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PREFACE

The civilization progress of a Ime-period and a country was always historically presented by the
level of its constructions. This happens because the culture, the archilecture, the mechanics
and the technology eithar as & condilion ar a5 the result of peopla's cultural lenvel are reflacted
upaon the various constructions. In every region, the architeciural forms were influenced by the
envirnonmeantal conditions present, sun or clowds, hot or cold, mountain or sea, rock or mod. At
the same time, the inlensity of the sarthquakes played a calalylic role in the varous clvilizations
which usually became extinct after a sevaere seismic evant. People, due fo the awe and their
sensa of weakness, always had and slill have the tendency to forget such tragic events.

Mowadays, the dissemination of science and the advancements in the matenal science and
technology as well as in the computing and software technology, enable us to face earthquakes
with prudence bul withowt fear, We have to modify our architecture in order to enhance the
carlhquake resislant capacily of the construclions the same way we have modified it in favour of
the: energy saving,

The nesw architectural form will predominate after it has proven that not only can it be material-
izad but alzo that it can sustain severe earthquakes. Tha antseizmic science and technology
has made greal steps during the |ast three decades, This has led 1o design and constructional
rules which have been established as regulations, like the recent Eurocode &, The engineers,
mainly because of their scientific background, have accepted these dasign rules and they apply
them with no hesitation, On the other hand, the new constructional rules as well as the new
praclices have not yel bean adoplted by the rest of the construction's materialization bodies.

This book refers to the constructional issue of the reinforced concrete, earthquake resistant
buildings. The way of antiselsmic construction, the materalization details, the required quant-
ties of materials and labors are presented in the detailing of the: structural frame, The detailing
regards averyona involved im a building's eraclion, the architect, the civil enginear, the suparvi-
sor engineer, the contractor, the foreman and the technician,

In order to compose of lo comprehend the detalling, the techniclan must have a thorough know-
ledge of the construction. The anly way to learn such a complex subject &5 the reinfarced con-
crate and such a critical subject like tha antiseismic constructon, first and foramaost, ane must
learmn to love them. In this book, the combination of knowledge and love i3 referred o as ‘art’,
This ‘art’ of the earthguake resistant construction is ouwr intention to disseminate,

The realization of this book was possible thanks to the detailed knowledge and dewvation of two
good frends and colleagues, the civil engineer Glannis Lirakis and the Architect Engineer Co-
stas Anastasiadis, The latter, with the use of various software programs, modeled and desigred
in numerous ways tha examplas incleded in this book.

I would like fo thank all my collaborators enginears, technologists, confraciors and lechnicians
for their valuable help in the varous issues and whom with parlicular gratitude | cite in the page
of hiblingraphy,

Movembear 2008, Apostolos K, Konstantinidis
Civil Engineer
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INTRODUCTION The special edition of the ook includes;

= The sample drawings, printed,
- Special stereoscopic, paper glasses,

In & building work, the design of the structural frame iz separated inla three slages: = A small volume with slereoscoplc plctures.

a} tha ‘preliminary design’, wherne the forms af tha siructural frame for the various architec-
tural golutions are proposed in order o decide the farm of the work, The sterecscopic piclures sarve a double cause:

b} the final design’, where the structural frame of the building is designed and dimensioned a) to help in the more thorugh comprehension of the details regarding the compas-
and its cost is estimated based upon the final architectural solution and ite examples mentioned in this book and

¢} the ‘detailing’, where the ‘load bearing system’ (structural frame) of the building is de- B} tointraduce the user to the new slerecscopic lechnologies included in the datail-
signed in every defail. This stage also includes every constructional detail and technical ing software PANOPLIASD.

guideling required for the construction.

The detailing is the most strenuous phase and requires a thorough knowledge of a

large amount of complex isswes regarding the construction. Athens, November 2008
Iri arder to compase ovand comprehend the detailing the technician of the work, the archi- Apostolos K. Konstantinidis
tact, the civil engineer, the supamvisor engineer, the contractar, the foreman or the technician Civil Ercgineer

musl kriow the common communication ‘language’ of all his'her collaborators in comibination
with an -least good- knowledge of the constructional issues. The disssmination of the
knowledge and the language is to the benefit of all materialization bodies sinca tha inexpen-
enced will learn and therefore communicate more effeclively with the expenenced ones
while the latter will ensure the materialization of structures withaut prablems and dangers.
The collective work |5 the only way to increase the constructional level and this is the aim of
the present book,

The consiructional rules followed are almost in perfect compliance with all the anlissismic
codes of the world e.0. Eurocodes(EC2 and ECH), ACI codes, Mew Zealand codas, Greek
codes, as well as with all the relevant regulalions of olher 2elsmic prone couniries,

All the drawings and solubions in the axamples of tha book are clearly indicative and include
only a fraction of the numerous existing solulions, Their possible high quality preseniation
should nof miskead anyvone o helieve that they constitite the anly solution,

Yalume A" intends o present the entire general concept of the detailing without extended
details and tharefore the drawings thal accompany this book are indicative and concise.

The book is accompanied by a software CD by which the reader may;

- download the detailing drawings regarding the sample project <bkGER=> which is ana-
lyzed in several chaplers,

- walch, in a phatographic seguence, the construction of a real structural framea, from the
bBeginning to the end,

- install the trial version of PAMCPLIAL, (he detailing software.

Tha majorly of the examples included in this book have been processed by the software
PANOPLIAS, Its use will halp in the familiarization of the trainee technicians with the ad-
vanced technology hoth for the detailing and for the electronic exchange of designs bids and
orders via intermel.
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CHAPTER 1

The structural frame
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1. The structural frame The following pholorealistic figure shows the siruciural frame of the above building (the zlabs of
the upper storey have bean removed in ordear o allow for tha oplical presentation of all ela-

. mienls).

1.1. Introduction ents)
l':u;ﬁ.lrrm:'l
Every structure consists of the koad bearing system which s usually constructed by reinforced
concrede, steel or by a combination of those two materials.,
v .F . | &

TI"_|iE book daal_s _wilh Buildirg rr._amEE made out of rainforced nnngrﬂls {Fl:!:}. 'I_'hEl _stru-.':iural rran'n_a Stuctural frame <project BRGR=> !
might nol be vizible axtemnally in the final stage of the construction but it exists internally and it
constantly supports the structure. The horizontal lnad hearing elemeanis include the slabs and the beams. The vertical lnad bear-

ing elements consisl of the columns,
The structural frame s composed of horizontal and verical kead beanng elements as well as of

fourdation clements,

! The project cb4GA, cui do s siza, s anly 1o e peolessionial varsien o tha inslded safwre,

EARTHOQUAKE RESISTANT BUILDIMGS 13 14 Apnatolos Konstantinidis
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The following photorealistic figure shows the foundation of the building, The structural frame must have enough strength to securely bear the gravity loads throughout
the antire life span of tha building.

An adequate load bearing system s based on a continuous load path throughaout the structure,
This means that the vertical loads must be carmed by the slabs and transferred 1o the beams,
the heams must transfer these loads to the columns which in their turn must transfer them fo the

foundation. Finally the fourdation must carry the loads o the ground.

ooncenironed kads L&D
A TRANSFER

Struciire's foumaahion

The foundation alements of this building are the spread footings, the Foundation beams and
the: strip foundation.

Lpad paith from dhe strucfure’s slab fo the grownd

Othar types of foundalion may ba the raft foundation (raft slab foundation} and the piers.

EARTHOUAKE RESISTANT BUILDHMGS 15 16 Apnstolos Konstantinidis




The Art of Canstruction and The Detailing

The slahs carmry the floor loads of each sforey. Thess may be characterzed as permanent
loads (dead loads) Le. marble floor covering and as imposed loads (live loads) Le. loads ap-
plied by human activities.

The Beams carry the loads transferred to them by the slabs as well as the weight of the walls
seated on tham,

The calumns carry the beam loads and they transmit them to the foundation.
The footings (foundation) carry the column loads and transfer them to the ground,

The foundation beams hald the foolings in place when the structure i imposed 1o excess load-
ing i.e. in the case of an earthquake ar when differential settlemenis ocour,

In the: following chapters it will be shown that all these structural elements may be found in dif-
ferent forms than those mentioned above, however their behavior remains the same,

In countries with extensive saismic aclivity like Greece, the structural frame must be ahle to
withstand nol only the gravily loads but also the loads imposed ina fesw but vital cases during its
life span such as the cazas of eathquakes,

Frama deformabon due bo seismt aclion

In a structure, the seismic action causes deformations and slresses in vanous directions. Thoss
are the siresses that the structural frame must withstand.

Slabs are not designed to bear earthquake foroes however they help in their even distribution by
connecting the rest of tha load bearing elemeants with thair diaphragm aclion.

EARTHOQUAKE RESISTANT BUILDIMGS 17
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Mot all elements are critical for the seizmic performance of a structural frame. For example dur-
ing an aarthquaka, tha column's load-carrying capacity is much mora crucial o the structural
pefformance than the load-carrying capacity of a beam. This happens because the column's
failure may lead to the failure of adjacent elemeants like beams and slabs which im turn may lead

Lo the progressive fallure of olher columns thus resulting in the tolal building's collapse or in ax-

tensive failures. On the contrary the beam's load-carmying capacity loss leads o local area dam-
ages which in the case of a major earthquake may even turn oul 1o be favourable for the struc-

tural stability, This is the reason why columns in eathquake prone areas are much stronger
than the columns in countries with low seismic activiby,

In order to have a better seismic performance of structures, we should use columns with largs
dimensions but this would limit the inlenor available space. For this reason the use of larga cal-
umng is replaced with the use of shear walls in both directions of the structure, The shear walls
contribute not anly fo the compressive strength of the huilding but also to the increase of its
struclural stiffness thus limiting the displacements and consequently the deformations caused
by seismic actions,

When seismic design is required, the use of beam supporied slabs is mandalory, In cases
where due fo architectural or ofher reasons, the beam height is not allowead to be extended ba-
yond the slab thickness, slabs must be thick enough to ensure the proper function of the beams
with zones embedded to their thickness in the form of hidden beams.

In multi-storey Buildings, columns must not be discontinued in any storey; this means that a col-
umn starting from the ground (foundation) must extend all the way o the upper starey of the
building. In Greece, such a column that terminates in an intermediate slorey and nol on the
ground is called “fitted column™. Usually such a column must he supported by 8 beam (heam
baaring column} since the Greek Code doas not allow it to be supporled by a slab. Howewvear, in
order to maintain a good seismic behavior such columns must be avoided

Posaible fallure of connecting beams or Toolings, resulls in direct fallure of columns. This results
in haeam failures, and finally in slab failures, Such a mechanism will take placs in all storays
leading to a complate building collapsa.

Tha construction of a basement and the use of shear walls along the perimater improve the
shruclura's seismic performances.

Tha use of continuous foolings orand the use of connecting beams helps the smoodh “bedding”

of the structure upon the ground and the limitation of differential settlements whose ocourrence
would have caused cracking to the suparstruciune,

18 Apnatolos Konstantinidis
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1.2. Structural frame elements
1.2.1. Columns

Tha werlical load bearing elemeants of the structural frame are wsually called with their common
name, celumnsg, However due o their varied behavior, their different design rules and most of
all, their differencaes in reinforcement and detailing, they are separated inio three major catego-

fes: columns, shear walls and composite elements.

]

L

i
E i gl

| & Vi + -+

Undernealh view of he sichre's fovndation and defall of the soll siresses diagram

After thelr construction, foolings are covered with 2ol and rubbles the basement MNloors appear
to be inactive, In reality they are active and they critically affect the structural behaviour espe-

clally during an earthquake.

Apnstolos Konstantinidis
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Wolume &

Columna are the rectangular
clements in which the larger
dimension s lesser than 4
timas tha smaller dimansion
e,0.40040, 40060, 2600, etc,

- Ty

Shear walls are rectangular
elamants with a length o thick-
ness ratio greater or equal o 4
a.q. cross-sactions 100025,
150730,
Composite elements are com-
prised by one ar more rectangu-
lar elements, at least one of
which musl be a shear wall
Broadly speaking and due 1o
the fact that at the two ends of
each shear wall, columns are
farmed, a wall can be character-
ized as a composile element.
For example a wall with " I

i,

— g0 -

i i i cross-saction 1201 00425125,
= 2 T cross-section 1200700/25/25,
P i alevator cores with or withaouwt
= 40 =] I — flanges, double elevalor core
with gradient on side etc are
composile elements.
The columns category incluses circular seclions as well, for
example D=50 and quadrilateral sections like S0/60 with an
inside angle equal to B0,
i
O E
& 1
7 -0

The columns category may
also include elemeants with
T, °T" ar “£" cross-seclions,
in which the dimension ratio
of thair orfhogonal parls is
lesser than 4 eq. T cross-
section  JOMBOIRSRS, T
cross-saclion  TOMSOI25/25,

EPEEY T wa)

Tho—= =

“Feross-saction BOTSIIES, :

ate. | 1
g 2
i
1 T

=40 =
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1.2.2. Beams

Beams ara tha verlical or sloping bearing elements of the structural syslem thal connect col-

umns and support 2labs

Yarious hpes of beams
=project; beams>

When beams support slabs, they work logether thus forming a “T" section beam. The level of

the slabs compared fo the level of the beams results in the formation of rectangular beams,

inverted beams or "Z" beams.

EARTHQUAKE RESISTANT BUILDINGS
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o

anvaried T z-type cniever

Generally, beams are supported by columng (beam to column conneclion). However, some-
times one ar hath baam ends are supported by another beam {heam to beam connection) and
olhar limas only one and is supported by & column ar beam while the olher end has no support
at all. The beam supported only in one end is called cantilever

The beam o column connection is called direct support and the beam o beam conneclion i
ralled indirect support,

The most commonly usad baam is the one supported by two columns and the most scarcely
used is the cantlilever beam. Indirect suppords should be rarely used and only whan thara really
i% no alternative solution.

In titzd roofs, both beams and slabs have cross seclions and supports like tha ones mentioned
above bul they are sloped,

24 Apnatolos Konstantinidis
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1.2.3. Slabs

ESlabs are surface plane elamants thal bear loads transwarza to thair plain.

Sruciure wilth vanious fipes of slabs meaf in conglrpchon
=praject; slabss

Mozt of the times, slabs are statically indeterminate elements thal consequently redistribute
the stresses applied 1o them. This ability makes them highly secure against bending and
shear fallure. Cantilevers are excluded since slabs which are statically delerminate elements
and therefore nead special care in their construction,

EARTHQUAKE RESISTANT BUILDINGS 25
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Slabs are separated into categories dependent on their supports;
i HWEU D s ch Bl
bd 20750 5 40040 bE IS0 ch 40040

b10 30/50

"
5
=

bS 3050

&1 300a0 b1 350 G2 300

Mypothabical formwark plan, whara tha arows show e supporad soas of slabs

One-way slabs (Simply supported)
They are those supported on two out of four, opposite sides like N1 of the above example,

Two-way slabs
They are those supported on all four gides like N2, N3 of the above example

Cantilever slabs
Thay are thosa with a fixed support on only one out of four sides, like M4 of the above example.

26
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Two-way three support slabs
They are those supported on three oul of four sidas, like M5 of the above example.

Two-way two support slabs
They are those supported on bwo adjacent sides, like N8 of the above example.

The abowve categorization regards rectangular slabs and is applicable only when the side sup-
ports are clearly defined in their full length, When a slab has a general polygonal shape it can
ke approximatehy simulated as a similar orthogonal shaped slah,

The slab’s esscantial thickness is determined according to the required flexural and shear
strength capacity as well as to the limitations of the allowable deflections. Uswally the datermi-
nafive factor is the second parameter because the slab's elastic stability (stiffness) is important
throughout the entire service life of the struciure. ts lack can even become apparent with hiu-
man walking az it may initiate vibrational motion.

A5 regards to support, the safest slab is tha two-way slab and the mast vulnerable s the canfi-
lever slab, This happens bacause in a two-way slab, potential loss of one support results in a
two-wiay three suppaort slab, while in the case of a cantilever slab potential support loss results in

collapse.

Slabs behave better when having one adjacent slab and even betlar wwhan having two adjacent
slabs in both directions,

The following picture shows deformalions, in a large scale bul proportionale o one another, for
threa different types of slab continuity. It i3 obviows that continuous slabs suffer lighter deflec-
lions thus they have betler elastic stability (slifffess).

—

The slab with the biateral contingily (3] behaves in the best way, Nexf comes the slab with the uniateral continuily
b wiie fash comes the sz with no comfinuily (G

EARTHOQUAKE RESISTANT BUILDIMGS a7
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In common structures, for slab thickness equal to 15cm, the slab's apan may vary betwesn
3.60m and B.00m and the cantilaver spans may be up to 1.50m. For slab thicknass equal to
20cm the slab's span may range fram 4.50m to 5.0m and the cantilever spans may be up to
2.0m.

The 15zm thick slah has a self weaight equal to 0.15m 2% kNim*=3.75 kNIm? while the live load
due o human use, furniture etc that it is called to bear, i5 equal to 2.0 KN'm® only. If tha slab has
a thickress equal to 20cm its self weight is 5.0 kNme, and if it is equal to 30cm its self weight is
.50 kM/m® whereas the live loads remiain the same,

Therefore for large spans ribbed slabs (waffle slabs) (Zoeliner, sandwich} can he used, like
the ona shown in the figure below. & ribbed slab with total thickness of 30cm may have a self
weight equal fo 3. 75kMNm?, which cormesponds o the self weight of a 15cm thick solid slab,

Advanlages of ibbed slabs:
tieir large effective thickness provides them with a high level of elastic stability (stiffness),

they havea low daad waighl consaquently they apply ralatively light stresses,

they do not overload the structural frame and the foundation,
hecause of their large effective thickness they comparably meed lesser amount of rein-

farcement,
Disadvantage of ribbed slabs:

Their construction is more challenging and therefore they require meticulous reinforoes-
et datailing.

] T

Onig=way nbhhed slab
=praject; zoelineril=
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& ane-way (simply supported) ribhed slab, in the primary direction is composed by wswal ribs
while in the secondary direclion the ks are verlical and sparsely placed thus ensuring the even
Inad distributian,

The vioids betwesn the ribs are usually coverad with extra light-weight polystyrens with a density
of e.g. 25kg/m* (compared to the density of the reinforced concrete that is equal fo 2500kg/m?)

Usually two-way slabs have square voids bhetwesan the ribs because the demand for adequate
banding sirength is equal in both directions. The square woids ara being shaped either with the
uze of light-weight fillings like palystyrens or with the use of plastic moulds, The later have sig-
nificant constructive advantages (gualitative, fast construction) thus providing proportional eco-
nomical solutions.

WVolume &

1.2.4. Staircases

Although stairs are nol part of the struclural load bearing frame, they affect and they are af-
fected by itz behavior espesially when horizontal loading is applied, mainly due to seismic ac-
tions.

If the staircazes are both properly placed in the siructure’s plan and properly constructed they
may aven enhanca the structure's antiseismic behavior

Two—way nbbed slab
=project: zoaliner20:=

EARTHOUAKE RESISTANT BUILDINGS )

Staircases are anchifaciural-sendca alamants, thay ang cast ogather
with the inad bearing frame wihich Hey affect and they get affectad by,

The main concern i o ensure that in the duration of a seismic event, stairs will nol suffer ser-
ous damage, As a result, after a strong earthguake, their repair will be technically and economi-
cally possible but most important of all they will remain in service allowing the evacuation of the
structure since the elevator use will be prohibited,
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1.2.5 Foundation

The same way humans have their feet to transfer their self weight and other loads, softly o the
ground, foundations carry with light pressures the siructural frame loads o the undearlying sail,

Foundalion generally includes the footings and the pedestals. The simplest iype of foundation
iz the spread foundation (pad foundation) e, isolated column foatings.,

Faundabion congisting of flaxible and righy spread fopdings (no connacting beams)
<project: Foundation 0=

flexible spread footing rigid spread footing

column ——. column—.,
nprend focling ‘neck —.
cing pdicital —. ..'-\. R C— I

[P —

—
H
—i

A5 a rule, spread footings consist only of a box and they are usually called flexible. Sometimeas
they may have a relatively large heighl and a sloped end, and they are called ngid.
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Nowadays, flexible spread foolings are used almost exclusively because of their easy consiruc-
tion and their low cost and labor. Howaver in the past, whan the matarial cost was highar than
the: labor cost, rigid spread foolings were usually constructed.

The fostings' dimensions depend on the soil’s guality ard the loads ransferred by the columns
(column loads are determined by the distance batween the columns along with the number and
lnads of the structure's storeys). The usual fooling dimensions range from 1.0x1_.0m to 3.0x3.0m
although sometimes they may be larger and their height varies betwesan 0.50m and 1.00m for
flexitle spread foolings and between 0.70 and 2 m for rigid spread footings.

Foundalion congizhing of Sexible spread foplings and connacing baams
<project: Foundation20:

side view plam
[EidTyj]
-
T i -
fosoting, ——, ./f: :
Il 7 Lo
| L
_r_ T
"
f . .l L .l
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In order to ensure the proper behavior of the foundation, the use of foundation beams [connect-
ing beams) is mandalory. Thase beams lie logether the column's bases thus making tha fool-
ings behave ina normal way espacally during seismic incidents, Usually their cross section
width ranges from 0,30 xm 0.50m and their cross section height from 0.50 £wg 1.50m,

Footings are constructed centrically to their mass centre, except in those cases when due 1o
building restrictions they are eccentrically constructed e.g. like boundaries of the building line
or edge of the: building land as shown below,

'-.-
'_ r f flexible spread footing
4l with double eooeniniciy

1
B
#
|

Foundatian corsisting of acoentrcally comstructad spraad foatigs
e fo fmitahipns of fhe buiding e and ihe edges of the luiding land
<project: Foundakon30=
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The bigger the fooling’s construction eccentricity is, the strongest must the connecting beam in
thatl diraclion be.

Spread foundation (pad foundation} iz used in a good quality sail. In case of low soil capacity
strip foundation is used.

Sirip foundation with connecting beams
<prafect; Foundationidis

elewalicn plan

|
1 | T
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Strip foundation consists of the pedestal and the footing. The usual dimensions of the fooling
wvary bebwean 0.40m fo 0.60m for its thickness and between 1.00m to 2.50m for its width. The
typical pedestal cross sections range from 0.30x0.80 to 0.50x1.50.
For a more effective beshavior it is advizable lo use grid foundation,

In poor sall conditions raft foundation 5 commonly constructed. It consists of a slab which ex-
tends over the entire loaded area. Frequently it is used in other soil condifions for practical naa-
sons basically because of its fast and easy construction.

Twp lavel foundalion
<project; Foundations0>

Generally Toundation should be placed in one even level however in cerain cases like sloped
building lands, foundation is placed on morne than one levels

Raft Foundation with connecling beams
=project; Foundationsl=

Raft foundation may hawve regular foundation beams for rib formation, as shown in the above
figure, of beams incorporated inlo the foundalion with the form of hidden beams.

The usual thickness of a rafl foundation, rangas from 0.40m 1o 1.0m, while the dimansion of tha
raft faundation beams vary from 0,300,580 o 0.50x2.00,
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1.3 STRUCTURAL FRAME LOADING

The struciural frame is designed o withaiand, in a constant basis, the werical gravitational lnads
(zell welght, masonry walls, Nloor coverings, cars, Tumilure, people elc) and nol ina conlinuous

butin a periodical basiz, the wind and snow actions, Moreover it must always bear the "self in-
duced” loadings caused by tamparature changas elc.

I ey bunloing e the one shown i the above Bgure, parmanend [dead) and imposad e loads are applisd, The
lafter are much lpwer fhan he former, for example 3 persons and fhe Iving-room enifure waight 35 much a5 2 sin-
e m¥ of slab surface whils 3 car waighls 35 much as a sale baam.

EARTHOQUAKE RESISTANT BUILDIMGS a7
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Apart from the usual Inads, in earthquake prone regions, the siructural frame must have enough
strength surplus distributed in such a way =0 thal in the critical moment of an aarthquake, to
be able to respond successfully, retaining the sfructure infact,

MMass 1= the characlenistic fealure of a body. The foree field surrounding sach body defines the
types of forces applied to if. The Earth's gravitational field applies the gravity force, otherwise
refarred as weighl. During an earthquake, the appearanca of additional horizontal accelerations
causes the formation of horizontal seismic forces, These forces are applied 1o the siructure and
they constitute the structural frame loading. Structure loads can be classified into three catego-
fes gravity loads, seismic loads and wind loads,

1.3.1. Gravity Loads

The loads appled 0 a sruclure are divided inlo permanent {dead loads) and imposed (live
loads), The formeer include the self weight of reinforced-concrete structural members, of walls
and coatings-coverings. The latter include loading caused by people, furniture, wehiclas elc.

PERMANENT | IMPOSED
LOADS LOWDS
{dhaad) {liva)

il humans
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Dead loads

The density and the related unit weight of the materials used in construction are:

Reinforcad concrete

Light- weight concrete for ground leveling

Eand mortar
Marble

riarkls 2 am e

{27 kNim')

sand morar 2om  ———

(20 km")

bight-weeighl concrete

Tor graund leveling
dcm (8 kMim®)

resnforeed
comcreta 15 om
{25 khim®)

p=2.50 tfm® (,=25.0 kN/m’?)
p=0.80 tm® (e=8.0 kN/m")

p=2.00 t'm® (e=20.0 kN/m®)
p=2.70 Um® (£=27.0 kNIm’)

25

20

15

Tha dead mass of ana o of he abova slab s,
g= 015250 « 0.04°0.8 + 0.02°2.0 + 0.02°27 = 051,
Le. the self mazs of ong square meler of 3 usual slab s
0.5 ¢ fweight 5.0 kN)

kN
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Water p=1.000m? (&= 100 kN/m®)
T kN
m__
T 1Imm L
The dead mass of ane m™ of a poel slab,
when the poo! is filled with just 1.0m of waler is,
1.4 ¢ fweight 14.0 k)
Garden sail p =250 tm" (= 25.0 kNim®)
SN
Fu ]
i5
10
B
o
The dead mass of ane nr of a siab, with 1.0m of soil on top is
2.5t {waight 25.0 kN)
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Masonry stretcher bond
Masonry Flemish bond

7
TTTTITTTT]

10

[TT0]

A wall of 1.0 m length, 2.85m height and 10am ticknass
has 2 mass equal o 0601, fweight 5.0 k)

Live loads
Human loading:

= Mormal human loading p =020 Um?® (£ = 2.0 kN/m?)

i b i T 00 kR

The five mass of ane m* residential bullding is 0.2 1 fwaight 2 0 k)

WVolume &

- Human conasentration p =050 (g 5.0 kKN/m®)

ik

The live mass of ang m*commercial area is 0.5 fweipht 5.0 kM)
Vehicle loading p=0.256Um? (e = 2.5 kN/m?)

¥
|

‘ 1 00
The live distributa load of 1 m? of a parking space is 0.25 1 {weight 2.5 kN)

Az a rule, snow loading is lower than the live load generated by the use of people and its value
ranges between 0.60 and 1.50 kN/m?.

MNote

I order to calculate the amount of the lofal lnading applied 1o a residential siruciure we assume
im=af slal ie. imxim surface,

In avery Tm? of floor surtace, the permanent (dead) and the induced (live) masses, are in the
arder of 050! fwelght 5.0KN) and 0.201 {weight 2.0KN) respeciivaly. However whan we consider
the loads appilied by beams, columng, walls and plasters, the total amount of the dead lpads La.
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the stucture’s seif weights, is greater than 10 kN'm?, a5 opposed o the five Ipads that remain
agual fo ZrN'mE Moreover in a spacific time in the siruclure'’s e span, the possible exlensive
permanent loads may be around 100% In contrast o the possibe extensive induced loads that
may be around 30%. From all the above we realize how grealer are the dead loads in compari-
san fo the Ive ares and s {5 one af the most imporfant problems af siruclures, thaey vsa® o
many dead loads in order to bear a faw live loads.

16-4—

o

.-"*
-_..-"'1.|I|r|'| o
: 1.00m g
In a residential budding, the maximum v loads are abowt 20% of the dead boads.

BT kN

m-—

1.00m

in rancdom cases e earthquakes, the extensive five Ipaas
may reach 6% of the dead loads.
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1.3.2. Seismic loads

The effect that a seismic action will have in a structure is determined by regarding an earth-
quake with horizontal design ground seismic acceleration equal o A=a*g. Greecs |5 divided
into three Seismic Zones I, 1, Wl and for each of these Seismic Zones the factor o takes the
following values 0,16 for Zone [, 0,24 for 2Zone 1 kar 0.36 for Zone 111

In the duration of an earthquake, a horizontal seismic force H is applied in every mass M that
has gravity load W. The H force is equal to a percentage £ of the W force. £ value usually varies
hetween 0,00 and 0.80 while in a very intense seismic action it may rise above 1,00,

The value of & depends mainly upon the value of factor @, used for the calculation of the maxi-
mum horizonial ground seismic acceleration and upon other factors like soil classification, sfruc-
tural syslem's geomelry, mass center.

In general tarms, the distribution of seismic acceleralions has the form of a tiangla.
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The distnbulion of saismic aceslaralion Ras 3 form similar o 3 Wangle

The struclune shown above Belongs o the Saeismic Zone | (seismic ground acceleration equal o
0.16], the mean value of the design seismic acceleration is around 0.12g (£:=0.12) and the re-
sultant seismic force Fs is around 1400KN. The theoratical height that this force 15 applied, is
around the 2/3 of the structure's tatal hekght.
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1.3.3. Wind loading
W rarsity lnad e, il s P wind faseas F'“'ME;::
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In the same structura, when placed in a geographical region with infense winds, the mean value
of the wind pressure s around 1.50 kMim® and the resultant force around 400 kM. The iolal ser-
vice lnad applied is 12,000 kM. Themefore the wind force is equal fo 0.03% of the vertical lpads
and its theoretical application araa is in the middle of the struclure’s height. Comparing the wind
and the seizmic forces applied to that struciure we realize that the wind effect upon the struciure
is &l laasl four imes smaller than tha seismic affact.

