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© MasterRC : Pile Cap - New Project Title

Z:\2018\180709 - Redington\Design Files\Planning\Foundations\Pile Caps Design

Cranston Consulting P | JobRef 180709
Sketrick House Sheet : /PCO1
. Madeby :JE
19 Jubilee Road, Newtownards Date : 04 January 2019 / Ver. 2018.08
Co. Down, BT23 4YH Checked : KSC
Tel: (028) 9181 5900 Approved :
o | _ MasterRC - Pile Cap Design
‘ 377 6757 675 375‘ PileCap Type 1
10-B25@200-U-Bar B1 — 10-B16@200-U-Bar T1
5-B16-200-Side-U-Bars 5-B16-200-Side-U-Bars
. Yo
§ —— T
75 /1) s N
1 N
75 1 1 10-B25@200-U-Bar B2 10-B16@200-U-Bar T2 } |
} } 2100
675
J 4 1
N (NBE BN |
N
5 Y-Y
2100
[— \
1
900
NI . VA S S S S R Y
5 \_/\/_1 N
Summary of Design Data
Design to EC 2: 2004 - Using UK values
Working vertical load per pile 750kN
Pile dia., cap o/a depth, overhang: 450mm, 900mm, 150mm
Pile spacing, centre to centre: 3.00 « dia. (1350mm)
Column size: 600mm. (x-x) x 250mm. (y-y)
Concrete grade: C32/40
Concrete cover to reinforcement: Bottom: 75mm., sides and top: SOmm.
Overall plan dimensions: Width (x-x): 2100mm. Length (y-y): 2100mm.
Column Offsets: ex =0 mm. ey = 0 mm.
Forces
Axial Loads (kN) Dead 1900, Imposed 950
Moments Mxx (kN.m) Dead 0, Imposed 0 +ve causes compression on top
Moments Myy (kN.m) Dead 0, Imposed 0 +ve causes compression on left
Calculations
No. of piles 2944/750 4
Pile loads - Axial Uniformly distributed from Column Axial Load
Load per pile (service) (1900 +950+ 0+ 95 )/4 736 kN OK
Load per pile (Ultimate) ((1900+95.3)+1.35 + 95021.50 + 0+1.05)/4 = 4120/4 1030 kN
Load per pile (Ultimate Net) (1900+1.35 +950+1.50 + 01.05)/4 = 3992/4 998 kN
Pile Cap Design Moments
M 2Fp(L-b/2) 2+1030.0(0.675 - 0.250/2) 1133.0 kN.m
Myxsw = 1.35¢24+BeDela%/2 1.35¢24+2.1000.9000.925%/2 26.0 kN.m
Myres= My~ Myxsw 1133.0-26.0 1107.0 kN.m
M,y= 2Fp(L-a/2) 2+1030.0(0.675 - 0.600/2) 772.0 kN.m
Myysw = 1.3524+B+D¢la%/2 1.35¢242.10020.9000.925%/2 26.0 kN.m
Myyres= Myy- Myysw 772.0 - 26.0 746.0 kN.m

Software produced by www.MasterSeries.com © Civil and Structural Computer Services Limited.




© MasterRC : Pile Cap - New Project Title Z:\2018\180709 - Redington\Design Files\Planning\Foundations\Pile Caps Design

Cranston Consulting “ | JobRef 1180709
i Sheet : /PCO2
Sketrick House
i Made by :JE
19 Jubilee Road, Newtownards Date : 04 January 2019 / Ver. 2018.08
Co.Down, BT23 4YH Checked :KSC
Tel: (028) 9181 5900 Approved :
Y-Y Axis: Layer Bl
Reinf% = 100As/BD As=10B25@200 =4910 => 100+4910/(2100 * 900) 0.26% OK
Strut & Tie Analogy
Truss Ften = 2+Fult/(24+1d)+(31>-a%) 2 +4120/(24 + 1350 + 813) * (3 * 13502 - 600?) 1599 kN
As = Fiy/(0.87+)) 1598.7/(0.87 * 500) 3675 mm? OK
Beam Bending Theory
Asreq = fn(M, B ,d, fu4, fy) 746, 2100, 813, 18, 500 2144 mm?
Deep Beam Bending Theory
Ref: Reynolds & Steedman 10t edition. Table 148
al/h <0.23 150/900=0.17<0.23 Caution
As =1.9sM/(fy*min(L,h)) 1.9 + 746 / (500 * min(1350,900)) 3150 mm?
Deep Beam Shear Theory
Vi= Kj*(h-0.35¢a))f*b 0.70 (900 - 0.35 « 150 ) *3.16 = 2100.00 3937 kN
Vi=Vict Ko* Agprov d sin2(¢)/h 3937 +225+4910 « 813 « Sin*(80.5) / 900 4907 kN
Veap= Vit Koo Agyesin®()/2 4907 + 2252011  Sin*(80.5) / 2 5127 kN
Beam Shear on Y-Y plane
Fv=1030 x 2 piles 2060 kN OK
Reduced Vapy= Vapp® Benhance 2060.0 +0.250 515.0 6.2.2.6
Vapp/ Max(Vra,C.a, Vra,c.b) 515.0 / Max(641.9, 617.9) 0.802 OK
Verasmax=0.5«Byedevefy 0.5921002812.0+0.523+18 8088.9 kN OK
X-X Axis: Layer B2
Reinf% = 100As/BD As=10B25@200 =4910 => 100+4910/(2100 * 900) 0.26% OK
Strut & Tie Analogy
Fien = Fuie2/(241d)*(312-b?) 2« 4120/(24 « 1350  788) * (3 * 13502 - 250?) 1746 kN
As = Ften/(0.87ty) 1745.5/(0.87 » 500) 4013 mm?
Beam Bending Theory
Asreq = fa(M, B ,d, fuq, £y) 1107, 2100, 788, 18, 500 3313 mm?
Deep Beam Bending Theory
Ref: Reynolds & Steedman 10t edition. Table 148
As =1.9*M/(fy*min(L,h)) 1.9 1107 /(500 » min(1350,900)) 4674 mm? OK
Deep Beam Shear Theory
Vie= Kj*(h-0.35+a;)+fi*b 0.70 + (900 - 0.35 # 325 ) 3.16 + 2100.00 3652 kN
Vi=Vict Kot Aoy d » sin(¢)/h 3652 +225+4910 « 788 * Sin?(70.1) / 900 4507 kN
Vea= Vit Koo Agesin®(g)/2 4507 +225 + 2011 » Sin%(70.1) / 2 4708 kN
Beam Shear on X-X plane
Fv=1030 x 2 piles 2060 kN OK
Reduced Vapy= Vapp® Benhance 2060.0 +0.263 542.449 6.2.2.6
Vapy/ Max(Vea,c.a, Vra,c.b) 542.4 / Max(632.3, 604.2) 0.858 OK
Veresmax=0.5*Byedevefy 0.5921002788.020.523+18 7849.8 kN OK
Punching Shear
Column Head Fv=1030 x 4 piles - (1.35 x 95.26) selfweight 3991 kN
Vrgmax =0.5¢«Byedevefy 0.5+17002812.00.523-18 6548.2 kN OK
Shear perimeter at 2 degr Perimeter Crosses Piles. Perimeter limit to 1/5 int piles
Fv=1030 x 4 piles 4120 kN
Reduced Vgpp= Vap,,-Benha11ce 4120.0 ¢ 0.259 1068.625 6.2.2.6
Vapp/ Max(Vra,C.a, Vra,c.b) 1068.6 / Max(1268.9, 1257.1) 0.842 OK
Truss Concrete Compression
Fc, Vertical Compression Check Using maximum ultimate pile load 1030.0 kN
Fcap = piedia?/4 *0.85v'*f.q 159043+0.85+0.52+18.1 1282.6 kN OK
Anti-Crack Steel
Top Nominal Steel 16@ 200 mm = 1005 mm?/m 0.112%
Spacing [3.12.5.4] 162+ 500 / Min(900,500) 256 OK
Side Steel 16@ 200 mm = 1005 mm?*m 0.048%
Spacing [3.12.5.4] 162+ 500 / Min(2100,500) 256 OK
Friction Pile Spacing
Circular piles Spacing >= 39 34450 = 1350 mm actual = 1350 mm OK

see BS 8004 Clause 7.3.4.2

Software produced by www.MasterSeries.com © Civil and Structural Computer Services Limited.



© MasterRC : Pile Cap - New Project Title

Z:\2018\180709 - Redington\Design Files\Planning\Foundations\Pile Caps Design

Cranston Consulting
Sketrick House

19 Jubilee Road, Newtownards
Co.Down, BT23 4YH

Tel: (028) 9181 5900

25676

Sheet

Date

Job Ref

: 180709
: /PCO3

Madeby :JE

: 04 January 2019/ Ver. 2018.08

Checked :KSC
Approved :

MasterRC - Pile Cap Design

— 3-B16@200-U-Bar T1

L L [
.
‘ 377 o757 e PileCap Type 2
———— 4-B25@150-U-Bar B1
5-B16-200-Side-Bars 5-B16-200-Side-Bars
. Yo
szs T, & 5-B25@150-U-Bar Bl(a-e) 4-B16@200-U-Bar T2(a-d)
B { | { } 5-B25@150-U-Bar Bi(a-e) 4-B16@200-U-Bar T2(a-d)
400 \ =) = 5-B25@150-U-Bar B2 4-B16@200-U-Bar T2
[ J
800 10 1
oN|
375 \ iy /
[
Y
5-B16-200-Side-Bars
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|
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\L
75— N

Summary of Design Data
Design to
Working vertical load per pile
Pile dia., cap o/a depth, overhang:
Pile spacing, centre to centre:
Column size:
Concrete grade:
Concrete cover to reinforcement:
Opverall plan dimensions:
Column Offsets:

Forces
Axial Loads (kN)
Moments Mxx (kN.m)
Moments Myy (kN.m)

Calculations
No. of piles
Pile loads - Axial
Load per pile (service)
Load per pile (Ultimate)
Load per pile (Ultimate Net)
Pile Cap Design Moments
M= Fp(L-b/2)
Myxsw = 1.35¢24BeDela?/2
Mxres= Myx- MusW
M,y= Fp(L-a/2)
Myysw = 1.35¢24BeDela?/2
Myyres= Myy- Myysw

EC 2: 2004 - Using UK values

750kN

450mm, 900mm, 150mm

3.00 « dia. (1350mm)

450mm. (x-x) x 250mm. (y-y)

C32/40

Bottom: 75mm., sides and top: 50mm.

Width (x-x): 2100mm. Length (y-y): 1950mm.
ex =0 mm. ey = 0 mm.

Dead 1570, Imposed 150
Dead 0, Imposed 0 +ve causes compression on top
Dead 0, Imposed 0 +ve causes compression on left

1791/750

Uniformly distributed from Column Axial Load
(1570 + 150+ 0 + 70 )/3

((1570+70.2)*1.35 + 1501.50 + 0+1.05)/3 = 2439/3
(1570%1.35 + 15021.50 + 0+1.05)/3 =2346/3

813.0(0.779 - 0.250/2)
1.35924+0.750+0.900+1.029/2
532.0-12.0

813.0(0.675 - 0.450/2)
1.35924+0.750+0.900+0.925%/2
366.0-9.0

1250

1950

7 6757L - 7-B16@200-U-T&ar Bi(a-g)

2100 ‘

3

597 kN OK
813 kN
782 kN

532.0 kN.m
12.0 kN.m
520.0 kN.m
366.0 kN.m
9.0 kN.m
357.0 kN.m

Software produced by www.MasterSeries.com © Civil and Structural Computer Services Limited.




© MasterRC : Pile Cap - New Project Title

Z:\2018\180709 - Redington\Design Files\Planning\Foundations\Pile Caps Design

Cranston Consulting “ | JobRef 1180709
i Sheet ¢ /PC04
Sketrick House
i Made by :JE
19 Jubilee Road, Newtownards Date : 04 January 2019 / Ver. 2018.08
Co.Down, BT23 4YH Checked :KSC
Tel: (028) 9181 5900 Approved :
Y-Y Axis: Layer Bl

Reinf% = 100As/BD As =4B25@150 = 1964 => 100+1964/(700 * 900) 0.31% OK
Strut & Tie Analogy

Fien = Fur/(36°1d)+(41+b>-3a%) 2439/(36 + 1350 » 813) * (4 * 1350% + 2507 - 3 » 450°) 417 kN

As = Fiy/(0.87+1)) 416.6/(0.87 * 500) 958 mm>
Beam Bending Theory

Asreq = fn(M, B ,d, fu4, fy) 357,700, 813, 18, 500 1033 mm?
Deep Beam Bending Theory

Ref: Reynolds & Steedman 10t edition. Table 148

As =1.9sM/(f,*min(L,h)) 1.9 + 357 /(500 + min(1350,900)) 1507 mm? OK
Deep Beam Shear Theory

Vi= Kj*(h-0.35¢a))f*b 0.70 * (900 - 0.35 « 225 ) *3.16 + 700.00 1272 kN

Vi=Vict Kp* Agprove d  sin?(¢)/h 1272 + 225 + 1964 « 813 « Sin*(76.0) / 900 1647 kN

Veap= Vit Koo Agyesin®()/2 1647 + 225+ 2011 « Sin*(76.0) / 2 1860 kN
Beam Shear on Y-Y plane

Fv=2813 x 1 piles 813 kN OK

Reduced Vapy= Vapp®Benhance 813.0 +0.285 231.898 6.2.2.6

Vapp/ Max(Vra,C.a, Vra,c.b) 231.9 / Max(345.4, 338.1) 0.671 OK

Veresmax=0.5*Bysdevefy 0.521162+800.0+0.523+18 4409.7 kN OK

X-X Axis: Layer B2

Reinf% = 100As/BD As=5B25@150 = 2455 =>1002455/(750 * 900) 0.36% OK
Strut & Tie Analogy

Fien = Fu/(18+1d)+(212-b?) 2439/(18 + 1350 * 788) * (2 * 13507 - 2507) 457 kN

As = Ften/(0.87-ty) 456.6 / (0.87 * 500) 1050 mm?
Beam Bending Theory

Asreq = fa(M, B ,d, fuq, £y) 520, 750, 788, 18, 500 1569 mm?
Deep Beam Bending Theory

Ref: Reynolds & Steedman 10t edition. Table 148

As =1.9*M/(fy*min(L,h)) 1.9 + 520 / (500 * min(1558,900)) 2196 mm? OK
Deep Beam Shear Theory

Vie= Kj*(h-0.35¢a;)f*b 0.70 + (900 - 0.35 # 429 ) *3.16 + 750.00 1244 kN

V1= Vict Ko Agrove d * sin?(¢)/h 1244 + 225 + 2455 » 788 * Sin?(64.5) / 900 1638 kN

Veap= Vit Kpe Agyesin®(y)/2 1638 +225+2011 « Sin*(64.5) /2 1822 kN
Beam Shear on X-X plane

Fv=2813x 1 piles 813 kN OK

Reduced Vapy= Vapp® Benhance 813.0 +0.343 278.566 6.2.2.6

Vapp/ Max(Vea,c.a, Vra,c.b) 278.6 / Max(303.6, 374.3) 0.744 OK

Vrgmax =0.5 «Byedevefy 0.5¢1301+788.00.523-18 4863.2 kN OK
Punching Shear

Column Head Fv =813 x 3 piles - (1.35 x 70.23) selfweight 2344 kN

Vig,max =0.5¢Bysdevefy 0.51400+812.00.523-18 5392.6 kN OK
Truss Concrete Compression

Fc, Vertical Compression Check Using maximum ultimate pile load 813.0 kN

Fcap = piedia?/4 «0.85¢v'sfe4 159043+0.85+0.52+18.1 1282.6 kN OK
Anti-Crack Steel

Top Nominal Steel 16@ 200 mm = 1005 mm*m 0.112%

Spacing [3.12.5.4] 162+ 500 / Min(900,500) 256 OK

Side Steel 16@ 200 mm = 1005 mm?/m 0.052%

Spacing [3.12.5.4] 162+ 500 / Min(1950,500) 256 OK
Friction Pile Spacing

Circular piles Spacing >= 3¢ 3+450 = 1350 mm actual = 1350 mm OK

see BS 8004 Clause 7.3.4.2

Software produced by www.MasterSeries.com © Civil and Structural Computer Services Limited.
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The Concrete Centre

Project  Spreadsheets to EC2 (((
Client MY Construction mp The Concrete Centre | Made by Date Page
Location Basement Floor Uplift from grids D rmw 04-Jan-19 S3
_ FLAT SLAB ANALYSIS & DESIGN to EN 1992-1 : 2004 Checked Revision Job No
SE-JB.%_'-H_ Originated from TCC33.xlsm v 4.11 on CD © 2003-2019 TCC Chg
MATERIALS fck 32  N/mm?
fyk 500  N/mm? dg 20 mm COVERS mm TO LAYER
fywk 500 N/mm? ys 1.15 steel Top cover 30 1
Pr-10) 2 yc 1.50 concrete Btm cover 30 !
Steel class A Wk 0.4 mm top AV 10 mm
08 mm btm
SPANS L (m) GEOMETRY PERIMETER LOADS characteristic
SPAN 1 4.000 Bay type|INTERNAL 1.00 kN/m outside supports 1 & 3
SPAN 2 4.000 Slab depth, h 300 mm
SPAN 3 Int Panel width, b| 3500 mm LOADING PATTERN
SPAN 4 min max
SPAN 5 End distance 325  from supt 1 DEAD 1.35 1.35
SPAN 6 End distance 325  from supt 3 IMPOSED 1.50
: ) BS EN 1990: (6.10)
SUPPORTS | ABOVE (m) H(mm) B(mm) End Cond | BELOW (m) H (mm) B (mm) End Cond
Support 1 3.75 450 450 E
Support 2 3.75 450 450 E
Support 3 3.75 450 450 E
Support 4
Support 5
Support 6
Support 7
Usage: Dwelling  With brittle partitions
LOADING UDLs (kN/m? PLs (kN/m) Position (m)
Dead Imposed Position Loaded Dead Imposed Position Loaded
Span 1 Load Load from left Length Span 4 Load Load from left Length
uDL 7.20 -60.00 UDL
e PL 1 ~————
2 PL 2 e
Part UDL Part UDL
Span 2 Span 5
uDL 7.20 -60.00 uDL
PL 1 e PL 1 et
pPL2f e PL 2 e
Part UDL Part UDL
Span 3 Span 6
uDL uDL
PL 1 e e T
PL 2 il pPL2y e
Part UDL Part UDL
LOADING DIAGRAM
~

