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ABSTRACT 

 

The present study was carried out to investigate the effect of subgrade modulus and 

mat thickness on design of mat foundation. The Mat of beam-slab system and uniform 

thickness system were analyzed with loads from 25 story reinforced concrete building 

with uniform and non-uniform height. The mat subjected to gravity load was modeled 

in SAFE 12. The edges of mat were restrained by roller support. That means the mat 

was restrained in all edges horizontally. Vertically there was soil support under the 

mat. A comparative study has been made among some critical positions of the mat 

foundation in order to perceive the influence of soil subgrade modulus and mat 

thickness on mat design.  

Effect of Subgrade modulus was found as (i) The value of negative bending moments 

(midpoint of panel) decreases with soil subgrade modulus, and positive bending 

moments (beneath of columns) increases with soil subgrade modulus for all cases; (ii) 

Mat deflection decreases exponentially with increasing modulus of sub-grade reaction 

at all positions; and (iii) At positions beneath the columns, the contact pressure 

increases with increase of subgrade modulus. Effect of mat thickness was found as (i) 

The value of shear (both positive and negative) increases with the increase of mat 

thickness for all cases. But the change is not significant; (ii) The value of negative 

moment (mid panel) increases with the increase of mat thickness. The positive 

moments (under column) decreases with mat thickness; (iii) At all points deflection 

increases with the increase of mat thickness. However, differential settlement 

decreases with the increase of mat thickness; and (iv) The value of contact pressure 

increases with the increase of mat thickness for all cases. 
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CHAPTER 1 

INTRODUCTION 

 

1.1 General 

High-rise buildings are the essential form of building structure, constructed 

extensively in the heart of the commercial zones of metropolitan cities. On the other 

hand scarcity of land supply encourages the construction of high-rise buildings. Many 

high-rise buildings are constructed in the major city of Bangladesh over the last 30 

years. Now a day’s for aesthetic reasons and functional requirements most of the 

high-rise buildings are constructed in irregular shape and non-uniform height. 

Residential buildings up to 6 storied are very common in Dhaka city, which most 

commonly use individual column footing foundation. But in the high-rise building 

like 9 to 30 stories residential cum commercial buildings, use of mat foundation with 

basement floors is a necessity [1]. 

In recent years mat foundations are very widely used in the construction of high-rise 

buildings as they are usually found to be economical in cases where the base soil has a 

low bearing capacity and column loads are very large [2]. Mat foundation is one of 

the effective shallow foundations, which carries the load to the soil without any 

differential settlement in the soil. It may be used where more than 50% of the area is 

covered by conventional spread footings [3]. 

It is common to use mat foundations for deep basements both to spread the column 

loads to a more uniform pressure distribution and to provide the floor slab for the 

basement. A particular advantage for basements at or below the ground water table is 

to provide a water barrier. Mat foundation may be supported by piles in situations 

such as high ground water to reduce the total settlement [4]. For many multi-story 

projects, a single mat foundation is more economical than constructing a multitude of 

smaller number of isolated foundations [5]. For all these advantages, mat foundations 

are becoming popular every day. 

There are several types of Mat foundation are used currently. The two types of mat 

foundation commonly used are uniform thickness and beam-slab system. The uniform 
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thickness mat is cast on a bed of blinding concrete and moisture-proof membrane to 

prevent damp rising through the slab. The slab is reinforced top and bottom and is of 

uniform thickness. Where the ground has poor compressibility the slab with beam/ 

beam-slab mat foundation which is to support the heavier loads of walls or columns a 

solid slab mat/ uniform thickness system require considerable thickness. To make the 

economical use of reinforced concrete in a mat foundation supporting heavier loads it 

is practice to form a beam-slab mat. This mat consists of up stand or down stand 

beams that take the loads of wall or column and spread them to the monolithically 

cast slab which bears on natural subsoil [6]. 

 

1.2 Background of the Study 

The design of mat foundation is a difficult problem because the structure is highly 

indeterminate and the foundation soil is not elastic. Several methods are available to 

analyze and design mat foundation. The most simplified method is the conventional 

method which considers the mat strip by strip loaded by a line of columns and resisted 

by soil pressure. Each strip is then analyzed as a combined footing having linearly 

varying soil pressure under it. American Concrete Institute (ACI) Committee 336 [7] 

proposed that this method can be used for design if the adjacent spans and column 

loads do not vary by more than 20%. Conventional method (Teng [8], Bowles [9] and 

Arora [10]) assumes the mat to be rigid which is not true for most mats. ACI 

Committee 336 [7] also proposes a more general approach in which the mat is 

assumed to be flexible. This method, known as ACI Approximate Flexible Method 

which is essentially based on the analysis of Schleicher [11]. Shukla [12] presented 

design aids for using this method. Later, this method was further modified by Mician 

[13]. Bowles [9] has proposed Finite Grid Method in which the mat is reduced into a 

grid system consisting of beam-column elements resisting on Winkler medium. There 

is also Finite Difference method (Deryck and Severn [14], Bowles [9]) where the mat 

is modeled as large flat plate on elastic medium [2, 15]. 

Hossain [16] conducted a comparative study of the available analyzing methods for 

mat foundation and felt the need for a rigorous finite element study of the problem. 

Later Molla [17] tested the performance of Midline plate element in finite element 
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analysis of mat foundation and also compared the results with those from other 

available methods. The study of Molla opened a wide horizon for a rigorous finite 

element study of problem with more appropriate and versatile element in search of a 

more economic design of mat. Rahman [2] compared the analysis of mat foundation 

by Finite Element Method using thick shell element with those of Conventional 

methods. Morshed [18] and Sutradhar [19] conducted a comparative analysis between 

finite element method, using Ahmad’s thick shell element with ACI method and 

Conventional method and suggested a mat foundation with variable thickness. 

Similarly, Rahman [20] used plate element to study the behavior of mat foundation 

using the finite element software ANSYS. Based on his work, he suggested a more 

simplified method to design non-uniform mat foundations. Investigation of the effect 

of shear wall on mat foundation was done by Imam [7]. Amin [1] has attempted to 

evaluate the scheduling of mat construction using network based simulation 

techniques. 

Ahmad et al [21] presented a simplified design guideline for mat with non-uniform 

thickness. One type of such configuration is by thickening the mat below the columns 

which saves a large volume of concrete as well as reinforcement. Alshrafa [5] carried 

out the dissimilarities of mat foundations design by applying the conventional rigid 

method and the approximate flexible method. Srilakshmi and Rekha [3] have studied 

the behavior of mat foundation was analysed for different sizes and thicknesses under 

compressive load by using finite element software ANSYS, by assuming that the mat-

soil system as a 2-D axisymmetric.  Investigation of the deflection characteristics of 

mat foundation for structural and soil parameters was carried out by Imam [22]. 

The previous studies have ignored the effect of non-uniform height of high-rise 

building on mat foundation. The majority of tall buildings, very often with 

asymmetric structural scheme and non-uniform height are used for aesthetic reasons 

and functional requirements. This results in eccentricity between the centers of mass 

and stiffness on mat foundation. So the effect of non-uniform height is an important 

factor in designing the mat foundation. With this ends in view, the present study was 

carried out. 
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1.3 Objectives of the Study 

The objectives of the study are as follows: 

i. To observe the effect of sub grade modulus on shear, moment, deflected shape 

and contact pressure of mat foundation for uniform and non-uniform height of 

building. 

ii. To observe the effect of mat thickness on shear, moment, deflected shape and 

contact pressure of mat foundation for uniform and non-uniform height of 

building.  

 

1.4 Methodology 

i) A commercial moment resisting RCC frame building was modeled by using 

FEM software for uniform and non-uniform height. 

ii) Mat thickness and modulus of subgrade reaction was varied 

iii) Shear, moment, deflection and contact pressure at various points were 

observed for various thickness and subgrade modulus. 

iv) Finally results were compared. 

 

1.5  Organization of the Report 

The report is arranged into five chapters and two appendixes. In Chapter One, 

background and objectives of the project is described. Chapter Two contains the 

literature review.  

Chapter Three describe the analysis. Chapter Four contains results and discussion. 

Chapter Five contains the conclusion and recommendation for further research. Table 

of analysis are presented in Appendix A and Appendix B. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Introduction 

A mat foundation is a large concrete slab used to interface columns in several lines 

with the base soil. It occupies the entire foundation area. A raft foundation may be 

used where the base soil has a low bearing capacity and/or the column loads are so 

large that more than 50 percent of the area is covered by conventional spread footings.  

The methods available for analysis of such rafts are rigid beam analysis (conventional 

method) and Non-rigid or Elastic method. Rigid beam analysis can be used when the 

settlements are small. This is the simplest approach. It assumes that mat is infinitely 

rigid with negligible flexural deflection and the soil is a linear elastic material. It also 

assumes the soil bearing pressure is uniform across the bottom of the footing if only 

concentric axial loads are present or it varies linearly across the footing if eccentric or 

moment loads are present. Although this type of analysis is appropriate for spread 

footing, it does not accurately model mat foundations.  

Mats are not truly rigid, so the settlement beneath the columns will be greater than 

that beneath unloaded areas. These differential settlements will cause variations in the 

soil bearing pressure and corresponding changes in the flexural stresses in the mat. 

Mat can be analyzed by using various methods. Finite element analysis is the most 

accurate way of analyzing the raft in which raft can be considered as plate resting on 

elastic foundation. The soil below the raft is treated as either Winkler foundation or 

elastic continuum [23].  

 

2.2 Types of Mat Foundation 

Mat foundations are designed and constructed in different pattern and varying types. 

There are several types of mat foundation, namely  

i. Flat plate: the mat is of uniform thickness, 

ii. Flat plate thickened under columns, 
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iii. Beam-slab system: This mat consists of up stand or down stand beams, 

iv. Slab with basement walls as a part of the mat. 

