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1. INTRODUCTION
Current Situation of Bridges
 Increase in Aging Bridges -Case of All Japan -
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The number of aging bridges to need 
the advanced maintenance 
→ Increase after 50 years in response to 

the  increase of Bridge Constructions.
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 Serious Problems in Local Areas

Administrators of steel bridges used in Japan
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Highway Company

Country

City designated by ordinance

Prefecture

Local government

67％

6％

19％

53

National government

Lacks of maintenance budget and skill 

Serious problems in 
local areas

 Roads are the key to national land strength. 
 Bridges are the cornerstones of roads.
→ The national government should help 

for the maintenance of bridges (67%) in 
local government.

Important 
policy!



 Bridge Performance Requirements
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 Essential Requirements for Bridge Performance

 Load carrying capacity : Most basic requirement
→ Strength required by the bridge.
 Service performance ： Comfort provision
→ Not only be practical, but also have a design that harmonizes with 

its surroundings.
 Durability ： Directly linked to the maintenance 
→ Essential factor that determines the bridge's sustained performance 

over 100 years life cycle.



 Design Considerations for Durability
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 When in designing, high quality elements having  100-year sustained 
performance under suitable maintenance should be considered.
→ High quality elements : Materials, Structural details (Ex. Girder ends)
→ Suitable maintenance : Examination, Treatment

In advance, the suitable 
maintenance should be considered 

in designing stage!!
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Merits

Lighter Weight*

StrongerStrength*

FasterConstruction period

HigherQuality level

Faster & 
Higher

Repair 
period & accuracy

HigherMaterial quality

*Strength mass ratio 
Steel:50~100 MN/m2/(t/m3)
Concrete:10~35 MN/m2/(t/m3)

Advanced Performance of Steel Bridges

Demerits

Higher*Material cost

Need 
higher

Construction  
technology

Prone to 
rustDeterioration

*Only material cost, not total. 

Balance merits against demerits of steel material

Steel  is a reasonable material 
in constructing advanced 
bridges because of its merits.

Once rust causing 
deterioration is overcome,
the future of steel bridges 

is always in victory!



Most important matter
→ Make the total cost reduce by achieving healthy long life to 
the bridges.
Mandatory items for achieving 

→ Sustainable and appropriate maintenance
→ Advanced engineering and technology.

7JICA Training in Road Maintenance and Management

Management Cycle
 Examination and Treatment

Bridge maintenance is like human health care.
→ Detection by periodic examination (inspection) is 

an important first step in maintenance 
management.

→ Next is to promote systematic and efficient 
consultation and treatment based on regular 
examinations.

→ The final step is to record the results. Health care management cycle

Examination
(inspection)

Diagnosis
(consultation)

Treatment

Records

2. MAINTENANCE CONCEPT
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 Assessment of Soundness

The degree of damage revealed by periodic inspections
→ Evaluated at four classifications of ”Soundness"

Impaired Level of FunctionClassification
Not be impaired. SoundⅠ

Not be impaired but desirable to take measures from the 
viewpoint of preventive maintenance.

Preventive 
MaintenanceⅡ

May be  impaired and measures should be taken as soon as 
possible.Early ActionⅢ

Being impaired or highly likely impaired and urgent action 
should be taken.

Emergency 
ActionⅣ
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 Pre- and Post-Measures in Maintenance

Aging
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 Pre-measures : Preventive maintenance
→ Minor restorations while still in 

classification Ⅱ small scale damage. 
→ Reduced maintenance cost
 Post-measures : Corrective maintenance
→ Major repairs after serious damage in 

classification Ⅲ or Ⅳ.
→ Increased maintenance cost

Image of 
longer service life and reduced life cycle costs

Minor repair Major repair
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Advanced performance
+ Preventive maintenance
→ Extend the life 

and reduce the LCC.

Bridge quality 
is very very 
important !!

Bridge Quality, Maintenance Management and Life-Cycle-Cost
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In subtropical areas, the major 
deterioration is steel corrosion. 
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Cause of Steel Bridge Deterioration

3. UNDERSTANDING DETERIORATION

Physical phenomenon
→ Cracks due to fatigue

Chemical phenomenon
→ Corrosions under wet condition
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RefiningIn 
realm 

of
nature

Refined iron

Iron ore Iron rust

Mt. 
of 

Energy

Mt. 
of 

Energy

Rusting Compound state 
of  iron oxide

 Stable in nature.

