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Main Text and Reference Materials :

1.Chopra, Anil. — Structural Dynamics

2 Krauthammer, T. — Modern Protective Structures, CRC Press, 2008
3.Smith, P. D. and Hetherington, J. G., “Blast and ballistic loading of
structures.”

4.Baker, W. E., et al., “Explosion Hazards and Evaluation.”

5. Donald O. Dusenberry, Handbook for blast-resistant design of buildings
6. Biggs, J.M. (1964), “Introduction to Structural Dynamics”, McGraw-Hill,
New York.

7. T. Ngo, P. Mendis, A. Gupta & J. Ramsay, Blast Loading and Blast
Effects on Structures — An Overview, EJSE Special Issue: Loading on
Structures (2007)
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Structural response to blast loading

« Complexity in analyzing the dynamic response of blast-loaded
structures:
« uncertainties of blast load calculations
« time-dependent deformations
« effect of high strain rates
* non-linear inelastic material behavior
« To simplify the analysis, a number of assumptions related to the
response of structures and the loads has been proposed and widely
accepted:
« Elastic SDOF Systems
« Elasto-Plastic SDOF Systems
« Blast loading effects:
« Global structural behavior
» Localised structural behavior
* Pressure-Impulse (P-1) Diagrams

L16-2C10 Design for fire and robustness



European Erasmus Mundus Master Course

S LJJ S C. O g

Sustainable Constructions under Natural
Hazards and Catastrophic Events

Elastic SDOF systems

« The simplest discretization of transient problems is by means of the
SDOF approach

« The SDOF system may represent a structure or a structural component,
the response parameter of interest and how blast load is applied

» The actual structure can be replaced by an equivalent system of one
concentrated mass and one weightless spring representing the
resistance of the structure against deformation.

 The blast load can be idealized as a triangular pulse

A —u(?) F Triangular pulse
with zero rise
VVVV m | F(1) time
— — f
¢ Q)
777 0 fis
SDOF system Blast loading

L16-2C10 Design for fire and robustness
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« Equation of motion :

mii(t)+cu(t)+ ku(t) = F(7)

« Solution to equation of motion
u(t)=u,(t)+u,(1)

Homogeneous Particular

where:

un(t) satisfies mii, (1)+cu, (1) +ku, (1) =0
with initial conditions - Free Vibration

u,(t) satisfies mii (1) +cu (1) +ku (1) = F (1)
with given forces - Forced Vibration

L16-2C10 Design for fire and robustness
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« The equation of motion of the un-damped (c = 0) elastic SDOF system
for a time ranging from 0O to the positive phase duration, t,, is given by:

mii(t)+ ku(t) = F (1)
where the forcing function is given as:

J’ Ft)y=F(Q1-t/ty) I 5y

L F()=0 Foid,

« Fort<t, F

[
Particular solution: 2 ,(7) = —({(1-—)
k1,

: F {
u(t) = Acosw,t + Bsmw,r + ;(1 - r—)
d
@, =~k/m ®= natural frequency of vibration

L16-2C10 Design for fire and robustness 6
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Satisfying initial condition:
u(0)=0, 2(0)=0
==> Solve for A, B, then obtain  u(t) for t <t

il . F 1
uH)=0=>4=—-—— and u(0)=0=>B=—
k k o,

" F( sino,t t
u(t) = —(l—cos (o”r)+ =
k k @,1; lq

Subsequently using u(7;) , () as initial condition for free vibration
starting from (t-t,) to getthe u(t)fort>t;

L16-2C10 Design for fire and robustness
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Example response histories

. 2
td/Tn=1/8 td/Tn=0.5

1+ 1‘7 =
3 )/\ TN 7~ N ? 0 A Y \ : / \ : /
. ) \’/’; \/g — 2_1 (] \V'/ \Vg/ tTn=

u/ust

tdIT n=2.0

AT AWANANA
n W/\WWn_ 1 [ \/ \/ \/ vt L]

2 -2

u/ust
[ =]
/
/
JI/
/
/
u/ust

If the ratio t/T becomes greater, more oscillations occur during the
presence of the forcing function.

