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FOREWORD

The Road Development Agency (RDA) is responsible for the entire classified road network of
67,671 kilometres, including bridges and culverts. However, owing to limited resources, the
Agency identified a rationalised network of 40,454 kilometres deemed as the Core Road
Network (CRN). The CRN is defined as “the minimum network which when improved will
spur socio-economic development and contribute to poverty reduction.”

The CRN has over 460 bridges, most of which were constructed over 40 years ago, and have
reached a critical stage, in need of repair. In an effort to implement bridge inspection, repair
and maintenance, Guidebooks and Guidelines were produced under the Japan International
Cooperation Agency (JICA), Technical Cooperation Project (TCP) on Bridge Maintenance
Capacity Building in Zambia. These are the Bridge Repair Guidebooks, Bridge Routine
Maintenance Guidelines and Bridge Inspection Guidebooks.

These Guidebooks and Guidelines will assist the officers in carrying out bridge inspections and
maintenance activities and also offer repair Methods, which will in turn allow for the continued
long-term use of the existing bridges.

Our profound gratitude goes to JICA for the technical and financial assistance and the RDA
personnel that worked tirelessly to formulate and publish the Guidebooks and Guidelines.

I implore all those charged with the responsibility to inspect, repair and maintain bridges to
utilise the Guidebooks and Guidelines as they undertake their work.

April, 2024

O

Eng. Grace Mutembo
Director and Chief Executive Qfficer
ROAD DEVELOPMENT AGENCY
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ABBREVIATIONS

ASTM : American Society for Testing and Materials
AASHTO American Association of State Highway and Transp#iti@s
B/C : Benefit/Cost Ratio

BMS : Bridge Management System

BS : British Standard

CRN : Core Road Network

EA : Emergency Action

FS : Feasibility Study

HTB : High Tension Bolt

ISO : International Organization for Standardization
JICA : Japan International Cooperation Agency

kPa : Kilo-Pascal

kVA : Kilo-Volt-Ampere

LCC : Life Cycle Cost

MM : Major Maintenance

MO : Monitoring

MPa : Mega-Pascal

oJT : On-the-Job Training

PC : Prestressed Concrete

RC : Reinforced Concrete

RDA : Road Development Agency

RM : Routine Maintenance

SADC : Southern African Development Community
SATCC : Southern Africa Transport and Communications Commission
SHMS : Structure Health Monitoring System

TWG ; Technical Working Group

US$ : United States Dollar

wi/C : Water and Cement Ratio
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CHAPTER 1 GENERAL
1-1  INTRODUCTION

The present total length of the national road network in Zambia is 8B@@0 km and about
40,000 km of those are maintained by RDA. These 40,000 km RDA-maintained roaddsacd fhe
Core Road Network (CRN). There are over 460 bridges on the CRN. Most obtlugges were
constructed in the early seventies or much earlier, and has not bexaimeai and repaired in a
coherent and consistent manner. About 15% of these structures are repofedondition
wherein urgent maintenance and repair works are needed. As a patitiéact the Bridge
Maintenance Capacity Building Project, considering the above medtimukground, this guideline
is intended as a reference for routine maintenance activitiesatgplto the bridge structures owned
and maintained by RDA. The target users are RDA staff engaged in bridigiemance and the
contractors of bridge routine maintenance to be outsourced. This guidelesigned to address the
most common types of bridge structure distress by outlining paaptiecedure for corrective and
preventive maintenance. These procedures are not meant tori@ualivie, or to rule out other
maintenance procedures. This guideline also includes routine inspectamiswital to carry out
routine maintenance activities in a cyclic manner.

1-2 BRIDGE MAINTENANCE MANAGEMENT CYCLE

Bridges are important valuable assets in Zambia. RDA has thensisifity of road and
bridge maintenance. Asset management should be implemented by RDAeteeadhbbkirequired
target level of service.

Some of existing bridges may be already deteriorated with the pariice being degraded.
For such cases, cause of damages should be accurately grasped diatlidentiitial defects,
damage, or deterioration. Main causes of damages should also lifeedlastmuch as possible for
selecting appropriate remedial countermeasures. Initial defiedtdamage should be treated
promptly and appropriately including emergency treatments. On the otitgniaen bridge
deterioration affecting its performance has occurred, the detexgpraechanism should be identified
as much as possible, and appropriate maintenance should be carbhadealion the prediction as
well.

It is becoming increasingly important to systematize the maintenaf bridges in Zambia
because of their advancing age, increasing traffic volumes, heaightwf freight cargo, limited
resources and various modes of structural aging and deterioration. Inooirdplament bridge
maintenance appropriately, design and construction data, inspectionredietjgn of deterioration,
evaluation and judgment, and remedial measures shall be recorded. iBwscéssary to consider
appropriate bridge maintenance strategies and tools. Theiastfeitimprovement of maintenance
management cycle aim to ensure the effectiveness of the above-mentistesas.
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The maintenance work usually proceeds by these steps: [Quilectirent condition dat4)
[Inspection]U[Evaluation]U[Analysis] U[Repair Plan)J[Budget plan]U[Implementation of Repair
work ] U[Record]U [Collecting current condition data] and smooth movements are alwayseekquir
In case there are some obstacles against the smooth movement in themesmtaycle, the
above-mentioned effectiveness will be reduced.

This figure shows the Bridge Maintenance Management Cycle panebng of life of bridge.

Bridge Unit

To conduct
Condition
Inspection

' BMS
Record of Baiiaial o (Inspection
) egiona Flce
Repair work Ao Data)
A A Bridge Routine el Budget
Maitenance Preparation
If it is
necessary
Detailed Inspection
. Repair
Implementation . .
— fR \ K Selection of repair
O epair worl Method _ oo
Evaluation/
Analysis
]

New Bridge Selection of Type |«(jm—

of bridge

Construction of Replacement

Budget Preparation ‘

Figure 1-1 Bridge Maintenance Management Cycle

1-3 ELETEMT OF FRIDGE MAINTENANCE ACTIVITIES

Bridge Maintenance Activities can be grouped into two (2) caegdBridge Inspection and
Bridge Maintenance.
1-3-1 Bridge Inspection
Regular inspections are necessary for an effective maintenancarprdigis recommended
that bridge inspections be executed annually for all basic stescamd more frequently for fenders

and utilities.
The general types of bridge inspections are listed in Table 1-1.
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Table 1-1 Bridge Inspection Types

TYPE NAME PURPOSE
1 Condition - To obtain condition data on major maintenance needs af the

bridges for operation of the BMS

To assess and rate condition of the structure

2 Detailed - To investigate major maintenance needs of defective doridg
identified by a condition inspection or other inspection
- To determine the safe load capacity of the bridge

- To test and evaluate the strength or quality of materials

3 Emergency | -To determine the emergency work needed for bridges [after

the occurrence of calamities in order to ensure its safety
- To determine the severity of structural damage of bridges
- To confirm safety of bridges and vehicular traffic

4 Inventory - To obtain/update bridge inventory data for the BMS

1-3-2 Bridge Maintenance

As soon as a bridge is constructed and put into service, deterioragjiors bThe deterioration
is due to aging and the impact from the environment, climate and therdgity Bridge
Maintenance is the recurrent day to day, periodic or scheduled work thqtired to preserve or
restore a bridge to such a condition that it can be effectivelyadtifiar its designed purpose.

There are three type of bridge maintenance as follows;
1. Routine maintenance

The purpose of recurrent maintenance, minor maintenance and cleaniegssite
day-to-day traffic safety and serviceability. Routine maintenaaeers minor works to
the entire bridge, and includes cleaning, painting, minor repairs, anchott@rworks.

The standard routine maintenance activities are listed iGthdeline.
2. Periodic Maintenance

Periodic maintenance activities take place on a regulas fmseveral times per year.
3. Major Maintenance

Major maintenance of bridge that is outside the scope of work handledrantise
maintenance and which requires a separate allocation of funds. HEgergavould
include all works to prevent bridge deterioration, to addrestrexgamage and to
overcome conditions that may have impact on the bridges.

Major maintenance can be grouped into four (4) categories as follows;

- Repair: Maintenance measures to restore or improve thdldyraia
structure and reduce hazards for third party.
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- Upgrading: Widening, additional member of structure

- Strengthening: Maintenance measures to restore or improveuttig st
performance, such as the load-bearing capacity and/or siffnes
of a structure

- Replacement: Replacement of a new structure

1-3-3 Preventive Maintenance

Preventive maintenance is an approach for maintaining asguoy carrying out detailed
inspection before deterioration manifest and taking apprepnmeasures to maintain it. This is the
most advisable approach of maintenance. Preventive maintecamadso be defined as the act of
keeping a structure in its as-built condition and/or protedtifigpm inevitable deterioration due to
environment, traffic vibration and deicing chemicals. The britges to deteriorate from the day its
construction is completed, and it is the duty of the person in e€hargjow the deterioration as much
as possible using the best practical methods and matetrialsiways more cost-effective in the long
run to perform preventive maintenance activities than tovall known condition get progressively
worse until the entire member or structure has to be mghlathis methodology is similar to taking a
medical check for one’s body before the current condition getsewand become a sickness.
Similarly, at one’s home, it is always cheaper to repaiirgor leak in the roof as soon as noticed
rather than to wait until the underlying roof sheeting is rotten.

In general, a bridge deteriorates from the deck slab. THe dab is the first element of a
bridge that is impacted by traffic. It also is in the wasvironment due to deicing chemicals and
temperature variations. The deck slab that remains drigeobdttom side with no cracks can protect
the rest of the bridge indefinitely from most deterioratiorasiB of Preventive Maintenance
Technique is Life Cycle Cost (LCC). LCC consists of Initiastc+ Maintenance cost + Renewal cost.
Minimum cost of LCC is the best maintenance work. Regardhey LCC, there are two
considerations.

The life-cycle cost can be minimized by implementing the tmameasures at the initial stage
before damage worsen. In the figure below, blue lines shovarthe-cale repair and red lines shows
the small-scale repair.

The Corrective Maintenance or large-scale repair mode¢ (lohe) requires a smaller budget
to maintain the bridge at first but will continue for seVgears, thus, it will take much time and cost
as well. Also, in case the bridge condition becomes sedaasto damage, the bridge should be
replaced immediately, therefore it will be needing extra budget.

On the other hand, the Preventive Maintenance or small4szdé@ model (red line) requires
a larger budget for bridge maintenance at first and sevtret times. However, the final total cost of
maintenance can be reduced by extending the life span of the.drndbe graph below, the total of
the vertical axes shows the total repair cost during ssenédce years. Therefore, the total cost of
preventive maintenance is less than that of corrective mamgdena
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CHAPTER 2 ROUTINE INSPECTION

2-1 PURPOSE

Routine Inspection is essentially visual and required to makasaessment of obvious
defects of the bridge. This inspection is necessary to etigtreegular routine maintenance work is
being planned and undertaken in accordance to the needs of the bridge. Routatemspeuld also
detect severe defects that may cause loss of stabilitye gfttucture and may result in injury or loss of
life and damage to public property. In this context, routine ecdpn is important for taking
emergency works to avoid collapse of the bridge and severe damage tqpartyird

2-2 PROCESS

The process for conducting Routine Inspection is shown in Figure 2-1.

Inspection Planning:
(Routine, Condition, Detailed, Emergency)

!

Carry out Routine Inspection

Reviewing data, Evaluation by Inspector

Reportto Regional Office/RDA

L

Judgement by Regional Office/RDA

Instruction
to Contractor

Emergency Action

|

Reviewing inspection data, Evaluation of defects
by Regional Office/RDA
\

Determination of Maintenance Action Plan

|

Minor Repair || Investigation || Monitoring

Major Repair

Minor repair and monitoring may be carried out
by Rouotine Maintenance contractor.

Record of Inspection data, Invedtigation results,
Repair work history

Figure 2-1 Routine Inspection Process
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2-3 PROCEDURE

The procedure in accomplishing the Routine Inspection Formskathss is straightforward
and involves visual inspection. The Routine Inspection Formssasldown in Table 2-4. A copy of
the previous Routine Inspection report should be brought totthassreference. The bridge inspector
of contractor, responsible for bridge routine maintenance, shotkuré¢hat the defects, actions and
condition ratings for the bridge as listed in the previospestion reports are accurate and without
oversight. The contractor’'s inspector should check the defectsdraw them on sketch drawings
sheet, as needed, and photographs should be used to document angefegjtsr or situations
concerned. Upon returning to the office, the inspectors deterthe Routine Inspection Condition
Rating and required maintenance action plan based on the se¥etitfiects. The result of inspection
should be compiled as a deliverable and submitted to the régifiites/RDA. If there are any
defects that require Emergency Action (AE), it should bertedammediately without waiting for
the completion of report. Immediately judged by the regionfi¢edRDA, the contractor will be
instructed to carry out emergency repair including temgosark. The condition rating for Routine
inspection and Required Maintenance Actions for each defecsl@own in Table 2-1 and 2-2.
Regarding inspection intervals, this routine inspection sleaith Iprinciple performed as frequently as
every three months: e.g. 2 times in wet season and 2 timeg seabkon. In particular, the inspections
related to waterways should be carried out after any significant steents.

After receiving the Routine Inspection Report including the resukksneirgency repair works,
the regional office/RDA will review all the inspection dand evaluate those defects and, based on
such analysis, work out the maintenance action plan includicly categorized maintenance actions
as major repair, minor repair, investigation, and monitoring. Téeerchination flow of these
maintenance actions is shown in Figure 2-2. Among them, minoirgsegorad monitoring will be
basically conducted by the routine maintenance contractor thrthe instruction of the regional
office/RDA.

At the final stage, it is very important for RDA to kedpe overall records including
inspection data, investigation results and repair work histaigh 8edback record shall be utilized to
draw out following inspection plan including not only routine inspectut also other categorized
inspections. The Bridge Routine Maintenance Schedule anddrREoon shown in Table 2-6 may be
used for the RDA's instruction to the contractor for eactigariand this would then form one part of
maintenance record for the bridge.
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Table 2-1 Routine Inspection Condition Rating

Table 2-2 Required Maintenance Action

Required Actions

Description

MO: Monitoring

No repair work and keeping monitoring
(Damage not progressing or very slow)

on

Condition Rating Description

Good No damage

Fair With minor damage(s) not affecting the stability of the
structure

Poor With deteriorating damage(s) which should be
monitored or could be repaired as a preventive act

Bad With severe damage(#)at affects stability of bridge
that has possibility to harm a third party

RM: Routine
Maintenance

Should be maintained by Routine Maintenance

MM: Major
Maintenance

Should be maintained by Major Maintenance

EA: Emergency

Action

Need to take actions immediately to avoid bridge

collapse or harm to a third party

Bridge Routine Maintenance Guidelines
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Identify situation of damage

\L EA: Emergency Action

VYas - Stability of bridge

- Harm to a third party
(Rating: Bad)

Emergency Action required?

In-Depth Inspection
- To select appropriate repair methods
- Tomonitoring progress of any damages

l

Possible to address
by Routine Maintenance?

- Determination of repair methods

1 - Scheduling for multi-years
MO: No repair works RM: Routine Maintenance MM: Major Maintenance
/Keeping monitoring Repair work Repair Work
(Rating: Good/Fait) (Rating: Fair/Poor) (Rating: Poot/Bad)

Figure 2-2 Determination Flow of Maintenance Action

2-4 DELIVERABLES

The deliverables of routine Inspection to be conducted bggériroutine maintenance
contractor are as follows:

® Routine Inspection Report
- Bridge Routine Inspection Form (See Table 2-4)
- Sketch Drawings sheet (See Figure 2-3 and Figure 2-4)
- Photo Record Sheet (See Table 2-5)

- Routine Maintenance Record Schedule and Record Form (See Table 2-6)

The bridge Routine Inspection Reports shall be prepared by aedredidge inspectors of
the contractor. The reported data shall be checked and revievtee Bggional Office/RDA for
accomplishment and accuracy prior to finalization. When the Bridggifi®e Inspection Report have
been found to be complete, accurate and accepted, all the data shaleden the Bridge
Management System (BMS).

In conjunction with such documentation and recording of bridge data, it is mezeshed to
provide an individual name to every bridge for the convenience of bridig¢emance operations.
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Table 2-3 (1) Defect Types of Bridge Component

Bridge Component

Sub-Component

Classification of Defects

Deck

1)Cracks, 2)Spalling/loose concrete,
3)Exposed/corroded rebars, 4)Cavity/honeycomb,
5)Free lime, 6)Rust seepage, 7)Deterioration/chan
color, 8)Separation/swelling of repaired/strengthen
part, 9)Water leakage

jed
od

Wearing course
(Asphalt)

1)Potholes/spalling, 2)Bump, 3)Rutting, 4)Cracks,

water

5)Corrugtion, 6)Delaminated thin surfacing, 7)Ponding

(Expansion joint)

Butt joint, Dummy joint

1)Damage to joint, 2)Damage to adjacent surfacing
3)Water leakage, 4)Abnormal sound

Finger joint, Sliding plat
joint

1)Damage to joint, 2)Damage to adjacent post-cas
part, 3)Water leakage, 4)Damage to waterproof sys
5)Abnormal sound, 6)Abnormal spacing, 7)Bump

tem,

(Railing/Curb)

Parapet, curb

1)Cracks, 2)Spalling/loose concrete,
3)Exposed/corroded rebars, 4)Free lime, 5)Rust
seepage, 6)Deterioration/changed color, 7)Water
leakage

Metal rail

1)Deformation, 2)Corrosion

(Sidewalk)

1)Damage to sidewalk slab, 2)Ponding water,
3)Accumulation of garbage and debris

(Drainage)

Scupper

1)Damage to scupper, 2)Damage to cover,
3) Accumulation of garbage and debris

Drain pipe

1)Damage to pipe, 2)Defect in connection,
3) Accumulation of garbage and debris

Superstructure

Steel members

1)Abnormal deflection, 2)Abnormal sound,
3)Abnormal vibration, 4)Abnormal spacing,
5)Displacement, 6)Water leakage/ponding, 7)Clear|
under bridge, 8)Fatigue crack, 9)Deformation/buck
10)Loose/missing rivet/HTB, 11)Deterioration of

ance

painting, 12)Corrosion

Bridge Routine Maintenance Guidelines
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Table 2-3 (2) Defect Types of Bridge Component

Bridge Component|  Sub-Component

Classification of Defects

Concrete members

Superstructure

1)Abnormal deflection, 2)Abnormal sound,
3)Abnormal vibration, 4)Abnormal spacing,
5)Displacement, 6)Water leakage/ponding,
7)Clearance under bridge, 8)Cracks, 9)Spalling/la
concrete, 10)Exposed/corroded rebars,
11)Cavity/honeycomb, 12)Free lime,
13)Deterioration/changed color 14)Rust seepage,
15)Fracture/slipping out of tendon,
16)Separation/swelling of repaired/strengthened

ose

Dart

Abutment/Pier

Substructure

1)Cracks, 2)Spalling/loose concrete,
3)Exposed/corroded rebars, 4)Cavity/honeycomb
5)Free lime, 6) Rust seepage, 7)Deterioration/chg
color, 8)Separation/swelling of repaired/strengthe
part

ned

Foundation

1)Scouring/lowering river bed

Protection work

1)Settlement/displacement/washing away of
rip-rap/retaining wall

Metal Bearing

(Bearing)

1)Damage to main part, 2)Corrosion of main par
3)Damage to accessories, 4)Corrosion of access
5)Damage to mortar/concrete seat, 6)Abnormal
spacing, 7)Abnormal sound, 8)Accumulation of
garbage and debris

Dries,

Rubber Bearing

1)Damage to main part, 2)Corrosion of main pat
3)Damage to accessories, 4)Corrosion of access(
5)Damage to mortar/concrete seat, 6)Abnormal
spacing, 7)Accumulation of garbage and debris

tl
Dries,

Waterway

1)Accumulation of driftwoods/debris, 2)Change @
river direction/lowering river bed approx. 20m
upstream and downstream

>

Site/others
Adjacent Bank to

Abutment

1)Accumulation of vegetation/debris/garbage,
2)Damage to rip-rap/retaining wall, 3)Settlement ¢
approach section/incorrect vertical alignment

=4

)]

Bridge Routine Maintenance Guidelines

2-6



‘uonjoadsur snotasxd ur parymuspr Apeane/uoroadsur ST} UT PaTJIuSPT A[MU 95 WD SURSUE SUNSIX/MON] -

‘A[aAT)oadsal 7-7 231, [im 7-g S[qR], PUB [-7 9[qE], 1 0} 1oJaI ‘uonoe pasodol (9) pue Sunjel uonipuol) () suruuep of, -

'€= 9[qe], oY1 03 Ioya1 ‘adA) 10s1a(T (€) pue jsuodwos-qng (7) ‘qusuodwon) a8puag (1) 2211080380 0 - 910N

"0-0 0104 ‘0-0 Y1938 29§ pasodosd suorqed Suisn cepn- d . Sur (oid =oryd-ur-seD) (1)
uoNIN0I U0SEas ARl SUMUod [NUN I[qRISAp SUOIPE dWol] roTe0'L0 MEN HRES N oS prd HIOOS uonepunog| smonnsqng| €
"0-0 03044 “0-0 YII03S 295 'PaRoadsns [eLvjew .
guyned Jo :o:mEEEuQ .vu?wmn_w_ wed voﬂs%h 0 wwi:uam UORIMHSLCD 1 Sumsweg SOy 20 lood|  SuTpems (Td-1d) Pedl T
“0-0 010U ‘0-0 Y2193S 935 patinbal uondadsul [BNSIA 250[2
‘UL UONEBSISIAUT I3 (N ] “UOHEIO] SWIES 1) UL PIAIIS]O DS[B 10T €0°L0 M2N|  vonpadsur yydop-ur AT 100g| surearg (zd-1d) yoa]
95B1INS JuatIaARd Uo SYIBID "PaALasqo Amuenb a5Ie] Jo S 931 I
uonps)x | SumsTxHy UoT)oy (yun) Sumer adAT,
Juouo dwoD)-qng [Tuoucdwo))
syprewsy () Jo are( MaN pasodorg Anuend) |wonrpuo)y| 199J9(] "ON
@ oSprg (1)
(8) (L) (9) (€) () (€)
“UOTE0 | swreN peoy ON peoy] saureN a8 prrgg oN 28prIgg
190WAOL] CON IO PRIU0)) SweN JOrIU0.) e
(ordwexy) wrog wonaodsuy cunnoy a5puy -7 Ol

2-7

Bridge Routine Maintenance Guidelines



Grduexy) (aampnnsedng) 1PYS SUIMRIT Y219Y§ £-7 231

UOREDIPU| 4O puspa]

AnuenQ) o spERg T~y
W) TT =W 0M

-7

102]2(] Jo Almuend)

BUREY UOIPUOD) \

Twg 0-g-so0/edS SIO0T 11

—

 —

ON Uoned0T 1ajag

(APYQ) Ievwen

BATSUAIUT UT PAIOITUO T ATSIONUTINOD 3 RINOYS BAe ST ‘AIning U1 21aiiuoed Jo uoneioualap

0} anp N300 Ued Joajap sy ey Apprqesod v 51 atayjaauig popaw Funpoyed 4q

pairedar aq o] go paddmyd sem wat) 3o 1red 7 o¥aap Jasa(uwed Jo dian) uipa guuapt uaag pey
3qQOIAITOT ‘3111000 {2ap Funsed Jaiyy afpuq JapiiE pals meds-¢ snonuNuod B STSTT

uonaR( Jo A

piit bl tvg)

‘ape(] wonaldure)

Jaamsuyg

1

L

ur £-d-9at 0 Ay 1107 60F)

LoansUeD 18 LWNpUELD Wa

133 Jo 2dag
999 PPP ZI0ZE0LD
999 222 110260701
999 EEE 01079052
J0JIBXU0D) aojaadsty e
AolsIH uoizedsLu)
ﬁ.mo.u____nmmkwﬁ_wp____.ﬁ?ﬂm QDE%QDO mﬁﬂmm 0¥
wog R WA
waaa Eua uedy
00d~00d ‘O wEdy
adpug yoadip
amEp aBpug

\ ARATd
A . —— —  Sumgoped Aq pamedey -
\ i/ h T [FUAfAR Ty
| / | \l WOoTEsno 2 §E prooat medayg
e e e e e e e e e e e g
_ = \ @ —
L L = |
@ " ¥t 7 T iy " ' 3 1
_..
T ad g | W il 1 v _|_
!
..
= ; = i R 3 i o f—
! \ !
! = |
7] = It S T tn v N v g | a0 I
|\ | /
; |
.,. [y | ——
\ Fl T —
AL TR T ) % !
ad4] poddng 4 4 § |
b v_‘ | |
i 14 g
q - : . /
f A \ e
HMQ | \ | o //
2d ) 1
¥ : B 2 I
" SHE TR MOEAWT A ZI0TE0E DR
\ g (g g-5007Rd S 0107 90
¥
QY (PAsunT) A8 o e o
i} i i _7
dew yojpesoT
(aumponisiadng)

ueds yoea Jo} yolexs uswdopaag

2-8

Bridge Routine Maintenance Guidelines



(erdurexy) (ernjpnnsqng) jeoys SULMeI(] YIRS -7 AT1]

uoledIpu| Jo puspaT

Anuend Jo spERQ S~y
Wy ZT »WE0M

5 TUS0-ES00TRS ST I Pe___
19933 0 AREEND

Funey UORpUOD

132(] Jo 2diL

o
e

"ON UORED0T 19)2(

{ L) usad uetes widjod Sursn uotpaln
Horao Aq pajeas) sea |1 ‘Uors[diwos sy} J81IE BOYLINS 53RI0UCD 21U} 3O MEd B U pRIINUSPT UsE pEY
yjBus] Ul wg [ pUE UIpLa U TILIZ () JO ok sourg Jaid addy (e e 51 aamonaEans sy L

Bon3R(T JO AT

LJOJOBIUOD ageq uonadun s wawmdug

LORONISUOS T8 LUNPURIOWIS A

TR A
S W R 0108 Bl

499

PPP

CLOZE0L0

499

pajais)

LL0Z 6001

499

BEE

01029052

ISR UST

Jo3aadsur

ape]

Alo1sIH Uoiadsu)|

spaoddng 70 op]

poddng Jo adAT,

amponnegng j0 adAT

00W/00d

NN ARG

aBpug o adLy,

aum] afpuyg

i
T
3

nofos ferdg pareday -
WL WRE O TR

TOTRNASTI0D B paooad FEday] (aprg e

o

fBpB mpmoys) () _H_ _H_ _L

[ F  pgmEpp)

(21njonisqng)

Juauinge/leld Yyoea Joj Yolays Juswidojanag

tew LoReao

2-9

Bridge Routine Maintenance Guidelines



‘uonduasag ‘uonduasag ‘uonduasag :uonduasag

LY EETE] “adi ] 08jag S LYEEIED] Tadf | yWajeq

ToN ToN TON TON

Taeq “aeq Tajeq “ayeq

_ “awepy aspug _ “Bwep aspug _ “awep aspug _ “Bwey aspHg

cuonduosag cuonduosag cuonduoasag :uonduasag

TadA] 108Jag TadA] 108jag TadA ] 10a8jaq TadAk ] ajeq

TON TON TON TON

aeq Tmeq aeq “aeq

_ TaweN sspug _ TAweN asplig _ TaWeN asphg _ TBWeN asplig
_ Hmu:_...n:n__ TON Jay uum._u_..n.o_ “awep :uaum._a:.uo_

12915 PIOOIY 010Ud ¢-T 91qBL

2-1C

Bridge Routine Maintenance Guidelines



STOT T 9g-T 0 o] “§a-urta § wonpnd sty sumneng sfprg A1) slep woraoed st aqy [its os] o) spuadsalion jeapop 1o o] o ) BTN |
paviapdiey TRy
paanlax Rl ois} AN T EUT S0 TOTIIpID oy
’ IR O] WOLELEU] | 380 p3jzui 5RILANSY
spEwaR (6) 00 [FUOIIPPY J0 705 g2 ‘wondussag [ wayl WERUD) | 0N
Ly g (<) ] (T
{8} r) te) t)
w (9)
”Uu_.__.»Chﬁ— ”.OZ _UNH ._.u_.ﬂ.:._c,u ”U_.Cmu/_. LO._.U_.K.:._O,U ”u;_ﬂz .um._u_hm— ”.OZ. vm—uim

IO, PICINT PUB NP ISURTIUTRA SN HBpLIET 9-7 A[9RT.

2-11

Bridge Routine Maintenance Guidelines



CHAPTER 3 ROUTINE MAINTENANCE
3-1 OBJECTIVES

The objectives of routine maintenance are to maintain the requiedcbferaffic safety at all
times, and to compensate for the effects of weather and traffic omubtiges so that serious and
costly damage is avoided. Durability and serviceability of the brikdgeld be provided through
routine maintenance, fatal damages should be either preventedpmmgastrecurrent defects
occurring during regular service of the structure should be repaired.

3-2 ACTIVITIES

Routine maintenance consists of minor repairs that are frequestled and can be carried
out with simple tools and equipment (e.g. minor repairs on concrete, touehgafting,
replacement of bitumen joints, cleaning). It also includes remediabures in connection with aging
or wear caused by climate or traffic. Routine maintenance workecaartied out directly by RDA’s
personnel or shall be put out to tender under multiple years’ corftdas contract also comprises
Emergency Works. Emergency Works include repairs of damage restdiingnatural disasters,
traffic accidents, etc.

The standard routine maintenance activities are listed in the TdbRo8tine Maintenance
Activity List but by no means limited to this list. Other activitigms not included are allowable as
well subject to RDA's instruction or approval in order to achieve thecatm@ntioned original
objectives of the bridge routine maintenance.

3-3 TREATMENT CATEGORIES

Routine maintenance treatments may be categorized into:
A) Preventive Maintenance —

Preventive maintenance is a planned strategy of cost-efféxatments to an existing
bridge and its appurtenances that preserves the bridge, retargsdeterioration, and
maintains or improves the functional condition of the bridge.

B) Corrective Maintenance —

Corrective maintenance is maintenance which is carried out @fteefdetection and is
aimed at restoring a bridge a condition in which it can perform ggdid function.

3-4 PREVENTIVE MAINTENANCE

A constant program of preventive maintenance can extend the sdevimiedridge to ensure
that the maximum value is realized from the initial capital stwent. Additionally regular
maintenance proves more cost effective than occasional major repagntve maintenance is
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defined as activities that will maintain components of the bridge @aweipt development of a
structural deficiency. Preventive maintenance activities canalssified into two groups: Cyclical
and Condition Based activities.

1) Cyclical —
Activities performed on a pre-determined interval and aimguldserve existing bridge
element or component conditions. Bridge element or component conditiord aheays

directly improved as result of these activities, but deteimras expected to be delayed.
These activities include:

Cleaning decks, seats, caps, and girders;

Cleaning bridge drainage systems;

Cleaning joints;

Vegetation control and rubbish removal.
2) Condition Based —

Activities that are performed on bridge elements as neededemntiiédi through the
bridge inspection process and include:

Touch-up/re- Painting of steel members;
Crack repairs to concrete members;
Erosion control.

A program of preventive maintenance is the most effective whaiedo bridge elements
on structures with significant remaining service life. The conceptevigptive bridge maintenance is
built on the understanding that a multiple relatively small repanisaativities will keep the bridge in
good condition and thereby avoid the large expense of major rehabiltatieplacement.

