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Effects From Structural Analysis Do not adopt code equivalence v
Design axial force, F (tension -ve and comp. +ve) (ensure < 0.1fb,h) Om
Design shear force, V4 Full shear vd v 30.0 1170|kN
Design bending moment, M 1849|kNm
Design torsion moment, T O/kNm
Material Properties
Characteristic strength of concrete, f., / fo | f¢' (fou < 75 or 105N/ 35 w |28 ¥ |N/mm? 0
Yield strength of longitudinal steel, f, ‘ Higher | ¥ [ 500 ¥ |N/mm?
Yield strength of shear and torsion link steel, f,, Higher | ¥ |500 v N/mm2
Section Dimensions
Span (effective width, deflection, long'l shear and deep beam calcs) 10.000|m
Available beam spacing ‘ ‘ ‘ 1.000/m
(effective width calcs; usual spacing for interior beams; half for edge beams)
Beam section type and support condition ‘ ‘ Rect - continuous -
(section type for bending, defl'n calcs; support condition for LTB restraint, eff width, defl'n, long'l shear calcs

Ratio By, (1.0 for no moment redistribution, 20.70, <1.30)

1.00 [ ]o) (0].¢

Section Type and Support Condition Option Selection

Downstand Beam
Effect Slab

Support Type Defl'n

Support

Upstand Beam

Effect Slab Type Defl'n

S/S Sag MGl Rect-s/s Yes S/S Sag IJCle- M Rect-s/s Yes
S/S Sag Insitu T/L-s/s Yes S/S Sag Insitu Rect-s/s Yes
Cont. Sag IZg=le=L I Rect-cont. Yes Sag IZg=lo=L19 Rect-cont. Yes
Cont. Sag VS IATR T/ -cont. Yes Sag ViV Rect-cont. Yes
Cont. Hog IZg=lo=L Il Rect-cont. N/A Hog IZg=lo=L{9 Rect-cont. N/A
Cont. Hog F SVl Rect-cont. N/A Hog SVl 7/L-cont. N/A
Cant. Hog Ml Rect-cant. Yes Hog Il ill Rect-cant. Yes
Cant. Hog Ve[Vl Rect-cant. Yes Hog Insitu  |RLeE1S Yes
| | ‘

Overall depth, h (includes insitu slab thks; excludes precast slab thks; span/ 1000|mm

Depth of flange, h¢ (bending flanged beam, longitudinal shear calcs) 200/mm

Width (rectangular) or web width (flanged), b,, ‘ ‘ 500/mm

Cover to all reinforcement, cover (usually 35 (C35) or 30 (C40) internal; 40 25/mm

Add cover to tension steel (due to transverse steel layer(s)), coverayq 0/mm

Add cover to compression steel (due to transverse steel layer(s)), cover,gq,c O/mm

Effective depth to tension steel, d = h - cover - MAX(djink, Plink,tr COVEIraga,t) - [ 917 /mm

Effective depth to compression steel, d' = cover + MAX(iink, diink,tr COVE€Iadd,c) 35/mm

| | |

Longitudinal Reinforcement Details

Tension steel reinforcement diameter, ¢, |32 v imm

Tension steel reinforcement number, n; 8

Tension steel area provided, A, pov = Ne.7.¢/4

Compression steel reinforcement diameter, ¢. (where applicable)

mm?
‘ None v “ mm

Compression steel reinforcement number, n.

Compression steel area provided, Ag proy' = Ne.m.02/4

0
I

Number of layers of tension steel, n.ayersltens‘

2|layer(s)

Spacer for tension steel, s, tens (= MAX (¢, 25mm))

32/mm

Number of layers of compression steel, Njyers,comp

1|layer(s)

Spacer for compression steel, s ,mp = MAX (¢, 25mm)

25/mm
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Shear Reinforcement Details
Shear link diameter, ¢ ‘ 10 ‘v mm
Number of shear links in a cross section, i.e. number of legs, nj4 4
Area provided by all shear links in a cross-section, Aq prov = T-Oiink-/4-Nieq ‘Amm?
Pitch of shear links, S 100fmm
Torsion Reinforcement Details
Torsion link diameter, ¢jin.t ‘None ‘v mm
Number of torsion links in a cross section, i.e. number of legs, Njg: = 2
Area provided by all torsion links in a cross-section, Agy provt = n.¢"nk,t2/4.n|eq, [ mm?
Pitch of torsion links, S; ‘ mm
Add. longitudinal steel (for torsion), A, (1] o LR
|
Utilisation Summary
RB tens steel 86% 86 % 9% 86% OK
RB comp steel N/A é ‘ N/A N/A
RB % min tens reinf. 10% 0% 0% 20% OK
RB % min comp reinfl N/A A N/A N/A
RB % max tensanddq 32% % 32% OK
FB tens steel N/A N/A N/A
FB comp steel N/A N/A N/A
FB % min tens reinf. N/A N/A N/A
FB % min comp reinf{ N/A A N/A N/A
FB % max tensand d N/A N/A N/A
RB shear ultimate str{ 54% % % 77% OK
RB shear design capal 72% 66 % 94% 94% OK
RB torsion ultimate sf 0% 0% 0% 0% OK
RB torsion design cap 0% 0% 0% 0% OK
RB shear and torsion| 72% 66% D4 % 94% OK
RB or FB deflection rd 49% 62 % % 62% OK
Total utilisation rectangular beam 94 9% 0
Total utilisation rectangular beam (excluding de 949 o
Total utilisation flanged beam i A
Detailing requirements \ O
Note RB = rectangular beam, FB = flanged beam;
% Tension reinforcement (rectangular) ‘ g %
% Compression reinforcement (rectangular) A %
% Tension reinforcement (flanged) A %
% Compression reinforcement (flanged) A %
Estimated steel reinforcement quantity (125 — 160kg/m?) : kg/m?>

Estimated steel reinforcement quantity (125 — 160kg/m?)

7850 . [(Asprov tAsprov) / (by orb).(horh¢) + (Ag, prov-(h+anc.)/S+A s, prov,t-(h+b , +anc.)/S)

kg/m?>

| IStructe

11000 . [(Asprov A sprov) / (b 0r b).(h or h¢) + (A, proy-(h+aNC.)/S+A 5y prov,e - (h+b ,, +anc.)/S .

[Note that steel quantity in kg/m?> can be obtained from 110.0 x % rebar];

Material cost:

concrete, C|

315 |units/m?

steel, s

4600 units/tonn

Reinforced concrete material cost = [c+(est. rebar quant).s].(b,,

e

units/m

Ductility of failure mechanism

| Consider w

Ductile

»

Rectangular beam crack width ‘

Max LTB stability (compression flange) restraints spacing, L g

m

Note s/s / cont L ;75 = MIN (60(b,, or b), 250(b,, or b)?/d) and cant L 75 = MIN (25b

, 100b ,,°
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Material Stresses

Axial stress, F/b,h ) N/mm?

Shear stress, V4/b,d N/mm

Bending stress, 6M/b,,d? N/mm

Torsion stress, 2T/((hmin2) (hmax-hmin/3)) N/mm
Material Stress-Strain Curves

\ \ [
: 0.67%_ %;_‘ | Tension :

8

| ] & \'EDOthmmz |
] LY Strain |
| Compression oy [ ]
|| Tm ||
—1 llk\l"i;ure 2.2 — Short term design stress-strain curve for reinforcement 1
— Far F‘__I =< B0 N/ mm?, £ = 0.0035 ]
[ For f_, > 60 N/mm?, ¢_, = 0.0035 - (f_, - 60)/50000 | |

Figure 2.1 — Short term design stress-strain curve for normal-weight concrete

Detailing Instructions

Not to Scale
A - A
[ he =|N/A
X
\\\‘
Comp Steel =|N/A
h =/1000 mm B d =917 mm
d' =(35 mm
i 1| \
L1 \
«—>
Cover =125 mm b, =|500 mm \
Concrete, f., =|35 MPa \
Rebars, f, =|500 MPa \
Links, f,, =|500 MPa Tension Steel =|8 T32@133mm centres

Diagram Produced for Sagging Design,; Flip if Hogging Design;
\ \

b, A

/by

Clear span o
0250 _
0.15(2 @ 45 |
Face of support - | | |
S | |
b L 100% | |
3 1~ ! | Mid span
22| v | o0 |
E BIE | |00 3
g EE | |
£ 3E | 20% :
3 E, | - Too sieal T Confinuous
| L op ste I | through span
| ls0% |
<4
2 | Bottom steel
L 01s |
b 100 % T
{0.1¢ for end support) Reinforcement for

&) Continuous membeer {approximately equal spans)

max. sagging
mament

@ 12 or equivalent —— (el

anchorage

T 1 I
| | | |
1 | | |
| 150 9% |
[ == |
100 % '

I

g8

Reinforcement far | |

) Sienphi sapport max. moment
_ L 100% 04
- s e ey e S
g | | |__50%
24 | | |
50| | |
| I |
d | | |
Sl |
2 | _ -
) Cantilever

d);
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Additional Longitudinal Shear Rectangular or Flanged Beam Utilisation Summary

Longitudinal shear between web and flange Consider only if applicable v
Longitudinal shear within web ‘ Consider only if applicable v
Length under consideration, Ax (span/2 s/s, span/4 cont, span cant) ‘ 2500 |mm

Applicability of longitudinal shear design

Longitudinal Shear Between Web and Flange (EC2)

Longitudinal shear stress limit to prevent crushing

Longitudinal shear stress limit for no transverse reinforcement

Reqwred de5|gn transverse reinforcement per unit length

Longitudinal shear force limit per unit length

Required nominal transverse reinforcement per unit length

Longitudinal Shear Between Web and Flange Mandatory Cr

Longitudinal Shear Within Web (EC2)

Longitudinal shear stress limit ‘

Longitudinal Shear Within Web (BS8110)

Longitudinal shear stress limit for no nominal / design

vertical reil

Required nominal vertical reinforcement per unit length

Required design vertical reinforcement per unit length

Longitudinal Shear Within Web (BS5400-4)

Longitudinal shear force limit per unit length

Required nominal vertical reinforcement per unit length

Longitudinal Shear Within Web Mandatory Criteria

Additional Deep Beam Rectangular Beam Utilisation Summ

ary

Deep beam design Consider only if applicable v
X ‘ ﬁ I

Span to depth ratio, span / h

Applicability of deep beam design

O A\»]» abDIE

Concrete type ‘ ‘

Normal weight "

Horizontal shear link diameter, ¢nk,n

‘None ‘V mm

Number of horizontal shear links in a horizontal section, i.e. number of legs, 0

Pitch of horizontal shear links, S,

Clear distance from edge of load to face of support, a; 0/ DL @ mid 0.625h E\ N/A \mm

Detailing requirements

\ 0 mm

A

Reynolds

Tension steel (deep beam)

Tension steel zone depth, T,une (sag s/s, sag cont, hog

cant)

Tension steel zone depth, T,,n (hog cont)

Minimum breadth for deep beam, b,

Shear ultimate force (deep beam)

Shear design capacity (deep beam)

CIRIA Guide 2

Bending ultimate moment (deep beam)

Tension steel (deep beam) ‘

Tension steel zone depth, T,qne (sag s/s, sag cont, hog

cant)

Tension steel zone depth, T,,n (hog cont) upper band

Tension steel zone depth, T,., (hog cont) lower band

Shear ultimate force (deep beam)

Shear design capacity (deep beam)
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| | | | | BS8110
Bending Rectangular Beam (Singly or Doubly Reinforced) (BS8110)
] ] ] ] ] ]
[ 0.0035 for fey < 60 N/mm* P
| | 0.0035 - (f.y - 60)/S0000 for £, >60 0.67 ’—‘:
i
L E3
| 'H
s ~ S
| | Gg®
338
| 235
B N A
|| Strain Stress
u Figure 3.3 (amended) - Simplified stress block for concrete at ultimate limit state
[
|
M, = K'f,bd? | |Note b hereis b, ; T kKNm
Ratio, K' D 5
0.158 for £ <60 N/mm? 0.156 cl.3.4.4.4 BQ
Q2OZQ’QQ K'= |o.120 for 60< £ <75 Ny/mm?] N/A cl.3.4.4.4 BQ
0.094 for 75< £ <105 Nymm2| |18, =1.0] N/A cl.3.4.4.4 BQ
0.402(3 -0.4) - 0.18(f8.-0.4)* , for f <60 x_.-'mm-'| N/A cl.3.4.4.4 B(
QQOLQQQ K' = 0.357(8,0.5) - 0.143(f-0.5)* for B0=< f_=75 N_,-"I'I‘lr"l'l’l N/A cl.3.4.4.4 B
Note the expression for K' ensures that the section remains ductile i.e. ensuring
that failure occurs with the gradual yielding of the tension steel and not by a
sudden catastrophic compression failure of the concrete;

If: M<M, — nocompression steel

|k =Mrbaf..| Note b hereis b, ;

To scheme beam, choose d such

that K = M/(b ,,d*fg,

) < K'(0.156 for B,=1.0 and NSC)

Back-analysis of x in (0.67f./1.5).(s.b,)=(f,/1.05).(A

,DFOV)I f:VS4€

0.9x for f,,, <60 N/mm?;

for no compression steel, ie.d > 823 and h > 906 mm
\ \
z=d{0.5+\/0.25—%}"z<=0.95d JJ] mm
\ T
Depth of neutral axis, x < Xt 4 < 459 [nln 0
T X (d - 2,/0.45, for £ < &0 N/mm? 342|mm 3.4.4.4 B(
*E n X = (o —2)/0.40, for&0 =1 =75 N.-"II'l'TI:I N/A|mm 3.4.4.4 B(
é’ & {d-2)/0.36, for75 =<7 =105 Nx‘m"rl-'l N/A|mm 3.4.4.4 B(
x<0.5dfor L<BON/mm] 459/mm 3.4.4.4 BQ
2z Qo 2&0 x5 0.4d for 80 < £, 2 75 N/mm?] _ N/A/mm 3.4.4.4 B(
; < x = 0,334, for TG« I" = 105 M/Smm -ﬂb=1.0] N/A mm 3.4.4.4 B(
= E x < (f - 0.4)dfor £ <80 N/mm? | | N/A|mm 3.4.4.4 B(
2= Q?fQ‘)Q x < (B,- 0.5)d for 60 < f,< 75 N/mm7 N/A|mm 3.4.4.4 B(
Tension steel  |As =M _ f,<460N/mm? Foreword
(0.95f,) z - v=

S = 0.8x for 60 < f,, <75 N/mm?

