Worked Examples to Eurocode 2

25 February 2010

Amended 18 January 2012

Revisions required to Worked Examples to Eurocode 2

due to Amendment 1 to NA to BS EN 1992-1-1:2004 dated Dec 2009

Amended 18/1/2012 to illustrate 40K limit on I/d according to Table NA.5 Note 6

Further edits added 2021 - see
pages 14-19.

Amended to correct a numerical
error in the wind loading
calculation and to include checks
required due to the limit on Vgy/
Vrae Which was introduced to the
Eurocode following publication

of the Worked Examples guide.

Page |Where |Old text Revised text
37/38 |3.1.6  |Allowable I/d=Nx Kx F1x F2 x F3 Allowable I/d = N x K x F1 x F2 x F3
where where
N =256 (p=041%, f, = 30) N =256 (p=041%, £, =30)
K =10  (simply supported) K =10  (simply supported)
F1 =10  (bulb,=10) F1 =10  (bulb, =10)
F2 =10 (span<7.0m) F2 =10 (span<7.0m)
F3 =310/0,<15 F = Aoy Asreg < 1.50
where =645/ 594 =1.09
0, = 0y (Asreal Aspro) 116 . Allowable I/d = 25.6 x 1.09 = 27.9
where Actual lld =4800/144 =32.2
o, = 242 MPa (From Concise .. no good
Figure 15.3 and Try 23.3/27.9 x 654 = 784 mm?/m
99, =179, y, =03, 7,= |ie. HI2@140 (807 mm?/m)
1.25) Fo = 807/ 594 = 1.36
o0 = redistribution ratio = 1.0
L0, =242 x594/645 = 222
- F3 =310/222 =140
. Allowable I/d = 25.6 x 1.40 = 35.8 . Allowable I/d = 25.6 x 1.26 = 24.&
Actual l/d = 4800/144 = 333 - OK (whichis < 40K =40)  [Table NA.5 Note ©]
Use H12 @ 175 B1 (645 mm?/m) Le. > 33.5.. 0K
Use H12 @ 140 B1 (807 mm?/m)
38 3.1.7  |By inspection, OK By inspection, OK

However, if considered critical:
V=295 kN/m as before

Ve, =295-0.14x12.3=27.56 kN/m
Ve, =278 x10°/144 x10°=0.19 MPa
Veqe = 055 MPa

P

However, if con

vV =295 kN/m as before

Ve, =295-0.14 %123 =27.56 kN/m
= 27.86 x 10°/144 x 10° = 0.19 MPa
= 804/1000 x 144 =0.56%

say 507% curtailed use 0.25%

Veqo = 0.54 MFPa

Vea

sidered critical:
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Amended to correct a numerical error in the wind loading calculation and to include checks required due to the limit on VEd / VRdc which was introduced to the Eurocode following publication of the Worked Examples guide.


42 3.2.6 F3 =310/0,<15 F3 = A, prow [Asreg <150
where =045/ 639 =1.01
0, = (ful16) (Asreal Aspra) (BLS Allowable I/d = Nx Kx F1 x F2 x F3
loads/ULS loads) (1/9) =235 x13 x1.0 x 1.01
= £ X (Aol Aupa) X (G4 W =208
2! (Vsg + Y09, (110) Max. span = 30.8 x 144 = 4435 mm,
= (BOO/N.1B) x (639/645) x [(5.9 ie. < 5795 mm
+0.3 x 3.3)/12.3] x 1.08! - No good
=434.8 x 0.99 x 0.56 x
1.0& = 260 MPa
F3 =310/260 =119
Note: A, o/ Aqreq < 1.50
Allowable I/ld = Nx Kx F1x F2 x F3
=235 %13 x1.0 x 119
= 36.4
Max. epan = 26.4 x 144 = 5675 mm, i.e. <
5795 mm
.. No good
Try H12 @ 150 B1 (754 mm®/m)
0. = 4B4.8 x 639754 x 0.56 x 1.08 = Try HI2 @125 B1 (904 mmn’/m)
225
F3 = 310/223 = 1.39
Allowable I/d = 235 x 1.5 x 1.0 x 1.39 F3% = 904/639 = 1.41
=425 Allowable l/d = 235 x 1.5 x 1.0 x 1.41
Max. span = 42.5 x 144 = 6120 mm, = 471
['.6' > 5795 mm %& Max. span = 43.1 x 144 = 6206 mm,
- HI2 @150 B1.(754 mm=/m) OK 6. > 5795 mm oK
o H12 @ 125 B1 (904 mm?*/m) OK
43 3.2.7 F3 =310/0,<15 F& = A eal Aspra <15
where =502/ 465 =1.0&
0, = X (Asreal Acpro) X (Gc+ V2 9/ (19 +
Va9 (1/6)
= (500/1.15) x (465/502) x [ (5.9 + 0.5
x 3.5)12.3] x 1.03
=434.86 x 0.93 x 0.56 x 1.03 = 233 MF:
F3 =310/233 =1.23
Allowable I/ld = Nx Kx F1 x F2 x F3
=356 x15x10 %135 Allowable I/d = Nx Kx FI1x F2 x F3
=74 =35.8 %15 x 1.0 x 1.0
Max. span = 714 x 144 = 10260 mmi.e. > =58.0
5795 mm OK (which is < 40K =40 x 1.5 =60)
[Table NA.S Note 6]
Max. span = 56.0 x 144 = 5352 mm
i.e. > 5795 mm oK
44 3.2.9 |[In Figure 3.4 In Figure 3.4
H12@150 H12@125
46 3.2.10a)|Crack control Crack control

As slab < 200 mm, measures to control

cracking are unnecessary.

