Agenda for the meeting
for the Preparatory Survey on the Project for Rehabilitation of Trunk Road,
Phase IV
in the Federal Democratic Republic of Ethiopia

Venue: ERA Central Regional Directorate Office, Alemgena
Time: 2010/10/19, 14:30 —16:00
Agenda:The meeting will discuss matters related to the abovementioned project with

particular attention to the following items;

Applicable Design Standard
Typical Cross Sections of Road

Countermeasure for the Expansive soil (Black Cotton soil)

L e

Bridge Planning (Bridges and culverts) including cross sections

Meeting Material Content
(1) Table of Geometric Design Conditions
(2) Figure of Typical Cross Section of Road
(3) Figure of Countermeasure for the BC soil
(4) Table of Subgrade Condition in the Project Road
(5) Table of Concept of Structures (Bridges and Culverts)
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Discussion for the Desien Conditions and Concepts

1. Applicable Design Standard

(1

(2

Design Standards

The application of proper design standards will ensure road safety, high standard
service level and comfort for road users through the provision of adequate sight
distance and roadway space.

The design and construction standards for new roads and bridges have been
established by ERA in Ethiopia. The following is the composition of ERA’s Road
Design Manual:

- Geometric Design Manual

- Drainage Design Manual

- Pavement Design Manual Vol.1: Flexible Pavements and Gravel Roads
- Pavement Design Manual Vol.2: Rigid Pavements

- Pavement Rehabilitation and Asphalt Overlay Manual

- Bridge Design Manual

- Site Investigation Manual

- Standard Detail Drawings

- Standard Technical Specifications

The latest version of the manual was published in 2002.

The Road Design Manual is intended for use in the design of all federal roads in
Ethiopia. The purpose of the manual is to give guidance and recommendations to the
engineers responsible for the design of federal roads.

Geometric Design Parameters

Geometric design standard was prepared as part of the Road Design Manual in
Ethiopia. This design standard will be basically followed for this study as well as
HEC’s design. In case essential parameters are not expressly stipulated in design
standard, the Study Team will refer to other design standards and manuals (such as
SATCC and Japanese Road Geometric Standard).

Observations during the field survey indicate that the Road under Study traverses
vanous topographical conditions. Thus, the Study Team finally recommends following
geometric standard based on the design standard and HEC’ s design.
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Road Class (DS3: Paved)

Desigr. Element Uit Fat Rollng Mountamous | Escapment | Urbar/Pen-U:b Remarks
Desigr. Speed km/h 100 85 70 60 50
Min. Stooping Sight Distanze m 205 155 1 35 55
Min. Passiag Sight Distance m 375 340 275 22 175
% Passing Opportunity % 20 33 25 0 20
M. Forizontel Curve Radwms m 395 2N /5 125 85
Min Length of Curve m 300 300 301 300 300 Tangent Argle of 5° or l.css (ERA Stendard)
m 350 260 193 150 100 Japar.ese Standard: Cesign Spead x Gsec.
“Transiion Curves Requirec - Yes Yes No No Nj
Max Radis for use o & Transttion Curve | m 1450 1050 - - SATCC: 1145 2 V?
R=400:L=113,
R [0
E:ZEE:ZEI R=500L=¢0, SATCC: 2.0732V°/ (RC)
Spral ength m |R=s00:1=55, R=600L~-30, _ _ C. Nete of merease ir. .ccntnp:tal acceleration)
R=1,000-L=45, R=7[UZLF"‘3, (m/s3); 1<C<3 {1 438 15 recommended.)
R=1,100-L=45, izzﬂg IL:i
RELIOLLAL e ) dtoL=30
R=1,300:L=3¢8,
R=1,400:L=3%
Max Gradieat (desirable) % 30 4.0 ¢.C 3.0 6.0
Max Gradient (absoute) ) 5.0 6.U 8.l 3.0 8.0
M. Credient (dssirable) Yo 05 15 0.5 05 0.5
Min. Cradient {(adsolute) % 03 13 0.3 0.3 0.3 Japarese Standard: Cesign Spead x Gsec.
Crest Vertical Curve (k-value) k 105 60 31 18 12
Sag Vertical Curve (k-value) k 51 36 25 § 12
Max Sugerelevaticn () Yo g0 3.0 & 3.0 1.0
Nermel Crossfal %o 25 25 2.5 25 2.5
Shaulder Crossfall % 4.0 4.0 4.0 4.0 4.0
Right of Way m ca: COI COI CoI COI Corrdor of Irpact (Consrucion Lunt)

*Normal Wereda towns and Kebele towns are included in Urban/Pre Urban.

Major changes and additions are as follows:

- Min. Length of Curve: Regardless of design speed, ERA’s standard stipulates length of 300m.
However, it is difficult to secure the curve length of 300m in hilly, mountainous and densely
populated areas. It is for this reason that the Study Team will recommend the use of Japanese
Standard that considers the curve length depending on the design speed.

- Max. Radius foruse of a Transition Curve: not stipulated (Use of SATTC)

- Spiral Length: not stipulated (Use of SATTC)

- Min. Gradient ERA’s standard stipulates minimum gradient of 0.5%. However, securing of
min. 0.5% in flat area such as Yeda would mean a substantial increase in construction cost
with the commensurate increase in affected area. Thus min. gradient of 0.3% on Japanese
standard will be used in absolute necessity.
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(3

Major Alignment Change

Location Map

Reasons & Interferences

7.4km — 8.7km: Yetnora
Reason
- To avoid the following interferences
- To reduce the number of affected
houses
- Possible to improve horizontal
alignment by new CL

Interference
- Two wells
- Small reservoir
- Some houses

= Original CL by HEC
= Proposed new CL

44.0km: Ziba Br.
Reason
- To improve the alignment for traffic
safety (response to high speed)

Interference: -

= Original CL by HEC
= Proposed new CL

46.2 — 46.7km: Amber
Reason
- To avoid the following interferences
- To reduce the number of affected
houses
- Possible to improve horizontal
alignment by new CL

Interference
- Public water supply facility
- Some houses

= Original CL.by HEC
= : Proposed new CL
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52.1 — 55.2km: Erosion prone Area
Reason
- To avoid the serious erosion area
and high embankment
- Possible to improve horizontal
alignment by new CL

Interference: -

= Original CL by HEC
= ! Proposed new CL

58.0 — 58.7km: Chemoga
Reason
- To reduce the number of affected
houses
- Possible to improve horizontal
alignment

Interference
- Some houses

= Original CL by HEC
= ! Proposed new CL

61.3km — End: Debre Markos
Reason
- Adequacy of international trunk
ad
- Complicated connection to A3
(Original route)
- To reduce the number of affected
houses

Interference
- Some houses and buildings

= Original CL by HEC
= Proposed new CL
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(4)  Pavement Design

v Pavement Design Condition: Itis based on the HEC’s design

v Design Life: 15years

v Sub-grade Strength Class: S2 (Okm— 53km), S3 (53km — 65km)
v" Vehicle Equivalent Factor (VEF): see table below:

Vehicle Category | Base year Traffic T, EF CESA
Large Bus 72 675853.48 2.29 1547704.47
Medium Truck 45 403331.17 2.76 1113194.03
Heavy Truck 36 322664.93 7.25 2339320.78
Truck and Trailer 46 412294.08 12.26 5054725.42

Total 10,054,944.70
Applying lane distribution factor of 90% for single lane | 9,049,450.23
i.e. .9%10054944.7 (Class T6)

Based on ERA’s manuals, for traffic classes of T6, the required pavement layers with
asphalt concrete surfacing, crushed granular 1ad base and granular sub-base for the
design periods of 15 years are as shown in the table below.

' Sub-grade Pavement Layers (mm) for
Station class 15 years & traffic class T6
AC Base course Sub- base G.C
Okm-53km S2 100 200 225 200
53km-65km S3 100 200 250 -

Detail design report by HEC had finally recommended the following pavement layers
because uncertainties such as the traffic volume and analysis as well as the sub grade
soil testing and evaluation should be considered.

] e Pavement Layers (mm) for
Station Sul(:lisade %ﬁc 15 years & traffic class T6
AC Base course | Sub-base | G.C
Okm-53km S2 T6 100 200 225 200
53km-65km S3 T6 100 250 300 -

However, for Japanese ODA policy, minimum requirement based on technical theory

1s acceptable. Thus the Study Team will recommend the following pavement layers:

Station Sub-grade | Traffic Pavement Layers (mm) for
class class 15 years & traffic class T6
AC Base course | Sub-base | G.C
Okm-53km S2 T6 100 200 250* 200
53km-65km S3 T6 100 200 250 -

*2256mm of sub-base required by the manual will be changed to 250mm in

corsideration of easy construction and supervision.
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2. Typical Cross Sections
(1) Recommendable Typical Cross Sections

The Study Team will recommend the following typical cross sections based on the
field survey and design review. Main changes are as follows:

v Reduction of median strip: 2.5mto 0.5m

v Installation of unpaved protection shoulder: 0.5m

, 19.6m
, 2.5m 3.5m 3.5m 151 3.5m 3.5m 2.5m
Parking lane Parking lane
including Shoulder including Shoulder
3.0%__ 0% 2.5% 2.5% 2.5% 2.5%, ; 0%
—— [ —— —
L Asphalt Concrete, 100mm thick.

Base Course, 200mm thick.
“Sub Base, 250mm thick.

Figure-1 Proposed Typical Cross Section (D/Markos Town Center Section)

19.00m
2.5m 3.5m n 3.5m 3.5m n 3.5m L, 2.5m
Parking lane '| Parking lane 1
including Shoulder including Shoulder
2.5% 2.5% 2.5% _ 2.5% 0% _ 3.0%
| Asphalt Concrete, 1COmm thick.
Base Course, 200mm thick.
[Sub Bose, 2E0mm thick.

Capping Layre, 200mm thick.(Where it I1s required)

Figure-2 Proposed Typical Cross Section (Wereda Town and Populated Area in D/Markos)

L 12.0m ,
0,5 2.5m 3.5m 3.5m , 2.5m |
W C/Slab_t=100mm
0.5% 2.5% 25% As Required
S—Ditch for | Asphalt Concrete, [100mm thick.
mbanmept Side |-Base Course, 200mm thick.
As Required [Sub Base, 250mm. thick.

Capping Layre, 200mm thick.(Where it is required)

Figure-3 Proposed Typical Cross Section (Kebele Town & Entrance of D/M & End of Dejen)
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, 10.0m ,
0.5m1.5m 3.5m 3.5m
4.0% ~2.9% —25% _
| Asphalt Concrete, 100mm thick.

-Base Course, 700mm thick.
[Sub Base, 250mm thick.

Capping Layre, 200mm thick.(Where it is required)

Figure-4 Proposed Typical Cross Section (Rural Section)

(2) Typical Cross Section in Debre Markos Town

Section Plan for A3 in Debre Markos

Applicable Cross Sections

64.2km — 65.4km (End)

¢
, 19.6m ,
, 2.5m 3.5m o 35m LB 35m 3.5m L, 2.5m
Parking lane '| Parking lane
mnclucing Shoulder inclucing Shoulder
25% 25% 51 % _ 0%
Asphalt Concrets, 100mm tick,
ase Course, 200mm - thick,
Sub Bose, 250mm thick.
¢
19‘$_Om n
2.5m 3.5m __, 3.5m 3.5m 3.5m 2.5m
Parking lons +Parking e i‘ —:IL
ncluhg Shoulder ‘neluding Shoulds
0% _ 0% 25% 204 25% 25% 0% 205
| Asphdit Concrete, [120mm 4l-ick.
[Base Zourse. Z00mm thick.
[Sub Base, 250mm thick.
Capping Laye, 7COmm thick.(Where Tt e required)
¢
, 12.0m ,
0,50 2.5m 3.5m 3.5m 2.5m
T T T C/Slgb_t=100mm
2.5% 255 —2.5%, T
:‘r: =
T
Ditch  or | Asphalt Concrete, [10mm thick.
mbankment iide [ Bose Course, 200mm thick.
As Required [Sub Base, 250mm. thick.

Copping Loyre, »00mm thick.(Where 1t 18 required)
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3. Countermeasures for the BC Soil (Expansive Soil):e.g. Rural Area

Black cotton soils are problematic for Civil Engineers, because of their unconventional
behavior. These soils show large volumetric changes with respect to seasonal vanation
of moisture content. These soils when subjected to vehicular traffic, road pavement
heaves and cracks due to cycles of swelling and shrinkage. The Study Team will
recommend the following measures based on the field survey, soil testing and visits
made to similar projects.

¢
10.0m
1. SmJL 3.5m 3.5m ,1.5m
056,000mm
—2.5%
-4z
(600mm) Replaced Layer Replaced Layer (600mm)
(800-1,000mm (800-1,000mm)
BC Sail. BC Soll.

Existing Roaod Section
Scarify & Re—compaction

FAsphalt Concrete, 100mm thick.

FBase Course, 200mm . thick.

LSub Base, 250mm_thic

+Cappin Loyre, 200mm thick.(Where it is required)
FEmbankment Material

“Replaced Layer, 800-1,000mm thick

Figure-1 Existing Pavement Section in Rural Area

¢
L 10.0m
O,SJ‘zﬂ ‘5mJ_|L 3.5m 3.5m T'I‘Smo 5m
4.0% _2.5% _25% _ 4.0% ]

4,00F—5,000mm

1-4%

\I;M Replaced Layer with Sultable Materldl (800—1,000mm) (690mm)

BC soll.

FAsphalt Concrete, 100mm thick.

rBase Course_ 200mm. thick.

FSub Base, 250mm_thick,

-COPPIHE Layre. ZOun'm trick.(Where it is required)
FEmbankment Matari

“Replaced Layer, 00—1 2COmm  thick

Figure-2 New Road Section (Bypass) in Rural Area
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Subgrade condition between Dejen and Lumame

%f;;tg Chainage | Location | BCS /RBejﬁ Valile CBR SI;:“ Pl | xvic | SL. | Eex
NTPO1 | 1+500 0.8-2.0 <10 38

NTP 02 | 4+000 0.6-2.6 <10 | 2 | 100 |51 112
NBHOL | 5+060 1025 89 771 39 | 32

NTP 03 | 5+500 0.5-1.9 <10 48

BHO09 | 8+500 | Yetnom | 0.952.7 26 47

NTP 05 | 9+500 0.8-2.8 <10 46

BH10 | 104500 0.0-2.0 310 36 | 31

BH11l | 11+400 0.0-4.0 49 2 | 40

NTP 06 | 11+500 05-3.1 <10 73

BH12 | 124500 | Bechet | 0525 16 52 | 46

NTP 07 | 13+500 0.7-25 <10 | 2 | 80 |42 97
NBHO2 | 14+560 0.6-2.0 8 72 | 39 | 28

NTP 08 | 15+500 0.8-25 <10 62

NTP 09 | 16+500 0.9-2.6 <10 73

NTP 10 | 174500 0.6-2.4 <10 74

BH13 | 18+500 | Taba | 0.0-3.0 14 78 | 51

NTP 11 | 19+500 | Wejel | 0.5-2.4 <10 47

BH 14 20+000 | AbaAdem | ((0-2.1 34 52

NBHO03 | 20+090 | AbaAdem | 0535 914 70 | 44 | 4.4

NTP 12 | 214500 1.1-24 <10 51

NBHO4 | 224040 | Abeya | L0130 29 51 | 46 | 7.3
NBH05 | 224080 | Abeya | LO1L0 11 53 | a4

NTP 13 | 23+000 0.6-3.0 <10 | 2 | 84 |51 128
NTP 14 | 24+000 1625 <10 57

NTP 15 | 26+500 0.8-3.0 <10 | 2 |124]43] 53] 9 | 90
NBHO6 | 26+500 0.6-25 45 52 | 53 | 62

NTP 16 | 27+500 0.7-2.7 <10 71

NTP 17 | 29+000 0.5-3.0 <10 63

NBH 07 | 29+300 | Bogena | 0.6-3.9 10 43 | 31

NBHO8 | 29+390 | Bogena | 1.0-3.9 56 70 | 61

NPT 18 | 30+000 1.1-3.0 <10 59

Note; BCS: Black cotton soil, Eex: Expansiveness
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Subgrade condition between Lumame and Debre Markos