0.72x for 75 < fi,, < 105 N/mm?

0.90x|mm 3.4.4.4 BQ
N/A|mm 3.4.4.4 BQ
N/Amm 3.4.4.4 Bd

Note for an under reinforced section, require X < X jimit

for yielding of tension steel;
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BS8110

Ilf: M>M, — compression steel required I s
To scheme beam, with compression steel, choose d such that K = M/(b ,,d?f.,) < 10/f,

for non-excessive comp steel, i,e.d> 608 and h > 691|mm
] ]

= {0.5+\/0.25—%} Y mm

Depth of neutral axis, X < Xyt A < X mm A
© X (d —2)/0.45, for < &0 N/mm? N/A|mm 3.4.4.4 BQ
"g cj X = (o —2)/0.40, for&l<f =75 N_-'||1'1|3I N/A 'mm 3.4.4.4 Bd
g © (d-2,/0.36, for7=f =105 N.-"m"rl-'l N/A 'mm 3.4.4.4 Bd
¥ = 0.5d for f_ =< B0 N_-""I'I"l‘l'l i N/A mm 344.4 BC
% % %2096 xS 0.4d for 60 < £, < 75 N/mnv’] N/A|mm 3.4.4.4 BQ
r_(z =3 x = 0,334, for To< f = 105 MN/mm’ [ f,=1.0] N/A 'mm 3.4.4.4 Bd
= g X< (j,- 0.4)dfor f_= 60 Nymm® | | N/A|mm 3.4.4.4 Bd
2 é’ = %QLQQQ X = |;|'1”:I- Q.5)dfor 80 = f =73 N_-'lnnl'l N/Amm 3.4.4.4 B(
2
2 —
2 Compression steel A, =M= KJubd” f,<460N/mm> Y mm? Fe d
: o} pI‘ESSI‘O stee 0957, d—d) , iy = /mm mm orewor
e
Tension steel Ag = M +A, , f,<460N/mm? Y mm? Foreword
0.95f,z :
[
\
ira'> (1 —7-2" ). use 700(1 -4 in liew of 0,957 | , f,<460N/mm? N/A Foreword
\ | | \
Back-analysis of x in (0.67f/1.5).(s.by)+(f,/1.05).(Acpe )=/ I~ TR
0.9x for f,,, <60 N/mm?; N/Amm 3.4.4.4 BQ
s = 0.8x for 60 < £, <75 N/mm? N/A|mm 3.4.4.4 Bd
0.72x for 75 <f-, < 105 N/mm? N/A|mm 3.4.4.4 B(Q

Note for an under reinforced section, require ¢4 = .. (d-x)/x = ¢, for yielding of tension steel
and e, = ¢ (x-d")/x = ¢, for yielding of compression steel, where ¢.=0.0035 for f,, < 60N/mn
and &, =0.0035 -(f ., -60)/50000 for f., > 60N/mm? and &,=(f,/1.05)/E;

Tension steel area provided
Tension steel area provided utilisation
Compression steel area provided
Compression steel area provided utilisation
% Min tension reinforcement ‘

% Min tension reinforcement utilisation ‘
% Min compression reinforcement (>= 0.002b,h)

% Min compression reinforcement utilisation

% Max tension reinforcement (<= 0.04b,h)

% Max tension reinforcement utilisation ‘

% Max compression reinforcement (<= 0.04b,h)
% Max compression reinforcement utilisation

% Max tension or compression reinforcement utilisation
2
2
2
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| | | | | N o EC2
Bending Rectangular Beam (Singly or Doubly Reinforced) (EC2) % %
\ \ \ \ \ \ = S o
| | Gaa 1 fua << =9
| - ] o 5 S 3
|\ 7777 7)1y KN 7 F. ¥ v VIV
\//A/ X A{ — 33 3
| L Ll N AR 58 85
i g g
B 3 3
2 - .{11 ———————————————————————— i- < <
2 LF—' ® o oo
2 | IR
) Figure 3.5: Rectangular stress distribution << @R
2 | |
2 M, = K'fybd? | |Note b hereis b, ; 962 PO
2 Ratio, K’ | .16
2 K,_?}am_)‘.(f) ' (175(5) ) 0.167 cl.3.1.7(3)
Yo d / timit 2 \d/ timit cl.3.1.7(3)
Partial factor for concrete, y. = 1.50 1.5 cl.3.1.6(1)
Strength coefficient, o, = 1.00 | 0.85 0.85 cl.3.1.6(1)
Stress block factor, n = MIN[1.0,1.0-(f4-50)/200] 1.00 cl.3.1.7(3)
Stress block factor, A = MIN[0.8,0.8-(f4-50)/400] 0.80 cl.3.1.7(3)
Note the expression for K' ensures that the section remains ductile i.e. ensuring
that failure occurs with the gradual yielding of the tension steel and not by a
sudden cal"astrophic compression failure of the concrete;
Ilf: M <M, — nocompression steel I ALID
2 \ |
2 K — M Inote b here is b,, 0
2 bd2 f.;.
12
2=d [0.5 + \/0.25 - Ié] , C= 21: | z <=0.954 65 ] cl.3.1.7(3)
Depth of n‘eutral axis,‘ X £ Xjimit : < 4 mm 0
® % |X=2(d-z)/n 381|mm cl.3.1.7(3)
‘05)' ;'_j Xiimit = L(Bp-K1)/k;].d for f,, <50MPa 411 /mm cl.5.5(4)
z®© k, = 0.44 | 0.40 | 0.44 cl.5.5(4)
k, = 1.25(0.6+0.0014/¢.,5) | 0.6+0.0014/¢, 1.25 cl.5.5(4)
% 2 |[Xime = [(Bo-ks)/ka].d for fo>50MPa N/A mm cl.5.5(4)
=% k; = 0.54 | 0.40 | N/A cl.5.5(4)
g *é ks, = 1.25(0.64+0.0014/¢y,,) | 0.6+0.0014/¢, N/A cl.5.5(4)
2= g2 = 0.0035 for f,<50MPa \ 0.0035 T.3.1
Ecuz = [2.6‘+35[(90—fck)/100]4]/1000 for f,,>50MPa N/A T.3.1
M
Tension steel |4s = | 5550 G cl.3.2.7(2)

(0.87f,)z
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EC2
Ilf: M>M, — compression steel required I s
/ K’ 2nove,
I |
Depth of neutral axis, X < Xjimit f > 4 mm .
® X x = 2(d-z)/A N/A|mm cl.3.1.7(3)
‘05)' ; Ximit = [(Bp-K1)/k,].d for f,,<50MPa 411/'mm cl.5.5(4)
z®© ki =0.44]0.40 | 0.44 cl.5.5(4)
k, = 1.25(0.6+0.0014/¢.,,) | 0.6+0.0014/¢| 1.25 cl.5.5(4)
2 £ |Ximit = [(Bo-k3)/K4].d for fy,>50MPa N/A|mm cl.5.5(4)
=% ky=0.54]0.40 | N/A cl.5.5(4)
= £ ks = 1.25(0.6+0.0014/¢.,,) | 0.6+0.0014/¢| N/A cl.5.5(4)
2= [g,, = 0.0035 for f <50MPa | | 0.0035 T.3.1
€z = [2.64+35[(90-f,)/100]*1/1000 for f,>50MPa N/A T.3.1
_ 4 M—-M, :
Compression steel s — Focld —d') N mm cl.3.2.7(2)
Tension steel A, — M. + A Y mm? cl.3.2.7(2)
USTfuk z i
i
fie=min|0.87f,x, Esean (W)] N/AIN/mm®  [cl.3.1.7(3)
L N 1t
Tension steel area provided

Tension steel area provided utilisation
Compression steel area provided
Compression steel area provided utilisation
% Min tension reinforcement ‘

% Min tension reinforcement (>= MAX(0.0013, 0.26(f .tr,/f,)).b ,d)
% Min tension reinforcement utilisation ‘

% Min compression reinforcement (>= 0.002b,h)

% Min compression reinforcement utilisation _ N/A

% Max tension reinforcement (<= 0.04b,h) .
% Max tension reinforcement utilisation ‘ OK
% Max compression reinforcement (<= 0.04b,h)
% Max compression reinforcement utilisation N/A
% Max tension or compression reinforcement utilisation
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| | | | | ACI318
Bending Rectangular Beam (Singly or Doubly Reinforced) (ACI318)
i \ \ \ \ \ —

0.003 l‘—’l
] swaosengal T [0 . 3T Ta ;lg;. ) [ — G=Af
- A & a=pic C = 0.85f/ba
s d=d, a
: 'l‘ i ; 5 =9
W ™ A A
| | 1 R L] ° . - T = Afy
I > |
et T \ \ \ I

[ | Singly Reinforced Rectangular Section Doubly Reinforced Rectangular Section [ |

| | | | |
Required nominal flexural strength coefficient of resistance, R, = M* / ¢bwd2 ‘B AN/mm?

\Strength reduction factor for tension-controlled sections, ¢ = 0.9( 0.90
Ratio of A, to b,d, p,, = 0.85f.'/f,.[1-V(1-2R,/(0.85f.'))], fy5550N/mm2 1.11\%
Tension steel, A, = MAX(pubud, Agmin) | | 5070 | mm?

‘As,min = MAX(0.25b,,dVf/'/f,, 1.4b,d/f,), fys550N/mm2 1284 |mm?
Factor, B; = MAX(MIN(0.85-(0.05/7).(f.'-28),0.85),0.65) 0.85
Note p, is the factor relating depth of equivalent rectangular compressive stress block to neutral axis depth;
Depth of equivalent rectangular stress block, a = A..f,/(0.85f.'b,,), f,<550N/| 213 /mm
Distance, c = a/B; ‘ ‘ ‘ ‘ 251|mm
Note c is the distance from extreme compression fiber to neutral axis (for singly reinforced section);
Distance, d; = h - cover - MAX(djinks Piink,tr COVEFadq,t) = d/2 ‘ ‘ 949‘mm |

Note d, is the distance from extreme compression fiber to centroid of extreme layer of longitudinal tension st

& = 0.003(d/c-1) | | | | | |

Note ¢, is the net tensile strain in extreme layer of longitudinal tension steel at nominal strength;

Ist > 0.005| —>  |no compression steel ALID

Tension steel, A, D70 [k

0.004 < £, < 0.005 —> compression steel required A

Ratio of A, to b,d, p, = 0.319p,f./f, . d/d, f,<550N/mm? N/A|%

Rut = pufy(1-0.59p,f,/f.), f,<550N/mm?> | | N/A|N/mm?

Note R ,; is the required nominal flexural strength coefficient of resistance for

rectangular beam corresponding to €, =0.005;

M, = Rybyd? | | | N/AkNm
Note M ,; is the required nominal flexural strength corresponding to €, =0.005;
Mo' = M*/¢ - My | | | | N/A[kNm

Note M ,' is the required nominal flexural strength that need to be resisted by the

compression reinforcement;

Distance, ¢, = 0.375d; N/A|mm

Note c, is the distance from extreme compression fiber to neutral axis (for doubly

reinforced section); ‘ ‘ ‘ ‘

Stress in compression reinforcement, f' = 0.003E,(1-d'/c;) < f,, f N/A|N/mm?
‘Modulus of elasticity of reinforcement, E; = 200,000 N/A|N/mm?

Compression steel, A' = M,,' / [f'(d-d")] ‘ ‘ Y mm?