3-5 CORRECTIVE MAINTENANCE

Despite even the most progressive preventive maintenanaaipr,agpme deterioration or
damage of elements will occur. To repair typical deterioration miadas, including damages from
natural disasters and vehicle hitting, the corrective activitigsdan be performed in Routine
Maintenance are as follows:

Joint sealing;

Patching on concrete members;
Deck repair;

Rail repair;

Curb/sidewalk repair.
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CORREGTIVE
MAINTENANCE

CONDITION
BASED

MAINTENANGE

PREVENTIVE

CYCLICAL

Figure 3-1 Treatment Categories

Table 3-1 Routine Maintenance Activity List

Ac’\t;:)/llty Activity Item Frequency Classification /iﬁxnppclhe:pltgerrz

(Deck)

11 Clean deck and gutters Yearly Preventive(Cycl.) 4-1

1-2 Clean deck drains/scuppers Yearly Preventive(Cycl.) 4-1

1-3 Clean joint Yearly Preventive(Cycll) 4-1

1-4 Joint sealing As needed Corrective 4-9

15 ()Dn(j;i;(;c?t?::l;gaﬁliign% 10 cracks | ASneeded | Preventive(CB. 4-6/4-7/4-8

1-6 Deck repair — Pavement Patching As needed Corrective 4-2

1-7 Deck repair — Concrete Deck As needed Corrective 43
Patching

18 gﬁilrl:j/(;r;gzn;:lge repair to As needed Corrective 4-10

1-9 Repair to damaged curb/sidewalk As needed Corrective 4-11

1-10 Drain extensions As needed Preventive(CB.) 4-12
(Superstructure)

2-1 Clean girders 2 years Preventive(Cycl.) 4-1

2-2 Touch-up/re- painting on steel As needed Preventive(CB. 4.4
members

2-3 g;gt(lgg on/injection/caulking into] As needed Preventive(CB. 4-6/4-7/4-8

2-4 Patching on concrete members As needed Corrective 4-5
(Substructure)

3-1 Clean abutments/caps/bearings 2 years Preventive(Cycl.) 4-1

3-2 Repairs to slope protection As needed Preventive(CB.) 4-15

33 gﬁg:gtitgnsscour protections arourld As needed Preventive(CB. 4-16
(Site)

e o | QU | Prewecy) 13

4-2 Vljaetrgrt\),\\;:)llof debris/driftwoods from As needed Preventive(CB. 4-14

Bridge Routine Maintenance Guidelines 3-3




3-6 TYPES OF DEFECTS AND CAUSES

Routine maintenance is carried out by a contractor on the perforiasiseor with the
instruction of RDA. Defects and its causes should be given speeiatiatt by the contractor and
RDA's engineers.

Defects and its corresponding measures are listed as follows:

3-6-1  Steel Bridge Superstructure

Location Defects Photography Causes/Measure

Pinpoint rusting can occur
pinholes in the paint, which are
tiny, deep holes in the paint
exposing the steel. It can also be
caused by thin paint coverage

Steel Pain

Superstructure Peeloff

 |Measure: Touch-up/Re- Painting

3-6-2  Concrete Bridge Deck Slab, Superstructure and Substructure
(1) Deck Slab

Location Defects Photography Causes/Measure

Initially, scaling has occurred

Concrete Spalling/ and then splihg was
Deck Slab Disintegratior caused by corrosion of rebars
Scaling due to ponding water.

Measure: Patching

(2) Concrete Superstructure

Location Defects Causes/Measure
As spallina is located at or n
Concrete Spalling. ~ [|a maximum moment of girder,

Superstructure |  Disintegration overstress may have occurred

because girder is crushed

Measure: Patching
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(3) Concrete Substructure

Locatior Defects Photography Causes/Measure
Bl AR T L
Rebars are exposed by spal
Abutment/ Spalling. caused by impact due to drift
Pier Disintegration woods.

Measure: Patchir

3-6-3 Bridge Accessories

(1) Bearing
Location Defects Photography Causes/Measure
_._4us |Surface rusting can occul
1. Paint pinholes in the paint, which are
Deterioration and  |tiny, deep holes in the paint,
Corrosion . |exposing the steel. It can also {
: |caused by thin paint coverage.
Measure: Re-painting
Bearing

e

2. Debris Piling u

around Bearing

Debris and sand is piled up

on expansion joil

Measure: Cleaning

around bearing due to opening

(2) Expansion Joint

Location Defects Causes/Measure
1. Deterioratior ®|The sealant joint is usually
Sealant . |unprotected, when the edge of

Expansion Join

Measure: Cleaning and Resea

|the deck is damaged the sealant

deteriorates and peels-off.
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3-6-4 Protection Works

Location Defects Photography Causes/Measure

i| Drift woods, shrubs and weeds
s |are piled up around pier due to
short span, river course and
“|shape of pier. This affects the
flow of water along the channel

1. Accumulation ..
of Debris

Measure: Removal of Driftwoods

2. Material Loss §

Waterway/ /Scouring
Embankments/
Slope Protection

Stone materials are missing from
stone masonry wall and gabion
mattress due to strong river flow7.

Measure: Stone Masonry

3. Damage on

: Gabion damage is generally due
Gabion Wire

! |to destroyed wire mesh.

MeasuréPartial
Replacement of Gabion
Wire Mesh

3-7 ROUTINE MAINTENANCE ACTIVITIES

3-7-1 Responsible Office and Personnel

RDA is responsible for bridge routine maintenance through contracting outpetant
contractors. The contractor organizes a maintenance team noromajppsed of 2 engineers and 6~8
skilled or semi-skilled workers. It is important that they aaétd to perform such bridge
maintenance activities in order to maintain the required levehffictsafety and to prolong the
service life of the bridges. Routine maintenance is combined withebinspection and
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maintenance/repair works including Performance-Based items and Dayité/nsk Major
maintenance/repair activities are as follows:

For steel superstructure:
- Pressure washing on the beams/girders;

- Touch-up/re- paint to minor defects in the paint system such dstesand small areas
of corrosion;

For concrete superstructure/substructure:
- Pressure washing on the beams/girders;
- Patching of spalled/scaled areas on the concrete;
For protection works:
- Removal of mud, sand and debris on the pier and abutment and cleaning of, bearing
- Removal of debris and driftwoods materials from water channel.

3-7-2 Equipment and Repair Materials

Maintenance activity cannot be performed without appropriateeeurit/toolsHenceit is
necessary that equipment/tools, as shown in Figure 3-2, are preparagl@&néntation of bridge
routine maintenance works.

High Pressure Water Blaster Electric Grinder

Handy Electric Chisel Portable Generator

Figure 3-2 Standard Equipment for Routine Maintenance

The following materials necessary for routine maintenance worksdshedkept readily
available through competent suppliers:

- Polymer cement mortar

- Anti-corrosion paint (Tolerant epoxy primer)
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3-7-3 Repair Activities
For the repair activities during routine maintenance contract, theactor and their staff
should identify defects and consequent repair works which are cldssifiler preventive
maintenance to maintain the required level of traffic safety andtong the service life of a bridge.
In this manner, such maintenance/repairs could be implemented atlyhstage of defects. The
following are the concept of repair activities under routine maintana

(1) Steel Structure

Steel girders and trusses should be washed using high pressure wateveny two years
during the dry season. This is important to prevent rusting on the steglesagf steel parts where
contamination accumulates corrode easily.

If rust or peeled-off paint occurs on steel surface, touch-up/reingainith anti-corrosion
paint should be immediately applied during the dry season. It is imptrédribe touch-up/re-
painting is carried out while the steel surface is still in good tiondand have not yet exhibited
corrosion.

Severe corrosion with section loss is often observed at steal girdg, around the bearings.
This corrosion is due to water seeping through defective deck expansion gligscdhdition is
observed, anti-corrosion paint should be partially applied at terginds to prevent rust from
progressing.

(2) Concrete Structure

Concrete girders should be washed using high pressure water oncevevegeats during the
dry season. Accumulated contamination on surface may have a harmful effentoete members
and their inside reinforcement.

Regarding concrete structures, responsibilities of routine nmainte are limited only to
minor defects such as spalling and scaling, and not severe cracks. Suchadetd easily repaired
with simple tools and materials shown in Chapter 4.

Patching is applied to small defects due to spalling and scalingepai works is simple
and less costly; however, if accessibility to the defects isdiffidepending on the configuration of
the structure and its surrounding landscape. Then, the requireddiogfisiiould be assembled prior
to the commencement of repair works. In case the defects are located wadeeor at high
elevations, a bridge inspection vehicle can be used.

(3) Bridge Accessories

If the expansion joint on the bridge deck is defective, debris, sand éadpaas through the
gaps and eventually deposited to piers and abutments. Hence, repplacement of expansion joint
should be carried out. Prior to this, stocked contaminants should be wasHieinothe gaps using
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high pressure water jet. Subsequent cleaning should be performedy&are @eferably during the
dry season.

(4) Protection Works

The shortness of the span, nature of river course, shape and latgtiers, may cause
drifting woods, shrubs and weeds to pile up at the upstream sidepiéthRemoval of debris and
manual cleaning is recommended.

3-7-4 Safety Management

The occurrence of accidents during operations may cause sisspendelay of work and may
lead to casualty of workers. Safety measures should be considerés durisig routine maintenance
work not only for the workers but also for the third party such as the mofuubig and nearby
residents.

1) Safety Gear
Proper use of safety gear depends on individual risks of the work site.
2) Equipment and Materials

- Check machines and tools before using;

Handle electric powered machines and hazardous materials with carestadi¢ished
operations procedure

- Operate vehicle-type construction machines and mobile cranes omlgafteming
safety of the surrounding areas

- Only licensed equipment/machine operator is allowed to operate;
- Stockpile materials properly at site to prevent hazard to the motpublic.
3) Temporary Facilities

Install proper temporary facilities (e.g. scaffolding) and refutaveck firmness of the
facility.

4) Traffic Safety

Install proper traffic and site safety device. (e.g. Men at Wayk Siraffic control,

Site base facilitiesRefer also to the Standard Specifications for Road and Bridge Works,
Sep. 1998 SATCC, Series 1000: General, Section 1500: Accommodation of Traffic, 1503
Temporary Traffic-Control Facilities.

3-7-5 Routine Maintenance Cost

If the regional office/RDA manages and properly implements theneutaintenance
activities, the service life of the bridge can be prolonged witbpending high costs for repair and
reconstruction. Routine maintenance is mainly a preventive meassineuld be undertaken at an
early stage which requires only minor repair tools and materials.
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CHAPTER 4 ROUTINE MAINTENANCE AND REPAIR METHOD
4-1  CLEANING/DESILTING

4-1-1 Description of Method

To prevent deterioration of the bridge structure, cleaning wsirkald be performed
including removal of all accumulated foreign materials from the entidgdsuch as its deck,
sidewalk, curbs, top of pier, trusses and its web members, lowge#iaf beams or girders, cleaning
of expansion joints, bearing, wind bracing and drains. Areas which lkeaweckeaned shall be
ensured free from accumulated sand, gravel, dirt, and other foreign fsateria

4-1-2  Application Criteria

The bridge shall be maintained clean and in good condition to prolong itseskfievi as well
as to provide safety and comfort to road users. Criteria for cleanptigdyo the bridge including its
superstructure, deck and substructure are recommended as follows:

(1) Surface of Superstructure

All surface areas of superstructures should be cleaned, including #nswnface of
the slab, girders, and so on. High-pressure water shall be suffierhove dirt, dust, rust,
scale, sand, and moss on the surface of the superstructure. The clearatigropleall be
discontinued if the foreign materials have not been easily removedleaifing operations
are causing damages to existing bridge structures such as paint.doatiigsituation, the
high-pressure water shall be adjusted without damaging the paiimgc@aidge Inspection
Vehicle (BIV) shall be utilizedbove crossing rivers or at a height difficult to access.

(2) Deck Slab Desilting

The deck slab should be cleaned every year, including expansion joints,itain p
deck drain system, sidewalk, and other locations specified by thetvtgaager’s
Representative. These shall be washed using high-pressure wstieghda manual
shovelling/sweeping. The removable materials shall be calleatd disposed of at an
appropriate waste area in accordance with governing local regulations
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(3) Bridge Substructure

Substructures should be cleaned, including the bearings, the cap afrthadgi
abutment, and other locations specified by the Project Manager'edRefative. These
shall be executed using high-pressure water blasting or manual shdseMiaging. Bridge
Inspection Vehicle (BIV) shall be utilized above crossingrewva at a height difficult to
access.

4-1-3 Procedures
(1) Surface of Superstructure

All foreign materials such as dirt, dust, scale, sand, and moss on steel and the
concrete surface shall be completely removed manually. Steel anzhtirete surface shall
be cleaned by washing out chemical
deposits known to accelerate corrosion and

other deteriorations. Washing with § @

high-pressure water bluster to completely
remove all harmful substances is carried out

from top to bottom and from end to the B e T -

centre of the steel girder as shown in Figure | ——==---- 3\- --------
Last washing point
4-1. then dry up

Figure 4-1 Sequence of Cleaning Girders

Photo 4-3 Cleaning of Steel Girder
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(2) Deck Slab Desilting

s

All foreign materials such as dirt, =
dust, sand, rainwater and moss on concretg
surfaces and at the gaps between girders s
also be completely removed manually and
then washed using a high-pressure water
bluster. The following areas on the deck
should also be carefully cleaned:

Expansion joints

, Drainage

Photo 4-7 Cleaning of the Deck Slab and Photo 4-8 Cleaning expansion joint with
Its Drainage Inlet high pressured water

(3) Cleaning of Bridge Substructure
All foreign materials such as dirt, dust, sand, ponding water, and moss aresurfa
of the bearings, the cap of the pier and abutment, and other locdi#insescompletely
removed manually and then washed using a high-pressure water ihugteand sand
deposits at the sides of the abutment shall be excavated to mameaiginal distance from

the river bank.
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Photo 4-8 Mud, Debris & Sand on Bearing

Photo 4-9 Accumulated dirt around abutment Photo 4-10 Nest and dropping of birds is

QD

may hamper the drainage problem for bridge maintenance

Photo 4-1¢Cleaning of Bearings
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4-1-4 Required Materials and Tools/Equipment

Cleaning equipment shall consist of hand tools, high-pressure water&lasater tanks, and
water pumps with associated delivery hardware necessary terlyréipsh, clean, and remove all
foreign materials from the bridge structure. Other types of cleagogment may also be used
subject to the approval of the Engineer. Clean water is recommended.

Other equipment such as a bridge inspection vehicle installed inederdge, access trucks
or movable scaffolding devices may be necessary to access thdreadeaned above the crossing
river or at a height.

4-2 BITUMINOUS PAVEMENT PATCHING
4-2-1 Description of Method

Degradation of road surface conditions will not only affect ride corbiaralso have a bad
influence on the bridge superstructure. Therefore, it is itapbto identify such abnormalities
immediately through sufficient inspection, to examine the real caude éakk proper actions timely.
These abnormalities include cracks, loose concrete, pothole, dtr. tAs repair method, patching is
typically applied in routine maintenance.

4-2-2  Application Criteria
Some defects identified on the pavement surface of the bridgeusexiazot by the

deterioration of the pavement itself but by deck damage. In thistbasgjperficial repair to the
pavement may result in recurring defects in short intervals. Tdrerefhen defects are found on the
pavement surface, we should investigate deck conditions simultanaodsigentify the potential
cause to select an effective repair method. For such deck surfacesdetiich will remove the dense,
impermeable surface layers of cement paste and reduce the cabetodée steel, concrete patching
is generally applied prior to repair to the pavement.

4-2-3 Procedures

Remove standing water and temporary patching material from the defgea to be levelled.
The wet part should be heated to be dried with a burner.

Shape defects so that; (a) depth provides for sufficient $treftd sides are vertical; () corners
are square or slightly rounded; (d) sides have no abrupt changes imdir(e) éhe hole is cut
back into sound pavement.

Clean and tack defects or areas to be levelled.

Place premix in layers and compact each layer. When the depth othiéege more than 7cm,
compact the mixture into two layers. The mixture should be placed dthiynwhe limits of the
hole and area to be levelled.

The surface layer should be flushed with the surrounding surface. Bédauemat to settle
down, finish it higher (approx. 1cm), provided that it will not affect icaff
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Check cross-section, profile and drainage. Rework if needed.

Refer also to the Standard Specifications for Road and Bridge Worksl S8 SATCC,
Series 4000: Asphalt Pavement and Seals, Section 4900: Treatment of Bafiects, Patching,
Repairing Edge-Breaks and Crack Sealing, 4905 Patching.

4-2-4 Required Materials and Tools/Equipment
(1) Required Materials

., Hot mix
» Emulsified Asphalt

(2) Required Tools/Equipment

. Service Vehicle or Dump Truck
» Vibratory Plate Compactor

» Road Roller (for levelling)

, Hand Tools

. Safety devices

4-3 CONCRETE DECK PATCHING

4-3-1 Description of Method
TYPEA

Patch repair is performed to restore small areas
where sound concrete is damaged by spalling, scaling

and impact. This method of repair is generally applied
using a trowel and requires no or minimum formworks.

R
EPOXY BONDING FEPAT. WIOET AF.

The patch thickness is limited to a maximum of 100 mm
depth of hollow surface. TYPEB

Type A Patching is for defects without exposed

JALES =II1 IT.E FE.INEE.
rebars while Type B Patching is applied to surfaces with B, "

exposed rebars.

i
EPOXY BONDING FEPAT. WIOET AF.

Figure 4-2 Types of Patching
4-3-2  Application Criteria
Patch repair is classified into two types as shown in Figure 4-2, cdngidefective area
and surface. Type-A is applicable to surfaces without exposeisyélaaing defective widths of up to
300 mm and depths of up to 50 mm. Type B is for surfaces with exposed rebargfedtive widths
between 300 mm and 600 mm, and up to 100 mm depth. Polymer cement mortar is generalty used f
concrete deck patching.
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4-3-3 Procedures
(1) Removal of Defective Concrete

Remove all defective, unsound and contaminated concrete and preparesghoedg
the patch area. The perimeter of the area should be saw cut as shiagumériFs, and the
edges cut as neatly as possible keeping the sides square. Iblwoaian in reinforcement
with section loss is found in the Type-B case, which would require addibarslremove
the damaged area of concrete including the length needed to bond the newersierlbias

shown in Figure 4-3.

W
e Section
Loss
1~ Removed I 05| L] 1
Line SN AN
W Al
I L1
] Y
S 30D 30D
0\ o ' Damaged
....... P SR H should be at least 20mm - Length
Removed D means diameter of the Rebar
W and H should be Line
t | t 20 - mi
o feastSomm Figure 4-3 Limits of Removal of Damaged Concrete

(2) Cleaning of Surfaces of Concrete and Rebar
Remove loose particles and dust using high-pressure water or a vdeaner.c
Concrete surfaces to be bonded have to be free from dirt, oil, greasephati. &orrosion
has to be removed before placing the new concrete.
Cutting of spalled area using a grinder.

If the reinforcement is covered with loose corrosion elements and has aal/pltp
all the rust should be removed by power tools or wire brushing. Proteatiba t
reinforcement can be provided by the use of zinc-rich epoxy primer

(3) Priming Concrete

The bonding surface should be thoroug
saturated to provide a saturated surface dry
condition prior to placing mortar. Epoxy bonding
agents can be applied in order to bond firmly, as
needed.
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(4) Patching Mortar
The mortar should be placed in layers of about 20 mm thick. If thendgek
exceeds 20 mm, it should be applied in two layers. Compact each layer thpmeegtthe
entire surface using a wooden trowel or hammer. Generally, there shouldite delays

between the placing and compacting of layers.

The patching to the surrounding concrete is performed using a foreniahand
then hammered using a mallet, wood floating or steel trowel.

Prior to patching, apply primer. Apply Poymer Cement Mortar within Blutes
after Primer application. Mix Poymer Cement Mortar powder and emulsion.

The details are as follows;
Hand-mix the emulsion and water for two (2) minutes.

Put the mixed emulsion and water into the Pail and then add Poymer Cement

Mortar. The mixture should be hand-mixed for two (2) minutes aswell.

(5) Curing
All types of cement repairs need thorough and continaorieg to develop strength

and impermeability, and to minimize drying shrinkage while bond streng#visoping.
For initial curing, the surface should be covered with plastic agdirest sun and wind and

a waterproof coating can be applied for further protection.

Let the polymer cement mortar cure for 5 hours.

Bridge Routine Maintenance Guidelines 4-8



(6)

Monitoring

Visual
Inspection

Hammer tap
Inspection

Application part
I nspection

Inspection
Result Record

Visually check if
there is any change
in the repair part.

Hit the concrete
surface with a hammer
and judge whether it is

.....

Write the check items
on the board and
take a picture.

Visually check if
any cracks have
occurred.

good or bad.

Hammer tap inspection :

When struck with a hammer, the concrete in good condition will produogiagi
sound while the concrete that has voids, cavities etc will prodileea hollow sound. A
good tapping waveform has a short decay time and a high-frequency distribution.

If cracks appear, it is due to the drying of the water that was mixadP@itmer Cement
Mortar powder. And, if there is no delamination on the patched concrete jsher urgent
need for repair; however, if damage, such as widening of crack width, megjiaghe
future, repair will be required. To repair the cracked part, appbxy Coating and/or
Epoxy Injection to fill the grooves on the patching surface befdhimgy with Poymer

Cement Mortar.
4-3-4

(1)

Required Materials and Tools/Equipment

Required Materials

Polymer Cement Mortar Powder
Water

Emalusion

Epoxy Bonding Agent to Concrete
Zinc Rich Epoxy Primer

The polymer cement mortar shall conform to the following specifioaind shall
meet the requirement of the SABS test method 862-2: 1994 or ASTM C1437-01. The
material of polymer cement mortal powder should be permitted bgrigmeer/RDA.

With the Engineer’s approval, other materials are applicable. Regeimts for such
patching materials are similar strength, elasticity and therpalnsion coefficient to
existing concrete. The manufacturer’s instructions shall belgtaidhered to.

Table

4-1 Specification of Polymer Cement Mortar for Patching

Property

Test Method Unit Description

Compressive Strength

ASTM C39
equivalent

More than the existing concrete design

Mpa  |strength
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(2) Required Tools/Equipment
- Chisel
- Portable Generator
- Wire Brush
- Small Hammer
- Mortar Mix Bucket
- Safety Goggles
- Trowel
- Scaffolding or Inspection Vehicle

(3) Application of Primer

The table below shows the mixing ratios of the Poymer Cement Mortae\dow
due to its fast setting property, it is advised to only prepafahslg of Poymer Cement
Mortar at a time to avoid wasting the material.

Poymer Cement Mortar TOTAL YIELD COVERAGE
WATER .
POWDER EMULSION WEIGHT |VOLUME | (@10mm Thickness)
15Kg/Bag 1.65Kg 2.25> 2.5Kg|18.9> 19.15Kg| 12Liter 1.2m?

4-4 TOUCH-UP/REPAINTING

4-4-1 Description of Method

Work under this item shall consist of field touch-up painting on stdetalized areas. This
work also includes containment, surface preparation, and collection ancestbedigpaint debris.

Touch-up painting is done to prevent corrosion. This work only covers painting lireseze
where hand and power tool preparation is the only feasible method. Large d&e@ssandblast cleaning
can be justified, should be painted in individual painter’'s work

4-4-2  Application Criteria

The most important function that can influence paint performance eutdity of surface
preparation. For optimum service life, the surface has to beletatypfree of all contaminants that
might impair performance and should be treated as such to assurendquetrmanent adhesion of the
paint system. The quality of surface preparation has a diratibrelvith the lifetime of a system.
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Even when using surface-tolerant paints it cannot be emphasized enoumgitthaturface
preparation always results in longer lifetimes.

(1) Hand tool cleaning
Loosely adhering mill scale, rust and old paint coatings may be removedt#em

by hand wire brushing, scraping and chipping. However, these methods arel@tepen
always leave a layer of tightly adhering rust on the steel surfac

(2) Hand tool cleaning

Examples of mechanical tools are rotary wire brushes, sandingadidceedle
guns. Power tool cleaning is in general more effective and less labtirésuband tool
cleaning for the removal of loosely adhering mill scale, paint andHostever, power tool
cleaning will not remove tightly adhering rust and mill scale. Care shoubikbée,
particularly with power wire brushes, not to polish the metdasaras this will reduce the
key for the subsequent paint coating.

The table below gives the surface preparation standards used-85(8¢cl.

Table 4-2 Surface Preparation Standards 1SO-8501-1

Preparation International .
Description
Standards ISO-8501-1
Similar to St2 but the surface has to appear very thoroughly
Power tool cleaning St3 treated to give a metallic sheen arising from the steel
surface.
When viewed without magnification, the surface has to|be
Hand tool cleaning Sto free fr_om V|_S|ble oil, grease ar_1d dirt a_nd from poo_rly
adhering mill scale, rust, varnish coating and foreign
matter.

4-4-3 Procedures
(1) Scaffolding

Prior to touch-up painting work, scaffolding should be installed atidieec$ the
structure. Independent scaffolding is also appropriate for repaiswbhis consists of two
standard types, connected longitudinally and transversely. These staraffoidisgs
shown in Figure 4-5 are normally used in repair works.

Birdcage scaffolding is a stationary type built around an abutmermgiandr, near
a defective area. Movable scaffolding meanwhile allows movememty direction, hence,
is commonly used for repainting/touch-up painting for truss-type ésidgspection
vehicles with scaffolding devices can also be utilized at locatitresenaccessibility is
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difficult, such as for bridges with high elevations at deep river cgss
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Figure4-4 Touch-up Painting Utilizing Bridge Inspection Vehicle
Scaffolding can be installed at sites with topographic uneveairieSteel pipe
scaffolding is popular. Its assembling sequences should comply withfacturer’'s

manual.

Birdcage Scaffolding Movable Scaffolding

Figure 4-5 Independent Scaffolding for Repair Work
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(2) Surface Preparation

The steel surfaces for touch-up painting should be preparedardance with the
recommendations from the manufacturer of the required paint sydterd or power tool
cleaning is the minimum requirement described in the 4-4-2 Applicatiteri@.

Sharp ridges and deep narrow grooves or pits shall be removed fromahe st
surface using a power grinder. Alternatively, for surfaces wighfiiet welds, fill the
surface to a smooth even finish using epoxy resin fillers. However, whetertteof
roughness is less than 0.5mm, an adequate and durable paint system cagvbd adthiout
multiple coats of surface levelling paint. Each coat shall notdre than the maximum film
thickness recommended by the manufacturer.

(3) Touch-up/Re- Painting

Paint shall be applied using a brush or roller. The paint shafiied to produce a
uniform smooth coat without runs, streaks, sags, wrinkles, or other defeaseSoterant
epoxy coating shall be used for the primer material and polyuretbatiagshall be used
for the topcoat material. The material of the painting shoulcebmitied by the Engineer.
The paint components shall be mixed properly and applied in accordahdbey
manufacturer’s instructions. The paint shall be applied imatelgi after surface preparation,
preferably within 4 hours on the same day. Top coating shall bedstdite a certain
interval specified in the manufacturer's manuals.

The painting procedure shall comply with general conditions 5903 - 5097 of
SATCC standard or equivalent.

4-4-4 Required Materials and Tools/Equipment
(1) Required Materials

» Surface Tolerant Epoxy Coating (Standard Dry-film Thickness JDEIO# m)
. Polyurethane Coating (Standard Dry-film Thickness (DFT) 5§
» Thinner

(2) Required Tools/Equipment

, Power Disk Grinder (Portable type)/Wire brush/Sand Paper
, High-Pressure Water Blaster (8.0Mpa, 10.0 litre/min.)

. Portable Generator (3.0 kVA)

» Paint Roller (Handy type) and Brush

. Scaffolding or Inspection Vehicle
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4-5 CONCRETE PATCHING
4-5-1 Description of Method

Patch repair is performed to restore small areas
where sound concrete is damaged by spalling, scaling
and impact. This method of repair is generally applied
using a trowel and requires no or minimum formworks.
The patch thickness is limited to a maximum of 100 mm
depth of hollow surface.

Type A Patching is for defects without exposed
rebars while Type B Patching is applied to surfaces with
exposed rebars.

For patch repairs, portland cement mortar,
non-shrinkage cement mortar, fibre-reinforced mortar,
etc. may be used, depending on the type of patching,
location and extent of the damage.

4-5-2  Application Criteria

EPOXY BONDING

FFPATE. IICETAE.

Figure 4-6 Types of Patching

Patch repair is classified into two types as shown in Figure 4-6, cdngidefective area

and surface. Type-A is applicable to surfaces without exposeisyélaaing defective widths of up to

300 mm and depths of up to 50 mm. Type-B is for surfaces with exposed rebar&fedtive
widths between 300 mm and 600 mm, and up to 100 mm depth.

4-5-3 Procedures

(1) Removal of Defective Concrete

Remove all defective, unsound and contaminated concrete and preparesgitoedg

the patch area. The perimeter of the area should be saw cut as shagumér10, and the
edges cut as neatly as possible keeping the sides square. Iblwoaian in reinforcement

with section loss is found in the Type-B case, which would require addibar&lremove
the damaged area of concrete including the length needed to bond the neweraierhbras

shown in Figure 4-7.

Bridge Routine Maintenance Guidelines 4-14



W and H should be

W .
___________ N\ t w Section

............... L 7 | /— Loss

:.:.:.:.
(-0 =/ Damaged L
RPN DRIy

P Rerr_\oved
Line

N Damaged
e e A H should be at least 20mm -
- AT SO AR ) Length
......... A S D means diameter of the Rebar

Removed
Line

at least 20mm

(2)

3)

Figure 4-7 Limits of Removal of Damaged Concrete

Cleaning of Surfaces of Concrete and Rebar

Remove loose particles and dust using

high-pressure water or a vacuum cleaner. Concre
surfaces to be bonded have to be free from dirt, o
grease, and asphalt. Corrosion has to be removeg
before placing the new concrete. If the
reinforcement is covered with loose corrosion
elements and has developed pits, all the rust sho
be removed by power tools or wire brushing. |
Protection to the reinforcement can be provided by the use of zmepbxy primer.

Paching Mortar

The mortar should be placed in layers of
about 20 mm thick. If the thickness exceeds 20
it should be applied in two layers. Compact each §
layer thoroughly over the entire surface using a
wooden trowel or hammer. Generally, there shou '
be no time delays between the placing and
compacting of layers.

The patching to the surrounding concrete
performed using a form material and then hammered using a mallet, wootfloasteel
trowel.

Prior to patching, apply primer. Apply Poymer Cement Mortar within Blutas
after Primer application. Mix Poymer Cement Mortar powder and emulsion.

The details are as follows;

- Hand-mix the emulsion and water for two (2) minutes.

- Put the mixed emulsion and water into the Pail and then add Poymer Cement
Mortar. The mixture should be hand-mixed for two (2) minutes aswell.
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(4) Curing

All types of cement repairs need thoroug
and continuousuring to develop strength and
impermeability, and to minimize drying shrinkage
while bond strength is developing. For initial
curing, the surface should be covered with plastid
against direct sun and wind and a waterproof
coating can be applied for further protection.

Let the polymer cement mortar cure for 5 hours.

(5) Monitoring

Visual » Hammer tap » Application part » Inspection
Inspection Inspection I nspection Result Record

Visually check if Hit the concrete Visually check if Write the check items

there is any change surface with a hammer any cracks have on the board and
in the repair part. and judge whether it is occurred. take a picture.
good or bad.

Hammer tap inspection :

When struck with a hammer, the concrete in good condition will produogiagi
sound while the concrete that has voids, cavities etc will prodileea hollow sound. A
good tapping waveform has a short decay time and a high-frequency distribution.

If cracks appear, it is due to the drying of the water that was mixadPeitmer
Cement Mortar powder. And, if there is no delamination on the patchecetartere is no
urgent need for repair; however, if damage, such as widening of crack widtfegzegyin
the future, repair will be required. To repair the cracked payplyd&poxy Coating and/or
Epoxy Injection to fill the grooves on the patching surface befdhimg with Poymer
Cement Mortar.
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4-5-4 Required Materials and Tools/Equipment

(1) Required Materials

patching materials are similar strength, elasticity and thermpansion coefficient to

Polymer Cement Mortar Powder

Water
Emalusion

Epoxy Bonding Agent to Concrete

Zinc Rich Epoxy Primer

existing concrete.

The polymer cement mortar shall conform to the following specifioaind shall
meet the requirement of the SABS test method 862-2: 1994 or ASTM C1437-01. The
material of polymer cement mortal powder should be permitted bgrigmeer/RDA.

With the Engineer’s approval, other materials are applicable. Regiitts for such

The manufacturer’s instructions shall be strictly adhered to.