As slab < 200 mm, measures to control
cracking are unnecessary.

' The use of Table 15.2 from Concise Eurocode 2Zimplies certain amounts of redistribution, which are defined in Concise

Eurocode 2 Table 15.14.
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However, as a check on end span:
Loading is the main cause of cracking,
". use Table 7.2N or Table 7.3N for w,,,, = 0.4
mm and o = 241 MPa (see deflection check).
Max. bar size = 20 mm

or max. spacing = 250 mm

- H12 @150 B1 OK.

However, as a check on end span:
Loading is the main cause of cracking,
". use Table 7.2N or Table 7.2N for w,,,, = 0.4
mm and o= 241 MPa (see deflection check).
Max. bar size = 20 mm

or max. spacing = 250 mm

S HIZ @125 B1OK

End supporte: effects of partial fixity

End supports: effects of partial fixity

Try H12. @ 450 (251 mm?/m) U-bars at Try H12 @ 500 (226 mm®/m) U-bars at
supports supports

46 3.2.10b)|End span, bottom reinforcement End span, bottom reinforcement
Try H12 @ 300 (376 mm?/m) at supports  |Try H12 @ 250 (452 mm®/m) at supports

49 3.2.10b)|Support B bottom steel at support Support B bottom steel at support

iii

For convenience use H12 @ 300 B1 (376 For convenience use H12 @250 B1 (452
mm?/m) mm?/m)

51 3.2.11 |Figure 3.6 See A below

57/58 |3.3.5b) |Span A-B: Deflection Span A-B: Deflection

F3=310/0<15
where
6, = (/1) (Asenl Aspro) (SLS
loads/ULS loads) (1/9)
= 434.5(523/628) [ (420 + 0.5 x
5.0)113.38] (65.3/61.7%)
=434.6 x 0.63 x 0.43 x 1.06
=164 MFa
F3 =310/0,
= 310/164 = 1.89" but <150 therefore say
1.50
. Permissible l/d = 22.6 x 1.5 x 0.8 x 0.93 x
150 = 33.0
Actual I/d = 7500/257 = 29.2
Use 2 no. H20/rib (628 mm?/rib)

F3=310/0<15
where
G, = (£,72) (Asreal Aupro) (BLS
loads/ULS loads) (1/9)

= 434.56(525/628) [ (4.20 +
5.0)/13.28] (65.3/61.7%)
=434.6 x 0.63 x 0.70 x 1.06
=207 MFPa

