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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 3.0.10

Tedds calculation version 1.0.23

ANALYSIS
Geometry
Geometry (m) - Concrete (C28 2500 Quartzite) - R 450x450
z
1
. 3.6 2 3.25 3 2.15 4
A 1 A 2 A 3 A
Span | Length (m) Section Start Support End Support

1 3.6 R 450x450 Pinned Pinned
2 3.25 R 450x450 Pinned Pinned
3 2.15 R 450x450 Pinned Pinned

R 450x450: A = 2025 cm?, ly = 341719 cm?, 1. = 341719 cm*, Ay = 1688 cm?, A; = 1688 cm?

Concrete (C28 2500 Quartzite): Density 2500 kg/m?3, Youngs 32.3082497 kN/mm?, Shear 13.4617707

kN/mm?2, Thermal 0.00001 °C!

Loading
Self weight included
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Load combination factors
5§ 3
O = n
Load combination = g 9
e = £
[ [ =
) o
LoadCombination1 (Strength) 1.35 | 1.35 | 1.50
Member Loads
Member Load case Load Type Orientation | Description
Beam Permanent UDL Globalz 30 kKN/m
Beam Permanent Point load Globalz 100kNatOm
Beam Permanent Point load Globalz 100 kN at 3.6 m
Beam Permanent Point load Globalz 100 kN at 6.85 m
Beam Permanent Point load Globalz 100kN at9m
Results
Forces
Strength combinations - Moment envelope (kNm)
-62.2
/ \\ 29.6
yi ™ T \ N
I 4 A T A ) fay
\ ) 17.5 145
485
Strength combinations - Shear envelope (kN)
86.7
67.7 M~ 64.5
- a7
-66.7
1022

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

Concrete strength class
Aggregate type

Aggregate adjustment factor - ¢l.3.1.3(2)
Characteristic compressive cylinder strength
Characteristic compressive cube 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

C28/35

Quartzite

AAF =1.0

foc = 28 N/mm?

fek.cube = 35 N/mm?

fom = fox + 8 N/mm? = 36 N/mm?

ccu2 = 0.0035
gcuz = 0.0035
1 =0.80

fem = 0.3 N/mm? x (fo/ 1 N/mm?)?3 = 2.8 N/mm?
Ecm = 22 kN/mmZX[fcm”O N/mm2]°-3 x AAF =

32308 N/mm?2
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Effective strength factor n=1.00
Coefficient ki ki =0.40

Coefficient k2

Coefficient ks

Coefficient ka

Partial factor for concrete -Table 2.1N
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
Monolithic 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
Nominal cover to top reinforcement
Nominal cover to bottom reinforcement
Nominal cover to side reinforcement
Fire resistance

Standard fire resistance period
Number of sides exposed to fire

Minimum width of beam - EN1992-1-2 Table 5.6

Beam - Span 1

Rectangular section details
Section width
Section depth

k2 =1.0 x (0.6 + 0.0014 / gcu2) = 1.00
ks = 0.40

ks =1.0 x (0.6 + 0.0014 / gcu2) = 1.00
vc =1.50

occ = 0.85

fod = atee x fox / yo = 15.9 N/mm?

ocew = 1.00

fowd = Oteow X fek / yo = 18.7 N/mm?
hagg =20 mm

B1=0.25

fyk = 500 N/mm?
vs=1.15
fya = fyk / ys = 435 N/mm?

Cnom_t = 70 mm
Cnom_b = 70 mm
Cnom_s = 50 mm

R =60 min
3
bmin =120 mm

b =450 mm
h =450 mm

PASS - Minimum dimensions for fire resistance met
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Moment design
L Zone o
= 3600 i
-120 kNm
-62.2
48.5
120 kNm
L Zone N
= 3600 ol
Moment resistance Span 1
Elastic moments
A-A
4 x16¢
A
A
4 x16¢
Positive moment - section 6.1
Design bending moment M = abs(Mm1_s1_z2_max_red) = 48.5 KkNm
Effective depth of tension reinforcement d =362 mm
Redistribution ratio 8 = min(Mpos_red_z2 / Mpos_z2, 1) = 1.000

K=M/ (b x d? x fe) = 0.029
K'=2xnxoee/yc)x(1-2x(8-ki)/(2xk2))x (Ax(d-ki)/(2xkz))

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

Lever arm z=min(0.5 xd x [1+(1-2xK/(n x ac/yc))®?], 0.95 x d) = 344 mm
Depth of neutral axis x=2x(d-2z)/A=45mm
Area of tension reinforcement required Asreq = M/ (fya x ) = 325 mm?
Tension reinforcement provided 4 x 16¢
Area of tension reinforcement provided As prov = 804 mm?
Minimum area of reinforcement - exp.9.1N Asmin = max(0.26 x fem / fy, 0.0013) x b x d = 234 mm?
Maximum area of reinforcement - c1.9.2.1.1(3) Asmax = 0.04 x b x h = 8100 mm?

