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Structural Calculations — Basement Preliminary

Design Philosophy
The basement construction consists of two techniques:
1) New double height basement:
Construction, contiguous piled wall retaining wall, waterproof concrete liner wall — 200 to 250mm.

Design location; in all areas of new basement there will be a new intermediate slab, pile restrained by slabs
at Ground, Basement 1 and Basement 2.

Design method: analysis of retaining wall as continuous member with pinned connections at slabs. Design
of maximum moment for 450mm diameter RC column.

2) Underpinning of existing basement.

Reinforced concrete underpinning, width to match existing basement plus 250mm liner wall. Total width
625mm.

Design location; worst case is full double height basement restrained by slabs at Ground and Basement 2.

Design method: analysis of retaining wall propped at top and bottom. Design is conservative as it assumes
full height clay and that the dead load surcharge acts at the top of the retained level.

Design Aids

Design Codes

Eurocode 1: BS EN Actions on structures - Part 1-1: General actions - Densities, self-weight,
1991-1-1:2002 imposed loads for buildings

Eurocode 2: BS EN Design of concrete structures - Part 1-1: General rules and rules for
1992-1-1:2004 buildings
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' Tekl a Project Job no.
Y Tedds Hall School 2150206
Calcs for Start page no./Revision
Retaining Wall - 1m width Analysis 2
Calcs by Calcs date Checked by Checked date Approved by Approved date
PSD 28/02/2017

Dead - Loading

; ‘ “Member1
Load cases
Name Enabled Self weight factor Patternable
Self Weight yes 1 no
soil yes 0 no
surcharge yes 0 no
water yes 0 no
Dead yes 0 no
Load combinations
Load combination Type Enabled Patterned
LoadCombination1 Strength yes no
LoadCombination2 Service yes no
Load combination: LoadCombination1 (Strength)
Load case Factor
soil 14
surcharge 15
water 1.35
Dead 1.35
Load combination: LoadCombination2 (Service)
Load case Factor
Self Weight 1
soil 1
surcharge 1
water 1
Dead 1
Element UDL loads
Element Load case Position Load | Orientation
Type Start End
(kN/m)
1 surcharge Ratio 0 1 4.2 GlobalZ
2 surcharge Ratio 0 1 4.2 GlobalZz
1 Dead Ratio 0 1 2.2 Globalz
2 Dead Ratio 0 1 2.2 GlobalZ
Element VDL loads
Element Load case Position Load Orientation
Type Start End Start End
(kN/m) | (kN/m)
1 soil Ratio 0 1 64 30.75 Globalz




267.5

202.9

LoadCombination1 (Strength) - Shear (kN)

-288.6
Element results
Load combination: LoadCombination1 (Strength)
Element Shear force Moment
Pos Max abs Pos Max Pos Min
(m) (kN) (m) (kNm) (m) (kNm)
4 -288.6 1.579 202.9 4 -176.2
0 1551 3.077 2.7 0 -176.2

Project Job no.
& Tekla
Tedds Hall School 2150206
Calcs for Start page no./Revision
Retaining Wall - 1m width Analysis 3
Calcs by Calcs date Checked by Checked date Approved by Approved date
PSD 28/02/2017
Element Load case Position Load Orientation
Type Start End Start End
(kN/m) | (kN/m)

2 soil Ratio 0 1 30.75 0 GlobalZ
1 water Ratio 0 1 67 27 GlobalZ
2 water Absolute Om 2.7m 27 0 GlobalZ

Results

Forces

Element results

Envelope - Strength combinations
Element Shear force Moment

Pos Max abs Pos Max Pos Min
(m) (kN) (m) (kNm) (m) (kNm)
4 -288.6 1.579 202.9 4 -176.2
0 155.1 3.077 2.7 0 -176.2
LoadCombination1 (Strength) - Moment (kNm)
i 27




& Tekla

Tedds

Project Job no.
Hall School 2150206
Calcs for Start page no./Revision
Retaining Wall - Pile as Column 1
Calcs by Calcs date Checked by Checked date Approved by Approved date
PSD 20/02/2017

