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Today’s Presenter

 Scott L Weiland PE SE

 Principal, Innovative Engineering Inc.
» Education

« BSCE University of Michigan

« Graduate Studies in Structural Dynamics:
« San Jose State University
« Georgia Institute of Technology

« Security Engineering: USACE Protective
Design Center

 Interagency Security Committee (ISC) Risk
Management Process: ARA

« Counter Terrorism Workshop for Improvised
Explosive Devices (IED) and Vehicle-Borne
Improvised Explosive Devices (VBIED) -
Department of Homeland Security (DHS)

« Registration: PE in 40 States + PR & GU
« 26 Years Physical Security Engineering
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Learning Objectives

* Blast Theory
- Blast Analysis
» Blast Design

* Progressive Collapse




* Explosion
« Sudden Release of Energy
* Audible Sound

 Types of Explosions

« Expansion
« Bursting Pressure Vessel
 Boiling Liquid Expanding Vapor Explosions (BLEVES)
« Rapid Phase Transitions (RPT’s)

« Oxidation
 Vapor Cloud Explosions
« Dust Explosions
« Condensed Phase Explosion (High Energy Explosives)




Blast Theory - Definitions

» Aggressor

* Tactic — Stationary Bomb
 Standoff

« Shock Wave

» Reflective Pressure
 Side-On/Incident Pressure

» Dynamic (Blast Wind) Pressure
» Hardening

» Asset




* Prominent Design Criteria

« GSA Facility Security Requirements for
Explosive Devices Applicable to Facility
Security Levels Illl and 1V, GSA’s
Interpretation of the Interagency Security
Committee (ISC) Physical Security Criteria.
(FOUO)

« DoD Minimum Antiterrorism Standards for
Buildings, UFC 4-010-01

» VA Physical Security Design Manuals
(PSDM) for Life Safety & Mission Critical
Faclilities

* Minimum Standards
* Need to be adapted to private facilities

UNIFIED FACILITIES CRITERIA (UFC)

DoD MINIMUM ANTITERRORISM
STANDARDS FOR BUILDINGS

SAFETY PROTECTED

ﬁﬁ f——

Physical Security
Design Manual for

FINAL DRAFT
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Pressure Shock Wave




Blast Theory — Pressure Wave




Blast Theory — Vehicle Bomb

» Surface Burst (VBIED)

* Pressure Radiates

* Reflected Pressure




Blast Theory - Shapes That Affect Blast
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Blast Theory — Time History

Peak Reflected Pressure

Peak Incident Pressure

Pressure (psi)

Neg. Phase Duration Source: FEMA 427

Pos. Phase Duration
Time (msec)

e Pressures decay exponentially with time.

* Dynamic, non-linear, time history analysis.




Blast Theory - Distance

700 3910 psi

600

1680 psi @ 5 ft
500

400 5000 Ib TNT

300

500 Ib TNT
200

100

Incident Pressure (psi)

- - v
0 10 20 30 40 50 60 70 80 90 100

Distance (ft) Source: FEMA 427

* Pressures decay with the cube root of the distance from the explosion.




Blast Theory - Optimum Standoff

Total Protection Cost
(hardening + land + perimeter)

* Optimum Stand-Off

o  More Stand-Off = Less

hardening
\</Eg?lggessesive Hardenlng, More Land

= = __ other mail room,

—————————— _I-_- —— 3 loading dock, lobby o LeSS Stand'Off —_ MOre

20 50  Standoff (ft) ™Mt

cost of land
+ perimeter
protection

Incremental Cost of Protection ($)

HIGH TO Hardenlng, LeSS Land

CATASTROPHIC

Source: FEMA 427

Plots showing relationships between cost of upgrading various
building components, standoff distance, and risk




Blast Theory - Explosion

« Karagozian & Case,
Inc.

» State Department

* Retrofit curtainwall
sysiem




Blast Theory - Explosion

- *Shock Wave

~ +Reflected

Pressure

 Rebound

e Side-On Pressure




Blast Theory - Explosion

« Shock Wave

* Reflected Pressure Wave

* Rebound




Blast Desigh — Conservation of Energy

Energy Equation

¢ WP —_ WK -+ WS
» W, = Blast Energy
» W, = Kinetic Energy
» W = Strain Energy




Blast Design — Kinetic Energy

KEY DETAIL

Masonry Wall Institute CONCRETE REPAIR




Blast Design — Strain Energy — Ductility

*Regions
eElastic
* Plastic

cArea =
Strain
Energy

S ICRI
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Blast Design — Strain Energy

