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| Chapter 1 Geology

1.1 - Introduction

' ‘Geological investigation for the detailed design of the Water Transbasin Schemes for
Chone- Portovxc_]o River Basins has been carried out in the period from November 1993 to
January 1994 for the routes of water ways, that is; '

- Daule-Peripa ~ La Esperanza Diversion Tunnel to convey water from the existing
Daule-Peripa reservoir to the reservoir of La Esperanza dam under construction.

- Severino Open Channel to lead water from La Esperénza reservoir to the portal of
'La Esperanza ~ Poza Honda Diversion Tunnel,

- LaEsperanza ~_Poza Honda Diversion Tunnel to carry water to the existing Poza
. Honda reservoir, |

- Poza Honda ~'Mancha Grande Diversion Tunnel to discharge water-of the Poza
-Honda reservoir to. the Mancha Grande river, a right bank tributary of the
: PO!‘tOVleO river,

- A route of _transmission_ line to be newly constructed for power supply to the
Severino pumping station. '

“The plan for this investigation was formulated based upon review and evaluation of
all the geological and geotechnical information that had been obtained in' the previous
investigations. for the feasibility study by cooperation of JICA (1992) and the foregoing
_ study of a Daule Peripzi ~La Esperanza route by the Ecuadorian/Brazilian engineering team
(1987). Location of the structure sites is shown in Figure 1.1.1.

The gcologxcal 1nvest1gauon at this stage has compnsed geologlcal mapping, core
dnlhng, test pitting, soundmg and. laboratory testing.



1.2 Re_gi_onai Geology .

~ The land of Ecuador is geomorphologically classified into three north-to-south
stretching zones, that is, from east to west, the Orient, the Mountain Range and t_heC_oast. :

| The Mountain Range zone is reprcscnled by the Andean cordillera with the peak of -

elevation 6,310 m A:S.L. at Mt. Chimborazo, which is composed of Paleozoic metamorphlc
rocks, strongly folded Cretaceous to Temary ‘volcano- sedlmentary complex: and young
volcanic products. IR o

- The Orient zone covers a part of an cxtcnswc upper rcaches of thc Amazon river basin

which dcvclops on the east side of the Andes mountain ranges. The Coast zone covers the -

area from low foothills, west of the Andes to the Pacific coast.
The Project area is located in the Coast zone.
A major part of the Coast zone is the hill region lower than 300 m in ground height,

while a mountain range, lower than 900 m, stretches in the direction of north to south within
the distance of 60 km from the Pacific coast. Mountains of Moche, Mountams of Chmdul

and Mountains of Jama are members of  this coastal low mountain range. “A hill region of -

width from 60 to 100 km is developed between this low mountain range-and the foot of the

Andes, which is divided into two large basins of the Esmeraldas river ﬂowmg north and the

Guayas river draining south. The Daule river'and the Penpa river to provide water to the
Project are tributaries of the Guayas river.

Some small rivers rise on the western slope of the low mountain rangc and flows -

west toward the Pacific Ocean. The Chone river and the Portovigjo river for the Project are

rather large tivers of those on the west side of (he low mountain range. They are located in -
the southern part of the Caast zone where the coastal low mountam ranges are: lowcred and-

fragmented.

The Coast zone is widely covered by: Tertiary sedimentary rocks, wh_i_lst the basemént' 7

rocks of Cretaceous sediments, partly of volcanic origin, are exposed on the c_oaS;al low
mountains. The Tertiary sediments are conglomerates, sandstones and mudstones of
Miocene Onzote Formation and Borbon Formation ovcrlymg the former which strat:fy
consistently sub-horizontal over a wide area. '

-



-

_ " It is deemed that the coastal low mountain range is a part of the outer arc of the
tectonic zone stretching parallel with the inner arc of the Andes cordillera, with the
subduction zone of the plate from the Pacific Ocean located off-shore the west coast.

In this context, the hill area between the coastal low mountains and-the Andes is
composed of sediments in an inter-arc shallow sea basin, which apparently were formed in a
period of tectonic inactivity. The upper reaches of the Chone river and the Portoviejo river
belong fo the same sedimentary basin, even though those areas are now draining west
breaking through parts of the low range. No major faulting is registered in this Tertiary beds
in the geologiéal literatures so far {Refer to Figure 1.2.1). '

1.3 Geological _I'nvestigation

The previous geological investigations have revealed that the geological setting in the

- Project area is fairly simple with Tertiary sedimentary rocks monotonously bedding sub-

horizontal with rare disturbance by foldirig and/or faulting.

AI couple of 'p_ro.blems have remained to be scrutihiic_d and prépai;ed_with definite
method of approach or criteria for the detailed design. Those problems are:

" (1) Strength of the soft bedrock in the tunnel routes and appropriate method of
tunnel excavation, |

.  (2} ' Possibililty_ of harmful behavior of rocks and earth embankment material in the
: * form of slaking and swelling.

Other ihan_ these problems, it is required to confirm the geological and geotechnical

 conditions at exact locations of structures to be designed, ¢.g. strength of soil overburden

and depth of bedrock.

 The geological investigation of this stage has been planned and performed with these

- requirements in view. _its'quanti_ty is, dc_tail'cd in Tables 1.3.1 to. 1.3.3, and as summarized

below:
- _.'3C0rc.dn'llin'g oh'the_tiﬁansbasin waterways 370 m/11 locations

- Water pressure tests in the drill hole : : 31 sections

-3



 Standard penetration tests in the drill holes < 54 times

- Test pitting on the open channel and

- the transmission lineroutes .~~~ - 1 1 [Slocations”

- Sounding by S.P.T. on the open Channcl"and

the transmission line routcs and tunnel ponals -' - 161 locations .

on Poza Honda .

- . Geological mapping of the tra'nsbasin waterway route  : 4 locations

Eleven (_li) drilling core_saniplcs have been tested in Iaboratory for the following

items;

L 'X-ray dlffmcnon analysns for clay mmcrals '

‘Specific grawty and watcr absorptlon ) oo AS'I'M :

- Natural density o . ASTM
- Uniaxial compression . :ASTM

- Static deformation modulus :ASTM

- Poisson's ratio . o .AST™M

- Tensile strength (Brazﬂlan test) . | . :ASTM

- Swelling . B : ASTM

- " Slaking durability | ~ .ASTM

ci127

29 |
-D-2938/D-4543
: 'D434|/D 4405

D-3148 -
D-3967

D-4546
D-4644

The geological investigation has been éafriec_i out by the cbﬁtr@é('or, Hidrosuelos Cia,
Ltda. The laboratory tests has been made in the National Politechnical University.

Location of the geological investigation are shown in Figures 1.3.1 to 136. '

1.4 Site Geology

(1} Daule-Peripa ~ La Esperanza Diversion TUnnel (Refer to Figure 1.4.1)

The bedrock is composed of sub-horizontally bedding'mUdétoncs ﬁnd sén_dslonés _

which occur alternately. Unit sedimentary cycle of several metres to 15 m in thickness is '_ '

-roughly recognized in the form of a sequence of sirata which is transitional from relatively.



‘coarse sandstone or fine conglomerate at the base to the finest material, i.e., mudstone, at the
top.

-+ Sequences of strata, howover_, are not well correlative among hole of the three core
drillings, while bedrocks at all the drilling locations show similarly horizontal inter-beddings

- of moderately to weakly cemented sandstones and mudstones with minor inteccalations of
- fine conglomerates It seems that there is considerable change of gram size distribution in

each bed within the distance of a few hundred metres

- There does not.appear any substantial difference in lithologic features of the tunnel
inlet site and the tunnel outlet site, whereas the Guayas plate of the Geological Map of
ECLiador (scale 1/100,000) indicates that the inlet area is covered by Borbon Formation and
the outlet site is in the underlying Onzole Formation. The fact is probably that the Onzole
Formation occurs at the level of the tunnel formation in the inlet site, too.

In all of the new drillings DP93-1, DP93-2 and DP93-3 (Appendix 1, Logs of Core
Dnlhng) similar silty ﬂne sandstones were encountered at the tunnel formation height of
elevation 60 m to'65 m. This does not always mean that all of those sandstones are of a
smgle oontmu_ous bed. Nevertheless, it is highly probable that the most part of the tunnel
passes through sandstones of varied component particle sizes, colors and fine material
contents, as denoted in terms of fine sandstone, medium sandstone, siity or muddy
sandstone, etc. ' '

Sandstones ihcludihg more silty or clayey fine components are generally miore tightly
cemented, probably because of good combination between particles. In contrast, pure
sandstones without fine components appear more porous and {riable,

() La Esper'anza'- Poza H'onda Water Transbasin Route (Refer to Figures 1.4L2 'and 1.4.3)

The bedrock is similarly composed of the alternating sandstones and mudstones of
the Miocene Onzole Formation.

- In the area:of the Severino pum'ping station/head tank, the bedrock consists
dominantly of sandstones. Mudstones appear only in the levels above elevation 100 m-and at

- apart around elevation 100 m in the drillings SR93-2 at the substation site and SR93-5 at the
head tank site. The 35 m long drilling SR93-1 at the pumping station which was drilled from

elevatlon 96 m.was through sandstones except its last 10 m section at the bottom. Some

signs of cross-bedding in the san_dstone in SR93-2 indicates that those sandstone beds have



been formed: by deposmon near a sea shore Shcll fragmcnls are contaxned in various Icvcls
of the sandstones (Appcndlx 1, Logs of Con: Dnillng)

~The |6,300 m long Severino open channcl routc is on: thc similar- bcdrock wnh
overburden thinner than. 3 m'in the most parts ' :

~The La"Esperanz‘a ~ Poza an’da div_er’sibn tunnel route is in a_i th’ick and probably

continuous sandy. mudstone bed developing below elevation 120 m, whereas the tunnel
formation height is elevation 107 m at the inlet and elevation 100 m at the outlet. Weathering

is intensive and rather deép- rc'ach'mg on both ends of the tunnel, with mudstones.completely -

weathered to a condition of residual soil to the depth of 6 mto 8 m,: Weathenng can be:more
intensive and dccpcr in the higher part of the ndge above the tunnel route..

