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Framed, Two-Way, Conventionally Reinforced, Concrete Flat Slab 
and Flat Plate Construction and Design 

 
D. Matthew Stuart, P.E., S.E., F.ASCE, SECB 

 
COURSE CONTENT 

 
Flat Plate and Flat Slab Systems 
 

Flat Plates: 
 

Slab Thickness 
 
A flat plate floor system is a two-way concrete slab of uniform depth without interior beams, drop panels or 
column capitals supported directly on columns with reinforcement in two orthogonal directions (see Figure 
1).  This system includes the advantages of simple construction and formwork, and a flat ceiling, the latter of 
which reduces ceiling finishing costs, since the architectural finish can be applied directly to the underside of 
the slab.  Even more significant are the cost savings associated with the low story heights made possible by 
this shallow floor system.  Therefore using a flat plate will result in the accommodation of more stories 
within a given building height as opposed to a deeper one-way system of slabs, joists and beams. 
 

 
FIGURE 1 

 
Spandrel beams at the edges of a flat plate are sometimes required for the support of perimeter cladding 
(such as brick) in order to help control deflections, and if the size of the exterior column is limited in order to 
avoid punching shear limitations. Spandrel beam and exterior columns can also be utilized to as rigid frames 
for resisting imposed lateral loads. Cantilever edges of the slab can be structurally advantageous as the 
extended slab helps to both minimize the positive moment at the first interior span and reduce the need for a 
spandrel beam because of the increased punching shear slab perimeter realized.  
 
The minimum thickness requirements for flat plates are given in Section 9.5.3 of ACI 318-05 and in Table 
9.5(c) for slabs without interior beams. Section 9.5.3.2 specifies the absolute minimum slab thickness for a 
flat plate as 5 inches. If the minimum slab thickness specified by ACI is not used, then as was the case with 
one-way slabs, joists and beams, the actual immediate and long-term deflections must be calculated per the 
requirements of Section 9.5.2.3 (using Ie).  In addition, the actual deflections calculated must comply with 
the permissible deflections allowed by Table 9.5(b). It should also be noted that when calculating the 
deflection of a two-way system it is necessary to account for the combined deflection of each orthogonal 
design strip. This is generally accomplished by using a crossing-beam analogy in which the average 
deflection of the midspan of the column strips in one direction are added to the midspan deflections of the 
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perpendicular middle strip as shown in Figure 13-73 page 715 of Reinforced Concrete Mechanics and 
Design, 4th Edition. 
For live loads of 50 PSF or less, the thickness of a flat plate will usually be controlled by deflection 
requirements.  In addition, at this same live load capacity the required flexural reinforcement at the critical 
sections in the column and middle strips will typically satisfy the minimum requirements prescribed in 
Section 13.3, however, as indicated before it is my personal preference to use the minimum reinforcing 
requirements of Section 10.5 (flexural minimum) rather Section 7.12 (shrinkage/temperature minimum), 
which is the minimum reinforcing requirements referenced by Section 13.3.  Section 13.3 also specifies the 
maximum spacing of the minimum reinforcement, which is two times the slab thickness or 18 inches (per 
Section 7.12.2.2). 
 
Therefore, using a slab thickness greater than the minimum allowable is not considered economical, since a 
thicker slab will increase the concrete quantity and not reduce the reinforcement quantity.  In addition, the 
minimum thickness requirements are independent of the concrete compressive strength.  Therefore, 
specifying a compressive strength greater than 4,000 psi will increase the cost of the concrete without any 
allowable reduction in slab thickness.  Therefore, for live loads of 50 PSF or less, the most economical flat 
plate floor system is one with a minimum thickness obtained from Table 9.5(c) and a concrete compressive 
strength of 4,000 psi. The practical span length range of a flat plate supporting 50 PSF live load is 
approximately 15 to 30 feet. 
 
For live loads of 100 PSF or more, the thickness of the slab will be more than likely be controlled by shear 
stresses at the critical section around the columns and bending moments in the slab, and not be deflection 
criteria.  Slabs thicker than that required by Table 9.5(c) are generally required to resist the larger punching 
shear stresses associated with these larger live loads.  Although a thicker slab may result in a decrease in the 
required amount of flexural reinforcement, the reduction in the cost of reinforcement will not offset the 
increase in the cost of concrete.  In addition, using a higher strength concrete is not the most effective way of 
increasing the nominal moment or shear strength provided by the concrete at the critical section around the 
columns.  Therefore, for live loads of 100 PSF, the most cost-effective solution is to use a slab thickness 
equal to the minimum required for strength and a concrete compressive strength equal to 4,000 psi. The 
practical span length range of a flat plate supporting 100 PSF live load is approximately 15 to 25 feet. 
 
It should also be noted that as was the case with one-way joists, beams and columns, it is also possible to 
reduce the live loads on two-way slab systems (both flat plates and flat slabs) per the previsions of ASCE 7-
05. In addition, it should also be noted that for column cumulative load or “take-down” analysis, combining 
the loads from 2 orthogonal panels at the same time will result in more axial dead and live load on the 
column than really exists. Therefore, column loads should be based on tributary area and not design strip 
reactions. 
 
Column Dimensions 
 
The height and cross-sectional dimensions of the columns above and below the floor slab affect the bending 
moments and shear forces transmitted to the slab.  The magnitudes of these reactions depend on the relative 
stiffness of the columns and slab.  By definition the stiffness of a column is EcI/L; where E is the modulus of 
elasticity of the concrete, I is the moment of inertia of the column cross-section and L is the height of the 
column.  Since the stiffness is inversely proportional to L, a longer column is more flexible (i.e. less stiff).  A 
more flexible column allows greater rotation at the slab-column joint, resulting in larger bending moments in 
the slab. 
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The cross-sectional column dimensions also have an effect on the bending moments in the slab. This is 
because the column dimensions parallel to the direction of analysis establishes the clear span lengths, which 
in turn are used in determining the bending moments for some of the methods of analysis discussed later in 
this lecture.  The dimensions of the column also directly affect the magnitude of I in the stiffness equation. 
Because the properties of the critical shear section are also related to the cross-sectional dimensions of the 
column, the shear stresses are also impacted by the column size. Therefore, a larger column width or depth 
results in a larger nominal shear strength provided by the concrete. 
 
