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1 INTRODUCTION 

This report describes the second phase activity of the Portuguese group in the Precast 

Structures EC8 research project. The Portuguese group is composed by Laboratório 

Nacional de Engenharia Civil (LNEC) and the Civibral, S.A. precast company. This phase 

follows the shaking table tests of a 2 stories structure of the same precast system, which is 

commercialized by Civibral. More information about these tests can be found in the report 

[Mendes et al. 2006]. 

The goal of the work presented in this document is to assess the seismic behaviour of 

column-foundation and beam-column connections from the same precast system. To help 

achieve this goal, 4 column-foundation and 10 beam-column connections were tested using 

quasi-static, monotonic and cyclic tests, which were made imposing displacements to the 

specimens. The column-foundation connections (CFC) can be categorized as socket 

connections and the beam-column connections (BCC) as dry connections using only 

mechanical devices to transmit forces between elements. All the specimens were supplied 

and mounted by Civibral personal. 

It was decided to test also scaled connections as used in the 2 stories structure tested in the 

shaking table (1:3 geometric scale). This strategy allows a direct comparison to the results 

from the previous tests, with improved accuracy, because, this way scaling problems are 

avoided.  

This report presents the results and the seismic behaviour analysis of the tested 

connections. The text is organized in 7 sections. After this introduction, is discussed the 

prototype-model idealization, and afterwards the results and analysis of the precast 

connections. At last, the test conclusions, acknowledgments and bibliography are 

presented. To make the text more readable, the majority of the test data is presented in 8 

annexes and only summaries of results are presented in the main text. 
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2 PROTOTYPE – MODEL IDEALIZATION 

As mentioned before, 1:3 scaled joints were used in the tests in order to improve the 

comparison with the results from the shaking table tests (see Figure 2.1 and [Mendes et al. 

2006]). 

 

 
Figure 2.1: 3D Visualization of the two stories structure tested on LNEC’s shaking table. 

The similitude conditions are based in the following relationships: i) the same materials of 

the prototype – RC (2.1); and ii) a 1:3 geometric scale (2.2): 

 1P ME E = , (2.1) 

 3= =P ML L λ . (2.2) 

These relations defines all the relevant scale factors for a quasi-static test (see Table 2.1). 

The data presented in Table 2.1, reveals that for obtaining the equivalent prototype 

displacements it is necessary to multiply by 3 (λ) the values obtained in the model, and, for 

the forces and moments by 9 (λ2) and 27 (λ3), respectively. Because the rotations and 

strains are dimensionless, the equivalent values in the prototype are equal to the measured 

in the model, so no scaling is required. 
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Parameter Unit Symbol Scale Factor ( ) ( )P M
/  

Length L L 3= =P ML L λ  
Modulus of elasticity F.L-2 E 1P ME E =  
Area L2 A 2 9=λ  
Volume L3 V 3 27=λ  
Displacement L d 3=λ  
Rotation – θ  1 
Weight F w 2 9=λ  
Force F F 2 9=λ  
Moment F.L M 3 27=λ  
Stress F.L-2 σ  1 
Strain – ε  1 
Energy F.L W  3 27=λ   

Table 2.1: Similitude scale factors. 
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3 COLUMN–FOUNDATION CONNECTIONS 

3.1 Introduction 

Four column-foundations connections (CFC) were tested (specimens P1 to P4). These 

connections can be categorized as socket connections and were concreted by Civibral, in 

their facilities, into two distinct elements: i) the footings and ii) the columns. A cavity was 

left on the footings top, where, afterwards, part of the column was inserted during 

mounting. The gaps between the two elements were filled with mortar resulting in the final 

layout of the specimens tested (see Figure 3.1). All the elements, including the mortar 

filling the gaps, were tested after completing more than 28 days after concreting. 

 

 
Figure 3.1: Socket connection scheme. 

Although, this type of connection was not used in the specimen tested in the shaking table, 

as the column and footings were cast in one monolithic element (see [Mendes et al. 2006]), 

it was considered relevant to test these type of elements, which are part of the precast 

system commercialized by Civibral and very common in other precast solutions. 

3.2 Test setup 

The tests were made using the LNEC’s uniaxial shaking table to impose displacements to 

the specimens (see Figure 3.2). To ensure that the displacement imposed were not affected 

by the flexibility and/or gaps of the layout, resulting in different values measured on the 

displacement transducers LVDT D1 and LVDT D2 (see Figure 3.2), a digital PID 

algorithm [NI 2001] was implemented to control the real displacements imposed to the 

specimen. A guiding system was also used to avoid truss deviations in the push 

movements. 
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Figure 3.2: Schematic view of the test setup. 

More detailed information of the test setup is presented in the Annex A drawings and a 

selection of photographs in Annex C (Figures C.1 to C.4). 

The column axial load was simulated using a Dywidag bar inside the column that allows 

choosing different levels of compression (see Figure 3.2). 

The specimen was instrumented with the following type of sensors: 

1. 3D optical displacement measuring system – Model K600 manufactured by 

Krypton/Metris, was used to measure the displacements of several point in the 

specimens (see Drawing nº12 and nº13 in Annex A); 

2. Inductive displacement transducers – Models manufactured by RDP Electronics 

were used to measure the shaking table and specimen top displacements. The last 

one was also used to implement the PID algorithm; 

3. Piezoelectric accelerometers – PCB Piezotronics, model 393A03, were used for the 

dynamic characterization tests; 

4. Load cells – Instron, model 2518-121 was used to measure the load installed in the 

truss. A ring load cell, manufactured by LNEC, was used to measure the axial load 

applied to the columns. 

More information about these sensors technical specifications is available in Annex B. 

Photographic and video recording were also made during the tests. The photographs were 

taken using a digital camera and the video records were made using a tripod mounted 

camera. 
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3.3 Test programme 

The first specimen (P1) was tested monotonically up to 6.2% of drift and the specimens P2 

to P4 were tested cyclically up to 5.1%. The value of the column’s axial load, applied by 

the Dywidag bar, was chosen independently of the prior dynamic shaking table test, 

because this type of connection was not implemented on that specimen. The initial idea 

was to adopt usual service levels of axial load and then try to establish a basic parametric 

study, to assess the effect of this parameter in the connection response. Due to reasons 

presented afterwards, it was decided to stop the CFC tests with only 4 specimens tested, 

and consequently, the parametric study was not completed has initially programmed. The 

mean axial load installed on the column varied from about 100 kN (ν=0.13) to 140 kN 

(ν=0.19), see Table 3.1. 

 
Disp. Range Max. Drift Mean Axial Load 

Specimen Test Type [cm] [%] (h[mm]) [kN] ( )c cmN A fν =  
P1 Monotonic [0.00; 10.20] 6.2 (1500) -101.7 -0.14 
P2 Cyclic [-7.00; 7.00] 5.1 (1375) -97.0 -0.13 
P3 Cyclic [-7.00; 7.00] 5.1 (1375) -113.3 -0.15 
P4 Cyclic [-7.00; 7.00] 5.1 (1375) -139.7 -0.19 

  Note:  fcm (C25/30) = 33 MPa [CEN 2001]  
Table 3.1: Test programme. 

The monotonic test (specimen P1) was used to provide some basic characteristics of the 

RC element, like the yielding displacement (δy) which was 3.70 cm (see Figure E.4). 

However, the position where the displacements were imposed to the specimen, changed 

from P1 (h=1.500 mm) to P2 and subsequent (h=1.375mm), to improve the maximum 

available drift. To take in account this layout change, the equivalent δy for the new 

situation, was computed with the displacement curve of a cantilever column: 

 
3

max2max
3

0.0373( )
(1.375) 0.875 0.037 0.03232 2

d md xd x L x
d mL

=⎛ ⎞ ⎧
= − ⇔ ⎨⎜ ⎟ = =⎩⎝ ⎠

. (3.1) 

This value (δy=3.23 cm) was used to define the cycles adopted in the following tests as 

presented in Table 3.2. The last series of cycles (cycle #9 in Table 3.2) were made with 

increased velocity and with the maximum amplitude. This last series ended only when the 

full collapse of the section occurred (in all cases with the rupture of steel reinforcements), 

so the number of cycles varied from specimen to specimen. 
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Cycle Nº cycles Amplitude Drift Velocity 
#1 3 16.7% δy ±0.54 cm 0.39% 0.1 cm/s 
#2 3 33.3% δy ±1.07 cm 0.78% 0.1 cm/s 
#3 3 66.7% δy ±2.16 cm 1.57% 0.1 cm/s 
#4 3 100.0% δy ±3.23 cm 2.35% 0.1 cm/s 
#5 3 133.3% δy ±4.30 cm 3.13% 0.1 cm/s 
#6 3 166.7% δy ±5.38 cm 3.91% 0.1 cm/s 
#7 3 200.0% δy ±6.46 cm 4.70% 0.1 cm/s 
#8 3 Max. range ±7.00 cm 5.09% 0.1 cm/s 
#9 n Max. range ±7.00 cm 5.09% 0.5-1 cm/s 

Table 3.2: Definition of the cycles. 

3.4 Observed behaviour 

During the tests was possible to observe the following behaviour: 

• Initially, well defined bending cracks appeared through the column length (see 

Figure C.5, C.9 and C.11); 

• Gradually, damage concentrated at about 0.35 m from the footing (see Figure C.5, 

C.9, C.11 and Drawing nº4 in Annex A); 

• Some inclined cracks appear near the most damaged zone (see Figure C.4, C.5, C.9 

and C.11), probably due to shear caused by moment variations; 

• The element collapsed after sustaining severe damage and reinforcement failure; 

• The base of the column and the column-foundation connection revealed a good 

response, with very small relative displacements and very low visible damage (see 

Figure C.5 to C.12); 

• After inspecting the reinforcements, additional bars were found inside the column 

(see Figure C.6, C.12 and Drawing nº4 in Annex A). 

 

In all CFC specimens, the collapse occurred in the column (≈0.35 m from the footing), so 

the column-footing connection was not involved in the collapse mechanism. For this 

reason, the CFC tests were interrupted after testing 4 specimens. 
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3.5 Experimental frequencies 

Just before the CFC tests, the specimens were subject to dynamic characterization tests in 

order to obtain some basic dynamic properties. It was identified the specimen’s natural 

frequency in the direction of the cyclic tests, in order to compare them with the results 

from analytical models and to access the relative stiffness of the specimens, enabling the 

detection of any abnormal behaviour (e.g a major construction defect), that could produce 

erroneous results. The experimental frequencies were identified using impact or ambient 

vibrations and are presented in Table 3.3 and in Annex D. 

