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1.0 BACKGROUND



o Hydraulic structures are important components in irrigation
engineering systems, flood control, water supply, navigation
and hydroelectric generation

o There are three main categories of hydraulic structures
based on their function namely:
o Measurement structures such as overflow channels/ weirs

o Control structures such as dams and sluices

o Discharge structures such as spillways

o The construction and development of hydraulic structures
need a huge funding and have an impact on property
damage, infrastructure and lives if not properly monitored and
repaired due to damage

o By using Non-Destructive Testing (NDT) techniques,
engineers and inspectors can assess the condition of
hydraulic structures, identify possible defects or weaknesses,
and implement appropriate maintenance and repair
measures to ensure safe and efficient operation

1.0 BACKGROUND



2.0 TYPES AND FUNCTIONS OF HYDRAULIC STRUCTURES



Weir Spillway Dam

GateBridge

TYPES AND FUNCTIONS OF HYDRAULIC STRUCTURES



1. WEIR

o A weir is a hydraulic structure built

across a watercourse such as a river

or canal to control the level and flow

of water

oUsually weirs are designed with a flat

top or a certain shape to allow water

to flow in a controlled manner

o Important in the water resources

management and environmental

protection, ensuring efficient use of

water and protection against natural

disasters such as floods



TYPES OF WEIR

Broad-Crested Weir

Sumber:  HydroCAD, 2024

V-Notch Weir 

Sumber: EncardioRite, 2024

No. Types of Spillway Characteristic and Functions

1. Sharp-Crested Weir i. Has a sharp and thin top

ii. For the measurement of water flow in a 

laboratory or small river

2. Broad-Crested Weir i. Has a wide and horizontal top

ii. Suitable for larger water flows and field 

applications

3. V-Notch Weir i. Has a V-shaped opening at the top

ii. Used for lower water flow measurement with 

high accuracy

4. Rectangular Weir i. Has a rectangular opening

ii. Suitable for larger water flow measurements

5. Contracted Weir i. Having narrowed or contracted sides

ii. Helps to measure water flow in a more 

controlled and accurate manner



2. SPILLWAY

o A spillway is a hydraulic structure built as

part of a dam or dam to drain excess

water from a reservoir or river

downstream in a controlled manner.

o Designed to handle high water flows that

may occur during heavy rains or floods

to prevent uncontrolled overflow of water

over the dam.

o A critical component in the design and

management of dams to ensure excess

water can be channeled safely to protect

the dam structure and the surrounding

area, especially the downstream area



TYPES OF SPILLWAY

Chute Spillway

Morning Glory Spillway

No. Types of Spillway Characteristic and Functions

1. Chute Spillway i. It consists of a sloping channel that drains water from 

the reservoir downstream

ii. Used for high and fast water flow and often equipped 

with an energy reducer at the base to reduce erosion

2. Morning Glory Spillway i. Shaped like an inverted funnel on the surface of the 

reservoir that carries water to an underground channel

ii. Used in areas with limited space or where aesthetic 

design is required

3. Saddle Spillway i. Built in the saddle or low area around the reservoir

ii. Usually used as an additional spillway

iii. Provides an additional path for overflow water, used 

when the main spillway is insufficient

4. Shaft Spillway i. It consists of a vertical shaft or slope that carries water 

from the reservoir to an underground discharge channel

ii. Used in dams in hilly areas or limited space

5. Ogee Spillway i. Features a curved profile that follows the natural flow of 

water to minimize pressure and erosion. 

ii. Commonly used in gravity dams and concrete dams



3. DAM
o A dam is a structure or area built in a

river or watercourse to maintain and

store water for the purpose of water

supply, hydroelectricity and others

o An important structure in the

management of water resources that has

multiple functions for the benefit of

humans, the environment, and

sustainable development.