Table 4-3 Specification of Polymer Cement Mortar for Patching

Property Test Method Unit Description
Compressive Strenatih ASTM C39 Moa. More than the existing concrete design
P g equivalent P strength

(2) Required Tools/Equipment

Chisel

Portable Generator
Wire Brush

Small Hammer
Mortar Mix Bucket
Safety Goggles
Trowel

Scaffolding or Inspection Vehicle
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(3) Application of Primer
The table below shows the mixing ratios of the Poymer CementaMdtowever,
due to its fast setting property, it is advised to only prefalf a bag of Poymer Cement
Mortar at a time to avoid wasting the material.

Poymer Cement Mortar TOTAL YIELD COVERAGE
WATER .
POWDER EMULSION WEIGHT |VOLUME | (@10mm Thickness)
15Kg/Bag 1.65Kg 2.25> 2.5Kg|18.9> 19.15Kg| 12Liter 1.2m?

4-6 COATING

4-6-1 Description of Method

This work item is applicable to the repair of vertical or overheacks, with widths of less
than 0.3mm.

The selection of a coating system should be according to the exposut@osratid the
requirements in terms of aesthetics and durability, etc, which isadgrdivided into two types:
cement-based coating and organic coating; elasticity and adhesivenegsaatant properties.

It should be noted that coating is not a repair method, but a protectik@venpve
application to prolong the bridge service life. The coating, appiéng a roller brush, should be
capable of penetrating overhead, downward and vertically. This méasure of the most
appropriate routine maintenance activities.

4-6-2 Application Criteria

Cracks with widths of less than 0.3mm, are acceptable if the causessractoval, and has
no adverse effect on the structure. However, it is difficult during ronteiatenance to evaluate
whether the crack is stable or developing due to such factors asa&tob, chlorination, corrosion,
overloading of structure, insufficient reinforcement or inadequaterete cover.

As a protective or preventive measure, the coating should bedypplisurfaces of concrete
structures, with cracks of less than 0.3mm width, regardless if cranktion is structural or
non-structural. Subsequently, the cracks should be regularly monitoredtiui@ repair, if necessary.
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4-6-3 Procedures
(1) Preparation of Concrete Surface

The concrete surface shall be cleared from dust, loose dirt and arignf
materials using a steel brush and vacuum/blower.

(2) Application of Epoxy Sealant

Using a 5 cm (2 inches) wide roller brush, apply the sealant to conaeks.clf the
cracks are straight, a wider roller may be used. The Epoxy Seadsttstrise from the
cracked surface right after application but eventually moves insiderack. The speed of
penetration varies depending on the crack situation.

Repeat this application about 10 times within 30 minutes. The pof lifie gealant is 30

minutes (if the temperature is at 30 °C).

' .

Apply by
roller brush :

(3) Curing

Let the Epoxy Sealant cure overnight (about 12 hours).

- i - i
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(4) Monitoring

The Crack shall be covered by Epoxy sealant completely or not.

Visual » Hammer tap »Application part » Inspection
Inspection

Result Record

Inspection

I nspection

y

Visually check if Hit the concrete surface Visually check the Write the check items

there is any change with a hammer and injection material on the board and
in the repair part. judge whether it is good completely covers take a picture.
or bad. the surface.

Hammer tap inspection :

If the sealant has not penetrated the crack in the concrete,dbmmended that you apply

it 7 to 10 times with a roller, and then fill the cracked groove with aigpaten it begins

to harden in about 60 minutes. It appears to have penetrated immediatefpaut ten
applications, but it requires several more applications tdélicrack groove.

4-6-4 Required Materials and Tools/Equipment

(1) Required Materials

. Epoxy Sealant
The epoxy material shall conform to the requirements of the specifications i
Table 4-4 andable 4-5.

Table 4-4 Specification of Epoxy Sealant for Coating (1/2)

Property Test Method Unit  Ypecification
Viscosity JIS K 6833/ASTMD2393 mPa-s* |500 below
Bond Strength to Concrete
JIS K5400/ASTM D7234 | N/mm? 15
Dry / Wet
Slant Shear Bond Strength  |JIS K6852/ASTM C882 N/mm? 15

The material shall be approved by the Engineer thro  ugh mill certificate of the supplier.;
* milliPascal-second

Table 4-5 Specification of Epoxy Sealant for Coating (2/2)

PROPERTY Test Method COEB?IEON UNIT TYPICAL VALUE
Compressive Strength JIS K 7208/ASTM D695M 23 O X 28 days N/mm?2 30
Flexural Strength JIS K 7203/ASTM D790M 23 O X 28 days N/mm?2 25
Tensile Strength JIS K 7113/ASTM D790M 23 O X 28 days N/mm?2 25

Legend : COF — Cohesive Failure of Epoxy
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(2) Required Tools/Equipment
,  Brush or Paint Roller
(3) Mixing
. The Hardener and Base Resin should be mixed two (2) minutes by brusituda sp
until a uniform mixture is obtained.
,  The mixed resin system should be followed specification of pot life as Table 4-6.
. If the ambient temperature is increasing, the pot life becometeshor

Table 4-6 Specification of pot life

Sifigle ColoF Base Resin Hardener
g (Light Yellow) (Blue)
Mixture Color Light Blue
By Volume 2 1
Mix Ratio By Weight 100 43
Pot |ife 30 minutes (Temperature 30°C)
20 minutes (Temperature 40°C)

4-7 EPOXY INJECTION
4-7-1 Description of Method

This method involves crack repairs to concrete structures, partictd deck slabs as shown
in Figure 4-8. The works include the preparation of the concrete surfaedjon of pipe fittings
bonded with adhesive, injection of epoxy, curing and

conducting performance tests. Epoxy injection for concrete
cracks requires a highly skilled process and its effectiveness
depends mostly on the proficiency of the certified applicator.
The said person should be qualified based on his previous
records, and approved by the Engineer.

Materials and injection tools developed by the supplig

or manufacturer shall be in conformity with ASTM standards K R
equivalent. AN

(After Injection)

Figure 4-8 Crack Injection Method
4-7-2  Application Criteria
Epoxy injection is used to restore the structural soundness of stuetibiting inactive

cracks. Cracks with more than 0.3 mm up to 3.0 mm widths can be bonded andwegéslibg
low-viscosity epoxy.
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4-7-3 Procedures

(1) Cleaning of Cracks

All loose debris such as dirt, concrete fine particles and contamiméntg¢ase,
etc.) should be removed from the cracks using high-pressure water,emial apd effective
solvent. Remove the residual water or solvent in the crack wittefiltghust and oil-free)
compressed air and allow adequate time for drying.

(2) Bonding of Injection entry ports
Apply a lot of putty to the inside of the entry port with a spatula. Attthie, be

careful not to put the putty in the hole in the centre of the entry port

Installation of injection entry ports is at intervals of besw@50mm — 300mm.
Press entry ports until the putty sticks out.

Stick out putty from the entry port, and place it around the entry port ysurg
finger.

Let the epoxy putty cure prior to injection work. It takes 4 hours totberseal and

entry port.

(3) Sealing of Cracks at the Surface

Using about 3 to 5 cm width strap,
epoxy sealant is applied to the area Crack—

around the injection entry ports fitting and - about3to 5 cm
vs. allowing it to hard i 15 Thickness
cracks, allowing it to harden. V! about 1mm

(4) Injection of Epoxy
Epoxy shall be injected using Cylinders as shown below. Duration ofjéotidm

operation shall be in accordance with the supplier’s instruction.

Prepare the Epoxy Resin and fill all cylinders that will be used mitGiminutes.
Use the next 15 minutes to place all the cylinders on the entry podstoaence the
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injection of epoxy. The total application time for epoxy injectioa &mperature of 30°C is

30 minutes.

Figure 4-9 Crack Injection Method

(5) Curing
Set all of the cylinders to the entry ports after filling therthwie Epoxy Resin,
and then fasten rubbers to the cylinders to apply low pressure. taitleis vertical,
commence the setting of cylinders at the lowest entry port fitiriget topmost port. For a
horizontal crack, the placing of cylinders onto the ports is done from ongf émelcrack to
another. Continue the injection until there is no more epoxy discharged frogiititers.

Let the Epoxy Resin cure overnight (about 12 hours), prior to the rematved of
cylinders and entry ports. Any damaged areas shall be made good to thetgatisf the
Engineer.

If it leaks 1 to 2 minutes after injection, remove the cylinder and injiha

(6) Monitor of leakage of Epoxy Resin
The cracks sealed by the epoxy resin shall be monitored to identitievitiere is
a leakage from sealing or not after 3month. The length, width, and depth ofdke cra
should be confirmed based on consumed volume of epoxy resin.
For instance, if the Epoxy injection volume is approximately 0.7 L, the zack
is 0.7 mm wide, 110 cm long, and 90 cm deep (0.007x0.9x1.1=0.006390.7L).

Bridge Routine Maintenance Guidelines 4-23



Visual » Hammer tap » Application part » Inspection
Inspection Inspection I nspection Result Record

. i 4 / s

Visually check if Hit the concrete surface Visually check the Write the check items

there is any change with a hammer and entry ports to make on the board and
in the repair part. judge whether it is good sure that the injectant take a picture.
or bad. is properly filled in the

cracked area.

4-7-4 Required Materials and Tools/Equipment
(1) Required Materials
. Epoxy Resin
The epoxy resin shall be compatible with the host concrete and shalihea
properties shown in Table 4-7.

Testing of said properties shall be in accordance with the relstearttards shown in *
milliPascal-second

Table 4-8, or equivalent ASTM Specifications.

Table 4-7 Specifications of Epoxy Resin for Injection to Deck Slab (1/2)

Property Test Method Unit [Specification
Viscosity JIS K 6833/ASTM D2393 [mPa-s* 01000
Pot life - minute 60

* milliPascal-second

Table 4-8 Specifications of Epoxy Resin for Injection to Deck Slab (2/2)

Property Test Method Unit Specification
Specific Gravity JIS K 7112/ASTM D792 - 1.15+ 0.10
Compressive Strength JIS K 7208/ASTM D695 N/mm? * 50
Modulus of Elasticity JIS K 7208/ASTM D695M N/mm? « 1000
Flexural Strength JIS K 7203/ASTM D790M N/mm? * 40
Tensile Shear Bond Strength JIS K 6850/ASTM D1002 N/mm? «10
Bond Strength to Concrete )
Dry / Wet JIS K5400/ASTM D7234 N/mm «15CF

The material shall be approved by the Engineer thro  ugh mill certificate of the supplier.
CF — Concrete Failure
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Sealant (Epoxy Putty)

The epoxy-based sealant material shall be compatible withjdutiam material
and shall have the properties listed in Table 4-9 below. Testingtefiaia shall be in
accordance with the listed standards or equivalent ASTM Speicifisat

Table 4-9 Specifications of Sealant (Putty) for Epoxy Injection twk[Zab

Property Test Method Unit Specification
Specific Gravity JIS K 7112/ASTM D792 - 1.50+0.30
Compressive Strength JIS K 7208/ASTM D695M N/mm? * 50
Flexural Strength JIS K 7203/ASTM D790M  |N/mm? * 15
Tensile Shear Bond Strength  JIS K 6850/ASTM D1002 N/mm? « 10
?S&?ﬁ;‘;”gth to Concrete JIS K 5400/ASTM D 7234 [N/mm?2|  +1.5CF

The material shall be approved by the Engineer thro  ugh mill certificate of the supplier.

CF — Concrete Failure

(2) Required Tools/Equipment
» Cylinders and ports
» Rubber bands
» Brush etc.

(3) Mixing

(3)-1 Epoxy Putty

The Hardener and Base Resin should be mixed two (2) minutes byohand
spatula until a uniform mixture is obtained. The mix of putty maltehiould be followed
specification of pot life as Table 4-10

Table 4-10 Specification of pot life

UNDERWATER EPOXY PUTTY — ‘-'?: St Yl
Single Color Base Resin Hardener == %

(White ) (Black) e i 4%
Mixture Color Grey vy 3@ &y & =
Mix By Volume 1 1 - I o
Ratio 5. weight 1 1 - LT .

. 10 minutes (Temperature 30 ¥ o
Pot life no (Temperatu ) r L i
5 minutes (Temperature 40 ¥) ¥ ; o)

NENE -
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(3)-2 Epoxy Resin

The Hardener and Base Resin should be mixed two (2) minutes byphspaltula
until a uniform mixture is obtained. The mix of putty matesalbuld be followed
specification of pot life as Table 4-11

Table 4-11 Specification of pot life

ey
Mixture Color Light Yellow

By Volume 2 1
Mix Ratio | g weight 100 54
Pot life 30 minutes {Temperature 30°C)

20 minutes (Temperature 40°C)

4-8 CAULKING
4-8-1 Description of Method

Active cracks are treated as moving joints and repaired o e,
with flexible sealants as shown in Figure 4-10. The sealant is }H/F = W
generally installed in a wide recess cut along the crack. The ¥ :

- o

dimensions of the recess (width and depth) depend on the tot{r_- ": Eur
crack movement and the cyclic movement capability of the

P SN

joint sealant used. For the selection of sealant material, crack T{ECTION FIPE

movement should be calculated taking into account the applied

loads, shrinkage and temperature variations.
Approx. 10mm [«—> Approx. 10mm [+—>

(V-Type) (U-Type)

Figure 4-10 Type of Caulking
4-8-2  Application Criteria

Crack widths should be more than 3.0 mm. The top surface edges shoulddeel cinipawn
to form V-type or U-type groove to be filled with sealant using a cauljimg

4-8-3 Procedures

(1) Cleaning of Cracks

Remove all loose debris such as dirt, concrete fi
particles and contaminants (oil, grease, etc.) from the
cracks using high-pressure water, or a special and effec
solvent. Remove the residual water or solvent in the cra
with filtered (dust and oil-free) compressed air and allo
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adequate time for drying.

(2) Preparation of Caulking
Using a concrete saw, hand tools or pneumaﬁ‘
tools, a V-groove or U-groove of approximately 10 =
mm in width and depth is prepared at the surface alc
the crack.
(3) Application
Apply the sealant into the groove using a
caulking gun to ensure a smooth continuous flow. T
sealant should be tooled to a smooth finish using a
spatula.
(4) Curing
After application, care until the sealant hardens. If surface coatiingevapplied,
the extra portion should be ground to form a smooth surface.
4-8-4 Required Materials and Tools/Equipment
(1) Required Materials
. Epoxy Grout
» Sealant (or Flexible Epoxy Resin, Polymer Cement Mortar)
(2) Required Tools/Equipment
,  Caulking Gun
. Power Disc Grinder/Cutter
., Portable Generator
, Brush
4-9 JOINT SEALING
4-9-1 Description of Method

The quality and maintenance of the expansion joints are vital to liaeibar of the bridges

and their durability. Accordingly, it should be ensured that expansiots jare waterproofed as well
as resistant to leakage. In the case of sealant asphalt, th seadsily damaged due to traffic load
and ageing.
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The need for repairs to this joint usually results from the sealaetiadlaoming loose and
falling out of the joint or the joint becoming tight from filling withdompressible materials which
enter through a broken seal at the top.

Before Repair After Repair

4-9-2  Application Criteria

A loose or open joint may sometimes be left open without any harmfateffédowever, this
depends on the location of the joint in relation to the substructuresamdossing underneath.

4-9-3 Procedures

To repair a defective joint it should first be cleaned of al| difuse, and existing sealant.
Caulk joint gaps with backup material and seal joints using argeal

All work of joint sealing shall adhere to the Standard Specifinatfor Road and Bridge
Works, Sep. 1998 SATCC, Series 6000: Structures, Section 660MmeédoFoncrete, Joints, Bearings,
Parapets and Drainage for Structures, 6603 Joints in Structures.

4-9-4 Required Materials and Tools/Equipment

Required Materials

. Backup Material
. Sealant

4-10 REPAIR TO RAILING/PARAPET
4-10-1 Description of Method

Railings include any barrier or parapet that runs parallel wéhraffic on either side of the
bridge.
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4-10-2 Application Criteria

Repair collision damage to the railing as soon as possible. Inytartiavoid leaving the end
of a bridge rail or a parapet wall exposed to the traffic flow. M\tr@mage is extensive, temporary
installation of signs, lights, barricades or other safety/warnivigele may be required.

(1) Concrete Railings/Parapet

Like concrete decks, concrete railings/parapets are susceptivacks and spalls
from ageing and deterioration as well as collision damage. Sealing eratkpplying
surface coating as is done to the deck is helpful in minimizing needatenmance. While
such a repair method as concrete patching is applicable to slitifiboalamage, major
collision damage to a section of railing may make complete replateaftihe entire run of
railing more cost-effective than repair.

(2) Metal Railing

Metal railings are susceptible to collision damage, loose ancheraait
connections, and corrosion damage. Repair typically consists of straighéay
collision-damaged components for which replacement is not deemed ngceglstaning
all loose anchor bolts and connections; painting any corrode ardazng-rich paint;
replacing any railing components for which corrosion has significardlycesl the
structural cross-section.

Refer also to the Standard Specifications for Road and Bridge Wogks] S8
SATCC, Series 6000: Structures, Section 6600: No-fines Concrete, Jommtsg8e
Parapets and Drainage for Structures, 6605 Parapets, Railings andi&dewa

4-10-3 Procedures
(1) Concrete Railings/Parapet
Verify all dimensions and elevations in the field prior to ordering ddimg forms.

Retain existing reinforcement to be utilized in new construca@ravide the maximum lap
possible. Thoroughly clean existing reinforcement of concrete sudlreuat before bonding into
new construction.

Apply epoxy resin adhesive to all hardened concrete surfaces jast peluring the concrete.
(2) Metal Railing

Remove the existing rail system.

Drill holes in concrete slab concrete anchors and bolts.

Bolt posts to concrete with bolts.

Bolt W-beam guardrails to pipe using bolts, nuts and washers.

Refer also to the Standard Specifications for Road and Bridge Worksl 38 SATCC,
Series 6000: Structures, Section 6600: No-fines Concrete, Joint:y@e&tarapets and Drainage for
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Structures, 6605 Parapets, Railings and Sidewalks.

4-10-4 Required Materials and Tools/Equipment
(1) Required Materials

(Concrete Railings/Parapet) (Metal Railing)

- Concrete - Replacement Rail Elements
- Reinforcing steel - Concrete

- Epoxy Resin Adhesive - Anchor Bolts

(2) Required Tools/Equipment

., Hammer and Chisel
Concrete Drill

4-11 REPAIR TO CURB/SIDEWALK
4-11-1 Description of Method

Problems with concrete curbs include spalling at expansion joiatkineg, and deterioration
from corrosion of reinforcing steel or anchor bolts.

Since sidewalks facilitate the safe movement of pedestriansadrélge, the surface needs to
be maintained so that people do not encounter any surface hazards.

4-11-2 Application Criteria
(1) Curb

Spalling is often associated with expansion joint movement, so rephaé process,
additional clearance for longitudinal movement should be providedrtéVamforcing steel
and anchor bolts are encountered in curb repair, if the corrosion had taibar or bolt
cross-section to be reduced, they should be replaced with new baftsan the concrete
repair process. The work area may also include the slab directlgneatie and adjacent to
the curbs when minor repairs have to be made to the slab to accomplesttithiip.

(2) Sidewalk

In concrete sidewalks, cracks should be sealed and spalls or potleulds be
filled. To repair such defects, concrete patching and crack reysaitsscribed in this
chapter are also applicable with considering the extent and yeyettie defects/damages.
In precast slab sidewalks, dislocated or broken slab is frequestyvata. When such
defects are observed, the defective slab needs to be replaced as m@mticable.
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4-11-3 Procedures

The actual procedure should be changed depending on the structural tygie @iraponent.
For concrete patching and crack repairs of the sidewalk, refer tel#ted items in this chapter.

Remove existing deteriorated sections of the curb or sidewalk to sound eoncret

Place replacement reinforcing bars of anchor bolts by tying thiermmeinforcing in sound
concrete.

Place forms for concrete. For precast curb stone, bed mortaliscedo the level deck in the
installation location.

Place and cure concrete.

Refer also to the Standard Specifications for Road and Bridge Worksl S8 SATCC,
Series 6000: Structures, Section 6600: No-fines Concrete, Joint:y@e&tarapets and Drainage for
Structures, 6605 Parapets, Railings and Sidewalks.

4-11-4 Required Materials and Tools/Equipment
(1) Required Materials

, Concrete
»  Reinforcing steel and Anchor bolt

(2) Required Tools/Equipment

., Air compressor with Hammer
Welding Equipment
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4-12 DRAIN EXTENSION
4-12-1 Description of Method

This operation is performed to carry water

discharge of drains away from supporting structu
members. Many bridges were built with short dec
drains at the gutter line that barely go through the
deck. Most of these drains are located close to th
girders. Exposure to moisture causes a fast rate gt
girder deterioration at these locations for both steg
and concrete bridges. If clearance to the roadwa
not critical, the drain pipe should be extended at
least 20cm from the bottom of the girder flange.

Photo 4-15 Deterioration at drain locations
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4-12-2 Application Criteria

Bridge maintenance inspectors should become aware of such situationsediat be
improved by installing drain extensions and recommend these improvemt#nteenappropriate
installation procedures.

4-12-3 Procedures

Installation procedure for extending the bridge drain depends on tip#ersteel or concrete,
and whether or not the existing drain protrudes below the concrete dedingyeblting and
bracketing with anchorage are possible installation procedures

Example of installation of Drain Pipe

Insert New Pipe

E Drain Cover L !
; / Wearing Coursé = | [~ %
Hook -~ f’_’k : -

Y

Existing A et Original Pipe
Drain P]I;L‘ -fl'. T— ‘o @ lti . R — : Suppon v Case -1

e Lk Chain Inserted Drain Pip B SR, R
Bottom of Girder } Bottom of Girder

New drain pipe is one size smaller than existing
rain pipe is installed

hf
Original Pipe L

uppor

The drain pipe should be extended at lgast | e
20cm from the bottom of the girder flange|. Bneed Drsin e

New drain pipe of one size lager than existing
rain pipe is installed

Figure 4-12 Example of installation of Drain Pipes

4-12-4 Required Materials and Tools/Equipment
(1) Required Materials

. Bolts, nuts and washers
, Bolt anchorages and angle brackets
., Paint

(2) Required Tools/Equipment
. Welding equipment
. Dirill
. Paint brushes
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4-13 VEGETATION CONTROL AND RUBBISH REMOVAL
4-13-1 Description of Method

This operation is performed to cut vegetatiors =

and remove rubbish from around substructures and ~
approaches. The purpose of this activity is not only t§
improve the ambient environment for bridge structur
but also to conduct inspection activities efficiently.

e k1 e

Photo 4-16 Tree Hanging Over the Girder

4-13-2 Application Criteria

Vegetation control and rubbish removal should be regularly at a fixecval, not only from
a structural preservation viewpoint but also from one of publicepéion. Vegetation and rubbish
which is growing or has been collected shall be removed and disposedpacified or as directed
by the Engineer. Care should be also paid so as not to cause habitabsiss, and sedimentation.

4-13-3 Procedures

The work includes, but is not limited to, cutting down and removing growingatue
removing debris collected around substructures manually and/or lyneag loading material in a
truck; and disposing of material at an approved dumping location.

Grass shall be cut 20 cm or less in height. Shrubs and trees shaltbgrund level and
where there is a need to uproot shrubs, done with the approval of thedEngimeapplication of
herbicide to Kill the tree's root system should be approved by the Enginee

Figure4-12 Removal of Grass and Shrubs near the Bridge
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4-13-4 Required Materials and Tools/Equipment
(1) Required Materials

None

(2) Required Tools/Equipment
. Electric Saw
., Bush Ax
» Dump Truck
, Back Hoe

4-14 REMOVAL OF DEBRIS AND DRIFTWOODS
4-14-1 Description of Method

The works involve the removal of debris

and driftwoods from the river channel and
overbank area and disposal to a designated area
This operation is performed to prevent scour a
erosion of fills under abutments and piers. EXCEeS
deposited material reduces the hydraulic

efficiency of the waterway and places an

excessive lateral load on the whole structure.

Photo 4-17 Accumulated Drift Wood and Plants around Pier

4-14-2 Application Criteria

It is essential to remove the debris and driftwoods lodged on abutmentg@andiuping the
early stage of routine maintenance, otherwise, it will become mdieuttifo dislodge, increasing the
risk of bridge or slope failure. Such material should be removiedlebperiods of high water
especially if the material is deposited in a manner that wilhghahe direction or velocity of the flow
increasing the possibility of scour. The removal and disposal of agetatidriftwoods shall be carried
out once a year, or especially after heavy rainfalls and runoffs wiceasaey.

4-14-3 Procedures

Driftwoods and debris shall be removed and properly disposed of tagaates! disposal
area. Large driftwoods are cut at the site and properly dispésed o

No burning of debris or driftwoods is permitted within the limitshef highway right of way.
These are stockpiled for drying at the disposal area.

If there is difficulty to access the driftwoods piled around pretke river channel, an access
device is necessary for its removal. An inspection vehicle irescaffolding can be utilized.
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Figure4-13 Removal of Drift Wood around Piers

4-14-4 Required Materials and Tools/Equipment

(1) Required Materials
None

(2) Required Tools/Equipment
, Electric Saw
, Inspection Vehicle (for scaffolding)
, Dump Truck
, Back Hoe

4-15 REPAIR TO SLOPE PROTECTION

4-15-1 Description of Method

The works involve a restoration of the
missing stones from masonry.

Photo 4-18 Missing Stone on Wet Masonry

4-15-2 Application Criteria

It is essential to replace the broken slope protection witle gtaring the early stage of
routine maintenance; otherwise, it will become more difficulefmir the damages, increasing the
risk of slope failure. The stone patching shall be carried out whesszayge
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4-15-3 Procedures

The damaged stone masonry in limited areas shall be immediatekecepeafore the
condition worsens. The damaged area is replaced by the installatiew stone masonry according
to alignment and dimensions as shown in the drawings.

All unsound, imperfect or loose stones and mortar joints, panelshaliche removed. The
substrata shall then be compacted as preparation for theTbassglope line shall be carefully
prepared at the same level as also shown in the drawings.

Stones shall be laid in a full bed of mortar, with joints completdsadfivith mortar and
shoved into place. If necessary move or shift the unit already laid, estim@setting mortar, then
clean and apply new fresh mortar for final placement. Coursing and nuintarijave to be done as
directed by the Engineer. Stone has to be laid and anchors have to tedinstatcordance with the
drawings.

Where new stone masonry is placed on the existing masonry wall, joéitee partially or
completely set. The exposed surface of the existing stone masoriyestiglaned with a wire brush
and lightly moisten so as to attain the best possible bondindheithew work.

Except as specified herein, all works shall be performed irr@&coe with the Standard
Specifications for Road and Bridge Works, Sep. 1998 SATCC, Series 2@00ad#, Section 2500:
Pitching, Stonework and Protection against Erosion.

4-15-4 Required Materials and Tools/Equipment

Materials and tools/equipment required for the works shall complythét Standard
Specifications for Road and Bridge Works, Sep. 1998 SATCC, Series 2G00ade, Section 2500:
Pitching, Stonework and Protection against Erosion.

(1) Required Materials

. Stone and/or Concrete
, Joint sealing material

(2) Required Tools/Equipment

Back Hoe
, Air compressor and Jack Hammer
Concrete mixer
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4-16 SCOUR PROTECTION
4-16-1 Description of Method

The Gabion Mattress is used for all areas at anc

adjacent to bridge substructure units that are subject
scour. When footing/pile-cap of abutment/pier is
exposed, this protection prevents further inward eros

Photo 4-1%¥xposed Pier Footing

4-16-2 Application Criteria

Inspection in addition to regularly scheduled inspection may be ajmteopfter unusually
high water, particularly in areas where scourable matenmesent. This method is applicable in
many locations, however, care should be taken not to reduce waterway aadfmmnchange stream
flow which may cause hydraulic problems.

4-16-3 Procedures

The work can include but is not limited to, installing siltation deviaceseeded; preparing the
surface by excavating unsuitable material, backfilling, placiaterial, and grading surface; placing
gabion baskets; placing rocks in gabion baskets; and wiring topsbmmgbaskets.

All work of gabions shall adhere to the Standard Specifications for RabBradge Works,
Sep. 1998 SATCC, Series 2000: Drainage, Section 2600: Gabions.

4-16-4 Required Materials and Tools/Equipment

Materials and tools/equipment required for the works shall complythat Standard
Specifications for Road and Bridge Works, Sep. 1998 SATCC, Series 2@00af#, Section 2600:
Gabions.

(1) Required Materials

. Aggregates or rocks
. Gabion baskets

(2) Required Tools/Equipment
, Back Hoe
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CHAPTER 5 ROUTINE MAINTENANCE FOR SPECIAL BRIDGES

5-1 PRESTRESSED CONCRETE BOX GIRDER BRIDGE (CHIRUNDU, TUTA, MONG
KALABO, SIOMA BRIDGES)

5-1-1  Structural Outline

Concrete is strong against compressive force but very weak atgaisiée force (tensile stress
is about 1/10 of compressive strength), so cracking occurs in the pagttehsite stress occurs.

Reinforced concrete structure (hereinafter referred t@CastiRcture) is one which is reinforced
by rebars inserted into the concrete so as to resist tetisihgth. However, some cracks will be occurred
in concrete and the cracks generated by excessive load will rereithafload is disappeared.

Prestressed concrete structure (hereinafter referred tdCastrécture) is one in which a
compressive force is introduced to concrete using thergsestg steel in advance not so as to be
generated tensile stress. Even if cracks occur due to eseésail, the cracks will close after removing
the load.

il =

2251?27?27
(RC Structur) 2?22?2>1?2 72"
S[?2?°?°2?2°??2°?27?7
) O _ b4
( PC Structure) T~ - —-

Figure 5-1-1  Structural System of Prestressed Concrete Box Girder Bridge
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Advantages of PC structures:

(1) Cracking is less likely to occur, (2) High strength concrete @i ensile steel can be used
effectively, (3) Since the cross section of the member eamdde smaller than that of RC
structure, it is advantageous for long span bridges and $aaye frames whose self-weights
occupy most of the load, (4) Division, addition and assembly assilje by the precast
segment method* (prefabrication is easy), (5) Even if a cradefmrmation occurs due to a
temporary overload, it almost recovers after unloading, etc.

Disadvantages of PC structures:

(1) Design and construction of prestressing requires PC-spedifianced technologies such as
introduction of tensioning force, anchorage and grout injection, (2)eAdtage of manufacture
and initial use, since the elastic deformation due to pressard the creep deformation are
large, technical consideration in design and construction is negd&df the members were
heavily damaged, repair of members is more difficult than theafdR€ structure, etc.

*The precast segment method is a construction method in whichspreembers (segments)

are fabricated divisionally in a factory or a site yard in advandeage joined at a bridge site,
prestressed and integrated.
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5-1-2  Routine Inspection
(1) Bridge Components and Defects

The PC girder has a structure in which PC steel materialadded to RC materials, and is
made by applying compressive stress to the girder through adetiges for PC steel materials. In
addition to the defects that occur in the RC girder, in thegirfer the PC steel materials and those
anchor devices may have the following defects:

1) PC Steels

When the residual prestress of PC steels decreases, omksand the main girder stiffness
decreases. With decrease of the main girder stiffness, alndeftection and/or abnormal
vibration of the girder tend to occur. If the abnormal vibration continue$atigeie of PC steels
will progress and cracks of the concrete structures will oddw PC steels will corrode due to
the occurrence of cracks. The progress of fatigue and corrdsiRiD steels will lead to fracture
of PC steels.

2) Anchor Devices for PC Steels

The defects of the anchoring portion of the PC steels inchaa&s near the anchoring protrusions
in the box girder, cracking and peeling of the finished concretegnikust juice leakage from the
cracks and free lime. Further, corrosion of the anchor devigedadpenetration of water also
occurs.

However, since the routine inspection is not performed inside ttergthe inspection of the
cable and anchor device is carried out on the Condition inspection.

