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1. Introduction

1.1 Background

In Tanzania, there is an area of 29.4 million h#éhwhe irrigation potential, and among
them the area having high irrigation potential i8 illion ha (National Irrigation Master
Plan, 2002). On the other hand, Tanzanian goverhnm@a promoted the irrigation
development under Agricultural Sector DevelopmemigPam: ASDP, and the irrigation area
spread to approximately 460,000ha (2014) and rehaimost 20% of high irrigation
potential area as a result.

However, some of the irrigation facilities have hedamaged after a few years of their
completion for various reasons, and agriculturadpction from the projects has regressed to
the previous lower level. In this regard, it is eegary to promptly restore the function of
irrigation facilities to higher level, otherwiserdaged facilities will become irretrievable, and
higher rehabilitation cost and new project cost siagin the Government resources.

1.2 Objective

Various problems that cause damages and malfund¢tothe irrigation facilities are
monitored and their sources are analyzed in the ifiwestigation. Continuously findings in the
analysis are reflected to facilities planning, gasand operation and maintenance methods in
consideration of the present operation and managesiteation of facilities.

Meanwhile, the shortage of the engineers and aaetgtin materials has been pointed out in
the investigation report for establishment of dethplan in TANCAID Il (Tanzania Capacity
Building for Irrigation Development (Technical Caaption for the Capacity Development for
the Promotion of Irrigation Scheme Development uride DADPS)), but it was clarified that
proper rehabilitation work could not be continugushplemented with practicable design and
construction manuals/ guideline.

On the occasion of the review, problems such a& ¥eeadation, deficiency of the irrigation
water, lack of section dimension are to be clatied the rehabilitation work are implemented
while taking the local situation into consideration

1.3 Scope of the manual

This manual picks up the check points for desigd eonstruction of irrigation facilities
and the points given in here are extracted fronh geample in Tanzania and Japanese criteria.
Moreover, this manual covers rehabilitation worksfprmed in TANCAID | such as head
work, open canal, division structure and so on.



1.4 Relation to relevant Guidelines and manuals

The Guidelines consist of the main part and esfee materials. The former shows the
process of the procedure for Formulation, ConsoactO&M and training. The latter collects
a series of technical standard to supplement the baaly.

The Rehabilitation manual improves the ability ainél Irrigation Offices and Districts
staff by being made as Technical Guidance in the@ehensive Guidelines. (Figure 1-1)
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| The ComprehensivGuidelines (CGL)

Technical Guidanc

Standard desigmanua

Rehabilitation manu

Manual for Farmer Participatory Repair work of irrigation facilit

Il Referenc material:

— Formulatior i Irrigation design manual (volume 1
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Other:
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Others

Figure 1-1 Relation to relevant guidelines



2. Procedure of the rehabilitation work

The rehabilitation work shall be performed alorafichart as shown in Figure 2-1.

Inspection an

Grading

Preparatory works

v

Facilities’ inspection

Large rehabilitation wol
by Z1O & District

y

y Grade -3
rading of deteriorated condition—
Grade¢ 4 v

Daily monitoring
repair work by 10

Scheme Awareness Campaign

I

Participatory Action Planning (PAP)

v

Participatory Diagnostic Study (PDS)

v

Letter of Undertaking (LoU)

Implementation

'

Feasibility Study (FS)

'

Financing Agreement

.

Detailed Design (DD) / Tender Documentati

v

Tendering / Contract Award

}

Implementation

Figure 2-1 Procedure of rehabilitation work




Examination item in each step of Section 3 is devis.

| 1 Inspection and Grading

Facilities’ inspection shall be performed accogdio “Manual for Farmers’ Participatory
Repair work of irrigation facilities”, 2013 and thegrading of deteriorated condition should
be considered with each irrigation facilities.

When deteriorated condition of the facility isakyated as grade 4, ZIO and District should
establish the rehabilitation plan. On the otherdhahe facilities evaluated as grade 1 to 3
shall be performed as daily maintenance or smpdiravorks by 10.

| 2 Implementation]

The rehabilitation plan should be establisheagating to Section 3 of CGL.

However, Step 3: Participatory Diagnostic Study $phall be carried out from the
viewpoint of confirmation of deteriorated conditjocause analysis and examination of the
solution corresponding to each causes.

The procedure of Step 3 is as follows.

Step 3 Participatory Diagnostic Study (PDS)

During participatory diagnosis study, 10: Irrigagb©rganization and Districts, ZIO should
confirm deteriorated condition, and discuss theseawf problem.

The cause should be classified into matter condedesign such as selection of soil type,
groundwater level and matter concerned construcBanh as insufficient backfilling,
inadequate embankment, and so on. Moreover, thgi@w corresponding to each causes
shall be examined.

The work items of each step is as follows.
(1) Confirmation of deteriorated condition
(2) Cause analysis

In this step, the cause of deterioration dalsorted by the matter related design and
construction.

I. Design

- Selection of soil type
- Groundwater level
- Bearing capacity of basement



- Hydraulical design
- Structural design etc.

ii. Construction

- Insufficient backfilling, banking

- Inadequate embedment

- Insufficient plaster of mortar

- Poor sand cement ratio

- Inadequate supervision

- Lack of drainage facilities etc.

(3) Examination of the solution corresponding toleeauses

After this procedure, several solutions shall bmsarized as final solution.



3. Check points for better design and construction
3.1 Design part

3.1.1 Design of apron

[ Subject]
What is the matter which you should note on theasion of a design of apron?

[ Countermeasure]

In case of designing a head work, several dinsensf the apron should be secured to
prevent the damages and malfunctions of facilitiesn floods. Then, required creep length,
thickness and length of apron, etc. shall be delcigéng following calculation.

