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EUROCODES SPREADSHEETS STRUCTURAL DESIGN
SECTION 1 FLEXURE_EC2_UKNA

section1 Flexu re_EC 2_U KNA

1.1 General: FlexureRectangularBeamsAndSlabs.xls

his sheet allows for the design of a section of solid slab or a rectangular beam
T section. The spreadsheet calculates the area of longitudinal steel
reinforcement in accordance with EN 1992-1-1:2004 Eurocode 2: Design of
concrete structures - Part 1-1: General rules and rules for buildings and BS NA
EN 1992-1-1 (2004) (English): UK National Annex to Eurocode 2. Design of
concrete structures. General rules and rules for buildings.

All applied loads and moments should be ultimate and positive, as positive
moments induce tension in the bottom reinforcement (A,). The user is required
to input desired amounts of redistribution § to the initial moments according to
Cl. 5.5(4) “Linear elastic analysis with limited redistribution”.

With respect to cantilevers, the additional tensile force in the longitudinal
reinforcement due to shear (input Vi,#0) in the design section is calculated from
Exp. (6.18) - Cl. 6.2.3(7).

With regard the concrete, the minimum strength used is C12/15 (Table 3.1). The
spreadsheet allows input for grades of concrete up to C50/60. Input is self
explanatory but, in order to facilitate use of this spreadsheet, some degree of
automation has been introduced.

The rectangular stress block shown in EN 1992-1-1, Figure 3.5 “Rectangular
stress distribution” is used.

Where more than one horizontal layer of bars are required per section, the user
may choose to specify up to 4 separate layers per reinforcement in order to
increase section strength. The spreadsheet takes automatic measures to ensure
minimum spacing of reinforcement is met (Cl. 8.2(3) “Spacing of bars”).

Combo-boxes to the right under “DETAILING” Excel® Form define minimum bar
sizes to be used. Combo-box to the right under “PreCalculus” Excel® Form define
concrete characteristic compressive strength at 28 days.

To ensure proper placing and compaction of concrete around reinforcement, a
maximum steel content is also specified and checked. Thus the maximum area of
tension reinforcement in a beam (or solid slab) should not exceed 4 per cent of
the gross cross-sectional area of the concrete (Cl. 9.2.1.1).

Topic: User’s Manual/Verification tests - FlexureRectangularBeamsAndSlabs.xls page 5



EUROCODES SPREADSHEETS STRUCTURAL DESIGN
SECTION 1 FLEXURE_EC2_UKNA

A

No check is performed in order to control cracking of the concrete. Therefore the
minimum area of tension reinforcement is checked (Exp. 9.1N, Cl. 9.2.1.1).

To avoid sudden failure it is important to ensure that the tension steel reaches
its yield stress before the concrete fails in compression. Tests on beams have
shown that the steel yields before the concrete crusches when the depth “x” to
the NA (neutral axis) depth does not exceed ~0,45d (with “d” effective depth of
tension reinforcement) and hence that the steel in tension will reach its ultimate
stress before the concrete fails in compression.

If the value K = M/(bd?f,,) for a particular beam or slab was found to be greater
then a particular limit K’ it would indicate that the concrete above the NA was
overstressed in compression. Therefore either the beam (or slab) would have to
be increased in size, or compressive reinforcement would have to be introduced
above the NA to assist the concrete. Compression reinforcement (A,,) is checked
and eventually calculated. No check is performed in order to control beam
deflection.

1.2 Layout

The basic layout for Flexure EC2 sheet is shown on the following screen dump:

FlexureRectangularBeamsAndSlabs.xls

A | 8 | ¢ | o [ E [Ff e [ W [ 0 [ 4 k] L | ™M | N | ©

>l

El

| 22 |

23]

% Eb DETALING | @%) PreCalculus | @#) Print out | g
EB

| 27 |

| 26 v
W« v n]\Splash JETENGEN sl Il>'|f'

STATUS: s
EUROCODES [ttt
SIP RIETA D S HEEENES Fecalculation made for the warkboaok: Automatico

St r tura | Desian Mumber of active sheets: 27
uctura €sigr Murmber format (- systern =) # #HE

Mame of the operating environment: podos

Current aperating systern version: Wingows (32-bif) NT 5.07
Version of Microsoff® Excel® release 71.0

Host Mame / Computer Mame  WIRDOWS

Current User Mame: %P

Carlo Sigmund

http:#feurocodespreadsheet

Figure 1.1 Sheet “Splash” from Excel® 2003.
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EUROCODES SPREADSHEETS STRUCTURAL DESIGN
SECTION 1 FLEXURE_EC2_UKNA

PreCalculus Form:

Flexure (commercial version): beams and slabs (for grades of concrete up to C50/60)
Sigma_s2 = 0,963 x 0.87fyk. dz {compressed steel not yielded: d2/d = 0,14 > (d2/d)lim,el = 0,132). . A
{ & Meg ;
0 . L —
X A ! b ;b(‘ F. <+ ¢
neutral axis
h d ,
\ As \ fst Wigwy Motes ‘
—| e ee / & I
a) Section b) Strain c) Forces
DETAILS ‘
GEOMETRY INPUT NOTE
Use the proper decimal separator (please, check your system configuration).
Concrete compressive strength (@ 28 days): fck = 35 = | Nmm? d2<
; o d2 < 115 mm
Strength of reinforcement - Class B,C (characteristic strength): fiyk = 300w
Section width: b= 300 mm QUIT
Section height: h= 400  mm Cl. 5.5{4)
Redistribution ratio = = k& [Cl. 5.5(4) EN 1992-1-1] a=| 075 h—d= 723 mm k1= 04
Provide compression steel: K > ' Fecalculate for d2 = 0. d2 = 46 mm W= 1
z (for K' instead of K) = 2817 mm < 0,95d = 311,1 mm. K= 0,136 [] K= 07
Bending moment (ULS): Mcy, = 250 kNmo A, = 73,60 kNm Mg, =| 423,69 kNm
OUTPUT Cl. 6.2.3(7)
Ml 7 =050 [1+(1-3,529 K%
K= Ed — " ' ' = 7= mim WEd [ki] 200
beff, H {z <0,95d
(K = k) f bef cot(f)= 25
A, = e g, = [T MPa A= T e e
O 1T o[*]= 80

Figure 1.2 Input (white blank test boxes) and calculus (blue text boxes). Default value for § = 1 (red).

EN 1992-1-1 CL. 5.5(4) (for grades of concrete up to C50/60)

Linear elastic analysis with limited redistribution:

kl=]| 044 [] k2=] 1,25 [] ki = 0,7 [
MOTE: Class B and Class C reinforcement is used (Annex C.

Data saved successfully!

NOTE. Default input value for § = 1,0 (See PreCalculus).

QUIT

Figure 1.3 Input values ky, k; and ks. Default values (EN 1992-1-1).

Topic: User’s Manual/Verification tests - FlexureRectangularBeamsAndSlabs.xls page 7



EUROCODES SPREADSHEETS STRUCTURAL DESIGN
SECTION 1 FLEXURE_EC2_UKNA

View Notes Form:

Mote: AsZ {good) [Try 6H20 x 1 layers, Single layer with: HZ0 @ 60)] and As {good) [Try SH24 x Z layers, Single layer with: H24 @ 747]

Microsoft Excel

Figure 1.4 Example. Required compression and tensile reinforcement.

N. Annex Form:

DETAILS Form:

Cross-section details

F Use the proper decimal separator (please, check your system
=Cpn T Ac ey configuration).
- Reinforcement geometry

¢ * . Exp. (4.1] - Mominal caver: chom = [ mm
i T_. ﬁ’A @ @ ;@\_._ _| _* Diameter of the links: Plink = mm

Diameter of the compression steel @nc= | 20 =| mm

(l}n & Diameter of the main tensile steel dnt=| 24 | mm

1 Layers Maximum size of aggregate: dg = ]— mm

I.f.you need to cﬁange on|§: the diameters of the reinfﬁrcing bars do
it without saving!

Additional tensile force in the longitudinal reinforcernent due to shear

— EN 1992-1-1 Cl. 6.2.3(7) Exp. (6.18) -

] £ :Jv Layers Design shear force (ULS): WEd = l— KN

(l}nt Yertical depth of cross-section: h= mm

® & 9 | [Exp. (BTN} 1<= cot(8) <=2,50] cot(8) = H
“ \. = —.— —‘j — |— . [ shear reinfarcement angle] o= "]

¢Iink j ) ) Maote: for a beam cross-section o = 90° means vertical links.

c

nam Cmin +AC ey SAVE PreCalculus ‘ QUIT ‘

Figure 1.5 Coloured in blue the necessary inputs.

& How to remove links to Excel file “FlexureRectangularBeamsAndSlabs.xls”:

Removing links to Excel file

.
1 J Select all the kext in the Word document and then use the key combination "CTRL + SHIFT + F9",

page 8 Topic: User's Manual/Verification tests - FlexureRectangularBeamsAndSlabs.xls



EUROCODES SPREADSHEETS STRUCTURAL DESIGN
SECTION 1 FLEXURE_EC2_UKNA

1.3 Output - Word document (calculation sheet)

Example calculation sheet (output):

