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AISC Live Webinars

Thank you for joining our live webinar today.
We will begin shortly. Please standby.
Thank you.

Need Help?
Call ReadyTalk Support: 800.843.9166

There’s always a solution in steel.

structural

OITEEL

AISC Live Webinars

Today’s audio will be broadcast through the
internet.

Alternatively, to hear the audio through the phone,
dial 877-256-3271.

Conference ID: 21806272
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AISC Live Webinars

Today'’s live webinar will begin shortly.

Please stand by.

As areminder, all lines have been muted. Please type any
guestions or comments through the Chat feature on the
left portion of your screen.

Today’s audio will be broadcast through the internet.
Alternatively, to hear the audio through the phone, dial
877-256-3271

Conference ID: 21806272

AISC Live Webinars

AISC is a Registered Provider with The American Institute of Architects
Continuing Education Systems (AIA/CES). Credit(s) earned on completion
of this program will be reported to AIA/CES for AIA members. Certificates
of Completion for both AIA members and non-AIA members are available
upon request.

This program is registered with AIA/CES for continuing professional
education. As such, it does not include content that may be deemed or
construed to be an approval or endorsement by the AIA of any material of
construction or any method or manner of handling, using, distributing, or
dealing in any material or product.

Questions related to specific materials, methods, and services will be
addressed at the conclusion of this presentation.
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Copyright Materials

This presentation is protected by US and International Copyright laws. Reproduction, distribution,
display and use of the presentation without written permission of AISC is prohibited.

© The American Institute of Steel Construction 2016

The information presented herein is based on recognized engineering principles and is for general
information only. While it is believed to be accurate, this information should not be applied to any
specific application without competent professional examination and verification by a licensed
professional engineer. Anyone making use of this information assumes all liability arising from such
use.

Course Description

Blast-Resistant Design of Steel Buildings

Part 2
March 24, 2016

This lecture will introduce the process for blast-resistant
design of steel buildings. General design approaches and
assumptions will be presented. The lecture will walk
through the steps for blast design of steel components from
determining the blast load and the component response to
checking the demand against strength. A variety of
component types will be explored including connections.
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Learning Objectives

+ Become familiar with types general design approaches,
assumptions, and criteria for blast

+ Understand general design steps for blast design of steel
buildings

+ Determine load demand and capacities for a variety of steel
building components and connections

+ Become familiar with design approaches for frames and
building systems

Blast-Resistant Design of Steel Buildings
Part 2. Blast-Resistant Analysis and
Design

March 24, 2016

Presented by

Aldo McKay, P.E.

Principal

Protection Engineering Consultants
San Antonio, Texas
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BLAST-RESISTANT DESIGN
OF STEEL BUILDINGS

Part II: Blast-Resistant Analysis and
Design March 24, 2016

Kirk Marchand, P.E.
Aldo E. McKay, P.E

Protection Engineering

Blast Resistant Design of Steel Buildings 9

Outline

* General design approaches and assumptions in blast
design

* Design Criteria and Reference Documents

* General design steps

» Blast design of components

Application of blast loads

The SDOF approach

Response limits

Shear and connections

— Examples (SBEDS SDOF workbook for steel components)

Frames and building systems

Blast Resistant Design of Steel Buildings 10
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Glossary

* ATFP — Antiterrorism and Force Protection
* DOD - Department of Defense

* FOUO - For Official Use Only

* ISC - Interagency Security Committee

* LOP - Level of Protection

+ PDC - Protective Design Center

+ SBEDS - Single-Degree-of-Freedom Blast
Effects Design Spreadsheet

Blast Resistant Design of Steel Buildings 11
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Video

Blast Resistant Design of Steel Buildings 13

General Design Approaches

» Closed-form Energy Solutions

— Accuracy depends if component is in
the applicable response realm

» Chart Solutions
» Single-Degree-Of-Freedom (SDOF)

— use time-stepping numerical solutions to
solve the basic equation of motion

— standard design approach by blast ZF =My
designers F()-R(y)=My
— combines an explicit consideration of My + R(y) = F(t)

the dynamic structural response, and
design simplicity

Blast Resistant Design of Steel Buildings 14
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General Design Approaches,
Cont'd

» Equivalent Static Load (ESL)

— used for connections and other stiff members including
bracing and framing components

— more accurate when dynamic load is applied slowly
compared to the component response time (limited inertial
effects)

* Dynamic Finite Element Method

— non-linear material properties and non-linear geometry
should typically be used

— numerous applicable commercial codes for various types
of blast design problems