L16-2C10 Design for fire and robustness 8
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The dynamic load factor

L16 - 2C10

2

5 1.8 - /
S 16
© 14 /
w
5 1.2 -
Q- -
@ 1 / --"'-"‘ L]
té 0.8 [
g e R factor for td/Tn<3/8| |
§04 - = = «Resp factor for td/Tn
0 V5 u

02 - Resp factor for td/Tn>3/8|

O ]

td/ Tn
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* The spectrum curve can be constructed in a simpler way by looking at
two extreme situations:

1) Quasi-static or pressure loading: long t,, short T,

F(r)__ iR(r) SDOF reaches u,_, before load
! lq >> 1, has any significant decay,
E fm F(t)~F
v 1 >
0 f

L16-2C10 Design for fire and robustness 11
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R(u) 1

1u(1)

U

1 !

m

Here consider system energy:

| B
Fu, = —kum

2

i

“m__ o DIF =22 _»
— or =2 =
F/k »

St
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2) Impulsive loading: very short f, long T,

The load is applied so quickly even

F E before the SDOF system has any
i movement. Response treated as free
: vibration with initial velocity due to
\ : » impulse. Strain energy stored is the
0 £y 22 . [ same as previous case.
f = lFrd = mil, liy = <
m
- l .» BF
Kinetic energy: KE = —muy = —
2 2m

L16 - 2C10
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Equating kinetic energy with stored strain energy:

o1, I
=—lku, =>u,A =

2m 2 " " / fem

(24

DLF: m

1
= but
F/k e\/km(F/k)

1/2Ft |
DLF = d_=_ot,

Jkm(F/k) 2

]
DLF = 7+

n

=—FIt, =mu,

Impulsive

L16-2C10 Design for fire and robustness
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Summary of three regimes

Boundaries of three regimes can be specified in terms of
the product ar,or r,/T, as below:

Impulsive loading | 0.4> a1,

0.027> 1,7,

Dynamic loading 0.4< wr,<40

0.02n< 1 /T,< 2n

Quasi-static loading |40< ax,

2n< 1,7,

Impulsive
Quasi-static

L16-2C10 Design for fire and robustness
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Elasto-plastic SDOF systems

« Structural elements are expected to undergo large inelastic deformation
under blast load or high velocity impact.

« Exact analysis of dynamic response is then only possible by step-by-
step numerical solution requiring nonlinear dynamic finite-element
software.

« However, the degree of uncertainty in both the determination of the
loading and the interpretation of acceptability of the resulting deformation
Is such that solution of a postulated equivalent ideal elasto-plastic SDOF
system is commonly used (Biggs, 1964).

« Interpretation is based on the required ductility factor [ = V;,/)e.

L16-2C10 Design for fire and robustness 16
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* For example, uniform simply supported beam has first mode shape and the
equivalent mass:

i Resistance 4
@(x) = sin mx/L
M = (1/2)mL o g

where L is the span of the beam and m is i

mass per unit length. : ‘ >
Ve Vm Deflection

Simplified resistance function of an elasto-

plastic SDOF system

» The equivalent force corresponding to a uniformly distributed load of intensity p is
F =(2/t)pL.

» The response of the ideal bilinear elasto-plastic system can be evaluated in
closed form for the triangular load pulse comprising rapid rise and linear decay,
with maximum value F,, and duration .

