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Table of Soil Test {Shest 1 of 2}

— .
‘\‘\“--\5 Borrow area No, 1 . ’ Borrow avea No. 2
Name of test pit | Te-100 TP-101 TP-102 TP-102 TP-~102 TP-103 TP-103 TP- 104 TP-104 Average Tp-201 TP-201 TP-201 TP-202 TP ~202 TP-202
“Pate of test Oct,26/70 Sept.30/70 | Nov.7/70 . " Sept.30/70 0ct.28/70 Sept.30/70 0ct.26/70 Sept.30/70 — Nov.9/70 Feb, /71 Sept,30/70 .| Sept.30/70 - Oct.27/70
[ Depth of samipling () z 3,00 - - 3.00 . T e | - " 3.00 — 3,00 3,00 3.00 | 3.00 3.00 3.00
Classification U.5.C.1 no plastic MB MH MU MH SMu sM MH MH — MH MI ML MI. MH MH
T T 4. 76mm > (%) 100 - 00 100 - 99,93 - we - 99,99 97,82 160 - - 100 99,92
£ w 2.0 mm> (%) 99,22 99,99 100 ' 100 99.37 98,06 99,60 99.98 99,82 99,57 97.65 ‘ 99,11 99,09 B 99,44 99.86 99,62
%% 0.42mm (%) 94,49 99,00 99.81 98,36 97,96 88.19 T 92,07 99,72 9817 96,42 | 96.24 96.53 96,70 | 96.98 98,49 97.25
& & 10.149mm > (%) 89,02 - 97.65 97.90 ~ 76,51 - 97.94 - T 9L80 92,46 91.38 - - - 96,45 91.97
0.074mm> (%) | 83.03 92.16 94.85 94.41 89,17 57.26 79.00 9426 91,52 86,13 | 8571 86.42 8425 | 88.53 94.56 §7.79
LL - (% - 61.0 61,0 67,00 60.0 - 70 | 6L 62.83 58.3 46.30 40.0 47.5 78.75 500
- PL (%) - 45.4 47.5 60.83 41.0 . - N X 45.9 48.87 39.9 39,28 300 | 374 64,50 37.4
g é Ip (% - 15.6 13.5 6.17 ©19.0 - = 14,4 15.1 13.96 | 18.4 | 7.02 10.0 - 10.1 14.25 2.6
g = Ir - 2.42 0.72 -2.08 0.74 o - 0,97 ' 142 0.70 0.16 1,14 108 0.35 ~0.65 0.87
R T - L4 T 0.28 3.08 T 0.26 - - 003 -0.42 0.30. 0.84 -0.14 008 | 0.65 165 0.13
G 2.69 2,69 T 2.60 | 2.36 - .58 158 2.62 2,42 2.53 2,47 - 2.45 2.37 2.5
o vatral (%) 49,13 83.1 57.2 48,0 55.0 102.0 76.2 66.51 67.3 67.16 42.9 - | 473 40.8 40.9 T3 48.3
_e natural ' : .
Sr. natural (%) h .
Standard  *1) | P H P H P H P H P H P H P | H- P H P 1 P Ho|p n H P T H P | H (U T
g o @ 1= | = 1 - {420 | - [4s0 | 435 | 4LS | - | 380 ] - | T des | = TTano | 435 {424 |- | 381 | 330 {320 | - |269 = Ta0.3 | 390 |440 | - | -
E‘"% o max i |~ | - - 1201 = Tio | wag] w20f ~ | | - | - - - v | - | tzz| wis] weef- | 130 | L0 L8L} - 1.42 | - 133 | 12| t2s | - | -
& | € optimum . - - 1.24 | - T8l Lso| tae| - | w8 =1 - | - | - s | - T Lz | Las|— | ose | 09s] 093] — | o7 | - | 084 ) 0944 09 | - | -
sroopimam @@ | - | — | = poni | — [991 | 907|898 | - | 876 | ~ | 7 T T e | - | 974 | 934 |94l |- | 95 §7.9 |87.1 | — |89.8 | — |®884 |983 (95 S
inlelal 151 - 185 1.39 - 1 29 T o - 175 1.00 oo0 | - 1 S Los Lol
g final 130 - 1.36 1.25 - 2.18 o 124 R 147 0.88 0.80 - - 0,98 08
ga Qo 0,037 - 0.025 0,028 T oaso T omes - 0.053 0.012 0.01 - 0023 | 002
% LA 0.0096 - 0.0341 0.0119 = oo |- 0.0056 N T 0.0143 0.0132 0.008 - o] voms | 00066
S 0.015 = 0.0098 0.012 z 0.038 - 0.0104 - 0.0170 0.006 0.0053 - - 0.01122 0.01L
K L42x107 - 3.3x10™7 1,4x107 - st ] - 1 amios - 18x10™ | 7.9x1075 4.2x1078 -~ Ldxl077 6.6x107™°
;Jl‘li‘::‘gf:;e“ P ol B 2.06 140 .52 3.25 - - 2.26 222 2.12 2.40 2,02, 2,92 S -
77};3 § 4l (xg/om’) - - 0.10 0.25 - - = e o 0.37 0.5 Lo - | FR T S
58S (%) - - 40 55 - - ' - 22 . - - 51 9 - e s T
£ 8 altand " - = 0.839 1.43 - T _ T o404 - 0.810 123 L15 - - 0,649 -
& |C te/ emy | o | . 000 0.20 - 08 - o1z | - oz _0,07{;"# o 1 - T W_U w *-_‘*
E E 4 (% 40 - 50 ; 36 - . 30 o - 3z — 36 34 43 — _ - 3/ -
B [and 0.839 - 0,839 0,726 - 0,577 - 0.625 - 0.726 0,674 0,932 - - 0.810 -

