
Chapter 16
Supplemental Vertical Support as a Means
for Seismic Retrofit of Buildings

Craig D. Comartin

Abstract A large number of concrete buildings in seismically active areas through-
out the world exhibit a common deficiency. Weak columns, in one or more stories,
lose vertical load-carrying capacity as a result of lateral distortion. This chapter
presents a conceptual strategy for retrofit comprising the installation of supple-
mental vertical supports to prevent collapse. This procedure utilizes a risk-based
perspective based on recent research on the realistic capacity of concrete columns,
dynamic instability, and the effects of in-cycle degradation of strength in building
systems and components. An example building is used to illustrate the application
of the concept.

16.1 Introduction and Background

Buildings subject to earthquake shaking have a potential to reach a point of dynamic
instability at which they collapse due to theoretically unlimited lateral displacement.
Many buildings, however, lose the ability to support vertical loads and collapse
at smaller levels of shaking intensity than that which would otherwise cause lat-
eral dynamic instability (see Fig. 16.1). The procedures proposed here are intended
to identify buildings prone to preemptive vertical load collapse and improve their
safety by the installation of supplemental vertical supports. Maintaining the capa-
bility to support vertical loads changes the critical collapse mechanism to lateral
dynamic stability which occurs at larger and less probable lateral displacements
(see Fig. 16.2).

Experience in past earthquakes around the world indicates that concrete frames
infilled with unreinforced masonry (URM) have been particularly prone to collapse
[1]. This most often is due to a weak first story caused by the omission of all or a
substantial portion of the infill to allow for retail, parking, or other uses conducive to
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Fig. 16.1 Story collapse
vertically downward without
significant lateral movement
(note vertical alignment with
adjacent uncollapsed wing)
(See also Plate 19 in Color
Plate Section on page 467)

Fig. 16.2 Side sway
mechanism with incipient
collapse (See also Plate 20 in
Color Plate Section on
page 467)

open spaces. The infill in upper stories restrains frame action and forces the flexible
lower floor to absorb most of the energy demand and drift.

There are several alternatives for retrofit strategy that have been implemented in
the past:

1. The infill on upper floors could be removed and replaced with less stiff and less
strong materials.

2. The infill on upper floors could be isolated from the structure by installing joints
with gaps to prevent interaction with the frame.
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3. The lower floor, or floors, could be strengthened with new structural walls. These
measures (Items 1, 2, and 3) are effective in reducing the ductility demand in the
weak story or stories. However, all of them are costly and intrusive. In the US,
it is not unusual for the costs of these types of retrofit to exceed half of the
replacement value of the building.

4. Wrap the columns in the weak story with jackets of steel, concrete, fiberglass, or
carbon fiber.

The fourth option can increase both the strength and ductility of the columns
enough to reduce the collapse risk for most buildings. The cost is somewhat less
than for the first three alternatives; however the overall performance would also
be less with more damage focused in the weak floor. Column jacketing is popular
in the US, but the costs can still be high. In developing countries, the advanced
technologies for some types of jackets may not be readily available.

The procedure proposed here incorporates another alternative that has been used
in the US to reduce collapse risk. This strategy is to provide supplemental vertical
supports designed to prevent preemptive vertical load collapse (see Fig. 16.3). These
are intended to support loads that are transferred from shear critical columns as they
are damaged and begin to fail. The supplemental supports are typically steel shapes,
pipe shoring, or timber shores. They are often installed near individual columns, but

Fig. 16.3 Steel column “pre-shoring” examples from Stanford University and University of
California, Berkeley (See also Plate 21 in Color Plate Section on page 468)
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also can be placed beneath capable horizontal framing. This technique is effective
in reducing collapse risk by avoiding the preemptive vertical collapse mode. The
intensity of shaking required for lateral dynamic instability is generally higher and
less likely to occur. The installation of supplemental vertical supports is relatively
inexpensive. The functional use of the spaces may be affected by the installation,
but often this is minor compared to other alternatives. Installations in the US have
been made for a very small percentage of the replacement costs for the building.

