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Project
Specimen 

type Test day
Mass 

density
Compressive 

strength
Splitting 
strength

Modulus of 
elasticity

Fracture 
energy

[kg m-2] [MPa] [MPa] [GPa] [N m-1]
Slab-97 Cube 72 90.7

72 91.1
72 72.3
72 91.9
72 6.2
72 5.8
72 5.9

Rilem1 65 2 330 84.2 33.0 154
65 2 370 87.4 34.8 152
65 2 360 90.8 37.2 163

Slab-98 Cube 57 2 402 106.2
57 2 412 97.5
57 2 421 97.1
63 2 464 5.9
63 2 468 5.2
63 2 464 5.6

Cylinder 79 100.8 42.8
79 99.3 46.6
79 99.6 44.1

Beam-99 Cube 72 2 417 106.5
72 2 392 114.8
72 2 425 114.3
74 2 421 6.5
74 2 440 7.2
74 2 448 6.4
74 2 444 6.6

Cylinder 74 2 460 111.5 44.3
74 2 445 56.9 42.8
74 2 460 96.4 44.2

Bofors-99 Cylinder2 2 390
2 390

�
���������	
��������
���������������������������������������������������������������	�	��������������
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X 122 76.4 150 Hardened Orvar 
Supreme 

1 624 148.1 2.39 9/11/99 

IX 101.6 76.2 150 High strength steel 
NS 13411-05 

1 624 148.7 2.39 15/10/99 

�
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1 2 390 1.0000 0.0000 0 

2 2 415 0.9896 -0.0104 90 

3 2 460 0.9715 -0.0289 216 

4 2 515 0.9503 -0.0510 390 

5 2 545 0.9391 -0.0628 565 

6 2 570 0.9300 -0.0726 737 
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1 0 34 �

2 33 100 2,00 

3 230 292 0,97 

4 400 371 0,46 

5 650 400 0,12 
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Beam-99 (SI-units) 
dn3d kw93 
batch 
term 20.e-3 plti 1.e-3 tssf 0.25 
gmprt elout 0.01e-3 nodout 0.01e-3 glstat 0.1e-3 
      rcfo 0.01e-3 nfg 0.01e-3 matsum 0.1e-3; 
taurus int8 6; 
nfg reaction; 
grav 0. 0. -9.8 
 
plane 2 
 0. 0. 0. -1.  0.  0. .00001 symm 
 0. 0. 0.  0.  1.  0. .00001 symm 
sd 1 cyli 0. .01 .06 .01 0. 0. .03 
sd 2 plan 0. 0. .09 0. 0. .01 
sd 3 plan 0. .04 0. 0. .01 0. 
si 1 fric 0.15; 
si 2 fric 0.2; 
lcd 1 2 
c Gravity 
 0.0 1.0 1e9 1.0 
lcd 2 65 
c CEB-FIP model code 90 strength enhancement in tension  
3.00E-05 1.000 3.00E-04 1.017 3.00E-03 1.034 3.00E-02 1.051 3.00E-01 1.069 
3.00E+00 1.086 3.00E+01 1.105 4.00E+01 1.216 5.00E+01 1.310 6.00E+01 1.392 
7.00E+01 1.465 8.00E+01 1.532 9.00E+01 1.593 1.00E+02 1.650 2.00E+02 2.079 
3.00E+02 2.380 4.00E+02 2.619 5.00E+02 2.821 6.00E+02 2.998 7.00E+02 3.156 
8.00E+02 3.300 9.00E+02 3.432 1.00E+03 3.555 2.00E+03 4.479 3.00E+03 5.127 
4.00E+03 5.643 5.00E+03 6.078 6.00E+03 6.459 7.00E+03 6.800 8.00E+03 7.109 
9.00E+03 7.394 1.00E+04 7.658 1.10E+04 7.906 1.20E+04 8.138 1.30E+04 8.358 
1.40E+04 8.567 1.50E+04 8.767 1.60E+04 8.957 1.70E+04 9.140 1.80E+04 9.316 
1.90E+04 9.485 2.00E+04 9.649 3.00E+04 11.045 4.00E+04 12.157 5.00E+04 13.096 
6.00E+04 13.916 7.00E+04 14.650 8.00E+04 15.317 9.00E+04 15.930 1.00E+05 16.499 
1.10E+05 17.032 1.20E+05 17.533 1.30E+05 18.007 1.40E+05 18.458 1.50E+05 18.887 
1.60E+05 19.298 1.70E+05 19.692 1.80E+05 20.071 1.90E+05 20.436 2.00E+05 20.788 
2.10E+05 21.129 2.20E+05 21.459 2.30E+05 21.779 2.40E+05 22.091 2.50E+05 22.393 
 
c ***************************************************** MATERIAL DEFINITIONS *** 
c Concrete dummy material (Material type 72 not avalaible in LS-INGRID) 
mat 1 
 type 1 ro 2420 e 44.e9 pr 0.16 
 brfo 1 hgqt 1 
endmat 
 