Blast Resistant Design of Steel Buildings 15

Basic Design Assumptions

» Material yield strengths increased for strain-rate
effects
— fast response causes high strain-rate and corresponding
higher yield strength (10% to 20% increase)
« Component ultimate capacity used for blast design

* Yielding in ductile response mode is typically
assumed
— strengthen non-ductile response modes so they don’t
control response, if possible
» Design based on allowable deflection rather than
allowable stress

Blast Resistant Design of Steel Buildings 16
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Design Criteria and References

» Design Loads and Performance

Limits for Different Industries

— DOD ATFP Criteria - UFC 4-410-01

— Federal projects - Interagency
Security Committee (ISC) The Risk
Management Process and
appendices

— ASCE Design of Blast Resistant
Buildings in Petrochemical
Facilities

— VA Physical Security Design
Manuals

UMIFIED FACILITIES CRITERIA (UFC)

Dol MINIMLM ANTITERRORISM
STANDARDS FOR BUILDINGS

e
i@; Blast Resistant Design of Steel Buildings

S 2

Design Criteria and References,

Cont'd

» Comprehensive Guidance for
Analysis and Design

— UFC 3-340-02 “Structures to Resist the
Effects of Accidental Explosions”
(Chapter 5 for steel design)

— UFC 3-340-01 “Design and Analysis of
Hardened Structures to Conventional
Weapon Effects” (Chapter 10 for steel
design, FOUO (for official use only)

+ intended primarily for more robust blast
hardened military structures

— SBEDS Methodology Manual
distributed with SBEDS program
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U S, ARMY CORPS OF ENGINEERS:
PROTECTIVE DESIGN CENTER TECHNICAL REPORT

Mathadalogy Manual for the Single-Degree-of-
Froedom Blast Effects Design Spreadshoets
(SBEDS)

Blast Resistant Design of Steel Buildings
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Cont'd

Design Criteria and References,

* Good General Guidance

(ASCE/SEI 59-11)

— AISC Facts for Steel Buildings Number N
2 — Blast and Progressive Collapse |J\ : i
W

— AISC Steel Construction Manual

+ tables useful for compression members and

— AISC Design Guide 26: Design of Blast ® 2L
Resistant Structures =y
— ASCE/SEI Blast Protection of Buildings P W o e

bolts

* LRFD tables give ultimate component capacities
with ¢ factor

Blast Resistant Design of Steel Buildings 19

General Design Steps for Blast
Design of Steel Buildings

1 Blast AnaIyS|s of

- Building Envelope

2. Blast analysis of

~ exposed structural
members
1. Using SDOF approach
2. Using ESL

‘3 Frame system anaIyS|s

Blast Resistant Design of Steel Buildings
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Blast Design of Steel Components

. Determine the blast load

Select member type and geometry (Typically obtained
from conventional design)

Use SDOF analysis (or other approach) to determine
component response

. Compare calculated peak response to design response
criteria, iterate as necessary

. Check shear demand against component shear strength
. Design component connection against reaction demand

Blast Resistant Design of Steel Buildings 21

Determine Blast Load

Specified as pressure-impulse pair

May be calculated based on explosive weight and
standoff

— angle of incidence of blast loading

— clearing effects on reflected blast load
— Re-entrant corners

Use of dynamic reactions coming from connecting
members

More complex, accurate approaches used as
necessary

Blast Resistant Design of Steel Buildings 22
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Simplified Design Blast Load
Shape

» Peak pressure and impulse are calculated and
used to define simplified load shape

/Peak Pressure (P)

Pressure

Impulse, (i)

[
t
d

Time

Blast Resistant Design of Steel Buildings 23

Framing Component Loads

» Direct blast load over tributary area

— simpler approach than dynamic reaction
load

* Dynamic reaction
— generally has about same impulse as

direct blast load Le
— often lower peak pressure and longer
duration 7
. . B L
— Dynamic reaction may be less / ©

conservative especially when ultimate
resistance of supporting component >
supported component

Supporting components

Blast Resistant Design of Steel Buildings 24
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Use Energy Solutions for Max
Deflection (X))

Impulse Sensitive Response

Resistance

Kinetic Energy = Strain Energy

i2

—— =1 Xm -1 X
2Ky M uAm—5lule

=2

|
Xp=—+1X
MoK wMr, 27

Pressure Sensitive Response

Deflection

Pressure

Impulse, (i)