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

Design value modulus of elasticity reinf - 3.2.7(4)

Mean value of concrete tensile strength
Stress distribution coefficient

Non-uniform self-equilibrating stress coefficient

Actual tension bar spacing

Maximum stress permitted (Table 7.3N)

Steel to concrete modulus of elast. ratio

Distance of the Elastic NA from bottom of beam

Area of concrete in the tensile zone

Minimum area of reinforcement required - exp.7.1

Es = 200000 N/mm?

feteft = fotm = 2.8 N/mm?2

ke = 0.4

k = min(max(1 + (300 mm - min(h, b)) x 0.35/ 500 mm, 0.65), 1) =
0.90

Sbar = (b - (2 x (Crom_s + dm1_s1_22 v) + dm1_s1_22 b L1 X Nm1_s1_z2 b 11))/
(Nm1_s1_z2 b t1-1) + dm1_s1_z2. b L1 = 104.7 mm

os = 316 N/mm?

Ocr = Es / Ecm = 6.19

y= (b x h2/ 2 + Acprov x (0ter - 1) x (h = d)) / (b x h + Asprov x (cter - 1)) =
222 mm

Act = b x y =100005 mm?

Ascmin = Ke x K x fetet x Act/ 05 = 313 mm?

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

Permanent load ratio
Service stress in reinforcement
Maximum bar spacing - Tables 7.3N

ReL = 0.65
Osr = fyd X Asreq / Asprov X RpL = 114 N/mm?

Sbar,max = 300 mm

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

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

Negative moment - section 6.1

Design bending moment
Effective depth of tension reinforcement
Redistribution ratio

Lever arm
Depth of neutral axis
Area of tension reinforcement required

pmo = (fe / 1 N/mm?2)°%/ 1000 = 0.00529
pm = Asreq / (b x d) = 0.00199
p'm = As2req / (b x d) = 0.00000
Kb =1.3
span_to_depthpasic = Ko x [11 + 1.5 x (fox / 1 N/mm?2)%5 x pmo / pm + 3.2 x
(fek / 1 N/mm?2)05 x (pmo / pm - 1)15] = 88.562
Ks = min(Asprov / Asreq x 500 N/mm? / fy, 1.5) = 1.500
F1=1=1.000
F2=1=1.000
span_to_depthaiow = min(span_to_depthoasic x Ks x F1 x F2, 40 x Kp) =
52.000
span_to_depthactual = Lm1_s1/ d = 9.945
PASS - Actual span to depth ratio is within the allowable limit

M = max(1 x abs(Mm1_s1_max_red), abS(Mm1_s1_z2_min_red)) = 62.2 KNm
d =362 mm
8 = Min(Mneg_red_z2 / Mneg_z2, 1) = 1.000
K=M/ (b x d? x f«) = 0.038
K'=@2xnxoec/yc)x(1-Ax(8-ki)/(2xk2))x (Ax(d-ki)/(2xkz2))
=0.207

K'> K - No compression reinforcement is required
z=min(0.5xd x [1+(1-2xK/(nx ac/yc))?], 0.95 x d) = 344 mm
x=2x(d-z)/x=45mm
Asreq = M/ (fya x z) = 416 mm?
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Tension reinforcement provided 4 x 16¢

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

Maximum area of reinforcement - ¢l.9.2.1.1(3)

As,prov = 804 mm?2
Asmin = max(0.26 x fem / fyk, 0.0013) x b x d = 234 mm?
As,max =0.04 x b x h =8100 mm?

