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RESuUMO

O continuo desenvolvimento das metodologias adaptagela Engenharia Civil torna o
dimensionamento de estruturas progressivamentesegiso, fiavel e ao mesmo tempo com menores
implicacdes financeiras.

Com o surgimento do programa dos Eurocodigos Estist os procedimentos de dimensionamento
tém experimentado uma crescente homogeneizagadyeh tacnoldgico e metodoldgico, na area
definida por todos os paises membros da Unido Eiaop

Assim, o dimensionamento da infra-estrutura de dificéo industrial na Lituania ndo apresenta, nos
tempos que correm, diferencas que se possam caarssignificativas no que toca aos procedimentos
gerais que sao utilizados em Portugal.

Contudo, fenbmenos como as grandes amplitudesci#snue se fazem sentir durante o Inverno, o
gelo e degelo do solo e nivel freatico, assim cosielevados niveis de intensidade e frequéncia de
precipitacdo em estado sélido sob forma de nezenfaom que a Lituania possua algumas pequenas
diferencas e pormenores singulares a atentar, @oegpeita ao dimensionamento de edificios e obras
de Engenharia Civil, relativamente aos paises deQita Europa.

No projecto geral das fundacdes de um edificionédmental conhecer as caracteristicas geoldgicas e
geotécnicas do solo onde se pretende fundar atuwrstrypodendo a escolha da tipologia e as

dimensbes das fundac¢Bes a considerar ser condieioransoante o tipo de solo onde se esta a
trabalhar.

Esta dissertacdo apresenta entdo uma metodologenwadvida com o intuito de proporcionar o
correcto dimensionamento da fundacao superficizlamata, do pilar central de um pavilhdo industrial
a construir na cidade de Kaunas, na Lituania. Csse ebjectivo é desenvolvida, numa primeira fase,
uma abordagem a acc¢édo do gelo e degelo nos solbdacdo, focando com especial atencédo os
fendmenos de empolamento do solo por congelagdenftaquecimento associado ao degelo e do
"permafrost” (solo permanentemente congelado),sendseguida elaborados todos os calculos com
vista ao dimensionamento referido.

O calculo do nivel de possivel congelacdo e dacidgde resistente do solo ao corte, a estimatisa do
assentamentos que a estrutura podera experimbatarcomo a avaliacdo da resisténcia da sapata a
possibilidade de corte por esforco transverso e ancoamento, respeitante as dimensfes
previamente pré-dimensionadas, constituem os pduolosais de abordagem deste texto onde é
também exposta a tipologia tipica de construcdeaterturas de edificios industriais na Lituania

correspondente na maioria das vezes as orients@dgsas russas.

PALAVRAS -CHAVE: dimensionamento, fundacdes, época de congelagdagidade resistente do solo,
assentamento.
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ABSTRACT

The continuing development of Civil Engineering heatologies makes the design of structures
progressively safer, reliable and at the same witie less financial implications.

With the emergence of the Structural Eurocode Rragre, the design procedures have experienced a
growing technological and methodological homogdiogsawithin the member states of the European
Union.

Thus, presently, the design of the infrastructdrarindustrial building in Lithuania does not pFat
significant differences at the level of generalqaaures to those used in Portugal.

However, phenomena such as the large winter theamalitudes, the freezing of the phreatic level
and of the soil, as well as the high intensity &nreduency levels of snowfall, introduce some small
differences and singular details to the designuilidimgs and Civil Engineering works in Lithuania,
comparatively with Western European countries.

In the general project of a building foundationistfundamental to determine the geological and
geotechnical characteristics of the soil wheredtnacture will be founded, since the soil type may
condition the type and dimensions of the foundatimnuse.

This work presents a methodology developed withaitreof providing the correct design of a shallow
foundation or footing, of the central column of engric industrial pavilion to be built in the ciby
Kaunas, in Lithuania. With that objective in mina @proach is first developed to account for freeze
and thaw actions in foundation soils, giving patde attention to the phenomenon of frost heave,
thaw weakening and permafrost. All the necessasigdecalculations are then carried out.

The frost line and soil bearing capacity calculatithe estimate of the settlement that the straaten
suffer and the evaluation of footing simple and ghing shear risk constitute the main topics of this
text, where is also described the typical typolofj\Lithuanian industrial pavilion roof construction
following most of the time the Russian technicalqpice.

KEYWORDS design, foundations, frost heave, soil bearing ciapasettlement.
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SYMBOLS AND ABBREVIATIONS

SYMBOLS

Latin Letters

a - distance from the periphery of the column to the control perimeter considered (equation 4.22)
a, - biggest distance between the face of the column and the edge of the footing (equation 4.9)
A’ - effective area of the footing

A, - effective area of the footing (equation 5.31)

Afoot. - area of the footing

A, - area of steel

A, - area of control (equation 4.21)

A, - area of the critical shear zone (equation 4.30)

b,, - smallest width of the cross-section in the tensile area

b - the design values of the factors for the inclination of the base, with
subscripts ¢, g and y

b - foundation width (equation 6.8)

B - width of the foundation

B’ - effective width of the foundation

B, - effective dimension of the footing

B, - dimension of the footing in direction OX

B,, - dimension of the footing in direction OY

¢ - cohesion intercept

¢’ - cohesion intercept in terms of effective stress

cu - undrained shear strength of the soil

C,.q - undrained shear strength of the soil (equation 5.31)

d - mean effective depth of the footing

dsy - characteristic ice depth

d, - frost line depth

d, - coefficient related with the type of the soil

e, - eccentricity of the load in direction OX

e, - eccentricity of the load in the direction OY

E - deformation modulus

E; - deformation modulus of the different layers of the soil (equation 6.2)

XV
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E,, - design value of the elasticity modulus

f - settlement coefficient

fex - characteristic compressive cylinder strength of concrete at 28 days (MPa)

f-a - design value of concrete compressive strength

fsyd - design yield strength of reinforcement

h - height of the footing

h; - thickness of the different layers of the soil (equation 5.3)

h; - thickness of the different layers of the soil (equation 6.2)

H - horizontal force

i - the inclination factors of the load, with subscripts cohesion c, surcharge g and weight density y

I; - adimensional factor that depends on geometry of loaded area and of the point of the surface
considered

k;, - thermal coefficient depending on the building temperature

k - coefficient dependent on the ratio between the column dimensions (equation 4.18)
k, - value proposed in the EC2 National Annexes (equation 4.31.a)

L - length of the foundation

L' - effective length of the foundation

L, - dimension of the footing base in the direction OX

L,, - dimension of the footing base in the direction OY

m - exponent in formulas for the inclination factor | (equations 5.20 e 5.21)
Mg, - moments applied at the base of the column

M, - coefficient depending on the region where the building will be founded
M, - moment in direction OX

M,, - moment in direction OY

N - bearing capacity factors, with subscripts for ¢, q and y

Nsd - design value of the vertical load, or component of the total action acting normal to the foundation
base (equations 4.4 and 4.5)

p - bearing pressure, linearly distributed on the foundation base

Q..: - theoretical load of rupture

Ry - calculated soil strength

R, - friction of the base of the foundation

R,.q - design value of the resisting force caused by earth pressure on the side of the foundation
R/A’ - bearing capacity of the soil

s - the shape factors of the foundation base, with subscripts for ¢, g and y
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s - settlement (chapter 6)

So - immediate settlement

s1 - settlement caused by consolidation

s2 - settlement caused by creep (secondary settlement)

u - length of the control perimeter considered (equation 4.18 e 4.19)
Vep - shear force applied on the footing

Vsoot. - Volume of the footing

Vpinar - Volume of the column

Vd - design value of vertical load

Vra,c - design shear resistance of the member without shear reinforcement
W - parameter that considers the distribution of shear (equation 4.18)
W,.cn. - Weight of both arches supported by the footing

Wroot. - Weight of the footing

w,

viar - S€If weight of the pillar

w,

wiat. - Weight of the concrete reinforced plates supported by the footing

Wenow - Weight of the snow

W.... - weight of the terrain above the footing

Greek Letters

y - weight density

y' - design effective unit weight of the soil below the foundation level
¥y, - unit weight of concrete

y.' - partial factor for the effective cohesion

Yo - partial factor for the undrained shear strength

y¢ - partial factor for permanent actions, G

y; - unit weight of the different layers of the soil (equation 5.3)

¥4 - Partial factor for pressure created by the terrain on the base of the footing
Y, - partial factor for variable actions, Q

Yry - Partial factor for bearing resistance

¥ - unit weight of steel

Y, - partial factor for the angle of shearing resistance

&, - friction angle between the footing and the foundation soil

u - reduced bending moment

v - strength reduction factor for concrete cracked in shear (equation 4.28)

XVil



Preliminary Foundation Design of an Industrial Building in Kaunas, Lithuania

v; - Poisson ratio of the different layers of the soil

vgp - punching shear stress (equations 4.16, 4.17, 4.18 e 4.19)

Vrac - design value of the maximum punching shear resistance of a footing without reinforcement
(equation 4.17)

Vramax - d€sign value of the maximum punching shear resistance along the control section considered
(equation 4.16)

p - percentage of tensile reinforcement steel of the footing

p; - percentage of tensile reinforcement relative to the concrete efective area (4.31.a)
Py, - percentage of tensile reinforcement steel of the footing in direction OY

D1z - percentage of tensile reinforcement steel of the footing in direction OZ

o, - pressure in the contact between soil and footing

o - COMpressive stress in the concrete from axial load or prestressing

ord - resistance of the soil

03/, - stress applied to the footing by the soil at % of his length (equation 4.30)

¢ - internal friction angle

AVy, - net upward force within the control perimeter considered i.e. upward pressure from soil minus
self weight of base (equations 4.20 e 4.21)

Ao, - stress increment induced by Aq; in direction OZ
Ao, - stress increment induced by Ag; in direction OX
Ay ; - stress increment induced by Ag, in direction OY

w - mechanical reinforcement ratio

ABBREVIATIONS

FEM — Finite Element Method

EC2 — Eurocode 2: Design of concrete structures

EC7 — Eurocode 7: Geotechnical design

EH-80 — Spanish instructions for design and execution of concrete structures
S.F. — Global Safety Factor of the structure against soil shear

TK6-1 — Tables of Typical Structural Buildings in Lithuania

UNESCO - United Nations Educational, Scientific and Cultural Organization

WAPA — Washington Asphalt Pavement Association
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1

INTRODUCTION

1.1. MOTIVATION

The project of a building is subdivided in smalpeojects of different specialties: Structural Pobje
Foundation Project, Acoustical Project, Electrifabject, among many others. In the last century the
foundation project gained increasing importanthbenowadays known that the settlements of the
buildings and bearing capacity of the soil are agpects that must be carefully studied to avoid the
risk of enormous damage or even the collapse déttiuetures.

The foundations of the building can be designeshatiow foundations or deep foundations according
to the conditions of the soil and the dimensionthefbuilding.

Independently of the type of foundations, the dtmecwill transmit its weight to them and then he t
soil, creating in it stresses and strains.

According to the soil bearing pressure theory, whetertain stress level is exceeded, it will form
rupture surfaces in the soil that will cause hugilements and eventually the collapse of the whole
structure. However, smaller values of stresses a#b result in stresses and settlements of the
foundations. When settlements happen with largenihzde or not uniformly in all the foundations
(differential settlements), significant damage neagur in the building, in the form of cracking and
distortion of doors, windows, panels, pavementrstand other elements. In case of strong seismic
activity, large differential settlements can prog@tso the collapse of the entire building.

The value of the differential settlements dependghe distribution of the structural loads on the
foundation, on the stiffness of the soil and onuhigormity of the soil and structure.

However, the study of the soils is one of the mdifficult tasks for engineers because the soil
conditions will always be incompletely defined, matter how extensive prospection works are. So,
engineers study the stress and strain incrementeday loadings in different types of soil, noryal
homogeneous ones, supporting these studies iniekemnd computer models and then try to make
their correspondence with the reality, bearing itmdnthat in nature soils are not generally
homogeneous.

“Unfortunately, soils are made by nature and notbgn, and the products of nature are always
complex...As soon as we pass from steel and cortorei@th, the omnipotence of theory ceases to
exist. Natural soil is never uniform. Its propegtichange from point to point while our knowledge of
its properties is limited to those few spots atalilthe samples have been collected. In soil mectani

the accuracy of computed results never exceedtlamtrude estimate, and the principal function of
theory consists in teaching us what and how to miesia the field”— Karl Terzaghi.

To accommodate their doubts and uncertainties heegs, when designing any foundation make use
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of safety factors, to prevent unexpected conditittvet have not been identified. They design the
structures in a way that it can resist to unforeseenditions without taking any risks, making of
safety by the primordial condition of their project

Because foundation bearing capacity and settlearentivo fundamental factors for the good health of
structures it was necessary to develop theoreatixgadessions to calculate stress, strain and settiem
in loaded soil.

Joseph Valentin Boussinesg was a pioneer in thigst) deriving expressions to determine stresses a
any point of a homogeneous and isotropic half-sphdefinite depth and lateral extent, when a point
load is applied perpendicularly to the surface ((Fégl.1).

l P
}- ks 3P 5
, ER cu__znzzi-r_os
| R
zr | . L] Oy
e 4 p cos?H
ke % mr A = N
e ¥ - T cos
r
(e
(13

Fig.1.1- Boussinesq solution (Tenséo nos Solos, Bastos Cezar)

The stress field for distributed load acting atltlaéf space surface over any given area can bénebita
by integration of the Boussinesq soluti@ther solutions have been developed for layers of finite
thickness, multi-layered soil masses and interrafiglied loadeds (Ahlvin and Ulery, 1962; Giroud,
1970; Newmark, 1942; Poulos and Davis, 1974; ahdre}.

Before 1970 engineers often assumed that the stralar the center of a footing had its largestealu
immediately under the footing and decreased witptideln May 1970 Schmertmann published a
paper in the*ASCE Journal of the Soil Mechanics and Foundatidhsision” showing that the
maximum vertical strain does not occur immediataiger the loading, but at some depth function of
dimensions of the loaded area (Figure 1.2). In 1978 same author made some corrections to the
first document, but the same basic ideas maintained
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Fig.1.2 — Vertical strain under the centre of the footing (Schmertmann 1970)

Currently in the European Union foundation desgmeigulated by the Eurocodes, based on theories
that were developed during many years. In spitéhaff, the study of stresses and strains in solls wi
never be complete, and the theories that wereextezdn be improved or completed as new ones
appear, because as it was said before, this isyauneertain and complex area to study.

As Terzaghi said, soils are made by nature anthallphenomena that occur in nature are of very
difficult representation.

In fact, before the advent of the computered teldgies, the analytical representation of natural
phenomena was limited to very simple cases bedausgste of it being possible to formulate complex
cases, it would take too much time to completectiieulations.

So, natural phenomena can be studied approximbsetyumerical methods like Finite Differences,
Variational Methods (Ritz, Least Square, Courarinjte Elements and many others. These methods
associated to the rapid development of computeadappand speed, became a powerful tool in the
solution of daily problems of engineers.

1.2. Am

In context with the subject of Project/ResearchGebtechnical Option of the"5/ear of Integrated

Master in Civil Engineering of the Faculty of Engering of University of Porto in the 2008/2009
school year, this document, developed at the Kawhasersity of Technology, in the Erasmus
exchange prograngims to illustrate the influence of Lithuanian climadged soil conditions to the

design of shallow foundations, by the developmenthe preliminary foundation design for an
industrial building in Kaunas.

Since the study was developed in the city of Kauimad.ithuania, it is relevant to study the
geotechnical conditions of the city region and, imogortantly, the weather conditions, which are
extremely different from those in Portugal. So #iad and the snow frequency and intensity will be
studied, together with a particular phenomenonfrbs&t heave, caused by very low temperatures that
occur in winter reaching -30 °C.

In order to accomplish the proposed aim the tasksemted in the next sub-chapter will be developed.
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1.3. TASKS

= Study of the Lithuanian geotechnical conditions imgka brief comparison between them and
those in the Porto region, to understand the eftécsuch differences on the type of
foundations used in both countries;

» Description of Lithuanian weather conditions, actttag mainly for the snow frequency and to
frost heave, presenting the definition of the latieéd showing the influence of both on
Lithuanian Civil Engineering;

= Development of the preliminary design of a rectdagindustrial pavilion with dimensions of
42x24 meters in plant, according to the Lithuanigpical Building Structures Tables TK6-1;

Quantification of the loads applied by one columiritte foundation according to the weight of
the different elements of the building and of thews;

Design of the shallow foundation of the industballding using the Spanish regulation EH-80
for a preliminary design and making all the vedfions to certify its safety according to
Eurocode 7 relative to the soil resistance and é&de 2 relative to internal stability of the
footing, making all the necessary alterations ®gheliminary design.

1.4. CONTRIBUTIONS OF THE THESIS
As the result of the accomplishment of all taskis ocument provides the following contributions:

= Show in what way the geotechnical differences betwRortugal and Lithuania influence the
foundations design in each country;

= Expose the typology of the roofs of industrial dings motivated by the presence of snow and
the definition of the minimum depth for the fouridat attending to frost heave, showing the
increment of the actions on the footings causethbge two factors;

= Establishment of a calculating sequence, using BH=Birocodes 2 and 7, to the design of the
footings of an industrial building;

= Comparison of the proximity of results between #djusted Elasticity Method of EC7 and
Classic Elasticity Theory.

1.5. ORGANIZATION OF THE THESIS

In response to the present objectives of the thkggsdocument is organized in 8 different chaptes
follows:

Chapter 2 provides an overview of all concepts Wilitbe dealt with in the text. It is divided irodr
different parts. In the first the geotechnical dtinds of the city of Porto and the city of Kaurae
described, with a short text locating the citiemdgraphically and geographically and explaining how
the type of soil can influence the type of foundias to use. The second part of this chapter
concentrates on the action of the weather in Litkuand in what way it influences the construction,
referring the frost action, the snow and the wiFitk third and the fourth parts of the chapter det

the design regulations used and with the Finitenglg Method, respectively.

Chapter 3 describes the project characteristiqggsrg the type of the building in study and theety
of soil where it will be built. According to Lithugan regulation it is estimated in this chapter the
depth of the frost line, indispensable to know hitol depth the building can be founded.

Chapter 4 consists in a preliminary design of tihg according to the soil characteristics oladin
by one soil test and the loads transmitted to tasebof the column due to the weight of all
superstructure increased by the weight of the sttt may lie on the roof. These preliminary
dimensions will be tested according to the ECZfomle shear and punching shear.
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Chapter 5 examines the question of the bearingcitgtpaf the soil, testing if the dimensions chosen
for the foundation are suitable to the ground tasise with the pressure applied on it.

