edge = hedge - Cnom_edge b - d)v_edge - d)b_edge /2 =397 mm

dboot_edge = hboot_edge = Cnom_edge_b = dl)oot_edge /2=185mm

Loading
3450 dia. of Slab UDL's
depression 1 Permanent UDL 2.0 kN/m?
>/ - Variable UDL 3.0 kN/m?
Additional loading
1 - Longitudinal: F, 16.7 kN/m Fu 123 kN/m
~— _4/
Edge beam loading details
Load type Permanent Variable Width x Width y Centroid
1 Longitudinal 16.7 kN/m 12.3 kN/m 300 mm - 150 mm
Edge beam design check
Edge beam self weight Wedge = poonc X (Nedge % Dedge + (Nedge - hslab_b1)2 /(2 x tan(oedge)) + hsiab_b1 x

Edge beam fill self weight
Total uniform load at formation level

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

Load x distance of load 1

Total load x distance

Total ultimate long. and equiv. line loads
Centroid of loads

Bearing pressure

Total unfactored longitudinal and eff. line loads

Allowable bearing width
Bearing pressure due to line and point loads
Total applied bearing pressure

(hedge - hslab_b1) / tan(O(edge) + hboot_edge X bboot_edge) =6.8 KN/m

Wil_edge = piil X hiil_edge = 1.0 KN/m?

Fedge = Wedge / Dbearing edge + Wil _edge + WG siab + Wa_slab = 14.8 KN/ m?

Mcentroid_1_edge = Wult_1_edge X X1_edge = 6.1 kN

Mcentroid_total_edge = Mcentroid_1_edge =6.1 kN

Wequiv_total_edge = Wult_1_edge = 40.9 KN/m

Xbar_edge = Moentroid_total_edge / Wequiv_total edge = 150.0 mm

bbrg_allow_edge =2x Xbar_edge + 2 x hﬂll_slab_b1 / tan(()(ﬁll) =473 mm

Wequiv_total_sls_edge = FGk,Iine_1_edge + FQk,Iine_1_edge =29.0 kN/m

Fbrg_edge = Wequiv_total_sls_edge / bbrg_allow_edge = 61.2 kN/m?
Fbrg total_edge = Fbrg_edge + Fedge = 76.0 kN/ 113
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Forg_total > Qatiow - the slab is required to resist some of the beam loading

Assume moment due to load/reaction is resisted by the slab

Bearing width required breq_edge = Wequiv_total_sis_edge / (Callow - Fedge) = 822 mm
Effective bearing width at u/s of slab breq eff edge = breq_edge - 2 x hfil_siab / tan(csin) = 649 mm
Load/reaction eccentricity €slab_edge = Dreq_eff edge / 2 - Xvar_edge = 174 mm

Ultimate moment to be resisted by slab Mecc slab_edge = Wequiv_total_edge X Esiab_edge = 7.1 KNm/m

Total moment to be resisted by slab top steel MEed_siab_total_edge = Mecc_siab_edge + Mheg_total_siab = 11.7 KNm/m

Kslab_t_edge = MEd_sIab_total_edge / (dmin_t_slab2 X fck) =0.036

K=2xnxac/yc)x(1-Ax(6-ki)/(2xk2))x(Ax(5-ki)/(2xke))=

0.207
Lever arm Zslab_t edge = MIN(0.5 x drin_t siab x [1 + (1 - 2 x Kslab_t edge / (1 x oec / yc))°),
0.95 x dmin_t slab) = 95 mm
Minimum area of reinforcement required As min_slab_t_edge = MaxX(0.26 x feim / fyk, 0.0013) x dmin_t_slab = 157 mm?/m
Area of tension reinforcement required As req_slab_t_edge = MEd_siab,_total_edge / (fyd X Zsiab_t edge) = 283 mm?/m

PASS - Area of reinforcement provided in top to span local depression is adequate

Edge beam bending check

Divider for moments due to UDL's Bua = 10.0

Divider for moments due to point loads Bp =6.0

Applied forces

Span of beam leage = ¢ep_edge + dt_eage = 3847 mm

Ultimate self weight UDL Wult_edge = 1.35 X Wedge = 9.2 KN/m

Approximate ultimate slab self weight UDL Wult_slab_edge = Max(OkN/m, 1.35 X Wsiab X (¢dep_edge / 2 x 3/4 - (Dedge + (Nedge -
hsiab_b1) / tan(cedge)))) = 3.6 kN/m

Self weight and slab bending moment Mesw_edge = (Wuit_edge + Wult_slab_edge) X ledge? / Buai = 18.8 KNm

Self weight and slab shear force Vsw _edge = (Wult_edge + Wault_slab_edge) X ledge / 2 = 24.5 KN

Moments due to applied uniformly distributed loads

Ultimate udl (approx) Wult_udl edge = (1 .35 x WG _slab + 1.50 x WQ_sIab) X ¢dep_edge /2x3/4=9.3kN/m
Bending moment Mudl_edge = Wult_ud_edge X |edge2 / Budl =13.8 kNm
Shear force Vud_edge = Wult_udl_edge X ledge / 2 =17.9 kN

Moment and shear load 1
Bending moment M1_edge = Wuit_1_edge X |edge2 / Bua = 60.6 kNm

Shear force V1_edge = Wult_1_edge X ledge / 2 = 78.7 kN

Resultant moments and shears

Total bending moment (sagging and hogging) Miotal_edge = Mudl_edge + Msw_edge + M1_edge = 93.2 KNm

Maximum shear force Viotal_edge = Vudi_edge + Vsw edge + V1_edge = 121.1 kN

Reinforcement required in top of beam

Width of section in compression zone bt_comp_edge = Dedge + bboot_edge = 600 mm
Kt edge = Mrotal_edge / (Dt comp_edge X 0t edge? x fek) = 0.031
K=2xnxaec/yc)x(1-Ax(8-ki)/(2xk2))x(Ax(6-ki)/(2xke))=
0.207
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Lever arm Zt edge = MiN(0.5 x dt edge x [1 + (1 - 2 x Ki_edge / (1] x otee / vc))*], 0.95 x

dt_edge) =377 mm
Minimum area of reinforcement required As mmin_t_edge = Max(0.26 x fom / fyk, 0.0013) x bedge x di edge = 250 mm?
Area of tension reinforcement required Asreq t edge = Mrotal_edge / (fyd X Zt edge) = 568 mm?

PASS - Area of reinforcement provided exceeds area of reinforcement required

Reinforcement required in bottom of beam

Effective flange outstand Defr1_edge = 0.1 x ledge = 385 mm

Effective flange width Deft_edge = Deff1_edge + Dedge + (Nedge - hsiab b1) / tan(cedge) = 958 mm
Kb edge = Miotal_edge / (Deft edge X db_edge? x fox) = 0.019
K=2xnxaec/yc)x(1-Ax(8-ki)/(2xk2))x(Ax(6-ki)/(2xke))=

0.207
Lever arm Zb_edge = MIN(0.5 x db_edge x [1 + (1 - 2 x Kb_edge / (1 x aee / yc))*®], 0.95 x
do_edge) = 377 mm
Depth of neutral axis X =2 x (db_edge - Zb_edge) / . =50 mm
Ax <= hsiab - Compression block lies wholly within the depth of slab
Minimum area of reinforcement required As mmin_b_edge = Max(0.26 x fetm / fyk, 0.0013) x bedge x db_edge = 250 mm?
Area of tension reinforcement required Asreq b edge = Muotal edge / (fyd X Zb_edge) = 568 mm?

PASS - Area of reinforcement provided in top to span local depression is adequate
Shear resistance with no shear reinforcement

Strength reduction factor v1=0.6 x (1 - fx / 250 N/mm?) = 0.523
Max allowable design shear force (cl.6.2.2) VEdmax_edge = 0.5 x dt edge x Dedge x V1 x fowd = 886.2 kKN
PASS - Design shear force in slab is less than the maximum allowable shear force
Reinforcement ratio Pl_edge = MIN(As prov_t edge / (Dedge x dt edge), 0.02) = 0.00380
k coefficient Kv_edge = min(1 + (200mm / dt_edge)®S, 2) = 1.710
Cra coefficient Crdc_edge = 0.18 / yc = 0.120
Minimum shear stress Vmin_edge = 0.035 N/mm? x Ky_edge®? x (fox / IN/mm?)®5 = 0.443 N/mm?
Minimum design shear resistance VRd,c,min_edge = Vmin_edge X Ot edge X Dedge = 70.3 kN
Design shear resistance VRd,c edge = MaxX(Crd,c_edge X Kv_edge x IN/MMPx(100 x pi_edge x for/TN/mm?)"3

X dt_edge X bedge, VRd,o,min_edge) =749 kN
Design shear reinforcement required

Angle of comp. shear strut for maximum shear Omax = 45 deg

Compression chord coefficient - ¢l.6.2.3(3) oow = 1.00

Minimum area of shear reinforcement - exp.9.5N  Asvmin_edge = 0.08 N/mm? x Dedge x (foc / 1 N/mm?)°2 / fx = 362 mm?/m

Min lever arm in shear zone Zmin_edge = MIN(Zt_edge, Zb_edge) = 377 mMm

Maximum design shear resistance - exp.6.9 VRdmax_edge = Olow X Dedge X Zmin_edge X V1 X fowd / (COt(Bmax) + tan(bmax)) = 841.9
kN

PASS - Design shear force at support is less than maximum design shear resistance

Design shear stress VEd_edge = Viotal_edge / (Dedge X Zmin_edge) = 0.803 N/mnv?

Angle of concrete compression strut - ¢.6.2.3 Bedge = Min(max(0.5 x Asin(min(2 x Ved_edge / (0tow X fowd % V1),1)), 21.8 deg),
45deg) = 21.8 deg

Area of shear reinforcement required - exp.6.8 Asv,des_edge = VEd_edge X Dedge / (fyd x COt(Oedge)) = 296 mm?/m

Area of shear reinforcement required Asvreq_edge = MaX(Asv,min_edge, Asv.des_edge) = 362 mm?/m

Shear reinforcement provided 2 x10legs at 225 c/c
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Area of shear reinforcement provided Asv prov_edge = 698 mm?/m

PASS - Area of shear reinforcement provided exceeds minimum required

Boot design check

Effective cantilever span leff_boot_edge = Dboot_edge + Aboot_edge / 2 = 293 mm
Approximate ultimate bearing pressure Qapprox_uit_edge = 1.45 X Qallow = 72.5 KN/m?