84163.doc (Anteprima) - Microsoft Word

ta  Misuslizza Inserisci  Formato  Strumenti  Tabella  MathType  Finestra 7 Adobe PDF  Acrobat Comments

|3 | 77
SRR RN R Y- - S R T R PN T DR CR RS E OIS IS - IS R
Project: ¥7
Thiant: 77
V) Job Mo F7 V)
L &\ |Bending:doubl reinfo ced section| L &\
\\ Design by: 77 \\
) )
jimda com/ {YourLoga) 1) Review by: 77 jimda com/ fVour Logn)
Flexure beams and slabs (rectangular cross-section) ! Ref. EMN 1332-1-1
—Doubly reinforced section— | Sec. 3.1.7(3) Maximum size of aggregate: d, = 20 mm
; Exp. [3.19]-[3.21) Effective depth:
Geoametry cross-section i Sec.i85 o= h — Crom — B — 05 Puen = (300 =25 — dypy— 0,5 doer o)
Rectangular shape: i where:
Width b = 300 mm ! g 1= the diameter of the shear reinforcement
Height h = 500 mm ! e, 2OUivalent vertical dimension (MS tensile bars in bl :
|
Analysis i Depth to centroid of compressive reinforcement from com
Design moment (additional tenzile force due to zhear conzidered): ; Exp. [5.18]applied 2= 42,5 MM = o + Bira+ 0,5 ez
= Mgy = 350,00 kMm (sssuming — 20% moment redistribution: & = 0,800, ' o
Cl ! Q, Linear elastic anzlysis with limited redistribution
Materizls —characteristic/ design strengths ! Ratio of the redistributed moment to the elastic bending m
Cancrate | Table 3.1 =080 =k, + kz¢d (for {4, = 50 MPa)
Strength class for concrete: i
: 6= 0,80 = 0,4 +[1-(06 + 0,0014 /5, ] 4d (far T, = 50 MP
fo = 35 MMM = 35 MPa )
! 6= 080 = ks = 0,7 (for reinforcement Class B and C).
fog = tigfadye = 08541 ,50 = 19,83 Mimm? I
| With 5o = 350 000 (for T, = 50 MPaY
Steel i x4 = 0,400 (for linear elastic analysis with limited redistri
Strength of reinfarcement (Clasz B, CX | Table C.1 - Annex C K'=0,45301 — 0,4, 0d) »fd = 0,152
T4 = 500 K/mm® = 500 MPa !
| Compressive steel
o = Tl = Tl 15 = 0,871, = 435 Mimm® = constant | Bl.3.2.7(2)b) d-=425mm =3x,= 173 mm (satizfactory).
E, =200 GPa; f,,/E, =0,002174 [-]. i 2= ool = 0,098 [].
: Let
- Beam lever arm [ 2.5 — modified = o o ) )
@) For arades of concrete up to CS0B0, fap= 351000, 1 =1,5=0,8 | 039 -medis Q %2 =g gz, Wihinthe range (0 1] (0:2= 0,871 for o2
; .
3 E 0,0035
| Ga= i 2y fd =) 21,00 — oy =1,00[
& . e ; 2TOETE, x,d M 2
. . , : ooo3s 00035 -05871f, /E
I [F% L ! e = 01521
ol gl =E-freredeee neutral axis | *y Tzimer
| i 1 0,2 = 0,0, 571, = 435 MPa (compressed steel vielded: v.:
, i
LA ' Flexural design
a) Section b strain €) Forces ! K = Meyftbdy) = 0,178 = K' =0,152
! [provide compression reinforcement).
- . | Ford = 08x,;
DI.II'BFII“IV and :.a\rer toreinforcement i using K instead af K; .
Mominal cover: : zid = 0,501 + (1 —3,529-K9°7 = 0,840 (z/d limited to a me
Crom = Cin + &yes = 25 MM , Exp.(4.1] z=05840d = 3634 mm (beam lever arm)
:'3] *_}
N F erance file: o :
| 12012014 | Caleulation sheet Page 1 of 2 | | H e Ramtanaul i Basr irid 81 20% x5 | 120152014 | Caleulation sheet Page 2 of 2

1 [ﬂ Im

= il 143 A 559cm Ril Cal 1 REG REV EST 55C Inglese (U.S

Figure 1.6 Sample print with compression steel (Word® Office® must be installed on your system).

Topic: User’s Manual/Verification tests - FlexureRectangularBeamsAndSlabs.xls page 9



EUROCODES SPREADSHEETS STRUCTURAL DESIGN
SECTION 1 FLEXURE_EC2_UKNA

1.4 Flexure_EC2 (Beams and slabs) derived formulae

According to EN 1992-1-1 Sec. 3.1.6 “Design compressive and tensile strengths”
the rectangular stress block shown in the Figure 1.7 below is used:

d
e & Mg .
| ° ™ [3 ‘ —
X A, ? sc ;LX, FS:— < : c
neutral axis —
] e I
z
A
Y 5 / Y F, st
y — |0 0@ / & >
a) Section b) Strain c) Forces

Figure 1.7 Strain and design forces in a section. Ag = tensile reinforcement. A5, compression
reinforcement. Beam cross-section with height “h” and width “b".

We know from theory of bending that when bending is induced in a rectangular
beam the material fibres above the neutral axis are subjected to compressive
stresses and those below to tensile stresses. Concrete has excellent qualities for
resisting compression. However, its resistance to tension is so poor that it is
ignored. Instead, steel reinforcement is introduced to resist tension.

