


SUKKUR BARRAGE



The Sukkur Barrage: A Century-Old Engineering Marvel

A Built in 1932: Originally designed
for an impressive discharge
capacity of 1.5 million cusecs, it
stood as a monumental
achievement in hydraulic
engineering.

ABackbone of Sindh
This iconic structure feeds 7 major
canals, irrigating millions of acres
and sustaining the agricultural
heartland of Sindh.

A Vital for Regional Life: It remains
crucial for both agriculture and
urban water supply across Sindh
and extending into parts of
Balochistan, impacting millions of
lives.




SBIP/S1 Work Program
Year 3 (20252026)
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The Project

Sindh Barrages Improvement Projé@&$BIP

SBIP Component A: Rehabilitation of Sukkur and Guddu Barrage
Component B: Improved Barrage Operation
Component C: Technical Studies
Component D: River Basin and Riverine Area Management
Component E: Project Management, Monitoring & Evaluation
Funding World Bank, Government of Pakistan, and Government of Sindh
Component SBIP/G2: Rehabilitation of Guddu Barrag@ngoing
A

SBIP/G3: River training works at Guddu Barrag€Eompleted

SBIP/G3A: Construction of TJ SpurContractor mobilised

SBIP/S0: Emergency replacement of 6 gates Sukkur Bair@genpleted
SBIP/S1: Rehabilitation and Modernisation of Sukkur Bariia@agoing
SBIP/S2: Dredging at upstream of Sukkur Barragangoing (via S1 VEH)
SBIP/S3: Procurement of Dredgér8idding documents prepared
SBIP/S4: Desilting of Rice CanalCompleted




This comprehensive contract addresses the critical need

Scope of the SBIP/SI Contract

to restore and upgrade the Sukkur Barrage, blending
historical engineering with advanced solutions.

A Gate Replacement 56 out of 66 original barrage

A

gatesare being replacedwith modern, lighter, and
moreefficient mechanizedinits,

Advanced Hoisting Systems Installation of wire
rope winch hoisting mechanismsand automation
through ADAS Systemfor preciseand reliable gate
operation

Cofferdam Construction: Strategicconstructionof
temporary cofferdams to create dry working
conditions, ensuring safety and efficiency during
critical structuralrepairsandoffering flood protection
Technology Integration: Seamlessintegration of
cuttingedge technology with the existing historic
engineeringnarvelfor enhancedunctionality.

Technology
Integration

Gate
Replacement

Cofferdam
Construction

Hoisting
Systems


https://gamma.app/?utm_source=made-with-gamma

Enhanced
Gate
Height

8 Raising gate

height from 21 ft

to 23 ft for 44
weir gates.
ARaising gate
height from 23 ft
to 24.5 ft for 12
scour gates.
Adchieving the
NWL of 199.5
RL.

Ansuring
adequate water
supply to the
seven feeder
canals

Refer:

Design
Calculations

==~ Advanced
=l Hydraulic
| Testing

~ Utilization
- hydraulic

modelling at
Artelia
Laboratory,
Grenoble,
France, for
optimal design
verification.

A Sedi ment

exclusion
testing

A Discharge

capacity testing
A Riprap
stability testing
Attachment:
Final Report

Automated
Operation
Systems
ADAS

Implementation
of automated
gate operation
systems to
ensure precise
and efficient
water
management,
minimizing
human error.
Operationalize
in the final year
working season
[2026-2027]
Inshallahtallah

Technical Innovations and Engineering Feats

First-Ever
Floor
Exposure

Cofferdam
construction has
enabled the first
full floor
exposure for
inspection since
1932, allowing
unprecedented
structural
assessment.
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Rehabilitation Works T Sukkur Barrage

A comprehensive overview of the crucial components involved in the rehabilitation project.

Electro-Mechanical Works

A Replacement of 56 barrage gates A
andhoisting system.

A Replacement of 55 canal head
regulator gates anbisting
system

A Electrical system modernization

A Control & automation system
installation ADAS

A New Standby power system
rehabilitation

A
A

A
A
A
A

Civil Works

Environmental Works

Structural strengthening of piers A Environmental & Social

& deck Management Plan ESMP
Overlay concreting at apron implementation.

