Koprulerin Tehdit Analizleri




Tarihi Kopruler

J [ Deck-Backfill Interaction: }

Friction

Ring stone-Backfill Interaction:
Friction

Ring stone-Spandrel Interaction:
Cohesive Behavior

Friction

[ Spandrel-Backfill Interaction: }

Ring stone-Spandrel-pier Interaction:
Cohesive Behavior
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Tarihi Kopruler

» Blast Scenarios and vehicle position
beneath and above the deck.
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Attack Scenarios ‘

Compact sedan (#1) Sedan (#2)

Van (#3)
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» The FE model of explosives for different scenarios; (a) below deck explosive location, (b) above deck explosive
location
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Tarihi Kopruler
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Tarini Kopruler
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S, Mises
(Avg: 100%)

+4.208e+08
+3.858e+08
+3.507e+08
+3.156e+08
+2.806e+08
+2.455e+08
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+1.754e+08
+1.403e+08
+1.052e+08
+7.014e+07
+3.507e+07
+2.275e+03
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u1

+9.061e-02
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+4.890e-02
+3.500e-02
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+7.190e-03
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U, U2
+5.811e-02
+5.164e-02
+4.517e-02
+3.870e-02
+3.223e-02
+2.576e-02
+1.929e-02
+1.282e-02
4 +6.347e-03
-1.242e-04
-6.595e-03
-1.307e-02
-1.954e-02
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U, U3
+6.211e-02
+5.098e-02
+3.985e-02
+2.872e-02
+1.759e-02
+6.460e-03
-4.670e-03
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Tarihi Kopruler

T
. 5500 8 0
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Patlama Duvarlari




Patlama Duvarlari

Blast Wall :
W h Target elevation
. - Protected Structure He Structure height
Blnst 1 Hy,  Blastwall height
Wave .
¢ Wy Structure width
H, H W,y Blast wall width
X Gap distance
h/Hgs  Normalized target elevation
H,/Hs Normalized blast wall Height
X/Hs  Normalized gap distance
BLr : Free-tield blast loads at location of structure front wall
BL4 : Applied blast loads (unshielded, w/o blast wall)
BLgs : Shielded blast loads (with blast wall)
Blast Reduction:
BLs/BL,=f, (Hy,/H; X/Hs Ly/Hg Py, ...)
] A(ljustment Factor (AF): L

el 2024 52l BLs/BLr=fr (Hy/Hs X’Hg Lp/Hs Pp, ...) 120



Patlama Duvarlari

83’

40’

Building

10’ 20’

Ground 15
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Patlama Duvarlari

W, Magnitude

Ll +5.08402
+4.6e+02
+4.2e+02
+3.8e+02

- +3.38+02

- +2.0e+02
+2.5e+02

Step: Step-1
Increment 0: Step Time = 0.0
Z Primary \ar: v/, Magnitude

Deformed VWar: not set Deformation Scale Factor: not set

Steps Beep-1L
Total Time:

Frame:
0.000000

0

W, Magnitude

+5.000e4+-02
+4.583e+02
+4.167e+02
+3.750e+02
+3.333e+02
+2.917e+02
+2.500e+02
+2.083e+02
+1.667e+02
+1.250e+02
+8.333e+01
+4.167e+01
+0.000e+00
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Step: ¢ =

< Increment 0. Step Time = 0.0
Frimary Var: %/, Magnitude
Deformed Var, not set Deformation Scale Factor: not set

Step:
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Btep-1

Frame:




Patlama Duvarlari

How high should be make the wall?

The wall should be more than 50% greater than
the building height to be effective

Blast Wall

Explosive

vAg
4”:
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Acik Deniz Yapllari

Sevan 400 type FPSO, newly built, JV owned and Shell operated , has been selected as host facility for the
Penguins Redevelopment Project (RDP).

20 Aralk 202 Sah Sevan 400 Concept (from North) Sevan 400 Concept (from South)



Acik Deniz Yapilari — Patlama Duvarlari

HELIDECK
MSLEL (+) 202'

LIVING
QUARTERS

TOP OF QUARTERS
MSL EL (+) 190°

_ CRANE
MSL EL (+) 197°

|

"W O KL Tk !

i T oy
&

TEMPSC

Ref. Hess Report, “Preliminary Fire and Explosion Analysis”, PN1-00-EHS-RPT-000-00049, Rev. 0, Approved on 12.22.13.
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VAN VA

FIRE AND BLAST WALL

/A

TEMPSC

NORTH ELEVATION

oft 1001t
e e e e e

MAIN DECK
MSL EL (+) 147"

PRODUCTION DECK
MSL EL (+) 107’

TOP OF COLUMS
MSL EL (+) 93'
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Acik Deniz Yapilari —
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Acik Deniz Yapilari — Patlama Duvarlari

L, Magnitude
Step: Blast v

Increment 0; Step Time = 0.0 "
Primary Yar: U, Magnitude

Ceformed Var: U Deformation Scale Factor: +1.000e+01
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Camlar
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Oklahoma City Bombali Saldirisindan Cam Kiriklari

135
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Oklahoma City Bombali Saldirisindan Cam Kiriklari

North Walker
Avenue

North Robinson

—_—-
]

North Broadway
Avenue

|

lI-I‘/-|

£

1= | N

==

| 0902: McVei
location on
bomb's explosion

Several budings,

within this radius,
collapsed or suffered
structural damage
—— from the e;_(p_]osion

11

ml _

0901: McVeigh

parks the truck

}

on the sidewalk

0857: McVeigh
parks the truck
on the roadside

Murrah
Bullding

0900: McVeigh

-_I_I_

]

[
N 0

] The blast destroyed or damaged
324 buildings within a 4-block radius, and
shattered glass in 258 nearby buildings.