For any beam to be adequate in bending, its internal moment of resistance must
not be less than the externally applied bending moment. Therefore the design
ultimate resistance moment M of a concrete beam (or slab) must be greater than
or at least equal to the ultimate bending moment Mgg.

SINGLY REINFORCED SECTIONS. For grade of concrete up to C50/ 60:(1)

€y = 3,5/1000, n =1 and A = 0,8 (see figure above).

The ultimate design strength of concrete and steel are respectively:
f, = ayf,/v, = 0,85f,/1,5

fog = f/7s = f,/1,15 = 0,87f,, .

For singly reinforced section, the design equation can be derived as follow (see
Figure 1.8 below):

F, = (0,85f,./1,5)-b-(0,8x) = 0,453f,.bx
Fy = 0,87A,f,,

Considering moment about the centroid of the tension force:

(1) Cm/n means: fg = m [MPa] and fgy pe =n [MPal].

page 10
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EUROCODES SPREADSHEETS STRUCTURAL DESIGN
SECTION 1 FLEXURE_EC2_UKNA

0.8x < c

Z=d-0.4x

st |
> /

A\

Figure 1.8 Singly reinforced beam lever arm “z".

M = 0,453f,bx. With z = d-0,4x and x = 2,5(d-2):
M = 0,453f,b2, 5(d - 2)z
M = 1,1333f,b(zd - 22)

Let K = M/(bd2f,,),

M 1,1333f,b(zd — z2)
bd2f,, bd2f,,

1, 1333[3_(3)2]

Solving the quadratic equation, for the solution with the limit d > 0,8x:

3 = 0,5[1+/1-(3,529K)].

K =

K

Note The spreadsheet check and respect the limit z < 0,95d.

The area of reinforcement required (M = Mg, ) is:
A = __1_\_/[_1:31__ .
© 0 0,87f,z

REDISTRIBUTION RATIO According to Cl. 5.5(4) the ratio x,,/d is restricted by the
amount of redistribution carried out. Where x,, is the depth of the NA at ULS
after redistribution. For f,, <50 MPa:

C

3>k, + kz)—(dl] >k; where Class B and Class C reinforcement is used (see Annex C).

Note The values of k;, k, and k5 for use in a Country may be found in the National
Annex. The user may choose to specify which values to be used in the calculation.

Topic: User’s Manual/Verification tests - FlexureRectangularBeamsAndSlabs.xls page 11



EUROCODES SPREADSHEETS STRUCTURAL DESIGN
SECTION 1 FLEXURE_EC2_UKNA

Assuming for example k; = 0,4 and k, = 1:

Xy

Xy Xy
620,4+520,7 - 520,3 - 33(8—0,4)and

for%=0,45 - 820,45+0,4 = 0,85. Assuming x, = 0,45d:

M' = 0, 4531, bx,z
M’ = 0, 453f,b(0,45d) - [d— (0,4 -0, 45d)]
M’ = 0, 167f,, bd?

Therefore (for k; = 0,4 and k, = 1):

K= M 0,167 (see also Table below):
f bd2

% redistribution 0 5 10 15 20 25 30

K’ 0,208 0,195 0,182 0,167 0,153 0,137 0,120

Table 1.1 Limits on K’ with respect to redistribution ratio & for k; = 0,4 and k, = 1,0. Note - Cl. 5.5(4).

COMPRESSION REINFORCEMENT. The majority of beam used in practice are singly
reinforced, and these beams can be designed the formula mentioned above. In
some cases, compression reinforcement is added in order to:

1. increase section strength (i.e. where K>K')
2. to reduce long term deflection

3. to decrease curvature/deformation at ultimate limit state (ULS).
With reference to Figure 1.7, we need to consider an extra compression force:
Fsc = ASZGS2

where o is the stress value of the compression steel: 0 < o5 < 0,871, = 4.
From the proportion of the strain distribution diagram:

€0 _ Eag g2 _0,0035 . _&» _ 0.0035

Xy —d, T X, - X, —d, X, x, d X, (Eq. 1-1)
i d  q
Let Yo tim el = (dp/d)yyy, o fOr &g, = (-)-L?EZEYL(:
fontmet = %'(0’ 0035_91%25&) /0, 0035. (Eq. 1-2)

S

page 12
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EUROCODES SPREADSHEETS STRUCTURAL DESIGN
SECTION 1 FLEXURE_EC2_UKNA

For f,, = 500 MPa, E, = 200000 MPa and x,/d = 0,45: v, i« = 0,170.

If y, = dy/d >4 1im o1 » then it is necessary to calculate the strain ¢, from the Eq.
1-1:

X

72
G2 Q0085 o 0005 4 —. (Eq. 1-3)
X, X, X,
a3 d
Let o, = 92 within the range O<ay, <1 with ¢, = M:
0, 87, E.
XU
-T2
E, d
oo =g 87fyk'0’ 0035 = (Eq. 1-4)
d

Therefore, for v, = d,/d > v, jim o itis 0<ag, <1 (compression steel not yielded).
For v, <Yy jime itisa, =1 - oy = 0,87f, (compression steel yielded).