Linear Elastic Behavior Linear Elastic-Plastic Behavior

A A

WS,pI = Fyield Apl - Ws e max

Force

1 L.
I/S,el — 7 Fyield X AeI,max

pl

Displacement Displacement

u=1.0 u>2.0




Blast Theory — Energy Absorption

 Laminated Glass

o 15t evel
o« 2 V27
« Forced Entry
Resistant
« Ballistic Resistant
* Blast Resistant

e 2nd & 31d |_evel
¢« 27
 Blast Resistant




0 N O U R W

Explosion Hazard

Blast Loads

. Trial Structural System
Dynamic Material Properties

. Structural Analysis — Primary members

. Structural Design — Secondary Members
Performance Criteria

Drawings & Details




Blast Loads - Charts

— Pr, pal — ta main'” Scaled Distance Z = R/W1/3

— - - 113 .
.a ?:;ﬂ'gmw e H;’;“ R = Stand-Off Distance

— g, psiemsib — L, R

wlsach - W = Equivalent TNT Charge Weight

Equivalent
Loading

Pressure

0.5
0.2 L et L™
0.1 -
0.08 e
0.02 -

0.1 -
0005 tC . e
0.1 0.2 0.3 0507 1 2 3 4 587 10 20 30 50 MO100 Tlme

Scaled Distance Z = RW™, (fthb"")
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SDOF
1 Mode Shape
1 Natural Frequency

Multiple-DOF Oscillators

Dr. Dan Russell a MDOF (2)

Graduate Program in Acoustics
Pennsylvania State University 2 Mode Sha pe

http://www.acs.psu.edu/drussell 2 N atura | F req uencies

PENNSTATE
BTN Acoustics , 15 Mode Shape

15t Natural Frequency

Jnd Mode%
2" Natural ‘ly




Dynamic Analysis (Static — Dynamic = Time)
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200 +----- J:r——— " —i —————— :+ =

400 +---=-

24

2
1.8
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E H J Hf{_lf_dnjp -d_'i'ﬂﬂﬂl'l:[' ﬁjn |.-:p Hrr; i '-E"'ﬁ'.ln" Fig. 1-1. Pressure gauge trace from high-energy explosive detonation.

Time >> Natural Period = Static Time << Natural Period = Dynamic




Analysis Methods

e Static Equivalent Elastic Analysis
* Member Remains Elastic
e DLF
* Too Conservative
e 1.0DL+ .25LL+1.0B

* Dynamic Finite Element Analysis
* Non-Linear
e Special Software
* Too Time Consuming
* Allowable Deformation

il

Displacement History
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cb BlFa)Ient Single Degree of Freedom System

» Assumes Flexural Member Response is Dominant
Failure Mode

* Allows Both Elastic & Plastic Deformation (Non-
Linear)

* Time-Step Dynamic Analysis
* Allowable Deformation at Mid-Span

ELASTIC ULTIMATE TOTAL FAILURE
' |

Xe X[.u-= 3) X(8 = 2deg or u = 10)
DEFLECTION

Equivalent SDOF System

A,V,a
K
M —» F({)
|_
C
< Ka
Ma <« L PF(t)
< Cv

Equation of Motion

K« Ma(t) + C » v(t) + Ka(t) = F(t)CRl
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Dynamic Strength Increase

s g | VP21 S

ASTM STRAIN RATE
————RAPID STRAIN RATE ) ) I —

0.070 < €,< 0.23 in./in. APPROX,

L

ASTM STRAIN RATE I

i Ec - —-— RAPID STRAIN RATE
s 0.002 % €, <0.005 in. /in. APPROX.
0.01 TO 0.02 in./in. APPROX,
0.002 approx. €y
< STRAIN, € {in.Zin.)
STRAIN, €({in./in.) {a) STRESS-STRAIN CURVE FOR CONCRETE
Stress-Strain Curve for Steel Stress-Strain Curve for

Concrete

ICRI
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BEAM, SLAB OR PANEL

B1 B2 B3 B4
Member
i 0 LL 0 1) 0 u 0
Compact or seismic o o o
member 1 ) - 3 12.110° | 25 | 20
Flexure Non compact member v .89 1.0 1.2
Plate ? 4 fe 8 | 22 | 20 | 6° | 40 | 12°
Combined Compact or seismic
1 _ o 0 0
Flexure & member’ ¢ 3 ° ¢ ¢ ¢
Compression | Non compact member® | .7 85 85 85
Compression* 0.9 1.3 2 3