Work Energy = Strain Energy
PXm = I’uXm _%ruxe
X =525

N ~ 20-F
] l‘ Time m 2(1 -

25
Blast Resistant Design of Steel Buildings

Design using SDOF Approach

Pty
- . [ Ductile flexural Tension membrane region,
TTTT 1111 %_AJ’\;’\/\ region if applicable
~od TR T i >
Defectiom ) i)
— Fut S
Beam Loaded By Blast Equivalent Spring - Mass System
KZ
3
8
7 K
&
SDOF Ke
- Perhaps this is the most common
method of blast analysis
- Resistance vs. Deflection curve,
commonly known as the component Xe X X
“Resistance Function” Deflection
Blast Resistant Design of Steel Buildings 26
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General Resistance-Deflection
Relationship for Steel Components

» The spring in SDOF system represents the stiffness and
strength of blast-loaded component

— usually component has flexural response to blast load

» (K) Stiffness relates mid-span deflection to applied static load
— use standard beam deflection equations to solve for (w/A)
— depends on component geometry and boundary conditions

+ (R,) Ultimate resistance. Numerous factors affect the ultimate
load capacity

— response mode (usually flexural response assumed)
— depends on component dynamic moment capacity
— Use standard beam moment equations to solve for “w”

Blast Resistant Design of Steel Buildings 27

Terms Used in Resistance-
Deflection Curve

Support Conditions Elastic Ultimate Stiffness Equivalent
and Resistance Flexural N - Support
Loading Diagrams Resistance Bending ! Shear- Shears
k. = 384EI
{ 1 ¢ L* k.=k,
o . 3 8(M, +M_| . _ 3R4EI ,_ 1yl
% ; L | k? r= |-|\\[,. . | ™M P kp= St n hE V= “:
7 L L " L’ | 307EI 0.35L°
- - E= L-l
p
&M 3R4El hE ryl
; . r,=r = P Ke=kg==— - = V=
P L e=ly y —L\_— B sS4 k. 0352 3
k. = 185EI
o . ot k =k . _Sr,L
“ | \ 1 e =Ky /===
1?1 - o . Il 2 8M, 4 Mn+3M|~= k.= 3R4E |EP Vi 8
Z . | =77 |, o\ / LT - . 3L
. 4 " L’ L. = 160EI 03sL? [Va=—x
ET L*

My = Negative Moment, M, = Positive Moment (From SBEDS Methodology Manual)

Blast Resistant Design of Steel Buildings 28
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Dynamic Material Properties

where:

S = acf,

fay = dynamic design yield strength

fy = minimum static yield strength

¢ =dynamic increase factor (DIF)

a = average static increase factor (SIF)

Note: a is also referred to as an average strength factor (ASF)

Blast Resistant Design of Steel Buildings

29

Dynamic Strength Increase Factors
(Default Design Values)

Material Minimum Static Yield Average Strength Dynamic Strength
Strength Increase Factor (SIF) | Increase Factor (DIF)
(a) (c)
Cold Formed 200 - 400 MPa 1.21 11
Panels, Beams | (30,000 - 60,000 psi)
Steel 200 - 240 MPa 1.1 1.29
(30,000 - 36,000 psi)
Steel 290 - 400 MPa 1.05 1.19
(42,000 - 60,000 psi)
Steel 515 -690 MPa 1.0 1.09
(75,000 - 100,000 psi)

Blast Resistant Design of Steel Buildings

30
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Plates - Hot Rolled Steel

 Plates typically used for blast doors, blast
containment cells

+ Steel plates are also effective for stopping high
velocity fragments

* Fully plastic moment capacity is developed at
curvatures of at least 5x the initial elastic
curvature

Blast Resistant Design of Steel Buildings

31

Dynamic Moment Capacity-

1
0.9 |TYPICAL.
[f $+Z 1< o 08 [P/
M, =" 2 == o7 :
|l Sz 7= 7l | 2 os PLATE
g 05
E o4
g 0.3
2 0.2
Mgy, = ultimate dynamic moment capacity o1
per unit width - ) 2 3 P 5
Z:Iyum; L?n};nl?;nai;)’iem strength of steel or HINGE CURVATURE DUCTILITY RATIO, A1 ont SHRVITRE
S = elastic section modulus per unit width
Z = plastic section modulus per unit width

M = ductility ratio

Blast Resistant Design of Steel Buildings

32
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Beams - Hot-rolled Steel

+ Typically used for framing members
— typical minimum static yield stress currently 36 — 50 ksi

» Usually respond in a ductile flexure response and have
high inherent shear strength

» Only compact sections are recommended for blast design

» Compact beams with adequate compression flange
bracing reach fully plastic hinge at lower ductility than
plates