. The broken glass alone accounted for

5 percent of the death total and 69 percent of
the injuries outside the Murrah Federal
Building.
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Camlarin Davranisi

(h) =28 ms.

(c) 1+ 34 ms. (d) 1=49 ms.

Ref: Bogosian and Avenessian (2002), To Film or Not To Film: Effects of Anti-Shatter Film on Blunt Trauma Lethality From Tempered Glass, 17t
International Symposium on Military Aspects of Blast and Shock
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Cam — Cergceve — Duvar Baglantisi

Blast

2

Window

No Break

No Hazard 3a
Minimal Hazard
VLH 1.0 m

Very Low Hazard
Zone

Threshold

HH

[
'l

LH
Low Hazard Zone

High Hazard

0.6 m

ISC/GSA

hold

INBOUND
Force

—_—

THREAT
SIDE

Reinforced Concréte .

or CMU Wall
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ercevesi Duvar Baglantilari

EXISTING FRAME

NEW BENT
STEEL PLATE

CONCRETE
WEDGE ANCHOR
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EXISTING FRAME
ANCHOR
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STEEL PLATE
EXISTING FRAME
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EXISTING FRAME
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NEW STEEL
STEEL PLATE
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WEDGE ANCHOR

NEW BENT
STEEL PLATE

ANCHORS FOR UNGROUTED MASONARY)

CONCRETE WEDGE ANCHOR
],//7(CAN USE SPECIAL MASONARY
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Camlarin Davranisi

- Edge Clearance
- Bite (Edge Engagement)
- Face ce

Clearan

Laminated Glass,
thickness = linch
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Camlarin Davranigi

Catch systems

o Fabric Curtains
Shield Panel
Catching Bar
Drapes
Shades

(¢]

(¢]

(¢]

(¢]

Tempered Glass
Laminated Glass
Polycarbonate Glass
Patching Window Opening

Security Film

24 Aralik 2024 Sali

Polycarbonate

R

Laminated

Security Shades—saeie

2.5" X 2.5" x 125"
/" Steel Back Plate
. P

Dynamic Tension

Retainer Assebly
l_'l’hormany Bonded

Retaining Loop

.
- #8 Hex Screw

Decorative Aluminum|
Cover

\. : \[\ \ * Enforcer Bar

375" Th Mounting Brack

— T —b|

Window Film

Should be attached to frame

D E——

/ Sealant Joint

Security Film

Framing Member
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Camlarin Davranisi

Catch systems
Laminated Glass
Polycarbonate Glass

Laminated

Patching Window Opening

Security Film

Fabric curtains

i i Madico SafetyShield
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Camlarin Davranigi — Guvenlik Filmi
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Camlarin Davranisi — Guvenlik Filmi

Batten System Attaching Security Film to Window Frame

GASKET

Cross Section Showing Film Attachment to Frame with Structural Silicone
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Camlarin Davranisi — Gucglendirme Yontemileri

Catcher Bar Holding Filmed Glass After Blast Load
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Anchorage of Catch Bar System to Building
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Patlama Kalkani
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Patlama Perdesi

,§‘~§A’S§F...EZ.RTD Tneanussiy  Blast Curtains

www.mitigationtechnologies.com
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Patlama Testleri — Agustos 2020 — Cam Sonugclari

600

500
400

300

200

100

70

50
40

30

Pressure (psi)

After test 1 After test 2

20

\\ - —— Condition 1-2

. — = Condition 2-3a
. —— Condition 3a-3b
\ ﬁ - = = = Condition 3b-4

—— Condition 4-5
\

Testing Bﬁst I__ioad H.{R=157psi, | = 440 psi-ms

*

10

Testing Blast|LUoad I, P=19.3 psi, | = 190 psi-ms I|

20
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30 4050 70 100 200 300 500 7001000 2000
Impulse (psi-msec)
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Numerical modeling and validation
FEM Models 11-layers LG

24 Aralik 2024 Sali 150



Numerical modeling and validation
Model validation 11 layer Test1

* The laminated glass model for 11 layers matches the expected no cracking in the
RedGuard Test-1.

==

(]
=
|
]
]
]
]
L

Test No.1 Experimental
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Numerical modeling and validation
Model validation 11 layer Test2

* The laminated glass model for 11 layers matches the expected cracking pattern in the
RedGuard Test-2.

