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Explosion Analyses & Blast Resistant
Design
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References Blast Resistant Onshore Modular
Buildings

BASF Seal Sands Workshop

Blast resistance check 0,9 Psi

Shell Pernis for Hertel CKT
Blast Resistant Modular Building 8 Psi

BP Refineries for Hertel
Blast Resistant Modular Building 13 Psi
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ATEX 137 Implementation & Training
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Functional Specification Blast Resistant Building
Shell Pernis

Frame work structural steel; external walls
corrugated plating

Blast overpressure resistance: 970 mbar; 92,3
millisecond

Explosion driven 6 inch, 300 Ibs blind flange
impact resistance
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Blast resistant building lay out Shell Pernis
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Basis for design specifications;codes & standards

- Specifications:
— GP 04-30

Guidance on practice for design and location of occupied permanent
buildings subject to blast, fire and gas hazards on onshore facilities

— GP 04-20
Guidance on Practice for Civil Engineering
— DEP 34.17.10.30-Gen (optional)

Technical specification blast resilient and blast resistant control
buildings/field auxiliary rooms

- Codes and Standards
— ARMY TM 5-1300
Structures to resist the effect of accidental explosions
— PGS 1, part 2B: Effects of explosions on constructions; VROM/SZW;
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Basis for design material properties

- Material strength
Applied yield strength Fy = 355 N/mm? (St. 52 or equivalent)
Ultimate strength Fu =510 N/mm?

*  Dynamic yield stress
Fdy = Fy x SIF x DIF

SIF = Strength increase factor
SIF = 1,1 for structural steel
SIF = 1,2 for cold formed steel cladding panels

DIF = Dynamic increase factor:
DIF = 1.29 for bending/ shear
DIF = 1.19 for tension/ compression

- Applied material properties
Structural steel Fdy = 5604/465 N/mm? (Bending-Shear/tension-compression)
Sheeting Fdy = 650/607 N/mm?(Bending-Shear/tension-compression)
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Basis for design criteria

Deformation limits

Element Ductility | Rotation | Deflection
M e°
Beams/girths 20 12
Frame members 3 3 O <H/25 mm
Metal sheet panels 6 4
Open web joints 2 2
Plates 1.5 12

Ductility y =Total (plastic) deformation/elastic deformation
H = Frame height in mm
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Load combinations

PN 4

Overall strength analysis blast resistant building

—  Dead weight + frame blast loading
* Longitudinal direction
* Transverse direction

Local strength analysis wall and roof panels
+ Reflected over pressure
* Impact loading walls

Floor

— Dead weight + live load (3kN/m?
Stability

— Dead weight + frame blast loading
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Design modeling & analyses

- Computer programs & analyses

— Local wall and roof analyses

The structural impact and response to the blast pressures to the
external walls and roof are analysed by means of a time domain
non-linear physical excel software.

— Overall frame design

The overall structural blast response calculation is performed with
the software STAAD.PRO.

The peak dynamic reactions from the walls and roof are applied to
the frame members.
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Design model & analysis outside wall panels

TITLE : BPB BP Rotterdam Corrugated sheeting outside walls A REY. DATE ORIG. CHKD | KCIAPPR. | CLIENT APPR.
CLIENT : | Hertel 1 ] R B | TAL 1 24/04/2008 0.5
PROJECT : g 2
DOC NR: L =l s
FILE NR. HSEQ Consultants
Nonlinear response
— Fom %
: :
i i
) )
kiy i i
| tar tez i BRM outside wall
m tay | taz ¥ Corrugated sheeting 640/160-8
i Steel 355
i 4 ity i Beam dimensions Beam properties
; b 240([mm] height, 80.0]mm
b 80 |([rmm] heights 80.0|mm
Corrugated sheet ba 240 [mm] z 80.0(rmm
i} 268 [deq] I 27421121 |ram*
h 160 [mim] Ie 342764 |mm®
by B40|[rm] 7 421822 |mrm
t B[mm] A 6706 mm2
E 210000 |Mfmm?
B Tyield 550|Mfrmm? L 3390|[mm]
i calculated
= Input data [ 232002.09|[Mm]
k 22703695 [Nfm Famax 547457 56|[N]
1 iﬂs b b o k 22703699 | [N/m] Y 0.024([m]
m 178.44[[kg] T 0.0199451|[sec]
7, 4. 2E-04{[m] T -
Tyield 550000000 |[M/m”] e el 13918589
L 3.39([m] Me pl 117 77352
KLie 0.78
KLhp 0.66 Maximum support reaction
Maximum 270623 |[N]
Minimum 61132 [N]
Ductility ratio p = Total deformation/elastic deformation =38 < Allowable = 6
Support rotation 8 = arctang (total deformation/L/2) =3.1° Allowahle =4 ® DAF = 0.95
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Design model & analysis outside wall panels

Response corrugated sheet

Non linear response

In-elastic response

—— Hastic response

0.100

0.080

0.060

x [m]

0.040

0.020

0.000

-0.020

t[sec]

CERBITAL y

HSEQ Consultants




Design model & analysis outside wall panels

Non linear spring

Non linear spring corrugated sheet

Fs [N]
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Design model & analysis outside wall panels

Reaction force corrugated sheet
—— Reaction force
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Design model and analysis roof panels