Blast Resistant Design of Steel Buildings 33

Dynamic Moment Capacity - Hot-
Rolled Beams

Mg, = ultimate dynamic moment capacity
! S+Z u<3 fsy = dynamic yield strength of steel
M, =% 2 - S = elastic section modulus
JoZ H>3 Z = plastic section modulus
M = ductility ratio

du

Note, dynamic moment capacity limited by lateral bracing based on equation below:

]b v
=
Mm _[1'07_316i(7]r_ \ffd,»JMdu SM{?H

M,, = ultimate dynamic moment capacity accounting for effects of lateral bracing

l,, = distance between lateral bracing points for compression flange provided to
beam input separately in SBEDS for inbound and rebound response (mm)

r, = radius of gyration of the member about its weak axis (in)

= dynamic yield strength of steel (ksi)

Blast Resistant Design of Steel Buildings 34
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Hot-Rolled Beams, Example

Maximum displacement of a roof beam supporting a deck subjected to
downward blast

12h

& r T } ]

The beam (W21x14) has the following properties:

* ASTM A992, F, = 50 ksi (use dynamic yield stress
Fay = 62.5 ksi)

* Span, L =12 ft (Simple-Simple)

* Beam Spacing, B=5ft

+ Plastic Section Modulus, Z = 17.4 in.3

*  Moment of Inertia, | = 88.6 in.#

» Supported Roof Cladding Weight, W, = 5 psf

Blast Resistant Design of Steel Buildings 35

Hot-Rolled Beams, Example Cont'd

Energy Solution
Equivalent triangular load time duration

* Impulse, i = 80 psi-ms
» Peak Pressure, P = 35 psi

P (psi)

i = impulse = 0.5t4P
0
tq :;L = 4.57 ms

ty t(ms)

Blast Resistant Design of Steel Buildings 36
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Hot-Rolled Beams, Example Cont'd

Energy Solution
Mass

+ Weight of beam per unit area, W, = 14 plf / 5 ft = 2.8 psf
+ Supported roof cladding weight, W = 5 psf
+ Total weight
W =W, + W, = 7.8 psf = 0.054 psi
 Gravity, g = 386 x 106 in./ms?
» Component mass

)
M = _ g0 PSS
.

Blast Resistant Design of Steel Buildings 37

Hot-Rolled Beams, Example Cont'd

Energy Solution
Stiffness

+ Elastic stiffness for simply supported beam
_ 384El

° st

Modulus of Elasticity, E = 29 x 108 psi

« Moment of Inertia, | = 88.6 in.*

« SpanL =12 ft=144in.

» Beam spacing, B =5 ft =60 in.

K

384 El si
o= — =765
5BL 1n.

Blast Resistant Design of Steel Buildings 38

© Copyright 2016
American Institute of Steel Construction

Part 2

19



AISC Live Webinar
March 24, 2016

Blast-Resistant Design of Steel Buildings

Hot-Rolled Beams, Example Cont'd

Energy Solution

Resistance

+ Ultimate resistance for simply supported beam
8Mdu

RJ =
BL?

* Dynamic moment capacity
Mgy = Fay Z =1.088x10° Ib-in.

Blast Resistant Design of Steel Buildings 39

Hot-Rolled Beams, Example Cont'd

Energy Solution
» Load-Mass Factor

K.y =0.78 (elastic)
= 0.66 (plastic)
» Natural Period
T, = 2n\/KLM M _ 2n\/0.78><140 37 ms
K 7.65

e

» Equivalent elastic deflection

R, 7.0psi

=—=——"—=09151in.
Ke  7.65 psi/in.

e

Blast Resistant Design of Steel Buildings 40
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Hot-Rolled Beams, Example Cont'd

Energy Solution (Impulsive Sensitive)

tg 457 _

0.19 Less than 1/3 — Impulse Sensitive
T, 237

Kinetic Energy = Strain Energy
12

I = ruxmax
2K M
iZ

X =g
2K wMr,

1
_Eruxe

Xe

(80 psi—ms)2
2

0 psi.-ms

X
3
Il

+0.5(0.91in.) = 4.64 in.