Table 5-1-1a shows possible defects in the bridge componedisrahdu Bridge. And, Table
5-1-1b shows defects in the bridge components of Chirundu Bridgdh whall be inspected on the
routine inspection.
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Table 5-1-1a Bridge

Components and Possible Defects (Chirundu Bridge)

Bridge Component

Sub-Component

Possible Defects

Concrete members

1) Crack, 2) Spalling, 3) Scaling, 4) Delaminatiéh Honeycomb/Loose
concrete, 6) Cold joint, 7) Rebar exposure/Rebarosion, 8) Water
leakage/Free lime, 9) Abnormal deflection, 10) Abmal vibration

Prestressed concrete

1) Cracks, 2) Abnormal deflection, 3) Abnormal \ation,
4) Water leakage/Free lime, 5) Loss of prestresss(pmed),
6) Decrese of girder stiffness (presumed),

Superstructure | members 7) Corrosion of prestressing steels (presumed),
8) Fatigue of prestressing steels (presumed),
9) Fracture of prestressing steels (presumed),
10) Grout filling failure (presumed)
1) Cracks near protrusion of anchorage,
Anchorage of prestressing|2) Cracks/Delamination in finish concrete at anelger
steel 3) Corrosion of anchor devices, 4) Water leakage/fime,
5) Rust seepage, 6) Exposure of anchor devices
1) Crack, 2) Spalling, 3) Scaling, 4) Honeycomb/se@oncrete,
Deck Concrete deck 5) Rebar exposure/Rebar corrosion, 6) Water ledkegge lime
1) Crack, 2) Spalling, 3) Delamination, 4) Honeydwhoose concrete,
Concrete members S ;
. 5) Cold joint, 6) Rebar exposure/Rebar corrosigniVater leakage/Free
(Abutment, Pier) .
lime
Substructure

Foundation

1) Tilt, 2) Settlement, 3) Scouring/Loingrof river bed

Protection work

1) Slope/Bank erosion, 2) Loss/Disintegration ajtpction materials,
3) Defects due to displacement of foundation

Expansion Joint

Hybrid joint with metal and
rubber (Load-bearing type)

1) Breakage of rubber material, 2) Damage to adjgeavement,
3) Water leakage, 4) Damage to post-cast con&@gfifference in level,
6) Abnormal sound, 7) Abnormal spacing

Wearing Course

Asphalt pavement

1) Potholes, 2) Rutting, 3) Bump, 4) CorrugationCsack, 6) Raveling, 1
Ponding

Sidewalk

1) Crack, 2) Potholes/Spalling, 3) Bump, 4) PondB)gAccumulation of
garbage and debris

Bearing

Rubber bearing

1)Deformation/Displacement of bearing, 2) Detetlioraof bearing,
3) Breakage of mortar/concrete seat, 4) Accumulatibgarbage and
debris

Railing

Metal railing

1) Deformation, 2) Corrosion), Bisappearance, 4) Loose connection

Scupper

1) Damage to scupper, 2) Damage to cover, 3) Actatinn of garbage
and debris

Drainage

Drain pipe

1) Damage to pipe, 2) Defect in connection,
3) Accumulation of garbage and debris, 4) Insugfitilength,
5) No drain pipe

Waterway

1) Accumulation of driftwoods/debris,
2) Changes in river direction/lowering river bedthin a range of 20m
from the bridge to the upstream and downstreansyide

Site/Others

Approach

1) Accumulation of vegetation/debris/garbage,

2) Damage to rip-rap/retaining wall,

3) Settlement of approach section/incorrect varaignment,
4) Damage to approach pavement (crack, potholg, etc
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Table 5-1-

1b

Bridge Components and Defects on the Routine Inspection (Chiruchgie) Br

Bridge Component

Sub-Component

Defects to be inspecte

Concrete members

1) Crack, 2) Spalling/Loose concrete, 3) Rebar expe’Rebar corrosion
4) Water leakage/Free lime

Prestressed concrete

1) Cracks, 2) Abnormal deflection, 3) Abnormal \aton,

Superstructure .

P members 4) Water leakage/Free lime
Anchorage of prestressing
steel

Deck Concrete deck 1) Crack, 2) Spalllng/Lopse concrete, 3) Rebar eyp&/Rebar corrosion
4) Water leakage/Free lime
Concrete members 1) Crack, 2) Spalling/Loose concrete, 3) Cold joftRebar
(Abutment, Pier) exposure/Rebar corrosion, 5) Water leakage/Free lim
Substructure

Foundation

1) Tilt, 2) Settlement, 3) Scouring

Protection work

1) Slope/Bank erosion, 2) Loss/Degynation of protection materials

Expansion Joint

Hybrid joint with metal and
rubber (Load-bearing type)

1) Breakage of rubber material, 2) Damage to past-concrete, 3)
Difference in level, 4) Abnormal spacing

Wearing Course

Asphalt pavement

1) Potholes, 2) Ryt8) Crack, 4) Raveling, 5) Ponding

Sidewalk 1) Crack, 2) Potholes, 3) Ponding, 4) Aculation of garbage and debr|
1)Deformation/Displacement of bearing, 2) Deteriioraof bearing,
Bearing Rubber bearing 3) Breakage of mortar/concrete seat, 4) Accumulatibgarbage and
debris
Railing Metal railing 1) Deformation, 2) Corrosion), Bisappearance, 4) Loose connection
1) Damage to scupper, 2) Damage to cover, 3) Actation of garbage
Scupper .
and debris
Drainage
Drain pipe 1) Damage to pipe, 2) Insufficient len@hNo drain pipe
Waterway 1) Accumulation of driftwoods/debris
Site/Others 1) Accumulation of vegetation/debris/garbage,
Approach 2) Damage to rip-rap/retaining wall,

3) Settlement of approach section/incorrect vdréatignment,

4) Damage to approach pavement (crack, potholg, etc

Bridge Routine Maintenance Guideline
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(2) Sheets for Routine Inspection (Chirundu Bridge)

The Routine Inspection Report consists of following 4 kinds of sheet:

a.
b.

C.

Bridge Routine Inspection Form
Defect Drawing Sheet
Photo Record SheetD Q G

Routine maintenance Record Schedule and Record Form.

Bridge Routine Maintenance Guideline 5-6



Bridge Routine Inspection Form

Dat Contractor Contract Provi )
ate Name: Ref. No. : rovince-
Bridge No.: Bridge Name: Road No.: Road Name: Location:
(1) (2 (3) (4) (%) (6) (7) (8) ©)
No. Bridge Sub- Defect | Condition | Quantity | Proposed New/ Date of Remarks
Component| Component  Type Rating (Unit) Action Existing | Detection

Note: - To categorize (1) Bridge Component, (2)-8atmponent and (3) Defect type, refer to Table Bs1-

To determine (4) Condition rating anjiPBoposed action, refer to the Table 2-1 and T2{#ewith Figure 2-2, respectively.

(7) New/Existing means damage newly iifiedtin this inspection/already identified in preus inspection.

Bridge Routine Maintenance Guideline
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Note: How to fill out the Bridge Routine Inspection Form

If you find a defect, enter the location in the columns of "(1) Bridge Component & (2) Sub-Component” and enter the type of defect in column of "(3) Defect Type", in the Bridge Routine Inspection Form,
and fill the location and type of defect on the Defect Drawing Sheet. And, in the column "(4) Condition Rating", select Good, Fair, Poor or Bad according to Table 1 Routine Inspection Condition Rating Criteria.
In the column "(6) Proposed Action”, suitable actions should be entered refer to the Figure 1 Determination flow of Maintenance Action. Table 1 shows the criteria for judgment of Condition Rating. Table 2

shows the types of required actions and their contents of actions. Figurel is a flowchart for determining a maintenance action based on the identified damage situation.

Tablel Routine Inspection Condition Rating Criteria

Identify situation of defects

Condition Rating Description
Good No damage
Fair With minor damage(s) not affecting the stability of the structure
With deteriorating damage(s) which should be monitored or
Poor could be repaired as a preventive action
With severe damage(s) that affects stability of bridge or that
Bad has possibility to harm a third party

Table 2 Required Maintenance Action

Emergency Action required?

EA: Emergency Action
- Stability of Bridge
- Harm to a Third Party (Rating: Bad)

?°?

2
In-depth Inspection required? —>———"»

In-depth Inspection

- To select Appropriate Repair Methods
- To monitoring Progress of any Damages

Repair Work required?

Possible to address >0?
by Routine Maintenance?

A 4

- Determination of Repair Method
- Scheduling for Multi-years

A

|

Required Action Description
MO: No repair work and keeping monitoring
Monitoring (Damage not progressing or very slow)
RM:
. ) Should be maintained by Routine Maintenance
Routine Maintenance
MM: o ) )
. . Should be maintained by Major Maintenance
Major Maintenance
EA: Need to take actions immediately to avoid bridge collapse or
Emergency Action harm to a third party
. Condition Inspection or Detailed Inspection
In-Depth Inspection | . selection of appropriate repair method
- Monitoring of progress of any damages

SU>i>ae>l
>U?>i>b°°77°>i°° 277>

?22272>>0>p?? 2?2 ? >aeply

>p>u>ae>l

>U>i>ae>l

Sp? 2122225502222 22R 7 >02222>>0222222227?

?>>p??2272
? 2 >0>1? 2 >(

Figure 1 Determination Flow of Maintenance Action
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Defect Drawing Sheet
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Photo Record Sheet

(Bridge Name: Chirundu Bridge

Contractor Contract Province:
Name Ref. No. )

Date: Date: Date:

No.: No.: No.:

Defect Type:

Defect Type:

Defect Type

Description: Description: Description:
Date: Date: Date:
No.: No.: No.:

Defect Type:

Defect Type:

Defect Type

Description:

Description:

Description:
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Bridge Routine Maintenance Schedule and Record Form

Bridge No.: Bridge Name: Contractor Name: Contract Ref. No.: Province:
Chirundu Bridge
(3) (6) (7 (8)
No Co(nlt)ract (2) Description: Ref(éltl)o of EstErSn)ated Date: Date: |Additional 9)
’ Activities Condition before ) ) Instructionto| Work Work Remarks
Item No.: ) Defect Cost .
Maintenance Contractor | Completed Required

Note: -Ref. No. of defect corresponds to No. whih inspection date in the Bridge Routine Inspedfimmm-e.g. N0.01-26.11.2015
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(3) Routine Inspection Results (August 28, 2019)

Bridge Routine Inspection Form

Contractor Contract ;
Date: 2019/8/2§\I . . Province: Lusaka
ame: Ref. No. :
Bridge No.: Bridge Name: Road No.: Road Name: Location:
Chirundu bridge T2 Zambezi Riber
@ @ @ @) (5) () 7 ®) ©)
No. Bridge Condition| Quantity| Proposed New/ Date of
Sub-Component Defect Type . . . . . Remarks
Component Rating (Unit) Action Existing |Detection
1|Drainage Scupper Accumulation of debri Poo scf&persRM repair New 2019/8/2@ll downstream side scuppers
2|Drainage Drain pipe Insufficient length Poor pii)zes RM repair Existing 2019/8/28ll pipes
3|Expansion Joint Hybrid Joint Brakage of rubber Poor . 2 MM repair New 2019/8/2%Oth expanspn joints,
material joints eplacement is needed.
4| Superstructure PC members Abnormal deflection Poar 160 In—depth New 2019/8/2. Center span, L .
m Inspection ollow-up observation is required.
5|Superstructure Concrete member Cracks Poqr 2 RM repair New 2019/8/2§'r§nsverse cracks on Pier 1 &2
points (sidewalk and kerb)
6|Substructure Concrete member Cracks Poor 18 MM repair . New 2019/8/28Vertical cracks (Al & A2)
(Abutment) m (or RM repair)
200 Zimbabwe approach,
7| Site/Others Approach Cracks on pavement Bad 2 MM repair New 2019/8/2Removal and reconstruction of the
m pavement is required.
i i 300
8| Site/Others Around Zambian side Accumulation of garbag Poor 2 RM repair New 2019/8/28
abutment m

Note: - To categorize (1) Bridge Component, (2)-8aimponent and (3) Defect type, refer to Table Bb1-

To determine (4) Condition rating anjiP8oposed action, refer to the Table 2-1 and Taewith Figure 2-2, respectively.

(7) New/Existing means damage newly iifiextin this inspection/already identified in pieus inspection.
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Photo Record Sheet

(Bridge Name:

Chirundu Bridge )

Contractor
Name

Contract
Ref. No.

Province:

>g?12 2722

>p>0>Y>8>0>a>0>b

Date: >pb>>VY>8>U>a>0>b>a |Date: >p>>VY>8>U>a>0>pb >4 |Date: a
No.: >Y No.: >p No.: >R
Defect Type: [>{2 2 212 21222222 >i?2 2 >12 2 2 2|? [Pefect Type: |>52 22122222222 >2222272 | |DefectType: [>1222222>22>12?212222>i22|?2?222?2°?
2225[22222>122122222>122>12 P P>12 22722 2|7 2 ?2#? 2%>1? ?
o |?22251?222#2222222>12 222 >1>00R.2 2 21312 2 ?2BPR? 2512222 251212 22 251D 1 2512222 2211?2212 28222222 2212222 2 2 >[>0>62%? 2 ? ? >1>6? 2 2 ? >0>1? -
Description: |5 5 5 2 50512 2 >12 212 2 2 2 >12#2 2 2 >1p 3F3FRIY 2lsio@r» 22 2 206512 22 22 >0 Desciiption: 1555222250
222221222212>1222>122222 2 >(
Shirad
Date: >pb>>VY>8>U>a>0>b>a |Date: >p>>VY>8>U>a>0>b>4 |Date: >p>0>Y>8>0U>a>0>b3a
No.: >a No.: >a No.: >a
Defect Type: |>[?2222°222>1222222222°? Defect Type: |[>1?2 227?272 Defect Type: [>1?2 227272
>i22222>122>12225122222222PP>1?2222222?22>22>1?22°?
L [22251222222512212222 25122 51p 3251222 22(33 2333317787 2 01240 20 7 210 217 0 2 H12 2 L Y e 5 210 25 o
Description: 292025222252 25222 =2 202p >%scr|phon. 22222 22>1?22727272° >@>| ?? 7 >1?7 4 ?|Red@iptial?. ? BHPrR7ABYRD? 2 >17 7 7 7
2222?22 72>122122222>1?2 251222512222 2272222°2
2212222212222 22>>022722>0p(
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Photo Record Sheet (Bridge Name: Chirundu Bridge )

ARSI DTN T

Date: >p>U>Y>8>U>5>0>b>4 |Date: >p>U>Y>8>U>5>0>b>4 |Date: >p>U>Y>a>U>5>0>b3a
No.: >3 No.: >3 No.: >3
Defect Type: [>1? 2?27?27 Defect Type: [>1? 2?27?27 Defect Type: [>12 222 2>122>1222"2222°7
i i 0p>] 2" b 1 | | T 1 0%>I?"? 222225122222 2bI22>5I1222 N R R N
o ?22272>1?222>1?2222%>1?"?2?2272 7 ’_j>I'?'??_?‘??S.’I??S.’I??\I???>I????‘A)>I?‘. ",>|"."'I,_>>|">")>'!r‘%>l?????????>I??????>I???>I????>I??‘
Description: |? 2?2?22 >[?2?21?2 227?22 >1??2>1? 2?2 >1? P TDRBCARIOI? 2|22 222512 2122222512 2>51?272>1?27 mgmmﬂ'?'?’?"?999’)>i°’)>i’)’)’>>i?°’?’)’>°>#9>i’>9’?’>’>’>’)’>>l

22212222250

Date: >p>U>Y>8>U>5>0>b>a |Date: Date:
No.: >3 No.: No.:
Defect Type: [>{?2 212 21222 22?2 >I? ?2 >|? 2 ? ? ?|? [Pefect Type: Defect Type:

>i>222>122>12222222512212 2P P>12222272?2>12222222>??

Description: (2?27?7222 27?2 7?>??7?°?1??>i?? 72 >i? P 78Pifini? ?|? ? Description:

22212222250
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(4) Routine Inspection Results (November 23, 2021)

* Many of the defects observed during the 2019 itigpesre about the same condition in this inspectio

* These are the damage of the rubber materials exgiamsion joints, transverse cracks on the silewal deck surface beside the sidewalk near threnietiate support
points, vertical cracks on the front surfacesegibutments, cracks on the Zimbabwe side appreaement.

* What s different from the observation result it2@ that the previous inspection result in 2@p@rted that the bridge surface of the central spamed to subside, but
this time, the RDA survey team measured the vigatiofile of the bridge.

* Asaresul, itis clear that all three spans dalisiF-rom the survey results, the vertical profikhe bridge becomes the vertical curve in thadigpelow when the vertical

gradient -1.25% is subtracted.

0.100
0.050

0.000
O\ 10 20 30 40 50 60 70 8O0

Al

0.050
0.100
-0.150
0.200

-0.250

0 A00 110 120 130 140850 160 170 180 180220 220 230 24

50_260 20 R80 290 300 310 320 330 340 350 360380 3904100

— cler_left def_right

* Even when observed with the naked eye in the &élthree spans appear to be lowered. The ambsmbsidence is 16 cm in the Zambia side spam 12 tm in the

central span, and 18 to 19 cm in the Zimbabwesgide.
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Bridge Routine Inspection Form

Date- Contractor Contract Province:
’ Name: Ref. No. : ’
Bridge No.: Bridge Name: Road No.: Road Name: Location:
Chirundu Bridge T2
(4) ) (6) ) (8)
1) ) 3) - : )
No. Bridge ComponentSub-ComponentDefect Type Condition - Quantity | Proposed New/ Date of Remarks
9 P P yp Rating (Unit) Action Existing | Detection
t id t (Photo: 1-1
1 |Deck Pavement Scaling Fair All spans MO New 2021/11'}%%\/\/.n s. ream side pavement (Photo )
Onitoring needed.
2 |Deck Pavement Pothole Fair 5nf RM repair New 2021/11/2\§Up3tr(.3am. side pavement (Photo: 1-2)
Patching is needed.
. . Hybrid Joint Brakage of - . L %?eplacement of 2 joints is necessary.
3 |Expansion Joint (Maurer Joint) |rubber membets Bad 2 joints MM repair Existing 2021/11/2 Photo: 2-1, 2-2)
] - _ Follow- b tioni :
4 |Superstructure PC Girder Abnormal Bad All spans n dep_th Existing 2021/11/23 ° OW. Up observation 1S necessary
deflection Inspection (Photo: 3)
5 |Superstructure Sidewalk & Deck Cracks Poor 2 locations RM repal Existing 2021/11 oy .coatmg or Epoxy injection is necessary.
surface oto: 4-1, 4-2)
. Several . - -
6 |Drainage Scupper Clogged Poor portions RM repair Existing 2021/11/28Cleaning is necessary. (Photo: 5-1)
7 |Drainage Drain Pipes Very short Poor| All pipes RM reppi Existing 2021/11/23Replace if possible (Photo: 5-2)
18m RM or MM . Epoxy injection is necessary
8 |Substructure Abutment Cracks Poor (Crack length repair Existing 2021/11/23 (AL & A2, Photo: 6-1, 6-2)
Crack on Zimbabwe approach. (Photo: 7-1, 7-2)
9 |Site/Others Approach avement Bad 200m% MM repair Existing 2021/11/23Removal & reconstruction of the pavement is
P required.
. Around Zambia| Accumulation . L Lo
. I . (Photo: 8
10 | Site/Others side abutment | of garbage Poor 300n% RM repair Existing 2021/11/2%Cleaning is necessary. (Photo: 8)
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Photo Record Sheet

(Bridge Name: Chirundu Bridge )

side is broken.

subsided in all three spans.

Contractor| Contract Province:
Name Ref. No. )
No. : 1-1 No.: 1-2 No.: 2-1
Date: November 23, 2021 Date: November 23, 2021 Date: November 23, 2021
Location: [Pavement (Downstream side) Location: [Pavement (Upstream side) Location: |Expansion Joint (Zambia side)
Defect Typ{Scaling Defect Typ{Pothole Defect Typ{Rubber material broken

.. |Scaling has occurred over the .. |No scaling has occurred, but a large _|The rubber member on the approach
Description . . Description Description; . .

entire length of the bridge. pothole can be seen. side is broken.
No.: 2-2 No.: 3 No.: 4-1
Date: November 23, 2021 Date: November 23, 2021 Date: November 23, 2021
Location: |Expansion Joint Location: |Bridge Surface Location: |Sidewalk
Defect Typ{Rubber material broken Defect Typ{ Abnormal deflection Defect Typ{Transverse crack
. . . Transverse cracks on the sidewalk

__|The rubber member on the river __|The surface of the bridge is . . .

Description Description Description{surface near the intermediate

support points
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No.: 4-2 No.: 5-1 No.: 5-2
Date: November 23, 2021 Date: November 23, 2021 Date: November 23, 2021
Location: |[Deck Surface near Sidewalk Location: |Scupper Location: |Drain Pipe
Defect Typ{Cracks Defect Typ{Clogged Defect Typ{Very Short

Transverse cracks on the deck Several scuppers are filled with
Descriptionjsurface beside the sidewalk near | |Description] bp Description]{Length of the drain pipes are short.

. . . earth and sand.

the intermediate support points
No.: 6-1 No.: 6-2 No.: 7-1
Date: November 23, 2021 Date: November 23, 2021 Date: November 23, 2021
Location: |[Zambia side Abutment (A1) Location: |[Zimbabwe side Abutment (A2) Location: |[Zimbabwe side Approach
Defect Typ{Cracks Defect Typ{Cracks Defect Typ{Cracks

There are many vertical cracks in There are many vertical cracks in Manv alligator cracks are seen on
Descriptionjthe front surface of the Zambian Descriptionjthe front surface of the Zimbabwe Description y 9

. . the Zimbabwe approach.
side abutment. side abutment.
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Zambia side abutment.

No.: 7-2 No.: 8 No.:

Date: November 23, 2021 Date: November 23, 2021 Date:

Location: |Zimbabwe side Approach Location: |Around Abutment (A1) Location:

Defect Typ{Crack Defect Typ{Accumulation of garbage Defect Type:
A lot of garbage such as plastic

Description] Enlarged photo of cracks Description]bottles is scattered around the Description;
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5-1-3

Routine Maintenance

(1) Defects and Causes

The defects observed during the inspection of kineid@lu Bridge on November 23, 2021 and their pnesli
causes are described below.

For the defects common to general bridges, plees@sdge Routine maintenance Guideline, 3-6 Tybes
Defects and Causes”.

Table 5-1-2

Defects and Presumed Causes of ChiRntie

Location+A2:D7

Defects

Photography

Presumed Causes

Drainage
(Scupper)

Accumulation of
debris

Soil that adhered to the vehicle or was
carried by the vehicle fell on the road

surface and was carried to the drain scuf
by rainwater/wind and accumulated.

per

Drainage
(Drain pipe)

Insufficient length

If the drain pipe is short, when it rains wit

wind, the water flowing down from the pip¢

is blown by the wind and hits the girder. Tj
water seeps into the girder and may
eventually lead to corrosion of the steel.
When rainwater contains chloride ions, th
progress of corrosion is especially fast.

1%

PC Girder

Abnormal
deflection

Expansion Joint

Brakage of rubber
material

After the bridge was completed, the
shrinkage strain due to the drying of the
concrete and the creep strain due to the
action of the sustained stress due to the
load progressed more than expected, and
a result, the deflection of the girder
increased.Therefore, it is presumed that t
rubber bearing was deformed and destro
diagonally downward toward the river, the|
expansion joint was pulled in the directior]
the bridge axis, and the rubber part could
withstand and was damaged.

Head
as

ed

of
not

Sidewalk, Kerb

Transverse cracks
on pier (P1, P2)

Cracks are seen on the sidewalk surface
the piers due to the negative bending
moment. The state of the upper surface g
the main girder should be inspected.

on

=
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The following cause is considered:
Cracking occurred because the temperat
deformation due to the heat of hydration |

Lre
vas

0SS

Abutment Vertical cracks constrained by the temperature differencd
between the post-cast and the first cast
and/or the temperature difference in the d
section.
It would be considered a cause of damag

Approach .

Cracks that heavy vehicles repeatedly passed th
Pavement

pavement over a long period of time.

Around Zambian|Accumulation of
side abutment |garbage

Driver's manner

[CAN)

Abnormal Phenomena and Presumed C

What's happening on the Chirundu Bridge now?

The Chirundu Bridge, completed in 2002, the rubbarings were replaced in May 2015. During theebBsy
since completion, the rubber bearings were shearbthe upper half of the bearings was greathedisg toward the
river side. This time, as a result of surveying/réical profile of the bridge, it was found talithe spans were subsided.
If the bridge surface did not sink at the time @hpletion and had an almost straight vertical leydfie following
process can be inferred:

The sinking of the girder gradually progressed afiepletion.

Due to the sinking of the girder, the lower surfaftbe girder on the bearing was pulled towardias (river)
side, the rubber bearing was sheared and broktiheaxpansion joint on the upper surface ofitdergvas
pulled in the direction of the bridge axis.

The beam inside the Maurer joint did not move véipect to the extension width larger than expgatet
one of the two rubber parts could not withstaneitension and was damaged.

Further guessing, it is presumed that:

After the bridge was completed, the shrinkagensthae to the drying of the concrete and the citegip slue
to the action of the sustained stress due to #mIldad progressed more than expected, and agtathes
introduction prestress of the girder decreasethandeflection of the girder increased.
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(2) Routine Maintenance Activities

The standard routine maintenance activities giitstressed concrete box girder bridge are shovabia 5-
1-3.

>0>p>A? >A>0? p6? >
>U>i>6>07 >A>05i>0>1>0

>i>0>p>p>i>i?
>0>i>0>0? >A>0

Figure 5-1-2 Treatment Categories

Table 5-1-3  Routine Maintenance Activity List (Cimidu Bridge)

Acl\t]i\oli'ty Activity Item Frequency Classification Chap'tot\aprﬂied lt?:?apter 5
(Deck)
1-1 |Clean deck and gutters Yearly Preventive(Cycl.) 4-1
1-2 |Clean deck drains/scuppers Yearly Preventive(LCycl. 4-1
1-3 |Clean joint Yearly Preventive(Cycl)) 4-1
1-4 |Joint sealing As needed Corrective 4-9

Deck repair — Coating on

1-5 S L As needed Preventive(CB. 4-6/4-7/418
/injection/caulking into cracks

1-6 |Deck repair — Pavement Patching As needed Coreecti 4-11

1-7 Deck Tepa" — Concrete Deck As needed Corrective 4-3
Patching

1-8 Cc_)_II|S|on damage repair to As needed Corrective 4-10
railing/parapet

1-9 Repa|r_ to damaged As needed Corrective 4-11
curb/sidewalk

1-10 |Drain extensions As needed Preventive(CB.) 4-12
(Superstructure)

2-1 |Clean girders 2 years Preventive(Cycl.) 4-1

2-3 _Coatmg on/injection/caulking As needed Preventive(CB. 4-6/4-7/418
into cracks

2-4 |Patching on concrete members  As neefed Corrective 5 4
(Substructure)

3-1 |Clean abutments/caps/bearings 2 years Prevenyiek)(d 4-1

Coating on/injection/caulking

3-2 As needed Preventive(CB. 4-6/4-7/418

into cracks
3-3 |Repairs to slope protection As needed Prevent®g(Q 4-15
3-4 Repair to scour-protectlons As needed Preventive(CB. 4-16
around foundations
(Site)
4-1 Vegetation control and rubbish Quarterly | Preventive(Cycl. 4-13

removal around substructures

4-2 Removal of debris/driftwoods As needed Preventive(CB. 4-14
from waterway
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Table 5-1-4 shows the recommended maintenancéiegtior the defects observed during the inspectio

Chirundu Bridge.
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For reference

Non-destructive and small destructive tests amedated as methods of investigating settlemenigshena
in PC box girder bridges.

Type of Survey

Survey Method

Effectiveness|

Remarks

Micro-destructive testing:

1. Residual prestress Stress Release Method (IngZice Method) Possible . . .
Survey equipment & Scaffolding are requireg
a. Elastic Wave Method Possible Nondestrugtlve testing: . .
Survey equipment & Scaffolding are requirg
2. Grout Filling Degree
- . Small destructive testing:
b.Drilling Survey (small hole) Valid Survey equipment & Scaffolding are requirg
a.Magnetic Stream Method Possible Nondestrugtlve testing: . .
Survey equipment & Scaffolding are requirg
3. Damage of PC Steel
- . Small destructive testing:
D) S el el R Survey equipment & Scaffolding are requirg
4. Concrete Sterength Core sampling and compresssting Valid Small destructive testing:

Survey equipment & Scaffolding are require
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5-1-4  Routine Maintenance and Repair Method

If there are any items that should be added areautintenance activities of the Chirundu Bridgee future,
add them to Table 5-1-3 and describe the contasthpds, materials used, and equipment in "5-1ediriRo
Maintenance and Repair method".
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52 CABLE-STAYED BRIDGE (LUANGWA BRIDGE)

5-2-1 Structural Outline

When the span of the continuous girder bridge besdomg, the dead load increases rapidly and ietwne
application limit at a certain span length. Thelesatayed bridge is a structure in which the maitkegis hung
(supported) by a cable stretched diagonally freowar erected on the intermediate pier of the cootis girder bridge.
Therefore, since the main girder behaves as an elastigpiiprted structure at the cable attachment point,rtie gi
height can be kept low.

On the other hand, in a cable structure such aslestayed bridge, since the damping propertyecéibtire
girder is reduced, vibrations due to wind areyikeloccur, therefore, a girder structure considenrind resistance is
desirable.

(Cable-stayed bridge)

"33 %33 13°%33:°

(Continuous Beam on Elastic Supports)

Figure 5-2-1  Structural System of Cable-stayeddgyi
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Routine Inspection

(1) Bridge Components and Defects

Table 5-2-1a shows possible defects in the bridiggoonents of Luangwa BridgeAnd, Table 5-2-1b shows

defects in the bridge components of Luangwa Bridgeh shall be inspected on the routine inspection.