Figure 2-1 illustrates several possible mat-foundation configurations. Probably the 

most common mat design consists of a flat concrete slab 0.75 to 2 m thick and with 

continuous two-way reinforcing top and bottom. This type of foundation tends to be 

heavily overdesigned for three major reasons [4]: 

i. Additional costs of analysis methods, which are, however, not exact. 

ii. The extra cost of a reasonable overdesign of this element of the 

structure will generally be quite small relative to total project cost. 

iii. The extra margin of safety provided for the modest additional cost. 

The two types of mat foundation commonly used are uniform thickness and beam-

slab system.  

Uniform thickness mat 

The uniform thickness mat is cast on a bed of blinding concrete and moisture-proof 

membrane to prevent damp rising through the slab [6]. This type of mat can be used 

in ground conditions where large settlements are not anticipated and hence a high 

degree of stiffness is not required. The slab is of uniform thickness and is reinforced 

top and bottom to resists bending moment [2]. 

Beam-slab mat foundation 

Where the ground has poor compressibility the slab with beam/ beam-slab mat 

foundation which is to support the heavier loads of walls or columns a solid slab mat/ 

uniform thickness system would require considerable thickness. To make the 

economical use of reinforced concrete in a mat foundation supporting heavier loads it 

is practice to form a beam-slab mat. This mat consists of up stand or down stand 

beams that take the loads of wall or column and spread them to the monolithically 

cast slab which bears on natural subsoil. Figure 2-2 shows the two type of Beam-slab 

mat foundation [6]. 
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2.3 Mat Loading  

i. Concentrated Loads Through Columns 

Dead load and live load of the superstructure are transmitted to the columns through 

beams and floors. All these loads come to the mat foundation as concentrated force 

[2]. 

ii. Self Wight 

Self weight of the mat is considered as uniformly distributed load throughout the 

whole area. The value of this distributed force is counted per unit area and depends on 

the thickness of the mat itself [2]. 

iii. Soil Pressure 

Due to the action of the vertical downward force, the soil gives upward reaction as 

distributed force. The shape of this upward distributed reaction depends on the type of 

loading, soil type, end condition, etc. [2]. 

iv. Buoyancy Force 

When the water table comes near to the ground surface (i.e., depth of water table is 

less than depth of foundation) during reason, the raft is subjected to upward buoyancy 

force [2]. 

v. Seismic Force 

Due to earthquake, the mat foundation is subjected to a base shear, V. it depends on 

the following factors [2] 

  V = (ZIC/R) W 

Where Z = Seismic zone coefficient, 

      I = Structure importance coefficient, 

      R = Response modification coefficient for structural system, 

      W = Total seismic dead load, 

      C = Numerical co-efficient given by the relation: 

  C = 1.25S/T2/3 

      S = Site coefficient for soil characteristics, 

      T = Fundamental period of vibration in seconds. 
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2.4 Mat Settlement 

Mat foundation are commonly used where settlements may be a problem, for 

example, where a site contains erratic deposits or lenses of compressible materials, 

suspended boulders, etc. The settlement tends to be controlled via the followings: 

i. Use of a larger foundation to produce lower contract pressure. 

ii. Displaced volume of soil (floatation effect); theoretically if the weight of 

excavation equals the combined weight of the structure and mat, the 

system “floats” in the soil mass and no settlement occurs. 

iii. Bridging effects attributable to 

a. Mat rigidity 

b. Contribution of superstructure rigidity to the mat. 

iv. Allowing somewhat larger settlements, say, 50 instead of 25 mm. 

The flotation effect should enable most mat settlements, even where consolidation is a 

problem or piles are used, to be limited to 50 to 80 mm. A problem of more 

considerable concern is differential settlement. Again the mat tends to reduce this 

value. We can see in Figure 2-3 that bending moments (6EIΔ/L²) and shear forces (12 

EIΔ/L3) induced in the superstructure depend on relative movement A between beam 

ends. Mat continuity results in a somewhat lower assumed amount of differential 

settlement relative to the total expected settlement versus a spread footing as shows 

Table 2.1. 

Computer methods that incorporate frame-foundation interaction can allow one to 

estimate both total and differential settlements. The total settlements will be only as 

good as the soil data, however, and if other than a strip from the mat is used as a 

beam-on-elastic foundation type of analysis, the computational effort is substantial. 

The differential settlement may be arbitrarily taken as 20 mm (0.75 in.) if the total 

expected settlement ΔH is not more than 50 mm or may be approximated using a 

rigidity factor Kr 

ACI Committee 336 [7] defined rigidity factor Kr as 

   Kr =  
EIb may be taken as 

Elb = EIf + ∑EIbi + ∑  
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Where Elb = flexural rigidity of the superstructure and mat 

E = composite modulus of elasticity of superstructure frame 

EIf = footing or mat flexural rigidity 

Es = modulus of elasticity of soil 

∑  = effective rigidity of shear walls perpendicular to B; h = height; a = 

wall thickness 

∑EIbi = rigidity of the several members making up the frame resistance 

perpendicular to B 

B = base width of foundation perpendicular to direction of interest 

ACI Committee 336 [7] suggests that mat differential settlements are related to both 

the total estimated foundation settlement ΔH and the structure rigidity factor Kr [4]. 

 

2.5 Design of Mat Foundation 

There are several methods to design a mat (or plate) foundation [4]. 

1. An approximate method: The mat is divided into strips loaded by a line of 

columns and resisted by soil pressure. This strip is then analyzed as a combined 

footing. This method can be used where the mat is very rigid and the column pattern 

is fairly uniform in both spacing and loads.  

2. Approximate flexible method: This method was suggested by ACI 

Committee 336 [7]. 

3. Discrete element methods: In these the mat is divided into elements by 

gridding. These methods include the following: 

a. Finite-difference method (FDM) 

b. Finite-element method (FEM) 

c. Finite-grid method (FGM) 

 

2.6 Sub Grade Modulus of Soil 

To calculate moment, shear and deflections in a mat foundation subjected to given 

loads, one has to determine the modulus of subgrade reaction (also called soil spring 
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constant or coefficient of subgrade modulus). The modulus of subgrade reaction is a 

conceptual relationship between soil pressure and deflection that is widely used in the 

structural analysis of foundation members. It is defined as the ratio of the intensity of 

soil pressure (q) to the soil deflection (δ) at a point of the surface of contact and 

expressed as [4], 

   

 

  

The coefficient of sub grade reaction, Ks, identifies the characteristics of foundation 

supporting and has a dimension of force per length cubed. Many researches including 

Biot [24], Terzaghi [25], Vesic [26], and most recently Daloglu and Vallabhan [27] 

have investigated the effective factors and determination approaches of Ks. Geometry 

and dimensions of the foundation and soil layering are assigned to be the most 

important effective parameters on Ks. Generally Ks can be obtained by plate load test.  

Many researchers have worked to develop a technique to evaluate the modulus of 

subgrade reaction, Ks. Terzaghi [25] made some recommendations where he 

suggested values of Ks for 1×1 ft rigid slab placed on a soil medium; however, the 

implementation or procedure to compute a value of Ks for use in a larger slab was not 

specified. Biot [24] solved the problem for an infinite beam with a concentrated load 

resting on a 3D elastic soil continuum. He found a correlation of the continuum elastic 

theory and Winkler model where the maximum moments in the beam are equated 

[23]. 

 

2.7 Deep Beam on Beam-Slab Mat 

Beam-slab mat consists of up stand or down stand deep beams that take the loads of 

wall or column and spread them to the monolithically cast slab which bears on natural 

subsoil.  

Some concrete members have depth much greater than normal, in relation to their 

span, while the thickness in the perpendicular direction in much smaller than either 

span or depth. The main loads and reactions act in the plane of the member and a state 

of plane stress in the concrete is approximated. Members of this type are called deep 

 

           Ks  
 

= 

q 

δ  



11 
 

beams. They can be defined, as beams having a ratio of span to depth ln/h of about 5 

or less or having a shear span a less than about twice the depth.  

Examples of members of this type are found in transfer girders used in multistory 

buildings to provide column offsets in foundation walls, walls of rectangular Tanks 

and bins, floor diaphragms and shear walls as well as in folded plate roof structures. 

The behaviors of deep beams are significantly different from that of beams of more 

normal proportions requiring special consideration in analysis, design and detailing of 

reinforcement.  

Deep beams are usually loaded along the top edge as in the Figure 2-4 (a), with 

reactions provided at the bottom. However in some cases, e.g., the side walls of 

storage bins, the loads may be applied along the bottom edge, as in the Figure 2-4(b). 

Loads also be applied more or less uniformly throughout the depth, as in the       

Figure 2-4 (c), by other deep members framing in the right angles and reactions may 

also be distributed through the depth. Deep beams may be simply supported or 

continuous. Because of their proportions, they are likely to have strength controlled 

by shear. On the other hand, their shear strength is likely to significantly greater than 

predicted by the usual equations. Special design methods account for these differences 

[28].  
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Table 2-1: Total allowable settlement [4] 

 

Foundation type Allowable maximum 

settlement (mm) 

Allowable differential settlement 

(mm) 

Spread 25 20 

Mat 50 20 
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Figure 2-1: Common types of mat foundation. (a) Flat plate; (b) plate thickened under 

columns; (c) and (d) beam-slab system; (e) basement walls as part of mat [4]. 
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 Figure 2-2: Beam-slab system mat foundation [6]. 
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Figure 2-3: Reduction of bending moments in superstructure by using mat foundation. 

Bending moment M is based on differential settlement between columns and not on 

total settlement [4]. 
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Figure 2-4: Placement of loads on deep beams: (a) loads applied along the 

compression edge; (b) loads suspended along the tension edge; (c) loads distributed 

through depth [28].
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CHAPTER 3 

NUMERICAL MODELING AND ANALYSIS 

 

3.1 General 

Finite element method is the most powerful and versatile of all the available 

numerical analysis techniques. In this method the structure to be analyzed is modeled 

as an assemblage of a finite number of elements and the displacements of the 

connecting points. Mat foundation is a three dimensional thick plate structure. When 

superstructure loads are being transferred, mat transverse bending moment and 

flexural shear are the most important internal forces produced in response to the loads. 