]iir;iltg Chainage | Location | BCS /ngi; Valile CBR S;j:“ Pl | avic | SL. | Eex
NTP 19 | 32+000 Red 9 | 1 |43 35 | 14 | 81
NTP 20 | 34+500 Bm 46

NBH 09 35+670 Getla

NTP 21 | 36+000 0.0-1.3 <10 50

NTP 22 | 37+500 0.0-1.4 <10 54

NTP 23 | 38+500 0.5-2.7 <10 32

NTP 24 | 40+500 - Red 28

NTP 25 | 42+500 Red 9 | 12 |28 31 | 17 | 33
NTP 26 | 43+500 Red %

NBH10 | 44+060 Red | > 12 21| 3 | 15

NTP 27 | 45+500 I/Bm 24

NTP 28 | 46+500 : D/Bm 40

NBH11 | 47+420 | Yeda | 0.0-55 410 57 | 35 | 63
NTP29 | 48+000 | Yeda | >40 <10 58

NBH 12 | 48+900 | Yeda | 0.0-10 510 40 | 43 | 7.8

NBH 13 | 49+200 | Yeda | 0.0-10 1-9 32 | 49 | 107

NTP 30 | 49+500 | Yeda | > 40 <10 | 2 | 79 |43 | 36 | 14 | 81
NBH132 | 504200 | Yeda | 0.0-2.4 410 54 | 37 | 25

NTP 31 | 504500 | Yeda | 0.0-2.7 <10 44 | 46 | 13 | 8
NTP 32 | 51+500 - Red 37

NTP 33 | 53+000 I/Bm 22

NBH 15 | 53+500 | Ambesh D/Bm

NTP 34 | 55+000 Red 38

NTP 35 | 56+500 D/Bm 4 | 38 |81 41 | 14 | 49
NTP 36 | 57+500 Red 39

NBH16 | 57+890 | Chemoga I/Bm | 28 31 | 45

NBH17 | 58+020 | Chemoga I/Bm | >11 40 | 35

NTP 37 | 59+000 Red 36

NTP 38 | 60+500 Red 23

BH19 | 611000 | Wiseta . Red 2 27 | 44

Note; Red; Reddish silty clay, L/Bm; Light brown silty clay, D/Brm; Dark brown silty clay

10
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4, BRIDGE PLANNING
(1) Use of Existing Bridges

Existing bridges will be used if they meet the criteria for compatibility to the new road
alignment, structural soundness, and functional requirements. The Bridge Design
manual of ERA requires the mimimum carmageway of 7.0 m for 2-lane bndges. If
necessary and if feasible, repair works will be conducted to improve the function and
to satisfy the requirements.

(20 Bridge Length

Based on the necessary clearance under the superstructure such as waterway function
and topography, the bridge length will be decided.

(3 Cariageway

Camageway will be decided according to the Brdge Design Manual of ERA, in
corsideration of the continuity with approach roads and expected number of
pedestrians. The carriageway width of bridges in rural areais 8.0m, (0.5m+3.5m+3.5
m-+0.5m). The Aba Adem Bridge which is located in Wejel and the Useta Bridge in
Debre Markos are expected to be used by many pedestrians. The carmageway of the
Aba Adem Bridge and the Useta Bridge is 10m, (1.5m+3.5m+3.5m+1.5m), and
12m (25m+3.5m+3.5m+2.5m), respectively taking into accourt the traffic
conditions.

(49 Bridge Type
v Type by Material

The Reinforced Concrete Bridge (RC Bridge) is the nost suitable bridge type for short
spans. Table-1 shows the comparison of bridge types by materials.

Type Features Evaluation

Suitable for short spans 9]

. No major technical difficulties

%ﬁﬁiﬁf No difficulty in obtaining necessary materials
Bridge No difficulty in Quality Control

Costeffective

Concrete Suitable for Technology Transfer

Bridge Suitable for longer spans than RC bridges ®

Light weight than RC bridges

Advance technology

Need of imported materials

Difficulty in Quality Control

Costly than RC bridges

Imported materials ®

Difficulty in construction

Costly than concrete bridges

Difficulty at maintenance stage

Easy to repair than concrete bridges

Concrete
Bridge

Steel
Bridge

11
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v Structural Type
Structural Type will be decided by the following criteria.

Structural Type Span Range
Reinforced Concrete Slab Bridge 5~-10m
Reinforced Concrete Girder Bridge 10~-20m

v"  RC Box Culvert

When the bndge construction is judged to be difficult or not approprate due to
difficult site conditions, the RC Box Culvert will be planned. The following table
compares the bridges and RC box culverts.

Structure Features

Suitable for longer spans

Wider clearance under the superstructure
Concentration of forces at abutments and piers
Need of strong ground layer

Need of bearing supports and expansion joints
Smaller clearance than that of bridges

No bearing supports and expansion joints

No need of abutments and piers

Applicable to less strong ground condition

No difficulty in adjustment of road surface

Bridges

RC Box
Culverts

(5) Design Method

The bridge design shall meet the Bridge Design Manual of ERA. However, calculation
1s based on Japanese bridge design methods and check if the result meets the Bridge
Design Manual of ERA.

v Brdge Planning
a) Existing Bridges

Bridge Length Carriageway Type Major Repair
Asamatech 5.0 m 7.0 m RC Girder Slab, Parapet
Taba 13+13 m 7.3 m RC Girder None
Bogena 13.1 m 7.0 m RC Girder Slab, Parapet
Chemoga 67.0 m 7.0 m Masonry Arch Slab, Parapet

b) New Bridges

Bridge Length Carriageway Type Substructure Type
Bechet 17+17 m 8.0m RC Girder Direct Foundation
Abadem 15m 10.0 m RC Girder Direct Foundation
Abeya 3@4.5m 8.0m RC Culvert —
A3-4-012 2@ 4.5 m 8.0m RC Culvert —
Getla 15+15 m 8.0 m RC Girder Direct Foundation

12
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A3-4-017 15 m 8.0 m RC Girder Direct Foundation
Zeba 15 m 8.0 m RC Girder Direct Foundation
Yeda-A 2@ 4.5 m 8.0m RC Culvert —
Yeda-B 2@ 4.5 m 8.0m RC Culvert —
Yeda-C 5@ 4.5 m 8.0m RC Culvert —
Ambesh 2@ 4.5 m 8.0m RC Culvert —
Useta 10+10 m 12.0 m RC Girder Direct Foundation
¢) Existing and New Bridges (reference)
Existing Bridge New Bridge
Bridge
Length | Carriageway Type Length | Carriageway Type
Asamatech| 5.0m 70m | RC
Girder
Bechet 32.0 m 6.0 m | Masonry | 17+17 m 8.0 m | RC Girder
Arch
Taba 13+13 7.3m | RC
m Girder
Abadem 120 m 6.0 m | Masonry 15m 10.0 m | RC Girder
Arch
Abeya T+7+7 6.0m | RC 3@4.5m 8.0 m [ RC Culvert
m Girder
Bogena 13.1m 70m | RC
Girder
A3-4-012 7.8 m 55 m | Masonry | 2@4.5m 8.0 m | RC Culvert
Arch
Getla 13.1m 70m | RC 15+15 m 8.0 m | RC Girder
Girder
A3-4-017 7.0m 6.0 m | Masonry 15 m 8.0 m [ RC Girder
Arch
Zeba 11.0 m 556m | RC 15m 8.0 m | RC Girder
Girder
Yeda-1 4@ 5.0 7.0m | RC 2@ 4.5 m 8.0 m | RC Culvert
m Girder
Yeda-2 4@ 5.0 7.0m | RC 2@ 4.5 m 8.0 m | RC Culvert
m Girder
Yeda-3 6+6+6 7.0m | RC
m Girder
Yeda-4 3.5+4 70m | RC 5@ 4.5 m 8.0 m | RC Culvert
m Girder
Ambesh 8.0 m 6.0 m | Masonry | 2@ 4.5m 8.0 m [ RC Culvert
Arch
Chemoga 67.0 m 7.0 m | Masonry
Arch
Useta 12.3 m 50m | RC 10+10 m 12.0 m | RC Girder
Girder

13
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d) Carriageway Plan (reference)

14
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 The Project for Rehabilitation of Trunk Road, Phase IV
{Dejen — Debre Markos Section)
The Consortium of Oriental Consultants Co., Lid.
and Eight-Japan Engineering Consultants’inc.

“Ref. No.ERA/ADM/101025/PO

Date: 25 October 2010

Ms Hiwot Mossisa ’ 1 ) , .
Central Region Directorate, Acting Director ’&ﬂ 'L() v ol
Ethiopian Roads Authority (ERA}

Addis Ababa

Dear Madam,

RE: PROPOSED COUNTERMEASURE FOR EXPANSIVE (BLACK COTTON) SOILS AND
PROPOSED MINIMUM VERTICAL GRADIENT
ON
THE PROJECT FOR REHABILITATION OF TRUNK ROAD, PHASE 1V

We would like to draw your attention to the aforementioned project and previous meetings we have
held, the latest one being on 22™ of October, 2010 in your office at Alemgena on the subject matter
referenced above. It was also agreed that bridge design will be based on ERA’s Bridge Design Manual
2002 except that the design procedure will follow Japanese Standard, then the results will be
rechecked whether or not they satisfy ERA Standards.

Regarding countermeasure for expansive (black cotton) soils, our proposal was agreed by your side
but only in principle with some comments. Y our comments were that the Consultant should
incorporate a filter membrane (such as geo-textile sheet) and an impermeable membrane on the outer
and inner face of the huried gahion, respectively. The inclusion of such membranes and protection
method for gabion bed will be decided at a later stage after confirming matters such as highest ground
water table, etc, and determining whether or not buried gabions will be applied. At the moment, the
concept is to have the image of the probable features of road cross section in town areas. Moreover,
your side recommended that a provision for side drains be indicated on the typical cross sections on
the existing road section in high embankment and new road section in rural areas.

In response to your comments, we have duly modified our proposal for typical cross sections to be
adopted in cases where black cotton soils are predominant. Please see the attached document titled
“Countermeasure for expansive soil on the Trunk Road A3 between Dejen and Debre Markos™

Regarding the issue of minimum vertical gradient, we wish to clarify and reiterate our proposal 1o
adopt the 0.3% min gradient as a deviation from the ERA Standard that states 0.5% min gradient as the
usuaf norm. Your attention is drawn te page 9.9, section 9.7 Minimum Gradients of ERA Geometric

* Design Standard that states: “The minimum gradient for the usual case is 0.5 percent. However,
flat and level gradients on uncurbed paved highways are acceptable when the cross slope
and carriageway elevation above the surrounding ground is adequale to drain the susface
laterally.”

It is in the strength and spirit of the above extract from ERA manual that we would like to request for a
departure from the ERA’s usual-case standard in line with Chapter 2, Section 2.3 page 2-1 of ERA
Manuali 2002 that stipulates the mformation required to be submitted to ERA for approval of the
requested departure trom standard.

For details please refer to the attached document titled “Acceptable Minimum Gradient {Acceptable
Geometric Parameter)” Moreover, pleasc sce our departure request as summarized in the table below;

12-1, Hanmachi 3-chome, Shibuya-ku, Tokyo, 151-0071 Japan
Tek. +81-3-6311-7894 Fax. +81-3-6311-8043 Cell: 0912 964 852 E-mail. tatsumi@oriconsul.com
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The Project for Rehabilitation of Trunk Road, Phase {V

(Dejen - Debre Markos Section}
The Consortium of Oriental Consultants Co., Ltd.
and Eight-dapan Engineering Consultants Inc.

Road Name Facet of Design g:::(:a d g:zs:ts::e Rcasons for Departure

Trunk Road A3, Minimum Min 0.53% | Min 0.3% - Toreduce the

between Dejen and (longitrdinal} ' volume of

Debre Markos {Flat Gradient earthworks

lowlands such as Yeda thereby reducing

area) construction cost.

- Toreduce

affected area.

Some of the mitigation measures we propose with the use of min 0.3% gradient are;

i) Use of high-type AC pavement: 10cm (double tayer)
ii) Accurately set cross slope of 2.5% to ease lateral surface draining
tit) Use of high standard quality control to achieve improved firm sub-grade

We therefore request for your evaluation and approval of our proposals made in this letter for the
expeditions progress of the design work.

Masaaki TATSUMI Dr., Eng
Oriental Consultants Company Limited
JICA Study Team, Chief Consultant

Cec: Mr. Abdo Mohamined, &g\\i} \\h
DDG Engineering & Regulatory Department,
Ethiopian Roads Authority.
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1.  Acceptable Minimum Gradient (Acceptable Geometric Parameter)

As discussed in the previous meetings held on 19® and 22™ of October, 2010, the
JICA Study Team recommended using 0.3% as min. gradient as follows:

- Min Gradientt ERA’s standard stipulates minimum gradient of 0.5%. However, securing of
min. 0.5% in flat area such as Yeda would mean a substantial increase in construction cost
with the commensurate increment of affected area. Thus min. gradient of 0.3% according to
Japanese standard will be used in absolute necessity.

Road Class (DS3: Paved)

Cesign Elemen: Ut Flat Rollr.g Moatainous | Eszapment | Urban/Pen Urt| Remarks
Tesign Speed <m/h on 83 70 6] 5]
Mm. Stapping Sight Distance m 205 .55 0 85 55
M. Fassir.g Sight Distar.ce m 375 3] 275 225 175
%6 Passing Jpucilay % 50 3z 25 C 23
WMm. Ho:zoutal Cwive Redivs m 295 270 .75 125 85
L Length o Curve m 200 301 300 3C0 200 Tangent Asgle of 3° or less (ERA Standard)
m 250 26) 19 150 100 Japansse Stardard Dzsiga Speed x 6sec.
Tracsiion Cuarves Requred - Ve Ves No No Ne
Max. Redns for usc of a Transior. Carve | m 145C 1050 - - - SATZC. 0.145 = V°
k=400:L=123,
:igi’:q R—300 L-100.
R=7UE:L/=7J: R=400:L=75, \
R=sC0-L=52, R-500..—0, SATCC: U‘U_'UZV l.(R:}
Soiral Length I C—— R=?UU'L/=§q\ R N R C: Raze of mzracse m.cem‘:petal accelerction|
R=1,00:_=47, rt:l;ﬁlul{dft (n/s3). 1<C<3 (1435 is recaramer.ded )
R=1,100:2=45, )
e
k=1,310:_=33, !
[=1430:._=35
Max. CGrediert (dssirable) % 20 /L 6.0 6. 6.
Max. Gradiert (adsolate) % 50 6.C 3.C 33 33
Mm. Srad.ent (dest-able) % 0.5 05 05 0.5 0.5
Jm. Grad.ent (absolute) % 03 03 03 0.3 0.x Japanese Stardard Design Speed x 6sec.
Crest Vertizal Curve (k-valie) k 105 6L 31 13 12
Sag Veraeal Curve (k-value) k 51 3¢ 24 13 12
Max Siperelevatioa (&) % &0 3r 3r 81 47
Normal Crossfall % 25 25 25 25 25
Saculder Crossfal % 4.0 2 2 4. 4.
Right o Way m CCI COl col CCI COlL Corricor of [mpact (Censtructioa Linit)

=Normal Wereda towns and Kebele towns are included in Urban/Pre-Urban.

For this recommendation, the Study Team fills in the gaps as follows.

2. Other Standards Recommendation

A. SATCC: not stipulated

B. AASHTO: Hat grades can typically be used without any problem on uncurbed
highways where the cross slope is adequate to drain the surface water laterally. With
curbed highways or streets, longitudinal grade should be provided to facilitate surface
drainage. An appropriate minimum grade is typically 0.5 percent, but grades of 0.30
percent may be used where there is a high-type pavement accurately sloped and
supported on firm sub-grade.

C. Japanese Standard: Flat grades are normally preferable, but long section with flat
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grade will create some problem. Surface water on road should be drained by cross fall,
but surface water sometimes remains on rad surface due to problems such as rainfall
Intensity, drainage size, etc. It is therefore usual to set vertical gradient at least
between 0.3 and 0.5 percent.

3. Reasons of Recommendation of 0.3 %
1) Livestock Corridor

Hat areas applied 0.3% min. gradient are currently being used as grazing land and/or
livestock corridor. The study road may balkanize these areas and comidors by high
embankment. For this reason, the embankments should be kept in low height as much
as possible.