Note: 1) Poo=- PROCTOR Standard, H --- HARVARD Standard _ . )
2} Thia soll test was conducted by Unlversidad Del Cauca regponding to the request of CEDELCA,
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Table of Soil Test (Sheet 10f2)
Borrow area No, 2 TP.IIE]E;M
'P-103 TP-103 TP-104 TP-104 Average TP-201 TP-201 TP-201 TP-202 " TP-202 TP-202 TP-203 TP-203 TP-204 "TP-204 Average Average
£.28/70 Sept.30/70 |  0ct.26/70 Sept.30/70 — Nov.9/70 Feb. /71 Sept.30/70 | Sept.30/70 - Oct.27/70 Nov,4/70 Sept:30/70 | Sept.30/70 |  Oct31/70 — —
T 3.00 - 3,00 — 3,00 3,00 3.00 3.00 3,00 3,00 3,00 3,00 3.00 s - —
SMu SM MH MH — MH ML ML ML, - MH - MH SMu M M SMu — -
9.93 - 100 - 99,99 | 97.82 100 - - 100 - 95,92 99,88 - - 100 99,60 99,78
8.06 99.66 99,98 99.82 99.57. | 97.65 99,11 99.09 99,44 " 99.86 99.62 97.20 99.96 98,66 99,98 99,06 99.30
8.19 92,07 99,72 98.17 96.42 96.24 96,53 96,70 - . 96.98 .98_.49 97,25 - 76,20 98.67 90,98 7937 92.74 94,48
5.51 - 97.94 - 91.80 92.46 91.38 - = 96.45 91.97 50,23 ~ ~ 59.25 80.29 85.52
7.26 79.00 94.26 9152 86,13 85.71 86,42 84,25 8853 94,56 87.79 34.65 90.47 67.84 5151 - 77.18 844
- ~ 67.0 61.0 62.83 58.3 - 46,30 40.0 ars 78.75 50.0 - - - - 53.48 58.15
- - 52.6 45.9 48.87 39.9 39.28 30.0 37.4 64.50 37.4 - - - - L4 45.14
- I 14.4 151 13.96 18.4 7,02 10,0 01 4,25 12,6 - - - - 12.07 13.01
- - 0.97 1.42 0.70 016 114 108 0.3 -0.65 0.87 - - - - 0,49 0.60
- - 0.03 -0.42 0.30 0.84 -0.14- ~0,08 0.65 165 0.13 - - - - 0.51 0.40
.36 - 2,58 2.58 2.62 2.42 2.53 2.47 2.45 .37 2.53 2.46 2.66 2.58 2.59 2.52 2.56
o 76.2 66,51 67.3 67.16 42,9 47.3 40.5 40,9 55.3 48.3 87.8 58,4 107.2 178.0 70.69 69.02
H P H P H P H P H e Hole T [ T T [0 7 H P H P H P I P H P ] H P H P ['H
-1 = - - 463 oA | 35 a2 |- e a0 (820 | — 260 1o 303|390 lTaso [ = - - - = - - - R 36.0 |34.3 | 385 | 387
s - |- S b - wee b onas| raol- | 130 | Laol sl = e | < | La |1 R - | - - | - - | = - | - L26| 132 | L23| 126
17717z - 126 | - Lit|  r22| Lig)- 086 ) 0951 0.93 ) '~ | o7l - |08t | 094] 0.00 | - - - | - ~ - - - - = Loo| 091 | Log| Lo3
L= | =T- ~ 1948 | — 974 | 934 |94 EEE 87.9 1871 | ~ 898 [ - 884 |83 s |- | - - | = - = - = S 90.7 | 950 | 913 | 96.2
91 - 1,40 - LTS 100 0,90 - - 105 101 2.34 - - 5.19 1.92 1.84
18 | - 1.24 - 1.47 0.88 0.80 - 0.98 0,83 1.97 , - 4,56 1,67 L58
150 - 0.025 - 0.053 0.012 0,01 - - 0,023 0,02 0.044 - - 0,055 0.027 0,039
M3 - 0.0056 - 0.0143 0.0132 | . 0.008 - -~ 0:0129 "~ 0.0066 0.0131 - | C 0.0049 0.0098 0.0118
38 | — 0.0104 ~ 0.0170 0.006 - 0.0053 - h —~ © 0.01122 0.011 ° 0.0132 - - 0.0089 0.0093 0.0128
)jh - 4.7x107° ~ Lex10™d | 7.9510°5 42x1078 - - Lilo?T 1 6ex107Y | L7xietd - - 4.4x107° 0.6x1074 | raxiot
- 2.26 2.22 2.12 | 2,40 2.02 2,97 4.5 . L87 - - - - - 2,74 2.40
- 0.75 - . 0.37 0.5 L0 - - L5 - - - - - L0 0.68
- - 22 - 39 51 19 - -~ "33 - - - - - 44 42
D 0.404 - 0.810 1.23 115 —. - 0.649 - - — - - 0,966 0.900
I - 0.12 - 0.12 0.08 0.22 - - Tols T 0.0 - - 0.50 - 029 o1
s ———— - - ” Y - IR 50 : 0 - - 23 36 3
A R 0,726 0.674 | 0932 - ~ 0,810 — | 039 - - 0.424 0.726 0.726

