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FORWARD 
 
UFC 4-010-011 provides baseline minimum levels of protection with which all DoD 
inhabited buildings must comply as long as they meet specific “triggers”.  Those levels 
of protection can be achieved using conventional construction if certain minimum 
standoff distances are provided.  The process in UFC 4-020-012 may determine that a 
facility requires a higher level of protection or must address threats beyond those 
considered in UFC 4-010-01, in which cases the structure must be specifically analyzed 
for blast loading.   
 
Structural engineers need guidance for the design of buildings required to resist the 
airblast associated with terrorist explosive threats where the minimum standoff 
distances are not available or where higher levels of protection are required and/or 
where more severe threats need to be considered.   
 
The prevalent method used in DoD to design structures to resist the airblast loading 
from terrorist explosive threats is the single degree of freedom (SDOF) process.  The 
SDOF methodology is detailed in Army TM 5-13003 , UFC 3-340-14, and other non-
government references.  The SDOF process has been automated in the SBEDS5 
Excel© workbook.  Specific details of the SDOF methodology and airblast loading used 
in SBEDS are provided in PDC-TR 06-016.   
 
The U.S. Army Corps of Engineers Protective Design Center (PDC) has researched 
existing criteria, researched available test reports, and consulted with technical experts 
in the field of blast design to develop the response limits contained in this report.  Limits 
to band the four levels of protection defined in UFC 4-010-01 are provided.  These limits 
should be used in the design of facilities with less than the conventional construction 
standoff distance defined in UFC 4-010-01, or where otherwise required to resist 
terrorist explosive threats. These response limits can also be accessed within SBEDS.  
The intent of this report is to provide structural engineers using SBEDS basic 
information on the application of these response limits. 
 
This information is furnished by the United States Government and is accepted and 
used by the recipient with the express understanding that the United States Government 
makes no warranties, expressed or implied, concerning the accuracy, completeness, 
reliability, usability, or suitability for any particular purpose of the information and data 
contained in this document, and the United States Government shall be under no 
liability whatsoever to any person by reason of any use made thereof.  

 
1   UFC 4-010-01, “DoD Minimum Antiterrorism Standards for Buildings”, 2003 
2   UFC 4-020-01, “DoD Security Engineering Facilities Planning Manual”, Pending 
3   Army TM 5-1300, “Structures to Resist the Effects of Accidental Explosions”, 1990 (Also designated as 

Air Force AFR 08-22 and Navy NAVFAC P-3897) 
4   UFC 3-340-1, “Design and Analysis of Hardened Structures to Conventional Weapons Effects”, 2002 
5  “Single degree of freedom Blast Effects Design Spreadsheet”, U.S. Army Corps of Engineers 

Protective Design Center, 2006 
6   PDC-TR 06-01, “Single Degree of Freedom Blast Design Spreadsheet (SBEDS) Methodology 

Manual”, U.S. Army Corps of Engineers Protective Design Center, 2006 
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SECTION 1 –  INTRODUCTION  

1-1 Background 

UFC 4-010-011 provides baseline minimum levels of protection with which all DoD 
inhabited buildings must comply as long as they meet specific “triggers”.  Those levels 
of protection can be achieved using conventional construction if certain minimum 
standoff distances are provided.  The process in UFC 4-020-012 may determine that a 
facility requires a higher level of protection or must address threats beyond those 
considered in UFC 4-010-01, in which cases the structure must be specifically analyzed 
for blast loading.   
 
Structural engineers need guidance for the design of buildings required to resist the 
airblast associated with terrorist explosive threats where the minimum standoff 
distances are not available or where higher levels of protection are required and/or 
more severe threats need to be considered.   
 
The prevalent method used in DoD to design structures to resist the airblast loading 
from terrorist explosive threats is the single degree of freedom (SDOF) process.  The 
SDOF methodology is detailed in Army TM 5-13003, UFC 3-340-14, and other non-
government references.  The SDOF process has been automated in the SBEDS5 
Excel© workbook.  Specific details of the SDOF methodology and airblast loading used 
in SBEDS are provided in PDC-TR 06-016.   
 