Reinforced concrate structures have large self weight both during the design and the service
lifea, consequently wind loading does nol affect their behavior to the same degres as il affects
timber or steel struchures,

In the dimensioning of earthquake resistant structures we consider either seismic or wind forces
and not simullaneous loading. A= a ruba, the seismic action thal applies a load analogous to the
wind pressures has a greater value than the wind loading, consequently, in ssismic design
structuras are nof dimensionad for wind pressures, In Greece the effect of wind is significantly
smaller compared to the effect of earthquake motions evan in the Zone with the lowest seismic
activity,
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1.4.1 The behavior and reinforcement of a slab

14 BEHAVIOR OF THE STRUCTURAL FRAME
A slab, due to its loading (2elf weight, marble floor coverings, human activities etz) and also due

to ita elasticity, is defarmed in the way shown at the following picture. The real deformation is in
the order of millimeler and although it i nol visible 1o the human eye it always has (hal same

Reinfarcaed concrete is composed of two materials, concrete (heton) and reinforcement. The farm.

rainforcament is wsually made out of steel and rarely, al least for the time being, s made oul of
compasite materials, composites,

The reinforcement 12 divided in wo basic calegories: (a) the longitudinal reinforcement in the
form of rehars and (b} the transverse reinforcament mainky in the form of stirrups.

uppér (exirema) fbar

|

s

Ioadds COMpression aona

T T T f
] 'a:ﬁ- sl

In order to understand the behavior of a reinforced concretle structural frame, we will assume
two simple examples, a simply supporied slah and a frame composed of two columns and a

beam.
tensile zone lower (extreme) fiber

Concrele has a high comprassive stranglh; tharafore in the compression zona whara there are
only compressive stresses, no longitudinal reinforcement is applied. On the contrary, concrate
has a very low tensile strength therefore in the slab’s tensile zone where there are anly tensile

siresses, longiledinal reinforcement 1= applied,
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The introduction of reinforcement in concrete, results in a material with the ideal combination of
compressive and tensile strenglh. In the lensile zone of the slab and especially in the middle of
it span, hairfine cracking ocours on the concrate’s surface. These cracks may ot be visible o
tha human aye but they exist, without though affecting the slab’s behavior.

Diagonal stressas appear on the slab's support faces but a3 a rule they are dealt with by the
concrele thius no ransverse reinforcement s needed.,

In the upper extrama fibers of the slab suppors, it is possible for tensile stresses o appear;
therefore a minimum amount of longitudinal reinforcemeant is placed in thess areas, That rein-
forcement may be autonomous, may be slab-span reinforcement confinued up fo the supports
of it may be a combination of those two. In this specific example the upper {negalive reinforoe-
ment) comes from the slab’s span reinforcement {bent up rebars}.

Ganerally, slabs are nol practically affected by seismic forces in their plane and that is the rea-
son why they are nof extra reinforced inorder to withstand them,
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1.4.2 Behavior and reinforcement of beams and columns

FRAMES WHERE NO SEISMIC DESIGN IS REQUIRED

The following frame is composed by two columns and one beam and it bears only gravity loads
i.8. no seismic loading is applied.

The following figure shows the concrete deformations and cracks, They are presented in a very
large scale 2o as lo thoroughly comprehend the way the members behave, In reality they ane so
small that they are not visible to the human eye,

B eyl <
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The tensile stresses applied to some areas of concrele cause the formation of cracks; therefore
in those areas the necessary reinforcement 15 placed. When the cracks are perpendicular 1o the
axis of the member, longitudinal reinforcement is placed i.e. rebars that prevent the expansion
of tha haifina cracking. When the cracks ara diagonal, transversa reinforcement i.e. stirups is
placead to contral them

In the case where the frame 5 subecled o gravity loads only and seismic forces are not sup-
posed to be applied to it, the diagonal cracking could be controlled with the use of diagonal rein-
forcemeant.

FRAMES WHERE SEISMIC DESIGN |5 REQUIRED

The following frame is exaclly the same with the frame mentioned above, Both frames will be-
have in exaclly the same way through their lifelime excepl in those few seconds during an
earthquake,

An earthquake ground molion causes horzontal displacements that in their wm cause horzon-
tal inertia forces, forces created by the sudden change in the kinetic state of the body.

N ,\WanHIH

:'ll.i"

i.-.rL'-.il-

Tirp- cofumn aarthquake resistant frame
<profact; framea 1=

Dunng the seismic action the applied horzontal forces constantly shill direction. This resulls in &
continuaus change in the frame's behavior, consaquently the fensile stresses and thus the in-
clined cracking appear in different positions and directions. This position- direction alleration is
the reason why earthquake design and reinforcement detailing are so critical in areas with high
seismic activity.
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Fundamental rules in the reinforcement of antiseismic structural systems

The following nesds = rules regarding the proper placement of reinforcement, derive from the
behavior of struciures:
Columns:
() Rebars must be symmetrically placed around the perimeter of the cross saction since the
tensile forces and thaerafore the inclined cracking constantly change direction.

(A} Thare must ba enough, high strength and propery anchored stirrups. This reinforcamant
pmunts the member from the large diagonal cracks of alternating direction, caused by
the diagonal stremrlg ar otherwise called shear.

amad

Bahavior of 8 o—colfumn frame during an eartiguake
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Beams:

(o) Rebars placed in the beams lower parl must be as well anchored as those placed in the
upper part, This happens because tension and therafore the resulting transverse crack-
ing, continuously change place durng a seismic aclion and a5 a consequencea in critical
earihquakess, tensile stresses appear o the lower fibers of the supports,

(B There must be enough, high strength and properdy anchored stirrups because the high
intensity of the diagonal stresses and thus the large inclined diagonal cracking, shift di-
rection during an earthquake.

Mo mattar how “well dasignad” a structura s, eithar because of exceadad dasign seismic forces
or because of local condilions during the construction, one of possibly more siructural members
will exceed their design sirength, In that case we desire to have two defense maechanisms;

1% defense mechaniam: in case of an earthquake greater than the design earthquake we don't
want failure {fracture) of any membear even if it remains permanantly deformed, this means
that we need ductile structural members.,

2™ defense machanism: in the case of an extremaly intense earthquake, where failure of some
membars is unavoidable, the elemeants that must not excesd their strength are columns;
this means that the columns must hawe sufficient capacity-overstrength.
I the second defense mechanism all failures must be fexural because of their ductile na-
ture as opposaed to shear fallures that have a brittle behavior (.2, sudden fraciune)

By designing the structure to withstand a major seismic incident, something achieved by the use
of a high seismic factor, we avoid exiensive failures, By providing duclility and capacity-
overstrength 1o the elements we design against local fallures. Local failing may happen for var-
ous reazons and if it occurs it may lead o the progressive failure of the struciure,

The need for ductility in structural elements

In bolh columns and beams supports | i is required fo place a substantial amount of stirrups nol
only 1o bear the diagonal lension but alzo to ensure a high level of ductility which is crucial in the
case of strong earthquakes.

Ductility is the ability of a reinforced concrete member to sustain deformation after the
loss of its strength, without fraclure.

When design seismic actions are esceaded. only one elameant, the mosi vulnerable, will owar-
come it strength capacity. If that element is ductile, it will continue to bear its loading and will
give the second most vuinerable elemeant the possikility to contribute its strength, If that second
clement s duclile too, i will make the third most vulnerable element to contribute s strength
and that way all the elements will successively supply their strength.

If all members of the structure system have enough ductility the structure’s strength ca-

pacity will depend upan the strength capacity of all the structural members, otherwise it
will be depended upon the strength capacity of the most vulnerable siruclural member.
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Ductility i.e, the element's deformation capability beyond itz wielding point regards flexure and
requiras strength in sheaar. This is the reason why shear dasign is based on tha alemants ca-
pacily-oversirength 5o as o avold polential shear failure.

Columins and beams basically fail in the joint area i.e. the area where the beam intersects with
the column. Therefore columns and beams must be enough duclile in the joird area. IF pounding
hetwean a column and a staircase or masanry infill i3 probable then the need for ductility ex-
tents to the whole length of the column.

TR G

Colernn walf cross-gacion S0xA0 and frae simups an every laper, reguired by Ihe Selsmic Repulabon for auchbly
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Beam with hugh ouclily regquiamants

The need for column's capacity-overstrength

Capacity design ensures that the columns will have greater capacity than the adjacent beams
therafore no matter how intense the seismic action will b, heam failure will precede the failure
of columns. Failling beams will absorb part of the released seismic energy thus altering the
structure’s natural fundamental) frequency and avoiding resonance, Generally, failure of one or
more beams does not induce progressiva failing, henca aeven in an exlremely strong seismic
event, the structure will not collapse and will retain a minimum serviceability level allowing its
evacuation and mnst of the timeas its rehabilitation.
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The At of Construction and The Detailing

2. The construction methods of the structural elements of
the building's frame

21 The materials

In earthquake prone regions, the most crucial factor of the reinforced concrele building's
sirength is the reinforcement placed inside s siructural framae.

A5 a rule, in an already built structure the load bearing frame is not visible, Also, during its con-
struction phasa only the struciural membars are visible and the placed rainforcement, which is
the sirenglh's declsive factor in earthquake resistant structures, cannol be directly inspected.
That factor, which is the most crucial of all, is thoroughly discussed in this chapter, Moreover the
ancillary equipmant and tha malernals needed for tha combination of concrele and reinforce-
ment in order 1o form the siruclural frame are also discussed.,

The concrabe is onginally producad as a liquid mixture and can be casted into different shaped
mailds, When these moulds are made out of timber, as they usually are, they are referred Lo as
formwaorks,

In order to secure the reinforcement bars' position insikde the formeark, additional supports ans
needed, These are called spacers, They prevent the displacement of reinforcement during the
casling process and they gel incorporaled inside the concrele’'s mass.

Reinforced concrete iz a good heat conductor and since the structural frame has a large amount

of mass, il critically affects the building's thermal-energy efficiancy behawvior; therefore the struc-
tural frame has to Be insulated.
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2.2 The moulds

( beam Bx12cm ) \ ( scantling 8x8cm)

AN

:
4
S

A X,/

base screw jack

The elements of the moulds used for the formation of structural reinforced concrele members
are separated in four calegories;

Surface slemenls or planking
Horizontal baanng alements or beams
Scaffolds or staging

Accassonas lika conneciors

o Moo=
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The mould elements might be conventional or indusiralized. The former are mainly made out of
natural timber and based on their section dimensions they are called:
» boards with a usual thicknass of 22mm, width ranging from  to 15cm, and length vary-
ing between 2.30 ard 4.50m

« gsoantling (wooden joist) with a typical cross-seclion BxBcm and lengths ranging from
240 up 1o 4.50m
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* beam with a usual cross-section from 8 to 12cm x 12 to 20cm in different lengihs from
2.50 up o 5.00m

» shuttering plywood with thickness ranging from 18 to 25mm, width 1.25m and length
2.50m
+« plank or balk with 5.0 cm thickness, width varying from 20 to 30 cm and length 4,0m,

The eleamants of a convantional scaffold are made out of hollow steel sactions with a usual di-
ameter around a0, These sactions are used for the formation of the standards and the
frames,

Frames usually have a height ranging between 1,20 and 2,50m but when combined with the
base screw jack and the upper "W-shaped"” screw jack, they may reach almost any height,
Ganerally frames are verically tied iogethar with the use of diagonal bracings made out of hal-
low sleel seclions varying between $25 and $30 thus forming the towers.

The accessores of column moulds secure the position of the lateral elemants against the “hy-
drostalic” pressures applied during casting. The most intense problem appears in columns and
shear walls because of their large height and consequently because of the high lateral pres-
sures that appear. The connectors are usually made out of steel, they have an adjustable length
and they are placed every 20 1o Blcm,
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Industrial formworks are a combination of timber, steel, aluminum and plastic and their names
wary according 1o their preduction indwstry.

The advantages of indusirial formworks:
- high construction quality
= small amount of required persannel
- fastimplementation
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civilized working conditions
personnel securily
achisvement of smaoth surfaces thal do not require finishing

The disadvaniages of industrial formworks:

high initial investment cost

the nesed to have a defailed and accurate implementation design in every work

the need for crane Uusage

the crealed smoaoth surfaces lower the adhesion between the concrete substrate and the
finizhing

loww Flexibility in smiall and complex constructions

By comparing the advaniages and disadvantages and their corresponding importance, we fi-
nally conclude in the indisputable superiority of the industrial formworks against the conven-
tional formworks. Taking into consideration thal the use of salf-compacting concrele (see §
2.4.9) will probably predominate in the constrection of earthquake resistant structures, the in-
dustrial formwaorks are the ideal solution since it can adequataly bear the large pressures ap-
plied to the inside of the madld,

The following fligures show Three cases where industrial formworks are being used. In all three
cazes the common characteristic is the large height of the structural element.
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inclusinal seafald for e formahon of slab's fommwaork !

The construction of the beams’ and slabs’ formwork is performed with the use of composite, tim-
ber T-zsection beams and shullering plywood without nailing. Scaffolds are made oul of alumi-
num, Farmwork dismantling is performed by releasing the special ping at the top of the scaffold,
that way it controllably recedes around Sem without damages and without danger of accident.

* I araas with low saksmic actiily The indusiial formworks, beased on thelr specificalions, may mach up 1o 5 50 high without nesding disgens!
biacings. |n eaihquake sone segars, in cider 1o (e a possble ssismi evenl eifher durng the casling o dusing e cufing process, I &
supesied o use The sama scalfolids scoomdng b ther specificalions, providing thal 8l columns Bre cansiruchad in arder for the scaffiolds 4o ba
fied upen them {see and § 2.4.5).
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Shaar wall mowkaing with the wse of industnal metalwovk
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Assembling the formwork of @ 5.50m high shear wall and positioning the working platform re-

qguires anly a few minutes. Removing that formwaork requiras avan less tima and it is a fast and
sale procedure.
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Column mowlding with the use of indusfrial mefatwork
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This column iz 5.50 m high and its formwork iz quickly created by assembling formwork pieces
with dimansions divided by Som. These pliacas are tied together with bultardly valves, placed in
predefined positions. The formwork |8 lemporarily supported by light-weight diagonal struts. The

working platform at the top as well as the ladder are being placed and remaoved within a few mi-
nubes.

If the surfaces of the: shear walls, beams and slabs are going 1o be plastered it is mandatory to
wash tham well by means of pressure pumps in the order af 100 almospheres followed by all
the necessary praclices in order o increase the adhesion beltween the substirate and the plas-
ter,

In casas of particularly caraful industrial formwork implameantations, it is remarkable how the fi-
nal plastering might be avolded due o the excellent and ready for coloration surface.

Mot

The use of moulds made oul of water-resisfant cupboard, melal sheel or plastic leads to the
fireness and rore ecoromical constriction of aircular columns,
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2.3 Thermal insulation of structural elements

When the thermal insulation is embedded inside the axterior or the interior shell of the building
and it is independent of the stroctural frame’s construction, the solution is clear and most of all
effective. Howeaver, whan the thermal insulation s placed upon the extenor or the inbarior sur-
face of the structural frame as part of the lotal thermal ingulation e.g, in buildings with masonry
walls, various issues anse. These include thermal bridges and constructional matters regard-
ing anlisaismic bahawviar.

This paragraph deals with the cases where the concrate elemants’ thermal inswlation is embed-
dad in the struciural frame. In masonry infills thermal insulation is usually placed inside the ma-
sanry walls,

Generally, the structural elements of the frame are tharmally insulated by the use of extrudad
palystyrene boards” with thickness ranging from 3 to 5 cm. These boards have ribbed surfaces
for hatter adhesion both with the concrete subsirate as well as with the plaster that will cover the
final surface.

If the: anargwbinclimatic design of the building requires the contribution of the structural frame’s
heat capacity (this is the common case in residential buildings) then tha tharmal insulation is
placed upon the external surfaces of the structural elemeants,

I shear walls, columns and baams the thermal insulating boards are placad upon the elamant’s
surface that is on the ouler face of the structure. On the other hand, in slabs, most of the times,
it is preferable o place them on the bottom side, This is the b=st solution bath from & practical
and an energy point of viaw. However, il may nol be ideal for the upper floor slahs.

If the thermal insulating boards are placed on the lower side of the slab and the surface s going
io be plastarad, it is recommanded to place, pror lo plasternng, a light-waight flezible composile
mesh 2.9, glass mesh to prevent plaster cracking especially in the joint areas of the boards and
the concrete or the walls,

# Trwer minimum requined 1hickness of the ednded pobyshyrene is based upoen the coeficent of themal conductaty & and grnerally upoen thie
iher=al insulaiion design. 'Yihen using emviranmental ffendy materals, the sinimus (hickness of the ther=alinsulzling board is asound Lem.
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Flazing the thermal insulating boards to the extenor surface of the concrete elements creates
one problem; it sats limitalions (o the propar fitling of bricks in the exlamal masonry walls.

Some of the practices followed when building masonry infills are shown below,

The choice of the most suitable solution depends upon the importance of factors such as: the
brick fitting near columns and beams, the formation or nod of an edge betwean the beam and

the wall, the weight of the wall, the space they take, the cost.

Typical solutions in exterior masonry walls

by using S9x12x19 bricks)

—F —
—8— 8 —8—

Extena! biind wall wath 2 buil
Shredehars
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Efamal blind wail with 2 strefchers

Mafasg,

exdmmal ani inamal

Span space

buared beeam D earm
i rkascaTiETi
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Extarmal wall wilh sbaing frame

s« n areas where the usad bricks have different dimensions from the onas mentionad above,

carrasponding praclices and nles apply.

s The 12cm thick wall when compared to the ohe with a thickness equal fo Scm, has disad-
vanfagas like & higher cost, & lamger waight and & 12-0=3cm limitation of the inferior space.
On the other hand, if has advamtages ke the beffer brick litting, the higher heat capaciy [of
the: layer towards the inner face) and the possibilfy to embed elecincal piping.
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= When @15 important for the beam and the masonry fo kave exactly the same width fno adge
farmation), apart from the other solwlions, a free space may ba laif belwean the tharmal in-
stilation board and the wall,

«  Whaen an edge is formed between the beam and the wall, |t is preferred fo have a large
width rather than a small ana,

s Based on the lvpe of the elecirical instalation, we must alfow space for the cable pipimg that
will pass through the structural frame orfand the wall,

= A zimple way to create channals in the suppaot faces of beams and collirmns i5 the use of &
Board or an extrided polystirens sinp 2o thick and 10 cin lohg.

s Freguently the real brick dimensions differ from those of sfandardization. For instance, ming
fimes out of fen, the bricks with nominal dimeansions 9x1 2578 have real dimensions equal fo
& 8511, 55 18.5.0n the other hamnd, the beam’s dimensions are usually correct,

s A hypical bond beam reinforcement is; stirups @840 or @EA 5 and upper, lower longitudinal
reinforcament 2 fo 4 @10 rehars {depanded wpon the bond beam's width). The steal class
may b BH0D,.

«  Bond beams' rebars might end before meefing the columns or they may get anchored inside

fheam.
s The mos! practical way fo anchor the bond beams” rebars fnside the coluimns 15 by crealing
Fales fo the colimn sides amd implanting sfarfar bars by means of resin adhesivas.

Rules for choosing the correct thermal insulation thickness for the structural frame

A5 far as the thermal insulation efficlency is concernad, the nacessary thickness s defined by
the coresponding design, however constructional difficulties must be always taken into ac-
count.

As far as the proper masonry fitling is concarmed, a8 good Soluton is o use thermal insdlation 3
cr thick in both columns and beams )

As far as the meinforcement imple- ﬁﬂﬁﬁf:f'"“m
meantation is concermed, it is swg-

gested to use thicker thermal insula-

tion in columns than in beams. As a :mbnkm

sutemal space

rasult, the comer bars of the beams
will be anchored, unobstructed, in-
side the column’s mass, as shown in thazTreal
lhe veitical beam of the figure, in T non Sem

contrast to the harizontal beam of the External space
gsame fiqure, whene the adge rebars u ——— be=am

of the beam have to be bent. plaster Warmal insuialicn
As far as the standardization of the m
columng’ and beams' width 13 con- o= e

cemead, the use of Scm thick thermal 12 189 |

insulating hoards helpa both in the 26T
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increase of the thermal insulation efficiency and in the standardization of the struciural ele-
menls” dimensions in integar multiplas of Scm. Howevar, this crealtes difficulties in the propar
fitting of bricks in extemal walls, Usage of 9cm bricks instead of 12cm eliminates this problem.

Based upon all the above, an optimal technical solstion is to wse 3cm thick thermal insulating
boards in the columns and Scm thick boards in the beams, Moreover, the masonry should be
buill extarnally with thickness equal o 12cm.

Constructional problems

When a floor doas nol require thermal insulation e.g.
pilotiz or basement, extra attenfion must be paid o the
vertical centering of columns so as to avoid having the
columns of one floor placed outside the perimeter of

the columns that belong to another floor. The next fig-
ure shows two columns that have a fotal cross-section

4040, howavear, in the upper floor, the column has a
37137 cross-seclion and a thermal insulation board
with 3cm thickness.

These cases are usually mel around the perimeter of

the building, in pilotis, in basemenis or in semi-open floors, when the thermal insulation is
placed 1o the outer face of the structures (as it should in most cases). The created problem may
be solved with various ways:

therrmal insulation

————

1% Solution; Consfruct a column greater in size and with larger =
slirrups.

)
b B

Drawbacks: Tha drawback in following this solution is tha ac-
centrcity of the column's rebars and the need Tor Bending them
up at a large angle, something that entailz a high degres of
constructional difficulty.

Application: This golution applies to all cases.
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2" Salytion : Repositioning of the column's fixed spot to the
edge of the thermal insulation thickness.

Drawbacks: It requires constructional atlention and may have
possible architectonical side-effects due o the formation of an

Application: This solulion applies only 1o superstreciures.

3" Solution: Placement of unreinforced concrete (plain concrate) 8]
with thickness equal to the insulation thickness,

Drawhacks: A large concrate thickness wilth no reinforcement.
This problem can be partially solved with the use of surface rein-
forcement and complelely solved with the use of wire mesh
when combined with tha basamant shear walls.

Application: In peripheral basement columin,

Nota-

An econamical and constriclional simple way to efficiently insulate a buillding and face fewer
focal problems in the structural frame, is fo place the enfire inswlation at the exfermal face of the
hudding after the complation of the load beanng frame and the masonny wals. That way, a
tharmal inswlating shell, s.g. Som thick 15 formed circumferentially in all axterior surfaces (oon-
crete and masonryl, The placement of this tWanket" is being done after the construction of the
structural frame and the masonry walls withowt thermal insalation. This specific salution, due fo
the formatlon of fewer thermal bridges, has the maximum energy efficlency and the advaniage
of that it can be replaced at any fime, Like avery other fechnological sofufion, the above men-
tiomad method is cardrany o fadiional practices that regarded paripheral walls as monalithic
alements, with plasfar covering that determined the architectural character of the buiding. OF
coirse imes change and Iitle by litle anargy changes become dominant, moreover the matenal
sclance providas new ways of archifectural expression that can be adapfed to the local condi-
tions of each region.
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2.4 Concrete

2.4.1 General information

Concrele s composed by pitchers, gravels, sand, cement and water. It is crealed by blending
these materalz in measured amounts and stiring the micure for a short period of timse, The
concrate’s main characteristic is the fact that it hardens within & few hours from s casting,
mareover it gaing a large amaount of strength over the initial following days. Depending upon ad-
ditional properies that the concrele iz required o have, special admixiuresz may be added dur-
ing tha mixing procass. Thase may be retarding admixiures orfand supar-plasticizars for improw-
ing concrale's workability or even stesl or olher composite fibars in order to increase the mix-
ture's compressive and lensile sirength,

Tha classification of concretle grades is based on their compressive strength. Each concrele
grade [{Concrele) e.g. C25/30 is characterized by iwo equivalent strengths, which in this specifiz
example are 258MPa and 30MPa. The first is the characteristic strength Ty, of a standard con-
creta cylinder! and the latter is the characteristic strength of a standard concrete cube.

C25/30

cylinder's stremgth  cube's strength
f,=25MPa f.,=30 MPa

15 6m n
- o P
L 3 "'::f'm-l -

The concrete grades mentioned in Eurocode® 2 and EN 206-1, are:

C12M5 | C16/20 | C20W25 | C25/30 | C30MT | C35M45 | C40/60 | C45:585  C50/E80

CH5ET | CBO/TS | CTVES | CBOIBS | CA5M046

* This is the compressie simngth used in the design
% I EKIOSE 2000 2nd CTRAO7, the menfcned concrebe grades ane up ko CHIED
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In Greece, old types of concrele (B) wene being used, systematically until 1994 and periodically
unfil 1897, The most commonly used was B160 {corresponding o loday's C12M15), B225 (cor-
respording to an intermediate grade betweesn oday's C12M5 and C16/20) and B300 {almost

corresponding to today’s C20525),

Note:

The regulations and practices menfioned below refer fo the Greek CTR-87 [Concrete Technol-
ogy Regulation, 1997). Thiz Regulation i= valid, in this fransitionall stage, along with the Euro-
pean Standard EN 206-1. The European Slandard EN 206-1 is more advanced and has frahs-
ferred a great amount of responsibilify that had fo do with buliding-site procedures, ke cancrete
sampling, to the concrete suppler who of course must be properly certified.

The amount of cement used in the mikture, should be enough not only 1o ensure the required
concrele strength bul alzo, in relation (o the concrete’s use, to ensura s life span durability de-

porded upon the surrourding present condilions:

Spaside - .
wrilhaul Irside lInsices sea
Lige o concraie ugual finigk IW :ﬁiﬂf; har i CHivar casog
Cemend ;
tkgim3) 270 300 330 350 400 it depends

Adding water to the concrete mixture beyond a specified point, results in lowering its sirength
and increasing its porosity. The proper amount of water is depended not only upon the required
strength but also upon the required workability of concrete, as a malter of fact, the laler s the
one that basically determines thal amount, The workability of concrete is determined by the
slump height s.

Deperding upon its Use, concrele must have a slump height ranging between specific target
values, These target values are shown below:

8, 8, 5,

(58 cm| [A0=1F g |21 )
il nlazy
cm .m:m Leaarts Eﬂ“-:.l:‘ﬁ'-ll
L Lg sinrcases ks FrTh
£l & & &
slump hesght Bom
sump height 14cm

shumg hsight 18cm
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2.4.2 Ordering concrete

Whan ordering a pre-mixed concrete we must give the supplier at lsast the following infarma-
tion:

a) Quantity in cubic meters: e.q. BIm?

b} Concrete grade e.g. C20/25

&} Miniimum amount of cement”: e.g. 300kg'm*

d) Slump class 5" eq. S:

&) Super-plasticizer: e.g. YES (placed on order at the building site) ®
i Pump's size:e.g. 36 m

gl Time betwesn truckloads: e.g. every 30 minutes

% Wit eonenles rade ey CINET, adequatsly cowers (e requied a=un of cement, e i na e i menlion is misimom a=eust
7 In concrate conlaining £3 ganerstion supar-plesiceans, tha des rable sump value ks always exmeded,
# e paragrah 284
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2.4.3 Concrete arriving on site

In every in-transit concrete mixer that arrives at the construction site one must always check
that the dispatch nole cormesponds to the given order, Special attention must be paid to the ex-
acl time of the mixer's charging so as o ensure thal between the completion of the casting and
the: charging, the elapsed time i3 lesser than two hours,

In case it is required to inspect the amount of concrete inside the mixing drum, one must always
bear in mind that the concrete’s unit weight usually ranges between 2360 and 2400 kgfm?, This
means that a 10m* mixing drum has a net weight varying from 23.6 to 24.01.

The concrete’s strength s confirmed By sample testing, According to the requlation the mini-
mum number of fest samples to be taken in the concreting process, depends upon the tofal
amount of casted concrele:

& For an amount of concrate lessar than 20m?, 3 test samples must be taken from different
mixing drums.

Varue. < 20m?

ol 2 @l
three samples
& up 1o 20m’ *
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* Far an amount of concrete ranging from 20m® to 150m?, B test samples must be taken
from B differant drum mixers.

Uuﬁup =20 -150m?

Wl 2 @@ sl oE
six samples
Fa
upto 150m’

. Ty

% For an amount of concrete greater than 150m®, 12 samples must be taken from 12 dif-
ferenl drum mixers.

Vo = 190m?°

@ 2 sie =
o @l ool w o

bﬂﬂlﬁﬂﬂl‘l‘lnht
= more than 160m°

: . By
I - uE [IgE

Samples must be taken from different in-fransit concrete mixers and must be transferred 1o a
certified labaratory for special curing within 20 to 32 hours,
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244 Concrete pumping

Adding water to an already made concrele mixture may increase its workability but at the same
time it lowers its strength, Howewer, concrete must be workable enough to efficiently pass he-
tween the namow spaced steel reiforcement. This i3 achieved by use of a super-plasticizer
added (1.5 1o 2.0 kg/m?]) inside the drum containing the wet concrete mixture before s dis-
charge and miced for 3 bo S minutes in high rofating speed (B-12 RP.M.},

Generally, the concrete used for the casting of foundation footings does not require a high level
of warkability and therefore adding a super-plasticizer is not necessary., On the other hand, in
strip foundation, usage of super-plasticizer may be required when casting the pedestal, some-
thing always dome after the completion of the footing's concreting. Finally when casting stair-
cases [or sloped slabs) super-plasticizers should he awoided hecause the workahle concrete
Mows lowards only one side af he formwork,

2.4.5 Concrete casting

The first thing prior bo casting is to tharowghly clear the formworks from dust, qil, ete. This should
ba dona nol anly 1o ansura the building’s strength but also to set a lechnical-social exampla, in

other words o set an example of professional behavior for all people working in the building
site.

Concrete's casting must be done directly from the pump’s hose end, The concrete must be
purred inside the slab’s formeiork in werlical and not harizontal layers, This happens becausea in
case concreling has o be stopped for a long period of time, when il s resumed the new con-
crete will not bind with the old one and a horizontal joint will be created, On the other hand,
when concrete fills the formwork parallel to the thickness axis, a potential stop in casting will
lzad to the creation of a8 vartical joint.