Cantilever moment Mboot_edge = Clapprox_ut_edge X leff boot edge? / 2 = 3.1 KNm/m
Shear force Vboot edge = Qapprox_ult_edge X leff boot_edge = 21.2 KN/m

Kboot_edge = Mboot_edge / (dboot_edge2 X fck) =0.003
K=2xnxoaec/yc)x(1-Ax(3-ki)/(2xk2))x(Ax(6-ki)/(2xke))=

0.207

Lever arm Zboot_edge = MIN(0.5 x dboot_edge X [1 + (1 - 2 x Kboot_edge / (1 x atee / 1c))°?], 0.95
X Oboot_edge) = 176 mm

Minimum area of reinforcement required As min_boot edge = Max(0.26 x fem / fyk, 0.0013) x dboot edge = 291 mmZ/m

Area of tension reinforcement required As req_boot_edge = Mboot_edge / (fyd X Zboot_edge) = 41 mm?/m

PASS - Area of reinforcement provided in boot exceeds area of reinforcement required
Shear resistance with no shear reinforcement

Strength reduction factor v1=0.6 x (1 - fx / 250 N/mm?) = 0.523
Max allowable design shear force (cl.6.2.2) VEd,max_boot_edge = 0.5 x dboot_edge X V1 X fowd = 1032 KN/m
PASS - Design shear force in boot is less than the maximum allowable shear force
Reinforcement ratio PI_boot_edge = MIiN(As,prov_boot_edge / Oboot_edge, 0.02) = 0.00189
k coefficient Kv_boot_edge = Min(1 + (200mm / dboot_edge)*5, 2) = 2.000
Crd coefficient Crdc_boot_edge = 0.18 / yc = 0.120
Minimum shear stress Vimin_boot_edge = 0.035 N/mMm? x Ky_boot_edge™? x (fok / 1N/mn?)%5 = 0.560 N/mm?
Minimum design shear resistance V/Rd,c,min_boot_edge = Vmin_boot_edge X Oboot edge = 103.6 KN/m
Design shear resistance VRd,c_boot_edge = MaX(CRd,c_boot_edge X Kv_boot_edge x 1TN/MM?x(100 x pi_boot_edge X

o/ TN/ mm2)1’3 x Oboot_edge, VRd,c,min_boot_edge) =103.6 kN/m
PASS - Design shear resistance exceeds design shear

Corner beam 1 details
Total uniform load at formation level Feom = Wedge / bbearing_edge + Wiil_edge + WG _siab + Wa_siab = 14.8 KN/ 113
PASS - Allowable bearing resistance exceeds applied bearing pressure

Applied forces

Span of beam lcom = Qdep_com / V(2) + 0t edge / 2 = 2638 mm

Ultimate self weight UDL Wuit_com = 1.35 x Wedge = 9.2 KN/m

Approximate ultimate slab self weight UDL Wait_siab_com = Max(OkN/m, 1.35 x Wsiab X ((ep_com / (V(2) x 2) - (bedge + (hedge -
hsiab_b1) / tan(cedge)))) = 3.2 kN/m

Self weight and slab bending moment Msw_com = (Wuit_com *+ Wuit_stab_com) X lcom? / 2 = 43.0 kKNm

Self weight and slab shear force Vsw_com = (Wuit_com + Wiit_slab_com) X lcom = 32.6 kN

Moments due to applied uniformly distributed loads

Ultimate udl (approx) Wit_udi_com = (1.35 x WG _siab + 1.50 X WQ_slab) X ddep_com / V(2) = 17.6 kN/m
Bending moment Mudi_com = Wuit_udi_comn X lcom? / 6 = 20.4 KNm

Shear force Vudl_com = Wit_udl_com X lcom / 2 = 23.2 kN
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Resultant moments and shears
Bending moment

Shear force

Bending moment

Shear force

Average bending moment
Average shear force

Reinforcement required in top of beam

Lever arm

Minimum area of reinforcement required

Area of tension reinforcement required

Miotal_x_com = Mudi_com + Msw_com = 63.4 KNm
Viotal_x_com = Vudl_com + Vsw_com = 55.8 kKN

Motal_y_com = Mudi_com + Msw_com = 63.4 KNm

Viotal y_com = Vud_com + Vsw_com = 55.8 KN

Mhiotal_com = (Mhotal_x_com + Motal_y com) / 2 = 63.4 kKNm
Viotal_com = (Vtotal x_com + Viotal_y_com) / 2 = 55.8 kN

Kt com = Mhotal_com / (Dt _comp_edge X Ot edge® X fek) = 0.021
K=@2xnxoec/yc)x(1-Ax(-ki)/(2xk2))x (A x(d-ki)/(2xk))=
0.207

Zt com = MiN(0.5 x dt_edge x [1 + (1 - 2 x Kt_com / (1 x 0ee / yc))*®], 0.95 x

At edge) =377 mm

Asmin_t com = Max(0.26 x feim / fyk, 0.0013) x bedge x dt edge = 250 mm?

As req_t com = Mrotal_com / (fyd X Zt_com) = 387 mn?

PASS - Area of reinforcement provided exceeds area of reinforcement required

Shear resistance with no shear reinforcement

Strength reduction factor
Max allowable design shear force (cl.6.2.2)

v1 =0.6 x (1 - f / 250 N/mn?) = 0.523
VEd,max_oorn =0.5x dt_edge X bedge x V1 x fond = 886.2 kN

PASS - Design shear force in slab is less than the maximum allowable shear force

Reinforcement ratio

k coefficient

Cra coefficient

Minimum shear stress

Minimum design shear resistance
Design shear resistance

Deflection control - Section 7.4
Reference reinforcement ratio

Required tension reinforcement ratio
Required compression reinforcement ratio
Structural system factor - Table 7.4N
Basic allowable span to depth ratio

Reinforcement factor - exp.7.17

Flange width factor

Long span supporting brittle partition factor
Allowable span to depth ratio

Actual span to depth ratio

Picorn = MIN(As,prov_t_edge / (Dedge X dt edge), 0.02) = 0.00380
Kv_com = min(1 + (200mm / dt edge)°®, 2) = 1.710
Crdgc_com =0.18 /yc = 0.120
Vimin_com = 0.035 N/mm? x ky_com®? x (fox / INfmm?)°® = 0.443 N/mm?
V/Rd,c;min_com = Vmin_com X dt edge X Dedge = 70.3 kN
VRd,c_com = MaxX(Crd,c_com x Kv_com x IN/mmPx(100 x pi_com x fe/ IN/mm?)"® x
dt edge x bedge, VRd,cmin_com) = 74.9 kN
PASS - Design shear resistance exceeds design shear

po_t com = (fex / 1 N/mm?)®5 / 1000 = 0.00566
pt_com = Asreq_t_com / (Dedge X dt_edge) = 0.00244
Pteom=0
Kb,defi_t com = 0.4
Sbasic_t_com = Kb,deflt com x [11 + 1.5 x (fox / 1 N/mn?)%® x po_t com / pt_com + 3.2
x (fo / 1 N/mm2)°® x (po_t com / pt_com - 1)1%] = 23.304
Ks_t com = MiN(As prov_t edge / Asreq t com x 500 N/mm? / fy, 1.5) = 1.500
F1=1.000
F2 =1.000
Sallow_t_com = MiN(8basic_t_com X Ks_t com x F1 x F2, 40 x Kb,defi_t com) = 16.000
Sactual t_com = lcom / 0t edge = 6.645
PASS - Actual span to depth ratio is within the allowable limit
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Internal beam 1 details
Reinforcement
_______ T ARSI axi6ptop
_____________________ 2 x 10 legs at 225 ¢/c
150 shear
4 x 164 bottom
50
f—t50———

Section through beam

Depth of beam

Width of beam

Diameter of depression modified for hardcore
Angle of chamfer

Depth of harcore fill

hint = 450 mm

bint = 450 mm

Qdep_int = (uep_basic - Nil_int_b1 = 3450 mm
oint = 60 deg

hriint = 50 mm

Nominal cover to internal beam top reinforcement  Crom_int t = 35 mm

Nom. cover to internal beam bottom reinforcement Cnom_ int b = 35 mm

Top reinforcement provided

Area of top reinforcement provided
Effective depth of top reinforcement
Bottom reinforcement provided

Area of bottom reinforcement provided
Effective depth of bottom reinforcement
Shear reinforcement provided

Area of shear reinforcement provided

4 x 16¢

Asprov_t int = 804 mm?

dt int = hint - Crom_int_t = ¢v_int - Pt_int / 2 = 397 mm
4 x 16¢

As,prov_b_int = 804 mm?

db_int = hint = Cnom_int_b = ¢w_int - Pb_int / 2 = 397 mm
2 x10legs at 225 c/c

Asv,prov_int = 698 mm?/m

Loading
3450 d|a. Of Slab UDLIS
depression 1 Permanent UDL 2.0 kN/m?
>/—— L Variable UDL 3.0 kN/m?
Additional loading
1 - Longitudinal: F, 14.8 kN/m Fq 85 kN/m
\_ /
Internal beam loading details
Load type Permanent Variable Width x Width y Centroid
1 Longitudinal 14.8 kN/m 8.5 kN/m 215 mm - 107 mm
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Internal beam design check
Int beam self weight Wint = poonc X (Dint x bint + (Dint = hstab_b1)? / tan(cunt) + 2 x hsiab_b1 x (Nint - Nstab_b1)
[ tan(aint)) = 7.5 KN/m
Int beam fill self weight Wail_int = pfit x hi_int = 1.0 KN/m?
Total uniform load at formation level Fint = Wint / (bint + 2 x (hint = hsiab_b1) / tan(cint)) + Wil_int + WG_slab + WQ_slab =
15.4 kN/n??
Equivalent and total beam line loads
Total factored long and effective line loads Wequiv_total_int = Wit 1_int = 32.7 KN/m
Total unfactored long. and effective line loads Weaquiv_total_sls_int = Fakline_1_int + Fakline_1_int = 23.3 KN/m