 
Specimen Excitation Frequency [Hz] 

P1 Ambient 23.8 
P2 Impact 20.3 
P3 Impact 20.2 
P4 Impact 19.1 

Mean  – 20.9 
Table 3.3: Experimental frequencies (before the tests). 

The results for each specimen reveal very similar numeric values, with only a slightly 

difference in the higher frequency obtained for specimen P1 (23.8 Hz). This specimen’s 

natural frequency was identified with ambient vibration, which in this case, produced 

results with less quality (see Figure D-1), and proven to be less reliable than the impact 

tests used in the following specimens (see Figure D-2 to D4). In conclusion, no abnormal 

behaviour was identified in the specimens.  

These values can be compared to the analytical results of a cantilever system with 

distributed mass. The expression for calculation the natural frequencies can be found in the 

literature [Clough et al. 1993]. Computing for an uncracked specimen: 

 
( )

462 2
1

1 2

1

0.1531 101.04167 12 26.1
2 2 5.733 10

1.875

E If Hz
m

L

α
π π

α

−

⎧ ×⎪ = = =⎪ ×⎨
⎪

=⎪⎩

. (3.2) 

As expected, the value obtained in (3.2) is higher than the ones from the experimental 

campaign, mainly due to rotational flexibility of the footing-column base and due to 

additional flexibility in the element (e.g cracking). The values obtained experimentally are 

considered as coherent with the analytical model. 
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3.6 Global forces and displacements 

The time histories of the global forces, bending moments, displacements and rotations are 

presented in Annex E. To compute some of those values it was necessary to take in 

consideration the effect of the axial load system to the effective force applied to the 

column. Analysing the Figure 3.3, it is possible to conclude that in a cross section  where 

the Dywidag bar is inclined from the vertical, the column receives less lateral force that the 

one measured in the load cell, because part is contra balanced by the horizontal component 

of the force installed in the Dywidag bar. Using the two measured displacements (L2 and 

L3 in Drawing 13 of Annex A) it was possible to compute the rotation of the column and 

then remove this effect, resulting in the effective forces and moments, identified with the 

subscript “eff”. 

 

F =
FV

+
FH

FjFeffFH

FV

( )
= −⎧⎪

⎨ α⎪⎩

eff H

H

F F F
F =F.sin

Dywidag bar

Meff
Meff = Feff . h

h

θ

 
Figure 3.3: Effect of the axial load system in the effective force applied to the column. 

A summary of the maximum global forces and displacements is presented in Table 3.4. 

These results are very coherent, especially between the cyclic tests where the numeric 

values are very close. The results from the monotonic test indicate smaller maximum 

forces/moments and displacements, even after reaching higher drifts (6.2% vs. 5.1%). This 

can result of very low residual stiffness in the monotonic specimen, so for the additional 

drift (displacement) increment does not result in a real increment of force. On the other 

hand, the cyclic tests can reach higher forces/moments due to incomplete crack closure 

between cycles, which results in new contact points that allow reaching higher forces for 

the same maximum drift. 
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Applied Load 
(Fj) 

Effective Load 
(Feff) 

Connection 
Moment (Meff) 

Connection 
Rotation (θ) Specimen 

[kN] [kN] [kN.m] [º] 
P1 17.6 12.7 19.1 0.23 
P2 19.1 15.9 21.8 0.34 
P3 19.3 15.4 21.2 0.36 
P4 19.9 14.3 19.7 0.27 

Mean* 19.4 15.2 20.9 0.32 
  Note: * Mean values refer only to cyclic tests. 

Table 3.4: Maximum forces and displacements. 

With the simplified model presented in Figure 3.4, it was possible to compute an 

estimation of the maximum resistance of the section. The maximum resisting bending 

moment is presented in Table 3.5, for the case of an axial load of 111.4 kN (ν=0.15). 

 
ν = 0.15

Figure 3.4: Simplified model for estimating the ultimate resisting moment.  

Reinforcements MRU [kN.m] 
4φ12  25.2 
2φ12  15.1 

Table 3.5: Ultimate resisting moment. 

The bending moment distributes linearly in the column, so this value where the number of 

reinforcements changes from 4 to 2 (h≈0.35m, see Drawing nº4 in Annex A), can be 

calculated from the maximum moment at the connection (20.9 kN.m): 

 ( )( 0.35) 20.9 1.50 0.35 1.50 16.0 kN.mM h = = × − = . (3.3) 

When compared with the results obtained with the simplified model presented in Figure 

3.4, where for 2 12φ  the ultimate resisting moment is 15.1 kN.m, it is possible to conclude 

that the collapse where the number of reinforcements changes is coherent with these 

calculations. 

 

The graph presented in Figure 3.5 represents a typical plot of the force vs. displacement at 

the top of the column. In this case all the cycles until the full collapse of the element are 



12  LNEC – Proc. 0305/17/15027 

represented. The behaviour of the element was of good quality and typical of a monolithic 

RC structure. It is visible stable hysteretic cycles resulting in high energy dissipation. 

During the cycles pinching is not much present due to the presence of axial forces that 

improves crack closing. The full collapse of the element occurred after cover spalling of 

the compressed concrete, buckling of reinforcements, and finally, with the rupture of the 

reinforcements, weakened by the concentration of rotations, buckling and fatigue (see 

Figure C-8 and C-12).  

 

 
Figure 3.5: Typical hysteretic cycles. 

3.7 Local displacements 

The relative displacements between column and footing were measured during the tests on 

specimen P4. It was used two groups of two nearby measuring points, one connected to the 

column and one connected to the footing (the position of the measured points is indicated 

in Drawing nº13 on Annex A, see Figure C-11). The maximum values are presented in 

Table 3.6.  

These numeric values reveal that the relative displacements were very small (all ≤0.53 

mm), even after very large drifts (>5%). This response indicate that the column and footing 

move together as one element and the mortar in the joint is effective, confirming the 

observed behaviour. 
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Specimen Position Direction Relative Displacement [mm] 

P4 L24-25 x (horiz.) 0.22 
P4 L24-25 z (vert.) 0.48 
P4 L24-25 2 2dx + dz  0.53 
P4 L26-27 x (horiz.) 0.22 
P4 L26-27 z (vert.) 0.43 
P4 L26-27 2 2dx + dz  0.48 
Table 3.6: Maximum relative displacement between footing and column base. 

3.8 Energy balance 

In the system composed by the external forces, applied by the shaking table, and internal 

forces, developed in the specimen, the total work tW  must be null (even for non-

conservative systems): 

 0t e iW W W= + = . (3.4) 

The internal work iW  includes the recoverable elastic strain energy sE  and the 

irrecoverable hysteretic energy hE : 

 i s hW E E= + . (3.5) 

Starting and ending the calculation of the accumulated internal work, with the specimen 

not subjected to external forces, the accumulated internal work is due to the dissipated 

hysteretic energy, which is equal to the input energy. 

The total work done by the external forces, or input energy, is presented in Annex G and a 

summary in Table 3.7. These values were obtained using the expression: 

 ( )
1

1
1

1 2

NS
i i

i i i
i

F FE d d
−

+
+

=

+
= −∑ , (3.6) 

where:   

F  ( effF ) – is the force measured in the load cell LC1 (effective force applied to the 
column, see Figure 3.3); 

d – is the imposed displacement measured at LVDT D2. 

The input energy calculated using the effective force (Feff) can be considered as the 

symmetric of the work done by the specimen’s internal forces. In contrast, using the 

measured force in the load cell (F) to compute (3.6), will result in the symmetric of the 

internal forces of both specimen and Dywidag bar.  
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Total Input Energy Specimen Type Force  [kN.m] Difference 
P1 Monotonic Measured 1.47 
P1 Monotonic Effective 1.49 1.3% 

P2 Cyclic Measured 13.64 
P2 Cyclic Effective 9.57 42.5% 

P3 Cyclic Measured 11.89 
P3 Cyclic Effective * – 

P4 Cyclic Measured 11.50 
P4 Cyclic Effective 9.97 15.3% 

Notes: 
* value not presented due to synchronization problems between equipment; 
In the cyclic tests the time histories were cropped at the end of the third 7 cm cycle. 

Table 3.7: Total input energy. 

 

 

 
Figure 3.6: Comparison between input energy calculated with the measured and effective force. 

If all internal work done by the Dywidag bar is elastic, the resulting total work should not 

be changed, because this recoverable energy reduces the amount of external energy 
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necessary during the return to origin displacements. This is the case of the P1 monotonic 

test (see Figure 3.6), where this effect is perceptible at the end of the time history. 

Analysing the numeric results presented in Table 3.7 is possible to observe that for each 

specimen the values obtain with the measured vs. effective force, differs up to 42.5% 

(specimen P2). An explanation for this behaviour is related with the variations in the axial 

load, which increases and decreases in each cycle due to element elongation, caused by 

geometric configurations, and globally increases throughout the test due to concrete 

dilatancy in the damage areas (see Figure 3.6). The changes in the axial load are already 

taken in consideration in the effective force, but are not in the forces measured at the load 

cell, so these values are influenced by this phenomenon. In conclusion, the value of the 

total energy obtained by the measured force is higher then the obtained from the effective 

force and this effect is more significant in the specimens where the variation of axial load 

is higher, like specimen P2 (see Figure 3.6). These differences can also be related to non-

linear phenomena in the Dywidag bar or with synchronization errors.  

In the tests for the specimens P3 and P4 the variation of axial load were reduced by 

releasing some axial load during the test.  

 

Analysing the data presented is possible to observe and conclude the following: 

• Around ten times more energy was dissipated in the cyclic tests than in the 

monotonic test; 

• The total input energy required for the cyclic tests of each specimen was similar; 

• The cycles are stable and the specimens were able to dissipate energy steadily. This 

is visible through the gradual increments of input energy required to deform the 

specimens in successive cycles. 