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

Crack control - Section 7.3
Maximum crack width

Design value modulus of elasticity reinf - 3.2.7(4)

Mean value of concrete tensile strength
Stress distribution coefficient

Non-uniform self-equilibrating stress coefficient

Actual tension bar spacing

Maximum stress permitted (Table 7.3N)
Steel to concrete modulus of elast. ratio

Distance of the Elastic NA from bottom of beam

Area of concrete in the tensile zone

Minimum area of reinforcement required - exp.7.1

wk = 0.3 mm

Es = 200000 N/mm?

feterr = fom = 2.8 N/mm?

ke =0.4

k = min(max(1 + (300 mm - min(h, b)) x 0.35/500 mm, 0.65), 1) =
0.90

Sbar = (b - (2 x (Crom_s + Om1_s1_z2_v) + dm1_s1_z2 t L1 X Nm1_s1_z2.t 11)) /
(Nm1_s1z2t 11-1) + dm1_s1 z2 t 11 = 104.7 mm

os = 316 N/mm?

ocr = Es / Ecm = 6.19

y=(bxh2/2+ Asprov x (ter - 1) x (h = d)) / (b x h + Asprov x (0ter - 1)) =
222 mm

At =b xy=100005 mm?

Ascmin = Ke x K x fct,eff x Act/ 6s = 313 mm?

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

Permanent load ratio
Service stress in reinforcement
Maximum bar spacing - Tables 7.3N

ReL = 0.65
Osr = fyd X As,req /As,prov x RpL = 146 N/mm?
Sbar,max = 300 mm

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

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

Minimum bar spacing (Section 8.2)
Top bar spacing

Minimum allowable top bar spacing

Bottom bar spacing

pmo = (fe / 1 N/mm?2)°5 / 1000 = 0.00529
pm = Asreq / (b x d) = 0.00255
p'm = As2req / (b x d) = 0.00123
Kb =1.3
span_to_depthbasic = Kb x [11 + 1.5 x (fek / 1 N/mm?2)°5 x pmo / pm + 3.2 x
(fex / 1 N/mm?2)°5 x (pmo / pm - 1)'%] = 60.173
Ks = min(Asprov / Asreq x 500 N/mm? / fy, 1.5) = 1.500
F1=1=1.000
F2=1=1.000
span_to_depthaiow = min(span_to_depthpasic x Ks x F1 x F2, 40 x Kp) =
52.000
span_to_depthactual = Lm1_s1/ d = 9.945
PASS - Actual span to depth ratio is within the allowable limit

Stop = (b - (2 X (Cnom_s + dm1_s1_z2.v) + dm1_s1_z2. t 11 X Nm1_s1.z2 ¢ L1)) /
(Nm1_s1z2.t 11-1)=88.7 mm
Stop,min = MaX(dm1_s1_z2_t L1 X Ks1, hagg + ks2, 20mm) = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable
Sbot = (b - (2 x (Cnom_s + dm1_s1_z2_v) + dm1_s1_z2 b L1 X Nm1_s1_z2 b 1)) /
(Nm1_s1.z2 b_1-1)=88.7 mm




Project Job no.
WESTBUILD Proposed Dwelling, 65 Wharfdale Road, Barnsley, S75 2JY. P3043 /165

PILING
Unit 9 Oakleaf IND EST, Calcs for Start page no./Revision
S RC Beams (Piles 5 - 18) 7
lew Rossington,
?:?:T]t.::; :15150;;5 Calcs by Calcs date Checked by Checked date Approved by Approved date
Web: www.westbuildpiling.co.uk EWT 26/04/2021 - - - -
Minimum allowable bottom bar spacing Sbotmin = MaXx(¢m1_s1_z2_b_L1 X Ks1, hagg + ks2, 20mm) = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Shear design

67.7

102.2

Zone

3600

Shear resistance Span 1
[l Elastic shear force

A
A

2 x 10 legs @ 250 cle

L Zone N
= 3600 "l
Angle of comp. shear strut for maximum shear Omax = 45 deg
Strength reduction factor - cl.6.2.3(3) vi1 = 0.6 x (1 -fe / 250 N/mm?) = 0.533
Compression chord coefficient - cl.6.2.3(3) ocw = 1.00

Minimum area of shear reinforcement - exp.9.5N  Asymin = 0.08 N/mm?2 x b x (fo / 1 N/mm?)®5 / fyx = 381 mm?/m

Section in shear - section 6.2

Design shear force at support VEd,max = max(abs(Vzz_max), abs(Vz2_red_max)) = 81 kN

Min lever arm in shear zone z =344 mm

Maximum design shear resistance - exp.6.9 VRdmax = 0w X b x Z x V1 x fowa / (COt(Bmax) + tan(Bmax)) = 770 kN
PASS - Design shear force at support is less than maximum design shear resistance

Design shear force within zone Ved = 81 kN

Design shear stress Ved = VEa / (b x Z) = 0.523 N/mm?

