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Consultancy services to assess Structural Conditions of Bridges vulnerable 

to Climate Hazards and Heavy Loads along selected trunk roads  

 

1.  INTRODUCTION  

The purpose of this Final report is to disclose what is achieved so far agreed with the 

accepted work schedule and planed detail activities to meet the objectives of the 

study.  

The report shows activities achieved in reasonable manner interms of time and 

resources available, demonstrate knowledge of the field by having broad, relevant and 

up-to-date sources, show attention to detail in the accuracy of study inputs,  

The work performed is clear, very helpful, and relevant to achieve objectives of the 

study.  Moreover, all steps are followed in accordance with the ToR and methodology 

set in the Inception report that greatly lead to complete the project. 

This report will provide detailed performance assessment of selected bridges along the 

route Galafi - Dobi-Mille-Awash-Nazreth – Modjo – Shashemene - Soddo. This report 

is intended to let the Client know how an intervention is going and presented 

specifically so that one can assess whether the work progress and plan are 

reasonably attended.  

Theoretical forces on bridges under legal and transport loads were calculated, in 

particular maximum bending moments and shear forces with the longer trailer 

located to cause the maxima: for moments around the mid-span or close to it 

depending on the number of axles on a particular bridge and for shear the leading 

axle being at a support. 

For strength evaluation calculation, outputs from ETABS 2016 V 16.0.3, section 

capacity of RC sections using Response 2000 software, simulation of RC bridges 

using ABAQUS software and live load distribution factors as per the recommendation 

of AASHTO 2010and ERA Bridge Design Manual have been used. During calculation 

of ultimate moment and shear force, the bridges are assumed to be designed by 

AASHTO and/or ERA Bridge Design Manuals. 
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2.  METHODS OF ASSESSMENT  

The method of assessment includes 

¶ Review of an inventory of bridges 

¶ Inspection of physical conditions of bridges 

¶ Redesign of bridges 

¶ Calculation of forces on bridges  

¶ Calculation of bridge strengths and 

¶ Strength evaluation of bridges 

 

 

Figure 1: The study route; Galafi - Dobi-Mille-Awash-Nazreth – Modjo – 

Shashemene - Soddo 
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Table 2.1: Bridges data along the study route. Inspected, Analyzed and Uninspected   

It. No.  Bridge No  Bridge Name  
Km from 

AA 
Bridge 
Length  

Bridge Type  
Span Support 

Type  
Const n.  

Year  

1 A1-4-004 
Awash – Ras 
Mekonen  

217.0 157.5 RC DG Continuous  1974 

2 A1-4-004 New Awash  217.0 145 PC RC Box Continuous  2014 

3 A1-1-013N Modjo new  69.5 116.1 PC Box Girder Multi Span 2015 

4 A1-9-030 Geleba  675.9 108.4 RC Box Girder Multi Span 2001 

5 A7-1-002 Awash  95.5 93.5 RC DG Multi Span 1953 

6 A1-7-009 Mille No -3 521.0 92 RC Box Girder Multi Span 2004 

7 A1-6-028 Awash -Adaitu  486.2 90.2 RC Rigid Frame Continuous  1971 

8 A1-1-013 Modjo  69.5 74 PC Deck Girder Continuous  1972 

9 A1-6-030 Unknown  495.1 62.3 RC DG Multi Span 1971 

10 A1-6-031 GERARU  506.0 61.5 RC DG Multi Span 1971 

11 A1-7-033 Wea 575.7 60 Masonry Arch Multi Span 1945 

12 A7-1-001 Koka  91.5 55.6 RC DG Multi Span 1953 

13 A1-5-002 Arba  230.0 55 RC DG Multi Span 1971 

14 A1-7-027 Arsis No.2  550.6 46 Masonry Arch Multi Span 1945 

15 A1-2-001 Melkalemi  74.1 44 RC DG Multiple Span 2003 

16 A1-10-003 Dobi  671.6 42 RC DG Multi Span 1970 

17 A1-2-008 Unknown  81.0 42 RC DG Multi Span 2013 

18 A1-6-033 WARANSO 2  511.3 41.2 RC DG Multi Span 1971 

19 A1-6-003 AMBULE  384.8 41 RC DG Multi Span 1971 

20 A1-5-001 Oromo  220.5 41 RC DG Multi Span 1972 

21 A1-6-032 WARANSO 1  511.2 40 RC DG Multi Span 1971 

22 A1-1-004 Gogecha  35.1 37.9 RC DG Multi Span 2014 

23 A1-5-035 Unknown  330.6 35.4 RC DG Multiple Span 1971 

24 A1-9-024 Gemeri  652.3 34 RC DG Multi Span 1997 

25 A1-6-025 ELMITGEN  476.9 31.5 RC DG Single Span 1971 

26 A1-10-009 Guma  689.0 28 Masonry Arch Multi Span 1970 

27 A1-10-069 dear Bure  794.9 24 Masonry Arch Multi Span 1945 

28 A1-8-003 Serdo  621.9 24 Masonry Arch Multi Span 1945 

29 A1-7-011 Bekel Dera -1 528.1 22 Masonry Arch Multi Span 1945 

30 A1-7-016 Defura -2 532.4 22 Masonry Arch Single Span 1945 

31 A1-6-001 GEWANE  368.1 22 RC DG Single Span 1971 

32 A1-7-019 Eraso  536.7 22 RC DG Multi Span 2001 

33 A1-10-031 Sola  741.4 20 Masonry Arch Multi Span 1945 

34 A1-10-048 Kaylea -2 759.6 20 Masonry Arch Multiple Span 1945 

35 A1-7-006 UndaAbsinum  518.6 20 Masonry Arch Single Span 1945 

36 A1-7-023 Alia  542.6 20 Masonry Arch Single Span 1945 

37 A1-7-025 Dehara  547.7 20 Masonry Arch Single Span 1945 

38 A7-1-003 Meki  130.8 20 RC DG Single Span 1961 

39 A7-2-005 DADABA  233.3 20 RC DG Single Span 1961 

40 A7-3-002 Bilate  311.8 19.7 RC DG Single Span 1963 

41 A7-2-001 Bulbula  184.6 19.6 RC DG Single Span 1961 

42 A1-6-017 Unknown  457.9 19.5 RC DG Single Span 1971 

43 A1-7-030 Weyaneta  570.5 18 Masonry Arch Multi Span 1945 

44 A1-7-020 Seraytu  538.5 18 RC DG Multi Span 1945 

45 A1-3-006 Mermersa  105.4 18 RC Slab Culvert Single Span 1974 



Structural Condition Assessment of Bridges  
 Page 7 

 

3.  CONTRACT DATA AND MANAGEMENT  

 

4.  SCOPE OF SERVICE AND OBJECTIVE  

The contract for the “Consultancy services to assess the Structural Conditions 

Bridges vulnerable to Climate Hazards and Heavy Loads along selected trunk roads ” 

(Proc. Ref. No. : 0007991523) has been signed on the 20th January 2019. The Client 

is the World Bank Group.  

The overall objective of the service is to assess the structural condition/adequacy of 

bridges which are prone to climate change effects and also carry heavy traffics on 

selected corridors, and based on the results of the assessment propose mitigation 

measures that ensures sustainability of these infrastructures. 

The scope of the consultancy services entails the following tasks: 

a) Determine residual bearing capacity of  selected bridges 

b) Recommend improvement actions for these bridges. The recommendation 

could be total replacement, strengthening or repair. 

c) Recommend alternative means and method of transportation of heavy trucks 

up to 200 Ton along the route to be followed after the study with supporting 

guideline indicating load Limitations. 

d) Propose type of trailers with axle combination for different range of loads up 

to 200 Ton to be allowed considering safety of the bridges.  

e) Conduct load and nondestructive tests as well as simulation of bridges by 

using numerical simulation software. 

 

5.  PROJECT DESCRIPTION  

Project Name  Consultancy services to assess the Structural 

Conditions Bridges vulnerable to Climate 
Hazards and Heavy Loads along selected trunk 
roads. 

Route Name and Bridges Galfi – Mille – Awash – Modjo – Shashemene - 
Soddo (39 listed bridges) 

District  Combolcha, Diredawa, Alemgena, Shashemene 
and Soddo  
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Starting Point Description  Bridge No. A1 – 1 – 004 ( Gogecha ) 

Ending Point Description  Bridge  No. A1 -10- 069 ( Dear bure) 
Bridge No. A7 – 2 – 005 ( Dadaba ) 

Length (km)  From bridge A1-1-004 To A1-10-069  = 760 Km 
From Modjo Junction to bridge No A7-2-005 = 
167 km 

Amount of bridges  From Gogecha bridge  To DearBure bridge = 35 
From Modjo junction to Dadaba bridge = 4 

Road class  Trunk road  

  

6.  EXECUTIVE SUMMARY  

In considering the expected results of the study disclosed in the ToR, multiple 

contacts with ERA were made to collect the necessary bridge data that eases the 

preliminary desk top study work and site works as well and used the BMS software 

for condition survey data analysis. In this regard, the following tasks are 

substantially performed. 

¶ Following the work methodology, each of the 39 bridges is carefully inspected 

and defects are rated and quantified as per the ERA bridge inspection manual. 

The result is annexed with the report. 

¶  Schmidt hammer (Nondestructive) test in Exterior and Interior Girders as well 

as in Slab Decks area was conducted for those required and accessible. 

Conducting Schmidt hammer test to all girders in full scale has been found 

difficult in some bridges with high piers due to absence of access. Binocular is 

used to look for defects and estimate quantity. For those having short pier 

height, common type ladder is used. 

¶ All defect ranks are entered in to the BMS software and the analysis results are 

obtained. The bridge service condition is described as GOOD, FAIR and BAD 

according to the total damage percentages. 

¶ In the assessment, not all such structures in the route is incorporated. Short 

bridges and culverts are excluded as being assumed on the basis of having 

good supports and assumed to be strong enough to support the loads. 

¶ The rating procedure is carried out for all strength checks (moment, shear, 

etc.) at all potentially critical sections with the lowest value determining the 

rating factor for the entire span.  
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Table  1: Bridges in considerations  

It. 
No.  

Descript ion  Quantity  Remark  

1 
Total bridges found along 
the two routes under the 
study  

332 
86% out of the total are small size 
bridges  having length 4.0 – 17.9 
mt  

2 
Bridges having 18 mt 
and more length  

45 

39 bridges have more than 20 mt 
length. Generally the bearing 
capacity study shall consider 
bridges that can fully carry the 
minimum length of special truck, 
which is 18mt.  

3 Bridges Inspected 31 
Out of 39, those under replacement 
project are not inspected. 

4 
Schmidt Hammer test 
conducted 

27 
Out of 31, Due to inaccessibility the 
test was not done for 4 bridges. 

5 
Bridges Inspected and 
considered in structural 
analysis 

7 

All 27 Bridges are grouped by 
similar type and span composition 
and due to time and resource 
limitations only 7 long and critical 
bridges are selected based on BMS 
result.  The remaining some bridges 
may be considered in the future.  

 

All these bridges are regularly considered under visual and major inspection program 

according to ERA bridge inspection manual. The Damage extent and service condition of 

bridges (inspected in March 2019) is shown in Table 2 . 

 

Table 2 : Damage extent and service condition of bridges  

It. 

No. 

District 

Name 

Bridge 

No. 
Bridge Name 

Super 

Structure 

Damage 

% 

Total 

Damage 

% 

Bridge 

Condition 

km 

from 

Addis 

Bridge 

Length 

Bridge 

Type 

1 

Alemgena 

A1-1-004 Gogecha 3.14 5.2 Good 35.1 37.9 
RC Deck 

Girder 

2 A1-1-013 Modjo 2.01 7.7 Good 69.51 74 
PC Deck 

Girder 

3 
A1-1-

013N 
Modjo new 2.26 4.1 Good 69.51 116.1 

PC Box 

Girder 

4 A1-2-001 Melkalemi 3 8.9 Good 74.124 44 

RC Deck 

Girder 
5 A7-1-001 Koka 8 17.7 Fair 91.5 55.6 

6 A7-1-002 Awash 3.14 23.7 Bad 95.5 93.5 

7 
Combolcha 

A1-7-006 Unda Absinum 0.38 16.4 Bad 518.566 20 Masonry 

Arch 8 A1-7-011 Bekel Dera-1 2.01 5.4 Good 528.1 22 
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It. 

No. 

District 

Name 

Bridge 

No. 
Bridge Name 

Super 

Structure 

Damage 

% 

Total 

Damage 

% 

Bridge 

Condition 

km 

from 

Addis 

Bridge 

Length 

Bridge 

Type 

9 A1-7-016 Defura-2 0 9.8 Good 532.43 22 

10 A1-7-019 Eraso 0 2.7 Good 536.69 22 RC Deck 

Girder 11 A1-7-020 Seraytu 0 5.2 Good 538.53 18 

12 A1-7-023 Alia 6.03 8.3 Good 542.6 20 

Masonry 

Arch 

13 A1-7-025 Dehara 2.01 8.4 Good 547.68 20 

14 A1-7-027 Arsis No.2 20.6 34.8 Bad 550.63 46 

15 A1-7-033 Wea 19.47 28 Bad 575.712 60 

16 A1-8-003 Serdo 20.1 26.4 Bad 621.94 24 

17 A1-9-024 Gemeri 6.16 11.1 Fair 652.29 34 
RC Deck 

Girder 

18 A1-9-030 Geleba 5.4 6.9 Good 675.94 108.4 
RC Box 

Girder 

19 

Dire Dawa 

A1-4-004 
Awash - Ras 

Mekonen WM 
12.94 19 Fair 217 157.5 

RC Deck 

Girder 

20 
A1-4-

004N 
Awash New 1.88 5.8 Good 217 145 

PC Box 

Girder 

21 A1-5-001 Oromo 16.71 21.7 Bad 220.5 41 

RC Deck 

Girder 

22 A1-5-002 Arba 2.39 9 Good 229.99 55 

23 A1-5-035 Unnamed 11.81 45.5 Bad 330.58 35.4 

24 A1-6-001 Gewane 0 6 Good 368.13 22 

25 A1-6-003 Ambule 3.89 38.6 Bad 384.84 41 

26 A1-6-025 Elmitgen 13.19 21.2 Bad 476.86 31.5 

27 A1-6-028 Awash-Adaitu 0 11.7 Fair 486.2 90.2 

28 A1-6-030 Unnamed 23.12 29.4 Bad 495.05 62.3 

29 A1-6-031 Geraru 2.01 8.1 Good 505.96 61.5 

30 A1-6-032 Waranso 1 8.04 9.9 Good 511.16 40 

31 A1-6-033 Waranso 2 4.77 7.8 Good 511.34 41.2 

 

7.  STRUCTURAL ASSESSMENT OF BRIDGES  

Among the inspected listed 31 bridges, structural assessment was conducted only for the 

following bridges. The criteria to select the critical bridges are the followings: 
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1) Bridge Type:  Bridges only with RC cross sections are considered (The oldest 

bridges dating from 1941 are concrete arches on stiff piers thought to be 

constructed in mass boulder cement mix: A1-7-006, A1-7-016, A1-7-023, A1-7-

025 & A1-7-033. Though there was some scour in river beds, there were no signs 

of serious distress and the bridges have been well maintained with re-pointing of 

facing cladding). 