F3 = 310/0,
= 310/267 =116

.. Permissible l/d = 22.6 x 1.5 x 0.8 x 0.92 x
116 =25.6
Actual lld = 7500/257 = 29.2
..no good
Try 1H25 + 1H20/rib (805 mm?/rib)
d =254 mm; K = 0.028;
z=241mmA,,, =529 mm’
Lo, =434.8(529/605) [ (4.30 +
5.0)/13.38] (65.3/61.7°)
=434.6 x 0.66 x 0.70 x 1.06
=215 MFa
F3 = 310/213 =145
Permissible I/4
=226 x13%x 0.6 x0.93 x 145
=320
Actual I/d = 7500/254 = 29.5 _.. OK
Use 1H25 + 1H20/rib (805 mm?/rib)
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61 3.3.6b) |Span B-C —: Deflection Span B—C —: Deflection
F3 =310/0,<15 F3 =310/0.<15
where where
0, = (fu/ 7.) (Asreal Acpror) (SLS loads/ULS 0, = (Tu/ 1) (Asreal Acproy) (SLS loads/ULS
loads) (1/9) loads) (1/0)
= 4245 % (4741628) [(420 + 0.5 x = 424.5 x (474/628) (420 +50)
50)1525]611/155.9) /12.38)(611/26.9)
=434.6 x 0.75 x 0.43 x 1.09 =434.6 x 0.75 x 0.70 x 1.09
=153 MFPa =249 MPa
F3 =310/c, F3 =310/c,
= 310/153 = 2.03, say = 1.50? =2310/249 = 1.24
.. Permissible Ild =206 x15x 0.6 x 0.77|.. Permissible I/d =26.6 x15x 0.6 x 0.77
x 150 = 37.1 x 124 = 30.7
Actual lld = 9000/257 = 35 .. |Actual I/ld =9000/257 = 35
oK .. ho good
".Use 2 H20/rib (628 mm?/rib)|Try 1H25 + 1H20/rib (805 mm?/rib)
d =254 mm; K = 0.025;
z=241mmA,,, =480 mm’
Lo, =424.6(460/805) [ (4.20 +
5.0)13.28] (611/55.2)
= 434.56 x 0.60 x 0.70 x 1.09
=199 MFPa
F3 = 3101199 =156 but <150
Permissible I/d4
=26.6x15x 0.6 x0.77 x 1.50
=371
Actual I/d = 9000/254 = 2564 _... OK
Use 1H25 + 1H20/rib (805 mm?/rib)
65 3.3.10 |[Figure 3.15 See B below
69 3.3.10b)|Support B (and C): bottom steel curtailment |Support B (and C): bottom steel curtailment
il BA and BC To suit prefabrication 2 no. BA and BC To suit prefabrication 1 HZ20 +
H20/rib will be curtailed at solid/rib interface, |TH25 /rib will be curtailed at solid/rib
1000 mm from B, (B towards A) and B. interface, 1000 mm from B, (B towards A)
and B..
69 3.3.10c) |Laps Laps
At Ag check lap 1 no. H20 B to 2 no. H20 B in |At Ag check lap 1 no. H20 B to 1 H20 B +
rib full tension lap: 1H25 B in rib full tension lap:
lo= 0t A lyras > lomin lo= 0 g lyrgy > lopmin
where where
o, =10 (c,=45mm,ie. < 3¢) o, =10 (c,=45mm,ie. < 3¢)
a; =15 (as > 50% being lapped) a; =15 (as > 50% being lapped)
braa = (@/4) (0,4/%,4) bras = (@14) (0,4/%,4)
where where
o =20 o =20
o, =434.6 o, =434.6 (bar assumed to be fully
fou = 3.0 MPa as before stressed)
fy = 3.0 MPa as before
65 3.3.10d)|Figure 3.17 See C below
74 3.4.5b) |[F3 =310/0,<15 F3 =310/0,<15
where where

2 Both Agprod Asreq aNd any adjustment to N obtained from Expression (7.16a) or Expression (7.16b) is restricted to 1.5 by

Note 5 to Table NA.S in the UK NA.
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G, = 0y (Asyoal A
where
o,, = (5001.15) x (65 + 0.3 x 4.0)
116.6 = 254 MFPa
(or = 253 MPa (From Concise
Figure 1.5 for G/Q,= 2.1, v, =0.3
and y,=1.25)
O = redistribution ratio = 1.03
. 0, ~ 255 x (1324/1570)11.03 = 207
. F3 =310/207 =150
.. Allowable I/d = 20.5 x 1.2 x 1.50 = 36.5
Actual I/d = 9500/260 = 26.5 .. OK
Use H20 @ 200 B1 (1570)

) 118

5,prov.

6. = Gy (Aupenl Aupro) 16

where

o, = (500/N.15) x (6.5 + 4.0) 6.6 =
227 MFa

O = redistribution ratio = 1.03

o, = 527 x (152241570)11.03 = 267
o F3=310/267 =116
.. Allowable I/d = 20.5 x 1.2 x 116 = 26.2
Actual I/d = 9500/260 = 6.5 ...no good
Try H16 @100 (2010 mm?/m) and
FB = Aspros [ Auroq < 1.50

= 2010/ 1340 =150 <150
. Allowable I/d = 20.5 x 1.2 x 1.50 = 36.5
Actual I/d = 326.5 ... OK
Use HI6@100B1 (2093 mm?/m)

78 3.4.7b) |Allowable I/d = N x K x F1 x F2 x F3 Allowable I/d = N x K x F1 x F2 x F3
where where
N =262 (p=0.40%,f,=230) N =262 (p=0.40%f,=30)
K =12 (flat slab) K =12 (flat slab)
F1. =10 (bilb, =1.0) F1 =10 (bilb, =1.0)
F2 =10  (no brittle partitions) F2 =10  (no brittle partitions)
F3 =310/0, F3 = Ao [Areq <150
where =1005/ 959 = 1.05 <1.50
0,2 O (Asperl Asyr) 115
where
o,, =263 MPa (from Concise
Figure 1.3 and G/Q, = 3.6,
w, =03, y,=125)
O =redistribution ratio = 1.08
L o, & 283 x (999/1005)/1.0& = 250
. F3 =310/250 =1.24
S Allowable lld = 26.2 x 1.2 x 1.24 = 39.0 ~Allowable lld = 26.2 x 1.2 x 1.05 = 33.0
Actual I/ld = 5900/240 = 245 . OK Actual l/ld = 5900/240 = 245 . OK
Use H16 @ 200 B2 (1005 mm®/m) Use H16 @ 200 B2 (1005 mm?/m)
90 3.4.13 |Spans 1-2 and 2-3: Spans 1-2 and 2-2:
Column strip and middle strip: H20 @ 200 B Column strip and middle strip: H16 @ 100 Bl
92 3.4.13 |Figure 3.26 See D below
112 4.2.6 F3 =310/0,<15 F5 =A /A, .., <150

where
o,

El

in simple situations = (f,,/ 1)
(Asreal Agpror) (SLS loads/ULS
loads) (1/5). However in this case
separate analysis at SLS would be
re#duired to determine o,.
Therefore as a simplification use
the conservative assumption:
310/ 0, = (BO0/,) (Asreal Aspror)