Step: Step-1 Frame: 8
Total Time: 0.004000

Step: Step-1 Frame: 38

Total Time: 0.004000

U, Magnitude

Test No.2 Experimental
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Numerical modeling and validation
FEM Models: EXP-8 run
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Patlamaya Dayanikli Kapilar




Damage Damage Description Blast Pressure*

Level (psi)

Superficial Operable, No Permanent Deformation

Minor Operable with Force, Slight Permanent 0.5
Deformation
Medium Operable with Hardware removed, 1.0
Significant Permanent Deformation
Severe Door Panel Wedged in Frame, Heavy 1.5
Damage
Failure Panel dislodged from frame, Debris hazard 2.5

Blast Resistant Door

* by experience

e ‘
TYP. _r_(

\ I

| T

ANCHOR BOLT —_ 7 |
L2x2x} STEEL ANGLE —1

L2x2x% STEEL ANGLE — |4 \

(TYP) .
\ m - [

L2Jox 2o ANGLE ——=1

ANCHORED TO

24 Aralik 2Bgpelipment door — Double Door — 6 ftx7 ft Single door - 3 ftx7 ft o
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FE Model Overview

Rigid Frame
All around
(Assumed Fixed)

24 Arahk 2024 Sal

Shoot Pin
Sleeves

Brackets tied
to the wall
panel

Shoot Pins

Shoot Pins are assumed to be connected
to the brackets with the guide plates

156



FE Model Overview

Hinge Plate
Tied to UB

Web
Revolute

Joint at Hinge
Locations

[======9

Bottom Hinge Plate

(Assumed to be Fixed)
24 Aralik 2024 Sali 157



Blast Load — 900 lbs TNT

Eff. Blast Load on the Blast Door @ t =4 ms

Effective Pressure [MPa]

Element
Locations for the
Time-History Plot

24 Aralik 2024 Sali

Eff. Pressure Time History for 3 Selected Nodes

0.25 +

0.2 -

0.15
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Eff. Plastic Strain Contours

2.000e-02
1.500e-02
1.000e-02 _|
5.000e-03 _
0.000e+00 _

Effective Plastic Strain
5.000e-02 _
4.500e-02

. 4.000e-02
Localized 3.500e-02

strains at 3.000e-02
wicket door 2.500e-02
hinges and : 2.000e-02
shoot pin 1.500e-02
locations / '
Neglected
dueto
modeling
assumptions

1.000e-02 _|




Max. Eff. Plastic Strain for Shoot Pin
Brackets ~ 7%

Eff. Plastic Strain Contours

Max. Eff. Plastic Strain for Max. Eff. Plastic Strain for
Top Shoot Pins ~ 3.6% Bottom Shoot Pins ~ 3.2%

Max. Eff. Plastic Strain for Shoot Pin
Brackets ~ 5.4%
(Bottom Shoot Pin Location)
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Loads definition

The blast door was modelled and the five testing loads were applied

Test 1 Test 2 Test 3 Test 4 Test 5

18
16
14

1.2

Pressure (Bar)
=

038
06
0.4
e \
0
0

100
24 Aralik 2024 Sali

300 400 500 600 700 800
Time (msec)




External view after test No. 5 with 3 kg TNT




Results and Validation of Analysis Approach against Test Data

Test 5 resulted in plastic bending of the upper support and the weld failure at the top corner and detachment
of the side support

5, Mises
SNEG, (fraction =-1.0)
(Avg: 75%)
582.000
533.500
485.000
436.500
388.000
339.500
291.000
242.500
184.000
145.500
97.000
48.500
0.000

X 2&Aralik 2024 Sali




Results and Validation of Analysis Approach against Test Data

Test 5 resulted in the failure of the weld in one door leaf which resulted in its fall. The second leaf suffered weld
damage without total failure

Damage of weld Total failure of weld

—

24 Arahk 2024 Sal
2023.10.24 11:38



Kapi Hasar Seviyeleri

Damage Level Overall Door System Door Panel Hardware

Elastic Operable No permanent deformation Operable

Minor Operable w/moderate force Slight permanent deformation Operable

Moderate Operable w/hardware removed, door Significant permanent deformation, door Not operable
may be wedged in frame may be wedged in frame 1"-3"

Severe Panel wedged in frame Substantial damage, door wedged into Heavily damaged

frame >3"
Failure Panel dislodged from frame Debris hazard Heavily damaged

24 Aralik 2024 Sali 166



Patlama Kapisi Duvar Baglantilari

| ENLARGE DOOR OPENING |
‘ AS REQUIRED ‘

| —EXISTING GROUTED CMU

1 1 1 / WALL OR REINFORCED

CONCRETE WALL

WELDABLE STEEL (- N N
REBAR DOWELS | . .
WELDED TO STEEL
PLATE J
2/
STEEL FRAME (N)
— TO SUPPORT :

- BLAST DOOR

>

DRILLED HOLES <
FILLED WITH

A
STRUCTURAL
EPOXY 2 ‘ ‘ A
ijg FLJ\STEEL FRAME ON
o ras! OUTSIDE FACE
1/4" STEEL PLATE y \ OF WALL (N)
DOOR FRAME
BLAST DOOR W/ SUBFRAME CONNECTION BETWEEN EXISTING
N

WALL AND NEW FRAME AS
WELDED TO (N) REQUIRED
NEW STEEL FRAME

SECTION A=A

Blast door attachment to Blast door attachment to new
grouted masonry or reinforced steel frame support
concrete wall
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Parcacik Etkisi — Fragments and Debris




Parcaciklar

P35-006:. 2850 133
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Parcacik Penetrasyonu

fragment weight, W
fragment velocity, V

Impact area, A, /\'_

94 .
fragment density
Impact angle

fragment strength
target density
target strength
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Parcacik Carpmasi

U, u3
+6.822e-02

e A deformable Fire Extinguisher (or Il

-4.553e+00

101 1 H -5.709+00
rigid sphere) is penetrating a Wall fRed
Panel SREEh
1300

e Estimate the minimum projectile
velocity required to perforate the flat
plate walls of a typical modular blast-
resistant typical building

B - 0L e AL SIS
0= £.0-2 ro el P I s Conbeal 2lardard Tz 2002

[0l LU g e el LD
s _Peclalionr PR ouir1 14
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Dynamic analysis: Stability following impact

" Projectile3.2 is a turbine fragment (1/3 of the J85 rotor) with a mass of 1.78kg.

