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characteristic combination: Eq=E {Z Gy + Pc+ Q1 +2 wo;i Qx; |

frequent combination: Eq=E {2 Gy + Pc+ wi1Qu1 +2 waj Qi

guasi-permanent combination: Eq=E { 2 Gk,j + P+ X wai Qg }

serviceability limit states

E,<C;:
[ deformation
- crack width
- excessive compressive stresses in concrete
Cd: { - excessive slip in the interface between steel

and concrete
- excessive creep deformation
- web breathing
\ - vibrations
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Part 2:

Global analysis for serviceability limit states
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Calculation of internal forces, deformations and stresses at
serviceability limit state shall take into account the following
effects:

" shear lag;

® creep and shrinkage of concrete;

® cracking of concrete and tension stiffening of concrete;
" sequence of construction;

" Increased flexibility resulting from significant incomplete
Interaction due to slip of shear connection;

" Inelastic behaviour of steel and reinforcement, if any;

" torsional and distorsional warping, if any.
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L.=0,25 (L; + L;) forbg,

Le:2|—3 for beff,2 HM
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B.= (0,55+0,025 L _/b) < 1,0 L. — equivalent length
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redistribution of the sectional

Initial sectional
forces due to creep

primary effects

forces

Ivlc,o 'Mc,r
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The effects of shrinkage and creep of concrete and non-uniform changes of
temperature result in internal forces in cross sections, and curvatures and
longitudinal strains in members; the effects that occur in statically determinate
structures, and in statically indeterminate structures when compatibility of the
deformations is not considered, shall be classified as primary effects.
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Types of loading and action effects:

In the following the different types of loading and action effects are distinguished by a
subscript L :
L=P  for permanent action effects not changing with time

L=PT time-dependent action effects developing affine to the creep coefficient
L=S action effects caused by shrinkage of concrete
L=D  action effects due to prestressing by imposed deformations (e.g. jacking of

supports)
) ) action effects caused by
A M (t) time dependent ac.tlon prestressing due to imposed
PT effects M, =Mpy: deformation M, =M

> o(t,t,)
o(tit) oty .
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L centroidal axis of the concrete section

____ centroidal axis of the transformed
I 7 composite section
Zist,L hL

----------- o ____ centroidal axis of the steel section
l 7 (structural steel and reinforcement)

—— st
: E
Modular ratios: n_ = no[1+ v o(tt,) ] n,=—2=2
Ecm
action creep multiplier
short term loading Y=0
permanent action not changing in time ¥.=1,10
shrinkage ¥Y,=0,55
prestressing by controlled imposed deformations ¥Y,=1,50
time-dependent action effects ¥Y-:=0,55
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Modular ratio taking into

©0o 0 000 centroidal axis of the
alaly Wisi=t- Cl 1— ————— concrete section account creep effect:
Z
-7 c
_________ | __ 4 il centroidal axis of the [N =Ny (1+y ¢(t,tg))
composite section
ast Z. IZI L
Ist,L ’ . ) E t
Y __Y____ e ___ _centroidal axis of the n,=——>—
Z steel section cmlo

| I—

Transformed cross-section properties of Distance between the centroidal axes of
the concrete section: the concrete and the composite section:

AC’L:AC /nL JC’L:JC /nL Zic,L:_ Astast/Ai,L

Transformed cross-section area of the Second moment of area of the

composite section: composite section:

2
Ai,L:ASt+AC,L J i,L= 'Jst"' ‘JC,L+ Ast Ac,L Ast / Ai,L
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(X)
fct,eff I-&

N_ A [mean strain gy, =¢ ,- BAgg

s Aeg=3
GC(X)<_ |->->->->| T
V
INSY Os(X) €~ ==ttt PG,
> > > >
6, (X
Nsm
S,Cr
cracked
section
A ->| |4

stage A: uncracked section
stage B: initial crack formation
stage C:  stabilised crack formation
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sm
equilibrium:
M, =M-Nga

B N, =—Ng
compatibility:

Esm =€q + KA

N Ng a’> M a
B + =
Ea Aa Ea Aa Ea Ja

mean strain in the concrete

slab:

__________ - Esm =€s2 —PAgg, =
/\/%\/\, E<As ' psEs

Ns B et eff
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tension stiffening

o O [ o © ©o _A___I_
T 'Zst,s
ZZZZ;I vzst,a
Y ___ Y _

Sectional forces:

A.Z
Ng = Ngy + ANig =Mg4 SJ—SLS+ ANis

st
J
Ms — IVlEd J—S
st A
Z
Na — Na2 _ANts :MEd a\]—st,a_ ANts
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fully cracked tension stiffening N