It is interesting to notice that the variations on the energy input within each cycle are 

higher for the input energy computed using the measured force, because it includes also the 

energy absolved elastically by the Dywidag bar, which requires more energy but gives it 

back to the system, causing higher variations in the accumulated energy time histories (see 

Figure 3.6). 
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3.9 Conclusions 

With the data of the CFC tests presented in this report was possible to extract the following 

conclusions: 

• The tested socket connections revealed a very good response in the monotonic and 

cyclic tests; 

• The connections had enough resistance and presented no relevant stiffness 

degradation during the tests; 

• The relative displacements between the two precast elements (column and 

foundation) were very small; 

• The connection was not part in the collapse mechanism, which in all cases occurred 

in the span of the element; 

• The collapse mechanism was typical of a monolithic reinforced concrete structure; 

• The additional reinforcements found inside the column are the cause of the collapse 

mechanism at approximately 35 cm from the footing (see Drawing nº4 in the Annex 

A); 

• The total area of reinforcements in the base of the column exceeds the maximum 

value prescribed by some design codes 4%s cA A >  (e.g. [CEN 2001]; 

• The amount and distribution of the reinforcements found inside the column could be 

optimized and improved to produce a more efficient response to seismic loads. 
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4 BEAM–COLUMN CONNECTIONS 

4.1 Introduction 

Two types of beam-column connections (BCC) were tested in a total of 10 specimens (5 

VL and 5 V type specimens). In the VL specimens the columns are connected to L shaped 

beams (see Figure 4.1–b). During the erection of the structure, the beams are supported by 

hollow box sections that are firmly connected inside the columns. On top of the beams 

there is a steel plate where a pre-stressed bolt connects the plate to the hollow box. The 

steel plate is also connected to the column using welded bolts. The voids in the connections 

are filled with a mortar through an inclined hole. In the V specimens the connection is 

similar to the VL type (see Figure 4.1–a). The major difference consists in using another 

steel plate instead of the hollow box referred before. 

 

       
 a) V Specimens b) VL Specimens 

Figure 4.1: Schematic view of the tested connections types. 

This two types of BCC are similar to the ones used in the specimen tested in the shaking 

table (see [Mendes et al. 2006]), with the only difference in the V specimens, which has a 

second steel plate instead of an angle steel section. All these connections are part of the 

precast building system commercialized by Civibral, who supplied and mounted all 

specimens. All the elements, including the mortar filling the voids, were tested after 

completing more than 28 days after concreting. 

Steel plate 
(100x100mm2, t=2mm)

Hollow box 
(45x45x150mm3,t=2mm)

Columns 
(0.15x0.15m2) 

Beam 
(0.10x0.23m2) 

Beam 
(outside: 0.15x0.23m2)

Pre-stressed bolts 
 (φ=16mm) 

Fillet welds 
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4.2 Test setup 

The test setup used in the BCC tests is similar to the one from the CFC tests (see §3.2). 

The LNEC’s uniaxial shaking table was used to impose displacements to the specimens 

and the PID control algorithm was also used to control deviations from the prescribed 

displacements, due to flexibility and/or gaps of the layout. The guiding system and the 

truss, connecting the shaking table and the specimen, were also used (see Figure 4.2). 

More detailed information about the test setup is presented in Annex A drawings and a 

selection of photographs in the Annex C (Figures C.1 to C.4). 

 

Figure 4.2: Schematic view of the test setup. 

One important characteristic of the BCC test layout is related with the inversion of the 

position of the columns and beams, meaning that the columns are in the horizontal position 

and the beams in the vertical (see Figure 4.2). This position swap is caused by using the 

shaking table to impose displacements and produces a slight compression at the joint, 

caused by the self weight of the beam (123-144 kgf) and ½ the weight of the truss (≈150 

kgf). In the author’s opinion, although not an ideal solution, this fact did not influence 

significantly the overall results of the BCC tests. 

The sensors used in the measurements are identical to the ones used in the CFC tests (see 

§3.2). The only difference consists in not using the ring load cell because no axial load is 

required. Photographic and video recording were also made during the tests.  

More information about the sensors technical specifications is available in Annex B. 
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4.3 Test programme 

As mentioned before, 5 V type and 5 VL type specimens were tested. The first specimen of 

each group was tested monotonically to about 8-9% of drift. The rest of the specimens 

were tested cyclically up to 4.3% of drift (see Table 4.1).  

 
Disp. Range Max. Drift Specimen Test Type [cm] [%] (h[mm]) 

Cycles 
(see Table 4.2) 

V1 Monotonic [0.00; 13.51] 9.0 (1500) – 
V2 Cyclic [-6.50; 6.50] 4.3 (1500)   #3, #4, #5, #6 
V3 Cyclic [-6.50; 6.50] 4.3 (1500) #1, #2, #3, #4, #5, #6 
V4 Cyclic [-6.50; 6.50] 4.3 (1500) #1, #2, #3, #4, #5, #6 
V5 Cyclic [-6.50; 6.50] 4.3 (1500) #1, #2, #3, #4, #5, #6 

VL1 Monotonic [0.00; 13.00] 8.7 (1500) – 
VL2 Cyclic [-6.50; 6.50] 4.3 (1500) #2, #3, #4, #5, #6 
VL3 Cyclic [-6.50; 6.50] 4.3 (1500) #2, #3, #4, #5, #6 
VL4 Cyclic [-6.50; 6.50] 4.3 (1500) #1, #2, #3, #4, #5, #6 
VL5 Cyclic [-6.50; 6.50] 4.3 (1500) #1, #2, #3, #4, #5, #6 

Table 4.1: Test programme. 

The sequence and the amplitude of the cycles are presented in Table 4.2. Not all specimens 

were subjected to the complete group of cycles as indicated in Table 4.1. 

 
Cycle Nº cycles Amplitude Drift Velocity 

#1 3 12.5% ±0.81 cm 0.54% 0.05 cm/s 
#2 3 25.0% ±1.63 cm 1.09% 0.05 cm/s 
#3 3 50.0% ±3.25 cm 2.17% 0.05 cm/s 
#4 3 75.0% ±4.88 cm 3.25% 0.05 cm/s 
#5 3 100.0% ±6.50 cm 4.33% 0.05 cm/s 
#6 n 100.0% ±6.50 cm 4.33% 0.5-1 cm/s 

Table 4.2: Definition of the cycles. 

4.4 Observed behaviour 

During the tests was possible to observe the following behaviour: 

• Most of the damage was concentrated in the connection. Away from this zone, the 

columns and beams sustained very low visible damage; 

• The columns did not show signs of movement; 

• In all V specimens, the reinforcements connected by welds to the top steel plate lost 

all connection to the RC beam, after spalling the concrete in a sudden, brittle local 

failure (Figures C.17, C.19, C.21, C.23 and C.26). An inspection to the 
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reinforcements revealed that the reinforcements connected to the top steel plate were 

not inside the stirrups (see Drawing nº5 in Annex A); 

• Most of the steel plates showed signs of gaps or high flexibility in the connection to 

the beams (see Figures C.20, and C.31). The connection between the steel hollow 

box and beam showed the same signs of inefficiency (see Figure C.30), but the 

connection of the hollow box to the column, made by transversal welded 

reinforcements had a much better behaviour and sustained lower visible damage; 

• The bolt’s washers were also a source of flexibility (see Figure C.22); 

• In all cases, the collapse of the connection happen after severe damage in the 

concrete between the edge of the beam and the bolt connecting the plates (see  

Figure 4.3, C.18, C.21, C.23, C.28, C.38 and C.40); 

• After the tests, an inspection to the cross section of the beams found additional 

reinforcements from those in the detailing drawings (see Drawings nº2, nº3 and nº5 

in Annex A). 

 

 
Figure 4.3: BCC tests – Damage location. 

4.5 Experimental frequencies 

Just before the BCC tests, the specimens were subject to dynamic characterization tests, in 

order to obtain some basic dynamic properties. Like in the BCC tests, it was identified the 

specimen’s natural frequency in the direction of the cyclic tests, using impact or ambient 

vibrations. The results obtained are presented in Table 4.3 and in Annex D. Very similar 

values were obtainned, especially in the VL specimens. The V specimens have greater 

Highly damaged zone, leading to 
total connection failure 
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dispersion probably due to variations in the plate vs. element stiffness, but still give 

coherent data. In conclusion, no abnormal behaviour was identified in the specimens, 

through the experimental frequencies. 

 

Specimen Excitation Frequency 
[Hz] Specimen Excitation Frequency 

[Hz] 
V1 Ambient 26.7 VL1 Ambient 25.5 
V2 Impact 22.0 VL2 Impact 24.7 
V3 Impact 27.5 VL3 Impact 24.8 
V4 Impact 22.8 VL4 Impact 24.6 
V5 Impact 23.7 VL5 Impact 23.8 

Mean  – 24.5 Mean – 24.7 
Std. dev. – 2.4 Std. dev. – 0.6 

Table 4.3: Experimental frequencies (before the tests). 

Like in the CFC tests, these values can be compared to the analytical results from a 

cantilever system with distributed mass (see §3.5). Computing for an uncracked specimen: 

For the V specimens: 

 

( )2 2 6 4
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1 2

1

1.1364 31 10 1.318 10 47.6
2 2 7.620 10

1.875
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π π
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−
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For the VL specimens: 
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1 2
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2 2 8.894 10
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m

L
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π π

α

−

−
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⎪ =⎪⎩

. (4.2) 

The specimens have a very similar relation of stiffness and mass, confirmed by the 

experimental and analytical results. As expected, the value obtained in (4.1) and (4.2) is 

much higher than the ones from the experimental campaign, mainly due to high rotational 

flexibility of the beam-column connection, which is not simulated in the analytical model. 

 

Using a linear dynamic numeric model in a commercial finite element software [CSI 1997] 

was possible to determinate a discrete number of frequency values, changing the rotational 

stiffness of the beam-column connection. These values are presented numerically in Table 

4.4 and graphically in Figure 4.4. Only the characteristics of the VL specimens were used 
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because, as mentioned before, both specimen types have a very similar dynamic response, 

resulting in similar frequencies. 
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Figure 4.4: Numerical model – Frequency vs. rotational stiffness. 

Kθ 
[kN.m/rad] 

Frequency 
[Hz] 

 Kθ 
[kN.m/rad] 

Frequency 
[Hz] 

Inf. 47.56 2344 19.33 
100000 45.02 1563 16.23 
50000 42.84 781 11.82 
25000 39.27 391 8.48 
12500 34.17 195 6.05 
6250 28.00 98 4.29 
4688 25.36 49 3.65 
4250 24.47 24 2.15 
3125 21.74 12 1.52 

Table 4.4: Numerical model – Frequency vs. rotational stiffness.  

Analysing the data expressed in Table 4.4, it is possible to conclude that, before the tests, 

the experimental frequencies (around 24-25 Hz) are compatible with a connection 

rotational stiffness around 4250-4500 kN.m/rad. 

