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I
3%4 Xy &

=) We wn dustnibote the loods onthe cotomns (auid aul +he possible

disthbotion , #'s +the GENERAL CASE)
> Ps o smpubied appraach |bot the ol situobon (S coser 4o these

solwsons & some hyotesis are wenbed:

Lineosr - eloste fegime (o0=E &)

we  negher au the soffness of non -stuctotos. eenvents  (the cesistent
clement oue onyy +he cowmns, not +he others)

Lam same cases thee noN-sevuctvnal eeventss shovla b conswdered
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e = Bx (Bq()z Iyc = &yv (Bx )3
42, 42,

- comrpLte ex and ey

Ex = Xo — XG

€y = 4o -4a

compue Hhe elteck of transilocten

Fax __Tuo Fsy T
ch 2 = LLa &.‘C " - LL3
n 0
S Tur 5 Ixy
J=4 Lz 3 F=4 Ly®
- effects of rotodnon
Mt = Fsy ex- Faxc ey
Xol = XU — Xo
)’o(. = q\, —“ofa
- compuee Y
Y = % IX xoi” + Tdl . Yo~
C=a 103 L3
)] .
Sxi ™ =-Me . Tub . Yot
L3 v
EXERGISE
32—t —ed —gy 12 -
Fsx 4 E ISM
Pyl ms- @ “ S0cm
. - ,L»«o - 30om
18—y i PN
476“'\)(5:*\\(‘ 1om
N.&.
Fsy= %0 N © The dlotos howen't Lnic meosores, but
Fex =0 N they Wos o be cohirent
nomber Of columns = A2
Bxe = 0,3 for every
gyv =93 clwomns
“  (o;0) (B 0) “0;0) (20, 0)
(o, ) (5,95) o; 5) (20, 5)
(o, 40) G,40) (4040 o) 1)
g “0,8)
© (8¥5,5) wose to the most nopd gorc
ex = 4,25
ey 2o
Sqmmety respece to X, not Y
Fi 4“0/ i
__ZA,LZ__KH Al +the cotomns Tn O +he resvuant
G RTT / have +he soune (R4 +R2 +R3+R4)
& > 7 {
i i%v & suness (&) Qcks.
Fs
Rror - d = R\-O+ R B4+ Ra 40 + Rq . 20
R( cC K
d = k-O+r K-S+ K- +K-O=£=8J*5

W+ + K
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Efecks of ods (Ed) wan  be podwerced novony by dlirecty ol woad,bot 44| 40] 1¥

Huoogh the THEORY OF ELASTIC COACTIONS we con stody other efedts.
Stode of SIess N ou ko in which there s o sote of consthount betayern

SOME pode and the st of 4he body

CoONBTOUNE 15 a. Uunmitobon of Mo ment which & allowed ond so

produwed o swore of swess

ot todd F%is&m can be. femowd  removing

the Wad or +the woge

‘\ < '*', — swodte of soess without Ahe

opucosSon Of any exteral Wood

=> Ypicol forsome sityations of fenforced Concrere
¢« Temperawre

* Shen (=ricro det cs’) due to euaporaxion of wadkes
¢ Prestiessaed concrete

=? This theony con bR odso vsed for NON-LINEAR BEHAVIOUR

Tk s devetoped by GUSTAVO COLONNET (1896-4968)
& We wpose oL saaun on o seucwe[bodyy , generaly this SEOUN S incompath ble

{E} = wnposed swoun {8}91. = Qasuc SEoUn

glasac swain s generoded within +he body =0 we con compute +he L ohe

{8}1‘01' = {g}f {é}el. = compabble
)

n %nmx e «sc.omposecl on the 6 components ot swoun

Ex
gy

ez = {e}
Axy
Xx 2

¥yz

To an elosoc ou stote of sweas (S

generated ©oo.
1= o] {e}a = DI ( {efa - L&1)

I¢ e eviove +he (nposed exaun we dot'c haoe gloshe SToin nol State of
sdess generoded becawse ok .

