(4)

Japanese experts, thus confirming the importance of teéchnical

cooperation in their implementation and oﬁerétidn.

It must also be added that no formal creation OEHhhﬂ-
organization following the unification of North sand South has
been confirmed yet, because the event was so recent.

Requested Facilities and Equipment

1) Results of a survey on the slopes at the Taiz Subcenter

site
The problem is seen to be as fqllows:
(D Survey of changing topography
i} Slope shoulders
The slope shoulders are paved with stones,
which crack or fzll as the soil underngath

moves. In some areas, voids were found to have

formed between settled soil anﬁ-the stones.

!
|
1
i
!

Subsidence (settlement)

2

Fig. 3 Current Status of Slope Shoulders
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ii) slope

A“buékling effect occurs between the stones

laid along the filled slope due to decrease in
" adhesion between the stones and filling soil

and the affect of the stones weight. This

happens when rainwater penetrates into a slope
with sufficiently compacted soil, which

contracts upon'drying out.

Fig. 4 Current Status of Slope
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1ii) Slope Ridge

The ridge remains unfinished, and is littered
with debris and stones. Hbﬁever,:nothing o
having an effect on the preseht:StEte of:
collapse was fqund.__AS-iliusttated-beibwr'
however, cracks were found where.the'fioodway
meets the water channel at the bottom. This
can also be assumed to be due to relative
movement of the floodway, so the ground can be

assumed to be of poor quality.

Fig. 5 Current Status of Slope Ridge
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iv)  Overall slope movement

" The filled slope is covered with stones, and
the point where the stones abut the slope shear
was detected. However, this did not appear to

have played a role in starting the collapse.

The stability of the slope in its existing

condition is discussed in Appendix 7,

4

~ T

-~ .
.)zk

Ctacking in joint mortar on slope

February 1990 Fine line

Gap “mﬁw'mérk
November 6, 1990 Bold line

Fig. 6 Current Status of Overall Slope
. (@ sounding survey using the Swedish method
The rest measurements at six points within the slope
are shown in the Table-6 . The relationship between
the value-soundéd by the Swedish method {Nsw) and
-.the N-value can be obtained from the following
‘formula (method used by Waseda and others):
N =2 4 0.067 Nsw (gravél, sand, and

éandy soil)
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Substituting the survey results, Nsw = 0 to 35 into -
this formula gives the following:

N=2+ 0.067 x (0 to 35) = 2 to &

The survey of the building’s'foundations yieldéd'ﬂsw
= 0 to 25 at the worst settlement site, giving the

following N-values:
N =2 +0.067 x (0 to 25) = 2 to 4

All these results are N-values of 2 to 4, showing

that the density is relatively low._

The details of the Swedish type sounding'test are

discussed in Appendix 6.
Site density test

In about half the results, the unit volume weight
was below 1.6 tlm3, revealing that the Qensity wasg
very low and that the compaction had been

insufficient.
Site permeability test

Tests of water permeability at the site yielded a
permeability coefficient of 10-2 Eo 10-3 cmfsec.

" This is almost same as that of fine Satufatéd sand,
showing that the site has'a relétively high -
‘permeability. Although visual observation indicates
that the 'soil could contain relatively fine: grains -
(clays), its appearance-suggests.othe:wise, and in’
fact the site contains unwanted #uids resulting ffom
insufficient compaction. The grain size, as sampled

in a boring survey, backs up this argumeht.
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‘Table - 6: Site Test Results

No. Sﬁédi$h:$qunding" 'Site density  Water Convert-
method (mean value) | test - permeability ed
| (mean value) : - - test N.value
New ' t/m3 emf sec
1 25 1.63 1.5 x 10-2 : 4
Zop b 2,027 1 5.8 x 10-3 2
| (self-settlement) .
3 25 T 1.88 1.4 x 10-2 &
F& S35 ©1.50 | 4.7 x 10-3 - 4
s L oes T 1.60° | 6.6 x 10-3 4
6| 0 1 1.0 | 5.5 x10°3 2
T2 1S 14 13 12 " 1o ! s 1 v 5 4 1 1 1
‘ P No. 6 i Nodd i i Neb 2 i iNe.it i i
R A A
Poobmegs o b
f ® 0 imedis b or
5 A S . N

. o Tested point

- (® settlement at the northern end of the building

Settiement wag the preatest on and around the

northern end of the building. Since the entire
buildihg had aisbISUffered maximum settlement at
this point, both test bores and sounding surveys

‘were conducted in the vicinity of the building.
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These surveys indicated a relatively high natural
water content ratio compared to any other area.
Some traces”bederflow_fme nearby catchment:

facilities were also evident.

Soundings uéing the Swedish metﬁod resulted ini
values of 2 to 4, If these fiéurés are.qonvexted.
into H-values, this means very poot cdmp;ctiong even
if the soil is sandy. Based on this investigation,
the cause of_ﬁhe setﬁlémgnt cﬁn be traced to '
insufficiéht'compacﬁion of the refilled soii after
temporary soil-cut work, which ﬁgs.done Bf cutting
and opening prEviouslyzfillgd soil. Rainwéterjhas
repeatedly flowed over the refilled soil. This has

led to both looseness of the ground and contraction

upon drying.

anklng on temporar
\cut _

Loosened zone due to-—~f\\\ (z
temporary cut . @5%9 ~\\ T :
T SO S .

Old banking

@%x

Fig. 7 Soil-Cut Range
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The situation in the diagram above can be explained

as follows:

. As the ground changed topographically, the
catchment channel began to slide,

.. Settlement caused the downstream end of the
drainage piping system to clog, leading to

-overflow.

. Rain ﬁater overflowing the catchment system
filtered into the ground, passing through the zone
loosened by temporary soil-cut work and into the
soil refilled in the temporary soil-cut zone, and
then still further into the old soil filling.

" Some water infiltrated the ground under the

building foundations as well.

. The building settled generating stress in the
slope and forcing the ground toward the slope
side. The compacted concrete con the berms slid
under the influence of both the settling water

catchment and this movement toward the slope side.

During the follow-up survey, it was confirmed that
the .erosion of the protective work over the slope on
the Téiz subcenter site was not caused by overall

. collapse of the site, that improper slope protective
work was unable to withstand erosion by rainfall
during the annual rainy season, and that poor
refilling soil work done after large soil-cut
excavation work had a preat effect. The conclusion,
therefore, is that there is a possibility of the
_entiré site.collapsing if the slope is left in this

condition as erosion advances.
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To maintain the Taiz'subbenter building, permanent
safety of the slope must be secured. For this
purpose, practical measures to stabilize the soil

must be established.
2) Results of a éurﬁey of the-Tgiz subcenter buiiding
The survey results are as foliows:
@ Test bores around the building

‘Because rain had fallen for some days before_tést
boring; the water content of the soil was.high'on
the whole. In particular, it was extreme at the
northeastern corner of the’buiiding}'touching the
50il there made the hands wet. It was found that
water was rising out of a shallow zone and that a
cogsiderable amount of water had entergd through'
“cracks in the conctete floox during rainfall. VYo
voids were found under the fouhdatiéns. The goil
compaction was, however, poorer at'thé'northeaétern
corner of the building, whete the water content was

high, than at any other point.

(@ Building settlement survey

As of February, 1990 the building’s settlehent wWaS
recorded as 7 mm at'thé'northeastern side (emergency
measures were taken in July”lgaaj,'and 9 mm at the
southeastern side (as of Féﬁruary 1990). . The cause .
of this is assumed to be looséning of the'édil due

to the infiltration of water.
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@ sSurvey of cracks in the interior walls

The cracks were particularly conspicuous on the
northeastern side of the building. Since the
interior walls are made of concrete blocks, it was
assumed they could not withstand the deformation

caused by the subsidence of the northeastern part.

@& Water flow test in northeastern drainage piping

- system

By discharging-water through the last catchment
channel using 2 water pumping vehicles (about 4 tons
per vehicle)}, it was found that the flow for the
initial 2 or 3 tons was good, but after that it
'detéfiqfétéd fapidIy.: It is'assumed that the cause
waé in§ﬁ£§iEien£_gra&ient in the piping system
foiiowihgxgrbund:settleﬁent.' Although .the channel
was 1.5 m deep, it can also be assumed that mud
:.gédimenﬁ was ﬁot_washed out, thus reducing the

cross-gectional area.
‘(] Water flow test in soil pipe

The soil pipe at the northeatern corner of the
'building was affected by the ground movement, but
_iﬁs gradient was found to have remained the same.
The flow wéé'found to be reduced, but it was
determined that this did not affect its function.

Water ran through other portions with no problem.

Since the foundations of the building are greatly
affected, reinforcement measures are required under the
foundations. This procedure should not only reinforce

the foundations, but should also be a method (e.g.,
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piling) that is likely to reduce the structural load on

the slopes.
Supplementing the NTI facilities

The present NTI began as planned as a major center

'integrating the Taiz and Hodida subcenters, It forms the

nucleus of the National Tuberculosis Control Program
{(NTP), whose role is increasing. ‘This has resulted in a
need for more space, particularly in the form of a garage

for X-ray vehicles and a store for medicines and other

supplies.

