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1. INTRODUCTION

SBEDS (Single degree of freedom Blast Effects Design Spreadsheet) is an EXCEL® workbook
that is distributed by the U.S. Army Corps of Engineers, Protective Design Center (PDC) as a
tool to design structural components to resist blast loads. It is designed to run in a broad range of
Windows® operating systems, including Vista and XP. General information on the distribution,
development, and terms of use of SBEDS is provided on the Readme worksheet in the SBEDS
workbook (the first worksheet in the workbook).

SBEDS is based on the assumption that the designed component can be idealized as an
equivalent SDOF (single-degree-of-freedom) system. It is intended for users possessing a
reasonable knowledge of structural engineering, dynamic response, and blast effects. The user
must be capable of understanding the effects of the various inputs and recognizing situations that
may produce erroneous results. The use of the SDOF approach for analysis and design of blast-
loaded structural components is discussed in many textbooks and blast design manuals from the
U.S. government and industry organizations. These are referenced in the SBEDS Methodology
Manual, which is distributed with SBEDS and installed into the same directory on the computer
hard drive as the SBEDS workbook.

This manual contains a collection of example problems that demonstrate use of SBEDS. It is
organized in terms of a section on the general use of SBEDS, which contains user information
that is applicable to all analysis and design with SBEDS, and twenty-four examples that are
specific to given structural component types in SBEDS. These examples are in both Metric and
English units.

2. GENERAL INFORMATION ON USE OF SBEDS

Intro Worksheet

As a first step to each analysis, the users should go to the Intro worksheet (see worksheet tabs at
bottom of Excel window) and go to the top left hand corner of this sheet to see the area shown in
Figure 1.

First time users should read the notes located below the Initiate Component button on the Intro
sheet. To begin an analysis, the user must select the component type of interest and units of
interest and then click on the large grey button to initiate component input. This will run a macro
that opens up a companion spreadsheet in the same directory on the computer hard drive as
SBEDS .xls called SBEDS templates.xls, retrieve an appropriate input form for the selected
component type and units from SBEDS templates.xls and insert it onto the Input sheet in
SBEDS .xls. As a last step the macro will place the user on the new Input sheet in SBEDS with
the correct input form.

General Format of Input Worksheet

All input forms are identical for the first 5 rows, as shown in Figure 2 .
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| SDOF Blast Effects Design Spreadsheets (SBEDS) |

Click on Button to Select Component Type

© |One-Way Corrugated Metal Panel

* [One-Way or Two-Way Metal Plate

Steel Beam or Beam-Column

Metal Stud Wall

Open-Web Steel Joist

One-Way or Two-Way Reinforced Concrete Slab
* |Reinforced Concrete Beam or Beam-Column
 |Prestressed Concrete Beam or Panel

© |One-Way or Two-Way Reinforced Masonry
One-Way or Two-Way Unreinforced Masonry
One-Way or Two-Way Wood Panel

Wood Beam or Beam-Column

General SD0OF Program

Select Units I

“ | English
f Metric

Click Here for User's Guide

Click to Initiate Component Input After
Selecting Component Type and Units

First Sime usees, please see addiSonal instrucions below: (This may sawe you considerable

Instructions

o begin a new analysis using a component pre-processor, perform fie iollowing fasks:

User's Guide has help and mehodology information

frusiraion)

Select e component for analysis in te Bst above and he desired units. Click fhe bulion §fied "Click o Update Comgpenent Form'™.

Fill e header mformation fo the exient applicable at te iop of e workshest.

» M} Readme * Intro  Input £ Results / P-i Diagram # SDOF Qutput / SDOF / Database / Beam Types / Posith

w~ l¢ |AutoShapes~ ™~ w [ ] (0 “ 4| ¢ [E] _dlfh'ﬁ'é'f_zﬂ lj!
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start r Y Example Problems 2.... B Microsoft Excel - SBE...
Figure 1. Intro Worksheet Area where User Defines Component Type and Units

An input form for the sedected component typs will be copisd 1o the workshest Sed "inpuf®. Your curser will be moved o Sie newdy created "inpufl” workshes

Al fiedds having a yellow background and pulldowm menus ane required for input. Al ofer Sicdds are calculated wikin the spreadshest and should not be typ

RUN
Print Input Print/Preview
Retrieve | Save SDOF | andResults | Input and Results

Error/Warning Messages

5

Note: Prior to retrieving new input or changing Component Type on input she & your input using the SAVE
|Buuh\og:

Component:

By.

Date:

Figure 2. Area at Top of Input Worksheet

The buttons shown in Figure 2 are always shown at the top of the Input sheet:

e Save will save existing component input information on the current Input sheet to a user
defined file on the hard drive. Use this command to save input information — do not use the

File/Save command in EXCEL. The Save button will save a small file with only the

component input information rather than the entire 14 MB SBEDS workbook.
¢ Retrieve will retrieve saved component input information from a file on the hard drive (note

that a previously saved file with input information for any component type and units can be

retrie

ved at any time).

e RUN SDOF calculates the dynamic response of the blast-loaded component defined on the
current Input sheet.
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¢ Print Input and Results causes the component and blast load input and the summarized
SDOF response information on the Input sheet along with detailed SDOF response
information on the Results sheet to be printed to the default printer.

e Print/Preview Input and Results is the same as the Print Input and Results capability except
this button uses the Print/Preview function of EXCEL so that a user can reformat the print and
select a printer.

e Help displays a linked pdf file with detailed information on all input values in SBEDS that is
organized by component type. The pdf file also contains the SBEDS Methodology Manual
with detailed information on the methods used in SBEDS to calculate blast loads and SDOF
response of input components. (The linked pdf file is in the same directory on the computer
hard drive where SBEDS .xIs is installed.)

The other rows on the input forms have input that is component type dependent, as explained in
the following example problems. All yellow cells and dropdown boxes on the input forms should
generally be filled in by the user (inputs where zero is acceptable do not need to be filled in).

Usage of Input Worksheet

After all the input is completed, click the “RUN SDOF” button at the top of the Input sheet. This
will cause a macro to determine the response of the equivalent SDOF system for the input blast-
loaded component as defined in the SDOF Properties section on the Input sheet. The SBEDS
workbook solves the equation of motion for this equivalent SDOF system, subject to a blast load
based on the user input, with a time-stepping approach using numerical integration.

A message will be displayed indicating the SDOF calculations are complete. The user should
then check for any error/warning messages at the top of the Input sheet and then page down to
see the Results Summary section. The user should also go to the Results sheet to see the full
calculated response histories for the component. All the plotted data points on the Results sheet
are shown on the SDOF Output sheet, along with SAVE buttons that can be used to save this
information into DPLOT compatible files. The dynamic reaction histories on the SDOF Output
sheet can also be saved into files that can be read as applied pressure-time histories into
subsequent SBEDS analyses of supporting components.

SBEDS calculates the maximum reaction at each support and the shear capacity (for most
component types) of the input component and displays this information on the Input sheet under
the Results Summary section. The maximum reaction is compared to the shear capacity and a
cell displays a message indicating that Shear is OK (i.e., maximum reaction force does not
exceed the component shear capacity) or that Shear is Not OK. For many component types, the
user is given an option to rerun the SDOF analysis based on shear-controlled response if the
shear is not okay. This is demonstrated in the example problems.

3. EXAMPLE PROBLEMS

The following sections of this manual show a range of example problems where SBEDS is used
to perform SDOF analysis of each component type subject to blast loads defined in each manner
possible in SBEDS. Table 1 summarizes these example problems.
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Table 1. Summary Information for SBEDS Example Problems
No. | Component Unit Load Response Boundary Component Span | Spacing LOP LOP
Type Type!?® Mode* Conditions Description Subgroup
1A One-Way English Manual Flexure F-S 1.5C24 roof panel 5ft N/A LLOP/ Limited TM
Corrugated Metal supporting 1 psf Secondary | Capacity
1B Panel Metric W-R, Reflected w/ Flexure w/ F-S 38 C 0.6 mm wall panel | 2m N/A LLOP/ Full TM
Clearing on 3m x 20m | Tension supporting 15 kg/m? Secondary | Capacity
wall area Membrane
2A | One-Way or Two- | English W-R, Fully Reflected | Flexure Two Way 3/8” thick steel plate w/ | 4 ftx | N/A HLOP/ All plates
Way Steel Plate F-F User Defined properties | 4 ft Secondary
2B Metric W-R, Fully Reflected | Flexure S-S-S-S 9.5 mm thick 6061 T6 Imx | N/A MLOP/ All plates
w/ Negative Phase aluminum plate Im Secondary
3A | One-Way Open- | English Pressure-history using | Flexure S-S 12K1 joist supporting 3 | 25 ft 51t MLOP/ Downward
Web Steel Joist dynamic reaction from | (Time step issues psf Secondary | flexure
Example 1A also discussed)
3B Metric W-R, Side-on Flexure S-S 241.HO4 supporting 10 65m | 6m LLOP/ Downward
kg/m? Secondary | flexure
4A One-Way Steel English Manual Flexure w/ F-S Roof purlin with User 25 ft 5t LLOP/ Cold-
Beam or Beam- Tension Defined cross section Secondary | formed girts
Column Membrane and material properties & purlins
supporting 3 psf
4B Metric W-R, Reflected with cx | Flexure with F-S ucC 4.5m 6.5m LLOP/ Combined
=20 deg Significant Static 203x203x86 column Primary  [Flex &Comp -
Axial Load with 2% damping compact
section
5A | Metal Stud Wall | English Pressure-history file  |Flexure with S-S 800S250-68 steel studs | 10 ft 0.5ft LLOP/ Connected
with multi-peak blast  |Significant Dynamic supporting 2 psf Primary top, bottom
load and dynamic axial [Axial Load
load from Example 3A
5B Metric Manual Flexure w/ Tension | S-S 600S200-43 steel studs | 3m 0.4 m LLOP/ Flexure and
Membrane supporting 100 mm Secondary | TM
veneer brick wall
anchored w/ full TM
capacity of stud
6A | One-Way or Two- | English Manual Flexure with and F-F-F 8 inch wall with #6 20 ftx | N/A MLOP/ Flexure-no
Way Reinforced without Shear rebar EFEW at 12” o.c., | 12 ft Secondary | shear reinf.
Concrete Slab controlled response (SHEAR Controlled) high or TM
6B Metric W-R, Fully Reflected |Flexure w/ Tension | F-F-F-F 305 mm wall with 12.5 | 7mx | N/A LLOP/ Flexure-
w/ Negative Phase. and Compression mm rebar EFEW at 300 | 4 m Secondary | shear reinf.
Membrane mm at each face of wall | high and TM
w/ shear stirrups
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No. | Component Unit Load Response Boundary Component Span | Spacing LOP LOP
Type Type!?® Mode Conditions Description Subgroup
TA One-Way English Manual Flexure w/ Tension | F-F 12 in x 12 in roof joist 25 ft 7 ft LLOP/ Flexure-
Reinforced Membrane, Type 11 w/ 3#5 bottom and 2#6 Secondary | shear reinf.
Concrete Beam or cross section top flexural steel, shear and TM
Beam-Column stirrups, supporting 4 in
slab
7B Metric Manual Flexure with F-S with 460 mm square column | 4 m 7m LLOP/ F&C-shear
Significant Static conc. load at | w/4-19 mm dia. (total) Primary reinforcing,
and Dynamic Axial | midspan, rebar, stirrups, no TM
Load AF0.5 supporting 150 mm
wall slab
8A One-Way English W-R, Side-on Flexure S-S Tee beam -25inx4.8 | 40 ft 4 ft LLOP/ w, <0.15
Prestressed in stem and 3 in w/ 2- Secondary
Concrete Beam or 0.5 in dia. bonded
Panel Grade 270 prestressing
strands and 3 in slab w/
0.29 in® WWF
8B Metric Pressure-history Flexure S-S Tee beam - 635 mm x 12.2 1.2m LLOP/ w, <0.15
using saved 122 mm stem w/ 2-12.5 | m Secondary
CONWEP/DPLOT mm dia. bonded Grade
file run for same W- 270 prestressing
R as English case strands and 75 mm slab
w/ 187 mm® WWF
9A | One-Way or Two- | English W-R, Side-on w/ Flexure S-S with 8 in lightwt CMU wall | 12 ft N/A LLOP/ Flexure
Way Reinforced Negative Phase blast resistant | partially grouted w/ #5 Secondary
Masonry windows rebar at 16 in at
(B=0.5) midthickness.
9B Metric Manual Flexure with S-S-S-S 305 mm European 3mx | N/A LLOP/ Combined
Static Axial Load block wall w/ 12.5 mm | 5m Primary Flexure &
dia rebar EW at 406 Compression
mm on center at
midthickness
10A | One-Way or Two- | English W-R, Reflected, o« = | Brittle flexure and | S-S 8 in lightwt CMU wall, | 10 ft N/A LLOP/ Flexure
Way Unreinforced 50 deg. w/ Negative | axial load arching, ungrouted Secondary
Masonry Phase 2% damping
10B Metric Manual Rigid Arching, S-S 150 mm European 3m N/A MLOP/ Flexure
2% damping block wall Secondary
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No. | Component Unit Load Response Boundary Component Span | Spacing LOP LOP
Type Type!?? Mode Conditions Description Subgroup
11A | One-Way or Two- | English Manual Flexure S-S-S-S 0.75 in thick plywood 6ftx | N/A LLOP/ Flexure
Way Wood Panel panel 6 ft Secondary
11B Metric Manual Flexure S-S 12.5 mm thick plywood | 1.5m | N/A HLOP/ Flexure
panel Secondary
12A | One-Way Wood | English W-R, Reflected, o« = | Flexure S-S 2x4 No. 2 Spruce 10 ft 1.33 ft LLOP/ Flexure
Beam or Beam- 30 deg. w/ Clearing wall studs Secondary
Column on 33 ft x 33 ft wall
area
12B Metric Manual Flexure with S-S w/ conc. 150 mm x 150 mm 3m 3m MLOP/ Combined
Static Axial midspan load, No. 1 Hem-Fir column Primary Flexure &
Load Loaded Area with 160 KN axial load Compression
Factor A=0.5
13A General SDOF English Manual N/A N/A Equivalent SDOF N/A N/A N/A N/A
Program system representing
indeterminate
component in flexure
13B Metric W-R, Reflected, w/ N/A N/A Equivalent SDOF N/A N/A N/A N/A
Negative Phase system representing
component in combined
flexure, tension and
compression membrane
Notes:

1) W-R is load defined by input of equivalent TNT charge weight and standoff into SBEDS. All W-R cases are positive phase blast load only UNO.
2) All Reflected W-R cases are at angle of incidence () equal to zero (fully reflected) with no clearing UNO.
3) All examples have no damping UNO.
4) All examples with reinforced concrete and masonry are Type I cross section UNO.
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Example 1A: Corrugated Steel Panel (English)

A 1.5-inch deep 24 ga. corrugated roof panel is subjected to the pressure load that is defined as
an equivalent triangular load with only the positive phase blast pressure as shown below:

1.7 psi

20 Time (ms)

The building requires a Low Level of Protection (LLOP) and the panel is classified as a
secondary type component. The panels will be directly attached to the supporting purlins with
standard #12 self-drilling screws spaced at 12 inches on center. In addition to the blast load
above, the panel is assumed to have the following design parameters:

e One-way span length L =5 ft
e Supported Weight = 1 Ib/ft®

e Fixed-Simple supports

e 1.5C24 corrugated steel panel

e Provide LLOP as a secondary component

Solution

The user should go to the Intro worksheet, click the radio button for One-Way Corrugated Metal
Panel and for English units and then click on the large grey button to Initiate Component Input.
After the macro runs, the user will be placed on the Input sheet with the input form for a One-
Way Corrugated Metal Panel. The yellow cells and drop down boxes in the input form should be
filled out as shown below.

The input shown below reflects the previously defined properties of the panel and blast load. In
this case, we will conservatively assume there is no damping. The gravity displacement is in the
direction of the blast load for the roof panel. The recommended time step displayed by SBEDS
will be input. The Blast Load Input Type is “Manual input” because the blast load will be
defined by input Time, Pressure points as shown in the input below. The dropdown boxes
associated with Charge Weight and Standoff on the input form do not apply for this case since
they are only used if the Blast Load Input Type is set to “Charge weight and standoff”.

The Response Criteria information on the input form is based on the panel connections and the
previously discussed building LOP and component type (i.e., secondary). It will be assumed that
the screws and supports provide limited tension membrane (TM), so “Limited TM Capacity” is
selected under Response Criteria on the Input sheet and “LLOP/Secondary — NS” is selected as
the LOP type. The SBEDS program displays the maximum allowable Support Rotation and
Ductility Ratio from response criteria defined by the U.S. Army Corps of Engineers, Protective
Design Center (PDC) for the input Response Criteria information, as shown below.



User Info: Fill in Yellow Cells, See Hote Below for YWhite Cells

One-Way Corrugated Metal Panel
Blast Load Input Type
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Dynamic Shear Factors

Span, L: 51 Shear Constant |  Elastic Plastic
Boundary Condiions: |Fixeu-simp|e, Uniformly Logaded - Gravity Displacement F [zitnple support] = 0.03 012
Responze Type: Flexzural - In diraction of klast load - R [sirmple suppod] = 0.249 0.30
F [fixed suppod) = 014 012
Select Panel Type: 15024 [wlcratt) - F. [fixed suppot) = 043 0.46
Seff-Weight, - 154 psf Time Preszure
Morninal Thickness, t: 0.0238 in [mz) [p=i)
Fik Height, h: Click for User 15 in 0 17
homent of Ineria, |- 0122 in' 25 1] Inbaund Matural Period: 15.28 mz
Section Moduluz, 5: 0126 i’ a0 i] Feboundd Matiral Period: 18.28 mz
Suppatted Weight, N1: 1 psf 40 1] Recommended Tine Step: 0.05 ms
el Strenth, §,: 30,000 psi 30 i} Tirne Step: 003 ms
Elaztic Madulus, E: 29000000 psi Bl 1] % of Critical Datmping: 1%
Stafic Strength Increaze Factor: 1.4 0 1] Initial felocity : 0 infmz
Cynaric Increase Factr 1.1
Cross zectional area, L 0.0338 infn Il R. Propetty Inbaouned Febound Unitz
Leave Blank 0 [lhz TMT] 1] Mass, M 456 45 6 psi-mzin
Calculated Properties Logd-Mass Factors, K,
homent Capacity : G259 |b-indn Blast Load Phase Kin 0.78 0.7
Positive phaze onlby j Koe 0.7 0.7
Charge Neight Load Type 17 (.66 066
Reflected with Clearng = Stiffness, K
Parameters for Re i 421 4.1 pEidn
Nzl Height [f) ! K 1.75 1.74 psidn
Nl Wlictth ()" K .00 0.00 psifin
Incidence Bngle® Resistance, §
See notes under eror meszages Ry 1.40 -1.40 pi
Ry 210 210 pi
Load file name
Vo B,
Response Criteria *1 0.35 053 in
Lim ited TH capacity - w2 0.73 .73 in
& LTINS LOP/Type | LLOP/Sesondary N~
Response Criteria
9 (deg) L Eciiv Vield Defl,, X 058 .58 in
2 3
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Note that the limited tension membrane capacity only refers to the response criteria category.
The tension membrane is sufficient to compensate for a reduction in moment capacity due to
local buckling of the panel (i.e., kinking) in the maximum moment region, and this allows a
larger response for given damage levels than would otherwise by allowed. However, the tension
membrane behaviour is not considered sufficient to also cause an increase in resistance at larger
deflections. Therefore, tension membrane response is not explicitly modeled in SBEDS in this
case.

Detailed information on this response criteria can be accessed through a linked pdf file by
clicking on the See All COE Response Criteria button on the Input sheet next to the Response
Criteria input section.

After all the input is completed as shown above, click the “RUN SDOF” button at the top of the
Input sheet and inspect the results as explained in the initial section of this manual on general use
of SBEDS. As shown in the Results Summary shown below, the calculated maximum dynamic
displacement of the panel is 0.75 inches. The output indicates that this corresponds to a ductility
ratio of 1.3 and a support rotation of 1.4 degrees. Therefore, it is within the allowable response
criteria of a ductility ratio of 3 and a support rotation of 2 degrees, as noted in the Results
Summary. Note that the calculated response must meet both the ductility ratio and support
rotation criteria.

SBEDS calculates the maximum reaction at each support (V,,L and V,,R) and the shear capacity
of the panel, as shown below. The maximum reaction does not exceed the shear capacity, as
indicated by the message that “Shear is OK”. As noted, the maximum reaction forces are
assumed to be caused only by flexural response. The user must separately consider connection
forces caused by any tension membrane response when this response mode is modeled in
SBEDS. Information on all the calculated response histories is shown on the Results sheet, as
explained in the initial section of this manual on general use of SBEDS.

o= 143 deq. Dezign Criteria: LLOP/Secondary -MS
=10 Fesponze OK compared to input design criteria
P INbOURA = 075 ik attime = 9.70 meec
P FEbound = 002 in attine = 20.05 meec
Foe= 20 psi attitne = 9.70 e
Fean= 114  psi attine = 20.05 meec

Shortest Yield Line Diztance to Determmine & 3nn in

Equivalent Static Reactions*

Pegk Regctions Gased an Uitimste Blexural Resistance,

Wyl = 74 Ibfir
Wy R= 47 Isfir
Shear it

Shear Brea; b 001200 in'An
Shear Capacity: ¥, = 176 lhdt
Resets based on Max Shear Shear iz Ok

* Bazed on larger of inkaund and rebound ulimate fexural resistance, naot including
tension merbrane.

9
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The dynamic reaction pressure history for this panel will be saved to a file and used as the
applied blast load on an open web steel joist that supports the panel in Problem 3A. This reaction
history is an out-of-plane reaction at the component supports, and therefore does not include any

in-plane effects from cases such as tension membrane. One complete cycle of the reaction
history, including rebound, is saved to the designated file. Rebound occurs due to the natural
tendency of the structural component to rebound from dynamic load from loads that have only
positive phase blast load and combined positive and negative phase blast load. This reaction
pressure history does include out-of-plane effects from any tension membrane response, since
this increases the resistance and the reaction history is calculated in large part based on the
component resistance at each time step. Go to the SDOF Output sheet in SBEDS and click on the
green button to Save Short Span Dynamic Reaction Load (the larger of the two Dynamic
Reactions). SBEDS will save dynamic reaction pressure and corresponding time step to a *.dat
file. As stated in a message box, the reaction pressures shown on the Output Sheet are
automatically multiplied by two in the save file routine as explained in Chapter 3 of the SBEDS
Methodology Manual. The saved dynamic reaction pressures can be applied as a blast load on a
supported component in SBEDS, where the saved reaction pressure history multiplied by the
components spacing or supported width will equal the dynamic reaction load along the span of
the supporting component.

10

I » w|{ put £ Results / P-i Diagram % SDOF Qutput { SDOF { Database { Beam Types / PositivePhaseload / NegativePhaseloac |

Save Applied | SaveEquivP- | 5™ | Save Veloci = Save = Savclond || |Savetond S | save sl SR e

Forea DI:a to de\taEI:na to D;?:;'g" % AD;?:EE:O" Stiffness Data R?;:Eg'e Ma;: t:ir:m Ra?c‘rlli?::io mﬁ:rzc Axial Eg:d to

DFLOTFle | DPLOTR | perorrae | P77 | peiorrie | ™7™ | poorree | oeorre | ororrie | omorese f PPO7°F

(Use "A" option n DPLOT to read DPLOT file)
Saw Save Long Save Short
Resistance vs. Span Wamw [ S E.Wamic
Deflection to Rm;TE;d foxboe
DPLOT File
|| Applied Equiv P- Load-Mass Dynamic Reactions
| Time Force delta Deflection Velocity Acceleration  Stiffness = Resistance Factor Long Span | Short Span = Axial Load
(ms) (psi) (psi) (i) (in'ms) (in'ms"2) (psi'm) (psi) (psi) (pst) (Tb/in}

0 1.7 0 0.00418676 0.00 0047744155 4208654835 0.01762062%9 0.78 0.146205982| 0330576871 o
0.05 1.68575 0 0.004246441 0.00 0.047601326, 4.208654835 0.017871803 0.78| 0.145930073 0.329877375 0
0.1 1.6915 0 0.004425124 0.00 0.047444505 4.208654835 0.01862382 0.78) 0.145795408 0.329393243 0
0.15 1.68725 0] 0.004722419 0.01  0.04727372] 4.208654835 0.019875032 0.78) 0.14580550% 0.329123764 0
0.2 1.683 0 0.0051378%8 0.01 0.047089026 4208654835 0.02162364 0.78) 0.145559856 0.329068165 0
0.25 1.67875 0 0.0056711 0.01 0.046890485 4.208654835 0.023867702 0.78| 0.146257884| 0.329225612 0
0.3 1.6745 0 0.006321528 0.01 0.046678157 4208654835 0.026605129 0.78| 0.146698987 0.329595205 0
0.35 1.67025 0/ 0.007088651 0.02 0.046452112) 4.208654835 0.029833686 0.78| 0.147282519| 0.330175985 0
0.4 1.666 0 0.007971%05 0.02  0.04621242 4.208654835 0.033550996 0.78 0.148007789%| 0.330966928 0
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Example 1B: One-way Corrugated Metal Panel (Metric)

Check the response of a 38 C 0.6mm corrugated wall panel against 40kg of TNT at 36 m of
standoff. Include clearing effects for an effective wall area that is 3m high x 20m wide. The
connections to the support can develop a tension force of 32N/mm in the panel. The panel
requires LLOP and is considered a secondary type component. 1% damping will be assumed for
this analysis, although it is not expected to have much effect on the results.

The panel is assumed for design to have the following conditions:

One-way span length L =2 m

Supported Weight = 15 kg/m”

Fixed-Simple supports

38 C 0.6mm panel size

Reflected blast load from 40kg of TNT at 36 m

Clearing over 3 m high x 20 m wide wall area subject to reflected blast load. This is the area of

the whole building wall where the analyzed component is located.

o Flexure with tension membrane response with a connection/support tension capacity of 32
N/mm

e Provide LLOP as a secondary component

e Respond to blast load with 1% of critical damping

Solution

On the “Intro” worksheet area (Figure 1), select “One-Way Corrugated Metal Panel” and metric
units, and click on the button to initiate the component input sheet. On the input sheet, fill in the
input cells (in yellow) using the information given in the problem statement. For this particular

problem:

— Set the response type to “Flexural and Tension Membrane.”

— Use 32N/mm for the support capacity for Tension Membrane, V..

— Under Blast Load Input Type at the top of the screen, select “Charge weight and
standoft”. This will gray out the cells in the Pressure-Time input box and enable the
charge weight and standoff input box.

— In charge weight and standoff input box select “Reflected with Clearing” under Charge
Weight Load Type and enter the height and width of the area subject to clearing in the
designated cells. The angle of incidence is always zero for a fully reflected blast load,
and this is a conservative assumption when no specific information for the angle of
incidence is known. A blank input for the angle of incidence is equal to an input of zero.

— The Gravity Displacement dropdown near the top center of the input sheet is set to
“None” since the panel is on a wall and does not have any displacement from gravity
effects.

— Set the Dynamic Axial Load input cell to “No Dynamic Axial Load”

Next, set the Response criteria to “Full TM capacity” to account for Tension Membrane and
select LLOP/Secondary-NS for LOP and type. Finally, go to the solution control box, and make
sure the time step selected is less or equal than the recommended value. After all the inputs are
entered, the input sheet should look as illustrated next.
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One-Way Corrugated Metal Panel
User Info: Fill in Yellow Cells, See Note Below for White Cells Elast Load Input Type W
Span, L 2000 mm Shear Constant |  Elastic | Plastic
Boundary Cotditions: Fized-Simple, Uniformly Loaded - Blast Load Direction F [zimple suppot] = 0.08 04z
Response Type: IApe] R VERE R (e h Mone [vertical componerd] R [sifple suppor] = 0.28 0.30
Structural & Material Properties F [fizxed suppart] = 019 012
Select Panel Type: 38 C 0.6mm thick Dtlor=) s R (fied supporf] = 0.43 0.46
Self-lleight, w; 750 kgt Tirne Prezzure
Mominal Thickness, . Click for User 06 mm [mz] [kPa)
Fik Height, h: Defined Panel 384 mm 1] ]
florment of Inerdia, |: 167 mm¥mm 20 ] Inbound Matiral Period: 45 55 mME
Section Moduluz, 5: G775 mmmAnm 30 0 Rehound Matural Period: 4555 mE
Supported eight, 15 ke’ 40 ] Fecomrmended Time Step: 013 mz
Yield Strength, f,: 345 npPa 50 ] Tirne Step: 0.05 mz
Elaztic Moduluz, E: 200,000 hipa {211 0 Criical Darmping: 1%
Static Strength Increaze Factor: 1.4 0 0 Initial Welocity: 0 mmims
[rynamic Increaze Factor: 140
Crozs secional area, A 096 rmnm 1 R Propethy Inbaund Rebound Units
Support Capacity for Tension Membrane, vo: 32 bimm (ke TMT] [m] Mass, M 2240 22.50 kgdn'
Calculated Properties 40 36 LogahMass Factors, K,
flotnent Capacity 2,799.9 M-mmAnm Bilast Load Phase K 0.7s 0.78
Paositive phase only - Kue 075 0.78
Chiatge Weight Load Type Hine 0.66 0.6
Feflected with Clearing - Stiffness, K
Ky 035 0.33 kParnim
il Height ()" 3 K n.n 0.0a kPafnm
Wall llicith ()" 20 K, 0.06 0.06 kPadmm
Incidence Angle’ 1] Resistance, &
Siee nobes WRdEr SrOF METTANET Fy 5.40 540 kPa
E, 3.40 -§.40 kPa
Load file name
o et
See All COE Response Criteria x1 2515 2515 mm
Response Criteria Full Th caacity - x2 41,62 4152 mm
LOPType | LLOP/Secondary-MNS =
9 (degh T8 Eeriv Wield Defl., X 2514 2515 mm
[ &
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After the input sheet is completed, click the “Run SDOF” button at the top of the screen (See
Figure 2) to calculate the dynamic response of the panel. As shown in the Results Summary
shown below, the calculated maximum dynamic displacement of the panel is 95.06mm, which
corresponds to a ductility ratio of 3.78 and a support rotation of 5.4 degrees. As stated in the
Results Summary, this response is within the allowable limits for the selected LOP and the panel
design is satisfactory. Note that the calculated response must meet both the ductility ratio and
support rotation criteria.

SBEDS also calculates the maximum reaction at each support (V,,L and V,,R) and the shear
capacity of the panel. As shown below, the maximum reaction does not exceed the shear
capacity, as indicated by the message that “Shear is OK”. As noted at the bottom, the maximum
reaction forces are assumed to be caused only by flexural response. It is assumed that the user
has previously considered the effect of tension membrane force on the supports in order to
calculate the input support capacity for tension membrane in the component. Additional
information for the calculated response histories is shown on the Results sheet.