The area of tension reinforcement can be considered in two parts:
1. the first part to balance the compressive force above del NA (concrete)

2. the second part to balance the force in the compression steel.

When a compression reinforcement is required (K >K’) then:

K'f, bd?
A, = FIRST PART + SECOND PART = +A, - O
0, 87f,z
where
(Zi = 0,5[1+ 41-(3,529K")] (in this case using K’ instead of K).

Note The spreadsheet check and respect the limit z < 0,95d.

Taking moments about the centroid of the tension force (see Figure 1.7):
M = M’ +6,A,,(d—d,)
{M = K'f,bd? + 6,A,(d—d,)
Rearranging:
A, = (K-K)fubd? | (K-K)fybd?
Ogp(d—dy) (0, - 0, 871, )(d - dy)

1.5 Verification tests

FLEXURERECTANGULARBEAMSANDSLABS.XLS. 5.09 MB. Created: 16 December 2013.
Last/Rel.-date: 16 December 2013. Sheets:

— Splash
— CREDITS.
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EUROCODES SPREADSHEETS STRUCTURAL DESIGN
SECTION 1 FLEXURE_EC2_UKNA

EXAMPLE 1-A- Pre-dimensioning of a rectangular section with compression reinforcement - test1

Given:

A rectangular concrete beam (width b =350 mm, height = 300 mm) is required to resist an
ultimate moment of Mg4 =214 kNm (assuming — 20% moment redistribution: & = 0,80). If
the beam is compose of grade 35 concrete and high yield (HY) reinforcement, determine

the area of the steel required.

Solution: According to Figure 1.7 let us assume: d, = 46 mm and an effective depth d = 228 mm.

Cross-section details
_ F Use the proper decimal separator (please, check your system
Cnum - Cmin +AG dew configuration).
Reinforcement geometry
¢ * . Exp. (4.1] - Mominal caver: chom = 25 mm
link T" ) ) )
_ _ _* Diameter of the links: Dlink = 10 mm
Diameter of the compression steel @nc= | 22 =| mm
n s Diameter of the main tensile steel ®nt=| 25 «| mm
1 |5 Ldyers Maximum size of aggregate: dg = 20 mm
If you need to change only the diameters of the reinforcing bars do
it without saving!
Additional tensile force in the longitudinal reinforcernent due to shear
EN 1992-1-1 Cl. 6.2.3(7) Exp. (6.18)
El Layers Design shear force (ULS): YVEd=| 250 kN
Yertical depth of cross-section: h= 300 Mim
(l}n,t
® & 9 | [Exp. (B.7N): 1<= cat(8) <=2,60] cot(®)= | 25 []
“ \. = —.— —‘j — |— [ shear reinfarcement angle] o= o0 7]
¢Iink ﬂ ) Maote: for a beam cross-section o = 90° means vertical links.
Can = n + AC dew SAVE PrecCalculus ‘ QUIT ‘

Figure 1.9 Cross-section details with d, = 46 mm and d = 227,5 mm.

Ratio of the redistributed moment to the elastic bending moment:

8 = 0,80>k; +k,x,/d for f,, <50 MPa. Let us assume k; = 0,4, k, = 1 and ks = 0,7

EN 1992-1-1 CL. 5.5(4) (for grades of concrete up to C50/60)

Linear elastic analysis with limited redistribution:

Ki=[ 044 [ k=15 [ k=] 07 [

MOTE: Class B and Class C reinforcement is used (Annex C.

SAVE QUIT

Figure 1.10 Cl. 5.5(4) for grade of concrete up to fy = 50 MPa.

page 14
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EUROCODES SPREADSHEETS STRUCTURAL DESIGN
SECTION 1 FLEXURE_EC2_UKNA

8=20,80>0,4+[1-(0,6+(0,0014)/¢e,)] - x,/d

d2ks = 0,7 (for reinforcement Class B and C).

With ¢, = 0,0035 (for f,, <50 MPa):

x,/d = 0,40 for linear elastic analysis with limited redistribution):
K’ =0,453-[1-(0,4-x,/d)]-x,/d = 0,152.

COMPRESSIVE STEEL. d, = 46 mm < x, = 0,40-228 = 91 mm (satisfactory).

v, = dy/d = 0,202. Let

_ o, _ By 10,0035 ., _ 200000 0,0035 ~ _
%27 0,87f, 0,87, x,/d (xu/d=72) = =55 754 (0-40-0,202) = 0,80
0,0035 — 0, 87f,, /E, _
0,0035 _ " _, 0.0085 _0.0085-435/200000 . _ g5
x,/d Ys2, lim, el 0,40 Ys2, lim, el T

V2> Ys2.1im, et COMpressed steel not yielded:
Gy = Gy - (0,87f,,) = 0,80-0,87 500 = 348 MPa

FLEXURAL DESIGN.

