Shear capacity: rectangular cross section

PROG B1_003/ 2002-03-06 (T005)

Page 1

Object: Beam L1 - max/min Q

PRINCIPLE SKETCH

. X(+)
Asmg o —— e Top
— Xp3 Bottom
As!bottom " ’ xpz
o, xp“l
)(pn
L
As top \ _V(#)
| 14 N(+
L L] ()
| _Aspotiom| L~ M(#)
~ 1iNpeam
. By

Date:

File :

12-09-2025

PROG B1_003.mcdx




Shear capacity: rectangular cross section Page 2

PROG B1_003/2002-03-06 (T005)

THEORY

Areas without shear reinforcement

When Veq < Vrae, NO shear reinforcement is required. The effect of load near the support has been
neglected on the safe side. The first critical section is considered to be located d from the support
edge (= asupport + d). The requirement of SS-EN 1992-1-1 equation 6.4 shall be fulfilled for all
sections, i.e., Veq < VRdc3-

Areas with shear reinforcement

When Vgq > VRye, shear reinforcement is required. The effect of load near the support has been
neglected on the safe side. The first critical section is considered to be located d-cot(6) from the
support edge ( = ay,+0.9-d-cot(0) ).

When determining the required shear reinforcement in the studied section, it is assumed that the
required load effect in a section 0.9-d - cot(6) away from design section as seen in sketch below.

_ L
asuggor’[.L l ‘ _ . dsupport.R
._/’ . ] h
7
Z Ve y
. <0.9d-cotd | | <0.9d-cotd
. Location of load effect when
%‘“el : calculating Vy,, associated to
Studied section . | . \de5|gn section.
Mg
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Limit:=“No”

Width support

asupport.L =0.5m asuppnrzﬁR =0.5.m

Pretension beam ( "Yes" or "No" )

Pretension :=“Yes”

Type concrete ( C30/37, C35/45, C40/50 , C45/55 & C50/60 ):

Typec:=“C35/45”

Material coefficient

y.:=1.50 : ultimate state (ULS) see EC2-1-1 table 2.1N

Correction factor:

a..:=1.00

Shear reinforcement

Rebar dimension ( $10, $12. $16. $20. $25 och $32 ):

$¢:=20+mm

Type rebar ( B500 och Ks60 ) :

Typey :=“B500”

Number of rebars in transveral direction of beam width:

ng:=2 pcs
Ange of rebar:
a:=90.°

Material coefficient :

yi=1.15 : ultimate state (ULS) see EC2-1-1 tablel 3.1
fu=35.0 MPa Setk 0.05=2.2 MPa Se 0.95=4.2 MPa £, =0.0035 E,,=34.1 GPa
$=20 mm =500 MPa E ;=200 GPa
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Minimum shear reinforcement

Requirement VVES 2009:19 chapter 21 _( "Yes" /"No" ):

VVFES:=*“Yes”

Requirement SS-EN 1992-1-1 section 9.2.2 ( "Yes" / "No" ):

EC2:=*No”

Anchorage length for longitudinal reinforcement associated to bending moment

1, 7:=1000 « mm : rebars at top

1, 5=1000« mm : rebars at bottom

Number of section

n,:=11-pcs

Total length
L=260m

Geometry and load effect ultimate state (ULS)

Xg o= N, tillh M, tilth Qiiﬂ N , R | g . tilth B. H s,
6300 0 1 1 0 1 2000 1500 1000
0.3 6000 -21404 11802 1309 -33834 14902 2000 1500 1000
3.0 3000 -280933 11263 J86 -183573 8279 2000 1500 1000
4000 -30274 4782 261 -18798 1069 2000 1500 1000
. 2300 -31324 -1490 110 -13445 7008 2000 1500 1000
13, 2000 -30879 -0437 412 -18331 3610 2000 1500 1000
19.0 2300 -31142 -1700 600 -13838 -1080 2000 1500 1000
220 4000 -31209 -87 120 -18304 1620 2000 1500 1000
230 3000 -31326 0103 430 -18638 2811 2000 1500 1000
233 6000 -19030 037 1420 -31387 13038 2000 1500 1000
26.0 6300 -19207 -2228 360 -32000 10180 2000 1500 1000
m kN N Nm kN kN KNm mim mm -
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Selected shear reinforcement
(Shear reinforcement i selected for a maximum of 6 areas.)

Angle of concrete compression bar accrding to EC2-1-1 section 6.2.3.
For none pretension 1 < cotf <2.5 & pretension 1 < cotf < 3.0.