(3)  Poza Hohda ) Mancha Gmdc Divcrsion Tunn'cl.(Rcfer to Flgurc; 1‘.4.4) o

... The tunnel route passes from the Poza Honda TESerVoir on the POI‘[OV!Q]O river to the _
_Mancha Grandc river, its right bank tnbutary, across a ridge with a peak at elevation 450 m. -

Similar to the other tunnel route, thc upper part of the ridge, hlgher than a level around
elevation 180 m, is occupxed by sediments of Miocene Borbon Formation, whilst thc lower
part including the tunnel level is compose of sandstones and mudstones w:th mlnor
mtcrcalatlons of small gramed conglomerates of thc Mlocene Onzole Formanon

The bedrock around the tunnel formation hcight is of dominantly ﬁ_nef cbmpoﬁénts,
i.e., mudstones and muddy (silty) fine sandstones which are moderately cemented or
compact. ' ' o

The rock is intensely weathered up to considerable depths that is not common in the _
other routes. Complete weathering of rock into residual soil was observed developing to the
depth of 13.5 m in the drilling MG93-1 on the Poza Honda lake and 18 m in MG93-2 on the -

left bank slope of the Mancha Grande river (Refer to Figure 1.4.4 and Appendix 1).
The drilling MG93-3 on the Mancha Grande river bank did not encounter the bedrock

till the depth of 18 8 m, or elcvatlon 76.20 m, that is by approx:malcly 15.m lower than thc
river bed. - : S _ _ : ;

“The upper part of this .déposit, 5-m in thickness and brown c_oio'red,'i:s the recent

alluvial deposit which now forms a sort of river terrace. The underlying 14 m section is :

t




occupied with grey colored silt, sand and their mixtures containing rock fragments of
sandstone and mudstone origin. -

The thibk_dcpbéit between the bedrock surface and the river bed is deemed a sort of
old colluvial deposit brought by mud flow or landsliding. The present topography of a large
concave slope on the higher part (higher than the existing car road) on the left bank of the
Mancha Grande may be a remnant of ancient landslide surface, though all the slopes to the
river are completely stabilized at the present.time as indicated by all upright trees on those
slopes.

(4)- Picoaza Quarry Site (Refcr to F“:gure 1.2, l)

Basall is quamed by pnvate compames m low mountams bctween the towns of
Plcoaza and Montecnsu ‘The mountams are a part of the coastal low mountain range
composcd of coffee—colored tutite of the Dos Bocas Member of the Ollgocene to Miocene
Tosagua Formatlon which is stratlgraphlcally situated lower than the Onzole Formatlon in
the water transbasm route and covers lavas of Mesozoic Pition Formation. The basalt in
those quames is of lmutcd exposures to the ground surface of the Pifion Formation. Even
though neglonally limited, the reserve that can be quarried is sufficient for covering quantxty' _
of the project requxrcment

1.5 .-Engi'neering _Gé(_)log'y_.
1.5.1__Tunnels -

The feasmlhty study has proposed the tunnelmg by mechanical cuttings, instead of
blastmg -and 10 to-15 cm thick shotcretmg with wire mesh and rock bolting at 1.5 m
intervals. This strategy is deemed basically appropnate in the light of findings in the
geological mvesugahons at the present stage, though the fi gures and cntena may need to be
rev;ewcd : ‘ - '

' Thc example of tunneling the abutment galleries at La Esperanza dam, now under
construction, shows that the rhethod of blasting and steel supporting is also successfully
Y applicabié to the Onzole Formation. Shotcrete is also applied together with the steel support.
“The method by mechamcalcutung and ‘shotcreting, however, would be more efficient for the

sub_s'tami_;_illy .Iohg tunhé'l_s Q{ the water transbasin. . ' 0 : .



~ As mentioned in Section l 3, some_of the- sandstoncs with little  silt and clay
component are porous and friable for the lack of force to combine component pamcles The

sandstone of this sost can be liable to lose stability or collapse by saturaung with groundwater -
in the penphery of the tunnel cave. Although occurrence of such sandstone is limited, itmay -
require, under the worst condition; 1o prov:de draihage holes drilled into the bedrock :

surroundlng the tunnel, preceding the progress of the tunneling.

In gcncral- the soft'bedrocks of thotunncl route can be categorized to the rock of
medium quality at Class H or Il of Bieniawskifs Rock Mass Ratmg (RMR), with the pomt- .
- ranging from 53 to 68 (Refer to Table 1 :5.1).. This evaluation is probably appropnate forall .
' bedrocks of the tunnel routes except for. weak parts of Class IV in the Poza Honda - Mancha :
- - Grande tunnel and rather limited parts of local dnsturbanccs or the very friable sandstonc as-

mennoncd abovc ‘Locations of those local weak scctrons at the tunnel Ievel are not

' 1dent1ﬁable at the prcsent momcnt Mmor adjustment to the local poor rock condmons wrll -

have to be made to meet the actual cmumstances encountcred m the course of the tunnelmg

It secms, however, that Brcmeawsklis criteria for the rcs1stance agamst sheanng of:
thc Class 111 rock are, empmcally Judgmg, too conservatwc for the bedrock of this area '
Criteria, applicable with safety, are 5 ]tgflcm2 for cohesion and 40 dcgrces for mternal angle

of friction. For the friable sandstonc, the cohesron of 3 kgf/cm2 shall bc takcn ;

- The tu_nnel cave is to be stabilized by unifying 'r()cks over the tunnci periphery with-
shotcreting with wire mesh and rock bolting immediately after excavation. Drill holes for

. drainage will be required.

Steel supporting is not to be rejécted- Sections within a hundred metres from the

tunnel portals and other sections of very weak rock condmon could require heavy steel.

supportmg with close intervals up to 0.75m.

The feasibility study has appropnatcly proposed thc concrete lmmg of 30 em in

thickness with and without remforcmg bam dcpcndmg upon thc rock condmons _

It is duly conscrvativc and necessary to-apply_'con(:rete iining; con'sidering that the
bedrock is generally soft and vulnerable to erosion. EVen' though covered 'énd prOtéoted by - .'
the shotcrete, there could still be.a posslblhty of rock. detenoratlon m a iong trmc due to -
internal erosion or piping by seepage water through cracks which may wndcn the. opcnmgs :
inside the bedrock to cause reduction of strength and foss of stability. . It is _a_l_so possrblc that.



the shotcrete may not be pemtanently intact under influence of uneven deformation of the soft
rocks. Furthermore, some of the rock samples tested in laboratory showed tendency of
swelling with rather low pressures less than 1.5 kgffem? under the condition of no volume
- change. There were two _e'xeept_ional cases of 6.5 kgf/em? for a sample from DP93-2 and 1.7
kgffem?2 for SR93-3 (Refer to Table 1.5.2). The former high pressure is for a sample of
~ mudstone at the level of the tunnel, and could be influential upon the tunnel structure. The
| .latter is still falrly low. ‘The concrete itmng will be an adequate and reliable solution to cope
with all those problems

" The swelling is deemed due to clay minerals of the montmorillonate group (smectite)
' tneluded in the rock. The swellmg pressure of 1.5 kgf/cm? referred above is equivalent with

~ 15'm high water head, which are. supported in many cases by lining concrete of tunnels deep
under the ground water table. Material pressure of 6.5 l(gf/cm2 seems uncommon and
would require neplacement with concrete when it causes visible damages. -

. Geotec‘h_nical 'design _c_riteria _for-thetunnels to be proposed are shown in Table 1.5.3.
The geotechnical circumstances of each tunnel are as follows:

)y .. Daule~Penpa—La Esperanza Dwersnon Tunnel (Refer to thure 1 5 1)

. .Core dnllmgs at five locatlons mcludmg those in the prevmus mvesttgatton
campatgn, mdtcate that the tunnel route at elevation 65 m to 60 m wrll for the most part be in
the compact srlty or muddy fine sandstones which are of the common rock type of this area.
~ They fall under Class Cum of a Japanese standard or Class Il to I of Bieniawski (Refer to

Tables l 5. 4 and l 5 5)

Out of three dnllmg core samples taken at levels near the tunnel formation helght for
laboratory test; one from the dnll hole DP93 1 near the outlet portal is exactly from the silty
fine sandstone to cover the tunnel route, A sarnple from DP93-2 is of a mudstone bed in the
tunnel formatnon level The other i is from mudstones wrthm 5 m reaches of the tunnel level

_ o _ Deformanon modulus of 10,000 kgflcm2 and elasttc modulus of 20 000 kgf/cm2 is

to be taken as the design criteria, while the laboratory test has given a value around 12,350

o kgflcm2 for a sandstone sample and a mudstone sample and 21,000 kgf/cm2 to the other
mudstone (Refer to Table 1.5. 6) '



: - Poisson's ratio for the desngn shall be O 20 as agamst 0. ll for the sandstone and
0 20 to 0.25 for the mudstones in the laboratory test L e S

Umaxral compresswe strength is 50 kgflfem2 All the samples md:cate values around

- that (Refer fo Table 1.5. 6)