Aspect Ratio 
 
The aspect ratio of a slab panel is defined as the larger dimension of the panel divided by the smaller 
dimension of the panel, measured center-to-center of the supports.  If the aspect ratio exceeds 2, the slab will 
act primarily as a one-way slab spanning the short direction.  For an aspect ratio other than 1, the longer span 
will dictate the slab thickness, resulting in a loss of economy.  Therefore, unless column layout is dictated by 
architectural or other functional requirements, square bays should be used, since they provide the most 
economical layout. 
 

Flat Slabs: 
 

Slab and Drop Panel Thickness 
 
A flat slab floor system is similar to a flat plate floor system, with the exception that the flat slab has 
thickened portions around the columns called drop panels (see Figure 2).  The drop panels are sometimes 
also supported by a flared column top, which is referred to as a column capital, however, the use of column 
capitals is not as common as it once was because of the increased cost of forming these same elements. The 
primary purpose of drop panels is to increase the nominal shear strength of the concrete at the critical section 
around the columns. Drop panels also increase the relative stiffness of the slab which in turn reduces the 
unbalanced moments that are transferred to the column. The flat slab system has advantages that are similar 
to the flat plate, with the exception that additional forming costs are associated with the construction of the 
drop panels. 

 
FIGURE 2 

 
The minimum thickness requirements for flat slabs are also given in Sect. 9.5.3 of ACI 318-05.  The 
minimum thickness of flat slabs is 10% less than that required for flat plates.  Minimum dimensions for drop 
panels are given in Sect. 13.2.5 (see Figure 3).  The drop panel shall extend in each direction from the 
centerline of the support a distance not less than one-sixth of the span length measured from center-to-center 
of supports in the same direction.  Also, the projection of the drop panel below the slab shall be at least one-
quarter of the slab thickness.  The minimum slab thickness must be increased by 10% if drop panel 
dimensions provided do not conform to these provisions.  Drop panel dimensions are also controlled by 
formwork considerations (see Figure 23, Lecture 6). 
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FIGURE 3 

 
Typically in the preliminary design stage, a slab thickness is chosen based on the minimum thickness 
requirements of Sect. 9.5.3.  The plan dimensions of the drop panels are then determined based on the 
minimum lengths specified in Section 13.2.5.  The shear stresses at the critical section around the column are 
then checked based on the minimum drop panel depths conforming to Section 13.2.5, taking into account the 
formwork details referenced above.  If this proves to be inadequate, the next larger drop panel depth is used 
until the shear strength requirements are satisfied.  In addition, per the requirements of Section 11.12.1.2, the 
shear stresses must also be checked at the critical section around the drop panels. 
 
For a live load of 50 PSF or less, flat slabs are cost-effective for span lengths between 30 and 35 feet.  The 
economical range is 25 to 35 feet for a live load of 100 PSF.   
 
Column Dimensions 
 
The impact of the column dimensions for a flat slab are similar to that described for a flat plate system. In 
addition, flat slabs with column capitals at the drop panels can also impact the shear capacity and flexural 
stiffness of the system. 
 
Aspect Ratio 
 
As with flat plates, square bay sizes with an aspect ratio equal to 1 represent the most economical floor 
layout for flat slabs with drop panels. 
 

Other Two-Way Systems: 
 

Although two-way concrete framing systems other than flat plates and flat slabs will not be discussed as a 
part of this lecture, it is important to recognize that at least two other two-way systems are used occasionally. 
These systems are a two-way joist system (commonly referred to as a waffle slab) and a two way beam 
system.  An illustration of a waffle slab was provided in Figure 19 of Lecture 6. An illustration of a two-way 
beam system is shown in Figure 4 below. 
 

 
FIGURE 4 
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Methods of Analysis 
 

General Discussion: 
 
Design Strips and Gravity & Lateral Load Analysis 
 
The analysis of a two-way slab system can be accomplished by either the Direct Design Method (Section 
13.6) or the Equivalent Frame Method (Section 13.7).  Both methods of analysis involve dividing the slab-
beam (or panel) into design strips consisting of a column strip and two half middle strips as defined in 
Section 13.2.1 and 13.2.2, respectively (see Figure 5a and 5b).  The column strip is defined as having a width 
equal to one-half the transverse (ℓ2) or longitudinal span (ℓ1), whichever is smaller.  The middle strip is 
bounded by two adjacent column strips.  Some judgment is required in applying the definitions given in 
Section 13.2.1 for column strips when varying span lengths occur along the design strip. The reason for 
specifying that the column strip width be based on the shorter of ℓ1 or ℓ2 is to account for the tendency for 
moment to concentrate about the column line when the span length of the design strip is less than its width.  

 
FIGURE 5a & b 

 
Both of the methods of analysis prescribed by the ACI Code are intended for gravity load analysis only, 
however, the Equivalent Frame Method (EFM) may be used for lateral load analysis if the stiffnesses of the 
frame members are modified to account for cracking and other relevant factors.  The other relevant factors 
that affect the stiffness of the slab include the parameters; ℓ2/ℓ1, c1/ℓ1 and c2/c1, and the concentration of 
reinforcement in the slab width defined in Section 13.5.3.2 for unbalanced moment transfer by flexure.  This 
added concentration of reinforcement increases stiffness by preventing premature yielding and softening in 
the slab near the column supports.  Consideration of the actual stiffness due to these factors, in addition to 
the effective cracked inertia, is important for lateral load analysis because the magnitude of lateral 
displacement can significantly affect the moments in the columns.  The initial assumption of the cracked slab 
inertia (with minimum reinforcement at all locations) should be based on the stiffness for a slab-beam equal 
to one fourth of the gross area of concrete (i.e. Ksb/4). Although a two-way flat plate or slab can be used as a 
rigid moment frame for buildings 4 to 6 stories in height, it is more common to use shearwalls as the lateral 
resisting element for these types of structures. 