1-2 SDOF Design Process 

When using the SDOF methodology for design of a structural component the following 
steps are followed: 
 

• a trial member (typically the member required to resist conventional loads) is 
selected and the equivalent SDOF system determined 

• airblast load is calculated based on charge weight, distance between the charge 
and the member being considered (standoff distance), and the orientation of the 
member with respect to the charge  

• maximum dynamic deflection of the SDOF system is calculated and used to 
calculate the maximum support rotation (θ) and the ductility ratio (μ)  (refer to 
SBEDS Methodology Manual) 

• calculated θ and/or μ are then compared to established response limits to 
determine the level of protection the member would provide 

• if an acceptable level of protection is provided, the design of the member is 
finalized (shear capacity verified, connections designed, etc.), if not, another 
member is selected and the process is restarted 

1-1 
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1-3 Purpose 

The U.S. Army Corps of Engineers Protective Design Center (PDC) has researched 
existing criteria, researched available test reports, and consulted with technical experts 
in the field of blast design to develop the response limits contained in this report.  Limits 
to band the four levels of protection defined in UFC 4-010-01 are provided.  These limits 
should be used in the design of facilities required to resist terrorist explosive threats. 
These response limits can also be accessed within SBEDS.   
 
The purpose of this report is to provide structural engineers using SBEDS with basic 
information on the application of these response limits. 
 
1-4 Report Structure 

Section 2 provides an overview of the DoD building levels of protection (LOP) and the 
relationship between component damage and building LOP.  Section 3 discusses the 
relationship between component damage and structural response.  Section 4 provides 
specific response limits for common structural components.  Section 5 illustrates 
selection of the appropriate limits.  Appendix A contains a list of references cited in this 
report and Appendix B contains a summary of the relationship between building levels 
of protection and component damage. 
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SECTION 2 –  LEVELS OF PROTECTION 

2-1 General 
 
DoD facilities requiring protection from terrorist explosives should provide the required 
levels of protection (LOP) as determined by the planning team using the process in UFC 
4-020-01.  Potential levels of protection are listed in Table 2-1 along with a description 
of the potential damage the structure will sustain in global terms.  Table 2-2 describes 
the hazards related to doors and glazing along with potential injuries for building 
occupants for the various building LOP. 
 

Table 2-1  Structural Damage Associated with Building Levels of Protection 
Building Level 
of Protection Descriptions of Potential Overall Structural Damage 

Below AT 
standards1 

Severe Damage - Progressive collapse likely.  Space in and around 
damaged area is unusable.  

Very Low Heavy Damage - Onset of structural collapse.  Progressive collapse is 
unlikely.  Space in and around damaged area is unusable.  

Low Unrepairable Damage - Progressive collapse will not occur.  Space in 
and around damaged area is unusable.  

Medium Repairable Damage - Space in and around damaged area can be used 
and is fully functional after cleanup and repairs. 

High Superficial Damage - No permanent deformations.  The facility is 
immediately operable.  

1 - This is not a level of protection, and should never be a design goal. It only defines a realm of 
more severe structural response, and may provide useful information in some cases. 

 
Table 2-2  Door & Glazing Hazard and Injuries Associated  

with Building Levels of Protection 
Building Level 
of Protection Potential Door & Glazing Hazards2 Potential Injury 

Below AT 
Standards1 

Doors and glazing will fail 
catastrophically and result in lethal 
hazards. (High hazard rating)  

Majority of personnel in collapse 
region suffer fatalities.  Fatalities in 
areas outside of collapsed area 
likely. 

Very Low 

Glazing will fracture, come out of 
the frame, and is likely to be 
propelled into the building, with the 
potential to cause serious injuries. 
(Low hazard rating).  
 
Doors may be propelled into 
rooms, presenting serious hazards. 

Majority of personnel in damaged 
area suffer serious injuries with a 
potential for fatalities.  Personnel in 
areas outside damaged area will 
experience minor to moderate 
injuries. 

 
 

2-1 
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Table 2–2  (continued) 

Building Level 
of Protection Potential Door & Glazing Hazards2 Potential Injury 

Low 

Glazing will fracture, potentially 
come out of the frame, but at a 
reduced velocity, does not present 
a significant injury hazard. (Very 
low hazard rating)  
 
Doors may fail, but they will 
rebound out of their frames, 
presenting minimal hazards.  

Majority of personnel in damaged 
area suffer minor to moderate 
injuries with the potential for a few 
serious injuries, but fatalities are 
unlikely. Personnel in areas outside 
damaged areas will potentially 
experience minor to moderate 
injuries. 