Photo 5 NTI and an X-ray vehicle



4y

Equipment and materials

(D Microscope for tubercule bacillus examination

The surest method of discovering tuberculosis is the
sputum smear test using a microscope. The test

requires neither a high-power microscope or

-intensive. training. It is expected that if

microscopes are provided for use in tuberculosis
diagnosis at central health centers and the branches

in all parts of the ccuntry, tube;culosis control

" can be improved remarkably. The health centers to

be provided with microscopes are those which have,
in the past, been given practical guidance by NTI or
the local subcenters. Regional GTC’s are

reSponsible for maintenance of the microscopes.
Automatic X-ray film development machine

Although three machines have been requested for NTI
and the subcenters, NTI has already introduced a
unit and used it with a manual developer, s0 a new
one is regarded as unnecessary. On the other haﬁd,
it is time for the Hodeida and Taiz Subcenters,
which depend fully on manual developers, to
introduce automatic developers, since they are
medical centers -specializing in tuberculosis and
thereby require. the use of far more films than other
health facilities. To obtain good quality printing,
X-ray engineers at local health centers can be
trained by making case studies at the two

subcenters.
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Instrument for bacteria test for the_Hode;da\,

subcenter

‘Although a request was. made for replacement of the

examination equipment grantged under the 1987 grant
aid- program, due to the effects on it from high
temperature, high humidity and salt, the equipment
was found to have been well looked after as a whole
and'fully-fUnctional; g0 it was excluded from the

grant list.
Resuscitator sets and first aid kits

The resuscitator is a portable case, containing an
oxygen:inhaler, a manual type resuscitator and'a_
treadle-type'aspifétdt. The_fégt.is that tﬁe 3‘ B
equipment has been providéd"not_to priméry heélth
care centers such as health centers, but only to
medical care centers like hospltals or dispensaries.
Con51der1ng that tubercuIOSls control is 301ng to be
promoted through prlmary health care actlvitxes. the
equlpment should be provlded at least to central *
health centers to glve first- ald:treatment_for
hemoﬁtysis, resﬁirétory difficultieé, etc. First
aid kits are used not only for first aid treatment
but also for guidance to patient and their families,
s0 it. is effective for these purbbses to provide:
them to the health centers which have beenrgiveﬁ

practical guidance by NTI or the two subcenters,
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Ambulances

Ambulances to be provided in this project are a
means of emergency. transportation containing a
minimum of medical equipment (oxygen tanks, etc.).
They:willibelprovided to NTI, the Hodida Subcenter,
'Aden.and Haderamout Central Health Centers, (both of
which are located in the southern part of the
country and function as subcenters), while the Taiz
Subcenter, which has.a cooperative relationship with
the adjoining Revolution Hospital, is excluded from
the ‘grant. 1ist. The ambulances are used for
etranspefting emergency and seriously-ill patients
from the facility for tuberculosis treatment to a

neighboring hospital.
4D vehicles

The 4WD vehicle is used by GTC's, appointed in each
of 18 regions including 17 provinces and Sanaa City
region, for the purpose of giving practical guidance

to local health centers.
Administrative office equipment

As well as 4WD vehicles, administrative office
eguipment is especially designated for GTCs. This
includes copy machines, blackboards, typewriters and
facsimile machines, all of which are necessary for
GTC's activities, Facsimile machines are used by
GTC's to transmit the data obtained from
tuberculosis training surveys in local areas to NTI
in Sanaa and the subcenters. Personal computers arve
provided,; one unit each for NTI and the PHC Bureau
of the Ministry of Health, so that the network may

. serve to promote NTP activities.
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Video cameras, VCRs, and TV sets for health

education

Although video cameras and other eguipment was
réquested;as teaching materials, they are excluded
from the grant aid since they are not so urgently

needed.
Water softeners

Although water softeners are not included in the
request, the investipgation showed that the water of
the country is hard and causes failures in
examination equipment using water. As a result, it
was decided that the supply of ‘water softeners
should be added to the project. However, they will
be provided oﬁLy to NTI and the two subcenters which

contain & number of items of examination equipment,
Aspirators

Although they have not been fequested, aspirators
are included in the grant list since they are needed
to remove sputum cloggihg the throat. They will be
provided'td'NTI, the Taiz and Hodeida Sﬁbcenters and
the central health centers in ordef to achieve
effective'tuberculosis treatment in- Ibb, Aden,

Haderamoﬁt.
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(5)  Basic Policy on Implementation of .the Project
1) Facilities
(@ Slopes at the Taiz Subcenter site

It was found as a result of the site investigation
that rainfall during the annual rainy season
continues to erode the slopes and that leaving them
as they are now will have an impact on the entire
site. The reason for this is loading of the slope
as the pfesent gradient exceeds the natural
gradient. The construction no longer blays its
protective role, because of improper execution, etc.
To secure the natural gradient however, would
require enlarging the site, but it appears
impossible to acquire ownership of adjoining land.
Permanent measures must therefore be established
with the curvent gradient, but such measures exceed
the civil engineering capabilities of Yemen. The
outline of the project given below will therefore,
be considered on the condition that a Grant Aid

Program is available from Japan.
® Medicine warehouse and X-ray vehicle garage for NTI

At present, NTI's medicines, spare parts, wheat
~ flour and other stocks are temporarily stored using
the containers which were used to transport
materials and equipment during the construction
period, since storage space is limited. Since this
state of affairs is not desirable for medicines,
X-ray f£ilms aﬁd other jitems which must be preserved
at a fixed temperature, it is advisable to rapidly
improve the situation. - This is also true for X-ray

vehicles, which are left in the intense sunshine

- 71 -



2}

when not being used for medical patrol care, since

there is no garage for them at present.

In consideration of the fact that NTI, which was
established under ‘grant financial aid, and the X-ray
‘vehicles, which were supplied through our technical
assistance, have both been effectively used, it is
accordingly judged right that the coming project be
made in expectation of Japan’s seconé phase of Grant
Aid Program. Accordingly, the outline of the
project will be studied and a basic design will be

prepared for the following:
Eguipment. and materiéls

The national Tuberculosis Control Programme (NTP) wﬁich
was formulated by former Nortﬁ Yenien has-been continued
after unification. .Moreover, the NTP has been expanded
throughout the country by appointing provinciai
Governmental Tuberculesis Coordinators (GTCs) in 18
regions, namely, 15 central health centers throughout thé'
country, NTI, and Hodeida and Taiz Subcenters. (At NTI _
and the subcenters the director holds the additional post

of provincial-GTG.)

Now that the medical administrative organization has thus
been rearranged and is playing an important part in.
spreading anti-tuberculosis measure across the country,
it is expected that the replenishment of 4WD vehicles,
office equipment and ﬁrimary medical apparatus will
significantly increase the'effeét'of the NTP activities.
it also corresponds to the-system'of J&panese'Grant'Aid_
Program. 1t is therefore regarded as reasonable to plan
the project on the assumption that Jﬁpanese.éssistance

will be forthcoming. For this reason, the materials and
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équipment plan is studied based on the following outline

of the project and is basically designed accordingly.
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3-3 Outline of the Project

(L)

{2)

Organization for Project Implementation and Project

Implementation System

The organization implementing this prOjedt‘isaPrimﬁry Health
Care Bureau of the-Ministry.of Health (MOH). Under the
implementation system, NTP section and‘NTI:willicopperatel
under the iﬁétructions of the PHC bﬁreau to give: guidance to
GTCs all ovér the couniry. aAs for tuberculosis prevention,
diagnosis and medical treatment, NTi_superviées these main
activities and the two subcenters support NTI as

sub~supervisors.
Activity plan

Since north-south unification, the new Republic of YemenAhéd
restored the function of the NTI and the Hodeida and Taiz
subcenters, and expandeﬁ-the system of local patrois. which
gave guidance centered around the NTI and subcehters, to cdver

the whole country by appointing a GIC to each of the 18 areas.

