Version JAB/2

EGT2
ENGINEERING TRIPOS PART 1A

Thursday 8 May 2025 9.30to0 11.10

Module 3D3

STRUCTURAL MATERIALS AND DESIGN
Answer not more than three questions.

All questions carry the same number of marks.

The approximate percentage of marks allocated to each part of a question is
indicated in the right margin.

Write your candidate number not your name on the cover sheet.

STATIONERY REQUIREMENTS
Single-sided script paper

SPECIAL REQUIREMENTS TO BE SUPPLIED FOR THIS EXAM
CUED approved calculator allowed

Attachment: 3D3 Structural Materials and Design data sheet (18 pages)
Engineering Data Book

10 minutes reading time is allowed for this paper at the start of the
exam.

You may not start to read the questions printed on the subsequent
pages of this question paper until instructed to do so.

You may not remove any stationery from the Examination Room.

Page 1 of 10



Version JAB/2

1 The initial structural scheme for a small multi-storey office building is shown in
Fig. 1. Ground floor loads are supported directly by a ground bearing slab. The above
ground floor structure comprises an arrangement of steel beams and one-way spanning
reinforced concrete slabs, as shown in Fig. 1(a). A structural core is formed by diagonal
tension-only bracing at the centre of the building, as shown in Fig. 1(b).

For the purposes of preliminary design, the structure is assumed to support a uniformly
distributed characteristic permanent vertical load of g kN m2 and a uniformly distributed
characteristic transient vertical load of g kN m over the plan area of the building at all
floor levels, including the roof. The structure is also assumed to resist a uniformly
distributed characteristic transient lateral wind pressure of p kN m™ on the facade. The
wind pressure can be assumed to act perpendicularly to the facade and to act on only one
face at a time.

@) With the aid of sketches as appropriate, provide a qualitative description of the
main load paths through the structure considering both vertical and lateral loads.
Clearly state any assumptions made.

(b) Initial design for the ultimate limit state is to be based on the load combination:
ULS=1.35g + 1.5q+0.75p

With the aid of sketches as appropriate and clearly stating any assumptions:

(i) Identify the most onerously loaded perimeter columns and determine the
force for which they should be designed.

(it)  ldentify the most onerously loaded bracing members and determine the
force for which they should be designed.

(iii)  Identify the most onerously loaded internal columns and determine the force
for which they should be designed.

(c) You have some concerns about torsion of the structure. Without significantly
increasing the amount of bracing, suggest an alteration to the structural scheme
that would improve the torsional resistance of the building.

(d) The project architect is unhappy about the aesthetic impact of the diagonal bracing
members. Suggest an alternative structural approach to resisting lateral loads in a
steel framed structure that does not require diagonal bracing members.
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2 A prismatic concrete beam of rectangular cross-section spans across three supports
as shown in Fig. 2. The beam cross-section is designed as 300 mm wide. Concrete cover
requirements for durability are 35 mm. The beam is to achieve a fire resistance rating of
2 hours, requiring a minimum axis distance of 50 mm. The concrete is to have a
characteristic compressive cube strength fcy = 50 MPa and a characteristic compressive
cylinder strength fox = 40 MPa. Steel reinforcement is to have a characteristic yield
strength fy = 500 MPa. The material partial safety factor for concrete is % = 1.50 and for
reinforcing steel is s = 1.15. The partial safety factor for transient load is 1.50 and for
permanent load is 1.35.

The beam is to be initially designed to support a uniformly distributed characteristic
transient load of 8 KNm and a uniformly distributed characteristic permanent load of
16 kN m along the full length of the beam. The permanent load includes the self-weight
of the beam.

@) Sketch the shear force and bending moment diagrams for this load case, clearly
identifying salient values and their locations.

(b) Determine a suitable effective depth for the beam.

(© Design the required longitudinal reinforcement for the beam at the most critical
location for bending.

(d) Determine whether transverse shear reinforcement is required at the most critical
location for shear and design this reinforcement if required.

