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CUSTOMER ORDER

The Customer (HYDRO-QUEBEC) ordered to conduct the dynamic loading test on type ‘“Kanada
HQL ” damper (the absorber of seismic energy developed by “SYSTEM DC90”) according to the
Test Program. The testing results of the delivered specimen should meet the quality requirements in
the aspect of the energy damping.

TESTING PROCEDURE

The testing is performed by means of AFS Servo-controlled Hydraulic System, Figure 1. The edges of the
testing specimen are fixed by the jaw clutches designed for the round specimens, thus the influence of the
deformations virtually has no effect on the testing results.

Figure 1. AFS, Servo-controlled Hydraulic System

The maximum range of the system is = 20kN. The System works in the following modes:
e Force (energy) control mode,
e Strain control mode,
e Actuator step control mode.

The testing is performed in the displacement control mode (the deformation of the testing specimen).
In advance defined testing mode was input in PDP PC program, while the sinuous alteration of
dislocation is realized by function generator. The recorded data (the values of the force and actuator
step) measured by AFS System are transmitted to PC through A/D converter.
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Microsoft EXCEL software has been used to process the obtained measured data.
The testing started at 0.5 Hz frequency level, the data acquisition frequency was 100 samples per

second.

1.Material Documentation
Attests for all built-in materials with mechanical characteristics including:

Metal pipes and
Welding electrodes

MEMBERS OF CONSORTIUM: KOMGRAP, SISTEM, VALJEVO-PLAN, PIRS, NIK-INZENJERING, PROJEKT-KOMERC VELJA, RADIJUS, GEO-TEST, BEOING, SZR GRADEVINAR



MEMBERS OF CONSORTIUM: KOMGRAP, SISTEM, VALJEVO-PLAN, PIRS, NIK-INZENJERING, PROJEKT-KOMERC VELJA, RADIJUS, GEO-TEST, BEOING, SZR GRADEVINAR



MEMBERS OF CONSORTIUM: KOMGRAP, SISTEM, VALJEVO-PLAN, PIRS, NIK-INZENJERING, PROJEKT-KOMERC VELJA, RADIJUS, GEO-TEST, BEOING, SZR GRADEVINAR



MEMBERS OF CONSORTIUM: KOMGRAP, SISTEM, VALJEVO-PLAN, PIRS, NIK-INZENJERING, PROJEKT-KOMERC VELJA, RADIJUS, GEO-TEST, BEOING, SZR GRADEVINAR



MEMBERS OF CONSORTIUM: KOMGRAP, SISTEM, VALJEVO-PLAN, PIRS, NIK-INZENJERING, PROJEKT-KOMERC VELJA, RADIJUS, GEO-TEST, BEOING, SZR GRADEVINAR



2.Documentation with proof of welder's qualification
Assurance of a valid completed welding exam-test

i _ma? EEJGRAD, Grélta Milenks 87, tel: 011/2851-079, {ox; 2850-648, e-mall: 2zz@ bitsyu.het WWW.LEZ.CO Yy I

UVERENJE O STRUENOJ OSPOSOBLIENOSTI ZAVARIVAGA
Welder Approval Test Certificate
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3. A statement from a responsible technical person about the control of all
phases during manufacture.

Descriptions for manufacturing processes of Damper types HQL and HQM

1.

2.

(9

a

7.

8.

9.

Aquisition and transportation of all materials; steel tubes and tin, lead, paints, packaging
polystirl etc.

Marking, measuring, and cutting the material to fit the dimensions within the required
tolerance for each element separately in accordance with technical specifications and
normatives.

Cleaning, degreasing, removing of corrosion and precise machine processing of parts and
surfaces up to the required tolerances and geometry.

Placing of element assembly in tools. Geomerty control.

Placing of element assembly in tools. Geometry control. Connecting and securing of elements.
Repeated control of geometry via modern elecctronic measuring devices with 0.01 mm
precision.

Welding by CO2 process.

Thermic processing of weld by regime. Gradual heating of materials followed by release.
Whole process lasts 6,00 hours.

Painting of elements with coatings, thoroughly and finally with a total of 3 layers.
Packing and labeling into smaller packages and then into packages for aerial transport.