 
The Direct Design Method (DDM) is an approximate method that uses moment coefficients. The EFM is a 
more complicated and more exact method than the DDM.  Both methods are also limited in application to 
buildings with columns and/or walls laid out on a basically orthogonal grid (i.e. longitudinal and transverse 
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column lines throughout the building are mutually perpendicular).  Both methods are applicable to slabs with 
or without beams between supports.  However, it is also important to note that neither method is applicable 
to slab systems with beams spanning between other beams. Therefore any beams accounted for by these two 
methods must be located along the column lines and supported by the columns or other essentially non-
deflecting supports at the corners of the slab panels (as defined by Section 13.2.3). It should be noted that in 
this lecture the term “panel” is sometimes used interchangeably with the term design strip (i.e. a column strip 
plus two adjacent half middle strips) due to the fact that my interpretation of the terminology is based on a 
personal opinion that the term “panel” as defined by Section 13.2.3 should be replaced by the term “bay”. 
 
In addition to both methods of analysis dividing the slab-beam into design strips consisting of a column strip 
and middle strips, both methods of analysis also distribute gravity load moments (and lateral load moments 
for the EFM) at critical sections of the slab-beam in accordance with Section 13.6.4 and 13.6.6 to the column 
and middle strips, respectively. 
 
Shear Transfer 
 
When two-way slabs are supported directly by columns (as is typically the case), shear around the columns is 
of critical importance.  Shear strength at an exterior slab-column connection (without edge beams) is 
especially critical because the total exterior negative slab moment, in addition to the applied shear, must be 
transferred directly to the column via the slab.  This aspect of two-way slab design should not be taken 
lightly by the designer. An example of what can happen when this component of two-way design is not 
closely monitored can be found an article entitled Communication Breakdown, It’s Always the Same from the 
2007 November issue of STRUCTURE Magazine. 
 
Two types of shear must be considered in the design of flat plates or flat slabs supported directly on columns.  
The first is the familiar one-way or beam-type shear, which may be critical in long narrow slabs. Analysis for 
beam shear assumes the slab acts as a wide beam spanning between the columns.  The critical section is 
taken at a distance d from the face of the column.  The design check for beam shear consists of satisfying the 
requirements illustrated in Figure 6a.  Beam shear in slabs is seldom a critical factor in design, as the shear 
force is usually well below the shear strength of the concrete.  
 
Two-way or “punching” shear is generally the more critical of the two types of shear in slab systems 
supported directly on columns.  Punching shear considers failure along the surface of a truncated cone or 
pyramid around the column.  The critical section is taken perpendicular to the slab at a distance d/2 from the 
perimeter of a column (see Figure 6b).  For all practical purposes, only direct shear (uniformly distributed 
around the perimeter bo) occurs around interior slab-column supports where no (or insignificant) moment is 
to be transferred from the slab to the column.  Significant moments may, however, have to be transferred at 
interior supports when unbalanced gravity loads on either side of the column or horizontal loading due to 
lateral forces must be transferred from the slab to the column.  At exterior slab-column supports, the total 
exterior slab moment from gravity loads (plus any lateral load moments due to wind or earthquake) must be 
transferred directly to the column, in addition to the direct shear, via the critical sections of the slab as 
defined by the Code. 
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FIGURE 6a & b 

 
It should be noted that the tributary areas used for the calculation of Vu in the DDM for edge panels in a two-
way slab with no edge beams should be based on that indicated in Figure 7 below. The tributary area from 
the center of the exterior column for flat plates with edge beams should be based on 0.45 ℓ while the 
tributary area of all interior columns should be based on 0.50ℓ from the center of the column. 

 
FIGURE 7 
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Moment Transfer 
 
Transfer of moments between a slab and a column takes place by a combination of flexure (Section 13.5.3) 
and eccentricity of shear (Section 11.12.6.). Shear due to moment transfer is assumed to act on a critical 
section at a distance d/2 from the face of the column (the same critical section around the column as that 
used for direct shear transfer, see Figure 6b). The portion of the moment transferred by flexure is assumed to 
be resisted by a width of slab equal to the transverse column width (c2) plus 1.5 times the slab thickness on 
either side of the column.  A concentration of negative reinforcement is used to resist moment within this 
same effective slab width.  The combined shear stress due to direct shear and moment transfer often governs 
the design of two-way slabs, especially at the exterior slab-column supports. 
 
The portions of the total unbalanced moment (Mu) to be transferred by eccentricity of shear and by flexure 
are given by Equations 11-39 and 13-1, respectively, where γvMu is considered transferred by eccentricity of 
shear and γfMu is considered transferred by flexure.  At an interior square column (where b1 = b2) 40% of the 
moment is transferred by eccentricity of shear (γvMu = 0.40Mu) and 60% by flexure (γfMu = 0.60Mu).  The 
moment (Mu) at the exterior slab-column support will generally not be computed at the centroid of the 
crucial transfer section.  In the EFM, moments are computed at the column centerline.  In the DDM, 
moments are computed at the face of support.  
 
Therefore, based on all of the above, the factored shear on the critical transfer section at the column-slab 
interface is the sum of the direct shear and the shear caused by a portion of the transfer moment such that; 
 

vu = (Vu/Ac) + ((γvMuc)/J) ≤ Φ4(f’c)1/2 
 
Where: Ac = Area of critical section 
 
 c = Distance from centroid of critical section to face of section where stress is being computed 
 
 J = Property of critical section analogous to polar moment of inertia 
 

γv = 1 – γf; and γf = 1/((1 + ((2/3)(b1/b2)½))); see Figure 16-12 on the next page for an illustration of b1 
and b2 

 
It should be noted that in the case of flat slabs (with drop panels), two different critical sections need to be 
considered in the punching shear calculations, as shown in Figure 8. 

