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Fiber-reinforced cementitious matrix (FRCM)

“Composite material consisting of a sequence of one or more layers of cement-based
matrix reinforced with dry fibres in the form of open single or multiple meshes”

iméros + fibras en forma de ACI-549.4R-13
FRP 1 (r as) —tejtdtos o mallas

l l l

Matriz Fibras en la forma
FRCM = . o
inorganica de mallas
Reversibilidad » Baja susceptibilidad a la radiacion
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Figure 26 - Clevis grip used in this study
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RESULTADOS EXPERIMENTALES — MODO DE FALLA
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CARBONO C-NET 170 BL — ADHERENCIA EN MAMPOSTERIA

Name provino Forza di distacco Slip di picco Tensione Tasso di lavoro Modalita
Fs[kN] | fsq[kN/m] s [mm] o, [MPa] Ov/O Ou/Ot di rottura
CC-BMAS-01 3.04 76.1 1.50 16182 0.86 0.64 F-E
CC-BMAS-02 2.86 716 1.12 15224 0.81 0.60 F-E
CC-BMAS-03 2.97 742 1.23 15778 0.84 0.62 E
CC-BMAS-04 2.88 719 1.57 1530.0 0.82 0.61 F-E
CC-BMAS-05 2.90 726 1.04 1544 1 0.82 0.61 E
CC-BMAS-06 3.14 784 1.71 1667.8 0.89 0.66 E
Media 2.97 741 1.36 1576.7 0.84 0.62
Dev. St. 0.11 2.7 0.30 569
C.V. 3.6% 3.6% 19.8% 3.6%
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AR VIDRIO G-NET 251 BA — ADHERENCIA EN MAMPOSTERIA

Nome provino Forza di distacco Slip di picco Tensione Tasso di lavoro Modalita
Fa [kN] | fa [kN/m] s [mm] 0 [MPa] Ob/0 Ob/0: di rottura
GL-BMAS-01 1.55 31.0 2.59 666.1 0.89 0.54 E-F
GL-BMAS-02 1.53 30.7 2.60 658.0 0.88 0.53 E
GL-BMAS-03 1.46 292 2.00 625.5 0.84 0.50 E
GL-BMAS-04 1.42 283 2.10 608.2 0.82 0.49 E-F
GL-BMAS-05 1.58 316 248 678.4 0.91 0.55 E
GL-BMAS-06 1.38 217 203 594 3 0.79 0.48 E
Media 1.49 29.7 2.30 638.4 0.85 0.51
Dev. St. 0.11 16 0.3 340
C.V. 5.3% 5.3% 12.4% 5.3%
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BASALTO B-NET 350 BA — ADHERENCIA EN MAMPOSTERIA

Nome provino Forza di distacco Slip di picco Tensione Tasso di lavoro Modalita
Fs[kN] | fs5 [KN/m] s [mm] o, [MPa] Ov/Oc O/t di rottura
BL-BMAS-01 3.36 67.1 1.70 11572 3.84 0.58 E-F
BL-BMAS-02 343 68.6 1.52 11818 r X ¥ 0.60 E-F
BL-BMAS-03 3.1 62.1 1.39 10711 2.04 054 E
BL-BMAS-04 2.89 578 143 996.2 2.33 0.50 E
BL-BMAS-05 3.42 68.5 1.54 1180.9 2.14 0.59 E
Media 3.24 64.8 1.52 1117.5 0.56 0.91
Dev. St. 0.20 47 0.1 816 0.06 0.12
C. V. 7.3% 7.3% 12.6% 7.3% 13.7% 13.7%

4

35

3 !

n
()]
T

Carico [kN]
N
T

AlIRE 1 SB

NIVERSITA DEGLI STUDI 1‘-1* intech

'5



ACERO GALVANIZADO STEEL NET G 80 — ADHERENCIA EN MAMPOSTERIA

Peak load Slip at Peak load per Peak stress in Exploitation
eak loa pa unit width the textile ratio of textile’s :
Test (per side) peak load _ Failure mode
(Fras) [N] (s) [mm] ( Frnax/W) (of = F max 2l As) strength
max [N/mm)] [N/mm~] (Gmax / f:) [%]
1 8473 21.63 211 2390 99 F
2 6934 12.83 173 1956 81 E
. 7409 12.21 185 2090 87 F
4 9444 12.76 236 2664 111 F
5 7324 13.34 183 2066 86 F
Average 7917 14.55 197 2233 93 F
Co.V. 1026 3.97 25 289 12
» Load-Displacement
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Def (mm) Mid-span displacement (mm)
B =140 mm, H =260 mm, A =339 mm’, B =150 mm, H 250 mm, A =226 mm’,
A =28.2 mm’, L =2300 mm, L 700 mm. A=126 mm’,n=4, L= 2000 mm, L, =750 mm.
EEF epoxy resin, MTF: CE.‘]ITE:I'I'[IILGI.H mortar. R4_fl: epoxy resin, M4_fl: cementitious mortar.