 Compound state 
of  iron oxide

 Stable in nature.

 Pouring large amount of heat energy into the iron ores.
 Separating  oxygen from the iron ores.
 Refined iron by the separating.
 Unstable in nature.

 Pouring large amount of heat energy into the iron ores.
 Separating  oxygen from the iron ores.
 Refined iron by the separating.
 Unstable in nature.

 Always trying  to  get 
buck to the stable state 

 Iron rust = Stable state

 Always trying  to  get 
buck to the stable state 

 Iron rust = Stable state

The change of iron-ore to refined iron and iron-rust

 Steel Corrosion Phenomenon
 The true nature of iron rust

An iron refined is unstable equilibrium state, in the realm of  nature.
→ Steel is always trying  to  get buck to the stable state = Corrosion state.

About 90% of steel is refined iron.



Cathode

Mechanism of  an electric cellMechanism of the corrosion cell

e-

e-

e-
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Electrolytic 
solution

Anode/Negative electrode
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OH-OH-

Steel material

Electrolytic solution

Anode

e-

Corrosion current

Coulomb’s force

Corrosion/Oxidation
Fe2++２OH-+2e- → Fe (OH)２
４Fe (OH)2＋O2＋2H20 →４Fe (OH)3

OH-

2H2O +O2+4e-→4OH-

Reduction

Fe
2+

Fe → Fe
2+ + 2e-

Oxidation

 Mechanism of Rust Generation
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→ Assist factors work directly to make the corrosion cell activate.

 High temperature : to assist  chemical reaction active.
A 10°C （Celsius) increase in temperature doubles the rate of chemical reactions.

 High humidity : to assist electrolytic 
solution abundantly

 Factors  of Corrosion Promotion (Assist and Accelerate)
- Assist Factors -

Relation between water adsorption and relative humidity

Water adsorption increases rapidly when 
humidity exceeds around 80%.

The time of wetness (TOW) in ISO 9223 
is defined as the time during which the 
relative humidity exceeds 80%.

Threshold of  TOW in ISO9223
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→ Chloride : to accelerate strongly the function of the corrosion cell from the side.
- Accelerate Factor -

Chlorides are the most powerful corrosion accelerators, 
although they are not involved in corrosion chemistry at all.

Steel material

Protective coating
Cl- Cl-Cl-
Cl-

Cl-

Cl- Cl-
Cl-

Chloride ions

Enter in the coating from 
its incomplete gaps by 
the affinity action effect.

1. Break the coating 

3. Make the solution active 

Cl-
Cl-

Cl-
Cl-Cl-

Cl-

Cl-

Cl-

Cl-
Cl-Cl-

Cl-

Cl-Cl- Cl-
Cl-

Cl-
Cl-

Cl-

Steel materialSteel material

Cl-
Cl-

Cl-
Cl-

Cl-

Cl-

Cl-

Cl- Cl-
Cl-Cl-

Cl- Cl-

Cl-

Cl- Cl- Cl- Cl-
Cl-Cl-

Cl- Cl-
Cl-Cl-

Cl-
Cl-Cl-

Cl-
Cl-Cl-Cl-Cl-Cl-

Cl-
Cl-Cl-

Steel material

Combines with coating 
components and destroys 
the coating

Salt

2. Provide the electrolytic solution

Steel materialSteel material

Cl- Cl-
Cl- Cl-

Cl- Cl-

Cl-
Cl-

Absorb the surrounding water  by the 
deliquescent nature effect of salt 
and provide the electrolytic 
solution, continuously. 

Incomplete part 
of coating

Incomplete part 
of coating

Provides a high-performance 
electrolyte through the 
electronic activation effect 
of chlorine ions.
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Sea spray
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Year

Days

Naha

Tsukuba

Sapporo

Ultraviolet rays over UV-index 8 (extremely strong)

Secular variation of annual total number of days showing over UV-8

An
nu

al
 to

ta
l n

um
be

r o
f d

ay
s s

ho
w

in
g 

ov
er

 U
V-

8

By global 
warming?
By global 
warming?