=  Approximated as a (0.0229x0.121x0.121m) flat plate.

= To investigate the safety against turnover following projectiles strike four projectiles are
considered. The projectiles strike the edges and centers of the Top and side walls of the
containment shield, hitting at a velocity of 163.7 m/s.

= The FEA results did not show any penetration of the armor by projectile 3.2.

24 Arahk 2024 Sal 172




Dynamic analysis: Stability following impact

= The FEA results are shown below. It suggests that no turnover is expected.

U, Magnitude U, Magnitude
2.267 2.235
i 0210 0.210
0.175 8‘]32

0.157 :

gt 0.157
e 0.140
1 0105 g-}gg
0070 = 0087
0.053 0.070
0035 0.053
0018 0.035
0.000 0.018
0.000

-
=
=
=
]
]
=

CTLLL )

24 Aralik2024\fideo 1. Predicted displacement-side view Video 2: Predicted displacement-3D view 173
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Betonarme Duvar Parcacik Etkisi

= Epoksi ankraj: Yan duvara ve zemine epoksi ankraj

= Duvarin, es zamanl patlama ve darbe yuklerine
maruz kaldiginda modellemede epoksi ankrajlarin
yerlerine sabitlendigi varsayilmistir.

24 Aralik 2024 Sali 175



PATLAMA YUKU

Patlama Yuku

0,25

0,20

o
JEEN
(2]

Basing (MPa)

o
=
o

0,05

0,00
150 2,00 2,50 3,00

0,00 0,50 100

Zaman (ms)
———
176
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5, Mises

(Avg: 75%)

26.250
23.333
—t 20417
+ 17.500
14 583
11.667
8.750
5.833
2.917
0.000

Analiz SONUCLAR

Rel. radius = 1.0000, Angle =

415611
35.000
32083 K

= 25167 &

24 Aralik 2024 Sali
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Reaktor Tarafi

420.382.
385.350 41y
==L 350 316

315 286
280 254~ 4

175.159
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105095~
70.064 1

0.000 14

i

Stress Von Mises (MPa)

245923 J':__ s
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NOE1 80 S, Mises N e “) %
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Analiz SONUCLAR

S, Mises

Rel. radius = 1.0000, Angle = -90.0000
(Ava: 75%)

411 641

35.000

32.083

29.167

26.250

~
[
=
=
1
-
=

Betonda olusan yerel hasar ve catlaklar
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BLEVE Patlamasi




Ornek: San Carlos de la Rapita: Petrol Tanki Patlamasi

On July 11, 1978, a tank carrying propylene left the road and crashed into a camp site. A leak
developed and the ensuing cloud ignited. Three minutes later, the tank failed completely. A
fireball was generated and fragments were projected. In total 211 people were killed. The

number of injured is unknown.

uF‘?lsl:nz?;dRaconstmcﬁo{\ofscenaoi -
. ' os de la Rapita campsite m__/
| 1
180

24 Aralik 2024 Sal Guidelines for Evaluating the Characteristics of Vapor Cloud Explosions, FLASH Fires, and BLEVEs Cen. for Chemical Process Safety for AICHE New York, NY. 1994



BLEVE

32.23 m 7.16 m 62 mm Propane

24 Aralik 2024 Sali L|qU|d fill level (HLL) 181



BLEVE

Modes of heat transfer considered in the CFD models:
Radiation of heat from fire to the vessel wall
Conduction of heat through the vessel wall
Convection of heat from the vessel wall to the liquid and vapor content within the vessel

Radiation

7

Heat transfer modes in the CFD models
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Tank - CFD analizi

¥ \4
L Volumne Fraction of C3HB Liquid 2 L Volume fracfion of C348 Liquid 2
Z X 000000 0.20000 040000 0.60000 0.80000 1,0000 Z X 0.0012036 0.20006 0.40072 060048 0.80024 1.0000
Solution Time 0 (s) Solution Time 1200 (s)
% ¥
L Volume Fraction of C3H8 Liquid 2 IZ_.X Valume fraction of C3H8 Liquid 2
Z X 2.35026-005 0.20002 040001 0.60001 0.80000 1.0000 2.7798e-008 0.20000 0.40000 0.60000 0.80000 1.0000
Solution Time 1203.1 (s) Solution Time 1200 (s)
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Tank Gogmesi - BLEVE

PEEQ
Envelope (max ab
(Avg: 75%)

Y
A Step: Step-1
X Increment 0: Step Time = 0.0
Z primary Var: PEEQ

Frane:

: 1.000000

Stepr Btep-1

Total Timer 1.000

Step: St8
Incremen
Primary Var?
Deformed Var?
Status Var: STA
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Kursun Etkisi




Lamine Cam Kursun Penetrasyonu

PACT SIDE
RBE TARAFI

INTERNAL SIDE
iC TARAFI
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Lamine Cam Kursun Penetrasyonu
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Lamine Cam Kursun Penetrasyonu
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elik Kursun Penetrasyonu