SEDELCA,



Table of Soi!l Test (Sheet 2 of 2)

e . T P i
\ Headrace tnel Dal\';' site Borrow area No, Borrow areaz No, 2 . Dike sites : DH2
. . . . No. 2 : - o Dike Mo, 1 Dike No. 2 D.DH2
_ Name of drill hole bu-2 | Di-2 -le—z- DH-2 L_EH_Z_OER DM-6 D6 bH-6 BE-7 D=7 CDHT | DO | pone | Do —_— Average
Dumeoftest | Nov.25/70 | Nov. 25/70 | Nov. 25/70 '|Now. 25/70 Nox. 23/m [ oe. /10 [oer /m loet, /10 _ _ — | vagsn ay 5771 My 5/71 | May 5771 -
 Depth of sampling (m) | 5.00 to 6.00 110,00 to 11.0015.00to 16.00 20.00t0 21.00 6,00 to 7.00] 6.00 to 7.00 |10.00to 11.00 |15.00 to 16,00{5.00 to 6,00]10.00t0 11,00]16.00t017.00 ';}}.00 I 5.00 10,00 20.00 -
A‘Elas_éiiiitftion U.S.C.f_ﬁ MH B MH .ML ' | = o - MH MH ,:ML  MH ' ML - jﬂ;;::icl ML ML ML —
176mm>Cgy | - T 100 99.58 97,31 - - - - 99,94 99.63 64.75 100 100 99.97 95,72
§ 20 > () 99.92 | 99.97 | 99.98 99.86 95,41 99.90 - 99,86 ﬂ 99.95 99.87 99.17 sal | s9m | 99.85 98.46 %621
% ,;%0.4; mm > (%) 99.15 99,40 e 96.31 . 94.34 8139 59,34 99.13 98.40 99,17 99,24 97,07 1 45,83 ] 98,73 98.13 87.01 92.84
O 16,149 mms> () 93.97 96.20 B6.0D | 80.08 §9.59 96,52 94.33 92.68 | 94.84 | 9330 | 8587 | 3574 93,17 92,75 73.92 85.22
0.074 mm > (%) 89.00 94,25 82._8_0. _74.:37 65.86 92,42 90.12 88, i_5_ 89.81 86.92 74,24 34,98 8161 84.86 63,44 79.52
LL (%) EE&?{) ) 67.0 35.0 L 828 - 66.5 56.5 42,5 62.0 47.'5. ~ 38,50 63.00 I 58,00 58.00 52,56
PL. (%) 40.3 52.6 26.9 _ 38.8 ~ 516 44.3 32.8 4.4 315 - 37.97 56.28 B 50,61 50.26 42,18
;‘j’m (%) 15.7 14.4 8.1 *—-_4_.0 -~ 149 12,2 .7 116 ) 16.0 - 0.53 6.72 7.39 7.74 10.38
égtrm%_ﬁuﬁwilss 168 125 _2.?3 n 168 1,16 - Lol 0.80 0.98 = 17.88 198 0.85 3.38 126
ke -0.55 0,68 -0.25 =133 i 0.16 -0.01 0.20 0.02 - -16.88 -0.98 0,15 “2.38 -0,26
| © 2.58 2.43 249 2.5 260 | - - - - - R be2 | 274 2.66 2.58
Zix;m—ml (% 64,7 76,8 37.0 38.1 37.4 76.7 8.5 _42'.6 58.4 '-47.:1 42.3 f;;.4s 69,60 56.9 76,39 55,33
TT na Lure?l (gfc1113) 1.72 - 1.65 .— %’“1‘{;; ll'.-.SS_ ; . o B - N - - - - ‘HH: ----------- ~- - - - 1.748
_-‘;‘1:1;11'3] o 147 L.60 0.80 0.87 - T — - - - - - - - -
St nawral (%) 95< 95< 95< 95< -] - = - - - - - - - - 95<
I . U - — T — e — N - -
Uncounfined compres%iou b42 0.71 _ — - L.03 1,34 404 1.17 6;70 0:87 0.72 1.93 2.7 0.49 1.48
sirength . (kg/em™) n . : o

Mote 1) ‘This sol) test was conducted by Uritversidard Del Catca vesponding to the request of GEDELCA,
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V.5-3

'GRADATION ANALYSIS

Location -

Depth

i TR P e - Date of Classification
Site . -Drill Hole or Pag §
LE) AL RO S . ge Remark
. ,Tes_t Pit - (m) Testing of.Soﬂ*
- ‘_j'l'P"m‘l _ e Oct, 26, '70 non=plastic
Lo L oTR-L0L - 30 “Sep. 30, '70 MH
Boxrrow CTePel102 0 - Nov. 7, "70 MH
L TRel02 = - MH Test Pit
AreaNo, L . TP~102 . Lo Sep. 30, ‘70 SMu
. TP-103 = Oct, 28, 70 - SM
TP-103 3.0 Sep, 30, 70 MH
TP-104 - " Oct. 26, '70 ‘MH
TP~104 3.0 ‘Sep. 30, '70 MH
TP=201 3.0 Nov. 9, '70 MH
_ FP-201 3.0 Feb, - 71 ML
Borrow. - . TP-201 3.0 ~ Sep. 30, ‘70 ML
s 'TP-202 3.0 Sep. 30, '70 M1,
Axea No, 2 TP-202 3.0 - MH Test Pit
- S TP-202 - 3.0 Oct, 27, 70 MH
TP-203 3.0 Nov, 4, '70 SMu
FPA203 3,0 Sep, 30, '70 sM
™w-204 - 3.0 Sep, 30, '70 M
o TP-204 5. 3.0 Oct. 31, '80 SMu
Hindiase.  DH-2 50060  Nov. 25, 70 MU
BRI “DH-2"  10.0to 110 Nov, 25, '70. MH Drill Hole
Tuanel o DH-2 - 15,010 16,0 -Nov. 25, ‘70 ML :
i o =DH-2- - 20,0tc'2L.0 MNov, 25, '70 e
Jl‘ﬂunﬁtﬂ L N e =y . 1 70 - Drill Hole
Dam'Site _ DH 203 N _6'0 ?Q 7'0# Mov, 25, . -
iy o DH=6 6.0t0 7,0 Qct, '70 MH
i‘;re’;"gol CDH-6. . 10.0t0 1.0 Oct, ‘70 MH Drill Hole
T cDH-6. 15,0to 16.0 Oet, ‘70 ML e
i . DH-7 | s0ta 60 1 - ML
ﬁ‘;‘i:“N”o , D7 100110 - ML Drill Hole
ST U UDHAT L - 16,010 7.0 - B - o
 DikeNo, I DDH-1 . 20,0 MayS, 71 ML with gravel Drill Hole
L DDH-2 - 5.0 ‘May 5, '71 ML
. Dike'No, 2~ DDH-2 ~ 10,0 May 5, '71 ML Drill Hole
S . -DDH-2° 200 - May 5, '71 ML