Area | Sisstes | Hage % sl cotd
I 200 0.3 3.7 23
I 300 3.7 5.0 25

T, 300 5.0 6.5 25
v 3000 18.5 210 25
v 300 21.0 223 ]
VI 200 22,3 2335 ]
- min m m -

Longitudinal reinforcement A so_associated to sections x;

Xg AqE dg AT dr

0 01 1424 2011 1424
0.3 2011 1424 2011 1424
3.0 2011 1424 2011 1424
4,0 2011 1424 2011 1424
7.0 01 1424 2011 1424
13.0 011 1424 2011 1424
12.0 011 1424 2011 1424
220 011 1424 2011 1424
23.0 2011 1424 2011 1424
235 2011 1424 2011 1424
26,0 2011 1424 2011 1424
1] 1]'I.1]'l: min 1]11]1: Tin
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Number of evaluted sections

ng, =9 «pcs

Location of studied sections

X sv X
1 sV X
i 3 5 Xsvz - Xey
‘ 9
i |
| b
- X
SV |
Xsv, 4 Xsvg |
d support.L X 4 support.H
T Vg ' '
L
i Xavi 0.8d-cotd d cotd B emartk
1 Dj 32 1-]- -_-:',j as‘J.:_'-:;-:\-:'l]'_ = ﬂf‘
2 3.7 3.2 14 23 o
3 6.3 3.2 14 25 s
4 g7 3.2 14 25 s
3 13.0 3.2 14 25 03L= 13.0
6 163 28 14 22 =
7 125 2.8 14 22 =
8 227 28 14 22 =
g 233 28 14 22 L-asyppor=23.5
o m m m - m
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CALCULATE

Total shear reinforcement in transversal direction

JT9 y
4

A =628 mm>

swrebars *= MR sw.rebars

Design values ultimate state (ULS)

Shear reinforcement:

Srvai= | if Limit =*No” Jrva=435 MPa

| 5

k2

if Limit=“Yes”
H 250+« MPa

Concrete:

ek
Ve

=23.3 MPa : see EC2-1-1 equation 3.15

fcd = Qe

Function - shear force at arbitrary section

VeEda = Qi+« Interpx, Qg %)
|| o Qi > |Q
|Q’,| otheraise

Function - normal force associated to shear force at arbitrary section

Ng = |linterxg Ny 1.x) # |Q > |Q

linterpixg Nyunp 2. x| otherwise

Function - bending moment associasted to shear force at arbitrary section

Mg = |tntersg Mane1.x) f |Q > Qg

hnt-‘;tﬂ xg  Miite 2.x) otherwise
Function - height of beam at arbitrary section
h = lintergx, H x)

Function - beam width at arbitrary section

Dy = LT-IT'-fT]j ip Bw.x|

Function - beam inclination at arbitrary section

Ppoam w = linterp (xp > Hyoam ,x)
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Function - cot O at arbitrary section
cot@ = || cot@«—0

if Xstarty <X < Xend,
cot@ «— co r&l
if Xstare, <X Sxendz
cot® +— cotf_
if stare, <X S-‘t’gm‘s
cot@ «— co!‘6'3
if Xstary, <X < Xond,
cot@ «— corﬁ4
if Xstart, <X ngnds
cot@ «— cof@j

if x.mmﬁ <x Sxendﬁ

cot@ «— cotﬁﬁ

Function - effective height at arbitrary section

d = j_f Mm;} - 0 - k{VIﬂ
H linterp (:rp »dg, x)
else
” linterp (xp,dr,x)
Function - longtudinal reinforcement at "top" for a arbitrary section

AsO.T = limerp (I‘D'JASU.T-:X)

Function - longitudinal reinforcement at "bottom" for a arbitrary section

Agg g :==linterp (xp vAa g ,x)
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Function - minimum longitudinal reinforcement + (l,+d) from studied arbitrary section

Ag = || if My, >0-kNm

d+«— linterp (xp,dﬂ,x)
if (x—fb_r—d)gﬂ-m
xp«0em
ifx—Ilg—d>0.-m
IL‘_(I_!b.B_d)
if (x—fb_gwf—d)zl,

Xp+L

ifx—lg+d<[

Xp+ (x—!,_r,_3+d)

