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Introduction

1l  We have designed the Tank for a 100 Year working life.
2| 10 kN/m? Surcharge Loading has been adopted.
3| We assume dewatering will be undertaken during the installation of the Tank.

41 We assume that a service search has been carried out by others.

9| We asume that suitable self-compacting backfill will be used to all sides of the
manhole, suitable for ground conditons.

6| Density of backfill to be 20 kN/m®.
7 Ground to be suitable for the bearing pressures exherted via the Tank,

8 Design has been carried out in accordance with BS EN 1992-1-1:2004.

Significant Risks.

al Excavations to deep foundations - Contactor to provide method statement.

b/ Construction of drainage, manholes, sewers and external works -
Contactor to provide method statement.

cf The contractor shall give due diligence and consideration to undertake
any necessary temporary propping and support during all works with due
diligence and reference to the Site Investigation results
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Concrete Tank Design 48000 x 10000

Grd Lvl

Ground Cover = mm
Depth to Water = mm

Lvl measured from
Grd Lyl

Soll vensity 7,= kN im?

LN =| 48000 |mm

3900

WHN ={ 10000 [mm

Ly = mm
Internal Wall Thickness = mm

thaee = mim
Internal wall Height = mm
(From top of base) toover st = I'I‘II'I‘I

Depth to u/s Base = mm
from Grd Lvl

tbase
300

Concrete Density = @kmm?’

Design Life = Years
Surcharge Loading = kamz

Exposure Class = XC3/4, XD1 & XF2

Concrete mix = C45/55 fw= 55 N/mm?

Min Concrete cover C,,,, = Elmm

Deviation Allowance C,,, = IIlmm

Caoncrete Cover C,, = 40 mm
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Eloatation Check
Ground Cover = 900 mm Toe width =

(to all 4 sides)
Inner Tank length LN = 48000 mm

Plan Area =
Inner Tank width WN = 10000 mm of Toes
MH Base
Base Thickness = 300 mm
Wall Thickness = 300 mm
Cover Slab Thickess = 300 mm
Depth to Water Lvl, measured from Grd Lvl = 1000 mm
Depth to u/s Base from Grd Lvl = 3900 mm
Soil Density = 20 kN/m’ Concrete Density = 25 kN/m®
Load Factor = 0.9 Uplift Factar = 1.1
External Tank area= 5152 m* Total Volume of Tank = 12365 m°
(Excluding Cover & Base)
Weight of Cover Slab = 3864 kN Displaced Plan Area = 5156.2 m*
Weight of Tank Walls = 2113 kN Displaced Volume = 14941 m°
Weight of base slab = 3864 kN Internal volume of Tank = 1152.0 m’
Weight of Grd cover Soil = 9274 kN Area of Cover Slab= 515.2 m°

Weight of Soil above Toes= 0 kN  Areaof Base Slab= 5152 m’
Buoyancy Uplift Force = 14941 kKN  Total Dead Load = 19115 kN

Factored Upllift Force = 16435.1 kN  Tofal Factored Dead Load = 17203.5 kN

SATISFACTORY
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Grd Lvl Surcharge = 10.0 kN/m?
Walls

S /
Ky = 0.5
25 &
Vertical Soil Pressure P, = 72 kN/m? =
at the top of the Base Slab . &
|
kN/m? B
Vertical Water Pressure (uplift) P,, = 26 z E
e
N
kN/m?® 74
Vert. Eff. Overburden Pressure P, = 46 | \| uLs
Pl
" 10300 mm -
Lateral Surcharge pressure 5, = 50 kN/m?

Total SLS Lateral Pressure = 18  kN/m?
|ateral Soil Pressure Py, = 23 kN/m? Total SLS Lateral Pressure = 54 kN/m?
(Ka.Pua)

Total Design Lateral Pressure = 74  kN/m®

at Base 1.35(P,,.py )+ 1.5(S)

ULS Bm @ Base = 36.8 kNm ULS Span Bm = 18.5 kNm

Quasi Permanent Bm = 253 kNm Quasi Permanent Bm = 12.7 kNm
Assumed Outer Face = mm Assumed Inner Face = mm
Tension Bar Dia Tension Bar Dia

d= 254 mm d= 254 mm

k=Mbd“fs=  0.010 k=Mbd“fs=  0.005

L. A. factor z/d = [1-v'1-3.53k] = L. A. factor z/d = [1-v'1-3.53k] =
z= 241 mm z= 241 mm

A, =M08THz= 351 pm? A, =MI08TEZ= 177 mm?
USEH 12 @ 125 mm clc in USEH 12 @ 125 mm clc in
each face + H10 @ 150mm clc each face + H10 @ 150mm clc
distribution. distribution.

EASPI'CW = 905 I'I'II'I'IZII EASPI'CW = 905 I'I'II'I'IZII
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Cover Slab
Dead
kMim* m kN/m® ¥ ULS
Soil = 20 = 089 = 18.0 X 1.35 = 18.00
CoverSlab= 25 x 03 = 7.5 X 135 = 101
255 28.13
Imposed
kMm® ULS
Traffic = 10 x 1.5 = 15
Total ULS Load = 44.0 kN/m’
span= | 52 |m
ULSR= 114 kN Quasi Permanent Loading = 28.5 kN/m?

ULS Bm = 149 kNm Quasi Permanent Bm = 96.3 kNm
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RC SLAE DESIGN

In accordance with EN1992-1-1:2004 incorporating corrigendum January 2008 and the UK national annex
Tadds calculation version 1.0.17

w300

Slab definition

Slab reference name Cover Slab
Owerall slab depth h =300 mm
Mumber of spans Mapars = 1

First support Simple

Last support Simple
Nominal cover to bottom reinforcement Cnom_ o = 40 mm
Loading

Ratio of quasi-permanent to ultimate load rqg = 0.300

Concrete properties

Concrete strength class C45/55

Characteristic cylinder strength fox = 45 M/mm?

Partial factor {Table 2.1N) ye = 1.50

Compressive strength factor (cl. 3.1.8) cee = 0.85

Design compressive strength (cl. 3.1.6) fot = 25.5 M/mm?

Mean axial tensile strength (Table 3.1) fem = 0.30 Nfmim® = (fa £ 1 Nimm® )22 = 3.8 Nfmm?
Maximum aggregate size dg = 20 mm

Reinforcement properties

Characteristic yield strength fw = 500 N/mm?

Partial factor {Table 2.1N) ys=1.15

Design yield strength (fig. 3.8) fyd = fye { ys = 434.8 Nimm?