Tension steel, A = p,b,d + M,,' / [f,(d-d")], f\,5550N/mm2 Y mm?

g, <0.004 —  |no valid solution
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eel,;

Tension steel area provided

Tension steel area provided utilisation

Compression steel area provided

Compression steel area provided utilisation

% Min tension reinforcement ‘

cl.9.6.1.2

% Min tension reinforcement (>= MAX (0.25b ,,d Vf. /f,, 1.4b,,d/f,))

% Min tension reinforcement utilisation
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| | | | | BS8110
Bending I‘=Ianged B?am (Singl‘y or Doub‘ly Reinfor‘ced)
B | ‘Euimpl;.-' ‘ -::-yntin‘u-:nus ‘ Cartilever For cantilevers, width shown
= supported is applicable for downstand
|| T-Beam b+ L/ 5 bw+L /714 (=% beams as rect- sections.
| | L-Beam by, + L /10 by + L/ 14.29 ™ For upstand beams, T- or L-
| | Land < (i actual flange width, (i) beamn spacing sections will apply with insitu
Span N/A|[m
Depth of flange, h¢ N/A|mm N/A
Effective width, b = MIN(b,, + function (span, section, structure), beam spac N/A|mm
(bending flanged beam, deflection calcs flanged beam)
K = M/bd?f., | :
z = d.[0.5+(0.25-K/0.9)°°] N/A ' mm
Depth of compression stress block, s = 2.(d-z) (applicable for all f.,) N/A|mm
Compression Stress Block in Flange (s <= hy) A
\
M, = K'f,bd? Y kKNm
Ratio, K'
0.156 for £ <60 N/mm?] N/A|mm 3.4.4.4 BQ
Q?QZQQQ K'= |o0.120 for 60< £ =75 Ny/mm?] N/A|mm 3.4.4.4 BG
0.094 for 75< <105 N/mm?| [ 5, =1.0] N/A|mm 3.4.4.4 B(
0.402(3 -0.4) - 0.18(f8.-0.4)* , for f <60 x_.-'mm-'| N/A|mm 3.4.4.4 B
QQOLQQQ K' = 0.35718,-0.5) - 0.143(A,-0.5) for 60=< f_=75 mem-l N/A mm 3.4.4.4 B

Note the expression for K' ensures that the section remains ductile i.e. ensuring

that failure occurs with the gradual yielding of the tension steel and not by a

sudden catastrophic compression failure of the concrete;

[1r: m

<M, — nocompression steel

|k = miba’s,,|

To scheme beam, choose d such

that K = M/(bd?f.,)

—

< K' (0.156 for f,=1.0 and NSC

for no compression steel, ie.d > N/A and h > N/A|mm
\ \
z=d{0.5+\/0.25—£} z <=0.95d Y mm
09 JH
I |
Depth of neutral axis, X £ Xjjmit
© X (d —2)/0.45, for < &0 N/mm? N/A|mm 3.4.4.4 B(
*g w X = (d —2)/0.40, for@0 <f <75 N_.-'m-uil N/A|mm 3.4.4.4 Bd
g S (d-2,/0.36, for7=f =105 N.-"m"rl-'l N/A|mm 3.4.4.4 Bq
x<05dfor L<60N/mmy] N/A/mm 3.4.4.4 BC
% % sz_ggg xS 0.4d for 60 < £, < 75 N/mnv’] N/A|mm 3.4.4.4 B(
r_; 3 x = 0.33d, for TS« F = 105 N/mm’ [ B, =1.0] N/A|mm 3.4.4.4 B(
g ‘é’ x < (f,- 0.4)d for £ =60 N/mm? | | N/A|mm 3.4.4.4 B
é’ = %01’090 x=(f-05)dfar G0 < f =75 N_-'lnnl'l N/A|mm 3.4.4.4 Bd
Tension steel A =L' f,<460N/mm? . 2 Foreword
: (095}6‘)2 s yS ‘ mm
\ \
Back-analysis of x in (0.67f,,/1.5).(s.b)=(f,/1.05).(As prov), f,<46( A\ N/A |
0.9x for f,, < 60 N/mm?; N/A mm 3.4.4.4 B{
s = 0.8x for 60 < £, <75 N/mm? N/A|mm 3.4.4.4 Bd
0.72x for 75 <o < 105 N/mm? N/Amm 3.4.4.4 Bd

Note for an under reinforced section, require x < x ;i for yielding of tension steel;
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BS8110

Ilf: M>M, — compression steel required I A

To scheme beam, with compression steel, choose d such that K = M/(bd*f.,) < 10/f,
for non-excessive comp steel, i,e.d> N/A and h > N/Amm

| |
z:d{o.sﬂ/o.zs—%} N mm
[ [

Depth of neutral axis, X < Xyt A < X mm A
© X (d —2)/0.45, for < &0 N/mm? N/A|mm 3.4.4.4 BQ
"g cj X = (o —2)/0.40, for&l<f =75 N_-'||1'1|3I N/A 'mm 3.4.4.4 Bd
g © (d-2,/0.36, for7=f =105 N.-"m"rl-'l N/A 'mm 3.4.4.4 Bd
¥ = 0.5d for f_ =< B0 N_-""I'I"l‘l'l i N/A mm 344.4 BC
% % %2096 xS 0.4d for 60 < £, < 75 N/mnv’] N/A|mm 3.4.4.4 BQ
r_(z =3 x = 0,334, for To< f = 105 MN/mm’ [ f,=1.0] N/A 'mm 3.4.4.4 Bd
g ‘é x = - 0.4)d for £_= BO N/mm? :| \ N/A|mm 3.4.4.4 B(
é’ = %QI/QQQ x=(f-05)dfar G0 < f =75 N_-'lnnl'l N/A|mm 3.4.4.4 B{
2 Compression steel =w f,<460N/mm? A 2 Foreword
. P | $T0.95f, (d—d ) = | mm
P
2 Tension steel A = M. +A, , f,<460N/mm? Y mm? Foreword
0.95f, z :
2 -
> \
iwa'> (1 —i)x use 700(1 -9 ) in lieu of 0.95f, |, , <460N/mm? N/A F d
735 )% % DN, fy= ‘ /mm / orewor
! | | !
Back-analysis of x in (0.67f/1.5).(s.b)+(f,/1.05).(Asre ) =(i/ L. I | IEYCSR
0.9x for f,,, <60 N/mm?; N/Amm 3.4.4.4 BQ
s = 0.8x for 60 < £, <75 N/mm? N/A|mm 3.4.4.4 Bd
0.72x for 75 <f-, < 105 N/mm? N/A|mm 3.4.4.4 B(Q

Note for an under reinforced section, require ¢4 = .. (d-x)/x = ¢, for yielding of tension steel
and e, = ¢ (x-d")/x = ¢, for yielding of compression steel, where ¢.=0.0035 for f,, < 60N/mn
and &, =0.0035 -(f ., -60)/50000 for f., > 60N/mm? and &,=(f,/1.05)/E;

Tension steel area provided
Tension steel area provided utilisation
Compression steel area provided
Compression steel area provided utilisation
% Min tension reinforcement ‘

% Min tension reinforcement utilisation ‘ ‘ ‘

% Min compression reinforcement (>= 0.004bh flange; >= 0.002b,,h web)
% Min compression reinforcement utilisation
% Max tension reinforcement (<= 0.04b,h)
% Max tension reinforcement utilisation ‘
% Max compression reinforcement (<= 0.04bh; flange; <= 0.04b,,h web)
% Max compression reinforcement utilisation

% Max tension or compression reinforcement utilisation

N
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BS8110
Compression Stress Block in Web (s > hy) .
Note simplified method as equations within this section only valid for g, = 0.90 as x = 0.5d;
I I I I I I I I
.3.4.4.4 B
h, = 0.45d for f_ < 60 N/mm?; or Note these checks for hy <= 3 g
' {0.45,0.36,0.30}d and g, | >-4-4.4 BQ
h, < 0.36d for 60 < f < 75 N/mm?; or performed as part of the .3.4.4.4 BQ
under reinforced section 0 3.4.4.4 B(
h, = 0.30d for 75 = f = 105 N/mm? and no moment redistribution. [lchecks hereafter;
2 | | |
2 Muf= O.45fcu (b—by,) hj‘(d — O.Shf) N KNm
]
: M=,
= :
cu bH‘ d_
5 S
2 Ratio, K'
2 0.156 for £ <60 N/mm?] N/A|mm 3.4.4.4 B(
2 %02090 K'= |0.120 for 60< £ <75 Ny/mm?] N/A|mm 3.4.4.4 BC
0.094 for 75< £, <105 N/mm?|  |[B,=1.0] N/A|mm 3.4.4.4 BQ
If K; < K' -> no compression steel .
‘ ]
- _M+kifeubywd(kad—hy) 2 2
Tension st‘eel As= 0.957, (d=0.5%) fys4‘60N/mm ‘mm Foreword
= cl.3.4.4.5 B(
= 0-1forf,, =80 N/mm?, k, = 0.45 for £, <60 N/mm?, cl.3.4.4.5 BQ
0.072 for 60 <7, = 75 N/mm- and 0.32 for 60 < £, <75 N/mm? and | ¢l.3.4.4.5 BQ
0.054 for 75< f_ < 105 N/mm?; and 0.24 for 75< f_ =105N/mm? cl.3.4.4.5 BG
\ \ \ ‘ ‘ -
2 Back-analysis of x in (0.67f./1.5).[b.h¢+(s-h¢).b,]1=(f,/1.05).(A,, :y mm i
2 0.9x for f,, <60 N/mm?; | | | | N/A|mm 3.4.4.4 BQ
2 s = 0.8x for 60 < f.,, <75 N/mm? Xiimit=0.5d N/A|mm 3.4.4.4 B(Q
0.72x for 75 <f < 105 Nimm?| | \ N/A|mm 3.4.4.4 Bd
) 2 Note for an under reinforced section, require x < x .+ for yielding of tension steel;
If K; > K' > compression steel required i
\ \
C ‘ t | A‘ =M_M:!/-_ Kf(u bwd2 f <460N P > F d
ompressu‘on stee s 095/, [d—d) VS ‘ /mm mm orewor
Tension steel, A, , f,<460N/mm? Y mm? Foreword
0.20, 0.18, 0.16} foubyd + 0.45f., he(b—b,, ,
4, 21020, 018, 0.16} fuubwd + 045y (b=by) -
0.95f, s
Note the coefficient 0.20, 0.18 or 0.16 is used for f., < 60, 75 or 105N/mm? respectively;
\ \ \ \ \
ira > (1- f ). use 700(1 -4 in Tiew of 0,95, II x=0.5d |, f, <4 N/A Foreword
735/ x )y : rly=
\ | | \ |
Back-analysis of x in (0.67f./1.5).[b.h¢+(s-h¢).b,]+(f,/1.05).(As Yy mm A
0.9x for f,,, <60 N/mm?; N/A mm 3.4.4.4 B(
S = 0.8x for 60 < £, <75 N/mm? N/A|mm 3.4.4.4 Bd
0.72x for 75 <f-, < 105 N/mm? N/A|mm 3.4.4.4 B(Q
Note for an under reinforced section, require sq = .. (d-x)/x = ¢, for yielding of tension steel
and e,.= ¢ (x-d")/x = ¢, for yielding of compression steel, where ¢.=0.0035 for f,, < 60N/mn
and e, =0.0035 —(f o, —60)/50000 for f., > 60N/mm? and e,=(f,/1.05)/E;
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| | | | | EC2
Bending I‘=Ianged B?am (Singl‘y or Doub‘ly Reinfor‘ced)
b
i bey =3 by +b, <b — —— ] | | _b_bj wa
where B = 7 a1
| . =02b,+0,11,20,2/, J’a+bJ| b=07k | ©h=015k+kh 1 g o, % g
g andbaﬂ_i <b, F Iz % ’ ] S anb? 5
2
Span N/A|[m
Depth of flange, h¢ N/A|mm N/A
Effective width, b = MIN(b,, + function (span, section, structure), beam spac N/A|mm
(bending flanged beam, deflection calcs flanged beam)
K = M/bd*fy, | | A
z = d.[0.5+(0.25-K/C)*], C=2na./1c N/A ' mm
Depth of compression stress block, s = 2.(d-z) (applicable for all f.) N/A|mm
Compression Stress Block in Flange (s <= hy) A
2 \
2 | My, = K'f,bd? Y kNm
Ratio, K'
K,_nam‘}\.(g) ‘(1_5(5) ) N/A cl.3.1.7(3)
Yo d / timit 2 \d/ 1imit cl.3.1.7(3)
Partial factor for concrete, y. = 1.50 N/A cl.3.1.6(1)
2 Strength coefficient, o, = 1.00 | 0.85  [JEC2UKY| N/A cl.3.1.6(1)
2 Stress block factor, n = MIN[1.0,1.0-(f,-50)/200] N/A cl.3.1.7(3)
2 Stress block factor, » = MIN[0.8,0.8-(f.-50)/400] N/A cl.3.1.7(3)
2 Note the expression for K' ensures that the section remains ductile i.e. ensuring
that failure occurs with the gradual yielding of the tension steel and not by a
sudden catastrophic compression failure of the concrete;
2
2 Ilf: M <M, — nocompression steel I
2 \
K- M
bd2 f ;.
z=d [0.5— \/0.25 - % . o=2% ], c—0.95 Y mm cl.3.1.7(3)
Yo
Depth of n‘eutral axis,‘ X < Xjimit A < A mm A
T X x = 2(d-z)/xr N/A|mm cl.3.1.7(3)
*qs) ‘£ Ximit = [(Bp-K1)/k>].d for f, <50MPa N/A|mm cl.5.5(4)
z k, = 0.44 | 0.40 | N/A cl.5.5(4)
k, = 1.25(0.6+0.0014/¢,,) | 0.64+0.0014/¢, N/A cl.5.5(4)
;'—: £ [Ximit = [(Bb-K3)/Kqe].d for fy>50MPa N/A|mm cl.5.5(4)
=% ky=0.54]0.40 | N/A cl.5.5(4)
a‘g ‘é’ ks = 1.25(0.6+0.0014/¢c.,») | 0.6+0.0014/¢, N/A cl.5.5(4)
2= |g,, = 0.0035 for f, <50MPa | | N/A T.3.1
gz = [2.6+35[(90-f,)/100]*]1/1000 for f.>50MPa N/A T.3.1
2 _ — 7
2 Tension steel | 4s 08752 N/A [t cl.3.2.7(2)
2
72
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EC2
Ilf: M>M, — compression steel required I s
[ / K' 2n0,,
Depth of neutral axis, X < Xjimit i < A mm .
® X x = 2(d-z)/A N/A|mm cl.3.1.7(3)
‘05)' ; Ximit = [(Bp-K1)/k,].d for f,,<50MPa N/A ' mm cl.5.5(4)
z®© k, = 0.44 | 0.40 | N/A cl.5.5(4)
k, = 1.25(0.6+0.0014/¢.,,) | 0.64+0.0014/¢, N/A cl.5.5(4)
2 £ |Ximit = [(Bo-k3)/K4].d for fy,>50MPa N/A|mm cl.5.5(4)
=% ky=0.54]0.40 | N/A cl.5.5(4)
g E k, = 1.25(0.6+0.0014/¢.,,) | 0.6+0.0014/¢, N/A cl.5.5(4)
2= g, = 0.0035 for f, <50MPa | | N/A T.3.1
€z = [2.64+35[(90-f,)/100]*1/1000 for f,>50MPa N/A T.3.1
C ion steel  ||A! M = M, 2 1.3.2.7(2)
ompression stee =T s o Y mm cl.3.2.
P | P fse(d—d)
_
Tension steel 4 — M, A’ Y mm? cl.3.2.7(2)
& + &5
087f1;k z
|
ﬁ,c:min[O_S’/'ﬁ,k, Eson (W)] N/AIN/mm?  [cl.3.1.7(3)
N mi
Tension steel area provided

