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investigation of steel 

rectangular beams and -"''",U>1.'':> subjected to 

objective of is to numerically the dynamic 

of circular and ", ... ,,"uv rectangular T -beams clamped and 

(integral) at the subjected to uniform blast loading; use material 

nrr,n"'rh,,·.;:, that to the plates 

response and finally to numerical results with 

results. 

numerical analysis was carried out using the finite el(:~mc~m 

ABAQUS I Explicit incorporates non-linear material 

as rate sensitivity effects. The plates are modelled by 

axisymmetry, four noded (CAX4R) with 

and the occurrence zero energy modes 

The square plates, beams and are modelled by 

and asymmetry noded integration 

hourglass control continuum and only a the plates and are 

The impulsive blast generated by the use sheet explosive in 

experiments, was in the finite element by the application an 

uuvuu rectangular on the plates clamped and built-in 

boundary conditions are modelled with rigid elements. 

Mid-pOint of the plates 

are compared to data. The I 

deformation), II (tensile failure in outer at or over the 

(transverse at . the support) in the experiments are 

and results with experimental Numerical 

modes II and at impulses lower those of the experiments. 

and 

and beams. It was 

boundary at an 

sensitivity on circular 

"n"pr'll"''' to be dependent on amount of impulse on 

observed that 

lower than that 

occurs in plates and 

and beams. 

was investigated by Wiehahm, B6wlse it 
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was observed that a coarse mesh results that 

than a fine 

properties to Using temperature dependent 

thermo-mechanical instability and 'v,",,","",.,,,",'" 

failure 

banding; 

Tearing was to occur localised areas 

favourably the 

as a result of a 

modes II and were 

elongations to very high and high have- taken 

Results obtained from the approach using properties 

dependent material to model and beams 

uniform loads are 

include 

to 
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Chapter 1 - Introduction 1 

Introduction 

recent years, explosive 

events; U'~'U"VH'-" or accidental. 

have different 

and collisions are typical 

events involving and are a daily occurrence . 

., .... 'n" ... ., tragedies of life. The deformation of structures 

V"'''''vu,,,, increasingly important many applications related to the of armour or 

system high speed vehicles 

studying the of plates and 

;:::,Ull"" .... and this will 

design 1""""-"',£'1"""''' for a world. 

subjected to 

as a guide to the Inr.rn,"'nt of 

numerical investigation on the deformation and failure of and beams is 

and results are to the study. 

By 

response failure of circular aluminium rectangular beams and 

Because of superior me;cnam as 

and aluminium alloy having mechanical such as 

ratio, good £''''''1"''''''' weldability and deformability, 

the metals are co:nSloelreo for use applications 

are subjected to loading. In to optimise H''''''''':> deformation 

performance high loading rates, it is necessary to the 

deformation mechanisms, tenluerature effects of strain rate. 

investigation failure of to 

conditions been studied some years as .,.",,,.,,,.-1'''' 

first found of different modes was Menkes and Opat on fully 

"l"Hl~''"'U metal loaded Menkes and classified failure 

HIV,","''' as: 
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Chapter 1 - 2 

Mode I Large inelastic deformation (a) 

Mode II ''-'H,'Hl'-' failure) the outer at or over the support (b) 

Mode III at supports 

//"!'i~- - - - -- - -- - -- - -- -

- -
(4) 

(b) 

(cl 

Figure 1.0 : Permanent profile of impulsively plates 

In study, 

impulsively 

of 

model 

and integral boundary are applied at 

beams. 

results. Using material properties that include r ... n,.. .. "'r,.n 

boundaries of 

with 

dependency; 

are ofuv~,,,u'~L conditions on failure 

of temperature is not In 

(see seCU0I1S 5.1.1, 5.2.1, 1 and 1 of this investigation). 
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Chapter 1 - Introduction 3 

The response of structural components subjected to blast loads results in deformation 

strain rates in the range of 102 to 104 per second. The high strain rate deformation results 

in rise in temperature of the material. Using material properties that depend on 

temperature, the failure of the material may be determined. This approach is used in this 

study to determine the failure of plates and beams mentioned herein. Guedes, Gordo, 

Teixeira [4], Ji-lin Yu [5J, Lee, Sue and Lin [6J, Gimpe, Heyer and Dahl [7J, Wiehahn, 

Nurick and Bowles [8] reported on experimental and numerical investigations on the 

failure of blast loaded plates and beams using material properties that include and 

exclude temperature dependency. 

Considerable success has been achieved in modelling of impulsively loaded plates and 

beams using finite element models [8,9, 10, 11]. Mode I failure has been predicted with 

reasonable accuracy. Modes II and III have been modelled with less degree of accuracy 

achieved despite the many criteria such as damage models, rupture strain and equivalent 

plastic strain used. 
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Review 4 

REVIEW 

of thin 

uniform or localised 

and beams clamped or built-in at outer subjected to 

loading been for a number 

.. "",.,., ...... ~ have been Several 

mid-point 

in the past to theoretically and experimentally 

deflection-thickness ratio to impulsive 

as reported Nurick and [I, 2]. experimental have 

been out to 

beams, plates 

experimental 

the large nplrrn,~n,>n 

Martin [1, 

and rupture of 

from which it is evident that most of the deal with 

a 

during World War the 

loads on the of thin 

and 

experimental studies to measure 

as reported by Nurick and 

concerned structures 

M a 

studies re1en"ed to such as ,-,""'VU, 

[1 that the focus 

stiffeners, plates, 

with two The reCOr(lea 

[12] reported it was 

influence dynamic 

were conducted. 

of plates to blast 

The reports were mainly 

explosive Taylor [1 

subjected to underwater blasts 

to the plate its mid-point. Further 

Nurick [14], 

has been on circular plates, plates 

plates with stiffener and rectangular 

have 

compared the responses predicted analytically and 

study; the of was HUH...,'.",", simulation, 

(2-dimensional) approach where only the plate radius and are along 

the 1 (R) and axes A quarter rectangular and 

were modelled 1 (X), 2(Y) 3(Z) axes, (3-dimensional). 

eleme:ms were used to clamp the beams at top and hnlttnlm built-in 

plates and beams, elements of unloaded areas were encastre and symmetry 

conditions to areas were not or encastre 4.2 to 
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Chapter 2 

ABAQUSI 

applied to the 

obtained from taLl'clU.:> IS 

5 

was simulated as a rectangular pulse 

five, mid-point I failure) 

that of experiment. A '-'VlU!-"r.<",>v" of mid-

point" deflection of models that include and exclude 

and built-in IS is obtained 

temperature logarithmic strain. A comparison of models clamped built-in 

at the boundaries is made Mode is obtained 

plastic and a comparison between a and built-

in boundary Uk'''' .... ''',." drawn. 

Blast Load 

are two different methods modelling a wave 

ABAQUS I Explicit. The method 

the finite element 

wave as an applied 

this 

over a given area for a 

"_""'-LJ''-''''' (JWL) equation 

second involves modelling the explosive 

state (EOS). first method is in 

of conditions are to loaded 

structures. The method is an uniform loading condition (where an uniform load is 

applied to structure) and the method is a condition a 

central load is applied to structure). An uniform condition is used in this 

In the the is applied the detonation an explosive. explosive is 

containing a amount stored that can be 

suddenly, thereby converting substance into compressed or swarm fragments 

that force or velocity. are: substance or device 

exerts "' ... " ... , ..... ," on 

its surroundings. The three types as reported by Martin, Reza, 

and [1 are: chemical (include black nitroglycerin, dynamite and 

(TNT», mechanical (over a with compressed air) 

nuclear (restricted to military use) explosives. Chemical explosive, which is IS 

in study. 
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Chapter 2 Review 6 

The detonation an '-'''-IJ1V',. generates the expansion hot gases originating a 

wave, moving outward at high velocity from its source. The blast wave interacts 

with any structure in path imposing or dynamic blast loads --..•.... 0 the 

structure to deform or tear. The front of shock wave at the point of • "", ... n",.. 

a sharp an exponential to 

gives 

a 

actual explosive in which the is than ambient pressure. 

pressure-time ___ .... ,.., is a complex pressure shown figure 2.1. 

8.0 

7.0 

6.0 - - . - . 

5.0 - . - - - - - . - -
4.0 

.3.0 

~ 2.0 .,., ..., 
A: 1.0 

0.0 

·1.0 

-2.0 - - - - - - - - - - - - - - - - - - - - --.. 

-3.0 
6.10 6.12 6.14 6.16 6.18 6.20 

Time 

Figure 2.1 : pressure as a function loads [11]. 

practical reasons, simplification the explosion loading 

applying in any structural analysis is as shown with a smoothed 

a wave. The is larger 

so that negative phase the blast can be 
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2 - Literature 7 

--------------------------------------------.~ Time 

2.2: Simplified nrp"""TP 

definitions have been given impulsive Shen and [17] 

loading as a 

and an 

pulse having a finite impulse an 

short duration. The Steel Construction 

Institute [18] loads as UHlfJU1'::U if the load is 

than the natural period of the structure and the structure time to 

to of the load is longer than load; and as quasi-static if the 

the structure. Loading in transition region between these two is called 

dynamic. 

Steel Institute [l l\n'~ .. r''' .. '' that for loading, 

pressure loading peak intensities of several Megapascals in magnitude over durations 

the exact 

cruciaL It is, important to 

pressure-time impulsive loading lU"LVll'-" found in 

Institute [18] are shown in figure 

exact load U.UJ'QLJlVU is not 

accurately. "ideal" 

Steel Construction 
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Chapter 2 - Literature Review 8 

(a) Time 
Time 

Time Time 
(c) (d) 

Some "ideal" pressure-time impulsive loading history from the 

18]. 

This study considers a rectangular pressure pulse (figure 2.3 (a». In situations ",pere the . ; 
is not well approximated by a pulse, Youngdahl [19] m~thod of 

I' , .... 

representing true pulse a rectangular pulse of equivalent impulse 5~'l"(;II~'t'':'''' 

results. Farrow, Nurick Mitchell [20] both a and a rectangular ~e to 

predict the plate deflections, deformation shapes, residual and dynamic yield 

stress of circular plates subjected to uniformly distributed explosive loading the 

ABAQUS finite element code. 

types impUlsive loading been ... n" .... n ..... "'... in the The type 

concerns structures subjected to underwater explosive Nurick [21] reported that 

earliest on was Taylor 1950. The second is concerned with 
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pressure waves created by an as by Nobel and [22]. The 

type of loading detonation explosives impulse 

using a pendulum, was first .. ",~,, __ by Humphreys 1965 as 

blast load was the finite model by the 

application of a is considered to be an initial 

field for the at the start this leads to 

within the to 

the actual time of and pressure is 

calculated by 

2.1 

is to be a distributed function time, 

A" : area of plate or beam to pressure loading, 

I : impulse 

: duration pressure is applied. 
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Experimental procedure 

the creating an impulsive load plastic 

explosive 

pendulum 

the measurement of the impulse on plates and using a 

many 

basic apparatus used the can grouped under the following 

. Ballistic pendulum used to measure the impulse 

explosive to impart 

• ballistic pendulum 

A ballistic pendulum was to measure impulse applied to the plates and V~~'H"'. It 

is made up a a concrete four spring 

The spring wires have adjustable screws attached to 

to be 

experimental 

attached. 

At one end the pendulum the 

are positioned balancing masses are 

masses ensure that each steel wire approximate} y 

same mass ensuring that the centroid pendulum. 

balancing A (recorder) is attached to pendulum at 

masses are attached). The amplitude 

of paper. oscillation amplitude directly to the 

pendulum on to a 

imparted to the 

2.4. test specimen. A diagram ballistic is shown in 
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Figure 

Review 

pendulum. 

Spring Steel Wire 
2556 mm 

.<::.t,,,,hl',,,, Screws 

I-Beam 

Masses 

is calculated from the trace by measuring the following 

11 

the apparatus: 

mass of "'-""''''''Ul. mass of v'al,",",' rig, mass 

A and Tare "'''',11',",U in appendix 

counter total pendulum mass 

(M), 

• Plastic explosive used to impart the impulse 

plates and beams were loaded using sheet vAIJIV • .:>l speed detonation is 

sufficiently enough to assume that an impulse is simultaneously over 

whole plate or area. 

The two ring configuration used by Nurick [23] in experimental procedure for the 

was for 

squares for the square plates 

explosive is 

respectively. 

as shown 

plates. 

2.5 

rings are BlU'UHf",U to two 

study. In the HU~""'" the 

2.6 circular square plates 
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rl = 0.82 

Figure 

R 

: Explosive configuration 

L2 

and 

: Explosive configuration for square plates 

12 

W2 
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The on was applied by of explosives out on a polystyrene in 

two circular annuli which were interconnected by two 

perpendicular of and respectively as by 

Nurick Sheet explosive in and on a 14mm 

polystyrene This attenuator is to reduce pressure wave 

plate and also to a uniform impulse prevent spallation the 

beams, 

to a neoprene 

aluminium beam; Menkes 

over the beam 

was used to 

D, 

diagram 

is at B shown 

a cylindrical 

fun length of 

at the center 

The detonation 

was by sheet explosive, which is 

turn, is to a 

Opat [3]. The was laid in such a it 

Menkes and Opat used a 6.25 mm neoprene 

high explosive used was Pont 

was Du Pont thin 1: 1 with acetone. A 

out is shown in The detonation the 

2.7. 

explosive was a 25 mm thick polystyrene 

centerline of the beam A pig-tail of \JAIJU-'.:> ... was 

strip, to which detonation was attached; Nurick, 

Figure is a schematic set-up on 

of the explosive is at Aas 
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Neoprene 

L -------111>( 
Support 

Figure : Fixture or test on 
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2.3 failure 

and Opat reported ""1"""11' failure modes fully camped 

LV ...... "' .... impulsively. increases 

damage were noted. damage are: Mode I (large inelastic 

deformation), II (tearing failure) in the outer at or over support) 

III (transverse shear failure at the supports). A schematic diagram of the 

failure is shown 1.0. 

Similar failure have also observed by and 

[24], Nurick, and Marshall ; in square by Nurick 

[26]. 

different of mode I inelastic failure were identified by 

Gelman and phases were as follows: 

Mode I : large inelastic deformation with no necking at the boundary 

Mode Ia with part of boundary 

Ib deformation with necking around the entire boundary. 

Some sub-divisions of mode II damage were r""T"\nrr~'t1 by Nurick and [26]. 

modes were 

Mode II* 

Mode 

Mode IIb 

: complete ."' .... AUF> 

"u.j"U\JUO> have assumed fully 

boundary plates. It is that most 

fully clamped at with 

with fully built-in conditions at the boundary. 

mid-point deformation 

point deformation. 

(integral) or clamped conditions at the 

vu.£u ......... out on have 

experiments on and 

Nurick Radford [27] that loading mechanism of the 

determines the r""",nrm of the that the and height the explosive 
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were crucial parameters in the modelling procedure. Radford [27] reported 

refinement the modes for localised loading conditions as: 

Model 

Mode 

Ib 

Mode 

inelastic response 

thinning in area 

large response with thinning at boundary 

area 

area - capping 

Complete tearing at the boundary. Mode II 

effect 

in vestigated. 

shape on the of plates beams is currently being 

Nurick and Jones Nurick, Jones Alten-Reuss [29] reported on the large 

T-beams to uniform loads over the entire 

The resulting was categorised global local deformations. 

global to transverse deflections of the while 

local deformation to the bending and shear distortion local 

deformations were small and only at mid-point. Nurick, Jones and Alten 

[29] that was to effect the blast by 

detonator and lead explosive.-They further observed compressive stress 

was developed in the web at the clamped boundary. At there were signs 

onset of supports. Nonaka [30] observed that bending 

action H!'lOU.'," in 

there are certain situations 

is significant in the case of 

comparison with the load 

the length of was not 

beams normal conditions transverse loading, but 

plays an important rule. The effect 

loading, which involves large intensity 

in With this the 

load in 

of 

crucial this investigation. 
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2.4 : The 

Clamped 

of boundary conditions on failure 

(integral) are ImtHennen 

comparison is made between at the clamped and 

boundary conditions on 

studied by Thomas 1]. 

study. A 

boundaries. 

thin plates 

Nurick and 

failure of 

thin 

not 

investigation on the 

to impulsive loading 

subjected to impulsive 

I failure but do 

boundary 

results show conditions 

Ia and Ib and onset of mode II failure. 

boundary conditions are assessing the mechanisms which occur 

when the load is large _""_1-," to cause partial or of the boundaries 

with 

occur 

beams. It was that thinning at the boundary for plate diameters 

conditions 

va.,,,,-,,,",, boundary, 

deformations occur 

as by 

thinning and 

[10]. 
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2.5 Computational Predictions 

Predictions large of ".n.T'''''1''<> cOlmDlonenls as a blast 

computational and numerical techniques been well reported in literature. 

Jacinto, Danesi [11] in work the that suggestions to 

computational modelling of structures under impulsive loads arise from the comparison 

numerical experimental results. carried out a computational and 

experimental analysis of under air blast loading. Numerical modelling was "011"""'1"1 

out the of work were, the ,",Vl,11L1,Ul 

between and numerical responses in order to obtain numerical 

modelling analysis this to provide that could be 

checking the accuracy of a variety of calculation a set 

different 

by the 

of four tests at natural scale on two nonstiffened 11,\,., ... ",11"" 

boundary conditions subjected to the of 

detonation of explosive loads. dynamic analysis 

models the ABAQUS They found out that the 

the 

of 

computational models should 

response, the obtained 

modes will be included in 

considered as the temporal superposition of 

of the 

Using a I"n,mrlillt,>r 

significantly when was 

pressure over the and posterior 

Analysis Plate 

both 

and 

deflection 

Nurick, Levin [1 1 successfully predicted 

deformation shape of uniformly blast loaded non-stiffened 

plates. displacement 

both analytically and 

incorporated into 

polynomial functions to 

elements used design accuracy. 

super ~,..,u,~' .. 

the 

Rudrapatna. 

of 

and Olson carried out a HUll",","""'" prediction on r\pjrnrrn<:11h 

clamped blast loaded square analysis was 

were 

of 

on a 

element which the P1"t'PI"'tc of geometry and H'''''''''''-U 

as well as strain rate sensitivity. for They 
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on a phenomenological interactive criterion comprising bending, tension 

and transverse shear to predict various failure. , Olson and 

[1 also f'I!''''PM1Prl that the strain rate its effect on yield stress 

and 

the 

plate response was a major 

yield stress 

2.8 is a of the predicted strain rate, 

occurrence for first versus 

strain rates are high, -"e,'''O from 850 to 3000 per second as 

with the corresponding dynamic 

MPa. time to decreases 7 to 2.8 J1 s, 

than duration 15 J1 s. Strain rate on 

stress varying 750 to 890 

all less 

on its 

"""''''''"' deflection. However for aluminium alloys strain rate can not completely 

3,500 a 

-:::l ! 
u 
Ul 

~ ti en 
:z I .:-
< 

•. =~ 
I 

a:: 

l1ME TO YIELD l' .... en 

1,500 f 
! .. 

\.000 
2a.u 

:::!: 
500 t= 

Q Il 
0 101 15 :20 25 3Il 

IMPULSE {Na) 

First yield Vs a single single stiffened square plat 

[15]. 
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[20] also observed that the rate effect not 

but also time to the maximum 

displacement. shows a comparison of the deflection-history of the 

plate 

rate dependence excluded and UI""IUUI~U. 

to an impulsive 

It is "''''' ,.."",.,r from 

of 12Ns 

that rate 

oelJenOellce of steel has a on its yield stress which can result central 

deflection reductions around 

30~'---'-------------------------------------'-------~~ 

25 

15 ~, 

I , 
15 Ns 1M 

5 . 

o~· _________________ ·· ________ ·_· _____________ · _____ --J 

o 100 200 

TIME (MICRO 

Figure Plate Mid-point displacement <:;;;)LIVU;l<:;; [15]. 

Farrow, Nurick and Mitchell [20] modelled the deformation of blast loaded clamped 

ABAQUS finite eleme:nt It was II 

was to occur at impulses and at the boundary 

the strain distribution as shown in figure 1 O. The maximum vUJl"'l~;U strain 

occurs at the clam[)ed outer boundary with strain reducing to a minimum and then 

increasing towards the centre of plate. 
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°n6--~~~~~~--~--~=-~~--~--~--~ __ ~ - 0.1 0.15 0.25 0:3 0.4 0.45 0.5 
DISTANCE :FROM BOUNDARY TO CENTRE POINT 

Figure 2.10 : Plastic strain distribution 

"''''~U'''' Nurick Bowles [8] 

show failure as a 

banding. localised 

the temperature dependent material nrr""", .. tH·" to 

tnermo-rne(;namcal instability and localised 

banding provided new insights into the subsequent failure 

mechanism through thickness of deformation at 

rates the . In comparisons 

experimental and numerical results favourable correlation a temperature 

dependent simulation a favourable correlation than a temperature 

in situations where did not occur. Deflections from models 

using temperature dependent material properties are more than those using a 

independent dependent nrr,,...,,,·,.t,,,·., showed severe 

the 

or 

as a of unrealistically large 

failure cases where tearing occurred 

localised region clearly 

a coarse mesh was 

fine shear bands at an angle of either 

On 

to the mid-plane for same cases. The exact method of was highly 

dependent on density. 2.11 and show this phenomenon. 
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----------------11 T- 0 miC:U:J •• c :xm 

. .-JIIII!IIIIIII_--11 

Figure 11: Severe !liJH;;iJLU!liJJJL elongation predicting 

Figure : Formation of shear band at 45° and 

"lnLL1:JE: 
...--or- -t-Z. OOl!:-I-O.L 

[8] 
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2.6 Circular Plates 

2.6.1 Theoretical 

[13), Hudson [33], Richardson and Kirkwood were to conduct 

theoretical loads on the behaviour of plates. 

and Prager 

plates subjected to a 

studied the dynamic behaviour of simply supported 

plate was as a plastic 

Tresc~, yield condition and "'''''''VI.-J''''''Y flow and was """"" ... u ...... u 

Florence loaded a central 

........ ,"U!::" ...... pulse. and [37) developed a numerical 

the predictions of which compared favourably with experimental values recorded for 

dynamic deformations beams, rings, plates shells. 

the theoretical overview by Nurick Martin [1], effort been 

concentrated on the dynamic deformation plates in which either forces or 

bending moments were believed to be Jones [12] attempted to the 

two of plastic strain describe the behaviour of dynamically 

IU<U .. "',", with deflections in the where both moments membrane forces 

are 

Martin [38] reported on the reSD01:1Se impulsively loaded plates. 

They used a method based on a light interference technique to measure the displacement-

time history. mid-point up to 12 thicknesses were a 

comparison deflections and response with the predicted membrane 

technique was made. Shen an approximate theoretical 

deformation and rupture fully clamped plates. analysis 

and transverse uses 

Cowper-Symonds constitutive equation to strain rate oTh'''T'' Jones [39] presented 

an includes deflection. 

The permanent transverse displacement (WI) a plastic 

is by: 
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n the rate is given by: 

( 
vw 1; 

n = 1 + 3iiD~ 2 I 
m ) 

Rm : radius the plastic membrane 

: thickness the plastic memora 

Wf : maximum permanent transverse displacement 

: uniformly distributed impulsive velocity 

p : density of material 

On: static yield stress 

and q are material constants. 

2.6.2 Experimental studies 

Nurick Martin [2] noted that number of theoretical predictions outnumber the 

pertormed. Consequently, most papers on dynamic plastic behaviour 

of structures, and in particular of plates, subjected to impulsive loading have focused 

mainly on theoretical 

Bodner and Symonds [40J investigated response fully clamped circular plates and 

measured the deflection-time history by using a ",,...,,,-1,,,,, microphone placed near the 

centre of Nurick experiments using of sheet 

the impulse is 

history was recorded 

explosive to simulate impUlsive loading and in which the 

measured by means a ballistic pendulum. 

a IH!:Jnt-Jllltc:!rtf~rellce in which photo-voltaic diodes were to measure 
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the patterns obtained during deformation. Deflections up to mm 

during a time 

rectangular plates. 

of 200/-l s were observed on fully Clamr)ea circular, square and 

analysis the experimental results nrr.",r.", a useful for 

deflection IVU.",,,U. plate. 

Teeling-Smith [42] "' ....... "' ... out an on 

which investigates various modes of failure 

Nurick, Gelman and both 

on plates with various boundary 

plates identified several distinct observations at 

impulsively loaded 

in section 2.3. 

and numerical 

boundary: Mode I ( 

Hn.'1"'~"'" deformation with no 

deformation with necking around 

at the boundary); Mode ( inelastic 

the boundary); Mode Ib ( large 

deformation with "rr\ll1nn the entire boundary); Mode II* ( tearing part 

Mode II ( tearing 
/ 

Gelman, Nurick [10] 

boundary). 

i".'''lVl • .., on >11111-' ..... ". 

plates with various boundary conditions. They observed that boundary 

condition no effects on mode I failure but modes II III. 

They that the occurrence thinning and hence subsequent rupture is highly 

dependent on the UV<111Yu.1 fixation conditions. 

A ~_ ... _~,_ number, is used to compare 

considering the ",,<'uU"f;'"" number defined by Johnson [43], 

circular plates as 

I' R ,'I 

I l+In -
R(J 

= -....\",_----"'--....L..L. 
I 

TIRt 2 (pO'" )2 

results with other 

Martin by 

the 

2.4 
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where 

R: the plate 

R" : radius of the loaded area 

t 

p : density of material 

o () : static yield stress 

Nurick and Radford carried out a experimental into 

aeIorrnarlon and to central blast 

loads. They observed that circular plates subjected to a central blast load, response 

is characterised by an inner dome on global dome. Nurick Radford 

further the micro response of plates and that the grain elongation is 

in areas where thinning or occurs. 

plates on which numerical investigation for work this is based on 

are those Teeling~Smith [42]. out experimental work on by using 

test plates of 200mm square and clamping them between two 20mm thick heavy 

plates by means of M12 bolts. Both had a lOOmm 

"''"''.Ul"L'-'L circular hole the centre through the thin test plates 

when loaded 
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t 

PJ..I\N VIEW 

SECTION M 

plate and Clamping Device 

s l( M12 

Fastening 
Bolts 

Securing Ring 

1,6mm 'Thick 
Plate 

Steel Bas<:J 
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measurements for each experiment; firstly impulse from 

which the initial as well as total energy 

Secondly the velocity of disc from plates that under went complete tearing was 

recorded as this the excess to and thirdly 

measurement of the final mid-point and shape of deformed He 

measured the velocity 

small voltage aP1Jnc~a 

the circular by means of breakage two a 

is a signal is sent to a 

the disc to travel a certain distance is 1>1,",,""'.H 

The final is measured the approximately three 

hundred points on each plate, are then interpolated and plotted. Contour paths and 

image are produced for a of test plates from contour 

paths the deformed shape across cross-sections was /'lPlrpr1m 
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2.7 Square Plates 

Theoretical predictions 

and Martin [1] reported that predictions on deformation of 

the bending of membrane energy methods 

techniques. Due to the complex nature plate problem, 

has been on rupture square 

[39J presented an approximate theoretical procedure which includes rate 

to 

[ (1+3~~ 2.5 

2.6 

f.1. : mass unit length 

V" : initial impulsive velocity 

half 

: beam depth 

M" : fully bending moment 

This orc'CeIQUI a lower for deflection-thickness An bound 

can be found o with constant 0.618 relates to the inscribing 

plastic yield surface is determined the fully yield criterion 

moment- axial (m-n) characteristic relation a rectangular section. 

2.14. 



Univ
ers

ity
 of

Cap
e T

ow
n

L-l""-LWCJl 2 - Literature 

-I 

Maximum normal stress 
yield curve 

2.14 : Exact approximate 

of length 2L 

yield curve 

Inscribing 
yield curve 

30 

curves for a beam with a rectangular cross 

width a quadrangular 

boundary subjected to a uniformly 

which is fully clamped around 

impulsive velocity, V"' the 

maximum permanent transverse displacement, Wf , is given by: 

2.7 
H 
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where 

1 I +--
2 -C;" ) 

geometry parameter; 

strain rate _u,' ... "''"'~, n=l+ 2.10 

. f3 B ratIO" =-, L 11 

Jones [40] also """''-'u .... 'y a dimensionless initial kinetic energy. This relationship is 

2. 

where 

J1 : mass unit 

VII : initial velocity 

moment 

The fully plastic bending moment is by: 

2 

=---'-- 2.13 
4 
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where 

B" : plate 

These approximate theoretical nrr'''''f~''''''''C 

predicting mode I failure, Jones [40]. 

2.7.2 Experimental prediction 

Nurick Martin [2] presented an 

of plates. Nurick [1, 2] provides a method of 

of of Iii .... ", ... "., 

relation is by : 

=------

where 

I impulse 

t thickness 

Bp breath 

Lp length 

0" : material static yield stress 

p : material density. 

vl£1ll1VU':>'.HI-' is true 

tearing. 

with 

HH'''-'''''''' overview of 

the Ui:lIHi:l~:C; 

32 

loading 

impulse and 

The 

2.15 

deformed and showed no sign of 

. ... ,.'~~" .. ~ 
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From the relationship in (equation 15) Martin Nurick [1, 2] an empirical 

the form: 

6 = 0.471 <I> 'I + 0.001 2.16 

Theoretical techniques are 

well to the 

upon assumptions are therefore 

design of blast-loaded structures and as a check to 

UU'~HL.U.' and numerical results. 