Swelimg pressure index was zero for the sandstone, whlle l 2 kgficm2 for the'
mudstone in DP93-3. The latter is a substantial but low value. The mudstone in DP93 2

showed exceptlonally hlgh pressure of 6 kgflcm2

Slakmg durability index was notlceably low 0.1 percent in one of the mudstone.
- samples, -one from DP93-2; showing a strong tendency to slake: The other two’ samples of -

sandstone and mudstone had hlgh durab:lltles

It seems probable that the problem. of slak.ing and swelling is not likely to be

'encountered in the silty sandstone bed which will surround the Daule Peripa-La Esperanza.

diversion tunnel

The friable sandstone beds have been met by drilling at two locations. In the dnillng

DP93-3 at the inlet portal, it has been found in a section between elevatlon 79.5' m and: '

elevation 76 2 m, which will have no effect upon: the tunnel at elevation 65 m.: [n the drilling

DP93 | near the outlet, the friable sandstone bed has been located below elevatlon 60 m, -
tmmed:ately under the tunnel at elevatlon 60.6 m. The weak sandstone below the mvert of o

tunnel, however, wrll not cause any. substantlal dtfﬁculty

The field permeability tests around the tunnel formation height in the drill holes gave:

varied values, The friable sandstone at the bottom of the hole DP93-1 showed Lugeon unit
of 26 and abrupt lncrement in the water ln_]CCllOl‘l rate at the pressure of 5 lcgfl'cm2 This

appears to be a stgn of a Iocal breakage or deformat:on of the friable sandstone ngh‘

permeabilities of 35 Lugeon and 60 Lugeon were observed i in sandstone beds i m the depths

less than 20 m. In the silty sandstone beds of the tunnel level however, the highest value B
observed was lS Lugeon umt at one sect:on in DPEH 3 and the others were not more. than 5.

Lugeon umt

The Daule Penpa ~ La Esperanza dwersnon tunnel wnll pass under the fnequently' -

undulating hills. The tunnel will have the thickest rock cover of 275 m under the hlghest part

of the hill at the distance of 4,500 mi from the inlet. In the other h_and. it will have to pass -
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under thin rock coVors of 18 m and 16 m at the stream of Cafiales at the distance of 2,100 m
and the stream of Murato at the distance of 7,900 m from the inlet, respectively. Weathcrihg
does not reach deep in this area and the rocks are virtually not pervious, as indicated by the
results of the permeability tests not showing more than 5 Lugeon unit at DP93-1 and DP93-
2. The seepage conditions could be not seriously difficult there, Nevertheless, heavy steel
supporting has to be envisaged for the tunnel to pass through these parts, in view of the

 possibility of overall weakening of the rock due to even slow seepage from the valley
- bottoms.

2y La E.speranza Poza Honda Dwersnon Tunnel (Refer to Figure 1.5.2)

'I'he dnlllng SR93 3 at the mlet of the La Esperanza ~ Poza Honda dwcrsnon tunnel at
Caiia Dulce revealed that the tunnel at elevation 103.7 m will be located in a thick compact
sandy mudstone bed. The similar sandy mudstone was found in the drilling SR93-4 at the

' outlct at Los Cuyuyes on the Poza Honda reservoir (Refer to Appendix 1).

_ Thcse sandy mudstones on both cnds of the tunnel are probably contmuous to
surround almost all the sechon of thns tunnel. In the hole SR93 -4 at the outlet, however, the,
tunnel formation height at elevation 100.2 m coincides the bottom of the sandy mudstone,
below which lies another co_mpac_t bed of silty fine sandstone. The rock is tight and
moderately cemented to be classified to Cm to CL of a Japanese standard and Class Il of
Bieniawskiis RMR.. The rock in the outlét side is comparatively weaker than that in the inlet
side, possnbly because of deeper weathering in the former area.

Pcmneabilit_y'of the rocks, observed in the field pcnneabiiity test, was all higher than

40 Lugcon u_n_it, except one section lower than the tunnel level at the inlet (SR93-3) which

showed less than one Lugeon. In th_c section of 25 m to 30 m of depth at the outlet (SR93-
4), the water injection rate had been almost zero while the pressure had been increased from 1.

to 6 kgficm?, but it abruptly rose up to 180 litres every minute at the pressure of 10 kgf/cm?.

The w_ater-_takc'tfemai!_ted high even after the pressure was reduced.. This is deemed to
indicate irreversible opening of water passage(s) in the rock by the pressured water (Refer to
Appiendix 2, Lugeon Tcst_, Pressute—[njection Rate Graph, Table 1.5.-7 and Figure 1.5.3).

e Dcformatxon modulus and elasticity: modulus for the design are to be assumed at’

.' lO 000 kgflcm2 and 20, 000 in:gfa"cm2 respectively, similar to the case of the Daule-Peripa.
. _dxvemon tunnel. For the wcathercd rock zone near the tunnel portals, the values of a half the

abovc ﬁgurcs are to be takcn

- 1_;-‘11.



_ Pmsson § ratto for dcs:gn shall’ be 0. 20 whtle the laboratory tcstmg has glven 0 2!
andOlS R : : S : Gl

Umaxtal compressive strcngth gotten by the test was 64 lcgﬂ'cm2 for thc dnlhng core

sample of the outlet portal.
= | Swel.ling and slaking- tendencies are fmt--subsmia],. -

The bedrock of this tunnel can be deemed to fall under the same range of mechanical

characteristics as that of the Daule-Peripa ~ La Esperanza diversion tunnel.. No unfavorable
gcologlcal member as the fnablc sandstonc wcnc not encountered near the lunncl formatton o

level 3{

The hill covenng the tunnel route lS generally htgh There is a thin rock cover of 22

n at one location of 11 ,030 m from the inlet, or only 400 m from the outlet Consndenng the -

generally deep- reaching weathenng in the outlet zone, the provmons of steel supports at

close intervals and deep dramage holcs for the. rocks in thc tunnel arch and s1de wall thl need

to be contemplated in the desrgn for crossmg under thls thin rock cover.

(3 Poza Honda Mancha Grande Dtversnon Tunnel (Rcfer to Flgurc 1.5. 4)

ThlS tunnel passes undcr a massive htll of 360 m in hctght without locatton of thin:

rock cover. The bedrock encountered at the tunnel level of elevation 91.3 m by the dnllt_ng
MG93-1 at the inlet on the Poza Honda reservoir is a 3 m thick compact muddy fine
sandstone, intercalated between moderately cemented mudstone beds. The bedrock of the

tunnel level at the outlet is mudstone.. It seems that the thin san‘dstone bed at the inlet. i's a.

minor member which could pinch out thhtn a short dtstancc and the rnam bed aIOng the
tunnel route can be mudstone at large.’

The bedrock is generally weaker than those in the other tunnel route; which might be

partly because of the intensive weathering developing far deeper than that in the othcr routcs
The rocks at the tunnel level; however, are not visibly weathercd '

' Pc'rmeability of the rock, observed in the ﬁc!d test in the drill hole"MG933'-l atthe
“outlet, is high with Lugeon units of 40 to70. The pa!terns of mcrement in the water-take

(water injection rate) as against the tncrcmcnt of prcssure tndtcate (hat the rock: has bet,n

fractured or some cracks have been opcned irreversibly by the water pressure of 4 Icgflcm2 o
6 kgflem?2. In the hole MG93-2 at the outlet, the permeability is lower but still at the -

ez



magnitude of 18 Lugeon unit. - Sign-of rock deformation or fracturing under the water”

pressure is not clear at the outlet.

The dritling MG93-3 passed a thick slope deposit and reachcd_to the bcdroék surface

Lata level 10 m lower than the con'te'mplate'd tunnel level. The location of this hole, therefore,

is off the tunnel outlet. This hole gives information of the rock lme development for thc
dcs:gn of thc tunnel outlet. -

-~ Static deformation modulus from the laboratory test was 7,730 kgf/cm? at the inlet
and 6,100 kgf/cm? at the outlet, ruling out 1,900 kgf/em? of the sample from MG93-3. The
design value for mudstone of this tunnel route shall be 7,000 llc,gf/cm2 fot the deformation
modulus and 12,000 kgf/cm? for the elasticity modulus. For the weathered rock zone near
the portal, the values are to be reduced to 5,000 kgf/cm?2 and 10,000 kgf/cm?,

Poiss’on.'s ratib for the design is 0.25. -
Uniaxial compressive strength is not more than 40 kgf/cm?2.

‘No 'Seﬁous__s_we_lling has registered.. Some slaking could take place, which, however,
will be suppressed with shotcreting with wire mesh worked immediately after excavation.

The Severino pum;j)ing' station to pump up water from La Esperanza reserVo_ir to the -
head tank for the Severino open channel will be located at the top of a steep slope on the right

- bank of the Severino river, approximately 1.5 km upstream of Severino viliagc. The

Severino river is a tributary of the Barro river on which _the' dam of La Esperanza is being
constructed. |

Mam structure of the chenno pumping station is a pumping shaft to be excavated in

the rock at a location near the steep slope. ‘An mtake adit will be dnvcn from the surface of -

the slopc to bc connectcd to the shaft

Thc dnllmg SR93-1 shows that the shaft will be for the most part in sandstones of -

. vancd grain sizes and in mudstone oniy below the depth of 45 m or elevation 51 m. The

b_edrock is gompact or. modcrately.c_ementcd, except for the sandstone between 14 m and 22
m of glepth-Which' is potous and friable. Considering that the groundwater table is as deep as

. 35.m from the g_rt_:und‘é'urfacc:'or at elevation 61-m, the friable sandstone, kept-dry; will not

i3



-_be dangerously detenorated or: weakened in- the course of  the. excavat:on work The -

overburden of colluvial deposit is only 1.5 m in thickness (Refer to Appendlx 1. .