Mgy 214106

K = = = 0,336 >K' = 0,152 (provide compression reinforcement).
bd’*f,  350(228)%(35)

For d > 0,8x, using K’ instead K:
2/d = 0,5-[1+(1-3,529-K')%5] = 0,5-[1+ (13,529 -0,152)°5] = 0, 840 < 0,95.
Beam lever arm:

z =0,840d = 0,84 -228 = 192 mm.

AREA OF THE COMPRESSION REINFORCEMENT REQUIRED:

_ (K-K")f,bd> _ (0,336 -0, 152)(35)(350)(228)2
32 o,(d—d,) (348)(228 - 46)

Try 5H22 x 1 layers. Single layer with: H22 @ 65 mm.

= 1850 mm?2

PERCENTAGE AREA OF THE COMPRESSION REINFORCEMENT PROVIDED:
pe = 100 A,/ (bd) = 100 - 1900/[(350)(228)] = 2,38 % < 4bh/100 = A, ., (satisfactory).

AREA OF TENSION REINFORCEMENT REQUIRED:
With z = 192 mm <0, 95d:
_ K'fbd? _ Kifybd?  (K-KNfubd?  K'fybd?  (K-K)fybd?
* 0,876,z 0,87f,z op(d—dy) 7 0,87f,z 0,87f,(d-d,)

+ AsZ * Qg

Topic: User’s Manual/Verification tests - FlexureRectangularBeamsAndSlabs.xls page 15



EUROCODES SPREADSHEETS STRUCTURAL DESIGN
SECTION 1 FLEXURE_EC2_UKNA

Flexure (commercial version): beams and slabs (for grades of concrete up to C50/60)
Sigma_s2 = 0,796 x 0.87fyk. d (compressed steel not yielded: d2/d = 0,202 > (d2/d)lim,el = 0,151) . A
! 2 £ Mg
[ . . L — F
X A * M ¥ Fo + : “iew/Calculate
neutral axis ) :
h d ,
¥ As ¥ fst Wiew Motes ‘
—| e ee / & I
a) Section b) Strain c) Forces
DETAILS ‘
GEOMETRY INPUT NOTE
Use the proper decimal separator (please, check your system configuration).
Concrete compressive strength (@ 28 days): fck = 35 = | Nmm? d2<
; o d2 < 51 mm
Strength of reinforcement - Class B,C (characteristic strength): fiyk = 300w
Section width: b= 350 mm QUIT
Section height: h= 2300 mm Cl. 5.5{4)
Redistribution ratio = = k& [Cl. 5.5(4) EN 1992-1-1] A= 0,8 h—d= 723 mm k1= 04
Provide compression steel: K > ' Fecalculate for d2 = 0. d2 = 46 mm W= 1
z (for K instead of K) = 1911 mm < 0,95d = 216,1 mm. K= 0,152 [] K= 07
Bending moment (ULS): Mgy, =| 150 kNm A, = 63,08 kNm Mg, =| 21398 kNm
OUTPUT Cl. 6.2.3(7)
Ml 7 =050 [1+(1-3,529 K%
K= Ed — " ' ' = 7= mim WEd [ki] 250
beff, H {z <0,95d
(K = k) f bef cot(f)= 25
A, = e g, = [T MPa A= e e
O 1T o[*]= 80

Figure 1.11 PreCalculus Excel® form: procedure for a quick pre-calculation: using UK Annex of EC2.

'f,bd2  (K-K")f,bd2
= Krfbd?  ( )i ‘o, = (0152)E5)(350)(228) | (1g50) .0, 80 = 2639 mm?
0,87f,z Op(d—dy) 0, 87(500)(192)

Try 3H25 x 2 layers. Single layer with: H25 @ 128 mm.

PERCENTAGE AREA OF THE COMPRESSION REINFORCEMENT PROVIDED:
pe = 100 A,/ (bd) = 100 - 1900/[(350)(228)] = 3, 69 % < 4bh/100 = A, ., (satisfactory).

1.6 Excel VBa Code (main)

Private Sub Cmb Calculus_Click()

Dim fy As Variant
Dim b As Variant
Dim h As Variant
Dim dl As Variant
Dim d2 As Variant
Dim Kpr As Variant
Dim fck As Variant
Dim M1 As Variant
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Dim
Dim