S

N 2
e o o T ®e e o | x” ——%}—5—- —}ANts %"
-MS,Z -M

st,a _M
a2
NP S N A1 S A W
1 'Na2 -
1 Zy
reinforcement:; structural steel:
fotm AN AN a Ost = Ast s
Gg = GS,Z + B— Gy = 0g2 — ts + ts Zy AaJa
Ps Ut ’ Ag T
fctm AS
Og = Meq Zsts + P fotm oy =Med , AN AN @, AN =P Ps O
S SL,S - t
Jst Ps Ast a Jsi S Ag Jg &l s Yst
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N 5 Curvature:

M M, M-Nga

Est I2,ts Est Ja Est ‘]a

Effective flexural

stiffness:
_ Ea Ja
Estlzts = 1 (Ns —Ng¢) @
M

E.J; uncracked section
E.J, fully cracked section
EsJ, s effective flexural
stiffness taking into
account tension
stiffening of concrete

17



E.J; — un-cracked flexural stiffness
E.J, — cracked flexural stiffness
YYVYVYYVYVY VYV VYV VY
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Effects of cracking of concrete - General
\*2" ) method according to EN 1994-1-1

» Determination of internal forces by un-
cracked analysis for the characteristic
combination.

« Determination of the cracked regions
with the extreme fibre concrete tensile
Stress o max= 2,0 fee m-

» Reduction of flexural stiffness to E_J, in
the cracked regions.

* New structural analysis for the new
distribution of flexural stiffness.

un-cracked analysis

AM  Redistribution of
bending moments due to
cracking of concrete

cracked analy5|s
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For continuous composite beams with
the concrete flanges above the steel
section and not pre-stressed, including
beams in frames that resist horizontal
forces by bracing, a simplified method
may be used. Where all the ratios of
the length of adjacent continuous
spans (shorter/longer) between
supports are at least 0,6, the effect of
cracking may be taken into account by
using the flexural stiffness E_ J, over
15% of the span on each side of each
iInternal support, and as the un-
cracked values E_ J, elsewhere.
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Part 3:

Limitation of crack width

20
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General considerations

minimum reinforcement

\ 4

If crack width control is required, a minimum amount of bonded
reinforcement is required to control cracking in areas where tension due to
restraint and or direct loading is expected. The amount may be estimated
from equilibrium between the tensile force in concrete just before cracking
and the tensile force in the reinforcement at yielding or at a lower stress if
necessary to limit the crack width. According to Eurocode 4-1-1 the
minimum reinforcement should be placed, where under the characteristic
combination of actions, stresses in concrete are tensile.

control of cracking due to direct loading

\ 4

Where at least the minimum reinforcement is provided, the limitation of
crack width for direct loading may generally be achieved by limiting bar
spacing or bar diameters. Maximum bar spacing and maximum bar
diameter depend on the stress o, In the reinforcement and the design

crack width.
21
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reinforced members, prestressed
members with unbonded tendons
and members prestressed by

prestressed members with
bonded tendons

Exposure _ \
class controlled imposed deformations
uasi - permanent
: > L frequent load combination
load combination
X0, XC1 0,4 mm (1) 0,2 mm
XC2, XC3,XC4 0,2 mm (2)
XD1,XD2,XS1, ShS) |
XS2 XS3 decompression

(1) For XO and XC1 exposure classes, crack width has no influence on
durability and this limit is set to guarantee acceptable appearance. In
absence of appearance conditions this limit may be relaxed.

(2) For these exposure classes, in addition, decompression should be
checked under the quasi-permanent combination of loads.

22
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Class Description of environment Examples
no risk of corrosion or attack
XO for concrete without reinforcement, for | concrete inside buildings with very low air humidity
concrete with reinforcement : very dry
Corrosion induced by carbonation
XC1 dry or permanently wet concrete inside buildings with low air humidity
XC2 wet, rarely dry concrete surfaces subjected to long term water contact, foundations
XC3 moderate humidity external concrete sheltered from rain
XC4 cyclic wet and dry concrete surfaces subject to water contact not within class XC2
Corrosion induced by chlorides
XD1 moderate humidity concrete surfaces exposed to airborne chlorides
XD2 wet, rarely dry swimming pools, members exposed to industrial waters containing
chlorides
XD3 cyclic wet and dry car park slabs, pavements, parts of bridges exposed to spray containing
Corrosion induced by chlorides from sea water
XS1 exposed to airborne salt structures near to or on the coast
XS2 permanently submerged parts of marine structures
XS3 tidal, splash and spray zones parts of marine structures