= (BOO/500)x(4624/4158) = 1.16

5,prov o,red —

= 4624/41586 =116
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123 4.3.5b) [F3 =310/0,<15 F& = Ao Asrea <150
where =B892/5636=1.01
0= (i 16)(Asyonl Ao (OLS loads/ULS loads )(1/6)
=424.0x(B82D/082) [(478+025x 458)/(125 %
478 +15x 458)] x (1/10.245)
=434.56 x 0.99 x 0.45 x 1.06
=219 MPa
124 4.3.50) F3 =310/0,<15
= 310/219 =1.41
.. Permissibe d = 178x13 x 090x0B x 141=279 | .". Permisgible ld =178x15 x O20x0.25x 101 =200
Actual lld = 7500/252 = 29.6 .. no good |Actual l/d =7500/252 = 29.6 .. no good
Try 13 no. H25 B (6363 mm?) Try 12 no. H32 B (9648 mm?)
F3 = 310/0, FS = A prov [ Acrea < 1.50
= 310/219 x 13/12 = 1.5%? = say 1.50 = 9648 /5825=1.65% = say 1.50
. Perissite Vd = 178x12x090x095x150=297 |- FemissieVd =178X15x090x096x150 =297
Actual Lg/d = 7400/252 = 29.8 Actual I;/d = 7400/252 = 29.6
Say OK Say OK
s¢ 13 no. H25 B (6363 mm?2)|Use 13 no. H25 B (62863 mm®)
124 |4.3.6  |Figure 4.20 See E below
127 4.3.7d) |F3 =310/0,<15 F& = A pon [Asrea S150
where = 5826/5763=1.01
S =([/¥5)(Asren/ Ao (OLS loads/ULS loads )(1/5)
=424.6x (57862/5828)[(47.6+0.5x 45.8)/(125
x 475 +15x45.8)] x (110.208)
=434.6 x 0.99 x 0.4 x 110
=227 MPa
F3 = 310/0,
= 310/227 =1.57
.. Permissible I/d = 44.7 x 1.37 x 0.8& x 0.95
x 1.57 =701 .. Permissible I/d
Actual I/d = 7500/252 = 29.6 .. OK =447 x 150 x 0.65 x 0.95 x 1.01 = 56.6
Use & no. H25 B (2928 mm?)|(which is < 40K = 40 x 1.5 =60)
[Table NA.S Note 6]
Actual I/d = 7500/252 = 29.6 .. OK
Use & no. H25 B (3928 mm?®
133 4.3.10 [Figures 4.22 and 4.23 See F below
146 |5.3 Figure 5.6
300 mm flat slabs All columns 400 mm s¢ 200 mm flat slabs All columns 500 mm o4
153 5.3.8 Changes req’d
183 Refer- |la National Annex to Eurocode 2- Part 1- |1a National Annex to Eurocode 2- Part 1-
ences |1. BSI 2005 1. Incorporating Amendment No.1 BSI
2009
183 Refer- |5 R S NARAYANAN & C H GOODCHILD.|5 R S NARAYANAN & C H GOODCHILD.
ences |The Concrete Centre. Concise Eurocode |The Concrete Centre. Concise Eurocode
2, CCIP-005. TCC 2006 2, CCIP-005. TCC 2006 As Amended
®Both A, /A, .., and any adjustment to N obtained from Expression (7.16a) or Expression (7.16b) is restricted to 1.5 by

“Both A

5,prov

/A

S,prov

5,re e

Note 5 to Table NA.D in the UK NA.
and any adjustment to N obtained from Expression (7.16a) or Expression (7.16b) is restricted to 1.5 by
Note 5 to Table NA.D in the UK NA.

s,req
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2010

190

Bl.1

Delete existing text. See G below

New text:

According to Note 5 of Table NA.5 the NA
to BS EN 1992-1-1"¥ the modification
factor for service stress used with the I/d
method of checking the SLS state of
deformation (designated factor F3 in TCC
publications) may be determined as either

e 310/c, using characteristic load
combinations to determine the
service stress, o

or
e (500/ fyk)(As,prov / As,req)

In either case the modification factor is
restricted to a maximum of 1.50. In the
UK

fyk: 500 MPa.

Assuming o is proportional to ¢, and
using characteristic load combinations to
determine o produces values of 310/ =
1.00 +3% - 6%. and so is not as attractive
to using As prov /Asreq.

The use of F3 = Ag proy /Asreq< 1.5 is
therefore advocated in checking
deformation using the I/d method.

