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Introduccion

Los presentes resultados forman parte de la practica de campo realizada
durante el IV Curso Internacional de Exploracion, Caracterizacion y
Mejoramiento del Suelo (IV-CIECMS 2023), la cual fue realizada durante el
dia viernes 9 de junio de 2023, entre las 2:00 y 5:00 pm, en las canchas de
futbol del campus de la Universidad Nacional de Colombia, cerca a la porteria
de la calle 53. Estos datos son de caracter abierto para todo el publico.
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CONTENIDO

1. Introduccion

2. Repetibilidad del ensayo CPTu

3. Duracion de ensayos de disipacion realizados con el CPTu

4. Calibraciondel ensayo CPTu para el depdsito lacustre de Bogota

5. Correlaciones entre los parametros obtenidos mediante ensayos de DMT
y ensayos CPTU.

6. Practica de campo VIERNES 9-06-2023 (2PM a 6PM)
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Sitio parala Practica de Campo
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Practica de campo

1. SCPTU-(30m)-

GEOSOLUCIONES S.A.S.

CPTu -IGR S.A.S (30m).

3. SDMTySPTIGRS.ASy

GEOPROBE - (30m).

DHT - SPAC - JEOPROBE (30m).

Sondeo Convencional — ZOFRE

S.A.S (30m).

DPSH —ZOFRE S.A.S (30m).

Instrumentacion, equipo y

monitoreo - GEOANDINA.

8. GEORADAR - UNAL.

9. MASW —-JEOPROBE (115m).

10. REMI—INTEINSA (115m).

11. Tomografia Sismica — INTEINSA
(115m). ;

12. Tomografia Eléctrica — GEOLIVE [ W -
(115m).

13. DRON —-ZOFRE S.A.S

14. DRON - XENITAL
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Vista panoramica del campus UNAL y accesos
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Vista ingreso Obras campus UNAL (Av NQS sentldo N-S; solo equipos practica)
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Vista ingreso Calle 53 campus UNAL (vehiculos pequenos y participantes practica)
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Vista Auditorio Ed. Uriel Gutiérrez campus UNAL (ino hay parqueo disponible!)
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Vista panoramica zona de practicas del campus UNAL y acceso Calle 53
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SCPTU = GEOSOLUCIONES S.A.S(30m).

CPTu =IGR S.A.S (30m).

SOMT y SPT IGR S.A.Sy GEOPROBE - (30m).

DHT - SPAC - JEOPROBE (30m).

Sondeo Convencional = ZOFRE S.A.S (30m).

DPSH -~ ZOFRE S.A.S (30m).

Instrumentacion, equipo y monitoreo - GEOANDINA.
GEORADAR - UNAL.

MASW - JEOPROBE (115m).

REMI = INTEINSA (115m).

Tamaarafia Qemira — INTEINCA [118m)
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SCPTU = GEOSOLUCIONES S.A.S(30m).

CPTu -IGR S.A.S (30m).

SOMT y SPT IGR S.A.Sy GEOPROBE - (30m). E
DHT -SPAC -JEOPROBE(30m). | N e . s
Sondeo Convencional = ZOFRE S.A.S (30m).

DPSH - ZOFRE S.A.S (30m).

Instrumentacion, equipo y monitoreo - GEOANDINA.

GEORADAR - UNAL.

MASW - JEOPROBE (115m).

REMI = INTEINSA (115m).
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SERVICIOS PARA INGENIERIA
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TOMOGRAFIA ELECTRICA
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RESULTADOS TOMOGRAFIA ELECTRICA $EOije
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ARREGLO WENNER
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RESULTADOS TOMOGRAFIA ELECTRICA  Geolije

SERVICIOS PARA INGENIERIA

ARREGLO WENNER-SCHLUMBERGER
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RESULTADOS TOMOGRAFIA ELECTRICA

ARREGLO WENNER-SCHLUMBERGER
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= YMEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

SERVICIOS PARA INGENIERIA

Servicios geofisicos, estudios geologicos,
geotécnicos, geomorfologicos e

hidrogeologicos

Contactenos

Correo: geoliveing@gmail.com
Cel.: 310871 1710—-3155195871
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IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

- Y MEJORAMIENTO DEL SUELO (IV-CIECMS2023) -

e L »

e{b" INGENIERIA Y GEORIESGOS IGR SAS
om‘nyos CPT: CPT-01 unal
CRA 19A#84-14 OF 501; TEL 9279856 Total depth: 31.86 m, Date: 10/06/2023
Y EMAIL: iqr@inqeoriesqos.com Coords: 4°38'36.9" N 74°5'0.9" E
Project: Ensayo CPTU curso de Exploracion Junio Cone Type: Uknown
-2023 Location: Uiversidad Nacional Cone Operator: Uknown
Cone resistange, o Sleeve frictiQp , Pore pressyre . .o
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The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the
lag distance (one lag is the distance between two sucessive CPT measurements).
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Cross correlation between qc & fs
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

~ YMEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

INGENIERIA Y GEORIESGOS IGR SAS
CPT: CPT-01 unal

{?’
Gronyos

CRA 19A#84-14 OF 501; TEL 9279856 Total depth: 31.86 m, Date: 10/06/2023
EMAIL: igr@ingeoriesgos.com Coords: 4°38'36.9" N 74°5'0.9" E
Project: Ensayo CPTU curso de Exploracion Junio Cone Type: Uknown
-2023 Location: Uiversidad Nacional Cone Operator: Uknown
SBT - Bq plots
SBT plot Bq plot
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Corrected cone resistance, gt
e

Cone resistance, qc/pa

I
-0.20 . ; 0.40 0.60 0.80
Pore pressure ratio, Bq

0.1 1 10 SBT legend
Friction Ratio, Rf (%) . 1. Sensitive fine grained . 4. Clayey silt to silty clay |:| 7. Gravely sand to sand
[ 2. organic material [O] 5. silty sand to sandy silt ~ [I] 8. Very stiff sand to clayey sand

. 3. Clay to silty clay |:| 6. Clean sand to silty sand |:| 9. Very stiff fine grained
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

~ YMEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

INGENIERIA Y GEORIESGOS IGR SAS
CPT: CPT-01 unal

CRA 19A#84-14 OF 501; TEL 9279856 Total depth: 31.86 m, Date: 10/06/2023

A EMAIL: igr@ingeoriesgos.com Coords: 4°38'36.9" N 74°5'0.9" E

Project: Ensayo CPTU curso de Exploracion Junio Cone Type: Uknown
-2023 Location: Uiversidad Nacional Cone Operator: Uknown

SBT - Bq plots (normalized)

SBTn plot Normalized Bq plot
11000 gl ey I‘ - g L 1'000- 1 1 1 1 1 1 L 1 L 1 1 1 L 1 1 1 1 1 L
c
S
o
c - 100
- Q J
© 4004 & ]
y ©
o g ]
© n
@ B g
0 @® J
@ =
4 o
2 - I
S &
o T
i . =
= = ]
£ = ;
C 10 4
o) i
Z -
1

020 040 060 0.80 1.00 1.20 1.40
Pore pressure ratio, Bq
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Normalized Friction Ratio, Fr (%)

SBTn legend

. 1. Sensitive fine grained . 4. Clayey silt to silty clay |:| 7. Gravely sand to sand

[ 2. Organic material [ 5. sSilty sand to sandy silt ~ [I] 8. Very stiff sand to clayey sand
Bl 3. Clay to silty clay [C] 6. Clean sand to silty sand  [_] 9. Very stiff fine grained
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IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

~ Y MEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

INGENIERIA Y GEORIESGOS IGR SAS
CPT: CPT-01 unal
Total depth: 31.86 m, Date: 10/06/2023
Coords: 4°38'36.9" N 74°5'0.9" E
Cone Type: Uknown
Cone Operator: Uknown

CRA 19A#84-14 OF 501; TEL 9279856
EMAIL: igr@ingeoriesgos.com

Mm?°7
Project: Ensayo CPTU curso de Exploracion Junio
-2023 Location: Uiversidad Nacional

Bq plots (Schneider)

Schneider et al (2008) Soil Class.

Schneider et al (2008) Soil Class.
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

Y MEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

INGENIERIA Y GEORIESGOS IGR SAS

CPT: CPT-01 unal

CRA 19A#84-14 OF 501; TEL 9279856 Total depth: 31.86 m, Date: 10/06/2023
NGEMERIA ¥ GEORIERGX A EMAIL: igr@ingeoriesgos.com Coords: 4°38'36.9" N 74°5'0.9" E
Project: Ensayo CPTU curso de Exploracion Junio Cone Type: Uknown
-2023 Location: Uiversidad Nacional Cone Operator: Uknown
Norm. Soil Behaviour Type Fuzzy Classification
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Silty sand & sandy silt 29 CPeT-IT v.1.7.6.42 - CPTU data presentation & interpretation software
gg"l&s'm’day - Report created on: 10/06/2023, 08:07:31 a.m.
Clay 30 Project file: \\Igrserver\igr\informacion curso exploracion2023\resultados prueba
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

~ Y MEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

INGENIERIA Y GEORIESGOS IGR SAS
CPT: CPT-01 unal

CRA 19A#84-14 OF 501; TEL 9279856 Total depth: 31.86 m, Date: 10/06/2023
, EMAIL: igr@ingeoriesgos.com Coords: 4°38'36.9" N 74°5'0.9" E
Project: Ensayo CPTU curso de Exploracion Junio Cone Type: Uknown
-2023 Location: Uiversidad Nacional Cone Operator: Uknown
Cone resistance at, Friction fatiQ ) Pore pressyre . . SBT Index 5 Soil Behaviour Typg . cen
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29 Clay
29 29+ =] Silty sand & sandy silt
30 30— 30 Clay
Clay
- - 31
31 31 Sand & silty sand
1 ' 1 T 1 7 1T T 1 ¥ 1T v 1T 7 N e [ Tem p— e T | | B ) B S R frtet e Mt bt by Pt e o S oty 2y e
5 10 15 0 2 4 6 8 10 0 200 400 600 1 2 0 2 4 6 8 10 12 14 16 18
Tip resistance (MPa) Rf (%) Pressure (kPa) I(SBT) SBT (Robertson, 2010)
SBT legend
[ 1. Sensitive fine grained [l 4. Clayey silt tossiity clay [ 7. Gravely sand to sand
[ 2. Organic material [ s. sitty sand to sandy sit [ g. Very stiff sand to clayey sand

B 3. clay to silty clay [ 6. clean sand to siity sand [] o, Very stiff fine grained
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

~ Y MEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

INGENIERIA Y GEORIESGOS IGR SAS
CPT: CPT-01 unal

CRA 19A#84-14 OF 501; TEL 9279856 Total depth: 31.86 m, Date: 10/06/2023
, EMAIL: igr@ingeoriesgos.com Coords: 4°38'36.9" N 74°5'0.9" E
Project: Ensayo CPTU curso de Exploracion Junio Cone Type: Uknown
-2023 Location: Uiversidad Nacional Cone Operator: Uknown
Norm. cone rgsistange Norm. frictign yatig, Norm. pore presgsyre-gatio SBTn Index Norm. Soil Behavioyy, Fy.p&.
2_ 14 14 14 2 Very dense/stiff soil
Clay & silty clay
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31 31+ 31+ Clay
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Fr (%) Bq Ic SBTn (Robertson 1990)

SBTn legend

[ 1. Sensitive fine grained [l 4. Clayey silt tossiity clay [ 7. Gravely sand to sand

[ 2. Organic material [ s. sitty sand to sandy sit [ g. Very stiff sand to clayey sand
B 3. clay to silty clay [ 6. clean sand to siity sand [ o, Very stiff fine grained

CPeT-IT v.1.7.6.42 - CPTU data presentation & interpretation software - Report created on: 10/06/2023, 08:07:31 a.m.
Project file: \\Igrserver\igr\informacion curso exploracion2023\resultados prueba de campo\CPTU procesados\cptu Unal.cpt

ICE|G . |
ot Instituto Colombiano de l‘.ﬂ\'.l)'().\

v ¢ Investigaciones Geotéenicas

Sociedad.
S

UNIVERSIDAD

NACIONAL 40

DE COLOMBIA

{



mailto:igr@ingeoriesgos.com

IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

- Y MEJORAMIENTO DEL SUELO (IV-CIECMS2023) -

INGENIERIA Y GEORIESGOS IGR SAS
CPT: CPT-01 unal
Total depth: 31.86 m, Date: 10/06/2023
Coords: 4°38'36.9" N 74°5'0.9" E
Cone Type: Uknown
Cone Operator: Uknown

@"
GEORIESGOS
’ / CRA 19A#84-14 OF 501; TEL 9279856
A T G ; EMAIL: igr@ingeoriesgos.com
Project: Ensayo CPTU curso de Exploracion Junio
-2023 Location: Uiversidad Nacional

Permeabilit SPT N60O Young's modulus Relative densit& Friction aﬂle
HAMD JUCER HAMC ALICER. HAMD: AUCED AR ALIGER
n == 5 —_— 9 —

1- 1+ ’ 14 1-
z2- 24 2 24
3+ 34 3 3+
4 4 4 4
5- 5 5 5+
6 6 6 6—
74 74 7 74
8- 8- 8 8-
9- 9 9 9
10+ 10— 10 10
11+ 114 114 11
124 124 124 12
13- 13 134 13

—~ 14 —~ 14 — 14— —~ 14

E 154 E 154 =154 E 154

5 16 5 164 £ 164 5 16

@ 17 @ 174 @ 174 @ 17

0 18- O 35 O 13 O 35
19+ 19 19 19
20 20 204 20+
21 21+ 214 21
22+ 22+ 22+ 22+
23+ 23 234 234
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25 25+ 254 25+
26 26 26+ 26
27 274 274 27+
28 28— 28+ 28—
294 29 —_—— 20 e 20 ——
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—— — ——
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Ksbt (m/s) N&O (blows/30cm) Es (MPa) Dr (%) ¢ (degrees)

Calculation parameters
Permeability: Based on SBT.
SPT Mso: Based on I. and a.