(e) Without further calculation, sketch an efficient reinforcement layout for the
proposed reinforcement design. Clearly indicate the required height of the
concrete cross-section to accommodate this layout.

)] Why might a design carried out using this load case alone be inadequate? For
which region of the beam is this inadequacy likely to be most critical?
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3 A long series of three-pinned timber portals spaced at 4.5 m centre-to-centre are
to be used to support a simple glass roof. The structural arrangement of a single portal is
idealised in Fig. 3(a). The glazing that covers the portal spans simply supported between
purlins spaced at 1.8 m centre-to-centre, as shown in Fig. 3(b).

All timber used in the design is to be C24 softwood and can be considered to be service
class 1. The material partial safety factor for timber is ym = 1.3.

All glazing used in the design is 2-ply laminated fully toughened glass with characteristic
surface prestress fr = 90 MPa and characteristic annealed strength fgx = 45 MPa. Material
partial safety factors are ymv = 1.2 and yma = 1.8. The stressed area factor ka = 1.0. The
load duration factor for glass for long-term loads is kmod,L = 0.29, for medium-term loads
iS kmod,m = 0.43, and for short-term loads is kmod,s = 0.74. The interlayer is made of
polyvinyl butyral and is of negligible thickness. The interlayer provides a shear transfer
coefficient of 0.2 under instantaneous loading. The interlayer provides negligible shear
transfer under medium- and long-term loading.

The structural design must consider three uniformly distributed vertical loads acting on
the roof: a permanent load of 0.5 kNm= assumed for the glazed roof; a medium-term
snow load of 1.2 kNm2; and an instantaneous wind load of 1.5 kNm=. The snow and
wind loads may be assumed never to occur at the same time. The partial safety factor for
transient load is 1.50 and for permanent load is 1.35.

@ If the cross-section of the horizontal beam of the portal is 200 mm wide, what is
the minimum section depth required to provide adequate bending resistance at the
ultimate limit state? The size effect factor is kn = 1 and the load sharing factor is
kis = 1. The beam can be assumed to be fully restrained by the purlins, such that
kerit = 1. The self-weight of the beam can be assumed to be 0.5 kNm™ for the
purposes of initial design. All loads on the beam resulting from the purlin reactions
may be smeared into uniformly distributed loads.

(b) The laminated glass is initially designed as 16 mm thick, comprising two 8 mm
thick plies. What is the flexural utilisation ratio (i.e., the ratio of design resistance
to design effect) for the glass as initially designed?
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4

A simply supported beam with a span length of 12 m carries two (factored) point

loads of 1400 kN, as shown in Fig. 4(a). The steel grade of the beam is S355. The beam
is welded together from a web plate with a depth of 12000 mm and two identical 550 mm
wide flanges using 6 mm welds, as shown in Fig. 4(b).

The beam is prevented from moving in the out-of-plane direction at the supports and at
the locations of the point loads. The self-weight of the beam may be neglected.

(2)

(b)

(c)

Determine the minimum thickness of the web to keep the web within Class 3.
Determine the minimum thickness of the flange to keep the flange within Class 1.
Round up both values to the nearest mm. [20%]

With the dimensions obtained in part (a), determine whether lateral-torsional
buckling would occur under the given loading.

Note: The torsion constant I and the warping constant /,, of an [-section are given
by:

z(tf)3b + (t,)%h
IT = 3

(h+t)
Ly = I;=——

where b is the flange width, h is the depth of the web (= 1000 mm), tf is the flange
thickness and t,, is the web thickness. I, is the second moment of area about the

minor axis. [40%]
Investigate whether shear stiffeners are needed in the beam. If so, schematically
draw an elevation view of the beam showing the lay-out of the stiffeners. [40%]
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Steel Data Sheet

(EN 1993-1-1)

Table 3.1: Nominal values of yield strength f, and ultimate tensile strength f, for
hot rolled structural steel