Concrete cover to reinforcement

Nominal cover to bottom reinforcement Coeen_n = 40 mm

Fire resistance period to bottom of slab Rm = 60 min

Axis distance to bottom reinft (Table 5.8) an s =20 mm

Max bar diameter in bottom dmex_b = 20 mm

Min. btm cover requiremeant with regard to bond Cminh_b = dmas_b = 20 mm

Reinforcement fabrication Mot subject to QA system

Cover allowance for deviation Atday = 10 mm

Min. required nominal cover to bottom reinft Crom_b_min = MaX[A6 b - Bmax_b { 2, Cming b + ACde) = 3000 mm

PASS - There is sufficient cover to the bottom reinforcement

Bending design checks
Redistribution ratio d=1.0
Limiting value of K K'=0.598 « 3-018 = & - 0.21 = 0.208
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Reinforcement design at midspan of span 1 (cl.6.1)

Length of span 1

Design bending moment
Reinforcement provided

Area provided

Effective depth to tension reinforcement
K factor

Lever arm

Area of reinforcement required for bending
Minimum area required
Area of reinforcement required

Check reinforcement spacing
Reinforcement service stress

Maximum allowable spacing (Table 7.3N)
Actual bar spacing

Shear design checks
Shear resistance constant (cl. 6.2.2)

Shear capacity check at support 1

Shear force

Reinforcement provided

Area provided

Effective depth

Effective depth factor (cl. 6.2.2)
Reinforcement ratio

Minimum shear resistance (Exp. 6.3N)

Shear resistance (Exp. 6.2a)

Shear capacity check at support 2
Shear force

Reinforcement provided

Area provided

Effective depth

Effective depth factor (cl. §.2.2)
Reinforcemeant ratio

Minimum shear resistance (Exp. 6.3N)

Shear resistance (Exp. 6.2a)

Il = 5200 mm
Mgt = 149.0 kNm/m
20 mm dia. bars at 150 mm centres
Azgr = 2094 mmiim
dpt = h - Crar b = g1 [ 2 = 250.0 mm
K = Myt [ (b = dps® = i) = 0.053
K < K'- Compression reinforcement is not required
z = min(0.95 = dat, dpt 1 2 % (1 + V(1 - 3.53 < K)))
z=237.5 mm
Ast m = Mpt [ (fe < 2) = 1443 mm?m
At min = Max(0.26 = (fam/fi), 0.0013) = b = dpr = 493 mm*m
A req = max{Aspt_m, Aept min) = 1443 mm*m
PASS - Area of tension reinforcement provided is adequate (0.689)

as = ([ 15) * Min([Aspr_mlAspr), 1.0) % 13 = 89.9 N/mm?
Sman_pt = 300 mm
Sp1 = 150 mm
PASS - The reinforcement spacing is acceptable

Crez = 0.18 Nimm? [ v = 0.12 Nimm?

Vi= 114.0 kN/m
20 mm dia. bars at 150 mm centres
Aszg1 = 2094 mmim
dat = h - Cror_b = a1 / 2 = 250.0 mm
k=min(2.0, 1 + (200 mm / da:)*%) = 1.894
o= min{0.02, Asar / (b = da1)) = 0.0084
Vade_min = 0,035 Nimm? = k' = (fac / 1 Nimm®)™® = b« du
Wade min = 153.0 KN/m
Wrd.ct = Max(Vrd.c_min, Crae = K (100%=p = (fa1 mem?}}”x’ % o dai)
Veader = 190.3 KN/m
PASS - Shear capacity is adequate {0.599)

Wz = 114.0 kN/m

20 mm dia. bars at 150 mm centres

Acaz = 2094 mm?im

daz = B - Gram_b = fez / 2 = 250.0 mm

k=min{2.0, 1 + {200 mm / da2)*°) = 1.894

pi = min(0.02, Asez | (b % daz)) = 0.0084

Vade min = 0,035 N/mm® = k' x E MN/mm®)*E « b o= daz

Wade min = 153.0 kMN/m

Vadez = max({Ved.e min, Crae x K (100xp = (fad1 NImmE))®4 « b s« daz)
Vrgez = 190,3 kN/m
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PASS - Shear capacity is adequate {0.599)

Deflection checks

Basic span-to-depth ratio deflection check span 1 (cl. 7.4.2)

Reference reinforcement ratio po = (o /1 Nimm® ™5/ 1000 = 0.0067

Requirad tension reinforcemeant ratio o= max{0.0035, As m /(b = du)) = 0.0058

Required compression reinforcement ratio P = Ascpt g (b % dp1) = 0.0000

Structural systemn factor (Table 7.4N) K:=1.0

Basic span-to-depth ratio limit  raticim_ses = Ks = [11 + 1.5 = (f1 Nimm?)% 5 polp + 3.2 = (foel1 Nimm?)% ¢ (palp - 1)19]
(Exp. 7.16a) raticemi_ses = 24.10

Maodified span-to-depth ratio limit
ratioim = min(40 = Ks, min(1.5, (500 MN/mmé/ Fye) = (Aspr [ Aspt_m)) = ratioem_sas) = 34.98
Actual span-to-depth ratio ratioact = i [ dpr = 20.80
PASS - Span-to-depth ratio is acceptable (0.595)

Reinforcement sketch
The following sketch is indicative only. Note that additional reinforcement may be required in accordance with clauses
9.2.1.2,9.21.4 and 9.2.1.5 of EN 1892-1-1:2004 to meet detailing rules.

&
& %%
4 \

T IOHE15D A
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Internal Wall Design
Beam

Design as Continuous Beam

Depth of Beam = [ 300 |mm  Width of Beam =

Span= [ 1.5 |m
kMim* m kM/m
Loading .- Dead Soil = 18.0 x |2 = 93.6
SLS
Slab= 75 x f 2 = 390
132.6
Imposed Traffic= 100 x f2 = 52
Column
Height = 2.0 |m
Loading :- Dead = 1326 x 15 = 199 kN
SLS
Imposed= 520 x 15 = 78 kN

277
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RC MEMBER ANALYSIS & DESIGN (EN1992-1-1:2004)

In accordance with EN1992-1-1:2004 incorporating Corrigenda January 2008 and the UK national annex
Tedds calculation version 3.2.00

ANALYSIS

Results
Total deflection

[ -

g

R BE

Node deflactions

1.35G + 1.5Q + 1.5RQ (Strength) - Total deflection

1.0G +1.0Q + 1.0RQ (Service) - Total deflection

1.0G + 1.0y2Q (Quasi) - Total deflection

Load combination: 1.35G + 1.5Q + 1.5RQ (Strength)

Node Deflection Rotation |Co-ordinate
system
X Z
(mm) (mm) (%)
1 0 0 0.04645
2 0 0 0
Load combination: 1.0G + 1.0Q + 1.0RQ (Servica)
Node Deflection Rotation |Co-ordinate
system
X Z
(mm) (mm) (*)
1 0 0 0.03338
2 0 0 1]
Load combination: 1.0G + 1.0y:Q (Quasi)
Node Deflection Rotation |Co-ordinate
system
X Z
(mm) (mm) (%)
1 0 0 0.02689
2 0 0 0

Tedds calculation version 1.0,24
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Total base reactions
Load case/combination Force
FX FZ
(kN) (kN)
1.35G + 1.5Q + 1.5RQ (Strength) 0 3008
1.0G + 1.0Q + 1.0RQ (Service) 0 280.8
1.0G + 1.0w=0Q (Quasi) 0 226.2
Element end forces
Load combination: 1.35G + 1.5Q + 1.5RQ (Strength)
Element | Length | Nodes | Axial force | Shear force | Moment
(m) Start/End (kN) (kN) (kNm)
1 1.5 1 0 -147.9 0
2 ] -242.9 -71.2
Load combination: 1.0G + 1.0Q + 1.0RQ (Service)
Element| Length Nodes Axial force | Shear force | Moment
{m) Start/End (kM) (kN) {kNmj)
1 1.5 1 0 -106.3 0
2 ] -174.5 -51.2
Load combination: 1.0G + 1.0y:Q (Quasi)
Element| Length Nodes Axial force | Shear force | Moment
(m) Start/End (kN) (kN) (kNm)
1 1.5 1 1] -85.6 0
2 0 -140.6 -41.2
Forces
Strength combinations - Moment envelope (kNm)
-71.2

