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1. GENERALIDADES

El presente informe contiene los resultados de las pruebas de laboratorio tendientes a
caracterizar el comportamiento dindmico de las mezclas asfélticas suministradas por el cliente.

Informacién bésica

Cliente: CENTRASA S.A.

Tipo de mezcla: MDC-1, MDC-2, MD-12 Y MD-20
Tipo de muestras: Marshall

Método de compactaciéon Impacto

Fecha elaboracién de las probetas: No reporta

La informacién referente a las probetas y tipo de mezcla fue suministrada por el contratante y
corresponden a las muesiras de mezcla asféltica proveniente de planta, elaboradas con
mezclas asfélticas, de acuerdo a remisién PCEN-CO-357-2011

Cédigo Interno

Las muestras recibidas fueron identificadas con el cédigo LAB 116
interno

Fechas de ensayo
En el respectivo reporte de laboratorio se encuentra consignada la informacién referente a la
fecha de ensayo de cada probeta.

Condiclones de almacenamiento
Las probetas fueron almacenadas en condiciones ambiente, con temperaturas entre 15 y 25 °C,
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2. NORMAS DE ENSAYO

Para la caracterizacién de las mezclas el cliente solicita un plan de ensayos consistente en las
siguientes pruebas (Tabla 1):

Gravedad especffica bulk y densidad de mezclas
asfalticas compactadas no absorbentes empleando INV E 733
especfmenes saturados y con superficie seca

Métodos de ensayo para mezclas bituminosas en UNE-EN
i igi 12697-26
caliente. Parte 26 : Rigidez Moo c

Tabla 1. Pruebas de Laboratorio

e Gravedad especifica bulk y densidad de mezclas asfélticas compactadas no absorbentes
empleando especfmenes saturados y con superficie seca INVE 733

Este método se refiere a la determinacién de la gravedad especifica bulk y densidad de
especimenes de mezclas asfalticas compactadas.

Gravedad especffica bulk — Es la relacién entre la masa (peso en el aire) de un volumen
dado de material a una determinada temperatura, generalmente a 25°C para mezclas
asfalticas, y la masa de un volumen igual de agua destilada, libre de gas, a la misma
temperatura.

Densidad bulk — Es la masa del material por metro cibico (o pie cubico) del material a
25°C (77°F) para mezclas asfélticas.

El comportamiento a corto y largo plazo de la mezcla estd asociado de manera significativa a
los niveles de densidad obtenidos en los procesos de fabricacién y construccién de la carpeta
asfaltica, de ahf la importancia de verificar este pardmetro.
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3. RESULTADOS

o Métodos de ensayo para mezclas bituminosas en callente. Parte 26 : Rigidez (UNE-EN
12697-26, Anexo c)

Se evalta el comportamiento de la mezcla bajo la accidén de las cargas dindmicas de acuerdo a
los requerimientos del cliente y conforme a lo expresado en la norma UNE-en 12697-26
anexo C, se aplica la carga que aumenta de cero hasta el valor maximo en un tiempo de (124
+4) ms. Es decir para estos resultados de utilizé una frecuencia de 2.5 Hz, en cumplimiento de
la norma citada. La cual se puede emplear de acuerdo al numeral 450.4.2.3 del artfculo 450
de las especificaciones de Instituto Nacional de Vias (Invias), que permite la utilizacién de los
procedimientos de la norma internacicnal para la realizacion de este ensayo.

En el formato ASF-02 Ensayo de médulo de rigidez dindmico mezcla asféltica se presentan los
resultados, cuyo resumen se presenta en las Gréfica 1 y Tabla 2 para la probeta No. 5 de la
mezcla asféltica MDC-1, la Gréfica 2 y Tabla 3 para la probeta No. 10 de la mezcla asfaltica
MDC-2, la Gréfica 3 y Tabla 4 para la probeta No. 6 de la mezcla asfiltica MD-12 y en la
Gréfica 4 y Tabla 5 para la probeta No. 3 de MD-20

ENSAYO DE MODULO DE RIGIDEZ DINAMICO - MEZCLA ASFALTICA

BRIQUETA TEHP- FREC Pl:-qoén‘:::l:l.o D(f‘;fr'nd:)d
(°C) (Hz) (MPa)
5 15,00 10,00 7.498
5 15,00 5,00 7.275 2.198
5 15,00 2,50 7.310
3 25,00 10,00 4870
3 25,00 5,00 3.836 2.207
3 25,00 2,50 2.994
5 40,00 10,00 874
5 40,00 5,00 799 2.198
5 40,00 2,50 555

Tabla 2. Resultados prueba de Médulo Reslliente mezcla tipo MDC-1 {INVIAS)
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ENSAYO DE MODULO DE RIGIDEZ DINAMICO - MEZCLA ASFALTICA

Grafica No. 1. Médulo resiliente en funcién de la frecuencia y la temperatura correspondiente a la mezcla tipo MDC-1

BRIQUETA RES i P?oitﬂli::;:o E:i;?:]j ;d
(°0) (Hz) (MPa)
10 15,00 | 10,00 9.138
10 15,00 5,00 8.208 2.134
10 15,00 2,50 | 6.718
10 25,00 10,00 3.586
10 25,00 5,00 2.758 2.134
10 25,00 250 2.038
10 40,00 10,00 628
10 40,00 5,00 429 2.134
10 40,00 250 307

Tabla 3. Resultados prueba de Médulo Resiliente mezcla tipo MDC-2 (INVIAS)
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Grafica No, 2. Médulo resiliente en funcién de la frecuencia y la temperatura correspondiente a la mezcla tipo MDC-2

ENSAYO DE MODULO DE RIGIDEZ DINAMICO - MEZCLA ASFALTICA

TEMP. FREC. Médulg Densidad
BRIQUETA Promedio (kg/m3)
(°C) (Hz) (MPa)
6 15,00 10,00 8.199
6 15,00 5,00 6.901 2246
6 15,00 2,50 5579
6 25,00 10,00 3.769
6 25,00 | 5,00 2.917 2246
6 25,00 2,50 2219
6 40,00 10,00 746
6 40,00 5,00 542 2246
6 40,00 250 379

Tabla 4. Resultados prueba de Médulo Resiliente mezcla tipo MD-12 (IDU)
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Grafica No. 3. Médulo resiliente en funcién de la frecuencia y la temperatura correspondiente a la mezcla tipo MD-12

ENSAYO DE MODULO DE RIGIDEZ DINAMICO - MEZCLA ASFALTICA

BRIQUETA TEMP: FREC 9:100"1::‘?0 D{i';?;: : }d
(°C) (Hz) (MPa)
3 15,00 10,00 8.011
3 15,00 5,00 6.546 2,099
3 15,00 2,50 5.190
3 25,00 10,00 3.901
3 25,00 5,00 2.972 2,099
3 25,00 2,50 2.206
3 40,00 10,00 813
3 40,00 5,00 554 2,099
3 40,00 2,50 389

Tabla 5. Resultados prueba de Médulo Resiliente mezcla tipo MD-20 (IDU)
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Grafica No. 4. Médulo resiliente en funcién de la frecuencia y la temperatura correspondiente a la mezcla tipo MD-20

La deduccién de la curva maestra se presenta en el formato ASF-03, y ambos formatos forman
parte del anexo 1. Se anexan los reportes de cada uno de los ensayos. Para el uso de la curva
maestra, se deberd determinar el parametro de reduccién de la curva maestra (X) en funcién
de la frecuencia requerida (f), temperatura requerida (T) y la temperatura de referencia (Ts)
presentada en el formato, de acuerdo a las siguientes expresiones:

X=a, +Ln(f)

@ =2,5210" %—Tl

X = Parédmetro de reduccién de la Curva Maestra.

o ;. = factor de modificacion en funcién de la temperatura.
f = frecuencia de la prueba en Hz.
T= Temperatura absoluta de la prueba (T=T°C+273,15).
Ts= Temperatura absoluta de referencia (Ts=Ts°C+273,15).

Por ejemplo, para las siguientes condiciones:
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Por ejemplo:
i . ] Requerida de las condiciones del proyecto
T: : Requerida de las condiciones del proyecto
Ts: Del reporte de ensayo - Curva maestra
T: 294,15 °K A=t L)
Ts: 298,15 °K 1 1
& =2.52+1 0* -(— ——1
(& AR T T
1,16

X: 2,07

Curva probeta
Médulo (grafica): 3391,65 MPa 6 MD-12

El valor de X debera ser usado para la estimacién del médulo en la curva maestra.

En los Anexos se encuentran los formatos con las condiciones de ensayo y los resultados de
laboratorio.
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4. OBSERVACIONES

Los resultados presentados se encuentran dentro de los parémetros de aceptacion del método
de ensayo en cuanto a la variacién de resultados entre los didmetros perpendiculares.
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5. NOTAS

Las muestras y su informacién fueron suministradas por el cliente.
Los resultados, conclusiones y recomendaciones corresponden a las muestras analizadas.

No se deberd reproducir de manera parcial o total los resultados de este informe sin
autorizacién de APC SAS.

FIRMA f\&

Director Técnico de Laboratorio (APC SAS)

RECIBIDO POR:
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ANEXO 1.
RESULTADOS CARACTERIZACION MODULO DINAMICO
DE LAS MEZCLAS ASFALTICAS TIPO MDC-1, MDC-2, MD-12 Y MD-20
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Formato ASF-02

INSTRUCTIVO:IE-AF2-01

ENSAYO DE MODULO DE RIGIDEZ DINAMICO - MEZCLA ASFALTICA

PROCEDIMIENTO DE ENSAYO: EN 12697:2004 ANEXO C

CODIGO ORDEN: 116

PROYECTO: MODULOS CENTRASA
Tipo de mezcla: MDC-1 - INVIAS Fecha Recepcion: 14-dic-11
Localizacion: PLANTA CENTRASA Fecha de Ensayo: Reporta resultado
Muestra: PROBETA No. 3y No. 5 Almacenamiento: Ambiente
Deformacion Objetivo - Tipo de probeta:  Marshall Edad 15 dias
TEMP. | FREC. MODULO (MPa) Variacién | Médulo
BRIQUETA Promedio OBSERVACIONES
(OC) (Hz) Diametro 1 Digmetro 2 % (MPa)
5 15 10,001 7.317 7.678 -4,7 7.498
5 15] 5,00 6.929 7.621 -9.1 7:.275
5 15) 2,50 7.154 7.465 -4,2 7.310
3 25| 10,00 4.691 5.049 -7,1 4.870
3 25 5,00 3.699 3.972 -6,9 3.836
3 25 2,50 2.871 3.117 -7,9 2.994
5 40| 10,00 863 884 -2,4 874
5 40| 5,00 829 768 79 799
5 40) 2,50} 566 544 4,0 555

Mota 1: La prueba se realiza sobre los dos diametros perpendiculares. El valor del Mddulo corresponde al promedio de los das valores, con una
variacion permisible entre -20 y +10% respecto a la primera medida (UNE-EN 12697-26).
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OBSERVACION

La variacion entre diametros perpendiculares NO supera el criterio de la norma EN para una prueba. Se anexan resultados.
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A.__/ ( Calle 154 n 17 78 Bogota, D.C.
\\-u_/

teléfonos 5270376 - 626 1884
ADMINISTRADORA servicios@apcitda net
DE PROYEGTOS CIVILES SAS contacto@apcltda net Formato ASF-03
ENSAYO DE MODULO DE RIGIDEZ - CURVA MAESTRA
INSTRUCTIVO:IE-AF3-01 PROCEDIMIENTO DE ENSAYO: EN 12697:2004 ANEXO C |
CODIGO ORDEN: 116 [ PROYECTO: MODULOS CENTRASA
Tipo de mezcla: Fecha Recepcidn: 14-dic-11
Localizacion: PLANTA CENTRASA Fecha de Ensayo: Reporta resultado
L Muestra: PROBETA No. 3y No. 5 Almacenamiento: Ambiente
Modulo
Dinamico ISOTERMAS
cl [Hz] [MPa]
il 824 iA MODULO DINAMICO ELASTICO Vs. FRECUENCIA
soo| asa|l 7oms| [ .. =
15 2,50 3,85 7.310
10,00 2,30 4.870
5,00 1.61 3.836] | & oo
25 250 092] 2994 | =
o
E e s
£ =
(=]
10,00 $ 874 g
5,00 799 § 1000
4 5
0 2,50 55 —t
Temperatura 2C
[ —e— 15 25 ——--—-ED]
100 l ! ]
1 2 3 4 5 6 7 8 9 10
Frecuencia [Hz]
X =a, + Ln (D X = Parametro de reduccién de la Curva Maestra.
/ ’ ¢ 4 = factor de modificacion en funcién de la temperatura.
. (1 1) f = frecuencia de la prueba en Hz.
ar =252 .10 T | T= Temperatura absoluta de la prueba (T=T°C+273,15).

Ts= Temperatura absocluta de referencia (Ts=Ts°C+273,15).

CURVA MAESTRA

100.000

10.000

Médulo Dinamico [MPa]

REVISO: ING, DE LABORATORIO

Archivo: ASF-02 Medulo TI - ASF-03 MDC-1- -
Revision: 01-2010 Pagina: 1de1




Indirect tensile stiffness moduius test report.
(EN 12697-26:2004{Annex C): (Equipment - NU-14)-HYD26)

Serial No. of this fest report: LAB116-05 F10Hz Address of testing laboratory
) APC LTDA.
Date of p: 20:12:2011 Callo 154 1, 17 - 78
Shacron rforanek;  LABI1B.0 F0 Hy Tel (67 8270241 - 527 0236
Test temperature:  15°C Bogoté D.C., Cafombia
imen diameter:  102,1 mm contacto@apcitda.net
Spedmean ug(ﬂclmess: %@%’“«E; ) )
Poisson's ratls: 0,35
Target riso-time: 33 ms
Nt of conditonmg puscs: o4
r OF CO| on
Transducerscanrate: 1000 Hz
Date & time of test: | 20:Die:2011  08:59 || Clentname: | CENTRASASA |
Type and origin of the MDC-1
the bituminous mixture
Meathod of manufacture MARSHALL
of the bituminous mixture _
Method of compaction IMPACTO
Specimen storage details Amblente 20°C
Bulk density determination method: LNV, E-733/07
Test along 1st diamster Test along 2nd diameter
Pulse 1 Pulse 2 Pulse 3 Pulss 4 Pulse & PFulss 1 Puke 2 Pulse 3 Pulse 4 Pulse §
Resultn Target | Mindmum |Meximum| Mesn Results Torget | Minkram | Modmmm|  Mesn
e e I
Load-ares fagtor 060 062 0,63 0,83 Load-arsa facter 0.80 0,60 081 0,81
|1 T N RN/ I - o Foatins Lt | 8780 | 0 T 756
Meamured aliffress mocilus (4Pa) 702 | 7284 ¥igs ] Maisured sifieds modohss (MPe) | —— | 7271|7831 | 7853 ]
Agusted stifinesa tnodulus (MPa) [~ —-_ 7207 7378 37| Acfiustod otiffrens motles (MPa) 7329 7092 T8IB
Mean resulits of the two tests
Load {rise) time (ms). : 27,6
Horizontal deformation (um) : 52
Horizantal deformation (%) : 0,0051
Measured stiffness modulus (MPa) : 7421
Adjusted stiffness modulus (MPa) : o 7498