- *Classification ﬁ_'nd group smbols are originated by ASCE,
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PERCENT PASSING

PERCERT. PASSING

Gradation Analysis Curve TP101 {Sheet 1 of 23)
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Gradation Analysis Curve TP-103 (Sheet 3 of 23)
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PERCENT. PASSING
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PLRCENT PASSING
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~ Gradation Analysis Curve TP201 {Sheet 5 of 23)
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Gradation Analysis Curve TP202 (Sheet 6 of 23)
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PERCENT PASSING

Gradation Analysis CUr_ve TP203 (Sheet 7 of 23)
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. Gradation Analysis Curve TP204 {Sheet 8 of 23)
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Gradation Analysis Curve DH-6, 6 to 7m deep  {Sheet 9 of 23)
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Gradation 'Ah'aiysis'c_ur'vé DH-6, 15 to 16m deep (Sheet 11 of 23)
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Gradation Analysis Curve DH-7, 10 to 11m deap (Sheet 13 of 23]
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Gradtation Anafysis Gurve DH-203 6 to 7m deep {Sheet 15 of 23)
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Gradatidn Analysis Curve DH-2 10 to 11m deep (Sheat 17 of 23)
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 Gradation Analysis Gurve DH-2 20 to 21m doep (Sheet 19 of 23)
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' Gyadation Analysis Curve DDH-2, 5m deep (Sheet 21 of 23)
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IV-6-4  DIRECT SHEARING TEST
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Direct Shearing Test (Shest 1 of 3)
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Remark ; Test was conducted by Universidod del Cauca responding to fhe request of CEDELCA
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Direct Sheai'ing'Test {Sheet 2 of 3)
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Dlrect Shearmg Test (Sheet 3 of 3)
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Angte of internal fnct:on T Be=230
Goetficient of internol friction tan & = 0424
Cohesion . | C = 05 Kg/om?
RS 05T TTig T 15 20 kgsom?

- Normal stress (G7)

: Re_mdfk . T_ést_ w‘os"con_ducted by Universidod del Cauda responding to the request of CEDELCA
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VB, TRIAXIAL SHEARING TEST
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Triaxial Shearing Test (Sheet 1 of 3)

Localify of sample ; TP-102 Depth ; — ‘. -Dote —

Remark ; Test wos conducted by Univefsidad d'el Cauca responding to the request of CEDELCA

N Principal stress [Principal stress |Pore :preésure .
0. O3 kg/ome O ko -y kgseme| . Type of test. ——

| 098 l0.85 ooz

2 294 38.33 0.06

3 - 490 TLL5 c10

a0 e : ' -
Angte of intarnal triction. P=55°
_Coefficia’nf of interncl-friction. tan@ =143
o~ Cohesion.’ ' G =025 kg /om?
E 30 7 - E
8 .
w 20 : - \ 1
2 /
2 10 e m\
o
B g
0 10 20 - 30 a0 - 50 60 70
Nomal “stress (Kg./omf}
sor . o

<o N // e
O
~
g2

o
~ 3/
15 '
t
B 1o ¥4 ' C o
b Angle of internol - friction ; - =sin. feng = 60°
jl : coefficient of internal friction; tan@e |73
=4 |° _ P
' /gl { Cohesion ;.- ¢ = ‘VM—tonzﬂ =000kg/cm?
0 i0 20 30 40 50 60 70
{07+ O3)/2 { kg/onfy
Note'; _ -
Noturol water content (%) 48.0
Standard of test PROCTOR HARVARD
Optimutn woter content (%0) | 436 | 415
Maximum dry density (g/em®) - 118 | 120

v -~ 83

(kg / o)

- Shear stress

{kg/orf)

o=(Ci-C3)/2..

Locality of sample ; TP—102 Depth; — m. Date ; Nov. 7/°70
| Principal stress | Principal stess | Pere pressure
No, '_r ' %5 kg /omE Ol’: kg/cm? upl{g/cmz Type of test. G.R.(Qo)
I | 098 490 0,020
2 2.86 0.7 0045
3 4.94 - 22,63 0058
15 Angle of internal friction. ~ @= 40°
Coofticient of internal friction. ton@=0839
Gohesion, C = 00 kg/om?
10 . //
5 _ |
0 5 0 i5 20 25 30
: Normal stress  (kgsem?®)
15 e _
e
10 N
5 s
: Angle of infernol friction ; @=sif tanf=39°
' LR " poefticient of internal friction ; tan &= 0810
=320 N -
18 | - . cohesion ;. C= 0 /‘i—-!OI‘\zf? - 00 Kgrom?
0 S {0 R 15 ZQ 25 30
(07 + Os)/2  (kgsom?)
MNote v - _ _
Natural water content (%) _ 57. 2
Standard of test PROCTOR | HARVARD
Optimum woater content (%) — 450 |
Maximum ory density. {g/cin®) — Lis



Trsaxlal Shearmg Test (SheetZOf 3) Remark ; Test wes conducted by Umversndad del Cauca responding to the request of CEDELGA

{ kgsom®)

Shegr stress

{ kg /om)

- O3)/2

a={

Locality of somple ; TP !04 Depth _m-.' m Do!e. oct, 267770, R Locultty of sampte ; TP--201  Depth; 300m. Date; Nov. §/°70
Principol stress |Principol s.tress Pore pressura e _ e Pnnclpﬂl e Trore Srems |
No. 03 kg/om o7 Kg/om? ¢ kg/cm2 - J[ﬂ’i_‘?f test.. G‘R. {0.0) . | No, Pr.:n(crgolj(g/gm 0 kg/cm2 g pkg/cmz Type of test. CR. {Q¢)
v | oer | 447 | 0035 . i | oo 1099 | 0012
2 2:98' _ B.68 0020 : o . 2 | ?...,97 : 27 7_9___ 0022
3 4.95 10.75 0085 | o 5T aee t—7ise SoTe
~ Anglé of internal friction. - 4 =22 o Angle of internal triction & = 51°
Coetfticient” of internal friction. tan@ = 0404 o : | | coetficient of infernal friction. fan@e123
.~ Gohesion - o € =075kg/cm? o ‘ ' o / Cohesion C =05 kglom?