The bhoom's hose and should be around 0.50m above the formvwork of the element to be cRsted.
An excaplion can be made for usual columns and shear walls, whare it can be up to 2.50m
above the column's bollom side. In cases where columng or shear walls have a relatively large
haight e.g. 5.0 m, concreting must be done by one of the following ways:

a) The baom's hose end is positionad in an adequate depth inside the column's formwork,

b) Exira pipes are placed from the upper part of the column to an adequate depth and con-
crete is purred through them with the use of a special funnel.

c) Dpenings with adequale size are created .9, around the middle of the formwork and the
concrate is casted through them fechnically challenging procedune).
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The (@) and (b} procedures are more practical but they require a certain amount of space. For
axampla whan using the boom’s hosa end this space must have a diameter around 18em and
when using the extra pipes this diameter s decreased to 16cm. The required space can be pro-
vided only if columng’ casting is performed separately from the rest of the elements, This means
that concreting should not be done simullaneously in columns, beams and slabs with the usa of
one unified formwork, In earihquake prone regions simullaneous concreting should be avoided
for one more reason: columns have a large amount of stiffness and therefore they are used for
secunng the posilion of formworks and scaffolds in cases of seismic evenls both during the
casling and the curing process of the beams' and slabs' concrele,

2.4.6 Compacting concrete

Generally, concrete compaction should be camed out with the use of A vibrator. Two vibrating
devices must be used regardless of the concrele to be casted. Based on the fact that aone vibra-
tor, serves around 5 to 10 m® of concrete per hour, we calculate the required number of devices,
For insfance, when casting 100m? of concreta in & hours time, we will need from 100M106=1.6
up o 100/6/6B=3.2 vibrators, Le. practically 3 vibrators are needed. When casting 8 small quan-
tity of concrete g, 20m?, in 4 hours, theoretically one vibrator is enough, howewer having a
backup device is mandatory for securty reasons, Mowadays, the best solution is to use light-
weight eleciric vibralors that ensure both high production rates due o their ease of operation
and a high vibration quality which is very important especially in visible concrete sufaces (off-
farm concrate, architectural concrate)

2.4.7T Concrete curing

Concrele curing is mandatory. As a matler of fact, the higher the erwvironmental lemperature is,
the mare meticulously it has to be made, In every case, concrete’s suface has o be moistenad
throughiout the entira day for at least tha first week after casting; howavar tha curing process will
last for 28 days.

Concrele curing in estramely high lemperaturas can ba done in three ways:
a) Right after finishing the concrele's surace, we cover @ with special sheels (buorlaps).
These sheets must b= kept wel 24 hours a day for at keast one week, Special attention
miust Be paid to hold them down and prevent them from being bBlown away.

b} By ponding. We form a dam a few centimeters high (4 to 5 centimeters) amound the pe-
rimater af the slab right after concreting. YWe fill this dam with waler thus crealing & pond
and we make sure 1o replace water loses due o vaporization. The circumferential dam
may he consfructed with bricks cut in half or simply with fast curing cementious mortar,
Thiz solution has two disadvantagas: it is nol economical and it stops all works on the lop
af the glab for at least ¥ days.
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c} We spray the concrele’s wet surface with a special chemical fluid that becomes a membrane
thus preventing concrete from drying auwt, This is the simplest procedure but in order o be
affective, the concrela's surface must be free from grooves crealed by a manually operaled
soread board, This can be achieved only with the use of a mechanic screed board that com-
pacts the concrete as it vibrates, Without doubt, concrete casting must be dore with the bast
possible condibions ia. very early in the moming or lale al night, with concrele baing the
‘coalest’ possible, aggregates stored in shadow afc

Concrele curing in frost:

Mormally concrete must not be casted in extremely low temperatures, however when this is un-
avoidable e.q. sudden drop of the temperature below zern, its free surface must be covenad with
concrele curing blankets. Thase are made out of thermo insulating matanals like mlls or plales
of rockwool, glasswool with aluminum covering, polystyrene boards later used in insulations, In
that way, we can make use of the concrele’s own heat, The blankets must be secured from
wind up-turnings ‘wilh a.g. rafters and balks. If the temperalure drops oo low, healers like the
ones used in out-door coffes shops may be used with their reflectars in an inverted pasition. In
the past, barrels with fire were usually placed undermeath the formawork; they containad sand
wat with ail.

In areas exposed to extremely low temiperatures, the use of air-entraining admixtures or addi-
tives is mandatory in order o protect the concrate from the catasirophic results of frost,
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2.4.8 Removing the formwork

The follwing table presents the minimum fimes reguiremsents before removing the formmear, It
regards typical constructions for usual temperatures;

Consfrictional alements Cement strength
32.5 42.5

Lateral sidas of beams’, slabs’, columns’, shear
wialls” farmmorks

Slabs formworks and beam span formworks when
the span is lesser than 5 m

Slabs’ formworks and beam span formworks when
span is greater than 5 m

Safety columns of frame heams and slabs with a
span graatar than 5 m

3 days 2 days

8 days 5 days

16 days 10 days

28 days 28 days

Mowadays, cement with 32.5 strength comes anly in sacks. On the contrary, the cement used
by mosl concrele production indusires usually has strenglh equal 1o 42.5.

Whan removing the formwark of slab or a beam 5 days after concreting and infending to cast
the next floor-which means doubling the Inads applied to the foor withaout formwork - supparting
scaffolds (falsework) must be placed bensalh the formwork=free floor. This problem 13 much
maore sritical in cantilever glabs

Ganars! nota!

It must be mentioned that there are a lof of exceptions fo the above summarized niles where
the suggested Nmits of moat issues may be exceeded. Howevar, in every case the supenwsor
enginear is msponsible for salisfing the general or special specifications of the work,

2.4.9 Self-compacting (self consolidating) concrete

The science dealing with construction materials has created a new type of concrete, the salf-
compacting or self-consolidating concrele which is ideal for earthguake resistant structures that
have narrow spaced reinforcement, 1t iz a kind of 'gravel-concrete’ (with aggregales ranging
from 12 to 1dmm). It containg 4" generation plasticizers and has a strength equal or greater
than C25/30. s slump height is far greater than the 5g class (therefore s workability s deter-
mined by the spread test). It ilerally lows inside the formwork and it does notl need vibration!
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The steel

The steel implemented inside the reinforced concrete, i3 used in the form of circular rebars with
a usual diameter ranging from $& up to $25, In the marked it is availahle in the form of straight
bars 12 ar 14m keng ard in the form of coils weighting around 1.5 fo 3.0 lones.

Steel, either in the farm of straight hars or coils, is 8 completaly industrial product thus it has a
standard lewvel af high quality. This is the reason why its safaty factor is 1.15 compared to tha
concrele's safety factor that is equal to 1,50, Although concrete iz industrially manufactured, its
production but mainly its transport and casting include a wide range of uncertainties,

In a practical level, the anly class allowed 1o be used in reinforcement bars in Greek concrete
structures is BS00c and in wire mashes BS00s. The class BSMc is an advanced wversion of

S500=. Its strength remains the same (500Mpa) but its ductility and weld ability are higher.

stesl BSOO0A
glart Gty ralling )
of 10 Identdfication idariificatang

e e e
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An example macking for the identifcation of e country
and prodiuehion site of & BS00A sreel rebar
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steel BS0OC
slart country ralling mill
of |0 identification ideniification
"'-'-"r a nla 4. nl
iens units
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R

aLar Sauniry rulila il
al I number: 2 nurmber: 10+d=14

An example prarking for the ifendification of the cownfny
and production site of 3 BS00C stes! rebar

MNumbers representing production countries

Country Country’s code number
Ausiria, Germany, Poland, Slovakia, Ceedh Republic 1
Belgium, Swilzedand, Luxemburg, Holland 2
Fram:e, Humngary 3
taly, Malta, Slovania 4
United Kingdom, Ireland, looland a
Desamark, Esloni, Belarus, Lilwania, Monvasy |, &
Sweden, Finland

Porlugal, Spain T
Greace, Cyprus L]
Other countries 3

Howewar, sleel and reinforcement ara two diffarant things. Tha reinforcement is 8 sophisticatad
compasition of steel pieces that has 1o be properly cut, formed and placed so0 as o behave in
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the required way and suppart the structurs not anly in itz entire serdce life but mainly in the few
seconds of an intansa earhguake.

Ordering concrale is a simple procedure; the only information required is the desirablea amouni,
e.g. 5Zm* On the other hamd, ordering reinforcement requires the exact amounl of & few hun-
dred or a few thousand pieces of slesl, for small and large buildings respectively, Reinforcement
ordaring requires a catalogue with the shape and exact dimensions of evary place of steel nec-
eszary for the siructure's reinforcement.

A5 A ruba, a formwork plan alone i not enough. The parsonnel respansibla o place the rein-
forcement might nol entirely comprebend the necessity of all reinforcement pleces as will the
designer enginesr of the supenisor engineer, OF course making an accurate list of all the re-
guired reinforcamant is a complicaled and streanuous fask. According to tha regulations it is
mandatory only in public works and the person responsible s pald the same fee as the ongineer
that makes the final design {i.e, the design approved by the Town Planning Office}, This legal
ohligation regards only public works because in the past private buildings were quite simple
conslructions. However, nowadays they can be as complex as public works therefore the im-
plementation design is absolutely necessary, as it is in the advanced market of the rest of the
wiorld. The reinforcemeant implementation design iz mandatory even in countries with low sais-
mic aclivity because a good design ensures a feasible consiruction and a meticulous construc-
tion ensures the structural frame's strength,

Reinforcement is such a complex and critical isswe that an excellent implementation study and a
meticulous supervizion alone are not enough, Steel must be produced according to all specifica-
tions menfionad in the Concrete Technology Regulaton (CTR-02], the most important of which
are: the company responsible for steel's production musl have indoor facilities, must use carli-
fied materials, must have the proper machinery for cutting, bending and welding steel and most
of all must employ &t least one experienced technician with university ar fechnological educa-
tion.

ESimilarly to concrete which can be produced in the building site, steel can be cut, formed and
assembled in the bullding site Inoo. However, in both cases it is absolulely nocessary o have a
high level of technical organization, proper equipment and most of all experenced personnel

Althouwgh steal has a standard industrial production quality, its cul, formation and basically its
placemant {inside the formmwork moulds) quality are greatly affected by the human factor,
Especially in earthquake resistant structures, where a large amount of reinforcement is being
placed, the design and construction are both equally impordant for the building's sirength; theme-
fore this series of books puts a lot of weight 1o the reinforcement facior
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2.6 Reinforcement specifications of antiseismic design

Reinforcement spaecifications of reinforced concrete sarthquake resistant struciures include the
detailing specifications applied to conventional structures as well since earthquakes ocour very
rarely in the structures’ life span.
For a struciure to be earthquake resistant it must firsily abide by the requlations regarding usual
structures. Howewer, its construction demands greater attention hecause the critical moment of
the seismic evant will tast the structure’s strength capacity thus proving the need for meliculows
application of all the regulations referring to reinforced concrete, Apart from the nomal con-
struction rules, other rules must be satisfied as wall mainty regarding the vertical reinforcemant
like use of narmow spaced polymorphic stirrups.
The construction specifications regarding the formation and placement of reinforcemeant are
compulsory far all siructures since they are issued by the Greek Code for Reinforced Concrete
(ERCE 2000} and the Greak Code for Saismic Resistanl Structures (EAK 2000}, as well as by
the equivalent Eurocodes ECZ kon ECE which constitule laws of the country, A technician most
of all must comprehend their necessity and based on that must always perform hisfhers prac-
tices in compliance wilh them. The only capable force of reducing scrappiness and improwi-
dence in construction is proper knowledge and not laws
In scismic rasistant structures the requiremeant for & large amount of narrow spaced longitudinal
and wvertical reinforcement makes elemants reinforcing & quite strenuous task. If in countries
with low seismic activity the requirement for correct design implemeantation is laken as a fact, in
earthquake prone countries, like Greeca, this requirement is at least bwo times more impartant,
Tha basic specifications of antiseismic reinforcement are four:

{1} the reinforcement covering,

{2) the minimum distance hetween reinforcement bars,

{3} the light bending of rebars

{4) the: antiseizmic stirrups,
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2.6.1 Reinforcement covering

The reasons why rebar covering is required, are:

a. Protection of reinforcement from eorresion {rusting].

b. The need for adequate adhesion betwesn the steel and concrebe.

. Fire protection: the concrete thal covers reinforcement protects it from deformations

caused by the developmeant of high temperatures due to fire in the building,

d. The need 1o create cable and pipe channels without harming the reinforcement®,
Generally coverings secured by the use of plastic spacers have a considerable material pro-
curement cost a5 opposed to their low implemeantation cost,

Of course it |5 possible to use olher "common” maberials as well, like pieces of marble, These
although they have a low procurement cost their implementation is economically demanding.
Howear, their largest problem is their correct application since they are placed after the posi-
tionifg of reinforcement and prior o the concrele casting.

In cases where visible concrele surfaces [off-form concrete or archilectural concrete) is re-
quired, one may use paint ar linear spacers made out of finer reinforced concrate ar even rebar
chairs with fiber reinforced concrete lpped legs.

Lovering of slabs lower reinforcement

The minimum required cower depth for slab reinforcement usually ranges betwaen 2.0 and 3.0
cm depended on the environmental conditions present throughout the building's service lifie.
The 2.0 cm would apply 1o a dry climale and the 3.0 cm lo a seaside localion.

The required covering iz achieved only with the use of special stands called spacers, These
must not be affected by cormosion and should be placed approximately every 1.00 m.,

¥ Mormaly, an akcirdan of @ plumber during the construction slage ususly engravas channels In the slements constiuting The stnuciursl
frame. |nside these channels he places elednic cabies or pipes. However, due to design modificalions, he migh! have o cpen fhese channeks
by chippineg Ihe surlscs of Fe aleady consirucied sufacss.
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Cover depth of the stab's lower reinforeement & secured with the use of plastic spacers.

The simplest solution for providing the necessary cover deplh of the reinforcemant is special
plastic spacers like the ones shown in the above ligure, Usage of sleel rebar spacers i forbid-
den as they are highly susceptible to uulrusurll . .

| e o Coin /T 1 \__Mis FORBIDDEN |
. spacw cover depth ' o use
steal spacers

When rebars corrode the resulting volume expansion leads 1o concrete spalling and conse-
quently to the cracking of the plaster. Extensive deteroration affects not only the residents’
safaty bul also the struciure's servica life.

E G the elab i | iti
The position of the upper (negative) slab reinforcement, either placed in the support between
wo slabs or in the support Befween a slab and a balcony (cantilever slab), can be secured only
with the use of special rebar chairs.
In the confinwous slab with the cantilever, shown at the piclure below, the upper reinforcameant
proper posilioning s achieved by three ways:

&) directly on the formwaork with the use of rebar chairs

(b} indiractly with the use of folded mesh spacers

e} indirectly with the use of S-shaped mesh spacers.
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In cases where mash is usad as upper reinforcemant in & slab suppor, its position can be se-
cured with the use of an S-shaped mesh spacer placed on the lower reinforcement grate along
the length of the plastic spacer.
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In casas where supporl upper reinforcement comeas from band up span rebars, s proper
placement s achieved by the reinforcement bending and therefore bar chairs might not be nec-
ESEArY.
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Support of the slab’s negative reinforcament with indirect S-shaped mesh spscers
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Twao indirect S-shaped mesh spacers are placed to the left support of the contimuous slab
Thesa ara filed upan tha lower reinforcement grate along tha length of the linear plastic spac-
oS5

whael spacers for securing the desireble latarsl cowar daplh

indireci folded mesh spacer

direct rebar chairs

Stppor of the regativs slab’s reinforcement will rehar chairs and folded mesh spacess

In the righl support (cantilever balcony) of the above conlinusous =lab, two rows of spacers ans

placed. The first row consists of indirect folded mesh spacers fitted upon two longitudinal plastic
spacers and the sacond row consisls of 8 number of direct rebar chairs.

It is mandatory to prevent the folded mesh spacer from lateral glipping and this can be achieved
with the use of local spacers. Thay musl ba placed rnight afler the implameantation of the folded
mesh spacer and pror 1o 15 widng with the slabs’ reinforcement. When using wheel spacers
extra attention should be paid to their verical placement 30 as to avaid drifling during concret-
ing. Howewer whan they are used in slab “foreheads”™ {as shown in the abowve figure} thay can
be horizontally placed since concrete does nol fall directly upon these areas.
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Iivwer rainforcement mesh T131 Tor pressenling cracking —"Ilr i/
indirect J-pin fakled mesh apacer

Suppord of the negafive siab’s reinforcement with indirect 5-shapsd mesh spacers and folded mesh spaces

Altarnatively, wwhan having a lighl-weight steal mesh as the lower reinforcameant of a cantilever it
Is recommended o use indirect S-shaped mesh spacers instead of direct rebar chairs. In that
caze it iz more practical o place a "J-pin” mesh spacer inside which the meash will be propery
sited.

Another solution, even when thera is reinforcemeant mesh on the lower side of the slab or the
cantilever, is the use of direct rebar chairs rather than indirect S-shaped mesh spacers.
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Lize of steel rebar chairs directly placed upon the formmsork is strictly forbidden and furthermaore
the use of old type imprompiu SpAcers is more expensive.

EBeam reinforcement covering

The minimurm required cover depth for beam rebars usually ranges between 2.5 and 3.5 cm de-
panded on the envirenmental conditions present throughauwt the building's service life, Tha 2.5
cm apply ioa dry climale and tha 3.5 cm to a seaside location.

Baeam stirrups should be supported at the base of the beam, by a uniform inactive bar sinee all
reinforcement ladings are fransferred to these areas,

Lateral cover depths should ba craated wilh the use of special plastic spacars. Whan using stir-
rup cage it is wizer 1o place the wheel 2pacers upon the connecting rebars in order 1o secure
their position during concrate casting.
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Lateral spacers do nol bear any loads, therefore it nol necassary for tham o be heawy duly.
Moreover they should be placed after the implementation of the stirrup cage inside the beam's
formmwork and prior o the wiring of the beam's rebars o the glabs reinforcement,

Tha use of lateral longiledinal plastic bars (like the ones placed al the bollom par of the beam)
creales wo problems: a) it does nol enable the implementation of the slirfup cage inside the
beam's formwork and b it obsiructs the proper concrete casting of the beam. If the stirup cage
has been indusinally producled, it will have secondary longitudinal connecling bars. In such a
case, pleces of vertically fitted plastic bars may be used.

Column reinforcement covering

The minimum required cover depth for beam rebars usually ranges betwesn 2.5 and 3.5 cm de-
pended on the environmeanial conditions presant throughowt the bailding’s service life, The 2.5
cm apply to a dry climate and the 3.5 cm 0 a seaside location.

Forming the desirable covering of column reinforcement is quite a simple task, For example,
four (4} individual spacers placed at the colemn’s upper parl, are enough since the column's
base rebars are wired together in the lap-splice areas.
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Especially for columns, the use
of spacers for creating the re-
quired cover depth helps in the
proper centering of the vertical
rebars. Therefore when the rain-
forcement af the nexl slorey (s
being placed no extra time (with
a corresponding addifional cost)
will be spent in bringing the re-
bars to their proper position,
Covering can ba secured either
with wheel spacers placed on the
upper part of rebars (in that area
thera is no danger to be drifted
during the concrating} o with the
uze of verfical wheel spacers fit-
ted upan the stirups or fimally
with the use of plastic pleces ver-
tically positionad wpon the forme-
wiork,

In every case though, spacers
must be fitted after the position-
ing of the stirrup cage in order to
facilitate the impementation of
the cage and the proper center-
ing of rehars.

Shear wall reinforcement covering
Az far as the inlegraled columns at the wall edges are concerned, the required cover deplh is

created as mentioned in the paragraph refering to the columng' reinforcement covering. As far
as the wall body reinforcement is concemed, its cover depth is created according o the follow-
ing:

Afer forming the back of the wall, plastic rods are nailed upon the formwork. These rods have a
uzual length around 2.0 moand they can be used as one single piece or separate smaller piec-

i]
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=

The o Iongiudingl spacers are nailed upon e ook

After this, follows the implementation of the edge columns, of the body reinforcemant and of the
spacers that are fitted upon the intemal reinforcement grate, That way after the placement of
the formwork's last piece the required cover depth and the proper centering of the reinforcement
will be sacured.
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The minimum required cover depth of the foundation reinforcement is around 4.0 cm for founda-
tion "sited” on ground leveling slab and arownd 7.0 om for foundation “sited” direcily wpaon the

ground.
The construction of foundation direcily upon the ground’s surface iz allowed only in special cas-

es. The ground laveling slab ansures many things like:

1) comforlable area Io work on
2] capability of accurate marking of tha areas of foolings and columns
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3} a stable substrate on top of which spacers will be placed
4} avoidance af a muddy foundation ground due to water usage or possikble rain
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The required covering may be created by point or even better by linear spacers. Because of the

weight they bear and due to thair required height, it is recommended to use heavy duly spacars.
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Sectirng the cowsr depth of the spread footing's einforcament with plasiic spacers

After the inforcement implemantzbion and prior fo closing ' the shear kal's ok,

the two plashc bars are bed dpon the inner relnfsrcement grale.
In shear walls the most eﬁ’ectl.'.re way of the reinforcement implementation is to place the rein- Use of spacers on the sides of the foolings is obligatory in order to prevent rebars from slipping.
forcement before the assembling of the formwork. In that case, spacers are fitted wpon the re- Since 1 do not bear welght, they can be sparsely pl | and they should be fitted vertically
bars. to avaoid drifting during the concreting process,
Ensuring the proper position of upper reinforcement in foundation slabs

Foundation reinforcement covering

Apnstolos Konstantinidis
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In cases of total or partial raft foundation or when constructing the bottom slab of a pool, the use
of rabar mezh a2 uppar rainforcement is necessary.

Just like in superstructure slabs, in the areas around the slab edges, “J-pin" rebars may be
combined with open or closed reinforcement mesh,

In the intermediate area, the required cover depth can be crealed with the use of special steel
rebar chairs placed on lop of the lower reinforcement grate.

The upper foundation grate is supponed by steal spacers,
which are sifad vpon the lowsr grals

EARTHQUAKE RESISTANT BUILDINGS 103

Walisrme A

2.6.2 Minimum spacing between reinforcement bars

The distance among reinforcement bars must be such 1o allow the concrele's gravel 1o pass be-
tween them, In order to have properly anchored reinforcement, it is mandatory for rebars o be
surrounded by concreles,

The minimum spacing bebween o reinforcement bars is the maximum of 25mm {or al least
20mm) and the diameter of the largest rebar. For instance, rebars with a diameaier lessar or
edqual 1o @20 must have a minimum spacing of at least 20 mm and rebars larger than 820 must
hawve a distance betwean thaem at keast equal fo their diamster.

These spacing requirements are easily met in slabs and columns. Howeaver in beams extra al-
tention must be paid mainly 1o the support and the joint areas.

The prablem in beams is related o the concreta’s casting
and it can be dealt with three different ways or in certain oc-
casions with a combination of them.

For satisfactory results it iz very important not only to use
the wibrator in the proper way but also o awoid owver-
vibrating the concrale of the elements.

al Lamps beam widlh b Use of the second ¢l By placing rebars on bath
placed @ confact main bady.
wilh the shirrips., it is allpwed fo place #5%
of fhe ot reinforcament
outside the beam's maln
bady.
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Connecting beams in foundation

Concrele casting in foundalion connecting beams is nol an easy procadure. Thase beams are
nol fixed togelher with a glab as are superstruclture beams; consequently concrele has o be
purred down the beam's tight top opening and reach the battom side

Becausza of tha fact thal connecling beams normally have a larga height as well as a large in-
ternal lever, it s preferable 1o place rebars in two or even three layers along their heighl,

H -

14
-
-

second kayer
third Lyt

suppont

face reinforcerment
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2.6.3 Rebar bending

Reinforcement hars are being bent aither in order to follow the stresses developed in the mem-
bar or to get properly anchored.

The minimum diameter D (mandniel diameter) o which a
bar iz bent shall be such to avoid bending cracks to the
bar and ensure the infegry of concrete inside the bent of
the bar where lange forces appear. The smaller the man-
drel diameter is, the larger these foross are and conse-
quenthy the concrete may fail thus leading to the disinte-
gration of the cross-seclion,

Anchorage with bends and hooks

Anchorage iz the extended length of a rebar inside the
concrete in order fo provide adequate adhesion bebween those two materials. That way when
the stesl receives forces, i will be able to reach 15 maximum strength capacity. Anchorage may
he achieved by a straight bar or by a hook at the end of the rebar,

If the mandrel diameater of a hanf-up har is not the one required, there is danger of cracking thus
lezing & large amount of sirength capacity. This will happen even if the cracks are not visible 1o
the human eye,
Forming the right mandral diameter has no additional cost since bending machines have appro-
priate nngs for changes in the rolls diameler.
Practizally, the minimum bend diameters are:

=« far slab rehars 448,

s for column o beam rebars anchored ingide frame joinis:

(4 fwg S for rebars = @16,
(7 fwg 8 for rebars =16,
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anchorable length

The mandred dizmmeter may be aqual fo 0o and 180w for $16 rebars and S50 rehars respectively

Anchorage with bend in a well confined joint
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A well confined structural member is
an slement that has enough and
properly placed stirrups bodh around
ard inside its perimeter. This s
thoroughly presented in the chapler
reffering to columns,

The minimum mandrel diameter is
defined by varous factors but a typi-
cal walue is around 158, This me-
thod of anchorage s preferred when
there is no possibility to use large
sized columns {like a column with
ane side =Flcm).
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2.6.4 Antiseismic stirrups

In the case of an earthquake, the most crtical factor regarding the strength capacity of a strue-
ture are the stirrupa which shaould be produced and placed according to all antiseiamic specifica-
tions. For examphe, in the 7.9.1999 ecarthquake, in Alliki, no buildings would have had collapsed
if their vertical reinforcement was the one required by oday's regulations and no serious dam-
age would have been inflicked to B0% of the structures that presented severe prohlems in their
strsctural frame.

Stirnups constitute one of the most crucial factors affecting the gquality and the earthquake resis-
tant strength of buildings,

Three are the major reliability paramelers of slirps:

a. The appropriate hooks at i3 free edges. Hooks are absolutely necessary for the proper
hehavior of stirups especially during an intense seismic incident, when concrete spalling
ocoUrs, leaving hooks 1o be the only anchoring mechanism.

b, The mandrel diameter, Stirups must be bend in rolls with a diameter at least equal to
4, ie, for & 10 they must kave a diameter greater or equal to 0= 40 mm,
2. The required distance bebween the legs of a cloged stirrup. These must be placed at

least 20 cm apart from one another (2.9, & column 50x50 must have three stirups in
aach layer),

A column with 105 fewer rebars has around 10% lower capacity strength, Howewver, if we re-
mowe even a single intermediate stirmup, the capacity strength of that same column will be low-
ered aven by 50%. This happens because the slirup's removal doubles the buckling length of
the: rebars previously enclosed by it
In a seismic event, columns always fail in the same way;

a. When stirrups open, concrate disintegration in the column's head or fool ocours.

b, Onee the stirups' ends become apart, longitudinal reinforcement buckling and concrate

disintegration take place,

That type of failure does nat appear only 1o columns dimensioned according 1o ald regulations
and therefore have fewer rebars but also o newer columns with large amount of reinforcement,
whan they ara nol constructed according fo the comect spacifizations:

a. with internal and external stirrup adequacy,

b, with cormecthy formed, antiseismic stirmaps,
Throughowt the warld, structures collapse evan when they have a large amount of reinforca-
ment, The reason for this is always the same; lack of properly shaped and placed stirups,
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During a seismic event
intense forces are applied
to bath concrete and rain-
forcement  bars, These
forces cause the laleral
crlargemenl ol the former
and the buckling of the
lattar up to the point of
their fraciure,

The earthquake resis-
tance of beams and col-
umns  depends  mainly
upon thair warlical rain-
forcement.  Slrfups  en-
sure the confinement of
tha rebars filted inside
them and the integrity of
the concrele that lends to
spall dwa o lataral
crlargement. I slirfups
are nod  properly  an-
chored they may open
even  in low  inlensity
SEismic evenls,
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Generally column failure is induced by rebar buckling which leads 1o the fracture of longitudinal
reinforcameant. When thera is adeguate confinemant, buckling length equals the distance ba-
tween the stirrups. However in cases of loose end slirrups (open slirups), according 1o the
Gresk Code, buckling length may reach twice: or three times the sfirups’ spacing in the critical
duration of an earthquake.
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Propedy closed shirup with 5
Fook length equal io 100mm,
bt i a 40 e damedor rol
ffor stirup bar @100
Propariy reinforced colimm 5050 sl
3 shimups in sach Eyer
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2.7 Industrial stirrups - stirrup cages

The most complex, hard and time consuming part of the reinforcement implementation is the
placement of stirups. In the duration of this procaess A large amount of time s being spent and
tha biggesl mistakes are being made.

The industrialization of such a complicated and diverse procedure that traditionally was made
by hand was nol an easy task. In tha past decade this issue was dealt with the industnialized

production of commaon stirmups at first and subsaquently with the industrialized production of po-
lymorphiic stirrups.

In Gresek market the breakthrough in stirup industry was done with the production of palymar-
phiz cellular stirrups from pi-SYSTEMS under the name Anfiseismic Thoraces, This provided
solution in the manufacture of evan the most sophisticated stirups mainky thowgh it solved the

problem of accuracy in the design implementation. Industrialization of the Greek market was
contineed by BITROS HOLDIMNG S.A.

At the same time with Anftiseismic Thoraces, the advancement of the fraditional stimup machin-
ery, monw referred to with the general term robot, ked to the large scale production of composite
polymorphic stirrups produced with 8 complels or a half circle.

The next stage in the vertical reinforcement industialization was and =6l is the production of
cages that consisl of succassive polymorphic stirrups. The development of welding machines

made possible the formation of cages congisting of different types of stirups in a number of
spacings.