Medium 

Glazing will fracture, remain in the 
frame and results in a minimal 
hazard consisting of glass dust and 
slivers. (Minimal hazard rating)  
 
Doors will stay in frames, but will 
not be reusable.  

Personnel in damaged area 
potentially suffer minor to moderate 
injuries, but fatalities are unlikely.  
Personnel in areas outside 
damaged areas will potentially 
experience superficial injuries. 

High 

Glazing will not break. (No hazard 
rating)  
 
Doors will be reusable.  

Only superficial injuries are likely. 

1 - This is not a level of protection, and should never be a design goal. It only defines a realm of 
more severe structural response, and may provide useful information in some cases. 

2 - Glazing hazard ratings are from ASTM F 1642.  
 
2-2 Component Damage 

Building LOP is based on the damage expected to the individual structural components.  
Components are generally categorized as primary, secondary, or non-structural.  These 
categories are described Table 2-3. 
 
Component damage can be assigned to one of the five regimes shown in Table 2-4. 

2-2 



PDC-TR 06-08 
Revision 1 

7 January, 2008 

2-3 

Table 2-3  Component Descriptions 
Component Description 

Primary 
Structural  

Members whose loss would affect a number of other components 
supported by that member and whose loss could potentially affect the 
overall structural stability of the building in the area of loss.  Examples of 
primary structural components include: columns, girders, and other 
primary framing components directly or in-directly supporting other 
structural or non-structural members, and any load-bearing structural 
components such as walls. 

Secondary 
Structural  

Structural component supported by a primary framing component.  
Examples of secondary structural components include non-load bearing 
infill masonry walls, metal panels, and standing seam roofs. 

Non-
Structural  

Components whose loss would have little effect on the overall structural 
stability of the building in the area of loss. Examples of non-structural 
components include interior non-load bearing walls, and architectural 
items attached to building structural components. 

 
Table 2-4  Component Damage Levels 

Component 
Damage 
Level 

Description of Component Damage 

Blowout Component is overwhelmed by the blast load 
causing debris with significant velocities 

Hazardous 
Failure 

Component has failed, and debris velocities 
range from insignificant to very significant 

Heavy 
Damage 

Component has not failed, but it has 
significant permanent deflections causing it 
to be unrepairable 

Moderate 
Damage 

Component has some permanent deflection. 
It is generally repairable, if necessary, 
although replacement may be more 
economical and aesthetic 

Superficial 
Damage 

Component has no visible permanent 
damage 



PDC-TR 06-08 
Revision 1 

7 January, 2008 
 

THIS PAGE INTENTIONALLY BLANK 

2-4 



PDC-TR 06-08 
Revision 1 

7 January, 2008 
SECTION 3 – COMPONENT DAMAGE 

3-1 General 

This section discusses the general relationship between component damage and 
response limits and the relationship between component damage and building LOP.  
The description of the process to develop response limits based on test results is 
greatly simplified.  PDC-TR 05-02, “Component Explosive Damage Assessment 
Workbook (CEDAW) Final Report,” contains a detailed treatment of this process. 
 
3-2 Charge Weight-Standoff and Pressure-Impulse Diagrams 

If the charge weight-standoff (CW-S) combinations causing a specific deflection in a 
specific structural component were determined for a range of charge weights and 
plotted, the resulting plot would be similar to Figure 3-1.  If the pressure-impulse (P-i) 
combinations were plotted instead of the CW-S the resulting plot would be similar to 
Figure 3-2. 
 
If this structural component were analyzed for a CW-S combination falling to the left of 
the line in Figure 3-1, the maximum deflection will be greater than the deflection used to 
construct the plot.  Similarly, if a CW-S combination falling to the right of the line were 
analyzed, the maximum deflection would be less than the deflection used to construct 
Figure 3-1.  In essence, the line forms the boundary between CW-S combinations that 
result in greater deflection and those causing less deflection for components. 
 
When looking at P-i diagrams such as in Figure 3-2, P-i combinations to the left or 
below the curve result in less deflection while P-i combinations to the right or above the 
curve result in greater deflection.   
 

 
Figure 3-1 Typical Charge Weight - Standoff Diagram 

3-1 
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Figure 3-2  Typical Pressure-Impulse Diagram 

 
3-3 Response Limits Based on Test Data 

When the results of testing are assigned a damage designation (superficial damage, 
moderate damage, etc.) and plotted in CW-S or P-i space it is possible to determine the 
θ and/or μ which bound the various damage levels.  Hence, a component damage level 
is not represented by discrete response limits, θ and/or μ, but rather by a range of these 
parameters.  When developing the response limits for the structural components 
discussed in the next section, values for θ and/or μ that formed the upper and lower 
bounds for each component damage level were selected.   
 