/%

) 2




Project  Spreadsheets to EC2 (((mpa The Concrete Centre

Client MY Construction The Concrete Centre |Made by Date Page
Location  Basement Floor Uplift, from grids A to D rm 04-Jan-19 | S4
FLAT SLAB ANALYSIS & DESIGN to EN 1992-1 : 2004 Checked Revision Job NO
Originated from TCC33.xlsmv 4.11 on CD © 2003-2019 TCC - 180709
BENDING MOMENT DIAGRAMS (kNm)
( ey N ~
400

300
200

300
200

100 100 i
0

o J"\Lﬂ | 1

7 X 74 T s

-100
-200
-200 300
-300 -400
-400 -500

"y

500 -600

W \ 7% -
Elastic Moments Redistributed Envelope
SUPPORT No 1 2 3
Elastic M 47.6 47.6 -~ ~ ~ ~
Redistributed M 42.8 42.8 = ~ = =
) 0.900 1.000 0.900 = e = =
Redistribution |  10.0% 10.0% 10.0%
End support reinf. @ mm 12 12
SPAN No 1 2
Elastic M 161.3 498.1 ~ =~ ~ ~
Redistributed M 175.8 548.0 = = - o
8 1.090 1.100 o ~ o =
SHEAR FORCE DIAGRAMS (kN/m)
( 800 _\ rfBOt) B
600 I | 600

400 ‘ 400
200 : 200
0 r
-200 -200 /
-400 i -400

-600 -600
-800 - - — -800 - — =
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 5 7 8 s
NG P,
Elastic Shears Redistributed Shears
SPAN No 1 2
Elastic V| 531.3 654.6 654.6 531.3 ] a2
Redistributed V| 528.2 663.9 663.9 528.2 ~ ~
SPAN No
Elastic V ~ ~ ~ ~ ~ ~
Redistributed V =~ = s - ~ =
REACTIONS (kN/m)
SUPPORT 1 2 3
ALL SPANS LOADED | -546.7 -1327.7 -546.7
MAXIMUM 35.4 354
Characteristic Dead 65.2 94.6 65.2
Characteristic Imposed
For punching ex /by (6.43)
u/u;| 1.2578 1.2578 (6.44)
COLUMN MOMENTS (kNm) 1 2 3
ALL SPANS|  Above
LOADED| Below -114.3 114.3
WITH max| Above
REACTION| Below 60.9 -60.9




Project  Spreadsheets to EC2 ( The Concrete Centre
Client MY Construction (m pa 1Made by Date Page
The Concrete Centre
Location Basement Floor Uplift, from grids A to D rmw 04-Jan-19 S5
FLAT SLAB ANALYSIS & DESIGN to EN 1992-1 : 2004 Checked Revision Job No
Originated from TCC33.xIsmv 4.11 on CD ©2003-2019 TCC chg - 180709
SPAN 1 LEFT CENTRE RIGHT
ACTIONS ) 1.000 1.090 1.000
Be 1000 1750
Total M kNm 27.8 175.8 0.0
Mt max kNm 3791 653.5
MIDDLE STRIP Width  mm 2500 1750 1750
M kNm -9.5 79.1
d mm 264.0 264.0 264.0
As mm¥m -35 415
As deflection mm?#/m 79
Provide H12 @ 275 T1 Provide H12 @ 250 B1 Provide H12 @ 275 T1
As prov. mm#m 411 452 411
Top steel Provide H12 @ 275 T1
Deflection L/d = 4,000 /264 = 15.15 < 40K =48.00 OK
COLUMN STRIP Width  mm 1000 1750 1750
M kNm 27.8 96.7 0.0
d mm 264.0 264.0 262.0
As mm#m 255 507 0
As deflection mm#m 142
Provide H12 @ 275 T1 Provide H12 @ 200 B1 Provide H16 @ 350:700 T1
As prov. mm#m 411 565 431
Top steel Provide H16 @ 250 T1
Deflection L/d = 4,000 /264 = 15.15 < 40K = 48.00 OK
CHECKS % As ok ok ok
Singly reinforced ok ok ok
cS ok ok
max S ok ok ok
SPAN 2 LEFT CENTRE RIGHT
ACTIONS ) 1.000 1.100 1.000
Be 1750 1000
Total M kNm 0.0 548.0 27.8
Mt max kNm 653.5 3791
MIDDLE STRIP Width  mm 1750 1750 2500
M kNm 246.6 -2.7
d mm 264.0 262.0 264.0
As mm¥m 1316 -10
As deflection mm2zm 520
Provide H12 @ 275 T1 Provide H16 @ 150 B1 Provide H12 @ 275 T1
As prov. mm#/m 411 1340 411
Top steel Provide H12 @ 275 T1
Deflection L/d = 4,000 /262 = 15.27 < 25.64 x 1.00 x 1.475 = 37.82 OK
COLUMN STRIP Width  mm 1750 1750 1000
M kNm 0.0 301.4 27.8
d mm 262.0 262.0 264.0
As mm?m 0 1634 255
As deflection mm?#m 759
Provide H16 @ 350:700 T1 Provide H16 @ 100 B1 Provide H12 @ 275 T1
As prov. mm#m 431 2011 411
Top steel Provide H16 @ 250 T1
Deflection L/d = 4,000 /262 = 15.27 <22.44 x 1.00 x 1.500 = 33.65 OK
CHECKS % As ok ok ok
Singly reinforced ok ok ok
cS ok ok ok
max S ok ok ok




The Concrete Centre

Project ~ Spreadsheets to EC2 (
Client MY Construction (m pa Made by Date Page
The Concrete Centre
Location Basement Floor Uplift, from grids A to D rmw 04-Jan-19 S6
FLAT SLAB ANALYSIS & DESIGN to EN 1992-1 : 2004 Checked Revision Job No
Originated from TCC33.xlsmv 4.11 on CD ©2003-2019 TCC chg - 180709
No
WEIGHT of REINFORCEMENT  Mid Strip Col Strip Type Dia Length Unit wt Weight

TOP STEEL Support 1 10 T 12 1925 0.888 171
5 i 12 1925 0.888 8.5

Span 1 7 T 12 3350 0.888 20.8

7 T 16 3800 1.578 42.0

Support 2 7 T 12 2000 0.888 12.4

4 T 16 2000 1.578 12.6

Span 2 7 ir 12 3350 0.888 20.8

7 T 16 3800 1.578 42.0

Support 3 10 T 12 1925 0.888 171

5 T 12 1925 0.888 8.5

BTM STEEL Span 1 7 T 12 3825 0.888 23.8
9 T 12 4450 0.888 35.6

Span 2 12 T 16 3825 1.578 72.4
18 T 16 4450 1.578 126.4

SUMMARY Rebar for single direction only. All figures approximate - see User Guide.

TOTAL REINFORCEMENT IN BAY (kg) 460 REINFORCEMENT DENSITY (kg/m3) 50.7
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16 Jubilee Road LGF Slab - 250 thk S7
Newtownards
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BT23 4vH s 09/05/2019

RC SLAB DESIGN

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

Tedds calculation version 1.0.17

—»| [«250

8244

A

Slab definition

Slab reference name
Overall slab depth
Number of spans
First support

Last support

Nominal 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 bottom reinforcement
Fire resistance period to bottom of slab
Axis distance to bottom reinft (Table 5.8)
Max bar diameter in bottom

Min. btm cover requirement with regard to bond
Reinforcement fabrication

Cover allowance for deviation

Min. required nominal cover to bottom reinft

Bending design checks

Redistribution ratio

Limiting value of K

v

LGF Floor Slab
h =250 mm
Nspans = 1
Simple

Simple

Cnom_b = 25 mm

rq = 0.300

C32/40

fox = 32 N/mm?

yc =1.50

oee = 0.85

fed = 18.1 N/mm?

fetm = 0.30 N/mm? x (fo / 1 N/mm?)?? = 3.0 N/mm?
dg =20 mm

fyk = 500 N/mm?
ys=1.15
fyd = fyk / ys = 434.8 N/mm?

Cnom b =25 mm
Rotm = 60 min
af b =20 mm
Omax_b =20 mm
Cminb_b = Pmax_b = 20 mm
Subject to QA system
ACdev =5 mm
Cnom_b_min = Max(afi_b - pmax_b / 2, Cminb_b + ACdev) = 25.0 mm
PASS - There is sufficient cover to the bottom reinforcement

8§=1.0
K =0.598 x - 0.18 x 6% - 0.21 = 0.208
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Reinforcement design at midspan of span 1 (cl.6.1)
Length of span 1 l1 = 8244 mm

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. 6.2.2)
Reinforcement ratio

Minimum shear resistance (Exp. 6.3N)

Shear resistance (Exp. 6.2a)

Mp1 = 75.0 kNm/m
20 mm dia. bars at 150 mm centres
Asp1 = 2094 mm?/m
dpt =h - Cnom b - ¢p1 / 2 =215.0 mm
K = Mp1/ (b x dp1? x fek) = 0.051
K < K'- Compression reinforcement is not required
z =min(0.95 x dp1,dp1 / 2 x (1 + V(1 - 3.53 x K)))
z=204.2 mm
Aspi_m = Mp1 / (fya x z) = 845 mm?/m
Aspi_min = max(0.26 x (fem/fyk), 0.0013) x b x dp1 = 338 mm?/m
Aspi_req = max(Aspi_m, Aspi_min) = 845 mm?/m
PASS - Area of tension reinforcement provided is adequate (0.403)

os = (fyk / ys) x min((Asp1_m/Asp1), 1.0) x rq = 52.6 N/mm?
Smax_p1 = 300 mm
sp1 =150 mm
PASS - The reinforcement spacing is acceptable

Crdc = 0.18 N/mm? / yc = 0.12 N/mm?

V1= 66.0 kN/m
20 mm dia. bars at 150 mm centres
Asd1 = 2094 mm?/m
dd1 = h - Crom_b - ¢a1 / 2 =215.0 mm
k =min(2.0, 1 + (200 mm / d41)*5) = 1.964
p = min(0.02, Asdat / (b x da1)) = 0.0097
VRd.c_min = 0.035 N/mm? x k'S x (fo / 1 N/mm?)°% x b x da1
VRd,c_min = 117.2 KN/m
VRd,et = max(VRd.c_min, CRd.c x K x (100xpix (fox/1 N/mm?))0-33% x b x da1)
VRdct = 159.3 KN/m
PASS - Shear capacity is adequate (0.414)

V2 = 66.0 kN/m

20 mm dia. bars at 150 mm centres

Asd2 = 2094 mm?2/m

dd2 = h - Crom_b - ¢pa2 / 2 =215.0 mm

k =min(2.0, 1 + (200 mm / da2)*%) = 1.964

p1 = mMin(0.02, Asez / (b x daz)) = 0.0097

VRd.c_min = 0.035 N/mm? x k' x (fo / 1 N/mm?)°® x b x da2

VRd,c_min = 117.2 KN/m

VRd.c2 = max(Vrd.c_min, Crac x K x (100xpix (fek/1 N/mm?))°333 x b x du2)
VRdc2 = 159.3 KN/m
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PASS - Shear capacity is adequate (0.414)

Deflection checks

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

Reference reinforcement ratio po = (fok / 1 N/mm?2)°5 / 1000 = 0.0057

Required tension reinforcement ratio p = max(0.0035, Aspi_m / (b x dp1)) = 0.0039

Required compression reinforcement ratio p’ = Ascpi_req / (b x dp1) = 0.0000

Structural system factor (Table 7.4N) Ks=1.0

Basic span-to-depth ratio limit ratioim1_bas = Ks x [11 + 1.5 x (fa/1 N/mm?)°®5x po/p + 3.2 x (fex/1 N/mm?)°5x (polp - 1)'9]
(Exp. 7.16a) ratioimi_bas = 28.50

Modified span-to-depth ratio limit
ratioim1 = min(40 x Ks, min(1.5, (500 N/mm?/ fyk) x (Asp1 / Aspi_m)) x ratioim1_vas) = 40.00
Actual span-to-depth ratio ratioactt = 11/ dp1 = 38.34
PASS - Span-to-depth ratio is acceptable (0.959)

Reinforcement sketch
The following sketch is indicative only. Note that additional reinforcement may be required in accordance with clauses
9.2.1.2,9.2.1.4 and 9.2.1.5 of EN 1992-1-1:2004 to meet detailing rules.
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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 3.0.13

Tedds calculation version 1.0.23

ANALYSIS
Geometry
Geometry (m) - Concrete (C32 2500 Quartzite) - R 1450x450
z
1 2
T » X 8 »
A 1 A
Span | Length (m) Section Start Support End Support

1 8 R 1450x450 Pinned Roller Pin X

R 1450x450: A = 6525 cm?, ly = 1101094 cm*, Iz = 1.x107 cm*, Ay = 5438 cm?, Az = 5438 cm?

Concrete (C32 2500 Quartzite): Density 2500 kg/m?®, Youngs 33.3457645 kN/mm?, Shear 13.8940685
kN/mm?, Thermal 0.00001 °C"'

Loading
Self weight included

Permanent - Loading (kN/m)

Imposed - Loading (kN/m)
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Load combination factors
| & | 3
D = 0
Load combination = g g
= = £
) o £
) o
1.35G + 1.5Q + 1.5RQ (Strength) 1.35 | 1.35 | 1.50
1.0G + 1.0Q + 1.0RQ (Service) 1.00 | 1.00 | 1.00
1.0G + 1.0y2Q (Quasi) 1.00 | 1.00 | 0.30
1.35G + 1.5Q + 1.5y0S (Strength) 1.35 | 1.35 | 1.50
1.0G + 1.0Q + 0.5S (Service) 1.00 | 1.00 | 1.00
1.35G + 1.5y0Q + 1.58 (Strength) 1.35 | 1.35 | 1.05
Member Loads
Member Load case Load Type Orientation | Description
Beam Permanent UDL Globalz 57 KN/m
Beam Imposed ubDL Globalz 15 kN/m
Results
Forces
Strength combinations - Moment envelope (kNm)
968.4
Strength combinations - Shear envelope (kN)
484.2
-484.2

Concrete details - Table 3.1. Strength and deformation characteristics for concrete
C32/40
Quartzite
AAF =1.0
fok = 32 N/mm?
fom = fox + 8 N/mm? = 40 N/mm?

Concrete strength class

Aggregate type

Aggregate adjustment factor - cl.3.1.3(2)
Characteristic compressive cylinder stren

gth

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

ferm = 0.3 N/mm? x (fo/ 1 N/mm?)?3 = 3.0 N/mm?
Ecm = 22 KN/mm2x[fem/10 N/mm?]°3 x AAF = 33346 N/mm?

ecuz = 0.0035
ecus = 0.0035
A =0.80

n=1

.00




) Project Job no.
& Tekla o |
Tedds Redington Gardens 180709
Cranston Consulting Limited Calcs for Start page no./Revision
16 Jubilee Road LGF Beamon GL D B3
Newtownards
Calcs by Calcs date Checked by Checked date Approved by Approved date

BT23 4YH S 04/01/2019
Coefficient k1 k1 =10.40

Coefficient k2
Coefficient ks
Coefficient ka
Partial factor for concrete -Table 2.1N

Compressive strength coefficient - ¢l.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 5.5

Beam - Span 1

Rectangular section details
Section width
Section depth

Moment design
Zonel Zone2 Zone3
2000 4000 2000

k2=1.0 x (0.6 + 0.0014 / gou2) = 1.00
ks = 0.40

ke =1.0 x (0.6 + 0.0014 / £cu2) = 1.00
yc =1.50

oce = 0.85

fod = otee x fok / yo = 18.1 N/mm?

ocow = 1.00

fowd = oteow X fok / yo = 21.3 N/mm?
hagg = 20 mm

B1=10.25

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

Cnom_t = 35 mm
Cnom_b = 35 mm
Cnom_s = 35 mm

R =60 min
3
bmin =120 mm

b =1450 mm
h =450 mm

PASS - Minimum dimensions for fire resistance met

o

Zonel Zone2 Zone3
1200 5600 1200

B Moment resistance
B Elasticmoments

Span1l
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A-A B-B c-C

10 x 16¢ 10 x 16¢ 10 x 16¢

| pA B ¢

[ A B ¢

10 x 32 10 x 25¢ 10 x 32¢

10 x 329

Zone 1 (0 mm - 1200 mm) Positive moment - section 6.1

Design bending moment M = abs(Mm1_s1_z1_max_red) = 493.9 kNm
Effective depth of tension reinforcement d =391 mm
Redistribution ratio 0= min(Mposfredfﬂ / Mpos_z1, 1) =1.000

K=M/ (b x d? x fex) = 0.070
K'=(2xnxoac/yc)x(1-%x(8-kt)/(2xkz2))x(Xx(5-kt)/(2xkz))

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

Lever arm z=min(0.5xd x [1+(1-2xK/(n x oee/vc))*%], 0.95 x d) = 365 mm
Depth of neutral axis x=2x(d-z)/A =64 mm
Area of tension reinforcement required Asreq = M/ (fya x 2) = 3110 mm?
Tension reinforcement provided 10 x 32¢
Area of tension reinforcement provided Asprov = 8042 mm?
Minimum area of reinforcement - exp.9.1N Asmin = max(0.26 x fem / fyk, 0.0013) x b x d = 891 mm?
Maximum area of reinforcement - ¢l.9.2.1.1(3) Asmax = 0.04 x b x h =26100 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 fotefr = fetm = 3.0 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 (Cnom_s + ¢dm1_s1_z1_v) + dm1_s1_z1_b_L1 x Nm1_s1_z1_b_11)) /
(Nm1_s1_z1b_t1-1) + dm1_s1_z1_b L1 = 148 mm

Maximum stress permitted - Table 7.3N os = 282 N/mm?