_The head tank to start the open: channel wrll be- located at elevatnon around I l | m in

| the. hrgher part of a gentlé slope above the pumping station. According to the dnllmg SR93—'
5, colluvial depos:t of 3.55 m in thickness, composed of brown clayey. sorl containing rock
debris, covers the ground surface. This deposn is underlain by a bed of completely§
weathered mudstone, which, though mtegrated into hard soil, has- sufﬁcrent strength o

support the structures of ‘head tank, with test hammer blows of 22 to 56 for 30 cm of

standard. penetratlon Sandstone and _mudstone, only slrghtly weathered or fresh, lie under :

- the completely weathered mudstone (Refer to Append:x 1.

’I'he borehole permeab:hty testin the dnlimg SR93-5, in muddy ﬁne sandstone at the:.
lcvel 1mmed1ately below the base of the head tank and the open channel, showed very. low_ :

permeabllrty of 1.7 x 10-7 cm/sec or less than - Lugeon unit under the pressure of 1.0
kgf/femZ, whereas it gave 5.0 x 104 envsec or 40 Lugeon unit when the pressure was raised
to 4.0 kgf/em2. Some cracks were forced to open or parts of the rock were fractured by the
rise of pressure. For the head tank the water pressure effected at its bottorn will not be higher
than. 1.kgflem? and will not. cause serious leakage problem. . Permeability of the

sandstone/mudstone beds in the deeper zone turned out to be more. tlght against water.

seepage in permeabrllty tests (Rcfer to Table 1.5.7, Lugeon Test Data and Appendlx 2)

The pipe line to connect the pumping station to the head lank will also b'e' able to put

its foundation on bedrock under thin overburden which is strong enough to’ support rt even

if mtens:vely weathered. In the Test p:t C- 10 nearby, the overburden was onty l Am”

1.5.3 Severino Open Channel (Refer to Ejgum: I,:S,jz
The Severmo open channel isa canal with wrdth of about gmat lhe top and depth of
3 m, laid out on the right bank slope of the Severino river, It leads the water pumped up

from La Esperanza reservoir (o the inlet of the La Esperanza—Poza Honda dwersron tunnel at*
Cafia Dulce. Its tength will be approximalely 6 300 m and its level will range. from elevation

111 m to elevation 107 m. Closed waterways for syphon are involved at ﬁve locatlonq to
cross gullies, ' : :

_ The canal routc was mvestlgated with test plttmg at ten locatlons and soundlng by
standard penetration test at-54 locations (Refer to Appendrces 4 and 5). So:llrock samples= |
(dlslurbed) were laken from the test pits for Iaboratory testmg of embankment matenal for the '
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canal, of which outcome will be presented in the report on construction material. These
investigation were intended to succeed:and reinforce-the previous investigations for the

. - feasibility study with test pitting at nine locations and a core drilling at Syphon No.3.

- The investigation’s revealed that the cover of colluvial deposit, composed of particles
of varied sizes mngmg from clay to rock debris, is not thicker than 5 m. Weathered bedrock

. was encountered within the depth of 3 m at 53 locations out of 64 where the pitting or the

sounding were made. The bedrock was rcachcd within 2 m of depth at 61 percent of those
locations. ' ' :

The ove_rburde.n is generally thin in the open channel route, except for alluvial
depesits in the bottom of gullies to be crossed by syphons. The drilling B2 for the feasibility
study had found a 9.2:m thick alluvial dcposnt in the gully of Estero La Chonn]la for Syphon
No.3 (Rcfer to Flgurcs 1.5.6 and 1.5.7).

u A-major paﬁ-df- the canal will__b'e put'in the bedrock. No difficulty is seen in the

- mechanical aspect of the foundation. Even the colluvial deposit can be expected to have

sufficient strength to support the canal structure, Foundation condition for seepage or water
leakage could differ for locations because the bedrock near the ground surface cannot be
always homogenedus for differential weathering and slacking. The bottom and sides of the
channel should be artificially covered by blanket or concrete. '

' A problem li€s in swellmg and slakmg characteristics of the rock and soil, for both
foundatlon and construcnon matenal

'Thé laboratory testing of samples from the test pits registered the swelling tendency
classified as of medium magnitude as represented in the swelling pressure index over 1.5
kglcr_xi2 for eight samples out of 27 including those in the stage of the feasibility study. The
othér samples indicated low swell'in'g"téndency Even the medium index values shown by six
out of those c:ght samplcs were not more than 1.65 kgl’)‘cm2 ‘close to criterion for the low
Swellmg tendency '

Thc slakmg in the form of qulck dctenoratlon of rock under repealed dry and wet

_ condmons usually occurs only in the superf icial zone e.g., within 30 cm depth and does not
. dcvclop dcep undcrground Thls sort of slaklng can be suppressed by covering the surface

wrth carth matcnal or concretc to prcvent contact of the rock with atmosphere,
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The tcndcncy of dctenorauon by swellmg and s!akmg is ong:nated by clay mmeralsﬁ

of the monlmonliomte (smectne) group contamed in some members of the bedrock as
md1cated by the X -ray diffraction analysm (Rcfer to Table 1.5.8 and Appendix 3)

~ Those un'fa_vor'able _characteristies of' the rock and soil will requir‘e_duly cautious -

approach. - Meanwhile, it will not.be appropriately. econ‘omicél to apply. excessively

conservative measures beyond the pracucal necessity of maintaining its function, to thlS sort
of water. channel specially when those unfavorable tendencnes are. gcnerally low. in
magmtude or limited in locality. Practlcally, minor swellmg or slaking on the surface of low

cut slope will not be scnously damagmg to the canal.

For the embankment matenal this soil characteristics would also raise a questlon
whlle any alternative matenal free:from these characteristics, is not avallable within a

reasonable distance, or in the extensive geologlcal region -of the Onzole and Borbon'
Fonnauons It is recommended 1o use the material obtained near the canal route w1th asort -

of trial embankment of real size in the ‘|mt1al:stage_ of the construction work and with

adjustment of the design to meet the actual oonditions'encountete’d Revision of the design, if

- necessitated, wnll be minor; and. far more economicai and realistic than an altemauve of
prowdmg other matenai from very distant sources.

1.5.4 Transm iss.ign Line

The Severino substation at the end of the transmission line was mvesugated for the
foundatlon condition by the core dnllmg SR93-2 (Refer o Append:x 1). Colluvnai deposu of

clayey silt with rock debris, covering the ground surface, is 2.5 m thxck The. bedrock is :
composed of a4 m thick sub- horizontal weathered mudstone bed and a series of sandstones '

underlylng il Groundwatcr table was met at the depth of 3, sm.

The weathered mudstonc is compact and has obvnously sufﬁmenl stnength to suppon :

the structures and machines of the substatnon of transmission lme

The colluvial deposit also is not weak soil, though the values of 23 of the Stéxhdafd
penetration test at the depth of one metre may partly reflect effects of thc contamed rock
debris. It can have allowable bearmg strength of 4 to 6 tons every square m, if
conservatively estlmaung With the reliable bedrock surface at the depth of 2. 5 m, however

it will be sound practice to sink the base of the :mportant slmctures to reach the weathered '

rock surface.
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Geological _cohditiohs were examined for a few important tower foundations of the
transmission line, with tést pitting at five locations and sounding at four locations. The tower
sites in this hill reg:on are located at such high places as tops of hills or ridges. The soils at
those sntes are falrly t:ght and strong The bedrocks are also reached within the depth of 3 m,
except only one locatlon C-24 on a low hill betwccn the Daule river and the Tachel river

_(Rcfcr to ﬁgures l. 3 6, Appendlces 4 and 5)

* The gcdiogi'cal conditions are practically similar to that of the Severino substation.
The tower foundation will be placed on the bedrock which, weathered or not, is strong
enough, or on the strong soil. Any: soft soil as to require p:lc foundation will not be
encountered No problem is envnsaged for the foundanons of the transmission lme

1.6 'Seis’ihicity-.

With the subduction zone of the plate moving from the Pacific Ocean which is located

" in 150 km of distance off-shore the Project area falls under a part of the circum- -Pacific high-

seismicity zone. The given conditions as follows, however, need to be. conmdered to.
determine an appropnate value for the design seismicity or the design earthquake factor:

(i) No major _féult has baen recorded in the area of the Miocene Onzole/Borbon .
F_ohnau'ons. This may indicate that this area of the Coast zone is in a
relatively stable part in the Andean tectonic belt. The lack of major faults will

- lead, at least, tol rule out possibility of active faults and shallow carthquakes.

- {2) - The Project has no large structure, like dam, which may cause disastrous -
da;nage upon the public on its destruction.

(3)  Effectof eart_hquak_é is far less upon the underground structures like the
B tunnels than upon the structures on the ground surface. -

For deSig‘n of the su_rfacé structures, such as the embankment, it will be sufficiently

safe and ‘duly economical to assume an earthquake acceleration value of the higher range
currently used for high seismicity zones, e.g., 0:15g.
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1.7 Conelulen-

| The tunnels have to be dnven through soft rock composed mamly ol" sandstone and:

.mudstone of Mrocene Onzole Formatton whrch are sub- honzonta]ly bcdded and tectomca]ly
not much dtsturbed Shotcretmg wrth wrre mesh lmmedlately after excavatron and rock

boltmg will be the effectwe measures for protectlon of these tunnels but steel suppomng w:ll' :

be also requrred to pass through highly weathered or detenorated rock zone near the ponals
and at the crossmgs under thin rock covers of deep gullies. - Concrete lmmg is deemed
mdrspensable for these soft rocks, vulnerable to erosion, as the ﬁnal and perrnanent work

The tunnehng in soft rock is not very easy and requtres careful approaches, e, g ,'
provision of dramage holes by drilling to its penphery or in advance to progress of tunnelmg '
' Nevertheless, tr_oubles, if any, can be overcome by ordinary countermeasures used in

tunneling work. No'seriously difficult p‘roblem is _envisaged in the tunnel construct.ion.