B = 5.43 deg. Design Criteria; LLOPASecondary-MNS
n= 3.78 Fezponse O compared fo input desion crileria
Hoe k0L = 45.06 mm at tirme = 21.40 meec
¥ Fbound = 0.00 mm at firme = 000 rsec
Py = 11.75 KPa attime = 21.40 msec
By = -5.40 kPa attime = 4550 mzec
Shortest Yield Line Distance to Determine & 10000 mm

Equivalent Static Reactions®

Peak Resctions Based on Wimste Sexirsd Sesistence: Ly

Wl = 10.50 Mdmim
Wy R = .30 MdAmm
Shear Capacity

Shear Area; A= 0.0 Fm
Shear Capacity: W, = 30 P
Resulre basad on Moy Shear Shear is OK

* Bazed on langer of inbound and rebound uilimate fleural resistance, not including
tenzion membrane.
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Example 2A: One-Way or Two-Way Steel Plate (English)

Analyze the flexural response of a two-way steel plate for the effects of 50 1bs of TNT at 250 ft
of standoff distance (Fully Reflected). The plate is 3/8 inches thick, and has a height and a width
of 4 ft by 4 ft. The plate has fixed supports on two adjacent sides and is free (i.e., unsupported)
on the other two sides. Specific information on the plate’s material properties is known as shown
below.

fy = 40000 psi

E =29000000 psi

SIF=1.21

DIF =1.10

Additionally, assume the plate is in the vertical position and does not support additional weight.
Assume typical values for steel density and Poisson’s ratio. The plate is required to meet HLOP
and is considered a secondary type member.

Analysis Parameters:

e Two-way Member, L =4 ft, H=4 ft

Thickness = 3/8 in.

Fixed Supports on two adjacent sides, Free on other two sides
No supported weight

HLOP for secondary type component is required

50 Ibs of TNT at 250 ft, fully reflected blast loading

Solution

On the “Intro” worksheet area (Figure 1), select “One-Way and Two-Way Metal Plate” and
English units, and click on the button to initiate the component input sheet. On the input sheet,
fill in the input cells (in yellow) using the information given in the problem statement. For this
particular problem:

— Set the Boundary Conditions to “Two-Way: Two Adj. Sides Supported — Both Fixed.”

— Select “User Defined” from the material type drop down menu and click the user defined
button to enter the material properties provided in the problem statement.

— Select “Charge weight and standoff” under Blast Load input type to activate the charge
weight and standoff input box.

— In the Charge Weight and Standoff input box select “Reflected without Clearing” under
Charge Weight Load Type and enter 0 for the Incidence Angle (or leave blank) to
account for full blast load reflection off the plate.

— Select “ None (vertical component)” under Gravity Displacement

— Set the Dynamic Axial Load input cell to “No Dynamic Axial Load”

Next, go to the Response Criteria box and select “All steel plates” and HLOP/Secondary-NS to
set the allowable response limits. Finally, go to the Solution Control box and select a time step
for the analysis. The time step should always be less or equal than the recommended value in
SBEDS. After filling in the input cells, the input sheet will look as follows.
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One-Way and Two-Way Metal Plate

Blast Load Input Type Dynamic Shear Factors
Sipan Length, L: a1 Charge weight and standoff - ~ Shear Constant Elastic Plastic

User Info: Fill in Yellow Cells, See Hote Below for White Cells

Span Width, H 4 Gravity Displacement F [lony side] = 023 017
Boundary Conditions: Two-MNlay: Two Adj. Sides Supporked - Both Fixed - Mone [verical component] -~ R (lohyg side] = 025 03
Rezponze Type: Flexural - F [zhort side] = 0.23 017
Plate Thickness, t: 0375 in Time Prezzure
Plate Density, 439 A (=] (p=i]
Poizzon's Ratio, 03 ] 0
Seff-lleight, w: 15.3 psf 0 0 Solution Control
Suppotted Meight, 0 0 psf 20 0 Inbouned Matural Petiod: 0127 ms
flaterial Type: User Defined LI an 1] Febound Matural Petiod: 10127 mz
Tiehd Strenth, T, 40,000 psi 40 1] Wlax Recommended Time Step: 0.28 ms
Elastc Modulus, E: Click for Uzer 28000000 psi 50 0 Tirne Step: 028 ms
Stetic Strenith Increaze Factor: I[x)ﬂ?:::I 1.21 21} 0 % of Critical Darnpitg: 0 %
Dynammic Increase Factor: 11 Fil] 1] Inifial felocity - 0 infms
Dynarmic Vield Stress, Ty, 53,240 psi
hdarmett of Inettia, 1: 000 inin [lbs THT) it} Mass, M 27146 2146 pEi-mzn
Section Madulus, 5: 0.02 in*in 50 250 Losd-Mass Factors, K,
Plaztic Moduluz, Z: 0.04 in*in Elazt Load Phaze K 065 0.65
fdarmert Capacity : 1,560 Ib-inin Puositive phaze only j K 065 065
Charge Weight Load Type Kie 0.50 0.30
Reflected without Clearing Siffness,
Parammeters for Rel = K, 064 064 prsidn
il Height ()" K, 07 07 pidn
il icth (/)" K, 0.00 0.00 psidn
Incidence Angle’ 0 Resistance, &
See notes UNder eITOF MesTages Ry 433 -4.39 pi
R, 7.3 1 pi
nad
Lpplied Blazt Input File Mot Selected Vield Displacenent, ¥
po =1 B35 -6.38 in
Bl steel plaks = w2 23.65 -23.B5 it
See All COE LOP/Type | HLOP/Secondary N5~
R o (deg) L Eciiv Wield el X 15.84 1534 in
1 4
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After the input sheet is completed as shown in the above figure, click the “Run SDOF” button at
the top of the screen (See Figure 2) to calculate the dynamic response of the plate. As shown in
the Results Summary shown below, the calculated maximum dynamic displacement of the plate
is 0.75 inches, which corresponds to a ductility ratio of 0.05 and a support rotation of 0.90
degrees. Therefore, the response compares favorably with the response criteria for the selected
LOP for this analysis. Note that the calculated response must meet both the ductility ratio and
support rotation criteria. The Results Summary box also displays the calculated shear capacity
and the peak shear reactions in both directions. For this case the shear capacity of the plate is
enough to resist the calculated demand, which is based on the ultimate flexural response of the
plate. For more information on how to calculate shear reactions please refer to the SBEDS
User’s Methodology Manual that is distributed with SBEDS.

Be= 080 deg. Dezign Criteria: HLOPSecondarny-hS
M= 003 Fezponze OK compared to input design criteria
Mg IMbound = 075 in attime = 3052 SEC
o FEbOUnd = 075 in attime = a1.20 mzec
Foee= 052 pai attime = 3052 SEC
Fen= 052 psi attime = a1.20 mzec

Shortest Yield Line Distance to Determine & 450 in

Equivalent Static Reactions®

Pegk Regctions Oased an Utisvste Blexurs! Resistance. Ly

Wy at supports in L direction 21 lhvin
Wu at zupports in H direction 21 Ibdin
Shear it

Shear Capacity: W, = 10,931 Ibdin
Resufts baged an Max Shear Region Shear iz QK

* Bazed on larger of inbound and rebound ulirmate flexural reziztance, not including
tenzion membrane.
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Example 2B: One-Way or Two-Way Aluminum Plate (Metric)

Analyze the flexural response of a plate of 6061 T6 aluminum. The plate has simple supports on
all four sides and is required to provide MLOP as a secondary type component. The plate is 40
meters away from a TNT charge of 5 kg. Include positive and negative blast phase for the
analysis. Often only positive phase blast load is used for blast resistant design, which is usually
a conservative approach, but negative phase blast load can be included and is often included
when analyzing existing components. In the case of existing components, a more accurate
damage assessment is usually desirable due to cost and construction issues that are typically
involved in upgrading components against blast loads. The plate has a thickness of 9.5 mm and
clear span dimensions of Im x 1m. Assume the plate is in the vertical position and does not
support additional weight. Use typical values for aluminum density and Poisson’s ratio. Use 1%
of critical damping.

Analysis Parameters:

e Two-way Member, L=1m,H=1m

6061 T6 aluminum

Thickness = 9.5 mm.

Simple supports all sides

No supported weight

1 % critical damping

MLOP for secondary type component is required
5 kg of TNT at 40 m. Positive and negative phase

Solution
On the “Intro” worksheet area (Figure 1), select “One-Way and Two-Way Metal Plate” and
metric units, and click on the button to initiate the component input sheet. On the input sheet,
fill in the input cells (in yellow) using the information given in the problem statement. For this
particular problem:
— Set the Boundary Conditions to “Two-Way: Four Sides Supported — All Simple.”
— Use the material type drop down menu to select the aluminum type 6061 T6.
— Select “Charge weight and standoff” under Blast Load input type to enable the charge
weight and standoff input box
— Select “ None (vertical component)” under Gravity Displacement
— In the charge weight and standoff input box, select “Positive and negative”, under Blast
Load Phase.
— In the charge weight and standoff input box, select “Reflected without Clearing” under
Charge Weight Load Type and enter a zero Incidence Angle for full blast load reflection.
— Set the Dynamic Axial Load input cell to “No Dynamic Axial Load”

On the Response Criteria input box, select “All steel plates” and “MLOP/Secondary-NS”. (No
PDC response criteria have been developed specifically for aluminum plates at this time and
therefore the steel plates category is selected for this example. The user must determine if the
use of the steel response limits is appropriate for their analysis.) Finally, enter 1 for “% of
Critical Damping” in the the Solution Control input box and choose a time step equal or smaller
than the recommended value in SBEDS. After these steps, the input sheet will look as follows.
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tIrfo: Fillin Elast Load Input Type
| Span Length, L: 1000 mm Shear Constant Elsstic Plastic
Span Width, H 1000 mm F (long side] = o7 0.8
Eoundary Conditions: R - RS - Fi [long side) = 018 e
| Fespense Tupe: |"E’ x F [short side) = 007 0.08
Stpuctursl & Materisl Properties ure.Time Input Fi {short side) = 048 e
Flate Thickness, t: 25 mm Time Fressure Fi {shot side] =
.F'Iate Density, o: 2700 kglm® [ms) [kPa)
Polssen's Ratlo, v: o o )
Supported Weight, W 0 kaim® 20 ] Inbound Matural Period: 22492 MS
| Steel Type: BE1 TR ARETEaT _LJ a0 ] Febound katural Fenod: 228z ms
ield Strength, i 241 MPa 40 ] Max Fecormended Time Siep: 008 ms
Elastic Madulus, E: Chofr User 62,948 MP4 50 0 Time Step: 0.27 me
jStatic Strenath Increas: Factar R e | 107 &0 0 # of Critical Damping: 1%
Dynarric Increase Factor: g : 102 T ] Initial Yelociy: 0 mmims
- Dynarric ield Stress, f 263 MPa
Leave Slank ] SDOF Properties
ulated Pr 3 W ] Property Inbound Febound Units
MMoment of Inertia, |: 4 mm'imm ka TNT) [m] Afface Af 287 26,7 katm®
| Section Modulus, S: 15.0 mm'tmm 5 40 torsATRRs Faeien A ow
.F'Iasti-: Modulus, £: 226 mmiimm Kirs 0E3 ez
Moment Capacity: 4952 M-mmimm Kinz 0E2 0E:
: Kima 050 050
Stimee &
Ka 1.1 12 kFatmm
wal Height [m]’ :Jl Kz 1.4 121 kFalmm
‘wal Width [m)" Ka 0.0 non kPatmm
Incidence Angle 0 Hesieranes /7
Seenctes under erfor messages Ry 10621 10521 kPa
F: 0521 10621 kFa
o ad
Applied Blast Input File Mot Selected kel LRerdsteiment &
Hespo eIl 1l BEEE -BEEE ]
Fn:‘:“; ;:1;_ c A mee ams r w2 8656 8666 mm
& 4 LOPIType | MLOD Secondarv-NE ¥
& [deg) i Egude Higld el X ¢ BEEE -BEEE mim
&
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After the input sheet is completed click the “Run SDOF” button at the top of the screen (See
Figure 2) to calculate the dynamic response of the plate. As shown in the Results Summary
shown below, the calculated maximum dynamic displacement of the plate is 11.54 mm (in
rebound), which corresponds to a ductility ratio of 0.13 and a support rotation of 1.32 degrees.
Therefore, the response is under the allowable limits and the design is acceptable. Note that the
calculated response must meet both the ductility ratio and support rotation criteria.

SBEDS also calculates the maximum reaction along the sides of the plate and the shear capacity
of the plate. For this case, the maximum reactions do not exceed the shear capacity, as indicated
by the message that “Shear is OK”. As noted at the bottom, the maximum reaction forces are
assumed to be caused only by flexural response. Additional information for the calculated
response histories is shown on the Results sheet.

B e = -1.32 deq. Dezign Criteria: MLOP/Secandary-MS
u= 043 [Rebound) Fesponze OK compared to input dezign critera
P INBOUNY = .27 mm at tirne = 33,48 mzec
Fonn Pebound = -11.54 mim at tirme = 21.06 rzec

P = 10.04 kPa at tirne = 33,48 mzec
Fan = 141 kPa at tirme = 21.06 rzec
Shortest Yield Line Diztance to Determmine & 500.0 mm

Equivalent Static Reactions*

Peak Reactions Gased an Uitieste Bexura Resistance,

Wy at supports in L direction 31.35 hdnm
Iy at zupparts in H direction 31.82 MAmm
Shear it

Shear Capacity: W, = 1,376 MAmm
Fezulz based on bax Shear Region Shear iz OR

* Bazed on larger of inkaund and rebound ulimate fexural resistance, nat including
tenzion membrane.
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Example 3A: One-Way Open-Web Steel Joist (English)

In this example we will take advantage of the option to apply a blast load to a roof joist using the
dynamic reaction time history of the roof deck. This may provide a more accurate, although less
conservative, analysis of the joist’s response. The dynamic reaction time history calculated for
the corrugated panel in Example 1A will be used to analyze the flexural response of an open-web
roof joist. The joists are type 12 K1, with a 25 ft span and are spaced at 5 ft O.C. The roof joists
are required to provide MLOP and are considered secondary type components.

Analysis Parameters:

e Span length of 25 ft

e Joist spacing of 5 ft

e Joist size of 12 K1

e MLOP for joist acting as a secondary type component

e Dynamic reaction pressure load from corrugated panel in Example Problem 1A
e Supported weight of roofing material and metal panels equal to 3 psf

Solution

On the “Intro” worksheet area (Figure 1), select “Open-Web Steel Joist” and English units and
click the button near the bottom of the page to initiate the open-web steel joists input sheet. On
the input sheet, fill in the input cells (in yellow) using the information provided in the problem
statement.

The file with the dynamic reaction pressure from Example 1A can be created at the end of the
analysis of that component, as explained in Example Problem 1A. However, we will assume that
was not done in order to also demonstrate the Retrieve file capability in SBEDS. First, save the
input file for the current example using the “Save” button to a file on the computer hard drive (so
any current input for this example problem is not lost), then click on the “Retrieve” button at top
of the screen (Figure 2), to open 1A Corrugated Metal Panel English.inp. After you click on the
“Retrieve” button a window as shown below will open prompting you to select the file you
would like to open. Select Example 1A (or the name you assigned to that example) and click
open.

Open Component Input File

Look in: () SBEDS Save Files v @ -3 @ X i B - Tods~
— ﬂ 1A Corrugated Metal Panel English.inp’ 3 3A Prestressed Beam English.inp m S57.inp
,J ﬂ 1B Corrugated Metal Panel Metric.inp ﬂ 8B Prestressed Beam Metric.inp

MyRecent | ||#] 24 Metal Plate English.inp
Documents /5 26 Metal Plate Metric.inp
= 3 34 OW Steel Joist English.inp
@ ﬂ 3B OW Steel Joist Metric.inp
Desktop []354.np
j 44 Steel Beam English.inp
3 4B Steel Beam Metric.inp
|2] 54 Metal Stud English.inp
My Documents 3 5B Metal Study Metric.inp
|#] 64 RC Slab Engiish.inp
=] |%] 6B RC Slab Metric.inp
""‘J 3 7A RC Beam English.inp
My Computer | ||2] 78 RC Beam Metric.inp

@
Y File name:

My Metwork
Places Files of type: | 1nput Files (=.inp)

j 9A Reinforced Masonry English.inp
ﬂ 9B Reinforced Masonry Metric .inp

3 10A Unreinforced Masonry English.inp
3 10B Unreinforced Masonry Metric .inp
3 11A Wood Panel English.inp

j 118 Wood Panel Metric.inp

3 12A Wood Beam English.inp

3 12B Wood Beam Metric .inp

|#] 138 Gen SDOF Metric.inp

|#] 134 Gen SDOF English.inp

s E

2] A4inp
[2]Fs13.inp
|#]555.inp
' Open
-
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After you open Example 1A, the input screen will show. Click “RUN SDOF” to run the
analysis. After you run the analysis go to the “SDOF Output” sheet and click on the “Save Short
Span Dynamic Reaction as Reaction Load” button on the top right of the screen (circled in red
below).

A | B | C | D | E | F | B | H | I | I | K | L
1
2
3 | Save Applied | Save Equiv P- Savel Save Velocity ST . Save Slave splr || SElin ISpan 5 Sﬂm, Save Applied
= | Eorce Datato | delta Data to Deflection Data to Acceleration | guee o pat | Resistance Mass Factor Dynamic Span Dynamic |\ adto
L4 DPLOTFile | DPLOTFile | _Dafato prLoTFile | Datate | ioppiorri, | Datato Datata Reactionsto | - Reactionsto || "y g7 e
5 DPLOT File DPLOT File DPLQT File DPLOQT File DPLOT File DPLOT File
6 {Use "A" option in DPLOT to read DPLOT file)
7 Save Long Bave Short
o | 3 Span Dynamic n Dynamic
8 Resistance vs pan ban |
o | Deflection to Reactions s | f Reaetiona as
0 DPLOT Eile Reaction Load ) Reaction Load
11
12
13 Applied Equiv P- Load-Mass Dynamic Reactions
14 | Time Force delta Deflection Velocity | Acceleration  Stiffness = Resistance Factor Long Span | Short Span = Axial Load
15| (ms) (psi) (psi) (in) (in‘ms) (in‘ms"2} (psi'in) (psi) (psi) (psi) (Ib/in)
1
17 0 1.7 0 0.00418676 0.00) 0047744155 4208654835 0.017620629 0.78 0.146209982 0330576871 a
18 0.05 1.69575 0 0.004246441 0.00) 0.047601326 4.208654835 0.017871803 0.78) 0.143930073) 0.329877375 1]
19 0.1 1.6915 0 0.004425124 0.00) 0.047444505 4.208654835 0.01862382 0.78) 0.145795408 0.329393243 0
20 0.15 1.68725 0 0.004722419 0.01  0.04727372| 4.208654835 0.019875032 0.78 0.145805509 0.329123764 0
21 0.2 1.683 0 0.0051378%8 0.01 0.047083026 4.208654835  0.02162364 0.78 0.145959856 0.329068165 0
22 025 1.67875 0 0.0056711 0.01| 0046850485 4208654835 0.023867702 0.78) 0.146257884 0.329225612 a
23 0.3 1.6745 0 0.006321528 0.01) 0.046678157 4.208654835 0.026605129 0.78) 0.146698987 0.329395205 1]
24 0.35 1.67025 0 0.007088651 0.02) 0.040452112) 4.208654835 0.029833686 0.78) 0.147282519 0.330175983 0
25 0.4 1.666 0 0.007971905 0.02  0.04621242) 4.208654835 0.033550996 0.78 0.14800778% 0.330966528 0
W 4 » w|{ nput { Results / P-_Digram ' SDOF Output { SDOF / Database / Beam_Types / PostivePhaseload [ NegativePhaseLoac | < |

A new window will come up prompting you to save the dynamic reaction as a .dat file. You need
to select the folder in which you wish to save the file and the file name. For this example, we
have name the file “ 3A load from 1A.dat” and saved it in the same directory. This is illustrated
next.

. . - | Savelong
Save Load data for Component . B[ %] Span Dynami
Save n: Ik—"l SBES CHUCK 03_10_08 @ X Cu - Tools - Reactions 35
A [E2 COMP MEMBRANE CHECK PAGE 888 PARK AND GAMBLE Erartinlen
|5
My Recent
Bacuments Type: DAT File
= Date Modified: 3/3/2008 10:24 Al Dvnan
f Size: 1.47 KB .

= Long Spz

Desktop (psi)
7 8| 0.146209¢
5 My Documents 8| 0.145930
5 8 0.145795:
5 . 8| 0.145805:
3 My Comiputer 8| 0.145939i
5 & 01462578
: % — - = Jlls| 0.146698¢
Z ) e name: 34 load from 14.dat w = f
3 My Network . :::E 2 8| 0.147282!
3 Places Save as type: iInput Files (= dat) !v g 0148007
5 U 00089 /0059 U.0Z] U.045959158 J.2U5054535] U.U3 /739530 U./8| 0.148874(
5 0 0.010084372 0,02 0.045692404| 4208654835 0.042441641 078 0.149880!
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After you save the dynamic reaction file, return to the input sheet and retrieve the file for
Example 3A. The input sheet for Example 3A appears “Open-Web Steel Joist”. Under Blast
Load Input Type select “Pressure-time history file.” A new window opens and prompts you
select the file you wish you use as the pressure-time history load for this analysis. Select the file
created in the previous step.

‘Open Pressure-Time History File e
lent Lookin: | () SBES CHUCK 03_10_08 |v| @ | Q@ X [ (3~ Tools ~
. ! : I
| ¥ % ||CCOMP MEMBRANE CHECK PAGE 668 PARK AND GANBLE |%)78.np I
"z LD | o (2] 84.np
- MyRecert |(|8] 14 inp |#] 8B.inp
B ||| Documents |--"J 1B.inp Type: DAT File |;] 84.inp _l
S ®|2A.Inp ate Modified; S/6/2008 3.5 i . Janp !
C 24 Date Modified: S/6/2008 3:55 Pl 58
R ] |#]2B.inp Size, 7.86 KB [®]104.np
sn Deskiop |B]24.inp |;] 10B.inp
|3] 3B.inp [®]114inp
|®Y4sinp |®] 118.inp
B 4B.inp |B] 124.0np
—| | My Documents H S4.ng |®]12B.inp —
B 5B.inp H 134.inp
m p !ﬂ B4 inp m 138.inp
i!}g H &B.inp @ €8 load from 84 conwepdiplot.txt| |pt
My Computer |_; Tainp
-il (€] | el
89 e |
My Network | b — 2t
ki L Places | Fllesoftyper | Al Files (=) [v]
ined i ——— e

After the file is selected, SBEDS reads the values into the analysis and is ready to perform the
analysis. Enter the desired LOP and time step. Also enter the Gravity Displacement as in the
direction of blast load. This input is typically applicable for roof components subject to exterior
blast load. Your final input screen will look as follows. Notice that, the “Pressure-Time input”
box and the “Charge weight and Standoff” input box are both disabled.
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Uszer Info: Fill in Yellow Cells, See Note Eelow for White Cells

Open-Web Steel Joist

See AllCOE
Responae
Criteria

Blast Load Input Type

Dynamic Shear Factors

Shear Constant Elastic Plastic

12

ea| e
ea| e

10 0 Solution Control
2 0 nbound od 13480 ms
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After the input sheet is completed click the “Run SDOF” button at the top of the screen (See
Figure 2) to calculate the dynamic response of the plate. In this case, SBEDS gives a warning
message that maximum response was not reached. On the Results sheet, the calculated
Displacement vs. Time relationship is as shown below, clearly indicating that the SDOF analysis
did not calculate the actual component maximum deflection. The calculation is therefore
unconservative and a longer time step is required.

Displacement History

/—“(

=

0 5 10 15 20 25 30 35
Time (ms)

Displacement (inch)
o - N w S ($2) [=2] ~ o

The applied blast force (i.e., pressure) history, which is also on the Results sheet, is shown
below. This is a relatively smooth function, such that a time step of 0.03 ms is clearly sufficient
to capture the shape very accurately, as opposed to the more conservative value of 0.01 ms
recommended in SBEDS. Also, the Input sheet above shows that the natural period of the joist is
134 ms. A time step no greater than 10% of this value is generally needed to model the
component response in the time-stepping SDOF solution used in SBEDS. The time step of 0.03
ms will clearly meet these criteria. Therefore, rerun SBEDS with an input time step of 0.03 ms.
This will increase the calculated response time for the component by a factor of 3 and will
capture the maximum component deflection, which is a necessary part of a SDOF analysis.

i i —— BLAST LOAD
25 ¢ T T T T - Appl‘led Eorce History r — Peak Pressure = 2.2 psi — 1
2 E | ] | | o | o EosanNe Phase é’mpulse = 241%5i-njls 409
E | | | ; | ) | ) cak Negative Pressure =-1.0psi — [—— *
= 15 | / : : :\ | : : : : : xiﬁfv\z;gase Impulse = -5 psi-ms : g}; =
= 14 / | | | | | | | | | T T T 0l6 g
B | | | | | | | | | | | | | ! =
S 054 | | | I I [ I [ I I I 05 §
a <]
P 0 ! | | | | | | L | | | 404 2
8 T T T T T N T T T [ [ 1oz €
o 05 4 | | | | | | | | | | | :
I I I I I \\—/ I I I to2 <
-1+ | | | | | | | | | | | | L 0.1
E | | | | | o | o | | | '
15 £ 0
0 5 10 15 20 25 30 35
Time (ms)

As shown in the Results Summary below, the calculated maximum dynamic displacement of
joist is 8.21 inches. This corresponds to a ductility ratio of 2.2 and a support rotation of 3.13
degrees. The calculated response exceeds the allowable limit by less than 5%. In many cases, it
is acceptable for the response to exceed the limit value by a very small amount.

An identical SBEDS analysis except the blast load from Example 1A was input, rather than the
corresponding dynamic reaction history, calculated a maximum deflection of 7.1 inches.
However, this is not necessarily representative of the difference in comparable SDOF analyses
using the directly applied blast load and the dynamic reaction load from a supported component.
Other comparisons have shown a lower calculated maximum deflection for the case of the
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dynamic reaction load. There is no well accepted guidance on when a directly applied blast load

should be used and when a dynamic reaction load should be used. Both approaches are generally
considered acceptable for design of framing components that support a blast-loaded component.

Bl = 313 dey. Dezigh Criteria: MLOPASecondary-MS
H= 2.20 Fesponze NOT QK cormpared to input design criteria
Finwe INBOURY = 8.2 in at titne = 46 BS mzec
P FEbOURY = 0.00 in attime = 0.00 mzec
P = 046 pei at titne = 46 BS mzec
Fyon = 012 psi attime = a7.480 meec
Shortest Yield Line Distance to Determing 8: 1500 in

Pegk Regctions Oased an Utisvste Blexurs! Resistance. Ly

Wyl = 4410 |k
Wy F= 4110 b
* Bazed on larger of inkaund and rebaund ulimate flexural rezistance.

SBEDS also calculates the maximum reaction at both ends of the joists, which are based on the
ultimate flexural capacity of the joist and are commonly used to design the connections of the
joist to the supporting member.

In Example Problem 5A, it will be assumed that these joists are supported by a load bearing
metal stud wall. The dynamic reaction pressure from the joists causes a dynamic axial load on
the load bearing wall, which causes a dynamic P-delta moment in the loading bearing wall as it
deflects laterally from applied blast load. This dynamic axial load can be read into the SBEDS
analysis of the load bearing wall based on a save file for the dynamic pressure history from the
joists.

Create a Save file from the joist analysis by going to the “SDOF Output” sheet in the same
manner already described at the beginning of this example for the dynamic reaction pressure
history of the corrugated metal panel supported by the joist. A saved dynamic reaction pressure
history can be read into SBEDS as either an applied blast load, or as a dynamic axial load. In the
latter case, SBEDS will use information on the span of the saved component, which is also in the
save file, to convert the dynamic reaction pressure into an axial line load on the analyzed
component. This is explained in more detail in the SBEDS Help document. For demonstration
purposes, the same saved dynamic reaction pressure history file can be read into SBEDS as both
an applied blast load and a dynamic axial load. In this case, the green save file button circled
below is used to save the joist dynamic reaction pressure history to a file on the hard drive. The
dynamic reaction history (also referred to as the dynamic shear history) is also plotted in SBEDS
at the bottom of the Results sheet as shown below.
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A B C D F G H I 7 [ K [ L [ ™
L1
2
- : . Save : Save Save Save Load | Save Long Span Save Short
Save Applied | Save Equiv P- Save Veloeity Save i
3 ppl g i " . ; | Save Applied
2 | Force Datate | delta Data te Deflection Acceleration Stiffness Data Resistance Mass Factor Dynlamlc Span Qwamlc Axial Load f0
L4 ] DPLOTFile | DPLOT File Datalo DPLOT File Datato | 45 ppioTFile | _ Datato Lataty Feacfimsto | Reactions ol ppy o7,
5 DPLOT File DPLOT File DPLOT File DPLOT File DPLOT File DPLOT File
6 (Use "A" option in DPLOT to read DPLOT file)
7 — Save Long Save Short
T Resistance vs. S I?war"ic > Span ;bwamic
o | Deflection to Reactions aa }//- Reaction 23
DPLOT File ion L Reaction Load
10 I |
Bl H
11
12
13 Applied Equiv P- Load-Mass Dynamic Reactions
14 | Time Force delta Deflection Velocity | Acceleration  Stiffness | Resistance Factor Long Span  Short Span  Axial Load
15| (ms) (psi) (psi) (i) (in'ms) (in'ms"2) (psi'in) (psi) (psi) (psi) (Ib/in)
16
17 0 0.661153741 0 022711284 0.00| 0.011790914 0.122181653 0.027745022 0.78) 0.08354903 0 0
18 0.03| 0.660443564 0 0227118146 0.00| 0.011778221 0.122181653 0.027749671 0.78| 0.083471164 0 0
19 0.06| 0.659733388 0 0.227134053 0.00) 0.011765305 0.122181653| 0.027751614 0.78| 0.083393802 0 0
20 0.09 0.659023211 0 0.227160348 0.00/ 0.011752765 0.122181653 0.027754851 0.78| 0.083316943 0 0
21 0.12| 0.638656455 0 0227197621 0.00) 0.011746127 0.122181653 0.02775%381 0.78| 0.083278369 0 0
22 0.15 0.638461408 0 0227245265 0.00| 0.011742529 0.122181653| 0.027765202 0.78| 0.083239184 0 0
Dynamic Shear History
i i i T T T T n
| [ | | | Long Side
! [ ! ! ! ——— Short Side
— | [ | | |
@ | [ | | | [ [
= | [ | | | [ [
3 ! I I I [ I
s | [ | | [ [
| [ | | | [ [
é | [ | | | [ [
s | [ | T | [ [
| [ | | [ [
| Lo | | | \\!\;\\' o
| [ | | | [ [
| [ | | | [ [
40 50 60 70 80 90 100
Time (ms)

The save file is shown below. It has the format of dynamic reaction pressure, time. The dynamic
reaction pressures are automatically multiplied by a factor of 2 by SBEDS before they are saved
in the save file, except for cantilevered components, as explained in Chapter 3 of the SBEDS
Methodology Manual. The last line of the save file has the format -999, Ls, explanatory text
where Ls is the tributary span length of the supported component that is used to convert the
dynamic reaction pressures in the save file at each time step to the corresponding dynamic
reaction loads at the support along the loaded width of the component. This conversion only
occurs in SBEDS when a saved dynamic reaction pressure is read into SBEDS as the dynamic
axial load on another analyzed component. In this case, Ls = 150 inches. The save files also has
some explanatory text, which is essentially a definition of Ls.
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0,0.167098060443984
0.06,0.166787604280721
0.12,0.166556737119352
0.18,0.16648100499747
0.24,0.166559273290554
0.3,0.166716557049734
0.36,0.167100870627656
0.42,0.167562817340973
0.48,0.168175999764054
0.54,0.168938777676039
0.6,0.169778408474853
0.66,0.170837699064522
0.72,0.171971981201682
0.78,0.173252136088858

87.5400000000026,-8.91218641567195E-02
87.6000000000026,-9.00045593568374E-02
87.6600000000026,-9.08863762811055E-02
87.7200000000026,-9.17673080147712E-02
87.7800000000026,-9.26473476500448E-02
87.8400000000026,-9.35264882861538E-02
87.9000000000026,-9.44047230293969E-02
87.9600000000026,-9.52820449931985E-02

-999,150, Tributary span length of component applying axial pressure...

