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A mat foundation is pr imar ily a shallow foundation. In essence, it is an expanded 
continuous footing and is usually analyzed in the same way.

Mat foundations are sometimes refer red to as raft foundations (especially in the UK).

Mat foundations are selected when:

1.  The area covered by the individual footings exceeds 50% of the structural plan 
area. This is usually the case for buildings higher than 10-stor ies, and/or on relatively 
weak soils where q < 3 ksf � 150 kPa;

2. The building requires a deep basement and below the phreatic sur face (WT). 
Basements may be required to build several levels of parking, or to install mechanical 
systems, access to a subway station, etc;

3.  The Engineer wishes to minimize the differential settlement in var iable soils, or if 
pockets of extremely weak soils are known to be present;

4.  The Engineer wishes to take full advantage of the soil’s increasing bear ing capacity 
with depth by excavating basements, and thereby seek a fully or a par tially 
compensated foundation.



Problem Soils That May Necessitate the Use of Mat Foundations.

1. Compressible soilsoccur in highly organic soils including some glacial deposits and 
cer tain flood plain areas. Highly plastic clays in some glacial deposits and in coastal 
plains and offshore areas there can be significant amounts of compressible soils. 
Problems involved are excessive settlements, low bear ing capacity, and low shear 
strength.

2. Collapsing soils such as the settlement of loose sands and silts. Densification occurs by 
the movement of grains to reduce the volume. Typically includes shallow subsidence. 
May occur in sandy coastal plain area, sandy glacial deposits, and alluvial deposits of May occur in sandy coastal plain area, sandy glacial deposits, and alluvial deposits of 
intermountain regions of the western United States.

3. Expansive soils,  containing swelling clays, mainly from the Montmor illite/Smectite 
group, which increase in volume when absorbing water and shr ink when loosing it. 
Climate is closely related to the sever ity of the problem. Semi-ar id and semi-humid 
areas with swelling clays are the most severe because the soil moisture active zone has 
the greatest thickness under such conditions. Foundation suppor ts should be placed 
below the active soil zone. Expansive soils are most prevalent on the  Atlantic and Gulf 
coastal plain and in some areas of the central and western United States.



One of the largest mat foundations cast in Flor ida is this 9,900 yd3 per formed on Saturday, 
11 May 2002, at Sunny Isles Beach, Miami. The mat suppor ts the 51-story Acqualina Ocean 
Residences and Resor t that belongs to the Trump Group. The pour took 14 hours (star ting 

at 0300 hours to 1700 hours, non-stop).



(Acqualina – continued).

Tarmac (the concrete supplier ) used 150 trucks 
for this job, deliver ing 990 loads of 4 ksi 
concrete. The contractor (Pavar ini 
Construction Company of For t Lauderdale) 
used seven 52-m concrete pumps. 

The foundations were built by HJ Foundation 
of Miami from a design of the URS Corp. and 
CHM Consulting Engineers. The mat is 
suppor ted on 18-in diameter auger-cast shafts suppor ted on 18-in diameter auger-cast shafts 
extending to a depth of 130 feet. A few 30-in 
diameter shafts were placed to a depth of 80 
feet, and provided a design capacity of 1,400 
kips and are believed to be the largest auger-
cast shafts in Flor ida.

The mat was 9 feet thick, and 280 ft x 120 ft in 
plan. The reinforcement consisted of 800 tons 
of #18 bars.



Large mat foundation in Switzer land.



This photograph of the construction of 
the mat foundation for the new Century 
Hotel in San Francisco (1999) shows the 
high redundancy of the bracing. 

The pr imary concern of the designer was 
the possible lateral displacement of the 
adjacent buildings towards the 
excavation.



Having had 25 feet of dredged soils stored 
on its construction site may have saved the 
Harvest States Cooperative up to a half 
million dollars in construction costs on its 
new Amber Milling facility in Houston, 
Texas. 

For about 20 years, the dredged mater ial 
from nearby waterways and excavated soil 
from a neighbor ing project sat on the mill 
site. The mater ial acted as a surcharge 
which compacted the soil to the point of which compacted the soil to the point of 
allowing for mat foundations and shallow 
footings instead of more traditional pile 
foundations. 