The massive industrial production of stirrup cages started from SIDENOR followed by Hellenic
Halywourgia. These companies produce, in a large industrialized scale, antiseismic stirrup cages
im a small but practical vanely of dimensions, shapes and spacings. Despila thowgh the limita-
tions, they have managed to cover a large percent of the markal's stirrup needs,

Regarding the complete industrialization of antiseismic stirup cages production in a world-wide
leved, the: ideal solution iz cellular stirups, Thess were developed by pi-BYSTEMS and for the
time being, they are in an expenmental stage, Cellular stirrups were an extension of the ring
idea. With loday's industrial facts, rings are producad by the varical cul in slices of slesl pipas,
in a firsl slage, and composite pipes, in & second stage.
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TYPES OF VERTICAL REINFORCEMENT

Mowadays the types of stirups met in the Greek markel are:
Comman
Spiral form!Thoraces
SIDEFOR
FORSTEEL
Robot
Cellular
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"Common" stirrups

Common slirrups are produced
by hamd; conseguently their ap-
plication has no  limitations.
Praclically this means thal they
can be used in every type and

size of columns.
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uniform stirup cages ready for the im-
plemantation of the longiludinal main-
bars which have a diameler equal to

forcement rebars, Like Robol stirmups,

SIDEFOR slirrups are produced as
they are composed of complete circle
stirrups connecled with secondary re-

“SIDEFOR" stirrups

Deatail

At of Construction and The

Spdral form stirrups are produced by special CHE
machines and they can be used in a wide range

of column types and sizes. Practically the pro-

duced slirrups may be as large as the machine's

largest dimension

“Spiral formThoraces” stirrups
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ready-lo-use but they are available in

specific shapes and dimensions,

$58.5, Their main characteristic is their

industrialized production,
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"ForSteel” stirrups

stirrups; their only difference is that the secon-

ForSteel slirrups are exaclly ke the SIDEFOR
dary hars used have a 06 diameaier.
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Rohbat stirrups are produced with the
uza of CHC machinery like the ones
usad for the production of spiral form
stirrups. Their sole difference s that
each stirrup is produced with only one

complete circle,
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“Cellular” stirrups

Cellular stirrups are closed section {no bose ends) stirrups that are composed by many simple
cells or one composite cell, They can be either industrialized assembled with the uge of longitu-
dinal connacling bars or manually assembled like the common stirrups, Thase stirrups ara pal-
chled technology of pi-3YSTEMS in most countries arourd the world, Al present, cellular stir-
rups are in an experimental stage for their further development,
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2.8 Standardized cross-sections of reinforced concrete elements

Modern timas require the use of standardized shapes and sizes of columns and beams com-
posing the load bearing frama of structures. This means regular usage of elemants with sec-
tions thal belong to certain categories, OF course the use of elements with non-standardized
sections is not prohibited but it should be made only in certain occasions. When building a
sltriucture, tha largasi the standardization is, the highest is the provided guality level and the
loweear is the resulling construction cost

Slandardization sarvas in:

- the reduction of construction cost since standard moulds and stirups are
more aconamical,

= the increase of construction quality as usage of standardized formworks and
reinforcement helps in maintaining a standard high quality level,

- lhe familiarization of archilects with typical static rules applied to structural
members,

- the designers accumulafing expanence concerning the faormation and beakavior
of consfruction,

= the faster and problem-free construction ard supervision of the structural
frame,

- the automatic oplimization of the structural frame with the use of PC software.

It is highlighted that the shape and size standardizafion should not restrict the variety of sections
available to the designer. However tha latler should make use of it only whan it is necessary.

At prasent thara s no official standardization, but based an the reqular practices and the typical
antiseismic requiremeants tha following formal is proposad:
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COLUMNS
a) Reclangular
25 a0 A5 40 45 50 G 75 100 150 200
25 Z5xdl 2550 20575 | 2100 | 25x150 | 25x200
20 A A0 A A0x50 | A0w6D | 3005 | 30100 | 30x150 | 30x200
35 535
40 A0 4060 | 4075
45 4545
50 5050 B0xTS
&0 G50
5 Thxrs
Notes:

= The 4525 column is highly standardized only a5 far as the stirups are concerned, bacause
it is commonly Wsed as integrated column fo the ends of both shear walls and composite
elefments.

= Wheh usimg industial forrvorks, IF is recommended to avoid usage of 40x40 coluimns,
Maoreowver, # is preferred to use shear walls with length equal lo 105cm instead of T00cm
and 188cm or 210cm instead of 200em.

b} Circular

D 30 35 40 45 a0 60 7a 100

c} 'T" lsosceles

bid | 25 | 30 35 40 50 60 TS 100 150 200
25 25ud5 26075 | 25100 (250150 |25x200
a0 A0wdS G075 | 30100 (30x150 [ S0x200
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d) Elevatar

Acocording 1o the specifications issued by the Mindstry of Industry, the minimum clear openings in
the elevator shafl ane;

SO AL =S Al DL s
for mechanical moveme 1.40 x 1,70 [}
for Aydraulic movemant 135185 n 1.55x 1.65(m)

For build] th heigh e
for 3 persons 1970 x 1.35 (m)
for & persons 1.20 % 1.50 (m)}

The opening width of the elevator door must be equal to 1.05m (building width) and the lintel
musl be placed 2.20m above the final floor level. This specific width = necessary in order 1o
provide sufficient space to enable a wheelchair yser to pass unobsiructed through the doaor
even afier the jamb has been placed. In multi-siorey residential buildings, it is compulsory to
construct elevalor doors with that width however, 15 conslruction iz recommended 1o every
othear building.

The clear height of the elevator shafl must be at least 3.40m, calculated from the final level of
the upper slorey,

The clear depth af the elevator shaft must be at least 1.40m, calculated fram the final level of
the first stop

In order to avoid fatal imperfections especially in the maintenance of the multi-storey structurae’s
werticality, it is highly recommended to construct the internal space with dimensions at least Sem
larger than the minimum required. IF there are concrete door posts, the elevalor door must have
a clear apening equal 1o 1.10 m, Usually elevators have a T1” shape without door posis, aither
due to technical reasons or because a sliding elevator door is required. The typical width of the
elevator elements (shear walls and door posts) is around 25 ) 30 cm.

In all cases, the required dimensions should be verified by the person responzible for the eleva-
tor installation.
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Minimum clear dimansions of an slevator in a fpical muli-storey residenfial building
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BEAMS
bid [ 25 | 30 | 35 | 40 45 | 50 &0 78 [100| 125 |150| 200
20
25 2640 26x50 | 25x60
30 J0=40 S0x50 | 30=60
40 A0=50 | d0xB60 | 40275
50 80x50 | 5080 | 50x75
Mofas:
- Sections with width lesser or egual than 30cm, apply o relatively small strictures with
usual strength reguirements,

When thermal insulation is embedded inside the formwork, the only practical way fo
standardize this procedure s to use boards with Scm thickness since industral moulds
and stirups usually have dimensions divided by 5,

FOUNDATION CONNECTING BEAMS

butd 36 40 45 5 ] Ba 100 120 1580
30 30x%80
40 40x80 | 40x100 | 40x125
A0 50x100 | 40x125 | 50x180
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3. Reinforcement in structural elements

3.1 Columns

= [F]
™ (]
o [ ]
0.025%
2 4 ¥ s 1 &
reinforceameant bar — 0.025 |
I 025
stirrup 4 roll diameter D = 40 mm

Consider a column with cross section Mx30cm. This is the smallest allvwable column section
when saismic behavior is required. Il is reinforced with 4 longitudinal bars and one stirrup. The
cross section described is not generally used but it was chosen in this infroductory paragraph
for training purposes.

The column has a kength of 2.70m while the length of the above joint is 0.50m (equal o the
height of the concurrent beam). The ransverse reinforcement 15 a usual stirrup with a $10 di-
ameter, The longitudinal reinforcement is comprised of 4 ©20 bars, The sfirrup’s cover depth
iz 2.60cm. The shear reinforcement can be referred o with various names such as stirrups,
ties, hoop reinforcement ets,

Columns are the most critical structural components to ensure the required seismic perform-
ance of the building and the shear reinforcement is the most crifical componant of the columns.
In every column we define areas with high ductility demand (when earthquake loads are ap-
plied) which they are called critical, areas with lower ductility demand, called non-critical and the
joint area {i.e. the common area betweaan the column and the concumeant beam).
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COLUMN 30 x 30cm (with critical and non-critical areas)
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Ini the first casza, 10 stirups, at a spacing of 15:m, have been placed throughout the antire non
crificzal area of the column, That area’s length is 1.50m and therefore the number of the provided
stirrups is 10. This is presented as 10401015,

The stirrups placed in each of the column's critical areas are @10010, their tofal number is 6 and
consequently they are presented as 601010,

The stirrups placed in the joint area are $10/10, their tolal number is 5 and therefore they are
presented as 510010,

The label of the column's reinforcement detall provides guidance for the proper placement of
the rehars.
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COLUMN 30 x 30cm (with its entire length taken as a critical area)
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In tha second case the entire length of the column is regarded as a crtical area and $10 stir-
rups have been placed at a spacing of 10em. The column's length is 2.70m therefore, the pro-
vided stirups are 27, This is presented as 27@10010,

The stirups placed in the joint area are QT0010, their total number is 5 and consagueantly, they
are prasenied as 51010,

Nads

Tha hooks of the shear reinforcement shouwld he formed in different positions alomg the parime-
ter of the siirrups in each layer bl due fo the frequent use of industnal stirrop cages this Is pol
feasibia,
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311 Lap-splices in columns

In muilti-storey buildings it would be ideal if each of
the column's longitudinal rebars could be placed as
one s5ingle pece throughoutl the structure’'s entire
height, This however cannol be accomplished for
praciical reasons therefore, the length of the longifu-
dinal rebars is equal to the height of each storey.

When lapping stesl bars from successive stories, it is
impartant 1o ensure the correct transmission of foroes
from the rebars of the subjacent floor to the rebars of
the superjacent floor. This can be achieved by wald-
ing, heweer this method has a number of technical
difficullies and it & used only in special occasions.
The practice usually follewed is the rebar lap-splicing
i.e. rebar lapping by maans of contact.

The length of the placed bars must be extended by
an additional length called 'lap length', which has 1o
ba equal or greater than the length required for the
lapping of corresponding rebars between bwo Suc-
cessive sioreys, This length is equal o the rebar's
diamater mulliplied by the ‘contact coefficient” (its val-
U varies from 40 1o 70,

It iz important 1o thoroughly understand how the lap-
splices are being done in practice, One must always
keap in mind that in aorder for the stirups to provide
confinement, every rebar must be placed inside one
of their cormers. This howewer is difficult to be done at
the beginning and at the end of the lap-splice and it
can he achieved only with special practices. In case
the rebars are wired logeiher on the sila, the lap-
splice iz mandalory to be done according to the first
way shown at the opposite fiqure,

The starter bars of the subjacent storey must he kepd
straight whila the rebars of the above floor must be
bent al their joint point, The bent part must extend to
one of bwo stirrups. The usa of rebars with diamealers
greater than ©20 or D25 makes bending in silu ex-
tremely difficult f not practically impossible, that is
why the rebars have to be bant prior to their place-
rment with the: use of a banding machine

st way
1o owerlag rebars

skarter bars

x

starier bar
length

boltle type
by-pass

sLarter bars

a
[ |
alarlar Bar
largih
p i
bottle type
by-pass

2nd way
o ownrlag rebars

W
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Mg

The ‘vorfact coefficient’ is proporfional fo the steal’s yelding strength and reverse proportional
to the concrete's comprassivie strangth .

The fallowing table shows the necessary lap lengths in cm, for three oiffarent rebar diamelers in
carmturation with three diferent concrele grades

@14 @20 @25

.36
- am 165

e O N
-
(-1
i
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The bent rebars can ba placed in contact with the siraight onas in any direclion as shown at the
following figures.

In case there are no selsmic design requirements and for serviceability reasons, it s preferred
ta place more bars with smaller diameter around the perimeter instead of fewer bars with langer
diametar. When saismic design is reguired, as it is for the columns referred in this book, it is
preferred to place rebars only inside the comers of the stirrups thus ensurng that no buckling
will oocur. Therefore, it is belier o use fewer bars with larger diameter. Moreowver, structures
designed o withsland the seismic hazard, have a considerable amount of steal reinforcement in
thesir joint areas so the small number of column rebars enables the proper reinforcemeant,

' Far stesl dass BS00 and concrela grade C20025, the canlact coefliclent Is In the order af &7, for concrede grade
C2530 the conlac) coeflicient is in the order al 58, and for concrede grade CEIAT the canlac) coeflicient is in the
order al 51,
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In a squara 40xd0cm section with the stirups placed ina rhombic layout (having 4+4 cormers),
30em” total area of required reinforcing steal and use of longitudinal rebars up o ©20, the usual
reinfarcement is 4020+12014%, I using longitudinal rebars up 1o ©25 the ideal choice is
AQ2E+4p207.

rainforcemeant comprised by 16 bars, equivalent reimforcamant comprisad
420812014 by 8 bars,
Jp 2544020

The use of longitudinal rebars with diameter greater than $20 iz allowed only if the following
conditions are mel:

{a} Us=e of high-strength concrete miziure, so as o lessan the required lap langths.

(b} Mandatory use of bending machine for the bending of the longiludinal rebars (in the: lap-
splice areas) and of course, an accurate detailing with the exact rehar dimensions,

{c] Use of crane as a single ©25 rebar with 4.856m lenglh weights around 18 Kg.
The firat condition regards the concrate industry while the second and third regard the formation
and placemeant of tha rainfarcing slaal. The latter two conditions are discussad further balow.
High-strength concrete mixtures like 25030 or C3003T should e given no consideration as;
(al they are produced by most cement industries,

() although they have a relatively higher cost compared 1o the regular concrete mixiunes,
their use allows for a smaller amount of reinforcing sleel.

(z) they have a high cementius conlent thus ensuring a longer structural frame's service life.
This is crucial in cases whare the buildings are in adverse environment such as being at
a distance<1 Km from the sea.

#From bl 1 derwes thal 4020= 124074 comesmond o 471 1841271 584=12 S+ 18 48=31,Ddem?,
3 From the same lahle derves thal 40254020 comespond 1o 4% 91-+4%1 14=1984+ 12 S8=12 Hiem?
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In most countries of the world with an advanced construction industry, concrete grades
higher than C25/30 and C30/3T are being used even in the common structures,

The construction industrialization together with the development of tha reinforcement implemen-
tation, Ead growingly not anly o the use of prefabricated stirup cages but also to the use of
prefabricated columns that are posiioned with the use of a crane.

The prefabricated reinforcement and its mechanical implementation are two simultane-
ously developing techniques.

The carhquake resistant columns have a large mass. For inslance, the smallest allowable col-
umn mentionsad before (stirrups and longitudinal reinforcement), has a mass equal o 60kg as
opposad o the usual anlisesimic columns whose mass 5 much greater. A common 40040 col-
ump with $10M10 stirfups placed in a rhombic layoul and 8020 longitudinal reinforcement,
weights 150kg and the also usual S0VE0 column, with slirups placed in a cross layout and
124020 longitudinal reinforcement, weights 230kg.

AR B L LR L B R )

B nvyyasaonovivivnim

e T e CUR O

fraat of the et of tha
A0 column S0750 cofumn
weights 150kg weights 230kg
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3.1.2 Anchoring the reinforcement of the upper floor level

Column rebars must be properly anchored 1o the upper floor level in order to behave in the re-
quired way,

The most effective way 1o anchor the upper floor column rebars iz by creating a "concrele hat”
on the top of the column thus allowing the rebars to be anchored withoul being benl.

Anchoring the upper colurmn rebars with the use of an additional ‘concreta hat’ upon the faf roof
is a simple and neal solulion.

If the construction of a ‘column hat' is not & desirable solution due to reasons like e.g. the nesd
for a Tlat roof, then the column rebars of the upper floor can be anchored according o one of the

following ways:
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{a) hooks bent at 180° {c) hooks bend at B0°(B case)

D =

B U EEpEE S —————

() hooks bend at 80° (A case) (d) use of extra hairpin reinforcement bent at 90° or 180°

{2l When placing small bar diameters inside high-sirength concrele mixiures, the straight an-
chorage length might be shorl encugh fo fit inside the joint area,
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3.1.3. Reduction of the column’s section size along its length

The reduction of the column's size from one storey 1o the other & not favorable either from a
theoretizal or from a practical point of view, Ezpecially in columng where earthquake resistant
bahavior is required it must be avoided. Howeaver, thare are cases where the subjacent column
iz larger than is the superjacent column,

e bt

as

R

—
F—

Fuduton f o s s ivg o breroiriis
Eﬁrbybendmgmbmmm the shape of 5 some of the old rehars and im-
planting new anes
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The reduction af the column's size babtwaen two Succassive storeys creates bwo basic problams,
The firsl regards the reinforcement layoul that differs between the upper and the lower calumn
and the second regards the difficulty in the anchorage of the lower column rebars that are
placed oulside the peripharal stirrups of the upper column.

The first probkem is faced by fitting starter bars 1o the proper places at the upper part af the low-
of columi.

The second problem is faced with two different ways:
(a) By ending the rebars thal are placed oulside the peripheral stirrups of the upper column and

(b} By bending the lowear column rebars, into the shape of a botlle, and anchonng them inside
the upper column,

This work, either done by the first or by the second way, must be done with extreme cane be-
cause the earthquake resistant column must have transverse reinforcement (stirrups) that will
provvide adequale confineameant in tha joinl area. It is advisad 1o form the slirrup hooks in differant
places betwesn sucoessive layers. It is reminded that this practics is necessany for the column's
strength even if the adjacant beams fail.

In order for the bent up rebars o be adequately confined im the interior part of the joint area,
they have to be placed inside the corners of stirrups. This can be achieved by forming the stir-
rups {by hand, on by one) with & decreasing section size,

The rebars of the lower column thal continue to the upper column, i advised 1o be bend inside
the jpint area.

When ending the rebara placed owtside the peripheral stirrups of the opper columin, theair an-
chorage must be secured By one of the ways described in the previous paragraph.

The =ame rules apply 1o any case of reduced column siZe, e.g. in case of bilateral reduction of
the: column's section size,
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3.1.4 Reinforcement in typical columns

Column with section 40x40em
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Column with section 50x50cm
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Column with ‘2" section T0x65x60x25x25x25cm
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Column with quadrilateral section 60x50
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Nate:

Placing a rebar in the internal corner of composite sections (T, ' secfion efc) is optional ba-
causa’

a) i doas nol significantly enhance the Rexural strength since # is nof placed in a seclion’s cor-
rmar fhased on the fact that fensile stresses appear fo the exfernal cormaers of the elements’ sec-
tions)

by it does not increase the confinement because in caze of an intense earthquake, where con-
crate spalling will oocur, thal rebar might buckle since i is nol completely restrained.

c) howsver, in all cases this cormer rebar may be conslruchional used withou! though calculating
its contribution to the section’s confinement.

The intermal rebar (in red), in 3 savars ssismic avent. might buckle (due fo the balking of shrups)
and therefare i will nof contrbute to the confinament
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3.2 Shear walls

3.2.1. General

Shear walla are wertically oriented elements that apart from theair ability to bear vertical lnads,
they also limit the horizonlal deformations of the structural frame, Since as a rule, they carry
gravity lnads, their large size iz not entirely required, On the other hand, that large size is abso-
lutely necessary in order for tham to resist the horizontal seismic forces. Ground earthquaks
mations cause severs flexural and shear stresses o the shear walls, These siresses can only
b= carmed by a strong and propery placed, inside their enfire mass, reinforcemeant,

Shear wall refers to any wertical element with & length to thickress ratio of 4 or more. The clas-
sification of an element as shear wall determinas the way that the reinforcameant will be placad
inside its concrete mass. In arder for @ shear wall to behave in the required way, it must kave
two calumns embadded inside its ends or ofherwise called two boundary elements.

T T 1T 1T N1

In case the shear wall does nol have clearly defined boundary elements, wo hidden columng
are farmed at the edges of the wall's mass. Their width i3 equal to the shear wall's thickness
and their length must ba at least equal to one and a half times the wall's thickness (= 1.58}.

Szl 1T 1T T

The boundary columns apart from assisting in the assembling of the shear wall also ensure a
minimum strength capacity. During & severs seismic event, it is possible for wall consistency
dagradation o happen. In such a casa, al tha lower critical lewel of the building, the bwo ambed-
ded columns, with the high ductility that they have, will continue 1o bear the largest amount of
tha applisd verlical gravity loads and seismic forces.

MNotes:

&) Farmirg & 45cm colurmn fregidar or hidden), has the advantage that it is the maximum length
to place a three-legged stirrup and the disfance belwean the sfirmup legs fo be around 20cm as
required by the reguwlation.

b Forming a 40 o coluinn usually does hol provide adequale anchorage lenghh. On the other
hand, the use of a flem column reguires a four-legged atirmap.
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3.2.2 Shear wall's behavior

In the duration of a seismic event, flexural and mainly shear loads are applied o the wall, Az a
result, in the anlire elamant’s surfaca, stresses appaar along tha diagonal axis. The diagonal
shiear slresses shifl direction with the change in the earhquake shaking. These siresses are
afficiently carried by the well-confined boundary colurmns, while in the main body of the shear
wall thay are carmed by the double reinforcement mesh (horzontal and verical rebars}.

Earthouake drectian +x

The cracks thaf open dua o the applisd soiEmie farmes i one drechon, Wil close whan the direefion changes. This
wall confinue fohappen in the entire dirsdion of the earfiquake.
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3.2.3. Shear wall's reinforcement

The boundary elements, sither regular or hidden, are reinforeed according o the rules that ap-
ply to columns.

The wall body is reinforcad by bwo parallel grales one at each face. These are called curains
and they are held together with the use of an 'S'-shaped vertical bar. The vertical grate rebars
must have a diameier at least equal o $10, while the horizonial rebars may even be OF how-
evar, a5 a ruba, both horzontal and verical rebars are calculated and implemeanted with the
same diameter, The 'S’ shaped reinforcement must be greater or equal o 4G8/m” and it might
even ba made out of soft steal {old class S220}.

-
—

il

When we do ol wanl cracked surffaces e.g. in pool sides, we use narmow spaced grates wilh
the lower possible rebar diameter,

EARTHOUAKE RESISTANT BUILDINGS 143

WVolume &

The ‘S'- shaped reinforcement

The ‘S'-shaped bar provides antibuckling restraint to the longitudinal reinforcement, Moreowver, it
ensures the wertical and the horzontal rebars will continue o work together even after possible
concrate spalling in case of an intense aarthquake evant,

LLL

The "S'-shaped link iz formed with one closed comer at an angle equal fo 180°, or 135 and the
olher comer bent at an angle equal o 90°. This = necassary for its trouble-frea placemeant.

Howewver, afler its implementalion the second corner musl be also benl al an angle at least
equal o 1357,

It is allrwed to use saft steel inorder to b= ahle to bant the " 5'-shaped reinforcament by hand.

Whan the vertical rebars are placed in an interior layer, then the 'S'-shaped link must restrain
the horzonal rebars fo the area that they intersact with the vertical ones or even beller to go
around bolh horizontal and vertical rebars al the same lime.

Alternatively, in an orthogonal shear wall, the reinforcement of the boundary column and the
distribution rebars of the wall's body can be implemented as two T’ shaped pars, as shown at

the following figura. The T shaped parts may be formed with the use of folded meash.

A
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3.2.4 Anchoring the horizontal rebars of the shear wall's body
{a) Anchorage inside a strong boundary eoluwrmn

When the boundary column is strong enough and the horizonial rebars (distribution bars) get
anchored insida the column’s cora, a straighl anchorage langlh can be usad.

ib) Anchorage inside a weak boundary column

When the boundary column is weak and its width is nof long enough o allow for a straight an-
chorage, it is mandatory 1o anchor the horizonlal rebars by forming a hook alt their ends,

(c) Straight anchorage inside the core, when the boundary column is strong enough and
its one face colinear with one side of the shear wall:

() caso:
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In this casa the disadvantage lays in the nead for bending up the horizontal rebars in certain
arcas. For O& and $10 barg, this can be easily done during the implemeniation, with the uze of
A bending tool; howewer, for larger diameters it has o b= dome with 8 bending machine.

In this case, the S'-shaped reinforcemant must restraint the korizontal rebars to the point whsne
they intersact with the verlical ones.

(i) case:

In this cage, a straight anchorage iz used and the horizontal rebars do not have 1o be bant, This
increaseas thair cover depth but since they mainly carry shear forces no sarious problam arises,
Morsover, the internal lever arm of the verical rebars is diminigshed but only around 1cm so
practically again, no problem appears.,

Az a conclusion, it is recommended to use a straight bar anchored ingide the boundary
column because apart from the other advantages, it provides the required cover depth
for the 'S’ shaped bars when they go around both the horizontal and the vertical distribu-
tion rebars at the same time.
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(d) Anchorage by encircling the boundary column and ending in a hook,

Mo matter if the column is strong or weak, the horizontal rebars must end in a hook whizh will be
placad in tha inside of the confined column.

The anchorage might be achieved with a 90° hook placed ingide the body of the boundary col-
LI

cARe: inadeguate straight anchorage lengih:

When the column’s widlh s not large enough o provide an adequate straight length of anchaor-
age, hooks bend at 457 (135%) are being used, Thesa are either completely prefabricated so as
to hawve 45" bend in bolh edges, or thay are assembled on the site with horizontal rebars with
ends bend in 45° and 207, These will be altlernately placed along the haight,
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(e] Anchorage of continuous peripheral basement shear walls

In continuous basement shaar walls the difficulty in the reinforcement implemeantation [ays in the
column area. In order lo overcome this difficulty straight distribution rebars may be placed there.
These bars have a relatively small length, They will be apped with the larger intermediate dis-
tribution rehars and they will be wired together with the vertical ones.

It is vary practical to use horzontal and vertical distribution bars in the form of &8 ready-to-use
wire mesh. In such a case, the praclices described below are being followed:

Firstly, the “shorl” honzonlal rebars (starter bars) are placed on eithar side of the column, fal-
lowed by the implementation of the wire meshes as shown at the next page.,

Molos!

if the industnal wire mesh doss nof it fo the shear wall's span length thern the short stardsr bars
placed in the colimng’ area might have & larger length. In such a case, the varical distribution
rabars belwesn the end of the wire mesh and the column, are placed by hand after the impla-
rrerlation of the mash.

' L e &
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In case the column longliuainal rebar layout creates a difficully in the implermeniation of the
ahuort distribution rebars, the lafter can ha hand at their end.

T Sharf distabution column bars
{3 Induetial mesh
@ Additional verfica! disinbation bars
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o . . Usually, in the perimater of the building, in the storeys above the ground, there is a seismic joint

| J 'L: {3 1o Sem), or thermal insulation {3 to Bem) which are nol required in the basement. However,

i their thickness can be used in the basement shear walls to secure the cover depth and to en-

able tha implamantation of the disiibubion meshes outsida the column reinforcamant, as shown
at the fallowing figure.
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3.2.5. Lap-splices of vertical bars
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The rules that apply ara tha sama wilh those
menlioned in chapter 3.1.1 thal deals with
lap-aplices in column rebars. Howewver, there
is one critical difference thal simplifies the
lapping of the verical reinforcement placed
to the shear walls' body: there are no o stir-
rups thus the vertizal co-linearity of the re-
hars is not ecessary. Inowalls’ bodies lap-
ping is being dome with the use of a simple
contact lap-splice parallel fo the kngitudinal
axis of the elemeant.

I

— SRRl o

—

W

plan viaw

Generally, the lap length i3 nol extremely
large because the vertical rebars’ diameter is
usually small. For a typical diameter
TAWESDIe, the required lap length is equal
to 67cm, SAem and S1cm, for concrete
grades C20025, C25/30 and CI0/AT respec-
tively,

Theorelically, the finest solution Js fo lap 50% of the rebars al a ime in diferent heights,
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3.2.6. Anchorage of vertical rebars

Bars must be anchored al the: upper part of shear walls. This anchorage must be done acoord-
ing to the same rules that apply to the anchorage of column rebars, However, as a ke, it iz a
more simple procadure, due lo the smaller diamebar of the waerlical reinforcemant placed inside
the wall's body and also due fo the possibility of rebar lapping with a confact lap-splice, Twao ba-
sic cAases are defined, anchorage inside the shear wall's mass and anchorage inside the adja-
cenlt slabs' body.

fif

(a) Anchorage of rebars in the shear wall's mass

i} with hooks

The hooks must be formed by a bending machine with the use
of the appropriate rolls {see §2.6.3). The angle of the hook might |
be 135 ° however, it is preferred 1o be 180°,

i} with an additional N rebar

AT shaped bar (igure a) provides, apar from the anchonng, the
proper finishing of the shear wall reinforcement. The use of a8 wire
mesh {figure b) has a lol of advantages regarding ils implementa-
tiom however, due to the welded distribution reinforcement, the T1 +
shaped bar, musat be formead to fit betwasn the two parallel verical
meshes. e

-

This type of anchorage is preferred in most cases and especially
when the accurate implementation of the wall's body rebars along
the height cannot be easily done e.g. in the case of a basement
where the body rebars are implemented together with the founda-
tiom reinforcemeant,

(b} Anchorage of rebars inside an adiacent slab

i} Having a slab on one side
In case the upper parl of the shear wall has only one side con-
nected o a slab, the outer vertical relhars, may assist in sacuring - il

the fixed support of the slab. r !
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&n alternative solution is to place a T shaped wire mesh,

|

iy Hawing a slab an hath sides . |

In case the shear wall has slahs on either side, its rebars
can be anchored inside the slabs’ mass and at the same

time they can be a part of the required slab support rein- II/'/

forcement. | 'i

Finally, it iz highlighted that apart from the above men-
lioned solutions there is a wide range of olher combina-
tions.

3.2.7 Starter bars in shear walls

The need to construct co-linear or vertical shear wallz in diferent phases arises quite often
Mast of the times the starter bars are placed in the fraditional way i.e. by estending the horizon-
tal rebars of the first shear wall lowards the direction of the shear wall that will be constructed in
a following phase.

In the cases where the new shear wall will be perpendicular or co-linear with the old one and
tha starer bars will cause problams in furlher excavations or they will be damaged by handling
machines, the special technique described below iz being used:

(a) the starter bars are shaped like a hair pin, their lege are temporanly benl and they ans en-
cased in a standardized stesl or inan imprompty (2.9, made out of palystyrens) thin box,

i} the thin hox s nailed upon the formwork. Then follows the implementation of the first shear
wall reinforcemant and finally comas the concrate casting,

(c) after the formmworks removal, the starder bars are once again centerined. f tha encaza box
& an impromplu construction, iU s remoed.

(d} the second shear wall is consiructed
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(d)

The: four phazes when adding a verfical slement

This lechnigue is used silher for verlical or colinear shear walls. IE s ideal when constructing a
partial foundation by an excavaling and concrete pourng sequence, Thig iz used when thera is
danger for the adjacent building. We excavate a part of the common edge and we concrate the
shear wall and its foundation. Then we excavale the next part and 5o on.
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The T' section elemeant G2-3 is a composite element comprised of two members,

G2-3

C2 2570
T

iz

Sh3 150125

From a stafic point of view, the G2-3 is composed of the column C2 which has a 2870 section
and the shear wall Sh3 with lengih and thickness equal 1o 150cm and 25cm respectively.