Percantagedlfferencabeiwaaﬂstandanmﬁustedsﬂ“e@modunﬂ({)

Person res| ible for e

LUTHER HERRERA

ﬁw_ﬂ%m

20:12:2011




Indirect tensile stiffness modulus test report.
(EN 12697-26:2004{Annox C): (Equipment - Nti-14)-HYD28)
Serial No. of this teat report: LAB116-05 F5 Hz aggm of teating laboratory
. APCLTD
of print-out  20:12:2011 Calle 1841 17 - 78
Tost camied out by: L UTHER HERREE TelG71)8 B 27 0241 - 5 27 0236
Test temperature:  15°C Bogota Colombia
Specimen diameter: 102 1 mm oontacto@apcltda net
Spedl Bulk dansuy: 2193 (ka/m®) :
Polsson's ratio:
Target riss-ime’ 63 ms
T horizontal deformafion: 5 um
of conditioning pulses 2
Transducer scan rate: 1000 Hz
Date & tima oftest: | 20:Die:2011  08:04 H Client name: | CENTRASA SA
Type and origin of the MDC-1
the biluminous mbdure
Methed of manufacture MARSHALL
of the bituminous mixture
Method of compaction IMPACTO
Specimen storage details Amblants 20°C
Bulk density determination method: LN.V. E-732/07
Test along 1st diameter Test along 2nd diamster
Puise 1 Pulse 2 Pulse 3 H Puise 4 Fulsa & Puise 1 Puise 2 Puise 3 Puise 4 Pulsa §
Resuiis Target | Mintmum |[Bsdrum|  Mean Resulis Target | Minivum [Moxdmum | Moan
Vartiosl torce (kN) 343 345 324 Vartical 36T 370 368 |
Fostzontsl airess (kPa) 2443 | 3480 | 3440 | Forizontal gess (kPa § | 3.0 | 308
Lonad-area factor | 0.60 0e2 0,62 Load-aren factor | 0.60 081 0.81 281
Load (riss) tme urr:‘? %g sﬁs'%_—a‘% %%— time 362 ;n'?u é::l :"1'8
I _lLonad(riso) tma (ma): | |_ 600 588 |
Measured afifiness moduun (MPa) |~ | 6750 | 683 6338 7E3E _|_ 718 _ﬁ—
Adjusted stiffness modulus (MPa} 6848 T031 ] 688 688 7ozt

Mean results of the two tests

Load {rise) time (ms): 60,1

Horizontal deformation (um) 49
Horizontal deformation (%) : 0,0048
Measured stiffness modulus (MPa) 7211
Adjusted stifiness modulus (MPa) \ 7275

Parcanmgedmmeneebetweenwtandawmeaneﬁmednwmmoduuumu)

Person resppnsible for this

LUTHER HERRERA

20:12:2011




Indirect tensile stiffness modulus test report.

(EN 12697-26:2004(Annex C): (Equipment - NU-14)-HYD26)
Serial No. of thls test report: LAB116-06F2.6Hz

Address of testing laboratory

RTINS HE ey Cala T 1770
Speaiman referenc, maf&%‘%%%uz Tol 671) 527 0241527 0235
Test temperature:  15°C Colombia
S en (I:?Eearneter: 102,1 mm contacto@ apcitda.net
Specimen thickness: 62 2 mm .
Bulk density: 2198
oisson's ratio: 0,35
Target rise-time: 124 ms
r%e at horizontal deformation: gd.lrn
r of conditioning pulses:
Transducer scan rate: 1000 Hz
Date & time of test: | 20:Dic:2011  08:09 |[  Clientname:| CENTRASASA
Type and origin of the MDC-1
the bituminous mixture
Msthod of manufacture MARSHALL
of the bituminous mixture
Method of compaction IMPACTO
Specimen storage details Amblente 20°C
Bulk density determination method: LN.V. E-733/07

Test along 1st diam

Test along 2nd diameter

Pulse 1 Pulze 2 Pulsa 3 Pulss 4 Pulse & Pulse 1 Pulse 2 Pulse 3 Pulsa 4 Puisa 8
Resufts Target | Miniowen | Maximum | Maan
Varﬁum@ aﬁu 35%'9 535 ; 17
Load-moa foohor 0.60 0,60 063 0,81
Hortzontal doformation (um) | 5,0 49 50 49
Loed (ﬂse% time (ma): 124 1220 129.0 124.8
Moasured gtiffness (MPa)} 6993 7218 7086
. Adiusted stifftess moduius (MPa) 7088 | 7334 7184
Mean results of the two tests

Load (rise) time (ms): 123,9

Horizontal deformation (um) 4,9

Horizontal deformation (%) 0,0048

Measured stiffness modulus (MPa) 7269

Adjusted stiffness modutus (MPa) \ 7310

Percentage difference between 1st and 2nd mean a%usted T@ moduli = (4)

AY
Person responsible for this test report Slgned &H’ )

LUTHER HERRERA 5 N

20:12:2011




Indirect tensile stiffness modulus test report.

(EN 12697-26:2004{Annex C): (Equipment - NU-14)-HYD25)
Serial No. of this test report: LAB116-03 F10Hz

Date of print-out:

18:01:2012

Address of testing laboratory
APC LTDA.

Calle 154 n 17 - 78
Spedimen reforercy,  LABI16.03 £10 Fp Tol (57 1) § 27 0241 - 5 27 0236
Test temperatura:  25°C Bogota D.C., Colombia
Specimen dlameter:  102,2 mm contacto@apcitda.net
Specimen thickness: 61,2 mm )
Bulk density: 2207 (kg/m®)
Poisson's ratio: 0,35
Target rise-time: 35 ms
Target horizontal deformation: 5 um
Number of conditioning pulses: 26]
Transducer scanrate: 1000 Hz
Date & time of test : | 18:Ene:2012  12:41 | [ Clientname : | CENTRASASA. 1
Type and crigin of the MDC-1
the bituminous mixture
Method of manufacture MARSHALL
of the bituminous mixture
Method of compaction IMPACTO
Specimen storage detalls Ambiente 20:C
Bulk density determination method: INV. E-733/07
Test along 1st diameter Test along 2nd diamster
Pulse 1 . Pulse 2 Pulse 3 Pulse 4 Pulse § Pulen 1 Pulga 2 Pulse 3 ! Pulse 4 Pulse 8
Rasults Targst | Minimumn |Maximum Mean Resuits Tamget | Minimum | Madmur|  Mean
Fian oo (e YR T . e ) R A
Load-ares fator 0.60 0,68 0,82 081 Load-gran factor 0.80 B9 0,62 061
Horizontal deformeation 50 50 g1 50 Horizontal deformation (um) | _ 60 0 82 8.1
Load (risa) time {(ms): 33 30,0 1.0 308 Load (risa) time (ma): 33 31,0 330 1.8
Measured stiffiness modulus (MPa) 4888 4745 4718 Messured stiffness modulus (MPa) 4808 4642 4533
Adiusted siifiness modulus (MPa) 4886 | 4173 4738 Adjusted efiffness moduius (MPa) 4825 | 4arz 4848
Mean resulfs of the two tests
Load (rise) time (ms): 31,2
Horizontal deformation (um) 50
Horizontal deformation (%) 0,0049
Measured stiffness modulus (MPa) 4675
Adjusted stiffness modulus (MPa) : 4691

Percentage difference between 1st and 2nd mean ﬁnﬁm sﬁﬂnT modull = (2)

LUTHER HERRERA

Person responsible for this test report

Slaned &\kﬁj}"\

j
Q&M{.ﬁm\

18:01:2012




Indirect tensile stiffness modulus test report.

EN 12697-26:2004(Annex C): (Equipment - NU-14)-HYD285)
rial No. of this test report: LAB116-03 F6Hz

Date of print-out

18:01:2012

Address of tasting laboratory

Calle154n17-78
S ot oY LHIER HERRERA Tel (57°1) 527 0241 . 5 27 0236
Test temperature:  25°C Bogota D.C., Colombia
Specimen diameter:  102,2 mm contacto@apcitda.net
Specimen thickness: 61 ,é mm .
Bulk density: 2207 (ka/m?)
Poisson's ratio: 0,35
. Targetrisetime: 63 ms
Tar%eg horizontal deformation; 8 d.um
Number of conditioning pulses: 2
Transducer scan rate: 1000 Hz
Date & time of test : | 18:Enec2012 1247 || Clientname: | CENTRASA SA.
Type and origin of the MDC-1
the bituminous mixture
Method of manufacture MARSHALL
of the bituminous mixture
Method of compaction IMPACTO
Specimen slorage details Ambiente 20°C
Bulk density detarmination method: INV. E-733/07
Test along 1st diameter Test along 2nd diameter
Pulze 1 Pulss 2 Pulse 3 Pulze 4 Pulse 8 Pulse 1 Pulse 2 Pulse 3 Pulse 4 Pulsa 8
Resufts Target | Minimum | Maximum{  Mean Resulls Target | Minfmum |Maximum| Mean
Vertical force (kN) 1,683 188 1,88 Vertical foree (kN) | . | 183 189 1,87
Herizonta| siress (kPs) 1882 1814 188,3 Horizontal stress (kPa) 186.8 1824 1801
Load-area factor [X1] 0,60 082 8,81 Load-tiren factor .60 .60 0,61 02,60
T 1 R B e T8 T oo ey o
| Load[riss) : 0 [ 63l 3 . X 62,
Measured stiffness modulus (MPa) 3760 3710 Monsured stiffness modulus (MPa) 3633 3678 2650
Adusted siffness modulus (MPa) s683 | 3788 3731 Paijusted stiifness modulus (MPa) 3635 | 3862 3687

Mean results of the two tests

Load (rise) time (ms): 62,4

Horizontal deformation (um) 5,1
Horizontal deformation (%) 0,0050
Measured stiffness modulus (MPa) 3685
Adjusted stifiness modulus (MPa) 3699

Percentage difference between 1st and 2nd mean ad“ stiffn
{

moduli = (2)

.

Person responsible for this test report
LUTHER HERRERA

Signed N‘*@W\

Date of issue

e

18:01:2012




Indirect tensile stiffness modulus test report.

(EN 12697-26:2004{Annex C): (Equipment - NU-14)-HYD26)
Serial No. of this test report: LAB116-03F2.5Hz

Address of testing laboratory

Date of print-out.  18:01:2012 APCLIDA. 78
Test carried out by: LUTHER HERRERA
Specimen reference:  LAB116-03 F2.6 Hz Tel (57 1) 5 27 0241 - 5 27 0236
Test temperature:  25°C Bog .C., Colombia
Specimen diameterr 1022 mm contacto@apc tda.net
Specimen thickness: 61,2 mm
Bulk density: 22b7 (kg/m®)
Polsson sratio: 0,35
Targ : 124 ms
r%e horizontal defom'taﬂon: d.lm
r of conditioning pulses: 2
Transducer scanrate: 1000 Hz
Date & time of test: | 18:Ene:2012 1263 || Clientname : | CENTRASA S.A.
Type and origin of the MDC-1
the bituminous mixture
Method of manufacture MARSHALL
of the bituminous mixture
Method of compaction IMPACTO
Specimen storage details Ambiente 20°C
Bulk density determination method: INV. E-733/07
Test along 1st diameter Test along 2nd diameter
Puse 1 Pulsa 2 Pulse 3 Pulsa 4 Pulse 8 Pulse 1 Puise 2 Pulse 3 FPulse 4 Pulse 8
Resulls Target | Minimum | Madmum! Msan Results Targat | Minfmum | Meximum| Maan
Vertioa] force (V) 144 148 1,48 Virtice] force (KN} 146 149 AT
Harizorta! siress (kPa) 1484 1484 147.8 Horizontl stress (icPa) 147 4 161,7 149,2
Load-area factor | 0.60 0,88 D60 .80 Load-area facter | 0.680 59 0.80 0,60
Hotizontal deformation (um) 80 81 81 6.1 Horizontal deformstion (um} 5.0 1 53 | 52
Load (rige) time (ms): 124 125.0 1280 1268,0 Load (rss) time {ma): 124 124,0 1270 1254
Measyred sfiffness moduus (MPa) 2871 2806 Moasured stiffness modulus ﬁ 2644 2588 2867
g}mmmg&; 2865 2800 2880 Adpueted modulus (MPa} |~ | 2835 2B 2882
Mean results of the two tests
Load (rise) time (ms): 125,7
Horizontal deformation (um) 5,1
Horizontal deformation (%) 0,0050
Measured stiffness modulus (MPa) 2876
Adjusted stiffness modulus (MPa) 2871

Percentage difference between 1st and 2nd mean ad T sﬂﬂTa modull = (0,8)

LUTHER HERRERA

Person responsible for this test report

Signed

)N

Dste of issue o!}egg_rg

18:01:2012




Indirect tensile stiffness modulus test report.

(EN 12697-26:2004{Annex C): (Equipment - NU-14)-HYD25)
Serial No. of this test report LAB116-5 F10 Hz

Address of testing laboratory

Date of print-out ~ 21:12:2011 é;'“%HTSQA 17-78
pecran roforence:  LABT 1603 F10 Hy | Lel(671) 527 0341527 0236
Test temperature;  40°C , Colombia
Spetimen diameter: 102 1 mm oontacto@apcltda net
s e }Lﬂd nsny 21 ba (kglm’)
ulk density:
Poisson's ratio:
Target rise-time: 35 ms
le"%er“o?’%"&'ido%“r’%"“pua&“ ¢
ransducer scan rate: 1000 Hz
Date & time of test: | 21:Dic:2011 08:08 || Clentname: | CENTRASAS.A
Type and origin of the MDC-1
tha bituminous mixture
Msthod of manufacture MARSHALL
of the bituminous mixture
Mathod of compaction IMPACTO
Specimen storage detalls Amblente 20°C
Bulk density determination method: LN.V. E-733/07

Test along 1 damete

Test along 2nd diameter dlamete

Pulsa 1 Pulse 2 Pulse 1 Pulsa 4 Pulso &
Resuits Target | Minfmum ; Maximum | Mean Results Targat | Mindmurn | Maximum | Maan
Vertical foroe (kN) 048 | 045 | 047 Viarioai foroe (kM) 928 | a7 | 048 |
Horizortal stress (<Pa) 488 | 418 | 473 | Fiofzantal alress (kFa) 363 | 487 | 485
Loud-grea fector 8.60 088 083 0,59 Lead.area tastor 0.80 0,58 0,81 0.80
e ooy s Lo | 38| 540 T W[50 N e i | — T2 TSt oiz
Woasired Hlifinass modilus (MPa) B4 | a8 865 Meamed slffiness moduls (MPa) 570 | 63 ]
Adjusted stiffess moduius (MPa) 83 | 40 583 Adfusted stffiness moduius (MPa) 885 | o7 854
Mean resulis of the two tests
Load (rise) time (ms): 34.6
Horizontal deformation (um) 53
Horizontal deformation (%) 0,0052
Measured stiffiness modulus (MPa) 875
Adjusted stiffness modulus (MPa) 874

Percentags difference between 1st and 2nd mean adjusted stiffnesd moduli = {(-2)

\

LUTHER HERRERA

Person responsible for thi e

Signed

cd

mm{_bf_m;m

21:12:2011




Indirect tensile stiffness modulus test report.