Nominal thickness of the element t [mm]
Standard
and t <40 mm 40 mm < t < 80 mm
steel grade
£, [N/mm’] £, [N/mm?] £, [N/mm’] f, [N/mm?]
EN 10025-2
S 235 235 360 215 360
S 275 275 430 255 410
S 355 355 490 335 470
S 450 440 550 410 550

Tension members

Yielding of the gross cross-section Ag:

Agf y
Ymo

Npl,Rd =

Staggered bolt holes:

Ap = Ag —npdot + Z e
Npdg 4sg

Fracture of the net cross-section An:

u,Rd =

0.94,f,

Ym2

K

—a—%-—ﬂ#

. o p—>
staggers ‘Q"““’G} T
Sp | Sp
dy = bolt hole diameter
np = number of bolt lines across the member
Bolt size 12 14 16 18 20 22 24 27 to 36
Clearance (mm) 1 1 2 2 2 2 2 3

Reduction factor for shear lag in eccentrically connected angles:

Pitch pi <2,5d, >5,0d,
2 bolts P 0.4 0,7
3 bolts or more B 0,5 0,7




Column buckling

BS EN 1993-1-1:2005
EN 1993-1-1:2005 (E)

Table 6.2: Selection of buckling curve for a cross-section

Buckling curve
Buckling | S 235
Cross section Limits about S 275
axis 355 S 460
S 420
te z _
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Reduction factor

0,0 0,2 04 0,6 0,8 1,0 1.2 1.4 1.6 1.8 2,0 2,2 24 2,6 2,8 3,0

Non-dimensional slenderness A

Figure 6.4: Buckling curves
6.3.1.2  Buckling curves

(1)  For axial compression in members the value of y for the appropriate non-dimensional slenderness A
should be determined from the relevant buckling curve according to:

1
A= ——— but ¥ <1,0 (6.49)
O+VD* -0
where @ = 0,5[1 + OL(X - 0,2)+ XZ J
— Af, )
A= N_ for Class 1, 2 and 3 cross-sections
w Aerl'fy .
A= N for Class 4 cross-sections
o is an imperfection factor

N, is the elastic critical force for the relevant buckling mode based on the gross cross sectional
properties.

(2)  The imperfection factor o corresponding to the appropriate buckling curve should be obtained from
Table 6.1 and Table 6.2.

Table 6.1: Imperfection factors for buckling curves

Buckling curve ap a b C d
Imperfection factor o 0,13 0,21 0,34 0,49 0,76




Local buckling

w?E
12(1—v?)

o, =K

)

where b is the width of the plate and t is its thickness.

For plates in uniform longitudinal compression:

K=4
K =0.43

for internal elements.

for outstand elements.

Outstand flanges

=S

Rolled sections

(] |
I i S —
t] t! -

Welded sections

Class Part subject to compression — i subJec.t to bending and compression
T1ip in compression Tip 1n tension
Stress L ac _ ¢
distribution +
- + +
in parts ) ? R— N
(compression Pie - - O -
positive) H -— ¢ . il._C —
O¢
1 c/t<9% c/t<— c/t<
o a+o
10g 10e
2 c/t<10e [t<— /t<
o as/ o
Stress
e + + +
d‘f:iﬁ’a‘ift‘s"” ] R — p——
(compression % i - i i ... c i i .. ¢ .
positive) B
/1< 21e4/k
3 c/t<14e = Vo
For k,; see EN 1993-1-5
fi 235 275 355 420 460
€=,/235/f, Y
Y ; 1,00 0,92 0,81 0,75 0,71




Internal compression parts

A i i
_ ¢ _ _ _ ¢ _ _ _ _C _ Axis of
bending

tj& ty t| t-{k,

t
Y

R - :lt | - :Jt t - Axis of
€ _ - —c - - c — bending

e J L]