G2-3

T p———v
i ! T
i d L
5 ! | |

PR I—
= 1801 =
a 2-3 45/T0I25/25 Sh3 15025 a 140 45725

From a reinforcement point of view, the G2-3 consists of two boundary {hidden) columns: the
45/T2525 T' seclion column, the rectangular column a3-0 with a cross seclion of 25/45 and
the shear wall's main body Shd with a section equal to 150/25.

G2-3
a 2-3 45/T0/25/25 8h3 150025 & 10 4525
TE18+4114 hoe: 2 SE10/20 6316
b= 3,844 20 var: 223810020 b= 407
le =all k= =all

The reinforcement of G2-3 is composad of the clearly defined reinforcement of the three mem-
bars thal comprise the composite elemeant, the two columns and tha shaar wall's main body.
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The T section elemeant $51-2 is a compasite element that consists of two members.

Sh3 158073

stafi view, the G1-2 is composad of the shear wall Shl which has a 25120
section and the shear wall Sh2 with length and thickness equal to 150cm and 25cm respec-
tively

si-Dands . -
] i
G2
ﬂ -
i |
i i
1 1
| |
Vo 1 1
i 1= S5ISERERE B2 150025 B 30 A4S

From a reinforcement point of view, the G1-2 consists of three boundary (hidden) columns: the
45/45/25/25 T' section column a1-2, the rectangular column a1-0 with a cross section of 25/45,
the 4525 rectangular column &2-0 and the shear walls” main bodies 3h1 and 3h2 with sections
edqual 1o 25M20 and 150025 respeclively.

i 10 255

BEYE

= 4,07

e =all

Ee= 3031083
358
EEE
EA
& 12 4EMLEIRIZE o 2 A5TS
Taia A6
= 4,20 b= 407
e =all e =all
EL=30a10e0 EL=30A10ME. 3
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The reinforcement of G1-2 consists of the clearly defined reinforcemeant of the five members
that comprise lhe composite element, the three columng and the two shear wall main bodies.
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o o iy i The columns a 2-4 and a 2-5 could have been consiructed as a single 'Z' section column,
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Reinfarcament of & composite sfainasa care
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3.4 Beams

3.41. General

The following figure shows ane Bearm supportaed by twio solumns,

This beam, due to its elasticity (stiffess) and the loads that it bears (self weight, supported
slab, walls, etc], is deformed by the way mentioned in chapter 1.4.2 The reinforcament placad
inside Beams s comprised of the longiludinal bars and the ransverse reinforcement in the form
of stirrups (lies].

The longitudinal rebars are placed in order to resist the flexural tensile stresses that appear
along the beam axis whila stirrups are used o carry the diagonal fensile stresses caused by
shear.

Moreover, stirfups help in the critical areas’ confinement.

Ok1 25550
2200 ] 3.2
I [ T T T 1w = |
| &1 o2
5 i 5 0 . 100 M
. AEE . EE BRI a
1 i e mebclra w31 ) = 4 R R e [ e 1. T T . +o)

( M ]
( ]

i vl sderrsl s 280 [L=50W

L J

B o corer b S ed el

Distails of longitudingl rebars in characten'slic aoas of the bsam.

The number placed in front of the beam b1 indicates the floor that this beam belcmgs ter, In this
casa, it is the number 0 which corresponds to the ground floor®. 1 represents tha 1% floor, 2 the
2™ Moo, -1 the firgl basement and 2o on. This meansg that the beams’ number prefic s -2 .-

1.01.2,...

* in plasoes whare the sl Soor abowe gound s rof reked B0 2 grousd foor bl as 9 Soor, normbar 1 sepresents the groend Soor and The beares’ rumBe
praficis L -d-T T
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Since most of the times beams with names b1, b2 ete appear in all finors, it is compulsory to
uze the prefix both in the construclional drawings and in the beams' labels so as to avold confu-
sion with the drawings and the various materials used (these are specified in the beam’s labels].

The lakbed 105E10M 0.0 meaans that 10 stirups, with a $10 diameter and 10cm spacing, will be
provvided at the critical lenglh of the beam, which in this case is egual to 1m. In the detail draw-
ing of the following continuous slab, the label 125881 T thal refers 1o the beam's span, which
has a length equal to 2m, indicates that 12 stirups with a ©8 diameter will be placed around
every 17em (the exact distance between them is 2001 2=16.Fcm).
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uppar reinforcament
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b=am slirups

additional
rainforcemant bars
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slirrups inside
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starter bars
fior the nexd floor

I
A seismic ground mofion causes reverse banding moments to the baam,

—
Beam 25em x §lem <project: beams 10>

| .-
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In the joinf area of an earthquake resistant frame both the upper and the lower reinforcement
are fully anchored,

The stirups hold the rebars in place and they carry the diagonal tensile forces that usually shift
direction,

The beam's area next o the face of the column s characlernzed as “crilical’ because it carries
the largest stresses. its lengih is equal to twice the depih of the beam ({in our example
2°0,50=1,00 m}. The stirrups placed at the critical areas must be namow spaced and properly
closed,

The beams' width must be greater or equal to 20cm and at least 24894 must go through the full
length of the beam both at the top as well as af the bottom,

i
:
E
:
-
E

X
=
=

upper

lower
rerfcroemani bars
44
aliman

upper reinforcement

Contfuous frame beam 25cm x Slem <proyect: beams20>

|
fam sHirups |weer neinkrl:amcﬂl.

025
el

3.4.2. Continuous beam

The continuous beam iz a commaonly accepted term for a sucoession of bwo or mone colinear
kaams which are supportad by columns or by other heams with no antiseismic behavior re-
quirements. 1 is nol frequently consiructed in eafhquake prone counties like Greecs. On the
other hand, it is usad in a large scale in areas with low seismic activity.

As far as the reinfarcement is concarned, the construction of a continuous beam with no seismic
bahavior requiremeants i much more simple compared to the earthguake resistant beams.

The following figure shows, in a photorealistic view, two confinuous frame beams with anlisais-
mic requirements.

The delall sections show the proper placement of the beams' reinforcement.

Seale 110

SECTION &

0.50

reinforcemant bars
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Thie reiiforeement defals of the o continveus beams of ihe fame

3.4.3. Reinforcement placement

In two sUccessive beams thal have the same seclion, the longitudinal rebar pairs placed both
inside the upper and lower stirrup comers are colinear therefare, it is compulsory for the one to
be bent so as io bypass the othar. This bending must be varlically done in ordear to have ade-
quate space for the proper concreting.

Whien Lising large diameler rehars [orealer than $74), the bending cannof be mancally done during She (-
plemeniaton therefore, ¥ has o be done priar o placament by means of & doouble bending machineg.

An effective rule to follow in cases like this iz (@) the bars placed in beams with odd numbsrs
1,3,5,... lo ba straight and (b} the corner bars placed in beams with aven numbars 2 4.6,... to

he appropriately bent,

EARTHOUAKE RESISTANT BUILDINGS

175 176 Apostolos Konstanlinidizs




The Art of Canstruction and The Detailing

Placzing rehars in a bheam's cross saction

The casa (1) shows, in priority aorder, the possible
rebar positions in a reclangular 2550 beam {wilh
na slak on top).

At the lower part of the beam, the first rebars o
place are the comer bars 1, then the internal hars
2 folliowed by one bar 3 or i it is necessary by a
second har 3,

At the upper part of the beam the zame things ap-

ply as wall.

The case (2) shows a “T" section beam where at
the upper part, the priority & is given o the rebar
placed oulside the perimeter of the stirrup. The
bar & must he positioned at a distance around
Zom away from tha slirrup 5o a5 bo avoid damage
during additional operations by plumbers, alecin-
cians atc. This har should be fitted upon the slab
support rebars or upon he upper keg of the stirup
which might close outside the heam's body,

Noles:

EARTHOUAKE RESISTANT BUILDINGS
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*  Robars in place & may be used only when they cross the
adiacent column or when they are anchored inaide i,

« In many cases, the shimup cage I3 constriacied and fitted
inside the beam hall closed so as to facilfate the implemean-
tation of the longitudingl rmbars. Moreover its upper leg has
a larger langth which allows, after the placemen! and the
wiring of the longifudinal rebars, its trouble free closing with
the use of the proper machinary.
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The casa (1) shows a “T" saection beam, whera at
the upper part the priority B s given o the rebars
outside the parimeter of the stirmap,

The case (4) shows in priority order, the possible
rabar positions in a rectangular 3550 beam with a
four legged stirrup. It is mandalory to place firstly
the cormer bars 1, then one rebar 2 and the sac-
ond rebar 2 followed by the rebars 3. I the rein-
forcement requirements are so large that cannot
be mel by an increase in the rebar diameater, bars
4 and & of the second layer are placed one by
one,

178
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3.4.4. Short beam

& beam which has a short span length compared to the span length of the other beams that be-
lang 1o the same floor, might not have a serious bending problem but as a rule, its behavior is
greally affacted by inlensa shear stresses. A parl of the applied shear forces comes from the
gravity loads however, the largest part is caused by the earthquake ground motion, Apart from
the intensity of the shear forces, the shodt beams must counteract the effects of these forces
direction =hifling in the duration of the selemic evenl. This means thal we have cyclic shear
loading that tends to disintegrate the alemant. In short heams, the diagonal fensile stressas ara
carmed by placing a strong transverse reinforcemeant towards all directions e by placing narrow
spaced, properly closed stirups and lateral rebars, Theoretizally, the best solution is 1o use
special “X" shaped stirups, kowever most of the timas, this is a technically challenging proce-
dure,

The righf bean might be shorf comparsd to the leff one buf § has & karger amoont of reinforcement
(hiott longiudinal and vartics). <project: beams30=

e b e e e s e e e e L S Y Y Y

HEEE RN NN

The shovt beam is refnforsed with (al namow spaced siong simups
and b with [steral rebars,
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Dedtwil drawing of the shart beam rehars
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3.4.5. Beam under torsion

When a beam supports a slab (or when it carmes another beam anly on its aone side), it is sub-
jected Lo direct torsion.

Beam under direct torsion <project: beamsd 0=

For comman buildings in areas with high seismic activity, torsion is a quite dangerous stress
condition, becalss:

a)
b)
c}

d)

It is & statically determined stress. This means that if a failure occurs thara s no possibility
far transition to another static state,

The rotations caused o the beam due fo creep are relatively large thus leading o large slab
deformations,

Failure is caused by shear stressas therafore, it s of a brittle nature and consequenthy there
are na signs for the impending failure.

It is nod easy for the technicians to understand that the formmwork of the alemants undear lar-
sion must not be removed in the usual time, On the contrary, the formwork must remain in
place wniil the following-phase-casied-concrete that affects these elements is adequatehy

harderod.

Reinforcing beams subjected 1o lorsion follows special rules. In order o apply these rules,
ane does nol anly require thorough knowledge but also extreme cane during the implemen-
tation.
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11

Either the beam saction & hallaw of solid it counteracts with the
tarsianal moment and maintaing a state of aquilibriom with &
closed flow of torzional shear stresses, ina paripheral zone.

Due o the high shear strength requirements, bBeams undar bor-
sion, are usually constructed with a large widih, That way the
bheam's section approximates the square shaps.

Torsion causes diagonal tensile stresses along the entire pe-
rimelar of the beam and in order these stresses o ba camied
both longitudinal and verlical reinforcement is required. The
longitudinal reinforcemeant at the upper and lower side of the

beam i provided by the upper and lower rebars, while the lon-
gitudinal reinforcement of the side-faces is provided by the re-

bars placed along tha stirrups” legs deplth.
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The longitudinal rebars of the support areas are called to withatand the
highest lorsional siresses, Therefore, in order o behave in the required
way, all rebars placed at the upper, kewer and side parts of the heam
musl be propary anchored inside the column.

In aorder for the wverlical reinforcemeant i.e. the stirrups bo carry the re-
quired stresses, they must be properly closed therefore, It is mandatory
to he farmed with a dowble hook.

in order o ba able fo plzos the slab minforcament, e basm's formwork mued have its back sine-faos open.

The rebars of tha slab supported by & baam, must be anchorad al least with a double band, as
shown al the abowe dotall. The rest of the reiMorcement has o abide by the rules regarding
canfilevers as explainad in the following chaptar,

In arder to he abke to place the slab's rebars, the formeork must have its back side-face open.
Alternatively, the verical slab bar could ba constructed Scm shorler 50 as o be placed unob-
structed above the longitudinal reinforcement at the: bottom part of the: beam

There is alzo another more complex bul old and well-tried practice: in the slab area where tor-
sinn appaars, the stirrup and the slab rebar are formed with one single bar, as shown at the fig-
ure: bellow.

EARTHOUAKE RESISTANT BUILDINGS 183

Wolume &

—

The reirdoreement solubon with undfed stimips = rebars in the slab anes

3.4.6. The feasibility of concrete casting in beams

In the construction of a building, the proper reinforcement implementation will ba proved only
during the concreting process, The steel fiker must always bear in mind that the concrete and
vibrator hawe o pass unobstructed between rebars. In case the columns, the beams and the

slabs of one slorey are simultaneously casted, the reinforcement implementalion requires even
mora attention and care,

Since the proper concreting commelates with the proper construction, it is recommeanded 1o com-
plate the concreta casting of a floor in two phasas. The first phase should inclede the mould and
the concreting of the columns and the second phaze should include the mould and the concret-
ing of the beams and the slahs,

The key to a feasible concrete casting is the use of a second rehar layer, as described in para-
graph 3.4.2. Placing the bars al the bwo edges of thal second layer 2 nol a strenuous procedune
sinoe they are wired together with the stirrup legs, That way, enough space i3 provided for the
concrate and evean for tha vibralor (o pass wertically between the rebars.

As a rule, in earthquake resistant structures there is a large amount of reinforcement and i its
implementation (s nol done with the proper way, most of the times, the following serious con-
structional faults appear in the joint areas;

(a] In case the columns, the beams and tha slabs of one slorey are simultaneously casted,
amall or large voids appear inside the columng’ concrete mass which are extremely difficuit
fo fill.

(B} In case the columns are casted soparalely ---*"‘-*.;I
from the other elements, the concrete does l
nod pass under he rebars so as o bond with
the already casted column, The worst part is
thal thiz faull cannol be seen by the eye as
the concrele passes normally through the
cover depth. Unfortunately, it is onby undil af-
ter the formwork's removal that one may re-
alize: if this iz properly constructed,

-
= 25 g —
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The following figures present 5 rules for the proper reinforcement implementation and the
proper concrele casting:

E'.
i

-Ei“%“

The vertical vibration is the most desirable In the presence of a slab, an allernative
one, {1} vibration possihility is the lateral placement
of the device. (2)

L e e i T A et T -

The 20cm wide heam should be avoided. The only way to vibrate an inverted haam
However, when it s constructed it requires i by verlically positioning the device. (4]
great care, {3}
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Im the case whers the beam is not conneched
omn aither side with a slab (foundation heams),
the only way to vibrate the concrele is by the
wertical placement of the device, (5)
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3.5 Slabs

The general concepts regarding slabs were explained in paragraph 1.2.3 while the concepts
regarding heir behavior were explained in paragraph 1.4.1. This paragraph refers to the rules
conceming the slab reinforcemeant

3.5.1 One-way slab {simply supported slab)
The following describe the way 1o reinforese a one-way (gimply supported) slab,

The sirictira) frame cansiels of four colimns, bio beawms and one sish
=project: slabs 1 =

The ana-way slab iz supporfed by wo heams.
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The example regards slab 51 which is 18cm thick, its primary dimension = equal o
0.30+3.80+0,30=4 40m and its secondary dimension to 5.0m. The slab sits upon beams b1 and
b2 which are supporad by column pairs K2, K4 and K1, K3 respectively.

Usually, when a slab sits upon a beam the support is considered to be pinned®.

The following figure is called carpenter's formwork drawing®. It symbaolically fllustrates the
structural frame of reinforced concrete.

cd aval cd 40040

b2 3050
5.00m
b1 30460

3.80 m

o1 40440 c 40040

The carpanter’s formwork drawing regards the formation of the shab'’s moulds

% The simukanedass concreling af a skab and 2 beas resul iz o a monclfic suppei belwvesn hem. This causes ihe appesrance of loranal
maomants K tha baam and magaive banding mament 1o 1he support a%ea of tha slab, Tha magnitude of thaes momants degends upon ta
beam’s elasic slifness which i relaiively brge. Howsever, afier (he oresok’s emoval il & dramatically decreased due to creep e the
deformaton causad wilh §me. Acconding be the regulation, tha efflact of the baa=/'s rigidity may (b nagiacted ul when it s not neglactad it
sl be laken egual to 110 of the saslic siness. The effec of the lasianal stifihess is pradically e socesl in cases of 2 siafic 5y3-
le='s pquilibrum a5 i happers in e ecample of § 34,5 beam undier 1orsion)

Formmork |5 1he lerm gasen io moukds inlo which congrefia s pouned. The woodan fomeor B bull on sie ol of limber. Tha fommwork
drasings are abacalad for lwa spedfic uses one for he comation of The farswork By 1he carpanier and hus il is called carpenter’s forsmoik
drewing and ona for the sael rainforoement implemantation by the 5ies fxer which s called smal fieer's formwork drawing.
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E‘Eﬁ"lﬂ% I

.00 m

lenwrer diistribution rebars @8/24

“ 210720 y
Z10/20
2210 }L \ ai2a |
& i 3.830 m 1 'I
A3 0.30
Tha steel fixer’s formwork drawing regards the slab’s reinforcemant
lengion Zong lower fiber g RS SR
The slab of the above example has four bypes of reinforcement;
fy=442m 0] 1) primary reinfarcameant
==\ bend up rebars (Z10/20) 265 Vo e _ o
7 o In & ona-way slab the need for reinforcement appears mainly in the span and towards
) () the bending direction. The necessary bars are placed based on the amounl of the calou-
Lmsm T 3 - lated required reinforcement. In this specific case the pravided bars are ©10/10. This
means that $10 rebars have been placed every” 10cm.
=493 m digtribution rebars (DE24) 493 €] 2 i i [ i nt
- Apart from the primary reinforcement that is placed parallel to the deformation direction,
y =y thera is also need for reinforcemeant in thae other, the secondary direction. In that dirac-
£4=081m  hairpin rebars {S824) [% 14) tion, the placed rebars are ©8/24 which means that bars with a ®8 diameter have been
- placed every® 24cm.
f5=433m  hairpin's siraight rebars (2E10) 433 (8)
Behawor and relnforcement of one-way shab

T The reinfarce=sen| in slabs & calzubaind per 1= of wadi In this spacific example, in every 1 m 200 am| of siab wiclh (hese are 100M10=10
rebars, Tne 10 rebar has B croes-secion ared of noFid=n™ (=0 TRScme and thamaione, the ot amaun| of redndorcament placed in 1= s
1m.m.aﬁuﬁ.mmmknm&mrmmms.

 The & rebar has a ooss-5eclion amea squal o 5°0.854=0 50c=F . The nsbars placed in fim are 100242417 congaquenty, the iotal amount
of secondary reinforcemant |e 4,170 50=2 fio=rim. This vakme can sleo be taken dracty from table 3 in Whhan2

EARTHOUAKE RESISTANT BUILDINGS 189 190 Apostolos Konstanlinidis




The Art of Canstruction and The Detailing WViolume A

3 § ! inf !
The free edges of slabs are more susceptible
to stresses and therefore, in these areas
hairpin reinforcement i3 placed, ks proper
pasition is secured by means of two bars
placed inside its cormers.

Hairpin reinforcement s sasily formed by a
folded wire mesh (3ee and paragraph 2.6.1),

4"} suppont reinforcement 3 =4
The minimum mquh'ud reirforcement in the tion
support areas is provided by two ways: i m":“*m"“‘pﬂ‘ i
1% way: Half the span rebars e ©10/20 are |

shaped with bends at their ends (in every | Iy g
two bars one Is straight and one Is bend- T ' ?E (7 e Fbar ) (2 ] letves veiar ) Il
up). The other half span rebars are formed _
with a straight length. That way has been 10 M (5 [ airpin's siraightbar )
followed in this specific example, ‘l. i“

2™ way: Al span rebars i.e. @10/10 are manu-
factured and implemented with a straight 11=vZ= 16.0 cm

length while in the upper part of the support ¥ the stat’s thckness is 18cm, then Mo

areas additional straight rebars are placed. : (1)
bent-ip pant wil favie @ length equal fo: fox1 a8 m mwrﬂmrimﬂr_r;l__"f' :._p N————
[18-3.5-3.8/*/2= 111 4=16.0cm e "@ . oo
@
For an effortless and economical implementation, when using straight-length rebars it is obliga- f3=4.93m distibution rebars(Z824) (3]
tary to use industrial wire meshes as shown at the following figure.
fg=433m
’
lerwoest rbaars (10010} (23—
A6 .
Lm0 M pginin mbars (zd) 13 Co—4)
1E
fom . . (8
5=4.33 m hairpin's straight bars (2210) 433 ol

Frelnfarcing the one-way slab of the above example by means of strakgfl-length bars
=project slabs15>
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In case a slab s einforced only with straighit-length hars which, as a rule, maans reinforcemeant

wilh wire meshes, the steesl lixer's formwork drawing is shown at the figure below. 3.5.2 Two-way slab

If tavo heams are added under the free edges of the slab in the previous examiple, then the slab
51 becomes a two-way slab.
E"g'ﬂl.l\%‘\ fal.

:
£
2
]
5
E
§ 3 ~
=] \h=18 =
ugper rebars S0 upper rebars 80
[l LU
Thea twg-wisy siab 57 5 supported by four baams
lpwer rebars G010 <projact: slahsZt
Tha behavior of a two-way zlab is similar io that of a one-way slab the only difference is that the
o former works in bath directions.
210 agi2d The reinforcement rules are also similar in bolh direclions.
: J.80m l
D.Elt!l E.EID

The stael fiver's formsnnk drawing of 3 ane-wsy sieb, reifoeed with stealghd-lengih bars

Bahavior of & wo-way slab
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2830
2630
5.00 m

" R0 r
i 280
+ 440 m +

51-4.42 [1a] 1
T \_bent up rabars (2B30) 285 =

o
L
fomd 35 W siraight rebiars (830] 433 @
f=502 m {3 !
L
fy=4.83 m slraight rebars (D8/38) 483 4)

The steel fiver's formwork drawing of a two-way slab

For reasons regarding behavior, safety and economical design, the two-way slab is far more
efficient than the equivalent one-way slab®.

® T -y akab of e eca=pbe, with |he same dmensions and Ihe same sppled loads & hose im e cnewey sla, requins remonce=enl
rqual bo /16 in fhe primary fmost heavly lnaded) direction and 0A"14in he secondary dimdion. The primary diredion reinforcement QRAS,
i Eual be 335emam from tble 3] which cormes pords ey e £3% of (he reisfoncs=enl e ired in he sou ek onewsy sleb which is equal
In 185 cmiim

EARTHOUAKE RESISTANT BUILDINGS 195

WVolume &

3.5.3 One-way slab connected to a cantilever

The behavior and the reinforcement of a one-way slab connected to a cantilever are described
balow. If the first slab is a two-way slab both the behavior and the reinforcemant rules are ana-

legas,

Ona-way slab connected fo a canflever <project slabsil>

2810, 2810,
e l\._‘n _"'W
B0
i* 2010
h=
= ; g 81
L : @ 18
=120
—
| ENMQIZ0 s
m’f‘ | @824
= r 1 -
| 1 ] |
1 3.80m 1 1.30m t
0.30 0,30
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558

distribution rebars G8/24

'€¢=41'E3 m

0]

4810 hairpin's straight bars

(=433m

F =081 m

4493
36

hairpin rebars S8/24 11| )]

Bahawior and reinforcament of a one-way slab connecled 1o

a canlilever slah
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Mota:

Tha bars shown at this example corstifute the primany and the secondarny reinforcemant re-
guired by the stalic calculalions. They are placed in parfs of the lower and LUpper slab surfaces
and they secure the struciure's strangth against the primary lfoads defined by the regulations,
Howevar, aparnt from the pamary lnads there are other mast of the tmes incalculable lvads that
cause less infense, secondary stresses. These are succoessfully carried in arcas with reinforce-
mrant while in &l ather areas thay incling the formation of cracks. These type of sfressas, axcant
from concrete's drying shrinkage, are differenfial deformalions caused by sudden oiffarantial
stressing, &g, the placement of building materials upon & part of a slab, maindy though they are
deformations caused by eahguake forces. The cracking does not affact the atruciune's stremgth
but it anses serviceabillly and aesthelic lssues. The cracking's controd can be achioved by an
additional light coherence reinforcement " placed at the lower and upper slabs’ swfaces in

the argas that remain unreinforced.

In the upper floor slabs and ganerally, during the construction stage, in &l weather-axposed
slabs it is almost mandatory to place a lght wire mesh 50 as fo avoid the cracking caused main-
My due fo the weather condifions presant throughout the bullding’s constroction,

wre mesh T131 {ER135)

7 T "
‘I:l:lllI:l:ll:l:lll‘h.llll:lI.IIII:Il:lll:lll-llllll:liﬁ:l:l:ll:lllﬂllll:lll:ll:l: =z

wire mash T131 (@5E15)

— e — — — — o

The coherance reinforcement is provided by a light wire mesh e.g. T131, placed at the lower
surface of the cantilever slabs and &t the uppar pad of the slabs’ span which does nof have pri-
rrary reinforcement, as shown al the above fgore.

The cobererce reinforcement's cover depth s secured as shown also in § 2.6.1.

15 The cioter gnos remlorssmen] is analogaus o e surlace resnlorcemen] which & mquired By Al regulations anly for cracking preventian,
whan dua 10 advarss amstmonmantal condifons presant throughoul the sinuciung's sarece I, Thene b 3 large redndorcemant covar depih,
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3.5.4 Continuous slab connected to a cantilever

In the case of thres confineous slabs the third of which iz a cantileser, the behavior and the rain-
forcement have the following form.

Two confinuous one-way slabs connected to a cantilever

<project: slabs4=
2EITH g v L1
AARs [t 5 e

1 HN [] N ] n
=

210

S00m

5

AARI2E lowes distnbution bans

- 1' 3,80 m { - 1' 1.30 M ——
.30 28125 .30 2R25 0 a5
2210 2210 2210
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L up relars @A

SrBg resars BAZ0

Confinwows siebs connected fa a cantlaver sieh
the deformations are showm &t & large scale)
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3.5.5 Ribbed slabs

The ribbed slab (or zosliner slab) is something bebween a slab and sum of beams, Genarally,
during a seismic evant ribbad slabs, like rigid ones, are not stressed along the vertical direction
therafone, thaeir reinforcement s practcally independent of the earthguake fofces,

ik
s
)
i
2

H..4]

—-...\_\_\__ |
_\_\'-l-

& .

§

[ .

B2 aosn
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1R1E

N
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The rib reinforcament follows the same rules with the beam reinforcement. However, mainly as
far az the slirrups are concerned, the amount of placed rebars is nol as large as il s in beams,
Between the ribs, the slab is usually reinforced with a common wire mesh'”,

I Bl mpemeseee

:Iu I_II_II_—II_II_—II_II_II_II_II_II_II_I_H Il-'*

-l'f-l ———————
HjT La :, R DETAL & SECTION A=A

]
I ey =R
B
PR
| — . —
b ___—-—'_
mhw s
! o1l

Redfarmement detals of a abbed slh

When the ribbed slab is confinued by other slabs (a5 it commaonly is}, the support areas are
called to withsland severe moments and shear forces, therefore the ribs’ width s preferred be

greater than e.g. 20cm,

1 Binga slabe ane nof conskdared to carry earthnuabke oads, slandardeed wing meshies 8500w (socordng tn tabla 2} can ba used in ondar o
prowide bath he slab reinfoncement and Lhe rbe” sEmups. In his speclic sxample, a TTOE (51 0] wire mesh oould Be wsed for e shab mrein-
forcemenl and 8 T138 {615) wine mesh could b used for the ormalion of the ibg' stimups,
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3.5.8 Sandwich slabs 3.5.7 RULES FOR THE DETAILING OF SLAB REBARS
faca. These rules apply to both one-way and wo-way slabs, with usual lengths and commaonly ap-
Sandwich slabs may have the disadvantage of a larger weight compared to the ribhed ones but ied loads and only when the reinforcement detailing is not provided by another more accurate
on the other hand, they have the advanlage that their spans and supporis behave in the same way.
proper way, Theair construction is maore demanding than that of the common ribbed slabs But at
tha same lime, they have the advantage of a uniform, solid lower surface. 0,154 0.154
A5 shown bellow, the only difference between the prior mentioned ribbed slab left as it is and = e
the prior mentioned rbbed slab but calculated and constructed as a sandwich slab, is the differ- I e - | 3 =00
ent sections, L =
Ganerally, it is advised to use sandwich slabs only in cazes of large slab thickness,
¥ LJ
: ;
- i -
20,15+, =0 16-L,
0.10=L, |
DETAL B e . _ 025, | 20354
|
s o T 290 TN /
Ly TR I
- == '
- - - %;' 1 , ] !
AT — - e ; B !
AT | |
- !-1 - 'ti :
1
1
1
Rairforcament delais of 2 sandwich slab [ . :
20,15+, 20,15, 4 20,15+, 120, 15+L, i
L e - - <l -
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|
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« |n one-way slabs, the length | is equal io the distance betwesn ihe two edges upon which
the slabs ara supported.

+  |n wo-way slabs, the length | is regarded equal 1o the smaller dimension of the slab.

s |n cantilever slabs, the length | equals the distance betwesn the support and the opposite
free edga of tha slab.

+ When a slab’s support i3 considered fixed, the previous corresponding rules apply.

s When the lower rebars are baing bent in order to provide support reinforcement, the straight
crested upper horizontal part must be extended by the ancharage langth,

+ The anchorage length of the rebar (dashed lina} is directly proportional to the diamater §
and the concrete grade and reversaly proportional to the steal class (in the Greek code the
standard steel class is B5O0). In usual cases the anchorage length is in the order of S0cm.
The use of industnal wire mesh s favorable for the anchorage lengih.