(EN 12697-26:2004{Annex C): (Equipment - NU-14)-HYD28)
Serial No. of this test report: LAB116-5 F6 Hz

Address of testing laboratory
APC LTDA.

Date of print-out  21;12:2011
Testcamied outby:  LUTHER HERRERA Calle 154 n 17 - 78
Specimen reference: LAB116-05 F5 Hz Tel (67 1) 527 0241 - 5 27 0236
Test tempersture:  40°C Bogota D.C., Colombia
Specimen diameter: 102,11 mm contacto@apciida.net
Specim%\ Eigkness: g%b%"(‘krgl ) .
ulk density:
Polsson's ratio; 0,35
Target rise-time: 63 ms
Tar%e;t horizontal deformation: 5 d.lm
Number of conditioning pulses: 2
Transducer scan rate: 1000 Hz
Date & time of test: | 21:Dic:2011  08:21 || Clientname: | CENTRASASA ]
Type and origin of the MDC-1
the bituminous mixture
Methed of manufacture MARSHALL
of the bituminous mixture
Method of compaction IMPACTO
Specimen storage details Amblente 20°C
Bulk density determination method: LN.V. E-733/07
Test along 1st diameter Test along 2nd diameter
|
Pulse 1 Pulss 2 Pulse 3 Pulss 4 Pulse § Pulsa 1 Pulse 2 Pulse 3 Pulse 4 Pulse 6
Resulls Target | Minimum |Maximum | Mean Results Tergst | Minimum |Modmum|  Mean
e e o e
L.oad-aren factor 0.80 D88 0,61 0,60 Load-srea factor 0.60 0,88 0,80 0,89
Hortzonial deformation (um) |___5.0 Al 84 3,3 Fostrontal deformation (pm) | 8,0 E4 BT B8
Letad (i) time (ms); 63 82,9 630 64.0 mﬁ: 63 64,0 85,0 [
Measured stifinass modulus (MPa) 817 885 830 Mangired stifftoss modulus (MPa) 780 pii] 768
| Adiustad stiffness modulis (MPa) 811 858 629 Adfusted atiffness modulus (MPa) 758 78 768
Mean results of the two tests
Load (rise) time (ms): 64,4
Horizontal deformation (um) 54
Horizontal deformation (%) 0,0053
Measured stiffness modulus (MPa) 800
Adjusted stiffness modulus (MPa) 799
Percentage difference between 1st and 2nd mean adjusted Btlﬂn moduli = (7)
A .
Person responsible for this test report Slgned
LUTHER HERRERA v
ato of | of re
21:12:2011




Indirect tensile stiffness modulus test report.

(EN 12697-26:2004(Annex C):

(Equipment - NU-14)-HYD2E)

Serial No. of this test report: LAB116-5 F2.6Hz

Po!n s ratio:

Target rise-time:

Tar%aet horizontal defonnation
r of conditioning pulses:
Transducer scan rate;

21:12:2011
LUTHER HERRERA
4L:&Bél 16-05 F2.5 Hz

102,1 mm
62,2 mm

%13958 {kg/m®)
g 24mms
3¢’

1000 Hz

Address of testing laboratory

APC LTDA.

Calle 184 n 17 -78

Tel (57 ‘B 5 27 0241 -5 27 0236
Colombia

contacto@apcltda net

Date & time of test: | 21:Dic:2011  08:30 ||

Clientname : | CENTRASA SA

Type and origin of the MDC-1
the bituminous mixture
Method of manufacture MARSHALL
of the biturninous mixture
Method of compaction IMPACTO
Specimen storage details Amblents 20°C
Builk density determination method: LNV, E-733/07
Test along 1st diemeter Test along 2nd diameter
Pulga 1 Pulse 2 Pulse 3 Pulsa 4 Pulza 8 Pulsa 1 Pulss 2 Pulza 3 Pulsa 4 Pulse 8
Results Target | Minimum | Meximum| Mean Resulls Terget | Minimum |Meximum| Mean
Vertical force (kN) 0,30 3 k] Verticat foroe (kN} 0,30 0.1 0,30
Horzontal afress {kPa) 30,8 iF 1.0 Horonte! stess 303 307 308
Load-areatactor | 080 | 060 62 I %@m D60_| 088 | 080 6,88 |
Hortzantat dafermation (um) | . 6.0 §1 57 B8 Horizonia) deformation 5,0 58 Xi 58
Load {risa} tims (mak 124 1280 1320 26,2 Load (rise) tme (ms): 24 1190 13240 1238
sfiffness modulus {(MPa) 850 &80 £88 Measured stiffiness modulus (MPa) 36 583 548
[ Adusted siifinoss modulus (MPa) 850 | 600 | 688 ||  Adustedstifoss moduiun (MPa) 8 1 s | sa
Mean resuits of the two tests
Load (rise) time (ms): 126,5
Horizontal deformation (um) 55
Horizontal deformation (%) 0,0054
Measured stiffness modulus (MPa) 556
AdJusted stiffness modulus (MPa)

Percentege difference between 1st and 2nd mean adjuvad j@ moduli = (4)

Person responsible for this test report

LUTHER HERRERA

m_oﬂss_uégr_rem

21:12:2011




N —_—
ﬂ!_) ( Calle 154 No. 17-78  Bogot4, D.C.
S

teléfonos 527 0376 - 626 1884
ADMINISTRADORA  laboratorio@apcltda net

DE PAOYECTOS CIVILES SAS

direcciontecnica@apclida.net

Formato ASF-02

ENSAYO DE MODULO DE RIGIDEZ DINAMICO - MEZCLA ASFALTICA

INSTRUCTIVO:IE-AF2-01

PROCEDIMIENTO DE ENSAYOQ: EN 12697:2004 ANEXO C

CODIGO ORDEN:

116 PROYECTO:

MODULOS CENTRASA

Tipo de mezcla: MDC-2 - INVIAS
Localizacion: PLANTA CENTRASA

Muestra:

10

Fecha Recepcion: 14-dic-11
Fecha de Ensayo: Reporta resultado

Almacenamiento: Ambiente

Deformacion Objetivo Tipo de probeta: ~ Marshall Edad 15 dias
TEMP. | FREC. MODULO (MPa) Variacién | Médulo
BRIQUETA Promedio OBSERVACIONES

(C‘C} (Hz) Didmetro 1 I Didgmetro 2 LT (MPa)

10 15 10,00‘ 9.094 9.181 0,9 9.138

10 151 5,00 8.220 8.195 0,3 8.208

10 15 2,50 6.764 6.672 14 6.718

10 25| 10,00 3.587 3.585 0,1 3.586

10 25 5,00 2.787 2.729 20 2.758

10 25 2,50 2.042 2.034 0,4 2.038

10 40f 10,00 624 632 -1,3 628

10 40 5,00 427 431 -0,9 429

10 400 2,50} 316 298 6,0 307

. e

Nota 1: La prueba se realiza sobre los dos diametros perpendiculares. El valor del Médulo corresponde al promedio de los dos valores, con una
variacion permisible entre -20 y +10% respecto a la primera medida (UNE-EN 12697-26).

MODULO DINAMICO (MPa)

(10.0!:/.1

1.000

100

}

TEMPERATURA (°C) e J

~

| La variacion entre diametros perpendiculares NO supera el criterio de la norma EN para una prueba. Se anexan resultados.
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ADMINISTRADORA

DE PROYECTOS CIVILES SAS

Calle 154 n 17 78
teléfonos
servicios@apc

tda.net

Bogotd, D.C.
527 0376 - 626 1884

da net Formato ASF-03
ENSAYO DE MODULO DE RIGIDEZ - CURVA MAESTRA
INSTRUCTIVO:IE-AF3-01 PROCEDIMIENTO DE ENSAYO: EN 12697:2004 ANEXO C |
CODIGO ORDEN: 116 PROYECTO: MODULOS CENTRASA
Tipo de mezcla: Fecha Recepcién: 149-dic-11
Localizacion: PLANTA CENTRASA Fecha de Ensayo: Reporta resultado
Muestra: 10 Almacenamiento: Ambiente
T f Médulo
X Dindmico ISOTERMAS
Fc1 [Hz] [MPa]
10,00 524 9138
: ; ODULO DINAMIC LASTICO Vs. FRECUENCIA
5000 454 8208 | ... g i = EBwe
15 2,50 3,85 6.718
10,00 2,30 3.586
500 161 2758 | & o000
25 250 o092] 2038 |2 —— "
o
£ i
E e —— - e
=} e ———
10,00 628 °
5,00 429 E 060
40 2,50 307 ’\
e Temperatura 8C
== L,_,_]
[ —n— 15 —a— 25 —a— 40 I
100 ] | !
3 4 ) [ 7 a o 10 11
Frecuencia [Hz]
X =a, + Ln(H X = Parametro de reduccion de la Curva Maestra
’ X 4 =factor de modificacion en funcién de la temperatura,
. (1 1 f = frecuencia de la prueba en Hz
ay =252 07| -z T= Temperatura abscluta de la prueba (T=T°C+273,15).
- : Ts= Temperatura absoluta de referencia (Ts=Ts°C+273,15)
CURVA MAESTRA
100 D00
@
o
=
g T —
% //
a /
o
-5 /
E 1 000 //
-/
I\ o 3 4 & 7 a 9 10
X =@y, +Ln(h
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o N
ECUTO: LABORATORISTA REVISC: ING. DE LABORATORIO
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Indirect tensile stiffness
(EN 12697-26:2004(Annex C):

modulus test report.
{Equipment - NU-14)-HYD26)

Serlal No. of this test report LAB116-10 F10Hz Addrass of testing laboratory
APC LTDA.
Date of print-out  20:12:2011
Testcamied cutby: LUTHER HERRERA Calle 154 n 17 - 78
Specimen oforensd:  LABI 1610 F10 Ho Tel (67 3 6 27 0241 - 5 27 0236
Test temperature:  15°C Bogoté Colombia
Specimen diameter: 102 mm contacto@apcltda net
S donaiy: 2134 kg/m?)
ulk den
Polsson's ratio: 0,35
Target rise-time! 33 ms
et horizontal deformation: gd.lm
r of conditicning pulses
Transducer scan rate: 1000 Hz
Date & time of test: | 20:Dic:2011  08:23 i Clientname : | CENTRASA S.A

Type and crigin of the MDC-2
the bifuminous mixture
Method of manufacture MARSHALL
of the bituminous mixture
Method of compaction iIMPACTO
Specimen storage details Ambiente 20°C
Bulk density determination method: L.NV. E-733/07

Test along 1st diameter

Test along 2nd diameter

L

Fulse § Pulsa § Pulse 2 Pulse 3 Pulsa 4 Pulser 8§
Maan Results Target | Minimum | Maximuan | Msan
Veltiual foroa (kN) 44_18 _4,;4‘9 448 Vertical foroe () || 4,61 267 453
Horzontal stipss (kPa) || 4583 | 4666 | 450, Tarizonts] ¢ress (kP2) 4819 | 46T | 4631
Load-aren factor | 0.60 0,60 061 0,61 Load-area tector | 0.60 0,60 061 0,61
Horizoamal deformation (1m) 5.0 48 81 5.0 Hortzoms! deformation (1im) 30 6.0 81 80
Load (iss) tme (may: | 33 2.0 330 28 Load (o) fime {ma), | 33 320 330 328
Maasumed stiffness moedulus (MPa} 8g7e 0243 8048 Mazsured stifinass modulus (MPa) 8085 9238 8182
Adiusted sliffness madulus (MPa) 88756 B308 8084 Adjustod stifiness modilus (MPa) 118 8274 2161
Mean results of the two tests

Load (rise) time (ms): 32,7

Horizontal deformation (um) 5,0

Horizontal deformation (%) 0,0049

Measured stiffness medulus (MPa) 9100

Adjusted stiffness modulus (MPa) : 9138

Percentage difference between 1st and 2nd msan adjusted moduli = (-1,0)
nl
Person responsible for this test report Signed wo/ l
LUTHER HERRERA
Date of
20:12:2011




indirect tensile stiffness modulus test report.

(EN 12697-26:2004(Annex C): (Equipment - NU-14)-HYD26)
Sorial No. of this teat report: LAB116-10 F& Hz Address of testing laboratory
. APC LTDA.
Date of print-out.  20:12:2011 Calle 154 n 17 - 78
Sheson olerenct. LABTBIOFS Hz Tel (57 3527 0241 - 6 27 0236
Test temperature:  158°C Bogoté ombia
Specimen diameter: 102 mm contacto@apdtda.net
Specimen thickness: 61 .
Butke 2134 (ka/m®)
Poisson's ratio: 0,35
Target rise-time! 63 ms
Tar%eetrhorizontal deformation: §
Number of conditioning pulses:. 2
Transducar scanrate: 1000 Hz
Date & time of fest: | 20:Dic:2011 09:38 i Client hame : | CENTRASA S.A
Type and origin of the MDC-2
the bituminous mixture
Method of manufacture MARSHALL
of the bituminous mixture
Method of compaction IMPACTO
Specimen storage details Amblenta 20°C
Bulk density determination method: | LNV E-733007
Test along 1st diamster Test along 2nd diameter
Fulse 1 Puise 2 Pulse 3 Pulse 4 Fulse 8 Pulse 4 Pulsa 2 Puise 3 Puiser 4 Pulse 8
Results Target | Mindmum |Medmum| Msean
Vertica! force: — ] 403 4,03 4,03
Hertzonts] strass (kPa) 4122 128 4124
Load-grea factar | G.60 0,60 081 880
Horizarial daforvestion (1m) 8,0 48 80 8,0
Toed Tme (ms)y | 63 0 30 628
Beasurad atiffness modulus 8127 8308 8200
Adjustod siiffiness modulus (MPa} [ [ 8138 8280 [

Mean results of the two tesis
Load (rise) time (ms): 62,8
Horizontal deformation (um}) 5,0
Horizontal deformation (%) 0,0049
Measured stiffness modulus (MPa) 8187
Adjusted stiffness modulus (MPa) 8208

Percentagedﬁferambetweeﬂatand:ndmaanad(\s‘mmﬂnﬁmodun (0,3)

LUTHER HERRERA

erson responsible for this

D_wdﬁm

20:12:2011




indirect tensile stiffness modulus test report.