Without the need for 60- to 80- foot piles, 
the shallow foundations also allowed 
construction without disturbing 
contaminated soils below.



Most mat foundations employ a constant thickness ‘T’ . This type of constant thickness 
is called a flat plate mat.



In most tall and large buildings, the mat 
thickness T var ies with the load. Therefore, the 
Engineer may desire to separate the var ious 
sections of the structure.

Mats have been used for centur ies: Assyrians
joined ceramic blocks with asphalt and the    
Chinese joined large stones with keys of 
molten lead. 

The Romans joined stones with hydraulic 
cements. Today, we exclusively use reinforced 
concrete.



Many buildings are designed for multi-purposes, such as the one shown above, where a light 
structure is required for offices, versus heavier structural frames are required for the ware-house. 

The dilatation joint between them helps isolate the structures, but not the soil reactions. Therefore, a 
mat foundation may be a solution to minimize the coupled actions.



When large column loads must be designed to prevent shear, other thickening designs
are common. Below are some typical flat plateswith thickening under the columns.



Slab with basement walls acting as stiffness for the mat gr illages.



Details of a mat foundation, serving as the slab of a one-story basement.



Compensated mat foundations.

I f zero settlement is desired, the excavated soil weight will be equal to the weight of the 
building, that is, the Engineer must excavate to a depth Df,

Df = Q / A gggg (for a fully compensated foundation)
or Df < Q / A gggg (for a par tially compensated foundation)

qo = Q/A - ggggDf



Example 1.
A mat foundation is being designed for a small office building with a total live load of 
250 kips and dead load of 500 kips.  Find: (a) the depth Df for a fully compensated 
foundation, (b) the depth Df if a soft clay with gggg= 120 pcf,  cu = 100 psf and qall = 1 ksf 
with FS = 3, and (c) the settlement under mid-mat for the par tially compensated mat 
shown if Df = 2 feet.



Part (a). A fully compensated foundation requires, in dry sand,

Part (b). For the soft clay,

qu =  5.14 cu (1 + 0.195 B / L)(1 + 0.4 Df / B) = qall FS
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Part (c). For the par tially compensated case,

qo = Q/A - ggggDf = (750x10³) / (60x40) – (100)(2)  = 112.5 psf
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The average pressure increase in the clay layer is,

Using Boussinesq’s modified curves for L /B  ¹ ¹ ¹ ¹ 1 (on the next slide),

1) At the top of the clay layer, z/B = 18 ft / 40 ft = 0.45 and L/B = 60 ft / 40 ft = 1.50
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2) At the middle of the clay layer , z / B = 22 ft / 40 ft = 0.55 and  L /B = 60 ft / 40 ft = 1.50

3) At the bottom of the clay layer , z / B = 26 ft / 40 ft = 0.65 and  L /B = 60 ft / 40 ft = 1.50
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� q / qo
Q

Boussinesq’s pressure distr ibution. Increase of stress under the center of a 
flexibly loaded rectangular area.

z/B
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Therefore, the average pressure increase in the clay layer is,

The pressure po at the center of the clay layer is,

po = ggggsand h sand +  gggg’ sand h’ sand + gggg’ clay h’ clay

= (100)(4) + (100–62.4)(16) + (125-62.4)(8 ft/2) = 1,252 psf

Finally, determine the settlement � H,Finally, determine the settlement � H,
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Analysis of Rigid Mats.
The analysis of a mat by assuming that it is r igid simplifies the soil pressures to either a 
uniform condition or varying linear ly.  This is attained by not permitting R (the 

resultant force) to fall outside the kern of the mat. Hence, the corner stress is,
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Analysis and Design Procedure for Rigid Mats.

1) Calculate total column load, Q = Q1 + Q2 + Q3…...;

2) Determine the pressure on the soil q at the mat’s inver t,

3) Compare the resulting soil pressures with the allowable soil pressure;

4) Divide the mat into several str ips in the x and y directions;
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4) Divide the mat into several str ips in the x and y directions;

5) Draw the shear V and the moment M diagrams for each str ip in both directions;

6) Determine the effective depth d of the mat by checking for one-way (diagonal 
tension) shear at the columns (ACI 318, 11.12.2.1c);

7) From the all the moment diagrams of all the str ips in one direction, choose the 
maximum positive and negative moments per unit of width; and

8) Determine the areas of steel per unit width for the positive and the negative 
reinforcement in both directions.