147.9

Strength combinations - Shear envelope (KN)

Member results

Envelope - Strength combinations

Member

Position

(m)

Shear force

(kN)

Moment
{kNm)

Beam

0

147.9




ghw Project Job o,
Cving e L .
Menthorn Road, Clitheroe. 18-3470
GHW Consulting Engineers Lid
Cales for Start page no/Revisian
3 Emmanuel Court
20-22 Reddicraft Beam to Internal Wall. 3
Suttan Colfield, B3 GBM Cales by Cales date Checxed by Checked date Appraved by Approved date
SWH 18/09/2018 WG
Member Position Shear force Moment
(m) (kN) (kNm)
0.568 0 42 (max)
1.5 -242 9 (max abs) -71.2 (min)

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

Concrete strength class

Agaregate type

Aggregate adjustment factor - ¢.3.1.3(2)
Characteristic compressive cylinder strength
Mean value of compressive cylinder strength
Mean value of axial tensile strength

Secant modulus of elasticity of concrete
Ultimate strain - Table 3.1

Shortening strain - Table 3.1

Effective compression zone height factor
Effective strength factor

Coefficient ki

Coefficient kz

Coefficient ka

Coefficient ks

Partial factor for concrate -Table 2.1M
Compressive strength coefficient - cl.3.1.6(1)
Design compressive concrete strength - exp.3.15
Compressive strength coefficient - cl.3.1.6(1)
Design compressive concrete strength - exp.3.15
Maximum aggregate size

Maonalithic simple support moment factor

Reinforcement details

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

Nominal cover to reinforcement

Mominal cover to top reinforcement

Mominal cover to bottom reinforcement

Mominal cover to side reinforcement

Fire resistance

Standard fire resistance period

Mumber of sides exposed to fire

Minimum width of beam - EN1992-1-2 Table 5.5

Beam - Span 1

Rectangular section details
Section width
Section depth

C45/55

Quartzite

AAF =1.0

fox = 45 N/mm?

fen = fou + 8 Nimm? = 53 Nfmm?

form = 0.3 Nimm?® = (fad 1 N/mm?®2 = 3.8 Nimm?

Ecn = 22 kN/mm®«[fem/1 0 Mimm?®]?# « AAF = 36283 N/mm?
£zz = 0.0035

gxuz = 0,0035

L =10.80

n =1.00

k1 =0.40

ke =1.0= (0.6 + 0.0014 [ geuz) = 1.00
k=040

ke =1.0= (06 + 0.0014 / gaz) = 1.00
e = 1.50

oes = 0,85

foa = e % fa /9o = 25.5 Nfmm?
tteow = 1.00

fowd = otoow * fuc f yc = 30.0 Nimm?
Hago = 20 mm

[ = 0.25

f = 500 N/mm?
s =1.15
fya = fyx { s = 435 N/mm?

Croen_t = 40 mm
Creen_b = 40 mm
Creen_s = 40 mm

R =60 min
3
bmin = 120 mm

b =300 mm
h =300 mm
PASS - Minimum dimensions for fire resistance met
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Moment design
Zone 1 Zone 2 Zone 3
[ 375 .+' 750 "‘I“' 375 L

Zone 1 Zone 2 Zane 3
- 375 ’l* 750 ’l* 375 "
[l Moment resistance Span 1
I Elastic moments
A-A B-B c-C
3= 204 3 204 3= 204
A -B -C
7 ~ Ed ~
N v
- - B -C
3 = 204 3w 200 3 =204

Zone 1 (0 mm - 375 mm) Positive moment - section 6.1

Design bending moment
Effective depth of tension reinforcement
Redistribution ratico

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)

M= abﬁ{Mm‘l_a‘l_z‘l_m:_red} = 37.1 kNm
d =240 mm
& = min{Mpos_red_z1 { Mpos 21, 1) = 1.000
K =M/ (b= d® = fu) = 0.048
K'= (2 0n xaee Fye) % (1 -0 (8- k) (2 % ke)) o (% (8- ka) T (2 x ke))
=0.207
K'=> K - No compression reinforcement is required
z=min(0.5=d=[1+(1-2=K/(n o )", 0.95 = d) =228 mm
®x=2x=(d-z)/%=30mm
Aeseg = M/ (fa = 2) = 375 mm?
3= 200
ﬁ.‘a.urw:wmﬂ'lz
Az min = max(0.26 x fom [ fu, 0.0013) = b =« d = 142 mm?
A max = 0.04 = b = h = 3600 mm?

PASS - Area of reinforcement provided is greater than area of reinforcement reguired
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Crack control - Section 7.3
Maximum crack width wi = 0.3 mm

Design value modulus of elasticity reinf — 3.2.7(4)

Mean value of concrete tensile strength

Stress distribution coefficient

MNon-uniform self-equilibrating stress coefficient

Actual tension bar spacing

Maximum stress permitted - Table 7.3M

Steel to concrete modulus of elast. ratio

Distance of the Elastic MA from bottom of beam

Area of concrete in the tensile zone

Minimum area of reinforcement required - exp.7 .1

E: = 200000 N/mm?

feren = fom = 3.8 N/mm?

ke=10.4

k = min{max(1 + {300 mm - min(h, b)) = 0.35/ 500 mm, 0.65), 1)=
1.00

Soar = (B - (2 % (Crom_s * fm1_s1_z1_v) + dmi_s1_z1_b_L1 % Nmi_st_z1 6 01}/
(Mmi_s1 21 b 11 = 1) + dmi_si_=1 b 11 =90 mm

o= = 328 N/mm?

e = Ea f Een = 5.51

Y=ibxh® 2+ Aeprow = {oer = 1) = (h=d)) /(B = b+ Asprov ¢ (e - 1)) =
146 mm

Aot = b o« y = 43782 mm?

Pacmin = Ke % K » faes < Ao [ o5 = 203 mm?

PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment

Permanent load ratio
Service stress in reinforcement

Maximum bar spacing - Tables 7.3N

Moe = max(fis « abs(Mmi_s1_z2_neg_quasi), abS(Mmi_s1_z1_pos_quasi)) =
21.5kMm

Rre = Mae / M = 0.58

e = s ¢ Asreg | Asprov % Ree = 100 Mimm?

