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Memorandum of the Rehabilitation of Bridges on the Asmara — Massawa
Road in the State of Eriirea at the second site survey conducted from
January to February 2004, regarding bridge design and repair works

Eritrean side heading Kidane Berhane and Japanese Consultant Team held series of
discussions together with site survey regarding bridge and repair works during 20th
January up to 20 th February ,2004.

In series of discussions, repair works on Emculu Bridge is especially highlight based on
attachment of chapter 2 “Items Requested by Eritrean Side “ describing as “- Emculu
Bridge; Repair works to be considered subjected to further investigation” in “ Minutes
of Discussions on the Basic Design Study on the Project for Rehabilitation of Bridges on
the Asmara-Massawa Road in the State of Eritrea(The second field study)’ signed
January 23, 2004. '

Both side have reached to agreement as attached to following pages.
Eritrean side, however, emphasized that the treatment of Emculu Bridge will be clarify

after receiving draft final report to be submitted around the end of May,2004.

Asmara, February 20 . 2004

7)77@/;*;»

Kazumasa Tada

Japanese Consultant Team
Department of Infrastrucure ' in charge of bridge design
Ministry of Public Works |

State of Eritrea



Memorandum regarding the Rehabilitation of Bridges on the Asmara —
Massawa Road in the State of Eritrea at the second site survey conducted
from January to February 2004.

1 Comparison with Live Load between AASHTO and Japan Standard i
Maximum shearing force and maximum bending moment inclusive of impact are

compared regarding Truck Load and Lane Load through 20 — 50 m span bridges,
referring Eritrean live load (HS20-44x1.25) and Japan criteria (B live load) .

After comparison with both above mentioned criteria, Eritrean side agreed to apply
Japan Standard regarding live load with some consideration into HS20-44x1.25

because induced force by Japan Standard always exceeds that of Eritrean standard.
Attachment 1  (Comparison between HS20-44x1.25 and B Live Load)

2 Ghindae Bridge

2-~1 Location of planned bridge

Left side two lanes from Asmara in Seetion (0+000-1+110) is to be implémented as
stage construction by Eritrean side in which bridge portion is targeted to be
implemented by Japan side, scheduled to be roughly completed whole said by-pass plan
totaling 3.3 km long by Eritrean side within 2004 year.

Attachment 2—1  (Location of bridge)

2--2 Bridge Design

2—2—1 Bridge Type

Eritrean side keenly requested to apply Prestressed-Concrete Type Bridge in every
newly constructed bridge including this Ghindae Bridge.

Both Japan and Eritrean side agreed to design this Ghindae Bridge as follows;

Bridge length will be 39m long as same as that of Ghindae by-pass plan initially
designed by Eritrean side. '

2—2—2 Standard Cross Section
(1) Width of Carriageway

‘¥ <2



Width of Carriageway; (2x3.5m+2x0.25) = 7.50m

Authority; Road Design Standard Part-2 Geometric Design State of Eritrea Ministry of
Public Works Infrastructure Department April, 2003 '
Chapter 6.3 Lane Width, Shoulder Width and Marginal Strip

(2) Side Walks
1) Necesgity of both side walks
Authority; Infrastructure Department of Ministry of Public Works has directed to

provide side walk on both side of the bridge because of two direction traffic.

Attachment 2—2—2—1  (Reference drawings in other project such as Kna-Fna
Bridge) S

Road Rank . classification for Kna-Fna Bridge (Adikeyih-Menddefera Road) is
categorized into the secondary road. Kna-Fna Bridge is scheduled to implement by
World Bank finance.

%) Width of Side Walks

1.5m; it is just same as Ghindae Bridge in 4 lane plan.

Attachment 2—2—2—2  (Standard cross section as reference drawings in Ghindae
Bridge / 4 lane traffic in By-Pass Plan)

(3) Hand Rail on side walk
New Bridge will be same specification shown in Kna-Fna Bridge (h=1.1m).

2—92-—3 QGeneral Plan on Ghindae Bridge (Stage Construction, two lane to be

constructed by Japanese side)
Attachment 2—2—3  (General Drawing on Ghindae Bridge)

2—2—4 River Bank Protection
River Bank Protection is to be constructed by Japanese side up to 20m away to
upstream and downstream on both sides from abutment, judging from violent erosion

hazard due to steep valley with zigzag flow around Ghindae Bridge.