Age—min (Ag 5 (x1) s 4505 (x) 4595 (xz))
if My, <0-kNm

d « linterp (xp 3 a},x)

if (x—.’b_;r—d) <0+m

xp«—0-m

fx—1;—d>0-m

7 A (—T_"b.r—d)

if (x—1I,r+d)>L

xXp+ L

if x—1 7 +d<L

Xp (.r— c’;,_;+a')

Agp—min (40 7 (x2) 450 7(x) , 450 7 (x2))

Function - minimum shear reinforcement according to VVFES 2009:19 chapter 21

Am‘..mfn.l = bw_ [ b“. (x)

he,—h(x)

if VVFS=*Yes”

if hyy>by, 4

Agymin+— (bw_ﬂ, «0.1 5)%
if b, <b,

Ay min (bw..n' *

B
0.1040.05. ]]%

WY

if VVFS="No”

2
mm
— s

Asw_m in
m
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Function - minimum shear reinforcement according to SS-EN 1992-1-1 equation 9.5N

Am.mmj = bw__w — bw (x)

if EC2 =“Yes”
Jer
Agymin bw.n" 0.08 - \/ £
Tk
if EC2 =*No”
2
mm
Am.m:‘n «—0-
m

Function - Vgr4c_according to SS-EN 1992-1-1 equation 6.2a

.II'-:_"_‘J:.l = |p+ mn 002

0 o + mm
= o

[ s

|
Vea 1 & _Cg_-;_; k| 100-p-£y) ™ -MPa + Iy Ocp| by-d

Function - Vrgc,min_according to SS-EN 1992-1-1 equation 6.2b

VRa’C_E = bu:,n' — b‘w (l}
d.,«d(x)
hgy — h(x)
Ngg+—Ny(x)

d,

£1}

k «—min [1 + 02 ,2.0]

S| ws

Vipin €= 0.035 k7 «\/f
Ac = b‘lt'..!‘l-’ * hsv

N,
Opp < min [ | AEdl ,0.2 -j;ﬂ,]

c

k; «—0.15
VRda.;‘ — (me + "Trf = acp) * E'w.sv = d.w
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Function - shear capacity without shear reinforcement

Vracr=max (Vage 1 » Ve 2 )

Function - added capacity due to compression force according to SS-EN 1992-1-1 section 6.2.1
According to truss theory load capacity is increased according to derivation seen below.

2]
|

F=—{ Msq
D] | N® | 3 \L’VSd

—
[+ = ] J
1:n beam

w1

\ Tryckt kant

1 Msq Msqg 1
Ve =Feca—— 3 Fog=—r = Vea=—"
ced ced Nbeam ced d ced d Npeam.
Veea = || Msg+— M [x ]
d,, «d(x)
Mpoam < Mpogm w (Y)
Mgy 1
Vccd —
dﬂ Rpoamn

Function - compression failure in beam web according to SS-EN 1992-1-1 equation 6.5

fia

E

Vaas = |ve=06|} - —
| H0MPa

Veacs « 05 be-dv iy

Effect of compressive force according to SS-EN 1992-1-1 equation 6.10

cwr— bw.n‘ - bw (A )
if Pretension=*“No”

a

a., < 1.00

if Pretension = “Yes”
—N;(x)

a
7 by(x) h(x)
if 0<0,<0.25 f,

Ocp
O, — 1+

fea
if 0.25+£,4<0,<0.5 fog

O+ 1.25

if 0.5 'fca'< Oep sfcd

a,
Oy 2.5 (1 - ﬁ]
Jea
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Resistance reduction factor according to SS-EN 1992-1-1 equation 6.10

v, = if £, <60+ MPa v;=0.60
H0.60
else
Hmin 0.9—ﬁ+k,0.5
” 200« MPa

Function - c/c in longitudinal directed for selected shear reinforcement

St seloct = || 57— 0 mm

if xslm'.rl <x stna‘l

S Sf_sefecrl

if '1‘75zaa"r2 <x< xendz

S5 Sf.sgfecr.,

if Iszm'rs <x Sxend3

5 Sa’.sefec1’3

if xsa‘arr4 <x< xend_l

Sy 5.’.59!901'4

if Kstart, <X < Xpng,

Spe S!.:ef@crj

if xse‘arr‘5 <x< xends

Sy Sf.sefeciﬁ

Function - c/c for shear rebars in transversal direction

Sr = bw_.w — b". (r)
b‘w.n'
B
Hp

Function - permissible c/c for shear rebars in longitudinal direction
(See SS-EN 1992-1-1 equation 9.6N)

fmex = 0.75-d{1 + coi{a))