Soarmax = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Zone 1 (0 mm - 375 mm) Negative moment - section 6.1

Design bending moment
Effective depth of tension reinfol
Redistribution ratio

Lever arm
Depth of neutral axis

rcement

Area of tension reinforcement required

Tension reinforcement provided

Area of tension reinforcement provided

Minimum area of reinforcement

Maximum area of reinforcement - ¢1.9.2.1.1(3)

Crack control - Section 7.3
Maximum crack width

Design value modulus of elasticity reinf — 3.2.7(4)

-exp. 21N

M = max(fi = abs{Mm1_s1_max_res), ABS{Mm1_s1_z1_min_rea)) = 10.5 KNm
d = 240 mm
&=1=1.000
K=M/(bxd® = fu)=0.013
K= (2w mpwimee S pe) = (1= A s (G- k) S (2 = Ka)) = (0 o= (G- ki) /(2 = kz))
= 0.207
K' = K - No compression reinforcement is required
z=min(0.5=d = [1+(1-2=K/{n o=/ 3c)", 0.95 = d) =228 mm
x=2%(d-2z)/x=30mm
g = M (f = 2) = 106 mm?®
3= 200
A gro = 942 mm?
Asmin = max(0.26 = fa / fir, 0.0013) < b = d = 142 mm?
Bamax = 0,04 = b = h = 3600 mm?

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

Mean value of concrete tensile strength

Stress distribution coefficient

Mon-uniform self-equilibrating stress coefficient

wi = 0.3 mm

E- = 200000 MN/mm?

fotetr = fam = 3.8 N/mm?®

k==0.4

k = min{max(1 + {300 mm - min{h, b)) = 0.35/ 500 mm, 0.65), 1) =
1.00
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Actual tension bar spacing Star = (1 - (2 % (Crom_s + dmt_s1_z1_v) + Smi_si_e1_1 01 % Newi_s1 21 1 01))
(Mt a1 29 101 - 1)+ dwt_s1_21.0 11 = 90 mm
Maximum stress permitted - Table 7.3M o: = 328 N/mm?
Steel to concrete modulus of elast. ratio ter = Es f Eom = 5.51
Distance of the Elastic NA from bottom of beam  y= (b« h® /2 + Asprov = {oer = 1) = (h = d)) /(B = b+ Asprov (e - 1)) =
146 mm
Area of concrete in the tensile zone Ao = b o=y = 43782 mm?

Minimum area of reinforcement required - exp.7.1  Ascmin = Ke x K = faem = Aa [ os = 203 mm?
PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Cluasi-permanent moment Mae = maxifs = absiMmt_s1 22 pes_gues), BDS{Mmt_st_z1_neg_quasi)) = 6. 1kNm
Permanent load ratio Rre = Moe / M = 0.58

Service stress in reinforcement ar = Tyt % Mareq | Asprov x ReL = 28 Nimm?

Maximum bar spacing - Tables 7.3N Snermax = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control
Minimum bar spacing (Section 8.2)

Top bar spacing Saop = (D - (2 % (Cnom_s + Gt a1 21 ) + thmt_s1 =1 0 01 % Mmi_st_ 21 1 01))
{Mmi_s1 21 101 - 1) = 70.0 mm
Minimum allowable top bar spacing Stop,min = MaX{hm_ e 21 0 L1 = Ka1, Nagg + Ksz, 20mm) = 25.0 mm
PASS - Actual bar spacing exceeds minimum allowable
Bottom bar spacing Soot = (B = (2 % (Coom s + dm1 g1 21 v} + Pm1 st 21 6 11 % Nm1_s1 210 01))
{MNm1_ a1 21 601 = 1) = 70.0 mm
Minimum allowable bottom bar spacing Sootmin = MaX((pmi_s1_z1 b L1 * Ks1, hegg + Ksz, 20mm) = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Zone 2 (375 mm - 1125 mm) Positive moment - section 6.1

Design bending moment M = abs{Mms_s1 2z max_rea) = 42.0 kNm
Effective depth of tension reinforcement d =240 mm
Redistribution ratio & = min{Mpos_red_zz { Mpos 22, 1) = 1.000

K =M/ (b= d®«f) = 0.054
K'=(2wn o/ pe) = (1 -0 = (G-K) (2= Ke)) o= (0o (6-Ki) 7 (2 = k)

=0.207
K'=> K - No compression reinforcement is required

Lever arm z=min(0.5=d=[1+(1-2=K/(n o )", 0.95 = d) =228 mm
Depth of neutral axis ®x=2x=(d-z)/%=30mm
Area of tension reinforcement required Aeseg = M/ (fa = z) = 424 mm?
Tension reinforcement provided 3= 200
Area of tension reinforcement provided Az prow = 942 mm?
Minimum area of reinforcement - exp.9.1N Az min = max(0.26 x fom [ fu, 0.0013) = b =« d = 142 mm?
Maximum area of reinforcement - ¢.9.2.1.1(3) Az max = 0.04 « b = h = 3600 mm?

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

Crack control - Section 7.3

Maximum crack width wi = 0.3 mm
Design value modulus of elasticity reinf — 3.2.7(4) E: = 200000 N/mm?*
Mean value of concrete tensile strength feren = foam = 3.8 Nimm?

Stress distribution coefficient k:-=0.4
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Mon-uniform self-equilibrating stress coefficient k = min{max(1 + {300 mm - min{h, b)) = 0.35/ 500 mm, 0.65), 1) =
1.00

Actual tension bar spacing Star = (B - (2 = (Crom s * Pt 51 22 ) + dm1_s1 22 b 11 % Nt st 22 0 11 #
Gt a1 21 b L1 % Nt st 2zt o L))/ ((Mm1 g1 22 6 01 + Nmt_gt 21 b 1) - 1)+

dm1_s1 zz 6 L1 = 90 mm

Mazimum stress permitted - Table 7.3N oz = 328 Nimm?

Steel to concrete modulus of elast. ratio aer = Es f Eem = 5.51

Distance of the Elastic MA from bottom of beam y=1ibxh® /2 + Aepree ¢ {oer - 1) (h-d)) /(B s b+ Aspree (o - 1)) =
146 mm

Area of concrete in the tensile zone Ae=b o« y = 43782 mm?

Minimum area of reinforcement required - exp.7.1  Accmin = ke x k = faen < Ao [/ os = 203 mm?
PASS - Area of tension reinforcement provided exceeds minimum required for crack control

CQuasi-permanent moment Mar = abs(Mma_s1 22 pos_quesi) = 24.3KNm
Permanent load ratio Rpe = Mor [/ M = 0.58

Service stress in reinforcement aer = fon % Asreg { Bsprov % ReL = 113 N/imm2
Maximum bar spacing - Tables 7.3N Sosrmax = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Deflection control - Section 7.4

Reference reinforcement ratio prea = (fex /1 N/mm?)®% /1000 = 0.00671

Requirad tension reinforcement ratio pm = Bareq ! (b = d) = 0.00588

Required compression reinforcement ratio P'm = Mszreg / (b = d) = 0.00000

Structural system factor - Table 7.4N Ka=1.0

Basic allowable span to depth ratio span_to_depthessc = Koo« [11 + 1.5 (fae /1 Nimm?)® « poo § pm + 3.2 =
(Fek 1 NIMM?)™® 5 (pma / prm - 1)"%] = 23,597

Reinforcement factor - exp.7.17 Ke = miniAsgree | Asreg =« 500 N/mm?® [ fx, 1.5) = 1.500

Flange width factor F1=1=1.000

Long span supporting brittle partition factor F2=1=1.000

Allowable span to depth ratio span_to_depthae = min{span_to_depthoese = Ks = F1 = F2, 40 = Kp) =
35.396

Actual span to depth ratio span_to_depthacws = Lo a1 / d = 6.250

PASS - Actual span to depth ratio is within the allowable limit
Minimum bar spacing (Section 8.2)