 
FIGURE 8 

 
Unbalanced moment transfer between slab and an edge column (without spandrel beams) requires special 
consideration when slabs are analyzed by the DDM for gravity loads per the requirements of Section 
13.6.3.6. See a further discussion of this topic below. Also, per Section 13.5.3.3, at exterior supports, for 
unbalanced moments about an axis parallel to the edge, the portion of moment transferred by eccentricity of 
shear (γvMu) may be reduced to zero provided that the factored shear at the support (excluding the shear 
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produced by moment transfer) does not exceed 75% of the shear strength (ΦVc) defined in Section 11.12.2.1 
for edge columns or 50% for corner columns.  It should be noted that as a part of this Code provision, as 
γvMu is decreased, γfMu is increased. 
 
For interior supports, the unbalanced moment transferred by flexure is permitted to be increased up to 25% 
provided that the factored shear (excluding the shear caused by moment transfer) at the interior support does 
not exceed 40% of the shear strength (ΦVc) as defined in Section 11.12.2.1. 
 
It should be noted that the above modifications are permitted only when the reinforcement ratio within the 
effective slab width defined in Section 13.5.3.2 is less than or equal to 0.375ρb.  This provision is intended to 
improve ductile behavior of the column-slab joint. 
 
Methods for calculating the transfer of moment (and shear) in slab-column connections of two-way slabs as 
required by Section 11.12.6 are provided below. It should be noted that it is not necessary to perform a 
combined biaxial analysis of the transfer moment critical section. This is because tests have shown that it is 
not necessary. In addition, for reasons similar to that described above for column cumulative load or “take-
down” analysis, combining the loads from 2 orthogonal panels at the same time is overly conservative. 
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Direct Design Method: 
 
The Direct Design Method (DDM) is an approximate procedure for analyzing two-way slab systems for 
gravity loads only. All design moments used in the DDM are determined directly from moment coefficients 
provided by the Code. The DDM does not include a live load pattern analysis as restricted by Item #5 below. 
The method is limited to slab systems meeting the restrictions specified in Section 13.6.1.  Two-way slab 
systems not meeting these limitations must be analyzed by more accurate procedures such as the Equivalent 
Frame Method.   
 
The limitations of the DDM include: 
 

1. There must be 3 or more spans continuous in each direction. 
 
2. Slab panels must be rectangular with a ratio of longer to shorter span (based on centerline-to-

centerline of supports) not greater than 2.5. 
 

3. Successive span lengths (based on centerline-to-centerline of supports) must not differ by more than 
1/3 of the longer span. 

 
4. Columns must not be offset more than 10% of the span (in the direction of offset) from either axis 

between centerlines of successive columns. 
 

5. Loads must be uniformly distributed with the unfactored or service live load not more than 2 times 
the unfactored or service dead load (i.e. L/D ≤ 2.0). It should be noted that it has been found that this 
provision satisfies the equivalent design requirements of a 2000# concentrated load on a 20 feet 
square and larger panel. 

 
6. For two-way beam-supported slabs, the relative stiffness of the beams in two perpendicular directions 

must satisfy the minimum and maximum requirements provided in Section 13.6.1.6. 
 

7. Redistribution of moments per Section 8.4 is not permitted. 
 
Once a preliminary or trial slab thickness has been selected, the DDM involves essentially a three-step 
analysis procedure, which includes:   
 

1.Determining the total factored static moment for each span. 
 
2.Dividing the total factored static moment between negative and positive moments within each span. 

 
3.Distributing the negative and positive moment to the column and the middle strips in the transverse 

direction. 
 
Factored Moments 
 
The total static design moment (Mo) for a span of the design strip = (quℓ2ℓn

2)/8; where qu = the combined 
factored dead and live load = (1.2wd + 1.6wl) or (1.4wd +1.7wl) per Appendix B and C; ℓn is the clear span in 
the direction of analysis; and ℓ2 is the centerline-to-centerline span of the transverse panel. It should be noted 
that when computing ℓn for circular columns or circular column capitals, the equivalent square column size 
that can be used is 0.886dc, where dc is the diameter of the column. This same equivalent square column size 
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is also used when calculating the critical perimeter section properties for shear and moment transfer to the 
column for both the DDM and EFM. 
For either a flat plate or flat slab without spandrels, the total static moment for a span is divided into negative 
and positive design moments as shown in Figure 9.  For other end span conditions, the total static moment 
(Mo) is distributed as shown in Table 1. 
 

 
FIGURE 9 

 
TABLE 1 

 
It should be noted that Section 13.6.3.6 requires that the minimum fraction of the design moment that must 
be used for the moment transferred by the eccentricity of shear is 0.30 Mo for a beamless slab edge at an 
exterior column. This fraction of the design moment is then factored by γv. Although it may seem 
inconsistent that the moment transfer coefficient required for this aspect of the design is greater than that 
required for the actual design of the slab (0.26 per Figure 9 and Table 1), this approach is required in order to 
assure that shear failures at this most critical support condition do not occur. 
 
The negative and positive design moments are further distributed to the column and middle strips of the 
design panel. However, the column strip at the exterior of an end span is required to resist the total factored 
negative moment in the design panel unless edge beams are provided. Also, when the transverse width of a 
support is equal to or greater than three quarters (3/4) of the design panel width, Section 13.6.4.3 requires 
that the negative factored moment be uniformly distributed across the entire design strip width (ℓ2). 
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The percentage of total negative and positive factored moments to be resisted by a column strip can be 
determined from the tables in Sections 13.6.4.1 (interior negative), 13.6.4.2 (exterior negative) and 13.6.4.4 
(positive), or from the following expressions shown below. It should be noted that the effect of βt in Section 
13.6.4.2, as already indicated above, is to assign all of the exterior negative factored moment to the column 
strip and none to the middle strip unless an edge spandrel beam is present. 