S 7



| Hodeida Subcenter NTT . Taiz Subcenter
@ The directdr of the "1 (D The director of the | d) The director of
MHodida Subcenter | Report HTI concurrently ||Report the Taiz Subcenter
_concurgent1y serves | s|| seryes_?s GTC of < concurrently serves
" 'as GTC of Hodeida - Sanaa City as GTC of Taiz City
-] . -.City and province. o S and Province
- .
Report

A GTC is permahently'statidned in the central health center of every province.
(There are 15 provinces in total.) :

Al Jawf Province
Aden, Province
Haderamout Province
Shabwa Province
Abyan Province
Haharah Province
Lahj Province

(@ sanaa Province
(8) 1bb City, Province
(&) Hajja Province
7) Dhamar Province
Al-Baida Province
@) Saadah Province

800000

(i Mahweet Province

@
(@D Mareb Provirce

in Sanaa (City), Hodeida (City; Province) and Taiz (City;
" Province), the GTCs also head the NTI, the Hodeida Subcenter,
and the Taiz Subcenter respectively. In the other 15 areas,

GICs are permanently stationed in the central health centers.
The roles which the GTCs play in the 15 areas are as follows:
a) Guidance and supervision for Primary Health Care Units

GTCs provide technical guidance to medical assistants,
nurses, and other regional medical staff on the subjects
:of'tubercuioéis prevention (BCG inoculation) for newborns

: and'children. fubercuiosis'diagﬁosis {the sputum test),
and tféétment (medicétion, emergency treatment) for

“out-patients, GICs patrol the terminal medical care
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b)

c)

facilitles scattered over vast-regions, including
mountainous districts by 4WD vehicle to offer guidance._
To support education about the sputum rest, new .
microscopes exclusively for tubercular bacillus
examination will be provided with the number and _
distribution of microscopes, as. in the case of medicines
to be managed by the GICs. For guidance 6n_primary
treatment, such as émergency treatmentﬂfor_persdns tested
as infected, resuscitéﬁdr sets and Ffirst aid kits-
(emergéncy treatment sets) provided under the project.
will be utilized. GTCs instruct both.medical staff and
patients and their families abodt emergéncy treatment as

a part of the general health éﬂd'medical education.
Cbnfirmation'of'problems in local tuberdulqsis control

GTCs conflrm, and report to the NTI, any problems in _
local tubercu1031s control which result from geoglaphlcal
and social conditions (tribal relations, lifestyles,
etc.) which differ by region. The need to provide
ambulances and aspirators has been recognized in some of
the 18 regions; and the need to.replace_workers and
material installations will be checked and reported to

the NTI by GTCs in the future.
Collection of statistical data on tuberculosis

The GTCs have a duty to gollect tuberculosis-related data
in the field of primary health care activities. Data
collection focuses on central health qénters, health
centers, and health care units, although data from.

medical care activities at local hospitals and

.dispensaries are also used. The data comprise

registrations of tubercular patients, follow-up survéys

of those dropping out of medical care, and test of
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d)

resistance for_patients after prescription of

= anti—tuberculaf drugs.

The G1Cs. file and record the data in the privacy of their
offices located in-the central health center in each

region, and send updates to the NTI by facsimile every

week. The equipment necessary for this data collection

and recording activity includes typewriters, blackboards,

- and copiers in addition to the facsimile machines.

~Maintenance of medicines

Each region's GTC is responsible for distributing BGG,
anti-tubercular drugs and other medicines provided by the
NTI to health centers and health care units. A periodic
report is made to the NTI describing their distribution

and usage. -

The aim of this project is to step up these activities by
the NTI, the Hodeida and Taiz Subcenters, and the GTCs by

the following procedures,

(@ Replenishment of medical equipment now lacking at

the NTI and the Hodeida and Taiz Subcenters.

@ Construction of a medical supplies store, an X-ray
vehicle garage, and other necessary facilities at

the NTI.

(@) Permanent reinforcement of site slopes at the Taiz

Subcenter.
@) :Installation of medical equipment exclusively for

tuberculosis control in the central health center of

each area.
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(&) Installation of the office equipment needed by GICs

to process data.

® Provision of communication equipment for the GIC

network.

(7) Provision of ambulances to central health centers in
urban areas with no hospitals to transpert emergency

or critically ill patients to hospital.

Exemplified by Sanaa {NTI), Ibb, Aden, and

Haderamont (central health centers}).

® Provision of 4WD vehicles to allow GTCs to patrol

‘remote areas.

(3) Location and Circumstances of the Project Site

1)

NTI

Sanaa, where the NTI is situated, is the capital city of
the Republic of Yemen. It is on a plateau (2,3003m above
sea level) called the Central Highland. _The population
is about 430,000 (1986}, and there-is a remarkable flow
of population into the urban areas of the country as is
the case in other countries.. Except for the-gfeat
difference in temperature between the nighﬁ and day, ﬁhe
weather is generally warm and there are two rainy seasons
per year {March - April and July - August). The annual

precipitation is about 150 to 250 mm.

The NTI is situatgd near Taiz road, an urban trunk route
connecting the cities of Sanaa and Taiz, about 7 km gsouth
of the central area of the city;;ahd"théjentrancé i8 .
about 900-1,000 m east of the road. At present, the
access path from the road is not paved. Owhefship of the
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land around the site is held by the government of the

Republic of Yemen,

The site area 1s about 44,000 m2. Around the site, the

land gently slopes down toward Taiz road, and the site is

- covered with solid ballast gravel. There is & scarcity
_of vegetation nearby, and the noon sun is very strong.

~With the vegetation which was planted by NTI, the site

has become distinguishable from its neighbors. Since it
is currently-idle, there are no envirommental problems

such as noise or air pollution and it can be considered a

_ good natural landscape.

As for the infrastructure, access paths are as yet
incomplete. Since electricity and telephone services
reach a village about 500 m away however, the site is

supplied via an extension from there. A stable water

supply system has been established after well

excavations.

Based on data from well excavations in Sanaa province,
the geology appears to consist of top soil about 4 m deep
and layers of lapilli and sand from 4 m down to 31 m
deep. The geology of the NTI site was found to be almost

the same.
Hodeida,Subcenter

Hodeida stands by the Red Sea on a coastal plain called
Tihamah. The plain is covered with sand dunes which
extend to a width of 50-70 km along the Red Sea. Because

of its situation, the city is the most important harbor

in the Republic of Yemen, and the majority of imports and

exports for the country pass through it. The population
is about 100,000. The area has a subtropical climate of

high temperatures and humidity under the influence of the
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Red Sea, and the relative humidity is 70Z on average.
The temperature averages 309C (the daytime temperature in
summer may exceed 40°C) or higher throughout the year,

while precipitation 1s very low.

The Hodeids Subcenter stands in” the grduﬁds of the
Republic'Hospital_in the southern part of the city. The
hosﬁital has a vast amount of land, so it can be expected
to expand further in the fﬁture. ‘Urban plaﬁning calls
for this zone to become a cehtral'medical facility of the
city. Good access is provided by trﬁnk roédé nearby.
There are no facilities likely to disturb"the gsite
provided., The land now belongs to the Republican
Hospital, but no problems are foreseen in the

administrative procedure to transfer title to the center.

The site is about 6,500 m? iﬁ area, a rectangle 100 m'z
65 m. There are almost no variations in level, the land
being mostly flat sand. This site sees & lot of
sunshine, and the seasonal winds from the Red Séa'always
blow from the west; Envirohméntal-prbbiems.such as
traffic noise, air pollution, etc. are next to none at
present, because the site is situated at the southérn

extremity of the'city.

The infrastructural facilities are already complete
within the hospital, so there are no particular problems
in drawing them onto this site. (Neither a sewerage
system nor city gas is yet available on the urban level
as in Sanaa however.) According to data from well
excavations in Hodeida province, the geology consists of
a fine sand layer 3 m deép, under which there is' an
ordinary sand layer reaching down to_lsrm. The'geology

of this site can be considered similar.
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Taiz Subcenter

Talz is situated at the southern end of the central

highlands, at an elevation of about 1,300 m above sea

-leveél. - It is thus lower than the 2,300 m elevation of

Sanaa, but it is all the same a mountain city at the foot

.of sharp mountéiné comprising the central highlands.

Since it is in a valley, the temperature becomes
relatively low during the winter period from September to
February, but the minimum temperature seldom reaches 09C.
The average temperature is about 18°C in winter and 25°C
in other seasons so it can be called a warm climate in
génerél._kThere are.two rainy seasons per year
(March-April and August-September) as in Sanaa, and the

precipitation is relatively high, with monthly

'precipitation sometimes exceeding 100 mm.

The Taiz subcenter is sjtuated to the east of the

- Revolution Hospital in the northern part of the city.

The area was initially scheduled for development as a
central medical area, and a site was provided for the
center as one link in the plan., The site is almost
rectangular, about 6,000 - 7,000 m?, and is flat land
stretching nerthward élong the boundary with the

Revolution Hospital. This topography résults from the

~fact that this is a vast area of filled soil. For this

reason, 2 level change of 16 - 17 meters occurs at the
hortheastern side of the site where it meets the natural

geology of the valley.