28

PDC TR-08-03
September 2008



PDC TR-08-03
September 2008

Example 3B: One-Way Open-Web Steel Joist (Metric)

Analyze the response of a 24LH04 roof joist that is part of a roof system that is being designed
to resist the effects of 200 kg of TNT at 70 m of standoff distance. The charge is placed so that
only the side-on pressure loads the roof. The joists in the roof system are 6.5 m long and are
spaced at 6 m on center. Assume the joist’s supported weight is 10 kg/m”. Check that the
flexural response of the joist will provide a LLOP as a secondary type component.

Analysis Parameters:

Span length L= 6.5 m

Joist spacing B= 6 m

Joist size of 24LH04

LLOP for joist acting as a secondary type component
200 kg of TNT at 70 m. Side-on pressure only
Supported weight of roofing material 10 kg/m’

Solution

On the “Intro” worksheet area (Figure 1), select “Open-Web Steel Joist” and Metric units and
click the button near the bottom of the page to initiate the open-web steel joists input sheet. On
the input sheet, fill in the input cells (in yellow) using the information provided in the problem
statement. For this particular problem:

— Select “24LHO04” using the drop down menu for Joist Designation in the Structural &
Material Properties input box.

— Also, in the Structural & Material Properties input box, enter 10 kg/m* for supported
weight.

— On the Blast Load Input Type box, select “Charge weight and standoft”

— Set the Gravity Displacement input cell to “In direction of blast load”

— On the Charge Weight and Standoff input box, enter 200 kg of TNT and 70 m of standoff
distance. Use only positive phase in this case for design and set the Charge weight load
type to “Side-on.”

— Set the Dynamic Axial Load input cell to “No Dynamic Axial Load”

On the Response Criteria input box, select “Downward Flexure” and LLOP/Secondary-NS.
Finally go to the Solution Control input box and select a time step equal or less than the
maximum recommended value in SBEDS. Enter 0 for % of critical damping and initial velocity.
The input sheet will look as follows.
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User Info: Fill in Yellow Cells, See Note Eelow for White Cells

Span, L.
Jnizt Spacing, B:

Loading Condiion:

Joist Designation:
Supported Weight, 0
Sel-Weight, w:

Miowable Joizt Degign Load, 1) g

Load causing LA360 defl., vy

G300 rmm
G000 frn

Sirnple-Simple, Uniforraly Loaded

Structural & Material Properties

Click for Uzer
Defined Joist

16.27 KMdn

10 kodn’
1785 kodm
9.65 KM

See All GOE

Applied Blast nput File Mot Selected

Response Criteria

Davarnard flexurl rezponse

-

Criteria

LOPType | LL& P IS econcary -NS

-

& (deg) L

[ M
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Open-Web Steel Joist
crange weight and stanor ~ | Shear Constnt | Elastic |  Plastic
Gravity Displacement F constart = IR 012
In direction of blast load ~ ~ E constant = 038 0.3
Titne Prassure
[tz] [kPa)
i] ]
20 0 Infound Matural Period: 51.58 ms
30 i Rebourd Matural Period: 51.58 ms
40 i hdax Recommended Time Step: 014 mz
50 0 Time Step: 014 ms
G ] % of Critical Darping: 0%
70 0 Initial Velocity: 0 mménz
X
n R Property Inbaund Fehound LUnits
[ky THT) () Mass, M 12,98 12.98 kigdrn®
200 70 Logd-Mass Fackars, &,
Elast Load Phase Elaztic 0.75 0.7s
Posiive phase only = Elastic-Plaztic 0.7s 0.7e
Charge Meight Load Type Flaztic 0.6& 066
Side-on b Stiffness, &
Paratet Reflected Loads Elastic 0.15 0.150 kPadmim
Wil Height (m)" Elasti-Plastc 0.00 0.000 KPadin
W=l Wit [r'r1]I Effective 015 0.1a30 kPadfnm
Incidence Angle® Resistance, 7
See notes URGEr BrOF Messages Elaztic 342 542 kPa
Plastic 342 342 kPa
Load file name Eegiiir Vield Defl, X 2274 274 il
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After the input sheet is completed click the “Run SDOF” button at the top of the screen (See
Figure 2) to calculate the dynamic response of the joist. After the analysis is performed, a
summary of the most important results will be displayed in the Results Summary box shown
below. For this problem, the calculated maximum dynamic displacement of the joist is 272.16
mm. This corresponds to a ductility ratio of 11.97 and a support rotation of 4.79 degrees.
Therefore, the response is under the allowable limits and the design is acceptable. Note that the
calculated response must meet only the support rotation criteria since there is no ductility
limitation for this component at this level of protection.

SBEDS also calculates the maximum reaction at both ends of the joists, which are based on the
ultimate flexural capacity of the joist and are commonly use to design the connections of the joist
to the supporting member

B = 4.79 deg. Design Criteria; LLOP/Secondary -MS
u= 11.87 Fesponze O compared to input design criteria
Fon INBOUNY = 27216 mm at fitne = 47 B0 mzec
Foan FEbOUR = .85 mm at fitne = 0.00 meec
o = 34 kPa at fitne = 47 B0 mzec
P = 2316 kPa at fitne = 7336 meec
Shortest ield Line Diztance to Determmine & 32300 mm

Pesk Resctions Gased an Uitimste Bexira Resistance; i

ul = 66,593 M
n,F.= BE 593 M
* Bazed on lakger of inkound and rebound uliitnate flexural reziztance .

31



PDC TR-08-03
September 2008

Example 4A: One-Way Steel Beam or Beam Column (English)

Analyze the flexural response of a user-defined cold-formed roof purlin subject to a blast load as
defined below.

5.0

Pressure
(psi)

14
Time (ms)

The purlin has the following non-typical cross section and material properties. The static and
dynamic increase factors are recommended values for cold-formed steel members in TM 5-1300
and the SBEDS Methodology Manual.

— Self weight = 4.5 1b/ft

— Moment of Inertia = 12.0 in*

— Section Modulus = 3.2 in’

— Web thickness = 0.07 in

— Depth = 8.0 in

~ Area=1.30 in

— Yield strength = 45,000 psi

— Ultimate strength = 75,000 psi

— Elastic Modulus = 29,000,000 psi
— Static Strength Increase Factor = 1.1
— Dynamic Increase Factor = 1.21

The purlins are 25 ft long and are spaced at 5 ft on center. They are continuously supported
along the compression flange by cold-formed roof panels. The bottom flange is braced with rods
for rebound at 7.5 ft spacing. Include the effects of tension membrane in your analysis, assuming
a connection capacity of 12 kips. The purlins support 3 psf of roof materials and panels and
must provide LLOP for secondary type components.

Analysis Parameters:

e Span length L =25 ft

e Purlin spacing B=15 ft

Material and cross section properties as specified above

LLOP for a secondary type component

The purlin connections and supports can resist 12 kips of tension in purlin
Purlin supports 3 psf of roofing panels and material
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Solution
On the “Intro” worksheet area (Figure 1), select “One-Way Steel Beam or Beam Column” and
English units and click the button near the bottom of the page to initiate the component input
sheet. On the input sheet, fill in the input cells (in yellow) using the information provided in the
problem statement. For this particular problem:

— Set the Response Type to “ Flexural and Tension Membrane”

— On the Structural & Material Properties input box select and shape type (Cold Formed
Section can be selected but it does not matter), and “User Defined” for shape size. After
selecting “User Defined” click on the “Define user shape” button on the left and enter the
section properties given above.

— Enter the supported weight of 3 psf and enter O ft for the inbound and 7.5 ft for the
rebound Unbraced Lengths for the Compression Flange.

— Select “User Defined” from the drop down menu for Type and click on the “Define User
Material” button to the left to enter the material properties provided in the problem
statement.

— Enter 12,000 1b for Support Capacity for Tension Membrane, V..

— Go to the drop down menu under Blast Load Input Type to set it to “Manual Input”

— Set Gravity Displacement to “None (vertical component)” using the drop down menu.

— Enter the appropriate values of pressure and time in the Pressure-Time input box.

— Set the Response Criteria to “Cold-formed girts & purlins” and LLOP/Secondary-NS

— Set the Dynamic Axial Load input cell to “No Dynamic Axial Load”

Finally, on the “Solution Control” input box select a time step value equal or less than the
recommended value and enter 0 for % of Critical Damping and Initial Velocity.

After the input is completed, the input screen will appear as shown on the next page.
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One-Way Steel Beam or Beam-Column
User Info: Fill in Yellow Cells, See Hote Below for White Cells

Span, L: 25t
Spacing, B 5 ft
Boutwdary Conditions:: |Fixed-simple, uniarmiy Laaded -

Eesponze Type: |Flexural ahd Tension Membare -

Structural & Material Properties

Lz of Bendirg: Shape Type: |Cold-Formed Sections (C,2)  ~
Strong (%4 - | Click to Define Shape Size: [User Defined -
Seff-leight, vo: Llzer Shape 450 |bft
Nornerit of Inertia, I- 1200 in*

Section Moduluz: Z [(hot-rolled bearn) or 5 [cold-formed beam): 320 in
ek Thickness, t: 5.00 in

Depth, o: 0.07 in

frea, i Save Lker Retriewe Ulzer 130 it
Supported eight, 1I- Defined Shape | Defined Shape 3 et
Loaded Lrea Factor - Erder 1.0 for Linform Load 1

(=]

Inbound Unbraced Lenoth for Compression Flange, Ly
Fehound Unbraced Lenith for Compresgion Flange, Ly,

[0 for fully braced)
T5 R (0 for fully braced)

hlaterial Type: |User Defined ;I
Yield Streneth, f,: I 45,000 psi

Uttirnate Strenuth, f,: . 75,000 pi

Elastic hModulug, E: Vser Niteia 29000000 :usi

Static Strenith Increaze Factar: Sawe User | Retieve Llzer 11

Dynamic Increaze Factor: Defired Diefired 1.21

Dryharmic: Yield Stess, Ty, aterial haterial 59,805 psi

[ Mo Dynamic ol Load = | *Statc xial Load, P: 0l

Leawe blank for Ma Dynamic Bxial Load ft

Support Capacity for Tension hermbrane, Yc: 12000 |h

Caleulated Properties

Inbound Moment Capacity, W, 191,664 [b-in
Eehound Morment Capacity, W, 164,875 [b-in
EehoundAnkbound Motnent Capacity Ratio, ME.: 049

Mot Used for Tension Membrane

See All COE
Response Griteria

Blast Load Input Type

Dynamic Shear Factors

PDC TR-08-03
September 2008

Shear Constamt |  Elasic | Plastic
Gravity Displacement F [sitnple support) = 0.0s 012
Mane [vettical corponert) = E.[simple suppart) = 029 0.30
F [fixed suppor] = IRL] 012
Pressure-Time Input R [fixed suppart] = 0.43 0.4
Timne Pressure
[mz] (=]
1] ]
14 1] Solution Control
20 1] Inkbaund Mataral Petiod: 13726 s
a0 1] Eehaund Matural Period: 13726 mz
40 1] hlax Recommended Time Step: 038 ms
a0 1] Tirne Step: 0.21 mz
B 1] % of Criical Darnping: 0%
70 1] Initial Welocity : 0 infnz
Charge Weight and Standoff SDOF Properties
n F. Prapetty Inboung Febourd Linitz
[Ibz THT) [/ Mass, M T0.1 701 pai-mz"in
Load-Mzss Factors, K,
EBlazt Load Phaze Ko 0.75 0.7
Positive phase anly - Kie 066 0.66
Chatije Weiahit |oad Type Ko 066 IR
Side-on = Stiffness, K
Parameters for Reflec Ky 0.11 0.1 pidin
il Height (' K. 0.00 0.00 pEidn
il gt ()" K 0.02 0.02 pidn
Incidence Brgle® Resistance, |
See notes under efrar mezzages .y 0.43 058 pai
07 F. 0.43 -0.38 pEi
Bxizlload Input File Mot Selected
Lpplied Elazt Input File Mot Selected Vield Dispiacercent, x
Rezponse Criteria 1 an -3.24 in
Cold-formed gitts & purling - w2 T2 -T2 in
LOP Ty pe | LLOF Sesondary -HE
9 (deg) L Ccpiiny Vield Defl., X 372 3.9 in
10 KAL)
Shear Flag"

34



PDC TR-08-03

September 2008
After the input sheet is completed click the “Run SDOF” button at the top of the screen (See
Figure 2) to calculate the dynamic response of the beam. After the analysis is performed, a
summary of the most important results will be displayed in the Results Summary box as
illustrated below. For this problem, the calculated maximum dynamic displacement of the beam
1s 20.7 inches. This corresponds to a ductility ratio of 5.57 and a support rotation of 7.9 degrees.
Therefore, the response is under the allowable limits and the design is acceptable. Note that the
calculated response must meet only the support rotation criteria sine there is no ductility
limitation for this type of component at this level of protection.

SBEDS also calculates the shear capacity of the component and the peak reactions. This is
displayed below the Results Summary box in the Equivalent Static Reactions box. For this case
the shear capacity is considerably higher than the reaction, therefore, a “Shear is OK” message is
displayed.

The user defined shape and material properties can be saved to a file for a subsequent analysis of
this beam shape by using the blue Save User Defined Shape and Save User Defined Material
buttons as shown on the Steel Beams input sheet below. The corresponding Retrieve buttons can
be used to read in the User Defined shape and material properties from the saved files into the
One-Way Steel Beam or Beam Column worksheet for another analysis.

Be=  THE  deg. Dexign Criteria: LLOPSecondary-MS
M= aA7 Fezponze O compared to input design criteria
Mo Inbound = 2071 in at tirme = F1.53 MEe
P Febound = 000 in at tirne = 0.oa mzec
Fowe=  0EE  psi at tirme = F1.53 MEe
Fen= 0.3 psi at tirne = 10420 mzec
Shortest Yield Line Diztance to Determine & 1500 in

Equivalent Static Reactions®

Pesk Resctions Oased on Uitivste Rexurs! Resistance 1A

Wyl = 4742 |b
W, R = 2875 b
Shear it

Shear Capacity: 1, = 18,445 b
Fesults based on hiax Shear Fegion Shear iz QK

* Bazed on larger of inkaund and rebound ulimate fexural resiztance, nat including
tenzion mermbrane.
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Example 4B: One-Way Steel Beam or Beam-Column (Metric)

Analyze the response of a steel column to the effects of a blast load generated by 250 kg of TNT
at 50 meters with an angle of incidence of 20 degrees. The columns in this building have a
height of 4.5 m and are spaced at 6.5 m on center. The columns are UC203x203x86 (A992
rolled shapes) and support a maximum static axial load of 300,000 N. This is calculated as
specified in PDC TR-06-08 Rev 1 to conservatively include the effects of the dynamic reaction
from roof members. Fixed-simple supports are assumed and 2% of critical damping for the
analysis. Check the response for conformance with LLOP of a primary type component, since it
is a framing component supporting other components, with combined flexure and compression.

Conservatively, it is assumed in this case that the building cladding transfers the blast load into
the columns over the whole area between the columns. Building cladding often spans vertically
and therefore does not load columns, or it may have a small blast capacity relative to the applied
blast load that limits the transferred blast load. In the latter case, it may be more realistic to apply
the dynamic reaction pressure history from the cladding rather than the actual blast load.
Example 3A shows the process of saving a dynamic reaction pressure history from a component
after a SDOF analysis in SBEDS to a file on the computer hard drive and then reading this file
into SBEDS as an applied blast load in a subsequent SDOF analysis of the supporting
component. Also, it is possible that only a limited width of the the panel directly in front of the
column will load the column.

Analysis Parameters:

Span length is 4.5 m

Beam/column spacing and supported width is 6.5 m

Beam/column size is UC203x203x86 (A992 rolled shapes)

Static axial load is 300,000 N

Fixed-simple supports

LLOP for a primary type component

2% of critical damping

Blast load from 250 kg of TNT at 50 meters with an angle of incidence of 20 degrees

Solution

On the “Intro” worksheet area (Figure 1), select “One-Way Steel Beam or Beam Column” and
Metric units and click the button near the bottom of the page to initiate the component input
sheet. On the input sheet, fill in the input cells (in yellow) using the information provided in the
problem statement. For this particular problem:

- Set the Response Type to “Flexural.”

- On the Structural & Material Properties input box set the Shape Type to “Wide Flange
(UC)” and the Shape Size to 203x203x86.

- Select A992 from the steel type drop down menu.

- Under Gravity Displacement select “None(vertical component)”

- Under Blast Load Input Type select “Charge weight and standoff”

- On the Charge Weight and Standoff input box enter the appropriate values for Charge
weight and standoff, set the blast load phase to “Positive phase only”, and set the Charge
Weight Load Type to “Reflected without Clearing.”

- Enter 20 for Incidence angle
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Set the Response Criteria to “Flex & Comp — compact section” and LLOP/Primary

On the solution control input box, enter a time step for the analysis equal or smaller than
the recommended value and apply 2% of critical damping

Set the Dynamic Axial Load input cell to “No Dynamic Axial Load”

The input screen should look as shown on the next page.
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User Info: Fill in Yellow Cells, See Note Below for Yhite Cells

Steel Beam or Beam-Column

Structural & Material Properties

Span, L:

Spacing, B:
Eoundary Condiions:
Responze Type:

4500 mm
G300 mm

|Fixed-3imple, Uniformly Loaded

[]

|Flexural

-

Lxiz of Bending: Shape Type:
mng_[}{-}q = Shape Size:
Self-Meight, w: Click to Define
LUser Shape

Woment of Inetia, |

Section Moduluz: 2 (hot-rolled beam] or 5 [cold-formed beam):

leb Thickness, tn:
Depth, d:

Irea, &:

Supported Weight, W:

Save Lker
Defined Shape

Rettiewe Llzer
Defined Shape

Loaded Area Factor - Ender 1.0 for Uniforn Load

Inbaund Unbraced Lenith for Compression Flange, Ly

Fehound Linbraced Lencgth for Comprassion Flange, Ly,

liche Flange [LC)

-

202 ¥203H0

-

86.1 kaim
a4500000 mm*
477000 rom’
13 mm

222
11000 mm’
10 kaim’

1

5000 mm [0 for fully braced)
SO0 rrn [0 for fully braced)

taterial Type: |A992,.q91s,ns?2, A5 [AIGE S5 ralled steel shapes ;I
Yield Strength, ,: Click i Define 345 MPa

Uttitnate Strenth, 1,: Uzer Msterial 455 MPa

Elazfic Moduluz, E: 200,000 Pa

Static: Strength Increase Factor: Cave Lser B fons e 1.0%

Dynatnic Increase Factor: Defired Defired 119

Dynatric Vield Sress, fy: aterial haterial 431 MPa

[ MNoDyramis fxislload = | *atc mcal Load, P 300000 N

Leave blark for Mo Dyrarmic Lxial Load

Leave Blank for Mo Tenzion hizmbiane 1]

Calculated Properties

Inbiound Moment Capacity, bl

Fehound WMoment Capacity, b,

FeboundAnbound Moment Capacity Fatio, bR
Fatio of 8xial Load to Bxial Load Capacity

391,557,245 Momm

391,557,345 M-mm
1.00

0070292956

See All COE
Response Criteria

Blast Load Input Type
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Dynamic Shear Factors
| Shear Constant Elastic Plastic
Gravity Displacement F [zimple suppott] = 0.08 012
Mone [wertical component]  ~ R [zitngle suppott) = 0.29 0.30
F [fizeed support] = 019 012
R (fi=ed suppod) = 043 0.46
Titne Pressure
[tmz] [kPa)
i 0
I
20 0 Inbound Matural Period: 23.36 ms
a0 o Febound Matural Petiod: 23.36 ms
40 ] Max Recommended Time Step: 0.06 mz
50 o Titve Step: 0.03 mz
2] 1] % of Critical Darmping: 2%
70 1] Initial Velocity: 0 mmims
n R Property Inkound Rehound LUnitz
kg THT) m Mass, M 2325 23.25 ki’
250 50 Logd-izss Factors, ¥,
Elzzt Load Phase LT 0.7 0.7
Positive phaze anly j Kue 0.78 0.78
Charge Weight Load Twpe K 0 G 0166
Feflected without Clearing  ~ Stiffness, K
K 131 131 kPadmm
Wall Height (rn)" K 0.54 054 kPadtimm
il Wietth [rm)" K, 0.0 0.00 kPadmim
Incidence Angle® 20 Resistance, &
See notes under emor Mezzages Ry 23.80 -23 .80 kPa
R 35.70 -35.70 kPa
Bzizlload Input File Mot Selected
Mpplied Blast Input File Mot Selected Yield Displacement, x
pa Fal 1814 1614 mm
Flex & Comp - conpact zeclion = w2 39.99 23999 it
LOPType | LLOPWPrimary -
9 (deg) L Cegeive Viewd Defl, X .46 -31.46 i
3 3
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After the input sheet is completed click the “Run SDOF” button at the top of the screen (See
Figure 2) to calculate the dynamic response of the column. After the analysis is performed, a
summary of the most important results will be displayed in the Results Summary box as
illustrated below. For this problem, the calculated maximum dynamic displacement is 63.9 mm.
This corresponds to a ductility ratio of 2.03 and a support rotation of 1.63 degrees. Therefore,
the response is under the allowable limits and the design is acceptable. Note that the calculated
response must be less than or equal to the criteria for both support rotation and ductility to be
considered acceptable. Under the Results Summary, SBEDS displays the calculated reactions
and shear capacity of the component. For this example, the shear capacity is adequate as
indicated by the “Shear is OK” message.

B = 163 dey. Dezign Critetia: LLOPPritmary
M= 203 Fesponze O compared to input design criteria
o = E3.89 mm at tirne = 14.04 mzec
o = .00 mm at tirne = 0.00 meec
s = 35,70 kPa at tirne = 14.04 mzec
Fyon = 2007 kPa at tirne = 2715 mzec
Shortezt Yield Line Diztance to Determine & 22500 mm

Equivalent Static Reactions*

Pegk Regctions Oased an Utievste Blexurs! Resistanoe, e

nyl = E52,597 M
Wy F= 391,558 M
Shear it

Shear Capacity: W, = GGEA1 M
Fezults hazed on Max Shear Region Shear iz Ok

* Bazed on larger of inbound and rebound ulirmate fleural resiztance, not including
tenzion membrane.
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Example 5A: Metal Stud Wall (English)

Analyze the flexural response of a metal stud wall on a one-story building subject to a blast load
as defined below. This is a simplified representation of a multi-peak blast load. The simplified
representation preserves the peak pressures from each pulse, the impulse within each pulse, and
the approximate shape.

Normally, an advantage of a simplified, point-wise continuous blast load is that it can be entered
directly into SBEDS with the Manual Input option for the Blast Load (the pressure history below
can be defined with 5 time-pressure pairs). However, this example will demonstrate the case
where a user input pressure history cannot be defined within the 8 time-pressure pairs available
for the Manual Input option in SBEDS; therefore the user must create a file that is read into
SBEDS with the Read Pressure-History option for the Blast Load. Up to 2000 time-pressure
pairs can be read into SBEDS. A detailed point-wise continuous representation of an applied
blast load, such at that from a blast pressure gage or a computer code that calculates blast
pressures (i.e., BLASTX or CONWEP), can be also read in from a file. This is discussed in
Example 8B.

Pressure
(psi)

8 12 16

Time (ms)

The wall is composed of 800S250-68 (Grade 33) studs that are very closely spaced at 6 inches
on center. The wall is 10 ft tall and is assumed to support 2 psf of load. Assume simple-simple
supports for analysis where the studs are connected to the runners at the top and bottom. The
stud wall is load-bearing, and is therefore a primary component, which must provide a LLOP. It
supports metal wall panels and interior gypsum wall that together weigh approximately 2 psf.
The studs will be assumed to have standard web punch-outs for passing conduit through the wall
area. The stud wall supports one end of the open web steel joists from Example 3A. The
dynamic reaction load from the joists applies a dynamic axial load to the stud wall, which was
saved in Example 3A to a data file.

Analysis Parameters:

Stud span length L = 10 ft.

Stud spacing B= 6 in=0.5 ft

Supported weight 2 psf

Simple-simple supports

800S250-68 (Grade 33) studs

LLOP for a primary type component

Dynamic axial load from open web steel joists in Example 3A
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Solution

For this particular problem, a pressure-history file will be created based on the load description
given in the problem statement. To do this, open any text editor (i.e., the Notepad application)
and enter (time, pressure) pairs — one pair per line - that define the pressure history curve as
shown below. It is good practice to include the final (time, pressure) pair as shown below that
defines a constant zero pressure at the end of the expected response time of the component, but it
is not necessary in SBEDS when the final input pressure is zero. Note that the (time, pressure)
pairs are entered with the time values on the left and the pressure values on the right separated by
a comma. After entering the values, save the file in “.dat” format. This file will be called 5A
load.dat. This file will be read into SBEDS to define the blast load in this example problem.

& 5A load.dat - Notepad =%

File Edii Format WView Help

p,5.5
8,1
12,4
16,0
70,0

After the Pressure-history file has been created, go to the “Intro” worksheet area (Figure 1) and
select “Metal Stud Wall” and English units and click the button near the bottom of the page to
initiate the component input sheet. This will create the correct input form for SDOF analysis of
metal stud walls on the Input sheet in SBEDS. On the Input sheet, use the drop down menu
under Blast Load Input Type to select “pressure-time history file”. The window shown below
will appear.

Open Pressure-Time History File
Look in: | £ SBES CHUCK 03_10_08 [se] @ - | @ X C G~ Tools~
a3 EI.-_]ijl-‘-l:‘|-1E|-‘-BF‘\"*NE CHECK PAGE 568 PARK AND GAMBLE j? .inp
b ‘3 m 1&.inp ﬂ? Jinp
My Recent !ﬂ 1B.inp l]s.f-v._mp
Documents | =] 24.inp [£] B load from 84 conwepdiplot. txt|
= 2] 28.inp &) 8B.inp
B (|®] 34 toad from 14.dat [®] 8.inp
Desktop | ||®] 3a.inp 2] 38.inp
m 3B.inp :] 104.inp
: (|®] 44inp #] 108.inp
.-J B]114.inp
My Docum( #] 118.inp
LI _-] 124.inp
=2 _ g, _-»] 128.inp
%8 5. 5) 24
My Computer ||| _']ea inp ;] 13B.inp
"I'P) :'( l 111f | » '
, File pame: || ™
My Metwork =
Places Files of type: | Al Files (,%) v

Select the .dat input file created in the previous step and click “Open” to load the file in SBEDS.
The selected filename will appear in the Load Files input box. This is shown in the input screen
below.
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Use a similar procedure to read in a dynamic axial load on the stud walls applied by the dynamic
response of the Open Web Steel Joist component in Example 3A. On the Input sheet, use the
drop down menu under Dynamic Axial Load to select “Dynamic axial load”. This will cause a
browser window to appear and the file saved at the end of Example 3A can be read in (the
filename in this case is SA dynamic axial load from 3A.dat). The selected filename will appear in
the Load Files input box. Note that this dynamic load includes the effects of all static load from
the roof, which is included in the saved dynamic reaction load from the joists. Do not input any
static axial load from the roof with the dynamic axial load. If the building was two-story, the
static weight of the second floor and second floor wall would be input as static axial load rather
than being included with the dynamic axial load. For the one-story building in this example, do
not input static axial load.

After the applied pressure-history and dynamic axial load are read into SBEDS, fill in the rest of
the yellow input cells as follows:
- Set the Boundary Conditions to “Simple-Simple, Uniformly Loaded”
- Set the Response type to “Flexural”
- On the Structural & Material Properties input box select 800S250-68 using the drop
down menu under Shape.
- Set the Web Punch-outs input cell to “Standard Web Punch-Outs”
- Select “A653, Gr. 33 (steel cold-formed)” as the Steel Type
- Select “No Wall/Non-Structural Veneer Wall” since the studs only support panels (not a
masonry veneer wall)
- Select “Dynamic Axial Load per Unit Width” and browse to find the saved dynamic
reaction pressure history file from Example 3A
- Set the Response Criteria to “Connected top and bottom” and LLOP/Primary.
- On the Solution Control select a time step equal or less than the recommended value.

The input screen will look as shown on the next page.
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Metal Stud Wall
User Info: Fill in Yellow Cells, See Note Below for White Cells Blast Load Input Type
Wizl Span, L: 10 f Shear Constant |  Elastic Plastic
Stud Spacing, B: 05 it Gravity Displacement F constant = 0.1 012
Boundary Conditions: Simple-Simple, Uniformly Loaded ~ Plone [werbical componerd] = R conztant = 038 038
Responze Type: Flexural -
Structural & Material Properties
Axiz of Bending: Shape: Time Preszure
Sromg (X T | 8005250-68 ] (] [psi]
Shud Seff-Mleight, w: 3.33 it 0 0
Wlornent of e, I Click for Ussr 3261 in® 10 0
Section Moduluz; 5: Defired Shape 224 i 20 a Inbound Mabural Period: 17.00 iz
Nleb Thickness, tu: 00713 in an a Febound Matural Perod: 17.00 iz
Depth, o 8 in 40 a lax Recornmended Time Step: 0.01 iz
Lrea, B 0.98 in® 50 0 Tirne Step: 0.01 ms
eb Punch-Cuts |S|andanﬂ Nlak Pundh-Outs j kil 1] % of Critical Datnping: 1] k)
Supported Neight (Exclusive of Structural Weneer I, 2 psf T a Initial Welocity: 0 infms
|D:.' nam s Axial Load Per Unit llllidih;l " Static: fodal Load, P 0 lbdn
Steel Type: |.ﬂ.653, Gr, 33 [sheel cdd-fc-rmed];l iy F. Propetty Inboure Febound Linitz
ield Strenth, 1, 33,000 pzi (lhz TMT] [l Mass, M 1556 1556 psi-mz’fin
Uttimate Strength, f,: Click for Llzer 45,000 psi Lo Mass Factors, K,
Elaztic Maduluz, E: Defined 2000000 pei Blazt Load Phaze Hon n7s 073
Static Strength Increaze Factor; Waterial 1.4 Positiv e phase only - Kine n7a 0.7
[hynamic Increaze Factor: 1.1 Charije Neight L aad Type [ 066 0 66
Drynarmic Yield Sress, Ty, 43,923 pei Reflacted withoutClearing ™ K .66 066
eneer Mall Type: Ha Waliton-Strucural beneer Nall j Paratneters for Reflected Loads Ko 066 0.6
Iall Height (7" Siffness, &
nall Wictth (" K, 16.58 16.58 psidn
" Incidence Angle® K 1658 16.58 pidn
Click for Uzer See notes wnder eror messages I, 0.00 .00 pidn
Defined hasonry aa L(ahove) BLAST( Ky 0.00 0.00 psidn
50 dynamic axial load from 30 dat K 0.00 0.0 pidn
mulli peak blast load dat Resistance, §

See All COE Response Criteria [ .11 A1 pi
hiletal Shad Moment Capacity, b, 5,355 Ib-in Criteria LOPType | LLoP®rimary - R .11 411 pai
Veneer Wall Mormert Capacity, b, Ib-infity 9 (deq) L Fa .11 A1 pEi
Veneer Wall Reziztance frorm Lxial Load Brohing: pi [E) 1
Corfralling Tension Membrane Force 0 lb Vield Displzcernent, x
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After the input sheet is completed click the “Run SDOF” button at the top of the screen (See
Figure 2) to calculate the dynamic response of the wall stud. After the analysis is performed, a
summary of the most important results will be displayed in the Results Summary box as
illustrated below. For this problem, the calculated maximum dynamic displacement is 0.57
inches. This corresponds to a ductility ratio of 1.03 and a support rotation of 0.54 degrees.
Therefore, the response is 3% above the allowable limits. In many cases, response that exceeds
the limit amount by a very small percentage (i.e., less than 5%) is acceptable. Notice that for this
type of component at LLOP only the ductility is considered for the acceptance criteria.