This theory hos w be appued t© beouns and Sount-Venant’ s body .

Srecw defor maions can be ared | bur +he most impo(oant e s ase
prociuced hy ofthogonar tensions (92).

The distnbobon of oz shoud e balanced By +he octqions of Hhe cross

secdmons ( Normaot waud |, bendung moment csound y and bending momens
oroond x.)

L eguilonom s composed on 3 eqoasons.
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IA m,.di+£\9_m2di=o=5q

L’ frsc oder moment of arxeou, with fespect bo the centroid axis SO i+ is Zero

Sx= f, muqda s [ maqdaso

This flakions conr also be wnden by moxtixes

Mx » = Eo O Txo TIxyo Py = to S}M M4 €z -4 JA
My O Ixyo Iyo My € Ju, ™4 Ex-x dA

L’we aan obbtaun +he stare of soaun muef’o‘i\c& +he maonxes
4o O o fp 1 €2 JA

A e O (o] N
Hup = 1] O Tyo/D - Defp [{Mp+ | ©  Tuefy  -Tawofp| I (a0 o4 Te yda
Mu €5 O  -Ix4o/D TIxo/D My o ~bwlp Tx/p San 04 Ez xdA

D= TIwoTyo - Txyo~

Lf we apouied N, Mx and Hy +he stote ot stroun con ke proouoced by +his
ods or by this mposed seroun
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As 4 fmi&da - B (7 &y
Al Ao I
dA =8d
A= - B &mﬁj ydy = + B . 25 40°¢  H? _ a0 256.07F =
Ao mm -Hi{Z BH vm <4 8
= 42,5. 40”5
- . - LT O | 2 i
Mo =/ A [ €2 qidA) = _3_5 E-d'dy = - B 26-40°° y2dy
r‘ff’ A ; I %o —H|2 Ixe -Hlz
v Bdy
Tuo
Tyo Txo —Lwy?
Kx = - ,B'HS 2,6 407 _ -426-107F [/
24 Tuo mm
s s +Bl2 ° L
Ry = A €e-x dA - J_J xdxj &=z dy
Tyo Jaq Tyo J_gj2 ~Hl2
Q

Ty =0

L 4he cotation s
/‘- | -

dz=E (D +pe-y + Py x - £2)
L> +hese ase towan deformathons i +his cose they are onuy mposes)

onyy 1 one Plane

Iz = Q) suMm Of clifferent
Ly dwanores O.L.cna Y as+the scroung Uoear fonctions
0z = 25’000 (42,5 - 10°% — *‘;7-6-40"6.;,‘ ) gz.)

A

>
|

Y

A) = —
2

= B 4 -6 -
oz = 26000 (42,5 10"+ 426 40°°. 200 mm - 2,5-40°% 200mm )
nmm mm
== 3125 MPo
6) L{:O
dz = 26000 - 42,6 407° = 34 25 HPa

B) qzz_ﬁ,

dz = 26000 (42,5-407° = 425 40°¢ . 200) =- 3 25 MR

7
mmn

© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 33 di 194



© Proprieta riservata dell'autore - Digitalizzazione e distribuzione a cura del CENTRO APPUNTI - Corso Luigi Einaudi, 55 - Torino / Pagina 35 di 194

EY'OM e previovs exercise : 20/40,4¥
2= 42,5.40"°%

Mx ==4,25-407% 4/mm

M=o

N=0o

T =0

We want +o compote Hc

a,b o,b
Lext = Lint
QU Vicvol systcem b: oL s
2 \{-S'mﬂ(\

c = Al
4
Mo = —
¥ Ji.l.. Mb=0
= T-b-iO
" Nb =0
Lext = O 2
ab
L =
It _J:_Mo., P.b dz —_LMQ, P d= =HJLMmda
Hb = el + X
MAe = M JL Meu dz
Mfe = L A-L>
8
fo =L LZ - -425.40°S. 4000 _-2 5 mm
8
DEFLECTION