c Striker weight (density adjusted to fit measured mass) 
mat 2 
 type 1 ro 4836 e 44.e9 pr 0.16 
 brfo 1 hgqt 1 
endmat 
 
c Striker head 
mat 3 
 type 1 ro 7800 e 200.e9 pr 0.3 
 brfo 2 
endmat 
 
c Striker pad 
mat 4 
 type 1 ro 7800 e 200.e9 pr 0.3 
 brfo 2 
endmat 
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c Steel rebars 
mat 5 
 type 28 ro 7800. e 207.e9 pr 0.3 sigy 586.e+6 
 beam bform bely care 113.e-6 sare 113.e-6 iss 1.e-9 itt 1.e-9 irr 2.e-9 
endmat 
 
c Steel stirrups 
mat 6 
 type 3 ro 7800. beta 1. e 207.e9 pr 0.3 sigy 586.e6 etan 1.1e9 fs 0.092 
 beam bform trus care 79.e-6 
endmat 
 
c Concrete dummy material in impact zone (Material type 72 not avalaible in LS-
INGRID) 
mat 7 
 type 1 ro 2420 e 44.e9 pr 0.16 
 brfo 1 hgqt 1 
endmat 
 
c ********************************************************** PART DEFINITION *** 
c Steel rebars 
beam 
 rt 000000   0.     0.  0. c mid beam 
 rt 000000   0.   .10   0. c accelerometer 
 rt 000000   0.   .20   0. c strain gauge 
 rt 000000   0.   .50   0. c stirrup 
 rt 000000   0.   .65   0. c  
 rt 000000   0.   .80   0. c 
 rt 000000   0.   .95   0. c 
 rt 000000   0.  1.10   0. c 
 rt 000000   0.  1.25   0. c 
 rt 000000   0.  1.40   0. c 
 rt 000000   0.  1.55   0. c 
 rt 000000   0.  1.70   0. c 
 rt 000000   0.  1.85   0. c stirrup 
 rt 000000   0.  2.00   0. c support 
 rt 000000   0.  2.10   0. c end 
 rt 111111   0.    0.   3. c direction node 
0 
  1  2 10 5 0 16 
  2  3 10 5 0 16  
  3  4 30 5 0 16 
  4  5 10 5 0 16 
  5  6 10 5 0 16 
  6  7  9 5 0 16 
  7  8  8 5 0 16 
  8  9  7 5 0 16 
  9 10  6 5 0 16 
 10 11  5 5 0 16 
 11 12  4 5 0 16 
 12 13  3 5 0 16 
 13 14  2 5 0 16 
 14 15  1 5 0 16 
0 
 coor 2 
  mx 0.055 mz 0.07; 
  mx 0.055 mz 0.31; 
 lrep 1 2 
end 
 
c Steel stirrups 
beam 
 rt 000000  0.      0.  0.   c n1 
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 rt 000000  0.055   0.  0.   c n2 
 rt 000000  0.055   0.  0.24 c n3 
 rt 000000  0.      0.  0.24 c n4 
 rt 111111  1.      0.  0.   c n5 direction node 
 rt 111111  0.      0.  1.   c n6 direction node 
0 
 1 2  6 6 0 6  
 2 3 24 6 0 5 
 3 4  6 6 0 6 
0 
 coor 11 
  my  0.50 mz 0.07; 
  my  0.65 mz 0.07; 
  my  0.80 mz 0.07; 
  my  0.95 mz 0.07; 
  my  1.10 mz 0.07; 
  my  1.25 mz 0.07; 
  my  1.40 mz 0.07; 
  my  1.55 mz 0.07; 
  my  1.70 mz 0.07; 
  my  1.85 mz 0.07; 
  my  2.00 mz 0.07; 
 lrep 1 2 3 4 5 6 7 8 9 10 11 
end 
 
c Concrete beam 
start 
 1 7 10; 
 1  11  21  51  61  71  80  88 
 95 101 106 110 113 115 116;   
 1 8 32 35; 
c x 
  0.000 0.055 0.085 
c y 
  0.00  0.10  0.20  0.50  0.65  0.80  0.95  1.10 
  1.25  1.40  1.55  1.70  1.85  2.00  2.10 
c z 
  0.00  0.07  0.31  0.34 
c Contact surface  
 sii+ ; 1 2; -1; 2 m 0. 0. -1. 
c Support 
 b 0 14 4 0 14 4 001010 
 nfg 0 14 4 0 14 4 reaction 
c Accelerometer AccL/AccR 
 npb 1 2 1; 
c Motion history at midspan 
 npb 1 1 4; 
c Strain gauge SGC 
 epb 3 1 3; 
 mate 1 
c mti ; 1 2; 1 2; 7 
end 
 
c Striker weight 
start 
 1 21 22; 
 1 5 6; 
 1 2 10; 
 0. 0.2 0.515 
 0.00 0.04 0.35 
 0. .11 .20 
 coor 1 mz -.32001; lrep 1; 
 velocity 0. 0. 6.7 
 mate 2 
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end 
 