‘Young's modulus: Based on variable alpha using I. (Robertson, 2009)

Relative desnisty constant, Cp.: 350.0
Phi: Based on Kulhawy & Mayne (1990)

) User defined

estimationdata
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IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

- Y MEJORAMIENTO DEL SUELO (IV-CIECMS2023) -

e{b" INGENIERIA Y GEORIESGOS IGR SAS
cm‘nyos CPT: CPT-01 unal
CRA 19A#84-14 OF 501; TEL 9279856 Total depth: 31.86 m, Date: 10/06/2023
¥ EMAIL: igr@ingeoriesgos.com Coords: 4°38'36.9" N 74°5'0.9" E
Project: Ensayo CPTU curso de Exploracion Junio Cone Type: Uknown
-2023 Location: Uiversidad Nacional Cone Operator: Uknown
Constrained Modulus Shear modulus Shear strength Undrained strepgth ratio OCR
HanD AUCER HAND AUGER o HAND AUGER oy HAND ALUGER
14 14 14 '-—zﬂrp;?x';lded " 14
2] 2 2- 2 S 2
3 34 3 34 3
4 4 4 4 4
5+ 5- 54 § 54 5-
& 6 6 \ T 6 -
7 7 p 20 74 74
8- 8- 8- 84 8-
9 9 94 | 9+ 9
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11+ 11+ 114 ¢ 114 11+
12— 12~ 124 4 124 12+
13- 13- 13- 13 13-
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£ 16 £ 164 £ 16 £ 16 £ 16+
gl Sy Sy Sard e
0 18- O 18- O 18- O 13 0O 18-
19— 19— 19— 19 19+
20 20 20 ~ 204 20+
214 21 214 el 21+ 21+
22 22+ 224 2 l& 224 22
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M(CPT) (MPa) Go (MPa) Su (kPa) Su/a',v OCR
Calculation parameters
Constrained modulus: Based on variable a/pha using L. and Q. (Robertson, 2009) OCR factor for clays, Ni: 0.33
Go: Based on variable ajpha using 1. (Robertson, 2009) —®&— User defined estimation data
Undrained shear strength cone factor for clays, Ni:: 14
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IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

~ Y MEJORAMIENTO DEL SUELO (IV-CIECMS 2023)

INGENIERIA Y GEORIESGOS IGR SAS
CPT: CPT-01 unal

.

CRA 19A#84-14 OF 501; TEL 9279856 Total depth: 31.86 m, Date: 10/06/2023
Y EMAIL: iqr@inqeoriesqos.com Coords: 4°38'36.9" N 74°5'0.9" E
Project: Ensayo CPTU curso de Exploracion Junio Cone Type: Uknown
-2023 Location: Uiversidad Nacional Cone Operator: Uknown
Shear Wave velocity State pa raHTNggﬁ;EEﬁ In-situ stre&_&;gﬂjg Soil sensitivity Effective friction angle
] al a - “____ e p— v il 0 Al Al
1 14 1+ 1+ 1—I
24 2- 2+ 2+ 2+
34 34 34 34 34
4 4 4 4 4
5+ 5+ 5+ 5+ 5
6 6 6 6 6
74 74 74 74 74
8- 8- 8 8- 8-
9 - 9~ 9 9 9
10+ 104 10+ 10+ 10+
11+ 114 11+ 114 11+
124 124 124 12+ 124
13+ 134 134 13- 134
~14- —~ 14 ~ 14+ —~ 14 ~14-
515- 515- 515— 515— EIS-
£ 16+ £ 16 S 16~ 5 16~ £ 16
Sy S a7 R 174
0O 18- O 13 O 13 0 35 O 45
19— 19 19+ 19+ 19+
20+ 204 20+ 20 204
214 214 214 214 214
22+ 224 224 22+ 22+
23+ 234 234 23+ 23+
24+ 244 244 24— 244
25+ 254 25+ 254 25+
26 26 26+ 26— 26
274 27 274 =) i
28+ 284 284 284 28+
29+ 294 —— 29+ 29+ — 29+
30+ 304 30+ E 30+ -E 30-%
314 314 _-:—'__ 314 - 31+ 31—|
" | PR, P O O O . A . L R T ¥ T L] T ¥ B T ¥ T ¥ T v £  EGE . R R o T 5 T v T L T ¥ T L] 1
0 50 100 150 200 250 -0.2 -0.1 0 0 1 2 0 2 4 6 8 10 12 20 25 30 35 40
Vs (m/s) Wy Ko S Peak ¢ (degrees)
Calculation parameters
Soil Sensitivity factor, Ns: 7.00
—@— User defined estimation data
CPeT-IT v.1.7.6.42 - CPTU data presentation & interpretation software - Report created on: 10/06/2023, 08:07:31 a.m.
Project file: \\Igrserver\igr\informacion curso exploracion2023\resultados prueba de campo\CPTU procesados\cptu Unal.cpt
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

P

e

- Y MEJORAMIENTO DEL SUELO (IV-CIECMS2023) -

This software is licensed to: ROGAL INGENIERIA DE COLOMBIA SAS

References
Presented below is a list of formulas used for the estimation of various soil properties. The formulas are presented in SI unit system and  Robertson, P.K., Cabal K.L., Guide to Cone Penetration Testing for Geotechnical Engineering, Gregg Driling & Testing, Inc., 5* Edtion, November
assume that all components are expressed in the same units. 2012
i Unit Weight, g (kN/m?3) :: :: Small strain shear Modulus, Go (MPa) :: « Robertson, P.K., Interpretation of Cone Penetration Tests - a unified approach., Can. Geotech. J.

46(11): 1337-1355 (2009)

a=q, .|' 0.27 -log(R¢) +0.36.|og(g—t)+1.236 Go = (a; —0,)-0.0188 10051168

where g,, = water unit weight :: Shear Wave Velocity, Vs (m/s) ::

1
1
1
1
1
1
1
1
1
|
1
:: Permeability, k (m/s) :: I T
" ' - ! V, = il CPeT-IT v.1.7.6.42 - CPTU data presentation & interpretation software - Report created on: 11
I, <3.27 and I_ >1.00 then k =10%9523.0¢4 : \ P 10/06/2023, 08:07:31 a.m.
: ! A Project file: \\Igrserver\igr\informacién curso exploracién2023\resultados prueba de campo\CPTU procesados\cptu
I, £4.00 and I, >3.27 then k = 10521371 | :: Undrained peak shear strength, Su (kPa) :: Unal.cpt
1
| Ny =10.50 +7 -log(F, ) or user defined
2 Nspr (blows per 30 cm) :: ! _
. ! S, = M
W ) I | b
8 P, | 1plts-tair i (applicable only to SBT,: 1, 2, 3, 4 and 9 or L > L. cuwr)
3 & 1
1 |
Nigo) =Qn Fluf-ﬁm ! :: Remolded undrained shear strength, Su(rem) (kPa) ::
i Surem) =5 (applicable only to SBT,: 1, 2, 3, 4 and 9
:: Young's Modulus, Es (MPa) :: ! or Ie > Le_cuwn)
(9, -¢,)-0.015.10%5%1+168 . :: Overconsolidation Ratio, OCR ::
1
(applicable only to I. < Ic cutor) | 0.20 1.25
| Kocn= l: L ] or user defined
| OCR
i 0.25-(10.50-+7 -log(F,
:: Relative Density, Dr (%) :: ! ( +7-log(F.)
: OCR=Kqcp ' Qu
100 . Q_tn (applicable only to SBT.: 5,6, 7and 8 i )
s or Ie < I cureff) | (applicable only to SBT,: 1, 2, 3, 4 and 9 or L = I: cueorr)
1
:: State Parameter, y :: i :: In situ Stress Ratio, Ko ::
1 §
y =0.56 -0.33-10g(Q, ) ! Ko =(1-sing') -OCR™""
| (applicable only to SBT,: 1, 2, 3, 4 and 9 or Lt > L cutorr)
:: Peak drained friction angle, ¢ (°) :: |
1
@=17.60+11-bg(Q,,) | :: Soil Sensitivity, S: ::
(applicable only to SBT: 5, 6, 7 and 8) | Ns
i 8 ST
| F
1
:: 1-D constrained modulus, M (MPa) : ! (applicable only to SBT: 1, 2, 3, 4 and 9 or I. > Ic cuwrr)
If 1. >2.20 '
.. H e 1 oY ==
a=14for Q, >14 : :: Effective Stress Friction Angle, @ (°) ::
a=Q, for Q, <14 ¢ =29.5°-B%**' -(0.256 +0.336.B, + bgQ, )
Mcpr=a-(qc-0y) | (applicable for 0.10<B,<1.00)
1
1
1
IfI.<2.20 |
Mcer =(q; ~0,)-0.0188-10055% 168 : A


http://www.cpt-robertson.com/pub.html
http://www.cpt-robertson.com/pub.html
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

- YMEJORAMIENTO DEL SUELO (IV-CIECMS2023) -

- o,
eSO

AN,

SEISMIC DILATOMETER TEST (SDMT)

Ingenieria y Georiesgos IGR SAS UNAL UNTRSE23
, MATERIAL , CONSTRAINED ~  UNDRAINED , HORIZONTAL , SHEARWAVE
o) INDEX m  MODULUS m SHEARSTRENGTH , STRESSINDEX (,  VELOCITY
1 5 1 5 10 0 10 8 100 200

0 = 0

=3 UNIVERSIDAD
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IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

Y MEJORAMIENTO DEL SUELO (IV-CIECMS 2023)

= Depth Below Ground Level Phi = Safe floor value of Friction Angle |DeltaA = 15 kPa

8 JUN 2023 Po,Pl,P2 = Corrected A,B,C readings Ko = In situ earth press. coeff. DeltaB = 18 kPa
. . . Id = Material Index M = Constrained modulus (at Sigma') GammaTop = 17.0 kN/m*3
Ingenieris ¥ Gearieagos IGR BhE Ed = Dilatometer Modulus Cu = Undrained shear strength FactorEd = 34.7
UNAL Ud = Pore Press. Index = (P2-Uo)/(Po-Uo) |Ocr = Overconsolidation ratio Zm = 0.0 kPa
UNAL Gamma = Bulk unit weight (OCR = 'relative OCR'- generally Zabs = 0.2 m
UNAL Sigma' = Effective overb. stress realistic. If accurate independent OCR |Zw = 3.0 m
Uo = Pore pressure available, apply suitable factor)

WaterTable at 3.00 m
Reduction forrmlae according to Marchetti, ASCE Geot.Jnl.Mar. 1980, Vol.1l09, 299-321; Phi according to TCl6 ISSMGE, 2001

z A B Cc Po Pl P2 Gamma Sigma' Uo Id Kd BEd od Ko Ocr Phi M Cu UNALZ3
0.4 307 541 312 523 16.7 7 0 0.e8 45.9 T 4.4 >99.9 28.9 75 CLAYEY SILT
0.6 389 888 381 870 17.7 10 0 1.29 37.6 17.0 46 63.7 SANDY SILT
0.8 265 510 269 492 16.7 14 0 0.83 19.7 7.7 2.8 35.6 24.3 53 SILT
1.0 266 398 276 380 16.7 17 0 0.38 1e.2 3.6 2.5 26.3 10.7 51 SILTY CLAY
1.2 280 453 288 435 16.7 20 0 0.51 14.2 5.1 2.3 21.2 14.4 52 SILTY CLAY
1.4 330 524 337 506 16.7 24 0 0.50 14.2 5.9 2.3 21.4 16.6 61 SILTY CLAY
1.6 349 652 351 634 17.7 27 0 0.81 13.0 9.8 2.2 18.5 27.0 62 SILT
1.8 326 567 331 549 16.7 31 0 0.e6 10.8 7.6 1.9 14.0 19.5 55 CILAYEY SILT
2.0 2695 356 281 338 157 34 0 020 8.3 2.0 1.6 9.2 45 44 cay
2.2 287 379 299 361 15.7 37 0 0.21 8.1 2.1 1.6 8.9 4.9 47 C1LAY
2.4 348 522 356 504 16.7 40 0 0.42 8.9 5.l 1.7 10.2 12.2 57 SILTY CLAY
2.6 363 566 370 548 167 43 0 048 85 6.2 17 9l 145 58  SILTY CTAY
2.8 339 516 347 498 16.7 47 0 0.44 7.4 5.2 1.5 T 11.5 53 SILTY CLAY
3.0 338 621 341 603 17.7 50 0 0.77 6.8 9.1 1.4 6.7 19.2 51 CIAYEY SILT
3.2 365 566 372 548 16.7 52 2 0.48 7.1 6.1 1.5 7.3 13.2 56 SILTY CLAY
3.4 388 523 398 505 167 53 4 027 7.4 3.7 ICU 8.2 60 Clay
3.6 349 476 359 458 16.7 54 6 0.28 6.5 3.4 1.4 6.3 7.0 52 C1LAY
3.8 326 439 337 421 16.7 56 8 0.26 5.9 2.9 1.3 5.4 5.7 47 CLAY
4.0 316 445 326 427 16.7 57 10 0.32 5.5 3.5 1.2 4.9 6.6 45 C1AY
4.2 341 501 350 483 16.7 59 12 0.39 5.8 4.6 1.3 5.2 9.0 48 SILTY CLAY
4.4 373 535 382 517 16.7 60 14 0.37 6.1 4.7 1.3 5.8 9.4 54 SILTY CLAY
4.6 399 540 409 522 16.7 61 16 0.29 6.4 3.9 1.4 6.2 8.0 58 LAY
4.8 401 507 412 489 16.7 63 18 0.19 6.3 2.7 1.4 6.0 5.4 58 CLAY
5.0 372 468 384 450 16.7 64 20 0.18 5:7 2,3 1.3 5.1 4.4 52 CLAY
5.2 427 481 441 463 13.7 65 22 0.05 6.4 0.8 1.4 6.2 1.6 62 MUD AND/OR PEAT
5.4 351 462 362 444 16.7 66 24 0.24 5.1 2.8 1.2 4.3 5.1 47 Clay
5.6 375 462 387 444 16.7 68 26 0.16 5.4 2.0 1.2 4.7 B 51 CLAY
5.8 374 484 385 466 16.7 69 27 0.23 5.2 2.8 1.2 4.4 5.1 50 CLAY
6.0 365 766 362 748 17.7 70 29 1.16 4.7 13.4 11 38 236 45 suT
6.2 358 443 370 425 16.7 72 31 0.16 4.7 1.9 1.1 3.8 3.3 46 CLAY
6.4 346 426 359 408 15.7 73 33 0.15 4.4 1.7 1.1 3.5 2.9 44 CLAY
6.6 388 436 w02 418 137 74 35 0.04 4.9 0.5 1, 4l 1.0 51  MD AND/OR PEAT
6.8 359 429 372 411 15.7 75 37 0.12 4.4 1.3 1.1 3.5 2.3 45 ClAaY
7.0 358 420 372 402 13.7 76 3% 0.09 4.3 1.1 1.0 3.4 1.7 44 MUD AND/CR PEAT
7.2 350 453 362 435 16.7 77 41 0.23 4.1 2.6 1.0 3.1 4.1 42 cay
7.4 339 4Ll 32 393 157 79 43 0.13 3.9 1.4 0.97 2.9 2.2 40 Cax
7.6 319 397 332 379 15.7 80 45 0.16 3.6 1.6 0.91 2.5 2.4 37 c1ay
7.8 332 409 345 391 15.7 81 47 0.16 3.7 1.6 0.92 2.6 2.4 38 cLay
8.0 348 413 361 395 14.7 82 49 0.11 3.8 1.2 0.95 2.7 1.8 40 MID
8.2 337 415 350 397 15.7 83 51 0.16 3.6 1.6 0.91 2.5 2.4 38 CLAY
8.4 351 424 364 406 15.7 84 53 0.14 3.7 1.5 0.93 2.6 2.2 40 CLAY
8.6 358 422 371 404 14.7 85 55 0.10 3.7 1.1 0.93 2.6 1.7 41 MOD
8.8 415 490 428 472 15.7 86 57 0.12 4.3 1.5 1.0 3.3 2.5 49 CLAY
Sociedad IC E|
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IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