 
 
For slabs without beams between supports (αf1 = 0) and without edge beams (βt = 0) the distribution of the 
negative moments to column strips is simply 75 and 100 percent for interior and exterior supports, 
respectively, and the distribution of total positive moment is 60%.  An illustration of the transfer of the 
negative moment at the exterior support for a slab without beams is shown in Figure 10 below. 
 

 
FIGURE 10 

 
Factored moments not assigned to the column strips must be resisted by the two half-middle strips that 
comprising the remainder of the design strip.  An exception to this is a middle strip adjacent to and parallel 
with an edge supported by a wall. At this condition, the moment to be resisted is twice the factored moment 
assigned to the half middle strip corresponding to the first row of interior supports.   
 
As indicated above, the distribution of the total moment (Mo) into negative and positive moments, and then 
into column and middle strip moments, involves direct application of moment coefficients to the total 
moment Mo.  The moment coefficients are a function of the location of span (interior or end), slab support 
conditions, and type of two-way slab system.  For design convenience, moment coefficients for typical two-
way slab systems are provided below in relation to the support conditions illustrated in the corresponding 
diagrams. 
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The coefficients in table above are valid for βt ≥2.5 
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Equivalent Frame Method: 
 

The Equivalent Frame Method (EFM) of analysis converts a three-dimensional frame system with two-way 
slabs into a series of two-dimensional frames (slab-beams and columns), with each frame extending the full 
height of the building, as illustrated in Figure 11.  The width of each equivalent frame extends to mid-span 
between column centerlines. The EFM of elastic analysis is applicable for buildings with columns laid out on 
a basically orthogonal grid, with column lines extending longitudinally and transversely through the 
building. The analysis method is applicable to slabs with or without beams between supports.  Also, as 
previously indicated above, the EFM may be used for lateral load analysis if the stiffnesses of frame 
members are modified to account for cracking and other relevant factors.  It should also be noted that there 
are no limitations on the maximum ratio of; live load to dead load, longitudinal to transverse span, or 
adjacent successive spans, as is the case with the DDM. 
 

 
FIGURE 11 
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As is the case with the DDM, and in reference to Figure 5a and 5b above, some judgment is required in 
applying the definitions given in Section 13.2.1 for slab systems with varying span lengths along the design 
strip.  Members of the equivalent frame are slab-beams and torsional members (transverse horizontal 
members) supported by columns (vertical members).  The torsional members provide moment transfer 
between the slab-beams and the columns.  The initial step in the frame analysis requires that the flexural 
stiffness of these same equivalent frame members be determined. The equivalent frame members are 
illustrated in Figure 12. 

 
FIGURE 12 

 
Slab-Beams 
 
Common types of slab systems with and without beams between supports are illustrated in Figures 13 and 
14.  Cross-sections for determining the stiffness of the slab-beam members (Ksb) between support centerlines 
are shown for each type of slab-beam illustrated in Figures 13 and 14.  These equivalent slab-beam stiffness 
diagrams may be used to determine moment distribution constants and fixed-end moments for equivalent 
frame analysis. 

 
FIGURE 13 
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FIGURE 14 

 
Stiffness calculations for the above slab-beam elements are based on the following considerations: 
 

a. The moment of inertia of the slab-beam between the face of the supports is based on the gross cross-
sectional area of the concrete.  Variation in the moment of inertia along the axis of the slab-beam  
between supports must be taken into account (see Section 13.7.3.2). 

 
b. A support is defined as a column, capital, bracket or wall.  Note that a beam is not considered a 

supporting member for the equivalent frame (see Section R13.7.3.3). 
 

c. The moment of inertia of the slab-beam from the face of support to the centerline of support is 
assumed equal to the moment of inertia of the slab-beam at the face of support, divided by the 
quantity (1 – (c2/ℓ2))2 (see Section 13.7.3.3). 

 
The magnification factor (1 – (c2/ℓ2))2 applied to the moment of inertia between support face and support 
centerline, in effect, makes each slab-beam at least a haunched member within its length.  Consequently, 
stiffness, carryover factors and fixed-end moments based on  the usual assumptions of uniform prismatic 
members cannot be applied to the slab-beam members. 
 
Columns 
 
Common types of column end support conditions for slab systems are illustrated in Figure 15.  The column 
stiffness is based on a height of column (ℓc) measured from the mid-depth of the slab above to the mid-depth 
of the slab below.   
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FIGURE 15 

 
The stiffness diagrams above are based on the following considerations: 
 

a. The moment of inertia of the column outside the slab-beam joint is based on the gross cross-sectional 
area of the concrete.  Variation in the moment of inertia along the axis of the column between slab-
beam joints is taken into account.  For columns with capitals, the moment of inertia is assumed to 
vary linearly from the base of the capital to the bottom of the slab-beam (see Section 13.7.4.1 and 
13.7.4.2). 

 
b. The moment of inertia is assumed infinite from the top to the bottom of the slab-beam at the joint.  As 

with the slab-beam members, the stiffness factor Kc of the columns cannot be based on the 
assumption of uniform prismatic members (see Section 13.7.4.3). 

 
Torsional Members 
 
Torsional members of common slab-beam joints are illustrated in Figure 16.  The cross section of a torsional 
member is the largest of those defined by the three conditions given in Section 13.7.5.1 with the governing 
condition (a, b or c) indicated below each diagram shown in Figure 16. 

 
FIGURE 16 
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The stiffness (Kt) of a torsional member is calculated by the following expression: 
 

Kt = ∑((9EcsC)/( ℓ2(1 – (c2/ℓ2))3)) 
 
The summation of Kt extends over two transverse torsional members for an interior frame and only one 
transverse torsional member for an end or exterior frame. The term C is a cross-sectional constant that 
defines the torsional properties of each torsional member framing into a joint where; 
 

C = ∑((1 – 0.65(x/y))((x3y)/3)) 
 

Where; x is the shorter dimension of the rectangular part and y is the longer dimension of a rectangular part. 
An illustration of the application of the expression C is shown in Figure 17. 