[44] an empirical solution for predicting maximum deflection of 

impulsively loaded plates. An analysis of experimental results subjected to 

an impulsive means was performed 

reasonable certainty resulting mid-point deflections the available 

experimental information, Nurick showed that there is a 90% probability that 

ratio will be ± 1 deflection-thickness ratios of the square fit. 

Thomas 1] investigated the boundary conditions on failure of thin plates 

study the or fixing conditions at the the 

tearing mechanism encountered. concluded as 

.Changing the from clamped to effect on mode 

Ia failure. Mode II occurred at lower impulse and appeared to 

have a higher shear component in their failure . 

• Those theoretical solutions found to be valid for mode I failure for clamped plates are 

valid integral plates. 

assumption of fully constrained does not accurately model boundary 

conditions plates. Theoretical and numerical methods need to adjust the' 

assumed boundary conditions to distinguish clamped 
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Olson, Fagnan and [15] presented an investigation on the deformation and 

tearing of blast-loaded stiffened square plates. The experimental and numerical results 

were carried out on plate with boundary conditions. They observed the 

predicted central displacement decrease with increasing stiffener size. Olson, Fagnan and 

Nurick [14], numerical experimental techniques plates reSl0eCltn 

and assuming fixed end conditions have shown that in the experiments, the plates 

exhibited essentially the same modes of failure; I (permanent large deformation), U 

(tensile tearing) and (shear rupture) as previously observed for circular plates. Chung 

[45] stiffened square plates present both experimental and numerical investigations 

the deformation and tearing quadrangular plates using the approach that include 

and exclude temperature dependent material properties to determine modes U and ill 

failure. The showed that plates exhibited essentially mode I 

failure only a few cases of mode U failure. Other phases in the mode U failure region 

exhibited were mode U-I, mode and mode U-3 which designate mode U" failure at 

the sides the plate that tore and mode which is defined where 

tearing of the boundary occur. 

Square plates investigated in this study are those studied by Nurick and Shave [26]. The 

experimental procedure they used was to that Teeling-Smith [42], and 

arrangement is as shown in figure 13 section The only significant 

that the experimental rig was arranged to accommodate square plates. 

The test specimen were cut from 1.6 mm cold-rolled mild plates with dimensions of 

240x240 mm. The area of the plate subjected to loading was 89x89 mm. These 

dimensions of the loaded area almost the same area loaded in circular plates in 

section 2.6 by Teeling-Smith. The test specimens were clamped two 20 mm 

thick plates with eight 11 mm diameter high strength on a bolt of 175 

mm. 

The load on plates investigated by Nurick and Shave was applied by strips of 

","vrl.ln.,.u"," laid out on a polystyrene pad in two concentric square annuli were 
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interconnected by two perpendicular strips of explosive (figure 2.6 section 2.2). The 

detonator was attached to the centre of the perpendicular strip. The speed of detonation of 

the explosive was 6500 - 7500 ms-1 
• The impulse was increased by increasing only the 

mass of the annuli and not the cross piece. Figure 2.6 section 2.2 shows a schematic 

diagram of the explosive layout. 

The failure modes observed by Menkes and Opat [3] were also reported by Nurick and 

Shave[26]. Mode II failure was defined into II * (tensile tearing at the outer fibres over 

part of the support) and Mode II (tensile tearing at outer fibres over the entire 

support).Mode II was further identified as IIa (complete tearing of the sides with mid­

point deflection of the plate increases with increasing impulse); and mode IIb (complete 

tearing of the plate with the mid-point decreases with increasing impulse). 
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Rectangular neamlS 

2.8.1 Theoretical predictions 

Some of the in dynamic were of and 

Symonds [46] and Symonds [47], which with beams """f'T",'n to COllce:ntrate:CI 

idealisation on the . loads. The analysis uses a 

assumption that elastic strains are much smaller plastic strain can therefore 

neglected. Symonds [48] later the to obtain for 

of supported clamped beams subjected to uniformly 

pulse loads. Schubak, Anderson and Olson [49] presented a simplified dynamic analysis 

of which are to doubly cross-

sections and a rigid-plastic material 

analytical procedure to of 

pulses by modelling the as rigid-plastic beams or ,.., .... ~,~_~ 

fixity of a plate was modelled connecting the 

zero plastic _~ ... ~_" .. 

four se2:me:nts was aplJrO'Xuna1teCl 

divided into two ""''''.AU,", linear phases; an initial plastic 

beam 

of 

mechanism 

bending 

intensity 

with 

yield curve 

was 

(small­

a later 

plastic (large-displacement) 

2.15. 

the bending resistance disappears 

as shown 
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(a ) 

15 modes: single hinge Ul'-"~ll"JlU"'lll, (b) 

[49]. 

response was solved two methods. the mf~m4Ja. the two were 

governed by linear equations that were ,",IV.",",,", form and in 

second method, the response was approximated as a "instantaneous" mode 

in the was by an "instantaneous" mode solution 

algorithm wherein "instantaneous" modes were to be over time steps small 

but finite duration D..t. 

Wen pH!Seme:o an approximate theoretical based on a power law 

relati onship. oreOlcrea rupture of beams under 

impulsive loading by an strain failure criterion which into consideration 

the influence the transverse shear on the axial tensile strain was considered. 

are the observations in 
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terms the maximum permanent transverse ....... '<AU"'AH and the critical input impulse 

failure when material rate "',""u.,,,. is 

Li Jones 1] proposed an for studying 

hinges which develop during dynamic plastic "'.:>IJ'VIl., ... of beams. modelling of 

the response VUI,':>lU''- a rigid, and 

within the shear hinge, strain hardening, strain rate and temperature were 

considered order to obtain conditions for an adiabatic 

Jones presented the maximum permanent transverse displacement, Wf , a 

which is fully clamped at both ends impulsively loaded, with a uniform velocity, 

across span, , by: 

where 

strain rate enhancement is given by : 

n 
I 

0"0 1 -= + 
0"" 

2.17 

2.18 
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2.8.2 Experimental studies 

on end-clamped and Griffin 

rectangular plates in the impulse was measured directly a ballistic pendulum. 

in this study are those of and Opat 

aluminium 2.2 shows experimental configuration. 

pressure was '-''-'''''''' ... ''' ..... to a buffer 

which tum, is bonded to the top surface a clamped aluminium beam. 

was in a way it extended over 

neoprene buffer was used to prevent rear-surface "1-',." .... < .. used was 

pont and the adhesive was pont 4684 thin 1: 1 with 

Menkes detonation point the rectangular 

indicated in No rlpTrt'l'T'l"'" asymmetry was 

particular method set up of the vAI.HV;:" and the point. 

results vv ....... ,"" .... from this by In'-,Ilft.'~,~ and Opat [3]. 

point B 

with this 

2,16 shows 
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of aluminium by 

H'J,<';;'U""'J':> and illustrating the transition from a mode I to a mode III with increasing 

impulsive velocity [39]. 
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2.9.1 Theoretical predictions 

The rigid-plastic for the dynamic plastic of impulsively 

loaded fully clamped with rectangular to 

favourable 

beams. 

with the permanent transverse displacements recorded on metal 

method is used to provide an approximate solution with 

gre:errlents with data. Nurick, Jones and (29] satisfactory 

reported that satisfactory correlation is found between theoretical predictions and 

corresponding experimental with the experimental bounded by 

the theoretical predictions which uses and circumscribing curves to exact 

yield '. Interaction have used by 

Anderson and Olson [49]. moment-axial force interaction curves must developed 

the prC)Celllur of Schubak, the particular 

Olson [49], 2.17 was obtained by Nurick, Jones and Von Alten-Reuss The 

shape this interaction curve reflects 

is based on 

simplified 

equation 

0.5660" 2. then oreOIcrs an apIJroxlInal:e upper bound 

on maximum permanent transverse displacement. adjusted of 0" also 

inscribes the coordinates m=-n=:u shown in 2.17. 
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m 

" 

-m 

/' 
/' 

, I 

: Interaction Yield aT-section [29]. 

Nurick and Jones [28] presented an approximate theoretical analysis which accounts for 

of which are to n1T(~nn impulsive 

loads resulting in deformations. Predictions have also been reported by 

Anderson Olson [49] finite Lv""vU, analysis for with both 

rectangular and I shaped cross Schubak, Anderson and Olson [49] 

reported that the interaction relations of an practically doubly-symmetric sections can be 

accurately 

Jones [28] 

loads causing 

sets 

by a linear interaction in m-n in 2.14. Nurick and 

of the m-n _"P'"YT''' subjected to 

inelastic deformations. predictions were COlmo'are:a with 

cross-section and lengths. 
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The HLL"AUHUj,U permanent transverse displacement of a perfectly plastic, fully 

with a of depth H, which is to an 

across a 2LB 2.19 is to account 

the T-section beam as 

19 

where 

A=--"--- 2.20 

is determined from 

is given by: 

fully axial and moment carrying 

K 
4M" 

When 

; equation predicts the maximum 1-'''''''''' ... "", .. deflection of a rectangular beam. 
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,XpenmE!Dtal studies. 

~v ... 'uu,., considered in this study are those of Nurick, 

The test were cut from aluminium 6063 alloy sections to the 

shown in 2. 

I 

t 

Figure 2.18 : ',.",,,,, "",,..t, ofa .~ ~. ,-

test was .... 1",.,.,...,.,.,."." on a 

uniform load. 

determine the impulse and hence 

of explosive was laid along a 

B 

I 

H 

~ 
-hf';~m 

to initiate a 

body displacement of the pendulum is used to 

magnitude of the initial velocity. A cylindrical strip 

mm thick polystyrene pad, the full of 

of "" .... ,"''', A short of was at centre of the 

cylindrical strip, to which detonator was attached. of detonation of 

explosive was 6500-7500ms- 1 in detonation in approximately 11 J.1S 
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to 15 for beam 150 - 200 mm The detonation of the 

was at as shown in figure 

specimens were at both ends with 

testing. A spacer was used to VHJv"''' were 

together bolts per The 

set-up is in figure 2.18. 

Figure 2.19 for blast -secncm aluminium 
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3.0 Material Properties 

To better understand the behaviour of steel and aluminium aHoy beams 

study, a better knowledge of the material properties of metals is investigated in 

required. curves were obtained from standard tensile tests and converted into 

true stress and logarithmic plastic 

manual [53]. 

according to the ABAQUS I Explicit 

Mild plates and aluminium beams undergoing blast-loading conditions plastically 

deforming at high strain rates causing localised as a result of high 

strain rate. Material nrr.n",~h", at strain rates temperatures are 

further at the moment. 

Two material models can be to model such high strain rate deformations. are: 

the classical metal plasticity model 

the Johnson-Cook plasticity model 

Classical metal plasticity model 

classical metal plasticity model uses standard Mises or Hill yield 

with plasticity which allows isotropic and yield, respectively. It can 

be used when rate-dependent effects are important. It is implemented by using stress­

strain data from uni-axial tensile tests that are modified for yield hardening, strain rates 

and dependencies with a strain based failure I predictor incorporated. 

Yield hardening 

Most materials with ductile bahaviour yield at stress levels that are magnitude 

less than the elastic modulus of the materiaL This means that Young's modulus 

their region. the plastic"tegion, logarithmic strain and true stress are 
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required. For an isotropic material; mild steel and alumimum alloy considered this 

study; the norminal stress-strain data obtained from uni-axial tests is converted to true 

stress and logarithmic plastic the following equations: 

(Tlroe= (1+ 3.1 

sJ:: In(l + )-

Where 

: nominal (T true : true stress 

snom : nominal strain; : logarithmic plastic strain and E : Young's Modulus. 

Graphs of the logarithmic plastic strain true stress for mild steel and aluminium alloy 

are shown in figures 3.1 and 3.2 respectively. 

600 -:. 500 

~ 400 
en 
en 300 e 
1;; 200 
CI) 

2 100 
t- o +-----~----~----~----~----~-----, 

a 0.05 0.1 0.15 0.2 o. 0.3 

Logarithmic Plastic Strain (%) 

igure 3.1: of true stress vs. plastic strain (mild 
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305 -tel 300 

~295 
II) 

: 290 
a... .. 

285 CI) 

CD 
:s 280 a... 
I-

275 
a 0.002 0.004 0.006 0.008 

Logarithmic Plastic Strain (%) 

stress vs. plastic (aluminium 6061-T6). 

3.1.2 Internal heat generation 

Internal heat is generated through the dissipation of plastic work. Wiehahn, Nurick and 

Bowles [8] assumed that 900/0 of plastic work in centrally uniformly loaded circular 

plates is converted to heat. is essentially because of the short duration the blast; 

(15)l s) and the subsequent deformation of the plate; (150)l s) allowing very little heat to 

be dissipated from the deformation area. They assumed further that the process was 

adiabatic and the density specific heat of the material do not 

temperature. 

3.1.3 Steel properties at high temperatures 

Steel does not provide any significant to heat transfer and, the 

thermal properties of steel that are of interest do not vary significantly with temperature, 

as opposed to mechanical properties. The mechanical behaviour of steel can described 

with one theoretical model since the effect of temperature on the stress-strain curves of 

steel is the same for all types of steel as reported by Soares, Gordo and Teixeira [4]. They 

further observed that when there is a temperature differential within the plate, this 



Univ
ers

ity
 of

Cap
e T

ow
n

Chapter 3 - Material IJr.,nprr,,'" 

generates thermal stresses with until reach a level 

the of 

collapse Figure 

characteristics of steel ~U'~"F,~ 

This combined with 

plates. 

40<1 

lSO 

a significant 

shows the behaviour of at high t"'rY,""'· ... .., 

200"C, 

the yield stress and the modulus 

stress with 

-T-<l"C 
T-200"'C 

•••••• T-4O<1"C 
_. _. T-6OO"C 

-" - T-IOO"C.( 

_ __ - - - - ::-.. :-... 7"'" .. ,. ...... + ........... ---- ........ --- ...... -, .. ... ... 
300 

2'0 

200 

ISO 

100 

, 
I 
I 

--
r •• " 
j .' 
j : ,: 

· · · 
: $ ., . , . -" 

---

.... -' 

.. . " 

-' -' 

.. ' 

-. -,,_ .. - .. -* 
_ .. -.- ... - ... - .. -.- ... - .. _ .... - .. - .. - .. 

on 

... "'_ ... _ ..... - ... - "'.- ... -~ ... - .... - ...... - ..... -" ... -

0.00' 

igure Variation of 

0.01 

s(%) 

0.015 

with teulperatlilre 

3.1.4 Aluminium alloy 1I'\"'/~1I'\ .. rT .. "., at high telll1D4~ratUlre 

49 

It is 

characteristics aluminium alloys, carbon The deformation and 

reinforced 

flow 

variations. The 

"'"""1-',,-,,,.,,,., is strongly delJendelnt on ,~u.,pe!·.,;,·" .. t> and strain rate as 

by Woei-Shyan Wu-Chung and Lin [6]. 3.4 

this at strain rates. 
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is a tendency toward decrease flow stress at 

Comparing the in stress both rate and it 

observed that flow 

(a) 

1000 
T 2S"C; 
V;.- 1 So./" 

800 

600 

400 .. 3300 s-I .. 2300s- l 

1300 s I 
200 

0.1 ",-1 

a 
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 

'T'rue Strain 

(h) 

1000 'r - 200"C 
'VF= 15<>/" 

800 

600 

400 !!!II 3300 s-1 
.... 2300 s-I 

""" 1300 s 1 
200 

O. I .. -1 .... 
0 

0 0.1 0.2 0.3 0.4 0.:5 0.6 0.7 

True Strain 

(c) 

1000 T 3,OO~C: GIl 3300 s-l 

V f - 1 ;50/0 - 2300 s:-I 

800 .. 1300",-1 .... 0,1 ",-'I 

600 

400 

200 

a 
0 0.1 0.2 0.3 0.4 0.:5 0.6 0.7 

-rrue Strain 

Figure: Typical true stress I strain curves of Vf carbon reinforced a 

composite deformed at temperatures 25Oe, (b) 2000 e and (c 

3000 e under rates 
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and Teixeira [4] nn'opr'"p" that the H'''',AUHUl.H load capacity 

plates is 

which yield stress 

at temperatures 

material 

further that the 

increase 

the plates are 

a tendency 

than 200 0 C, the 

from 100 0 C to 200 0 C, a situation in 

too much yet. They 

rn'M,t'\rt",nt until is reached. 

and to 

and aluminium 

the stress and the modulus of elasticity. These 

combined with 

collapse of 

stresses elevation leads to the 

beams. further 

at ambient ,~u,'..,"". the collapse strength OTHIP""P" mainly by plate 

although the boundary 

are important parameters. 

and the 

Plastic work in generation causing the degradation of 

Since stress analysis to 

the strain, temperature 

the Masui, Nunokawa and Hiramatsu 

distortions 

properties. 

is 

were 

the temperature dependence Young's modulus and yield stress for mild steel, as shown 

following 

E == 207i109 -58.34xl06:z 1: ::; 600°C 

3.4 

::::::0)'0 3.5 

o () == 0 yox[l- 0.001 -200)] for 

a" - (r - 700 )x3 .884xl 0-4 J 
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where 

E : Young's Modulus; 'l' : material temperature; 

0"0: static stress; 0" yo' static yield stress at the .......... :> ...... 1"1" ... temperature of the 

L""U'''U"" test. 

temperature rise due to the plastic strain computed using the specific of the 

material while Young's modulus and true stress and logarithmic plastic strain data are put 

in tabular for different temperatures. ABAQUS 1 determines the exact 

Modulus and by linear interpolation tabulated " ........ "'. 

Young's Modulus as a function temperature is shown in figure 3.5. The 

Modulus gradually decrease linearly from a value of 207GPa at room temperature to 

175GPa at 600°C. It decays quadratically to 100.lGPa at 1000° . 

en 
::I - 150 ::I 

" 0 
100 ::IE 

en 
-OJ 50 
c 
::I 0 0 
)0-

0 400 600 800 1000 1200 

Graph of temperature vs. Young's Modulus (mild 

The yield stress is not affected by temperatures below 200° . In case, the yield stress 

remains constant until a temperature of 200° C, at which point it decays at a rate of 

449KPalo to a temperature of 700°C. From 7000 CtolO00o , the stress further 

decreases 

shown in 

at a slower rate of lOOKPa 1° C. A graph of yield stress vs. temperature is 

3.6. 
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1 
100 

Cf) 
Cf) 80 ! - 60 tn 
'V 

40 1i 
>= 
0 
;; 

0 .B 
tn 0 200 400 600 800 1000 1200 

Temperature (C) 

3.6: Graph of temperature vs. yield stress (Mild steel). 

comparison of the temperature effect on the yield stress and Modulus is 

shown in The stress and Young's modulus were normalised by dividing 

the Young's Modulus and the yield stress at any temperature by Young's Modulus 

yield stress at O°C respec;t1v·ely It can be seen from 

more affected than Young's Modulus. 

1 

1 

0.8 

o 
0.4 

0.2 

o 

graph that the yield stress is 

o 500 1000 1500 
Temperature (degrees) 

comparison of the normalized static 

emperature (mild 

stress and Young's Modulus vs. 
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figure 3.7, it is that the yield stress decays faster than Young's modulus. 

Modulus stress for <""",IHlj'l1 is also affected high temperatures. 

Aluminium melts at above () C . Equations were modified to 

include temperatures above which aluminium as follows. of the limited 

material data on this to the author, temperatures used by Woei-Shyan Lee, 

Sue and [6] were in this study. 

E == 207x10 9 
/l 1 ~ 25°C 

.. 
for C 3.9 

=0.l'() 3.10 

== ° )'ox[l- 0.00178.(1 - 200)] C 11 

300)X3.884XI0-4 ] 

Figures 3.8 and the temperature on Modulus and true 

stress on aluminium 6061 alloy. 
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80 
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f; 60 -
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40 

.0 30 
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c 20 
::3 
0 
> 10 

0 
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Temperature (degrees) 

igure 3.8: Graph of temperature Young's modulus (aluminium). 

l 300 
:IE 

250 -
j 200 

150 
"0 .. 100 
): 
Co) 

I 0 
0 100 200 300 400 

Temperature (degrees) 

igure 3.9: Graph of temperature yield stress (aluminium). 
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Strain rate dependence 

Pure aluminium is not very sensitive to strain rate effect, but aluminium such as 

. 6063-T6 considered in study is rate Mild typically exhibits 

elastic and isotropic strain behaviour with a 

dependence on rate. The Von Mises criterion isotropic hardening is an 

appropriate model to describe properties the and beams. 

Hardening as a result the strain rate effect was modelled using Cowper-Symond 

given equation 3. 

Where 

O I : Dynamic yield stress; 0 : Static stress; IS Strain rate; 
o 0 

and q are material constants. :::::: 40.1 S-l , q:::::: 5 steel D:::::: 6500 , q :::::: 4 for 

aluminium and are a""'''IJllau.'''' values are this 17] 

It is that rate on aluminium is pronounced compared to 

4.3 shows stress - curve aluminium -T6 with strain rate 

Chiou observed that the stress of a Shyu 

depends not only on the and strain-rate but on its microstructure at the 
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SOO r----....-----r:----....---,-----,..-----. 

Figure 3.10: Dependence of 

T-25··.., 
---40005'" 

- - - - - :3.0(.100",-< 

0_1 
True Strain 

on the 

Strain based shear failure 

0.2 0.3 

stress of 6061 Al alloy 

57 

The failure criterion is on the value equivalent plastic strain at element 

points. Failure is assumed to occur when the ............. F,'-' 

damage parameter, {jJ , is defined as: 

Ll c. pi : of the plastic 

: strain at failure. 

1. 

3.15 
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The above is performed over increments in The 

two failure including the of criterion 

of or of the structure. This was not employed 

the mesh as a 

this study. 

It should 

strain can 

be noted from the '-"""":>":>''-'''41 plasticity U'V~~" the equivalent 

given in tabular as a function of the equivalent 

deviatoric stress the and 

A summary 

presented 

the material nrl,n .. 'rt""c of and beams used 

3.1, and 

Property Symbol Value 

Modulus E 

Poisson's Ratio 0.33 

(J/Kg ) c(T) 

"""",,nl (Kg/m 3) p 7850 

Static 

mild steel plates) 

strain a 

field 

simulation is 
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Symbol Value 

Modulus (GPa) E 

Poisson's Ratio v 

Specific heat (J/Kg "C) c(T) 660 

Density p 7850 

yield stress (N/ m 2 ) 0" 

Table (square mild steel plates) [26] 

Property Symbol Value 

Modulus E 72.4xl09 

Poisson's Ratio v 

(J/Kg "C) 937.4 

i Density (Kg/m 3) p 

yield stress (N/ m 2
) 0" 281x 

Table : Material nrr.n"",-" of test beams (rectangular 6061 alloy 

[17] 

'. .. ~ 
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Property Symbol 

Modulus E 

Poisson's 

) . c(T) 

Densi ty (Kg/m 3 ) p 

yield stress (N/ ) 0" 

Table 3.4 : Material properties of test 

[17,29J . 

60 

Value 

0.32 

2686 

1 

alloy beams) 
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3.3 Johnson-Cook plasticity model 

The Johnson-Cook plasticity is a of 

analytical forms the hardening and rate dependence. It is suitable 

with 

high-strain-

rate deformation many and transient dynamic 

Cook hardening is a particular type of isotropic hardening where the 

assumed to be the 

where 

AI, b 

6,rwuiellf. 

m: parameters measured at or below the 

gl'l equivalent plastic strain 

6 non-dimensional 'VU1p"'A~' 

The non-dimensional temperature is defined as: 

Of orB ::;; Btransinl 

6 :currenttenlperat1ure 

transition temperature ' .. "_'.Bl','-' as the one at or 

temperature dependence on the expression of the stress. 

The Johnson-Cook model is valid to the melting Lva.''''V, 

yield stress; is 

3.16 

temperature, 

3.10 

there is no 
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The classical metal plasticity model was chosen over Johnson-Cook plasticity model 

because of the many parameters that have to be defined and the material data for these 

parameters not readily available to the author of this work. 
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4.0 FINITE ELEMENT SIMULATIONS 

This outlines the finite method and used 

of and aluminium alloy beams. 

4.1 Finite element analysis method 

The analysis was carried out a suite of powerful 

simulation program, based on finite element method that can solve problems ranging 

from relatively 

ABAQUS 

to the most 

an extensive library elements can model virtually any 

library of models, which can 

of most materials, including Hl\.,""'':>, rubber, polymers, composites, reinforced 

concrete, crushable and resilient and as soil rock. 

A IT",t1,,,,,.,,, _n'· ........ '''''''" rather than ABAQUS / 

Standard was because it is computationally "'.U''''''''-'' for analysis of 

case with blast loading, with relatively as is 

non-linear material strain rate sensitivity, effects, n""M-nrtYl 

adiabatic stress and requiring no iterations and tolerances or global tangent 

stiffness matrix. Numerical implementation is carried out solving the 

using an together with the use of diagonal 

("Lump") VAV,'UVA 

small time 

equilibrium 

The explicit integration performs a large number of 

efficiently with an difference The 

is satisfied at the beginning of the t; the 

at time t are used to advance velocity solution to time t + 

to available ABAQUS / and displacement 

solution time to t + The explicit procedure 

small increments. Such a numerical 

the stability 

application blast loaded plates and 

rP<fTr<lt<,,, through by many 

is however, conditionally stable, 

the integration scheme. In 

high frequency waves are 

through the To correct high frequency components, the step the 
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solution scheme must be smaller than the time it takes for a dilatation wave to cover the 

length of an element. The critical time increment to ensure stability is represented by 

4.1 

where 

LeI : characteristic element length 

p : density 

p and ILLame's constants 

Convergence in ABAQUS I Explicit is not implemented increment, thus 

the time in the explicit scheme is very small to maintain accuracy. Thys the 

explicit scheme is suited short duration and high-speed dynamic events like blast 

loading. 

4.2 Geometrical modelling of tbe plates and beams 

structure being model is discretised into a number of elements. The discretisation 

depends on the type analysis and the geometry of the structure. A vast number of 

elements are available in the ABAQUS element library. It is also possible to formulate 

and implement a user defined element. This was not necessary in this study the 

;''l. elements the ABAQUS element library were for the various models 
;;. ,t<"':>fij .. 

considered herein. The following elements described in section 4.2.1 where used in this 

study. 

plates 

axisymmetric model using four noded, reduced integration, solid elements (CAX4R) 

with hourglass control was used for modelling the circular plates. typical ~ement is as 

shown in figure 4.1. A CAX4R element has three of freedom at each ~ode which 

are rotation in the R-Z plane and translational in the R and Z directions respe~ix~ly. The 
".\ 
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axis of symmetry is defined at Rigid bodies were used in clamping the plates as 

shown in 4.5. 

z 4 3 

2 
r R 

Figure 4.1: schematic of a CAX4R element, showing co-ordinate system and 

node numbering. 

4.2.2 Square Plates and Beams 

An 8-noded linear brick, 3-d continuum with reduced and hourglass 

control (C3D8R) elements were used to model the square plates and beams. A typical 

element is as shown below in 4.2. 

g 

z 
5 

7 

3 

2 

4.2: schematic of a C3D8R element, showing node numbering and co-ordinat 

system 
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Type of mesb used 

An ideal model must sufficient elements to accurately describe the model history 

and also be able to minimise these elements to HAS"',",,", computational expense. 

constraint on the model is aspect ratio the and shorter 

dimensions of an element. If aspect ratio by a factor four, the element is 

considered excessively distorted and the analysis will be terminated . 

..... 'lLAV ..... of elements in the has a significant on the element 

analysis. The solution approaches the exact solution of the governing equations as 

number of elements increases in the model. a satisfactory representation of the exact 

",vU"~'\J'U can be by using number elements. the increase 

in the number of elements In an Increase computational expense and time. The 

increase in computational time can be attributed to fonowing factors: 

• stable time increment for the numerical integration decreases . 

• The number of degrees of VVU,""HU needing to be analysed increases. 

Modelling the plate and beams USIng axisymmetric and symmetric formulations 

respectively reduces both computational and the of the files to be analysed. 

reduced models decrease the computational 

the results unaffected. 

by a factor four or more with 

ModeDing tbe blast load 

In modelling the load, the uniform blast load generated by the use of plastic 

In experiments, was modelled as a pressure applied to the exposed area of 

plates and beams over a time in the finite element model. The 

and area over which the explosive act is complex for actual '"''''I'''V;;U''' 

fixed by the properties and geometry. following assumptions were 

the modelling blast load. 

distribution 

but the time is 

to simplify 
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• The duration the pressure distribution; T, was calculated the burn time of the 

explosive 

.In pressure distribution with is complex, and consist both an over-

pressure and under-pressure. over-pressure relatively large compared to the under­

pressure. The under-pressure and contribution to the deformation can thus be 

neglected . 

• ... n.ll~r_r\rp'ZIi!Hlrp is constant for the duration of the burn 

The above assumptions gives a rectangular pressure distribution with time which is 

li!nl'!.l.vn In The of the P is then calculated from equation 

4.2. 