TYPES OF DAM

Hydroelectric Dam-Bakun Dam

Sumber:  Air dan Pembentungan, 2022

Storage Dam

-Mengkuang Dam, Pulau Pinang

Sumber:  Kosmo, 2024

No. Types of Dam Characteristic and Functions

1. Storage Dam Storing water for various uses such as drinking 

water supply, irrigation, and hydroelectric power

2. Irrigation Dam Specially designed to collect water for the purpose 

of irrigation of agricultural crops

3. Temporary Dam Built temporarily for construction purposes or to 

drain water temporarily

4. Flood Control Dam Designed to reduce the risk of flooding by retaining 

water during the rainy season

5. Hydroelectric Dam Hydroelectric power generation through stored 

water reservoirs

Irrigation Dam

-Bekok Dam, Johor

Sumber:  Kosmo, 2024



INFRASTRUCTURE 
SABO

Open Infrastructure (Kitazato River Dam) 

Around Aso Mount, Japan

Source: Sabo & Landslide Technical Center, Japan (2019) 

o SABO originated from Japanese

languages “Sa” and “Bo” which

means erosion and sediment control

works

o SABO means a reaction of rocks and

sands which bringing the efforts of

land and soil erosion control at

mountainous areas

o Protecting humans and infrastructures

at downstream from erosion and

sedimentation disasters

Sabo Infrastructure at Hokaido, Japan

Source: Sabo & Landslide Technical 

Center, Japan (2019)



FUNCTION 
AND 

APPLICATION

To trap erosion/ 
debris flow till 
discharge decreased

To decrease erosion/ debris 
flow rate 

To serve as a sediment settling
zone

To guide the flow in 
preventing the spread of 
erosion/ debris flow 

To control erosion/ 
debris flow 

a

b

c

d

e

Sabo infrastructure allows sediments to flow from

upstream to downstream during normal conditions

When a large-scale of debris flow occurs, sediments/ rocks/

boulders will be trapped and temporarily hold at the back of

Sabo infrastructure to avoid headwater or debris flow disaster at

river downstream

Sabo Dam was built since the 17th and 18th

centuries

Protect against landslides, snow
avalanches, volcanic mud flows, lava flows
and pyroclastic flows

STATISTIC FROM JAPAN

More than 50,000 Sabo facilities since 1897 

with the introduction of the Sabo Act

Overcome an average of 1,000 incidences of 

erosion and landslides each year



OPEN SABO CLOSED SABO

Open Sabo (Segawe) located in Indonesia Closed Sabo (Ashio) located in Japan

Water flow through holes or opening/slits and large pieces of
soil/ rocks/ logs will be retained

Slow down the flow of high volume water

Typically constructed at upstream and mountainous area

Water flow will flow through the top of the dam and trap the
flow of erosion/ debris

Will quickly be filled with sediment and requires good
maintenance

Usually built at downstream areas
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Location:  Titi Hayun Recreational Forest, Gunung Jerai, Kedah



4. GATE

o A sluice is a hydraulic structure that can

be opened or closed to control the flow

of water in irrigation systems, dams,

canals, and water treatment plants.

o Usually made of concrete and operated

manually or automatically using

mechanical or electrical systems

o An essential component in water

resource management and hydraulic

systems, providing the flexibility and

control needed to ensure safe and

efficient operation



TYPES OF GATE

Tilt Gate

Source:  HC Waterbeheersing, 2024

Example of Sluice Gate

Source:  Malaysiakini, 2021

No. Types of Gate Characteristic and Functions

1. Tilt Gate Open or close in an upward or 

downward slant

2. Lift Gate Open or close by going up or down 

vertically

3. Swing Gate Open or close by rotating on a certain 

axis

4. Roller Gate Open or close by rolling or pulling 

horizontally

5. Sluice Gate It usually consists of a large portion of 

a metal plate or panel that can be 

moved vertically in a slot attached to 

the water channel structure



5. BRIDGE

A bridge is a structure built to cross a gap or obstacle such as a river, railway or road. It is built 

to allow the passage of pedestrians, motorists or trains over the barrier.