(kgrem?)
™
o

AN

Shear stress (!

0 5 ' o 15 20 25 30 __ o o 20 30 40 50 60 70
: : Normat - stress: (kg/cm") : - . : " Normol stress  {kgscmf)
N530’ e . . : i
o 1 R
L N 20 [ e e e
L // e . | /
S —ETT T —— - e A3
’_0/6/ Angie of en!ernal triction ; #=sif’ tanp = f7e - Ll‘ _ : - . Angle of internal friction ; @=sin. tang =51°
fﬂlgo coefficient of internol friclionston@=0306 | A - e coefficient of internal friction ; ten@=123
— S _ . =380 | . L S
l Cohesmn.;. b_ﬁmil_s_kg/cmz ok ~ a=04 - fg _ N cohesion ; G‘y’fmnzﬁ =064 kg/Cm?
0 1o s .20 25 30 ' o 0. 20 30 40 50 60 70
(0= + O3)r2 '(kg/cmzl' Ll . ' 3 - tareros)/2 (kgsonf)
. Note ; I : ' ' ~ . Note; '
Notural water c.onteni (%) | o] o Namter contem (o) 429
Standard of fest f_ﬁBEIE Standard of test PROCTOR _ | HARVARD
Optimum. water confent (%) - T 463 - | _ | Optitum water_content (%) | - — 3a.l
iaximuin dry densuty(g/erﬂ S ' | Moximum dry density (g/or®) — L30
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Triaxial Shearing Test (Sheet 3 of 3}

Locolity of somple ; TP-201  Depth; 3.00m, Dote ; fov /'7)

principal stress |Principal stross. [Poré hressure
No. Oy kgsom? 0T _kgrem'd  u kgsem® - _Type of test  —
\ 0.97 10.86 003 |
2 | =289 26.77 0.3
IE 496 67.76 0.64
40 [—— i e e S
Angle of internol triction, B =490
coefficient of interno! friction. tan@=LI5
_ / Gohesion C =1.0kg/cm?
G 30 ) i - . o .
5 / ™
“~ .
[ ]
) /7
20— . - e
oy
& /
5 /
[ A
Y S B I T .
3 : .
\\
0 10 20 30 40 - 50 50 70
Normal stress - ( ka/om?}
40 [ s — R e - -
v
" 30 : 9/ L e A I
E .
s / .
S .
¥4
N 2O N A e 3 #J
i
16
13 .
5 10—t DS
v Angte of internal friction ; B = sin. tang =679 .
i b - .
o : Goefficien! of interncl friction ; tang =54
a _.04 ] Eﬂfo COhesﬂ)ﬁ‘. G = G//i:l_ﬂf\i@ m074 Ikg/cmz
0 0 20 30 - 40 50 80 70
{00+ Gz)r2 { kgscm?)
Note o '
Natural woter confent (%) U L
Standord of test - |PROCTOR [HARVARD |
| Optimum water content (%) | 330 | 320 |
Maximurn dry density(gseidl| 130 | 134

IV - 85

stress  (kg/onf)

Shear

{ kg cm?)

Qas GT-—OE)/E .

Remok ; Tes! was conductéd by Universidad del Cauca responding fo the request of CEDELCA

Looolity of sample ; TP—202 Depth; 300m.  Date ;

Principo! siress | Principal siress | Pore pressure
No. OEP 'Kgrom® G7 Kg/eme U kgrome __Type of test. -—
i . 095 8.36 O;E)_SE
2 282 3054 0080
3| 492 22.19 0080
40 S e o
Angle of internol friction. & =33°
coefficient of internal triction. tan #=0649
cohesion C=1.5 _!*(g/'d:-m2
30 f—— : - — =
_ //
20— — - .
4‘. ._‘-__ i - - —;
™
0 ic 20 30 50 56 0 70
“Mormal stress -{kgsom?)-
s 1 I S A
T
1O f— — e .
Ie)
) SN R i . S S
o Angle of internal friction; & =sin’' fang =
Goefticient of infernal friction ; tan @=
y cohesion; G = /\/T:ﬂa—n{p - kg /G2 -
0 5 19 \§ 20 26 30
(Ov+ 03Y/2  (ko/eme)
. Note; | N
{Nafural water confent (%) 55.3
‘Standord of test PROGTOR | HARVARD
Optium woter content %) | 390 | 440 |
Maximum dry density{g/cm® 122 125