LS-DYNA keyword deck by LS-PrePost

Time = 0

Contours of Z-displacement
min=0, at node# 12602
max=0, at node# 12602

Zdisplacement
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1.095e.04 _
1.672¢.03 |
3.453¢.03 _|

5.234e.03

7.016e.03 _
8.797.03 _
1.058.02 _
1.2362.02 _
1.4140.02 _
1.592¢.02 |
1.770e.02 _|

LS-DYNA keyword deck by LS-PrePost
Time = 0

Contours of Effective Plastic Strain

min=0, at elem# 5626

max=0, at elem# 5626
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Effective Plastic Strain
0.000e+00
0.000e+00
0.000e+00 _|
0.000e+00 _
0.000e+00 _
0.000e+00 |
0.000e+00 _|
0.000e+00 __
0.000e+00 i
0.000e+00
0.000e+00 _|




Yeralti Siginak Analizi




Askeri Siginaklar
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Askeri Siginaklar

g Missile
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Askeri Siginaklar
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Askeri Siginaklar

Test results FEA results

Front face

aqd

{c) Scabbmmg {(d) Perforation

Rear face
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Sivil Siginaklar

= A finite element analysis is conducted to model a bunker with geometrical details provided.
= The purpose of this analysis is to estimate the internal blast load that causes the observed failure.

= The units used are Force: N| Length: mm| Weight: kg| Time: sec| Pressure: MPa.

ROOM
76" x 10'7"
2150 3065

7ft high

2130

5510
3970

FLOOR 1

11630
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Sivil Siginaklar
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Sivil Siginaklar

" The deflection behavior obtained from the Abaqus Finite Element model (Displacement U) is shown together with

the developed Von-Mises stresses.
= The FE model started to show similar deformation behavior to the actual bunker.

U, Magnitude S, Mises
SNEG, (fraction = -1.0)
(Avg: 75%)

Max: 127
Node: BUNKER-1.90624
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Mihimmat Uretim ve Depolama Tesislerinin
Tasarimi




Muihimmat Uretim ve Depolama Tesisler

Inhabited Building Distance
(IBD)

Public Traffic Route Distance
(PTRD)

Intraline Distance (ILD)
Intermagazine Distance (IMD)

the DoD allows a maximum of 500,000
|bs. of explosives in a single storage
location. The required IBD separation for
500,000 lbs 3,969 ft,

the general minimum IBD arc is 1,250 ft
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Muihimmat Uretim ve Depolama Tesisler

Exposure K-Factor Incident Explosive K40
Pressure [psi) Weight Distance

IBD {<100k Ibs) 40 1.2 (1bs) (ft)

PTRD (Public Traffic 24 2.3 10 86
Route Distance) (<100k 50 ' 147 |
|bs) ' |
Unbarricaded ILD 18 3.5 o | 2800
(Intraline Distance) >00 f 317 |
Barricaded ILD 9 12 - 1,000 400
Unbarricaded IMD 11 8 5,000 684
(Intermagazine 10,000 | 862 |
Distzmze) 50,000 1,474
Barricaded IMD 6 27

100,000 1,857
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Muhimmat Depolari

Soil cover

Arch Header beam

Pilaster
Headwall

Vent Doors
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Muihimmat Uretim ve Depolama Tesisler

Internal Building Blast Load Summary

For design, it is intended for the gas and shock
loading to be used as a combined load curve.

Shock
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Muhimmat Uretim ve Depolama Tesisleri

Inputs:

Room and Charge Inputs:

Front Wall = West Wall

Interior Room Dimensions (ft) — 14 Width X 24 Length X 11.5 Height
Charge Weight =33 lb;,; X 1.2=39.6 Ib

Charge center 3 ft above floor and centered in plan dimensions
Wall thickness = 7 inch (0.58 ft)

Roof thickness = 6 inch (0.5 ft)

Vent Panel/Reduced Area Inputs:

No open vent areas
Three Vent Panels with all other surfaces assumed non-responding
HVAC openings assumed non-responding
Doors on west wall have been removed and entire west wall assumed non-responding
Impulse loads on panels are from SHOCK results
Panel 1:
* Frangible panel with weight/area = 10 psf
* Centered vertically on wall
* Panel dimensions = 4 ft wide X 11 ft tall X 0.58 ft thick
* Panel recessed within wall and of equal thickness = 7 in (0.58 ft)
* Bottom close to ground, no bottom edge vent, all other sides are edge vents
Panel 2:
* Double Door= 5.5 ft wide X 7 ft tall
*  Weight/area = 22 psf
* Door bottom at floor level , no bottom edge vent, all other sides are edge vents
* Door thickness = 4 inch (0.33 ft) and flush with exterior
Panel 3:
* Roof Snow Load = 20 psf
* Panel weight/area = 10 psf
* Total Ceiling Panel weight/area = 30 psf
* Panel area =roof area less 1 ft perimeter
* Recessed within roof thickness = 6 in
» Allsides are edge vents
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INTAL ANCHOR TYP. —|