10. Delivery to the Nikola Tesla airport-Belgrade

I hereby state that I have performed the integral control of.
-materials,

-processes,

-geometry and

-final control

Sistem DC 90-Radijus Mionica, Serbia

CEO
Radivojevi¢ Slobodan, mechanical.eng.
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4. Documentation about testing of the finished product with all the necessary diagrams and
comments including:
-force-displacement diagram (histereses diagram)

Histerezis Kanada HQL
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Figure 2. Force vs. displacement (hysteresis), all cycles
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Figure 3. displacement vs. time five cycles (max x=+-5mm.)
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Histerezis Dampera Kanada HQL
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Figure 4. Force vs. displacement (hysteresis), midle cycles
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Figure 5. displacement vs. time five cycles (max x=+-3.0mm. to x=+-3.5mm)
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Figure 6. Force vs. time five cycles (max F=+-11 kN to F=+-12 kN)
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Figure 7. Force vs. displacement (hysteresis), finish cycles
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Figure 8. Force vs. displacement (hysteresis), after colaps-control displacament

TESTING RESULTS

The testing results are represented on the following Figures:

Figure 2. Force vs. displacement (hysteresis), all cycles

Figure 3. displacement vs. time five cycles (max x=+-5mm.)

Figure 4. Force vs. displacement (hysteresis), midle cycles

Figure 5. displacement vs. time five cycles (max x=+-3.0mm. to x=+-3.5mm)
Figure 6. Force vs. time five cycles (max F=+-11 kN to F=+-12 kN)

Figure 7. Force vs. displacement (hysteresis), after colaps-control displacament

At deformation levels of = Ilmm, # 2mm, =+ 3mm and 6 cycles of + 4mm the strain force is
practically constant that is about 8-10kN (see Figure 2).

Figure 4 indicates work for displacement +-3.5 mm and +-5 mm, and Forces between 7 to 12 kN in
plastic area.

Figure 7. and 8 indicates that there are two type of hysteresis: before and after the damper fracture. At
the beginning of testing, during the first 16 cycles, the hysteresis area is very large (see Figure 9),
while starting from 20™ cycle till the end of testing the hysteresis area decreases significantly(see
Figure 10). The absorbed (damped) energies correlate respectively. Figure 9 confirms the statement.
The increase of deformation of damper specimen during the first 16 cycles is followed by the similar
growth of the absorbed energy during each particular cycle. After the 18" cycle the absorbed energy
vs. number of cycles is linear, but after the 140" cycle the gradient lightly decreases.

Testing of damper was made in side of Inovation Laboratory of Sistem DC90, com.ltd., Belgrade.
Technical caracteristics of Dampers kanada HQL.
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Fabrication and delivery of Damper-connector DC 90 sets (,,Canada HQ L*“type) including the total
custom export duties and formalities and air freight or carriage costs paid to Buyer address in
Montreal.

Each set includes the following:

- Damper,

- Steel plate,

- Connector: 16mm diameter, 2mm tread.

(All the members are joined by welding and appear as integrality).

Damper-connector DC 90 (,,Canada HQ L*“type) is fabricated according to the following

technical specifications:

a) Initial force of plastic (non-elastic) work varies from 7.92 kN to 8.32 kN.

b) Plastic work zone is +4 to 5 mm.

¢) Maksimum force — Damper-connector capacity is about 14.4 kN.

5. Photo documentation

Figure 9. View of Damper type “Canada” (absorber of seismic energy).
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DELIVERED SPECIMEN

To conduct a test the customer delivered the type “Canada” damper (the absorber of seismic energy
developed by “SYSTEM DC90”).

The view of the delivered damper specimen (the absorber of seismic energy) is represented on Figure 9.
and Figure 10.

Figure 10. View of Damper type “Canada” (absorber of seismic energy).
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Accumulated dilatation

Aly |Agy| Neye X|Ag|
mm
+0.5 0.005 5 0.02
+1 0.01 2 0.04
+2 0.02 6 0.24
+3 0.03 10 0.60
+4 0.04 5 0.40
+5 0.05 5 0.50
X 33 1.80

Al . : . .
|Agi| = ‘—" - accumulated dilatation during a semi-cycle

Where a cycle,
| — is the length of the test specimen of 100 mm and
Neyc — 1s the number of cycles.

Total accumulated dilatation is 1,80 during 33 loading cycles on a length of 100 mm on a dog bone

Damper DC 90 type HQL. Post-collapse capacity)even after the construction degradation, when it can
no longer take pull loading. More than 400 cycles with control deformation.
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5. CONCLUSION

The objective of the testing was to investigate the quality of the specimen in aspect of energy damping
as well as to check the calculated domain of usage of the damper.

Recomended area of use of the tested damper is up to + 5 mm.
It is also important that this damper hase a high material plasticity reserve (post-collapse capacity)

even after the construction degradation, when it can no longer take pull loading. More than 400 cicles.
Belgrade, 2010, july

Report is prepared by N
@m 220

Zoran Petraskovi¢, B.Sc.C.E.

ON BEHALF OF Sistem DC90, c.ltd.
DIRECTOR

Dragana Obrenovié
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