= 
Ao·Tb 

where 

: duration of pressure distribution 

: measured impulse 

Ao : plate or beam area exposed to blast load. 
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Pressure 

P 

distribution with respect to 

Tables 4.1, 43 and 4,4 some typical pressure for circular and square 

plates, rectangular and in 

Impulse (Ns) Pressure (Pa) 

4.76 

18.65 1 108 

.69 1 108 

2.08xl08 

29.24 2,48xl 

30.67 108 

4,42x108 

I: Typical values of 
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I 
Impulse (Ns) Pressure (Pa) 

I 
9.1 7.66x \7 

9.4 X 107 

9.7 8. 107 

I 
9.9 8.33x107 

10.2 8.58x107 

10.5 8.84x 107 

I 11.1 107 

I 
11.5 9.68x1 ,7 
11.9 1.00x 108 

14.4 1 108 

24.4 2.05x 108 

49.0 4.1 108 

Table 4.2: T yp ical values of ressure for s uare q p p late 

Impulse (Ns) Pressure (Pa) 

9.16 \7 

11.22 107 

I 
13.18 8.51x 107 

I 
14.77 9.54x107 

17.19 Lllx108 

18.07 1. 108 

I 20.39 1 108 

I 
22.08 1.43x108 

23.14 1.49x 108 

33.14 2.17x 108 

Table 4.3 : Ty ical values of p p ressure for rectangular beams 
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Imnulse (Ns) (Pa) L 

i 
Length of 200mm 

1.132 107 

1.167 3.70x )7 

1.409 4.47x107 

1.487 107 

1.527 4.85x i7 

J 
1.665 5.29xl 

• 

1.735 x107 

1 1 5.8h 107 

1.871 5.94xl07 

2.024 6.43x 107 

I 
2.07 107 

f .I"no-th of 150mm '0 

1.002 8.68xl07 

, 1.116 107 

1.279 1.11x108 

1.306 1.1 l08 

1.395 1 X 108 

1.576 1 108 

1.745 1.51x 108 

1.867 1 108 

1.928 1.67xlOs 

1.966 1 108 

2.070 J.79x l08 

2.184 1 108 

Table 4.4: T yp ical values of p ressure T-beams 
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4.5 Modelling the plates and beams 

Circular plates were modelled in ABAQUS using an axisymmetric formulation with 

clamped and built-in boundaries as shown in figures 4.4 and 4.5 respectively. Square 

plates, rectangular beams and T -beams were modelled by malcing use of the symmetry as 

shown in figures 4.6, 4.7, 4.8, 4.9 and 4.10 respectively. Rigid bodies were used in 

clamping the plates and beams while encastre boundary conditions was applied for the 

built-in plates and beams. Symmetric boundary conditions were applied in the regions of 

the plates and beams that were not damped or encastre. 

2 

L, 
Fi re 4.4: Circular 
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Figure 4.5: Circular plate with built-in boundary. 

lapdmp 

boftomdmp 

,~ 
Figure 4.6: Square plate with clamped boundary condition. 
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,~ 

Figure 4.7: Square plate with integral boundary condition. 
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__ at '- lo..t.d 

Figure 4.8: Rectangular beam with clamped boundary condition . 

... 01 ..... 

Figure 4.9: Rectangular beam with integral boundary condition. 

c 
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.3 

1-l 

Figure 4.10: T-beams with clamped boundary condition. 

Figure 4.11 : T -beams with built-n boundary condition. 
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5.0 Simulation Results 

Numerical simulation results obtained from circular and square mild steel plates, 

aluminium alloy rectangular beams and T -beams undergoing uniform blast loading are 

presented in this chapter. Before modelling more complex behaviour of plates and beams, 

such as failure through rupture; it is imperative to establish the level of correlation 

between the ABAQUS models and experiments for a range of impulse causing only 

permanent inelastic deformation (mode I failure). The level of correlation was established 

by comparing the final mid-point displacement obtained from numerical analysis with 

experiments. Contour plots and graphs of mid-point displacement and temperature for 

clamped and built-in plates and beams for mode I are also included. For modes II and III 

failure, outline plots of the failed plates and beams are presented with a comparison of 

solutions obtained from models that were clamped and built-in at the boundary. The 

ABAQUS input decks for the various models investigated in this thesis are presented in 

appendices B to E. 

5.1 Circular plates 

The simulation results presented in this section have a uniform mesh size of 100x6 

elements in the plate resulting in a mesh density of approximately O.5x0.267 mm. The 

diameter and thickness of the plates were 100mm and 1.6mm respectively. 

5.1.1 Mode I failure 

Mode I response is concerned with large inelastic deformation with no tearing. The 

analysis was carried out for a range of impulse from 4.76Ns to 29.24Ns. The 

investigation considered material properties that include and exclude temperature 

dependency and boundary fixation of the circular plates. It is primordial to ensure that the 

analysis continues for a period long enough for the plates to reach equilibrium. Figure 

5.1.1 show the displacement history for six points; taken at equal intervals along the plate 

profile from the centre to the boundary (represented by curves 1 to 6 in figure 5.1.1). The 

displacement history plot represents a clamped circular plate that underwent an impulsive 

load of 4.76Ns. The displacement history for a built-in circular plate was also examined 
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and it was found to reach equilibrium at the same time. From figure 5.1.1, it is observed 

that all points monitored along the plate profile reached equilibrium at approximately the 

same time; 300 J1. s. The displacement history plot shows that plates with clamped and 

integral boundary conditions responded to deformation linearly with time, reached a 

maximum and exhibited a small amount of residual elastic vibration about a mean 

displacement after approximately 300 J1. s, and thereafter, the magnitude of the vibration 

slowly decays. It was thus sufficient to stop the analysis after 550 J1. s. 

[X10~ 
0.00 

-2.00 

-4.00 

~.OO 

~.OO 

-10.00 

0.00 0.10 0.20 0.80 0.40 0.50 [x1 0.e:J 
Time (microseconds) 

igure 5.1 .1 : Displacement history at various points along the profile of a clampe 

ircular plate at an impulse of 4.76Ns. 
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Tables 5.1.1 and 5.1 .2 shows the results of a comparison of the mid-point displacement of 

clamped and built-in circular plates respectively for models that include and exclude 

temperature dependent material properties. In tables 5.1.1 and 5.1.2, t represents the 

thickness of the plates (l .6mm). 

1 2 3 4 5 6 7 

bnpulse Measured Pl"edIcted Difference Pl"edIcted DIfference Difference in 

(Ns) Mid-pobrt Mid-pobrt between Mid-point between mid-point 

DIsplacement DIsplacement Including DIsplacement ExcludIng displacement 

(mm) (mm) temperature & (mm) temperature & Between 

Model measured mid- Model measured mld- Model 

Incillding pobrt ExcilldIng pobrt Incillding & 

Temperature displacement Temperature displacement ExcilldIng 

to plate to plate Temperature 

thickness ratio thickness ratio (mm) 

(mm) (mm) (3-5) 

(3-2)1t (5-2)1t 

4.76 3.6 3.4 -0.1 3.5 -0.1 -0.1 

13.28 12.5 11.0 -0.9 11.2 -0.8 -0.2 

16.85 16.5 14.7 -1.1 14.3 -1.3 0.4 

17.75 18.2 16.2 -1.3 16.0 -1.3 0.2 

18.65 18.9 17 -1.2 16.6 -1.4 0.4 

21.69 22.7 20.1 -1.6 19.8 -1.8 0.3 

24.56 25.3 22.6 -1.7 21.4 -2.4 1.2 

ABAQUS 

29.24 30.1 predicts mode 

II 

Table 5.1.1 : Comparison of predicted mid-point displacement With expenment for 

models that include and exclude temperature dependent material properties (clamped 

boundary condition). 
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From table 5.1.1, the difference in mid-point displacement-thickness ratio (column 4) is 

less than one plate thickness for impulses from 4.76Ns to 18.65Ns for a model that 

includes temperature dependent material properties. This range of impulse gives 

temperatures ranging from 83 0 C to 228 0 C as tabulated in table 5. 1. 4. This ratio shows 

that at this temperature the material properties of the plate are not affected by temperature 

as the yield stress of the material has not decreased much, as reported by Guedes, Gordo 

and Teireira [4]. In table 5.1. 1, the ratio exceeds one plate thickness from an impulse of 

24.56 and a temperature of 504 0 C is recorded in table 5.1.4. The difference in mid-point 

displacement-thickness ratio between a model that includes temperature dependent 

material properties and one that excludes temperature dependent material properties is 

less than one plate thickness (Column 7 table 5.1.1). This ratio shows that mode I failure 

is not affected by temperature. It is also observed from table 5.1.1 that both models 

including and excluding temperature dependent material properties predicts mode I 

favourably as the difference ratio lies within the variation of ± 1 deflection-thickness 

ratio of Nurick [45]. 

30 

E 
25 

E 20 --r::: CD 
15 E 

CD 
0 
.!! 10 
Q. 
II) 

is 5 

0 
0 5 10 

-- Linear (experiment) 

- - Linear (inc_terrp.) 

- - - . Linear (exc_terrp.) 

15 

Impulse (Ns) 

20 25 30 

5.1.2 : Comparison of measured and predicted mid-point displacement as 

nction of impulse (clamped boundary condition). 
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From figure 5.1.2, a linear behaviour is observed between the plate deformation and 

applied impulse. 

1 2 3 4 5 6 7 

Impulse Measured Predicted Difference Predicted Difference Difference in 

(Ns) Mid-point Mid-point between MJd-point between mid-point 

Displacement Displacement Including Displacement Excluding displacement 

(mm) (mm) temperature & (mm) temperature & Between 

Model measured mld- Model measured mld- Model 

Including point Excluding point Including & 

Temperature displacement Temperature displacement Excluding 

to plate to plate Temperature 

thickness ratio thickness ratio (nun) 

(nun) (mm) (3-5) 

(3-2)/t (5-2)/t 

4.76 3.6 3.2 -0.3 3.2 -0.3 0.0 

13.28 12.5 10.7 -1.1 10.9 -1.0 -0.2 

16.85 16.5 15.1 -0.9 14.1 -1.5 1.0 

17.75 18.2 17.3 -0.6 15.1 -1.9 2 .2 

18.65 18.9 18.1 -0.5 16.2 -1.7 1.9 

21.69 22.7 22.2 -0.3 18.4 -2.9 3.8 

ABAQUS 

24.56 25.3 predicts mode 

11 

29.24 30.1 

Table 5.1.2: Comparison of predicted mid-point displacement with experiment for 

models that include and exclude temperature dependent material properties (built-in 

boundary condition). 

From tables 5. l.1 and 5.l.2, it is observed that mid-point displacement is higher for a 

model with clamped boundary compared to one with built-in boundary. This might be as 

a result of the "pull-in" observed in this model (figure 5.1. 5). Mode II is predicted at an 

impulse of24.56Ns (table 5.1.2) for plates with built-in boundaries compared to a higher 

impulse of29.24Ns (table 5. l.1) for plates with clamped boundaries. 
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25 

- 20 
E 
E -- 15 c: 
CI) 

E 
CI) 
to) 10 .!! 
Q. 

.!!! 
c 5 

-Linear (expElfimenl) 

- - Linear (inc_t~.) 

- - - ,Linear (exc I...,..,.) 

0 
0 5 10 15 20 25 

Impulse (Ns) 

19ure 5.1.3 : Comparison of measured and predicted mid-point displacement as 

nction of impulse (built-in boundary condition). 

82 

From figure 5.1.3, a linear behaviour which was observed between the plate deformation 

and applied impulse in figure 5.1.2 is repeated in figure 5.1.3. This is in agreement with 

experimental observations that mid-point displacement increases with increase in 

impulse. 
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Measured Predicted 
Impulse Predicted 

(Ns) 
Mid-point Mid-point 

Displacement Displacement 
Mid-point 

(mm) (mm) 
Displacement 

Clamped Model 
(mm) 

Built-In Model 
Including 

Temperature 
Including 

Temperature 

4.76 3.6 3.4 3.2 

13.28 12.5 11.0 10.7 

16.85 16.5 14.7 15.1 

17.75 18.2 16.2 17.3 

18.65 18.9 17 18.1 

21.69 22.7 20.1 22.2 

24.56 25.3 22.6 ABAQUS 

Predicts 

mode 11 

29.24 30.1 ABAQUS ABAQUS 

Predicts Predicts 

mode II mode II 

Table 5.1.3: Comparison of predicted mid-point dIsplacement WIth experIment for 

models that include temperature dependent material properties (clamped and built-in 

boundary). 
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25 

- 20 
E 
.s c 15 
GI 

i 10 
Q 
.!! 
0-
Il) 5 
o --Linear experiment) 

- - - . Linear bUilt-in) 
o~------~------~----c=~~L~in~e~a~r~c~la~m~p~e~d)L-J 

o 5 10 15 20 25 

Impulse (Ns) 

84 

igure 5.1.4 : A plot of variation of mid-point displacement with impulse for a plate wit 

lamped and built-in boundary condition (models including temperature). 

From figure 5.1.4, it is observed that both clamped and built-in models under estimate the 

mid-point displacement compared to the experimental values. 

A similar behaviour for models excluding temperature dependent material properties was 

observed for plates clamped and built-in at the boundary and has not been included in this 

work. 

The plates' response to an uniform explosive blast load for clamped and built-in models 

are shown in figures 5.1.5 and 5.1.6 respectively. The models show the response of the 

plate from time 0.005 J.i s (clamped model) and 0 (built-in) J.i s respectively to 300 J.i s. In 

figure 5.1.5, at time t=0.005 J.i s the top clamp is moved onto the plate just before the 

application of the pressure load. At t=15 J.i s, the plate deforms with no visible separation 

between the top surface of plate and the top clamp. As the plate continues to deform, at 

t=50 J.i s the top clamp starts separating from the plate and the bottom clamp denting the 

unloaded side of the plate. Thinning at the boundary is observed at t=100 J.i s and at 
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t=220 J.i s the plate records its maximum mid-point displacement. The separation of the 

plate from the clamp might have contributed to the "pull-in" effect observed in the 

model. 

In figure 5.1.6, from t=O J.i s to 15 J.i s the pressure load is applied to the plate. At t=50 J.i s, 

no visible sign of thinning at the boundary is observed. As the plate continues to deform, 

thinning at the boundary of the plate is observed at t=100 J.i s and at t=220 J.i s the plate 

reaches maximum mid-point displacement. It was observed that thinning of plates with 

built-in boundaries is higher than that for plates clamped at the boundaries. This might be 

a possible course for early occurrence of mode II failure in built-in plates. 
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u, uJ 
+lLOOOe+OO 
-3.S81e-ll 
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U, UJ 
+J .171e-05 
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-5. 6J6e- OJ 
-7.5'le-O~ 
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-LUge-OJ 
-L JlBe-OJ 
-L506e-OJ 

:IJ~!~:8~ 
-J .07Je-OJ 
-J.J6le-OJ 
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t=0.005/1 S. 

t=15/1 S. 

•••• t=300/1s. 

Figure 5.1.5 : Response of a clamped circular plate at an impulse of 21.69Ns showing 

displacement in the -2-direction. 
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t=O.OO f-l s. 

t=15 f-l s. 

~" •• t=300f-lS. 

Figure 5.1.6 : Response of a built-in circular plate at an impulse of 21.69Ns showing 

displacement in the -2-direction. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Temperature Temperature 

(Ns) Model Model 

With Damped Boundary With built~1n Boundary 

( 0 
0 

4.76 83 95 

13.28 89 126 

16.85 103 206 

17.75 216 304 

18.65 228 321 

21.69 504 511 

as 5.1 5.1 

an 

5.1.1 5.1 
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800 

700 • 
Iii / I 600 .... / 
2' 500 ~ . 
~ 
~ 400 / 

i 300 ~ 
.... / ., 
Il. 200 / ... 
E - - Linear (temp_built-in) ., / ~ 100 , • /. • --Linear (temp_clamp) 

0 
0 10 20 30 40 

1m pu lse (Ns) 

Figure 5.l.7 : A plot of highest temperature at the boundary against impulse for plates 

damped and built-in at the boundary. 

It is observed from figure 5.l.7 that temperatures of both clamped and built-in models 

increase with increase in impulse. Model built-in at the boundary has a higher 

temperature compared to a model clamped at the boundary. 
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High temperatures and strains are observed at the boundary and the centre of the plate. As 

time increases, the temperature at the boundary increases faster than that at the centre. 

The temperatures and strains observed in figures 5.1.8 and 5.1.9 results in thinning of the 

plates at the boundary. 
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t=0.005 f-l s. 

bpdamp 

15 f-l s. 

t=105 f-l s 

Figure 5.1.8 : Variation of temperature at the boundary with time for an impulse of 

21.69Ns (clamped boundary). 
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Figure 5.1.9 : Variation of temperature at the boundary with time for an impulse 0 

21.69Ns (built-in boundary). 
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5.1.2 Tearing mode response 

The response of steel to blast loading depends greatly upon the temperature and the strain 

rate at which the deformation is taking place. According to Woei-Shyan Lee and Gen­

Wang Yeh [56] temperature and strain rate are coupled, since one influences the other. 

They observed that temperature affects the rate of deformation, which is controlled 

mainly by a thermally-activated mechanism. At the same time, the deformation at high 

strain rate can generate significant heating and cause a temperature increase. This leads to 

various modes of failure in blast loaded structures. Experimental evidence has shown 

three distinct modes of failure of steel plates occurring in blast loading conditions. Mode 

I failure involves the large inelastic deformation of the plates without any sign of tearing, 

and has been discussed in section 5.1.1. The onset of mode II failure is defined by the 

first sign of tearing occurring in the plates at the boundary. Thereafter all the tearing 

behaviour is described as mode II until the mode III failure where the energy of the blast 

is sufficient enough to cause shearing around the entire perimeter of the plates before any 

significant displacement has taken place in the remainder of the plates. The result of such 

a failure mode is an almost flat disk of the size of the circular plate. 

5.1.3 Method of plate failure 

When tearing occurs the model is subjected to severe temperature rises in the region of 

fracture, forming a band of high temperature due to a slightly higher amount of strain rate 

in the band compared to the surrounding areas. As a result of greater adiabatic heating 

due to the large amount of plastic work the material properties weaken. The weakening 

of material properties results in larger strains, higher temperatures and lower stresses 

until unrealistic element elongation occurs. As the temperature of the band increases, the 

elements in this band undergo extensive elongation in the direction of displacement 

exceeding realistic strain (70%-300%). Hence, indicating that failure will occur within 

the high temperature band. 
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The reason for the severe element elongation can thus be ascribed to the effects of the 

temperature dependent material properties. During plastic deformation, most of the 

plastic work is converted into heat. If the rate is high, or if the material concern has a 

poor thermal conductivity, there is not sufficient time for this heat to dissipate to the 

surrounding material, and the increase in temperature will then cause thermal softening. 

If the thermal softening effect is greater than the strain-hardening effect, an unstable 

localized material flow will occur, a narrow band with very large shear deformation being 

formed. Because of the thermal softening a 200% failure strain criterion was imposed by 

Wiehahm, Nurick and Bowles [8], Chung [45], Grobbelaar [57] on the models they 

investigated to ensure failure after extensive adiabatic heating in the localised region and 

hence used in this study. If the failure criterion is not imposed, the elements in the 

localised area will keep on deforming as a result of the decaying material properties. 

5.1.4 Plate response 

Figures 5.1.10 to 5.1.15 show the response of clamped and built-in circular plates which 

were torn at the boundary (mode II) while figure 5.1.16 and 5.1.17 show plates that 

sheared at the boundary (mode III). The plates are considered torn when a temperature of 

700 ° C and a logarithmic strain of 70% is observed through out the thickness of the plate. 

A temperature of 587°C and logarithmic strain of 64% (figure 5.1.10) indicates that the 

plate is about to fail at this region. At this temperature, the rate of strain hardening is still 

greater than the rate of thermal softening, Woei-Shyan lee and Gen-Wang Yeh [56]. A 

temperature of 607 ° C and logarithmic strain of 77%, figure 5.1.11 in the outer elements 

through thickness at the boundary of the plate show that the plate will fail at these 

elements. A further high temperature increase and strain of 706 ° C and 122%, figure 

5.1.12 indicate that tearing has taken place through the thickness of the plate at the 

boundary. 
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Figure 5.1.10: Initiation of mode II at an impulse of30.67Ns at time t= 43 JlS for a plate 
clamped at the boundary. 
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Figure 5.l.11 : Predicted mode II response at an impulse of30.67Ns at t= 47 f.IS for a 
plate clamped at the boundary. 

96 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 5 - Simulation Results 

T'BMP 
(A~e_ Cric_: 75~) 

+7 _055e+02 
+6_cl8ee+02 
+S_!OIo20 .. +02 
+'5 _ 3 '53 e+02 
+1I_786e+02 
+11 _ 21ge+82 
+3 _ 6Sle+ 2 
+3 _ 084 e+02 
+::1 _ Sl7e+O::l 
+1_ 9S0e+02 
+1_ 383e+02 
+8 _1'53 e+01 
+2 _ cI 8le+01 

Predicted temperature distribution. 

LB, LBll 
(A~e_ cric _ : 75'1;) 

+"3 _248e-0J. 
+J._962 .. - OJ. 
+6 _ 7'5.'5. .. - 0::1 
-6 _J.0ge- 02 
-J._ 897e- OJ. 
-"3 _J.84 e- OJ. 
-4 _470e-0J. 
-5 _ 757e- OJ. 
-7 _04"3 e- OJ. 
-8 _ 3 "30e- OJ. 
-9 _ 6J.6e- OJ. 
-J._090e+00 
-J._2J.9 .. +00 

Predicted logarithmic distribution. 
2 

L1 

97 

01706 deg-ees 

shin 01122% 

Figure 5.1.12 : Predicted mode II response at an impulse of30.67Ns at time t= 52 f.1S for 
a late clam ed at the bounda . 
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A temperature of 604 0 C and logarithmic strain of 102% figure 5.1.13 in the outer 

elements indicate that the plate will fail at these elements. A temperature of 717 0 C and 

logarithmic strain of 164% through the plate thickness shows that tearing has occurred in 

the mode~ figure 5.1.15. 
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Figure 5.1.13: Initiation of mode II at an impulse of30.67Ns at time t=38,us for a plate 

built-in at the boundary. 
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igure 5.l.14: Predicted mode II at an impulse of 30.67Ns at time t=46,us for a plat 

uilt-in at the bounda . 
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Figure S.l.IS : Predicted mode II response at an impulse of 30.67 at time t=47 J.IS Ns for 

a plate built-in at the boundary. 
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Figure 5.l.16 : Predicted mode III response at an impulse of 52.05Ns for a plate clamped 

at the boundary at time t=4.2 J.IS. 
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..... p.. ~ .. -=-:JI c:I~_ 

Predicted logarithmic distribution. 

Equivalent plastic strain distribution. 

Predicted Mid-point displacement. 

Figure 5.1.17 : Predicted mode III response at an impulse of S2.0SNs for a plate built-in 

at the boundary at time t=3 .2 f.1S. 
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Figures 5.1.16 and 5.1.17 show the predicted mode III response of clamped and fully 

built-in circular plates respectively. High temperatures of 802 ° C (figure 5.1.16), 

820 °C(figure 5.1.16) and equivalent plastic strains of 274% (figure 5.1.16), 292% 

(figure 5.1.17) respectively indicate that shearing has taken place in the models. A mid­

point deflection of 3.72mm and 3.73mm (figures 5.1.16 and 5.1.17) respectively at the 

time of plates shearing compares well with the experimental mid-point deflection of 

5.00mm [24]. Transverse shearing occurs early (at time t=3.2 f.1S. ) in a model built-in at 

the boundary compared to a clamped boundary model (at time t 4.2 f.1S. ). 
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5.2 Square plates 

The simulation results presented in this section are for clamped and built-in square plates 

having a uniform mesh size of 50x50x4 elements giving a mesh density of 

0.89xO.89x0.267. The square plates considered here have length and width of 89mm. 

5.2.1 Mode I failure 

The analysis was carried out for a range of impulse from 9.1Ns to 11.9Ns. The 

investigation considered material properties that include and exclude temperature 

dependency and boundary fixation of the square plates. The duration of the analysis was 

investigated and it was found out that it takes the same time for clamped and built-in 

square plates to reach equilibrium as circular plates (section 5.1.1 , figure 5.1.1), thus the 

analysis was allowed to run for 550 JiS . 

Tables 5.2.1 and 5.2.2 show the results of a comparison of mid-point displacement 

obtained from models clamped and built-in at the boundary including and excluding 

temperature dependent material properties with the experiment. In tables 5.2.1 and 5.2.2, 

t represents the thickness of the plate (1.6mm). 
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1 2 3 4 5 6 7 

Impulse Measured Predicted Difference Predicted Difference Difference In 

(Ns) Mid-point Mid-point between Mid-point between mid-point 

Displaceme Displacement Including Displacement Excluding displacement 

nt (nun) temperature & (nun) temperature & Between 

(nun) Model measured mid- Model measured mid- Mod~1 

including point Excluding point Including & 

Temperature displacement to Temperature displacement to Excluding 

plate thickness plate thickness Temperature 

ratio ratio (nun) 

(nun) (nun) (3-5) 

(3-2)/t (5-2yt 

9.1 10.3 11.0 0.2 10.9 0.2 -0.1 

9.4 9.4 10.9 0.9 10.9 0.9 0.0 

9.7 11.0 11.3 0.2 11.0 0.0 -0.3 

9.9 10.6 11.4 0.5 11.3 0.4 -0.1 

10.2 11.1 11.9 0.5 11.3 0.5 -0.6 

10.5 11.5 12.5 0.6 11.4 -0.1 -1.1 

11.1 11.4 12.9 0.9 11.7 0.1 -1.2 

11.5 11.5 13.9 1.5 12.7 0.8 -1.2 

11.9 11.8 ABAQUS 
predicts mode 

II 

Table 5.2.1 : Comparison of predicted rrud-pomt displacement With expenment for 

models that include and exclude temperature dependent material properties (clamped 

boundary condition). 

From table 5.2.1, the difference in mid-point displacement thickness ratio is less than one 

plate thickness showing good correlation between predicted and measured mid-point 

displacement. Both models including and excluding temperature dependent material 

properties predict mode I failure with a good degree of accuracy as the difference ratio 

lies within the variation of ± 1 deflection-thickness ratio ofNurick [44] . ABAQUS 

models predict mode IT failure at an impulse (11 . 9N s) lower than that of the experiment 

(14.4Ns). 
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igure 5.2.1 : A comparison of measured and predicted mid-point displacement as a 

nction of impulse (clamped boundary). 

108 

From figure 5.2.2, it is observed that models including and excluding temperature 

dependent material properties responded linearly to impulse for mode I failure. It is also 

observed that both models over estimate the mid-point displacement compared to the 

experimental. 
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1 2 3 4 5 6 7 

Irnpuls Meallured Predicted Difference Predicted Difference Difference In 

e Mid-point Mid-point between Mid-point between mid-point 

(Ns) Displacement Displacement Including Displacement Excluding displacement 

(mm) (mm) umperature & (mm) umperature & Between 

Model meallured mid- Model measured mid- Model 

including point Excluding point Including & 

Temperature displacement to Temperature displacement to Excluding 

piau thickness piau thickness Temperature 

ratio ratio (mm) 

(mm) (mm) (3-5) 

(3-2yt (S-2Yt 

9.1 10.3 10.4 0.1 10.4 0.1 0 

9.4 9.4 10.7 0.8 10.7 0.8 
0 

9.7 11.0 10.8 -0.1 10.8 -0.1 0 

9.9 10.6 I I.5 0.5 11.2 0.3 -0.3 

10.2 11.1 11.7 0.3 11.5 0.3 -0.2 

10.5 1 I.5 11.9 0.3 11.6 0.1 -0.3 

11.1 11.4 12.4 0.6 11.9 0.3 0.5 

11.5 11.5 ABAQUS 
predicts mode 

11.9 11.8 II 

Table 5.2.2 : Comparison of predicted mid-point displacement wIth expenment for 

models that include and exclude temperature dependent material properties (built-in 

boundary condition). 

From tables 5.2.2, it is observed that mode II failure is predicted at an impulse of 11 .5Ns 

compared to a higher impulse of 11.9Ns in table 5.2.1 . This observation shows that 

boundary fixation has an effect on mode II failure. 
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13 
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• - - - . Linear (inc_temp.) 
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igure 5.2.2 : A plot of mid-point displacement against impulse for plates with clampe 

nd built-in boundary condition (models including temperature). 

In figure 5.2.2, mid-point displacement predicted by a plate clamped at the boundary is 

higher than for a plate built-in at the boundary. This difference might be as a result of the 

"pull-in" effect observed in clamped plates (figures 5.2.3 and 5.2.4). 

The plates' response to an uniform explosive blast load for a square plate clamped and 

built-in at the boundary is shown in figures 5.2.3 and 5.2.4 respectively. The models 

show the plates response from just detonation of the explosive to the final deformed 

shape. After 300 f..iS , both models vibrate about the equilibrium position and settle to final 

mid-point displacements of 11.0mm and 10.9mm respectively. 
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Figure 5.2.3 : Response of a clamped square plate at impulse of 9.INs showing 

displacement in the -3-direction. 
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t=300 fJ. s 

Figure 5.2.4 : Response of a built-in square plate at impulse of 9.1Ns showing in displacement 

the -3-direction. 
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bnpulse Temperature Temperature 

(Ns) Model Model 

With Clamped Boundary With built-In Boundary 

(oC) ( °C) 

9.1 112 132 

9.4 122 137 

9.7 194 203 

9.9 236 257 

10.2 305 346 

10.5 351 403 

Il.l 408 511 

11.5 514 609 

11.9 602 689 

Table 5.2.3 : Temperature variation at the boundary with impulse for models with 

clamped and built-in boundaries. 
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--Linear (temp_clamp) 
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Figure 5.2.5 : A plot of highest temperature at the boundary against impulse for plates 

clamped and built-in at the boundary. 
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From figure 5.2.5, it can be observed that a model with built-in boundary has a 

temperature higher than one clamped at the boundary. This might be an indication that 

plates with built-in boundary will fail at a time earlier than plates with clamped boundary. 
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Figure 5.2.6 

11.5Ns. 