Once the stress distr ibution is known for a r igid mat, the shears V and moment M can 
be found,

The loads Qi do not usually include the mat weight, but should in the final iteration. 
The assumption of linear distr ibution is conservative for r igid mats, and yields 
satisfactory results.

( )i i iV Q dx and M Q x xdxs s= - = -� �� �



Analysis of Semi-Rigid Mats.

Mats are rarely completely r igid since the cost would be prohibitive. Some differential 
settlement must be admissible, without making the mat so flexible that shear 
reinforcing becomes necessary. There are var ious methods of analysis for a semi-r igid 
mat: (a)  as a r igid mat,

(b)  as a row of independent str ips or beams,
(c)  as a gr id,
(d)  using an elastic mat theory (for example, Hetenyi’s theory), and
(e)  employing a finite element software.

Method (a) as a Rigid Mat is admissible when:Method (a) as a Rigid Mat is admissible when:
1. Column loads differ by less than 20% from each other,
2. Column spacing is very similar throughout,
3. The building superstructure is very r igid, and,
4. The load resultant R falls within the kern.

Method (b) of Independent Str ips or Beams.
The mat is represented as str ips along column center lines and each str ip is 
analyzed as an independent elastic beam. Each column contr ibutes an equal 
load to each contiguous str ip, and thus pressures ver tical displacement 
compatibly.



Analysis of Semi-Rigid Strips (the Conventional Method).

The pressure under the mat is assumed to be linear,

Consider each str ip as a combined footing. Adjust so that equilibr ium is satisfied with 
V @@@@0 between str ips). Analyze as a beam on an elastic foundation.
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For cases A, B and C (shown below), the reaction suggestion by Seiffer t may be used.



Example 2.
Using the Independent Str ip Method, analyze and design the 16.5 m by 21.5 m mat 
shown in the figure on the next slide. 

Given that  f ’ c = 20.7 MN/m2,  fy = 413.7 MN/m2, with a load factor = 1.7.

Solution.

Divide the mat into 3 str ips AGHF, GIJH, and ICDJ, where 

Str ip AGHF,   B1 = 4.25 m,Str ip AGHF,   B1 = 4.25 m,
Str ip GIJH,    B2= 8 m, and 
Str ip ICDJ,    B3 = 4.25 m.



A
G B I C

4.25 8 4.25

400 500 450

1500
1500

1200

0.25m

7m

7m

xey = 0.10

kN kN kN

y

1500 1500 1200

400 500 350

F
H E J

D
8m 8m0.25

0.25m

7m

xey = 0.10

ex = 0.44 m



Solution.

Step 1. Find the total columnar load upon the mat.
The area of the mat A = BL = (16.5 m)(21.5 m) = 355 m2.

I x =  BL3 /12 = (16.5 m)(21.5 m)3/12 = 13,700 m4

I y =  LB3 /12 =  (21.5 m)(16.5 m)3/12 =   8,050 m4

� Q = 350 + 2(400) + 450 + 2(500) + 2(1200) + 4(1500) = 11,000 kN

Step 2. Find the soil pressures at the mat invert.
Find the centroid of the column loads (location of the resultant R) with respect to a new x’y’
coordinate system located at the lower left corner at mat,coordinate system located at the lower left corner at mat,

x’ (11,000 kN) = { (16.375 m)[450 + 2(1200) + 350] + (8.25 m)[2(500) + 2(1500)] + 
(0.125m)[2(400) + 2(1500)}  = { 52,400 kN-m + 33,000 kN-m + 475 kN-m}  
x’ = 7.807 m, and the eccentricity is ex = x’ - B/2 = 7.807 - (16.50/2) = - 0.44 m

Similarly,

y’ (11,000 kN) = { 21.375 m)[400 + 450 + 500] + 14.25 m[1200 + 2(1500)] + 7.25 m[1200 + 
2(1500)] +0.125 m[350 + 400 + 500]}
y’ = 10.85 m, and the eccentricity is ey = y’ - L/2 = 10.85 – (21.50/2) = + 0.10 m



The equivalent moments My and Mx corresponding to ex and ey respectively are:

My = (� Q) ex = (11,000 kN)(0.44 m) = 4,840 kN-m

Mx = (� Q) ey = (11,000 kN)(0.10 m) = 1,100 kN-m

The soil reactive pressure q is given at any point by, 

q = � Q / BL +/- My x / I y +/- Mx y / I x

= (11,000 kN) / (355 m2) +/- (4,840 kN-m) x / (8,050m4) +/- (1,100 kN-m) y /(13,700 m4)
q = (30.99  +/- 0.601x  +/- 0.0803y) kN/m2

Solving this equation at the six points shown in the figure, under the mat yields,Solving this equation at the six points shown in the figure, under the mat yields,

A) x = + 8.125 m q = 30.99 +(0.601)(8.125) - (0.0803(10.6) = 30.99 + 4.88 - 0.853 
y = - 10.625 m         = 35.0 kN/m2.

B)  x = 0 q = 30.99 - (0.0803)(10.625) = 30.99 - 0.853 
y = - 10.625 m = 30.1 kN/m2.

C)  x = - 8.125 m q = 30.99 - (0.601)(8.125) - (0.0803) (10.625) = 30.99 - 4.88 - 0.853 
y = - 10.625 m = 25.3 kN/m2.



D)  x = - 8.125 m q = 30.99 - (0.601)(8.125) + (0.0803)(10.625) = 30.99 - 4.88 + 0.853
y = + 10.625 m = 25.3 kN/m2.

E)  x = 0 q = 30.99 + (0.0803)(10.625) = 30.99 + 0.853
y = +10.625 m = 31.8 kN/m2.

F)  x = + 8.125 m q = 30.99 + (0.601)(8.125) +(0.0803)(10.625) = 30.99 + 4.88 + 0.853
y = +10.625 m = 36.7 kN/m2.

Now, for Strip AGHF:       qavg = (qA + qF) / 2 = (35.0 + 36.7) / 2 = 35.85 kN/m2.

The total soil reactive force = qavg BL = (35.85 kN/m2)(4.25 m)(21.50 m) = 3,276 kNThe total soil reactive force = qavg BL = (35.85 kN/m )(4.25 m)(21.50 m) = 3,276 kN
The total column loads = 2(400) + 2(1500) = 3,800 kN

Their average load = (3,800 + 3,276) / 2 = 3,538 kN

qavg (modified) = qavg (avg. load / total reactive force) = (35.85 kN/m2)(3,538 kN / 3,276 kN) 
= 38.7 kN/m2.

Reactive soil load per unit length of the strip: B qavg (mod) = (4.25 m)(38.7 kN/m2) 
= 164.5 kN/m 

Column modification factor F = (average load / total col. load) = (3,538 / 3,800) = 0.931



For Strip GIJH, qavg = (qB + qE) / 2 = (30.1 + 31.8) / 2 = 30.95 kN/m2.

The total reactive force = qavg BL = (30.95 kN/m2)(8 m)(21.50 m) = 5,323 kN
Total column loads = 2(500) +2(1500) = 4,000 kN

Their average load = (4,000 + 5,323)/2 = 4,662 kN

qavg (modified) = qavg (avg. load/ total reactive force) = (30.95 kN/m2)(4,662 / 5,323) 
= 27.1 kN/m2.

Reactive soil load per unit length of strip, B qavg (mod) = (8 m)(27.1 kN/m2) 
= 216.8 kN/m

Column modification factor F = (avg. load/total column load) = (4,662/4,000) = 1.166

Therefore,  Q =  500 kN is now Qmod =  583 kN
and            Q = 1500 kN           Qmod = 1749 kN



Step 3. Determine the mat thickness T.

The maximum shear in the strip AGHF is around the 1500 kN column.
Perimeter pm = 2(0.25 m + d/2) + (0.25 m +d) = 0.5+d +0.25+d = 0.75 + 2d

The ultimate load U = 1.7(1500 kN) = 2,550 kN = 2.55 MN

At punching shear failure, U = Vshear = pm d [� 0.17� (f ’c)]

2.55 MN = (0.75 + 2d)d(0.85)(0.17)(� 20.7 MN/m2)
d2 + 0.375d - 1.94 = 0 from whence d = 1.22 m.

0.25 m 1500 kN

d/2

d/2

T = d + (2 *  bar diameter) + cover
= 1.22 m + 0.0254 + 0.0762

T  = 1.32 m  ~  1.35 m.