Tension steel area provided utilisation
Compression steel area provided
Compression steel area provided utilisation
% Min tension reinforcement ‘

% Min tension reinforcement (>= MAX(0.0013, 0.26(f .tr,/f,)).b ,d)

% Min tension reinforcement utilisation ‘ ‘ ‘

% Min compression reinforcement (>= 0.004bh flange; >= 0.002b,,h web)
% Min compression reinforcement utilisation _ N/A

% Max tension reinforcement (<= 0.04b,h)

% Max tension reinforcement utilisation _ N/A

% Max compression reinforcement (<= 0.04bh; flange; <= 0.04b,,h web) /.9.2.1.1(3
% Max compression reinforcement utilisation N/A

% Max tension or compression reinforcement utilisation N/A
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EC2
Compression Stress Block in Web (s > hy) ,
Note the check for hy <= A.x;m: performed as part of the under reinforced section checks hereafter;
_ Oecfek A
My=n 7z (b—byw)hy(d—0.5h) kNm
1
M-y -
" fabyd”
Ratio, K' :
Xz cl.3.1.7(3)
K= M%e (T 1-2(2 ) N/A
Yo (d)ﬁmit 2 (d)cz'mz't / cl.3.1.7(3)
Partial factor for concrete, y. = 1.50 N/A cl.3.1.6(1)
Strength coefficient, o = 1.00 | 0.85 - N/A cl.3.1.6(1)
Stress block factor, n = MIN[1.0,1.0-(f,-50)/200] N/A cl.3.1.7(3)
Stress block factor, A = MIN[0.8,0.8-(f4-50)/400] N/A cl.3.1.7(3)
If K; < K' -> no compression steel i
- - * Hee 4 *
oo o Mk fubudle d=hp [0 207 ] o
\ \ \ -
Lever arm, z = d.[0.5+(0.25-K¢/C)%°], C=2nac/vc N/A ' mm
Depth of neutral axis, X < Xjimit A < Y mm A
B % |x=2(d-z)/2 | N/A|mm cl.3.1.7(3)
?, ‘£ Ximit = [(Bo-K1)/K>].d for fy,<50MPa N/A ' mm cl.5.5(4)
z®© k, = 0.44 | 0.40 | N/A cl.5.5(4)
k, = 1.25(0.6+0.0014/¢.,,) | 0.6+0.0014/¢, N/A cl.5.5(4)
£ 2 | Xime = [(Bo-ks)/Ks].d for fy>50MPa N/A mm cl.5.5(4)
=% ks =0.54]0.40 | N/A cl.5.5(4)
ag E’ ks = 1.25(0.64+0.0014/¢,,) | 0.64+0.0014/¢, N/A cl.5.5(4)
2= |g,, = 0.0035 for f, <50MPa | | N/A T.3.1
ez = [2.6+35[(90-f,)/100]*1/1000 for f,>50MPa N/A T.3.1
If K; > K' > compression steel required i
] ]
‘ A'_M_M(rf_Kiﬁ.‘kbwdz 5
Compression steel s Fld—d) aymm
Tension steel A= My K foby d* "‘-“f“f ymm?
T 087fud—=0.5h)  087fuz  0.87fu
Lever arm, z = d.[0.5+(0.25-K'/C)°>], C=2nac/vc N/A ' mm
Depth of neutral axis, X < Xjimit A < mm A
B % |x=2(d-z)/2 | N/A|mm cl.3.1.7(3)
% ;f_j Ximit = [(Bp-K1)/k>].d for f,,<50MPa N/A|mm cl.5.5(4)
z®© k, = 0.44 | 0.40 | N/A cl.5.5(4)
k, = 1.25(0.6+0.0014/¢,5) | 0.6+0.0014/¢, N/A cl.5.5(4)
‘£ £ |Ximit = [(Bo-k3)/K4].d for fy>50MPa N/A|mm cl.5.5(4)
=% ks =0.54]0.40 | N/A cl.5.5(4)
= £ ks = 1.25(0.6+0.0014/¢.,,) | 0.6+0.0014/¢, N/A cl.5.5(4)
2= |g,, = 0.0035 for f, <50MPa | | N/A T.3.1
€cuz = [2.6+35[(90-f4)/100]1%1/1000 for f,>50MPa N/A T.3.1
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| | | BS8110

Shear Rectangular Beam (BS8110)
Note that this design check is performed for both rectangular and flanged sections, adopting
rectangular section equations in the case of flanged sections;
Note that d is the effective depth to the tension reinforcement irrespective of whether the section
is sagging at midspans or hogging at supports. It follows then, for midspans, tension steel is
the bottom steel whilst for supports, tension steel is the top steel;
Ultimate shear stress, v, = Vg/byd (< 0.8f,,°° & {5.0,7.03N/mm?) N/mm? }3.4.5.2 Bd
Ultimate shear strength, MIN{0.8f.,%° & {5.0,7.03N/mm?} / N/mm? }3.4.5.2 Bd
Ultimate shear stress utilisation 4% 0
Design shear stress, vg = Vq ¢it./byd Full shear Vd v N/mm?
Shear strength, v, (< 0.8f,,°° & {5.0,7.03N/mm?) 0.79(N/mm? |cl.3.4.5.4

‘Critical section, X, = 1.0d ‘ 917 mm cl.3.4.5.10

(Shear capacity enhancement by calculating v 4 within 2d of support and comparing against
enhanced v . within 2d of the support as cl.3.4.5.8 BS8110 not employed, instead calculating
v 4 at d from support and comparing against unenhanced v . as cl.3.4.5.10 BS8110 employed ;)

Area of tension steel reinforcement provided, A; oy 6434 | mm?

pw = 100A, pro/bud | | 1.40|%

Ve = (0.79/1.25)(pufou/25)Y3(400/d)M* WEIN/mm?  |cl.3.4.5.4
pw = 100A ,ro/byd < 3 1.40|% cl.3.4.5.4
fo, = o < 8ON/mm? | 35/N/mm?  |3.4.5.4 Bd
(400/d)¥* > (0.67 or 1.00) 1.00 cl.3.4.5.4

Table 3.8 — V:\I‘ue! of v, design conr‘rete shear stress
ToT
e ‘ o b 10 ‘ ‘ ‘
Minimum shear strength, v, = MAX (0.4, 0.4(f.,/40)¥3), f.,,<80N/mm? LI N/mm?  |3.4.5.3 B(
Check v4 < 0.5.v, for no links (minor elements) INVALID| 0.40 |cl.3.4.5.3
Concrete shear capacity v..(b,d) 363|kN cl.3.4.5.4
Check 0.0 < v4 < v, + v, for nominal links 0.00 N/A 1.19 |c/.3.4.5.3
(As/S)nom > Vp.by/(0.95f,,), f,,<460N/mm?i.e. (Aqw/S)nom > WY mm?/mm [.5.3, cl.3.4
Vcap,nom = (v,+v.).(b,d) 46 I\ cl.3.4.5.3
Check v4 > v, + v, for design links 1.19 VALID 4 cl.3.4.5.3
As/S > b, (vg-vc)/(0.95f,,), fy\,S460N/mm2 i.e. Ag/S > '8 mm?/mm [.5.3, cl.3.4
Veap = (Asv,prov/S+Asy prov.e/St)-(0.95f,,).d + v..(b,d), f,,<460N/m 1622|kN 1.5.3, cl.3.4
Area prov. by all shear and torsion links in section, Agy provtAsy,prov.t 314|mm?
Tried Aqy prov/S + Asy prov,t/St Value 3.14|mm?/mm
Design shear resistance utilisation % 0
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Shear Rectangular Beam (EC2)
Note that this design check is performed for both rectangular and flanged sections, adopting
rectangular section equations in the case of flanged sections;
Note that d is the effective depth to the tension reinforcement irrespective of whether the section
is sagging at midspans or hogging at supports. It follows then, for midspans, tension steel is
the bottom steel whilst for supports, tension steel is the top steel;
Ultimate shear stress, v = Vg/byd (< Vrg max(e=45=0.18(1-f4/250).f¢, fo= N/mm? 3(3), cl.3.
Ultimate shear strength, Vrg maxo=45)=0.18(1-f,/250).fg, f4<50N/mm? “WEAN/mm? 3(3), cl.3.
Ultimate shear stress utilisation %0 0
Design shear stress, vg = Vq ¢it./byd Full shear Vd v N/mm?
Shear strength, Vrg,c (< Vrd,max(e=45)=0.18(1-f4/250).f, f4 <50N/mm?) 0.60({N/mm? |cl.3.1.2(2)
‘Critical section, X, = 1.0d ‘ ‘ ‘ 917 mm cl.6.2.1(8)
(Shear capacity enhancement by calculating v 4 within 2d of support and comparing against
enhanced v p, . Within 2d of the support as cl.6.2.2(6) | cl.6.2.3(8) EC2 not applicable for UDLs, instead g
v4 at d from support and comparing against unenhanced v g4 as cl.6.2.1(8) EC2 employed )
Area of tension steel reinforcement provided, A; oy 6434 | mm?
Pw = 100A, pron/bud | | | 1.40|%
Vrae = Cra.c-K(pufa) > +K1.6¢p = VinintK1-6cp; Vimin=0.035k>*F, %2, k WJIN/mm?  |2(1), cl.3.]
Cra,c = 0.18/y. = 0.18/1.5 = 0.12 0.12 cl.6.2.2(1)
2 k =1+ V(200/d) < 2.0 1.47 cl.6.2.2(1)
pw = 100A, prov/byd < 2 1.40|% cl.6.2.2(1)
6 = F/byh < 0.2f4=0.20.fo/v.=0.2(1.0.f4/1.5), fy < 0.00|N/mm? |2(1), cl.3.]
| | Table 8.2 Shear resistance of slabs without she‘ar reinforcement ‘de < N/mm? (Clas‘s C30/37 concretL)
1 s =A/bd Effective depth, d (mm)
| ] < 200 225 250 300 350 400 500 600 750
0.25% 0.54 0.52 0.50 0.47 0.45 0.43 0.40 0.38 0.36
— 0.50% 0.59 0.57 0.56 0.54 0.52 0.51 0.48 047 0.45
0.75% 0.68 0.66 0.64 0.62 0.59 0.58 0.55 0.53 0.51
] 1.00% 0.75 0.72 0.71 0.68 0.65 0.64 0.61 0.59 0.57
1.25% 0.80 0.78 0.76 0.73 0.71 0.69 0.66 0.63 0.61
[ ] 1.50% 0.85 0.83 0.81 0.78 0.75 0.73 0.70 0.67 0.65
| | 2.00% 0.94 0.91 0.89 0.85 0.82 0.80 0.77 0.74 0.71
k 2.000 1.943 1.894 1.816 1.756 1.707 1.632 1.577 1.516
foe (N/mm?) 25 30 35 40 45 50
| Modification factor 0.94 1.00 1.05 1.10 1.14 1.19
Minimum shear strength, v, = 0.08/ys.f4%, vs=1.15, f,.<50N/mm? 0 N/mm?  |2(5), cl.3.
Check vy4 < Vgg, for no links (minor elements) INVALID| 0.60 |[cl.6.2.1(3)
Concrete shear capacity vpq,c.(byd) 274|kN cl.6.2.2(1)
Check 0.0 < v4 < v, for nominal links 0.00 N/A| 0.37 |[cl.6.2.1(5)
.5.1 (As/S)nom > Vi.by/(0.87f,,), f,,<600N/mm?i.e. (Asw/S)nom > WYX nm?/mm |3(3), cl.3.]
Veapnom = (As/S)nom-(0.87f,,).0.9d.cots, f,,<600N/mm? Je] kN 3(3), cl.3.1
Check v4 > v, for design links 0.37 VALID SR ENC).6.2.1(5)
f.5.1 As/S > b,.v4/(0.9(0.87f,,).coto), fWSGOON/mm2 i.e. A,/S > ) mm2/mm [3(3), cl.3.1
. 5.1 Veap = MIN {Vgqg,s; VRrd,max,0t \ \ 1777|kN 3(3), cl.3.]
Vrd.s = (Asv,prov/StAsy prov.t/St).(0.87f,,).0.9d.cots, fyvs600N/mm2 1953 |kN 3(3), cl.3.]
VRrd max,e = 0.36b,d(1-f4/250).f./[coto+tan6], f4<50N/mm? 1777|kN cl.6.2.3(3)
0 = 22° < 0.551N " {Vy/Vrg max(omasy+ T/ Tramaxomiser} < A SO0 22:0]° c1.6.2.3(2)
Area prov. by all shear and torsion links in section, Agy provtAsy,prov.t 314|mm?
Tried Aqy prov/S + Asy prov,t/St Value 3.14|mm?/mm

Design shear resistance utilisation

Add. longitudinal steel (for shear), Ass = 0.5V g . cot 8/(0.87f )
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Shear Rectangular Beam (ACI318)
Note that this design check is performed for both rectangular and flanged sections, adopting
rectangular section equations in the case of flanged sections;
Note that d is the effective depth to the tension reinforcement irrespective of whether the section
is sagging at midspans or hogging at supports. It follows then, for midspans, tension steel is
the bottom steel whilst for supports, tension steel is the top steel;
Ultimate shear stress, v, = V4/byd (< $(0.6640.170)Vf.', f.'<70N/mm?) N/mm? [cl.22.5.5.1
Ultimate shear strength, ¢(0.66+0.17A)\f., f.'<7O0N/mm? AN/mm?  [c.22.5.5.1
Ultimate shear stress utilisation % 0
Design shear stress, vq = Vg ¢it./bwd Full shear vd v N/mm?
Shear strength, v, (< $(0.66+0.170)Vf., f.'<70N/mm?) 0.74|N/mm? p.5.1, cl.22]
‘Critical section, X, = 1.0d ‘ ‘ 917|mm cl.9.4.3.2