 

Through the analysis of the time histories from the connection bending moments and 

rotations, was also possible to compute an estimation of the connection rotational stiffness. 

These values are presented in Annex H and in Figure 4.5 to Figure 4.8. The data computed 

represent the initial secant stiffness measured in the first increment of load in each 

direction (ΔM≈1 kN.m) and at the end of the first cycle of every amplitude increment.  
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Figure 4.5: Connection rotational stiffness – Specimens VL – Sagging Moments. 
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Figure 4.6: Connection rotational stiffness – Specimens VL – Hogging Moments. 
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Specimens VL - Sagging Moments (M+)
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Figure 4.7: Connection rotational stiffness – Specimens V – Sagging Moments. 
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Figure 4.8: Connection rotational stiffness – Specimens V – Hogging Moments. 

This data can be summarized in the values presented in Table 4.5. These results reveal 

asymmetry in the response for each direction, and also, that the initial direction of the 

imposed displacements is also relevant to the global results. In the case of the V 

specimens, the maximum stiffness is obtain after some deformation (see Figure 4.6). This 

is probably a consequence of gaps and flexibility in the steel plates connection to the 

elements (see §4.4). 
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V Specimens VL Specimens Rotation 

Kθ (Μ+) Kθ (Μ−) Kθ (Μ+) Kθ (Μ−) 
[rad] [kN.m/rad] [kN.m/rad] [kN.m/rad] [kN.m/rad] 

Initial 400-2100 500-1600 4000-5600 2600-13000 
0.01 100-450 1500-2000 200-600 500-800 
0.02 50-300 650-1500 100-300 300-500 
0.03 30-100 400-600 100-300 200-300 
0.04 30-100 400-600 100-200 100-200 

Table 4.5: Range of values for the secant connection rotational stiffness. 

The overall conclusion is that, before the tests, the connection rotational stiffness was 

between 2000 and 5000 kN.m/rad, and after some cycles, the reduction is very significant 

to values around 100 to 600 kN.m/rad. These values are considered as coherent with the 

data from the numerical model (see Table 4.4). 

 

A linear dynamic model using a commercial finite element software [CSI 1997] was also 

used to compute the modal frequencies for several cases of beam-column connection 

stiffness. The parameters of those models were the following: 

• Model #1 – Fully restraint, Kθ = ∞  kN.m/rad; 

• Model #2 – Mean value of the stiffness before the cycles, Kθ=4300 kN.m/rad; 

• Model #3 – Longitudinal connections: mean value of the stiffness after the cycles 

for the, Kθ=300 kN.m/rad. Transversal connections: minimum value of the stiffness 

after the cycles, Kθ=100 kN.m/rad (see Figure 5.1); 

• Model #4 – Pinned connections, Kθ = 0 kN.m/rad. 

In Model #3, the BCC stiffness was chosen taken in consideration the high damage in the 

longitudinal connections and the severe damage in the transversal connections, which are 

indicated in the shaking table test report [Mendes et al. 2006]. 

The numerical values obtained are presented in Table 4.6, and also, the updated 

experimental results from the shaking table tests, which now include also the first torsion 

mode frequencies and some minor corrections. 

Comparing these results is possible to conclude that the data from Model #2 is very similar 

to the frequencies from Cat 00 (before the test) and frequencies from Model #3 suits very 

well the data obtained in Cat 04 (after the test). In conclusion, the results extracted from 

the BCC cyclic tests are very coherent with the results from the shaking table test. 
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Linear Dynamic Models Experimental Mode 

Frequency 
[Hz] 

Model 
#1 

Model 
#2 

Model 
#3 

Model 
#4 Cat 00 Cat 01 Cat 02 Cat 03 Cat 04

1st Trans. 3.04 2.49 1.41 1.32 2.9 2.3 2.0 1.4 1.2 
1st Long. 4.01 3.18 1.78 1.32 3.2 2.9 2.7 2.4 1.9 

1st Torsion 5.65 4.68 3.16 2.88 4.5 4.2 3.8 3.3 * 

2nd Trans. 10.39 9.79 8.69 8.61 9.0 7.7 6.6 5.5 4.9 
2nd Long. 11.59 10.66 9.03 8.61 14.3 12.6 11.5 9.6 8.7 

2nd Torsion 16.67 15.55 13.67 13.34 - - - - - 
  Note:  
    * Value not presented due to insufficient accuracy. 

Table 4.6: Numeric and experimental modal frequencies. 

4.6 Global forces and displacements 

The time histories of the global forces, bending moments, displacements and rotations are 

presented in Annex E. A summary of those is presented in Table 4.7. 

 
Applied Load Connection Moment Connection Rotation
F+ F- M+ M- Θ+ Θ- Specimen 

[kN] [kN] [kN.m] [kN.m] [º] [º] 
V1 3.2 -6.8 4.7 -10.2 6.0 -0.01 
V2 3.0 -17.2 4.4 -25.8 1.7 -2.7 
V3 3.0 -12.7 4.6 -19.0 0.9 -0.6 
V4 3.1 -17.4 4.6 -26.2 3.0 -2.7 
V5* 4.6 -15.3 6.9 -23.0 3.5 -2.5 

Mean** 3.4 -15.7 5.1 -23.5 2.3 -2.1 
VL1 3.1 -6.0 4.7 -9.0 2.4 -0.5 
VL2 2.4 -7.1 3.6 -10.6 0.0 -2.5 
VL3 3.4 -8.4 5.1 -12.5 1.7 -3.0 
VL4 3.2 -8.3 4.8 -12.5 1.0 -3.8 
VL5* 2.7 -9.6 4.1 -14.4 1.3 -0.5 

Mean** 3.0 -7.9 4.5 -11.8 0.9 -0.5 
Notes: 
 *   Inversed displacement time history was imposed at the top of specimen (see Figure E.72, E107); 
 **  Mean values refers only to cyclic tests. 

Table 4.7: Maximum forces and displacements. 

For the V specimens the maximum force (moment) achieved in the cyclic was higher 

(around 4.6 times) in the direction of hogging moments. This can result in a beneficial 

effect, since in real situations the beams are subjected to hogging bending moments due to 

permanent and live loads. Higher flexibility was also measured in the sagging moment’s 

direction, as indicated in the values from the connection rotation (see Table 4.7). For the 

VL specimens this behaviour was also visible but less significant (around 2.6 times 
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higher). The maximum rotation was also achieved in the direction of the sagging moments, 

which can be related to a worse response of the hollow box vs. beam connection. This 

asymmetric response was found in all specimens. 

Like occurred in the CFC tests, the results from the monotonic tests indicates lower 

maximum forces/moments and displacements, even after reaching higher drifts (8.7-9.0% 

vs. 4.3%). This can result of reaching a very low residual stiffness in the monotonic 

specimen, and also, due to a better use of the available resistance caused by incomplete 

crack closure between cycles, which results in new contact points that allows reaching 

higher forces for the same maximum drift. 

 

In the Figure 4.9 to Figure 4.12 is presented the force vs. displacement graph of all the 

specimens tested. In the cyclic tests is possible to observe a very similar response between 

the specimens. The only exception was in the VL3 specimen, where a sudden lost of 

resistance in the hogging moment’s direction, changed the response of the specimen away 

from the typical pattern, which was followed in the first displacement increment. This 

behaviour could be related to an internal collapse (e.g. concrete crushing leading to a 

macro-crack caused by a fragile zone or a pre-existing tension state) that reduced 

prematurely the resistance in that direction. 

 

In Figure 4.13 is represented typical force vs. displacement curves for both specimens’ 

types. Those graphs reveal a poor behaviour of the connection, which is very asymmetric 

and with very low stiffness in the inversion of the displacements. This response can be 

associated with the large gaps that develop in the connections due to premature damage. 

Pinching is also present and is also a direct result of those gaps. The hysteretic cycles have 

a very narrow shape and presents high degradation in successive cycles, which results in 

low energy dissipation. 

The collapse of the connection occurred after severe damage in the concrete between the 

bolt, connecting the top and bottom steel plate (or hollow box), and the element’s edge. At 

that stage, the connection resulted only of dowel type resistance and the steel plates/hollow 

box lost completely their structural contribution (see Figure 4.3). 
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Figure 4.9: V Specimens – Monotonic test – Force-displacement graph. 

 

    
 

    
Figure 4.10: V Specimens – Cyclic tests – Force-displacement cycles. 
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Figure 4.11: V Specimens – Monotonic test – Force-displacement graph. 

 

     
 

    
Figure 4.12: V Specimens – Cyclic tests – Force-displacement cycles. 
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Figure 4.13: Typical force-displacement cycles. 

 

Three of the bolts used in the connections were subjected to tension tests. The results are 

presented in Figure 4.14: 
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Figure 4.14: Results from the bolt’s tension tests. 

The maximum resistance was around 100 kN and the force-displacement graphs showed 

that the response is almost linear up to 80 kN of tension. Taking in consideration that the 

maximum bending moment measured in the connection was of 26.2 kN.m (see Table 4.7), 

the maximum force for the two bolts in each steel plate was: 

 1 26.2 50.3kN
2 0.26

= . (4.3) 

Consequently, during the tests the bolts response was probably elastic, not being able 

contribute adequately to the energy dissipation. This response can be related to a design 
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strategy that is not optimized for seismic loads or another possible source for this problem 

is related to scaling. Although correctly designed for the prototype, for any reason, the 

specimens supplied by Civibral did not reproduce the mechanical characteristics of the 

bolts in the scaled models.  

4.7 Local displacements 

Almost all of the deformability in the BCC specimens was concentrated in the connection, 

meaning that neither the columns nor the beams had significant deformations. This 

behaviour is visible in the very small displacements of the column presented in Table 4.8. 

The Figures E.48, E.55, E.62, E.69, E.76, E.83, E.90, E.97, E.104 and E.111,  which 

represent the drift of several points in the beams (h=300, 600, 900, 1200 and 1500 mm), 

shows very similar values, indicating that the beams are moving as a rigid body, with no 

significant bending or shear deformation, confirming the observed behaviour (see 4.4). 

 

Specimen Position 
(see Figure 4.15)

Direction x 
(horiz.) 

Direction z 
(vert.) 