Settled U/S apron at bays 15to A Social & Health Plans HSPs
17 repaired Implementations

Overlay concreting Baffle Wall A Solid waste & pollution control
D/S tail Channel measures

Rip-rap (stone dumping) D/S as A Water, air & noise monitoring
per Artelia Model Study A Plantation & ecological

Bay 23 & 241 Construction of measures

new low height wall

Construction of New Buildings.
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ElectroMechanical
Works
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Electro-Mechanical
Works T Overview

Deliveringadvanceaklectremechanicakolutions
for critical infrastructure of Sukkur barrage,
ensuringprecision reliability, andsafety
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Old Gate System at Sukkur Barrage

Existing Infrastructure

The barrage was utilized "Stony
roller type" gates, which operate
with a counterweight system to
achieve partial load balancing.

Proposed Modification

The current scope of the S1 project
mandates Fixed Wheel
counterweight less system,
converting the gate operation to a
directdrive, motorpowered
configuration.




Comparison of Old and New Design Philosophy

A Traditional Stoney roller gates
rely on counterweights to
partially balance gate loads,
reducing the effort required
from hoisting machinery.

A Though effective, such
systems introduce additional
loadings of 80 tons per bay on
civil structures

A Alternatively, the counter
weightless solution reduces
the balancing load of 80 tons
per bay from the civil
structure, hence enhancing the
structure life of the barrage.

Stoney Roller Gate with Counterwelghts Fixed Wheel Gate

Hoist Machinery

Counterweight
Cables

Only Gate forces gl 8 ™ Fixed
are acting on il - Wheels
piers ’ "

“Schematic Comparison: Stoney Roller Gate with Counterweight vs. Fixed Wheel Gate without Counterweight”



MATERIAL TESTING AND FABRICATION e ——f
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GATES TESTING THROUGH IN-HOUSE AND THIRD PARTY LAB

Ensuring Quality, Reliability and Compliance at Every Stage

{C} TESTING PROCESS FLOW & TYPES OF TESTS

To verify that all materials and fabricated @ Chemical Composition Test
gate components conform to the specified @ @ @ © Tensile Test
standards and performance requirements through : <
comprehensive testing conducted in-house and @ Yield & Elongation Test
by accredited third party laboratories. % -— Q - ? F —_) @ Impact Test
: £ @ Hardness Test
-
E SCOPE @ Bend Test
RAW MATERIAL FABRICATION IN-PROCESS FINAL TESTING THIRD PARTY APPROVAL & 2 gonie
2 : Macro & Micro Examination
e Raw material testing INSPECTION AND WELDING INSPECTION INSPECTION RELEASE = : . l
e Welding and fabrication quality control AND TESTING & TESTING (] TJ?-&?‘“:':'C%\? Testing
e Dimensional and visual inspection Chemical, Mechanical Welding Procedure Dimensional Check, Mechanical, Chemical Testing by Accredited Review of Test Reports, :) ’ .. .I I ) ‘
i i i i i i i mensional ins ction
e Mechanical and chemical testing and Dimensional Qualification (WPQ) Visual Inspection arrd NDT as per Third Party Laboratory Compliance Check @ Di I pect
Tests and Welder and NDT Applicable Standards SN and Release for @ Load / Functional Testing
e NDT (Non-Destructive Testing) PR and Certification i Y
9 Qualification (WQT) Dispatch / Erection of Gates
e Performance / load testing of gates @ Coating Thickness Test

@ Welder Performance Test

@ APPLICABLE STANDARDS i TESTING FACILITIES

e ASTM / ASME / AlSI IN-HOUSE LAB THIRD PARTY LAB

e IS /ISO Standards * UTM, Hardness » Accredited & Certified e Material Test Certificates (MTC)
Tester Laboratories
e Welder & WPS Records
e BSEN Standards * Impact Tester * Advanced Testing

e Inspection & Test Reports

Equipment
e NDT Reports

* Independent

e Project Specifications * Spectrometer

e Irrigation Department, Gowt. of Sindh * NDT Equipment

: - s Verification e Third Party Test Certificates
Requirements « Dimensional X ed :
Inspection Tools » Compliance e Traceability of Materials and
Certification Components

GATES TESTING (PERFORMANCE) ‘. 2 —=F7 ——

e Ensures quality and reliability of gates

STATIC LOAD TEST DYNAMIC / FUNCTIONALTEST ‘ WATER TIGHTNESS TEST
e Compliance with international standards
%

To verify strength and To verify smooth operation To ensure gate seals
deformation within of lifting, lowering and ( ‘] and joints are free from * Reduced risk of failure in service

(N permissible limits components leakage e Enhanced safety and performance

Complete documentation and traceability

LOAD TESTING OPERATIONAL TESTING WATER TIGHTNESS TEST

@ QUALITY TESTED. RELIABILITY ASSURED. PERFORMANCE DELIVERED.