(Shear capacity enhancement by calculating v 4 within d of support and comparing against

enhanced v . within d of the support not applicable for point loads nor UDLs, instead calculating

v 4 at d from support and comparing against unenhanced v . as cl.9.4.3.2 ACI318 employed ;)

Area of tension steel reinforcement provided, A; oy 6434 | mm?
Pw = 100A, prov/byd | 1.40|%
.2(2) Ve = ¢V/b,d Note f's 70N/mm? WL N/mm?
\
V. =0.170fb,d [Simplified] ¢V . = 309|kN b.5.1, cl.22
|
.2(2) where A = {1.00 NWC, 0.75 LWC} Normal weight %
|| Table 22.5.5.1—Detailed method for calculating V. !
| | V tailed MIN(a-c)] ¢V . = 339 kN b.5.1, cl.22
[ | ; - | Note f.'s 70N/mm?
| [Om P17, %de @ || [Detailed (a)] 4v. = 339 kN b.5.1, cl.22)
| || Leastof (a), (), - ‘ Note f.'s 70N/mm?
| and (): (0.16MJ7 +17p,)b,d (b) [Detailed (b)] ¢V . = 373|kN b.5.1, ¢l.22
| | 02907, © | Note f.'<70N/mm?
|1 "M, occurs simultaneously with ¥, at the section considered. [Detal/ed (C)] ¢VC = 528 kN . 5'1/ C/'22
\ \ \ Note f.'s 70N/mm?
where A = {1.00 NWC, 0.75 LWC} Normal weight W
Strength reduction factor for shear, ¢ = 0.75 0.75 cl.21.2
Minimum shear strength, v, = MAX (0.35, 0.062+f.'), f.'<70N/mm? 0 N/mm?  p.2.2, cl.22
Check v4 < 0.5.v, for no links (minor elements) INVALID 0.37 cl.9.6.3.1
Concrete shear capacity v..(b,d) 339|kN cl.22.5.5.1
Check 0.0 < v4 < ¢V, + v, for nominal links 0.00 N/A|] 1.00 |(cl.9.6.3.1
.2(3) (As/S)nom > Ve-buw/fus fy<420N/mm? i.e. (Ag/S)nom > JE¥I mm?/mm p.10.5, cl.2
p.2(3) Veap,nom = (ov+vo).(byd) 459 4\ ,22.5.10.5
Check v4 > ¢v, + v, for design links 1.00 VALID I 22.5.10. ]
p.2(3) As/S > by (vg-ve)/(9f,), fws420N/mm2 i.e. A./S > ) mm?2/mm p.10.5, cl.2
p.2(3) Veap = 0(Asv.orov/SHAsy prov.t/St)-fv-d + Ve.(b,d), f,,<420N/mm? 1246|kN .22.5.10.5
p.2(3)
Area prov. by all shear and torsion links in section, Agy provtAsy,prov.t 314|mm?
Tried Asv,pmv/S + Asv,prov,t/st value 3.14 mmz/mm
Design shear resistance utilisation 049 0




Ultimate shear and torsion strength, MIN{0.8f.,°° & {5.0,7.0}N/mm?}

Ultimate shear and torsion stresses utilisation

5.3.1 | |
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Torsion Rectangular Beam (BS8110)
Note that this design check is performed for both rectangular and flanged sections, adopting
rectangular section equations in the case of flanged sections;
Larger dimension of rectangular section, h,.x = MAX (h, by,) 1000|mm
Smaller dimension of rectangular section, h.,, = MIN (h, b,,) 500 mm
Design torsion moment, T ‘ ‘ ‘ I kKNm
Design torsion stress, vy = 2T/((hmin?) (Nmax-hmin/3)) (< 0.8f,.°° & {5.0,7.0} JOLIN/mm?  |cl.2.4.4.1
Ultimate torsion strength, MIN{0.8f.,>° & {5.0,7.0}N/mm?} / N/mm? }3.4.5.2 B
Design ultimate torsion stress utilisation 0% 0
Check v; < Vi min for no torsion links VALID cl.2.4.6
5.3.1 Concrete torsion resistance, vt,mi‘n = MIN (0.6, 0.067~f,), fo, < 8C JWLIN/mm? [cl.2.3 BC2
Check v; > Vi min for design torsion links N/A cl.2.4.6
Horizontal dimension of closed link, x; = b,, - 2 X cover - ¢jnkt 450 mm
Vertical dimension of closed link, y; = h - 2 x cover - djnt 950 mm
Provide torsion links Ay, /S > T/(0.8x,y4(0.95f,,)), f,,<460N/mm \N )] mm?/mm | 4.7, Forew
Provide torsion longitudinal bars, A, ‘ 1] mm? 4.7, Forew
Note require Agr > (Ag.c/S ) /fy)(X1+y 1), f,<460N/mm?, f,, <460N/mm?; cl.2.4.7, Forew
Area provided by all torsion links in a cross-section, Ag, prov,t 0/mm?
Tried Agy,prov,t/St Value ‘ 0.00 mm?/mm
Design torsion resistance utilisation 0% o
Combined Shear and Torsion Rectangular Beam (BS8110)
Note that this design check is performed for both rectangular and flanged sections, adopting
rectangular section equations in the case of flanged sections;
5.3.1 | | |
Ultimate shear and torsion stresses v + V; (< 0.8f.,%> & {5.0,7.0}N/mm?) P I N/mm? cl.2.4.5

3.4.5.2 B(

Check design shear and torsion links

Design shear and torsion resistance utilisation

Provide single torsion link leg > Ag,/S/(NiegtNieg,t) + Asyt/St/Nieg ¢ 1M ¥Y mm?/mm
Area provided by single torsion link leg, A, prov,t/Nieg,t 0/mm?
Tried Ag prov,t/Nieg /St Value ‘ ‘ 0.00 mm?/mm

2.5.3.3

.3, ¢l.22.5.

2.5.3.3

3, cl.22.5.
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| | | EC2
Torsion Rectangular Beam (EC2)
Note that this design check is performed for both rectangular and flanged sections, adopting
rectangular section equations in the case of flanged sections;
Larger dimension of rectangular section, h,.x = MAX (h, by,) 1000|mm
Smaller dimension of rectangular section, h.,, = MIN (h, b,,) 500 mm
Design torsion moment, T ‘ JKNm
Design torsion stress, v, = T/(ter.2A) JOLIN/mm? MOSLEY
Ultimate torsion moment capacity, Trg,max(e=45)=1.33v1.fe.ter. A/ (COtO+tand) 459 4\ 2(4), cl.3.
Design ultimate torsion moment capacity utilisation 0%0 O
Check T < Tgq, for no torsion links VALID

Concrete torsion resistance, Tryc = ferg.ter- 2Ak, f4<50N/mm? 1] KNm

\where fuy = ae-faidlve 0a=1.0, =15, feu=0.7fuim, fam=0.30f,>> cl.3.1.6

Check T > Trq, for design torsion links ‘ ‘ N/A

Effective wall thickness, ts = (by.h)/[2.(b,+h)] 167/ mm cl.6.3.2(1)

Area enclosed, A, = (b, ter).(h-ter) | 277778 mm? cl.6.3.2(1)
ord Provide torsion links Ay, +/St > T/(A«.(0.87f,,).cot8), f,,<600N/mm| K[l mm?/mm | MOSLEY
ord Provide torsion longitudinal bars, A ‘ 1] mm? cl.6.3.2(3)
ord Note require Ag: > T.u/(2.A).cot8/(0.87f,), u,=2.(b, +h-2t ), f, <600N/mm 2; cl6.3.2(3)
Area provided by all torsion links in a cross-section, Ag, prov,t 0/mm?
Tried Agy,prov,t/St Value ‘ 0.00 mm?/mm
Design torsion resistance utilisation 0% o
Combined Shear and Torsion Rectangular Beam (EC2)
Note that this design check is performed for both rectangular and flanged sections, adopting
rectangular section equations in the case of flanged sections;
Ultimate shear and torsion Vu/Vrg max(e=45°) T T/Trd,max(e=45°) (£ 1.00) cl.6.3.2(4)

Ultimate shear and torsion utilisation, < 1.00

Ultimate shear and torsion utilisation

cl.6.3.2(4)

Check design shear and torsion links

Provide single torsion link leg > Ag,/S/(NiegtNieg,t) + Asyt/St/Nieg ¢

Area provided by single torsion link leg, A, prov,t/Nieg,t

Tried Agy prov,t/ Nieg,t/ St Value

Design shear and torsion resistance utilisation

0.00|mm?%/mm
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Torsion Rectangular Beam (ACI318)
Note that this design check is performed for both rectangular and flanged sections, adopting
rectangular section equations in the case of flanged sections;
Larger dimension of rectangular section, h,.x = MAX (h, by,) 1000|mm
Smaller dimension of rectangular section, h.,, = MIN (h, b,,) 500 mm
Design torsion moment, T ‘ ‘ ‘ I kKNm
Design torsion stress, v, = T.2.(X;+Y1)/1.7/(X1y1)? (< $(0.66+0.17\)Vf.', o= JOIIN/mm?  [c.22.7.7.1
Ultimate torsion strength, ¢$(0.66+0.17A)Vf.', $=0.75, f.'<70N/mm? AN/mm?  [c.22.5.5.1
Design ultimate torsion stress utilisation 0% 0
Check T < ¢Ty, for no torsion links VALID
Concrete torsion resistance, ¢Ty, = $0.083AVF.".(Rmin:Nmax)*/[2. (hm kNm V.4.1, cl.22
|where 2 = {1.00 NWC, 0.75 LWC} Normal weight W
Check T > ¢T, for design torsion links ‘ ‘ N/A
Horizontal dimension of closed link, x; = b,, - 2 X cover - ¢jnkt 450 mm
Vertical dimension of closed link, y; = h - 2 x cover - djnt 950 mm
Provide torsion links Ay, +/St > T/($0.85x;Y;.f,), ¢=0.75, f,,<420N Kl mm?/mm [cl.22.7.6.1
Provide torsion longitudinal bars, A, ‘ 0 1] mm? 7.6.1, cl.9.
Note require Ag: > (A, e/Se)(Fp/Fy)(X1+Y 1) > Armin, y <420N/mm?, fy, <4200l/22r.7.6.1, cl.9,
Area provided by all torsion links in a cross-section, Ag, prov,t 0/mm?
Tried Agy,prov,t/St Value ‘ 0.00 mm?/mm
Design torsion resistance utilisation 0% o
Combined Shear and Torsion Rectangular Beam (ACI318)
Note that this design check is performed for both rectangular and flanged sections, adopting
rectangular section equations in the case of flanged sections;
Ultimate shear and torsion stresses [vy> + v¢°1"? (< $(0.66+0.17A\)Vf', $=0 cl.22.7.7.1
Ultimate shear and torsion strength, ¢(0.66+0.170)Vf.', $=0.75, f.'<70N/m b.5.1, cl.22

Ultimate shear and torsion stresses utilisation

Check design shear and torsion links

Provide single torsion link leg > Ag,/S/(NiegtNieg,t) + Asyt/St/Nieg ¢ W84 mm?/mm

Provide single torsion link leg > MAX(0.175,0.031f.").b,/f,\, f, < 0 mm?/mm |[cl.9.6.4.2
Area provided by single torsion link leg, A, prov,t/Nieg,t 0/mm?
Tried Ag prov,t/Nieg /St Value ‘ 0.00 mm?/mm

Design shear and torsion resistance utilisation
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Detailing Requirements Rectangular or Flanged Beam

All detailing requirements met ?

Min tension steel reinforcement diameter, ¢; (>=12mm) 32/mm
Min tension steel reinforcement pitch (b,—2.cover-2.MAX(djink, Piink,t)—¢t)/(Ne/N 133/mm
Max tension steel reinforcement pitch (b,,—2.cover—2.MAX(dink, diink,t)—0c)/ (Ne/T 133/mm

Note that max pitch assumes no moment redistribution in beam, if less than

20% moment

redistribution then pitch to be less than 175mm for G250 and less than 150mm for G460;

Min compression steel reinforcement diameter, ¢. (>=12mm) N/A|mm
Min compression steel reinforcement pitch (b, or b—2.cover-2.MAX(djink/Piink.t. N/A|mm
Max compression steel reinforcement pitch (b,, or b-2.cover—2.MAX(djink, diink,1 N/Amm
Min shear link diameter, ¢ (>=6mm, >=¢./4) 10/mm
Min torsion link diameter, ¢y (>=6mm, >=¢./4) N/Amm
Shear link pitch, S (<=0.75d, <=12¢,, <=300mm, >=MAX(100mm, 50+12. 100|mm
Torsion link pitch, S; (<=0.75d, <=12¢.,, <=300mm, >=MAX(100mm, 50+1 N/A|mm
Agy prov / (by-S) + Agy prov,t / (by.St) (>0.10% G460; >0.17% G250) 0.63|%

Agy prov / (bw.S) + Agy prov,t / (bw.St) (<4.00%) ‘ ‘ 0.63|%

alternate longitudinal

Note require an overall enclosing link; Note require additional restraining links for each

() U0 |

A pattern which overlaps links as shown below should not be used.

5.3.1,

Crpen links may be used for beam and slab construction wsing 'L’ hooks where the width of
rib is 430mm or more. Insuch circumstance a top locking link is also used.

1 Xl 75 mimmmim

Where links are used for tarsion the bar shape 99 should be used to describe the shape

shown below.

