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Blast Resistance Testing of Steel Door

USEMANVD VU US¥W Thai Oil 918 (Lwvw)

1A13 Blast Residence 4.9ay3

Tuivinsnegay Tun 3 Favnaw 2566
AapEmAaDY UsepFuuseseida TYPE D1
anunnagay 15307u U3 403y d1iim
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1. Displacement sensors dwsuinAinsuguda (Anuaziden + 0.01 mm) 17U 5 90
2. Strain gage dMIUIAAMUIENITEAAT (A1MAZIBEA + 1x10° strain) 17U 2 90
3. Pressure gauge @suUinAILTIAUAL (ANAZLBEA 0.1 psi) 10U 1 90

4. Data logger 16 Channel dwiutuiindoya

(Bnsnstiudin 200 Teya/Aund) WU 1 1AT89
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fe Pressure gauge wasfnaanAmdudmivinngunsalngnin wiwdidvihnsiagunsel

M3997A Strain gauges wax Displacement sensors

2) YN1SVIAdBUAMINIASEILANTFELENT ASTM F2247-11 vuldeulun1sviadeuiuu Procedure A
Tnsmsnaasuyszgazliiussfunssyhuuuaingsaniniu 8.80 psi (Maapufiussdy 8.40 psi usi
YALYIAILAAIALAGBUTDY Pressure gauge gunsalinAsail +0.4 psi) etinnslussiunseyh
zfiuduan 0% fe 100% wuandu 3 Tumeu 16un 509% was 100% Aeufiszanusiruanuie
0% Tunauving
2.1) Fufil 1 Iusafunsgyindl 50% vesusafugeaainty 4.40 psi (Wi ¥nwussiulinsiiumund,

3 W) IngauAILTIRUNTEVIINIY Pressure gauge W& Uu¥ine Strain uag Displacement

NNYUNIAIATIAIA

2.2) 9uit 2 Tiusssiunszyini 100% vesusigianiiiu 8.80 psi (wWdidnwuswiuliasiiuiund 3
W191) 188 1UAILIIAUNTZYITWIU Pressure gauge waa Yunen Strain way Displacement

NUNIRINTIVIA

2.3) Tuil 3 aAusIuNTEYINasi 0% lngauALSIUATEYIHIY Pressure gauge WiodiAdu 0.00

psi WU 3 Wiikas Uudinen Strain uag Displacement 3ngUnsaingI9in

3) asvdeuAudenvasseandintsvagey Yudinua wasimanismaasuazuvinsiesy ay
LI VBININTFIU ASTM F2247-11 Section 11 laglunisveasuiiaznsiavseidiuniy seau

Category |
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__MOUBNNY 1314 mm.

wulseg 1000 mm.

Ggg 7 mm.

Gap 7 mm..

AOUBNINY 2214 mm.
U529 2050 mm,
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Gap 7 mm.
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U159 2050 mm
_MOUBNNNY 2214 mm.
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UM 3 wlaun13indegunsalnsiadn Strain gauges Wag Displacement sensors

Pressure (PSI)

A (Time, minute)
3

8.80 A
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g‘dﬁ 6 N13AAAY Displacement sensors
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UstaMAdRUANLINASEIL ASTM F2247-11 (5Uf 3) Taeramsnsiadadananuandunsivi 1 8 9

M998 1 HANIATIVIAAINTUBUAD U Fuviesing vasuulszavadeu

Displacement (mm)
Load Step | Pressure (psi)
DP1 DP2 DP3 DP4 DP5
Step 0 0.00 0.00 0.00 0.00 0.00 0.00
Step 1 4.40 1.72 533 5.89 547 1.83
Step 2 8.80 2.45 8.76 9.86 8.92 2.44
Step 3 0.00 0.00 0.10 0.62 0.12 0.16
A13197 2 WHaN1IRTITIRAThENTEAAfITEUTYAIAAaY
Strain (microstrain)
Load Step | Pressure (psi)
SG1 SG2
Step 0 0.00 0.00 0.00
Step 1 4.40 9261 151,05
Step 2 8.80 103.98 -240.48
Step 3 0.00 2384 223




Displacement (mm)

Displacement (mm)
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Load Step

A3 1 AINISLBUMIYBIFULTIA DT1 ATLAULTIAUAIAII
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Strain (umm/mm)