Top bar spacing Stop = (D - (2 = (Cnom_s + $mi_si_ 22 v) + Pmi_s1_=2 1 L1 % Nmi_st_z2 1 11)) /
{Mmi_s1 22 101 - 1) =T70.0 mm

Minimum allowable top bar spacing Stopmin = MaX{dm =1 22 ¢ 11 % Ka1, Nagg + Ksz, 20mm) = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Bottom bar spacing Soot = (B - (2 = (Coom s + dm1 81 22 o) + Pm1_s1 22 b 11 % Nm1 a1 22 0 11 +
dm1_a1 21 b L1 % Nt stz 0 L)) ((Nm1_s1_zz b ot * Mma_s1 21 b 01) - 1) = 70.0
mm

Minimum allowable bottom bar spacing Soctmin = MaX(ihmi_s1_z2 b L1 = Ks1, Ragg + Ksz, 20mm) = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Zone 3 (1125 mm - 1500 mm) Positive moment - section 6.1

Design bending moment M = abs{Mm:_s1 23 max_rea) = 1.5 KNm
Effective depth of tension reinforcement d =240 mm

Redistribution ratio & = min{Mpos_rea_z3 |/ Mpas_z3, 1) = 1.000
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K=M/(bxd® = fu) = 0.002
K= (2= n=mee pe) = (-0 (@-Ki) (2= Ka)) = (B (6-Ki) (2 = kz)

=0.207
K'> K - No compression reinforcement is required

Lever arm z=min{0.5 = d = [1+ (12 =K/ {n = o)™, 0.95=d) =228 mm
Depth of neutral axis #=2=({d-2)/%=30mm
Area of tension reinforcement required Asrog = M/ {fet ¢ 2) = 16 mm?
Tension reinforcement provided 3 = 204
Area of tension reinforcement provided Acgroe = 942 mm?
Minimum area of reinforcement - exp.9.1N Aemin = Max(0.26 x fon [ for, 0.0013) < b x d = 142 mm*
Maximum area of reinforcement - ¢.9.2.1.1(3) Az max = 0.04 = b = h = 3600 mm*®

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

Crack control - Section 7.3

Maximum crack width wi = 0.3 mm

Design value modulus of elasticity reinf— 3.2.7(4) Es = 200000 N/mm?

Mean value of concrete tensile strength fotett = fam = 3.8 Nimm?

Stress distribution coefficient k==0.4

Mon-uniform self-equilibrating stress coefficient k = min{max(1 + {300 mm - min(h, b)) = 0.35 / 500 mm, 0.65), 1) =
1.00

Actual tension bar spacing Star = (B - (2 x (Coom_s + dm1_s1_23 v) + dnt_si_23 b L1 % Nimi_s1_z3 8 11)) /
(Mt a1 23 b6 11 = 1) # ot =1 23 b e = 90 mm

Maximum stress permitted - Table 7.3M o: = 328 N/mm?

Steel to concrete modulus of elast. ratio tier = Es / Eem = 5.51

Distance of the Elastic MA from bottom of beam y=(bxh? 2+ Asprow % (oo - 1) % (h-d)) £ (b % b+ Asprow = (oo - 1)) =
146 mm

Area of concrete in the tensile zona A =b =y = 43782 mm’

Minimum area of reinforcement required - exp.7.1  Asemin = Ke x K = faen = Aa [ os = 203 mm?
PASS - Area of tension reinforcement provided exceeds minimum required for crack control

CQuasi-permanent moment Mar = maxifs = abs(Mm_s1 22 neq_quasi), abS{Mm1_s1 23 pos_quasi)) = 0.9kNm
Permanent load ratio Rr. = Mar / M = 0.58

Service stress in reinforcement oter = Ty % Aareg / Asprov % ReL = 4 Nfimm?

Ma=ximum bar spacing - Tables 7.3N Snermax = 300 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Zone 3 (1125 mm - 1500 mm) Negative moment - section 6.1

Design bending moment M = max(p1 = absi{Mm1_s1_mas_red), 8bS{Mms_s1 23 min_rea)) = 71.2 kNm
Effective depth of tension reinforcement d =240 mm
Redistribution ratio & = min{Mneg_red z3 { Maeg_z3, 1) = 1.000

K=M/(b=d® = fu) = 0.092
K'=(2wn o/ pe) = (1 -0 = (G-K) (2= Ke)) o= (0o (6-Ki) 7 (2 = k)

=0.207
K'=> K - No compression reinforcement is required
Lever arm z=min(0.5=dx=[1+(1-2=K/(n o))", 0.95=d) =219 mm
Depth of neutral axis x=2=(d-z)/%=53mm
Area of tension reinforcement required Peseg = M/ (fa = z) = 749 mm?

Tension reinforcement provided 3= 200
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Area of tension reinforcement provided Acgroe = 942 mm?
Minimum area of reinforcement - exp.9.1N A mie = Max(0.26 = fon [ fir, 0.0013) 2 b = d = 142 mm?
Maximum area of reinforcement - ¢.9.2.1.1(3) Az max = 0.04 = b = h = 3600 mm*®

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

Crack control - Section 7.3

Maximum crack width wi = 0.3 mm

Design value modulus of elasticity reinf— 3.2.7(4) Es = 200000 N/mm?

Mean value of concrete tensile strength fotett = fam = 3.8 Nimm?

Stress distribution coefficient kz=0.4

Mon-uniform self-equilibrating stress coefficient k = min{max(1 + (300 mm - min(h, b)) = 0.35 / 500 mm, 0.65), 1) =
1.00

Actual tension bar spacing Star = (B - (2 % (Crem_s + §mi_st_23 w) + dmi_s1_23 001 % Nent_s1_e3 1 11)) f
(Mt a1 23 101 - 1)+ dwnt_s1 23 1 11 = 90 mm

Maximum stress permitted - Table 7.3M s = 328 N/mm?

Steel to concrete modulus of elast. ratio tter = Es / Eem = 5.51

Distance of the Elastic MA from bottom of beam ¥=1ib«h? 2+ Asprov % {oer = 1) = (h = d)) /(B = b+ Asprov « (e - 1)) =
146 mm

Area of concrete in the tensile zone Ao = b o=y = 43782 mm?

Minimum area of reinforcement required - exp.7.1  Ascmin = Ke x K = faem = Aa [ os = 203 mm?
PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Cluasi-permanent moment Mae = max(f: = abs(Mmt_s1 22 oo gues), 8DS(Min_s1 23 neg_quasi)) =
41.2kNm

Permanent load ratio Rre = Moe / M = 0.58

Service stress in reinforcement e = fya % Aareg / Baprov % ReL = 200 N/mm?