Variation of temperature at the boundary with time for an impulse of 
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5.2.2 Tearing mode response 

Experimental evidence has shown three distinct modes of failure for square plates 

undergoing blast loading. These failure modes are discussed in section 5.1.2. 

5.2.3 Plate response 

Figures 5.2.7 to 5.2.12 show the response of clamped and built-in square plates which 

were partially or completely tom at the boundary (mode II· and mode II) while figure 

5.2.13 to 5.2.16 shows plate that underwent transverse shearing at the boundary. In 

general, the finite element models show good correlation with the experimental results. In 

the experiments, tearing is not symmetric due to the complex nature of the loading 

conditions involving explosives. However, because of the symmetry conditions applied 

in the simulation models, the predictions fail to show how mode II failure progresses 

from one side of the plate to two sides, three sides before the exposed area of the plate is 

blown out of the boundary as observed in the experiment. 
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igure 5.2.7: Initiation of mode II* at an impulse of 14.4 Ns at time t=63 f.1S for a plate 
lamped at the boundary. 
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igure 5.2.8 : Initiation of mode II* at an impulse of 14.4 Ns at time, t=51 f.IS for a plate 
uilt-in at the boundary. 
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A temperature of 593 0 C and logarithmic strain of 120% (figure 5.2.7) indicates that the 

plate is about to fail and most likely starting at the centre of each side where highest 

temperatures and logarithmic strains are recorded. At this temperature and strain, the rate 

of strain hardening is still greater than the rate of thermal softening, Woei-Shyan lee and 

Gen-Wang Yeh [56]. A temperature of 602 0 C and logarithmic strain of 106% (figure 

5.2.8) indicates that the plate will fail and tearing will take place in the regions of high 

temperature and strain starting from the centre. From figures 5.2.7 and 5.2.8, it is 

observed that at time, t=51 JIS tearing sets in for a plate built-in at the boundary compared 

to a time of63 JIS (figure 5.2.9) for a plate clamped at the boundary. This shows that 

boundary conditions have an effect on failure mode 11*. 
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igure 5.2.9 : Predicted mode II* response at an impulse of 14.4 Ns at time, t=89 J1S for a 
late clamped at the boundary. 
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igure 5.2.10 : Predicted mode ll* response at an impulse of 14.4 Ns at time, t=89 f-1S for 
plate built-in at the boundary. 
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Figures 5.2.9 and 5.2.10 show the predicted response of clamped and built-in square 

plates respectively which were partially tom at the boundary (mode II*) under an uniform 

impulsive load of l4.4Ns. Temperature and logarithmic strain values of709°C and 210% 

(figure 5.2.9), 721°C and 269% (figure 5.2.10) respectively at the elongated elements 

show that tearing occurred in the models. A predicted total length of tear is given in table 

5.2.4 for the models. The tom length per side in ABAQUS was calculated by multiplying 

the length of one element given in section 5.2.1 by the number of tom elements. Elements 

are considered to be tom when a temperature of 700 ° C or more and logarithmic strain of 

70% or more is reached. It should be noted here that the predicted tom length was 

assumed to be the same on all sides of the plates since symmetric conditions were used in 

the models. 

Sides of plate I 2 3 4 Total % Torn 

Length(mm) 

Experiment 61 59 58 53 231 65% 

Clamped plate 55 55 55 55 220 62% 

Built-in plate 85 85 85 85 341 96% 

Table 5.2.4 : Comparison of tom length of clamped and built-IO plates with expenmental 

tom length [26]. 

From table 5.2.5, a tom length of 62% for a clamped plate is comparable to the 

experimental tom length of 65% observed by Shave and Nurick [26]. A tom length of 

96% is obtained for a built-in plate, indicating the effect of boundary condition on mode 

II* failure. 

Figures 5.2.11 and 5.2.12 show the predicted mode II response for clamped and built-in 

plates at an impulse of 24.4Ns. 
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Predicted temperature distribution. 

Predicted logarithmic strain distribution. 
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temp. at ~7 degrees 

Figure 5.2.11 : Predicted mode II response at an impulse of 24.4Ns for a plate clamped at 

the bound at time t=89 
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Figure 5.2.12 : Predicted mode II response at an impulse of 24.4Ns for a plate built-in at 

the boundary at time t=75 f.1S . 
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Figures 5.2.11 and 5.2.12 show the predicted response of clamped and built-in plates that 

were completely tom at the boundary (mode II) under an uniform impulse of 24.4Ns. 

Temperatures and logarithmic strains of 721 0 C and 249% (figure 5.2.11), 723 0 C and 

285% (figure 5.2.12) respectively at the elongated elements show that tearing occurred in 

the models. 

Figures 5.2.13 and 5.2.14 show the predicted mode III response for clamped and built-in 

plates at an impulse of 49Ns. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 5 - Simulation Results 

1~ 
Mid-point displacement. 

126 

tamp. ot 644 degr_ 
tamp. at 701 degree.. 

Figure 5.2.13 : Predicted mode III response at an impulse of 49Ns for a plate clamped at 

the boundary time t= 13 .95 J1S . 
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Predicted temperature distribution. 

Predicted logarithmic strain distribution. 

Mid-point displacement. 
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Figure 5.2.14 : Predicted mode ill response at an impulse of 49Ns for a plate built-in at 

the boundary at time t= 13.95 f.1S . 
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High temperatures of 701 ° C and equivalent plastic strain of 351 % (figure 5.2.15), 

703°C and 376% (figure 5.2.16) respectively at the entire boundary of the plates indicate 

that transverse shearing will take place at the boundary. A deflection of 9.97mm (figure 

5.2.15) and 9.75mm (figure 5.2.16) respectively is also predicted at this time which is 

comparable to the experimental deflection in the range of 0 to 5mm. 

Figures 5.2.15 and 5.2.16 shows flat square plates almost of the same size as the blast 

loaded plates sheared from the boundary as a result of the high impulse. 
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temp. 01839 degrees 

Predicted temperature distribution. 

Predicted equivalent plastic strain distribution. 

Figure 5.2 .15 : Contour plot of an almost flat plate ripped from the clamped base plate at 

an impulse of 49Ns at time t=15.3 JIS . 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 5 - Simulation Results 

1~2 
Predicted temperature distribution. 

_ c:'E";;LIC... 70s,") 
.... .L. d"'P .... O.l.. 
..... .1. _ ~..:III5_ ... 0~ 

:::±:'t&~::::8± ...... g..7g..1.. __ 00 

:::~: iS'i'::::88 .... 06 _ .L.l..S'o __ OO 
..... 4 _ Q015- __ 00 

::::3 : S'Z"ol.:::88 _.l... ::l:~.o __ oo 
...... 0.000000 __ 0000 

1~2 
Predicted temperature distribution. 

130 

t.mp. al SS2: d-ar_ 

.......... o .. 7'&4d~_ 

... rnp. oi e28 d~_ 

Figure 5.2.16 : Contour plot of an almost flat plate ripped from the built-in base plate at 
an impulse of 49Ns at time t=15.3ps 
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5.3 Rectangular beams 

The simulation results presented in this section have a uniform mesh size of 50x20x 1 0 

and 25x20x10 elements in beam spans of 203 .2mm and 101.6mm respectively resulting 

in a mesh density of approximately 2.032xO.25xO.95mm. The finite element code SLAM 

used by Costantino [58] to verify the experimental results performed on rectangular 

beams by Menkes and Opat [3] was not considered in this section since the finite element 

code (ABAQUS / Explicit) used in this study is an improved package. 

5.3.1 Mode I failure 

The analysis was carried out for a range of impulse from 9.16Ns to 22.08Ns. The 

investigation considered material properties that include and exclude temperature 

dependency and boundary fixation of the beams. Figure 5.3 .1 shows the displacement 

history for five points (represented by curves 1 to 5); taken from the mid-point of the 

beam to a distance IOmm from the boundary. The displacement history plot represents a 

clamped rectangular beam span of203.2mm that underwent an impulsive load of9.16Ns. 

The displacement history for a built-in rectangular beam was also examined and it was 

found to behave the same. From figure 5.3.1, it was observed that all points monitored 

along the beam profile reach equilibrium at approximately the same time; 800 Ji s. The 

displacement history plot shows that beam spans of 203 .2mm and 101.6mm with 

clamped and integral boundary conditions responded to deformation linearly with time, 

reached a maximum and exhibited a small amount of residual elastic vibration about a 

mean displacement after approximately 800 Ji s, and thereafter, the magnitude of the 

vibration slowly decays. This same behaviour was also observed in steel plates discussed 

earlier in this work. It was thus sufficient to stop the analysis after 850 Ji s. 
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igure 5.3 .1 : Displacement history at various points along the profile of a c1ampe 

ectangular beam at an impulse of9.16Ns. 

Tables 5.3 .1 and 5.3.2 show the results ofa comparison of the mid-point displacement of 

clamped and built-in rectangular beams respectively for models that include and exclude 

temperature dependent material properties. Beam lengths of 203 .2mm and 101.6mm 

where examined in this section. 
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The difference between measured and predicted mid-point displacement for models that 

include and exclude temperature is less than the beam thickness (columns 4 and 6 of table 

5.3.1). This shows that both models predict mode I failure reasonably well. It is also 

observed from table 5.3 .1 that the difference in mid-point displacement between both 

models (column 7) is also less than one beam thickness indicating that temperature has no 

effect on mode I failure on rectangular beams. 
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Figure 5.3.2 : Comparison of measured and predicted mid-point displacement as a 

function of impulse for a beam span of 203 .2mm (clamped boundary condition). 
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19ure 5.3.3 : Comparison of measured and predicted mid-point displacement as 
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igure 5.3.4 : A comparison of mid-point displacement for beam spans of 203 .2mm an 

lO1.6mm as a function of impulse. 
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From figures 5.3.2, 5.3.3, and 5.3.4, it is observed that the length of the beam influences 

the final mid-point displacement as observed in the experiments by Menkes and Opat [3]. 

A beam with a longer length (203.2mm) has a higher mid-point displacement compared 

to one with a shorter length (J50mm). It is observed from these figures that the predicted 

mid-point displacement is higher than the measured mid-point displacement with model 

including temperature dependent material properties having a slightly higher mid-point 

displacement compared to a model excluding temperature dependent material properties 

at higher impulses. 
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Figure 5.3.5 : A plot of mid-point displacement against impulse for a beam span of 

203.2mm with clamped and built-in boundary conditions (models including temperature). 

From figure 5.3.5, it is observed that a model with clamped boundary has a higher mid­

point displacement compared to one with built-in boundary. Beam span of 101.6mm 

showed same bahaviour and thus was not included here. 

Beams' response to an uniform explosive blast load for clamped and built-in models are 

shown in figures 5.3.6 and 5.3 .7 respectively. The models show the response of the beam 

at time 0.005 f.l s (clamped beams) and 0.0 f.l s (built-in beams) to 800 f.l s. 
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Figure 5.3.6: Response ofa clamped rectangular beam span of203.2mm at an impulse of 

9. 16Ns showing displacement in the -3-direction. 
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Figure 5.3.7: Response ofa built-in rectangular beam span of203 .2mm at an impulse of 

9.16Ns showing displacement in the -3-direction. 
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Impulse Temperature Temperature 

(Ns) Model Model 

With Clamped Boundary With buIlt-in Boundary 

(oC) (oC) 

9.16 69 71 

1l.22 74 74 

13 .18 91 102 

14.78 97 III 

17.19 118 123 

18.08 153 162 

20.39 231 238 

22.08 317 326 

Table 5.3.4 : Temperature vanatIOn at the boundary With Impulse for models With 

clamped and built-in boundaries. 
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Figure 5.3.8 : A plot of highest temperature at the boundary against impulse for bea 

s an of203.2mm clam ed and built-in at the bounda . 
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t=0.005,u s 

t=30,u s. 

t=800,u s 

Figure 5.3.9 : Variation of temperature at the boundary with time for an impulse of 

9. 16Ns (clamped boundary) for beam span of203.2mm. 
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Figure 5.3.10 : Variation of temperature at the boundary with time for an impulse of 

9.16Ns (built-in boundary) for beam span of203.2mm. 

From figures 5.3.9 and 5.3.10, it is observed that high temperatures are recorded at the 

boundary for both clamped and built-in models with built-in model having a slightly 

higher temperature than clamped model. 
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Figure 5.3.11 : Predicted mode II response at an impulse of23 .14Ns at time, t= 97 f.JS for 
a beam clamped at the boundary. 
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Figure 5.3.12 : Predicted mode II response at an impulse of23.14Ns at time, t= 97 JIS for 
a beam built-in at the boundary. 
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Predicted Mid-point displacement 

Figure 5.3.13 : Predicted mode III response at an impulse of 33.54Ns for a rectangular 

beam clamped at the boundary at time 48 f.1S . 
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Predicted temperature distribution 

Equivalent plastic strain distribution 

Predicted Mid-point displacement 

Figure 5.3.14 : Predicted mode III response at an impulse of 33.54Ns for a rectangular 

beam built-in at the boundary at time 34 f1S . 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 5 - Simulation Results 151 

Figures 5.3 .13 and 5.3.14 show the predicted mode ill response of clamped and fully 

built-in rectangular beams respectively. A temperature of 494°C and equivalent plastic 

strain of 631 % (figure 5.3.13) indicates that shearing has taken place in the models. A 

mid-point displacement of 23.67mm is also recorded but no experimental data was 

available for comparison. A temperature of 422 0 C and equivalent plastic strain of 434% 

was observed in built-in beams which also indicates shearing in the model (figure 5.3.14). 

A mid-point displacement of 21.12mm was recorded with no experimental data to 

compare. It is observed that shearing occurs early in a model clamped at the boundary 

(figure 5.3 .13) compared to a model clamped at the boundary (figure 5.3.14) 
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5.4 T-beams 

The simulation results presented in this section have a uniform mesh size of 50x50x 10 

and 70x50x10 elements in beam spans of 200mm and 150mm respectively resulting in 

mesh densities of approximately 1.5xO.21xl.12mm and 1.43xO.21x1.12 respectively. 

Beam spans of 150mm and 200mm having a flange width of 10.5mm, nominal total 

height of 11.2mm and flange and web thicknesses of 3.2mm were considered in this 

section. Only mode I was investigated on T -beams as there was no experimental data 

available for modes II and ill failure. 

5.4.1 Mode I Failure 

The analysis was carried out for a range of impulse from 1. 132Ns to 2. 184Ns. The 

investigation considered material properties that include and exclude temperature 

dependency and boundary fixation of the T -beams. The mid-point displacement time 

history for T -beams was similar to that of rectangular beams and was not included in this 

section. The analysis was allowed to run for 850 J.l s. 

Tables 5.4.1 and 5.4.2 shows the results of a comparison of the mid-point displacement of 

clamped and built-in T -beams respectively for models that include and exclude 

temperature dependent material properties. 
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1 2 3 4 5 6 7 

bnpulse Measured Predicted Difference Predicted Difference Difference in 

(Ns) Mid-point Mid-point between Mid-point between mid-point 

Displacement Displacement Including Displacement Excluding displacement 

(nun) (nun) temperature & (nun) temperature & Between 

Model measured mid- Model measured mid- Model 

Including point Excluding point including & 

Temperature displacement Temperature displacement Excluding 

(nun) (nun) Temperature 

(3-2) (5-2) (nun) 

(3-5) 

Length of200mm 

1.132 7.64 8.75 1.1 8.70 1.06 -0.05 

1.167 7.66 9.27 1.61 9.13 1.47 -0.14 

1.409 10.76 11.62 0.86 11.81 1.05 0.19 

1.487 10.2 12.25 2.05 12.30 2.10 0.05 

1.527 10.8 12.84 2.04 12.01 1.21 -0.83 

1.665 12.1 13.37 1.27 12.94 0.84 -0.43 

1.735 14.34 15.10 0.76 15.80 1.46 0.70 

1.831 14.72 16.20 1.48 15.04 0.32 -1.16 

1.871 16.10 16.77 0.67 16.13 0.03 -0.64 

2.024 16.50 17.83 1.33 16.91 0.41 -0.92 

2.07 15.78 19.01 3.23 17.08 1.30 -1.93 

2.073 17.72 25.16 7.44 18.42 0.70 -Q.74 

Length of 150mm 

1.002 7.66 8.04 0.38 8.14 0.48 0.10 

1.116 9.36 9.14 -0.22 9.23 -0.13 0.09 

1.279 10.52 11.02 0.50 11.00 0.48 -0.02 

1.306 9.66 12.41 2.7S 12.06 2.40 -0.35 

1.395 9.30 12.92 3.62 12.26 2.96 -0.66 

1.576 11.68 13.42 1.74 12.11 0.43 -1.31 

1.745 12.72 14.11 1.39 13.60 0.88 -0.51 

1.867 14.10 14.96 0.86 13.95 -0.15 -1.01 

1.928 13.70 15.03 1.33 14.30 0.60 -0.51 

1.966 13.60 17.47 3.89 14.90 1.30 -0.73 

2.070 15.72 22.91 7.19 18.21 2.49 -4.70 

2.184 15.00 23.67 8.67 18.90 3.90 -4.77 

Table 5.4.1 : Companson of predicted mld-pomt displacement With expenment for 

models that include and exclude temperature dependent material properties (clamped 

boundary condition). 
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From table 5.4.1, the difference between measured and predicted mid-point displacement 

is less than one beam thickness for both models including and excluding temperature 

dependent material properties. This might be an indication that temperature has less 

influence on failure mode I for T -beams. 

30 

25 • 

-E 20 E --c::: 
II) 

E 15 
II) 
() 

.!! 
c.. 10 .!!! 
C 

5 
--Linear~inc temp.) 
- - Linear ex~temp.) 
- - - . Linear exoeriment) 

0 
0 0.5 2 2.5 

5.4.1 Comparison of measured and predicted mid-point displacement as a 

nction of impulse for a beam span of200mm (clamped boundary condition). 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Chapter 5 - Simulation Results 155 

25 

• 
- 20 
E 
E --15 c: 
CD 
E 
CD 10 0 
cw 
a.. 
In 

C 5 --Linear (inc_temp.) 
- - Linear (exc_temp.) 
- - - ,Linear (experimmt) 

a 
a 0.5 1 1.5 2 2.5 

Impulse (Ns) 

19ure 5.4.2 : Comparison of measured and predicted mid-point displacement as 

nction of impulse for a beam span of 150mm (clamped boundary condition). 

It is observed from figures 5.4.1 and 5.4.2 that the predicted mid-point displacement for 

both beam lengths of 200mm and 150mm are higher than the measured mid-point 

displacement. 
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Figure 5.4.3 : A comparison of mid-point displacement for beam spans of 200mm and 

150mm as a function of impulse. 

It is observed from figure 5.4.3 that beam span of 200mm has a higher mid-point 

displacement compared to beam span of 150mm. This shows that length of T -beams has 

an influence on mode I failure as observed in section 4.3.1 and reported by Menkes and 

Opat [3]. 
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1 2 3 4 5 6 7 

I hnpulse Mealiured Predicted Difference Predicted Difference Difference in 
(Ns) !\1id-point !\tid -point between !\tid-point between mid-point 

I 

I 
Displacement Displacement Including I Displacement I Excluding displacement 

(mm) (rum) temperature & (mm) temperature & Between 

Model mCaliured mid-

I 
Model measured mid- Model 

Ineluding polut Excluding point Including & 

Temperature displacement I T emperatnre displacement Excluding 

(3-2) (5-2) Temperature 
I 

I 
(mm) 

I (3-5) 

Length 01 .Guumm 

1.132 7.64 8.71 0,28 7.92 0.28 -0.07 

1.167 7.66 9.27 0.47 8.13 0.47 -1.14 
. 

1.409 10.76 IL2 1.05 I L81 1.05 6.10 
I 

I 1.487 10.2 12.2 2.10 12.30 2.10 1.00 

1.527 10.8 12.04 1.21 12.01 1.21 -3.00 

1.527 12.1 12.37 0.84 12.94 0.84 5,70 

1.665 14.34 15.()9- 0.46 I 14.80 0,46 -2.90 

1.735 14.72 15,20 0.12 14.84 0.12 -3.60 

1.831 16.10 15.77 0.80 16.90 0.80 1.13 

1.871 16.50 16.13 0.41 16.91 0.41 7.80 

I 2.024 15.78 17.01 1.30 17.08 1.30 7.00 

2,07 17.72 21.19 0.70 18.42 0.70 -2.77 

Length of 150mm 

1.002 7.66 8.13 0.47 8-:-14 0,48 0.01 
.-..... 

1.116 9.36 8.91 -0,45 9.10 -0.26 0.19 

i 
1.279 10.52 10.46 -0.06 10.30 -0.22 -0.16 

1.306 9.66 12.10 2.44 2.34 -0.10 

r 1.395 9.30 12.92 3.62 12.50 3.20 -0.42 

1.576 11.68 13.46 1.78 12.96 1.28 -0.50 

1.745 12.72 13.81 1.09 13.00 0.28 -0.81 

1.867 14.10 14.06 -0.04 14.10 0.00 0.04 

1.928 13.70 14.55 0.85 14.60 0.90 0.05 

1.966 13.60 16.17 2.57 15.21 1.61 
C''----

2.070 15.72 19.91 4.19 17.40 1.68 -2.51 

2.184 15.00 21.97 6.97 18.01 3.01 -3.96 

Table 5.4.2 of prediMPri mid-point-ilisPI lith 
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igure 5.4.4 Comparison of measured and predicted mid-point displacement as 

nction of impulse for a beam span of200mm (built-in boundary condition). 
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Figure 5.4.5 Comparison of measured and predicted mid-point displacement as a 

function of impulse for a beam span of 150mm (built-in boundary condition). 
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1 2 3 5 
Impnlse Measured Predicred Predicred 

(Ns) Mid-point Mid-point Mid-point 

Displacement Displacement Displacement 

(mm) (rrun) (rrun) 

Oamped Built-in 

Model Model 

Including Including 

Temperature Temperature 

200mm 

1.132 7.64 8.75 8.71 

1.167 7.66 9.27 9.27 

1.409 10.76 11.62 11.2 

1.487 10.2 12.25 12.2 

1.527 10.8 12.84 12.04 

1.665 12.1 13.37 12.37 

1.735 14.34 15.10 15.09 

1.831 14.72 16.20 15.20 

1.871 16.10 16.77 15.77 

2.024 16.50 17.83 16.13 

2.07 15.78 19.01 17.01 

150mm 

1.002 7.66 8.04 8.14 

1.116 9.36 9.14 9.10 

1.279 10.52 11.02 10.30 

1.306 9.66 12.41 12.00 

1.395 9.30 12.92 12.50 

1.576 11.68 13.42 12.96 

1.745 12.72 14.11 13.00 

1.867 14.10 14.96 14.10 

1.928 13.70 15.03 14.60 

1.966 13.60 17.47 15.21 

2.070 15.72 22.91 17.40 

2.184 15.00 23.67 18.01 

Table 5.4.3: Comparison of predicted mid-point displacement with experiment for 

models that include temperature dependent material properties (clamped and 

built-in boundary). 
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Figure 5.4.6: A plot of mid-point displacement against impulse for aT-beam of span 

200mm with clamped and built-in boundary conditions (models including temperature). 

From table 5.4.3 and figure 5.4.6 it is observed that a higher mid-point displacement is 

recorded by a model clamped at the boundary compared to a model built-in at the 

boundary. 

T -beams' response to an uniform explosive blast load for clamped and built-in models 

are shown in figures 5.4.7 and 5.4.8 respectively. Beam spans of 150mm showed a 

similar behaviour and are not include here. 
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Figure 5.4.7 : Response of a clamped T-beam (200mm) at an impulse of 1.132Ns 

showing displacement in the -3-direction. 
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Figure 5.4.8 : Response of a built-in T-beam (200mm) at an impulse of 1.132Ns showing 

displacement in the -3-direction. 
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Impulse Temperature Temperature 

(Ns) Model Model 

With Clamped Boundary With built-in Boundary 

( °C) ( °C) 

200mm 

1.132 4 4 

1.167 6 6 

1.409 6 6 

1.487 6 7 

1.527 10 10 

1.665 13 13 

1.735 13 12 

1.831 14 13 

1.871 14 16 

2.024 18 19 

2.07 18 19 

150mm 

1.002 3 3 

1.116 3 4 

1.279 5 4 

1.306 5 6 

1.395 7 9 

1.576 10 10 

1.745 13 16 

1.867 14 16 

1.928 17 19 

1.966 17 19 

2.070 19 19 

2.184 21 21 

Table 5.4.4 : Temperature variation at the boundary with impulse for models with 

clamped and built-in boundaries (Beam spans of 150mm and 200mm). 
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igure 5.4.9 : A plot of highest temperature at the boundary against impulse for T-bea 

lamped and built-in at the boundary (beam span of 150mm). 

From figures 5.4.10 and 5.4.11, high temperatures are observed at the boundaries in the 

web of both clamped and built-in beams. 
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t=0.005 Ji s. 
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Figure 5.4.10 : Variation of temperature at the boundary with time for an impulse of 

2. 184Ns (clamped boundary) for a beam span of 150mm. 
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t=O.OO Ji s. 
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t=800 Ji s. 

Figure S.4.11 : Variation of temperature at the boundary with time for an impulse of 

2. 184Ns (built-in boundary) for a beam span of IS0mm. 
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6.0 Conclusions 

The deformation and tearing of uniformly blast-loaded circular and square steel plates, 

aluminium alloy rectangular beams and T-beams were investigated numerically with 

emphasis laid on the effect of temperature dependent material properties, clamped and 

built-in boundaries. Finite element models using material properties that include and 

exclude temperature dependency were applied in the simulations. Based on the findings 

of this work, the following conclusions may be drawn. 

The ABAQUS / Explicit package has proved to be successful in the analysis of circular 

and square plates, rectangular beams and T-beams exposed to unifonn blast loading, 

which involves highly non-linear material and geometric behaviour. The level of 

correlation between the predicted and the experimental results is encouraging. 
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Modes of failure 

The results obtained from this investigation show that the plates and rectangular beams 

exhibited failure modes 1, II and III while T-beams were investigated only for mode I 

failure 

Mode I predictions 

The analysis for mode I failure was investigated using material properties that included 

and excluded temperature dependence and boundary fixation. Mode I failure was 

observed to be well predicted for the various models considered in this study. Mid-point 

displacement appeared to be dependent on impulse applied to the plates and beams. Mid­

point displacement increases with increase in impulse. Comparison with experimental 

data for mid-point displacement, contour plots of models clamped and built-in at the 

boundary showed a closed relationship for the range of impulse investigated. Predicted 

mid-point displacement for both models including and excluding temperature dependent 

material properties was higher than the measured mid-point displacement for square 

plates, rectangular beams and T-beams. Predicted mid-point displacement for circular 

plates was less than measured mid-point displacement. This might be an indication that 

axisymmetric modelling of the circular plate results in less "pull-in" compared to three 

dimensional modelling used in square plates, rectangular beams and T-beams. Using 

material properties that depend on temperature, it was observed that mode II failure was 

predicted at an impulse lower than the experimental impulse that caused mode II failure. 

This might be as a result of the weakening of the material properties with increasing 

temperature. Models clamped at the boundary for both plates and beams predicted a 

higher mid-point displacement compared to models built-in at the boundary. This might 

be as a result of the "pull-in" effect observed in clamped plates and beams. The length of 

rectangular beams and T-beams was observed to influence the mid-point displacement. 
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Mode II predictions 

In the analysis, the prediction for mode II failure is based on a criterion of maximum 

logarithmic strain in conjunction with a strain rate and temperature dependent effects. At 

a critical impulse, this failure mode is observed first at the boundary for circular plates 

and rectangular beams. First sign of mode II failure in square plates is observed at the 

middle of the side boundaries. Failure mode II* (partial tearing at the boundaries) was 

observed in square plates and the predicted failure compared favourably with the 

experimental result. At higher impulses, complete tearing of the boundaries is predicted 

to occur by means of high strain and temperature values or severely elongated elements 

caused by the imposition of an unrealistic strain of 200% failure criterion. Simulation 

results obtain herein compares favourably with experimental data for failure mode II. The 

predicted critical impulse for failure mode II at the boundary was observed to be 

dependent on the boundary fixation of the plates and beams. 
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7.0 Recommendations 

The following recommendations are made based on the results and conclusions of this 

thesis. 

• Further investigations on boundary fixation on plates and beams investigated in this 

study should be carried out. This might give some insight on how to reduce the 

penetration of the plates and beams by the rigid bodies used for clamping. Clamped and 

built-in boundaries with various fillet radii may be considered. 

• Experimental investigation should be carried out to detennine the strain and equivalent 

plastic strain at which mode II and III occur. These strains could then be used to validate 

simulation results. 

• Other types of loading conditions such as localised blast loads should be investigated 

especially on T-beams. 

• The finite element models should be further investigated using techniques that 

implement J ones-Wilkins-Lee (JWL) equation of state to determine the material 

behaviour of the explosive. This will enable the implementation of a contact to contact 

boundary interaction between the explosive and the plate / beam as opposed to pressure 

loading technique used in this study. 
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Appendix A-Ballistic Pendulum 

A general set up of the pendulum is shown in figure A.I. 