190

B1.2

See H below

191

Bl1.4

See J below

191

B1.5

See K below

201

c7

See L below

204

C8

See M below
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A Amends to p 51 Figure 3.7

3.2.11 Summary of reinforcement details

rb A v 300
250
200
1200 500, 600 | 1 600, 500,
H12 U-bars @ HIZ @175 T
- L 1 450
L 125
Thiz @ & HiZ @%T HiZ @ 225]
200)] |.500, 500, \% 500 NI250 500
——2
A 300
) |—> A ah 250
|Flgure 3.6 Continuous solid slab: reinforcement details ‘
B Amends to p 65 Figure 3.15
3310 Summary of design
2H16 + BH12/rib 2HIG + BH12/rib
H& links in 2 legs C /. ) [,
@ 175cc — L ="y | R —
.
1050 1000 1000 1050 10% 1050 2H20/ib
A A A £ 7 1H25 + 1H20/rib
y 7500 b 9000 L 7500 —— |
i ! 1 1 <%
f, =35 MPa
Cpom =25 mm
|F5gure 3.15 Summary of design |
C Amends to p 70 Figure 3.17
2H20/rib
1H25 + 1H20/rib
50C X0 X 2

Note curtailed bat
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D Amends to p 92 Figure 3.26

~
C D
© ®
i i
HE2@2007 ;
! B2om
= U-bars in pirs
@200

H20@200
—_AHIE @ 250 T2 H16@1OO
1 R —_HIG @175 e2"
@t .\f) SH20 8 175 12°
————_ 21208250T)
16820071 T~ @nawoT
Note:* Bpacing rationallsed to sult punching shear linke
IFlgum 3.26 Reinforcement detalls bay C-D, 1-2 ]
E Amends to p 124 Figure 4.20
|
25 cover
12 fabric :‘: —
& link - - ! S
16 bar
\ 25 bar
i 4 < 22 bar
1
'] “\ -_—16
Sober — T o
Bl *% - - b i 5 link
25 per— i 75 cover
|Figurk4.20 Section at rib-beam interface | ‘
\ 20-bar
20/25 bar
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F Amends to p133 Figures 4.22 and 4.23

4.311 Summary of design

I—}X

HIO links in 12H20T 12H20T
12legs @150 cc  14H25T 12H25T 14H25T
—— — —— — —
i
\f
— * - * — f
A B C D E
@Héﬁ&\ 12H20B 12H20B K
13425
% 12H32
[ﬂgure 4.22 Summary of desigﬂ X2
T25in
section
X2,

[Figure 4.23 Section X—X ]
G Amends to p190 B1.1

B1.1 TCC method®™

Pl is intended
pvailable ULS moments®
A ool A eq 1S Testricted to T to 1.5

sprov! s req

Jwhere*
0= (fyk/ 7s) (qu/ W) (Asjreq[As,pmv

= redistribution ratio

[n-service stress of reinforcement, o, is used to dem factor, 310/g;, which is u

Amends to Worked Examples to Eurocode 2 - Jan 2012.doc
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NewText

According to Note 5 of Table NA.5 the NA to BS EN
1992-1-1" the modification factor for service stress
used with the I/d method of checking the SLS state of
deformation (designated factor F3 in TCC
publications) may be determined as either

. 310/c5 using characteristic load combinations
to determine the service stress, o

or
o (500/fy)(Asprov IAs req)

In either case the modification factor is restricted to a
maximum of 1.50. In the UK

f = 500 MPa.

Assuming o is simply proportional to the ultimate
stress, oy, produces values of 310/cs= 1.00 +/- 5%
and so for hand calculations is not as attractive as
using As,prov /Asreq.

The use of F3 = As prov /Asreq < 1.5 is therefore
advocated in checking deformation using the I/d
method by hand.
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H Amends to p190 B1.2

B1.2 RC Spreadsheets method®

The RC spreadsheets TCOxcxls 128] use the span:de
an accurate method for determining g (see B3,Z’below

method of checking deformation but use,
), which agasém is used to determine tjfe

moderating factor = 310/ g, Agskh Fer ety
! R . el TP S
e IHS.P ”s.req‘ a=rioai— oo ” "

e irrefieestii -

Separate analyses Using quaspasmaneni=eads nced to be carried out. For each s

neutral axis depth is determined, then g_ and g, are derived for the g

combination values
of actions

combination values of actions
taking account of SLS moments,
compression reinforcement,

As prov 1As req, ELC.

(1]

candivier. The factor=seds-Used in accordance with Eurocode EWent National
Annex®l to modify thew

310/cs

=t e assessment of g, it is only

5. SoauioOuinpianaineB’,

ly assumed to be pinned. In reality supports
lly, nominal top steel is assumed and
W of section properties.

In the analy)is of slabs and beams, supports are us
have some dontinuity, especially at end supports. Us
provided in the top of spans and is used in the determina

[1a]

J Amends to p191 B1.4

e

NewText

an accurate

were

B1.4 Differing results

During 2008, it became increasingly apparent that there nsistencies between the results

given by the rigorous calculation method and span:depth methods described in Eurocode
Using the rigorous method gives deflections that are greater than would be expected from

)

the assumptions stated for L/d methods i.e. deflection limits of 1/250 overall (see CL 7.4.1(4
or 1/500 after construction (see Cl. 7.4.1(5)). It is suspected that this disparity is the same as
that experienced between span:depth and calculation methods in BS 8110: a disparity that
was recognised as long ago as 1971 B3 The rigorous method described above relies on many
assumptions and is largely uncalibrated against real structures. As noted in TR58, there is an
urgent need for data from actual structures so that methods may be calibrated. It should be
noted that the rigorous analysis method observations were made using frequent loads where, in

WUrocode 2, quasi-permanent loads are called for.