» The result for the maximum displacement is generally presented in chart form as
a family of curves for selected values of R /F,, showing the required ductility y as
a function of /T, in which R, is the structural resistance of the beam and T is the
natural period

L16-2C10 Design for fire and robustness 17
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Maximum response of elasto-plastic SDF system to a
triangular load
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Blast loading effects

L16 - 2C10

Blast loading effects on structural members may produce both local
and global responses associated with different failure modes
The type of structural response depends mainly on:

* the loading rate

« the orientation of the target with respect to the direction of the

blast wave propagation

* Dboundary conditions
Failure modes associated with global response: flexure, direct shear
or punching shear
Failure modes associated with local response (close-in effects):
localized breaching and spalling

Design for fire and robustness 19
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Global structural behavior

* The global response of structural elements is generally a consequence
of transverse (out-of-plane) loads with long exposure time (quasi-static
loading):

* global membrane (bending)
* shear responses:

« diagonal tension, . . .
. . Have relatively minor structural effect in case of
* diagonal compression blast loading and can be neglected

’ pgnchlng She.ar The high shear stresses may lead to direct global
« direct (dynamlc) shear shear failure and may occur prior to any occurrence
of significant bending deformations.

L16-2C10 Design for fire and robustness 20
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Local structural behavior

« The close-in effect of explosion may cause localized shear (localized
punching - or breaching and spalling) or flexural failure in the closest
structural elements.

« Breaching failures are typically accompanied by spalling and scabbing
of concrete covers as well as fragments and debris

Breaching failure due to a close-in explosion of
6000kg TNT equivalent

L16-2C10 Design for fire and robustness 21
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Pressure-Impulse (P-l) Diagrams (Iso-damage curves)

« The pressure-impulse (P-/) diagram is an easy way to mathematically
relate a specific damage level to a combination of blast pressures and
impulses imposes on a particular structural element

» There are P-/ diagrams that concern with human response to blast as
well. In this case, there are three categories of blast-induced injury,
namely: primary, secondary, and tertiary injury

From SDOF to P-I diagram

* Modify the axis of diagram on slide 15 to become normalized force
(pressure) vs. normalized impulse (force x duration) w.r.t displacement

Step 1: inverting vertical axis and scale to

- = 2F load (pressure)
"~ ku, max. resistance
Hence quasi-static asymptote becomes:

kum

y 1

L16-2C10 Design for fire and robustness
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Step 2: multiply abscissa (duration) by the new ordinate (already force
measure) and scaling:

t; [ F 1 : F/k 1/2Ft,
X=7 =— —_— | —
]-I'I kut m 2 e i, u,, ke

! non-dimensional

X =

u,,Nkm  |impulse

u B
Hence impulse asymptote 1= becomes:
P YMPIO® Rk~ Jlomrrkl
_I _
1, N Kkm

L16-2C10 Design for fire and robustness
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Pressure — impulse diagrams

2P 1000
k._\'mu 100 Impulse loading realm

B
@ Dynamio loading realm
g 10 asi-static lodding Realm
a -
-
o
% © Presaare Asympipie
=
0.1 =,

" Impulse asymptote

OO‘ 1 lllllq 1 lllllq el L L4 121110 Al
. T L

0.01 0.1 1 10 100 1000 |
Normalised Impulse
4 ) A Sk
Load Reglme Limits
Impulsive wty< 0.4 t/T< 637 x 107
Dynamic 0.4<mty< 40 [637x 102< /T < 6.37
Quasi-static ity > 40 t/T>637

L16-2C10 Design for fire and robustness
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) .
e 1 5 Al l) causing u, (Su)
= L
Lot Z (F, I) in this region will cause
m 3 u in excess of u,, .. damage
2|
=
_--—'I
quasi-static asymptote
1
1
_ . : >
(F, I) in yellow region will not ]
cause any damage u  ~m
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For a particular type of structure, diagram are presented in absolute
impulse (specific) vs. overpressure terms, for different damage (u,,) levels

4A—
Specific 10 o
impulse s
Q.
£
10| &
102 § b .
\- : Umn 1
impulse asymptote
10 | | L5
3 4 5 6
10 10 10 10 P.(Pa)
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Example (for illustration only)