RC COLUMN DESIGN

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

N

«

Column geometry

Overall diameter

Concrete details

Cylinder strength of concrete
Coefficient e

Maximum aggregate size

Reinforcement details
Nominal cover to links
Link diameter

Area of longitudinal reinft
Modulus of elasticity of reinft

Fire resistance details
Fire resistance period

Ratio of fire design axial load to design resistance

Tedds calculation version 1.2.14

8 no. 20 mm diameter longitudinal bars

12 mm diameter links

Max link spacing 400 mm generally, 240 mm for
450 mm above and below slab/beam and at laps

450———»
h= 450 mm
foc = 40 MPa Safety factor for concrete vc =1.50
Occ = 0.85
dg =20 mm
Cnom = 60 mm Longitudinal bar diameter ¢ =20 mm
dv=12mm Total no. of longitudinal bars N =8
As = 2513 mm? Safety factor for reinforcement ys = 1.15

Es = 200000 MPa

R =60 min Exposure to fire More than one side

us = 0.70

Check nominal cover for fire and bond requirements

Min cover to links for bond
Allowance for deviations

an =40 mm
Cnom_min = 22.0 mm
PASS - the nominal cover is greater than the minimum required

Cminp = 12 mm Min axis distance for fire

ACdev = 10 mm Min allowable nominal cover

Key points on interaction diagram for bending about y axis

Axial load capacity no mt

Axial no strain in tension reinft Nrayt = 2733 kN
Axial conc/tension steel at yield

yield

Nrdo = 4073 kN
Mrayt = 180.1 kNm
Mt conc/tension steel at

Mt no strain in tension reinft
Nray2 = 1115 kN
Mrdy2 = 223.4 KNm

Mt capacity no axial load

Axial at additional location Nrays = 3507 kN Mt at additional location

Key points on interaction diagram for bending about z axis
Axial load capacity no mt Nrao = 4073 kN

Axial no strain in tension reinft Nrdz1 = 2848 kN Mt no strain in tension reinft

Mrays = 151.2 kNm
Mrays = 112.5 kNm

Mgdzt = 173.2 kKNm




Project Job no.
! Tekl a rojec ob no
Tedds Hall School 2150206
Calcs for Start page no./Revision
Retaining Wall - Pile as Column 2
Calcs by Calcs date Checked by Checked date Approved by Approved date
PSD 20/02/2017
Axial conc/tension steel at yield NRrazz = 1219 kN Mt conc/tension steel at
yield Mrdzz = 222.8 KNm

Mt capacity no axial load
Axial at additional location Nrdz4 = 3587 kN Mt at additional location

Mrdzz = 154.7 kNm
Mrdzs = 99.6 KNm
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Interaction diagram for bending about y axis

450 mm diameter column, 8 no. 20 mm longitudinal bars
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Interaction diagram for bending about z axis
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450 mm diameter column, 8 no. 20 mm longitudinal bars
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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

Prop height

Stem thickness

Angle to rear face of stem
Stem density

Toe length

Base thickness

Base density

Height of retained soil
Angle of soil surface
Depth of cover

Height of water

Water density

Retained soil properties

Soil type

Moist density

Saturated density

Characteristic effective shear resistance angle
Characteristic wall friction angle

Base soil properties

Soil density

Characteristic effective shear resistance angle
Characteristic wall friction angle
Characteristic base friction angle

Presumed bearing capacity

Loading details

Permanent surcharge load

Variable surcharge load

Propped cantilever
hstem = 7400 mm
hprop = 7400 mm
tstem = 625 mm

o =90 deg

Ystem = 25 kKN/m?
loe = 1500 mm
tbase = 500 mm
Ybase = 25 kN/m?
hret = 7400 mm
B =0deg

dcover =0 mm
hwater = 6400 mm
Yo = 9.8 kN/m?3

Stiff clay
Yr = 19.6 kN/m3
Ysr = 19.6 kN/m?3

@rk = 24 deg
ork =12 deg

Vb = 19.6 kN/m?
@bk = 24 deg
ok =12 deg
Obbk = 12 deg

Pbearing =200 kN/m?