Chapter 6 discusses the legitimacy of the foundationensions against the settlements that it will
suffer during the implantation and life of the ldiflyg. Two different methodologies are used to
estimate settlements.

Chapter 7 covers the design of the bending reiefoemt of the foundation, ensuring that this element
can resist to the bending moments created in tfess sif the column.

Chapter 8 concludes this text with a general ajgtiea of all work developed and with the final
considerations about all acquired concepts, metbgis and one evaluation of all results obtained.
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2

BACKGROUND

This chapter contains all the background neceskargeveloping the primordial objective of this
thesis, the design of the footing of an industialding.

In section 2.1 will be depicted the geological atnds of Kaunas and Porto, defining all the techhi
terminology and showing the principal differencesoundation design between these two countries
related with their discrepancy in conditions.

In section 2.2 will be described the weather coon#t of Lithuania, pointing out the more influent
factors to the construction typology of the country

Section 2.3 introduces the Eurocodes 2 and 7, giparticular attention to the sections that will be
used in the footing design and finally section Rrévides an introduction to the Finite Element
Method, describing its fundaments, goals and itnections with computer software, describing in
detail the software that will be used in this work.

2.1. GEOTECHNICAL AND GEOLOGICAL CONDITIONS
2.1.1. PORTO

The city of Porto (Oporto in English), located retnorth of Portugal on the right bank of the Douro
river, is the second most important city of therdoyiand one of the oldest in Europe.

This city, with about 240,000 inhabitants, is tleaiter of the Greater Metropolitan Area of Portotifwi
about 2,0 million inhabitants) and the historicakaa of the city (Figure 2.1), because of its
architectonic and historic assets, was declareddWeritage Site by UNESCO in 1996.

Fig.2.1 — City of Porto (New York Times)
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In what concerns the Geotechnical and Geologicalditions, Porto is located essentially in the

Centro-lberic Zone in the limit between this zonel éDssa Morena Zone. These two zones are
separated by the Porto-Coimbra-Tomar shear zone pghases near the Douro River mouth

(Nevogilde). This shear zone permits the intrusibigranitic rocks in metamorphic and sedimentary
ones.

So, in Porto the geological formations are of thigerent types of lithology:

= Sedimentary (recent mantle deposits)
= Metamorphic (mica schist, gneiss and migmatitithef“Schist-Greywackey” — Douro Group);
= Igneous (granitic rocks named “Porto Granites”).

These last ones are the most common in this aceagpinally residual granitic soils will be found
when ground investigation is done before a constmic

Figure 2.2 shows an example of a soil profile i @ty of Porto.

LANDFILL AND/OR GEOUND VEGETABLE AND/OR ALLUVIA
GRANTTE (W§)
GRANITE (W5)

GRANITE (W4)

GRANITE (W1-3)

Fig.2.2 — Geotechnical zoning of a soil in city of Porto (Metro of Porto Construction)

2.1.2. KAUNAS

The city of Kaunas, situated in the confluencehef two largest Lithuanian rivers, the Nemunas and
the Neris, and near the biggest lake of the courgtyre second city in the country.

This city, with about 360,000 inhabitants, is tleater of Kaunas country and due to its locatidrai
been for many years the primordial cultural andiness center. It was the capital of the country
during 20 years following the occupation of Vilnig Poland in 1920.



Preliminary Foundation Design of an Industrial Building in Kaunas, Lithuania

In the Second World War, Poland was divided betw&emmany and the Soviet Union, and so,
Vilnius became Lithuanian and the capital of thardoy again. In spite of that Lithuania was invaded
by the soviets in the same year.

Despite the fact that the city was devastated byStacond World War and many buildings and signs
of Lithuanians independence were demolished dusimgiet occupation, the city did not lose its
identity nor most of its architectonic heritagegiiie 2.3).

b)
Fig.2.3 — Photos of Kaunas - a) Vilnius Street (Kauno Aerouostas Website); b) Laives Avenue (Seventh European
Dependable Conference); c) Aleksotas Bridge (Seventh European Dependable Conference).

The city is founded in layered soils of sand arayckock being only at depths around a hundred
meters.

With the phreatic level rounding two meters dejébcause of the rigorous winters of this zone these
soils have the particularity of increasing theilwoe in winter when the water contained in them
freezes.

This phenomenon will be exposed later and its itgmme will be shown to the design of building
foundations.

Figure 2.4 illustrates an example of the soil ttet be found in this city, the same soil that \wél
used later in the project of the foundation of aduistrial building. The line in blue represents the
phreatic level in the soil.
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Fig.2.4 — Generic soil in the city of Kaunas

2.1.3 RELATION OF THE TYPE OF FOUNDATIONS WITH GEOTECHNICAL CONDITIONS

There is an inevitable connection between geolbgaanditions and foundation design and
construction. If, for their considerable size, dabr&ddges and transportation structures seem tacend
more difficulties to Engineers, the design of alding can cause as many problems or even more,
especially in what concerns foundation design.

To design the foundations of a structure it is Beagy to follow three operations:

= To determine the nature of the foundation bedwhidtict as support;

= To calculate the loads that the structure will $rart to the foundation and this one to the soil;

» To design the foundation structure to fit the ressof the two previous operations, resisting to
the loads and enabling the soil to also residtéont

In fact, the geological and geotechnical conditibase a big influence on foundation design. As to
the geological conditions the primordial factor Ik the depth of the bedrock. According to this
depth, the foundation design characteristics mangé, depending if the bedrock lies at the ground
surface or so close that the building can be fodngw®on it. The bedrock may also occur at a depth
below the ground surface that still makes posgiwetransfer of loads to it. Alternatively the beck
may be so far from the surface that the buildinl véive to be founded in weaker geological material

In the first and third cases shallow foundationy fma@ used but while in the first it is not neceggar
have big concern with the design, in the third nidetions in soil, adequate subsurface investigation
are imperative, being necessary an exploratory wmtid a depth at least twice the width of the
structure. These foundations in soil, in which gle®technical conditions are of extreme importance,
are the most common in Engineering.

10
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In the second case, with bedrock within reach, adignpiles are used to transmit the loads of the
structure to the hard rock (deep foundations). &lpéles can be in concrete (with the preoccupaifon
high sulfate content in the groundwater), in s{eet the possibility of corrosion has to be stujlied

in wood (accounting for the fact that wood will eigbrate under alternating wet and dry conditions,
so variations of groundwater level cannot occur).

Given those three different situations and despite considerable differences of geotechnical
conditions, both in Kaunas as in Porto the uséallew foundations is very common.

With reference to the three cases of bedrock déipthgeotechnical conditions of the city of Ponte a
closer to the first situation, despite the factt imasome parts of the region the granitic formagio
closer to the surface are much too fragmented evthg conditions of Kaunas can be integrated in the
third case and so, as it was seen before, in baffescthe shallow foundations are the most
recommended.

It must be said that is a simplification to thitiat these two cities only present this type of gegichl
conditions. However, these ones are the most confroamwhat can be gathered from the technical
literature.

In spite of shallow foundation being the most usgm of infrastructure for buildings in both citjes
the soils of Porto present better resistance cteistics and so the design of this element caddme
in a more favourable environment in terms of safety

2.2. WEATHER CONDITIONS
2.2.1. FROST ACTION

In the regions of the globe where the winter isenagorous, the variation of temperature in the soi
water becomes a factor to take into account iretiggneer daily work. In every site it is necesdary
know the alterations in the soil created by theZeeand thaw of the water contained in it, sinee th
variation of volume and of bearing capacity carnveey prejudicial to the constructions. To explain
the influence of frost action in Civil Engineerimgprks, it is necessary to introduce three concepts,
frost heave, thaw weakening and permafrost.

2.2.1.1 FROST HEAVE

Frost heave is a phenomenon that only occurs iceplavhere the temperature in winter persists for
some time too much below 0 °C. The temperaturbdrsbil increases with depth, so when the surface
is at 0 °C all the soil is above this temperatbre,when the surface is at a much lower temperature
thick layer of soil can be below zero. When thipgens the water in the soil freezes and the ground
surface rises because of the water volume inciafasigout 9%. With this increase of water volume all
the soil above freezing level will also increaseaume up to 5%, depending on the void ratio.

Frost heave occurs primarily in soils containingefiparticles. Clean sands and gravels are non-frost
susceptibleln 1932, Casagrande proposed the following widelgvin rule-of-thumb criterion for
identifying potentially frost susceptible soils:

"Under natural freezing conditions and with sutiti water supply one should expect considerable ice
segregation in non-uniform soils containing mom@tl8% of grains smaller than 0.02 mm, and in very
uniform soils containing more than 10% smaller tha®2 mm. No ice segregation was observed in
soils containing less than 1% of grains smallent®®2 mm, even if the groundwater level is as high
as the frost line."

11
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With prolonged low temperature in soils with suffict saturation much greater volume increases can
occur with the formation of ice lenses. When somegew in the voids freezes some moisture
deficiency is created and capillary tension in aneext to ice crystals. This tension will provoke t
suction of water upwards from below the frost lipegvoking its freezing too and consequently the
increase of the volume of frozen water, the icadésn(Figure 2.5). Such ice lenses will increasszia
with prolonged low temperatures creating in thisywlae frost heaves due to the vertical upwards
pressure that they exert.
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Balow Freezing Frozen Watar in large void gpace
freezes into ice crystals
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Fig.2.5 — Formation of ice lenses (WAPA Asphalt Pavement Guide)
The depth of the frost line may change with regiad country but normally will be below one meter.

The increase of the soil volume is very prejudit¢@lconstructions, so this phenomenon has to be
prevented in the projects. In the case of a bugldins enough to place the footings below thetfros
line, but for a highway pavement or a railway lother techniques have to be employed directly én th
soil. Some of these techniques are listed below:

= Remove and replace the frost-susceptible soil leyfare of silt or clay;
= Lower the phreatic level by means of drains ortuit;
» Use impervious blankets of plastic or asphalts cgs@gnore costly).

In Figure 2.6 it is shown what can happen to a pere if this phenomenon is not prevented.

But frost heave is not the only enemy of enginagvilorks. Associated to the frost action also isstha
weakening.

12
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Fig.2.6 — Cracks on a pavement caused by frost heave (WAPA Asphalt Pavement Guide)

2.2.1.2 THAW WEAKENING

With the beginning of spring temperature begingise and consequently the ice contained in the
subgrade melts. This phenomenon called thaw weafigmiovokes the weakening of subgrade soil
and the loss of its bearing capacity, because ttenxcreated by the melting of the ice cannot be
drained fast enough.

Normally the thaw develops from the surface dowmand thus the melted ice is trapped in the
bottom by the ice that has not melted yet, turnimgysurface and the laterals into the only ways tha
water can take.

As in the case of frost heave this phenomenon easobtrolled in order not to affect the construasio
by placing the footings of the buildings beneath fitost line but there are some regions, the colides
the planet, where the problems of frost action ewen more serious and harder to control: the
permafrost regions.

2.2.1.3 PERMAFROST

Permafrost is the abbreviation of permanent frast defines the terrain with frozen soil or rocks fo
two or more years. It can be found in the Arctigi®as, covering about one-third of Russia, one-half
of Canada and most of Alaska (Figure 2.7) and immtain regions, the alpine permafrost (Andes
mountain range and Central Asia region).

The slightest temperature variations can provokevihg, thus the quantity of water contained in the
soil as ice is very variable and of delicate stghil

This layer is typically 0.4 to 6 meters thick, botthe areas of continuous permafrost and harsh
winters its depth can reach 1493 meters.

Today it is estimated that permafrost covers aa afdl0.5 millions of krhbut it is expected that with
global warming this area will have a huge reductimaround 1 million kfin 2100.

13
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LEGEND:
- Permafrost
- Soil frozen more than 15 days/year
- Soil frozen less than 15 days/year
- Limit of maximum extension of soil covered with snow

Fig.2.7- Regions with permafrost (Image from Wikipedia)

As said before, the permafrost layer is very unetamd its thickness is changeable. So it is very
delicate to construct in such zones, because paygtatan form an extremely strong and stable
foundation material if in the frozen state, but thaws, the soil will become weak and the fouraret
built on it will suffer huge differential or totakettlements (Figure 2.8).

To construct in these regions it is necessary twgeize the importance of the frozen ground
condition, to search for better-drained sands aadejs in the area and to try to minimize tempegatu
fluctuations associated with the construction ofpana.

It can also be used wood piles until the base ®fldlger, above a gravel fill to protect the perrostr
or even to introduce thermal tubes in the terraiodol the ice and retard or prevent its thawing.

14
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Fig.2.8 - Damage on a building provoked by the thawing of permafrost (Journal of Geocryology)

2.2.2. SNOW

One factor to be taken into account in the Easpam of Europe is the frequency and intensity of
snow. The roofs of the buildings have to be prepawesupport the weight of all the snow that can be
accumulated in the coldest months of winter andh&ir structures have to be more complex and
heavy, principally in buildings with a large roofea. In simple buildings like family houses it is
normally enough to increase the roof inclination, additional reinforcement of the structure being
thus needed, which saves a lot of money.

While in Portugal the low weight of the metallicofaf industrial buildings can be almost negleated
the calculation of loads carried by the columns &mhdations, because this weight is favorable
against the effect of lifting of the roof by thendi in Kaunas the weight of the roof has to be
calculated and aggravated by the weight of the shawit will support.

In Lithuania there are two different zones of snotensity, Kaunas being situated in the one of ktwe
intensity. In the next figure is showed the divisf these zones, (figure 2.9).
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Fig.2.9- Lithuania snow load areas. Image of Statybus Techniniai Reglamentai (Construction Technical
Regulations of Lithuania)
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According to the Statybus Techniniai Reglamentain&ruction Technical Regulations of Lithugnia
in area | the buildings will be subject to a lodd.@ kN/nfand in area Il to 1.6 kN/m

These loads are affected by a coefficignhich depends on the shape of the roof. The tahists
show the distribution and values of this coeffitiare presented in Annex1 of this work.

2.2.3. WIND

The same document (Statybus Techniniai Reglameyitag} the reference wind velocity in Lithuania,
being higher on the coast and lower inland. Figui® shows the three different wind areas, the firs
one having a reference wind velocity of 24m/s, tredsecond and third, 28 and 32 m/s, respectively.
These values and the distribution of the wind actom buildings can be consulted in the same
regulation, an extract of which is presented in &n@.
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Fig.2.10- Lithuania wind speed reference areas. Image of Statybus Techniniai Reglamentai (Construction
Technical Regulations of Lithuania)

2.3. FORMULATIONS

This document comprehends the design of a shabbowdation of one industrial building constructed
in Kaunas.

The development of this design is done following thrmulations presented in two different Civil
Engineering Eurocodes, Eurocodes 2 and 7.

The structural Eurocodes have the goal of stanziagdistructural projects in Europe ensuring the
trustworthiness of Constructions Project design.

With the objective of eliminating technical obstxcland harmonizing technical specifications, the
Commission of the European Community launched #ioraprogramme in the field of construction,
which aims at standardizing in all countries repnésd in this Community the technical rules for the
design of construction works, serving in the fesige as an alternative to the national regulatdns
each country and later replacing them completely.
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2.3.1. EUROCODE 7

Eurocode 7 regulates the Geotechnical project aritdis used in this work in the design of the fogt
dimensions, certifying that the soil below it wilesist the applied foundation loads and that
settlements will not occur that can provoke damiaghe construction.

The design of spread foundations is described s 6 of this Eurocode being the bearing capacity
and the soil settlement evaluated with the helpuafiexes D, E, F and G, the last one for footings
founded on rock.

2.3.2. EUROCODE 2

Eurocode 2 is one of the parts of the Structurab&ade Programme that regulates the design of
concrete structures. During this work, this docunveiti be used in the design of the concrete faptin
being used formulations to guarantee that theré mdt be any risk of collapse by insufficient
resistance of the concrete structure and its st@dbrcement.

This work will focus on chapter 6 of this Eurocat@t comprehends the Ultimate Limit States for
Concrete Structures, proceeding to the evaluatiehe&ar and punching shear resistance of the fpotin
without extra reinforcement steel.

2.4. FINITE ELEMENT METHOD (FEM)

In Engineering, as in other sciences, it is necgsta represent the phenomena that are
around us. That it is done, intuitively, by dividithese complex problems in parcels, to study
separately each part and then rebuild them in gama

So the problems and situations that occur in natanebe described by models, mathematical
or experimental ones, with a finite number of pasters. With the advent of high-speed
electronic digital computers, numerical methods atdg of solving these models were
developed exponentially.

One of these numerical methods, which is appliedumerous areas, is the Finite Element
Method (FEM). The expression finite element wasdusethe first time by Clough in 1960
and after that this method, originated in the fiefdtructural analysis, was widely developed
and applied to other objectives, namely in the sref soil mechanics, mechanical and
aeronautical engineering, but because of its atldipyaand easy application, this method is
today accepted in many more areas.
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3

PROJECT CHARACTERISTICS

3.1. BUILDING CHARACTERISTICS

In this work it is intended to design the foundatiof one column of an industrial building to be
constructed in the city of Kaunas in Lithuania.

In the next figure is presented the plan of théding under study (Figure 3.1).
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Fig.3.1- Plan of the industrial building (dimensions in mm)

As the principal objective of this work is the spuaf foundation design, the pavilion will be desigh
only with its fundamental elements: the columnd]sypavement and roof.
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With square columns of 0.5 meters side, value @egadn the project, the roof will be designed based
on Lithuanian and Russian tables and regulationsnfiustrial building design. (TK6-1 — Tables of
Typical Structural Buildings in Lithuania).

So, according to the plan and that document thé wdlb be composed of arches with 24 and 18
meters span. These arches will have to supporbtfeof the building when loaded with snow.

So following the TK6-1 it was possible to draw gextions of the building in the transversal dik@cti
(figure 3.2), (only one half being represented tiusymmetry) and in the longitudinal one (figure
3.3). The same sections are presented in AnnexhBalithe dimensions included.

| 1 I

1 " 2

Cut A/2 A/2Z'

Fig.3.2- Transversal cut of the building A/2-A/2’

Cut22
Fig.3.3- Longitudinal cut of the building 2-2’ (dimensions in mm)

The columns of the building are 9.3 meters longtlpainder the soil surface. The column length
buried in the soil will be calculated in 3.2.2 ating to the depth of the frost line.
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3.2. GEOTECHNICAL CONDITIONS

Table 3.1 was constructed with the results of gdoimvestigation. It contains the depth of the
different soil layers where the building will beufeded (already presented in figure 2.4), as well as
their geotechnical characteristics.