» Bending the rebar at 90° or 135° in the edges of pin supponts s positive for the proper be-
hawvior of slabs, Howewer, as a rule, it is nat necessary espacially in high concrete grades.

s« |f the formwork drawings conlain specific dimensions of the reinforcement bars delailing
then these predominate over the above mentionsd empirical rules,
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3.6 Staircases

Saircases appear in a number of forms and behave in different ways, as shawn at the following
figures: simply supporied {pinned on both sides, fixed on one side, fixed on both sides), cantila-
ver, winder, helical, elc. The following paragraphs examine the reinforcement of the most com-
monly met sfaircases which are the othogonal and the winder stairs,

3.6.1 Simply supported staircase

A simply supported staircase behaves similarky to the simply supported slab mentioned in para-
graph 3.5.1

lensson zone

The defprmation and the cracking due to Aeware which
s figure are prasenied v & Lrgs scala). thos the neces-

1 sary reinforcenant ane slmisr fo those mef in the horzontal
= one-way slah
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3.6.2 Simply supported staircase continued by slabs

LET] -

Due o the continuation of the sfaircase by slabs & s hase snd fop, bending momend is fomed in the spopos (up-
por fibers) and therefore, rebacs are reqgivned bolh &t thel upper fbers,

MNata:

I mos! occasions, sfalfcases are confinued by the floors’ slabs, a5 in the previous example,
tharefors, thay contribile fo the seismic dlaphragmatic behawlor of the foors” slabs, Duving an
earthquake, slabs sway only along their horzonfal plane and consequeantly they are mod
stressed by addiional fexure. On the other hand, the slaircases, due fo their slope, fransfor the
diaphragms’ saismic forees o the columns. This subjects them fo deformation fransversa fo
their plane which causes the formation of ssismic Mexural moments. All the above show thal
stalrcases behave ke slabs when vertical loads are applied upon them and ke beams when
thay are stressad hy earthqguake forces. Since the seismic boads confinuously shift direction, the
applled carthquake slresses constantly appear reversely therefore, slalrcases reguive rein-
forcement hoth at thair uppar and lower fibers. Most of the times, due to the fact that the aocou-

EARTHOUAKE RESISTANT BUILDINGS W7
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rata astimation of the staircase’s exact behawviouwr includes a large number of uneertainties, it is
preferred to place relnforcement along the enbive length of both its upper and lower sufface fre-
bars 7).

3.6.3 Starter bars In staircases

A staircase connects two subsequent floors therefore, it cannot be monaolithically casted with
them since the formwork and the reinforcement implementation as well as the concreting are
done firstly al the subjacent loor and after a few days al the superjacent floor, The most usual
way to construct & staircase™ is together with the superjacent floor. However, in order to
achieve a conneclion with the subjacent floor there must be properly placed starer bars. More-
over, starter bars must be positioned and al the superjacent floor for the slaircase of the next
lenel.

The following describe the practice followed for the positioning of starter rebars in the subjacent
and the superjacent Nloor,

Lol ¥
e - -
1—_.;2_- . .l"__.-l-..-':.-r__-r___,..

e —

e a1
- -__'b-
S S E— i —
S —

Sfader hars & the base of 3 stalrcase

The landing reinforcement s exlended lowards the direclion of the slaircase for the next floor
whase formeork and reinforcemeant implamentation as well as its concrete casting will ba car-
ried oul in a following phase of the construction.

Tha proper pasition of the starer bars s secured babween thin formwork sirips.

12 The mos! practica’ and azonomica! malbod is e use of a complalaly nefabrzaled reinrcad oncrels starzage [ed isside the sl
fmvma. o avibvqunka esisteed struchnes, Ma slicssy i a0 alamend srongly affacied Dy the ssismbc frces tharaibr, tha MefakEton of &
el slalfeass @ an aieady covsiuciad Srockead Fame € 2 fansitve lask [ requiees spacial allaios i@ oqs i peovide an adaquals
support and accostaly pradict Ma afface thar ke (nstaladon wil have fo tha sirucfura. The precast stakcase can be (nsiabed upon the load
hegning gpsiem Alher alter fia Fams cossiuction af boff o oo, sospoded By snscial sfades has, o dudsg he sansbuddion of e sysar

Jacant fnor, supponad by stadtor bars find only o the subjacen! floor.
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During the final phase of the staircase’s reinforcement implementation, the lower rebars (in red
color) are wired Lo their proper posilion with the distribution bars, The nexl phage includes the
positioning of any necessary additional upper rebars followed by the placemeant of their distribu-
tion bars. The siringers and the risers ara placad last.

At the top part of the staircase, the reinforcement is normally implemented based on the fact
that the slaircase will be monolithically casted with the slabs-beams of the floor. Generally
though, it is necassary to place starter hars for the next staircase,

Note:
In the special oocasions where the staircase will be constructed in & following phase, starfer
bars are left at the top part of the staircase according fo the following details™;

The starfer bars are bent al the proper angle paoe the daircase’s planking

Before the posilioning of the slaircase’s formwork (planking), the starer bars are propery bent
at the necessary height (of course they could be implemented as already bend-up bars Row-

ever, this entails accuracy difficultias). Startar bars af the top of the stai
=il

(the lower rebars of the siaimase are nof
conlinded and herefore, they ane nol
presanted]

The stalrcase that wil be consfructed bn a following phase wil¥ be supported ppon fose starfer bars and the starfer
hars of the lovwar Roor,

The formwark and refnforeemment of 3 staimase anund e arsa of the starmer bars 10y e case where the Rai ends io 8 slaB imstasd of @ besm, i i recommended i consioet & renionoed 2ome i thal ses The stamer bas
will remain the same and the shb's lower mbars wll be extended “wailng” ta be anchomd
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3.6.4 Stairease with landings

The flights of the othogonal staircases are not always straight, On the contrary, most of the
timas they are palylines with successive sloped and hornzomnlal segmeants. The following exam-
ple shiows a typical staircase with landings into which most cases are reduced

Whan fhe sfavcase comnbides fo the seisnvc diaphragmatic befiavior of the fiooes [as is ke s, & is recommended
i use negahve rehas a5 well [dashed bar (7))

Notes:

The negalive rebars, apart from evenything elze, help [_ _]
in the proper concrefing of the staircase’s sloped

flighis because they ralain the wel concrete in a =af-

isfactory degree. Lower disfribufion rabars — free edges haimin

A good solution in order to cover the needs for {a) bas and rebar chals, with a single bar
diztribufion rehars of the lower reinforcement, (b) free
edges’ hairpin bars and () rebar chairs, 15 fo use the

unified bars shown af the next figuine,
Arather salution for the combination of these three I. ]

raquirements is the use of the upper reinforcement’'s
distribution bars. This solutfon provides stronger re-  Upper disfribufion rebars - fee edges halmpin
bar chairs. bars and rebar chais, with a single bar
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3.6.5 Winder staircase

Az a rule, in small buildings for space economy, the staircase is construcied with winder steps
tharefora; practically it doas not have leval bul crooked flights.

These flights, for a less strenuous reinforcemeant implementation, are considerad o b lewel and
are reinforced by following rules similar to those regarding straighl staircases.,

Ewvary flight iz reinforced separalaly from the other howeaver, constructional they inlersect. The
two primary flights which are sited upon two oppasite beams {sections 1-1 and 2-2) are firstly
reinforcad then follows the reinforcement of the secondary werical flights.

In space-economical winder staircases, the supports' distances between the columns are rela-
Lively shorl therefore,; there 15 no need to construct beams as well. This happens because, apart
from the technical difficullies thal it invelves, it leads fo the formation of extremely strong short
columns which are particularly dangemus duning an earthquake. An efficient simulation of the
stalic behavior can be achieved by using reinforced zones between the suppaorts from column b
columin or from beam to column and then o reinforcing the primary and secondary slaircase
flighls, as shown al the following example,
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SECTION 1-1

The suppori of the staircase upon the shear wall can be achieved by various ways based on the
designer's simulation and the dominale praclices. Some of lhe supporl oplions are presenbed
el

(a} Simultaneous reinforcement implementation and concrele casting of both the staircase and
tha shear wall. Thaoratically, this is the most effective solution howeaver, it involvas large con-
siructional dificulties and therefore It is nal usually chosen.
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(b) Pasitioning of starter bars (3) and {4) during the shear wall's construction, This practice is
being followed in the above example. It s recommended o place the starter bars by the way
explained in §3.2.7, in short height though.

() Pasitioning of starter bars {3) and (4) during the shear wall's construciion, without the forma-
tion of a "nast’.

(d] Positioning of starter bars (3) and (4] afier the shear wall's construction, by drilling holes and
resing usage.

(2] Fitling of special supports upon the shear wall, for the formation of specific support condi-
tions e.g. pin support,

if} Avoidance of anchorage into the shear wall by forming a reinforced zone parallel 1o it {this

zone is, either way formed by the distribution reinforcement), OFf coursa, in any case, the longi-
tudinal reinforced zone RZ2 must be propery anchored upon the shear wall,

SECTION 2-2
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SECTION 3 -3

The reinforcement zone along the secondary direction of the staircase’s support, could be ne-
glected however, as a slab’s free edga, it would require hairpin reinforcement (sea § 2.6.1). The
differance in labor cost and used matarials betweasn those two options is not significant. The use
a reinforced zone with the upper and lower reinforcement enhances the duclile behavior of the
slaircase,

Due o the large section width of the staircase, the shear strenglh is usually satisfactorily high
therefore, usage of open-form stirups-rebar chairs is acceptable. OF course, it is more effective
for the stirrups o be properly closed with hooks bent at 135°.
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SECTION 4 - 4

In winder staircases, extra attention must be paid o the horizontal area betwesn the flights both
during the design and the planking of the slaircasa so as o ensure that the staircasa’s thick-
ness (werlical to the planking) i equal o the thickness of its outer flight. Then it will be feasible
to secure the proper positioning of the upper reinforcemeant grate with rebar chairs of equal
height. These rebar chairs can be four-legged indusirial produced, wiggly impromplu crealed or
handmade hairpin bars placed at the distribution rebars ends.,
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SECTIONS -5

When the staircase is supported upon & column, the applied rules are the same with those men-
tioned above regarding the staircasa's support upon a shear wall,

Either thare are starer bars or they are fitbed afterwards with resins, the bars of the reinfarcad
Zone are placed as unified pieces. Since, as a rule, the outer flight is smoaoth, it can be reine
forced with bars of a larger diameter compared to those used in the staircase.
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Geanerally, the smaller the diameter of the staircase rebars is, the less strenuous is the shaping
of the barg’ various parls.

Motas:

1) IF the masory filing af the area surrounding the staircase is considered o be rigid, the con-
struction of reinforced Zohes, in the secondary fMghts of the staircase, enhances the duchiity
af the sumroundirg area. This, in the case of an eanhquake, helps fo the cracking avaidance
in both the sfalrcase and the filing walls (hehavior analogous to a bonding beam).

2} Exlending the slaircase under the floors' beams is nol mandatory howsver, when i is done
iz ensures & move effective staircase reinforcement and & betler brick fifting, The following
figures show 4 cases where the slaiv is extended under the beams:

(a) Masonry strefcher bond without tharmal insulation
{b) Double stratcher bond with thermal insulation
el The zame as (b, with arn addiforal bonding baam af the free wall

(] Extension of the staircase to the entire wall thickness and & thermal inswlafion stnp
placed to the stalrcase’s and

(a) (b)

(d)
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3.7 Foundation
3.71 Spread footings

Paragraph 1.2.5 provides all information regarding spread foolings. The following example con-
cems a simple spread footing with its fooling shaped like a box,

The spread fooling behaves like an inverted cantilever with loads applied in the upward direc-
tion. As a rule, a spread fooling is a quite rigid element therefore, the applied soil siresses are
almost linear and in case of a symmeldc (with respect 1o the pedestal) fooling, they are or-

thogonal, These zoil pressures consist the loads carried by the footing which behaves like a
slab and is deformed by the way shown at the following figure.

Ul |
EEARARARER

Sonl pressures and deformation of an leefated spread footing

The real deformation is in the order of a millimeter and although it iz not vigible to the human

eye, it always has that same form. The reinforcement is placed at the lower surface of the foot-
ing both along the x and v axis.

The column rebars can be anchorad inside the footing eithar with a straight anchorage lengih or
with a 907 hoak at their end {resembling a ‘shoe’). The chosen type of anchorage depends upon
the footing’s total depth and the level on which the column is considered ficed which is uswally
the upper part of the adjacent connecling beams. Most of the imes, that level 1= high enough 1o
allow fior & straight anchorage length, Practically, the need for hooks at the base of columns
arses mainly in the case of a solid raft foundation with a relatively small slab thickness.
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Fairforcement of an isolared sprasd foofing
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The reinforcemeant is the same bath for flexible and rigid apread footings eithier being centricalby
of gccentrically construcied.

Rigid spread footngs Flexibde spread footings

(i B

caninG nnid spread foobng e )]

REINFORCEMENT DETAILS
0.8 @ 0k

/ | 128 ':E' : "
| ( . IUJ | I | e | l’;
@

233
scenniey rgid spread fooling soranin: faxible spresd footing 0.4 | s | 094
The footing iz reinforced with an orthogonal wine mesh that may hawe horizontal and vertical PLAIN VIEW
bars of different diameter and spacing. Bending the rebars ends helps in the proper anchorage W“"WE’—E 2012 (3}
of the: reinforcement, e — 1 -
201210 (T T1 [
According to the Greek regulation, the minimum allowable rebar diameter in a foaoting is $12 t
and the maximum acceptable spacing bebaesn the reinforcement bars is 15cm, EEE 1
. . : . . . 1
In certain occasions, the footing may have a reinforcemeant wire mesh both at itz upper surface T 11 T
isee following figures). amzo @R LI '|,I 5 2012110
—i—
3 e — )
() enn m . &) ama
1381210 T EEE uth
e b g @_ 1L - _'ﬂ_-:' 1“12““
L
221210 (T} L1 L
| 1
24912110 (TH-| [ LTIl
1
201210 (F I
i —— 1 A
F3 zs02s0 €3 s0mn “‘—@ﬂﬂ \—(Dlﬂ‘lmu
H=0.50

Spread fooling rednforced af the upper and ower surface
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In some other cases, the spread footing may have punching shear reinforcemeant as weall, This
reinforcement is usually provided in the form of a peripheral stirrup cage.

Conlroiling punching shear, with the dse of stimip cagss.

Punching shear stresses are similar to the shear stresses (diagonal flexura) and they appear
along the perimeter of the col-
umn, Punching shear is a type
of column sliding along the
side of a cone that forms a 35°
angle with the horizontal axis,
as shown al the opposile Tig-
ure, The first stirup leg must
ba placed at a maximum dis-
tance of (.54 away from the
fame of the pedestal and the
last slirrup leg at a maximum
distance af 1,254,

Mole:

In this specific spread footing,
punching shear s controled by stirup cages (fgure a) however, It could be also confrolled with
hundles of propardy bant-up rebars figure b, or with special induatnial elameants [figure ¢l

The density and rehar diameters of the reinforcement {punching shear reinforcemeant included)
for the 2.5012 .50 fooling with a 4040 column are given ballow:

(b) (c)
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3.7.2 Frame foundation

ia) Spread footings without connecting beams [semelles)

Columns belong to frames e, cusiers of columng and beams and the behavior of their founda-
tion depends upon the interaction between the frames and the sail. | is important o examine
the frames’ behavior in relation to the foundation and soil,

The simplest frama consists of bwo columns, as shown at the following figures:

Two-column frame with centnc spread foolings
=project foundation 7 10>

_____________

—

Behavior of & two-column frame with centnic spread footings (no seizmic loads applied)
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When no seismic forces are applied, the soil pressures have a slight trapezoidal form and the
spread fooling is subjected 1o severs rolalion,

R

| __.-;1""'“""""7 -4
— = i ] i .

T -

Behawior of a wo=coluimn frame with cenfic spread foolings [under seismic foads)

When selsmic loads are applied, the two spread foolings are heavily over-stressed and they are

forcaed fo ‘work” parially thus leading to large soil pressures. When the earthquake forces shift
direction, there is a symmefrical change in the spread foolings' over-stressing.

Motas;
1. In case of an garthquaka, & large part of the footing cannot work in the required way. AN

spread foolings have almost the same behavior fboundary spread foolings are slightly

ovar-siressad), as shown at the following fgoure. <project. foundation? 1 5=

2. According fo the present regulation, the use of spread fooling untisd by conneching
beams is nof allowed, However f s usefild to know the way they behave, bacause, in

Greeca, mosl buldings constnicled poor lo 1878 have no connecting beams and there-
fore, their possible rehabilifation requires speclal atfention,
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b} Spread footings with connecting beams [semelles)

Generally, it is useful io place connecting beams at the foundation because they carry the hori-
zontal shear forces and preveant damage from differential settlements. Howewver, in earthquake
resistant structures, they ane not just simply useful but absalutely necessary because apar from
evarything else, they cantering the spread footings and secure the fized supporl of columns 1o
a high degres. The following figures shown the behavior of spread foolings tied together with

connecting beams.

<proyect; foundabion1 20>

-r
o T e kY
i s o e e 1

L [ —
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Frame’s bahavior {no zeizmic loads appliad)

Whean no seismic forces are applied, the 20l stresses have an almost orthogonal form and the
spread foolings togathar with the connecting beam ara roughly deformed.

l ..... LLUULRL LU LU LA LU L TITHITIE S

i -
—_a [

e
1

T

Frame's bahavior whan fhe eartfuuake forces are applied to ife +x direchion

In the duration of an earthquake, both spread foolings work in a satisfactory level. The ane is
over-siressed thus creating larger soil pressures while at the same lime, the odher one is ra-
lieved, When the sarthquake shifls direction, the stress conditions reverse, The connecling

baam.isl subjected to large and continuously changing deformation and stresses.,

Notes:

1. In a mulli-column frame with spread foolings and connecting beams, the behavior of the
former, in a selsmic evend, is sabisfaclory. The boundary spread footings are over-
stressed (or sightly under-stressed depended upon the earthquake's direction).

<priyect: foundation 125>

228 Apostolos Konstantinidis



WVolume &

The Art of Canstruction and The Detailing

2. The earthquake causes reverse strasses in every part of & connacting beam thus applying
almos! the same Mexure al the upper and the lower fiber.

The fallowing figures show the plain view, the elevations and the detailing of the two-column
frame foundation reinforcement of The examipla:

SECTION A - A .
L )
FACE VIEW U]
L - L R | R . TR 1
— TN AR . .
wn ~t L B
* B, BT, e T 2 T
\ 1 i
] 1 |1 3
am i
4 ] & _.l"-. ET |_ p—L i &
arm g '+J| ETWENIG BT
REIMFORCEMENT DETAILS
Connooing Boaam
1w amn s
“[ Uﬂ]
e
3 e 4T 43
Foolings )
1.5 '5: 1.5 ':F
wt - ju-l-l u#i_ e (® ]u.:u
PLAIN VIEW
Sy aatang ez
iR L] ISR S
B L 1 T G IS S
aFA R BB = gl Lang. A0
re13am
) BEANG )
s E TR
F2 480 5 £2 s Fd 150480 o3 saun
H=Du5 Hi=L53

Foundation refnforcement of 8 wo-oolamn frame <project. foundation? 27>
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0 figune of the foundaion reinforcement o & M0-colmn
frame with spresd foolings snd connecting beam
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jc] Continwous connecting beam

In case of more than teo continuous spread foolings and consaquently mone than one connect-
ing beams, tha reinforcemant follows the same rulas mantioned above.
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Remfocement of 3 continpmis connecling heam <profect: foundation ! 30

Extending the footing away from the edge column is extremely usaful for the proper behavior of
tha spread footing (it levals the siress distribution) and therefore, must ba saimed whan it is con-
structional feasible.
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3.7.3 Strip foundation

Tha sirip foundation is the foundation elemeant that behavas, simultansously, like a spread food-

ing and a beam, Sirip foundations combine the properies of spread footings and connecting
heams.

Two-colurn frarme with a sinp foundation thal exfends (Bevond the colimns) on bobh sides
<proect foundation 140>

The strip foundation behaves in a way gimilar to that of spread footings tied fogether by a con-
nacting beam. However, due (o the fact that the fooling and the foundation wall consist a unified

body along the enlire lenglh of the siructure, the systems inerlia is larger therefore, i1 behay-
iour is mane satisfactory,

Bahawior of a two-column fame with sinp foundation (no saismic lpads appled)
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When no earthquake forces are applied, the soil pressures are symmeirically disiributed in the
enlire length of the 2irip foundation.

The siresses crealed to tha soil are larger in the area of columns.

1 ,".P‘u.”.".“,”.H.”.”.".“,”.".TL?__l. —

:'lr 1
e e | S— e s P S T A e o
HISITTT e S )

S i« e vl T T R L

Befavorof & wo-column fFrame willy siip foumdarion [ander seismic ez

In the duration of an earthquake, one edge s over-slressed thus crealing larger soil pressures
while at the same time, the ather edge is relieved. When the ssismic forces shift direction the
foatings’ over-slressing symmetdcally changes. The deformation and siress applied upon the
strip foundation are large and continuously reversing.

The footing behaves like a bilateral cantilever (fixed upon the strip foundation's wall), Its behav-
ior is similar to the behavior of the spread footings therefore, it requires reinforcement to its
lower fiber, a5 shown al the figure below.

TTTITTTTITTI

Behavior of the a sinp foundatian’s fonding

The soil's reaction, stresses the footing slab in an upward direction, This causes deformations
at the lower surface of the footing which are carried by the reinforcement,
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Notes;

1. Sinp foundations behave extremaly well during an earthquake. Depanded upon the
saismic forces' direclion ane edge is heawly over-stressed. In large pars of the sinp
Toundation, the deformation cordinuously reverses and thaerafore, it requires stromg rein-
farcemant both &t the upper and lower fibre, espacially af the first and lasf opening of a
continuous stap foundation. sproject foundalion 145=

2. I arder o have a more efficlent behawor of the sinp foundation’s boundarns parts, it is
useful fo extend the sinp foundalion beyond the edge columns fo an appropaate length.

{a) Strip foundation with wall and footing

The behavior of this element is quite obvious since the fooling distributes the applied loads fo
the =oil, it is stressed by the =o0il's reaclion and bahawvas like a canlilevear slab while the founda-
tion wall behaves in a way similar to a baam,

3-D figure of the a sinp foundation's reinforoement
=project fourdation ! 50>

The footing's reinforcement follows the same rules that apply 1o isolaled spread foolings how-
aver, its one dimension is of a large length.
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The foundation wall reinforcement follows the samea rules that apply to connecting beams. Its
reinforcement delalls are analogous 1o the corresponding reinforcement delails of the praviously
mentioned continuous connacting beam,

Fl RO T TR

b} Strip foundation with a unified wall and foeoting

In & sinp foundation with & wnified wall and foating {orthogonal saction), the footing's total depih
iz equal 1o the wall's height,

The only difference bebwean the regular strip foundation and the strip foundation with a unifiad
wall and footing is the fact that the: latter requires reinforeement at the footing's lower surface.,

Rpinforcemant of an orthogonal sthp fondsahon
<project-foundation 1 &0
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In thex afrip foundation where the footing and the wall have the same dimensions & hidden beam
Is formed. In this specific case, it has a four-legged stirrup while the footing is reinforced with a
wire mash placed both at its upper and lower part.

The footing’s reinforcement follows the rules that apply to isolated spread footings but rebars
are placed both at the upper surface.

The wall reinforcement (in the case where the hidden beam is formed), follows the same rules
that apply 1o connecting beams.
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The foundation wall reinforcement details of this gpecific strip foundation are similar o the rein-
forcameant details of the previously mentioned continuous connecting beam.

() Strip foundation in which the wall extends beyond the column’s face

Generally, it is useful to place stirmups inside
the column and the beam of a joint area thal
belongs either to the superstructure or the
foundation, Howewar practically, this is a
strenuous procedure and therefore, it is pre-
ferred, in priority order, to plase stirups in-
side tha columns.

When tha foundation wall extends beyond
the face of the column, additional verlical re-
inforcament is required. This reinforcemeant
may be provided in the form of regular stir-
rups or additionally fited stirrups in the  The colmn wilh 8025 seclion, in the common wall of
shape of a hairpin, as shown at the following the huiding. is pantially sited wean e srp fondation
figures. that fraz a wall of 3580,

I
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]
I

—
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1% axample: one-sided extension of the foundation wall

After the implementation af the stirup cages inside the strip foundation walls, the wall's part that
extands beyond the column remains un-reinforced akong the vertical axis. The hairpin bars {in
red colowr) that will be placed in that area are shaped and placed in a separate phase,

el

1 0 r i
W

Strip foundation that extends beyond the column

The vertical reinforcement positionsed at the common area bebween the foundation wall and the
column, is comprsad of hairpin bars placed aflerwards one by one.

In thiat area, the verlical reinforcement at the back side of the strip foundation is provided by the
column's longitudinal relnforcement (.e. from the column rebars).

Wall rainforcamant of a stnp faundation, tha! exfends bepand the column, with adaifionsl hairpin
bars

The ends of the hairpin bars may have a siraight length or they may be bent in the form of a
ook, depended upon which of the byvo is more feasibla (see relevant nole].
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2™ example: two-sided extension of the foundation wall

R ——

2 o
!l - Pl S K ]

The 825 column is sited wpon tha canter of the ship foundanion
wall The stdp fausndation and the foumdabion wall have sections of
S and A58 resnacfivaly

e TR S T

Afer the implementation of the slirrup cages inside the sirip foundations’ walls, the wall pars
that extend beyond the column remaing un-reinforced along the verical axiz, The double hair-

pin rebars (in red colour) that will be placed in thalt area are shaped and posilioned in & sapa-
rale phase.

e

The ends of the haimin bars se fomed with a straighl langth

Tha varlizal reinforcament positionad al the common area betwean the foundation wall and the
columin, is comprized of bilateral hairpin bars positionsd one by one on both sides of the beam,

In this specific example, the stirups placed inside the strip foundations” wall are four legged and
after the cages’ implementation the outer part of the wall, in the column area, remains withaout
vertical reinforcement. The inner ransverse reinforcement (the 2 middle legs of the 4 legged
stirrups) in that specific area of the: foundation wall is provided by the column rebars,
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y |Iﬁm'i T

Yerical reinforcement placad inside e wall of 3 sinp foandshon that extands, bayond the column, o barh sides

MNotes:

1. Thara is no nead fo mention that in arder to assemble
any of the previously mentioned reinforcements, the
formwork must nof be constructed untl after the comple-
tior of the rainforcing.

2 If there s access fo those specific pats of the strip
foundation, # is useiul o form the hooks at the ends of
the halmpin bars either during their shaping or affer thelr
implamantatian.

2. The next figure shows a combination of prefabricated
hoaks and proper fitfing affer the rebars’ implemeaniation.
The 30F bend can be achieved by means of a special
handing tool by the steal fiver
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1.7.4 Raft foundation

The extensive foundation (whizh iz usually called rafi foundation}, is a unified foundation that
axtends throughout the entire area of the columins.,

|
_.t.“ . t

_.*;.“ | t... | o

_.*'_“"' £ ""f*._

Raft faundation

Az a rule, raft foundation is used as a building's foundabion when the soil has a low bearing ca-
pacity
The behaviour of the: raft foundation resembles the behaviour of a sirip foundation grate,
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Form of soil pressuras in a mft foundation

The stresses applied upon the sail are larger in the columns’ area and lighter in the intermediate
areas. The presence of beams acting as stiffenars helps in & more even distnbution of the soil
pressures betwaen the columns’ areas and the intermediate areas of the raft foundation,

The raft foundation may belong in one of the fallowing four general categaories, (1) ribbed raft
foundation, {2) solid raft foundation, (3} raft foundation with hidden beams, {4) miged raft foun-
datian.

1) Ribbed raft foundation

In a nbbad rafl foundation apart from the
unified foundation slab there are also
baams which behawe as siliffenars. The
beams add sliffness o the foundation
and apart from everything else, they
level the soil sirassas.
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Lnifled foundabion slab (ralft foundalion) with sifeners (heams)
<proyact; FoundationRoogh 10
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The formwork's assambling and the reinforcemeant implemeantation of a raft foundation stiffensd
by beams are wo relatively strenuous procedures.

Az shown at the following figure, the ribbed raft foundation reinforcement can be separated inbo
three cateqgories:

(a) slaba’ reinforcement (in yellow color)
(b} slabs’ free edges reinforcement {in blue color)
(o) beams’ reinforcement (in green color)

Tha column rebars ara in grey color.

AT

Reinforcemeant of a nbbad raft foundafion

The foundation slaba are reinforced with two wire meshes, one placed at the lower fibers and
one at the upper fibers, by following the reinforcement rules that apply 1o slabs.

Tha beams are rainforced with strong stirrups and bars placed both at the upper and lowar fi-
bers, by following the reinforcement rules that apply to beams,

The slabs’ free edges are reinforced with common hairpin bars of with a wire mesh folded like a
hairpin, by following the reinforcement rules that apply to slabs.

Mote;

A louhdallon grate can be siffened either by beaims of by walls. In the latler case, the rein-
forcamant of the foundation slah does nof depend upon the wall's rainforcemeant,
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(2] Solid raft foundation The reinforcemeant of a solid raft foundation can be separated into three categories, as shown

al the following figure:
The unified solid raft founda- a) state. renfroatment
tion is the most simple founda-
tion form and i3 formwork as-
sembling as well as its mein-
forcement  implementation do
nal resquire hard labor,

ib} slabs’ free edges einforcement

ic) punching shear reinforcement (when necassary} in the area surrounding cerlain columns
{in red color)

The column rebars are in grey color,

Solid raft foundation

In the solid raft foundation, there is only one unified foundation slab.

The foundation slabs are reinforced with teo wire meshas, one placed at the lower fihers and
one al the upper fibers. Since the most inlense siresses appear along the columns' axis, their
surrounding areas are usually reinforced with stronger or douhle grates,

The slabs’ free edges are reinforcad with " |
common hairpin bars or with a wire mesh — =

shaped like a hairpin.

Tha punching shear reinforcemeant, when it is required, is similar to the one used in the isolaled

Motis: spread foolings of paragraph 3.7.1, as shown at the following figure,

1. On a practical leve!l and mainly when
using & folded wire mesh as a free
adga's reinforcament, the haimpin ra-
bars are positioned fn the 2 phase, as
shown al the first fgure.

2. The allernative solution for prowiding
the free adges’ reifarcament includas
the formalion of hoaks af the ends aof the
ipper and lower rebars as shown at the
second figure. This solution compared o
the hairpin solution, apadt from everything
elsa, has a higher shaping-cosft but mainly
it lacks a natural peripheral rebar chair.