2(0.78)(7.0 psi) (14 )

Blast Resistant Design of Steel Buildings 41

Click to Input Blast
Parameters

Spacing, B: Blast Load Type
Boundary Condiions: Manual input

Response Type: Gravity Displacement

Structural & Material Properties
Axis of Bending: Stong (X-X) Pressure-Time Input
Shape Size: Click o Dene Shape ‘ wi2x14 Time (s) | Pressure (ps) 8-
Selt Weigh, . 1400 bit 0 35
Moment of Inerta, 8o in' 457 0 74
Secion Modulus:Z(hot rolled bear), S(cold-brmed bean) i 20 0
Web Thickness, w: 0200 in 30 0 61
Depth, o 1191 in 4 0
Area, A 4160 50 0 = 51
Supported Weight, W S'pst 60 0 2
Loaded Area Facor - Enter 1.0 for Uniform Load A ® 44
inbound Unbraced Length for Compression Flange, L 0 #(0 for uly braced) ¢ 2
Rebound Unbraced Length or Compression Flange, Ly 0 #(0 for uly braced) W (b) Explosive Type g s
Material Type: [pss2,013 572,852 (A1 G1.50) rlledseelshape NIA NIA g
Yield Stength, JEp—— 50,000 psi W(TNT Equiv)(b)| R(f) e 24
Utimate Srengt, Use e 70,000 psi N/A /A
Elasic Modulus, E 29000000 psi Blast Load Phase 11
Siatc Stengh Increase Factr 105
Dynanic Increase Facor: 119 Blast Load Orientaion o
Dynaric Yield Stess, 62,475 psi o 05 1 15 2z

No Dynamic Axal Load =] Silc Axial Load, P 0 Noe: (P>=0) Paraneers for Refeced Loads Deflection (inch)
Leave Bank for No Dynamic Axil Load ot Wall Height (1) N/A
Leave Blank for No Axial Load Oin Wall Wi (1) NA
Support Capaciy for Tension Membrane, Vc: 'l Incidence Angle? N/A
See notes under 851

Posiive Moment Capaciy, My 1,087,065 bin oad o) BLAS
Negaive Morent Capaciy, Mn: 1,087,065 Ib-in
Negatve/Positive Moment Capacty Ratio, MR 100

Not Used for Tension Membrane

Response Criteria”

Blast Resistant Design of Steel Buildings 42
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Hot-Rolled Beams, Example Cont'd

SBEDS (SDOF Solution), Cont'd

Displacement History
45

AR BE PZanNE
N A mEYd

z: / S—" |
15

1
0s /

0

Displacement {inch)

0 10 20 30 40 50 80 70 80
Time (ms)

Applied Load History e BLAST LOAS

Blast Load (psi)
HEH8
ke

0 10 20 30 4 50 60 70 80

0
Time (ms)

Blast Resistant Design of Steel Buildings 43

Columns

« Column supporting a blast loaded beam (subject
to axial loading only)

— Load demand based on equivalent static reaction of
supported component

— capacity equal to ultimate column capacity with
dynamic yield strength

— AISC LRFD column capacities can be used without ¢
factor (or ASD capacity multiplied by 1.7)

Blast Resistant Design of Steel Buildings 44
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Columns, cont'd

» Columns loaded by lateral blast loads (Beam-
columns)
— combined axial and lateral stresses
— P-delta effects

* Is very common in steel construction to have
cladding and fagcade elements not directly
connected to the column. Thus, reduced blast
loads are applied

* Recess steel column baseplate in concrete slab
if possible

Blast Resistant Design of Steel Buildings 45

Steel column connections not
recessed in slab are very
susceptible to bolt shear failure

Column weak axis and
connection failure

Blast Resistant Design of Steel Buildings 46
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Blast Loaded Beam-Columns

2L

» Steel components per Chapter H
of AISC Specification for
Structural Steel Buildings

* Interaction equation set equal to
1 and solved to determine
available dynamic moment
capacity

* Design example discussed
later

HEREEREE \

)

Blast Resistant Design of Steel Buildings 47

Beam-Column Design

For hot-rolled beams

If Pi <02 M,,= Mm[l— i]

2P,
Q
Else M,, =M, [1-+
' P, )8

Equation 6-19

P, =0658" f,4 if A <15 where A =F Ju
rr \E

P, :“';4;:,‘,4 if 2 >15

Equations from SBEDS Methodology Manual, derived from Chapter H of
AISC Specification for Structural Steel Buildings

Blast Resistant Design of Steel Buildings 48
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Response Criteria

» Response limits based on deflections
— calculated deflection is compared to applicable criteria

— criteria represents given damage levels or acceptable design
values based on testing and engineering judgment

— typically design criteria is one-half failure criteria, which provides
a design safety factor
» Response criteria are material- and component-type
dependent

 Different sets of response criteria have been published in
various blast design manuals

Blast Resistant Design of Steel Buildings 49

Response Parameters

» Maximum deflection is used to calculate two response parameters:
1) Maximum support rotation ()