Table 5-2-1a Bridge Components and Possible Défeciagwa Bridge)

Bridge Component

Sub-Component

Possible Defects

Supersructure

Steel members
(Main girder, Cross beam)

1) Deterioration of painting, 2) Corrosion, 3) lgat crack/Fracture,
4) Loose connection/Missing rivet or HTB, 5) Defation/Buckling,
6) Abnormal deflection, 7) Abnormal vibration, 8p#ormal sound

1) Crack, 2) Spalling, 3) Scaling, 4) Honeycomb/&®aoncrete,

Deck Concrete deck 5) Rebar exposure/Rebar corrosion, 6) Water ledkage lime
1) Crack, 2) Spalling, 3) Delamination, 4) Honeybdiobose concrete,
Concrete members o ;
. 5) Cold joint, 6) Rebar exposure/Rebar corrosidnVater leakage/Fre
(Abutment, Pier) .
lime
Substructure

Foundation

1) Tilt, 2) Settlement, 3) Scouring/Loimgrof river bed

Protection work

1) Slope/Bank erosion, 2) Loss/Disintegration aftpction materials,
3) Defects due to displacement of foundation

Expansion Joint

Metal joint
(Load-bearing type)

1) Crack/Fracture, 2) Damage to post-cast concBgtBeterioration of
waterproof system, 4) Crrosion, 5) Difference ivele 6) Abnormal
sound, 7) Abnormal spacing, 8)Bump

Wearing Course

Asphalt pavement

1) Potholes, 2) Rutting, 3) Bump, 4) CorrugationCback, 6) Raveling,
7) Ponding

Sidewalk

1) Crack, 2) Potholes/Spalling, 3) Bump, 4) Pondi)gAccumulation of
garbage and debris

Bearing

Metal bearing

1)Deformation/Breakage of bearing, 2) Corrosiobediring, 3) Loose
connection/Missing bolts, 4) Corrosion of bolts Bsgakage of

mortar/concrete seat, 6) Abnormal sound, 7) Accatiarh of garbage an
debris

Railing

Metal railing

1) Deformation, 2) Corrosior), Bisappearance, 4) Loose connection

Drainage

Scupper

1) Damage to scupper, 2) Damage to cover, 3) Acaiion of garbage
and debris

Drain pipe

1) Damage to pipe, 2) Defect in connection,
3) Accumulation of garbage and debris, 4) Insuintilength,
5) No drain pipe

Site/Others

Waterway

1) Accumulation of driftwoods/debris,
2) Changes in river direction/lowering river bedthin a range of 20m
from the bridge to the upstream and downstreansside

Approach

1) Accumulation of vegetation/debris/garbage,

2) Damage to rip-rap/retaining wall,

3) Settlement of approach section/incorrect velrtitignment,
4) Damage to approach pavement (crack, potholg, etc

Cable System

Cable

1) Failure, 2) Deformation, 3) Abnormal sag, 4) @sion,
5) Abnormal vibration, 6) Damage of protection adeeating,
7) Water leakage

Tower
(Steel)

1) Corrosion, 2) Fatigue crack, 3) Deformation/Bimzk
4) Loose/Missing HTB, 5) Deterioration of painting,
6) Abnormal sound, 7) Abnormal vibration, 8) Watsakage

Anchorage

1) Crack, 2) Corrosion, 3) Loose/Missing HTB, 4)t&ération of
painting, 5) Deformation, 6) Water leakage
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able 5-2-1b

Bridge Components and Defects on Rolmspection (Luangwa Bridge)

Bridge Componen

Sub-Component

Defects to be inspecte

Supersructure

Steel members

(Main girder, Cross beam)

1) Deterioration of painting, 2) Corrosion, 3) lgat crack/Fracture,
4) Loose connection/Missing rivet or HTB, 5) Defation/Buckling,
6) Abnormal deflection

1) Crack, 2) Spalling/Loose concrete, 3) Rebar sup@'Rebar corrosio

Deck Concrete deck 4) Water leakage/Free lime
Concrete members 1) Crack, 2) Spalling/Loose concrete, 3) Cold joitRebar
(Abutment, Pier) exposure/Rebar corrosion, 5) Water leakage/Frez lim
Substructure

Foundation

1) Tilt, 2) Settlement, 3) Scouring

Protection work

1) Slope/Bank erosion, 2) Loss/Degration of protection materials

Expansion Joint

Metal joint
(Load-bearing type)

1) Crack/Fracture, 2) Damage to post-cast concr@t&;rrosion, 4)
Abnormal sound, 5) Abnormal spacing

Wearing Course

Asphalt pavement

1) Potholes, 2)rigpitl) Crack, 4) Raveling, 5) Ponding

wn

Sidewalk 1) Crack, 2) Potholes, 3) Ponding, 4) Aadation of garbage and deb
1)Deformation/Breakage of bearing, 2) Corrosiobexdring, 3) Loose
Bearing Metal bearing connection/Missing bolts, 4) Breakage of mortarfrete seat, 5)
Accumulation of garbage and debris
Railing Metal railing 1) Deformation, 2) Corrosior), Bisappearance, 4) Loose connection
1) Damage to scupper, 2) Damage to cover, 3) Adation of garbage
Scupper -
. and debris
Drainage
Drain pipe 1) Damage to pipe, 2) Insufficient len@hNo drain pipe
Waterway 1) Accumulation of driftwoods/debris
Site/Others 1) Accumulatlop of vegeta.tlc_)n/debrls/garbage,
Aoproach 2) Damage to rip-rap/retaining wall,
PP 3) Settlement of approach section/incorrect velrabignment,
4) Damage to approach pavement (crack, potholg, etc
1) Failure, 2) Deformation, 3) Abnormal sag, 4) Kosion,
Cable 5) Abnormal vibration, 6) Damage of protection cdeeating,
7) Water leakage
Tower 1) Corrosion, 2) Fatigue crack, 3) Deformation/Bunck
Cable System (Steel) 4) Loose/Missing HTB, 5) Deterioration of painting,
6) Abnormal sound, 7) Abnormal vibration, 8) Wdtakage
Anchorage 1) Crack, 2) Corrosion, 3) Loose/Missing HTB, 4)t®&®ration of

painting, 5) Deformation, 6) Water leakage
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(2) Sheets for Routine Inspection (Luangwa Bridge)

The Routine Inspection Report consists of followdrignds of sheet:
a. Bridge 5RXWLQH ,QVSHFWLRQ )RUP
b. Defect Drawingé KHH W

¢. Photo Record SheetD Q G

d

. Routine maintenance Record Schedule and Record Form
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Bridge Routine Inspection Form

Date Contractor Contract Province:
Name: Ref. No. : ’
Bridge No.: Bridge Name: Road No.: Road Name: Location:
1) 2 3 4) ) (6) (7 8 ©)
No. Bridge Sub- Defect Condition | Quantity | Proposed New/ Date of Remarks
Component| Componeny  Type Rating (Unit) Action Existing | Detection

Note: - To categorize (1) Bridge Component, (2)-8almponent and (3) Defect type, refer to Table B2-

To determine (4) Condition rating anyl PBoposed action, refer to the Table 1 and Tableith Figure 1, respectively.

(7) New/Existing means damage newly ifiedtin this inspection/already identified in prews inspection.
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Note: How to fill out the Bridge Routine Inspection Form

If you find a defect, enter the location in the columns of "(1) Bridge Component & (2) Sub-Component” and enter the type of defect in column of "(3) Defect Type", in the Bridge Routine Inspection Form,
and fill the location and type of defect on the Defect Drawing Sheet. And, in the column "(4) Condition Rating", select Good, Fair, Poor or Bad according to Table 1 Routine Inspection Condition Rating Criteria.
In the column "(6) Proposed Action”, suitable actions should be entered refer to the Figure 1 Determination flow of Maintenance Action. Table 1 shows the criteria for judgment of Condition Rating. Table 2

shows the types of required actions and their contents of actions. Figurel is a flowchart for determining a maintenance action based on the identified damage situation.

Tablel Routine Inspection Condition Rating Criteria

Condition Rating Description
Good No damage
Fair With minor damage(s) not affecting the stability of the structure
With deteriorating damage(s) which should be monitored or
Poor could be repaired as a preventive action
With severe damage(s) that affects stability of bridge or that
Bad has possibility to harm a third party

Table 2 Required Maintenance Action

Identify situation of defects

Emergency Action required?

In-depth Inspection required?

EA: Emergency Action
- Stability of Bridge
- Harm to a Third Party (Rating: Bad)

In-depth Inspection
- To select Appropriate Repair Methods

- To monitoring Progress of any Damages

Repair Work required?

Possible to address >u?
by Routine Maintenance?

A 4

- Scheduling for Multi-years

- Determination of Repair Method

, !

Required Action Description
MO: No repair work and keeping monitoring
Monitoring (Damage not progressing or very slow)
RM:
. ) Should be maintained by Routine Maintenance
Routine Maintenance
MM: . i i
. ) Should be maintained by Major Maintenance
Major Maintenance
EA: Need to take actions immediately to avoid bridge collapse or
Emergency Action harm to a third party

In-Depth Inspection

Condition Inspection or Detailed Inspection

- Selection of appropriate repair method
- Monitoring of progress of any damages

>Uu>0>ae>i
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Defect Drawing Sheet
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Damage Drawing Sheet (2/7)

Girder, Slab, Tower, Cable (Western Part
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Damage Drawing Sheet (3/7)
Girder, Slab, Tower, Cable (Eastern Part
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Damage Drawing Sheet (4/7)
Abutment: Western Side
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Damage Drawing Sheet (5/7)
Abutment; Eastern Side
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Damage Drawing Sheet (6/7)
Pier: 1
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Damage Drawing Sheet (7/7)
Pier: 2
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Photo Record Sheet

(Bridge Name: Luangwa Bridge

Contractor Contract Province:

Name Ref. No. )
Date: Date: Date:
No.: No.: No.:

Defect Type:

Defect Type:

Defect Type|

Description: Description: Description:
Date: Date: Date:
No.: No.: No.:

Defect Type:

Defect Type:

Defect Type|

Description:

Description:

Description:
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Bridge Routine Maintenance Schedule and Record Form

Bridge No.: Bridge Name: Contractor Name: Contract Ref. No.: Province:
Luangwa Bridge
3) (6) ) (8)
) 2) Description: “) .(5) Date: Date: Additional 9)
No. [ Contract S - Ref. No. of| Estimated -
Activities Condition before Instruction to Work Work Remarks
Item No.: . Defect Cost .
Maintenance Contractor | Completed Required

Note: -Ref. No. of defect corresponds to No. whih inspection date in the Bridge Routine Inspedfimm-e.g. N0.01-26.11.2015
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(3) Routine Inspection Results (October 27 and Decehih@020)

Bridge Routine Inspection Form

Date; 27/10/2020 Contractor Dorman Long Limited Contract Province: Eastern
Name: Ref. No. :
Bridge No.: Bridge Name: Road No.: Road Name: Location:
B-T004-005 Luangwa bridge TOO4 Great East Luangwa River.975682° S/ 30.212473° E
4) @ ®
No. Bridge élc)m onent| Sub-C(jr)n onent Defe(cst)T e Condition Quant(i?) (Unit)Pro os(?e)d Action New/ Date of Re(rg;rks
9 P P yp Rating Y P Existing | Detection
1 |Superstructure (Main girder anddeterioration, Fair painting: RM Repair Existing 27/10/2025 ge ol g . N
Cross beam)  |Corrosion A=250rF deterioration observed on entire girder surface.
8 See sketches and photos 1.1 — 1.4.
Main girder, . . . - lSuperstructure is sagging between stays. Seg
2 |Superstructure Deck Sagging Fair - Monitoring Existing 27/10/20"§ketches and photo 1.9.
o . Paint . Repainting . - Paint deterioration observed on entire railing.|See
3 |Railing Metal railing deterioration Fair All MM Repair Existing | 27/10/202 )sketches and photo 1.16.
4 |Railing Guardrail Missing bolts Fair Installation RM Repair New | 27/10/202 :;\/hssmg bolts observed. See sketch and photo
2 bolts 1.15.
Paint . Repainting . - Paint deterioration observed on tower surfacg.
5 |Cable system Tower deterioration Fair All MM Repair Existing | 27/10/202 )See sketch and photo 1.20.
. . Repainting . L .
6 |Cable system Anchorage Corrosion Fair All MM Repair Existing | 27/10/202(Corrosion observed. See sketch and photo 1{21.
Epoxy
Concrete deck |Cracks injection: Many cracks and spalled sections observed pn
7 |Deck L Poor Vv=250cn? RM Repair Existing | 27/10/202@leck surface. See sketches and photos 1.6 &
(Upper surface) Spalling .
Patching: 1.8.
V=400cm3
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Epoxy ’II
c te deck |Crack injection: A big crack is observed on bottom of slab o
8 |Deck oncrete deck |f-racks, Poor | v=2,800crd | RM Repair | Existing | 27/10/202[F1. A big spalling is observed near P2. See
(Lower surface)|Spalling e
Patching: sketches and photos 1.5 &.1
V=75,000cm3
Insufficient Extension: Short drain pipes observed. Suspected to cajse
9 |Drainage Drain pipe Poor ’ RM Repair Existing | 27/10/202[@orrosion on the cross beams. See sketches|and
length L=80 m
photos 1.1 & 1.17.
Epoxy
Abutment Al injection: daig cracks observed on the upper surface ofjthe
10 | Substructure (Western side) Cracks Poor V=300_cn? RM Repair Existing | 27/10/202 Jbutment. See sketche and photos 1.10.
Patching:
V=18,000cm3
Abutment A2 Epoxy Big cracks observed on the upper surface and
11 |Substructure . Cracks Poor injection: RM Repair Existing | 27/10/2020ront surface of the abutment. See sketches and
(Eastern side)
V=409cn} photos 1.11 & 1.12.
Pier P1 Epoxy Cracks observed on the wall. See sketches and
12 |Substructure er . Cracks Poor injection: RM Repair Existing | 27/10/2020 ’
(Western side) photos 1.13 & 1.14.
V=150cn?
Pier P2 water leakage Touch-up Water leakage and corrosion observed at thg part
13 | Substructure . . 9 Poor painting: RM Repair Existing | 27/10/202hat support the girder and tower. See sketches
(Eastern side) [Corrosin
A=1.2nf and photo 1.19.
A h Epoxy ks observed. See sketch and phot
14 | Site/Others pproach Cracks Poor injection: MM Repair Existing | 27/10/202 j\/lany cracks observed. see sketch and photb
(Eastern side) 1.18.
V=11,100cn
15 |Lightening system All Unfunctioned Poor 4 units RM Rep New 27/10/202QFour (4) lights were said not be working.
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Photo Record Sheet

(Bridge Name: Luangwa Bridge

)

Contractor Dorman Long Limited Contract Province: Eastern
Name Ref. No.

Date: 27/10/2020 Date: 27/10/2020 Date: 27/10/2020
No.: 1.1 No.: 1.2 No.: 1.3

Defect Type:

Short drain pipe & corrosion on cross
beam

Defect Type:

Corrosion on girder joint

Defect Type:

Paint deterioration on upper flange o
main girder

f

Insufficient length of drain pipes (all

Many joint plates and bolts are

Paint deterioration is observed on ugper

Le

lower flange on the main girder.

surface of deck slab.

D iption: i i ipelD iption: D iption: L
escription plpes), cross beam near the drain pipe|Description corroded. escription flange of main girder.
is corrodec
Date: 27/10/2020 Date: 27/10/2020 Date: 27/10/2020
No.: 1.4 No.: 1.5 No.: 1.6
Defect Type: |Corrosion on girder lower flange Defect Type: |Spalling on bottom surface of deck sjaliDefect Type: Sfpjgzs :a%lsmtegratlon on top surfa
__ |Corrosion is observed at the edge of . |Abig spalling is observed on bottom ___ |Spalling & disintegration are observe
Description: Description: Description:

on the top surface of deck slab.
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Photo Record Sheet

(Bridge Name: Luangwa Bridge

Contractor Dorman Long Limited Contract Province: Eastern
Name Ref. No.

Date: 27/10/2020 Date: 27/10/2020 Date: 27/10/2020
No.: 1.7 No.: 1.8 No.: 1.9

Defect Type:

Big cracks on deck bottom surface

Defect Type:

Cracks on deck top surface

Defect Type:

Sagging of superstructure

Big cracks are observed on the bottdm

Many cracks are observed on the tof

Sagging of superstructure is observe

Description: surface of deck slab. Description: surface of deck slab. Description: gsgl;/leen the cable stays in the main
Date: 27/10/2020 Date: 27/10/2020 Date: 27/10/2020
No.: 1.10 No.: 1.11 No.: 1.12

Defect Type:

Cracks on western side abutment Al

Defect Type:

Cracks on eastern side abutment A2

Defect Type:

Cracks on eastern side abutment A2

Description:

Cracks are observed on the top surfac
of western side abutment Al.

e .
Description:

Cracks are observed on the front wa
eastern side abutment A2.

of o
Description:

Cracks are observed on the front wa

eastern side abutment A2.
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Photo Record Sheet

(Bridge Name:

Luangwa Bridge

Contractor

Contract

Name Dorman Long Limited Ref. No. Province: | Eastern
Date: 27/10/2020 Date: 27/10/2020 Date: 27/10/2020
No.: 1.13 No.: 1.14 No.: 1.15

Defect Type:

Cracks on western side pier (P1)

Defect Type:

Cracks on western side pier (P1)

Defect Type:

Missing bolts on guardrail

handrail entirely.

- Cracks are observed on the eastern i%e - Cracks are observed on the eastern i%e .

DeSCI’IptIOI‘l: . . escription: . . escription:
wall of western side pier P1. wall of western side pier P1.

Date: 27/10/2020 Date: 27/10/2020 Date: 27/10/2020
No.: 1.16 No.: 1.17 No.: 1.18
Defect Type: |Paint deterioration on handrail Defect Type: |Drain scupper Defect Type: |Cracks on approach slab

- Paint deterioration is observed on - - Many longitudinal & transverse crack
Description: Description: Description:

are observed on the approach slab
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Photo Record Sheet

(Bridge Name: Luangwa Bridge

Contractor Dorman Long Limited Contract Province: Eastern
Name Ref. No.

Date: 27/10/2020 Date: 27/10/2020 Date: 27/10/2020
No.: 1.19 No.: 1.2 No.: 1.21

Defect Type:

Water leakage & corrosion on easter
pier (P2)

Defect Type:

Paint deterioration on tower

Defect Type:

Corrosion & paint deterioration on
anchorage

Water leakage & corrosion are

Paint deterioration is observed on all

Corrosion & paint deterioration are

Description: |observed at the girder supportin Description: Description:
P . 9 . PR 9 P tower members. P observed on most anchorages.
portion of eastern pier P2.
Date: Date: Date:
No.: No.: No.:

Defect Type:

Defect Type:

Defect Type}

Description:

Description:

Description:
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(4) Routine Inspection Results (November 3, 2021)

This section describes the newly observed congsalmmage in the Special Bridge Routine Mainter@ddeof Luangwa Bridge conducted on November 31202
In addition, we will consider the measurement tesifithe vertical profile of the bridge by the RBuUvey team conducted in October of the same year.
(4-1) Cracks on the top surface of the concrete slab

On the top surface of the concrete deck slabarenpent layer is worn and the concrete surfacgased. Moreover, many cracks are seen over e lamdge length.
Cracks in the bridge axis direction and in thegaritlansverse direction were observed, especiatly anacks in the bridge axis direction.

In addition, grid-shape cracks are seen throughewoncrete slab on the Chipata side approactefthigle is the concrete slab of the approachtramright side is the
concrete deck slab of the bridge.
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(4-2) Squeak of Expansion Joint

In the Lusaka side expansion joint (steel lap)jdink steel plate on the bridge side moves batfoah when a heavy-loaded vehicle passes by agdeak noise is
generated. It was observed that there was a largement when the vehicle was traveling from théec@fithe bridge to the tower on the Lusaka sidiewhen the vehicle was

passing over the expansion joint.

(4-3) Survey Results of Bridge Vertical Profile
The Luangwa Bridge was re-prestressed from 200304. The survey results for October 2021 are shotlae graph along with the values before and Riteprestressing.
In the case that the height of the abutment olutkaka side was to be 0.0 m, the height of theicefithe girder increased by 0.21 m from 0.04 5126 m due to Re-
prestressing. Then, 17 years later, in October, 232k 0.112m from that height to a height #88m, which means that about half of the rise al&etprestressing sank.
However, the amount of depression between theratags was 0.215m in 2003, 0.200m in 2004 (aftsing), and 0.203m in 2021 (current), showinghange. What does
this mean? It could mean that the decrease integisien is not the cause of the settlement betthearenter stays.

From the above, it seems that the consideratite &S report* is the most promising cause of épeagsion at present.  In other words, the gieterden the center stays
was erected upside down. (* Feasibility Studiesfmsessment of the Luangwa Bridge across the LumRiwer on the Great East Road (T4) in Easterrine@\Zambia Final
Feasibility Report, 16 February, 2016)
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5-2-3
(1) Defects and

Routine Maintenance

Causes

The defects observed in cable-stayed bridge (Luangdgebend their causes are described below. For the
defects common to general bridges, please seeyéBRwutine maintenance Guideline, 3-6 Types of d¥efnd

Causes”.

Table 5-2-2

Defects and Causes of Luangwa Bridge

Location

Defects

Photography

Presumed Causes

Main Girder, Cross
Beam

Paint deterioration,
Corrosion

Rainwater tends to stay around the edges of th
joint splicing plate and around the bolts, andoa|
tend to stay on the edges of the lower flange, s
paint deterioration and corrosion are likely to
occur in those areas.

s

Cable System
(Tower, Anchorage

Paint deterioration,
Corrosion

Itis considered that the paint has deteriorated
to repeated dry and wet for many year.
Deterioration of the upper surface of the ancho|
portion was accelerated by the retention of
rainwater.

Cable System
(Cable)

Vibration (observed
when heavy vehicles
loading the bridge)

In a cable structure such as a cable-stayed bri
the damping characteristics of the entire bridgs
low, so vibration due to wind is likely to occur.
Further, it is conceivable that the girder and the
cable vibrate due to the impact when the heavy
vehicle passes through the uneven surface of |
deck slab, and the vibration of the cable becon
particularly large.

Hoe,
ar

he
nes

Railing

Paint deterioration,
Corrosion

Itis considered that the paint has deteriorated
to repetition of dry and wet for many years.

du

Superstructure
between cable-stay

Sagging

Probable cause 1: The main towers tilted towd
the center during construction due to the shog
span. Therefore the main girder hung down.
Probable cause 2: The tension of the hanging
cables decreased and the girder hung down.
Probable cause 3: The main girder segment
between the hanging cables was installed upsi
down causing the excessive sag as a sum of i
camber and dead-load deflection.

According to the 2016 FS report, the response|
the bridge girder due to heavy vehicle loading
normal throughout, including the sagging sectio
and there are no structural defects in the main
structure of the bridge.

As a result of considering the Vertical Profile
measured in October 2021, Probable cause 2
considered to be the cause of sagging. (See 5

(4-3)

rd
id

de
itial

of

)

S not
2-2

Deck Top Surface

Crack, Spalling,
Bumpy Surface

Possible causes of damage include poor quali
concrete deck slab materials, poor constructio
performance during concrete placement, drying
shrinkage of concrete, and repeated passing 0|
heavy vehicles.

ty of
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Deck Bottom

Crack, Spalling

Possible causes of damage include poor formy
installation, poor quality of concrete materials,

vork

Surface discontinuous and/or uneven placement in cong¢rete
slab construction.
Insufficient length During design and construction, insufficient
Drain Pipe (Cause of cross bea consideration is given to corrosion of steel
corrosion) materials due to drainage water.
Guardrail Missing bolts Probably due to a vehicle collision.
In addition to the possibility that cracking ocady
early stage after the construction because the
temperature deformation due to the heat of
Abutment A1, A2 | Crack hydration (similar to Pier P1), there is a possiil
of cracks due to the alkali-aggregate reaction
because the hexagonal cracks and large cracl
widths.
Cracking occurred early stage after the
construction because the temperature deformafion
Pier P1 Crack due to the hea.t of hydration was constrained by the
temperature difference between the concrete
placed first and the concrete placed later and/pr
the temperature difference in the cross section|
Pier P2 Water leakage, Corrosion due to water leakage from drainage
Corrosion pipes and boundary between girder and slab, étc.
Clacking noise by i dered to be a frictional 4 when t
_ diurnal and seasonal is considered to be a frictional sound when te
Bearing (P1, P2) - girder expands and contracts due to temperatuyre
bridge thermal
changes.
movement
Squeak of Expansio The girder may be moving abnormally large as|a

Expansion Joint (A]

oint

heavy-duty vehicle passes over the bridge.

Approach Road

Crack

Itis considered to be due to the poor qualityef]
concrete pavement material and the repeated
loading of heavy vehicles.

—
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(2) Routine Maintenance Activities

The standard routine maintenance activities afdbée-stayed bridge are shown in Table 5-2-3.

>i>0>p>p>h>i?
>U>>6>0? >f>0

>0>p>i?

>A>07? p6? >f

Figure 5- 2-2 Treatment Categories

Table 5-2-3  Routine Maintenance Activity List (Lgava Bridge)

Activity Activity ltem Frequency Classification Applied item

No. Chapter 4 Chapter 5
(Deck)

1-1 Clean deck and gutters Yearly Preventive(Cycl.) 4-1

1-2 Clean deck drains/scuppers Yearly Preventive(Cycl. 4-1

1-3 Clean joint Yearly Preventive(Cycl.) 4-1

1-4 Joint sealing As needed Corrective 4-9

1-5 Deck repair — Coating on /injection/caulkingpimtracks As needed Preventive(CB.) 4-6/4-7/4-8

1-6 Deck repair — Pavement patching As needed Coveecti 4-11

1-7 Deck repair — Concrete deck patching As neefled reCibre 4-3

1-8 Collision damage repair to railing/parapet Asdaek Corrective 4-10

1-9 Repair to damaged curb/sidewalk As needed Coveecti 4-11

1-10 |Drain extensions As needgd  Preventive(CB.) 4-12)
(Superstructure)

2-1 Clean girders 2 years Preventive(Cygl.) 4-1

2-2 Touch-up/re- painting on steel members As neefledevehtive(CB.) 4-4
(Substructure)

3-1 Clean abutments/caps/bearings 2 yeafs Prevenyle(C 4-1

3-2 Repairs to slope protection As needed  Prevent®g(C 4-15

3-3 Repair to scour protections around foundations ne&gled | Preventive(CBJ) 4-16
(Site)

4-1 Vegetation control and rubbish removal arourtssuctures Quarterly| Preventive(Cyagl.) 4-13

4-2 Removal of debris/driftwoods from waterway Asdet | Preventive(CB. 4-14
(Cable System)

5-1 Clean cables/towera/anchor devices 2 years Pres@dycl.) 4-1

5-2 Touch-up/re- painting on steel members of cajseem As needed Preventive(CB.) 4-4
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Table 5-2-4 shows the recommended maintenancitiesfior the defects observed during the inspectid uangwa Bridge.

Table 5-2-4a Recommended Maintenance Activities for Luangwadgril/2)

Bridge Component/

Routine Maintenance ActiviLy Applied ItémChapter 4 and

il .
No. Sub-Component Defect Type 5 Other Activities
Superstructure/Steel member |Paint deterioration, 2-2 Touch-up/re- painting on s
1 (Main girder and Cross beam)Corrosion steel members 4-4 Touch-up/Re-painting
Superstructure/ Monitoring of the vertical profile of
2 P Sagging - - the bridge by surveying is necessa

Main girder, Deck

once a year.

3 |Railing/Metal railing

Paint deterioration

1-11 Touch-up/re- painting on
railing

4-4 Touch-up/Re-painting

4 |Railing/Guardrail

Missing bolts

1-8 Collision damage repair t¢
railing/parapet tightening

P4-10 Repair to Railing/Parapet

5 |Cable system/Tower

Paint deterioration

5-2 Touch-up/re- painting on
steel members of cable syste|

#1—4 Touch-up/Re-painting

6 |Cable system/Anchorage

Corrosion

5-2 Touch-up/re- painting on
steel members of cable syste|

#1—4 Touch-up/Re-painting

Deck/Concrete deck
(Upper surface)

Cracks, Spalling

MM Repair

Deck/Concrete deck
(Lower surface)

Cracks, Spalling

(Reconstruction of deck slab)
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Table '-2-4t  Recommended Maintenance Activities for Luangwadgri®/2

Bridge Component/

No. Defect Type Routine Maintenance Activity Applied ItéamChapter 4 and 5 Other Activities
Sub-Component yp y App P f
9 |Drainage/Drain pipe Insufficient length 1-10 Drain extension 4-12 Drain extension
10 Substructure/Abutment Al Cracks 3-2 Injection into cracks 4-7 Epoxy injection
(Western side) 3-3 Concrete patching 4-5 Concrete patching
11 SUbStrUCtur?/AbUtment A2 Cracks 3-2 Injection into crack 4-7 Epoxy injection
(Eastern side)
Substructure/Pier P1
12 LbSHLCTUTE/PIer Cracks 3-2 Injection into crack 4-7 Epoxy injection

(Western side)

Substructure/Pier P2

13 (Eastern side)

water leakage, Corros r:?-4 Touch-up/re- painting on

steel member of substructure4_4 Touch-up/Re-painting

14 |Bearing (P1, P2)

In-depth Inspection (Investigation (¢

Clacking noise - -
g the source and cause of sound)

In-depth Inspection (Carry out a
vehicle running test and investigate

Expansion Joint (Al Squeak - - . .
15 P (AL) a the behavior of the girder at the
expansion joint.)
Site/Others/ MM Repair (Replacement of
16 : Cracks - - . .
Approach(Eastern side) pavement in the approach section|
. . . . . . If a malfunction was found, repair i
17 |Lightening system/All Unfunctioned 4-3 Repair of lightening system - .
as soon as possible.
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5-2-4  Routine Maintenance and Repair Method

If there are any items that should be added aseauintenance activities of the Luangwa Bridge,
add them to Table 5-2-3 and describe the contasthpds, materials used, and equipment in "5-2-4
Routine Maintenance and Repair method".

Bridge Routine Maintenance Guideline 5-75



5-3 SUSPENSION BRIDGE (OTTO BEIT BRIDGE)

5-3-1 Structural Outline

The suspension bridge has main cables which etehatd between the main towers and fixed to abidus
at both ends of the bridge, and has a structuviith the transportation route is suspended byenanges hanging
from the main cables. The leading role of the suspe bridge is a cable, but a stiffening girdessisd in combination
to give the suspension bridge appropriate rigidig distribution action to the cable, wind resist, etcThe stiffening
girder supports the upper traffic route (floor stiweof road and/or railway)The cable and the stiffening girder are
connected by hangers, and the load is transnattbd table through the hangers. Because ofltiie Bad becomes
high tension of the high strength cable and transmite tortlund through the cable anchorage. Moreover, thés cab
tension has a restoring force on deformation, wihimieases the apparent stiffness, so the suspéngige is a very
suitable type of long span bridge.

On the other hand, since the stiffening girdén@suspension bridge is liable to be vibrated bgyvei structure
considering wind resistance is desirable.