Figure 3-3 is a plot of the CW-S curves for each response limit boundary (B1, B2, B3, 
and B4) of a component with the component damage identified.  The response limit 
boundaries for various components are provided in Section 4.  Figure 3-4 plots the 
response limit boundaries in P-i space.  The relationship between these response limit 
boundaries and the component damage levels are given in Table 3-1. 
 

3-2 
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Figure 3-3  Charge Weight-Standoff Diagram Showing  
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Figure 3-4  Pressure Impulse Diagram Showing  

Component Damage Levels 
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Table 3-1  Component Damage Levels  

Relationship to Response Limits 
Component 
Damage Level Relationship to Response Limits 

Blowout Response greater than B4.  

Hazardous 
Failure Response between B3 and B4 

Heavy 
Damage Response between B2 and B3.  

Moderate 
Damage Response between B1 and B2.  

Superficial 
Damage Response is less than B1. 

 
3-4 Response Limits Based on Existing Criteria 

When sufficient test data were not available, existing criteria (TM 5-1300, Department of 
State, American Society of Civil Engineers, etc.) were utilized.  Frequently, the other 
criteria contain less than four damage levels so some response limits presented in the 
next section represent an assemblage constructed from the various sources. 
 
3-5 Component Damage and Building LOP Relationship 

When determining the building LOP the damage to primary structural components is 
weighted heavier than that of secondary and non-structural components.  Table 3-2 
shows the allowable damage for the various component categories for each building 
LOP.    
 
Damage for a component category (primary, secondary, or non-structural) is based on 
the component in that category expected to sustain the most damage.  For example, if 
one column is expected to sustain heavy damage and all other primary members are 
expected to sustain moderate damage, the damage for primary components is 
classified as heavy; the damage associated with the individual component sustaining 
the most damage. 
 
The building LOP is based on the LOP associated with the component category 
sustaining the most damage.  For example, if primary structural components and non-
structural components are expected to sustain only superficial damage but secondary 
structural components are expected to suffer heavy damage, the building’s LOP would 
be “low”; the LOP associated with secondary structural components suffering heavy 
damage. 
 

3-4 
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Table 3-2  Building LOP –  

Component Damage Relationship 
Component Damage Building 

Level of 
Protection 

Primary 
Components 

Secondary 
Components 

Non-Structural 
Components   

Below AT 
Standards Hazardous  Blowout  Blowout  

Very Low Heavy  Hazardous  Hazardous  

Low Moderate  Heavy  Heavy  

Medium Superficial  Moderate Moderate  

High Superficial  Superficial  Superficial  
 

3-5 
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SECTION 4 – RESPONSE LIMITS FOR COMMON COMPONENTS 

4-1 General 

Specific values for the θ and/or μ associated with the boundaries between the various 
component damage levels are provided for common structural components in this 
section.   
 
Important information for the application of the response limits is contained in the text of 
each section as well as the notes to the tables; the user is urged to carefully read both 
the text and the notes. 
 
4-2 Members in Combined Compression and Flexure 

In an SDOF analysis, deflection due to only one mode of response, typically flexural 
about a single axis, is determined.  Exterior walls and columns subject to lateral blast 
loads are frequently also required to carry vertical loads, either conventional or blast 
loads.  Limiting the deflections to acceptable limits for these members is vital in avoiding 
localized collapse.   
 
There is insufficient information available to fully develop response limits specifically for 
members in combined flexure and compression.  Additionally, much of the compressive 
load carried by a member is from the reactions of supported elements loaded by the 
blast; determination of the magnitude and timing of these reactions is difficult at best.   
 
For these reasons, more conservative limits are placed on the allowable level of flexural 
response when the amount of axial compressive load (P) carried by a member exceeds 
20% of its ultimate dynamic axial compression capacity (Pdu).  Calculation of P should 
be based on the ultimate resistance (ru) of the supported members exposed to the blast 
pressure and factored dead load (DL) and live load (LL).  The load factor for DL is 1.0 
and for LL is 0.35.   
 