3 Ghtelay 1 Bridge - Dogali 2 Bridge
3—1 Carriageway Width and Side Walk
It will be the same as Ghindae Bridge.

3—2 Bridge location of Dogali 2 Bridge
Planned bridge’s location is shown in attached topographical survey conducted by

Japanese Consultant.
Attachment 3—2  (Location of bridge)

4 Vertical Clearance on the Bridge

Required clearance along Road is stipulated as follows;

Maximum vehicle height shall be 4.60 m height as designated in Article 7 Vehicle
External Dimension (b) in Gazette of Eritrean Laws Legal Notice No.61/2002 (Asmara,
May 13/2002).

Required vertical clearance stipulated as 5.00 m height directed by the Ministry of
Public Works.

Attachment 4  (Vertical Clearance on Existing Concrete Arch Bridge between Asmara

and Massawa measured by Japanese Consultant on February, 2004)
5 Emculu Bridge (Repair works)
Attachment 5 (Present condition)

5—1 Repair of Portal (middle span)

- Vertical clearance of middle span at Emculu Bridge is measured by 4.74m height, of
which clearance is the least one among other concrete bridges except Ghtelay 1 Bridge
and Dogali 2 Bridge, so that both Asmara and Massawa side portal members (upper

cross beams) were wholly collapsed due to passing vehicles.

Repair works;
Following proposed repair works shown in attachment 5—1 are to secure required
vertical clearance at portal position as 5.0 m height so as to install lower portion of

repairing portal member at the height of existing lateral member.

v %8



In addition, every proposed plan is to provide steel gate with 5.0 m clearance at the out
side of concrete arch structure in Asmara and Massawa direction in order to prevent
for passing vehicle with excesses height from entering into existing concrete arch.
Alternative A; |

Repairing portal member is estlablished, reusing some of remaining reinforcement steel
bars at collapsed portal member rapping with new concreie.

Alternative B;

New portal member with H shape girder is connected with friction high-tension bolts
through splice plates at the connector made of steel plates installed with concrete main
arch. This H shape girder is to embedded with concrete as steel reinforced concrete
(SRO) structure.

Alternative C;

Anchor to be fixed with portal member is set at arch main member, drilling arch
niember. Portal member is connected with this anchor as reinforced concrete or SRC

structure;.

Among these three alternatives, the Consultant recommends alternative A.
Reason; Judging from overall evaluation of each alternative, alternative A is

recommended.

Attachment 51 {3 alternatives on repair works of portal member and evaluation of

3 alternatives)

5—2 Investigation results at bearings
Investigation on bearing structures at Emculu Bridge was conducted on 14'h, February,

2004. Following facts can be recognized in the wake of this site investigation.

5—2-—1 Tilting movable bearing

Some displacement can be found at the movable bearing mainly due to temperature
change. This displacement is rotation at bearing structure of which is composed of
verticél displacement to the bridge axis and angle rotation.

Rectangular shape of pillow member made of reinforced concrete sandwiched hetween
upper shoe and lower one has rotated induced by bearing rotation seems to be tilted as
if shoe structure itself would have tilted. Tilting at this pillow member has not
indicated malfunction of movable bearing, preferably has been showing normal

performance as expected to the movable bearing.

ror A



Attachment 5—2—1  (Observation Results of Movable Bearing Emculu Bridge /
Dogali 1 Bridge)

5--92—92 General description induced by temperature stroke regarding movable
bearing

(1) To satisfy characteristics of 3 hinged arch structure in proper movement at movable
bearing

Proper movement at movable bearing ensures that no constrain force occurs. namely no
internal force, at bearing, transforming to displacement at bearing by angle rotation
and horizontal displacement, on an account of temperature stress, enforced movement
by seismic force to the direction of bridge axial or some reason, for example, running
vehicle's collision force to portal member.

It is judged that these bridges characteristics, that are statically determinate one, can

be satisfied as properly movable at bearing as expected.

(2) Movement history of movable bearing caused by temperature stress
Movement of movable bearing by temperature is not always followed by change of
temperature. Namely, it is said that movement of superstructure normally shows

discontinuous histoxy.

(3) Bi- metal effect

A movement induced by temperature in general is rotatary displacement at movable
bearing with so called by-metal effect due to two dimensional configuration of
superstructure, which is bridge axis direction and vertical direction, rather than one

dimensional horizontal displacement.

5—2—3 Fixed bearing

Following facts can be recognized after site investigation conducted 14th, February,
2004.

(1) Fixed bearing has properly maintained initially expected function as no major

displacement has occurred.
(2) Excessive external force caused by constrain of displacement could be produced

because of constrain of movement due to temperature change and other external force

such as seismic foree or collision force so on. From these reasons, crock around end
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lateral beam near by bearing and bearing attachment, and flaking of covering concrete.