Table.3.1- Soil layers and estimated geotechnical indicators

= = & 0 = ~ S € guw =
q S} %) - S =8
522 =8 52 8- & E£5% 5% EEe BYF Scw
2o 5 0O°= B 2 X E £ 30> o §Bg ESLT s DO
Luo>.U)8 ‘5 O O — o c Z X == = 5T = = ¢ X
@) 8 = = (&) < n = @
1 Concrete - 0.2 -0.2 23.0 - - - -
10 Soil i 01 -03 130 - ] - ]
Medi
> GreySoil oMM 53 06 169 0 32 12.0 150
Density
Poured Hard
3 ur ' 01  -07 180 - ; 11.9 170
Soil Plastic
Stripped Hard
4 PP . 02 -09 205 23 21 18.0 180
Clay Plastic
Layered Soft
4a ayere ot 03 -12 210 12 12 6.3 90
Loam Plastic
L Hard
5 oam, arc 06 -1.8 219 18 25 15.0 210
Layered Plastic
Moraine Semi-
6 ! ! 08 26 232 84 27 27.0 270
Loam Hard
Moraine
7 ! Hard 04 30 233 84 27 64.0 770
Loam
8 FneSand Dense 10  -40 207 4 37 68.0 1100

3.2.1. — FROST LINE

According to Lithuanian regulations and formuladhe frost line can be calculated by the following
equation:

de=kp-dpm  (31)

whered; = frost line depth (metersk,, =thermal coefficient depending on the building terapgre
ds, =characteristic ice depth.
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The value of coefficient, fluctuates between 0.5 and 0.8 according to thepéeature of the
buildings. In this project it will be arbitratedemperature of 10 °C that correspondk;ic= 0,7.

The characteristic ice dep,) can be calculated by the following equation:

dep =do /M, (3.2)

whered, = coefficient related with the type of the saif, =coefficient depending on the region
where the building will be founded.

For clayd, takes the value of 0.23 and for sand 0.28 Mpdan vary between 8.4 and 19)2. is the
absolute value of the atmospheric temperature Hier ¢oldest month of the place in question.
Considering the city of Kaunas a value of 15 cqroesls to a normal year.

The soil in this study is mainly composed by clag doam, but there are some layers of sand. As the
frost line normally has a depth below but closere meter, it is considered the layer 4 composed by
clay for this calculation and so the value of Oi28sed ford, and thus, introducing these values in
the equations it is obtained a value of 0.759 niterfrost line depth.

The following table contains all the values introdd in the formulas as well as the values that were
obtained from them.

Table 3.2 — Frost line depth

Kh do Mt dfn dt (m)

0.7 0.28 15 0.891 0.759

Given the value obtained for the frost line deptie footing can only be founded beneath 0.759
meters of depth, but as can be seen in table 3Heatepth of 0,9 meters there is a soft plasyierla
that does not have good characteristic of resistamcsupport the building. In these conditions, the
foundation will be based in the next layer of betiearacteristics (Layer 5 - Loam, layered, brown —
Hard Plastic) at a depth of 1.2 meters (figure.3.4)
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Fig. 3.4 — Footing location in the soil
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A

FOOTING DIMENSIONS

4.1. LOADS AT THE BASE OF COLUMN

To give dimensions to the footing it is necessarkriow to what loads it will be subject. So, insthi
sub-chapter will be calculated all the weightshef elements that will be supported by the foundatio
under study.

To determine the loads at the base of the columsmiécessary to calculate:

= Self weight of the Column;
= Self weight of the Roof;
=  Snow load.

To know the self weight of the roof and of the snitvat will be directed to the central column it is
necessary to determine the area of the roof tHab&/supported by the footing in question.

4.1.1. — INFLUENCE AREA

The area of influence is the area of the roof Wilitbe supported by the column P and so, the pfart
the totality of roof weight that will load the fodation to be designed.

As it is possible to see on the plan and sectioesgmted in chapter 3, the arches distribute elfalof
weight to columns that support the extremity oféihehes along the lines A-A’, B-B’ and C-C'.

In the other direction the weight will be distribdtequally by all the columns and so the column in
line B-B’ supports twice the weight of the columpssitioned in A-A’ and C-C'. In the other
directions the columns in lines 1/1-1/1’, 2-2" a&i@-2/2’ support twice the weight relative to tieek

of the walls.

With this in mind, in the next three figures is ggated the plan and sections of the building with t
influence area of column P in red, with dimensiamsplan of 6 by 21 meters. In figure 4.3 is
represented only half of the structure and of tifleénce area due to symmetry.
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Fig.4.1- Influence area of column P (dimensions in mm)
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Fig.4.2- Longitudinal section 2-2’ with influence area of column P (dimensions in mm)
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Fig.4.3- Transversal section A/2-A/2’ with influence area of column P

4.1.2- SELF WEIGHT OF COLUMN AND ROOF

As it was said before, the construction of indastouildings in Lithuania is regulated by the Rassi
tables. Those tables give us the weights of everpent that composes the structure and so congultin
them the values of table 4.1 were obtained, whalg thhe column was calculated by the following
formula:

Wpillar = Vpittar * Ve @41

whereW,;;q, =self weight of the columr/p;;;4,, =volume of the column arg. =unit weight of
concrete withy, = 25 kN /m53.

Table 4.1 — Self weight of structural elements

Self weight
Element
¢ (kN)
Column 58.125
Reinforced Concrete
Arch 77
(18m span)
Reinforced Concrete
Arch 117
(24m span)
Reinf dC t
einforced Concrete 26.5

Plates (1 unit)

Consulting figures 4.1, 4.2 and 4.3 it is posstblsee which part of these elements is supportetidoy
column in question. As the plates have 3x6x0.3 raete the base of the column will be transmitted
the weight of 7% x 7/2) plates and half of the weight of both arches.
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So, the column, the concrete arches, with 24 maisisl8 meters span, and the reinforced plate loads
are 58.125, 58.5, 38.5 and 185.5 (kN), respectively

4.1.3- WEIGHT OF THE SNOW

In chapter 2 were referred the snow load areas, lthiits and values and it was possible to nott,th
in Kaunas, the snow accounts for a uniform loadoorfis of 1.2 kN/m

In this work was taken the option of using an adcteof and so consulting Annex 1 and considering
the influence area defined before it will be potestb calculate the load due to snow on column P.

As in both archesf/l > 0.1 (figure 4.4) the snow load on the roof will folloitne second variant
presented in Annex 1 for this type of roof, but dese the influence area comprehends half of both
arches there will be no differences from the fistiant.

So, with an area of 6x21 meters we will have ad@f151.2 kN in the column due to snow load.

The following figure shows the two variants fortdisution of the snow load according to the roof
shape in use, where the second one has been UBgg@idiure was taken from Annex 1.

1 vanant
p=1
I IR I RN IA LAY
2 variant
u=2 p=2 u=

0,57 0551‘|F 051] 051y

Fig.4.4- Snow load distribution (Statybus Techniniai Reglamentai).

4.1.4- STRENGTH OF THE WIND

The reference wind speed in the area of the prége2dm/s. From this velocity it is necessary to
calculate the dynamic pressure that will be apgieethe walls and roof. However, as only the céntra
column of the building is being studied, the effettvind will be despised considering that it Wik
totally supported by the frame of the building.

4.2. PRELIMINARY DESIGN OF THE FOOTING

The dimensions of the footing will be determinedhsidering the loads at the base of the column.
Since there are no horizontal forces or momentgiarge footing will be designed. So, in the nextdab
are presented the loads that will be used in thiedsion of the area of the foundation.
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Table 4.2 — Loads at the base of the column

Element Vertical load
(kN)
Column 58.1
Reinforced
Concrete Arch 385
(18m span)
Reinforced
Concrete Arch 58.5
(24m span)
Reinforced
185.5
Concrete Plates
Snow 151.2
Wind -
Total 471.7

However, taking into account the partial safetytides of EC7, listed in table 4.3, the value of tbial
vertical load and moments will be increased.

Table 4.3 — Partial safety factors

Combination Ve Va Vaq Vo Ve Y cu Vry
DA-1 a) 1.35 1.55 15 1.0 1.0 1.4 1.0
DA-1 b) 1.0 1.3 1.3 1.25 1.25 1.4 1.0

DA-2 1.35 1.5 15 1.0 1.0 1.0 14
DA-3 1.35 1.5 1.3 1.25 1.25 1.4 1.0

where,y; is applied to the permanent structural loads,edalh Lithuania aDead Loads, y, is
applied in the variable loads, called in Lithuaagl.ive Loads, y, is applied on pressure created by
the terrain on the base of the footing, is applied on the internal friction angle of tral.sy,, is
applied on the soil cohesion valyg, is applied on the undrained cohesion of the sud 15, is
applied on the soil resistance.

So using the equations 4.2 and 4.3 we will obtam lbads at the base of the column for every
combination (Table 4.4). As horizontal loads do east, moments do not exist either.
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vd :Z‘,Ve,j-HGK,j +ZVQJ VQK,i 4.2)

Hd :Z:ys,j-HGK,j +ZVQ,i'HQK,i (4.3)

Table 4.4 — Loads to use in the design of the footing

Combination Vy (KN)
DA-1 a) 686.64
DA-1b) 537.19

DA-2 686.64
DA-3 686.64

As the results of the ground investigation provédtéimates of the soil strength, those values véll b
used to pre-design the footing. In the next chapterse values can be adjusted if necessary tolgomp

with the Eurocodes regulation where the resistasfcthe soil can take values different from the
adopted estimate.

Using EC2 and the Spanish Regulation EH-80 willpbesented next the equations required for the
preliminary design of footings with centered squaskimns.

So, to determine the area of the foundation:

osd < ord (4.4)

Nsd Nsd
iz <ord © B, = =< (4.5)

By ord
BX = BO +2- €y (4.6)
By =By+2-: ey @.7)

M
exy = 5 = (4.8)

whereBy andB,, are the dimensions of the footingsd is the vertical load applied to the base of

the column plus the weight of the footing;d is the resistance of the soil aad ,, the eccentricity of
the load in the directions OX and OY.

Since there are no moments eccentricity does rist ard so the dimensions of the footiit, and
B, will be equal B, = B, = By).

In chapter 3 was presented the soil where theibgildill be founded and the depth of foundation was
defined at 1.2 meters in a layer of loam, layeledwn (Layer 5). This layer, as can be seen iretabl
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3.1, has a strength or resistaneed) of 210 kPa. Affecting the soil resistance with fadety factors
of each combination, only in the second one (DAAZ)) this resistance be reduced to 150 kPa
(Ry,a = R,/vr,)- As the footing dimensions are still unknownvitsight will be considered as 10% of

the vertical load.

So, according with the last equations:

Table 4.5 — Values of Bxand By

Combination Bx (m) By (m)
DA-1 a) 1.90 1.90
DA-1b) 1.68 1.68

DA-2 2.24 2.24
DA-3 1.90 1.90

To guarantee the internal stability of the footimgwill be designed with the largest dimensions
required by the different combinations. So, thenftation will be 2.3x2.3 meters.

Now it is necessary to dimension the height offdating. This height has to be sufficiently large t
resist shear but not exceedingly large that migiglicate a waste of money. Thus, some equations
will be used to define this dimension and thenhwatl the dimensions already set, the structure
stability against shear and punching will be tesw@h this we can guarantee that this element will
not need extra steel to prevent those two phenomena

So based on Spanish regulation EH-80:

"> < ag < 2h (4-9)

whereh =height of the footing and, =biggest distance between the face of the columrtlamédge
of the footing (figure 4.5).

Ag

a:=900

00g=Aq

|
0oee

bx=500

Bx=2300

Fig.4.5 — Plan of the footing (dimensions in mm)
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As can be seen in the last figutgis the distance between the column and the edtgedbundation
and so, with 0.5 meters for the side of the colamd the dimensions presented abayes= 0.90 m.

We now use equation 4.9 considering, as firstti@mathe smallest value a&f h = a,/2, a value that
will be checked below.

So, takingh = a0/2 = 0.45m = 0.5m, By = B, = 2.3 m the verification of the stability of the
foundation will now be performed.

4.2.1. —VERIFICATION OF THE COMPRESSED FOOTING AREA

The footing cannot aplly tensile stresses to thike Bdhe eccenticity of the load is excessive tpair

the footing base will lift off the ground creatingstability in the building and the probability of
differential settlements. To prevent this, the disiens of footing area have to be enough to reduce
eccentricity, as can be seen in the following eiquattaken from the book Hormigén Armado:

General Case,

N M M
o= +=.y+-2-x (4.10)
Afoot Iy Iy
For the corner of the footing,
N 6-M 6-M
o= X Y (4.11)

Afoot. - Bx'By2 - By'Bx2
Simplifying,

e
Z—x + B—y < 1/6 mmp THE BASE IS FULLY COMPRESSER12)
X Y

e
;—" + B—y > 1/6 =P THE BASE IS NOT FULLY COMPRESSER.13)
x Y

Since in the case study there are no moments arsg:qoently no eccentricitiegé + ;—y =0< 1/6
x Y

and the dimensions were chosen to vedfy,, < 0,4, the dimensions of the footing in plan are
suitable.

4.2.2. — SHEAR AND PUNCHING VERIFICATION

Punching is one of the most serious problems irtirige and this phenomenon must be carefully
studied but when these elements have an elong&i@gde sthe punching is no longer the most
problematic situation, being all the concerns mxtizd to the effects of the shear.

Following the Spanish norm EH80 conjugated with itidications contained in EC2 for the study of
these two effects (Shear and Punching) in lamifeanents, the suitability of the height of the foati
determined in sub-chapter 4.2 will be verified.

To distinction between an elongated and a non akewigfooting is based on the relation between the
shortest side of the footing and the largest destdoetween the column face and the edge of the
footing in directions OX or QY (figure 4.5). Thadlation is expressed below:

32



Preliminary Foundation Design of an Industrial Building in Kaunas, Lithuania

a,=>15-B wmp ENLONGATED FOOTING
ap<15-B mmp NON ENLONGATED FOOTING (4.15)

(4.14)

In the present casg, will be, like in all square footings, smaller th&ys - B (0.9 < 1.5 x 2.3) and
therefore it will be only necessary to verify thiusture resistance against punching shear.

4.2.2.1. Punching resistance verification

The verification of the punching shear resistandehe performed according to EC2. In agreement
with this regulation, this type of shear has tddsted at the face of the column and at the basitral
perimeter,u,, defined at the distance @f-d from the column, being the distance between the
bending reinforcement steel and the top of theirfigotor in other words, the effective depth of the
footing (figures 4.6 and 4.7).

|

B

)

Fig.4.6 — Example of a footing section (Fundagdes e Estruturas de Suporte, Aréde, Antonio)
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Fig.4.7 — Control perimeter for three different types of columns (EC2)

So, based on EC2, the following conditions havedatisfied:

in the perimeter of the column,

VEd < VRd,max (4.16)

in the control perimeter,

VEd < VRd,c (4.17)
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where,Vgp =punching shear stresgg, . =design value of the maximum punching shear resistan
of a footing without reinforcement ardg, .., = design value of the maximum punching shear
resistance along the control section considered.

The equations that determine the paramétgys= are now presented.

for eccentric loads,

174 .
—fared . [1 + o —Ed (4.18)

VEd,red'W

And for concentric loads,

VEd red
Vg = —— 4.19
Ed d (4.19)
where,
VEd,red = Vga — AVgq (4.20)

and, u =length of the control perimeter considerdd=mean effective depth of the footirg,, =
shear force applied on the footiny/z; = net upward force within the control perimeter ¢dased
i.e. upward pressure from soil minus self weightbafsek =coefficient dependent on the ratio
between the column dimension®/ =parameter that considers the distribution of shead
Mg; =moments applied at the base of the column.

AVgq =09+ A, 4.21)
where, o, =pressure in the contact between soil and footingdgn=area of control.

Looking to figure 4.7 we can define the controlipeter of punching shear and the respective area.
Sinceh = 0.5 we haved = 09 xh =045mands®-d = 09 m.

u=4x05+2x7x09=7.655m
A, =4%0.5x0.9+mx 0.9%2 = 4.35 m?

Applying equation 4.21 to the control perimetemsidering the largest vertical load obtained in the
various combinations;, it will be,

686.64

AV,; = ——— x 4.35 = 563.94 kN
Ed ™ 953%x23

Vpdreqa = 686.64 — 563.94 = 122.70kN

122.70

=T _3562kP
VEd = 7766 % 045 a

If the same equation is applied to the column petémfor the same vertical load,
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AV 686.64
=—X

Ed ™ 923x%x23

Viarea = 686.64 — 32.45 = 654.19 kN

65419
VEd T 95 % 4 x 0.45

0.52 = 32.45 kN

= 726.88 kPa

To verify equations 4.16 and 4.17, we must be tallewr, . andvgg mqy, Via the application of the
following formula:

VRd,c = CRd,c k- (100 P fck)1/3 x2d/a= Umin X Zd/a (4.22)

k=1+ /zdﬂSZ,O dinmm (4.23)

P =Py Pz =002 (4.24)

where,

wherep =percentage of tensile reinforcement steel of thuirig beingply andp;, the percentages

in the directions OY and Oz =distance from the periphery of the column to thetid perimeter
consideredf,, =characteristic compressive cylinder strength ofccete at 28 days (MPa), was
defined before in figure 4.6 ar@, . andv,,;, are values that can be found on the National Annex
being recommended equations 4.25 and 4.26.

Crac = 0,18/y. @25
Vouin = 0,035 - k3/2 - £, Y2 (42

Next are presented all the steps of thg; . calculation where foy, , the partial safety factor for

concrete, was utilized a value of 1.5 andﬁgg 25 MPa for C25/30 concrete. It must be referred tha
in Lithuania, the most used concrete is C20/25.

c _0.18_12
Rde ™ 15 ~

k=1+ 200—166 <20=0.K
= 250 6(6) < 2. K.

Vimin = 0.035 - 1.673/2 . 251/2 = 0,38

450
Vyin X 24/ = 0.38 x 2 X o9 =377 kPa
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As the reinforcement has not yet been designedua ed 0,5% will be considered fpr. So,

Vrae = 0,12+ 1,67 - (100 - 0,005 - 25)*/3 x 2 x 450/(2 % 0,45) =465 kPa > 377 kPa = 0.K.

The value ofvgg mq, can be found in the National Annex for each coubtit it is recommended the
value of:

VRamax = 05V feq @27

v=0.6 [1 — g;’(‘)] (fs in MPa) (4.28)

where, v =strength reduction factor for concrete cracked heas, f.; =design value of concrete
compressive strengthf . /ve.

—06[1 25]—054
V== 250] ~

0
Vramax = 0.5 0.54 - = 4500 kPa

So, in the column perimeter,
Veq < VRdmax < 726.88 kPa < 4500 kPa = 0.K.
And in the control perimeter,

Vg < Vgae © 3562 kPa < 465 kPa = 0.K.