V-6 ROCK MATERIAL
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IV-62 TABLE OF ROCK TEST
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V61 PHOTOGRAPH OF ROCK SPECIMEN.
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(Plate 10f2) ~ PHOTOGRAPH OF ROCK SPECIMEN BEFORE THE ROCK TEST
NQ, weweseneens SPECIMEN NUMBER
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 (Plate20f2)  PHOTOGRAPH OF ROCK SPECIMEN BEFORE THE ROCK TEST
' ' NO,’ SPECIMEN NUMBER
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' IV-62 TABLE OF ROCK TEST
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Sample . Length | Diameter Axrea of cro's; section Weight Specific gravity | Ratio of Ultra souic velacity (n/sec) | pojgson's ral
Specimen Locality Dgpth ock name g _ : (em*) | | _ (g) : ' ahsorp- |  P-wave S~wave _ i i
No. {m) {cm) (cm) Upper | Bottom | Average{Natural | Dry | In water| Wet Dry Wet | tion (%) | Dry Wet Dy Wet Dy Wel
1 DH- 1 | 38.00 | Andesite 5,52 4,19 13.8 4,1 | 140 | 17584 | 175.30| 108.50 178.74| 2.33 | 237  L96 |3410 | 3430 | 2100 | 2170 | 0.192 | 0.16
2 DH- ! | 6500 | Andesite 4.36 4,20 14,0 | 141 | 4.1 140.68 | 140.33|  83.02 143,02 2.34 | 2.38| 192 3350 | 3600 | 2180 | 2190 | 0.136 _020
3 DH- 1 83.00 | Andesite 6.21 419 | 187 122 13.Q 182,01 | 181.27| 10711 |188.25| 223 | 2.32| $.85 (2770 | 2890 | 1670 | 1730 o180 | 022
4 DH- 1 98.0.07 Andesite 463 | 419 10,1 113 '10._7 106.38 | 106.05] 60.73 [110,50| 2,13 | 2.22| 420 |3260 | 3480 | 2020 | 2060 086 | 0.23
5 DH- 1 [105.00 | Andesite 5,31 4.19 13,5 | 141 | 13.8 | 166.97 | 166.66| 97.32 |168.:63{ 2.34 | 236| 118 |3880 | 4180 | 2380 2410 | 0,198 owzhf;
6 DH- 1 [135.00 | Andesite 5.72 4.20 140 | 142 14l | 187.05 | 185.94| 10896 |187.76| 2.36 _2.38' 0.98 2860 | 3030 1740 | 1820 | 0,204 | 0.21
7 DH- 1 [150,00 | Silty tuff 8.99 3.91 1L9 _12._8' 12.4 | 113.70 | 99.82| 56;33_ 169,16 0,88 | L150] 69.47 | 814 - 490 -~ w“g,z-,g_lw -
8 DH- 1 [158,00 | Tuff breccia 678 | 412 156 | 15.6 | 13.6 | 13433 152.40| 69,40 |185.64 154 1.80| 17.55 |1600 | 1650 | 860 | 880 | 0,297 0,30
9 DH- 2 | 40,00 | Andesite 7,61 4,18 140 | 140 | 140 | 23570 235.10| 139,80 1248.00 228 2.36| 3.36 |2ss0 | 2800 | 1620 | 1710 | 0.159 0,20
10 DH- 3 | 15.00 | Andesite 6,07 418 | 13.0 | 120 | 125 173,83 | 173.26 _'10'2.38_- 177.25| 2.3 237 230 |8490 | 3680 200 | 2130 | 0.220 | 0.24
11 DH- 3 | 2500 | Andesite 6.53 | 419 140 | 13,9 | 140 | 20800 |207.00| 122.64 [21150| 233 | 238 217 |ss00 | 410 | 2280 | 2420 | 0.221 0.23
12 DH- 4 | 10,00 | River gra\}el 4,34 4.18 - 13.8 133 | 13.6 125,_&_)6 '125.44- 73.91 | 13L.27 C o209 |0 2,29 465 {2080 | 2420 | 1250 .l:!()(]h 0.215 0;6
13 DH- 4 | 19.00 | Tuff breccia 4,70 | 3.99 2.2 | 127 | 125 12’5._3_4' 119,35 :'73.'53__ 136.461 190 | 2.17| 1434 |1e40 | 1830 400 I Y
14 DH- 5 | 50.00 | Weathered andesite | 4.62 4.19 3.7 | 139 | 138 | 113,35 | 112.31] 6537 |126.64| 1.83 ;07 12.76 | 1230 1;40“;20 750 0235 027
s DH- 5 | 57.00 | Andesite 5,80 4,19 14.0 | 13.8 13,9 | 178,75 | 172,87 102.61 131_;65 2,19 | 2.30] 5,08 :a:(mo~ 2220 T | s oo | 0.23
16 DH-204 1 6.00 | Weathered andesite | .26 419 | 3.8 ] 137 | 38 | 15089 | 149.46| 8667 |19.97| 200 | 224| 708 |2080 | 2240 | uso | 1250 0249 f))/
17 DH-204 | 12,00 | Weathered andesite | 5.81 | = 4.18 13,7 | 135 | 18.6 | 169,75 _169.26’ '93'.32' 175,68 2,19 | 2.27| 3.83 z.uow 2370 uizanm(—) nznn)u
18 |PowerHouse| - | Dacitic andesite 4,78 | 3.05x3.04 93| 94| 94 -100',26 100.16| 58.36 {101.27| 2.33| 2.36| L1t |2100 | 2330 | 1190 | 1250 | 0.262 | 0.29
19 | 20 | - | Andesite 481 | 3.05x3.05 | 96 | o4 | 9.5 | 10821 | 102.77| 50.323 |1oa2s| 204 | 237 Lz 400 | 4010 | 2200 | 2100 | 0329 | 031
20 La Titella | — | Meta Dolerite 4.54 3.05x3.03 07| 05| 96 123,36 123,08 8L76 123,45 2,9’5' 2.96] 030 | 5540 Ts670 | a0 | 3100 (mmozs
21 PH- 5 | 57.00 | Andesite 5,09 419 | 137 | 140 '-13,'9_ 1'.51-63' 150;3_1 89.64 158,63 | 2,19 | 2.30] 519 [2140 | 2230 330 | w0 | oe 0.1