Centroid of loads from centreline of internal beam

Load x distance of load 1 Mecentroid_1_int = Wuit_1_int X X1_int = 3.5 kN
Total load x distance Mcentroid_total_int = Mcentroid_1_int =3.5kN
Centroid of loads Xbar_int = Moentroid_total_int / Wequiv_total int = 107.0 mm

Moment due to eccentricity to be resisted by slab  Med_ecc int = Wequiv_total_int X @bs(Xbar int) = 3.5 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
Moment due to depression under slab MEd neg_siab_total int = Mheg _total_ stab + MEd_ecc int / 2 = 6.3 KNm/m

Kstab_t int = MEd_neg_slab_total_int / (Qmin_t sian? X k) = 0.020

K=2xnxoaec/yc)x(1-Ax(3-ki)/(2xk2))x(Ax(6-ki)/(2xke))=

0.207
Lever arm Zslab_t int = MiN(0.5 x drmin_t slab x [1 + (1 - 2 x Kslab_t int / (N % 0ec / ¢))°9], 0.95
X Qmin_t_slab) = 95 mm
Minimum area of reinforcement required As min_stab_t int = Max(0.26 x fem / fik, 0.0013) x dmin t slab = 157 mm?/m
Area of tension reinforcement required As req_siab_t_int = MEd neg_siab_total_int / (fyd X Zsiab_t int) = 152 mm?/m
PASS - Area of reinforcement provided in top to span local depression is adequate
Moment to be resisted in bot due to ecc. MEd_pos_stab_total int = Med_ecc int / 2 = 1.7 KNm/m

Kslab_b_int = Meg Jaos_slab_total_int/ (dmin_b_slab2 X fck) =0.005

K=2xnxaec/yc)x(1-Ax(8-ki)/(2xk2))x(Ax(6-ki)/(2xke))=

0.207

Lever arm Zsiab_b_int = MIN(0.5 x Grmin_b_slab x [1 + (1 = 2 x Kstab_b_int / (1] x atee / v¢))*%], 0.95
X dmin_b_slab) = 95 mm

Minimum area of reinforcement required As mmin_siab_b_int = Max(0.26 x fetm / fyk, 0.0013) x dmin_b_siab = 157 mm?/m

Area of tension reinforcement required As req stab_b int = MEd_pos slab_total int / (fyd X Zstab_b_int) = 42 mm2/m

PASS - Area of reinforcement provided in top to span local depression is adequate

Bearing pressure

Allowable bearing width Bbrg_atiow_int = MiN(2 x (bint / 2 x tan(aint) + hint) / (1 + tan(aint)), bint + 2 x (hint -
hsiab_b1) / tan(cunt)) = 615 mm

Bearing pressure due to line and point loads Forg_int = Wequiv_total._sis_int / Dbrg aliow int = 37.9 kKN/m?

Total applied bearing pressure Forg_total int = Forg int + Fint = 53.3 KN/m?

Forg_total > Qanow - the slab is required to resist some of the beam loading

Now consider slab to resist some of the beam load
Bearing width required bbrg_req_int = Wequiv_total_sls_int / (Qallow - Fint) =673 mm
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Effective bearing width at u/s of slab

Resultant ult upward pressure acting on u/s of slab

Slab cantilever moment
Total moment to be resisted by slab

Lever arm

Minimum area of reinforcement required

Area of tension reinforcement required

Bbrg_req eff int = Dbrg_req int - 2 x hi_int / tan(or) = 616 mm

Forg_res_int = (Qallow - Fint) X Dbrg_req_int / Dorg_req_eff int X Wequiv_total_int / Wequiv_total_sls_int
=53.1 kN/n?

Med_cant_int = Fbrg_res int X ((Dorg req int - bint) / 2)? / 2 = 0.3 KNm/m
MEed_slab_total_int = MEd_cant_int + Med_ecc int / 2 = 2.1 KNm/m

Korg b_int = MEd slab_total_int / (Qrmin b siab® x fek) = 0.007
K=2xnxaec/yc)x(1-Ax(8-ki)/(2xk2))x(Ax(6-ki)/(2xke))=
0.207

Zorg_b_int = MiN(0.5 x Qrmin_b_slab x [1 + (1 = 2 x Korg_b_int / (1] x ctec / vc))*], 0.95
X dmin_b_slab) =95 mm

As mmin_brg_b_int = Max(0.26 x fem / fyk, 0.0013) x drmin_b_stab = 157 mm?/m

A's,req_brg_b_int = MEd_sIab_total_int / (fyd X Zbrg_b_int) =50 mnm?/m

PASS - Area of reinforcement provided to distribute the load is adequate. The allowable bearing pressure will not be

Internal beam bending check
Divider for moments due to UDL's

Divider for moments due to point loads

Applied forces
Span of beam
Ultimate self weight UDL

Approximate ultimate slab self weight UDL

Self weight and slab bending mome
Self weight and slab shear force

nt

exceeded

Bua =10.0
Bpl = 6.0

lint = {dep_int + dtint = 3847 mm

Wutt int = 1.35 x Wint = 10.1 KN/m

Walt_stab_int = Max(OKN/m, 1.35 x Wesiab x ({aep_int x 3/4 - (bint + 2 x (hint - hstab_b1)
/ tan(aint)))) = 8.9 kN/m

Msw_int = (Wuit_int + Wuit_siab_int) X lint? / Buai = 28.1 KNm

Vsw int = (Wuit_int + Wult_slab_int) X lint / 2 = 36.6 kKN

Moments due to applied uniformly distributed loads

Ultimate udl (approx)
Bending moment

Shear force

Moment and shear load 1
Bending moment

Shear force

Resultant moments and shears

Total bending moment (sagging and hogging)

Maximum shear force

Reinforcement required in top of beam

Lever arm

Minimum area of reinforcement required

Wutt_udl_int = (1.35 x WG _slab + 1.50 x Wa_slab) X {dep_int X 3/ 4 = 18.6 KN/m
Mud_int = Wuit_udl_int X lint? / Buai = 27.6 KNm
Vudl_int = Wuit_udi_int X lint/ 2 = 35.8 kN

Mi_int = Wait_1_int X lint® / Buai = 48.4 KNm
V1 int = Wuit_1_int X lint / 2 = 62.9 kN

Meotal_int = Mudi_int + Msw_int + M1_int = 104.1 KNm
Viotal_int = Vudlint + Vsw_int + V1_int = 135.3 kN

Kt int = Mhotal_int / (bint x dt_int® x fek) = 0.046
K=2xnxaec/yc)x(1-Ax(8-ki)/(2xk2))x(Ax(6-ki)/(2xke))=
0.207

zeint = min(0.5 x deint x [1+ (1 - 2 x Ktint / (1 x 0ee / yc))*®], 0.95 x diint) =
377 mm

Asmin_t int = Max(0.26 x fom / fyk, 0.0013) x bint x dt_int = 281 mm?
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Area of tension reinforcement required Asreq t int = Motaint / (fya x Zt int) = 635 mm?

PASS - Area of reinforcement provided exceeds area of reinforcement required

Reinforcement required in bottom of beam

Effective flange outstand befr.1_int = 0.1 x lint = 385 mm

Effective flange width Beft int = 2 X Def1_int + bint + 2 x (hint - hsiab_b1) / tan(cunt) = 1566 mm
Kb_int = Miotat_int / (Deff int x db_in® x fox) = 0.013
K=2xnxac/yc)x(1-Ax(6-ki)/(2xk2))x (A x(5-ki)/(2xke))=

0.207
Lever arm Zo_int = MiN(0.5 x do_int x [1 + (1 - 2 x Ko_int / (1 x 0tee / ¥¢))°?], 0.95 x db_int) =
377 mm
Depth of neutral axis X =2 x (db_int - Zo_int) / A = 50 mm
Ax <= hsiab - Compression block lies wholly within the depth of slab
Minimum area of reinforcement required Asmin b_int = Max(0.26 x fetm / fyk, 0.0013) x bint x dp_int = 281 mm?
Area of tension reinforcement required Asreq b_int = Motatint / (fya X Zo_int) = 635 mn??

PASS - Area of reinforcement provided in top to span local depression is adequate
Shear resistance with no shear reinforcement

Strength reduction factor v1=0.6 x (1 - f / 250 N/mn?) = 0.523
Max allowable design shear force (cl.6.2.2) Vedmax_int = 0.5 x dt int X bint X V1 X fowd = 997.0 kN
PASS - Design shear force in slab is less than the maximum allowable shear force
Reinforcement ratio pLint = MiN(As,prov_t int / (bint x d_int), 0.02) = 0.00450
k coefficient kv_int = min(1 + (200mm / dt int)°?, 2) = 1.710
Cra coefficient Crdc_int =0.18 / yc = 0.120
Minimum shear stress Vimin_int = 0.035 N/mm? x kv in®? x (fo / 1N/mm?)>5 = 0.443 N/mnv?
Minimum design shear resistance VRd,emin_int = Vimin_int X dt_int X bint = 79.1 kKN
Design shear resistance VRd,c_int = Max(Crdc_int X Kv_int x TN/mMm?x(100 x piint x e/ IN/MM?)"3 x dt_int x

bint, VRd.c;min_int) = 89.2 kN
Design shear reinforcement required

Angle of comp. shear strut for maximum shear Omax = 45 deg

Compression chord coefficient - cl.6.2.3(3) oew = 1.00

Minimum area of shear reinforcement - exp.9.5N  Asymin_int = 0.08 N/mm? x bint x (fek / 1 N/mm?)°5 / f = 407 mn?/m

Min lever arm in shear zone Zmin_int = MIN(Zt int, Zb_int) = 377 mm

Maximum design shear resistance - exp.6.9 VRd,max_int = Clew X bint X Zmin_int X V1 X fowd / (COt(Omax) + tan(Bmax)) = 947.2 kN
PASS - Design shear force at support is less than maximum design shear resistance

Design shear stress Ved_int = Viotal_int / (Dint X Zmin_int) = 0.797 N/mm?