Tower

Main Cable
Hanger Rope,

Anchorage AR

Stiffening Girder

Figure 5-3-1  Structural System of Suspension Bridg
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5-3-2  Routine Inspection
(1) Bridge Components and Defects

Table 5-3-1a shows possible defects in the bridggoonents of Otto Beit Bridge. And, Table 5-3-1tveh

defects in the bridge components of Otto Beit lerigich shall be inspected on the routine inspectio
Table 5-3-1a  Bridge Components and Possible Dé@titsBeit Bridge)

Bridge Componen

Sub-Component

Possible Defects

Superstructure
(Steel member)

Stiffening girder, Cross
beam,
Lateral bracing

1) Deterioration of painting, 2) Corrosion, 3) lgat crack/Fracture,
4) Loose connection/Missing rivet or HTB, 5) Defation/Buckling,
6) Abnormal deflection, 7) Abnormal vibration, 8p#ormal sound

1) Crack, 2) Spalling, 3) Scaling, 4) Honeycomb/ea@oncrete,

Protection work

1) Slope/Bank erosion, 2) Loss/Disintegration aftpction materials,
3) Defects due to displacement of foundation

Deck Concrete slab 5) Rebar exposure/Rebar corrosion, 6) Water ledkage lime
Abutment, Pier 1) Craclf, ?) Spalling, 3) Delamination, 4) Hongybdmose concret
5) Cold joint, 6) Rebar exposure/Rebar corrosi@nVater leakage/Freg¢
(Concrete member) lime
Substructure  |Foundation 1) Tilt, 2) Settlement, 3) Scouring/Loimgrof river bed

Expansion Joint

Metal joint
(Load-bearing type)

1) Crack/Fracture, 2) Damage to post-cast concBgt®eterioration of
waterproof system, 4) Crrosion, 5) Difference el 6) Abnormal
sound, 7) Abnormal spacing, 8)Bump

Wearing Course

Asphalt pavement

1) Potholes, 2) Rutting, 3) Bump, 4) CorrugationCsack, 6) Raveling,
7) Ponding

Sidewalk

Grating panel

1) Corrosion, 2) Deformati@®nFracture

Bearing

Metal bearing

1)Deformation/Breakage of bearing, 2) Corrosiobedring, 3) Loose
connection/Missing bolts, 4) Corrosion of bolts Bseakage of

mortar/concrete seat, 6) Abnormal sound, 7) Accatiamh of garbage an
debris

[=}

Railing

Metal railing

1) Deformation, 2) Corrosion), Bisappearance, 4) Loose connection

Drainage

Scupper

1) Damage to scupper, 2) Damage to cover, 3) Adation of garbage
and debris

Drain pipe

1) Damage to pipe, 2) Defect in connection,
3) Accumulation of garbage and debris, 4) Insuéiitiength,
5) No drain pipe

Site/Others

Waterway

1) Accumulation of driftwoods/debris,
2) Changes in river direction/lowering river bedthin a range of 20m
from the bridge to the upstream and downstreansyide

Approach

1) Accumulation of vegetation/debris/garbage,

2) Damage to rip-rap/retaining wall,

3) Settlement of approach section/incorrect vertidignment,
4) Damage to approach pavement (crack, potholg, etc

Cable System

Main cable

1) Failure, 2) Deformation, 3) Abnormal sag, 4) @sion,
5) Abnormal vibration, 6) Damage of protection cdeeating

Hanger rope

1) Failure, 2) Deformation, 3) Corrosion, 4) Abnatmibration,
5) Loose/Missing HTB of cable band, 6) Damage ckst
7) Damage of protection cover/coating

Tower
(Steel member)

1) Corrosion, 2) Fatigue crack, 3) Deformation/Binck
4) Loose/Missing HTB of saddle, 5) Deterioratiorpafinting,
6) Abnormal sound, 7) Abnormal vibration

Anchorage

1) Cracks, 2) Spalling/loose concrete, 3) Exposedécied rebars,
4) Water leakage, 5) Corrosion of anchor devices,
6) Fracture/slipping out of anchor devices,

7) Separation/swelling of repaired/strengthened par
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Table 5-3-1b

Bridge Components and Defects on Relspection (Otto Beit Bridge)

Bridge Componen

Sub-Component

Defects to be inspecte

Superstructure
(Steel member)

Stiffening girder, Cross beam,
Lateral bracing (Main bridge)
Main girder, Cross beam

(Access bridge)

1) Deterioration of painting, 2) Corrosion, 3) lgat crack/Fracture,
4) Loose connection/Missing rivet or HTB, 5) Defation/Buckling,
6) Abnormal deflection

1) Crack, 2) Spalling/Loose concrete, 3) Rebar swp/Rebar corrosio

Deck Concrete slab 4) Water leakage/Free lime
Abutment, Pier 1) Crack, 2) Spalling/Loose concrete, 3) Cold jotRebar
(Concrete member) exposure/Rebar corrosion, 5) Water leakage/Free lim
Substructure

Foundation

1) Tilt, 2) Settlement, 3) Scouring

Protection work

1) Slope/Bank erosion, 2) Loss/Degjration of protection materials

Expansion Joint

Metal joint
(Load-bearing type)

1) Crack/Fracture, 2) Damage to post-cast conci@t&;rrosion, 4)
Abnormal sound, 5) Abnormal spacing

Wearing Course

Asphalt pavement

1) Potholes, 2)iguitl) Crack, 4) Raveling, 5) Ponding

Sidewalk Grating panel 1) Corrosion, 2) Deformati®nfracture
1)Deformation/Breakage of bearing, 2) Corrosiobedring, 3) Loose
Bearing Metal bearing connection/Missing bolts, 4) Breakage of mortarfrete seat, 5)
Accumulation of garbage and debris
Railing Metal railing 1) Deformation, 2) Corrosior), Bisappearance, 4) Loose connection
1) Damage to scupper, 2) Damage to cover, 3) Adation of garbage
Scupper -
. and debris
Drainage
Drain pipe 1) Damage to pipe, 2) Insufficient len@hNo drain pipe
Waterway 1) Accumulation of driftwoods/debris
. 1) Accumulation of vegetation/debris/garbage,
Site/Others Approach 2) Damage to rip-rap/retaining wall,
PP 3) Settlement of approach section/incorrect vertidignment,
4) Damage to approach pavement (crack, potholg, etc
Main cable 1) Failure, 2) Deformation, 3) Abnormal sag, 4) @sion,
5) Abnormal vibration, 6) Damage of protection cdueating
1) Failure, 2) Deformation, 3) Corrosion, 4) Abnatmaibration,
Hanger rope 5) Loose/Missing HTB of cable band, 6) Damage akeg
7) Damage of protection cover/coating
Cable System 1) Corrosion, 2) Fatigue crack, 3) Deformation/Bingk

Tower
(Steel member)

4) Loose/Missing HTB of saddle, 5) Deterioratiorpafnting,
6) Abnormal sound, 7) Abnormal vibration

Anchorage

1) Cracks, 2) Spalling/loose concrete, 3) Exposedécied rebars,
4) Water leakage, 5) Corrosion of anchor devices,

6) Fracture/slipping out of anchor devices
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(2) Sheets for Routine Inspection (Otto Beit Bridge)

The Routine Inspection Report consists of followdrignds of sheet:

a.

b
C.
d

Bridge 5SRXWLQH ,QVSHFWLRQ )RUP
Defect' UDZLQJ 6 KHHW

Photo Record SheetD Q G

Routine maintenance Record Schedule and Record Form
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Bridge Routine Inspection Form

Date: Contractor Contract Province:
) Name Ref. No. )
Bridge No.: Bridge Name: Road No.: Road Name: Location:
Otto Beit Bridge
(¢D) (&3] 3) 4 (©)] (6) ) (®) ©
No. Bridge Sub- Defect Tvpd Condition| Quantity Proposed New/ Date of Remarks
Component | Component yp Rating (Unit) Action Existing | Detection

Note: - To categorize (1) Bridge Component, (2)-8almponent and (3) Defect type, refer to Table H3-

To determine (4) Condition rating andl PBoposed action, refer to the Table 1 and Tableith Figure 1, respectively.

(7) New/Existing means damage newly ifiedtin this inspection/already identified in piews inspection.
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Note: How to fill out the Bridge Routine Inspection Form

If you find a defect, enter the location in the columns of "(1) Bridge Component & (2) Sub-Component” and enter the type of defect in column of "(3) Defect Type", in the Bridge Routine Inspection Form,
and fill the location and type of defect on the Defect Drawing Sheet. And, in the column "(4) Condition Rating", select Good, Fair, Poor or Bad according to Table 1 Routine Inspection Condition Rating Criteria.
In the column "(6) Proposed Action”, suitable actions should be entered refer to the Figure 1 Determination flow of Maintenance Action. Table 1 shows the criteria for judgment of Condition Rating. Table 2

shows the types of required actions and their contents of actions. Figurel is a flowchart for determining a maintenance action based on the identified damage situation.

Tablel Routine Inspection Condition Rating Criteria

Identify situation of defects

Condition Rating Description
Good No damage
Fair With minor damage(s) not affecting the stability of the structure
With deteriorating damage(s) which should be monitored or
Poor could be repaired as a preventive action
Bad With severe damage(s) that affects stability of bridge or that
al

has possibility to harm a third party

Table 2 Required Maintenance Action

Emergency Action required?

EA: Emergency Action
- Stability of Bridge
- Harm to a Third Party (Rating: Bad)

??°?

< In-depth Inspection required?

In-depth Inspection
- To select Appropriate Repair Methods

- To monitoring Progress of any Damages

Repair Work required?

A 4

Possible to address

/\ o
by Routine Maintenance? >

A

- Determination of Repair Method
- Scheduling for Multi-years

I

Required Action Description
MO: No repair work and keeping monitoring
Monitoring (Damage not progressing or very slow)
RM:
. ) Should be maintained by Routine Maintenance
Routine Maintenance
MM: o . .
. ) Should be maintained by Major Maintenance
Major Maintenance
EA: Need to take actions immediately to avoid bridge collapse or
Emergency Action harm to a third party

In-Depth Inspection

Condition Inspection or Detailed Inspection

- Selection of appropriate repair method
- Monitoring of progress of any damages

SU>0>ae>l >p>u>ae>l

SU>t>ae>l

? 7 >C|??’??>]>C|’)’)’)’)’)’)’)’)’)

> >0>p? ? ? 2 ? >ee>1>0?

? 2501?22 >C

Figure 1 Determination Flow of Maintenance Action
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General Drawing (1/3)
Plan & Profile
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General Drawing (2/3)
Girder Cross Section & Longitudinal Vit
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General Drawing (3/3)
Tower & Abutment
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DNAANANANNANNNANNANAN

>8?222>1?2227?>

Defect Drawing Sheet (1/5)
Cable, Hanger, Girder, Floor structure,
Deck slab (Block 1)
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INANZINANANZNANANZNANANNAZNAN

>3P 272522272

Defect Drawing Sheet (2/5)
Cable, Hanger, Girder, Floor structure,
Deck slab (Block 2)
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2+'4

2+'4

2+'4

>8??27?2>12227

2+'4

2+'4

2+'4

Defect Drawing Sheet (3/5)
Cable, Hanger, Girder, Floor structure
Deck slab (Block 3)
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Defect Drawing Sheet (4/5)
Tower
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Defect Drawing Sheet (5/5)
Zimbabwe Side Approach Bridge
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Photo Record Sheet (Bridge Name: Otto Beit Bridge )
Contractor Contract Province:
Name Ref. No. )
Date: Date: Date:
No.: No.: No.:

Defect Type:

Defect Type:

Defect Type

Description: Description: Description:
Date: Date: Date:
No.: No.: No.:

Defect Type:

Defect Type:

Defect Type

Description:

Description:

Description:
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Bridge Routine Maintenance Schedule and Record Form

Bridge No.: Bridge Name: Contractor Name: Contract Ref. No.: Province:
Otto Beit Bridge
(©)) (6) €0} (C))
A 2 Description: “) §5) Date: Date: Additional 9)
No. Contract N - Ref. No. of| Estimated -
Activities Condition before Instruction to Work Work Remarks
Item No.: A Defect Cost )
Maintenance Contractor | Completed| Required

Note: -Ref. No. of defect corresponds to No. with thpeaason date in the Bridge Routine Inspection Form{&@01-26.11.2015
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(3) Inspection Results (Arranged the results of Oct2B&6 and August 2019)

Bridge Routine Inspection Form

22E.

06

pre

Date: Contractor Contract Province:
' Name: Ref. No. : '
Bridge No.: Bridge Name: Road No.: Road Name: Location:
@) @) @) @) ®) ®) ) ®) ©
No. Bridge Conditionf Quantity Proposed New/ Date of
Sub-ComponentDefect Type . . . L . Remarks
Component Rating (Unit) Action Existing | Detection
Epoxy .
. L . . Crack: b d th hor d f th
1|Cable System Anchorage Cracks Fai injection RM Repair Existing Aug. 2019 racks are observed hear e anchor cevice ot the
3 concrete anchorage. See sketch and photo 1.
V=300cn
. Wrapping wire . Broken wrapping wire (West side main cable). Se¢
2| Cable System Main Cable broken Bad Partial Existing Oct. 2016 sketch and photos 2 & 3.
. Wrapping wire replacement df EA - Chipped wrapping wire between hangers 21E and
3| Cable System Main Cable chipped Bad wrapping wire Existing Oct. 2016 See sketch and photo 4,
(L=15m) i _
a|Cable System Main Cable Rgst on_ Bad Existing Oct. 2016 Rusted repaired area between hangers 20E and 21E
repaired wire See sketch and photo 5.
. Partial repair - :
5|Cable System Hanger Rope  Fractured wire Bad (Wrapping Existing t. 2086 |Fractured wire on hanger 2W. See sketch and phot
wire+Bitumino EA
6| Cable System Hanger Ropé Rusted Bag US painy Existing Oct. 251 t caused by local loss of bituminous paint. See
(L=10m) sketch snd photos 7 & 8.
Shackle & Clamy . Repainting . . Many shackles and some clamps of hanger ropes
7|Cable System of Hanger Rope Rusted Fair (All members MM Repair Existing Aug. 2019 rusted. See sketch and photos 9 & 10.
e .. . .| Repainting . - Corrosion, mostly lower cords and their surroundir
8| Superstructure  Stiffening Girder Corrosior Fain (All members MM Repair Existing Oct. 2016 members. See sketch and photos 11 to 14.
. . Rusted and/of Replacemen . Most of sidewalk panels are rusted and/or buckled.
9| Sidewalk Grating panel Buckled Bad (All) EA Existing Oct. 2016 See sketch and photos 15 & 16.
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Wearing Potholes & Replacemem| . Potholes and cracks in the asphalt pavement on the
10 Cource Asphalt Pavement Cracks Poor (Al MM Repair New Aug. 2019 deck slab. See sketch and photos 17 & 18.
| . . Repainting . Steel girder of span 4 is corroded near the abutmgm
11} Superstructurg Access bridge Corrosion Ba j(AII members MM Repair New Aug. 2019 See sketch and photo 19.
Expansion Metal Joint Covered with . . . Expansion device is covered with accumulated sapdy
12 Joint (Zambian side) | sandy materials Fair Cleaning RM Repal New Aug. 2019materials. See sketch and photo 20.
. . Damage to . .
Adjacent pavement is damaged. See sketch and photo
13 Expansmn _Metal Jom_t adjacent Fair New Aug. 2019 d pav ! 9 P
Joint (Zimbabwe side 21.
pavement Replacemen{ MM Repai
Expansion Metal Joint . L The lower part of the expansion joint is corrodeee
14 Joint (Zimbabwe side Corrosion Poor Existing Oct. 2014 sketch and photo 22.
Spalling, Rebay p . . .
atchin Spalling, rebar exposure and corrosion. See skeidh
15| Deck Concrete slab| exposure & Poor 29 RM Repair Existing Oct. 2016 paliing xposu !
: (A=20 ) photos 23 & 24.
Corrosion
16| Bearing Metal Bearing Rusted Poor Repainting MM Repai Existing Oct. 2016 |Rust on the steel surface. See sketch and photo 2%.
. . idi . . Sliding plates moving outwards. See sketch an ot
17| Bearing Metal Bearing Sllir;g\]/i;:]?es Bad Repair EA Existing Oct. 2016 26 9P 9 dopT

Note: - To categorize (1) Bridge Component, (2)-8almponent and (3) Defect type, refer to Table H3-

To determine (4) Condition rating anyl PBoposed action, refer to the Table 1 and Tableith Figure 1, respectively.

(7) New/Existing means damage newly ifiedtin this inspection/already identified in piews inspection.
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Note: How to fill out the Bridge Routine Inspection Form

If you find a defect, enter the location in the columns of "(1) Bridge Component & (2) Sub-Component” and enter the type of defect in column of "(3) Defect Type", in the Bridge Routine Inspection Form,
and fill the location and type of defect on the Defect Drawing Sheet. And, in the column "(4) Condition Rating", select Good, Fair, Poor or Bad according to Table 1 Routine Inspection Condition Rating Criteria.
In the column "(6) Proposed Action”, suitable actions should be entered refer to the Figure 1 Determination flow of Maintenance Action. Table 1 shows the criteria for judgment of Condition Rating. Table 2

shows the types of required actions and their contents of actions. Figurel is a flowchart for determining a maintenance action based on the identified damage situation.

Tablel Routine Inspection Condition Rating Criteria

Identify situation of defects

Condition Rating Description
Good No damage
Fair With minor damage(s) not affecting the stability of the structure
With deteriorating damage(s) which should be monitored or
Poor could be repaired as a preventive action
Bad With severe damage(s) that affects stability of bridge or that
al

has possibility to harm a third party

Table 2 Required Maintenance Action

Emergency Action required?

EA: Emergency Action
- Stability of Bridge
- Harm to a Third Party (Rating: Bad)

??°?

< In-depth Inspection required?

In-depth Inspection
- To select Appropriate Repair Methods

- To monitoring Progress of any Damages

Repair Work required?

A 4

Possible to address

/\ o
by Routine Maintenance? >

A

- Determination of Repair Method
- Scheduling for Multi-years

I

Required Action Description
MO: No repair work and keeping monitoring
Monitoring (Damage not progressing or very slow)
RM:
. ) Should be maintained by Routine Maintenance
Routine Maintenance
MM: o . .
. ) Should be maintained by Major Maintenance
Major Maintenance
EA: Need to take actions immediately to avoid bridge collapse or
Emergency Action harm to a third party

In-Depth Inspection

Condition Inspection or Detailed Inspection

- Selection of appropriate repair method
- Monitoring of progress of any damages

SU>0>ae>l >p>u>ae>l

SU>t>ae>l

? 7 >C|??’??>]>C|’)’)’)’)’)’)’)’)’)

> >0>p? ? ? 2 ? >ee>1>0?

? 2501?22 >C

Figure 1 Determination Flow of Maintenance Action
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Defect Drawing Sheet (1/5)
Cable, Hanger, Girder, Floor structure,
Deck slab (Block 1)
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Defect Drawing Sheet (2/5)
Cable, Hanger, Girder, Floor structure,
Deck slab (Block 2)
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Defect Drawing Sheet (3/5)
Cable, Hanger, Girder, Floor structure

Deck slab (Block 3)
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Defect Drawing Sheet (4/5)
Tower
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Defect Drawing Sheet (5/5)
Zimbabwe Side Approach Bridge
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Photo Record Sheet

(Bridge Name: Otto Beit Bridge )

hangers 21E and 22E

hangers 20E and 21E

Contractor Contract Province:

Name Ref. No. '

No. : 1 No.: 2 No.: 3

Date: August 28, 2019 Date: Octber 2016 Date: Octber 2016

Location: |Zambian side anchorage Location: |Main cable (West side) Location: |Main cable (West side)

Defect Typ{Cracks concrete part Defect Typ{Wrapping wire broken Defect Typ{Wrapping wire broken
Cracks are observed near the Broken wrapping wire between . .

- . - . . __|Broken wrapping wire between west
Descriptionjanchor device of the concrete Description] Zimbabwe west side tower and Description _.
side hanger 34 and tower

anchorage anchorage

No.: 4 No.: 5 No.: 6

Date: October 2016 Date: October 2016 Date: October 2016

Location: |Main cable (East side) Location: |Main cable (East side) Location: |Hanger 2W

Defect Typ{Wrapping wire chipped Defect Typ{Rust on repaired wire Defect Typ¢Fractured wire

Description] Chipped wrapping wire between Description] Rusted repaired area between Description{Fractured wire on hanger 2W
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rusted

No.: 7 No.: 8 No.: 9
Date: October 2016 Date: October 2016 Date: August 28, 2019
Location: |[Hanger 2W & 4W Location: |Hanger 23E & 26E Location: |Shackle of hanger rope
Defect Typ{Rusted Defect Typ{RuUSt on some repaired area Defect Typ§Rusted

_|Rust caused by local loss of __|Rust on some repaired area __|Many hanger rope shackles are
Descriptiony, . . . Description! .. Description!

bituminous paint (Recent repairing) rusted

No.: 10 No.: 11 No.: 12
Date: August 28, 2019 Date: October 2016 Date: October 2016
Location: |Clamp of hanger rope Location: |Stiffening girder (9E) Location: |Stiffening girder (14E)
Defect Typ{Rusted Defect Typ¢Corrosion Defect Typ¢Corrosion
Description Some hanger rope clamps are Description] Corrosion spot Description Corrosion spot (Lower cords and

their surrounding members)
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No.: 13 No.: 14 No.: 15
Date: October 2016 Date: October 2016 Date: August 28, 2019
Location: |Stiffening girder (18E-19E) Location: |Stiffening girder (3W-4W) Location: |Sidewalk
Defect Typ¢Corrosion Defect Typ¢Corrosion Defect Typ¢Corrosion
____|Corrosion spot (Lower cords and ____|Corrosion spot (Lower cords and - .
Description] . . . Description] . . . Description]Most of sidewalk are rusty
their surrounding members) their surrounding members)
No.: 16 No.: 17 No.: 18
Date: August 28, 2019 Date: August 28, 2019 Date: August 28, 2019
Location: |Sidewalk Location: |Pavement on deck slab (Main span) | |Location: |Pavement on deck slab (Side span)
Defect Typ{Buckling Defect Typ{Pothole Defect Typ{Potholes and Cracks
Descrivtion, Some parts of sidewalk are Descrintion: Many potholes in the asphalt Descrintion: Potholes and cracks in the asphalt
PN buckled. phion pavement on the deck slab phion pavement on the deck slab
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No.: 19 No.: 20 No.: 21
Date: August 28, 2019 Date: August 28, 2019 Date: August 28, 2019
Location: |Span 4 (abutment side) Location: [Zambian side expansion joint Location: [Zimbabwe side expansion joint
Defect Typ¢Corrosion Defect Typ{Covered with sandy materials Defect Typ{Damage to adjacent pavement
Description Steel girder of span 4 is corroded Description Expansion device is Covefed with Description] Adjacent pavement is damaged
near the abutmemt accumulated sandy materials
No.: 22 No.: 23 No.: 24
Date: October 2016 Date: October 2016 Date: October 2016
Location: |Zimbabwe side expansion joint Location: [Deck slab (Near Zambian tower) Location: [Deck slab (Near Zambian tower)
Defect Typ¢Corrosion Defect Typ{Spalling, Rebar exposure Defect Typ{Spalling, Rebar exposure
____|The lower part of the expansion . |Spalling, rebar exposure and . |Spalling, rebar exposure and
Descriptiony. . . Description . Description . . .
joint is corroded. corrosion corrosion (distant view)
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No.: 25 No.: 26 No.:

Date: October 2016 Date: October 2016 Date:
Location: |[Zambia side upstream bearing Location: |Zimbabwe side downstream bearing| |Location:
Defect Typ{Rusted Defect Typ¢Sliding plates moving Defect Type:
Description] Rust on the steel surface Description| Sliding plates moving outwards Description
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(4) Inspection Results (Date of Inspection: Octobe2@2])

In this inspection, we investigated newly generdéddcts and worsened defects after the 2019 timspend filled them out on the inspection sheet.

Currently, the Chirundu Bridge is being used aslubut the Otto Beit Bridge has been closed dtieeteffects of COVID-19.

Partly because of this, the road surface is covétieé thin layer of earth and sand, and the aatapping wires have been frayed or damaged, tigeeha bitumen coating
has deteriorated, and the stiffening girder pastdeteriorated /corroded. The defect condititineoDtto Beit Bridge is worse further than it @t time of inspection in 2019.

The deck slab and the pavement above it are asty@amaged, such as potholes in the pavemeitacks in the deck slab.

There is concern that the condition of the Otto Beit Bl further worsen in the future due to the fact thiaas not been properly repaired and maintained foa lo
period of time and is currently closed to trafficlaot cleaned.

Bridge Routine Inspection Form

Date: Contractor Contract Province:
) Name: Ref. No. : ’
Bridge No.: Bridge Name: Road No.: Road Name: Location:
) @ 3) @) ®) ®) @ ®) ©
No. Bridge Condition Quantity Proposed New/ Date of
Sub-ComponentDefect Type . . . L . Remarks
Component Rating (Unit) Action Existing | Detection
Wrapning wire Replacement Wrapping wires are newly broken at several portigns
1 |cable System|  Main Cable g’r";kgn Bad Wrg ety EA New Oct. 2021 |of the main cables. (LE, 7E-8E, 28E, & Tow-Ank B),
ppRINg (Photo: 1-1, 1-2, 1-3 & 1-4)
Dirty imbabwe anchorage houses are full of garbages
2 |Cable System Anchorage anchorage Bad Cleaning RM Repai New Oct. 202%Phot0' 2) 9 9 ges.
houses )
Detailed . .
3 |Cable System Hanger Rope Not straight Bad |Inspection (2 In-depth New Oct. 2021 Hanger Rope is not straight. (2, 6W),
Inspection (Photo: 3-1, 3-2)
ropes)
Bituminous Hanger wrapping(Bituminous paint) removed (1E, RE
4 |[Cable System Hanger Ropeg paint removed New Oct. 2021 & 9E), (Photo: 4)
5 |Cable System Hanger Ropeg Wr?é)rr:gl\?evc\jnre Replacement New Oct. 2021 |Wrapping wire is removed. (8W), (Photo: 5)
Bad coating EA
) materials (All o
6 |Cable System Hanger Ropé Fractured wire Hanger Ropes) New Oct. 2(024nger wire is fractured. (9W), (Photo: 6)
7 |Cable System Hanger Ropeg Rusted hanger New Oct. 2b2hger Rope is rusted. (14E), (Photo: 7)
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LW),

0)

ition

the

o

Repainting
'(Clamps and . L. . .
8 |Cable Systen Hanger Rop¢ Clamp rusted Pop Shackles of MM Repair Existing Oct. 2021Hanger clamp is rusted. (21E), (Photo: 8)
All Hangers)
| Rotated Correcting . Shackles have been rotated. (32E, 26W, 27W 3
9 |[Cable Systen Hanger Rop¢ shackle Poor position MM Repair New Oct. 2021 (Photo: 9-1, 9-2)
Repainting
Superstructur| _,. . . . . L .
10 e Stiffening girder Rusted Fair (Al MM Repair| Existing Oct. 2021 Many lower cord members are rusted. (Photo: 1
members)
Replace with Deck slab and pavement are in even worse cond
11 | Deck slab Main bridge Pothole, crack Bad P MM Repair Existing Oct. 2021fthan the last inspection (potholes, cracks, etc.)
precast slab )
(Photo: 11)
. . . - Dameges (potholes & cracks) are worse than af
12 | Deck slab Access bridge Pothole, crpck BafReconstructig MM Repair| Exsisting Oct. 2021 . 9 (F.’ . )
last inspection. (Photo: 12)
Expansion Buried with xpansion joint is covered with more sandy
13 |. .p Zambia side sandy Poor Cleaning RM Repair Exsisting Oct. ZOZE . . . .
joint ; materials than at the last inspection. (Photo: 13
marterials
Expansion Damage of Damage of adjacent pavement to expansion join
14 'oirPlt Zimbabwe side adjacent Poor Replacement MM Repdir Exsisting Oct. 20 fecome worse yhan at the last inspection. (Pho
J pavement 14)
i i Wire mesh of the guard fence is deformed in
15 | Guard fence Access bridge Wire mesh Poor Partial RM Repair New Oct. 2021 g .
deformed replacement several places. (Photo: 15)
Note: - To categorize (1) Bridge Component, (2)-8oimponent and (3) Defect type, refer to Table B33-

To determine (4) Condition rating anjlP@8oposed action, refer to the Table 1 and TableitRA Figure 1, respectively.

(7) New/Existing means damage newly iledtin this inspection/already identified in pi@ys inspection.
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g./ Defect Drawing Sheet (1/3)
Cable, Hanger, Girder, Floor structure,

Deck slab (Block 1)
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Defect Drawing Sheet (2/3)
Cable, Hanger, Girder, Floor structure,
Deck slab (Block 2)

Bridge Routine Maintenance Guideline

5-108




2222225>0>Y>U5ap0

?222222>>0?2272>? 21?2 >0>1>0>Y>U>R>0

7727772787517 27 b

2222222225122 21222>12727>l
/??!??>i??>i?????' ?22>1>0>p>0

SU? 2 2%>1? 2 2#2 2512 2 2[? >1R2 222 2>
(22251221222 2550>Y>(>0

2512251222 25174222250
772>

________________________ e — T —

Defect Drawing Sheet (3/3)

Cable, Hanger, Girder, Floor structure
| 5722222225122 2251222 7| 512222222 5150585U5p>0 Deck slab (Block 3)
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Photo Record Sheet

(Bridge Name: Otto Beit Bridge )

Contractor| Contract Province:
Name Ref. No. )
No. : 1-1 No.: 1-2 No.: 1-3
Date: October 22, 2021 Date: October 22, 2021 Date: October 22, 2021
Location: [Main Cable (East side) Location: |Main Cable (East side) Location: [Main Cable (East side)
Defect Type: Defect Type: Defect Type:

.. |Wrapping wire is broken .. |Wrapping wire is broken .. |Wrapping wire is coming out.
Description] (near 1E) Description] (between 7E & 8E)) Description] (near 28E)
No.: 1-4 No.: 2 No.: 3-1
Date: October 22, 2021 Date: October 22, 2021 Date: October 22, 2021
Location: |Main Cable (East side) Location: |Anchorage (Zimbabwe side) Location: |Hanger Rope (East side)

Defect Type:

Defect Type:

Defect Type:

Description

Wrapping wire is broken
(between Zimbabwe east side
tower & anchorage)

Description

Zimbabwe side anchorage houses
are full of garbages

Description]

Hanger Rope is not straight
(2E)
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No.: 3-2 No.: 4 No.: 5
Date: October 22, 2021 Date: October 22, 2021 Date: October 22, 2021
Location: |Hanger Rope (West side) Location: |Hanger Rope (East side) Location: |Hanger Rope (West side)

Defect Type:

Defect Type:

Defect Type:

Hanger Rope is not straight

Hanger wrapping (Bituminous paint)

Wrapping wire is removed

Description (GW) Description] is removed (lE, 2E & 9E) Description] (8W)

No.: 6 No.: 7 No.: 8

Date: October 22, 2021 Date: October 22, 2021 Date: October 22, 2021
Location: |Hanger Rope(West side) Location: |Hanger Rope (East side) Location: |Hanger Rope (East side)

Defect Type:

Defect Type:

Defect Type:

Description

Hanger wire is fractured
(OW)

Description

Hanger Rope is rusted
(14E)

Description

Hanger clamp is rusted
(21E)
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No.: 9-1 No.: 9-2 No.: 10
Date: October 22, 2021 Date: October 22, 2021 Date:
Location: |Hanger Rope (East side) Location: |Hanger Rope (West side) Location: |Stiffening Girder (Whole girder)

Defect Type:

Defect Type:

Defect Type:

Hanger shackle has been rotated

Hanger shackle has been rotated

Many lower cord members are

Description; (32E) Description; (26W, 27W and 31W) Description rusted

No.: 11 No.: 12 No.: 13

Date: October 22, 2021 Date: October 22, 2021 Date: October 22, 2021

Location: |Deck slab and Pavement Location: |Access Bridge surface Location: |Expansion Joint (Zambia side)

Defect Type:

Defect Type:

Defect Type:

Description

Deck slab and pavement are in
even worse condition than at the
last inspection (Potholes &
Cracks)

Description

Damages (Potholes & Cracks) are
worse than at the last inspection

Description

Expansion joint is coverd with more
sandy materials than at the last
inspection
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No.: 14 No.: 15 No.:
Date: October 22, 2021 Date: October 22, 2021 Date:
Location: [Expansion joint (Zimbabwe side) Location: |[Guard fence (Access Bridge) Location:

Defect Type:

Defect Type:

Defect Type:

Description

Damage of adjacent pavement to
the expansion joint bacame worse

than at the last inspection

Description

Wire mesh of the guard fence is
deformed in several places

Description]
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5-3-3

Routine Maintenance

(1) Defects and Causes

The defects observed in suspension bridge (The @it@Bdge) and their causes are described belaw. Fo
the defects common to general bridges, pleasd3gege Routine maintenance Guideline, 3-6 Typd3abécts and

Causes”.

Table 5-3-2

Defects and Causes of Otto Beit Bridge

Location

Defects

Photography

Presumed Causes

Cable System
- Main Cable -

Wrapping wire broker
Chipped & rusted

It seems that the main cable has never be
repaired or otherwise maintained after the
bridge was completed in 1939. It is presu
that the wrapping wire has deteriorated a
damaged due to the effects of long-term w
and rain and vibration when the vehicle
passes through.

med
hd
ind

Cable System
- Anchorage -

Cracks

It is thought that cracks have occured in th
surface layer of concrete. Itis presumed t
the drying shrinkage that occurred in the
surface concrete during the construction g
the surface concrete was restrained by th
concrete inside and cracks occurred.

hat

%

Anchorage houses aie

full of garbages
(Zimbabwe side)

It seems that it was used as a garbage dy
for some reason.

mp

Cable System
- Hanger Rope -

Bituminous paint
deteriorated,
Hanger rope rusted,
Repaired wrapping
wire broken

The hanger ropes are covered with
Bituminous Paint, but those paints have
deteriorated over time, and at some portig
those coatings have peeled off and wires
have been damaged. Those dameged po
have been partially repaired with wrappin
wire, but the repaired portions are also
deteriorating.

ns,

tions
0

Shackles & Clamps
are rusted

The shackles and clamps that secure the
hanger ropes are also all rusted due to th
effects of many years of wind and rain.

U
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Location

Defects

Photography

Presumed Causes

Cable System
- Hanger Rope -

Rope is not straight,
Some Shackles are
rotated

If it is not straight, it is possible that the
tension is reduced. It seems that the shac
are rotating because of vibrations by pasg
vehicles/strong winds which have affecteq
the bridge for many years.

es
ng

Superstructure
- Stiffening Girder -

Many lower cord
members are rusted

When it rains, water from the upper struct}rres

such as the road surface and the upper c
members falls on the lower chord membe
so itis presumed that the rust has progreg

due to the repetition of those phenomenori.

ord
S,
sed

Sidewalk
- Grating Panels -

Most panels are rustg
and some parts of
sidewalk are buckled

Rust and corrosion appear to be the effeg
long-standing rainwater.

The buckling may be caused by the event
the vehicle's tires rode on the sidewalk.

ts of

that

Superstructure
- Access Bridge -

Steel girder is
corroded (span 4)

The positions of the girders are low,
therefore it is thought that the girders werg
submerged in water when the water incre
due to heavy rain.