Rel. Disp. 
2 2dx + dz  

V1 L1 0.003 0.005 0.006 
V2 L1 0.036 0.127 0.132 
V3 L1 0.014 0.024 0.027 
V4 L1 0.060 0.049 0.078 
V5 L1 0.008 0.009 0.012 

VL1 L1 0.012 0.013 0.018 
VL2 L1 0.007 0.007 0.010 
VL3 L1 0.006 0.007 0.009 
VL4 L1 0.002 0.007 0.007 
VL5 L1 0.006 0.008 0.010 

Maximum L1 0.060 0.127 0.132 
Table 4.8: Maximum relative displacement of the column. 

To analyse the relative displacements between the different connection elements, several 

measurements were made during the tests. In Figure 4.15 is presented the position of the 

points (leds) were the displacements were measured, resulting in the data presented in 

Annex F and in the maximum relative displacements presented in Table 4.9. 
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Figure 4.15: Schematic representation of the measurements position. 

Specimen Beam Plate vs. 
Beam [mm] 

Beam Plate vs. 
Column [mm] 

Bolt Head vs. 
Column [mm] 

Bolt Head vs. Beam 
plate [mm] 

Position L25-L23* L14-L13 L25-L22 L14-L15 L26-L22 L16-L15 L26-L25 L16-L14 
(Figure 4.15) Right Left Right Left Right Left Right Left 

V2 3.48 7.64 3.93 0.52 3.87 0.39 2.38 0.67 
V3 2.13 9.63 0.53 0.71 0.15 0.47 0.46 0.31 
V4 8.87 9.24 2.13 1.22 3.32 0.31 2.49 1.32 
V5 10.66 14.60 0.27 0.43 0.33 0.24 0.31 0.43 

Mean 6.29 10.28 1.72 0.72 1.92 0.35 1.41 0.68 
Max 10.66 14.60 3.93 1.22 3.87 0.47 2.49 1.32 
VL2 – 7.01 – 0.63 – 0.72 – 0.35 
VL3 9.74 9.10 2.01 0.53 – 1.09 – 0.47 
VL4 9.07 31.80 0.49 0.22 – 0.08 – 0.25 
VL5 12.24 10.00 1.15 0.41 – 0.56 – 0.53 

Mean 10.35 14.48 1.22 0.45 – 0.61 – 0.40 
Max 12.24 31.80 2.01 0.63 – 1.09 – 0.53 

  Notes: * Leds L25-24 were used to measure the relative displacements in the VL specimens. 
Table 4.9: Maximum relative displacements between connection elements. 

The data presented in Table 4.9 reveals small maximum relative displacements between 

the bolt head and the beam plate (less than 1.32 mm), which can be related to the bolt’s 

deformation. Higher values were measured, both in the displacements between the bolt 

head and the column, and, between the beam plate and column. Both of these 

displacements can be related with the deformability of the washers (see §4.4 and Figure 

C.22) and due to damage in the concrete. On the other hand, the maximum relative 

displacements between beam-plates and beams were quite large, reaching values higher 

than 10 mm and up to 31.80 mm, which is quite large for this scaled specimen. The 
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connection between steel plates and beams is the major source of deformability found in 

the connection. 

4.8 Energy balance 

Using the same procedure used in §3.8, the total work done by the external forces (input 

energy), which is related with the dissipated energy, is presented in Annex G and a 

summary in Table 4.10. 

 

Specimen Type Cycles 
(see Table 4.2) 

Total Input 
Energy [kN.m] 

V1 Monotonic – 0.44 
V2 Cyclic #3, #4, #5, #6 1.86 
V3 Cyclic #1, #2, #3, #4, #5, #6 2.65 
V4 Cyclic #1, #2, #3, #4, #5, #6 1.65 
V5 Cyclic #1, #2, #3, #4, #5, #6 2.07 

Mean* – – 2.12 
VL1 Monotonic – 0.73 
VL2 Cyclic #2, #3, #4, #5, #6 0.90 
VL3 Cyclic #2, #3, #4, #5, #6 1.02 
VL4 Cyclic #1, #2, #3, #4, #5, #6 1.38 
VL5 Cyclic #1, #2, #3, #4, #5, #6 1.22 

Mean* – – 1.30 
 Notes: 
  * Mean values refers only to cyclic tests that completed the six amplitude levels; 
  In the cyclic tests the time histories were cropped at the end of the third 6.5 cm cycle. 

Table 4.10: Total input energy. 

Analysing these results reveals that, although the input energy required to perform the 

monotonic tests was higher in the VL specimens, for the cyclic tests was required more 

input in the V specimens. This indicates that stiffness and resistance degradation is more 

significant in the VL specimens. 

Comparing these values of the input energy with the values from the CFC tests (around 10 

kN.m, see §3.8) reveals that, although not comparable directly, for a similar amount of 

reinforcements and geometry (length and cross-section), the monolithic RC section has 

much larger dissipation capacity then this type of connection (around 5 to 8 times higher). 
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4.9 Conclusions 

The results from the beam-column connection tests made possible to establish the 

following conclusions: 

• Most of the specimen’s deformability and damage was concentrated in the beam-

column connection and neither the columns nor the beams had significant 

deformations. The connection between steel plates and beams was the major source 

of deformability found in the connection; 

• The collapse of the connections occurred after severe damage in the concrete 

between the bolt connecting the top and bottom steel plate (or hollow box) and the 

beam’s edge. At that stage, the connection was only due to dowel type resistance 

and the steel plates (hollow box) lost completely their structural contribution; 

• Analysing the data from the experimental frequency tests, it was possible to 

conclude that the rotational stiffness of the connections was much smaller that the 

equivalent for a monolithic element. Comparing with the results form a linear 

dynamic numerical model, the initial connection rotational stiffness, compatible 

with the experimental frequencies, is between 4250-4500 kN.m/rad; 

• Using the data of the connection’s bending moment and rotation, it was possible to 

compute an estimation of the rotational stiffness evolution. The overall conclusion is 

that, before the tests, the connection rotational stiffness was between 2000 and 5000 

kN.m/rad, and after some cycles, the reduction is very significant, to values around 

100 to 600 kN.m/rad; 

• In both connections the maximum force (moment) achieved in the cyclic tests was 

much higher in the direction of hogging moments. This can be beneficial to resist 

the additional hogging moments due to permanent and live loads. This behaviour 

was more significant in the V specimens; 

• The force vs. displacement graphs of both specimens’ types were similar and 

revealed a poor behaviour with low energy dissipation. The response was 

characterized by asymmetry, high degradation, low stiffness, pinching and narrow 

hysteretic cycles; 
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• Analysing the results of the input energy, it was possible to conclude that, although 

more effective in the monotonic tests, the VL specimens presented higher 

degradation resulting in a overall worse response that the one from the V specimens; 

• After testing the bolts used in the connections, it was possible to conclude that the 

bolts behaviour was mainly elastic during the tests, consequently, this element’s 

ductility was not explored for energy dissipation. This can be a consequence of a 

design criteria, which is not optimized to resist earthquake loads, or caused by a 

scaling problem; 

• The inspection of the beam’s cross sections revealed additional reinforcements from 

those in the detailing drawings. These additional reinforcements did not influence 

the overall performance of the connection, because they do not contribute, 

significantly, to the confinement of the concrete near the connection.  

• In some cases, the detailing of the beam’s reinforcements was not the best solution 

to resist cyclic or earthquake loads, like the case of the reinforcements found outside 

the stirrups, which leads premature cover spalling and degradation of the 

connection. 

• These type of beam-column connections have the advantage of being extremely 

easy to mount, and therefore, reducing the time necessary for the erection of the 

structure. However, a design revision is advised, especially for structures in medium 

to high seismic areas. Some possible improvements are redesigning the bolts, in 

order to make use of the non-linear behaviour, enabling more efficient energy 

dissipation. Another simple improvement is to increase the resistance and 

confinement of the concrete near the edge of the beam, using for example stirrups or 

longitudinal reinforcements. A better seismic response could also be achieved by 

reducing the flexibility and gaps found in the connections, which contributes to the 

premature degradation of the connection. 
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5 FINAL CONCLUSIONS 

In this section, is presented an overall analysis of the tested precast building system. This 

analysis comprehends not only the information collected in the cyclic tests presented in 

this report, but also, the data from the shaking table test of the 2 stories specimen (see 

[Mendes et al. 2006]). 

The tested prototype is a typical precast system from Civibral and it is used mainly for 

buildings. The structure has 2 stories with 4.5 m of height each and 10.5x12.0 m2 in plan 

(see Figure 5.1). This structure was designed by Civibral for PGA=0.375g with the elastic 

stresses reduced by a behaviour factor of q=2.0. The specimen was subjected to earthquake 

motions, with increasing intensity, in the LNEC’s triaxial shaking table. 

 

Figure 5.1: Characteristics of the specimen tested in the shaking table. 

In the shaking table test the following observations and conclusion were made [Mendes et 

al. 2006]: 

• The majority of the visible damage was concentrated on the beam-column 

connections; 
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• The analysis of the modal frequencies revealed a very intense stiffness degradation 

(around 80% reduction in the transversal direction); 

• The interstory drifts reached very high values (around 3% in the last stage) and 

estimated base shear was also very high (more than 50% the weight of the 

specimen); 

• In the less intense test stages the beam-column connections revealed non-negletable 

rotational stiffness and the overall behaviour was typical of a frame structure. At the 

final stages the overall behaviour has governed by cantilever columns (inverted 

pendulum response); 

• The beam-column connections revealed enough ductility to sustain the earthquake 

input without collapsing, although with severe damage and only residual rotational 

stiffness; 

• To design this structure for collapse prevention a conservative and real model is to 

consider the beam-column connections as pinned; 

• The most probable collapse mechanisms identified were the local failure of the 

beam-column connections and the global failure of the second floor columns 

(because of higher interstory drifts and the good response of the column’s bases). 

 

Combining this information with the data collected in the CFC and BCC tests, it is possible 

to conclude. 

• Although the column-foundation connections were not implemented in the shaking 

table specimen, the results from the cyclic tests showed a very good response, and, 

that the connection is not involved in the collapse mechanism, which occurs in the 

span of the column. It is possible to conclude that not using the column-foundation 

connections did not influence significantly the response of the specimen tested in 

the shaking table; 

• The good response of the specimen tested in the shaking table was mainly due to the 

excellent behaviour of the columns. If also present in that specimen, the additional 

reinforcements found in the CFC tests, could be responsible for that enhanced 

column response. In that case, the amount of reinforcements would exceed the 

maximum value prescribed by some design codes (e.g. [CEN 2001], and could not 
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be coherent with the design criteria, namely, the behaviour factor used (q=2), and 

represent a significant over-resistance. 