Class Eart SUbJCCt % Fart SUbJC(T‘t i Part subject to bending and compression
bending compression
f f f
Stress _?" —y‘ _?" i
distribution + + + | |gc
in parts c c ., C
(compression - )
positive) ! - ! !
f, f, f,
6
when o >0,5: c/t< 139 81
1 c/t< T2 c/t<33e 36a_
when o <0,5: ]
o
when a > 0,5: c/t< :5681
2 c/t<83¢ c/t<38¢ 4102_
when 0. <0,5: ¢/t <—2 &
o
f f
Stress ="~ f¥ — "
distribution + f +
in parts i c " c c
(compression . c/2 /
positive) ! 1 — !
f, v f,
42
when y > —1: cltg—
3 c/t<124¢ c/t<42 0,67 +0,33y
when y < —17: ¢/t <62e(1—y)./(—y)
f, 235 275 355 420 460
e=,/235/f, ¥
? g 1,00 0,92 0,81 0,75 0,71

*) y < -1 applies where either the compression stress ¢ < f, or the tensile strain g, > £,/E




Beams

Elastic lateral-torsional buckling moment of a beam with doubly symmetric cross-section:

) ) 0.5
v _ZELIl, LGl
O L2 |1, Z°El
Ccr z z
where:
It = torsional constant
Iw = warping constant (= d?l,,/4 for I-beams, with d the distance between the centerlines of the
flanges)
I, = second moment of area about the minor axis
G = shear modulus
Ler = unrestrained length for lateral-torsional buckling

In the case of non-uniform bending:

M cr :Cl M cr,0

oading and support conditions Bending moment diagram Value of C

w 0.5 1.323
v +0.25 |.563
0 | 879
W 0.25 2.281
0.5 2.704

L 0.75 7



Loading and support conditions Bending moment diagram Value of C

s I 1.132
, 1.285
F - 3 1.365
———
. .
f R ) 1.565
S
¢ < 1.046
P I (. -

e ra wle

(EN 1993-1-1)
6.3.2.2 Lateral torsional buckling curves — General case

(1) Unless otherwise specified, see 6.3.2.3, for bending members of constant cross-section, the value of
yr for the appropriate non-dimensional slenderness Apr, should be determined from:

1
At = —
(DL'I' + V(DiT —ArLr

where @, = o,sbmu(im ~0.2)+ XiTJ

but,, <1,0 (6.56)

o1 1s an imperfection factor

— W._f
At = Yy

cr

M, is the elastic critical moment for lateral-torsional buckling

(2) M, is based on gross cross sectional properties and takes into account the loading conditions, the real
moment distribution and the lateral restraints.

NOTE The imperfection factor ot corresponding to the appropriate buckling curve may be obtained
from the National Annex. The recommended values ayr are given in Table 6.3.

Table 6.3: Recommended values for imperfection factors for lateral torsional
buckling curves

Buckling curve a b c d
Imperfection factor oy 1 0,21 0,34 0,49 0,76

The recommendations for buckling curves are given in Table 6.4.



Table 6.4: Recommended values for lateral torsional buckling curves for cross-
sections using equation (6.56)

Cross-section Limits Buckling curve
. h/ib<2 a
Rolled I-sections Wb = 2 b
. h/b<2 c
Welded I-sections Wb > 2 d
Other cross-sections - d
1:y
My ra =Z1r Wy
Y m1
Interaction between moment and shear in the cross-section:
2V 2
— — (£YEd _
firr =1 =p)fy p= (Vpl,Rd 1) (for VEd>0'5Vpl,Rd)
2
pA fy _
My,v.ra = [Wpl.y - 4tW l < My cra where Ay, = hy,ty,
w | Ymo
Shear
(/3
Vpl,Rd - Av -
Ymo
Ay, = A= 2bty + (ty, + 27)tf but > hyt,

where:
b = flange width
tr = flange thickness
tw = web thickness
hy = web height
r = transition radius between web and flange

Shear buckling: T2E ~
=k (4)

12(1 —v2) \b
4 .
K_5'34+(a/_b)2 if a>b
4 .
1’{—5.34+(b/a)2 if b>a

Shear buckling needs to be checked if: }Z—W > 72¢

w

where hy is the web height, t. is the web thickness and € = ,/235/f,, (with f, in MPa).