IV - 91



w?;‘(’;ht Specific gravity} Ratio of Ultra sonic veloci W (m/ sec) Poisson's ratio Cqm])reg sive strength T Mogu(llz!gs /glfl]%l)asticity
absorp- P-wave S-wave . Max, load] Max, gtrein| Strength , Renwir -

tural | Dry | In water| Wet Dry Wet | ton (%) | Dry Wet Dry Wet Dry Wet " (kg) (xl'0—3) (kg/cm?) Fu.ture of breaking Static Dynamic
584 | 175.30] 10350 | 17874 2.33 | 2.37] 196 |3410 | 3430 | 2000 | 2070 | o0.192 | 0.166 | 7300 2,50 5214 | Large pieces 2,11x10° 2.60x10°
0.68 | 140.33| 83.02 |143.02| 2.34 | 2.38| 1,92 {3350 | 3600 | 2180 .| 2100 | 0.136 { 0.206 | 7300 3.50 517.7 | . Large pieces- 1.48x105 2,75x10°
2.01 | 18L27| 107.11 [188.25| 2.23 | 2.32| 3.85 |[2770 | 2890 | 1670 | 1730 | 0.180 | 0.221 | 2400 _2‘.55 | 184.6 | Largé pieces l6'52>¢104 170x10°
6,38 | 106,05 60,73 | 110,50 | 2,13 | 2.22| 420 |3260 | 3480 | 2020 | 2060 | 0,186 | 0.230 | 5000 165 ' 467.3 | Something into pieces 2.86x10% 2,32x10°
6.97 | 166.66| 97.32 |168.63| 2.34 | 2.36| 1.18 |3880 | 4180 | 2380 | 2410 | 0.198 | 0.251 3800 3.00 | 275.4 | . _Largé pieces 9.52x104 3.43x10°
17.05 | 185.94| 108.96 |187.76 | 2.36 | 2.38| 0.98 |2860 | 3030 | 1740 13:20 0.204 | 0.218 | 7000 1,60 496;6 | " Large pieces 2.86x10° 1.92x10°
3.70 | 99.82| 56.33 [169.16| 0.88 1.50| 69.47 | 814 - 490 - 0.221 - - - - Btéken in wéter - (D) 5.14x103
14.33 | 132,40 69.40 |155.64| 1.54 | L.80] 17.55 |1600 | 1650 80 | 880 | 0.297 | 0.301 | 420 5.10 30,9 | Large pieces 5.71x10° 3.63x10%
5570 235.10| 139.80 [243.00| 2.28 | 2.36| 3.36 |2550 | 2800 | 1620 | 1710 | 0.159 | 0.203 | 7800 6;15 57,1 - S$mall pieces 9,09x10% 1.66x10°
73.83 | 173.26| 102.38 |177.25| 2.31| 2.37] 2.30 |3490 | 3680 | 2090 | 2130 | 0.221 | 0.248 | 6000 3.75 480.0 Small pieces 1.25x10° 2,68x10°
18.00 | 207.00] 122,64 |211,50| 2.33 | 2.38] 2.17 [3800 | 4110 | 2280 | 2420 | 0.221 | 0.23% _11600 6,10 '785.'7 Something into bieces 1,25x10% 3.44x10°
5.96 | 125.44] 73.91 |131.27| 2.19| 229 4.65 |2080 | 2420 | 1250 | 1360 | 0.215 | 0.269 | 3000 6.40 220.6 | Small pleces 3.39x10% 1,07x10° ;
25.34 | 119.35] 73.53 |136.46| 1L90| 2.17) 14.3¢ |1640 | 1830 890 — 0,294 - - - Broken after measure P wave - | (D) 3.89x10%
13.35 | 112.31| 6537 |126.64| L83 | 2.07] 1276 |1230 | 1340 | 7m0 | 750 | 0235 | 0.272 | 350 | - $.60. | 25.4  Something into pieces 6.90%10 2.96x10%
7;75 172.87| 102.61 181.65—““ 2.19 | 2,300 508 [2040 | 2220 | 1270 | 1310 | 0.180 | 0.233 | 3200 _6’.3‘07-_ 230',2_ Laxge picces 3.57x10% o730t |
50.89 | 149.46| 88.67 [159.97| 2.00 | 2.24| 7.03 |2050 | 2240 | 1180 | 1250 | 0.249 | 0.274 | 2070 : _';/;20- 150,0 [ Small :pi.eces ) 2.08x10% 8,92x10% ]
59.75 | 169.20{ 98.32 |175.68 | 2.19 2,27} 3.83 |[2110 | 2370 1260 1310 0.221 | 0.280 | 2400 : _. 2.4(_)" :'176_.-5 ' ‘sm'a_u .pieces. 7.14x104_ 9.97?5_{9_4 _____ ]
20.26 | 100.16| 58.36 |101.27| 2.33 | 2.36] L1l |2100 | 2330 | 1190 | 1250 | 0262 | 0.298 | 1650 | - 2.90 '175;5' ~ Small i}_ieces 5.88x10* 9,57x10% -
03.21 1 102.77] 60.23 |10423 ]| 2.34 | 2.37| L42 |4010 | 4040 | 2200 | 2100 | 0.329 | 0.315 | 5400 4,60 | 568.4 Sm_.'all bieces : 1,29x10° 275x10° |
23.36 | 123.08| 81,76 [123.45| 2.95| 2.96| 0.30 |[5540 | 5670 | 3070 3100 0.280 | 0.287 1380.0 w10 | 1aa7s | Smiall plecés 3.64x105 7 32_x105
51,63 | 150,81} 89,64 |158,63| 2.19| 2.30| 519 2140 | 2230 | 1330 | 1410 | 0.186 | 0.167 | 4400 :_11;50 316,'5 Small pieces _2.7.83(104 1,07x10° _
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IV-6-3  STRESS-STRAIN CURVES IN COMPRESSION STRENGTH TEST.
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tKg/em?) Specimen | tKg/em®) Specimen 2 (Kg/cm?) Specimen 3 tkorcme) - Specimen 4 {Kg/cm2} Specimen 5
$00 : . 600 U 2001~ : 600 == 300
J o 7
] l'}( ‘X : / /}‘ . 9!
/ ‘/ @ 7 400}- I.’ e _ /
hd . @ qonl—— . SN Y | B—— RN N R ’ e
400 4 400 i S / i z 0 f’f ' ]
'1// /‘/ 0 / * g - . "h. . .'J
a @ ) : . n ft . . )
o A7 o Y ra y - 20— £ B
L/ NV Z S A
H /oy 00.0 . 50 : o (e f
200 / /‘ - 200 /-I‘/‘ Siroin - (X107 3¢m) o - 10 :
o i g DU o— . _ : $iroin X 10 %em) 71
s/ 78 {Kg/cm2} Specimen 1O B - i 5
/ 600 : - -
. _ C ok :
o0.0 . 50 Oo_o 5.0 Q0 - o 50
Strain {%1073cm) _ Strain %10 3¢} : : S e Strain (%107 3¢
(Kg/em?) Specimen 6 Kg/oni®) Specimen 9 , “kesemey o Specimen 1 '
600 s 00— e s _ A0 ¢ B SRt ¢
'/_X 40 i /'/. :
: ' AL /
e 7 0 - / ; .
/ v £ e E /
L and . . . - /
n .
4 0, S S 400]—— %.,...., - - / L 500 g T ;I
zm - .
" / _Z Lo - ﬁf/ : 4 : i "
g i 5-), 4 .// e - & ?,J,_ . —
= / o VY 4 E , /
v ;/ 7 /_/ £ oo / ]
200 b 3 200 Apd e 0 — N 4000-— .
/ 0% girain 5o 1
/ P L _ : %10~ 2emh + : N .
b Vs 1 iKgseme}  Specimen 2 AV
- . e R R e s e e 300~ = '_ ) 7 "
P . ‘ | //' -
/4 0 BRI RN A | -
%05 , 50 %0 50 : o R B in
Strain {XiG2em) Strain (£ 10 3¢rnd _ : ) RN 7
{Kg/cm?) Specimen 8 (Kg/em2) Spectmen 14 200 S G - Z‘H ' / B
40 B 40 ' _ 1 "/-/_ e
B e 4 B R e ;""4""““ T ek : g
____________ e SUSTUVUIE VIRV USRS R P B : . - . : 1 -
// i by S /// - Strain IX 10 ¥cmt
- g v % B .
= - v / @ 20 y.Z28 R B / - )
& A A e i d
- ” e A7
_ LN O N , i
A S T 7
. [+ 7 : .
-~ o : / 7
P / Z 0
00 50 é % Strof (032
) s troi O3 : ] L roi - "2em
Stroin (X107%¢m) oo Strain (52 S