4.2.2.2. Shear resistance verification

In 4.2.2 was proved that this foundation, givendisiensions, does not require the verification of
shear resistance. However in this sub-chapter deimonstrated how to do this verification when
necessary.

In the case of the design of an enlongated footiggz 1.5 - B, it is necessary to verify shearing on
the line defined by the face of the column, figdre.

Crntical Section

} —

[ e

i = |

Fig.4.8- Shear critical section (Fundages e Estruturas de Suporte, Aréde, Antdnio)

When loaded by the column the footing will transthat load to the soil and receive the soil reactio
Thus, there will be a downward vertical load at teater of the footing and upward forces on each
side of the column, generating the possibility béar of the footing at the column edges. For this
shear not to happen it is fundamental that thefotig condition be satisfied.
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VEd < VRd,C (4.29)
Veg =03, A1 (430
Ed 3/, "1 (4:30)
whereos /a =stress applied to the footing by the soil at ¥ieflangth,A,; =area of the critical shear

zone,Vg4 =design value of the shear force dfyg . =design shear resistance of the member without
shear reinforcement.

Ngq

As there are no moments at the base of the colcrmjlL =0y = and so,

Afoot.
A; =23x%x090=2.07m?

686.64

=— X 2. = .
Vea = 53—gs X 2.07 = 268.69 kN

VRd,C = [CRd,c k- (100 “Pr fck)1/3 + kl : O_cp] ' bw -d  (431a)

with a minimum of,
VRa,c = (Vmin + k- Ucp) by, +d (43Lb)

whereCrg ¢ . fer: k, d andvy,;, are defined in equation 4.22, =percentage of tensile reinforcement
relative to the concrete efective ardg, =value proposed in the EC2 National Annexes, the
reccomended value being 0.16,, = compressive stress in the concrete from axial load
prestressing anbl, =smallest width of the cross-section in the tereita (mm).

Thus, being,, = 2300 mm, considering; =0.5% as the reinforcement has not yet been defindd
given that there are no forces in the directioralpeirto the soil surface,, = 0,

Via,e = [0.12 - 1.67 - (100 - 0.005 - 25)/3 + 0.15 - 0] - 2300 - 0.45 = 481.36 kN

So

Veg < Vgac < 268.69 kN < 481.37 kN = 0.K.

In this chapter the footing dimensions have bedimele and its internal structural stability checkbd
the next chapter will be tested the soil resistammkdetermined the settlement that the foundatitn
be suffer.

37






Preliminary Foundation Design of an Industrial Building in Kaunas, Lithuania

5

BEARING RESISTANCE
CALCULATION

Bearing resistance is the capacity of soil to suploads applied on it and can be calculated using
bearing capacity theory. In the case of a shallostifig the bearing capacity is the maximum contact
pressure between the foundation and the soil wiitinot cause shear failure in the soil.

Besides the ultimate bearing capacity, the foundatiare commonly designed according to the
allowable bearing capacity, i.e., the ultimate bepcapacity divided by a factor of safety.

There are three types of soil failure that limi thearing capacity: the general, the local and lpngc
shear failure (figures 5.1, 5.2 and 5.3).

Fig.5.1 — General shear failure (Vesic,1963)

(b}

Fig. 5.2 - Local shear failure (Vesic,1963)
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(&)

Fig. 5.3 — Punching shear failure (Vesic,1963)

The failure is related to the soil reaching itsinnétte limit state, thereby exhausting its
capacity to withstand the applied load, experiegcuery large vertical settlements and
possibly leading all the supported structure téapse.

When one footing is loaded by one vertical centévad continually increasing in magnitude,
there will be one value of the load which causesrtipture of a limited zone of the soil. If the
load continues to increase that zone will spreatil anfailure mechanism fully developed,
with failure surfaces reaching the ground surfades phenomenon can be called general
shear of the soil and can be seen in figure 5.4ee> Q, > Q;.

Fig.5.4 — Evolution of the general shear zone of a soil under a footing loaded by a centered and continually
increasing vertical load (Bearing Capacity of Foundations — University of Pretoria).
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In this chapter will be determined the bearing cétgaof the footing under study and compared with
the vertical load applied to the footing by the g¥giof the building and snow. The foundation begrin

capacity will be calculated, according to EC7, wotdifferent conditions, drained and undrained,
being in both cases equal to the theoretical |dadigture Q,,;;), in each condition, divided by the

area of the footing base.

— Quie
Que =5, 6D

where,B andL are the smaller and larger dimensions of the ngcilar footing area, respectively.

So, in the next two sub-chapters all the necessalgulations will be performed with the goal of
determining the safety of the structure againsstiikeshear.

In this document a layered soil is being considesétth layers of different characteristics and so
different bearing resistance.

In spite of the fact that all parameters used is $tudy have been obtained with only one geoteahni
test, it is assumed that the soil characterisgéosain constant in the horizontal direction.

To achieve an approximation of the real bearingacy of the soil, several cases will be considered
admitting, in each one, the existence of an homeges soil with the characteristics of just onehef t
layers. The real bearing capacity will be a pondera@lue of those obtained for the different layers
having in consideration the importance of eachtortee stability of the structure.

Since the footing will be founded at a depth of heters, there are four different layers belowfit o
increasing resistance in depth. We shall presert the calculations for the first and less resistan
layer, giving for the other layers only the finabults. The full calculations are presented in Aeset
and 5, for drained and undrained conditions, respeyg.

But before the bearing capacity calculations itésessary to define the loads that will be appdied
the effective area of the footing that will appkggsure on the ground.

In the preliminary design of the footing have bedready calculated the loads at the base of the
column (table 4.2). Now it will be only necessaoyadd the weight of the length of the column
beneath the surface, the weight of the footingtardveight of the soil above it.

In the last chapter the footing was defined witB x 2.3 x 0.5 meters and in chapter 3 it was
concluded that it would be founded at 1.2 metephdevith the first 0.3 meters to be removed during
construction (concrete and soil).

With
vaoot. = Vfoot. “Ye (5.2)

whereWs,,.. =weight of the footingVy,,;. =volume of the footing ang. =unit weight of concrete.

Weer. =Z(¥i - hi)  63)

where W;,,. =weight of the terrain above the footing, =unit weight of the different layers and
h; =thickness of the different layers.
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And for the weight of the column can be used equadi.1 considering the total length of the column
between the roof and the footing.

So, according to figure 5.5 representing the pmsitf the footing on the soil and the respectivié un
weight and thickness of the layers and conside2gN/nt the unit weight of concrete we have:

Wyinar = 58,125 + [(1.2 — 0.5) x 0.52] X 25 = 62.5 kN
Wroor. = 25 X (2.3 X 2.3 X 0.5) = 66.125 kN
Weer. = 169 x 0.3 4 18 x 0.1 = 6.87 kN
In the next table are listed all the loads that kel considered in the verification of the soiliseance.

Table 5.1 — Loads at the base of the footing

Vertical Load

Element
(kN)
Column 62.50
Reinforced
Concrete Arch 38.50
(18m span)
Reinforced
Concrete Arch 58.50
(24m span)
Reinforced
185.50
Concrete Plates
Snow 151.20
Footing 66.13
Terrain 6.87
Total 569.20

In the case of a footing subject to an eccentradldt is necessary to determinate the effective
dimensions of the footing that will be used in bearing capacity calculation.

In this case study is being designed a square &giomdwith just a centered vertical load appliedton
and so the effective area is coincident with thel toundation area.

Nevertheless the equations for determination okffextive dimensions of the footing are:

B'=B—-2-e, (54

L'=L—-2-e, (5

A =B-L (5.6)
In this case we have:

B'=23m
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L'=23m
A'=23%x23=5.29m?

5.1. BEARING CAPACITY IN DRAINED CONDITIONS

In drained conditions the bearing capacity willdadculated in terms of effective stress and
can be expressed by the following equation predanteC7:

Ry yr=c"Ne-be-scic+q Ny bg-sq-ig+05-y -B'-Ny-by-s,-i, (7

where R/ 4 =bearing capacity of the soil;), ¢’ =cohesion intercept in terms of effective

stress, q' =design effective overburden pressure at the levelthe foundation base,
y' =design effective unit weight of the soil below tfmindation level B’ =the effective
foundation widthand all the other parameters will be defined later.

In drained conditions, it is considered that thed® will be slowly applied to the soil, giving tinher
dissipation of the excess pore water pressureestdat loading. In fact this methodology is close to
the reality, because the industrial building wié bonstructed in stages giving time for the soil to
consolidate and in this way dissipate excess p@empressure created by the increase of weight
supported by it.

So, with this method the soil bearing capacity Wwel higher than in undrained conditions and partial
safety factors will be applied to the loads andthie soil parameters, increasing the former and
reducing the latter.

This new methodology introduced by the Eurocodewiges more safety and the possibility to give
more weight to some parameters in detriment ofrethgefore the Eurocodes the bearing capacity was
determined and only to the final result was appheshfety factor imposing that the force applied to
the soil had to be smaller than the bearing capdoirided by that factor of safety.

So, according to EC7 in drained conditions it a# necessary to perform the calculations for the
different combinations using the safety factorsrfritie Lithuanian National Annex already referred in
chapter 4 (table 4.3).

For the first layer below the footing (layer5, figu3.4) we have:

Table 5.2- Loads and soil parameters after applying the safety factors

Combination Vq (KN) ?'(®) ¢’ (kPa)
DA-1 a) 792.12 25.0 18.0
DA-1 b) 616.62 19.2 14.4

DA-2 792.12 25.0 18.0
DA-3 790.75 19.2 14.4

In table 5.2 the following expression was emplotedalculate the load at the base of the footing:
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V= (ZVGi) Yo (ZVQi) Yot GV vg 69
And so,
V= (Wpillar + Warch. + Wplat. + Wfoot.) Y T (M/snow) Yo + (Wter.) *Yq

where W4, =weight of pillar, W,., =weight of both arches supported by the footing,
Whpiae. =Weight of the concrete reinforced plates suppoligdhe footing,Wr,,. =weight of the
footing, Wy, =weight of the snow and/;,,, =weight of the terrain above the footing.

To calculate the bearing capacity of the soil iimed conditions it is necessary to define and
determine the remaining parameters of equation 5.7.

5.1.1. — DIMENSIONLESS FACTORS
5.1.1.1. Bearing capacity factors

Consulting EC7 we have the following equations:
N, = e™'""tan®*(45 + ¢'/2) 9
N, = (N; — 1) - cotep’ (5.10)

N, =2 (Nq — 1)tan(p’ where § = ¢'/2 (rough base)  (5.11)

In the next table are presented the respectiveesahf each bearing factor for the different
combinations:

Table 5.3- Bearing capacity factors

Combination N¢ Nq Ny
DA-1 a) 20.721 10.662 9.011
DA-1 b) 14.145 5.938 3.447

DA-2 20.721 10.662 9.011
DA-3 14.145 5.938 3.447

5.1.1.2. Inclination of the foundation base factors

The inclination of the foundation base factors bardetermined by the following equations:

b =by— (1 —by)/N, X tang’  (5.12)
by = b, = (1 —a - tanp)? (5.13)

However the foundation that is being designed amé¢dave any angle with the horizontal andhgo
b, andb,, are equal to 1.
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5.1.1.3. Correction factors of the shape of foundation base

The correction factors of the shape of foundatiasebare determinate by the following equations:

Sc = (Sq . Nq -1 )/(Nq — 1) forrectangular, square or circular shape  (5.14)
Sq = 1+ (B'/L)- Sin(p' for arectangular shape (5.15a)

Sq = 1+ sin<p’ for asquare or circular shape (5.15b)

Sy = 1-0.3 (B'/L') for arectangular shape (5.16 a)

Sy = 0.7 for asquare or circular shape  (5.16 b)

As a square footing is being designed,

Table 5.4 — Correction factors of the shape of foundation

Combination Sc Sq Sy
DA-1 a) 1.466 1.423 0.7
DA-1 b) 1.396 1.330 0.7

DA-2 1.466 1.423 0.7
DA-3 1.396 1.330 0.7

5.1.1.4. Inclination factors of the load

To determinate these factors is necessary to applyhe following equations, the values of cohesion

in effective stress shown in table 5.2. Howevethase are no horizontal loads all the factors bl
equal to one.

ic=ig— (1 —i5)/N.-tang" (s.17)
[1-H/(V+A-c" - cotp)]" (518
[1—H/(V+A - cotep)]™?! (519

lq

Ly
where,

m=mg=1[2+ (B'/L')]/[1+ (B'/L")] whenH acts in the direction of B' (5.20)
m=m; =[2+ (L'/B" 1/[1+ (L '/B')] when H acts in the direction of L' (5.21)
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In cases where the horizontal load component acgirection forming an angtewith the direction
of L', m may be calculated by:

m=mg =my-cos’0 + mg -sin?0 (522

5.1.2. — BEARING RESISTANCE OF THE SOIL AND THE SAFETY OF THE STRUCTURE

To proceed to the calculation of safety of thedtie against soil shear we have yet to calculae t
value ofq’,the design effective overburden pressure at thel lef the foundation base and
introduce in equation 5.7 this value and the valfesll determined parameters to then compare by
equation 5.23 the soil resistance with the loadiegpo the soil.

Rv,d < Vd (5.23)

q' will be the thickness of the layers above the bafs¢he footing multiplied by their
respective effective unit weight. Thus:

qg' =169%x0,3+18,0x0,1+4+205x%x0,2+21x%x03=1727kN

However this value has to be multiplied by the iphrsafety factors corresponding to each
combination.

Table 5.5 presents the final values of the soifihgacapacity, the load applied by the foundation t
the soil and the difference between them for eachbination.

Table 5.5 — Bearing resistance and global safety of the structure for drained conditions

Combination Vg (kN) RIA’ (kPa) Rv(kN) Rv,d (kN) Rv,d/Vq
DA-1 a) 792.12 1089.99 5766.07  5766.07 7.28
DA-1 b) 616.62 519.09 2746.00  2746.00  4.45

DA-2 792.12 1089.99 5766.06  4118.62 5.20
DA-3 790.75 519.09 2746.00  2746.00  3.47

where R =bearing capacity (R/A’) multiplied by the footindfective area and 8d = Rv divided
by the partial safety factgt,,.

In drained conditions normally the minimum recomuhesh values for the difference between the load
and the sail resistanc®y, d/V,) in spread foundations are between 3.0 and 4.Gautkere is no risk
of shearing of the foundation soil in this case.

The values of the same difference when considéredharacteristic of the other layers are presented
next but, as should be expected, they are larger tthe previous ones because those soil layers have
better resistance characteristics than the sddlyefr 5.
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Table 5.6 — Rv, d /V4 for the different soil layers in drained conditions

Combination Layer 5 Layer 6 Layer 7 Layer 8
DA-1 a) 7.28 24.90 2491 21.33
DA-1 b) 4.45 15.09 15.09 6.72

DA-2 5.20 17.79 17.79 15.23
DA-3 3.47 11.77 11.77 5.24

5.2. BEARING CAPACITY IN UNDRAINED CONDITIONS

As it was said in the last sub-chapter, in thes®itions the soil will present less resistance géire
value of the bearing capacity, in general, lowemtlhe real value, because during construction the
soil always dissipates part of the excess porervmessure and the undrained hypothesis considers a
situation equivalent to the installation of the \ehbuilding on the soil in just one instant.

Following EC7 will be presented next the methodgldg compare, for these conditions, the soll
resistance with the load applied to it, considetimg same dimensions of the footing presenteden th
beginning of this chapter and the loads listecbid 5.1.

So, the bearing resistance of the soil in undragwedlitions is given by the following equation:

R/A'=(m+2)-c, b.-S. i,+q (529

When verifying the soil resistance in undrained dittons only the safety factor relative to the
undrained resistance of the sail,) is used and so it will be considered the totali@giresented in
table 5.1 for the footing load and for the cohesidh will be used the values obtained in the soil
geotehnical test.

Again only the intermediate calculations for theeaf layer 5 will be presented. The calculatiars f
the other layers are included in Annex 3, beiny qmesented in this chapter the final results fer t
global safety factors.

In table 5.7 it is possible to see the values,pffor the different combinations that will be usedtfie
next calculations.

Table 5.7 — Values of undrained resistance of the soil for layer 5

Combination c'(kPa) Yeu cy (kPa)
DA-1 a) 18 1.4 12.86
DA-1 b) 18 1.4 12.86

DA-2 18 1 18
DA-3 18 1.4 12.86
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5.2.1. — DIMENSIONLESS FACTORS
5.2.1.1. Inclination of the foundation base factors

In undrained conditions, as can be seen in equétid, it is only necessary to calculate the factor
related with cohesion. So, the dimensionless fdctothe inclination of the foundation base is give

by:
b,=1-2-a/(r+2) 25

As the foundation that is being dimensioned ismnialb, = 1.
5.2.1.2. Correction factors for the shape of the foundation base

The dimensionless factor for the shape of the hgobase in undrained conditions can be calculated
by the next equations, depending of the shape:

sc =1+ 0.2X (B'/L") forarectangular shape (5.26 a)

S, = 1.2 for asquare or circular shape (5.26 b)
As the footing in study is squasg = 1.2.

5.2.1.3. Inclination factors of the load

The inclination factor of the load related to tlodesion is given by:
. 1 H
e =7 (1+ /1 — AI-Cu) (5.27)

As there are no horizontal loads affecting theifapi,. will be equal to 1.

with, H < A’- C,

After determining all the necessary parametersetpration 5.24 next will be calculated the bearing
resistance of the soil in undrained conditionshentcompare it with the value of the load applied i
the soil.

5.2.2. — BEARING RESISTANCE OF THE SOIL AND SAFETY THE OF THE STRUCTURE

Beingq =overburden or surcharge pressure at the leveledfoindation base it will be utilized again
the value for drained conditions. So, with= 17.27 kN we can test, finally, the global safety of the
structure in undrained conditions given by equalic8.

R, <V; (528
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This equation only differs from equation 5.23 irattlthe partial safety factor related to the soall
resistancep, ) is not applied to the bearing capacity of the.soil

Table 5.8 presents the global safety factors as el soil bearing resistance in this particular
condition.

Table 5.8 — Bearing resistance and global safety of the structure in undrained conditions

Combination Vqg (KN) R/IA" (kPa) Rv (kN) Rv/Vy
DA-1 a) 569.20 96.60 511.00 0.90
DA-1 b) 569.20 96.60 511.00 0.90

DA-2 569.20 128.33 678.86 1.19
DA-3 569.20 96.60 511.00 0.90

As can be seen in the table, the rako /v,) in three of the four combinations is smaller tiware,
proving in this way the instability of all the sgat.