= P Length of apron . . Length of riprap

< Ll

y
N

Thickness of apron

Cut-off wall

Creep length

Figure 3-1 Model of the apron

Example of Kimbande scheme (Nyasa, Mtwara)

Base concrete washed away Completed

[ Point of view]
(1) Required creep length for preventing excessaspage

Creep length below must be ensured when a wearistoucted on the pervious foundation.
Larger creep length estimated by the following ¢igma (Bligh’s method and Lane’s method)
is ensured.




< Bligh’s method >

S>CxH
S : Length of creep measured along the foundatoe bf the diversion dam,

which differs from the actual percolation path. (m)
C : Coefficient which varies depending on the pexbidy of the foundation.
H : Maximum head difference at upstream and dowastrsides. (m)

< Lane’s method >

L>C'xH

L : Length of weighted creep length (m), =& + 1/3 X |n

Iv : Creep length of vertical direction (inclinatiohraore than 45°)

In : Creep length of horizontal direction (inclinatiohmore than 45°)

C’ : Coefficient which varies depending on the peafility of the foundation
H : Maximum head difference at upstream and dowastrsides (m)

7
= b
\\_/ v H1 Riprap protection
S S/
2
linati | 2 | | h I-Tl: Difference of elevation
Inclination angle " Creep lengf H2: Difference of water surface
H: Larger value between H1 and H2
Figure 3-2 Profile of apron S=€1+02+¢3
L= ¢1+02/3+¢3
Table 3-1 Coefficient values of C (C’)
Foundation Bligh’'s method Lane’s method

Silty sand or clay 18 8.5
Fine sand 15 7.0
Medium sand - 6.0
Coarse sand 12 5.0
Gravel - 4.0
Coarse gravel - 3.5
Sandy gravel 9 -
Cobble stone with gravel - 3.0
Rocks with cobble stone and gravel - 2.5
Rocks with gravel and sand 4-6 -
Soft clay - 3.0
Medium clay - 2.0
Heavy clay - 1.8
Hard clay - 1.6




(2) Apron of downstream

< Thickness of the apron >

The thickness of the apron can be obtained usihmving equation so that the dam body
have enough weight to resist the up-lift pressure.

t>=@4/3)X (AH=Hf)/(y-1)
t : Thickness at any point (m)
v : Specific weight of material for apron
AH : Maximum head difference at upstream and dowastrsides. (m)
Hf : Water head loss at any point
4/3 : Safety factor
t2 = 0.50m (general river)
t2 = 0.60m (Pebbly river)
S : Whole creep length
S’ : Creep length to any point
Hf = AH/S XS’

La

Figure 3-3 Thickness of the apron

< Length of the apron >

Length of apron is expressed by the following eui$o as to protect riverbed erosion and
scouring downstream of weir.

La=0.6 x C x (D2
La : Length of downstream apron (m)

D1: Height from apron surface of downstream end to arest (m)
C : (Bligh's) C



(3) Length of riprap protection

The length of riprap protection is estimated ugoitpwing equation.
L=Lb-La
Lb =0.67X CX (Ha* q)* X f
L : Length of riprap (m)
Lb : Total length of apron (La) and riprap (L) (m)
Ha : Water level of downstream in dry season toafojhe dam peak (m)
q : Amount of unit water flow at design discharg&/6ec/m)
C : Coefficient values of Bligh’s method

(4) Cut-off

Cut-off wall to restrain the excessive seepage tansecure the safety the dam body by
prevention the piping, obstruction wall againstwarg of river bed caused by water flow
shall be installed respectively.

As to cut-off depth installed at the end of upstmieaimilar depth of dam-up height (h)
should be secured to prevent local scouring. Maeowhen the soil type of basement
consists of fine sand, at least 1.5 times deeper dam-up height shall be set.

Obstruction wall to protect the dam body agaststuring of downstream shall be installed
in consideration of the river bed situation, spged, structure of riprap protection, and so on.

h \ >

K

Obstruction wall

>

h'=h
<In case of sand
h'>=1.5Xhy

Vv

<

Cut-off wall

Figure 3-4 Cut-off wall and obstruction wall



3.1.2 Canal protection against flooding

[Subject]
What kind of measures are there to minimize thiapeg of irrigation canals by the flood?

[Countermeasure]

Provision of mass concrete capping or concr
slab along the top of the lining is effective
prevent scouring behind the lining. Also sto
pitching installed at the top of the canal is difex
to prevent scouring. Stone pitching can increg
roughness coefficient, thus flow velocity becom
low on the stone pitching portion.

[Point of view]

Various factors are related, and then collapse -
the malfunction of facilities are caused. Moreov¢
there are many cases of deteriorated structur
scouring of the back soill.

Especially, lining canals are susceptible to g
damaged by overflowing of floods from
direction of the canal.

Therefore, in the stage of the outline desigrs

necessary to hear from farmers about the floods aﬁgllapsed canals |
to examine the field survey taking drainagedloods
measures into consideration.

overflowing of

Width=0.3-0.5m Mass concrete /
Concrete slab

Lining
(Concrete block / Masonyy

w, <~ Flood water from a back land

Local scouring
Stone pitching

Figure 3-5 Protection of lining
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3.1.3 Characteristics of black cotton soil

[Subject]
In case of black cotton soil, what kind of consat&m is necessary?