 
FIGURE 17 

 
If beams frame into the support in the direction of the span under consideration, the torsional constant Kt 
given above must be increased as follows; 
 

Kta = (KtIsb)/Is 
 
Where; Is = the moment of inertia of a width of slab equal to the full width between panel centerlines (ℓ2) 
excluding that portion of the beam stem extending above and below the slab (i.e. part A in Figure 12 above); 
and Isb = the moment of inertia of the slab section specified for Is including that portion of the beam stem 
extending above and below the slab. 
 
Equivalent Columns 
 
Although the current Code (see Section R13.7.4) still recognizes the concept of equivalent columns, the 
increasing use of computer programs for the purposes of the EFM has made this concept not as useful. The 
flexural stiffness for equivalent columns (Kec) is provided below: 
 

1/Kec = (1/∑Kc) + (1/∑Kt) 



www.PDHcenter.com                                                       PDH Course S222                                                        www.PDHonline.org 
 

© D. Matthew Stuart   Page 23 of 30 

It should be noted that the equivalent column stiffness Kec at any joint of a two-way slab or plate will be less 
than the stiffness of the column itself, Kc, as is required to represent the fact that the attached torsional 
elements are not capable of transferring the design strip moment to the column that the column would 
otherwise be capable of receiving if the attached torsional elements were infinitively torsionally stiff. 
 
Arrangement of Live load 
 
In the case where the exact loading pattern is not known, the maximum factored moments are developed 
using loading conditions illustrated by the three-span partial frame in Figure 18 and described below:  
 

a. When the service live load does not exceed three-quarters of the service dead load, only loading 
pattern (1) with full factored live load on all spans need be analyzed for negative and positive 
factored moments. 

 
b. When the service live-to-dead load ratio exceeds three-quarters, the five loading patterns shown need 

to be analyzed to determine all factored moments in the slab beam members.  Loading patterns (2) 
through (5) consider partial factored live loads for determining the worse case factored moments.  
However, with partial live loading, the factored moments cannot be taken less than those occurring 
with full factored live load on all spans, therefore load pattern (1) needs to be included in the 
analysis.  

 
FIGURE 18 
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Factored Moments 
 
Moment distribution is probably the most convenient hand calculation method for analyzing partial frames 
involving several continuous spans with the far ends of upper and lower columns fixed.  The mechanics of 
the method will not be described here, except for a brief discussion of the following two points: 
 

1. The use of the equivalent column concept to determine joint distribution factors and, 
 
2. The proper procedure to distribute the equivalent column moment obtained in the frame analysis to 

the actual columns above and below the slab-beam joint. 
 
Negative factored design moments must be taken at the faces of the supports in the EFM, but not at a 
distance greater than 0.175 ℓ1 from the center of the support.  The support member is defined as a column, 
capital, bracket or wall.  It should be noted that since the EFM is no an approximate method like the DDM, 
moment redistribution allowed by Section 8.4 can be used, unless one is designing under the provisions of 
Appendix B and C. 
 
Similar to the DDM, factored moments in the panel (or more precisely the design strip) for both negative and 
positive moments, may be distributed to the column strip and the two half-middle strips of the slab-beam in 
accordance with Sections 13.6.4, 13.6.5 and 13.6.6, provided that the requirements of Section 13.6.1.6 are 
satisfied. 
 
Finally, it should be noted that the check of moment and shear transfer at an exterior column using the EFM 
differs from that performed for the DDM (in which the moment and shear are calculated at the center of the 
joint). This correction is accomplished by using the following formula to adjust the moment about the 
centroid of the shear perimeter when the shear acts through this same point. 
 

Mu = Msj – Mc – ((Vslab + Vcant)esc); where Mc = Vcantec 
 
See Figure 14-15 (page 751) in of your textbook (Reinforced Concrete Mechanics and Design, 4th Edition) 
for an explanation of the other variables used in the above formula. 
  

Other Methods: 
 

Finite Element Analysis (FEA) Method 
 
Two-way slab behavior can be modeled directly using FEA methods, which typically involves plate bending 
elements.  The FEA approach is available in a number of proprietary software packages and is beyond the 
scope of this course. 
 
Explicit Transverse Torsional Member Method 
 
As already described, the behavior of two-way slab systems under gravity and lateral loads is complex.  
Unlike planar frames, in which beam moments are transferred directly to columns, slab moments are 
transferred indirectly, due to the torsional flexibility of the slab.  Also, slab moments from gravity loads can 
“leak” from loaded to unloaded spans. All of these phenomenon must be accounted for in the analysis of a 
two-way slab.  The need to model torsional flexibility and moment leakage has given rise to two main 
analysis approaches for two-way slabs; FEA (see Lecture 12), and equivalent frames (see above). 
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One of the components of the equivalent frame approach is the transverse torsional member procedure. The 
transverse torsional member procedure was developed following extensive testing of two-way slabs in the 
1960’s and 1970’s.  Those portions of the slab attached to the columns and transverse to the direction of the 
span (plus the transverse beams, if any) are assumed to act as transverse torsional members, which transfer 
the moments from the slabs to columns.  These transverse members are assumed rigid except in torsion.  
Moment transfer is treated as occurring directly over the column width c2 and along the torsional members.  
The rotational stiffness of the joint is determined as a function of the torsional stiffness of the transverse 
members on each side of the joint and of the flexural stiffness of the columns above and below the joint.   
 
The transverse torsional member procedure accounts both for slab torsional flexibility and moment leakage 
and has been incorporated into the ACI equivalent frame method.  Another method, termed the Explicit 
Transverse Torsional Member Method (ETTMM), was developed in the late 1980’s at the University of 
Texas, Austin.  In this method, as with the equivalent frame method, member actions are computed, 
distributed to column and middle strips and then used for the design of the slab. I have a personal preference 
for this approach because it is simple and analytically represents a real world physical model that can be 
constructed using any simple three-dimensional frame analysis program. Section 13.5.1 allows for the use of 
this method of analysis. 
 