Add new text

using the quasi
permanent values of
actions (see B.4)

New para

sag that a nominal end-support restraining morment jspreSent where none is
assumed in analysis. CautioMNeerefore necessary in true pinned epaslipport situations but where
some continuity exists, this dispanty™agy be addressed §3 uring that appropriate amounts of
reinforcement, in accordance with the Code Mya#@Mal Annex, are provided at end supports.

stipulates that 25% of end span
grrfetermine end support reinforcement. Thisdg usually accommodated
ST end span bottom steel as top steel at end supports. T™N&gn this basis that

Amends to Worked Examples to Eurocode 2 - Jan 2012.doc
of 13

In the light of the
above disparity and
pending clarification,
the UK NA was revised
and published in
December 2009 as
detailed in B1.1 above.
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K Amends to p191 B1.4

B1.5 Note regarding factor 310/ g, (factor F3)

ublication (December 2009) the authors were aware of a probable change to
el gffect, would mean that the factor 310/0; (F3) = Ao/
in Sections 3.1, 3.2, 3.3, 3.4, 4.3 an

UK NARE Table NAT
< 1.5, thus disallowing the accurate
Appendices B1.1, B1.2 and C7.

u

L Amends to p201 C7

F3=

factor 1o account for service stress in tensile reinforcement = eFo—=5

=

New paras

Prior to the publication of the
revised UK NA[1a] it was allowable
to calculate the moderation factor
using in I/d verifications of
deformation(F3) by using quasi
permanent loads.

Assuming o due to quasi
permanent actions is proportional
to oy, the method as outlined in C8
may be used to determine oy in
verifications of crack widths, etc.

onservatively, It a service stress, g, of 310 MPa Is assumed for the designed a

of (3 Aeethen F3=A_ m!Amqs‘l.S.

More acculsely,* the serviceability stress, g, may be estimated as jattows:
0, = fud Vs[(Ge FQ(1:25G, + 1.5Q)] [Ag gl As prod (1/6,

or

G = Oy [’d's,req"‘d'sprov] (176

whera . :

a, = the unmodified eel stress, taking account of y, fo
reinforcement gad of goMg from ultimate actions to serviceability
actions

= 500/3eC, + v,Q V(125G + 1.
may be estimated from Figure C3 asNQdicated by the blue
arrow

As s proy = area of steel required divided by area of steel provwded.

/d) = factor to ‘un-redistribute” ULS moments so they may biNged i

this SLS verification (see Table C14)

Actual [/d = actual span divided by effective depth, d.

Amends to Worked Examples to Eurocode 2 - Jan 2012.doc

of 13

New text:
either

service stress, os
or

° (500/fyk) (As,prov /As req)

restricted to a maximum of 1.50.

e  310/cs using characteristic load
combinations to determine the

In either case the modification factor is
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M Amends to p204 C8

C8 Control of cracking

Cracking may be controlled by restricting either maximum bar diameter or maximum bar
spacing to the relevant diameters and spacings given in Table C15. The appropriate SLS stress in

reinforcement, g,, may be determined as outlined W

below

0= fykj 1ol1Gy + ¥,Q)/(1.25G,+ 1.5 [AmJ Aspmv} (1/9)
or
0,= 0y [yl Asrnl (110

where

0, =the unmodified SLS steel stress, taking account of y, for

reinforcement and of going from ultimate actions to serviceability
actions
= 500/3,(C, + ¥,Q (1256, +15Q)

0, May be estimated from figure C3 as indicated by the blue
armow

AWJAS‘Prw = area of steel required divided by area of steel provided

(V) = factor to'un-redistribute’ ULS moments so they may be used in
this SLS verification (see Table C14)

New text ex p 201:

Amends to Worked Examples to Eurocode 2 - Jan 2012.doc
of 13

chg 25 Feb 2010
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Page 13 — Wind loads

In the following extract, q», should be calculated at g, = 0.0006 v,> kKN/m?2.