In practice, such diagrams are often constructed on empirical basis, not
necessarily with explicit SDOF/limit displacement values

104 L Example
A: almost complete
: : L demolition
]5'(Pa 'S) % A B: severe damage
g C,: moderate damage
103 | 2 C,: minor/moderate
©
o L damage
© \ B D: minor damage
@ Cp
w
102} 8 - &)
oy
D
impulse asymptote
10 | | L
3 4 5 108
10 10 10 P.(Pa)

P-1 diagram for damage to some small buildings

L16-2C10 Design for fire and robustness
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Typical Blast Damage to Structures

Pressure Damage

(psi) (kPa)

002 Q14 Armoying Noige (137 481 if of low Fequency

003 021 Qccasional Ereakage of lange gloss windows alady under srain
004 0.2 Loud Noiss {143 dBL. Sonic boom glass kilwre

0.10 o Bre sage of omal wrndows under sran

9.15 12 Typical pressus for glass falue

030 21 Some damage 1o os lings, kmil of missies

.40 28 Limited minor structeal damage

05010 3570 Large and smal windows shatte ed. occasional damage 1o window fames
078 52 Minor damage to house structunss; 20-50% moof ties displaced
099 83 Roof damage to of skorage lanks

19 79 Partal demdiibion of howse s mads unmhabiabie

Source: Clancy, 1972, from WWII Data

Typical Blast Damage to Structures

Pressure Damage

(psi) (kPa)

50 38 Vioodss ity poes damaged

70 “w Rail cars overturned

780 12.55 Brick pare s §8-127, notreinfonced, fall by fexue
b 40-83 Calapss of skel gnder ramed buiidng

7-10 4070 Cars sovcmsly crushed

812 55.70 Erckwals comgietely demolshed

0 83 Callapss of skesl Fuss ype brdges: ioaded traimwagons ds malised
»>10 >70 Corpicls destruction of all unminkorosd buildngs
13 o 18" brick walls completely destroyed

70 420 Callages of heawy masomy or conose bridges

Source: Clancy, 1972, from WWII Data

L16-2C10 Design for fire and robustness
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Material behaviors at high strain rate

L16 - 2C10

Blast loads typically produce very high strain rates in the range of 102 - 104 s,
This high straining (loading) rate would alter the dynamic mechanical properties
of target structures and, accordingly, the expected damage mechanisms for
various structural elements.

It can be seen that ordinary static strain rate is located in the range: 10-5-10° s-
1, while blast pressures normally yield loads associated with strain rates in the
range: 102-10% s,

For reinforced concrete structures subjected to blast effects the strength of
concrete and steel reinforcing bars can increase significantly due to strain rate
effects.

The typical effects of increased strain rate on the response of structural steels
are an increase in yield stress; an increase in ultimate strength, even smaller
than for yield stress; and a reduction in the elongation at rupture

Quasi-static Earthquake Impact || Blast

Strain rate (s7)

Strain rates associated with different types of loading

Design for fire and robustness
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250

200 -

150 -

Stress (MPa)

100 1

50 4

0 0.002 0.004 0.006 0.008 0.01
Strain

Stress-strain curves of concrete at different
strain rates

L16-2C10 Design for fire and robustness
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Dynamic increase factor for peak stress of
concrete
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L16 - 2C10

400

3

3

8

LOWER YIELD STRESS t (MNm™2)

Design for fire and robustness

0 1 1 1
10¢ 102 102 107" 1 10 102 10° 10* 10° 10°

STRAIN RATE & (SEC™)
Effect of strain rate on mild steel
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Design Examples for SDOF

Ex 1 RC beam (elastic design and plastic design)
Ex 2 Steel beam (elastic design and plastic design)

Design Example 1

L16 - 2C10

Design the beam for both elastic and elasto-plastic design response:

The following figures show an RC beam 4.56 m long, carrying a
dead load of 17.9 kN/m and subjected to a triangular blast load of
291.8 kN/m with a duration of 0.15s.