2) Damage rate and Bridge Conditi on:  ``Bad ``condition bridges with critical 

damages. 

3) Span length:  Short bridges and culverts were excluded from the analysis. 

 
Thus based on the set selection criteria, structural assessment of the following Bridges 

were carried out. List of selected bridges is shown in Table 3 . 
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Table 3: Selected Bridges 

No.  Bridge No  Bridge Name  
km 

from 

AA 

Bridge 

Length  
Bridge Type  Span Type  

Const n . 

Year  

1 A1-1-004 Gogecha 35.1 37.9 RC DG Multi Span 2014 

2 A1-1-013 Modjo 69.5 74.0 
PC Deck 

Girder 
Continuous 1972 

3 A1-2-001 Melkalemi 74.1 44.0 RC DG Multi Span 2003 

4 A1-5-001 Oromo 220.5 41.0 RC DG Multi Span 1972 

5 A1-5-035 Unnamed 330.6 35.4 RC DG 
Multiple 

Span 
1971 

6 A7-1-001 Koka 91.5 55.6 RC DG Multi Span 1953 

7 A7-1-002 Awash 95.5 93.5 RC DG Multi Span 1953 

 

7.1  Bridge Data  

Bridges constructed several decades ago have been deteriorated due to many reasons 

and hence determination of their load carrying capacity is important. Original design 

documents, drawings and plans are important to perform such an activity. In cases of 

older bridges, assessing as much design information as possible is difficult. In the 

absence of these data, assessing bridge’s performance will be a common problem bridge 

engineers face. Due to the same fact, only cross-sectional dimensions of selected bridges 

are measured from field measurements. The dimensions of the bridges are shown in 

Table 4  below. 

 
Table 4: Bridges Dimensions 

No.  Bridge No  
Bridge 

Name  

Span 

Lengt

h (m)  

Span 

Composition  

Girder 

spacing  

(m)  

No. of 

girders  

Girder 

depth 

(mm)  

Girder  

width 

(mm)  

1 A7-1-002 Awash 93.5 5x18.7 1.75 4 1100 480 

2 A1-1-013 Modjo 74 21+21+21+11 1.90 4 1050 420 

3 A7-1-001 Koka 55.6 3x18.5 1.75 4 1000 400 

4 A1-2-001 Melkalemi 44 13.8+14+13.9 2.05 4 800 380 

5 A1-5-001 Oromo 41 11+18.9+11 1.83 4 1500 500 

6 A1-1-004 Gogecha 37.9 19.3+19.3+19.3 2.20 4 900 410 

7 A1-5-035 Unnamed 35.4 18.8+18.8 1.50 4 1200 500 
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7.2  Redesigning Bridges  

For bridges where necessary details, such as reinforcement in the concrete, material 

grades are not available, strength evaluation of bridges is difficult and should be 

exercised with care. Consequently the strength of bridges has been estimated on the 

assumption that the bridges were designed following standard manuals and they comply 

with the load requirement defined in AASHTO Bridge Design Manuals of 1949 and 1998. 

To estimate, the amount of reinforcing bars in existing structures, the Standard-

Specifications-for-Highway-Bridges-AASHO (American Association of State Highway 

Officials)-1941-Fifth-Edition and 1998 have been reviewed and the bridges were 

redesigned accordingly.  

 

7.2.1  Highway Loadings  (Art . 3. 2. 5)  

The H-loadings are illustrated in Figure 2 . They consist of a two-axle truck or the 

corresponding lane loading. The H loadings are designated H followed by a number 

indicating the gross weight in tons of the standard truck. 

 
 

 
 

Figure 2  H-Loading 
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The H-S loadings are illustrated in Figures  3 - 5 . They consist of a tractor truck 

with semi-trailer or of the corresponding lane loading. The H-S loadings are 

designated by the letter H followed by a number indicating the gross weight in 

tons of the tractor truck and the letter S followed by the gross weight in tons of 

the single axle of the semi-trailer. The policy of affixing the year to loadings, to 

identify them, was instituted with the publication of the 1944 edition in the 

following manner: 

¶ H10 Loading, 1944 Edition shall be designated H10-44 

¶ H15 Loading, 1944 Edition shall be designated H15-44 

¶ H20 Loading, 1944 Edition shall be designated H20-44 

¶ H15-S12 loading, 1944 Edition shall be designated H15-S12-44 

¶ H20-S16 Loading, 1944 Edition shall be designated H20-S16-44 
 

 

Figure  3- H20-44, H20-S16-44 Loading 
 

 

 

 

Figure 4- H15-44, H15-S12-44 Loading 

 

 

 

Figure 5- H10-44 Loading 

7.2.2  Loading for Maximum Stress  

The type of loading, whether lane loading or truck loading, to be used, and 

whether the spans be simple or continuous, shall be the loading which produces 

the maximum stress. Loading for Maximum Stress is shown in Figure 6 . 
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Figure 6- Loading for Maximum Stress 

 

 

7.2.3  Distribution of Wheel Lo ads to Stringers  (Art. 3.3.1)  

Loads are distributed to girders based on the spacing between girders. 

Distribution factors for stringers shall be obtained in accordance with Art. 3.3.1 of 

Standard-Specifications-for-Highway-Bridges-AASHO(American Association of 

State Highway Officials)-1941-Fifth-Edition. The distribution of wheel loads to 

stringers is shown in Table  5 . 

 

Table 5: Distribution of Wheel Loads to Stringers 
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7.2.4  Materials  

Standard-Specifications-for-Highway-Bridges-AASHO (American Association of 

State Highway Officials)-1941-Fifth-Edition. 

7.2.5  Load Factors  

The load factors taken in the analysis is in accordance with AASTO 1998.  

7.2.6  Reduction in Load Intensity (Art. 3. 2. 9)  

Where maximum stresses are produced in any member by loading any number of 

traffic lanes simultaneously, the following percentages of the resultant live load 

stresses shall be used in view of improbable coincident maximum loading: 

Table 6:  Reduction in Load Intensity 

Number of lanes  Percent  

One or two lanes 100 

Three lanes  90 

Four lanes or more 75 

 

7.2.7  Impact Formula  (Art. 3. 2.12)  

The amount of this allowance or increment is expressed as a fraction of live load 

stress, and shall be determined by the formula: 

Ὅ
υπ

ὒ ρςυ
 πȢσπ 

Where: 

I=impact fraction 

L=length in feet of the portion of the span which is loaded to produce 

 

7.2.8  Design Formula  (Art. 3.7.3)  

The Design Philosophy of the code is Allowable Stress (Working stress) Method. 

Computations of flexure in rectangular reinforced concrete T- beams shall be based 

on the following formula: 

ὃί
ὓ

πȢψχυὪίὨ
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Where: 
M = bending moment, or moment of resistance in general 

fs=tensile unit stress in longitudinal reinforcement 

 
Thus, the estimated amount of reinforcing bars of existing bridges is shown in 

Table  7 . 

Table 7: Estimated Design Outputs 

No.  Bridge No . 
Bridge 

Name  

Area of 

bars (mm 2) 

No. of 

longitudinal 

bars  

Stirrups  Remarks  

1 A7-1-002 Awash 14,185.05 17◖32 Φ12 c/c 160 
Designed using the 

revised AASHTO code 

2 A1-1-013 Modjo 12,808.78 16◖32 Φ12 c/c 200 
Designed using the 

revised AASHTO code 

3 A7-1-001 Koka 17,908.35 18◖32 Φ12 c/c 200 
Designed using 
AASHTO 1944 

4 A1-2-001 Melkalemi 9,541.00 12◖32 Φ12 c/c 140 
Designed using the 

revised AASHTO code 

5 A1-5-001 Oromo 8,035.24 10◖32 Φ12 c/c 250 
Designed using the 

revised AASHTO code 

6 A1-1-004 Gogecha 15,368.69 20◖32 Φ12 c/c 120 
Designed using the 

revised AASHTO code 

7 A1-5-035 Unnamed 8,135.72 11◖32 Φ12 c/c 250 
Designed using the 

revised AASHTO code 

 

8.  LEGAL A ND PROPOSED LOADS FOR STRENGTH EVALUATION OF 

BRIDGES  

8.1  Vehicular Live L oads  - Legal Loads  

Manuals specify the Legal truck load in terms of number of axles, axle configuration, 

and axle load. As per ERA bridge design manual-2002 (Section 5), the axle 

configurations and axle load of three Legal truck loads to be used for strength 

evaluation are given. These Load arrangements are given in Figures 7-9 . 
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Figure 7- Load arrangement 1 (Legal Load 1) 

 

 

Figure 8- Load arrangement 2 (Legal Load 2) 

 

 

Figure 9- Load arrangement 3 (Legal Load 3) 

 

8.2  Special Vehicular Live L oads  

Other than legal loads, different axle configurations (with 4axle tractor head) shown 

below are considered. The different load arrangements are shown in Figures 10 -15 . 

Weights of trailer truck and the tractor head is given in Table 8 . 
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Fig ure 10 -Load arrangement 4 

 
Fig ure1 1-Load arrangement 5 

 
Fig ure  12  -Load arrangement 6 
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Fig ure1 3- Load arrangement 7 

 
Fig ure1 4-Load arrangement 8 

 
Fig ure 15-Load arrangement 9 

 
Fig ure 1 6-Rear View of the trailer 
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Table 8: Total weight of Trucks and Max axle loads 

Load 

arrange
ment  

Total 

length of 
vehicle 

(m ) 

No.  of 
Axels  

tr ailer load 

(weight of 
equipment,  

ton)  

tractor 

head 
weight  

(ton)  

Total 

weight 
(ton)  

Max. 

f ront 
axle  load  

(t on ) 

Max. 

rear axle  
load 

(t on ) 

4 21.372 12 96.00 42 138.00 8.0 13.0 

5 24.565 14 118.20 42 160.20 8.0 13.0 

6 30.365 18 191.80 43 234.80 8.5 13.5 

7 33.345 20 198.40 43 241.40 8.5 13.7 

8 33.365 20 216.00 43 259.00 8.5 13.5 

9 36.380 20 222.12 43 265.12 8.5 13.0 

 

8.3  Effect of Loads  

The critical load arrangement to cause maximum effects is determined using the 

concept of influence lines (The influence lines for shear and Moment of Modjo bridge 

for different load cases are shown in annex 4). Effect of loads (maximum shear force 

and bending moment) due to different axle configurations on different bridges are 

calculated and shown in Tables 9 and 10 , respectively. For legal load arrangements 

(Load case 1-3), the distribution of loads to each girder is obtained by applying 

distribution factor. The wheel load distribution factors are calculated based on 

empirical equations given in design manuals (Tables 4.3, 4.4, 4.7 and 4.8 of ERA 

Bridge Design Manual, 2013 Part 2). As per the code, to obtain the effect of load on 

each girder (fraction of the applied load), the maximum load effect (which is obtained 

from IL analysis) is multiplied by  the wheel load distribution factor.  

For special load arrangement of a 19.3m bridge (A1-1-004), distribution factors for 

shear of 0.20 (for a maximum shear force of 211.09kN (See Figure 18 , which is 

about 20% of the result from influence line analysis (963.99kN, see Table 9 )) and for 

moment of 0.25 (for a maximum bending moment of 1096.97kN-m (See Figure 19 , 

which is about 25% of the result from influence line analysis (4390.39kN-m, see 

Table 10 )), respectively are obtained. These values are obtained by placing the 

position of loads at the centerline of the bridge.  

Thus, for special load arrangements (Loads 4-9), conservative values of distribution 

factors for shear and moment are considered as 0.40 and 0.35, respectively. Sample 
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of analysis outputs from ETABS 2016 v 16.0.3 are shown in Figures 18  and 19  

below. For continuous bridges (in the case of A1-01-013), distribution factors for 

shear and moment are considered as 0.40 and 0.35, respectively. 

The estimated shear force and bending moment due to the legal and proposed loads 

by applying distribution factors for longitudinal girders are shown in Tables 1 1 and 

12 , respectively.  