2.6 Variable actions: wind loads

This Section presents a very simple interpretation of Eurocade 11" V2l and is intended to
provide a basic understanding with respect to rectangular-plan buildings with flat roofs. In
general, maximum values are given: with more information a lower value might be used. The
user should be careful to ensure that any information used is within the scope of the application
envisaged. The user is referred to more specialist guidancel®® 24 or BS EN 1991-1-412°] and
its UK National Annex/2°2]. The National Annex includes clear and concise flow charts for the
determination of peak velocity pressure, q,

In essence characteristic wind load can be expressed as:

Wi =Gy

where
G = force coefficient, which varies, but is a max. of 1.3 for overall load
9p(z) = Cefr) CeT T
where

Cofr) = exposure factor from Figure 2.3 o

c,; = town te;rain facztorfrom Figure 2.4 Figs NA.7, NAB
q, = 0.006v ¢ kN/m
where
Vy = Vb,'ﬁajcalt
where
Vi mep = fundamental basic wind velocity from Figure 2.2
¢, = altitude factor, conservatively, ¢, = 1+ 0.0014 EFH"‘:
Fig. NA.1
where

A = altitude a.m.s.|

Symbols abbreviations and some of the caveats are explained in the sections below, which
together provide a procedure for determining wind load to BS EN 1991-1-4.

Page 83 — Flat slab: Punching shear for column C2

In accordance with clause 6.4.5 of BS EN 1992-1-1:2004+A1:2014 and the UK National Annex, Veq< 2
Vrd,c at the basic control perimeter, ui. This requires an additional check in section 3.4.10b (extract
below) — this is as follows:

Veg = 1.17 MPa

Viac= 0.61 MPa => 2 Vg = 1.22 MPa > Vg => OK



b) Check shear stress at control perimeter u, (2d from face of column) Cl. 64.2

Veg = BYelud < vgy,

where
B. Ve, and d as before
u, = control perimeter under consideration. Fig. .13

For punching shear at 24 from interior columns
u, = 2(c, + cy} + 2R % 2d = 4741 mm
115 x 1204.8 x 103/4741 x 250 = 117 MFa

Ved =
Veap = 0181y, k (100 pf,)02%° Exp. (6.47) & NA
where
Yo =15
k =1+ (200/4)°° < 2 k =1 + (200/250)°° = 1.89
o= (p:}, 0,)05 = (0.0085 x 0.0048)°5 = 0.0064 Cl. 6.4.4.1(1)
where
Py P, = Reinforcement ratio of bonded steel in the y and
z direction in a width of the column plus 34 each
side of column®
=30
Ve = 01815 x 1.69 x (100 x 0.0064 x 3019332 = 0.61 MFa

.. Funching shear reinforcement required Table C5*

Page 86 — Flat slab: Punching shear for edge column

In accordance with clause 6.4.5 of BS EN 1992-1-1:2004+A1:2014 and the UK National Annex, Veq< 2
V4, at the basic control perimeter, u;. This requires an additional check in section 3.4.11b (extract
below) — this is as follows:

Veg = 1.23 MPa

VRd,c= 0.64 MPa=>2 VRd,c= 1.28 MPa > Veg => %



b) Check shear stress at basic perimeter u, (2.0 from face of column) Cl.e4.2

Ve, = .B‘/Ed.fu1d < Ve

where
p. Ve, and d as before
u, = control perimeter under consideration. Fig. 615

For punching shear at 24 from edge column columns
Uy =€y + 26+ T X 2d = 2771 mm
v, = 14 x 6095 x 10%/2771 x 250 = 1.23 MFa

Voo = 018/ y- x k x (100 plfskjo'm Exp. (6.47) & NA
where

y- =15

k = as before =1 +{200f250:}o'5 =189

o = (pye)"”

where Cl. 6.4.4.1(1)

Dy 0, = Reinforcement. ratio of bonded steel inthe y and z direction
in a width of the column plus 3d each side of column.
Oy (perpendicular to edge) 10 no. H20 T2 + & no. H12
T2 in 2 x 750 + 400, i.e. 3818 mm? in 1900 mm
Py = 2818/(250 x 1200) = 0.0050
0, (parallel to edge) 6 no. HZ0 Tl + 1 no. TI2 Tl in 400 +
750 i.e. 1997 mm? in 1150 mm.
~p, = 1997/(250 x 1150) = 0.0069
o, = (0.0080 x 0.0069)"° = 0.0074
f, =30

Vea, = 01815 x 189 x (100 x 0.0074 x 30)°333 = 0.64 MPa Table C6*

. Punching shear reinforcement required

Page 88/89 and Figure 3.25 — Flat slab: Punching shear for edge column with hole

In accordance with clause 6.4.5 of BS EN 1992-1-1:2004+A1:2014 and the UK National Annex, Veq< 2
Vra,c at the basic control perimeter, u;. This requires an additional check in section 3.4.12b (extract
below) — this is as follows:

Veg = 1.40 MPa

VRd,c= 0.64 MPa => 2 Vgy=1.28 MPa < Veg => need to increase p




b) Check shear stress at basic perimeter u, (2.0d from face of column) Cl. 642
Vea = BVea/uid < vy

where
p. Ve, and d as before
u; = control perimeter under consideration. For punching shear Fig. 6.15
at 2d from edge column columns
Uy = C, + 26+ T X 2d = 2771 mm

Allowing for hole
200/(¢,/2): xI(c)/2 + 2d) Fig. 6.14
200/200: x/( 200 + 500)
~ox =700 mm
uy = 2771 =700 = 2071 mm
Ve, = 14 x 516.5 x 10°/2071 x 250 = 1.40 MFa

Vede = 018/ x k x (100 pf,,)02%° Exp. (6.47) & NA
where

e =15

k = as before =1 + (200/250)°° = 1.89

o = (,U|yp|z)o'5

where

Oy P, = Reinforcement ratio of bonded steel in the y and
z direction in a width of the column plus 34 each
side of column Cl. 6.4.4.1(1)
oy (perpendicular to edge) & no. H20 TZ + 6 no. HI2
T2 in 2 x 720 + 400 — 200, ie. 3190 mm? in 1640 mm.