To increase the safety of the structure it is pestd to increase the footing contact area withstile
and so after four more iterations, described in énit was concluded that the this ratio in all
combinations to undrained conditions is higher tbaa for a square footing with 2.5 meters side. In
order to guarantee and certify the safety of dfastructure and in that way of the superstructace
the footing it will be designed with 3.2 metersesigroviding in this way a ratio between the soil
resistance and the applied load of 1.5.

Table 5.9 — Bearing resistance and global safety of the structure with the final dimensions of the footing

Combination Vq4 (KN) R/IA" (kPa) Rv (kN) Rv/Vy
DA-1 a) 631.07 96.60 989,16 1.57
DA-1 b) 631.07 96.60 989.16 1.57

DA-2 631.07 128.33 1314.08 2.08
DA-3 631.07 96.60 989.16 1.57

With these dimensions using equation 4.8 the haifjtite footing will change as we can see next:
32 05

The footing weight will change and the weight oé tierrain and so the value Bf. However it is
unnecessary to calculate again the bearing resestahthe soil because with the increase of the
footing the bearing capacity necessarily increased

The calculated ratio is much closer to unit in @ed that in drained conditions because in this
conditions we are being too conservative and sarit be considered that, as these conditions never
happen entirely, the soil resistance is higher tharvalues calculated.
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In the last chapter was calculated the risk of pimg shear of the footing and because of this
variation of dimensions the punching risk shouldch&ulated again. However, as the structure was
comfortably safe against this phenomenon it is icemed a waste of time to repeat the same
calculation because in spite of the variation ef filoting area, the height of the footing increatsed
and so these variations surely will not interferthythe internal stability of the element.

To finish this chapter table 5.10 presents theashf the ratioRv/Vy) in the cases of the foundation
soil being homogeneous with the characteristicdagérs 6, 7 or 8 and already with the final
dimensions of the footing rearranged.

Table 5.10 — Rv/Vy for the different types of soil in undrained conditions

Combination Layer 5 Layer 6 Layer 7 Layer 8
DA-1 a) 1.57 5.85 5.85 0.53
DA-1 b) 1.57 5.85 5.85 0.53

DA-2 2.08 8.08 8.08 0.63
DA-3 1.57 5.85 5.85 0.53

In this table it can be seen that if the foundati@s founded in a layer with the characteristicpér

8, the soil would suffer a general shear failuremdrained conditions. However, considering thét it
sand this conclusion does not apply this time beeaand layer are always drained. And this soll
layer had presented a good response in drainedtioosd

To check the external stability it is also requitedverify the possibility of sliding of the fountian
base.

Base sliding has to be resisted by the soil orsitie opposite to the application of the horizotdgatd
and by the friction between the base and the soil.

However, in this case study the foundation is ndiject to any horizontal load. Nevertheless the
equations necessary for the verification of footvage sliding will now be given.

The next chapter will be devoted to the questiofoofing settlement.

5.3. SLIDING

The verification of the safety is given in this eds/ the following relation of EC7:
Hy <Rz +Rpyq (5.29)

where H, =acting horizontal loadR, =friction of the base and&, ; =design value of the resisting
force caused by earth pressure on the side obtivedftion.

The value of base friction depends on the typenefdoil where the foundation is founded and so in
drained conditions (in general for sandy soils):
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R, =V, -tan(é,;) (5.30)

whereVl/; =vertical load applied to the sod, =friction angle between the footing and the fourafati
soil.

For cast-in-situ concrete footings = ¢’ and for smooth precast footindig = 2/3 OP

In undrained conditions (in clayey soils):

Ry =A, X Cyuqy (5.31)

whereA, =effective area of the footing aiiij.; =undrained shear strength of the soil.
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6

SETTLEMENT ESTIMATE AND
ANALYSIS

Many structures can admit some foundation settlémahout suffering any damage but all have a
stipulated limit for that.

Beyond that limit the structures will crack and Ivbecome weakened and thus, with less global
resistance. The structure will stay functional, lfuthe stipulated settlement limit is too much
exceeded the structure also has the risk of totkpse.

So in most buildings the vertical settlements aretéd to 50 mm (EC 7), with some modifications
according to the type and purpose of the structure.

Besides vertical settlement there is another proltkat the structures have to face. The contaahpf
structure with the ground is normally along a scefalf the structural load distribution and thel soi
deformability are not uniform, some parts of thé beneath the structure may suffer more straim tha
others and consequently some parts of the strustitle more than others, giving rise to differainti
settlements.

The most famous example of a structure severattafieby the differential settlements is the Tower o
Pisa in Pisa, Italy (Figure 6.1).

Fig.6.1 — Tower of Pisa, Italy (Waine, Mary in www.woodenspears.com)
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These differential settlements, besides the problemcracking and distortion of elements of the
structure, as windows, doors, panels, pavementsstaiis, can induce problems with neighbouring
structures and interfere with machinery and witbgde. In general the differential settlement should
not exceed 20 mm (EC 7).

In this text it is being considered the centraltifog of an industrial building founded on a laye sl
considered transversely homogeneous. Since theeimde of the wind is considered to be supported
by the frame of the building and there are no muoezontal forces acting on the structure, the
differential settlements are not a concern in shisly.

However it is necessary to verify the limit of 5@mbo the vertical settlements.

Since the determination of the settlements thaicttres will experience after construction is in
general very difficult, it is more appropriate teeuthe term estimate instead of calculation, hairing
mind that all values obtained can be totally unséal

6.1. SETTLEMENT ESTIMATE

To evaluate if the dimensions chosen for one pddicfoundation are suitable given the soll
characteristics it is necessary to estimate thece¢settlement associated to the vertical logujdied
by the foundation to the ground beneath it.

The total settlement} can be divided into three different components:ithmediate settlemens(),
the settlement caused by consolidatien),( and the settlement caused by creep or secondary
settlements,).

S=Syg+s1+5, (6.1)

It is possible to represent the total settlemenbbg generic time-settlement function, illustrated
figure 6.2, where it is understood the influenceath type of settlement for the final value an@mvh
and during how much time each one occurs.

Construction
5 i | U=100%  r1imes
[ - .
So
W |
i
S:
1 s,
S

Fig. 6.2 — Generic time-settlement function of one foundation (Perloff, 1975).
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This figure treats a generic case, where most @fséttlement occurs by consolidation. In fact the
development of the curve depends essentially otygeeof the soil beneath the foundation. For sandy
soils the immediate settlement constitutes the mpastof the total settlement, the consolidatiomhef
soil being practically null and the creep only velet in the case of large variations of the apploed
(Mecanica dos solos — Conceitos e principios furedaais, Matos Fernandes, Manuel), but in the
case of clayey soils, the immediate settlemeriviset and the consolidation of the soil can takeehug
proportions.

So, buildings founded in sandy soils do not have amblems with the distortion of facades and
secondary construction elements because when thaegstalled all the settlements already occurred.

This chapter does treat consolidation nor creeimgbenly concerned with the estimate of immediate
settlements. This estimation it will be done by nweaf two different methodologies, the elasticity
theory and the adjusted elasticity method presant&dC7.

6.1.1. —SETTLEMENTS FROM ELASTICITY THEORY

The vertical settlement under an area carrying ifoum pressureAg, on the surface of a soll
composed by layers with a linear stress-straintioglship can be expressed by the application of
Hooke’s law as:

1
5i = Ejerg [805 = v+ (B0 + A0y)] by 62

where Ao, ;, Agy; and Ac,,; are the stress increments induced Aoy and h;, E; and v; are the
thickness, the deformation modulus and the Poisstom of the generic layer

The stress increments along a vertical line pasainthe vertex of a rectangle with sidesand|
(Giroud, 1970) can be calculated by the followihgee expressions based on the elasticity theory. So
to know the stress variation with depth at the eenf the footingb and| will be half size of the
footing and the results given by the expressionstioe multiplied by four.

Aoyj =Aqs- Ky 69
Aoy; = Ags - [K, — (1 - 2v) - K3]  (6.9)

Aoy; =Aq, - [L, —(1—=2v)-L;] (65

The equations can be better understood consulimmgext figure and the valueskf, K,, K5, L, and
L} are listed in Annex 6.
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Fig.6.3- Uniform load applied on a rectangular area (Mecéanica dos Solos — Conceitos e Principios Fundamentais.
Matos Fernandes, Manuel)

Firstly it is necessary to define the uniform ldhdt will be applied to the ground. As it was s@en
chapter 5 the vertical load at the base of theirigavas 569.13 kN, however with the increase of the
footing dimensions this value changed for 678.78 ®Nce more with the purpose of guaranteeing the
total safety of the design the safety factors renemded by the Lithuanian National Annex of
Eurocode 7 will be considered and so we @et 939,54 KN for the worst case, i.e. the largest value
obtained in all combinations.

Aq, corresponds to the stresses applied at the babe ddoting by the calculated vertical load and
can be expressed by:

Ag; =Q/A (6.6)

As in the last chapter the sides of the footingeh®2 meters each,
939,54

= ———— = 91,75 kN/m?
3,2 X 3,2

Ag;

The Poisson ratio is not known and so it will beassary to choose consciously the value to use for
each layer.

The Poisson ratio expresses the ratio betweenateeal and longitudinal strain of a material when
compressed or stretched in one direction. For el@mihen a sample cube of material is compressed
in one direction, it tends to expand in the otler tirections perpendicular to the first and if fhist

is stretched the other two tend to contract. Thesdeo ratio is the value of deformation in the
direction perpendicular to the applied force diddey the value of deformation in the direction loé t
applied load (equation 6.7).
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&t 3
y = — ftrans 6.7)
Eaxial

Most materials have Poisson ratios between 0.Mandeing the most normal situation that materials
present one value near 0.3. In the soils this rdties not vary too much also, presenting in sands
values from 0.20 to 0.45 and in clays between @r800.45 and from 0.4 to 0.5 when undrained.

Beneath the foundation base 4 different layers ten identified (figure 3.4): one of loam, two of
moraine loam and one of fine sand.

First at all, it is necessary explain the concept®am and moraine. Loam is a fertile soil consétl
by sand, clay and decomposed vegetable matter.ifvdgreonsulting the Oxford English Dictionary,
can be defined as a mass of rocks and sedimeigdatong and deposited by a glacier.

The soil influencing to evaluation of settlemergsmostly composed by sand, clay, vegetable matter
and some rock masses and so, given to the lirsitsdliabove, we shall adopt a Poisson ratio of 0.35
for every layer, thus standardizing all calculasion

Now, according to the equations 6.3, 6.4 and @&3et6.1 presents the values of stress increment in
the middle of each layer.

Table 6.1 — Increments of Stress in the soil beneath the footing

Layer no. Depth MBS oy e Aoy L
(m) (m) (kPa) (kPa) (kPa)

5 1.6 0.6 0.35 64.22 8.95 8.95

6 2.2 0.8 0.35 54.82 5.16 5.16

7 2.8 0.4 0.35 39.73 1.61 1.61

8 35 1.0 0.35 25.33 0.10 0.10

The stress increments and the deformation moddlesah layer identified in table 3.1 enabled the
use of equation 6.2 to estimate the immediate esatthts that the footing will suffer during
construction, as shown in table 6.2.

Table 6.2 — Immediate settlements of the footing

Layer no. Depth Thickness Poisson ratio E S
(m) (m) (MPa) (mm)
5 15 0.6 0.35 15 0,58
6 2.2 0.8 0.35 27 0,38
7 2.8 0.4 0.35 64 0.06
8 35 1.0 0.35 68 0.09
Total - - - - 111
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The soil beneath the footing presents charactesighiat would lead to anticipate small immediate
settlements, because the layer were the footimgHées a hard plastic consistency and the two next
ones are semi-hard and hard. So, the only layérptiedably could experience larger settlements is
situated at a depth where the load applied bydbadation no longer has a significant influencee Th
layer where the footing is founded is prone to otidation settlement because of its plastic
characteristics. However, according to the aimhed text it only the immediate settlements will be
estimated.

Thus,
1.11mm <50mm = 0.K.

The limit of 50 mm is respected and so the stgb#ibd the function of the structure is totally
guaranteed.

6.1.2. — EC7 ADJUSTED ELASTICITY METHOD

According to EC7, the total settlement of a fourataton cohesive or non-cohesive soil may be
evaluated by the equation (6.8) developed frontielgstheory. We then have:

Ss=pXbX[f/E, 8

where,p =bearing pressure, linearly distributed on the faiimh baseh = foundation width f =
settlement coefficient ankd,,, =design value of the elasticity modulus.

The value of the settlement coefficienft) (depends on the shape and dimensions of the faandat
area, of the variation of stiffness with depth afdhe thickness of the compressible formatiorhia t
following way:

f=0-v?-I (6.9)

where, I; =adimensional factor that depends on geometry afiddaarea and of the point of the
surface considered.

The variation of the adimensional factdg)(can be better understood in the next table wheee
included the values for different geometries offammn loads for rigid and infinitely flexible footgs.
Only the values for the soil beneath the centrinefiload will be compared, since it is the placereh
larger settlement values are expected. In Annexiticiuded the complete table.

Table 6.3 — Values of Is at the centre of the loaded area

Infinitely flexibl
Shape of the footing  Rigid footing nfinitely flexible

footing
Circular 0.79 1.00
Square 0.92 1.12
Rectangular (L/B=1.5) 1.13 1.36
Rectangular (L/B=2) 1.27 1.53
Rectangular (L/B=2,5) ? 1.67
Rectangular (L/B=3) 151 1.78
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As real foundations are much closer to rigid fouimhes, the value of the table corresponding to a
square and rigid footind, = 0.92, will be used.

A constant value of the Poisson ratio will be takenall foundation soil layers, as was discussed
before. Since equation 6.8 has been derived fés adih constant characteristics in depth, it vod
necessary to adopt a uniform deformability moddtrsall soil layers beneath the foundation. To
obtain the required value the deformability modutdighe four layers will be averaged taking into
account the thickness of each of them.

— 2(Epm, - hi) (15 0.6+ 27 X 0.8 + 64 X 0.4 + 68 X 1.0)
me o %h (0.6 + 0.8 + 0.4 + 1.0)

= 44.36 MPa

Being the value of the uniform load the same & 1ml,p = 124.04 kN /m?:
f=(1-0352%)-0.92=0.81
s =91.75% 3.2%x0.81/44.36 = 5.34 mm

534mm < 50mm = 0.K.

However in this estimate it is considered thatsalls have the same importance to the total value o
the settlements, which it is not true. The firsteles under the foundation will suffer more settlaime
because the stress increments on them are larger.

So, the same equation will be using again but demsig now the worst situation, i.e., that all sk
the characteristics of layer 5.

Thus,E = 15 MPa andv = 0,35 and then:
s =91.75x3.2x0.81/15 = 15.8 mm

15.8mm <50 mm = 0.K.

One more time it was verified that the safety agla@ixcessive settlement is totally ensured, aBig t
second method the obtained value is, once agaiy, fee from the imposed limit of 50 mm. It
becomes clear too that the adjusted elasticity ogetioes not give such an approximate estimate as
the first one where all the layers are indepengiertthsidered.
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v

DESIGN OF REINFORCING STEEL

In this chapter will be designed the steel reinforcement of the footing in directions OX and OY. For
that it is necessary to define the moments that act on the footing created by the soil upwards pressure
and then, determine the necessary steel for those moments.

So:

03XLy xXlyy  (01—03)XLy x X1y >
M,, =—2> "4 PEZ ()
"y 2 3

where L, , =dimensions of the footing base, [, is defined in the next equation and o; and g3 are the

stresses in the contact between the soil and the footing, a; being the largest pressure value and o5 the
contact pressure at the distance of 1, from the edge of the footing. In figure 7.1 is represented the

pressure diagram for afooting loaded by a vertical load and moment in one direction.

L b
Ly = % — % +0,15- by, (7.2)

where b, ,, =dimensions of the column cross section.

l B* (x BY) [

Fig.7.1 — Pressure in the footing-soil contact (Fundagfes e Estruturas de Suporte, Aréde, Antonio)

In figure 7.1 is represented one generic footing that supports a column subjected to a vertical load and
a moment in one direction at the base. As it is possible to see the moment at the base of the column
causes the ground pressure not to be uniform, presenting larger values in one edge that may induce
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some rotation of the footing. However in this footing case study no moments are present and so the
pressure diagram will be uniform and so g; = 0, = g5. This value has already been calculated in
chapter 6 as Aq;.

It should be noted that since the footing is square and there are no applied moments M, will be equal
to M,,.
So,

32 0.5

lx=lx=7—7+0.15><0.5=1.425m

_91752x32x 1425 (91752~ 91752) X 25 1.075%
Y 2 3

= 209.194 kN.m

X

To design the stedl it is necessary to define some specifications related to the construction, such as the
type and resistance of the concrete and of the steel that will be used and the thickness of the
reinforcing steel cover.

Table 7.1 features the materials that will be used in the footing and the dimensions that will be
considered for steel calculation.

Table 7.1 — Materials and geometric parameters of the foundation

Concrete Steel h (mm) ¢ (mm) d (mm)

C25/30 S400 700 70 620

Using the simple bending tables of the Portuguese Regulation for Reinforced Concrete we have:

__ Msd

K= b-d?-fcd (7:3)
_ As fsyd
" bd-fcd (7.4)

where, p =reduced bending moment, fcd =design value of the concrete compressive
strength, w =mechanical reinforcement ratio, fsyd =design yield strength of reinforcement and
A =areaof stedl.

With:
fed = f Ck/yc (7.5)

fsyd =Tk, )
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To the lower reinforcing steel:
Msd* =209.194 kN.m
209.194

= =0.01
25000
3.2 X 0.622 x /15

With this result of u will be used the table 1_S400 of the design tables according to EC2 developed by
Prof. Helena Barros and Prof. Joaquim Figueiras presented in Annex 7, appropriate for this design,
with the objective of determining the mechanical reinforcement ratio.
So, according with this table, for a S400 steel, C25/30 concreteand u = 0.01:

w = 0.01
Based on equation 7.4 the area of steel required can be now determined.

4, x 400000/

0.01 =
25000
3.2%0.62 X /15

= A; = 9.50 cm?

However, Eurocode 2 imposesto the longitudinal tensile reinforcement a minimum of:

fctm .
fyk

Agmin = 0.26 - b;-d (774

but not less than,

Ag min = 0.0013 - b, - d (7.7 b)

According to table 3.1 of EC2 for C25/30 fctm = 2.6 MPa and so:

X 3.2 x 0.62 = 33.53 cm? > 0.0013 x 3.2 X 0.62 = 23.79cm?

Ag min = 0.26 X
Simn 400000

As min = 33.53 cm?

So, asthe value of the required steel is smaller than the minimum prescribed by EC2 we will have:
Aging = 33.53 cm? = 12¢20 (37.7 cm?)