- A variety of problems, both natural and caused by the

.soil filling, are described in para. 2.4 "Details of the

Request" in the preceding chapter,
The existing infrastructure is relatively complete, as
the neighboring Revolution Hospitél is modern and

well-prepared infrastructurally.
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(4) Outline of the Facilities and Equipment

1)

Frcilities

The facilities in-this project comprise those for
completing the NTI and those related to permanent .

measures for the slopes_ﬁt the Taiz'Subéenter.
@ Completing the NTI's facilities

The NTI is now short of space for the storage of
medicines, spare parts, and-fdod—stuffs such as-
‘wheat flour, etc. (to be used tO'imprOVe.the
nutritional diet of duﬁpatients)."Curreﬁtly
containers used to bring in equipment and materials
during construction have to be used for this '
purpose, thus causing administrative problems. The
addition: of storage spacé is’ seen. to be a necessity.
The present NTI garage (42 m2) is already partly
used as-storage'sbaCe; 80 making ‘use of this garage
for storage is preferable from the viewpoints of

‘convenience of location and efficiency.

The NTI is also now arranging for some XQray
‘vehicles for periodical exeminations through
technical cooperation with JICA. However, they are
left in the strong sunshine when not  used for
médical patrol care, so a4 new garage for them iB'now'
required, It is recommendEdifhat a'garage (54 m?)
be constructed in an easily éccessible location. A
sité should be chosen so as not to obstruct NTI’s
front entrance and to ensure the’ best possible

traffic. planning.
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2)

Measures for the slopes at the Taiz Subcenter

Various problems connected with the slopes are

detailed in para. 2.4 "Details of the Request" in

the preceding chapﬁer. Measures are needed for
permanent reinforcement of the slope, reinforcement
under the building foundations and the repair of
cracksiin-the'building and window frames affected by
the problem. Reinforcement under the foundations
has to nct .only reinforce the foundations, but also
reduce the structural load on the slopes.  Repairs
to the walls of the building will require
repainting after filling requiring materials in the
eracks, since the cracks cause anxiety among the
staff who are accustomed to stone-made structures.
These are not structural walls, so there is no real
problem in terms of facility maintenance and

management.

- Equipment and materials

-The equipment and materials involved in this project and

the area where they are to be provided, is putlines as

follows

B0PBeecvoee®e

Microscopes
Automatic X-ray film development machines

Water softeners

_First aid kits

Resuscitator sets

Ambulances

_4WD vehicles

Personal computers
Copiers - '
Blackboards

Typewriters

~ Facsimile machines

Aspirators
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(3)

Maintenance and Management Plan

Maintenance and management has been performed by the Ministry'
of Health (MOH) of the Republic of Yemen, as was done in the
period of the former North Yemen, since the completion of the
NTiI in Sanaa and the Taiz and Hodeida Subcenters. The
Facility Bureau within the MOH runs the Sanaa NTI, while the
Taiz and Hodida subcenters are run by the facility division of

the Health Bureau in each province.

The maintenance, management, and repair of facilities,

equipment, &and medical équipment-in“the Sanaa NTI,. and a

gystem to maintain-and manage ‘personnel and technical matters,
spare parts, etc. is better.Organized through links with
workshops attached to local hospitals and Central Laboratories
(through which medical facilities with no wdrkshOp receive
repair service for medical equipment and so on.} Furthermore,
since there are mény repair workshops related to the
mechanical, electrical and other equipment in Sanea, it

does not take long to find the skills and materials required
for repairs. In the case of the Hodeida Subcenter too, since
it is located next to the Republic Hospital and the port city
has good material distribution, maintenance, management, and
repairs are easy, In addition, there are many branch
workshops in Hodeida; facilitating maintenance and manégement

of the facilities.

Since the Taiz Subcenter is also located next to the
Revolution Hospital, the situation is the same as at the
Hodeida Subcenter. Because Taiz itself is in a narrow valley,
and the majority of inhabitants are engaged in farming,
neither commerce nor material distribution channels have
developed as well as in the other two c1t1es It is
therefore, more necessary than is the case with Hodeidsa or
Sanaa, to consider stocks of materials andﬁspare parts for the
maintenance, management, and repair of facilities and

equipment.
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Maintenance and management costs for facilities and equipment

are estimated as follows:
(@ Daily preservation cost

Considered are ﬁhe costs for parts required, cleanser,
oii, etec., excluding_test medicines, consumables and the
personnel cost for preservers. From the Japanese side’s
experience, it is estimated that the costs are fully
covered by around 17 of the equipment cost. In the
project, approximately YR80,000/year will be required as

preservation costs.
. (@) Breakdown repair cost

In this project, repair cost is estimated at 3% of

- equipment cost and around YR240;OOOIyear.

Pefmanent measures for the glopes and reinforcement of the
building foundations, as described in para. 2.4 "Details of
the Request,® are beyond the capabilities of the Yemeni side.
Since no maintenance and management can be expected even after
the.meaSures have been taken, methods that do not require
maintenahce and management (maintenance-free) should be
édopted wherever possible in the plan for the site slopes.
Consequently maintenance and management costs will not be

included.
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3-4 Technical Cooperation

JICA’s technical cooperation on this project commenced in 1983, and
has been extended until 199Z.

The purpose and details of the cooperation cover examination and
research to (1) improve organizational aspects and foster skills to
implement the National Tuberculosis Control Program (NTP), (2)
develop preventive, diagnostic, and therapeutic technology both in
the NTI and at the subcenters, and (3) improve the Tuberculosis

Control Programmes.

Since the commencement of the project, Japan has accepted trainees
and dispatched Japanese experts to the projeét area, ﬁhiie-
recording methods have been unified; a system for registering
patients has also been established; X-ray skills have been improved .
and the medicinel treatment methods have become more effective.
The technical supervision at the NTI and the two subcenters has

thus gained a good reputation.

in order to extend these activities nationwide however, there are
iimits to the periodical supervisory visits to the leocal HCUs from
these centers, as they are being conducted now. Action should be
taken by each provincial GTC, appointed anew after unification; to
encourage local HCUs to positively. participate in measures against
tuberculosis, and to periodically give them guidance from each

center.
For this reason, it is necessary to provide a minimum level of
equipment and materials to the central health center in every

region to allow them to perform their role éffectively.

The role of this project can be said to have been significant in

building up the systems now in place on a national level..
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CHAPTER 4 BASIC DESIGN

4-1 Basic Design Policy

(1) Natural Conditions

1)

Geographic conditions

The Republic of Yemen (formerly North and South Yemen) is
situatéd at the southern tip of the Arabian Peninsula.

It borders Saudi Arabia to the north, faces the Indian
Ocean to the south, and lies across the Red Sea from the
coast of Africa to the west. Topographically, the nation
consists of a plain in the western half of the country
along the Red Sea coast, a mountain range stretching from
north to south down the center, and a gently falling
plain extending eastwards from the central mountains. It

can be classified inte 5 topographical regions.
(@ The narrow Tihamah plain facing the Red Sea

There are many flat areas 40-100 km wide and 200 m
or less above sea level (the Hodeida subcenter is

located in this area).

@ A hilly zone 200-2,000 m above sea level surrounded

by the Tihamah plainsg and the central mountain range

This zone is topographically precipitous, where
great level differences exist. Many dry rivers
called *"wadiv fill with water during the rainy
season. (The Taiz Subcenter is located in this

area.)

(3 The central highland zone is scenic and picturesque

with mountains rising up to 3,720 m above sea level.
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The highest mountain is Nabi Shuelb. (The NTI is-
located in this area 2,300 m). '

() Southern Yemen on the Indian Ocean

As mentioned earlier, the topography of the Republic of
Yemen forces a fair number of géographié restrictions on
construction work depending on the region{ Domestic
transportation is often difficult, for examp1e. For_this
feason; the basic policy will be to establish a work
execution plan based on materials and_equipmen£ B
procurement using transport as infrequently as possible,
and making 6ptimum use of the work execution skills and

practices of each area.
Weather conditions

The Republic of Yemen's climate is closely related to the
topography. Since the height above sea level ranges from
zero to nearly 3,800 meters, climatically it ranges from

temperate to tropical.

The country has the highest precipitation of the Arabian
Peninsula. Part of the Tihamah plain and a zone along
the Red Sea is a desert with tropical climate, and the
annual averapge temperature is about SOOC, but the annual
temperature difference is high, ranging from 29C to 50°C,
The annual average precipitation is about 100 mmxor less.
The hilly zone, on the other hand, has'a'tropical or
subtropical climate, where the annual average ﬁempetéture
is about 259C and the annual avérage precipi;aﬁién vafies_
greatly from 300 mm up to 1,000 mm.. The central highland
zone is temperate.climate, and has the mbst éomfortablé
climate of the Arabian Peninsula. It is hbt'undﬁly cold

in winter, and summer is also moderate.
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The Taiz area, located between the Tihamah plain and the
central mountains, has particularly high precipitation,
and_data_for a period of 3 years (1988-199G) is shown in
Table 8 below. - This chart shows that the period from
November to March is a dry time when the precipitation is
low every year. However, the years 1989-1%9%0 are

characterized by high precipitation. 1In implemeﬁting

‘measures for the site slopes at the Taiz subcenter,
_therefore, the basic policy should be to do sufficient

examinations of the work execution process to enable

slope protection work to be completed during the dry
season. For foundation work not affected by the rainy
season, the policy should be to be thoroughly ready for

any precipitation after the measures are taken.