Surchargec = 5 kN/m?
Surchargea = 10 kN/m?

Tedds calculation version 2.6.09
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j¢—1500—>»] 625 |
= = = Propy, 5.6 kN/m? =
— 12.9 kN/m?
% \— 105.9 kN/m?2
66.9 kN/m? 166.9 kN/m?

Calculate retaining wall geometry
Base length

Saturated soil height

Moist soil height

Length of surcharge load

- Distance to vertical component
Effective height of wall

- Distance to horizontal component
Area of wall stem

- Distance to vertical component
Area of wall base

- Distance to vertical component

Using Coulomb theory
Active pressure coefficient

Passive pressure coefficient

Bearing pressure check

Vertical forces on wall
Wall stem
Wall base

fje——2125—»|

General arrangement

Ibase = loe + tstem = 2125 mm

hsat = hwater + dcover = 6400 mm
Nmoist = hret - hwater = 1000 mm
Isur = lheet = 0 mm

Xsur_v = lbase - lheet / 2 = 2125 mm
heft = Nbase + doover + hret = 7900 mm
Xsur_h = hett / 2 = 3950 mm

Astem = hstem X tstem = 4.625 m?
Xstem = loe *+ tstem / 2 = 1813 mm
Abase = Ibase X thase = 1.063 m?
Xbase = lbase / 2 = 1063 mm

Ka = sin(a + @rk)? / (sin(a)? x sin(a - drk) x [1 + V[sin(@rk + drk) x sin(@rx
-B)/ (sin(a - &) x sin(a + B)]IP) = 0.382

Kp = $in(90 - @ok)? / (SIN(90 + Box) X [1 - V[Sin(@ox + Bok) X sin(@ox) /
(Sin(90 + Bo.x))]2) = 3.337

Fstem = Astem X Ystem = 115.6 KN/m
Fbase = Abase X Ybase = 26.6 KN/m
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Total

Horizontal forces on wall
Surcharge load

Saturated retained soil
Water

Moist retained soil

Base soil
Total

Moments on wall
Wall stem

Wall base

Surcharge load
Saturated retained soil
Water

Moist retained soil
Total

Check bearing pressure
Propping force to stem
Propping force to base
Moment from propping force
Distance to reaction
Eccentricity of reaction
Loaded length of base
Bearing pressure at toe
Bearing pressure at heel
Factor of safety

Ftotalfv = Fstem + Fbase + Fwaterfv =142.2 kN/m

Fsur h = Ka X cos(drd) x (Surchargec + Surchargeq) x hetr = 44.3 kN/m
Fsat.h = Ka x cos(dr.d) X (Ysr' - W') X (hsat + hoase)? / 2 = 87.3 kN/m

Fuater h = Yw' X (Nwater + dcover + hbase)? / 2 = 233.5 kN/m

Froist h = Ka X c0S(dr.d) X Ymr' X ((Neff - hsat - hbase)? / 2 + (Neft - hsat = Nbase) X
(hsat + hbase)) = 54.3 kN/m

Fpass_h = -Kp x cOS(Bb.d) X b' X (dcover + hbase)? / 2 = -8 KN/m

Ftotalfh = Fsatﬁh + Fmoistﬁh + Fpassﬁh + Fwaterfh + Fsurﬁh =411.3 kN/m

Mstem = Fstem X Xstem = 209.6 KNm/m

Mbase = Fbase X Xbase = 28.2 KNm/m

Msur = -Fsur_h X Xsur_h = =174.9 KNm/m

Msat = -Fsat_h X Xsat_h = -200.7 KNm/m

Muwater = -Fwater_h X Xwater h = =537.1 KNm/m

Mmoist = -Fmoist_h X Xmoist_h = -201.1 KNm/m

Miotal = Mstem + Mbase + Msat + Mmoist + Mwater + Msur = -876 KNm/m

Fprop_stem = (Ftotal_v X Ibase / 2 - Miotal) / (Nprop + tbase) = 130 KN/m
Fprop_base = Ftotal_h = Fprop_stem = 281.3 KN/m

Morop = Fprop_stem X (Nprop + thase) = 1027.1 KNm/m

"X = (Miotal + Mprop) / Fiotal v = 1063 mm
€="X-lbase/2=0mm

lioad = Ibase = 2125 mm

Qtoe = Frotal v / lbase X (1 - 6 X € / lpase) = 66.9 KN/m?