CORCRETE REFPAIR



- . - . . . . -
Buiting: Sample Component: LG WAStud By Il Date
SBEDS (.1

T ————————— T s et Building: Sample Component: LG W

ai Span, L: i srameters Shear Constant__|_Elastic | _Plastic SBEDS
stu Soacing, 5: 1330 I Blast Load Typo F conslant = o | o
Salect Boundary Condition, Simple-Simple, Uniformly Loaded R constant = 039 0.38
sy Foural [ T—— Cells, See Note Bel
Structural & Materisl Properties I
scs of Bending: [ — \
st Set-teigh, A Tina jms) | Pressiss (psi o Spﬂl’l. L: 14 fi . .
— +«—— Define Span Spacmg an
[Section Modulus: S: 1161 Soluti
et Thichness, tw 0057 in I nbound Natural Period T2l ms Stud Spacing, B: 1331 V4
[Depth, d: 6.00 In [Rebound Natural Perio: 18721 ms . . N
oo, 1 w6 in® o Reconmended Tine Siep ol s Salect Boundary Condition, Simple-Simple, Uniformly Loaded . .
et Punch-0uis I e St 01 me E F
[Supported Weight a0 pst 5 of Criical Damping: % n I X I
e Dynamic Axiol Lesd__w |* Static Avial Load. P' Ibfin Note: (P>=0) B Rt:pnnu T?FE FlE‘:’:IJfE‘Il
JLeave Blank for No Axial Load in
[rict Used (ondy for l“immﬁf.‘ﬂmm rsponss] I SOOF Prapariiea Structural & Material PFUFErlif'ﬂ
ype of Track for Vel for tension membrane responss) _[coaermedzase - Prapsrly inbound | Rebound | Uit
FSteel Ty, [53, 0080 oot s tomes) Jiass M 7497 7497 | psims’in| i
Vield srengn, £ 50000 psi I [oa0-tass Factors, K B o EEﬂdlﬂg_ Etronip [X-X) . .
imate Stength, 1 £5,000 pi K o | o F
o o Stud Self-Weight w: _ Define Section
|Static Strangth Increase Factor: 121 Kusg 088 0.66 = o
Dynamic increase Facior 11 K 088 056 rl.ll-:lTIE_lnt I:I‘f ||'|E|'t|a I 3 ?E In
Dyneic Yield Siress, Ly 6,550 pi Ko oss | ose ’ 3
izt Used (ondy for DSSWS response mode) Wall Height ()" [5ness K o
Wall iidih (' K, 086 086 | psin Saction Modulus: 5 116 1IN
Stud Momen! Gapaciy 7431 lbin Incidence Angi’ 4 o6 | oss | psin . .
[Maximum Tension Membrane Force in Stud, T: 0 Ks o 0.0 psiin llllllﬂ'ﬂ' Thmknesa W |:| Dﬁ? in
Ke 0.0 0.00 psifin e ° '
4 om | om i = : H
o T e Depth, &: £.00 in
1) R, 137 a7 psi s
semcos [T Gonecmibo ombobn v R 137 447 psi Araa A (.67 in
i LoP, Ry 137 137 psi i
i e i R, w | oasm | s VWen Punch-Cuts Smndard Web Punch-Ous - I
2 [ ] .
|eta Disstacement x Fmbni ¥
T e Supported Weight 40 psi < erine sSupporte elg
X2 208 -2.08 in
3 200 | 2o | Mo Dy namic Aaial Load w ¥ Stafic Axial Load, P" |biin Maobe: (P==0)
" 208 -2.08 in
=1 [Lea'-ﬂe Blank for Mo Axial Load in

Error/Warnin:
P
IN-:-i Used {onty for tension membrane responss)
B = 132 deg [Design Criteria: LLOP/Secondary-NS ': ‘u
p=_ 093 Rebound Respon it desion criteria & Trar TS noi " akd-formed rack -~
s TR e o S e Type of Track far Wall {for tension membrane responss)

Used for clearing of reflected load X.nRebound= 194 in attime = 11040  msec ~ . .
o — Rew= 128 pi Simes 20400 e & Type: |M:-3_ﬂ- 50 [sieel cold-lareed) - e I n e ate rl a
¥ Entering data In white cells will OVERWRITE formulas and cause ERRONEOUS results!! Rrn= 128 psi al tme = 11040 msec

To recover formulas, save your input data and reinifiate Component Type on Intro worksheet, [Shortest Yield Line Distance fo Determine 8: 840 in 1 '

* Shear controlled response ONLY occurs if the user sets the "Shear Flag” > 0. This response fypicaly has very Squivaient Static Reactiens YIEId E‘“Engm 3 rr' 5D.nuu FIE’I

imited ductity - a maximum value of 1 s assumed in 5. The user should dearly understand < .
shear-controlled response when using the shaarﬂag - see User's Guide. [Vu at Support A = Ib . - - i r r I
B TRy
st o o kv sz spamenk o seved Dy She oy fr R ik UMtimate Strengih, T, 65,000 psi
‘supported component. Dynamic axial load includes static gravity load of supporied horizontal member. |Flcuural Shear Capacity
© For Response Criteria: TM = tension membrane Shear Capaciy: W, = 3z b q . L.