- Y MEJORAMIENTO DEL SUELO (IV-CIECMS2023) -

z A B c Fo Pl B2 Gamma  Sigma' Uoc Id Kd Ed ud Ko Ocr  Phi M Cu UNAL23
m (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (KN/m"3) (kPa) (kPa) (Mea) (Deg) (MPa) (kPa)  DESCRIPTION
9.0 345 428 358 410 15.7 88 59 0.18 3.4 1.8 0.87 2.3 2.5 38 CLAY
9.2 339 410 352 392 15.7 89 61 0.14 3.3 1.4 0.84 2.2 1.9 36 CLAY
9.4 338 424 350 406 15.7 90 63 0.19 3.2 1.9 0.83 2.1 2.6 36 CLAY
9.6 364 437 377 419 15.7 91 65 0.13 3.4 1.5 0.87 2,3 2.0 39 CLAY
9.8 368 436 381 418 15.7 92 67 0.12 3.4 1.3 0.87 2.3 1.8 40 CLAY
10.0 348 432 360 414 15.7 94 69 0.18 3.1 1.9 0.81 2.0 2.4 36 CLAY
10.2 357 433 370 415 15.7 95 71 0.15 32 L6 0.82 2.0 24 37 CLAY
10.4 366 446 379 428 15.7 96 73 0.16 3.2 1.7 0.83 2.1 2.3 38 CLAY
10.6 365 443 378 425 15.7 97 75 0.16 3.1 1.6 0.81 2.0 2.1 37 CLAY
10.8 383 460 396 442 15.7 98 77 0.14 3.3 1.6 0.84 2.1 2.2 40 CLAY
11.0 374 458 386 440 15.7 929 78 0.17 3.1 1.9 0.81 2.0 2.4 38 CLAY
13 2 394 476 407 458 15.7 101 BO 0.16 3.2 1.8 0.84 2.1 2.4 40 CLAY
11.4 391 472 404 454 15.7 102 B2 0.16 3.2 1.7 0.82 2.0 2.3 40 CLAY
11.6 402 505 414 487 16.7 103 84 0.22 3.2 2.6 0.83 2.1 3.4 41 CLAY
11.8 396 479 409 461 15.7 104 86 0.16 3.1 1.8 0.80 2,0 2.4 40 CLAY
12.0 387 461 400 443 15.7 105 B8 0.14 3.0 15 0.77 1.8 1.9 38 CLAY
12,2 398 472 411 454 15.7 107 90 0.13 3.0 1.5 0.79 1.9 1.9 39 CLAY
12.4 453 491 468 473 13.7 108 92 0.01 3.5 0.2 0.88 2.4 0.3 47 MUD AND/CR PEAT
12.6 432 485 446 467 13.7 109 94 0.06 3.2 0.7 0.84 2.1 1.0 44 MUD AND/OR PEAT
12.8 442 476 457 458 13.7 109 96 3.3 0.0 0.85 2,2 0.0 45 MUD AND/COR PEAT
13.0 401 483 414 465 15.7 110 98 0.16 2.9 18 0.75 1.8 2.2 38 CLAY
13.2 402 484 415 466 15.7 111 100 0.16 2.8 1.8 0.75 1.7 2.1 38 CLAY
13.4 404 491 416 473 15.7 113 102 0.18 2.8 2.0 0.74 157 2.3 38 CLAY
13.6 409 497 421 479 15.7 114 104 0.18 2.8 2.0 0.74 1.7 2.4 38 CLAY
13.8 427 509 440 491 15.7 115 106 0.15 2.8 1.8 0.76 1.8 2.2 40 CLAY
14.0 406 515 417 497 16.7 116 108 0.26 2.7 2.8 0.71 1.6 3.2 37 CLAY
14.2 431 516 443 498 16.7 117 110 0.16 2.8 1.9 0.75 1.7 2.3 40 CLAY
14.4 430 515 442 497 15.7 119 112 0.17 2.8 1.9 0.74 3 [ S 2.3 39 CLAY
14.6 440 538 452 520 16.7 120 114 0.20 2.8 2.4 0.74 1T 2.8 40 CLAY
14.8 452 540 464 522 16.7 121 116 0.17 2.9 2.0 0.76 1.8 2.4 42 CLAY
15.0 437 537 449 519 16.7 123 118 0.21 2.7 2.4 0.72 1.6 2.8 39 CLAY
15.2 448 537 460 519 16.7 124 120 0.17 2.7 2.0 0.73 1.6 2.4 41 CLAY
15.4 449 535 451 517 16.7 126 122 0.1 2.7 1.9 0.72 1.6 2.2 40 CLAY
15.6 452 539 464 521 16.7 127 124 0.17 2.7 2.0 0.71 1.6 2.3 40 CLAY
15.8 460 551 472 533 16.7 128 126 0.18 2.7 2.1 0.72 1.6 2.4 41 CLAY
16.0 456 555 468 537 16.7 130 128 0.20 2.6 2.4 0.70 1.5 2:7 40 CLAY
16.2 478 632 487 614 16.7 131 129 0.36 2.7 4.4 0.72 1.6 5.2 42 SILTY CLAY
16.4 485 591 496 573 16.7 132 131 0.21 2.8 2.7 0.73 107 3.3 43 CLAY
16.6 511 627 522 609 16.7 134 133 0.22 2.9 3.0 0.76 1.8 3.7 47 CLAY
16.8 560 632 573 614 16.7 135 135 0.09 3.2 1.4 0.84 201 1.9 54 CLAY
17.0 471 581 482 563 16.7 136 137 0.23 2.5 2.8 0.68 1.4 3.1 40 CLAY
7.2 519 628 530 610 16.7 138 139 0.20 2.8 2.8 0.75 1.7 3.3 47 CLAY
17.4 500 591 512 573 16.7 139 141 0.16 2.7 2.1 0.71 1.6 2.4 44 CLAY
17.6 540 612 553 594 16.7 141 143 0.10 2.9 1.4 0.77 1.8 1.8 50 CLAY
17.8 493 612 504 594 16.7 142 145 0.25 2.5 2.1 0.68 1.4 3.4 42 CLAY
18.0 507 628 518 610 16.7 143 147 0.25 2.6 3.2 0.69 1.5 3.6 43 CLAY
18.2 522 658 532 640 16.7 145 149 0.28 2.6 3.8 0.70 1.6 4.3 45 CLAY
18.4 528 645 539 627 16.7 146 151 0.23 2.7 3.1 0.71 1.6 3.5 46 CLAY
18.6 570 646 583 628 16.7 147 153 0.11 2.9 1.6 0.77 1.8 1.9 52 CLAY
18.8 526 634 537 616 16.7 149 155 0.21 2.6 &7 0.69 1.5 3.0 45 CLAY
19.0 547 673 557 655 16.7 150 157 0.24 2.7 3.4 0.71 1.6 3.9 47 CLAY
19.2 535 660 545 642 16.7 152 159 0.25 2.5 3.4 0.68 1.5 3.7 45 CLAY
19.4 531 647 542 629 16.7 153 161 0.23 2.5 3.0 0.67 1.4 3.3 44 CLAY
19.6 529 661 539 643 16.7 154 163 0.28 2.4 3.6 0.66 1.4 3.8 43 CLAY
19.8 524 644 535 626 16:.7 156 165 0.25 2.4 3.2 0.64 1.3 3.3 42 CLAY
20.0 495 616 506 598 16.7 157 167 0.27 2.2 3.2 0.59 1.1 3.0 38 CLAY
20.2 514 616 526 598 16.7 158 169 0.20 2.3 2.5 0.61 1 2.4 40 CLAY
20.4 653 726 666 708 16.7 160 171 0.08 3.1 1.5 0.81 2.0 1.9 61 CLAY
20.6 570 773 577 755 16.7 16l 173 0.44 255 6.2 0.67 1.4 6.7 47 SILTY CLAY
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

B MEJORAMIEN TO DEL SUELO (IV-CIECMS 2023)" -

z A B c Po Pl P2 Gamma Sigma' Uo d Kd Ed ud Ko Ocr Phi M Cu UNAL23

(m) (kPa) (kPa) (kPa) (kPa) (kPa) (kPa) (kN/m*3) (kPa) (kPa) (MPa) (Deq) (MPa) (kPa) DESCRIPTION
20.8 615 773 624 755 16.7 163 175 0.29 2.8 4.6 0.73 1.7 5.4 54 CLAY
21.0 566 817 570 799 17.7 164 177 0.58 2.4 7.9 0.65 1.3 8.2 45 SILTY CLAY
21.2 610 769 619 751 16.7 166 179 0.30 2.7 4.6 0.71 1.6 5.2 52 clay
21.4 563 738 571 720 16.7 167 181 0.38 2.3 5.2 0.63 1.3 5.2 45 SILTY CLAY
21.6 585 733 594 715 16.7 168 182 0.29 2.4 4.2 0.66 1.4 4.4 48 CIAY
21.8 582 695 593 677 16.7 170 184 0.21 2.4 2.9 0.65 1.3 3.0 47 CILAY
22.0 526 659 536 641 16.7 171 186 0.30 2.0 3.6 0.56 1.0 3.2 39 CIAY
22.2 545 671 555 653 16.7 172 188 0.27 2.1 3.4 0.58 1.1 3.1 41 CLAY
22.4 547 675 557 657 16.7 174 190 0.27 2.1 3.5 0.57 1.1 3.1 41 CrayY
22.6 592 710 603 692 16.7 175 192 0.22 2.3 oy | 0.63 1.3 3.1 47 CLAY
22.8 641 705 654 687 13.7 177 194 0.07 2.6 1.1 0.70 1.5 1.3 54 MUD AND/OR PEAT
23.0 579 722 588 704 16.7 177 196 0.29 2.2 4.0 0.60 1.2 3.8 44 CLAY
23.2 553 714 562 696 16.7 179 198 0.37 2.0 4.7 0.55 1.0 4.0 40 SILTY CLAY
23.4 547 703 556 685 16.7 180 200 0.36 2.0 4.5 0.54 0.98 3.8 39 SILTY CLAY
23.6 541 757 547 739 16.7 181 202 0.56 1.9 6.7 0.52 0.93 5.7 37 SILTY CLAY
23.8 592 741 601 723 16.7 183 204 0.31 2.2 4.2 0.59 1.1 4.0 45 CIAY
24.0 606 771 614 753 16.7 184 206 0.34 2.2 4.8 0.60 1.2 4.6 46 SILTY CLAY
24.2 627 773 636 755 16.7 186 208 0.28 2.3 4.1 0.62 1.3 4.1 49 (o #:\'4
24.4 647 764 658 746 16.7 187 210 0.20 2.4 3.1 0.65 1.3 3.2 52 cray
24.6 620 744 630 726 16.7 188 212 0.23 2.2 3.3 0.60 1./ 3.2 47 CLAY
24.8 631 746 642 728 16.7 190 214 0.20 2.3 3.0 0.61 1.2 2.9 49 CLAY
25.0 593 738 602 720 16.7 191 216 0.30 2.0 4.1 0.55 1.0 3.5 43 CLAY
25.2 632 773 642 755 16.7 192 218 0.27 2.2 3.9 0.60 1.2 3.7 48 clay
25.4 621 776 630 758 16.7 194 220 0.31 2.1 4.4 0.57 1.1 4.0 46 CIAaY
25.6 595 783 602 765 16.7 195 222 0.43 1.9 5.6 0.53 0.96 4.8 42 SILTY CLAY
25.8 655 800 664 782 16.7 197 224 0.27 2.2 4.1 0.61 1.2 3.9 50 CIAY
26.0 635 784 644 766 16.7 198 226 0.29 2.1 4.2 0.57 1.1 3.8 47 CLAY
26.2 655 779 665 761 16.7 199 228 0.22 2.2 3.3 0.60 1.2 3.1 49 ClAY
26.4 662 793 672 775 16.7 201 230 0.23 2.2 3.6 0.60 1.2 3.4 50 CLAY
26.6 712 828 723 810 16.7 202 232 0.18 2.4 3.0 0.65 1.4 3.2 57 CIAY
26.8 802 1110 803 1092 17.7 203 233 0.51 2.8 10.0 0.74 1.7 12.0 68 SILTY CLAY
27.0 709 810 721 792 16.7 205 235 0.15 2.4 2.5 0.64 1.3 2.5 56 CIAY
27.2 675 798 685 780 16.7 206 237 0.21 2.2 3.3 0.59 L:L 3.1 50 CLAY
27.4 701 846 710 828 16.7 208 239 0.25 2.3 4.1 0.61 1.2 4.0 53 CIAY
27.6 707 923 713 905 17.7 209 241 0.41 2.3 6.7 0.61 1.2 6.5 53 SILTY CLAY
27.8 662 797 672 779 16.7 211 243 0.25 2.0 3.7 0.55 1.0 3.2 47 cray
28.0 695 839 704 821 16.7 212 245 0.25 2.2 4.0 0.59 1.4 3.8 52 CLAY
28.2 681 1102 677 1084 17.7 213 247 0.95 2.0 14.1 0.55 1.0 12.6 47 SILT
28.4 689 863 697 845 16.7 215 249 0.33 2.1 5.1 0.57 1.1 4.6 50 SILTY CLAY
28.6 692 860 700 842 16.7 216 251 0.32 2.1 4.9 0.56 1.1 4.4 50 CIAY
28.8 647 776 657 758 16.7 218 253 0.25 1.9 3.5 0.50 0.89 3.0 44 CLAY
29.0 560 715 569 697 16.7 219 255 0.41 1.4 4.4 0.38 <0.8 3.8 32 SILTY CIAY
29.2 698 871 706 853 16.7 220 257 0.33 2.0 5.1 0.55 1.0 4.4 50 ClaY
29.4 677 811 687 793 16.7 222 256 0.25 1.9 3.7 0.52 0.95 3.1 47 ClAY
29.6 739 1491 718 1473 17.7 223 261 1.65 2.0 26.2 32 25.8 SANDY SILT
29.8 593 890 585 872 17.7 225 263 0.84 1.5 9.6 0.39 <0.8 8.2 34 SILT
30.0 918 2392 861 2374 19.6 226 265 2.54 2.6 52.5 34 68.3 SILTY SAND
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N . 7’