Tower Bridge, London, UK

Source:  Etsy, 2024

Seri Wawasan Bridge, Putrajaya

Source:  Trip Advisor, 2024

Terengganu Drawbridge, Terengganu

Source:  MAPEI, 2024



TYPES OF BRIDGE

• Log bridge

• Beam bridge

• Truss bridge

• Compression arch bridge

• Suspension bridge

• Cable-stayed bridge

• Cantilever bridge

• Moveable bridge

Tappan Zee Bridge in New York-Cantilever bridge

Source:  Roadtraffic Technology, 2024

Tauylor-Southgate Bridge, Ohio and Kentucky, US-Truss 

Bridge
Source:  Scott Lewis, 2024 Golden Gate Bridge, San Francisco, US-Suspension Bridge

Source:  Britannica, 2024 

Penang Bridge, Malaysia- Cable-stayed Bridge

Source: Wikimedia, 2024 



3.0 TREATS AND STRUCTURAL DETERIORATION



1.Overtopping 
 The capacity of the channel is insufficient causing

overflow/ overtopping occurs

 Insufficient free board to accommodate storms

and flood events will result in overflow at the top of

the dam body and the bank walls around the

reservoir

 Dams at risk of overtopping hazard are Batu Dam,

Timah Tasoh, Bekok and Sembrong (Syed

Hashim et al., 2019)

 The height of the crest level is likely to be lowered

in the event of other failures such as seismic

movement and internal erosion

3.0 TREATS AND STRUCTURAL DETERIORATION

No. Dam Crest Elevation (m)/ 
years

1. Batu 109 (35 years)

2. Timah Tasoh 32 (30 years)

3. Bekok 23 (32 years)

4. Sembrong 15 (38 years)

Sequence of critical dam with overtopping hazard 

(Syed Hashim et al., 2019)



Source:  JapanBosaiPlatform (2024）



Vertical Sluice Gate at Bukit Kemboja, Langkawi
Radial Sluice Gate at Padang Matsirat, Langkawi

Normal Condition

Overtopping due to floods 

(13 August 2003)

Normal Condition

Overtopping due to floods 

(13 August 2003)



2. Seepage failure

 Seepage failure - due to water moving slowly through the
dam and/or percolating slowly over a long period of time
through the base of the hydraulic structure

 Will result in embankment, or foundation, or damage to
the concrete structure

 If not properly controlled, seepage can gradually erode
the soil from the embankment or at its base, resulting in
dam failure

 A steady or sudden drop in normal lake levels is another
indication that seepage is occurring

 Higher water levels can lead to extreme danger and risk
when hydraulic structures such as dams occur, especially
to residents in downstream areas



Issues of sediment build-up, dam 

seepage, major structural integrity 
and soil erosion



o As of 2023, a total of 16 out of 55

Dams in Peninsular Malaysia

(Water Supply) have exceeded 50

years

o Floods and other extreme

environmental events are

becoming more frequent and

severe, which can exceed the

design limits of dams and

accelerate their aging process and

risk structural failure

o Water supply disruption -

Reduction of reservoir capacity

(Sedimentation problem)

o Risk to the people in the

downstream part of the river

3. Aging/ Failure of Hydraulic Infrastructure

Source: FocusMalaysia, 2023



Source:  https://suhaimiomar.blogspot.com/.  2013

Jetty at Pangkalan Sultan Abdul Halim collapsed at 

Butterworth, Penang, Malaysia on Sunday, 4.40pm, 31 

July 1988

32 dealths and 1,674 injured

Factors of structural failure:

o The Sultan Abdul Halim 

platform built in 1956 was 

unable to accommodate 

10,000 passengers (over 

loading)

o The iron girder of the terminal 

bridge is bent and broken. The 

wooden floors also collapsed. 