2) Reduction of Embankment Material

As mentioned previously, securing of min. 0.5% gradient in flat areas would mean a
substantial Increase in construction cost with the embankment material increase as

follows:
Statior. Gracient & Llength Total mcrease Rerark
Sec.A Sec.B Sec C Sec.D Volume (in3)
> 656 = - .
0 + 20 - 1 + 00| 1,00 2.65% 0.33% 7,496.10 Asametech
300 700 . .
0, 0, - -
1L+ 0 - 12 + 420 142 190% 0.30% 28,841.20 Beket
220 1,200 . .
0bm+000 | - | 30km+sic |17 + 80 - 18+ 230] 115C S 5.30% 3.36% . £A17.43 Tcha
- 575 575 -
. - 1 30% 2 0%
Mo+ 200 - I3+ 2z20) 194 s : 40,320.18 Abeya
- - 1,210 12)
5 T 3759,
25+ 580 - 26 + 520) 1,34C 124% 1-0% 3.30% 375% 2,922.C5 Yegodena
3.0 105 390 235
Sub Total 6,850 85,003
00+ 873 - 1+ s 340 2% 1.0.30% : : 5449.02 -uname
212 713 - - Behird of H.S.
9, - -
3km-540 | - | 65km+43c |38 + s200 - 40 + 270| 145C 4?/5 ”'431/" 279741 Godelma
N 0, 0, - -
47 + 400 - 49 + 260] 1,86C 3.537% 0.30% 42,241.60 Yeda
560 1,300 i p
Sub Total 4,250 51,487
Total 137,480
<— Dejen Side D/Markos Side —

Existing Ground Level

| Section A | Section B | Section C | Section D |

*Design depth: The design depth is defined as the depth from finished road level to the
depth that load bearing strength of the soil no longer has an effect on the pavement’s
performance in relation to traffic loading. Following figure shows the design depth in
relation to the main structural components of pavement and earthworks and it gives the
design depth.
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¢
, 10.0m
Of;rﬂ.SmT 3.9m ! 3.5m T 1.9m0 STﬂ
[4 2.5% .5%
H.W.L.: Obtained - 40 ———— —4.0% _ —(%\'%Q
data by hearing = 2
survey at site . &
e e T TR S8
Flood and/or Flat Areas
Table: Standard for the Design Depth (i.e. Tanzania, S.A., Japan)
Tanzania Standard S.A. Standard Japanese
Design Depth (m) Design
R R 1 d.
oad Type General Heavy Load oad Class depth Standard
Paved Trunk 0.8 1.2 A LO- 1.2 1.0m from
B 0.8-1.0
C 08 bottom of
Others 0.6 1.0 - sub-base
D 0.7

4. Conclusion

From the resullts of study mentioned above, the Study Team recommend using gradient
of 0.3% as minimum gradient under the following conditions based on AASHTO.

- 'To use asphalt concrete pavement: 10cm
- To set accurate slope (Cross slope)

- To support on firm sub-grade (well-compacted improved sub-grade)
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1.

Countermeasure for expansive soil on the Trunk Road A3

between Dejen and Debre Markos

Principle (ERA Site Investigation Manual 2002)

Mitigation measures for expansive soils are mentioned as follows in the Manual

(a)

(b)

()

(d

Realignment; this solution is possible only if the areas covered with expansive clays are
of limited extent.

Excavation and replacement; this simple procedure effectively eliminates the problems
and is therefore recommended as much as possible. The investigations should focus on
minimizing haulage of the materials, and this method will be economically viable only
if suitable backfill material is available in the vicinity of the project road.

Treatment with lime; treatment of expansive soils with hydrated lime can give good
results. The addition of 4 to 6% of lime is usually required. This treatment is, however,
costly, in particular because it is necessary to treat a substantial thickness of soil
(minimum 30cm compacted thickness). Lime treatment would therefore be considered
advantageous only where investigations failed to locate suitable backfill material.

Minimizing Moisture Changes and Consequent Movements; if the above methods
cannot be utilized, because of excessive costs or the absence of suitable backfill or
replacement material, expansive clays may be used for fill and sub-grade. Special
Practices are then necessary to avoid ingress of moisture into the road pavement that
results in detrimental volume changes in the swelling soils. (Confining expansive clays
under protective blankets, etc)

As the manual states, in case suitable backfill matenal is available, replacement
procedure is applied as countermeasure for expansive soils. Since suitable backfill
material is available in the vicinity of the project road, replacement method is
preferable.
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2. Thickness of soil replacement

Table-1 shows required replacement thickness stipulated in some countries’ manual,
recommended in some studies and adopted in some projects. ERA manual, Kenyan
and SATCC manual mention maximum 1m as replacement thickness. Some U.S. state
department procedure recommends 1.5m replacement thickness, and also 0.5 — 1.5m
thickness was applied in Addis Ababa — Jima road. In the context of these manuals and
experience, maximum replacement thickness is considered to be 1.5m.

Table-1: The provisions of manuals, performances and recommendations for

replacement thickness for expansive soils

Name of manual Description of the provision
No
1 ERA manual It is usually considered sufficient to excavate the expansive
soil to a depth of about 1m (even if some expansive soil
remains under the backfill material, it will be confined and
protected from moisture changes.) Such backfill material
should exhibit strength (CBR) characteristics similar to those
of the overlying embankment materials (preferably at least
CBR on the order of 5, i.e. sub-grade strength class S3)
2 Zimbabwean Remove 700mm
Practice
3 Tanzanian practice Remove 600mm
4 Kenyan manual Recommends 1000mm
5 Indian case studies Recommend removal of 1000mm
6 SATCC Recommends 1000mm removal
7 Some U.S. state [ Recommends removal up to 1500mm
department
procedure
8 CpC study in | Recommends 900 to 1200mm
Ethiopia
9 Addis Ababa- Removed 800mm
Tarmaber project
10 | Addis Ababa— *Removed 500 — 1500mm
Jima *Vertical barrier of LDPE sheeting (depth 2000mm)
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3. Fluctuation area of water contents in expansive soil

The depth of moisture fluctuation is reported to be in the order of 2m to 3m, the
Kgure-1 shows the model of moisture fluctuation mechanism Cracks develop from
ground surface to maximum depth of about 1.5m according to some investigation.
Moisture contents vary from ground surface to depth 3m as in Figure-1. Moisture
content of ground surface increases with depth until about 3m during dry season, while
it decreases during rainy season on the contrary. Moisture content below about a 3m
depth is reported to be stable, and therefore does not fluctuate.

From some investigation results,
cracks are normally unspread

between 0 and 1500mm. Fluctuation area of Wz
_ G.L 0
KRR
-1500mm Serious p
Low Fluctdation area
-3000mm

Unchanged depth of Water
Content (V\I}z: %)

Expansive (Black Cotton) Sail

< Depth

Figure 1: Extent of the Impact by BC Soil

4. Geological condition of project road

Geological conditions from Dejen to Lumame (30.5km) and from Lumamne to Debre
Markos (35km) are described in accordance with the results of test pits and borehole
Investigation in Tabel-2 and Table-3.

Expansive soil (BCS; Black cotton soil) is observed along the entire alignment
between Dejen and Lumame. Most depths of BCS fall in the range 2 — 3m however,
some depths reach about 10m in Abeya niver area where it is flooded sometimes
during rainy season.

BCS 1is observed in some sections between Lumame and Debre Markos, and also

depths of BCS in Yeda river area reach about 10m. Reddish and brown silty clay are
observed over more than half of the section of 35km.
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Table-2: Sub-grade condition between Dejen and Lumame

](3)(;1#11311} f Chainage | Location BCS /RBel:iI; Valile CBR S:;OEH PI | NMmC | SL. | Eex
NTP 01 1+500 0.8-2.0 <10 38

NTP 02 4+000 0.6-2.6 <10 2 10.0 | 51 112
NBH 01 5+060 1.0-2.5 89 771 39 | 3.2

NTP 03 5+500 0.5-1.9 <10 48

BH 09 8+500 Yitnora | 0.952.7 2-6 47

NTP 05 9+500 0.8-2.8 <10 46

BH 10 10+500 0.0-2.0 3-10 36 | 31

BH 11 11+400 0.0-4.0 49 25 | 40

NTP 06 | 11+500 0.5-3.1 <10 73

BH 12 12+500 Bechet | 0.5-2.5 1-6 52 | 46

NTP 07 | 13+500 0.7-2.5 <10 2 8.0 | 42 97
NBH 02 14+560 0.6-2.0 8 721 39 | 2.8

NTP 08 | 15+500 0.8-2.5 <10 62

NTP09 | 16+500 0.9-2.6 <10 73

NTP 10 | 17+500 0.6-2.4 <10 74

BH 13 18+500 Taba 0.0-3.0 1-4 78 | 51

NTP11 | 19+500 Wejel 0.5-2.4 <10 47

BH 14 20+000 | AbaAdem | (0.0-2.1 34 52

NBH 03 20+090 | AbaAdem | (5-3.5 914 70 | 44 | 44

NTP 12 | 21+500 1.1-2.4 <10 51

NBH 04 22+040 Abeya | 1.0-13.0 2-9 51 | 46 | 7.3

NBH 05 22+080 | Abeya | 1.0-11.0 411 53 | 44

NTP 13 | 23+000 0.6-3.0 <10 2 84 |51 128
NTP 14 | 24+000 1.6-2.5 <10 57

NTP 15 | 26+500 0.8-3.0 <10 2 124 [ 43 | 53 9 90
NBH06 26+500 0.6-2.5 45 52 | 53 | 6.2

NTP 16 | 27+500 0.7-2.7 <10 71

NTP 17 | 29+000 0.5-3.0 <10 63

NBH 07 29+300 | Bogena | 0.6-3.9 10 43 | 31

NBH 08 29+390 | Bogena | 1.0-3.9 56 70 | 61

NPT 18 | 30+000 1.1-3.0 <10 59

Note; BCS: Black cotton soil, Eex: Expansiveness
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Table-3: Sub-grade condition between Lumame and Debre Markos

E‘;rlljl?tg Chainage | Location | BCS /RBeSﬁ VaIILe CBR S;f“ Pl | avic | SL. | Eex
NTP 19 | 32+000 Red 9 | 1 |43 35 | 14 | 81
NTP 20 | 34+500 Bm 46

NBH 09 35+670 Getla

NTP 21 | 36+000 0.0-1.3 <10 50

NTP 22 | 37+500 0.0-1.4 <10 54

NTP 23 | 38+500 0.5-2.7 <10 32

NTP 24 | 40+500 - Red 28

NTP 25 | 42+500 Red 9 | 1.2 |28 31 | 17 | 33
NTP 26 | 43+500 Red %

NBH10 | 44+060 Red | > 12 21| 35 | 15
NTP 27 | 45+500 I/Bm 24

NTP 28 | 46+500 . D/Bm 40

NBH11 | 47+420 | Yeda | 0.0-55 410 57 | 35 | 638
NTP 29 | 48+000 | Yeda | >40 <10 58

NBH 12 | 48+900 | Yeda | 0.0-10 510 40 | 43 | 7.8
NBH13 | 49+200 | Yeda | 0.0-10 1-9 32 | 49 | 107
NTP 30 | 494500 | Yeda | >40 <10 | 2 | 79 |43 36 | 14 | 81
NBH132 | 50+200 | Yeda | 0.0-2.4 410 54 | 37 | 25
NTP 31 | 504500 | Yeda | 0.0-2.7 <10 44 | 46 | 13 | 85
NTP 32 | 51+500 : Red 37

NTP 33 | 53+000 I/Bm 22

NBH15 | 53+500 | Ambesh D/Bm

NTP 34 | 55+000 Red 38

NTP 35 | 56+500 D/Bm 4 | 38 |81 41 | 14 | 49
NTP 36 | 57+500 Red 39

NBH16 | 57+890 | Chemoga I/Bm | 28 31 | 45

NBH17 | 58+020 | Chemoga I/Bm | > 11 40 | 35

NTP 37 | 59+000 Red 36

NTP 38 | 60+500 Red 23

BH19 | 61+000 | Wiseta . Red 2 27 | 44

Note; Red; Reddish silty clay, L/Bm; Light brown silty clay, D/Brm; Dark brown silty clay
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5. Alternative replacement procedures

Three altemative replacement procedures are presented.

Alternative-1 (Figure-2) is proposed based on standard concept of some manual in
which replacement thickness of 1.0m under road embankment and thickness of 0.6m
horizontal blanket with width 0.0nr6.0m outside both embankment toes are designed.
The replacement backfill with thickness of 0.6m on both sides functions to prevent the

change of moisture content through the ground surface.

Alternative-2 (Figure-2*) is the same concept of replacement but with a thickness of
1.5m under road embankmert and thickness of 0.6m on both sides of enmbankment

toes.

Alternative-3 (Figure-3) has replacement thickness 1.0m under road embankment and
vertical bamers on both sides which function to prevent the change of moisture
content and confine it instead of horizontal blanket employed in Altermative-1 and -2.
Vertical bamer depth of 3.0m is planned by considering fluctuation area of water
content (refer to Figure-1). This vertical barrier depth of 3.0m s planned to be adopted
for Abeya and Yeda river area. Depth of vertical barrier will be vaned depending on

BCS thickness in other locations.
¢
L 19.0m
Q5m1.5m 3.5m 3.5m ,1.5m
056,000mm ]
4.0% 2.5% —25% _ .
1-4%
(600mm) Replaced Layer Replaced Layer (600mm)
(800-1,000mm (800-1,000mm})
BC Seil. BC Soil.
Existing Roaod Section

Scarify & Re—compaction

FAsphalt Concrete, 100mm thick.

FBase Course, 200mm . thick.

-Sub Base, 250mm _thick,

—CapplnE Cayre, 200mm thick.(Where it is required)
FEmban rnent WMateriol

“Replaced Layer, 800-1,000mm thick

Existing Pavement Section in Rural Area

¢
10.0m
0,5Mm1.5m 3.5m 3.5m L, 1.5mOL5m

L 40% —2.5% —2.5% . 1

4.0%
4,00F—6,000mm

1-4%
L.

(600mm) Replaced Layer with Suitable Material (300—1,000mm) (6u0mrm)

BC Soil.

FAsphalt Concrete, 100mm thick.
rBase Course_ 200mm_ thick.
-3Sul ase. 220mm_thick,

-CapplnE oyre 20umm trick.{Where 1t Is required)
FEmbankment Materia

“Replaced Laye'r 00—1 0COmm  thick

New Road Section (Bypass) in Rural Area
Figure-2: Countermeasure Concepts based on ERA Design Manual

*Alternative 2, the replacement thickness is changed from 1.0 to 1.51n Figure-2.
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¢

Earlh Drairsge

12.0m
4 2.5m 3.5m } 3.5m 2.5m |
T T C/Slab t=100mm
A -
2.5% L 25% _2.5% 257 s Required
— —————— -
I Capping P > Cappin
?_Féwrg I Existing Pavement Section &L L%Pye.f;
Replaced Replaced
Layer Layer
1,500mm 1,500mm
BC Soil. LExisting’ Road Sect'on BC Soil
E;ubion ~or Equivalent Scarify & Re—compaction
As required: " -Asphalt Concrete, 100mm thick. *Gapping Layer Material:
dreDerlrlg;:;n condition -EageHCou rsELOZUOrnR‘ tﬁﬁck. As well or better materials
oF water table. r=ub Hase, z>Umm thick. (CBR) than existing pavement
FCapping Layre, 700mm 1hick. (Average) ! ¥
[Replaced Layer, 1,500mm thicls. 9%/ matertals.
i.e. impermeahble Material such as Red Clay
Existing Road Section in Town Area
4
" 10/0m
OFJFLEWJL 3.5m 3.5m 1.5m0,5m
__m] 252 _25% _40% _ ~— Usstrean § de
6.0m —_— T 6.0m T
Existing Road Section .
|_ Reploced Layer with Suitable Material (1,000mm)
| L.e. Inpermeable Matedal such 25 liod Clay [e)
BC Soil g i
9O |
FAsphalt ate, 120 thick. -
-Ba’:gnCoEI?:ech‘?émm TI:’i::k. N )
FSub Base, 250mm _thick. 1
—Cuppirri(; Layre, 200mm thick.(Whera it is required)
FEmbankment Material 2.0m
20m

“Replaced Layer, 1,000mm thick

Existing Road Section in High Embankment (Rural) Area

¢

10/0m
3.5m 41.5W0)L5m

0;5L1 Sm, 35m
~2.5%

0% —25% . _4.0% _

——— Uostream Sice

6.0m

1.5 = 3.0m

Repldced Layer with Suittble Material (1,000mm)

i.e. impermeable Materia such as Red Clay

BC soll.