UNAL23 - Tabular data: Vs, Go, Vs Repeatability

Each Vs value in the 'Vs Repeatability’ column corresponds to a distinct energization.

Z Vs Go Rho Vs Repeatability Var Coeff.
[m] [m/s] | [MPa] | [kg/m~"3] [m/s] [%0]
0.50 0 0.0 1750 0,0
1.50 174 53.0 1750 176,172 1.15
2.50 156 41.4 1700 156,155 0.45
3.50 139 32.8 1700 139,139 0.00
4.50 122 25.3 1700 122,123 0.58
5.50 100 17.0 1700 100,100 0.00
6.50 86 111 1500 86,86 0.00
7.50 82 10.8 1600 82,83 0.86
8.50 79 9.7 1550 79,79 0.00
9.50 78 9.7 1600 79,78 0.91
10.50 87 12.1 1600 87,87 0.00
11.50 95 14.9 1650 95,95 0.00
12.50 86 104 1400 85,86 0.82
13.50 86 11.8 1600 85,86 0.82
14.50 93 14.3 1650 93,93 0.00
15.50 102 17.7 1700 102,102 0.00
16.50 114 22.1 1700 115,113 0.88
17.50 117 23.3 1700 116,118 0.85
18.50 94 15.0 1700 94,94 0.00
19.50 102 17.7 1700 101,102 0.69
20.50 100 17.0 1700 100,99 0.71
21.50 98 16.3 1700 98,98 0.00
22.50 122 25.3 1700 124,119 2.09
23.50 87 12.9 1700 88,86 1.15
24.50 116 22.9 1700 116,117 0.61
25.50 126 27.0 1700 123,130 2.81
26.50 138 32.4 1700 139,138 0.51
27.50 134 314 1750 133,135 0.75
28.50 172 50.3 1700 171,172 0.41
29.50 102 18.2 1750 95,109 6.86
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IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

- Y MEJORAMIENTO DEL SUELO (IV-CIECMS2023) -

2 e

UNAL23 - Vs :
RECORDED RE-PHASED

10 T T T T T T T 10 T | T 1 ]
Z =050 m (V] 30 60 90 120 150 180 V] 30 &0 80 120 150 180
Ds = 0.15m f\ﬁ
Dt = 0.00 ms ol N FN B g | aloa A P BN P
Vs =0 mis 'l.wu' W W wy N g \i i TR T
8 JUN 2023
12:24:53 qo|Mm=] 30 60 90 120 150 180 40 |[ms] 30 60 90 120 150 180
a3 T T T I T T T a2 T I T T T T 7]
Z=150m [mV] 30 60 90 120 150 180 V) 30 80 120 150 180
Ds=0.34m
Dt = 1.94 ms ] ~ = :
Vs =176 m/s
8 JUN 2023
12:41:34 g2|Ims] 30 60 90 120 150 180 ga|Ims] 30 60 90 120 150 180
B T T T I T T T 8 T I T éﬂ T 7]
Z=250m (V] a0 60 a0 120 150 180 [mv] 30 a0 1 150 180
Ds = 0.42 m f\\
Dt = 2.70 ms N e PN " il I ==,
Vs =156 m/s wj' W Wl _— —
8 JUN 2023 !
12:46:06 8 [ms] 30 60 a0 120 150 180 3 [ms] 30 60 90 120 150 180
1 1 1 1 ] 1 1 1 I | 1 1 1 |
Z=350m [nfj'] 30 80 90 120 150 180 [TE.;:] 30 60 90 120 150 180
Ds=045m | \
gt = 31§; II.'rl‘lmr.".. o i, III W/ mep.. N = [} Ep— |]I UAVA N e
s = s
8 JUN 2023 -m w
12:50:17 54|ms] 30 60 90 120 150 180 | 54 [ms] 30 60 90 120 150 180 |
4.5 T T T ] T T 4.5 T [ T I I
Z=450m - 30 60 90 120 150 180 - 30 60 90 120 150 180
[mV] [mV]
Ds = 0.47 m | [\
51 = e;_gzs ::Is . rj W% v — " [ Wﬂvj\ ——
5 = s Tpi :
8 JUN 2023 / —\)
12:53:22 4 5| [ms] 30 60 90 120 150 180 | -as [ms] 30 60 90 120 150 180 |
37 T T T | T T 3.7 T [ T I T 1
Z=E550m (V] 30 60 90 120 150 180 (V] 30 80 80 120 150 180
Ds = 0.48 m m f\
Dt=4.80 ms 0 o ."'-.I % o= N - 0 I AU"":“‘.__,‘"“'— ——
Vs = 100 m/s \}[ ] T \J
8 JUN 2023 , w v
13:18:25 a7|Imsl 30 60 90 120 150 180 a.7|Mms] 30 60 90 120 150 180
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Z=6.50m i 30 60 90 120 150 180 e 3 80 90 120 150 180
Ds =0.49m

Dt=35.64 ms o 4

Vs = 86 mis

8 JUN 2023

13:21:01 3qfmsl 30 80 %0 120 150 180 aq|Imsl 30 80 80 120 150 180
Z=750m B 0 60 9% 120 150 180 i 0 60 9 120 150 180
Ds =0.49m

Dt = 5.96 ms - ING 5 T

Vs = 82 mis i BVY) \\/ - ’ \V 7 i e —"
8 JUN 2023

13:24:52 2 g |lms] 30 60 90 120 150 180 og|Imsl 30 60 80 120 150 180
Z=850m b 0 60 80 120 150 180 v 0 60 80 120 150 180
Ds=0.49m m /\

Dt=6.20

Vs<79mis g N : % == ! V) \/mwm‘-’&

8 JUN 2023

13:29:50 og|lmsl 30 60 % 120 150 180 ag|msl 30 6o 9 120 150 180
Z=950m ey 40 80 120 160 200 240 | 23 40 80 120 160 200 240
Ds=0.49m \

Dt=6.25ms 3 . y Y A P
Vs =T9mls A\ v T e R
& JUN 2023

13:33:59 25|ims] 40 80 120 160 200 240 25|ms] 40 80 120 160 200 240

Sociedad ICEIG : SUFHG,
1CHS Instituto Colombiano de Ensayos § UNIVERSIDAD
de » Inwesd lanes Cantéen ' ACIONAL 52
eotecnis C ny (\(lg;l\l(’l](& "()(‘\l“k‘l,\ DE COLOMBIA




IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

- Y MEJORAMIENTO DEL SUELO (IV-CIECMS2023) -

2 e

UNAL23 - Vs i
RECORDED RE-PHASED

Z=1050 m [m,fj 40 80 120 B0 200 240 [m,f] 40 80 120 160 200 240
Ds=049m
Dt=5.65ms o AN m P N o 'Il f\ A e e
Vs =87 mls \EJIM REEITINGE, = rommemr \’J V L W
8 JUN 2023
13:37:53 o |Ims]l 40 80 120 160 200 240 o|Ims] 40 80 120 160 200 240
2 ] T 2 T L T T il

Z=11.50m = 50 = 50 00 1 00 250
Ds =0.50 m vl i
Dt=5.19 ms ol- ey I e I
Vs =95 m/s
8 JUN 2023
13:44:49 o | [ms=] SII} 1?[] IISI} EIEIIJ 2?!! | [me] SIB IIIJO 1 !l'rﬂ zq-u 250

21 ' ' I 1T 21 0 ) ! I
Z=1250m e 100 200 300 b 100 200 300
Ds = 0.50 m el l e I"l
Dt=5.83ms oy r— U b )
Vs = 85 m/s V
8 JUN 2023
13:47:40 21| ms] 100 200 300 2.1 | Ims] 100 200 300
Z=1350m [r:,ﬁ 100 200 300 [r:,f] 100 200 300
Ds = 0.50 m f\
Dt=5.33 ms 0 ‘Il ﬂllul rﬂf?‘& fY\Mwm . 0 J L ﬂ A M o ey,
Vs = 85 m/s a1 Bt e R e R e e
8 JUN 2023
13:51:43 1.6 | ms] 100 200 300 1.6 | ms] 100 200 300

1.2 | | T T 1.2 | | T il
Z=1450m (V] 100 200 300 [V} 100 200 300
Ds =0.50 m
Dt = 5.35 ms " m/ﬁ:xﬁmaamn " ﬁﬂnﬁ.@.mﬂm“
Vs =93 m/s \]J!'Wr\y"“{? WO e \([V VI - R e
8 JUN 2023 /I
13:56:19 4.2 | ms] 100 200 300 4.2 | [ms] 100 200 300
Z=1550m [n':"ﬁ 100 200 300 [n:vz] 100 200 300
Ds = 0.50 m m , ['\
Dt=4.89 ms ol— \II ﬁu:\,ﬂ\ = o P ol— AR A R e
Vs = 102 m/s \l{: A v VY VoW
8 JUN 2023
13:59:54 1.2 [ms] 100 200 300 | -2 [ms] 100 200 300 |
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IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

- Y MEJORAMIENTO DEL SUELO (IV-CIECMS2023) -

e,

UNAL23 - Vs 8
RECORDED RE-PHASED
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Geosoluciones SAS
G S l Transv. 60 No. 124-20 Of. 204. Bogota DC, Colombia CPT: CPTu Curso Exploracién
Seanatisiands SAS Tel.: (571) 617 6646  Cel.: 321 468 94 43 Total depth: 30.22 m, Date: 10/06/2023
WP http:/fwww.geoscluciones.com.co Coords: lat 4.643559° lon -74.083645°
Project: Curso de Exploracion Universidad Nacional 2023 Cone Type: NOVA 5786
Location: Universidad Nacional Cone Operator; DLV
5 Cone resistance ; Sleeve friction " Pore pressure
14 14 ]
p p
3 —-) 3 ]
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9 9]
10 10
11 114
124 12/
13 13+ _
E 14 3 E 14 ] E
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184 18-
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214§ 71 =
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Tip resistance (MPa) Friction (kPa) Pressure (kPa)

The plot below presents the cross correlation coeficient between the raw qc and fs values (as measured on the field). X axes presents the lag
distance (one lag is the distance between two sucessive CPT measurements).
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Cross correlation between qc & fs
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CPeT-IT v.3.3.2.17 - CPTU data presentation & interpretation software - Report created on: 10/06/2023, 8:58:42 a. m.
Project file: \\server\DATOS\PROYECTOS\ANALISIS Y PRUEBAS CPTu\20. Cono Curso UN\2. Sefial Procesada\CPTu Curso Exploracién UN 2023.cpt
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~ YMEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

Geosoluciones SAS
I Transv. 60 No. 124-20 Of. 204. Bogota DC, Colombia CPT: CPTu Curso Exploracion
Guesohucionms SAS 1 s T Total depth: 30.22 m, Date: 10/06/2023
Grotecnia - Simica - ingonteria http://www.geosoluciones.com.co Coords: lat 4.643559° lon -74.083645°
Project: Curso de Exploraciéon Universidad Nacional 2023 Cone Type: NOVA 5786
Location: Universidad Nacional Cone Operator: DLV
SBT - Bq plots
SBT plot Bq plot
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. 3. Clay to silty clay D 6. Clean sand to silty sand D 9. Very stiff fine grained

CPeT-IT v.3.3.2.17 - CPTU data presentation & interpretation software - Report created on: 10/06/2023, 8:58:42 a. m.
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~ YMEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

