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1. PROJECT OVERVIEW  
With respect to the request by KCPT, this project performs a set of analyses to the performance of 
life shield films when they are installed behind masonry constructions with glass windows. The wall 
considered is shown in Fig. 1 and fixing of the wall film and glass film behind the wall is shown in 
Fig. 2.  

 

Fig. 1 Elevation view of the wall 

 
Fig. 2 Attachment of the films to the wall 

 
Different construction details and blast severities have been considered in the analysis. They are 
summarized in the Table 1. Two kinds of masonries and two kinds of glasses have been considered, 
which makes four combinations. For each combination, two kinds of blast scenarios are analyzed. 
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They are 20kg TNT equivalent at 5m away from the wall front and 1000kg TNT from 20m away. 
 
Table 1 summary of the cases analyzed 
Case  Construction materials Blast 

wall glass 
1 Unreinforced CMU ASF Annealed 

20kg@5m 
1000kg@20m 

2 Unreinforced CMU Heat treated 
3 Aerated Light Weight 

Concrete Block 
ASF Annealed 

4 Aerated Light Weight 
Concrete Block 

Heat treated 

 
2. LS-DYNA MODEL 
The analyses were performed in LS-DYNA. This section gives the details of the model. 
 
2.1 FEM Model 
The drawing for the physical model was provided by KCPT as shown in Fig. 1. In the simulation, 
only one wall panel of 3.0m wide has been considered. The ultimate structure to be modeled is 
shown in Fig. 3. The wall includes the upper wall panel of 1.2m high, the middle window plus 
window frame of 1.2m and the lower wall panel of 1.2m. Behind the wall, three films are attached 
behind the wall panels and the glass windows respectively. They are inter-connected by steel angles 
and are connected to steel angles at the upper and lower ends. The other ends of the upper and lower 
angles are restrained to simulate the fixing of the angles to the concrete floor system. The connection 
details marked as D1-D4 are shown in Fig. 4. The concrete floors are assumed to be fully fixed and 
are not explicitly simulated. To the left and right, half of the steel tubes are modeled. The inner sides 
of the steel tubes are attached to the wall panel/window frame and outer sides restrained by 
symmetrical boundary conditions. The overall boundary conditions adopted are shown in Fig. 5.  
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               (a)  Front view                      (b) Side view 
Fig. 3 The Physical model of the masonry wall 

 
(to be continued) 
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Figure 4 Details for connections D1-D4 

 
Figure 5 Boundary conditions of the model 

 
2.2 Fragmentation Simulation 
The purpose of the simulation is to test the ability of the protective film to capture the fragments 
from the window and the masonry units, and thus protect the human life inside. Therefore, it is 
essentially important to simulate the fragmentation of the glass and the CMU wall. In the program 
LS-DYNA, element failure can be predicted based on criteria such as stress, strain, etc. The failed 
elements will be removed from the analysis (erosion) and the surviving elements, when become 
unstrained due to the removal of some elements, become fragments and are free to fly. In this way, if 
the glass panel or the CMU units were directly simulated with their own material properties and a 
uniform mesh, most of the elements will simply fail upon arrival of the blast wave and be removed 
from the analysis. Therefore, a grid strategy was adopted, which was able to not only generate the 
fragments upon the arrival blast pressure, but also limit the amount of element removal and thus 
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mass loss. Take the glass panel as an example, this strategy is shown in Fig. 6. The glass panel was 
divided into small panels of 100mm×100mm size, with small strips between them. In the analysis, 
the actual properties of the glass panel will be assigned to the small strips so that they can fail as 
expected. The square panels, however, are not allowed to fail so that when separated, they can work 
as free fragments that impact on the film.  

 

Fig. 6 The grid strategy for glass panel 
A test on this model shows that it works very well, as shown by the animation in Fig. 7.  
 

 
Fig. 7 Fragmentation of the glass panel 

 
The masonry units are assumed to be 590x290x200 sizes glued together with 10mm thick mortar. As 
a result, the accomplished grid model for the masonry wall can be shown in Fig. 8.  