c Striker head 
start 
 1 21; 
 1 2 3 5; 
 1 7 8 10; 
 0.00 0.20 
 0.00 0.01 0.02 0.02 
 0. .06 .07 .07 
 di ; 3 4; 3 4; 
 sfi ; 2 3; -4; sd 1 
 sfi ; -4; 2 3; sd 1  
 sfi ; 1 2; -4; sd 2 
 sfi ; -4; 1 2; sd 3 
 coor 1 mz -.12001; lrep 1; 
 velocity 0. 0. 6.7 
 sii- ; 1 3; -4; 1 s 0. 0. -1. 
 mate 3 
end 
 
c Striker pad 
start 
 1 9; 
 1 3; 
 1 4; 
 0.  .085 
 0. .025 
 0. .03 
 coor 1 mz -.03; lrep 1; 
 sii+ ;; -1; 1 m 0. 0. -1. 
 sii- ;; -2; 2 s 0. 0. -1. 
 mate 4 
end 
 
c ******************************************************* LS-INGRID COMMANDS *** 
end 
tp 0.0001 
continue 
 
c *************************************************** CHANGES IN KEYWORD FILE*** 
 
*MAT_CONCRETE_DAMAGE 
         1      2420      0.16 
     5.3E6    29.6E6     .4463  8.08E-10 
    19.3E6     0.625   2.58E-9     0.625    1.5E-9       1.6      1.35      1.15 
                                                           2 
$ 10mm 
    5.5E-6    1.4E-5    2.9E-5    5.1E-5    8.2E-5   4.80E-4  8.600E-4  14.40E-4 
 30.600E-4    12.E-3    25.E-3   11.E+11 
       .25       .55        .8       .95        1.       .95       .71       .45 
       .25       .06        .0        .0 
*EOS_TABULATED_COMPACTION 
         1 0.0000000 0.0000000 1.0000000 
     0.00000E+00    -6.00000E-04    -2.20000E-03    -1.04000E-02    -2.89000E-02 
    -5.10000E-02    -6.28000E-02    -7.26000E-02     0.00000E+00     0.00000E+00 
     0.00000E+00     1.33333E+07     3.33333E+07     9.00000E+07     2.16000E+08 
     3.90000E+08     5.65000E+08     7.37000E+08     0.00000E+00     0.00000E+00 
     0.00000E+00     0.00000E+00     0.00000E+00     0.00000E+00     0.00000E+00 
     0.00000E+00     0.00000E+00     0.00000E+00     0.00000E+00     0.00000E+00 
     2.16000E+10     2.16000E+10     1.52000E+10     1.00000E+10     1.80000E+10 
     2.10000E+10     2.30000E+10     2.50000E+10     0.00000E+00     0.00000E+00  
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Modelling of concrete material behaviour with application to reinforced concrete beams subjected to impact. 

���������!��������������&''�(����"�

This report presents a finite element analysis of impact loading tests for reinforced concrete beams. The purpose of 
the work was to evaluate the ability of the chosen numerical method and material models to predict the material and 
structural response. The impact loading was carried out using a drop weight impacting a simply supported beam at 
mid-span. Four beams, reinforced with steel rebars and stirrups, were tested. The velocity of the drop-weight and the 
beam, the strain history of lower reinforcement bars and the acceleration history of the beam were registered and a 
high-speed film camera captured the crack development. The finite element analysis gave a different type of failure 
compared to the tests. In the test, the failure was mode I cracking combined with crushing in the impact zone, 
whereas in the simulations, the failure was mainly due to mode II cracking. Changes were made to the model and to 
the material data but the results from the test could not be reproduced. The conclusion is that the chosen concrete 
material model does not seem to be capable of correctly describing the problem, given the material properties and 
the numerical tool of analysis. 
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Modellering av betongmaterialbeteende med tillämpning på stötbelastade armerade betongbalkar. 
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I denna rapport presenteras en finit elementanalys av stötbelastning av betong balkar med konventionell armering. 
Syftet med detta arbete var att utvärdera möjligheten att med valt analysverktyg och materialmodell kunna förutsäga 
material och strukturresponsen. Stötbelastningen utfördes med en fallvikt som slog an den enkelt upplagda balken i 
dess mittspann. Totalt genomfördes fyra fallviktsförsök. Under försöken registrerades fallviktshastighet, 
balkhastighet, balkacceleration, töjning i de nedre armeringsstängerna och på betongytan. En höghastighetskamera 
fångade skadeprocessen. Finita elementanalysen gav en annan typ av brott än den i försöken. Vid försöken skedde 
brottet genom sprickpropagering i främst mod I kombinerat med krossning i anslagszonen och i simuleringen skedde 
brottet främst pga sprickor i mod II. Förändringar gjordes i modellen och i materialdata men, resultatet från försöken 
kunde inte återskapas. Slutsatsen är att materialmodellen inte kan beskriva problemet på ett korrekt sätt, givet det 
här använda analysverktyget och materialdata. 
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