• The data collected in the BCC cyclic tests, confirms the high degradation and 

premature damage that occurred in the shaking table test. The response was also 

characterized by narrow shaped hysteretic cycles, low stiffness and pinching, and 

consequently, by low energy dissipation. These types of beam-column connections 

have the advantage of being extremely easy to mount, however, the analysis to the 

seismic behaviour presented in this report advises a design revision, especially for 

structures to be constructed in medium to high seismic areas. Some possible 

improvements for this system are mentioned in §4.9. 
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B.1 Sensors Technical Data 

 

Manufacture: RDP ELECTRONICS (www.rdpe.com); 

Model: ACT2000, ACT4000 and ACT6000; 

Stroke: ±50mm (ACT2000);±100mm (ACT4000);±150mm (ACT6000) 

Sensitivity: 15 mV/V/mm (ACT6000) to 30 mV/V/mm (ACT2000); 

Energising supply: 5 Vrms, 5 kHz; 

Linearity deviation: 0.08% (ACT2000) to 0.3% (ACT60000). 
Table B-1: Inductive displacement transducers. 

 

 

Manufacture: METRIS (www.metris.com); 

Model: K600 Optical CMM; 

Description: 3D measurement system, using three linear CCD cameras 
and triangulation of infrared LEDs; 

Measurement Capabilities: 3 degrees of freedom for each LED or 6 
degrees of freedom for each group of 3 LEDs: 

Sampling Rate: 3000 / # of LEDs (e.g. 20 LEDs - 150 S.s-1); 

Measurement Volume: 17 m3 (e.g. Zone 2 (H,W,D): 2.4x3.3x5.0m3); 

Single Point Accuracy: Up to 60 μm; 

Volumetric Accuracy: Up to 90 μm; 

Temperature Range: 15-40 ºC. 
Table B-2: Optical displacement transducers. 

 

Manufacture: PCB PIEZOTRONICS (www.pcb.com); 

Model: 337A26; 

Sensitivity: 100 mV/g; 

Measurement range: ±50 g pk; 

Broadband Resolution: 0.0001 g rms; 

Frequency range: 0.5 to 5000 Hz. 
Table B-3: Piezoelectric accelerometers. 
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C.1 General View 

Figure C.1: Test setup – General view. 

Figure C.2: Data acquisition and shaking table control. 
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C.2 Column-Foundation Connections Tests 

Figure C.3: Column-Foundation Tests – General View. 

Figure C.4: Column-Foundation Tests – Typical led layout. 
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C.3 Specimen P1 

 

   
Figure C.5: Specimen P1 – Cracking evolution. 

 

 

    
Figure C.6: Specimen P1 – Reinforcing steel inspection and detail of the column-foundation connection. 
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C.4 Specimen P2 

Figure C.7: Specimen P2 – Global view (after the test). 

       
Figure C.8: Sp.P2 – Detail of the collapse zone and of the column-foundation connection. 
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C.5 Specimen P3 

   
Figure C.9: Specimen P3 – Crack pattern evolution and cover spalling. 

 

 

    
Figure C.10: Sp. P3 – Detail of the collapse zone and of the column-foundation connection. 
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C.6 Specimen P4 

            
Figure C.11: Specimen P4 – Global view (during the test).. 

     
Figure C.12: Sp. P4 – Details of the most damaged zone (all the concrete was loose) and of the column-

foundation connection. 
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C.7 Beam-Column Connections Tests 

 

Figure C.13: Beam-Column Tests – General View. 

 

 

   
Figure C.14: Beam-Column Tests – Typical led layout.  
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C.8 Specimen V1 

 
Figure C.15: Specimen V1 – Initial crack pattern. 

 

 
Figure C.16: Specimen V1 – Cover spalling due to non-confined reinforcements. 
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Figure C.17: Specimen V1 – Global view (during the test). 

Figure C.18: Specimen V1 – Reinforcing steel inspection. 
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C.9 Specimen V2 

Figure C.19: Specimen V2 – Evolution of the cracks pattern. 

 

Figure C.20: Specimen V2 – Detail of the plate-beam relative displacements. 
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Figure C.21: Specimen V2 – Detail of the most damaged zone. 

Figure C.22: Specimen V2 – Detail of the bolt’s response. 
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C.10 Specimen V3 

Figure C.23: Specimen V3 – General view (during the test). 

Figure C.24: Specimen V3 – Detail of the plate-beam relative displacements. 
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C.11 Specimen V4 

Figure C.25: Specimen V4 – Detail of large gap between the column and the beam. 

 
Figure C.26: Specimen V4 – General view (after the test). 
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C.12 Specimen V5 

Figure C.27: Specimen V5 – General view (after the test). 

Figure C.28: Specimen V5 – General view of the most damaged zone. 
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C.13 Specimen VL1 

Figure C.29: Specimen VL1 – View of the initial damage. 

Figure C.30: Specimen VL1 – Detail of the hollow box/beam interaction. 
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Figure C.31: Specimen VL1 – Detail of the plate-beam relative displacements. 

 

 

   
Figure C.32: Specimen VL1 – Reinforcing steel inspection. 
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C.14 Specimen VL2 

 
Figure C.33: Specimen VL2 – Detail of the hollow box/beam interaction. 

Figure C.34: Specimen VL2 – Detail of the plate-beam relative displacements. 



C-20  LNEC – Proc. 0305/17/15027 

C.15 Specimen VL3 

 
Figure C.35: Specimen VL3 – Initial damage pattern. 

 

 
Figure C.36: Specimen VL3 – General view of the most damage zone. 
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C.16 Specimen VL4 

 
Figure C.37: Specimen VL4 – Detail of the initial damage. 

 

Figure C.38: Specimen VL4 – General view of the most damaged zone (after the test). 
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C.17 Specimen VL5 

Figure C.39: Specimen VL5 – Detail of the initial cracking. 

Figure C.40: Specimen VL5 – Detail of the plate-beam relative displacements. 
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D.1 Specimen P1 

Channels: P1-Acc1-Column Mid Span-Ambient; 

Frames: Nº20; Overlap=0.00%; Nº points per frame=6000; 

Window:None ; Decimate Factor: 1; 

Figure D-1: Specimen P1 – Fundamental Frequency - FRF Peak Picking. 
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D.2 Specimen P2 

Input Channels: P2-Acc2-Column Bottom; 

Output Channels: P2-Acc1-Beam Mid Span; 

Frames: Nº23; Overlap=0.00%; Nº points per frame=2609; 

Window:None ; Decimate Factor: 1; 

 

 

Figure D-2: Specimen P2 – Fundamental Frequency - FRF Peak Picking. 
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D.3 Specimen P3 

 

Input Channels: P3-Acc2-Column Bottom; 

Output Channels: P3-Acc1-Beam Mid Span; 

Frames: Nº31; Overlap=0.00%; Nº points per frame=1935; 

Window:None ; Decimate Factor: 1; 

 

 

Figure D-3: Specimen P3 – Fundamental Frequency - FRF Peak Picking.. 
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D.4 Specimen P4 

 

Input Channels: P4-Acc2-Column Bottom; 

Output Channels: P4-Acc1-Beam Mid Span; 

Frames: Nº37; Overlap=0.00%; Nº points per frame=1622; 

Window:None ; Decimate Factor: 1; 

 

 

Figure D-4: Specimen P4 – Fundamental Frequency - FRF Peak Picking.. 
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D.5 Specimen V1 

Output Channels: V1-Acc1-Column Mid Span;V1-Acc1-Column Mid Span 2; 

Frames: Nº100; Overlap=0.00%; Nº points per frame=1440; 

Window:None ; Decimate Factor: 1; 

Figure D-5: Specimen V1 – Fundamental Frequency - FRF Peak Picking. 
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D.6 Specimen V2 

Input Channels: V2-Acc2-Column Bottom; 

Output Channels: V2-Acc1-Beam Mid Span; 

Frames: Nº16; Overlap=0.00%; Nº points per frame=250; 

Window:None ; Decimate Factor: 1; 

 

 

Figure D-6: Specimen V2 – Fundamental Frequency - FRF Peak Picking. 
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D.7 Specimen V3 

Input Channels: V3-Acc2-Column Bottom; 

Output Channels: V3-Acc1-Beam Mid Span; 

Frames: Nº17; Overlap=0.00%; Nº points per frame=3529; 

Window:None ; Decimate Factor: 1; 

 

 

Figure D-7: Specimen V3 – Fundamental Frequency - FRF Peak Picking. 
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D.8 Specimen V4 

Input Channels: V4-Acc2-Column Bottom; 

Output Channels: V4-Acc1-Beam Mid Span; 

Frames: Nº35; Overlap=0.00%; Nº points per frame=1714; 

Window:None ; Decimate Factor: 1; 

 

 

Figure D-8: Specimen V4 – Fundamental Frequency - FRF Peak Picking. 



LNEC – Proc. 0305/17/15027  D-11 

D.9 Specimen V5 

Input Channels: V5-Acc2-Column Bottom; 

Output Channels: V5-Acc1-Beam Mid Span; 

Frames: Nº23; Overlap=5.00%; Nº points per frame=2740; 

Window:None ; Decimate Factor: 1; 

 

 

Figure D-9: Specimen V5 – Fundamental Frequency - FRF Peak Picking. 
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D.10 Specimen VL1 

Output Channels: VL1-Acc1-Column Mid Span; 

Frames: Nº13; Overlap=0.00%; Nº points per frame=1846; 

Window:None ; Decimate Factor: 1; 

Figure D-10: Specimen VL1 – Fundamental Frequency - FRF Peak Picking. 
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D.11 Specimen VL2 

Input Channels: VL2-Acc2-Column Bottom; 

Output Channels: VL2-Acc1-Beam Mid Span; 

Frames: Nº31; Overlap=0.00%; Nº points per frame=194; 

Window:None ; Decimate Factor: 1; 

 

 

Figure D-11: Specimen VL2 – Fundamental Frequency - FRF Peak Picking. 
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D.12 Specimen VL3 

Input Channels: VL3-Acc2-Column Bottom; 

Output Channels: VL3-Acc1-Beam Mid Span; 

Frames: Nº31; Overlap=0.00%; Nº points per frame=1935; 

Window:None ; Decimate Factor: 1; 

 

 

Figure D-12: Specimen VL3 – Fundamental Frequency - FRF Peak Picking. 
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D.13 Specimen VL4 

Input Channels: VL4-Acc2-Column Bottom; 

Output Channels: VL4-Acc1-Beam Mid Span; 

Frames: Nº32; Overlap=0.00%; Nº points per frame=188; 

Window:None ; Decimate Factor: 1; 

 

 

Figure D-13: Specimen VL4 – Fundamental Frequency - FRF Peak Picking. 
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D.14 Specimen VL5 

Input Channels: VL5-Acc2-Column Bottom; 

Output Channels: VL5-Acc1-Beam Mid Span; 

Frames: Nº28; Overlap=0.00%; Nº points per frame=2143; 

Window:None ; Decimate Factor: 1; 

 

 

Figure D-14: Specimen VL5 – Fundamental Frequency - FRF Peak Picking. 
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E.1 Specimen P1 

 
Figure E-1:– Specimen P1-DA2 Top Displacement. 