L Resistance vs Deflection

Ly

6 = Support Rotation T
‘ X

60

Resistance (psi)

— -1 Xnnx L, equals minimum distance from
0 =tan , ‘
L support to yield location.
1

2) Ductility Ratio () 2

0
X o 05 1 15 2

— tmax
/u - X Deflection (inch)
e

X, =deflection at yield of structural component

Blast Resistant Design of Steel Buildings 50
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Response Criteria for Steel
Components

« PDC TR 06-08 “Single Degree of Freedom Structural

Response Limits for Antiterrorism Design” is the most
commonly used
— DoD, VA and ISC

» Additional response limits found in

— Design of Blast Resistant Buildings in Petrochemical Facilities

— UFC 3-340-02, “Structures to Resist the Effects of Accidental
Explosions”

— UFC 3-340-01, “Design and Analysis of Hardened Structures to
Conventional Weapons Effects”

Blast Resistant Design of Steel Buildings 51

Response Criteria for Steel
Components, Roof Beam Example

Check roof beam from previous example against level of
response B2 per PDC TR-06-08. Use energy approach

results.

X  464in 5 07
X, 0915in

ductility ratio () =

Support Rotation(©) = tan~1(*m/, ;) =3.69 deg

Blast Resistant Design of Steel Buildings 52
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PDC Response Criteria for Hot-
Rolled Steel — Roof Beam Example

B1 B2 B3 B4
Member 1 .
I o u ] u 2] n 2]

Compact or seismic R . o . |

membar 1 3 | 3 [[12 |10°] 25 |20 Not OK!
Flexure Non compact member 7 85 1.0 1.2

Plate® 4 | 12| 8 | 20| 20 | 6° | 40 | 12°
Combined Compact or seismic . . )
Flexure & member’ ! -] 3]s 3|3 33
Compression | Non compact member® | .7 85 85 85
Compression * 09 1.3 2 3

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

2 - Flat plate bent about weak axis

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

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

IS

Blast Resistant Design of Steel Buildings 53

PDC Criteria for Combined
Flexure and Compression

» Consider combined compression and
flexure when P > 0.2 P,

— P is axial compression load based on the
ultimate resistance (r,) of the supported roof
members plus dead load (DL) and 35%
design live load (LL)

— P4, is ultimate dynamic axial compression
capacity

Blast Resistant Design of Steel Buildings 54

© Copyright 2016
American Institute of Steel Construction

Part 2

27



AISC Live Webinar
March 24, 2016

Blast-Resistant Design of Steel Buildings

Shear and Connection Design

“Equivalent Static Reaction”
V,= r,bLK,

s

V, = Maximum shear force in beam-type component, or in unit width
“b” of panel component
ri; = ultimate flexural load capacity
Ks = 0.5 for span with both ends fixed or both ends simply supported
= 0.625 at fixed end of span with other end simply supported
= 0.375 at simply supported end of span with other end fixed

Use V, to check shear strength of component and design
connections for component

Blast Resistant Design of Steel Buildings 55

Shear Strength of Members

« Shear strength controlled by h/t ratio of web
member, shear failure caused by elastic
buckling instability
— simple shear or combined shear and bending

stress
— Typically, shear strength is calculated as

h | E (available procedures in UFC 3-340-02
— 5 LY.
fdl - D.SJ‘fd} .fm =245 \I for h/t outside this range)
t \I fd.\
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Shear Strength - Example

W10x100 - ASTM A992

f, =50 ksi
ty, = 0.68 in.
d=11.Tin,

fav = 0.55 gy
=0.55f,ac

=0.55(50)(1.05)1.19 =34.4 ksi

Vh =dty fgy =11.11n. (0.68 in.) 34.4 ksi = 259 kip AISC 360, Section G2.1
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Connection Design

» Design strength of connection must resist reaction of
component (V)

— V, can be based on equivalent static reaction or maximum
dynamic reaction force

» Tensile membrane force may need to be considered

« Combined tension and shear forces can occur
(especially for buildings subject to internal blast)

* Rebound forces must be considered
— 50% rule

— conservatively, rebound force assumed equal to V,
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Connection Capacities

* Approach varies
» Components - recommend using LRFD connection

strengths

» ESL is treated as fully factored design load
» Strong connections is the most effective way to add protection

* May increase material strength
» Static Increase Factor

» Dynamic Increase factor (depending on failure mode)

7

e
@ Blast Resistant Design of Steel Buildings
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Components with Under-Designed