Angle of concrete compression strut - ¢l.6.2.3 Oint = min(max(0.5 x Asin(min(2 x Ved int / (ctew % fowd x v1),1)), 21.8 deg),

45deg) = 21.8 deg

Area of shear reinforcement required - exp.6.8 Asv,des_int = VEd_int X bint / (fya x cot(Bint)) = 330 mmZ/m

Area of shear reinforcement required Asvreq_int = Max(Asvmin_int, Asv,des_int) = 407 mn?/m

Shear reinforcement provided 2 x10legs at 225 c/c

Area of shear reinforcement provided Asvprov_int = 698 mm?/m

PASS - Area of shear reinforcement provided exceeds minimum required
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TIMBER JOIST ANALYSIS & DESIGN (EN1995-1-1:2004)

In accordance with EN1995-1-1:2004 + A2:2014 incorporating corrigendum June 2006 and the UK national annex

Tedds calculation version 1.0.08

Joist details
Description 47 x 200 C24 timber joists
Joist spacing Suoist = 450 mm
| [
| 2900 |
Forces input on Joist
Vertical permanent load on joist Fo_sois= 0.55 kN/m?
Vertical imposed load on joist Fa_sois= 1.50 KN/m?
Joist loading details
Distributed loads
Vertical permanent load on joist pc = Fa_Joist x Suoist= 0.25 KN/m
Vertical imposed load on joist pa = Fa_Joist x Suoist= 0.68 KN/m
Member results summary Unit Capacity Maximum Utilisation Result
Bearing stress N/mn? | 1.7 0.3 0.196 PASS
Bending stress N/mn? | 16.2 47 0.289 PASS
Shear stress N/mm? | 2.7 0.5 0.178 PASS
Beam stability check 0.289 PASS
Deflection mm 11.6 5.0 0.428 PASS
ANALYSIS
Tedds calculation version 1.0.38
Loading
Self weight included (Permanent x 1)
Load combination factors
R
AR AR
Load combination g 9 £ S
o £
o £
o
1.35G + 1.50Q (Strength) 1.35 | 1.50 | 0.00 | 0.00
1.00G + 1.00Q (Service) 1.00 | 1.00 | 0.00 | 0.00
Member Loads
Member Load case Load Type Orientation | Description
Member Permanent UDL Globalz 0.25kN/matOmto29m
Member Imposed UDL Globalz 0.68 kN/matOmto2.9m
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Results

Total deflection

1

ﬁffffffffiif

\
Z

Node deflections

Load combination: 1.35G + 1.50Q (Strength)

1.35G + 1.50Q (Strength) - Total deflection

Kyvvfff—fffffffffff —_—
v
Z

1.00G + 1.00Q (Service) - Total deflection

Node Deflection Rotation |Co-ordinate
system
X V4
(mm) (mm) )
1 0 0 0.23631
2 0 0 -0.23631
Load combination: 1.00G + 1.00Q (Service)
Node Deflection Rotation |Co-ordinate
system
X Y4
(mm) (mm) )
1 0 0 0.16238
2 0 0 -0.16238
Total base reactions
Load case/combination Force
FX Fz
(kN) (kN)
1.35G + 1.50Q (Strength) 0 41
1.00G + 1.00Q (Service) 0 2.8
Element end forces
Load combination: 1.35G + 1.50Q (Strength)
Element| Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 2.9 1 0 -2 0
2 0 -2 0

[ |
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Load combination: 1.00G + 1.00Q (Service)
Element| Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 29 1 0 -1.4 0
2 0 -1.4 0
Forces
Strength combinations - Moment envelope (kNm)
15
Strength combinations - Shear envelope (kN)

Member results

Envelope - Strength combinations

Member Position Shear force Moment
(m) (kN) (kNm)
Member 0 2 0 (min)
1.45 0 1.5 (max)
29 -2 (max abs) 0 (min)

Tedds calculation version 2.2.21

Member - Span 1

Partial factor for material properties and resistances

Partial factor for material properties - Table 2.3 w=1.300
Member details

Load duration - cl.2.3.1.2 Medium-term
Service class - ¢l.2.3.1.3 2

Timber section details

Number of timber sections in member N=1
Breadth of sections b =47 mm
Depth of sections h =200 mm
Timber strength class - EN 338:2016 Table 1 C24
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a7
Fy 47x200 timber section

200

Cross-sectional area, A, 9400 mm?

Section modulus, W, 313333.3 mm3

Section modulus, W, 73633 mm3

Second moment of area, |, 31333333 mm#

Second moment of area, | ,, 1730383 mm*

Radius of gyration, i, 57.7 mm

Radius of gyration, i , 13.6 mm

Timber strength class C24

Characteristic bending strength, f . 24 N/mm?

Characteristic shear strength, f ,, 4 N/mm?

Characteristic compression strength parallel to grain, f ., 21 N/mm?
Characteristic compression strength perpendicular to grain, f
Characteristic tension strength parallel to grain,
Mean modulus of elasticity, E
Fifth percentile modulus of elasticity, E ., 7400 N/mm?
Shear modulus of elasticity, G

csoke 2-5 N/mm?

Lok 14.5 N/mm?

11000 N/mm?

0.mean’

, 690 N/mm?

mean

Characteristic density, p,, 350 kg/m3
Mean density, p, .., 420 kg/m?

Span details
Bearing length

Lo =100 mm

Consider Combination 1 - 1.35G + 1.50Q (Strength)

Modification factors

Duration of load and moisture content - Table 3.1
Deformation factor - Table 3.2

Bending stress re-distribution factor - ¢l.6.1.6(2)
Crack factor for shear resistance - ¢.6.1.7(2)
System strength factor - cl.6.6

Check design at start of span

kmod = 0.8
Kaet = 0.8
km=0.7
ker = 0.67
ksys = 1.1

Check compression perpendicular to the grain - ¢l.6.1.5

Design perpendicular compression - major axis
Effective contact length

Fcy90,d = 2.028 kN
Lb.ef = Lo + min(Lb, 30 mm) =130 mm

Design perpendicular compressive stress - exp.6.4 6cy90,d = Feyg0d/ (b x Loer) = 0.332 N/mm?

Design perpendicular compressive strength

fey90d = Kmod x Ksys x ook / ym = 1.692 N/mm?
Goy,90d / (Kego x fey,904) = 0.196

PASS - Design perpendicular compression strength exceeds design perpendicular compression stress

Check shear force - Section 6.1.7
Design shear force

Design shear stress - exp.6.60
Design shear strength

Check design 1450 mm along span

Check bending moment - Section 6.1.6
Design bending moment
Design bending stress

Fya =2.028 kN

Tyd = 1.5 x Fyd/ (Ker x b x h) = 0.483 N/mm?
fuyd = Kmod x Ksys x fui / ym = 2.708 N/mm?
Tyd / fvya =0.178

PASS - Design shear strength exceeds design shear stress

Myd =1.471 KNm
omyd = Mya / Wy = 4.693 N/mm?
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Design bending strength

Check beams subjected to either bending or combined bending and compression - ¢l.6.3.3

Lateral buckling factor - exp.6.34
Beam stability check - exp.6.33

fiyd = Kmod x Ksys x fmk / ym = 16.246 N/mm?
Omyd / fm,y,d =0.289
PASS - Design bending strength exceeds design bending stress

kerit = 1.000

omyd / (Keit x fmya) = 0.289

Consider Combination 2 - 1.00G + 1.00Q (Service)

Check design 1450 mm along span

Check y-y axis deflection - Section 7.2
Instantaneous deflection
Quasi-permanent variable load factor
Final deflection with creep

Allowable deflection

oy =2.8 mm

yv2=0.3

Sy,Final = 8y x (1 + Kaef) =5 mm

PASS - Beam stability is acceptable

Sy,Allowable = Lm1_s1/ 250 =11.6 mm

Sy,Final / Sy,Alowable = 0.428

PASS - Allowable deflection exceeds final deflection
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TIMBER JOIST ANALYSIS & DESIGN (EN1995-1-1:2004)

In accordance with EN1995-1-1:2004 + A2:2014 incorporating corrigendum June 2006 and the UK national annex

Tedds calculation version 1.0.08

Joist details
Description 47 x 170 C24 timber joists
Joist spacing Suoist = 450 mm
| [
| 2900 |
Forces input on Joist
Vertical permanent load on joist Fo_soist= 0.80 kN/m?
Vertical imposed load on joist Fa_soist= 0.75 KN/m?
Joist loading details
Distributed loads
Vertical permanent load on joist pG = Fa_doist x Syoist= 0.36 kN/m
Vertical imposed load on joist pa = Fa_Joist x Suoist= 0.34 KN/m
Member results summary Unit Capacity Maximum Utilisation Result
Bearing stress N/mn? | 1.7 0.2 0.145 PASS
Bending stress N/mn? | 16.2 4.8 0.296 PASS
Shear stress N/mm? | 2.7 04 0.156 PASS
Beam stability check 0.296 PASS
Deflection mm 11.6 6.0 0.519 PASS
ANALYSIS
Tedds calculation version 1.0.38
Loading
Self weight included (Permanent x 1)
Load combination factors
t | 3
e b 3 °
Load combination g g “g’ S
o £
o =
o
1.35G + 1.50Q (Strength) 1.35 | 1.50 | 0.00 | 0.00
1.00G + 1.00Q (Service) 1.00 | 1.00 | 0.00 | 0.00
Member Loads
Member Load case Load Type Orientation | Description
Member Permanent UDL Globalz 0.36 kN/matOmto2.9m
Member Imposed UDL Globalz 0.34 kN/matOmto2.9m
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Results
Total deflection
1.35G + 1.50Q (Strength) - Total deflection

- [

1.00G + 1.00Q (Service) - Total deflection

Node deflections

Load combination: 1.35G + 1.50Q (Strength)

Node Deflection Rotation |Co-ordinate
system
X Y4
(mm) (mm) )
1 0 0 0.28516
2 0 0 -0.28516
Load combination: 1.00G + 1.00Q (Service)
Node Deflection Rotation |Co-ordinate
system
X Y4
(mm) (mm) )
1 0 0 0.20092
2 0 0 -0.20092
Total base reactions
Load case/combination Force
FX Fz
(kN) (kN)
1.35G + 1.50Q (Strength) 0 3
1.00G + 1.00Q (Service) 0 2.1
Element end forces
Load combination: 1.35G + 1.50Q (Strength)
Element| Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 29 1 0 -1.5 0
2 0 -1.5 0
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Load combination: 1.00G + 1.00Q (Service)

Element| Length Nodes Axial force | Shear force| Moment
(m) Start/End (kN) (kN) (kNm)
1 29 1 0 -1.1 0
2 0 -1.1 0
Forces

Strength combinations - Moment envelope (kNm)

Strength combinations - Shear envelope (kN)
1.5

Member results

Envelope - Strength combinations

Member Position Shear force Moment
(m) (kN) (kNm)
Member 0 1.5 0 (min)
1.45 0 1.1 (max)
29 -1.5 (max abs) 0 (min)

Tedds calculation version 2.2.21

Member - Span 1

Partial factor for material properties and resistances
Partial factor for material properties - Table 2.3 w=1.300

Member details
Load duration - cl.2.3.1.2 Medium-term
Service class - ¢l.2.3.1.3 2

Timber section details

Number of timber sections in member N=1
Breadth of sections b =47 mm
Depth of sections h=170 mm

Timber strength class - EN 338:2016 Table 1 C24
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47x170 timber section

»
gl

Cross-sectional area, A, 7990 mm?