7 588 Users Guide for Responsa Criteria for DSSWS (Ductile Steel Stud Wall Systam). These critenia are Results for Shear Check Shear is OK. EIaE'1IE' MudUIusl E f Eguuuuuu ps'l
based en construction that are displayed with Click Bulton an Response Type input form. [Req'd Distance fram Support with Web Stiffeners (2) NA i

# This is the maximum comprassion force in the plate from compesite flexural response with stud for. [Not Used for Conventional Stud Design " i
DSSWS. Provide connectons of plate t stud f resis s dasign force with LRFD design as shown in T Brved o o o hoend and remend ST T e moT Stalic SlrErlgl Increase Fackor: 1.4

SBEDS User's Guide for Metal Stud Component. including tension mambrans

ArH e ——p— Dynamic Increags Factor: 11

Drynamic Yield Stress, fy £6,550 psi

Med Used jondy for DSSWS response mode)
Calculated Froperties

CORCRETE REFPAIR

Stud Moment Capacify 7131 |b-in

Maximum Tension Membrane Foroe in Stud, T ]




SDOF - SBEDS - FRP Retrofit

FRP Selection

— Select Fiber Type

| carbon fiber

E-glass fiber
Aramid fiber
Steel-Reinforced Polymer

=]

Yield Strength

Elastic Modulus

Thickness

— Fiber Layers

Fractional Layers Parallel to L;

Fractional Layers Parallel to H:

Unloaded Side  Loaded Side

Environmental Reduction Factor {Ce): I I

Done

— Select Fiber Type

I Carbon fiber

— Select Fiber Type
Aramid fiber ;I

— Select Reinforcement

Fyfe SCH-7UP/Tyfo &5

Fyfe SCH-7UPTyfo (® 5
Fyfe SCH-41 fTyfo ® 5
H13 BlastSeal™ CF-250
QuakeWrap™ YU 18C
WSL W-Wrap C200

IUser Defined

Thirlammmn

— Select Fiber Type
I E-glass fiber ;I

— Select Reinforcement

Fyfe SEH-51/Tyfo® S -]

Fyfe SEH-51/Tyfo® 5
Hexcel Hex-3R Wrap 430™
Mbrace & EG200
QuakeWrap™ YU20G

IUser Defined

Environmental Reduction Factors from ACI 440.2R-08
Exposure conditions Fiber type Environmental reduction factor C¢
Carbon 0.95
Interior exposure Glass 0.75
Aramid 0.85
Exterior exposure Carbon 0.85
(bridges, piers, and Glass 0.65
unenclosed parking ;
garages) Aramid 0.75
Aggressive environment Carbon 0.85
{chemical plants and Glass 0.50
wastewater treatment i
plants) Aramid 0.70

— Select Reinforcement

Fyfe SAH-41 [Tyfo ® 5 |

Fyfe SAH-31 [Tyfo ® 5

Keviar &
User Defined
Elastic Modulus 5800000 | psi
Thickness 0,05 in
— Select Fiber Type
Steel-Reinforced Polymer j

— Select Reinforcement

3x2-20-12 Hardwire ® |

3x2-20-12 Hardwire®

IUser Defined

ol
-'j.-"'llI/' ‘H:'“ . F I

CORCRETE REFPAIR




Buiding: Sample Component: LG Wall Sud
SBl

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

[Wall Span, L:

IStud Spacing, B:

‘Select Boundary Canditian,
Respanse Type.

1

1330
Simple-Simple, Unifarmly Loaded
Flenural

Structural & Mater

Properties.

s of Bending:
|Stud Self-Weight, w:
Moment of Inerfia. |
[Section Modulus; S:

veb Thickness, tw
D=pth, o

Area, Ac

Wb Punch-Outs
sunported Weight

No Dynarmic Acial Losd =
JLeave Blank for Mo Axial Load

° Static Axial Laad, P':

ly for tension membran ponse) W ilb) Explosive Type
ok for Wall (for tension membrane response) = - 50 NT Inbound | Rebound | Units
el Type Tess. aestantaiitomen) \W(TNT Equivilb) Rf) 87 | 7487 |psmelin
Yield Strengtn, £: 50,000 psi 50 50
JUitimate Strength, f,; 65,000 psi Blast L 08 0.78
[Flastic Modulus, E- 29000000 psi Positive and negative phase 078 0.78
Increase Facior 121 Blast | on 086 088
Dynamic increase Factor 11 Reflscted witout Clearin 086 066
Dynamic Yield Siress, i, 66,550 psi Paramtess for R : 056 066
ot Used fonly for DSSWS response mode) [Wall Height ()"
Calculated Properties veal vicin i) 056 06 | psin
Stust Moment Capacity 7131 lb-in Incigence Angle* 056 066 | psin
Maximum Tension Membrane Force in Stud T 0 S nules e 555 00 000 | psiin
0.00 0.00 psilin
I AilLoad InputFi Hot Selaced 000 000 | psiin
137 437 psi
ses AICOE 1
Res [ rse Criteia or L Ax Pl
P Dssws 3 37 pi
il nct holated) 137 37 psi
I J x 208 208 in
-_— e - - 2 208 in
%3 208 in
x4 208 in
208 208 in