TITLE : BRB BP Rotterdam roofiside walls transvere loading . REVY. DATE ORIG. CHK'D | KCIAPPR. | CLIENT APPR.
CLIENT : CKT Hertel R B | TAI- 1 412452008 DS
PROJEC 8022 2
IEIEE 32: HSEQ Consultants ?
Nonlinear response Fsg) \ nd ,
Fsp .
— g il
x _Jp ===
I bw
Ky i F:q % L ——-—
! tyy tes i E — e
m ‘ ta1 | 4z = £
i BRB roof
i le i E IPE 160 h.0.h. 375 mm. o]~
" Plating 5 mm. ==
Steel 355 w (BEAM TO BEAW DM}
Input data Beam dimensions / properties I
k 2739641 [MNfm h 160 {[rmm] Plate dimensions / properties
k 2739641 [[Mim] 1 82|[mrm] t 5|[mm] bd = ot w 335 M
il 124.90][kg] ty 5 ([rnm) e 375][mrm] c=0.1+09 log Lofw = ng
7z 7 E-05|[”] t 7.4{[mrel] ba 336 [rrm)] Ld=0651 2860 |mm
Ty 504000000 | [M/m*] r 9|[mmi Apiate 1676 {2 Lot 76
L 4.4{[m] A 1939.6 |[mmd] Iy plate 8256364 |[mm] Ioig Loswe 0.9
by 1452 |[mrm] Wy 1314545 ([ 0.9y Losw 08
d 127 [l Woly 74156 ] A 1676
KLhle 078 Tyielq 504 | Mimm? Ay 607
KLMp 0.66 ly 8592922, 25 |[mm’] Ay 726
Wy 108662 |[mm°] Zelas 47 |[mm] Ay 50.5
calculated Wity 123953 |[mm’] Zplas -B2.6|[mm]
Il 35EHM|[Mm] iy 66.9([mm] Pyt 3816 |[mm?] shear z 726
Fomax 5 3E-+04{[M] A 21280 |[m?] Itor 14470057 68| [mm’] shear y 2850
% 0.023[[m] 1Z101 16386706 [mm”]
T 0.048035633| [sec] by 335|[mm] Wl y ot 122371 {[mm”]
Me el 97 4204545 L 4400/ [mm] Wz tot 97747 |Imm”] DAF = 104 |
he pl 6243269236 E 210000 {MNfmm? Tel_x tot 5136218.256[mm’]
Tyield 504 [Mirmm? 7 8727 05686 |[mm’] Support reaction
Maximum | 33634([N]
Minimum | 485][N]
Ductility ratio p = Total deformati lastic defor = 52 = Allowahble = 20
Support rotation § = arctang (total = deformation/2L) 4.1°< Allowable = 12 ©
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Design model and analysis roof panels

0.180
0.160
0.140
0.120
0.100

x[m]

0.080
0.060
0.040
0.020

0.000
0.000

0.020

0.040

0.060

Response

0.080 0.100

t[sec]

0.120

0.140

—— Non linear response
—— In-elastic response
—— Hastic response

0.160 0.180

0.200

c=RBITAL

HSEQ Consultants

18



Design model and analysis floor
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TITLE :
CLIENT: Hertel
PROJECT : 8022

BRB BP Rotterdam Floor

CSRBITAL

DATE

ORIG.

CHKD

KCIAPPR

CLIENT AFPR

4/24/2008

D3

DOC NR: 5 P
FILE NR: HSEQ Consultants
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: e —
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- tw
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¥ — axig
= = £
— L
w {BEAM TO BEAM DIM)
T - axis

|
BRM floor Beam dimehsions{ properties
IPE 120 h.o.h. 600 mm. h 120 [sarn] Plate dimensions / properties
Plating 5 mm. b bd{[rmrm] t a|[mm]
Steel 355 tw 4.4|[mm] o B00|[mm]

ts B.3([mm] ba 426 [mm]
Loading r 7|[mm] Aglate 2131 [[mirrd]
4 3000 N/m? A 1279 [mme| by piate 1175420[mm’]

by 107 4|[mim] oy 470168|[mm’]
bd=cxw [425 mm d 23][mm]
c=0.1+09 log Lofw = o7 Dyield 355|Mimm®
lo=0E5L 2860 e ly 3177531 42| [mm’]
Losw 48 Wy 52959|[mm”] Telas 26| ]
log Lodw 0.7
090y Lodw |06 [ 49.8|[mrm] Peot 3410 ([mrrd]

Az 21250 [mime] e B189798|[mm’]

4356 hrn 121 32541565 [mm’]

i 70 Hfrmm? by 426 |[mm] Wty got E2486|[mm’]
if 6.5 M L 4400|[rnrn] el 2 ton 152693 |[mm’]

E 210000 (MWfrnm?® Tel_s_tot 1645364 (7]
rall = 0.6 oyield 213 NAr® | Tyield 355 [Mimm®
ifall = L&0o 73 mrm
LIC = ofayield 03
Lif= E51
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Fragment impact analysis

Fragment impact resistance external walls
100
80
w
€ 60
2
£ .
S 40 6 inch #300
o blind flange
20
0
0 100 200 300 400
Weight (kg)

500

c=RBITAL

HSEQ Consultants

20



Blast resistant frame model & analysis
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Blast resistant frame model & analysis
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Blast resistant frame model & analysis

Floor

Roof
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Blast resistant frame model & analysis
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Design details

*Doors
\Windows
*Ducts

*Piping

HVAC 250 mm pipe mounted in corrugated wall
< 3658 >
A b—p| detail c
525 I —> A 800 BRM
@250 mm, center 2905 mm above finished floor level
window I > ¢500 conservation same as BRM
2905 A stairlless wire
3100
1800
Detail C
Principle supply opening
v A 4 v
supﬁorting width
1140
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