 

Figure 17  Critical load arrangement for 20m bridge (Load arrangement 8) 

 

Figure 18  SFD for Load arrangement 8 of an interior girder 

 

Figure 19  BMD for Load arrangement 8 of an interior girder
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Table 9: Effect of Loads on longitudinal girders(Shear Force, kN) 

No.  Bridge No  

Legal Loads  Special Veh icular Live Loads  

Dist. n 

Factor  
Load 1  Load 2  Load 3  

Dist. n 

Factor  

Load 

4 
Load 5  Load 6  Load 7  Load 8  Load 9  

1 A7-1-002 0.677 204.49 228.02 222.32 0.40 617.93 580.51 923.83 836.17 910.35 836.17 

2 A1-1-013 0.764 165.17 189.23 187.81 0.40 499.28 492.62 726.62 662.07 720.80 662.07 

3 A7-1-001 0.677 204.25 226.97 220.79 0.40 605.19 563.86 909.86 823.52 896.58 823.52 

4 A1-2-001 0.749 196.94 195.46 183.79 0.40 355.71 237.59 709.46 642.14 699.11 642.14 

5 A1-5-001 0.699 204.73 229.05 223.82 0.40 626.19 591.32 932.90 844.38 919.29 844.38 

6 A1-1-004 0.798 205.19 231.04 226.73 0.40 665.03 642.11 975.52 885.45 963.99 885.45 

7 A1-5-035 0.610 204.61 228.54 223.07 0.40 622.08 585.95 928.39 840.30 914.84 840.30 

 

Table 10 : Effect of Loads on longitudinal girders (Bending Moment, kN-m) 

No.  Bridge No  
Legal Loads  Special Vehicular Live Loads  

Dist.n 
Factor  

Load 1  Load 2  Load 3  
Dist.n 
Factor  

Load 4  Load 5  Load 6  Load 7  Load 8  Load 9  

1 A7-1-002 0.535 863.17 845.36 814.05 0.35 3,225.54 3,126.52 3,865.07 3,584.83 3,902.84 3,496.53 

2 A1-1-013 0.555 773.51 795.17 770.10 0.35 2,819.16 2,855.36 3,351.35 3,097.29 3,371.90 3,039.39 

3 A7-1-001 0.536 851.65 828.82 798.57 0.35 3,120.81 3,006.60 3,743.84 3,478.34 3,786.90 3,389.64 

4 A1-2-001 0.625 592.65 511.54 449.80 0.35 1,585.73 1,248.96 2,256.00 2,039.48 2,220.41 2,039.48 

5 A1-5-001 0.550 874.69 861.89 829.54 0.35 3,295.37 3,206.47 3,947.11 3,659.48 3,984.11 3,571.44 

6 A1-1-004 0.623 897.74 894.94 860.51 0.35 3,644.52 3,606.26 4,357.24 4,032.65 4,390.39 3,945.93 

7 A1-5-035 0.484 868.93 853.63 821.80 0.35 3,260.46 3,166.49 3,906.09 3,622.16 3,943.48 3,533.98 
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Table 11: Effect of Loads on longitudinal girders (Shear Force, kN) 

No.  Bridge No  
Legal Loads  Special Vehicular Live Loads  

Load 1  Load 2  Load 3  Load 4  Load 5  Loa d 6  Load 7  Load 8  Load 9  

1 A7-1-002 138.44 154.37 150.51 247.17 232.20 369.53 334.47 364.14 334.47 

2 A1-1-013 126.19 144.57 143.49 199.71 197.04 290.65 264.83 288.32 264.83 

3 A7-1-001 138.28 153.66 149.47 242.08 225.54 363.94 329.41 358.63 329.41 

4 A1-2-001 147.51 146.40 137.66 142.28 95.04 283.78 256.86 279.64 256.86 

5 A1-5-001 143.11 160.11 156.45 250.48 236.53 373.16 337.75 367.72 337.75 

6 A1-1-004 163.74 184.37 180.93 266.01 256.84 390.21 354.18 385.60 354.18 

7 A1-5-035 124.81 139.41 136.07 248.83 234.38 371.36 336.12 365.94 336.12 

 

Table 1 2: Effect of Loads on longitudinal girders (Bending Moment, kN-m) 

No.  Bridge No  
Legal Loads  Special Vehicular Live Loads  

Load 1  Load 2  Load 3  Load 4  Load 5  Load 6  Load 7  Load 8  Load 9  

1 A7-1-002 461.80 452.27 435.52 1,128.94 1,094.28 1,352.77 1,254.69 1,365.99 1,223.79 

2 A1-1-013 429.30 441.32 427.41 986.71 999.38 1,172.97 1,084.05 1,180.17 1,063.79 

3 A7-1-001 456.48 444.25 428.03 1,092.28 1,052.31 1,310.34 1,217.42 1,325.42 1,186.37 

4 A1-2-001 370.41 319.71 281.13 555.01 437.14 789.60 713.82 777.14 713.82 

5 A1-5-001 481.08 474.04 456.25 1,153.38 1,122.26 1,381.49 1,280.82 1,394.44 1,250.00 

6 A1-1-004 559.29 557.55 536.10 1,275.58 1,262.19 1,525.03 1,411.43 1,536.64 1,381.08 

7 A1-5-035 420.56 413.16 397.75 1,141.16 1,108.27 1,367.13 1,267.76 1,380.22 1,236.89 
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9.  STRUCTURAL ANALYSIS  

Bending moment and shear force due to the proposed loads have been calculated for all 

selected bridges using ETABS 2016 V 16.0.3. Theoretical forces on bridges under legal and 

transport loads were calculated, in particular maximum bending moments and shear forces 

with the longer trailer arrangement. The effect of the proposed and section capacity of bridges 

are calculated using software and attached herewith. 

 

9.1  Finite Element Modeling of RC Bridges  

In the simulation software (ABAQUS), reduced strengths are used. This is to account the 

effect of damages, cracks and other effects (deterioration, spalling of concrete and etc). 

Concrete Damaged Plasticity (CDP) model is used to model the elastic and non-linear 

properties of concrete; it is one of the two models Abaqus’s materials library offers to 

model concrete. 

9.1.1  Material Properties used in the assessment  

The area of tension steel to be used in computing the ultimate flexural strength of 

reinforced concrete members shall not exceed that available in the section or 75 

percent of the steel reinforcement required for a balanced condition(Manual for 

Condition Evaluation and Load Rating of Highway Bridges Using Load and 

Resistance Factor Philosophy, 2001, National Cooperative Highway Research 

Program). The area of reinforcement bars, transversal bars and material properties 

used in the analysis are annexed in Annex 4. Moreover, analysis output of the 

software (Response) is annexed. The steel yield stresses to be used for various types 

of reinforcing steel are given in Table 13  (AASHTO and ERA Bridge Design Manuals). 

Table 13:  Reinforcing steel yield stresses 

Reinforcing steel  
Yield Stress 

(MPa) 

Unknown steel (prior to 1954) 228 

Structural Steel 248 

Intermediate Grade 300 and unknown 
after 1954 (former Grade 40) 

276 

 
The ultimate stress of the concrete is assumed to be 20.7MPa and that of the steel is 

fy=276MPa. For newly constructed bridges fy of 314MPa has been used.  
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Sample modeling of Koka Bridge (A7-1-001) in ABAQUS and axle positions for 

special load arrangements is shown in Figure 20. In the model, only half part of the 

bridge is modeled. 

 

Figure 20 - Axle positions for special load arrangement (Bridge A7-1-001) 

9.1.2  Sample  Output s for L egal Loads  

Displacement contour (vertical displacement, U2 in mm) for Legal Loads 1 and 2 at 

different transverse positions and Load displacement diagram of the half section of 

the bridge are shown in Figures 2 1 and 22 , respectively. 

 

Figure 21:Displacement (U2) contour for Legal load 1 
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Figure 22 : Load-displacement curve for special load arrangement 

From Figure 22 it is clearly shown that the maximum reaction at each support, for the half 

bridge, is 39t. The total load carried by the half bridge is the sum of the reactions at each 

support (i.e. two times the reaction at one support=2*39=78t). Thus, the entire bridge can 

sustain a maximum load of 2*78t=154t (78t is the capacity of the half bridge). Using similar 

procedure, the section capacity of critical section and member (either interior or exterior 

girder) is computed and shown in Table 1 4 .  

Moreover, loading test on Koka bridge under moving load action was performed. The trucks 

considered weighs 32.88 ton and was made to pass on the bridge with its central axis aligned 

with the bridge at a speed of 40km/hr. Wheel arrangement with a measured spacing of 2.5m, 

1.37m, 3.40m from the front axle to rear ones. The corresponding loads on each of the axles 

are 6.6ton, 13.2ton and 13.08ton. The corresponding measured deflection of the interior 

girder is 9mm, which is within the acceptable range (L/800=18,500/800=23.125mm). 

Moreover, response of the bridge for special load arrangement 6 was performed and an 

18mm vertical displacement of bridge was recorded.  
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Tables 14: Section Capacity (Software Outputs) 

No.  
Bridge 

No.  

Assumed Original 

Design Capacity  

Estimated Current 

Capacity  

Remarks  Shear 

Force  

(kN)  

Bending 

Moment  

(kN -m)  

Shear 

Force  

(kN)  

Bending 

Moment  

(kN -m)  

1 A7-1-002 827.35 3,765.77 643.90 3,151.90 
22.17 % reduction in section 

capacity was obtained. 

2 A1-1-013 904.79 3,800.58 682.10 3,249.40 
24.61 % reduction in section 
capacity was obtained.  

3 A7-1-001 808.27 3,576.02 651.20 2,828.70 
20.90% reduction in section 

capacity was obtained.  

4 A1-2-001 750.38 2,749.28 606.90 1,900.00 
30.89% reduction in section 

capacity was obtained.  

5 A1-5-001 944.94 4,152.22 892.20 4,098.00 
5.58% reduction in section 

capacity was obtained.  

6 A1-1-004 979.06 3,826.69 752.00 3,432.20 
23.19% reduction in section 

capacity was obtained 

7 A1-5-035 948.64 4,069.76 665.60 2,878.10 
29.84% reduction in section 
capacity was obtained. 

 
 

In the above table, the assumed section capacity of bridges for shear and moment are 

obtained using softwares, RESPONSE 2000. The resistances are computed based on the 

assumption that the bridges are designed following appropriate design manuals and the 

construction was done as per the design, with the specified material specifications and 

proper detailing. In the absence of detailed construction drawings and data, the reduction 

values obtained from the analysis may vary. The reduction factor obtained from the analysis 

is in good agreement with the damage rate of bridges obtained from ERA BMS. 

 

10.  STRENGTH EVALUATION  

The rating procedure is carried out for all strength checks (moment, shear, etc.) at all 

potentially critical sections with the lowest value determining the rating factor for the entire 

span. The rating equation to be used throughout this report is as per ERA Bridge Design 

Manual, Part 2, 2013 (Chapter 5, STRENGTH EVALUATION OF EXISTING STEEL, 

CONCRETE ANDMASONRY ARCH BRIDGES). 
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10.1  Rating Factor C alculation  

The portion of the rating vehicle will be given by the ratio between the available 

capacity for live load effect and the effect of the rating vehicle. This ration is called the 

rating factor (RF). As per ERA Bridge Design Manual, RF is given as: 
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where, 

RF : rating factor 

n
Rf

 : nominal resistance )2/( adfA
ys
-=  

)'85.0(/ bffAa
cys

=
 

d :effective depth 

b : width 

y
f  : yield strength of steel (reduced value) 

'f
c

 : compressive strength of concrete (reduced value) 

s
A  : cross-sectional area of steel (reduced value) 

Di : effect of dead loads 

Li : live-load effect for load i other than the rating vehicle 

L  : nominal live-load effect of the rating vehicle 

I : impact factor for the live-load effect 

γDi :dead load factor 

γLi, γL : live load factors 

m : number of dead-load components 

k : number of live-loads 

 

In the computation of rating factor of bridges for legal loads, ‎= 1.2 and ‎=1.3 have 

been considered (Table 5-5, ERA Bridge Design Manual 2013, Part 2). 

As per the inspection data of selected bridges, since the condition of wearing surface is 

in good and fair condition, an impact value of 0.1 is used (Table 5.2, ERA Bridge 

Design Manual 2013, Part 2). 
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Table 1 5: Condition of Wearing Surface and Impact Value (Table 5-2: ERA Bridge 

Design Manual 2013, Part 2) 

Wearing s urface  Impact  

Good condition No repair required 0.1 

Fair condition 
Minor deficiency, item still functioning as 
designed 

0.1 

Poor condition 
Major deficiency, item in need of repair to 
continue 

0.2 

Critical condition Item no longer functioning as designed 0.3 

 
 

Resistance factor, =ɲ0.85 is also used (Table 5-6, ERA Bridge Design Manual 2013, 

Part 2). 

Whereas, for special load arrangements, due to non-frequent passage of the proposed 

loads, minimum impact factor and live load factor are used. Hence, FS for dead and 

live loads are taken as 1.05 and dynamic load allowance of 1.05(which is between 0 

and 0.1) are used. 