Steel to concrete modulus of elast. ratio oer = Es / Ecm = 6.00

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

Area of concrete in the tensile zone Act = b x y = 312283 mm?

Minimum area of reinforcement required - exp.7.1  Ascmin = ke x K x fetett x Act / 65 = 1200 mm?
PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment Mapr = max(B1 x abs(Mm1_s1_z2_neg_quasi), abS(Mm1_s1_z1_pos_quasi)) =
316.2kNm

Permanent load ratio ReL = Mar / M = 0.64

Service stress in reinforcement Gsr = fyd X Asreq / Asprov x ReL = 108 N/mm?

Maximum bar spacing - Tables 7.3N Sbarmax = 300 mm
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PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Zone 1 (0 mm - 2000 mm) Negative moment - section 6.1

Design bending moment M = max(B1 x abs(Mm1_s1_max_red), abs(Mm1_s1_z1_min_red)) = 242.1 KNm
Effective depth of tension reinforcement d =399 mm
Redistribution ratio 5§=1=1.000

K=M/ (b x d? x fe) = 0.033
K'=(2xnxoac/yc)x(1-%x(8-kt)/(2xkz2))x(Xx(5-k)/(2xkz))

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

Lever arm z=min(0.5xd x [1+(1-2xK/(n x oee/yc))*%], 0.95 x d) = 379 mm
Depth of neutral axis x=2x(d-2z)/A=50mm
Area of tension reinforcement required Asreq = M/ (fya x z) = 1469 mm?
Tension reinforcement provided 10 x 16¢
Area of tension reinforcement provided Asprov = 2011 mm?
Minimum area of reinforcement - exp.9.1N Asmin = max(0.26 x fem / fyk, 0.0013) x b x d = 910 mm?
Maximum area of reinforcement - ¢l.9.2.1.1(3) Asmax = 0.04 x b x h = 26100 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 fetert = fom = 3.0 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 + ¢m1_s1_z1_v) + ¢m1_s1_z1_t L1 x Nm1_s1_z1_t L1)) /
(Nm1_s1_z1_t 11 - 1) + dmi_s1_z1_t 11 = 149.8 mm

Maximum stress permitted - Table 7.3N os = 280 N/mm?

Steel to concrete modulus of elast. ratio oer = Es / Ecm = 6.00

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

Area of concrete in the tensile zone Act = b x y = 322423 mm?

Minimum area of reinforcement required - exp.7.1  Ascmin = ke x K x fetett x Act / 65 = 1246 mm?
PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment Map = max(B1 x abs(Mm1_s1_z2_pos_quasi), abS(Mm1_s1_z1_neg_quasi)) =
155.0kNm

Permanent load ratio ReL = Mar / M = 0.64

Service stress in reinforcement Gsr = fyd X Asreq / Asprov x RpL = 203 N/mm?

Maximum bar spacing - Tables 7.3N Sbar,max = 245.8 mm

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

Minimum bar spacing (Section 8.2)

Top bar spacing Stop = (b - (2 x (Cnom_s + dm1_s1_z1_v) + dm1_s1_z1_t L1 X Nm1_s1_z1_t 1)) /
(Nm1_s1_z1_t_L1 - 1) =133.8 mm
Minimum allowable top bar spacing Stop,min = MaX(Pm1_s1_z1_t L1 x Ks1, hagg + ks2, 20mm) = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable
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Bottom bar spacing Sbot = (b - (2 x (Cnom_s + dm1_s1_z1_v) + dm1_s1_z1_b L1 X Nm1_s1_z1_b_11)) /
(Nm1_s1_z1.b_11- 1) =116.0 mm
Minimum allowable bottom bar spacing Sbotmin = MaX(Pm1_s1_z1_b_L1 x Ks1, hagg + ks2, 20mm) = 32.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Zone 2 (1200 mm - 6800 mm) Positive moment - section 6.1

Design bending moment M = abs(Mm1_s1_z2_max_red) = 968.4 kKNm
Effective depth of tension reinforcement d =368 mm
Redistribution ratio 5= min(Mpos_red_ZZ [ Mpos_z2, 1) =1.000

K=M/ (b x d? x fe) = 0.154
K'=(2xmnxoc/yc)x (1-Ax(8-ki)/(2xk2))x (A x(d-k)/(2xk2))

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

Lever arm z=min(0.5xdx[1+(1-2xK/(n x ac/yc))®9], 0.95 x d) =308 mm
Depth of neutral axis x=2x(d-2z)/r =149 mm
Area of tension reinforcement required Asreq = M/ (fya x z) = 7223 mm?
Tension reinforcement provided Layer 1 - 10 x 32¢, Spacing - 32mm, Layer 2 - 10 x 25¢
Area of tension reinforcement provided Asprov = 12951 mm?
Minimum area of reinforcement - exp.9.1N Asmin = max(0.26 x fom / fyk, 0.0013) x b x d = 839 mm?
Maximum area of reinforcement - c1.9.2.1.1(3) Asmax = 0.04 x b x h = 26100 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 feteft = fom = 3.0 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_s1_z2 v) + dm1_s1_z2 b 11 X Nm1_s1_z2 b_t1 +

Omi1_s1_z1_b L1 X Nmi1_s1_z1_b 1)) / ((Nm1_s1_z2_ b 1 + Nm1_s1_z1.b_11) - 1) +

Om1_s1_z2 b L1 = 148 mm

Maximum stress permitted - Table 7.3N os = 282 N/mm?

Steel to concrete modulus of elast. ratio oer = Es / Ecm = 6.00

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

Area of concrete in the tensile zone Act = b x y = 307528 mm?

Minimum area of reinforcement required - exp.7.1  Ascmin = ke x K x fetett x Act / 65 = 1182 mm?
PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment Map = abs(Mm1_s1_z2_pos_quasi) = 620.0kNm
Permanent load ratio ReL = Mar / M = 0.64

Service stress in reinforcement Osr = fyd x Asreq / Asprov x ReL = 155 N/mm?
Maximum bar spacing - Tables 7.3N Sbarmax = 300 mm

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

Deflection control - Section 7.4
Reference reinforcement ratio pmo = (fox / 1 N/mm?2)°5 / 1000 = 0.00566
Required tension reinforcement ratio pm = Asreq / (b x d) = 0.01353
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Required compression reinforcement ratio p'm = As2req / (b x d) = 0.00000
Structural system factor - Table 7.4N Kb =1.0
Basic allowable span to depth ratio span_to_depthbasic = Kb x [11 + 1.5 x (fox / 1 N/mm?2)®5 x pmo / (pm - p'm)
+ (fox / 1 N/mm?2)°5 x (p'm / pmo)°S / 12] = 14.547
Reinforcement factor - exp.7.17 Ks = min(Asprov / Asreq x 500 N/mm? / f, 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_deptheasic x Ks x F1 x F2, 40 x Kb) =
21.820
Actual span to depth ratio span_to_depthactual = Lm1_s1 / d = 21.735

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

Minimum bar spacing (Section 8.2)

Top bar spacing Stop = (b - (2 x (Cnom_s + dm1_s1_z2_v) + dm1_s1_z2_t L1 X Nm1_s1_z2_t_11)) /
(Nm1_s1.z2. t 11 - 1) =133.8 mm

Minimum allowable top bar spacing Stop,min = MaX(¢m1_s1_z2_t L1 x Ks1, hagg + ks2, 20mm) = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Bottom bar spacing Sbot = (b - (2 x (Cnom_s + ¢m1_s1_z2_v) + dm1_s1 22 b_11 X Nm1_s1_z2 b_L1 +
Om1_s1_z1_b L1 X Nm1_s1_z1_b_t1)) / ((Nm1_s1_z2_b_11 + Nm1_s1_z1.b_11) - 1) =
116.0 mm

Minimum allowable bottom bar spacing Sbotmin = MaXx(¢m1_s1_z2_b_t1 X Ks1, hagg + ks2, 20mm) = 32.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Zone 3 (6800 mm - 8000 mm) Positive moment - section 6.1

Design bending moment M = abs(Mm1_s1_z3_max_red) = 493.9 kNm
Effective depth of tension reinforcement d =391 mm
Redistribution ratio 8 = min(Mpos_red_z3 / Mpos_z3, 1) = 1.000

K=M/ (b x d? x f«) = 0.070
K'=(2xnxoc/yc)x (1-41x(8-ki)/(2xk2))x (A x(d-ki)/(2xk2))

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

Lever arm z=min(0.5xd x [1+(1-2xK/(n x aee/yc))*5], 0.95 x d) = 365 mm
Depth of neutral axis X=2x(d-2z)/x=64 mm
Area of tension reinforcement required Asreq = M/ (fya x 2) = 3110 mm?
Tension reinforcement provided 10 x 32¢
Area of tension reinforcement provided Asprov = 8042 mm?2
Minimum area of reinforcement - exp.9.1N Asmin = max(0.26 x fom / fyk, 0.0013) x b x d = 891 mm?
Maximum area of reinforcement - c.9.2.1.1(3) Asmax = 0.04 x b x h = 26100 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 fotefr = fetm = 3.0 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
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Actual tension bar spacing Sbar = (b - (2 x (Cnom_s + ¢dm1_s1_23 v) + dm1_s1_23 b_L1 x Nm1_s1_23 b_11)) /
(Nm1_s1_z3 b_t1-1) + dm1_s1_z3 b L1 = 148 mm
Maximum stress permitted - Table 7.3N os = 282 N/mm?
Steel to concrete modulus of elast. ratio oer = Es / Ecm = 6.00
Distance of the Elastic NA from bottom of beam y=(bxh?/2+ Asprov x (cter - 1) x (- d)) / (b x h + Asprov x (ater - 1)) =
215 mm
Area of concrete in the tensile zone Act = b x y = 312283 mm?

Minimum area of reinforcement required - exp.7.1  Ascmin = Ke x K x feteff x Act / s = 1200 mm?
PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment Map = max(B1 x abs(Mm1_s1_z2_neg_quasi), abS(Mm1_s1_z3_pos_quasi)) =
316.2kNm

Permanent load ratio ReL = Mar / M = 0.64

Service stress in reinforcement osr = fyd X Asreq / Asprov x ReL = 108 N/mm?

Maximum bar spacing - Tables 7.3N Sbarmax = 300 mm

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

Zone 3 (6000 mm - 8000 mm) Negative moment - section 6.1

Design bending moment M = max(B1 x abs(Mm1_s1_max_red), @abs(Mm1_s1_z3_min_red)) = 242.1 KNm
Effective depth of tension reinforcement d =399 mm
Redistribution ratio 8§=1=1.000

K=M/ (b x d? x f«) = 0.033
K'=(2xmnxoc/yc)x (1-Ax(8-ki)/(2xk2))x (A x(d-k)/(2xk2))

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

Lever arm z=min(0.5xd x [1+(1-2xK/(n x oee/yc))*?], 0.95 x d) = 379 mm
Depth of neutral axis x=2x(d-2z)/A=50mm
Area of tension reinforcement required Asreq = M/ (fya x z) = 1469 mm?
Tension reinforcement provided 10 x 16¢
Area of tension reinforcement provided As prov = 2011 mm?
Minimum area of reinforcement - exp.9.1N Asmin = max(0.26 x fem / fyk, 0.0013) x b x d =910 mm?
Maximum area of reinforcement - c.9.2.1.1(3) Asmax = 0.04 x b x h = 26100 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 fetert = fom = 3.0 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 + Om1_s1_23_v) + ¢m1_s1_z3_t 11 X Nm1_s1_z3_t_11)) /
(Nm1_s1_z3 t 11 - 1) + dmi_s1_z3_t 11 = 149.8 mm

Maximum stress permitted - Table 7.3N os = 280 N/mm?

Steel to concrete modulus of elast. ratio ocr = Es / Eecm = 6.00

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

Area of concrete in the tensile zone Act = b x y = 322423 mm?




- Tekl a Project Job no.
- Tedds Redington Gardens 180709
Cranston Consulting Limited Calcs for Start page no./Revision
16 Jubilee Road LGF Beam on GL D B9
Newtownards
Calcs by Calcs date Checked by Checked date Approved by Approved date
BT23 4YH
S 04/01/2019

Minimum area of reinforcement required - exp.7.1  Ascmin = ke x K x fetett x Act / 65 = 1246 mm?
PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment Map = max(B1 x abs(Mm1_s1_z2_pos_quasi), @8bS(Mm1_s1_23_neg_quasi)) =
155.0kNm

Permanent load ratio ReL = Mar / M = 0.64

Service stress in reinforcement osr = fyd X Asreq / Asprov x ReL = 203 N/mm?

Maximum bar spacing - Tables 7.3N Sbar,max = 245.8 mm

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

Minimum bar spacing (Section 8.2)

Top bar spacing Stop = (b - (2 X (Crom_s + dm1_s1_z3_v) + dm1_s1_23_t 11 X Nm1_s1_z3_t L1)) /
(Nm1_s1.z3 t 11 - 1) =133.8 mm
Minimum allowable top bar spacing Stop,min = MaX(Pm1_s1_z3_t L1 x Ks1, hagg + ks2, 20mm) = 25.0 mm
PASS - Actual bar spacing exceeds minimum allowable
Bottom bar spacing Sbot = (b - (2 x (Cnom_s + dm1_s1_z3_v) + dm1_s1_23 b_t1 x Nm1_s1_z3_b_11)) /
(Nm1_s1.z3 b_11 - 1) =116.0 mm
Minimum allowable bottom bar spacing Sbotmin = MaX(Pm1_s1_z3_b_L1 x Ks1, hagg + ks2, 20mm) = 32.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Shear design

484.2

-484.2

Zonel Zone?2 Zone3
2000 4000 2000

. Shear resistance Spanl
[l cElastic shear force

8x 8legs @ 250 c/c
4«—8x8legs @ 200 c/c 4—8 x 8legs @ 200 c/c—ﬂ

\ |
Zone 1 Zone 2 Zone 3
‘ 2000 4000 2000

Angle of comp. shear strut for maximum shear Omax = 45 deg
Strength reduction factor - ¢l.6.2.3(3) vi = 0.6 x (1 - fex / 250 N/mm?) = 0.523
Compression chord coefficient - cl.6.2.3(3) oew = 1.00

Minimum area of shear reinforcement - exp.9.5N  Asvmin = 0.08 N/mm? x b x (fec / 1 N/mm?2)®5 / fx = 1312 mm?/m

Zone 1 (0 mm - 2000 mm) shear - section 6.2

Design shear force at support VEedmax = max(abs(Vz1_max), abs(Vz1_red_max)) = 484 kN
Min lever arm in shear zone z =308 mm
Maximum design shear resistance - exp.6.9 VRd,max = dlow X b x Z x V1 x fowd / (COt(Omax) + tan(Bmax)) = 2495 kN

PASS - Design shear force at support is less than maximum design shear resistance
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Design shear force at 368mm from support Ved = 440 kN

Design shear stress ved = Ved / (b x z) = 0.983 N/mm?

Angle of concrete compression strut - cl.6.2.3 0 = min(max(0.5 x Asin(min(2 x Ved / (olew x fowd x 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()) = 1312 mm?/m

Area of shear reinforcement required Asvreq = max(Asv,min, Asv.des) = 1312 mm?/m

Shear reinforcement provided 8 x 8 legs @ 200 c/c

Area of shear reinforcement provided Asvprov = 2011 mm?/m

PASS - Area of shear reinforcement provided exceeds minimum required
Maximum longitudinal spacing - exp.9.6N svimax = 0.75 x d = 276 mm
PASS - Longitudinal spacing of shear reinforcement provided is less than maximum

Zone 2 (2000 mm - 6000 mm) shear - section 6.2

Design shear force at support VEdmax = max(abs(Vzz2_max), abs(Vzz_red_max)) = 242 kN

Min lever arm in shear zone z =308 mm

Maximum design shear resistance - exp.6.9 VRd,max = dlew X b x Z x V1 x fowd / (COt(Omax) + tan(Bmax)) = 2495 kN
PASS - Design shear force at support is less than maximum design shear resistance

Design shear force within zone Ved = 242 kN

Design shear stress Ved = Ved / (b x ) = 0.541 N/mm?

Angle of concrete compression strut - cl.6.2.3 0 = min(max(0.5 x Asin(min(2 x Ved / (olew x fewd 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)) = 722 mm?/m

Area of shear reinforcement required Asvreq = max(Asv,min, Asv.des) = 1312 mm?/m

Shear reinforcement provided 8 x 8legs @ 250 c/c

Area of shear reinforcement provided Asv.prov = 1608 mm?3/m

PASS - Area of shear reinforcement provided exceeds minimum required
Maximum longitudinal spacing - exp.9.6N svimax = 0.75 x d = 276 mm
PASS - Longitudinal spacing of shear reinforcement provided is less than maximum

Zone 3 (6000 mm - 8000 mm) shear - section 6.2

Design shear force at support VEedmax = max(abs(Vzs_max), abs(Vz3_red_max)) = 484 kN

Min lever arm in shear zone z =308 mm

Maximum design shear resistance - exp.6.9 VRdmax = dlew X b X Z x V1 x fewd / (COt(Omax) + tan(Bmax)) = 2495 kN
PASS - Design shear force at support is less than maximum design shear resistance

Design shear force at 368mm from support Ved = 440 kN

Design shear stress Ved = Ved / (b x z) = 0.983 N/mm?