(EN 12697-26:2004(Annex C): (Equipment - NU-14)-HYD25)
Serlal No. of this test report: LAB116-10F2.6Hz

MMMMM

e AR ErreRA Callo 154 1 17- 78
S ey ot Y. LASTie 0 P25 e Tel (671 5 827 0241 - 527 0238
Tost tempersture:  15°C Bogota Colombla
Specimen diamester; 102 mm contac‘to@apcltda net
' é‘uﬁ«ﬁdensnyf 2134 {kgfmﬂ)
Poisson's ratio: 0,35
Target risetime: 124 ms
J hot;nzon&%l dsifomaﬁon 5 um
conditionin pulses
Transducer agcan rate: 1000 Hz
Date & time of test : | 20:Dic:2011  09:45 1 Clientname : | CENTRASA S.A
Type and origin of the MDC-2
the bituminous mixture
Method of manufacture MARSHALL
of the bituminous mixture
Method of compaction IMPACTO
Specimen storage details Amblente 20°C
Bulk density determination method: LNV. E-733/07
Test along 1st diameter est along 2nd diameter
Bulse 1 Pulse 2 Pulss 3 Pulsa 4 Pulse § Pulse 1 Fulse 2 Pulse 3 Pusp 4 Pulga 8
Resulty Torget | Minimen | Motram | Mean Results Temet | Gfrdmum | Medemuen | Wean
oo s uba) Em L. T S M mEE
Load-area fector .60 G650 .61 0,61 Lead-erea factor 0.60 0,80 061 0,60
Horizonis) deformation (m) 8,0 5,0 81 8.1 Harirontal deformation E% E0 B0 g0 8.0
Load {risa} fims {ms}: 124 124 0 125,0 124.2 Ese) B (me): 124 12490 1280 246
Measured stifiness modulus 6700 | 6767 a735 Wezsured etifness moduus (WFa) Ga28_| 6708 6650
I Riod ifoees mociits (4Pe) S7o1 | seor | —erer Pated Sfigss Trodtos (WPa} =1~ Gos5 | G714 | 6072
Mean results of the two tests
Load {rise) ime (ms): 1244
Horizontal deformation (um) : 5,0
Horizontal deformation (%) : 0,0049
Measured stiffness modulus (MPa) : 6696
Adjusted stiffness modulus (MPa) 6718

Percentage difference between 1st and 2nd

a&]u&t&d Tﬁneaﬂ moduti = {1)

W

LUTHER HERRERA

20:12:2011




Indirect tensile stiffness modulus test report.
(EN 12697-26:2004({Annex C): (Equipment - NU-14)-HYD265)

Serial No. of this test roport: LAB116-10 F10Hz

Address of testing laboratory
APC LTDA.

Date 20:12:2011
Tost o oot by: LUTHER HERRERA Calle 154 n 17 - 78
en reference:  LAB116-10 F10 Hz Tel (67 1) § 27 0241 - & 27 0236
Test temperature:  25°C Bogoté D.C., Colombia
Specimen diameter: 102 mm contacto@apcitda.net
Specimean thickness: .
Bulk 2134 (ka/m®)
Po!sson’s ratio:
Target fise-time: 3?3 ms
o dsemar 3ym
1]
ransducer scan rate: 1000 Hz
Date & time of test: | 20:Die:2011  16:40 || Clentname: | CENTRASASA ]
Type and origin of the MDC-2
the bituminous mixture
Method of manufacture MARSHALL
of the bituminous mixture
Method of compaction IMPACTO ]
Specimen storage detalls Amblente 20°C
Bulk density determination method: | LNV, E-73307
Test along 1st diameter Test along 2nd diameter

SNEE

It
Pulse 1 Pulse 2 Fulse 3 Pulso 4 Pulse 8

Puise 1
Mean
Varﬂua! farce (kN) 1 ?‘7 1 81 1,7
y . Horizontsl stress (kPa) 181.1 85,3 19_91__‘73“_‘
Load-area factor 0.60 0,60 061 0,60
Hortzonta) deformtion (um) &0 4,9 82 81
Lond (viss) firne () 33 31,0 30 31.8
[ Weasurod stiness modulus (MPa) 360 | 34 | 358
Adusted sifiness moduus (MPa) 39 | Sem | 5567
Mean results of the two tests
Load (rise) time (ms): 32,1
Horizontal deformation (um) 5,1
Horizontal deformation (%) 0,0050
Measured stiffness modulus (MPa) 3578
Adjusted stiffness modulus (MPa) 3586

Pamnhgediﬁamnmbetween1atand2ndmemad{\uﬂedeﬂ€immoduﬂ=(0,%)

Person responsible for this test report Signed AW
LUTHER HERRERA Deto of lssbe of
20:12:2011




Indirect tenslle stiffness modulus test report.

(EN 12687-26:2004{Annox C):

(Equipment - NU-14)-HYD25)

Serial No. of this test report: LAB116-10 F8Hz

Address of testing laboratory
APC LTDA

Tt et by CUTHER HERRE Calle 17-78
on referenc: LABT16-10 F5 Hz o (57 3527 0241 - 5 27 0238
Test temperature:  25°C Colombia
Specimen diamster: 102 mm contacto@apcitda net
Speciman thickness:
Bulk 2134 (ka/m™)
Poisson's ratio:
Target rise-time: 63 ms
Target horizontal deformation: 5 um
Number of conditioning pulses 2
Transducer scan rate: 1000 Hz
Date & time offest : | 20:Dic:2011 16:45 i Client name : | CENTRASA 8.A
Type and crigin of the MBbC-2
the bituminous mixture
Method of manufactura MARSHALL
of the bituminous mixture
Method of compaction IMPACTO
Specimen storage detalls Amblaenta 20°C
Buik density determination method: LNLV. E-733/07
Test along 1st diameter Test along 2nd diameter
Pulser Pulse 2 Pulse 3 Pulse 4 Pulse 8 Pulss 1 Puke 2 Pulsa 3 Puise 4 Pulse B
Results Terget | Minimum | Maxtrurn | Moan Results Terget | Mirdraon | Mandrewrn | Mgen
i e e T o5 | Was | T ) I LT M L)
Losd-area factor 0.60 0,60 0,62 081 Loat-aren ety 0.60 0,58 B2 0,61
Forizontal deformation (um) | 6,0 4B 82 8.1 Horironts) deformation (um) | 8,0 8, 5.3 52 |
Load (rign) time (ms): 83 820 B850 B3.4 Load (rise) tme (ms): [X] 61.0 4.0 822
siifitess modulus (MPa) 2731 2810 prl} Measured stifnass modulus (MPa} | .. | 2684 2738 2718
Adjugted atifness modulls (MPa) 2748 2830 Fiiid stiffhess modulus 21D _| 4750 |
Mean results of the two tests
Load (rise) time (ms): 62,8
Horizontal deformation (um) 52
Horizontal deformation (%) : 0,0051
Measured stiffness modulus (MPa) 2747
Adjusted stiffness modulus (MPa) 2758

Pemantagediﬁerencabatwaenhtandanmaane&ustedat“‘nessmuduh (2)

LUTHER HERRERA

Person responsible for this test report

Signed

\

Date of i

1

of re;

20:12:2011
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Indirect tensile stiffness modulus test report.
(EN 12697-28:2004{Annex C}): (Equipment - NU-14)-HYD28)

Setlal No. of this test report: LAB116-10F2.5Hz Address of testing laboratory
. APC LTDA.
ate of print-out  20;12:2011
Test carried outby: LUTHER HERRERA Calle 154 n 17 - 78
Specimen reference:  LAB116-10 F2.5 Hz Tel (67 1) 527 0241 - 527 0236
Test temgemmra: 5°C Bogota D.C., Golombla
Specimen diameter: 102 mm contacto@a
Spesime BETes 811 g -
U e
Poisson's ratio: 35
Target rise-time: 124 ms
Target horizonta! deformation: 5 pm
Number of conditioning puises: 2
Transducer scan rate: 1000 Hz
Date & ime of test: | 20:Dic:2011  16:49 I Cilentname : | CENTRASA S.A i
Type and crigin of the MDC-2
the bituminous mixture
Method of manufacture MARSHALL
of the bituminous mbdure
Method of compaction IMPACTO
Specimen storage details Ambilents 20°C
Butk density determination method: LN.V. E-733/07
Test along {st diamster Test along 2nd diameter
Pulse 1 Pulse 2 Puise 3 Pulsa 4 Puise 5 Pulsa 1 Pulse 2 Pulze 3 Puise 4 Pulse &
Resuits Torget | Minimum | Madmum|  Mean Restits Terget | Minimum {Madmum| Mean
Vertieal foree (kN) 1,00 1,06 1 Vertical foroe 1,02 T 3|
] Horizontal atress (ikPa) 10d.4 1079 088 | Horizonts! stress (kPa) 104,8 108.8 1088
Load-grea factor | 0,60 0,60 0,61 6,61 Load-areafacior | 0.60 0,60 .81 0,61
Hoofeontel dedormation () 8.0 8.1 8,3 [} Horzontol deformeton (wm) &0 [X] 83 6.2
Load {risa) thma (ms) | 124 1250 | 128,0 26,0 Lond (e} e (ma): | 124 | 1220 | 1280 1240
Maasured stitiness modulng 218 2082 gtiffness modtle (84P0 2012 2044
Mean results of the two tests
Loed (rise) time (ms): : 125,0
Horizontal deformation (um) : 5.2
Horizontal deformation (%) : 0,0051
Measured stifiness modulus (MPa) : 2032
Adjusted stiffness modulus (MPa) : 2038

Percentage difference between 1sat and 2nd mean ad]qu aﬁﬂ‘nv maoduli = {0.4)

ersen nsible for thi re|

LUTHER HERRERA

Signed

fl

20:12:2011




Indirect tensile stiffness modulus test report.

{EN 12897-28:2004{Annex C): (Equipment - NU-14)-HYD25)
Serial No. of this test report: LAB116-10 F10Hz

Address of testing lahoratory

SR R e, Cale 12471779
Spocimen refarencd:  LABI16-10 F10 Fiz Tel (570)527 0241 - 5 27 0236
Test temperature:  40°C Bogota Colombia
Speciman diameter: 102 mm oontacto@apcltda net
Specimen thickness: 81 mm .
Bulk density: 2134 {ka/m®)
Poisson's ratio:
Target fise-time: 353 ms
T hoﬂzontal deformation:
r of conditioning pulses: 2
Transducer scan rate: 1000 Hz
Date & time of test: | 21:Dic:2011 08:37 il Clientname : | CENTRASA S.A
Type and origin of the MDC-2
the bituminous mixture
Method of manufacture MARSHALL
of the bituminous mixture
Methed of compaction IMPACTO
Specimen storage detalls Ambiente 20°C
Bulk density determination method: LN.V. E-733/07
Test along 1st diameter alon 1std amete Test along 2nd diameter
Pulsa 1 . Pulga 2 Puise 1
Resulls Minimum | Maxdmum]  Mean Results Target | Minimum |Maximum | Msen
Vertical farce (k) 32 | 038 2] Vertzal farca (KN} M| 03 038
‘ Herizonta! stress (kPa) 348 354 34,6 Rorbontal ohess (kPa) 35,1 382 3886
Lead-aren fauter 0.60 BT 0,60 69 Leaxi-aren factar 0.60 0,60 0,81 0,60
Horizontal deformation (um) 50 g1 &8 B.S Herizontal deformation (um) 80 8.3 _ &8 8,8
] Load (rise) ime (ms): 3 330 38,0 348 Load {riss) time (ms): 33 310 350 330
Maasured stiffness modulus (MPa} 604 688 ] Measured stiffness modulus (MPa) 312 673
Adhested stiffness modulus (MPa} [0 [T 624 Adiustod stiffness modulus (MPa) 312 BT 432
Mean results of the two tests
Load (rise) time (ms): 34,2
Horizontal deformation (um) 5,6
Horizontal deformation (%) 0,0055
Measured stiffness modulus (MPa) 629
Adjusted stiffness modulus (MPa) 628
Percentage difference between 15t and 2nd mean adjusted ess moduli = (-1}
W
Person responsible for this test report Signed
LUTHER HERRERA x
Date of i of
21:12:2011




Indirect tensile stiffness modulus test report.

(EN 12697-26:2004(Annex C): (Equipment - NU-14)-HYD26)
Serial No. of this test report: LAB116-10 F6Hz

Address of testing laboratory

[ Detootprintout 21122011 APCLIDA- 7-78
estcarried out by LUTHER HERRERA Tol (87°1) 5 27 0241 5.27 0236
Test temperature:  40°C C., Colombia
Specirnan diameter: 102 mm contacto@apcﬂda net
Specimen thickness: 61 m
Bulk densitr 2134 (kg!m*)
Pgisson's ratio:
Target rise-time: 65 ms
Tar%%: horizontal deforrnatlon d.xm
Number of conditioning pulses:
ransducer scan rate: 1000 Hz
T Date&tmeoftest: | 21Dic2011 0842 || Clentname: | CENTRASASA ]
Type and origin of the MDC-2
the bituminous mixture
Method of manufacture MARSHALL
of the bituminous mixture
Msthod of compaction IMPACTO
Specimen storage detalls Amblente 20°C
Bulk density determination method: LNV, E-733/07
Test along 1st diameter Test along 2nd diamster
)
Pulsa 1 Puise 2 Pulse 3 Pulsa 4 Puisa & Pulsa 1 Pulse 2 Pulsa 3 Pulse 4 Puise 8§
Results Target | Minfmum | Meximum Mean Resulls Target | Mnimurn | Madmum Mazan
Vertical forca (kN) 024 028 0,24 Vertical foroe (KN} 028 0,28 0.25
Horizontal stress (kPa) 24,8 253 249 | Horizontal stress (kPa) 26,1 26,8 2523
Load-ama fastor 0.60 ,68 0,61 080 | Load-gren actor 00 0,60 0,62 0,81
Forizontel daformation (um) | B,0 5.2 6,1 58 ‘Horizoma! deformation (umi | 5,0 g, 82 B
Load (riss) fime (mm): | 63 10 | 650 632 Load {rice) fme (ms): |63 a2 68.0 835 |
Measyured sfiffness modulus ) 410 471 428 Measuted stiffness modultes (MPa) 411 489 431 |
—____ Adusied giiffness moduis (MPa) 408 471 azt Adjusted stitfitess modulus (MPa) 412 488 431
Mean results of the two tests
Load (rise) time (ms): 63,4
Horizontal deformation (um) 58
Horizontal deformation (%) 0,0057
Measured stiffness modulus (MPa) 429
Adjusted stiffnress modulus (MPa) 429

LUTHER HERRERA

Person responsible for this test report

Percentage difference between 1st and 2nd mean adjusted stlﬂnrs moduli = (-0,9)

21:12:201




Indirect tenslile stiffness modulus test report.
(EN 12697-26:2004(Annex C): (Equipment - NU-14)-HYD25)

Serial No. of this test report: LAB116-10F2.5Hz

Address of testing laboratory

APC LTDA.