SUKKUR BARRAGE HOISTING SYSTEM
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CENTRAL / REDUCTION GEAR SYSTEM

Power Transmission for Safe, Smooth and Synchronized Gate Operation

KEY FEATURES

ELECTRIC MOTOR PINION GEAR REDUCTION GEARS
E High Torque Transmission
Provides sufficient torque to lift and lower heavy barrage gates.

CENTRAL DRIVE SHAFT

Speed Reduction

Reduces high motor speed to low output speed for controlled
operation.

COUPLING DRUM

(WIRE ROPE

(CONNECTION)

-~ — ///////////// ™.

Synchronized Operation
Central shaft ensures uniform movement of both sides of the gate.

Heavy Duty & Reliable
Robust design for continuous operation in demanding hydraulic
environment.

Safety & Protection
Equipped with brakes, overload protection and anti-reverse locking.

MANUAL / EMERGENCY
HAND WHEEL

OO0 00 00

Easy Maintenance
Designed for easy inspection, lubrication and long service life.

TYPICAL SPECIFICATIONS (EXAMPLE) SAFETY & MAINTENANCE

WORKING PRINCIPLE

Item Specification (Typical) @ Braking System
Type of Gear Helical / Spur Gear ! Ensures safe stopping and holding of gates.
. O - @ e Reduction Ratio Approx. 1:25 to 1:40 0 Overload Protection
Input Speed (Motor) ~ 970 RPM Prevents damage due to excessive load.
_Motor Reduction G.ear Central Sh.aft. Drur.n : Output Speed (Shaft) ~ 25 — 40 RPM Anti-Reverse Locking

(High:Speed) (S'IF'J;:?J:T:;ZZ:Z)& (Power Transmission)™ ((Gatd Holsing) Rated Output Torque As per gate load requirement y Prevents reverse rotation and accidental back driving.

Material of Gears Forged Steel @ Regular Lubrication

icati i icati Maintains efficiency and reduces wear.

The motor drives the pinion which meshes with the reduction gears. Lubrication Oil Bath / Splash Lubrication ¥
The gear train reduces speed and increases torque, which is transmitted Mounting Base Mounted ’\’i Inspection & Monitoring
through the central shaft to the drum for lifting or lowering the gates. Application Hoisting of Barrage Gates ™ Periodic checks of gears, bearings, couplings

and oil levels.

The reduction gear assembly is the core mechanical unit that converts motor power into

controlled gate movement for safe and reliable barrage operation.




Comprehensive Scope of Work

Design & Fabrication Testing & Commissioning Supply & Installation

Barrage gates Fabrication in Sukkur 27 Hoist machinesFAT carried out Lowering and installation of gate
workshop at HubeiWorkshopChina leaf
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Key Components

Our electremechanical solutions integrate several critical components; each meticulously designed for optimal performance and
durability in demanding environments.

|8 ]

Embedded Parts Gate Leaf Hoisting System

These foundational elements are crucial Designed for precise water control or A powerful and reliable system comprising
for structural integrity, providing secure barrier operations, the robust gate leaf motors, gearboxes, and cables, engineered
anchoring for all electronechanical ensures efficient regulation and withstandBr smooth and controlled operation of the
assemblies within the infrastructure. significant environmental pressures. gate leaf.
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Embedded Parts
Old Vs New
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— | Ay
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| 440 o
EXISTING D/S GROOVE MEMBER
(REPAIR)
Old Embedded Parts New Embedded Parts
Comprise of F-Shaped casted member Compriseof afabricatedsingleunit with base
which usedto provide a rocking track for plate directly attachedo the D/S side of the
stony rollers and an extendedflap for grooveandatrackplate(track path)for Fixed
protection against incoming floating wheels

debrisor bio-mass



Typical Arrangement of
Existing and New Embedded Parts

Stony Roller Vertical Gates Fixed Wheel Vertical Gates

STONEY ROLLER

GATE GUIDE. ASSEMBLY.
_ \e
| EXISTING D/S GROOVE
) ! MEMBER.
A B ) 3
——4 A\l ‘ : (TR
\ | s . ' I.I.|
§ ! = - J M
. : ' ; ~
T
- % !
! ROCKING ROLLER 2
. PATH. u