0.25 m

d/2

1500 kN



Step 4. Design the longitudinal reinforcement in strip ABEF.

Mu = 1.7Mmax = (1.7)(89.4 kN-m) = 152 kN-m

a = As fy / (0.85 f ’c b) where b = 1 m
Therefore As = 0.85 f ’c b a / fy = [0.85(20.7 MN/m2)(m)a] / 413.7 MN/m2 = 0.043a

but  Mu = � As fy (d - a/2) with � = 0.9 and As = 0.04a
152 kN-m = (0.9)(0.04a)(413,700 kN/m2)[1.22 - a/2]
As2 - 2.45As + 0.02 = 0
therefore,
As = 430 mm2.As = 430 mm2.
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Example 3.



Determination of the load eccentricities ex and ey.

Using the moment equilibrium equations,

x’ = 36.664 ft      and    y’ = 44.273 ft

ex = 36.664 - (72/2) =  0.664 ft
ey = 44.273 - (90/2) = -0.727 ft

The moments caused by eccentricity are:

Mx = Qey = 8761 *  0.727 = 6369 kip-ftMx = Qey = 8761 *  0.727 = 6369 kip-ft
My = Qex = 8761* 0.664 = 5817 kip-ft

Determination of the soil contact pressure qo.

qo = Q/A � Myx/Iy � Mxy/Ix = 8761/(76)(96) � 5817x/(3512x103) � 6369y/(5603x103)

qo = 1.20 � 0.0017x � 0.0011y [kip/ft2]



Check the soil pressure so that  q� qall(net),
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Determination of the mat thickness T,

For the critical perimeter column shown below [ACI 318-95, section 9.2.1],

U = 1.4(DL)+1.7(LL) = 1.4(190)+1.7(130)
U = 487 kip

bo= 2(36+d/2)+(24+d) = 96 + 2d [in]

From ACI 318-95,

� Vc � Vu
24 in d/212 in

24+d� Vc � Vu

� Vc=� (4)� (f’c)bod
= 0.85*4*  � (3000)(96+2d)d

d @19.4 in

24 in

36+d/2

12 in
24+d



For the critical internal column,

U=1.4(DL)+1.7(LL) = 1.4(440) + 1.7(300)
U= 1126 kip

bo= 4(24+d) =  96+4d [in]

From ACI 318-95,

� Vc � Vu
� Vc = � (4)� (f’c)bod

= 0.85*4*  � (3000)(96+2d)d

24 in d/2d/2
24+d

d/2

= 0.85*4*  � (3000)(96+2d)d
d @28.7 in = 29 in

T = 29”  + 3”  (min cover) + 1”  (bar diameter ) 
= 33 in

24+d

d/2



Determine the average soil reaction.
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For strip ABMN (width = 14 ft),

Repeat this step for all the strips in the X and Y directions.
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Load, shear and moment diagrams.



Determine the reinforcement requirements.

The maximum positive moment (bottom bars) of the mat = 2281 kip-ft

The maximum negative moment (top bars) of the mat = 2448 kip-ft

C = 0.85 f ’ c a b where f ’ c = 3000 psi

Applying      Mu  =  f As fy(d-a/2)  and  As min = 200/fy  
As = 0.75 in2 < As min = 1.16 in2/ft  for the bottom bars

And also use As = 1.16 in2  for the top bars.

T = As fy

C = 0.85 f ’ c a b where f ’ c = 3000 psi

From design concepts  C = T





Example 4.
Design the steel lying in the East-West direction of the mat shown below with external 
dimensions of 42 feet by 74 feet. The columns are all 15” by 15” , the LF = 1.6, fc’ = 3 ksi
fy = 50 ksi, and qall = 1.0 ksf.

B G F H Cy

85k 110k 97k

1’

x

A D

330k 330k 250k

330k 330k 250k

85k 110k 90k

74’

1’



Step 1. Find the resultant R and its location.