Geosoluciones SAS
G S ' Transv. 60 No. 124-20 Of. 204. Bogota DC, Colombia CPT: CPTu Curso Exploracion
svssiuslenes $A3 e i o AR Total depth: 30.22 m, Date: 10/06/2023
S i Mo Hpiyfennw.geasoliclones.com.co Coords: lat 4.643559° lon -74.083645°
Project: Curso de Exploracion Universidad Nacional 2023 Cone Type: NOVA 5786
Location: Universidad Nacional Cone Operator: DLV

SBT - Bq plots (normalized)

SBTn plot Normalized Bq plot
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Bl 3. Clay to silty clay [ 6. Clean sand to sitty sand  [_] 9. Very stiff fine grained
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Geosoluciones SAS
Transv. 60 No. 124-20 Of. 204. Bogota DC, Colombia CPT: CPTu Curso Exploracion
P it Tel.: (571) 617 6646' Cel.; 321 468 94 43 Total depth: 30.22 m, Date: 10/06/2023
Al i peosticionss.com:co Coords: lat 4.643559° lon -74.083645°
Project: Curso de Exploracién Universidad Nacional 2023 Cone Type: NOVA 5786
Location: Universidad Nacional Cone Operator: DLV

Bq plots (Schneider)

Schneider et al (2008) Soil Class. Schneider et al (2008) Soil Class.
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

~ YMEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

Geosoluciones SAS
G s I Transv. 60 No. 124-20 Of. 204. Bogota DC, Colombia CPT: CPTu Curso Exploracion
it eroihos Tel.: (571) 617 6646' Cel.: 321 468 94 43 Total depth: 30.22 m, Date: 10/06/2023
e HERD: /Wi, SaSOICIONes.Com:eo. Coords: lat 4.643559° lon -74.083645°
Project: Curso de Exploracién Universidad Nacional 2023 Cone Type: NOVA 5786
Location: Universidad Nacional Cone Operator: DLV
5 Cone resistance qt 5 Friction ratio 5 Pore pressure u a SBT Index 5 Soil Behaviour Type
1 1- 1 14 1
2 2 2 2 Sensitive fine grained
3 3] 3] 3 Clay
4 4] 4] 4 Clay
5 5 5 5 a
6 6 - 6 6
7 7 74 7
8 8 8 8 Clay
9 9- 9 9
i 10-. 10: 0 Clay & silty clay
11 11 11 11 Clay & silty clay
12 12 124 12 Clay
- BB ’\13_- = "13_- sy 83 Clay & silty clay
E 14 §,14—_ £ 514—_ £ 14 Clay
s 15 £ 15 “ = £ 15 7 = 15
316 164 o 164 216 ,
o 17 ) 174 I} I} 17_- [a) 17 Clay & silty clay
18 18- 18- 18
19 19 19 19 Clay
20 20 20 20 Clay & silty clay
21 21 &) 21 N 21 Clay & silty clay
22 22{ 22{ 22
23 23—_ 23‘_ 23 Clay & silty clay
24 24 24 24
25 254 254 25 _ ,
. 5 Silty sand & sandy silt
26 264 26 26 Sand & silty sand
27 27; 27_‘ 27 C!ay&siltyclay
28 28 '_ 28 ': 28 g:’t; gasnlz%csl:zdy silt
29 29 ] 29 5 29 Silty sand & sandy silt
30 : | : 304 : 304 30 - 'Slllty ?an?&'sa:\dyv snll1 '
0 10 0 2 4 6 8 10 0 500 1 2 3 4 0 2 4 6 8 10 12 14 16 18
Tip resistance (MPa) Rf (%) Pressure (kPa) I(SBT) SBT (Robertson, 2010)
SBT legend
[l L Sensitive fine grained [ 4 Clayeysittositydlay [T] 7. Gravely sand to sand
[ 2 Organic material [ 5. silty sand to sandy sit  [l] 8. very stiff sand to clayey sand
[l 3. Clay tossilty clay [0 6. Clean sand tosilty sand  [[] 9, Very stiff fine grained
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

~ Y MEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

GSI

Geosoluciones SAS
Geoteonia - Sismics - Engenkeria

Geosoluciones SAS

Transv. 60 No. 124-20 Of, 204. Bogotd DC, Colombia
Tel.: (571) 617 6646 Cel.: 321 468 94 43
http://www.geosoluciones.com.co

Project: Curso de Exploracién Universidad Nacional 2023

CPT: CPTu Curso Exploracion
Total depth: 30.22 m, Date: 10/06/2023
Coords: lat 4.643559° lon -74.083645°

Cone Type: NOVA 5786

Location: Universidad Nacional Cone Operator: DLV
Norm. cone resistance Norm. friction ratio Norm. pore pressure ratic SBTn Index Norm. Soil Behaviour Type
0 0 0 0 0
1 1 1] 14 1
2 2 = 2 2 Silty sand & sandy silt
3 3 34 35 3
4 4 4 - 4 — 4 Clay & silty clay
5 5 - 5 5. 5
6 6 - 6 6 6 Ciay
1 1 1 Clay
7 7 4 7 7 - 7
8 8 - 84 8- 8
9 9 g - 9 — 9 Clay
10 10 104 104 10
11 114 114 11+ 11 Clay & silty clay
12 12+ 124 124 12
13 13 13+ 134 13
~— ~— J ~— 4 — i — Clay
E 14 E 144 E 144 E 144 E 14
£15 515- 515- 515- _515
16 16 o 16 16+ =16 Sensitive fine grained
O 37 0 17] 0377 04177 07 ik
18 18 18 18 18
19 19 19 194 19 Cay & silty clay
b 1 b Omanic soil
20 20 ] 20 20 20 Clay & silty clay
21 21+ 214 21+ 21 Omanic soil
22 22 22 221 22
23 23+ 23 23+ 23 Cray
24 24 24 4 24 - 24
25 25+ 254 25+ 25 ]
E 8 E Clay & silty clay
26 26 26 26+ 26 Sand & silty sand
27 27 274 274 27 gﬂ
] ] ] &
28 28 1 28 28 28 Silty sand & sandy silt
29 29 - 29 29 - ! 29 Silty sand & sandy silt
1 1 1 Cla
30 304 304 30 -‘v—rv—ﬁﬁ—v—E. 30 )

D 2 4 6 8 10 -0.2 0 02040608 1
Fr (%) Bq

-
5]
L

Ic
SBTn legend

0

2

4

[l 1. Sensitive fine grained [l 4. Clavey silt to silty clay

. 2. Organic material
B 3. Clay to silty day

[ 5. Silty sand to sandy silt
D 6. Clean sand to silty sand |:| 9. Very stiff fine grained

6

8

10 12 14 16 18

SBTn (Robertson, 1990)

|:| 7. Gravely sand to sand
I 8. Very stiff sand to dayey sand
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IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

~ Y MEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -
GSI

Geosoluciones SAS

Geateenia - Samica - ingeniena

Geosoluciones SAS

Transv. 60 No. 124-20 Of. 204. Bogota DC, Colombia
Tel.: (571) 617 6646 Cel.: 321 468 94 43
http://www.geosoluciones.com.co

CPT: CPTu Curso Exploracion
Total depth: 30.22 m, Date: 10/06/2023
Coords: lat 4.643559° lon -74.083645°
Cone Type: NOVA 5786

Cone Operator: DLV

Project: Curso de Exploracién Universidad Nacional 2023
Location: Universidad Nacional

Norm. cone resistance Norm. friction ratio Norm. pore pressure ratic Mod. SBTn I(B) Mod. Norm. SBTn
0

0 0 0 ; 0
1 1 1+ 14 1
2 2 27 ‘E 24 Sanddike - Contractive
3 3 - 3+ 3 3 =
- g e E Transitional - Contractive
4 4 4 4 4 Claydike - Contractive - Sensitife
5 5. 5] 51 5] Trensitional - Contractive
i ] ] Clayike - Confractive - Sensiliye
6 - 6 - 6 - 6 6
7 | 7 7 7 7] 7 1 7 Claylike - Confractive - Sensifiye
8 8 8 - 8 8
9] 9 9 9 ] 9 B 9 Clayike - Confractive
. 1 . Clay-ike - Conirective
104 10+ 104 10+ 10
11 114 114 11 11 Claydike - Contractive - Sensifife
124 i3 12 124 12 Clay-ike - Contractive
134 . 13+ 13+ 13 13
E 14+ E 144 E 14 E 144 E 14
515 .515— 515— 515— 515 | RN |
= | =t . =y 1 o 1 =3 aydike - Confractive - Sensitife
o 164 @ 16 7] o 16 ] @ 16 7] o 16
03174 Q74 Q74 Q 174 Q37
184 184 18+ 184 18
19 19 194 19 194 Clayike - Contractive
20 20+ 20+ 20 20— ga;r-ﬁke-gnmnh've-gensiﬁ Y
-] _“ a aydike - Contractive - Sensifiye
2149 21 i 21 21 21 Claydike - Contractive
22+ 227 22 22 22
23+ 234 23 234 23 Claydike - Contractive - Sensitiye
24 244 24 24 24+ Clay-ike - Contractive
25 25 ] 25 25 ] 25 Clayike - Confractive - Sensitife
| ] 1 . | Clayike - Confractive - Sensitite
26 26 26 26 26 Transitional - Coniractive
27 274 274 274 274
i J - | Clayike - Confractive
28 284 28 28 28+ Sand like - Dilative
] § ] Sand like - Dilative
29 29': 29 7 29'__ 29 Clayike - Conlractive
304 30 - 304 304 304 Claydike - Coniractive - Sensitife
T —TTT T T T T T
0 2 4 6 8 10 0 2 4 5 100 0 2 4 6 8 10 12 14 16 18
Fr (%) u2 I Mod. SBTn (Robertson 2016)
Mod. SBTn legend *

. 1. CCS: ClayLike - Contractive, Sensitive |:] 4. TC: Transitional - Contractive |:| 7. SD: Sand-like - Dilative
B 2. cc: Clay-like - Contractive [ 5. TD: Transitional - Dilative
B 3. co: Clay-Like: Dilative [ 6. SC: Sand-like - Contractive
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IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

Project:

~ Y MEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

GSI

Geosoluciones SAS
Gootornis - famica - Ingeniena

Geosoluciones SAS

Transv. 60 No. 124-20 Of. 204. Bogota DC, Colombia
Tel.: (571) 617 6646 Cel.: 321 468 94 43
http://www.geosoluciones.com.co

Curso de Exploracién Universidad Nacional 2023

Location: Universidad Nacional

CPT: CPTu Curso Exploracion
Total depth: 30.22 m, Date: 10/06/2023
Coords: lat 4.643559° lon -74.083645°
Cone Type: NOVA 5786

Cone Operator: DLV

1,000 4 s —

Normalized Cone Resistance, Qtn

100

Modified Robertson (2016) SBTn

T | i

-
=]

0.1 1
Normalized Friction Ratio, Fr (%)

CCS: Clay-like - Contractive - Sensitive
CC:

CD:

TC:

TD:

SC:

SD:

Clay-like - Contractive
Clay-like - Dilative
Transitional - Contractive
Transitional - Dilative
Sand-like - Contractive
Sand-like - Dilative

Normalized Cone Resistance, Qtn

100

10

1 +—— I

Updated SBTn plots

Modified Schneider et al (2008) SBTn

1,000 | T T N T TN T T T I T '

SD

T T T T T T T TTIT

-2 0 2 4 6 8 10 12 14 16
Du2/sig'v

rr 1 r rrJ1rvr1rre

18 20

Normalized Cone Resistance, Qtn

1,000

100

[
[=]

L oa el

Normalized Rigidity Index

| Lol I i w el TR B N

A1 1 saaal

TTTTTT

T T T T T T T T T

10 100
Go/gn

K(G) > 330: Soils with significant microstructure
(e.g. age/cementation)

CPeT-IT v.3.3.2.17 - CPTU data presentation & interpretation software - Report created on: 10/06/2023, 8:58:47 a. m.
Project file: \\server\DATOS\PROYECTOS\ANALISIS ¥ PRUEBAS CPTu\20. Cono Curso UN\2. Sefial Procesada\CPTu Curso Exploracion UN 2023.cpt

Sociedad

de

W

ICE|G
|~

Instituto Colombiano de Ensayos
¢ Investigaciones Geotéenicas

UNIVERSIDAD

NACIONAL

DE COLOMBIA

66



IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

- Y MEJORAMIENTO DEL SUELO (IV-CIECMS2023) -

e L »

Geosoluciones SAS
G s l Transv. 60 No. 124-20 Of. 204. Bogota DC, Colombia CPT: CPTu Curso Exploracion
Bty Tel.: (571) 617 6646. Cel.: 321 468 94 43 Total depth: 30.22 m, Date: 10/06/2023
e hittp://www.geosokuciones.com.co Coords: lat 4.643559° lon -74.083645°
Project: Curso de Exploracion Universidad Nacional 2023 Cone Type: NOVA 5786
Location: Universidad Nacional Cone Operator: DLV
o Permeability 0 SPT N60O o Young's modulus 0 Relative density o Friction angle
1] 14 1] §:d 1]
-] 1y < - 1}
34 34 34 3 3
4 4 4 4] 4]
5 2] 54 5] 5
6 6 6 6 - 6
8 77 73 2] =
8 8 8] 8 - 8]
9] 9 9] g 9]
10 10 10 10- 10
11 : 11 : 11 —_ 11 :~ 11 -:
12 12 12 12 12
134 134 134 134 13
E 144 E 144 E 144 E 144 E 144
£ 154 £ 154 £ 154 £ 154 £ 154
16 164 164 216 164
0473 017: 0,73 ﬂl?_' 017_'
18] 18] 18 18 18]
19 19 19 19 19
20 20 20 20 20
214 21 214 314 5%
22 22 yio 2l 22 52
23 23] 23 234 23
24 -] 24 24 24 - 24
254 254 254 254 254
26 26 26 — 26 —— 26—
27 274 374 27 274
28] 28 28] . 28] —— 28] J—
29 29 29 — 29 — 29 ] =
= ' ' ' 30; ' h Ti% '35 '_B '50 30-0 l éD 30; lih ' B rSB TBB ' oo 30;0 ' 52 ‘ B ' 43 I 50
1x10 1 Bap o ™ N60 (b|owsx30c:n) Es (Mr-*a)1 Dr (%) i ® (d:greesj
Calculation parameters
Permeability: Based on SBT, Relative density constant, Cp,: 350.0
SPT Ngo: Based on 1. and q: Phi: Based on Kulhawy & Mayne (1990)
Young's modulus: Based on variable alpha using I. (Robertson, 2009) _g@— User defined estimation data
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IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