23
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Equilibrium in longitudinal direction:

6sAs = 051As+0c1Ac

Compatibility at the end of the introduction
length:

Gs1 Gca
11 T E g
S C
E
Ps Ng n,=—s
Gs1= Os ° E
1+ps g ¢

Change of stresses in reinforcement
due to cracking:

0}
" 1+psng

Nsr =fetm Ac (1+ Ps no)

A, cross-section area of reinforcement

ps reinforcement ratio

f mean value of tensile strength of concrete
24
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Change of stresses in reinforcement

due to cracking:
Os

AGS: GS_GS,]. :—l+p n
S'0

Equilibrium in longitudinal direction

LesUs Tsm = Acg Ag

G. Hanswille
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>

n

|
& |

om ‘wm

c,1l
<« [ U
> > > > TsmGS,Z s
<  ff——
o > > > > =
s,1 —————————
Ps

A
\ 4

d2
Les @ ds Tgm = AGq "%
. . Ps=
introduction length Lg

d1tgm 1+ngps
. crack width

-perimeter of the bar

-Cross-section area

-reinforcement ratio W=2Lg (Ssm — 8cm)

T, -mean bond strength

25
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| reinforcement and concrete in the stage of initial insitute for Steel and
c Composite Structures
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W
—>| |<— Mean bond strength:
N, N
1 LEs
Tsm=7— [ Ts (x)dx =~ 18 fetm
es o

Mean stress in the reinforcement:

Osm=0s—P Acg = B = Os —ASsm
! Acg
L 4 X
Acsmzl ?S Acg(X)dx AGS(X):U_ JTs(X)dX
es 0 SO

Mean strains in reinforcement and concrete:

€sm — €52 — B A85,cr

ecm= B ecr

26



G. Hanswille
c c s aaa . Univ.-Prof. Dr.-Ing.
Determination of initial crack width Institute for Steel and
Composite Structures

University of Wuppertal-Germany

crack width

W=2L g5 (€sm — €cm)

€sm —&cm ~ (1-B) €52

_ 050 1

Les -

4t 1+ngps

Tsm ~ 18 fetm

o (1-P)osds 1

with = 0,6 for short term loading und

B= 0,4 for long term loading

27
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Crack width w:

L, _-Posds 1 og dg

2tsm Es  14+Ngps 6 fetm Es

Maximum bar diameter for a
required crack width w:

ds= W 2tsm Es(1+ngps)
0§ (1-P)

o maximum bar diameterds for
i w=04 | w=03 [ w=0,2
160 40 32 25
200 32 25 16
240 20 16 12
280 16 12 8
320 12 10 6
360 10 8 5
400 8 6 4
450 6 S -

B=0,4 forlong term loading and
repeated loading

With 7= 1,8 f .., and the reference
value for the mean tensile strength of
concrete f_. - = 2,9 N/mm? follows:

ctm,0™

W 36 fetmo Es(1+Nngps)
o5 (1-P)
di~6 Wk fetimo Es

o

28
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2L S

r,max es

S

B=0,6 for short term loading

= 0,4 forlong term loading and
repeated loading

G. Hanswille
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Crack width for high bond bars

W =S\ max (€sm — €cm)

Mean strain of reinforcement and
concrete:

€sm = €52 — BAgg

Ac fetm
Esm = €52 P =gg2—P
EsAs

fetm

Esps

fetm
EC

&cm =P

29



The maximum crack spacing s
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r,max

in the

stage of stabilised crack formation is twice
the introduction length L.

W =S max (Esm — €cm)

< I <t >

Sr,max: 2 Les S‘r,min: Les
B=0,6 for short term loading

B=0,4 forlong term loading and

repeated loading

»
maximum crack width for s,= S
funde (O f
w=—Ctm=s ( 5 _B RLCUNE (1+ng Ps)}
2 tgmps \ Es PsEs
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W=S Eem — €
Crack width r,max( sm ~ €cm)