 
Fig. 8 The grid model for the CMU wall 
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2.3 Materials 
The material properties for the masonries, glasses, steel and aluminum alloy (for the window frame) 
are taken according to the common values in China. They are summarized in Table 2. “CMU” 
represents the unreinforced CMU, “ACB” is Aerated Light Weight Concrete Block, “ASF” and 
“Heat” are for the ASF annealed and heat treated glasses respectively. Compatible mortars are used 
for CMU and ACB.  
 
Table 2 Properties of the materials apart from films  

 mortar 
 E(Mpa) fy 

(Mpa) 

Poisson’s 

ratio 

Density 

(kg/m3) 

E(Mpa) fy 

(Mpa) 

Poisson’s 

ratio 

Density 

(kg/m3) 

CMU 2.55E+4 20 0.2 1800 1.71E+4 15 0.25 1700 

ACB 1295 3 0.2 500 1.71E+4 5 0.25 1700 

ASF 72000 180 0.2 25.6     

Heat 72000 45 0.2 25.6     

Steel 210000 235 0.3 7850     

Alloy 70000 145 0.3 2700     

 
The properties for the wall film and the glass film are provided by Sherwin-Williams Company. 
According to the test data provided, the average values from LS-URF-140 was used for the Opaque 
wall film and the average values from Gen V/PET Bay Four was used for the clear film behind the 
window. The stress-strain relationships appear as that shown in Fig. 9. The films are assumed to 
rupture upon arrival of the maximum strain shown in the figures.  
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a. opaque film      b. clear film 

Fig. 9 Stress-strain relationships of the films 
 
2.4 Contact and Restraint 
Within the model, multiple restraints and interactions are used to connect the different parts of the 
model to work together. Three types of interactions have been used: 
(1) Tie. “tie” means the connected two parts are glued together to form one entity. Seperation is only 

possible with material failure. In this model, “tie” are used in these situations:  
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�  onnection between the lower wall and the window frame 
�  The window frame and the upper wall 
�  The wall panels and the side steel columns 
�  The window frame and the side steel columns 

(2) Tie with failure. Failure criteria are set for the tie so that the connected two parts can become 
detached once the force transferred by the tie exceeds the failure criteria. In this model, “tie with 
failure” is used to simulate the tapcons that connect the angles to the CMU wall, as shown in 
Figure 4.  

(3) Contact. The objects can be anywhere in the model initially. However, they shall interact when 
their surface comes into contact. “Contact” is used in this model for the films to catch the 
fragments from the wall and glass panel.  

 
The finished model is shown in Fig. 10 
�

� � � � � � � �

a. Front view                       b. Back view 
Fig. 10 The finite element model for the wall 

 
3 ANALYSES RESULTS 
The model presented above was subjected to an explosion in front of the wall. The origin of the blast 
was set to 0.5m above the floor and 0.5m from the right edge of the wall. The total analysis time was 
0.4s and the loading was applied in two steps. From time 0 to time 0.2s, the self-weight was applied, 
from 0.2s, the explosion started. The conclusions can be drawn that: 
1. When the blast is 20kg at 5m away, the glass and the wall failed, the debris were captured by the 

films successfully. When the blast is 1000kg at 20m away, the blast was so severe that the films 
ruptured at very large deformation.  

2. ASF annealed glasses fractured as very large pieces while heat treated glass are exploded to a 
large number of small fragments. 

3. CMU walls fail by collapse after small lateral movement, which causes little impact loading to 
the film behind it. However, ACB wall units fly out upon the arrival of the blast wave.   
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Deformations of the wall structure in the blast are shown in Appendix A.  
 