Qheel = Frotal v / Ibase X (1 + 6 X € / lpase) = 66.9 KN/m?

FoSubp = Poearing / Max(Qoe, gheet) = 2.989

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 2.6.09

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 - ¢l.3.1.6(1)
Design compressive concrete strength - exp.3.15
Maximum aggregate size

C40/50

foc = 40 N/mm?

fek.cube = 50 N/mm?

fom = fok + 8 N/mm? = 48 N/mm?

fetm = 0.3 N/mm? x (fex / 1 N/mm?2)?3 = 3.5 N/mm?
fetk,005 = 0.7 X form = 2.5 N/mm?

Ecm = 22 KN/mm? x (fem / 10 N/mm?)°-3 = 35220 N/mm?
vc = 1.50

Occ = 0.85

fod = Oce X fox / Yo = 22.7 N/mm?

hagg =20 mm




. Project Job no.
& Tekla rjec o o
Tedds Hall School 2150206
Calcs for Start page no./Revision
Retaining Wall 4
Calcs by Calcs date Checked by Checked date Approved by Approved date
PSD 03/03/2017

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

fyk = 500 N/mm?

Es = 200000 N/mm?

ys =1.15

fya = fyk / ys = 435 N/mm?

Cst = 40 mm
Csr = 50 mm
Cot = 50 mm
Cob =75 mm

Loading details - Combination No.1 - kN/m 2Shear force - Combination No.1 - kN/m Bending moment - Combination No.1 - kNm/m

-219.6

2 -398 '82.6 491

Loading details - Combination No.2 - kN/m 2Shear force - Combination No.2 - kN/m Bending moment - Combination No.2 - kNm/m

Check stem design at 4094 mm
Depth of section

839

-176.7

81

2 -317.3 612 393.1

h =625 mm
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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 - ¢l.9.2.1.1(3)

M =219.6 kKNm/m
d=h-Cst- @x-@m/2=555mm
K=M/(d? x f«) = 0.018
K'=0.207
K'> K - No compression reinforcement is required
z=min(0.5 + 0.5 x (1 - 3.53 x K)®5, 0.95) x d = 527 mm
x=25x(d-2z)=69 mm
Astmreq = M / (fya x z) = 958 mm?/m
20 dia.bars @ 150 c/c
Asimprov = TUX @2 / (4 X Ssiv) = 2094 mm2/m
Astmin = max(0.26 x feim / fyk, 0.0013) x d = 1013 mm?/m
Astmmax = 0.04 x h = 25000 mm?/m
max(Astm.req, Ast.min) / Astmprov = 0.484

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

Deflection control - Section 7.4
Reference reinforcement ratio

Required tension reinforcement ratio
Required compression reinforcement ratio
Structural system factor - Table 7.4N
Reinforcement factor - exp.7.17

Limiting span to depth ratio - exp.7.16.a

Actual span to depth ratio

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

po = V(fe / 1 N/mm?) / 1000 = 0.006
p = Astmreq / d = 0.002
p' = Asv2.req / d2 = 0.000
Ko =1
Ks = min(500 N/mm? / (fyk X Astmreq / Asimprov), 1.5) = 1.5
Ks x Kb x [11 + 1.5 x V(fek / 1 N/mm?) x po / p + 3.2 x V(fex / 1 N/mm?) x
(po/ p-1)%¥?] =200.6
hprop / d = 13.3
PASS - Span to depth ratio is less than deflection control limit

Wmax = 0.3 mm

W2 =0.6

Msis = 155.6 kNm/m

Os = Msis / (Astmprov % Z) = 140.9 N/mm?