[Countermeasure]

Side slope as 1:1.5 may minimize a collapse ofithe wall of canals. In the case canal slope
Is protected with a concrete slab or masonry linieglacement of surface portion with another
soil may effective to keep the black cotton sostable moisture content, hence expanding and
shrinking of the soil is minimized. '

Lining
(Concrete slab / Masonry)

15

Black cotton soil

Figure 3-6 Side slope for lining canal

Lining

Black cotton soil

Replacement with gravesandy soil animorram
or well grained earth materials.
— Width of replacement is 0.15m or wider for

compaction work.
0/15m or Lvider

Figure 3-7 Replacement of backfilling

[Point of view]

Black cotton soil is a special soil in which théea high content of expansive clay known
as montmorillonite that forms deep cracks in dsessons or years. Expansive soils occurring
above water table undergo volumetric changes wigmge in moisture content.

Increase in water content causes the swellingeftils and loss of strength and decrease
in moisture content brings about soil shrinkageelBmg and shrinkage of expansive soil
cause differential settlements resulting in sevEnmage to the foundations, buildings, roads,
retaining structures, canal linings, etc.

11



3.1.4 Depth of embedment of a structure

[Subject]
How much depth of embedment should be secured?

[Countermeasure]

The depth of embedment of a structure shall beniéted based on the basement situation
although influenced by the topography condition.r&twver, when the structure is installed in

the river, necessary depth should be ensured t@pracouring of river bed.

Ground surface, River bed

A

0.3-1.0m

\ 4

[Point of view]

In case the base is almost plane and there is
risk to be scoured by erosion or weathering,
depth of embedment shall be 0.3 m.

At the site where the front of base inclines a
risk of scouring by erosion is supposed, the de
shall be 0.3 m and the width of banking should
ensured at least 1.0 m.

When the gradient of longitudinal canal slope ismpedmer before concrete placem:
gentle, the depth of embedment of a structure shall

be 0.5 m. Moreover, when the canal slope is staeprisk of scouring or damage by stone

flow is supposed, 0.7 — 1.0 m of embedment shoeldrisured.

The base of retaining wall shall be embedded imtaigd about 0.5 m or more to prevent
scouring of the riverbed. When the river flow vetpds fast, more than 1.0 m of depth of

embedment shall be proposed.

12



3.1.5 Base concrete work for canal protection

[Subject]
How much thickness of base concrete work shouldopsidered?

[Countermeasure]

The thickness of base concrete should be secamedsponding to the basement condition
and velocity of the water flow to prevent from sdag of wall foundation.

[Point of view]

The base concrete thickness of the canal shall. be i taking basement condition into
consideration, beside 0.20 m should be ensurechse cnaximum velocity of water flow
exceeds 3.0 m/sec. When the basement is not gasd,dravel (thickness = 0.15 m) shall be
employed if needed. Moreover, ground sill for thasemry structure is very important and the
sill shall be made by concrete to support the upgu@ad of the structure.

W 300

[150

" Mass Concrete
Masonry Lining
{Mortar Plastering)

" Back Filling Gravel

According to “Manual for Construction

"x\:“—Mass Concrete  Supervision for Small Scale Irrigation
A “ Base Gravel Development Project”, mortar ratio for
plastering is “1:2” and mass concrete is

(unit: mm) “Type-C”.

Figure 3-9 Drawing example of base concrete

It is worth to consider that wood can be used aslstitute
for concrete to secure the stability because tinoson of
the wood rather does not advance in the water. Woad  \y/04 sill N
used as the sill of masonry, wood and wooden piidl be i
placed as shown in Figure 3-10, and these matesfiasid
be united well with wire each other. Crosspiece wood

Figu8€L0 Example of woodn sill
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3.1.6 Catch drain

[Subject]
What kind of case does the catch drain plan in?

[Countermeasure]

When an irrigation canal flows down along a contug and it is unavoidable that the rain
flow into the canal or beneficial area, catch distiould be installed at upper side of the canal
or farm land.

[Point of view]

The catch drain is a canal to carry the outflc
from areas other than the irrigated area direc
into the drainage main river instead of flowi
into the internal beneficial areas.

Catch drains that can safely remove t
discharge during flood conditions shall
designed based on investigation results of
drainage area.

o

While the routes are located along the~,ich drail by farmers’ contributio

perimeter of the project area, they are frequently
located inside of the bank in order to treat the
seepage water.

Design discharge shall be decided based on piem and the basin area.
< Calculation example >

0.1 n¥/sec/knt = 8.64 mm/day
(In case precipitation rained per a day will fldewn in a day from the farm land.)

When 40mm/day is set as targeting precipitati@sjgn discharge will be 0.463sec/kn.

14



3.1.7 Effective good use of existing structure araderial

[Subject]
What's the matters that require attention wheneaithe materials?

[Countermeasure]

In the rehabilitation work, examination for the seuof the materials, such as concrete
wreckage or the cement brick as backfilling, shdvgdcarried out from the viewpoint of cost

reduction.

[Point of view]

The rehabilitation work starts from the demolitimindeterioration structure and much scrap

occurs. On this occasion, some scrap can be usedaserial.

As to masonry, collapsed natural stone must be wstttively. Reuse of the stone

contributes to cost reduction and shortening oftcthvestruction period.

But it is necessary to remove the mortar &
the soil which attached to the surface of t
stone because the strength as a structure she
decreased. '

Similarly, reuse of these materials, such
masonry and natural soil, as a composition
the concrete should be avoided because §
materials have possibilities to cause a stren
drop by the contamination of soil and sand.

Concrete wreckage used as backfilling

15



3.1.8 Unlined canal

[Subject]
In case of unlined canals, what kind of considerais necessary?

[Countermeasure]

It is important to set the velocity of canal fldé®ss than the maximum allowable velocity to
avoid the scouring of basement and erosion of siodge. Moreover, at the point where the
velocity shall increase temporarily such as doveastr of division structure and drop
structure, careful examination corresponding tostietype is needed.