Angle of concrete compression strut - ¢l.6.2.3 6 = min(max(0.5 x Asin(min(2 x Ved / (ctew % fowa x v1),1)), 21.8 deg),

45deg) = 21.8 deg

Area of shear reinforcement required - exp.6.8 Asvdes = VEd x b / (fya x cot(0)) = 217 mm?/m

Area of shear reinforcement required Asv,req = Max(Asvmin, Asv,des) = 381 mm?/m

Shear reinforcement provided 2 x 10 legs @ 250 c/c

Area of shear reinforcement provided Asv,prov = 628 mm?2/m
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Maximum longitudinal spacing - exp.9.6N
PASS - Longitudinal spacing of shear reinforcement provided is less than maximum

Beam - Span 2

Rectangular section details
Section width
Section depth

Moment design

PASS - Area of shear reinforcement provided exceeds minimum required
Svl,max = 0.75xd =271 mm

b =450 mm
h =450 mm
PASS - Minimum dimensions for fire resistance met
L Zone N
= 3250 d
-120 kNm
-62.2
17.5
120 kNm
L Zone N
= 3250 i
Moment resistance Span 2
Elastic moments
A-A
4 x 164
A
A
4 x 16§

Positive moment - section 6.1

Design bending moment

Effective depth of tension reinforcement

Redistribution ratio

M = abs(Mm1_s2_z2_max_red) = 17.5 KNm
d =362 mm
& = min(Mpos_red_z2 / Mpos_z2, 1) = 1.000
K=M/ (b x d? x f«) = 0.011
K'=@2xnxoec/yc)x (1-Ax(8-ki)/(2xk2))x (A x(d-ki)/(2xkz))
=0.207
K'> K - No compression reinforcement is required
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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)

z=min(0.5xd x [1+(1-2x K/ (M x oee/vc))*5], 0.95 x d) = 344 mm
x=2x(d-z)/x=45mm

Asreq = M/ (fya x 2) = 117 mm?

4 x 16¢

As prov = 804 mm?

As.min = max(0.26 x fem / fyk, 0.0013) x b x d = 234 mm?

Asmax = 0.04 x b x h = 8100 mm?2

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

Crack control - Section 7.3
Maximum crack width

Design value modulus of elasticity reinf - 3.2.7(4)

Mean value of concrete tensile strength
Stress distribution coefficient

Non-uniform self-equilibrating stress coefficient

Actual tension bar spacing

Maximum stress permitted (Table 7.3N)

Steel to concrete modulus of elast. ratio

Distance of the Elastic NA from bottom of beam

Area of concrete in the tensile zone

Minimum area of reinforcement required - exp.7.1

wk = 0.3 mm

Es = 200000 N/mm?

feteft = fotm = 2.8 N/mm?2

ke = 0.4

k = min(max(1 + (300 mm - min(h, b)) x 0.35/ 500 mm, 0.65), 1) =
0.90

Sbar = (b - (2 x (Crom_s + ¢dm1_s2 22 v) + dm1_s2_22 b L1 X Nm1_s2 22 b 11)) /
(Nm1_s2.z2 b t1-1) + dm1_s2 22 b L1 = 104.7 mm

os = 316 N/mm?

Ocr = Es / Ecm = 6.19

y= (b x h2/ 2 + Acprov x (ter - 1) x (h = d)) / (b x h + Asprov x (cter - 1)) =
222 mm

Act = b x y =100005 mm?