Strain (pmm/mm)
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8.40 psi (uAin1snaaaulden 8.80 psi iie¥AIBAINLAAIAARBUYDY Pressure gauge) ANMLNNTITDS
UATFIU ASTM F2247-11 Section 11 udwimsasiaindnsdana uaznsueudiludiuuiuyseg
u funisingisineg saufamnsanaeumsmemisnnudenediusing wagvaaeumsliaiy
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Uszaniendsnisedey ausaasuradmsuuiulszgiviinsnageuazasisusadiuluuseiumigg
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TaensdaumuInuYisEaU Category | lanan1smaaausall

1) eveseudszguanads Wiflusanszvilagsauiuusey Wuszeznauiu 3 wiil insieaey

U

1 1 1 s : s < = 2/ 1 &
TANsheusarAasnauNly 0 wselarasinalalaiiiy 2 mm

INNANITNAADUNUT
ﬁhmiLLﬁiuﬁ’maﬁwwmmuUixQﬁﬁwLmu'a DT1 =0.00 mm < 2 mm [W1u Category I]
@hmiLLduﬁ’amﬁ'}waq‘U'}uUsg@ﬁﬁw|,mu'\1 DT2 =0.10 mm < 2 mm  [W1u Category 1]
ﬂ"]mﬁLLa'w?hmﬁwwmmuﬂiz@ﬁﬁmwm DT3 =0.62 mm < 2 mm  [W1u Category I]
AnsusuiAIRwoIUIUUsERTIR WL DTG =012 mm < 2 mm  [H1u Category ]

U

ANISLIURIAIANNYDIUTUYSZATIALMUE DT5 =.0.16 mm < 2 mm  [W1u Category I]

U

2) asaeuiszgansaldny Wa-Ua liund amendainismesey

IARANIITVNARDUNUTN
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vulszglifiTessesanudemenansansianudieaient waznisnaaeuilaUauszg

MERAINITNAdBUNUIANTANTE IAaNUNR [ Category I]
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3) §5I9A0UAT Strain MARYUILIAUNIIFITTaRUEIUTERAENUlY
\neugiFn Strain gegavasituuUszganglalseiueInie 8.40 psi siaaluliiuinusien Strain A3
Bamguvastanndn Elastic limit @afifngendt 700 pe)

PNHANTNAZBUNUN
A1 Strain gaaARUBIUIUUSERTIRIUIMIS SG1 = 104 UE < Elastic limit  [shu Category I]

AT Strain guanveIuLUTERTIRUMLY SG2 = -241 uE < Elastic limit [su Category I]
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AINNANITNARTUNUTN

@ ' =3 =3 v = 1
AMevdInIsvegaunUIUINUTEREITndenuasUanfonldnuun®d [y Category I]
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Useg lunnuruiulazadn [ty Category |]

PNHANTNAFOUUTER TYPE D1 fgusaausuinaiisuiviiusinuasanannmsssidnd 8.40
psi AMUIIRNTFIU ASTM F2247-11 Winsadsuanstiavauasianiiuiudses n1suauiiaiinaves
UuUlses MIRsIsdeUmeaienfanudenieiuinng wasnagaunisldnulsegaienainy
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d1u15085Ula31U526 TYPE D1 W 1ULAU9IN1SNAEBUNITAIUNIULTIAUSELT AR 28

AUTIANNNISIYIUTEAU Category | AneldLsIauaIan 8.40 psi ANULNUNVDINIATFIU ASTM

F2247-11
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APPENDIX

¢ Peak Dynamic Pressure (Pm) and Time Duration (T)

According to the common requirement for Blast Door design of DEP
34.17.10. 30- Gen. Section 5.2 and the specification of the previous
Thai Oil projects, the peak dynamic blast pressure (Pm) of 30 kPa
(4.35 psi) with estimated load duration (T) between 50 ms and 150
ms has been specified. Therefore two dynamic blast loading cases
consisting of the fast and slow blasting with triangular shapes will
be considered in this equivalent blast load estimation according to

ASTM F2247-11.