Superstructural loads are axial column forces and column base transferred moments. 

Thick plate option has been taken into considerations readily available in most recent 

and pioneer mat foundation analysis and design by Finite Element Method named 

SAFE. For the study, idealized 25 (twenty five) storey buildings with mat foundation 

of beam-slab system and uniform thickness system have been modeled and analyzed 

for gravity loads using three dimensional structural analysis software ETABS. Three 

dimensional analysis model support reactions i.e. axial forces and base moments have 

been transferred to finite element mat foundation analysis software SAFE.  

 

3.2 Description of the Building 

The structure consisted of a 25 storey commercial building with three underground 

basements having shear walls. This model had eight bays in X- direction and six bays 

in Y-direction. In this model column center to center spacing (7.62m) and beam cross 

sectional properties were taken uniform. Column size was varying with height of 

building. In the case with uniform height the building covered total land area whereas 

in the case with non-uniform height the building covered total land area from ground 

floor to 7 stories and after that it covered 75% of the total land area. Figure 3-1, 3-2, 

3-3 and 3-4 shows the picture of the model of the structure.  
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3.3 Structural Idealization 

The Mat of beam-slab system and uniform thickness system were analyzed with loads 

from 25 story reinforced concrete building with uniform and non-uniform height. 

While analyzing the mat effect of changing of the variable parameter was observed. 

The variations of parameters of these models were given in Table 3-1. The edges of 

mat were restrained by roller support. That means the mat was restrained in all edges 

horizontally. Vertically there was soil support under the mat. Soil support was directly 

given as subgrade modulus in the software. Boundary conditions of mat are shown in 

Figure 3-5. 

The material properties of mat were taken as follows – 

Poison’s ratio,  = 0.25 

Modulus of elasticity, E = 24.86 GPa (3604 ksi) and 27.78 GPa (4030 ksi) 

Shear modulus, G = 10.36 GPa (1500 ksi) and 11.57 GPa (1680 ksi) 

Concrete strength, f’c = 27.6 MN/m2 (4 ksi) for slab 

Concrete strength, f’c = 34.5 MN/m2 (5 ksi) for column and beam 

And steel yield strength, fy = 414 MN/m2 (60 ksi). 

 

3.4 Analysis of Mat Foundation 

The Mats were analyzed by the Finite Element Method (FEM) using the software 

SAFE. Maximum mesh size 1.20 m (4 ft) has been taken to get satisfactory accuracy 

of results. 

 

3.6 Geometry of the Mat Foundation 

A 63 m x 47 m (206 ft x 156 ft) mat foundation was used to carry the loads from a 25 

storied building. Figure 3-5 shows the layout of mat foundation. Mat thickness was 

254 cm (100 inches) for uniform thickness and 91 cm (36 inch) and beam 137 cm x 

213 cm (54 in X 84 in) for beam-slab system. Reference Modulus of sub grade 

reaction of soil is 16 MN/m3 (100 k/ft3). The Mat is extended by 91 cm (3 ft) from the 

centre of column. Column size is 137 x 137 cm2 (54 x 54 in2). 
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Table 3-1: Variations of parameters of the models 
 

Parameters 
 

Reference 
value 

 

Ranges of variations 
 

Modulus of sub grade 
Reaction 

16 MN/m3  
(100 k/ft3) 

11, 16, 31, 63, 125. MN/m3 
(72, 100, 200, 400, 800 k/ft3) 

 

Mat 
thickness 

 
 

Uniform 
thickness 
system 

254 cm 
(100 inch) 

213, 244, 254, 274, 305 cm 
(84, 96, 100, 108, 120 inch) 

 

Beam-slab 
system 

91 cm 
(36 inch) 

91, 152 cm 
(36, 60 inch) 

 
Beam size for mat of 

beam-slab system 
137 cm X 213 cm  

(54 in X 84 in) 
137 cm X 213 cm 

(54 in X 84 in) 
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Figure 3-1: Column, beam and slab of non-uniform structure from story 8 to 25. 

 

 
Figure 3-2: Column, beam and slab of non-uniform structure from Basement-3  to 

story 7.
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Figure 3-3:  3D view of the finite element model of non-uniform structure. 
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Figure 3-4:  3D view of the finite element model of uniform structure. 



23 
 

 
 

 

 
Figure 3-5: A 63 m x 47 m (206 ft x 156 ft) Mat Foundation with soil support and 

boundary condition 
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CHAPTER 4 

RESULT AND DISCUSSION 

 

4.1 General 

Mat is a three dimensional thick plate structure that acts integrally with the building 

frame and supported by soil strata. Now-a-days, parking access for high rise building 

is totally dependent on underground basement. Available methods do not emphasis 

different structural parameters such as modulus of sub grade reaction, mat thickness, 

column spacing, column size and mat foundation interactions. Variation of these 

parameters can influence the behavior of mat significantly. For present study subgrade 

modulus and mat thickness were varied. The effect of subgrade modulus and mat 

thickness on shear, moment, deflected shape and contact pressure were observed. 

 

4.2 Effect of Sub grade Modulus 

To observe the “Effect of sub grade modulus” the mats were analyzed with different 

sub grade modulus (Ks) without changing the geometry and load condition. The 

variable parameter of sub grade modulus (Ks) are given in Table 3-1. Geometry of 

mat is as Shown in Figure 3-5. 

Design parameters were observed for unfactored gravity load only. As the mats were 

asymmetric with geometry and load, so M11 and M22 were not similar. For same 

reason V13 and V23 were not similar. Where M11 and M22 are bending moments out 

of plane and V13 and V23 are transverse shear out of plane. Contact pressure and soil 

pressure are same.  The mat must meet the punching shear criteria. For different sub 

grade modulus (Ks), the contour for shear, moment, deflected shape and contact 

pressure were obtained. 
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4.2.1 Defining observation points 

From the contour diagram shear, moment, deflection and contact pressure/soil 

pressure were obtained at any point for different sub grade modulus. Some points 

were chosen for observation. Shear V13, moment M11, deflection and contact 

pressure/soil pressure were taken directly under interior columns line (GLY-6), 

(GLY-3), (GLX-5), and along middle of an interior panel (GLY-56), (GLX-45). The 

various observation points along column line for moment, shear, deflection and 

contact pressure/soil pressure are shown in Figure 4-1. 

 

4.2.2 Influence of subgrade modulus on Shear 

For an interior column line (GLY-6) and (GLX-5) and middle of an interior panel 

(GLY-56) and (GLX-45) of the mat, with various values of subgrade modulus, shear 

was obtained from shear contour. These values were obtained from the finite element 

analysis by SAFE. Shears are represented both in tabular form and graphically.      

Figure 4-2 to Figure 4-13 represent shear force diagrams for columns line (GLY-6) 

and (GLX-5) and middle of an interior panel (GLY-56) and (GLX-45) for uniform 

thickness mat and beam-slab mat of both uniform height and non-uniform height. The 

tabular forms of shear are shown in Table A-1 to Table A-10.  

It is observed that the values of negative shear increase and positive shear decrease 

with the increase of subgrade modulus for all cases. But from the analysis, it has been 

seen that the shear value of uniform height of building is greater than that of non-

uniform height of building. It has been also seen that the shear value of uniform 

thickness mat is greater than that of beam-slab mat for both uniform height and non-

uniform height of building. 

 

4.2.3 Influence of subgrade modulus on Moment 

Moment for an interior column line (GLY-6), (GLY-3) and (GLX-5) and middle of an 

interior panel (GLY-56) and (GLX-45) of the mat, with various values of subgrade 

modulus was obtained from moment contour. These values were obtained from the 
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finite element analysis by SAFE. Moments are represented both in tabular form and 

graphically. Figure 4-14 to Figure 4-27 represent moment diagrams for columns line 

(GLY-6), (GLY-3) and (GLX-5) and middle of an interior panel (GLY-56) and 

(GLX-45) for uniform thickness mat and beam-slab mat of both uniform height and 

non-uniform height. The tabular forms of moment are shown in Table A-11 to     

Table A-22.  

It is observed that the value of negative moment decreases and positive moment 

increase with the increase of subgrade modulus for all cases. But from the analysis 

results it has been seen that the moment of uniform height of building is greater than 

that of non-uniform height of building. It has been also seen that the moment of 

uniform thickness mat is greater than that of beam-slab mat for both uniform height 

and non-uniform height of building. 

 

4.2.4 Influence of sub grade modulus on Deflection 

For an interior column line (GLY-6) and (GLX-5) and middle of an interior panel 

(GLY-56) and (GLX-45) of the mat, with various values of subgrade modulus, 

deflection was obtained from deflection contour. These values were obtained from the 

finite element analysis by SAFE. Deflections are represented both in tabular form and 

graphically. Figure 4-28 to Figure 4-39 represent deflection diagrams for column line 

(GLY-6) and (GLX-5) and middle of an interior panel (GLY-56) and (GLX-45) for 

uniform thickness mat and beam-slab mat of both uniform height and non-uniform 

height.  The tabular forms of deflection are shown in Table A-23 to Table A-32. 

It is observed that deflection decreases with the increase of subgrade modulus for all 

cases. But from the analysis results it has been seen that deflection of uniform height 

of building is greater than that of non-uniform height of building. It has been also seen 

that deflection of uniform thickness mat is greater than that of beam-slab mat for both 

uniform height and non-uniform height of building. But the change is not significant. 
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4.2.5 Influence of sub grade modulus on contact pressure 

For an interior column line (GLY-6) and (GLX-5) and middle of an interior panel 

(GLY-56) and (GLX-45) of the mat, with various values of subgrade modulus, 

contact pressure was obtained from contact pressure contour. These values were 

obtained from the finite element analysis by SAFE. Contact pressure is represented 

both in tabular form and graphically. Figure 4-40 to Figure 4-51 represent contact 

pressure diagrams for column line (GLY-6) and (GLX-5) and middle of an interior 

panel   (GLY-56) and (GLX-45) for uniform thickness mat and beam-slab mat of both 

uniform height and non-uniform height. The tabular forms of contact pressure are 

shown in Table A-33 to Table A-42. 