Asc.min = ke x K x foteff x Act/ os = 313 mm?2

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

Permanent load ratio
Service stress in reinforcement
Maximum bar spacing - Tables 7.3N

ReL = 0.65
Osr = fyd X Asreq / Asprov X RpL = 41 N/mm?
Sbar,max = 300 mm

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

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

Negative moment - section 6.1
Design bending moment
Effective depth of tension reinforcement

pmo = (fo / 1 N/mm?2)°% /1000 = 0.00529
pm = Asreq / (b x d) = 0.00072
p'm = As2req / (b x d) = 0.00000
Kb =1.5
span_to_depthoasic = Ko x [11 + 1.5 x (fox / 1 N/mm?2)%5 x pmo / pm + 3.2 x
(fek / 1 N/mm?2)05 x (pmo / pm - 1)1%] = 510.863
Ks = min(Asprov / Asreq x 500 N/mm? / fy, 1.5) = 1.500
F1=1=1.000
F2=1=1.000
span_to_depthaiow = min(span_to_depthoasic x Ks x F1 x F2, 40 x Kp) =
60.000
span_to_depthactual = Lm1_s2 / d = 8.978
PASS - Actual span to depth ratio is within the allowable limit

M= abS(MmLstszminfred) =62.2 kNm
d =362 mm
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Redistribution ratio 8 = min(Mneg_red_z2 / Mneg_z2, 1) = 1.000

K=M/ (b x d? x fe) = 0.038
K'=2xnxoee/yc)x(1-2x(8-ki)/(2xk2))x (Ax(d-ki)/(2xkz))

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

Lever arm z=min(0.5 xd x [1+(1-2xK/(n x ac/yc))®?], 0.95 x d) = 344 mm
Depth of neutral axis x=2x(d-2z)/A=45mm
Area of tension reinforcement required Asreq = M/ (fya x ) = 416 mm?
Tension reinforcement provided 4 x 16¢
Area of tension reinforcement provided As prov = 804 mm?
Minimum area of reinforcement - exp.9.1N Asmin = max(0.26 x fem / fyk, 0.0013) x b x d = 234 mm?
Maximum area of reinforcement - c1.9.2.1.1(3) Asmax = 0.04 x b x h = 8100 mm?

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

Crack control - Section 7.3

Maximum crack width wk = 0.3 mm

Design value modulus of elasticity reinf - 3.2.7(4) Es =200000 N/mm?
Mean value of concrete tensile strength feterr = fom = 2.8 N/mm?
Stress distribution coefficient kc=0.4

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

0.90

Actual tension bar spacing Sbar = (b - (2 x (Crom_s + Om1_s2_z2_v) + dm1_s2_z2 t L1 X Nm1_s2 22 t 11)) /
(Nm1_s2. 22t 11-1) + dm1_s2 22 t 11 = 104.7 mm

Maximum stress permitted (Table 7.3N) os = 316 N/mm?

Steel to concrete modulus of elast. ratio oer = Es/ Ecm = 6.19

Distance of the Elastic NA from bottom of beam y=(bxh?/2+ Asprov x (aer - 1) x (h - d))/ (b x h + Asprov x (0er = 1)) =
222 mm

Area of concrete in the tensile zone Act = b x y =100005 mm?

Minimum area of reinforcement required - exp.7.1  Ascmin = Ke x K x feteit x Act / s = 313 mm?
PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Permanent load ratio ReL = 0.65
Service stress in reinforcement Osr = fyd X Asreq / Asprov x RpL = 146 N/mm?
Maximum bar spacing - Tables 7.3N Sbar,max = 300 mm

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

Deflection control - Section 7.4

Reference reinforcement ratio pmo = (fec / 1 N/mm?2)°5 /1000 = 0.00529

Required tension reinforcement ratio pm = Asreq / (b x d) = 0.00255

Required compression reinforcement ratio p'm = Aszreq / (b x d) = 0.00000

Structural system factor - Table 7.4N Kb =1.5

Basic allowable span to depth ratio span_to_depthbasic = Kb x [11 + 1.5 x (fex / 1 N/mm?2)°5 x pmo / pm + 3.2 x
(fex / 1 N/mm?2)°5 x (pmo / pm - 1)'5] = 69.430

Reinforcement factor - exp.7.17 Ks = min(As prov / Asreq x 500 N/mm? / fy, 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_depthaiow = min(span_to_depthpasic x Ks x F1 x F2, 40 x Kp) =
60.000

Actual span to depth ratio span_to_depthactual = Lm1_s2 / d = 8.978
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Minimum bar spacing (Section 8.2)
Top bar spacing

Minimum allowable top bar spacing

Bottom bar spacing

Minimum allowable bottom bar spacing

Shear design

86.7

PASS - Actual span to depth ratio is within the allowable limit

Stop = (b - (2 x (Crom_s + dm1_s2 22 v) + dm1_s2. 22 t 11 X Nm1_s2_z2 t 11)) /

(Nmi1_s2_z2.t 11- 1) = 88.7 mm

Stop,min = MaX(Pm1_s2_z2 t L1 X Ks1, hagg + ks2, 20mm) = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable
Sbot = (D - (2 X (Cnom_s + ¢dm1_s2 22 v) + dm1_s2_22. b_11 X Nm1_s2 22 b 11)) /
(Nmi1_s2_22 b 11- 1) = 88.7 mm