ErrorWarning Messages

Noles.
Used for dlearing of reflected load
*ngle in degrees from normal
! Entering data In white calls will OVERWRITE formulas and cause ERRONEOUS results!t
To recover formulas, save your ingut data and reinifiate Gomponent Type on Iniro worksheet,
* Shear conlrolled respanse ONLY ocours f the user sets the "Shear Flag" > 0. This response typicaly has very
imited ductiity - @ masimum value of 1 fs assumed in SBEDS, The user should dearly understand
shear-controlled response when using the shear flag - see Usar's Gu
* Axial load per unit width on analyzed component Dynamic Shes
supportad companent. Dynamic axial kiad vy load of tal member
® For Response Critefia: TM = tension membrane
7 See Users Guids for Responss Critena for DSSWS (Ductle Steel Stug Wal System). These crten are
based en construclion that are displayed with Click Bulion on Respanse Type inpul form.

# This is the maximum compression force in the plate from compasite flexural response with stud for
DSSWS. Provide connections of plate to stud to resist this design force with LRFD design as shown in
SBEDS User's Guide for Metal Stud Camponent.

Blast Load Type

Charge WL {W)

Gravity Displacement

None (vertical compenent)

Prossurs-Tima Input

Teme (ms)
N

& Standoff

Pressure (pe

WA

Solution Control

Inbound Natural Period:

[Rebound Natural Perio

o= 132 deg.  |Design Crteria LLOP/Secondary-NS

u=_ 083 Retound Response meels inpul design erieria
Xy INbound = 194 in attime = 20400 msec
KonRebound= 184 in atime= 11040 msec
Roa= 128 pai attime= 20400 msec
Run= -128 psi atme= 11040 msec

[Shodest Yield Line Distance to Determine 8: 84.0in

= PR —

1E% b
18% b

|Elisaucal Shoar Canacity

Shear Gapacity:V, = 324 b

[Results for Shear Check Shear is OK

[Reqd Distance from Support with Web Stifeners (2) NA

[Not Used for Conventional Stud Design
{1} Based on lamer of nbound ané rebound whimate fexural resistante, ol
including tension membrans
(2 Based an suppart with maximum V, - Use stifener spacing <=stud dapth

enf: LG Wall Stud

By: I

SBEDS v5.1: Metal Stud Wall

Click to Input Blast
Parameters

Blast Load Type
Charge Wt {W) & Standoff (R)

Gravity Displacement
Mone (verlical carmponent)

Pressura-Time Input

Time {ms) Pregsure (pal)
———

i MA

Ses Al COE
Respanse Criteria for
ATIFF [DS5WS
Crileria not holuded)

Explosive Type
T
WITNT Equiv)(ib) R {ft}

50 50
Blast Load Ph

Positive and negative phass

Blast Lt Jrientation
for Redl Lt
Wall Height (ft)"
‘Wall Width {ft)' A
Incidence Angle? ]
Ses noles under B56

Auiallnad Input File Mot Selacied

Wl

Coannecied tap and balom -
0P Type | LLOF!Secondarv-Ms =
LOPType | v

8 (deg) B
NIA 2

Define Blast Parameters
(Charge weight and
standoff or Time History or
multiple charge weights or

standoffs)
Define Blast Phase and Blast

Orientation

Reflected pressures with and without
clearing or side-on pressure

Incidence Angle

Define Performance Criteria

ICRI

CORCRETE REFPAIR




Buiding: Sample Component: LG Wall Sud

By

SBEDS v5.1:

User Info:
[Wall Span, L:
IStud Spacing, B:

‘Select Boundary Canditian,
Respanse Typ:

Lin Yellow Cells, See Note Below for White Cells’

133
Simple-Simple, Unifarmiy Loz
Flenursl

G
fstud Self-weight, w R
Moment of Inerfia. | 378 In

[Section Modulus; S: 116 In°

e Thickness, tw 0057 in

[Dep! 600 in

Jarea, A D7 in

Web PunchOuts
[supported Weight W pst

N Dynaric Axial Load

° Static Axial Laad, P': Ihiin Note: {P>=D))
in

Metal Stud Wall

Click to Input Blast
Param

Blast Load Type

Charge W1 (W) & Standoff (R}

Gravity Displacement

None (vertical compenent)

Prossurs-Tima Input

Pressure (pe

Teme (ms)

eters

R constant =

NIA WA
inbound Natural Period ms
Rebound Netural Period: 18721 ms
Max Recommendsd Time Step 00 s
Jrime Step a1 ms
5 of Criicsl Damping: %
Inital Velocit Infins