Table 8 Patterns of Precipitation at Taiz

150

g

Rainfall

/O

- \

e

May. Jun. Jul. Aug. Sept. Oct.

: {2) Social Conditions

North and South Yemen were unified in 1990. Before

unification, the North Yemen strongly resembled a tribal
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(3)

(4)

nation, while the South Yemen had a'separateihistory_with an
open policy béséd on socialist concepts. rather than tribal and
religious traditions. " In the new Minlstry of Health formed
after unification, many of the-pblicyfmgkihg initiatives are
often left in the hands of former Nbrﬁh'Yemen’s Ministry of
Health. In many of the activities related to countermeasﬁrés
against tuberculosis, the ratio of'manhgément_posts'occupied
by personnel of former South Yemen's Ministry of Health is
very high becauée of their knowledge' of modern;prdétices. In
éromoting this project, therefore, all decisions should be
thoroughly disseminated away from centralagbvefnment and down

to each local autonomous area on the province level.
Situation in the Local Gomstruction Industry

In the newly unified Republic of Yemen there are substantial
differences in procedurés and- the decision—making-prdcess
among the various communities, althoﬁgh the permit and
approval systems associated with doing business, the relevant
laws and regulations, etc., do comply with central government
standards. When procuring equipment and materials, all
imports'still pass through the port of Hodeida. ﬁqu
execution systems are also indepéndent in Sanaa, Hodeida and.
Taiz. It ié, therefore, also'necessary-to determine a
realistic means of securing a labor force and procuring lbcal
equipment and materials based on the characteristics of each

area.
Use of Local Businesses and Locally Available'Equipment :

Gonstruction activity is generally falling 6ff_¢oﬁpared with .
its level at the time the NTI was cbﬁstfucted-in 1986, in
1986 for example, there were many-Eufopéan;baéed-joint-veﬁture_
constructions companies, but they have 511 withdrawn, because
the market is so depressed, and now'there_is'oniy'one |

foreign-capitalized construction company (Chineée). The basic
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policy should, thereforé. adopt methods which allow work
associated with the_slope measures in the project to be
handled by-wofkers with only basic skills., Any work exceeding
that level of skill sﬁculd be executed with technology

~introduced from Japan (i.e. reinforcement of building

foundations).

Local procurement of equipment and materials will be the aim
as far as possible, while any items not available locally

should be clarified in advance,

Ability of Project Implementation Organization to Maintain and

Manage the Facilities and Equipment

Project-type technical cooperation since 1983 has resulted in
steady.achievements by the NTP of former North Yemen. Ewven
sihce north/south wnification, the NTP's organizational
systems can be said to have been filled with the acceptable
skills from the south, too. It is expected, moreover, that
the GTCs to be appointed around the country will greatly
cpﬁtribute to the nationwide promotion of the NTP. The
preéent facilities {particularly the central health centers),
equipment, and materials, however, cannot be regarded as
sufficient to cope with the organization’s éxpansion in
activity after unification. Looking at the equipment and
materials owned by NTI, and the Taiz and Hodeida Subcenters,
maintenance and mapagement is good. The proposed equipment
and materials include nothing with high maintenance costs so
there will be no problems with the cost of maintenance and

management either,

Basic maintenance and_management at NTI and the two subcenters
is performed well, inciuding cleaning. Haintenance of more
ﬁechnical matters as in the problems of the site slopes in
Taiz, however, is presently nonexistent. This project must

therefore, be designed to require no maintenance at all after
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(6)

the work 1s completed on the slopeés, etc.;, while the equipment
and materials employed will be those which can be fully
handled with the present available skills. '

Basic Policy on the Range and Sophistication of the Facilities

and Equipment
Planning for the facilities should cover the following:

(D Addition of a garage for X-ray vehicles and storage for
medicines at the NTL.

Permanent slope measures for the Taiz subcenter.

(& Reinforcement of the damasged building foundations and
repairs to cracks on the interior walls and sash

frameworks.

Fxcept for the building foundation reinforcement and sash
replacement, all the foregoing should adopt ‘& work method
available locally, and must take into consideration the lack

of maintenance after work is done.

The equipment and materials will have to be replenished to
cope with the expansion of countermeasures against

tuberculogis after north/south unification, as follows:

@ Replenish the equipment and materials in the NTI and in

both the Taiz and Hodeida Subcenters;
2) Replenish the equipment and materials in the central.
health centers {(under the GTCs) under'the-guidance_of the
NTI and both the Taiz and Hodeida Subcenters. '
Equipment and materials for this project should be seiected_in

accordance with the following policiles:
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 Focus on efficient, sturdy, and manuval designs, avoiding

fﬁllyuautomated eQuipment requiring a high level of

" technical expertise in the case of breakdouwn.

Easy maintenance and management procedures, and for which

spare parts will be available over a long period.

- Equipment incorporated with voltage stabilizers, in order

to cope with unstable supplies.
Proved and tested for reliability overseas.

The equipment and materials must not duplicate those

granted under the technical cooperation.

Transportation and installation of the equipmert should alseo

take into consideration the following matters:

@

High quality export packing since temperatures in the

held may rise to 70°C during shipping.
Vacuum-packed precision equipment.

Special preparation such as coating of the lenses for

items of particular precision, such as microscopes, etc.

Protect equipment from dust and similar problems

{(openings must be sealed).

Give a minimum of training for coperation of the

equipment, the instruction manuals for all eguipment are

“in English.
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Basic Policy on the Term of Project.

The project will focus "on the ‘reparation of the slope at the

Taiz subcenter.

The measures will cohéist of sldﬁéIWbrk and building
foundation reinforcement werk., The work mostrdirectly
affecting the term of-the project 'is the slope work associéted'
with the rainy season in Tajiz, -Work to reinforce the building :
foundétions should therefore take precedence in establishing
the work procedure so that the siopeiwork may be done outside

the rainy season.
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4-2 Examination of Design Conditions

(1) Talz Subcenter

1)  Results of soil tests

2)

‘The results of an analysis of soil samples collected

during the site investigation are as follows.

®

The soil cbnsists mainly of coarse grains of mixed
gravel and .sand, but the soil distribution is good,
indiqating that the bearing strength will be

adequate under dry conditions.

The distribution of grain size of the ground
indicates an extreme reaction to moisture, and the

higher the water content, the lower the bearing

-strength. The soil tends, therefore, to be affected

by rainfall, particularly in Taiz where the annual

. precipitation is high.

Because slope compaction is inadequate, the damage
increases every rainy season due to an increase in

the water content.

Current stability of the slopes

The examinétion of slope stabiiity.can be summarized by

classifying the problems into directly and indirectly

related issues, as follows.

(1) TIssues directly related to the stability of the

slope as a whole.

. The slope gradient is steep (1:1.5}
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. The filled soil is fairly loose (dégree of
compaction = B6%). . '

. The ground is loose as a result of temporary soil

excavation.

The slope contains many stones left after stone-
laying work was repeated, causing looseﬁess'of the

slope.

(@ Issues ‘indirectly related to the stability of the

slope as a whole.
. The slope is long and is not terraced;

. The stones laid down with the filled soil is badly
fitted (the loose s0il means that the stones do

not adhere tightly to the soil).

. There has been an infiltration of rainwater into
the filled soil (overflow from the catchment

works). -
. Cracks have formed in the joints of stone work, so
that infiltration of rainwater is not prevented

during rainfall.

These problem points and countermeasures against

‘them are indicated in Table-9.
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Tﬁble 9 Problems and Countermeasures for the Slope

3

No. Problen Countermeasure
1, Steep gfadient.(1;1:5) Reduce the slope gradient
; ' ' and strengthen the ground
(drive in piles with
anchors, or similar, by
adding chemical solutiom).
2, Loose filled soil Replace the filled soil and
' strengthen the ground,
3. Lbosen&sé'bf gfound'due | Replace the filled soil and
R to temporary soil excava- | strengthen the ground,
tion. : : :
4, Long slope without Add small terraces and
: terracing . (water easily install a drainage system.
infiltrates).
5. Fitting of the heavy Replace the slope soil with
-stones to the filled a soft type.
soil is poor. ' '
6. 'Leakage of rainwater into Complete the drainage
S the filled soil." system.
7. Cracks inlthe stonework Add small terraces to drain
joints, allowing the ‘the rainwater.
infiltration of rainwater. AJ
‘Results of boring surveyé

The data collected through the boring survey conducted in

August, 1990 by the Yemeni side are attached at the end

survey results:

..9']-
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jeclogical Results peér Boring Hole::

No. 1: The upper poxtion consists of loose sandy clay

No.

‘No.

No.

No.

No.

21

mixed w1th cobblestones (N value = 50) under which
there is fine sand (N-value = 70). Therg are

traces of what used to. be a wadi.