~ Y MEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

Geosoluciones SAS
G s l Transv. 60 No. 124-20 Of. 204. Bogota DC, Colombia CPT: CPTu Curso Exploracién
P Y. Tel.: (5?1} 617 6646 Cel.: 321 468 94 43 Total depth 30.22 m, Date: 10!’06}"2023
e e Rt //whwiv!.gROSOICIONES. COM.CO Coords: lat 4.643559° lon -74.083645°
Project: Curso de Exploracion Universidad Nacional 2023 Cone Type: NOVA 5786
Location: Universidad Nacional Cone Operator: DLV
5 Constrained Modulus p Shear modulus . Shear strength QUndrained strength ratio 5 OCR
1 B 1 i 1 = = Su peak 1 i 1 3
2: 2_— 2_— Su remolded 2_— 2_—
- 3] 3] 3] 3]
&3] 4] a7 s 4
5] 5] 5] 5 5]
6 6 64( § 6 6
7 7 - 7 7 - 7
8 - 8] 8 8 8
9] 9] 9] 9] g
10 10 10 L 10 10
114 114 114 11 11+
124 124 124 12 12
13- 134 134 134 134
E 14 E 14 E 14| ! E 14 E 14
%.15_‘ .élS—- .EIS—_ .gls—_ 44&15—_
o 16 o 164 o 164 o 16 o 16
04377 0477 0377 i &l 1?5 0 377
18+ 18 1841 % 18 18- }
19{5., 194 19 __h 19 19
20 - 20— 20+ ! 20+ 20+
| 21 214 S 21 21
22 224 22 22 22
23 23 23] 23] 23
21 24 24 24 e
254 254 25 25 25
26 26 264+ 26 26
274 274 27 =% 27 274
28 28 28 L:___. 28] M=~ 28 M=
29 a 29 . 29 7 ; 29 :f 29 y EE_-:_
30-1 ! T J T T 30-I L T T ¥ T 30-1ﬁ 30 I r T T T 7 391 4 Fr B r I 7

0 50 1c|)0 150 ] 50 1tl)n 150 0 200 400 0 1 2 3 4 0 5 10 15 20
M(CPT) (MPa) Go (MPa) Su (kPa) Su/o',vo OCR
Calculation parameters
Constrained modulus; Based on variable ajpha using I. and Q. (Robertson, 2009) QOCR. factor for clays, Nit: 0.33
Go: Based on variable ajpha using I. (Robertson, 2009) —@— User defined estimation data
Undrained shear strength cone factor for clays, Nw: Auto —@— Flat Dilatometer Test data
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IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

~ Y MEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

Geosoluciones SAS
G s l Transv. 60 No. 124-20 Of, 204. Bogota DC, Colombia CPT: CPTu Curso Exploracion
e ace Tel.: (571) 617 6646. Cel.: 321 468 94 43 Total depth: 30.22 m, Date: 10/06/2023
Gestenia- Samica - Ingénieria http://www.geosoluciones.com.co Coords: lat 4.643559° lon -74.083645°
Project: Curso de Exploracion Universidad Nacional 2023 Cone Type: NOVA 5786
Location: Universidad Nacional Cone Operator: DLV
. Shear Wave velocity i State parameter . In-situ stress ratio g Soil sensitivity . Effective friction angle
1 1] 1] 1] 1]
5] 5] - 5] 5| 5
3 3
4] 4 %]
5 5 5
6 6 -
8 8-
] o]
10

-
LS
| 1

Depth (m)
Depth (m)
Depth (m)
Depth (m)
Depth (m)

TN TN TN W N T T T T N O N |

5] 5] 4 5]

. | ", e
5 ] . . . El . . . | 5]
L o, o
2] > 5]
g o 8
9] 9 - 9 ] 9]
10 10 10 104
11 11 114 114
12 1.2:] 174 d 13:4
134 13- 134 134 134
147 14 14 14 14
15 15 15 154 5
16 16 - 16 161 161
174 17 174 L7 17
18] 18 - 18] 18- 18-
19 19 19 19 19
20 20 20 20 20
214 21 51 i 511
22 22 - 224 22 274
23] 23 23] 23] 23]
244 24 - 24 - 24 24
25 25 254 254 254
26 26 S 26 — 26 ; 26

g L — S —

- e —
274 27 27 27 27 E
28+ 28+ s 28+ 28+ 284
29 29 = - 29 29 294
3G__I T T T | T 30__ T T T T T 30__l T T .%Al— T 30__ BUL_FV_”_i'_
0 100 200 -0.2 -0.1 0 0.1 0 0.5 1 0 2 4 6 8 10 20 25 30 35 40
Vs (m/s) W Ko St Peak ¢ (degrees)

Calculation parameters

Soil Sensitivity factor, Ns: 7.00
—@— User defined estimation data
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IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

- Y MEJORAMIENTO DEL SUELO (IV-CIECMS2023) -

2 e

Geosoluciones SAS
G s I Transv. 60 No. 124-20 Of. 204. Bogota DC, Colombia CPT: CPTu Curso Exploracion
Sudsohchurnse SAS i o gt Total depth: 30.22 m, Date: 10/06/2023
Geotecnia- Stimita - ingenieria http://www.geosoluciones.com.co Coords: lat 4.643559° lon -74.083645°
Project: Curso de Exploracién Universidad Nacional 2023 Cone Type: NOVA 5786
Location: Universidad Nacional Cone Operator: DLV

Dissipation Tests Results

Dissipation tests

Dissipation tests consists of stopping the piezocone penetration and observing porepressures (u) with elapsed time (t).
The data are automatic recorded by the field computer and should take place until a minimum of 50% dissipation.

The porepressures are plotted as a function of square root of (t). The graphical technique suggested by Robertson and
Campanella (1989), yields a value for tg;, which corresponds to the time for 50% consolidation.

The value of the coefficient of consolidation in the radial or horizontal direction ¢, was then calculated by Houlsby and
Teh's (1988) theory using the following equation:

_Terxl”

h
tSO

where:
T: time factor given by Houlsby and Teh's (1988) theory corresponding to the porepressure position
r: piezocone radius

I, stiffness index, equal to shear modulus G divided by the undrained strength of clay (S,).
tsq: time corresponding to 50% consolidation

Permeability estimates based on dissipation test

The dissipation of pore pressures during a CPTu dissipation test is controlled by the coefficient of consolidation in the
horizontal direction (c,) which is influenced by a combination of the soil permeability (k) and compressibility (M), as
defined by the following:

ky,=c,xY,/M

where: M is the 1-D constrained modulus and y,, is the unit weight of water, in compatible units.

Tabular results

CPTU Depth (t50)050 tso tso G/S. Ch Ch M kn
Borehole {m) i (s) (years) (m?/s) (m?/year) (MPa) (m/s)
T 18:00 45.8 2095  664E-005 514.01  8.40E-007 26 291 2.83E-009
W0 19.68 37.3 1394  4.42E-005  962.66 1.73E-006 54 2.61 6.50E-009
L;iu Lai:gﬂ
ey 27.80 11.0 122 3.86E-006  785.74 1.79E-005 564 7.75 2.26E-008
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION
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- Y MEJORAMIENTO DEL SUELO (IV-CIECMS2023) -

This software is licensed to: Geosoluciones CPT name: CPTu Curso Exploracion
SAS

Piezocone Dissipation Test: CPTu Curso Exploracion

Depth: 18.00 (m) Pore pressure

tsaitmmiaet o
480 === - ]
diisnsitipiaaltpioonre pressure, ui 1]
460 24
3.
440 4]
5]
420 6
7]
400 - 8.
9]
380- 10
11 h
360~ 12
§ 13 |
7 340 ~ 14 ]
o E _
° E 15 7]
£ s20- 5 16
o § 17 7]
@ 300- 18 7
o 19 7
% 280 20 -
21 7]
260 - 0y
240 - 23
24
220 - 25 7
26
200- 27 A
28 ]
180 29 ]
30 ]

0 ' ' ' u0 =5156.96 ' o '
0 20 40 60 (k P8g ) . 0 pressure (kpa) 10 00
££0.50 (s°0.50) 1700

Legend

= U2 penetration

® [Initial dissipation

¥ End of dissipation (extrapolated)
@ Initial estimated at t=0
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION
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- Y MEJORAMIENTO DEL SUELO (IV-CIECMS2023) -

This software is licensed to: Geosoluciones CPT name: CPTu Curso Exploracion
SAS

Piezocone Dissipation Test: CPTu Curso Exploracion

Depth: 19.68 (m) Pore pressure

500 - ,
1 -
480 - .
3]
460 - .
5]
440 - >
7]
420- 7
o
400 23
380 11 ]
~~ 12 m
L -
< 360- 13 ;
o — |
= E N
o 340 £ 15 ]
2 5 16 |
% Q -
£ 320- § 177
g 18 |
£ 300- 1o
20 7
280 21 -
22 7]
260 o
24 -
240 ]
26 -
220 ]
28 ]
200 2
30
180- ;

ss————es s ————— e —_— ; ,
0 20 40 60 ‘(‘I? ;821)73'44 o . 1000
t/0.50 (s°0.50) 1700 ressure (kPa)

Legend

= U2 penetration

® [Initial dissipation

¥ End of dissipation (extrapolated)
@ Initial estimated at t=0
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION
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- Y MEJORAMIENTO DEL SUELO (IV-CIECMS2023) -

This software is licensed to: Geosoluciones CPT name: CPTu Curso Exploracion
SAS
Piezocone Dissipation Test: CPTu Curso Exploracion
e . Depth: 27.80 (m) Pore pressure
780 m onZitia L p o re 0+
760 pressure, ui 1
740 21
3]
720 4]
700 -] 5 _'
680 | 6
660 | 7]
640 8 ]|
620 %
7 10
600 11
__ 5804 2]
& 560 13 ]
é 7 -
—~ 14
N 540 € i
L 520 ~ ]
b= 5 16 |
g 500 § 17
g 480 18 7
S 460 19 7
440 _ 20 7]
420 2L
400 22
23
380_ 24 ]
360 | 25 -
340 | 26 -
320 | 27
300 28 1
280 29 ]
7| 30 ]
260 | i
=== === s==a= ™ 1
0 0 10 00
Pressure (kPa)
Legend

= U2 penetration

@ [Initial dissipation

¥ End of dissipation (extrapolated)
@ [Initial estimated at t=0
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

T

e

~ YMEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

This software is licensed to: Geosoluciones SAS

Presented below is a list of formulas used for the estimation of various soil properties. The formulas are presented in SI unit system and assume
that all components are expressed in the same units,

i Unit Weight, g (kN/m?3) :: i: Small strain shear Modulus, Go (MPa) ::
g=g, - [0‘2?-I09(R,)—- 0.36-Iog(§—t) s 1,235] Go =(q,—0,)-0.0188.1085 1168
a

where g,, = water unit weight :: Shear Wave Velocity, Vs (m/s) =

A 0,50
v, :[G_OJ
. P

11 Permeability, k (m/fs) ::
I, <3.27 and I, >1.00 then k = 1009523041
:: Undrained peak shear strength, Su (kPa) ::
N, =10.50 + 7 log(F, ) or user defined

I. <4.00 and I > 3.27 then k = 107 %32 1-37L

it Nspr (blows per 30 cm) :: .. @ -0y)
N _[&]—]_ L N
%7\ P, ) 10112808171, (applicable only to SBT.: 1, 2, 3, 4and 9 or L. > L)
1

:: Remolded undrained shear strength, Su(rem) (kPa) ::

(applicable only to SBT.: 1, 2, 3, 4and 9
or L > Lc_cutorr)

Ny = Q- e
1{60] Qt"‘ 101.1258 0.2B171

Suirem )= fs
11 Young's Modulus, Es (MPa) ::

(g, -o,)-0.015-10% %+
(applicable only to L < L cuwer)

:: Overconsolidation Ratio, OCR ::

r 020 125

k _' 23
#*7 0.25-(10.50-+7 -log(F,))
OCR_kOCR'Q!n

or user defined

:: Relative Density, Dr (%) ::

100. |9 {applicable only to SBT.: 5, 6, 7 and 8

\| -kDR or It < Ic cumtt) (applicable only to SBT,: 1, 2, 3, 4 and 9 or L > L_qw)

i: State Parameter, @ ::
W =0.56 —0.33-109(Q 1. s )

i+ In situ Stress Ratio, Ko ::
Ko =(1-sing')-OCR™™

(applicable only to SBTa: 1, 2, 3, 4and 9 of Lt > L cor)
:: Drained Friction Angle, ¢ (°) ::

% =,+15.94-log(Q,,..) —26.88
(applicable only to SBT,: 5, 6, 7 and 8 or I; < Ic_cutorr)

:1 Soil Sensitivity, S ::
e NS
= F

(applicable only to SBT,: 1, 2, 3, 4 and 9 or L > L qer)

5
:: 1-D constrained modulus, M (MPa) ::

Ifl. > 2.20

a = 14 for Q, > 14
a =G for Qn = 14
Mepr = a'{qe — OV)

:: Peak Friction Angle, @' (°) ::

¢ =29.5°-B2** .(0.256+0.336 B, +logQ, )

applicable for 0.10<B,<1.00
Ifl. = 2,20 (app! By )

M, =0.03-(q, - 0, ) - 1075288

References

» Robertson, P.K., Cabal K.L., Guide to Cone Penetration Testing for Geotechnical Engineering, Gregg Drilling & Testing, Inc., 5% Edition, November
2012