The rating factor calculation for shear and moment for different loading conditions is 

summarized in Tables 1 6 and 17 , respectively. The rating factor of bridges (minimum 

of RFshear and RFmoment) for different loading conditions is given in Table 18 .  
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Table 1 6:  Rating Factor for Shear (RFshear) 

No.  Bridge No  
Legal Loads  Special Vehicular Live Loads  

Load 1  Load 2  Load 3  Load 4  Load 5  Load 6  Loa d 7  Load 8  Load 9  

1 A7-1-002 1.33 1.20 1.23 1.10 1.17 0.73  0.81  0.74  0.81  

2 A1-1-013 1.54 1.35 1.36 1.43 1.45 0.98  1.08 0.99  1.08 

3 A7-1-001 1.47 1.32 1.36 1.21 1.29 0.80  0.89  0.81  0.89  

4 A1-2-001 1.47 1.49 1.58 2.12 3.18 1.07 1.18 1.08 1.18 

5 A1-5-001 1.80 1.61 1.64 1.50 1.59 1.01 1.12 1.02 1.12 

6 A1-1-004 1.33 1.18 1.21 1.20 1.24 0.82  0.90  0.83  0.90  

7 A1-5-035 1.83 1.64 1.68 1.29 1.37 0.86  0.95  0.88  0.95  

 
Table 1 7: Rating Factor for Moment (RFmoment) 

No.  Bridge No  
Legal Loads  Special Vehicular Liv e Loads  

Load 1  Load 2  Load 3  Load 4  Load 5  Load 6  Load 7  Load 8  Load 9  

1 A7-1-002 2.02 2.07 2.15 1.20 1.24 1.00 1.08 0.99  1.11 

2 A1-1-013 1.95 1.89 1.96 1.28 1.26 1.08 1.17 1.07 1.19 

3 A7-1-001 1.85 1.90 1.97 1.12 1.16 0.93  1.01 0.92  1.03 

4 A1-2-001 1.69 1.96 2.23 1.60 2.03 1.12 1.24 1.14 1.24 

5 A1-5-001 2.37 2.40 2.50 1.46 1.50 1.22 1.31 1.21 1.35 

6 A1-1-004 1.66 1.67 1.74 1.09 1.10 0.91  0.98  0.90  1.00 

7 A1-5-035 2.24 2.28 2.37 1.17 1.21 0.98  1.05 0.97  1.08 

 

  



Structural Condition Assessment of Bridges  
Abrham G. (July 2019) Page 32 

 

Table 1 8: Rating Factor for the bridge 

No.  Bridge No  

Span 
Composition  Legal Loads  Special Vehicular Live Loads  

Load 1  
Load 

2 
Load 3  Load 4  Load 5  Load 6  Load 7  Load 8  Load 9  

1 A7-1-002 5x18.7 1.33 1.20 1.23 1.10 1.17 0.73  0.81  0.74  0.81  

2 A1-1-013 3x21+11 1.54 1.35 1.36 1.28 1.26 0.98  1.08 0.99  1.08 

3 A7-1-001 3x18.5 1.47 1.32 1.36 1.12 1.16 0.80  0.89  0.81  0.89  

4 A1-2-001 13.8+14+13.9 1.47 1.49 1.58 1.60 2.03 1.07 1.18 1.08 1.18 

5 A1-5-001 11+18.9+11 1.80 1.61 1.64 1.46 1.50 1.01 1.12 1.02 1.12 

6 A1-1-004 19.3+19.3+19.3 1.33 1.18 1.21 1.09 1.10 0.82  0.90  0.83  0.90  

7 A1-5-035 18.8+18.8 1.83 1.64 1.68 1.17 1.21 0.86  0.95  0.88  0.95  

 
 

For instance, for a special load arrangement, the optimal load arrangement for Koka bridge is Load case 5 

(1.16x160.2t=185.83t). Which is in good agreement with the value obtained from simulation, 154t. Available capacity of 

bridges (in reference to the legal load arrangements) is summarized in Table 1 9 . The values are obtained by multiplying 

the legal loads by the corresponding rating factors. 
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Table 19:  Available capacity of bridges  

 

 

No.  Bridge No  

 
 

Bridge 
Name  

Span 
Composition  

 
Total 

bridge 
Length  

Available capacity (ton)  

Arrangement 
1 

Arrangement 
2 

Arrangement 
3 

1 A7 -1-002  
Awash  

5x18.7  
93.5  

30.19  39.00  44.77  

2 A1 -1-013  
Modjo  

3x21+11  
74  

34.9 6 43.88  49.50  

3 A7 -1-001  
Koka  

3x18.5  
55.6  

33.37  42.90  49.50  

4 A1 -2-001  
Melkalemi  

13.8+14+13.9  
44  

33.37  48.43  57.51  

5 A1 -5-001  
Oromo  

11+18.9+11  
41  

40.86  52.33  59.70  

6 A1 -1-004  
Gogecha  

19.3+19.3+19.3  
37.9  

30.19  38.35  44.04  

7 A1 -5-035  
Unnamed  

18.8+18.8  
53.4  

41.54  53.30  61.15  
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11.  CONCLUSIONS AND RECOMMENDATIONS  

11.1  Conclusions  

¶ Available capacity in terms of rating factor and estimated section capacity for 

selected bridges are obtained. 

¶ In the absence of structural drawings, it is difficult to calculate the theoretical 

strengths of bridges. Thus, it is important to maintain design and other 

documents of bridges. 

¶ The rating factor obtained in Table 19 is computed only for selected load 

arrangements. This factor varies for other loading conditions, indeed. Other 

than load carrying capacity of bridges, determination of available capacity of 

bridges interims of section capacity is necessary, since not only the magnitude 

of the axle loads but also axle configuration affects the rating factor (see Table 

14). Thus, estimation of section capacity is practical. 

¶ The above rating factor may reduce under the action of small loads with 

different axle arrangements. Even if most of  the rating factors obtained for 

special load arrangements is greater than of one (for bridges A1-2-001and A1-

5-001), they are in critical condition since the reserve capacity of bridges are 

within 10-20%. For legal loads case, the reserve capacity of bridges is in the 

order of 20-60%.  

¶ In the case of Modjo Bridge (A1-1-013), the reserve capacity varies between 

35% and 55%. Based on the load considered in the assessment (only for legal 

loads), the total axle load that Modjo bridge can sustain is between 35t 

(1.54x22.7t) and 49.5t (1.36x36.4t). The value obtained from this analysis is in 

good agreement with the load limit posted at Modjo bridge which is 50t.  

¶ Since the unselected bridges are relatively in good conditions, they obviously 

are safe to carry the legal loads. 

 

11.2  Recommendations  

¶ In rating of bridges, condition of bridge surface is useful. Thus, in future 

bridge condition survey, it is important to collect roughness index data of 

bridges.  

¶ While passing heavy equipment, there would be mechanism helping to reduce 

the effect of overloading. One of this is distributing the load to more than one 

girder. This can be achieved by placing steel plates over the deck. 
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¶ Purchase of tools, equipment and software are required for inspection, testing 

and simulation purposes. Some of them are: 

o Simulation softwares (ATENA, ANSYS, ABAQUS,...) 

o Data Logger – for digital data  

o transducers – Measurement of vertical displacement (digital) 

o dial gages  – Measurement of vertical displacement (analog) 

o Dynamic Data logger 

o Laser displacement sensor 

o Power Extension cables 

o Phenolphthalein solution – for carbonation test 

o Acetone Solution – for identification of cracks 

o Hand drill – for sample collection 

o 2 to 3 Ladders – two legged – working platform 

o Hammer and Complete hand tool set 

 

¶ Capacity building of Bridge Engineers working at ERA is required (Training on 

condition survey, performance assessment and numerical simulation of 

bridges, etc) 

¶ There should be a clear guideline or procedure of act to be known by all 

stakeholders, transporters and users about pre consultation with ERA on 

transporting mechanism and load limits before permission has been requested. 

In case of pass permission request for different axle arrangement of trucks 

other than considered in this study, structural analysis must be done by the 

transporter and submitted to ERA before permission has been granted. 

¶ Since damage is progressive, performance assessment of bridges (bridges 

considered in this study) on regular basis is required. Moreover, similar study 

in wide range for all other bridges on regular basis is recommended. 
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ANNEX 1: Bridge Dat a 
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Annex 1: - Summarized finding  of bridge condition survey and nondestructive test s 

Remark and Intervention requirement  

Bridge Data  
37.9 Bridge Length  Gogecha Bridge Name 

19.3+19.3+19.3 Span Composition  A1-1-004 Bridge Id No  
RC Deck Girder Bridge Type  Alemgena District  

2014 Construction year  Addis -Modjo Road Segment 
32 ton Design Loading 35.1 Distance From AA 

Bridge Defect view  Bridge side view  

  
BMS analysis out put  Superstructure Major defects :  

5.12  / 3.34 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Good  General service condition   Cracking (m)  2.5 Cracking (m)  

Rehabilitation  Recommendation  13 Honey comb (m 2)  

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaph ragm Girders  (Cm) Slab 

thickness  
Span 

3 
Span 

2 
Span 

1 
Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - 46 - - - - 46.5 52 30 60 41 90 20 

Numerical Analysis Results:  

Max 
Deflection Vs 

allowable 
U,mm  

Available Capacity, 
Ton  

Min 
Rating 

Factor, RF 

Theoreti ca
lly the 

capacity is 
Reduced 

by 

Estimated Current 
Capacity 

Original Design 
Capacity 

 Special 
Trucks 

Max 

Legal 
Trucks  

 Bending 
Moment  

(kN -m) 

Shear Force 

(kN)  

Bending 
Moment  

(kN -m) 

Shear Force 

(kN)  

 160 T Ok  0.82 23.19% 3432.23 752.0 3,826.69 979.06 

Remark and Recommended Intervention:  

Remark: - 

¶ Min Rating factor result is for Loading 6 having 18 axle and 30.65Mt long vehicle 

¶ Max available capacity 160 Ton is for loading 5 having 14 axle and 24.34 Mt long vehicle 

¶ Scour is noticed under the masonry pier foundation needfollow -up. 
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Joint crack 

Bridge Data  

74.0 Bridge Length , mt Modjo  Bridge Name 

21+21+21+11 Span Composition  A1-1-013 Bridge Id No  
PC Deck Girder Bridge Type  Alemgena District  

1972 Construction year  Addis -Modjo Road Segment 
32 ton Design Loading 69.51 Distance From AA 

Bridge Defect view  Bridge side view  

 

 

BMS analysis out put  Superstructure Major Defects:  

7.71  /  2.04 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Good General service condition   Cracking (m)  25 Cracking  

Rehabilitation  Recommendation  0.68 Peel Off (m2)   

Remark: -The Bridge is not giving access to vehicles. It is reserved as a detour for Mojo new bridge 

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm Slab 

thickness  
Span 

3 
Span 

2 
Span 1 Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - 46 - - - - 48 50 30 100 42 85 20 

Numerical Analysis Results:  

Max Deflection 
Vs allowable 

U,mm 

Available Capacity, 
Ton 

Min Rating 
Factor, RF 

Theoreti cal
ly the 

capacity is 
Reduced by 

Estimated Current 
Capacity 

Original Design Capacity  

 Special 
Trucks 

Max 

Legal 
Trucks  

 Bending 
Moment  

(kN -m) 

Shear Force 

(kN)  

Bending 
Moment  

(kN -m) 

Shear Force 

(kN)  

         

 

Remark and Recommended Intervention: : 
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Bridge Data  

44 Bridge Length  Melkalemi  Bridge Name 

13.8+14+13.9 Span Composition  A1-2-001 Bridge Id No  
RC Deck Girder Bridge Type  Alemgena District  

2003 Construction year  Modjo - Nazret Road Segment 
32 ton Design Loading 74.124 Distance From AA 

Brid ge Defect view Bridge side view  

 
 

BMS analysis out put  Superstructure Major Defects:  

5.88 Total bridge / Superstructure Damage 
% 

Deck Slabs Girders  

Good General service condition   Cracking (m)   Cracking (m)  

Rehabilitation Recommendation  1.1 Pier Rebar Exposure (m 2)  

Remark: - Some extent of scour is noticed on the pier foundation. 

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm 
Slab 

thickness  
Span 3 Span 2 Span 

1 
Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - 46 - - - - 51.5 48 - - 38 80 20 

Numerical Analysis Results:  

Max 
Deflection Vs 

allowable 
U,mm  

Available Capacity, 
Ton  

Min 
Rating 

Factor, RF 

Theoretica
lly the 

capacity is 
Reduced 

by 

Estimated Current 
Capacity 

Original Design 
Capacity 

 Special 
Trucks 

Max 

Legal 
Trucks  

 Bending 
Moment  

(kN -m) 

Shear Force 

(kN)  

Bending 
Moment  

(kN -m) 

Shear Force 

(kN)  

         

 

 

Recommended Intervention:  
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Bridge Data  

41 Bridge Length  Oromo Bridge Name 

11+18.9+11 Span Composition  A1-5-001 Bridge Id No  

RC Deck Girder Bridge Type  Dire Dawa District  
1972 Construction year  Awash Junction-Gedamitu Road Segment 
32 ton Design Loading 220.5 Distance From AA 

Bridge Defect view  Bridge side view  

  

BMS analysis out put  Superstruc ture Major Defects:  

21.47 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Bad General service condition  18 Cracking (m)  39.6 Cracking (m)  

Replacement Recommendation  1.5 Water Leakage (m 2)   

-  
Non Destructive test Results:  Schmidt hammer test ,  MPa,  Avg. Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm Slab 

thicknes

s Span 3 Span 2 Span 1 Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - - - - - - 52 58.5 30 100 50 150 20 

Numerical Analysis Results:  

Max Deflection 
Vs allow able 

U,mm 

Available Capacity, 
Ton 

Min Rating 
Factor, RF 

Theoretical
ly the 

capacity is 
Reduced by 

Estimated Current 
Capacity 

Original Design Capacity  

 Special 
Trucks 

Max 

Legal 
Trucks  

 Bending 
Moment  

(kN -m) 

Shear Force 

(kN)  

Bending 
Moment  

(kN -m) 

Shear Force 

(kN)  

         

 

Recommended Intervention:  

Remark: - The depth of girder of the 1st& 3rd span of the bridge is 0.65m while the depth of girder of the mid span is 1.5m. 