[Point of view]

In Tanzania, unlined canal occupies much
portion of irrigation and drainage canal becau
construction cost is low and construction peri
is short in comparison with other canals such#
concrete slab lining or masonry lining cané
and so on.

On the other hand, this type of canal h
some weak points such as easiness to be era

Moreover, unlined canals are basical% e
constructed on two types of conditions; name Erosion of side slope
on embankment and on natural ground (mostly carmistructed by digging or excavation).
These conditions may differ in occurrence causechimal degradation, and sometimes affect
to seriousness in social impacts. Large impacts neqyire urgent countermeasures.

For example, in the embankment cangs
social impacts are considerably large, whgg
embankments are breached under degrada
such as piping. In the canals excavated on
natural ground, there are cases that land
roads along the canals are damaged
excavation or erosion on their side walls.

So, when the countermeasure according 8
the problem shall be examined, taki
constructed condition into consideration is Scouring at the downstream of divisi
necessary. structure

16



3.1.9 Consideration to a way of cattle

[Subject]
About cattle traffic, what kind of considerationnecessary?

[Countermeasure]

In case of canal designing, traffic course of eatthall be grasped beforehand and
installation of small pass or bridge for cattle é&w be considered.

A

HW.L g}\ A .
The height of ach steg
. _/ should be set to be able to
= walk up and down for cattle.
~J |

(unit: mm)

200

JWJ 500 | | 500

Figure 3-11 Image figure of cattle pass

[Point of view]

Cattle are raised widely in Tanzanian rural area they go to feeding grounds from
farmhouse every day. But they cannot come and emyfrafter construction of canals made
by masonry or concrete slab and there are some taatethe side wall part of canal damages
by the traffic of the cattle.

So, examination of the traffic road for not onlyrfeers but also cattle shall be needed, and
such cattle pass mentioned above figure will prexaddrinking fountain.

17



3.2 Construction part

3.2.1 Earth work

[Subject]
What is the point to keep in mind in earth work?

[Countermeasure]

The earth work is the basis of construction amdlso difficult to obtain the planned
strength of soil. Since the main factor of theidiffty shall be moisture contents, dry work
which is executed in the condition of suitable rigis control should be considered.

Moreover, the strength of structure shall be dietibased on the foundation strength,
compaction work at backfilling and banking is vénportant.

[Point of view]

The earth work in construction can advance fromaeation, cut off trench, slope
adjustment, back filling, banking and compactiae, &ith a series of flow. Since the nature
of the soil changes big by included moisture contgroundwater, spring water and rainwater,
dry work should be considered.

Drainage facility plan shall be developed in orderprevent ponding due to rainfalls,
spring water, etc. at all times during constructexecution. Particularly, the treatment for
foundation ground of structure shall basically udeymethod of construction in the complete
dry state, and the treatment method shall be seffily studied before its implementation.

(1) Excavation and trenching

The excavation shall be performed to secure
required dimension of structure within the pradtig
extent by digging down to the prescribed level with
loosening other part as much as possible and
evenly finished surface as well. When changes én
design parameters are significant enough to r@&s
suspicion regarding the bearing capacity of fouodat#= :

ground, etc., the safety of structure must be co®ftl. £, .4vatior at the canal constructi

When over digging across the formation level, biickfsing gravel and sufficient
compaction is necessary.

(2) Slope finish

Slopes shall be finished with the gradient spegiirethe design documents. When the loss

18



of slope stability is possible, or when the conginn cannot proceed due to exposed rocks
and boulders, or due to spring water, the desigarpeaters shall be reviewed to confirm the
safety.

(3) Backfilling

While the properties of backfill soil conforming t§
the design conditions shall be used, various thi8
must be removed before starting the work.
during its implementation, the backfilling must &
performed with due caution not to impact ti8
structure. !

The structure shows its function in a body witb &
back earth. When the compaction functio

sufficiently, encroachment is prevented and Backfilling at the culveri constructiol
contribute to longer life of the structure.

On the other hand, recognition about the importarideack filling and compaction seems
to be not enough in Tanzania, and as for the casghvgoil is only put in is also observed.

The phenomenon such as crack and collapse of atwgeustart from washing out of
foundation mainly and it should be understood thatifficient back filling is major cause of
them.

It's effective that the engineer practices and shdle method of back filing and
compaction work. The procedure of the series okvsaattering soil with thickness of 15 cm,
watering (adjustment of hydration), and ends witihnpacting using lunge tool (hard tree) or
compactor.

Moreover, the consolidation may happen with shriyygken some period after back filling or
compaction because of removal of water in earthnkcessary to put the soil into the portion
of differential settlement in daily maintenance twor

(4) Banking

While the material used for banking shall confors=
to the design conditions, the banking shall besfied
with flat surface and the gradient specified inigies &
documents. Also, when banking is performed g
ground with steep slope, the adhesion betw¢ s
banking and existing ground must be achieved o
measures such as bench cuts, etc. in order torpres ™

. Bankinc at the roa constructiol
slides. s

19



When banking is performed over soft ground or gbwvith high groundwater level,
drying of the banking bed must be achieved by mkimeasures such as installation of
drainage trenches as early as possible. The bankorg under this situation shall be
performed with due caution including monitoring gettlement status, etc.

Banking work must be suspended when situationseasritbed below occur, and actions
appropriate for the extent of situations must lxerna

I. Underwater banking work has occurred.
li. The moisture content of material is no longpp@priate due to rainfall.

iii. The banking foundation ground does not have bearing capacity specified in the
design documents.

Iv Unforeseen settlement or slide has occurrechduronstruction execution.
(5) Compaction

Compaction work shall be performed properly :
accordance with the compaction specificatif
(machine type to be used, layer thickness, num
of rolled compactions) predefined in desig®
documents in consideration of the moisture cont,_*
and weather conditions of the site.