1.0m

FAsphalt Concrete, 100mm thick.
FBase_tourse, 2COmm thick.
-Sub Base, 250mm thick

FCapping Layre, Z00mm thick.(Where it is required)
2.0m FEmbankment Material
G+ “Replaced Layer, 1,000mm thick

New Road Section (Bypass) in Rural Area

Earth Drainage

1.5 = 3.0m}

2.0m

Figure-3 Countermeasure Concepts Proposed by the Study Team
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6. Recommendation

Tabler4 shows advantages and disadvantages of the three Altematives. Only
Altermative-3 can be applied for countermeasure to expansive soils in Abeya and Yeda
nver areg, therefore Altermative-3 1s recommended as the most appropriate procedure

on the project road.
Table-4: Comparison of replacement methods and recommendation
Replacement thickness Mesasures to .
Unde Application | gap between Side
. T P protection | Recomm
No Section ermbankment Slope toAbeya& | existingroad | . - endation
Carmiage protection Yeda and widened change
Toe part
way
Realignment 1 06m |\t sitabl Enough
. gnime m (L ~6m) suitable — ugl
Rehabilitation 0.6m
of existing road — 1.0m (L ~6m — Not enough Enough
| Restigmss 15m g | Notsuitable _ Frough
Rehabilitation By
of existing road o Lm | tickness o Frough Frough
. ~ By . .
; Realignment 1.0m 30m | thickness Suitable Enough Recomm
Rehabilitation By endable
of existing road o Lm | 4ickness o Frough Frough
Note: The maximum thickness of soil replacement is 1.5m according to many Manuals and

experiences.
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Discusson for the Design Conditions and Concepts

In aseriesof previous meetings, foll owing matter swere | eft as pending issues.
- Road alignment at Chemoga
- Applicable cross sections in Debre Markos Town

We hereby report reaults of the study based on the data of the detail topographic
survey compl eted on 5" of November.

1. Alignment Change at Chemoga
(1) Outlineof Alignment Change

Design Condition: Urban/Peri-urban

» Design speed: 50km/h
> Min. Radius 85m
> Transition curve: not required
> Max. Grade 8.0%
» Min. Sopping Sight Distance: 55m
Table-1
Location Reasons & |Interferences
=T ChemogaArea
- 1 —
- : 58.0 —59.4km (L=1.4km)
l
N Reason
>, - - To reducethe number
. of affected houses
.
~. Interference
~ - Some houses

(2) Recommendation

New road construction would mean a commensurate increment of affected area and
houses. Although horizontal alignment is improved by new construction road, it makes
vertical alignment worse. On the other hand, existing route provided gentler grade in
comparison to new road aignment. In addition, stopping sight distance for design
speed of 50km/h is also satisfied. Thus upgrading of existing route (proposed new
alignment) is recommended as much as possible.
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(3) Result of the Study based on Detail Topographic Data

Table-2
HEC Alignment New Alignment

Min. Radius 270m 100m
Max. Grade 8.0% 5.8%

Applicable design

Geometric speed 50km/h 50km/h
Regul atory Speed 30 — 50km
Cal culated Sight 111m > 55m 68M > 55m

Digance

Applicable Cross Section

|0m

s Required

No. of affected houses

3

0

Land
required

Road reserve

New land is required
because of new road
construction

Width of upgraded
road will be within
existing road reserve
area.

Divers on during
construction stage

Itis not required because
of new construction road.

Diversion with 6m will
be provided by use of a
part of ERA’s land.

i

""
p 3

N

He ..
24
/VE“, ; hn. o

&

Tam ‘
[ ey,
2

x -

aypient

L 4
'lﬂ_-\NNh.- " .
Upse .“me o DA 1242
o ‘

®
+
o

L 4

Chemoga Areal=1.4km

‘ :Affed ed Houses

': Chedk of Sght Distance
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Phase 1V in the Federa Democrati c Republic of Ethiopia

2. Applicable Cross Sectionsin Debre Markos
(1) Recommended Cross Section on Previous M eeting

Table-3

Section Plan for A3in Debre Markaos Applicable Crass Sections

64.2km — 65.4km (End)

13.5m
2.9m +3Im n 3.9m 0.05m S.%m n Fam L Zen
Pavking lone Porking_lone
ineluding Ehm\der" I " "'mmdmg Shnu\dg"
1%

15%

Aspholt Conorele. 1 0Dmm hick
Boso Loures. 200mm hsk
Sub Bass. 250mm hkk

62.4km — 64.2km
¢
14.0am N
[ 2.5m 3.5m L 3 S 3.5m | G5m L, 28m I
1™ Porking Tone | [ Porking ans 1 T
ddddddddddddddd Yeludhg Shoulddr
mi e S P '
i 0 EE
Agphold GongGiede, || IDmm thicke

Hose Course Admrm Ahfek
ub Bage. IImm dhdak
SoppIng Loye, 2comem Tnek [wnere 1c 19 reqUirea

61.3km — 62.4km
€
| 2)0m
0,5 25m 35m 3.5m L, 25m
T i w ©/5lap =190 m
. fa Reuvad

Asphalt Songrate [1UDmm 1h ke
Bose Caurse, 2d0mm Ul

Sub Bose J5Gmm. thick

Coppng Leyrse ZQ0mm thiskdWhas 11 15 rquircey

(2) Result of the Study

In report of previous meeting, beginning point of D/M arkos was set at diverging point
of A3 and city road proposed by HEC. However beginning point of D/M arkos was
specified to be at the entrance of small village (see Table-4 in next page) in the
meeting. Thus length of D/M arkos section is extended from 4.1km (Sta.61.3-65.4) to
4.6km (Sta.60.8-65.4).

A-6-43



The Preparatory Survey onthe Project for Rehabilitation of Trunk Road,

Phase 1V in the Federa Democrati c Republic of Ethiopia

Table-4 Relation of Number of Affected Houses and Road Width

Section Plan for A3in Debre Markos

Number of Affecced Houses, W=*

=

120m | 19.0m | 19.5m | 20.0m | 21.5m
2 3 3 4 5
0 4 4 4 9
0 5 6 10 16
0 0 0 0 0
1 1 1 1 1

*W: Total Width of Typical Cross Sections (see Appendix-1)

(3) Recommendation of Applicable Cross Sections

Cross sections in Debre Markos should be proposed in consideration of following

three mattes:

- To minimize the adverse social impacts (minimization of number of affected houses)

- To respond to expansion of thecity area

- To respond to parking demand

Of issues listed above, cons derabl e expansion area of the city in theimmediate future
will be up to Wiseta River. For thee reasons, following cross sections are
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recommended to be applied in Debre M arkos (refer Tabl e-5)

Table-5 Recommendation of cross sectionsand in Debre M arkos

Section Planfor A3 in Debre Markos

Applicable Cross Sections

64.1km — 65.4km (End): L=1.3km
¢

FOMMG Iohe 0
’. Including’ Shouldar|

288

Aspholt Cenerede. ICAmMm thick
Boes Foume J00mm hfck
Sub Baeas 250mm ok,

Dopping lopie, 200mm Ahich.(Whers 7 required)

60.8km — 61.6km: L=0.8km

¢
I 19 Om 5
1 26m , 38w . Z&m J6m 36w, 2Am |
T T porang icne | T Forkino Torw T
nowong sncuicel nelding Shoulddr
25% o 0% ams"

@
12 om
G 2.5 S5m 5.5 L 2.58m
PRk T _2ah

QOB TI0K
uuuuu A0 4 ick

sub Basa 250mm . higk

Capplng Loyee 24Dmim thiek {Vhere It 15 requ bed)

As Reguirad

T /Sl t=190mm
9 Requlred
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Appendix-1
¢
21.6m
5 om | 5 5m 2 %m 58m | Som L, Jom
Parking larne 5 Pavkimg lane T .
neluding Showlger } ]n:mqu Shoul der 7‘% Im,

2.0% 2.5%

W=21.5m (Proposed by HEC DD)

G
20,0m
2.5m 3.5m b 3.5m , 1.0m 3.5m L 3.5m ,  2.8m
1 1 Farking lone Parking lone 1 1m
**‘T‘ nelusing Shewlder including Shoulder ’
25% 2.5% —25% _257  OR

G
19.5m
2.5m J.5m | J.8m fSl=lna) 3.5m , J.5m L, 2.9m
Farking lane Parking lane 1
HIm fncluding Shaulder] ‘ ‘ including Shaulder =

252

R

G
19 [dmn
2.5m J.5m L 3.5m 3.5m L 3.5m L 7.5m
g Porking lone - Porking lone 5
Hm T \m\uﬁmf Shoulger T including %Du‘dl M*

2.5%

G /Slab +=100mm

A= Reguired

S—Oilch far

Embonkment Side
A3 Raguired

W=12.0m
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Appendix-2
Table Number of Affected Houses (Whol e Sections)
DD Route by Proposed New
Sections Width HEC Alignment
PAHs PAHs PAPs
Sta.00+000-00+500 Dejen 12.0m 8 0 0
Sta.06+800-09+100 Y etnora 12.0m 9 0 0
Sta.18+600-20+200 Wejel 19.0m 24 1 5
Sta.28+700-30+400 Lumame 19.0m 9 5*t 0
Sta30+400-39+300 | CnPopulated 600 3 2 8
Area
Sta.39+300-39+900 Gudalema 12.0m 1 0 0
Sta.45+720-46+800 A mber 19.0m ND 16 70
Sta46+800-52+000 | “nPopulated 60 1 2 10
Area
Sta.52+000-52+900 Filiklik 12.0m ND 0 0
Sta.58+000-59+400 Chemoga 12.0m 11 0 0
Sta59+400-60+900 | UnPopulated 6 0 9 0 0
Area
Sta.60+900-61+700 12.0m 1 5
Sta.61+700-64+200 D/Markos 19.0m 84 5 24
Sta.64+200-65+500 20.0m 8 37
Total 159 40 159

*1: Kiosk
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Cross secti on of Debre Markos Town
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Ref.No.n3-138/00-16
Date 4/11/2009

From: The Amhara National Regional State Debre Markos
City Administration Mayer Office

To : Highway Engineering Consultants

Addis Ababa

Subject : Road Construction Works

We refer to our letter addressed to Ethiopia Road Authority of the engineering regulatory division
19/5/2009 with Ref.N0.2526/n A\/00-18.In the letter we address ERA of the direction of the new
road construction in Dejen town.

Currently, we understand that HEC is contracted for the consultancy service of the project by a
letter sent to us with Ref.No. HEC/1991/09 and dated 02/11/2009.

Therefore, we request the route for the new road construction in the direction of Debre Markos
district to Tekle-haimanot Square (old road).

Attached here with please find a minute signed by City Mayer Committee concerning the dicision
of the road al/ Route in the Debre Markos town.

Signature and Seal

Abebaw Yaynwaga
Debre Markos City Mayor
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Date 3/11/2009

Mayor’s Committee Minutes of Meeting

Attendants:

Mr. Migbaru Kebede Mayor’s committee chairperson
Mr. Alemahehu Tekeste Committee Member
Mr. Abebaw Yaynwaga »
Mr. Asmamaw Atnafu »
. Tekel Yitayew »
Mr. Menberu Mengistu »
Mr. Dereje Denekew »
Mr. Melesachew Demelash »
Mr. Kefale Adinew »
10. Mr. Yohannes Amno »
11. Mr. Belaynew Tsega »
12. Mr. Mesfin Gesesse »

LW NA UL~
<

Agenda: Selection of road corridor/route in Debre Markos town

The Mayor’s committee has discussed and agreed on the following points:

1. The road segment in Debre Markos town should be wide and median separated and should be in
accordance with the master plan.

2. The road should pass along the corridor from the Debre Markos District of ERA and Kebele 07 office
and along the Mosque to the Tekle haimanot round about.

The reason for the above decision is as follows:

1. If the existing road is to be rehabilitated, it is going to be costly as there will be big volume of slope
cutting and filling works.

2. The existing road horizontal alignment has many curves; therefore, number of accident will be high.

3. There are big building structures along the existing road; therefore, the amount of compensation will be
extremely high. In addition, resettlement action will create an immense pressure on the people to be
resettled and the city administration.

4. The terrain along the proposed alignment is more suitable for the road construction. In addition the
construction of the road will bring an economic growth to all the people living along the road.

Therefore, we recommend the alignment of the road to be as agreed above for the reasons
mentioned above. The above decision by the committee should be informed to the Design Firm
by the name Highway Engineering Consultants PLC. The committee has already informed of its
decision to ERA.

Signature of the committee members

Seal of the Debre Markos Town Administration
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Date: 4/11/2009

Discussion to effectively carryout the Road construction Works from Dejen to Debre Markos
Time: 9:30 am
Place: Aneded Woreda Office

Attendants
1. Mr. Abdulahi Mohammed  HEC
2. Mr. Badeg Lake Representative of Agricultural Office
3. Mr. Abebaw Adane » »
4. Mr. Yalkibetal Admase Representative of Aneded Woreda Administration
5. Mr. Aderaw Abitew Land Administration Office

Agenda: Concerning families that will be affected by the Road Construction Works

Mr. Abdulahi Mohammed: He said that he will make discussion concerning the compensation of farm land and
houses with the concerned bodies. If a farm land or house is affected by the road works, we have to pay
compensation according to the regulations. The road will have a width of 22m in towns.

Mr. Abebaw Adane: How is the road construction work go along with the Reservoir?

Mr. Badege Lake: Compensation must be paid for those affected by the road work.

Mr. Abebaw Adane: We have to make ready of ourselves anD/Deliver what is expected of us. Eventhough the
people and the administration was expecting for long time, it is disappointing that the road is no going to pass
through Aneded woreda village. Since the road is not going to pass through the village, the people are not going
to benefit from the road construction. Therefore, the people will be disappointed anD/Distance themselves from
the government.

Mr. Abdulahi Mohammed: Concerning the above, a discussion has to be made with the Designers,

the Zone and Regional Offices of ERA.

Mr. Badege Lake: We have to disscuss with a tangible information and we have to understand that the
economic development of the village will be hindered. That is because the road is not passing through the

Aneded woreda village.

Signature of the attendants
Seal of the Eastern Gojam Administration Zone

Aneded Woreda Trade & Industry Office

Date 4/11/2009
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Preparation for necessary precautions to be taken for the Dejen Debre Markos Road Construction Project
Attendants:

1. Mr. Abdulahi Mohammed HEC (Chairperson)

2. Mr. Abebe Melese Awabel Woreda Administration

3. Mr. Kumilachew Damte Environmental Protection Agency
4. Mr. Edme alem Andualem Revenue Authority Office
5. Mr. Sima Kebede Awabel Woreda Municipality

6. Mr. Azeze Kasahun Women’s Associaltion representative

Agenda:
1. Compensation Matter

2. How to consider affected people in urban and rural area

Minutes of meeting are as follows:

Mr. Abdulahi Mohammed: The Government will pay compensation to properties like farm land and houses that
are affected by the road construction. He requested if there is any question from the people and administration
so that HEC can accommodate the matter in the study.

Mr. Kumilachew Damte: According to government regulation a compensation will be paid for farmers who are
affected. However property evaluation and paying the compensation money will take a very long time. So what
are you thinking in this regard?

Mr. Abdulahi Mohammed: compensation will be evaluated and will be paid by Ethiopian Roads Authority so it
is difficult to answer this question by HEC.

Mr. Azeze Kasahun: Is the road construction going to affect seriously specially the farmlands?

Mr. Abdulahi Mohammed: The road alignment is almost following the existing centerline around this village.

Therefore farmlands are not going to be affected seriously.

