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OUTLINE SEMINARIO

* Calcestruzzi con leganti non cementizi
- GEOPOLIMERI
- SOLFOALLUMINOSI

* Calcestruzzi additivati con materiali da riciclo
- Fibre in acciaio derivante da PFU
- Gomma derivante de PFU
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Calcestruzzi
Geopolimerici
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Geopolymer

Concrete?

Sostenibilita delle strutture in calcestruzzo ad elevate prestazioni — Marianovella Leone — Universita del Salento

. SAIE

BARI 7-9 Ottobre 2021

CEMENT MANUFACTORING PROCESS

Replace clinker
with geopolymer
material

Sl D
...

- About 8% of global CO, emissions come out from cement industry

* The production of clinker accounts for most of the CO, emissions of
cement production

Process
= Quarrying & transport emissions

indi i M tt 5%
= Grinding & preparation of ore than 50%

raw materials

= Cooling, grinding, mixing — Clinker production

Thermal
emissions
40%




\‘ Z
/%/
\,N'»eneot,ald Can

NATURAL.:
* Kaolin RAW MATERIALS
* Calcined clay

Catalytic liquid

system is used as
GeoPOlymer alkaline activator
ConcrEtE? solution.

Great mechanical
and structural FINAL PRODUCT

properties
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INDUSTRIAL WASTE:
* Silicafume <«
* Flyash

*  Ground Granulated
Blast-Furnace Slag €=

(GGBFS)

The activation requires
no heat: CO, emissions

are reduced up to 80%!

Excellent performances
in terms of chemical and
fire resistance
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GPC MIX DESIGN
(defined in the previous phase of the project)

MECHANICAL CHARACTERIZATION

Experimental ' . l

Compressive Constltutlve Modulus of
p rOg raim strgngth Elasticity

PULL-OUTTESTS WITH STEEL AND GFRP BAR

¢12mm bar specimen * * * $16mm bar specimen
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Ground Granulated

3
Blast-Furnace Slag 224 kg/m

Limestone and gypsum 128 kg/m3

Geopolymer Silica Fume 18 gl
concrete mix Ingessil (Activator 170,
d €Sl g N Water 140 kg/m3
Additive (Plasticizer) 8 kg/m3
Sand 1092 kg/m3
Gravel 471 kg/m3
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Casting

Casting 1
Casting 2
Casting 3
Casting 4

Workability
tests
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Workability

class
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CoV:
ELASTIC MODUL
STIC MODULUS 24312 MPa 17%

PREVISION ACCORDING TO Eem = 22.000[(fr)/10]%3
Eurocode 2 36005 MPa

Modulus of
Elasticity

UNI EN 12390-3

Compressive
strength tests

UNI EN 12390-3
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Compressive

strength tests

UNI EN 12390-3
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Compressive strength [MPa]
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35 -
30
25
] —GPC CL 2
' ' = 20 - __GPC CL 3
Constitutive  [ElE —orCCL
|aW tests B 15 ~GPC CL 5
10 -
5
.
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Constitutive law Compressive strenght
N — =5
Omaxs €2 —

Strain at failure

Elastic Stage

Failure stage

o [MPa]

46 /42 /13
GCPC €22
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constitutive
law curves

p —GPC CL 2
—GPC CL 3
——GPC CL 4
——GPC CL 5
--- Model Code

0,002 0,004 0,006
&[]
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GPC_CL_2
GPC_CL_3
GPC_CL_4
GPC_CL_5

Average

29,3

27,5
31,5
25,8

28,5
(CoV 7%)

o
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0,0019
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Comparison between steel and GFRP bar