Fig. 9.17 Expenmental results of carbon FRCM strengthened RC beams obtained by a Hashemi
and Al-Mahaidi (2012a, b) and b Triantafillou (2010); A, is the cross-sectional area of steel rebar in

tension
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RESULTADOS EXPERIMENTALES - UNIPD

Cuatro vigas prefabricadas con seccion transveral a doble TT fueron tomadas de un

edificio industrial existente y desbues sometidas a un ensayo de flexion
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Pellegrino C., D’Antino T. (2013). “Experimental behaviour of existing precast prestressed reinforced concrete elements
strengthened with cementitious composites”, Composites Part B: Engineering, Vol. 55, pp. 31-40.
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CONFIGURACION DEL REFORZAMIENTO

Ref.  Strengthening Thickness [mm]

TTO00 Unstrengthend control beam -

TTcl Carbon LAMELLA CFK + epoxy resin 1.4

TTef  Carbon C-NET220BL+cementitious mortar  0.12 (2 plies)
TTst STEEL NET G 220 + cementitious mortar ~ 0.220 (1 plies)
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COMPARACION ENTRE RESULTADOS EXPERIMENTALES

Y TEORICOS
Sezione di mezzeria TTOO A% | TTcl A% | TTcf A% | TTsf A%
Pnax €Xp [kN] 140.0 189.1 169.2 173.6
P th [kN] CNR 2004 126.8 | 94 | 1559 | 175 153.9* 9.0 153.5* | 11.6
O nax €XP [mMm] 238.3 214.5 200.9 196.3
Emax €XP [%00] 10.340 8.3 7.568 7.081
€max 1 [%60] CNR 2004 - 6.4 23.0 - -
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VIGA TTcl: Despegue del laminado




VIGA TTcf: Rotura de las fibras cerca a la mitad de la luz.
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EXPERIMENTAL RESULTS
VIGA TTsf: Despegue del sistema FRCM
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PROPERTY RANGE
a/d 2.22 - 4.90
f'., MPa 10.1 —46.2
Piong 0.00792 - 0.05133
Pw 0.0, 55 tests 0.00067 - 0.0042, 28 tests
Strengthening SB- SB- U- U- L Fully
configuration Strips  Continuous Strips  Continuous Anchors  Wrapped
2 tests 23 tests  12tests 25 tests 13 tests 8 tests
Number of 1 2 3 4 5 6
fiber layers 46 tests 22 tests 7 tests 7 tests 0 tests 2 tests
Py 0.000237 - 0.005588
Pem 0.02667 - 0.2333
Fiber type Basalt Carbon Glass PBO
9 tests 42 tests 22 tests 10 tests
€y 0.007653 - 0.0315

f'.cm» MPa

21.8-86.7
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| REFORZAMIENTOACORTANTECONFRCM
RESULTADOS EXPERIMENTALES

Variables
estudiadas

—t1 Espacio entre los estribos

Estribos Estribos ¢8mm
$8mm s= 300 O s= 200 mm
mm (Serie 1) (Series 2)

OR

T Tested shear
T an T 'l'l;lg;l: Span
——{] Numero de vigas
2 vigas qvigas reforzadaas
CONTROL + con FRCM
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| REFORZAMIENTOACORTANTECONFRCM
RESULTADOS EXPERIMENTALES

P
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RESULTADOS EXPERIMENTALES




| REFORZAMIENTOACORTANTECONFRCM
RESULTADOS EXPERIMENTALES

_ 30 Ts7 FRCMFA-UN 30
Z 300 }-S2-FRCM-F3-U
o 250 {~~S2-CONTR e
T 200 - 5 20
o : 3
.q_, E g 15
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--S1-CONTROL | &
0 T T T T T T T T T T T T T = 5
0 10 20 30
Mid-span displacement, A (mm) 0




RESULTADOS EXPERIMENTALES
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RESULTADOS EXPERIMENTALES
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Applied Load, P (kN)

RESULTADOS EXPERIMENTALES
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Applied Load, P (kN)

RESULTADOS EXPERIMENTALES
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RESULTADOS EXPERIMENTALES

Verem = 2ntpErerodyycot(0) ‘ Ere = Vircm
€ ZnthfdvaOt(e)

| S1-FRCM-F3-UN
\

30 o
Vercy = Verr — V. R in
\\\\\ FRCM — VSTR = VCONTROL §200~’ /
\ \ l N 3150 :Q-’\\sn, —
| 750 0150, 38 il =
\ / 0 2000 4000 6000 8000 10000
Fiber strain, g, (pe)
e V 8 e 8 max
BEAM FRCM f f,