Dynamic yield strength of steel f,, ;= 344.75 MPa

Dynamic concrete compressive strength f_,,= 27.6MPa

Steel ratio of RC beam p,=0.015

Assume dynamic strength is 25% greater than static strength

Design for fire and robustness
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— —— Dead weight

17.9 KN/m
456 m e

291.8

p(t), kN/m

>
0 =015 2

L16-2C10 Design for fire and robustness
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EN 1992-1-1:2004 (E)

3.1.7 Stress-strain relations for the design of cross-sections

(3) A reciangular stress distribution (as given in Figure 3.5) may be assumed.

Figure 3.5: Rectangular stress distribution

A=08 for fx <50 MPa
A=0,8 - (fx -50)/400 for 50 < fx < 90 MPa
and

n=1,0 for fx <50 MPa

=10 - (fx -50)/200 for 50 < fx < 90 MPa

L16-2C10 Design for fire and robustness
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3.1.6 Design compressive and tensile strengths

(1)P The value of the design compressive strength is defined as

fea = Aec fox ! 1o

where:

e Is the partial safety factor for concrete, see 2.4.2.4, and
a. 18 the coefficient taking account of long term effects on the compressive strength and
of unfavourable effects resulting from the way the load is applied.

(a..=0.85 in UK and Singapore national Annex)

2.4.2 4 Partial factors for materials

(1) Partial factors for materials for ultimate limit states, ;= and » should be used.

Note: The values of ) and s for use in a Country may be found in its National Annex. The recommended
values for ‘persistent & transient” and "accidental, design situations are given in Table 2,1N. These are not valid

for fire design for which reference should be made to EN 1992-1-2.

For fatigue verification the partial factors for persistent design situations given in Table 2.1N are recommended

for the values of g gand 4.

Table 2.1N: Partial factors for materials for ultimate limit states

(3.15)

Design situations

7 for concrete

75 for reinforcing steel

75 lor prestressing steel

Persistent & Transient

1.5

1.15

1,15

Accidental

1.2

1.0

1.0

Dynamic
compressive
strength:

W)

L16-2C10 Design for fire and robustness
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Cross-sectional analysis of the investigated beam

ou3 Ny
o = o~
=i neutral axis y
= = %
S
As=p;bd
1. | @ @ @  Ey > fykd -'As fykd
b

(a) Cross-section (b) Strain diagram  (c) Stress diagram  (d) Internal forces

For f <50 MPa

- A=0.8; n=1.0 and fog=0c; Fyg=0.851 4y

L16-2C10 Design for fire and robustness
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* From equilibrium of compression and tension forces

across a section, we can obtain neutral axis depth “a™

v: I Y
0.85f,,ba=A = qg=—

« Taking moment about centroid of compression force,

A
M, =Asfykdd(l-i)= A,0,d 1-&
2d N abd

« Knowing p,=A/J/(bd),

_ psfykd

M. = p.bd* 1
P Ps fykd 17kad

L16-2C10 Design for fire and robustness
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Elastic design

Flexure formula for

P yikd J

M = p. bd? =
P f”’“{ 17 f

RC section

Required moment of resistance in terms of width and
depth of section bd?,

0.015x344.75x10°
1.7x27.6x10°

M, =0.015xbd* x344.75x10° x(l— J=5.114x103 x bd* (KNm)

From Table 5.1 for beams subjected to u.d.l. and within
elastic strain range, maximum resistance is:

Rm =
L

L16-2C10 Design for fire and robustness 39
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8M, 8x5.114x10° xbd’
E 4.56

.Max resistance is R, = =8962xbd*(kN)

Assuming 7=0.05 s, t /T ~ 3.