_The tendency of swellrng and slaking in soil and some rock beds is due to clay

minerals of the montmoritlonite group included in the bedrock. This charactenstrc therefore, :

prevails over all kinds of geotechnical material in the extensive region. whlch the Onzole and

Borbon Formations cover. It seems. that replacement with other better material is neither:

practlcal nor duly economical, unless it is absolutely essential for safety of any important
structure. : '

Fortunately, the swelling tendency is generally low, and. found only in some rock

samples. The slaking can be suppressed by preventing the rock from making direct contact

with atmosphere. Those tendencies can be coped with by shotcreting and concrete lining in -

the tunnels. They will not substantially harmful on the low cut-slopes on the Severino open
channel. ' ' | :

The Severino pumping station will for. the most.part be encased in 2 thick compact

sandstone. A bed of friable sandstone also will remain compact because of very low'

groundwater table dt its location close to a stecp slope.

For foundations of the head tank, the open c'hannel the Severino sub- station and the
transmission line, the bedrock, even if weathered, will be reached within. 3 m of depth in the;
most parts, and will have no strength problem of the foundation. For the base of the open _
channel, the irregularly weathered rock foundation will require an artificial coatmg for . -

seepage cut-off.
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Chapter 2 Construction Materials

2.1 Purpose of the Construction Material Investigation

" The Construction materials investigation was carred out to ascertain the quality,

~ available quantity of the materials to be used for the Project and covered the following items.

(1) Concrete Aggregates Investigation -
- Considering the site condition and the lack of ready mixed- concrete in the Project
area, concrete aggregates will have to be obtained for its execution. Prospective sources of

sand and gravel for concrete aggregate were surveyed and samples were sent to the
Contractor's laboratory in Quito for various quality tests. h '

' (2)° Conerete Trial Mixing Tests.

In order to ensure that concrete made from the above materials would have the
required quality, trial mixing tests were carried out at a laboratory in Quito.

(3) - Soil Material Tests
 As recommended by the Final Feasibility Study Report drawn up in December, 1992,
further soil tests were carried out. Soil samples were taken from the test pits and sent to the

laboratory to ascertain the basic characteristics of the soil to be used for the embankment of
Severino open channel. '

2.2 Investigation Period

Invéstigation-peﬁod.is' as follows;

(1) Concrete Aggregates : 16 November 1993. - 31 January 1994
(2) ‘. Concrete Trial Mi:gin_g L E 3 J_anuary 1994 - 31 January 1994
(3)  Soil Materials - . 16November 1993 - 31 January 1994



2.3 Concrete A_grg'regate InvcstigatiOn
(1) . Object of the invcstig_ation -

The mvesugat:ons was camed out in order to clanfy !he pomts wrth regard to sand
~and gravel to be used for concrete aggregate. - : -

~a) Potential sources of sand and gravcl for concrete aggregate
b).-  Available quantity of each material source. . :
¢)  Quality of sand and gravel obtained from each material source. :
'~ d) ' Distance from the quarry and borrow areas to thc respcctwc _|0b snte and road
conditions on the way there. _' :

( 2} Localron of prospectwe Matenal Sources _

The survey was conducted to 1dent1fy the possrble sources of fmc and coarse
aggregates to be. used for concrete structure, access road, etc.

'- Tthrospecii'vc Sources of _sr_md and ngel are as shown in Figure 231 P |

a). _Sandquarry/borro'warcasarelocatcdat: B ST P t
- Rfo San Pablo, Quevedo: . 170 km east of Portoviejo . -
- - Cantera Basaltica Picoazd: - 16 km west of Portoviejo
"~ San Jacinto: - " 54km north west of Portoviejo

b)  Gravel quarry/river deposits are located at:

- Rfo San Pablo, Quevedo: 170 km east of Portoviejo
- Quarry around Picoaz4 area: R
- Cantera Basaltica Picoazd: 16 km west of Portoviejo
San Carlos/R{o de ()ro - 14 km west of Portoviejo .
Carlos Poggi: . 15 km west of Portoviejo

(3) Required Quantities of Aggregate

As the estimated total volume of concrete structures and shotcrete i in accordance wuh _ % .
the desngn is dpproxlmate!y 230,000 m3. Quantities of aggregate are assumed as follows o -



- Fine aggregates: 230,000 m? x 0.4m3/m3 of concrete = 92,000 m3
& * Coarse aggregates: 230,000 m3 x 0.75m3/m3 of concrete = 173,000 m3

(@) 'Tcst'ltems and Quantities

The required sampling and laboratory tests for fine and coarse aggmgates were
camed out as follows. :

- Sampling and Laboratory Test Quantities

| T&’;‘:foﬁ%%’a%‘:ﬁy& .- . Fine Aggregate . Coarse Aggregate
- Quevedo  Picoazad . San ° Picoaza *Quevedo
Namcoftest - . ®M.OP ***CB.P. Jacinto S.Carlos M.O.P.
L Sampllng ‘
(1) Physical Test | 1 1 1 3 ;
(2) Concrete Mixing ' I ! i 3 -
II. Physical Test _ o .
- (1) Gnain SlzeAnalysm R DR 3 -
- (2) Spccnﬁc Gravity and Water o '
- Absorption (fine) _ 1 1 | .
- (3) Specific Gravity and Water | - - R 3 .-
Absorptlon (coarse) B
(4) Organic Impurity (fine) ] 1 1 - -
(5) Soundness with Sodium - - - - 3 -
Sulphate - _ I
~ (6) Los Angeles Abrasion . - - - 6 -
| (7)'A1‘kal_iReacﬁvity- S O 1 i 1
Note: "f Reqmred sizes of coarse aggregate were not avallable

. ** M.Q.P.: Ministerio de Obras Piblicas
*+ CB.P: Cantera Ba_séluca Picoazd

5 | -Sarhpling -
Samplmgs of sand were taken at Rio San Pablo, in Qucvedo (river deposit), Cantera

. Baséltica Pncoaza Quarry P:coaza (crushed sand using rod mill), and San Jacinto (beach
*@ *  sand). Sample of gravel was taken at San Carlos, Picoazd. Gravel at Quevedo was not used



_as the gravel size did not conform with the requu-ements The locanons of thc borrow arcas
and quarries are shown in Figure 2.3.1. -

© Two alternative sources of sand and rock materials were considered for the concrete

.aggregatc_'s in the Fcasibility Study.

()] Exlstmg quarry at Picoazi. Good quahty basalt in sufﬁcnent quantlty ata .

distance of 16 km from Portoviejo.

(i) River deposit at Quevedo. -Good quality sand and gravel ongmanng from _

‘andesite in sufficient quantity at a distance of 170 km.

The sand and gravel borrow area and quarry site mentiohed' ‘above have been
'mvcsngated to ascertain whether it is possible to get the reqmred quantities and quality for the
aggregate materials From the resuits of the mvestngatwn it has been concludcd that material

-"from Plcoazé meets the mqunrements : : SR :

(6). Fine Agglégate

A site reconnaissance and availability survey were carried out in the vicinity of the
Project area as well as in the environs of the city of Portoviejo i in accordanoe wnth descnptxon '

of the materials survey report in the feasnblhty study in 1992.

(A) Sourccs of fine aggregate

Possible sources of sand {grain size under 5 mm) for fine aggrcgatc were consxdcrcd_

as follows:

{(a) Quevedo, Rio San Pablo

The sand materials is available as a deposit in the Rio San Pablo river near. -

Quevedo town. The area of the deposit is approximately 100 ha, which is

enough to provide the total quantity of fine aggregate required. The concession.. -
~ for it belongs to MOP (Ministerio de Obras Publicas). It is andesite sand. The

tocation of the borrow area is 170 km from Por(ovnc_lo as shown i in Flgure 2.3. l

(b) Picoaz4, Cantera Basaitica Picoaza

Crushed sand is prod_uced here using rod mill with a capacity of 30 ton/hr. Small
size aggregates crushed by the secondary crusher are fed to the rod mili crushed,
- screened and washed using a wet type splral classifier to comrol ﬁnencss‘
- modulus of the sand. It is basalt sand. At the. present time, a]mosl allofthesand

produced here is supplicd to La Esperanza Dam Project as ﬁne aggregz_uc for

-




- concrete structure, As the concession area for this quarry is more than 200 ha., it
- can produce the total quantity of fine aggregate required. The location of this
quarry is shown in Figures 2.3.1 and 2.3.2, and 16 km from Portoviejo city.

~{c¢) San Jacinto at Manta Beach

In consideration of concrete quality, beach sand is normally unsuitable because it
contains sai_t; However, as quite a lot of sand for concrete aggregate used in
Portoviejo City and its vicinity is from San Jacinto, Crucita, San Clemente Manta
Beach, a test sample was taken from these areas because they are considered as
possible sources of the materials. As sand is available over more than 10 km
along the beach, the quantity of fine aggregate there is considered to be sufficient,
“The locations are as shown in Figure 2.3.1. The distance is 54 km from
Portoviejo. . '

(B) Quantitics of fine aggregate sampled are as follows.