Function - permissible c/c for shear rebars in transversal direction
(See SS-EN 1992-1-1 equation 9.8N)

5 e = mm{0.75 -d. 600mm)
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Function - Vrys_see SS-EN 1992-1-1 equation 6.13 associated to selected shear reinforcement
Va1 = |0EY i 5.ms=0mm

5 vald

£409 -d{col{§) = cot{a)) =m(e) othermase

Function - Vrgmax_see SS-EN 1992-1-1 equation 6.14

[ cot(®) + cot{a) |

VRa2 = O Bezvfeg

LT
134

4
—
i

T

1+ cof(

Function - shear capacity with shear reinforcement

Vaay = o Vidy 1. VR 2|

Function - selected shear reinforcement

il

_mm
Agvgla = |0— of 5 vala = (hmm
I
Ase sk
otheraise
8 vald
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RESULTS

Presentation table format

Geometry & load effect:

Hay Vs N .:tilll' M -:“"r b d h A M pzam o
03 G000 -21497 11802 2000 1424 | 1500 2011 1000 1,25
37 4330 -208035 7031 2000 1424 | 1500 2011 1000 1,23
6.3 2750 -31140 443 2000 1424 | 1500 2011 1000 1,25
07 2270 -31127 -3009 2000 1424 | 1500 2011 1000 1,23
13.0 2000 -30870 0457 2000 1424 | 1500 2011 1 000 1,25
163 2273 -31024 -3401 2000 1424 | 1500 2011 1000 1,23
195 2730 -31133 643 2000 1424 | 1500 2011 1000 125
27 4728 -31638 6603 2000 1424 | 1500 2011 1000 1,23
233 G000 -19030 057 2000 1424 | 1500 2011 1000 123
m EN kN EMNm mm mm mm mm’ = =
Shear reinforcement:
Kv 3] et 3 Iﬂ 3t et 3t =1la . zglact Aswainl | Aswming | Shearrebars
03 200 < 1068 1000 | < 600 142 =| 2750 0 Yes
3, 200 < 1068 1000 | < 600 3142 =| 2750 0 Yes
6,3 300 < 1068 10000 | < 600 2004 =| 2750 0 Yes
07 1068 10000 | < 600 0 > 2750 0 Mo
13,0 1068 10000 | < 600 ] 2750 0 Mo
163 1] 1068 1000 | < 600 1] 2750 0 Mo
195 300 < 1068 1000 | < 600 2004 = 2750 0 Yes
227 200 < 1063 1000 | < 600 3142 = 2750 0 Yes
233 200 < 1068 1000 | < 600 3142 = 2750 0 Yes
m i mim mim mim mm/m mm? fm mm*/m -
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Shear capacity without shear reinforcement:

%y | VRoet | Veiez | VR | Veac gd | Shear rebars n
0.3 2620 2044 17145 2044 < 000 Yes 204%0
3.7 2629 2044 17143 2044 (< 4350 Yes 148%
6.3 2620 2044 17145 2044 |< 2730 Yes 03%%
0.7 2629 2044 17143 2044 (> 2270 Mo 1%
13,0 2629 2044 17143 2044 (> 2000 Mo 68%%
16,3 2629 2044 17143 2044 (= 2275 Mo %
195 | 2620 | 2044 | 17145 | 2044 |> 2750 Yes 93%
2.7 2629 2044 17143 2044 (= 4728 Yes 161%%
233 2629 2044 17143 2044 (< 6000 Yes 204%p
m KN KN KN KN | KN : :
Shear capacity with shear reinforcement:
Hay W Rgs. 1 V R 2 Veed | VRae + Veed Ed Shear rebars T
0.3 4376 | 15468 ) 4385 ¢ 6000 Yes *
3.7 4376 15468 5 4381 = 4350 Yes 99%
6.3 2918 15468 0 2917 = 2750 Yesg 94%
8.7 0 0 -4 -4 < 2279 Mo -
13.0 0 0 -7 7 =< 2000 Mo -
16.3 0 0 -6 -6 < 2275 Mo -
19.3 2918 | 15468 -5 2913 |= 2730 Yes B4%
227 4376 15468 5 4381 = 4728 Yes 108%
2535 4376 15468 1 4377 * 6000 Yes *
m kN kN kN kM kM - -

*=MNot a design section
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Graphical presentation

7-10%
6-10°
6-10°

5.10%

4.10%

4.10%

Vea(x,) (kN) .
Vs (x) (k) \\//

[ufe) ) 0

700

—700

v
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