Angle of concrete compression strut - ¢l.6.2.3 6 = min(max(0.5 x Asin(min(2 x ved / (olew x fewd x 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)) = 1312 mm?/m

Area of shear reinforcement required Asvreq = Mmax(Asv.min, Asvdes) = 1312 mm?2/m

Shear reinforcement provided 8 x 8legs @ 200 c/c

Area of shear reinforcement provided Asvprov = 2011 mm3/m

PASS - Area of shear reinforcement provided exceeds minimum required
Maximum longitudinal spacing - exp.9.6N svimax = 0.75 x d = 276 mm
PASS - Longitudinal spacing of shear reinforcement provided is less than maximum
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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 3.0.13

Tedds calculation version 1.0.23

ANALYSIS
Geometry
Geometry (m) - Concrete (C32 2500 Quartzite) - Custom R 650x650
z
1 2
T #Y 8 2
A 1 A
Span | Length (m) Section Start Support End Support
1 8 Custom R 650x650 Pinned Roller Pin X
Custom R 650x650: A = 6525 cm?, Iy = 1101094 cm?, Iz = 1.x107 cm*, Ay = 5438 cm?, A; = 5438 cm?
Concrete (C32 2500 Quartzite): Density 2500 kg/m?®, Youngs 33.3457645 kN/mm?, Shear 13.8940685
kN/mm?, Thermal 0.00001 °C"'
Loading
Self weight included
Permanent - Loading (kN/m)
0 0
N~ N~
< <t

Imposed - Loading (kN/m)
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Load combination factors
| & | 3
D = 0
Load combination = g g
= = £
) o £
) o
1.35G + 1.5Q + 1.5RQ (Strength) 1.35 | 1.35 | 1.50
1.0G + 1.0Q + 1.0RQ (Service) 1.00 | 1.00 | 1.00
1.0G + 1.0y2Q (Quasi) 1.00 | 1.00 | 0.30
1.35G + 1.5Q + 1.5y0S (Strength) 1.35 | 1.35 | 1.50
1.0G + 1.0Q + 0.5S (Service) 1.00 | 1.00 | 1.00
1.35G + 1.5y0Q + 1.58 (Strength) 1.35 | 1.35 | 1.05
Member Loads
Member Load case Load Type Orientation | Description
Beam Permanent UDL Globalz 47.5 kN/m
Beam Permanent uUDL Globalz 8.4 kN/m
Beam Imposed ubDL Globalz 12.5 kN/m
Results
Forces
Strength combinations - Moment envelope (kNm)
926.5
Strength combinations - Shear envelope (kN)
463.2
-463.2

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

Concrete strength class

Aggregate type

Aggregate adjustment factor - cl.3.1.3(2)
Characteristic compressive cylinder stren

Mean value of compressive cylinder strength

Mean value of axial tensile strength
Secant modulus of elasticity of concrete

C32/40
Quartzite
AAF =1.0

gth fok = 32 N/mm?

fem = fo + 8 N/mm? = 40 N/mm?

ferm = 0.3 N/mm? x (fo/ 1 N/mm?)?3 = 3.0 N/mm?
Ecm = 22 KN/mm2x[fem/10 N/mm?]°3 x AAF = 33346 N/mm?

Ultimate strain - Table 3.1
Shortening strain - Table 3.1
Effective compression zone height factor

ecuz = 0.0035
ecus = 0.0035
A =0.80
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Effective strength factor n=1.00
Coefficient k1 k1 =0.40
Coefficient k2 k2=1.0 x (0.6 + 0.0014 / gcu2) = 1.00
Coefficient ks ks = 0.40
Coefficient ka ka=1.0 x (0.6 + 0.0014 / &cu2) = 1.00
Partial factor for concrete -Table 2.1N yc =1.50
Compressive strength coefficient - ¢l.3.1.6(1) oee = 0.85

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

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

Design compressive concrete strength - exp.3.15  fowd = oleow x fok / yc = 21.3 N/mm?
Maximum aggregate size hagg = 20 mm

Monolithic simple support moment factor B1=0.25

Reinforcement details

Characteristic yield strength of reinforcement fyk = 500 N/mm?
Partial factor for reinforcing steel - Table 2.1N ys=1.15
Design yield strength of reinforcement fya = fyc / ys = 435 N/mm?

Nominal cover to reinforcement

Nominal cover to top reinforcement Crom_t = 35 mm
Nominal cover to bottom reinforcement Cnom_b = 35 mm
Nominal cover to side reinforcement Cnom_s = 35 mm
Fire resistance

Standard fire resistance period R =60 min
Number of sides exposed to fire 3

Minimum width of beam - EN1992-1-2 Table 5.5 bmin = 120 mm
Beam - Span 1

Rectangular section details
Section width b =650 mm
Section depth h =650 mm
PASS - Minimum dimensions for fire resistance met

Moment design

Zonel Zone2 Zone3
‘ 2000 4000 2000

Zonel Zone?2 Zone3
1200 5600 1200
. Moment resistance Spanl
B clasticmoments
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A-A B-B c-C

10 x 16¢) 10x 16¢ 10 x 164

= B ¢

| A B ¢

6x25¢ 6 25¢ 6% 25¢

6 x 25¢)

Zone 1 (0 mm - 1200 mm) Positive moment - section 6.1

Design bending moment M = abs(Mm1_s1_z1_max_red) = 472.5 KNm
Effective depth of tension reinforcement d =595 mm
Redistribution ratio 0= min(Mposfredfﬂ / Mpos_z1, 1) =1.000

K=M/ (b x d? x fe) = 0.064
K'=(2xnxoac/yc)x(1-%x(8-kt)/(2xkz2))x(Xx(5-kt)/(2xkz))

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

Lever arm z=min(0.5xd x [1+(1-2xK/(n x oee/yc))*%], 0.95 x d) = 559 mm
Depth of neutral axis x=2x(d-z)/A=90 mm
Area of tension reinforcement required Asreq = M/ (fya x z) = 1945 mm?
Tension reinforcement provided 6 x 25¢
Area of tension reinforcement provided Asprov = 2945 mm?
Minimum area of reinforcement - exp.9.1N Asmin = max(0.26 x fem / fyk, 0.0013) x b x d = 608 mm?
Maximum area of reinforcement - c.9.2.1.1(3) Asmax = 0.04 x b x h = 16900 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 fotefr = fetm = 3.0 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) =
0.76

Actual tension bar spacing Sbar = (b - (2 x (Cnom_s + ¢dm1_s1_z1_v) + dm1_s1_z1_b_L1 x Nm1_s1_z1_b_11)) /
(Nm1_s1_z1_b_t1- 1) + dm1_s1_z1.b 1 = 107.8 mm

Maximum stress permitted - Table 7.3N os = 314 N/mm?

Steel to concrete modulus of elast. ratio oer = Es / Ecm = 6.00

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

Area of concrete in the tensile zone Act = b x y = 205352 mm?

Minimum area of reinforcement required - exp.7.1  Ascmin = Ke x K x feteft x Act / s = 598 mm?
PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment Map = max(B1 x abs(Mm1_s1_z2_neg_quasi), abS(Mm1_s1_z1_pos_quasi)) =
308.6kNm
Permanent load ratio RpL = Map / M = 0.65

Service stress in reinforcement Gsr = fyd X Asreq / Asprov x RpL = 188 N/mm?
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Maximum bar spacing - Tables 7.3N Sbarmax = 265.5 mm

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

Zone 1 (0 mm - 2000 mm) Negative moment - section 6.1

Design bending moment M = max(B1 x abs(Mm1_s1_max_red), abs(Mm1_s1_z1_min_red)) = 231.6 KNm
Effective depth of tension reinforcement d =599 mm
Redistribution ratio 5§=1=1.000

K=M/ (b x d? x fex) = 0.031
K'=(2xnxoac/yc)x(1-%x(8-kt)/(2xkz2))x(Xx(5-kt)/(2xkz))

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

Lever arm z=min(0.5xd x [1+(1-2xK/(n x oee/yc))*%], 0.95 x d) = 569 mm
Depth of neutral axis x=2x(d-2z)/A=75mm
Area of tension reinforcement required Asreq = M/ (fya x z) = 936 mm?
Tension reinforcement provided 10 x 16¢
Area of tension reinforcement provided Asprov = 2011 mm?
Minimum area of reinforcement - exp.9.1N Asmin = max(0.26 x fem / fyk, 0.0013) x b x d = 612 mm?
Maximum area of reinforcement - ¢l.9.2.1.1(3) Asmax = 0.04 x b x h = 16900 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 feterf = fom = 3.0 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) =

0.76

Actual tension bar spacing Sbar = (b - (2 x (Crom_s + ¢dm1_s1_z1_v) + dm1_s1_z1_t L1 x Nm1_s1_z1_t 1)) /
(Nm1_s1_z1_t 11 - 1) + dmi_s1_z1_t 11 = 60.9 mm

Maximum stress permitted - Table 7.3N os = 351 N/mm?

Steel to concrete modulus of elast. ratio oer = Es / Ecm = 6.00

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

Area of concrete in the tensile zone Act = b x y = 207113 mm?

Minimum area of reinforcement required - exp.7.1  Ascmin = Ke x K x feteft x Act / os = 538 mm?
PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment Map = max(B1 x abs(Mm1_s1_z2_pos_quasi), abS(Mm1_s1_z1_neg_quasi)) =
151.3kNm

Permanent load ratio ReL = Mar / M = 0.65

Service stress in reinforcement Gsr = fyd X Asreq / Asprov x RpL = 132 N/mm?

Maximum bar spacing - Tables 7.3N Sbarmax = 300 mm

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

Minimum bar spacing (Section 8.2)

Top bar spacing Stop = (b - (2 x (Cnom_s + dm1_s1_z1_v) + dm1_s1_z1_t L1 X Nm1_s1_z1_t_11)) /
(Nm1_s1_z1_t_L1 - 1) =44.9 mm
Minimum allowable top bar spacing Stop,min = MaX(Pm1_s1_z1_t L1 X Ks1, hagg + ks2, 20mm) = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable
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Bottom bar spacing

Minimum allowable bottom bar spacing

Sbot = (b - (2 x (Cnom_s + dm1_s1_z1_v) + dm1_s1_z1_b L1 X Nm1_s1_z1_b_11)) /
(Nm1_s1_z1.b_11- 1) = 82.8 mm
Sbotmin = MaX(Pm1_s1_z1_b_L1 x Ks1, hagg + ks2, 20mm) = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Zone 2 (1200 mm - 6800 mm) Positive 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
Tension reinforcement provided

Area of tension reinforcement provided

M = abs(Mm1_s1_z2_max_red) = 926.5 kNm
d =570 mm
8 = min(Mpos_red_z2 / Mpos_z2, 1) = 1.000
K=M/ (b x d? x f«) = 0.137
K'=(2xmnxoc/yc)x (1-Ax(8-ki)/(2xk2))x (A x(d-k)/(2xk2))
=0.207
K'> K - No compression reinforcement is required
z=min(0.5xdx[1+(1-2xK/(n x acc/yc))®9], 0.95 x d) =489 mm
x=2x(d-2z)/r=201 mm
Asreq = M/ (fya x z) = 4356 mm?
Layer 1 - 6 x 25¢, Spacing - 25mm, Layer 2 - 6 x 25¢
Asprov = 5890 mm?

Minimum area of reinforcement - exp.9.1N Asmin = max(0.26 x fom / fyk, 0.0013) x b x d = 582 mm?
As,max =0.04 xb x h=16900 mm2

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

Maximum area of reinforcement - cl.9.2.1.1(3)

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 feteft = fom = 3.0 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) =
0.76

Actual tension bar spacing Sbar = (b - (2 x (Crom_s + dm1_s1_z2 v) + dm1_s1_z2 b 11 X Nm1_s1_z2 b_t1 +
Omi1_s1_z1_b L1 X Nmi1_s1_z1_b 1)) / ((Nm1_s1_z2_ b 1 + Nm1_s1_z1.b_11) - 1) +
Om1_s1_z2 b 11 =107.8 mm

os = 314 N/mm?

Steel to concrete modulus of elast. ratio oer = Es / Ecm = 6.00

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

Act = b x y = 200898 mm?

Minimum area of reinforcement required - exp.7.1  Ascmin = Ke x K x feteft x Act / os = 585 mm?

Maximum stress permitted - Table 7.3N

Area of concrete in the tensile zone

PASS - Area of tension reinforcement provided exceeds minimum required for crack control
Quasi-permanent moment Map = abs(Mm1_s1_z2_pos_quasi) = 605.2kNm
Permanent load ratio ReL = Mar / M = 0.65
Osr = fyd x Asreq / Asprov x RpL =210 N/mm?
Sbarmax = 237.5 mm
PASS - Maximum bar spacing exceeds actual bar spacing for crack control

Service stress in reinforcement
Maximum bar spacing - Tables 7.3N

Deflection control - Section 7.4
Reference reinforcement ratio pmo = (fox / 1 N/mm?2)°5 / 1000 = 0.00566

Required tension reinforcement ratio pm = Asreq / (b x d) = 0.01177
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Required compression reinforcement ratio p'm = As2req / (b x d) = 0.00000
Structural system factor - Table 7.4N Kb =1.0
Basic allowable span to depth ratio span_to_depthbasic = Kb x [11 + 1.5 x (fox / 1 N/mm?2)®5 x pmo / (pm - p'm)
+ (foc / 1 N/mm?)°5 x (p'm / pmo)°®/ 12] = 15.079
Reinforcement factor - exp.7.17 Ks = min(Asprov / Asreq x 500 N/mm? / fy, 1.5) = 1.352
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_deptheasic x Ks x F1 x F2, 40 x Kb) =
20.389
Actual span to depth ratio span_to_depthactual = Lm1_s1 / d = 14.047

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

Minimum bar spacing (Section 8.2)

Top bar spacing Stop = (b - (2 x (Cnom_s + dm1_s1_z2_v) + dm1_s1_z2_t L1 X Nm1_s1_z2_t_11)) /
(Nm1_s1.z2.t 11 - 1) = 44.9 mm

Minimum allowable top bar spacing Stop,min = MaX(¢m1_s1_z2_t L1 x Ks1, hagg + ks2, 20mm) = 25.0 mm

PASS - Actual bar spacing exceeds minimum allowable

Bottom bar spacing Sbot = (b - (2 x (Cnom_s + ¢m1_s1_z2_v) + dm1_s1 22 b_11 X Nm1_s1_z2 b_L1 +
Om1_s1_z1_b_L1 X Nm1_s1_z1_b_11)) / ((Nm1_s1_z2_b_11 + Nm1_s1_z1.b_11) - 1) = 82.8
mm

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

Zone 3 (6800 mm - 8000 mm) Positive moment - section 6.1

Design bending moment M = abs(Mm1_s1_z3_max_red) = 472.5 KNm
Effective depth of tension reinforcement d =595 mm
Redistribution ratio 8 = min(Mpos_red_z3 / Mpos_z3, 1) = 1.000

K=M/ (b x d? x f«) = 0.064
K'=(2xnxoc/yc)x (1-41x(8-ki)/(2xk2))x (A x(d-ki)/(2xk2))

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

Lever arm z=min(0.5xd x [1+(1-2xK/(n x aee/yc))*5], 0.95 x d) = 559 mm
Depth of neutral axis Xx=2x(d-2z)/x=90 mm
Area of tension reinforcement required Asreq = M/ (fya x z) = 1945 mm?
Tension reinforcement provided 6 x 25¢
Area of tension reinforcement provided Asprov = 2945 mm?2
Minimum area of reinforcement - exp.9.1N Asmin = max(0.26 x fom / fyk, 0.0013) x b x d = 608 mm?
Maximum area of reinforcement - c.9.2.1.1(3) Asmax = 0.04 x b x h = 16900 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 fotefr = fetm = 3.0 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) =
0.76
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Actual tension bar spacing Sbar = (b - (2 x (Cnom_s + ¢dm1_s1_23 v) + dm1_s1_23 b_L1 x Nm1_s1_23 b_11)) /
(Nm1_s1._23 b_t1-1) + dm1_s1_z3.b L1 = 107.8 mm
Maximum stress permitted - Table 7.3N os = 314 N/mm?
Steel to concrete modulus of elast. ratio oer = Es / Ecm = 6.00
Distance of the Elastic NA from bottom of beam y=(bxh?/2+ Asprov x (cter - 1) x (- d)) / (b x h + Asprov x (ater - 1)) =
316 mm
Area of concrete in the tensile zone Act = b x y = 205352 mm?

Minimum area of reinforcement required - exp.7.1  Ascmin = Ke x K x feteft x Act / s = 598 mm?
PASS - Area of tension reinforcement provided exceeds minimum required for crack control

Quasi-permanent moment Map = max(B1 x abs(Mm1_s1_z2_neg_quasi), abS(Mm1_s1_z3_pos_quasi)) =
308.6kNm

Permanent load ratio ReL = Mar / M = 0.65

Service stress in reinforcement Osr = fyd X Asreq / Asprov x ReL = 188 N/mm?

Maximum bar spacing - Tables 7.3N Sbar,max = 265.5 mm

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

Zone 3 (6000 mm - 8000 mm) Negative moment - section 6.1

Design bending moment M = max(B1 x abs(Mm1_s1_max_red), @abs(Mm1_s1_z3_min_red)) = 231.6 kKNm
Effective depth of tension reinforcement d =599 mm
Redistribution ratio 8§=1=1.000

K=M/ (b x d? x f«) = 0.031
K'=(2xmnxoc/yc)x (1-Ax(8-ki)/(2xk2))x (A x(d-k)/(2xk2))

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

Lever arm z=min(0.5xd x [1+(1-2xK/(n x oee/yc))*?], 0.95 x d) = 569 mm
Depth of neutral axis x=2x(d-2z)/A=75mm
Area of tension reinforcement required Asreq = M/ (fya x Z) = 936 mm?
Tension reinforcement provided 10 x 16¢
Area of tension reinforcement provided As prov = 2011 mm?
Minimum area of reinforcement - exp.9.1N Asmin = max(0.26 x fem / fyk, 0.0013) x b x d = 612 mm?
Maximum area of reinforcement - c.9.2.1.1(3) Asmax = 0.04 x b x h = 16900 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 fetert = fom = 3.0 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) =
0.76

Actual tension bar spacing Sbar = (b - (2 x (Crom_s + Om1_s1_23_v) + ¢m1_s1_z3_t 11 X Nm1_s1_z3_t_11)) /

(Nm1_s1.z3t 11 - 1) + ¢dm1_s1_z3_t 11 = 60.9 mm

Maximum stress permitted - Table 7.3N os = 351 N/mm?