The following Section 16.2 of this chapter presents the conceptual procedure for
determining the benefits of supplemental vertical supports based on recent research.
The proposed procedure is illustrated with an example application in Section 16.3.
The chapter concludes with a summary Section 16.4 and list of references cited in
Section 16.5.

16.2 Conceptual Procedure and Background

Assessment of the potential for vertical load collapse in buildings with weak stories
and the effectiveness of supplemental vertical supports can accomplished with the
steps outline in this section.

16.2.1 Horizontal and Vertical Load Characteristics of Weak Story
Components

Engineers in seismically active areas of the US are using FEMA 356 [2] increas-
ingly for the evaluation and retrofit of existing buildings. In 2006 this document was
adapted as a national standard ASCE 41 [3]. Over the past decade important research
relating to the inelastic behavior of reinforced concrete has been produced at the
Pacific Earthquake Engineering Research Center (PEER). The Earthquake Engi-
neering Research Institute (EERI) in conjunction with PEER presented a seminar
summarizing the practical implications of this work for engineers [4]. These impli-
cations included the prospect of significant improvement of acceptability criteria for
several types of concrete components in FEMA 356 and ASCE 41. Consequently,
a supplement to ASCE 41 was proposed and accepted [5]. FEMA 356/ASCE 41
provisions are suitable to determine the post elastic horizontal and vertical behavior
characteristics of the weak story components as long as they are properly applied in
accordance with the recent supplement.

Column components are characterized by the force and displacement relation-
ship depicted in Fig. 16.4. In the figure, the parameter “a” is the plastic rotation at
which horizontal force resistance capacity diminishes significantly to a level defined
by parameter “c.” The column fails for vertical loads at a plastic rotation repre-
sented by parameter “b.” In FEMA 356/ASCE 41 and Supplement, the assignment
of these parameters depends first upon the mode of inelastic behavior for the column
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Fig. 16.4 Force and
displacement relationship for
concrete columns from
FEMA 356/ASCE 41

(i.e. flexure, flexure-shear, and shear). Columns are classified in accordance with
Table 16.1 depending on the detail of transverse reinforcing. For each “condition”
parametric limits are tabulated based on ultimate shear stress, transverse reinforce-
ment ratio, and axial load intensity. The Supplement provides improved paramet-
ric limits as illustrated in Fig. 16.5 for flexurally control columns classified as
“condition ii.”

Recent research [6] demonstrates that the force-displacement relationship
for degrading components and systems is a capacity surface which cannot be
transgressed during analysis or experiment. It is different than the hysteretic
envelope (often termed a “backbone”) resulting from a dynamic analysis or experi-
ment. The hysteretic envelope is dependent on loading protocol, whereas the force-
displacement capacity boundary is not. This distinction is critically important when
determining the inelastic properties of components. The mistaken use of a hysteretic
envelope in place of a capacity boundary can result in under-prediction of vertical
load capacity and dynamic instability.

Table 16.1 Classification of columns by mode of inelastic behavior and transverse reinforcing
details

Transverse reinforcement details

Inelastic behavior
mode

ACI conforming
details with 135◦
hooks

Closed hoops
with 90◦ hooks

Other (including
lap-spliced transverse
reinforcement)

Flexure
Vp/(Vn/k) ≤ 0.6

ia ii ii

Flexure-Shear
1.0 ≥ Vp/(Vn/k) > 0.6

ii ii iii

Shear
Vp/(Vn/k) > 1.0

iii iii iii

a To qualify for condition i, columns must have p” ≥0.002 and s/d ≤ 0.5 within the flexural plastic
hinge region. Otherwise column shall be considered as condition ii.
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Fig. 16.5 Comparison of modeling parameters for Condition ii and previous FEMA 356 param-
eters for columns “controlled by flexure” with nonconforming transverse reinforcement and
v≤(fc’)1/3 (See also Plate 22 in Color Plate Section on page 468)