Section modulus, Wy, 226383.3 mm3

Section modulus, W, 62588 mm3

Second moment of area, Iy, 19242583 mm*

Second moment of area, | ,, 1470826 mm*

Radius of gyration, i,49.1mm

Radius of gyration, i, 13.6 mm

Timber strength class C24

Characteristic bending strength, f _, 24 Nmm?

Characteristic shear strength, f, , 4 N/mm?

Characteristic compression strength parallel to grain, f ., 21 N/mm?
Characteristic compression strength perpendicular to grain, f o)., 2.5 N/mm2
Characteristic tension strength parallel to grain, f , , 14.5 N/mm?
Mean modulus of elasticity, E, ., 11000 Nmm?

Fifth percentile modulus of elasticity, E , ., 7400 N/mm?

Shear modulus of elasticity, G ..., 690 N/mm?

Characteristic density, p,, 350 kg/m?

Mean density, p, ... 420 kg/m3

170

[
|«

Span details
Bearing length Lo =100 mm

Consider Combination 1 - 1.35G + 1.50Q (Strength)

Modification factors

Duration of load and moisture content - Table 3.1 kmod = 0.8
Deformation factor - Table 3.2 Kaet = 0.8
Bending stress re-distribution factor - c1.6.1.6(2)  km=0.7
Crack factor for shear resistance - cl.6.1.7(2) ke = 0.67
System strength factor - cl.6.6 ksys = 1.1

Check design at start of span

Check compression perpendicular to the grain - ¢l.6.1.5

Design perpendicular compression - major axis Fcyso0d = 1.503 kN

Effective contact length Loef = Lo + min(Lo, 30 mm) = 130 mm
Design perpendicular compressive stress - exp.6.4 ccy90,d = Feygod/ (b x Loer) = 0.246 N/mm?

Design perpendicular compressive strength fey90d = Kmod x Ksys x ook / ym = 1.692 N/mm?

ocy.90d / (Kego x fey,90d) = 0.145

PASS - Design perpendicular compression strength exceeds design perpendicular compression stress

Check shear force - Section 6.1.7

Design shear force Fyd=1.503 kN
Design shear stress - exp.6.60 tyd = 1.5 x Fyd/ (ker x b x h) = 0.421 N/mn??
Design shear strength fuyd = Kmod X Ksys x fvi / ym = 2.708 N/mm?

Ty d / fv,y,d =0.156

PASS - Design shear strength exceeds design shear stress

Check design 1450 mm along span

Check bending moment - Section 6.1.6
Design bending moment Myd =1.09 kNm
Design bending stress Smyd = Myd/ Wy = 4.814 N/mn??
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Design bending strength

Check beams subjected to either bending or combined bending and compression - ¢l.6.3.3

Lateral buckling factor - exp.6.34
Beam stability check - exp.6.33

fiyd = Kmod x Ksys x fmk / ym = 16.246 N/mm?
Omyd / fm,y,d =0.296
PASS - Design bending strength exceeds design bending stress

kerit = 1.000

omyd / (Keit X fmya) = 0.296

Consider Combination 2 - 1.00G + 1.00Q (Service)

Check design 1450 mm along span

Check y-y axis deflection - Section 7.2
Instantaneous deflection
Quasi-permanent variable load factor
Final deflection with creep

Allowable deflection

oy =3.3mm

yv2=0.3

Sy,Final = 8y x (1 + Kaef) =6 mm

PASS - Beam stability is acceptable

Sy,Allowable = Lm1_s1/ 250 =11.6 mm

Sy,Final / Sy,Alowable = 0.519

PASS - Allowable deflection exceeds final deflection




Calculation Name:Calculation 1

Construction Metal Forming Ltd

A Unit 3, Mamhilad Technology Park, Old Abergavenny Road
¢ Mambhilad, Monmouthshire
M NP4 0JJ
Canstruction Metal Forming: +44 (O) 1495 761080

+44 (0) 1495 761089
www.cmf.uk.com

1.Calculation Details [Calculation 1]

Design Standard Eurocode Locale UK

Project Name Maesy Coed Guest House Prepared By ZR
Location Merthyr Tydfil, CF47 8UY Company Name Just Beams
Client Name Date 06-11-2024
Client Company Slab Reference First floor
Reference Checked By ZR
Comments

2. Overall Summary [SECTION ADEQUATE]

ULS Checks Construction Stage PASS Max Unity Factor = 0.33
Normal Stage N/A
Fire Limit State N/A

SLS Checks SATISFACTORY Max Unity Factor = 0.40

3.General Arrangement

Deck Profile Span Type Double Equal Spans? Yes
Side 1 Span Length 2.75m Side 2 Span Length 2.75m
Concrete Slab Span Type Internal Support Width 100 mm
Deck Propping No Props

B 275m "|" 275m _|

T I T

o 100 mm

4.Loading Details
Concrete weight (wet) 2.93 kN/m? Concrete weight (dry) 2.93 kN/m?
Decking self weight 0.15 kN/m? Imposed (occupancy) 5.00 kN/m?
Reinforcement self weight 0.07 kN/m? Ceilings / services 0.50 kN/m?
Construction load 0.75 kKN/m? Finishes 0.00 kN/m?
Construction load patch 0.75 kN/m? Partitions 1.00 kN/m?

Screed self weight 0.00 kN/m?

* Parallel Loading

CMF Deck Software Version 3.2.1 Build 75 Page 1 of 5 Report Engine 1.0
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Not applied

* Perpendicular Loading
Not applied

* Point Loading

Not applied

5.Profile

¢ Profile Details
Profile Type MetFloor® 80 Nominal Sheet Thickness 1.20 mm
Profile Yield 350 N/mm? Effective Sheet Thickness 1.14 mm

Permanent Shuttering? Yes
* Section Properties
**% Note - 1: All values of inertia are expressed in steel units
*#* Note - 2: Average inertia is used for deflection calculations for the composite stage

**% Note - 3: Cracked dynamic inertia is used for natural frequency calculation

DECK PROFILE

Sagging Inertia, Iy 206.27 cm4/m Cross section area 1833.00 mm?m
Hogging Inertia, ly 184.15 cm4/m Effective cross section 1648.90 mm?/m
COMPOSITE

Inertia, Iy - Uncracked 0.00 cm4/m Inertia, Iy - Cracked 0.00 cm4/m
Average inertia 0.00 cm4/m Cracked inertia (dynamic) 0.00 cm4/m
Shear bond coefficient, Mr 140.90 Shear bond coefficient, Kr 0.122700
Concrete volume 0.12 m¥m/m

* Cross Section Details

[ |
| |
| | ] w |
| I I |
| p— |
| P Cn . ] Cn L
| rd N rd N |
| r \ i | ] =28\ |
| Y X H B o { 2 |
L ) \ I \ !
- 1 { 1 ™M

LS L S L e

Metoor® 80 - 1.2 mm

CMF Deck Software Version 3.2.1 Build 75 Page 2 of 5 Report Engine 1.0
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6.Slab

e Slab Details
Concrete Grade
Concrete Type
Wet Density
Mesh Type
Mesh Layer

Bar Diameter

Account for End Anchorage
Stud Diameter
Screed Depth

* Slab Drawing
MetFloor® 80 - 1.2 mm.

C35/45

Normal Weight
2550 kg/m?
A193

Single

12 mm

No
N/A

50 mm

1 25 mm cover to A193mesh.

Slab Depth

Modular Ratio

Dry Density

Mesh Cover

Mesh Yield Stress

Bar Yield Stress

Axis Distance

Number of Studs per Rib

Screed Density

] L]
L]

o

30 mm axis distance to 12 mm bar

7.Analysis

¢ Fire Parameters
Design Method:

e Deflection Limits

Construction Stage:

Imposed Loads:
Total Loads:

e Partial Load Factors
Permanent

Superimposed permanent

* Other
Longitudinal Shear Method
Natural frequency limit

Imposed Load Category

Bar

Span/180 Or 20
Span/130 Or 30
Span/350 Or 20
Span/250 Or 20

1.35
N/A

m&k
5 Hz

Fire Resistance Period:

Variable

Fire:

B - Office [Psi_0=0.7, Psi_1=0.5]

160 mm

10

2450 kg/m?
25

500 N/mm?
500 N/mm?
30 mm
N/A

2400 kg/m?

60 min

1.5
N/A

CMF Deck Software Version 3.2.1 Build 75

Page 3 of 5

Report Engine 1.0
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8.Construction Stage

* Effective Span of Deck
Effective span Le, is the smaller of

1) c¢/c of supports 2.75m

2) clear span + deck depth 2.65 + 80.00/ 1000
2. 73 m

Therefore Le =2.73m

¢ Actions (Unfactored)

Permanent:

Self weight of decking 0.15 kN/m?
Reinforcement 0.07 kN/m?
Variable:

Self weight of concrete slab (wet) 2.93 kN/m?
Additional slab weight due to ponding 0.00 kN/m?
Construction load 0.75 kN/m?
Construction load patch 0.75 kN/m?
* Combination of Actions
Note: The load combination for the ULS verification is as defined in EN 1990 § 6.4.3.2 (6.10).

Note: The load combination for the SLS verification is the characteristic load combination as defined in EN 1990 § 6.5.3.