For the tables contained in this section, the limits for members in flexure should be used 
when P/Pdu is less than or equal to 0.2.  When P/Pdu exceeds 0.2, the limits for 
members in combined flexure and compression should be used.  The limits for 
combined flexure and compression are restricted to not exceed moderate component 
damage; the response limits for B3 and B4 are set equal to B2. 
 
Examples demonstrating the process for determining appropriate limits to use are 
contained in Section 5. 
 
4-3 Reinforced Concrete 

The response limits for the boundaries of component damage levels for reinforced 
concrete members are shown in Table 4-1.    
 
 

4-1 
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Table 4-1  Response Limits for Reinforced Concrete 1 

B1 B2 B3 B4 
Member 

μ θ μ θ μ θ μ θ 

No shear reinforcing/ 
without tension membrane 1 - - 2° - 5° - 10°

With compression face 
steel reinforcement and 
shear reinforcing/without 
tension membrane 2  

1 - - 4° - 6° - 10°Flexure 

With tension membrane 
(L/h>=5) 3, 4 1 -  - 6° - 12° - 20°

No shear reinforcing/ 
without tension membrane 1 - - 2° - 2° - 2° 

Combined 
Flexure & 
Compression 5 

With compression face 
steel reinforcement and 
shear reinforcing/without 
tension membrane 2 

1 - - 4° - 4° - 4° 

Walls & Seismic Columns 0.9 - 1  - 2  - 3  - 
Compression 5, 6 

Non-Seismic Columns 0.7 - 0.8 - 0.9  - 1  - 

Tension or Combined Flexure & Tension No response limits in this report, see SBEDS 
Methodology Manual 

1 - See paragraph 4-2 for information on selection of Flexure or Combined Flexure & Compression 
limits. 

2 - Stirrups or ties must meet ACI minimums and enclose the top and bottom flexural reinforcement.  
Shear reinforcement must be provided throughout the span length to provide confinement of 
compression steel in maximum moment region. 

3 - Refer to UFC 3-340-01 or Park and Gamble, "Reinforced Concrete Slabs", 2nd Edition, for 
information on the use of tension membrane in design.     

4 - It is recommended that for deep members (L/h < 5) that B3 and B4 values be 60% of those 
shown. 

5 - Shear must be checked and when required, shear reinforcing meeting the applicable 
requirements of ACI 318 provided. Additional information can be found in UFC 3-340-01.  

6 - Not analyzed by SBEDS.  These limits would typically be used for interior columns supporting 
roof members.  Ductility ratio for pure compression is the ratio of total axial shortening to axial 
shortening at the elastic limit.  

 
4-4 Prestressed Concrete Components 

Prestressed members are normally considered very brittle for blast loads.  When using 
gravity balanced prestressed members, designers need to use bonded tendons and add 
more top steel to control cracking due to dynamic uplift loads and displacements.  
Partially prestressed members should be considered when designing for blast loads, as 
mild steel can be used to minimize tensile cracking due to adverse displacements 
during member rebound.  The reinforcement Index, ωp, in prestressed concrete is:  
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ωp = (Aps/bdp) * (fps/f'c),  

 
where Aps = area of prestressed reinforcement in tension zone  

fps = calculated stress in prestressing steel at design load 
b = the member width 
dp = the depth to center of prestressing steel 
f’c = the concrete compressive strength 
 

The response limits for the boundaries of component damage levels for prestressed 
concrete members are shown in Table 4-2. 
 

Table 4-2  Response Limits for Prestressed Concrete 1 
B1 B2 B3 B4 

Member 
μ θ μ θ μ θ μ θ 

ωp > 0.30 2  0.7 - 0.8  - 0.9  - 1  - 

0.15 < ωp 
< 0.30 3  0.8 - 0.25/ωp 1° 0.29/ωp 1.5° 0.33/ωp 2° 

Flexural 
members w/o 
tension 
membrane 
action, L/h>=5 ωp < 0.15 4 1  -  - 1°  - 2°  - 3° 

Flexural members with 
tension membrane action, 
L/h>=5 5  

1 -  - 1° - 6° - 10° 

1 - See paragraph 4-2 for information on selection of Flexure or Combined Flexure & Compression 
limits. 

2 - This reinforcement index indicates an over-reinforced member that could fail catastrophically by 
concrete crushing before yielding occurs in the prestressing steel.   

3 - Prestessed sections in this category are similar to the design requirements of TM 5-1300, θ < 2 
and μ < 1. 