Si Pi = R = 2(85) + 4(330) + 2(250) + 2(110) + 90 + 97 = 2397 kips
Ix = (BL3)/12 = [42(73)3]/12 =14.2 *  105 ft4
Iy = (LB3)/12 = [72(423)]/12 = 4.57 *  105 ft4
x = [2(330)20 + 2(110)20 + 2(250)40 + 40(90+97)]/2397 = 18.8’
ex = 20’ - 18.8’ = 1.2’ , which is west of center
y= [2(330)24 + 2(330)48 + 250(24) + 250(48) + 292(72)]/2397 = 36.11’
ey = 36 - 36.11 = -0.11 north of the center

Step 2. Calculate the pressure in the soil.

Mx = eyR = 0.11(2397) = 264 ft-kips
My = exR = 1.2(2397) = 2850 ft-kips
at any point
q = (R/A) +/- (Myx/Iy) +/- (Mxy/Ix) = (2397/42*74) +/- (2850x/4.57*105) +/-
(264y/14.2*105)
q = 0.77 +/- 0.006x +/- 0.00018y ~ 0

From q = 0.77 +/- 0.006x +/- 0.00018y. Values are solved by plugging in the x and y values, 
which these values are found  by using the x-y coordinate system off the mat foundation.



Factor (f/soil) = (356/420) = 0.85
Factor (f/loads) = (356/292) = 1.22

B
C

0.90        0.83           0.77         0 .71        0.64

0.90                       0.77                           0.64       

B C

85 k 110 k 97 k

R = 420 k
0.90

0.64



Reduced diagram due to factors.

B C

104 k 134 k 118 k

0.540.76

qB = 0.90 ksf (0.85) = 0.76
qC = 0.64 ksf (0.85) = 0.54

VB =  85 k(1.22) = 104
VF = 110 k(1.22) = 134
VC =  97 k(1.22) = 118



Step 3. Determine the shear and moments as a function of q.

q = 0.76 - 0.00523x
V =   qdx &  M =    Vdx
M = 0.76(x2/2) - 0.00523(x3/6) + C1 + C2

For x < or = 21, C1 = [103.6(x - 1)]/13 and C2 = 0
The largest moment is at x = 11, where M = -34.8 k-ft
The smallest moment is at x = 21, where M = - 0.6 k-ft
and C2 = [134(-21)]/13)

Step 4. Find the mat thickness T, using diagonal tension shear (punching shear).Step 4. Find the mat thickness T, using diagonal tension shear (punching shear).

P (perimeter) = 2[(1.0 + [(1.25 + d)/2] +1.25 + d]
P = 4.50 + 2d (ft)
but Vc  =26.8 psi for f ’c = 3ksi
dP Vc = LF(Q)
d(4.50 + 2d) 26.8 = 1.6(330)
d = 27.5” , so use D = d + 3 = 31



15”

15”

1ft
D/2

D/2

Q = 330 kips

1ft
D/2

Edge of the mat



Step 5.  Find The Bending Moment Distribution Along E Step 5.  Find The Bending Moment Distribution Along E -- W Strip BC.W Strip BC.

qavg = (0.90 + 0.64)/2 = 0.77 ksf

soil reaction R = qavg A = 0.77(42’ *  13’ ) = 420 k

column loads S V = 85k + 110k + 97k = 292 k

average load = (R + S V)/2 = (420 + 292)/2 = 356k

.90           .83            .77            .71          .64B’ = 13’ B C

L’ = 42’



Step 6.  Find Required Reinforcing in EStep 6.  Find Required Reinforcing in E--W Strip.W Strip.

a = (fyAs)/(0.85f ’c b) = (50As)/(0.85(3)(12)) = 1.63 As (inches)
for d = 27.5”       As(d-a/2) = LF(M)/(0.9fy)
As(27.5 - (1.63As/2)) = 1.6(34.8)/(0.9*50)
As = 0.548 inches
check p = As/bd = (0.548)/(12”*27.5” ) = 0.0017 < 0.021 max
minimum As controls = 200/fy = 0.004bd
use As = 0.004bd = 0.004(12”)(27.5” ) = 1.32 in2/ft of width
A #8 bar has an area = 0.79 in2
use 2 #8 bars (As = 1.58 in2) per foot of the matuse 2 #8 bars (As = 1.58 in2) per foot of the mat
Using both 2 #8 top and bottom is overdesigned, but advised to avoid cutting or bending 
under columns, at ends, etc.