Stress-strain Curve in Uncanfined Compression Test {Sheet 1 of 2)
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Stress-strain Curve in Unconfined Compréssion Test {Sheet 2 of 2}

{Kg/cm2) Specimen 15 {Kg/em?} .Specimen 16 {Kg/em? } Spécimeh 17
30 - 200~ ' S 2
i
!
I ¥ /
I
/. // L
5 z _ :
3 3 g / & . /‘J
20 ] u7/ e # joo ez 2] - @ 00—
K7 0 ' AT b7 / /
g Lt //‘/«_ .. e
a N e o s
£ o VAT s
9 // -~ / -
100 ',<'/ ® 0 - 0 . .
Y e ) 00 - o 50 , 00, o 50
/&/ Sipoin - (X107 3em} Sirain (10" 3em)
14 {Kgrem?) ._Specumen; 19
P4 Goor_.,ff-ﬁw“. s .AW;"ﬁn-;,._,-.,
. ./A'_
Coo 5.0
S4rai 0" e f . . L L
Siroin (X107 "cm} Kyrm2} Specimen |6 / &
200 : S 4 S
{iKg/cm?) Specimen 20 : ' A . Q : /
. . P ; oy L
- T | Y4 3 A
oy . : .
14405 - 2 A b, : /
/ 2 wo - 200 27
4= / ] //
) o o
B 7 A A
o 4 O
1200 /f o '
[ 0o 5.0 Ol i
/l . 00 80 .
. ‘Sifein {X107%m) Sfroin {X10+3¢m) -
: } ’ B {Ka/m?) Spécimen_ i _2.|
B /- 400 e 42 e e e o . ﬁ —
b |
8OO} H— - s | X
/ : T e I .
e N . L ~1
o / @ 200} | N N N W
600! s . : Q// -
/ =
L [ Ta .
o < -,
/ LT
q " ..., _ _— /-u/
/ ok .
A 00 36 oo
/'4 o Strain 1% 10~¥emi
/ .
200]— o
/
)/
L &
v
00 5.0
Sirain (%10 3em)
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Symmorized results of compressive strength
~and stotic modulus of elasticity.

Static

© Specimen - “|Compress-

‘ ive - modulus of | Remark
NO. Locality sirength felosticity

. (%0 em2y| (KOim2)

L [oH~y, 38Mdeep | 5214 | 2. 11x10°

2.|OH~1, 65M déep 511.7 | 1.48x10° N
3 {OH-1, B3P deep | 184.6 | 652x10°

4 _DH-:_,'sem deep |  467.2 2.86x10°
5 |DH-1,105M deep | 2753 j9.52x10” -
6 |DH-1,135M deep | 4964 |286x10° |

7. |DH=1,150M deep | — | Y
8 |OH-2,158Mdeep | 308 [571xi0>| |
9 |OH-2, 40Mdeep | 5571 | 9.0000° B
10 |OH-3, 15T deep | 4800 Lgsxmﬁ“
1 o3, 2SMeeep | 7857 | 125x10°

12 {DH-4, 10Mdeep | 2205 | a3on0f

13 |DH-4, 19M deep - —

14 {oH-5, 50Mdeey | 258 | 690x10?

i5 |DH-5, 57 deep | 2302 | 357 x10°
16 0H-204,6Mdeep | 1500 | 2.08x10"
17| oH-204, 2deep | 1764 | maxi0'|
18 | Powerhouse site | 1755 | 5.88x07 |

19 | 3-6-1Rio Couco | 5684 | 129x10 o
20 |Lo Tiella | 14375 | 864xI0°
21 [oH-5, 57Mdeep 27810

A “water - slaking
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