In this design it was considered that the footing will be founded on an infinitely rigid soil but it hasto
be understood that if the foundation soil is considered with its deformation modulus of 15 MPa then
the moments would be much higher if the pressure diagram in the contact face would not be totally
uniform.

It is not necessary to calculate the distribution reinforcement taking into account that the steel in one
direction will be the distribution reinforcement in the other.

63



Preliminary Foundation Design of an Industrial Building in Kaunas, Lithuania

Besides negative moments were not considered and so, if the footing was designed in Portugal, for the
top reinforcement would be adopted a constructive steel of #10//20, but as the design is being
developed in Lithuaniathiswill be neglected.

In the next figures the footing is presented with the final dimensions and with the reinforcing stedl:

00ze=Ad

Bx=3200

Fig.7.2 — Plan of footing (mm)
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12220

N @20//.2725
| \\ |

70T b

L | | | | | | | | | | |
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00.=Ag

Bx=3200

Fig 7.3 —Transversal section of footing (mm)

It must be said to that the rods in both directions are tied up because electrical solder, besides
unnecessary, would be expensive.

In chapter 4 the footing dimensions were defined to support shear and punching shear without any
specific reinforcement requirement. In spite of the base dimensions having been dightly increased, the
punching shear stress was sufficient low to guarantee that these aterations do not bring the risk of
collapse of the structure by this phenomenon and so the foundation will not need any extra shear
reinforcement.
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CONCLUSIONS

The work presented in this thesis has the primary objective of identifying of the principa differences
between Lithuanian and Portuguese methodology of shallow foundations design. With the creation of
the Structural Eurocode Programme, the design of structures became standardize amost all over
Europe, existing only some variations according to the National Annexes of each country.

So, after the completion of thiswork were achieved the following conclusions:

1

Besides the formulation presented on the Eurocodes it was redized that the weather and
geotechnical conditions could bring modifications to the procedures that are the norm in Portugal;
All the footing design follows the Eurocodes procedures and so, the test of soil resistance and its
tendency to settle when charged was verified by applying Eurocode 7 that contemplates safety
coefficients specific for Lithuaniathat divide the calculations into 4 different combinations;

The cities of Porto and Kaunas are wide apart in Europe and this geographic distance can be
denoted in their geological and geotechnical characteristics. The layered soils of Kaunas where
predominate sands, clays and loams face the residual soils of Porto granite but, as it was referred
in chapter 2 of this work, such differences are not translated in the type of foundations commonly
used, being in both cases spread or shallow foundations a current choice for construction on both
countries,

Snow and cold characterize this country of Eastern Europe and influence the culture, the
traditions, the personality of the people and of course the architecture and civil engineering works.
The cold besides being felt, can also be seen in the buildings where the huge thermal variations
cause cracks in building walls and undulation of roads and sidewalks. This undulation has its
cause in two phenomena very particular in countries that experience very cold winters, frost heave
and thaw weakening;

The tables of TK6-1 contain very useful information that makes the design of structures easier
because al elements are already established and their weights calculated. However with the goal
of constructing cheaper buildings engineers have the possibility of not using the standard elements
contained in that tables;

The action of frost implies that the foundation of the buildings must be founded under the soil
layer subject to variations of volume that otherwise would cause the lifting of the footings if this
depth was not respected;

The entire procedure of footing design was developed during this work, making possible its
consultation to further projects as it presented the methodologies for different types of foundations
that can be adapted to different soil conditions;

It is more recommendable to perform all the internal structural stability verifications after the
foundation soil resistance and settlement studies. During the calculations it was realized that the
latter are more influenced by foundation area dimensions, while for internal stability verifications
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the footing height is the biggest concern, althogh this dimension does influence very little the soil
verifications;

9. Thetotal absence of moments allied to arelative small vertical load applied to the footing is due to
the light superstructure used in the Industrial Buildings of Lithuania. It originates the adoption of a
square footing design of small dimensions without the need for amost any reinforcement sted,
most of it being merely constructive.
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Annex 1

Construction Technical Regulations of
Lithuania (Snow Pressure Analysis)
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LIETUVOS SNIEGO APKROVOS RAJONAI

1. Sniego antZzeminés apkrovos charakteristiné reiksme sx yra apibrézta Reglamento 153 p.
2. Sniego antZeminés apkrovos charakteristinés reikimeés s; konkretiems Lietuvos rajonams
yra pateiktos $io priedo 1 lenteléje, o rajonai parodyti 1 paveiksle.

1 lentele.

Sniego antZeminés apkrovos si charakteristinés reikSmeés

s, KN/m”
12

1.6

Sniego apkrovos rajonas
|
11

\ .
Briai

Skuadas sy ARITENG o
— - Janiskis

/. R \ - .Pakruolhs‘_ ::)m“ . N\,
* \ ' Fkiskls "1.

Rietavas . P
walys
\Wﬂ'"ﬁ Fadvilkis - Hupiskls Zaras & e

pav.

TN, Jorava * Srintos #’ '

Lietuvos sniego apkrovos rajonai

Zymenys:
I, IT - sniego apkrovos rajonas

Pastaba:
sniego apkrovos rajonu ribos nustatomos pagal admmistracinio rajono ribas.

77



STR 2.05.04:2003
2 priedas

SNIEGO APKROVOS SCHEMOS IR KOEFICIENTAI M

1 lentelé.

Sniego apkrovos schemos ir koeficientai M

Schemos Nr.

Stogy profiliai ir sniego apkrovy schemos

Koeficientai |l ir schemy taikymo sritis

L.

Statiniai su vienslai¢iais ir dvislai¢iais stogais

2 variantas
0,751 1,251

0.5/ L 0.5/
3 variantas

p=0,6 u=14

ITTIEET

0.5 0,251]0.251

-

p=1,kaia =25

p=0, kai a = 60°.

2 ir 3 variantus reikia {vertinti statiniams su
dvidlai¢iais stogais (profilis b). be to, 2
variantas — kai 20°<0<30% 3 variantas — kai
10%<0<30°, tik esant apzidros tilteliams arba
aeracinei irangai ant stogo kraigo.

[

Statiniai su skliautiniais ir panasaus i juos kontiiro
stogais

1
= BF bet ne daugiau kaip 1,0 ir ne

maziau kaip 0.4.

f
2 varianta reikia ivertinti, kai T 22—

8

Ol ©l = =]
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o] =

| ~ |
| | y=50° | 1w
I | 1.6
] 2.0
1 variantas 2.2
H
} Gelzbetoninéms stogo plokstéms koeficienta
. U reikia imti ne didesnj kaip 1.4.
2 variantas
0,51
LLZ*"‘M&" o
0,50 | 051
o
2 Arkiniai stogai
Kai p=15" biitina taikyti 1b schema, imant
// =P, kai p=<15° — 2 schema.
o y=50
' f
. 3
/
3. Statiniai su i&ilginiais stoglangiais

Véja sulaikantis
skydasy

b La |} b
i
Planas
—A 4
Stoglangis| C zona
:Ilé_m__ . __:: A zona

B zona

a
w, =08 pu, :I—O.IE‘.

a
py=1+ 0:55 . bet ne daugiau:

4.0 — santvaroms ir sijoms, kai norminis
stogo svoris 1,5 kPa ir maziau;

2.5 — santvaroms ir sijoms, kai norminis
stogo svoris daugiau kaip 1,5 kPa;

2.0 — gelzbetoninéms stogo plokitéms 6 m
bei trumpesnéms ir plieniniam profilivotam
paklotui;

2.5 — gelzbetoninéms stogo plokitéms
ilgesnéms kaip 6 m, taip pat ir sijoms
neatsizvelgiant i anga;

bi1=In, bet ne daugiau b.

Nustatant apkrova ties stoglangio galu, B
zonai | koeficiento reikimé abiem atvejais
imamas lygus 1.0.
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| variantas n=i A zona

T THE T

o) K, H C zona

oyl y.l

2 variantas

ﬂT m A zona
I a-+2h; I
ol e
Y C zona
] .b] I o I b] I

Pastabos:

. 2 varianty schemas reikia taip pat
taikyti dviglai¢iams ir skliautiniams dviejy-
triju tarpsniy statiniy stogams su stoglangiais
statiniy viduryje.

Véjq sulaikanéiy skydy itaka sniego
apkrovos pasiskirstymui greta stoglangiy
nejvertinama.

Plokstiesiems  &laitams,  kai
b=48 m, reikia ivertinti vietine padidinta
apkrova ties stoglangiu, kalp ir fties
peraukétéjimu (Zr. 8 schemaq).

Sediniai stogai

2 variantas
~14
Bl 4 e b=0.6 e =06
THTL 4 T
Lo.s1p0.50L0.5:00,51]

Schemas reikia taikyti $ediniams stogams.
taip pat su pasvirusiu istiklinimu ir
skliautinio kontiiro stogu

Dviejy tarpsniu ir daugiatarpsniai statiniai su
dvidlai¢iais stogais

|

L / ! |

il

1 variantas

n=1
LU H T

2 variantas
u=14

b
=
[

1=0.6

l | 0.51

2

2 variantas taikomas, kai c=15%

Dvieju tarpsniy ir daugiatarpsniai statiniai su
skliautiniais ir artimo jiems kontiiro stogais
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1,
| / / )
1 |

L1
1 variantas

2 variantas
n=2

0511 051] 051 051y
" L] uJ i

2 varianta reikia ivertinti, kai f//=0,1.
Gelzbetoninéms stogo plokstéms
koeficientus | reikia imti ne didesnius kaip
1.4.

Dviejy tarpsniy ir daugiatarpsniail statiniai su
dvislai¢iais ir skliautiniais stogais su 1$ilginiais
stoglangiais

hy

bl. Lb b

E
~ |2
-
ks
~=
—
o~

1[ / L [ |

J

Koeficienta | reikia imti tarpsniams su
stoglangiais pagal 3 schemos 1 ir 2 variantus,
tarpsniams be stoglangiy — pagal 5 ir 6 schemy
1 ir 2 variantus.

Plokstiesiems dvislai¢iams (o<15°%) ir
skliautimams (#7<0,1) stogams, kai /=48 m,
reikia ivertinti vietine padidinta apkrova, kaip
ir ties perkry¢iais (zr. 8 schema).

Statiniai su aukiciy perkryéin

a)

Virdutinio stogo sniego apkrova reikia imti
pagal 1-7 schemas, o apatiniam — kaip
nepalankiausia pagal 1-7 arba 8 schemas.

Koeficientas || imamas lygus:
1 0

W, = 1+71_m1f1 +m,l ),
2

bet neturi virdyti:
2h

— (&a 1 —m, sx — kPa):
Sk

4 — statiniams (a profilis):

6 — stoginéms (b profilis).

Virutinio (apatinio) stogo reikmes m(7m)
atsizvelgiant i jo profili reikia imti lygias:
0.5 — plokstiesiems stogams su a=<20° ir
skliautiniams su f//<1/8:

0.3 — plokitiesiems stogams su a=20",
skliautimams — su f77>>1/8 ir stogams su
skersiniais stoglangiais.

Apatiniams stogams, kai plotis <21 m (b
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Annex 2

Construction Technical Regulations of
Lithuania (Wind Pressure Analysis)
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STR 2.05.04:2003
3 priedas

VEJO APKROVOS RAJONAIIR KITIDUOMENYS
1. Véjo greicio atskaitiné reik§meé ver yra apibrézta Reglamento 191 punkte.

2. Véjo greifio pagrindiné atskaitiné reik$meé ve.rp Lietuvos véjo rajonams yra pateikta 1
lenteléje, o rajonai parodyti 1 paveiksle.

1 lentele.
Véjo greifio pagrindinés atskaitinés reikimeés vi.go
Véjo greicio rajonas Viero M/S
I 24
I 28
111 32
.(4" = ‘ ‘N.irr \ ‘-fl-i_‘...‘_‘\ v{‘ ‘\
J,r' St Loppiy Asrana =
ey,
} Pakruojis [] l\
Wewga | @ Slaulal . Fasals .
“I Pungé Tebsai . . Fkikis
kaipesa * ) 11 [ e o et Pareitys i M.\}
Rigtavas R .
. . ® Utra
St sibk Fasainal Anyksgial
Nida f L I . igraira z
e L T
N"‘H. g hrbeias - Mokt .
Vi, . ormva # Srvnes
Sokial ™ - [
KanES  usiorys Vi I
@Maipmpod o :
Vilkavigkis™ Prienal Traka 4 : \
A . Salininkal
I-“ Ay
™ .
Lazdijai Varéna
EURPEIEN e

1 pav. Lietuvos véjo apkrovos rajonai

Zymenys:
I, II, IIT — véjo apkrovos rajonai

Pastaba:
véjo apkrovos rajony ribos nustatomos pagal administracinio rajono ribas.

3. Koeficiento cpr reiksmes, atsizvelgiant 1 véjo rajonus, yra surasytos 2 lenteléje.
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Annex 3

Industrial Building Project Draws

87



88



24000

B/

18000

AN

1 1nm' 2 21 3

H] 3 [J 5] [
| [
] O
i [
d = o O O
5] [
i O
1 [3 [l i i
1 1 2 21 3
6000

18000

89

B/

AT



il L

)

= Re

0

0

(

)

1

c

0

0

D

81l

90



6000
A 6000

1 1M 2

Cut A/2 A2

91



92



Annex 4

Bearing Capacity Calculations in Drained
Conditions
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Layer 6

1a) 792.124 27.0 84 23.2
1b) 616.616 20.7 67.2 23.2
2 792.124 27.0 84 23.2
3 790.750 20.7 67.2 23.2

95

1a) 23942 | 13199 | 12432 | 1491 |1454| 0700 | 1|1 |1|1|1|1
1b) 15468 | 6.831 4397 1413 |1353| 0700 |1 |1 |1 1|11
2 23942 | 13199 | 12432 | 1491 |1454| 0700 | 1|1 |1|1|1|1
3 15468 | 6.831 4397 1413 |1353| 0700 |1 |1 |1 1|11
la) | 19722.984 | 19722.984 | 3728.352 - 24.899
1b) 9303.070 | 9303.070 | 1758.614 15.087
2 19722.984 | 14087.846 | 3728.352 17.785
3 9303.070 | 9303.070 | 1758.614 11.765

Layer 7
1a) 792124 | 270 84 233
1b) 616.616 | 20.7 67.2 233
2 792124 | 270 84 233
3 790.750 | 207 67.2 233
1a) 23942 | 13199 | 12432 | 1491 |1454| 0700 | 1|1 |1]1|1]1
1b) 15468 | 6831 | 4.397 1413 |1353] 0700 |1 |1 |11]1]1
2 23942 | 13199 | 12432 | 1491 |1454] 0700 | 1|1 |1 1|11
3 15468 | 6831 | 4.397 1413 |1353] 0700 |1 |1 |1|1]1]1
la) | 19728.278|19728.278 | 3729.353 - 24.906
1b) 9304.943 | 9304.943 | 1758.968 15.090
2 19728.278 | 14091.627 | 3729.353 17.790
3 9304.943 | 9304.943 | 1758.968 11.767




Layer 8

1a) 792.124 37.0 4 20.7

1b) 616.616 27.3 3.2 20.7

2 792.124 37.0 4 20.7

3 790.750 27.3 3.2 20.7

1a) 55.630 42.920 63.178 1.616 1602 0700 |1 |1|1|1]1(1
1b) 24.521 13.668 13.089 1.495 1459 0700 |1 |1|1|1|1(1
2 55.630 42.920 63.178 1.616 1602 0700 |1 |1|1|1]1(1
3 24.521 13.668 13.089 1.495 1459 0700 |1 |1|1|1|1(1
1a) 16892.844 | 16892.844 | 3193.354 - 21.326

1b) 4142.785 | 4142.785 | 783.135 6.719

2 16892.844 | 12066.317 | 3193.354 15.233

3 4142.785 | 4142.785 | 783.135 5.239




Annex 5

Bearing Capacity CalculationsIn
Undrained Conditions
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Layer 5 - Area Dimensions (2.5x2.5 m)

1a) 581.195 18 12.85714 1 1.2 1
1b) 581.195 18 12.85714 1 1.2 1
2 581.195 18 18 1 1.2 1
3 581.195 18 12.85714 1 1.2 1
| Combinations [ R | R/ | [ RY/Vy |
1a) 603.7339345 96.59743 1.03878
1b) 603.7339345 96.59743 - 1.03878
2 802.0525082 128.3284 1.380006
3 603.7339345 96.59743 1.03878
Layer 5 - Area Dimensions (3.0x3.0 m)
1a) 615.570 18 12.85714 1 1.2 1
1b) 615.57 18 12.85714 1 1.2 1
2 615.57 18 18 1 1.2 1
3 615.57 18 12.85714 1 1.2 1
| Combinations [ Rv [ RA ] [ RV/Yy |
1a) 869.3768656 96.59743 1.412312
1b) 869.3768656 | 96.59743 - 1.412312
2 1154.955612 128.3284 1.876238
3 869.3768656 96.59743 1.412312




Layer 5 - Area Dimensions (3.1x3.1 m)

1a) 623.195 18 1285714 | 1 | 12 |1
1b) 623.195 18 1285714 | 1 | 12 |1
2 623.195 18 18 1| 12 |1
3 623.195 18 1285714 | 1 | 12 |1
| Combinations | Rv_ [ RA RYNa |
1a) 928.3012976 | 96.59743 1.489584
1b) 9283012976 | 96.59743 - 1.489584
2 1233235937 | 128.3284 1.978893
3 928.3012976 | 96.59743 1.489584

Layer 5 - Area Dimensions (3.2x3.2 m)

1a) 631.070 18 12.85714 1 1.2 1
1b) 631.07 18 12.85714 1 1.2 1
2 631.07 18 18 1 1.2 1
3 631.07 18 12.85714 1 1.2 1
| Combinations | Rv__ [ R/A | _RYNe
1a) 989.1576782 96.59743 1.567429
1b) 989.1576782 96.59743 - 1.567429
2 1314.082829 128.3284 2.082309
3 989.1576782 96.59743 1.567429
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Layer 6 - Area Dimensions (3.2x3.2x0.7 m)

1a) 678.780 84 60 1 1.2 1
1b) 678.78 84 60 1 1.2 1
2 678.78 84 84 1 1.2 1
3 678.78 84 60 1 1.2 1
| Combinations | Rv [ RA _RYNVe |
1a) 3967.638232 387.4647 5.845249
1b) 3967.638232 387.4647 - 5.845249
2 5483.955604 535.5425 8.079136
3 3967.638232 387.4647 5.845249

Layer 7 - Area Dimensions (3.2x3.2x0.7 m)