Average
Sample id Bon?h;g:]rmgth bond
[MPa]
GPC_GP_12_1 10.6 ]
cpc cp * The pull-out tests of GPC with steel bar
il i 7-7 and with GFRP were performed at
GFRP GPC_GP_12_3 9.5 9.7 different age of curing
GPC_GP_12 . (CoV14%)
-T2 J 4 * The GPC-steel bond strength values have
e e been corrected by using the coefficient
GPC P 12 2 26.2
1/2
GPC_P_12_3 24.9 25.5 ( fe )
GPC_P_12_4 25.4 (Lo 2, ferEF
Steel GPC_P_16 2 21.0
GPC_P_16_3 22.5 22.0
GPC_P_16_4 22.0 (CoV 3%)
GPC_P_16_5 22.7
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PULL-OUT FAILURE

Pull-out test
Results

(p12mm steel bar
¢12mm GFRP bar)
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30

—Steel bar (12mm)
—Steel bar (16mm)
—GFRP (12mm)

Comparison

between steel
and GFRP bar

Bond stress [MPa]

— N ==

% N W U N—

0 2 4 6 8 10
Slip [mm|
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The average bond strength between GPC and deformed steel bar resulted about 48% higher than the corresponding value obtained for OPC

The average Tmax,adj between GPC and GFRP bars resulted about 55% higher than that obtained in case of OPC
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* Tipologia prova: Flessione su quattro punti

11 *  Numero travi da testare: 1 OPC

Travi In e

calcestruzzo .

geopolimerico

Schema statico di P ] R S
prova B ALY U TR PR R S
Qf 100 100 Qf

300
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Travi In
calcestruzzo
geopolimerico
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Calcestruzzi
solfoalluminati

24
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Campagna

sperimentale
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GOAL: comportamento a breve e lungo termine di elementi in calcestruzzo

armato e non realizzati mediante limpiego di cemento a base di calcio

solfoalluminato (CSA) in miscela con Portland (OPC) al variare del rapporto

OPC/CSA

Materials

Sand

Gravel

CSA
(itech ALICEM®)

CEM 425
II-A-LL

a/c

MISCELE DI CALCESTRUZZO

OPC OPC+ 70/30 OPC/CSA 50/50 OPC/CSA 100CSA
(kg/m?)
900 839 895 894 895
963 900 957 955 957
- - 102 170 340
340 450 238 170 -
0.50 0.40 0.50 0.50 0.50
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Proprieta allo stato fresco ed indurito delle miscele di
calcestruzzo

I. CARATTERIZZAZIONE MISCELE

1 7 28 56 90 1
&g &g &g &g &g anno

Test di flessione su travi in calcestruzzo armato

Monitoraggio comportamento a lungo termine di travi in
c.a. esposte all'azione combinata degli agenti atmosferici
e di carico sollecitante di entita costante: 18 mesi, 60 mesi

Sostenibilita delle strutture in calcestruzzo ad elevate prestazioni — Marianovella Leone — Universita del Salento 26
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Proprieta allo

stato indurito e
fresco

La nuova generazione di calcestruzzi per
strutture sostenibili

o
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Resistenza a compressione, flessione, trazione indiretta, modulo elastico, slump, % aria

Rcm fcf fct Ecm
(MPa) (MPa)| (MPa) (MPa) Air
Mix Giorni S(Eigg) Perc.
(%)
| 7 28 56 90 365 28 28 365| 28 365

OPC 17.8 314 369 385 376 42.1 | 4.0 | 2.8 2.8| 287 30.1| 220 1.2
OPC+ 26.8 40.5 459 48.7 486 544 | 43 | 33 3.1| 29.6 31.5| 225 1.4
70/30 21.8 278 474 495 53.6 60.1 | 65 | 32 37| 288 31.2| 230 1.6

OPC/CSA ) ) ) ) ) ) ) ) ) ) ) )
50/50 25.8 322 404 465 634 69.1 | 4.1 | 3.0 3.7| 298 32.7| 235 1.7

OPC/CSA ) ) ) ) ) ) ) ) ) . . )
100CSA | 440 57.6 63.5 64.1 064.7 72.1 88 | 34 32| 31.6 358 | 235 1.8

Sostenibilita delle strutture in calcestruzzo ad elevate prestazioni — Marianovella Leone — Universita del Salento
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Sviluppo percentuale della resistenza a compressione rispetto al relativo valore valutato

a 28 giorni di maturazione del getto

- ORC - ORC- ~ar 7030 OPC/CSA - oom 4580 OPCCSA ~ —~ 100CSA ]
. i 50550 OPCICSA | i
Proprieta allo A s s ———— .
stato indurito e [ —

fresco

Riw ! Reasgg %)