LOAD (kPa) BLAST LOAD 50 ms
30
25
20
15
10
5

0
0 0.05 0.1 0.15 0.2 0.25

Time (ms)

Figure A.1 Load duration of 50 ms - Fast blast loading

9|Page




LOAD (kPa) BLAST LOAD 150 ms
30

25
20
15

10

0
0 0.05 0.1 0.15 0.2 0.25

Time (ms)

Figure A.2 Load duration of 150 ms - Slow blast loading

e Equivalent Static Blast Load

Based on ASTM F2247-11, the estimation of an equivalent static blast
load is computed from the ratio of natural period of door vibration
and peak pressure duration (Tr) as shown in Figure A.3.
Referring to design calculation of the door type D1, the natural period
of the door vibration is 25.8 ms. Then the ratio of natural period of
door vibration and peak pressure duration become

Fast blast loading: Tr=50/25.8 =194

Slow blast loading: Tr = 1560/25.8 = 5.81

From Figure A.3, the maximum equivalent static blast load (Ps) can
be conservatively computed from maximum dynamic load factor
(DLFmax) when Tr = 5.81 as
Ps = Pm x DLFmax =4.35 x 1.93
= 8.40 psi (> 8.0 psi) =2 use 8.40 psi

10|Page




e

==}

i

il

s "5

=g

1

—S0'0

AL
16—

o @Q o 3
- o o

Xow(47d>

Tr

Figure A.3 DLFmax vs Tr (ASTM F2247-11)

NjPage




gﬂﬁ 2 AS29AUANNLELMIBUS AEAN WA IYINNSVIRdaU




;y ’W

e 3 ! ‘
W ‘

)
|

\ s{.

5Ufl 4 asndeusessesndsvesUseguaninnisnagey




' METROLOGY SYSTEM ( THAILAND ) CO.,LTD.

ANSI National Accreditation Board
ACCREDITED

TN R (SO/IEC 17025 ey
TR CALIBRATION AND
L DIMENSIONAL MEASUREMENT
ACT- 2080

/e
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Certificate of Calibration

Certificate Number : SPR23070264-1 Page : 1 of 3
2 Customer : SUPA RICH COMPANY LIMITED.

= 27 Ramintra Soi 48 , Ramintra Road , Ramintra , Khannayao , Bangkok
10230

Equipment Name . Digital Pressure Gauge
Manufacturer : MES

= Model : NPT1/4

— Serial Number : N/A

v ID. Number ©ON/A

Environmental Conditions

— Ambient Temperature SPBEEER O O Received Date ST 12023

Relative Humidity : 50% T 15 % Calibration Date © 18 Jul 2023
Location of Calibration : In-Lab Recommend Due Date : 18 Jul 2024

Calibration Procedure : SP-CPM-04-05 Date of Issue - 19Jul 2023

? Method of Calibration

© This certifies that the above instrument was calibrated in compliance with the calibration system

requirement of ISO/IEC 17025:2017 in accordance with reference procedure. Standards used to perform
= this calibration are certified by to NIST or equivalent, National metrology institute, Natural physical constants,
_ consensus standards. The result reported herein apply only to the calibration of the item described above as
: received.Our decision rule is to contact the customer if the item pass and fail calibration when the results

include the uncertainties and the customer must determine if the results meets their needs.

The calibration certificate shall not be reproduced except in fullwithout written approval of SP Metrology

System (Thailand).

NRUAL

Calibrated by : Mr.Kija Visitsilp Approved by

=

Calibration Officer ( Mr.Prayoo& Topart )

Authorized Signatory

=
3op
(6]
[
O
=

SP-FM-04-15 rev.0



2y METROLOGY SYSTEM ( THAILAND ) CO.,LTD.
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Calibration Report
B Certificate Number : SPR23070264-1 Page : 2 of 3
Reference Standards
Equipment Name Model Serial No. Certificate No. | Due. Date
: Pressure calibrator 718 30G 2314118 23P720 03 Mar 2024
02 Traceability
& This certification is traceable to the International System of Unit maintained at :
TPA - Technology Promotion Association (Thailand-Japan)

BEEMOICSHINRUIN
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SP-FM-04-15 rev.0



noael

Lo’

BECH

pEse

METROLOGY SYSTEM ( THAILAND ) CO.,LTD.