* Shear Resistance Check (BS EN 1993-1-3 Clause 6.1.5 and 6.1.7.3)

Applied shear 11.33 kN/m

Web shear resistance, Pv 103.05 kN/m

UNITY FACTOR 0.11 < 1.00 PASS
Applied reaction 18.28 kN/m

Web crushing resistance, Pw 54.71 kN/m

UNITY FACTOR 0.33 < 1.00 PASS

* Bending Resistance Check

*** Note: A 100% redistribution of hogging moment is taken based on equilibrium of the continuous decking as the sagging moment does
not exceed the design resistance

Sagging:

Max applied moment 5.11 kNm/m

Moment resistance 19.10 kNm/m

UNITY FACTOR 0.27 < 1.00 PASS
Hogging:

Applied moment 0.00 kNm/m

Moment resistance 15.19 kNm/m

UNITY FACTOR 0.00 < 1.00 PASS

* Combined Effects
Bending and Web Crushing (BS EN 1993-1-3 Clause 6.1.11)

*** Note: A 100.00% redistribution of hogging moment is taken based on equilibrium of the continuous decking as the sagging moment
does not exceed the design resistance

Unity Factor is the worst case of

CMF Deck Software Version 3.2.1 Build 75 Page 4 of 5 Report Engine 1.0
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1. Maximum hogging =(9.83/54.71 +0.00/ 15.19) / 1.42
=0.13
2. Maximum reaction =(18.28/54.71 +0.00/ 15.19) / 1.42
=0.24
UNITY FACTOR 0.24 < 1.00 PASS

Bending and Shear (BS EN 1993-1-3 Clause 6.1.10)
*#%* Note: Low shear - This check is not required

Support Interaction Check at Serviceability Limit State (BS EN 1993-1-3 Clause 7.2)
Unity Factor is the worst case of

1. Maximum hogging =(14.91/54.71 +3.63/15.19) / (0.9 * 1.42)
=0.40
2. Maximum reaction =(14.91/54.71 +3.63/15.19) / (0.9 * 1.42)
=0.40
UNITY FACTOR 0.40 < 1.00 PASS

¢ Deflection Check

Allowable deflection is the lesser of

1) Effective span / deflection limit without ponding 15.17 mm
2) Deflection limit without ponding, absolute maximum value 20.00 mm
3) Slab depth / 10 16.00 mm
Max self weight deflection =2.42 mm < 15.17 mm (UF=0.16) SATISFACTORY

CMF Deck Software Version 3.2.1 Build 75 Page 5of 5 Report Engine 1.0
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MAES Y COED GUEST HOUSE, MERTHYR TYDFIL, CF47 8UY BUILDERS REVIEW JUST
Date 28-05-2024 Job no. Section Sheet no. Rev
By Z.RAHMAN 65 1 RO S
Checked - BEAM
Rev Date Details Tel +44(0) 7769 316378
RO 28-05-2024 BAR BENDING SCHEDULE Fax -
Part
BEAMS AND SLAB MESH
Ref: Orig. by Date Ref. No. | Sheet No. .
28-05-2024 Tof 1 Bar Bending Schedule
Quantit | Length | , 1Ot Al B | c | D|E F |unitmass| To%!
Member Mark |Type y (mm) Length | Shape (mm) | (mm) | (mm) | (mm) | (mm) | (mm) | (kgim) Mass
(m) (Kg) |
2 H16 12 1350 16 11 1005 | 360 1.578 25.57
L3 H12 4 1375 6 11 1245 | 135 0.888 4.88
Beam 1 R3 H12 4 1175 5 11 1045 | 135 0.888 4.17
5 H16 6 5400 32 0 5400 1.578 51.14
6 H12 2 5400 11 0 5400 0.888 9.59
L2 H16 6 1600 10 11 1255 | 360 1.578 15.15
L3 H12 4 1225 5 11 1095 | 135 0.888 4.35
Beam 2 R2 H16 6 1400 8 11 1055 | 360 1.578 13.26
R3 H12 4 1025 4 11 895 135 0.888 3.64
7 H16 6 2350 14 0 2350 1.578 22.25
8 H12 2 2350 5 0 2350 0.888 4.17
L2 H16 6 1750 11 11 1405 | 360 1.578 16.57
Beam 3 R2 H16 6 1400 8 11 1055 [ 360 1.578 13.26
11 H16 6 4950 30 0 4950 1.578 46.88
L2 H16 6 1400 8 11 1055 | 360 1.578 13.26
L3 H12 4 1025 4 11 895 135 0.888 3.64
Beam 4 R2 H16 6 1400 8 11 1055 | 360 1.578 13.26
R3 H12 4 1025 4 11 895 135 0.888 3.64
12 H16 6 1300 8 0 4300 1.578 12.31
13 H12 2 4300 9 0 4300 0.888 7.64
L2 H16 6 1350 8 11 1005 | 360 1.578 12.78
L3 H12 4 1375 6 11 1245 | 135 0.888 4.88
R2 H16 6 1400 8 11 1055 | 360 1.578 13.26
Beam 5 R3 H12 4 1025 4 11 895 135 0.888 3.64
15 H16 24 4725 113 0 4725 1.578 178.98
14 H16 18 1300 23 0 1300 1.578 36.93
16 H12 6 1000 6 0 4725 0.888 5.33
17 H12 8 4725 38 0 1000 0.888 33.56
2 H16 12 1350 16 11 1005 | 360 1.578 25.57
Beam 6 3 H12 8 1175 9 11 1045 | 135 0.888 8.35
18 H16 6 4900 29 0 4900 1.578 46.40
19 H12 2 4900 10 0 4900 0.888 8.70
Beam 7 2 H16 12 1350 16 11 1005 | 360 1.578 25.57
18 H16 6 4900 29 0 4900 1.578 46.40
2 H16 12 1350 16 11 1005 | 360 1.578 25.57
Beam 8 21 H16 6 4200 25 0 4200 1.578 39.77
3 H12 8 1000 8 11 870 135 0.888 7.10
4 H16 12 1175 14 11 835 | 360 1.578 22.25
2 H16 36 1350 49 11 1005 | 360 1.578 76.71
Beam 9 22 H16 12 3500 42 0 3500 1.578 66.29
10 H16 12 1575 19 11 1235 | 360 1.578 29.83
Beam 10 2 H16 24 1350 32 11 1005 | 360 1.578 51.14
23 H16 12 5000 60 0 5000 1.578 94.70
Links
Links Beam 1 1 H10 24 2550 61 64 565 155 [ 730 | 380 | 330 130 0.617 37.73
Links 1 H10 140 2150 301 64 365 155 [ 530 | 380 | 330 130 0.617 185.57
Links 9 H10 142 1700 241 51 380 | 380 130 130 0.617 148.83
concrete slab
Siab 20 | H10] 110 | 1575 | 173 | 0 | 1450 ] | | | [ 0.617 106.81
19 No. of 4.8m x 2.4m A252 mesh required 864.50
Screed 7 No. of 4.8m x 2.4m A98 mesh required 124.60
|Total Steel Mass (kg) 2620
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RETAINING WALL ANALYSIS

In accordance with EN1997-1:2004 incorporating Corrigendum dated February 2009 and the UK National Annex

incorporating Corrigendum No.1

Retaining wall details
Stem type

Stem height

Stem thickness

Angle to rear face of stem
Stem density

Toe length

Heel length

Base thickness

Key position

Key depth

Key thickness

Base density

Height of retained soil
Angle of soil surface
Depth of cover

Retained soil properties
Soil type

Moist density

Saturated density

Base soil properties

Soil type

Soil density

Presumed bearing capacity
Loading details

Variable surcharge load
Vertical line load at 1350 mm

Cantilever

hstem = 3250 mm
tstem = 300 mm
o =90 deg

Ystem = 25 KN/m®
loe = 1200 mm
Iheet = 500 mm
tbase =250 mm
Prey = 900 mm
dkey = 450 mm
tkey = 600 mm
Ybase = 25 KN/m?>
hret = 3000 mm
p=0deg

doover = 200 mm

Very dense gravel

Ymr = 18 kN/m?®
Ysr = 21 kN/m3

Very loose gravel

v = 16 kN/m?

Pbearing =75 kN/m?

Surchargea = 10 kN/m?

Pc1=4.2 kN/m
Pa1 =7 kN/m

Tedds calculation version 2.9.22
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j«—450—»| 250 |

Calculate retaining wall geometry

Base length

Base height

Moist soil height

Length of surcharge load

- Distance to vertical component

Effective height of wall

- Distance to horizontal component
- Distance to horizontal component above key

Area of wall stem

- Distance to vertical component

Area of wall base

- Distance to vertical component

Area of moist soil

- Distance to vertical component
- Distance to horizontal component
- Distance to horizontal component above key

Area of base sail

- Distance to vertical component
- Distance to horizontal component

-71.7 kNIm?

f———1200———»{ 300 ¢—500—
fje———1350——»|
& 10 KN/m?
(D 33 KNm? .

Prop
»

61.2 kN,mzmmmW1 o

J 900 J4—600—>le—500—»|

24 kN/m?

} 000- }

General arrangement - sketch pressures relate to bearing check

Ibase = loe + tstem + Iheel = 2000 Mm

hbase = thase + dkey = 700 mm

hmoist = hsoil = 3200 mm

sur = lheel = 500 mm

Xsur v = lbase = Iheel / 2 = 1750 mm

heff = hbase + deover + hret = 3900 mm

Xsur_h = heff / 2 - dkey = 1500 mm

Xsur_h a = (Neff - dkey) / 2 = 1725 mm

Astem = hstem x tstem = 0.975 m?

Xstem = loe + tstem / 2 = 1350 mm

Abvase = lbase X thase + Okey X tkey = 0.77 m?

Xoase = (Ibase® X tbase / 2 + Okey X tkey X (Prey + tkey / 2)) / Abase = 1070 mm
Amoist = himoist X Iheet = 1.6 M?