CENTER POST
_\ 13'-2"
120 24" WIDE X 36" HIGH
6-7 \ £~ HVAC FRAME
N ‘ 56" | _—GROUNDING PAD TYP. (2)
NGl Q \ . L

Doors Removed

s B

WY

(3) 3/4" THREADED RIGID NIPPLE

FOR POWER

- FIRE SPRINKLER 480V ELECTRICAL Py
TYP. (2
@) e 3/4" THREADED RIGID NIPPLE
FOR COMMUNICATIONS
RIGID NIPPLE :
= HOT WATER \ = B H_‘ COMMUNICATIONS PANEL
RIGID NIPPLE % g = 1T 7
COLD WATER \ b %
RIGID NIPPLE %
SPARE \ e
RIGID NIPPLE % o
3RAIN WATER ) 1 ] .
< 5
RIGID NIPPLE % Panel 3 3 @
FOR AUDIO \ §
RIGID NIPPLE
FOR ALARMS \7’— 2 —+ i el
RIGID NIPPLE _// =]
IN USE LIGHT\ S T;%‘é‘ég
RIGID NIPPLE %
FOR CCTV \
RIGID NIPPLE EUECTRICAL @
\IZED WATER \ 7/ 14 BEc2D1
RIGID NIPPLE %
PRESSED AIR / Panel 1
/ e | A o

}— 2-10°
PRESSURE RELIEF PANELS (SIZE TBD)

DRAIN WASTE OUTLET

1-1/2" THREADED RIGID NIPPLE 2 ) Panel 2
TION TO EXTERIOR FIRE SPRINKLER WATER
24" X 24" OPENING
HVAC FRAME
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Patlayicilarin Tehlike Siniflari

1.1 — Mass Detonating: bulk explosives, some propellants, mines, bombs,
and large artillery rounds

1.2 — Nonmass-detonating, Fragment-producing: smaller artillery rounds,
other weapons

1.3 — Mass Fire: only explosion is rupture of containers
1.4 — Moderate Fire, No Blast
1.5 & 1.6 — Very low probability of explosion

Specific rules apply to combining weights
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Guvenlik Belgeleri Q-D Yaklasimi

Quantity-Distance is actually a scaled range
Expressed as a separation distance = R/W/3

Typical separation distances (HD 1.1):
- 6 W13 (27 psi)— Barricaded magazines

> 11 W13 (8 psi) — Unbarricaded magazines
- 30 W13 (1.7 psi) — Public traffic routes
> 40 W13 (1.2 psi) — Inhabited buildings

Minimum separation distances also apply for fragment protection
Closer distances permitted if supported by analysis
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Ne Kadar Guvenli?

Criteria based on 1.1 type explosives
Independent of impulse — peak pressure only

Text In manuals based on some historical data
> Vehicles were heavier with thicker steel body panels

> Building construction was heavier

Interpret information on the next slide with caution — just because a building
code allows it does not make it a good idea!
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Ne Kadar Guvenli?

At 27 psi (6 W13) — conventional unstrengthened buildings are destroyed, serious eardrum
and lung damage among survivors, vehicles severely damaged

At 12 psi (9 W¥3) — Unstrengthened buildings will be severely damaged, people exposed at
the site will be severely injured, vehicles heavily damaged

At 3.5 psi (18 W13) — building damage approximately 50% of replacement cost, 1% eardrum
damage, vehicle body panels damaged, vehicle windows cracked

At 2.3 psi (24 W13) — building damage 20% of replacement cost
At 1.7 psi (30 W13) — building damage 10% of replacement cost
At 1.2 psi (40 W13) — building damage 5% of replacement cost

Per DoD 4125.26M Contractors’ Safety Manual
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Patlayici Glvenligi Ozeti

Regulations are the minimal requirements
Significant damage and injury can occur at “Permitted Distances”

Standards do not address internal blasts other than for assembly line
distances
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Bina ici Patlamalar
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Borular ve Depolama Tanklari




Borular ve Depolama Tanklarinin Davranisi
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Borular ve Depolama Tanklarinin Davranisi

Pressure (psi)

Time (msec)

24 Aralik 2024 Sal

Blast
Pressure

PRESSURE
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Borular ve Depolama Tanklarinin Davranisi

P=0.15 bar - 0.70 bar

Tank type, H/D ratio and liquid level

Time

1.2
——0=0 ——06=10
1 ——6=20 6=30
——6=40 ——6=50
—6=60 ——6=70
——6=80 ——6=90
o ——6=100 ——06=110
o ——6=120 ——6=130
——06=140 6=150
6=160 ——6=170
——0=180
0.3 0.4 0.5

p(t) + Caq(t)

Time

Yasseri (2015)
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Borular ve Depolama Tanklarinin Davranisi

Drag load versus blast overpressure effects

Nonlinear Material Model Fy = % pAC,|v|lv

Effects of Non-Structural Masses and Adjacent Piping Systems

Pipe Supports
pe SUpp F, =C4; P; OD
Flange Failure

Effects of Operating Temperature on Material Properties
Blast direction/Ignition location sensitivity

Effects of Shielding

Pipe

f—
.

Effects of Pipe Insulation ——

L —

Pipe Rack Column

E

Pipe Rack Beam
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Depolama Tanklarinin Davranisi

Deformation response (m): P.=3.5 psi (24 kPa), t,=0.5 sec

0.584
D35
4806

438
389
340
292
243
195
.146
097
049
.000

COQOOQO0OQ00O0

UT, Magnitude

ODB: blast.odB

Step: gravity
Increment 0: Step Time = 0.0
Primary Var: UT, Magnitude

Deformed Var: UT Deformation Scale Factor: +5.000e+00
Qratiice YVVars CTATIICQ

24 Aralk 2024 Sali

218



Blast Response of Pressure Vessel — Blast Load = 0.6 bar with 200 msec

PEEQ
Envelope (max abs)
(Avg: 75%)

0.046
0.043
0.039
0.035
0.031
0.027
0.023
0.019
0.015
0.012
0.008
0.004
0.000

Max: 0.000

-

Max: 0.000
Elem: SADDLE-SLIDING-1.12481
Node: 2386
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Duvar Guclendirme Yontemler:




Duvar Guclendirme Yontemileri

135.0 cn

Table 2.1 : Masonry Infill Walls Retrofitting Matenals.