Dim
Dim
Dim
Dim
Dim

Dim

Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim
Dim

Dim

Dim

delta As Variant
k2 As Variant

Alfa2 As Variant

sigma2 As Variant

xu As Variant Dim Gamma2 As Variant
Gamma2Lim As Variant

d2max As Variant

Mprint As Variant

K As Variant

z As Variant
DeltaM As Variant
M As Variant

A As Variant

NUM As Variant
DEN As Variant

A2 As Variant

T As Double
Tl As Double
NIRQ As Double
NIRQ1 As Double

z1 As Variant

fck = Worksheets ("frmB") .Range ("Al6") .Value
k2 = Worksheets ("frmB") .Range ("G8") .Value
k1 = Worksheets ("frmB") .Range ("G7") .Value

h = Worksheets ("frmB") .Range ("M6") .Value
dl = Worksheets ("frmB") .Range ("M7") .Value
d2 Worksheets ("frmB") .Range ("M8") .Value
DeltaM = Worksheets ("frmB") .Range ("M9") .Value

M=1=*Ml + 1 * DeltaM

Mprint = M / (10 * 6)
Worksheets ("frmB") .Range ("M11") .Value = Round (Mprint,
TextBox M = Worksheets ("frmB") .Range ("P11") .Value

Worksheets ("frmB") .Range ("E11") .Value = delta

xu = (delta - k1) / k2
Kpr = 0.453 * xu * (1 - 0.4 * xu)

'Kpr = Worksheets ("frmB") .Range ("H14") .Value
'TextBox Kpr = Worksheets ("frmB") .Range ("J14") .Value
TextBox Kpr = Round(Kpr, 3)

TextBox h = Worksheets ("frmB") .Range ("M6") .Value
TextBox dl = Worksheets ("frmB") .Range ("M7") .Value
TextBox d2 = Worksheets ("frmB") .Range ("M8") .Value
TextBox DeltaM = Worksheets ("frmB") .Range ("S9") .Value

2)
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TextBox k1l = Worksheets("frmB") .Range ("E7") .Value
TextBox k2 = Worksheets ("frmB") .Range ("E8") .Value
TextBox k5 = Worksheets ("frmB") .Range ("E9") .Value

TextBox VEd = Worksheets ("Linked") .Range ("C59") .Value

TextBox cotT = Worksheets ("Linked") .Range ("C60") .Value
TextBox Alfa = Worksheets ("Linked") .Range ("C61") .Value

If ((fy * b * h * d1 * Kpr * M = 0) Or (d2 + dl1 >= h) Or (d2 >= xu * (h - dl)) Or
(Alfa2 < 0)) Or ((h <= dl) Or (h <= d2)) Then

TextBox Alert = "Please check your input!"

TextBox Alert2 = "Enter values that are consistent and positive."
TextBox K = "[--]"

TextBox z = "[--]"

TextBox A = "[--]"

TextBox A2 = "[--]"
TextBox dZ2max = "[--]"
TextBox sigma2 = "[--]"

Else
b o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e o
K=M/ (b * fck * (h - dl) »~ 2)
T = (1 - 3.529 * K)
Tl = (1 - 3.529 * Kpr)

If (1 - 3.529 * K) < 0 Then
TextBox K = "[--]
TextBox z = "[--]
TextBox A = "[--]
TextBox A2 = "[--]"

TextBox dZ2max = "[--]"

TextBox sigma2 = "[--]"

TextBox Alert = "Please, check your input!"
TextBox Alert2 = "Case Not Applicable: geometry inadequate."
Else

If 0.5 * (h - dl) * (1 + Sgr(T)) > 0.95 * (h - dl) Then

TextBox Alert = "Note: singly reinforced section with K =< K' =" &
Round (Kpr, 3) & "."
TextBox Alert2 = "z limited to a maximum of 0,95d = " & Round(0.95 *

(h = d1), 1) & " mm."

z = 0.95 * (h - dl)

TextBox z = Round(z, 0)

A =M/ (0.87 * fy * z)

TextBox A = Round(A, 0)

A2 =0

TextBox A2 = Round (A2, 0)

TextBox K = Round(K, 3)

TextBox sigma2 = "[--]"

TextBox d2max = Round(xu * (h - dl1), 0) & " mm"

TextBox S = ""

TextBox F = ""

Else

TextBox Alert = "Note: singly reinforced section with K <= K' =" &
Round (Kpr, 3) & "."

z =0.5* (h - dl) * (1 + Sqgr(T))

TextBox z = Round(z, 0)