.
=5
-_

]

Raft foundation with punching shear rainforcement

When the columns are subjected o large loads and the foundalion slab’s thickress s analogi-
cally small, it is aobligatory o use punching shear reinforcement. That reinforcement can be pro-
wided by stirrup cages, as il is in this example, by bundles of properly bent rebars or by special
industrial elements.
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(1) Raft foundation with hidden beams

In a raft foundation with hidden
beams, the foundation slab is unified
and has no additional stifeners. This
means that geometrically, it is as sim-
phe &5 the previous cass.

Its formwork assembling does nol re-
quire a lot of effort as opposed o its
rainforcamant implementation.

B g -
: ; Vi
T T T Feinforcemand of a raff foundafion with hidden beams
B ® F ® | i@
il e —-]
- - -: : Tha slirrups placed insida the hidden baams may ba two-legged or four-legged (&= they ara in
; g ! 3 i thiz mxample). On olher occasions, stirrups with more than four legs can be used.
@ H @ = @ : 5]@
|
e ] 0 eemm B wem —'.';.;... I (4) Mixed raft foundation

The mixed raft foundation
i& an extensive foundation
which s partially stiffenad
by beams aor by walls.
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Raft foundslion with hiddsn beams <project. FoundalionRough2 0=

The reinforcameant of the raft foundation with hidden beams is the same with the reinforcement
placed inside the ribbed slab foundation, The only difference lays in the fact that the fotal depih
of the beam-stiffenar is egual to tha slab’s thickness. Mived il fopndation

=project FoundationRough4i=
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This specific raft foundation includes solid parts, parts stiffened by beams and parls stiffened by
walls,

The formwork assembling and the reinforcement implementation of a mixed rafl foundation in-
volve a lot of difficullies however, sometimes, it is an unawoidable solufion e.g. in basemeants
where it is obligatory to have shear walls.
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3.7.5. Foundation cases

(a) Foundation of composite elemenis

The composite elements, in the case of spread fooling foundation, require ore unified spread
footing.

In order to comprehend the reinforcement of composita elemants, the following sections regard
the reinforcement of the unified foolings used in the wo charactenstic examples of paragraph

3.3
Elevator
—
) sa 193 . The three shear walls of the elevator constitute
el ™ one element (elevator core) whose foundation
i compased of a spread footing reinforced by a
grate of rebars placed at its lower surface,
41 o ﬁa
? E
ald-3 m%.:.g L_L a0 | 35
S
pl-3-3 nosan ki
Fl=il 2}
Linified spread footing of an alevator
COrg
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WViolume A
Staircase Vehicle ramps on ground
" e The vehicle ramp on ground is an extensive Inad bearing element which at the same time con-
T stitutes its self-foundation. As in evary olher foundation, the soil condition has a fundamanital
] M xxn impartance and most of the times in ramps’ case, it is formed at l=ast partially with embankment
A b {poider}.
g 3 = I i Most of the times, no matter how much effort has bean put to the proper compaction of the em-
H * bankmenl, there i uncertainty about 15 homogenous future behavior, as shown at the following
figures.
Fig - FEETH —
__weren. o =y void formed by the soil subsidenca
= @ = = [
Unified spread fooling of a slaircase

aggregate's layer soil |

The first case of A foor's unfavaralle behavior is the subzidance frecass) of
the sol under the middle of the ramp’s width and the formalion of lensile
stresses v the lower fibars

Jthe deformvations shown 3t the abave and the following fgure are presenfed i 3 larpe soale],

L] L]
18 void farmed by the soil —& A
L | _l."';'-"r - v

AT e
]

The second case of a floor's unfavarable behaviar is the subsidence of the
soil under the ohe or the o rafmp ends and the formation of lensile

stragses in the upper fhars,
In the case where the foundation of the slaircase is composed of a unified spread fooling, due
to its exiremely exlensive surface, It is required to place a double reinforcement grate (al the In these cases, tha ramp must ba reinforcad with & double wire mesh, one placed at its lower
upper and lower surface],

surface and at its upper surface,
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Priar to the ramp's reinforcemeant implemantation one should ensure a level and properly com-
pacied surface. This can be achieved either with the use of a thin concrete layer {3 o 5 cm), or
with the use of gravel or with 34 and proper compaction,

Uzage of aggregates for the formation of the ramp's substrate allows the application of plastic
spacars however, these must be posilionad wpside down 50 a5 o avoid sinking inside the sub-
sirate.

In arder 1o provide the reinforcement with two wire meshes, itis mandatory o use rebar chairs.

For ramp widths reaching up 1o 2.5m and since there iE s possible to cast and vibrale concrele
from both sides of the ramp, rebar chairs can be replaced by open-form folded wire meshes
(hairpins) or by closed form folded wire meshes which at the same time will provide efficient co-
hesion of the ramp's edges.

folded rw mash T foided
[ wire mash S Tty R ||III wirg mash
{

. 2,50 m : e
_+_-+—f'l—+u,-:u—+— j e "'r —1-—:1,433,'—’—'

soil aggregabe’s layar plastic spacer

A comhinalion of minforcament, sugpod and p-spicing of 2 sfandsdized wire mesh TT28 (D615
with dimensions 2. 1550 m)

-l case of an extramely well-formed substrate, i /s allowed o use only a single wirg
mesh which will be placed for example af the 23 of the ramp’s thickness,

= In a ramp, stresses cah be created ih both direclions, therefore, always assuming the
game hehawour, the placed wire mesgh is vsualy of & square shape. The wire meshes

vsed for the ramp’s refnforcerment must be rormally lap-spliced [in usual cases a lehgth
of 2 up fo 3 opanings (s enough),

= Haaweduty ramps requirg edge reinforcement as well, That reirforcement can be also
used as rebar chairs.

- The edge behavior does nof appear anly fo the ramps” adges but also o the aeas
around joints. The Jolnt edges are treated by the same way as the slide edges. It s vseful
to place the joints in the shortest posaible distances e.g. every 15 mefars,

EARTHOUAKE RESISTANT BUILDINGS 261

Wolume &

Extended slab on ground

Extended huilding slabs on ground, are mainly fioors constructed upon the upper basement af-
tar the foundation’s embankmeant { poldear].

Thea slab on ground is an element analogous to the ramp on ground and their bahavior is almost
alike, The reinforcement is implemeanted with the same way however, it involves an additional
difficulty that arises due to the extended slab's surface which in the case of a double wire mesh
creales problems in bath the reinforcement implementation and the concrete casting.

Motas:

1. The problem of securing the double wire mesh's proper poaition at the upper and lowear
parts of the slabs s mol thal infense in the supersiniciure because: frstly, there are the
heams that sgparate and support the slabs’ reinforcement and secondly, the minforce-
mam! of the slabs is stromg and therefore, carmes effectivaly nol anly its salf weight bl
#so the lfoads appiied by the movemant of the persannel responsifile for the steel fxing
and the concrefe casling.

2. The salution to this profdam is (&) & wel-formed surface with fine aggregates propady
compacted, or an addifonally casted thin layer of concrete [3 to 5 em) and (b) usage of
rarow spaced rebar chairs (with practices similar to those mentioned in paragraph
2.6.1)

3. A larger live load, appled upon the slab, requires the use of a stronger wire mash.

Ganerally, the standardized wire mash with sguare apanings ke T186/#2590) and
T1aaad6/15) of sfeel class BSO0A table 2], presents a sallsfactony behawar under the
comman iads appiied upon hasemendts' slabs,

57 Apostolos Konstantinidis



CHAPTER 4

Quantities surveying and Cost estimation




The Art of Canstruction and The Detailing

4. Quantities surveying-Cost es-
timation

The following paragraphs refar o the quantities and
cost estimation of the building shown at the next fig-
Lre,

It is comprised of a ground floor and a basement (with
one shear wall) while its sirip fourdation s combinesd
with spread footings tied together by connecting
baams. The following parsgraphs present the datailed
quantities estimates of malenals like concrete, form-
works, spacers, reinforcements, the reinforcament
schedules' oplimization as well as the Iolal quantity
and cost estimation of the structural frame:,

A simple byitding with 3 gropnd flogr and 3

basarmen

<project: Estimation 10

phasa &
bRt
alabs ansd o

phase 4
bamermanl’s
calumns

phase 3
grourd Moor's
slabs and bosms

phase 2

groursd loor's
calumins

phasa 1
foundation
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4.1. Estimation of the concrete’'s quantity

Ground floor

4.3

3

G2 s

bl swso

2
A A
. N
| I 7 e [ ]
&3 s plan view el s
¥ 5.00 j
#D.‘IB
0.50
25D
T — Ml
/ » /
uﬂ#
=
0.30
2 5ib
035 —
430
.30
o I il L,
r_+_1m+ gachon A-A —f oBs "I‘—r
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Beams — Slabs

S1: 4,40 x 5,00 x 0,18
b1.b2: 2 % [(500-2 x 0,40} x 0,30 x 0.32]
21,2,3.4 (part of the joinl area): 4 % (0,40 x 0,40 % 0,32)

(ERIRS

Sum

Celmns

@ C1.2.3.4: 4 x (0,40 x 0,40 x 2,50)

3,096
0,81
0,20

4,97 m’

= 1,60 m*

EARTHQUAKE RESITANT BLUILDINGS
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Basameant
o w0 ¥ 430 ¥
: L
A
+
3 A0y el
+ 800 F

t®
@

Baams — Slabs

D 81:440x5.00x%0,18

@ b1,b2: 2 % [{5,00-2 % 0,40) x 0,25 x 0,32]

3 b3swh: 2 x[{4.40-2 x 0,40) x 0,25 x 0,32]

@ 1,234 (part of the joint area); 4 x (0,40 x 0,32)
Sum

Columns

& £1,2,3.4: 4% (0,40 x 0,40 x 2,50}

B sws5: 3,60 x0,25x 2,50
sum

3,96
067
0,58

0,20
541 m’

=1,60m

2,25
3,85 m?
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Foundation 4.2. Estimation of the formworks’ quantity

rd 100100
ST 100 —
¢
8 . b1 a0 In consiructional works, it is common practice o pay the technicians responsible for tha form-
F - = ) + work implementation, based upon the quantity {in m”) of casted concrete. However, the most
cd a0 £2 4040 proper way is o separale thosa two things therefore, the following pages regard the astimation
| s ey of the required mollds.
g Ground Nleor
3 |4 |3 REHE
(‘2 13 2
A 00 A =
= =
Inﬁi 040 cl s )
g - b2 300 .
-L | plan vies
F3 10000

=

(1} Footings £3.4.5:

2 % (1,00 x 1,00 x 0,50) +3,00 x 0,85 x 0,50 = 2.275 Beams — Slabs | m® |
2 ST | 380x500-4%x040%010+ 2 x3,60x0,18 = 20136
CR1,2:
: 2 x 500 x 050 + 2 x (5002 x 040) x 0,32 +
2 % (3,60 % 0,30 % 0,60) + (2 x 0,30 x 0,10 x 0,30) + BB | 40 w30 _ yimen
+ 2% (0,30 x 0,30 x 0,30) = 1,368 L el
columns
@  SF: 4,40 x 1,00 x 0,30 + 4,40 x 0,30 x 0,30 = 1,716 (joints); | 4 ¥ 0,40 x 0,50 + 4x040x 0,32 + 4x 0,10 % 0,32 = 1440
Sum = 31,784
4  Columns {additional woluma due o foundabion deplh equal to Calumne:
(1,60 m, compared to the footings' depth which is 0,50m): : i ]
4% (040x040x0,10)+ 3,60x 0,25 x 0,10 = 0,154 43 (0,40 x 0,40 x 2,50} = 15,000
(2 %010 x 0,10 % 0,20 = 0,004)
Sum = 551 m*
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Basemani Faoundaticon

Eecams - Slahs m’
' 51| 450 % 3,80 -4 x (0,15 x 0,15 = 17460

B1,6Z | 24 [5,00 x 0,50 +4,20 % 0,32] + 4,20 x 0,25 = @788 -

B3| 4,40 % 0,80 + 3,60 x 0,32 + 3,60 x 0,25 = 4,252 Foatings o

EWE | 4 40 x 0,50 + 3,60 x 0,32 = 3352 F3,4,5 | 080 x[5,00+2x1,00+0,30x2] = 5,85

itemal SN | 42 x 0,15 % 0,32) = 0384 Cbi.2: | 2% [0.70%0,10 + 4,30 x 0,60 + 0,30 % 0,30] = 1004

2 x [0,30 x0,10 + 3,80 x 060 + 0,30 x 0,30]
Sum | = 35,236 S14: | (3,80 + 4,40) x 0,30 + (3,60 + 4,40) x 0,30 = 4,86
Columns: [ 2 % 2 [010  x 030 +0,10 x 010 +| _ 0,98
Columns. | 4 ¥ (0,40 x 0,40 x 2,50} = 2 % (0,25 x 2,50} = 14,750 +{4,40+3,60 ) x 0,10 :

Shear wall swb: | 2y (3,60 x 2,50) = 1R000 Sum | = 21,71

Sum | = 32,750
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4.3 Estimation of the spacers’ quantity Foundation

If ihere iz no oiher rule to follow whan calculaling the spacers of the formwork, one could usa ) ) ) )
the empirical rule presented below: Footings aof the strip and the spread footing foundation:

limear spacers with thickness equal to 4.0am;

RULES FOR ESTIMATING THE QUANTITTIES OF SPACERS AMD REBAR CHAIRS
[4401,00+5,00x 085 +2x 015x1,00)x1.25=11,20m

Superstructure and foundation beams: (2m of ‘linear gpacers + 2 ‘pieces ol paint support’) in Connecling beams:
every meter of ‘clear baam length’
) ) ) linear spacers of 4,00 cm: 2 x 4,20 x 2,00 = 16,80 m
Callmns: 18 'pieces of point support’) per colummn ) ]
) L i paint spacers of 4,00 cm: 2 % 4,20 = 2,00 =16 piecas
Shear walls: 2m of ‘linear spacers’ in every meter of the shear wall's
length Basement
Foundation slabs and foofings: (1.25m of ‘limear apacers’] in every aquare meter of ‘clear Columns: B x4 =32 pes. of point support
slab area Shear wall: 3,60 x 2,50 % 2 = 18,00 m of linear spacers with thickness equal 1o 2,50
Slahs’ free adges: {1m of “limear spacars’ + 1m of ‘rebar chairs” + 1 “pieca of Beams: (2 % 4,20 +3,60) x 2,0 = 24,00 m of linear spacers equal to 2,50 cm

point support’) in every adge meter
(2% 4,20 +3,60)x 2,0 = 24 pieces of point spacers equal o 2,50 cm

Slabs’ supports: 1m of ‘rebar chairg’ per meter of ‘every slab support’

« 1 m of finear spacers' might be 1 m of a plastic spacer, or 5 spectal formed spacers, or any Slah: 3,90 x 4,50 x 1,25 = 22,00 m of linear spacers with thickness equal to 2,50
other nurmber of local spacers, alc. Ground floor

« 1m of ‘rebar chairs' might ba 3 four-legged point spacers, or 1m of a folded wire mash, ar 2 Columns: 8 x 4 = 32 pos. of point support
pleces of imprompty steel rebar chairs, eic. Beams: 2 % 4,20 x 2.0 = 16,80 m of linear spacers equal to 2,50 cm

« 1 piece of point support’ might be a properly farmed plastic or concrete paint support, or & 2 % 4,20 x 2 = 16 pleces of point spacers equal 1o 2,50 cm
peg, etc Slab: 3,80 x 5,00 x 1,25 = 23,80 m of linear spacers with thickness equal 1o 2,50 cm

Slab's free edges:

3,60 x1,00x 2=720 mof linear spacers with thickness equal to 2,50 cm
3,60 x1,00x 2="720m rebar chairs with heighi equal io 11,0 cm
360 x100x 2= § pieces of point spacers equal to 2 50 cm

Quantities sum: m

Linear spacars of 4.00 cm: | 44 20 +16,80 = 28,00

Lingar spacers of 2,50 cm; 18,00 + 24,00 + 22,00 + 7,20 +16,80 + | _ 112,00
23,80

Rebar chairs of 11,00 cm: = 7,20

pieces

Point spacers of 4,00 cm: = 16

Point spacers of 250 cm: | 59 + 24 + B + 32 + 24 = 120
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4.4 Estimation of the reinforcements’ quantity

4.41 Ground floor - Slabs

Descrip: L | Quant | Length | DO
Elam.| tion Skatch m | o | o | @
[ 0.73
g1 | PR T o~ — @ |44z| 24 |10898| w0
""':"' SR a3s| 25 |1mas| w0
""';"' 4.83 40%| 18 | 7888 | &
Ad .35
addi- r
ol | — a81| 15 | 1214 | =&
ad .36
akdi- — )=
fional — e .81 15 12.14 a
ESTIMATION OF REEARS
Diam. | Weightim | Quantily Tolallength | Addiional weight | Total weight
a (Kg} n L*n {m) b (Ka) L*n*sw + b (Kg)
8 0.395 45 103.16 0.0 40,7
i ] O.e17F 449 21423 0.0 1321
Sum a5 - 0.0 1728

EARTHQUAKE RESITANT BUILDINGS

4.4.2 Ground floor — Beams

Qua | Langt
Be | Descig- o I Bl B [
i o | ®
obi | lower 2 ) 5 428 | 1 | am | 14
i 3.8 .
lawees Ll 4.80 )3 |sas| 3 [1600| 14
pper & T N |sar| 2 [1075| 14
addiianal 152
—\ 175 1 | 175 | 14
uppear -
additianal -
o 175 1 | 175 | 14
upper
" 45
slirrups E f 181 31 [4085| &8
045
g Same &= b
ESTIMATION OF REBARS
Diam.  Weightm  Quaniity  Totallength  Additional weight  Total waight
@ (Kg) n L*n (m) b {Kig) L'n*sw + b (Kg)
14 1.210 16 63.07 0.0 816
Sum - 16 - 0.0 216
ESTIMATION OF STIRRUPS
Diam.  Waightim  Quanlity Total langth T;ml""'““' Total weight
a (Ka) i L*r {m} Lon*aw + B {Kg)
b {Kg)
B 0,395 173 1= W 0.0 38,3
Sum - 62 - 0.0 38,3
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4.4.3 Ground floor - Columns

[a- Q-
Ble- : L Langih | Diare.
aly Skalch lity
ment [ o {m) o) L) @
D,:‘-- =
ot | o al 2.88 315 | 4 1262 | 16
Top §l 2.58 343 | 4 1253 | 16
Siir-
rups 124 | 30 | 3706 | 3
Slir- [
Rk g 161 | 30 |4824| &
GC2 053, 0G4 - The same as GC1
ESTIMATION OF REBARS
| , , Additional
Diam. Wiaightim Oaemnlity Todal length i Toidal webght
(Kg) n L*n {m) gt L*n*sw + b (Kg)
b {Kg)
16 1.580 3z 100.60 0.0 1548.0
Sum 3z - 0.0 159.0
ESTIMATION OF STIRRUPS
Diam.  Weightim Quantity  Tolallenglh  “oien® Total weight
& {Kg) n L*n {m)} g L*n"sw + b {Kg)
b (Kg]
> 0,305 240 a1 0.0 1346
Sum - 240 - 0.0 1346
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Volume &
4.5 Total estimation of the materials’ quantities
ESTIMATION OF CONCRETE (m?)
Lawval SLparsiruciure Freurdation Sum (m3)
Blaks - Beams Columns Foundalicn
Ground Naar 497 | 1.60 B.E
Basemen 51 2,85 5 51 14,1
SLM {m3) 10,38 545 551 2.5
ESTIMATION OF FORMWORK (m=)
Lewal SupaEiruciure Fourdation Sum (M2
Blabhs - Beams Calumns I
| Ground flacr ai7a | 15,00 | 478
Basemiond asd 12T | 202 ag 8
| 5UM (m2) Bro2 | 48,78 | 2172 1376
REIMFORCEMENT ESTIMATION (m)({kgr)
Suparsiruciure Feundatian Sum
Fediars Elaba Besvs | Coumes | Slabs | Foslings Faams el e}
&4 120,08 - - s smaz | irnsa
10 132.048 18711 - . = STz Jaae
oz s a TEAT E1.14 164 BS 137 30
&4 149285 a = = 1E8. 22 182 E&
B = 505 . 197 AT a7 ES 502 73
Samel | mzor | 19265 55218 : 7647 max | 153583 | 137136
Sirrups Elaks Baass | Ceumes | Slaba | Foelings Fnams ) e
o - 02 80 T - s 0203 | 4026
oo - - - BE, 32 140080 B3
Sum of
= 92 .89 et e a BE. 32 T1EL34 4BA.5Z
alirrups
AT 207 20554 B4 .80 - TEAT B4 853 eE1T | 106028
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4.6 Optimization of the reinforcement schedule

The quantities astimates of the previous chapter are basad upon the theoratical rebar langlhs
as provided by the software, Since the reinforcement bars have specific lengths, usually 12 f 14
m, orcering them with their exact lengths will kead to the formation of oddmenis i.e, short rehars
of length e.g. 0.80m, which cannol be used. Every reinforcement supplier has his own method
to manage these aoddments in order to minimize their cost and at the same time offer construc-
tional accuracy. The methods followed in order o manage the isswes of oddments and con-
structional accuracy ane generally referred to as optimization, The persons responsible for the
reinforcement’s optimization can be either the designer engimeer in charge of the detailing or the
quantity surveyors of the reinforcement supplier. The following paragraphs present generally the
issue af aptimization together with a proposition,

In every case, no matter which aptimization method is being followed, the estimates’ of the bars
numbear wsed in tha reinforcement implamantation muest mention the percenlage of rebar
losses®, This happens because the reinforcement cost estimation” must inclede these losses as
wall,

The Engineer makes tha reinforcament schedules hased upon two basic assumptions:
1%1 by presuming that the faormworks will be constructed exactly as shown in the drawings and

2) Based upon the dimensions of the drawings and the theoretical anchorage and lap-splice
lengths, hedshe defines the theoretical rebar lengths,

Horwremeer, in the construction, the dimensions of the real formworks present an unintended 'con-
structional deviation’, as a resull, culling rebars o their theorelical lengths s economically chal-
lenging and creates a large amount of oddments,

The unavoidable constructional deviation depends upon the toolz, the experience and the dili-
gence of tha contractor rasponsibla for the formworks” implameantation. This deviation is consid-
ered o be in the order of 1 up to 3om.

Moreowver, the rebars’ cul to random lenglhs s productive only in the case of coll-cutting ma-
chines but even in these cases the coil usualty covers rebhars with a diameter up to $12, or $14.
In all other casas, the rebar must be cul to supplementary amounts of industrial bars with usual
lengths equal to 12 or 14m. In order for this o be feasible, and always to a certain degree, the
available rebar oddments must he separated according to their diameter and length which from
a practical point of view, 18 a complex and spacefabor demanding procedure.

Finally, thara will always ba rebar loszes. & large amount of losses includas an increased mate-
rial zost and a lower labor cost while a small amount of losses coresponds to a larger labor
cosl. Tha largeled goal is the oplimum combination that leads to an economical solution wheara
the minimum rebars length requirements are obligatorily mel

An effective oplimization method which provides an effeclive combination of cosl-loszes |5 the
method of the ‘standardized cut and storage’ in which the rebars have length of a specific step
equal 1o e.g. 25cm .

! The theamical mass of the mhas meniansd in lable 1 [rg for 92, 247 kam) usualy in pracion, has a deviation Tl ranges from +1 In
2%,

¥ Tow loes parteniage & a rdalve quanily and B complelaly indepandant of te achual mess, B vanes from +1% b0 +5%, aceonding io the
aplimizg lion method folowed by azch senforcamen supplisr

* The mest simple and practical way te inciude the renfarmement in 3 bid and to estimaln s cosl, & by seling e price hased upon the achsl
mass of e propery shaped and readi=l-mpleseni reinfarcement, having caloubied e losses 25 wall Each iotal amaunt will be defned by
meEsasuning tha ranferement's welght

* The slandardizng cul and storage affers many advantages 10 the organized reinforcemen| suppliers. The hea majer adwantages ane;
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The following paragraphs examing 3 optimization examples regarding the rahars of spacific
structural elements, based upon the following assumptions: {a) constructional deviation= Zem
and (b} standardized cut with a step equal to = 0.25m,

1% example (the slab of §3.5,1)
adami 13
- . -~
- % a
- FpT =
Fymi 3 Al m 1
T Ty e D0 LT
2
lr,-ﬂ-.: i m Sirighl bars 31009 ]
A
Fomd Bl 14,50 dinickaion b AT &
AEE AED
f o
amiLEA
. g s 3L III F
]
F ot i n m Fairpa's. gy’ s 38 'y

TLy e

In the example of the one-way slab in §3.5.1 the total slab length was 4.40m and the length of
the lower rebars was 4.33m.

In both ands of the slab, the sida formwork mighi slip bo the left or o the right around 2cm thare-
fore, in the o worsl cases, the slab's gpan lenglh may lake a value between 4.40-0.02-
0,02=4 36m and 4 40+0.02+0,02=4 d4m. Rebars are crtically affected when the slipping of the
slab’s ands happens towards tha inside. In order o avoid such a case and have the propar cow-

ar deplh, the lower rebars must be formed with a length equal o 4.33-0.02-0.02=4,29m

The standardized cut length is 4.25m or 4.50m. In this caza, itis not passible to cut the rebar o
a lengtih either shorter {than 4.25m) or longer (fhan 4.50m) and therefore the optimization re-
gards anly the constructional deviation. Consequently, the rebars (2) musl be cul 1o a lenglh of
12=4_20m instead of 4.33m. The same thing applies and o rebars {5) which will b cut fo a
length equal 1o 15=4_29m ralher than 4.33m.

By an analogous way of thinking, we concluded thal the rebars (1} will have a cut-langth of
1=4.38m instead of 4.42m. The length difference s divided in the upper horzontal parts of the
bent-up rebars which will he formed with a length equal to T1cm rather than T3om,

The hairpin rebars {4) have a short length and there is no reason for cut optimization,

The rebars (3} will have a cut-length of [3=4.89m rather than 4,93m,

&) The rebars’ oot and siomage as well as the gathering of the retars equested by an awder, ane separaie lasks periommied by different prrsons
il

o) & all i=ws, e Gupphar My knoe e eac sumber of svery spacilic lenfit-rebar redueiled by a0 he daly orders, and o ha can
=anage his slack. The ‘standardized cul and sivrage’ entails ksses in the order of +2%
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2" axample {the two slabs of §3.5.3)

s3em £2om +3om
— = - — =
44l
I i
il |
1
1
o= 160 -
f =60 ms2ym P e
T MWENW s 181 (16D
¥ ymd.00 4.3y m avaigh Bars @10120 &
. Fomaoniaroim (5 sionsl upger o @0
i ry 280 (243)
554 (5.5 m ko poupECTiY 210 o [
554
£yt B8 (4.50) m thmdritabnn e BAS @
&8
Lrmt by (15 m hairpi~'s stmghl ars 4R i
asg

38 ¢
raiphstas@aze @ oo

In the example of the simply supporled slab connected with a cantilever slab mentioned in
£3.5.3, the tatal length of the first slab was 4.40m and of the second slab was 1,60m. According
to the previous example the tolal lengths of those two slabs may range belwean 4.36 and 4.44
for the: first slab and between 1.56 and 1.64 for lhe second slab.

The eflect of ‘consiruciional desviation’ upon the oplimization:

The constructional deviation of the two slabs does nol affect the majorly of the rebars’ lenglhs
bacausea it is poasibla for the latter o move o the adjacant slabs. Rebhars (3) are the only ones
that have limilation and sinca thay do not have a margin either to the laft or o the right, they
must be formed with a length equal of 5.54m instead of 5.58m, For the same reason the vertical
bars (4} and (7} must be formed with a langth equal bo 4.889m rather than 4.93m.

The effect of "standardized cut’ upon the optimization;

The rebars{1) must have a kength of 5.50m instead of 5.52m due to a minar difference (whera
the lefl upper horizontal part of the bent-up rebar becomes T2em instead of Ticm and the right
upper horizontal part becomes 181cm instead of 182em),

The rebars {2 will be formed with a length equal to 4,50 rather than 433,

The rebars (5} will be 3.00m long instead of 2,78 (where the [ast length will become 2,65 in-
stead of 2.43)

The rest of the rebars have a limitation and cannot be standardized therefore, the hars (4) and
(7} will ba formed with a langth equal to 4.89 Ather than 4.83.
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In the example of the simply supported beam in § 3.4.1 the beams s 4.00m lang and therefare,
the total length may varny hetween 3.86m and 4.04m. The constructional deviation does not af-
fect the support rebars (1) and (2], which will be formed with a tolal length equal o 1.50m in-
stead of 1.39 (where the last length will become 1.27 rather than 1.16),

The lower and upper rebars of the beam are affecied by the constructional deviation, This is the
reaznn why the bars length must be shoftenad by dom, howeaver, the hooks may hecaome larger

50 a% o achieve the required final length (hooks must nol exlend oulside the concrele’s mass
and inside the beam’s cower depth),

The rebars {3) will have a total length of 4.50m instead of 4,371, with a span length equal to 3,687
rather than 3.81 and their hooks will be 0.38 long instead of 0.30.

Consequenily the reinforcemeant bars (4} will have a fotal length equal o 3.50m rather than
3.48, with span length 3.09 instead of 3.13 and their hooks will be 0.23 long rather than 0.20.

The rebars {5) will have a lotal length of 4.50m instead of 4.33, with span length equal o 3.82
rather than 3.86 and their hooks will be 0,40 long instead of 0,30,
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4.7 Estimation of the structural frame’s cost

By the quaniilies eslimates, we calculale the amount of materials and labor required for the
huilding's eraction prior to the constroction. Bazed upon these estimates and by taking into ac-
count the pncas offered in the market, we eslimale the cosl.

After the completion of every constructional phase, as built data must ba collacted {guantity sur-
veyl 50 as to calculate the exact amount of materials used, The final work cost will be defined
based upon these measured quantities and the initial bids, When there is an accurate detailing
and a meliculous supervision, the guantiies estimales prior to the construction and the guanii-
ties measuremeant after the construction’s completion approximate one another

The estimates of the various quantities prior to the constrection must never be neglected be-
causa apar from calculating the initial work cost, these quantities are used for ordering tha van-
oUs materials.