It is observed that contact pressure increases with the increase of subgrade modulus 

for all cases. From the analysis results it has been seen that contact pressure of 

uniform height of building is greater than that of non-uniform height of building. It 

has been also seen that contact pressure of uniform thickness mat is greater than that 

of beam-slab mat for both uniform height and non-uniform height of building.  
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4.3 Effect of Mat Thickness 

To observe the “Effect of mat thickness” the mats were analyzed with different mat 

thickness without changing the sub grade modulus, area and load condition. Modulus 

of sub grade reaction has been taken 16 MN/m3 (100 k/ft3). 

Shear, moment, deflected shape and contact pressure or soil pressure was observed to 

assess the effect of change in mat thickness. Increasing mat thickness results in 

increase of self-weight of mat. Table 3-1 represented the variation of mat thickness in 

analysis. 

Design parameters were observed for unfactored gravity load only. As the mat was 

asymmetric with geometry and load, so M11 and M22 were not similar. For same 

reason V13 and V23 were not similar. The mat must meet the punching shear criteria. 

For different mat thickness the contour for shear, moment, deflection and contact 

pressure were obtained from the finite element analysis by SAFE program. 

 

4.3.1 Defining observation points 

From the contour diagram shear, moment, deflection and contact pressure/soil 

pressure were obtained at any point for different mat thickness. Some points were 

chosen for observation. Shear V13, moment M11, deflection and contact pressure/soil 

pressure were taken directly under an interior columns line (GLY-6), (GLY-3) and 

(GLX-5) and along middle of an interior panel (GLY-56) and (GLX-45). The various 

observation points along column line for moment, shear, deflection and contact 

pressure are shown in Figure 4-1. 

 

4.3.2 Influence of mat thickness on Shear 

For an interior column line (GLY-6) and (GLX-5) and middle of an interior panel 

(GLY-56) and (GLX-45) of the mat, with various mat thickness, shear values were 

obtained from shear contour. These values were obtained from the finite element 

analysis by SAFE.  Shears are represented both in tabular form and graphically. 

Figure 4-52 to Figure 4-61 represent shear force diagrams for column line (GLY-6) 
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and (GLX-5) and middle of an interior panel (GLY-56) and (GLX-45) for uniform 

thickness mat and beam-slab mat of both uniform height and non-uniform height. The 

tabular forms of shear are shown in Table B-1 to Table B-8.  

It is observed that the values of shear (both positive and negative) increases with the 

increase of mat thickness as self-weight of mat increases with thickness for all cases.  

From the analysis, it has been seen that the shear value of uniform height of building 

is greater than that of non-uniform height of building. It has been also seen that the 

shear value of uniform thickness mat is greater than that of beam-slab mat for both 

uniform height and non-uniform height of building. 

 

4.3.3 Influence of mat thickness on Moment 

Moment for an interior column line (GLY-6), (GLY-3) and (GLX-5) and middle of an 

interior panel (GLY-56) and (GLX-45) of the mat, with various values mat thickness 

was obtained from moment contour. These values were obtained from the finite 

element analysis by SAFE. Moments are represented both in tabular form and 

graphically. Figure 4-62 and Figure 4-73 represent moment diagrams for column line 

(GLY-6), (GLY-6) and (GLX-5) and middle of an interior panel (GLY-56) and 

(GLX-45) for uniform thickness mat and beam-slab mat of both uniform height and 

non-uniform height. The tabular forms of moment are shown in Table B-9 to       

Table B-18. 

It is observed that the value of negative moment increases with the increase of mat 

thickness as self-weight increases with thickness and positive moment decreases with 

mat thickness for all cases. From the analysis results it has been seen that the moment 

of uniform height of building is greater than that of non-uniform height of building. It 

has been also seen that the moment of uniform thickness mat is greater than that of 

beam-slab mat for both uniform height and non-uniform height of building. 

 

4.3.4 Influence of mat thickness on Deflection 

For an interior column line (GLY-6) and (GLX-5) and middle of an interior panel 

(GLY-56) and (GLX-45) of the mat, with various mat thicknesses, deflection was 
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obtained from deflection contour. These values were obtained from the finite element 

analysis by SAFE. Deflections are represented both in tabular form and graphically. 

Figure 4-74 to Figure 4-83 represent deflection diagrams for column line (GLY-6) 

and (GLX-5) and middle of an interior panel (GLY-56) and (GLX-45) for uniform 

thickness mat and beam-slab mat of both uniform height and non-uniform height.  

The tabular forms of deflection are shown in Table B-19 to Table B-26. 

To increase mat thickness results in increase of self-weight of mat. So deflection 

increases with the increase of mat thickness. From the analysis results it has been seen 

that deflection of uniform height of building is greater than that of non-uniform height 

of building. It has been also seen that deflection of uniform thickness mat is greater 

than that of beam-slab mat for both uniform height and non-uniform height of 

building. But the change is not significant. 

 

4.3.5 Influence of mat thickness on contact pressure 

For an interior column line (GLY-6) and (GLX-5) and middle of an interior panel 

(GLY-56) and (GLX-45) of the mat, with various mat thickness, contact pressure was 

obtained from contact pressure contour. These values were obtained from the finite 

element analysis by SAFE. Contact pressure is represented both in tabular form and 

graphically. Figure 4-84 to Figure 4-93 represent contact pressure diagrams for 

column line (GLY-6) and (GLX-5) and middle of an interior panel (GLY-56) and   

(GLX-45) for uniform thickness mat and beam-slab mat of both uniform height and 

non-uniform height. The tabular forms of contact pressure are shown in Table B-27 to 

Table B-34. 

It has been observed that contact pressure increase with the increase of mat thickness 

for all cases. From the analysis results it has been seen that contact pressure of 

uniform height of building is greater than that of non-uniform height of building. It 

has been also seen that contact pressure of uniform thickness mat is greater than that 

of beam-slab mat for both uniform height and non-uniform height of building.  
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4.5 Concluding Remarks 

The uniform height and non-uniform height of idealized 25 (twenty five) storey 

buildings with mat foundation of beam-slab system and uniform thickness system 

were modeled and analyzed both for vertical and lateral loads with renowned three 

dimensional structural analysis software ETABS. Three dimensional analysis model 

support reactions i.e. axial forces and base moments were transferred to finite element 

mat foundation analysis software SAFE. It has been observed that the effects of sub 

grade modulus and mat thickness on the values of shear, moment, deflected shape and 

contact pressure of mat foundation for uniform height of building are higher than 

those of non-uniform height of building. It has been observed that the effects of sub 

grade modulus and mat thickness on the values of shear, moment, deflected shape and 

contact pressure of mat foundation of uniform thickness mat is higher than those of 

beam-slab mat for both uniform height and non-uniform height of building.
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Figure 4-1: Plan of mat-defining grid lines and coordinates. 
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Figure 4-2: Shear along column line (GLY-6) for uniform thickness of mat of uniform 
height of building at different subgrade modulus of foundation soil. 

 

 

 

 

Figure 4-3: Shear along column line (GLY-6) for uniform thickness of mat of non-
uniform height of building at different subgrade modulus of foundation soil. 
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Figure 4-4: Shear along column line (GLY-6) for beam-slab mat of uniform height 
building at different subgrade modulus of foundation soil. 

 

 

 

 

Figure 4-5: Shear along column line (GLY-6) for beam-slab mat of non-uniform 
height of building at different subgrade modulus of foundation soil. 
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Figure 4-6: Shear along column line (GLY-6) for uniform thickness of mat of uniform 
height and non-uniform height and beam-slab mat of uniform height and non-uniform 

height of building at constant subgrade modulus of foundation soil. 

 

 

 

 

Figure 4-7: Shear along middle of an interior panel (GLY-56) for uniform thickness 
of mat of uniform height of building at different subgrade modulus of foundation soil. 
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Figure 4-8: Shear along middle of an interior panel (GLY-56) for uniform thickness 
of mat of non-uniform height of building at different subgrade modulus of foundation 

soil. 

 

 

 

 

Figure 4-9: Shear along middle of an interior panel (GLY-56) for beam-slab mat of 
uniform height of building at different subgrade modulus of foundation soil. 
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Figure 4-10: Shear along middle of an interior panel (GLY-56) for beam-slab mat of 
non-uniform height of building at different subgrade modulus of foundation soil. 

 

 

 

 

Figure 4-11: Shear along middle of an interior panel (GLY-56) for uniform thickness 
of mat of uniform height and non-uniform height and beam-slab mat of uniform 

height and non-uniform height of building at constant subgrade modulus of 
foundation soil.
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Figure 4-12: Shear along column line (GLX-5) for uniform thickness of mat of 
uniform height and non-uniform height and beam-slab mat of uniform height and non-

uniform height of building at constant subgrade modulus of foundation soil. 
 

 

 

 

Figure 4-13: Shear along middle of an interior panel (GLX-45) for uniform thickness 
of mat of uniform height and non-uniform height and beam-slab mat of uniform 

height and non-uniform height of building at constant subgrade modulus of 
foundation soil.



39 
 

 

 

Figure 4-14: Moment along column line (GLY-6) for uniform thickness of mat of 
uniform height of building at different subgrade modulus of foundation soil. 

 

 

 

 

Figure 4-15: Moment along column line (GLY-6) for uniform thickness of mat of 
non-uniform height of building at different subgrade modulus of foundation soil. 
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Figure 4-16: Moment along column line (GLY-6) for beam-slab mat of uniform 
height of building at different subgrade modulus of foundation soil. 

 
 

 

 

Figure 4-17: Moment along column line (GLY-6) for beam-slab mat of non-uniform 
height of building at different subgrade modulus of foundation soil. 
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Figure 4-18: Moment along column line (GLY-6) for uniform thickness of mat of 
uniform height and non-uniform height and beam-slab mat of uniform height and non-

uniform height of building at constant subgrade modulus of foundation soil. 