Sign by the participants
Seal of the Amhara Regional Government, Western Gojam Administration

Awabel Woreda Administration Office

Date: 4/11/2009
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Meeting Venue: Dejen Woreda Water Resource Office

Time: 2:00 pm
Attendants:
1. Mr. Abdulahi Mohammod HEC
2. Mr. Birilew Mossa Environmental Protection Agency
3. Mr. Melisew Tamiru Agricultural Office
4. Mr. Abedje Asamirew General Manager Municipality
5. Mr. Tamir Adam Land Administration Office

Agenda: Concerning resettlement and compensation for the Dejen Debre Markos

Road Project

Minutes of Discussion

Mr. Tamiru: He suggested each and every property that will be affected should be identified with a photo of the
property.

Mr. Melisew: For a farm land the type of crop, number of trees and productivity should be considereD/During
the property evaluation stage and compensation.

Mr. Birilew: Farmers who have settled recently should be compensated according to the new regulation of the
government.

Mr. Abeje: New construction near the road should be prohibited and the people should be informed about this.
Therefore, all participants have reached on agreement on the above issues unanimously.
Signature of the participants

Seal of the Amhara Regional Government, Eastern Gojam Administration

Dejen Town Municipality
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6.3 EEPCO # LEtE

(1) REXEIFRDF LAFE
EEPCO |Z L #8734 L5t (Chemoga Veda Project) M EM IV TIH Y (2009 49 A 22 HEHK
THIAE 9 DH) CAE%EHENER ISR DI ORIIIH 63.10 L8810 TH D,

Chemoga Abesh Yeda Ziba Mintkat Getla Yekeyet Bogena
BOGENA
CHEMOGA
«<—Debre Markos Dejen—
[e—o
|
Ziba
«— y
Bogena

Chemoga

E 631 #LEHEHER

63 UTRT EIICEHEILS X L Th D, ZONE U ZAX NIFHHERIZ) DD SR, AT
22 IE20km VA EFRICH 0 EEEA~DEEII KL\, F =4 F LIEEHEE K OK 300m i,
R H LTFHEIER O 3km EFICH 0 @) 72 BoKGHE 2 5% 8 9 AV G ENE B~ OB T 7
AN

7R T H BTN TR LRFAKRMDNBPLE R (2T 5 720 ERA I X 0 EBHRIEDS 1.7km Bk
N R gl

A-6-59



HE

]

EEPCO O % A

2

i
SLININOJWOD NIVIN 20 dVIN NOILYDOTT
S1O3r0Yd YIMOJOYTAH 1l ANV | $39V.1S

o “W
HEWD TYNOILYNYILN] ¥3AZNHY

AQNLS ALNIGISYIS
103rOYd HIMOJOEOAH Il FOVLS YOIA - YOOWSHD
NOLLYHOJYOD ¥3MOd 014103713 NYIJOIH.L3

000°002°1
0

IN3WDOTIASQ 1 3SYLS

ANIWJ0IZAZQ | SDVLS
[SNELEN

/NS IIVOOUENT /

L

e .
A 1ZNNML 30OVEAYEH
i 11 39VLS

YITYWOS

VITYACS

1
| v ; ovis
N o

S

A4 vauLws

g

\

A-6-60



EEPCO O & 5K B FHEfEHT

3

2'tL ON Bumeag

S103r0Hd Y=MOJOYUAH I ONV | SIOVLS

NOILOTS OLLYINIHOS

s sv0 “
HEWD TYNOLLYNYZLN] H3ATWHY

193ro¥d Y3MOJOHAAR 1l ADYLS VAIA - YOOWIHD
NOILYHOJHOD ¥3MOd D1H10373 NYIJOIHLI

AQMLS ALIMNGISY3S

0oL

cog

D06

TENHNL 3oVaTVL

0001

” . %m[ \’ [ESUT
&

/]

3ISNOHYZMCd ONNOXOUSANN

\l 130V1S

M@f TENNNL 300V ——

ongl —fe— LIVHS NOILVILLNSA %

t 5/

2024 —F-~ %

€04

008

L14¥HS 28NSS5He
LRI

CNY $378vD ) m N

. TNNNL SOVHavIH

ousy —

[

ek ;

000g

0072

\ 1 29v1S

ISNORYFIGA ovEns

YIAWVHO 30UNS
11 39vLS -

139v1s

A

RERIET STRER ] i

|

IO HFA SNSS
=

HOOLSN3d JOVAENS
139v1s

o0gz

TINNNL SOVHOYaH
139vLs

Wy sn3s —

SN3S OLYa3A T

/— WYQ NIYIN ¥a3A

T=NNRLEI55NVEL
VO3A CLYOOWSHO

V

4

L WVaNvA

07

§ YOOW3HD

.. SIAWVHT JTHAT
139v1s

| vuss-visees
| noMI WBISAS uEsevL
;

=wT

wT

TR

TOET

[rs'el NOL VAT 1

A-6-61



6.4 ZLEEREHFREFEKTHE (ERA-D/D &VY)

Consultancy Service of the Feasibility and EIA Studies, Preparation of RAP, Detail Engineering Design and Tender Document Preparation for
Dejen — Debre Markos Road Project
Final Design Standard Report

Table El1.1: Traffic Forecasted for Dejen - Debre Markos Road Project (2009-2032), Mixed
Forecasted for Dejen - Debre Markos

146 114 145 72 57 73 852

12009 |30

2010 33 159 124 157 78 62 79 918

2011 35 171 134 168 84 66 85 982

2012 37 185 144 181 90 71 91 1052
2013 39 200 156 194 97 77 98 1129
2014 53 276 215 266 133 105 134 1546
2015 55 298 232 286 142 113 145 1655
2016 59 321 251 307 153 121 155 1774
2017 62 346 271 330 165 131 166 1901
2018 65 374 293 354 177 140 179 2037
2019 69 404 316 380 189 150 192 2181
2020 73 437 340 408 203 161 206 2338
2021 77 468 364 435 217 172 219 2486
2022 81 498 387 461 230 182 232 2631
2023 85 530 413 488 244 194 246 2786
2024 89 564 440 517 258 205 262 2949
2025 93 601 468 548 273 217 277 3120
2026 98 641 499 581 290 230 294 3304
2027 102 682 531 616 308 244 312 3499
2028 107 727 565 653 326 258 330 3704
2029 112 773 601 692 345 273 350 3920
2030 117 823 641 734 366 290 371 4150
2031 122 877 682 778 388 308 393 4393
2032 128 934 727 824 411 326 416 4651

Source: Consultant’s Traffic Survey and Forecast, 2009

Highway Engineers & Consultants (HEC) Ple in &V with HAMDA Ple March, 2010 4
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6.5 MERE

(1) HEHRHE

1) REBNEHERS
VRS R E S OB R O R% TR K OVl T B e MUEDIR I O & B RS & L CIEME L7, A
CARKBIZIX, 77y 7 ay b YAV EMENDEEEO BV ER DA L TR, ZO010,
JEE, R T 5 2 LA FRE LTV D, KRB IIRD =S DOWEE S AT
W5,
B RV VA CEEEHRTEA & ERARR)
B TNy M EEEROERE T 7y 7 ay YAV EZDBIEDOHE 7

HRUBHRIE T s S CBR #UR)
B MEEE (BB, RSO R—U T ROT A FE Yy M X D0 & HERER)

2) HREMELFAEIEAR
HEMEL. K 6.5.1 FHEMERICRT, £75H0O GPS For & IR, £ 6.5.1 R—
Uo7 —ERENE 652 TA Ny MNMiE—BERITRT,

~

AD6 (B A3 5LV 18km) 4

Witern R Wisets . Chemoga R, Ambesh B Yeda R, ZibaR.  Mistkat R, Getla R. Bogena R. Abeya R, Taba R. |

8 R (Q&Q‘,AIM—Z,AB#-I,A}B,ABZ-I,QLQZ,Q?)'J | BfFER—Y>2 (2003) BHY-BHI9 ‘
4 WS (ADS,ADY,ADI0,AD7,AD6,AD2:2,AD1,B2,B1,ADS): WER—D > (2010) NBHI-NBHI9 |
@ T4 ABRARBRANEHREUMA (ETP1, ETP2, ETP3) | BHEA— T - ‘

H 651 HREMER
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£ 651 R—Yrihm—E%x
Serial B A=V JHERE

o | e | S i fiE [ EE © | wE N

1 NBH 1 5+060 Plateau Y 405126 1129603

2 NBH 2 14+560 Plateau HIE 397343 1131876

3 NBH 3 20+090 Aba Adem R. G 392058 1130320

4 NBH 4 22+080 Abeya R. H 390283 1130122

5 NBH 5 224330 Abeya R. ¥ H 390084 1130116

6 NBH 6 26+500 Plateau HE 386666 1131970

7 NBH 7 29+300 Bogena R. HH 384199 1133004

8 NBH 8 29+390 Bogena R. HIE 384111 1133033

9 NBH 9 35+670 Getla R. ik 380318 1134466

10 NBH 10 44+060 Ziba R. HE 374738 1133686

11 NBH 11 47+420 Yeda R. B Sk iz 372535 1134368

12 NBH 12 48+900 Yeda R. H 5K 371847 1135567

13 NBH 13 49+200 Yeda R. H SR HiE 371612 1135729

14 NBH 13-2 50+200 Yeda R. H SR HiE 370759 1136180

15 NBH 14 53+480 Ambesh R. Hrk — —

16 NBH 15 53+500 Ambesh R. B Sk iz 36143 1137118

17 NBH 16 57+890 Chemoga R. ¥ H 364521 1138417

18 NBH 17 58+020 Chemoga R. ¥IH 364408 1138490

19 NBH 18 60+860 Abahim R. [P 361845 1139222

20 NBH 19 63+640 Wiseta R. HIE 361404 1141871

* 652 TAIMEY MEA—EX
. e - HIYRE | DCP VR JEERE

Serial No. | FEEfERE No. LIS = %Tﬁ% (m{;ﬁﬁ =E (5 EE (N
NTP 1 1+500 =gl BCS 2.0 5.1 405794 1126106
NTP 2 4+000 =gl BCS 2.4 6.5 405312 1128558
NTP 3 5+000 =gl BCS 2.7 4.7 405049 1130034
NTP 4 7+500 N3 BCS 3.0 5.2 404001 1131710
NTP 5 9+500 i BCS 2.4 5.0 403248 1132382
NTP 6 114500 T Hi BCS 2.5 3.7 400262 | 1132651
NTP 7 13+500 B Hh URC 2.0 33 398345 1132259
NTP 8 15+500 B Hh BCS 2.1 4.4 396479 1131540
NTP 9 16+500 B Hh BCS 24 53 395529 1131232
NTP 10 174500 B Hh BCS 24 4.5 394568 1130955
NTP 11 19+500 i BCS 1.4 2.9 392647 1130399
NTP 12 214500 1K Hh BCS 2.1 53 390663 1130155
NTP 13 234500 i3 BCS 3.0 4.5 389168 1130038
NTP 14 244000 i3 URC 2.5 35 388434 1130527
NTP 15 26+500 B Hh BCS 3.0 5.1 386666 1131963
NTP 16 27+500 B Hh BCS 2.7 4.7 385807 1132387
NTP 17 29+500 i3 BCS 3.0 4.1 384468 1132868
NTP 18 30+000 54 BCS 3.0 3.7 383084 1133637
NTP 19 32+000 I URC 2.5 39 382309 1132663
NTP 20 34+500 [ URC 3.0 3.0 381034 1133663
NTP 41 35+670 K URC 3.2 3.5 380318 1134466
NTP21 36+000 [ URC 2.5 2.7 380049 1134336
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Serial No. | HEMEFE.No. VAT i %?fn{fg Dcff‘g W (0 ng N
NTP22 37+500 i BCS 2.7 1.9 379460 1133045
NTP23 38+500 i BCS 2.7 2.9 405312 1128557
NTP24 40+500 i3 URC 22 2.4 377275 1131559
NTP25 42+500 i URC 3.0 4.8 375867 1132737
NTP26 43+500 IiniZ3 URC 1.5 0.6 374888 1133305
NTP27 45+000 IiniZ3 URC 2.5 1.5 373855 1133439
NTP28 46+500 i URC 2.5 3.8 372682 1133218
NTP29 48+000 K Hh BCS 3.0 4.2 372449 1134930
NTP30 49+500 K Hh UBC 2.4 4.1 371094 1135753
NTP31 504500 i BCS 2.7 2.0 370494 1136336
NTP32 514500 i URC 2.4 2.0 369608 1136339
NTP33 534000 i URC 1.8 4.0 369607 1137014
NTP34 55+000 2 URC 1.0 2.1 366762 1136787
NTP35 56+500 2 URC 1.8 2.5 365900 1137161
NTP36 574500 2 URC 2.0 4.9 364841 1138197
NTP37 594000 2 URC 3.0 1.5 363493 1138706
NTP38 60+500 B URC 2.5 4.7 362131 1139006
NTP39 624000 =i URC 2.8 4.2 361868 1140312
NTP40 634000 B URC 2.6 3.8 381429 1141731

BCS= 77 v/ ay YA,/ URC= LEREk+, UBC= Lif@arit (hfEt)
FENEIL. ROBY TH 5,

B 2L — b DT Ty I ay b ANDHSARIROEAE (63k m)

B RENRT T ay NV AADARBOR—Y » 7#HE (3 1L)

B A=) TRYJPOKEEOR—V > & (6 fL)

B AENSEROR—Y A (9FEE, 11 40)

B Tl ay hoVANLFEDZODOT A M b & DCP B (44 » FY)
B CBRFAEBEDOE=HOY T Y 7 (10 # F)

B BANEEORDODOR—Y T 7 (5P, 2 4L)

B HEGHEOOOT ARy bV T Y 7 (8 7P, 21 3K

B EEGREO HERER—

3) REHE=E

PAEREIL, £ 653 A—V I ROTERBHE (72T 7L AaR) £ 654 T
ZMEy FROTHERBREESL, £ 655~F 6.5.7 MEHAELOCHERR -ERIORT, B,
R—=V > Z7REDI B, 7 FZ)O NBHI X, 77 B AEHN R DOMEOIZOIANE L
< W27~ DCP TR LTz, F7-. 7o X2l NBH 14 1M EICEENBELNLTHBY, H
BRI 5372 7=, NBHI5 OHOHFLE L, Fik L7,
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® 653 A=Y UIRULEHBRHE (FPz-TILTINOR)
= i% . wl | =
. R | A b Bl e | W | dh | E =
B. H. No. By | a |  wm | N ||| s | |
% | ¢ e v | |
B | i | 3
NBHI1 Plateau Area 10.0 8 2 2 2 2 2 1 0 1 1 0
NBH2 Plateau Area 10.0 8 2 2 2 2 2 1 1 1 1 0
NBH3 Aba Adem R. 10.0 7 2 1 1 1 1 0 1 1 2 0
NBH4 Abeya R. 272 23 2 13 ] 13 | 13 | 12 0 1 1 2 1
NBHS5 Abeya R. 26.6 23 1 1 1 1 1 0 0 0 0 0
NBH6 Plateau Area 8.0 5 1 1 1 1 1 1 0 1 1 0
NBH7 Bonega R. 7.0 3 1 1 1 1 1 0 0 0 0 1
NBHS Bonega R. 7.2 2 1 1 1 1 1 0 0 0 0 0
NBH9 Getla R.(F1k) - - - e e e e e T I I
NBHI10 Ziba R. 12.2 8 2 2 2 2 2 1 1 1 1 0
NBHI11 Yeda R. 27.0 25 2 2 2 2 2 1 1 0 1 0
NBH12 Yeda R. 30.0 25 2 2 2 2 2 1 1 1 1 1
NBH13 Yeda R. 31.2 30 2 17 17 | 17 | 16 1 1 1 1 0
NBH13-2 Yeda R. 20.0 15 1 1 1 1 1 1 1 0 1 0
NBH14 Ambesh R. (FP 1) - - - e L I I e
NBH15 Ambesh R. 6.5 1 0 0 0 0 0 0 0 0 0 0
NBHI16 Chemoga R. 6.9 2 1 1 1 1 1 0 0 0 0 0
NBH17 Chemoga R. 6.6 2 1 1 1 1 1 0 0 0 0 0
NBHI18 Abahim R. 18.0 15 1 1 1 1 1 1 0 0 0 0
NBHI19 Wiseta R. 8.0 0 0 0 0 0 0 0 0 0 0 1
Total 27241202 | 24 49 | 49 | 49 | 47 9 8 8 12 4
% 654 TRARMEY FRULTEHBREER
AR | B | Gkl R | eV | I CBR | HiH#E | DCP
40 10 10 50 50 10 10 10 40
% 655 FEABKR—)UVIRUITEEBREER
Hi S No. i BELWKRE | ZENM oYYV AT AN | T A b
AD 2-1 VNN 1 1 1 1
AD4-2 | A—U 27 (10m) 1 1 1 1
Q4 A—VU 27 (10m) 1 1 1 1
Qs STV T 1 1 1 1
AD 6 VNN 1 1 1 1
&t 5 5 5 5
# 656 THBZETALEY L, YO FYIITRULTERBREER
At iR
HEE No, FE) (&‘é) bt | wE | R )| ke
B2 VANV N/ 2 2 2 2 0
AD 1 TestPit (H:5m) 2 2 2 2 1
AD 2-2 Test Pit (H:3m) 1 1 1 1 0
AD 6 AN N/ 2 2 2 2 1
AD 7 AN NS/ 3 3 3 3 0
AD 8 AN NS/ 1 1 1 1 0
AD 9 VNN 1 1 1 1 0
AD 10 VAN N/ 2 2 2 2 0
&t 14 14 14 14 2
(7F) BAKRBRIL, FRRO2BBOENBEL LTI Ty 7 ay bV AV, Fa+5%T 13 3k
WTERE LT,
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# 6.5.7 A4 LEBAFEHEDOCBRTA