An illustration of an ETTMM model is shown in Figure 19. Figure 19 shows how conventional columns are 
connected indirectly to two conventional slab-beam elements (each with half the stiffness of the actual slab-
beam) by the explicit torsional members.  The indirect connections using explicit transverse torsional 
members permit the modeling of moment leakage as well as slab torsional flexibility using three-dimensional 
computer software.  Because the transverse torsional members are present only in the analytical model, their 
lengths are arbitrary, provided that their torsional stiffnesses are consistently and properly defined. 
 
The ETTMM has several advantages.  Structural modeling is simple and direct, requiring very few hand 
computations.  Also, computed member actions in the slab-beams and transverse torsional members can be 
used directly for design of slabs and spandrels, respectively.  Finally this method can even be used for true 
three-dimensional analysis of slab systems under combined gravity and lateral loads. 

 
FIGURE 19 

 
Gross member properties are used for slab-beams and columns for gravity analysis, however, when lateral 
loads are present, slab-beam cracking should be considered by multiplying the slab-beam moment of inertia 
by a reduction factor of .33 for flat slabs or flat plates for the initial lateral analysis.  Area, moment of inertia, 
and shear area are all calculated conventionally.  For computer input, the torsional stiffness (J) of the 
transverse torsional members is calculated by the following procedure. First the torsional stiffness (Kt) is 
calculated as: 
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Kt = (Σ9EcC/ℓ2)(1 – (c2/ ℓ2))3 

 

Where: c2 = The size of the column measured transverse to the direction of span 
 

   ℓ2 = The length of span transverse to the direction of span 
 
   C = Cross-sectional constant used to define torsional properties (Section 13.6.4.2) 
 
Using an arbitrary length (L) for the transverse torsional members, the torsional stiffness (Ji) of each 
torsional member is calculated as: 
 

Ji = KtiL/G; where G = Shearing modulus of concrete 
 
The analysis of shear and unbalanced moments at interior and exterior column supports for this method of 
design is similar to the ACI equivalent frame method.  
 
Openings in Two-Way Concrete Floor Slabs 
 
For new construction, the locations and sizes of openings in the slab are usually determined in the early 
stages of design and can be accommodated into the design of the slab in the majority of cases.  However, it is 
also not unusual to be called upon to modify an existing structure for a new slab opening. In this later case 
the analysis and strengthening (if required) are typically more involved than for a similar opening in a new 
slab. This is because it is unlikely that the existing internal reinforcement was arranged and designed to 
account for any future openings. 
 
For existing construction, when the location of small openings is carefully selected, it is often possible to 
accommodate the remedial work without strengthening the slab.  However, it is more common that a new 
opening will require strengthening because the size and location of the opening is dictated by concerns other 
than the strength of the structure.  

 
Openings in New Slabs: 

 
Section 13.4.1 of ACI 318-05 permits openings of any size in any new slab system provided an analysis 
demonstrates both strength and serviceability requirements are satisfied.  As an alternative to a detailed 
analysis for slabs with openings ACI 318-05 also provides the following guidelines for opening sizes in 
different locations for flat plates and flat slabs.  These guidelines are illustrated in Figure 20 for slabs with ℓ2 
≥ ℓ1: 
 

• In the area common to intersecting middle strips, openings of any size are permitted (Section 
13.4.2.1). 

 
• In the area common to intersecting column strips, the maximum permitted opening size is 1/8 the 

width of the column strip in either span (Section 13.4.2.2). 
 

• In the area common to one column strip and one middle strip, the maximum permitted opening size is 
limited such that only a maximum of ¼ of the slab reinforcement in either strip may be interrupted 
(Section 13.4.2.3). 



www.PDHcenter.com                                                       PDH Course S222                                                        www.PDHonline.org 
 

© D. Matthew Stuart   Page 27 of 30 

 
FIGURE 20 

 
In order to use the above simplified approach ACI 318-05 also requires that the total amount of 
reinforcement calculated for the panel without openings in both directions must be maintained. Therefore, 
half of the reinforcement interrupted must be replaced on each side of the opening.  In addition to the 
flexural reinforcement requirements, the reduction in slab shear strength must also be considered when the 
opening is located anywhere within a column strip of a flat slab or within 10 times the slab thickness from a 
concentrated load or reaction.   
 
The effect of the slab opening on the shear capacity of the slab is evaluated by reducing the perimeter of the 
critical section (bo) by a length equal to the projection of the opening enclosed by two lines extending from 
the centroid of the column and tangent to the opening, as shown in Figure 21a.  For slabs with shearheads or 
other similar internal shear reinforcement the effect of the opening is reduced, and bo is reduced by only half 
of the length enclosed by the tangential lines, as shown in Figure 21b. 

 
FIGURE 21a 
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FIGURE 21b 

 
Openings in Existing Slabs: 

 
Small openings in existing slabs are usually core-drilled to the required diameter.  Larger openings are cut 
with a circular saw or a concrete chain saw with plunge cutting capabilities.  Because a saw makes a longer 
cut on the top of the slab than on the bottom, small cores or holes are first drilled at the corners to help avoid 
over-cutting the opening with the saw and to also prevent reentrant corner cracking. Cutting openings in 
existing slabs should be approached with caution and avoided if possible.  When cutting an opening in an 
existing slab, the effect on the structural integrity of the slab must be analyzed first. The following guidelines 
can assist in making preliminary decisions concerning new openings in existing slabs as required to avoid, if 
possible, having to reinforce the slab. 
 