16.2.2 System Capacity Boundary (Pushover)

Figure 16.6 depicts a conceptual analytic model that can be used to determine the
probability of vertical load collapse and lateral dynamic instability. In this case, the
first-floor is the weakest of the floors and the inelastic response of the structure is
assumed to occur at that level. The upper floors are rigid compared with the columns
of the first-floor. Consequently the model represents the upper floors as completely
rigid. As for most relatively rigid buildings, the flexibility of the foundation is an
important factor in its dynamic behavior. The model assumes that the foundation and
supporting soils deform elastically imparting a rigid body rotation to the response
of the structural model. The rotational stiffness of the foundation should be adjusted
to account for the fact that much of the inertial lateral load is applied above the
1st level resulting in larger overturning moments. The response of this model to
ground motions represents an approximation of actual response based on a single-
degree-of-freedom (first floor drift, θ1st) oscillator. When considering the distortion
imparted to the first floor, it is important to account for the rigid body foundation
rotation as shown in Fig. 16.6b.

The component capacity boundaries for the weak story, generated as discussed in
the previous section, can be assembled using nonlinear static procedures (pushover)
to generate a global representation of the force-displacement capacity boundary of
the system (see Fig. 16.7).

16.2.3 Simplified Dynamic Analysis

The next step in the process is to determine the intensities of shaking at which ver-
tical load collapse and lateral dynamic instability occur. An incremental dynamic
analysis (IDA) is a type of response history analysis which involves subjecting
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Assume rigid
upper floors

1st story mechanism-all
inelasticity in columns

Rigid foundation on elastic supports

(a) Assumptions

Column 
distortion

Foundation 
rotation

Total at 1st flr.
θ1st = θfdn + θcols

(b) Rotational displacements

θfdn

θcols

Fig. 16.6 Analytical model

a system to a ground motion record successively scaled to increasing levels of
intensity, as measured by an intensity measure IM (e.g. spectral acceleration at
the fundamental period of the system, SaT), until global dynamic instability is
observed [7].

Dynamic instability appears as a rapid, nearly infinite increase in the response
of the system, measured by the engineering demand parameter (e.g. rotation at the
weak floor, θ1st), for a small increment in intensity. Essentially this means that the
model cannot withstand any more increase in the applied intensity and thus responds
with infinitely large displacements, indicative of collapse due to dynamic instability.
The procedure is normally done with a number of ground motions to gain probabilis-
tic perspective of the potential for collapse as illustrated in Fig. 16.8. In the figure,
the force parameter is the spectral acceleration at the period of the SDOF system,
normalized by the spectral acceleration at the yield point of the system, R=SaT/Say.
The displacement is represented by the ductility demand, θ1st/θyield.
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Fig. 16.7 Force
displacement capacity
boundary from nonlinear
static pushover analysis

In Fig. 16.8b, lateral dynamic stability is defined by the intensity and ductility at
which the IDA curves reach horizontal. The capacity for vertical load is determined
by plotting the ductility at which collapse is expected and finding the associated
intensity by intersecting the IDA curves.

16.2.4 Collapse Mode Risks

The information from the simplified dynamic analysis defines the probability of
collapse due to each mode conditioned on intensity as shown in Fig. 16.9. The
combined probability of collapse due to either mode is expressed by Eq. 16.1 [8].
The combined risk of collapse is expressed in Eq. 16.2.

Vertical load 
collapse

Lateral dynamic 
instability

Vertical load 
collapse

Lateral dynamic
instability

Fig. 16.8 Incremental dynamic analysis
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Fig. 16.9 The combined
probability of collapse,
P(Ccomb.), due to vertical load
collapse, P(CVLC.), and lateral
dynamic instability, P(CLDI.)