5—3 Repair works of bearing
5—3—1 Replacement of bearing shoe

In displacing bearing shoe, following procedure is applied normally.

a) jacking up superstructure
b) replacement existing shoe by new one

¢) jacking down to proper position after removal of support to superstructure

Following problems may arise in order to above mentioned procedure in jacking up
method.
(1) It is concerned about possibility of collapse to superstructure because of friction cut

at the position of hinge portion at arch crown.
(2) Although this collapse is prevented in physically, but it needs considerable .costly
countermeasures. For this reasons, this jacking up method is not recommendable in

terms of technically and economically stand views.

(3) When Emculu Bridge was constructed; jacking up method for replacement of
bearing was not anticipated. As no installation of jacking up point in which
reinforcement or strengthening rigidly at the contact point was introduced, additional
reinforcement is required.

From these several reasons, it is not applied to replace bearing by jacking up method.
5—3—2 Recommendable countermeasure towards bearing repair

Following four repair works on bearing is proposed;

Attachment 5—3—2  (Repair work plan on bearing)

(1) Expansion of bearing position

It is necessary that bridge superstructure should not fall down from substructure in

case of strong earthquake for bridges between Asmara and Massawa located in Great
Rift Valley in African Continent. '
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For this purpose, girder has long enough to the extent that girder has adequate room to
the forced horizontal movement not to fall down by expanding length of bearing
position.

This installation will enable to prevent from extreme tragedy situation such as
personnel damage due to falling down of running vehicles over bridge or bridge collapse
influencing social impact in rainy season by loosing crossing over bridge.

It is also expected that substructure’s reinforcement could be secured by expanding
bearing position as reinforcement of exposed steel bars or surface cracks are repaired
for strong earthquake.

However, this proposal was not accepted by the Ministry of Public Works.

(2) Installation of stopper on bearing

It is vital for superstructure not to deviate from proper bearing position to the strong
earthquake force by equipping with stopper to bridges located between Asmara and
Massawa situated in Great Rift Valley zone. '

(8) Repair works on end lateral beam around shoe
As steel bar exposure or cracks can be found around end lateral beam near bearing,
rigid ness of end beam is expected to decrease compared with initial construction day.

In order not to further deteriorate rigid ness of end beam.

(4) Cleaning abutment and pier around bearing

Investigation around bearing clarifies following facts:

A piece of mounding up asphalt falling between slab gaps was accumulated as if
function of bearing may hinder from proper movement. This asphalt shall be removed

periodically, say once a year.

5—4 Repair works on main members

Depending on deteriorated members of superstructures, members to be repaired are
categorized as follows;

(1) Slightly damaged member which is possible to be reused

(2) Seriously damaged member to the extent thét its reinforced steel bar is needed to
replace as this bar yielded

According above criteria, each member is classified to way of repairs works.

Attachment 5—4  (Repair work plan on main members)
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6 Dogali 1 Bridge (Repair works)

Dogali 1 Bridge with over 5.0 m vertical clearance is not damaged on portal member by
passing vehicles over bridge. On the other hand, repairs on main member like Emculu
Bridge are needed to be repaired.

In addition, there are some problems for the bearing but it is not as serious as Emculu _

Bridge.
Attachment 6 (Present condition and repair work plan)

7 Repair works on Jower slab deck on Emculu Bridge and Dogali 1 Bridge
Concrete is spalling off and steel bar is exposed at lower slab deck. In order for bar rust
not to penetrate into inside portion, epoxy resin is apply to this slab surface, but this

measure is not substantial repair to strong then loading capacity to slab.

- Number of repair portion (enclosed section between lateral and stringer)
(1) Emculu Bridge; 30 portions
(2) Dogali 1 Bridge; 20 portions

8 Handrail on Emculu Bridge and Dogali 1 Bridge
As both bridges are lacking of handrail, it is strongly recommended to install handrail

made of steel to prevent from falling accidents.



Attachment 1
(Comparison between HS20-44x1.25 and B Live Load)



Summary of bending moment and shaer force depending on span length
1. Bending moment and shaer force without impact

Following table shows maximum forces ( bending moment and shearing force) due to life load on siml
~ beams, in which larger value in T;and and L-load will be applied to design works in AASHOTO or
Japan Standard.