The upper-portion'cdnsiéis:of sandy clay mixed

with cobblestones (N- value_= 25) under whlch there

"is wet sandy clay mixed w1th cobblestones. Bedrock

exists at GL,l0.0 m. . {Of the 'six holes, only this
one had a high water content, thus requlring an
investigation 'of the relationship with leakage

from the septic'tanké,).

: The upper pértion consists df71oose fine sand

~ mixed with waste (N-value = 15), under which there

5:

is compacted fine sand. Bédfﬁék'eiiéts at GL-15.0

M.

: The upper portion consists of slightly Cdmpacted

fine sand, under which there is dense silt.
Bedrock exists at GL-12.0 M.

Loose clay mixed with cobblestones or sand mixed
with silt from the top. Bedrock exists at GL-7.0
M. N - : N . - ! . .

Compacted clayey sand,mixéd'witﬁ_cobblestones at
the top, under which there is slightly compacted
sandy clay. Bedrock exists at GL-6.0 M.,

In outline, the stratification consists of shndy'éilt

mixed with gravel between 6 and 15 meters'beiow the =

surface, with N-values'of 50, 70, 25 and 15 as measured

with the standard penetration test, but this scatter in
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values can be attributed to the fact that the ground is
filléd soil (mixed with large stones or the like).
‘Boring was carried out at & points, and measurements were
sténdard penetration, water content, grain size, soil
grain specific gravity, liquid-phase, and plasticity

‘tests.
&) Countermeasures for building foundations

~ The causes of damage to the bujlding foundations are
described in para. 2.4 "Details and Contents of the

Request” in Chapter 2.

It is necessary to reinforce the building foundations,
and the following effects of reinforcement can be

expected:
@ The structural load on the sldpes will be reduced.

@ The lower structural load on the slopes broadens the

choice of countermeasures against slope damage.

(3 The improved foundations will prevent the formation
of cracks on interior walls and others places, which

" are related to building settlement.
(2) NTI

Facilities to be examined in the NTI are the addition of a
garage for X-ray vehicles, granted under the technical"
cooperation from the government of Japan, and storage for

medicines.

The NTI side also proposed that a garage (for three vehicles)
within the NTI bﬁilding be examined, and whether space to
store medicine can be found within the NTI building. The

location, near the medical treatment department and
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administrative department,'ié'suitable as'fegard§ to.
architectural unity with those departments.. The following

should, therefore, be adopted as design conditions: -

(@ Turn the existing garage (42 m?) into a storage room for
medicines. R

@ Construct a garage for X-ray vehicles in a locstion near

the building and ensure that traffic flows do not

obstruct NTI's front entrance.
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4-3 Basic plans
(1) Site/location Plan

1) Measures for stabilizing the site slope at the Taiz

‘Bubcenter

..The slopes should be étabilized according to the
characteristics of the £illing soil, and the gradient
should reflect the depth of filled soil as shown in
Table 10.

Table_io: ~Filling Soil and Stahda:d Siope Gradient

Material . . . . Depth Gradient Remarks
Sand- of adegquate ‘grain 5-m or 1:1.5 - 1:1.8 | Applied to
size, gravel, and below filling soil
‘gravel mixed with fine - : on ground with
grains . . ... 1 5-15 m 1:1.8 -~ 1:2.0 | sufficient
- 5y : strength and
Poor grain size 10 mor} 1:1.8 --1:2.0 | with no water
below infiltration.
Rock (including 10 m or | 1:1.5 - 1:1.8
muck) below

10-20 m| 1:1.8 - 1:2.0

Sandy soil, hard clayey 5 m or 1:1.3 - 1:1.8

seil and hard clay .| below

(hard diluvial clayey

soil, clay, ete.) 5-10 m 1:1.8 - 1:2.0
Vblcanié aéh—type : _ 5 m ox 1:1.8 - 1:2.0

viscous soil below

—

Note:_ The depth of filled soil means the difference in level between
the top and bottom of the slope.

Applying this to the slopes at the Taiz subcenter yields
a gradient of about 1:18-1:20 (in fact steep at 1:15)

atcoﬁding to their scale.
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Since calculations of ‘slope stdbility*havéfreﬁéaiéd‘thét
the existing slope is not very stable, it is necessary to
examine the following plans for maintaining the slope in

a stable condition.

@ Plan for fiilihg soil {to reduce and stabilize the

slope gradient)

() Plan for restraint work {dfiviﬁg in reinforced

mortar piles to increase the shear resistance)

(3 Plan for restraint work (to increase the shear

resistance with ground anchors).

Examininé'theée work plaﬁs from the viewpoint of site
conditions, the construction:situ&tions, work:exeCutioﬂ
capébiliﬁy,'maintenanceéffee service, etca;reéﬁlts-iﬁ'the
details given in Table 1l1.: This examination shUWStPlaﬁ .

(D to be the most suitable method.
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Table 11 Examination of Methods for Working the Slope

o

(D Plan for £illing soil

Z)Plan for deterrent soil (reinforced mortar piling)

(® Plan for deterrent soil (grounding anchors piling)

Summary of Work

Plan for filling soi (gradient change)

Plan for filling soil (gradient change)

Existing slope

Deterrent soil (reéinforced mortar piling)

Deterrent soil (reinforcing mortar piling)

Deterrent soil {grounding anchors piling)

Deterrent soll (grounding anchors piling)

Execution
To nmake the sleope gradient a stable gradient of 1:2.0, To drive many reinforcing piles into the current To apply the site piling framework into the slope
through which the stability of the entire slope is to be slope to increase the strength of the entire slope. surface in order to execute -the grounding anchors
protected. It is necessary to take measures for rain Both the eguipment and materials for this purpose work. This methed requires removal of laid-down
water on the surface and to execunte the underground need to be brought in from foreign countries, stones in advance. Since the soil is loose, it is
Features drainage work, both adequately. The work may be This method is-efficient, but it requires a long necessary to reduce the bearing force per anchor
rather large scale, but controlling the work execution is time. -Also, since.a lot of water will be used {but increase the number of anchors).
easy, as it is a general working method. under this working method, there are slight
preblems with safety.
This working method is of the most trouble~free in terms Pouring mortar into around the reinforcing piles has Since this working method intends to increase shear
of slope stability (superior in long~term safety too) also an infiltration and pouring, even though it is a. resistance by pressing the ground, the ground aay
out of these three plans. It is preferable to.-make - little, and as a whole, the strength of the ground deform substantially, unless many anchors are piled
surface water drainage system flexible to follow the increases exactly. Long-term stability can also be to lower the tension on each anchor, as the ground
Effects compaction or more or less deformation of filled soil, expected. : is loose.

Site Condition

O

{(Hork execution highly difficult)

WA

The work becomes large scale, affecting
the building

X

Construction
Situation

(:) (Locally procurable)

523 (Procure work execution equipment from Japan)

(Procure work execution equipment and
ground anchors from Japan)

Degree of Difficulty
of Work Execution

O

VAN

Maintenance

() (Possible locally)

/\ (Difficult locally)

(Difficult locally)

> b X
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2)

. Determining the cross-sectional geometry

The plan for filling soil, as adopted in the preceding
paragraph, requires the acquisition of iand 15 meters beyond
the boundary line. Discussions by the Yemeni side indicated,

however, that mo land could be acquired., As a result measures

~ for stabilizing the slopes must fall within the site boundary,

and so some new aspects are introduced into the plan for

filling soill,

“a) Degign of the standard cross section

(D Small terraces

Since the slope is nearly 30 m long, small terraces
will be formed at the middle of the slope. These
terraces will assume the dual role of stabilization
and preventing erosion of the slope surface by

shortening the flows of rainwater during rainfall.
(@ Top and bottom of the slope

In order to reduce the gradient of the slope as a

whole, it is necessary to force the top of the slope

backward (toward the building) and to install a

gravity-supported retaining wall at the bottom of

the slope,
(® Slope gradient

_The gradient will be 1:1.73 (average gradient

including terraces = 1:1.84).
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Choice of slope protection work: (rainwater drainage work) -

Reducing the gradient is impOrtant3fqr'stabilizatign of
the entire slope, but it results in lbngé: flows for '
rainwater drainagefaﬁd'a larger,waterfcollecfion.area.
both of which are undesirable. Forrthis—reasbn,.the.
terracing in the middle of the slope was planhed,'but
there is a high possibility of gully erosion {gulleys
caused By flows during heavy rain), piping, etc., as
water fidws down the slope. Since these problems, if
allowed to continue, could lead to a catastrophé. '

adequate measures need to be taken.