4 - These sections may be shear limited.  Unless stirrups or ties meeting ACI requirements are used 
throughout the span, the response limits for 0.15 < wp < 0.30 category apply. 

5 - These values assume the use of bonded tendons, draped strands and continuous beams. 
 
4-5 Masonry 

Unreinforced masonry is not allowed for new designs per UFC 4-010-01.  These 
response limits for unreinforced masonry are applicable only when used in an analysis 
where the wall resistance is controlled by brittle flexural response or axial load arching 
(compression membrane); do not use an elastic-perfectly plastic analysis for 
unreinforced masonry as this will lead to over calculation of the blast load these 
elements can resist. 
 
The response limits for the boundaries of component damage levels for masonry 
members are shown in Table 4-3. 
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Table 4-3  Response Limits for Masonry 1 

B1 B2 B3 B4 
Member 

μ θ μ θ μ θ μ θ 

Flexure 1  -  - 1.5°  -  4°  - 8° 
Unreinforced 2 Combined Flexure 

& Compression 1  -  - 1.5°  -  1.5°  - 1.5° 

Flexure 1  -  - 2°  -  8°  - 15° 
Reinforced Combined Flexure 

& Compression 1  -  - 2°  -  2°  - 2° 

1 - See paragraph 4-2 for information on selection of Flexure or Combined Flexure & 
Compression limits. 

2 - See important notes in text. 
 
4-6 Hot Rolled Structural Steel 

The response limits for the boundaries of component damage levels for hot rolled 
structural steel are shown in Table 4-4 
 

Table 4-4  Response Limits for Hot Rolled Structural Steel 1 
B1 B2 B3 B4 

Member 
μ θ μ θ μ θ μ θ 

Compact or seismic 
member 1 - 3 3° 12 10° 25 20° 

Non compact member .7  .85  1.0  1.2  Flexure 

Plate 2 4 1° 8 2° 20 6° 40 12° 

Compact or seismic 
member2 1 - 3 3° 3 3° 3 3° Combined 

Flexure & 
Compression Non compact member 3 .7  .85  .85  .85  

Compression 4 0.9   1.3   2   3   
1 - See paragraph 4-2 for information on selection of Flexure or Combined Flexure & Compression 

limits. 
2 - Flat plate bent about weak axis. 
3 - Assumes perimeter column base plates are buried in the concrete slab or the columns are 

continuous into a basement so that the column bears horizontally against the ground floor slab.  If 
a shear plane through the anchor bolts connecting the column bearing plate to the foundation 
exists the response should not exceed the B1 value regardless of required component damage 
level.  The ultimate resistance in this case should be based on the lesser of the shear capacity of 
the anchor bolts or the shear capacity of the column-to-baseplate connection.  

4 - Not analyzed by SBEDS.  These limits would typically be used for interior columns supporting 
roof members.  Ductility ratio for pure compression is the ratio of total axial shortening to axial 
shortening at the elastic limit. 
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4-7 Open Web Steel Joists 

The response limits for the boundaries of component damage levels for open web steel 
joists are shown in Table 4-5.   
 

Table 4-5  Response Limits for Open Web Steel Joists 1 
B1 B2 B3 B4 

Member 
μ θ μ θ μ θ μ θ 

Flexural Response – Downward 2  1  -  - 3°  - 6°  - 10° 

Shear Response 3  0.7 - 0.8 - 0.9 - 1 - 

Flexural Response – Upward 4 1 - 1.5 - 2 - 3 - 
1 - See paragraph 4-2 for information on selection of Flexure or Combined Flexure & 

Compression limits. 
2 – Flexural response limits for downward loading are based on the assumption that deformation 

occurs by tensile yielding in the bottom chord.  Top chords may need additional bracing to 
prevent lateral buckling. 

3 – Shear response limits apply if member capacity is limited by the capacity of the web 
members, or web connections, or support connections.  Shear response ductility ratio is equal 
to the peak shear force divided by the shear capacity. 

4 – Additional anchors may be needed to prevent pull-out failures.  Bottom chords may need 
additional bracing to prevent lateral buckling. 

 
4-8 Cold Formed Steel 

The flexural response limits for the boundaries of component damage levels for cold 
formed steel are shown in Table 4-6.  Block shear pullout must be checked and 
adequate bracing provided on both flanges. 
 
4-9 Wood 

The response limits for the boundaries of component damage levels for wood members 
(direct nailed construction grade lumber) are shown in Table 4-7. 
 