 

 

 

 

Figure 4-19: Moment along middle of an interior panel (GLY-56) 
for uniform thickness of mat of uniform height of building at different subgrade 

modulus of foundation soil.
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Figure 4-20: Moment along middle of an interior panel (GLY-56) 
for uniform thickness of mat of non-uniform height of building at different subgrade 

modulus of foundation soil. 
 

 

 

 

Figure 4-21: Moment along middle of an interior panel (GLY-56) 
for beam-slab mat of uniform height of building at different subgrade modulus of 

foundation soil. 
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Figure 4-22: Moment along middle of an interior panel (GLY-56) 
for beam-slab mat of non-uniform height of building at different subgrade modulus of 

foundation soil. 
 
 
 

 

Figure 4-23: Moment along middle of an interior panel (GLY-56) for uniform 
thickness of mat of uniform height and non-uniform height and beam-slab mat of 

uniform height and non-uniform height of building at constant subgrade modulus of 
foundation soil. 
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Figure 4-24: Moment along column line (GLY-3) for uniform thickness of mat of 
non-uniform height of building at different subgrade modulus of foundation soil. 

 

 

 

 

Figure 4-25: Moment along column line (GLY-3) 
for beam-slab mat of non-uniform height of building at different subgrade modulus of 

foundation soil. 
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Figure 4-26: Moment along column line (GLX-5) for uniform thickness of mat of 
uniform height and non-uniform height and beam-slab mat of uniform height and non-

uniform height of building at constant subgrade modulus of foundation soil. 

 

 

 

 

Figure 4-27: Moment along middle of an interior panel (GLX-45) for uniform 
thickness of mat of uniform height and non-uniform height and beam-slab mat of 

uniform height and non-uniform height of building at constant subgrade modulus of 
foundation soil.
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Figure 4-28: Deflection along column line (GLY-6) for uniform thickness of mat of 
uniform height of building at different subgrade modulus of foundation soil. 

 

 

 

 

Figure 4-29: Deflection along column line (GLY-6) for uniform thickness of mat of 
non-uniform height of building at different subgrade modulus of foundation soil. 
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Figure 4-30: Deflection along column line (GLY-6) for beam-slab mat of uniform 
height of building at different subgrade modulus of foundation soil. 

 

 

 

 
Figure 4-31: Deflection along column line (GLY-6) for beam-slab mat of non-

uniform height of building at different subgrade modulus of foundation soil. 
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Figure 4-32: Deflection along column line (GLY-6) for uniform thickness of mat of 
uniform height and non-uniform height and beam-slab mat of uniform height and non-

uniform height of building at constant subgrade modulus of foundation soil. 

 

 

 

 

Figure 4-33: Deflection along middle of an interior panel (GLY-56) for uniform 
thickness of mat of uniform height of building at different subgrade modulus of 

foundation soil. 
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Figure 4-34: Deflection along middle of an interior panel (GLY-56) for uniform 
thickness of mat of non-uniform height of building at different subgrade modulus of 

foundation soil. 

 

 

 

 

Figure 4-35: Deflection along middle of an interior panel (GLY-56) for beam-slab 
mat of uniform height of building at different subgrade modulus of foundation soil. 
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Figure 4-36: Deflection along middle of an interior panel (GLY-56) for beam-slab 
mat of non-uniform height of building at different subgrade modulus of foundation 

soil. 

 

 

 

 

Figure 4-37: Deflection along middle of an interior panel (GLY-56) for uniform 
thickness of mat of uniform height and non-uniform height and beam-slab mat of 

uniform height and non-uniform height of building at constant subgrade modulus of 
foundation soil.
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Figure 4-38: Deflection along column line (GLX-5) for uniform thickness of mat of 
uniform height and non-uniform height and beam-slab mat of uniform height and non-

uniform height of building at constant subgrade modulus of foundation soil. 

 

 

 

 

Figure 4-39: Deflection along middle of an interior panel (GLX-45) for uniform 
thickness of mat of uniform height and non-uniform height and beam-slab mat of 

uniform height and non-uniform height of building at constant subgrade modulus of 
foundation soil.
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Figure 4-40: Contact pressure along column line (GLY-6) for uniform thickness of 
mat of uniform height of building at different subgrade modulus of foundation soil. 

 

 

 

 

Figure 4-41: Contact pressure along column line (GLY-6) for uniform thickness of 
mat of non-uniform height of building at different subgrade modulus of foundation 

soil. 
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Figure 4-42: Contact pressure along column line (GLY-6) for beam-slab mat of 
uniform height of building at different subgrade modulus of foundation soil. 

 

 

 

 

Figure 4-43: Contact pressure along column line (GLY-6) for beam-slab mat of non-
uniform height of building at different subgrade modulus of foundation soil. 
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Figure 4-44: Contact pressure along column line (GLY-6) for uniform thickness of 
mat of uniform height and non-uniform height and beam-slab mat of uniform height 
and non-uniform height of building at constant subgrade modulus of foundation soil. 

 

 

 

 

Figure 4-45: Contact pressure along middle of an interior panel (GLY-56) for uniform 
thickness of mat of uniform height of building at different subgrade modulus of 

foundation soil. 
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Figure 4-46: Contact pressure along middle of an interior panel (GLY-56) for uniform 
thickness of mat of non-uniform height of building at different subgrade modulus of 

foundation soil. 

 

 

 

 

Figure 4-47: Contact pressure along middle of an interior panel (GLY-56) for beam-
slab mat of uniform height of building at different subgrade modulus of foundation 

soil. 
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Figure 4-48: Contact pressure along middle of an interior panel (GLY-56) for beam-
slab mat of non-uniform height of building at different subgrade modulus of 

foundation soil. 

 

 

 

 

Figure 4-49: Contact pressure along middle of an interior panel (GLY-56) for uniform 
thickness of mat of uniform height and non-uniform height and beam-slab mat of 

uniform height and non-uniform height of building at constant subgrade modulus of 
foundation soil. 
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Figure 4-50: Contact pressure along column line (GLX-5) for uniform thickness of 
mat of uniform height and non-uniform height and beam-slab mat of uniform height 
and non-uniform height of building at constant subgrade modulus of foundation soil. 

 

 

 

 

Figure 4-51: Contact pressure along middle of an interior panel (GLX-45) for uniform 
thickness of mat of uniform height and non-uniform height and beam-slab mat of 

uniform height and non-uniform height of building at constant subgrade modulus of 
foundation soil. 
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Figure 4-52: Shear along column line (GLY-6) for uniform thickness of mat of 
uniform height of building at different thickness of mat. 

 

 

 

 

Figure 4-53: Shear along column line (GLY-6) for uniform thickness mat of non-
uniform height of building at different thickness of mat. 
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Figure 4-54: Shear along column line (GLY-6) for beam-slab mat of uniform height 
of building at different thickness of mat. 

 

 

 

 

Figure 4-55: Shear along column line (GLY-6) for Beam-slab mat of non-uniform 
height of building at different thickness of mat. 
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Figure 4-56: Shear along column line (GLY-6) for uniform thickness of mat of 
uniform height and non-uniform height and beam-slab mat of uniform height and non-

uniform height of building at same thickness of mat. 

 

 

 

 

Figure 4-57: Shear along middle of an interior panel (GLY-56) for uniform thickness 
of mat of uniform height of building at different thickness of mat. 
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Figure 4-58: Shear along middle of an interior panel (GLY-56) for uniform thickness 
of mat of non-uniform height of building at different thickness of mat. 

 

 

 

 

Figure 4-59: Shear along middle of an interior panel (GLY-56) for Beam-slab mat of 
uniform height of building at different thickness of mat. 
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Figure 4-60: Shear along middle of an interior panel (GLY-56) for Beam-slab mat of 
non-uniform height of building at different thickness of mat. 

 

 

 

 

Figure 4-61: Shear along middle of an interior panel (GLY-56) for uniform thickness 
of mat of uniform height and non-uniform height and beam-slab mat of uniform 

height and non-uniform height of building at same thickness of mat. 
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Figure 4-62: Moment along column line (GLY-6) for uniform thickness of uniform 
height of building at different thickness of mat. 

 

 

 

 

Figure 4-63: Moment along column line (GLY-6) for uniform thicknesses of non-
uniform height of building at different thickness of mat. 
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Figure 4-64: Moment along column line (GLY-6) for beam-slab mat of uniform 
height of building at different thickness of mat. 

 

 

 

 

Figure 4-65: Moment along column line (GLY-6) for beam-slab mat of non-uniform 
height of building at different thickness of mat. 
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Figure 4-66: Moment along column line (GLY-6) for uniform thickness of mat of 
uniform height and non-uniform height and beam-slab mat of uniform height and non-

uniform height of building at same thickness of mat. 

 

 

 

 

Figure 4-67: Moment along middle of an interior panel (GLY-56) for uniform 
thicknesses of uniform height of building at different thickness of mat. 
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Figure 4-68: Moment along middle of an interior panel (GLY-56) for uniform 
thicknesses of non-uniform height of building at different thickness of mat. 

 

 

 

 

Figure 4-69: Moment along middle of an interior panel (GLY-56) for beam-slab mat 
of uniform height of building at different thickness of mat. 
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Figure 4-70: Moment along middle of an interior panel (GLY-56) for beam-slab mat 
of non-uniform height of building at different thickness of mat. 

 

 

 

 

Figure 4-71: Moment along middle of an interior panel (GLY-56) for uniform 
thickness of mat of uniform height and non-uniform height and beam-slab mat of 

uniform height and non-uniform height of building at same thickness of mat. 
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Figure 4-72: Moment along column line (GLY-3) for uniform thicknesses of non-
uniform height of building at different thickness of mat. 

 

 

 

 

Figure 4-73: Moment along column line (GLY-3) for beam-slab mat of non-uniform 
height of building at different thickness of mat. 