Compaction of embankment is very important
prevent leakage from the canal. However, durii TR
dry season clay type soil becomes very hard ; Compactiolat the dar constructio
effective compaction will not be possible. Wateriag
saturate soil will be necessary to keep optin
moisture contents of soil for good compaction. :

Normally, if soil has sufficient moistures
compaction by feet will be effective. But when s¢
becomes dry and hard, machinery or compactor ¥
be necessary to effect good compaction. :

Compaction should be continued duri
maintenance period. It will take a few years f
embankment to become stable and firm.

Compactiol at the roa constructiol

During maintenance period, irrigation and drainegeal and maintenance/farm road should
be maintained and repaired when necessary, therdmmieat should also be strengthened by
adding silted soil from canal on the embankment@mogerly compacted.

20



3.2.2 Concrete work

[Subject]
What is the essential point for making high quatioyncrete structure?

[Countermeasure]

The nature of concrete changes in short ternmpgurtreatment which should be applied in
each steps is necessary. Especially, since theratenstrength shall be decided within one
month, tasks executed on site (from placement tim@)is very important.

[Point of view]

Adequate construction control must be provided withe attention paid to each
construction execution stage in order to produce a concrete gathd quality. Once the
materials to be used and the mix, etc. are defithelexecution of concrete works normally
follows the sequence shown as following figure @meyral.

The construction sequence in concrete work igodsws. Concrete work flows from
material calculation as in-plant tasks to curingesgs executed on site.

|<— In-plant tasks in general :I: Tasks executed on site N

Material Transportation while s . Surface -
Aol anzpoTHL » Placement »| Compaction > e » Curing
calculation mixing tinish =
Formwaork .
i o Reinforcement
supporting

Figure 3-12 Construction sequence in concrete works

These tasks are mutually related, and if the ostmittasks before and after are not
sufficiently satisfactory, the final product desireannot be obtained. Thus, a rational
planning must be developed to proceed with theeobtnstruction project in fully controlled
manner. Additionally, the consideration pointsdoncrete works are as follows.

(1) Placing

When concrete is placed continuously for a highlwhé consistency and placing rate of
concrete shall be adjusted to minimize the semarabf materials during placement and
compaction of concrete. Also, the placement in bloek shall be performed in such a way
that the concrete surface is approximately levad, #e height of one layer shall be 40 cm or
less as a general rule.

When the concrete placement is performed in twmore layers, the upper layer concrete
shall be placed before the lower layer is hardeaad, the placement of concrete shall be
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performed in succession until completion of thearete placement within one block.

(2) Compaction

Concrete must be adequately compacted so
the concrete can be packed leaving no sp
around reinforcing bars and in every corner [
formwork. While vibrators (internal/form) ar
generally used for compaction, the bar-tyg
vibrator is used for canal structures of relatives
small scale.

The degree of compaction can be assesseqiiss
examining situations such as the leakage .
concrete paste from form, reduction of concre¢ Void caused by insufficient compaction
volume, surfacing of mortar or water.

(3) Construction joint

While it is desirable to avoid construction joird enuch as possible because it creates
structurally weak point. Particularly, in the caeé plain concrete, the joint must be
strengthened by some means such as inserting aopaigpe steel material.

Shortcomings of construction joint include the daing.

i. It lessens the compressive strength due tocditfy in integration of the new and old
concrete.

ii. It causes leakages when the construction ex@tig not perfect.

lii. In the course of concrete hardening, the n
concrete is prevented from shrinking due v
restraint imposed by the old concrete, caus
cracks, internal stress, compressive stress in
old concrete, and tensile stress in the n
concrete. For this reason, the treatment
construction joint must be executed to produ.
sufficient bonding with the old concrete

removing the laitance or thin paste layé
developed on the concrete surface. Cold joint caused by inadequate manner

(4) Curing

Concrete is exposed to detrimental effects sucHowas temperature, drying, sudden
temperature change, etc. after it is placed. Thezethe concrete must be kept wet and the
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optimum temperature must be maintained during #reent hydration period so that crack
occurrence and reduction of compressive strengghit@moisture loss are prevented.

It is necessary to maintain the concrete in swfity wet condition under appropriate
temperature for a certain period after it is plasedhat the hardening action of the concrete
placed is fully developed and crack occurrenceesgnted as much as possible.

Concrete must be protected from vibration, impduick, and load that may be applied
during hardening process. In order to prevent threciete not fully hardened from damages
such as cracks due to impact shocks or excessads,acare must be taken not to place
materials, etc., or to drop a heavy load on thea already placed.

<Reference>
I. Wetting/drying and compressive strength

When the concrete strength is dependent on thegstreof cement paste itself, the
hydration of cement must be fully developed toldsth the condition for the development of
hardening by crystallization. For this purposeasihecessary to keep the concrete under wet
condition to prevent the moisture content from iggson, and most ideally, it shall be
immersed in water.

ii. Humidity and compressive strength

The range of temperature for concrete placemeriitlsa25°C or under in hot weather and
10 - 20°C in cold weather, as a general rule. Alse, [ Vg S e
concrete after placement in each case must i o ]
maintained under the temperature suitable for gu
(4 - 25°C) for the prescribed number of days.

Generally, when the temperature (4 - 25°C)
exceeded during placement or curing of concrete
is often to sustain adverse impacts such as cr:
occurrence in addition to delay in streng...

development or insufficient strength growth. Hexagonal cracks caused by plax
in high temperature condition

(5) Form

Forms and supports, in addition to their own piiésdr strength and rigidity, must be of
guality to ensure correct position, shape, and dsioas of the structure completed.