Date of print-out  21:12:2011
Testcamed outby: LUTHER HERRERA Calle 154 n 17 - 78
Specimen reference: LAB116-10 F2.5 Hz Tel (67 1) 5 27 0241 - 5 27 0236
Test temperature:  40°C Bogota D.C., Colombia
Specimen diameter: 102 mm contacto@apcitda.nst
Smmeﬁ’ Fﬁléw gzllsrz'?kglma) .
ulk density:
Poisson's ratio: 0,35
Target rise-time: 124 ms
Tar%eet herizontal deformation: 6 t5.|m
Number of conditioning pulses: 2
Transducer scan rate: 1000 Hz
Dato & timo oftest : | 21:Dic:2011 08:48 || Client name: | CENTRASA S.A
Type and origin of the MDG-2
the bituminous mixture
Methed of manufacture MARSHALL
of the bituminous mixture -
Method of compaction IMPACTO
Specimen storage details Amblenta 20°C
Bulk density dstermination method: LNV, E-733/07
Test along 1st diameter Test along 2nd diameter
Pulse 1 Pulse 2 Pulse 3 Pulse 4 Pulse & Pulss 1 Pulze 2 Pulsa 3 Pulse 4 Pulsa 8
Results Targot | Minimum | Maximum | Mesn Results Target | Mintmmn [Maxdmum|  Mean
Vertical fores (KN} Q.18 020 0.20 Vertical foren (kN) 0,17 5,18 0,18
Horizontal stress (kPa) 18,8 28 20,0 Horizental stress (kPa) 78 18,1 ]
Load-area faster 0.60 089 0,683 0,60 toad-aren factor 0.60 B8 0,61 0.60
Herizontal deformation (4m) 80 63 [-X:) 83 Horizonts! deformation [Xi] 53 LB 6.2
L {riSe) thme (ms): | 124 | 1120 | 128,0 228 m‘%’ 124 28,0 | 1410 1318
Measured stiffnass modulus (MPa) 300 354 318 wmm%@ 288 320 288
| Adiusted stiffness modulus (MPa) 300 283 316 Adiusted stiffness modufus ) 288 320 288
Mean results of the two tests
Load (rise) time (ms): : 127,3
Horizontal deformation (um) : 6,3
Horizontal deformation (%) : 0,0061
Measured stiffness moduius (MPa) : 307
Adjusted stiffness modulus (MPa) : 307
Percentage difference between 1st and 2nd mean adjusted aﬂ{{ness moduli = (6)
Person responsible for this test report Signed 2
LUTHER HERRERA - e
21:12:2011




A

ADMINISTRADORA

DE PROYECTOS CIVILES SAS

Calle 154 No. 17-78
teléfonos

laboratorio@apcitda.net
direcciontecnica@apcltda.net

Bogota, D.C.
527 0376 - 626 1884

Formato ASF-02

ENSAYO DE MODULO DE RIGIDEZ DINAMICO - MEZCLA ASFALTICA
PROCEDIMIENTO DE ENSAYO: EN 12697:2004 ANEXO C

INSTRUCTIVO:IE-AF2-01

CODIGO ORDEN:

116 I

PROYECTO:

MODULOS CENTRASA

Tipo de mezcla: MD12 - IDU
Localizacion: PLANTA CENTRASA

Fecha Recepcion: 14-dic-11
Fecha de Ensayo: Reporta resultado

Muestra: 6 Almacenamiento: Ambiente
Deformacion Objetivo - ; Tipo de probeta:  Marshall Edad 15 dias
TEMP. | FREC. MODULO (MPa) Variacién | Médulo
BRIQUETA Promedio OBSERVACIONES

(°C) (Hz) Diametro 1 Diametro 2 %p (MPa)

6 15} 10,00 8.322 8.076 3,0 8.199

6 15 5,00 6.922 6.879 0,6 6.901

6 15 2,50 5.615 5.542 1.3 5.579

6 25) 10,001 3.796 3.741 15 3.769

6 25 5,00 2.939 2.894 1,6 2.917

6 25 2,50 2.236 2.202 15 2.219

6 40| 10,00 756 736 2,7 746

6 40 5,00 547 537 1.8 542

6 40 2,50 395 362 9,1 379

Nota 1: La prueba se realiza sobre los dos didmetros perpendiculares. El valor del Mddulo corresponde al promedio de los dos valores, con una
variacion permisible entre -20 y +10% respecto a la primera medida (UNE-EN 12697-26).

( 10.000 ) /10,000 )
i ——35 }
&
=
40 o
3
=
Z |}
5 4
|
8 2
Q
g =
a 1,000 1.000
3
Q
Q
=
0 100
FRECUENCIA(Hz) 10 1 10 TEMPERATURA ('C) 100
\ 7 y

La variacidn entre didmetros perpendiculares NO supera el criterio de la norma EN para una prueba. Se anexan resultados.

PN

REVISO: DIRECCION TECNICA

Archivo: ASF-02 Modulo Tl - ASF-03 MD-12-ASF-02

Revision: 01-03

Pagina: 1 de 1




ADMINISTRADORA

DE PROYECTOS CIVILES Sas5

Calle 154 n 17 78
teléfonos

Bogota, D.C.
527 0376 - 626 1884

Formato

ASF-03

ENSAYO DE MODULO DE RIGIDEZ - CURVA MAESTRA
INSTRUCTIVO:IE-AF3-01 PROCEDIMIENTO DE ENSAYO: EN 12697:2004 ANEXO C |
CODIGO ORDEN: 116 [ PROYECTO: MOBULOS CENTRASA
Tipo de mezcla: Fecha Recepcion: 14-dic-11
Localizacién: PLANTA CENTRASA Fecha de Ensayo: Reporta resultado
Muestra: 6 Almacenamiento: Ambiente
T f Modulo
X Dinamico ISOTERMAS
[rcy [Hz] [MPa]
10,00 5,24 8.199 = =
MODULO DINAMICO ELASTICO Vs. FRECUENCIA
500 454 90| | ... g >
15 2,50 3,85 5579
10,00 2,30 3.769
5,00 1,61 2,917 T i
25 2,50 0,92 2.219 E | e
E j (]
'E e ——————————
(=] pm——
10,00 748 g
5,00 542 E o
40 2,50 379 B
et | Temperatura 5C
[ —a— 15 =—25 —a—d4Q I
100 I I I
a & 3 & * ] a 10 1
Frecuencia [Hz)]
X =a, + Ln () X = Parametro de reduccion de la Curva Maestra.
! ) ++ = factor de modificacion en funcion de la temperatura.
M1 1 f = frecuencia de la prueba en Hz.
@y =252 10 7 T T= Temperatura absoluta de la prueba (T=T*C+273,15).
) : Ts= Temperatura absoluta de referencia (Ts=Ts°C+273,15)
CURVA MAESTRA
@
a
=
o 10.000 e
[*) f
E '-—‘
“o
£ | ]
o
° //
3
E 1 000 //
-/
100
, 2 3 4 5 & 7 a : 10
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Indirect tensile stiffness modulus test report.

{EN 12697-26:2004{Annex C):

(Equipment - NU-14)-HYD26)

Serlal No. of this test report: LAB116-8 F10Hz

Date of print-out:

20:12:2011

Address of testing lahoratory

APC LTDA.
Calle 154 n 17-78

Shegmen rotoroncy.  LAGH1B.08 FIOH: Tol 671 827 Gad1. 527 0236
Test temperature:  15°C Colombia
Specimen diameter: 102 2 mm contacto@apc a.net
Specimen thickness: 81 m
Bulk density: 2248 (kg!m’)
Poisson's ratio:
Target rise-time: 33 ms
T ot horizontal deformation: & &Jm
r of conditioning pulses:
Transducer scan rate: 1000 Hz
Date & time of test: | 20:Dic:2011  10:03 H Client name : | CENTRASA 8.A
Type and origin of the MD-12
the bituminous mixture
Method of manufacture MARSHALL
of the bituminous mixture
Method of compaction IMPACTO
Specimen siorage detalls Ambiente 20°C
Bulk density determination methed: LN.V. E-733/07
Test slong 1st diameter Test along 2nd diameter
Pulsa § Pulse 1 Pulse 2 Pulzsa 3 Pulsa 4 = Pulsa §
Resulta Minimum | Meximum|  Mean Results Target | Minimum (Modmum | Mean
Vertical forca 4,08 4,07 408 Veitical foree (kN) 3,64 EX 365
Horizontel stress (kPa) 4138 4182 4148 Horizontal stress (kPa) 4028 407.2 4037
Load-ared factor | 0.60 0,68 0,60 3,60 Lot-area factor | 0.60 080 .81 0,60
o i oy |4 | 50 | o me T I M L
Wassured siifiness modulus (MPa) 8244 | 8391 [ Wieasured SUfnGss Modulus o~ | 8022 8083 BOSA
Adusted stiffness modulus (MPa) 8218 B399 i B2 Adjusted shffness modulus ) 8018 8100 8078
Mean results of the two tesis
Load (rise) time (ms): 32,8
Horizontal deformation (um) 5,0
Horizontal deformation (%) 0,004¢
Measured stiffness modulus (MPa) 8197
Adjusted stiffness modulus (MPg) 8199

Percentage difference between 1st and 2nd mean adjusted stiffness moduli = (3)

n_responsible for this test rej

LUTHER HERRERA

Slaned

e

Date of Issu! Bf report

20:12:2011




Indirect tensile stiffness modulus test report.

(EN 12897-26:2004{Annex C): (Equipment - NU-14)-HYD25)
Serial No. of this test report: LAB116-6 F6 Hz

Date of print-out.  20:12:2011
Test carried outby: LUTHER HERRERA
en raference: LAB‘I‘IB-OB F5 Hz
Teet temperature §°C
Specimen diameter: 102 2 mm
Specimen thickness: 61
Bulk density: 2246 (kglm’)
Pgisson's ratio:
Target rise-time: 633 ms
Target horizontal deformation: d.(m
Number of conditioning pulses: 2
Transducer scan rate; 1000 Hz

Address of testing laborato
APC LTDA.

Calle 154 n 17 - 78

Tel (57 1 5 27 0241 -5 27 0236

Bogoté D.C., Colombia
contacto@apc a.net

Date & time of test : | 20:Dic:2011  10:08 | | Clientname : | CENTRASAS.A
Type and origin of the MD-12
the bituminous mixture
Method of manufacture MARSHALL
of the bituminous mixture
Method of compaction IMPACTO
Specimen storage details Ambiente 20°C
Bulk density determination method: LN.V. E-733/07

Test along 1st diameter

Test along 2nd diameter

Mean results of the fwo tests

Pulse 1 Pulse 2 Pulso 3 Pulsa 4 Pulsa 8 Pulss 1 Pulse 2 Pulsa 3 Pulse 4 Pulse &
Results Tatget | Minimurn | Maximum |  Mean Results Target | Minimum | Meximum |  Mean
Vertical force (kN} 338 340 3,40 Vertica] foros (kN) 3,35 339 337
Horizontal atress (kPa) 348,86 7.2 3488 Horizontal stress (kPa) 420 3466 33
Load-areafactor |  0.60 0,80 0.61 0,81 Load-area factor | 0.60 0,60 0.61 080
Hu%demmﬂm () 80 X B%l:l 5,0 Harizontel deformation (um) | 8,0 6,0 80 50
{risws} timo (ms): 63 82,0 .0 622 Load (rise) time (ms): 83 €20 83,0 628
Mogsured stiffress mogdulus 8568 as28 6882 Moasired stifiness modulus (MPa) 6835 6300 6871
Adjusted stiffess modulus (MPa) 8857 | 6e51 6822 Adusted afifiness modufus (MPa) |~ | 6849 | 6928 6870

Load (rise) time (ms): 62,4
Horizontal deformation (um) 5,0
Horizontal deformation (%) 0,0049
Measured stifiness modulus (MPa) 6882
Adjusted stiffness modulus (MPa) 6901
Percentage difference between 1st and 2nd mean ﬂt&f&d stiffness modull = (0,6)
erson ible for this Slaned @,N\
LUTHER HERRERA
of i re
20:12:2011




Indirect tensile stiffness modutus test report.

(EN 12697-26:2004{Annex C}): (Equipment - NU-14)-HYD26)
Sorial No. of this tesat report: LAB116-8 F2.5Hz

Address of testing laboratory

APC LTDA.
Date of printout:  20:12:2011 Calle 154 n 17 - 78
Tost cameg outby: L UTHER HERRERA Tel 671 527 0241 - 5 27 0236
Test tem&eraﬂ.tre: 5°C Bogoté D.C., Calombia
Speci ameter:  102,2 mm contacto@apcitda.net
Speclmegx uﬂzlgkness: g% 4'3"(;(91 - .
Poisson's ratie: 0,95
Target rise-ime! 124 ms
arg horizontal deformation: 5 &m’
r of condiﬁoning pulses: 2
ransducer scan rate: 1000 Hz
| Date&ﬁmecftast:l 20:Dic:2011 10012 ” Client nama: | CENTRASASA
Type and origin of the MD-12
the bituminous mixture
Method of manufaciure MARSHALL
of the bituminous mixture
Method of compaction IMPACTO
Specimen storage details Ambiente 20°C
Bulk density determinatton method: | LNV, E-733/07

Test along 1st diameter

Test along 2nd diameter

Pulse 1 Pulse 2 Pulse 3 Pulse 4 Pulsa 8 Puise 1 Pulse 2 Pusa 3 Pulsa 4 Pulse §
Results Tampet | Minimum | Maximum!  Moan Results Target | Minimum |Maximum | Mean
o i (e T 0T e T Mo tas | i ]
Load-orea facte 0.60 0,80 0,61 0,61 Load-gras foctor 0.80 0,60 081 [X3]
Horlromia) deformation 80 80 80 8.0 Hortzeminl defermation (um) 1] 80 B2 81
- Load i@@ﬁ~ 24| 1220 | 12, 1244 mj@mﬁ: 24 ~%o 1250 1238 |
Memsuredt stiffross madubs (MPa) &2 ¥ GE8T Measurad gliffness modulus (MPa) E578 [T
Adjusted eliffness morlus (MPa) | —— | 8888 | 563 8815 | Adhustod wlifiress moduls (MPa) | 8518 6842
Mean results of the two tests
Load (rise) time (ms): 124,1
Herizontal deformation (um) 5,0
Horizontal deformation (%) 0,0049
Messured stiffness modulus (MPa) 5549
Adjusted stiffness moduius (MPa) 5579

Pementagadtﬁerenoabetween1stan62ndmeanadj‘rmde\ﬂnessmoduﬂ=(1)

Person ible for

ro Signed

LUTHER HERRERA

Date of

of re

20:12:2011
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Indirvect tenslle stiffness modulus test report.