Jrect Used {onty for tension membrane response) W (lb) Explosive Type SDOF Properties.
Type of Track for Wallfor tension membrans responss) Co o man - 50 N Property Inbound | Rebound | Units
Stes Type: Tess. aestantaiitomen) WINT Equivib) | Rif) iass M 7487 | 7487 |psmeln)
Yield Strengtn, £: 50,000 psi 50 50 (oad-Mass Factars K 1|
Uiimate Strength, £ 65,000 pi Kun 08 0.8
[Elastic Modulus, E: 29000000 psi Positive and negative phase Ko 078 078
Static Strangth Increase Factor 121 Koo 086 066
Dynamic increase Factor 11 Reflscted witout Clearin Ko 086 066
[Dynamic Yield Stress, f,, 66,550 psi Ko 066 066
et Used onty for DSSWS response mode) [Wall Height 1} NiA [Stiness K

Calculated Properties [ Wall Wicth (i)' WA K 0.66 0.66 psifin
Stud Moment Capacity 1131 Ib-n Incidence Angle* [ K 056 066 | psin
Maximum Tension Membrane Force in Stud T 0 S nules e 555 K 00 000 | psiin

K 0.00 0.00 psiin
Aailload Input il ot Slocted K 0.00 0.00 psiin

i Resistsnce, A
Ry 137 S pei
SEACE, Gonnecisd ton and botom R 137 Aa7 o
ATIFP DSSWS P Ry 137 137 psi
et hcluded) 0 (e R 137 37 psi

NiA 2
it Dispiacement, x

x 208 208 in
x 208 208 in
x3 208 -2.08 in
I e 208 208 in

ErrorWarning Messages

Noles

Used for dlearing of reflected load

2 Angle in degrees from normal

¥ Entering data in white cells wil OVERWRITE formulas and cause ERRONEQUS resuls!!
To recover formulas, save your ingut data and reinifiate Gomponent Type on Iniro worksheet,

* Shear conlrolled respanse ONLY ocours f the user sets the "Shear Flag" > 0. This response typicaly has very
mited ductity - a masimum value of 1 is assumed i S, The user shouid dearly understand

shear-cantrolled response when using the shear flag - see User's Guids

* Axial load per unit width on analyzed component Dynamic Shear History il f

supported component. Dynamic axial load vy load of tal member

“ For Response Criteria: TM = lension membrane

7 See Users Guids for Responss Critena for DSSWS (Ductle Steel Stug Wal System). These crten are
based en construclion that are displayed with Click Bulion on Respanse Type inpul form.

® This is the maximum compression force in the plate from composite flexura! response with stud for.
DSSWS. Provide connections of plate to stud ta resist tis design force with LRFD design as shown In
SBEDS User's Guide for Metal Slud Campanent.

| R 206 208 i

U= 132 deg.  [Design Criteria LLOP/Secondary-NS
u=_ 083 Retound Respon input desion criteria
Xy INbound = 194 in attime = 20400 msec
KonRebound = 134 in 1040 maec
Roa= 128 pai attime= 20400 msec
Run= -128 psi atme= 11040 msec
[Shodest Yield Line Distance to Determine 8: 84.0in
Equivalent Static Reactions
2 Sasod on Ulinate L .mﬁ‘ ‘H I
Vu at Support A = 18% b
|V st Support B = 18% b
|Eltsical Shoar Capacity
Shear Capacity V; = 324 b
[Results for Shear Check Shear is K.
[Reqd Distance from Support with W Stiffeners (2) NA in
[Not Used for Conventional Stud Design

{1} Based on lamer of nbound ané rebound whimate fexural resistante, ol
including tension membrans
(21 Based on support with maximum V, - Use siffsner spacing <=stud dapth

Dyna Reaction Fact

Shear Constant Elastic Plastic
F conslant = 0.11 D12
R consiant = 0.39 D.aa

Solution Control

Inbound Natural Period:
Febound Matural Period:

IMax Recommendsd Time Step
Time Step:

% of Crilical Damping;

Inifeal Velocity:

Property Inbagund

LInits

Mass, M 7497

pe me’iin

Load-Mass Factors, Ky
LT .78
Ko 0.78
Ko .66
L .66
Hius .66

o.7a
.78
066
0.66
0.66

Stiffnass, K
K. .66
K; 0.66
Ky 0.00
Ky 0.00
Ks 0.00

0.66
0.66
0.00
0.00
0.00

psain
psifin
peifin
psafin
paalin

Resjsf;ance, 5]
R 1.37
R; 1437
Ry 137
Ry 1.37

.47
<37
-1y
<137

Yield Displacement, x
il 208
w2 208
3 2.08
wd 208

Equiv Yigld Defl, X ¢ 208

Define Time Step, Damping
and Initial Velocity.
Typically, damping and
initial velocity are zero. For
most applications 0.1 is the
maximum recommended
time step

Load Mass Factors are
determined by the
program based on the
inputs and Resulting
Resistance and Yield
Displacements are
calculated

IR
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Buiding: Sample Component: LG Wall Sud
SBEDS v5.1:

User Info: Fill in Yellow Cells, See Note Below for White Cells’
[Wall Span, L:
IStud Spacing, B:

‘Select Boundary Canditian,
Respanse Type.