Sbot,min = MaX(Pm1_s2_z2 b L1 X Ks1, hagg + ks2, 20mm) = 25.0 mm
PASS - Actual bar spacing exceeds minimum allowable

-66.7

P Zone N
= 3250 "
Shear resistance Span 2
[ Elastic shear force
‘\4 2 x 10 legs @ 250 cle #}
L Zone O
3250
Angle of comp. shear strut for maximum shear Omax = 45 deg
Strength reduction factor - ¢l.6.2.3(3) vi=0.6 x (1 - fe / 250 N/mm?) = 0.533
Compression chord coefficient - ¢l.6.2.3(3) oew = 1.00

Minimum area of shear reinforcement - exp.9.5N

Section in shear - section 6.2
Design shear force at support
Min lever arm in shear zone

Maximum design shear resistance - exp.6.9

Asv,min = 0.08 N/mm? x b x (fex / 1 N/mm?)°5 / fyx = 381 mm?/m

VEedmax = max(abs(Vz2_max), abs(Vz2_red_max)) = 65 kN
z =344 mm

VRdmax = Olow X b x Z x V1 x fowd / (COt(emax) + tan(emax)) =770 kN
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PASS - Design shear force at support is less than maximum design shear resistance

Design shear force within zone VEed = 65 kN

Design shear stress Ved = VEa / (b x Z) = 0.423 N/mm?

Angle of concrete compression strut - ¢l.6.2.3 6 = min(max(0.5 x Asin(min(2 x Ved / (otew x fewd % v1),1)), 21.8 deg),
45deg) = 21.8 deg

Area of shear reinforcement required - exp.6.8 Asv.des = VEd x b / (fya x cot(0)) = 175 mm?/m

Area of shear reinforcement required Asvreq = Max(Asv,min, Asvdes) = 381 mm2/m

Shear reinforcement provided 2 x10legs @ 250 c/c

Area of shear reinforcement provided Asv,prov = 628 mm?/m

PASS - Area of shear reinforcement provided exceeds minimum required
Maximum longitudinal spacing - exp.9.6N Svmax = 0.75 x d = 271 mm
PASS - Longitudinal spacing of shear reinforcement provided is less than maximum

Beam - Span 3

Rectangular section details

Section width b =450 mm
Section depth h =450 mm

PASS - Minimum dimensions for fire resistance met

Moment design

I Zone N
= 2150 g
-120 kNm
-29.6
14.5
120 kNm
le Zone >
‘ 2150 ‘
Moment resistance Span 3

Elastic moments
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A-A
4 x 16¢
A
A
4% 16¢
Positive moment - section 6.1
Design bending moment M = abs(Mm1_s3_z2_max_red) = 14.5 KNm
Effective depth of tension reinforcement d =362 mm

Redistribution ratio

Lever arm

Depth of neutral axis

Area of tension reinforcement required

Tension reinforcement provided

Area of tension reinforcement provided

Minimum area of reinforcement

Maximum area of reinforcement - ¢l.9.2.1.1(3)

Crack control - Section 7.3
Maximum crack width

Design value modulus of elasticity reinf - 3.2.7(4)

-exp.9.1N

8 = min(Mpos_red_z2 / Mpos_z2, 1) = 1.000
K=M/ (b x d? x f«) = 0.009
K'=@2xnxoec/yc)x (1-Ax(8-ki)/(2xk2))x (A x(d-ki)/(2xkz))
=0.207
K'> K - No compression reinforcement is required
z=min(0.5xd x [1+(1-2x K/ (0 x oee/ vc))*5], 0.95 x d) = 344 mm
x=2x(d-z)/r=45mm
Asreq = M/ (fya x ) = 97 mm?
4 x 16¢
As prov = 804 mm?
As.min = max(0.26 x fem / fyk, 0.0013) x b x d = 234 mm?
Asmax = 0.04 x b x h = 8100 mm?2

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

Mean value of concrete tensile strength

Stress distribution coefficient

Non-uniform self-equilibrating stress coefficient

Actual tension bar spacing

Maximum stress permitted (Tab

le 7.3N)