{EN 12697-26:2004{Annex C): (Equipment - NU-14)-HYD26)
Serlal No. of this test report: LAB118-8 F10 Hz Address of testing laboratory
APC LT’DA.
Tost carmied out by: %‘{'F&o'g%‘}ﬁﬁﬁ“ Ao 715 8 27 0241 527 0236
Test temperature Bogota mbia
Specimen diamseter: 102 2 mm oontacto@apcltda net
Specimen thickness .
Bulk 2246 (kglm‘)
Poisson's ratio: 0,35
Targst rise-ime: 33 ms
horizontal deformation: 5 um
r of conditioning pulses: 2
Transducer scan rate: 1000 Mz
Date & time of test: | 20:Die:2011  16:16 H Cilentname : | CENTRASA S.A |
Type and origin of the MR-12
the bituminous mixture
Method of manufacture MARSHALL
of the bituminous mbdure
Msthod of compaction IMPACTO
Specimen storage detalls Ambiente 20°C
Buik density determination method. LNV, B-733/07
Test along 1st diameter Test along 2nd diameter
Pulse 1 . Pulse 2 Pulse 3 Pulso 4 . Fuiss 8
Resuits Target | Mintmum | Maxtmm | Bean
i s T 05| e |0 MW@ = 139——1‘9%:. }'——gi“i
Load-grea factor | 0.60 660 | 66 081 oot area tastor | 0.60 [ 0,60
Horizontal deformution 8,0 B.D g1 1 Hestromtal deforrmation {um) 5.0 5 1] 82 K]
== S EE=—Sss=sis =
atiffrioss modidus 3738 3818 grre Maasured stifftess modulus ] ﬁ!; 787 3745
stiffrtess modulis o~ | ars7 fr] Ires sliffresy modulis ) 3878 arre 3741

LUTHER HERRERA

Mean results of the two tests

Load (rise) time (ms): 32,3

Horizontal deformation (um) 5,1

Horizontal deformation (%) : 0,0050

Measured stiffness modulus (MPa) : 3762

Adjusted stifiness modulus (MPa) : 3769
Percentage difference between 1st and 2nd meaansﬂffnassmoduﬂ {1}

Signed
3\
ate of Bf re

20:12:2011

Persan responsible for this test report




Indirect tensile stiffness
{EN 12697-26:2004{Annex C):

modulus test report.
(Equipment - NU-14)-HYD25)

Serial No. of this test report: LAB116-6 F5 Hz Address of testing laboratory
Dafo of pritout 20122011 APCLIDA 7-78
Sherion ook LABT 608 FS 2 Yol 57 1) § 27 02415 27 0236
Test temperatura:  25°C Bogota Colombia
Specimen diameter:  102,2 mm contacto@apcltda net
Specxrneén }hlckness g; 4rgr?k
ulk : gfm®)
Poisson's ratio: 0,35
Target rise-time: 63 ms
et horizontal deformation: 5 um
Nu r of conditioning pulses: 2
Tranasducer scan rate: 1000 Hz
| Dato&timeoftest: | 20:Die:2011  16:21 || Clientname : | CENTRASA S.A
Type and origin of the MD-12
the bituminous mixture
Msthod of manufacture MARSHALL
of the bituminous mixture
Methed of compaction IMPACTC
Specimen storage details Amblents 20°C
Bulk density determination method: | LNV, E-73307
Test along_1st diameter Test along 2nd diameter
Pulsa 1 Puize 2 Pulsa 3 Pulse 4 Pulsa § Pulsa 1 Pulse 2 Pulss 3 Pulsa 4 Pulse 8
Resufts Tangst | Minimum | Maximum |  Mean Results Target | Mindmam | Meodmeon | Mesan
Vertica! foroa (kN) 145 1,48 147 Vartical forea (kN) 1,48 148 147
Hostzontal siress (kPa) 478 | 618 | 1603 FioTizome! siress (kPa) 451 | 81,1 | 1487
Load-areafacter | 0.60 0,60 062 081 Load-area foctor | 0.60 0,60 0,61 060
Horizomal defermation (um) | 6,0 49 ¥ E1 Horizontal deformaton (um) | 6.0 31 52 s%
Losad (rige) time (ms): a3 82,0 840 630 Load {ris) time (ma): ] 1.0 §3.0
Measured stiffness modulus (MPa) 2384 2873 2024 Measured gliffness modulus 281 2808 2880
Adjusted stifftess modulus (MPa) 2587 2892 modulus 2878 2910 2884
Mean results of the two tests
Load (rise) time (ms): 62,6
Horizontal deformation (um) 5,1
Horizontal deformation (%) 0,0050
Measured stiffness modulus (MPa) 2907
Adjusted stiffness modulus (MPa) 2917

Percentage difference between 1st and 2nd mean ad]Td eﬁf‘@ moeduli = (2)

LUTHER HERRERA

Person responsible for this test report

Signed

Date of Issua%regg[;

20:12:2011




Indirect tensile stiffness modulus test report.

(EN 12697-26:2004(Anneox C): (Equipment - NU-14)-HYD25)
Serial No. of this test report: LAB116-6 F2.5Hz

Address of testing laborato:

APC LTDA
Srecimen ronct.  LABITG 08 28 i %(573527 0241527 0236
Specimen diameter;  102,2 mm contacto@apcltda net
SO e donaty. 5348 (ka/m*)
Poisson 's ratio: 0,35
Target rise-time: 124 ms
r%e horizontal deformation: 5 dlm
r of oondittonlng pulses: 2
ransducer scan rate: 1000 Hz
Date & time of test: | 20:Dic:2011  16:26 | Client name : | CENTRASA S.A
Type and origin of the MD-12
the bituminous mixture
Method of manufacture MARSHALL
of the bituminous mixture
Method of compaction IMPACTO
Specimen storage details Ambiente 20°C
Bulk density determination method: LN.V. E-733/07
Test along 1st diameter Test along 2nd diameter
Pulsg 1 Pulse 2 Pulse 3 Fulze 4 Pulse 8 Pulse 1 Puiss 2 Pulsa 3 Pulss 4 Pulsa 8
Resulis Target | Minimum | Maxirum |  Mean Resulty Target | Mirimum [ Madmum |  Mean
Vertical foroe (kN} 112 144 1,13 Vertical forea 1 112 i34 113__|
Horfzonta sireos (iPa) 114,0 1186 1188 Horizantal stress (kPa) 1138 1168 1160 __ |
Load-aren factor 0.60 0,60 0,62 0,681 Load-aren factor 080 061 0,62 0,61
Horizontal deformation (im) | 6,0 50 82 5 Horizonte] defomation (um) | 8.0 81 54 B2
Load (rise) tmo (ms): |_ 124 | 1220 | 1240 | 1228 Toad (ise) tme (may | 124 | 1220 | 1270 | 1244
Messurad stifftoss modulus (MPa) 2210 2280 2228 Maasured gliffness modulus 42 217 211
Adjusted stiffness modulus (MPa) 211 2262 256 m% T 2148 | 2228
Mean results of the two tests
Load (rise) time (ms): 123,6
Horizontal deformation (um) 5,2
Horizonta deformation (%) 0,0051
Measured stiffness moduius (MPa) 2209
Adjusted stiffness modulus (MPa) 2219

Percentage difference between 1st and 2nd mean ad]‘!ﬂad sﬂﬂ“ess moduli = (2)

Person responsible for this re|

LUTHER HERRERA

20:12:2011




Indirect tensile stiffness modulus test report.

(EN 12697-26:2004{Annex C): (Equipment - NU-14)-HYD26)
Serlal No. of this test report: LAB116-8 F10Hz

ddress of teating laborato

Percentage difference belween 1st and 2nd mean adjustad ess modull = (3)

APC LTDA.
Date of printout:  21:12:2011
Test caried outby: LUTHER HERRERA Calle 154 n 17 - 78
Specimen reference:  LAB116-06 F10 Hz Tel (57 ‘B 5 27 0241 - § 27 0236
est temperature:  40°C Bogotd Colombia
Speolmen diamster: 102,2 mm contacto@apcltda net
SpecameEl;l tul;ﬂgknass g; ETRQ] ") .
L. ensity'
Polsson's ratio: 0,35
Target rise-time: 33 ms
argDe horizontal deformation: 5 d.lm
r of conditioning pulses: 2
Transducer scan rate: 1000 Hz
Date & time of test: | 21:Dic:2011  08:21 i Clientname : | CENTRASA S.A
Type and origin of the MD-12
the bitumincus mixiure
Method of manufacture MARSHALL
of the bituminous mixture
Msthod of compaction IMPACTO
Specimen storage details Ambiente 20°C
Builk density determination method: LN.V. E-733%/07
Test along 1st diameter Test along 2nd diameter diamete
| ] 1l L 1l
Puisa 1 Pulsa 2 Pulse 3 Pulse 4 ] Pulsa 8 Pulsa 1 Pulse 2
Resulis Target | Minimum | Maximum | Mean Results Target
Vertical wf:;a (KN} 4043 234% 041 Verticat fores (kN) .4; DA% 0,41
[ torizoninlstimss (kPa) 7 X Horzomda) ]
Lond-area factor | 0.60 0,57 0,59 %;__ _ﬁ@m 0.60 .189 %1 g.%o%—
s gy et — a0 0 e T3 T o0 T %6
—.___—.(__)—_LI: AV i) 3 A L) 4
Mussured stifiness modulus (MPa) 748 218 781 Measured stiffness modulus (MPa) 728 748 136
Adiusted stifness modulus (MPa) 741 [3F] 768 Adlustod stiffness modulus (MPa) 731 744 738
Mean results of the fwo tests
Load (rise) time (ms): 35,4
Horizontal deformation (um) 506
Horizontal deformation (%) 0,0055
Measured stiffness modulus (MPa) 748
Adjusted stiffness modulus (MPa) 746

LUTHER HERRERA

Person responsibie for this test report

21:12:2011




Indirect tensile stiffness modulus test report.
(EN 12697-26:2004(Annex C): (Equipment - NU-14)-HYD26)
Serial No. of this test roport: LAB116-8 F6Hz

dd of testing laborato:

Date of print-out. 21122011 AR LA y7-78
sggc?m‘?ﬁ“%‘%e?gﬁ'é.? CABTIB 08 otz Tol (6718 37 641 - 5 27 0236
Test tem re. 40°C Bogota Colombia
Specimen diameter:  102,2 mm contacto@apcltda net
Specimen thickness: 61 mm
Bulk density' 2246 (kg/m®)
Poisson's ratio: 0,35
Targetrise-ime: 63 ms
r%e horizontal deformation: 5
r of conditioning pulses: 2
Transducer scanrate: 1000 Hz
Date & time of test: | 21:Dic:2011 09:28 | Clientname: | CENTRASA S.A
Type and crigin of the MD-12
the bituminous mbdure
Method of manufacture MARSHALL
of the bitumincus mixure
Meathod of compaction IMPACTO
Specimen storage details Ambilents 20°C
Bulk density determination method: LN.V. E-733/07

Test along 1st diamseter

Test along 2nd diameter

Pulse 1 Pulse 2 Pulse 3 PI;!SB4 I Pulse 8 Pulsa 1 Pulse 2 Pulsa 3 Pulsa 4 Pulse &
Resulls Terget | Minimum | Maximum| Mean Results Targest | Minimum | Midmum | Mean
Vi % X X
ot shiess (% Sh4 | SiE 913 e S (8] 250 T 3ie T 1]
Load-crea fuchor | 0.80 0,68 [X:] 0,60 Load-arsa factor | 0.60 0,59 D612 81
Hovizontal delormation (um) 8,0 g1 5.8 8.7 Horizontal deformation (um) 80 6,0 6.0 B8
Load (rige) time {ma): 63 629 66,0 83,8 Load {riss) tinme (ms): B3 80.0 1] 842
Memsared stiffress modulus (8Pa) 528 591 8548 Measured siiffness modulus % 518 &9 537
Adjusted stiffness modulus {(MPa) 528 580 547 stiffnass modulus ] 8618 $88 837
Mean results of the two fests
Load (rize) time (ms): 63,9
Horizontal deformation {um) 57
Horizontal deformation (%) 0,0056
Measured stiffness modulus (MPa) 542
Adjusted stiffness modulus (MPa) 542

Percentage difference beiween 1st and 2nd mean ad«xsted Tess moduli = (2)

Person responsible for this test report Sianed
LUTHER HERRERA -

of rg

21:12:2011




Indirect tensile stiffness modulus test report.
(EN 12697-26:2004(Annex C): (Equipment - NU-14)-HYD26)

Serlal No. of this test report: LAB116-6F2.6Hz Address of testing laboratory
Date of printout  21:12:2011 APC LTDA.
Testcamed outby: LUTHER HERRERA Calle 154 n 17 - 78
Specimen reference: LAB116-08 F2.5 Hz Tel (57 ‘B 527 0241 - 5 27 0236
Test temperature:  40°C Bogota D.C., Colombia
Specimen diameter:  102,2 mm contacto@apcitda.net
P S S i '
Polsson's ratio: 0,35

. Targetrisetime: 124 ms
Tar%eg herizontal deformation: 5 d-l]'l‘l
Number of conditioning pulses: 2
ransducer scan rate: 1000 Hz

Date & time of test: | 21:Dic:2011  09:31 | Client name : | CENTRASA S.A
Type and origin of the MD-12
the bituminous mixure
Method of manufacture MARSHALL
of the bituminous mixture
Method of compaction IMPACTO
Specimen storage detalls Amblente 20°C
Bulk density determination method: LN.V. E-733/07
Test along st diameter Test along 2nd diameter
Pulse 1 Pulso 2 Pulze 3 - Pulse 4 Pulsa 4 Puiga 1 Puisa 2 Pulse 3 Pulsa 4 Pulse B
Resuits Torget | Minimum |Maximum|  Mean Rasults Target | Minimum | Maxdmum | Mesn
e e e ae
Load-gres factor | 0.60 0,87 062 B Load-aren tactor | 0.60 ,ED 63 61
_—w—"‘@l (tise) thne (ms): ?2“4 120 12590 123‘3 —m%) ?':4 1$§ ) 1;'.?0 12_2,”3
Mieasiurod stfness madutiss (Pa) 383 |42 34 Wenmed neodulus (MPa) || 338 | 370 21
Adjusted stiffress modulus (MPa) 382 423 385 Adjusted giiffness madulys (MPa) 340 371 382
Mean resuits of the two tests
Load (rise) ime (ms): : 123,8
Horizontal deformation (um) : 64
Harizontal deformation (%) : 0,0063
Measured stiffness modulus (MPa) 378
Adjusted stiffress modulus (MPa) : y 379

Percentage difference between 1st and 2nd mean Ki]‘stad aﬂ’gms moduli = (B)

erson nsible for thig tast re Signed

LUTHER HERRERA

21:12:201




g - !
Al__/ ( Calle 154 No. 17-78  Bogots, D.C.
~—"" teléfonos 527 0376 - 626 1884
ADMINISTRADORA laboratorio@apcltda.net

DE PROYECTOS CIVILES SAS

direcciontecnica@apcitda.net Formato  ASF-02
ENSAYO DE MODULO DE RIGIDEZ DINAMICO - MEZCLA ASFALTICA
INSTRUCTIVO:IE-AF2-01 PROCEDIMIENTO DE ENSAYO: EN 12697:2004 ANEXO C
CODIGO ORDEN: 116 PROYECTO: MODULOS CENTRASA
Tipo de mezcla: MD20 - IDU Fecha Recepcién: 14-dic-11
Localizacion: PLANTA CENTRASA Fecha de Ensayo: Reporta resultado
Muestra: 3 Almacenamiento: Ambiente
Deformacion Objetivo = Tipo de probeta:  Marshall Edad 15 dias
TEMP. | FREC. MODULO (MPa) Variacion | Médulo
BRIQUETA Promedio OBSERVACIONES
(°C) (Hz) Didmetro 1 Diametro 2 % (MPa)

3 15| 10,00 8.081 7.941 1,8 8.011

3 15 5,00 6.575 6.516 0,9 6.546

3 15y 2,50 5.238 5.142 1,9 S.IQOH

3 25] 10,00 3.912 3.889 0,6 3.901

3 25 S,OOL 2.996 2.948 1,6 2.972

3 251 2,50 2.227 2.185 19 2.206

3 40| 10,00 825 800 3,1 813

3 40] 5,00 574 533 i 554

3 40 2,50 403 374 7,8 389

Mota 1: La prueba se realiza sobre los dos didmetros perpendiculares. El valor del Mddulo corresponde al promedio de los dos valores, con una
variacion permisible entre -20 y +10% respecto a la primera medida (UNE-EN 12697-26).

i 10:000 ) Fan[}a I

——15

—=— 25

40

MODULO DINAMICO (MPa)
-

=
(=1

1.000

MODULO DINAMICO (MPa)

Y 1 FRECUENCIAHz) 10 y ! L TEMPERATURA ('C) °°

e v

OBSERVACIONES ['.

| Lavariacion entre didmetros perpendiculares NO supera el criterio de |a norma EN para una prueba. Se anexan resultados.