= Robertson, P.K., Interpretation of Cone Penetration Tests - a unified approach., Can. Geotech. 1. 46(11): 1337-1355 (2009)
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ZOFRE SAS. , e I
ZOrorc , REGISTRO DE PERFORACION Colombiana
BOGOTAD.C. de Geotecnia
Chianile
P'OCESO'GESMP <o Explamoion Fecha versidn: 2023-04-20 Wersion: 00 Cédigo: GG-FT-01 Pagina 1 de 06
Geotécnica
CORREDOR: IV CIECMS ID SONDEO: Z3-SR-230609-1
TRAMO: Universidad Nacional de Colombia £ EQUIPO: ROLATEC RL-48 i : FORAC
8& 09/06/2023| 4,00 17,00
CcODIGO: Sondeo S1 Blg X (m): 999216 mE
ol E
ABSCISA: - Eﬁ Y (m): 1005232 mN
g
SUPERVISOR: Camilo Gomez (Ing Gedlogo) g Z(m): 2553 m.s.n.m
HOJA: 1de?2 FECHA INICIO: 09/06/2023 FECHA FINALIZACION: 09/06 /2023
_ 8 - ROCA MUESTRAS Y/O SISTEMA DE GOLPEO|
ElG zE 35| &| ENSAYOSENSUELOS | messn i mm
5|8 NATURALEZAY 82l . B4l 2
< |2 A o3l o | O (2] H_ommreecwrs | Tsormuet o waa
1= LOog @ . el B
s 5], DESCRIPCION DEL 582 | g |£i]i
S| w BEY 4 ; B2 EElE|ITIE|Z |8
< g z = || E|Z|E
z |k |2 TERRENO esil | o (53| 1S ST E|E| 2]
i [e) Z Eg 23 gl 2 = o E O | N°DE GOLPES/5 cm
o | O] 3 oz (o |F (2| |F|&
0_ 0 50 100 15 30 45 60
O | Capa orgénica (o): Limo arcilloso, color
1 café, alta plosticidad y consistencia 100
1 blanda, presencia de rafces y vegetacion. -
] . N SPT. 1]3|4]4
2 Relleno  Antrépico  (R): Gravas vy 1
] fragmentos inmersos en una matriz limo 100 0.75|2.40 2,10
1 arenosa de consistencia blanda a —
3 medianamente firme, alta plasticidad, de — :
] color marrén oscuro a negro, con F;' .
] importante presencia de materia 100 3.60
orgénica. Se encuentra parcialmente
hGmeda. | 4,50
g
100 0,20(5,10 5.10
| 6,00
d
Depdsito Fluvio Lacustre (Qfl): Arcilla 1od 1 B0
limosa de alta plasticidad, de '
consistencia blanda a medianamente | . 7,50
firme, la unidad se encuentra hlimeda y | s [ | SPT iilal 415
presenta un color marrdn a gris 2
parduzco. 100 8,10
A medida que se avanza en profundidad - 8,00
el material presenta tendencia @ ”2' .
escurrirse, por lo tanto, para redlizar el 100 8.60
avance de 6.60 m a 7.50 m se requiere )
el uso de la valwla de fangos con el fin 0,50
de garantizar la  recuperacidén  del Bl SH
material de condicién lodosa. 2
100 11,10
Se observa esporadica presencia de
materia  orgénica  (turba), de igual - 200
manera; se identifica que el contenido = TP
de la fraccién limosa aumenta con la 100 2,60
profundidad.
I 3,50
MI
3
100 14,10
: Ensayo SPT. Wemewesimomme-3 \j: Tomamuestraos pared gruesg, emee-r-s-m B: Rotacién en seco: Baterfa sencilla Widia.
CONVENCIONES PC: Ensayo SPT punta ciega. SH: Tomamuestros pared delgado. T2: Rotacién refrigerada: Bateria doble diamantada.
= =m=2 | qu:  Penetrémetro de bolsillo. Pl:  Tomamuestras tipo Pitcher. §T3: Rotacién seco/refrigerada: Bateria triple Widia.
VST: Veleta de campo. R:  Rechazo! Ej R(0) = Rechazo, entrd 10 em. JQ: Rotacién refrigerada: Barrena Wire — Line.
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Sociedad
ZOFRE S.AS. . Colombiana
ZOorpr ; REGISTRC DE PERFORACION e ke
BOGOTAD.C. de Geotecnia
Cliente
. Ggs'i‘jf‘ de Explaratibe Fecha versidn: 2023-04-20 Versicn: 00 Cadiga: GG-FT-01 Pagina 2 de 06
eotecnica
CORREDOR: IV CIECMS ID SONDEO: Z3-SR-230609-1
TRAMO: Universidad Nacional de Colombia ﬂg EQUIPO: ROLATEC RL-48 o |
K 09/06/2023
CODIGO: Sondeo S1 Blz X (m): 999216 mE
S|E
ABSCISA: - %é Y (m): 1005232 mN
SUPERVISOR: Camilo Gémez (Ing Gedlogo) °'% z(m): 2553  m.s.nm
HOJA: 2de?2 FECHA INICIO: 09/06 /2023 FECHA FINALIZACION: 09/06/2023
= 8 <3 ROCA MUESTRAS Y/O SISTEMA DE GOLPEO
E|G zEs zi| | ENSAYOSENSUELOS | sesetimnm
o |3 NATURALEZA'Y Bslle| 84 & :
= s P R e ] e
= EQ3 . 23|22
S|2| | DESCRIPCIONDEL [::(2| g |ii::
S| w2 S B R e | B Bl B B I
Elk|2 TERRENO g2l o g8 ¥ 2 (a8 |22,
x| Q| 2 33 25| (= |8 |2 |& |2 |G |woecoresisem
Elo]5 88l ¢je gz e [E|¢
15 050 100 1530 45 60
] SH
] 3
18- La unidad ha sido descrita en la hojal 8 |49 54,2 6.00 bie
] anterior. 86 2741 6.5
i § SPT 313|334
1717101 7 4
] FIN DE LA PERFORACION 1719
] 17,10 m
18_: Constante de la veleta
19: Su(kN/m?)= T max(N.m)*0,479297
20
21
22
23
24
25+
26
27
26
29
30
SPT: Ensayo SPT. “emswe-dimomm-3 . Tomamuestras pared gruesg, Theme®-r-s-ua B: Rotacién en seco: Baterfo sencilla Widia.
convenciones | PG Ensayo SPT punta ciega. SH: Tomamuestras pared delgada. T2: Rotacién refrigerada: Baterfa doble diamantada.
=————— | qu: Penetrémetro de bolsillo. Pl: Tomamuestras tipo Pitcher. T3: Rotacién seco/refrigerada: Baterfa triple Widia.
VST: Veleta de campo. R:  Rechazo: Ej R(0) = Rechazo, entr6 10 cm. {Q: Rotacién refrigerada: Barrena Wire — Line.

EIDEEE
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ZOFRE SAS.

, REGISTRO DE PERFORACION
BOGOTAD.C.

Sociedad
{ MWOIMI n

de Geotecnia

Chente

Proceso: Gestidn de Exploracion
Geotéonica

Fecha versidn: 2023-04-20 Version: 60 Cédigo: GG-FT-01

Pagina 3 de 06

CORREDOR:
TRAMO:
cODIGO:
ABSCISA:
HOJA:

IV CIECMS SONDEO: Z3-SR-230609-1

Universidad Nacional de Colombia X (m): 999216 mE

Sondeo S1 Y (m): 1005232 mN

S Z (m): 2553 m.s.n.m
1de1 FECHA INICIO:  09/06 /2023 FECHA FINALIZACION:

09/06 /2023

W/, zoFRE

-

9 jun. 2023 7:24:35a. m.
Universidad Nacional
SGC

Sondeo S1

FOTO 1: Vista panorémica del sitio de emplazamiento del sondeo Si

9 jun. 2023 7:24:47 a..m«
Universidad'Nacional
SGC

Sondeo S1

FOTO 2: Vista en detalle del sitio de emplazamiento del sondeo Si
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BOGOTAD.C. de Geotecnia

ZOFRE SAS. Sociedad

Cliane

Praceso: Gézg‘l"gc :f;“mfﬂc'd" Focha versién: 2023-04-20 Version: 00 Cédigo: GG-FT-01 Pagina 4 de 06
CORREDOR: IV CIECMS SONDEO: Z3-SR-230609-1

TRAMO: Universidad Nacional de Colombia X (m): 999216 mE

cODIGO: Sondeo S1 Y (m): 1005232 mN

ABSCISA: - Z (m): 2553 m.s.n.m

HOJA: 1de3 FECHA INICIO:  09/06/2023 FECHA FINALIZACION: 09/06/2023

CAJA 2: Material extrafdo en el sondeo S1, de 3,60 m a 6,60 m.
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ZOFRE SAS.
BOGOTAD.C.

REGISTRO DE PERFORACION

Sociedad
Colombiana
de Geotecnia

Cliente

Praceso: Geastidn de Exploracién
Geotécnica

Fecha version: 2023-04-20

Version: 00 Caodigo: GG-FT-01

Pagina 5 de 06

CORREDOR: IV CIECMS SONDEO: Z3-SR-230609-1
TRAMO: Universidad Nacional de Colombia X (m): 999216 mE
cODIGO: Sondeo $1 Y (m): 1005232 mN
ABSCISA: - Z (m): 2553 m.s.n.m
HOJA: 2de3 FECHA INICIO:  09/06/2023 FECHA FINALIZACION:

09/06 /2023

% e e .
CAJA 4: Material extraido en

el s;ndeo S1, de 10.20 m a 13,50 m.

80



'I‘ TOEDE

ZOFRE SAS.
BOGOTAD.C.

Sociedad
Colombiana

REGISTRO DE PERFORACION .
de Geotecnia

Cliente

Proceso: Gestién de Exploracion

Fecha version: 2023-04-20

Cotdbction Version: 00 Cédigo: GG-FT-01 Pagina 6 de 06
CORREDOR: IV CIECMS SONDEO: Z3-SR-230609-1

TRAMO: Universidad Nacional de Colombia X (m): 999216 mE

CODIGO: Sondeo S1 Y (m): 1005232 mN

ABSCISA: - Z (m): 2553 m.s.n.m

HOJA: 3de3 FECHA INICIO: 09/06/2023 FECHA FINALIZACION: 09/06/2023

CAJA 5: Materidal

extraido en el sondeo S1, de 13,50 m a 17,10 m.
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ZOFRE S.AS.
BOGOTA D.C.

REGISTRO DE ENSAYO
DPSH

chigd_a_d )
de . ..

Chiante

Proceso: Gestion de Exploracion
Geatéenica

Fecha version: 2023-04-20 |

Version: 00

Codigo: GG-FT-02

Fagina 1 de 02

-ACTA DE RESULTADOS DE ENSAYO

UNE EN ISO 22476-2:2008 Investigacion y ensayos geotécnicos. Ensayos de campo. Parte 2: Ensayo de penetracion dinamica -

DPSH
—
|ID DPSH: DPSH-230609-1

Corredor: IV CIECMS
Tramo: Universidad Nacional de Colombia

Subtramo: DPSH 01
Abscisa: -

Coordenadas*: E(m): | 999235 N (m): 1005228 Z (m.s.n.m): 2553 “MAGNA Colombia Bogata
|Fecha: 9/06/2023 H. inicio: 4:00 p. m. H. fin: 5:00 p. m.
|Equipo: Penetrémetro SPT TEC18 Sistema de golpeo*: Automatico *Maza: 63.6 Kg : Heaida: 76 em

-— — — — —
PROFUNDIDAD (m) PROF UNDIDAD (m) PROFUNDIDAD (m) PROFUNDIDAD (m) PROFUNDIDAD (m)
GOLPEO GOLPED GOLPED GOLPED GOLPED
DE A DE A DE A DE A DE A
0.00 0.20 5 5.00 5.20 4 10.00 10.20 5 15.00 15.20 2000 20.20
0.20 040 9 520 540 3 10.20 1040 7 15.20 15.40 2020 204D
0.40 060 5 540 560 3 10.40 10.60 T 15.40 15.60 20.40 20.60
060 0.80 5 550 5.80 4 1080 10,80 7 15.60 15.80 20,60 20.80
0.80 1.00 5 5.80 6.00 4 10.80 11.00 8 15.80 16.00 20.80 21.00
1.00 1.20 5 £.00 6.20 4 11.00 1120 7 16.00 16.20 71.00 21.20
1.20 1.40 5 6.20 6.40 3 11.20 1140 8 16.20 16.40 2120 21.40
140 1.60 5 6.40 6.60 4 11.40 1160 B 16.40 16.60 2140 21.60
1.60 1.80 [ 5.60 6.80 4 11,80 1180 B 16.60 16.80 2160 21.80
1.80 2.00 3 B.80 T.00 4 11.80 12.00 9 16.80 17.00 21.80 22.00
200 2.20 3 7.00 7.20 4 12.00 12.20 B 17.00 17.20 22.00 2320
2.20 2.40 3 7.20 7.40 4 12.20 12.40 B 17.20 17.40 2220 22.40
24D 260 3 740 7.60 4 12.40 12,60 9 17.40 17.60 7240 22,60
2,60 2.80 2 T.60 7.80 5 12.860 12.80 9 17.60 17.80 22.60 22.80
2.80 3.00 2 7.80 8.00 5 12.B0 13.00 B 17.60 18.00 72 80 23.00
3.00 3.0 2 £.00 8.20 5 13.00 13.20 B 18.00 18.20 23.00 23.00
3.20 3.40 2 8.20 8.40 5 13.20 1340 3 18.20 1840 23.20 23.40
340 360 2 B.40 B.60 5 13.40 1360 B 18.40 18.60 23.40 2360
3.60 3.80 2 8.60 8.80 B 13.80 13.80 B 18.60 18.80 23.60 23.80
380 4.00 2 B.80 9.00 & 13,80 14.00 [ 18.8D 19.00 23 80 24.00
400 420 2 9.00 9.20 5 14.00 14 20 T 19.00 19.20 24.00 24.20
420 4.40 2 9.20 9.40 B 14.20 1440 B 19.20 19.40 24 20 24.40
4.40 4.60 3 5.40 9.60 8 14.40 1460 [ 19.40 19.60 24.40 24.50
4,50 4.80 3 5,60 9.80 6 14,60 14.80 9 19,60 19.80 24.60 24.80
480 500 3 080 10.00 7 1480 15.00 B 19,60 20.00 24 80 25.00
OBSERVACIONES: Nivel fredtico medido con las bamras de ensayo: 4,10 m
DIAGRAMA PROFUNDIDAD Vs GOLPED CADA 20 cm
GOLPEO 20 cm
10 15 20
0.2
08
1.0 1
14
18
22
28
a0
34
Yl
4.2
46
—~ 50
E 54
3
2 ;
3 66
s 70
74
= 78
2 82
- :
=) 8.6
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o 94
9.8
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ZOFRE S.A.S. REGISTRO DE ENSAYO Colombiana
BOGOTAD.C. DPSH Ge%?ecnia
Clientc
Proceso: G'Ge::;?:c gi’;j"p'““'“ Fecha version; 2023-04-20 Version: 00 Céxigo: GG-FT-02 Pagina 2 de 02