Additionally, forms and supports must not be rentbumtil the concrete of structure
reaches the strength required to support the desghtvand loads applied during construction
execution.
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3.2.3 Masonry work

[Subject]
What should we do to install the masonry strucwith high durability?

[Countermeasure]

The strength of masonry structure shall be detexdhwhether unity as a structure by
mortar plastering is secured or not. Thereforeestipion of masonry work should be
performed carefully, and confirmation of sufficienbrtar plastering is necessary.

[Point of view]

The masonry construction is employed most
Tanzania, and insufficient mortar not filling int
inside and back side and being given only surfdce#
masonry is the most problem of this structure hia tisses
case, the collapse starts immediately after buglds= .
because stones are not combined.

It's necessary to confirm the construction proc
such as filling mortar into the inside of mason £
while shipping stone and starting the wall after Masonry lining can:
completion of foundation with engineer, contractor (Behekala scheme, Igunga, Tabora)
and farmers at the site.

Masonry canals keep their sections in mass bathieping by stones. Accordingly, they
develop deformation, in many case of transformatiittmg, meandering and deficits caused
in subsidence, collapse and hollowing of their fdation. They develop more deformation
when stones are connected to others.

Gaps between stones should be carefully assesbed, washing out of backfilling soils at
canal bottom, succeeding subsidence, increasing s
pressure, surface water inflow and unstaf
foundations develop them, Progressiveness on
phenomena should be monitored.

Moreover, as this type of canals has absolu
complex compiling to shape its structural body,
deformation is expanded on it. Attention should

ut on wider zone, i.e. extending to surroundirepar .
P . , g , @ Deficit of masonry caused
and including part of canal bottom (mainly scou)ing washing out of backfilling
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< Reference: quoted from “Chapter 5 Quality Coritrof “Manual for Construction
Supervision for Small Scale Irrigation Developmentoject for District Agricultural
Development Plans” >

a. Placement of Wet Stone Masonry Works

The wet stone masonry shall be placed in accordaitbehe following manner:

No. Work item Explanation

1 | Mixing of Mortar The mortar shall be mixed withet following volume proportion o
cement and sand:
i. Joint of masonry = 1:4
ii. Plastering and pointing = 1:2

2 | Moistening Stone The stone shall be moistenedrbegflacing.

3 | Filing Mortar & | The joint mortar shall be sufficiently compacted the trowel and the

Placing Stone stone shall be struck and consolidated by steehtem
4 | Procedure of the WetThe wet stone masonry shall be pushed forwardam#éxt procedure.

Stone Masonry

Ster-4
Placing stone

Ster-3
Filling mortar

Stef-2
Placing stone

Ster-1
Placing base morta

I Design slope

A
/

-

t Base concrete, etc.

Figure 3-13 Masonry Works
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3.2.4 Keeping materials tidy and in order arounaistaction site

[Subject]
What is the point that is important to secure secand quality?

[Countermeasure]

Practice of keeping materials tidy up at the twtsion site prior to daily work should be
performed. Not only safety is secured by these areas but also_the increase in profit by
preventing loss of the material is anticipated.

[Point of view]

Keeping materials tidy up around construction aie arranging all of them for effective
construction in mind are necessary. In additions itoncerned about not only unity of the
concrete being spoiled when alien substances suiehchip of wood or the vinyl get mixed
with the structure, but also causing deterioratibthe concrete and the rust of reinforcing bar
by rainwater invading along an alien substance.

To secure strength and service period of the wisttacture, it is essential to sort,
accumulate and keep the materials by appropriateade

(1) Safety management has top priority

There is various dangerous matter in tpe
construction site, but the accident resulting
injury or death must be prevented. At first, th
construction work cannot be continued
serious accident occurs and it is necessary to :
measures so that the similar accident does [EEes
happen by all means. :

The basics of the rearranging is not o
throwing away useless things but also keeping
necessary things at suitable place.

(2) Improvement of work and productio
efficiency

Work efficiency and production efficienc
shall improve by removal the waste throug
rearranging order thoroughly. For example, "¢
rid of waste in search of a thing";" get rid ¢
waste of the loss of the product”; "secure woik

Safety management in the construc
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space so that production efficiency and accuraeyl smprove”. Production speed will rise
and can make time, as a result.

(3) Procedure of keeping materials tidy

Firstly, the plan should be made. When rearrapgmder, putting the unnecessary things in
order together to have to never do.

Next, it is important to decide a place of eachenatl There is various way to divide the
materials with size, use frequency or genre andrsdhe best way shall be keeping a thing
near a place to use because the loss of time metmbvement shall be reduced.

At last, preparation of safekeeping map has tanbde in order that rearranging work can
be carried out anytime. There is no waste of tinhemweveryone related construction knows
where the materials are beforehand.
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3.2.5 Installation of the construction guide bar

[Subject]
What should we do to finish the construction warlsection according to the plan?

[Countermeasure]

It is important that reproduction of dimensiod®wn in the design drawing locally to
make an object of the construction with precisibime construction guide bar shows the next
stage of work procedure to the supervisor and persacerned.

[Point of view]

The construction guide bar is indispensability f
accomplishment of the construction managem .
that is complete based on the inspection of FESEE
design documents and specifications in suchg
canal construction. '

Prior to construction start, installation of t
guide bar indicating the design height and wid
gradient each station points should be carried oug

In_ installation of gmde ba_lr, the collat_lons of t Seing the guide bar for side slo
design level becoming basic of the guide bar st arrangemel
as design vertical section figure, figure of cresstion and structure should be performed
before work.