From Fig. 2.7(a) for elastic system with triangular load,
DLF =1.8

Assuming a self-weight of 11.7 kKN/m in addition to 17.5
KN/m from slab attached to the beam,

Required R, =1.8x291.8x4.56+(11.7+17.5)x4.56=25282 kN

. 25282
Required bd* =
8962

—028m’

L16-2C10 Design for fire and robustness
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Trial beam size:

b =460 mm and d =830 mm

Average [ of cracked bd’
and uncracked concrete: = % (5:5p, +0.083)
3
I, = 0'4620'83 X (5.5 x0.015+ 0.083): 0.022(m4)

Average Elastic flexural stiffness of RC beam (Table 5.1):

_ 384E1 384x(2.1x10°)x0.022

- : =0.371x10° kN/m
5L 5x4.56

k

L16-2C10 Design for fire and robustness
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To allow for concrete cover to rebar say d =0.95h, total
weight of beam selected is 24x0.46x(0.83/0.95)=9.6 kN/m

Dead Weight of RC beam + slab = (9.6+17.5)x4.56=123.6 kN
M= 123.6/9.81 = 12.6 kN.sec?/m

From Table 5.1, load-mass factor of equivalent
SDOF K,,,~0.78

K, . M : :
T=271'\/ LM f :27TJO 78)(1266 :0.032(SCC)
k 0.371x10

L16-2C10 Design for fire and robustness
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Based on a more accurate estimate of 7 and from Fig.
2.7(a),

f !

0 W
T 0.032

(DLF),.. =1.89

Required R, =1.89x291.8x4.56+124.12=2639kN)

Actual R, = 2528 kN < required R,, of 2639 kN

You may iterate one more round by increasing b and d
slightly!

For this example, just adopt R,,, = 2528 kN

L16-2C10 Design for fire and robustness
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To obtain dynamic reaction forces, refer to Table 5.1.

Need to find t,, the time of max response:
Fig. 2.7(b), with t /T =45t /T =0.487 ort,, = 0.016 s.
Fig. 5.12, dynamic load p(t) per unit length = 261 kKN/m

V=039R, (live)+0.11F +dead

=0.39x2528+0.11x261x 4.56+%x123.6

=1,178.6kN

Web reinforcement should be designed to withstand
this dynamic shear forcel

L16-2C10 Design for fire and robustness
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Elasto-plastic design
For elasto-plastic design of RC beam, set n = 3.

Since load duration is relatively long, we can use Q-S limit
obtained from:

work done by external force = strain energy
|
== 12

Required R, :Fi[ J:291.8><4.56x1.2:1597kN

Assume a lower value of R & est. beam weight of 4.38 kN/m

Required R, =291.8x4.56+(17.5+4.38)x4.56=1430kN

1430
Required bd* =——=0.179m’
8000

Choose b=0.38mand d =0.68 m

L16-2C10 Design for fire and robustness
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L16 - 2C10

From Table 5.1 for elastic and plastic strain range,
K ;= 0.78 and 0.66. Take the average ~ 0.70

Design for fire and robustness
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Comparison of Design Example 1

RC Beam dimensions

Maximum resistance
Rm

Dynamic reaction
%

max

L16-2C10 Design for fire and robustness

Elastic design

b =460 mm
d =830 mm
2528 kN
1178 kN

Plastic design

b =380 mm
d =680 mm

1430 kN

754 kN
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Design Example 2

Design a steel beam for elastic design response:

A steel beam of 9.14 m length is clamped at both ends. For
elastic design, the bending stress should be less than 207
MPa.

The beam is subjected to dead loads of 14.6 kN/m and 89

KN at mid span.

The beam is braced at load point so that there is no LTB. It
Is subjected to a dynamic point load F(t) at mid-span as
shown in the figures.