S
-~

P

v
74,

ANSI Natfonal Accreditation Board

T ACCREDITED

Result of Calibration Uy =

ACT - 2050

)

Certificate No. : SPR23070264-1 Page : 3 of 3
Range : @8te®™ 10 ps] Resolution : 0.1  psi
Measurement Function : Pressure Measurement UUC* Accuracy : 1 %F.S.
Unit : psi
Direction ReSeL?ng il Error Unc(efa)inty
As Found As Left -
0.000 0.0 0.0 0.058
1.000 0.9 =051 0.058
2.000 1.9 =051 0.058
3.000 2.9 =01 0.058
2 4,000 3.9 - st 0.058
g 5.000 5.0 N/A 0.0 0.058
E 6.000 5.8 =) 2 0.058
7.000 6.7 —0.8 0.058
8.000 AT —=0:8 0.058
9.000 8.7 —0.38 0.058
10.000 S =0.8 0.058
10.000 9.7 -0.3 0.058
9.000 8.7 0.3 0.058
8.000 ol -0.3 0.058
7.000 6.7 =08 0.058
= 6.000 5.8 -0.2 - 0.058
o 5.000 5.0 N/A 0.0 0.058
2 4.000 3.9 ~0.1 0.058
3.000 2.8 =0k 0.058
2.000 1.9 =] 0.058
1.000 0.9 =0 0.058
0.000 0.0 0.0 0.058
Calibrated condition :
UUC* Unit Under Calibration Conversion factor: 1 psi = 6894.76 Pa
Mounting Position : Vertical

Reference level was center of the dial is above that of the standard and Ah =0 m.

Note:
The result of calibration was found accurate as show on date and place of calibration only.
This Certificate is not certified for any commercial transaction.

Measurement Uncertainty
The reported uncertainty of measurement is the expanded uncertainty obtained by multiplying the
standard uncertainty with the coverage factor k = 2.00, providing a level of confidence approximately 95 %

- End of Certificate — SP—FM-04-15 Rev.0



Strain gage Specification

Uniaxial
Resistance: 120 Q
Gage factor: Approx. 2.1 ® Common steel
@ Stainless steel
@ Aluminum alloy
Magnesium alloy
(Base color stands for different linear expansion.)
KFGS-30-120-C1 KFGS-30-120-C1-11

[~  KFGS-30-120-C1-16
B o . 0 Y %2

*The above picture is KFGS-30-120-C1-11. KFGS-30-120-C1-27

KFGS-20-120-C1 KFGS-20-120-C1-11 @

—  KFGS-20-120-C1-16 @
-:,)- KFGS-20-120-C1-23 e - 2 -
x i i -20-120-C1- KFGS-20-120-C1-27

KFGS-10-120-C1-11 @

KFGS-10-120-C1-16 4]
_—— KFGS-10-120-C1-23 2 E W
*The above picture is KFGS-10-120-C1-23. KFGS-10-120-C1-27

Lot ho. YAOIIM | o
nHa esu‘

210 £1.0%
10 mm

120,40 £0.4% 3 C-33A . EP-340

Ratac 3 Grage,

(0.2 £0.3)% F—oROIRER 73788

it Ll BT AI0RAITE




Displacement sensor Specification

”»

Specifications

Performance

DTH-A-50

DTH-A-100

Rated Capacity See table below.

Nonlinearity Within £0.1% RO

Hysteresis Within £0.1% RO

Repeatability 0.1% RO or less

Rated Output  5mV/V+0.1%

+0.15% (DTH-A-5)

Environmental Characteristics

Safe Temperature -10 to 70°C (Non-condensing)

Compensated Temperature 0to 60°C (Non-condensing)

Temperature Effect on Zero Within £0.01% RO/°C

Temperature Effect on Output Within £0.01%/°C

Electrical Characteristics

Safe Excitation 6 VACorDC

Recommended Excitation 1to4VACorDC

Input Resistance 350 Q +1%

Output Resistance 350Q +1%

Cable 4-conductor (0.065 mm?) vinyl shielded cable,

4 mm diameter by 2 m long, terminated with a connector plug

PRC03-12A10-7M

(Shield wire is not connected to the case.)

Mechanical Properties

"ﬁequency Response DCtoapprox. 2 Hz

Measuring Force See table below.

Weight See table below.

Degree of Protection IP50 (IEC 60529)

Initial Unbalance With the rod fully extended is approx. -6000 to

-5000 x10°% strain.