4-10 Doors 

For superficial and moderate damage the response limits apply to both inward (blast 
direction) and outward (rebound) directions, and the door must stay in the frame.  For 
heavy and hazardous damage response limits apply only to inward displacements, and 
the door may rebound out of the frame. 
 
The response limits for the boundaries of component damage levels for doors are 
shown in Table 4-8. 
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Table 4-6  Flexural Response Limits for Cold Formed Steel 1 

B1 B2 B3 B4 
Member 

μ θ μ θ μ θ μ θ 

No Tension Membrane Action 1 - - 3° - 10° - 20° Girts & 
Purlins 2 With Tension Membrane Action 1 - - 4° - 12° - 20° 

Top slip track studs walls 4 0.5 - 0.8 - 0.9 - 1 - 

Studs connected top & bottom 5 0.5 - 1 - 2 - 3 - 
Metal 
Studs 2,3 Top and bottom of studs 

anchored to develop full tensile 
membrane capacity of the stud 

6 

0.5 - 1 0.5° 2 2° 5 5° 

Full tensile membrane capacity 

7 1 - 3 3° 6 6° 10 12° 

Some tensile membrane 
capacity 8 1 - - 1° - 4° - 8° 

One-Way 
Corrugated 
Metal Deck 

Limited tensile membrane 
capacity 9 1 - 1.8 1.3° 3 2° 6 4° 

Standing Seam Metal Deck 1 - 1.8 1.3° 3 2° 6 4° 
1 - See paragraph 4-2 for information on selection of Flexure or Combined Flexure & Compression 

limits. 
2 - Block shear pullout must be checked and adequate bracing provided on both flanges. 
3 - Brick or masonry veneer on steel stud walls subjected to blast loads is preferred. 
4 - Either single or double slip tracks with 2-Tek screws attaching the stud to the bottom track. 
5 - Applies when studs are attached top and bottom to a channel track with Tek screws, and when 

the studs span across at least three supports. 
6 - These walls have structural plate-and-angle bolted connections top and bottom of the stud.  The 

structural plate and angle are connected using a single bolt pivot.  This is to develop the full 
membrane capacity of stud cross-section at yield, and allows large support rotations.  This can 
also be used when the stud wall spans across at least three supports, and are structurally 
connection at each floor level. 

7 - Deck has connections adequate to fully yield the cross-section. 
8 - Typically for simple-fixed span conditions. 
9 - Limited to connector capacity. 

 
Table 4-7  Response Limits for Wood 1 

B1 B2 B3 B4 
Member 

μ θ μ θ μ θ μ θ 

Flexure 1 - 2 - 3 - 4 - 

Combined Flexure & 
Compression 1 - 2 - 2 - 2 - 

Compression 2 - - - - - - 1 2.4 
1 - See paragraph 4-2 for information on selection of Flexure or Combined Flexure & Compression. 
2 - Not analyzed by SBEDS, ductility ratio of pure compression members is the ratio of total axial 

shortening to axial shortening at the elastic limit. 
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Table 4-8  Response Limits for Doors1 

B1 B2 B3 B4 
Member 

μ θ μ θ μ θ μ θ 

Built-up (composite plate & 
stiffeners) 3 1 10 6 20 12 NA NA 

Plate (solid) 3 1 20 6 40 12 NA NA 
1 - Not an SBEDS component. 
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SECTION 5 – ILLUSTRATIVE EXAMPLES 

5-1 General 

In this section the selection of response limits is demonstrated.  For the framed 
structure shown in Figure 5-1 the response limits for a various columns in the identified 
column line for various building LOP will be discussed.  The following loads and 
properties will be used throughout this section: 
 

• Total dead load (member weights and superimposed dead load) on each level is 
80 psf 

• Live load on each level 40 psf 
• Factored load on each level is 94 psf (80 x 1.0 + 40 x 0.35) 
• Level 5 consist of concrete topped metal deck with ultimate resistance (ru) of 3 

psi supported by open web joists 
• Tributary area for the column is 450 ft2 (15-ft x 30-ft) 
• Columns will be treated as primary components (see Table 2-3) 

 

30-ft

30-ft 30-ft

30-ft

30-ft15-ft

15-ft

Column 
line 
examined
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Level 4

Level 5

30-ft

30-ft 30-ft

30-ft

30-ft15-ft

15-ft

Column 
line 
examined

Level 1

Level 2

Level 3

Level 4

Level 5

 
Figure 5-1  Framed Structure for Example 
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5-2 Level 1-2 Column 

The contribution to the axial compressive load of this column line from each level is 
42,300 lbs (450 ft2 x 94 psf).  The level 1-2 column supports four levels or a total of 
169,200 lbs of factored load. 
 