3mm crack & water leakage is observed on middle span; 6 places around diaphragm position . 
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Bridge Data  

35.4 Bridge Length  UnNamed Bridge Name 

18.8+18.8 Span Composition  A1-5-035 Bridge Id No  
RC Deck Girder Bridge Type  Dire Dawa District  

1971 Construction year  Gedamitu - Gewane Road Segment 
32 ton Design Loading 330.58 Distance From AA 

Bridge Defect view  Bridge side view  

 

 

 

BMS analysis out put  Superstructure Major Defects:  

43.6 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Bad General service condition  111 Cracking (m)  426 Cracking (m)  

Replacement Recommendati on 18 Abutment Crack (m)  

Remark: - 

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm Slab 

thicknes

s Span 3 Span 2 Span 1 Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- 51.6 54 - - 46.2 52.5 52 56.8 30 80 50 120 20 

Numerical Analysis Results:  

Max Deflection 
Vs allowable 

U,mm 

Available Capacity, 
Ton 

Min Rating 
Factor, RF 

Theoreticall
y the 

capacity is 
Reduced by 

Estimated Current 
Capacity 

Original Design Capacity  

 Special 
Trucks 

Max 

Legal 
Trucks  

 Bending 
Moment  

(kN -m) 

Shear Force 

(kN)  

Bending 
Moment  

(kN -m) 

Shear Force 

(kN)  

         

 

 

Recommended Intervention:  
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Bridge Data  

55.55 Bridge Length  Koka Bridge Name 

18.5+18.5+18.5 Span Composition  A7-1-001 Bridge Id No  
RC Deck Girder Bridge Type  Alemgena District  

1953 Construction year  Modjo - Ziway Road Segment 
32 ton Design Loading 91.5 Distance From AA 

Bridge Defect view  Bridge side view  

  

BMS analysis out put  Superstructure Major Defects:  

10.26 Total bridge / Superstructure Damage %  Deck Slabs Girders  

Fair General service condition   Cracking (m)  15.51 Cracking (m)  

Rehabilitation Recommendation  20.01 Abutment & wing wall Crack (m)  

Remark: - There are wide cracks on the diaphragm of the bridges 

Non Destructi ve test Results:  Schmidt hammer test,  MPa,  Avg. Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm Slab 

thicknes

s Span 
3 

Span 2 Span 1 Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

52  48 46.5 52 37.5 59.6 53.1 52 20/ 25  80/ 40  40 100 20 

Numerical Analysis Results:  

Max Deflection 
Vs allowable 

U,mm 

Available Capacity, 
Ton 

Min Rating 
Factor, RF 

Theoretical
ly the 

capacity is 
Reduced by 

Estimated Current 
Capacity 

Original Design Capacity  

 Special 
Trucks 

Max 

Legal 
Trucks  

 Bending 
Moment  

(kN -m) 

Shear Force 

(kN)  

Bending 
Moment  

(kN -m) 

Shear Force 

(kN)  

         

 

 

Recommended Intervention:  
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Bridge Data  

93.5 Bridge Length  Awash Bridge Name 

18.7+18.7+18.7+18.7+18.7 Span Composition  A7-1-002 Bridge Id No  
RC Deck Girder Bridge Type  Alemgena District  

1953 Construction year  Modjo - Ziway Road Segment 
32 ton Design Loading 95.5 Distance From AA 

Bridge Defect view  Bridge side view  

 
 

BMS analysis out put  Superstructure Major Defects:  

10.29 Total bridge / Superstructure Damage %  Deck Slabs Girders  

Fair General service condition  3 Cracking (m)  3 Cracking (m)  

Rehabilitation Recommendation  3 Pier crack (m)  

Remark: -The above cracks are observed only on the first and the last span girders. 

Non Destructive test Results:  Schmidt hamme r test,  MPa,  Avg. Dimensions  

Slab / Arch  Span 5 Span 2 Span 1  Diaphragm, Cm GirdersCm Slab 

thickness  

Span 5 Span 2 Span 1 Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

54 - 46 44 42 - - 50 58 20/ 25  80/ 40  48 110 20 

Numerical Analysis Results:  

Max Deflection 
Vs allowable 

U,mm 

Available Capacity, 
Ton 

Min Rating 
Factor, RF 

Theoretical
ly the 

capacity is 
Reduced by 

Estimated Current 
Capacity 

Original Design Capacity  

 Special 
Trucks 

Max 

Legal 
Trucks  

 Bending 
Moment  

(kN -m) 

Shear Force 

(kN)  

Bending 
Moment 

(kN -m) 

Shear Force 

(kN)  

         

 

 

Recommended Intervention:  
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116.1 Bridge Length  Modjo new  Bridge Name 

32.3+25.8+24+26.5 Span Composition  A1-1-013N Bridge Id No  
PC Box Girder Bridge Type  Alemgena District  

2015 Construction year  Addis -Modjo Road Segment 
32 ton Design Loading 69.51 Distance From AA 

Bridge Defect view  Bridge side view  

 

 
BMS analysis out put  Superstructure Major Defects:  

3.63 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Good General service condition  0.2 Cracking (m)   Cracking (m)  

Minor Maintenance Recommendation      

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm Slab 

thickness  

Span 3 Span 2 Span 1 Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - 52 - - - - 56 58   100 130 20 

Remark and Recommended Intervention:  

¶ The bridge is new and found in Good condition  
¶ Conduct Inspection regularly as per ERA Bridge Inspection Manual.  
¶ Minor maintenance is required as per the  BoQ seen i n the BMS result. 
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Bridge Data  

42 Bridge Length   UnNamed Bridge Name 
21+21 Span Composition  A1-2-008 Bridge Id No  

RC Deck Girder Bridge Type   Alemgena District  
2013 Construction year  Modjo - Nazret Road Segment 
32 ton Design Loading 80.97 Distance From AA 

Bridge Defect view  Bridge side view  

 

 
BMS analysis out put  Superstructure Major Defects:  

- Total bridge / Superstructure Damage 
% 

Deck Slabs Girders  

- General service condition   Cracking (m)   Cracking (m)  

 Recommendation      

Remark: - The Bridge is Inaccessible for detail inspection 

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm Slab 

thickness  
Span 3 Span 2 Span 1 Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - - - - - - - -   80 110 20 

Recommended Intervention:  
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Bridge Data  

157.54 Bridge Length  Awash - RasMekonen Bridge Name 
67.7+67.7+22 Span Composition  A1-4-004 Bridge Id No  
RC Deck Girder Bridge Type  Dire Dawa District  

1974 Construction year  Metehara- Awash Junction Road Segment 
32 ton Design Loading 217 Distance From AA 

Bridge Defect view  Bridge side view  

 
 

BMS analysis out put  Superstructure Major Defects:  

11.05 Total bridge / Superstructure 
Damage % 

Deck Slabs Girder s 

Fair General service condition   Cracking (m)  12 Cracking (m)  

Rehabilitation Recommendation  7 Water Leakage  (m 2)  

Remark: -The bridge is not giving service for vehicles. It is reserved as a detour for the new Awash bridge. 

Non Destructive test Results :  Schmidt hammer test,  MPa,  Avg. Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm Slab 

thicknes

s Span 3 Span 
2 

Span 
1 

Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - - - - - - 60.53 62.53 - - 100* 192* 20 

Recommended Intervention:  

 

 

 

 

 

Ȱɕȱ 4ÈÅ ÄÅÐÔÈ ÓÐÅÃÉÆÉÅÄ ÏÎ ÔÈÅ ÔÁÂÌÅ ÉÓ ÏÆ ÔÈÅ ÅÎÄ ÓÐÁÎÓȢ 4ÈÅ ÄÅÐÔÈ ÏÆ ÔÈÅ ÇÉÒÄÅÒ ÏÆ ÔÈÅ ÍÉÄ ÓÐÁÎ ÉÓ ÖÁÒÉÁÂÌÅ 
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Bridge Data  

145 Bridge Length  Awash New Bridge Name 

42.5+70+31.5 Span Composition  A1-4-004N Bridge Id No  
PC Box Girder Bridge Type  Dire Dawa District  

2015 Construction year  Metehara- Awash 
Junction 

Road Segment 

32 ton Design Loading 217 Distance From AA 
Bridge Defect view  Bridge side view  

 

 
BMS analysis out put  Superstructure Major Defects:  

2.78 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Good General service condition  0.65 Cracking (m)   Cracking (m)  

Rehabilitation Recommendation  2.5 Pier Crack (m)  

Remark: -The bridge is a box girder with variable girder depth. 

Non Destructive test Results:  Schmidt hammer test ,  MPa,  Avg. Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm Slab 

thicknes

s Span 3 Span 
2 

Span 1 Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - - - - - - - - - - 540   

Recommended Intervention:  
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Bridge Data  

55 Bridge Length  Arba Bridge Name 
16.8+21.1+16.93 Span Composition  A1-5-002 Bridge Id No  
RC Deck Girder Bridge Type  Dire Dawa District  

1971 Construction year  Awash Junction-Gedamitu Road Segment 
32 ton Design Loading 229.99 Distance From AA 

Bridge Defect view  Bridge side view  

 
 

BMS analysis out put  Superstructure Major Defects:  

9.01 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Good General service condition   Cracking (m)  12 Cracking (m)  

Rehabilitation Recommendation  40 Embankment Erosion (m 2) 

Remark: - 

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  Girders Cm Slab 

thicknes

s Span 3 Span 2 Span 1 Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - 57.8 - - - - 59.47 58 0.25 80 50 120 20 

Recommended Intervention:  
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Bridge Data  

22 Bridge Length  GEWANE Bridge Name 
22 Span Composition  A1-6-001 Bridge Id No  

RC Deck Girder Bridge Type  Dire Dawa District  
1971 Construction year  Gewane-Undufo Road Segment 
32 ton Design Loading  368.13 Distance From AA 

Bridge Defect view  Bridge side view  

  
BMS analysis out put  Superstructure Major Defects:  

7.81 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Good General service condition  6 Cracking (m)  10 Cracking (m)  

Rehabilitation Recommendation   25 Foundation peel off (m 2) 

Remark: - Most of the cracks are hair cracks. 

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm Slab 

thicknes

s Span 3 Span 2 Span 1 Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - 46 - - - - 48 52 30 80 60 140 20 

Recommended Intervention:  
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Bridge Data  

41 Bridge Length  AMBULE Bridge Name 
21+21 Span Composition  A1-6-003 Bridge Id No  

RC Deck Girder Bridge Type Dire Dawa District  
1971 Construction year  Gewane-Undufo Road Segment 
32 ton Design Loading 384.84 Distance From AA 

Bridge Defect view  Bridge side view  

 

 

 

BMS analysis out put  Superstructure Major Defects:  

28.84 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Bad General service condition  34 Cracking (m)  119 Cracking (m)  

Replacement Recommendation  23.4 Abutment & wing wall displacement (m 2) 

Remark: -The bridge has faced sever shear & moment cracks. 

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg. Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm 
Slab 

thickness  
Span 

3 
Span 

2 
Span 

1 
Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - 48 - - - - 51.2 56.27 - - 50 130 20 

Recommended Intervention:  
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Bri dge Data 

31.5 Bridge Length  ELMITGEN Bridge Name 
10.8(slab)+21 Span Composition  A1-6-025 Bridge Id No  
RC Deck Girder Bridge Type  Dire Dawa District  

1971 Construction year  Undufo - Adaitu Road Segment 
32 ton Design Loading 476.86 Distance From AA 

Brid ge Defect view Bridge side view  

  

BMS analysis out put  Superstructure Major Defects:  

21.19 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Bad General service condition  25 Cracking (m)  45 Cracking (m)  

Replacement Recommendation  2.6 Abutmen t crack (m)  

Remark: -Wide cracks are observed on the slab leading to water leakage. 

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  Girders  

Slab 

thickness  Span 
3 

Span 
2 

Span 
1 

Int  Ext  Int  Ext Int  Ext Widt  Dep Width  Depth  

- - 46.5 - - - - 52 46.4 30 100 50 140 

Recommended Intervention:  
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Bridge Data  

90.2 Bridge Length  Awash-Adaitu Bridge Name 
24.2+41.80+24.2 Span Composition  A1-6-028 Bridge Id No  
RC Rigid frame Brid ge Type Dire Dawa District  

1971 Construction year  Adaitu - Mille Road Segment 
32 ton Design Loading 486.2 Distance From AA 

Bridge Defect view  Bridge side view  

  

BMS analysis out put  Superstructure Major Defects:  

11.84 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Fair General service condition   Cracking (m)   Cracking (m)  

Rehabilitation Recommendation  20  Scour(m 2) 

Remark: - The bridge is RCDG with variable girder depth 

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm Slab 

thickness  

Span 
3 

Span 
2 

Span 
1 

Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - - - - - - 41.5 48      

Recommended Intervention:  
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Bridge Data  

62.25 Bridge Length  Unknown Br idge Name 
20.8+20.8+20.8 Span Composition  A1-6-030 Bridge Id No  
RC Deck Girder Bridge Type  Dire Dawa District  

1971 Construction year  Adaitu - Mille Road Segment 
32 ton Design Loading 495.05 Distance From AA 

Bridge Defect view  Bridge side view  

 
 

BMS analysis out put  Superstructure Major Defects:  

29.37 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Bad General service condition  50 Cracking (m)  138 Cracking (m)  

Rehabilitation Recommendation  10 Water Leakage (m 2)  

Remark: -The bridge has faced sever shear & moment cracks. 

Dimensions and Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm Slab 

thickness  

Span 
3 

Span 
2 

Span 
1 

Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

45.8 - 44.3 51.8 54 - - 38.5 46.1 30 100 45 190 20 

Recommended Intervention:  
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Bridge Data  

61.5 Bridge Length  GERARU Bridge Name 
20.7+20.7+20.7 Span Composition  A1-6-031 Bridge Id No  
RC Deck Girder Bridge Type  Dire Dawa District  

1971 Construct ion year  Adaitu - Mille Road Segment 
32 ton Design Loading 505.96 Distance From AA 

Bridge Defect view  Bridge side view  

  

BMS analysis out put  Superstructure Major Defects:  

9.65 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Good General service condition  18 Cracking (m)  52 Cracking (m)  

Rehabilitation Recommendation  3 Honey Comb on the Abutment (m 2) 

Remark: - The Bridge had been maintained 

Dimensions and Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm Slab 

thickness  

Span 
3 

Span 
2 

Span 
1 

Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

50.2 45.1 - 36.2 46 44.2 54 51.5 53.8 20 70 50 130 20 

Recommended Intervention:  
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Bridge Data  

40 Bridge Length  WARANSO 1 Bridge  Name 
21+21 Span Composition  A1-6-032 Bridge Id No  

RC Deck Girder Bridge Type  Dire Dawa District  
1971 Construction year  Adaitu - Mille Road Segment 
32 ton Design Loading 511.16 Distance From AA 

Bridge Defect view  Bridge side view  

  

BMS analysis out put  Superstructure Major Defects:  

20.14 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Bad General service condition  12 Cracking (m)  25.5 Cracking (m)  

Replacement Recommendation  15  Wing wall Erosion (m 2) 

Remark: -Cracks having a width of greater than 3mm is observed on the girders. 