Computer Modeling.

The next two slides represents the results of a 7-story concrete structure building over 
a concrete slab. I t is modeled using a gr id over spr ings. The gr id represents the mat 
divided into finite elements and the spr ings are the soil. The spr ing constants are 
obtained from the modulus of sub-grade reaction multiplied by the area of influence 
on the gr id. The average contact pressure (total load divided by the total area) was 
used to calculate the module of sub-grade reaction. Three areas of influence were 
defined to achieve better results: center, edge and intermediate. 

The loads applied to the structure cor responds to the weight of the structure plus the 
service loads. No major ing factors or combination loads applied to calculate the forces service loads. No major ing factors or combination loads applied to calculate the forces 
applied to the foundation. The proper ties of concrete were assigned the elements in the 
gr id. The dimensions of each element were considered using it’s influence area and 
transforming it into an element with constant base and height.





The deformations 
of the br ick mat 
foundation of a 
gothic cathedral 
using a finite 
element analysis.



The Izmit, Kocaeli, Turkey ear thquake of 17 August, 1999, liquefied the soil beneath this 
apar tment building’s shallow mat foundation by reducing the bear ing capacity to zero.



Construction Practices Applicable to the Design of Mats.

- Thickness T is determined from two-way shear (punching shear);

- Typical mat thickness  T:   Stor ies          B=45©            B=90©            B=120©
< 5                24"                 31"                  39"
5 - 10             35"                 47"                  59"

10 - 20             59"                 78"                  98"

- Mats should not have L > 90‘  to 120© without construction joints;

- The mat area should be regular, avoiding acute corners and narrow cor r idors. Keep - The mat area should be regular, avoiding acute corners and narrow cor r idors. Keep 
the column spacing regular and loads within 50% of each other ;

- When the bldg. has very dissimilar loadings, use separate mats with joints;

- Typical reinforcing is from 1.4 to 2‰;  Use � ³³³³ #4,  spaced  greater than 4”  c-c;

- Cast a 4"  to 8"  “ mud mat”  to lay out the steel in a level and clean environment;

- Attempt a single pour for the entire mat to avoid joints, which have a low or zero 
shear ; the thicker T, the greater number of hydration cracks (must control the heat).



Mat next to Collins, in Miami Beach.



Mat next to Collins, in Miami Beach.



Dewaterimg. Dewater ing is needed in the construction of mat foundations to lower 
the groundwater below the excavation. Dewater ing is a frequent cause of dispute 
between the contractor and adjacent proper ty owners. Dewater ing by unsuitable 
methods can cause damage to adjacent proper ties, and result in third par ty litigation. 
Engineers responsible for all the phases of the project, from initial planning to 
budgeting through final construction need to be aware of the potential impact of 
ground water so that their  decisions will be effective. The pr imary preventive measure 
is a thorough geotechnical investigation. When a problem is identified and evaluated it 
is less likely to result in a dispute.

Reinforcement. Mat foundations require massive amounts of steel. Two-way 
reinforcement is positioned in the mat before the concrete is added. The greatest reinforcement is positioned in the mat before the concrete is added. The greatest 
amount of steel will be positioned at the shear wall, which is usually the elevator shaft. 
Dowels need to be positioned so that they will coincide with the respective column.

Concrete. The pour ing of concrete once begun needs to be continued until the 
foundation is complete. The pour ing will begin at one corner and continue from there.

Location. Cities that are located in areas with soils of low bear ing capacity will utilize 
mat foundations. Because most cities are located near r ivers, mats are common 
foundations. Houston, Miami (Miami Beach and the Br ickell Avenue cor r idor ), 
Mexico City and Dallas are examples of cities that employ mats extensively.



Combined foundations. Often it is necessary to use other measures in addition to mat 
foundations. Combined foundations are often used to save money and improve poor 
soil conditions. For example, piles can be placed suppor ting a mat foundation if 
changes in the water table are expected. This situation can apply to Mexico City where 
the water table has fallen due to increased consumption. Money can also be saved by 
using piles or dr ill shafts to car ry tension.