Because the punching shear capacity of the slab around the columns typically governs the thickness of flat 
plates, any openings at the intersection of column strips (see Area 3 in Figure 22) should be avoided as much 
as possible.  This is especially critical near corner and edge columns where the shear stresses in the slab are 
typically highest.  If openings must be made in Area 3, to install for example a drainage pipe, the size of the 
opening should be no larger than 8 inches in diameter.  Because openings cut in this area reduce the critical 
section for resisting punching shear (see Section 11.12.5 of ACI 318-05), any openings cut in this same area 
should be evaluated carefully.  One exception to this guideline is when a column capital is encountered, 
which is common in older structures.  
 

 
Figure 22 
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Openings in Area 2, located at the intersection of column and middle strips, are less critical than in Area 3. 
Small openings having a width less than 15% of the span length can often be made in Area 2 without any 
reinforcement being required.  The most favorable location for openings, from a structural point of view, is 
the intersection of the two middle strips (see Area 1).  Unfortunately, this area is normally the least favorable 
location from an architectural point of view because it is the most disruptive to the function of the space in 
relation to the support columns. 
 
For two-way beam systems, because the shear is transferred to the column through the beams, the total width 
of openings in Area 3 can often be up to ¼ of the span, as long as the beams are left intact.  Openings in Area 
2 can be more problematic because they may intersect the portion of the slab used as the compression flange 
of a T-Beam section.  Area 1 is the least desirable location. However, openings with minimum dimensions 
up to 1/8 of the span can often be located in the intersection of the two middle strips.  When removing an 
entire panel of slab between beams, it is often advantageous to leave enough of a slab overhang to allow for 
the development of the top reinforcing bars from the adjacent slab spans.  In this later case it is also 
important that the beams be checked for torsion because the balancing moments from the portion of the slab 
that was removed will no longer be present.   
 
Openings in new structures can often be accommodated by the proper detailing and introduction of 
additional reinforcing steel in the slab, or thickening of portions of the slab around the opening.  However, 
when it is determined that an existing structure can’t accommodate a new openings there are several 
common strengthening methods that can be used to make the installation of the opening possible. 
 
One of the most common methods for increasing moment capacity in an existing slab detrimentally impacted 
by a new opening is to add steel plates to the surface of a slab using through-bolts, post-installed anchors or 
epoxy.  The installation process is fairly simple, however, because the plates and through-bolts can interfere 
with finish floor surfaces, plates are normally installed on the bottom of the slab only.  Also, because 
overlapping of the plates is difficult, this method works best when strengthening is required in only one 
direction.  
 
A similar method of external reinforcing involves the installation of fiber-reinforced or steel-reinforced 
polymer strips to strengthen the slab.  The strips can be overlapped at the corners of the opening, making 
strengthening in two directions simpler. In addition, this type of strengthening does not typically interfere 
with the finish floor surface as much as anchored steel plates.  The installation of composite materials for the 
purposes of strengthening, however, requires more highly skilled labor that that associated with external steel 
plates. 
 
Another method of strengthening to offset the effects of moment and shear reduction on an existing slab with 
new openings involves the installation of steel beams that span between the main support columns. Shims or 
non-shrink grout should be installed between the top flange of the steel beam and the bottom of the slab to 
assure continuous uniform bearing support between the beam and the existing structure. When only shear 
strengthening is required around columns, another common solution is to install steel or concrete collars 
around the columns to increase the perimeter of the critical section for punching shear.   
 
It is important to remember that exposed reinforcing systems may require fire protection.  Systems that 
incorporate epoxy adhesives must be carefully evaluated, as they can lose strength rapidly at elevated 
temperatures.  For higher levels of strengthening, special coatings (intumescent paint or spray on 
fireproofing) may be required to achieve a specific fire rating.   
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Reinforcement Placement 
 
The minimum extensions for reinforcement in slabs without beams (flat plates and flat slabs) are illustrated 
in Figure 13.3.8 (see Section 13.3.8.1 of ACI 318-05).  It is important to note that the reinforcement details 
shown in Figure 13.3.8 do not apply to two-way slabs with beams between supports or to slabs in non-sway 
or sway frames resisting lateral loads.  For these types of slabs, a general analysis must be made according to  
Chapter 12 of the Code to determine bar lengths based on the moment variation, however, the bar extensions 
cannot be less than those prescribed in Figure 13.3.8. 
 
In slabs without beams, all bottom bars in the column strip shall be continuous or spliced with Class A 
splices or with mechanical or welded splices (satisfying Section 12.14.3) in order to provide some capacity 
for the slab to span to an adjacent support in the event a single support is damaged. The splices shall be 
located as shown in Figure 13.3.8.  Additionally, at least two of these continuous bottom bars shall pass 
through the column and be anchored at exterior supports. For slabs with shearhead reinforcement, inadequate 
clearance may make it impractical to pass the column strip bottom reinforcing bars through the column.  In 
this case, two continuous bonded bottom bars in each direction shall pass as close to the column as possible 
or through holes in the shearhead arms. 
 
Similar to that which was discussed in Lecture 6 for one-way construction, where the bars of each two-way 
orthogonal panel intersect and overlap (in both the positive and negative moment regions for two-way flat 
slab or flat plate construction), in order to account for the reduction in depth from the compression face of 
the slab or plate to the center of gravity of the tension reinforcement, it is necessary to reduce the “d” for at 
least one of the panel elements assumed in the design of the same. In this situation it is common to reduce 
the d for the shortest design strip span in a building with rectangular bays, so that the design strip or panel 
with the longest span can take advantage of the greatest d possible. 
 
It is possible to supplement the shear strength of a two-way flat plate or slab using internal reinforcement.  
Shear reinforcement can include stirrups, shearheads (structural steel sections) and proprietary systems. I 
have never seen conventional stirrups used in a two-way slab and I haven’t seen a shearhead used in two-
way construction since the late 1970’s. The most common type of internal shear reinforcement used today is 
the proprietary systems. The proprietary systems include both vertical headed studs mechanically anchored 
to plates (sometimes referred to as rails) or articulated “zigzag” bars such as the Lenton Steel Fortress.  
 
 
 


	COURSE CONTENT


<<
  /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 ()
  /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 [612.000 792.000]
>> setpagedevice