 



69 
 

 

 

Figure 4-74: Deflection along column line (GL-6) for uniform thicknesses mat of 
uniform height of building at different thickness of mat. 

 

 

 

 

Figure 4-75: Deflection along column line (GLY-6) for uniform thicknesses of non-
uniform height of building at different thickness of mat.
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Figure 4-76: Deflection along column line (GLY-6) for beam-slab mat of uniform 
height of building at different thickness of mat. 

 

 

 

 

Figure 4-77: Deflection along column line (GLY-6) for beam-slab mat of non-
uniform height of building at different thickness of mat. 
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Figure 4-78: Deflection along column line (GLY-6) for uniform thickness of mat of 
uniform height and non-uniform height and beam-slab mat of uniform height and non-

uniform height of building at same thickness of mat. 

 

 

 

 

Figure 4-79: Deflection along middle of an interior panel (GLY-56) for uniform 
thicknesses of uniform height of building at different thickness of mat. 
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Figure 4-80: Deflection along middle of an interior panel (GLY-56) for uniform 
thicknesses of non-uniform height of building at different thickness of mat. 

 

 

 

 

Figure 4-81: Deflection along middle of an interior panel (GLY-56) for beam-slab 
mat of uniform height of building at different thickness of mat. 
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Figure 4-82: Deflection along middle of an interior panel (GLY-56) for beam-slab 
mat of non-uniform height of building at different thickness of mat. 

 

 

 

 

Figure 4-83: Deflection along middle of an interior panel (GLY-56) for uniform 
thickness of mat of uniform height and non-uniform height and beam-slab mat of 

uniform height and non-uniform height of building at same thickness of mat. 
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Figure 4-84: Contact pressure along column line (GLY-6) for uniform thicknesses of 
uniform height of building at different thickness of mat. 

 

 

 

 

Figure 4-85: Contact pressure along column line (GLY-6) for uniform thicknesses of 
non-uniform height of building at different thickness of mat. 
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Figure 4-86: Contact pressure along column line (GLY-6) for beam-slab mat of 
uniform height of building at different thickness of mat. 

 

 

 

 

Figure 4-87: Contact pressure along column line (GLY-6) for beam-slab mat of non-
uniform height of building at different thickness of mat. 
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Figure 4-88: Contact pressure along column line (GLY-6) for uniform thickness of 
mat of uniform height and non-uniform height and beam-slab mat of uniform height 

and non-uniform height of building at same thickness of mat. 

 

 

 

 

Figure 4-89: Contact pressure along middle of an interior panel (GLY-56) for uniform 
thicknesses of uniform height of building at different thickness of mat. 
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Figure 4-90: Contact pressure along middle of an interior panel (GLY-56) for uniform 
thicknesses of non-uniform height of building at different thickness of mat. 

 

 

 

 

Figure 4-91: Contact pressure along middle of an interior panel (GLY-56) for beam-
slab mat of uniform height of building at different thickness of mat. 
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Figure 4-92: Contact pressure along middle of an interior panel (GLY-56) for beam-
slab mat of non-uniform height of building at different thickness of mat. 

 

 

 

 

Figure 4-93: Contact pressure along middle of an interior panel (GLY-56) for uniform 
thickness of mat of uniform height and non-uniform height and beam-slab mat of 

uniform height and non-uniform height of building at same thickness of mat. 
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CHAPTER 5 

CONCLUSION AND RECOMMENDATION 

 

5.1 General 

Mat foundation is relatively heavy and costly structure. Optimum design of mat 

foundation has always been engineer’s dream. Various analysis and design methods 

and guidelines focused on structural behavior of mat but variation in mat behavior in 

case of non-uniform height of the high-rise building was not appropriately addressed. 

The objective of the study was to understand the behavior of mat foundation with 

non-uniform height of the high-rise building. A thorough analytical and comparative 

study on mat foundation is conducted where the effect of subgrade modulus & mat 

thickness is worked out in this work. 

 

 5.2 Conclusions 

Effect of Subgrade modulus: 

On the basis of the results described in chapter four, the following conclusions may be 

drawn: 

 The value of negative bending moments (midpoint of panel) decreases with 

soil subgrade modulus, and positive bending moments (beneath of columns) 

increases with soil subgrade modulus for all cases. 

 Mat deflection decreases exponentially with increasing modulus of sub-grade 

reaction at all positions. 

 At positions beneath the columns, the contact pressure increases with increase 

of subgrade modulus. 

Effect of Mat thickness 

 The value of shear (both positive & negative) increases with the increase of 

mat thickness for all cases. But the change is not significant. 

 The value of negative moment (mid panel) increases with the increase of mat 

thickness. The positive moments (under column) decreases with mat 

thickness. 
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 At all points deflection increases with the increase of mat thickness. However, 

differential settlement decreases with the increase of mat thickness. 

 The value of contact pressure increases with the increase of mat thickness for 

all cases. 

5.3 Recommendations for the Future Study 

It is recommended that- 

1. Further analysis should be performed with irregularly shaped mat, mat with 

punches and non-uniform column spacing. 

2. Further study may include the effect of irregular location of shear wall loading 

from lift core on mat design. 

3. An independent study should be performed on the effect of thermal expansion 

and its contribution on mat foundation. 

4. Dynamic soil-mat interaction may be analyzed using FEM.  
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APPENDIX A 
A.1 Effect of Sub grade Modulus 

Table A-1: Shear along column line (GLY-6) for uniform thickness mat of uniform 
height 

 

Table A-2: Shear along column line (GLY-6) for uniform thickness mat of non-
uniform height 
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Table A-3: Shear along column line (GLY-6) for beam-slab mat of uniform height 
 

 
 

Table A-4: Shear along column line (GLY-6) for beam-slab mat of non-uniform 
height 
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Table A-5: Shear along middle of an interior panel (GLY-56) for uniform thickness 
mat of uniform height 

 

 

Table A-6: Shear along middle of an interior panel (GLY-56) for uniform thickness 
mat of non-uniform height 
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Table A-7: Shear along middle of an interior panel (GLY-56) for beam-slab mat of 
uniform height 

 

Table A-8: Shear along middle of an interior panel (GLY-56) for beam-slab mat of 
non-uniform height 
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Table A-9: Shear along column line (GLX-5) for uniform thickness mat and beam-
slab mat of uniform height & non-uniform height  

 

Table A-10: Shear along middle of an interior panel (GLX-45) for uniform thickness 
mat and beam-slab mat of uniform height & non-uniform height 
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Table A-11: Moment along column line (GLY-6) for uniform thickness mat of 
uniform height 

 

 
 

Table A-12: Moment along column line (GLY-6) for uniform thickness mat of non-
uniform height 
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Table A-13: Moment along column line (GLY-6) for beam-slab mat of uniform height 

 

Table A-14: Moment along column line (GLY-6) for beam-slab mat of non-uniform 
height 
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Table A-15: Moment along middle of an interior panel (GLY-56) for uniform 
thickness mat of uniform height 

 

Table A-16: Moment along middle of an interior panel (GLY-56) for uniform 
thickness mat of non-uniform height 
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Table A-17: Moment along middle of an interior panel (GLY-56) for beam-slab mat 
of uniform height 

 

Table A-18: Moment along middle of an interior panel (GLY-56) For beam-slab mat 
of non-uniform height 
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Table A-19: Moment along middle of an interior panel (GLY-56) for uniform 
thickness mat of uniform height 

 

Table A-20: Moment along middle of an interior panel (GLY-3) for beam-slab mat of 
non-uniform height 

 

D
is

ta
nc

e 
(m

) 

-0
.9

1 

-0
.6

8 

0.
68

 

3.
81

 

6.
94

 

8.
31

 

11
.4

3 

14
.5

6 

15
.9

3 

19
.0

5 

22
.1

8 

23
.5

5 

26
.6

8 

29
.8

 

M
om

en
t  

fo
r K

s=
11

 

0 

-6
69

.3
4 

97
2.

06
59

 

-3
08

9.
45

 

90
0.

54
 

20
81

.1
7 

-2
51

1.
56

 

20
43

.6
7 

27
00

.7
8 

-2
06

6.
18

 

23
08

.7
8 

26
05

.1
9 

-2
08

6.
25

 

24
20

.3
4 

M
om

en
t  

fo
r K

s=
16

 

0 

-6
71

.6
0 

98
4.

16
45

 

-3
03

7.
94

 

10
01

.8
6 

22
03

.4
5 

-2
35

4.
19

 

22
29

.0
3 

28
97

.3
4 

-1
85

1.
7 

25
38

.6
1 

28
41

.6
9 

-1
84

2.
05

 

26
69

.9
1 

M
om

en
t  

fo
r 

K
s =

31
  

0 

-6
80

.9
4 

10
08

.7
17

 

-2
92

6.
21

 

12
04

.4
7 

24
39

.6
4 

-2
07

9.
13

 

25
14

.0
9 

31
87

.6
6 

-1
56

3.
21

 

28
28

.3
9 

31
36

.5
5 

-1
54

5.
72

 

29
69

.8
4 

M
om

en
t  

fo
r 

K
s=

63
 

0 

-6
83

.3
5 

10
27

.9
77

 

-2
79

2.
41

 

14
09

.8
8 

26
59

.7
7 

-1
85

2.
73

 

26
85

.6
6 

33
41

.8
3 

-1
43

3.
1 

29
23

.0
9 

32
29

.5
6 

-1
44

4.
04

 

30
56

.8
8 

M
om

en
t f

or
 

K
s=

12
5 

0 

-6
88

.6
8 

10
58

.2
24

 

-2
61

1.
38

 

16
21

.5
2 

28
88

.7
1 

-1
65

4.
08

 

27
76

.6
6 

34
05

.2
6 

-1
39

4.
94

 

29
20

.0
2 

32
29

.9
2 

-1
42

6.
12

 

30
58

.2
7 

D
is

ta
nc

e 
(m

) 

-0
.9

1 

-0
.6

8 

0.
68

 

3.
81

 

6.
94

 

8.
31

 

11
.4

3 

14
.5

6 

15
.9

3 

19
.0

5 

22
.1

8 

23
.5

5 

26
.6

8 

29
.8

 

M
om

en
t  

fo
r K

s=
11

 

0 

-4
07

.5
7 

23
8.