Steel to concrete modulus of elast. ratio ocr = Es / Eecm = 6.00

Distance of the Elastic NA from bottom of beam y=(bxh?/2+ Asprov x (0ter - 1) x (N =d)) / (b x h + Asprov x (cer - 1)) =
319 mm

Area of concrete in the tensile zone Act = b x y =207113 mm?
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Minimum area of reinforcement required - exp.7.1

Asc,min =ke x k x fct,eff x Act / os = 538 mm2

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

Quasi-permanent moment

Permanent load ra

tio

Service stress in reinforcement

Maximum bar spacing - Tables 7.3N

Map = max(B1 X abS(Mm1 s1. 22 posfquasi), abS(Mm1 s1_z3 negiquasi)) =

151.3kNm

ReL = Mar / M = 0.65
Osr = fyd X As,req / As,prov x ReL =132 N/mm2

Sbar,max = 300 mm

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

Minimum bar spacing (Section 8.2)

Top bar spacing

Minimum allowable top bar spacing

Bottom bar spacing

Minimum allowable bottom bar spacing

Shear design
463.2

Stop = (b - (2 x (Cnom_s + (I)m1_s1_23_v) + dm1_s1_23 1 L1 X Nm1_s1_z3_t 11)) /
(Nm1_s1.z3.t 11 - 1) = 44.9 mm

Stop,min = maX(¢m1fs1fz37LL1 X ks1, hagg + ksz, 20mm) =25.0 mm
PASS - Actual bar spacing exceeds minimum allowable

Sbot = (b - (2 x (Cnom_s + dm1_s1_z3_v) + dm1_s1_23 b_t1 x Nm1_s1_z3_b_11)) /
(Nm1_s1.z3 b_11- 1) = 82.8 mm

-463.2

Zonel Zone 2 Zone3
2000 4000 2000

B she

ar resistance

Il Elastic shear force

—4x8

legs @ 200 c/c —p|

Spanl

i¢—4x8legs@ 250 c/c—— P

l4—4 % 8legs @ 200 c/c —p|

Zonel Zone 2 Zone 3
2000 4000 2000

Angle of comp. shear strut for maximum shear
Strength reduction factor - ¢l.6.2.3(3)
Compression chord coefficient - ¢l.6.2.3(3)
Minimum area of shear reinforcement - exp.9.5N

Zone 1 (0 mm - 2000 mm) shear - section 6.2

Design shear force at support
Min lever arm in shear zone

Maximum design shear resistance - exp.6.9

Omax = 45 deg
v1=0.6 x (1 - fe/ 250 N/mm?) = 0.523
oew = 1.00

VEdmax = maX(abS(Vz1_max), abS(Vz1_red_max)) =463 kN

z =489 mm
VRdmax = dlow X b X Z x V1 x fewd / (COt(Omax) + tan(Bmax)) = 1774 kN

Sbot,min = maX(¢m1fs1fz37b7L1 X ks1, hagg + ksz, 20mm) =25.0 mm
PASS - Actual bar spacing exceeds minimum allowable

Asvmin = 0.08 N/mm? x b x (fec / 1 N/mm?2)®5 / fy« = 588 mm?/m
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PASS - Design shear force at support is less than maximum design shear resistance

Design shear force at 570mm from support Ved = 397 kN

Design shear stress ved = Ved / (b x z) = 1.250 N/mm?

Angle of concrete compression strut - cl.6.2.3 0 = min(max(0.5 x Asin(min(2 x Ved / (olew x fewd 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)) = 747 mm?/m

Area of shear reinforcement required Asvreq = max(Asv.min, Asvdes) = 747 mm2/m

Shear reinforcement provided 4 x 8legs @ 200 c/c

Area of shear reinforcement provided Asvprov = 1005 mm?/m

PASS - Area of shear reinforcement provided exceeds minimum required
Maximum longitudinal spacing - exp.9.6N svimax = 0.75 x d = 427 mm
PASS - Longitudinal spacing of shear reinforcement provided is less than maximum

Zone 2 (2000 mm - 6000 mm) shear - section 6.2

Design shear force at support VEdmax = max(abs(Vzz2_max), abs(Vzz_red_max)) = 232 kN

Min lever arm in shear zone z =489 mm

Maximum design shear resistance - exp.6.9 VRd,max = dlew X b x Z x V1 x fowd / (COt(Omax) + tan(Bmax)) = 1774 kN
PASS - Design shear force at support is less than maximum design shear resistance

Design shear force within zone Ved = 232 kN

Design shear stress ved = Ved / (b x z) = 0.728 N/mm?

Angle of concrete compression strut - cl.6.2.3 0 = min(max(0.5 x Asin(min(2 x Ved / (olew x fowd 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)) = 436 mm?/m

Area of shear reinforcement required Asvreq = max(Asv,min, Asv.des) = 588 mm?/m

Shear reinforcement provided 4 x 8legs @ 250 c/c

Area of shear reinforcement provided Asv.prov = 804 mm2/m

PASS - Area of shear reinforcement provided exceeds minimum required
Maximum longitudinal spacing - exp.9.6N svimax = 0.75 x d = 427 mm
PASS - Longitudinal spacing of shear reinforcement provided is less than maximum

Zone 3 (6000 mm - 8000 mm) shear - section 6.2

Design shear force at support VEedmax = max(abs(Vzs_max), abs(Vz3_red_max)) = 463 kN

Min lever arm in shear zone z =489 mm

Maximum design shear resistance - exp.6.9 VRdmax = dlew X b X Z x V1 x fewd / (COt(Omax) + tan(Bmax)) = 1774 kN
PASS - Design shear force at support is less than maximum design shear resistance

Design shear force at 570mm from support Ved = 397 kN

Design shear stress ved = Ved / (b x z) = 1.250 N/mm?

Angle of concrete compression strut - ¢l.6.2.3 6 = min(max(0.5 x Asin(min(2 x ved / (olew x fewd 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)) = 747 mm?/m

Area of shear reinforcement required Asvreq = max(Asv.min, Asv.des) = 747 mm?2/m

Shear reinforcement provided 4 x 8legs @ 200 c/c

Area of shear reinforcement provided Asv.prov = 1005 mm?3/m

PASS - Area of shear reinforcement provided exceeds minimum required
Maximum longitudinal spacing - exp.9.6N svimax = 0.75 x d = 427 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
Tedds calculation version 1.3.02

z
e o 9

e

T 9
| |
o |

4—750 mm

ee.9
z

14 no. 25 mm diameter longitudinal bars

SV B DA BTAIS B

link
y 750 mm a

—» 250 mm <«

Column input details

Column geometry

Overall depth (perpendicular to y axis)
Overall breadth (perpendicular to z axis)
Stability in the z direction

Stability in the y direction

Concrete details

Concrete strength class

Partial safety factor for concrete (2.4.2.4(1))
Coefficient awec (3.1.6(1))

Maximum aggregate size

Reinforcement details

Nominal cover to links

Longitudinal bar diameter

Link diameter

Total number of longitudinal bars

No. of bars per face parallel to y axis
No. of bars per face parallel to z axis
Area of longitudinal reinforcement
Characteristic yield strength

Partial safety factor for reinft (2.4.2.4(1))
Modulus of elasticity of reinft (3.2.7(4))

b

h =750 mm
b= 250 mm
Braced

Braced

C32/40
yc =1.50
occ = 0.85
dg =20 mm

Cnom = 30 mm
¢ =25mm
ov=8 mm

N =14
Ny= 3
Nz= 6

, 150
m an

As=Nxnx ¢? /4 =6872 mm?
fy« = 500 N/mm?
ys=1.15

Es =200 kN/mm?

m for
at laps
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Fire resistance details
Fire resistance period R =60 min

Exposure to fire

Exposed on one side only

Ratio of fire design axial load to design resistance pi = 0.70

Axial load and bending moments from frame analysis

Design axial load

Moment about y axis at top
Moment about y axis at bottom
Moment about z axis at top
Moment about z axis at bottom

Column effective lengths
Effective length for buckling about y axis
Effective length for buckling about z axis

Calculated column properties

Concrete properties

Area of concrete

Characteristic compression cylinder strength
Design compressive strength (3.1.6(1))
Mean value of cylinder strength (Table 3.1)
Secant modulus of elasticity (Table 3.1)

Rectangular stress block factors
Depth factor (3.1.7(3))
Stress factor (3.1.7(3))

Strain limits
Compression strain limit (Table 3.1)

Pure compression strain limit (Table 3.1)

Design yield strength of reinforcement
Design yield strength (3.2.7(2))

Ned = 3288.0 kN

Miopy = 75.0 kKNm
Mbtmy = 75.0 kNm
Miopz = 50.0 kNm
Mbtmz = 50.0 kNm

loy = 3925 mm
loz= 3925 mm

Ac=h x b = 187500 mm?

fok = 32 N/mm?

fod = otee x fok / yo = 18.1 N/mm?

fom = fox + 8 MPa = 40.0 N/mm?

Ecm = 22000 MPa x (fem / 10 MPa)®3 = 33.3 kN/mm?

Asb = 0.8
n=1.0

ecus = 0.00350
ec3 = 0.00175

fya = fyc / ys = 434.8 N/mm?

Check nominal cover for fire and bond requirements

Min. cover reqd for bond (to links) (4.4.1.2(3))
Min axis distance for fire (EN1992-1-2 T 5.2a)

Allowance for deviations from min cover (4.4.1.3)

Min allowable nominal cover

Cminb = Max(¢v, ¢ - ¢v) =17 mm
an =25 mm
ACdev =5 mm
Cnom_min = max(af - ¢ / 2 - ¢v, Cminb + ACdev) = 22.0 mm
PASS - the nominal cover is greater than the minimum required

Effective depths of bars for bending about y axis

Area per bar

Spacing of bars in faces parallel to z axis (c/c)
Layer 1 (in tension face)

Layer 2

Layer 3

Layer 4

Layer 5

Layer 6

2nd moment of area of reinft about y axis

Avar = Tt x ¢ / 4 = 491 mm?

sz=(h-2 x (Crom * ¢v) - ¢) / (Nz- 1) =130 mm

dyt =h - Crom-dv-¢/2 =700 mm

dy2 = dy1 - sz = 570 mm

dysz = dy2 - sz = 440 mm

dys = dyz - sz =310 mm

dys = dys - sz =180 mm

dys = dys - 52 =51 mm

Isy = 2xAbarx[Nyx(dy1-h/2)?+2x(dy2-h/2)?+2x(dy3-h/2)?] = 39284 cm*




- Tek|a7 Project Job no.
Y Tedds 24-26 Redington Gardens 180709
Cranston Consulting Limited Calcs for Start page no./Revision
16 Jubilee Road Main Spine Column C3
Newtownards
Calcs by Calcs date Checked by Checked date Approved by Approved date
BT23 4YH
S 04/01/2019

isy = V(lsy / As) = 239 mm
dy=h/2+isy=614mm

Radius of gyration of reinft about y axis
Effective depth about y axis (5.8.8.3(2))

Effective depths of bars for bending about z axis

Abar = 7t x ¢ / 4 = 491 mm?

Sy = (b -2 x (Crom + ¢v) - 9) / (Ny-1) =75 mm
dz1 =b - Crom - ¢v - ¢/ 2 =199 mm

dz2 = dz1 - sy =125 mm

dzs = dz2 - sy = 50 mm

Isz = 2 x Abar x Nz x (dz1-b/2)? = 3269 cm*

isz = V(lsz / As) = 69 mm
dz=b/2+isz=194 mm

Area of per bar

Spacing of bars in faces parallel to y axis (c/c)
Layer 1 (in tension face)

Layer 2

Layer 3

2nd moment of area of reinft about z axis
Radius of gyration of reinft about z axis
Effective depth about z axis (5.8.8.3(2))

Column slenderness about y axis
iy=h/(12) =21.7 cm
7\.y = |Oy/ iy =18.1

Radius of gyration

Slenderness ratio (5.8.3.2(1))
Column slenderness about z axis
iz=b/N(12)=7.2cm
Az=loz/iz=54.4

Radius of gyration
Slenderness ratio (5.8.3.2(1))

Design bending moments

Frame analysis moments about y axis combined with moments due to imperfections (cl. 5.2 & 6.1(4))

Ecc. due to geometric imperfections (y axis)
Min end moment about y axis

Max end moment about y axis

eiy = loy /400 = 9.8 mm
Moty = min(abs(Mtopy), abs(Motmy)) + iy x Nea = 107.3 kNm
Mozy = max(abs(Mtwopy), abs(Mbtmy)) + ey x Neda = 107.3 kNm

Slenderness limit for buckling about y axis (cl. 5.8.3.1)

Factor A

Mechanical reinforcement ratio
Factor B

Moment ratio

Factor C

Relative normal force

Slenderness limit

A=0.7

® = As x fya / (Ac x fea) = 0.879
B=1(1+2xo0)=1.661

fmy = Moty / Mozy = 1.000
Cy=1.7-rmy=0.700

N = Ned / (Ac x fed) = 0.967

Mimy = 20 x A x B x Cy/ V(n) = 16.5

Ay>=Aimy - Second order effects must be considered

Frame analysis moments about z axis combined with moments due to imperfections (cl. 5.2 & 6.1(4))

Ecc. due to geometric imperfections (z axis)
Min end moment about z axis

Max end moment about z axis

eiz = loz /400 = 9.8 mm
Mo1z = min(abs(Mtopz), abs(Mbimz)) + €iz x Ned = 82.3 kNm
Mozz = max(abs(Mwopz), abs(Mbtmz)) + €iz x Neda = 82.3 kNm

Slenderness limit for buckling about y axis (cl. 5.8.3.1)

Factor A

Mechanical reinforcement ratio
Factor B

Moment ratio

Factor C

Relative normal force

Slenderness limit

A=0.7

® = As x fya / (Ac x fea) = 0.879
B=1(1+2xo0)=1.661

rmz = Motz / Mo2z: = 1.000
Cz=1.7-rmz=0.700

N = Ned / (Ac x fed) = 0.967

Mimz = 20 x A x B x Cz/ V(n) = 16.5
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Az>=Aiimz - Second order effects must be considered

Local second order bending moment about y axis (cl. 5.8.8.2 & 5.8.8.3)

Relative humidity of ambient environment

Column perimeter in contact with atmosphere

Age of concrete at loading
Parameter nu

Approx value of n at max moment of resistance

Axial load correction factor
Reinforcement design strain

Basic curvature

Notional size of column

Factor a1 (Annex B.1(1))

Factor o2 (Annex B.1(1))

Relative humidity factor (Annex B.1(1))
Concrete strength factor (Annex B.1(1))
Concrete age factor (Annex B.1(1))
Notional creep coefficient (Annex B.1(1))
Final creep development factor (att=¥)
Final creep coefficient (Annex B.1(1))
Ratio of SLS to ULS moments

Effective creep ratio

Factor

Creep factor

Modified curvature

Curvature distribution factor

Deflection

Nominal 2" order moment

RH =50 %
u=1700 mm
to = 28 day
n=1+w=1.879
Nbal = 0.4
r=min(1.0, (nu-n)/ (Nu - Nbat)) = 0.617
gyd = fya / Es = 0.00217
CUrvebasic_y = &yd / (0.45 x dy) = 0.0000079 mm’
ho=2x Ac/u=221 mm
a1 = (35 MPa / fem)®7 = 0.911
o2 = (35 MPa / fom)®2 = 0.974
drH =1+ ((1-RH/100%) / (0.1 mm™ x (ho)"®)) x au] x a2 = 1.707
Brem = 16.8 x (1 MPa)"2 / \(fem) = 2.656
Bro=1/(0.1+ (to / 1 day)’?) = 0.488
®0 = ¢rH X PBrem x Pto = 2.215

BcOo =1.0
¢oo = (1)0 X Bcw =2.215
rvy = 0.80

Qefy = oo x Iy = 1.772

By =0.35 + fec / 200 MPa - Ay / 150 = 0.389

Key = max(1.0 , 1+ By x dety) = 1.690

curvemod y = Kr x Kgy x curvepasic y = 0.0000082 mm-’
c=10

€2y = CUrvemod_y X loy? / ¢ = 12.6 mm

M2y = Ned x €2y = 41.5 kNm

Design bending moment about y axis (cl. 5.8.8.2 & 6.1(4))

Equivalent moment from frame analysis

Design moment

Moey = max(0.6 x Mozy + 0.4 x Mo1y, 0.4 x Mozy) = 107.3 kNm
Medy = max(Mozy, Moey + Mzy, Moty + 0.5xMzy, Nea x max(h/30, 20 mm))
Medy = 148.8 kNm

Local second order bending moment about z axis (cl. 5.8.8.2 & 5.8.8.3)

Basic curvature

Ratio of SLS to ULS moments
Effective creep ratio (5.8.4(2))
Factor

Creep factor

Modified curvature

Curvature distribution factor
Deflection

Nominal 2" order moment

CUrvesasic_z = gyd / (0.45 x dz) = 0.0000249 mm""

rvz = 0.80

Oefz = doo x Iz = 1.772

Bz=10.35 + fex / 200 MPa - 12 / 150 = 0.147

Koz = max(1.0, 1 + Bz x deiz) = 1.261

curvemod z = Kr x Kgz x curvepasic z = 0.0000194 mm-"
c=10

€2z = CUI'Vemod_z X loz? / ¢ = 29.8 mm

M2z = NEd x e2: = 98.1 kNm

Design bending moment about z axis (cl. 5.8.8.2 & 6.1(4))