(fy/\/_)h ty

Ym1

Vbra =

Aw

=0.76

Iy

TCT‘

Table 5.1: Contribution from the web g, to shear buckling resistance

Rigid end post Non-rigid end post
Aw <083/ n n
083/M < Aw <108 083/ Ay 083/ Ay
Aw 2108 137/07+ 2w ) 083/ Aw
Web crippling
Lt f ts
yiwlyw F.. = 0.9k.E =
hy
< 1.0 ! twfyw
== Rd — AF
XF /1F Ym1
IOF/ITF: (=5, +21, (I + 4/, +mz) <a £
b Jyfrf
m =—
Af\llrl

/.

.=t +tf\/ﬂ+[
2 t
f

2
EOF: ] +m, 2
min m, =0,02 [i’—] if Ar >05
f
FY =/, +t;4/m, +m, m,=0 if Ar <05
with: 7, _ kB <s, +c¢
21, h,
(I0F) (ITF) (EOF)
VL;S VLFS A5
| I |
| | | C|, Ss |
7 s“" |h/2,s hy " "! e !f Vs
| ﬁd | i
h Y ? s, +c
kF=6+2(AJ kF=3,5+2( j k, —2+6[ JS6
a hw
Deflections:

Vertical deflection

Cantilevers

Beams carrying plaster or other brittle finish
Other beams (except purlins and sheeting rails)
Purlins and sheeting rails

Length/180
Span/360
Span/200

To suit the characteristics of particular cladding




3D3 — Structural Materials and Design — Timber Datasheet

Cil4 |Cil6 |C18 |C(C22 C24 | C27 |C40

Fonk bending MPa | 14 16 18 22 24 27 40
Seox tens | | MPa |8 10 11 13 14 16 24
iy tens | MPa |03 0.3 0.3 0.3 0.4 0.4 0.4
Seok comp | | MPa |16 17 18 20 21 22 26
Sev0 comp | MPa |43 4.6 4.8 5.1 53 5.6 6.3
fok shear MPa | 1.7 1.8 20 |24 |25 2.8 3.8
Eomean |tensmod || | GPa |7 8 9 10 11 12 14
Ey s tens mod GPa 4.7 5.4 6 6.7 7.4 8 9.4

Eomean |tensmod | |[GPa [023 [027 [03 033 [037 |04 0.47

Gean shear mod GPa 044 050 |0.56 |0.63 0.69 |0.75 0.88

Pk density kg/m® | 290 310 320 340 350 370 420

Prmean density kg/m® | 350 |370 | 380 |410 |420 |450 | 500

Table 11.2 Selected strength classes - characteristic values according to EN 338 [11.3]-
Coniferous Species and Poplar (Table 1)

Table 3.1.7  Values of kiod

Material/ Service class

load-duration class 1 2 3

Solid and glued laminated

timber and plywood
Permanent 0.60 0.60 0.50
Long-term 0.70 0.70 0.55
Medium-term 0.80 0.80 0.65
Short-term 0.90 0.90 0.70
Instantaneous 1.10 1.10 0.90

Selected Modification Factors for Service Class and Duration of Load [11.2]

[11.2] DD ENV 1995-1-1 :1994 Eurocode 5: Design of timber structures — Part 1.1 General rules and rules for buildings
[11.3] BS EN 338:1995 Structural Timber — Strength classes

Flexure - Design bending strength
fm,d = kmodkhkcritklsfm,k 'Vm

Shear — Design shear stress
fv,d = kmod kls kcrfv,k/7m

Bearing — Design bearing stress
Je.90,a =kiske 900k mod f¢,90,k 'V m
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Stability — Relative slenderness for bending
/Irel,m = \lfm,k/o-m,crit