Steel to concrete modulus of elast. ratio

Distance of the Elastic NA from bottom of beam

Area of concrete in the tensile zone

wk = 0.3 mm

Es = 200000 N/mm?

feteft = fotm = 2.8 N/mm?2

ke=0.4

k = min(max(1 + (300 mm - min(h, b)) x 0.35/ 500 mm, 0.65), 1) =
0.90

Sbar = (b - (2 x (Crom_s + ¢dm1_s3 22 v) + dm1_s3 22 b L1 X Nm1_s3_22 b 11)) /
(Nm1_s3 22 b t1- 1)+ dm1_s3 22 b L1 = 104.7 mm

os = 316 N/mm?

Ocr = Es / Ecm = 6.19

y=(bxh?/2+ Asprov x (aer - 1) x (h - d))/ (b x h + Asprov x (0ler = 1)) =
222 mm

Act = b x y =100005 mm?
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Minimum area of reinforcement required - exp.7.1  Ascmin = Ke x K x fereft x Act / 65 = 313 mm?
PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Permanent load ratio ReL = 0.65
Service stress in reinforcement Gsr = fyd x Asreq / Asprov x RpL = 34 N/mm?
Maximum bar spacing - Tables 7.3N Sbar,max = 300 mm

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

Deflection control - Section 7.4

Reference reinforcement ratio pmo = (fo / 1 N/mm?2)°%/ 1000 = 0.00529

Required tension reinforcement ratio pm = Asreq / (b x d) = 0.00060

Required compression reinforcement ratio p'm = As2req / (b x d) = 0.00000

Structural system factor - Table 7.4N Kb =1.3

Basic allowable span to depth ratio span_to_depthpasic = Ko x [11 + 1.5 x (fox / 1 N/mm?2)%5 x pmo / pm + 3.2 x
(fex / 1 N/mm2)°® x (pmo / pm - 1)'%] = 593.993

Reinforcement factor - exp.7.17 Ks = min(Asprov / Asreq x 500 N/mm? / fy, 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_depthaiow = min(span_to_depthoasic x Ks x F1 x F2, 40 x Kp) =
52.000

Actual span to depth ratio span_to_depthactual = Lm1_s3 / d = 5.939

PASS - Actual span to depth ratio is within the allowable limit

Negative moment - section 6.1

Design bending moment M = max(B1 x abs(Mm1_s3_max_red), abS(Mm1_s3_z2_min_red)) = 29.6 KNm
Effective depth of tension reinforcement d =362 mm
Redistribution ratio 8 = Min(Mneg_red_z2 / Mneg_z2, 1) = 1.000

K=M/ (b x d? x fa) = 0.018
K'=@2xnxoec/yc)x (1-Ax(8-ki)/(2xk2))x (A x(d-ki)/(2xkz2))

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

Lever arm z=min(0.5xd x [1 +(1-2x K/ (M x oee/ vc))*5], 0.95 x d) = 344 mm
Depth of neutral axis x=2x(d-z)/x=45mm
Area of tension reinforcement required Asreq = M/ (fya x z) = 198 mm?
Tension reinforcement provided 4 x 16¢
Area of tension reinforcement provided Asprov = 804 mm?
Minimum area of reinforcement - exp.9.1N As.min = max(0.26 x fem / fyk, 0.0013) x b x d = 234 mm?
Maximum area of reinforcement - ¢l.9.2.1.1(3) Asmax = 0.04 x b x h = 8100 mm?

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

Crack control - Section 7.3

Maximum crack width wk = 0.3 mm

Design value modulus of elasticity reinf - 3.2.7(4)  Es = 200000 N/mm?
Mean value of concrete tensile strength feteff = form = 2.8 N/mm?
Stress distribution coefficient ke =0.4

Non-uniform self-equilibrating stress coefficient k = min(max(1 + (300 mm - min(h, b)) x 0.35/ 500 mm, 0.65), 1) =
0.90

Actual tension bar spacing Sbar = (b - (2 x (Crom_s + ¢dm1_s3 22 v) + dm1_s3 22 t L1 X Nm1_s3 22 t L1)) /
(Nm1_s3_z2.t 11-1) + dm1_s3 z2_t L1 = 104.7 mm
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Maximum stress permitted (Table 7.3N)

Steel to concrete modulus of elast. ratio

Distance of the Elastic NA from bottom of beam

Area of concrete in the tensile zone

Minimum area of reinforcement required - exp.7.1

os = 316 N/mm?

ocr = Es / Eem = 6.19

y=(bxh2/2+ Acprov x (cter - 1) x (h - d)) / (b x h + Asprov x (0ter - 1)) =
222 mm

Act = b x y =100005 mm?