/(/ I_f(‘
we don's
hp.me e contibotion of 2, o0y corvaton deflect in this cose

—s AL Mo, =0

A /}/‘F — %tho P

AN

o AT F N S Nou =Ak
Lexe = ALy
ab 22 =
Lint =jaNa.">\lod£ = WAL 21 TN
& T AT

. Ael+ A
b= 2L =426. 40-%. 4000 =05 mm

€ modibication of-

rnemain colk S baxicon

g | concubons condutions
‘5 s couty
‘ gg et prinoute. s 77—7N0
I £ Stan < . 3
colly S €S
|‘ Yy mdetermmodee.} i Y
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Ed £ Rd (renforced concrete, RC) 23 bols
/_L*)conaete
sceel r@‘n(—‘orcmcg bars (ReEBARS)
Mechanical properties of concrete and rebouy
CONCRETE
@ s an orbficiol rock made by :
- woaxer (487)
- cement (1o7.)
= aggrego.tes (#01.) N warse ond fane (sond 257.)
- our (67)
- odditives
@ Density = 24 kN/m3
MC 2040 o Ught weight — 3+20 kN |m3 (sismic zone)
¢ Normak .-_uwcyh’c = 20+ 28 wN|m3 -
© heawy weight — 226 kN /M3 (nucloor pLoks )
L+ paRITE
@ Behawoor in COMPEESSION
b compression teses
{ ASTM (R d=150 m
[/V / Ib: 150 ram ] h=2d
Y=
g = T
Iah
h
E: etasbie modows
fo: swength  (naux Strength in Compression )
EC2. = Ec= 22'0c00 [ £\° CMea]
(Ao
ACl — Ec = 6% 000 V4 X
: . C
WV =045+ 0,2 (poisson coefficient) P
fc depends on: ‘
1) woder (cement RATIO wlc 20Mfa, 'I
23 Type of cement N
|
e o7 €

¢ normod t tyee T
* modibied : type IC
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In ths o coses we consider onwy the At pout of the relarion ,we hauve @ dcde
the. posc prak behawioor . We don'e do  becavse +he behauvioor cant be  Represen ted

by oo sress- suain Elakonshup, both 0 compression and tension

Tens, e best;?

we do the soune west performed by HILER BOoRG (19¥6)

- aundre

- two %O.UC}Q which measore the saess

A
& : Woo.ted exactiy i the crack

- oress Seckion A

Inthe pre- ok the stress n A and B are Hhe some | after the peawr they are duiferent

P /
o - PiA /_JECC !

/
y ERT A unmadmcj Il +o the Loerdung
, B increase of the saraun (continouingthe parabkoto.)
Ao TN
4 . 2 . o L
| AR 'Q\ [ A% T noement of +he Sooun 1S onw on the crowew
v / w[H !'\ Zone, oLt Side We obsefve anN easTte unwack
/ 1l L
l.’l F

e
1,[’ =P Gico tious T e have o ook we havwe an
|7 ok noevert so Hogrows (+AH)
wi fon IH W crack wid+h (ofthe fichitous crack )
‘ mnthe other ponts onoding is W reosr
7 v so we howe an nUWnear paft dwe oo
_zF the duilference becween A and 8
and a decravent of @ (A2) ()

E nitre post o = €4 + W - A
L EciL

I€ we conasider E-€4 we hawe +he post -peock Sroun

E-€a1 = ¥ _ A4S
H Eck

¥ =S
i's fonctcnr of 4he Wght ok the sampie Pok,cc,h (St oL motenol proparty
SO WwWe o't 0Se au VNIRISal curve 1t depends on W

L {1

‘ Hz D H4
——pe———— 7
| &

W

ol the porametres cue retosed w0 the moserios

So the post-pear con be defined n tefm of stess- straun and  width
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w ¢ Pelodave sudrm} of the concrete sample odluided by the Hctdoos aock
E=E44+ ) _AD