Dimensions and Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm Slab 

thickness  

Span 
3 

Span 
2 

Span 
1 

Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - 46 - - - - 46.8 46.4 20 80 60 130 20 

Recommended Intervention:  
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Bridge Data  

41.2 Bridge Length  WARANSO 2 Bridge Name 
20.8+20.9 Span Composition  A1-6-033 Bridge Id No  

RC Deck Girder Bridge Type  Dire Dawa District  
1971 Construction year  Adaitu - Mille Road Segment 
32 ton Design Loading 511.34 Distance From AA 

Bridge Defect view  Bridge side view  

 

 

BMS analysis out put  Superstructure Major Defects:  

7.8 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Good General servi ce condition  1.5 Cracking (m)  8 Cracking (m)  

Rehabilitation Recommendation  7  Water Leakage(m 2)   

Remark: - the Bridge had been maintained 

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm Slab 

thickness  
Span 

3 
Span 

2 
Span 

1 
Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - 46.2 - - - - 48 46.5 20 80 60 130 20 

Recommended Intervention:  
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Bridge Data  

20 Bridge Length  UndaAbsinum Bridge Name 
20 Span Composition  A1-7-006 Bridge Id No  

Masonry Arch+RCDG Bridge Type  Combolcha District  
1945 Construction year  Mille-Semera Road Segment 
32 ton Design Loading 518.566 Distance From AA 

Bridge Defect view  Bridge side view  

 

 

 

BMS analysis out put  Superstructure Major De fects: 

10.33 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Fair General service condition   Cracking (m)   Cracking (m)  

Rehabilitation Recommendation  80  Abutment scour (m 2) 

Remark: -there is an RCDG besides the masonry arch for road widening purpose 

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  Arch,m  Slab 

thickness  

Span 
3 

Span 
2 

Span 
1 

Int  Ext Int  Ext Int  Ext Wid  Dep Length  Radius 

- - 16.5 - - - - -- - - - 19.53 14.09 - 

Recommended Intervention:  
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Bridge Data  

92 Bridge Length  Mille No-3 Bridge Name 
10+36+36+10 Span Composition  A1-7-009 Bridge Id No  
RC Box Girder Bridge Type  Combolcha District  

2004 Construction year  Mille-Semera Road Segment 
32 ton Design Loading  521 Distance From AA 

Bridge Defect view  Bridge side view  

  

BMS analysis out put  Superstructure Major Defects:  

3.72 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Good General service condition   Cracking (m)   Cracking (m)  

Rehabilitation  Recommendation  6 Water Leakage (m 2)   

Remark: -The first and the last spans are RCDG and the middle two spans  are box. 

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm  Slab 

thickness  

Span 
3 

Span 
2 

Span 
1 

Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - - - - - - 48.5 51 - - - - - 

Recommended Intervention:  
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Bridge Data  

22 Bridge Length  Bekel Dera-1 Bridge Name 
16+16.3 Span Composition  A1-7-011 Bridge Id No  

RC Deck Girder Bridge Type  Combolcha District  
2018 Construction year  Mille-Semera Road Segment 
32 ton Design Loading 528.1 Distance From AA 

Bridge Defect view  Bridge side view  

 

 

BMS analysis out put  Superstructure Major Defects:  

5.44 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Good General service condition   Cracking (m)  1 Cracking (m)  

Rehabilitation Recommendation      

Remark: - The bridge is newly constructed but workmanship is poor. 

Dimensions and Non Destructive te st Results:  Schmidt hammer test,  MPa,  Avg. 

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm Slab 

thickness  

Span 
3 

Span 
2 

Span 
1 

Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - 42 - - - - 42.5 48 - - 40 60 20 

Recommended Intervention:  
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Bridge Data  

22 Bridge Length  Defura-2 Bridge Name 
22 Span Composition  A1-7-016 Bridge Id No  

Masonry Arch Bridge Type  Combolcha District  
1945 Construction year  Mille-Semera Road Segment 
32 ton Design Loading 532.43 Distance From AA 

Bridge Defect  view  Bridge side view  

  
BMS analysis out put  Superstructure Major Defects:  

9.84 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Good General service condition   Cracking (m)   Cracking (m)  

Rehabilitation Recommendation  180 Embankment Depres sion (m 2) 

Remark: - the bridge had been maintained 

Dimensions and Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  Arch,m  Slab 

thickness  

Span 
3 

Span 
2 

Span 
1 

Int  Ext Int  Ext Int  Ext Wid  Dep Length Radius 

- - 38 - - - - 42 46 - - 21.97 14.77 - 

Recommended Intervention:  
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Bridge Data  

32.3 Bridge Length  Erao Bridge Name 
16+16.3 Span Composition  A1-7-019 Bridge Id No  

RC Deck Girder Bridge Type  Combolcha District  
2001 Construction y ear Mille-Semera Road Segment 
32 ton Design Loading 536.69 Distance From AA 

Bridge Defect view  Bridge side view  

  

BMS analysis out put  Superstructure Major Defects:  

2.67 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Good General service  condition   Cracking (m)   Cracking (m)  

Rehabilitation Recommendation  2.1 Pier foundation peel off (m 2) 

Remark: - The bridge is newly constructed but workmanship is poor. 

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm Slab 

thickness  

Span 
3 

Span 
2 

Span 
1 

Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - - - - 45.2 48 38 33.8 - - 40 60 20 

Recommended Intervention:  
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Bridge Data  

26 Bridge Length  Seraytu Bridge Name 
12.95+13.2 Span Composition  A1-7-020 Bridge Id No  

RC Deck Girder Bridge Type  Combolcha District  
2018 Construction year  Mille-Semera Road Segment 
32 ton Design Loading 538.5 Distance From AA 

Bridge Defect view  Bridge side view  

  
BMS analysis out put  Superstructure Major Defects:  

5.15 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Good General service condition   Cracking (m)   Cracking (m)  

Rehabilitation Recommendation  1.5 Pavement potholes (m 2) 

Remark: -The bridge was previously a masonry arch having bridge length less than 20m. 

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm Slab 

thickness  

Span 
3 

Span 
2 

Span 
1 

Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - 46 - - - - 48 52 20 40 40 60 20 

Recommended Intervention:  
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Bridge Data  

20 Bridge Length  Alia Bridge Name 
20 Span Composition  A1-7-023 Bridge Id No  

Masonry Arch Bridge Type  Combolcha District  
1945 Construction year  Mille-Semera Road Segment 
32 ton Design Loading 542.6 Distance From AA 

Bridge Defect view  Bridge side view  

  
BMS analysis out put  Superstructure Major Defects:  

8.26 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Good General service condition   Cracking (m)  36 Cracking (m)  

Rehabilitation Recommendation  4 Rip rap erosion  (m 2) 

Remark: - the bridge had been maintained 

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  Arch, m Slab 

thickness  

Span 
3 

Span 
2 

Span 
1 

Int  Ext Int  Ext Int  Ext Wid  Dep Length  Radius 

- - 33.8 - - - - - - - - 22.33 13.9 - 

Recommended Intervention:  
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Bridge Data  

20 Bridge Length  Dehara Bridge Name 
20 Span Composition  A1-7-025 Bridge Id No  

Masonry Arch Bridge Type  Combolcha District  
1945 Construction year  Mille-Semera Road Segment 
32 ton Design Loading 547.68 Distance From AA 

Bridge Defect view  Bridge side view  

  
BMS analysis out put  Superstructure Major Defects:  

8.4 Total bridge / Supe rstructure 
Damage % 

Deck Slabs Girders  

Good General service condition   Cracking (m)  13.6 Cracking (m)  

Rehabilitation Recommendation  4 Abutment scour (m 2) 

Remark: - 

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  Arch,m  Slab 

thickness  

Span 
3 

Span 
2 

Span 
1 

Int  Ext Int  Ext Int  Ext Wid  Dep Length  Radius 

- - 45.2 - - - - - - - - 22.93 12.82 - 

Recommended Intervention:  
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Bridge Data  

46 Bridge Length  Arsis No.2 Bridge Name 
5+12+12+12+5 Span Composition  A1-7-027 Bridge Id No  
Masonry Arch Bridge Type  Combolcha District  

1945 Construction year  Mille-Semera Road Segment 
32 ton Design Loading 550.63 Distance From AA 

Bridge Defect view  Bridge side view  

  
BMS analysis out put  Superstructure Major Defects:  

34.81 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Bad General service condition   Cracking (m)  163.25 Cracking (m)  

Replacement Recommendation  3 Water Leakage (m 2)   

Remark: - the bridge has encountered sevi or cracks which may lead to sudden failure.  

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  Arch,m  Slab 

thickness  

Span 
3 

Span 
2 

Span 
1 

Int  Ext Int  Ext Int  Ext Wid  Dep Length  Radius 

28 36.8 21 - - - - - - - - 14.56 6.89 - 

Recommended Intervention:  
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Bridge Data  

60 Bridge Length  Wea Bridge Name 
22.5+25+22.5 Span Composition  A1-7-033 Bridge Id No  
Masonry Arch Bridge Type  Combolcha District  

1945 Construction year  Mille-Semera Road Segment 
32 ton Design Loading 575.712 Distance From AA 

Bridge Defect view  Bridge side view  

 
 

BMS analysis out put  Superstructure Major Defects:  

28.04 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Bad General service condition   Cracking (m)  35 Cracking (m)  

Replacement Recommendation  16 Foundation crack (m)  

Remark: - the bridge has encountered sivior cracks which may lead to sudden failure.  

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  Arch, m Slab 

thickness  

Span 
3 

Span 
2 

Span 
1 

Int  Ext Int  Ext Int  Ext Wid  Dep Length  Radius 

47.5 44.5 52.5 - - - - - - - - 19.59 14.77 - 

Recommended Intervention:  
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Bridge Data  

24 Bridge Length  Serdo Br idge Name 
7.9+8.4+7.9 Span Composition  A1-8-003 Bridge Id No  

Masonry Arch Bridge Type  Combolcha District  
1945 Construction year  Semera-Serdo Road Segment 
32 ton Design Loading 621.94 Distance From AA 

Bridge Defect view  Bridge side view  

 
 

BMS analysis out put  Superstructure Major Defects:  

26.39 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Bad General service condition   Cracking (m)  94.5 Cracking (m)  

Replacement Recommendation  78 Riprap displacement (m 2) 

Remark: - the bridge has encou ntered wide cracks which may lead to sudden failure.  

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  Arch, m Slab 

thickness  

Span 
3 

Span 
2 

Span 
1 

Int  Ext Int  Ext Int  Ext Wid  Dep length  Radius 

28.5 36.5 25.5 - - - - - - - - 9.34 5.92 - 

Recommended Intervention:  
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Bridge Data  

34 Bridge Length  Gemeri Bridge Name 
12.8+12.6+12.7 Span Composition  A1-9-024 Bridge Id No  
RC Deck Girder Bridge Type  Combolcha District  

1997 Construction year  Serdo-Hanef Road Segment 
32 ton Design Loading 652.29 Distance From AA 

Bridge Defect view  Bridge side view  

  
BMS analysis out put  Superstructure Major Defects:  

11.12 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Fair General service condition  12 Cracking (m)  12 Cracking (m)  

Rehabilitation Recommendation  1.1 Rebar exp. (m2)   

Remark: -the bridge has 9 girders with 0.6m girder depth. 

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm 
Slab 

thickness  Span 
3 

Span 
2 

Span 
1 

Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - 36 - - - - 40 42 - - 20 60 20 

Recommended Intervention:  
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Bridge Data  

42 Bridge Length  Dobi Bridge Name 
6+6+6+6+6+6+6 Span Composition  A1-10-003 Bridge Id No  
RC Deck Girder Bridge Type  Combolcha District  

1970 Construction year  Ditchoo-Elidar Road Segment 
32 ton Design Loading 671.56 Distance From AA 

Bridge Defect view  Bridge side view  

  

BMS analysis out put  Superstructure Major Defects:  

 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Bad General service condition   Cracking (m)   Cracking (m)  

Replacement Recommendation   Rebar exp. (m2)  Rebar exp. (m2) 

Remark: -it is totally damaged and not functional at all. 

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm Slab 

thickness  

Span 
3 

Span 
2 

Span 
1 

Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - - - - - - 24.5 0 - - - - - 

Recommended Intervention:  
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Bridge Data  

108.4 Bridge Length  Geleba Bridge Name 
36.7+36.7+35.6 Span Composition  A1-9-030 Bridge Id No  
RC Box Girder Bridge Type  Combolcha District  

2001 Construction year  Serdo-Hanef Road Segment 
32 ton Design Loading  675.94 Distance From AA 

Bridge Defect view  Bridge side view  

 
 

BMS analysis out put  Superstructure Major Defects:  

6.88 Total bridge / Superstructure 
Damage % 

Deck Slabs Girders  

Good General service condition   Cracking (m)   Cracking (m)  

Rehabilitation Recommendation  1 Rebar exp. (m2)  Rebar exp. (m2) 

Remark: -the reinforcement steel of the slab are exposed to the top of the bridge pavement. 