Under the Results Summary, SBEDS displays the calculated reactions and shear capacity of the
component. For this example, the shear capacity is adequate as indicated by the “Shear is OK”
message.

P = 054 deg. Dezigh Criteria: LLOP Pritnaty
M= 103 Fesponze NOT QK cormpared to input design criteria
e INbOURd = 057 ik attime = TE1 meec
o Febound = 022 n at titne = 16 .55 Frizec
Foew= 911 pzi attime = 7B SEC
Fan=  -392  psi at tirme = 1655 SEC
Shortest Yield Line Distance to Determing 6 G0.0 in

Equivalent Static Reactions®
Peat Regctions Gased on Utiate Rexivs! Resistance of Metsl Stods. i

nyl = 3200 b
= 3200 b
Shegr Capacity [of Mets! Stds Q]

Shear Capacity: W, = 4544 ]
Fezults bazed an Max Shear Redion Shear iz QK

* Bazed on larger of inkound and rebound ulirmate flesural resiztance, not incuding
tenzion mermbrane or mazonry veneer strength .

The pressure history and axial load applied during the SDOF analysis are shown on the Results
sheet, as shown below. This pressure vs. time graph corresponds to pressure-history input file, as
expected. The axial load is equal to the dynamic reaction pressure history from the open web
steel joist in Example 3A multiplied by the joist span. This is the correct axial load for the
typical case where the load bearing wall is an exterior wall supporting one joist span.

Applied Force Histo! ——BLAST LOAD )
7 - - - - - - - PP - Iy - - - Peak Pressure = 6.0 psi — 100
6 \ \ \ \ | \ \ \ \ \ \ Positive Phase Impulse = 59 psi-ms L1 90
Peak Negative Pressure = -2.0 psi

5 : Jﬁ T\:\ : : : : : Negative Phase Impulse = -17 psi-ms :7— 80 .
o 4 —t—t ——t T t t ——t AXIAL LOAD —t 70 £
= 3 | | [ | | | [ T T le =
B | | | | | | | | | | | | =
S 2 | o | | | | o | | [ U
- 1 I I I I I I I I I I L I I I 40 -
3 0 | L [ | TN | P | | | 0 =
) —— T T T T T T T T z

1€ [ [ | M\ | | 120

2 | o o | | | i e e | [ AP

3 | [ o | | | o | | | 0

0 5 10 15 20 25 30 35
Time (ms)
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Example 5B: Metal Stud Wall (Metric)

Analyze the response of a steel stud wall subjected to a blast load as defined below.

27.3

Pressure
(kPa)

20
Time (ms)

The wall height is 3m and the studs are spaced at 0.4 m on center. The wall is comprised of
600S200-43 (Gr. 228) steel studs that are attached with six bolts into steel angles that are
anchored into concrete floor and roof slabs. Based on separate calculations and/or testing, the
connection is assumed to develop the full tension capacity of the stud. The stud wall has
sheathing on both sides and also backs up a 100 mm thick brick veneer wall that is assumed to
have a dynamic tensile strength of 1 MPa. The wall must provide a LLOP. It is not load-bearing
and 1s therefore considered a secondary type component.

Analysis Parameters:

e 600S200-43 (Gr. 228) steel studs

Stud spacing B = 0.4 m.

Stud length L =3 m.

Wall supports 100 mm thick veneer brick wall

Masonry dynamic tensile strength =1 MPa

Simple-simple supports developing full tension membrane capacity of stud
LLOP for a secondary type component

Stud is assumed to have typical web punch outs for electrical conduit placement

Solution
On the “Intro” worksheet area (Figure 1), select “Metal Stud Wall” and Metric units and click
the button near the bottom of the page to initiate the component input sheet. On the input sheet,
fill in the input cells (in yellow) as follows:
- Select “Simple-Simple, Uniformly Loaded” using the Boundary Conditions drop down
menu
- Set the Response Type to “Flexural and Tension Membrane”
- On the Structural & Material Properties input box select the desired shape (600S200-43)
- Select “Standard Web Punch-Outs”
- To use the full tension capacity of the studs to develop tension membrane, enter a value
for V. (Stud Capacity for Tension Membrane) equal or larger than the tension capacity of
the stud. SBEDS uses the smallest value between the calculated tension capacity and V..
In this example, enter 1.0E+6 N for V., and SBEDS automatically selects the tension
capacity of the studs as the controlling force for tension membrane (See cell D45 in the
input sheet). The calculated ultimate tensile capacity of the connection in the plane of the
wall can also be input. During tension membrane response there is a small component of
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the connection force acting perpendicular to the wall as a shear force, but the resultant of
the overall connection force is dominated by the in-plane force.

- Select the appropriate Steel type on the dropdown menu (Gr. 228)

- To account for the additional blast capacity provided by the supported brick, use the
drop-down menu next to Veneer Wall type and select “Brick”

- Enter the brick wall thickness (100 mm) the tensile strength (1 MPa). For brick walls,
SBEDS automatically assumes a solid section but for completeness the percentage of
grouted void space can be input as 100%.

- Select “Manual Input” under Blast Load Input Type and “None (Vertical component)”
under Gravity Displacement.

- Enter the appropriate values for pressure and time in the Pressure-Time input section

- Set the response criteria to LLOP/Secondary-NS with full TM capacity

- Select “No Dynamic Axial Load”

- On the Solution Control input box, select a Time Step equal or less that the recommended
value by SBEDS.

The input screen will look as illustrated on the next page. A Resistance-Deflection graph is
shown to the right of the input area on the Input sheet for most component types. The
Resistance-Deflection graph for this case is copied below. It shows how there is an initial
“spike” of flexural resistance due to the brick veneer wall, followed by elastic and perfectly
plastic flexural response of the metal studs, and finally tension membrane response of the metal
studs at deflections greater than 92 mm. The brick veneer wall provides a very small amount of
additional resistance after its peak flexural resistance due to axial load arching from its self
weight.

Resistance vs Deflection

20 -

18 -

16

14 1

12 4

10
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User Info: Fill in Yellow Cells, See Note Below for White Cells

Metal

izl Span, L:
Stud Spacing, B:
Boundary Conditions:

3000 rarm
400 mm

-

|Simple-3imp|e, Uniformly Loaded

Rezponze Type: Flezural akd Tension Wembiane -
Structural & Material Properties

Uxiz of Bending: Shape:
Strong [H-3] = | Click for User |EEIIJSZIJEI-43 ;I
Stud Sef-leight, w: Defined Shape 244 kg.’rﬂ
Wlarnert of Ineria, |: 1116748 .9 mim
Section hoduluz; 5: 14305907 rarn’
Nleb Thickness, tu: 114554 mm
Depth, o 152.4 mm
Lrea, B: 3742 ram’
Mleh Punch-Ontz Standard ek Punch-Outs -
Supported Neight (Exchusive of Structural Weneer I, 0 kgan'
No Dy namic Azial Load j Static: Axial Load, P 0 kdm
Shud Support Capacity for Tension Merbrane, Ve: 43000 M
Steel Twpe: |.“.653, Gr. 228 [vold-fomed steel) ;I
Wield Strenth, f,: 225 MPa
Ultimate Strenegth, f,: Click for Uzer 320 MPa
Elaztic Madulus, E: Defired 200,000 MPa
Stetic Strength Increase Factor; Mtz 1.21
Drynamic Increase Factor: 1.1
Drynarmic Yield Sress, Ty, 303 MPa
eneer Wall Type: Brick e
Total Weneer Thickness, h: 100 rmm
Wlazonty Dynamic Tensile Strength, filt: 1 hiPa
Leawe Blank for non-Chl) Mazonry 100 {Ia
Wlazonry Elaztic WModuluz, Em: Click for Llser 12,411 WiPa

Defined hasonny

il Seff-ileighd, 0
larment of inertia, |

192.22 kypnv2
33333.33 mm"nm
Section hlodulus, 5: 16EE BT mm"3dmim
Crozs Sectiohal Brea, B 0000 rir™2 e
Iletal Stud homent Capacity, b, 4,341,385 M-rmm
reneer Wall homert Capacity, b, 2167 M-mminm
Veneer Wall Reziztance frorm Bxial Load Brching: 0.25 kPa
TA07E N

Corfralling Tension Membrane Force

See All COE
Response
Criteria

Stud Wall

Blast Load Input Type

M anual irput s

Gravity Displacement

Mone [werical componett]

-

Dynamic Shear Factors

Shear Constant Elastic Plaztic
F constart = 011 012
R conztant = 039 035

Pressure-Time Input
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Time: Pressure
[mz) [kPa)
0 213
20 0 Inbound Matural Petiod: Ta.84 ms
30 0 Febound Matural Petiod: Ta.84 ms
40 1] lax Recornmended Time Step: 022 iz
50 0 Tirne Step: 0.2 ms
1] 1] % of Critical Datnping: %
T 0 Initial Welocity: s
iy F. Propetty Inboure Febound Linitz
[ky TMT) [rm] Mass, M 195.4 195.4 kgin®
Lo Mass Factors, K,
EBlast Load Phaze K 078 0.75
Positiv e phase only - K .66 075
Charge Neight Load Type K .66 0 66
Reflected without Cleating ™ K .66 066
Paratmeters for Reflected Loads Ko 0 66 0 66
Iall Heigtt ()" Siffness, &
nall Wikt [ra) " K, 0.4 0.53 kPaknrm
Incidence Angle® K -0.95 053 kPafnm
See nofes under ermar messayes K, .66 0.00 kPaknrm
2], BLAS T [helow) Ky 0.00 0.00 kPatnrm
Ixialload Input File Mot Selected K 016 016 kPafnm
Blazt Load File Mot Selected Resistance, §
Response Criteria [ 1493 A Ba kPa
With full TH & apasity = R, 0.25 R kPa
LOPType | LLOP /S econdary -N5 ™ R 9.85 965 kPa
9 (deg) T8 Ry q.62 465 kPa
2 2
¥ield Displzcenent, x
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After the input sheet is completed click the “Run SDOF” button at the top of the screen (See
Figure 2) to calculate the dynamic response of the wall stud. After the analysis is performed, a
summary of the most important results will be displayed in the Results Summary box as
illustrated below. For this problem, the calculated maximum dynamic displacement is 33.88 mm.
This corresponds to a ductility ratio of 1.86 and a support rotation of 1.29 degrees. Therefore,
the response is under the allowable limits and the design is acceptable. Notice that the calculated
response must be less than or equal to the criteria for both support rotation and ductility to be
considered acceptable.

Under the Results Summary, SBEDS displays the calculated reactions and shear capacity of the
component. For this example, the shear capacity is adequate as indicated by the “Shear is OK”
message.

Pae= 129 deg. Design Criteria: LLOP/Secandary-MG
=186 Fezponze QK compared to input design crteda
o INbound = 33858 mm at time = 3760 MEEC
P FEbound = 2309 mm attime = 41.00 meec

Fre= 985 EkPa attime = 17.40 mzec
Fon= -465 kPa attime = 41.00 mzec
Shortest Yield Line Distance to Determing #: 15000 mrm

Equivalent Static Reactions®
Pegk Regotions Oased on Utineate Rexirs! Resistance of Metsl Sheds Ly

Myl = 5,754 il
Wy F= 5,759 i
Shear Capacity fof Mefal Steds Oy

Shear Capacity: W, = 277 M
Fezults based an Max Shear Region Shear iz QK

* Bazed on larger of inkaund and rebaound ulimate flexural resistance, not inchuding
tenzion mermbrane or mazohry veneer srength .

The Resistance vs. Displacement graph for the calculated SDOF response of the stud wall is
shown on the Results sheet and is copied below. Note that there is an initial resistance from the
brick veneer wall, which has only a small amount of area underneath it. This indicates that the
brick wall absorbs only a small amount of strain energy relative to the metal studs and could be
omitted from the analysis without very much loss of accuracy. Also, notice that the studs yield
plastically in flexure at a displacement of 18 mm and a resistance of 10 kPa.

The Resistance vs. Displacement graph indicates that the stud wall did not deflect far enough to
respond with significant tension membrane per the assumptions in the SBEDS methodology as
explained in the SBEDS Users Guide (i.e., SBEDS Help document) and the SBEDS
Methodology Manual. A deflection of 92 mm is necessary in this case to cause calculated
tension membrane. The tension membrane capability is very useful for providing a safety factor
against wall failure, but it does not affect the calculated SDOF response in this case. This is
typical of many cases because the response limits in SBEDS from PDC TR-06-08 for metal stud
walls tend to limit the maximum deflections to less than the deflections where tension membrane
becomes significant according to the SBEDS methodology.
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Example 6A: One-Way or Two-Way Reinforced Concrete Slab (English)

Analyze the response of a two-way reinforced concrete wall slab with three fixed edges (i.e., no
support rotation) and one free edge (at the roof) subjected to a blast load as defined below. The
wall frames into a relatively lightweight roof that is not assumed to provide any support to the
wall.

100

Pressure
(psi)

15
Time (ms)

The slab is 8 in thick with #6 bars at 12 in on center (O.C.), each face, each way (EFEW). The
slab overall dimensions are 20 ft (length) by 12 ft (height). The concrete compressive strength is
3000 psi and the reinforcing steel has a yield strength of 60 ksi. Use MLOP for secondary type
components as the required response criteria. A Type I cross section will be assumed for the
entire response. The wall is supported by adjacent walls and slabs behind, or inside the wall so
that the critical shear section is at a distance “d” from the supports.

Analysis Parameters:

Two-way slab: L =20 ft, H=12 ft

Thickness = 8 in.

Three fixed supports

Reinforcement of #6 bars at 12 in. O.C EFEW

£ = 3000 psi

£y, = 60000 psi

MLOP for secondary type component is required

The wall will not have shear reinforcement, so shear-controlled response will be allowed to
control if the wall has a lower shear capacity compared to its flexural capacity

Solution
On the “Intro” worksheet area (Figure 1), select “One-Way and Two-Way Reinforced Concrete
Slab” and English units and click the button near the bottom of the page to initiate the
component input sheet. On the input sheet, fill in the input cells (in yellow) as follows:
- Length Along Free End (i.e., roof line), L = 20 ft
- Span Along Both Sup’d Sides, H=12 ft
- Set Boundary Conditions to “Two-Way: Three Sides Supported — All Fixed”
- Select “Flexural Only” and “Type I Cross Section” for Response Type
- On the Structural & Material Properties input box enter:
0 Slab Thickness = 8 in
0 Reinforcing steel spacing = 12 in. in both directions
0 Reinforcing steel Areas, enter 0.44 in for all, since reinforcing is the same both
ways and in both faces
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Clear cover in the L direction = 2.0 in. (both loaded and non-loaded)
Clear cover in the H direction = 1.5 in. (both loaded and non-loaded)
Supported weight = 0 psf
Concrete Density = 150 pcf (Typical value for reinforced concrete)
Compressive strength = 3000 psi
Concrete Static Strength Increase Factor = 1.0 (Typical value, see SBEDS user
manual)
Concrete Dynamic Increase Factor = 1.19 (Typical value, see SBEDS user
manual)
Select Grade 60 Steel Reinforcement from the reinforcing steel dropdown menu

- Select “Manual Input” under Blast Load Input Type, and “None(vertical component)”
under Gravity Displacement.

- Enter appropriate values in Pressure-Time input table

- Set Response criteria to “Flexure-no shear reinforcing or TM” and “MLOP/Secondary —

NS”

- Select “No Dynamic Axial Load”
- Select a time step value equal or less than the recommended value in SBEDS

The input screen should appear as illustrated on the next page.
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Length Sloky Free End, L:
Span Blong Both Sup'd Sides, H:

a0
12 1

One-Way and Two-Way Reinforced Concrete Slah
User Info: Fill in Yellow Cells, See Note Below for YWhite Cells

Boundaty Conditions:

Two-May: Three Sides Suppored - Al Fixed

I~

Eesponze Type: |Flexural Cnly

= Ty pel Cross Section

-

Slah Thickness, t: 3 in
Resimforcing Stesl I S8 in el §37 for o of steel i i
Barz Spanning Parallel to L, b: 12 in
Barz Spanning Parallel to H, bH: 12 in
Reinfarcing Sted Avess IFbaared Fehaund
Posiive Woment Steel Parallel to L, Aspl: 0.44 0.44 in®
Megative hMoment Steel Parallel to L, Bsnl: 0.44 0.44 in®
Positive Mormert Steel Parallel to H, AspH: 0.44 0.44 in2
Meyative Moment Steel Parallel to H, AznH: 0.44 0.44 in2
Distance of Coverfo Cemterof Bars d_

Mon-Loaded Side Spanning Parallel to L: 2 in
Loaded Side Spanning Parallel to L: 2 in
Mon-Loaded Side Spanning Parallel to H: 15 in
Loaded Side Spanning Parallel to H: 15 in
Supported Weight, w: 0 psf
Concrete Density, ¥ 150 At
Poizzon's Ratio, 0167
Concrete Compressive Strength, T 3,000 psi
Concrete Static Stength Increaze Factor [==1): 1.0
Caoncrete Dynamic Compr. Increase Factor (==1]: 119
Concrete Dynamic Compr. Stength, T4 3,570 p=i
Concrete Elastic Modulus, E,: 3,320,561 psi
Select Reirforcemernt: |.-151 &, BE1E, A0 [0 GG LI
Feinf. Steel Yield Strenth, f.: 60,000 psi
Reinf. Steel Uttirnate Strength, f: Click for User 90,000 psi
Static Strength creaze Factar: Defined Steel 1.1
Drhiarnic: Increaze Factor: 1147
Dwnarnic Feinf, Steel Yield Stress, Ty, 7,220 psi

Feirf. Steel Elaztic Modulus, E,:

28000000 psi

Lexial Load Input:
Static Aexial Load, P': [Mote: Enter P==0)
Span Length in Direction of Bxial Load

Mo Dynamic 8xal Load

jﬁ

0 Ihdn
0

See AICOE
Responze
Criteria

Blast Load Input Type

Dynamic Shear Factors

PDC TR-08-03
September 2008

[ vemaie - Shear Constant | Elastic | Plastic
Gravity Displacement F [long zide] = (IR L] 015
None [vetical com ponert] . [long side] = (IR L] 0.30
F [short side) = 01 0.0
R [shart side] = 01 018
Time Pressure
(] [psil
0 100
1.5 0 Solution Control
40 0 Inkound Matural Period: 7049 s
40 1] Febaund atural Period: 7049 mz
40 0 Wax Eecommended Time Step: 015 mzec
a0 0 Tirme Step: 0.1 msec
B0 0 % of Critical Darmping:
il 0 Initial Welocity: 0 infmz
n E Property Inkound Eehound Unitz
(b= TMT) i} Mass, M 1797.2 1797 .2 pi-ms’n
Load-Mess Factoes, K,
Elast Load Phase [ 068 063
Positin e phase only - Koe 0.6 01.5&
Charige Weight Load Type [ 0.5z 052
Reflected without Clearing = Ko 0.52 052
Parameters for Reflected Loads Kue 0.52 ns2
Wzl Height i iffness, K
il Wicth (" Iy 9.53 9.53 psifin
Incidence Angle’ K, 3.07 307 psifdn
See notes under eror messages K, 0.0 000 pEidn
oail Fil Ky 0.00 0.0 psifin
Lialload Input File Mot Selected [ n.0a 0.00 pEidn
Elazt Load File Mot Selected Resistance, R
po Ry 6.18 .15 pi
Flesure-no shear reibfokcing o Thi = Ry 10,349 -10.39 pEi
LOP{Type | MLOF!Secondary -HS — ~ R 10,39 -10.38 psi
0 (deg) n Ry 10,39 -10.39 pi
2 P/,
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After the input sheet is completed click the “Run SDOF” button at the top of the screen (See
Figure 2) to calculate the dynamic response of the slab. For this particular problem, the response
is controlled by the shear capacity of the slab, which is stated in the Error/Warnings section
displayed by SBEDS as shown below. This occurs because the diagonal shear capacity in the
Results Summary on the Input sheet is less than the calculated shear forces in the Results
Summary at the supports or at a distance “d” from the supports. The shear force at a distance “d”
from the support is the relevant value to compare to the calculated shear capacity if the concrete
component is supported from the opposite side that is loaded by blast, as discussed in the
SBEDS Methodology Manual. Otherwise, the shear force at the face of the supports would be
the relevant value to compare to the calculated shear capacity. SBEDS notifies the user of this
situation with the message in the yellow cells below the Error/Warnings section near the bottom
of the input page, which is copied below.

|l ¢ | p|] e | ¢ | e | B |1]71 ] k] v | M| N~ | o
Error/Warning Messages
a::“;:::.:s In::“:n:r:‘:::m Check Shear Capacity<Flexural Capacity, SDOF Results Based on Flexural Capacity{See Message in Hel|
Cell CGT Below)
3,320,581 o= Wall Widh (f)’ K, 953 953 peifin
|.“615 A516, ATOS (ANl GF. §0) LI incidence Angls” K, 307 307 psifin
60,000 psi See noies under eror messages K 0.00 0.00 psifin
¥ |zar 90,000 pei Ke 0.00 0.00 peifin
1 Sies! 1.1 Hs 0.00 0.00 peifin
147 Applied Blast Input File Not Selecied

Microsoft Excel

Information Message: Component is controlled by shear response because maximum reaction forces are conservatively calculating based on the ultimate flexural
resistance. However, the actual maximum reaction forces for this run are only 61 % of calculated maximum reaction forces because there was not full flexural
yielding. User can ignare shear control warnings if actual maximum reaction forces are less than calculated shear capacity on Input Sheet.

ity, M5 - T T T T - = o "
Iy, My 1708315  bnin w2 202 -2.02 |
aio, puy 0.0055 «3 202 -2.02 |
icity, M 1708315  bnin w4 202 -2.02 |
iy, My 1708315  bnin

a0, Py 0.0055 Equiv Yisld Defl, X - 1.685 -1.88 |

Note: the following lines are near cell B67 on the input sheet

‘ Error/Warning Messages

Check Shear Capacity<Flexural Capacity, SDOF Results Based on Flexural Capacity(See Message in Yellow Cells
Below)

Check Shear Results, Provide Required Stirrups or Set Shear Flag >0 in Cell H45 and ReRun SDOF for Shear Controlled Response

(Shear Flag =1 for Controlling Shear at Support, =2 for Controlling Shear at distance d from Support)

The shear forces in the Results Summary are maximum shear forces based on the ultimate
flexural resistance of the walls. Usually in blast design, the blast load causes the component to
reach its ultimate flexural resistance so the calculated shear forces are equal to the ultimate
values. Even when this is not true, it is typical for blast design to assume that the blast load can
be larger than the design blast load, causing the ultimate flexural resistance and the maximum
shear forces shown in the Results Summary. Therefore, blast-resistant components are almost
always designed to resist the maximum shear forces. This can be accomplished by 1) resizing the
reinforcing steel to reduce the ultimate resistance, 2) adding shear reinforcing steel, or 3)
increasing the concrete compressive strength (and therefore concrete shear strength). If the
required shear reinforcement is added, the shear message can be ignored since SBEDS does not
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account for shear reinforcing steel when calculating component shear strengths. If the other two
approaches are used, the component should be reanalyzed with the shear flag set to zero.

SBEDS also displays an information box for this analysis, as shown above, indicating that the
actual shear forces from the calculated component response are only 61% of the shear forces
shown in the Results Summary (see below). This occurs because the applied blast load does not
cause the component to reach its ultimate resistance. The actual shear force is 61% of the
calculated shear force in the Results Summary at a distance “d” from the supports, which is only
482 1b/in, less than the calculated diagonal shear capacity of 746 lb/in. Also, the shear capacity
of 746 1b/in is only 5% less than the shear force at a distance “d” from the support of 792 1b/in.
Therefore, a design engineer may decide to accept the SBEDS results above in spite of the shear
warning for this case.

Bl e = 0.33 deq. Diezigh Citetia: MLOP/Secondary-MS
M= 0.4a Fesponze OK compared to input design criteria
M InboURd = 0.70 in at tirme = 18.40 mzec
oo Febound = NE3 in attime = 53.90 mzec

P = 6.33 psi attime = 15.40 mszec
Fan = -6.22 pi attime = 53.90 mzec
Shortezt Yield Line Diztance to Determmine & 1200 in

Equivalent Static Reactions®

Pesk Regctions Oased an Utievste Blexurs! Resistanoe. L

iy at zupports in L direction TH21 Ikt
iy at zupparts in H direction 8307 Ibdn
hizziraurn Wy at distance d from support *=* = T8 Ibdin
Concrete Shear Capacity

Direct Shear Capacity, (monolithic joint] ¥, e = 3700 Ikdn
Diagonal Shear Capacity: U, g, = T46 4 lbin
Tenzile steel depth for shear calculations, do: .3 in
Resutts baged an Max Shear Region

At zuppor: Stirnups Required

At distance d from support: Stinups Feguired

For some cases, it is acceptable to have a structural component that has shear-controlled
response to blast loads if the calculated response is acceptable compared to the shear capacity of
the component. For example, this may be the case for a existing component that cannot be
strengthened in shear for practical reasons. This case will be reanalyzed using an input Shear
Flag to demonstrate the analysis of shear-controlled components in SBEDS. In this case the
shear flag is 2, as instructed in cell B67 of the Input sheet for cases where the critical shear
section is at a distance “d” from the support. An input of the shear flag causes all flexural
resistances on the Input sheet to automatically be recalculated by SBEDS so that they do not
exceed the ultimate resistance based on the shear capacity of the component. In this case, the
ultimate resistance of the component based on the shear capacity at a distance “d” from the
support is 9.8 psi. The input sheet looks as shown on the next page after the Shear Flag is input.
Note that the response criteria are set to “N/A” in SBEDS for all shear-controlled response (i.e.,
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whenever a Shear Flag is input) because the response criteria used in SBEDS do not include
shear-controlled response.
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One-Way and Two-Way Reinforced Concrete Slab

User Info: Fill in Yellow Cells, See Note Below for White Cells Blast Load Input Type
Letugth Llongyg Free End, L: 20 # | Shear Constant Elastic Plastic
Span Blong Both Sup'd Sides, H: 12 # Gravity Displacement F [long side] = 014 015
Bty Conditions : |TUJ a-lilay: Three Sides Supported - Al Fixed LI Mane [uerical com porent] R [lony =ide] = 014 030
Responze Type: | Flexural Only = [Ty pe | Cross Sestion - F (zhort zide] = 0.1 040

- R [shott side] = 018 018
Slab Thickness, t: G in Time Pressure
Besinforcing Stesl Spacing  [See disgrans in cell B37 for disgrans of stesd it tems] [tz [p=i]
Barz Spanning Parallel to L, by 12 in 1] 100
Barz Spanning Parallel to H, hH: 12 in 14 0 Solution Control
Feinforcing Sted dreas IFbrouired Fehound 40 1] Inbound katural Period: T0.99 ms
Positive Momment Steel Parallel to L, 8zpl: 0.44 0.44 in’ 4 1] Febound Matural Period: T70.99 mz
Megative Motmert Steel Parallel to L, Bsnl: 0.44 0.44 i 40 0 M3 Recorntmended Time Step: 015 mzec
Positive Moment Steel Parzllel fo H, AzpH: 0.44 0.44 in2 50 0 Tirne Step: 0.1 msec
Megative Moment Steel Parallel to H, LznH: 0.44 0.44 in2 i 0 % of Criical Datrping: 0%
Distance of Cover to Center of Bars d Kl 1] Initial Welocity: 0 infmz
Mon-Loaded Side Spanning Parallel fo L 2 in
Mon-Loaded Side Spanning Parallel fo H: 15 10n 1 4 Propetty Inbaund Rehoure Lnits:
Loaded Side Spanning Parallel to H: 15 in [lbz THT) [ftl Mass, M 1747 .2 1747 .2 pgi-msin
Suppotted Weighd, v 0 psf Logd-Mass Factovs, K,
Concrete Denzity, ¥ 150 bt Blazt Load Phase Ko 063 063
Poizzon's Ratio, o 0467 Fositiu e phase anly - [ It i3
Concrete Comprezsive Srendh, T 3,000 pi Charge Wleighit | oad Type [ 0.a2 0.a2
Concrete Static Strength Increase Factor [==1): 10 Feflectzd without Cleating = [ ns2 ns2
Concrete Dynamic Cotnpr. Increase Factor [==1]: 1.19 Paramet : Kug 052 052
Concrete Dynatnic Compr. Strength, T 3,870 pi Wzl Height [ﬂ]I Stiffness, &
Concrete Elastic Modulus, E, 3,320,561 pei Wl Width [1’:]' K,y 553 553 peidn
Select Reinforcement: |.qs1 5, BG16, BT06 (Al G 60 ;I Incidence Dngle® K 3.07 3.07 pEidn
Reinf. Steel Yield Stength, T, B0,000 psi See notes under enor meszages k. oo oo pidn
Reinf. Steel Utimate Strength, T, Click for User 40,000 psi Load F AL [abowe) T(helom] Ky 0.0 0.0 Bsidn
Static Stenth Increaze Factor: Diefined Steel 11 Lziallozad Input File Mot Selected [ 0.00 0.00 pEidn
Dryniatnic: Increase Factor: 147 Bpplied Blast Input File Mot Selected Resistance, &
Drynatmic Reind. Steel Yield Stess, fy: Tr.220 pei See Al COE Respo Ry 615 -6.18 pEi
Reginf. Steel Elaztic Moduluz, E,: 29000000 pai R'Bs_lmfse Flexure-no shear reivforcing or Thi  — R, 980 -4.80 pai
Bl Lo Inpust: | Mo Dynaric sl Load s Critera LOP/Type | MLOF/Sesondry -Ng ™ R 580 880 s
Static Bxial Load, P'; [Mote: Enter Px=0) 0 lbdn o (deg) L Ry 480 -9.80 psi
Span Length in Direction of Lxial Load o Ten, TR,
; T
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After the Shear Flag is input, click the Run SDOF button again and the SDOF response is
calculated assuming shear controlled response. A warning message is displayed as shown below
that the analysis is based on shear controlled response.