“For beams with an initial lateral deviation from straightness within the limits defined in chapter 7,
k. may be determined from (5.2.2 c-¢)”

1 for Arel,m <0.75 (5.2.2¢)
kepig =41.56=0.752,01 y  for 0.75< Ao,y < 1.4 (5.2.2d)
1 Arolm for 1.4 < Aerm (5.2.2¢)

Extract from [11.2] - ki

Joints
For bolts and for nails with predrilled holes, the characteristic embedding strength f;, o is:
fhok =0.082(1-0.01d) p;. N/mm’

For bolts up to 30 mm diameter at an angle « to the grain:
Sn.o0.k for softwood  kgp =1.35+0.015d

koo sin® a + cos® a for hardwood  kgq = 0.90 +0.015d

Snak =

Design yield moment for round steel bolts: M, ; = (0.87, rd 3 )/(67,,)
Design embedding strength e.g. for material 1: f} 1 4 = (kjog 1/ n1.6)/ ¥ m

Design load-carrying capacities for fasteners in single shear

foratid (6.2.1a)
In1d 2dp (6:2.16)
2 2
d
Sn1d B+2/2 1+Q+(Q] +ﬂ3(QJ _ﬂ(1+t_2j (6.2.1c)
l—l—ﬁ Al Al Al A
s d 42+ pIM ), 4
R; =min. LIM 2801 L
24 3 B+ )+ T B (6.2.1d)
thd 40+ 28)M
AVE 214 )+ p+2p) vd g (6.2.1¢)
1+2p Snradt
24 6.2.1
1.1 W\PM”dfh’l’dd (6.2.11)
t t
—>| [
H H H single shear
a b c d e f

Extract from [11.2] — Timber-to-timber and panel-to-timber joints
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3D3 — Structural Materials and Design — Masonry Datasheet

Bearing or crushing resistance per unit length
4
p oL
7/771
Buckling resistance per unit length

_PLt
7/m

B,

Graph for capacity reduction factor3

1.2

e, = 0.05¢

0.8 |

Q 0.6 ]

0.4

0.2 1

Flexural resistance per unit length
M — ka Z
7!7‘[
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3D3 — Structural Materials and Design — Glass Datasheet

Explicit relationship between the flaw opening stress history and the initial flaw size:

J‘ ' o (t)dt ~ 2 .
: (n-2v, Kt (Y7 a2

Idealised v—K relationship:

1.E+06
K,c=0.75 MPa m'2; K;;, = 0.25 MPa m'2; v,=6mm s'; n = 16
I
Il | )
1.E+02 1 I
v=Vo(K;/ Ki)" |
1E-02 - \ ''''''' i
> i
9] :
] H
- 1 ]
1.E-06 - ;
1.E-10 - |
1.E-14 : N
0.10 Ko, K. 100

log K;

2-parameter Weibull distribution:

P, :1—exp[—kA(O'f _.frk)ﬂ]

Stressed surface area factor (uniform stress):
1/m

Laminated glass equivalent thickness for
bending deflection:

s =0-0) 17+ (3 1]

Laminated glass equivalent thickness for
bending stress:

3D3 - Oct 2013

Load duration factor (constant stress history):

1/n
LT N
mo

O, tf

I R e e e
< @

o e £
£ @ —
1 o — |
| e —

@@@ centroidal axis of i™ ply

@ centroidal axis of laminated glass unit



G(t) of PVB and SGP interlayers:

1E+3 E ] ] ] '
1s 3s 1m?in thri  1d §1mo Oyr

= 1E+2

o

3

2 ]

S 1E+1 3

'c p

o

= ]

S 1E+0

L ]

7

1E-1
1E-2 T—rrrmr T Ty T—rrremr e —rrrom
1E-2 1E+0 1E+2 1E+4 1E+6 1E+8 1E+10
Time (s)