The final work cosl depends upon a range of factors like the size and location of the construc-
tion, the number of columns and beams, the seismic risk zone, the type of foundation efe,

In Movember 2008, the mean value of the: reinforced concrele’s price was ranging betwesn 250
and 320 €m3d of concreta. This prica includes all cost factors like malterials, labor, matanal’s
VAT and every other malerial and labor indirectly required, On the other hand it does nol in-
clude the cost of the thermal insulation boards, the additional formwork cost when visible con-
crete surfaces ane required (off-form concrete, architeciural concrete), the additional cost due 1o
the possible use of self compacting concrete, the personnel’s social insurance, the VAT regard-
img the labor on site, efc.

The cost of the individwal work proceduras is analytically presanted helow:
Concrefe supply

It includes the material's purchase, ransportation and pumping as well as the use of su-
par-plasticizers. Al the present time, the price ranges from 74 up to 85€/m°.

Formwaork's assembling”

It includes the use of appropriate fimber and maoulds, all the necessary steel support
clements, the transporations, the required labor for the Tormwork's assembling and fe-
moal, the use of every necessary machinery or tool as well as the casting, compaction
and curing of concreta.

Mormally, the price should be refarred in €/m?, but in the market it is usually found per m?
of concrete. There |s no need 1o mention that the offered price in m” Is set based on the
corresponding m° of formwork. Mowadays, the current prica varies betwean 55 €/m’and
75 Eim’,

Supply or reinforcement bars properly cut and shaped (VAT included)
It includes the steel's purchase, cul, shaping, ransportation and up-lifling.

= The moel crucial tsckor (hal debarmites e cosd Tor the formmeork ispkamentalion 5 tha m™ of moeuide, in cosshinalion wih tha m® ol concnehs,
Tharadone, the bids and The biling of the formwork's Implesentaton ane providad per m? of concrete, o par m? of formwork
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The currant price ranges from 006 €7'kg up to 0.8 €%kg.

Red inapi .
It regards the [abor for the implementation of the enfire reinforcement, bars, wire meshes
efc, with the exceplion of sfirrups. The current price varies between 0,12 €kg and 0,16

kg

Supply of stirups®

Il incledes tha supply of properly shapad, ready-to-use stirups. Al the prasent timea, the
price ranges from 0.75 €kg up 101.0 €kg

Stirrups imphementalion

It regards the labor for the stirrups implementation in the work, The current price varies
between 0.20 €%g and 0.30 €kg

Spacers oost

It regards the supply and positioning of every type of reinforcement spacers, plastic, re-
har chairs, eto. Nowadays, the price ranges from 4 € m® up to 5 €/ m*

Social Insurance of workmen and iechnlclans

In a work, the soclal insurance cost |5 exiremely large and therefore, it should be care-
fully evaluated, & low-priced workforce that requires a lange number of wages might not
ba that economical when compared o an expansive workforce thal reguires a smallar
number of wages, & solulion thal allows for fewer wages s the use of industrdal form-
works and industrial reinforcements, mainly indusirial stirup cages. Another important
Tacior that affects the number of wages |3 the size and the difficulties of the work.,

Tha labor cost for the formwaork implementation varies batween 0.4 and 1.2 wagas/m?®
and for the reinforcemeant implementation from 0,15 up 1o 0.3 wages/m?. This means that
the tolal labor cost ranges from 0.50 up o 1.4 wagesim® and if we consider an awerage
cosl Tor social insurance around 60 €wage, the cost of the stroectural frame reaches 30
to B4 Efm™

Apart from the cost of the basic materials and labor that were mentioned in the previous
paragraphs, there are other quaniities that have an affect upon tha cost of the building's
structural frame construction. These quanlities are either considered as separale cost
elemeants (2.g. the thermal insulation boards which are integrated inzide the structural
frame), or they are indireclly calculaled in the cost of olther quantibies. In every case,
these quantities constitute a large amount of the final cost no matter in which phase and
in‘'what labors they are apportioned fo.

* The Large Auctushion of tha etimips’ castwhich inclidas bath the supphy Bn tha implementatan latar, ks cauesd mainly by tha dffamant fees
of simups avaifabie [see § 2 7). Futhermone, the: decisive facior of the supply cost & wihether the stimip cage is indusirially produced or nott
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Fillimg
It includes the amount of s0il orfand the amount of aggregates required for the founda-
tion filling wupon which the basement floor will b= constructed.

The cost of the filling depends mainly upan ils guantity, because in the case of the soil
the cost 1% determined by the transportation and mainly By the required machinery. In the
case of the aggregales usage, the supply cost is inthe order of 35 €/m?

Miscellansous

In case of exiruded polysiyrens usage in the form of boards for thermal insulation and
since these boards are inbegrated insida tha structural frame during the construction, the
quantiies are required in m? per board thickness, Apart from the cost for the material
supply, which is in the arder of 12 €'m® for & Som thick board, there is alao the cost fior
their placement inside the moulds which ranges from 1 up to 2 €'m* |

In zases of nbbed slabs’ construction with the use of enlarged polystyrena, the supply
cast is in the order of 56 €'m” for density equal o 20 kgim?

The amount of common wire for tying together’ rebars ranges around 2.0 kgt of rein-
forcement and its cost is approximately 3.5 €%,

The amount of gas and oil, the transportations and the nails (when using conventional
formworks) as well as every other reguired matenal, depend upon the contractor's
equipment.

? ¥ the meisforoament winite i done by =eand of specisl mechinany, the cosl of the sparopriale wirs & much Nighar but on the aiter kand, the
Lahor cost is much keser. Briween those o salulions the one with the special =achinery is by far mo= economical
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4.8 Electronic exchange of designs - bids - orders

The structural analysis and design are performed, almost exclusively, by means of a complete
software packane.

O the: other hand, the detailing requires a software combination every one of which demands a
differant input. & part of that neceszary dala is re-insarlad inlo avery software while anothar part
is insertaed as the oulput of a previous software, As a consequence, the necessary amount of
time and cost for the detailing are rather lamges,

Moreowver, every data modification e.q. in the dimensions of the elevator, entails new successive
data entries unlil we reach the final goal which is to estimate all the quantities of maleral and

labars, by following the same time consuming procedure. Apart though from the high cost, the
continuous data transferring from software to software is particularly precarious due to possible
human errors.

Tha presant situation regarding tha reinforcamant bids and orders i5 presantad below:

(1} The rebars” ordar is madea o tha reinforcamant supplisr by sending numaraus drawings, de-
tails and 2chedules. These require great attention and constitule a bureaucratic procedure offen
made manually.

(2] Every reinforcement supplier requires a large amount of time and mamey in order to send a
reliable bid.

(3} The contractor faces difficully in receiving reliable bids from numearnous reinforcemant suppli-
B,

All the above described procedures are ime consuming, have a rather high cost and if we lake
into account the unavoidable human ermors caused by the several number transfers, the result-

ing delays and tha complaints, one will malize tha difficully that lays in managing the cnlical is-
sue of the earthquake resistant reinforoemesnt,

The solulion to the complex probbem of a quick and reliable bid sending and recelving of rein-
farcament ordering, is expacted to be provided by the internet and the new advancad softwane,

The software included in the CD thal accompanies this book intends fo solve the problem with
the electronic order {e-Crdar) and o opan a new chapler in the intarmational markel regarding
the exiremely complex issue of the reinforcement order for the construction of reinforced con-
crete structural frameas.
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5. Detailing drawings for the structural frame’s construction

5.1 General

The architectural, siructural, mechanical design of a building, have three stages, the preliminary
design, the final design and the detailing. The purpose of the preliminany design is 1o assess all
the parameters of the building, o evaluate their effect bath from a legislative and a practical
paint of wiew and o propose a solution. The final design presanis the entire concapt of the
building, solves all issues regarding the designaled proposal and deftermines the geomelry and
the way of construction. The detailing describes in every detail the constructional way of the
building's erection and providas all technical information regarding its realization.

&l the stages of ewery single design are presented in drawings, During the preliminary design
they have the form of a drafl drawing, during the final design they are accurale drawings and
during the detailing they analytically presaent every detail

In order to have a correct and economic erection of a building, the detailing is mandatory in all
threa design categorias: architectural, structural frameas’, installations.

In the case of a sfructural frame that belongs to an earthguake resistant reinforced concrete
building, the detailing is extremely complex and critical for the building's inbegrity. The complex-
ity of the structural frame's detailing is caused mainky due to the hundreds of bars that compose
its reinforcamant. The rebar dimensions regard each individual structural frame and this distinct-
iveness of the thousands of pieces is unigue in the entire building when compared to all the
other elements e.g. the casings are mef in tens of different types and dimensions, The accuracy
of the reinforcements schedules s extremely cruclal because every mistake joopardizes the
building's safety not during s wsual service life but during the rare (bul certain o come) mo-
meant of a strong ground motion.

When the building 15 relatively small, thara is a large possibility to make changes during its con-
struction. For inslance, prior to the excavalion and due to special soil conditions, the foundation
may bha modified or due to an alteration of a floors use the formwark might be reformead. Faor this
reazon, when the work i3 small and thers s a large possibility for changes it is preferred the de-
tailimg fo follow the phase of the structural framea's erection,

The methodical and detailed supervision of the structural frame's erection iz mandatory for the
successful construction of & huilding. Howewer, the proper superndision is feasible anly whean
thers is a meliculous detailing even If the superisor engineer iz the alzo the designer engineer.

The drawings are symbolic plans whosa meaning must ba comprenhensible not only o the de-
signer that composes them but also to all their users (supenvisor enginesrs, foremean, contrac-
tors, quantily surveyors atc). The symbolic language of the drawings is usad and in tha exam-
ples mentioned in the previous chapters, The drawings that accompany this book show the de-
tailimg of the multi-storey building <boER>=, which is examined in the varous chapters, while the
following pages concisely explain the terminology and the praclices followed.

The construection of a building's structural frame requiras two types of drawings: (a) the carpan-
ter's formwork drawings which provide all the necessary geomelrical information regarding
the formwork’s implementation and the concrete casting of the structural frame and {b) the steal
lixer's formwork drawlngs thal present all reinforcements wilh their necessany details.

Usually, the detalling drawings are presented in 1:50 scale, while the detalls are presented in
1:2000r 1:10 scale,

The carpenter's drawings have the prefix G, while the sieel fixers drawings have the prefis R
The numbering of the drawings may follow any rule, In this specific example every drawing is

EARTHOUAKE RESITANT BEUILDINGS 770

Wolume &

numibersd by integer multiples of t2n, This numbering has the advantage that various versions
of a drawing theme can be added without altering the numbering of the fallowing drawings. For
instance, if another version of the carpenters drawing C.30 is created it can be numbered as
C_.31 and =0 on.

When there are more than one steel fiser's formwork drawings (like R.30 of the example draw-
ings) these have the same number Bul with the addition of their characienstic {in this speciic
case R.30.B, is the detailing drawing’ of the beams). The same thing also applies io the carpen-
ter's drawings.

In ewery drawing C.xx, cormresponds one R.xx and possibly a supplementary BLasywy,

Ewvery structural element presenied in the drawings has a number prefix which defines its level
e.g. the label 212 spacifies the beam b12 of the 2™ floor. Usually, the prefix 1 corfesponds 1o
the 1% floor, 2 to the 2™ floor, -1 to the first basement and so on, This means that the beam pre-
fix is numbered .. -2-1,0,1,2,.... In the example of the project <bkGR=, which has a mezza-
nine, the correspondencs is presentad at the tite block of the following paragraph. The repre-
sentation of evary struciural element with a unique way helps in the industnal cut and storage of
the reinforcement order, Tor many floors al the same Hme withoul problems arising from confu-
sions due to elements with the sams name.

! Tz bagme detaiing drawings a1 The iraditional construclional drawings that accompansad evary detaiing and They had two roiae. Trhe firgl
&l masl imporan] was o proside the acacl dimensions ol rebars and slimugs 20 a3 fo compose e renlasgemenl scheddes. The second
e v o accuralely caling the preces pasilon of the scdibonal relers when 1ha was not anlinely pivious. Nowadays, wilh 1he ues ol propar
salware, [ke e one incleded i this bagk, the reisforosment schedules are aulomaticaly crealsd wilh greal acouragy and he specialies of
the addiional rebars” implemeniation are shown upan the fommeork drawing. Moremeer, the simple 30 or fhe slereoscopic figuees created by
fhe softmare dusirabs the arad reinfoncesen Bpoul in 2l the oilical pans. The sa=e (hing appliss and Tar the red of Ihe adibonaly aooom-
panying drawings.
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5.2 The drawings’ title block

The fitle block is & wery imporiant element because il is the first page of a folded drawing there-
fore, it must provide, at a glance, all the necessary informalion that regard the drawing.,

CHJANTITIES ESTIMATION
E B L)
Columss: 4 00 Rabirs B50%c 1.580Ky :l—
Baams-Slsbs:  41.00m? Sdmps BEO0c:  THOKg § =ram
S 2.0
Buams-Siabe stel A4 s
Fomworks Febarm BR300 2.000kg
Calumes 188 e Emrrups Badlle Iy 3 miman
Baoms-Slabs: 257,07
S 17 ot Candimeer lghtwsigh mesh
TiH 4 ems)  BEky
empioyer: EARTHOUAKE RESISTANT BUILDINGS
project: Drawings sample
facafan: VOLUME A'
enginears: The Author's Team
popcttpe: STATIC AND DYMNAMIC AMNALYSIS i
Prcject phume:  DETAILING 0311/08
P Dvassing rismbor
MIDDLE FLOOR CEILING
FORMWORK C.50
laval *1": +5.00
CARPENTER
Sal:  1:50 1:20 Project rame: BGR Pmizicn oode:
ARCHTECTUSAL FRCJECT: SRamp, shgnaiane:
ATATD ookl WIS MROJELT:
The: fitle bBock of the drawing 550
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The sketeh is very useful as it indicates tha floor that each drawing regards and presants the
conslruclion's progress,

Tha tlitke block provides information aboul the concrete grate and the steel class that will be
used in the construction of that specific floor

The quantities of each floor are very impartant not only for the materials’ orders but also for the
estimation of the labor required for the formwork and reinforcement implementation, It s helpful
o mention, individually, the quantities of every constructional phase e.g. the columns have thelr

own quantities because as a rule, they are constructed separately from the beams and the
slabs.

5.3 Carpenter's drawings

Tha carpenier's drawings prasent the construction of the sfructural frame from a geometrical
paint of view. Since they are closely relaled nol only 1o the archilectural bul also the structural
design of the building, they derve from the cooperation of fhe architect with the civil engineer,

The forrmwenrk’s detailing includes accurate drawings, plans views and sections and if necessary
30 drawings-figures. Thesa drawings also includa tha necassary quantities of materials-labor.

5.3.1 EXCAVATIONS and FOUNDATION FLOOR (Drawing C.10)

The personnel responsible for the formwork’s assembling must be notified of the edcavation
drawing because evary possible mistake during the excavations will have an effect upon the
formwarks' implementation,

The building's foundation is faintly presented in the excavation drawing 30 as o confirm the
general dimensions of the excavation. Moreowver, this helps the growth of the building's entire
concep in all the maleralization bodies involved in the work,
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The coordinates ¥, v, z © of the chosen system are marked upon every corner of the excava-
lion's peripheral polygon. In this specific example, the orgin of the coordinate system {x.y} has
been defined as the lower lefl edge of the building land and the origin of the Z axis as the middle
of the forefront's side walk which coincides with the 0.0° as set in the urban planning drawing.

The final excavation level is defined by a value upon the 2z axis.

In the case of a bench, only the wo coordinates x and v are written upon the polygon poinds e.q.
in the deepened excavation around at the elevator's area.

The sections present the excavation in a simple way. The thickness! of the leveling concrete” is
also dizplayed while it is very helpful to show with a faint line and the structural frame of the
bwilding that is going to be erected,

The excavation® volumes, the filling quantities and the amount” of the laveling concrete are writ-
fezn upan the drawing.

The excavation wolume = separated inlo two qguantites, the first regards the excavation below
fthe lowest point of the ground and the other regards the excavation above the lowest paint of
tha ground. The estimation of the first quantity 15 mora reliable than the estimation of the sacond
cuantity.

The filling 15 also separated inlo wo quantities, the first regards the quantity required for the
foundation filling (upan which the basement floor will be constructed) and the second will be re-
quired for tha backfill of the excavalion part that extends beyond the siructural frame, afbar the
construction of the basement shear walls

In thiz phase of the construction, the filling quantities must be menlioned in order 10 be possibly
combined with the collaction/ziorage of the excavation spoil,

The amount of the leveling concrele depends upon the average necassary thickness required
for the formation of a horizontal floor upon which the foundation will be sited. A higher depih
accuracy and a mone horizontal excavation floor suface leads to the use of a thinner concrete
layer. The leweling concrete’s surface must he completely horzontal withowt humps because
upan that surface the foundation elements will be marked and The foundation reinforcement and
moulds will be positioned, Under no crcumstances must that eveling take place after the con-
sfruction of the foundation by adding excavation spoil, e.g. leveling by means of an excavalor,
especially in the surcunding surfaces of the foundation elements, This happens so as o avaid
alterations in the soil conditions that the designer engineer has incleded in the struciural calou-
lations.

4 Dunng the sxsaraabon, the final floor must be defned based upan an accwrabs measuremant in wo phases: 1%) when he eecavalion has
ptheanead anaugh, e lzke 2 massure=en &g, & -2.0 and we mark 3 ckarly delinsd line arownd the pen=ater ol the pd (3ea Tha 30 Tgune o
ihe picawaiion), 2= when the eecavabion is aimos| fnished, we must condimm is final depth and the floor's horzonlality

i recommended ia a8l the arigin ol the Feighl meaarements (000} as e upper bevel of the graund floor's laor shab, because il we
ghange the relalve pecilion of 1he buldng, he [apasraphe deawing wil be e anly ane 1o mediby. Mersaver, e lschaiaone wl sasly meas-
v the fipar heights from (he same level withoul T danger of smars,

“ The lhicansse of [he lavding cancrels aysr is an aversdges walue, Thes mesns thal no maler how sseliculous e axcavalion s, i The =ean
valm ol tha cancrale thicknass s 10om, The aclual Ihchnsse in the varous pars wil rangs &.0. betwesn Sand 15 cm

5 The iewaing concrala & ndanied 10 level the eocavation doors anomalies and nol the aromaliee of e ground & fexiune, 2., 8 surfaos that
i been groowsd [and disrupled] by (he buckel leeff of an excavabor. The leveling conorsde swsd be casted aller we firdly diminale these
marke by 8 machanics’ or manusl way,

£ A5 ande, the atikces 7 of The rabeal ground ane approsimaie valugs theselone the sobme o the superiacent 5ol &5 also an approrimaie
ealmalan. The ward Eslimalion of quanilies includes evary cahculabls or insalzuleble approsimzhion considersd in almasl vany work.

7 Tha lavaing concrele mual extend slong e anlre sscavalion anaa and mol only in he erecion Area &3 i 2anss olher reasong as well ke
the avoidance ol & mugdy surlace due to rain or a daugst left apen,
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5.3.2 FORMWORK OF THE FOUNDATION and the basement floor (Drawing C.20)

Upon the surface of the leveling concrete, one must mark (a} the columng, {b) two points of
every axis 0x1, w0 yv1, .., (c] the sides of the sirip foundation and shear walls as well as the
foatings' sides of the siip or the spread foolings foundation. This can be done by means of a
thick pencil, & apacial marker pen, steal ping ar amall wooden laths (which will e removed prioes
ta the concrate casting), or by means of any olher way'.

Il = recommended to lemporarily define xi and y| ases either naturally (with propearly fitled
strings, in Gresce thesa are called “stitches™) or electronizally, so as to facilitate the determina-
tion'confirmation of the remaining points and axes.

Specialized topographic personnel must determine at least the fixed points; howewer the lining
must be confirmed with propery fitbed sirings and a surveyor's lape, both by the supervisor en-
gineer and by the contractors responsible for the structural frame's erection

When the elevalor stops at the basement, its foundation must be placed around 1.40m lower
than the basement level, The most effective way of conafruction s to nomally implement the
reirforcement of the elevalor's foundalion togelher wilth the rest of the foundation relrforcement
and before any formwork assembling, to concrete only the spread footing of the alevator, Later
this will help in the prapar and weall-balanced positioning of the alevator's shaar wall moulds and
in securing the accurate continuation of the available working space al the other floors

This drawing also shows the foundation filling” which zan be composed of soil, debris, debris
with a final layer af gravel, or of s0il and a final layer of gravel, In every case, the filling's layers
must be thoroughly compacted by means of mechanical equipment and constant water spray-
ing. It is recommended to cover the final layer with a walerproof memhbrane {e.g. thick plastic
sheet) so as 1o isolate wabers from the substructure and 1o avold absorplion of the concrete's
water during the casting process

* Lately the toundation fling is composed of epanded polystyrene. The polystyrene pisces (of a lege voume 5. 2001 005 = 1m¥) mght
b alsa used lor The side moukds ol he foundalion. Homsuer, such & case requires greal aflenlion and predimineny work in ander | secune he
side cower depits ol the enforcements, g with the use ol s=al siesd pns. placed al pre-defingd poinks upon the foobngs' edges. Hal the
basament, Frere ane drainage pipes, e chatnek far the piping ndalaton can be sasily opened wih a saw. In & skicly lorbidden bo vse &
Edorw bangh!
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— wall compacied
- back-Tilirg
=168
S R et - oo 0 johr— surface concrale

Delal of the drawing .20

Al the channels reqguired for the piping placement of avary type of installation e.g9. drainage
must be openad and coversd prior o the final filling layver and at least before the compaction
and the formation of the final surface, The installations of the foundation's floor must be pre-
senled in & separale drawing in every delall. Extra attention must be paid when defining and
presenting the required verizal holes in the foundation beams for the positioning of the installa-
tion pipas.

The concrele grate of the basament floor must ba the same as the one used for the struciural
frame because it also covers the columns’ and shear walls' laver (see §3.7.5).

Al concrete surfaces must be thoroughly cleaned and washed prior to the concreling of the
basament’s flnor, In the peripheral shear walls it is possible to use an adhesive emulsion, which
will ba placed after the meliculows cleaning and righl before he concreting (See and the rele-
vani detail in drawing C.30).

During an earthquake, the building's sway up Lo the bagement's ceiling is considersd Zero and
therafore, there is no obligation for a joint at the foundation and the basement, However, ifs po-
sition musl be indicated in these drawings because the reinforcement of the columns’ and shear

wallz” must have the proper layoul in order to be conmected with the reinforoement of the corme-
sponding verlical elaments of the ground floor and the upper storeys.

EARTHOUAKE RESITANT BEUILDINGS IRG
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5.3.2 FORMWORK of the BASEMENT'S ceiling {Drawing C.30)

Tha drawing of the basemeant ceiling’s formwark includes the formwaork plan view and a charac-
teristic elavation, both in 1:50 scale. Mareover, it shows the details of the two staircases in 1:20
scale and the details of the periphearal shear walls’ waterproofing in scale 1140,

The axes and the fixed points of the columns must be re-defined in the basemeant lavel.

Twa heights are mentionsd upon the formmaork drawing, the first regards the height of the slab’s
covaring and the sacond refers lo the height of the concrate’s upper surfaca. Although many of

these altiludes appear to be unnecessary they are written in order fo avodd confusion during the
farmmerorks’ implementation,

Mormally, the channels required

far tha positioning of the installa- B0 PariE L STOBRAD P — |
tions, must be clearly indicated i —— e ,
upon a special drawing howevar, I . _ wwter rmubeson |
if they are nol exlensive and | ™, “'_.:
complex they can be presenied I _ i .
only upon the carpentar's draw- .
po. maascappetastopsss | WD hd | e
roLg wa a strip foun- ! 2
dation, the designer engineer ) e g | ||
must e notified. e ., [ ™=
The detail that regards the ot —— |
proper waterproofing of the two L x i
joints formed at the base af the wvbavmen Pmmen I

peripheral shear walls whera fhe §

lavers of the final three concrete
rastings meet, is quite important.

When it is possible o work at the
outer surfaces, the soldtion is + ey
shown at the first figure whila L
when thems s no such possibility, T
we are limited fo the internal : E =+
saaling. It is noted again that the . .'1
solutions mentioned in this para- ST
graph constitute some of the | bewmeani
numeroLs, analogous solutions. o aay
1= U1
II| - Falieg
g -
basermenm s |
o -
mﬁm-_l p - I- & Jl
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534 FORMWORK of tha GROUND FLOOR'S ceiling (Drawing C.40)

The farmwaork drawing of the ground floor cailing incledas the formwaork and & charactarnistic ele-
vation, hath im 1:50 scale. The dashed line in the elevation is the cross section of the mezzanine
that is going to be constructed in a following phase.

The drawing also includes the details of the bao ground floor staircases presanted in scale 120,

The axes and the columns’ fixed points must be re-defined in every floor 5o as o avold an in-
craase in the armor caused by the successive point-transfers from the lower floors.

5.3.5 FORMWORK of the MEZZANINE'S ceiling (Drawing C.50)

The farmmwork of the mazzanine's cailing includes the formwwark of the ground finor and a char-
actaristic elavation, in 1:50 scale.

Maoreower, il includaes the details of the two slaircases in 120 scala.

[ ~RE -
fagm g e e
T Haaim L =

- PE
T e

Dea of the cerifral slarcass, of the driaweng G50
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formation required for their design must be provided.
For instance, in the case of a circle’s arc, the center of
I i thea circle, ils radius and two points upon iS5 circumibear-
ence can be indicated.

?J— L1 Lpews WWhan the formwaork includes curved sections, the in-

For an effortiess and accurale implementation of the
a gm arcuate side of the slab’s formwork, when the circle’s
radius is known, small wooden, plastic or steal modals

|
- &
q. I_._ 1.1 CEL] 1 I E.I..-.--...-.-...-.--.---..-....-.-_-...-----------_.-.-..-._.-.---..I. e
| I [ I |
g ' :
1 =1 & e ~ i E
__"—-—.___ A —~ E 200 .
can be created in natural size | ]
(fids) with a length around eg. 7T =
50cm, which can be used as driv-
ars for the support of the flexibla :
Side mould, [
- I I
el g
[ " g2 - |
| hx__h'!‘m‘—--,_hm a o
Poe § L - i
1—-.\_\__ e
Ly of e badaorys arc in e chaweng C50

5.3.6 FORMWORK of the MEZZANINE'S ceiling with thermal insulation (Drawing
C.55)

The formwork's plan view i the same with the one previously mentioned. The only difference i
that the former has thermal insulation integrated inside the siructural frame, This drawing is pro-
vided indicativaly, as a different varsion. Howewvear, if tha struciural frame is going lo be con-
structed with an integrated thermal insulation, then all the drawings must include the thermal
insulation as well.

THE REST OF THE FLOORS (Drawings £.60,70,...) are aimast aike and therefore are not in-
cluded i fhe drawing sampies.

a58a Apostolos Konstantinidis



The Art of Canstruction and The Detailing

Steel fixer's drawings

The steel fiver's drawings are rather complex and include a wide variety of details, The intention
of this book is to prasent all the phases of the detailing procedure therefora, the samplas of the
steal fixer's drawings include a number of details. However, these detalls are only a part of the
details that should normally accompany the drawings,

The number of the consiructional defails that follow the detailing drawings of a building depends
upon the size and tha complexity of the waork a5 wall a5 upon the experienca of the construction
team, Many of the constructional details usually met in practice, are included in the varous
chapters and can be used Az an example for the practically unlimited cases that one may ba

Wolume &
TABLE 1
a | Mass Section's area in cm?
mim m
ka ipes | Z2pos, | 3pes. | dpos. | Spos. | Epos. | Tpes. | Spes. | 9 pen.
5 0,154 0.0 039 [iE=1] .78 0.98 1.18 1.37 1.57 1.76
8 0222 .28 057 0as 1.13 1.42 1.70 128 236 255
i 0385 0,50 1M 191 2.1 2.0 302 352 402 453

called o faoe.

The symbols of the steal fixer's drawings have beaen analyzed in the previous chapters conse- 12 | O.HER 1.13 2.0 339 4.52 6.65 .74 EE-) 204 | 107

quently bellow are meantioned only the titles of the drawings:
FOUMDATIHON FORMWORE {Drawing R.20]
FORMWORK of the BASEMENT'S celling (Drawing R.30}
OETAILIMNG OF THE BASEMENT & BEAMSE (Drawing R.30.B)
FORMWORK of tha GROUND FLOOR'S ceiling {Drawing R.40)}

FORMWORK of the MEZZANINE'S ceiling {Drawing R.50)

EARTHOUAKE RESITANT BEUILDINGS

10 Q61T 0.4 1.5 £36 314 3.93 4.1 S} Lol FA

14 1210 1.54 3.08 4.62 6.16 . B.24 10,78 1232 1386

16 1.580 £ 402 503 a0 1.0 12.08 14.07 1608 18.08

14 ey i 254 508 162 1B 12,70 16.24 17.78 2082 2385

2470 .14 &35 .42 1256 1670 18.84 21548 2512 2828

3850 4.81 B.a2 14.73 19,64 2458 | 2046 3437 3828 44.19

2
23
28 4 853 B.16 1233 1847 e e 3655 4510 44 25 GR 42
B E310 804 1608 212 DB | 4040 0 4824 5628 B 32 T35

Example: 4914 cormespond o a section of 8.16zm® end have a mass equal 1o 4*1 21=4.84kg
Example: 24120 cormespond o a seclion of 8 28:m® end have a mass equal Io 2°2 47=4.94kg

TABLE 2
Light structural wire meshes - BS00A - ELOT 1421-2
e Cross wires Langitedinal wires Thacrat
e s —
M. Coarraber Caslanca Ho. [ameter Distanos
L L (e [ e} LT
5,00 % 7,15 T131 33 5,0 150 15 5.0 150 1.5
500 % 218 Ti83 33 6,0 150 15 E.0 150 524
B0 % 2,15 Ti66 50 50 100 22 5.0 105 335

Example; one wire mesh T188 has square openings 15215 cm and rebars $6M15 which coresponds to 1,88 cmim
n bolh direclions. Its mass is equal io 32.4kg
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Reinforcement’s section in cm®
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Exampla: the reinfercament §1215 correspands o a saction of 7.54 cm?m. Tha equivalent reinforcament is $10
which carresponds fo a sechon equal o 785 cmiim
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