H Eci
4& = A0 :{?ct

To swdy the behowiour we howe o :

1) Sim pLiEy

2) fc, fcm,etc o auerage vouse o we need SAFETY APPROACH (w hos +o be
(ncwaded i +he rlatonshups)

3) redwce tests

==> howe o rRlbonsp whuch is as sy as possible

When we compote +he Rd in stiucoxol eb ments we use o B-& roorshup
"

- we simpufy 4he pProblem
cd and vedwoe test with the conenbotion
Y Sl v conuentional feloda onshup in tersie is
= _ i _ B2 wWich mykecks the tenaile provicded b\,
Eea  Ecoz € post , W's coued steeL
P D S PARABOLA —RECTANGLE
sl compresswe
dc::?cd[d-(—i—g_n] 0 2 & < &ca
Eca
O’C=f—ocl Eca € & < Ecoz

Three main pasumetes  which aje forchion of the closs of corcrete  Conmgresswe swath\
n

Ec2
Ecvz

I¢ the axass of concrete s Lower than CSo[60

n= 2
Ec2 = O, 2/
Eo = 0,35 /.

The sokery aprach s nclucled 1 the definibon of fod (= design compressive
strength )

fod = Oec fok

Y
Ke : rediiction foctor €or matrenal (=4,5)
o charovcrensse vawe (57 percentte)
dec = 0,85 (efect ot long, erm octions )

In BC2,Mc 2040 from +the cLOSS Of concrete e houl ow +he necessarny posauneties
For cloeses 2 €SO the grapuce (s shitred

< 4 c¥o
*_ <C50 the strength incrsases bot
: 2 | the consmant past is recced
012/§ E 0, 25/ —
0,247 0,2%

So 2cH50 issbroncrer, boc More brittle
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A
T -— -
e |
Pyd |- - = T —
/| '
A !
A L _ES
E\'d Eod
gbd = P

Xe,
¥s= 445 (wwer than concrete)

fd = Ryx
Xs

Evd £ 09 Eve
€yd = ud
Es

In EC2 Jhere (s only v possibluty bk 0 nealib| we can howe the second branch as
comptete plasuc with no Umitotion ot sooun (very osge seoun) ()

In Borope the steer B4S0 C ,aed for febou, Was':
* Py =450 MPa
" k= R = 4,45 + 4,35
Py
g EU\Q = %5/.
o fyd = 4% £ 3G MPa

4,16
e fkd = 4,25 L4k = 489 MPo
4,15
* &d = 09 &k = §, 57
e mass = ¥880 vz%lm-?

TIn compiession +he sweel has Qxactly the scune belhausicor
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Any xe.mJ of shnorog/e oS wWrthook any Extemol acons.

In BEC2 0ok howe 2 cdulerent wmd of shr\mco..o(e

&
The totok one (s qiuen b\1‘ the scvm ot dm{mq and aLogeNCUS shrm\cnqe
Ecs = Ecd + Eca,

A) Ecd = Pds (&, £s) kh - &cdo
Ecdo g qust after casdng shﬂ'nm-qe ot tme £=90 , found N Table 3.2
PAG 20A
Rds (£, es)

b cockbiaent whnich dependsS on two cmeS :
° £ bmnme ax Whidh we want to cad colare Ecd
° LS tve of ok o cast (O which shr ncage SOOU€S )

€ €200 Bds=4, s0 £ we consider 4he offect  of shrinaqge afer o tong
ome fom SUking, ﬁds=.«L

kh = $£(ho)
ho = twe 6mes the cueos okdhe secbon =~ 2AC
penmiter exposed to enuviconment e
L expased to dr\‘
PAG 20 &

ELBm = Kh - Edo
—)

The moxiom effect of ihe s.hnmepqe becavse g (s He moximum vadoe
B) Eca = ﬁos (&) - Eco(o0)

Ecolw)= 25 (:em—Ao)-AO'G —> oxionom owboc)gﬂoos Shtinkage
few n MPa
-0zt %°
@as =4 - &
E 1S a.colftient in which € is n o VoIS
e moxmom vatce 1s for £ O Bas =4 os before