Non Destructive test Results:  Schmidt hammer test,  MPa,  Avg.  Dimensions  

Slab / Arch  Span 3 Span 2 Span 1  Diaphragm  GirdersCm Slab 

thickness  
Span 

3 
Span 

2 
Span 

1 
Int  Ext Int  Ext Int  Ext Wid  Dep Width  Depth  

- - 42 - - - - 46.5 48 - - 540 240 - 

Recommended Intervention:  
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ANNEX 2: Condition of bridges according to BMS output 

(Visual Inspection)  
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ANNEX 2: Detail dimensions of Girders and Deck slabs  
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Annex 2:-  Detail dimensions of Girders and Deck slabs 

Item 

No. 
Bridge 
Name 

Bridge ID 
Bridge 

Type 

No of 

Span 

Span 

Composition (m) 

No. of 

Girder 

Girder 

Dimension (m) 

Diaphragm 

Dimension 

Slab 

Thickness 

(m) 

Remarks 

a b d e c 
 

1 Gogecha A1-1-004 RCDG 3 19.3+19.3+19.3 4 0.4 0.9 0.3 0.6 0.2 

 RCDG (Reinforced 

Concrete Deck 

Girder) 

2 Modjo A1-1-013 RCDG 4 
21.7+32+22.3+14.

5 
4 0.5 1.6 0.3 1 0.2   

3 Modjo New A1-1-013N RCDG 4 
32.3+25.8+24+26.

5 
4 1 1.3     0.2   

4 Melkalemi A1-2-001 RCDG 3 13.8+14+13.9 4 0.4 0.8 - - 0.2   

5 Unknown A1-2-008 RCDG 2 21+21 4 0.8 1.1      0.2 

It is overpass 

bridge and not 

accessible to take 

measurement. 

6 Koka A1-7-001 RCDG 3 18.5+18.5+18.5 4 0.4 1 
0.2/ 
0.25 

0.8/ 
0.4 

0.2 

The diaphragm 

dimension is for 

the mid span side 
and at support side 

respectively 

7 Awash A1-7-002 RCDG 5 
18.7+18.7+18.7+1

8.7+18.7 
4 0.5 1.1 0.3 0.7 0.2 

 

8 Meki A7-1-003 RCDG 1 20 4 0.45 0.8      0.2 Not Accessible 

9 Dadaba A7-2-005 RCDG 1  ??? 4 0.45 0.24      0.2 

Due to inaccessible 

bridge height, 

detail measurement 
is not taken. 

10 
Awash 

Ras-
Mekonin 

A1-4-004 RCDG   67.7+67.7+22 4 1.9 1     0.2   
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Item 

No. 
Bridge 
Name 

Bridge ID 
Bridge 

Type 

No of 

Span 

Span 

Composition (m) 

No. of 

Girder 

Girder 

Dimension (m) 

Diaphragm 

Dimension 

Slab 

Thickness 

(m) 

Remarks 

a b d e c 
 

11 Awash  A1-4-004N RCBG 3 42.5+70+31.5 1 it  is a box girder  bridge with variable depth 
 

12 Oromo  A1-5-001 RCDG 3 11+18.9+11 4 0.5 1.5 0.3 1 0.2   

13 Arba A1-5-002 RCDG 3 16.8+21.1+16.93 4 0.5 1.2 0.3 0.8 0.2   

14 Unknown  A1-5-035 RCDG 2 18.8+18.8 4 0.5 1.2 0.3 0.8 0.2   

15 Gewane A1-6-001 RCDG 1 22 4 0.6 0.21.4 0.3 0.8 0.2   

16 Ambule A1-6-003 RCDG 2 21+21 4 0.5 1.3     0.2   

17 Elmitegen A1-6-025 RCDG 2 10.8(slab)+21 4 0.5 1.4 0.3 1 0.2   

18 
Awash 
Adaitu 

A1-6-028 
RCDG 
+RCBG 

3 24.2+41.80+24.2 
the first and the last spans are RCDG with variable girder 

depth and the middle span is box 
Inaccessible.  

19 Unknown A1-6-030 RCDG 3 20.8+20.8+20.8 4 0.5 1.9 0.3 1 0.2 
 

20 Geraru A1-6-031 RCDG 3 20.7+20.7+20.7 4 0.5 1.3 0.2 0.7 0.2 
 

21 Waranso 1 A1-6-032 RCDG 2 21+21 4 0.6 1.3 0.2 0.8 0.2 
 

22 Waranso 2 A1-6-033 RCDG 2 20.8+20.9 4 0.6 1.3 0.2 0.8 0.2 
 

23 
UndaAbsi
num 

A1-7-006 MA 1 20 Masonry Arch 
 

24 Mille No-3 A1-7-009 RCBG 4 10+36+36+10 
the first and the last spans are RCDG and the middle two 

spans  are box 

Inaccessible. 

 

25 
Bekel Dera 
1 

A1-7-011 RCDG 2 16+16.3 4 0.4 0.6 - - 0.2   

26 Defura-2 A1-7-016 MA 1 22 Masonry Arch (MA)   
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Item 

No. 
Bridge 
Name 

Bridge ID 
Bridge 

Type 

No of 

Span 

Span 

Composition (m) 

No. of 

Girder 

Girder 

Dimension (m) 

Diaphragm 

Dimension 

Slab 

Thickness 

(m) 

Remarks 

a b d e c 
 

27 Seraitu A1-7-020 RCDG 2 12.95+13.2 4 0.4 0.6 0.2 0.4 0.2 
Newly replaced 

bridge 

28 Erao A1-7-019 RCDG 2 16+16.3 4 0.4 0.6 - - 0.2   

29 Alia A1-7-023 MA 1 20 

Masonry Arch (MA) 

  

30 Dehara A1-7-025 MA 1 20   

31 Arsis No.2 A1-7-027 MA 5 5+12+12+12+5   

32 Wea A1-7-033 MA 3 22.5+25+22.5   

33 Serdo A1-8-003 MA 3 7.9+8.4+7.9   

34 Gemeri A1-9-024 RCDG 3 12.8+12.6+12.7 9 0.2 0.6 - - 0.2   

35 Geleba A1-9-030 RCBG 3 36.7+36.7+35.6 1 2.4 5.4 - -   

RCBG (Reinforced 

concrete box 
girder).  

36 Dobi A1-10-003 RCDG 7 6+6+6+6+6+6+6 4 
it is totally damaged and not 

functional at all 

Due to the alignment change, all 

this bridges are excluded from 
Addis- Djibouti Road segment 

37 Guma A1-10-009 MA 3 9+10+9 

Masonry Arch (MA) 
 

38 Sola A1-10-031 MA 3 4+12+4 

39 Kaylea-2 A1-10-048 MA 5 4+4+4+4+4 

40 dear Bure A1-10-069 MA 3 8+8+8 

 

Remark: a and b are width and depth of girder respectively, c is slab thickness, d and e are width and depth of diaphragm, 

respectively. To get the depth of the girder, b should be added with c. Some girder depths are less than the minimum 

values set in the standard. 
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ANNEX 3: Section Capacity  
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1) Bridge A7 -01 -002  
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2) A1 -1-013 (Modjo Bridge)  
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Shear =682.10kN 
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3) A7 -1-001  

 

  



 

Structural Condition Assessment of Bridges  
Abrham G. (July 2019) Page 82 

 

 

Shear =682.10kN 
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4) A1 -2-001, Melkaleme Bridge  
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5) A1 -5-001, Oromo Bridge  
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6) A1 -1-004, Gogecha Bridge  
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Shear =752.00kN 
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7) A1 -5-035  
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Shear =665.00kN 
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ANNEX 4: Influence Line A nalysis  
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1)  Influence Line Coefficients for Modjo Bridge, A1 -1-013  

1.1)  Legal Load 1  

 

 

IL for Moment 

 

IL For Shear 

1.2)  Legal Load2  
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IL for Moment 

 

IL for Shear 

 

1.3)  Legal Load 3  

 

 

IL for Moment 
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IL for Moment 

 

Special Load arrangement:   

1.4)  Load arrangement 4  

 
 

 

IL for Moment 
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IL Coefficients for shear 

 

1.5)  Load arrangement 5  

 
 

 

IL for Moment 

 

IL Coefficients for shear 
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1.6)  Load arrangement 6  

 
 

 

 IL for Moment 

IL Coefficients for shear 

 

 

1.7)  Load arrangement 7  
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IL for Moment 

IL Coefficients for shear 

 

 

1.8)  Load arrangement 8  

 
 

 

IL for Moment 

IL Coefficients for shear 
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1.9)  Load arrangement 9  

 
 

 

IL for Moment 

 

IL Coefficients for shear 
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ANNEX 5: Rating Factor Calculation  

  



 

Structural Condition Assessment of Bridges  
Abrham G. (July 2019) Page 100 

 

Rating Factor Calculation  

The rating factor is calculated using the following formula; 

1 1

(1 )

(1 )

m k

n Di i Li i

i i

L

R D L I

RF
L I

j g g

g
= =

- - +

=
+

ä ä
  

1.1)  Legal Load 1  

RF for Shear 
       

Bridge 
Section 

Capacity 

Resistance 

Factor 
DL Shear 

LL 

Shear 
DL LL  IM  RF 

A7-1-002 643.90 0.80 192.60 138.44 1.25 1.35 0.10 1.33 

A1-1-013 682.10 0.80 205.18 126.19 1.25 1.35 0.10 1.54 

A7-1-001 651.20 0.80 175.21 138.28 1.25 1.35 0.10 1.47 

A1-2-001 606.90 0.80 129.94 147.51 1.25 1.35 0.10 1.47 

A1-5-001 892.20 0.80 265.32 143.11 1.25 1.35 0.10 1.80 

A1-1-004 752.00 0.80 221.86 163.74 1.25 1.35 0.10 1.33 

A1-5-035 665.60 0.80 154.18 124.81 1.25 1.35 0.10 1.83 

        

 
 

 

RF for Moment 
      

Bridge 
Section 

Capacity 

Resistance 

Factor 

DL 

Moment 

LL 

Moment 
DL LL  IM  RF 

A7-1-002 3,151.90 0.80 906.59 461.80 1.25 1.35 0.10 2.02 

A1-1-013 3,249.40 0.80 1,086.43 429.30 1.25 1.35 0.10 1.95 

A7-1-001 2,828.70 0.80 808.07 456.48 1.25 1.35 0.10 1.85 

A1-2-001 1,900.00 0.80 470.79 370.41 1.25 1.35 0.10 1.69 

A1-5-001 4,098.00 0.80 1,270.27 481.08 1.25 1.35 0.10 2.37 

A1-1-004 3,432.20 0.80 1,090.69 559.29 1.25 1.35 0.10 1.66 

A1-5-035 2,878.00 0.80 722.68 420.56 1.25 1.35 0.10 2.24 
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1.2)  Legal Load 2  

RF for Shear 
        

     
Safety Factor 

   

Bridge 
Section 

Capacity 

Resistance 

Factor 
DL Shear LL Shear DL LL  IM  RF 

A7-1-002 643.90 0.80 192.60 154.37 1.25 1.35 0.10 1.20 

A1-1-013 682.10 0.80 205.18 144.57 1.25 1.35 0.10 1.35 

A7-1-001 651.20 0.80 175.21 153.66 1.25 1.35 0.10 1.32 

A1-2-001 606.90 0.80 129.94 146.40 1.25 1.35 0.10 1.49 

A1-5-001 892.20 0.80 265.32 160.11 1.25 1.35 0.10 1.61 

A1-1-004 752.00 0.80 221.86 184.37 1.25 1.35 0.10 1.18 

A1-5-035 665.60 0.80 154.18 139.41 1.25 1.35 0.10 1.64 

          
 

 

RF for Moment 
        

Bridge 
Section 

Capacity 

Resistance 

Factor 

DL 

Moment 

LL 

Moment 
DL LL  IM  RF 

A7-1-002 3,151.90 0.80 906.59 452.27 1.25 1.35 0.10 2.07 

A1-1-013 3,249.40 0.80 1,086.43 441.32 1.25 1.35 0.10 1.89 

A7-1-001 2,828.70 0.80 808.07 444.25 1.25 1.35 0.10 1.90 

A1-2-001 1,900.00 0.80 470.79 319.71 1.25 1.35 0.10 1.96 

A1-5-001 4,098.00 0.80 1,270.27 474.04 1.25 1.35 0.10 2.40 

A1-1-004 3,432.20 0.80 1,090.69 557.55 1.25 1.35 0.10 1.67 

A1-5-035 2,878.00 0.80 722.68 413.16 1.25 1.35 0.10 2.28 
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1.3)  Legal Load 3  

RF for Shear 
        

     
Safety Factor 

   

Bridge 
Section 

Capacity 

Resistance 

Factor 
DL Shear LL Shear DL LL  IM  RF 

A7-1-002 643.90 0.80 192.60 150.51 1.25 1.35 0.10 1.23 

A1-1-013 682.10 0.80 205.18 143.49 1.25 1.35 0.10 1.36 

A7-1-001 651.20 0.80 175.21 149.47 1.25 1.35 0.10 1.36 

A1-2-001 606.90 0.80 129.94 137.66 1.25 1.35 0.10 1.58 

A1-5-001 892.20 0.80 265.32 156.45 1.25 1.35 0.10 1.64 

A1-1-004 752.00 0.80 221.86 180.93 1.25 1.35 0.10 1.21 

A1-5-035 665.60 0.80 154.18 136.07 1.25 1.35 0.10 1.68 

          
 

 

RF for Moment 
        

Bridge 
Section 

Capacity 

Resistance 

Factor 

DL 

Moment 

LL 

Moment 
DL LL  IM  RF 

A7-1-002 3,151.90 0.80 906.59 435.52 1.25 1.35 0.10 2.15 

A1-1-013 3,249.40 0.80 1,086.43 427.41 1.25 1.35 0.10 1.96 

A7-1-001 2,828.70 0.80 808.07 428.03 1.25 1.35 0.10 1.97 

A1-2-001 1,900.00 0.80 470.79 281.13 1.25 1.35 0.10 2.23 

A1-5-001 4,098.00 0.80 1,270.27 456.25 1.25 1.35 0.10 2.50 

A1-1-004 3,432.20 0.80 1,090.69 536.10 1.25 1.35 0.10 1.74 

A1-5-035 2,878.00 0.80 722.68 397.75 1.25 1.35 0.10 2.37 
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1.4)  Load arrangement 4  

RF for Shear 
        

     
Safety Factor 

   