i _ W

§UTO: LABORATORIO REVISO: DIRECCION TECNICA

Archivo: ASF-02 Modulo Tl - ASF-03 MD-20-ASF-02 o
Revision: 01-03 Pagina: 1 de 1




w
ﬂﬁ\ E__/' ( Calle 154 n 17 78 Bogotd, D.C.
N— teléfonos 527 0376 - 626 1884

ADMINISTRADORA senvicios
cTo

ltda.net

DE PROYEL 5 CIVILES sAS CQL!t_E:lC:y_I.@_ Formato ASF“DB
ENSAYO DE MODULO DE RIGIDEZ - CURVA MAESTRA
INSTRUCTIVO:IE-AF3-01 PROCEDIMIENTO DE ENSAYO: EN 12697:2004 ANEXO C |
CODIGO ORDEN: 116 I PROYECTO: MODULOS CENTRASA
Tipo de mezcla: Fecha Recepcidn: 19-dic-11
Localizacién: PLANTA CENTRASA Fecha de Ensayo: Reporta resultado
Muestra: 3 Almacenamiento: Ambiente
—“—
T f Médulo
X Dindmico ISOTERMAS
rcl [Hz] [MPa]
10,00 524 8.011 — -
: : ODULO DINAMICO ELASTICO Vs. FRECUENCIA
500 454 esag| | MODUL gt L
15 2.50 3,85 5.180
10,00 2,30 3.901
500 161 2972) | F oom
25 250 092 2208 | =
L)
E R
- - o
[=] Tp— -
10,00 - 813 s
5,00 e 554 E 1000
40 2,50 389
Il ‘ Temperatura 2C ’
l_—-—15 W25 —a— g0 I
100 | | [
1 z 3 4 & 6 'l ] 9 10 11
Frecuencia [Hz]
- X = Parametro de reduccion de la Curva Maestra
X=a,+ Ln(h r e ;
' O . = factor de modificacion en funcién de la temperatura,
v 4 1 f = frecuencia de la prueba en Hz.
@y =252 10 d T T | T= Temperatura absoluta de |a prueba (T=T°C+273,15).
- ! Ts= Temperatura absoluta de referencia (Ts=Ts"C+273,15),
CURVA MAESTRA
100 000
™
o,
=
o 10 000 .
o
E — |
=  aa
a
o
=
.Eé 1000 //
-/
100
L ﬁ (] 1 2 3 4 5 & 7 B 8 10

| X =a, T In(h
BSERVACIONES:

1 il '}
W N~
EAGHTD: LasoRATORISTA REVISGO: ING. DE LABORATORIO

Archivo: ASF-02 Modulo Tl - ASF-03 MD-20- o
Revision: 01-2010 Pagina: 1de 1




Indirect tensile stiffness modulus test report.

(EN 12697-28:2004{Annex C): (Equipment - NU-14)-HYD25)
Serial No. of this test report: LAB116-3 F10Hz

Target homonmlgieetmmaﬁoni
N of conditicning pulses:
Transducer scan rate:

20:12:2011
LUTHER HERRERA
If?% 16-03 F10 Hz

102 mm
63 m

2099 (kg!m’)
33 ms

m
2
1000 Hz

d of testing laborato

APC LTDA.

Calle 154 n 17 - 78
Tet (67 1) 5 27 0241 - 5 27 0236
Bogota D.C., Colombia

contacto@epcitda.net

Date & time of test: | 20:Dic:2011  10:10 H

Clientname : | CENTRASAS.A

Percentagedﬂferencebatweenhtandmdmeanadjwwmfvmmodunﬂz)

Typa and origin of the MD-20
the bituminous midure
Method of manufacture MARSHALL
of the bituminous mixture
Method of compaction IMPACTO
Specimen storage details Amblente 20°C
Bulk density determination methad; L.N.V. E-733/07
alo Test along 1st diameter Test along 2nd diamster dtamete
Pulss & Pulsa 4 Pulse 8
$esn Results Target | Minimum |Madmum| Mean
| EEm— e e i
Load-aron foctar .80 0,80 0,81 0,60 Lead-area foctor 0.60 59 0.61 0,60
! Hostzontal defemnation (um) | 8.0 X 82 &1 Hertzontal deformation (ym) | B0 8,0 8.0 0
L Load{fmojtme(ma) | 33 32,0 230 | 322 [ Load (o) time (mej: | 0 330 %E_
Moasured stifftass modulus (MPa) 8018 8138 8081 | Moasurad stiffiads moduius (MPs) 7883 7874
Adjuated stiffness modulus (MPa) 8030 8123 808 Adumted stiffness modulus HtPs) o7 8001 784
Mean resuits of the two tests
Load (rise) time (ms): 324
Horizontal deformation (um) 51
Horizontal deformation (%) 0,0050
Measured stiffness modulus (MPa) : 7996
Adjusted stiffness medulus (MPa) 8011

erson nsible for Ie;

LUTHER HERRERA

Signed

of

of re]

20:12:2011
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indirect tenslle stiffness modulus test roport.
(EN 12687-26:2004{Annex C): (Equipment - NU-14)-HYD26)

Serial No. of this test report: LAB416-3 F5Hz Address of testing laborat
Date of print-out  20:12:2011 APC LTDA.

Test cartied out by. LUTHER HERRERA Calle 164 n 17 - 78

Specimen reference: LAB116-03 F5 Hz Tel (57 1 5 27 0241 - 6 27 0236
Test temperature:  15°C .C., Colombia

Specimen diameter: 102 mm oontacto@a a.net

Specimen thickness: mm
Bulk ¢ 2089 (kg/m?)

Polsson's ratio: 0,35
Target rise-time: €3 ms
T horizonta] deformation: gd.nm

Number of conditioning pulses:
Tramduoerr;%an rata:

1000 Hz
| Date&timeoftest: | 20:Dic2011 10:25 || Clentname:| CENTRASASA
Type and crigin of the MD-20
the bituminous mixture
Method of manufactura MARSHALL
of the bituminous mixture
Msthod of compaction IMPACTO
Specimen storage detalls Amblents 20°C
Bulk density determination method: LNV, BE-733/07
Test along 1st diameter Test along 2nd diameter
Pulse t Pulse 2 Fulse 3 Puisa 4 Pulse 8 Pulse 1 Puise 2 Pulse 3 Pulsa 4 Pulse 8
Results Target | Minimum | Mestmum | Moan  Resulis Tamet | Minimum |Madmem|  Sesn
e S g e e g
Load aren toitor | 060|060 | 061 0.61 Loodarcalfostor | 080 | 0,60 | 081 081
Hertzontal dafermation [X1] 80 80 80 Horizirsted deformation ) 50 85,0 81 81
Y 1 N T L - -
Méanired GHiness moduius €518 | 6578 6544 Heasured hoduius (Pa) 6458 | 6514 8455
__Ldltmd—% siffiness modufisy 6509 | 6620 stifiness modulus 6488 { Baf 6318
Mean results of the two tests
Load (rise) time (ms): : 62,7
Horizontal deformation (um) 5,0
Horizontal deformation (%) : 0,0049
Measured stiffness moduius (MPa) : 6515
Adjusted stifiness modulus (MPa)

Percentagediﬂerencebatweemaandzndmeanadju“admﬂﬁmmmﬂﬂoa)

Person responsible for this test report
LUTHER HERRERA }

20:12:2011
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Indirect tensile stiffness modulus test report.

(EN 12897-26:2004(Annex C): (Equipment - NU-14)-HYD26)
Serial No. of this test report: LAB116-3 F2.6Hz

20:12:2011
L

Test carried out by: UTHER HERRERA
Specimsan raference: LAB116-03 F2.5 Hz
Test temperature; 15°C
Specimen diameter: 102 mm
e ety SH
Polsson's ratio:
Target rise-time: 1’24 ms
et horizontal deformation: m
Nu r of conditioning pulses
Transducer scan rate 1000 Hz

Ad of testing labora

APC LTDA
Calle

Colombia
contam@apcltda net

n17-78
Tel (57 ‘B 5 27 0241 - 5 27 0236

Date & time of test: | 20:Dic:2011  10:29 ||

Client name : | CENTRASA S.A

Type and origin of the MD-20
the bituminous mixture
Method of manufacture | MARSHALL
of the biturmninous mixture
Method of compaction IMPACTO
Specimen storage details Ambiente 20°C
Bulk density determination method: LN.V. E-733/07
Test along 1st diameter Test along 2nd diameter
Pulsa 1 Pulse 2 Pulse 3 Pulse 4 Fulse 5 Pulse 1 Puse 2 Puise 3 Pulse 4 Pulsa &
Results Target | Mintmum | Madmum| Mean Resuits Target | Mintyum | Maximum| Mean
- ERR e A
Load-ares factor 0.60 0,60 0.61 0,81 Loag-aren factor 0.80 0,60 0,81 0.81
Comi (doe) G ey 21| 1233 12:0 1245 e nayime oo {ites) thvs (o) i gzg 25T on
—‘_]_(_ 4 i) t 3 Al L
Maasured stiffregs modulus (Pa) 8187 5259 8212 | Measured stiffness modulus (MPa) 5088 b162 5119
Adiusted stiffregs modulus (MPa} 5218 5288 §238 Adiustod madidus (MPa) 5118 178 5142
Mean results of the two tests
Load (rise) time (ms): 124,1
Morizontal deformation (um) 5,0
Horizontal deformation (%) 0,0049
Measured stiffness modulus (MPa) : 5166
Adjusted stiffness modulus (MPa) : 5190

Percentage difference between 1st and 2nd mean adj\sted eﬂﬁ“@ moduli = (2)

Person responsible for this test report
LUTHER HERRERA

of igsuel of re
20:12:2011




Indirect tensile stiffness modulus test report.
(EN 12697-26:2004(Annex C): (Equipment - NU-14)-HYD25)
Date of print-out  20:12:2011 APC LTDA.
Calle 154 n 17 - 78
Specron reforency LABT 605 FiO He Tol (57 1) 527 0241 - 5 27 0236
Test temperature;  25°C .C., Colombia
Ssp?c?imen diameter: 102 mm contaclo@apcltda net
men thi
Bulk dens 2099
Poisson's mﬂﬂg. 0,35 (kglm’)
Target rise-time; 33 me
et horizontal deformation; 8 ryrrl
r of conditioning pulses:
ransducer scan rate: 1000 Hz
Date & time oftest: | 20:Dic:2011 16:00 || Client name : | CENTRASA S.A B
Type and origin of the MD-20
the bituminous mixture
Method of manufacture MARSHALL
of the bituminous mixture
Method of compaction IMPACTO
Spacimen storage details Ambiente 20°C
Bulk density determination method: LN.V. E-733/07
Test along 1st diameter Test along 2nd diameter
Pyisa 1 Pulsg 2 Pulse 3 . Pulaa'4 Pulsa 5 Puiss 1 Pulse 2 Pulse 2 Pulsa 4 - Pulse &
Results Target | Mintmum | Meximum | Mean Resutis Target | Minimum | Maximum| Mean
Vertica) forcs (kN) 201 a0 20 Vertical forcs (kN} 1,88 200 2,00
, Horizonta) stress (kPa) 1688 | 1693 | 1884 | Horzontal stress (kPa) 1974 | 1888 | 1877
Load-aren factor |  0.60 0,59 0,81 080 Load-ares fuoter D.80 0,60 0,61 0,60
, Heorizonta) deformation (um} | 5,0 80 81 6,1 Hortzontal deformation {m) | 8,0 80 B,1 8,1
Load (rise) time (ma): | 33 320 B0 o6 | Load (rse) time {ms); | 39 do0 | 340 | 328 |
Measured siifftess moculus (MPa) 3930 3914 Weasured stiffiness modulis (MPa) 3867 |_ 200z 3680
_ Adlustad stitiness modidus (MPa) 3889 | 3653 /12 Adjusted etiffness modulus (MPa) 3888 | 3073 3568
Mean results of the two tests
Load (rise) time (ms): 32,7
Horizontal deformation (um) 5,1
Horizonta! deformation (%) 0,0050
Measured stiffness medulus (MPa) 3807
Adjusted stiffness modulus (MPa) 3901

Percentage difference between 1st and 2nd mean adjt.Tsd m\m modull = (0,8)

Person regponsible for this test report

LUTHER HERRERA

ate

L1 of re

20:12:2011




Indirect tensile stiffness modulus test report.

(EN 12697-26:2004(Annex C): (Equipment - NU-14)-HYD25)
Serial No. of this test roport: LAB116-3 F5 Hz

Addreas of testing laboratory

Tegtagr?ife%mﬁ-tom EoAER ERRERA Calle 154 n 17 - 78
ot by: Lo HERRE! Yol (67 1) § 27 0241 - 6 27 0236
Test temgerature 25°C Bogota , Colombia
Specimen diameter: 102 mm contacto@apc tda.net
Speclm%n thickness: s Oenggl -~
Poisson‘s ratio: 0,35
Target rise-time: 63 ms
et horizontal deformation: 5 d.lm
r of conditioning pulses: 2
Transducer scan rete: 1000 Hz
Dato & ime of test: | 20:Dic:2011  16:05 || Client name : | CENTRASA SA ]
Type and origin of the MD-20
the bituminous mixture
Method of manufacture MARSHALL
of the bituminous mixture
Method of compaction IMPACTO
Specimen storage details Ambiente 20°C
Bulk density determination method: LN.V. E-733/07
Test along 1st diameter Test along 2nd diameter
Pulsa 1 Pulse 2 Pulze 3 Pulsa 4 Pulzo § Pulso 1 Pulse 2 Pulsa 3 Pulsa 4 Pulsa B
Results Tarpet | Minfum | Mexinumm|  Mean Resulls Target | Mntmum | Meximum|  Msan
Vertieal torce (KN} 153 1,86 168 Vertical fome (KN} 1,88 158 154
Hortzontnl atress {(ikPa) 151,86 1841 1634 Horizontal stress (kKPa) 151,3 1544 1627
Laoad-area factor 0.60 0,60 081 0.81 Load-area fachor 0.80 0,88 0,81 0,60
Horizonial deformation (um) | 6.0 5,0 82 8,1 Tiorzonta) defarmation (% 80 B4 B3 B2
Load (riso) time {(ma): -] 820 g&% Megp Load {tise) tims (ms): “'\8-3..__ 23:&% 2_%% g.é
Adjuated stiffness modulus (MPa) 2988 3032 2086 Adjusted sfiffress modulus (MPa) 2888 2087 2648
Mean results of the two tests
Load (rise) time (ms): 63,0
Horizontal deformation (um) 5.1
Horizontal deformation (%) 0,0050
Measured stiffness modulus (MPa) 2963
Adjusted stiffness modulus (MPa) 2972

Percentage difference between 1st and 2nd mean adj{sted smTess modull = (2)

P n nsible for this test re;

LUTHER HERRERA

““’muﬂ

Date of i

20:12:2011




indirect tenslie stiffness modulus test report.