Xmoist.v = Ibase - (Nmoist X Ihee® / 2) / Amoist = 1750 mm

Xmoist h = heff / 3 - dkey = 850 mm

Xmoist_h_a = (Neff - dkey) / 3 = 1150 mm

Agass = deover X lioe = 0.24 M2

Xpass_v = lbase - (cover X loex (lbase - loe / 2)) / Apass = 600 mm
Xpass_h = (doover + hbase) / 3~ dkey = =150 mm
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Area of excavated base soil
- Distance to vertical component
- Distance to horizontal component

Retained soil properties
Design moist density
Design saturated density

Base soil properties
Design soil density

Soil coefficients

Coefficient of friction to back of wall
Coefficient of friction to front of wall
Coefficient of friction beneath base
Active pressure coefficient

Passive pressure coefficient

Bearing pressure check

Vertical forces on wall
Wall stem

Wall base

Surcharge load

Line loads

Moist retained soil
Base soil

Total

Horizontal forces on wall
Surcharge load

Moist retained soil

Base soil

Total

Moments on wall
Wall stem

Wall base
Surcharge load
Line loads

Moist retained sail
Base soil

Total

Check bearing pressure
Propping force

Distance to reaction
Eccentricity of reaction
Loaded length of base

Aexc = hpass x loe = 0.24 m?
Xexc v = Ibase - (hpass X ltoex (lbase - ltoe / 2)) / Aexc = 600 mm
Xexc_h = (Npass + hbase) / 3- dkey = 150 mm

Ymr| = Ymr/Yy =18 kN/m®
Ysr| = Ysr / = 21 kN/m?

1w =0/ = 16 KN/m?

Ki = 0.325
Kwn = 0.325
Kb = 0.325
Ka=0.333
Kr =4.977

Fstem = Astem X ystem = 24.4 KN/m

Foase = Avase X ybase = 19.3 kN/m

Fsur_v = Surchargea x Iheet = 5 KN/m

Fep v =Pao1 + Par =11.2 kN/m

Froist v = Amoist X ymr = 28.8 KN/m

Fpass v = Apass X yb = 3.8 kN/m

Frotal v = Fstem + Fbase + Fsur v + Fp_v + Fmoist v + Fpass v = 92.5 kN/m

Fsur h = Ka x Surchargeaq x (heff - dkey) = 11.5 kN/m
Frmoisth = Ka x ymr x (Neft - dkey)? / 2 = 35.7 kKN/m
Fpass_h = -Kp x b x (doover + Nbase)? / 2 = -32.2 kN/m
Ftotal_h = Fsur_h + Fmoist h + Fpass_h =15 KN/m

Mstem = Fstem x Xstem = 32.9 kNm/m

Mbase = Fbase X Xoase = 20.6 KNm/m

Msur = Fsur_v X Xsur v = Fsur_h X Xsur_h = -8.5 KNm/m

Mp = (Pa1 + Pat) x p1 = 15.1 kKNm/m

Mmoist = Frmoist_v X Xmoist_v = Fmoist_h X Xmoist h = 20 KNm/m

Mpass = Fpass v X Xpass_v = 2.3 KNm/m

Miotal = Mstem + Mbase + Msur + Mp + Mmnoist + Mpass = 82.5 kNm/m

Fprop_base = Fiota_h = 15 KN/m

X = Motal / Frotal v = 892 mm
€= X-lase /2 =-108 mm
licad = lbase = 2000 mm
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Bearing pressure at toe
Bearing pressure at heel
Factor of safety

Qoe = Fiotal_v / Ibase x (1 - 6 x €/ lvase) = 61.2 kN/m?
Qheel = Ftotal_v / lbase % (1 +6xe/ |base) = 31.3 KN/m?
FoSop = Poearing / max(qme, C]heel) =1.225

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

RETAINING WALL DESIGN

In accordance with EN1992-1-1:2004 incorporating Corrigendum dated January 2008 and the UK National Annex

incorporating National Amendment No.1

Tedds calculation version 2.9.22

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

Concrete strength class

Characteristic compressive cylinder strength
Characteristic compressive cube strength
Mean value of compressive cylinder strength
Mean value of axial tensile strength

5% fractile of axial tensile strength

Secant modulus of elasticity of concrete
Partial factor for concrete - Table 2.1N
Compressive strength coefficient - cl.3.1.6(1)

Design compressive concrete strength - exp.3.15

Maximum aggregate size

Ultimate strain - Table 3.1

Shortening strain - Table 3.1

Effective compression zone height factor
Effective strength factor

Bending coefficient ki

Bending coefficient kz

Bending coefficient ks

Bending coefficient k4

Reinforcement details

Characteristic yield strength of reinforcement
Modulus of elasticity of reinforcement

Partial factor for reinforcing steel - Table 2.1N
Design yield strength of reinforcement

Cover to reinforcement
Front face of stem

Rear face of stem

Top face of base

Bottom face of base

C32/40

fo = 32 N/mm?

fok.cube = 40 N/mm?

fom = foc + 8 N/mn? = 40 N/mm?

form = 0.3 N/mm? x (foc / 1 N/mm?2)?2 = 3.0 N/mm?
fetk005 = 0.7 x form = 2.1 N/mm?

Ecm = 22 KN/mm? x (fem / 10 N/mm?)°3 = 33346 N/mm?
v =1.50

occ = 0.85

fed = ace x fox / ye = 18.1 N/mm?

hagg = 20 mm

g2 = 0.0035

gaus = 0.0035

A =0.80

n=1.00

K1=10.40

K2 =1.00 x (0.6 + 0.0014/¢cu2) = 1.00

Ks =0.40

K4 =1.00 x (0.6 + 0.0014/¢c2) =1.00

fyk = 500 N/mm?

Es = 200000 N/mm?
ys=1.15

fya = f / ys = 435 N/mm?

cst =40 mm
Csr = 50 mm
cot = 50 mm

Cob =75 mm
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Loading details - Combination No.1 - kN/n?

Loading details - Combination No.2 - kN/n?

Check stem design at base of stem
Depth of section

Rectangular section in flexure - Section 6.1
Design bending moment combination 1
Depth to tension reinforcement

Lever arm
Depth of neutral axis

Area of tension reinforcement required

Shear force - Combination No.1 - kN/m

8026.7
_— mh
A 31.8
« 13.9

Shear force - Combination No.2 - kN/m

6260.1

h =300 mm

M=69.8 kNm/m

A 1068
44

Bending moment - Combination No.1 - kNm/m

ogp |

556

0.6

b7

Bending moment - Combination No.2 - kNm/m

T s
o 43.7,
52.4

d=h-Csr-¢sr/2=242mm
K=M/ (d? x fe) = 0.037

K'=(2 xm x aalyc)x(1 - A x (8 - Ki)/(2 x K2))x(L x (8 - K1)/(2 x K2))

K'=0.207

K'> K - No compression reinforcement is required
z=min(0.5+0.5 x (1-2 x K/ (n x oec / yc))*5, 0.95) x d = 230 mm

x=25x(d-2z)=30mm

Asrreq =M/ (fyd X Z) =699 mm?/m

837
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Tension reinforcement provided 16 dia.bars @ 200 c/c
Area of tension reinforcement provided Asrprov = 70 X e / (4 x Ssr) = 1005 mm?/m
Minimum area of reinforcement - exp.9.1N Astmin = max(0.26 x ferm / fyk, 0.0013) x d = 381 mm?/m
Maximum area of reinforcement - ¢.9.2.1.1(3) Asrmax = 0.04 x h = 12000 mm?/m

maX(%r.req, %rmin) / /%,r.prov =0.695

PASS - Area of reinforcement provided is greater than area of reinforcement required
Library item: Rectangular single output

Deflection control - Section 7.4

Reference reinforcement ratio po = V(fex / 1 N/mm?) / 1000 = 0.006

Required tension reinforcement ratio p = Asrreq/ d = 0.003

Required compression reinforcement ratio p' = Asr2req / d2 = 0.000

Structural system factor - Table 7.4N Ko =0.4

Reinforcement factor - exp.7.17 Ks = min(500 N/mm? / (fyk x Asrreq / Asrprov), 1.5) = 1.439

Limiting span to depth ratio - exp.7.16.a min(Ks x Ko x [11 + 1.5 x V(fac / 1 N/mm2) x po/ p + 3.2 x \(foc / 1 N/mm2) x
(po/ p-1)"7, 40 x Ko) =16

Actual span to depth ratio hstem / d = 13.4

PASS - Span to depth ratio is less than deflection control limit

Crack control - Section 7.3

Limiting crack width Wmax = 0.3 mm
Variable load factor - EN1990 — Table A1.1 y2=0.6
Serviceability bending moment Msis = 43 kNm/m
Tensile stress in reinforcement 65 = Mis / (Asrprov x ) = 186.1 N/mm?
Load duration Long term
Load duration factor ki=0.4
Effective area of concrete in tension Acet =min(2.5x (h-d), (h-x)/3,h/2)
Acer = 89917 mm?/m
Mean value of concrete tensile strength fetert = fom = 3.0 N/mm?
Reinforcement ratio ppeff = Asrprov / Acerf = 0.011
Modular ratio oe = Es / Ecm = 5.998
Bond property coefficient k1=0.8
Strain distribution coefficient k2=0.5
ks=3.4
ks = 0.425
Maximum crack spacing - exp.7.11 Srmax = K3 x Csr + K1 x k2 x ka x ¢sr / ppeff = 413 mm
Maximum crack width - exp.7.8 Wk = Srmax x MaXx(cs — kt x (fetef / ppeff) x (1 + e X ppef), 0.6 x 65) / Es

Wk =0.231 mm
Wk / Wimax = 0.769
PASS - Maximum crack width is less than limiting crack width

Rectangular section in shear - Section 6.2
Design shear force V =57.5 kN/m

Crdc=0.18/yc = 0.120

k =min(1 + (200 mm/ d), 2) = 1.909
Longitudinal reinforcement ratio pi = min(Asrprov / d, 0.02) = 0.004
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Vmin = 0.035 N"2/mm x k%2 x {5 = 0.522 N/mn??
VRd.c = max(Cra.c x k x (100 N¥mm* x pi x fex)"3, Vimin) x d
VRde = 131.3 KN/m
V / VRrdc = 0.438
PASS - Design shear resistance exceeds design shear force
Horizontal reinforcement parallel to face of stem - Section 9.6

Design shear resistance - exp.6.2a & 6.2b

Minimum area of reinforcement — cl.9.6.3(1)

Maximum spacing of reinforcement — ¢1.9.6.3(2)

Transverse reinforcement provided

Area of transverse reinforcement provided

Asx.req = max(025 XAsr.prov, 0.001 x tstem) =300 mm¥m
Ssx_max = 400 mm
10 dia.bars @ 200 c/c