The contribution of the blast load to the compressive load of this column line is 194,400 
(3 psi x 450 ft2 x 144 in2/1 ft2) 
 
The total axial compressive load in the level 1-2 column is 363,600 lbs (169,200 lbs + 
194,400 lbs). 
 
If the ultimate dynamic axial compression capacity (Pdu) is greater than 1,818,000 lbs 
(363,600/0.2) the response criteria for a flexural member can be used. 
 
Assuming that the desired LOP for the building is Very Low, the allowable component 
damage, from Table 3-2, is Heavy.  Table 3-1 defines Heavy component damage as 
being bounded by the response limits associated with B2 and B3. 
 
If reinforced concrete will be used for the level 1-2 column the limits from Table 4-1 
apply.  Assuming that shear reinforcing will not be used throughout the member and 
tension membrane is not applicable, the applicable portion of Table 4-1 is reproduced in 
Table 5-1. 
 
Assuming Pdu of the column is greater than or equal to 1,818,000 lbs, the flexure limits 
would apply and the support rotation determined from SDOF analysis between 2° and 
5° would be needed for the component damage to be considered Heavy. 
 
If Pdu of the column is less than 1,818,000 lbs, the Combined Flexure & Compression 
limits would apply and the support rotation determined from SDOF analysis less than or 
equal to 2° would be required for the component to be acceptable. 
 

Table 5-1  Portion of Response Limits for Cast in Place Reinforced Concrete 
B1 B2 B3 B4 

Member 
μ θ μ θ μ θ μ θ 

Flexure No shear reinforcing/no 
tension membrane 1 - - 2° - 5° - 10° 

Combined 
Flexure & 
Compression 

No shear reinforcing/no 
tension membrane 1 - - 2° - 2° - 2° 

 
5-3 Level 4-5 Column 

The total axial compressive load in the level 4-5 column is 236,700 lbs (43,300 lbs from 
one supported level + 194,400 lbs from the blast load on the roof). 
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Assuming that the desired LOP for the building is Medium, the allowable component 
damage, from Table 3-2, is Superficial.  Table 3-1 defines Superficial component 
damage as being less than B1. 
 
If a hot rolled compact steel shape will be used for the level 4-5 column the limits from 
Table 4-4 apply.  Assuming that shear reinforcing will not be used throughout the 
member and tension membrane is not applicable, the applicable portion of Table 4-4 is 
reproduced in Table 5-2. 
 
For Superficial component damage, the limit on P/Pdu of the column is irrelevant for 
determining the response limits; a ductility less than or equal to 1 is required for the 
component damage to be considered Superficial. 
 

Table 5-2  Portion of Response Limits for Hot Rolled Structural Steel 
B1 B2 B3 B4 

Member 
μ θ μ θ μ θ μ θ 

Flexure Compact or seismic 
member 1 - 3 3° 12 10° 25 20° 

Combined 
Flexure & 
Compression 

Compact or seismic 
member 1 - 3 3° 3 3° 3 3° 
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APPENDIX A – REFERENCES 

 
1. UFC 4-010-01, “DoD Minimum Antiterrorism Standards for Buildings”, 2003 

2. UFC 4-020-01, “DoD Security Engineering Facilities Planning Manual”, Pending 

3. Army TM 5-1300, “Structures to Resist the Effects of Accidental Explosions”, 1990 
(Also designated as Air Force AFR 08-22 and Navy NAVFAC P-3897) 

4. UFC 3-340-1, “Design and Analysis of Hardened Structures to Conventional 
Weapons Effects”, 2002 

5.  “Single degree of freedom Blast Effects Design Spreadsheet”, U.S. Army Corps of 
Engineers Protective Design Center, 2006 

6. PDC-TR 06-01, “Single Degree of Freedom Blast Design Spreadsheet (SBEDS) 
Methodology Manual”, U.S. Army Corps of Engineers Protective Design Center, 
2006 
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APPENDIX B – SUMMARY OF RESPONSE RELATIONSHIP TO BUILDING LOP 
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