M

1330
Simple-Simple, Unifarmly Loaded
Flenural

Structural & Mat

Properties

s of Bending:

By IEI Date

Metal Stud Wall

Click to Input Blast Dynamic Reacti
Parameters

Blast Load Type F constant = 011 012

Charge W1 (W) & Standoff (R} R constan = 039 033

Gravity Displacement

None (vertical compenent)

Prossurs-Tima Input

Factors

Shear Constant Elastic Plastic

Stus Sel-Weight w Tims (ms) | Pressure ipsi
[Moment of Inertia, | 378 I NiA WA
Section Modulus, § 116 in° S0l [—
eb Thickness, tw. 0057 in Inbound Naural Period: W2 ms
D=pt 800 in [Rebound Netural Periog 18721 _ms
Jarea. A t [Max Recommended Time Step 010 ms
et Punch-Outs - Jrime Step: 01 ms
[Supported Weight 5 of Critical Damping: %
N Dynamic Axal Losd_w |° Static Avial Load, P; Ibin Nate: (P>=0) ininal Velociy inftng

[Leave Blank for Ho Axial Load in
Mot Used {only for tension membrane response) ilb) Explosive Type. SDOF Properties
Type of Track for Wal for tension membrans respanss) Coia brmaman - 50 TNT Prapsry Inbound | Rebound | Units
Stes! Type: [eas3, G50 tont ol forew) \W(TNT Equivilb) R Mass. M 87 7487 | psmeiin
Yield Strengtn, £: 50,000 psi 50 50 oac-Mass Factors, K .
Utimate Strength, i, 65,000 pei Bla Ky 08 078
Elastic Modulus, E 29000000 psi Positve and negalive phase g 078 078
static Strangth Increase Factor. 121 Blast Lo fion K 088 088
Dynamic increase Facior 1 K 088 066
Dynamic Yield Siress, i, 66,550 psi Par ds. K 086 0.6
et Used onty for DSSWS response mode) [Wall Height 1} [Stiness K

Calculated Properties veall wigth (i)' K 0.668 066 psiin
Stust Moment Capacity 7131 lb-in Incigence Angle* K 088 060 psiin
[Maximum Tension Membrane Force in Stud, T: 0 See naes e B5 K 0.00 0.00 psdin

K 0.00 0.00 psiin
AutalLoad Input File Hot Salecind K 0.00 0.00 psifin

Resistance, R
R | o | e
SMALE R 137 437 pei
ATIFP DSSWS Ry 137 EE psi
Crileia nct hcluded) 0 (d Ry 137 137 psi
N 2

 Yighd Dispiacement, X
o 208 208 in
x2 208 -2.08 in
3 208 | 208 n
¥ 208 -208 in

ErrorWarning Messages

bistes
Used for clearing of refiected kiad

“Angle in degrees from normal

¥ Entering data in white cells wil OVERWRITE formulas and cause ERRONEQUS results!!
To recover formulas, save your input data and reinitiate Component Type an Iniro worksheet.

# Shear controlled response ONLY occurs i the user sts the *Shear Flag® » 0. This rasponse typically has very

st uctiy - @ masimum value of 1 s assumed in SBEDS, The user shoukd dearly understand
shear-controlled response when using the shear flag - saa Usar's Guide
S Axial load per unit width on analyzed component from saved Dynamic Shear Histary fie for

‘supported compenent. Dynamic axial load includes static grayity load of supporied horizontal member.

® For Response Criteria; TM = tension membrane

¥ See User's Guide for Response Criteria for DSSWS (Ductile Stee| Stud Wal System). These criteria are

based on consiuction thet are dispiayed with Click Bution an Respanse Type input form,
© This is the masimum comprssion force in the plate from compasite flaxural response with stud for

DSSWS. Provide connections of plate to stud la resist tis design force with LRFD design as shown in

SBEDS User's Gusde for Metal Stud Camponent

[Exui el Defl_X 2.08 208 in
r N S S - - -

o™ 132 Geg.  Desigh Criteria LLOP/Secandary-NS
u= 093 Rebound Respon 1 design ariteria
I Kuanbound = 134 in atime= 20400 msec
KonRebound = 134 in atime= 11040 msec
Rug= 128 psi attme= 20400 msec
I Rpg= 128 psi at time = 11040 msec
[Shortest Vield Lin Distance to Detsrmine &: 640 in
[T S—r—
TR il el g oTty S v
I Vu &t Support A = 18% b
v st SupportB = 183 b
Ficaual Shoar Capacity
Shear Capaciy. V, = 321 b
I Resuls for Shear Check Shear Is OK.
[Reqd Distance from Support with Web Stffeners (2) NA
[Not Used for Conventional Stud Design
I {1} Basad on larger of inbound and rebound witimate fexural resistance, not
including tension membrane.