1a) 678.780 84 60 1 1.2 1
1b) 678.78 84 60 1 12 1
2 678.78 84 84 1 12 1
3 678.78 84 60 1 1.2 1
| Combinations | R | r/A | | Rv/Va |
1a) 3967.638232| 387.4647 5.845249
1b) 3967.638232| 387.4647 - 5.845249
2 5483.955604| 535.5425 8.079136
3 3967.638232| 387.4647 5.845249
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Layer 8 - Area Dimensions (3.2x3.2x0.7 m)

1a) 678.780 4 2.857143 1 1.2 1
1b) 678.78 4 2.857143 1 1.2 1
2 678.78 4 4 1 1.2 1
3 678.78 4 2.857143 1 1.2 1

1a) 357.3587729 34.89832
1b) 357.3587729 34.89832
2 429.5643621 41.94964
3 357.3587729 34.89832
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Annex 6

Parameters for the calculation of stress
Increments due to a uniform load applied
on arectangular area
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Values of K1

:;5 0 01 02z W3 04 05 23 1 1.5 2 2.5 3 5 1] o
0 000 0250 0250 0250 0,250 0,250 0250 0,250 0250 0250 0250 0.250 0250 0250 0¢.250
0.2 0000 0137 0204 023 0240 0244 0247 0,249 0249 0249 0243 0.249 0249 0.249 0.249
04 0000 0076 0136 0187 0202 0218 0231 0240 0.243 0244 0244 0244 0244 0244 0,244
&5 0000 0861 0113 0164 0181 0200 0218 0,232 023 0239 0240 0240 0,240 0,240 ¢.240
06 0,000 0051 0,09 0,143 G161 0182 0204 0,223 0,231 0,233 0,23 0234 0234 0,234 0.234
08 0,000 0037 0071 0011 0127 0,148 0,073 0200 0,214 0218 0,219 0220 0220 0220 0,220
I 0,000 0028 0055 0,087 001 0820 0,145 0475 0,194 0200 0202 0,203 0204 0205 0,205
1,2 0000 0022 0,043 0,069 0081 0098 0121 0,452 0,173 0,082 0,185 0,187 O[89 0,180 0,189
14 0000 G018 0035 005 0066 0080 0,101 0,131 G134 0164 0,169 G171 0174 074 0,174
15 0080 0016 0030 0051 0050 0,073 0002 0121 G145 0156 0,161 0064 0166 0,167 0,167
1.6 0080 D014 0028 006 0055 0067 0085 0112 G036 D048 0054 I5F G060 0060 .60
1L 0000 0012 0024 0,032 0046 0056 0072 0097 0121 D133 0040 0043 0147 0,048 0,148
2 0000 000 G020 0033 0032 0048 0051 0084 0007 0020 0027 0031 0136 G137 0137
25 0,000 0007 0013 0022 0027 0,033 0043 0060 0080 0095 0,01 0,006 0,113 0,115 0,115
3 0000 0005 0010 0016 0019 0024 0031 0045 0061 0,073 0081 0087 0,006 0009 0,099
4 0000 0003 0006 0009 0011 0014 009 0027 0038 0048 0055 0060 0071 0076 0,076
5 0,000 000! 0004 0006 0007 0009 G012 0018 0026 0033 0030 0043 0055 0061 0,062
0 00060 00060 0001 0002 0002 0,002 G003 0,005 0007 0008 0011 0003 0020 0028 0032
15 0000 0000 0000 0000 0001 0000 0001 0002 0003 0004 0005 0006 0.010 00016 0,021
20 0000 0000 0000 0000 0000 OS01 0001 0001 6002 0002 0003 0004 0006 0010 0016
S0 0000 0000 GO0 0600 00U 0000 0000 Go00 0000 0000 000 0000 Q001 0002 0,006
Values of K>
o
b ¢ 0 62 WY 04 05 24 | 1.5 2 25 3 5 10 -
0 0000 0250 0,250 0,250 0,290 9,350 0,250 0250 0250 $250 0250 0250 0.250 0,250 0.750
0.2 0000 0062 Q116 049 0059 0169 0177 0484 0,187 0188 0188 0,18 0,188 0,88 0,188
04 0000 0031 0058 0,085 0,095 0,106 0,118 128 0133 013 G1M 0IM 0I¥ 0135 0135
©®5 0.000 0.022 0043 0064 0073 0083 0,094 0105 0110 o012 0112 0112 9113 0,013 0113
0.6 0,000 0017 0,032 0049 005 0005 0075 G086 0091 0093 0493 0004 6,094 0,094 0094
08 0000 0000 0,018 0029 0034 0040 0,047 0,057 0062 0064 0064 0065 0,065 0065 0065
1 0000 0006 0011 0018 0,021 0,025 0030 0037 0.042 0044 0045 0045 0045 0045 0,049
1.2 0000 0003 0007 0011 0013 0,006 0020 0025 0029 0031 0052 0032 0032 0032 0032
14 0000 0002 0004 0,007 0008 0010 0013 0017 0.020 0622 0023 0023 0,023 0023 0023
L5 0,000 0002 0,004 0,006 0007 0008 0011 0014 0017 0019 0019 0020 0O 0020 0020
L6 U0 0001 0003 0,005 0006 0007 000% 0012 0015 0016 00M7 0017 0017 007 0017
1.3 0000 0001 000X 0,003 0004 0005 006 000F ©011 0012 0012 0013 0013 0013 0813
2 0000 0001 0001 0002 0003 0003 0004 0006 G008 0000 OO0V 0010 0010 0010 0010
25 0000 0000 0001 0,001 0001 0,002 0002 0003 GOD4 0005 0005 0,005 0006 0.006 0006
3 000 0000 0000 0001 0001 0001 0001 0002 0002 0003 0003 0005 0003 0.003 0,003
4 0000 0000 0000 0,000 000 0,000 0000 0001 G401 0001 0001 0001 00D GN02 D002
5 0000 0000 0000 D000 0000 D000 0000 0,006 0000 0000 OG0 0001 0001 0001 Q.00
10 0000 0000 0000 0,000 G000 0000 0000 0000 0400 0000 0000 0000 0000 GOO0 0,000
15 0000 0000 0000 0000 4,000 0000 0000 0000 0000 0000 0000 0000 0000 G000 0,000
0 0000 0000 0000 0,000 0000 0000 0000 GO0 0000 000 0000 0000 0000 0000 0000
50 0.008 0000 0000 8000 06000 0000 0000 0000 0000 0000 0000 0000 0000 0000 0,000
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Values of K3

I'b
=k

o1

0.2

113

0.4

0.5

13

1.5

2.5

10

1]

a2
0.4
0%
Go
08

1.2
14
1.5
16
1.8

25

10
13

0,000
0,800
0,000
0,000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
¢.000
4,000
G000
0,000
G000
0000
G000
G000
0000
0.000

0,234
0,059
0,026
0,019
0.015%
0,609
0,807
0,00%
0,004
0,003
0,003
0.002
0,002
0,001
6,001
8.000
0,000
0.000
G.000
0000
G000

G219
0097
0048
1,036
0028
0018
0013
0,009
0,007
0000
0,000
0.5
0,004
0.002
0,002
0.001
0,001
0,000
2000
0,000
0.000

0,199
0,118
0,069
0,054
0,043
0,029
0,621
0,015
0,012
0,010
0,009
0,007
0,006
0.004
0,003
0,002
0,001
0.000
0,000
0,000
G000

0,189
LN |
0075
0,060
0,049
0,033
0,024
0018
0014
0,012
001
0.009
0,007
0,005
0,003
0,002
0.001
0,000
0.000
0,000
0,004

G170
0,122
0,082
0,067
0.056
0,039
0,029
0,022
0017
0,015
0013
0.011
0,009
0.006
0,004
0,002
0,002
0,000
0.000
0,000
0,000

0,156
0.118
0,086
0073
0.062
0,046
0,035
007
0,011

LR
o017
0014
0012
.08
G006
0,003
RIS
0,000

0,000
0,000
0,000

k127
3103
0,083
0,074
0,066
0,052
0,042
0,034
0,027
0,025
0.023
2,019
0,016
0.011

0,008
0,005
0.003
0001

000G
0,000
0,000

0,04
0,082
0.071
0,066
0,061

0,052
0,044
0,037
0,032
0,029
0,027
0,024
0,020
0,015
0,011

0,007
0,004

0,00]

0,001

0,000
0,000

074
0,067
0.060
0,056
0.053
0,047
0.042
0037
0,033
0.031

0.029
0,025
0023
0.017
0.013
0,008
0,006
0002
0001

0,000
0,000

0,061
0,056
0,051
0,049
0,047
0,043
0,039
0,035
0,032
0.030
0.028
0.026
0,023
0,018
4015

0,010
007
4,002
0,001

0.00C
0,000

0.051
0,048
0,045
0,043
0,041
0,038
0.035
0.032
0,030
0,029
0,027
08.025
0,023
0.019
0015
0011
0.008
0,002
00
0001
0.000

G031
0030
0,029
0028
0028
0026
0025
0024
0023
0022
0022
0021
0.020
0017
0015
0,012
0.009
0,003
9,002
Q.00
0,000

0.016
0,016
0,015
0,015
0.01%
0.015
0,014
8.014
0.014
0,014
013
0.013
0,013
0012
0011

0,010
0,00
0005
0,003

0,002
0,000

0.000
0.000
0,000
0,000
0,000
0,00¢
0,000
0.600
0.000
0.000
0.000
0,000
0.000
0,000
0.000
0,000
0000
0,000
0,000
G000
0,000

Values

of

0.1

0,2

13

0.4

0.5

2.5

H

0.4
0.3
0.6
18

1.2
1.4

15
20
S0

0,000
0,000
0,000
0000
0.000
{1000
0,000

0,4H)
0,000
ML000

0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000
0,000

0,250
0,040
(LX)
06
0,000
0,000
0,000
0,000
LRCE)]
0,000
X
0,000
0,000
0,600

0,000
0,000
0000
LURAIICH
0.000
0,000

0,250
0,045
0010

0,003
o,b01
0001

0,000
0,600
0.000
0,000
0,000
{1,000
0,000
0,00
13, (W00)
{1000

0,000

0,250
0,094
0,032
0,020
0,003
0,006

0,002
LR
0,001
(Lo

0,000
0,000
0,004
0,004
0,000
(000
0,000
0,00
0.0:=0

0,250
00h2
0045
0029
0,0
0,009
0005
o.003
0.002
0,001
0,001
0,001
0001
0000
0,000

0,000
o000
0000
0.
0,000

0,250
0134
064

0031
D016
hLong
0005
0,003
0,003
0002
[ERITe
0,04
0,00
0000
0.0
0,040
0,004

0,000

0.000
G000
€1,000
0,000
0,000
0000
4,000

0,250

0184

0128

0,103

0,086
0,057
Bo37
0,025
0,017
0004
0,012
10,008
0,006
0,003
0,002
0,001
0,800
0000

0,000
LR H)

0,250
0,201
0,156
0,136
0,018
0,087
0,064
(047
0,035

0,026
0,020
0015
0,008
0,004
0,002
0,001
0,000
0,000
0,000
0.000

0.250
208
16
0,151
0,134
0, 1006
0,083
0063
0,051
0,045
0,040
0.031
0.02%
0,014

0003

0.2
0000

0,000

0,250
0,211
0,176
0,159
0.144
0117
0.095
0077
0,062
0,056
0,051
0.041
0034
0,021
0,003
0.006
0,003
0,000
0,000
0.000
0,000

0,250
0214
0,179
0,164
0149
0,124
0,103
0.085
0071
0,064
0,059
0.049
0,041
0,027
0,018
0,008
0,004
0,000
0,000
0,000
0,000

0.250
0,217
486
0,172
0,158
0,135
o116
0,100
0,087
0,081
0076
0,066
0.058
0,043
032
0,018
(NI}
0001

0,000
0,000

0,250
*218
0,188
0175
0,163
141
0,123
0,1
0,095
0,090
0,085
0077
0,009
0,055
0,045
0,031
(022
GG
0,002
0,001
0,000

0.250
0.219
0,189
0176
o, 164
0,143
0125
LR
0,099
0,004
LOEY
0081
0,074
0,001
0051
0039
0031
0016
o1
0,008
0,003
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Values of L3

It
z/b

]

0.2

143

04

0.5

23

0,2
0.4
0.5
06
0.

b2
14
1.5
1.6
1.3

.5

0,000
0,000
0,000
0,000

0,000
0000
0. (HHD
0,000
(1000
0,000

0,000
0006

0,000
0,0tk
G0mg
0.000
0,000

0.016
003
G010

0,008
0,006
0045
0,004
0,003
0,003
0002
0,002
0.002
0,001
(001
0,000
0.000
0,008
0,000

0,000

0,031
0025
0,020
om7
a5
o2
0009
0.007
(1,006
0005

0,051
0,041
0,032
0,029
0,025
0,020
LIXI)E]
0012
0.010
009
0.008
0,067
0,006
0,004

0,002
0,001
0.000

0,000
0,000

0,061
0,049
0.039
0,034
040350
0,023
018
0015
D12
on
0010
0,008
0,007
0,00%
0005
0.002
0,001
0,000
0,00
0.000
0000

0G0
0,047
0,042
0.037
0,029
0,023
0018
D.OL%
0,013
0012
0,010
0,008
0,006
0,004
0,002
0,002
0,000
0,004
0,000
0,000

0,004
0,070
0,061
0,054

0,037
0,029
0.024
0019
0.7
0,016
0.013
0.011

0,07
0,005
0,003
0,002
0000
0,000
[LEVI)
0,000

0,123
0,103
0.083
0.074
0,060
3,052
0042
0.034
o027
0,025
0,01
nog
0.015
o011

0,005
0003
@00
0,000
0,000
0000

156
0.130
0,106
009G

0,054
0046
028
0,035
0,032
0.027
0,023
06
oM
0,007
0,005
0,001
0.000
D000

0.17%
o148
[N ¥
111
0,100
0,082
0,067
0,056
0,046
0.043
0,039
0,033
0,020
0,020
0015

0,000
0,002
Bom
0.000
0,000

©,189
1,160
0,133
A2l
0,110
0091
0.0753
LG
0,053
0,049
0,045
0039
0,033
0024
0,018
0011
0.007
0,402
001

0,150
0,169
0,141
[N o)
Q118
0098
0082
0069
0,058
0.054
0050
0,043
0,038
0,027
0011
013
0,009
0,002
0,001
0.0m
0,000

0,219
0,188
0,159
0,140
0,134
0,114
0,097
0083
0,072
0067
0.062
0,055
0.048
0036
0.02%
0018
0,013
0,004
0,002
0,001
0,000

0.174
0,161
O 149
0,127
0110
0,096
0084
0,079
0.074
0,066
0.059
0.047
{.038
0026
%019
0,007
0,003
0,002

0.250
0,219
0,189
01746
0, 164
0,143
0,125
o111
0,099
0,0U4
0,089
o081
0,074
0,061
005k
0,039
0031
th16
0010
0,008
0,003
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Annex /

V alues of the factor |
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Shape of Footing

|S. Footing infinitely flexible (uniform load)

centre vertex middle of smaller middle of bigger average Rigid footing
size size

circular 1.00 0.64 0.64 0.85 0.79

square 1.12 0.56 0.77 0.77 0.95 0.92

rectangular L/B=1.5 1.36 0.68 0.89 0.97 1.15 1.13
=20 1.53 0.77 0.98 1.12 1.30 1.27
=25 1.67 0.83 1.05 1.25 ? ?
=3.0 1.78 0.89 1.11 1.36 1.52 1.51
=4.0 1.97 0.98 1.20 1.53 ? ?
=5.0 2.10 1.05 1.27 1.67 1.83 1.81
=7.0 ? ? ? ? ? 2.01
=10.0 2.54 1.27 1.49 2.10 2.25 2.25
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Annex 8

Design Tables of Concrete Structures
subject to Simple Bending
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Tabelas de Dimensionamento de Estruturas de Betdo

TABELA 1 S500

FLEXAO SIMPLES

Seccdes rectangulares simplesmente armadas

S400: S500; S600

o X u Mg, A, fm
& -, - 5 . = - ..
| Mra [T ° d bd? f,, bd f.4
| F i
4 | 7 f]'(r‘:f:\-k""l']'sl’fm':fckfl"s
Hg : g,
—b —
C12-C50 C55 Co60 Cc70 C80 C90