€sm —&cm = E -P letm_ (1+ng ps) 2 06 =S
S s Ps S

B=0,6 for shortterm loading
B=0,4 forlong term loading and repeated loading

Crack spacing In Eurocode 2 for the maximum crack spacing a semi-
empirical equation based on test results is given
d
St max =3:4C+kq-ky-0,425 —
Ps

d.-diameter of the bar

C- concrete cover

k, coefficient taking into account bond properties of
the reinforcement with k,=0,8 for high bond bars

k, coefficient which takes into account the distribution
of strains (1,0 for pur tension and 0,5 for bending)
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cracking moment M_;:

cracking moment M,

O¢c+O0¢ce = 1:ct,eff =Kj fetm

(0 C n J
h Mcr:[fcteff_cca]&
3 ;““‘ "+I” —x ---; M., | 2 2 +he /2
Z c+s
O g - ______1! e __ N~ J:
ast ) M — f . (0] 10
Zio Zi,s_tI__. _______ __ﬁ__ or =letetr ~c. Zic.o (L+he 1(2 2,)
— sectional normal force of the concrete
. . slab:
primary effects due to shrinkage
ArnZn+AcZ:
M., Ner =My —=2 Cj]_ > +Neyspe
') - 1% o
J_L L1 N v N Ac (fet eff _Gc,s)(1+Ps no)
Ea2 cr = +WNcyse
1+ h /(2 Z4)
; K.~ 0,3
1 l B k 1 _
C AcOce (1+ Ps no)
1 Nerse™ 1, he /(2 Z,)
Ner =Ac feteff (1+psNo) +
1+he /(2 20) Ac Teteff (1+psNo)
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cracking moment M, simplified solution for the normal
M > force in the concrete slab:

¢hc [ Y - -o-o-o-———I—z—— 'I' 'I' ___9._»;__.; Mcr
Zi,st_I__ ___________ ___ __ s ___ __ ~/ ) Ner ® Ac fetm Ks K -ke

k=0,8 coefficient taking into account the effect of

non-uniform self-equilibrating stresses
primary effects due to shrinkage ks=0,9 coefficient taking into account the slip
effects of shear connection

MC+S,8 GCE _%—=
000 II..Q 71 %—} } kC:1+ hC +10.3|<10
C+S,¢e 2 Zo
; X cracking moment shrinkage
—
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MC f ;MC,«S
.H—| 120 —LL i Nc Mcr Nc,s
____________ | cracking ) shrinkage
moment
Zi’o } Ma,s
| I— 5 Na,s
Acf 1 f _
Ag>—CCte 1 ko kel [ke= +0,3 < 10| |dg =df <teT| o= 2,9 N/mm?
1+ h. /z f
Gg c/ %o ct,0
k=0,8 Influence of non linear residual stresses due to shrinkage and temperature effects
k;=0,9 flexibility of shear connection
K. Influence of distribution of tensile stresses in concrete immediately prior to
cracking
%
ds maximum bar diameter
d modified bar diameter for other concrete strength classes
ol stress in reinforcement acc. to Table 1
fot eff effective concrete tensile strength




“\ Control of cracking due to direct loading —
) Verification by limiting bar spacing or bar diameter
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fully cracked tension stiffening

NS
e e
-MS,Z M

The calculation of stresses is
based on the mean strain in the
concrete slab. The factor 3
results from the mean value of
crack spacing. With s, 2/3

S; max Fésults B~ 2/3 -0,6 = 0,4

stresses in reinforcement

TR . Og =0gp + Ao
taking into account tension S > s

stiffening for the bending _ Mgq fot eff
f th . Og = Zgts + P
moment Mg, of t e quasi Jo Ps Olgt
permanent combination:
A _A2Jp
ps=,>  B=04 TR

The bar diameter or the bar spacing has to be limited
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Maximum bar diameters and maximum bar
spacing for high bond bars acc. to EC4

Table 1: Maximum bar diameter Table 2: Maximum bar spacing

Oq maximum bar diameterdg for C. maximum bar spacing in [mm]
2 2 for
DY w=04 | w=03 [ w=0,2 WUl
w,= 0,4 w,= 0,3 w,= 0,2

160 40 32 25

160 300 300 200
200 32 25 16

200 300 250 150
240 20 16 12

240 250 200 100
280 16 12 8

280 200 150 50
320 12 10 6

320 150 100 -
360 10 8 5

360 100 50 -
400 8 6 4
450 6 5 -
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" ##£43 || Direct calculation of crack width w for instiute for Steel and
\ ! . Composite Structures
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crack width for high bond bars:

W =St max (ésm — €cm)
Os = Med Zsts + B Ll
Ist | Ps %st E&sm—¢&m =P tom (1+ng ps) 2 06
Al A ES s Ps ES
s = st Yst P s B:O4
AL S A ’ d
ava
Sr1max :3,40 +O,34 p_S
S

C - concrete cover of reinforcement
37
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Equilibrium at the crack:

Gs Ag + AGp Ap =N=f¢ eff Ac (1+Ng Prot)
Equilibrium in longitudinal direction:

o5 Ag =mds o Le,s

Acp Ap =1 dy Tom Lep

Compatibility at the crack:

O.—O Ac, — Ac 1
8 =08, > =—SL =—F —F|
S p Es es Ep ep
With Ei~E, and o,=Ac; =0 results:
Stresses:
N N
Cg = Acy, = 51
Ag+&; AIO Ag+&; AIO
B = Tpm ds
I 1 Tem d
sm *v 38
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Ap: b Equilibrium at the crack:
As’ ds o E P N—PO =0Og2 AS-I—AGpZ Ap
\’ . Maximum crack spacing:
O, S
\ < > fot Ac =% [’Csm Ngds T +Tpm Ny dy ]
G < )
IO(Z ds fct,eﬂ‘ Ac
> Srmax = 2
A 2t5m (As+& Ap)
|
Os2| 7 i Equilibrium in longitudinal direction:
|
|
AG., F——— Sy max Ug Sr,max Up
p2 Ogp —Og1=— — T Opp —Op1=— — 1
A s s 2 As sm p p 2 Ap pm
Op1 b——
S S B y i Compatibility at the crack:
sl l
P X o2 —B(os2 —0s1) AGD,Z B B(AGDZ B Acpl)
G¢ fct eff 65 = 8p = =
Eq Ep

mean crack spacing: s, ,~2/3 s

r,max
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Stresses o' in reinforcement
at the crack location
neglecting different bond
behaviour of reinforcement
and tendons:

Mgq
Gs = Zgts t B

Jst Ptot Ust
AgJd
ast — ASt JSt B:O,4
Stresses in reinforcement taking into account the -
different bond behaviour:
A +A
* A A 1 1 S P
Os =05 + 04 et eff C2 - : =os +O4fctef{—_—} Ptot=A—
As+ETA, AstAp Peff  Ptot c
A +§ Ap
, A 2A X 1 &2 _ s
Aop =05 —04fcteff c & 20 =05 —0,4f off & Peff A,
AstAp  Ag+ETA, Ptot  Peff
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Part 4.

Deformations
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Effects of cracking of concrete

LYV VvVVVYVVYVVYVVVIVY VYV

«— L > < L, — _ _ _
0,151, PRON 0.15 L Deflections due to loading applied to the
—— composite member should be calculated
= using elastic analysis taking into account
a2 effects from
E.-,\J’I I—I
//TC AM - cracking of concrete,
N :
///\\\\ - creep and shrinkage,
S——_-" == - sequence of construction,
Sequence of construction - influence of local yielding of
| 9. structural steel at internal supports,
| - influence of incomplete interaction.
ANE F AN
T steel member

Fl composite member
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Deformations and pre-cambering

combination limitation
general quasi -
permanent Omax < L/25(Q

risk of damage of adjacent | quasi —
parts of the structure (e.g. | permanent

finish or service work) (better frequent) Oy < L/500
‘\ 81 Sp
L~ \ % ]
" e
Smax

G. Hanswille

Univ.-Prof. Dr.-Ing.

Institute for Steel and

Composite Structures

University of Wuppertal-Germany

o, deflection of the steel girder

d. deflection of the composite
girder

Pre-cambering of the steel
girder:

Op = 0+ Oy+ O3+, Oy

Omax Maximum deflection

o, effective deflection for finish
and service work

0, — self weight of the structure

o, —loads from finish and service work

05— creep and shrinkage

d,— variable loads and temperature effects
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For the calculation of deflection of un-propped beams, account may
be taken of the influence of local yielding of structural steel over a

support.

For beams with critical sections in Classes 1 and 2 the effect may be
taken into account by multiplying the bending moment at the support

with an additional reduction factor f, and corresponding increases are
made to the bending moments in adjacent spans.

f,=0,5 Iff, Isreached before the concrete slab has
hardened,;

f,=0,7 Iff, Is reached after concrete has hardened.

This applies for the determination of the maximum deflection but not
for pre-camber.
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=7} | More accurate method for the determination of st
\ 2" / the effects of local yielding on deflections Universy of Wuppertal-Germany

YY YYY YYY YYY VYV VY -
< Ll I > < L2 > e o ‘o °® ‘o ) Y N
<> (Icr, l———f ———— ) )
‘ | Z -
| i - I\/IeI,Rk
.A. ~ \ MpI,Rk
G, fyk fyk
EaJl Ea‘JZ
\/— 4 (E‘])eff
Ea‘Jeff EaJZ !
. W I\
N
|
// \\\ !
\h__,// N I >

MeI,Rk MEd Mpl,Rk
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The effects of incomplete interaction may be ignored
TV VY Y provided that:

" The design of the shear connection is in accordance
with clause 6.6 of Eurocode 4,

" either not less shear connectors are used than half
the number for full shear connection, or the forces
resulting from an elastic behaviour and which act on
the shear connectors in the serviceability limit state

A do not exceed P, and

in case of a ribbed slab with ribs transverse to the
beam, the height of the ribs does not exceed 80 mm.
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V +dV,
Ec’ Ac’ ‘Jc MC Vc : + dM
N I I V| _ Ueo U = &
1 I V2, NG‘ '|\'/—T—>'|' 1 N_+dN, 70 c = e
a Zc L
a, M +
dM,
Ea1 Aal Ja <a, T _ S\ ,
l N\ Ua, Ua = €4
Z, (w) 2y
— : v +dV
dx
Slip: s, =u,—u,+Ww'a < >

YYVYYVY YYVYVYY Ec Ac Uc +Cs(Ug—Uc +w'a)=0

EqAgq Ut —Cs(ug —uc+w'a)=0

(EcJec +EgJdg)W"" —cg a(uyg —uc +w'a)=q

Ne =Eo Ag Uy Mg=—EcJo W Vo =—EcJdcw"~0

| > X |_> Na:Ea Aa U'a Ma:_Ea Ja W' Vg =—Edyw"
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concrete section
F composite section

A=A, J.=J./n, 1

| : A . J
LL—, steel section AL d n,=E_/E. io Yio

N ——
F L3 120 4g =NIEE) L
W = 1+ — :
48 E4 lig a X2 o3 sinh(d)
| | 2 _1ta
I A e a
AN I\
|‘ L >| B _ Ea AC,O Aa
Aio c_ L2
) . .
5 q L*| 48 1 384 1 cosh(;)-1 o=——0
W38 E. 3. 5 o2 5 oA M Jo 4
a vi,o _ o o COSh(2) | Ja+dco
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Mean values of stiffness of headed studs
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Cp =t
: _ D=1
spring constant per stud: Pag
spring constant of the shear _ Cp Ny
connection: -
type of shear connection Cp [KN/cm]
headed stud & 19mm 2500
in solid slabs
headed stud & 22mm 3000
in solid slabs
headed studs @ 25mm 3500
in solid slab
headed stud & 19mm 1250
with Holorib-sheeting and
one stud per rib
headed stud & 22mm 1500
with Holorib-sheeting and
one stud per rib
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Simplified solution for the calculation of SR IPI. -l
. . . . ] Institute for Steel and
deflections in case of incomplete interaction s S
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q()=q sinnt . - o
The influence of the flexibility of the shear connection is
m taken into account by a reduced value for the modular
8 ___________________ % ratio.
L >| W —q L 1 _q 4 1
:i ° n’ E.J +E.J. + Po Ecm AcEaAa 32 n Ea‘]io,eff
cmY~¥cC ava
L Ea Aa +B0 Ecm AC
Ec’ Ac’ ‘]c Mc J _] L]+ Ac,eff Aa a.2
— - — — — — —— € N 10,eff C,0 a A A
1 T ¢ c c,eff TAga
z ' | a AL
¢ Ac,eff -
:: M, No eff
€ effective modular ratio for the
l % Ear Aar Ja . Nq concrete slab
—
2
" Eom A
Noeft =No(1+Bs) | Ps=">
L® ¢,
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Comparison of the exact method with the
simplified method
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q

AN

le
I‘

450|mm

W

deflection in case of
neglecting effects from slip
of shear connection

degree of shear connection

W/W,

15 [ [ [ T T 1

) 4& Cp = 1000 KN/cm

= > ?=O’4 \

1,2 |.

e
—_ .‘ﬁ----—
11 n=0,8 T
L [m]
1,0 >
50 10,0 15,0 20,0
----- exact solution
e = simplified solution with ng