 
Figure E-2:– Specimen P1-LC1 Top Load. 

 
Figure E-3:– Specimen P1-LC1 Top Load (Effective). 
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Figure E-4:– Specimen P1-Force vs. Displacement. 

 
Figure E-5:– Specimen P1-Force (Effective) vs. Displacement. 
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Figure E-6:– Specimen P1-Column Drift. 

 
Figure E-7:– Specimen P1-Column Axial Load. 



E-8  LNEC – Proc. 0305/17/15027 

E.2 Specimen P2 

 
Figure E-8:– Specimen P2-DA2 Top Displacement. 

 
Figure E-9:– Specimen P2-LC1 Top Load. 

 
Figure E-10:– Specimen P2-LC1 Top Load (Effective). 
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Figure E-11:– Specimen P2-Force vs. Displacement. 

 
Figure E-12:– Specimen P2-Force (Effective) vs. Displacement. 
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Figure E-13:– Specimen P2-Force vs. Displacement (All Cycles). 

 
Figure E-14:– Specimen P2-Column Drift. 
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Figure E-15:– Specimen P2-Column Axial Load. 
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E.3 Specimen P3 

 
Figure E-16:– Specimen P3-DA2 Top Displacement. 

 
Figure E-17:– Specimen P3-LC1 Top Load. 

 
Figure E-18:– Specimen P3-LC1 Top Load (Effective). 
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Figure E-19:– Specimen P3-Force vs. Displacement. 

 
Figure E-20:– Specimen P3-Force (Effective) vs. Displacement. 
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Figure E-21:– Specimen P3-Force vs. Displacement (All Cycles). 

 
Figure E-22:– Specimen P3-Column Drift. 
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Figure E-23:– Specimen P3-Column Axial Load. 
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E.4 Specimen P4 

 
Figure E-24:– Specimen P4-DA2 Top Displacement. 

 
Figure E-25:– Specimen P4-LC1 Top Load. 

 
Figure E-26:– Specimen P4-LC1 Top Load (Effective). 
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Figure E-27:– Specimen P4-Force vs. Displacement. 

 
Figure E-28:– Specimen P4-Force (Effective) vs. Displacement. 

 



E-18  LNEC – Proc. 0305/17/15027 

 
Figure E-29:– Specimen P4-Force vs. Displacement (All Cycles). 

 
Figure E-30:– Specimen P4-Column Drift. 
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Figure E-31:– Specimen P4-Column Axial Load. 
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E.5 Specimen V1 

 
Figure E-32:– Specimen V1-DA2 Top Displacement. 

 
Figure E-33:– Specimen V1-LC1 Top Load. 

 
Figure E-34:– Specimen V1-Beam Drift. 
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Figure E-35:– Specimen V1-Force vs. Displacement. 

 
Figure E-36:– Specimen V1-Beam Axis Drift. 
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E.6 Specimen V2 

 
Figure E-37:– Specimen V2-DA2 Top Displacement. 

 
Figure E-38:– Specimen V2-LC1 Top Load. 

 
Figure E-39:– Specimen V2-Beam Drift. 
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Figure E-40:– Specimen V2-Force vs. Displacement. 

 
Figure E-41:– Specimen V2-Beam Axis Drift. 
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E.7 Specimen V3 

 
Figure E-42:– Specimen V3-DA2 Top Displacement. 

 
Figure E-43:– Specimen V3-LC1 Top Load. 

 
Figure E-44:– Specimen V3-Beam Drift. 
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Figure E-45:– Specimen V3-Force vs. Displacement. 

 
Figure E-46:– Specimen V3-Beam Axis Drift. 
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E.8 Specimen V4 

 
Figure E-47:– Specimen V4-DA2 Top Displacement. 

 
Figure E-48:– Specimen V4-LC1 Top Load. 

 
Figure E-49:– Specimen V4-Beam Drift. 
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Figure E-50:– Specimen V4-Force vs. Displacement. 

 
Figure E-51:– Specimen V4-Beam Axis Drift. 



E-28  LNEC – Proc. 0305/17/15027 

E.9 Specimen V5 

 
Figure E-52:– Specimen V5-DA2 Top Displacement. 

 
Figure E-53:– Specimen V5-LC1 Top Load. 

 
Figure E-54:– Specimen V5-Beam Drift. 
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Figure E-55:– Specimen V5-Force vs. Displacement. 

 
Figure E-56:– Specimen V5-Beam Axis Drift. 
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E.10 Specimen VL1 

 
Figure E-57: – Specimen VL1-DA2 Top Displacement. 

 
Figure E-58: – Specimen VL1-LC1 Top Load. 

 
Figure E-59: – Specimen VL1-Beam Drift. 
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Figure E-60: – Specimen VL1-Force vs. Displacement. 

 
Figure E-61: – Specimen VL1-Beam Axis Drift. 
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E.11 Specimen VL2 

 
Figure E-62:– Specimen VL2-DA2 Top Displacement. 

 
Figure E-63:– Specimen VL2-LC1 Top Load. 

 
Figure E-64:– Specimen VL2-Beam Drift. 
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Figure E-65:– Specimen VL2-Force vs. Displacement. 

 
Figure E-66:– Specimen VL2-Beam Axis Drift. 
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E.12 Specimen VL3 

 
Figure E-67:– Specimen VL3-DA2 Top Displacement. 

 
Figure E-68:– Specimen VL3-LC1 Top Load. 

 
Figure E-69:– Specimen VL3-Beam Drift. 
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Figure E-70:– Specimen VL3-Force vs. Displacement. 

 
Figure E-71:– Specimen VL3-Beam Axis Drift. 
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E.13 Specimen VL4 

 
Figure E-72:– Specimen VL4-DA2 Top Displacement. 

 
Figure E-73:– Specimen VL4-LC1 Top Load. 

 
Figure E-74:– Specimen VL4-Beam Drift. 
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Figure E-75:– Specimen VL4-Force vs. Displacement. 

 
Figure E-76:– Specimen VL4-Beam Axis Drift. 
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E.14 Specimen VL5 

 
Figure E-77:– Specimen VL5-DA2 Top Displacement. 

 
Figure E-78:– Specimen VL5-LC1 Top Load. 

 
Figure E-79:– Specimen VL5-Beam Drift. 
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Figure E-80:– Specimen VL5-Force vs. Displacement. 

 
Figure E-81:– Specimen VL5-Beam Axis Drift. 
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F.1 Specimen P1 

 
Figure F-1: Specimen P1 - Connection Bending Moment. 

 
Figure F-2: Specimen P1 - Connection Bending Moment (Effective). 

 
Figure F-3: Specimen P1 – Connection Rotation. 
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F.2 Specimen P2 

 
Figure F-4: Specimen P2 - Connection Bending Moment. 

 
Figure F-5: Specimen P2 - Connection Bending Moment (Effective). 

 
Figure F-6: Specimen P2 – Connection Rotation. 
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F.3 Specimen P3 

 
Figure F-7: Specimen P3 - Connection Bending Moment. 

 
Figure F-8: Specimen P3 - Connection Bending Moment (Effective). 

 
Figure F-9: Specimen P3 – Connection Rotation. 
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F.4 Specimen P4 

 
Figure F-10: Specimen P4 - Connection Bending Moment. 

 
Figure F-11: Specimen P4 - Connection Bending Moment (Effective). 

 
Figure F-12: Specimen P4 – Connection Rotation. 
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F.5 Specimen V1 

 
Figure F-13: Specimen V1 - Connection Bending Moment. 

 
Figure F-14: Specimen V1 – Connection Rotation. 



F-8  LNEC – Proc. 0305/17/15027 

F.6 Specimen V2 

 
Figure F-15: Specimen V2 - Connection Bending Moment. 

 
Figure F-16: Specimen V2 – Connection Rotation. 
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F.7 Specimen V3 

 
Figure F-17: Specimen V3 - Connection Bending Moment. 

 
Figure F-18: Specimen V3 – Connection Rotation. 
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F.8 Specimen V4 

 
Figure F-19: Specimen V4 - Connection Bending Moment. 

 
Figure F-20: Specimen V4 – Connection Rotation. 
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F.9 Specimen V5 

 
Figure F-21: Specimen V5 - Connection Bending Moment. 

 
Figure F-22: Specimen V5 – Connection Rotation. 
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F.10 Specimen VL1 

 
Figure F-23: Specimen VL1 - Connection Bending Moment. 

 
Figure F-24: Specimen VL1 – Connection Rotation. 
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F.11 Specimen VL2 

 
Figure F-25: Specimen VL2 - Connection Bending Moment. 

 
Figure F-26: Specimen VL2 – Connection Rotation. 
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F.12 Specimen VL3 

 
Figure F-27: Specimen VL3 - Connection Bending Moment. 

 
Figure F-28: Specimen VL3 – Connection Rotation. 
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F.13 Specimen VL4 

 
Figure F-29: Specimen VL4 - Connection Bending Moment. 

 
Figure F-30: Specimen VL4 – Connection Rotation. 
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F.14 Specimen VL5 

 
Figure F-31: Specimen VL5 - Connection Bending Moment. 

 
Figure F-32: Specimen VL5 – Connection Rotation. 
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G.1 Specimen P1 

 
Figure G-1:– Specimen P1 – Foundation Relative Displacement – X Direction. 

 
Figure G-2:– Specimen P1 – Foundation Relative Displacement – Z Direction. 
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G.2 Specimen P2 

 
Figure G-3:– Specimen P2 – Foundation Relative Displacement – X Direction. 

 
Figure G-4:– Specimen P2 – Foundation Relative Displacement – Z Direction. 
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G.3 Specimen P3 

 
Figure G-5:– Specimen P3 – Foundation Relative Displacement – X Direction. 