H o @ o @ o @ o @ o @ o ]
0,005 | 0,021 0005 0,023 0005 0,024 0005 0026 0005 0027 0005 0,027 0,005
0,010 | 0,030 0,010 0,033 0010 0,035 0010 0037 0010 0038 0010 0039 0010
0,016 | 0,037 0015 0041 0015 0,043 0015 0046 0015 0047 0015 0048 0015
0,020 | 0,044 0020 0,048 0020 0050 0020 0053 0,020 0055 0020 0,055 0,020
0,025 | 0,050 0026 0054 0025 0057 0026 0060 0026 0062 0026 0062 0025
0,030 | 0,055 0031 0060 0031 0,063 0031 0066 0031 0068 0031 00869 0030
0,035 | 0,061 0036 0065 0036 0068 0036 0072 0036 0074 0036 0075 0,036
0,040 | 0,066 0041 0071 0041 0074 0041 0077 0,041 0079 0041 0080 0,041
0,045 | 0071 0046 0076 0046 0,079 0046 0082 0046 0084 0046 0086 0,046
0,050 | 0076 0052 0,081 0052 0084 0052 0087 0052 0090 0052 0,091 0,051
0,055 | 0,081 0057 0,086 005/ 0089 005/ 0,092 0,05 0095 005/ 0,097 0,057
0,060 | 0,087 0062 0091 0062 0094 0062 0098 0,062 0104 0062 0,106 0,062
0,065 | 0,092 0067 0096 0067 0,099 0068 0106 0068 0113 0068 0115 0,067
0,070 | 0,097 0073 0,102 0073 0,105 0073 0,115 0,073 0,122 0073 0,125 0,073
0,075 | 0,102 0078 0,107 0078 0,113 0078 0,23 0078 0,431 0079 0,134 0078
0,080 | 0107 0084 0,113 0084 0,121 0084 0132 0084 0,140 0084 0,144 0084
0,085 | 0113 0,089 0,120 0089 0,128 0,089 07140 0090 0,150 0,090 0,153 0,090
0,090 | 0,118 0095 0,128 0095 0,137 0095 0,149 0,095 0,159 0,095 0,163 0,005
0,095 | 0,124 0100 0,135 0,700 0,144 07100 0,158 0,101 0,168 0,101 0173 0,101
0,00 | 0,131 0106 0,143 0106 0,153 0106 0,67 0106 0178 0,107 0,183 0,107
0,106 | 0,137 0,111 0,150 0,111 0,161 07112 07176 0,112 0,188 0,112 0,192 0,112
0,110 | 0,144 0117 0,158 0,117 0,169 0117 0,185 0,118 0,197 0,118 0202 0,118
0115 | 0,151 0123 0,166 0,123 0,177 0123 0,194 0,124 0207 0,124 0212 0,124
0,120 | 0,159 0,128 0,173 0,129 0,186 0129 0203 0,129 0217 0,130 0223 0,130
0125 | 0166 0,134 0,181 0135 0,194 07135 0212 0135 0227 0136 0233 0136
0,130 | 0,173 0,140 0,189 0,140 0202 0,141 0222 0,141 0237 0,142 0243 0,142
0,135 | 0,180 0,146 0,197 0,146 0211 07147 0231 0,147 0247 0,148 0254 0,148
0,140 | 0188 0,152 0205 0,152 0,220 07153 0241 0,153 0257 0,154 0264 0,154
0145 | 0195 0,158 0213 0,158 0,228 07159 0250 0,159 0267 0,160 0275 0,160
0,150 | 0202 0164 0221 0164 0237 0165 0260 0,165 0277 0166 0285 0,166
0,55 | 0210 0170 0229 0,170 0,246 0171 0269 0,172 0288 0,173 029 0,173
0,160 | 0217 0,176 0238 0176 025 07177 0279 0178 0298 0179 0307 0,179
0,166 | 0225 0,182 0246 0,183 0,264 07183 0280 0,184 0309 0,185 0318 0,185
0,170 | 0232 0188 0254 0,183 0272 07189 0299 0,191 0320 0,192 0329 0,192
0175 | 0240 0194 0263 0195 0282 0196 0309 0197 0331 0198 0340 0,199
0180 | 0248 0201 0271 0201 0,291 0202 0319 0203 0342 0205 02352 0205
0,186 | 0256 0,207 0280 0208 0,300 0209 0330 0210 0353 0211 02363 0212
0,190 | 0264 0213 0289 0214 0309 0215 0340 0217 0364 0218 0375 0219
0,195 | 0271 0220 0297 0221 0319 0222 035 0,223 0375 0225 07386 0,225
0,200 | 0280 0226 0306 0227 0,328 0228 0361 0230 0387 0232 0398 0232
0,205 | 0286 0233 0315 0234 0338 0235 0372 0237 0398 0239 0410 0,239
0,210 | 0296 0239 0324 0241 0348 0242 0382 0,244 0410 0246 0422 0,246
0,215 | 0,304 0246 0333 0247 0357 0248 0393 0251 0422 0253 0435 0,254
0,220 | 0312 0253 0,342 025 0,367 0255 0404 0258 0434 0260 0447 0261
0,226 | 0321 0260 0,352 0261 0,377 0262 0415 0265 0446 0267 0460 0,268
0,230 | 0,329 0266 0,361 02686 0,387 0260 0427 0,272 0458 0275 0472 0,276
0,235 | 0,336 0273 0370 0275 0,398 0276 0438 0,279 0470 0,282 0485 0,283
0,240 | 0346 0280 0,380 0282 0408 0284 0450 0287 0483 0290 [ 0499 0291
0,245 | 0,355 0287 0,390 0283 0419 0291 0461 0294 0496 0297 | 0512 0,299
0,250 | 0364 0295 0399 0296 0429 0208 0473 0302 [0500 0305 0525 0306

Nota: a taxa mecénica de armadura minima em vigas ¢ dada pelo maior de:

ffﬂh‘

=0.226—
Joed

0]

min

‘f\: !
@ =0001322% (clausula 9.2.1.1 do EC2)

Jed
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Tabelas de Dimensionamento de Estruturas de Betido
TABELA 1_S500 (cont.)
FLEXAO SIMPLES

Seccdes rectangulares simplesmente armadas S400; S500; S600
Eﬂ p M, A vd
| MRrd IX a== ,‘,:72&? ; (az—“*f' :
d | d bd fm’ bd fm’
l f}'d :‘f_}'k'f]"IS; ‘fca“ :‘fck’f‘l‘s
Ag ! £

—b —

C12-C50 C55 C60 C70 C80 C90

M o @ o o) o o) o o) o @ o o)

0,266 | 0,373 0,302 0409 0,304 0440 0306 0485 02309 ] 0522 0313 0539 0315
0,260 | 0,382 0,309 0419 0311 0451 0313 0498 0317 ] 0,535 0,321 0553 0,334
0,265 | 0,391 0316 0429 0,319 0462 07321 | 0510 0325 0,549 0,335 0567 0,363
0,270 | 0400 0,324 0440 0326 0473 0329 | 0522 02333 0563 0363 0582 0,394
0275 | 0409 0331 0430 0334 0484 0336 | 0535 0341 0,577 0,394 0296 0430

0,280 | 0419 0,339 0460 0,342 0495 0,344 | 0,548 0,349 _0591 _0428 1 0611 0,469
0,285 | 0428 0,347 0471 0,349 0507 0,352 | 0561 0,368 | 0,605 0465 0626 0,512
0,290 | 0438 0,355 0482 0357 0519 0360 J 0574 07398 0620 0508 0642 0,561
0,295 | 0448 0,362 0493 0366 | 0,531 0,369 05838 0431 0635 0554 0658 0617

0,300 | 0458 0370 0504 0374] 0543 0377 00602 0467 , 0651 0607 0674 0,680
0,305 | 0468 0,379 0515 0,382 | 0,555 0,386 y 0,616 0507 0666 0667 0690 0,751
0,310 | 0478 0,387 0526 0,391 | 0567 0,394 . 0630 0551 0682 0734 0707 0,834
0315 | 0488 0,395 0538 0,399 | 0,580 0418 0645 0600 0699 0812 0725 0931
0,320 | 0499 0404 | 0550 0408 0593 0450 0660 0656 0,715 0901 0742 1,044
0,326 | 0509 0412 | 0562 0417 0606 0486 ° 0675 0718 0,732 1,005 0761 1,180

0,330 | 0,520 0421 ] 0,574 0426 0,620 0,690 0,789 0750 1,128 0779 1,344
0,335 | 0,531 0430 | 0,586 0435 " 0,633 0569 0706 0871 0,768 1276 0799 1,547
0,340 | 0542 0439 | 0599 0465 Y 0647 0618 0722 0964 0787 1455 0819 1,804

0,350 | 0,565 0458 | 0624 0540 1 0676 0,734 0,756 1,202 0,826 1962 0861 2601

1
1
0,345 | 0,554 0448 | 0,611 0,501 1 0,661 0673 0739 1074 0,806 1678 0840 2,143
1
1

0,385 | 0,577 0467 _0638 05851 0691 0803 0774 1357 0846 2335 0883 3260
0,360 | 0,589 0477 1 08651 0634 0706 0883 0792 1545 0868 2849 0907 4287
0,365 | 0,601 0487 y 0665 0683 0721 0973 0811 1779 0,890 3598 0931 6111
0,370 | 0,613 0,497 y 0680 0,750 0,737 1,079 0830 2075 0913 4791

0,380 | 0639 0570 0709 08900 O/771 1,350 0871 3,006
0,385 | 0,653 0617 ~ 0725 0992 0,788 1529 0,892 3795
0,390 | 0,666 _0670 " 0,740 1,099 0806 1748 0915 5056
0,395 | 0680 0,729 0757 1,224 0825 2026 0939 7239

0,400 | 0695 0796 0774 1,375 0,844 2389

1
1
1
0375 | 0626 0528 , 0694 0820 0,754 1,203 0850 2468 0937 7,006
1
1

0,405 | 0710 0873 0,791 1556 0865 2879
0410 | 0,725 0961 0809 1,783 0,886 3,583
0415 | 0,741 1,085 0828 2069 00508 45678
0,420 | 0,757 1,188 0,847 2,448 0,932 6,618
0425 | 0,774 1,335 0868 2970

0,430 | 0,792 1516 0,890 3,730
0,435 | 0,811 1743 0913 4,955
0,440 | 0,830 2,036 00937 7,255
0,445 | 0,850 2421
0,450 | 0,872 2005

0,455 | 0,696 3,865
0,460 | 0,921 5384
0,465 | 0,049 8,800

Nota: A tabela é valida para os acos S400, S500 e S600 até a linha a cheio (parte superior da
tabela). A partir dessa linha deve-se proceder da seguinte forma:

S400 usar as taxas mecanicas de armadura indicadas na tabela entre a linha a cheio e a linha a
tracejado. A partir da linha fracejada para obter a taxa mecanica de armadura multiplicar o valor

dado na tabela por f,; /500 =400/500=0.8:

S500 a tabela € valida para toda a gama de valores;

S600 a partir da linha a cheio para obter a taxa mecédnica de armadura multiplicar o valor dado
na tabelapor f,, /500 =600/500=1.2.
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TABELA 1 S400
FLEXAO SIMPLES

Seccdes rectangulares simplesmente armadas S400
EG
| ME 4 IX
d : o X u Mg, A, f,-d
: 3 :
big : g, d bd‘fm’ bd frn’
Fva =L /1150 fog = fa /15
— b —
C12-C50 C55 C60 C70 C80 C90

u o [} o T o T o T o @ o [
0,005 | 0,021 0,005 0,023 0005 0024 0005 0026 0005 0027 0005 0,027 0,005
0,010 | 0,030 0,010 0,033 0010 0035 0010 0037 0010 0038 0010 0039 0,010
0,015 | 0,037 0,015 0,041 0015 0043 0015 0046 0015 0047 0015 0,048 0,015
0,020 | 0,044 0020 0048 0020 0050 0020 0053 0020 0055 0020 0055 0,020
0025 | 0050 0026 0054 0025 0057 0026 0060 0026 0062 0026 0062 0,025
0,030 | 0,055 0,031 0,080 0,031 0063 0031 0086 0031 0068 0031 0,060 0,030
0,035 | 0,081 0036 0085 003 0068 0036 0072 0036 0074 0036 0075 0,036
0,040 | 0,086 0,041 0071 0041 0074 0041 0077 0041 0079 0041 0,080 0,041
0,045 | 0,071 0,046 0,076 0046 0079 0046 0082 0046 0084 0046 0,036 0,046
0,050 | 0076 0052 0081 0052 0084 0052 0087 0052 0090 0052 0,091 0,051
0,055 | 0081 0057 0086 0057 0089 0057 0092 0057 0095 0057 0097 0057
0,060 | 0,087 0,062 0,091 0082 0094 0062 0098 0062 0,04 0082 0,106 0,062
0,065 | 0,002 0,087 0,096 0,067 0099 00688 0,106 0068 0,113 0088 0,115 0,067
0,070 | 0,097 0073 0,102 0073 0105 0073 0115 0073 0122 0073 07125 0,073
0,075 | 0,102 0,078 0,107 0,078 0,113 0078 0,123 0078 0,131 0079 0,134 0,078
0,080 | 0,107 0084 0,113 0084 0121 0084 0,132 0084 0,740 0,084 0,144 0,084
0,085 | 0113 0083 0120 0089 0128 0089 0140 0090 0150 0090 0,153 0,090
0,090 | 0,118 0,095 0,128 0,095 0,137 0095 0,49 0095 0,159 0,095 0,163 0,095
0,095 | 0,124 0,100 0,135 0,100 0,144 0,100 0,158 0,101 0,168 0,101 0,173 0,101
0,100 | 0,131 0,106 0,143 0,106 0,153 0,106 0,167 0,06 0,178 0,107 0,183 0,107
0105 | 0137 0111 0150 0111 0161 0112 0176 0112 0188 07112 07192 0,112
0110 | 0,144 0117 0,158 0,117 0,169 0117 0,85 0,118 0,97 0,118 0,202 0,118
0,115 | 0,151 0,123 0,166 0,123 0,177 0,123 0,194 0,124 0207 0,124 0,212 0,124
0,120 | 0159 0128 0173 0,129 0186 0129 0203 0129 0217 07130 0223 0,130
0125 | 0,166 0,134 0,181 0,135 0,194 0135 0212 0,135 0227 0,136 0,233 0,136
0,130 | 0,173 0,140 0,189 0,140 0202 0,141 0222 0141 0237 0,142 0243 0,142
0135 | 0,180 0,146 0,197 0,146 0211 0,147 0231 0147 0247 0,148 0,254 0,148
0,140 | 0,188 0,152 0,205 0,152 0220 0153 0241 0153 0257 0,154 0,264 0,154
0,145 | 0,195 0,158 0,213 0,158 0228 0,159 0250 0,159 0267 0,180 0,275 0,160
0,150 | 0,202 0,164 0,221 0,164 0237 0,165 0260 0,165 0277 0,166 0,235 0,166
0155 | 0,210 0170 0229 0,170 0246 0171 02689 0172 02388 0173 0296 0,173
0160 | 0,217 0,176 0,238 0,176 0255 0177 0279 0178 0298 0,179 0,307 0,179
0,165 | 0,225 0,182 0,246 0,183 0264 0,183 0289 0,184 0309 0,185 0,318 0,185
0170 | 0232 0188 0254 0189 0272 0189 0299 0191 0320 0192 0329 0,192
0175 | 0,240 0,194 0,263 0,195 07282 0,196 0309 0,197 0,331 0,198 0,340 0,199
0,180 | 0,248 0201 0271 0201 0291 0202 0319 0203 0342 0205 02352 0,205
0,185 | 0,256 0,207 0,280 0,208 0,300 0209 0330 0210 0353 0211 0363 0,212
0190 | 0264 0213 0289 0214 0309 0215 0340 0217 0364 0218 0375 0,219
0,195 | 0,271 0220 0,297 0221 0319 0222 0350 0223 0375 0225 0336 0,225
0,200 | 0,280 0,226 0,306 0,227 0328 07228 07361 0230 0387 0232 0,308 0,232
0,205 | 0288 0233 0315 0234 0338 0235 0372 0237 03398 0239 0410 0,239
0,210 | 0,296 0,239 0,324 0241 0348 0242 0382 0244 0410 0246 0422 0,246
0215 | 0304 0246 0,333 0247 0357 0248 0393 0251 0422 0253 0435 0254
0,220 | 0,312 0253 0342 0254 0367 0255 0404 0258 0434 0260 0447 0,261
0,225 | 0,321 0,260 0,352 0,261 0377 0262 0415 0265 0446 0267 0,460 0,268
0,230 | 0,320 0266 0,361 0,268 0387 0269 0427 0272 0458 0275 0472 0,276
0,235 | 0,338 0273 0,370 0,275 0,398 0276 0438 0279 0470 0282 0435 0,283
0240 | 0346 0280 0380 0282 0408 0284 0450 0287 0483 0290 0493 0,291
0,245 | 0,355 0,287 0,390 0,289 0419 0291 0461 0204 0496 0297 0,512 0,299
0,250 | 0,334 0,205 0,309 0,206 0420 0298 0473 0302 0509 0,305 0,525 0,306

117




TABELA 1_S400 (cont.)

FLEXAO SIMPLES

Seccdes rectangulares simplesmente armadas S400
£ A M p, A Tya
| MRg IX ’ a=" ="t = : Joe
d | d bd~f., bd .,
! Joa =Fu /1150 [ =Fq /15
£ g,
— b —
C12-C50 C55 Co60 C70 C80 C90
H o o o a 2] a o a a o] o o
0255 | 0373 07302 0400 0304 0440 0,306 0485 0309 0522 0313 0539 0315
0,260 | 0382 0309 0419 0311 0451 0313 0498 0317 0535 0321 0553 07323
0,265 | 0391 0316 0420 0319 0462 0321 0510 0325 0549 0329 0567 0,331
0270 | 0400 0324 0440 0326 0473 0320 0522 0333 0563 0337 0582 0,339
0275 | 0400 0331 0450 0,334 0484 0336 0535 0341 0577 0346 0596 0,348
0280 | 0419 0339 0460 0342 0495 02344 0548 0349 0591 0354 0611 0375
0285 | 0428 0347 0471 0349 0507 02352 0561 0358 0605 0372 0626 0410
0,290 | 0438 07355 0482 0357 0519 0360 0574 0366 0620 0406 0642 0,449
0295 | 0448 0362 0493 0366 0531 0369 0588 0375 0635 0444 0658 0493
0300 | 0458 0370 0504 0374 0543 0377 0602 0384 0651 0486 0674 0544
0,305 | 0468 0379 0515 0,382 0555 0,38 0616 0405 0666 0533 0690 0,601
0,310 | 0478 0387 0526 0391 0567 0394 0630 0441 0682 0587 0707 0667
0315 | 0488 0395 0,538 0,399 0,580 0403 0,645 0480 0699 0649 0725 0745
0320 | 0499 0404 0550 0408 0593 0412 0660 0525 0715 0721 0742 0,835
0325 | 0500 0412 0562 0417 0606 0421 0675 0574 0732 0804 0761 0944
0330 | 0520 0421 0574 0426 0620 0431 0690 0631 0750 0902 0779 1075
0335 | 0531 0430 0586 0435 0,633 045 0706 0607 0768 1021 0799 1238
0,340 | 0542 0439 0509 0444 0,647 0404 0722 0772 0787 1164 0819 1444
0345 | 0554 0448 0611 0454 0661 0538 0739 0859 0806 1342 0840 1714
0,350 | 0565 0458 0,624 0463 0,676 0,587 0756 0062 0826 1569 0861 2,081
0355 | 0577 0467 0638 0473 0,691 0643 0774 1086 0846 1868 0883 2,608
0,360 | 0589 0477 0651 0507 0706 0706 0792 1236 0868 2279 0907 3430
0,365 | 0601 0457 0665 0551 0721 0779 0811 1423 0890 25878 0931 4,889
0,370 | 0613 0497 0680 0600 0,737 0,863 0,830 1660 0913 3833
0375 | 0626 0507 0694 0656 0754 0962 0,850 1974 00937 5604
0380 | 0639 0518 0709 0720 0771 1080 0871 2405
0385 | 0653 0528 0725 0794 0,788 1,223 0,892 3,036
0,390 | 0,666 0540 0,740 0879 0,806 1,309 0,915 4,045
0,395 | 0680 0583 0757 0979 0825 1621 0939 5913
0,400 | 0695 0637 0774 1100 0,844 1,911
0405 | 0710 0698 0791 1245 0,865 2,303
0410 | 0725 0769 0,800 1427 0,886 2,866
0415 | 0741 0852 0,828 1655 0,908 3743
0420 | 0757 0951 0,847 1958 0,932 5205
0425 | 0774 1,068 0,368 2,376
0430 | 0792 1213 0890 2984
0435 | 0811 1395 0913 3,964
0,440 | 0,830 1,629 0,937 5804
0,445 | 0850 1045
0,450 | 0,872 2306
0,455 | 0,896 3,002
0460 | 0921 4307
0,465 | 0949 7,040
0,470
0,475
0,480
0,485
0,490
0,495
0,500
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