Iron walls and roofs fell down.Source:  TheStar, 2021



Source:  Syarifah Intan Najla Syed Hashim et al., (2023).  An Overview 

on the Potential dam hazard and pre-qualitative analysis on the selected 

critical dam in Malaysia. IOP Conference Series: Earth Environmental 

Science.1205 012019

Sequence of critical dam with structural failure hazard

No. Dam Age (year)

1. Batu 35

2. Timah Tasoh 30

3. Bekok 32

4. Sembrong 38

Source:  TheStar, 2 Oct 2023



Source:  Bernama, 23 August 2024Source:  TheStar, 23 August 2024



 On October 24, 1883, the Kuala Kubu Dam broke and

caused a major flood which submerged the entire town

of Kuala Kubu and the surrounding area

 The collapsed dam was about 1.6 km long and over

91.4m wide

 It is made of wooden trunks and embanked with earth

across Sungai Kubu, tributary of Sungai Selangor

 This incident has cause lost of lives and property

 33 people including the District Officer and an English

Magistrate-Cecil Ranking were also killed

 38 houses were washed away and the only source of

livelihood for the people of this area, which is ore trays,

was also affected

Source:  Fb Hulu Selangor, 2024

Kuala Kubu Dam/ Ampang Pecah

Image of Drone at Ampangan Pecah
Source: SMK Empang Pecah Bestari, 2001



4. Scouring and Erosion

o Erosion of channel bottoms and edges due to rapid

water flow or bottom erosion downstream of hydraulic

structures or turbulent flow and eddy currents (arus

pusar) is called scour

Scouring at the Foot of the Dam

o The formation of large holes in the river bed near the

dam due to the rapid flow of water, which can affect

the stability of the dam structure

Bridge Scouring

o Strong water flow around bridge piers or abutments

can cause localized erosion that weakens bridge

supports

Spillway Scouring

o Heavy water flow through the spillway can cause

erosion that damages the spillway structure and

potentially causes failure

Source:  Lembaga Sumber Air Negeri Kedah, 2019

Source:  NewStraits Times, 2023

Sumber:  Sinar Harian, 2020

One of the steel-reinforced concrete pillar
structures (piers) of the Batu Kawan Bridge
construction project across the Jejawi River to Batu
Musang Jetty-cracked due to soil erosion



5. Earthquake

o Earthquakes are the main threat and influence the

dams, especially old dams

o An earthquake is expected to cause the dam

failure

o For example: The Timah Tasoh Dam crack in

Perlis, Malaysia occurred due to earthquake in

Timah Tasoh (Ismail, N., 2014)

o In Peninsular Malaysia there have also been

several earthquakes with the local epicenter at

Bukit Tinggi in Pahang, Kenyir Dam in

Terengganu, Kuala Pilah in Negeri Sembilan as

well as Manjung and Temenggor in Perak with a

strength range between 1.6 to 4.6 on the Richter

scale that occurred in 1984, 1985, 1987, 2007,

2009, 2010 and 2013 (Astro Awani, 2023)

Service spillway structure 

Empangan Timah Tasoh, Perlis (DID, 2001)

1. Ismail, N. (2014). Issues and Problems towards the Sustainable Dam Management System in Malaysia. International Journal of Innovation, Management and 

Technology, Vol. 5, No. 6, December 2014.

2. Astro Awani (2023, April 19).  Ada kebarangkalian gempa bumi berlaku di Malaysia. Retrieved 15 May, 2024.   



6. Climate Change

o Climate change is a global threat

that will affect the function and

safety of hydraulic structures in

Malaysia

o Malaysia receives high rainfall

which always leads to flooding and

causes the failure of water control

structures such as dams, barrages

and flood control bulls

o Rising sea levels and stronger

coastal storms create challenges

for states with coastlines and

communities living near the sea.



Too little water Too much water

Source:  NewStraitsTimes, 14 August 2024
Source:  AwaniInternational, 18 December 2023



Source:  NewStraitsTimes, 3 October 2015

Source:  mStar, 26 Januari 2017



4.0 TYPES AND POTENTIAL OF NDT IN 
HYDRAULIC STRUCTURE MANAGEMENT



No. Types of NDT Functions

1. Ultrasonic Testing (UT)/ 

Sonic Pulse

Transmission

Using ultrasonic waves to detect defects such as cracks, wall thickness, or the presence of foreign 

materials in hydraulic structures

2. Gamma Radiography

Testing

Using gamma rays to obtain images of materials that cannot be seen with the naked eye, such as the 

presence of cracks or corrosion in water lines

3. Visual Testing (VT) Direct Testing using the naked eye or visual equipment to detect signs of damage such as cracks, 

erosion or loss of material on the hydraulic structure

4. Eddy Current Testing This technique involves the use of electromagnetic fields to detect changes in electrical concentration 

in materials that may be caused by the presence of defects such as cracks or erosion