Equivalent moment from frame analysis

Design moment

Moez = max(0.6 x Mo2z + 0.4 x Mo1z, 0.4 x Mozz) = 82.3 kNm
Medz = max(Mozz, Moez + M2z, Mo1z + 0.5xMzz, Nea x max(b/30, 20 mm))
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Medz = 180.4 KNm

Moment capacity about y axis with axial load Neq4

Moment of resistance of concrete

By iteration:-

Position of neutral axis y =568.0 mm

Concrete compression force (3.1.7(3)) Fyc = nx fed x min(ksb x y , h) x b = 2059.9 kN
Moment of resistance MRdyc = Fyc x [n /2 - (min(Asb x ¥, h)) / 2] = 304.5 kKNm
Moment of resistance of reinforcement

Strain in layer 1 eyt = gcus x (1 -dy1/y) =-0.00081

Stress in layer 1 oyt = max(-1xfys, Es x gy1) = -162.1 N/mm?
Force in layer 1 Fy1 = Ny x Abar x oy1 = -238.7 kN

Moment of resistance of layer 1 Mrdyt = Fy1 x (h /2 - dy1) = 77.4 KNm

Strain in layer 2 &y2 = gcus X (1 -dy2/y) =-0.00001

Stress in layer 2 oy2 = max(-1xfys, Es x gy2) = -2.1 N/mm?
Force in layer 2 Fy2 = 2 x Abar x oy2 = -2.1 kN

Moment of resistance of layer 2 Mrdy2 = Fy2 x (h / 2 - dy2) = 0.4 kNm

Strain in layer 3 €y3 = geus x (1 -dya/y) =0.00079

Stress in layer 3 oy3 = min(fya, Es x gy3) - n x fed = 139.7 N/mm?
Force in layer 3 Fy3s = 2 x Avar x oy3 = 137.2 kN

Moment of resistance of layer 3 Mrdys = Fyz x (h / 2 - dys) = -8.9 kNm

Strain in layer 4 ey4 = gcus x (1 -dya /y) = 0.00159

Stress in layer 4 oy4 = min(fya, Es x gya) - 1 x fed = 299.7 N/mm?
Force in layer 4 Fys = 2 x Avar x oy4 = 294.2 KN

Moment of resistance of layer 4 Mgrdya = Fya x (h/ 2 - dya) = 19.1 kNm

Strain in layer 5 ey5 = gcus x (1 -dys / y) = 0.00239

Stress in layer 5 oys = min(fya, Es x gy5) - 1 x fed = 416.6 N/mm?
Force in layer 5 Fys = 2 x Avar x oy5 = 409.0 kKN

Moment of resistance of layer 5 Mrdys = Fys x (h / 2 - dys) = 79.6 kNm

Strain in layer 6 €y6 = gcus x (1 -dye /y) =0.00319

Stress in layer 6 oys = min(fya, Es x gy6) - 1 x fed = 416.6 N/mm?
Force in layer 6 Fys = Ny x Avar x oys = 613.6 kN

Moment of resistance of layer 6 Mrdys = Fys x (h / 2 - dys) = 199.1 KNm
Resultant concrete/steel force Fy=3273.3 kN

PASS - This is within half of one percent of the applied axial load

Combined moment of resistance
Moment of resistance about y axis Mray = 671.2 kKNm
PASS - The moment capacity about the y axis exceeds the design bending moment

Moment capacity about z axis with axial load Neq4

Moment of resistance of concrete

By iteration:-
Position of neutral axis z=184.6 mm
Concrete compression force (3.1.7(3)) Fzc = nx fod x min(Aksb x z , b) x h =2008.1 kN

Moment of resistance MRdzec = Fze x [b /2 - (min(Asb x z , b)) / 2] = 102.8 kNm




- Tek|a7 Project Job no.
Y Tedds 24-26 Redington Gardens 180709
Cranston Consulting Limited Calcs for Start page no./Revision
16 Jubilee Road Main Spine Column Cc6
Newtownards
Calcs by Calcs date Checked by Checked date Approved by Approved date
BT23 4YH
S 04/01/2019

Moment of resistance of reinforcement

Strain in layer 1

Stress in layer 1

Force in layer 1

Moment of resistance of layer 1
Strain in layer 2

Stress in layer 2

Force in layer 2

Moment of resistance of layer 2
Strain in layer 3

Stress in layer 3

Force in layer 3

Moment of resistance of layer 3
Resultant concrete/steel force

Combined moment of resistance
Moment of resistance about z axis

€21 = geus X (1 - dz1 / z) = -0.00028
oz1 = max(-1xfya, Es x £21) = -56.7 N/mm?
Fz1 = Nz x Avar x 621 = -166.8 kN
MRdzt = Fz1 x (b /2 - dz1) = 12.4 kNm
€22 = gcus x (1 -dz2/2z) =0.00113
622 = min(fya, Es x £22) - 1| x fea = 207.8 N/mm?
Fz2 = 2 x Avar x 622 = 204.0 kN
Mrdzz = Fz2 x (b / 2 - dz2) = 0.0 KNm
€23 = gcus x (1 - dz3 / z) = 0.00254
623 = min(fya, Es x £23) - 1 x fea = 416.6 N/mm?
Fz3 = Nz x Avar x 623 = 1227.1 kKN
MRrdzs = Fzz x (b / 2 - dz3) = 91.4 KNm
Fz=3272.3 kN
PASS - This is within half of one percent of the applied axial load

Mrdz = 206.6 KNm

PASS - The moment capacity about the z axis exceeds the design bending moment

Biaxial bending

Determine if a biaxial bending check is required (5.8.9(3))

Ratio of column slenderness ratios
Eccentricity in direction of y axis
Eccentricity in direction of z axis
Equivalent depth

Equivalent width

Relative eccentricity in direction of y axis
Relative eccentricity in direction of z axis
Ratio of relative eccentricities

Biaxial bending (5.8.9(4))

Design axial resistance of section

Ratio of applied to resistance axial loads
Exponent a

Biaxial bending utilisation

ration = max(Ly, Az) / min(Ay, Az) = 3.00
€y = Medz / Nea = 54.9 mm
€z = Medy / Ned = 45.2 mm
heq = iy x ¥(12) = 750 mm
beq = iz x V(12) = 250 mm
€relLy = €y / beq = 0.219
€rel_z = €z / heq = 0.060
ratioe = min(erel_y, €rel z) / Max(ereLy, €relz) = 0.275
ratios > 2 & ratioe > 0.2 - Biaxial bending check is required

NRd = (Ac x fed) + (As x fya) = 6387.9 kN
ration = Ned / Nra = 0.515
a=1.35
UF = (Medy / MRdy)? + (Medz / Mrdz)? = 0.965
PASS - The biaxial bending capacity is adequate
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RC COLUMN DESIGN

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

<

<4—450 mm

<4—350mm——p

Column input details

Column geometry

Overall depth (perpendicular to y axis)
Overall breadth (perpendicular to z axis)
Stability in the z direction

Stability in the y direction

Concrete details
Concrete strength class

Partial safety factor for concrete (2.4.2.4(1))

Coefficient acc (3.1.6(1))
Maximum aggregate size

Reinforcement details

Nominal cover to links

Longitudinal bar diameter

Link diameter

Total number of longitudinal bars

No. of bars per face parallel to y axis
No. of bars per face parallel to z axis
Area of longitudinal reinforcement
Characteristic yield strength

Partial safety factor for reinft (2.4.2.4(1))
Modulus of elasticity of reinft (3.2.7(4))

Fire resistance details
Fire resistance period
Exposure to fire

h =450 mm
b= 350 mm
Braced
Braced

C32/40

yc = 1.50
occ = 0.85
dg =20 mm

Cnom = 30 mm

¢ =25mm

ov=8 mm

N=12

Ny=3

Nz= 5
As=Nxnx ¢? /4 =5890 mm?
fy« = 500 N/mm?

ys=1.15

Es =200 kN/mm?

R =60 min
Exposed on one side only

Tedds calculation version 1.3.02

12 no. 25 mm diameter longitudinal bars

Max link spacing 350 mm generally, 210 mm for
450 mm above and below slab/beam and at laps
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Ratio of fire design axial load to design resistance psi=0.70

Axial load and bending moments from frame analysis

Design axial load

Moment about y axis at top
Moment about y axis at bottom
Moment about z axis at top
Moment about z axis at bottom

Column effective lengths
Effective length for buckling about y axis
Effective length for buckling about z axis

Calculated column properties

Concrete properties

Area of concrete

Characteristic compression cylinder strength
Design compressive strength (3.1.6(1))
Mean value of cylinder strength (Table 3.1)
Secant modulus of elasticity (Table 3.1)

Rectangular stress block factors
Depth factor (3.1.7(3))
Stress factor (3.1.7(3))

Strain limits
Compression strain limit (Table 3.1)
Pure compression strain limit (Table 3.1)

Design yield strength of reinforcement
Design yield strength (3.2.7(2))

Ned = 1901.0 kN

Mtopy = 75.0 kNm
Motmy = 75.0 kNm
Miopz = 50.0 kNm
Mbtmz = 50.0 kNm

loy = 5925 mm
loz= 5925 mm

Ac =h x b =157500 mm?

fok = 32 N/mm?

fod = otee x fok / yc = 18.1 N/mm?

fom = foc + 8 MPa = 40.0 N/mm?

Ecm = 22000 MPa x (fem / 10 MPa)%3 = 33.3 kKN/mm?

Asb = 0.8
n=1.0

ecu3 = 0.00350
g3 = 0.00175

fyd = fyk / ys = 434.8 N/mm?

Check nominal cover for fire and bond requirements

Min. cover reqd for bond (to links) (4.4.1.2(3))
Min axis distance for fire (EN1992-1-2 T 5.2a)

Allowance for deviations from min cover (4.4.1.3)

Min allowable nominal cover

Cminb = Max(dv, ¢ - ¢v) =17 mm
af =25 mm
ACdev =5 mm
Cnom_min = max(afi - ¢ / 2 - ¢v, Cmin,b + ACdev) = 22.0 mm
PASS - the nominal cover is greater than the minimum required

Effective depths of bars for bending about y axis

Area per bar

Spacing of bars in faces parallel to z axis (c/c)
Layer 1 (in tension face)

Layer 2

Layer 3

Layer 4

Layer 5

2nd moment of area of reinft about y axis
Radius of gyration of reinft about y axis
Effective depth about y axis (5.8.8.3(2))

Avar = T x 02/ 4 = 491 mm?
sz=(h-2x (Cnom + ¢v) - ¢) / (Nz- 1) =87 mm

dyt =h - Crom - dv - $ /2 =399 mm

dy2 = dy1 - sz =312 mm

dys = dy2 - sz =225 mm

dys = dy3 - sz = 138 mm

dys = dya - sz = 50 mm

Isy = 2 x Avar x [Ny x (dy1-h/2)? + 2 x (dy2 - h/2)?] = 10463 cm*
isy = V(lsy / As) = 133 mm

dy=h/2+isy =358 mm

Effective depths of bars for bending about z axis

Area of per bar

Abar=TE><(|)2/4=491 mm?




- Tek|a7 Project Job no.
Y Tedds 24-26 Redington Gardens 180709
Cranston Consulting Limited Calcs for Start page no./Revision
16 Jubilee Road Main Spine Column C4 C9
Newtownards
Calcs by Calcs date Checked by Checked date Approved by Approved date
BT23 4YH
S 04/01/2019

Spacing of bars in faces parallel to y axis (c/c)
Layer 1 (in tension face)

Layer 2

Layer 3

2nd moment of area of reinft about z axis
Radius of gyration of reinft about z axis
Effective depth about z axis (5.8.8.3(2))

Column slenderness about y axis
Radius of gyration
Slenderness ratio (5.8.3.2(1))

Column slenderness about z axis
Radius of gyration
Slenderness ratio (5.8.3.2(1))

Design bending moments

Sy = (b -2 x (Crom * ¢v) - 9) / (Ny - 1) =125 mm
dzt = Db - Crom - ¢v - ¢/ 2 =300 mm

dz2 = dz1 - sy =175 mm

dzs = dz2 - sy = 50 mm

Isz = 2 x Abar x Nz x (dz1-b/2)? = 7609 cm*

isz = V(Isz / As) = 114 mm
dz=b/2+isz=289 mm

iy=h/~(12)=13.0 cm
Ay =loy/iy=45.6

iz=b/(12) =10.1 cm
Az =loz/ iz = 58.6

Frame analysis moments about y axis combined with moments due to imperfections (cl. 5.2 & 6.1(4))

Ecc. due to geometric imperfections (y axis)
Min end moment about y axis

Max end moment about y axis

eiy = loy /400 = 14.8 mm
Moty = min(abs(Mtopy), abs(Mbimy)) + €iy x Ned = 103.2 kNm
Mozy = max(abs(Mwopy), abs(Mbtmy)) + €y x Neda = 103.2 kKNm

Slenderness limit for buckling about y axis (cl. 5.8.3.1)

Factor A

Mechanical reinforcement ratio
Factor B

Moment ratio

Factor C

Relative normal force
Slenderness limit

A=0.7

® = As x fya / (Ac x fea) = 0.897
B=V(1+2x0)=1.671

my = Moty / Mozy = 1.000

Cy=1.7 - rmy = 0.700

N = Ned / (Ac x fed) = 0.666

Mimy = 20 x A x B x Cy / V(n) = 20.1

Ay>=Niimy - Second order effects must be considered

Frame analysis moments about z axis combined with moments due to imperfections (cl. 5.2 & 6.1(4))

Ecc. due to geometric imperfections (z axis)
Min end moment about z axis
Max end moment about z axis

eiz = loz /400 = 14.8 mm
Mo1z = min(abs(Mtopz), abs(Mbtmz)) + €iz x Ned = 78.2 kNm
Moz2z = max(abs(Mwopz), abs(Mbimz)) + iz x Ned = 78.2 KNm

Slenderness limit for buckling about y axis (cl. 5.8.3.1)

Factor A

Mechanical reinforcement ratio
Factor B

Moment ratio

Factor C

Relative normal force
Slenderness limit

A=0.7

® = As x fya / (Ac x fed) = 0.897
B=v(1+2xw)=1.671

mz = Mo1z / Mo2z = 1.000

Cz:=1.7 - rmz = 0.700

N = Ned / (Ac x fed) = 0.666

Mimz = 20 x A x B x Cz/ V(n) = 20.1

Az>=Aiimz - Second order effects must be considered

Local second order bending moment about y axis (cl. 5.8.8.2 & 5.8.8.3)

Relative humidity of ambient environment
Column perimeter in contact with atmosphere

RH =50 %
u=1400 mm




Project Job no.
‘. .Tl;ﬁjls(la 24-26 Redington Gardens 180709
Cranston Consulting Limited Calcs for Start page no./Revision
16 Jubilee Road Main Spine Column C4 C10
Newtownards Calcs by Calcs date Checked by Checked date Approved by Approved date

BT23 4H s 04/01/2019
Age of concrete at loading to = 28 day
Parameter nu nu=1+w=1.897
Approx value of n at max moment of resistance Nbal = 0.4
Axial load correction factor Kr=min(1.0, (nu-n)/ (nu- noa)) = 0.823
Reinforcement design strain gyd = fya / Es = 0.00217
Basic curvature CUrVebasic_y = gyd / (0.45 x dy) = 0.0000135 mm™'
Notional size of column ho=2x Ac/u =225 mm
Factor a1 (Annex B.1(1)) a1 = (35 MPa / fem)®7 = 0.911
Factor a2 (Annex B.1(1)) oz = (35 MPa / fem)?2 = 0.974
Relative humidity factor (Annex B.1(1)) ¢rH =[1+ ((1-RH/100%) /(0.1 mm3 x (ho)"?)) x a1] x a2 = 1.703
Concrete strength factor (Annex B.1(1)) Brem = 16.8 x (1 MPa)"2/ \(fem) = 2.656
Concrete age factor (Annex B.1(1)) Bro=1/(0.1+ (to/ 1 day)®?) = 0.488
Notional creep coefficient (Annex B.1(1)) 0 = ¢rH x PBrem x Pto = 2.209
Final creep development factor (att=¥) Bew=1.0
Final creep coefficient (Annex B.1(1)) O = G0 X Pow = 2.209
Ratio of SLS to ULS moments rvy = 0.80
Effective creep ratio Qefy = oo x My = 1.767
Factor By = 0.35 + fox / 200 MPa - &y / 150 = 0.206
Creep factor Koy = max(1.0, 1 + By x dery) = 1.364
Modified curvature curvemod_y = Kr x Kgy x curvebasicy = 0.0000151 mm-’
Curvature distribution factor c=10
Deflection €2y = CUrvemod_y x loy? / ¢ = 53.1 mm
Nominal 2" order moment Mzy = Ned x e2y = 101.0 KNm

Design bending moment about y axis (cl. 5.8.8.2 & 6.1(4))

Equivalent moment from frame analysis Moey = max(0.6 x Mozy + 0.4 x Mo1y, 0.4 x Mozy) = 103.2 kNm

Design moment Medy = max(Mozy, Moey + Mzy, Moty + 0.5xMzy, Nea x max(h/30, 20 mm))
Medy = 204.1 KNm

Local second order bending moment about z axis (cl. 5.8.8.2 & 5.8.8.3)

Basic curvature CUrvesasic_z = gyd / (0.45 x dz) = 0.0000167 mm""
Ratio of SLS to ULS moments rvz = 0.80

Effective creep ratio (5.8.4(2)) Qefz = oo x TMz = 1.767

Factor Bz=10.35 + fex / 200 MPa - 22/ 150 = 0.119

Creep factor Koz = max(1.0, 1 + Bz x dez) = 1.210

Modified curvature curvemod z = Kr x Koz x curvebasic z = 0.0000167 mm-"
Curvature distribution factor c=10

Deflection €22 = CUNvemod_z X lo2/ ¢ = 58.5 mm

Nominal 2" order moment M2z = Ned x €2z = 111.2 kNm

Design bending moment about z axis (cl. 5.8.8.2 & 6.1(4))

Equivalent moment from frame analysis Moez = max(0.6 x Moz2z + 0.4 x Mo1z, 0.4 x Mozz) = 78.2 kNm

Design moment Medz = max(Mozz, Moez + M2z, Mo1z + 0.5xM2z, Nea x max(b/30, 20 mm))
Medz = 189.4 kNm

Moment capacity about y axis with axial load Ned

Moment of resistance of concrete
By iteration:-
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Position of neutral axis y =274.5 mm

Concrete compression force (3.1.7(3))

Moment of resistance

Moment of resistance of reinforcement

Strain in layer 1

Stress in layer 1

Force in layer 1

Moment of resistance of layer 1
Strain in layer 2

Stress in layer 2

Force in layer 2

Moment of resistance of layer 2
Strain in layer 3

Stress in layer 3

Force in layer 3

Moment of resistance of layer 3
Strain in layer 4

Stress in layer 4

Force in layer 4

Moment of resistance of layer 4
Strain in layer 5

Stress in layer 5

Force in layer 5

Moment of resistance of layer 5
Resultant concrete/steel force

Combined moment of resistance

Moment of resistance about y axis
PASS - The moment capacity about the y axis exceeds the design bending moment

Fyo = nx foa x min(Aso x y , h) x b = 1394.0 kN

Mreye = Fyo x [h / 2 - (min(Asv x y , h)) / 2] = 160.6 kNm

eyt = gcus x (1 -dy1/y) =-0.00159

oyt = max(-1xfy, Es x gy1) = -318.6 N/mm?
Fy1 = Ny x Avar x oy1 = -469.1 kN

Mrdy1 = Fy1 x (h /2 - dy1) = 81.9 kNm

gy2 = gcus X (1 - dy2/ y) = -0.00048

oy2 = max(-1xfyy, Es x gy2) = -96.1 N/mm?
Fy2 = 2 x Avar x oy2 = -94.4 kN

Mrdy2 = Fy2 x (h / 2 - dy2) = 8.2 kNm

€y3 = gcus x (1 -dys /y) = 0.00063

oys = min(fyg, Es x &3) = 126.3 N/mm?