Long term

ki=0.4

Acef =min(2.5 x (h -d), (h—x)/3, h/2)=175000 mm?/m
feter = form = 3.5 N/mm?2

Pp.eff = Astmprov / Acett = 0.012

Oe = Es/ Ecm = 5.679

ki1=0.8
k2=0.5
ks =3.4
ks = 0.425

Srmax = K3 X Cst + K1 X ka2 X ka X @stm / pPp.ett = 420 mm
Wk = Srmax X Max(0s — Kt X (fcteff / Ppef) X (1 + Qe X Ppetr), 0.6 X Os) / Es
wk = 0.178 mm
Wk / Wmax = 0.592
PASS - Maximum crack width is less than limiting crack width
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Check stem design at base of stem
Depth of section h =625 mm
Rectangular section in flexure - Section 6.1
Design bending moment combination 1 M =491 KNm/m

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 - ¢l.9.2.1.1(3)

d=h-Cs-@/2=559mm
K=M/(d? x f«) = 0.039
K'=0.207
K'> K - No compression reinforcement is required
z=min(0.5 + 0.5 x (1 - 3.53 x K)°5, 0.95) x d = 531 mm
x=25x(d-2z)=70 mm
Astreq = M/ (fya X 2) = 2127 mm?/m
32 dia.bars @ 100 c/c
Asrprov = TIX @2 / (4 % Ssr) = 8042 mm?2/m
Asrmin = max(0.26 x fem / fyk, 0.0013) x d = 1020 mm?/m
Asrmax = 0.04 x h = 25000 mm?/m
max(Asr.req, Asr.min) / Asrprov = 0.264

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

Deflection control - Section 7.4
Reference reinforcement ratio

Required tension reinforcement ratio
Required compression reinforcement ratio
Structural system factor - Table 7.4N
Reinforcement factor - exp.7.17

Limiting span to depth ratio - exp.7.16.a

Actual span to depth ratio

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

po = V(fek / 1 N/mm?) / 1000 = 0.006
P = Asrreq / d = 0.004
p' = Asr2req / d2 = 0.000
Ko =1
Ks = min(500 N/mm? / (fyk X Asr.req / Asr.prov), 1.5) = 1.5
Ks x Ko x [11 + 1.5 x V(fox / 1 N/mm?) x po / p + 3.2 x V(fek / 1 N/mm?) x
(po/ p-1)¥] =56.5
hprop / d = 13.2
PASS - Span to depth ratio is less than deflection control limit

Wmax = 0.3 mm

Y2 =0.6

Msis = 350.6 KNm/m

Os = Msis / (Asrprov X Z) = 82.1 N/mm?

Long term

ki= 0.4

Aceft = min(2.5 x (h - d), (h—x) /3, h/2)=165000 mm?/m
foter = form = 3.5 N/mm?

Pp.eff = Asrprov / Acert = 0.049

Oe = Es/ Ecm = 5.679

ki1=0.8
k2=0.5
ks =3.4
ka = 0.425

Srmax = K3 X Csr + K1 X K2 X K4 X (¢ / Pp.eff = 282 mm
Wk = Srmax X Max(0s — Kt X (feteff / Ppef) X (1 + Oe X Ppefr), 0.6 X Os) / Es
wi = 0.069 mm




y Project Job no.
‘. Tekla rojec ob no
Tedds Hall School 2150206
Calcs for Start page no./Revision
Retaining Wall 7
Calcs by Calcs date Checked by Checked date Approved by Approved date
PSD 03/03/2017

Rectangular section in shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Check stem design at prop
Depth of section

Rectangular section in shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Wk / Wmax = 0.231
PASS - Maximum crack width is less than limiting crack width

V =398 kN/m
Crdc=0.18/yc =0.120
k = min(1 + v(200 mm / d), 2) = 1.598
P = min(Asrprov / d, 0.02) = 0.014
Vmin = 0.035 N"2/mm x k32 x fy 05 = 0.447 N/mm?
VRd.c = Max(Crd.c X k x (100 N¥mm#* x pi x )3, vmin) % d
Vrd.c = 413.9 kN/m
V / Vrdc = 0.962
PASS - Design shear resistance exceeds design shear force

h =625 mm

V =103 kN/m

Crdc=0.18/yc =0.120

k = min(1 + V(200 mm / d), 2) = 1.598

p = min(As prov / d, 0.02) = 0.001

Vmin = 0.035 N"2/mm x k%2 x {405 = 0.447 N/mm?