Py = 3120/(240 x 1640) = 0.00861
0 (parallel to edge) & no. HZ20 T1 (5 no. are
effective) + 1 no. T12 T1 in 400 + 750 — 200, i.e.
1683 mm? in 950 mm.

.0, = 1683/(260 x 950) = 0.0068

]

o, = (0.0081x 0.0068)°° = 0.0074
f, =30
Veqo = 018/15 x 1.89 x (100 x 0.0074 x 30)° = 0.64 MFa Table C6*

.. punching shear reinforcement required

Page 94 — Punching shear reinforcement: Ve4 / Vra.c

After publication of the guide, a limit on Veq/ Vrdac Was introduced. The recommended limit in
accordance with clause 6.4.5 of BS EN 1992-1-1:2004+A1:2014 is 1.5 at the basic control perimeter,
u1, however the UK National Annex recommends a limit of Veq< 2 Vgg,c.




VEd/VRd,c

In late 2008, a proposal was made for the UK National Annex to
include a limit of 2.0 or 2.5 on Vi [/Vy ,  (or vg,/vi, ) within punching
shear requirements. It is apparent that this limitation could have
major effects on flat slabs supported on relatively small columns. For
instance in Section 3.4.12, edge column with hole, VEd/VRd,G = 2.18.

Page 130/131 — Continuous wide T-beam: Punching shear for column B

In accordance with clause 6.4.5 of BS EN 1992-1-1:2004+A1:2014 and the UK National Annex, Veq< 2
Vra,c at the basic control perimeter, ui. This requires an additional check in section 4.3.10 (extract
below) — this is as follows:

Veg = 1.17 MPa
VRd,c = 0.68 MPa => 2 Vgg,c= 1.36 MPa > Veg => OK

4310 Check for punching 5hear',| column B
As the beam is wide and shallow it should be checked for punching shear.
At B, applied shear force, V_, = 569.1 + 517.9 = 1087.0 kN.

Check at perimeter of 400 x 400 mm column: Cl. 6.43(2),
Vea = PVeUd < Ve ma 6.4.5(3)
where
f = factor dealing with eccentricity; recommended value 115
Ve, = applied shear force Flg. 6.21N & NA
u, = control perimeter under consideration. For punching shear Cl. 8.45(3)
ad|acent. to interior columnse u, = 2(¢, + 51.-) = 1600 mm
d = meand =245 + 226)/2 = 255 mm Exp. (6.32)
Veg = 115 x 1087.0 x 10°H600 x 235 = 3.32 MFa
Veamae = 09V, Cl. 6.4.5(3) Note
where
v = 06(1-f,/250) = 0516 Exp. (6.6) & NA
f,= a Ay, =10x10x3515 =233
Veamse = 09 x 0516 x 25.3 = 6.02 MFa - O Table C7*
Check shear strese at basic perimeter v, (2.04 from face of column): Cl. 642
Vea = PVealtid < Ve
where
B. V;, and d as before Fig. 6.13

% In this case, at the perimeter of the column, it is assumed that the strut angle
is 457, 2. that cot. @ =1.0. In other cases, where oot @< 1.0, vy, 5 availabla
from Table C7.




u, = control perimeter under consideration. For punching shear
at 24 from interior columne
= 2(c, + t'-_;,l + 21 % 2d
= 1800 + 2r x 2 x 235 = 4553 mm
4 = 115 x 1087.0 x 10%/4553 x 235 = 1.17 MPa
= 018/ y. x k x (100 pf )" Exp. (6.47) & NA

e

YRdr

where
Yo = 15

k 1+ (200id)°F <2
1+(200/235)°~ = 1.92
o = (o 07" Cl. 6.4.4.1(1)
where
Dy, 0y, = Reinforcement. ratio of bonded steel in the y and
z direction in a width of the column plue 34 each

side of column.
=BE74/(2000 x 226) = 0.0152
p.  =78/[900 x 245) = 0.0036
o = (0.0152 x 0.0036)°% = 0.0074
f,=23b
= 0.18M1.5 x 1.92 x (100 x 0.0074 x 35)°3% = 0.68 MFa® Table C6*
. punching shear reinforcement. required

Yedr

Page 200 — Design for punching shear

After publication of the guide, a limit on Veq/ Vrdac Was introduced. The recommended limit in
accordance with clause 6.4.5 of BS EN 1992-1-1:2004+A1:2014 is 1.5 at the basic control perimeter,
u1, however the UK National Annex recommends a limit of Veg< 2 Vrg,c.
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