Bridge 
Section 

Capacity 

Resistance 

Factor 
DL Shear LL Shear DL LL  IM  RF 

A7-1-002 643.90 0.80 192.60 247.17 1.05 1.05 0.10 1.10 

A1-1-013 682.10 0.80 205.18 199.71 1.05 1.05 0.10 1.43 

A7-1-001 651.20 0.80 175.21 242.08 1.05 1.05 0.10 1.21 

A1-2-001 606.90 0.80 129.94 142.28 1.05 1.05 0.10 2.12 

A1-5-001 892.20 0.80 265.32 250.48 1.05 1.05 0.10 1.50 

A1-1-004 752.00 0.80 221.86 266.01 1.05 1.05 0.10 1.20 

A1-5-035 665.60 0.80 154.18 248.83 1.05 1.05 0.10 1.29 

          

          
 

 

RF for Moment 
        

Bridge 
Section 

Capacity 

Resistance 

Factor 

DL 

Moment 

LL 

Moment 
DL LL  IM  RF 

A7-1-002 3,151.90 0.80 906.59 1,128.94 1.05 1.05 0.10 1.20 

A1-1-013 3,249.40 0.80 1,086.43 986.71 1.05 1.05 0.10 1.28 

A7-1-001 2,828.70 0.80 808.07 1,092.28 1.05 1.05 0.10 1.12 

A1-2-001 1,900.00 0.80 470.79 555.01 1.05 1.05 0.10 1.60 

A1-5-001 4,098.00 0.80 1,270.27 1,153.38 1.05 1.05 0.10 1.46 

A1-1-004 3,432.20 0.80 1,090.69 1,275.58 1.05 1.05 0.10 1.09 

A1-5-035 2,878.00 0.80 722.68 1,141.16 1.05 1.05 0.10 1.17 
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1.5)  Load arrangement 5  

RF for Shear 
        

     

Safety 

Factor    

Bridge 
Section 

Capacity 

Resistance 

Factor 
DL Shear LL Shear DL LL  IM  RF 

A7-1-002 643.90 0.80 192.60 232.20 1.05 1.05 0.10 1.17 

A1-1-013 682.10 0.80 205.18 197.04 1.05 1.05 0.10 1.45 

A7-1-001 651.20 0.80 175.21 225.54 1.05 1.05 0.10 1.29 

A1-2-001 606.90 0.80 129.94 95.04 1.05 1.05 0.10 3.18 

A1-5-001 892.20 0.80 265.32 236.53 1.05 1.05 0.10 1.59 

A1-1-004 752.00 0.80 221.86 256.84 1.05 1.05 0.10 1.24 

A1-5-035 665.60 0.80 154.18 234.38 1.05 1.05 0.10 1.37 

          
 

 

RF for Moment 
        

Bridge 
Section 

Capacity 

Resistance 

Factor 

DL 

Moment 

LL 

Moment 
DL LL  IM  RF 

A7-1-002 3,151.90 0.80 906.59 1,094.28 1.05 1.05 0.10 1.24 

A1-1-013 3,249.40 0.80 1,086.43 999.38 1.05 1.05 0.10 1.26 

A7-1-001 2,828.70 0.80 808.07 1,052.31 1.05 1.05 0.10 1.16 

A1-2-001 1,900.00 0.80 470.79 437.14 1.05 1.05 0.10 2.03 

A1-5-001 4,098.00 0.80 1,270.27 1,122.26 1.05 1.05 0.10 1.50 

A1-1-004 3,432.20 0.80 1,090.69 1,262.19 1.05 1.05 0.10 1.10 

A1-5-035 2,878.00 0.80 722.68 1,108.27 1.05 1.05 0.10 1.21 

 

 

  



 

Structural Condition Assessment of Bridges  
Abrham G. (July 2019) Page 105 

 

1.6)  Load arrangement 6  

RF for Shear 
        

     
Safety Factor 

   

Bridge 
Section 

Capacity 

Resistance 

Factor 
DL Shear 

LL 

Shear 
DL LL  IM  RF 

A7-1-002 643.90 0.80 192.60 369.53 1.05 1.05 0.10 0.73 

A1-1-013 682.10 0.80 205.18 290.65 1.05 1.05 0.10 0.98 

A7-1-001 651.20 0.80 175.21 363.94 1.05 1.05 0.10 0.80 

A1-2-001 606.90 0.80 129.94 283.78 1.05 1.05 0.10 1.07 

A1-5-001 892.20 0.80 265.32 373.16 1.05 1.05 0.10 1.01 

A1-1-004 752.00 0.80 221.86 390.21 1.05 1.05 0.10 0.82 

A1-5-035 665.60 0.80 154.18 371.36 1.05 1.05 0.10 0.86 

          
 

 

RF for Moment 
        

Bridge 
Section 

Capacity 

Resistance 

Factor 

DL 

Moment 

LL 

Moment 
DL LL  IM  RF 

A7-1-002 3,151.90 0.80 906.59 1,352.77 1.05 1.05 0.10 1.00 

A1-1-013 3,249.40 0.80 1,086.43 1,172.97 1.05 1.05 0.10 1.08 

A7-1-001 2,828.70 0.80 808.07 1,310.34 1.05 1.05 0.10 0.93 

A1-2-001 1,900.00 0.80 470.79 789.60 1.05 1.05 0.10 1.12 

A1-5-001 4,098.00 0.80 1,270.27 1,381.49 1.05 1.05 0.10 1.22 

A1-1-004 3,432.20 0.80 1,090.69 1,525.03 1.05 1.05 0.10 0.91 

A1-5-035 2,878.00 0.80 722.68 1,367.13 1.05 1.05 0.10 0.98 
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1.7)  Load arrangement 7  

RF for Shear 
       

     
Safety Factor 

  

Bridge 
Section 

Capacity 

Resistance 

Factor 
DL Shear 

LL 

Shear 
DL LL  IM  RF 

A7-1-002 643.90 0.80 192.60 334.47 1.05 1.05 0.10 0.81 

A1-1-013 682.10 0.80 205.18 264.83 1.05 1.05 0.10 1.08 

A7-1-001 651.20 0.80 175.21 329.41 1.05 1.05 0.10 0.89 

A1-2-001 606.90 0.80 129.94 256.86 1.05 1.05 0.10 1.18 

A1-5-001 892.20 0.80 265.32 337.75 1.05 1.05 0.10 1.12 

A1-1-004 752.00 0.80 221.86 354.18 1.05 1.05 0.10 0.90 

A1-5-035 665.60 0.80 154.18 336.12 1.05 1.05 0.10 0.95 

         
 

 

RF for Moment 
       

Bridge 
Section 

Capacity 

Resistance 

Factor 

DL 

Moment 

LL 

Moment 
DL LL  IM  RF 

A7-1-002 3,151.90 0.80 906.59 1,254.69 1.05 1.05 0.10 1.08 

A1-1-013 3,249.40 0.80 1,086.43 1,084.05 1.05 1.05 0.10 1.17 

A7-1-001 2,828.70 0.80 808.07 1,217.42 1.05 1.05 0.10 1.01 

A1-2-001 1,900.00 0.80 470.79 713.82 1.05 1.05 0.10 1.24 

A1-5-001 4,098.00 0.80 1,270.27 1,280.82 1.05 1.05 0.10 1.31 

A1-1-004 3,432.20 0.80 1,090.69 1,411.43 1.05 1.05 0.10 0.98 

A1-5-035 2,878.00 0.80 722.68 1,267.76 1.05 1.05 0.10 1.05 
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1.8)  Load arrangement 8  

RF for Shear 
       

     
Safety Factor 

  

Bridge 
Section 

Capacity 

Resistance 

Factor 
DL Shear 

LL 

Shear 
DL LL  IM  RF 

A7-1-002 643.90 0.80 192.60 364.14 1.05 1.05 0.10 0.74 

A1-1-013 682.10 0.80 205.18 288.32 1.05 1.05 0.10 0.99 

A7-1-001 651.20 0.80 175.21 358.63 1.05 1.05 0.10 0.81 

A1-2-001 606.90 0.80 129.94 279.64 1.05 1.05 0.10 1.08 

A1-5-001 892.20 0.80 265.32 367.72 1.05 1.05 0.10 1.02 

A1-1-004 752.00 0.80 221.86 385.60 1.05 1.05 0.10 0.83 

A1-5-035 665.60 0.80 154.18 365.94 1.05 1.05 0.10 0.88 

         
 

 

RF for Moment 
       

Bridge 
Section 

Capacity 

Resistance 

Factor 

DL 

Moment 

LL 

Moment 
DL LL  IM  RF 

A7-1-002 3,151.90 0.80 906.59 1,365.99 1.05 1.05 0.10 0.99 

A1-1-013 3,249.40 0.80 1,086.43 1,180.17 1.05 1.05 0.10 1.07 

A7-1-001 2,828.70 0.80 808.07 1,325.42 1.05 1.05 0.10 0.92 

A1-2-001 1,900.00 0.80 470.79 777.14 1.05 1.05 0.10 1.14 

A1-5-001 4,098.00 0.80 1,270.27 1,394.44 1.05 1.05 0.10 1.21 

A1-1-004 3,432.20 0.80 1,090.69 1,536.64 1.05 1.05 0.10 0.90 

A1-5-035 2,878.00 0.80 722.68 1,380.22 1.05 1.05 0.10 0.97 
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1.9)  Load arrangement 9  

RF for Shear 
       

     
Safety Factor 

  

Bridge 
Section 

Capacity 

Resistance 

Factor 
DL Shear 

LL 

Shear 
DL LL  IM  RF 

A7-1-002 643.90 0.80 192.60 334.47 1.05 1.05 0.10 0.81 

A1-1-013 682.10 0.80 205.18 264.83 1.05 1.05 0.10 1.08 

A7-1-001 651.20 0.80 175.21 329.41 1.05 1.05 0.10 0.89 

A1-2-001 606.90 0.80 129.94 256.86 1.05 1.05 0.10 1.18 

A1-5-001 892.20 0.80 265.32 337.75 1.05 1.05 0.10 1.12 

A1-1-004 752.00 0.80 221.86 354.18 1.05 1.05 0.10 0.90 

A1-5-035 665.60 0.80 154.18 336.12 1.05 1.05 0.10 0.95 

         
 

 

RF for Moment 
       

Bridge 
Section 

Capacity 

Resistance 

Factor 

DL 

Moment 

LL 

Moment 
DL LL  IM  RF 

A7-1-002 3,151.90 0.80 906.59 1,223.79 1.05 1.05 0.10 1.11 

A1-1-013 3,249.40 0.80 1,086.43 1,063.79 1.05 1.05 0.10 1.19 

A7-1-001 2,828.70 0.80 808.07 1,186.37 1.05 1.05 0.10 1.03 

A1-2-001 1,900.00 0.80 470.79 713.82 1.05 1.05 0.10 1.24 

A1-5-001 4,098.00 0.80 1,270.27 1,250.00 1.05 1.05 0.10 1.35 

A1-1-004 3,432.20 0.80 1,090.69 1,381.08 1.05 1.05 0.10 1.00 

A1-5-035 2,878.00 0.80 722.68 1,236.89 1.05 1.05 0.10 1.08 
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Summary  of Rating Factors  

RF for Shear 
         

No. Bridge No 
Legal Loads Special Vehicular Live Loads 

Load 1 Load 2 Load 3 Load 4 Load 5 Load 6 Load 7 Load 8 Load 9 

1 A7-1-002 1.33 1.20 1.23 1.10 1.17 0.73 0.81 0.74 0.81 

2 A1-1-013 1.54 1.35 1.36 1.43 1.45 0.98 1.08 0.99 1.08 

3 A7-1-001 1.47 1.32 1.36 1.21 1.29 0.80 0.89 0.81 0.89 

4 A1-2-001 1.47 1.49 1.58 2.12 3.18 1.07 1.18 1.08 1.18 

5 A1-5-001 1.80 1.61 1.64 1.50 1.59 1.01 1.12 1.02 1.12 

6 A1-1-004 1.33 1.18 1.21 1.20 1.24 0.82 0.90 0.83 0.90 

7 A1-5-035 1.83 1.64 1.68 1.29 1.37 0.86 0.95 0.88 0.95 

           
 

RF for Moment          

No. Bridge No 
Legal Loads Special Vehicular Live Loads 

Load 1 Load 2 Load 3 Load 4 Load 5 Load 6 Load 7 Load 8 Load 9 

1 A7-1-002 2.02 2.07 2.15 1.20 1.24 1.00 1.08 0.99 1.11 

2 A1-1-013 1.95 1.89 1.96 1.28 1.26 1.08 1.17 1.07 1.19 

3 A7-1-001 1.85 1.90 1.97 1.12 1.16 0.93 1.01 0.92 1.03 

4 A1-2-001 1.69 1.96 2.23 1.60 2.03 1.12 1.24 1.14 1.24 

5 A1-5-001 2.37 2.40 2.50 1.46 1.50 1.22 1.31 1.21 1.35 

6 A1-1-004 1.66 1.67 1.74 1.09 1.10 0.91 0.98 0.90 1.00 

7 A1-5-035 2.24 2.28 2.37 1.17 1.21 0.98 1.05 0.97 1.08 

           
 

RF for the bridge          

No. Bridge No 
Legal Loads Special Vehicular Live Loads 

Load 1 Load 2 Load 3 Load 4 Load 5 Load 6 Load 7 Load 8 Load 9 

1 A7-1-002 1.33 1.20 1.23 1.10 1.17 0.73 0.81 0.74 0.81 

2 A1-1-013 1.54 1.35 1.36 1.28 1.26 0.98 1.08 0.99 1.08 

3 A7-1-001 1.47 1.32 1.36 1.12 1.16 0.80 0.89 0.81 0.89 

4 A1-2-001 1.47 1.49 1.58 1.60 2.03 1.07 1.18 1.08 1.18 

5 A1-5-001 1.80 1.61 1.64 1.46 1.50 1.01 1.12 1.02 1.12 

6 A1-1-004 1.33 1.18 1.21 1.09 1.10 0.82 0.90 0.83 0.90 

7 A1-5-035 1.83 1.64 1.68 1.17 1.21 0.86 0.95 0.88 0.95 

 