The linearised equation of motion of the ballistic pendulum, assuming viscous damping is 

X +2f3·X +co,7·X =0 (A. 1) 

where 

C is the damping coefficient, M is the total mass of the pendulum including the test rig, 

I-beam and balancing mass, and T is the natural period of the pendulum. 

The solution of the equation A.l is given by 

where 

X is the initial velocity of the pendulum. 

Let XI be the horizontal displacement at t = T 
4 

and x 2 be the horizontal displacement at t = 3T 
4 

Substituting into equation A.2 gives 

_ Xo .T -O.25p.T 
XI - .e 

2.71 

_ xo·T -O.75/J.T 
x 2 - .e 

2.ll 

Hence 
X _I eO.5p.T 

x 2 

(A.2) 

(A.3) 

(A.4) 

(A.S) 
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From figure A.I, the horizontal distance between the end of the pendulum and the pen 

when the pendulum is stationary is giving by 

(A.9) 

while at its maximum amplitude, the distance decreases and is giving by 

(A.I0) 

During testing, the pendulum oscillates to a very low amplitude thus giving a very small 

angle; 6 and therefore it can be assumed that 

R.B2 
XI = R.6 and y = --

2 

Hence 

and 

(A.Il) 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 

2 + 
) 

1: 

+ 

+ 

= + 2 ft- 2 + 

I 

ft+ 2 + l2 
) 

a Rare can 

is 1 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Appendix A - Ballistic Pendulum 184 

Mass of I-beam 28155g 

Mass of clamping rig 15385g 

Mass of counter balance 23690g 

Total pendulum mass 67230g 

(M) 

R 2584mm 

Z 119.62mm 

A 62.7mm 

T 3.19s 

Table A.l: Ballistic pendulum details. 
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UNIFORM BLAST LOADING ON CLAMPED CIRCULAR PLATE USING 
MATERIAL PROPERTIES THAT INCLUDE TEMPERATURE DEPENDENCY 
*HEADING 
ClAMPED CIRCULAR PLATE SUBJECTED TO BLAST LOADING 
SI UNITS (Kg, M, S, N) 
*PREPRINT, ECHO=NO, MODEL=NO 
* * ------------------------------------------D EFINITI 0 N OF NODES 
*NODE 
1, 0.0000, 0.0 
51, 0.0375, 0.0 
101, 0.0500, 0.0 
201, 0.1000, 0.0 
* * -------------------------------------------
*NGEN, NSET=EDGE1 
1, 51, 1 
51, 101, 1 
101, 201, 1 
**------------------------------------------COPING EDGE1 FOR EACH OF THE EDGES 
*NCOPY, SHIFT, OLDSET=EDGE1, CHANGE NUMBER=1000, NEWSET=EDGE2 
0.0, 0.0004, 0.0 
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 
*NCOPY, SHIFT, OLDSET=EDGE1, CHANGE NUMBER=2000, NEWSET=EDGE3 
0.0, 0.0004, 0.0 
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 
*NCOPY, SHIFT, OLDSET=EDGE1, CHANGE NUMBER=8000, NEWSET=EDGE4 
0.0, 0.002, 0.0 
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 
*NCOPY, SHIFT, OLDSET=EDGEl, CHANGE NUMBER=9000, NEWSET=EDGE5 
0.0, 0.002, 0.0 
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 
*NCOPY, SHIFT, OLDSET=EDGEl, CHANGE NUMBER=10000, NEWSET=EDGE6 
0.0, 0.0024, 0.0 
0.0, 0.0000, 0.0, 0.0, 0.0, 0.0, 0.0 
*NFILL, NSET=PLATE 
EDGE1, EDGE2, 1, 1000 
EDGE3, EDGE4, 6, 1000 
EDGES, EDGE6, 1, 1000 
** 
*NSET,NSET=OUTER-R, GENERATE 
2200,8200, 1000 

* * -------------------------------------------DEFINITION OF ELEMENTS 

*ELEMENT, TYPE=CAX4R, ELSET=CLAMP _BOT 
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1,1,2,1002,1001 
*ELGEN, ELSET=CLAMP _BOT 
1, 100, 1, 1, 1, 1000, 1000 
* * --------------------------------------------
*ELEMENT, TYPE=CAX4R, ELSET=PLATE 
1010,2010,2011,3011,3010 
*ELGEN,ELSET=PLATE 
1010, 190, 1, 1,6,1000,1000 
* * ------------------------------------------
*ELEMENT, TYPE=CAX4R, ELSET=CLAMP _TOP 
7001,9001,9002, 10002,10001 
*ELGEN, ELSET=CLAMP _TOP 
7001 , 100, 1, 1, 1, 1000, 1000 
* *-----------------------------------------DEFINITION OF SECTIONS 
*SOLID SECTION, ELSET=PLATE, MATERIAL=STEEL 
*SOLID SECTION, ELSET=CLAMP_BOT, MATERIAL=RIGID 
*SOLID SECTION, ELSET=CLAMP _TOP, MATERIAL=RIGID 
**------------------------------------------DEFINITION OF RIGID BODY NODES 
*NODE, NSET=NS_REFNODE 
3000000, 0.045, 0.0064 
4000000, 0.045, -0.0064 
* *------------------------------------------DEFINITION OF SURFACES 
*RIGID BODY, REFNODE=3000000, ELSET=CLAMP _TOP 
*ELSET, ELSET=CLAMP _TOP _FACEP2 
7100 
*ELSET, ELSET=CLAMP _TOP _FACEP4 
7001 
*SURFACE, TYPE=ELEMENT, NAME=SURF _CLAMP_TOP 
CLAMP_TOP, S1 
CLAMP_TOP _FACEP2, S2 
CLAMP _TOP _F ACEP4, S4 
* * --------------------------------------------
*RIGID BODY, REFNODE=4000000, ELSET=CLAMP _BOT 
*ELSET, ELSET=CLAMP _BOT_FACEP2 
100 
*ELSET, ELSET=CLAMP _BOT_FACEP4 
1 
*SURFACE, TYPE=ELEMENT, NAME=SURF _CLAMP_BOT 
CLAMP_BOT, S3 
CLAMP _BOT_FACEP2,S2 
CLAMP _BOT _F ACEP4, S4 
* *------------------------------------------

*ELSET,ELSET=TOPSURF,GENERATE 
6101,6200,1 
*SURFACE, TYPE=ELEMENT, NAME=LOAD_PLATE 

187 
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TOPSURF, S3 
**---------------------------DEFINATION OF UPPER CONTACT SURFACE FOR BC 
*ELSET, ELSET=PLATE_TOP, GENERATE 
6010,6100,1 
*SURFACE, TYPE=ELEMENT, NAME=SURF _PLATE_TOP 
PLATE_TOP, S3 

188 

**---------------------------DEFINATION OF LOWER CONTACT SURFACE FOR BC 
*ELSET, ELSET=PLATE_BOT, GENERATE 
1010, 1100, 1 
*SURFACE, TYPE=ELEMENT, NAME=SURF_PLATE_BOT 
PLATE_BOT, S 1 
* * ----------------------------D EFINITI 0 N 0 F MATERIAL PROPER TIES 
*MA TERIAL, NAME=STEEL 
*INELASTIC HEAT FRACTION 
0.9 
*ELASTIC 
2.10Ell, .33,0 
1.98Ell, .33,200 
1.75E11, .33,600 
1.47El1, .33, 700 
1.25El1, .33, 800 
9.09EI0, .33,900 
1.00E11, .33, 1000 
9.70EI0, .33, 1100 
* PLASTIC 
2.64E8, 0.000000, 0 
2.79E8, 0.007185, 0 
3.31E8, 0.025556, 0 
3.92E8, 0.051413, 0 
4.57E8, 0.091745, 0 
4.84E8, 0.115659, 0 
5.16E8, 0.150734, 0 
5.33E8, 0.174145, 0 
5.51E8, 0.204152, 0 
5.62E8, 0.226766, 0 
5.69E8, 0.247764, 0 
5.59E8, 0.280197, 0 
2.64ES, 0.000000, 200 
2.79ES, 0.0071S5, 200 
3.31 ES, 0.025556, 200 
3.92ES, 0.051413, 200 
4.57ES, 0.091745, 200 
4.S4ES, 0.115659, 200 
5.16ES, 0.150734, 200 
5.33ES, 0.174145, 200 
5.51ES, 0.204152, 200 
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*INITIAL CONDITION, TYPE=TEMPERATURE 
PLATE,23. 
**-----------------------------DEFINITION OF LOAD 
*AMPLITUDE, NAME=BLAST, DEFINITION=TABULAR 
0.0,1.0, 15E-6, 1, 15.1 E-6,0.0 
**----------------------------ANALYSIS STEPS BEGIN 
*STEP 
*DYNAMIC, EXPLICIT, ADIABA TICS 
,0.005E-6 
*CONTACT PAIR, INTERACTION=SMOOTH 
SURF _CLAMP _BOT, SURF _PLATE_BOT 
** 

** 
*SURFACE INTERACTION, NAME=SMOOTH 
* FRICTION 
0.25 
*CLOAD 
3000000,2,-1.2E6 
*OUTPUT, FIELD, V ARIAB LE=ALL,OP=NEW, NUMBER INTER V AL= 1 
** 
*END STEP 
,~*------------------------------------------------------

*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,15E-6 
*DLOAD, AMPLITUDE=BLAST 
TOPSURF, P3, 4.04E7 
*OUTPUT, FIELD, VARIABLE=ALL,OP=NEW, NUMBER INTERVAL=lOO 
*END STEP 
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,235E-6 
*DLOAD, OP=NEW 
*END STEP 
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,300E-6 
*DLOAD, OP=NEW 
*END STEP 
**END OF ANALYSIS 
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UNIFORM BLAST LOADING ON CLAMPED CIRCULAR PLATE USING 
MATERIAL PROPERTIES THAT EXCLUDE TEMPERATURE DEPENDENCY 
*HEADING 
ClAMPED CIRCULAR PLATE SUBJECTED TO BLAST LOADING 
SI UNITS (Kg, M, S, N) 
*PREPRINT, ECHO=NO, MODEL=NO 
* * ---------------------------------------DEFINITIO N OF NODES 
*NODE 
1, 0.0000, 0.0 
51, 0.0375, 0.0 
101, 0.0500, 0.0 
201, 0.1000, 0.0 
* * -------------------------------------------
*NGEN, NSET=EDGEI 
1, 51, 1 
51,101,1 
10 1,201, 1 
**-------------------------------------------COPING EDGEI FOR EACH OF THE 6 EDGES 
*NCOPY, SHIFT, OLDSET=EDGEl, CHANGE NUMBER=1000, NEWSET=EDGE2 
0.0, 0.0004, 0.0 
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 
*NCOPY, SHIFT, OLDSET=EDGEl, CHANGE NUMBER=2000, NEWSET=EDGE3 
0.0, 0.0004, 0.0 
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 
*NCOPY, SHIFT, OLDSET=EDGEl, CHANGE NUMBER=8000, NEWSET=EDGE4 
0.0, 0.002, 0.0 
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 
*NCOPY, SHIFT, OLDSET=EDGEl, CHANGE NUMBER=9000, NEWSET=EDGE5 
0.0, 0.002, 0.0 
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 
*NCOPY, SHIFT, OLDSET=EDGEl, CHANGE NUMBER=10000, NEWSET=EDGE6 
0.0, 0.0024, 0.0 
0.0, 0.0000, 0.0, 0.0, 0.0, 0.0, 0.0 
*NFILL, NSET=PLATE 
EDGE 1, EDGE2, 1, 1000 
EDGE3, EDGE4, 6, 1000 
EDGE5, EDGE6, 1, 1000 
** 
*NSET, NSET=OUTER-R, GENERATE 
2200,8200, 1000 
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* *-----------------------------------------D EFINITION OF ELEMENTS 
*ELEMENT, TYPE=CAX4R, ELSET=CLAMP _BOT 
1, 1,2, 1002, 1001 
*ELGEN, ELSET=CLAMP _BOT 
1, 100, 1, 1, 1, 1000, 1000 
*"--------------------------------------------
*ELEMENT, TYPE=CAX4R, ELSET=PLATE 
1010,2010,2011,3011,3010 
*ELGEN,ELSET=PLATE 
1010,190,1,1,6,1000,1000 
* * ---------------------------------------
*ELEMENT, TYPE=CAX4R, ELSET=CLAMP_TOP 
7001,9001,9002,10002,10001 
*ELGEN, ELSET=CLAMP _TOP 
7001,100,1,1,1,1000,1000 
**-----------------------------------DEFINITION OD SECTIONS 
*SOLID SECTION, ELSET=PLATE, MATERIAL=STEEL 
*SOLID SECTION, ELSET=CLAMP _BOT, MATERIAL=RIGID 
*SOLID SECTION, ELSET=CLAMP_TOP, MATERIAL=RIGID 
**----------------------------------DEFINITION OF RIGID BODY NODES 
*NODE, NSET=NS_REFNODE 
3000000, 0.045, 0.0064 
4000000, 0.045, -0.0064 
* * -------------------------------------D FINITION 0 F SURFACES 
*RIGID BODY, REFNODE=3000000, ELSET=CLAMP _TOP 
*ELSET, ELSET=CLAMP _TOP _FACEP2 
7100 
*ELSET, ELSET=CLAMP _TOP _FACEP4 
7001 
*SURFACE, TYPE=ELEMENT, NAME=SURF _CLAMP_TOP 
CLAMP_TOP, Sl 
CLAMP_TOP _FACEP2, S2 
CLAMP_TOP _FACEP4, S4 
:~*--------------------------------------------

*RIGID BODY, REFNODE=4000000, ELSET=CLAMP _BOT 
*ELSET, ELSET=CLAMP _BOT_FACEP2 
100 
*ELSET, ELSET=CLAMP _BOT_FACEP4 
1 
*SURFACE, TYPE=ELEMENT, NAME=SURF _CLAMP_BOT 
CLAMP_BOT, S3 
CLAMP _BOT_FACEP2, S2 
CLAMP _BOT_FACEP4, S4 
,~*------------------------------------------

*ELSET, ELSET=TOPSURF, GENERATE 
6101,6200,1 

192 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Appendix B - Input deck for circular plate 

*SURFACE, TYPE=ELEMENT, NAME=LOAD_PLATE 
TOPSURF, S3 

193 

**-------------------------------DEFINATION OF UPPER CONTACT SURFACE FOR BC 
*ELSET, ELSET=PLATE_TOP, GENERATE 
6010,6100, 1 
*SURFACE, TYPE=ELEMENT, NAME=SURF_PLATE_TOP 
PLATE_TOP, S3 
**------------------------------DEFINATION OF LOWER CONTACT SURFACE FOR BC 
*ELSET, ELSET=PLATE_BOT, GENERATE 
1010, 1100, 1 
*SURFACE, TYPE=ELEMENT, NAME=SURF_PLATE_BOT 
PLATE_BOT, Sl 
**-------------------------------DEFINITION OF MATERIAL PROPERTIES 
*MATERIAL, NAME=STEEL 
*INELASTIC HEAT FRACTION 
0.9 
*ELASTIC 
2.lOEll, .33 
*PLASTIC 
2.64E8, 0.000000 
2.79E8,0.007185 
3.31E8,0.025556 
3.92E8,0.051413 
4.57E8,0.091745 
4.84E8, 0.115659 
5.16E8,0.150734 
5.33E8,0.174145 
5.51E8,0.204152 
5.62E8,0.226766 
5.69E8, 0.247764 
5.59E8,0.280197 
*SPECIFIC HEAT 
660 
*RATE DEPENDENT 
40,5 
*DENSITY 
7850 
** 
*MATERIAL, NAME=RIGID 
*ELASTIC 
200E9,0.3 
*DENSITY 
7800 

**--------------------------DEFINITION OF BOUNDARY CONDITIONS 
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*BOUNDARY 
OUTER-R, XSYMM 
3000000, 1,1,0.0 
3000000, 3,6,0.0 
4000000, 1,6,0.0 
* * -------------------------D EFINITI ON OF LOAD 
*AMPLITUDE, NAME=BLAST, DEFINITION=TABULAR 
0.0,1.0, 15E-6,1,15.1E-6,0.0 
**------------------------ANAL YSIS STEPS BEGIN 
*STEP 
*DYNAMIC, EXPLICIT 
,0.005E-6 
*CONTACT PAIR, INTERACTION=SMOOTH 
SURF_CLAMP_BOT, SURF_PLATEJ30T 
** 

** 
*SURFACE INTERACTION, NAME=SMOOTH 
* FRICTION 
0.25 
** 
*CLOAD 
3000000,2,-1.2E6 
*OUTPUT, FIELD, VARIABLE=ALL,OP=NEW, NUMBER INTERVAL=l 
*END STEP 
**-------------------------------------------
*STEP 
*DYNAMIC, EXPLICIT 
,15E-6 
*DLOAD, AMPLITUDE=BLAST 
TOPSURF, P3, 4.04E7 
*OUTPUT, FIELD, VARIABLE=ALL,OP=NEW, NUMBER INTERVAL=100 
*END STEP 
*STEP 
*DYNAMIC, EXPLICIT 
,35E-6 
*DLOAD, OP=NEW 
*END STEP 
*STEP 
*DYNAMIC, EXPLICIT 
,250E-6 
*DLOAD, OP=NEW 
*END STEP 
*END OF ANALYSIS 
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1, 0.0000, 0.0 
51, 0.01 0.0 
151, 0.0625,0.0 
* * ---------------------------------------

1, 51, 1 
51, 151,1 

** 

** 

1, 1, 1002, 1 
4001,4001, 5001 
10001, 10001, 10002, 11002, 11 

1,50,1,1, 1000,1000 
4001, 1 1, 1, 6, 1 1000 
10001, 1, 1, 1000, 1000 
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**THE ANALYSIS STEP 
*---------------------------------------DEFINITION 0 F BOUNDARY CONDITIONS 
OUTER-R, XSYMM 
BOUND1, 1,6,0.0 
BOUND2, 1,6,0.0 
BOUND3, 1,6,0.0 
BOUND4, 1,6,0.0 
BOUNDS, 1,6,0.0 
*NSET,NSET=ALL,ELSET=PLATE 
*INITIAL CONDITION, TYPE=TEMPERATURE 
PLATE, 23. 
**-------------------------------------DEFINITION OF LOAD 
* AMPLITUDE, NAME=BLAST, DEFINITION=TABULAR 
0.0,1.0, lSE-6,1, lS.1E-6,0.0 
**------------------------------------ANALYSIS STEP BEGINS 
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,lSE-6 
*DLOAD, AMPLITUDE=BLAST 
TOPSURF, P3, 4.04E7 
*OUTPUT, FIELD, VARIABLE=ALL,OP=NEW, NUMBER INTERVAL=100 
*END STEP 
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,3SE-6 
*DLOAD, OP=NEW 
*END STEP 
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,200E-6 
*DLOAD, OP=NEW 
*END STEP 
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,2S0E-6 
*DLOAD, OP=NEW 
*END STEP 
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UNIFORM BLAST LOADING ON BUILT-IN PLATE USING MATERIAL 
PROPERTIES THAT EXCLUDE TEMPERATURE DEPENDENCY 
*HEADING 
CIRCULAR PLATE SUBJECTED TO BLAST LOADING 
SI UNITS (Kg, M, S, N) 
*PREPRINT, ECHO=NO, MODEL=NO 
*;~---------------------------------------DE~INITION O~ NODES 
*NODE 
1, 0.0000, 0.0 
51, 0.0125,0.0 
151, 0.0625, 0.0 
**-------------------------------------------
*NGEN, NSET=EDGEI 
1, 51, 1 
51, 151,1 

199 

**-------------------------------------------COPY EDGEI ~OR EACH O~ THE EDGES 
*NCOPY, SHIff, OLDSET=EDGEl, CHANGE NUMBER=4000, NEWSET=EDGE2 
0.0,0.0016,0.0 
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 
*NCOPY, SHIff, OLDSET=EDGEl, CHANGE NUMBER=10000, NEWSET=EDGE3 
0.0, 0.0032, 0.0 
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 
*NCOPY, SHIff, OLDSET=EDGEl, CHANGE NUMBER=14000, NEWSET=EDGE4 
0.0, 0.0048, 0.0 
0.0, 0.0, 0.0, 0.0, 0.0, 0.0, 0.0 
** 
*NALL, NSET=PLATE 
EDGEl, EDGE2, 4,1000 
EDGE2, EDGE3, 6, 1000 
EDGE3, EDGE4, 4, 1000 
** 
*NGEN, NSET=OUTER-R 
4151,10151, 1000 
**-------------------------------------------DEANITION O~ ELEMENTS 
*ELEMENT, TYPE=CAX4R, ELSET=PLATE 
1,1,2,1002,1001 
4001,4001,4002,5002,5001 
10001,10001, 10002, 11002, 11001 
*ELGEN,ELSET=PLATE 
1, 50, 1, 1, 4, 1000, 1000 
4001,150,1,1,6,1000,1000 
10001,50,1,1,4,1000,1000 
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UNIFORM BLAST LOADING ON CLAMPED SQUARE PLATE USING 
MA TERIAL PROPERTIES THAT INCLUDE TEMPERATURE DEPENDENCY 
*HEADING 
BLAST LOADING OF CLAMPED SQUARE PLATES 
SI UNITS (kg, M, S, N) 
*PREPRINT, MODEL=NO, ECHO=NO 
**------------------------------------DEFINITION OF NODES 
*NODE 
1, 0,0,0 
21, 0.0455, 0., 0. 
31, 0.0555, 0., 0. 
81, 0.1000, 0., 0. 

*NGEN, NSET=EDGE1 
1, 21 , 1 
21,31,1 
3J,81,1 

** 
*NCOPY, SHIFT, OLDSET=EDGE1, CHANGE NUMBER=2000, NEWSET=EDGE2 
0,0.0455,0 
0,0,1,0,0,1, ° 
*NCOPY, SHIFT, OLDSET=EDGE1, CHANGE NUMBER=3000, NEWSET=EDGE3 
0,0.0555,0 
0,0,1, 0,0,1, ° 
*NCOPY, SHIFT, OLDSET=EDGE1, CHANGE NUMBER=8000, NEWSET=EDGE4 
0,0.1,0 
0,0,1,0,0,1, ° 

** 
*NFILL, NSET=FACE1 
EDGE1,EDGE2, 20,100 
EDGE2,EDGE3, 10, 100 
EDGE3,EDGE4, 50, 100 
** ----------------------------------- --COPING FACE1 FOR EACH OF THE FACES 
*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACE2, CHANGE NUMBER=10000 
0,0,0.0032 
0,0,1,0,0,1, ° 
*NCOPY, SHIFT, OLDSET=FACEl, NEWSET=FACE3, CHANGE NUMBER=20000 
0,0,0.0032 
0,0,1,0,0,1, ° 
*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACE4, CHANGE NUMBER=30000 
0,0,0.0036 
0,0,1,0,0,1, ° 
*NCOPY, SHIFT, OLDSET=FACEl, NEWSET=FACE5, CHANGE NUMBER=40000 
0,0,0.004 
0,0,1,0,0,1 , ° 
*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACE6, CHANGE NUMBER=50000 
0,0,0.0044 
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0,0,1,0,0,1, ° 
*NCOPY, SHIff, OLDSET=FACE1, NEWSET=FACE7, CHANGE NUMBER=60000 
0,0,0.0048 
0,0,1,0,0,1, ° 
*NCOPY, SHIff, OLDSET=FACE1, NEWSET=FACE8, CHANGE NUMBER=70000 
0,0,0.0048 
0,0,1,0,0,1, ° 
*NCOPY, SHIff, OLDSET=FACE1, NEWSET=FACE9, CHANGE NUMBER=80000 
0,0,0.008 
0,0,1,0,0,1, ° 
**-------------------------------- DEFINITION OF ELEMENTS 
*ELEMENT, TYPE=C3D8R, ELSET=CLAMP _BOT 
1, 1,2,102,101, 10001,10002,10102,10101 
2101, 2001,2002,2102,2101, 12001,12002,12102,12101 
3101,3001,3002,3102,3101, 13001,13002,13102,13101 

*ELGEN, ELSET=CLAMP_BOT 
1,80,1,1,20,100,100 
2101,80,1,1,10,100,100 
3101,30,1,1,50,100,100 

** 
*ELEMENT, TYPE=C3D8R, ELSET=PLATE 
10001, 20001,20002,20102,201 ° 1, 30001,30002,30102,301 ° 1 

*ELGEN,ELSET=PLATE 
10001, 80,1,1, 80,100,100,4,10000,1 0000 

** 
*ELEMENT, TYPE=C3D8R, ELSET=CLAMP _TOP 
50001, 70001,70002,70102,70101, 80001,80002,80102,80101 
52101, 72001,72002,72102,72101, 82001,82002,82102,82101 
53101, 73001,73002,73102,73101, 83001,83002,83102,83101 

*ELGEN, ELSET=CLAMP _TOP 
50001,80,1,1,20,100,100 
52101,80,1,1,10,100,100 
53101,30,1,1, 50,100,100 

**------------------------------- DEFINIION OF SECTIONS 
*SOLID SECTION,ELSET=CLAMP _TOP, MATERIAL=RIGID 
*SOLID SECTION,ELSET=PLATE, MATERIAL=STEEL 
*SOLID SECTION,ELSET=CLAMP _BOT, MATERIAL=RIGID 
**--------------------------------DEFINITION OF RIGID NODES 
*NODE, NSET=NS_REFNODE 
1000000, 0, 0, -0.02 
2000000, 0, 0, 0.02 
'" *----------------------------------DEFINITION OF SURFACES 
*RIGID BODY, REFNODE= 1 000000, ELSET=CLAMP _BOT 
*ELSET, ELSET=CLAMP _BOT_FACEP5, GENERATE 
3031,3080,1 

*ELSET, ELSET=CLAMP _BOT_FACEP4, GENERATE 
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3130,8030,100 
*SURFACE, TYPE=ELEMENT,NAME=SURF_CLAMP _BOT 
CLAMP _BOT,S2 
CLAMP _BOT _F ACEP4,S4 
CLAMP _BOT_FACEP5,S5 

** 
*ELSET, ELSET=PLATE_BOT, GENERATE 
10001,17980,1 

*SURFACE, TYPE=ELEMENT, NAME=SURF _PLATE_BOT 
PLATE_BOT, SI 
** 
*ELSET,ELSET=PLATE_TOP,GENERATE 
40001,47980,1 
*SURFACE, TYPE=ELEMENT, NAME=SURF_PLATE_TOP 
PLATE_TOP, S2 

*ELSET, ELSET=LOAD_PLATE, GENERATE 
43031,43080,1 
43131, 43180, 1 
43231, 43280, 1 
43331, 43380, 1 
43431, 43480, 1 
43531,43580,1 
43631,43680,1 
43731,43780,1 
43831,43880, 1 
43931,43980,1 
44031,44080,1 
44131,44180,1 
44231,44280,1 
44331, 44380, 1 
44431,44480,1 
44531,44580, 1 
44631,44680,1 
44731,44780, 1 
44831,44880,1 
44931,44980,1 
45031,45080,1 
45131, 45180, 1 
45231,45280,1 
45331,45380,1 
45431,45480,1 
45531,45580,1 
45631,45680,1 
45731, 45780, 1 
45831,45880, 1 
45931, 45980, 1 
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46031,46080, 1 
46131,46180,1 
46231,46280,1 
46331,46380,1 
46431, 46480, 1 
46531,46580, 1 
46631,46680,1 
46731, 46780, 1 
46831,46880,1 
46931,46980,1 
47031,47080,1 
47131,47180,1 
47231,47280,1 
47331,47380, 1 
47431,47480, 1 
47531,47580,1 
47631,47680,1 
47731,47780, 1 
47831,47880, 1 
47931,47980,1 
** 
*RIGID BODY, REFNODE=2000000, ELSET=CLAMP _TOP 
*ELSET, ELSET=CLAMP_TOP_FACEP5, GENERATE 
53031,53080,1 
*ELSET, ELSET=CLAMP _TOP _FACEP4, GENERATE 
53130,58030,100 

*SURFACE, TYPE=ELEMENT,NAME=SURF _CLAMP_TOP 
CLAMP _TOP,S 1 
CLAMP_TOP _FACEP4,S4 
CLAMP _TOP _FACEP5,S5 
* *-----------------------------------DEFINITION OF MATERIAL PROPERTIES 
*MA TERIAL, N AME=STEEL 
*INELASTIC HEAT FRACTION 
*ELASTIC 
2.10Ell, .33,0 
1.98Ell, .33,200 
1.75Ell, .33,600 
1.47Ell, .33,700 
1.25E 11, .33, 800 
1.09E 11, .33, 900 
l.OOEll, .33, 1000 
9.70EIO, .33,1100 
*PLASTIC 
2.37E8, 0.000000, 0 
2.51 E8, 0.007185, 0 
2.97E8, 0.025556, 0 
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660 
*RA TE DEPENDENT 
40.4,5 
*DENSITY 
7850 
** 
*MATERIAL, NAME=RIGID 
*ELASTIC 
200E9,0.3 
*DENSITY 
7800. 
**------------------------------DEFINITION OF BOUNDARY CONDITIONS 
*NSET, NSET=XSYMM, GENERATE 
23081,28081,100 
33081,38081,100 
43081,48081,100 
53081,58081,100 
63081,68081,100 
* * ------------------------------
*NSET, NSET=YSYMM, GENERATE 
28031,28081,1 
38031,38081,1 
48031, 48081, 1 
58031,58081,1 
68031,68081,1 
**-----------------------------ALL SYMMETRIC BC CREATED 
*BOUNDARY, OP=NEW, TYPE=DISPLACEMENT 
XSYMM, 1,1,0.0 
YSYMM, 2,2, 0.0 
1000000, 1,6, 0.0 
2000000, 1,2, 0.0 
2000000, 4,6, 0.0 
** 
*NSET,NSET=NS_ALL_PLATE,ELSET=PLATE 
*INITIAL CONDITION, TYPE=TEMPERATURE 
NS_ALL_PLATE,23. 