Okinawa is a typical corrosion environment area in 
subtropics - Treasure Island of Corrosion Information!!
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 Meteorology Characteristics
→ High temperature, High humidity, Strong wind
→ Extremely strong ultraviolet 

Impacts on 
corrosion

 High temperature ： to make a chemical reaction active

 High humidity : to supply the electrolytic solution abundantly

 Strong wind  : to create  salinity environment (flying salinity)

 Extremely strong ultraviolet light: to break the paint film

Assist factors

Accelerate factors



1０６km
We are here..
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Survey for Corrosion Environment
 Exposure Fields for Monitoring Corrosion Environment in OKINAWA

⑥牧港暴露場
Environment 
exposure field 

④OIST校内橋
Campus bridge 

・2km from seashore
・Mountainous area
・ Monitoring term

4.2011～3.2012

・0.2km from seashore
・Riverside
・Monitoring term

11. 2011～10.2012

②普久川橋
Over bridge

①辺野喜暴露場
Environment 
exposure field 

・0.05km from seashore
・On a bank protection
・ Monitoring term

9.2011～8.2012

③たまた橋
Mountain 

valley bridge

・2km from seashore
・Mountainous area
・Monitoring term

7. 2009～6.2010

⑧那覇港暴露場
Environment 
exposure field 

⑤富祖橋
Over bridge

・0.6km from seashore
・Over a river
・Monitoring term

8.2009～7.2010

・2.5km from seashore
・Over a dam lake
・ Monitoring term

8.2010～7.2011

⑨松川高架橋
Elevated bridge

・0.01km from seashore
・Seashore area
・Monitoring term

1.2005～12.2005

⑦琉大暴露場
Environment 
exposure field 

・2.5km from seashore
・Inland area
・Monitoring term

11.2011～11.2012

・2.5km from seashore
・City area
・Monitoring term

9. 2009～3.2011
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 Survey Items for Corrosion 
Environment 

Gauze collector
(for flying salinity)

Corrosion censer
(bare metal specimen)

ACM Censer

Censer set up

Thermo-hygrometer
(USB data logger)

Anemometer

 Flying salinity amount
 Moisture and temperature
 Wind velocity and direction
 Corrosion property

*

ACMセンサー ワッペン試験片 飛来塩分捕集
(ドライガーゼ法)

USB型温湿度ロガー

ACMセンサー ワッペン試験片 飛来塩分捕集
(ドライガーゼ法)

USB型温湿度ロガー

Corrosion sensors
Caching up flying
salinity by gauze 
collector

USB data logger
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41 bridges in mainland costal areas

Mainland

Average in mainland coast areas 

Average in 
Okinawa

Okinawa

Amount of Flying Salinity (mdd : milligram/decimeter2/day)

C
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 (m
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The corrosion 
rate of Okinawa 
is twice that of 
the mainland 
coast areas!

 Relationship between Corrosion Rate and Amount of Flying Salinity

Y=0.07X0.55

21 bridges in Okinawa

Use Limit of weather
resistant steel
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4. STEEL BRIDGE CONSIDERATIONS
Damage Diagram of Major Steel Bridge Corrosions

1. Reinforcement corrosion due to deck damage

3. Corrosion of near the bearing
3. Corrosion of near the bearing

5. Peeling of paint coating
Damage to 

girder ends is 
very common.

→However, 
inspecting and 
checking this 
area is difficult.

→ Girder end structures are not necessarily designed to exclude water.

2. Corrosion of inner girder surfaces.

4. Corrosion of bolted joints and plate corners

2. Corrosion of inner bracings.
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Challenges and Solutions

The primary cause of floor deck damage is cracking of 
the concrete deck.
The primary cause of floor deck damage is cracking of 
the concrete deck.

1) Water intrusion 
through cracks

2) Partial deterioration

3) Sandification

Water entering through 
the cracks collects on 
the top surface of the 
floor deck.

pavement

floor 
deck rebar

entering water or salt

cracking

Water retention on 
top of floor deck

Wheel load

 Challenge 1 : Floor Deck Damage Attention!!
When the moisture content of concrete becomes 
saturated, its compressive fatigue strength 
decreases markedly to about 60% of its dry state.

pothole

fatigue collapse of deck upper surface
making sandification

rusted rebar

When the top surface 
of a concrete deck 
becomes wet, the 
concrete begins to 
partial deteriorate, i.e., 

Concrete decks with 
stagnant water will 
make sandification
enlarge significantly.Finally falling out

Lattice cracks in pavement

asphalt pavement

reinforced concrete deck

Partial deterioration

Sandification

Cracks on the back 
surface of RC deck

Falling at last

horizontal cracks

progressing sandification

Floatation 
occurrence



24JICA Training in Road Maintenance and Management

 Solution 1 : Example
- Elimination of overweight vehicles-

General Proper Heavy Duty Vehicles The effect on the deterioration of the slab is 
proportional to the twelfth power of its weight.