The problems with the slope can be summed up by the

following'items=
@ Rainfall

As descéribed in subpara. 4—1»(1) adee, Taiz has a
basically dry climate, but with some heavy rain., It
'is sometimes hit by concentrated rainfall, during
heavy rain, over a short time (rainfall per day =
40-60 mm). On 3 October, 1990, for example, 67 mm
of rain fell in 45 minutes., When fﬁinwate: erodes a
bare slope without vegetation, the following '

phenomena are observed:
. Erosion by rvain drops

The erosion begins with loosening df'soil and sand
on the surface by the impact force, or kinetié'
energy,=of the water droplets. Further, the
rainwater picks up this splashed material which
then blocks tﬁe voids in the surface, thereby

reducing the overall infiltration capacity and
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increasing erosion due to surface flows at weak

. points,
Sheet erosion

This is a ﬁhenomenon in which a thin surface flow
of almost uniform thickness erodes the surface
soil almost uniformly. It is initial stages of a
new'slope’s erosion before developing into rill

erosion, .
Rill erosion

This:is the condition .in which the flowing water
gathers in rills. 1If the slope is short,
neighboring'fills'merge to form a much larger
rill, greatly enhancing erosion. Parallel ditches
on a .bare, cut glope are indicative of this.

. phenomenon. . If the slope is long enough, such as
& mountainside, a gradual convergence of the rills
as the water flows down develops into a large

gully.

. Gully erosion

Converging rills on a slope increase the flowrate,
and the scouring force increases leading to the

formation of a gully.

Nature of the soil

. -The soil constituting this slope generally has s

good gfain size distribution (large ratio of fine

grains). Since the soil is not well compacted as a

whole, it is very susceptible to erosion by

rainwater as discussed above.
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Unsuitable for vegetation-

" The climate is dry with long periods~of no rain, so
covering the slope with vegetation throughout the
year is not feasible. Thus this method of slope

protection may not be practical.
Maintenance and management ideas

It is necessary to ensure that no repalrs or.
reinforcement work is necessary after completion of
work on the slopes. Since children pass the area on
their wéy.to and from their school,'strohg measures:

should be taken.
Material acquisition’

The materials used in measures to stabilize the
slope should be that’aﬁailable.locélly if-poséible.
Avoiding the use of special materials as much as '
possible will result in“better-ﬁtilization of local
workers’ skills. This means a smoother flow of work
and allows immediate measures to be taken in the

case of an incident.
Appearance

The current slope and buildings reflect the'ibcal
stone culture very well, and are in harmony'wiﬁh the
surroundings. It is undesirable to introduce
anything of wunusual shapé or'ﬁateriﬂl in this'ﬁork.

It is necessary to cleariy understand this point.

- 107 -



ci

A study of these conditions led to the plans shown
in Table 12. It was concluded that Plan A would be
the most appropriate,

Treatment of the surface

Considering the conditions above and comparing and
examining the slope surface treatment procedures gave
rise to Table 13. The stone laying method (together with
mat work) of Plan 1 was determined to be superior in
terms of long-term safety, workability, and economy, and
this working method also harmonizes well with the
surrounding environment. Furthermore, most of the
matefials_needed are available locally, and optimum use

of local workers’ skills can be made.

The use of mats is common in riverbank protection and in

preparing slopes for parks and other landscaped areas.
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Table 12 Examination of the Slope Appearance (Slope Surface)
Plan A . Plan B~ Pian C |
Schematic
Sketch
/|
Mat work : - : : :
{Spray asphalt emulsion) (Spray asphalt emulsion)
Mats for preventing any rain water from -infiltrating Asphalt emulsion with high permeability is sprayed Grid frames are worked out onto the slope surface.
or being sucked out are placed-over the slope over the slope surface, upon which mats are then Within these frames, a longitudinal drainage system
surface. Asphalt emulsion is spray arocund the laid down. These mats are weather resistant and is laid down densely, as well as asphalt emulsion’
mats to minimize the infiltration of rain water, as of strong material, over which asphalt emulsion - being sprayed around to prevent any rain water from
well as to increase their endurance, - A subdrainage is sprayed to increase their weather resistance. infiltrating the filled soil, thereby collecting the
system is to be laid out on the back of the mats to resistance. ' rain water flowing down through these frames.
Features collect the water from the surface. : ' :
To have sufficient resistance against erosion by o have sufficient resistance against erosion by This method is inferior in the countermeasure against
rain water. : S o : rainwater. o ... oo o . erosion by rain water to Plan A and Plan B.
Even if cracks form among the stones iaid down To follow the compaction of filled soil as well. ] Good workability because materials are light.
after compacting the £illed scil; the mats so worked Superior in workability because are light materials. Applicability not good after compaction of filled soil.
can prevent large volume of rainwater from . Since ‘there is no actual record of permanent measures Dark black in color and as such is not in harmeny
infiltrating. The filled soil is well familiarized on weather resistance, this slope is slightly witn the surrounding environment.
with the stones laid down to follow the compaction inferior. - . o . _ Either deforming the grid frames or eroding the
Effects of secil as well, : : o _ Dark black in color and as such is not in harmony filled surface soil raises questions in terms of
There are no problems in maintenance and management, with the surrounding environment. .. maintenance and management.
This finished slope lcoks good and is also in As thé slope surface is easily released, problems
harmony with the surrounding environment. . remain in maintenance and management.
Total O _
Evaluation éizx ><
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Table 13 Examination of How to Treat the Slope Surface (Countermeasure Against Rain Water)

Plan 1

Hor
Metﬁgg Plan 2 Plan 3
Sunmmary of
Work _
Execution
1 ‘ ;
= olui:r ] .*1
e
’. .L_.).‘._g-f '
Sand mats are laid down over the filled soil surface, Stone are laid dlrectly ‘onto the formed, filled soil spaces between stones are joined with concrete so that
over which asphalt emulsion is sprayed., On the - surface, Joints are made every 2'm in a crossing form, joints still remain closed, even if any crack is caused
top, stones are laid. ' over which asphalt is blown (t =71-=2 cm}. | by compacting of the filled soil. The joining material
The sand mats-are sprayed with emulsion to reduce Spaces- between ‘stones are joined with concrete 50 that should be 6f a stable material even under high
their permeability and prevent any rain water from joints still remain closed, even ‘if compacting of the temperature.
infiltrating into the filled soil. filled. soil prodices cracks._ The jointing material should| For safety's sake of all the laid-down stomne, anchoring
Even if settling down of filled soil causes cracksixlthe be of a stable 'material even under high temperature. . ~ them with reinfoced concrete is required (one anchor pel
concrete, the finished slope is safe against. Concréte also should be of sufficient thickness to ensure | 5-10 n?}.
infiltration and erosion by rain. water, because the ‘no cracks among the joints. For safety's sake of all the | In addition to being time and manpower consuming, pouring
Features sand mats follow the movement of the filled'soil. _1aid down’ stones,. anchoring them with reinforced concrete tends to become 1nc0mp1ete, as the shape of stones is not
Reinforcing the slope with reinforced concrete needs is required (2 anchors per block). . . uniform.
to be worked out in order to prevent auy stones laid ‘This is a method to supplement the defects (time and Since pouring at normal temperature flow out due to
down from becoming loose or collapsing. manpower consuming and incomplete pouring)- of Plan 1, ‘pouring on the slope, a heating-up and pouring method
. but 1f any crack is’ generated at any other than the is called for (very difficult to control temperature}.
joints, a water path tends to be formed between the
| concrete and the filled surface. For this reason, it
| is necessary to work out a sufficient subdrainage
systen. .
Mats can prevent any fine grains-of soil from being ‘This is a method to supplement the defects (time and The work execution requires a long time, and pouring
sucked out, even if water seeps out of the under- fnanpower consuming and incomplete pouring) of Plan 1, also reguires thorough control, but applicability to
ground, as well as any rain water from infiltrating and has a certain extent of followability to the filled the filled soil is high.
the filled surface soil. The mat can alsc make stones ‘s0il. To reduce the work of reinforcing the slope with
well familiarized with the £il1l soil. - Since it can also be assumed that cracks may partly reinforced concrete, backup concrete needs to be placed
Although there is doubt about the life of mats, laying form within blocks, densely reinforcing them : thickly as in Plan 2, but it is not advisable for
them down underground and spraying asphalt emulsion with reinforced concrete may be required for subdrainage. stabilizing the slope (no applicability to setting down
over them, allows them to last for a long time,.. Even Binding the novement ‘of -each block: requires reinforcing and the filled soil, by which voids can form on the
if settling of filled soil happens to cause any voids, it with reinforced concrete of about 2 anchors/m? per back of the stones laid down).
settlement due to flowout of fine grains canbe prevented, | block. . -
because mats prevent any flne grains of soil from being’ To prevent cracks from forning within any
sucked out, too. . block, backup concrete needs to be placed thickly, but
it is not advisable for stabilizing the slope.
Slnce voids ‘and water paths tend to be produced on the
back of the stones 1a1d down, the subdrainage needs to
be worked out in a certain density.
Total {E' :X(
Evaluation
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d) Building foundation reinforcement

‘The bearing strata at the site, based on the results of

‘boring tests, are shown in Fig. 8 below.