Bending moment

span span AASHTO (HS20-44) Japan Standard(BLiveload)
L L T-Mmax  L-Mmax-  Mmax  (Mmax) | T-Mmax  L-Mmax Mmax

(m) (feet) (kNm) (kNm} (kNm) ~ (xE3 f-p)| (kNm) (kNm) (KkNm)

20.000 65.617 | 1,222 867 1,222 901 | 1,500 1,650 1,650

25.000 82021 | 1,622 1,230 1,622 1,196 | 1,875 2320 2,320
20.000 95144 | 1,942 1,562 1,942 1,433 | 2,175 2,904 2,904
30.000 98.425 | 2,022 1,651 2,022 1,492 | 2,250 3,056 3,056

38.000 124.672 | 2,663 2,447 2,663 964 2,"{3_'50 4,370 4,370

1
1

35.000 114.820 . 2423 2131 2,423 1,787 | 2,625 3,858 3,858
1 ; ;
2

39.000 127.953 | 2,743 2,556 2,743 023 | 2,925 4,546 4,546

40.000 131.234 2,823 2,669 2,823 2,082 3,000 4,725 4,725
45.000 147.638 3,223 3, 265 3, 26 2, 408 3,375 5, 658 5, 658
50.000 164.042 3,624 3,920 3,920 2, 891 3,750 6, 656 g, 656

Shearing force

span span AASHTO (HS20-44) Japan Standard (BLiveload)

L L ‘T-Smax  L-Smax Smax {Smax) T-Smax  L-Smax Smax

m  (feet) | (kW) (kN) W GE3 P | kN (kN) (KN)
20.000  65.617 275 209 275 62 300 375 375
25.000  82.021 284 232 284 64 | 300 419 419
29.000  95.144 289 251 289 65| 300 450 450
30.000  98.425 290 256 200 65 300 458 458
35.000 114.829 | 294 279 294 66 300 492 a2
38.000 124.672 206 293, 296 67| 300 512 512
39.000 127.953 207 298 298 67 300 519 519
40.000 131.234 297 302 302 68 | 300 525 525
45.000 147638 300 326 326 73 300 556 556
50.000  164. 042 302 349 349 81 300 537 587




2. Bending moment and shearing force with impact

Fol lowing table shows maximum forces{ bending moment and shearing force) due to life load on siml
beams. In this table, forces with impact for steel and PC bridge are sumalized while imact
coeficient is categolized into various type of bridge such as stesl bridge, reinforced concrete
bridge( T-load and L-load) and prestressed concrete bridge {L-1oad).

Bending moment

span  span AASHTO (HS20-44) | Japan Standard (BLiveLoad)
L L Mmax [ Wmax+1 Mmax i-steel Mmax+! (M) i-P C Mmax+| (P)
{m) (feet) (kNm) (kNm) {kNm) {kNm) (ki)

20.000  65.617 1,222 26.2% 1,542 1,650 28.57% 2,121 22.22% 2,017

25.000  82.021 1,622 24.2% 2,014 2,320 26.67% 2,939 20.00% 2,784

29.000 95.144 1,942 22.7% 2,383 2,904  25.32% 3,639  18.52% 3, 442

30.000  98.425 2,022 22.4% 2,475 3,056  25.00% 3,820 18.18% 3,612

35.000 114.829 2,423 20.8% 2,928 3,858  23.53% 4,766  16.67% 4, 501

38.000 124,672 2,663  20.0% 3, 196 4,370 22.73% 5,363 15.87% 5, 064

39.000 127.953 2,743 19. 8% 3,285 4,546  22.47% 5,068  15.63% 5, 257

40.000 131,234 2,823  19.5% 3,374 4,725  22.22% 5775 15.38% 5, 452

45.000 147.638 3,265  18.3% 3, 864 5,658 .21.05% 6,849  14.29% 6, 466

50.000 164,042 3,920 17.3% 4,598 6,656  20.00% 7,988 13.33% 7,544

Shearing force

-Sspan span . AASHTO (HS20-44) Japan Standard (BLiveload)

L L Smax I Smax+1 Smax i-steel Smax+| (M) i-PC Smax+i(P)
(m) (feet) (kN) ' (kN (kN) (kN) (kN)
20.000  65.617 2715 26.2% 347 375  28.57% 482  22.22% 458
25. 000 82. 021 284 24.2% 352 419  26.67% 531 20.00% 503
29. 000 95. 144 289 22. 7% 354 450  25.32% 564  18.52% 534
30. 000 98. 425 290 22. 4% 355 458  25.00% 572 18.18% 541
35.000 114.829 294 20.8% 356 492 23.53% 608  16.67% 574
38.000 124.672 296 20. 0% 356 512 22.73% 629  15.87% 593
39.000 127.953 298 19. 8% 357 519  22.47% 635 15.63% 600
40.000 131.234 302 19. 5% 361 525 22.22% 642  15.38% 606
45.000 147.638 326 18. 3% 386 556  21.05% 673  14.29% 636
50.000 164. 042 349 17.3% 410 587  20.00% 704 13.33% 665
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(comparative figure on bending moment)