If the axle weight of one large vehicle exceeds 10 
tons by 2 tons, the effect on the slab is equivalent 
to that of about 9 vehicles.

If the axle weight of one large vehicle exceeds 10 
tons by 2 tons, the effect on the slab is equivalent 
to that of about 9 vehicles.

 Some offending vehicles are the main cause 
of road deterioration

Eliminating overweight vehicles is key to preventing floor slab deterioration!!



Salt adhesionSalt adhesion
Wind 

entrainment ? 

Usual strong wind

＜ Inner surface＞

＜Outer surface＞

Rust preventive effect by 
rain washing    Without rust preventive effect
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Challenges and Solutions
 Challenge 2 : Corrosions of Inner Girder Surfaces

Attention!!
Rust preventive 

effect is 
obtained by rain 
washing from 
before rusting.

- Corrosion condition of girder surface -



Illustration of a wind tunnel test
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200mm (low tide)

15m/s

The wind flow between the girders has been 
confirmed by the wind tunnel tests.

- Confirmation by experiment -



 Solution 2 : Example
- Washing girder -

＜ Inner surface＞
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 Inner surface of the girder 
→ Salt adhered sustainably 
→ No-washed by rain.

 Corrosion of inner girder surfaces
→ extremely sever.

Standard Solution
→ To wash off salt to be adhered to the inner surface before 

rusting and to continue cleaning regularly. 



by using cage of inspection vehicle by using inspection passage
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Washing must start immediately after construction
i.e., before rusting !!

- Washing situations -
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- Wind flow around bridge end -

Dead end

 Dust, garbage and pollutants deposition
 Accumulation of adhered salinity

Typical bridge girder end

 Challenge 3 : Corrosions of Bridge Girder Ends

→ Girder end structures are not necessarily designed to exclude water.
→ A girder end is the most severe deterioration spot in a bridge structure. 



Bearing stiffer

JICA Training in Road Maintenance and Management 30

- Corrosion damages around bridge end-

 → No inspection and no maintenance for a long time.
 → Too late to apply preventive maintenance.

Cases where the responsibility of the administrator is questioned!!
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 Solution 3 : Example 
- Deterioration factor removal -

by using a water gun device set up in road cleaning truck.

→ Clean and remove girder deterioration factors such as adhered salinity 
and accumulated dust, garbage and pollutants.
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- Use of anti-corrosion specification-

Zn-Al compound 
plating

Fluoric-resin coating

Zn-Al compound 
plating + Nylon 12 

powder coating
-OKINAWA Spec.-

Hot-dip galvanizing
A variety of anticorrosion specification

→ Use the anti-corrosion support bearing apparatus.
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 Challenge 4 : Corrosion of Corners

- Corrosion of bottom flange corners-

Poor painting at corners

Without area, 
you can’t paint. 

Curved surface processing 

2mm

- Solution example for plate conner corrosion -

→ Curved surface processing of 2 mm Radius 
or more for main members.
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- Corrosion of bolted joints -

Steel
material

Poor painting at corners

Remarkable corrosion only on bolts in joint
→ Poor paint thickness at corners
→ Scratches by torque wrench during construction
→ Uneven parts where salt easily adheres

Visibility bolt cap

Shut water, salt, dust, 
pollutants out.

Install visibility bolt caps 
after construction.

- Solution example for bolt corrosion -

 Complete anti-corrosion of bolt corners 
is impossible by painting.

 Often rust-proof bolts are used.
 Its anti-corrosion effect is about 2,3 months.

Zinc alloy

700h

Salt spray test

1200h

Wash primer

→ Need the anticorrosion measures after 
construction.
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※Masayuki TAI, Tetsuhiro SHIMOZATO, Yoshitomo NAGAMINE, Yasunori ARIZUMI, 
Tetsuya YABUKI: Dependence of Residual Axial Force on Thickness and Shape in Corroded 
High-Strength Bolts, Journal of Structural Engineering, Vol.144, Issue 7, ASCE, 2018.