1,25$ I I ] ] I ] I

: zm ¢, = 2000 KN/cm |
LI5S 1 n=0,4 M

1,1
1,05 n=0,8

L [m]
1,0 >
50 10,0 15,0 20,0

51



Deflection in case of incomplete interaction-
comparison with test results
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F
load case 1 ¢
) 1875 . 1875 A A
F
H load case 2 F/2 ¢ ¢F/2
0] | | == e
[l
1 AF [kN] Deflection at
200 midspan
1875 3750 1875
) | T | 150
7500 /
) > / load case 2
100
) 1500 .
‘ | |50
ooooooooooo 5 ¢ & & & ¢ ¢ & ¢ 3 K) A 50 II
(e load case 1
T To}
o | 3
IPE 270 N . > 5
, 20 40 60 [mm]
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Deflection in case of incomplete interaction-
Comparison with test results
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A F
|Q 160 push-out test
[5 120 /7
S |© (v \
o8] ~ /
/
ol 1] | o
s[mm]
>
{'2_5’ = 10 20 30 40
second moment Load case 1 Load case 2
of area F= 60 kN F=145 kN
cm? Deflection at midspan in mm
Test - 11,0 (100%) 20,0 (100 %)
Theoretical value, neglecting flexibility Ji,=32.387,0 7,8 (71%) 12,9 (65%)
of shear connection
Theoretical value, taking into account | J;, .= 21.486,0 11,7 (106%) 19,4 (97%)
flexibility of shear connection

53



G. Hanswille

Univ.-Prof. Dr.-Ing.

Institute for Steel and

Composite Structures

University of Wuppertal-Germany

Part 5:

Limitation of stresses
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Stress limitation is not required for beams if
in the ultimate limit state,

- no verification of fatigue is required and

- no prestressing by tendons and /or

- no prestressing by controlled imposed

deformations is provided.

combination stress limit recommended
values k;
structural steel characteristic Oq < Ky fix k,=1,00
reinforcement characteristic Ogq < K Ty k,=0,80
concrete characteristic Ogg < Ke fo k.= 0,60
headed studs characteristic Pey < K Prg kK,=0,75
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composite section ~ steel section

Pl

\24,221221222222

9c

= X
- >
vy Meo /
Vea(X) Ayt

v —

longitudinal shear forces
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|

|

Local effects of concentrated longitudinal
shear forces
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Concentrated longitudinal shear force at
sudden change of cross-section

L, =Deg

«

< _ <« _ < <« _

VL Edmax =

2 Meq Aceff Zio
Ea /Ec Jio beff

\ VL,Ed,max

)
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Local effects of concentrated longitudinal MM T
shear forces Composite Structures
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gc,d
system TR TR EREY’

L=40m L

FE-Model

cross-section  p -10m
L C

1 1
L 1,300

Uj

\ y P“
500x20
14x2000

L

shear connectors

I

800x60

Cp = 3000 kN/cm
per stud
I Z oS
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EN 1994-2
1000 ULS /
0 — L) 1 I I ) ) I I X[Cm]
200 400 600 800 1000 1200 1400 1608. JN3QO 2000
-1000
" " > AFE-Model:
22000
S
-3000 >
//
-4000 FTEZTEETTY FE-Model
\ /
P
A
-50001— » L=40m -
< > CD S
RN
-6000
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Serviceability limit state - longitudinal Mg i
Shear forces University osevmuggzirt:afggfrfa:ﬁ;
V| gglKN/m]
’ SLS
500 EN 1994-2
0 1= / X [cm]
200 400 600 800 1000 1200 1400 1e0@ 0 2000
-500
I I P FE'MOdeI:
-1000
-1500 S
-2000
-2500 FTTTEETEET FE-Model /
i P
3000 ) % /
L=40m
-3500 > > 0 s
4» X
-4000
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Part 6:

Vibrations
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EN 1994-1-1: The dynamic properties of floor beams should satisfy
the criteria in EN 1990,A.1.4.4

EN 1990, A1.4.4: To achieve satisfactory vibration behaviour of
buildings and their structural members under
serviceability conditions, the following aspects,
among others, should be considered:

B the comfort of the user

B the functioning of the structure or its structural
members

Other aspects should be considered for each project
and agreed with the client
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I.I- . Vibration - General Institute for Steel and

EN 1990-Al1.4.4:

For serviceability limit state of a structure or a structural member not to
be exceeded when subjected to vibrations, the natural frequency of
vibrations of the structure or structural member should be kept
above appropriate values which depend upon the function of the
building and the source of the vibration, and agreed with the client
and/or the relevant authority.

Possible sources of vibration that should be considered include walking,
synchronised movements of people, machinery, ground borne vibrations
from traffic and wind actions. These, and other sources, should be
specified for each project and agreed with the client.

Note in EN 1990-A.1.4.4: Further information is given in ISO 10137.