span span ASSHTO (HS20-44)  Japan Standard (BLiveload™") Ratio *?
L L Mmax X 1.25 Mmax
(m) (feet) (kNm) (kNm) (kNm)
20.000  65.617 1,542 1,928 2,017 1.046
25.000  82.021 2,014 2,517 2,784 1.106
20.000  95.144 2,383 2,979 3,442 1.155
30,000  98.425 2,475 3,004 3612 1.167
35.000 114.829 2,928 3,660 4, 501 1,230
38.000 124.672 3,196 3,995 5, 064 1,267
30.000 127.953 3,285 4,107 5, 257 1.280
40.000 131.234 3,374 . 4,217 5,452 1.293
45.000 147.638 3,864 4,830 6, 466 1.339
50,000 164.042 4,508 5, 747 7, 544 1.313

Ratio

0.2

0.0

¥ 1 impact coeffi.

(BLivelLoad, PG, L load

% 2 Ratio; BLivel.oad~HS20-44 x 1.25

Ratio : Bending moment

—e—BLiveload

— @ — HS20-44 x 1.25

10.0

30.0 40.0 50.0

span length (m)

4



(comparative Tigure on shearing force)

span span ASSHTO (HS20-44)  Japan Standard (BLiveLoad™ ") Ratio %2
L _ L Smax X 1.25 Smax
(m) (feet) (k) (kN) (kW)
20.000  65.617 347 433 458 1.057
25.000  82.021 352 440 503 1.142
29.000  95.144 354 “43 534 o 1.204
30.000  98.425 355 443 541 1.219
35.000 114,829 356 444 574 1.292
38,000 124.672 356 445 593 1.335
39.000 127.953 357 446 600 ) 1.345
40,000 131.234 361 452 606 1. 341
45,000 147.638 386 482 - 636 1.319
50.000 164. 042 410 512 665 1,298
% 1 impact coeffi. (BLiveload, PC,L [oad
¥ 2 Ratio: B life load.”HS20-44 x 1.25
Ratio : shearing force
2.0
1.8
1.6
1.4
1.2
o
= 1.0
o
0.8
OB oo e e e
o3 T OO RS POV
0.2 —&—BLiveload
' — & — HS20-44 x 1.25
0.0 1 1 ] 1 1.
10.0 20.0 30.0 40.0 50. 0 60. 0

span length (m)

.



Attachment 2—1
{Location of bridge)
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Attachment 2—2—2—1

(Reference drawings in other project such as Kna-Fna Bridge)
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Attachment 2—2—2—1
Q P (Reference drawings in other project such as Kna—Fna Bridge)
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Attachment 2—2—2-—2

(Standard cross section as reference drawings in Ghindae Bridge
/ 4 lane traffic in By-Pass Plan)
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Attachment 2—2—2—2

(Standard cross section as reference drawings in Ghindae Bridge

/ 4 lane traffic in By-Pass Plan)
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GENERAL STRUCTURAL NOTES
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DESKA LOADS:
1. CORCRETE DENSITY = 24.5 &4/’

2 FUTIRE WCARNG SURFACE (50mm THK) = 090 Xfa
3. LVE LOAD:

€2 REWFORCHG STELL
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DIRCCTLY ABOVE THOSC ® THE BOGTDM LATIR.

Cx, REMF, STELL SHALL BE ITERVEDATL DEFORMED BARS (GRALE 49)
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Attachment 2—2—3
(General Drawing on Ghindae Bridge)



No.i1 Gindae Bridge (Ghinda Bridge)
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Attachment 3—2
(Location of bridge)






Attachment 4

(Vertical Clearance on Existing Concrete Arch Bridge between Asmara and Massawa

measured by Japanese Consultant on Februaxry, 2004)
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~
N

-Asmara side

No.1 Gindae Br. No.2 Gthiai 1 Br. No.3 Gthlai 2 Br. _ Ne.4 Dogali 1 Br.

>

5,380 5,360 4,080 3,950 5,730 5,780 5280 5260 5,150 5,300 5260 5,220

N (N N NN N

No.5 Dogali 2 Br. No.8 Emcuiu Br.

4,150 4,120 5170 5240 4,760 4,740 5350 5290
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