(EN 12697-26:2004{Annex C): (Equipment - NUJ-14)-HYD25)
Serial No. of this test roport: LAB1168-3 F2.6Hz

Address of testing laboratory

of print-out  20:12:2011 APC '-TDA
Cale154n 17 -78
Sposman e L””?{Eéo%%i“'?@ LoiGr 32&"%%1527 0236
Test temperatura .C.
Specimen diameter; 102 mm contacto@apcltda net
Spechn?u[tiliglﬂmss: gggg - .
Polsson's ratio: 0,35 of
Target rise-time: 1é4 ms
oSty gy
r on
Transducer scan pe 1000 Hz
Date & time of test : | 20:0ie:2011  16:00 H Clientname : | CENTRASA SA ]
Type and origin of the MD-20
the bituminous mixture
Method of manufacture MARSHALL
of the bituminous mixture
Method of compaction IMPACTO
Specimen storage detalls Ambiente 20°C
Butk density determination method: LN.V. E-733/07
Test alona 1st diameter Test along 2nd diamster
Pitse 1 Puise 2 Pulse 3 Puise 4 Pulss & Puise 1 Puise 2 Pulse 3 Pulse 4 Pulse 8
Rlesiftn Tergst | Minimum |Maxdmum|  Moan Results Target | Minbrum |Meximem | Mean
TR st (02 {Pa) — 111;1 LAY HET m&g 11@,73 11%3 113‘;‘.96_
Load-area factor 0.60 0,59 061 Load-ares fackor 0.60 0.60 0.62 0.6
Hortzonts) deformation (um) 8.0 8,1 82 [-X] Hestenerte deformation {m) 80 82 58 6.3
{thse) time (ms) 124 1230 1280 | 1248 Laag (rise) ime (me): 124 1230 1260 124.8
Measured Sness modulus (WPg) |~ | 2212 | 2245 | e Missrod siftnoss modsts #2207 | 2160
Adusted stiffness modulus (MPa) 217 2281 Fr- 7 Adfirsted efifthess modilia (MFa) FiFal 2207 2188
Mean results of the two tests
Load (rise) time (ms): 124.8
Horizontal deformation (um) 52
Horizontal deformation (%) 0,0051
Measured stiffness modulus (MPa) 2203
Adjusted stiffness modulus (MPa) 22086

Percentage difference batween 1st and 2nd mean moduli = {2)
\K

) nsible for th

LUTHER HERRERA

Signed

L4

Date of issu® bf re;

20012:201
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Indirect tensile stiffness modulus test report.

(EN 12697-26:2004(Annex C): (Equipment - NU-14)-HYD25)

Serlal No. of this test report: LAB116-3 F10Hz Address of testing laboratory

Date of print-out  21:12:2011 ézﬁ: LTDA.
Testcarrladon.nbr LUTHER HERRERA o 154 n 17 - 78
Specimen reference:  LAB116-03 F10 Hz Tel (57 1} 527 0241 527 0236
Test temperature:  40°C Bogoté D.C., Colombia
Specimen diameter: 102 mm contacto@apc!ﬁda net
sm[m?a" }ﬂ'c?meﬁ'} 3399 (ka/im®)
U ens!
Polason s ratio;

Target rise-time: 35 ms
r%e horizontal deformation: d.lm
r of conditioning pulses:
Transducer scan rate: 1000 Hz

Date § tme of test: | 21:Dic:2011_ 08:57 || Clientname : | CENTRASA S.A
Type and origin of the MD-20
the bituminous mixture
Method of manufacture MARSHALL
of the bituminous mixture
Method of compaction IMPACTO
Specimen storage detalls Ambiente 20°C
Bulk density determination method: LN.V. E-733/07
Test along 1st diameter Test Ion 2nd dlamete
Pulse 1 Pulsa 2 Pulse 3 Pulse 4 Puisa 8 Pusa 3 Pulse §
Resufts Target | Mintmum (Maximum|  Mean Rasults Target | Minimiam | Meximum | Maan
vmsir’;@w &‘g 048 047 Vartica foron (kN) 047 [! ::g [1 ::B
| Horizontsl siress (WPa) 458 | Horizortel siress (kPa) 47,9 4
Loau-amafam)- 0,60 :?'59 g?a‘g g?sg mﬁm 0.60 gﬁi‘} 0,62 ue%"—
e e e e o T T
Heasired sifiness moduus (MPa) 758 | 013 o Weasurod iifiness moduls (WPa) 778 861 501
Adfusted stifness modulus (MPe) 797 912 628 Wmﬁﬁ) Fidd 688 50D
Mean results of the two tests
Load (rise) ime (ms): : 34,6
Horizontal deformation (um) : 58
Horizontal deformation (%) : 0,0056
Measured stiffness medulus (MPa) : 814
Adjusted stiffness modulus (MPa) .813

Percentage difference between 1st and 2nd mean a«Td mm-l\m modull = (3)

Persen responsible for this test report

LUTHER HERRERA

Qatﬂm\f_m
21:12:2011




Indirect tensile stiffness modulus test report.
(EN 12697-26:2004(Annex C): (Equipment - NU-14)-HYD25)

Serial No. of this test report: LAB116-3 F5Hz Addrass of testing laboratory

Date of print-out ~ 21:12:2011 APG LTDA.
Test camiod out by: LUTHER HERRERA Calle 154 n 17 - 78
Spesimen reference: LABI16-03F6 Hz Eglggz 1 g ZQ%ﬂb-i if 27 0238
m . O L 9
Specimen diameter: 102 mm contacto@apcitda.net
Specimen thickness: 63 mm .
Bulk density: 2009 (kg/m®)
Polsson's ratio: 0,35
Target rise-time: 63 ms
Target horizontal deformation: 5 pm
Number of conditicning pulses: 2
T ucer scan rate: 1000 Hz
Date & time of est: | 21:Dic:2011 08:02 H Clientname : | CENTRASA S.A
Type and origin of the MD-20
the bituminous mixture
Method of manufacture MARSHALL
of the bituminous mixture
Method of compaction IMPACTO
Specimen storage details Ambiente 20:C
Bulk density determination method: LNV, E-733/07
Test along st dismeter Test alonqg 2nd diameter
Pulge 1 Pulss 2 Pulsa 3 Pulse 4 Pulse & Pulsa 1 Pulss 2 Pulgs 3 Pulsa 4 a Pulse 6
Resulls Target | Minmum |Madmman| Mean Results . Tamget | Mininwm |Maximum|  Bosn
Vertica) force (kN) 053 0,34 34 Vertical forco (kN) 34 38 35
Horlzontal stress (kPa) 24| 338 33,5 Horizontal stress (kPa) 4.2 4.0 4.7
e mommEm T m mmmw
| 61 | 60 [ &8 | _ Horeontal deformetion (um) | 3 X X
Load {riss) tme (me): | 63 | B80 | 880 | 834 | Load (e} Bme (me): | 63 {620 | 68,0 | 842
Measured stiffress modufus (MPa) &57 626 Measured shiffress modulus (MPa) | — 1 81 §42 532
Adiusted stiffness modulis (MPa) [£7] 579 Adfusted sffness moduius (MPa) | — | 809 543 | B33 |
Mean results of the two tests
Load (rise) time (ms): : 63,8
Horizontal deformation (um) : 6,1
Horizontal deformation (%) 0,0060
Measured stiffness modulus (MPa) : 554
Adjusted stiffness modulus (MPa) : 554
Percentage difference between 1st and 2nd mean a‘t{“sted aﬁ“ness modull = (7)
Person ble for this re Sianed
LUTHER HERRERA ”
Date of fsaug report
21:12:2011




Indirect tensile stiffness modulus test report.

(EN 12697-28:2004{Annex C): (Equipment - NU-14)-HYD26)
Serial No. of this test report: LAB116-3F2.5Hz

Date of print-out
Test carried out by:
Specimen reference:
Test temperature:
Speclmen diamater
Spec!men ckness;
denslty:

T horizontal deformation:
Number of conditioning pulses:
Transducer scan rate:

21:12:2011
LUTHER HERRERA
4L.s«.‘,m 16-03 F2.5 Hz

102 mm

Address of tasting laboratory

APC LTDA.

Calle 154 n 17 -

Tel (67 1) 627 0241 527 0236
Bogota . Golombia
contacto@apcltda net

Mean results of the two tests

| _ Date&timeoftest: | 21:Dic:2011 o08:07 || Clientname : | CENTRASA S.A
Type and origin of the MD-20
the bituminous mixture
Method of manufacture MARSHALL
of the bituminous mixture
Mathed of compaction IMPACTO
Specimen storage details Ambiente 20°C
Bulk density determination method: LNV, E-733/07
Test along 1st diameter Test aleng 2nd diameter
Puise 1 Pulse 2 Pulser 3 Pulse 4 Fulse B Puise 1 Pulzs 2 Puise 3 Pulss 4 Pulse 8
Resufts Target | Minimum | Maximum | Mean Results Terget | Mintmum | Meaxdmuon | Mean
Verteal [50) )] 0.5 25
Hosizontel wf;? (kPa) ﬁ gﬁ _g"l%‘"' m w?: {kPa) 'ﬁ 252 24,7
Loed-area factor 0.60 ).88 D63 0,61 Load-ares factor 0.80 B8 0,62 0,60
Herizonta) deformation (1im) 50 83 6,6 82 Harizontal datarmetion (ym) 50 ,3 70 3.8
Load (rige) time (ms): 124 1220 1320 1288 Load (isa) timo (ms): 124 117,0 1260 1226
Measured stiffness motiufus (MPa) 388 430 402 Measuretl stiffness modulus ) [ T | 349 382 374
Adjusted stiffness modulus (MPa) 391 420 403 E@mmﬁ) 48 384 74

Load (rise) time (ms): 124,1

Horizontal deformation (um) 6,4
Horizontal deformation (%) 0,0063
Measured stiffness modulus (MPa) 388
Adjusted stiffness modulus (MPa) 1 389

Percentage difference between 1st and 2nd mean i\ﬁted aﬂﬂil% moduli = (7)

Person nsible for this test re

LUTHER HERRERA

Signed

T

Date of issudof report

21:12:2011
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ANEXO 2.
REGISTRO FOTOGRAFICO

CALLE 184 No. 17 - 78

contacto@apcitda.net tecnica@apcltda.net calidad@apcitda.net
TEL 5270376 6261884 FAX 5286873 BOGOTA D.C.

www.apcitda.net
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INGENIERIA sas = ]
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|r ANEXOS

|
e N

FOTOGRAFIA No.1 Muestras FOTOGRAFIA No. 2 - Briqueta
durante el proceso de No.6 durante el ensayo de
climatizacion modulo

FOTOGRAFIA No. 3 - Briqueta FOTOGRAFIA No. 4 — Briqueta
No.10 durante el ensayo de No. 5 durante el ensayo de
modulo maodulo

CALLE 154 No. 17 - 78
contacto@apcitda.net fecnica@apcitda.net ca{fdad{a)agcltda.nel
TEL 5270376 6261 884 FAX 5286873 BOGOTA D.C.
Wwww.apcltda.net
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ANEXO 3,
RESULTADOS DENSIDADES MEZCLA AsFALTICA MDC-1 ,MDC-2, MD-12 ¥ MD.20
MEDIDAS Y REGISTRO.

CALLE 154 No. 17 - 78
contacto@apcitda.net tecnica@apcitda.net calidad@apcltda.net
FAX 5286873 BOGOTA D.C.

TEL 5270376 6261884

— Www.apcltda.net




A

ADMINISTRADORA

Calle 154 n 17 78
teléfonos

Servicios( Itda.net

Bogota, D.C.
5270241 -527 0376

GRAVEDAD ESPECIFICA BULK Y DENSIDAD DE MEZCLAS ASFALTICAS
COMPACTADAS - INV E 733

DE PROYECTOS CIVILES SAS contaclo@apcitda net Formato ASF-05 TD
TOMA DE DATOS DE DENSIDADES
INSTRUCTIVO DE ENSAYO:1E-ASFOS LN.V.E—733-07
e LAB116 Descripcion / Tipo de MDC-1, MDC-2, MD-12, MD-20 Métodode gy
Codigo de Orden mezcla: compactacion: Fabricacion: N/D
Masa del Masa en &l aire Masa del Gravedad ;
Probeta No especimen seco saturado y espécimen en Temf:ztur& ;;f::c?; a g Especifica Bulk , a Densidad Agua f;f,?nrgfa per Chequeo
i % 4 araveda i+
al aire superficie seca agua ESDECifE& L 25%C Obssriasiates
A B c
9 a g C K kgfm® %
5 1.106 1108 603 21 1,000950 2,199 2,198 2.192 0,0% |ok MDC-1
3 1.105 1104 615 21 1,000950 2,260 2,259 2,252 0,2%|ok MDC-2
10 1.109 1110 592 21 1,000950 2141 2,140 2134 0,2% |ok MDC-2
6 1.103 1104 613 21 1.000950 2,246 2,246 2.239 0,2%|ok MD-12
2 1.131 1132 535 21 1,000950 2,106 2,108 2.099 0,2% ok MD-20

OBSERWVACIONES

(|
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\
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w
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\

EJEC

| LABORATORISTA

—p

BEVISO: DIRECCION TECNICA

Toma de Datos ASF-05

Archive: ASF-05 Densidades

Revision: 01-2010
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ANEXO 4.
NOTAS TECNICAS

contacto@apcltda.net

CALLE 154 No. 17 - 78

TEL 5270376 6261884 FAX 5286873

www.apcltda.net

tecnica@apcltda.net calidad@apcltda.net

BOGOTA D.C.
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ADMINISTRADORA

DE PROYECTOS CIVILES SAS

JOT

INGENIERIA sas

INFORME DE LABORATORIO

LAB-116

VERSION 0

ANEXOS

Condiciones de Ensayo y Uso de los resultados:

Gillespie et al. encontré que para camiones la frecuencia de carga es de 4,6 Hz para una
velocidad de 58 km/h y de 6,5 Hz para una velocidad de 82 km/h.

El método Shell (Huang, pg 302) propone que para velocidades de 50 a 60 km/h el tiempo
de aplicacién de la carga es de 0,02 s y la frecuencia de carga de 8 Hz.

El valor de médulo empleado para el disefio en el Reino Unido es el de una frecuencia de 5

Hz.

Ahmed (1995) propone la siguiente ecuacién para determinar la temperatura de la mezcla a

una profundidad de 2 cm:

Donde:

MMPT(°C) = MMAT (°C) + 5°C

MMPT(°C) : Temperatura media mensual del pavimento
MMAT (°C) + Temperatura media mensual del aire

Segun Shell, la temperatura de la mezcla corresponde a la siguiente férmula:

Donde:

Tmezcla = 1,184(Tw-maat + 0,04848)

Tw-maat (°C): Temperatura media mensual del aire ponderada.

RESULTADOS

Valores caracteristicos de médulos dindmicos de mezclas asfalticas.

40 4.4 4137 12411 8274 6205 18616 12411 6895, 20684 13790
70 21.1 1379] 4137 1724 2758 6205 4482 3447| 7584] 5516
100 37.8 345] 1034 89| 483 1517 1000} 689| 2206 1448)

Fuente: Huang, pg 309

contacto@apcitda.net

CALLE 154 No. 17 - 78
tecnica@a
TEL 5270376 6261884 FAX 5286873

www.apcltda.net

Itda.net

calidad@apcltda.net

BOGOTA D.C.
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INFORME DE
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ADMINISTRADORA
DE PROYECTOS CIVILES 8AS
INGENIERIA sas
ANEXOS

ANEXO 5.

Norma técnica Métodos de ensayo para mezclas bitumi‘nosas en caliente. Parte
26: Rigidez (UNE-EN 12697-26, Anexo c)

CALLE 154 No. 17 - 78

contacto@apcltda.net tecnica@apcltda.net calidad@apcltda.net

TEL 5270376 6261884 FAX 5286873 BOGOTA D.C.
www.apcltda.net