5. Penetrant Inspection A process where a special liquid is used to fill cracks or defects on the surface of a structure, then 

this liquid is removed and a dye is applied to show the defect

6. Radiography Testing 

(RT)

Using X-rays or gamma rays to produce images of the internal structure of materials, allows detection 

of cracks, defects, or material thicknesses that cannot be seen directly

7. Magnetic Particle 

Testing

Using ferromagnetic particles placed on the surface of the structure.  When a magnetic field is 

applied, the particles will gather around the crack or defect, indicating the location of the damage

Types of NDT 
Non-Destructive Testing (NDT) - A technique used to inspect materials and 

structures without damaging or destroying them

4.0 TYPES AND POTENTIAL OF NDT IN 
HYDRAULIC STRUCTURE MANAGEMENT



Early Damage Detection

NDT allows early detection of hydraulic structures’ damage before they develop into more serious 
problems. This allows corrective action to be taken quickly to prevent further damage

Structural Integrity Assessment

NDT enables comprehensive assessment of hydraulic structural integrity without damaging the 
structure itself. This is important to determine maintenance and upkeep requirements

Optimization of Maintenance and Operational Efficiency

Through information from NDT testing, managers can optimize maintenance schedules, handling and 
operation of hydraulic structures, reducing costs associated with unnecessary maintenance.

Security Improvements

Through early damage detection and integrity assessment, NDT helps improve the safety of hydraulic 
structures, reducing the risk of failure that can lead to accidents

Cost Savings

By detecting early damage and proactively performing necessary maintenance, NDT helps reduce the 
costs associated with repairing and replacing affected hydraulic structures.

POTENTIAL OF NDT IN HYDRAULIC STRUCTURE MANAGEMENT



Some application of NDT was 
applied such as in India, Sonic 
Pulse transmission Technique is 
used to figure out weak zones 
comprising of voids, cracks, etc. in 
concrete and masonry structures 
like dams, Aqueduct, Canals and 
others thus, it is able to check the 
homogeneity of the material 
forming the structure. 

Since, ultrasonic pulse 
transmission technique has got 
limitation of penetration depth up 
to 5 meter, sonic pulse 
transmission technique is adopted 
for depth exceeding 5 meter .

40

NDT by sonic transmission technique 

at Vakkileru Aqueduct, India

NDT by sonic transmission technique at 

Sardar Sarovar Dam, Gujarat, India.

Source:  Central Water Commission (CWC), Pancheshwar Development Authority (PDA), Nepal. (2024)
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•Non-destructive integrity

testing (like ultrasonic or

eddy current testing) for

detecting cracks, leaks,

and corrosion in asset

components and

structures.

•Using Drone in visual

inspections

Source:  Voliro, 2024
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Source:  Penetradar, 2024

Source:  Infrastructure Preservation Corporation (IPC), 2024



5.0 CONCLUSION/ WAY FORWARD



1. Non-destructive Testing (NDT) has potential in the management of hydraulic structures

where NDT provides added value for hydraulic structures monitoring, improve safety,

efficiency and operational effectiveness, while reducing maintenance and repair costs.

2. On-site Hydraulic Structure Safety/ Monitoring Teams are beneficial to reduce structural

failures and the use of NDT technology in managing the performance of hydraulic

structure needs to be expanded.

3. Only dam structures are monitored such as Dam Inspection by the Malaysian National Committee

for Large Dams (MYCOLD)

4. All relevant agencies involved play an important role in ensuring that hydraulic structures in

Malaysia are regularly inspected and maintained using NDT methods to ensure the safety,

reliability, and sustainability of the country's water resources.

5. Innovation development for Green Hydraulic Structures focuses on integrating environmental

sustainability with current water management systems need to be explored further.
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