Connections
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Example Prol_olem

oo oo
ot O (OO | srst
O 100 CcdC
60-ft Low Occupancy
500 # TNT 25-ft ot

Front Elevation
: I15.4ft

Side Elevation

All Columns, W14x61, Gr. 50
Blast is in strong axis direction
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Example Problem, Cont’'d

Project Information:

* LLOP primary component per PDC TR 06-08 criteria

+ Use SDOF with SBEDS v5

* Axial load includes equivalent static reaction from roof members plus

1.2D+0.5L
« Cladding weight is approximately 10 psf and spans horizontally between
columns SBEDS Inputs
L "“""’5.\ % J = 23.806 deg angle of incidence

Use fixed-simple support conditions. Column is continuous, therefore, bottom end is "fixed”

Response type is flexural

L:=4.7Tm = 1542# Floor to fioor span
B = 6.5m = 21.32511 Grid spacing
P = 300000N = 67442.7Ibf Axial load
= kef 5
SW = 49— = 10.036psf Supported Weight
m"
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Example Problem, Cont'd

Define Element

Define Load

Info: Fill in Yellow Cel

Span, L
Blast Load Selection - [ =
Spacing, B:
Boundary Conditons: Fixed-Simple, Uniformly Loaded
Blast Load Input Type Response Type:
Charge Wt (W) &Standoff (R) M
I Axis of Bending: Strong (X-X)
ty Dep Shape Size: Click to Define Shape W14X61
Mone (vertcal companent) B ek Weght w 6100 bt
Moment of Ineria, | 640 in”
TNT equiv. 5
Explosive Type Factor Secton Modulus:Z(hot-rolled beam),S(cold-formed beam): 102 in
EE Web Thickness, w: 0375 in
Depth, d 1389 in
Area, A 17.90 in”
Supporied Weight, W: 10 pst
Loaded Area Factor - Enter 1.0 for Uniform Load T
w(b) R(F) (ote 1) Inbound Unbraced Length for Compression Flange, Luy;: 1(0 for fully braced)
00 93 Rebound Unbraced Length for Compression Flange, L 15.4 (0 for fully braced)
Material Type: A992, A913, AST2, A529 (All Gr. 50) rolled steel shape: |
P e Yield Srengt, f; 50,000 psi
Positive phase only - Ultivate Strength, ¢ Click to Define:
i mate Strength, £: User Matoia 70,000 psi
ZRle s Elastic Modulus, E: 29000000 psi
Reflected without Clearing v Static Stength Increase Facor: 105
Dynamic Increase Factor: 119
Dynamic Yield Stess,
Incidence Anglez [ 235 | (0-90 degrees) Y b 52‘475‘ L]
) No Dynamic Axial Load | - Statc Axial Load, P: 67443 b Note: (P>=0)
Leave Blank for No Dynamic Axial Load X
Eccenticiy for Axial Load, e: &
i ]
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Exalnple Problem, Cont’d
)
SBEDS SDOF Properties and Resistance Function m
Flexure - compact section -
Calculated Properties LoPType LLOPIPrimary 1
Positive Moment Capacity, Mp: 6,171,898 Ib-in 9 (deg) m -
Negatve Moment Capacity, Mn 5,437,100 Ib-in « ” 3 r 3
Negatve/Positive Moment Capacity Ratio, MR: 0.88 Model as beam —
Ratio of Axial Load to Axial Load Capacity 0.06 | Set response ||m |tS
SDOF Properties
Inbound Natural Period: 24.86 ms Property Inbound | Rebound | Unis Resistance vs Deflection
Rebound Natural Period: 24.86 ms Mass, M 812 | 2312 |psmsm 9
Max Recommended Time Step T 0l0ms Load-Mass Factors, Kuu
Time Seep: 040" ms Kon 078 078 8
9% of Criical Damping: Tu Ko 078 078 71
Inital Velociy: inims Ko 0.66 066
[Stifness, K 61
Ky 1152 1152 psifin 3
K 478 478 psiin % 51
Ks 0.00 000 | psiin g 4
Resistance, R 8
2 5
R 5566 -498 psi @
R 8.48 747 psi e, |
Yield Displacement, x 1
Xt 049 -0.43 in
x2 108 | -0 in °s iy T T ; s
Equiv Yield Defl, Xz 085 075 n Deflection (inch)
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Example Problem, Cont'd

Results Summary and Plots

Omax = 1.63  deg. Design Criteria: LLOP/Primary
u= 309 Response DOES NOT MEET input design criteria Not OK for flexural
Xmax Inbound = 2.63 in attime = 15.80  msec response
Xmin Rebound = 0.00 in attme = 0.00  msec
Rmax = 849 psi attime = 15.80  msec
Rmin= -5.58 psi attime = 2890 msec
Shortest Yield Line Distance to Determine @: 924 in