B TP | HEHERR o R TR VA VA TAN | 2

BE | No. | kmy | PEE (E) (N) 2% 4% 6% | °
NTP2 | ETP1 | 4+000 | Dejen | 405312 | 1128558 | 2 2 2 6
NTP 13 | ETP2 | 23+000 | AbeyaR. | 389168 | 1130038 | 2 2 2 6
NTP30 | ETP3 | 491000 | YedaR. | 371094 | 1135753 | 2 2 2 6
it - - - - - 6 6 6 18

4) REHOMLERE

X 6521 F AT OMEXNERT, TFAETIELTOELEOFRBEFEENLEDLT 7V
I RHIERNC K> THEEE TSI 03N Tn5, 207 7 U A KERIIEOT Y E—27 b
HoW=T | =T ER T FAETICEDME 50~100k m, #ERE 6.000 k mIZET D KHER C
bb, 77V RKHERITHE RUBRTEICr =7 Lo F AT 2hh e L CHREER B S .
BUE £ CTOMEEIL 2.000~3.000mIZEL TW5,

K 652 IFAE7HER
Z O EE) & RIFFIRHC PR R O FULE A T L CERIEDO-IER B TER S D & LI HIn A
WEEKIZ L DR 72 XA O Thi e, BIETH ZOIEENIH TR Y | s x5 ors
KILUSEAT L ANERE B S BT TIRAE L TV 5, E-HER ORI, MR X - TER
ENTEZHOMMPFEALITES L TW5, =F 4 7 TO LA OB TR Tl KEIBL A R
L. M 500k m, £ & 1.000k miZh7=b=F AT EMEK Lz, =F 47 5O E I 2.000
m~2.500m %/~ L, KHJER T CThbE\, Ea ORI E HPE T 100miZ 3 Z20nas,
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JEARFER TIE 2.000mEL EIZEL TWD, —F, =F 47 OHEIFHCKIEERIZ o =70
T L TIRFRTH D | ‘“ﬂ£0>PﬂJﬁ73‘iﬁﬁé:%ﬁéEl,Wfb\itb\ KHIEE OIS IXEEH T T « A
T AT CEIRICBE . ZORRIET 7 BICHE L TT 7 BRI IS, P 3R S8 L TR
@%%%Cﬁﬁﬁéo_®E%®*ﬁ%wi777“M%&ﬁiﬂ\SKQ%%WﬂQ%Té@%
IPHEREE AR L, =T AT OMEIRE) & KIITEENXIZIE Z oMIZER LTV, =FAET R
ﬁ@%ﬁ%%mﬁé@i ¢$ﬁ@@ﬁﬁ%ﬁﬁf£kbf Wi, Ha, B8, AKERENL R
e ZNOHDOEBITIFIEAFEICHRE L TRBY ., AHNE T, EX 300~400m D LR AEICE D
ncTns %ﬁi%msmqmm®@ﬂ@ﬁwﬁﬁk¥wﬁ®ﬁﬁAbﬁm5ﬁD eI mEE
km®ﬁf¥% Lo ThHlrannTng, EESICIIZRADEH L, 2oREIX, 2R EICX
STEDLN TS REFEFICIIZREOBELIC L > TAEKR SN EBRED T T v 7 ay Ry
w#ﬁ%tkbf%ﬁbrwé;77y7:yb/y4wwﬁT7Uﬁ@*%%ﬁ%’f<“ﬁ
L. MAESCRIEORES I LTV DA, BZIZITIHE L, IR E L <. £ TIiE R
@i@f%éo7?4}7Nﬂtﬁﬁ3mkm@AmL’ii%ﬁt7wk®ﬁ & 3 (R Ak 75
km, HPH 60km, 25 1.830m) NFEET D, X TN SIE, 734 (FFA ) BSFH L,
A—=Z L THFANVINEEGHR L, TANNE o T2 T FAAALTWS, T8I, B
PERCIEFEEIES) & I FHRENILR L, BEE F TR U VALK X D OHER 1.500m D
KR ZTER L TS, TFF T B AR EEICER LT, 2O aH EosmED
FINEIT ARANMNZIZCD E L THFANKROL i E > TWD HEXB THLIT V= ~T 7 L
~ 3 A OK) 63k mIXT A BEROFEMN O LA G R EIZALE LT D,

5) FRAEIL— FOHERR

ZIKIZF'EJ T F AT BEHOIEIEFOEIALE L, B i$ﬁ~%§i< ERIL TR, TV
OFEEITHT 2.500m ., H~K 63k mBENL /-7 7 L~ /L2 20 & 134 2.400m 2 ~d, B Eof
J iﬁ%?“ﬁoo\ﬁﬁﬁ/l/*— NMZIEAS L CRINE LT 231 )1 um(}luﬁ‘éofg@{TJ” [ RSN - RO
TH=T TN Xy B ZNI TAAT TR TRV RS RT)L OAIL
AL, TRyl FoEwH)I, 7L, vEZNNOFH 3W)ITHL, KAXHEITE
HEIZ IR R 100~ 150m B2 DR A it 7o LA R AL I 5 FIFET 2, Esti)ilo 5 67
XY, F RN, DA AZZ)NO 4 F)INEZ 5O EEOMIZHE 1~3k m ORI %
LTEY, ZOIBT_XY)INE A ZF)BRRBIA, EEHSIL, F& L TXREOEEEETNE
BORIHE m OREOLENR ML TS, At (REVHERE) A8t iomL. £
DFENT T v ay NI ANNBGHGT D, 7T v 7 ay b ANE, BEFEETELS 10m
WZiEL, a E T 2~3mEETH D,
AR HT DML, KROEY TH D,

B EHEes b~ s (UBC)

& UTHIEREE OIEIFRIC 04 Ly SRS B H EO MM < /544 5, JEEIX 1~3mT
T K 2 M REHER TH 5,

AR BTV F TG TH D,
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B EERERE~2 v (URC)
F & L TRETEH b REICHMT 2R E~RE 0z B9 DR HE 2 b TE B ZUE
ZIRAT D, ABIILXREOBEULIC K > TELZLDOR, BARRLY Y 777 v g Xk -> THE)
“HRHEE LD TH D, AT EEHBERHIZHKR L TREVIZRIFTH D, BEIT 2~3
miE TH D2, Bl FETIE S~6mIZET 5560 H D,

m Tovyray VAL (BCS)

F & L ThHEHME & BRI ORI oM T 5, BA~BKE2zE2T5MITE LV N TH D, JE
JEIFX B T 2~3m, BEFERHZT XY« 4 = &) TR 10mIZET 5, KRR BEHRTEE
iz :i/\%ﬁ L2V M CIERa LN T 7y 7 ay ho YA ML TS bid bivd il
I T D23, BLZRIZITIAE L COEIRRE B9 5,

B Rt (LC)

FELTREEHOT T v 7 2y b A NVO AL L E RN B o [N 3 M2 5
D, REIIKAEETLHHER L THs, BEIX, 7Y, A =X)IIT 12~1TmlZ#E LA
T CIE 2~3miEETH D,

B ERE(EL (RS)

T L LTEBHORE LD FALIZHMT 5, IRE~FKAZR L, 2R AT L5665, K
JEIXZRENFNE CTEL L7 b D TH D, 2 E L THE DV b~ 0 MERVK TRER LT
TEE, JEETHATC L D2 EAE L < 2~8miRETH D,

B EKE (TF)

AR AL AR AT TR O FALCOH Ly 7T T B R OA =X )IEFCOHT 5,
AENIHK B~ Ktz R LT v NEOHCE Th 5, BIHCTIXHR BB A A L EREE S &,
JEIE 1T 2~ 10m R L HEE S D,

m THEZXRE (DBa)
RJES L LA TR 2~10 c mD X AE O AL L JB L ENRIET 28 Th 5, BEOEHEDE
wrﬁ X, XFFE L LT MEZFFON, ML NEZWIGAIISFEE LTUIRETH D, &
IR LW, BEZ5~1mfEETH S,

B ZRE (Ba)

BO~BIKOOBEEERLRETHY . ARMOIEE Th 5, BT, HREHEZFE S D
DESZHETHROL DD 2 XA TRRD LD, R—V > 7 a7 Tk, Wi b afif CHAE 72
b DODHER ST,
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6) RERARRBRER
R ARBRABRI R 2 & 658177,

% 6.5.8 1ZHEEARBREREPD

HE4, P | B (s0em) | oM FIs0em) | P ( FI30cm)
#8221 - (UBC) 6 9 1 5
# AR L - (URC) 6 19 2 13
Ty ay by
Y 4 L (BCS) 43 1 2 7
ALK (LC) 80 18 5 12
EULFER + (RS) 30 50 9 28
BEIRE (TF) 5 50 50 50
BER L LA (DBa) 12 50 25 41
LA (Ba) 8 &S 50 50

ERIZEINTRBEW N 2R T OIX BB L N TH D, ENREI IV NI, WHREHEREY
ThrHEEI IV MIHEBELTEWNELZRL, 2 EITEIER LT Y OFS O NEIXE VY, 723 NfE 2
ZoRT O BIAN I RE LI Th D, T T v 7 3y R A VO NEITFAE 10 LT OEE 7”7,
AR, BEREOEATZHEER - TH Y | NE 5 27T OIIMmpTa 228 E ki Th 5, Bk
+id, YV NE~ETHY BRE LT BB L TEFE L N IEEV, B X0
TiEHL, TXTONEILS0LL EAR L, XFg & U CREIZZRV, XA L BUR T ok
TETHEELIAE BIEE N 50 LA EZRT0, Kt OEHEOENEDILS0 LN THY, X
Fig & LTIeRME@rd 5, XAEIE, BARNIRFET 20, £723TXT0 U EOLDOTH
V. KRB L LTI e MR,

7 TFKFEELR
F 6.59ICHI I KA R A RT,

A=V o7 Z2FE L4 18 KD oHhH, GHFEHE FICA7E 4% NBH1., NBH2, NBH6 Tl
NI FERR S AU TRy, EFL 3 #0095 NBH 1, NBH 2 CIHIRE 5S~6m i CRULIRE
+ . NBH 6 TIHHEERN 6m TLHAICEEL TV D, 2O 3 HLEONLE T 2 & E E ik
HFRAIIAR—Y > ZRELE (10mPLE) 1255 & Bbihvd, thoR—1V 2 7| w#ﬂ%%w%
TEH AT OBLE O FEJH CTHEii L TV D, WSO b+ 7 iiiAkn v | # B ARG IK
NETHTLCTND EEZ T R—Y » Z O FKRMIZER—Y > 7 HS o #il#gH S 1KALE TO
WELRY, BIREIE 8T 5, /2. TVINTHEOKEMTE 1m0 THEUF KA, 3
KEFOKRAL (BiE) & —E L TW5, 70, A =X)INTAARREE EOR—V 7 ThHDHR, HF
RALIFIIAKRAL L 0 | RREWRE TH D, 7 oy =2 INTNE IR D TV B R o R — 1
YD, WHITTARAL E 2o TWVWD, B, EEETEH, A=V 7 Z2Em L TRy, LR
AT SN TWA T2, MITFAKNMIX, 2k E 20, b EHEsns,
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% 6.5.9 R—1 U THAMTKEAERZR

A—1U v I No. (AR R (m) HE H

1 Plateau L 29-Jul-10
2 Plateau L 30-Jul-10
3 Aba Adem R. -5.6 31-Jul-10
4 Abeya R. -1.0 07-Aug-10
5 Abeya R. -1.0 07-Aug-10
6 Plateau 7L 31-Jul-10
7 Bogena R. -1.8 04-Aug-10
8 Bogena R. -1.6 05-Aug-10
9 Getla R. Hll L 1k —
10 ZibaR. -6.0 05-Aug-10
11 Yeda R. -0.9 20-Aug-10
12 Yeda R. -1.7 14-Aug-10
13 Yeda R. -1.2 12-Aug-10

13-2 Yeda R. -14 25-Aug-10
14 Ambesh R. AL IR —
15 Ambesh R. -0.1 25-Aug-10
16 Chemoga R. -1.5 07-Aug-10
17 Chemoga R. 2.4 08-Aug-10
18 Abahim R. -3.4 11-Aug-10
19 Wiseta R. -1.8 12-Aug-10

8) ISvHiav b VSILDGTHEEE

T ay N AN E BRI, MEREE, A—V 7 TA My NEOA—H—R—
Vo ZWZRODHDCP (XA F Iy 7 a—r_XRx a2 —F—) OFFRIZENTRE L], £ 6.5.10
IZT A REy MZE 2 HIBEIEHER S DCPIC X 2 MR N 10 LLFOWREE R LIZ, £72%£ 6.5.11
XIS ORI AKX EOME (KL, EArdakst U3Rert, 77y 7 ay b
VAN, Tk ) OEEA R L TS, 2D OB ITHIE OB IV F DBIE A2 B S8 5,

TV TRV (B EEROER) K21k mX[HE, EE 2.0~3.0m

TRV (REFE) K3k mX[H, FEE 5.0~11.0m JE/E 10.0~11.0m
TRXY)—= A (EEMOSEEE) M5k mXE., BE 2.0~3.0m

7R ZIERME (BHERORE) £ 1k mX[HE, JEE 1.5~2.0m

A =) (RIEFE) # 3k mX[H., EE 5.0~10.0m

ULDOE ST Ty 7 ay NI ANDBEDRGIENDILT XY & A 5| DR EFE T
HY, WTFRY I0mEBx 5, £io, AHCEHET, B R O R E B & ONTBE O TR
AT, BE 1S~3.0mEEDT T v 7 ay b I A VBN T 5, B, A =Z)~F
TN a AT EETHY ., 7T v ay bV A MIBEL DA LR, £l T T L3 AT
B EICAE TR, T T v ay b A NEGH L TR,
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% 6510 TRMEYMZBBFETSvIayboIAI)L (BCS) DFERE

s e BCS BCS 4 i
TPNo. | Hifg4 B?Tsp{ii (DCP) (m) (A=Y 7) %’fm{%g
N<10 N<10
1 BCS 2.00 331 2.5
2 BCS 2.40 2.12 2.5
3 BCS 1.90 1.79 2.50(NBH1) 2.5
4 BCS 2.30 2.55 2.5
5 BCS 2.40 2.84 2.5
6 BCS,LC 3.00 0.00 6.00(NBH2) 3.2
7 URC 2.50 113 -
8 BCS 2.50 0.85 2.5
9 BCS 2.40 2.11 2.5
10 BCS 2.40 2.81 2.5
11 BCS 2.40 0.71 3.50(NBH3) 2.5
12 BCS 2.40 2.17 10.000NBH4.5) [ 10.0~11.0
13 BCS 3.00 2.65 3.0
14 BCS 2.50 0.00 2.5
15 BCS,LC 3.00 2.32 5.90(NBH6) 3.0
16 BCS 2.70 2.27 2.8
17 BCS 3.00 1.40 3.90(NBH7.8) 32
18 BCS 3.00 1.89 3.0
19 URC 3.00 0.53 -
20 URC 3.00 1.50 -
21 URC 2.40 0.00 -
22 BCS 1.40 1.60 1.4
23 BCS 2.70 0.80 2.8
24 URC 2.20 0.00 -
25 URC 3.00 0.00 -
26 URC 1.50 0.57 -
27 URC 2.40 0.00 -
28 URC 2.40 0.00 -
29 BCS 3.00 - 5.50(NBH11) 5.0
30 BCS 2.40 0.55 10.00(NBH12.13) 10.0
31 BCS 2.70 0.72 2.4(NBH13-2) 25
32 URC 2.40 0.78 -
33 URC 1.80 1.56 -
34 URC 1.00 0.00 -
35 URC 1.80 1.49 -
36 URC 2.00 0.00 -
37 URC 3.00 0.00 -
38 URC 2.50 0.00 -
39 URC 2.80 1.59 -
40 URC 2.60 0.00 -