P (Ccomb.) = P (CVLC) + P (CLDI) − P (CVLC) P (CLDI) (16.1)

λc =
∫

Sa

P(Ccomb.)
∣∣dλSa

∣∣ = λSa(SaT ) exp

(
1

2
k2β2

)
(16.2)

The benefit of supplemental vertical supports is measured as the reduction in the
risk of collapse that they would provide. To quantify the benefit, the following steps
are taken:

1. Assess the probability of each mode of collapse using the procedure outlined in
the previous section.

2. Determine the combined risk of prior to the installation of supplemental supports
using Eqs. 16.1 and 16.2.

3. Reassess the probability of vertical load collapse after the installation of the sup-
plemental supports.

4. Determine the combined risk after installation using Eqs. 16.1 and 16.2.

In many cases, these procedures can be simplified by assuming that the supple-
mental supports eliminate the probability of vertical load collapse. Also, a seismic
hazard curve can be used to estimate the integration in Eq. 16.2. This is illustrated
in the example which follows.

16.3 Example Application

This section demonstrates the application of the procedure to quantify the bene-
fits of supplemental vertical supports to a typical five story concrete frame residen-
tial building with unreinforced masonry in-fill partitions in the upper stories and a
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Fig. 16.10 Example five
story concrete frame building
with unreinforced masonry
infill
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Fig. 16.11 Example building plan
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weak open first-floor (see Fig. 16.10). This building is quite typical of construction
in Turkey for multi-unit residential construction. Building and many others like it
were subject to extensive damage and collapse during the Kocaeli earthquake in
1999. This building was investigated by a team from the Applied Technology Coun-
cil including the author. The investigation team obtained design drawings from the
owner. Although it did not collapse, the building was severely damaged. The most
severe damage was found in the columns of the lower floor which had few unrein-
forced masonry partitions compared to the upper floors.

The columns in the lower floor of the example building are shown in Fig. 16.11.
Transverse reinforcing is very light resulting in many shear and flexure-shear criti-
cal column components. Component capacity boundaries were generated using the
FEMA 356/ASCE 41 procedures outlined in Section 16.2.1. The global capacity
boundary for SDOF model of the building generated by a nonlinear static pushover
is shown in Fig. 16.12. The data in the FEMA 356/ASCE 41 Supplement lead to a
vertical load collapse limit controlled by horizontal distortion within the first floor.
This limit translates to a total 1st story rotation including foundation flexibility of
approximately 1%. The Supplement limits were developed to produce reliability
against collapse of 85%. In this example, the vertical load collapse rotation was
increased to 1.2% as an estimate of the median value.

0%

5%

10%

15%

20%

25%

30%

35%

40%

45%

50%

0.00% 1.00% 2.00% 3.00% 4.00%
System rotation

B
as

e 
sh

ea
r 

(%
g

)

Idealized oscillator for 
dynamic analysis

System force-displacement 
capacity boundary

Fig. 16.12 Capacity boundary for example building model
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Fig. 16.13 Capacity boundary and incremental dynamic analysis results for example building
model for a long residual strength plateau

The capacity boundary was used to represent a SDOF model of the building and
subjected to an incremental dynamic analysis using a version of the software tool
SPO2IDA [9]. The results are illustrated in Fig. 16.13. The capacity boundary is
also shown in the figure.

As mentioned in the previous section the median values of each collapse mode
demand can be used to estimate the associated risks. The intensities (R axis in
Fig. 16.13) are converted to spectral acceleration at the period of the model, SaT,
by multiplying by the spectral acceleration at yield, SaYield. These then are plot-
ted on a seismic hazard curve for the site as shown in Fig. 16.14. This comparison
indicates that supplemental vertical supports reduce the median risk of collapse in
this example by a factor of about three.

This conclusion must be viewed cautiously as it is dependent upon some critical
assumptions. The conclusions from ATC 62 include the observation that post-elastic
characteristics of the capacity boundary control lateral dynamic instability. These
parameters are:

1. the rate of degradation, αKinitial,
2. the magnitude of the residual strength plateau,
3. the length of the plateau defining the point at which there is no lateral resistance,

max. θ .
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Fig. 16.14 Seismic hazard and annual frequency of vertical load collapse and dynamic instability

The rate of degradation is reasonably estimated from the capacity boundary. The
magnitude and length of the residual strength plateau are relatively elusive. Build-
ings similar to the example retain some horizontal resistance at very high drifts even
when discounted for P-delta effects. Supplemental vertical supports themselves do
not contribute significantly to raising or extending the lower strength plateau. How-
ever, they might be augmented with beams or braces to do so. At present, there is
no definitive process for estimating these parameters.