Ased

Many potholes
(pavement) & many
cracks (concrete slal

~—~

Due to the effects of heavy vehicles passi
for many years, pavement and concrete d
are being damaged. In addition, maintenal
has not been done so far, and the bridge
currently closed due to the influence of
COVID-19, then it is in a more rough state
than the last inspection time.

bck
hce

n

Deck
- Main Bridge - It is presumed that due to the use of low-
quality concrete and insufficient compactign
Spalling, rebar of concrete during construction, moist air
exposure and penetrated into the inside of concrete, caysing
corrosion (Bottom corrosion of the reinforcing bars. After that, it
surface of deck slab) is also presumed that the corrosion of the
reinforcing bars progressed and expandefl,
and the cover concrete fell off.
Due to the effects of heavy vehicles passipg
for many years, pavement and concrete deck
Deck Many potholes are being damaged. In addition, maintenahce

- Access Bridge -

(pavement) & many
cracks (concrete slal

has not been done so far, and the bridge
currently closed due to the influence of
COVID-19, thenitis in a more rough state
than the last inspection time.

[
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Location

Defects

Photography

Presumed Causes

It is presumed that the bridge had not bee

Expansion Joint |Covered with sandy maintained for many years and the bridge|is
- Zambia side - |materials closing due to the influence of COVID-19,
therefore, the surrounding earth and sand
flowed to and covered over the joint.
J
_ The adjacent pavement was damaged dug to
Damage to adjacent the passage of heavy vehicles for many
Expansion Joint [pavement & lower palrt years.In addition, it is presumed that
- Zimbabwe side -|of expansion joint is rainwater on the road surface flowed into fthe
corroded lower side of the joint and the back side of
the joint was corroded.
Bearing Steel surface of It is probable that rainwater flowed down
- Zambia side - |bearing is rusted from the expansion joint, causing corrosio
9 the bearings.
sliding plates of It is presumed that the sliding plate did no
Bearing bearing are movin function normally and followed the movement
- Zimbabwe side - 9 9 of the stiffening girder and moved out to the

outwards

river side.

Guard Fence
- Access Road -

Wire mesh of guard
rail is deformed in
several places

It seems to be due to artificial behavior fo
some reason.
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(2) Routine Maintenance Activities

The standard routine maintenance activities afiispension bridge are shown in Table 5-3-3.

>1>0>p>p>A>17?

SOU>>6>07 >A>0

Figure 5-3-2 Treatment Categories

>0>p>i? >fi>0? P67 >
>0>i>0>07 >A>05i>0>1>1

Table 5-3-3  Routine Maintenance Activity List (Ceit Bridge)
Activity . e Applied Iterr

No. Activity ltem Frequency Classification i Chapter
(Deck)

1-1 Clean deck and gutte Yearly Preventive(Cycl 4-1

1-2 Clean deck drains/scupp Yearly Preventive(Cycl 4-1

1-3 Clean join Yearly Preventive(Cycl 4-1

1-4 Joint sealin As neede Corrective 4-9

1.5 |Deckrepair = Coating on As needed| Preventive(CB|)  4-6/4-7/4.8
/injection/caulking into cracl

1-6 Deck repair — Pavement Patching As needled Coreecti 4-11

1-7 Deck _repalr ~ Concrete Deck As needed Corrective 4-3
Patching

1-8 C(.JI.“SIOn damage repair to As needed Corrective 4-10
railing/parapet

1-9 Repair to damaged curb/sidewal As needed Coveecti 4-11

1-1C |Drain extensior As neede | Preventive(CB 4-12
(Superstructur

2-1 Clean girder 2 year: Preventive(Cycl 4-1

2.p |Touch-upire- painting on steel As needed| Preventive(CB)) 4-4
members
(Substructure

3-1 Clean abutments/caps/bearings 2 yeafs Prevenyisle(C 4-1

3-2 Repairs to slope protecti As neede | Preventive(CB 4-1F

3.3 Repair t_o scour protections arou WdAS needed| Preventive(CB)) 4-16
foundations
(Site}
Vegetation control and rubbish .

4-1 removal around substructu Quarterly | Preventive(Cycl)) 4-13

4-2 Removal of debris/driftwoods from As needed| Preventive(CB)) 4-14
waterwa
(Cable Systen

5-1 Clean main cables/hunger 2 years Preventive(Cycl}) 4-1
ropes/Towers/anchorag

5.p |Touch-upire- painting on steel As needed| Preventive(CB)) 4-4
members of cable systi

5.3 |Coating onfinjectionjcaulkingintq g yeeded| Preventive(CB)  4-6/4-7/4{8
cracks of anchorag

5-4 Patching on anchorages As needed Corrective 4-5
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Routine Maintenance and Repair Method

5-2-4

Table 5-3-4 shows the recommended maintenancitiegfior the defects observed during the inspecio

the Otto Beit Bridge.

Iy

p J191deyd ur way| palddy

9dueualule|p aullnoy

Juauodwo) abpug

(areday NIN) suoiisod ayy Bunoalo) - - pajelol ale sapoeys adoy JebueH/waisAs ajqed| .
(ureday AIN) sadou Jabuey i i PRISNI| _ou 1oBUBLILBISAS olge
e 10} sapjorys % sdwe|d jo bunureday ale sdwe|D 3 saporys d HIBISAS 31qed)| 9
JEXTOI]
(reday WIN) sados - - o__>\_, m% _MMWMBOJNMNMMW_ adoy Jabue 91SAS 9|qe
P 10} S[elarew Buieod Jo uswaoe|day Pl . H d HALBISAS 81qeD| 5
paleloLIa1ep
Jred snouwnig
(uonoadsur yidap - - (ybrens j0u) paw.ojd adoy JabueHwaisAs a|qe %
-u]) sadou g Jo uoisua) ay1 buunsesy WoIeAS 10u) p 120 o HAUAISAS 91qed
Buiues|d T-v Buiues|d 1-5 abequres jo N4 abeIoyouyWalsAS a|qeDd| €
uonaslur Axod3 /- uonosalur Axod3 g-g syoeId abeioyouy/walsAs a|qed| ¢
(reday NIN) dd
S9|ged urew ay} Jo suonoas pabewep - - ) PSS g paadiyd a|qeD Ure\/wWalsAS ajqed| T
uaxo.q aaim Buiddeipp
ay1 Joy aam Buiddeim sy Buioe|day
I3 B
SanIAIY JaY10 5 pue HAOY . Jusuodwod-qns oN

(2/1) EPmBg ONO J0} SANIAIDY SoURUSIUR|A POPUSLILCISY By-£-G a|gel

5-118

Bridge Routine Maintenance Guideline



(r

19dered

1odesed/Bulres

Builies o) ireday OT-#h Jredos aBewep UOISIOD §-T pawIoep Yysaw A abplg ssadoy/eousH pens| 9T
(ureday ANIN) Jreday - - Buinow ayeyd Buipys apis amgequiz/Buleag| GT
(Ireday WIN) Bunureday - - paisny apis eiquez/Buesg| vT
papo.lod sl uiol uoisuedxa
(1reday AIIN) swaor|day - - 10 ued Jamo| % uBwaAepIS amgequizauior uoisuedx3| €T
juaoelpe 01 afeweq
Buues|o T-¥ Buiues|D T-G liEeWw Apues yum paung apis viquezauior uoisuedx3| 2T
(ureday ININ) uononnsuoday - - yorlo ‘sjoy1od abpug ssa2ov/qels Xoaal| TT
pday INN) S|aued |[e 10} Juswade|dey - - papang Jo/pue paisny abpug ureppremapis| 0T
(redey INW) qels 1seo8id (92'UNS WoN0g) UCIS0LI0D
e UM qels v_mwn Bunsixa au) aoe|day - - pue pasodxa Jegay ‘Buyeds abpug uren/gels Xoaal 6
: U doeuns do]) »oeIo ‘sloylod
(neday NIN) slaquisw (e o) Bunureday - - paisny Japao Buluayns/ainonnsiadng| 8
ue IN}D usuodwo)-gn
SaNIANIY JaY10 S L Aoy adA 1 109)e@ ! RS "ON

7 Ja1deyD ul way palddy

9d0ueU3UIE|A |aulNoY

Ausuodwo) abpug

(2/2) &BmPg ONO J0} SANIAIDY SoURUSIUR|A PEPUSLULIOISY O-8-G a|qel

5-119

Bridge Routine Maintenance Guideline



5-3-4  Routine Maintenance and Repair Method

If there are any items that should be added ameontaintenance activities of Otto Beit
Bridge, add them to Table 5-3-3 and describe thtents, methods, materials used, and equipment
in "5-3-4 Routine Maintenance and Repair method".
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54 STEEL ARCH BRIDGE (VICTORIA FALLS BRIDGE)

5-4-1 Structural Outline

Arch bridge is a structure that transmits loads uslmgrashaped arch members (arch rib). As showrein th
figure below, when an external load is appliedraessive force (axial force) acts on the arclarith ground reaction
forces (horizontal and vertical reaction forcesjesponding to the compressive force are genepatdioe support
points at the both ends of the arch rib. The lofsich design is to determine the axial shaps swlae resisted dead
load by only axial force. Axial force increases inardance with going to the springing from the crqartion, the
dead load also increases in accordance with thg tgoihe end. Therefore, the arch axis shapeiwva having a steep
slope toward the end.

The Victoria Falls Bridge uses the spandrel braggistructure, which consists of a truss betwesearth rib
and the girder, to increase the arch stiffness.

>6?7??22&2 7272?72 >

€ 2222222

22227222725

2292222 772272722

Figure 5-4-1  Structural System of Steel Arch Bridge
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5-4-2

Routine Inspection

(1) Bridge Components and Defects

Table 5-4-1a shows possible defects in the bridggoonents of Victoria Falls Bridge. And, Table G-
shows defects in the bridge components of Vickalks bridge which shall be inspected on the reltispection.

Table 5-4-1a  Bridge Components and Possible Deféctsria Falls Bridge)

Bridge Componen

Sub-Component

Possible Defects

Members on Arch Main Structur
(Cross girder, Longitudinal girde
Lateral truss)

0’

=

Arch Main Structure

1) Deterioration of painting, 2) Corrosion, 3) gat crack/Fracture,

Supersructure |(Upper chord, Arch lib, Vertical |4) Loose connection/Missing rivet or HTB, 5) Defation/Buckling,
(Steel) member, Diagonal member, Upp6) Abnormal deflection, 7) Abnormal vibration, 8pAormal sound,
lateral bracing, Lower lateral 9) Displacement
bracing, Horizontal member,
Cross frame)
Side Span Truss Girder
. 1) Deterioration of painting, 2) Corrosion, 3) Defation,
Deck Steel Troughing 4) Abnormal deflection, 5) Water leakage/Free lime
1) Crack, 2) Spalling, 3) Delamination, 4) Honeybdioose concrete,
Concrete members S -
o 5) Cold joint, 6) Rebar exposure/Rebar corrosignyVater leakage/Fre
(Abutment, Springing) lime
Substructure

1%

Foundation

1) Tilt, 2) Settlement

Protection work

1) Slope/Bank erosion, 2) Loss/Disintegration aftection materials,
3) Defects due to displacement of foundation

Expansion Joint

Asphalt sealant

1) Water leakage, 2) Abnormal space, 3) Abnormahdp4) Difference
in level, 5) Deterioration of sealant, 6) Damagadgacent pavement/sl§
concrete

hb

Wearing Course

Asphalt pavement

1) Potholes, 2) Rutting, 3) Bump, 4) CorrugationCsack, 6) Raveling,
7) Ponding

Footway

1) Crack, 2) Potholes/Spalling, 3) Bump, 4) Pondf)gAccumulation of
garbage and debris

Bearing
(Metal)

Abutment, Springing

1)Deformation/Breakage of bearing, 2) Corrosiobedring, 3) Loose
connection/Missing bolts, 4) Corrosion of bolts Bsgakage of

mortar/concrete seat, 6) Abnormal sound, 7) Accatimh of garbage an
debris

Railing

Metal railing

1) Deformation, 2) Corrosion), Bisappearance, 4) Loose connection

Scupper

1) Damage to scupper, 2) Damage to cover, 3) Adation of garbage
and debris

Drainage

Drain pipe

1) Damage to pipe, 2) Defect in connection,
3) Accumulation of garbage and debris, 4) Insuéfitilength,
5) No drain pipe

Waterway

1) Accumulation of driftwoods/debris,
2) Changes in river direction/lowering river bedthin a range of 20m
from the bridge to the upstream and downstreansyide

Site/Others

Approach

1) Accumulation of vegetation/debris/garbage,

2) Damage to rip-rap/retaining wall,

3) Settlement of approach section/incorrect velrtidignment,
4) Damage to approach pavement (crack, potholg, etc
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Table 5-4-1b

Bridge Components and Defects on Reltspection (Victoria Falls Bridge)

Bridge Componen

Sub-Component

Defects to be inspecte

Members on Arch Main Structur
(Cross girder, Longitudinal girde
Lateral truss)

0

=

Arch Main Structure

1) Deterioration of painting, 2) Corrosion, 3) lgat crack/Fracture,

Supersructure | (Upper cho_rd, Arch lib, Vertical 4) Loose connection/Missing rivet or HTB, 5) Defation/Buckling,
(Steel) member, Diagonal member, Uppg .
. Abnormal deflection
lateral bracing, Lower lateral
bracing, Horizontal member,
Cross frame)
Side Span Truss Girder
. 1) Deterioration of painting, 2) Corrosion, 3) Defation,
Deck Steel Troughing 4) Abnormal deflection, 5) Water leakage/Free lime
Concrete members 1) Crack, 2) Spalling/Loose concrete, 5) Cold jotRebar
(Abutment, Springing) exposure/Rebar corrosion, 7) Water leakage/Frez lim
Substructure

Foundation

1) Tilt, 2) Settlement

Protection work

1) Slope/Bank erosion, 2) Loss/Degjration of protection materials

Expansion Joint

Asphalt sealant

1) Abnormal space, 2) Difference in level, 3) Detesation of sealant,
4) Damage to adjacent pavement/slab concrete

Wearing Course

Asphalt pavement

1) Potholes, 2)igut) Crack, 4) Raveling, 5) Ponding

Footway 1) Crack, 2) Potholes, 3) Ponding, 4) Acdatien of garbage and debr|

Bearin 1)Deformation/Breakage of bearing, 2) Corrosiobexiring,

(Metal)g Abutment, Springing 3) Loose connection/Missing bolts, 4) Breakage oitar/concrete seat,

5) Accumulation of garbage and debris

Railing Metal railing 1) Deformation, 2) Corrosion), Bisappearance, 4) Loose connection

Scupper 1) Damage to scupper, 2) Damage to cover, 3) Adationo of garbage
) and debris

Drainage
Drain pipe 1) Damage to pipe, 2) Insufficient len@hNo drain pipe
Waterway 1) Accumulation of driftwoods/debris,

Site/Others ;) gccumule:tiop of ve/getta.tic.)n/deblrlis/garbage,

Approach ) Damage to rip-rap/retaining wall,

3) Settlement of approach section/incorrect velradignment,
4) Damage to approach pavement (crack, potholg, etc
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(2) Sheets for Routine Inspection

The Routine Inspection Report consists of followdrignds of sheet:

a.

b
C.
d

Bridge 5SRXWLQH ,QVSHFWLRQ )RUP
Defect' UDZLQJ 6 KHHW

Photo Record SheetD Q G

Routine maintenance Schedule and Record Form.
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Bridge Routine Inspection Form

Date: Contractor Contract Province:
) Name Ref. No. )
Bridge No.: Bridge Name: Road No.: Road Name: Location:
Victoria Falls Bridge
) 2) 3) ) ) (6) @) ®) )
No Bridge Sub- Defect [Condition| Quantity Proposed New/ Date of Remarks
Component| Component Type Rating (Unit) Action Existing | Detection|

Note: - To categorize (1) Bridge Component, (2)-8oimponent and (3) Defect type, refer to Table

To determine (4) Condition rating anfdRP@8oposed action, refer to the Table and Tabith Figure , respectively.

(7) New/Existing means damage newly iledtin this inspection/already identified in pirays inspection.
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Note: How to fill out the Bridge Routine Inspection Form

If you find a defect, enter the location in the columns of "(1) Bridge Component & (2) Sub-Component” and enter the type of defect in column of "(3) Defect Type", in the Bridge Routine Inspection Form,
and fill the location and type of defect on the Defect Drawing Sheet. And, in the column "(4) Condition Rating", select Good, Fair, Poor or Bad according to Table 1 Routine Inspection Condition Rating Criteria.
In the column "(6) Proposed Action”, suitable actions should be entered refer to the Figure 1 Determination flow of Maintenance Action. Table 1 shows the criteria for judgment of Condition Rating. Table 2

shows the types of required actions and their contents of actions. Figurel is a flowchart for determining a maintenance action based on the identified damage situation.

Tablel Routine Inspection Condition Rating Criteria

Identify situation of defects

Condition Rating Description
Good No damage
Fair With minor damage(s) not affecting the stability of the structure
With deteriorating damage(s) which should be monitored or
Poor could be repaired as a preventive action
With severe damage(s) that affects stability of bridge or that
Bad has possibility to harm a third party

Table 2 Required Maintenance Action

Emergency Action required?

In-depth Inspection required?

- Stability of Bridge

EA: Emergency Action

- Harm to a Third Party (Rating: Bad)

In-depth Inspection
- To select Appropriate Repair Methods

- To monitoring Progress of any Damages

Repair Work required?

A

Possible to address

/\ o
by Routine Maintenance? >

A 4

- Determination of Repair Method
- Scheduling for Multi-years

!

Required Action Description
MO: No repair work and keeping monitoring
Monitoring (Damage not progressing or very slow)
RM:
. ) Should be maintained by Routine Maintenance
Routine Maintenance
MM: . i i
. ) Should be maintained by Major Maintenance
Major Maintenance
EA: Need to take actions immediately to avoid bridge collapse or
Emergency Action harm to a third party

>Uu>0>ae>i

In-Depth Inspection

Condition Inspection or Detailed Inspection

- Selection of appropriate repair method
- Monitoring of progress of any damages

>h>U>ae>]

? 9
>

>U>U>ae>i

P >i>p?2 22
P?2>0>7?2 2

Figure 1 Determination Flow of Maintenance Action
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General Drawing -2
Plan, Profile & Cross Sections
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Node Symbol Diagram
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Photo Record Sheet

(Bridge Name: Victoria Falls Bridge

Contractor Contract Province:
Name Ref. No. )
Date: Date: Date:
No.: No.: No.:

Defect Type:

Defect Type:

Defect Type

Description: Description: Description:
Date: Date: Date:
No.: No.: No.:

Defect Type:

Defect Type:

Defect Type

Description:

Description:

Description:
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Bridge Routine Maintenance Schedule and Record Form

Bridge No.: Bridge Name: Contractor Name: Contract Ref. No.: Province:

Victoria Falls Bridge

3 (6) ) (8)
(1 2) Description: ) .(5) Date: Date: Additional (€))
No. | Contract N s Ref. No. of[ Estimated X
i Activities Condition before Instruction to Work Work Remarks
Item No.: - Defect Cost .
Maintenance Contractor | Completed Required

Note: -Ref. No. of defect corresponds to No. whth inspection date in the Bridge Routine Inspedfimm-e.g. N0.01-26.11.2015

Bridge Routine Maintenance Guideline 5-135



(3) Inspection Results (April 21, 2022)

Bridge Routine Inspection Form

Dint
s

Date- Contractor Contract Province:
| Name: Ref. No. : '
Bridge No.: Bridge Name: Road No.: Road Name: Location:
Victoria Falls Bridge
@) @ @) @) 5) (6) ) ® ©
No. Bridge Condition  Quantity Proposed New/ Date of
Sub-ComponentDefect Type . . . - . Remarks
Component Rating (Unit) Action Existing | Detection
£ on ioint A steel tray is installed under the expansion j
1 |oXpansionjoin Roadway No sealant Fair L=5m Monitoripg Existing Apr-22 |for the full width of the bridge, but the tray doe
Zimbabwe side . .
not have a drainage pipe. Photo: 1-1, 1-3
Expansion joint Covered with . . . L . .
hoto: 1-2
2 Zimbabwe side Footway soil & gravel Fair Cleaning RM Repai Existing April 2021P
Expansion joint Covered with . . . . . .
o . hoto: 2-1
3 Zambia side Footway soil & gravel Fair Cleaning RM Repai Existing April 202Photo
Expansion joint/ Damage to the Need to repair the joint and the adjacent pavemen
4 Zambia side Roadway adjacent Poor L=6.0m MM Repai Existing April 202"Photo: 2.2
pavement
Deck/ . . . . . _ . . .
5 Steel troughing Roadway Corrosion Poor Entire roadway MM Repfair ExistingApril 2022 |Repainting (with Pavement repair) Photo: 3
Deck/ . . . . A L Partially replace the troughs and track materials
6 Steel troughing Railway Corrosion Bad Entire railwdy MM Repdir Existing p# 2022 sequentially. Photo: 4
Deck/ . . . . o . _ . . .
7 Steel troughing Footway Corrosion Fair Entire footway MM Repdgir Existing April 2022 |Repainting (with Pavement repair) Photo: 5
Cracks (or . .
I t of t and installati f
8 |Pavement Roadway Construction Fair Entire roadway MM Repair Existing April zozfep acement o pavem.en and Instaflation o
- waterproof layer Photo: 6-1, 6-2
joints)
Cracks (or Replacement of pavement and installation of
9 |Pavement Footway Construction Fair Entire footway MM Repai Existing April 2022 P P .
. waterproof layer Photo: 7
joints)
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Insufficient

The pipe should extend to the outside of the bridge

10 |Drainage Roadway pipes Poor Entire bridge| MM Repai Existing April 202%hot0: 8-1 10 8-3
. Insufficient . . . - . The pipe should extend to the outside of the bridgg
11 |Drainage Footway pipes Poor Entire bridge| MM Repai Existing April 202?Photo: 9-1,9-2
Longitudinal Deformed . . o L Vertical stiffener of the girder is deformed. (Y &
12 | Superstructure girder (Buckling) Fair 2 locations | MM Repai Existing Nov. 202]11) Photo: 10-1, 10-2
Horizontal Deformation . . J - The flanges of the horizontal members are deformgd
13 |Arch member (Buckling) Fair 2 locations | MM Repai Existing Nov. 202](bay 25, 27). Photo: 11-1, 11-2
14 |Arch Grid point Missing ribet| Fair 1 location MM Repai Existing Nov. 2021 |Installation of a bolt is necessary. Photo: 12
Rusting has occurred on many of the members inside
. . . . - the arch main structure. By the drone survey, the
15 |Arch Grid points Corrosion Poor Many of arch MM Repair Existing Nov. 2021] . ; y .y
members underside of the Arch Liv has areas of rusting.
Repainting is necessary. Photo: 13-1 to 13-3
Bearin In-depth Fixed bearings of truss span at the arch side are
16 (Trussgs an) Fixed bearing Corrosion Bad 4 bearingsinspection & Existing April 2022 [corroded. Repair or replacement is needed.
P MM Repair Photo: 14-1, 14-2
. Movable bearings of truss span are covered with the
Bearing . . In-depth L . R .
17 Movable bearing 4 bearings . Existing April 2022 |boxes. Condition inside boxes is unknown.
(Truss span) Inspection .
Photo: 14-3
Lower shoes The bearing of the springing of the main arch has ti
. . In-depth - .
Bearing ) . buried . . . . L . lower shoe buried in the concrete base unlike the
18 Zimbabwe side Fair 4 bearings | inspection Existing April 2022 . )
(Arch) Mortar cover RM Rebpair drawing.The mortar cover on the concrete foundation
detached P is detached and partially peeling. Photo: 15-1 415
19 | Abutment Zimbabwe sidg Oyerﬂow of Fair 1 location Monitoring Existing April 2027 The dramage syste.m installed in the abutment wall
drainage syste overflowing. Photo: 16
Several Cracks, loose concrete, and other damage have
20 |Abutment Zimbabwe side Cracks Poo locations RM Repair Existing April 2022

occurred on the front and top surfaces of the admniti
Photo: 17-1, 17-2 "'I‘

Note: - To categorize (1) Bridge Component, (2)-8amponent and (3) Defect type, refer to Table B3-

To determine (4) Condition rating anyl P8oposed action, refer to the Table 1 and Tableith Figure 1, respectively.
(7) New/Existing means damage newly idiedtiin this inspection/already identified in presanspection.
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4
?(bayl) (bay2\bay3) (bayd) (bay5) (bay6) (bay?) (bayB) (bay9) (bay10)

>&

>Y>a

1 (bay12) (bay13) (bayld) (bayl5) (bay16) (bayl7)

Abutment

(Overflow of drainage system) Photo: 16

Bearing of truss girder

Upstream Side Structural Profile

(Corrosion) Photo: 14-1

Vertical stiffness of longitudinal
girder (Deformation)
Photo: 10-1, 10-2

(bayLy (bay2) (bay3) (bay4) (bay5) (bay6) (bay7)

(bay14)  (bayl5) (bay16) (bay17)

(bay8) (b2y9) (bayll)  (ay12)  (ba}13)

Abutment
(Cracks, Loose concrete,
Surface weathering) Photo: 17

Arch members
(Corrosion, Damages to the
underside of members are severe)
Photo: 13-1 to 13-3

Downstream Side Structural Profile

Bearing of Arch/Springing
(The bearing of the springing of the main arch has the lower shoe
buried in the concrete base unlike the drawing.The mortar cover
on the concrete foundation is detached and partially peeling.)
Photo: 15-1 to 15-4

Defect Drawing Sheet
Side Span and Main Arch
(Zimbabwe Side Half)
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:""(b.ayl) (bay2) (bay3) (bay4) (bay5) (bay6) (bay7) (bays) (bay9) (bay10) (bay11) (bay12) (bay13) (bay14) (bay15) (bay16) (bay17)
Zimbabwe I
- (P
A >Y>a >V>a
Expansion joint >¥>4 v
(No sealant, Buried with soil and gravel. The >Y>a
drainage tray below the joint has no drainage >V>8
pipe connected to it. It may be need to >Y>p
monitor if tray overflows during rainy season.) oY
Photo: 1-1 to 1-3
>Y>0

Crack Roadwaytpa\gemgn't i >a Footway pavement

lone T'(Otr conls n;CG'?n ;om St) Bl o4 (Cracks (or construction joints) are

seena mPer:v?.sg 1 602 R seen at intervals of 2 meters.)

U8R S (&5 Photo: 7
] (bay: (bay2) (bay3) (bay4) (bay5)  (bay6) (bay7) (bay8) (bay9) (bay10) (bayl1) (bay12) (bay13) (bay14) (bay15) (bay16) (bayl17)
| |
i E i L i L i i i L i L i i i i i i i i
[T L T S T T LT LT
Steel trough of roadway slab
(Corrosion, Medium degree of Top Surface of Deck Drainage (Scupper, Pipe)
corrosion) Photo: 3 Photo: 8-1 to 8-3 & 9-1, 9-2
(bayl) (bay2) (bay3) (bay4) (bay5) (bay6) (bay7) (bay8) (bay9) (bay10) (bayl11) (bay12) (bay13) (bay14) (bay15) (bay16) (bay17)
/

Under Surface of Deck

Steel trough under railway
(Corrosion, Severe degree of
corrosion) Photo: 4

Steel trough of footway
(Corrosion, Light degree of
corrosion) Photo: 5

Defect Drawing Sheet
Top Surface and Under Surface of Deck
(Zimbabwe Side Half)
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Arch grid point
(Missing bolt) Photo: 12

b>a  >bxis()>B>Y >R>b >B>R

>0? 2 2%>Y >80 2%>Y>8>0 >0? ? 2%>p>Y>0 >07? ? 2%>b>p>CR 2%>bO&T%>P>BE527 %RR0>P>450237290R>8>0>0>0307%>R>Y>0 >0? ? 2%>R>p>0

Upstream Side Structural Profile

Bearing of truss girder
(Corrosion) Photo: 14-2

>07 2 2%>Y387® 296>Y>8>0 507 2 We>p>¥0? 2%>p>p>0 >07 2 2%>P>R>0 >0?22%>p>a>0  >EHP! pPs8>07? 7 29 pAH>P>4>0

sP>8 >R>U  3R3p spsp

Arch members
(Corrosion, Damages to the
underside of members are severe)

Photo: 13-1 to 13-3 Horizontal member
(Buckling)
Photo: 11-1, 11-2

Downstream Side Structural Profile

Defect Drawing Sheet
Side Span and Main Arch
(Zambia Side Half)
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_ Zambia
V>4 V>4 >p>U
>p>Y
>p>p
>p>R Expansion joint
(Deterioration of sealant, Damage
>b>a to adjacent pavement)
>b>a Photo: 2-1, 2-2
>p>a
>p>a "
Roadway pavement >P>a
(Cracks (or construction joints) are Footway pavement
seen at intervals of 6 to 7 meters.) (Cracks (or construction joints) are
Photo: 6-1, 6-2 seen at intervals of 2 meters.) Photo: 7
(bay18) (bay19) (bay2l)) (bay21) (bay22) (bay23) (bay24) (bayzs)l (bay26) 1 (bay27) (bayis) (bay29)  (bay30) ay31) (baf/SZ) e
H
/ :
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NG

Steel trough of roadway slab
(Corrosion, Medium degree of
corrosion) Photo: 3

(bay18) (bay19) (bay20) (bay21)

Top Surface of Deck

(bay22) (bay23) (bay24)

(bay25) (bay26) (bay27)

(bay28) (bay29)  (bay30) (bay31)  (bay32)

N

\

Steel trough under railway
(Corrosion, Severe degree of
corrosion) Photo: 4

Under Surface of Deck

Steel trough of footway
(Corrosion, Light degree of
corrosion) Photo: 5

Defect Drawing Sheet
Top Surface and Under Surface of Deck
(Zambia Side Half)
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Photo Record Sheet

(Bridge Name: Victoria Falls Bridge

full width of the bridge, but the tray does no
have a drainage pipe.

The tops of the joints need to be cleang|

(?escription:

Contractor Contract Province:
Name Ref. No.
No. : 1-1 No.: 1-2 No.: 1-3
Date: 2022/04/21 Date: 2022/04/21 Date: 2019/09/25
Location: |Expansion joint (Zimbabwe side) Location: |Expansion joint (Zimbabwe side) Location: [Expansion joint (Zimbabwe side)
Defect Type: Defect Typ{Buried with soil and gravel Defect Typg¢Drainage tray has no drainage pipe
It is considered a simple buitt joint. A steel tray The drainage tray below the joint has np
... __lis installed under the expansion joint for the . |Same as the left column. drainage pipe connected to it. It may be
Description] Description]

need to monitor if tray overflows during
rainy season.

pavement.