10 20 30 4 S0 60 W S 9 100 385 95 05 S S IS M5 I 368

28

Sostenibilita delle strutture in calcestruzzo ad elevate prestazioni — Marianovella Leone — Universita del Salento



)e UNIVERSITA

. SAIE

BARI 7-9 Ottobre 2021
* Test diflessione in configurazione quattro punti di carico

[ _ 30 2014
i rrrr e ol 8! /Meﬂ
1-;- 950 900 a50 -To't-: 2 z @\ 414
520 _— 200
Test di

flessione su
travi in C.A.
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Test flessione a 4 punti: step di carico (10kN, 20kN,
4okN, sokN, rottura)

Contemporaneo  schiacciamento  del
corrente compresso e snervamento barre di
armatura tese

Finax Smax Fy & Ec
Trave
kN mm kN mm/mm mm/mm
OPC 86.3 432 645 2.1% 3.7%o
Te St d I OPC+ 98.5 483 774 1.4% 3.0%o0

flessione su
travi in C.A.

70/30 OPC/CSA  98.4 67.8  2.2%
@68.6 1.6%

100CSA 102.2 49.8 80.3 1.3% 3.4%o

50/50 OPC/CSA  90.4
70/30 OPC/CSA

50/50 OPC/CSA

—

Trave 70/30 OPC/CSA: elevata freccia in
mezzeria e deformazione calcestruzzo al lembo

L100CSA compresso

Trave 15o/so OPC/CSA: minore freccia in
mezzeria e deformazione del calcestruzzo al
lembo compresso

30
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* Quadro fessurativo (zona M costante): formulazione analitica (Model Code, 2010)

Wy = 2ls.max ’ (gsm —&m — gcs)

== =-0pC = W= OPC+ +OPC AOPC+ m70/30 OPC/CSA ©50/50 OPC/CSA - 100CSA
—- - 70/30 OPC/CSA -~ 50/50 OPC/CSA
—=— 100CSA F
Test di o | L e |
s g ¢ 3 | Carico: 50kNih'
_ 0.27 § i, " B 7 024 .
n E 024 | ; g i
essione su P P o s
] g = s N Do A
= . g 018 g 016 | e S ‘
traviin C.A. o [
2 - S 012 | !Carico: 20 KN\ L. P
S 012 | 2
g 3 = E s
< 009 | < 008 | o
0.06 | 5 PN "I
: 0.04 | g PO
0.03 | e
0.00:....|....|....|....|....|.... 0.00-/'""'""""""""""""""""
0 10 20 30 20 5 6 000 004 008 012 016 020 024 028
Carico (kN) Ampiezza sperimentale (mm)
Ampiezza fessure sperimentali — step di carico Confronto analitico - sperimentale

31
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# Shost-tems 0 exposure days

¥ 365 exposure days

—
“

Comportamento

a lungo termine
travi in C.A.

-

Mid-span deflection (mm)
)

BRI e A e St S o A o ol

BLONC 3100
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I & Shoet Sem tests 0 expomze &y » 365 expose doyn ]
on
o
i
Comportamento
- o
alungotermine |

travi in C.A. on
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Calcestruzzi con

gomma derivante da
PFU

35
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Utilizzo della
gomma

Resistenza a compressione (MPa)

Inerte medio Inerte grosso

36
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Preparazione
del
calcestruzzo
con fibre in
acciaio di PFU

MIX DESIGN
Fiber distribution

FRESH CONCRETE

Slump test
Air content
Density

Sostenibilita delle strutture in calcestruzzo ad elevate prestazioni — Marianovella Leone — Universita del Salento