(21 Based on support with maximum V., - Use stiffener spacing <=stud depth
I S S S S - -

0= -132 deg
= 083 Febound

Design Critaria:

LLOP Secondary-N3

Response meets inpul design criteria

X INDOUNG 194 in at ime =
K Rebound 184 in at time =
Rrw=  1.28  pe at time =
FBrn= <128 ps al tirme =

204.00
110.40
204.00
110.40

MSEC
MSEL
MEet
MEeC

Shoriest Yield Ling Distancs 1o Delerming &:

WVu at Support A =
u at Support B =

Equivalent Static Reactions®

B4.0

1836
1,836

Shear Capacity: VW, =

IEesults for Shear Check

324
Shaar s 0K

Ib

Feg'd Distance from Support with Wb Stiffeners (2)
Mot Uzad for Corventional Sted Design

NIA

in

{1} Basad on larger of inbound and rebound wimate fexural resistance, not

in:luding lension mambrans,

(21 Based on support with maximum Y, - Use stiffener spacing <=siud depth

Response Criterion are
checked versus the analysis
and maximum resistance
and displacement are
shown

Equivalent Static Reactions
are calculated and
provided for connection
design and shear checks a
displayed

CORCRETE REFPAIR




g

SDOF — SBEDS - Output

Companert:

SBEDS v5.1: Metal Stud Wall

3

Oate:

Peak Dynamic Reactions
Vew= 130 psi

Displzcement inch}

Results Summary

for positive and negative
phases

Com T8 m e T® I O = -132 deq. Peak Dynamic Reactions
R OE I p= 083
L eI . | | Xos= 1984 in  atbme= 20400 msec
I - Displacement History _‘.I:'m = 194 in af tme = 110,40 msag Strain Rate to Yield*
5 1§ - - I Rrw= 128 psi attime= 20400 mssc SreinRate= 001 flsec
| i N A h I Rpin= -128 psi atbme= 11040 msec
E. 0:: A Male: Ses Generdl llems sechion of User's Guide for information on time of calculsted resporse. “Per Sechon 4.3 of UFC 3-340-02. Mote Based on maxrespense [instesd of yiehd) when dudilily ralio<1.0
I = I Displacement History
= L] 50 100 150 200 250 300 350 > 25 ¥
Time (ms) I 2 . — ="'lu..
) Applied Load History — . = i5 - ’f
I: : scariein WO O 2 AN P
a 9 = I = 1 - 4
N o s i N 7
8 4 Lo 04 8 [ ™ /
I B o I . E 0 N F
EEsE====| Graphical output B s N
I o 5 100 I, 250 00 50 I . . = '1 \
s Reslstance and Equivalent P-delta Force Histories “lu.._“__
- —— Resistance . . -2
- "HATN P s respect to time Is 25
& 05
s y . 40 150 200 250 300 350
i - - 7 NG provided Time (ms)
a4 AN
- 50 100 150 200 250 30 350 Applied Load History e BLAST LAY
e} e 1; Paak Prossum = 128 ps 1
Dynamic Reactions History — _é 10 Pasifve Phase l=puse = AT psies [1F : S
5 1.7 _NDIU;W E 8 Pisei: epalie Pressaire = -2.0 poi %
i — = 7o & \ ;—“( Meqates Phasa l=qmss = 47 pekms 0.6 E’
3 g N = - . ] 4 — =1
SEEENT = Graphical output RS Y o 04 3
& k! - =
E 100 150 ) 250 300 350 h M bI 0 \‘_ (Z_ =+ 0.2 E
Rl e showing blast pressure 2 i = ;
Resistance vs. Displacement . M M
P e with respect to time is / 5 W 250 300 %0
£ 4 = T . .
- RREIRE2S provided along with peak
& a5 = =
N ezaniil pressures and impulses 7
28 2 a5 1 a5 1 o5 1 15 2 25

f
I

ICRI
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Progressive Collapse

“The spread of an initial local failure from
building element to building element,
eventually resulting in the collapse of an
entire structure or a disproportionately
large part of it.”

Source: UFC 4-010-01

* Threat Independent

* Protect by:
* Redundancy
* Local Hardening

ASI| Extreme Loading




Progressive Collapse

Figure 3-1. Tie Forces in a Frame Structure

Internal {

Longitudinal and

Tmns“m'rms .‘II:..EIIIIIIIIII Illlllll'lilh‘l

(dotted lines) : .- Vertical
e / Tie

! — .-"f r;
— — — — l?
7 4
i |

oy - = |- <m-

Peripheral Tie
{dashed lines)

NOTE: 1. Peripheral, longitudinal and transverse ties are not required in floors
above crawlspaces if public access control is provided.

2. Vertical ties are not required to extend to the foundation and shall be
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Learning Objectives

* Blast Theory
- Blast Analysis
» Blast Design

* Progressive Collapse
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