Maximum bar spacing - Tables 7.3N Stermax = 250 mm

PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Minimum bar spacing (Section 8.2)

Top bar spacing Stap = (0 - (2 * (Coom_s + @1 51 23 w) + Pmi_s1 =3 01 % Nmi_st_z3 1 01)) f
(M1 s 23 ¢ 1 - 1) = 70.0 mm
Minimum allowable top bar spacing Stop,min = MaX{hm_e1 23 1 L1 = Kat1, Nagg + Kz, 20mm) = 25.0 mm
PASS - Actual bar spacing exceeds minimum allowable
Bottom bar spacing Soot = (B = (2 = (Cnom s + dmi1 s 23 v} + Pm1_s1 23 6 11 =% Nmi1_s1 25 0 11))
(M1 81 z3 0 11 - 1) = 70.0 mm
Minimum allowable bottom bar spacing Sootmin = MAX((m1_s1_z3 b L1 * Ks1, Bagg + Ksz, 20mm) = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Shear design
1479

Zome 1 Zovnee 2 Zone 3
. 375 .+. 750 h{‘ 75 g
Wl Ghear resistance Span 1

I Elastic shear force
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o 2 x=10legs @ 150 c/c

o2 =10 legs @ 150 cfc—m o210 legs @ 150 ¢fc——p
Zone 1 g Zone 2 P Zone 3
375 730 375
Angle of comp. shear strut for maximum shear Brax = 45 deg
Strength reduction factor - ¢.6.2.3(3) vi =06 = (1-fu /250 N/mm?) = 0.492
Compression chord coefficient - cl.6.2.3(3) cow = 1,00

Minimum area of shear reinforcement - exp.9.5N  Asemin = 0.08 Nfmm? = b« (fa /1 Nimm?)2® /i = 322 mméim

Zone 1 (0 mm - 375 mm) shear - section 6.2

Design shear force at support Vedmar = max(absi{Va_ma), abs{Vz1 ed mae)) = 148 kN
Min lever arm in shear zone z=228mm
Maximum design shear resistance - exp.6.9 Viadmax = ciow % B o= Z w1 % Tosa [ (€O Bmax) + t&0[Omax)) = 505 kN

PASS - Design shear force at support is less than maximum design shear resistance
Design shear force at 240mm from support Ves = 85 kKN
Design shear stress vEd = Vea /(b = 2) = 1.248 N/mm?®
Angle of concrete compression strut - ¢l.6.2.3 8 = min{max(0.5 = Asin(min{2 = ves / {oew = fowe = v1),1)), 21.8 deg),

45deg) = 21.8 deg
Area of shear reinforcement required - exp.6.8 Aavges = vEa = b (fre = cot(B)) = 345 mm?im
Area of shear reinforcement required Ay e = Max{Asvmin, Asvdes) = 345 mmm
Shear reinforcement provided 2 =10 legs @ 150 clc
Area of shear reinforcement provided Bz prov = 1047 mmeim
PASS - Area of shear reinforcement provided exceeds minimum required

Maximum longitudinal spacing - exp.9.6N Svmax = 0.75 = d = 180 mm

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum

Zone 2 (375 mm - 1125 mm) shear - section 6.2

Design shear force at support Vedmax = max(abs(Vez_max), abs(Vez e ma)) = 145 kN
Min lever arm in shear zone z =228 mm
Maximum design shear resistance - exp.6.9 Vadmax = tcw = B = Z % w1 = fosa [ (COHOme) + taN[Omax)) = 505 kN
PASS - Design shear force at support is less than maximum design shear resistance
Design shear force within zone Vea = 145 kN
Design shear stress ved = Vea / (b = 2) = 2.123 Nfmm?
Angle of concrete compression strut - cl.6.2.3 8 = min{max{0.5 = Asin{min{2 = ves / {oow = fowe = w1), 1)), 21.8 deg),

45deg) = 21.8 deg
Area of shear reinforcement required - exp.6.8 Ay o = VEd % D/ (T = cot{B)) = 586 mm?/m
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Area of shear reinforcement required Asvreg = MAX(Asv.min, Asvdes) = 586 mim&/m
Shear reinforcement provided 210 legs @ 150 cfc
Area of shear reinforcement provided Ay prew = 1047 mmim
PASS - Area of shear reinforcement provided exceeds minimum reguired
Maximum longitudinal spacing - exp.9.6M Svmax = 0.75 = d = 180 mm

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum

Zone 3 (1125 mm - 1500 mm) shear - section 6.2

Design shear force at support Vedmar = Max{abs(Vaa_ma), 8DS(Vza_red_ max)) = 243 KN
Min lever arm in shear zone z=219 mm
Maximum design shear resistance - exp.6.9 Wadmax = dow % B = Z % W1 = fow £ (COHBma) + tAN[Omax)) = 484 KN
PASS - Design shear force at support is less than maximum design shear resistance
Design shear force at 240mm from support Wes = 180 kN
Design shear stress ves = Vea /(b = 2) = 2.749 Nimm?
Angle of concrete compression strut - ¢l.6.2.3 8 = min{max{0.5 = Asin{min(2 = vea ! (tew = fowa = v1),1)), 21.8 deg),

45deg) = 21.8 deg
Area of shear reinforcement required - exp.6.8 Asvtes = ved % b/ (Fr = cot{0)) = 759 mm*m

Area of shear reinforcement required A rag = Max{Asemin, Asvdes) = T59 mm?/m
Shear reinforcement provided 2% 10 legs @ 150 cle
Area of shear reinforcement provided Asvproe = 1047 mm?im
PASS - Area of shear reinforcement provided exceeds minimum required
Maximum longitudinal spacing - exp.9.6M Sumax = 0.75 « d = 180 mm

PASS - Longitudinal spacing of shear reinforcement provided is less than maximum
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RC COLUMN DESIGN

In accordance with EN1992-1-1:2004 incorporating Corrigendum January 2008 and the UK national annex
Tadds calculation version 1.3.03

A
8 no. 16 mm diameter longitudinal bars

E Max link spacing 300 mm generally, 180 mm for

= v ! 300 mm above and below slab/beam and at laps

Lan]

¥

z
- 300 mim »>

Column geometry
Owerall depth (perp y) h= 300 mm Owerall breadth (perp 2) b= 300 mm
Clear ht bet restr about y axis |, = 2400 mm Clear ht bet restr about z axis |- = 2400 mm
Stability in the z direction Braced Stability in the y direction Braced
Concrete details
Cylinder strength of concrete . = 45 MPa Safety factor for concrete e =1.50
Coefficient e ace = 0.85
Maximum aggregate size dg = 20 mm

Reinforcement details

Mominal cover to links Croen = 40 mm Longitudinal bar diameter & =16 mm
Link diameter & = 8 mm Total no. of longitudinal bars N =8
Mo.bars per face parallel y axis My = 3 Mo.bars per face parallel z axis Mz= 3
Area of longitudinal reinft As = 1608 mm? Safety factor for reinforcement ys = 1.15

Modulus of elasticity of reinft  Es = 200000 MPa

Fire resistance details
Fire resistance period R =60 min Exposure to fire More than one side
Ratio of fire design axial load to design resistance wi =0.70

Axial load and bending moments from frame analysis

Design axial load Med = 386.0 kN
Moment about y axis at top Miapy = 30.0 kNm Moment aboul y axis at btm Moy = 30,0 kKNm
Moment about z axis at top Miapz = 0.0 kMm Moment aboul z axis at btm Moimz = 0.0 kNm

Column and restraints
End restraints buckling abty  Braced, no rotational restraint both ends End restraints buckling abt
z Braced, no rotational restraint both ends

Check nominal cover for fire and bond requirements
Min cover to links for bond Cmink = 8 mm Min axis distance for fire ai = 46 mm
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Allowance for deviations ACder = 10 mm Min allowable nominal cover  Caom_min = 30,0 mm