() Quevedo  :  100kg
(i) Picoazd .~ : . 100kg
()  San Jacinto - : 100 kg

(C) Results of .labqrator:y tgéts of sénd 1

Physical test of the sand were carried out to find a possible source of sand, samples -
were taken at the places mentioned above. These samples were sent to the laboratory
in Quito. The results of the Laboratory tests on them are listed below and are shown
in Figure 2.3.3.

| (a) Sieve analysis of sand (ASTM C-136)

ieve Size - Percentage Retained (individual)

‘mm . No.. = Queved6 Picoazd -  San Jacinto
10 - 38" 000 000 - 0.00
5 # 4 0.38 0.28 0.00
25 o # 8 .28 - 12.27 . 0.00
12 o #16- 385 34,19 ©0.00
~06 . #30 - 1090 - 4942 - 0.00
0.3 # 50 57.69 7242 7.71
0.15 # 100 91.67 96.07 9278

. F.M.* 1.66 2.65 . 1.00
* . Fineness Modulus ' '



thn compared with the Standard gradatlon for finc aggrcgate shown below it
 can be seen that the gradatmns of the samplcs from Quevedo and San Jacmto are.

too fine as fine: aggregatc .

Standard Gradauon of Fine Aggregatc B

_ Desngnatlon of fine aggregale o Standard percentage
o (mm) S o by weight
L o passmg mdmdual sieve (%)
o100 : R I [

S 4 esi100
25 48 80-100
12 s 50- 9

0.6 . #30 95 . 65

0.3 #5 - . 10- 35

0.15 . #1000 2.0

- (b) Spccnﬁc gravnty and absorpnon of sand (ASTM C-128)

Malena.l Sourccs A

Test Items | Quevedo - Picoazd R San Jacinto

- Specificgravity . 27320 2560 2110
R S 218225522206
- Absomption (%) 225 380 © L6

2.19 359 1260

Apart from the sand samplcd at the San Jacmto Specmc gravmes of thc sands
shown in the above table are more than 2 5 Wthh sausfy the requuement

The absorption of the samplcs ranged from 1.16% to 3.80%.. The absorption of’
Picoazd sand is slightly larger than the requirement (less than 3.5) mentioned in
Japan industrial Standard, but thc use of this sand wnll not affect the quality of

concretc



" (c) Organicimpuriﬁes of sand (ASTM C-40)

Material  Sources

~ - Test ltém_ © o Quevedo Picoaza : San Jacinto
- Color indication - - Dark yellow Transparent Transparent

The criteria of different colors is listed below.

Color - Percentdecreaseinconcrete - Evaluation
_ ' strength
Transparent o 0 _ Good
Dak yellow 10-20 " Usable
"Red yellow _ _ | o 15-30 ~ Limited
Light red brown R 25-50 . Not usable.
.Darkredbrown S 504100 - - - Notusable

Source: Cmi Constructlon Materials, M. Kokubu Unwersnty of Tokyo '

The above _test'rcsult shows that Qucvcdo_ sand contains a lot of organic
impu;it_ies-Which will affect a quality of concrete.
(d) Alkah rcactmty test (ASTM C-289)

The potemlal reactlvsty of the aggregate with alkalies in ponland cement concrete
was tested using the chcrmc_:al method. :

- From the test results sho_Wn in the table below and Figure 2.3.4, the aggregate is
~ considered innocuous. '

Quantity Sc Reduction in Quantity Re

Quarry Site .-+ Alkalinity - - Dissolved Silica

B . (nulhmoles/lltre) (millimoles/litre)
Quevedo -~ © 3330 354.28
: S 3463 338.65

S S 3496 o 27092
Basaltica - . 5162 o 161.51
o o 67.93 119.83
SR L 5927 - 26571
- San Jacinto R (798 50537
T yges 40638
2264 0 343,86




(M

Coarse Aggregate

(A) Sources of coarse aggregate :

The: prospectlve aggregate sources in the Fmal Feasrblllty Sludy Report are as
'follows N L S _ _ o

- Exlstmg quan'y at Picoaza: Good quallty basalt aggregale in sufﬁment quanmy at -

a drstance of 16 km from Portovrejo

- Rwer deposrt at Quevedo Good quahty andesite aggregate in sufﬁcxent quantlty .

ata drstance of 170 km from POﬂOVICjO

The srte reconnaissance and availabrllty 1nvesugatron for coarse aggregate ‘were -

carried out concurrently with the survey for fine aggregate. - ‘At San Pablo in

Quevedo, river deposit of andcsnte cobbles is available, and a crushing/screening

plant is being operated by MOP (Mlmsteno de Obras Pubhcas) there. However as
only small size aggregate for asphalt pavement (maxunum size: 13 mm) is produced

here samplmg was consrdered unnecessary

In lhe_'Picoa_zé area, there are four aggm'gate _qoanieS 'o;.)erated by three ﬁrms The
rock in all of them is basalt. The production capacity (more than 150 ton/hr) and the
quarry concession area {(more than 100 ha.) are considered sufficient to supply

‘concrete aggregate for the Project. The dnstance from the quames to POI‘IOVIC]O is 14

~16km

As a result of field investigation, sarﬁp!ing was carried out at “San Carlos/Rio de

Oro” quarry and the samples were sent to the laboratory in Quito for aggregate and
concrete trial rmxmg tests.

The quantities of coarse aggregate sampled were as follows.

- Gl: S5 - 1Smm (27 : 200 kg

- G2 15 - 20mm . (340 - :200kg
- G320 - 40mm (127 :150kg

(B) Labomtory test of coarse aggregate

Suitable aggregate for concrete is composed essentially of clean, uncoated properly
shaped particles of strong, durable material. - The results of the laboratory tests

carried out in the laboratory are shown below.

“t‘ |
oy




(a) Grain size analysis (ASTM C-136)

s ~ Sieve tests were carried out and the result is shown below and in Figure 2.3.5.

R “SieveSize °° - Percentage retained (individual
mm No. Gl5-15mm G225-ISmm G340 - 25mm
50 » 000 0.00 . . 0.00
0  1-12 000 0.00 0.00
5 000 1.41 . 59.98
20 v 1SS 5720 9367
15 w4279 9675 96.88
0 e 6740 - - 9824  97.60
5 #4 9424 9898  98.85

TEM. 206 353 4.47

“Note:  * Fineness Modulus
% ~ Standard gradation of the coarse aggregate is shown below.

Standard Gradation of Coarse Aggregate

| ‘ - Standard percentage by weight
1n .l

mm  No. GIS-1Smm G225-1Smm G340 - 25mm

s 2 1 B .

40 L2 95-100 | ]

- o

25 o : ©95-100 100

20 34 15270 0 - 90 - 100

5w - 30-70 .
w0 W 10-30 E— 20-55

25 o #8 - 0-s. . 0-5



) S'peciﬁc_:'gravity and water absorption | (ASTM c121

* Specific gravity and absorption tests were carried out as routine testing, . @

prmc:pally becausc of their tmportance in concrete mix des1gn Aggregates of
higher specific gravity are generally more satlsfactory wnth rcspect to soundncss
and strcngth :

_ Absorpnon valucs of hlghcr than 3. 5% indicates poor quahty but this does not.

- necessarily mean that such aggrcgatcs should be rejected.

(c}

- Specific Gravity '-

_ Sample Gl G2 G3
Nol . 281 279. 271
No.2 274 - 2.74 2.88

* Required Specific Gravity: more than 25 |

The tcst result shows that thc spcc1ﬁc gravmes of all samples were more than 2, 5
which is acceptable . _ :

_ * Concrete manual, u.s. D'_cp.aﬂment'of the Infc:ic-i'r,'Blireau of Réc'léimét'ion. ' w
_ ”Watel_' A_bsb’rpti_on '(%) -_ S
Sample Gl G2 G3
No.l ATy 382 277
No2 -~ 4.49 341 304

* Requ'ired Value for Water Absorption: less _than 35%

The water absorptions were slightly higher than the required value. However, it
is considered that this will not affect the quality of concrete too much. * -

* Concrete manual, U.S. Department of the Interior, Bureau of Reclamat:ion'.

Soundness (ASTM C-88) .

The sodium sulfate soundness test provndes an mdlcatlon of any struclural
weakness present in an aggregate. Aggregate samples are consnden:d acccptablc
if the wclghted loss of gravel is less than lO pcnccnt after 5 years : SR 5‘
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__So'undness %

Gl G2 G3
5.59° . 6.29 5.59
* Required value: less than 10 %

Thc test rcsujlt'ghows sati.sf.act‘(-a.i'); Qalue.

* Concrete manual, U.S, Department of the Interior, Bureau of Reclamation.
(d) Los 'A'ngc:lcs abr_'asion. (ASTM C-131)

The Lo's—'Ahgc_cles abrasnon test gives valuable information on the hardness and

toughness of an aggregate. The requirement is that the coarse aggregate should

not lose more than 10% and 40% after 100 and 500 revolutions, respectively.

I_.os Angeles Abrasion (%)

Sample Gl G2 G3
‘No.l 1700 - 1640 1610
“ No2' 17.80 " 17.00 16,70

*. Required value: less than 40 % '

Thé_test r.e_sults. show salisfactory values

* Concrete l'r.lénual,'U’.S. Depart'ment- of the Inleﬁor, Burcau of Reclamétibn.
(&) Alkai.i reactivity test (ASTM C-289) |

The potential feactivity of the coarse aggregate with alkalies in Portland cement

concrete was tested by the chemical method.

The test results are shown in the below table.

2-11.