Glass design strength:
f _kmodkAfgk+frk

o =

7/mA 7mV

Stress-history (load duration) interaction equation:

o o o}

N A N At
fgd,S fgd,M fgd,L
P

Empirical stress concentration for bolted connections:
2
H H
K, =15+ 1.25(? - lj - 0.0675(; - lj

where

Kt — Gmax (ﬁ — d)t
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3D3 — Structural Materials and Design — Concrete Datasheet (pg 1 of 2)

Table 1.1 Span versus depth ratio
Span/effective depth ratio
Structural system EC2*
high light

1. Simply supported beam, one-way or two-way spanning

. 14 20
simply supported slab

2. End span of continuous beam or one-way continuous slab 13 26
or two-way spanning slab continuous over one long side

3. Interior span of beam or one-way or two-way spanning slab 20 30
4. Slab supported on columns without beams (flat slab), based 17 4
on longer span

5. Cantilever 6 8

highly stressed p = 1.5% and lightly stressed p = 0.5% (slabs are normally assumed to be lightly
stressed) *Table 7.4N, NA.5 [1.2]

Table 1.2 Minimum member sizes and cover (to main reinforcement) for initial design of
continuous members

Member Fire resistance Minimum dimension, mm
4 hours 2 hours 1 hour
Columns fully exposed | width 450 300 200
to fire
Beams width 240 200 200
cover 70 50 45
Slabs with plain soffit | thickness 170 125 100
cover 45 35 35
Extracts from Table 4.1 [1.1]
i 2 K| 4 a5 B 7 8 9 10 11 12 13 14 15 16
50 L — .
i |
SIS ) !
40 : ':-Q".f :ﬂ?%,v% | B
35 \\\E ’”\\g_k\:.,
i !( Z P
E 3 Q“M \’\:‘\\K”\ \\4{ : | OO I _
= ({ - = ]
s \\\’:\ix \\F\w\a‘
£ RIS
s BRSSP =
o | SEEN \x\f\\;\\ \*\““3\ R
] :j_'."_"_j'_"_'_; ..... >_--,_- __->--.%--.; "":\/J Kafl.0 l _%.
0 1 2 3 4 5 6 7 8B 9 40 14 12 43 14 15 1B fs %0
M/bh?  N/mm? fy 460
Rectangular columns d/h 0.0

Fig 1.1 Interaction diagram from [1.3]

[1.1] Manual for the design of reinforced concrete building structures to EC2, IStructE, ICE, March 2000 - FM 507
[1.2] Eurocode 2: Design of concrete structures, EN 1992-1-1:2004, UK National Annex —NA to BS EN 1992-1-1:2004
[1.3] Structural design. Extracts from British Standards for Students of Structural design. PP7312:2002, BSi
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3D3 — Structural Materials and Design — Concrete Datasheet (pg 2 of 2)

Flexure
Under-reinforced — singly reinforced
A, fyd(1-0.5x/d)

u

Vs
1_ 7cAsfy
d  y,0.6f.,bd

if x/d =0.5
M, =0225f.,bd* /7,

Balanced section
b:ﬁ=7s0-6fcu. Ecu
bd velfy €y tée

Shear
Without internal stirrups

0.18
Vide =[=—k(100py i)' 3 1by,d 2 (0035632 £,V )b, d

C
where:  fix  is the characteristic concrete compressive cylinder strength (MPa).

k=1++/200/d <£2.0 (d in mm)
p1=Aysbd <0.02
With internal stirrups

- Concrete resistance
VRd max = fc,max (b,,0.9d) /(cot @ + tan 0)

where:  fo max =0.6(1— fox /250) f 4

- Shear stirrup resistance
VRa,s = Aswfy (0.9d)(cot &) /(sys)

Columns — axial loading only

S, I
c Vs

o, =0.6

Standard steel diameters (in mm)
6,8,10,12, 16, 20, 25, 32 and 40
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