ErrorWarning Messages
Information Message:Ultimate Flexural Resistance Based on Shear Capacity{For Shear Flag =1 Controlling
Shear at Support,For Shear Flag =2 Controlling Shear at distance d from Support)

For this analysis, the maximum calculated displacement was 0.70 inches, which does not change
from the previous analysis since the component resistance is in the elastic range regardless of
whether the ultimate resistance is based on the shear or flexural capacity. The calculated
maximum deflection corresponds to a ductility ratio of 0.50 and a support rotation of 0.33
degrees. The ductility ratio is based on an equivalent yield deflection, xe, which is calculated
with the ultimate resistance based on the shear capacity rather than the flexural capacity.

B = 0.33 deg. Design Critetia; MLOPSecondary -3
M= 0.50 Mo responze chteta specfied
P INDOURG = 0.70 in at fitme = 16.40 mzec
Hyn FEhound = -0.63 in at tirne = 53.90 mzec
P = 6.33 pxi at fitne = 18.40 mzec
P = -6.22 pxi at fitme = 53.890 mzec
Shortest Yield Line Distance to Determing & 1200 in

Equivalent Static Reactions*

Pesk Resctions frone Shear Comtrlled Response. Wi s

Wfu at zupports in L direction a2 Ibdin
Wfu at zupports in H direction T3.6 Ibdinn
hilaxirum wy at distance d from support *** = 7469 Ibdinn
Concrete Shesr Capacity

Direct Shear Capacity, [monalithic joird] W, ge = 35700 Ibdn
Diagonal Shear Capacty: W, g = 464 It
Tenzile steel depth for shear calculations, d: 6.3 in
Resilts hased an May Shear Recion

It zupport: Stirups Reguired

It distance d from supgport; Shear iz QK

Regired Stirtips, Aw based on Maxw Shear Begion™

For critical zection @ suppott, B, e . 00001 inAnt
For criical zection at d, e o 0.ooon At

* Bazed on larger of inkound and rebound uimate flexural resistance, not including tension
OF Carpression memhbrane.

huliply Ly values by flexural bar spacing and =g spacing o get stinup area

**2% Wmax at distence o for zupport iz conzervatively overestimated
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Since SBEDS does not include response criteria for shear-controlled response, it is useful to
consider response criteria that are published by other organizations for blast resistant design. A
task committee of the American Society of Civil Engineers (ASCE) on Blast Resistant Design of
the Petrochemical Facilities publishes the manual Design of Blast Resistant Buildings in
Petrochemical Facilities, which has criteria for reinforced concrete components controlled by
shear response. (A reference for this document is shown at the end of this example problem.)
The ASCE response criteria for shear-controlled response and the corresponding damage level
definitions are shown in the following tables. Based on these response criteria, the reinforced
concrete slab in this example without shear reinforcement should have a maximum ductility ratio
of 1.3 for all component damage levels. This is greater than the ductility ratio of 0.44 shown in
the Results Summary, and therefore the calculated response is acceptable. The Results Summary
indicates that the concrete shear capacity is adequate at a distance “d” from the supports, as
expected since the ultimate resistance of the component in this analysis is based on its shear
strength. (See Example 9A for note regarding shear distribution around openings.)

ASCE* Response Limits for Reinforced Concrete (R/C) and Reinforced Masonry (R/M)
Components Controlled by Shear Response

Component Low Medium High
Response Response Response
Ha 0a Ma 0, Ha 0,

R/C and R/M Shear Walls & Diaphragms 3 3 3

R/C and R/M Components

(shear control, without shear reinforcement) 1.3 1.3 1.3

R/C and R/M Components 16 16 16

(shear control, with shear reinforcement)

ASCE* Component Damage Level Descriptions

Damage Level Description
High Component has not failed, but it has significant permanent deflections
causing it to be unrepairable
Medium Component has some permanent deflection. It is generally repairable, if
necessary, although replacement may be more economical and aesthetic
Low Component has none to slight visible permanent damage

* ASCE Task Committee on Blast Resistant Design, Design of Blast Resistant Buildings in
Petrochemical Facilities, American Society of Civil Engineers, N.Y., N.Y., 1997. (To be
updated in 2008).
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Example 6B: One-Way or Two-Way Reinforced Concrete Slab (Metric)

Analyze the response of a two-way reinforced concrete slab with four fixed edges subjected to a
blast load generated by 900 kg of TNT at 10 m. Assume full blast load reflection and include
negative phase blast load in the analysis. The slab is 305 mm thick with 12.8 mm bars at 300
mm on center, both ways, placed at mid-thickness. The slab overall dimensions are 7 m (length)
by 4 m (height). The concrete compressive strength is 28 MPa and the reinforcing steel has yield
strength of 275 MPa. Use LLOP for secondary type components as the Response Criteria. The
slab is monolithic with surrounding cast-in-place concrete construction and has continuously
spliced reinforcing steel at each face. Assume that the slab can develop tension and compression
membrane response. This slab is part of military facility that must meet DoD design criteria for
explosives safety. Therefore, a Type II cross section must be assumed when the component
response exceeds 2 degrees of support rotation. (Note that the response criteria provided by
SBEDS is primarily for anti-terrorism/force protection and may not be appropriate for other
situations such as explosives safety. In those cases the “User Defined” option should be selected
from the Response Criteria drop-down menu.)

Analysis Parameters:

Two-way slab: L=7m, H=4 m

Thickness = 305 mm

Four fixed supports

Reinforcement of 12.8 mm bars at 300 mm on center, both ways, at mid-thickness
. =28 MPa

f, = 275 MPa for reinforcing steel

LLOP for secondary type component is required

875 kg of TNT at 12 m. Fully reflected with positive and negative phase blast load

Solution

On the “Intro” worksheet area (Figure 1), select “One-Way and Two-Way Reinforced Concrete
Slab” and Metric units and click the button near the bottom of the page to initiate the component
input sheet. On the input sheet, fill in the input cells (in yellow) as follows:

- Long dimension span, L = 7000 mm
- Short dimension span , H = 4000 mm
- Set Boundary Conditions to “Two-Way: Four Sides Supported — All Fixed”
- Select “Flexural, Tension, & Compression Membrane” and “ include Type II Cross
Section” for Response Type

- On the Structural & Material Properties input box enter:

0 Slab Thickness =305 mm

0 Reinforcing steel spacing = 300 mm in both directions

0 Reinforcing steel Areas, enter 129 mm?” for all, since reinforcing is the same both
ways and is placed at mid-thickness (i.e., same for inbound and rebound)
Clear cover in the L direction = 152.5 mm (both loaded and non-loaded)
Clear cover in the H direction = 152.5 mm (both loaded and non-loaded)
Supported weight = 0 kg/m*
Concrete Density = 2400 kg/m’ (Typical value for reinforced concrete)
Compressive strength = 28 MPa
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0 Concrete Static Strength Increase Factor = 1.0 (Typical value, see SBEDS user
manual)
0 Concrete Dynamic Increase Factor = 1.19 (Typical value, see SBEDS user
manual)

0 Select Grade 275 Steel Reinforcement

- Select “Charge weight and standoff” under Blast Load Input Type, and “None (vertical
component)” under Gravity Displacement.

- Enter appropriate values in the Charge Weight and Standoff input box, and the “Positive
and negative phase” and “Reflected without Clearing” dropdown box selections

- Enter 0 on cell H35 for Incidence Angle to include full reflection

- Set Response criteria to “Flexure-shear reinforcing & TM” and “LLOP/Secondary -NS”

- Select “No Dynamic Axial Load”

- Select a time step value equal or less than the recommended value in SBEDS

The input screen should appear as illustrated on the next page.
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One-Way and Two-Way Reinforced Concrete Slah
User Info: Fill in Yellow Cells, See Hote Below for White Cells

Long Span Dimension, L: o0 mm
Short Span Dimenzion, H: 4000 mm
Boundary Condiions: |Two-U1Iay: Four Sides Supported - Al Fized -

Responge Type: |FlexuraI,Tension,&Cummssiun Memhraj |Include Type Il Section -

Structural & Material Properties

Slab Thickness, t: 305 mm
Resigforcing Sted! I See o in cell BT for di of stesl terms,
Earz Spanning Parallel to L, by: 300 mm
Earz Spanning Parallel to H, hH: 3000 e
Reinforcing Steel Areas Inkound Fehaund

Paosiive Matnent Steel Parallel fo L, Bspl: 129 1249 tnm’
Megative Woment Steel Parallel to L, Asnl: 129 129 torm’
Posiive Mornent Steel Parallel to H, BepH: 129 129 mma
Megative Woment Steel Parallel to H, f=nH 129 129 mma
Distznce of Coverto Cemter of Bavs o

Mon-Loaded Side Spanning Parallel fo L: 52 mm
Loaded Side Spanning Parallel fo L: 52 mm
Mon-Loaded Side Spanning Parallel to H: 38 mm
Loaded Side Spanning Parallel to H: 35 mm
Supported Meight, w: 0 kg’
Concrete Density, ¥ 2400 ki’
Paoizzon's Ratio, & AL
Cancrete Compressive Strenth, T, 26 MPa
Concrete Stetic Strenath Increaze Factor [==1]: 10
Concrete Dyhaic Compr. Increaze Factor [==1]: 119
Concrete Dynamic Compr. Strength, T, 33 MPa
Concrete Elastic Modulug, E. 26,752 MPa
Select Reinforcement: BEAS, Gr 275 j
Regini. Steel ield Strength, T,: 275 MPa
Feeirf. Steel Utimate Strength, T, Click for Uzer 517 MPa
Static: Strength Increase Factor: Lefnedes 11
Dynamic Increaze Factor: 147
Dnarnic Reinf. Steel Yield Stress, iy, 354 hPa

Reinf. Steel Elastic Modulus, E,: 200,000 hPa

Mo Drynarnic Axdal Load

Lxial Load Inpt: - | g
Static: Axial Load, P'; (Mote: Erder P=0]

Span Length in Direction of Bxial Load

0 Min

0 tmm

See All COE
Response
Criteria

Blast Load Input Type

Dynamic Shear Factors

PDC TR-08-03
September 2008

[Charye weight and standofi_~ | Shear Consant |  Elasic | Plastic
Gravity Displacement F (long =ide] = 042 0.0
Mone [werical componert) -~ R [lohy zide) = 0.24 0.25
F [short zide) = 0.06 0.03
R [shart zide] = I:] 010
Tite Preszure
[mz) [kPa)
1] 1]
20 0 Inkound Matural Period: 2385 me
30 0 Fehound Matural Petiod: 2385 me
40 1] Ilax Recommended Time Step: 007 msec
50 1] Tirme Step: 005 msec
(41} 1] % of Criical Damping: 0%
T a Initizl Welocity: 0 mménz
In R Propetty Inbaund Rttt Units
[ky TNT) ) Iass, M 7320 7320 kg’
S00 10 Load-hiazs Factors, Ky,
Blazt Load Phaze K 0.73 073
Positive and negdive phaze - K 0.56 056
Charye Weight Load Type K 0.56 056
Reflected without Cleating = K 0.56 056
Kie 0.6 0.56
il Height fr) " Stiffmess, K
Wil ickty [m]I K1 36.75 3675 kPadfnm
Incidence Lngle® a K2 256 o.on kPadmm
See notes under ermor mesTages K3 310 253 kPadnim
; K4 0.00 510 kPafnm
K5 013 0.00 kPafnm
Ipplied Elast Input File Mot Selected Registznce, R
po F1 7136 B kPa
Flexure-zhear reinforcing, no Thi = R2 40485 7138 kPa
LOP/Type | LLOP/ Secondary-N5 = R3 57.52 404 85 kPa
o (deg) 1 4 5752 -57.352 kPa
[ MR
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After the input sheet is completed click the “Run SDOF” button at the top of the screen (See
Figure 2) to calculate the dynamic response of the slab. After the analysis is performed, a
summary of the most important results will be displayed in the Results Summary box as
illustrated below. For this problem, the calculated maximum dynamic displacement is 302 mm.
This corresponds to a support rotation of 8.60 degrees. Therefore, the response is under the
allowable limits and the design is acceptable. Notice that the calculated response for this type of
component at this Level of Protection is dependant only on support rotation.

B = G.60 deq. Design Critetia: LLOP fSecondary M3
M= 15583 Fezponse MOT O compared to input design citeria
P IMbOMA = 302 42 mm at fitme = 42 B0 mzec
oo Febound = 0.00 rmm attime = 000 meec
Fowe = 40485 kPa attime = 960 mzec
Fen=  -71.38 kPa attirne = 45 35 mzec
Shortest Yield Line Diztance to Determing £ 20000 mm

Equivalent Static Reactions®

Pest Regctions Gased an Uitimste Bexwral Resistance,

iy at zupports in L direction 1028 M

iy at zupports in H direction 105.9 Fldmim
hdaxirum vu at distence d from support *** = 921 M
Concrete Shegr Capgaity

Direct Shear Capacity, [monalihic: joird] 1, g = 13861 M
Diagonal Shear Capacity: gy = 24901 M
Tenzile steel depth for shear calculations, d: 260.0 it
Festite baged an Max Shear Recgion

Lt zupport: Shear iz OK

At distance o from support; Shear iz OK

Reguired Stinps, Av based an Max Shear Region™

For ciifical zection @ support, b, e .. 00000 mmAmm
For criical zection atd, A, e q 00000 et

* Bazed on larger of inkound and rebound ulimate fexural resistance, nat inciuding
tenzion oF compressian membrane.

hiuliphy Ly walues by fexural bar spacing and stinup spacing to get stirup area
=2 Wimax at diskence o from support iz conzervatively overestimated

Under the Results Summary, SBEDS displays the calculated reactions and shear capacity of the
component. For this example, the shear capacity is adequate as indicated by the “Shear is OK”
message. (See Example 9A for note regarding shear distribution around openings.)

There is an error/warning message for this analysis, as copied below.

ErrorWarning Messages
Stirrups may be req'd for compression reinforcing since support rotation > 2 deg, Warning: Scaled Standoff <
1.2 m/kgl/3, Blast Loads May Not be Uniform Over Full Loaded Area as Assumed
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This warning states that stirrups may be required for compression reinforcement since the
calculated response of the component exceeds 2 degrees of support rotation. Therefore, even
though stirrups are not needed to resist shear, some blast design criteria require stirrups to
laterally brace the compression face reinforcing steel because of concerns that the concrete will
crush in the maximum moment region at support rotations greater than 2 degrees. In this case the
stirrups can be designed similar to ties for reinforced concrete columns. These concerns are
probably most applicable for very high steel reinforcing ratios that are required in buildings
designed to resist very close-in explosions or confine the effects of large internal explosions.

This Error/Warning Message also states that the scaled standoff (i.e., standoff divided by cube
root of charge weight) is less than 1.2 m/kgl/ 3, indicating that the blast load is probably not
spatially uniform across the blast-loaded area of the component as assumed in the SDOF
analysis. In this case, the scaled standoff is 1.06 m/kg'”, which is within 20% of the 1.2 limit
value. Also, the calculated response is significantly less than the allowable limit for support
rotation. Therefore, no further analysis is considered necessary for this case. UFC 3-340-01 (the
DAHS CWE Manual) has a procedure for determining an equivalent uniform blast load for cases
where this additional calculation is required. Non-linear, dynamic finite element analyses can
also be used to perform analyze the response of blast-loaded components explicitly considering
spatially non-uniform blast loads.

The calculated resistance vs. dynamic displacement relationship from the Results sheet is copied
below. It shows that the slab yielded in flexure with a dynamic moment capacity based on a full
Type I cross section, then immediately responded in compression membrane up to its full
compression membrane capacity, and then transitioned into a pure flexural response again with a
dynamic moment capacity based on a full Type II cross section at deflections exceeding 2
degrees of support rotation. The slab did not deflect far enough to develop tension membrane
response, which would require about 12 degrees of deflection for this case. However, tension
membrane capacity in this slab is still beneficial because it provides reserve capacity against
failure by blast load.

Resistance vs. Displacement
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Example 7A: One-Way Reinforced Concrete Beam or Beam Column (English)

Analyze the response of a 25 ft long reinforced concrete roof joist spaced at 7 ft O.C. and
subjected to the following load.

21.5

Pressure
(psi)

20
Time (ms)

The joists are 12 in x 12 in with 3 #5 bars on the bottom face and 2#6 on the top face, and shear
reinforcement. The joists support a 4 in. concrete slab. The joist is required to meet LLOP for
secondary type components. The joists are continuous over the supporting girders so a fixed-
fixed boundary condition is assumed for analysis. The joists also have continuous reinforcing
steel at both faces with full tension splices considering the full dynamic tension capacity of the
reinforcing steel and they frame into relatively heavy perimeter girders. For demonstration
purposes, they will be assumed to develop tension membrane response in this example. The
beams will also be designed considering a Type II cross-section at deflections greater than 2
degrees of support rotation, as is often required for DoD blast design manuals. For the concrete,
the compression strength £ = 4000 psi, and the minimum reinforcing steel yield strength f; = 60
ksi.

Analysis Parameters:
e Span L =25 ft
e Spacing B=7 ft
¢ Fixed-Fixed supports
e Include Tension Membrane and Type II cross section
e Cross-sectional dimensions of joist: H=12 in, W= 12 in
e Reinforcement of 3 #5 on the bottom and 2 #6 on the top. Also, stirrups throughout span.
e Joist supports a 4 in. slab.
e £.=4000 psi
o f, =60 ksi
e LLOP for secondary type component is required
Solution
On the “Intro” worksheet area (Figure 1), select “One-Way Reinforced Concrete Beam or Beam
Column” and English units and click the button near the bottom of the page to initiate the
component input sheet. On the input sheet, fill in the input cells (in yellow) as follows:

- Span, L =25 ft

- Spacing, B=7 ft

- Set Boundary Conditions to “Fixed-Fixed, Uniformly Loaded”

- Select “Flexural and Tension Membrane” and “Include Type II Section” for Response

Type
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- On the Structural & Material Properties input box:

0}
0}
0}

©0Oo0o0o

(0]

Section Height, H= 12 in

Section Width, W =12 in

Positive Moment Reinf. Steel, Asp: Inbound = 0.93 in” (bottom face steel),
Rebound = 0.88 in’ (top face steel)

Negative Moment Reinf. Steel, Asn: Inbound = 0.88 in” (top face steel), Rebound
=0.93 in” (bottom face steel).

Note: This assumes the bottom steel is fully developed into the support. If this is
not true, enter zero for the rebound negative moment reinforcing steel.

Distance of Cover to Center of Bars = 2 in, top and bottom

Supported Weight = 150 pcf x 4 in (thickness of supported slab) = 50 psf
Concrete Density = 150 pcf

Compressive Strength = 4000 psi

Select Grade 60 for steel reinforcement

- Select “Manual Input” under Blast Load Input Type, and “In direction of blast load”
under Gravity Displacement

- Enter the appropriate values for the applied pressure history shown above in the Pressure-
Time input table

- Select “Flexure-shear reinforcing & TM” and “LLOP/Secondary-NS” under Response
Criteria

- Select “No Dynamic Axial Load” under Dynamic Axial Load

- Select a time step for the analysis equal to the minimum recommended time step

The input screen will appear as shown on the next page.
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Reinforced Concrete Beam or Beam-Column
User Info: Fill in Yellow Cells, See Mote Below for White Cells Blast Load Input Type
Span, L 2500 # $hear Constant Elastic Plastic
Spacing, B: 700 & Gravity Displacement F constart = 014 0.12
Bourdary Corditions: Fized-Fixed, Unfformly Loaded j In direction of blast load ™ R conztart = 036 0.3
Responze Type:|Flexural and Tension M embrane - [|Ihchude Type | Section =
Structural & Material Properties
Section Height, H: 12.00 in Time Preszure
Section With, 0: 12.00 in [msz] [p=i]
Reimforcing Stesl Aress Inbaund Rehoured 0 25
Pozilive Moment Reinf. Steel, Azp: 093 088 in° 20 1] Solution Control
Megative Momment Reind. Steel, Lzn: 085 083 in *5ee Cell Q37 for 25 il Inbound Mahiral Period: 144 14 mz
Distance of Coverfo Cemterof Gaws: o [mee diagram belaw) Reirf. Steel Diagram an il Rebound Matural Period: 144 14 mz
Mon-Loaded Side: 2.00 in 40 i] Max Recormmended Tirme Step: 0.40 mz
Loaded Side: 200 in a0 1] Titme Step: 014 mz
Loaded Brea Factor - Erder 1.0 for Uniform Load 1 G0 1] % of Critical Damping: 0%
Supported Weight, w: 50.00 psf Fill 1] Inifial Welocity: 0 infnz
Concrete Density, ¥ 150 A
Concrete Stefic Strength Increaze Factor [2=1): 1.00 n R Property Inkaund Rehound Unitz
Caoncrete Dynamic Compr. Increaze Factor [==1]: 114 [lhs TMT) i} Mazs, M 12837 12837 pgi-msin
Concrete Dynamic Cornpr. Strength, Ta. 4,760 pzi Logd Mass Factors, K,
Concrete Elaziic Moduluz, E,: 3,834,254 pi Blast Load Phase Ko 0.7 0.7
Select Reirforcerment: |.ﬂ.515, LE16, AT06 (Al Gr. B0 ;I Pozitive phaze only - Ko 066 066
Reinf. Steel Yield Strength, f,0 0,000 pai Charne llgiiht Logd Type [ 0,66 0,66
Feinf. Steel Utimate Strenth, f,: Click for User 90,000 psi Reflected without Cleating  — K 068 068
Static Strength Increaze Factor: Defined Steel 1.1 Parameters for Reflected Loads e 066 0166
Drytatnic Increaze Factor: 117 Nzl Heighit [1’(]I Stiffness, K
Drytatnic Reinf. Steel Yield Stress, fy: TE220 pei WNall Wicth [1’(]I K, 1.88 1.88 pEifin
Reinf. Steel Elastic Madulus, E,: 29000000 psi Incidence Angle® K, 0.00 0.00 peifdn
| Mo Dynamic Axdal Load j " Static: Axial Load, P 0k See notes Under efror Messages ks 042 042 pEidh
Leave hlank for Mo Dynatnic Lxial Lozd t
Ky 0.00 0.00 psidn

Mo Axial Load  [With Bxial Load Ixialload Input File Mot Selected K, 004 004 pEidn
Fehound Positive Moment Capacity, b, B31962 631982 |Ib-in Applied Blast Input File Mot Selected Resistance, 7
Inbaund Postive Momert Capacity, by BES03S 3033 {Ib-in See All COE i Ry 1.37 137 i
Inbound Postive Reirforcerment Ratio, g 0.0074 R’~’3_I""_‘s'3 Flexure-shear reinforcing & T = Py 1.37 .37 pzi
Febound Megative Moment Capacity, b, EB5035 BBS035 [ Ib-in Criteria LOP Type | LLOP/Secondary -HS ™ R 115 115 pei
Inbound Megative hioment Capacity, b, B31952 631982 |lb-in & (deg) L Ry 1.15 -1.13 psi
Inbound Megative Reirforcement Ratio, g, 0.0073 12 MR
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After the input sheet is completed click the “Run SDOF” button at the top of the screen (See
Figure 2) to calculate the dynamic response of the beam. After the analysis is performed, a
summary of the most important results will be displayed in the Results Summary box as
illustrated below.

For this problem, the calculated maximum dynamic displacement is 24.48 in. This corresponds
to a ductility ratio of 33.5 and a support rotation of 9.27 degrees. Therefore, the response is
under the allowable limits and the design is acceptable. Notice that the performance criteria for
this type of component and analysis are only based on support rotation.

Under the Results Summary, SBEDS displays the calculated reactions and the shear capacity
provided by the concrete portion of the beam. For this example, the concrete shear capacity is
adequate at distance d from the support as indicated by the “Shear is OK” message. Therefore,
stirrups are only required to laterally brace the compression face reinforcing steel. This
requirement is addressed in DoD blast design manuals.

Bl = .27 deq. Diezigh Criteta; LLOPSecondaty -G
= 33.450 Responze OF compared to input design criteria
s INBOURY = 24458 in attirne = 18676 mzec
P FEbOUR = 0.26 in attime = 0.00 mzec
- 211 psi at time = 186.76 mzec
Foain = A1 pEi attirne = 258 86 m=zec

Shortest Yield Line Distance to Deterine & 150.0 in

Equivalent S5tatic Reactions®*

Pesk Resctions Oased an Utiseste Bexurs! Resistance: LA

Wy at right support = 17,294 |b
Wy at left suppott = 17,294 [b
Maxirmum Wy at distance o from support = 16,141 |b
Concrete Shear Capaclty

Direct Shear Capacity, (ronolithic joint] V, g = 913920 b
Diagonal Shear Capacity, V. g, = 165583 |b
Tenzile steel depth for shear calculations, do: 100 in
Resufts based an Max Shear Region

It =upport: Stirups Reguired

It distance d from support: Shear iz QK

Recwiived Stinnips based on Max Shesr Reglon 4 **

For critical zection @ support, B, e s 00010 inAn
For critical zection at d, B, e g 0.0000 in*An

* Bazed on larger of inkaund and rebaund ulimate flexural rezistance, not including
tenzion oF comprassion membrane.

*hiultiply By walues by flexural bar spacing and stimup spacing to get simup area
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Example 7B: One-Way Reinforced Concrete Beam or Beam Column (Metric)

Analyze the response of a 4 m tall perimeter building column to the effects of an applied blast
load as defined below.

20

Pressure
(kPa)

Time (ms)

The columns in this building are spaced at 7 m O.C. The columns are square with outside
dimensions of 460 mm x 460 mm. Steel reinforcement consists of four 19 mm longitudinal bars
(Gr. 415) and stirrups. Concrete cover distance to the longitudinal reinforcing steel is 50 mm all
around. The estimated axial load acting on the perimeter columns is 1.0E+6 N calculated as
recommended in PDC TR-06-08. There is a 150 mm concrete wall slab that is supported by a
steel girt that frames into the columns at midspan. The wall spans between the girt and the slabs
above and below so that the load from the slab is transferred to the columns only by the girt.
Assume fixed-simple supports for the column, and provide a LLOP for primary type components
as the Response Criteria. (The column is assumed to be pinned at the base and it is continuous
over the second floor, so that symmetry of blast load above and below the floor level will cause a
zero rotation support condition at the top of the column.) The concrete compression strength .
= 28 MPa. Lateral ties will be provided to support the longitudinal steel acting as compression
steel, which affects the applicable response criteria category. This is a first floor column
(maximum compression load) that supports several floors above and an open web joist roof
system identical to Example 3A.

Analysis Parameters:

e Column span, L=4 m

Column spacing, B=7m

Cross-sectional dimensions: H =460 mm, W = 460 mm
Fixed-simple column supports

Reinforced with two 19 mm bars (Gr. 415) at each face, clear cover = 50 mm. It is assumed
that these bars are continuous over the column span.

. =28 MPa

Static axial load, P = 1000000 N not including roof static load
LLOP for primary type component is required

Dynamic axial load from open web joist roof system
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Solution

On the “Intro” worksheet area (Figure 1), select “One-Way Reinforced Concrete Beam or Beam

Column” and Metric units and click the button near the bottom of the page to initiate the

component input sheet. On the input sheet, fill in the input cells (in yellow) as follows:
- Span, L =4000 mm
- Spacing, B =7000 mm
- Set Boundary Conditions to “Fixed-Simple, Conc. Load at Mid-Span”

- Select “Flexural only” and “Type I Cross-Section” for Response Type
- On the Structural & Material Properties input box:
0 Section Height, H = 460 mm

Section Width, W = 460 mm

Positive Moment Reinf. Steel, Asp = 568 mm? (Inbound and Rebound)

Negative Moment Reinf. Steel, Asn = 568 mm” (Inbound and Rebound)

Distance of Cover to Center of Bars = 50 mm, all around

Set Loaded area factor to 0.5 to account for fact that only the middle half of the

wall slab transfers load into the girt that loads the column. The top and bottom

quarter spans of the wall transfer blast load directly into the floor diaphragms.

0 Supported Weight = 2403 kg/m® x 150 mm (thickness of supported wall slab) =

360.5 kg/m”. Conservatively assume that 20% of this value (72 kg/m?) actually

deflects with the column. Some of the wall slab is supported by the floor

diaphragms, and therefore deflects very little, and the rest deflects primarily with
girt, which varies somewhat from the column deflection.

Concrete Density = 2403 kg/m’

Compressive Strength = 28 MPa

Select Grade 415 for steel reinforcement

Enter 1.0E+6 N for Static Axial Load for compression and P-delta effects (Note

that this does not include any roof static load since that is included in the

Dynamic Axial Load that will also be input for this example)

- Select “Manual Input” under Blast Load Input Type, and “none (vertical component)”
under Gravity Displacement

- Enter the appropriate values in the Pressure-Time input table

- Select “F&C shear reinforcement no TM” and “MLOP/Primary” under Response
Criteria. The lateral ties in the column will act to confine the longitudinal reinforcing
steel acting as compression flexural steel, which is the intent of the shear reinforcement
requirement in this case.

- Select “Dynamic Axial Load per Unit Width” and then use the browser to select the file.
This is the same dynamic axial load input file read into Example 5A converted into the
appropriate metric units as specified in Appendix A of the SBEDS User’s Guide.

- Select a time step for the analysis equal or less than the recommended value in the
Solution Control input box in SBEDS.