Seres Wall specimen umber
Reference wall

Cement plaster

CFRP

Paolyurea Spray

CFREP + Polyurea Spray
Aluminum stffener

=R A TR O
b I ol bod o S
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Duvar Guclendirme Yontemileri

-Karbon Fiber Takviyel
-Polyurea Sprey

-Cimento Sivasi

-Aluminyum Takviye Elemani
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Duvar Guclendirme Yontemleri

‘o

- » " @ -, |
(c) Thin layer cement plaster infill wall 1.

(a) Thick laver cement plaster infill wall 1.
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Duvar Guclendirme Yontemileri

15
e CFRE |
i —CFR 2
. [Tfin plasier.
[tin plasier 2
R
=
L
11 |
I \
]
ii 1] i (N an b &l

Diespdacement mm
Figure 4.15 : Companson of the Load-displacement Curve of CFRP Retrofitted
Infill Walls with Un-retrofitted Walls.
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Duvar Guclendirme Yontemileri

in

Fivian (K

i

W Thun plaster |
B Thm plasier 2

mLFRP I
mCFRP2
BCFHP-SPRAY 2
BCFRP-SPRAY 1

{a) Comparison of the maxmum load-bearing,

A Figure 4.25 : Comparison Response of the CFRP, CFRP+Polyurea Spray

Figure 4.22 : Retrofitted Infill wall with Polyurethane Spray and CFRP Layers.
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and |Un-retrofitted { Thin Laver) Infill Walls.
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Duvar Guclendirme Yontemileri

B Thin plasier 1

43
B Thin plasfer 2

- ATnminom sffeper 1
5 B Alaimmom saiflener 2
3
23
2
L5
1

5

il

{a) Companson of the maximum load-beanng.

Pz (kM

(aj Aluminum stiffener 1.
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(kM )

Duvar Guclendirme Yontemileri

R0

2030

2540

2t

1540

1031

300

i

B Contro] wath |

B Contrn] wati 2

@ Thick plasier |

® Thick plasier 2
B Thin plaster |

B Thin plaster 2
mUFRFP |

mCFRF 2

W 5pray |

W SpeeEy 2
BUFRP=5PRAY 2
EUFREPF+5PRAY |
B Alurmmum stiflencr |

B Algpmmum snflener 2

Figure 4.31 : Companson of the Energy Dissipation of Each Specimen.
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B Conimod wall 1
B Control wall 2
B Thick fayer 1
® Thick lnyer 2
B Thin plaster |
B Thin plaster 2
BUFHP ]
BCFRP 2

B spmy |

Plascimmam bogd (kM)

W Spray 2
ECEFRP-5SPRAY 2
B{CFRP-5SPRAY |

B Alummuom stiffener |

B Adummuom sitffener 2

Figure 4.32 : Comparison of the Maximum Load Beanng of Each Specimen.
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Progressive Collapse Analizi




Alfred P. Murrah Federal Binasi Bombali Saldirisi

Failure boundaries of roof/floor slabs in the Murrah Building.

24 Aralik 2024 Sali

) 1995 — 9 Story Alfred P. Murrah Federal Building was
attacked with truck bomb.

] Blast from approximately over 5,000 pounds
(2,300 kg) of equiv. TNT destroyed one of the perimeter
concrete columns and caused brittle failure of 2 others

) Transfer girder above damaged columns failed
allowing collapse of upper floors

(] 168 people were killed and 680 more injured.

1 Nearly 90% of fatalities were from the collapse of the
structure

) Studies of the disaster suggests that use of ductile
detailing could have reduced extent of damage

229



Alfred P. Murrah Federal Binasi Bombali Saldirisi

| | |
i A Y R RS i .

________ : . e i i e .

————————— - : : —mem 4) Floors above ] g
""""""" . | transfer girder fail; l .

3) Columns fail due to loss 1 i S co”apse imminent &———1 i .E_

"""""" "4 of lateral bracing (floors); = : i
transfer girderfails 4  |§ | | o J ____________ ; - gt -

--------- : hei taaa I | |
2) Blast loads propagating | Lo

_ through failed facade load R | | T i . i

and fail floors giizs e : :
_____________ e Rniinbiias m’*!"_‘_'_

! |
- - | Loz

Jresmii P====555 ] o |
| I | N | |

..... 3 R e I i i

el |
————— o R e e [ [
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! | |
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Progressive Collapse Analiz Yontemleri

The direct method | flf
Area o of Static
=Specific Local Resistance Method, o o -
key structural members are roae
intentionally hardened to resist a
clearly defined threat. Column P
Removal Column
= Alternate Load Path Method rocation Cotation
allows for local damage but seeks
to provide alternate load path to
ensure that the major damage is
averted Alternate Load Path Method

Applied Element Method
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Progressive Collapse Analiz Yontemleri