L16-2C10 Design for fire and robustness
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f (1) +89KkN(Dead)
14.6 KN/m
Ny (Dead) -
RN [
: 3
4.57m 4.57m
: "
9.14m
<

1.856C
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Elastic Design

Assume t/T ~ 2/3; from Fig. 2.9, DLF ~1.4. This only
affects the dynamic point load P(f) but not the dead point

wpl’  F,L LEL

V== D= DFL

max = ot~ ( i

2
o 14.6x9.14 N 89><9.14+ 222'4X9'14><1.4=559.1kNm
12 8 8
Required Elastic Section Modulus:
M :

W = — = 2kl =2.7x10"°m’

a5 207x10°

Most economical section is 24WF76 (UB 610x229x113)
having /[=8.72x10-4 m* and W,=2.87x10-3 m?3

192EI  192x(210x10°)x8.72x10™"
E 9.14°

L16-2C10 Design for fire and robustness
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From Table 5.2, for elastic clamped beams subjected to

mid-span point load,

L16-2C10 Design for fire and robustness
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2nd round iteration from Fig. 2.9,
(DLF),,.,=1.35

2
_ 14.6x9.14 I 89><9.14+ 2224xg'14><1.35=546.3kN1n

12 8
Required Elastic Section Modulus:

M 546. )
G, =2 - =00 —=190.3x10°kN/m’ =190.3MPa
W, 2.87x10

el

From Fig. 2.9(a), t/T=0.72, DLF = 1.35
— R_=1.35x222.4 = 300.2 kN

Mmax

V. =0.71x3002-0.21x222.4 + dead
=213.1-46.7+89x0.5+14.6x9.14x0.5=277.6kN

L16-2C10 Design for fire and robustness
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Elasto-plastic design

Design a steel beam for plastic design response:

A steel beam of 9.14 m length is clamped at both ends. For
plastic design, the bending stress should be less than its
yield strength of 344 MPa

The beam is subjected to dead loads of 14.6 kN/m and 89
KN at mid span.

The beam is braced at load point so that there is no LTB. It
Is subjected to a dynamic point load F(t) at mid-span as
shown In the figures.

L16-2C10 Design for fire and robustness
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4

f(1)+89kN(Dead)
14.6 KN/m
o Dead
N
N
4.57 4.57m
p m +
9.14m
-«

L16-2C10 Design for fire and robustness
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Plastic Design

Assume t/T ~ 2/3 and from Fig. 2.9, DLF =~1.4. This only
affects the dynamic point load P(t) but not the dead point
i = W’DL2 Fpl  FL
=12 8
2

= 14.6x9.14 i 89 x 9.14+ 222'4X9'14x1.4=559.1kNm

12 8 8
Required Plastic Section Modulus:

M 5591

P EITT =1.63x10"m’
o) X

L= (DFL),y,

M

Wpi—req -

Most economical section is UB 533x210x82 having
[=4.75x10* m* and W,=2.06x10~ m* and Moment capacity:

Ms = Mpn=Wpixc =2.06x344="708.6kNm
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L16 - 2C10

From Table 5.2, for plastic clamped beams subjected to

mid-span point load, maximum resistance is:

R =4(Ms+Mn)/L=4x2x7086/9.14=620kN

Dynamic reaction is:

V.. =0.75x620—0.25x 222.4 + dead
=465-55.6+0.5x89+0.5x14.6x9.14=520.6kN

Design for fire and robustness
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Comparison of Design Example 2

Elastic design
Beam chosen UB 610x229x113
Maximum resistance 300.2 kN
Dynamic reaction 277.6 KN

L16-2C10 Design for fire and robustness

Plastic design

UB 533x210x82

620 kN

520.6 kN
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This lecture was prepared for the 1st Edition of SUSCOS
(2012/14) by Kang-Hai TAN, Nanyang Technological
University, Singapore and ULg

Adaptations brought by Florea Dinu, PhD (UPT) for 2nd
Edition of SUSCOS

The SUSCOS powerpoints are covered by copyright and are for the
exclusive use by the SUSCOS teachers in the framework of this Erasmus
Mundus Master. They may be improved by the various teachers
throughout the different editions.
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