O O0O00O0

O 00O

The input screen will appear as shown next.
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Reinforced Concrete Beam or Beam-Column
User Info: Fill in Yellow Cells, See Hote Below for White Cells Blast Load Input Type Dynamic Shear Factors
Span, L: 4000 mm Shear Gonstant Elastic Plastic
Spacing, B: 7000 ram Gravity Displacement F [zimple suppod) = 018 -0.25
Boundary Condiions: Fixgd-Simple, Gone. Load athidspan j Mone [wertical component] R [sitmple suppor] = 150 0.58
Responze Type: | Flexural Ok = || Tvpe | Cross Section - F fized suppor] = 02 025
Structural & Material Properties F. fized support] = EH 0.2

Section Height, H: 460 rmrm Titne Preszute
Section Width, I 460 rarn [tnz] [kPa)
Reigforcing Stes! Areas Inbound Rehaund 0 20
Pozitive Momert Reinf, Steel, Lzp: Bl 268 e’ g 1]
Megatiwe Momert Reinf, Steel, Azn; Bl 268 e’ *Fee Cell Q37 for 20 0 Inbaund Matural Period: 1695 mz
Distance of Cover fo Cemter of Gars. d [zee diagrarm belon] Feirdf. Steel Diagrarm i 1] Febound Matural Period: 1895 mz
Mon-Loaded Side: S0 mm 40 0 Ilax Recommended Time Step: 003 ms
Loaded Side: Al mm Al 1] Titne Step: 004 mz
Loaded Lrea Factor Lpplied to L*6, Bf[08f=1] 05 211] 1] % of Critical Darpitg: 0 %
Supported Meight, w; 721 ko' K] 1] Initial Welocity 0 mnfns
Concrete Density, 2403 ki’
Cohetete Static Strength Increaze Factor (==1): 1.0 n F Propetty Inbourd Feebound Unitz
Concrete Dynamic Compr. Increaze Factor [>=1]: 119 (kg THT) [m) Mzss, M 14474 144.74 kgin’
Conerete Dyharic Cotpr. Stenth, T 33 MPa Load-hzss Fachors, K
Concrete Elastic Modulus, E,: 26,803 hPa Elast Load Phaze K 0.43 0.43
Select Reirforcerent: BG5S, BETE, ATOE (A1l Gr. 415) j Positive phaseonly  ~ Kise 0.49 0.49
Reinf. Steel Yield Strength, 1,: 415 MPa Chare Neight Load Type K 0.33 033
Fegitif. Steel Utimate Strength, f,; Click for Liger 620 MPa Reflected without Clearing  ~ Kiu 033 03
Static Strength Increaze Factor: Leiia Bl 141 Paramneters for Reflected Loads KL 0.33 033
[rynamic Increase Factor: 1147 INlall Height [m]I Siffness, K
Dynarmic Reinf. Steel Yield Stess, fy, 534 MPa Inilall Wit [m]I Ky 582 B.&2 kPafnm
Reinf, Steel Elastic Modulus, E.,; 200,000 MPa Incidence Brgle’ K, 306 306 kPafnm
| Mo Dynarnic Bxid Load j * Static Bxial Load, P: 1000000 M See notes under eror messages K. 0.00 0.0 kPadmm
Leawve blank for Mo Dynamic Sxial Load mm ) _ )

Mo fxial Load WNith Bxcial Load Lecialload Input File Mot Selected [ 0.0 oo KPadnm
Febound Positive Motnent Capacity, b, 120850230 214317287 |M-rmm Bpplied Blast Input File Mot Selectad Resistance, 7
Inbound Poziive Moment Capacity, i, 120830230 214317287 |M-mm E, 20.4 2041 kPa
Inbound Posiive Reinforcernent Ratio, g, 0.0030 See All COE FaC-shear reinforcing, no TM - = R, 22,96 -22.96 kPa
Rebound Megative Momert Capacity, hiy: 120850230 214517287 [M-mm RE;';::;:'? LR Type M LGP IFrimary - F. 22 96 22 96 kPa
Inbound Megative Moment Capacity, h,: 120830230 214317287 |M-mm 9 {deg) I Fy 2296 -22.98 kPa
Inbound Megatiwve Reinforcement Ratio, g, 0.0030 A 1
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After the input sheet is completed click the “Run SDOF” button at the top of the screen (See
Figure 2) to calculate the dynamic response of the beam. After the analysis is performed, a
summary of the most important results will be displayed in the Results Summary box as
illustrated below.

For this problem, the calculated maximum dynamic displacement is 3.2 mm. This corresponds to
a ductility ratio of 0.95 and a support rotation of 0.09 degrees. Therefore, the response is under
the allowable limits and the design is acceptable. Notice that the performance criteria for this
type of component and analysis are only based on ductility ratio.

Under the Results Summary, SBEDS displays the calculated reactions and the shear capacity
provided by the concrete portion of the beam. For this example, the concrete shear capacity is
adequate at distance d from the support as indicated by the “Shear is OK” message. Therefore,
shear stirrups are not required.

Shear Based on Equivalent Static Reactions®

Bl = 009 dey. Dezigh Criteria: MLOPPrnany
= 0.95 Responze OF compared to input design criteria
o 3.24 mm at tirme = 756 msec
Foan FEbOUR = -2.85 mm attime = 1719 mzec
Py = 2110 kPa attitne = TAR mzec
Fan= -20.70 kPa attime = 1719 mzec
Shortest Yield Line Distance to Deterine & 20000 mm

Equivalent Static Reactions®

Pegk Regctions Oased an Uisvate Blexirs! Resistance. L

Wy at fixed suppart = 221,818 M

Wy at simple support = 99 658 M
flaxirum vu at distance d from support = 176,346 M
Concrete Shesr Capacity

Direct Shear Capacity, (rmonolithic joint] V, e = 10054643 M
Dimganal Shear Capacity, W, gy = 1814441 W

Tenzile steel depth for shear calculations, d: 4100 mm
Resifts based an Max Shear Resion

It zupport: Stirmups Reqguired

It distance d from supgport; Shear iz QK

Feauired Stmps based on Max Shear Region, 4 **

For critical zection @ support, B, ., .. 01844 mm’dnm’
For criical zection at d, A, ;e 4 0.0000 rare’dart’

* Bazed on larger of inkaund and rebound ulimate flexural resistance, not incding
tenzion oF compressian memkbrane.

*hiultiply Ly walues by flexural bar spacing and stimup spacing to get =irup area
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Example 8A: One-Way Prestressed Concrete Beam or Panel (English)

Analyze the response of a 40 ft long pre-stressed concrete Tee-beam illustrated below to the
effects of side-on blast load from 650 Ibs of TNT at 50 ft of standoff. Two 0.5 in diameter
bonded Grade 270 pre-stressing strands are used for pre-tensioning with a clear cover distance of
3 in at midspan. The beams are 25 in deep (including a 3 in slab) and have 4.8 in stems and
spaced at 48 in on center. The slab is reinforced at mid-thickness with welded wire fabric
(WWF) having a reinforcing steel area equivalent to 0.29 in* @ 12 in. A LLOP is required for
this secondary-type component. The concrete compression strength (f°) is 5000 psi.

0.29in3ft Grade 60

Reinforcing Steel
|
N

- P
l j/ '
* * - ® & N * + * - ® . +

2-17 dia. @ 270 ksi

in Frestressing Strands
(o]
i
R
4.8°
Average / e 48" -
Stem Width

Analysis Parameters:

Span, L=40f

Beam spacing, B =4 ft

Beam uses two 0.5 in Grade 270 strands of prestressing steel with a clear cover =3 in
Beam web depth = 25 in, Beam web width = 4.8 in.

3 in slab reinforced with 0.29 in”> @ 12 in on center of WWF

LLOP for secondary type components

£.=5000 psi

Simple supports

650 Ib of TNT @ 50 ft. Only side-on pressure loads the beam.

Solution
On the “Intro” worksheet area (Figure 1), select “One-Way Prestressed Concrete Beam or Panel”
and English units and click the button near the bottom of the page to initiate the component input
sheet. On the input sheet, fill in the input cells (in yellow) as follows:
- Span, L =40 ft
- Set Boundary Conditions to “One-Way, Simple-Simple, Uniformly Loaded”
- Select “BEAM w/Bonded Tendons — Flexural Response” for Response Type
- On the Structural & Material Properties input box:
0 Beam Spacing, B=4 ft
0 Section Height, H = 25 in (include slab thickness)

72



PDC TR-08-03
September 2008

Beam flange, W¢= 48 in

Beam web width = 4.8 in

Beam flange thickness Tr= 3 in

Positive Moment prestressed steel, App = 0.31 in®

Positive Moment non pre-stressed steel, Asp (Rebound) = 1.16 in* (0.29 in® per

foot WWF at mid-height in slab over 4 ft beam spacing)

Prestressing steel cover, dp = 3 in.

Conventional reinforcing steel cover, dc = 1.5 in (from the top)

Concrete density = 150 pcf (Typical value for reinforced concrete)

Compressive Strength = 5000 psi

Concrete static strength increase factor = 1.0

Concrete dynamic increase factor = 1.19

Select Grade 270 for pre-stressing steel

0 Select Grade A82 for welded wire steel reinforcement

- Select “Charge weight and standoff” under Blast Load Input Type, and “In direction of
blast load” under Gravity Displacement

- Enter charge weight and standoff

- Select “Positive phase” and “Side-on” under blast load phase and charge weight load
type, respectively.

- Select “wp <0.15” and “LLOP/Secondary-NS” under Response Criteria. (Note that cell
H46 shows that wp,the prestressing steel reinforcement index, is equal to 0.1 in the input
values.)

- Select In the Direction of Blast Load as the Gravity Displacement

- Select a time step for the analysis based on recommended time step

O O0O00O0

O O0OO0O0OO00O0

The input screen will appear as shown on the next page.
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Prestressed GConcrete Beam or Panel
User Info: Fill in Yellow Cells, See Hote Below for White Cells Blast Load Input Type Dynamic Shear Factors
Span Length, L: 0.0 Charye weight and standoff -+ Shear Constant Elastic Plastic
Leawe Input Blank for One-ay Fesponse Gravity Displacement F constart = 041 042
Boundary Conditions; Ore-Nzy : Siraple-Sirple, Uniforry Loaded - In ditection ofblastload = R constant = 0.3 0,38
Companent Type/Rezsponze Type: |BELW 1! Bonded Tendons - Flexural Response =
Pressure-Time Input
Beam Spacing, B; 480 in Tirne Prezzure
Beatn Height, H; 25.0 in (k3] [p=i)
Beatn Flange Midth, N 48.0 in 1] 0
Beatn Wek Width, Wuy; 48 in 10 0 Solution Control
Beam Flange Thickness, Tf; 30 in 20 1] Inbound Matural Period: 19325 mz
Prestreseed Sfee! Aregs* Inbaund Mo Input Feg'd an 1] Febound Matural Period: 19325 mz
Pozitive hotnent Prestressed Steel, Spp: 0.31 0.00 i 40 0 Wz Recorntmended Titne Step: 0.25 me
Leawe Blank for Simple Supports 0.00 0.00 in* a0 0 Tirne Step: 025 me
MNonpvestrescad Steal Aregs Inbsaared Rebaund (51} 0 % of Crical Datmping: 0%
Positive hotnert Monprestressed Steel, Lzp: 0.00 116 in® 70 0 Initial Welociy 0 indnz
Leawe Blank for Simple Supports 0.00 0.00 in*
Distance of Cover to Center of Bawes Man-Loaded Side  Loaded Side R ek LR Charge Weight and SGndoff SDOF Properties
Prestressing Steel, dep: 3.00 0.00 in Fgitf. Steel Diagram liy R Propetty Iikotapied Rebound Uitz
Conventional Reinforcing Steel, o 0.00 150 in [lhz THT) it} Mass, M 1165 .2 1165.2 pEi-mzin
Suppaorted Weight, v 0 psf B50 50 Loga-Mass Factors, K,
Concrete Dengity, 150 bt Blzst Load Phase Elasfic 0.7 078
Concrete Compressive Strenegth, T, 5000 psi Fasitive phase anly - Elastic-Plastic 0.7s 0.7s
Concrete Static Strenth Increase Factor [==1): 1.00 Charge Migight Load Type Plaztic 066 066
Concrete Dyhatnic Compt. Ihcrease Factor (==1]: 119 Side-on = Stiffness, &
Gonerete Dynarmic Gompr. Strength, Ty 5,950 psi Parameters for Reflected Loads Elastic 0.96 0.6 peifn
Conerete Elastic Modulus, E, 4286 826 p=i NIl Height [i’c]I Elaztic-Plaztic 096 0.96 pzidn
Select Prestrezsing Steel Type: [45TH & 416 Grade 270 -] Wl Wit ()"
Effective Prestressing Steel Vield Strenath, f.: 268113 pei Incidence Angle’ Resistance, &
Select Conventional Reinforcemert: |.°.32, A48 (AN Gr TO] Nledded Wire Fahn't:;l See notes URHEr BTOF MessaYes Elasfic 1.30 -1.29 ]
Conventional Reinf. Steel Vield Strength, fy: | 0,000 pei Plaztic 1.30 -1.29 psi
Click for Llzer

Convettionzl Reitf, Steel Utitnate Strength, f,: Diefined Steel 80,000 pei Load file name
Conventional Steel Stafic Strenoth Increaze Factr: 1.00 Applied Blast Input File Mot Selected Vield Displacemrent, X
Conwentional Steel Dynamic Increaze Factor: 140 Response Criteria® %1 135 -1.34 in
Dynatnic Convertional Reinf. Steel Yield Stress, fu 77,000 psi Sce All COE wp <015 x2 135 134 in
Reinf. Steel Elastic Modulus, E,: 29000000 p=i Response LOPType | LLOPSecondsry -HS ™

Calculated Properties Ciitena o (eg) L Eciv Yied Defl, ¥ 135 434 in
Ihbound Positive Moment Capacity, hMp: 37314 Ib-indit 2 )
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After the input sheet is completed click the “Run SDOF” button at the top of the screen (See
Figure 2) to calculate the dynamic response of the beam. After the analysis is performed, a
summary of the most important results will be displayed in the Results Summary box as
illustrated below.

For this problem, the calculated maximum dynamic displacement is 8.03 in. This corresponds to
a ductility ratio of 5.97 and a support rotation of 1.92 degrees. Therefore, the response is under
the allowable limits and the design is acceptable. Notice that the response criteria for this type of
component at this level of protection are only based on support rotation.

Under the Results Summary, SBEDS displays the calculated reactions and the shear capacity
provided by the concrete portion of the beam. For this example, the concrete shear capacity is
adequate as indicated by the “Shear is OK” message. Therefore, stirrups are not required.

B = 1.92 deg. Dezign Criteria: LLOP/Secondary-MS

= 597 Fezponze OK compared to input design criteria
Mo INbouRd = 3.03 in at tirme = 12075 mzec
Foan FRbOURG = 04 in at tirne = 0.00 meec
- 1.30 psi at tirne = 120,75 mzec
P = 039 pei at tirne = 21740 mzec
Shortest Yield Line Diztance to Determine £ 24010 in

Equivalent Static Reactions®
Pegk Regctions Oased on Utisvste Bexires! Resistanoe; v

W at dght support = 14,9236 |b

iy at left support = 145256 b
hiaximurm Wy at disfnce d from support *** = 155574 b
Concrete Shegr Capgclty (Mo prestress assunved acting af uitineate response)
Direct Shear Capacity (monalithic joint], V. e = 005312 b
Diagonal Shear Capacity, V. g = 162812 b
Tenzile steel depth for shear calculations, d: 220 in
Resilts based on Moy Shesr Begion***

It zupport: Shear iz Ok

At distance d from support; Shear ig QK

Feguired Stintps based on Max Shear Reglon, A **

For critical zection @@ suppot, B, e . 0.0000 in"24dn
For crical zection atd, A, e naoona in"2dn

* Bazed on larger of inkaund and rebound ulimate fexural resistance.

*hlultiphy L walues by stimup spacing to get =tirup area
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Example 8B: One-Way Prestressed Concrete Beam or Panel (Metric)

This example is the metric equivalent of Example 8A, except that the blast load will be
generated in the CONWEP computer code (which is distributed by the U.S. government) rather
than SBEDS. Therefore, analyze the response of a 12.2 m long “T-shaped” pre-stressed concrete
beam to the side-on blast load from 294.8 kg of TNT at 15.2 m of standoff. In this case, the
standoff is measured to midspan on the beam. Generate the pressure-history using CONWEDP,
use the plot option in CONWEP for the side-on pressure-history (which will automatically use
the DPLOT software to plot the pressure-history) and save the pressure-history out of DPLOT
into an ASCII file onto the computer hard drive. The beam has two 12.5 mm diameter bonded
Grade 270 pre-stressing strands with a clear cover distance of 75 mm at midspan. The beams are
635 mm deep (including a 75 mm slab) with 122 mm wide stems that are spaced at 1.2 m on
center. The slab is reinforced at mid-thickness with welded wire fabric (WWF) having a steel
area equivalent to 0.61 mm?/ mm of slab width. A LLOP must be provided with this secondary
type component. The concrete compression strength () is 34.5 MPa.

Analysis Parameters:

Span, L=12.2m

Beam spacing, B=1.2m

Two 12.5 mm Grade 270 bonded prestressing strands with 75 mm clear cover at midspan
Beam depth = 635 mm, Beam web = 122 mm.

Simple supports

Spacing 1.2 m

75 mm slab reinforced with 0.61 mm?*/mm of WWF at midthickness

LLOP for secondary type components

= 34.5 MPa

Side-on blast load from 294 kg of TNT @ 15.2 m. Pressure-history generated with CONWEDP,
saved as ASCII file, read into SBEDS

Solution
On the “Intro” worksheet area (Figure 1), select “One-Way Prestressed Concrete Beam or Panel”
and Metric units and click the button near the bottom of the page to initiate the component input
sheet. On the input sheet, fill in the input cells (in yellow) as follows:

- Span, L = 12200 mm

- Set Boundary Conditions to “One-Way, Simple-Simple, Uniformly Loaded”

- Select “BEAM w/Bonded Tendons — Flexural Response” for Response Type

- On the Structural & Material Properties input box:

0 Beam Spacing, B = 1200 mm

0 Section Height, H = 635 mm (include slab thickness)

0 Beam flange, Wf = 1200 mm (beam spacing controls)

0 Beam web width =122 mm

0 Beam flange thickness Tf = 75mm

0 Positive Moment pre-stressed steel, App = 200 mm”

0 Positive Moment non pre-stressed steel, Asp (Rebound) = 748 mm” (WWF at
mid-height in slab) based on 0.61 mm?*/mm over 1.2 m beam spacing

0 Prestressing steel cover, dp =75 mm

0 Conventional reinforcing steel cover, dc = 37.5 (from the top)
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Concrete density = 2403 kg/ m® ( (Typical value for reinforced concrete)
Compressive Strength = 34.5 MPa
Concrete static strength increase factor = 1.0
Concrete dynamic increase factor = 1.19
Select ASTM A 416 Grade 1860 for prestressing steel
Select Grade A82 welded wire fabric for conventional steel reinforcement

- Select “Pressure-time history file” under Blast Load Input Type, and select the ASCII file
saved in CONWERP to read it into SBEDS.

- Select “wp <0.15” and “LLOP/Secondary-NS” under Response Criteria. (Note that cell
H46 shows that wp ,the prestressing steel reinforcement index, is equal to 0.1 for in the
input values.)

- Select In the Direction of Blast Load as the Gravity Displacement

- Select a time step for the analysis based on recommended time step

The input screen will appear as shown on the next page.
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Prestressed GConcrete Beam or Panel
User Info: Fill in Yellow Cells, See Note Below for White Cells Blast Load Input Type
Span Length, L: 12200 rnen Shear Constant Elastic Plastic
Leawe Input Blank for One-May Responze Gravity Displacement F conztart = 0.11 012
Baundary Conditions: One-lliay: Simple-Sirmple, Uniformly Loaded - In direction of blzstload - F: constant = 039 033
Cornponent Type/Responze Type: [BEAM wi Bonded Tendons - Fleoural Responze -
Structural & Material Properties (See diagram below)
Bearn Spacing, B; 12000 mm Time Prezsure
Eearm Height, H; B35 rmm [mz] [kPa)
Eearm Flange Wicth, 1 1200 rAen 1] 1]
Bearn Wlek Width, Wh; 122 mm 0 1] Solution Contral
Eearm Flange Thickness, Tf 75 mm 20 1] Inboured Matural Petiod: 191 83 e
Prestressed Stesl Aress® Inbound Mo Input Peg'd an 1] Rebaund Matural Period: 19183 s
Posiive Woment Prestressed Steel, Lpp: 200,00 0.00 mm' 40 1] hax Recornmended Time Step: 0 me
Leawve Blank for Simple Supports 0.0 0.00 A0 1] Titme Step: 048 ms
MNomprestressed Stee Aress ™ Inbaund Rehounid 51} 1] % of Critical Damping: 0%
Posiive Moment Monprestressed Steel, Lzp: 0.0 743.00 rrn’ T 1] Initial Velocity: 0 mmins
Leawe Blahk for Simple Supports 0.0 0.00 rwn’
Distance of Coverto Cemter of Sars* Mon-Loaded Side  Loaded Side
Prestressing Steel, dy: 75.00 0.00 mm *See Cell 034 for i F. Property Inbound Feehaund Lnite
Corvertiohal Reirforcing Steel, d.: 0.0 37.50 tmm Reinf. Steel Diagratn [k TMT) [t] Mass, M ra 3MT0 kadn’
Supported Meight, w: 0.00 kytn® Logd-Mess Factors, |,
Concrete Density, ¥ 2403.00 kydn® Blazt Load Phase Elaztic 0.7 n.ra
Concrete Compressive Strength, T 34.50 niPa Pozitiv e phase onky ;I Elastic-Plastic 0.7s 074
Concrete Static Strength Increase Factor [==1): 1.00 Charge Weight Load Type Plastic 066 066
Concrete Dynamic Commpr. Increaze Factor [2=1]: 114 Side-on - Stifiness, &
Caoncrete Dynamic Cotmpr, Strength, T 41 MPa i Elaztic 027 027 kPadmm
Concrete Elastic Modulus, E.: 29,751 MPa Wizl Height (ra) ' Elastic-Plastic 027 027 kPadmm
Select Prestressing Steel Type; [257W 8 418 Grade 1360 -] izl Wisth {rer)"
Effective Presteszing Steel Yield Strength, f,.: 1847 WFa Incidence Angle® Resistance, B
Select Conventional Reirforcement: |.0.82, L4096 T8I Gr. 452] lkelded Wire Fahn’-;l See notes under emor mezzages Elaztic 9.14 -9.02 kP
Corventional Feinf. Steel Yield Stength, | 432 MPa Plaztic 915 -3.02 kPa
Click for Uzer

Cortvertiohal Reinf. Steel Ulimate Strenth, 1, Defined Steel 550 hPa pad
Corrvertional Steel Static Strength Increase Factor: 1 BB load from &4 conmepdlplot bt Wield Displacemment, &
Corertional Steel Dynatmic Increase Factor 1.1 Re %1 34.64 -33.98 [l
Dyharnic Comvertional Reinf. Steel Vield Stress, T4 530 MPa See Al GOE g < 015 = w2 34,64 -33.08 Fitrl
Reinf. Steel Elastic Modulus, E,: 200000 hiPa Response LOPType | LLOF S esondar NS ™

Calculated Properties Criteria & (deg) i Eciv Vield Defl., X 3464 3388 Fritm
Inbound Positive Morment Capacity, Mp: 170995 I-triendnm 2 )
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After the input sheet is completed click the “Run SDOF” button at the top of the screen (See
Figure 2) to calculate the dynamic response of the beam. After the analysis is performed, a
summary of the most important results will be displayed in the Results Summary box as
illustrated below. For this problem, the calculated maximum dynamic displacement is 199.2 mm.
This corresponds to a ductility ratio of 5.75 and a support rotation of 1.87 degrees. Therefore,
the response is under the allowable limits and the design is acceptable. Notice that the
performance criteria for this type of component at this level of protection are only based on
support rotation.

Under the Results Summary, SBEDS displays the calculated reactions and the shear capacity
provided by the concrete portion of the beam. For this example, the concrete shear capacity is
adequate as indicated by the “Shear is OK” message. Therefore, shear stirrups are not required.

B = 187 dey. Dezign Criteria: LLOPSecondary-hG

M= 574 Fesponze OK compared to input design criteria
P INDOUR = 19922 mm at fitne = 116 B4 mzec
oo FEbOURY = 11.72 men at fitne = 0.00 mzec
P = 519 kPa at tirme = 116 64 mzec
P = 296 kPa at fitne = 212 B4 msec
Shortest Yield Line Distance to Determing 8: E100.0 mm

Equivalent Static Reactions*
Pest Regctions Gased an Wimate Bexers Resistance. i

Wy at right support = B72T81 M

iy at left suppott = 72781 M
hilz:itrarn o at distance o fomm support *** = 611017 M
Concrete Shesy Capaoity (Mo prestress sssusved scting st wltineste response)

Direct Shear Capacity (rmanalithic jain], W, ger = 4457804 M

Diagonal Shear Capacity, V. g = Ta591 N

Tenzile steel depth for shear calculations, d: S60.0 mm
Resets based on ey Shesr Regon**

It zupport: Shear iz QK

Ot distance o from suppoart: Shear iz QK

Reauived Stinups based on May Shesr Region, 4 **

For crifical zecton @@ suppart, B, . . 00a0d  ram®24nm
For critical zection at d, B, e g 00000 mmt2dnm

* Bazed on larger of inbound and rebound ulimate flexural rezizince.

hiultiphy Lv walues by stimup spacing to get stinup area
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Example 9A: One-Way or Two-Way Reinforced Masonry (English)

Analyze the response of a 12 ft tall, 8 in thick lightweight reinforced CMU wall to the effects of
980 Ibs of TNT at 100 ft of standoff. The wall is on the side of the building not facing the
explosive source, therefore it is subject to side-on blast pressure. Negative phase blast load will
be included in the analysis. The CMU wall is reinforced with #5 bars at 16 in placed at mid-
thickness. Only the reinforced cells are grouted. The wall has 4 ft wide by 5 ft high blast resistant
windows at 8 ft spacing at midheight. The wall must provide LLOP as a secondary type
component. The masonry compressive prism strength (f*,) is 1500 psi. The reinforcing steel
yield strength (fy) 1s 60 ksi.

Analysis Parameters:

Lightweight CMU

Span, L =12 ft

Thickness = 8 in

Reinforced with #5 bars at 16 in. O.C. Only the reinforced cells are grouted.

Typical loaded wall width = 8 ft including 4 ft wide window

LLOP of secondary type components

Positive and negative phase side-on blast load from 980 Ibs of TNT at 100 ft of standoff.
£'m = 1500 psi, £, = 60 ksi

Solution
On the “Intro” worksheet area (Figure 1), select “One-Way and Two-way Reinforced Masonry”
and English units and click the button near the bottom of the page to initiate the component input
sheet. On the input sheet, fill in the input cells (in yellow) as follows:
- Span,L=12ft
- Width Resisting Blast Load / Loaded Width; Bw = 0.5. This conservatively accounts for
the window openings based on a 4 ft wall width resisting blast load within an 8 ft wall
width loaded by blast. In reality, the framing of blast resistant windows is usually quite
robust and transfers most of the window load into the wall nearer to the supports so that
less moment is applied to the wall away from the window than assumed here.
(Additional reinforcing would normally be provided at each side of the windows.)
- Select “One-Way: Simple-Simple, Uniformly Loaded”
- Set the Response Type to “Flexural Only” and “Type I Cross Section”
- On the Structural & Material Properties input box fill in cells as follows:
0 Total Wall Thickness, t = 7.625 in (actual thickness of a typical nominal 8 in
CMU block)
0 Reinforcing Steel Spacing — Bars Spanning Parallel to L, b= 16 in.
0 Reinforcing Steel Areas — Positive Moment Steel parallel to L, Asp = 0.31 in
0 Distance of Cover to Center of Bars, dc — Non-Loaded Side Spanning Parallel to
L=12=3.8125
0 Select “Light Weight CMU” for Masonry Type
0 Percent of Void Space Grouted = 50 % . Bar spacing is 16 in, so that only every
other cell will be reinforced and grouted.
0 Masonry Compressive Strength, f*;,, = 1500 psi
0 Masonry Dynamic Compr. Strength Increase Factor = 1.19 (Typical Value, see
SBEDS user manual)
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0 Select Reinforcement = Grade 60
- Select “Charge weight and standoff” under Blast Load Input Type, and “None (vertical
component)” under Gravity Displacement
- Enter charge weight and standoff
- Select “Positive and negative phase” and “Side-on” under Blast load phase and charge
weight load type respectively
- Set the Response Criteria to “Flexure” and “LLOP/Secondary-NS”
- Select “No Dynamic Axial Load”
- On the Solution Control input box, select a time step for the analysis based on the
recommended value.

After these steps, the input screen will look as shown on the next page.
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One-Way and Two-Way Reinforced Masonry
User Info: Fill in Yellow Cells, See Note Below for White Cells Blast Load Input Type
Span Length, L: 12 # Shear Constant Elastic Plastic
Wietth Resisting Blazt Load / Loaded Width; B 0.5 Mote: 0 < B <=1.0 Gravity Displacement F constart = 0.11 012
EoundaryConeditions : Gne-ay: Simple-Simple, Uniformly Loadad - Hane [vetical com ponert] - F. conztant = 0.39 0.38
Fezponze Type: | Flexural Only = || Type | Cross Section =
Structural & Material Properties
Total Wall Thickness, T: 7623 in Titre Pressure
Besimforcing Stee! Specing (See diagram in cell R37 for diagram of steel input termis) [msz] [p=i]
Earz Spanning Parallel to L, by: 16 in 1] 1]
Mot zed for One-Way Responze 1] 10 1] Solution Control
Beiforing Stedl Avess *(Symmetric reinforcement assumedy 20 1] Inkourid Matural Petiod: TH.14 ms
Foziive Moment Steel Parallel o L, Szpl: 03 in 1] 1] Febaund Mabural Petiod: 7814 mz
Leave Input Blank for One-lay Response i 40 0 hfax Recommended Time Step: 0.22 mzec
Megative Momerit Steel Parallel to L, Bsnl: * 03 in 0 0 Tirme Step: 0.2 mzec
Leawe Input Blank for One-May Responze (211} 1] %% of Critical Darmpitg: 0%
Distance of Coverto Cemter of Savs d *(Symmetric reinforcement assumed) T 1] Initial Velocity: 0 indnz
Mon-Loaded Side Spanning Parallel to L: 38125 in
Loaded Side Spanning Parallel o L: * 38125 in n R Property Inbound Fehauim Uit
Leawe Input Blank for One-lay Fesponse [lhs TMT) [ fags, M 438.5 438 5 pei-rstin
Wazonry Type: Ligght INleight LI j 1400 100 Logd-Mass Factors, 1,
Perzent of Woid Spaced Grouted Click for Ulzer a0 % Elast Load Phase [ 0.7 0.7
Supported Meight, w: Defined hazonry 0 psf Pozitive and negafve phase = Kise 07 07
Mazonry Compressive Strength, Fm: 1,500 psi Charye Weight Load Type [ 0 66 066
Mazonry Dynamic Commpr, Increase Factor: 1.14 Side-on - K 0BG 066
Izl Sett-Weigkt, - 4879 pef Parameters for Reflected Loads e 0 66 066
Wazonry Dynamic Compr. Strength, T4, 1,785 psi all Height [i’[]I Stiffness, &
Mazonry Elastic Modulus, Ei, 1,500,000 pei Il With [1’:]I Ky 2.21 2.21 pEidn
Select Reinforcetnent: BG4S, 016, LTO6 [0l Gr. 50) j Incidence Lhgle® K, 2.21 2.1 pEidn
Reinf. Steel YVield Stretth, 1,: BO,000 pei See notes under emor messages k. 0.a0 0.00 pEidn
Reinf. Steel Uiimate Strendth, £, Click for User 90,000 psi Load Files-0x10L[akaove) ELAS T{helow) Ky 0.00 n.on psidn
Dverage Increaze Factor: Defined Steel 1.1 Bxiallozd Input File Mot Selectsd K 0.00 0.00 psidn
Dyrarnic Increase Factr: 147 Applied Blast Input File Mot Selected Resistance, B
Drykarmic Reinf, Steel Vield Stregs, Ty 77,220 pei See L COE Response Criteria R, 0.9 <096 pai
Reinf. Steel Elastic Modulus, E,: 29000000 pzi R?SPWSE Flexute - R, 0.96 096 pzi
focial Load Inpatt: o Dy ol Lol = |° Cﬁfwhr LOP/Type | LLOPiSssondsiy NS~ R, .96 0,96 pi
Static: Axial Load; P (Mote: P-=0] 0 Ibidn @ (deq) I Ry 0.96 -0.96 pEi
Leawe Input Blank for One-May Responze o g )
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After the input sheet is completed click the “Run SDOF” button at the top of the screen (See
Figure 2) to calculate the dynamic response of the beam. After the analysis is performed, a
summary of the most important results will be displayed in the Results Summary box as
illustrated below. For this problem, the calculated maximum dynamic displacement is 10.1
inches. This corresponds to a ductility ratio of 23.1 and a support rotation of 7.91 degrees.
Therefore, the response is under the allowable limits and the design is acceptable. Notice that the
performance criteria for this type of component at this level of protection are only based on
support rotation.