Joints. Construction joints should be carefully located at the sections of low shear. The 
common practice is to locate them along the center lines between columns. An lapse of 
at least 24 hours is desired between pours in adjacent areas. Reinforcing bars should 
be continuous across the joints. I f bar splicing is needed, a lap of 24 bar diameter 
should be provided. The concrete should be strong enough to transfer the shear stress should be provided. The concrete should be strong enough to transfer the shear stress 
across the joint. This is commonly done by providing a shear key along the joint. The 
shear key, usually occupies the middle third of the thickness of the mat and should be 
designed for maximum shear stress. I f necessary, the mat may be thickened to provide 
sufficient strength in the joints.



A mat foundation record pour.

A contractor for a Houston high-r ise says it has set a new record for pumping concrete for a mat 
foundation in a monolitic pour. HCB contractors, Dallas, pumped 11,619 cu yd into the foundation 
for the 53-story, 1.2-million-sq-ft her itage Plaza, says Andrew T. Francolini, HCB©s senior project 
manager. Previously, there was one larger monolithic mat pour, 13,277 cu yd of concrete for 
Houston©s Four Allen Center. There, the contractor was able to use conveyors to speed the (ENR 
5/6/82 p.12). At Her itage Plaza, logistics ruled out  conveyors and chutes. A three-story building on 
one side and streets in three others left no staging area. The 250*120-ft foundation extends to the 
proper ty lines. " Larger mats, such as Allied Bank Plaza (16,000 cu-yd) and the Texas Commerce 
Tower (15,200 cu-yd) have been poured,"  says Francolini. The pours, however, were done dur ing 
two weekends. At Her itage Plaza, along both shor t sides of the site and for 40 ft in from the 
per imeter on each side, the mat is pour thick in order to increase stability of the 750-ft-high tower. per imeter on each side, the mat is pour thick in order to increase stability of the 750-ft-high tower. 
The center por tion is only 8 feet thick. The mat contains 1,500 tons of rebar, and the 5,000 psi 
concrete will require 56 days to reach design strength. Subcontractor Hercules Concrete Service, 
Inc., Houston, used 11 of 14 diesel-power concrete pumps (others were for backup) on site, each 
with a capacity of 100 cu yd per hour. Two concrete trucks were at each pump at all times, one 
deliver ing concrete while the other was being positioned. Four suppliers brought concrete in from 
seven plants using 143 transit-mix trucks. Staging areas for the trucks were at two ends of the site. 
From 3 a.m. on a Saturday until about 11 a.m., the pumps maintained the scheduled pumping of 
1,000 to 1,100 cu yd per hour. Then heavy rains slowed production, stretching the pour from a 
scheduled 13 to 14 hours. (ENR, 14 March ©85).



Drainage, Waterproofing, and Damp-proofing of Mats.

Distress to buildings can often be traced to foundation movements caused by 
inadequate removal of sur face water. Hence, the grading of the site around a building 
should be carefully designed. I f the ground sur face next to the building is to be 
unpaved, its slope should not be less than 1 inch per foot. The nature of the subsoil and 
groundwater conditions at a site should always be considered in the choice of elevations 
for basements and floor levels. I f the basement must be established below normal 
groundwater levels special precautions must be taken to prevent seepage into the 
structure. For this two general methods are in common use: drainage, whereby water is 
prevented from reaching the exter ior of the structure, and waterproofing, whereby the 
entrance of water to the adjacent structure is prevented by some sor t of impervious entrance of water to the adjacent structure is prevented by some sor t of impervious 
bar r ier. These two methods are often combined for best results. The footing drains are 
shown in Figure 1, and the intercepting drains in Figure 2.

Footing drains consist of a filtered pipe backfilled with free draining mater ial. They are 
used where seepage is small and can be diver ted into sewers or ditches. The upper par t 
of the backfill is of a less impervious nature than that of the backfill near the pipe. This 
is done to prevent in flow from sur face waters. Intercepting drains are also used in 
areas of low seepage. The difference from the footing drain is that the filtered pipe is 
located far ther away from the mat. This is used where the presence of water in the 
drains might reduce the strength of the soil beneath the mat.



Floor drains are used when there is seepage beneath the structure and footing drains 
are ineffective. The membrane method is used when  the mat will be below the water 
table. I t consists of bituminous mater ial constructed on or near the exter ior of the 
building.
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