=D maxidmom ook shrn
Ecsoo = kh Eadp + 25 (foac-40) 40 ©
"y
Ths sn'e on exack fofmolta. |, beccuse  con e 40+ 1. hq}ner of Lol dhon Hhis
volwe bocouwse ¢ depnds on many factoys

We con see whokt howppensin ou faunforced conafete section wihen we Wowe shnneowge
PrROBLEM

H
2
bl - -
75 / ! J,Il
& A< Yo
£ [ ic
== Xo
[
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=

Ixo = ni{B_Ha’,, Bu(ﬂ_qo)z _ 04 4s (4o-) + N2 As (Yo -)?* =
A2 2 _

R 2
= 4 | 200400°, 200-400 (400 - 4%2) ] - 4.800(194,2 - a0) +
42, 2
F ¥ 500 (194,2 - 40)% = 444 40" mm ¢

* We o compo  the stoke Of Stfess o+ +he secbon, o:smg the payoume tes o
+he qenerat pLone seckion .

l (=0)becacse we hare onyy v wadven awong z axis

To generak, sohoun S olaste @oe toload So 0) ond M posed stroun
2= A (maEdA = Ez. A - -6-10"% . (200 -400-5C0O) . - §3- 0%
Ao Jac Ao 82’000

e
_ Shfinkoge isconstant , not o foncktonoé {he positian

p«:_"_j ni €& -4-dA = €z S 4 IA
IXo AC Ixo 1 Ac ]
" Stodic Moment of conarexe secton  Sx
&x= [&qo 4o - As(Yo —c)] ng - ni[%(H-‘{o) (.H_ﬁg)] = - 54 40°% mm?
, N .
Fx = —6-40"%- (- 54-405) . 284 40" % Almm
4,44 - 403
STATE OF STRESS
- -0, A
= B
i S
bs | uwseet e N2
S | P N
c

dz = E(A+ x4~ E2) ~ erostic = towol - imposed
L Ureas foncnon widn respeck to the 4 axis

ADgzaz= Ec (A+ Px Go-H)- €2) = [-58.40"% +2,84-40 T (494,2 - 400)+ 6 - 410~ 4]
= 0,4 MPa,

8) Bzp, wacete = Ec [ A+ px(Yo-<) -~ E2] = 2, 22 MPa.
B) dzpamet = s [ 3 + px (Yo-)] = ~44 MPo

L%rb;mpo’i—ki Sehoun
) dae = €« [ 2+ MxYo - Ee = 2,56 MPa

Tipicok Sitookion = when we howe shonkoge

, Temn (-‘orcmg sterl S under compression
bot concrete asroond sweek (s W wNSion

rd
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CONCRETE secTiON 8la4] 4%
oz
& e

Ony 0’2 onthe cross section M and|or N (oo M:pore ¢exion ; M+N : compiexwn
Llexon) . We neglecred sheas stesses.
Vo colomn

~ booun

P LF he
[ | & - '
| | _2 “\\—/ g . )L q.,i - //

o’oj

wonstont bending moment ,so in TEMS of sclesses vde Mowe on Uy nofmok
stress ond +the tein forcement ofe in the tensive =one (a)

The behaviox canbe fepresenced w the P plane (appued Wood, sposn deflection)
P Fa

s

fmmsfsrm

£< porin

W

1

we can compote the relaxionstup petween Ac and As  REINFORCEMENT RATIO
f = As

¢ Ac

L i+ leods o o ek of posibiuties for +he fq dougram

4) As=0
f =0
t; No eI ForceMENt in the tENSILe 200
brigie behaowicor
2) Tost o Udle renforcement
As +0
£ < fmm
ONDER — REIN FORCED CONCRETE BeaAM
t: nore ment of strengh recpdmn? the fouwe
Ad : cmcvunc.& (=) ‘qe).dinc} of steel whwdh (s loweer 4hvoun wod so w od
| ok cracciing is bugger +than wead ax q]eu:ﬂng (A1>8)
2) Lewge quanaty of renforcament
As #O
> Mmoo
OVER ~ REINFORCE D CONCRETE BtEAM
+he faiwre con't be onthe wansile zone. , the fodlre s Radhed wn +he
Mo imom Vedle fo¢ compression
very brigle behowioor , we hawe Croshing, of concree (n comefesiaon ot
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Production of prédalles