[

Note lacer bars of 16mm are required at the sides of beams more than 750mm deep at 250mm pitch;
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| | | | BS8110

Deflection Criteria Rectangular or Flanged Beam

- Typically require : Total deflection < span/250
|| Live Load + creep < span/350
and < 20mm

- Criterion satisfied if span / effective depth < (Basic x Cy x C; x Cj)

Typical multiplers (C1): Basic span/effective depth ratios for
| C1 = 0.8 for flanged beams with byb < 0.3 rectangular beams
— C1 = 10/span(m) for spans beyond 10m Support Rectangular
| | C1 =0.9 for flat slabs (use longer span) conditions sections
Cantilever 7
| NOTE: For two-way slabs on continuous support, Simple supported 20
— use shorter span. Continuous 26

 ————— e ——————————
|| Tension reinforcement modification factor (Cz)‘f1

fs = service stress in reinforcement

-
o

-
=

-
[~

Modification factor

-

0.8

0.6

Compression reinforcement modification factor (C3)

1.6

"]

T

0 0.5 1 1.5 2 25 3 3.5

100 A's,prov/bd

[—] Shrinkage

For normal situations, assume long term shrinkage strain of 300 x 10 N

—] Creep

For normal situations, assume creep coefficient of ¢= 2

| | Hence long term E value: E - E»

|| - 1+¢
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BS8110
Span, L 10.000/m
Span, L / eff. depth ratio, d 0.9
Basic span / eff. depth ratio criteria = {20.0,26.0,7.03} 6.0 cl.3.4.6.3
] ] ] ] ] | |

Table 3.9 — Basic span/effective depth ratio for rectangular or flanged beams

B Support conhitions Rectangular section Flanged beams with
|| b,
|| ? =03
|| |Cantilever 7 5.6
|| | Simply supported 20 16.0
| | | Continuous 26 20.8
| |
Multlpller Cl,rect or flanged 1.00 cl.3.4.6.3
Multiplier Cy 1 510m Include A 1.00 cl.3.4.6.4
Modification factor for tension C, cl.3.4.6.5
M/(b,, or b).d? 4.40|N/mm? |cl.3.4.6.2
I
- zf)’As req l 287 5
s 34, prov Pb N/mm
(477-1)) i
0.55 + — = 2.0
Modification | 120 (09 + M) 0.8 T.3.10
‘ bd?
[
Modification factor for compression Cs cl.3.4.6.6
100A; o'/ (by Or b).d N/A cl.3.4.6.2
r ’
Modification |1 + 1004 El’1"“'/(3 + 1004 . 1""“’) =15 DO T.3.11
‘ bd bd
T

Modified span / eff. depth ratio c

[ [ [
riteria = C,.C,.C5.{20.0,26.0,7.0

Deflection utilisation
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EC2
Span, L 10.000/m
Span, L / eff. depth ratio, d 0.9
Basic span / eff. depth ratio criteria, {L/def}basic = F{K,PreqsPreq et cl.7.4.2
] ] ] ] ]
|| j - ¥
n E=K11+1,5\/a%+3,24/fck(%—J if p< o
1/ ] P 1 o' .
1 —=K|11+15,/f 0 4 Jf, | if p>
|| d *p-p 12 “kvpo] po
\ \
Multiplier Fi rect or flanged 1.00 cl.7.4.2
Multiplier F3 | 57m Include A 0.70 cl.7.4.2
Modification factor for tension F3 cl.7.4.2
Preq = 100A,/(b,, or b).d 1.21|\% cl.7.4.2
os = 310.(f,/500).[As/As prov] 268|N/mm? cl.7.4.2
\
Modification 310/ o5 = 500 /(fyk As.req / As,prov) <1.5 0 cl.7.4.2
Preq. = 100A//(b,, or b).d N/A|% cl.7.4.2

Modified span / eff. depth ratio criteria = F;.F,.F3.{L/def Fbasic

Deflection utilisation

compression

Table 7.4N: Basic ratios of span/effective depth for reinforced concrete members without axial

[ | Concrete highly stressed Concrete lightly stressed
— Structural System K p=15% p=0,5%
— | Simply supported beam, one- or
|| | two-way spanning simply 1,0 14 20
supported slab
|| | End span of continuous beam or
one-way continuous slab or two- 1,3 18 26
| | |way spanning slab continuous over
— | one long side
| | | Interior span of bgam or one-way 15 20 30
[—] | or two-way spanning slab
| | | Slab supported on columns without
—| | beams (flat slab) (based on longer 1.2 17 24
L1 |span)
| | Cantilever 0.4 6 8
B Note 1: The values given have been chosen to be generally conservative and calculation may frequently
| | | show that thinner members are possible.
—| | Note 2: For 2-way spanning slabs, the check should be carried out on the basis of the shorter span. For
|| | flat slabs the longer span should be taken.
Note 3: The limits given for flat slabs correspond to a less severe limitation than a mid-span deflection of
| | span/250 relative to the columns. Experience has shown this to be satisfactory.
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ACI318
Span, L 10.000/m
Span, L / depth ratio, h 0.0
Basic span / depth ratio criteria = {16.0,21.0,8.03} 0 cl.9.3.1.1
\ \ \
Table 9.3.1.1—Minimum depth of nonprestr d
beams
Support condition ‘ Minimum A
Simply supported [ /16
One end continuous ‘ (/18.5
Both ends continuous [ €21
Cantilever ‘ (/8
Sy - S T S EOCpT
9.3.1.1.3, as appropriate.
— \
MUItlp“er I:l,rect or flanged N/A
Multiplier F3, 5 10m N/A
Modification factor for tension F; = 1/[0.4+f,/700] cl9.3.1.1.1
\ \ \
9.3.1.1.1 For f; other than 420 MPa, the expressions in
Table 9.3.1.1 shall be multiplied by (0.4 + £,/700).
F; = 1/[0.4+f,/700] 0.90
Modified span / depth ratio criteria = F,.F,.F5.{16.0,21.0,8.0} 8.8
Deflection utilisation % 0
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| | | | BS8110

Crack Width Estimation Rectangular Beam

Note that this design check is performed for both rectangular and flanged se

ctions, adopting

rectangular section equations in the case of flanged sections;

Maximum crack width criteria, Standard concrete BS8110 (0.30mm) v 0.30 Inlsg!
|

Load factor, LF = 1.4 conservatively 1.4
SLS bending moment, My, = M/ LF 1321 |kNm
SLS axial force (tension +ve and compression -ve), Fys = -F / LF 0|kN
Uncracked elastic modulus, E ncracked = 20+0.2f, 27|GPa
Cracked elastic modulus, Egacked = Euncracked / 2 14|GPa
Steel elastic modulus, Eg 200|GPa
Modulus ratio, a. = E;/ Ecracked 14.8
Reinforcement ratio, p,, = Ag prov/bud 0.01
Factor, oe.pw 0.21

|
Depth of neutral axis, X = oe.py.[(1+2/(cepy))?-1].d 431/mm
Lever arm, z = d-x/3 ‘ 773 mm
Steel tensile service stress (flexural), fs; = Mgs/Z / As prov 265|N/mm?
Steel tensile (tensile +ve and compressive -ve) service stress (axial), f,, 0|N/mm?

Note if Fsls > 0/ st = Fsls/(A s,prov +A s,prov ’)/

else fs2 = COe- (A s,prov +A s,prov ’)/[ Qe - (A s,prov +A s,prov ’)+(b w .h-A s,prov -A s,prov ')]-Fsls/(A s,prov +A s,prov ’);

Steel tensile service stress utilisation, (fs;+f5,) / (0.8f,) < 1.00 66% (0] ¢
Concrete compressive service stress (flexural and axial), f. 16|N/mm?

Note if Fys > 0, f. = 2(Mgs/2)/(b wX), else f. = 2(Mgs/2)/(b ,Xx) +

(b w .h-A s,prov -A s,prov ’)/[ de -(A s,prov +A s,prov ')+(b w .h-A s,prov -A s,prov ’)]'ABS(FS/S)/(b w .h-A s,prov +A s, prov ')/'
Concrete compressive service stress utilisation, f. / (0.45f,) < 1.00 D1 % DT O

Strain at tension face, g; = (h-x)/(d-x).(fs1+fs>)/Es 1.55|x103
Strain stiffening, &, = by (h-x)*/[3EAs prov(d-X)] 0.09/x107
Mean strain, e, = &; - € 1.47|x103
Distance to face of extreme rebar, ¢; = cover + MAX(djink, iink,t) 35|mm
Distance to centroid of extreme rebar, ¢ = ¢ + ¢/2 ‘ 51/mm
Distance, S = (bw_z'cover_z'MAX((I)Iinkld)link,t)_(bt)/(nt/nlayers,tens_l) 133/ mm
Distance, ac, = [c2+c2]"2 - ¢/2 | 56|mm
Distance, ac, = [c2+(s/2)2]Y? - ¢/2 68 ' mm
Distance, a, = MAX(a., ac) 68/mm
Note a .; is not applicable for continuous width sections, i.e. slabs or walls;

\ \ \ \

aC1/9C2ﬂ C

—

Tt s 2

\ \ \ \
Maximum crack width, W, = 3acen/[1+2.(aq-¢)/(h-x)] 0 mm

Maximum crack width utilisation, Wnay / Wajow < 1.00

Note for a particular section and force / moment, crack widths can be reduced by increasing steel area,

reducing spacing between rebars and reducing concrete cover (limited to durability requirements). The

employment of smaller diameter bars at closer centres is thus preferable to larger diameter bars at further

centres. There should be a provision for longitudinal steels at the side faces of beams of moderate depths;

Crack width utilisation
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Longitudinal Shear Between Web and Flange Rectangular or Flanged Beam (EC2)
Note that this check is performed for both rectangular and flanged section designs, although
theoretically only applicable in the latter case;
Longitudinal shear stress, Kg . Vgq FON/mm?
Longitudinal shear stress, | vea = AFd/(h- Ax) | 1.21/N/mm? cl.6.2.4
Change of normal force in flange half over Ax, AF4 = Kg.(M*-0)/z 605 kN

Note conservatively factor, Kg = 0.5(b .+-b ., )/b s+ €mployed even if neutra

| axis within web;

Lever arm, z ‘ ‘ ‘ 0.765|m
Note if neutral axis within web, for simplicity, z = d-h¢/2;
Thickness of the flange at the junctions, h; 200/mm
Length under consideration, Ax ‘ 2500/mm
Note the maximum value that may be assumed for Ax is half the distance between cl.6.2.4
the section where the moment is 0 and the section where the moment is maximum.
However, since AF, is also calculated over Ax based on a variation of moment of
~ M/2 -0 say, it is deemed acceptable to use for Ax the full distance between the
section where the moment is 0 and the section where the moment is maximum
based on a variation of moment of M -0 and factored by K s.
Shear stress distribution factor, Kg ‘ ‘ 1.33
For UDLs, Ks may be taken as 2.00 for simply supported beams, 1.33 for continuous
beams and 2.00 for cantilever beams; ‘
Effective width, b = MIN(b,, + function (span, section, structure 1000|mm
Note for rectangular sections, b .+ equivalent to that of T-sections assumed;
Width (rectangular) or web width (flanged), b, 500|mm
| | |
Longitudinal shear stress limit to prevent crushing, Iurfm sinéy cos iy I “M:-YA N/mm? cl.6.2.4
Design compressive strength, f4 \ 19|N/mm?
| feo = cec /e | | with  |aee=1.0, y=1.5 c.3.1.6
Strength reduction factor for concrete cracked in shear, v 0.533
V=D.E5{1 | cl.6.2.2
250 |
Longitudinal shear stress limit to prevent crushing utilisation, (Ks.vgq)/(vfesil 9o 0
Longitudinal shear stress limit for no transverse reinforcement, 0.4f.q4 0 N/mm? cl.6.2.4
Design tensile strength, fuq \ ‘ 21 N/mm?
fora = et fenenos /7o | with  |aq=1.0, y=1.5 cl.3.1.6
foncoos = 0,7xFom | | ‘ 1.94/N/mm? T.3.1
.1 =0,307. 7% <C50/60 | fum=2.12-In(1+(f/10))| = C50/60]  2.77|N/mm? T.3.1
for = Fat8(MPa) | | | | 36| N/mm? T.3.1
Characteristic cylinder strength of concrete, f 28|/N/mm? T.3.1
Characteristic cube strength of concrete, fg, 35/N/mm? T.3.1

Longitudinal shear stress limit for no transverse reinforcement utilisation, (K

Required d

esign transverse reinforcement per unit length, Ay/s; >

(Asffydef} = Veq - Dyl cot & ‘ ‘ ‘

Note area of transverse steel to be provided should be the greater of 1.0A /s and cl.6.2.4
0.5A /s ¢ + area required for slab bending,; Note K s factored onto v g4 herein;
Design yield strength of reinforcement, f,q = f,/ys, ys=1.15, f,<60 435/N/mm? |.2.4, cl.3.2
Thickness of the flange at the junctions, h; 200|mm
Angle, 6 ‘ ‘ ‘ 45.0|degrees
10=<cot #;=2,0 for compression flanges (45° =8, = 26,5) cl.6.2.4
10=cot #;=1,25 for tension flanges (45" = &; = 38,67)
Provided transverse reinforcement per unit length, A, \ 785|/mm?/m

Required design transverse reinforcement per unit length utilisation, (As/st)/ 049 0
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Longitudinal Shear Between Web and Flange Rectangular or Flanged Beam (BS5400-4)

Note that this check is performed for both rectangular and flanged section designs, although

theoretically only applicable in the latter case;

Longitudinal shear force per unit length, V; = Kg . AF4 / AX kN/m
Change of normal force in flange half over Ax, AF; = Kg.(M*-0)/z 606‘kN
Note conservatively factor, Kg = 0.5(b .+-b ,,)/b o+ employed even if neutral axis within web;
Lever arm, z ‘ ‘ ‘ ‘ 0.763|m
Note if neutral axis within web, for simplicity, z =d-h¢/2;
Thickness of the flange at the junctions, h¢ 200|mm
Length under consideration, Ax ‘ 2500/mm

Note Ax is the beam length between the point of maximum design moment and

the point of zero moment; ‘

Shear stress distribution factor, Kg 1.33

The longitudinal shear should be calculated per unit length. For UDLs, Ks may be cl.7.4.2.3

taken as 2.00 for simply supported beams, 1.33 for continuous beams and 2.00

for cantilever beams; ‘ ‘

Effective width, bt = MIN(b,, + function (span, section, structure 1000|mm
Note for rectangular sections, b .+ equivalent to that of T-sections assumed;
Width (rectangular) or web width (flanged), b, 500|mm
Longitudinal shear force limit per unit length, V jimi 1cd kN/m
\ \ \
¥ Itsillc;ulll:l ;ml exceed the lesser of the following: @) 1050 KN/m o.74.2.3
ar Brfente (b) 503|kN/m cl.7.4.2.3

b) viL, + 0.7A.f,

Table 31 — Ultimate longitudinal shear stress, v,, and values of i, for composite members
Longitudinal shear stress for concrete grade B
Type of shear plane .i'.:l ]
20 25 a0 40 or more
N/mm® Nfmm* N/mm?* Nfmm* [ ]
Monolithic ||
construction 0.90 0.90 1.25 1.25 0.15 ]
Surface tvpe 1 0.50 0.63 0.75 0,80 .15 -
Surface type 2 .30 0.38 .45 0.50 009 -
NOTE For construction with lightweight aggregate conerete, the values given in this table should be reduced by 25 %, | ]
Concrete bond constant, k; 0.15 T.31
Ultimate longitudinal shear stress limit, v, 1.25 N/mm2 T.31
Surface type Monolithic construction v T.31
Length of shear plane, Lg = h¢ 200|mm
Provided transverse reinforcement per unit length, A, 785|/mm?/m

Note reinforcement provided for coexistent bending effects and shear reinforcement cl.7.4.2.3

crossing the shear plane, provided to resist vertical shear, may be included provided

they are fully anchored; ‘ ‘

Characteristic strength of reinforcement, f, < 460N/mm? 460|N/mm?