- Residual axial force of corroded bolts -

The residual axial force of corroded high strength bolts can be evaluated from 
the following correlation chart between residual axial force and amount of 
wall thinning, which was obtained through research in Okinawa ※ .

Cut out

Blasting process wall thinning measurement

Nut

δNi

i=2

i=1

i=3
i=4

i=6

i=5

Bolt head

δBi

i=2

i=1

i=3
i=4

i=6

i=5

0 1 2 3 4 5 6 740

60

80

100

120

Root Mean Square of Thickness Reductions near Washer RMSW (mm)

回帰曲線 R2=0.599

回帰曲線－15%

回帰曲線＋15%

1007743.2)(8932.0(%) 2  RMSWRMSWN

座金近傍の2乗平均減肉量 (mm)

残
存

軸
力

（
％
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N(%)=100-0.375Δ２-2.923Δ
Regression Curve R2≒0.6

0         1          2          3           4           5         6          7

Regression Curve -15%

Regression Curve +15%
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Amount of corrosion thinning
δBi=

∑ δBi లభ଺ , δNi=
∑ δNi లభ଺∆𝑅𝑀𝑆𝑊 = δBi
ଶା δBi

ଶଶ

δNi _１０mm

δNi＝
δNi _0mm＋δNi _１０mm+ δNi _2０mm ଷ
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 Challenge 5 : Peeling of Paint Coating
- Clustered peeling of surface coating on girders -

Titanium White Surfaces

Large-scale clustered peeling
Clustered peeling

Cause →  Collapse of the adhesion mechanism of coating.
Feature → Clustered peeling and its size.



*Formed by water absorption.
→ Rapidly increasing when the 

relative humidity exceeds 80%.
→ Forming a local cluster-membrane.

 Cause of clustered peeling  
→ Discarding of the close contact between material surface and painting by destruction factors.
 Destruction factors
→ Water-Membrain* and Substances (salt, corrosion, pollutants, etc.)

JICA Training in Road Maintenance and Management
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 Solution 5: Example 
- Careful surface preparation -

Repaint:
→ when the relative humidity is less than 80%.
→ after when the careful surface preparation 

and the entire surface to allow dry.

Remove destructive factors: 
→ by wet abrasive blasting before repainting



38
JICA Training in Road Maintenance and Management

Ordinary corrosion
(Small corrosion cell)

Initial imperfection
→ Small scratch

Initial imperfection
→ Large scratches on the 

outer circumference 
under constructing

Deposition parts 
→ Dust, garbage, 

pollutants, salt, 
water, etc.

→ Optimal 
condition for 
corrosion

Deposition parts 
→ Dust, garbage, 

pollutants, salt, 
water, etc.

→ Optimal 
condition for 
corrosion

Potential different boundary  
→ High electric potential different at boundary between steel and concrete
Potential different boundary  
→ High electric potential different at boundary between steel and concrete

Macro cell corrosion
(Extremely large corrosion cell)

Cause → The extremely large corrosion cell is formed around 
at the boundary between the concrete and steel.

Feature → Its corrosion rate becomes extremely faster.

Rupture of truss diagonal member

Ring corrosion with through-hole

 Challenge 6 : Other Sever Corrosion – Macro-Cell Corrosion –



Pier of pedestrian bridge Appearance after removing 
the concrete blockConcrete block 

for covering 
the pier base

Macro cell corrosion around boundary 
between steel and concrete  
→ Ring corrosion with though-hole.

Macro cell corrosion around boundary 
between steel and concrete  
→ Ring corrosion with though-hole.

Meaningless concrete block  
→ Make construction method by 

no-damage the paint ineffective.

Meaningless concrete block  
→ Make construction method by 

no-damage the paint ineffective.
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Concrete block for covering the pier base is structurally useless.
→ Lack in understanding on structural mechanism and engineering.



Outer tubeInner tube

Concrete

Sealing ; 
Electric current 
insulation material

Insulated at boundary from concrete block 

Sealing

(2) Solution Example
 Solution 6: Example
- Insulate steel and concrete  in corrosion surrounding environment -

Take construction measure to insulate steel and concrete by sealing material 
in the corrosion surrounding environment.
→  No initial impaction at the boundary. 
→  Electrically isolate between steel and concreate.