Under the Results Summary, SBEDS displays the calculated reactions and the shear capacity
provided by the concrete portion of the beam. For this example, the concrete shear capacity is
adequate as indicated by the “Shear is OK” message. Therefore, shear stirrups are not required.
Note that SBEDS calculates the shear capacity assuming the full loaded width of the wall,
including the wall area under openings, resists shear as stated in the notes of the Results
Summary. If the opening extends near a support for the wall (i.e., nearer than roughly the 1/4 of
the wall height) such that the shear loads cannot be distributed into the supports along the full
loaded width, the user must reevaluate the shear capacity as stated in the notes of the Results
Summary and compare to the calculated peak reaction loads. The total peak applied peak
reaction load equals the peak reaction load calculated in SBEDS multiplied by the full input
loaded width for the component.

B = 7.91 deq. Dezign Critetia: LLOPSecondary-MS
M= 2310 Fezponze O compared to input design criteria
Fiare IMbOUR = 10,01 in at tirne = B1.00 mzec
P Febound = 0.00 in attime = 0.00 mzec
Fpien = 0.96 pzi at firme = G1.00 mzec
oo = 096 psi at firme = 160.40 mzec

Shortest Yield Line Diztance to Determine £ 720 in

Equivalent Static Reactions®

Pesk Resctions Sased on Uitineste Rexirsl Resistance. i

Wi at rght support®** = B9.0 Ib/fin
Wy at left zuppartt** = B4.0 lhdn
hda:<irum vu at distence d from support *** = B5.3 lhdn
Sheay cif

Diagonal Shear Capacity: W, g = 195.8 Ihdn
Tenzile steel depth for shear calculations, d: 38 in
Fesults based on Max Shear Region

At support: Shear iz QR

It diztance o from suppor: Shear iz QE**%

Feaguired Stineps based on Max Shear Segion, Au reg **% =

Critical section @@ support, B, e s 0000 inAe’
Critical zection at d, A, e . 0000 inAe’

* Bazed only an larger of B of R, notincluding tension metmbrane or arching

hfultiply L walues by flexural bar spacing and stirmup spacing 1o get stirmip area

***REeactions act over ertire loaded width

=20 zzumes entire loaded width resists shear. f openings reduce width of wall rezisting
shear, muliply shear capacity by Bu [cell D8] and manuyally check shear
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Example 9B: One-Way or Two-Way Reinforced Masonry (Metric)

Analyze the response of a 3 m high by 5 m wide European block wall to a pressure load as
defined below.

120

Pressure
(kPa)

18
Time (ms)

The wall is constructed with two wythes and a fully grouted annular space between them that is
reinforced with 12.5 mm steel bars at 406 mm on center, each way. The total wall thickness is
305 mm, with steel ties between the wythes to cause the wall to act compositely. The load-
bearing wall is simply supported on all four sides and is carrying a 200 N/mm equivalent static
axial load acting in the vertical direction (along the 3 m dimension), calculated as recommended
in PDC TR-08-06 to include the effects of dynamic reaction loading from roof components. The
wall must provide a LLOP for primary type components. The masonry compressive prism
strength (') is 10.50 MPa. The reinforcing steel yield strength (f,) is 415 MPa.

Analysis Parameters:

Two-way European block wall

L=5mandH=3m

Thickness = 305 mm

Fully-grouted with 12.5 mm bars at 406 mm on center each way placed at mid-thickness
LLOP for primary type components

f'm=10.5 MPa, f, =415 MPa

Static Axial Load =200 N/mm in vertical direction (along 3 m dimension)

Solution
On the “Intro” worksheet area (Figure 1), select “One-Way and Two-Way Reinforced Masonry”
and Metric units and click the button near the bottom of the page to initiate the component input
sheet. On the input sheet, fill in the input cells (in yellow) as follows:
- Long Span, L =5000 mm
- Short Span, H = 3000 mm
- Boundary Conditions = “Two-Way: Four Sides Supported-All Simple”
- Set the Response Type to “Flexural Only” and “Type I Cross Section”
- On the Structural & Material Properties input box fill in cells as follows:
0 Total Wall Thickness, t =305 mm
0 Reinforcing Steel Spacing — Bars Spanning Parallel to L, b = 406 mm, Bars
Spanning Parallel to H, bH = 406 mm
0 Reinforcing Steel Areas — Positive Moment Steel parallel to L, Asp = 122 mm?,
Positive Moment Steel parallel to H, Asp = 122 mm’
0 Distance of Cover to Center of Bars, dc — Non-Loaded Side Spanning Parallel to
= 152.5 (Same in the H direction). In both cases this is half the wall thickness.
0 Select “European Insulated Block™ for Masonry Type
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Masonry Compressive Strength, f*;,, = 10.50 MPa
Masonry Dynamic Compr. Increase Factor = 1.19 (Typical Value, see SBEDS
user manual)
Select Reinforcement = Grade 415
Enter 200,000 N/m as the Static Axial Load, P
Enter 3000 mm for the Span Length in Direction of Axial Load

- Select “Manual Input” under Blast Load Input Type, and “none (vertical component)”
under Gravity Displacement

- Enter the appropriate values to define the triangular pressure history above in the
Pressure-Time Input table

- Set the Response Criteria to “Combined Flexure & Compression” and “LLOP/Primary”

- Select “No Dynamic Axial Load”

- On the Solution Control input box, select a time step based on the recommended value.

After these steps, the input screen will look as shown on the following page.
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One-Way and Two-Way Reinforced Masonry

User Info: Fill in Yellow Cells, See Note Below for White Cells Blast Load Input Type
Lang Span Cimension, L: 000 rmm | Shear Constant Elastic Plastic
Short Span Dimension, H: 3000t Gravity Displacement F (lohg =ide)] = .09 0.1a
Boundary Conditions: Two-Way: Four Sides Suppotted - All Simple e Mone [wetical corponerd] -+ F. [lohg zide) = 0.26 0.24
Rezponze Type: |Flexural Onby ~ || Type | Cross Section = F [zhort side] = 004 0.04

Structural & Material Properties R [zhott side] = o 010
Tatal Wall Thickness, T: 305 mm Time Preszure
Resimforcing Stedd Spscing  (See diagram in cell R37 for diagram of steel input terms) [tnz) [kPa)
Ears Spanning Parallel to L, by 406 rm 0 120
Earz Spanning Parallel to H, bH: 406 18 0
Reinforcing Sreel Aress *(Symmetric reinforcement assumed) 20 i Inbound Mataral Period: 46 .86 ms
Paositive Marnent Steel Parallel to L, AxpL: 122 tam’ 30 0 Febound Matural Period: 46 86 me
Pozitive Morment Steel Parallel to H, BspH: 122 mm"2 40 0 hiax Recotnimended Time Step: 013 mzec
Megative Woment Steel Parallel to L, Aznl: * 122 mm’ 50 0 Tirme Step: 0.13 mzec
Megative Woment Steel Parallel to H, &zH: * 122 mm"2 G0 0 % of Critical Damping: 0%
Distance of Coverto Cemter of Bavs: ¢ *(Symmetric reinforcenent azsumedy 70 0 Initial Velocity: 0 mminms
Mon-Loaded Side Spanning Parallel fo L: 1525 mm
Man-Loaded Side Spanning Parallel to H: 1525 mm
Loaded Side Spanning Parallelto L * 152.5 ram n R Property Inbaund Rebound Unitz:
Loaded Side Spanning Parallel to H:* 1525 mm [kg THT) [m) Mass, M 42212 42212 kg’
hiazonry Type: European Insulzied Blosk = | Logd-Mass Factors, &,
Leawe Blank for non-Chil) azont ek for User 1] Blast Load Phase K 074 074
Suppotted Weight, v Defined Masonry 0 kgtn® Posiive phaze only  ~ Ko 074 074
hlazonry Compressive Stenith on Gross Area, Tm: 10.50 hMPa Charye Weight Load Type [T 0.56 0.56
Mazonry Dynamic Corapr. Increase Factor: 119 Side-on [ .56 0156
Wall Sef-Weight, W: 42212 kgdn® Parameters for Reflected Loads Kue 0.56 0.56
tlazonry Dynamic Compr. Strength, Ty, 12.50 MPa Izl Height [m]I Stiffness, K
hazonny Elastic Modulug, B 10,300 hiPa izl Width ()" K1 559 554 kPadmm
Select Reinforcerment: |,n.51sJ D516, AT06 [0l Gr. 5] LI Incidence nngle: K2 559 559 kPadmrm
Feinf. Steel Yield Strength, 1, 415 hiPa See notes Under error Messages K3 0.00 000 kPadnrm
Feinf. Steel Ulimate Strength, f,: Click forUser G20 pPa Load Files-4x10L[abowe], BLAST{below) K 0.00 0.00 kPadfnm
Stefic: Strenth Increase Factor: Defined Steel 1.1 LxiallLoad Input File Mot Selected 1] 0.on 000 kPaimm
Dynamic Increaze Factor: 147 Ipplied Blast Input File Mot Selected Resistance, R
Dyniatnic Reinf, Steel Field Stress, Ty, 534 WPa See AllCOE Response Criteria R 33.34 3534 kPa
Reinf. Steel Elastic Modulus, E,: 200,000 hMPa RBS_IJOI_!SE Cornbinesd Flexure & Compression = R2 3834 -38.34 kPa
Bxial Load Input: Mo Dy namic Axial Load j 5 Criteria LOPType | LL&F 1P rim ary - R3 3534 -36.34 kPa
Stafic Axial Load; P': [Mote: P==0) 200000 Rdn 9 (deg) L Fd 3554 -38.54 kPa
Span Length in Direction of Axial Load 3000 trm 2 AR
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After the input sheet is completed click the “Run SDOF” button at the top of the screen (See
Figure 2) to calculate the dynamic response of the wall. After the analysis is performed, a
summary of the most important results will be displayed in the Results Summary box as
illustrated below.

For this problem, the calculated maximum dynamic displacement is 43.23 mm. This corresponds
to a ductility ratio of 6.3 and a support rotation of 1.65 degrees. Therefore, the response is under
the allowable limits and the design is acceptable. Notice that the performance criteria for this
type of component at this level of protection are only based on support rotation.

Under the Results Summary, SBEDS displays the calculated reactions and the shear capacity of
the wall along both dimensions. For this example, the shear capacity is adequate as indicated by
the “Shear is OK” message. Therefore, stirrups are not required. (See Example 9A for note
regarding distribution of shear around openings.)

B = 165 dey. Dezign Criteria: LLGP Prienary
u= E.30 Fezponze QK compared to input design crteda
P INbOURY = 43.23 mm attime = 30.94 mzec
¥on FPebound = 0.0 rmrm at tirme = 0.00 msec
— 3834 kPa attirne = 3094 mzec
Fan=  -29.84 kPa attitne = 5460 mzec
Shortezt Yield Line Diztance to Determine & 1500.0 mrn

Equivalent Static Reactions®

Peat Regctions Sased on UWtimate Bexural Resistance,

Wy at supports in L direction 415 M

Wy at supparts in H direction 417 Pémm
Pdairruim o at distance d form suppor *** = 381 M
Shear it

Diagonal Shear Capacity: 1 g, = 449 M
Tenzile steel depth for shear calculations, d: 1524 iyl
Results based on Max Shesr Region

It suppot: Shear iz QK

It distance d from suppoart: Shear iz QK

Reguived Stintps baced on May Shear Region A reg **

Crifical section @@ support, L, e 5 0000 et
Critical section &t d, by o 00000 raentdnn’

* Bazed only on larger of R, or Fg, not including tension membrane o arching
hiultiply Ly walues by flexural bar =pacing and stirup spacing to get sirup area
**2% Ymax at distence o from support iz conservatively overestimated
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Example 10A: One-Way or Two-Way Unreinforced Masonry (English)

Analyze the response of a one-way 10 ft tall, 8 in thick lightweight CMU non-load bearing wall
to the effects of 220 Ibs of TNT at 150 ft of standoff with a 50 degree angle of incidence. The
CMU wall is un-reinforced, ungrouted, and simply supported top and bottom. The wall is
required to provide a LLOP for secondary type components in flexure. Include negative phase
blast load and assume a response mode of brittle flexure and axial load arching. Use 2% of
critical damping. The masonry compressive strength (f°;,,) 1s 300 psi and the masonry dynamic
tensile strength is 150 psi.

Analysis Parameters:

e One-way spanning lightweight CMU wall with simple supports

e L=10ft

e Thickness = 8 in

Ungrouted

LLOP for secondary components

Brittle failure and axial load arching from self weight (not load bearing wall)

Positive and negative phase blast loading from 220 Ibs of TNT at 150 ft with an angle of

incidence = 50 degrees

e 2% of critical damping (usually damping can be ignored, but it is more important to include
for unreinforced masonry because of lower component strength and higher possible velocities
during response)

e £, = 1300 psi, masonry dynamic tensile strength = 150 psi. Usually, the masonry tensile
strength is controlled by the mortar to masonry adhesion and it has a dynamic strength of
approximately 10% of the compression strength, in the range of 150 psi to 200 psi. See the
SBEDS Methodology Manual distributed with SBEDS for more information.

Solution

On the “Intro” worksheet area (Figure 1), select “One-Way and Two-Way Unreinforced
Masonry” and English units and click the button near the bottom of the page to initiate the
component input sheet. On the input sheet, fill in the input cells (in yellow) as follows:

- Span, L=10 ft

- Width Resisting Blast Load / Loaded Width; Bw = 1.0 (This is always the case for walls
without blast-resistant openings, such as laminated windows.)

- Boundary and Load Conditions = “One-Way, Simple-Simple, Uniformly Loaded”

- Response Type = “Brittle Flexural Response with Axial Load”. Note that in this case the
only axial load is from wall self weight above midheight — see the SBEDS Methodology
Manual for more discussion in this response type.

- On the Structural & Material Properties input box fill the input cells as follows:

0 Select “None or Non-Structural” masonry type for the outer wall (this input is
only used for masonry walls that are two wythes and are not composite)

0 Select “Lightweight CMU” masonry type for the inner wall and proceed to fill in
the input cells

0 Total wall thickness, h = 7.625 in. (Actual dimension of a typical nominal 8 in
CMU block)

0 Masonry Dynamic Tensile strength, fg; = 150 psi

0 Masonry Compressive Strength f*;,, = 1300 psi
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0 Masonry Dynamic Compr. Increase Factor = 1.19
0 Percent of Void Space Grouted = 0 (wall is ungrouted)

- Choose “Charge weight and standoff”” under Blast Load Input type

- Choose “None (vertical component)” under Gravity Displacement

- On the Charge weight and Standoff input box, enter the appropriate values for charge
weight and standoff

- Select “Positive and Negative phase” under Blast Load Phase, and Reflected without
clearing” under Charge Weight Load Type.

- Enter 50 as the Incidence Angle (Cell H35)

- Set the Response Criteria to “Flexure” and “LLOP/Secondary-NS”

- On the Solution Control input box, enter the time step for the analysis based on the
recommended time step and enter 2% of critical damping

The input screen will appear as shown on the following page.
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One-Way and Two-Way Unreinforced Masonry
User Info: Fill in Yellow Cells, See Hote Below for White Cells

Span Length, L:
Width Fesisting Blast Load ¢ Loaded Width; Bw

10 it

1 Mote:0<Bw==1.0

Boundary and Load Conditions:

Gne-llay: Simple-Simple, Uniformly Loaded

-

Responze Type:

Britle Flexural Response with Azial Load

Structural & Material Properties

Wzl [tpats: Quter W3l Single or Inher Wall
hazonry Type: Mohe ar Mon-Snaetural -+ |Lig|‘rlll1leigthMU ;I
Todal Wall Thickness, h: 0 7625 in
Suppatted Meight, 0| psf
Wazonty Dynamic Tensile Strength, fdt: 1] 150 |psi
flazonry Compressive Strength, Fm: 1] 1300 | p=i
Mazonry Dynamic Compr. Increase Factor: 1] 114
Percent of Void Spaced Grouted 1] 0%
hazanry Dyharmic Cotnpr. Strength, T gy 0 1,547 |psi
fazonny Elastic Madulus, B, 1] 1,300,000 {psi
Poizzon's Fatio & 0.2 0.2

all Seff-Weight, 0 Click for Uzer 0.00 29.30 |psf
Moment of Inettia, |: Defined Magonry 0.00 2636 |in*n
Section Modulus, 5: 0.00 7.44 in*fn
Crogs Sectional Brea, B: 0.00 3.70in*fn
Bxial Load and Srching Parameters Outer Wall | Single or Inner Wall
Static Bxial Load; P: (Mote: P==0) 0 0]bdn
Leawve Blank for Mo Rigid Boundary Lrching 0 in

Calculated Properties

Flexural Woment Capacity, h:

1,116 {lb-indin

See All COE
Response
Criteria

EBlast Load Input Type

Charge w eight and standoff -

Dynamic Shear Factors

Gravity Displacement

Mone [vetical com ponent]) -

Shear Gonstant Elastic Plastic
F conztart = RN 01z
F. conztant = 0.39 0.5

Pressure-Time Input

PDC TR-08-03
September 2008

Titme Prezsure
() (psi]
0 1]
20 1] Inbound Matiral Period: 3442 mz
30 1] Rehound Matural Period: 3442 mz
40 1] ax Recormended Time Step: 0.09 mz
a0 i Tirne Step: 0.08 mz
1] i % of Critical Damping: 2%
i} 1] Initial Welocity 0 infnz
n R Property Inbcurd Febaund Unitz
(Ihz TMT) ] Mass, M 526 6 526 6 pi-mzfn
220 150 Logd-Mass Factors, &,
Blast Load Phaze K 0rs 0.78
Pozitive and negdive phaze = Kue 078 0.7
Charge WNeight Load Type Kpe (.66 0 66
Reflected withou Cleating  ~ K 0BG 0.6k
K .66 0 Gk
Il Height ()" Stiffness, K
Il Wicth ()" K, 1369 1359 psifn
Incidence Angle’® a0 K 1369 0.o0 pidn
Siee notes under emor messages K 13,69 1369 pidn
Ky -0.m 0m psifn
Load file name K 0.00 0.o0 peidn
Response Criteria R, 062 000 psi
Flexute = R, 062 0.00 pi
LOPType | LLOF S econdary -HS  ~ R 0.05 005 pisi
o (deg) m Ry 0.00 .00 pi
4 MAL
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After the input sheet is completed click the “Run SDOF” button at the top of the screen (See
Figure 2) to calculate the dynamic response of the Wall. After the analysis is performed, a
summary of the most important results will be displayed in the Results Summary box as
illustrated below.

For this problem, the calculated maximum dynamic displacement is 2.95 in. This corresponds to
a ductility ratio of 65.14 and a support rotation of 2.81 degrees. Therefore, the response is under
the allowable limits and the design is acceptable. Notice that the performance criterion for this
type of component at this level of protection is only based on support rotation.

Under the Results Summary, SBEDS displays the calculated reactions and the shear capacity of
the wall along the supports. For this example, the shear capacity is adequate as indicated by the
“Shear is OK” message. Therefore, stirrups are not required. (See Example 9A for note
regarding shear distribution around openings.)

Boe= 281 deq. Dezign Criteria: LLOP/Secondary-MS
M= B34 Fesponze OK compared to input design criteria
e INBOURA = 2895 ik at titne = B3 .44 Frizec
P FEbound = 000 i attime = 0.00 meec
Fre = 062 pxi at titne = 306 Frizec
Fen= 000 psi attime = 0.00 meec

Shortezt Yield Line Diztance to Determine & GO0 in

Equivalent Static Reactions®

Pegk Regctions Oased an Utisvste Blexurs! Resistance. Ly

Left Side Wy at zupport = a7 lhvin
Right Sicle W at zupport = 37 Ibdin
Wy at diztance d from support = a7 lhvin
Sheat Capacity * Couter Wil Ihner Wlall

Shear Drea = 00 0.00 infin
Diaganal Shear Capacity = 0 lhvin
Resifts based an Max Shear Region

It zuppor: Shear iz Mot Ok
It distance d from support: Shear iz Mot O

* Bazed on larger of inkaund and rebaund ulimate flexural rezistance, not inciuding
arching oF compreszion membrane.
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Example 10B: One-Way or Two-Way Unreinforced Masonry (Metric)

Analyze the response of a one-way 3 m tall, 150 mm thick, European block wall to the effects of
a blast load as defined below.

60

Pressure
(kPa)

Time (ms)

The wall is fully-grouted and simply supported top and bottom. The wall is required to provide
LLOP for primary type components in flexure. The wall is built tightly inside a reinforced
concrete frame along the top and bottom supports with mortar similar to that between the blocks
(this requires very careful construction), so rigid arching can be included in the analysis. Use
2% of critical damping. The masonry compressive strength (f°,,) is 14 MPa, The masonry
dynamic tensile strength is 1.4 MPa. The wall must provide a MLOP as a secondary type
component.

Analysis Parameters:
e One-way European block wall

e L=3m

e Thickness = 150 mm

e Fully-grouted

e Simple-simple supports

e LLOP for primary components

¢ Include Rigid arching

e 2% Critical Damping

e £, =14 MPa, Masonry dynamic tensile strength = 1.4MPa

Solution
On the “Intro” worksheet area (Figure 1), select “One-Way and Two-way Un-reinforced
Masonry” and Metric units and click the button near the bottom of the page to initiate the
component input sheet. On the input sheet, fill in the input cells (in yellow) as follows:
- Span, L = 3000 mm
- Width Resisting Blast Load / Loaded Width; Bw = 1.0
- Boundary and Load Conditions = “One-Way, Simple-Simple, Uniformly Loaded
- Response Type = “Rigid Arching Across Vertical Span”
- On the Structural & Material Properties input box fill the input cells as follows:
0 Select “None or Non-Structural” masonry type for the Outer wall, and enter 0 for
all input cells under Outer Wall.
0 Select “European Insulated Block™ masonry type for the Inner wall and proceed
to fill in the input cells
0 Total wall thickness, h = 150 mm
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Masonry Dynamic Tensile strength, fdt = 1.4 MPa
Masonry Compressive Strength f'm = 14 MPa
Masonry Dynamic Compr. Increase Factor = 1.19
Percent of Void Space Grouted = 100 (fully grouted)

- Choose “Manual Input” under Blast Load Input type

- Choose “None (vertical component)” under Gravity Displacement

- Enter the appropriate values in the Pressure-Time input table

- Set the Response Criteria to “Combined Flexure and Compression” and
“MLOP/Secondary”

- On the Solution Control input box, select the time step for the analysis and enter 2% of
critical damping

The input screen will appear as shown on the next page.
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One-Way and Two-Way Unreinforced Masonry
User Info: Fill in Yellow Cells, See Mote Below for White Cells Blast Load Input Type Dynamic Shear Factors
Span Lehuth, L 3000 mm Shear Constant Elastic Plastic
WNickth Fesisting Blast Load / Loaded Width; B 1 Mote 0=Bum<=1.0 Gravity Displacement F constant = 011 012
Bounhdary and Load Conditions: Gne-Nlay: Simple-Simple, Uniforml Loaded j Mone [vertical component] R constart = 0.39 038
Fezponze Type: Rigid Arching Acrozs Wedical Span -
Structural & Material Properies
Wlall Inputs: Outer Wl Single or Inner Wall Tirne: Preszure
Mazoniry Type: Hate of Hob-Stataral = |Eumpean Irrsulatesd Bock j ] (kPa)
Tutal Wall Thickness, h: 1] 150 mm 1] 311]
Mazonry Dyhatnic Tengile Strength, filt: 1} 1.4|mPa 20 1} Inbound Matiral Period. 108,20 ms
Compressive Strength on Gross Area, Fim: 1] 14{mPa 30 1] Rebound Matural Petiod: 108.20 me
Mazonry Dynamic Compr. Increase Factor: 0 119 A0 0 hlax Recarnmended Time Step: 0.30 ms
Percent of Woid Spaced Grouted 1} 0% 50 1} Titrie Step: 0.3 ms
tlazonry Dynarnic Compr. Strength, 4,0 1] 17 [MPa [211] 1] % of Criical Darnping: 2%
Wazonry Elaztic Moduluz, E,.: 1] 14,000 |MiPa T 1] Initial Welocity 0 mminz
Poizzon's Ratio o nz 02
Wil Self-eight, 0 Click for Uzer 0.00 103.80 |k’
Motnent of Inertia, 1 Dened hasonny .00 8437500 |rrm am i R Property bound | Rebound | Units
Section Modulus, 5: n.on 1125.00 |mirm’tm (kg THT) [m] Mass, M 105.8 10538 kg
Crozs Sectional Area, L: n.on 75.00 |k’ e Logd-tdzes Factors, K,
Bxial Load and Arching Parameters Cugter Wall | Single or Inner Wall Blast Load Phaze Kun 0 B6 0.6
Static Lxial Load; P: [Mote: P==0] 1] 0|MAnm Positive phaze only - Kue 0 B6 0.6
5ap fram Edge of Nall to Rigid Support, O 0 mm Chatije Weight Load Type Kug 0BG (.66
Calculated Properties Reflected without Cleating  ~ [ 066 066
oment Capacity, hi: 1] 1,575 |M-mrAmm ; Kue 0BG 0.EE
* Compression membrane based only on single or inner wall Izl Hesgght [m]I Siffness, K
izl Wicth ire) 8 023 0.23 kPadrm
Incidence Bngle’ K, 038 0.00 kPadnm
See notes under ermor messages K 000 025 kPadnim
Ky 0.00 -0.38 kPafam
Load file nane K oo 0.0 kPadnm
Response Criteria Ry 17.35 0.on kPa
See Al COE Cornbined Flexure & Compreszion = R 0.0 0.00 kPa
Response LR T ype | LLOF P rimaty ~ R 0.0 1734 kPa
Criteria @ idegy " Ry 0.00 0.00 kPa
1.5 T
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After the input sheet is completed click the “Run SDOF” button at the top of the screen (See
Figure 2) to calculate the dynamic response of the Wall. After the analysis is performed, a
summary of the most important results will be displayed in the Results Summary box as
illustrated below.

For this problem, the calculated maximum dynamic displacement is 37.53 mm. This corresponds
to a ductility ratio of 0.5 and a support rotation of 1.43 degrees. Therefore, the response is under
the allowable limits and the design is acceptable. Notice that the performance criterion for this
type of component at this level of protection is only based on support rotation.

Under the Results Summary, SBEDS displays the calculated reactions and the shear capacity of
the wall along the supports. For this example, the shear capacity is adequate as indicated by the
“Shear is OK” message. Therefore, stirrups are not required. (See Example 9A for note
regarding shear distribution around openings.)

Pe= 143 den. Design Criteria; LLOP Prirnary
M= 050 Fezponze OK cormpared to input design criteria
P INbOURA = 3F39 0 mm attime = 26,80 msec
o FEbOURd = 3596 mm attime = 8310 meec
Foe= 564 kPa attime = 26,80 msec
Fan= -8.31 kPa attime = 8310 meec
Shortest Tield Line Distance to Determine B; 1500.0 mn

Equivalent Static Reactions®

Peat Regctions Gased an Utimate Bexiral Resistance, Wi

Ledt Side Wu at zupport = 2 Mérnm
Fight Side vy at support = 2 M
Wu at disfance d from support = 2 Mérnm
Sheat Capacity * Cuuber il Innet Wizl

Shear Lrea = 00 0.00 PRIt vt
Diaganal Shear Capacity = 0.00 Mdmm
Resufts based an Max Shear Region

It zuppo: Shear iz Mot Ok
bt distance d from support: Shear iz Mot Ok

* Bazed on larger of inkound and rebound ulirmate flesural resiztance, not incuding
arching or comprezsion mernbrane.
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Example 11A: One-Way or Two-Way Wood Panel (English)

Analyze the flexural response of a %" thick plywood panel subject to an applied blast load as
defined below.

Pressure
(psi)

Time (ms)

The panel is 6 ft tall by 6 ft wide and is simply supported on all four sides. The panel must
provide a LLOP for secondary type components in flexure. Use the following properties for the
plywood panel: Density = 35 pcf, Dynamic Yield Strength = 2000 psi, Elastic Modulus =
1400000 psi, and Poisson’s Ratio = 0.4. Note that the input dynamic yield strength for wood in
SBEDS is based on five times the typical published modulus of rupture value, which is for long
duration (i.e., 10 yr) static loading. This is discussed more in the SBEDS Methodology Manual.

Analysis Parameters:

e Two-way plywood panel
e Simply supported all four sides

e (.75 in thick

e L=6ft, H=061{t

e LLOP for secondary type components required

Solution

On the “Intro” worksheet area (Figure 1), select “One-Way or Two-Way Wood Panel” and
English units, and click the button near the bottom of the page to initiate the component input
sheet. On the input sheet, fill in the input cells in yellow with the appropriate values specified in
the problem statement.

- Select “Manual Input” using the drop down menu under Blast Load Input Type and
proceed to enter the pressure and time values from the triangular load illustrated above in
the Pressure-time input table.

- Next, select “None (vertical component)” using the drop-down menu under Gravity
Displacement.

- Set the response criteria to “Flexure” and “LLOP/Secondary-NS”, and enter the time step
for the analysis in the Solution Control input box based on the recommended time step.

The input screen should appear as shown on the next page.
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One-Way and Two-Way Wood Panel

Blast Load Input Type hear Factors
Long Span Dimension, L: E it Shear Constant Elastic Plastic
Short Span Dimension, H: &It F [long side) = 007 009
Eoundary and Load Conditions: Twe-Way Four SoesSunsornd- Al Srpe - R (long side] = [ 06
Structural & Materisl Properties F [short side] = ooy [1115:]
Fanel Thickness, b 075 in ~Time Input R [short side) = 0 0.
Wood Density, 35,0 Ibdic® Time Pressure
Dynamic Yield Strength in Flesure, §, 2000 psi ([ H] (psi)
Elastic Modulus, E HO0000 psi 0 5
Poisson's Fiatio,\ 0.4 20 0 Inbound Natursl Pericd 4266 ms
Self-Weight, w 209 It 30 0 Rebound Natursl Period 4286 ms
Moment of Inertia, | .04 in'fin 0 0 Max Recommended Time Step: 012 ms
Section Modulus, S: 0,03 intfin 50 o Time Step: 012 ms
&0 0 ¥ of Critical Damping 0%
Moment Capacity: 1875 Ib-infin T L] Initisl Velocity 0 indms
SDOF Propeities
W R Properly Inbound Rebound Units
(ibs TNT) (Fe) Adzzs A 393 393 psi-ms*fin
£ aadAfxee Facdowr s & o
BlastLoad Phage Elastic 063 063
| Bostve e oe - Elastic-Flastic 053 063
| Charge Weight Load Type Plastic 050 050
A * Sritiess K
Elastic 054 054 psifin
' all Height [ft)" [Elastic-Plastic 054 054 psifin
| W all Width [it)* Effective 054 0.54 psifin
] Incidence Angle® Resistance /7
See notes under eTor Messages Elastic: ot 077 psi
Plastic L) 077 psi
ad Equier Mol Oel2 X 143 143 in
Applied Blast Input File Mot Selected
Flaus b
Ses All COE LOPfType | LLCF Szopeizee s ¥
J £ [deg) u
MEA 3
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After all the input cells are completed, click on the “RUN SDOF” button at the top of the screen
(See Figure 2) to initiate the analysis. After the analysis is completed, SBEDS will display a
summary of the results in the Results Summary as illustrated below.