 
Figure G-6:– Specimen P3 – Foundation Relative Displacement – Z Direction. 
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G.4 Specimen P4 

 
Figure G-7:– Specimen P4 – Foundation Relative Displacement – X Direction. 

 
Figure G-8:– Specimen P4 – Foundation Relative Displacement – Z Direction. 

 
Figure G-9:– Specimen P4 – Column/Foundation Rel. Displacement - Right – X Direction. 
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Figure G-10:– Specimen P4 – Column/Foundation Rel. Displacement - Right – Z Direction. 

 
Figure G-11:– Specimen P4 – Column/Foundation Rel. Displacement - Left – X Direction. 

 
Figure G-12:– Specimen P4 – Column/Foundation Rel. Displacement - Left – Z Direction. 
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G.5 Specimen V1 

 
Figure G-13:– Specimen V1 – Column Central Point Relative Displacement – X Direction. 

 
Figure G-14:– Specimen V1 – Column Central Point Relative Displacement – Z Direction. 
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G.6 Specimen V2 

 
Figure G-15:– Specimen V2 – Column Central Point Relative Displacement – X Direction. 

 
Figure G-16:– Specimen V2 – Column Central Point Relative Displacement – Z Direction. 

 
Figure G-17:– Specimen V2 – Distance (Beam Plate – Beam) – Left. 



G-12  LNEC – Proc. 0305/17/15027 

 
Figure G-18:– Specimen V2 – Distance (Beam Plate – Beam) – Right. 

 
Figure G-19:– Specimen V2 – Distance (Beam Plate – Column) – Left. 

 
Figure G-20:– Specimen V2 – Distance (Beam Plate – Column) – Right. 
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Figure G-21:– Specimen V2 – Distance (Bolt Head – Beam Plate) – Left. 

 
Figure G-22:– Specimen V2 – Distance (Bolt Head – Beam Plate) – Right. 

 
Figure G-23:– Specimen V2 – Distance (Bolt Head – Column) – Left. 
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Figure G-24:– Specimen V2 – Distance (Bolt Head – Column) – Right. 
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G.7 Specimen V3 

 
Figure G-25:– Specimen V3 – Column Central Point Relative Displacement – X Direction. 

 
Figure G-26:– Specimen V3 – Column Central Point Relative Displacement – Z Direction. 

 
Figure G-27:– Specimen V3 – Distance (Beam Plate – Beam) – Left. 
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Figure G-28:– Specimen V3 – Distance (Beam Plate – Beam) – Right. 

 
Figure G-29:– Specimen V3 – Distance (Beam Plate – Column) – Left. 

 
Figure G-30:– Specimen V3 – Distance (Beam Plate – Column) – Right. 
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Figure G-31:– Specimen V3 – Distance (Bolt Head – Beam Plate) – Left. 

 
Figure G-32:– Specimen V3 – Distance (Bolt Head – Beam Plate) – Right. 

 
Figure G-33:– Specimen V3 – Distance (Bolt Head – Column) – Left. 
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Figure G-34:– Specimen V3 – Distance (Bolt Head – Column) – Right. 



LNEC – Proc. 0305/17/15027  G-19 

G.8 Specimen V4 

 
Figure G-35:– Specimen V4 – Column Central Point Relative Displacement – X Direction. 

 
Figure G-36:– Specimen V4 – Column Central Point Relative Displacement – Z Direction. 

 
Figure G-37:– Specimen V4 – Distance (Beam Plate – Beam) – Left. 
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Figure G-38:– Specimen V4 – Distance (Beam Plate – Beam) – Right. 

 
Figure G-39:– Specimen V4 – Distance (Beam Plate – Column) – Left. 

 
Figure G-40:– Specimen V4 – Distance (Beam Plate – Column) – Right. 



LNEC – Proc. 0305/17/15027  G-21 

 
Figure G-41:– Specimen V4 – Distance (Bolt Head – Beam Plate) – Left. 

 
Figure G-42:– Specimen V4 – Distance (Bolt Head – Beam Plate) – Right. 

 
Figure G-43:– Specimen V4 – Distance (Bolt Head – Column) – Left. 
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Figure G-44:– Specimen V4 – Distance (Bolt Head – Column) – Right. 
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G.9 Specimen V5 

 
Figure G-45:– Specimen V5 – Column Central Point Relative Displacement – X Direction. 

 
Figure G-46:– Specimen V5 – Column Central Point Relative Displacement – Z Direction. 

 
Figure G-47:– Specimen V5 – Distance (Beam Plate – Beam) – Left. 
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Figure G-48:– Specimen V5 – Distance (Beam Plate – Beam) – Right. 

 
Figure G-49:– Specimen V5 – Distance (Beam Plate – Column) – Left. 

 
Figure G-50:– Specimen V5 – Distance (Beam Plate – Column) – Right. 
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Figure G-51:– Specimen V5 – Distance (Bolt Head – Beam Plate) – Left. 

 
Figure G-52:– Specimen V5 – Distance (Bolt Head – Beam Plate) – Right. 

 
Figure G-53:– Specimen V5 – Distance (Bolt Head – Column) – Left. 
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Figure G-54:– Specimen V5 – Distance (Bolt Head – Column) – Right. 
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G.10 Specimen VL1 

 
Figure G-55: – Specimen VL1 – Column Central Point Relative Displacement – X Direction. 

 
Figure G-56: – Specimen VL1 – Column Central Point Relative Displacement – Z Direction. 
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G.11 Specimen VL2 

 
Figure G-57:– Specimen VL2 – Column Central Point Relative Displacement – X Direction. 

 
Figure G-58:– Specimen VL2 – Column Central Point Relative Displacement – Z Direction. 

 
Figure G-59:– Specimen VL2 – Distance (Beam Plate – Beam) – Left. 
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Figure G-60:– Specimen VL2 – Distance (Beam Plate – Column) – Left. 

 
Figure G-61:– Specimen VL2 – Distance (Bolt Head – Beam Plate) – Left.. 

 
Figure G-62:– Specimen VL2 – Distance (Bolt Head – Column) – Left. 
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G.12 Specimen VL3 

 
Figure G-63:– Specimen VL3 – Column Central Point Relative Displacement – X Direction. 

 
Figure G-64:– Specimen VL3 – Column Central Point Relative Displacement – Z Direction. 

 
Figure G-65:– Specimen VL3 – Distance (Beam Plate – Beam) – Left. 
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Figure G-66:– Specimen VL3 – Distance (Beam Plate – Beam) – Right. 

 
Figure G-67:– Specimen VL3 – Distance (Beam Plate – Column) – Left. 

 
Figure G-68:– Specimen VL3 – Distance (Beam Plate – Column) – Right. 
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Figure G-69:– Specimen VL3 – Distance (Bolt Head – Beam Plate) – Left.. 

 
Figure G-70:– Specimen VL3 – Distance (Bolt Head – Column) – Left. 
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G.13 Specimen VL4 

 
Figure G-71:– Specimen VL4 – Column Central Point Relative Displacement – X Direction. 

 
Figure G-72:– Specimen VL4 – Column Central Point Relative Displacement – Z Direction. 

 
Figure G-73:– Specimen VL4 – Distance (Beam Plate – Beam) – Left. 
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Figure G-74:– Specimen VL4 – Distance (Beam Plate – Beam) – Right. 

 
Figure G-75:– Specimen VL4 – Distance (Beam Plate – Column) – Left. 

 
Figure G-76:– Specimen VL4 – Distance (Beam Plate – Column) – Right. 
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Figure G-77:– Specimen VL4 – Distance (Bolt Head – Beam Plate) – Left.. 

 
Figure G-78:– Specimen VL4 – Distance (Bolt Head – Column) – Left. 
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G.14 Specimen VL5 

 
Figure G-79:– Specimen VL5 – Column Central Point Relative Displacement – X Direction. 

 
Figure G-80:– Specimen VL5 – Column Central Point Relative Displacement – Z Direction. 

 
Figure G-81:– Specimen VL5 – Distance (Beam Plate – Beam) – Left. 
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Figure G-82:– Specimen VL5 – Distance (Beam Plate – Beam) – Right. 

 
Figure G-83:– Specimen VL5 – Distance (Beam Plate – Column) – Left. 

 
Figure G-84:– Specimen VL5 – Distance (Beam Plate – Column) – Right. 
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Figure G-85:– Specimen VL5 – Distance (Bolt Head – Beam Plate) – Left.. 

 
Figure G-86:– Specimen VL5 – Distance (Bolt Head – Column) – Left. 
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H.1 Specimen P1 

 
Figure H-1: Specimen P1 – Input Energy. 

 
Figure H-2: Specimen P1 – Input Energy (Effective). 
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H.2 Specimen P2 

 
Figure H-3: Specimen P2 – Input Energy. 

 
Figure H-4: Specimen P2 – Input Energy (Effective). 
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H.3 Specimen P3 

 
Figure H-5: Specimen P3 – Input Energy. 

 
Figure H-6: Specimen P3 – Input Energy (Effective). 
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H.4 Specimen P4 

 
Figure H-7: Specimen P4 – Input Energy. 

 
Figure H-8: Specimen P4 – Input Energy (Effective). 
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H.5 Specimen V1 

 
Figure H-9: Specimen V1 – Input Energy. 

 

 

H.6 Specimen V2 

 
Figure H-10: Specimen V2 – Input Energy. 
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H.7 Specimen V3 

 
Figure H-11: Specimen V3 – Input Energy. 

 

 

H.8 Specimen V4 

 
Figure H-12: Specimen V4 – Input Energy. 
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H.9 Specimen V5 

 
Figure H-13: Specimen V5 – Input Energy. 

 

 

H.10 Specimen VL1 

 
Figure H-14: Specimen VL1 – Input Energy. 
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H.11 Specimen VL2 

 
Figure H-15: Specimen VL2 – Input Energy. 

 

 

H.12 Specimen VL3 

 
Figure H-16: Specimen VL3 – Input Energy. 
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H.13 Specimen VL4 

 
Figure H-17: Specimen VL4 – Input Energy. 

 

 

H.14 Specimen VL5 

 
Figure H-18: Specimen VL5 – Input Energy. 



Divisão de Edições e Artes Gráficas - LNEC


	5-Annex D - Natural Frequencies.pdf
	6-Annex E - Global Forces and Displacements.pdf
	7-Annex F - Connections Moments and Rotations.pdf
	8-Annex G - Local Displacements.pdf
	9-Annex H - Input Energy.pdf
	assit rel 30.pdf
	



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