CORREDOR: IV CIECMS DPSH: DPSH-230609-1
TRAMO: Universidad Nacional de Colombia X (m): 999235 mE
cODIGO: DPSH 01 Y (m): 1005228 mN
ABSCISA: - Z (m): 2553 m.s.n.m
HOJA: 1de 1 FECHA INICIO:  09/06 /2023 FECHA FINALIZACION:

09/06 /2023

FOTO 1: Vista panorémica del sitio de emplazamiento del DPSH 01

FOTO 2: Vista en detalle del sitio de emplazamiento del DPSH 01

84



IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

= YMEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -
& y

TACDE

| evantamiento con Dron

SPEIDG
Instituto Colombiano de Ensayos Ynlel
¢ Investigaciones Geotéenicas

85

. ===
Sociedad 55..%%))2
"y Vi

L el M
de hos




IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

=~ YMEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -
& A

" NI
i
. o
Levantamiento con dron :
Universidad Nacional :
i e
| s, [
o

Sociedad ICE | A
Instituto Colombiano de Ensayos )
de l V' NACIONAL
: ¢ Invesugaciones Geotéenicas T Arlspsdetoy



IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION
~ Y MEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

Levantamiento con
Dron a Color
Universidad Nacional

Sociedad : _ AT,
Colombiana @ P4 Instituto Colombiano de Ensayos § UNIVERSIDAD

Y de 1= » - l o . > : N (' > 4 : : ,;«,) NACIONAL
Geotecni: LS ¢ invaugacioncs Licotacnicas wL% DECOLOMBIA
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IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

Y MEJORAMIENTO DEL SUELO (IV-CIECMS 2023)

J E GEOTECNIA ESPECIALIZADA

RESULTADOS DE ENSAYO DOWN HOLE

WWW.IEOPROBE.COM
PROYECTO: IV Curso de exploracion PROFUNDIDAD ENSAYO (m) 21
CLIENTE: U. NACIONAL
FECHA DE DISTANCIA HORIZONTAL DE LA
MEDICION: oAl FUENTE AL SONDEO (m) 10
OPERADOR: CJ/AR
INTERPRETO: JA
DHO1
Distancia diagonal Tiempo de Tiempo de
. desde la fuente llegada ondas ; llegada -
Rrofundidud hasta la profundidad i SH ATs (TR | Vs ungas p |ATR(M-TiA) | Vp L Vp/i¥s Graficas de Resultados
de ensayo identificado identificado
(m) (m) Ts(s) (s) (mis) Tp(s) (s) (mis)| (1) )
1 1.41 0.0103 137 0.0040 356 0.41 2.59
2 2.24 0.0170 0.00672 122 0.0051 000115 713 0.49 5.83 TIEMPO DE LLEGADA IDENTIFICADO
3 3.16 0.0246 0.00760 122 0.0059 0.00082 1127 | 049 9.25 Tiempols)
4 4.12 0.0320 0.00738 130 0.0067 0.00072 1335| 0.60 10.256 0.000 0.050 0.100 0.150 0.200 0.250
5 510 0.0400 0.00803 122 0.0074 0.00068 1427 | 049 11.74 I ' ' 1 ' 1
6 6.08 0.0510 0.01093 a0 0.0080 0.00067 1475 042 16.38
7 7.07 0.0633 0.01236 80 0.0087 0.00066 1500 1.41 18.76
B8 8.08 0.0753 0.01198 83 0.0093 0.00068 1512 1.04 18.29
9 9.06 0.0875 0.01219 81 0.0100 0.00065 1524 1.01 18.70 E ——T5)
10 10.08 0.0996 0.01209 82 0.0106 0.00065 1529 1.01 18.59
1 11.08 01117 0.01216 82 0.0113 0.00065 1531 1.00 18.71 E ===Tpis}
12 12.04 0.1239 001212 82 0.0119 0.00065 1536 1.00 18.69 g
13 13.04 0.1360 001215 82 0.0126 0.00065 1539 1.00 18.75 k]
14 14.04 0.1482 001215 82 0.0132 0.00065 1540 1.00 18.76 3
158 15.03 0.1603 001213 82 0.0139 0.00065 1539 1.00 18.71
16 16.03 01725 0.01224 82 0.0145 0.00065 1542 1.10 180
17 17.03 0.1842 0.01170 85 0.0152 0.00065 1543 | 041 18.09
18 18.03 0.1943 0.01009 a9 0.0158 0.00065 1541 0.50 15.58
19 19.03 0.2042 0.00988 101 0.0165 0.00065 1544 | 0.50 15.27 o5 I
20 20.02 0.2144 0.01018 a8 0.0171 0.00065 1545| 048 15.74
21 21.02 0.2243 0.00996 100 0.0178 0.00065 1543 | 0.50 15.38
MODELO DE LA VELOCIDAD DE ONDA DE CORTE
Vs{mi/s)
0 500 1000 1500 2000
0,,.
5 i
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

~ YMEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

7 JE RESULTADOS DE ENSAYO DOWN HOLE
& GEOTECNIA ESPECIALIZADA
WWW.JEOPROBE.COM
PROYECTO: IV Curso de exploracion PROFUNDIDAD ENSAYO (m) 21
CLIENTE: U. NACIONAL
FECHA DE DISTANCIA HORIZONTAL DE LA
MEDICION: s FUENTE AL SONDEO (m) L
OPERADOR: CJIAR
INTERPRETO: JA
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION
Y MEJORAMIEATO DEL SUELO (IV-CIECMS 2023)
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IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

- Y MEJORAMIENTO DEL SUELO (IV-CIECMS2023) -

J E Espaciamiento Gedéfonos 5
. GEQTEGNIA ESPEGIALIZADA Longitud de la linea 115
Numero de Gedfonos 24
PROYECTO IV Curso de exploracion Inicio (E/N) 0 0
LOCALIZACION SPACOD1 Fin (E/N) 0 0

PERFIL PROMEDIO SPAC 01
Prof. (m) Vs (m/s) Nequiv YT (kN/m?) Go (kPa) Eo (kPa) Edisefio (kPa)
0.0 113 1 16.2 20795 55315 8297
3.4 113 1 16.2 20795 55315 8297
3.4 97 1 15.7 14722 39160 5874
14.0 97 1 14.7 13795 36695 5504
14.0 98 1 14.7 14036 37337 5601
214 98 1 14 .4 13751 36578 2487
21.4 121 1 15.2 22057 28672 8801
37.2 121 1 14.8 21497 57183 8577
372 188 9 16.4 58261 154975 23246
61.1 188 8 16.1 97027 151692 22754
61.1 262 34 17.2 118142 314258 47139
125.0 262 33 16.7 114714 305139 45771
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IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

- Y MEJORAMIENTO DEL SUELO (IV-CIECMS2023) -

V{m/s)
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e PERFIL PROMEDIO SPAC 01
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

Y MEJORAMIENTO DEL SUELO (IV-CIECMS 2023)

JEOPROOBE SACSO Espaciamiento Gedfonos 5
> WWW.JEOPROBE.COM p Longitud de la linea 115
. ORISR CI S I RRD - LINEAS SISMICAS ESPECTRO DE ENERGIA ’ =
S S Numero de Gedfonos 24
PROYECTO IV Curso de exploracion Inicio (E/N) 0 0
LOCALIZACION SPACO01 Fin (E/N) 0 0
Shot # Location / Channel # Velocity (mvs) e R
#361, ... ) e et
123456789101112131415161718192021222324 o 500 1000 1500 200.0 250.0 300.0
ey ‘.::j.:,__,.i_i, 38 i
£ § 3 t : : I ; : ; Velocity
4 3 81 | (m/s
; : : t e 3 f rod k 2 00 600 1200 180.0240.0 300.0 360 0 420.0 480.0 5400 6000 660.0
REEREABEREREE i 1 § PEE: 200 | ™ )[ L — l
E ¥ 4 o) s S . 1 3 z
§ : : .:..‘; .r.; % = £ J &; 3 ; g:i | r—
b < > ko ¥ P : ; { 3 P 2 |
g L. B Spectra Combination O X ! 40 ’
Record Number / Velocity (m/s) Primary Build Clear I" ‘
362 365 368 371 374 377 380 383 386
3 5215,0 550.0 4750 400.0 3250 2600 17L0 shot_381 ~ G .
[ : TET hot_382 |
3 t.' 3 .L[q' ‘Ii“r t ‘ shot_
3 3t [t- t f r 4 t shot_383
3 shot 384
i shot_385 120
P shot 386N B | [ 7 N T T B
1 shot_387
v
rhar 200 160 T ST e e il i —
i Secondary Build Clear
Focus: |2 %
> 240 AL‘:,Y" - ' 3 44.(;_ 3 ‘.L.A 200
> S O & A4 Y i
240— — —
: - Append... Remove
Display + Combine [] Define Simultaneously Save Parameters Close
A S s e R e e i
Bhuxuw: é;gf —%'Zé..gf‘g II 1200 280
EEZRERERIRIERES IEZEE S -
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IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

- Y MEJORAMIENTO DEL SUELO (IV-CIECMS2023) -

JEOPROBE SAS Espaciamiento Geofonos 5
S WWW.JEOPROBE.COM : :
g GEOTECNIA ESPECIALIZADA RRD - LINEAS SISMICAS PERFILES DE Vs Longitud de la linea 115
Numero de Gedéfonos 24
PROYECTO IV Curso de exploracion Inicio (E/N) 0 0
LOCALIZACION SPACO1 Fin (E/N) 0 0
Initial Model
epth(n /s (m/s inge (& v (U/m’ Models Dispersion Curves
1 3.41 113 30 0.35 1.6 Velocity (nmvs)
> 1398 97 30 0.35 1.45 00000 3000 4500 6000 7500 360 :33;‘_;%?
3 2144 98 30 035 15 300 |
4 3719 121 30 035 155 i
5 6111 188 30 035 16 E 240
= $
6 125 262 30 035 165 20.00 8 180 % :
g Xt - +
120 R T —— :
60
40,00 ‘
%0 40 80 120 160 200 240 280
Frequency (Hz)
£ 6000 trich _
3 Misfit
Q
140
| Mean Fitness
| 120 + Best Fitness
80.00 [ Minimum: 1.61%
\ = 100 -
: S sof
“ E
|' w 50
100.00 .\ = 0
4 = 40 I = ;
= 20+ B N it il L b L 2
L 1 1 1 - 1
, 120.00 265 ) 5 6 12 18 24 30
Depth Reset>> v Calaulator = @ — ———— Rerahon
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION
Y MEJORAMIEATO DEL SUELO (IV-CIECMS 2023)
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

B MEJORAMIENTO DEL SUELO (IV-CIECMS 2023)" -

RESULTADOS ENSAYO MASW: MODELADO DE LA VELOCIDAD DE ONDA DE CORTE (VS)
MEDICIONES ACTIVAS

Models Dispersion Curves
Velocity (mvs
o 0 60.0 120.0 180.0 240.0 2000 360.0 + Observed
360 + Modele
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IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

~ Y MEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

RESULTADOS ENSAYO MASW: MEDICIONES PASIVAS

Shet 8, Location / Channe! # . e —
N s e
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION
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RESULTADOS ENSAYO MASW: MODELADO DE LA VELOCIDAD DE ONDA DE CORTE (VS)

Models Dispersion Curves
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

= YMEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -
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IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

~ YMEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

INTEINSA'SG

INGENIERIA INl LIGENTE
Distribucion de velocidad de onda P RST-1 UNALBGTA (INTEINSA)
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

B MEJORAMIEN TO DEL SUELO (IV-CIECMS 2023)" -

\NTHNSAQ%

: y INGENIERIA INTELIGENTE
Tomogafia de velocidad de onda P RST-1 UNAL BGTA (INTEINSA)

5
0
5
300
-10 398
E 5 496
ez bt
k)
= L | 594
S 20
|- |
m | 692
25 ]
| 789
-30 L 887
35 ! 935
1083
40
1180
45

0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100 105 110 115 (m/s)

Distance (m)

Scale =1/ 500
RST-1 UNAL BGTA.vs
Sociedad ICE DI,
; ' Instituto Colombiano de Ensayos fale( UN!VERSIDAD
de l ( < NACIONAL 103
¢ C inyv (\(l&l\l(”l(\ l((’((\l‘lk 45 DE COLOMBIA
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~ YMEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -
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IV CURSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

~ YMEJORAMIENTO DEL SUELO (IV-CIECMS 2023)

soluciones en ingenieria
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JRSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION
~"_ YMEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

XENITAL

soluciones en ingenieria
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IV CORSO INTERNACIONAL DE EXPLORACION, CARACTERIZACION

~ YMEJORAMIENTO DEL SUELO (IV-CIECMS 2023) -

Para interactuar con el modelo 3D haga clic XENITAL
en el siguiente enlace

https://skfb.ly/olADP
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