EUROCODES SPREADSHEETS STRUCTURAL DESIGN

SECTION 1 FLEXURE_EC2_UKNA
TextBox Alert2 = "z (for K = " & Round(K, 3) & ") =" & Round(z, 1) &
"mm < 0,95d = " & Round(0.95 * (h - d1), 1) & " mm."
A =M/ (0.87 * fy * z)
TextBox A = Round(A, 0)
A2 =0
TextBox A2 = Round (A2, 0)
TextBox K = Round(K, 3)
TextBox sigma2 = "[--]"
TextBox d2max = Round(xu * (h - dl1), 0) " mm"
TextBox S = ""
TextBox F = ""
End If
Worksheets ("Linked") .Range ("C43") .Value = Round((0.5 (1 + Sqr(T))), 2) 'single
Worksheets ("Linked") .Range ("C44") .Value = Round((0.5 * (h - d1) * (1 + Sgr(T))),
1) 'single
b o e e e e e e  — — ——— — — — — — — — — — — — — —— —— o ——
End If
b e e e e e e e e e e e e e e e o e e e o o o o o o o o o o o e e e e e e o e o
Else
b e e e e e e e e e e e e o o o o o o o o o o o o o o o o o o o o o o o o o o e
If (1 - 3.529 * Kpr) < 0 Then
TextBox K = "[--]"
TextBox z = "[--]"
TextBox A = "[--]"
TextBox A2 = "[--]"
TextBox d2max = "[--]"
TextBox sigma2 = "[--]"
TextBox Alert = "Please, check your input!"
TextBox Alert2 = "Case Not Applicable: geometry inadequate."
Else
b o e e e e e e e e e e e e e e e e e e e e e o o o o o o
Gamma2 = d2 / (h - dl)
Gamma2Lim = (xu) * (0.0035 - (0.87 * fy / 200000)) / 0.0035
d2max = xu * (h - dl)
TextBox dZ2max = Round(dZ2max, 0) & " mm"
If (Gamma2 <= Gamma2Lim) Then
Alfa2z2 =1
TextBox F = " (compressed steel yielded: d2/d = " & Round(Gamma2, 3) & " <=
(d2/d)lim,el = " & Round(Gamma2Lim, 3) & ")."
sigma2 = 0.87 * fy
TextBox sigma2 = Round(sigma2, 0)
TextBox S = "Sigma s2 = 1,00 x 0.87fyk."
Else
Alfa2 = (200000 / (0.87 * fy)) * (0.0035 / xu) * (xu - Gamma?2)
TextBox F = " (compressed steel not yielded: d2/d = " & Round(Gamma2, 3) & " >
(d2/d)lim,el = " & Round(Gamma2Lim, 3) & ")."
sigma2 = Alfaz * 0.87 * fy
TextBox sigma2 = Round(sigma2, 0)
TextBox S = "Sigma_s2 = " & Round(Alfa2, 3) & " x 0.87fyk."
End If
If 0.5 * (h - dl) * (1 + Sgr(Tl)) > 0.95 * (h - dl) Then
TextBox Alert = "Provide compression steel: K > K'. Recalculate for d2
> 0."
TextBox Alert2 = "z (for K' instead of K) limited to a maximum of
0,95d = " & Round(0.95 * (h - d1), 1) & " mm."
z = 0.95 * (h - dl)
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TextBox z = Round(z, 0)
A2 = ((K - Kpr) * fck * b * (h - dl1) ~ 2) / (Alfa2 * 0.87 * fy * (h -
dl - d2))
TextBox A2 = Round (A2, 0)
A = ((K - Kpr) * fck * b * (h - dl) ~ 2) / (0.87 * fy * (h - dl - d2))
+ (Kpr * fck * b * (h - dl) ~ 2) / (0.87 * fy * z)
TextBox A = Round(A, 0)
TextBox K = Round(K, 3)
Else
TextBox Alert = "Provide compression steel: K > K'. Recalculate for d2
> 0."
z = 0.5 * (h - dl) * (1 + Sgr(T1l))
TextBox z = Round(z, 0)
TextBox Alert2 = "z (for K' instead of K) = " & Round(z, 1) & " mm <
0,95d = " & Round(0.95 * (h - dl1), 1) & " mm."
A2 = ((K - Kpr) * fck * b * (h - dl1) ~ 2) / (Alfa2 * 0.87 * fy * (h -
dl - d2))
TextBox A2 = Round (A2, 0)
A = ((K - Kpr) * fck * b * (h - dl) ~ 2) / (0.87 * fy * (h - dl - d2))
+ (Kpr * fck * b * (h - dl) ~ 2) / (0.87 * fy * z)
TextBox A = Round(A, 0)
TextBox K = Round(K, 3)
End If
Worksheets ("Linked") .Range ("D43") .Value = Round((0.5 * (1 + Sgr(Tl))), 2) 'double
Worksheets ("Linked") .Range ("D44") .Value = Round((0.5 * (h - d1) * (1 + Sgr(Tl))),
1) 'double
Vo o e e e e e e e e e e e e e e
End If
End If

Worksheets ("Linked") .Range
Worksheets ("Linked") .Range ("C31") .Value = h

Worksheets ("Linked") .Range ("C32") .Value = M /
Worksheets ("Linked") .Range ("C35") .Value = fy

("C30") .Value = b
(
(
(
Worksheets ("Linked") .Range ("C38") .Value = (h - dl)
(
(
(
(

(10 ~ 6)

Worksheets ("Linked") .Range ("C39") .Value = d2

Worksheets ("Linked") .Range ("C41") .Value = Round (K, 3)
Worksheets ("Linked") .Range ("C45") .Value = Round (A2, 0)
Worksheets ("Linked") .Range ("C47") .Value = Round(A, 0)

' fine scrittura output
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