" Levels of bearing strata

Fig. 8 DBearing Strata at the Site

: An'exémination of forced piling, driven piling, ground
.improvemgnt, and other methods of reinforcing the
'foﬁﬁdétioﬁs'from such #iewpoints as economy,
effectivgneﬁé,_and local skills gave rise to Table 14
below.: PlahIA'was selected as most suitable after an

overall evaluation.
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Table 14 Examination of Measures for Reinforcing ‘the Building Fouﬁdation

. -
Plan A Plan B Plan C
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This is a method of excavating under the foundations, This is a method of iﬁprbving the ground by This is a method of boring holes (4450} around
into where jacks are put and steel pipe piles are pouring a chemical sclution under the foundations the outside of the building with a well digging
forced, using two piles per column. _ - around the outside of the building. machine.
This 1s a method of putting jacks under the existing This is a method of excavating under the foundations This can be performed with a well digging machine
Features foundations, 1.0 m long steel pipes (dia. = 300¢4mm) with a boring machine, and then pouring chemical Because of its excavation capabilities, it can reach
to each other at a time by welding and then to solution into the space to solidify the ground. the bearing layer.
force them thereinto. There is neither vibration nor
nolse during work execution.
Term of work: 10 months (1 group) Term of work: 10 months Terim of work: 3 months
The use of two piles'per column can give'sufficieﬁ£_ This melhod can increase the'interceptability, as well This method can obtain morerground bearing
EfFect ive- bearing force. As piles are to be hammered in to meet as the ground bearing force, under the foundations force than any cther method. This method has the pile's
n;ss . the column cores, no eccentricity is produced. Piling around the outside of the building. An increase in the bearing force transmitted to the building via the
can be performed inside the building. : ground bearing force of the entire building can be beams to be newly installed.
expected. o : '
Affect on - '
medical Slight Slight There are vibrations
activities :
Ability to | High degree of skill is required. High chemical solution cost. The impossible work by approaching the building increses
execute Inferior in terms of bearing force, a pile's eccentric distance to 1.0 wm., Solving this
L eccentric distance results in a large scale of
reinforcement with beams.
Relation To reduce the structural load on the slope.. To'reduce the structural load on the slope is To reduce the structural load on the slope.
with . " impossible.’
slope
Total ' A
evaluation '
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(2) Facility Plan
1) NTI storage for medicines

The existing gavage (42 m?) at the NTI will be turned
-into a storage afea for medicines.  Locating the storage
here offers such advantages as ease of control and a
-minimization_of the work, as shown in Fig. 9 below. It
will cause no problems for the 4WD vehicles that were
képt in the garage, because these vehicles are often left
"in ‘the parking lot around the building rather than in the

garage for the sake of convenience.
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Fig. 9 Location of Storage for Medicines
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Garage for X-ray vehicles

The garage for X-ray vehicles must be over 3.7 m high
because of the vehlcle s height. Fof this reason, it is
desirable to choose a location that does not impalr the
appearance of the NTI building. The location best able
to meet this condition is shown in Fig. 10 below. An

area of about 6 m x 9 m = 54 m? is required.
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Fig. 10 Location of Garage for Roentgen Vehicles
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Fquipment Plan

Each area, including'the NTI (Sanaa City vegion), the Hodeida

" Subcenter (Hodeida Province) and the Taiz Subrenter {Taiz

Province) is divided into 18 blocks consisting of Sanaa and

other provincial areas.

In developing the countermeasures against tuberculosis,
previously carried out by the former North Yemen's three
centers centefed on the ﬂTI,.to the national level after
unification, the new Republic of Yemen has appointed and
stationed.GTCs at the central health centers in 18 areas
throughout the country to improve local tuberculosis control.

It is necessatry for each HCU in these areas to play a role by

undertaking its work with a minimum of equipment and

materials, rather than by the system of direct patrol
supefvision which exists today. With this objective in mind,
distribution of equipment and materials has been planned based
on the scale and level of the HCU in each area. The results

are as shown in Table 15.
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Table-15 Eguipment Distribution Plan

Dlstributed to health centers

Primary Microscopes
medical which have received patrol
care _ : guidance by local central

First-aid kits health cehters, NTIT and the
‘two subcenters under the
administration of GICs,

Office Copiers, blackboards, Distributed to support GTC’s
equipment | typewriters, facsimiles activities

4WD vehicles

Relatively Automatic X-ray Hodeida and Taiz subcenters only
advanced developing machines : ' C :

medical

equipment _ .

Water softensers 'NTI, Hodeida, and Taiz sub-
centers only.

Aspirators NTI, Hodeida, and Taiz ‘sub-
centers, and central health
centers which are capable of
proper use of asp1rators.

" Resuscitator sets NTT, Hodelda, and Taiz sub-
centers, and every local
central health center. {Two
places at Aden).

Personal Provided to NPT and the
computers Ministry of Health's anti-T.B.
section for information link-
up. '
Ambulances NTI, Hodeida.Subcentei. and
central health centers at Aden
and Haderamout (Note)
Hote: Since it was discovered durlng the survey that a hospital

adjoining the Taiz Subcenter has a transportatlon ‘system, it
will also be used in the project. Equipment will be-
distributed as shown in Table 16. The digtribution quantity
of equipment will be determlned based on the acuteness of
demand for equipment. The equipment is intended to be
distributed to health centers which have received patrol
guidance by NTI and the two subcenters which have attained
advanced medical level to fully utilize the equipment,.
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(4)

Basic Desigh Drawings

1.

NTI X-Ray Vehicle Gargge

NII Medical Supplies St.o're

Plan of Slope on Taiz Subcenter "Site

Section through S;op; oﬁ'Taiz Sﬁbcentgr Sitg
Layout of'Pres§ure-Driven Piles.fo; Taiz:Subce;tg;:

outline Drawing of Pressure-Driven Piles for Taiz

Subcenter
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(1)  Basic Design Drawing | S o - a | NTI X-ray Vehicle Garage 1:100
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(4)  Basic Design Drawing o I IR - " Plan of Slope on Taiz Subcenter Site 1:400
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4-4 Execution Plan
(1) Execution Policy

~ The plans for executing the NTI storage area for medicines and

- the gafageufor.x—fay'vehicles should all be made such that
they .can be handled using locally available skills. On the
other hand; measures for the slopes at the Taiz subcenter will
be supérvised by Japanese engineers who are to stay at the
gite since stabilizing the slope is directly related to

- .stabiljzation of the entire site and because reinforcing the

.'building-foundatiqns'also includes tasks beyond the
capabilities of locally available skills. The roles of the
Yemeni and Japanese sides, respectively, are shown in Fig. 11

below.

Japanese
Covernment (E/N) Yemen Government

| JICA Ministry of Hearth

%,

40,

A7)
. g
Reportin o 42

eporting . Q$b§& (Construction contract)
Su
p@rvi

it e
1S P 5
portjng- Japanese

. Datail design Contractor

» Tender document . Comstruction
Yemen's
Contractors
and

Engineers

. Supporting of . Procurement
- tendering of machinery

Fig. 11 Roles
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(2)

(3)

The Local Construction Industry and Points to Note in

Executing the Project

Procurement of materials and manpower within:the Republic 6f
Yemen is basically possible. . It.may,:hoﬁevef; be deemed
necessary to dispatch engineers'from-Japanufor_work}requiring
a high_degree of technical accuracy, such as:reinforcement of

the building foundations at the Taiz subcenter.

Since almost none of the medicalfequipment:ié.being locally
manufactured, this means it.must be procured from Japan. It
is necessary to select manufacturers whose maintenance syétems
are well established so that:nc-prbﬁlem occut with

maintenance, management or repair of:such equipment.

The Japanese contractors will be in charge of execution and
supervision, while the locally contracted laborers should

handle physical work.
Execution and Supervision Plan

In the execution and supervision of -this project, it is
important. to match the local procurement of materials with the
schedule, to secure their quality and a§Curacy, and to make
adequate plans to transport the equipment and materials
procured from Japan. Construction édpérﬁiSOfs'sﬁould be
dispatched from Japan when starting and COmpleting each

operation.
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1) Management activities to be pevformed in Japan:

. Cpmprehensive process management and checks of the

reporting process.

.-Approving execution programmes submitted by
constructors, site engineers, materials and eguipment,

manufacturers, and subcontractors.

. Inspection of such domestic products as_equipmeht,

materials, and supplies, to be delivered to the site.
. Reporting'activities to the Japanese authorities.
2) - Supervisory activities to be performed on site by the

supervisors:

. Joint attendance at, supervision of, and technical

instruction in wvarious tests,

. Inspection of such products as equipment and materials

which are manufactured locally.

. Site instructions for solving problems and other

matters concerning the execution of work.

. Checking and approving the drawings for execution of

work.

. Reporting activities to the Employer and activities

concerning the matters approved by the Employer.

Inspection of each process.
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