PASS - the nominal cover is greater than the minimum reguired

Column slenderness
Slend. ratio buckling abt y hy= 2T.7 Slend. ratio buckling abt z b= 277
Slend. limit about ¥ himy = 30.3 Slend. limit about 2 Aimz = 30,3

Design bending moments
Design moment about y axis  Mzay = 40.3 kNm Design moment about z axis Mz = 10.3 kNm

Moment of resistances
Mt of resistance about ¥ axis  Magy = 108.2 kNm Mt of resistance about z axis ~ Mad= = 108.2 kNm
PASS - The moment capacity about the y axis exceeds the design bending moment
PASS - The moment capacity about the z axis exceeds the design bending moment
ratioe = 0.2 - Biaxial bending check is required

Biaxial bending
Exponent a a=1.02
Biaxial bending utilisation UF = {Meay | Mray)® + (Meaz / Mra:z)® = 0.453
PASS - The biaxial bending capacity is adequate
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Base Slab Design  (One way Spanning)
Design assuming Tank is full of water and also has traffic loading applied. Base will
span between external wall and internal wall. Consider 1m width.
Loading (Also refer to Cover Slab Design & Floatation check.)
Lx= 58515 m
Dead:- Ground Cover = 191 kN
Cover Slab = B0 kN £
s
External Wall = 18 o
Base Slab = 0 kN
Waterif Full= 240 kN
toase = 300 mm
Ground over Toe= 0
50% Internal Wall= 9 kN
Total SLS Dead Load = 538 kN
kN Total SLS
Imposed:- SLS Traffic Load= 0 Surcharge = 5152 Imposed Load = 5152 kN
Total SLS Load = 5690 kN Total ULS Design Load = 726 kN
(1.35G, + 1.5Q,
SLS Dead Pressure = 51  kN/m®
SLS Imposed Pressure = 11 kN/m®
[Total SLS Pressure= 620 kN/m" ULS Pressure = 85.4 KkN/m®
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RC SLAE DESIGN

In accordance with EN1992-1-1:2004 incorporating corrigendum January 2008 and the UK national annex
Tedds calculation version 1.0.17
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Slab definition

Slab reference name

Owerall slab depth

Number of spans

First support

Last support

Nominal cover to top reinforcement
MNominal cover to bottom reinforcement
Loading

Ratio of quasi-permanent to ultimate load
Concrete properties

Concrete strength class

Characteristic cylinder strength

Partial factor {Table 2.1N)
Compressive strength factor (cl. 3.1.6)
Design compressive strength (cl. 3.1.6)
Mean axial tensile strength (Table 3.1)
Maximum aggregate size

Reinforcement properties
Characteristic yield strength
Partial factor {Table 2.1N)
Design yield strength (fig. 3.8)

Concrete cover to reinforcement

Nominal cover to top reinforcement

Mominal cover to bottom reinforcement

Fire resistance period to top of slab

Fire resistance period to bottom of slab

Axis distance to top reinft (Table 5.8)

Axis distance to bottom reinft (Table 5.8)

Max bar diameter in top

Max bar diameter in bottom

Min. top cover requirement with regard to band
Min. btm cover reguirement with regard to bond
Reinforcemeant fabrication

Cover allowance for deviation

Min. required nominal cover to top reinft

Min. required nominal cover to bottom reinft

Base

h = 400 mm
Mapars = 2
Simple

Simple

Crom 1= 40 mm
Coo v = 40 mm

rq = 0.300

C45/55

fox = 45 N/mm?

o = 1.50

e = 0.85

fed = 25.5 N/mm?

fem = 0.30 Nfmim® = (fa £ 1 Nimm® )22 = 3.8 Nfmm?
dy = 20 mm

fye = 500 N/mm?
s =115
fyt = e / y= = 434.8 N/mm?

Croen 1 = 40 mm

Croen b = 40 mm

Riop = 60 min

Reim = 60 min

an1 =20 mm

an e =20 mm

dmax_t = 25 mm

dmax_t = 20 mm

Cmink_t = Pmax1 = 25 mm
Cemink b = dmax_b = 20 mm
Mot subject to QA system
ACoer = 10 mm

Croe_{_min = MaX(an_t - Pmax 1/ 2, Cmink 1 + ACsev) = 35.0 mm
Cnom_o_min = MaX(&4 o = dmax_b / 2, Cmino_n + ACoev) = 30.0 mm
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PASS - There is sufficient cover to the top reinforcement
PASS - There is sufficient cover to the bottom reinforcement
Bending design checks
Redistribution ratio =10

Limiting value of K

K'=0.598 «&-018 = & - 0.21 = 0.208

Reinforcement design at midspan of span 1 (cl.6.1)

Length of span 1

Design bending moment
Reinforcement provided

Area provided

Effective depth to tension reinforcement
K factor

Lever arm

Area of reinforcement required for bending
Minimum area required
Area of reinforcement required

Check reinforcement spacing
Reinforcement service stress

Maximum allowable spacing (Table 7.3N)
Actual bar spacing

Iy = 5200 mm
Mgt = 162.0 kNm/m
20 mm dia. bars at 125 mm centres
Aot = 2513 mmAm
dpt =R - Crom b - g1 / 2 = 350.0 mm
K = Myt [ (b = dps® = i) = 0.029
K < K'- Compression reinforcement is not required
z = min{0.95 » das, dpi 12 = (1431 -3.53 < K)))
z=332.5 mm
Ast m = Mpt / (fe < 2) = 1121 mmm
Acet_min = Max(0.26 = (famffu), 0.0013) = b = dp = 691 mm*m
Aco_ren = max(Aspi_m, Aspi_min) = 1124 mm*m
PASS - Area of fension reinforcement provided is adeguate {0.446)

s = (fk [ ps) = MIN({Aspr_mlAspr), 1.0) = rg = 58.2 M/mm?
Sman_pt = 300 mm
So1 = 125 mm
PASS - The reinforcement spacing is acceptable

Reinforcement design at midspan of span 2 (cl.6.1)

Length of span 2

Design bending moment
Reinforcement provided

Area provided

Effective depth to tension reinforcement
K factor

Lever arm

Area of reinforcement required for bending
Minimum area required
Area of reinforcement required

Check reinforcement spacing
Reinforcement service stress

Maximum allowable spacing (Table 7.3N)
Actual bar spacing

Reinforcement design at support 2 (cl.6.1)
Design bending moment

|z = 5200 mm
Mgz = 162.0 kNm/m
20 mm dia. bars at 125 mm centres
Pagz = 2513 mmiim
drz = h - Crar_b - gz [ 2 = 350.0 mm
K =Mz /(b= dee® = ) = 0.029
K < K'- Compression reinforcement is not required
z = min(0.95 = dnz, drz / 2 = {1 + (1 - 3.53 < K)))
z = 332.5 mm
Aoz m = Mz | (e = 2) = 1121 mmm
Az win = max(0.26 = (fam/fr), 0.0013) = b = dpz = 891 mm3m
Az req = max{Aez m, Aspz wn) = 1121 mm*m
PASS - Area of fension reinforcement provided is adeguate {0.446)

o= = (fye £ y2) « Min{[Aspz_m/Aspz), 1.0) = r; = 58.2 M/mim?
Smax_pz = 300 mm
Saz = 125 mm
PASS - The reinforcement spacing is acceptable