A-6-72



% 6511 FEWELEOEBE FPzoTILVIILOR)

JBJE  (m)
" ——— 7? v 7 §+
frifs | MR Gm) || kit | 2 b | TR | m) i
VAV
Dejen 0+000 0.8 0.0 0.0 0.0 0.8 ke
0+450 0.8 0.0 0.0 0.0 0.8 AT W =1
1+600 0.8 0.0 1.5 0.0 2.3 AT W=t
24200 0.8 0.0 0.0 0.0 0.8 AT Y1
3+200 0.8 0.0 2.0 0.0 2.8 AT W=
6+200 0.8 0.0 1.7 3.0 5.5 Ui+
6+700 0.8 0.0 1.5 3.0 5.3 Yk
8+500 0.0 1.5 2.0 0.0 3.5 ke
10+300 0.5 0.0 2.5 0.0 3.0 Yk
10+800 0.5 0.0 1.2 0.5 2.2 T A
11+200 0.5 1.0 0.0 0.0 1.5 N RAT
Bechet R. 12+400 0.5 0.0 2.5 0.0 3.0 ke
14+300 0.7 0.7 0.0 0.0 1.4 N AT )
18+000 0.8 0.0 1.5 3.0 5.3 AT V=)
Taba R. 18+300 2.0 0.0 3.0 4.8 9.8 N AT )
19+900 0.5 0.0 2.0 0.0 2.5 I kA
Aba Adem R. 20+200 0.5 0.0 3.0 3.0 6.5 EEIR
21+300 0.5 0.0 1.5 1.5 3.5 AR AT W=
Abeya R. 22+400 1.0 0.0 10.0 13.0 24.0 | R LA
23+200 0.5 0.0 1.5 0.0 2.0 YN RAEw =)
244200 0.5 1.0 1.0 0.0 2.5 P gt
25+800 0.5 0.5 0.0 0.0 1.0 N RAT
(Marsh) 26+700 0.5 0.0 2.0 3.5 6.0 ke
27+300 0.5 0.5 0.0 0.0 1.0 R W1
(Marsh) 27+650 0.7 0.0 2.0 0.0 2.7 ke
29+200 0.5 1.0 0.0 0.0 1.5 8
Bogena R. 294700 1.0 0.0 3.0 0.0 4.0 EATE =1
Lumame 30+700 0.5 0.0 1.5 0.0 2.0 AT
32+700 0.0 3.0 0.0 0.0 3.0 AT W=
Getla R. 35+630 0.0 3.0 0.0 0.0 3.0 AT Y1
36+900 0.0 3.0 0.0 0.0 3.0 EAT W=
37+900 0.0 0.0 1.5 0.0 1.5 P A
38+640 0.0 2.0 0.0 0.0 2.0 I Yt
37+700 0.0 1.0 22 0.0 3.2 T A
40+260 0.5 3.0 0.0 0.0 3.5 N RAT
41+060 0.0 2.2 0.0 0.0 2.2 AT W=
42+640 0.5 3.0 0.0 0.0 3.5 AT W =1
42+980 0.0 4.0 0.0 0.0 4.0 AT W=t
43+500 0.0 3.0 0.0 0.0 3.0 AT Y =1
Ziba R. 44+000 0.9 5.1 0.0 0.0 6.0 UL TR+
46+260 0.5 5.0 0.0 0.0 5.5 B+
46+880 0.0 3.0 0.0 0.0 3.0 AT W=
Yeda R. 48+420 0.0 0.0 5.5 13.5 19.0 | B L
Yeda R. 49+500 0.0 2.0 8.0 18.0 28.0 gt
Yeda R. 49+800 0.0 2.0 4.0 14.0 20.0 ke
50-+140 0.0 2.0 1.0 1.0 4.0 B FE R+
50+340 0.0 2.0 2.0 0.0 4.0 UL+
50+660 0.0 1.5 1.0 0.0 2.5 UL IR L
51+420 0.0 1.5 0.0 0.0 1.5 AL FERE +
55+020 0.0 2.0 0.0 0.0 2.0 AT W =1
57+100 0.0 1.5 0.0 0.0 1.5 ke
60+820 0.5 3.0 0.0 0.0 3.5 AT Y1
Abahim R. 60+920 4.0 5.5 0.0 6.0 155 | JmdbiEsE+
Debre M. 64+880 0.0 3.0 0.0 0.0 3.0 I
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9 ZiFHROMERER

B 7 A7F4)IHE (NBH 3)

TATF B)NE, BHLEETRS/NTITH D, BRICE, LY BE3SmOT Ty s 3y
by A L B 2.6m O TACKE L2305 % TREE 6.1 m LIV N K 50 DL E &R BRI TH Y
FHEIE & LCRER

B 7AY)IHA (NBH4, NBHS5)

T A )INE, BFIER 2~3 k mORESEE AR L T\ D, AR T D Ol BAL L 0 BRI
FEIRAEROCLERAETH D, BKAIINESO U L2 R B2 m#Th b, AL ORIEDOR
MEERERRT DDOITEBELRETH Y | e BEITHN HE R OEEE O MmEVLE CTh 528, FALTlE+45
RREAEA LTS, B LHENDOEEITRN 23mThHh D, WNETEEIL, F 4 fLOWEHEFREY C
HEINTEY, MOdEEN10~11mOT7 T v 7 ay bV A, FALUTEE 12~13m DR
CYD TRk ENS2D, 7Ty 73y h A VEINE 10 L FO#BSBEETHY , izl dE
BEILTORREMEN S D, FALASLIE NAE 10 L EOEER - TH D,

m ARSI (NBH7, NBHS)

AT, BERN 1k mORETFEHEZHERL TWD, BIEICIEEE 3.9mDOT 7 v 7 ay b
VANBHEFE L TS, TR 3.9mEURIE N B 50 BL EOFifiE e ZENHAA L TR Y, KFE
ELTHARBELZ S > TND,

S 7). (NBH9 —HIFLH k)

AL, BUEL VK 1.7k m BIRICAET D, 77 B AERA 2, BRIIHERN LD &
IR EE L O HIEARR L TR, A=V v~ v OEBARNEE =0, HlfLZ Tk L7,
ZEFGHILS O - R FEA (< JAuE, WINE, E DR 3mORGEI L MNEEZATHRFLTEY,
FIRIEIZIE, RE(LO ZEEDRO b D, RBAR—U 7~ > 7T DCP (XA v
Ja—r_XR bR A—F—) I[ZXHMEEFN L7z, AR XTEE 3SmTHE N fE5 0
O L LR ICZE L2 A LABITE LS BB T TATEBY XFBIT 2N XY 2~3 m FiLod
s & T 20N LEE LUy,

B IR (NBH10)

AHRITIE, IR I VRS 6emO EARER L30T 2, AEITEIELC Y TNE 10 L LD
WEZ RT3, FALOBYLFRR 125 NAE 10 LT OIRWEZ R, BEIE. TRE 9.2m ATRDHT
fE2 NESO U EOZRAETH Y, XFFEE LTHaRrimELfa7,

m [ =X)I[H#A (NBH11, NBH12, NBH13,NBH13-2)

A= Z) L, BIER 3k mORELHZIERL TS, EFEHERT 01, BEEEZRE LT
TALO N Al 50 LA EOFr Bl 72 LA T2 b ik, Rk LI b T\ b, AREEH#RT 50
%, NE 40 L EoJafbFERE & N 50 L EOBIKETH S, b b, AFFREREN TICE
P TNWD, BRI, BUALOF KRB CHE S, XV, JBE 2~3moOkis2 80
Vs NE10LLT), BE1I0mD7 7y 272y bV AL (NfE 10 BLT) ., JEE 16~18m Dfiff
B Aokt (N i 10~15) MoERESND, 2O b EBEas LV T Ty 7 ay b A
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B ERER

I AERRER DS 5RO B 4L D UUHEIR A 1, S EEVEIREE) O ERIREEICE LT D E 2 DOEKETH Y |
T DOFEARK 72 BRHRIE D — > ThHh 5, BRI L, ICHERA (SL) S UkEE (R) 13X, &
DB Th D,

% 6.5.17 INHEPRSF & UNHELL

= SL (%) R S SL(%) YR
TS5y ay bV AN | 32~125 2.0~2.2 6.7 2.1
N 14.1~16.8 1.9~2.0 15.7 1.9

SEHEIRINE T 7 v 7 3y b VANV EREBTTIE2HEU EOERBD ND, ZIUXT 7 v
7 2y h Y ANDEEE TR R E < RETR IV ME TS/ NS NWZ EIZL 55D
Thbd, WIHWHERAZFH L CTLOMAEE (Expansiveness) ZRKH 5D Z LN TE D,

TTFAET ERA BAGHE~ =27/ (2002) KON¥ P =7 ERKHF~==27 /1 (1999) IZX
B E X, ks - TkRkdoh b,

Eex = 2.4Wp—3. 9Ws+32.5

Eex = AMEE (Expansiveness)

Wp (%) = Pl (0.425mm 7 /LA % i L 7= 3k o MM 550)/100
Ws (%) = SL (0.425mm 7 /LA Z @i L 7= 3RO IR L) /100

INODOIHBFEEIT ER~=2 7 ML > T RO LS ITKy Sh, #EOBRGOHEICFF S
TWo,

% 6.5.18 WHEEOHERS

Al FRHE
<20 &AL
20—50 SV
>50 A

WA TS AT A EE  (Bex) DEFERE B A RFITTRT,
% 6519 WEEOHEHER

Km i 8% o6y | PL ) [ PE%) | SL) | WP | Ws(%) | Eex
0.425mm (%)

4+000 BCS 99 89 38 51 11 50.5 10.9 111
13+500 BCS 92 80 38 42 8 38.6 7.4 97
23+000 BCS 96 86 35 51 6 49.0 5.8 128
26+500 BCS 85 86 43 43 9 36.6 7.7 90
32+000 | ARV b 100 79 36 43 14 43.0 14.0 81
424500 | R IL B 99 62 34 28 17 27.7 16.8 33
49+500 liE=r 100 100 57 43 14 43.0 14.0 81
50+500 BCS 95 86 42 44 13 41.8 12.4 85
56+500 | Bfakk+ 86 76 45 31 14 26.7 12.0 50
63+000 | SR L b 99 74 44 30 17 29.7 16.8 38

FEOFERIZIIUE, TRTOT T v T ay o A IVITIEE 85 L &R L
EEv, —JF7. Rt (v h) ORAEEIL. 33~81 ARL., 7T v ay bV A TR
HEBRNEDD, PN ~ENICES END,
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B AR
— RN EAERER T, R 9 BB THEM L7z, FRITKDOEY TH D,

£ 6.5.20 —HERARER

BH No. HJE 4, — i EAERE ( KPa )
NBH 1 7T v ay kYA (BCS) 69
NBH 2 ALK (LC) 231
NBH 6 7T vy ay /A (BCS) 13
NBH 10 R v b (URC) 308
NBH 11 7F w7 ay kAL (BCS) 44
NBH 12 7T v ay kYA (BCS) 35
NBH 13 wrs 1 (UBC) 104
NBH 13-2 wWEkst+ (UBC) 51
NBH18 kst (UBC) 32

FFEDS5H, NBH2 O FALkk+ (LC) & NBH10 OFE S L~ (URC) NELL BVWMEERT,
ZO2EBHIVT UL NE 10~15 2R THIE L h~f+ThHhd, 7T9v7ay v I A LD—
HfEfE R L, 13~69KPa O&EIJHIZH 5,

B R (UD)
SHUERR (UU) 13, ko 8 3EHCERE L7z, SEIRIZADMEY Th 5.

& 6.5.21 =ETEMARER

#iE C WNEREEERf4 @

BH No. HiJE 44 (KPa) e )

NBH 2 7Ty ay kAL (BCS) 37 12

NBH 3 7T v ay b AL (BCS) 42 16

NBH 4 77 v ay b AL (BCS) 38 12

NBH 10 Rkt (URC) 45 17

NBH 11 77 vy ay AL (BCS) 28 14

NBHI12 |7Fvr=av b AL (BCS) 36 15

NBH 13 wEks+ (UBC) 12 7

NBH 13-2 weEkE+ (UBC) 38 10
D H B NBHIO ORI /L~ (URC) 1%, k&, WNEEEEA & bR REEZRT -
B R

JEFIL FOMENT, i LT =MD T T v 7 3y b VA NVGHKEL TRV A =8
JNDEEFEF OFF 3 MR 2 RFMA & UTHEM L7, 5T e i5IC LV kD 4 7 — A THEHf L7z,

& 6522 EEHRARER 7—X1 T¥zxr (NBH2)

Bt E=1m %ty t=19.0 KN/m2 e 0=0.8858
FHEE=11m BTy t=17.6 KN/m2 e f=0.8487
JETAIME =15m ETFEOES=50m Cc=0.07
EAR=1:2 HRKL=72L

® 6523 EEHRER 7 —X2 TPz (NBH2)
| Bt =3m | B% 1y t=19.0 KN/m2 ¢ 0=0.8858 |
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FEE=11m B v t=17.6 KN/m2 e f=0.7284
JE Mg =23m ETEDOEX=50m Cc=0.07
HEARR=1:2 KN =721

% 6.5.24 EFEHABRER Sy —X3 7Y (NBH4)

Bt & =5m 4y t=19.0 KN/m2 e 0=0.9764
FiEE=11m LT vy t=17.9KN/m2 e f=0.7284
JE I E =31m L FEOEX=10.0m Cc=0.482

EAE=1:2 M FAKNML=—1.0m
# 6525 EEHBRER 4 —R4 4 ITH4 (NBH13)

4+ E=5m Ay t=19.0 KN/m2 e 0=0.907
FHEE=11m B T vy t=16.9KN/m2 e f=0.560
JEH M =31m ETFEOEX=10.0m Cc=0.258
HEARL=1:2 MR =—1.2m
fENTFERIZR DB Th D,
+ 6.5.26 TEEEER
Hi 54 Fo Fo v TR =
(NBH2) (NBH2) (NBH4) (NBH13)
o = H=Im H=3m H=5m H=5m
AT T & 0.028cm 0.067cm 42¢m 25.1cm
JEHEIE T EE 90%
I st 7 B 490 » A 494 » J 903 » H 119 » H

TR, A =Z)NPmKRERT, T, A =Z)IBT )N HA~TRERE, FHEICE
<V KBRS HER L TV o L HEE SN D, IETFRIAIE CVEAV/ N & <0 WP b R 2
i—\‘—a—o

B CBR Bk
CBR #BRIT, 40 » FTDOT A NEw D 95 10 4 Frin HERE L 723 UHT 6 LSEHE L 7=, SRS
IFROBEY ThH S,

%+ 6.5.27 CBR REAFER

it K b S FN AL CBR iz bt
TP No. e OMC (%) MDD(g/cm3) | (65blows) | Swell(%)
NTP2 | 79 v ay kv VAL 24.0 1.490 2 9.96
NTP7 | 7T vray b A)L 17.0 1.510 2 7.95
NTP13 | 7T vV 2y bV A )b 26.5 1.561 2 8.38
NTP15 | 79 v 2y bV A )b 20.0 1.530 2 12.37
NTP19 RV b 26.3 1.450 9 0.99
NTP25 RET IV b 21.7 1.483 9 1.15
NTP30 e ks T+ 29.0 1.385 2 7.85
NTP31 | 7 I v 7 ay b/ AL 24.0 1.463 2 6.39
NTP35 RV b 23.5 1.542 4 3.79
NTP40 RV b 27.0 1.464 11 2.07