Y

ITALY
@iﬂ\ﬁ
{ O
CHAPTER —_— [ | SAIE
3 CReneo t g BARI 7-9 Ottobre 2021

HARDENED CONCRETE

Compression strength
Tensile strength
Flexural behaviour
o—¢ behavior

Flexural tests on slabs
Pull-out test
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- PRECAST
PANELS

Obiettivo del

progetto

CONCRETE
PAVEMENT |
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75 L Clamps position

L 75 L 100 L
e 7 7 7
N
N
A o
S @ @ - oas
Ri ——— &
W A
|
250 L
: I
141414108 - L =242 Q 6ﬁﬁé

Applicazioni
dei pannelli

40
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Realizzazione
del mix
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pavement | S3 pumpability

Rcrn(28) =30 MPa

pannel Rcrn(l) =35 MPa Rcm(28) =55 MPa
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Realizzazione
del mix

GO0 0100 SO0 120 120+ 140 140+ 100 360+ 180 TR0+ 200 200420 >0

PAVEMENT
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PANNEL

Rapparto d aspetio LG jmmyen)

42
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Components Panel mix
PTQ  PP11
Sand (0-3.15) [kg/m3] 971 965

Aggregate I (3.15-8) [kg/m?] 342 340
Aggregate I1 (11.2-20)  [kg/m?®] 552 548
CEM II A-LL 42.5R [kg/m3] 380 380

Water [I/m®] 170 170
. . Fibre FC da PFU [kg/m3] --- 25
Rea | 1ZZaZlone Water reducing admix.  [I/m’] 3.20  3.25
d E| M iX Components Pavement mix
PPTQ PPI11
Sand (0-4) [kg/m3] 1160 1168
Aggregate I (4-8 ) [kg/m3] 219 205
Aggregate II (8-16) [kg/m3] 457 482
CEMII A-LL425R  [kg/m’] 300 300
Water [/m’] 180 180
Fly ash kg/m’] 60 65
Fibre FT da PFU [kg/m’] --- 20

Water reducing admix.  [I/m’] 3.00  3.70

43
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Fresh density [kg/m?] 2400 2425

Properties Panel mix Pavement mix
PC RFRC PPTQ PPI11
Slump [mm)] 210 205 190 200
Fluidity grade S4  S3 s4  s4  UNIENI12350
Entrapped air [%] 2.2 1.9 3.2 2.7

2387 2416

Sostenibilita delle strutture in calcestruzzo ad elevate prestazioni — Marianovella Leone — Universita del Salento

44



)2 UNIVERSITA
DEL SALENTO
/\/

Proprieta allo

stato indurito

s N saE

BARI 7-9 Ottobre 2021

Compressive strength Panel mix Pavement mix
PC RFRC PC RFRC

Re (1 day) [MPa] 36.8 37.0 - ---

Rc (28 day) [MPa] 55.7 60.0 43.6 47.8

Sostenibilita delle strutture in calcestruzzo ad elevate prestazioni — Marianovella Leone — Universita del Salento
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Proprieta allo UNI EN 11039
stato indurito

Notched beam: (150 x 150 x 600 mm)
Notched dimension: 4,// = (0.310.01); 3 mm < W, ., < 5 mm

Crack mouth opening displacement control CMOD (50 pm/min)

46
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18 (previous)
—— (pavement)
16 —— (panel)
14
= 12 [
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Q
£ s
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4 -
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° 0 200 400 600 800 1000
CTOD (um)
22 s s s s ‘ 22 ; ; : ‘
20 B o S | — (previous) ol | —— (previuos)

— (pavement) —— (pavement)

Proprieté a”O A N o L= (panel) e W S " | = panel)
stato indurito P — e i G R

12 k"

v»‘!ﬂ’

"f e ‘v“'” W
10 \&\\'&_4
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Carico (kN)
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