VRd.c = Max(Crd.c X k x (100 N2/mm#* x pr x )3, Vmin) % d
VRd.c =250 kN/m

V/Vrdc = 0.412
PASS - Design shear resistance exceeds design shear force

Horizontal reinforcement parallel to face of stem - Section 9.6

Minimum area of reinforcement — cl.9.6.3(1)
Maximum spacing of reinforcement — ¢l.9.6.3(2)
Transverse reinforcement provided

Area of transverse reinforcement provided

Asxreq = Max(0.25 x Asr.prov, 0.001 X tsiem) = 2011 mm?2/m
Ssx_max = 400 mm

20 dia.bars @ 150 c/c

Asxprov = TIX @62 | (4 % Sx) = 2094 mmZ/m

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

Check base design at toe
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 - ¢l.9.2.1.1(3)

h =500 mm

M = 82.6 kKNm/m
d=h-cCob-@b/2=417 mm
K=M/(d? x f«) = 0.012
K'=0.207
K'> K - No compression reinforcement is required
z=min(0.5 + 0.5 x (1 - 3.53 x K)®5, 0.95) x d = 396 mm
x=25x(d-2z)=52mm
Abbreq = M/ (fya x ) = 480 mm?/m
16 dia.bars @ 150 c/c
Abb.prov = TUX @2 / (4 X Sbb) = 1340 mm2/m
Abb.min = max(0.26 x feim / fyk, 0.0013) x d = 761 mm?/m
Avb.max = 0.04 x h = 20000 mm?/m
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maX(Abb.req, Abb.min) / Abb.prov =0.568

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

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

Wmax = 0.3 mm

W2 =0.6

Msis = 61.2 kNm/m

0s = Msis / (Abb.prov X 2) = 115.3 N/mm?

Long term

ki=0.4

Acef =min(2.5 x (h -d), (h—x)/3, h/2)=149292 mm?/m
feter = form = 3.5 N/mm?2

Pp.eff = Abb.prov / Acett = 0.009

Oe = Es/ Ecm = 5.679

ki1=0.8
k2=0.5
ks =3.4
ks = 0.425

Srmax = K3 X Cob + K1 X k2 X K4 X @b / Pp.ett = 558 mm
Wk = Srmax X Max(0s — Kt X (fcteft / ppef) X (1 + Qe X Ppetr), 0.6 X Os) / Es
wk = 0.193 mm
Wk / Wmax = 0.643
PASS - Maximum crack width is less than limiting crack width

V =110.2 kN/m
Crdc=0.18/yc =0.120
k = min(1 + ¥(200 mm / d), 2) = 1.693
P = min(Abbprov / d, 0.02) = 0.003
Vmin = 0.035 N"2/mm x k32 x fy 05 = 0.487 N/mm?
VRd.c = max(Cra.c X k x (100 N¥mm* x pi x fx)'"3, Vimin) x d
Vrd.c = 203.3 kN/m
V / Vrdc = 0.542
PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement — ¢l.9.3.1.1(2)
Maximum spacing of reinforcement — ¢l.9.3.1.1(3)

Transverse reinforcement provided
Area of transverse reinforcement provided

Abxreq = 0.2 X Apb.prov = 268 mm?3/m
Sbx_max = 450 mm

12 dia.bars @ 200 c/c

Abxprov = TIX (b2 | (4 X Sbx) = 565 mm?2/m

PASS - Area of reinforcement provided is greater than area of reinforcement required
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20 dia.bars @ 150 c/lc

horizontal reinforcement40—»|«—>]«-50

16 dia.bars @ 150 c/c

parallel to face of stem

16 dia.bars @ 150 c/c— «—12 dia.bars @ 150 c/c
20 dia.bars @ 150 c/lc—H «—12 dia.bars @ 150 c/c
16 dia.bars @ 150 c/c 32 dia.bars @ 100 c/c
50
75

16 dia.bars @ 150 c/c

12 dia.bars @ 200 c/c
transverse reinforcement

in base

Reinforcement details