The indirect method (tie method) requires that effective ties be provided
within the building without any explicit means of assessing or quantifying
the potential of collapse

Corner
. 'ﬂ—b' Column
Internal Ties l Ties
(dotted Iines) ll#l'l:: -------------------------- h-l
Horizontal Tie to o
External Column > .
or Wall
7
’ -_) -+ - - - -f-v
y $—,
/ /
/ /
4 /

51----————4--"(/

Peripheral Tie Vertical
(dashed lines) Tie
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Progressive Collapse Analiz Yontemleri

Indirect method

> Requires better detailing and some additional reinforcement to provide alternative load paths in
case of load-bearing component failure

Direct method assuming column or bearing wall failure
> Designs alternative load paths into surrounding building components

Direct method to design columns or bearing walls to resist specified threat without failing

Choice of design approach depends on numerous considerations
> Perceived risk of building to unexpected loading
- Confidence level in a defined design threat
 Building importance to owner
> Building occupancy




Progressive Collapse Analiz Yontemleri

Both the UFC and GSA progressive collapse requirements use a
combination of indirect and direct methods to achieve their respective goals
of designing sufficiently robust structures and increasing the probability that
these structures will exhibit a low potential for progressive collapse.

UFC 4-010-01
8 October 2003 UFC 4-023-03
14 July 2009
GS
UNIFIED FACILITIES CRITERIA (UFC) UNIFIED FACILITIES CRITERIA (UFC) A\

DESIGN OF BUILDINGS TO RESIST
PROGRESSIVE COLLAPSE

DoD MINIMUM ANTITERRORISM Progressive Collapse
STANDARDS FOR BUILDINGS Analysis and Design Guidelines

for
New Federal Office Buildings

and
Major Modernization Projects

BLIC RELEASE; DISTRIBUTION UNLIMITED June 2003

DISTRIBUTION STATEMENT A: Approved for Public Release;
Distribution is unlimited.
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Direct Design Methodu — Duvar ve Kolon Gogmesinin Varsayilmasi

*Assume sudden loss of any load bearing component around perimeter or
non-secure interior area of building

=Check increased loads throughout structure and foundation due to load
redistribution

* Increased flexure, shear, connection loads including localized connection
stresses

*Check maximum dynamic deflections if dynamic analysis
=Check overall stability of remaining structure with increased axial loads

=Review detalling to improve ductility, resist stress reversals and loads
opposite gravity
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Tasarim Stratejileri —Alternatif Yuk Yolu

*Increase moment capacity in beams or slabs to span over failed
components

=Detail components and connections to allow catenary action over failed
components

=Design for truss action of multi-story frame over failed column
= Vierendeel truss

*Provide shorter spans near building corners so perimeter beams can
cantilever over failed corner columns

*Provide multiple shear walls

=Avoid construction types that limit frame continuity
= Precast concrete frames, steel frames with shear tab connections
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Betonarme Kiriglerin Maksimum Moment Bolgelerindeki Degisim

Column

Negative Moment Region
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Kolon Kaybindan Kaynaklanan Celik Cerceve Baglantilarindaki Artan Lokal Gerilmeler

24 Aralik 2024 Sali

SECTICN _A-A

Insufficient strength of column core subjected to
concentrated forces (e.g., web crippling, yielding,
buckling, and flange local bending) precludes beam-
to-beam continuity across the column.

Premature brittle
fracture impedes plastic P
hinge formation. | |

— Double span condition A TN

A

\— Weak panel zone =

Weak panel zone

. : n
wamrli i el i Column core
pias g : gl tension field
: M
Removed/damaged
column
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Baglanti Alaninda Egilme Akmasi Sonucu Artan Gerilmeler

Connection ——_ !

h
1 rd by

|
| |
1 “~——— Location of ]
+ . Plastic Hinge | T
in Beam !
|

¢
) e Moment Moment T
[ Cannection

P
f

i

A== e
*-{ P L] 'L
| N

K
-_I'.

due to Missing
. Column

| T 1

i ‘ ”“mhg.:,; Y Moment Diagram
|

||

|

o

.
% ‘IIH

SIZIEH'I .....___‘. |

Moment gradient for missing | |
column scenario defines
connection element demands.

N = Missing Column

Location
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Belirtilen Tasarim Yukleri ile Indirect Method Tasarimi (DoD Yaklagimi)

Horizontal ties

o Internal ties at each floor level — continuous in both directions
- Peripheral ties at each floor level — wrap the structure

- Peripheral ties extend into perimeter columns

Vertical ties
- Continuous axial tension tie in load bearing elements

Specified ties forces based on static design loads
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Katenar Davranisi — Gogen Kolon uzerindeki Cevresel Kiris

(]
Plastic Hinge, Typ.

Note enhanced beam-column connections in steel framing
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Gogen Kolon Uzerinde Yukaridan Gelen Yukleri Tasimak Icin Guiclendirilmis Cevre Kirisleri

Spandrel beams size and capacities
moderately increased

7/ 7. 7
Redesign

(improvements distributed evenly over the entire height)

Spandrel beams size and capacities
significantly increased

# e /4 7
Redesign

(improvements concentrated on the 2nd and 3rd floor level)
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Celik Cerceve Yapinin Alt Katlarindaki Guclendirilmis Cevre Kirigleri

Lower floor perimeter beams Lower floor perimeter beams designed

designed as Vierendeel truss with ductile moment connections
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