ERICIE, 7Ty 3y PV A® CBREIZTTRT2 2”79, ZAUIx L, HREafito
CBRHEIZ4~11TH Y AR IREE DE VDB B D, F 72 CBREABRITLE 5 Wk I HERER (Swell)
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WX, EEEOTZREHI L TKBEDODERBEEEZR D2 LD THLIN, 77 v 7 a3y b AR
6.39~12.37 (%) & @EVMEZTRTOIIx L, REMTIEL099~3.79 L& L {EVMEZRT,
HARD HE THS A LIUSIERICOWTEIRD L 5 RR G013 H 5,

# 6.5.28 [WiRLEES

BRIR O HE I (%)
Bt 72 1R 1LLF
PERRAGIZN 3LLF
R B 722 BRIR 3ULE
J@ A L 7~20

iz, 79 v 7 ay oV AMIT RT3 EORBRKEIRICK S SN,

B el
EARBRIT, RO 3FREHI DWW THER L7z, MRITIROEY TH 2,

= 6529 AHARBER

BH No. A &+ JEAETRE (MPa)
NBH 4 YRE ARk =2 7 7
NBH 7 B w = PRI = 7 25
NBH12 B w = EELUI-kar 12
RO, ZiE o B BRI T D IREE(L A2 BRI R LTV S, —
1. AMEITEYEREE IS U C A~D el TR SN 5,
£ 6.5.30 ABRX%S
HE Xy A B C D
JEfEsRE (MPa) | 120 Lk 25~120 18.5 8

Z DXAFITHEZ 1L NBH4 1% D #%. NBH7 IZ B #%. NBHI12 IX C #aIc Xy &b, (L, Zh
SOEMEIT, NESO L EZRLTRY, ZHEE L ClBITARW

11) 75v99avy boVMILOBEI LORES

T T Ay F A NORFIE A 7k I el U T3 L < BB (Expansiveness) 737
WZ ETHhHDH, BT, FRERFORYIRLICE DI EGKEOEILIZE > TRAET D, BB,
I EKEOHEINIAEWEN A L, R IZIXEKEORD & RICPAMERA AT D, T DD ik
UOHRIZERZ BT RR E D, L NEOEKEOENWZ KT 5121, ThEhoZE
HiZH T D [FA—DOMIERM, F—HE SR, F—RE TORKPALIETH D, £ 2T, 2003 4F 11
A (#2Z) L2010 9 H (W) IZBIT 2R CEHRAEME CEET 7 v 7 a2y oY A VhH
RICEH L WA IS OEKEZLKT 5 EIROBEY ThH D,

% 6.5.31 MFE (2010F9A) F5vvayv oIS ILEKE

A=V RE (m) aRE (%)
NBH 1 2.0~2.5 41.5
BNH 2 2.0~2.5 38.0
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% 6.5.32 ¥F (2003F 11 A8) F5vVayv broIYASILEKE
A=V 7 ZE (m) EKE (%)
BH 1 2.0~3.0 31.0

WE 2 T 5 &, RITEFRICHE L TR T~ 10% B E G KEN T 5, Z0EKEDE
Z AR BRAE B & B L2 A R 6.5.331R" T, MRIHE IR BR I & 2 IR L 2 ST R 1
VWOESOEIHBE LZbDOTHD, ZusEX, 77 v 7 ay by A M EKEDR 10%
BN 2 & BUIHEIEL 2~6% (73 3.6%) BEINT 5, WIZE KD 10% 80 3 U I EHRIHE 17 U
ATHDT S, b, 79973y b YA & Im® ONHFKREFETSHE 10 1mY47-0, F
%) 3.6%DEIE THBNRAETH L L5, HL, —RICEHZITHE S GKBEOENFAET

I, HWREOREZ 2EMNHAZRE, HIRIVBIZEmBE L SbTnd, EIFE 4. BHE,
INHE DM IR UITHIR R OEBZ 51 & 23, ZOMEZRT LI, 77y 7 ay bV AL

OB E DR NVEE L CTE X2 20 XE, 74 5 QEAIR) 72 EE2RAT D MR B 3%
LD, SHIT, HBOEREZSISEZTOIXEKEDOENTHL Z b BIR~DKDIRA
P CT=OIKR, B EICBIT 5+ ke R B L L s,

% 6.5.33 HASKLEBIVEDER

NMC NMC+10% NMC+20% NMC+30%
C(%) | Ls(%) | C(%) | Ls(%) [Rise(%)| C(%) | Ls(%) [Rise(%)| C(%) | Ls(%) [Rise(%)
NTP2 | 44000 | 0.6-2.4 |75osavievn| 380|112 21| s63| 140 773 180 40| 983| 210 70| 193] 230 9.0

No. [Sta (Km)| g2pr(m) HifE NMC() [ SL(%) | R

NBH1 54060 | 2.0-2.5 (7T r=avbeyAn 41.5 32 2.1 80.7 18.0| 101.9 21.0 3.0( 123.0 23.0 5.0( 144.0 26.0 8.0

NTP7 | 13+500 | 0.7-1.4 | {7851 38.0 8.1 23 68.8 16.0 91.8 20.0 40| 1148 22.0 6.0 137.8 25.0 9.0

NBH2 | 14+560 | 2.0-2.5 | 7Fvr=zybey A 40.0 2.8 2.2 81.8 18.0| 103.8 220 40| 1258 24.0 6.0 1478 26.0 8.0

NBH3 | 20+080 | 2.0-2.5 | 7Fvz=ybeyAn 38.0 1.9 2.2 61.8 150 101.4 21.0 60| 1234 23.0 80| 1454 26.0 11.0

3.0-3.5 [ 7Fvravbey A 45.0 4.4 2.1 85.3 19.0| 106.3 220 30| 1273 24.0 50| 1483 26.0 7.0

NBH4 | 224040 | 2.0-2.5 | 7Fv/aybey AL 37.8 3.8 2.1 71.4 17.0 92.4 20.0 3.0 1134 22.0 50 134.4 25.0 8.0

2.5-3.0 [ 7Fvr=mvbey A 34.7 7.3 2.1 57.5 14.0 785 18.0 4.0 99.5 21.0 7.0| 120.5 23.0 9.0

NTP13 | 23+000 | 0.5-3.0 [ 7Fvz=vbey A 33.0 5.7 23 62.8 15.0 85.8 19.0 40| 108.8 22.0 7.0 1318 25.0 10.0

NTP15 | 26+320| 0.7-3.0 [ 7Fv7=avbey A 53.0 9.2 2.1 92.0 200 113.0 220 20| 1340 25.0 5.0( 155.0 27.0 7.0

NBH6 | 26+500 | 2.5-3.0 | 7Fv/aybey AL 40.1 6.2 2.0 67.8 16.0 87.8 19.0 3.0 107.8 22.0 6.0 127.8 24.0 8.0

NTP19 | 32+000| 0.0-2.5 | EA7AREH:+ 35.0 15.1 1.9 37.8 10.0 56.8 14.0 4.0 75.8 17.0 7.0 94.8 20.0 10.0
NTP25 | 42+500 | 0.7-3.0 | EAT/RER+ 31.0 16.8 1.9 27.0 8.0 46.0 12.0 4.0 65.0 15.0 7.0 84.0 19.0 11.0
NBHI10 | 44+060 | 2.0-2.4 | Ef7ARER5 1 353 15.1 1.9 37.4 10.0 57.4 14.0 4.0 76.4 17.0 7.0 95.4 20.0 10.0

NBHI1 | 47+420 | 2.5-3.0 | 7Fv/aybey AL 423 6.8 2.1 74.6 17.0 95.6 20.0 3.0 116.6 23.0 6.0 137.6 25.0 8.0

NBHI2 | 48+900 | 2.0-2.5 | 7Fvr=avbeyAn 43.1 7.8 2.0 70.6 16.0 90.6 20.0 40| 110.6 23.0 7.0( 130.6 25.0 9.0

NBHI13 | 49+200 | 2.0-2.5 | 77y 7=ybeyAn 30.5 10.7 2.0 39.6 10.0 59.6 14.0 4.0 79.6 18.0 8.0 99.6 21.0 11.0

NTP30 | 49+500 | 0.0-2.4 | ATk + 36.0 14.1 1.9 41.6 11.0 60.6 15.0 4.0 79.6 18.0 7.0 9.8.6 21.0 10.0

NBHI13-2 | 50+200 | 2.0-2.5 | kfiARfafh+ 21.3 2.5 2.1 41.6 11.0 60.6 15.0 4.0 79.6 18.0 7.0 98.6 21.0 10.0

NTP31 | 50+500 | 0.0-2.7 | 79vravbevqn| 460 125 21| 304 160| 914| 200 40| 1124 220 60| 1334 250 9.0

NTP35 | 56+500 | 0.8-2.3 | -firafiafh+ 40| 144 20| 532 130 72| 170 40| 932 200 70| 1132 220 9.0

NTP40 | 63+000 | 0.0-2.6 | F-firaf gl 43.0| 183 19| 469| 120 659 160 40| 849 190 70| 1039 210 9.0
NMC= B RE /Kb, SL=IAERR R . R=IAG L, C=IRRTZ b, LS=HUILHE, Rise= 1=+

12) #HEFE
BRI SR (27 U — MBS L £ (B (200 T &2 920 L 72, & 6.5.34,
£ 653517V ~T 7 L a AMITALE T B BER K ORI O AL K O R0 —EE
TR, BT ERA S & ISR, BHEML, A R E | BUIC K 2T 7 & AR ZORBA S M A4 2
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E LT, iR, E& LTREBITHLA, ZNODOFREIE, THIFIH S TRY | FHAHA
HRESN D,

% 6534 BAB—ER (TPxz-TILTIOR)

Site

- fir & EHA3DOOMEHE| HA BEm)| 1B m) [BE m)| BesbEmn’ HEAZE
BT HLBFG~  [0407675E
Q-5 |Dejen O (ERAFRA ) 1.0Km 1122318N B s Zilh 400 100 20 800,000 |47V s
0404942E
Q-4 |3Emrx 4.0Km k. 1135268N PREEZ NS iw=) 400 400) 10 1,600,000 | AR—1 2" (10m)
Bechet R. ZAsametech R. D[] AR LA (f
AD-4-2 | (Yetnora ®4t) 3.0Km k. ditto 1Y) 200 200) 20 800,000 | AR —V>2" (10m)
Bechet R. Asametech R. D[] 0407230E JE L Z e (R EKE
AD-4-1 (Yetnora ®k) 3.5Km ik 1134558N +&) 300 300 20 1,800,000
0392975E AL Z A (IR ERS
AD-3 |Aba AdemR. & Taba R[] 1.0Km g 1129553N +#0) 100 100) 10 100,000
Bogena R. & Abeya R. (R (BER 0387855E B Kt (0
AD-2-1 £ 57) 0.7Km 1130293N ) 200 200 20 800,000 |7V
Ambesh R. & Yeda R.O[E] (ERAD 0369476E e ke (B
Q1 |[FFvh) 0.2Km f§ 1136555N ) 200 200) 15 600,000 |7V
0368376E R ZRoE (R ks
Q-2 Chemoga R. & Ambesh R.OD[#] 3.5Km Jk 1141783N +HY) 400 100| - -
0364818E B ks (8
Q-3 |ChemogaR. & Ambesh R.O[ 4.0Km 1133488N i) 300 300) 20 1,800,000
B — —
% 6535 THIE—ER (FPxo-TILTILIR)
Site No. frm EEA-SMLOEN | A e RS ()| B () |#5& ()| FHER 03 mENE
0400317E
AD-8 _ |YetNoraStaNo.11+360 _ |0.37Km 1132256N _ [#ea+ (AL ZRE) - - - 16,000 |47y
0400450E
AD-9  [YetNoraSta.No.114360  |0.57Km 1132116N | #&t (BREZRE) - - - 15,000 |47V o
0400450E
AD-10__|Yet Nora Sta.No.11+680 _ |0.80Km 1132116N _|FfRfa+ - - - 50,000 |4 AV
040258SE
AD-7 _ [Yet Nora Sta.No.9+000 2.5Km 1134818N |FRe L - - - 180,000 [F ARE Y F
0408162E
AD-6 __|Yetmen ot 18.0Km Jt 1148817N _ [sA L ZRE (R t) 200 200 20 800,000 |- 7Y
0387538E
AD-2-2 | BogenaR. & Abeya R.®f [0.0Km 1131597N _[Ffa L (BEA) 200 100 15 300,000 |F AREYF
Bogena R. & Abeya R.O ] 0385950E
AD-1 (1 D) 0.5Km |0 E3#& 1132292N _[Rfa + (BEA) 200 100 10 200,000 |5 XREY b
GetlaR. & Bogena R.D[H] 0377378E
B-2 (1 oY) 0.0Km 1131683N _ |#é £ sBL ZRE 200 200 20 800,000 |7y
Ambesh R. & Yeda RD[¥] 0369683E
B-1 (Q-1DF) 0.0Km 1136453N [ fa + (BEEA) 200 300 30 1,800,000
Ambesh R. & Yeda RO 0369336E
AD-5 (ERAD +H33) 0.4Km 7§ 1135665N  |#é+ s L KRS 300 100 20 600,000

B CEHAORERERRS R

B AERRERAE R AR 6.536127 7, slBREEHT, Q4 MR ZBRE W I b BLERE T o84 FT
R OMRIEFR OFAHHIC L BRI U 72, Q4 HuSIZ Zala s iz ICFEH LA L ez REFHO
i TH D, Q4 & AD4-2 HUSITFEIH COfE 2Bt ORI R EE /72O AR — U 7 (REE 10m)
2 &0 ZRAEFEEZ BRI,

AHEBARIL, KOWEY Th D,

R LKk (AASHTO T-85)

0A7 Yz L ARER (AASHTO T-96)
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TR ER  (BS812)
ZEMRER (AASHTO T-104)

& 6.5.36 FAHMMHEBRER-EX

BRAT Yo VA R R REMERR
LE
(AisE;ngfzs) B (BS 812 : (REERTRU 7 L)
S (ASHTO T-96) 1990) (ASHTO T-104)
No ALE (Km) | #HRNe | 3% HifE
(Lf) FCT(SSD)| AT | AR () |RIBER4Y [LAA %|  ACV % |Soundness Loss %
Dejen®DF§ Ty P bt - -
1 1 4km Q5 ST FEOHD LA 2.892 2.936 3.026 1.5 B 14 11 0.5
. |6+780, Rt. a7 | BB OH L ik LA (k - . . . -
2 1.4km Q4 I 2 ILE) 2.741 2.819 2.973 2.8 B 14 13 0.5
g 97000, Ry by o | T e oo L it | 2922 | 2966 | 3.057 1.5 B 12 1 11
2.3Km 7
AR T R
g |PASKm LG o | TE7 | BEERHT OB AELR | o) | gge 2.976 1.7 B 15 15 0.7
700m HT p=i
~ [6.78Km, Rt. Ty P ) ) o A
5 18km AD6 oL K ~ B IR 00, LR 2.889 2.938 3.040 1.7 B 12 11 0.7
= 2
- B L WKR

—fRENCER SN D a7 ) — NEM OB EEIL2.55~2.70 FLE KR 0.5~3.5%FETH D,
FRBRAE A L E B 13 2.741~2.992 OFIPHIZH VO . 072 0 EVMEZ R, 720K HRIT 1.5~2.8%
OHFIFIZH D, BN OREHIWT N OEE, MEeXHETHY, MELE L TRIEZ W,

- AT Y )V AR
ABriT = 7 U — N AHEM DS EREESC Y MTET DS ORWHIRIH S s, JIS Bk
W EAUET O ~ 0 JRERE L, SiEc o0 TE 35% EHESN TS, RBERICI U, T70
~YIEE (LAA) 13X 12~15%DFiPHIZH 0 . MEE L TRIERWE S 25,

- R
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