Asxprov = T x (I)sx2 / (4 X Ssx) =393 mm?/m

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

Check base design at toe

Depth of section h =250 mm
Rectangular section in flexure - Section 6.1
Design bending moment combination 1 M = 50.7 KNm/m

Depth to tension reinforcement d=h-cob- oo/ 2=167 mm
K =M/ (d? x fx) = 0.057
K' = (2 xn x aeelyc)x(1 - A x (8 - Ki)/(2 x K2))x(A x (3 - K1)/(2 x K2))
K'=0.207
K'> K - No compression reinforcement is required
Lever arm z=min(0.5+0.5x (1-2 x K/ (n x oec / yc))°?, 0.95) x d = 158 mm
x=25x(d—2z)=22mm
Avbreq =M/ (fya x 2) = 737 mm?/m
16 dia.bars @ 200 c/c
Abbprov = T X Pob? / (4 x Sbb) = 1005 mm?/m
Apbmin = Max(0.26 x fam / fy, 0.0013) x d = 263 mm?/m
Apb.max = 0.04 x h =10000 mm?m
max(Aob.req, Aob.min) / Abbprov = 0.733

PASS - Area of reinforcement provided is greater than area of reinforcement required
Library item: Rectangular single output

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

Area of tension reinforcement provided
Minimum area of reinforcement - exp.9.1N

Maximum area of reinforcement - ¢.9.2.1.1(3)

Crack control - Section 7.3

Limiting crack width Wmax = 0.3 mm

Variable load factor - EN1990 — Table A1.1 y2=0.6

Serviceability bending moment Msis = 31.2 kKNm/m

Tensile stress in reinforcement s = Msis / (Abbprov x Z) = 196.5 N/mm?
Load duration Long term

Load duration factor ki=0.4

Effective area of concrete in tension Acer =min(2.5x (h-d), (h-x)/3,h/2)
Acert = 75969 mm?/m

foteft = fotm = 3.0 N/mm?

ppeff = Avbprov / Acett = 0.013

oe = Es / Ecm = 5.998

Bond property coefficient k1=0.8

Mean value of concrete tensile strength
Reinforcement ratio
Modular ratio
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Strain distribution coefficient

Maximum crack spacing - exp.7.11
Maximum crack width - exp.7.8
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k2=0.5
ks =3.4
ks = 0.425

Rectangular section in shear - Section 6.2

Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Check base design at heel
Depth of section

Rectangular section in flexure - Section 6.1

Design bending moment combination 1

Depth to tension reinforcement

Lever arm

Depth of neutral axis

Area of tension reinforcement required

Tension reinforcement provided

Area of tension reinforcement provided

Minimum area of reinforcement - exp.9.1N

Maximum area of reinforcement - ¢.9.2.1.1(3)

Crack control - Section 7.3
Limiting crack width

Srmax = K3 x Cob + k1 X k2 x K4 x ob / ppett = 461 mm
Wk = Srmax x Max(os — kt x (feteff / ppeft) x (1 + de X ppef), 0.6 x os) / Es
Wk = 0.271 mm
Wk / Wmax = 0.905
PASS - Maximum crack width is less than limiting crack width

V =80.2 kN/m
Crdc=0.18/vc = 0.120
k = min(1 + (200 mm/ d), 2) = 2.000
pi = min(Avb.prov / d, 0.02) = 0.006
Vmin = 0.035 N"2/mm x k32 x f405 = 0.560 N/mm?
VRd.e = Max(Crac x k x (100 N&/mm* x pi x fek) "3, Vimin) x d
VRdc = 107.4 kN/m
V[ VRdc = 0.746
PASS - Design shear resistance exceeds design shear force

h =250 mm

M = 5.9 kNm/m
d=h-cot- ot/ 2=195mm
K =M/ (d? x fx) = 0.005
K'=(2 xn x aeelye)x(1 - A x (8 - Ki)/(2 x K2))x(A x (8 - K1)/(2 x Kz2))
K'=0.207
K'> K - No compression reinforcement is required
z=min(0.5+0.5x (1-2 x K/ (n x oec / yc))°?, 0.95) x d = 185 mm
x=25x(d-2z)=24 mm
Avtreg = M/ (fyd x ) = 73 mm?/m
10 dia.bars @ 200 c/c
Abtprov = 1t x o2 / (4 x Spt) = 393 mm?/m
Abtmin = Max(0.26 x fom / fyk, 0.0013) x d = 307 mm?/m
Aptmax = 0.04 x h = 10000 mm?/m
max(Abt.req, Avtmin) / Avtprov = 0.781

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

Variable load factor - EN1990 — Table A1.1

Serviceability bending moment
Tensile stress in reinforcement
Load duration

Library item: Rectangular single output

Wmax = 0.3 mm

y2=0.6

Msis = 3.6 kNm/m

65 = Meis / (Abtprov x Z) = 49.8 N/mm?
Long term
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Load duration factor
Effective area of concrete in tension

Mean value of concrete tensile strength
Reinforcement ratio

Modular ratio

Bond property coefficient

Strain distribution coefficient

Maximum crack spacing - exp.7.11
Maximum crack width - exp.7.8

Rectangular section in shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Check key design
Depth of section

Rectangular section in flexure - Section 6.1

Design bending moment combination 1
Depth to tension reinforcement

Lever arm

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

Area of tension reinforcement provided
Minimum area of reinforcement - exp.9.1N

Maximum area of reinforcement - ¢1.9.2.1.1(3)

ki=0.4
Acef =min(2.5x (h-d), (h-x)/3,h/2)
Acer = 75208 mm?/m
fetert = fom = 3.0 N/mm?
preff = Abtprov / Acef = 0.005
oe = Es / Ecm = 5.998
k1=0.8
k2=0.5
ks=3.4
ks = 0.425
Srmax = K3 x Cot + K1 x K2 x Ka x ¢t / ppeff = 496 mm
Wk = Srmax x MaX(cs — kt x (feteff / ppeff) x (1 + e X ppef), 0.6 x 65) / Es
Wk = 0.074 mm
Wk / Wmax = 0.247
PASS - Maximum crack width is less than limiting crack width

V =31.8 kN/m

Crdc=0.18/yc = 0.120

k = min(1 + (200 mm/ d), 2) = 2.000

o1 = min(Aetprov / d, 0.02) = 0.002

Vmin = 0.035 N"2/mm x k%2 x {5 = 0.560 N/mn??

VRd.e = max(Crae x k x (100 N/mm* x pi x fek) "3, Vmin) x d
Vrdc = 109.2 KN/m

V / VRrdc =0.291
PASS - Design shear resistance exceeds design shear force

h =600 mm

M = 3.1 kKNm/m
d=h-cob-¢x/2=517mm
K =M/ (d? x fa) = 0.000
K' = (2 xn x aeelyc)x(1 - A x (8 - Ki)/(2 x K2))x(A x (3 - K1)/(2 x K2))
K =0.207
K'> K - No compression reinforcement is required
z=min(0.5 + 0.5 x (1-2 x K/ (n x ctee / 1¢))°%, 0.95) x d = 491 mm
x=25x(d—2z)=65mm
Axreq = M/ (fyd x z) =15 mm?/m
16 dia.bars @ 200 c/c
Axprov = 1t x k2 / (4 x sk) = 1005 mm?/m
Axrmin = max(0.26 x fum / fyk, 0.0013) x d = 813 mm?/m
Axmex = 0.04 x h = 24000 mm?/m
max(Axreq, Akmin) / Axprov = 0.809

PASS - Area of reinforcement provided is greater than area of reinforcement required
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Crack control - Section 7.3

Limiting crack width

Variable load factor - EN1990 — Table A1.1
Serviceability bending moment

Tensile stress in reinforcement

Load duration

Load duration factor

Effective area of concrete in tension

Mean value of concrete tensile strength
Reinforcement ratio

Modular ratio

Bond property coefficient

Strain distribution coefficient

Maximum crack spacing - exp.7.11
Maximum crack width - exp.7.8

Rectangular section in shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Library item: Rectangular single output

Wmax = 0.3 mm
y2=0.6
Msis = 2.1 kKNm/m
05 = Msis / (Axprov x Z) = 4.3 N/mm?
Long term
ki=0.4
Acei =min(2.5x (h-d), (h-x)/3,h/2)
Acert = 178458 mm?/m
foter = fom = 3.0 N/mm?
preff = Akprov / Acert = 0.006
oe = Es / Ecm = 5.998
ki1=0.8
k2=0.5
ks =3.4
ks = 0.425
Srmax = K3 x Cob + Kt x k2 x ka x ¢k / ppeft = 738 mm
Wk = Srmax x Max(os — kt x (foteff / ppefr) x (1 + e X ppefr), 0.6 x os) / Es
wk =0.01 mm
Wk / Wmax = 0.032
PASS - Maximum crack width is less than limiting crack width

V=139 kN/m
Crdc=0.18/vyc =0.120
k = min(1 + (200 mm/ d), 2) = 1.622
pi = min(Axprov / d, 0.02) = 0.002
Vimin = 0.035 N"2/mm x k3?2 x fa® = 0.409 N/mmn?
VRd.e = Max(Crac x k x (100 N&/mm* x pi x fek) "3, Vimin) x d
VRdc = 211.4 kKN/m
V[ VR4 = 0.066
PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement — ¢1.9.3.1.1(2)
Maximum spacing of reinforcement — ¢1.9.3.1.1(3)
Transverse reinforcement provided

Area of transverse reinforcement provided

Abxreq = 0.2 x Avb.prov = 201 mm?/m

Sbx_max = 450 mm
10 dia.bars @ 200 c/c

Abxprov = T X (]l)xz / (4 X be) =393 mm?m

PASS - Area of reinforcement provided is greater than area of reinforcement required
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40-»| [ [4-50
10 dia.bars @ 200 c/c =

horizontal reinforcement
parallel to face of stem

10 dia.bars @ 200 c/c
10 dia.bars @ 200 c/c

< M

16 dia.bars @ 200 c/c

50

¥

C

]‘I

‘ 1

16 dia.bars @ 200 c/c

Reinforcement details

ia.bars @ 200 e

10 dia.bars @ 200 c/c
transverse reinforcement

in base
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