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Hopper Engineering and
Consultancy BV




Hopper Engineering and Consultancy is a start-up, founded in 2019 and based in Amsterdam.

Hopper was born by the need of the Dutch government to reduce the cost of
retrofit for the induced earthquake in the Groningen Province.

""""""""""" . Thus, the idea to invest on research on the advanced analyses in order to
: © . remove conservativism and to go beyond code and standards.

0OSTELIJK
HA'

) Hopper is a multidisciplinary consultancy company which provides an
: e . integrated range of engineering services in the field of Civil/Structural
=~ . . ... engineering, energy and Oil & Gas.

BUITENVELDERT-QOST:

The trajectory of the company is about
Advanced Structural Analyses (together with
normal structural engineering), such as:

Engineering & Consultancy

Earthquake Engineering;
Blast Analysis;
Vibrational Analysis;
Impact analysis;
Demolition;

Forensic Engineering;
Wind Energy.

Hopper Engineering | Brief Description
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INTRODUCTION Hertfordshire Oil Storage, UK

* Consequences are severe
* Loss of life can be significant
* Impact on public safety

* Financial losses can be staggering

* Events are rare but they occur and are become increasingly prevalent “Largest peacetime explosion in Europe”
£10 million in fines, £10 billion losses
Texas City Refinery, USA No human losses just because it

occurred at 6:00 AM !

Engineering & Consultancy

= i .‘ ; ’/’/’,ﬁ h ' )!
$21 million in fines (largest at that time !)
15 deaths, 180 injuries

Blast Analysis | INTRODUCTION
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Analysis




Engineering & Consultancy

METHODS OF BLAST ANALYSIS

* Equivalent Static: No longer accepted, it is suitable only when blast loading duration is longer than period of the
structure ( rarely the case !)

* SDOF: Most commonly used but still has many limitations !

Analyze one member at a time defining a load deflection curve ( requires time and experience from user)
and global behavior cannot be considered

Loading is assumed to be uniform or concentrated, not really the case

Strain rate effects: loading in blast is normally faster than the response time of the material is accounted
for by just using a increase factor at the beginning of the analyses

Cannot capture most common failure modes: spalling, breach, local and torsional buckling, assumes
response to be dominated by flexure

Cannot model close range blasts

Cannot be accounted for !

v
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METHODS OF BLAST ANALYSIS

F TREME &
* All numerical simulations will be performed using version 8.0 Build 89 of Extreme Loading for Structures L HnlNG

FOR STRUCTURES

(ELS) by Applied Science International, LLC.

ELS uses the applied element method (AEM) which marks several advantages over conventionally used
finite element method (FEM)
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AEM

Alfred P Murrah Building

Engineering & Consultancy * Beams, columns, slabs, reinforcement explicitly modelled
* Every structural component is non-linear

* Strain-rate behavior accounted for automatically

* Reliable up to collapse

*  Very fast/efficient despite being completely non-linear

Blast Analysis | METHODS OF BLAST ANALYSIS
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STANDARDS

Standard to be used depend on the function of the building:

Petrochemical Industry: ASCE and API

Explosive Storage: US Army Crops of Engineers

Anti-Terrorism: Unified Facilities Criteria

All have different criteria for response parameters based on the design objective/performance goals

| j . |

| 5597 SECOND EDITION

' Design of

& Blast-Resistant Buildings
Il in Petrochemical

; Facilities

Task Committee on Blast-Resistant Design

US Army Corps
of Engineers.»

Protective Design Center Technical Report

Component Explosive Damage
Assessment Workbook
(CEDAW)

WBE Project No. 02-0752-001
Contract No. DACA 45-01-D-0007

Prepared for
USACE Protective Design Center
Omaha District

nnnnnnnnn
nnnnnnn

UFC 3.340.02
5 December 2008
Change 2, 1 September 2014

UNIFIED FACILITIES CRITERIA (UFC)

STRUCTURES TO RESIST THE
EFFECTS OF ACCIDENTAL
EXPLOSIONS

APPROVED FOR PUBLIC RELEASE; DISTRIBUTION UNLIMITED

Management of Hazards
Associated with Location of
Process Plant Permanent Buildings

API RECOMMENDED PRACTICE 752
THIRD EDITION, DECEMBER 2009

el
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RESPONSE PARAMETERS

Limits on response parameters of structural members in all standards are usually defined in terms of:

* Support Rotation: 0

A X
v

Ill-min

6 = Support Rotation

* Ductility Ratio: p

Appropriate only for steel structures

Myp----—-- ,
i | |
HOPPER Q | |
Engineering & Consultancy % i i
- > | |
total deflection X, % | ,
Ju — : ) : — = w ®! |
deflection at elastic limit  Xg T < i
1 |
Xe Xm

DEFLECTION
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PERFORMANCE LIMITS ON RESPONSE PARAMETERS
' Design of

& Blast-Resistant Buildings
* Different standards have different performance limits for the response parameters 1 in Petrochemical

‘l Facilities

:4 Task Committee on Blast-Resistant Design

* All however define different performance classes/protection criteria/damage levels ;izm : !
-7 7l
* For petrochemical facilities, ASCE defines three damage levels for individual components:

* HIGH: Component has not failed, has significant permanent deflections, unrepairable " lﬁm

S ‘ —

*  MEDIUM: Component has some permanent deflection, repairable

- )

* Low: Component has none to slight permanent damage

Engiﬁeer{ng&cOnsﬁitancy * Quantitatively for RC structures ( such as the case study that will be presented):

rwy
v

* HIGH: 6°

I‘r-min

* MEDIUM: 4°

8 = Support Rotation

* Low:2°

Blast Analysis | PERFORMANCE CRITERIA
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CASE STUDY: ORIGINAL STRUCTURE

29

SUB STATION jm——————

b+ | + NE
Ethylene XXI Project (EXXI) located at the Coatzacoalcos - e e .
Petrochemical Complex facilities in the state of Veracruz, México Ths ke S 1

+
+

+
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ORIGINAL DESIGN USING SAP2000

Beams 800 x 500 mm
4025 (TOP & BOTTOM) #8 Rebar
5+5d19 (SIDE) #6 Rebar

Beams 700 x 400 mm
4019 (TOP & BOTTOM) #6 Rebar
2+2d19 (SIDE) #6 Rebar

] ¢ > E R Columns 1000 x 600 mm
Engineering & Consultancy ) 7+7d32 (TOP & BOTTOM) #10 Rebar
! 5+5d32 (SIDE) #10 Rebar

Slabs- Roof: 300 mm, Wall: 400 mm
1$25/200 (TOP & BOTTOM) #8 Rebar

Concrete: 400 m3
Steel: 19 m3 --> 149.3 tons

Blast Analysis | CASE STUDY
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BLAST LOADS

P..ox= 70 kN/m?

* Detailed modelling of vapor cloud explosion loads can also
be automatically imported from OPENFOAM/BLASTFOAM
* Also for other explosives/terrorist attacks, TNT weight and

Front

distance from building can be defined directly !
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RESPONSE ORIGINAL STRUCTURE

Design of
& Blast-Resistant Buildings
¥ in Petrochemical
,L Facilities

Highly over designed!

A Rib3ShearCorrected2StepsOriginal: Y Rotation 1

Magnified 50 times

Low corresponds to 2 °
Component has none
to slight permanent

damage

] Rib3ShearCorrected?StepsOriginal: Chart Window 1

Engineering & Consultancy

0.2°
"~ Ten times lower than 2 °!

Blast Analysis | RESPONSE ORIGINAL STRUCTURE
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REDESIGNING THE STRUCTURE

ORIGINAL DESIGN

Halving sections

OPTIMAL DESIGN

A 4

Reducing Steel

Beams 800 x 500 mm Beams 700 x 400 mm
4d25 (TOP & BOTTOM) #8 Rebar 4d19 (TOP & BOTTOM) #6 Rebar
5+5d19 (SIDE) #6 Rebar 2+2d19 (SIDE) #6 Rebar

Columns 1000 x 600 mm
7+7®32 (TOP & BOTTOM) #10 Rebar ;
5+5(32 (SIDE) #10 Rebar Steel: 19 m

Concrete: 400 m3

Slabs- Roof: 300 mm, Wall: 400 mm
1$25/200 (TOP & BOTTOM) #8 Rebar

Beams 400 x 250 mm Beams 350 x 200 mm
4019 (TOP & BOTTOM) #6 Rebar 4913 (TOP & BOTTOM) #4 Rebar
5+5®13 (SIDE) #4 Rebar 2+2®13 (SIDE) #4 Rebar

Columns 500 x 300 mm
7+7D25 (TOP & BOTTOM) #8 Rebar
5+5®25 (SIDE) #8 Rebar

Slabs- Roof: 175 mm, Wall: 175 mm
1916/200 (TOP & BOTTOM) #5 Rebar

Concrete: 400 m3
Steel: 19 m3 = 149.3 tons

Concrete: 288 m3
S Steel: 9 m3 - 70.5 tons

Ratio 373.3 kg/m3

Ratio 245.6 kg/m3

Blast Analysis | OPTIMISED STRUCTURE
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RESPONSE OPTIMISED STRUCTURE

Huge cost savings while still maintaining same performance level !

Magnified 50 times

Original
Concrete: 400 m3
Steel: 19 m3

Optimal
Concrete: 288 m3
Steel: 9 m3

Almost half the material !

2 o
Component has slight
permanent damage

Blast Analysis | RESPONSE OPTIMISED STRUCTURE



COLLAPSE

Under 10 x design load !
ﬂ Rib3CollapseX10: Display Graphic Window 1 E@

ﬂ Rib3CollapseX10: Display Graphic Window 2 EI =

Engineering & Consultancy

All local failure modes accurately captured even during collapse

Blast Analysis | COLLAPSE
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Address: dl.
Eerste Jan Steenstraat 84 IV
1072NP Amsterdam

The Netherlands

Phone: '

+31 20 8965817

Email:

info@hopperengineers.com

Web: %7 — r\.l._;é— T T . P
www.hopperengineersfcgm ' : A m 0T |