Asc.min = ke x K x foteff x Act/ os = 313 mm?2

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

Permanent load ratio
Service stress in reinforcement
Maximum bar spacing - Tables 7.3N

ReL = 0.65
Osr = fyd X Asreq / Asprov X RpL = 69 N/mm?

Sbar,max = 300 mm

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

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

Minimum bar spacing (Section 8.2)
Top bar spacing

Minimum allowable top bar spacing

Bottom bar spacing

Minimum allowable bottom bar spacing

pmo = (fe / 1 N/mm?2)°% /1000 = 0.00529
pm = Asreq / (b x d) = 0.00121
p'm = As2req / (b x d) = 0.00123
Kb =1.3
span_to_depthpasic = Ko x [11 + 1.5 x (fox / 1 N/mm?2)%5 x pmo / pm + 3.2 x
(fek / 1 N/mm?2)05 x (pmo / pm - 1)1%] = 194.864
Ks = min(Asprov / Asreq x 500 N/mm? / fy, 1.5) = 1.500
F1=1=1.000
F2=1=1.000
span_to_depthaiow = min(span_to_depthoasic x Ks x F1 x F2, 40 x Kp) =
52.000
span_to_depthactual = Lm1_s3 / d = 5.939
PASS - Actual span to depth ratio is within the allowable limit

Stop = (b - (2 x (Crom_s + dm1_s3_z2 v) + dm1_s3 22 t L1 X Nm1_s3 22 t L1)) /
(Nm1.s3 z2t11-1)=88.7mm
Stop.min = MaX(Pm1_s3_z2_t L1 X Ks1, Nagg + ks2, 20mm) = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable
Sbot = (b - (2 x (Cnom_s *+ ¢dm1_s3_z2 v) + dm1_s3_22. b_11 X Nm1_s3 22 b 11)) /
(Nm1_s3_z2 b t1- 1) =88.7 mm
Sbotmin = MaX(Pm1_s3_z2 b_L1 X Ks1, Nagg + ks2, 20mm) = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable
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Shear design

64.5

I Zone N
= 2150 4
Shear resistance Span 3

[l Elastic shear force

< 2 x 10 legs @ 250 cle >

L Zone

= 2150 ol
Angle of comp. shear strut for maximum shear Omax = 45 deg
Strength reduction factor - cl.6.2.3(3) vi = 0.6 x (1 -fe / 250 N/mm?) = 0.533
Compression chord coefficient - cl.6.2.3(3) ocw = 1.00

Minimum area of shear reinforcement - exp.9.5N  Asymin = 0.08 N/mm? x b x (fo / 1 N/mm?)®5 / fyx = 381 mm?/m

Section in shear - section 6.2

Design shear force at support VEd,max = max(abs(Vzz_max), abs(Vz2_red_max)) = 43 kN
Min lever arm in shear zone z =344 mm
Maximum design shear resistance - exp.6.9 VRdmax = 0w X b x Z x V1 x fowa / (COt(Bmax) + tan(Bmax)) = 770 kN
PASS - Design shear force at support is less than maximum design shear resistance
Design shear force within zone Ved = 43 kN
Design shear stress Ved = VEa / (b x Z) = 0.279 N/mm?
Angle of concrete compression strut - ¢l.6.2.3 6 = min(max(0.5 x Asin(min(2 x Ved / (ctew % fowa x v1),1)), 21.8 deg),

45deg) = 21.8 deg
Area of shear reinforcement required - exp.6.8 Asvdes = VEd x b / (fya x cot(0)) = 116 mm?/m
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Area of shear reinforcement required Asv,req = Max(Asv,min, Asv,des) = 381 mm?/m

Shear reinforcement provided 2x10legs @ 250 c/c
Area of shear reinforcement provided Asvprov = 628 mm2/m

PASS - Area of shear reinforcement provided exceeds minimum required

Maximum longitudinal spacing - exp.9.6N Svimax = 0.75 x d = 271 mm

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