* *-----------------------------------DEFINITION OF LOAD 
* AMPLITUDE, NAME=BLAST, DEFINITION=TABULAR 
0.0,1.0, 15E-6,1, 15.1 E-6,0.0 
** 
**-----------------------------THE ANALYSIS STEPS BEGIN 
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,0.005E-6 
*CONTACT PAIR, INTERACTION=SMOOTH 
SURF _PLATE_TOP,SURF _CLAMP_TOP 
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SURF _PLA TE_BOT,SURF _CLAMP _BOT 
*SURFACE INTERACTION, NAME=SMOOTH 
* FRICTION 
0.25 
*CLOAD 
2000000,3,-20E6 

*OUTPUT, FIELD, VARIABLE=ALL, OP=NEW, NUMBER INTERV ALS=2 
*END STEP 
* * --------------------------------------------------
*STEP 
*DYNAMIC, EXPLICIT, ADIABA TICS 
,15E-6 
*DLOAD, AMPLITUDE=BLAST 
LOAD_PLATE, P2, 7.66E7 

*OUTPUT, FIELD, VARIABLE=ALL, OP=NEW, NUMBER INTERVALS=100 
*END STEP 
**------------------------------------------------
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,200E-6 
*DLOAD, OP=NEW 
*END STEP 
**---------------------------------------------
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,335E-6 
*DLOAD, OP=NEW 
*END STEP 
**END 
END OF ANALYSIS 
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UNIFORM BLAST LOADING ON CLAMPED SQUARE PLATE USING 
MATERIAL PROPERTIES THAT EXCLUDE TEMPERATURE DEPENDENCY 
*HEADING 
BLAST LOADING OF CLAMPED SQUARE PLATES 
SI UNITS (kg, M, S, N) 
*PREPRINT, MODEL=NO, ECHO=NO 
* * ------------------------------------DEFINIION OF NODES 
*NODE 
1, 0,0,0 
21, 0.0455, 0., 0. 
31, 0.0555, 0., 0. 
81, 0.1000, 0., 0. 

*NGEN, NSET=EDGEI 
1, 21, 1 
21,31,1 
31,81,1 

** 
*NCOPY, SHIFT, OLDSET=EDGE1, CHANGE NUMBER=2000, NEWSET=EDGE2 
0,0.0455,0 
0,0,1,0,0,1, ° 
*NCOPY, SHIFT, OLDSET=EDGEl, CHANGE NUMBER=3000, NEWSET=EDGE3 
0,0.0555,0 
0,0,1, 0,0,1, ° 
*NCOPY, SHIFT, OLDSET=EDGEI, CHANGE NUMBER=8000, NEWSET=EDGE4 
0,0.1,0 
0,0, 1, 0,0,1, ° 

** 
*NFILL, NSET=FACE1 
EDGE1,EDGE2, 20,100 
EDGE2,EDGE3, 10, 100 
EDGE3,EDGE4, 50,100 

** ----------------------------------- COPING FACE1 FOR THE OTHER FACES 
*NCOPY, SHIFT, OLDSET=FACEl, NEWSET=FACE2, CHANGE NUMBER=IOOOO 
0,0,0.0032 
0,0,1,0,0,1, ° 
*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACE3, CHANGE NUMBER=20000 
0,0,0.0032 
0,0,1,0,0,1, ° 

*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACE4, CHANGE NUMBER=30000 
0,0,0.0036 
0,0,1, 0,0,1, ° 
*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACE5, CHANGE NUMBER=40000 
0,0,0.004 
0,0,1,0,0,1, ° 
*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACE6, CHANGE NUMBER=50000 
0,0,0.0044 
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0,0,1,0,0,1, ° 
*NCOPY, SHIff, OLDSET=FACEl, NEWSET=FACE7, CHANGE NUMBER=60000 
0,0,0.0048 
0,0,1,0,0,1, ° 
*NCOPY, SHIff, OLDSET=FACEl, NEWSET=FACE8, CHANGE NUMBER=70000 
0,0,0.0048 
0,0,1, 0,0,1, ° 
*NCOPY, SHIff, OLDSET=FACEl, NEWSET=FACE9, CHANGE NUMBER=80000 
0,0,0.008 
0,0,1,0,0,1, ° 
* * -------------------------------- D EFINITI ON OF ELEMENTS 
*ELEMENT, TYPE=C3D8R, ELSET=CLAMP _BOT 
1,1,2,102,101,10001,10002,10102,10101 
2101,2001,2002,2102,2101,12001,12002,12102,12101 
3101,3001,3002,3102,3101,13001,13002,13102,13101 

*ELGEN, ELSET=CLAMP _BOT 
1,80,1,1,20,100,100 
2101,80,1,1,10,100,100 
3101,30,1,1,50,100,100 
* * -----------------------------
*ELEMENT, TYPE=C3D8R, ELSET=PLATE 
10001, 20001,20002,20102,201 ° 1, 30001,30002,30102,3010 1 

*ELGEN, ELSET=PLATE 
10001, 80,1,1, 80,100,100,4,10000,10000 
* * ------------------------------
*ELEMENT, TYPE=C3D8R, ELSET =CLAMP _TOP 
50001, 70001,70002,70102,70101, 80001,80002,80102,80101 
52101, 72001,72002,72102,72101, 82001,82002,82102,82101 
53101, 73001,73002,73102,73101, 83001,83002,83102,83101 

*ELGEN, ELSET=CLAMP_TOP 
50001,80,1,1,20,100,100 
52101,80,1,1,10,100,100 
53101,30,1,1,50,100,100 

* * ------------------------------- DEFINITION OF SECTIONS 
*SOLID SECTION,ELSET=CLAMP _TOP, MATERIAL=RIGID 
*SOLID SECTION,ELSET=PLATE, MATERIAL=STEEL 
*SOLID SECTION,ELSET=CLAMP _BOT, MATERIAL=RIGID 
**-------------------------------DEFINITION OF RIGID NODES 
*NODE, NSET=NS_REFNODE 
1000000, 0, 0, -0.02 
2000000, 0, 0, 0.02 
* 8---------------------------------DEFINIION OF SURFACES 
*RIGID BODY, REFNODE= 1 000000, ELSET=CLAMP _BOT 
*ELSET, ELSET=CLAMP _BOT _FACEP5, GENERATE 
3031,3080,1 

*ELSET, ELSET=CLAMP _BOT _FACEP4, GENERATE 
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3130,8030,100 
*SURFACE, TYPE=ELEMENT,NAME=SURF _CLAMP_BOT 
CLAMP _BOT,S2 
CLAMP_BOT _FACEP4,S4 
CLAMP_BOT _FACEP5,S5 

* *------------------------------- PLATE SURFACES 
*ELSET, ELSET=PLATE_BOT, GENERATE 
10001,17980,1 

*SURFACE, TYPE=ELEMENT, NAME=SURF _PLATE_BOT 
PLA TE_BOT, S 1 

** 
*ELSET, ELSET=PLATE_TOP, GENERATE 
40001,47980,1 
* SURFACE, TYPE=ELEMENT, N AME=SURF _PLA TE_ TOP 
PLATE_TOP, S2 
*ELSET,ELSET=LOAD_PLATE,GENERATE 
43031, 43080, 1 
43131,43180,1 
43231,43280,1 
43331, 43380, 1 
43431,43480,1 
43531,43580,1 
43631,43680,1 
43731,43780,1 
43831,43880,1 
43931, 43980, 1 
44031,44080,1 
44131,44180,1 
44231,44280,1 
44331,44380,1 
44431,44480,1 
44531,44580,1 
44631,44680,1 
44731,44780, 1 
44831,44880,1 
44931,44980,1 
45031,45080,1 
45131,45180,1 
45231,45280,1 
45331,45380,1 
45431,45480,1 
45531,45580,1 
45631,45680,1 
45731,45780,1 
45831 , 45880, 1 
45931,45980,1 
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46031,46080, 1 
46131, 46180, I 
46231, 46280, 1 
46331,46380,1 
46431,46480,1 
46531, 46580, 1 
46631, 46680, 1 
46731, 46780, 1 
46831,46880,1 
46931,46980,1 
47031, 47080, 1 
47131,47180,1 
47231,47280, 1 
47331,47380, 1 
47431,47480,1 
47531, 47580, I 
47631,47680,1 
47731,47780, 1 
47831,47880, I 
47931,47980,1 
** 
*RIGID BODY, REFNODE=2000000, ELSET=CLAMP _TOP 
*ELSET, ELSET=CLAMP _TOP _FACEP5, GENERATE 
53031,53080,1 
*ELSET, ELSET=CLAMP _TOP _FACEP4, GENERATE 
53130,58030,100 
* SURFACE, TYPE=ELEMENT,N AME=SURF _CLAMP _TOP 
CLAMP _TOP,S 1 
CLAMP_TOP _FACEP4,S4 
CLAMP_TOP _FACEP5,S5 
**-----------------------------------DEFINITION OF MATERIL PROPERTIES 
*MA TERIAL, NAME=STEEL 
*INELASTIC HEAT FRACTION 
*ELASTIC 
2.10Ell 
*PLASTIC 
2.37E8, 0.000000 
2.51E8,0.007185 
2.97E8, 0.025556 
3.52E8,0.051413 
4.l0E8,0.091745 
4.35E8, 0.115659 
4.63E8,0.150734 
4.79E8,0.174145 
4.95E8,0.204152 
5.04E8,0.226766 
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UNIFORM BLAST LOADING ON BUILT-IN PLATE USING MATERIAL 
PROPERTIES THAT INCLUDE TEMPERATURE DEPENDENCY 
*HEADING 
BLAST LOADING OF SQUARE PLATES 
SI UNITS (kg, M, S, N) 
*PREPRINT, MODEL=NO, ECHO=NO 
**------------------------------------DEFINITION OF NODES 
*NODE 
1, 0,0,0 
21 , 0.0555, 0., O. 
41,0.1000,0., O. 
*NGEN, NSET=EDGE1 
1, 21 , 1 
21 , 41,1 

** 

215 

*NCOPY, SHIFT, OLDSET=EDGE1 , CHANGE NUMBER=2000, NEWSET=EDGE2 
0,0.0555,0 
0,0,1,0,0,1,0 
*NCOPY, SHIFT, OLDSET=EDGE1, CHANGE NUMBER=4000, NEWSET=EDGE3 
0,0.1,0 
0,0,1,0,0,1,0 

** 
*NFILL, NSET=FACE1 
EDGE1,EDGE2,20, 100 
EDGE2,EDGE3, 20, 100 

** ----------------------------------- COPYING FACE1 FOR EACH OF THE FACEI 
*NCOPY, SHIFT, OLDSET=FACEl , NEWSET=FACE2, CHANGE NUMBER=lOOOO 
0,0,0.02 
0,0,1,0,0,1,0 
*NCOPY, SHIFT, OLDSET=FACE1 , NEWSET=FACE3, CHANGE NUMBER=20000 
0,0,0.0204 
0,0,1,0,0,1,0 
*NCOPY, SHIFT, OLDSET=FACE1 , NEWSET=FACE4, CHANGE NUMBER=30000 
0,0,0.0208 
0,0,1,0,0,1,0 
*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACE5 , CHANGE NUMBER=40000 
0,0,0.0212 
0,0,1, 0,0,1,0 
*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACE6, CHANGE NUMBER=50000 
0,0,0.0216 
0,0, [, 0,0,1, 0 
*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACE7, CHANGE NUMBER=60000 
0,0,0.0416 
0,0,1,0,0,1,0 
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* *--------------------------------DEFINITION OF ELEMENTS 
*ELEMENT, TYPE=C3D8R, ELSET=CLAMP _BOT 
1, 1,2,102,101, 10001,10002,10102,10101 
2101,2001,2002,2102,2101,12001,12002,12102,12101 

*ELGEN, ELSET=CLAMP _BOT 
1, 40,1,1, 20,100,100 
2101,20,1,1,20,100,100 
* * -----------------------------
*ELEMENT, TYPE=C3D8R, ELSET=PLATE 
10001, 10001,10002,10102,10 1 01,20001,20002,20102,20101 

*ELGEN, ELSET=PLATE 
10001,40,1,1,40,100,100,4,10000,10000 
* * ------------------------------
*ELEMENT, TYPE=C3D8R, ELSET =CLAMP _TOP 
50001, 50001,50002,50102,50101,60001,60002,60102,60101 
52101, 52001,52002,52102,52101,62001,62002,62102,62101 

*ELGEN, ELSET=CLAMP _TOP 
50001,40,1,1, 20,100,100 
52101,20,1,1,20,100,100 
* * -------------------------------DEFINITION 0 F SECTIONS 
*SOLID SECTION,ELSET=CLAMP _TOP, MATERIAL=STEEL 
*SOLID SECTION,ELSET=PLATE, MATERIAL=STEEL 
*SOLID SECTION,ELSET=CLAMP _BOT, MATERIAL=STEEL 
* * -------------------------------
*ELSET, ELSET=PLATE_BOT, GENERATE 
10001,13940,1 

*ELSET, ELSET=LOAD_PLATE, GENERATE 
42021, 42040, 1 
42121,42140,1 
42221,42240,1 
42321,42340,1 
42421,42440,1 
42521,42540,1 
42621, 42640, 1 
42721,42740, 1 
42821,42840,1 
42921,42940,1 
43021,43040,1 
43121,43140,1 
43221,43240,1 
43321,43340,1 
43421, 43440, 1 
43521, 43540, 1 
43621,43640,1 
43721, 43740, 1 
43821,43840, 1 
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8.75E6, 0.204152, 700 
8.92E6, 0.226766, 700 
9.03E6, 0.247764, 700 
8.87E6, 0.280197, 700 
6.48E4, 0.000000, 1000 
6.85E4, 0.007185, 1000 
8.14E4, 0.025556, 1000 
9.63E4, 0.051413, 1000 
11.2E4, 0.091745, 1000 
11.9E4,0.115659,1000 
12.7E4, 0.150734, 1000 
13.lE4, 0.174145,1000 
13.5E4, 0.204152, 1000 
13.8E4, 0.226766, 1000 
13.9E4, 0.247764, 1000 
13.7E4, 0.280197, 1000 
*SPECIFIC HEAT 
660 
*RA TE DEPENDENT 
40.4,5 
*DENSITY 
7850 
* *------------------------------------DEFINITION OF BOUNDAR Y NODES 
*NSET, NSET=XSYMM, GENERATE 
12041,14041,100 
22041,24041,100 
32041,34041,100 
42041,44041,100 
52041,54041,100 
* * ------------------------------
*NSET, NSET=YSYMM, GENERATE 
14021, 14041, 1 
24021, 24041, 1 
34021,34041, 1 
44021,44041,1 
54021,54041,1 
* * ------------------------------
*NSET, NSET=BOUND1, GENERATE 
1, 41, 1 
10001, 1 0041, 1 
20001,20041,1 
30001,30041,1 
40001 , 40041, 1 
50001,50041,1 
60001,60041,1 
*NSET,NSET=BOUND2,GENERATE 
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41, 2041, 100 
10041, 12041, 100 
20041,22041,100 
30041,32041,100 
40041,42041,100 
50041,52041,100 
60041,62041, 100 
*NSET, NSET=BOUND3, GENERATE 
4001, 4021, 1 
1400 1, 14021, 1 
24001,24021, 1 
34001,34021,1 
44001 , 44021, 1 
54001 , 54021, 1 
64001 , 64021, 1 
*NSET, NSET=BOUND4, GENERATE 
1, 4001, 100 
10001, 14001, 100 
20001,24001, 100 
30001,34001,100 
40001,44001,100 
50001,54001,100 
60001, 64001, 100 
**-----------------------------DEFINITION OF BOUNDARY CONDITIONS 
*BOUNDARY, OP=NEW, TYPE=DISPLACEMENT 
XSYMM, 1, 1,0.0 
YSYMM, 2, 2, 0.0 
BOUNDl, 1,6,0.0 
BOUND2, 1, 6, 0.0 
BOUND3, 1, 6, 0.0 
BOUND4, 1, 6, 0.0 
~,*----------------------------

*NSET,NSET=NS_ALL_PLATE,ELSET=PLATE 
*INITIAL CONDITION, TYPE=TEMPERATURE 
NS_ALL_PLATE, 23 . 

* *-------------------------------DEFINITION OF LOAD 
* AMPLITUDE, NAME=BLAST, DEFINITION=TABULAR 
0.0,1.0, 15E-6,1, 15.1E-6,0.0 
**---------------------------- ANALYSIS STEPS BEGIN 
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,15E-6 
*DLOAD, AMPLITUDE=BLAST 
LOAD _PLA TE, P2, 7.66E7 

*OUTPUT, FIELD, VARIABLE=ALL, OP=NEW, NUMBER INTERVALS=100 
*END STEP 
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* * ------------------------------------
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,35E-6 
*DLOAD, OP=NEW 
*END STEP 
* * ----------------------------------------
*STEP 
*DYNAMIC, EXPLICIT, ADIABA TICS 
,100E-6 
*DLOAD,OP=NEW 
*END STEP 
**END 
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UNIFORM BLAST LOADING ON BUILT-IN SQUARE PLATE USING 
MATERIAL PROPERTIES THAT EXCLUDE TEMPERATURE DEPENDENCY 
*HEADING 
BLAST LOADING OF BUILT-IN SQUARE PLATES 
SI UNITS (kg, M, S, N) 
*PREPRINT, MODEL=NO, ECHO=NO 
**------------------------------------DEFINITION OF NODES 
*NODE 
1, 0,0,0 
21, 0.0455, 0., 0. 
31, 0.0555, 0., 0. 
81,0.1000,0.,0. 

*NGEN, NSET=EDGEI 
1, 21, 1 
21,31, 1 
31,81,1 

** 
*NCOPY, SHIFT, OLDSET=EDGEl, CHANGE NUMBER=2000, NEWSET=EDGE2 
0,0.0455,0 
0,0,1,0,0,1, ° 
*NCOPY, SHIFT, OLDSET=EDGE1, CHANGE NUMBER=3000, NEWSET=EDGE3 
0,0.0555,0 
0,0,1,0,0,1, ° 
*NCOPY, SHIFT, OLDSET=EDGE1, CHANGE NUMBER=8000, NEWSET=EDGE4 
0,0.1,0 
0,0,1,0,0,1, ° 

** 
*NFILL, NSET=FACE1 
EDGE1 ,EDGE2, 20, 100 
EDGE2,EDGE3, 10, 100 
EDGE3,EDGE4, 50, 100 
** ----------------------------------- COPING FACE1 FOR EACH OF THE FACES 
*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACE2, CHANGE NUMBER=10000 
0,0,0.0032 
0,0,1, 0,0,1, ° 
*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACE3, CHANGE NUMBER=20000 
0,0,0.0036 
0,0,1, 0,0,1, ° 
*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACE4, CHANGE NUMBER=30000 
0,0,0.004 
0,0,1, 0,0,1, ° 
*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACE5, CHANGE NUMBER=40000 
0,0,0.0044 
0,0,1,0,0,1, ° 
*NCOPY, SHIff, OLDSET=FACEl, NEWSET=FACE6, CHANGE NUMBER=50000 
0,0,0.0048 
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0,0,1,0,0,1, ° 
*NCOPY, SHIff, OLDSET=FACEL, NEWSET=FACE7, CHANGE NUMBER=60000 
0,0,0.0052 
0,0,1,0,0,1, ° 
* * --------------------------------DEFINITION OF ELEMENTS 
*ELEMENT, TYPE=C3D8R, ELSET=BUILT_BOT 
1, 1,2,102,101, 10001,10002,10102,10101 
2101, 2001 ,2002,2102,21 ° 1, 12001,12002,12102,121 ° 1 
310 1, 3001,3002,3102,31 ° 1, 13001,13002,13102,1310 1 

*ELGEN, ELSET=BUILT_BOT 
1,80,1,1,20,100,100 
2101,80,1,1,10,100,100 
3101,30,1, 1 ,50, 100, 100 
* * -----------------------------
*ELEMENT, TYPE=C3D8R, ELSET=PLATE 
J 0001,20001,20002,20102,20101,30001,30002,30102,30101 

*ELGEN,ELSET=PLATE 
10001, 80,1,1, 80,100,100,4,10000,LOOOO 

**------------------------------- DEFINITION OF SECTIONS 
*SOLID SECTION,ELSET=PLATE, MATERIAL=STEEL 
*SOLID SECTION,ELSET=BUILT_BOT, MATERIAL=STEEL 
** 
*ELSET, ELSET=BUILT_BOT_FACEP5, GENERATE 
3031,3080,1 

*ELSET, ELSET=BUILT_BOT_FACEP4, GENERATE 
3130,8030,100 
*SURFACE, TYPE=ELEMENT,NAME=SURF _BUILT_BOT 
BUILT_BOT,S2 
BUILT_BOT _FACEP4,S4 
BUILT_BOT_FACEP5,S5 
~,*--------------------------------

*ELSET, ELSET=PLATE_BOT, GENERATE 
10001,17980,1 

*SURFACE, TYPE=ELEMENT, NAME=SURF _PLATE_BOT 
PLATE_BOT, SI 
** 
*ELSET,ELSET=PLATE_TOP,GENERATE 
40001,47980,1 
*SURFACE, TYPE=ELEMENT, NAME=SURF_PLATE_TOP 
PLATE_TOP, S2 

* *-------------------------------DEFINITION OF SURFACES 
*ELSET, ELSET=LOAD_PLATE, GENERATE 
43031, 43080, 1 
43131,43180,1 
43231, 43280, I 
43331, 43380, 1 
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44131,441 1 
44231, 1 
44331, 1 
44431,44480,1 

1 
1 
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* *-----------------------------------DEFINITION OF MATERIAL PROPER TIES 
*MA TERIAL, N AME=STEEL 
*INELASTIC HEAT FRACTION 
*ELASTIC 
2.10E11, .33 
*PLASTIC 
2.37E8, 0.000000 
2.51E8,0.007185 
2.97E8, 0.025556 
3.52E8,0.051413 
4.10E8,0.091745 
4.35E8, 0.115659 
4.63E8,0.150734 
4.79E8,0.174145 
4.95E8,0.204152 
5.04E8, 0.226766 
5.11E8,0.247764 
5.01E8,0.280197 
*SPECIFIC HEAT 
660 
*RATE DEPENDENT 
40.4,5 
*DENSITY 
7850 
* * ----------------------------------D EFINITI 0 N OF BOUNDARY CO ND ITI 0 N S 
*NSET, NSET=XSYMM, GENERATE 
23081,28081,100 
33081,38081, 1 00 
43081,48081,100 
53081,58081,100 
63081,68081,100 
*,~------------------------------

*NSET, NSET=YSYMM, GENERATE 
28031,28081,1 
38031,38081,1 
48031,48081,1 
58031,58081,1 
68031,68081,1 
* * --------------------------
*NSET, NSET=BOUND 1, GENERATE 
1, 81, 1 
10001,10081,1 
20001,20081,1 
30001,30081, 1 
40001,40081, 1 
50001,50081,1 
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1 , 1, 1 
JOOO 1, 18001, 1 
20001, 1, 1 

1, 1, 100 
4000 1 , 1, JOO 
50001, 1,1 
60001,6800 I, 100 
* * -----------------------------

1,1,0.0 
2,2,0.0 

1,1,6,0.0 
1,6,0.0 

**----------------------------------------------

**------------------------------------------------
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,235E-6 
*DLOAD, OP=NEW 
*END STEP 
**END 
**END OF ANALYSIS 
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UNIFORM BLAST LOADING ON CLAMPED RECTANGULAR BEAM USING 
MATERIAL PROPERTIES THAT INCLUDE TEMPERATURE DEPENDENCY 
*HEADING 
BLAST LOADING OF CLAMPED RECTANGULAR BEAMS 
SI UNITS (Kg, M, S, N) 
*PREPRINT, MODEL=NO, ECHO=NO 
* * ------------------------------------DEFINITION OF NODES 
*NODE 
I, 0,0,0 
16,0.0254,0., O. 
31, 0.0508, 0., O. 
81,0.1524,0., O. 

*NGEN, NSET=EDGEI 
1, 16, 1 
16,31, 1 
31,81,1 

** 
*NCOPY, SHIff, OLDSET=EDGEl, CHANGE NUMBER=2000, NEWSET=EDGE2 
0,0.0127,0 
0, 0, I, 0, 0,1, 0 

*NFILL, NSET=FACEI 
EDGEI ,EDGE2, 20, 100 

** ----------------------------------------- FACEI FOR EACH OF THE FACES 
*NCOPY, SHIff, OLDSET=FACEl, NEWSET=FACE2, CHANGE NUMBER=10000 
0,0,0.0032 
0,0, 1,0,0, 1,0 
*NCOPY, SHIff, OLDSET=FACEI, NEWSET=FACE3, CHANGE NUMBER=20000 
0,0,0.0032 
0,0, I, 0,0,1, 0 
*NCOPY, SHIff, OLDSET=FACEl, NEWSET=FACE4, CHANGE NUMBER=30000 
0,0,0.0041525 
0,0,1, 0,0,1, 0 
*NCOPY, SHIff, OLDSET=FACEI, NEWSET=FACE5, CHANGE NUMBER=40000 
0,0,0.005105 
0,0,1, 0,0,1, 0 
*NCOPY, SHIff, OLDSET=FACE1, NEWSET=FACE6, CHANGE NUMBER=50000 
0,0,0.0060575 
0,0,1,0,0,1,0 
*NCOPY, SHIff, OLDSET=FACEl, NEWSET=FACE7, CHANGE NUMBER=60000 
0,0,0.00701 
0,0,1,0,0,1,0 
*NCOPY, SHIff, OLDSET=FACEI, NEWSET=FACE8, CHANGE NUMBER=70000 
0,0,0.0079625 
0,0, I, 0,0,1, 0 
*NCOPY, SHIff, OLDS ET=FACE 1 , NEWSET=FACE9, CHANGE NUMBER=80000 
0,0,0.008915 
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0,0,1,0,0,1, ° 
*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACEI0, CHANGE 
NUMBER=90000 
0,0,0.0098675 
0,0,1,0,0,1, ° 
*NCOPY, SHIFT, OLDSET=FACEl, NEWSET=FACEll, CHANGE 
NUMB ER= 100000 
0,0,0.01082 
0,0,1,0,0,1, ° 
*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACE12, CHANGE 
NUMBER=110000 
0,0,0.0117725 
0,0,1,0,0,1, ° 

*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACE13, CHANGE 
NUMB ER= 120000 
0,0,0.012725 
0,0,1,0,0,1, ° 
*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACE14, CHANGE 
NUMBER= 130000 
0,0,0.012725 
0,0,1, 0,0,1, ° 
*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACE15, CHANGE 
NUMBER= 140000 
0,0,0.015925 
0,0,1, 0,0,1, ° 
* *--------------------------------------------DEFINITION OF ELEMENTS 
*ELEMENT, TYPE=C3D8R, ELSET=CLAMP _BOT 
1, 1,2,102,101, 10001,10002,10102,10101 

*ELGEN, ELSET=CLAMP _BOT 
1, 30,1,1, 20,100,100 

** 
*ELEMENT, TYPE=C3D8R, ELSET=BEAM 
10001,20001,20002,20102,20101,30001,30002,30102,30101 

*ELGEN, ELSET=BEAM 
10001,80,1,1,20,100,100,10,10000,10000 

** 
*ELEMENT, TYPE=C3D8R, ELSET=CLAMP _TOP 
110001, 130001,130002,130102,130101, 140001,140002,140102,140101 

*ELGEN, ELSET=CLAMP _TOP 
110001,30,1,1,20,100,100 
* * ----------------------------------DEFINITION OF SECTIONS 
*SOLID SECTION,ELSET=CLAMP _TOP, MATERIAL=RIGID 
*SOLID SECTION,ELSET=BEAM, MATERIAL=ALUMINIUM 
*SOLID SECTION,ELSET=CLAMP _BOT, MATERIAL=RIGID 

228 



Univ
ers

ity
 of

 C
ap

e T
ow

n

Appendix D - Input deck for rectangular beam 

**----------------------------------DEANITION OF RIGID BODY NODES 
*NODE, NSET=NS_REFNODE 
1000000, 0, 0, -0.05 
2000000, 0, 0, 0.05 
**----------------------------------DEANITION OF SURFACES 
*RIGID BODY, REFNODE=1000000, ELSET=CLAMP_BOT 
*ELSET, ELSET=CLAMP_BOT_FACEP4, GENERATE 
30,1930,100 