Fy3 = 2 x Avar x oy3 = 124.0 kN

Mrdys = Fys x (h /2 - dy3) = 0.0 kNm

ey4 = gous x (1 -dya/y) =0.00174

oy4 = min(fya, Es x gya) - 1 x fea = 330.7 N/mm?
Fys = 2 x Avar x oy4 = 324.6 kKN

Mrdya = Fya x (h/ 2 - dy4) = 28.3 kNm

gy5 = gcus X (1 - dys / y) = 0.00286

oys = min(fya, Es x gys) - 1 x fed = 416.6 N/mm?
Fys = Ny x Abar x oys = 613.6 kN

Mrdys = Fys x (h / 2 - dys) = 107.1 kNm
Fy=1892.7 kN

PASS - This is within half of one percent of the applied axial load

Mrdy = 386.0 KNm

Moment capacity about z axis with axial load Ned

Moment of resistance of concrete

By iteration:-
Position of neutral axis

Concrete compression force (3.1.7(3))

Moment of resistance

Moment of resistance of reinforcement

Strain in layer 1
Stress in layer 1
Force in layer 1
Moment of resistance of layer 1
Strain in layer 2
Stress in layer 2
Force in layer 2

Moment of resistance of layer 2

z=215.6 mm
Fzc = nx fed x min(Asb x z , b) x h = 1407.7 kN

MRdze = Fze x [b / 2 - (min(Asv x z , b)) / 2] = 124.9 kNm

€21 = geus X (1 - dz1/ z) = -0.00136

oz1 = max(-1xfyg, Es x €21) = -272.2 N/mm?
Fz1 = Nz x Abar x 621 = -668.1 kN

Mrdz1 = Fz1 x (b / 2 - dz1) = 83.2 KNm

€22 = gcus x (1 -dz2/z) = 0.00066

oz2 = min(fys, Es x €22) = 131.9 N/mm?

Fz2 = 2 x Avar x 622 = 129.5 kN

Mrdzz = Fz2 x (b / 2 - dz2) = 0.0 KNm
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Strain in layer 3

Stress in layer 3

Force in layer 3

Moment of resistance of layer 3
Resultant concrete/steel force

Combined moment of resistance
Moment of resistance about z axis

€23 = gcus X (1 - dzz / z) = 0.00268
623 = min(fyd, Es x €23) - n x fea = 416.6 N/mm?
Fz3 = Nz x Avar x 623 = 1022.6 kN
MRdzs = Fz3 x (b / 2 - dz3) = 127.3 kNm
Fz=1891.7 kN
PASS - This is within half of one percent of the applied axial load

Mraz = 335.4 KNm

PASS - The moment capacity about the z axis exceeds the design bending moment

Biaxial bending

Determine if a biaxial bending check is required (5.8.9(3))

Ratio of column slenderness ratios
Eccentricity in direction of y axis
Eccentricity in direction of z axis
Equivalent depth

Equivalent width

Relative eccentricity in direction of y axis
Relative eccentricity in direction of z axis
Ratio of relative eccentricities

Biaxial bending (5.8.9(4))

Design axial resistance of section

Ratio of applied to resistance axial loads
Exponent a

Biaxial bending utilisation

ration. = max(Ay, Az) / min(Ay, Az) = 1.29
ey = Medz / Ned = 99.6 mm
ez = Medy / Ned = 107.4 mm
heq = iy x ¥(12) = 450 mm
beq = iz x V(12) = 350 mm
€rel y = €y / beq = 0.285
€rel z = €z / heq = 0.239
ratioe = min(erel_y, €rel z) / max(erel_y, €rel_z) = 0.838
ratioe > 0.2 - Biaxial bending check is required

NRd = (Ac x fed) + (As x fya) = 5417.1 kN
ration = Ned / Nrda = 0.351
a=1.21
UF = (Medy / MRay)? + (Medz / Mraz)? = 0.964
PASS - The biaxial bending capacity is adequate
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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

Heel 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 type

Soil density

Characteristic cohesion

Characteristic effective shear resistance angle
Characteristic wall friction angle

Characteristic base friction angle

Propped cantilever

hstem = 3925 mm
hprop = 3925 mm
tstem = 300 mm
o =90 deg

ystem = 25 KN/m?
ltoe = 2500 mm
lheet = 100 mm
tbase = 300 mm
Ybase = 25 KN/m?
hret = 3925 mm
B =0deg

dcover = 0 mm
hwater = 2925 mm
yw = 9.8 KN/m?®

Dense gravel

ymr = 5 KN/m?®
ysr = 5 KN/m?®
¢'rk = 60 deg
ork = 30 deg
Stiff clay

b = 19 kKN/m3
C'bx = 30 KN/m?
¢o'vk = 18 deg
bk =9 deg
Sobk = 12 deg

Tedds calculation version 2.9.05
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f 2500- { 300 &
= = = Propy, 0 kN/m?2 =

Prop

0.5 kN/m?

—»| 300 |

18.3 kN/m?

Calculate retaining wall geometry
Base length

Saturated soil height

Moist soil height

Retained surface length

Effective height of wall

Area of wall stem

- Distance to vertical component
Area of wall base

- Distance to vertical component
Area of saturated soil

- Distance to vertical component

- Distance to horizontal component
Area of water

- Distance to vertical component

- Distance to horizontal component
Area of moist soil

- Distance to vertical component

- Distance to horizontal component

{ 30.7 kN/m?

[18.3 kN/m?

2900 |

General arrangement

Ibase = ltoe + tstem + lheet = 2900 mm

hsat = hwater + dcover = 2925 mm

hmoist = hret - hwater = 1000 mm

Isur = Iheet = 100 mm

heff = hbase + dcover + hret = 4225 mm

Astem = hstem x tstem = 1.178 m?

Xstem = ltoe + tstem / 2 = 2650 mm

Abase = Ibase x toase = 0.87 m?

Xbase = lbase / 2 = 1450 mm

Asat = hsat x Iheel = 0.293 m?

Xsat_v = Ibase - (Nsat X Iheel® / 2) / Asat = 2850 mm
Xsat_h = (hsat + hbase) / 3 = 1075 mm

Awater = hsat x lheel = 0.293 m?

Xwater_v = lbase - (Nsat x Iheet? / 2) / Asat = 2850 mm
Xwater_h = (Nsat + hbase) / 3 = 1075 mm

Amoist = hmoist X Iheel = 0.1 m?

Xmoist_v = Ibase - (Nmoist X Ihee’® / 2) / Amoist = 2850 mm
Xmoist_h = (Nmoist X (tbase + hsat + Nmoist / 3) / 2 + (hsat + tbase)?/2) / (Nsat + toase
+ hmoist / 2) = 1874 mm
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Design approach 1
Partial factors on actions - Table A.3 - Combination 1
Partial factor set A1
Permanent unfavourable action e =1.35
Permanent favourable action yer = 1.00
Variable unfavourable action ya=1.50
Variable favourable action yar = 0.00
Partial factors for soil parameters — Table A.4 - Combination 1
Soil parameter set M1
Angle of shearing resistance v = 1.00
Effective cohesion ye =1.00
Weight density vy =1.00

Library item Partial factors output
Water properties
Design water density ' = yw/ v, = 9.8 KN/m?
Retained soil properties
Design moist density ymr' = ymr /7y = 5 KN/m3
Design saturated density vs' = ysr /1y = 5 KN/m?
Design effective shear resistance angle ¢'ra = atan(tan(¢'rx) / y¢) = 60 deg
Design wall friction angle 8ra = atan(tan(érk) / y¢) = 30 deg
Base soil properties
Design soil density ' =vb /vy = 19 KN/m3
Design effective shear resistance angle ¢'va = atan(tan(¢’vk) / vo) = 18 deg
Design wall friction angle db.d = atan(tan(dvk) / v¢) = 9 deg
Design base friction angle Sbb.d = atan(tan(dovx) / y¢) = 12 deg
Design effective cohesion C'bd = C'ok / v = 30 KN/m?
Using Coulomb theory
Active pressure coefficient Ka = sin(o. + ¢'ra)? / (sin(o)? x sin(o - 8ra) x [1 + V[sin(¢'ra + Sra) x
sin(¢'rd - B) / (sin(a. - 8r.a) x sin(o + B))]]?) = 0.072
Passive pressure coefficient Kp = sin(90 - ¢'5.0)? / (siN(90 + 8b.d) x [1 - V[sin(¢'b.d + Sb.a) x sin(¢'b.a) /
(sin(90 + &v.4))]]?) = 2.359

Bearing pressure check
Vertical forces on wall
Wall stem Fstem = yG x Astem X ystem = 39.7 KN/m
Wall base Foase = yG x Abase X Ybase = 29.4 KN/m
Saturated retained soil Fsat v = y6 x Asat X (ysr' - yw') = =1.9 KN/m
Water Fwater v = yG x Awater X yw' = 3.9 KN/m
Moist retained soil Fmoist v = ¥6 x Amoist X ymr' = 0.7 KN/m
Total Ftotal v = Fstem + Fbase + Fsat v + Fmoist v + Fwater v = 71.8 KN/m
Horizontal forces on wall
Saturated retained soil Fsat_h = y6 x Ka x cOS(8rd) x (ysr' - yw') x (hsat + hbase)? / 2 = 2.1 KN/m

Water Fwater_h = yG x yw' x (hwater + dcover + hbase)2 /2 =68.9 kN/m
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Moist retained soil

Base soil
Total

Moments on wall
Wall stem

Wall base

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
Effective overburden pressure

Design effective overburden pressure
Bearing resistance factors

Foundation shape factors

Load inclination factors

Net ultimate bearing capacity

Fmoist_h = v x Ka x €08(8r.d) x ymr' x ((Neff - hsat - hbase)? / 2 + (heft - hsat -
hbase) x (hsat + hoase)) = 1.6 KN/m

Fpass_h = -yaf x Kp x €0S(8b.d) X yb' x (dcover + hbase)? / 2 = =2 KN/m
Ftotal_h = Fsat h + Fmoist h + Fpass h + Fwater h = 66.3 KN/m

Mstem = Fstem x Xstem = 105.3 KNm/m

Mbase = Foase X Xbase = 42.6 KNm/m

Msat = Fsat v x Xsat v - Fsat_h x Xsat h = =3.1 KNm/m

Mwater = Fwater v X Xwater v - Fwater h X Xwater h = =63 KNm/m
Mmoist = Fmoist v X Xmoist v = Fmoist_ h X Xmoist h = =1 KNm/m
Miotal = Mstem + Mbase + Msat + Mmoist + Mwater = 80.7 KNm/m

Forop_stem = (Ftotal_v X Ibase / 2 - Mtotar) / (Nprop + tbase) = 5.5 kN/m
Fprop_base = Fiotal_h - Fprop_stem = 60.8 kN/m
Moprop = Fprop_stem x (hprop + toase) = 23.3 kKNm/m
X = (Mtotal + Mprop) / Ftotal_v = 1450 mm
€= X-lbase /2 =0mm
lioad = lbase = 2900 mm
Qtoe = Frotalv / lbase = 24.7 KN/m?
Qheel = Frotal_v / lbase = 24.7 KN/m?
g = max((toase + dcover) x Yb' - (tbase + dcover + hwater) x yw', 0 KN/m?) = 0
kN/m?
q' =q/y =0kN/m?
Nq = Exp(n x tan(¢'v.d)) x (tan(45 deg + ¢'va / 2))? = 5.258
Nc = (Ng - 1) x cot(¢'vd) = 13.104
N, =2 x (Ng - 1) x tan(@'va) = 2.767

Sq=1
sy =1
sc=1

H = Fsat h + Fwater h + Fmoist h + Fpass_h - Fprop_stem = Fprop_base = 0 KN/m
V = Fotal.v = 71.8 KN/m

m=2

ig=[1-H/(V+ lioad x C'b.a x cOt(d'v.a))]™ =1

iy =[1-H/(V + lioad x C'bd x COt(¢'b.a))]™* " =1

ic =1iq-(1-1iq)/ (Nc x tan(¢'v.a)) =1

Nt = C'bd x Ne x Se x ic + Q' x Ng x Sq x ig + 0.5 x (yb' - yw') x load x Ny x 8y x iy = 430 KN/m?

Factor of safety

FoSbp = nt/ max(Qtoe, Gheel) = 17.378

PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

Design approach 1

Partial factors on actions - Table A.3 - Combination 2

Partial factor set
Permanent unfavourable action
Permanent favourable action

Variable unfavourable action

A2
ve =1.00
yer = 1.00

va=1.30
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Variable favourable action yar = 0.00

Partial factors for soil parameters — Table A.4 - Combination 2

Soil parameter set

Angle of shearing resistance
Effective cohesion

Weight density

Water properties
Design water density

Retained soil properties

Design moist density

Design saturated density

Design effective shear resistance angle

Design wall friction angle

Base soil properties

Design soil density

Design effective shear resistance angle
Design wall friction angle

Design base friction angle

Design effective cohesion

Using Coulomb theory
Active pressure coefficient

Passive pressure coefficient

Bearing pressure check

Vertical forces on wall
Wall stem

Wall base

Saturated retained soil
Water

Moist retained soil

Total

Horizontal forces on wall
Saturated retained soil
Water

Moist retained soil

Base soil
Total

Moments on wall
Wall stem
Wall base

M2
vo = 1.25
ve = 1.25
v =1.00

Library item Partial factors output

' = yw/ 7y = 9.8 KN/m?

ymr' = ymre [y = 5 KN/m®

ysr' = ysr [ 1y = 5 KN/m3

¢'ra = atan(tan(¢'rk) / v¢) = 54.2 deg
8ra = atan(tan(rx) / v¢) = 24.8 deg

' =y /7y = 19 KN/m3

¢'v.d = atan(tan(¢'vk) / v¢) = 14.6 deg
db.d = atan(tan(dvx) / y¢) = 7.2 deg
Sbb.d = atan(tan(dewk) / ve) = 9.7 deg
C'bd = C'ok / Yo' = 24 KN/m?