Quantity Sc Reduction in Quantity Re

~ Samples. . Alkalinity =~ Dissolved Silica
: milliomolesditer ~  millimoles/liter
o 65.31 o 138.41
Gl 5942 14572
| T e021 15621
. . 6830 12231
G2 6741 13124
S s221 14536
3 o sLTI2 13958
G3 - 5943 - 148.34
B 6'3.24_ : 15725

The test results indicate that all the samplcs are mnocuous in terms of potentlal alkah '
reactwny, as shown in Flgune 2. 3 a. ' -

| 2.4 Trial Concreté Mixing o

(I). General |

Concrete mixing test was carried out to estimate an ‘adeqhate mix proportion of water, -
aggregate and admixture in accordance with spccnﬁcd conditions of maximum size of coarse
" aggregate, dcsngn compressnve strcngth and slump, elc. '

(2) Conditions of concrete mixing test

The design condmon of lhc concrete mixmg test was tentauvely detcrmmed as
follows. : :

T Max.Size of ~ Design Compressive PA
ype of _ : Slump
Concrete ~ ~ /egregale -Strength ¢ 28'(kgflcm2)--"' " (cm)
A -1 25 . 300 10- 14
A -2 25 .20 10-14
B -1 40 3000 0 8-12
B -2 40 | o240 0 8-12
B -3 40 210 o 8-12
B -4 40 1m0 812
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(3) Mixing malerials

Thc'f(jllowing' materials were used for the concrete mixing test.

T a) Water ‘ ' : Clean water
b) Cement L : Portland cement, type IE (Cemento
: o . Rocafuerte)
c) Fine aggregate B : - Quevedo quarry, river sand

- Picoaza quarry; crushed sand
. - San Jacinto; beach sand
d)  Coarse aggregate : San Carlos; quarry gravel
e) Water reducingand AEagents  ©  Airbeton, Resin Vinsol

(4) Concrete Mixing Test .
.The"mix'pr'opdrtibn's'fdr the concrete were as determined on the basis of the Basic

Mix Proportions for Concrete Mixing Test Table in the Technical Spemﬁcatnons adjustmg
the mixes in accordance with the procedure in ACI318-83.

' (A) 'I‘arget strcngth and watcr cement ratio

Target strength apphed for concrete mixing test was the same as that for the design
compressive strength.

Bésically, the compressive strength of concrete depends on the water-cement ratio.
The assumed compresswe strength at 28 days is obtained using the following
formula

128 = 1134214 W (Japanese Cement Technical Institute)

where, f28 : Comprcsswe strength of concrete at 28 days (kgf/cm )
: C ' Weight of cement (kg)

W ~ Weight of water (kg)

2.- 13



| Mlx Propomon Strength and Water - Cement Rauo

Type of

. Design 4 Target L Water—Cement
Concrete Strcngth . Strength " Ratio

| ; f(kgflcm) | 128 (kaf/cm?) WIC (%)
AL 300 300 52
A2 210 210 66
B - I 300 - 300 52,
" B-2 - 240 240 61
B -3 210 210 66

B4

170

170

16

(B) Mix proportion for concretc_mixih'g t_es;t

Based on approximate values of unit bulk volume of concrete agg'r'egate', sand-
aggregate ratio and unit water content of concrete, the basic mlx propomons for the .

' concrcte mmng tcst were detcmuned as shown below

Basic Mix Proportio‘n fo_r Concrete MiXing Test |

- Type

- Max. Sizeof . Slump. Alr. W/IC. . . S/IA
of Coarse Aggr. Content o
Concrete. - (mm) - - _(cm) (%) (F) - (P)
CA-1 25 10-14 -~ 5.0 52 W
A2 25 10-14 5.0 66 40
B-1I 40 8-12 - 45 520330
B -2 40 812 45 6l 35
B-3 40 8-12 4.5 66 36
B -4 40 8-12 4.5 76 38
- Weight (kg)
Water  Cement  Sand Gl G2 G3
5-15 mm 15-25mm 2540 mm -
147 283 699 584 584 -
165 250 748 550 551 -
147 283 628 417 417 417
150 246 674 409 410 410
151 229 697 - 405 405 . - 406
204 395 395 -

155

740

395

C2-a




(C) Slump test

The sldmp test for the above mix pfoponions was made in accordance with ASTM C-
143, L S

The adjustment of the mix proportions was carried out in accordance with the

‘following table. -(Source:  U.S. Department of Interior, Bureau of Reclamation,
- Concrete manual) g :

Item

Correction of
SIA (%)

Correction of
W (kg)

For every 0.1 increase . -
(decrease) in FM

For every 1 cm increase -
(decrease) in Stump

For every 1 percentage point
increase {decrease) in air

- content

For every.0.05 increase
(decrease) in water-cement
ratio

For every | percentage point
increase (decrease) in s/a

When using ef_u__éhed sand

. Increase (decrease) by
'0.5 percentage point.

~No correction

" Decrease (i.nerease) by

0.5 - 1.0 percentage
point

Increase (decrease) by
1.0 percentage point.

Increase by 3to 5
percentage pomt

No correction

_Increase (decrease) by 1.2%

N Decrease (increase) by 3%

No correction

Increase (deerease) by 1.5kg

Increase by 6 to 9 kg

The value of umt volume of .coarse aggregate is to be decreased (increased) by 1

'(D) Preparauon of sp-ec1men for compressive strength test

. percent pomt for every 0. l increase (decrease) in the Fineness Modulus (F.M.) of
" sand. ; .

':S:x test spemmcns for three different tests, were made for each type of concrete (A-

1,A-2, B-1,B-2, B-3, B-4). A total of 108 specimens was thus prepared and cured

2150

- in accordance with ASTM C-192. The cylinder mold for makmg the specimens was
~1S5emin dlameter and 30 cm in height. -



(E) Compresswe strength test

- After cunng the test specmlens for 7 and 28 days respectwely, compressrve strength

tests were carried out in accordance w1(h ASTM C- 39 at the Contractor’s laboratory ;

in Quito.

" The testing apparatus was a hydraultcaliy operated compression machlne (Controis -

Mtlano, Italy) havtng a maximum capacity of 3000 KN,

 The compresswe strength test rcsults for each typc of concrete are shown in Flgures

2.4.1t0 2.4, 6
- Test samples:
Test-1: _ " 18 Nos. Test cylmders usmg "Quevedo sand“ for f7
: o 18 Nos. Test cylinders using "Quevedo sand” for f28
© Test-2:' - " 18 Nos. Test cylinders using "Picoaza sand" forf7 - o
EE 18 Nos. Test cylinders using "Picoaza sand" for 128
Test-3: . -~ . 18 Nos. Test cylinders using "San Jacinto sand" for f7 -

18 Nos. Test cylinders using "'San Jaeinto sand" forf28 -
Test Result for the concrete specnmens at the age of 28 days are shown below

(a) Test—l Strength at the age of 28 days usmg "Quevedo sand"

Test-1 No.l -~ No.2  No.3 Average Target

Conc. o ' - stmngth strength
Type - =fkg/cm2 ' ﬂ(glcm - fkg/cm2 fkg/cm ' ﬂacglcm2
Al 245 168 163 . 192 300
A2 1o 104 109 108 210
Bl 201 204 . 148 184 300
B2 o l4s 14 144 - 145 240
B3 136 126 134 132 - 200

B4 76 8 87 82 170
Note: * F.M. of the sand: 1.66 ' ' o o
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N (b) Test-2: Strength at 28 days using "Picoaza sand"

Test-2 No. 1 No. 2 No. 3 Average Target

Conc.’ SRR strength- - - strength

Type  fkgem®  fkghm®  fgiem®  fkglom® fkg/om’

Al 168 154 167 1630 300
A 134 138 145 139.0 210
BI 26 19 204 2120 300
B2 . 143 143 144 143.3 240
B3 124 123 128 125.0 210
B4 86 7885 83.0 170

‘Note: * F.M.. of the sand: 2.65

(c) Test 3: Strength at 28 days using "San Jacmto sand“ '

o Te_st-3 “No.1 . No. 2 No. 3 Average Target

_ Conc. = R strength strength
' : _ Type ﬂg’g/'cm2 h 'fkgl'cmz ' _fkg/_cm2 fkg/cm fk‘g/cm2
- Al 19 - 192 192 191 300

A2 109 17 17 18 210

BI 194 190 179 188 300

B2 124 136 129 130 240 °

B3 95 94 o1 94 210

B4 61 . 94 9% 6 170

Note: * F.M. of the sand: 1.00
2.5 Soil Maiefials Tests
(1 Gencrallll S, .
.’.['hc' reéulis of the ;&:Véra] soil tests in thé Final Feasib'ilitf Study Repoﬁ of December,
1992, show that the rock types in the area of the open channel are clay-silt-and weathered

“tock. It concluded that the clay- silt along the open channel shows critical swelling and which
i?’ o will affect the concretc lmmg, thc use of this material is not suitable for the embankment
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because of the shnnkage anucnpated The report recomrncnded that further detalled sonl
mvestlgauon should be performed in DfD stage

So as recommended the above sonl matenals to be used for (he embankmem of

_Sevenno open channel at the test: plts and these samples were then sent to Qu:to for'

laboralory testmg

Sam’ples were (aken of the soil matena:ls'to be used for the embankment of Severino -
open channel at the test plts and these samples were lhen sent to Ql.'lllo for the laboratory

testing.
@ Location of test pits and_s‘ampling =

Test p:ts were dug along Sevenno open channel 10 takc samples of the matenals to be
used for embankment filling in order to mvestlgate their chaxactensucs Test pits were also

dug along the transmission line to take samples with the purpose of obtaining parametcrs for
the dcs:gn of tower foundatnons

 The locatlons of the test pits are shown in Figures 2.4.7 and 2.4.8. There were 10
test pits for the Severino open chann_el and 5 fo_r the tnansmi_ssion_iine. '

Aiong Sevenno open channel 20 dlsturbed samples were taken, 2 for each pat one at -

the depth of between0to 2 m and the other taken at the depth of between 210 5m.