*SURFACE, TYPE=ELEMENT,NAME=SURF _CLAMP_BOT 
CLAMP _BOT,S2 
CLAMP_BOT _FACEP4,S4 

** 
*ELSET, ELSET=BEAM_BOT, GENERATE 
10001,11980,1 

*SURFACE, TYPE=ELEMENT, NAME=SURF _BEAM_BOT 
BEAM_BOT, Sl 

** 
*ELSET, ELSET=BEAM_TOP, GENERATE 
100001,101980,1 

*SURFACE, TYPE=ELEMENT, NAME=SURF _BEAM_TOP 
BEAM_TOP, S2 

** 
*ELSET, ELSET=LOAD_BEAM, GENERATE 
100031, 100080, 1 
100131,100180,1 
100231, 100280, 1 
100331, 100380, 1 
100431, 100480, 1 
100531,100580,1 
100631, 100680, 1 
100731, 100780, 1 
100831,100880,1 
100931, 100980, 1 
101031, 101080, 1 
101131, 101180, 1 
101231,101280,1 
101331, 101380, 1 
101431,101480,1 
101531,101580,1 
101631,101680,1 
101731,101780,1 
101831,101880,1 
101931, 101980, 1 
*RIGID BODY, REFNODE=2000000, ELSET=CLAMP _TOP 
*ELSET, ELSET=CLAMP _TOP _FACEP4, GENERATE 
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32001, 32031, 1 
42001, 42031, 1 
52001, 52031, 
62001, 62031, 
7200 I , 72031, 
82001, 82031, 
92001, 92031, 1 
102001, 102031, 1 
112001, 112031, 1 
122001, 122031, 1 
*NSET,NSET=B4,GENERATE 
120030, 122030, 100 
** 
*BOUNDAR Y, OP=NEW, TYPE=DISPLACEMENT 
XSYMM, 1,1,0.0 
YSYMM, 2,2, 0.0 
Bl, 1,6,0.0 
B2,1,6,0.0 
B3, 1,6,0.0 
B4, 1,6,0.0 
1000000, 1,6, 0.0 
2000000, 1,2, 0.0 
2000000, 4,6, 0.0 

** 
*NSET, NSET=NS_ALL_BEAM, ELSET=BEAM 
*INITIAL CONDITION, TYPE=TEMPERATURE 
NS_ALL_BEAM, O. 

* * -----------------------------------D EFINITI ON OF LOAD 
*AMPLITUDE, NAME=BLAST, DEFINITION=TABULAR 
0.0,1.0, 30E-6,1, 30.1 E-6,0.0 
* *-----------------------------AN AL YSIS STEPS BEGIN 
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,0.005E-6 
*CONT ACT PAIR, INTERACTION =SMOOTH 
SURF _BEAM_TOP,SURF _CLAMP_TOP 
SURF _BEAM_BOT,SURF _CLAMP _BOT 
*SURFACE INTERACTION, NAME=SMOOTH 
*FRICTION 
0.35 
*CLOAD 
2000000,3,-1 E5 

*OUTPUT, FIELD, VARIABLE=ALL, OP=NEW, NUMBER INTERVALS=2 
*END STEP 
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0,0,1, 0,0,1, 0 
*NCOPY, SHIFT, OLDSET=FACEl, NEWSET=FACEI0, CHANGE 
NUMBER=90000 
0,0,0.0098675 
0,0,1,0,0,1,0 
*NCOPY, SHIFT, OLDSET=FACEl, NEWSET=FACEll, CHANGE 
NUMBER= 1 00000 
0,0,0.01082 
0,0,1,0,0,1,0 
*NCOPY, SHIFT, OLDSET=FACEl, NEWSET=FACEI2, CHANGE 
NUMBER=110000 
0,0,0.0117725 
0,0,1,0,0,1,0 
*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACEI3, CHANGE 
NUMBER= 120000 
0,0,0.012725 
0,0,1,0,0,1,0 
*NCOPY, SHIFT, OLDSET=FACE1, NEWSET=FACEI4, CHANGE 
NUMBER=130000 
0,0,0.012725 
0,0,1,0,0,1,0 
*NCOPY, SHIFT, OLDSET=FACEl, NEWSET=FACE15, CHANGE 
NUMBER= 140000 
0,0,0.015925 
0,0,1,0,0,1,0 
**--------------------------------------------DEFINITION OF ELEMENTS 
*ELEMENT, TYPE=C3D8R, ELSET=CLAMP _BOT 
1,1,2,102,101,10001,10002,10102,10101 

*ELGEN, ELSET=CLAMP _BOT 
1, 30,1,1, 20,100,100 

** 
*ELEMENT, TYPE=C3D8R, ELSET=BEAM 
10001, 20001,20002,20102,20101,30001,30002,30102,30101 

*ELGEN, ELSET=BEAM 
10001, 80,1,1, 20,100,100, 10,10000,10000 

** 
*ELEMENT, TYPE=C3D8R, ELSET=CLAMP _TOP 
110001, 130001,130002,130102,130101, 140001,140002,140102,140101 

*ELGEN, ELSET=CLAMP _TOP 
110001,30,1,1,20,100,100 
* *----------------------------------DEFINITION OF SECTIONS 
*SOLID SECTION,ELSET=CLAMP _TOP, MATERIAL=RIGID 
*SOLID SECTION,ELSET=BEAM, MATERIAL=ALUMINIUM 
*SOLID SECTION,ELSET=CLAMP _BOT, MATERlAL=RIGID 
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**----------------------------------DEFINITION OF RIGID BODY NODES 
*NODE,NSET=NS_REFNODE 
1000000, 0, 0, -0.05 
2000000, 0, 0, 0.05 
* * ----------------------------------DEFINITION 0 F SURFACES 
*RIGID BODY, REFNODE=1000000, ELSET=CLAMP _BOT 
*ELSET, ELSET=CLAMP_BOT_FACEP4, GENERATE 
30,1930,100 

*SURFACE, TYPE=ELEMENT,NAME=SURF _CLAMP_BOT 
CLAMP _BOT,S2 
CLAMP _BOT _FACEP4,S4 

** 
*ELSET, ELSET=BEAM_BOT, GENERATE 
10001,11980,1 

*SURFACE, TYPE=ELEMENT, NAME=SURF _BEAM_BOT 
BEAM_BOT, Sl 
** 
*ELSET, ELSET=BEAM_TOP, GENERATE 
100001,101980,1 

*SURFACE, TYPE=ELEMENT, NAME=SURF _BEAM_TOP 
BEAM_TOP, S2 

** 
*ELSET, ELSET=LOAD_BEAM, GENERATE 
100031, 100080, 1 
100131,100180,1 
100231, 100280, 1 
100331, 100380, 1 
100431, 100480, 1 
100531, 100580, 1 
100631, 100680, 1 
100731, 100780, 1 
100831, 100880, 1 
100931, 100980, 1 
101031,101080,1 
101131,101180,1 
101231,101280,1 
101331,101380,1 
101431,101480,1 
101531,101580,1 
101631,101680,1 
101731,101780,1 
101831,101880,1 
101931,101980,1 
*RIGID BODY, REFNODE=2000000, ELSET=CLAMP _TOP 
*ELSET, ELSET=CLAMP _TOP _FACEP4, GENERATE 
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110030,111930,100 
*SURFACE, TYPE=ELEMENT,NAME=SURF_CLAMP _TOP 
CLAMP _TOP,S 1 
CLAMP_TOP _FACEP4,S4 
* *-----------------------------------DEFINITIO N OF MATERIAL PROPERTIES 
*MA TERIAL, NAME=ALUMINIUM 
*INELASTIC HEAT FRACTION 
*ELASTIC 
7.24EI0, .32 
*PLASTIC 
2.81E8,0.000000 
2.83E8, 0.007150 
2.86E8, 0.007710 
2.88E8, 0.008070 
2.90E8, 0.008480 
2.93E8, 0.009030 
2.95E8, 0.009670 
2.97E8,0.010200 
2.99E8,0.010800 
3.00E8,0.011300 
3.03E8,0.013400 
3.01E8,0.013900 
*RATE DEPENDENT 
6500,4 
*DENSITY 
2686 
** 
*MATERIAL, NAME=RIGID 
*ELASTIC 
200E9,0.3 
*DENSITY 
2686. 
**-------------------------------DEFINITION OF BOUNDARY CONDITIONS 
*NSET, NSET=XSYMM, GENERATE 
20081, 22081,100 
30081, 32081, 100 
40081, 42081,100 
50081, 52081,100 
60081, 62081,100 
70081, 72081,100 
80081, 82081, 100 
90081, 92081,100 
100081,102081, 100 
110081,112081,100 
120081,123081,100 

** 
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J, 1 
1,1 
1, 1 
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1, J 
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1, I 
1, 1 
1, 1 
1, 1 
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112001, 112031, 1 
122001, 122031, 1 
*NSET, NSET=B4, GENERATE 
120030, 122030, 100 
** 
*BOUNDARY, OP=NEW, TYPE=DISPLACEMENT 
XSYMM, 1,1,0.0 
YSYMM, 2,2, 0.0 
B1, 1,6,0.0 
B2, 1,6,0.0 
B3, 1,6,0.0 
B4, 1,6,0.0 
1000000, 1,6, 0.0 
2000000, 1,2, 0.0 
2000000, 4,6, 0.0 
* * -----------------------------------D EFINITI 0 N 0 F LOAD 
* AMPLITUDE, NAME=BLAST, DEFINITION=TABULAR 
0.0,1.0, 30E-6,1, 30.1 E-6,O.0 
**-----------------------------ANAL YSIS STEPS BEGIN 
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,O.005E-6 
*CONT ACT PAIR, INTERACTION=SMOOTH 
SURF _BEAM_TOP,SURF _CLAMP_TOP 
SURF _BEAM_BOT,SURF _CLAMP_BOT 
*SURFACE INTERACTION, NAME=SMOOTH 
*FRICTION 
0.35 
*CLOAD 
2000000,3,-lE5 
*OUTPUT, FIELD, VARIABLE=ALL, OP=NEW, NUMBER INTERVALS=2 
*END STEP 
** 
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,30E-6 
*DLOAD, AMPLITUDE=BLAST 
LOAD_BEAM, n, 5.92E7 

*OUTPUT, FIELD, V ARIABLE=ALL, OP=NEW, NUMBER INTERV ALS= 100 
*END STEP 
** 
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,470E-6 
*DLOAD, OP=NEW 
*END STEP 
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0,0,1, 0,0,1, a 
*NCOPY, SHIff, OLDSET=FACEl, NEWSET=FACE1 0, CHANGE 
NUMBER=90000 
0,0,0.0098675 
0,0,1, 0,0,1, a 
*NCOPY, SHIff, OLDSET=FACE1, NEWSET=FACE11, CHANGE 
NUMBER= 100000 
0,0,0.01082 
0,0,1 , 0,0,1, a 

*NCOPY, SHIff, OLDSET=FACE1, NEWSET=FACE12, CHANGE 
NUMBER= 11 0000 
0,0,0.0117725 
0,0,1, 0,0,1, a 
*NCOPY, SHIff, OLDSET=FACEl, NEWSET=FACE13, CHANGE 
NUMBER= 120000 
0,0,0.012725 
0,0,1, 0,0,1, a 
* *--------------------------------------------D EFINITI ON OF ELEMENTS 
*ELEMENT, TYPE=C3D8R, ELSET=CLAMP _BOT 
1, 1,2,102,101, 10001,10002,1 01 02, 1 01 01 

*ELGEN, ELSET=CLAMP _BOT 
1,30,1,1,20,100,100 
*,~-----------------------------

*ELEMENT, TYPE=C3D8R, ELSET=BEAM 
1000 1, 2000 1,20002,20 1 02,20 1 01, 3000 1,30002,30 102,30 10 1 

*ELGEN, ELSET=BEAM 
10001, 80,1,1,20,100,100, 10,10000,10000 

* *----------------------------------DEINITI ON OF SECTn ON 
*SOLID SECTION,ELSET=BEAM, MATERIAL=ALUMINIUM 
*SOLID SECTION,ELSET=CLAMP _BOT, MATERlAL=RIGID 
**----------------------------------DEFINITION OF RIGID BODY NODE 
*NODE,NSET=NS_REFNODE 
1000000, 0, 0, -0.05 
**-----------------------------------DEFINITION OF SURFACES 
*RIGID BODY, REFNODE=l 000000, ELSET=CLAMP _BOT 
*ELSET, ELSET=CLAMP_BOT_FACEP4, GENERATE 
30,1930,100 
* SURFACE, TYPE=ELEMENT,N AME=SURF _CLAMP_BOT 
CLAMP _BOT,S2 
CLAMP _BOT _F ACEP4,S4 

** 
*ELSET, ELSET=BEAM_BOT, GENERATE 
10001,11980,1 

*SURFACE, TYPE=ELEMENT, NAME=SURF _BEAM_BOT 
BEAM_BOT, S 1 

** 
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*ELSET, ELSET=BEAM_TOP, GENERATE 
100001,101980,1 

*SURFACE, TYPE=ELEMENT, NAME=SURF _BEAM_TOP 
BEAM_TOP, S2 

** 
*ELSET, ELSET=LOAD_BEAM, GENERATE 
100031, 100080, 1 
100131,100180,1 
100231, 100280, 1 
100331, 100380, 1 
100431, 100480, 1 
100531, 100580, 1 
100631, 100680, 1 
100731, 100780, 1 
100831, 100880, 1 
100931, 100980, 1 
101031,101080,1 
101131,101180,1 
101231 , 101280, 1 
101331 , 101380,1 
101431,101480,1 
101531,101580,1 
101631,101680,1 
101731,101780,1 
101831,101880,1 
101931,101980,1 
**-----------------------------------DEFINITION OF MATERIAL PROPERTIES 
*MATERIAL, NAME=ALUMINIUM 
*INELASTIC HEAT FRACTION 
*ELASTIC 
7.24ElO, .32,0 
6.07E 1 0, .32, 25 
3.74E10, .32, 100 
3.24ElO, .32,200 
3.02E10, .32,300 
*PLASTIC 
2.81 E8, 0.000000, 0 
2.83E8, 0.007150, 0 
2.86E8, 0.007710, 0 
2.88E8, 0.008070, 0 
2.90E8, 0.008480, 0 
2.93E8, 0.009030, 0 
2.95E8, 0.009670, 0 
2.97E8, 0.010200, 0 
2.99E8, 0.010800, 0 
3.00E8, 0.011300, 0 
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1 

1, 1 
1, 1 
1,1 
1, 1 
1, 1 
1, 1 
1, 1 

1, 
1, 1 
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** 
*NSET, NSET=NS_ALL_BEAM, ELSET=BEAM 
*INITIAL CONDITION, TYPE=TEMPERATURE 
NS_ALL_BEAM, O. 

* *-------------------------------DEFINITION OF LOAD 
* AMPLITUDE, NAME=BLAST, DEFINITION=TABULAR 
0.0,1.0, 30E-6,1, 30.1E-6,0.0 
**--------------------------------ANAL YSIS STEPS BEGIN 
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,0.005E-6 
*CONTACT PAIR, INTERACTION=SMOOTH 
SURF _BEAM_BOT,SURF _CLAMP_BOT 
*SURFACE INTERACTION, NAME=SMOOTH 
*FRICTION 
1.0 

*OUTPUT, FIELD, VARIABLE=ALL, OP=NEW, NUMBER INTERVALS=2 
*END STEP 
** 
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,30E-6 
*DLOAD, AMPLITUDE=BLAST 
LOAD_BEAM, P2, 5.92E7 

*OUTPUT, FIELD, VARIABLE=ALL, OP=NEW, NUMBER lNTERVALS=lOO 
*END STEP 
** 
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,470E-6 
*DLOAD, OP=NEW 
*END STEP 
** 
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,350E-6 
*DLOAD, OP=NEW 
*END STEP 
**END 
**END OF ANALYSIS 
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UNIFORM BLAST LOADING ON BUILT -IN RECTANGULAR BEAM USING 
MA TERIAL PROPERTIES THAT EXCLUDE TEMPERATURE DEPENDENCY 
*HEADING 
BLAST LOADING OF CLAMPED RECTANGULAR BEAMS 
SI UNITS (Kg, M, S, N) 
*PREPRINT, MODEL=NO, ECHO=NO 
**------------------------------------DEFINITION OF NODES 
*NODE 
1, 0,0,0 
16,0.0254,0.,0. 
31, 0.0508, 0., 0. 
81,0.1524,0.,0. 

*NGEN, NSET=EDGEI 
1, 16, 1 
16, 31, 1 
31,81,1 

** 
*NCOPY, SHIff, OLDSET=EDGE1, CHANGE NUMBER=2000, NEWSET=EDGE2 
0,0.0127, ° 
0,0,1,0,0,1, ° 
*NFILL, NSET=FACE1 
EDGE 1 ,EDGE2, 20, 100 

** -----------------------------------------COPING FACE1 FOR EACH OF THE FACES 
*NCOPY, SHIff, OLDSET=FACE1, NEWSET=FACE2, CHANGE NUMBER=10000 
0,0,0.0032 
0,0,1,0,0,1, ° 
*NCOPY, SHIff, OLDSET=FACE1, NEWSET=FACE3, CHANGE NUMBER=20000 
0,0,0.0032 
0,0,1,0,0,1, ° 
*NCOPY, SHIff, OLDSET=FACE1, NEWSET=FACE4, CHANGE NUMBER=30000 
0,0,0.0041525 
0,0,1,0,0,1, ° 
*NCOPY, SHIff, OLDSET=FACE1, NEWSET=FACE5, CHANGE NUMBER=40000 
0,0,0.005105 
0,0,1,0,0,1, ° 

*NCOPY, SHIff, OLDSET=FACE1, NEWSET=FACE6, CHANGE NUMBER=50000 
0,0,0.0060575 
0,0,1,0,0,1, ° 
*NCOPY, SHIff, OLDSET=FACE1, NEWSET=FACE7, CHANGE NUMBER=60000 
0,0,0.00701 
0,0,1,0,0,1, ° 
*NCOPY, SHIff, OLDSET=FACE1, NEWSET=FACE8, CHANGE NUMBER=70000 
0,0,0.0079625 
0,0,1,0,0,1, ° 
*NCOPY, SHIff, OLDSET=FACE1, NEWSET=FACE9, CHANGE NUMBER=80000 
0,0,0.008915 
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0,0,1, 0,0, I, ° 
*NCOPY, SHIFf, OLDSET=FACEI, NEWSET=FACEIO, CHANGE 
NUMBER=90000 
0,0,0.0098675 
0,0,1,0,0,1, ° 
*NCOPY, SHIFf, OLDSET=FACEI, NEWSET=FACEII, CHANGE 
NUMBER= 100000 
0,0,0.01082 
0,0,1, 0,0,1, ° 

*NCOPY, SHIFT, OLDSET=FACEl, NEWSET=FACEI2, CHANGE 
NUMB ER= 110000 
0,0,0.0117725 
0,0,1,0,0,1, ° 
*NCOPY, SHIFT, OLDSET=FACEl, NEWSET=FACEI3, CHANGE 
NUMBER= 120000 
0,0,0.012725 
0,0,1,0,0,1, ° 

* *--------------------------------------------DEFINITION OF ELEMENTS 
*ELEMENT, TYPE=C3D8R, ELSET=CLAMP _BOT 
I, 1,2, I 02,101, 10001,10002,10102, I 01 01 

*ELGEN, ELSET=CLAMP_BOT 
1, 30,1,1, 20,100,100 

* * -----------------------------
*ELEMENT, TYPE=C3D8R, ELSET=BEAM 
10001,20001,20002,20102,20101, 30001,30002,30102,30101 

*ELGEN, ELSET=BEAM 
10001, 80,1, I, 20,100,100, 10,10000,10000 

* * ----------------------------------D EINITI 0 N OF S ECTII 0 N 
*SOLID SECTION,ELSET=BEAM, MATERIAL=ALUMINIUM 
"'SOLID SECTION,ELSET=CLAMP _BOT, MATERIAL=RIGID 
**----------------------------------DEFINITION OF RIGID BODY NODE 
*NODE, NSET=NS_REFNODE 
1000000, 0, 0, -0.05 
* *-----------------------------------DEFINITION OF SURFACES 
*RIGID BODY, REFNODE=IOOOOOO, ELSET=CLAMP _BOT 
*ELSET, ELSET=CLAMP _BOT_FACEP4, GENERATE 
30,1930, I 00 
*SURFACE, TYPE=ELEMENT,NAME=SURF _CLAMP _BOT 
CLAMP _BOT,S2 
CLAMP _BOT _FACEP4,S4 

** 
*ELSET, ELSET=BEAM_BOT, GENERATE 
10001,11980,1 

*SURFACE, TYPE=ELEMENT, NAME=SURF _BEAM_BOT 
BEAM_BOT, SI 
** 
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** 
ELSET=LOAD_BEAM, 

100031, 100080, 1 
100131, 100180, 1 
1 1, 100280, 1 
100331, 100380, 1 
100431,100480, 1 
1 1, 100580, 1 
1 1, 100680, ] 
1 1, 100780, 1 
1 1 
1 1, J 
1 1, 101080, 1 

131, 1 1 
1 1 

1 
1, 1 
1, 101580, 1 
1, 101680, 1 
1,101780, 1 
1, 1 880, 1 
1, 1 980, 1 

NAME=ALUMINIUM 
HEAT FRACTION 

0.0071 
0.007710 
0.008070 
0.008480 
0.009030 
0.009670 
0.010200 
0.010800 
0.011300 
0.013400 
0.013900 

1 

MATERIAL PROPERTIES 
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* DENS ITY 
2686 

** 
* MATERIAL, NAME=RIGID 
*ELASTIC 
200E9,0.3 
*DENSITY 
7800. 

*NSET,NSET=XSYMM, 
,100 
,100 

, ,100 
1, ,100 

60081, 62081, 100 
70081, 72081, 100 
80081, 82081, 100 

1, 92081, 100 
100081,102081, 100 
110081,112081, 100 
120081,123081, 100 

** 
NSET=YSYMM, GENERATE 

, 1 
, 1 

42001, 
52001, 
62001, 
72001, 
82001, 

, 1 
1, 1 

62081, 1 
72081, 1 

20001, , 1 
30001, 1 
40001, 40031,1 
50001, 50031, 1 
60001, 60031, 1 
70001, 70031, 1 
80001, 80031, 1 
90001 , 90031, 1 
100001, 100031,] 
110001, 110031,1 
120001, ,1 

1, 

CONDITIONS 
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1.0 
* OUTPUT, 
*END 
** 
* STEP 
*DYNAMIC, 
,30E-6 
*DLOAD, 
LOAD_BEAM, 

* OUTPUT, 

** 

*DYNAMIC, 
,470E-6 

** 

*DYNAMIC, 
,350E-6 
*DLOAD,OP=NEW 
*ENDSTEP 

254 
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UNIFORM LOADING ON CLAMPED 
PROPERTIES INCLUDE TEMPERATURE 
*HEADING 
BLAST . ...., ...... , u. ..... 

SI UNITS M, N) 
MODEL=NO, ECHO=NO 

OF NODES 

1, 0, 0, ° 
21,0.00 0. 
51, 

** 
NEWSET=EDGE2 

OLDSET=EDGEl, CHANGE NEWSET=EDGE3 

** 

20,100 
70, 100 

** -----------------------------------------COI'ING 

0,0,0.00234 
0,0,],0,0,1, ° 
0,0,0.00346 
0,0,1, 0,0,1, ° 
0,0,0.00458 
0,0,1, 0,0,1, a 

0,0,0.0057 

OLDSET=FACEl, 

OLDSET=FACEl, 

OLDSET=FACE1, 

OLDSET=FACEl, 

OLDSET=FACEl, 

OLDSET=FACEl, 

OLDSET=FACEl, 

THE FACES 
NUMBER=10000 

rU ..... jL.JJ CHANGE NUMBER=20000 

rl.'-'.L.rT. CHANGE 

rl."--·JL.JV. CHANGE NUMBER=50000 

CHANGE NUMBER=60000 

CHANGE NUMBER=70000 
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0,0,1,0,0,1,0 
SHIff, 

0,0,0.00682 
1,0 

NUMBER=80000 

SHIff, <J'-'.LJULJ , NEWSET=FACElO, CHANGE 

0,0,0.00794 
0,0,1,0,0,1,0 

NUMBER=100000 
0,0,0.00906 
0,0,1,0,0,1, ° 

1, 

SHIff, , NEWSET=FACEI2, CHANGE 
UH.UJ.L,J.'\.- 10000 

0,0,0.01018 

CHANGE 

, NEWSET=FACEI4, CHANGE 

0,0,0.0114 
0,0,1, , ° 
* * --------------------------------

TYPE=C3D8R, 
102,101,10001,10002,10102,10101 

1,20,1,1,20,100,100 
** 

ELSET=TBEAM 
10001, 20001, ""V\"'v...,. , 30001, .JVL.UL. 

, 90001, 90101, 100001, 
ELSET=TBEAM 

10001,20,1,1,90,100,100,7,10000,10000 
80001,50,1,1,90,100,1 3,10000,10000 
*-----------·-----·------------·----T)Ef~N1ITI()~ OF 

*ELEMENT, 

CHANGE 

110001, 130001, 130002, 130102, 130101, 140001, 140002, 140102, 1401 
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**-------------------------------------- DEFINITION OF SECTIONS 
*SOLID SECTION, ELSET=CLAMP _TOP, MATERIAL=RIGID 
*SOLID SECTION, ELSET=TBEAM, MATERIAL=ALUMINIUM 
*SOLID SECTION,ELSET=CLAMP _BOT, MATERIAL=RIGID 
**-------------------------------------DEFINITION OF RIGID BODY NODES 
*NODE, NSET=NS_REFNODE 
1000000,0,0, -0.05 
2000000, 0, 0, 0.05 
**-------------------------------------DEFINITION OF SURFACES 
*RIGID BODY, REFNODE=1000000, ELSET=CLAMP _BOT 
*SURFACE, TYPE=ELEMENT,NAME=SURF _CLAMP_BOT 
CLAMP _BOT,S2 

** 
*ELSET, ELSET=TBEAM_BOT, GENERATE 
10001,18920,1 

*SURFACE, TYPE=ELEMENT, NAME=SURF _TBEAM_BOT 
TBEAM_BOT, Sl 
** 
*ELSET,ELSET=TBEAM_TOP, GENERATE 
100001,108950,1 

*SURFACE, TYPE=ELEMENT, NAME=SURF _TBEAM_TOP 
TBEAM_TOP, S2 
*RIGID BODY, REFNODE=2000000, ELSET=CLAMP _TOP 
*SURFACE, TYPE=ELEMENT,NAME=SURF _CLAMP_TOP 
CLAMP _TOP,S 1 
*ELSET, ELSET=LOAD_TBEAM, GENERATE 
102001, 102050, 1 
102101, 102150, 1 
102201, 102250, 1 
102301, 102350, 1 
102401, 102450, 1 
102501, 102550, 1 
102601, 102650, 1 
102701, 102750, 1 
102801, 102850, 1 
102901, 102950, 1 
103001, 103050, 1 
103101,103150,1 
103201,103250, 1 
103301, 103350, 1 
103401, 103450, I 
103501, 103550, 1 
103601, 103650, 1 
103701, 103750, 1 
103801, 103850, 1 
103901, 103950, 1 
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104050, 1 
104101, 50, 1 

, 1 1 
104350, 1 

1 104450, 1 
104501, 104550, 1 
104601, 104650, 1 
104701, 104750, 1 
104801, 104850, 1 
104901, 104950, 1 
105001,105050,1 

105150, 1 
105250, 1 

1 
1 

,105550, 1 
, 105650, 1 
, 105750, 1 

105801, 105850, 1 
105901,105950,1 
106001, 106050, 1 

01, 106150, 1 
106250, 1 

, 106350, 1 
, 106450, 1 

1 106550, 1 
106601, 106650, 1 
106701, 106750, 1 
106801, 106850, 1 
106901, 106950, 1 
107001, 107050, 1 
107101, 107150, 1 
107201, 107250, 1 
1 , 107350, 1 

,107450, 1 
1 , 107550, 1 
107601, 107650, 1 
107701, 107750, 1 
107801, 107850, 1 
107901, 107950, 1 
108001, 108050, 1 
108101,108150,1 
108201,108250, 1 
108301, 108350, 1 
1 , 108450, 1 
1 , 108550, 1 
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L "1-11-''-'11 .... ..,'' E - Input deck T -beam 

108601, 108650, 1 
108701, 108750, 1 

1, 108850, 1 
108901, 108950, 1 

.L"'U.rl.LJ. NAME=ALUMINIUM 
FRACTION 

.vvuuvv. 100 
..... ·T.)L>U, 0.007 100 
.... ..,.,JL>U, 0.007710, 100 
£J •• J\./L>U, 0.008070, 100 

0.008480, 100 
.... .rTLJU 0.009030, 100 
2.56E8, 0.009670, 100 
2.57E8, 0.010200, 100 
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Appendix E-

0.010800, 100 
0.011300, 100 

2.63E8, 0.013400, 100 
2.61E8, 0.013900, 100 
1.93E8, 0.000000, 200 
L95E8, 0.007150, 200 
1 0.00771 0, 200 
1 0.008070,200 

0.008480, 200 
,;;.,.u .. ,L.JV, 0.009030, 200 

0.009670,200 
0.010200, 200 

,;;.,.u,'-I. ... u. 0.010800, 
0.011300, 200 
0.013400,200 
0.013900, 200 
0.000000, 300 
0.007150,300 
0.007710,300 
0.008070, 300 
0.008480, 300 
0.009030, 300 
0.009670, 300 
0.010200,300 
0.010800, 300 
0.011300,300 
0.013400, 300 

3900,300 
wMlru"'r'ylr""T· ...... HEAT 

•· ....... r,.. .... NAME=RIGID 

7800. 