No.: 2-1 No.: 2-2 No.: 3
Date: 2022/04/21 Date: 2022/04/21 Date: 2022/04/21
Location: |Expansion joint (Zambia side, Footway) |Location: |Expansion joint (Zambia side, Roadway) Location: |Deck/Steel troughing (Roadway)
Defect Typ{Buried with soil and gravel Defect Typ{Damage to the adjacent pavement Defect TypgCorrosion
- - - The troughs on the underside of the roadwdy
Description] The tops of the joints need to be cleangghescription] Need to repair the joint and the adjacefn Description:(are corroding due to leakage from gaps (1

cm)

between the troughs along the entire length
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No.: 4 No.: 5 No.: 6-1
Date: 2022/04/21 Date: 2022/04/21 Date: 2022/04/21
Location: |Deck/Steel troughing (Railway) Location: |Deck/Steel troughing (Footway) Location: |Pavement (Roadway)
Defect Typ{Corrosion Defect Typ{Corrosion Defect TypgCracks (or Construction joints)
The troughs on the underside of the railway| are The troughs on the underside of the footway pre Transverse cracks (or construction joints) i
Descriptionjcorroding due to leakage from gaps (1 cm) | [Description]corroding due to leakage from gaps (1 cm) | | Description:|the roadway pavement at 7 to 8 m intervals
between the troughs along the entire length between the troughs along the entire length suspected to be leaking from these cracks.
No.: 6-2 No.: 7 No.: 8-1
Date: 2022/04/21 Date: 2022/04/21 Date: 2022/04/21
Location: [Pavement (Roadway) Location: |Pavement (Footway) Location: |Drainage (Roadway)
Defect Typ{Cracks (or Construction joints) Defect Typ{Cracks (or Construction joints) Defect Type:
Transverse cracks (or construction joints) in Transverse cracks (or construction joints) in
Descriptio|the roadway pavement at 7 to 8 m intervals|abescription]the footway pavement at 2 mintervals are | |Description:{Scupper in the roadway.
suspected to be leaking from these cracks. suspected to be leaking from these cracks.
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No.: 8-2 No.: 8-3 No.: 9-1
Date: 2022/04/21 Date: 2022/04/21 Date: 2022/04/21
Location: |Drainage (Roadway) Location: |Drainage (Roadway) Location: |Drainage (Footway)
Defect Typ :)’:z;eutlets of pipes are in the extent of the Defect Typ{Same as left column. Defect Typg:
The pipes are short and those outlets are extent
Description]of the bridge. The drainage pipes should be [DescriptionjSame as left column. Description:|Scupper in the footway.
lead to the outside of the bridge.
No.: 9-2 No.: 10-1 No.: 10-2
Date: 2022/04/21 Date: 2021/11/07 Date: 2021/11/07
Location: |Drainage (Footway) Location: |Superstructure (Longitudinal girder) Location: |Superstructure (Longitudinal girder)
Defect Typ Zzzgemlets of pipes are in the extent of the Defect Typ¢Deformation (Buckling) Defect TypgDeformation (Buckling)
The pipes are short and those outlets are extent . : . . . : . .
Description]of the bridge. The drainage pipes should bg Description::j/gfrgfrigztlf{gger 1(())1‘)the girder is Description: ;/::gfrﬁ:ezt'f{ggerlcf)the girder is
lead to the outside of the bridge. ' 4 ' 4
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No.: 11-1 No.: 11-2 No.: 12
Date: 2021/11/08 Date: 2021/11/08 Date: 2021/11/08
Location: |Arch (Horizontal member, bay 25) Location: |Arch (Horizontal member, bay 27) Location: |Arch (Grid point, bay 21, 22)
Defect Typs Deformation (Buckling) Defect Typ{Deformation (Buckling) Defect TypgMissing ribet
... |The flange of the horizontal member is ... |The flange of the horizontal member is . . . .
Description] Description Description:|1 ribet is missing on the splice plate.
deformed. deformed.
No.: 13-1 No.: 13-2 No.: 13-3
Date: 2021/11/08 Date: 2021/11/08 Date: 2021/11/08
Location: |Arch member (Grid points) Location: |Arch member (Grid points) Location: |Arch member (Grid points)
Defect TypsCorrosion Defect TypjCorrosion Defect TypgeCorrosion
Rusting has occurred on many of the membefs
Description inside the arch main structure. By the drone DescriptionjSame as left column. Description:{Same as left column.
survey, the underside of the Arch Liv has angas
of rusting.
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No.: 14-1 No.: 14-2 No.: 14-3
Date: 2022/04/21 Date: 2022/04/21 Date: 2022/04/21
Location: |Fixed Bearing (Zimbabwe side truss) Location: |Fixed Bearing (Zambia side truss) Location: |Movable Bearing (Zambia side truss)
Defect TypjCorrosion Defect TypjCorrosion Defect Type:
. . Movable bearings of truss span are
. |Fixed bearings of truss span at the arch . - . sl

Description] . DescriptionjSame as left column. Description:|covered with the boxes. Condition inside

side are corroded. .

boxes is unknown.

No.: 15-1 No.: 15-2 No.: 15-3
Date: 2022/04/21 Date: 2022/04/21 Date: 2019/09/25
Location: |Arch Bearing (Zim, Downstream side) | |Location: |Arch Bearing (Zim, Downstream side) ||Location: |Arch Bearing (Zim, Downstream side)
Defect Typ{Lower shoe is buried Defect Typ{Lower shoe is buried Defect Typ¢Mortar cover detached

The bearing of the springing of the main arch L
Descriptionjhas the lower shoe buried in the concrete hg&escription]Same as left column. Description: The mortar cover on the corjcrete foundatiopis

. . detached and partially peeling.
unlike the drawing.
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No.: 15-4 No.: 16 No.: 17-1
Date: 2019/09/25 Date: 2022/04/21 Date: 2022/04/21
Location: [Arch Bearing (Zim, Upstream side) Location: |Abutment (Zimbabwe side) Location: |Abutment (Zimbabwe side)
Defect Typ{Mortar cover detached Defect Typ¢Overflow of drainage system Defect Type :Cracks,_Loose Concrete, Surface
weathering
L . . . Cracks, loose concrete, and other dam
intion] TN Mortar cover on the concrete foundatiopljs, . . . | The drainage system installed in the .
Description X ) escription; . . Description:|have occurred on the front and top
detached and partially peeling. abutment wall is overflowing.
surfaces of the abutment.
No.: 17-2 No.: No.:
Date: 2022/04/21 Date: Date:
Location: [Abutment (Zimbabwe side) Location: Location:
Defect Typ Cracks,_Loose Concrete, Surface Defect Type: Defect Type:
weathering
Description]Same as the above Description; Description
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5-4-3

Routine Maintenance
(1) Defects and Causes

The defects observed in steel arch bridges andctingses are described below. For the defects cortamo

general bridges, please see “Bridge Routine maintenGuideline, 3-6 Types of Defects and Causes”.

ong

pws

rto

t

ed

=}

Table 5-4-2 Defects and Causes of Victoria Faltiger
Location Defects Photography Probable Causes
[Roadway
Expansion Roadway --- No sealant The sealant was not originally installed. Or it
Joint/ZimbabweFootway --- Covered with gravel of place.
side and sand [Eootway
The gravel and sand flowed from the railway.
Roadway Footway
) | [Roadway
Expansion Roadway - Adjacgnt pavement is Heawy vehicles coming down the curved hill and
Joint/Zambia damaged and pe_lrtlally none impacting the joint as it enters the bridge.
side Footway --- Partially covered with
gravel and sand [§ootway
Footway Roadway The gravel and sand flowed from the railway.
[@he troughs on the underside of the railway trad
, section (ballasted section) are corroding due to
Raiwvay leakage from gaps (1 cm) between the troughs a
the entire length.
[The upstream side carriageway section, also sh
corrosion along its entire length for the sameoea;
Roadway --- Corrosion (Poor) but it is not as advanced as in the track section.
Deck Steel ) ) ; . o
Troughing Footway --- Corrosion (Fair) Roadway [For the downstream side footway section, similg
Railway --- Corrosion (Bad) the carriageway section, corrosion is observetién
trough over the entire length, and is at the lighel
of corrosion than in the carriageway section.
[The cause of the corrosion of those trough members
Footway is likely due to rainwater seeping from the bridge|
face through the trough joints (1 cm wide gap i
underside of the trough.
Roadway [€qually spaced transverse cracks in the floor slab
pavement above the footpath suggesiter leakage
Roadway --- (Fra(;k; from these cracks. (about 2m spacing)
Pavement (or Construction joints) [¢n the carriageway pavement also, equally spac
Footway --- Cracks ' )
(or Construction joints) transverse cracks are seen. (7 to 8 m spacing) .
[Those cracks may be probable to be constructig
Footway joints.
Rordway & Footway--- Scupper & Pipe (Roadway) During the design stage, the drainage pipes
Drainage The drainage pipes are short and were not considered to lead the water out of
drip rainwater inside the bridge. the bridge
Scupper & Pipe (Footway)
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Location

Defects

Photography

Probable Causes

Superstructure,
Longitudinal
Girder

Deformation of vertical stiffeness

Girder in bay 11

Girder in bay 10

Temporarily large forces (bending moment and s
force) acted on the steel girder web, causing suf
the vertical stiffeners to buckle.

Or, external forces acted on the vertical stiffener
The steel girder seems to maintain its load-beari
capacity thereafter.

near
ne

ng

Arch/
Horizontal
member

Deformation (Buckling)

Horizontal member
in bay 27

Horizontal member
in bay 25

Some force acted on the horizontal member and
buckled the flange in that area.

Arch/
Grid points

Missing Ribets & Corrosion

Corrosion

Corrosion

Missing ribet

Corrosion

[Missing bolts --- Ribet broken or loosened
[€orrosion --- This may be due to rainwater and
water from Victoria Falls spraying on the bridgel 4
stagnating along the arch ribs.

[€or arch structures, the Arch Main Structure (A
Riv, Upper Cord Members, Vertical Members,
Diagonal Members and Horizontal Members) ha:
been repaired with timely painting. But the
underside of the Arch Riv has areas of rusting
(Drone survey results).

And, rusting has occurred on many of the membg
inside the Arch Main Structure (Horizontal MemH
perpendicular to the bridge axis, Sway Bracings,

=}

BIs
ers

Transverse members and other supporting members).

Bearing of Arch

Zimbabwe side downstream
bearing --- Internal void noise
(percussion inspection)

All Bearings --- the lower shoes

Lower shoe buried

[¢nside void --- .The mortar cover on the concrete
foundation is detached and partially peeling

Zambia side truss

(Springing) are buried in the concrete bases. [¢ower shoes buried in concrete. foundation .
(different from the original --- May have been changed during construction.
drawmgs) Void inside

the foundation
Zimbabwe side truss
Bearing of This may be due to rainwater and water
Truss/ Corrosion from Victoria Falls spraying on the bridge
Arch side and stagnating at the bearings.
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Location Defects Photography Probable Causes
The drainage system attached to the front of
Abutment/ Overflow of drainage svstem the abutment was overflowed the allowable
Zimbabwe side ge sy amount of flow in April 2022 during the rainy
season.
Abutment/ Cracks, Loose Concrete, Surface Over the long years (117 years), the concretec
) . . has weathered and cracks and other damage haj
Zimbabwe side|weathering
occurred.
Bridge Routine Maintenance Guideline 5-150



(2) Routine Maintenance Activities

The standard routine maintenance activities dftted arch bridge are shown in Table 5-4-3.

>U>p>fi? >fA>07? p6? >
>0>>6>07 >A>0xi>0>>f

>i>0>p>p>i>i?
>0>i>6>07? >fi>0

Figure 5-4-2 Treatment Categories

Table 5-4-3  Routine Maintenance Activity List (\dida Falls bridge)

Activity . L Applied Itenr

No. Activity Item Frequency Classification e i
(Deck)

1-1 Clean deck and gutters Yearly Preventive(Cycl.) 4-1

1-2 Clean deck drains/scuppers Yearly Preventive(Cycl. 4-1

1-3 Clean joint Yearly Preventive(Cycl.) 4-1

1-4 Joint sealing As needed Corrective 4-9

1.5 |Deckrepair - Coating on As needed| Preventive(CB|) 4-6/4-7/448
/injection/caulking into cracl

1-6 Deck repair — Pavement Patching As needed Coreecti 4-11

1-7 Deck |"epa|r — Concrete Deck As needed Corrective 4-3
Patching
Touch-up/re- painting on metal .

1-8 form As needed| Preventive(CB)) 4-4

1-9 CC.)I.IISIOn damage repair to As needed Corrective 4-10
railing/parapet

1-10 | Repair to damaged curb/sidewalk As needed Coreect 4-11

1-11 |Drain extensior As neede | Preventive(CB 4-12
(Superstructuri

2-1 Clean steel membe 2 year Preventive(Cycl 4-1

2.p |Touch-up/re- painting on steel As needed| Preventive(CB)) 4-4
members
(Substructure

3-1 Clea.n abutments/springings/ 2 years Preventive(Cycl}) 4-1
bearings

3-2 Repairs to slope protecti As neede | Preventive(CB 4-1E

3.3 Repaq to scour protections arou ]dAs needed| Preventive(CB)) 4-16
springing:
(Site)

4-1 Vegetation control and rubbish Quarterly | Preventive(Cycl. 4-13
removal around substructu

4.2 Removal of debris/driftwoods from As needed| Preventive(CBl) 4-14
waterway
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Celebrating its 117th year of service in 2022\ibtria Falls Bridge is still fully functioning ttay.

However, corrosion is ongoing in the Deck steelghs, Steel members and those grid points of tttegiructure, and Bearings of trusses which atheoarch ends.
The concrete foundations of the arch bearingsdifigeent shapes from the original design drawamgl the lower portions of the shoes are buridabifoundations.

Though detailed inspections and major repairsesremmended for the above defects, this sectiorogeshese detailed inspections and major repaiisalso
recommends routine maintenance activities thatéheumplemented as routine maintenance management

Table 5-4-4 shows the recommended maintenancitiesfior the defects observed during the inspectid/ictoria Falls Bridge.

tor

air

Table 5-4-4a Recommended Maintenance Activitiegioria Falls Bridge (1/3)
Bridge Component/ Routine Maintenanc@Applied Item in Chapter 4 —_
No. 9 P Defect Type - bp P Other Activities/Remarks
Sub-Component Activity and 5
A steel tray is installed under the expansion joint
for the full width of the bridge, but the tray does
Expansion Joint/ Roadway --- No sealant not have a drainage pipe. It may be need to mon
1 |=® . Footway --- Covered with gravgl-3 Clean joint 4-1 Cleaning/Desilting |. . :
Zimbabwe side and sand if tray overflows during rainy season.
The gravel on the footway should be removed an
the pavement repaired if necessary.
Roadway --- Adjacent pavement Roadway --- Replace the expansion joint and re(
5 ExpaQS|o!1 Joint/ is damaged and_par‘ually none|1-1 Clean deck and 4-1 Cleaning/Desiliing the adjacent pavement.(MM Repair)
Zambia side Footway --- Partially covered |gutters Footway --- Remove the gravel and sand on the
with gravel and sand footway (RM Reapair)
Roadway & Footway (MM Repair)
1. Remove the pavement and place the waterprd
, . -painti ... |layer, and construct the new pavement.
Deck Steel Troughing/ |Roadway --- Corrosion (Poor) 1-8 Touch-up/Re-paintint_4 Touch-up/Re-palntln% y . . P
) . on metal form . Repaint the underside of the troughs and sean
3 |Roadway, Footway, [Footway --- Corrosion (Fair) . 4-3 Concrete deck . .
. ) . 1-7 Deck repair-Concrete ) Railway (MM Repair)
Railway Railway --- Corrosion (Bad) - patching . .
deck patching Partially replace the troughs and track materials
sequentially. The new troughs (or other deck
members) should be seamlessly placed.

of
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Table 5-4-4b

Recommended Maintenance Activitie¥iftoria Falls Bridge (2/3)

Bridge Component/

Routine Maintenancs

PApplied Item in Chapter

4

No. Sub-Component Defect Type Activity and 5 Other Activities/Remarks
Roadway - _Cran_:k_s ) o Roadway & Footway (MM Repair)
Pavement/ (or Construction joints) 1-6 Deck repair-PavememM-2 Bituminous pavemenrt
4 1. Remove the pavement and place the waterprg

Roadway, Footway

Footway --- Cracks
(or Construction joints)

patching

patching

layer, and construct the new pavement.

Rordway & Footway---

Drainage system (MM Repair)

of

S

Drainage/ . . All drainage outlets will be connected to drainage
> Scupper, Pipe The dr_amage PIpES are Sh?rt gnd ) ) pipes, and the water coming out of those outlets
’ drip rainwater inside the bridge. . ’ . . ]
directed out of the bridge by the drainage pipes.
Monitoring is hecessary.
5 Superstructure/ Deformation of vertical i i Periodically monitor the girder web and vertical
Longitudinal Girder stiffeness stiffeners for defects including deformation, otes
entire length of the bridge.
6 Arch/ Deformation (Buckling) - - Monitoring is hecessary.
Horizontal member
Arch members (MM Repair)
There is an urgent need to repaint the arch mem
o In particular, arch ribs and the horizontal membe
7 Argh/ . Missing ribets & Corrosion 2-2 Touch-up/Re-painting, , Touch-up/Re-painting [that join them are susceptible to corrosion becau
Grid points on steel members

they are exposed to the spray of water from the
Victoria Falls. The upstream members are expec
to corrode the fastest.

bers
S

ed
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Table 5-4-4c Recommended Maintenance Activitie¥iftoria Falls Bridge (3/3)

Bridge Component/ Routine MaintenanceApplied Item in Chapter 4 .
No. 9 P Defect Type - PP P Other Activities/Remarks
Sub-Component Activity and 5
Zimbabwe side downstream All concrete foundations of arch bearings
bearing ---The mortar cover on (MM Repair)
fjhet cor?c(;ete(:ouncti.atl:on IS i 1. Remove the existing concrete mortar layer andl
Bearing of Arch etached and partially peeiing cover the surface with PCM (polymer cement
8 (Springing) (percussion inspection) - - .
pringing All Bearings --- the lower shoeg mor ar). .
are buried in the concrete bases. All bearings of arch (In-depth Inspection)
(different from the original 1. Investigate the integrity of the bearing inside
drawings) concrete.
All bearings of truss (In-depth Inspection)
1. Conduct a detailed inspection to examine the
corrosion conditions of the four bearings in detalil
and determine the percentage of cross-sectional
Bearing of Truss/ defects, presence of functional failures, etc.
9 on arcﬁ end Corrosion - - 2. Based on the evaluation results, determine
whether repair or reinforcement is feasible.
3. Based on the evaluation of repair or
reinforcement, select countermeasure work such
as routine maintenance repair, large-scale repaif,
or replacement.
Monitoring is necessary.
Abutment/ . Monitor the condition of the drainage system eveyy
10 |_. . Overflow of drainage system - - L
Zimbabwe side three months to determine if improvements to the
system are needed.
Abutment/ Cracks, loose concrete and 3'2 Cgating on. . 4-6 Coatlng ..
11 |- . ; finjection/caulking into  [4-7 Epoxy injection
Zimbabwe side surface weathering g
cracks 4-8 Caulking
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5-4-4  Routine Maintenance and Repair Method

If there are any items that should be added aseougintenance activities of Victoria Falls
Bridge, add them to Table 5-4-3 and describe thents, methods, materials used, and equipment
in "5-4-4 Routine Maintenance and Repair method".
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5-5 REOMMENDATIONS FOR THE OPERATION & MAINTENANCE MANUALS OF
KAZUNGULA BRIDGE

5-5-1 Effectiveness of the Operation & Maintenance (O & M) Manuals

It is considered that the manuals describe in detail andispégihow to inspect and maintain the

targeted elements:

(1)
(2)
3)
(4)
()
(6)
(7)
(8)

Bearing (Spherical Bearing & Elastomeric Bearing)

Cable Stay Element

Electorical Works (Lighting Elements)

Bridge Expansion Joints

Miscellaneous & Steel Works (Drainage, Cornices, Hand Railing, Hatches
ERS (Embedded Railway System)

Rail Expansion Joint on Slab Track

Bridge Structural Health Monitoring System

Therefore, maintenance of these elements will be performed using thisima

5-5-2 Elements to be added in the O & M Manuals and Their Routine Maintenance

5-5-2-1 Elements to be added in the O & M Manuals

The elements which should be added in the O & M Manuals are considered as follows:

(1) Superstructure (PC box girder, Concrete deck slab)

(2) Pylon (Concrete member)

(3) Substructure (Concrete member <Abutment, Pier>, Foundation)

(4) Wearing Course (Asphalt pavement)

As the routine maintenance of special bridges, the followings are suggestitims inaintenance of the

above elements.

5-5-2-2 Defects to be inspected in Routine Inspection

Routine Inspection is performed visually from the bridge deck and ground level andothaiorsis

performed within the reach of sight. The routine inspection shall be pedoagelarly (eg, every six

months).

Table 5-5-1 shows defects that are assumed to ought to be inspected during rontereance

inspection.
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Table 5-5-1 Defects to be inspected in Routine Inspection

Bridge Component Sub-Component Defects to be insgectRoutinelnspection

1) Cracks, 2) Abnormal deflection, 3) Abnormal @bon,

PC box girder 4) Water leakage/Free lime, etc.

Superstructure

1) Crack, 2) Spalling/Loose concrete, 3) Rebar

Concrete deck slab exposure/Rebar corrosion, 4) Water leakage/Fres k.
1) Crack, 2) Spalling/Loose concrete, 3) Rebar

Pylon Concrete member exposure/Rebar corrosion, 4) Water leakage/Fre= ktt.
Cancrete member | 0T e e e
(Abutment, Pier) i ¢ P ’
Substructure Ime, etc.
Foundation 1) Tilt, 2) Settlement, 3) Scouring, etc.

1) Potholes, 2) Rutting, 3) Crack, 4) RavelingPsnding,

Wearing Course| Asphalt pavement et

5-5-2-3 Routine Maintenance Activities

Routine maintenance consists of cleaning and minor repairs that are frequetély, rzel can be
carried out with simple tools and equipment. It also includes remedial measgmnection with aging or

wear caused by climate or traffic.

Table 5-5-2 shows the routine maintenance activities considered necessdeynfemts that should be
added.

>U>p>A? >A>07 p67? >

>i>0>p>p>A>i?
>U>>6>07 >i>U

Figure 5-5-1 Treatment Categories
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Table5-5-2 Routine Maintenance Activities of the Added Elem

Bridge Element Activity item Frequency] Treatment Category
Clean deck surface/concrete members Yearly Preventive (Cycl.)
Superstructure
(PC girder, Deck | Patching on concrete members As needed Corrective
slab)

Coating on/injection/ caulking into cracks As needed  Corrective

Patching on concrete members As needed Corrective

Pylon
Coating on/injection/ caulking into cracks As needed  Corrective

Clean abutments/concrete members Yearly Preventive (Cycl.

Substructure Coating on/injection/ caulking into cracks As needed  Corrective

Repair to scour protections As needed  Corrective

Wearing Course Patching on asphalt pavement As needed Corrective

5-5-3 Maintenance Methods for the Kazungula Bridge using SHMS System

The manual of SHMS details the inspection and maintenance oflédstaeasuring/observation
equipment and monitoring devices. However, there is no description ofrthgettion and Maintenance
Procedure for Kazungula Bridge using SHMS," which is always negessah as the purpose of measurement,
the role of each measuring device, timing/frequency of measurementrimgnibethod of measurement results,
judgment of measurement results, and how to deal with abnormal values where timeasured. It is believed
that it has been prepared in some form, but it needs to bel émldee Kazungula Bridge Operations and

Maintenance Manual.

The following activities are recommended for the maintenance oKaizengula Bridge using the
SHMS system.

5-5-3-1 Measuring and Recording of Variations with Time in Bridge Behavior

(1) Record variations with time in member strain and memberdeatyre obtained from embedded strain
and temperature gauges installed in the PC box girders.

(2) Record variations with time in the inclination and temperaturehef gylon obtained from the
inclinometer and temperature gauge installed in the pylon.

(3) Periodically measure and record the displacement obtained frentdisplacement gauge at the
expansion joint.

(4) Periodically measure and record cable tension using an accelerometer.

(5) In addition to the above, periodically measure the verticallpr@dlevation) of the bridge top surface
using survey equipment to record variations with time in the deflection shape of the girder

(6) Meanwhile, record variations with time in wind direction, wind speed, temperatnd humidity.
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5-5-3-2 Monitoring of Variations with Time in Bridge Behavior

(1) Monitor the behavior of the actual bridge in contrast to the behasdonged under design conditions
using concrete properties such as strength, modulus of elasticity, avdajfusy and drying shrinkage.

(2) Monitor the stress (strain) and deflection of the girder, pylonatisphent, cable tension, etc. in contrast
to the design values.

(3) In monitoring, note that majority of the movement of each element,asughder stresses, deflections,
cable tension, pylon displacement, and expansion joint displacemegitexl to the behavior of the
overall bridge.

5-5-3-3 Implementation Plan of Inspection and Maintenance using SHMS System

“Inspection and Maintenance Procedure for Kazungula Bridge using SHMS” isalgcesbe added

to the Kazungula Bridge Operations and Maintenance Manual.

It is recommended that the above measurement, recording and monitoring methods wefelatduke

in planning the Inspection and Maintenance Procedure.

5-5-4  Conclusion

(1) Itis considered that the manuals describe in detail and specifically how égatiaspl maintain the
target elements:

@ Bearing (Spherical bearing & Elastomeric bearing)

@ Cable Stay Element

® Electric Works (Lighting Element)

@ Bridge Expansion Joint

® Miscellaneous & Steel Works (Drainage, Cornices, Hand Railing, Hatches)
® ERS (Embedded Rail System)

@ Rail Expansion Joint on Slab Track

Therefore, maintenance of these elements will be performed using thisima
(2) The elements which should be added in the O & M Manuals are considered as follows:

@ Superstructure (PC box girder, Concrete deck slab)
@ Pylon (Concrete member)
® Substructure (Concrete member <Abutment, Pier>, Foundation)

@ Wearing Course (Asphalt pavement)

(3) Inspection and Maintenance Procedure for Kazungula Bridge using SHMS is netefssadded to
the Operations & Maintenance Manuals of Kazungula Bridge.
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CHAPTER 6 EMERGENCY MANAGEMENT AND PLANNING AND
EMERGENCY RESPONSE

6-1 DEFINITION OF AN EMERGENCY

An emergency is defined as an unforeseen circumstance or situation #sambsar and
present danger requiring urgent intervention to prevent the worserting sifuation (DIER, 2008).
Emergency management and planning on the other hand can be defined aanizatang,
coordination and implementation of a range of measures to prevegatmitiespond to, overcome
and recover from the consequences of emergency events affecting the cognmoadiinfrastructure
and the environment.

In Zambia the common emergencies in the road sector are basicsiigways of drainage
structures such as culverts, vented drifts and minor bridges. Tinesgemicies normally occur during
the rainy season as a result of flash floods.

6-2 EMERGENCY PLANNING AND MANAGEMENT OBJECTIVES

The overall objective of the emergency management and planning is te dredithe
occurrence of risks and hazards are minimized or mitigated on the reamkaéfhis is in line with
the RDA mandate of providing care and maintenance of the public measisrk. The specific
objectives of emergency management and planning under this Road Maset&tategy shall
include the following:

. Preparation for emergencies;

: Response to an emergency;

: Recovery following an emergency

. Identifying key sector players —Disaster mitigation process.

: Prepare and disseminate information on alternative routes andoéeaitentoon services in
and around distressed areas.

6-3 EMERGENCY PLANNING AND MANAGEMENT

The RDA will continue to collaborate with the Disaster Management atigaltion Unit
(DMMU) when dealing with emergencies that affect road infrastractunder this collaboration, the
RDA will be providing the technical expertise and execution okthergency works while the
DMMU will play a coordinating role as well as providing finan@apport.

6-3-1 Emergency Preparedness

Emergency preparedness ensures that arrangements and reseunc@stared in a state of
readiness to be mobilized and deployed for response and recovery to garemervent. The RDA
in close collaboration with DMMU will undertake the following pregumess activities:

i) Fast-tracked procurement procedures for emergencies whiléng with other key
players such as RRU, ZNS, ZA, LRAs and contractors where necessarprdtess will
facilitate an environment of preparedness to respond rapidly tgenwées that occur on
the network.

i) Ring fence contingency funds in the RSAWPs to ensure readilyadl@ailesources to
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address the emergencies. These resources should be maintaineddA tAeofect
Account for emergencies for ease of access between Decembentortes March
during which emergencies are likely to occur;
iif) The RDA will also ensure that its Regional Offices have thmessary construction
materials and equipment to respond to emergencies as and when they occur;
iv) Conduct a materials data bank study to establish sources or roadictoors materials;
v) The RDA Regional offices will be required to prepare EmergdResponse Plans (ERP)
to address any unforeseen occurrences;
vi) Review and update the ERP, any sub-plans and Response ProbgdheRDA;
vii) Procure Frame work and supply contracts in all the 10 Regions imesador any
emergencies that may occur;
viii) Establish processes for lessons learned including conductingf$edond reviews of
other emergency events or exercises that are relevant to the RDA
ix) Establish an emergency hotline.

Table 6-1 summarizes the RDA’s Emergency Preparedness Stfafgyfor the period 2015 to
2024. 1t assigns responsibilities to specific departments, units agefacias for various tasks
associated with emergency preparedness. The emergencyedregsar strategy is fully described in
the RDA Road Maintenance Manual.

Table 6-1 Emergency Preparedness Strategy
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6-3-2 Emergency Response

The emergency response relate to actions taken to minimize the effanteroergency event,
and to limit the threat to life, disruptions to transportation of goods anideg and damage to
property and the environment. The RDA will take the lead role ininggim emergencies while
coordinating with other key stakeholders such as the DMMU, ZA, ZNS, RRU andRtkeWhere
necessary.

Emergency Response covers the following:

i) Initial assessment and reporting of the event, location and identified wadoation

methods;

if) Detailed technical assessment and preparation of cost estimate

iii) Request for funding for Force Account works;

iv) Use of standby contracts for materials and equipment for emeygesponse;

v) Activation of Frame work contracts;

vi) Fast tracked procurement for works;

Table 6-2 is the RDA Emergency Response Strategy (ERS) that showadtienréme for
various activities undertaken to respond to emergencies whilst §@xfows the category of
responses. The ERS is fully described in the Draft 2014 RDA Road MaiogeNanual.
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Table 6-2 Emergency Response Strategy

Figure 6-1 shows the emergency response flow chart through either FomenAorc
Framework Contract approach. The RDA will maintain to a limited ¢¥erce Account works for
emergencies while at the same time use Framework and Supply Cotdrdeal with all major
emergency works in the regions.

Figure 6-2 shows the RDA Emergencies Organization Chart

Table 6-3 Response Category

Notes:

1. All Trunk Roads regardless of traffic band shall fall in cateédr

2. All Main roads regardless of traffic band shall fall in catgdr#

3. All Urban and District roads regardless of traffic band shilirf category P3

4. Any road regardless of class with traffic in any of the traffiredsashall qualify to fall into
the respective response category defined above
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Figure 6-1 Emergency Response Flow Chart

Figure 6-2 The RDA Emergencies Organization Chart
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6-4 INITIAL RESPONSE TO EMERGENCIES

6-4-1 Purpose

To remove hazardous elements and debris immediately that endangedglee thus making

it clear, safe and passable.

6-4-2 Procedure

1.

2.
3.

4.

5.

Install appropriate warning signs, barricades and informatiyes si

Adopt re-routing traffic scheme or find detour route.

Perform initial work to make the bridge safe and passable to vehicaific based on the actual
needs and suitable conditions.

Provide or construct a safe pedestrian passage if detour route isihaitlavand bridge is closed
to traffic.

Remove debris and hazardous elements and clear the area.

6-4-3 Checkpoint

Check for alternative detour route.
Ensure the safety of the bridge structures before opening ihicular traffic

Materials must be readily available as well as theedale of needed equipment/tools is readily
prepared for emergency response.

Check network in case of emergencies.
Rapid assessment of the damaged structures is recommended.
Clean all tools used in the worksite and observe proper housegadbols and equipment.

6-4-4 Photographs

(1) Closure and Detour of traffic

» Install appropriate warning signs and barricades

Photo 6-1 Warning signs and Barricades
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(2) Provision of materials for initial response

. Stock materials for emergency response.

Photo 6-2 Dump truck

(3) Initial response for keeping bridge safe

» Immediate repair of damaged portion of bridge to ensure safety dnildystd
structure.

Photo 6-3 Repair around abutments
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6-4-5 Additional Information

In an emergency due to unusual weather.
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In a disaster, several emergency materials and tools are needed dependirgyantyhand
magnitude of the disaster. For quick response, prepositioning of needeteaplimaterials, and
information on emergency hotlines must be readily available, sutle &ésllbwing:
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Most important key word is “Early inspection and Early mainmeed JICA Team
recommends RDA to implement Preventive maintenance in thdutaeg, so that bridge life can be
prolonged.

LCC ( Life Cycle Cost)=1+M + R
(I': Initial Cost, M : Maintenance Cost, R : Renewal Cost )

A large scale
small scale

cost

; : year>

retrofitting (snalll scale)
\

condition

|
\ \ retrofitting (large scale)
' N\ durability improvement

‘ | - a1>

Figure 1-2 Concept of LCC Minimization
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