Longitudinal shear force limit per unit length utilisation, V{/V1 jimit

Required nominal transverse reinforcement per unit length, 0.15%L, cl.7.4.2.3

Required nominal transverse reinforcement per unit length utilisation, 0.15%
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Longitudinal Shear Within WTb Rectan?ular or Flanged Beam (EC2)

Longitudinal shear stress, | Vedi = 8 Vea / (2 bi) | N/mm? | c.6.2.5
Ratio, p = 1.0 | | 1.0 cl.6.2.5
Transverse shear force (averaged), Vgg = Vy/2 585 kN cl.6.2.5
Lever arm, z ‘ ‘ ‘ 0.765/m cl.6.2.5
Note if neutral axis within web, for simplicity, z =d-h¢/2;

Width of the interface, b; = b,, 500 mm cl.6.2.5
| |

Longitudinal shear stress limit, Vg “icJ N/mm?

[ Vieai = € fotg + 1o + pfya (u1Sin o+ cos a) < 0,5 v fus | c.6.2.5
Note c.f4+y = 0.00 if o, is negative (tension); cl.6.2.5
Roughness coefficient, c Rough v 0.400 cl.6.2.5
Roughness coefficient, n Rough v 0.7 cl.6.2.5
Very smooth: a surface cast against steel, plastic or specially prepared wooden moulds:
c=0,025t0 0,10 and #=0,5
Smooth: a slipformed or extruded surface, or a free surface left without further treatment|
after vibration: ¢ = 0,20 and 4= 0,6
Rough: a surface with at least 3 mm roughness at about 40 mm spacing, achieved by
raking, exposing of aggregate or other methods giving an equivalent behaviour: ¢ = 0,40
and g = 0,7 ¢
Indented: a surface with indentations complying with Figure 6.9: ¢ = 0,50 and #=10,9
Design tensile strength, fuq \ ‘ 21 N/mm?
fotd = aet foenos /e | with  |aq=1.0, y=1.5 cl.3.1.6
foen 05 = G:Txff.ml ‘ ‘ 1.94 N/mm? T.3.1
. =0,30:7.* <C50/60 | furm=2,12-In(1+(f/10))| = C50/60]  2.77|N/mm? T.3.1
for = Fat8(MPa) | | | | 36| N/mm? T.3.1
Characteristic cylinder strength of concrete, f 28|N/mm? T.3.1
Characteristic cube strength of concrete, f, 35/N/mm? T.3.1
Normal stress across longitudinal shear interface, o, = 0 0.00 N/mm2
Reinforcement ratio, p = A; / A ‘ ‘ ‘ D.006 cl.6.2.5
Area of reinforcement, A = Ag, prov/S + Asy,prov,t/St 3142 mm?/m
Note that the area of reinforcement crossing the shear interface may cl.6.2.5
include ordinary shear reinforcement with adequate anchorage at both
sides of the interface;
Area of the joint, A; = 1000.b; 500000|mm?/m
Design yield strength of reinforcement, f,4 = f,,/vs, ys=1.15, f,,<6 435/N/mm? |.2.4, cl.3.2
Angle of reinforcement, o = 90.0° 90.0|degrees cl.6.2.5
Design compressive strength, f4 19|N/mm?
| foo= cccfex/ e | | with  Jaee=1.0, y=1.5 cl.3.1.6
Strength reduction factor for concrete cracked in shear, v 0.533
v=U.5{1 f. | cl6.2.2
250 |

Longitudinal shear stress limit utilisation, Vegi/Vrai

|63 BN oK |
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Longitudinal Shear Within Web Rectangular or Flanged Beam (BS8110)
Longitudinal shear stress, v, = Kg . AF. / (by.AX) IN/mm?  |cl.5.4.7.2
Change of total compression force over Ax, AF. = (M-0)/z 2423 kN cl.5.4.7.1
Lever arm, z ‘ ‘ ‘ 0.763|m
Note if neutral axis within web, for simplicity, z = d-h¢/2;
Length under consideration, Ax ‘ ‘ ‘ ‘ 2500/mm
Note Ax is the beam length between the point of maximum design moment and cl.5.4.7.2
the point of zero moment; ‘
Shear stress distribution factor, Kg 1.33
The average design shear stress should then be distributed in proportion to the cl.5.4.7.2
vertical design shear force diagram to give the horizontal shear stress at any point
along the length of the member. For UDLs, K s maybe taken as 2.00 for simply
supported beams, 1.33 for continuous beams and 2.00 for cantilever beams;
Width (rectangular) or web width (flanged), b,, 500 mm
Longitudinal shear stress limit for no nominal / design vertical reinforcement N/mm2
Surface type Washed to remove laitance etc v T.5.5
\ \ \ \
Table 5.5 — Design ultimate horizontal shear stresses at interface
Precast unit Surface type Grade of in-situ concrete
5 =] [ 40 and aver
N'mm X/ mm?® B mum®
[Without Tinks As-cast or as-extruded 0.4 .56 [0.85
Brughed, screeded or rough-tamped 0.6 0.66 [0.7E
Washed to remove laitance or 0.7 .76 [0=0
treated with retarder and cleaned
"I.‘r'th_ nominal hinks projecting | As-cast or as-extruded 1.2 1.5 |20
Into In-s1Ee concrete Brushed, sereeded or rough-tamped | 1.8 2.0 |22
Washed to remove laitance or a1 3.2 NS
treated with retarder and cleaned
[NOTE 1 The description “ae-cast® covers those mhees whers Uhe conceete 18 placed and viiicated leaving # rough lniah, The surdace
ia roughser than e pequkred for finbehes o iplbed directly without a further findahing sereed bat net s moagh as would b
ahtaired iF L fing or atler artificial moghening bad taken place
MOTE 2 The descripticn “ss-extuded” covers those cases i which an apep-textared aurface is produced direct Crom an extreding
i e
MOTE 3 The descripticn “brushed, sermeded ar rough-tamped” covers those cases where aome lorm of deliberate aurlace
rgghening bas taken place but nol to the extent of exposing the aggregaie
MOTE 4 For atructural sssessment purgoeses, [0 may be asaomed that the appropriate valise of g, melided in the table s 1.5
\ \ \ \ \
Longitudinal shear stress limit for no nominal / design vertical reinforcement D% OT O
2(3) | | | | |
Required nominal vertical reinforcement per unit length, 0.15%b,, Jdmm?/m |[cl.54.7.3
Provided vertical reinforcement per unit length, A, 3142 mmz/m
Note Ae = Asvprov /S + Asyprove / Sei |
Required nominal vertical reinforcement per unit length utilisation, 0.15%b,, 24% (0] ¢
Note UT set to 0% if longitudinal shear stress limit for no nominal vertical reinforcement UT <= 100%;
Required design vertical reinforcement per unit length, A;, XY mm?/m
_ 1000bu, | cl.5.4.7.4, Fore
" 085, Note f,, <460N/mm?
Required design vertical reinforcement per unit length utilisation, A,/A. 94% (0] ¢

Note UT set to 0% if longitudinal shear stress limit for no design vertical reinforcement UT <= 100%;
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Longitudinal Shear Within Web Rectangular or Flanged Beam (BS5400-4)

Longitudinal shear force per unit length, V; = Kg . AF. / AX A kN/m
Change of total compression force over Ax, AF. = (M-0)/z 2423 kN
Lever arm, z ‘ ‘ ‘ 0.763|m
Note if neutral axis within web, for simplicity, z = d-h¢/2;
Length under consideration, Ax ‘ ‘ ‘ ‘ 2500/mm

Note Ax is the beam length between the point of maximum design moment and
the point of zero moment; ‘
Shear stress distribution factor, Kg 1.33
The longitudinal shear should be calculated per unit length. For UDLs, K s may be cl.7.4.2.3
taken as 2.00 for simply supported beams, 1.33 for continuous beams and 2.00
for cantilever beams; ‘ ‘

Width (rectangular) or web width (flanged), b,, 500/mm
Longitudinal shear force limit per unit length, V jimit 6 kN/m
] ] ]
¥ Itsillc;ulll:l ;ml exceed the lesser of the following: @) 2625 KN/m o.7.4.2.3
ar Brfente (b) 1637|kN/m cl.7.4.2.3

b) viL, + 0.7Af,

Table 31 — Ultimate longitudinal shear stress, v, and values of /| for composite members
Type of shear plane Longitudinal shear stress for concrete grade kl :
20 23 30 40 or more
Nimm® N/mm* N/mm?* Nimm* [ |
Monolithic [ ]
construction 0.90 0,90 1.25 1.25 0.15 =
Surface type 1 .50 0.63 0.75 0.80 .15 -
Surface type 2 .30 0.38 .45 0.50 009 -
NOTE For construction with lightweight aggregate conerete, the values given in this table should be reduced by 25 %, | ]
\ \
Concrete bond constant, k; 0.15 T.31
Ultimate longitudinal shear stress limit, v, 1.25|N/mm? T.31
‘Surface type Monolithic construction v T.31
Length of shear plane, L = b, \ \ 500mm
Provided vertical reinforcement per unit length, A, 3142 mm?/m
Note Ae = Asv,prov / S+ Asv,prov,t / st; ‘

Note reinforcement provided for coexistent bending effects and shear reinforcement cl.7.4.2.3

crossing the shear plane, provided to resist vertical shear, may be included provided

they are fully anchored; ‘ ‘ ‘

Characteristic strength of reinforcement, f,, < 460N/mm? 460|N/mm?

Longitudinal shear force limit per unit length utilisation, V{/Vy jimi

Required nominal vertical reinforcement per unit length, 0.15%L cl.7.4.2.3

Required nominal vertical reinforcement per unit length utilisation, 0.15%L/|

Note UT set to 0% if longitudinal shear force limit per unit length for no nominal vertical reinforcement

UT <= 100%;
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Deep Beam Rectangular Beam

Note that this design check is performed for both rectangular and flanged sections, adopting

rectangular section equations in the case of flanged sections; Note this section assumes a top

loaded beam with no web openings ; Note this section assumes that the deep beam is

laterally and rotationally restrained at the top and bottom of the beam overall depth, h

(ref. CIRIA Guide 2 cl.2.2.3);

Span to depth ratio, span / h

Applicability of deep beam design

Note deep beam design is applicable for {1.

APP DIE

0 <span/h <2.0s/s; 1.0 <span/ h £ 2.5 cont;

0.5 < span/h < 1.0 cant} (Reynolds cl.21.4.1 and CIRIA Guide 2 cl.1.3);

Concrete type Normal weight %

Horizontal shear link diameter, ¢jn,n ‘None v mm

Number of horizontal shear links in a horizontal section, i.e. number of legs, N/A

Area provided by all horizontal shear links in a horizontal section, Ag, prov.n = Y mm?

Pitch of horizontal shear links, S, ‘ ‘ N/A|mm

2.7 (Giink OF Grink.t) /4 / (by.(S or Sy)) (>0.20% G460; >0.25% G250) N/A| % N/A

2.n.¢”nk,h2/4 / (bw.Sp) (>0.20% G460; >0.25% G250) N/A| % N/A

Tension steel area provided (deep beam) N/A|mm? CIRIA

% Min tension reinforcement (deep beam) N/A| % Guide 2
% Min tension reinforcement (deep beam) (>= 0.52f,/0.95f,, f, <460N/mm 2) cl2.6.2

% Min tension reinforcement (deep beam) utilisation

All detailing requirements met ?

A
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Deep Beam Bending Reynolds
Design bending moment, M Y KNm
Tension steel (deep beam), Ag g, = 1.75M / [f,.h], f,<460N/mm? Mmm2 T.148
Note that the factor 1.75 is obtained from 1 / (lever arm factor 0.6 x material factor 0.95); cl.21.4.1
Tension steel zone depth, T,une (sag s/s, sag cont, hog cant) N/A luln cl21.4.1
Tension steel zone depth, T,4n (hog cont) ‘ ‘ N/A [aln
Note A, 4, to be distributed over depth of T ,,,. from tension face; ‘ ‘ cl.21.4.1
Note T ,ope = (5h - span ., )/ 20 s/s sag and cont sag, (5h — 2 x span )/ 20 cant hog; cl.21.4.1 / SH

Tension steel area provided (deep beam)

N/A|mm?