Equivalent Static Reactions*
Peak Reactions Based on Ultimate Flexural Resistance: Vu

Vu at fixed support= 250,483 |b Change component or
Vu atsimple support = 150,290 b . ’
Shear Capacity design upgrade

Shear Capacity: Vs = 178979 b

Results for Shear Check Shear is Not OK
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Example Problem, Cont'd

Results Summary and Plots

Displacement istory

Displacement finch)

Time (ms)

Applied LoadHistary

30
H =
3 w4
H 180 E
@ — 100 I:
I s I 0=
0
0 10 2 30 «© 50 0
Time (ms)
Dynamic Reactions History
- ]
T ) s I T T
i T T
H : ., =
i
Y S ——— [ ! E/ |
3
0 10 20 30 40 50 60
Time (ms) oty Tho ynamic f6acson Nesoniss Can B Saved o e Oupdt sShostand Usad 10 15ad i SUSIng Mamer.
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SBEDS SDOF Workbook for Steel
Components

SBEDS analyses of steel beam-columns, corrugated panels,
plates, composite steel beams, metal studs, open web steel
joists using procedures in presentation

* Analyzes tension membrane response (when suitable support
conditions exist) and axial compression on beam-columns

» User inputs applicable response criteria for comparison to
maximum calculated deflection or uses PDC criteria

* Equivalent static and dynamic reaction loads can be
calculated

— SBEDS compares equivalent static shear forces to component
shear capacity

* More details in SBEDS Methodology Manual
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Frames and Building Systems

Lateral systems and foundations on
many large buildings will resist short
duration energy from blast. For many
government codes, no explicit design
is required
In some cases, overall response of
building lateral load resisting system
and foundation is considered as
necessary _ _
— smaller building with very long duration ' o
blast loads are more of a concern From Steel Design Guide 26
(Petrochemical Projects)

Dynamic Load Factor - DLF
B8 &8 8 - B = &
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Building System Design Approaches

« SDOF of individual components with equivalent
static load (ESL) used to design stiff components
near end of load path
— ESL based on ultimate resistance of “last” dynamically

responding component along load path

— Ultimate static design capacity of component must exceed
ESL (diaphragms, shear walls, bracing, foundation)

* Or, building system is analyzed dynamically

— Simple frames can be analyzed SDOF
* one or two-story frames with simple geometry, pre-engineered
frames and frames with standard I-beams
— More complex frames typically done using Nonlinear
Dynamic structural analysis software
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Lateral
Bracing

Wall panels spanning vertically

Note: Lateral bracing needed on all sides of building or shear walls, or moment
resisting frames
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Overview of Frame SDOF Analysis
Procedure

* Frame sway and individual girder and column responses
are analyzed with separate SDOF analyses

* Frame sway analysis method
— Manually calculate SDOF parameters (Ru, K, Mass)
— Use structural analysis software to perform pushover
analysis and obtain SDOF parameters
» Ultimate resistance = max load at collapse mechanism
« Stiffness = ultimate resistance divided by yield deflection
» Mass = effective mass over blast loaded area
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SDOF Properties from NLS Output

Resistance vs Deflection

Gravity
BERENEE .
10.21R 12
—
W 14x22 1
—
- s % o8
— 8 3 g w -
o Yo s S g 06
2 N &
3
BN r 04
—
02
20 ft
0
Blast 0 05 1 15
Deflection (inch)
Need to include mass!
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Non-linear Dynamic Analysis

o

last Load
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Questions?

* Feel free to contact us at:
— kmarchand@protection-consultants.com
— amckay@protection-consultants.com

Protection Engineering

One Castle Hills

1100 NW Loop 410, Suite 300
San Antonio, TX 78213
512.380.1988

https://www.linkedin.com/company/protection-engineering-consultants
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CEU/PDH Certificates

Within 2 business days...

¢ You will receive an email on how to report attendance from:
registration@aisc.org.

¢ Be on the lookout: Check your spam filter! Check your junk
folder!

e Completely fill out online form. Don’t forget to check the
boxes next to each attendee’s name!

75

CEU/PDH Certificates

Within 2 business days...

e Reporting site (URL will be provided in the forthcoming email).
e Username: Same as AISC website username.
e Password: Same as AISC website password.
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Thank You

Please give us your feedback!
Survey at conclusion of webinar.
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