46
 

-2
92

.5
5 

19
0.

64
 

33
9.

65
 

-1
12

.0
5 

38
8.

71
 

35
2.

06
 

-5
5.

77
 

40
1.

96
 

42
4.

25
 

-5
2.

31
 

40
8.

15
 

M
om

en
t  

fo
r K

s=
16

 

0 

-4
04

.8
1 

24
4.

68
 

-2
75

.5
5 

21
2.

57
 

51
7.

52
 

-9
3.

72
 

39
9.

61
 

43
9.

06
 

-4
9.

15
 

40
4.

01
 

42
5.

72
 

-5
1.

11
 

40
9.

79
 

M
om

en
t  

fo
r K

s =
31

  

0 

-3
88

.8
9 

25
5.

14
 

-2
40

.2
1 

25
9.

94
 

40
4.

37
 

-6
7.

47
 

41
0.

95
 

44
3.

28
 

-5
2.

22
 

40
0.

45
 

42
1.

98
 

-5
5.

91
 

40
8.

37
 

M
om

en
t  

fo
r K

s=
63

 

0 

-3
62

.3
8 

26
7.

99
 

-2
01

.8
1 

30
1.

71
 

43
6.

17
 

-5
6.

67
 

40
7.

08
 

43
4.

93
 

-6
2.

54
 

39
2.

44
 

41
4.

86
 

-6
2.

63
 

40
3.

75
 

M
om

en
t f

or
 

K
s=

12
5 

0 

-3
21

.1
9 

28
2.

76
 

-1
65

.8
6 

32
9.

28
 

45
7.

16
 

-6
3.

78
 

39
2.

31
 

41
9.

22
 

-7
6.

86
 

38
2.

62
 

40
5.

52
 

-7
2.

90
 

39
4.

94
 



94 
 

Table A-21: Moment along column line (GLX-5) for uniform thickness mat and 
beam-slab mat of uniform height & non-uniform height  

 

Table A-22: Moment along middle of an interior panel (GLX-45) for uniform 
thickness mat and beam-slab mat of uniform height & non-uniform height 

 

 

D
is

ta
nc

e 
(m

) 

-0
.9

1 
-0

.6
8 

0.
68

 

3.
81

 
6.

94
 

8.
31

 

11
.4

3 

14
.5

6 

15
.9

3 

19
.0

5 

22
.1

8 
23

.5
5 

26
.6

8 

29
.8

 

31
.1

6 

34
.2

9 
37

.4
2 

38
.7

8 

41
.9

1 

45
.0

4 
46

.3
8 

46
.6

3 

U
ni

fo
rm

 h
ei

gh
t 

of
 u

ni
fo

rm
 

th
ic

kn
es

s m
at

 
fo

r  
K

s=
16

 

0 
-5

90
.0

5 

-1
47

6.
72

 

-1
8.

64
 

--
36

51
.9

4 

--
38

84
.4

6 

-5
0.

78
 

-3
87

9.
61

 

--
39

06
.0

6 

-5
2.

44
 

39
04

.7
7 

38
78

.8
3 

-5
2.

44
 

39
32

.2
8 

38
79

.6
2 

-5
0.

78
 

39
10

.9
4 

36
51

.9
4 

-1
8.

64
 

14
76

.7
2 

59
0.

05
 

0 

N
on

-u
ni

fo
rm

 
he

ig
ht

 o
f  

un
ifo

rm
 

th
ic

kn
es

s m
at

 fo
r  

K
s=

16
 

0 
-7

65
.2

7 

-2
27

8.
76

 

-3
0.

18
 

-5
28

9.
9 

-5
79

1.
6 

-7
7.

61
 

-5
37

7.
65

 

-5
80

1.
16

 

-6
9.

57
 

-4
51

4.
14

 
-5

09
9.

22
 

28
.4

9 

-2
14

7.
98

 

-2
40

3.
8 

1.
5 

-2
49

8.
36

 
-1

87
6.

2 

-3
.8

2 

18
42

.5
3 

-2
18

.6
5 

0 

U
ni

fo
rm

 h
ei

gh
t 

of
 b

ea
m

-s
la

b 
m

at
 fo

r  
K

s=
16

 

0 
12

0.
17

 

72
7.

78
 

80
7.

24
 

97
1.

28
 

99
5.

36
 

80
4.

95
 

99
4.

62
 

98
9.

64
 

81
1.

94
 

99
1.

42
 

99
1.

42
 

81
1.

94
 

98
9.

64
 

99
4.

62
 

80
4.

95
 

99
5.

36
 

97
1.

28
 

80
7.

24
 

72
7.

78
 

12
0.

17
 

0 

N
on

-U
ni

fo
rm

 
he

ig
ht

 o
f  

be
am

-s
la

b 
m

at
 

fo
r  

K
s=

16
 

0 
-1

16
.9

9 

-7
44

.4
9 

-8
16

.3
1 

-9
64

.6
3 

-9
89

.6
 

-7
85

.4
2 

-9
32

.5
4 

-9
50

.4
4 

-7
16

.5
7 

-7
72

.1
2 

-8
51

.2
6 

-5
32

.0
2 

-4
23

.1
7 

-4
71

.6
5 

-3
90

.4
1 

-4
74

.5
8 

-3
82

.9
 

-4
73

.4
4 

-5
42

.3
7 

-8
9.

1 
0 

D
is

ta
nc

e 
(m

) 

-0
.9

1 
-0

.6
8 

0.
68

 

3.
81

 
6.

94
 

8.
31

 

11
.4

3 

14
.5

6 

15
.9

3 

19
.0

5 

22
.1

8 
23

.5
5 

26
.6

8 

29
.8

 

31
.1

6 

34
.2

9 
37

.4
2 

38
.7

8 

41
.9

1 

45
.0

4 
46

.3
8 

46
.6

3 

U
ni

fo
rm

 h
ei

gh
t 

of
 u

ni
fo

rm
 

th
ic

kn
es

s m
at

 fo
r  

K
s=

16
 

0 
39

.8
8 

-4
9.

1 

-4
.6

4 
-9

.0
9 

-1
1.

51
 

-1
4.

88
 

-1
6.

64
 

-1
7.

62
 

-1
9.

26
 

-1
9.

19
 

-1
9.

19
 

-1
9.

26
 

-1
7.

62
 

-1
6.

63
 

-1
4.

88
 

-1
1.

49
 

-9
.0

8 

-4
.6

4 

-4
9.

1 
39

.8
8 

0 

N
on

-u
ni

fo
rm

 
he

ig
ht

 o
f  

un
ifo

rm
 

th
ic

kn
es

s m
at

 
fo

r  
K

s=
16

 
0 

53
.4

3 

-7
4.

23
 

-2
0.

41
 

-2
6.

61
 

-3
5.

83
 

-4
7.

12
 

-3
3.

4 

34
.0

6 

-2
4.

18
 

42
.9

7 
67

.3
3 

10
8.

38
 

21
6.

18
 

23
4.

67
 

19
7.

18
 

21
6.

13
 

19
0.

13
 

70
.1

6 

-4
7.

45
 

-3
1.

71
 

0 

U
ni

fo
rm

 h
ei

gh
t 

of
 b

ea
m

-s
la

b 
m

at
 fo

r  
K

s=
16

 

0 
16

.4
4 

-1
2.

05
 

-0
.2

1 
-0

.3
 

0.
06

 

0.
42

 

0.
15

 

0.
27

 

0.
75

 

0.
31

 
0.

31
 

0.
75

 

0.
27

 

0.
15

 

0.
42

 
0.

06
 

-0
.3

 

-0
.2

1 

-1
2.

05
 

16
.4

4 
0 

N
on

-U
ni

fo
rm

 
he

ig
ht

 o
f  

be
am

-s
la

b 
m

at
 

fo
r  

K
s=

16
 

0 
-1

6.
66

 

12
.4

9 

0.
9 

1.
55

 

1.
3 

1.
08

 

3.
13

 

1.
27

 

0.
77

 

6.
86

 
5.

1 
3.

07
 

25
.2

9 

25
.0

4 

8 
23

.0
1 

22
.4

1 

-3
.3

 

1.
36

 
25

.4
1 

0 



95 
 

 
Table A-23: Deflection along column line (GLY-6) for uniform thickness mat of 

uniform height 
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Table A-24: Deflection along column line (GLY-6) for uniform thickness mat of non-

uniform height 
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Table A-25: Deflection along column line (GLY-6) for beam-slab mat of uniform 

height 
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Table A-26: Deflection along column line (GLY-6) for beam-slab mat of non-uniform 

height 
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Table A-27: Deflection along middle of an interior panel (GLY-56) for uniform 

thickness mat of uniform height 
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Table A-28: Deflection along middle of an interior panel (GLY-56) for uniform 

thickness mat of non-uniform height 
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Table A-29: Deflection along middle of an interior panel (GLY-56) for beam-slab mat 
of uniform height 
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Table A-30: Deflection along middle of an interior panel (GLY-56) for beam-slab mat 

of non-uniform height 
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Table A-31: Deflection along column line (GLX-5) for uniform thickness mat and 
beam-slab mat of uniform height & non-uniform height  

 

Table A-32: Deflection along middle of an interior panel (GLX-45) for uniform 
thickness mat and beam-slab mat of uniform height & non-uniform height 
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Table A-33: Contact pressure along column line (GLY-6) for uniform thickness mat 
of uniform height 

 

 

Table A-34: Contact pressure along column line (GLY-6) for uniform thickness mat 
of non-uniform height 
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Table A-35: Contact pressure along column line (GLY-6) for beam-slab mat of 
uniform height 

 

 

Table A-36: Contact pressure along column line (GLY-6) for beam-slab mat of non-
uniform height 
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Table A-37: Contact pressure along middle of an interior panel (GLY-56) for uniform 
thickness mat of uniform height 