Example of arranging the earth work procedur@Klrey and slope finish) using guide bar
is as follows;

Wild finished line

Final finished line
Figure 3-14 Image of earth work procedure

The guide bar is established at the positioraginly earth on the ground and cutting work
at an appointed incline shall be done after wihishh with a steeper gradient of slope.
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3.2.6 Supervision of construction

[Subject]
What is the role of supervisor?

[Countermeasure]

The supervisor should act as the representativéhe construction. Whole data and
information concerned shall be accumulated forogiffe implementation of the construction.

[Point of view]

Role of supervision staff is important for properdasmooth implementation. The main

points to keep in mind of the verge are as follows;

- For the completion of the satisfactory constiuttia fair
price should be paid.
- Does the constructor implement the constructiased on
contract, design drawings, specifications, etc.?
- Does the contractor properly implement procesgrob
quality control and safety management and compl v
conditions?
- When there is possibility of disconfirmation afte
completion of construction, following correspondershall
be necessary.

+ on-site witness

+ confirmation

+ inspection

+ consultation
- When the work is completed, client conduct a cletign inspection, and the construction
should have reached the level of expected outcome.
- Understanding the objective and contents of trestruction.

+ Understand the importance of construction worthaproject plan.

+ Get familiar with related materials such as des@pntents, design drawings, and
specifications.

+ It is important to know well about local situatio
- Eliminating construction mistakes
- Survey result, on-site witness, confirmation, teots of discussion and instruction is noted
on filed note, recorded (when, where, what, whaupervisor diary.
- Reporting, communication and consultation totdaem leader must be carried out properly.
- Relevant documents for construction must be adw@dnecked and organized.
- Properly correspondence to changing of the demigording to the local situation.

uonesipul

T
UoIBLLIUCD
uoIsSnasIc]

uonoadsu

Buissau)m a)s-uo

Figure 3-15 Role of supervisor
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3.2.7 Records of construction

[Subject]
How should we record the enforcement situatiorhefdonstruction?

[Countermeasure]

Maintenance of the documents of construction sgatoapletion drawing and photograph,
the data of used materials, etc. are very imporsntthat construction progress can be
confirmed even if after construction completion.

In addition, as to invisible part which cannot Heserved at the time of inspection, it is
expected to take a lot of photograph from variongle@ as much as possible so that person
concerned can confirm the construction situatiot i

[Point of view]
Photography example is as follows;

(1) Canal basement

- The photograph needs to be able to confirm
only the result of dimension measurement at tg
point but also backward continuity in an angle.

- When it is necessary to perform quali
management, the records of confirmation work s
be attached.

(2) Concrete block lining slope

- The photograph should be taken to understandithation
and the thickness of backfilling, and the measurgmesult
shall be attached on black board.

- It is better that the angle of the camera willseéin a right p
angle to confirm the thickness.

Finishing backfilling
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(3) Basement of structure

both of thickness and width can be confirmed.

- It is better if the height of basement surface &
relation to surrounding structures can be made j
from this picture.

(4) Reinforcing bar setting

- The setting situation of reinforcing bars an#s
interval between bars can be observed.

- When there are many marking points, additio
photograph from different angle shall be needed:

- If this is important structure such as head work
bridge, the confirmation of supervision staff ag #ite
is necessary.

Flnlshlngremforcmg bar settir
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4. Example of cause analysis (Case study of Phase |
4.1 Head Work
4.1.1 Base concrete washed away (Kimbande, Nyatveard)

Caus! Solutior

Piping (excessive seepage) caused by cut ofls was| Install cu-off wall upstream (2.0m), middle cut off wall (2.0m) and dstveam cu

being too shor off wall (0.7m) considering the soil type (sand)igfhbrings excessive seepe

Hydraulic jumj-thickness of the base concrete was ‘| Increasecthickness of base concrete with stony masonry éeent seepage to for

small (almost 20cm) to withstand flood pov stable foundation and to prevent hydraulic jL

Construction management / poor supervision to | District is empowering PC to check the quality loé tconcrete work. Istrict has

contractor. conducted dimension control especially length of-afti walls, depth of base
concrete using control she

Planned longitudinal cro-section. 3 types of c-off
wall were designed considering soil type (sand).

Placing thebase concrete with stone mnry.

Base concrete washed a ad hydaulic jmp bron t
piping and flood power.
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4.1.2 Side wall collapsed (Kimbande, Nyasa, Mtwara)

Caust Solutior

Depth of theembedmer was affected by scing /| Increased depth of ttembedmer to 1.2m from the base of downstream ag
erosion done by flood wai

Depth and width were not enough to protect fromng|| Used trapezoidal shape and retaining wall for ide walls and 1.5m as a be
considering the soil type (sand sc

Increased depth of the embedment to 1.2m fromdise bi
downstream apron.

=]

Left side wall collapsed by scouring / erosion by
flood water. (View from downstream)

Dimension (depth of the wa |
is taken after completion of
concrete work. g
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4.2 Canal
4.2.1 Bulging of main canal sides and cracks o glats (Mbalangwe, Morogoro, Morogoro)

Caust Solutior

Infiltrating rain water besides the canal ‘| Construcion of non silting, non eroding left collector draalong the main canal with adequ
on the left canal bar dimension, bed slope, (0.001 to 0.0005) with wethpaction and lead water into a d
Inadequate top concrete co Provision of adequate top concrete 200mm wx 100mm thick

Planned rosssection of main canal with collector dr.

Complete..

Farmers contribute tcleaning
work of collapsed canal.

Bulging of main canal sides and cracks on slaligaeused
by heavy rains with floods. (over-topping)
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4.2.2 Collapse of main canal slabs (Mbalangwe, lgoro, Morogoro)

Causi

Solutior

Failure of catch drain embankme

Increase dimension of catch drain; select impewvisail (30% clay <0.002 mm and/or sil.02 to
0.002mm) +70% sand (0.02 mm to 2m

District staff and 10.