Insulated at base plate

Root-wrapped 
concrete block

Steel tube

JICA Training in Road Maintenance and Management 40
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*

 Chalking phenomenon→ hydrolysis phenomenon of titanium oxide in 
fluorine paint  brought by  photo-oxidation phenomenon of ultraviolet rays.

 Photo-oxidation phenomenon → Activated by dissolution of salt in moistures. 

Exposure of undercoating

 Challenge 7 : Chalking Phenomenon 

Chalking phenomenon

→ Ultraviolet rays make deterioration of undercoating (epoxy resin) faster. 
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 Surface resins with the irregulars i.e., uneven coating thickness and 
pinholes brought  by water, oil, dust, salt, pollutants, etc.

→ Causing rapid chalking 

Chalking phenomenon by hydrolysis phenomenon of titanium oxide
→ The titanium oxide is used as white pigment. 

 Solution 7 : Example

→ Remove the irregulars perfectly by wet abrasive blasting before repairing.

→ Avoid  the usage of white and/or light color pigment.



Severe corrosion due to 
adhesion of flying salt

Cramped inspection passage

Flying saltFlying salt

Install a deck board between bridge girders.
→Intrusion prevention of flying salt

Change to inner surface painting.

In
sp

ec
tio

n 
pa

ss
ag

eGirder 
web

Girder 
web
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Advanced Measures
 Example 1 : Multi-Functional Anticorrosion Deck

→ Block salt flying between girders by fiber-reinforced plate (FRP) deck board.
→ Significantly reduced LCC of painting & also be used as an inspection pass.



JICA Training in Road Maintenance and Management 44

 Example 2 : Stainless Steel Applications
- Application to outer members： Hybrid stainless-carbon steel bridge girder -

Precast slab Site welding of all sections: non-expose bolts to external surfaces

Stainless steel material

All bracings and stiffeners are 
consisted by structural carbon steel.

Coating of ultra-
thick epoxy resin

→ Stainless steel material is 
applied only to the outer 
material exposed to the 
corrosive environment of one-
box girder to reduce costs.
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(3) Application of Stainless Steel

Apply stainless steel 
to the end panels of 

bridge girders.

- Application to end panels -

 Girder ends are the most severe deterioration parts of bridge structures 
but not necessarily designed to exclude water.

→ Apply stainless steel only to the end panels of bridges to reduce costs.



Conceptual Diagram of Smart ZIC Construction Method Zinc powder
Smart ZIC Equipment
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 Example 3 : Impact Coating
- Cold impact coating system-

The mixed powder(zinc +alumina) is impacted onto a substrate surface at 
supersonic speed to bite in and stack on the surface.
→ Bring a blast effect by the mixed alumina.
→ Form membranes at bolt threads and corners by making zinc powder bite into.



Before construction Just after construction

After 6 months passed After 1 year passed

(3) Post-Construction Follow up Survey 
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- Results of Progressive Observation -

→ Proposed to be used as an undercoat with 
very easy adjustment of the base treatment

Under construction

After construction
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5. BEFORE CLOSING
Application of Major Repairs

Bearing stiffer Too late
→ Too late to apply preventive maintenance.

Maximum advantage of steel material.
→ Easy to cut and join； → Fast and accurate to repair in Stage Ⅳ＊(p.8)

＊ Urgent action can be taken.
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Adoption of Manual

沖縄地区鋼橋防食マニュアル

平成31年3月

縄総合事務局開発建設部・沖縄県土木建築部 監修

Corrosion Prevention 
Manual for Steel Bridges 
in Okinawa

Steel Road Bridge 
Corrosion Prevention 
Handbook

Bridge maintenance 
engineers are the 

doctors of bridges.

The Performance Requirements (p.4) is to be realized：
→ High level of expertise,
→ Sound judgment ability regarding maintenance.

OKINAWA Specific Manual ALL JAPAN Manual



Long-term assurance of high B/C under corrosion characteristics is possible 
through controlled performance strategies such as those proposed in this lecture.

Long-term assurance of high B/C under corrosion characteristics is possible 
through controlled performance strategies such as those proposed in this lecture.

Even if it is too late to apply preventive maintenance, 
it is perfectly possible to repair the damage.

Even if it is too late to apply preventive maintenance, 
it is perfectly possible to repair the damage.
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Perspective on Future Prospect
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