 
4. BLAST PERFORMANCE RATING 
The results were interpreted in terms of the US General Services Administrations (GSA) Standard 
Test Method for Glazing and Window Systems Subject to Dynamic Overpressure Loadings and ISO 
16933 Glass in building — Explosion-resistant security glazing — Test and classification for arena 
air-blast loading (See Appendix B for summary) performance criteria. 
When applying the GSA criteria or the ISO criteria to the blast performance of the system with 
protective shield, adjustments were made to the original standard specifications (with approval from 
the KCPT side) that: 

1. In the GSA system, if the out-of-plane displacement of the film exceeds 3.3ft, but no debris 
passes by the Life Shield retrofit, the performance of the system is considered to be 3b. �

2. In the ISO system, if the maximum deformation of the film falls into any of the region D,E or F, 
then the performance of the system should be rated as that area correspondingly.  

The results are summarized in Table 3. The last four columns are the performance rating according to 
GSA, performance rating according to ISO, the status of the protective film and the maximum 
deflection of the film, where “flying” indicates very large deformation as by the end of the analysis, 
the fragments were still flying.    

Table 3 Summary of the Cases Analyzed 
Case Construction materials 

Blast Load Result 
Performance Level 

wall glass GSA ISO Film Deformation 

1 Unreinforced CMU ASF Annealed 20kg@5m Pass 3a C intact 0.8 

2 Unreinforced CMU Heat treated 20kg@5m Pass� 3b D intact 1.3 

3 Unreinforced CMU ASF Annealed 1000kg@20m Pass� 5 F Fail Flying 

4 Unreinforced CMU Heat treated 1000kg@20m Pass� 5 F Fail Flying 

5 Aerated LWC* ASF Annealed 20kg@5m Pass� 3b D intact 1.35 

6 Aerated LWC* Heat treated 20kg@5m Pass� 3b D intact 1.9m 

7 Aerated LWC* ASF Annealed 1000kg@20m Pass� 5 F Fail Flying 

8 Aerated LWC* Heat treated 1000kg@20m Pass� 5 F Fail Flying 

* Aerated LWC: Aerated Light Weight Concrete Block 
 
5. BLAST RESISTANCE OF THE SYSTEM 
The blast loads working on the front face of the structure were calculated using the method proposed 
by TM5-1300. The reflected pressure Psr and impulse Isr working on the wall along its height is 
calculated at 0.5m from the right wall (perpendicular to the blast location) and shown in Fig. 11 and 
12. For these two blast scenarios, the reflected pressures are close on average, but the impulse from 
the blast 2000kg@20m is far larger than that from 20kg@5m�Ä 
To find out the resistance of the structure, taking the case of Unreinforced CMU and ASF 
Annealed glass as an example, a number of blast scenarios were analyzed. These results, when rated 
in terms of the GSA standard, can be divided into 3a and 3b as shown in Fig. 13 and 14. In Fig. 13, 
the results were interpreted in terms of the blast pressure and blast impulse generated by the blast. In 
Fig. 14, the results were presented in terms of the weight of TNT in kg and the distance from the 
structure face. In both figures, a dotted curve was added to approximate the boundary between 
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performance 3a and 3b.  

�

Fig. 11 The blast pressure working on the wall 

 

Fig. 12 The impulse working on the wall 

Reflected pressure Psr (psi) 

H
eight of the w

all (m
) 

Reflected Impulse Isr (psi.ms) 

H
eight of the w

all (m
) 
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Fig.13 The blast resistance of the wall with unreinforced CMU and ASF annealed Glass 

 
Fig.14 The blast resistance of the wall with unreinforced CMU and ASF annealed Glass 

 
6. CONCLUSIONS 
The model was based on the inputs provided by K&C Protective Technologies Pte Ltd and Life 
Shield Engineered Systems and derived from literature. The material technology and engineered 
attachment system is valid over a range of pressures and impulses. Follow up work should include 
refining the model based on real world blast testing to improve the accuracy of the model.  
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APPENDIX  A 
The responses of the structure in the blast are provided in the appendix A. Each analysis was 
indicated by the masonry, the glass and the blast scenario. CMU is for the unreinforced CMU wall; 
ACB is Aerated Light Weight Concrete Block, ASF is the ASF annealed glass; Heat is the heat 
treated glass. BLAST1 is for the blast scenario of 20kg at 5m away and BLAST 2 is for the blast 
scenario of 1000kg at 20m away.  
 