Participatory diagnotic study wasexecuted b b

Planned ross-section of catch dra
§

5000

1
N

Removal work of sand on catch di
with farmers’ contribution.
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4.2.3 Destruction of main canal (Mtawatawa, Liwadvkwara)

Caust Solutior

Soil type (black cotton soil), poor compacti Import and compact good solil rather than blackott

Backfilling was mportecand compacted usir
good type of soil.

Yy

Cracked canal side wall caused
black cotton soil and poor compaction

Note: Black cotton soil (Vertisols: Name of Soilders in Soil Taxonom

The central concept of Vertisols is that of sdilatthave a high content (>30%) of expanding ¢
known as montmorillonite and that have at some bifrtbe year deep wide cracks. They shrink w
drying and swell when they become wetter. The &mg and swelling of Vertisols can dama|

lay
nen
ge

buildings and roads, leading to extensive subsklenc
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4.2.4 Some fields do not efficiently get water (Mgtawa, Liware, Mtwara)

Caust Solutior

Some level in the fields are higher compared tak| To rise canal bed levby 0.20n and top bank level by 0.25
top bank leve

After survey work, 10 decideto rise canal bed levby
0.20m and top bank level by 0,25m respectively.

After that, backfilling was compacted enough togkgeod
condition for facility.

Some fields do not get irrigation we efficiently by
differential settlement of the canal.

Zone and District staff confirm the height of trenal bed
and longitudinal slope.
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4.2.5 Collapse of sides of main canal (Minepa, gérMorogoro)

Caus: Solutior

Poor cement/sand ra Stone masonry joints: cement sand ratio to b
Inadequate supervision during construc Provide daily supervision by Igation technician and F
Inadequate thickness of b. Increase thickness of base (5cm => 10cm thick
Wall doesn't have a plas Plaster canal wal

Seepage of water behind the abutment Fill the seepage path with stone masi

Constructiorwork started fron
cleaning of sedimentation, and
progressed with farmers’
contribution

Side wall of main caneconstructed by masonry collaps
Some factors are picked up as the cause of thidgmothrough
the cause analysis.
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4.2.6 Scouring along the footpath (Kiyulini, Mwang¢@alimanjaro)

Caus: Solutior
Structures were not protec Side protection of structures with concrete blc
Soil backfilling and compaction for the constructedicture

Planed cros-sectior

1]

/

Completec

W\ / P 2 ,ﬁ*"’*‘,w,f AR
Since foot bridge was not protected fracouring,irrigation
water was logging and seepage occurred.

Construction workwere pushe:
forward under supervision of
technician.
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4.2.7 Collapse of secondary canal (Dakawa, Mvomdmrpgoro)

Caust Solutior

Flood water from adjacent pond to the main ci| Improve the capacity of secondary drainage camdvity by farmers
through cross dra

Over loading of irriation canals with irrigation wat Improve the system up to tertiary canal/drain aaminfbund (phase 1) and contin
5000 meters tertiary improve

Improved tertiary cana
with farmers’ contribution.

Secodary canal collapsed by flood water from adjaponc
It was clarified that 5 Diversion boxes are oubafer after
Participatory Diagnostic Study.
patory Liag y Rehabilitation work complett g
at the division box.
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4.2.8 Vertical walls of the distribution boxes egked to the inside. (Igongwa, Misungwi, Mwanza)

Caust Solutior

Poor constructior- poor sand cement ratio we| Application of proper ratio of materials as per ndegign
used

Soll type (Black cotton so To construct reinforced concrete structures supporby blinded concte and
compacting morram behind those vertical w
Insufficient thickness of the foundati Application of proper detail designed which wilk&aconsideration proper dimensi

control, good concrete ratio, frequently curing less than 28 day

Reinforcing bar setting c
the well compacted
foundation.

Vertical walls of the distribution boxes collapgedhe
inside due to poor construction and abnormal gaghsure
caused by black cotton soil. Compacted using crash

ole structure and morram
beside the walls
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4.2.9 Collapse of division box (Minepa, Ulanga, Eigoro)

Caust Solutior
Flood wate Reconstruction of new division box (activity by fagrs

", Farmers constructe
=& division box using
{ bricks.

Collapsed division bcis selected amain problem afte
Participatory Diagnostic Study.
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4.3 Others

4.3.1 Frequent bleaching of main canal banks (LNgega, Tabora)

Causi

Solutior

Poor quality earth fill soil (permeable) used tonfiothe cana
bunds

Reconstruction of the broken main canal bund byofisaitable materie

Narrow main canal with low capac

Widen the main can

Low capacity o culvert few meters downstream the spillv

Reconstruct the bridge with adequate cap

Side spillway is inadequate (sm

Widen the spillway to increase capa

The main canal was \_Nideni|
by farmers’ contribution.

Additional spill way(right S
side) completed.
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4.3.2 Destruction of vented drift (Bkigi, Maswawednza)

Caus: Solutior

The overflow of the water caused by high fl | To add another line of the concrete pipes withsdme dimensio

The seepage due to the scoring of water mi| The construction of the drift foundation mwcomprise of hardcore, concrete and st
on some parts of the foundat masonry and plastering should be used on wing \

Improper construction of the top pan The construction of the concrete on the carriagg/tep panels at the drift should be of -
reinforced concret

A N i
Vented drift withone line of concrete pipe culv was Two concretepipes will allow more water to pass throut
destructed by the overflow of the water. and prevent overtopping.

Moreover, the wing walls which prevent scouringt¢eno
seepage were installed at the entrance of the.pipes

44