Mnz = 289.0 kNm/m
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Reinforcement provided

Area provided

Effective depth to tension reinforcement
K factor

Lewvear arm

Area of reinforcement required for bending
Minimum area required
Area of reinforcement required

Check reinforcement spacing
Reinforcement service stress

Maximum allowable spacing (Table 7.3N)
Actual bar spacing

Shear design checks
Shear resistance constant (cl. 6.2.2)

Shear capacity check at support 1

Shear force

Reinforcement provided

Area provided

Effective depth

Effective depth factor (cl. 6.2.2)
Reinforcement ratio

Minimum shear resistance (Exp. 6.3N)

Shear resistance (Exp. 6.2a)

Shear capacity check at support 2

Shear force

Effective depth factor (cl. 6.2.2)
Reinforcement ratio

Minimum shear resistance (Exp. 6.3N)

Shear resistance (Exp. 6.2a)

Shear capacity check at support 3
Shear force

Reinforcement provided

Area provided

25 mm dia. bars at 125 mm centres
Acnz = 3927 mm¥im
drz = N - Cram_t - gez { 2 = 347.5 mm
K =Mz | (b = daz® = ) = 0.053
K < K'- Compression reinforcement is not required
z=min(0.95 = dnz, dnz [ 2 = (1 + (1 - 3.53 = KJ))
z = 330.1 mm
Pz m = Mz | (fe = 2) = 2013 mm*m
Azrz_mn = max(0.26 = (fam/f), 0.0013) x b = dnz = 686 mm*m
Panz_rag = Max{Asnz_m, Asnz_mn) = 2013 mm*m
PASS - Area of tension reinforcement provided is adequate {0.513)

s = (f / ys) = min{{Benz_m/Banz), 1.0) = rp = 66.9 N/mm?
Smax_nz = 300 mm
saz = 125 mm
PASS - The reinforcement spacing is acceptable

Crae = 0,18 Nfmm?® / ye = 0.12 Nfmm?

Vi= 167.0 kN/m
20 mm dia. bars at 125 mm centres
Asd1 = 2513 mm®m
dat = N - Crom_b - de1 / 2 = 350.0 mm
k=min(2.0, 1 + (200 mm / da:)"*) = 1.756
= min(0.02, Asat /(b = dai)) = 0.0072
Vrge min = 0,035 N/mm? x k" = (fe /1 NImm?)®5 x b s das
Vroe min = 191.2 KN/m
Vraer = max(Veac min, Croe = k= (100=p0x ({1 Nimm2))"3 < b o« dar)
Vroer = 234.6 kN/m
PASS - Shear capacify is adequate (0.712)

Wz = 230.0 kN/m
k=min(2.0, 1 + (200 mm / dr2)"*) = 1.759
= min(0.02, Asez [ (b = daz)) = 0.0113
Vrge min = 0,035 N/mm® = k' x (fa /1 NImm®)®5 = b = dnz
"lu"'Rd.n:_min =190.3 kN/m
Vraez = max(Vra.c_min, Croe = k= (100=p0x ({1 Nimm2))" < b« daz)
Vrocz = 271.3 kN/m
PASS - Shear capacify is adequate (0.848)

Wa = 167.0 kN/m
20 mm dia. bars at 125 mm centres
Azaa = 2513 mm®im
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Effective depth

Effective depth factor (cl. 6.2.2)
Reinforcement ratio

Minimum shear resistance (Exp. 6.3N)

Shear resistance (Exp. 6.2a)

Deflection checks

dea = N - Cram b - dea / 2 = 350.0 mm
k=min(2.0, 1 + (200 mm / daa)™*) = 1.756
= min(0.02, Asea /(b = daz)) = 0.0072
Vade min = 0,035 Nfmm? = k™5 = (fa /1 NImm2)™® = b = das
Vrde min = 191.2 kN/m
Vades = max{Ved.cmn, Crge x K s« (100xp0 % (fa1 NImm2))®3 « b« das)
Vades = 234.6 kN/m
PASS - Shear capacity is adeguate {0.712)

Basic span-to-depth ratio deflection check span 1 (cl. 7.4.2)

Reference reinforcement ratio

Reqguired tension reinforcement ratio
Reqguired compression reinforcement ratio
Structural systemn factor (Table 7.4N)

po = (fex /1 Mimm?)™* ¢ 1000 = 0.0067
p = max(0.0035, Asi_m/ (b = dpi)) = 0.0035
' = Aacpt o /(D = dpt) = 0.0000

=13

Basic span-to-depth ratio limit  raticsmt_oes = Ks = [11 # 1.5 = (fa/1 Nimm2)%5x polp + 3.2 = (fol1 Nimm?)®2x (palp - 1))

(Exp. 7.16a)
Modified span-to-depth ratio limit

ratiosm_pes = 63.86

ratiomm: = min(40 x Ks, min(1.5, (500 N/mm? f) % (Aspt | Aspi_m)) * rationm:_tss) = 52.00

Actual span-to-depth ratio

ratioaet = i f dpr = 14.86
PASS - Span-to-depth ratio is acceptable (0.286)

Basic span-to-depth ratio deflection check span 2 (cl. 7.4.2)

Reference reinforcement ratio

Required tension reinforcement ratio
Required compression reinforcement ratio
Structural systern factor (Table 7.4N)

po = (fa /1 Nimm#)™5 /1000 = 0.0067

= max(0.0035, Asgz_m (b = dpz)) = 0.0035
' = Ascpa_ren /(b = dpz) = 0.0000

K:=13

Basic span-to-depth ratio limit  raticime ses = Ko = [11 + 1.5« (fad1 Nimm®)™ 5 polp + 3.2 = (faf1 Nimm?)" % {palp - 1)19]

(Exp. 7.16a)
Maodified span-to-depth ratio limit

raticirs_nas = 63.86

ratioimz = min{40 = Kz, min(1.5, (500 MIMmE fye) = {Aspz | Aspz_m)) = ratioimz_tas) = 52.00

Actual span-to-depth ratio

Reinforcement sketch

ratioacz = Iz / dz = 14.86
PASS - Span-to-depth ratio is acceptable (0.286)

The following sketch is indicative only. Mote that additional reinforcement may be required in accordance with clauses
9.2.1.2,9.21.4 and 9.2.1.5 of EN 1992-1-1:2004 to meet detailing rules.
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fpmccann

ULS Bm from wall = kNm
Assumed Outer Face = mm

Tension Bar Dia

d= 252 mm

k=Mbdfa=  0.011

L. A. factor z/d = [1-+"1-3.53k] =

zZ= 239 mm
A, =MO.BTfz= 354 mm?

USEH 16 @ 125 mm clc in
each face + H8 @ 150mm cfc
distribution.

{A‘EFII'I:I'-' = 1608 mmz:l
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Crack Width Summary
Element  Thickness hp Wi hg/h Actual Crack width
Cover Slab 300 0 0.200 0 0177 Pass
Walls 300 2400 0.185 8 0.150 Pass
Internal Wall 300 2400 0.185 8 1.153 Pass

Base 300 3600 0.165 12 0.160 Pass