Composite Structures
University of Wuppertal-Germany
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Vibration — Example vertical vibration due

to walking persons

S,Oan len oth

G. Hanswille
Univ.-Prof. Dr.-Ing.

Institute for Steel and

Composite Structures

University of Wuppertal-Germany

The pacing rate f, dominates the dynamic
effects and the resulting dynamic loads. The

speed of pedestrian propagation v, is a

function of the pacing rate f, and the stride

length ..
pacing | forward | stride
rate speed | length
fo[Hz] | vi=1l, |
[m/s] [m]
slow walk ~1,7 1,1 0,6
normal walk ~2.,0 1,5 0,75
fast walk ~2,3 2,2 1,00
slow running ~2.5 3,3 1,30
(jog)
fast running > 3,2 5,5 1,75

(sprint)
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Vibration —vertical vibrations due to iz BT,
walking of one person

\  left foot
|
\
\ -~
\\\ //\||
B
‘\‘ time t
“ >
F(t)
A 1. step 2.step 3. step
<« > — > € —
both feet
o
<>
tszllfS

Institute for Steel and
Composite Structures
University of Wuppertal-Germany

During walking, one of the feet is always in
contact with the ground. The load-time function

can be described by a Fourier series taking into
account the 1st, 2nd and 3rd harmonic.

3
F(t)=Go|1+ Y ap sin(2n nfs t-dp)
n=1

@

. Wweight of the person (800 N)

. coefficient for the load component of n-th harmonic
number of the n-th harmonic

f,  pacing rate
®_ phase angle oh the n-th harmonic

S5 R

Fourier- o =ArlE =0
coefficients and

a,=0,1-0,25 ©,=n/2
phase angles:

a,=0,1-0,15 ®,=n/2
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Vibration — vertical vibrations due to walking .ngi;gz;;’;fgt;q-;:g-
Of persons University OSSVmuggzlrtéfggfrfgﬁ)S/
l E(t) acceleration
.. F T . _ _L
w(t) = kg N Zsin (2n fgt) (1—e 0 fEt) t_v
M
2=l maximum acceleration a, vertical deflection w and

. % L i ’ w(t) maximum velocity v N ) A
max —
amax = ka Fn E (1_ e_fE 0 L/Vs) (27[: fE)Z
X Mgen © _a
..l.F.”(t) Ve = 27 fg
m
7  —R fo natural frequency
W(X,,1) F, load component of n-th harmonic
o logarithmic damping decrement
L2 Vg forward speed of the person
) 'v Ko Fn(0) K, factor taking into account the different
&\% positions x, during walking along the beam
w(t) Mgen generated mass of the system
P . (single span beam: M,=0,5 m L)
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results of measurements in buildings

Damping m with finishes

e [0
riltloé [%0] ® without finishes

D
Ll |
m B

w
oo

fe [HZ]

G. Hanswille
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For the determination of the maximum
acceleration the damping coefficient £ or
the logarithmic damping decrement 6
must be determined. Values for composite
beams are given in the literature. The
logarithmic damping decrement is a
function of the used materials, the
damping of joints and bearings or support
conditions and the natural frequency.

For typical composite floor beams in
buildings with natural frequencies
between 3 and 6 Hz the following values
for the logarithmic damping decrement
can be assumed:

0=0,10 floor beams without not load-
bearing inner walls

0=0,15 floor beams with not load-

bearing inner walls
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People in office buildings sitting or standing many
3 hours are very sensitive to building vibrations.
F(t)=Go+ > Fy sin(2n nfs t-@,)  Therefore the effects of the second and third
n=1 harmonic of dynamic load-time function should be
considered, especially for structure with small
F(t)/G, mass qnd damping. In case of walking the_paci_ng
A f=15.25Hz rate is in the rage of 1.7 to 2.4 Hz. The verification
> / ’ can be performed by frequency tuning or by
limiting the maximum acceleration.

0,4 4

2f.=3,0-5,0 Hz
/ In case of frequency tuning for composite

0,2 % 3f.=4,5-7,5 Hz structures in office buildings the natural frequency

: ; normally should exceed 7,5 Hz if the first, second
0,1 and third harmonic of the dynamic load-time
L » function can cause significant acceleration.

2,0 4,0 6,0 8,0

Otherwise the maximum acceleration or
velocity should be determined and limited to
acceptable values in accordance with

ISO 10137
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Limitation of acceleration-recommended e S e A

values acc. to ISO 10137

acceleration [m/s?]

Composite Structures
University of Wuppertal-Germany

A
natural frequency of
0,1 typical composite
0.05 beams -
’ ,/ ‘ Multiplying factors K, for the basic curve
\ Residential (flats, hospitals) K,=1,0
0,01 ~_" 7\ Quiet office K,=2-4
~ | A A General office (e. g. schools) K, =4
0,005 :
’ basic curve a,
a<ag Ky
1 5 10 50 100

frequency [HZz]
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Thank you very
much for your kind

attention
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