 

Table A-38: Contact pressure along middle of an interior panel (GLY-56) for uniform 
thickness mat of non-uniform height 
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Table A-39: Contact pressure along middle of an interior panel (GLY-56) for beam-
slab mat of uniform height 

 

 

Table A-40: Contact pressure along middle of an interior panel (GLY-56) for beam-
slab mat of non-uniform height 
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Table A-41: Contact pressure along column line (GLX-5) for uniform thickness mat 
and beam-slab mat of uniform height & non-uniform height  

 

 
Table A-40: Contact pre2ssure along middle of an interior panel (GLX-45) for 

uniform thickness mat and beam-slab mat of uniform height & non-uniform height 
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APPENDIX B: 
B.1 Effect of Mat Thickness 

Table B-1: Shear along column line (GLY-6) for uniform thickness mat of uniform 
height 

 

Table B-2: Shear along column line (GLY-6) for uniform thickness mat of non-
uniform height of non-uniform height 

 

 
Table B-3: Shear along column line (GLY-6) for beam-slab mat of uniform height 
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Table B-4: Shear along column line (GLY-6) for beam-slab mat of non-uniform 
height of non-uniform height 
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Table B-5: Shear along middle of an interior panel (GLY-56) for uniform thickness 
mat of uniform height 

 

Table B-6: Shear along column middle of an interior panel (GLY-56) for uniform 
thickness mat of non-uniform height of non-uniform height 
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Table B-7: Shear along middle of an interior panel (GLY-56) for beam-slab mat of 

uniform height 
 

 

 

Table B-8: Shear along middle of an interior panel (GLY-56) for beam-slab mat of 
non-uniform height of non-uniform height 
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Table B-9: Moment along column line (GLY-6) for uniform thickness mat of uniform 
height 

 

Table B-10: Moment along column line (GLY-6) for uniform thickness mat of non-
uniform height 
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Table B-11: Moment along column line (GLY-6) for beam-slab mat of uniform height 

 

 

 

Table B-12: Moment along column line (GLY-6) for beam-slab mat of non-uniform 
height 

 

 
 

D
is

ta
nc

e 
(m

) 

-0
.9

1 

-0
.6

8 

0.
68

 

3.
81

 

6.
94

 

8.
31

 

11
.4

3 

14
.5

6 

15
.9

3 

19
.0

5 

22
.1

8 

23
.5

5 

26
.6

8 

29
.8

 

M
om

en
t f

or
 9

1 
cm

 

0 

-3
25

.2
8 

20
4.

58
 

-3
18

.2
2 

18
8.

21
 

28
1.

89
 

-1
41

.9
1 

39
2.

91
 

38
3.

36
 

-8
8.

86
 

40
3.

71
 

38
7.

57
 

-9
1.

19
 

39
8.

37
 

M
om

en
t f

or
 1

52
 

cm
 

0 

-2
95

.0
9 

52
4.

81
 

-1
42

3.
7 

49
6.

39
 

81
2.

82
 

-9
67

 

10
97

.5
 

11
11

.0
3 

-7
65

.8
4 

11
91

.9
2 

11
60

.1
5 

-7
49

.9
6 

11
83

.8
4 

D
is

ta
nc

e 
(m

) 

-0
.9

1 

-0
.6

8 

0.
68

 

3.
81

 

6.
94

 

8.
31

 

11
.4

3 

14
.5

6 

15
.9

3 

19
.0

5 

22
.1

8 

23
.5

5 

26
.6

8 

29
.8

 

M
om

en
t f

or
 9

1 
cm

 

0 

-2
94

.6
8 

21
2.

04
 

-1
95

.8
9 

29
3.

87
 

48
5.

14
 

8.
72

 

35
3.

71
 

57
6.

55
 

-9
1.

23
 

-1
05

.1
5 

79
.0

4 

-1
99

.8
0 

30
.5

1 

M
om

en
t f

or
 1

52
 

cm
 

0 

-3
50

.8
6 

60
8.

84
 

-9
46

.6
2 

87
4.

74
 

15
46

.8
4 

-3
47

.7
 

98
6.

52
 

16
99

.2
7 

-6
29

.5
3 

-4
06

.5
9 

14
2.

43
 

-9
93

.8
2 

-1
35

.9
3 



115 
 

Table B-13: Moment along middle of an interior panel (GLY-56) for uniform 
thickness mat of uniform height 

 

Table B-14: Moment along middle of an interior panel (GLY-56) for uniform 
thickness mat of non-uniform height 
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Table B-15: Moment along middle of an interior panel (GLY-56) for beam-slab mat 

of uniform height 

 

 

 

Table B-16: Moment along middle of an interior panel (GLY-56) for beam-slab mat 
of non-uniform height 
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Table B-17: Moment along column line (GLY-3) for uniform thickness mat of non-
uniform height 

 

 
 
 

Table B-18: Moment along column line (GLY-3) for beam-slab mat of non-uniform 
height 
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Table B-19: Deflection along column line (GLY-6) for various thickness of uniform 
thickness mat of uniform height 

 
D

is
ta

nc
e 

(m
) 

-0
.9

1 

0 3.
81

 

7.
62

 

11
.4

3 

15
.2

4 

19
.0

5 

22
.8

6 

26
.6

8 

30
.4

8 

34
.2

9 

38
.1

 

41
.9

1 

45
.7

2 

49
.5

3 

53
.3

4 

57
.1

5 

60
.9

6 

61
.8

7 

D
ef

le
ct

io
n 

fo
r 

21
3 

cm
 

-4
1.

66
 

-4
1.

14
 

-3
8.

26
 

-3
7.

95
 

-3
6.

28
 

-3
7.

95
 

-3
6.

08
 

-3
7.

22
 

-3
6.

18
 

-3
7.

28
 

-3
6.

18
 

-3
7.

22
 

-3
6.

08
 

-3
7.

95
 

-3
6.

28
 

-3
7.

95
 

-3
8.

26
 

-4
1.

14
 

-4
1.

66
 

D
ef

le
ct

io
n 

fo
r 

24
4 

cm
 

-4
1.

63
 

-4
1.

22
 

-3
8.

84
 

-3
8.

48
 

-3
7.

03
 

-3
8.

48
 

-3
6.

74
 

-3
7.

63
 

-3
6.

78
 

-3
7.

66
 

-3
6.

78
 

-3
7.

63
 

-3
6.

74
 

-3
8.

48
 

-3
7.

03
 

-3
8.

48
 

-3
8.

84
 

-4
1.

22
 

-4
1.

63
 

D
ef

le
ct

io
n 

fo
r 

25
4c

m
 

-4
1.

52
 

-4
1.

29
 

-3
9.

04
 

-3
6.

63
 

-3
7.

25
 

-3
7.

82
 

-3
6.

94
 

-3
7.

77
 

-3
6.

97
 

-3
7.

8 

-3
6.

97
 

-3
7.

77
 

-3
6.

94
 

-3
7.

82
 

-3
7.

25
 

-3
6.

63
 

-3
9.

04
 

-4
1.

29
 

-4
1.

52
 

D
ef

le
ct

io
n 

fo
r 

27
4 

cm
 

-4
1.

69
 

-4
1.

37
 

-3
9.

36
 

-3
8.

99
 

-3
7.

7 

-3
8.

16
 

-3
7.

33
 

-3
8.

06
 

-3
7.

34
 

-3
8.

07
 

-3
7.

34
 

-3
8.

06
 

-3
7.

33
 

-3
8.

16
 

-3
7.

7 

-3
8.

99
 

-3
9.

36
 

-4
1.

37
 

-4
1.

69
 

D
ef

le
ct

io
n 

fo
r 

30
5 

cm
 

-4
1.

83
 

-4
1.

57
 

-3
9.

84
 

-3
9.

48
 

-3
8.

32
 

-3
8.

65
 

-3
7.

91
 

-3
8.

49
 

-3
7.

85
 

-3
8.

48
 

-3
7.

85
 

-3
8.

49
 

-3
7.

91
 

-3
8.

65
 

-3
8.

32
 

-3
9.

48
 

-3
9.

84
 

-4
1.

57
 

-4
1.

83
 



119 
 

 
Table B-20: Deflection along column line (GLY-6) for various thickness of uniform 

thickness mat of non-uniform height 
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Table B-21: Deflection along column line (GLY-6) for various thickness of beam-slab 

mat of uniform height 
 

 
Table B-22: Deflection along column line (GLY-6) for various thickness of beam-slab 

mat of non-uniform height 
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Table B-23: Deflection along middle of an interior panel (GLY-56) for various 

thickness of uniform thickness mat of uniform height 
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Table B-24: Deflection along middle of an interior panel (GLY-56) for various 

thickness of uniform thickness mat of non-uniform height 
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Table B-25: Deflection along middle of an interior panel (GLY-56) for various 

thickness of beam-slab mat of uniform height 
 

 
 

Table B-26: Deflection along middle of an interior panel (GLY-56) for various 
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Table B-27: Contact pressure along column line (GLY-6) for various thickness of 

uniform thickness mat of uniform height 
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Table B-28: Contact pressure along column line (GLY-6) for various thickness of 

uniform thickness mat of non-uniform height 
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Table B-29: Contact pressure along column line (GLY-6) for various thickness of 

beam-slab mat of uniform height 
 

 
 

Table B-30: Contact pressure along column line (GLY-6) for various thickness of 
beam- slab mat of non-uniform height 
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Table B-31: Contact pressure along middle of an interior panel (GLY-56) for various 

thickness of uniform thickness mat of uniform height 
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Table B-32: Contact pressure along middle of an interior panel (GLY-56)) for various 

thickness of uniform thickness mat of non-uniform height 
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Table B-33: Contact pressure along middle of an interior panel (GLY-56) for various 

thickness of beam-slab mat of uniform height 
 

 
 

Table B-34: Contact pressure along middle of an interior panel (GLY-56) for various 
thickness of beam- slab mat of non-uniform height 
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