Tension steel area provided (deep beam) utilisation

| N/ANE  N/A

Deep Beam Shear Reynolds
Design shear force, V4 Y KN

Note the ultimate shear force limitis b, .h.f.'/10 y,, where f_.'is the cylinder comp strength and | cl.21.4.1
Ultimate shear force utilisation A
Area of tension steel reinforcement provided, A, ,roy N/A|mm?

Clear distance from edge of load to face of support, a;| | DL @ mid 0.625h v \ N/A|mm T.148
Note for UDLs, concentrate total UDL at {span/4 s/s and cont, span/2 cant} from the support(s); T.148

Ratio a,/h | | | | /AN /A

Note ensure a ,/h is not greatly outside range of 0.23 to 0.70; T.148

Angle between horizontal bar and critical diagonal crack, 6 = tan™ (h/a;) N/A|degrees T.148

Empirical coefficient, k; = {0.70 NWC, 0.50 LWC} ‘ N/A T.148

Empirical coefficient, k, = {100 plain round bars, 225 deformed bars} N/A|N/mm? T.148

Cylinder splitting tensile strength, f, = 0.5(f.,)*> | N/A|N/mm? T.148

Minimum breadth for deep beam, b,,  MAX {0, 0.65V4/[k;.(h-0.35a,).f.1} mm

Number of rows of horizontal shear links in a vertical cross-section, n ‘ N/A

Note the no. of rows of horizontal shear links reduced to account for T ,ope, i.€. (h =T 40ne )/Sh;

Design horizontal links shear capacity, V, = kZZASV,prOV,h.az.sinZG/h‘ kN T.148

Note the summation of the depths at which the horizontal shear links intersect the diagonal

crack, Ya, is calculated as S, .n.(n+1)/2 where n is the number of rows of horizontal shear links;

Check V4 < 1.0V, for no horizontal links (minor elements) N/A T.148
Concrete shear capacity, V; ‘ ‘ ‘Y kN T.148
Note V =‘ MAX[0,k ;.(h-0.35a ; ).f;.b , J+k,.A S,D,ov.d.sinz 0/h; T.148

Check V4 > 0.0 for design horizontal links N/A T.148
Concrete and design horizontal links shear capacity V, + V; Y KN T.148

Design shear resistance (deep beam) utilisation
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Deep Beam Bending CIRIA
‘ ‘ Guide 2
Design bending moment, M Y KNm
Note the ultimate bending moment limit is 0.12f .,b , h?; cl2.4.1
Ultimate bending moment utilisation i A
Tension steel (deep beam), Ao = M / [0.95f,.Z], fy$460N/mm2 .Y mm? cl.2.4.1
Lever arm at which the tension steel (deep beam) acts, z N/A|mm cl.2.4.1
Simply supported, z = 0.2 x span;, + 0.4h N/A|mm cl.2.4.1
LF Continuous, z = 0.2 x span;, + 0.3h N/A|mm cl2.4.1
Cantilever, z = 0.4 x span;, + 0.4h N/A|mm SELF
Tension steel zone depth, T,.ne (sag s/s, sag cont, hog cant) Y mm cl2.4.1
Tension steel zone depth, T,.,. (hog cont) upper band i Y mm cl2.4.1
Tension steel zone depth, T,.n (hog cont) lower band . -y mm cl.2.4.1
Note A 4, to be distributed over depth of T ,,,e from tension face; cl2.4.1
Note T ,,,e = 0.2h s/s sag, cont sag and cant hog; ‘ cl2.4.1

Note T 5, = 0.2h cont hog upper band 0.5(span j,/h-1)As 4, 0.2h-0.8h cont hog lower band remainder;

Tension steel area provided (deep beam)

N/A|mm?

Tension steel area provided (deep beam) utilisation N/A

Deep Beam Shear CIRIA
| Guide 2

Design shear force, V4 A 14

Note the ultimate shear force limit is min{b ,,.h. v,,2b,.h? v .k</x .} where v, is the ultimate cl.2.4.2

concrete shear strength from CP 110 T.6 and T.26 replaced by min{0.8f %> ,{5.0,7.0}N/mm? }

and v. is the design concrete shear strength from CP 110 T.5 and T.25 replaced by v .;

Factor, ks = 1.0 for h/b,, < 4, else 0.6 N/A cl2.4.2

Ultimate shear force utilisation

Area of tension steel reinforcement provided, A; o N/A|mm?

Clear distance from edge of load to face of support, X.| | DL @ mid 0.625h v ‘ N/A|mm cl.2.4.2

Note for UDLs, concentrate total UDL at {span/4 s/s and cont, span/2 cant} from the support(s); | cl.2.4.2

Ratio x./h ‘ ‘ ‘ ‘ ‘ . A

Note ensure x ./h is not greatly outside range of 0.23 to 0.70; cl.3.4.2

Angle between horizontal bar and critical diagonal crack, 6 = tan™ (h/x.) N/A|degrees cl.2.4.2

Empirical coefficient, A, = {0.44 NWC, 0.32 LWC} ‘ N/A cl.3.4.2

Empirical coefficient, A, = {0.85 plain round bars, 1.95 deformed bars} N/A|N/mm? cl.3.4.2

Number of rows of horizontal shear links in a vertical cross-section, n N/A

Note the no. of rows of horizontal shear links reduced to account for T ,ope, i.€. (P =T 00e )/Sh;

Design horizontal links shear capacity, V, = 1007»22As\,,pr0\,,h.yr.sinze/h kN cl.3.4.2

Note the summation of the depths at which the horizontal shear links intersect the diagonal

crack, Xy, is calculated as S .n.(n+1)/2 where n is the number of rows of horizontal shear links;

Check V4 < 1.0V for no horizontal links (minor elements) N/A cl.3.4.2
Concrete shear capacity, V (< 1.31;Vfy.by.h) A 14 cl.3.4.2
Note V = MAX[0, A ,.(h-0.35x, ). \fo,.b , J+100 1, .A S,[,m‘,.d.sinz 0/h; cl.3.4.2

Note require [100 3.5.A  ,r0,.d.sin? 6/h] / V = 0.20;

Check V4

> 0.0 for design horizontal links

Concrete and design horizontal links shear capacity V, + V (£ 14\

Note v pax

= 1.3f,; |

Note require [V, + 100 13.A ¢ proy-d.sin? 6/h] / [V, + V] = 0.20;

Design shear resistance (deep beam) utilisation

cl.3.4.2

cl.3.4.2

T.5
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| | | BS8110
Detailing Instructions (Deep Beam)

\ \ \
|| Tied arch analogy for
| | single span deep beam
|| action — uniformly
| distributed bottom load
—| Arch zone Uniformiy cestributed
|| \ bottom load

Combined tied arch and
suspension system analogy

for multispan deep beams

| Fan shaped compression forces

bottom load

TTRAAT

iR

over an internal support

N

to that in the single span
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Figure 12  Bands of reinforcement for hogging moments
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Scheme Design
]
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Rectangular beams

muttiple span |:|

Ultimate applled udl
= 25 kNim

— = 100 kNm — = 200KN/m

FRectangular beams

muitiple span

] Uttimate appl e udl
- 25 kNN

= S0kN/m

— =100 kNmMm — = 200KH'm

— Utimate appl ke udl

=50 kNmM — = W0 KN'mM — = 200kN'm

T’ beams
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g0

'T" beams

Uttimate appllze udl
— - 100kHm — - M0 kNN — - 400KN/m

= 50 kHim

T beams

Uttimate appl e udl

= 50 kNim

— =TIENmM — =200kNmMm — =400kN'm

e Tiapar ————T

___?L_ _____ :

T" baams

Uttim e applied udl

= 50 kNm

— =T00KNmM — = 00 kNMm  — = J00kN/m
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[ | T" beams

2 layars of
—mlrl'u:l'-:“mnl

multiple span

Uttimate appl el udl

=50 kHm — =100kN'm — =200kNiMm — = 400kN'm

muitiple span

Ultimate applie udl

— =50 kNmMm  — =100kWmM — = 200 kNim  — = 400kN/m

T beams

muttiole span

— Uttimate appl kel udl
=SOKNIM  — = 100KNM — = 200 kKN — = 400 kWM
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BS8110

T beams

mutiple span l;\—lll

Uttimate applled udl

=S kNm — =100kWm — = 200 kNm  — = 400kN/m

el

----- o o e et e e e e e
- === ik’ - - - R - ——— __"'"___7 il o
S = R ves =

multiple span k__\—,__l

Ultmats appiled wl
= ~S0EMM  — = 100KMM — =200 BNM — =400 kN

| T" beams

muttiple span l__\—,__l

— Uhimate applkd ud
SN — - WM — - 200kNm — =400 im
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u 800 - — - 7 - T beams
] [ o [ 1
- ?m r -==" r=-- ———

2 baers ol

~ e

multiple span % ’:l

Utimerte applied ud
— = 10N — =N0kHim — =400 m

= S0 'n

Invertea 'L beams

Ut ate applied udl
- 25 kNm

=50 KN/m

— = 100 kNim  — = 200KN/m

Inverted 'L’ boams

Uttimate appl ke udl
- 25 kHim

= S0KN/m

— =100 kNim — = 200kN'm
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BS8110

Inverted 'L" beams

Ultimate applie udl

= 25 KNim =50kN'm  — = 100 KNiMm — = 200KkN/m

hverted 'L beams

muitiple span —

Uttimate appl ke udl
| = 25 kNim =S0KH/M  — =100 kNim — = 200kH'm

Inverted 'L" beams

muitioke span —

40 5.0 6.0 1.0 a0 a0 100 1. 120

Uttimate applla udl

= 25 kNim =50kN'm  — = 100 KNIM — = 200kN'm
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Iverted 'L beams

mutiple span | 0—— |

Uttimate applied udl

=25 kNim =50kKN'm — =100kNmM — = 200kKN'm

Inverted 'L beams

muitiple span ';|

L |

Uttimate applleed udl

| = 75 kHim ~S0kNM  — = W00 kHAN — = 200K/
hveirted 'L beams
S
----- - - Lt | r_2 gl i multiple span El
|l ---- - [ Y N L - S - ] ——
&0
120 120 M8 150 160
|| Uttimate appiled w1
=25KNm =S0INN — = 10 KM — =200kNM
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g0

7|

1
1
1
1
]
I
1

NN

e [

:::;Z

Inverted 'L" beams

mutiple span E'

Uttimate applied uk

=25 k'n = 50 kNim

Table 3.1 — Allowable steel stresses in

direct or flexural tension for
serviceahbility limit states

Design crack Allowahle stress
B width Plain bars* Deformed bars®
1 mo Iimm? Nimm?
01 85 100
[ | |02 115 130

* Plain grade 250 ¢
® Deformed grade $50 bars complying with BS 4449 or BS 2461
and high-yield wirs fabric complying with BS 4483 havinga

guarantesd yield or proof stress and guarantesd weld strengrh.

rz complying with BS 4448,

— = {00KEM = =200 M

Note optional method of limiting
allowable steel stress to full crack
width calculation method;
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Typical Initial Span / Effecti
\ \

ve Depth Ratios
\

Span-to-depth ratios for beams

Simply supported
End-bay
Cantilever

Transfer beams

govern the design.

d=V(W2) for shear stress of 4 N/mm?

15
17
&

[ | = V'V, where v is in newtons (N) for shear stress of 2 N/mm2

Ccondtin | Span-to-depth i

The experienced engineer will understand that it is not advisable 1o determine the section size
merely by using span-to-depth tables — careful consideration is needed. Shear strength is often
the governing criteria for a reinforced concrete transfer beam. From BS 8110, v = V/bd In no
case should v exceed 0.8Vf_, or 5 N/mm? (whichever is smaller). If the section is not to become
congested with shear reinforcement it is advisable to limit v to 2 N/mm?. However, it may be
|| necessary to increase this to 4 N/mm?. If we assurne a well proportioned beamn has a width, b,
|| which is half it's depth, then we rearrange the expression above so that:

The headroom under the beam should be checked and consideration given to the connection
into the column. Deflection and flexural strength should also be considered because they may

Beam span condition Ultimate line load 25 kN/m Ultimate line load 50 kN/m Uit
Simply supported 18 14
Continuous 22 17
Cantilever a T

| Span 4m 5m 6m 7m 8m
50 kMN/m UDL 250mm 300mm 350mm 400mm S500mm

m 100 kM/m UDL 275mm 325mm 400mm A450mm S575mm
200 KN/m UDL 325mm 37amm 450mm S25mm G20mm

Span Gm Tm Bm 9m 10m
] 50 kM/m UDL 250mm 300mm 350mm A400mm 475mm
100 kM/m UDL 300mm 350mm 425mm S500mm 575mm
] 200 kM/m UDL 350mm A400mm 475mm 575mm B75mm
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Notes on Application to Upstand Beams
Rect - s/s N/A N/A

Rect - continuous

Hog in continuous beam with precast slab

Deflections irrelevant

Rect - cantilever

Hog in cantilever beam with precast slab

Deflections relevant

T-5s/s ‘

WA | |

N/A |

T - continuous

Hog in continuous interior beam with insitu slab

Deflections irrelevant

T - cantilever

Hog in cantilever interior beam with insitu slab

Deflections relevant

L-s/s ‘

VA | |

N/A |

L - continuous

Hog in continuous edge beam with insitu slab

Deflections irrelevant

L - cantilever

Hog in cantilever edge beam with insitu slab

Deflections relevant

Rect - s/s ‘

Sag in s/s beam with precast or insitu slab ‘

Deflections relevant

Rect - continuous

Sag in continuous beam with precast or insitu slab

Deflections relevant

am 10m
S7amim Gy omm
GBYamm S00mm
yramm 225mm

11im 12m
250mm &30mm
3 Cmim T30mm
Framm g7amm