(®) (kN) (ue) (ue)
S$1-FRCM-F3-UN 29 21.2 2249 4825
S1-FRCM-F4-UN 29 34.5 146 1921
$2-FRCM-F3-UN 23 243 1829 2686
$2-FRCM-F4-UN 39 115 9952 1190
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RESULTADOS EXPERIMENTALES
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CONCLUSIONS

. CARBON
* Increase in strength STEEL
FRCM . FRCM
 Failure mode FRP FRCM
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the substrate vertical fibers
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Informacion experimental
lliSIlIIIIillle Numero de especimenes

63 especimenes cilindricos

29 especimenes con seccion
prismatica (cuadrada o
rectangular)

Numero de layers

nvariadelab

Tipo de fibra

CarbonO, PBO, Vidrio, y Basalto

10 articulos tecnicos Resistencia a compresion
antes del confinamiento

f,o varia de 14.3 2 29.3 MPa
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3.5 Cylindrical specimens (C) | 3.5
° Prismatic specimens (S+R)
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Higher values of 7_Jf,, were found for specimens with larger values of
n, for both cylinders and prismatic specimens. The proportionality of
f.JT, with nindicates that the confining stress in each layer is kept
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Modos de falla

il

Aunque se ha informado de una menor eficiencia del sistema FRCM en
comparacion con el observado en elementos confinados con FRP, el
sistema FRCM presenta un modo de falla menos fragil.

Los modos de falla observados para el Sistema FRCM se caracterizan
por una combinacion de rotura de las fibras y despegue de las mismas
en la interfaz fibra-matriz

La rupture de las ribras ocurre gradualmente, con la fractura iniciando
en un numero limitado de fibras que despues se extiende a las fibras
adyacentes

Fisuras verticals (en la direccion axial del especimen) en el FRCM que
incrementan lentamente su ancho tambien han sido observadas

Se ha reportado tambien el aplastamiento del nucleo de concreto, con
un mayor nivel de dano debido al aplastamiento para configuraciones
con un mayor numero de layers

Para secciones prismaticas, adicionalmente a los modos de falla
descritos anteriormente, se ha reportado la rupture de las fibras en las
esquinas




| CONFINAMIENTO CONCOMPUESTOSFRCM
RESULTADOS EXPERIMENTALES
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RESULTADOS EXPERIMENTALES
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UNIVESIDAD CATOLICA DE SANTIAGO DE GUAYAQUIL 2017

Durante los eventos sismicos que han ocurrido en los ultimos afios,los muros
de fachada o divisorios en el interior de edificios de concreto, han sufrido
dafios notables. En estos casos, el desplazamiento relativo de los pisos
(deriva), excede la capacidad de deformacidon de los muros de mamposteria,
lo que genera su agrietamiento y/o colapso. Las pruebas fueron en los
paneles de mamposteria reforzados con mortero local y malla de basalto y
vidrio AR de G&P intech y diagonalmente probados segin la norma ACI 503-
05y ASTM E519.

120-128 em

15-16.5 cm basalt or glass fiber mesh
on the two surfaces
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Fig. 4 Mesh of glass fiber
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Fig 5. Mesh of basalt fiber

Glass Fiber Basalt Fiber
Weight 250 g/m? 350 g/m?
Mesh dimension 25x25 mm 25x25 mm
Thickness of fiber on each direction 0,05 mm 0,058 mm
Traction strength of the filament >2,000 MPa >3,200 MPa
Elastic Module to traction, filament 70 GPa >90 GPa
Elongation at rupture, filament >3% >3%
Failure load of mesh in each direction >50 KN/m
Elastic Module to traction of mesh 52 GPa >75GPa
Deformation at rupture of mesh >2,3%
Traction load per unit width >90 kN/m
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(1) Compression collapse

(2) Traction collapse

(3) Collapse with explosion

PANEL FIBER COLLAPSE
TYPE BLOCK MESH DIMENSION Pu MODE
(cm) (KN)

PAFB clay basalt 126x128x15.5 190.54 2
PCNR concrete none 120x123x15 125.9 3
PCFG concrete glass 120x122x15 137.9 2
PAFG clay glass 125x128x16 178.3 1
PCFB concrefe basalt 118x120x15 149.9 2
PAFG clay glass 126x124x16 141.9 1
PAFB clay basalt 126x128x16 166.08 1
PCFG concrete glass 126x120x15.5 137.9 2
PAFG clay glass 128x126x15 190.54 2
PCFB concrefe basalt 122x121x15.5 149.9 2
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Fig. 9. Collapse mode (1)
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