(3} Laboratory test _

The following laboratory tests were camed out on the samples taken from the pits to
determine the charactenstlcs of the soils. :

- Natural Moisture Content 20 Nos. ASTM D-2216 _

- Specific Gravity : 20 Nos. ASTM D-854
- Unit Weight | 10 Nos. ASTMC29
- Grain Size Analysis 20 Nos, ASTM D422
Atterberg Limit - : . 20 Nos. ASTM D-423 and D-424
Uniaxial Compression =~ .1 10 N_os..;ASTMD2166‘
- Triaxial Compression (UU) -~ = - 10 Nos. ASTM D-2850 .-
- Consolidation . : 10 Nos. ASTMD-2435 . .
. Proctor Compaction - o 115 Nos: ASTM D-698 - S
- Swelling ' & 20 Nos. ASTM D-4546

- Shrinkage = : 20 Nos. ASTM D427

o
..,u ‘.D



@

- Pin-hole test ~t 20 Nos. ASTM D-4647

Result of the Test
‘The results of the tests arc_summaﬁicd in the table as shown in Table 2.4.1.

“(A) Natural moisture content

“The tests for natural moisture content were carried out in accordance with ASTM D-

2216. T_he _toet_rc_sults are shown in Table 2.4.2.

(B) Specnﬁc gra\nty

- The specific gravities tests were camed out in accordance w1th ASTM D 854. The

results for the natural moisture content and spccnﬁc gravity tests are shown below in
Table 2.4.2.

(C) Umt welght

The tests were camed out in accordance w1th ASTM C- 29 and thc rcsults are as .

.' . shown in Table 24, 3.

(D) Grain size analysis

" The tests wc_rc carried out in accordan_cc with ASTM D-422, in order to obtain a

quantitative assessment of the dist_ribution of particle sizes in the soil samples.

~ The results of the toSt are shown in Appendix 10.

(B Atted)erg limits

The tests were carried out in accordance wnth ASTM D-423 as well ad D-424, to
obtain consistency limits for the soils, such as hqmd limit, plastic limit and plasncny
index. :

The tesi results are shown in Table 2.4 .4,

(F) Umaxxal compressmn test (unconﬁned compressnon test)

The tests were carried out in accordance with ASTM D-2166 to obtain the unconfined
comprcsswc strcngth The results for the uniaxial comprossnon test are shown in
Table 2.4.5, and test data are shown in Appendix 6.



_(G) Tna)ual cornpressnon test

" The tests were. carned out in- accordance with ASTM D 2850 adoptmg

unconsohdated -undrained test (UU test)

The results for the tnaxlal compressnon tcsts are shown in Table 2.4. 5 and test data
are shown in Appendix 7 : :

©(H): Consol:danon

" Consolidation tests were camed oul in’ accordance ‘with ASTM D- 2435 'Oné-

: _dlmcnsmnal Consolidation Properties of Sonls" to determining the ratc and degree of

soil consolidation when it is being restrained latcrally and loaded and:dranned a_xlally
' The ¢¢sz"results are shown in Table 2.4.6 and test data-'a_m*shown in' Appendix 8.

(D Proctor compaction

Proctor compactlon lcsts were carried out in accordance wnth ASTM D-698,.

" "Moisture-density Relahons of Soils and Sml aggregate Mixture usmg 5.5-1b (2. 49-

kg) Rammer and 12-in. (305-mm) Drop”, in order to obtain the relationship between

moisture content and density of thc soils.
The test results are shown in Table 2.4.7 and test data are shown in Appendix 9.

(J) Swelling

Swelling tests were carried out in accordance with ASTM D-4546, "One-dimensional

Swell or Settlement of Cohesive Soils” in order to determine the magmtude of swell
of compacted cohesive soxl at zero volume change.

“The test results are shown in Tablc_2.4.8. |

Criteria for swelling pressure are as follows; -

 Swelling presswe * Criteria
Less than |5 /m2 T )
15- 25 . Medium
25-100 - High
More than 100 : Very high

* Source of the criteria: Fu Hua Chen, Foundation on Expanswe Sml"
Developmems in Geotechnical Engineering. '
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(K} Shrinkage |

Shrinkage tests were carried out in accordance with ASTM D-427 "Shrinkage Factors
of Soils" which are shrinkage limit, linear shrinkage, and volumatic shrinkage. The
test results are shown in Table 2.4.9.

Criteria for v.olu'mé'(':hange in shrinkage factors are as follows.

Volume Changé (%) Criteria

Lessthan5 =~ . - " Good
o5-10 0 - Medium.
-5 E Poor
"~ Morethan 15 . - Very poor

Note:  Source of criteria: Kogler and Scheidig Baugrund und Bauwerk

E (L) Pm hole test

-. Pin-hole tests ‘were camed out in accordance with ASTM D—4647 Thls test is a

qualitative measurement of the dtspcrsnb;llty of clay-silt soils. The test results are
shown in Table 2.4, 10 :

Dispersion is classified as follows; (ASTM D-4647)

Class = . -Degree L Description -

D1 - “Very dispersive Dispersive clay that fail rapidly under a 50
' L ' mm head.
D2 - Highly
ND4 Moderate - Slightly to moderately dispersive clay that
. . o ~erode slowly under 50 mm or 180 mm
' _head
ND3. - Slightly
'ND2 Very slightly Nondispersive clay with very slightly to no

.colloidal under 50 mm or 1020 mm head.

NDI - Non dispersive
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2.6 Conclusioh and Recommendations -

Concre'te Aggregate inthigatiohs o

The mvcstlgat:ons were. camed out wnth a view to ﬁndrng potentlal sources of
aggmgate avarlablc quahty, quanllty of material, and transportatlon dlstancc '

A Fine materials

(a)

b

Quevedo, Rw San Pablo

This river dcposxt can supply a sufﬁcrcnt quanuty of ﬁne aggrcgatc for the
project, but, the quality of the’ material was found to be unsatlsfactory in the

laboratory tests because it contained organic lmpurmes Further the transport.

distance from the’ pmjecl srtc is as far as 170 km.

Pncoaza, Cantera Basaltrca Plcoaza

- Considering the quallty of the sand quantity available, supply capacrty and
~ transport dlstancc, thls quarry is one of the best sourccs of fine aggrcgatc for the :

- Project.

(c)

San Jacinto, Manta Beach

The quallty is sub- standard due to the large f'zne ma{enai content and |

considerable contamination by salt water. If this material is used for the purpose
of adjusting the fineness modulus by mixing it with the Picoaza sand mentioned
above, thorough washmg with clean water wrll be necessary.

(B) Coarse aggrcgatc

In the Picoaza area, there are four aggregate quames operated by three mining -

companies. The quarried material is the same. The quality of the aggregate is
acceptable for use in concrete, according 10 the test report. However, a test for
materials finer than the 75 mm sieve (ASTM C-117) is recommcnded for furlher

mvestrgatmn

Sufficient coarse aggregate can be obtained from these quarries.

Concrete Mixing Test

in the tests, no specrmen achieved the target compresswe etrcngth at 28 days Itis

considered that this test result was caused by following reasons.

2.2
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(a) Water-cement ratio for concrete mixing test was set based on target compressive
- strength of Portland Cement Type 1. However Portland Cement Type 1E was
“used for the test.

(b) Acco_rding to the past experience in the case of Portland Cement Type 1E is used
for concrete mixing, compressive strength of concrete will be about 80 % of
Type 1. wacver test results show that all the cbmpressive strength of test

. specimens are less than 80 % of the target value. It was due to water-cement
ratio was increased more than designated one for adjusting the target slump

Dunng the Phase 2 Study in Ecuador some additional investigations are made mainly

_for concrete mix, whlch was not satisfactorily resulted in the Phase 1 Study. Concrete mix

test results are coliectcd from the report on the construction of the_Congun_llo inlet structure _
executed in 1989-1990 and from the La Esperanza dam construction under way. These

. existing concrete mix data indicate that more than 300 kg of cement should be used to

produce 1.0 m3 of concrete with a compressive strength of 250 kg/cm?2. In the La
Esperanza dam construction, structural pumpable concrete with maximum size of aggregate
of 25 mm contains 380 kg/m3 of cement to obtain average 28-day strength of 290 kg/cm?2 -
with a guaranteed strength of 253 kg/cm?.

(3)  Soil Materials

The results of the soil tests show that the soil materials are composed of fine particles
(under 75 mm) from weathered mudstone, classified as MH or CH, containing ML and CL
in parts. Generally, suitable materials for embankments requires to have good
compactibility, low shrmkage and only a small decrease in shear strength when the water

~ content is increased.

The "Standard Design and Construction, Japan Road Association” and "Earth
Manual U.S. Bureau of Reclamatlon recornmends the materials for embankment fill have
the followmg charactenstics:-

¥ -

Maximum particle size : 100 mm

Percentage by weight passing 4.76 mm sieve : 25 - 50 %
Percentage by weight passing 75 mm sieve : 0-25 %
Plastic limit : undér 10

1

_ The test results show that almost none of the samples fulfill the above requirements

" and the followmg conclusions were made.
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a) The soil has high compressive characteristics. The proctor compaction

test indicated that the percentage of the optimum moisture content is very

high (31 - 46 %) and gd max is very low (1.06 - 1.39 gficm3).

b) The values of the swelling pressure are slightly high 2 - 25 tf/m2),
- which will have a possibility to affect the concrete lining.

‘¢) The volume'changc due to shrinkage is very high (25 - 57 %). There
will thus be the possibility of slaking if the soil is dry and submerged

repeatedly not only to the embankment fill but also the cutting surface of
the waterway. : .

Considering the above, these soil materials are unsuitable for the embankments, but if

proper and careful countermeasures are taken as described in this ANNEX, it is not’

necessary to reject these materials totally.
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