B = 6.39 deyg. Dezign Critetia: LLOP/Secandary-MS
M= 2.52 Fezponze OK compared to input design criteria
o INBOURG = 403 in at tirmne = 1620 mzec
Fun FEbOUR = 000 in at tirme = 0.00 mzec
P = 077 p=i at tirmne = 1620 mzec
Fogn = 07T psi at tirme = 3756 mzec
Shorest Yield Line Diztance to Deternine 8: 360 in

Equivalent Static Reactions®

Pesk Regctions Besed on Wineste Rlexursl Resistance: By

Wy at suppors in L divectian 16 Ihdn

Wu at zupports in H direction 17 Ihidn

* Bazed on larger of inkound and rebound ulitnate flexural resistance.

As seen above, the maximum calculated deflection for this panel was 4.03 in. This corresponds
to a ductility ratio of 2.83 which is less than the allowable value of 3 in the Response Criteria.
Therefore, the panel is acceptable as indicated by the “Response OK compared to input design
criteria” message in SBEDS. The bottom part of the Results Summary displays the calculated
reactions, which are used to design the connections and check for shear failure.
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Example 11B: One-Way or Two-Way Wood Panel (Metric)

Analyze the flexural response of a 12.5 mm thick plywood panel subject to a blast load as
defined below.

1.3

Pressure
(kPa)

2.8
Time (ms)

The panel is 1.5 m long and is only supported at the top and bottom (simple supports). The
panel must provide a HLOP for secondary type components in flexure. Use the following
properties for the plywood panel: Density = 575 kg/m’, Dynamic Yield Strength = 1.4 MPa,
Elastic Modulus = 9650 MPa, and Poisson’s Ratio = 0.4

Analysis Parameters:

e One-way plywood panel

12.5mm thick

L=15m

Simple-simple supports

HLOP for secondary type components required

Solution

On the “Intro” worksheet area (Figure 1), select “One-Way or Two-Way Wood Panel” and
Metric units, and click the button near the bottom of the page to initiate the component input
sheet. On the input sheet, fill in the input cells in yellow with the appropriate values specified in
the problem statement.

- Select “Manual Input” using the drop down menu under Blast Load Input Type and
proceed to enter the pressure and time values from the triangular load illustrated above in
the Pressure-time input table.

- Next, select “None (vertical component)” using the drop-down menu under Gravity
Displacement.

- Finally, set the response criteria to “Flexure” and “HLOP/Secondary-NS”, and enter the
time step for the analysis in the Solution Control input box based on the recommended
time step.

The input screen should appear as shown on the next page.
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One-Way and Two-Way Wood Panel
User Info: Fill in Yellow Cells, See Note Below for White Cells

Blast Load Input Type

Dynamic Shear Factors

Length, L: 1500 ramm Shear Constant | Elastic Plastic
Leave Input Elank for One-ay Fesponse 0 Gravity Displacement F constant = 011 012
Boundary and Load Conditions: |One-Way: Simple-Simple, Uniformly Loaded = Mane (v etical com ponert] ™ F. conztant = 0349 0.3

Structural & Material Properties

Panel Thickness, t; 13 ram Pressure-Time Input

Mood Density, ¥: 5750 ko’ Tirne Prezzure
Dynamic Yield Strength in Flexure, f,: 1.40 MPa [tz [kFa]
Elzgtic Modulus, E: SES0.00 MPa 0 13
Poigzon's Ratio, @ 0.4 20 i] Inbound Maturzl Petiod: 96,38 ms
Setf-Meight, w: 7149 kg a0 1] Febourd Matural Petiod: 9638 mz
Marment of Inetia, |2 16276 ramnm 40 1] Max Recommended Time Step: 0.2F ms
Section Moduluz, 5: 2604 mm’fmm 50 i] Titne Step: 0.25 ms
Calculated Properties B0 ] % of Critical Damping: 0%
horment Capacity 365 M-mrmdnen T i] Initizl Welocity : 0 mendns
U] R Property Inbaung Rehound Units
[k THT) [rm) Wz, M 72 72 kg’
Load-ass Factors, &,
Blazt Load Phaze Elastic 0.7 0.7
Positive phaze only j Elastic-Plastc 0.78 0.7
Charye Weight Load Type Plaztic 0 BE 0 .66
Reflectad without Clearing Stiffness, K
Faramete efiected Loads Elastic 002 0.02 kPadnm
iall Heighit (1) Elastic-Plastic 0.2 0.02 kPadmm
Wil Wickth [rr) Effective 0.0z 0.0z kPadira
Incidence Sagle’ Resistance, R
See notes under eror messages Elastic 013 013 kPa
Plaztic 013 013 kPa
Load file name Eqrin ¥iehd Defi,, X 5.44 5.44 mm

Elast Load File Mot Selected

Response Griteria

See All COE Flexcure -

Response LOPType | HLOP S econdary -M5 ™
Criteria Bidea] #
NI 1
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After all the input cells are completed, click on the “RUN SDOF” button at the top of the screen

(See Figure 2) to initiate the analysis. After the analysis is completed, SBEDS will display a
summary of the results in the Results Summary as illustrated below.

Results Summary

Omax = 0.38 deg. Design Criteria: HLOP/Secondary-NS
u= 0.91 Response OK compared to input design criteria
Xmax Inbound = 4.98 mm attime = 25.00 msec
Xmin Rebound = -4.97 mm attime = 73.25 msec
Rmax = 0.12 kPa at time = 25.00 msec
Rumin = -0.12 kPa attime = 73.25 msec
Shortest Yield Line Distance to Determine 0: 750.0 mm

Equivalent Static Reactions*

Peak Reactions Based on Ultimate Flexural Resistance: Vu
Vu at right support = 0.10 N/mm

Vu at left support = 0.10 N/mm
* Based on larger of inbound and rebound ultimate flexural resistance.

As seen above, the maximum calculated deflection for this panel was 4.98 mm. This
corresponds to a ductility ratio of 0.91 which is less than the allowable value of 1.0 in the
Response Criteria. Therefore, the panel is acceptable as indicated by the “Response OK
compared to input design criteria” message in SBEDS. The bottom part of the Results Summary

displays the calculated reactions, which are used to design the connections and to check for shear
failure.
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Example 12A: One-Way Wood Beam or Beam Column (English)

Analyze the response of 2x4 wall stud to the effects of a blast load generated by 1000 Ibs of TNT
at 850 ft of distance with an incidence angle of 30 degrees. The studs are 10 ft tall and are
spaced at 16 in on center. All studs are Spruce-Pine-Fir. Conservatively assume “Stud” grade of
wood (No. 2 grade can often be assumed for commercial or government construction). Assume a
supported weight from cladding of 3 psf. Include clearing effects in your analysis based on a
wall surface of 33 ft x 33 ft. The walls of this building are non-load bearing and must provide a
LLOP for secondary type components in flexure.

Analysis Parameters:

2x4 Stud Grade Spruce-Pine-Fir

L=10ft

Stud Spacing B =1.33 ft

Supported weight = 3 psf

Clearing effects for a 33 ft x 33 ft wall

LLOP for secondary type components required

1000 Ibs of TNT at 850 ft, with incidence angle = 30 degrees.

Solution

On the “Intro” worksheet area (Figure 1), select “One-Way Wood Beam or Beam Column” and
English units, and click the button near the bottom of the page to initiate the component input
sheet. On the input sheet, fill in the input cells in yellow with the appropriate values specified in
the problem statement. For this particular problem, the input sheet is completed as follows:

- Span,L =10 ft

- Spacing, B=1.33 ft

- Boundary Conditions: “Simple-Simple, Uniformly Loaded”

- On the Structural & Material Properties section of the input sheet, complete as follows:

0 Section Height, H = 3.5 in (actual depth dimension for a 2x4)

0 Section Width, W = 1.5 in (actual width dimension for a 2x4)

0 Wood Density = 35 pcf (Typical value for wood)

0 Select Wood Species: “SPRUCE-PINE-FIR”, Select Grade: “Stud”
0 Supported Weight, W =3 psf

- Blast Load Input Type: “Charge Weight and standoff”

- Gravity Displacement: “None (vertical component)

- On the Charge Weight and Standoff input table, enter the appropriate values of charge
weight, and standoff. Use the drop-down menu under Blast Load Phase to select
“Positive phase only.”

- Under Charge Weight Load Type, select “Reflected with Clearing” and enter the
appropriate values of 33 ft x 33 ft as the wall height and width and an angle of incidence
of 30 degrees under “Parameters for Reflected Loads”.

- Set the Response Criteria to “Flexure” and “LLOP/Secondary-NS”

- Select “ No Dynamic Axial Load”

- Enter a time step for the analysis based on the recommended value

After the input cells are filled in, the input sheet should look as shown on the next page.
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Wood Beam or Beam-Column

User Info: Fill in Yellow Cells, See Note Below for YWhite Cells

10 f
133 #

Simple-Simple, Uniformly Losded - |

Structural & Material Properties

Span, L:
Spacing, B:

Boundary and Load Condiions:

Section Height, H: 340 in
Section Micth, - 150 in
lilooid Density, ¥ 35 il

Grace:

[

Moo Species: |5PF€UCE-PINE-FIF€
Drynatmic Yield Streneth in Flexure, f,2 Click for User 3379 pei
Elastic Wodulus, E: Defined Whod 1200000 psi
Loaded Area Factor - Ender 1.0 far Uniform Load 1
Suppotted Meight, 0 3.00 psf
| Mo Dy namic Axial Load j * Static xial Load, P: 0k
Leawve blank for Mo Dynamic Lxial Load ft
hidarmerit of Ineria, 12 536 in*
Section Modulus, 5: 306 in

Calculated Properties

Wlorment Capacity, b 10,356 lh-in
Equivalent P-detta load factor 000 14n°

See All GOE
Response
Criteria

Blast Load Input Type

Charge meight and standoff -

Gravity Displacement

Mone [verlical component] -~

Dynamic Shear Factors

Shear Constant Elastic Plastic
F conztatit = 01 naz
F. constant = 0.3 033

Pressure-Time Input

PDC TR-08-03
September 2008

Time Pressure

[tns] [psi]
1] 1]
20 1] Inkbwannd Matiral Period: 12117 mz
30 1] Rebound Matural Period: 12147 mz
40 1] hax Recotnmended Time Step: 0.33 ms
50 1] Tirne Step: 0.33 ms
191] 0 % of Criical Darmping: 0%
T 1] Initial Welocity: 0 indns

Charge Weight and Standoff

m R
(b THT] i
1000 50

Blast Load Phasze
Pozitive phaze anly -

Charie Weight Load Type
Reflected with Clearing =

Iniall Height (' 33
Il Wit ()" 33
Incidence Sngle’ 30

See notes under eror messages
Load Fil [ 1

Lxialload Input File Mot Selected

SDOF Properties

Property Inkyaun Febaund Unitz
Mass, M 7.2 7.2 pei-mz’in
Logd-Mass Factors, K,

Elastic 078 0.78
Elaztic-Plaztic 078 0.78
Plaztic: 066 066

Stiffness, K
Elastic 015 015 pifn
Elaztic-Plaztic 045 013 pEidn
Effective 015 015 pEifn
Resistance, &

Elaztic: 0.56 056 pei
Plastic 0.38 -0.36 psi
Eejeein Vield Deff, X 2.4 24 in

Bpplied Blast Input File Mot Selected

Flexure

-

LOPType | LLoP IS econdary -NE

#ldey) 4
[T 3
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After all the input cells are completed, click on the “RUN SDOF” button at the top of the screen
(See Figure 2) to initiate the analysis. After the analysis is completed, SBEDS will display a
summary of the results in the Results Summary as illustrated below.

[ B35 dey. Design Criteria; LLOP AZecondary-MS
M= 277 Fezponze OK compared to input design crteria
Faree INBOMRA = BET in at tirme = 5775 meec
P FEbOUN = 0.00 in at tirme = 0.00 mzec
e = 036 p=i at tirme = 5775 meec
Py = 036 pmi at tirme = T84T mezec

Shartest Yield Line Distance o Detetrnine & G0.0 in

Equivalent Static Reactions®

Peask Regctions Gased on Uitineste Rexirsd Resistance.

iyl = 345 b
Wy F= 345 b
* Bazed oh larger of inkound and rebound ulimate flesural resistance.

As seen above, the maximum calculated deflection for this stud was 6.67 in. This corresponds to
a ductility ratio of 2.77 which is less than the allowable value of 3 in the Response Criteria.
Therefore, the stud is acceptable as indicated by the “Response OK compared to input design
criteria” message in SBEDS. Notice that the Response Criteria for this type of components at
this Level of Protection is dependant only on ductility ratio. The bottom part of the Results
Summary displays the calculated reactions, which are used to design the connections and
supports and to check for shear failure.
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Example 12B: One-Way Wood Beam or Beam-Column (Metric)

Analyze the flexural response of a 150 mm x 150 mm No. 1 Grade Hem-Fir column with an
axial load of 160 kN subject to the applied blast load below transferred into the column by a girt
connected at mid-height. The static axial load is calculated as recommended in PDC TR-08-06
Revision 1 including the effects of the dynamic reaction load from supported roof members.

12

Pressure
(kPa)

Time (ms)

The columns in this building are 3 m in height and are spaced at 3 m on center. The columns are
required to provide a MLOP for primary type components under combined flexure and
compression.

Analysis Parameters:

e 150 mm x 150 mm No. 1 Hem-Fir column

Axial load, P = 160 kN

L=3m

Spacing of columns, B =3 m

MLOP for primary type components under combined flexure and compression
Concentrated blast load at mid-span from supported girt

Solution
On the “Intro” worksheet area (Figure 1), select “One-Way Wood Beam or Beam Column” and
Metric units, and click the button near the bottom of the page to initiate the component input
sheet. On the input sheet, fill in the input cells in yellow with the appropriate values specified in
the problem statement. For this particular problem, the input sheet is completed as follows:
- Span, L =3000 mm
- Spacing, B =3000 mm
- Boundary and Load Conditions: “Simple-Simple, Conc. Load at Mid-span”
On the Structural & Material Properties section of the input sheet, complete as follows:
0 Section Height, H = 150 mm
Section Width, W = 150 mm
Wood Density = 580 kg/m’ (typical value for wood)
Wood Species: “HEM-FIR”, Grade “No. 17
Set Loaded Area Factor = 0.5 to account for fact that only the middle half of the
wall transfers load into the girt that loads the column . The top and bottom quarter
spans of the wall transfer blast load directly into the floor and roof diaphragms.
Supported Weight, W = 15 kg/m’
0 Static Axial Load, P = 160000 N

©0Oo0o0o

@]
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- Blast Load Input Type: “Manual Input”

- QGravity Displacement: “None (vertical component)”

- Enter the appropriate values on the Pressure-Time input table from the triangular load
history given above.

- Set the Response Criteria to “Combined Flexure & Compression” and “MLOP/Primary”

- Select “ No Dynamic Axial Load”

- Enter a time step for the analysis equal or less than the recommended value

After the input cells are filled in, the input sheet should look as shown on the next page.
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Wood Beam or Beam-Column

User Info: Fill in Yellow Cells, See Note Below for White Cells

Blast Load Input Type

Dynamic Shear Factors

Span, L: 3000 mm ffanual input = Shear Constant Elastic Plastic
Spacing, B: 3000 mam Gravity Displacement F constant = .28 025
Boundary and Load Conditiong:  [Simple-Simple, Cone. Load atbidspan = | Mone [wertical componend] = R constart = 0.7s 075

Structural & Material Properties
Section Height, H: 150 mm Pressure-Time Input

Section Width, 1; 150 mm Time Prezzure

ood Density, 4 550 k' (=) [kPa)

INand Species: |HEM-FIR L' Grade: 0 12

Dryniarmic: Vield Strength in Flesxure, 2 a0 o)) : 33.6 MPa 4 i] Solution Control

Elastic Modulus, E: Defined Miod 10342 MPa 35 i Inkound Matural Period: 4660 mz

Toaded Area Factor Applied to L*B, Af[Af==1) 05 38 i Rezhaured Matural Period: " 4660 mz

Supported eight, 12 18 kg’ 40 0 flax Recommended Tirne Step: 4 0.13 ms
Io Drynarmic fxial Load j*staﬁc Bxial Load, P 160000 M a0 1] Titrie Step: 0.1 ms

Leawe blank for Mo Dynarnic Lxial Load il B0 0 % of Critical Damping: 0%

Mharment of Inettia, I: i 42137500 ram* T i Initial Welacity: 0 mmains

Secton Modulus, 5: " 562500

Calculated Properties

Marnent Capacity, b 14,806,716 M-mrm Charge Weight and Standoff SDOF Properties
r

Equivalent P-ietta load factor 0.00 1A’ ] F. Propetty Inbaund Rebound Unitz
ke THT) [ Mzss, M 19.4 19.4 ki
Logazss Factors, K,
EBlast Load Phaze Elastic i 0.44 i .44
Fositine phase anly - Elaztic-Plastc [ 0.43 r 0.43
Gharue Wikt Load Trpe Plastic HEE:
Reflected with Cleating = Stiffness, K
Parameters for Reflected Loads Elastic [ oar [ war kPadmm
Elasfic-Plastic i 01 M oar kPadfmm
Effectie [ o7 [ 07 | kpatm
Resistance, &
Elaztic 442 i -4.42 kPa
Plaztic 442 r -4.42 kPa
Eciln Wiedd Defl, X 2552 -2ak2 I

Lpplied Blast Inpat File Mot Selected

Combined Flexure & Compreszion =

See IGOE | |LOPTyps |  MLOPWvimay

Response & ideg)
Criteria r

M 1
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After all the input cells are completed, click on the “RUN SDOF” button at the top of the screen
(See Figure 2) to initiate the analysis. After the analysis is completed, SBEDS will display a
summary of the results in the Results Summary as illustrated below.

B = 0.54 deq. Dezign Critetia: hALOPPrirnary

L

u= 08

Fezponze OK compared to input dezign criteria

W Ibound = 21.90 mem
¥ o Rebound = | -21.86 mrm

atfime = 4 1500 mzec
atfime = 4 42 40 mzec

Roms = T a7 kPa attme= 1500 msec

R = T 577 kPa atfime= | 42.40 meec
L

Shorest Yield Ling Distance to Deterraing & 15000 rmm

Equivalent Static Reactions*

Peat Resctions Oased on Uitimate Sesirs! Resistance, Wy

Wyl =
Wy R =

5,955 M
5,955 M

* Bazed on larger of inkaund and rebound ulirmate flecoural rezistance.

As seen above, the maximum calculated deflection for this column is 21.90 mm. This
corresponds to a ductility ratio of 0.85 which is less than the allowable value of 1.0 in the
Response Criteria. Therefore, the column is acceptable as indicated by the “Response OK
compared to input design criteria” message in SBEDS. Notice that the Response Criteria for this
type of components at this Level of Protection is dependant only on ductility ratio. The bottom
part of the Results Summary displays the calculated reactions, which are used to design the

connections.
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Example 13A: General SDOF (English)

The following spring-mass system is subjected to a force F(t). Use SBEDS to calculate the
maximum spring deflection. Assume Ky, values are the same as those for a fixed-end beam. The
spring has damping equal to 2% of critical damping. The spring-mass system represents a simply
supported beam, and therefore has the dynamic reaction factors shown below based on
information in TM 5-1300 and the SBEDS Methodology Manual.

R
:4\/_ M=400 F( )
. psims®/in  —» F(t
F— 1
&£=2%

Dynamic Shear Factors
Shear Constant | Elastic | Plastic

F (long side) = 0.39 0.38
R (long side) = 0.11 0.12
5
4 8.7
. 3
Resistance Pressure
(psi) 2 (psi)
1
12
1 2 3 ,
Deflection (in) Time (ms)
Solution

On the “Intro” worksheet area (Figure 1), select “General SDOF Analysis” and English units,
and click the button near the bottom of the page to initiate the component input sheet. On the
input sheet, fill in the input cells in yellow with the appropriate values specified in the problem
statement. For this particular problem, the input sheet is completed as follows:

- Blast Load Input Type: “Manual Input”

- QGravity Displacement: “None (vertical component)”

- Enter appropriate values from triangular load above into Pressure-Time input table

- Leave blank the input cells for Response Criteria.

- Enter the Dynamic Shear Factors shown above.

- Select “No Dynamic Axial Load”

- On the Solution Control input box, select a time step for your analysis based on the
recommended time step, and enter 2% critical damping.

- On the SDOF Properties input table, enter the given value for the Mass of the system and
fill in the table as shown next. The values of stiffness “K” correspond to the slope of the
resistance vs. deflection curve given above. The input Equivalent Elastic Displacement is
conservatively taken as the first yield deflection in this case, which corresponds to 1 in.
The equivalent elastic yield deflection can also be input if significant yielding is expected
at all maximum moment regions. This input value is used to calculate the ductility ratio.
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- The rebound flag is set to 1.0 (default value), indicating the typical case of no special
rules regarding rebound stiffnesses. (The special rules are only applicable for
components with compression membrane or brittle flexural cracking, which are both
indicated by negative input stiffness values.)
- Input response criteria (a support rotation of 3 degrees and a ductility ratio of 2 are used
in this example.)

After the input screen is completed, check the resistance vs. deflection curve in SBEDS to make
sure it matches the resistance vs. deflection curve provided in the problem statement. The
resistance vs. deflection curve in SBEDS (located to the right of the input screen area) will look
as follows.

Resistance vs Deflection

Resistance

1] 1 2 3 4 5
Deflection
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Blast Load Input Type Dynamic Shear Factors
‘ Shear Constant Elastic Plastic
Gravity Displacement F (long side) = 0.39 0.38
None (vertical component) = I R (long side) = 0.11 0.12
F (short side) = 0 0
Pressure-Time Input R (short side) = 0 0
Time Pressure Note: Dynamic shear factor input is optional
(ms) psi
0 8.7
12 0 Solution Control
20 0 Inbound Natural Period: 64.08 ms
30 0 Rebound Natural Period: 64.08 ms
40 0 Max Recommended Time Step: 0.18 ms
50 0 Time Step: 0.18 ms
60 0 % of Critical Damping: 2%
70 0 Initial Velocity: 0 in/ms
Initial Displacement: 0 in
SDOF Properties*
W R Property Inbound Rebound ** Units
(Ibs TNT) (ft) |Mass, M 400.0 400.0 psi-ms2/in
|Load-Mass Factors, K |y
Blast Load Phase Kimi 0.78 0.78
Positive phase only Kimz 0.78 0.78
Charge Weight Load Type Kims 0.66 0.66
Side-on Kiva 0.66 0.66
Parameters for Reflected Loads Kivs 0.66 0.66
Wall Height (ft)" Stiffness, K Rebound flag* 1
Wall Width ()" Kq 3.00 3.00 psifin
Jincidence Angle? K, 1.00 1.00 psifin
See notes under Input Design Criteria K3 0.00 0.00 psifin
Load Files-AXIAL(above),BLAST(below) Ky 0.00 0.00 psifin
AxialLoad Input File Not Selected Ks 0.00 0.00 psifin
Blast Load File Not Selected |Resistance, R
R1 3.00 -3.00 psi
nidieg) n R3 4.00 -4.00 psi
3 2 R4 4,00 -4.00 psi
Yield Displacement, x No Input Required for xi Values Below
INote: x1 0.00 0.00 in
x2 0.00 0.00 in
x3 0.00 0.00 in
x4 0.00 0.00 in
See All COE
Res_por_lse JEquiv Elastic Displacement, X g 1.00 -1.00 in
Criteria -
Shortest Yield Line Distance to Determine n: 60.0 in
Equivalent P-delta Axial Load Factor; We: (Enter Wg>=0) 0 1/in"2
No Dynamic Axial Load L' * Static Axial Load:® 0 Ibfin
Strain at First Yield for Strain-Rate 0 infin
*Typically Rebound Flag = 1.See Help document for compression membrane,brittle cracking.
** User can overwrite yellow above cells in Rebound column
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After all the input cells are completed, click on the “RUN SDOF” button at the top of the screen
(See Figure 2) to initiate the analysis. A message will pop up announcing that “No Yield
Distance was input”, click OK to continue. Yield distance is used when the SDOF is
representative of a structural component with known dimensions and the Response Criteria
requires the calculation of the support rotations. This example represents a general SDOF
system, and only the maximum spring displacement is of interest. The maximum calculated
displacement was 1.71 in. As illustrated below in the Results Summary box.

Bex= 163 den.
Fezponze QK compared to input design critena
4= 1
P INBOURY = 1.1 in at tirme = 21.78 mzec
M Febound = 070 in attirme = 54,36 meec
P e = 3.0 pEi at tirme = 2174 meec
Fon= =317 ps=i at tirne = 54 .36 e
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Example 13B: General SDOF (Metric)

The following spring-mass system represents a one-way structural slab with a span of 3048 mm.
Analyze the response of the system to the positive and negative phase fully reflected blast load
from 300 kg of TNT at 25 m. Specific requirements for this component require that the support
rotation be limited to 12 degrees and the ductility ratio to 20. The component has a resistance-
deflection relationship as shown below, which represents a component with flexure, compression
membrane, and tension membrane response. The load-mass factors will be input for these
response modes, where 0.78 is used for initial flexural mode followed by 0.66 for compression
and tension membrane response modes and plastic flexural response. 1% of critical damping will
be assumed for this example (this can also be neglected).

Resistance
R (psi)

4\,— M=150 P
kg/m’ — F(t

_|:|_ g () 12

§=1% 7

4

25 50 75 100 125 175 300
Deflection (in)
Resistance vs. deflection
Solution

On the “Intro” worksheet area (Figure 1), select “General SDOF Analysis” and Metric units, and
click the button near the bottom of the page to initiate the component input sheet. On the input
sheet, fill in the input cells in yellow with the appropriate values specified in the problem
statement. For this particular problem, the input sheet is completed as follows:

- Blast Load Input Type: “Charge weight and standoftf”

- Gravity Displacement: “None (vertical component)”

- Enter the appropriate values for charge weight and standoff. Make sure to include
positive and negative phase, and reflected without clearing.

- Enter 0 for the incidence angle (fully reflected load)

- Enter 12 for the rotation and 20 for ductility under Response Criteria

- Enter 0 for all cells under Dynamic Shear Factors. Dynamic reaction loads are not of
interest in this case. The static equivalent shear loads will be compared against the
component shear capacity outside of SBEDS.

- Select “No Dynamic Axial Load”

- On the Solution Control input box, select a time step for your analysis, and enter 1%
critical damping.

- On the SDOF Properties input table, enter the given value for the Mass of the system and
fill in the table as shown next. The values of stiffness “K” correspond to the slope of the
resistance vs. deflection curve given above. The Equivalent Elastic Displacement is taken
as the point at which flexural yielding occurs, which corresponds to 25 mm in the
resistance vs. deflection curve given in the problem statement. Enter 1524 mm for
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Shortest Yield Line Distance to Determine ®, which corresponds to half the span of the

slab. Yield line theory from TM 5-1300 can be used to determine the shortest yield line
distance from the point of maximum deflection to a support for a two-way slab.

After the input screen is completed, check the resistance vs. deflection curve in SBEDS to make
sure it matches the resistance vs. deflection curve provided in the problem statement. The
resistance vs. deflection curve located to the right of the input screen area in SBEDS will look as

follows.

Resistance

30 5

Resistance vs Deflection

100 150 -~ ~En amm aEn Y
wu =2 i F=2) KN wutd =uu

Deflection

After the input is completed, the input sheet should look as shown on the next page.
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Blast Load Input Type Dynamic Shear Factors

Charge weightand standoff | Shear Constant Elastic Plastic

Gravity Displacement F (long side) = 0 0
None (vertical component) I R (long side) = 0 0
F (short side) = 0 0
Pressure-Time Input R (short side) = 0 0
Time Pressure Note: Dynamic shear factor input is optional
(ms) kPa
0 0
10 0 Solution Control
20 0 Inbound Natural Period: 128.44 ms
30 0 Rebound Natural Period: 39.24 ms
40 0 Max Recommended Time Step: 0.35 ms
50 0 Time Step: 0.04 ms
60 0 % of Critical Damping: 1%
70 0 Initial Velocity: 0 mm/ms
Initial Displacement: 0 mm
SDOF Properties*
W R Property Inbound Rebound **
(kg TNT) (m) [vass, M 150.0 150.0 kg/m2
300 25 |Load-Mass Factors, K
Blast Load Phase Kimt 0.78 0.78
Positive and negative phase LII Kime 0.66 0.66
Charge Weight Load Type Kims 0.66 0.66
Reflected without Clearing = Kiva 0.66 0.66
Parameters for Reflected Loads Kiws 0.66 0.66
Wall Height (ft)" Stiffness, K Rebound flag* 0
Wall Width (ft)" K1 0.28 3.00 kPa/mm
Incidence Angle? 0 K 0.10 2.00 kPa/mm
See notes under Input Design Criteria Ks -0.10 -2.00 kPa/mm
Load Files-AXIAL(above),BLAST (below) Kq 0.00 0.00 kPa/mm
AxialLoad Input File Not Selected Ks 0.10 0.50 kPa/mm
Blast Load File Not Selected |Resistance, R
Ry 7.00 -7.00 kPa
Ry 12.00 -12.00 kPa
0Ol(deg) 0 Rs 7.00 -7.00 kPa
12 20 Ry 7.00 -7.00 kPa
Yield Displacement, x No Input Required for xi Values Below
Note: x1 0.00 0.00 mm
X2 0.00 0.00 mm
X3 0.00 0.00 mm
x4 175.00 -175.00 mm
See All COE
Res'por.13e J|Equiv Elastic Displacement, X ¢ 25.00 -1.00 mm
Criteria
Shortest Yield Line Distance to Determine ¢: 1524.0 mm
Equivalent P-delta Axial Load Factor; Wg: (Enter Wg>=0) 0 1/mm~2
No Dynamic Axial Load Zl 4 Static Axial Load:® 0 N/m
Strain at First Yield for Strain-Rate 0 mm/mm
*Typically Rebound Flag = 1.See Help document for compression membrane,brittle cracking.
** User can overwrite yellow above cells in Rebound column
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After all the input cells are completed, click on the “RUN SDOF” button at the top of the screen
(See Figure 2) to initiate the analysis. The results of the analysis are summarized in the Results
Summary box illustrated below. For this problem, the maximum calculated displacement is
318.8 mm. This corresponds to a rotation of 11.8 degrees, and a ductility ratio of 12.74. Both
values are under the specified limits for this analysis which is indicated by the “Response OK
compared to input design criteria” message in SBEDS.

Boe= 1181 den.
Fezponze O compared to input design criteria
= 1274
Mowe INbound = 31860 mm atfime = 3160 Mz
Moo Febound = 0.0 rrIm atfime = 0.0 mzec
P = 2132 kPa atfime = 3160 mzec
Fan=  -1200  kPa at firne = B0 64 e
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