16.4 Summary and Conclusions

The use of supplemental vertical supports in building prone to loss of vertical load
capacity caused by seismic distortion appears to an effective and economical retrofit
strategy. They virtually eliminate preemptive vertical load collapse and reduce the
risk of collapse to that associated with sidesway collapse due to lateral dynamic
instability. The magnitude of risk reduction, and therefore the effectiveness of the
retrofit, is dependent upon the risk of lateral dynamic instability. Improved informa-
tion on the controlling post-elastic characteristics (i.e. rate of degradation, magni-
tude of residual strength plateau, length of residual strength plateau) are essential to
more accurate assessment of lateral dynamic instability.

The use of supplemental vertical supports has the prospect of dramatically
improving the safety of thousands of buildings in many areas of the world (e.g.
Turkey, Central Asia, India, and Pakistan). Beyond the conceptual technical proce-
dure presented here, realization of this goal requires the following:

1. The seismic hazard in regions where such buildings are prevalent needs to deter-
mined.

2. Prototype building models representing local and regional design and construc-
tion practice should be developed.
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3. Parametric studies of the prototypes can be used to identify generalized behav-
ior characteristics and to assess the cost effectiveness of supplemental vertical
supports.

4. Simplified design guidelines addressing local and regional conditions can devel-
oped to facilitate implementation.

5. Coordinated local strategies for funding retrofit should be developed.

References

1. EERI (2008) World Housing Encyclopedia, www.world-housing.net
2. FEMA (2000) FEMA 356: Prestandard and commentary for the seismic rehabilitation of build-

ings, Report No. FEMA 356, prepared by Applied Technology Council, prepared for Federal
Emergency Management Agency, Washington, DC

3. ASCE (2007) Seismic rehabilitation of existing buildings (ASCE 41-07), American Society of
Civil Engineers, Reston, VA

4. EERI (2006) New information on the seismic performance of existing concrete buildings-,
EERI Technical Seminar developed by PEER and funded by FEMA, video download @
www.eeri.org

5. Elwood KJ, Matamoros AB, Wallace JW, Lehman DE, Heintz JA, Mitchell AD, Moore MA,
Valley MT, Lowes LN, Comartin CD, Moehle JP (2007) Update to ASCE/SEI 41 Concrete
provisions, Spectra, Journal of the Earthquake Engineering Research Institute

6. ATC-62 (2008) The effects of degradation of stiffness and strength on the seismic response of
structural systems, prepared for FEMA by the Applied Technology Council, Redwood City,
California, in DRAFT

7. Vamvatsikos D, Cornell CA (2002) Incremental dynamic analysis, Earthquake Engineering and
Structural Dynamics, 31(3):491–514

8. PEER (2005) Van Nuys hotel building testbed report:exercising seismic performance assess-
ment. PEER Report 2005/11, Pacific Earthquake Engineering Research Center, College of
Engineering, University of California, Berkeley

9. Vamvatsikos D, Cornell CA (2006) Direct estimation of the seismic demand and capacity of
oscillators with multi-linear static pushovers through Incremental Dynamic Analysis. Earth-
quake Engineering and Structural Dynamics, 35(9):1097–1117


	16 Supplemental Vertical Support as a Means for Seismic Retrofit of Buildings
	16.1 Introduction and Background
	16.2 Conceptual Procedure and Background
	16.2.1 Horizontal and Vertical Load Characteristics of Weak Story Components
	16.2.2 System Capacity Boundary (Pushover)
	16.2.3 Simplified Dynamic Analysis
	16.2.4 Collapse Mode Risks

	16.3 Example Application
	16.4 Summary and Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