Ka = sin(o + ¢'ra)? / (sin(a)? x sin(o. - 8ra) x [1 + V[sin(¢'r.a + r.a) x
sin(¢'rd - B) / (sin(a - 8r.d) x sin(a + B))]]?) = 0.101

Kp = sin(90 - ¢'0.a)? / (SiN(90 + b.a) x [1 - V[sin(¢'ba + Sb.a) x sin(¢'v.a) /
(sin(90 + &b.4))]1?) = 1.965

Fstem = yG x Astem X ystem = 29.4 KN/m
Fbase = Y6 x Abase X Ybase = 21.8 kKN/m
Fsat.v = y6 x Asat x (ysr' - yw') = =1.4 kKN/m
Fwater v = y6 x Awater X yw' = 2.9 KN/m
Fmoist_v = Y6 x Amoist X ymr' = 0.5 KN/m

Ftotal v = Fstem + Fbase + Fsat v + Fmoist_v + Fwater v = 53.2 kN/m

Fsat_h = y6 x Ka x c08(8rd) x (ysr' - yw') x (hsat + hbase)? / 2 = -2.3 KN/m
Fuater_h = Y6 x yw' X (Nwater + dcover + hbase)? / 2 = 51 KN/m

Fmoist_h = y6 x Ka x c0S(8rd) x ymr' x ((eff - Nsat - hbase)? / 2 + (Neff - hsat -
hbase) x (hsat + hbase)) = 1.7 kN/m

Fpass_h = -yaf x Kp x c0S(8b.d) x b' x (deover + hbase)? / 2 = 1.7 KN/m
Ftotal_h = Fsat h + Fmoist h + Fpass h + Fwater h = 48.8 KN/m

Mstem = Fstem x Xstem = 78 KNm/m
Mbase = Fbase x Xbase = 31.5 KNm/m
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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
Effective overburden pressure

Design effective overburden pressure
Bearing resistance factors

Foundation shape factors

Load inclination factors

Net ultimate bearing capacity

Msat = Fsat_v X Xsat_v - Fsat_h X Xsat_h = -1.6 kNm/m

Muwater = Fwaterﬁv X Xwater_v = Fwaterﬁh X Xwater_h = -46.7 kNm/m

Mmoist = Fmoist_v X Xmoist_v = Fmoist_h X Xmoist_h = -1.8 kKNm/m
Miotal = Mstem + Mbase + Msat + Mmoist + Mwater = 59.6 KNm/m

Fprop_stem = (Ftotal_v X lbase / 2 - Mtotal) / (hprop + tbase) =4.1 kN/m

Fprop_base = Ftotal_h - Fprop_stem =44.6 KN/m

Mprop = Fpropfstem X (hprop + tbase) =17.5 kNm/m
X = (Mtotal + Mprop) / Ftotal_v = 1450 mm

e= i-'base/2=0mm

lioad = lbase = 2900 mm
Qtoe = Ftotalv / lbase = 18.3 KN/m?
Qheel = Frotal_v / lbase = 18.3 KN/m?
g = max((toase + dcover) x Yb' - (tbase + dcover + hwater) x yw', 0 KN/m?) = 0

kN/m?

q' =q/y =0kN/m?
Nq = Exp(n x tan(d'va)) x (tan(45 deg + d'va / 2))2 = 3.784
Nc¢ = (Ng - 1) x cot(¢'v.d) = 10.711

N, = 2 x (Ng - 1) x tan(¢'v) = 1.447

Sq=1
sy =1
sc=1

H = Fsat_ h + Fwater h + Fmoist h + Fpass_h = Fprop_stem = Fprop_base = 0 KN/m
V= Ftotal_v =53.2 kKN/m

m=2

ig=[1-H/(V + licad x C'b.d x cOt($'b.a))]™ =1

i =[1-H/(V + load x Co.d x CO(@'b.a))]™* " = 1
ic = iq - (1 - iq) / (Ne x tan(¢'o.q)) = 1

Nt = Cbd x Ne x S x ic + q' x Ng x Sq x iq + 0.5 x (yb' - yw') x load x Ny x 8y x iy = 276.3 kKN/m?

Factor of safety

RETAINING WALL DESIGN

FoSbp = Nt/ max(Qtoe, Gheel) = 15.078
PASS - Allowable bearing pressure exceeds maximum applied bearing pressure

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

incorporating National Amendment No.1

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

C32/40

fok = 32 N/mm?

fokcube = 40 N/mm?
fom = fok + 8 N/mm? = 40 N/mm?
fotm = 0.3 N/mm? x (fok / 1 N/mm?2)?3 = 3.0 N/mm?
fetk,0.05 = 0.7 x fetm = 2.1 N/mm?
Ecm = 22 KN/mm? x (fem / 10 N/mm?)°3 = 33346 N/mm?

v = 1.50

Tedds calculation version 2.9.05
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Compressive strength coefficient - cl.3.1.6(1) oee = 0.85

Design compressive concrete strength - exp.3.15
Maximum aggregate size

Ultimate strain - Table 3.1

Shortening strain - Table 3.1

Effective compression zone height factor
Effective strength factor

Bending coefficient k1

Bending coefficient k2

Bending coefficient ks

Bending coefficient ka

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

Shear force - Combination No.1 - kN/m

Loading details - Combination No.1 - kN/m 2

fod = 0loc fck/’YC =18.1 N/mm?
hagg =20 mm

gouz = 0.0035

gcus = 0.0035

A =0.80

n=1.00

K1 =0.40

Kz=1.00 x (0.6 + 0.0014/¢cu2) = 1.00
Ks =0.40

Ks = 1.00 x (0.6 + 0.0014/gcu2) =1.00

fyk = 500 N/mm?

Es = 200000 N/mm?
ys=1.15

fyd = fyk / ys = 435 N/mm?

Csf =40 mm
Csr = 50 mm
cot = 50 mm
Cob = 75 mm

Bending moment - Combination No.1 - kNm/m

6.9

-49.4
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Shear force - Combination No.2 - kN/m Bending moment - Combination No.2 - kNm/m

Loading details - Combination No.2 - kN/m 2

Check stem design at 1935 mm
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 - cl.9.2.1.1(3)

52

213

33.8

h =300 mm

M =11.2 kNm/m
d=h-csf- dsx - Ppstm / 2 = 242 mm
K =M/ (d? x fe) = 0.006
K'=(2 x n x oeclyc)x(1 - A x (8 - K1)/(2 x K2))x(A x (8 - K1)/(2 x K2))
K'=0.207
K'> K - No compression reinforcement is required
z=min(0.5+ 0.5 x (1-2x K/ (n x ace/yc))°®, 0.95) x d = 230 mm
x=25x(d-2z)=30 mm
Astmreq = M/ (fya x ) = 112 mm?/m
12 dia.bars @ 150 c/c
Asimprov = Tt X dsiv? / (4 x Ssv) = 754 mm?3/m
Astmin = max(0.26 x fetm / fyk, 0.0013) x d = 381 mm?/m
Asimmax = 0.04 x h = 12000 mm?/m
max(Astreq, Astmmin) / Astm.prov = 0.505

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

Library item: Rectangular single output

po = \(fe / 1 N/mm2) / 1000 = 0.006
p = Astmreq / d = 0.000
p' = AstM2req / d2 = 0.000
Ko =1
Ks = min(500 N/mm? / (fy x Asireq / Asiprov), 1.5) = 1.5
min(Ks x Ko x [11 + 1.5 x \(foc / 1 N/mm?) x po / p + 3.2 x \(fex / 1
N/mm?) x (po/ p - 1)*?], 40 x Kb) = 40
hprop / d = 16.2
PASS - Span to depth ratio is less than deflection control limit
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Crack control - Section 7.3

Limiting crack width

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

Tensile stress in reinforcement

Load duration

Load duration factor

Effective area of concrete in tension

Mean value of concrete tensile strength
Reinforcement ratio

Modular ratio

Bond property coefficient

Strain distribution coefficient

Maximum crack spacing - exp.7.11

Maximum crack width - exp.7.8

Check stem design at base of stem
Depth of section

Rectangular section in flexure - Section 6.1

Design bending moment combination 1
Depth to tension reinforcement

Lever arm

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

Area of tension reinforcement provided

Minimum area of reinforcement - exp.9.1N

Maximum area of reinforcement - cl.9.2.1.1(3)

Wmax = 0.2 mm

y2=0.3

Msis = 8.3 kNm/m

Gs = Msis / (Astmprov x 2) = 47.9 N/mm?
Long term

ki = 0.4

Acet =min(2.5 x (h-d), (h-x)/3,h/2)
Acerr = 89917 mm?/m

feteff = form = 3.0 N/mm?

Pp.eff = Astprov / Acef = 0.008

oe = Es / Ecm = 5.998

k1=0.8
k2=0.5
ks =3.4
ks = 0.425

Srmax = K3 x Csf + K1 x k2 x ka x ¢pstm / ppet = 379 mm
Wk = Srmax X Mmax(cs — kt x (feteff / ppef) X (1 + 0le X ppeefr), 0.6 x &s) / Es
wk = 0.055 mm
Wi / Wmax = 0.273
PASS - Maximum crack width is less than limiting crack width

h =300 mm

M = 28.9 kNm/m
d=h-Csr-sr/ 2 =244 mm
K=M/(d? x f) = 0.015
K'=(2 x n x oeclyc)x(1 - A x (8 - K1)/(2 x K2))x(h x (8 - K1)/(2 x K2))
K'=0.207
K'> K - No compression reinforcement is required
z=min(0.5+ 0.5 x (1-2x K/ (n x ace/yc))°®, 0.95) x d = 232 mm
x=25x(d-2z)=31mm
Asrreq = M/ (fya x z) = 286 mm?/m
12 dia.bars @ 150 c/c
Asrprov = T X ¢si? [ (4 x Ssr) = 754 mm?/m
Asrmin = max(0.26 x fem / fyk, 0.0013) x d = 384 mm?/m
Asrmax = 0.04 x h = 12000 mm?/m
max(Asr.req, Asrmin) / Asr.prov = 0.509

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

Library item: Rectangular single output

po = \(fe / 1 N/mm2) / 1000 = 0.006

p = Asrreq / d = 0.001

p' = Asr2.req / d2 = 0.000

Kb =1

Ks = min(500 N/mm? / (fyk x Asrreq / Asrprov), 1.5) = 1.5
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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

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

min(Ks x Ko x [11 + 1.5 x \(fex / 1 N/mm2) x po / p + 3.2 x V(fex / 1
N/mm?) x (po / p - 1)*?], 40 x Kb) = 40
hprop / d = 16.1

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

Wmax = 0.2 mm

y2=0.3

Msis = 21.4 kKNm/m

Gs = Msis / (Asr.prov x Z) = 122.3 N/mm?
Long term

ki= 0.4

Acef=min(2.5x (h-d), (h-x)/3,h/2)
Acerr = 89833 mm?/m

feteff = form = 3.0 N/mm?

Pp.eff = Asrprov / Acef = 0.008

oe = Es / Ecm = 5.998

k1=0.8
k2=0.5
ks =3.4
ks = 0.425

Srmax = K3 x Csr + K1 x K2 x Ka x ¢sr / ppeff = 413 mm
Wk = Srmax X Max(cs — kt x (feteff / ppef) X (1 + 0le X ppefr), 0.6 x &s) / Es
wk = 0.152 mm
Wk / Wmax = 0.758
PASS - Maximum crack width is less than limiting crack width

V =49.4 kN/m
Crdc =0.18/yc =0.120
k = min(1 + (200 mm / d), 2) = 1.905
pi = min(Asrprov / d, 0.02) = 0.003
Vmin = 0.035 N"2/mm x k3?2 x %5 = 0.521 N/mm?
VRd.c = max(Cra.c x k x (100 N2/mm* x pi x fek)"3, Vmin) x d
VRrac = 127.1 kN/m
V[ Vrdc = 0.389
PASS - Design shear resistance exceeds design shear force

h =300 mm

V =6.9 kN/m

Crdc=0.18/7c =0.120

k = min(1 + V(200 mm / d), 2) = 1.905

pi = min(Asrt.prov / d, 0.02) = 0.002

vmin = 0.035 N"2/mm x k%2 x f«%% = 0.521 N/mm?

VRd.c = max(Crd.c x k x (100 N2/mm* x pi x fe)'3, vimin) x d
Vrdc = 127.1 kKN/m

V / VRrdc = 0.055
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PASS - Design shear resistance exceeds design shear force
Horizontal reinforcement parallel to face of stem - Section 9.6

Minimum area of reinforcement — ¢l.9.6.3(1) Asxreq = Max(0.25 x Asrprov, 0.001 x tstem) = 300 mm?/m
Maximum spacing of reinforcement — ¢l.9.6.3(2) Ssx_max = 400 mm

Transverse reinforcement provided 12 dia.bars @ 175 c/c

Area of transverse reinforcement provided Asxprov = T X dsx? [ (4 x Ssx) = 646 mm?2/m

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

Check base design at toe

Depth of section h =300 mm

Rectangular section in flexure - Section 6.1

Design bending moment combination 1 M = 45.7 kNm/m

Depth to tension reinforcement d=h-cob-dob/2=217 mm

K =M/ (d? x fe) = 0.030
K'= (2 x n x acclyc)x(1 -4 x (8 - Ki)/(2 x K2))x(A x (8 - K1)/(2 x K2))

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

Lever arm z=min(0.5+ 0.5 x (1-2x K/ (n x acc/yc))’?, 0.95) x d =206 mm
Depth of neutral axis x=25x(d-2z)=27 mm
Area of tension reinforcement required Abbreq = M/ (fya x ) = 510 mm?/m
Tension reinforcement provided 16 dia.bars @ 150 c/c
Area of tension reinforcement provided Abb.prov = 7t X dob? / (4 x Sbb) = 1340 mm?/m
Minimum area of reinforcement - exp.9.1N Abbmin = Max(0.26 x fetm / fy, 0.0013) x d = 341 mm?/m
Maximum area of reinforcement - c1.9.2.1.1(3) Abbmax = 0.04 x h = 12000 mm?2/m

max(Abb.req, Abb.min) / Abb.prov = 0.38

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

Crack control - Section 7.3

Limiting crack width Wmax = 0.2 mm
Variable load factor - EN1990 — Table A1.1 y2=0.3
Serviceability bending moment Msis = 33.8 KNm/m
Tensile stress in reinforcement 65 = Msis / (Avbprov x Z) = 122.5 N/mm?
Load duration Long term
Load duration factor ki= 0.4
Effective area of concrete in tension Aceft=min(2.5x (h-d), (h-x)/3,h/2)
Aceft = 90958 mm?2/m
Mean value of concrete tensile strength fotefr = fetm = 3.0 N/mm?
Reinforcement ratio pp.eff = Abbprov / Acerf = 0.015
Modular ratio oe = Es / Ecm = 5.998
Bond property coefficient k1=0.8
Strain distribution coefficient k2=0.5
ks =3.4
ka = 0.425
Maximum crack spacing - exp.7.11 Srmax = K3 x Cob + K1 x k2 x ka x Qoo / ppet = 440 mm
Maximum crack width - exp.7.8 Wk = Srmax X max(os — ki x (feteff / pp.ef) X (1 + ole X ppeefi), 0.6 x os) / Es

wk = 0.161 mm
Wk / Wmax = 0.807
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Rectangular section in shear - Section 6.2
Design shear force

Longitudinal reinforcement ratio

Design shear resistance - exp.6.2a & 6.2b

Check base design at heel

Depth of section

Rectangular section in flexure - Section 6.1
Design bending moment combination 1

Depth to tension reinforcement

Lever arm

Depth of neutral axis

Area of tension reinforcement required
Tension reinforcement provided

Area of tension reinforcement provided
Minimum area of reinforcement - exp.9.1N
Maximum area of reinforcement - c.9.2.1.1(3)

PASS - Maximum crack width is less than limiting crack width

V =36.5 kN/m
Crdc =0.18/yc =0.120
k = min(1 + V(200 mm / d), 2) = 1.960
pi = min(Abb.prov / d, 0.02) = 0.006
vmin = 0.035 N"2/mm x k3?2 x f«%5 = 0.543 N/mm?
Vrde = max(Crd.c x k x (100 N2/mm?* x pi x fek)"3, vmin) x d
VRrdc = 138 kN/m
V / VRrdc = 0.265
PASS - Design shear resistance exceeds design shear force

h =300 mm

M = 0.1 kNm/m
d=h-cot- ot/ 2 =242 mm
K =M/ (d? x fex) = 0.000
K'=(2 x n x oealyc)x(1 - A x (8 - K1)/(2 x K2))x(A x (8 - K1)/(2 x K2))
K'=0.207
K'> K - No compression reinforcement is required
z=min(0.5+ 0.5 x (1-2x K/ (n x acc/vc))’?, 0.95) xd =230 mm
x=25x(d—2z) =30 mm
Abtreq = M/ (fya x z) =1 mm?/m
16 dia.bars @ 150 c/c
Abtprov = 1 x ¢t / (4 x Sut) = 1340 mm?/m
Abtmin = max(0.26 x fem / fyk, 0.0013) x d = 381 mm?m
Abtmax = 0.04 x h = 12000 mm?/m
max(Abtreq, Abtmin) / Abtprov = 0.284

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

Library item: Rectangular single output

Wmax = 0.2 mm

y2=0.3

Msis = 0 KNm/m

os = Msis / (Abtprov x Z) = 0.1 N/mm?
Long term

ki = 0.4

Acef =min(2.5 x (h-d), (h-x)/3,h/2)
Acert = 89917 mm?/m

feteff = form = 3.0 N/mm?

pp.eff = Abtprov / Acerf = 0.015

oe = Es / Ecm = 5.998

ki1=0.8
k2=0.5
ks =3.4

ks = 0.425
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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

Srmax = K3 x Cbt + K1 x k2 x Ka x ¢bt / ppeff = 352 mm
Wk = Srmax x Max(cs — kt x (feteff / ppef) X (1 + 0le X ppeefr), 0.6 x &s) / Es
wk =0 mm
Wi / Wmax = 0.001
PASS - Maximum crack width is less than limiting crack width

V =1.2 kN/m
Crdc =0.18/yc =0.120
k = min(1 + V(200 mm / d), 2) = 1.909
pi = min(Astprov / d, 0.02) = 0.006
vmin = 0.035 N"2/mm x k%2 x foa®5 = 0.522 N/mm?
Vrde = max(Crd.c x kK x (100 N2/mm?* x pi x fek)"3, vmin) x d
VRrd.c = 144.5 KN/m
V / Vrdc = 0.008
PASS - Design shear resistance exceeds design shear force

Secondary transverse reinforcement to base - Section 9.3

Minimum area of reinforcement — cl.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 Abbprov = 268 mm?3/m
Sbx_max = 450 mm

12 dia.bars @ 175 c/c

Abxprov = Tt X Obx® / (4 x Sbx) = 646 mm?/m

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

150

12 dia.bars @ 175 clc,
horizontal reinforcement 01 14 [4=50
parallel to face of stem

12 dia.bars @ 200 c/c—p l4— 12 dia.bars @ 200 c/c

12 dia.bars @ 150 c/c—p| |[+—12 dia.bars @ 150 c/c

12 dia.bars @ 175 clc
transverse reinforcement

in base

12 dia.bars @ 150 c/c 12 dia.bars @ 150 c/c
16 dia.bars @ 150 c/c 50
1
ani] %
g ¥
75

16 dia.bars @ 150 c/c

Reinforcement details
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