A.1 CMU_Heat_BLAST1 

� � �
1. Time=0.2                   2. Time=0.21s               3. Time=0.22s 

 
4. Time=0.23s                 5. Time=0.24s              6. Time=0.28s 

Fig. A1 The front view 
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1. time=0.2s           2. time=0.23s        3. time=0.25s 

       
7. time=0.30s   5. time=0.35s     6. time=0.40s 

Fig. A2 The perspective view 
�
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A.2 CMU_Heat_BLAST2 

 
��  Time=0.2              2. Time=0.21s          3. Time=0.22s 

   
4. Time=0.23s                 5. Time=0.24s 

 
6. Time=0.28s 

Fig. A3 The front view 
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1. time=0.2s       2. time=0.23s         3. time=0.25s 

 
4. Time=0.30s 

 
      5. Time=0.32s 

Fig. A4 The perspective view 
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A3. CMU_ASF_BLAST1 

 
��  Time=0.2           2. Time=0.21s            3. Time=0.22s 

   
4. Time=0.23s          5. Time=0.24s 

 
6. Time=0.28s 

Fig. A5 The front view 
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1. time=0.2s      2. time=0.23s     3. time=0.25s 

      
4. Time=0.30s    5. Time=0.35s      6. Time=0.4s 

Fig. A6 The perspective view 
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A4. CMU_ASF_BLAST2 

   
��  Time=0.2               2. Time=0.21s           3. Time=0.22s 

   
4. Time=0.23s            5. Time=0.24s 

 
6. Time=0.28s 

Fig. A7 The front view 
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1. time=0.2s      2. time=0.23s     3. time=0.25s 

      
4. Time=0.30s 

 
8. Time=0.32s 

Fig. A8 The perspective view 
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A5. ACB_Heat_BLAST1 

   
��  Time=0.2                2. Time=0.21s            3. Time=0.22s 

    
4. Time=0.23s             5. Time=0.24s 

 
6. Time=0.28s 

Fig. A9 The front view 
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1. time=0.2s       2. time=0.23s      3. time=0.25s 

       
4. Time=0.30s      5. Time=0.35s      

 
 6. Time=0.39s 

Fig. A10 The perspective view 
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A6. ACB_Heat_BLAST2 

   
��  Time=0.2            2. Time=0.21s          3. Time=0.22s 

      
4. Time=0.23s            5. Time=0.24s 

 
6. Time=0.28s 

Fig. A11 The front view 
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1. time=0.2s      2. time=0.23s     3. time=0.25s 

      
4. Time=0.26s                 5. Time=0.28s      

Fig. A12 The perspective view 
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A7. ACB_ASF_BLAST1 

 
��  Time=0.2               2. Time=0.21s           3. Time=0.22s 

     
4. Time=0.23s          5. Time=0.24s 

 
6. Time=0.28s 

Fig. A13 The front view 
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1. time=0.2s         2. time=0.23s       3. time=0.25s 

       
4. Time=0.30s              5. Time=0.35s        6. Time=0.4s 

Fig. A14 The perspective view 
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A8. ACB_ASF_BLAST2 

     
��  Time=0.2                   2. Time=0.21s               3. Time=0.22s 

    
4. Time=0.23s                 5. Time=0.24s 

 
6. Time=0.28s 

Fig. A15 The front view 
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1. time=0.2s      2. time=0.23s     3. time=0.25s 

      
4. Time=0.27s                 5. Time=0.28s       

Fig. A16 The perspective view 
�
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APPENDIX B 
 
B.1 US General Services Administrations Standard Test Method for Glazing and Window 
Systems Subject to Dynamic Overpressure Loadings�
�
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B.2 ISO 16933 Glass in building — Explosion-resistant security glazing — Test and 
classification for arena air-blast loading 
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