Thank you very much for your attention
Info at
www.bottaprefabbricati.com
paolo@bottaprefabbricati.com
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EX.

C tozg

() MiNe = Ec px To
I€ N=zo we howe the
Saogme Stouation oS besore
T N #0O +4he before
retasionship is aslared

Both concrete and swel hawen't oo Uneor felotonsiup between & and &

M

Nz>Na>O

N4>o

- N=o
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ihe sge wwoo wive. We wnow 4hot when Sceek (g yelded we ore oxtheend
of the =seccnd stoge so ur ase n +he +thed swoge .

In the (ost stogpe (STAGE THREE) : steel has ou tension equal +o 4he yietadung
one. Moment is equal My (= proment ot qieLang in e eloor in wension)

= 3he +heoremcol UPeosr approach isn't reod so wWe need & dwomcte. s0mething,
in the thiee equartions we used in the bending beaums

) EqQuilbaoon equadon :
N = fA o dA

MiNe = [ dz-4da

2) CompaLtbiuty equation  (plone sections femoun plane after detorma tion)

3) cosStiue, relacionshup ot modenal
o # Ee (= s\houild be NoN LINEAR)

POSSIBLE O-€ RELATIONSHIP FOR CoNCRETE

° No contnbuton ot conarete @ wrlion

® Excepc forrhe frse post,the belhowioor
Sn'e UWneour

° SARAGIN

v

° PRRABOLA - RECTANGLE
* Non- Uneouw (erokion ship berween o aud €

o’
£ ' I R — ¢ Uoeos melodonshup op to +he yietdung
/ Stage | +hen ¢+ broomes coestant
e N SUS—S
&
Lo Ly

— v , 4
=> | NON _LINSAR.
W

d=2 = T is ou genefos function ot &€

Eq () neo eq- (@))
= (At x4) N eq. () and (2 we hane o system

N = fc’(ﬁﬂ.u-q) JdA
M4+ Ne = SO’(’A+Mx-L{)"1 da
=> eguotions And System ore non-Uneor beocowse o-€ IS non Uneou .

In generat 1€ we wnow N ond M we con obtoun A and Mx and
VeRufsay
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M-M duagram  (non sqymmeencos)
M P

-3‘.(,

Tf we conaid® a symmemicol cross-section so dhonge dimensions eund As we houe:

To compom M-p retationshup we conerder N oppled ak W[z ,then wemove +he ongn
O 0 ¢ oand Qp-du(‘ecvonc,le (s Qiwde n severot Udle rectangtes (BUx W)

E:Mkff"“4 P /
— 1 /s
: —7
2 1 B . B /
1 el SL,
o Ip— 4
— A
ad
2 L f
| 4 N RS v ,“
gt xgC fs
H= s he o
T=a

O nonloer ©fF rec&o.nqus

EL= A- H.xgg_
I = (&)

In +his way (dilferenc rectongles) n syose of +he \nregros we hawe the sum
N= fdda = 5 oani-8 + § Asgosy ' € s ooy
=4 LEEETE J-4 L T=1 ;

M : nowmbesr of senpes 7
P - nomber of Sceet ruts (\/

Pase of the concretre st Pes con boe oco.)pigd bq stees

m
P
M= fo3da = ?4 el-hi-Bi -3+ 2 Asy (sg - Fo) 35

=) aproximation  cdose © +he ot vadve when Wi is dose vo zero
=> lRad bo o soWwkion of the W cegrak

Ex 4
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