NSET=XS~M,GENERATE 

01, 29001, 100 
1, 1 
, 100 

, , 100 
, 69001, 100 
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Appendix E 

72101, 79001, 100 
82101, 89001, 100 
92101, 99001, 100 
102101, 109001, 100 
11210 1, 119001, 100 
122101,129001, ]00 

** 
* ---_._---_._--_ .. _-------
** 

1 
1 
I 

59001, 1 
69001, 1, 1 
79001, 1, 1 
89001, 1, 1 
99001, 99051, 1 
109001, 1 1, 1 
119001, 11 1, 1 
129001, 1 1, 1 

** 
*BOUNDARY, 
XSYMM, 1,1,0.0 
YSYMM, 0.0 
] 000000, 1 0.0 
2000000, 1 0.0 
2000000, 0.0 

** 

* * -----------------------------
** 

0.35 

TYPE=DISPLACEMENT 
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I11J1J,",U'.UA E Input 

*CLOAD 
2000000,3,-lE4 
*OUTPUT, 

** 

*DYNAMIC, 
,15E-6 

T-beam 

*DLOAD, AMPLITUDE=BLAST 

NUMBER 

OP=NEW, NUMBER 

** 
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 

.IJ....,'--'.1.IJ OP=NEW 

** 
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 

**END 
**END OF ANALYSIS 
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~DDlena.lX E Input deck for 

UNIFORM BLAST LOADING ON CLAMPED T-BEAM 
THAT TEMPERATURE 

OF 
M,S,N) 

MODEL=NO, 
*---------------··---·-----------------DE1PINlTI,ONOFNODES 

1, 0, 0, ° 
21,0.0016,0.,0. 

0.,0. 

** 
,CHANGE 

- .......... ,'L..I ...... , CHANGE 

** 

FACE 1 
, NEWSET=FACE2, ,"_~~r>L' 

OF THE 
NUMBER=10000 

,0 
SHIFT, 

0,0,0.00234 
0,0,1,0,0,1, ° 

SHIFT, 
0,0,0.00346 
0,0,1,0,0,1, ° 

SHIFT, 
0,0,0.00458 

,0 
SHIFT, 

NUMBER=20000 

, NEWSET=FACE4, NUMBER=30000 

I1'--'LJJ. CHANGE 

, NEWSET=FACE6, CHANGE 

, NEWSET=FACE7, CHANGE NUMBER=60000 

I1L"L;U. CHANGE 
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APt,en01X E - Input 

0,0,1,0,0,1,0 
*NCOPY, 
0,0,0.00682 

1,0,0,1,0 

NUMBER=90000 
0,0,0.00794 
0,0,1, 0,0,1,0 

forT-beam 

SHIFf, >CJLLJ.JLJ 

NUMBER= 1 00000 
0,0,0.00906 
0,0,1,0,0,1,0 

NUMBER=80000 

, NEWSET=FACElO, 

1, 

, NEWSET=FACE12, CHANGE 
~"'''-''''''L''- 10000 

0,0,0.01018 
0,0,1,0,0,1,0 
*NCOPY, SHIFf, 
NUMBER= 120000 
0,0,0.0113 
0,0,1, 0,0,1, 0 

SHIFf, 
NUMBER=130000 
0,0,0.0113 
0,0,1,0,0,1,0 

SHIFf, 'JLJl.J>JL 

NUMBER=140000 
0,0,0.01 

1, ,0 
**-------------------------------- DEFINITION OF .'L."V.LJL:..l 

TYPE=C3D8R, 
101, 10001, 10002, 10102, 10101 

1,20, 1 1,20, 100, 100 

** 

, ,20002, 20101,30001,30002, 30101 
,90001,90002,90102, 01,100001,100002,100102,100101 

ELSET=TBEAM 
1, 1,90, 100, 100, 10000, 10000 
1,1,90,100,100,3,10000,10000 

-.' -----------------------------------'0 EJF1NrITION OF 

140102, 140101 
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Appendix E Input deck T-beam 

SECTION, 
*SOLID SECTION, 
* SOLID 

1000000, 0, 0, 
2000000, 0, 0.05 

* RIGID 
*SURFACE, 
CLAMP _BOT,S2 
** 

10001,18920,1 
*SURFACE, TYPE=ELEMENT, NAME=SURF _TBEAM_BOT 
TBEAM_BOT, S 1 
** 

100001,108950,1 
*SURFACE, TYPE=ELEMENT, NAME=SURF_TBEAM_TOP 
TBEAM_TOP, S2 
A"\.A'JA.lJ BODY, 

102001, 102050, 1 
102101, 102150, 1 

1, 102250, 1 
102301, 1 
102401, 1 1 
102501,1 1 
1 , 102650, 1 
102701, 102750, 1 
102801, 1 1 
102901, 102950, 1 
103001, 103050, 1 
103101, 150, 1 
103201, 103250, 1 
103301, 103350, 1 

, 103450, 1 
, 1 1 

103601, 103650, 1 
103701, 103750, 1 
103801, 103850, 1 
1 1, 103950, 1 
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\DDenOlX E - Input deck 

104001, 1 1 
104101, 104150, 1 
1 , 104250, 1 
1 , 1 1 
104401, 1 
104501, 1 1 
104601, 104650, 1 
104701, 104750, 1 
104801, 104850, 1 
104901, 104950, 1 
105001, 1 
105101, 150, 1 
1 105250, 1 
105301, 105350, 1 

, 105450, 1 
105501, 1 1 
105601, 1 
105701, 105750, 1 
105801, 105850, 1 
105901, 105950, 1 
106001, 106050, 1 
106101, 1 1 
106201, 106250, 1 
106301, 106350, 1 
106401,106450, 1 
106501, 106550, 1 
106601, 1 1 
106701, 106750, 1 
106801, 106850, 1 
106901, 106950, 1 
107001, 107050, 1 

01, 107 1 
107201, 1 1 
107301, 107350, 1 
107401, 107450, 1 
107501, 107550, 1 
107601, 107650, 1 
107701, 107750, 1 
107801, 107850, 1 
107901, 107950, 1 
108001, 108050, 1 
108101, 108150, 1 
108201, 108250, 1 
108301, 1 
108401, 108450, 1 
10850], 108550, 1 
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ooeJ10IX E - Input deck for 

, 108650, 1 
108701, 108750, 1 
108801, 108850, 1 
108901, 108950, 1 
**-----------------------------------I)EI'I~IlrI()~ 

*MAlrERIAL, ~AME=ALUMI~IUM 
*I~ELAsnc HEA lr FRAClrI()N 
*ELAsnc 
7.24E10, .32 
*PLASlrIC 
2.81E8,0.000000 
2.83E8,0.007150 
2.86E8,0.007710 

0.008070 
0.008480 

2.93E8, 0.009030 
0.009670 
0.010200 
0.010800 

.VV.L,V, 0.011300 

.v,J.L,v,0.013400 
0.013900 
I)EPE~I)E~lr 

6500,4 

7800. 

L.d".Lr.Ic.I..J. NAME=RIGII) 

~SElr=XSYMM, GE~ERA lrE 
, 29001, 100 
, 39001, 100 

42101, 49001, 100 
101, 59001, 100 
01, 69001, 100 
01, 79001, 100 

, 89001, 100 
01, 99001, 100 

109001, 100 
119001, 100 

, 129001, 100 

()F B()U~DARY C()NI)ITI()~S 
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* * ------------------------------
*NSET, NSET=YSYMM, 
29001, 2905] , 1 
39001, 1, 1 
49001, 1, 1 

, 59051, 1 
69001 , 69051, 1 
79001 , 79051, ] 
89001, 1, 1 
99001, 1, 1 
109001, 109051, 1 
119001,119051, 1 
129001, 129051, 1 

** 
*BOUNDARY, 
XSYMM, 1,1,0.0 
YSYMM, 2,2,0.0 
1000000, 1,6, 0.0 
2000000, 1 0.0 
2000000, 4,6, 0.0 

* AMPLITUDE, 
0.0,1.0, 1 1, 
* * -----------------------------
** 
* STEP 
*DYNAMIC, 

* FRICTION 

2000000,3,-1E4 
riJ.'l..J.ri ..... l..JL,-ri.l..Jl..J. OP=NEW, NUMBER INTERV ALS=2 

** 

*DYNAMIC, 

J.riL'l..J.L;,-ril..Jl..J. OP==NEW, NUMBER 
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Appendix E 

** 

,235E-6 
*DLOAD, 

STEP 

** 

*DYNAMIC, 
,400E-6 

**END 

deck for T -beam 

ADIABATICS 

**END OF ANALYSIS 
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ooellCllX E - Input deck for 

UNIFORM BLAST LOADING ON CLAMPED T-BEAM MATERIAL 
THAT TEMPERATURE DEPENDENCY 

1, 0, 0, ° 
21,0.0016,0.,0. 
51,0.00525,0.,0. 

** 

OF 

nU.,J..jn.-""JVV, NEWSET =EDGE2 

'-.J.....,A.J;JJ..j -.L.LJ"J.L. ,CHANGE .L.1"--7V""V. NEWSET=EDGE3 

** 
NSET=FACEl 

20, 100 
70, 

0,0,1,0,0,1, ° 
SHIFT, 'U'LJ1J>JLJ 

0,0,0.00122 

1, ° 
SHIFT, 

0,0,0.00234 
0,0,1,0,0,1, ° 

SHIFT, 
0,0,0.00346 
0,0,],0,0,1, ° 

SHIFT, 
0,0,0.00458 

1. 1, ° 
0,0,0.0057 

, NEWSET=FACE3, NUMBER=20000 

, NEWSET=FACE4, CHANGE 

,{ .. ___ ..... ...,. CHANGE 

.< lL"-'''-'V. CHANGE 

CHANGE 

CHANGE NUMBER=70000 
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Appendix E 264 

0,0,1, 0,0,1, a 
, NEWSET=FACE9, CHANGE NUMBER=80000 

0,0,0.00682 
0,0,1, 0,0,1, a 

0, CHANGE 

1, CHANGE 

, NEWSET=FACE12, 
'-'.TJL..., ..... ''''''- 1 0000 

0,0,0.01018 , 

0,0,0.0113 
0,0,1, 0,0,1, a 

CHANGE 

, NEWSET=FACE14, CHANGE 

0,0,0.0113 
0,0,1, 0,0,1, a 

0,0,0.0114 
0,0,1, 0,0,1, a 

, NEWSET=FACE15, CHANGE 

**-------------------------------- DEFINITION OF ELEMENTS 
ELSET=CLAMP _BOT 

, 10001, 10002, 10102, 10101 

** 
TYPE=C3D8R, ELSET=TBEAM 

10001, ,20002,20102,20101,30001,30002,30102,30101 
, 9000 1 , 90002, 90102, 90 10 1, 10000 1, 100002, 100102, 100101 

10001,20, 1, 1,90, 100, 100, 7, 10000, 10000 
1,1,90,100,100,3,10000,10000 

OF 
J..J-'~-'L'U,"" ELSET=CLAMP _TOP 

130102, ]3010], 140001, 
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Appendix E- for 

**-------------------------------------- DEFINITION 
* SOLID MATERIAL=::RIGID 
* SOLID MATERIAL=::ALUMINIUM 

MA TERIAL=RIGID 
OF RIGID BODY 

OF SURFACES 
VVV'vv. ELSET=CLAMP _BOT 

TYPE=ELEMENT,NAME=SURF _CLAMP_BOT 
CLAMP _BOT,S2 

** 

10001,18920,1 

** 

, 1 
102101, 1 
102201, 102250, 1 
102301, 102350, 1 
102401, 102450, 1 
102501, 102550, 1 
102601, 102650, 1 
102701, 102750, 1 
102801, 102850, 1 
102901,102950, 1 
103001, 103050, 1 
103101, 1031 1 
103201, 1 
103301, 103350, J 
103401, 1 

1 
1 

103701, 1 
103801, 103850, 1 
103901, 103950, 1 

GENERATE 
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Appendix E-

104001, 104050, 1 
104101, 1041 1 
104201,104250, 1 
104301, 1 
104401, 104450, 1 
104501, 104550, 1 
104601, 104650, 1 
104701, 104750, 1 
104801, 104850, 1 
104901, 104950, 1 
105001, 1 

1 
1 
1 
1 
1 
1 

105701, 1 
105801, 105850, 1 
105901, 1 
106001, 106050, 1 
106101, 106150, 1 
106201, 106250, 1 
106301, 106350, 1 
]06401, ]06450, 1 
106501, 106550, 1 
106601, 106650, 1 
106701, 106750, 1 
106801, 106850, 1 
106901, 106950, 1 
107001, 107050, 1 
107101, 107150, 1 
107201, 107250, 1 
107301, 107350, 1 
107401, 107450, 1 
107501, 107550, 1 
107601, 107650, 1 
107701, 107750, 1 
107801, 107850, 1 
107901, 107950, 1 
108001, 108050, 1 
108101, 108150, 1 
108201, 108250, 1 
108301, 108350, 1 
108401, 108450, 1 
108501, 108550, 1 
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108601, 108650, 1 
108701, 108750, 1 
108801, 108850, 1 
108901,108950,1 

*MATERIAL, NAME=ALUMINIUM 

0.000000 
..:..u_'L.Ju.0.007150 
":',U'-'L.JU, 0.007710 
2.88E8, 0.008070 
2.90E8, 0.008480 
2.93E8, 0.009030 

0.009670 
0.01 
0.010800 
0.011300 
0.013400 

3.01E8, 0.013900 
*RA TE DEPENDENT 
6500,4 

* MATER IAL, 

7800. 
*---------------··---··----,----,---I)EF~Nl[Tl()~ OF 

NSET=XSYMM, 
22101, 29001, 100 
3210], 39001, 100 
42101, 49001, 100 

, 59001, 100 
62101, 69001, 100 

, 79001, 1 
101, 89001, 
01, 99001, 100 

102101,109001,100 
11210 1, 119001, 1 00 
122101, 129001, 100 

...... .l"'I"LJ PROPERTIES 

CONDITIONS 



Univ
ers

ity
 of

 C
ap

e T
ow

n

E 

GENERATE 
29001, 1 
39001, 1 
49001, 1 
59001, 1 
69001, 1 
79001, 1 
89001, 1 
99001, , 1 
109001, 1, 1 
119001, 11 1, 1 
129001, 1 

** 

OF LOAD 
NAME=BLAST, DEFINITION=TABULAR 

0.0,1.0, 1 1, 1E-6,0.0 
**----------------------------- ANALYSIS STEPS BEGIN 
** 

V ARIABLE=ALL, HJ. ..... 'J..JL'- INTERV ALS=2 

** 

ADIABATICS 

<-'HJLI .. n .... ' .. '" INTERVALS=100 
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Appendix E Input 

** 

*DYNAMIC, 
,235E-6 
*DLOAD, OP=NEW 

STEP 
** 

T-beam 

*DYNAMIC, EXPLICIT, ADIABATICS 
,400E-6 
*DLOAD,OP=NEW 
*END 
**END 

OF ANALYSIS 

269 
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T-beam 

UNIFORM BLAST LOADING ON BUILT-IN T-BEAM MATERIAL 
PROPERTIES INCLUDE TEMPERATURE DEPENDENCY 

LOADING 
UNITS (Kg, 

*PREPRINT, n"'LnJ"-JL.r-'i' 

1, 0, 0, ° 
,0.0016,0.,0. 

51,0.00525,0.,0. 

** 
SHIFT, OLDSET=EDGE1, 

0,0.05, ° 
0,0,1,0,0, 1, ° 

OF 

*NCOPY, SHIFT, , CHANGE NUMBER=9000, 
1 

0,0,1,0,0,1, ° 
** 

EDGEI,EDGE2, 100 
EDGE2,EDGE3, 70, 100 

** FACE I FOR OF 

270 

NEWSET=FACE2, CHANGE NUMBER=10000 
0,0,0.0001 
0,0,1, 0,0,1, ° 
*NCOPY, nTT1 • ......,., OLD SET=FACE1, 
0,0,0.0001 
0,0,1,0,0,1, ° 
*NCOPY, SHIFT, OLDSET=FACE1, NUMBER=30000 
0,0,0.00122 

1, 0,0,1, ° 
*NCOPY, "'TTl • ...", NUMBER=40000 
0,0,0.00234 
0,0,1,0,0,1, ° 
*NCOPY, , NEWSET=FACE6, 
0,0,0.00346 
0,0,1,0,0,1, ° 

*NCOPY, , NEWSET::::FACE7, 
0,0,0.00458 
0,0,1,0,0,1, ° 
*NCOPY, nTT1 • ...,..,., OLDSET::::FACE1, NEWSET=FACE8, '-.LI.U' 

0,0,0.0057 

NUMBER=50000 

NUMBER=60000 
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Appendix E Input deck for T-beam 271 

0,0,1,0,0,1, 0 
* NCOPY, 
0,0,0.00682 

NUMBER=80000 

0,0,1,0,0,1,0 
*NCOPY, OLDSET=FACEl, NEWSET=FACElO, 
NUMBER=90000 
0,0,0.00794 

OLDSET=FACE1, 

NUMBER=110000 
0,0,0.010 
0,0,1,0,0,1,0 

1, 

NEWSET::::FACEI 

* NCOPY, OLDSET=FACE1, NEWSET=FACE13, 
NUMBER= 120000 
0,0,0.01 
0,0,1,0,0,1,0 

1,20, 1, 1,20,100, 100 
* * -------------------------------

TYPE=C3D8R, 
10001,20001,20002,20102,20101,30001,30002,30102, 
80001,90001,90002,90102,90101,100001,100002, 100102, 100101 

ELSET=TBEAM, MATERIAL=ALUMINIUM 

GENERATE 
10001,18920,1 

TYPE=ELEMENT, NAME=SURF _TBEAM_BOT 
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** 
*ELSET, 
100001,108950,1 

* SURFACE, 
TBEAM_TOP, 
*ELSET, 
102001, 102050, 1 
102101, 102 1 
102201, 102250, 1 
102301, 102350, 1 
102401, 102450, 1 
102501, 102550, 1 
102601, 1 1 
1 1 
102801, 1 1 
102901, 102950, 1 
103001, 103050, 1 
103101, 103150, 1 
103201, 103250, 1 
103301, 103350, 1 
103401, 103450, 1 
103501, 1 
103601, 1 1 
103701, 103750, 1 
103801, 103850, 1 
103901, 103950, 1 
104001, 104050, 1 
104101, 104150, 1 
104201, 104250, 1 
104301,104350, 1 

V""T""'1'.Jv. 1 
104501, 1 1 
104601, 104650, 1 
104701, 104750, 1 
104801, 104850, 1 
104901, 104950, 1 
105001, 105050, 1 
105101,1051 1 
105201, 105250, 1 
105301, 1 I 

I 
105501, 105550, 1 
105601, 1 1 
105701, 105750, 1 
105801, 105850, 1 

T-beam 

GENERATE 
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105901, 1 
106001, 1 
106101,1061 1 
106201,1 1 
106301,1 1 
106401, 106450, 1 
106501, 106550, 1 
106601,1 1 
106701, 106750, 1 
106801, 1 
106901, 1 1 
107001, 107050, 1 
107101, 1071 1 
107201, 1 1 
107301, 1 1 
107401, 1 1 
107501, 1 
107601, 107650, 1 
107701, 1 
1 1 

1 1 
108001, 108050, 1 
108101, 1081 1 
108201, 1 1 
108301, 1 1 
108401, 108450, 1 
108501, 108550, 1 
108601, 1 1 

1 
1 , 1 
108901, 108950, 1 

for T-beam 

----------------,----,----,----,---I)EFINl11()NOF 
L<1'\c'r>LJ. NAME=ALUMINIUM 

HEAT 

0.000000,0 
"".u.,""-'u, 0.007150,0 
",.U'-'.LJU, 0.007710, 0 
",.UL'.LJU, 0.008070, 0 

0.008480,0 

273 
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0.013900, 
':"."T ... '''-'U. 0.000000, 100 
"."T ... 'J...Ju. 0.007150, 100 

0.007710, 100 
... oJ\.,"-'I.>. 0.008070, 100 

0.008480, 100 
.... oJ.,,"-'I.>. 0.009030, ] 00 
"' ... H'''-'I.>. 0.009670, 100 

0.010200, 100 
"'- .... U'LdI.>. 0.010800, 100 
"".V~JL<I.>, 0.011300, 100 

0.013400, JOO 
0.013900, 

VVVVVV, 200 

0.007710,200 
0.008070,200 

"".V\JLU. 0.008480, 200 
"".V".LU. 0.009030, 200 

0.009670, 200 
0.010200,200 
0.010800,200 
0.011300,200 
0.013400,200 
0.013900,200 
0.000000, 300 
0.007150,300 
0.00771 300 

T-beam 
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Appendix E-

6500,4 

2686 
** 
*MATERIAL, 

200E9,0.3 

7800. 

** 

1, 
10001, 100 
20001, 100 
30001, 100 
40001, 100 
50001, 52001, 100 
60001, 62001, 100 
70001, 72001, 100 
80001, 82001, 100 
90001, 92001, 100 
100001,102001, 100 
110001,112001, 100 
120001, ,100 

** 
*NSET, 
21, 2021, 100 
10021, , 100 
20021, 22021, 100 
30021, 100 
40021, 
50021, 100 
60021, 
70021, 100 

T-beam 
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80021, 82021, 100 
90051, 92051, 100 
100051, 102051, 100 
110051,112051,100 
120051, 122051, 100 

*NSET, 
120021, 129021 
*NSET, 
22101, 29001, 
32101, 
42101, 49001, 
52101, 59001, 
62101, 69001, 100 
72101, 79001, 
82101, 89001, 100 
92101, 99001, 100 
102101, 109001, 100 
112101,119001,100 
122101, 129001, 100 

** 
*NSET, 
29001, 29051, 1 
39001, 39051, 1 
49001, 49051, 1 
59001, 59051, 1 
69001, 69051, 1 
79001, 79051, 1 
89001, 89051, 1 
99001, 99051, 1 
109001, 1, 1 
119001, 1 1, 1 
129001, 129051, 1 

1000000, 
BOUNDl, 
BOUND2, 
BOUND3, 

** 
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T-beam 

* AMPLITUDE, NAME=BLAST, 
0.0,1 1, lE-6,0.0 

*STEP 

1.0 
* OUTPUT, 
*END STEP 
** 

,15E-6 
*DLOAD, AMPLITUDE=BLAST 
LOAD_TBEAM, P2, 

BEGIN 

NUMBER 

* OUTPUT, V ARIABLE=ALL, OP=NEW, NUMBER 

** 

*DYNAMIC, 

** 
* STEP 
*DYNAMIC, 
,400E-6 
*DLOAD, 
*END 
* * END 

ANALYSIS 

ADIABATICS 
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E-Input 

UNIFORM BLAST JU .. ""." BUILT-IN 
PROPERTIES THAT Jl:I..t'lI.. • ...,LI ... ; ..... £1 TEMPERATURE 
*HEADING 

LOADING OF 
UNITS (Kg, M, S, N) 

*PREPRINT, MODEL=NO, 

0, ° 
, 0.,0. 
, 0.00525, 0., 0. 

*NGEN, ".r. ........... 

1, , 1 
, 51, 1 

** 
*NCOPY, SHIFT, 
0,0.05, ° 

** 
NSET=FACEI 

UlJUU ,EDGE2, 100 
..... "",J ......... " ........ .J 70, 100 

OF 

-L.L.''<J'-'' , CHANGE 

,CHANGE 

----·----·-----·----·------------·----·--C(:.>PING FACEl EACH OF 
*NCOPY, SHIFT, 
0,0,0.0001 

1,0,0,1,0 
*NCOPY, SHIFT, 
0,0,0.0001 
0,0,1,0,0,1, ° 
*NCOPY, SHIFr, 
0,0,0.00122 
0,0,1,0,0,1, ° 
*NCOPY, SHIFT, 
0,0,0.00234 
0,0,1, 0,0,1, ° 
*NCOPY, SHIl<l, 
0,0,0.00346 

1,0,0,1, ° 
SHIFT, 

0,0,0.00458 
0,0,1,0,0,1,0 
*NCOPY, SHIFT, 
0,0,0.0057 

NEWSET=FACE2, CHANGE 

CHANGE NUMBER=20000 

£'>.'-'.........,.. CHANGE NUMBER=30000 

, NEWSET=FACE5, CHANGE 

r.'-""-'v. CHANGE NUMBER=50000 

CHANGE NUMBER=60000 

'ro\-""" CHANGE 
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0,0,1,0,0,1,0 

0,0,1,0,0,1,0 

NUMBER=90000 
0,0,0.00794 
0,0,1,0,0,1,0 

OLDSET=FACEl, 

OLDSET=FACE1, 

, NEWSET=FACEll, 

OLDSET=FACE1, NEWSET=FACE12, 
NUMBER=110000 
0,0,0.01018 

OLDSET=FACEl, NEWSET=FACE13, 
U.LL.'.w.-,- 20000 

0,0,0.0113 
0,0,1,0,0,1, 0 

OF ELEMENTS 
J...J-,_-,u·v ..... , ELSET=CLAMP _BOT 

10102, 10101 

* * -------------------------------

, 30001, 30002, 30102, 

279 

NUMBER=80000 

, 100001, 100002, 100102, 100101 

10001,20, 1, 1, 100, 10000, 10000 
80001,50,1,1,90,100,100,3,10000,10000 
**-------------------------------------- DEFINITION OF SECTIONS 
*SOLID MATERIAL=ALUMINIUM 
* SOLID MATERIAL=RIGID 
**-------------------------------------DEFINITION OF RIGID NODE 
*NODE, 
1000000, 0, 0, -0.05 

*RIGID BODY, 
* SURFACE, 
CLAMP _BOT,S2 

*ELSET, 
10001,1 

*SURFACE, 
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Appendix E deck for 

S1 

** 
ELSET=TBEAM_TOP, 

100001, 1 
TYPE=ELEMENT, 

102001, 
102101, 
102201, 
102301, 1 
102401, 
102501, 
102601, 1 
102701, 102750, 1 
102801, 102850, 1 

1 
1 
1 
1 

1 , 1 1 
103401, 103450, 1 

, 1 1 
103601, 103650, 1 
103701, 103750, 1 
103801, 103850, 1 
103901, 103950, 1 
104001, 104050, 1 

50, 1 
1 

104301, 1 
104401, 104450, 1 
1 104550, 1 
1 , 104650, 1 
104701, 104750, 1 
104801, 104850, 1 
104901, 104950, 1 

, 105050, 1 
, 105150, 1 

1 
1 

, 105450, 1 
105550, 1 

1 , 105650, 1 
105701, 105750, 1 
105801, 105850, 1 

~Ld-"ln. GENERATE 
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Appendix E-

107701, 
107801, 

108001, 
108101, 
1 

1 
1 
1 
1 
1 
1 
1 
1 
1 

vU,"'JV. 1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 

vUU'.JV. 1 
1 
1 
1 
1 

, 1 1 
108601, 108650, 1 
108701, 108750, 1 
108801,108850,1 

, 108950, 1 
* * -----------------------------------D EFINITI ON OF MATERIAL 

........ " • .1 " ....... NAME=ALUMINIUM 
HEAT FRACTION 

0.000000 
0.007150 
0.007710 
0.008070 
0.008480 

..... /_, ...... v. 0.009030 
0.009670 
0.01 
0.010800 
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3.00ES,0.011300 
3.03ES,0.0 

lES,O.O 
*RATE ......... ·n .... >. 

6500,4 

** 

7800. 
** 
*NSET, 
1, 2001, 100 
10001, 12001, 100 
20001, , 100 
30001, 100 
40001, 100 
50001, 100 
60001, 100 
70001, 100 
80001, 82001, 100 
90001, 92001, 100 
100001,102001, 100 
110001,11 , 100 
120001 , 100 

** 

, 1 
, 100 

100 
, 100 

1, 100 
1,100 

282 

GENERATE 

GENERATE 
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01, 29001, 100 
321 , 39001, 1 
42101, 49001, 100 
52101, 59001, 100 

01 , 69001, 100 
101, 79001, 100 
10 1, 89001 , 100 

92101, 99001, 1 
102101, 109001, 100 
112101, 1 100 

01, 129001, 100 
** 

29001, 29051, 1 
39001, 39051, 1 
49001, 1, 1 
59001, 1, 1 
69001, 69051, 1 
79001, 79051, 1 
89001, 89051, 1 
99001, 
109001, , 1 
119001, 11 1, 1 

1, 129051, 1 

*BOUNDARY, 
XSYMM, 1,1, 0.0 
YSYMM, 0.0 
1000000, 1 0.0 
BOUNDl, 
BOUND2, 
BOUND3, ENCASTRE 

*DYNAMIC, EXPLICIT, ADIABATICS 

*CONTACT PAIR, INTERACTION=SMOOTH 
SURF _TBEAM_BOT,SURF _CLAMP ~OT 

* SURFACE NAME=SMOOTH 

1.0 
*OUTPUT, FIELD, ru, ... .L.n. ............. ,-.n. .......... , OP=NEW, NUMBER 
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** 
*STEP 
*DYNAMIC, EXPLICIT, ADIABA TICS 
,15E-6 
*DLOAD, AMPLITUDE=BLAST 
LOAD_TBEAM, P2, 3.59E7 

*OUTPUT, FIELD, V ARIABLE=ALL, OP=NEW, NUMBER INTERV ALS=l 00 
*END STEP 
** 
*STEP 
*DYNAMIC, EXPLICIT, ADIABA TICS 
,235E-6 
*DLOAD, OP=NEW 
*END STEP 
** 
*STEP 
*DYNAMIC, EXPLICIT, ADIABATICS 
,400E-6 
*DLOAD, OP=NEW 
*END STEP 
**END 
**END OF ANALYSIS 
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