MAIN BARRAGE EMBEDDED PARTS

Existing Main Wheel Track For Fixed Existing Lateral Seal For Fixed
Wheel Vertical Gate [DS] Wheel Vertical Gate [US]




Installation of New Sill Beam on 27 Main Weir Barrage Gates

Grade material: Grade material:
MS PLATE OVER SILL BEAM: A -572 SS TOP PLATE: SS 304
GR.50



Gate Leaf

23



GATE LEAF 0 STEEL HYDRAULIC STRUCTURE
CHANGE OF DESIGN PHILOSOPHY

ROLLER STONEY GATE FIXED WHEEL GATE

——— vertical girder flange

skin plate

upper and lower maj
- girder flanges




Design Calculation of River Sluice Fixed Wheel Gate

1 Basic Parameters and Allowable Stresses

1.1 Related Standards

The adopted Allowable & Yield Stresses-(Page No.65 Section 4.4.9.11 Sub Section )

STANDARDS

2. Stresses: BS EN 10025-3 Grade A572 G50

DIN 19704 Standard Unit: MPa
Design Specification for Steel Gates of Water and Hydropower Projects - SL74 - 2019 Tvoe of St Load Cases
REFERENCE BOOK FOR DESIGN GUIDELINE ype of Slress Normal Exceptional Extreme
Design of Hydraulic Gates - ERBISTI For Structural Menb
1.2 Basic Parameters or otructural Memoers
Basic Parameters for New Gates are as the following: Bending 0.6F, 207 |0.8F, 276 |0.95F, 328
Description Fixed Wheel Gate Shear 0.4F 138 [05F 173 0.6Fy 207
Number of Opening No. J 4
Number of Gates Set Tension 0.45F, 155 |0.9F, 173 |0.6F, 207
Units System Metric FPS ' .
Clear Width of Opening - ™ T =97 Bearing Pressure  (Machined Surfaces) |0.8F, 276 |0.85F, 293 |0.9F, 320
Clear Height of Opening m 9.450 ft 31.0 Combined stresses 075Fy 259 095Fy 328 INR N/A
Design Head m 6.860 ft 22.5 ) 12
Sealing Width of Gate (L) m 18.30 ft 60.0 Buckling 1F, 207 |1.3F, 269 |14F, 290
Sealing Height of Gate (h,) (Section 4,Sub m 7.010 ft 23.0 F.=Allowable Stress F,~Yield Stress= 345 MPa
Elevation of Sill (Section 4,Sub Section m 53.96 ft 177.0 — . .
Normal Water Level m 60.8 ft 199.5 2.1 Minimum Material Thickness (mm)
Max. Pond Water Level m 61.11 ft 200.5 Plate Thickness on any sfructural member except webs of Rolled shape 12 mm
Max. Pond Water Level (During Extreme m 62.17 ft. 204
Groove Width m 107 o 351 Webs of rolled Shape | 8 mm
Groove Depth m 06 ft 197 Structural plates / gate Skin plate 12 mm
OBE 0.08|g Embedded metal with exposed surfaces 12 mm
Ili/'lf?'E T g-zzdg. Completely embedded metal 10 mm
C'I ng ncer 7u- —ow LOondiions Corrosion resistant steel cladding, after final machining 3 mm
osing Under Full Flow Conditions Fillet weld. lea lenath 5
illet weld, leg leng mm

Operation

Electrically/Manually
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m S . () (-) SECTION B-B ‘
WA
SECTION D-D
Main Data of Gate and Hoist
Grogve Span 18.3m
Type of Gate Fixed Wheel Gate
Type of Operation | Haisting Systemn without CW
Type of Hoist Winch Type
Rated Capacity 2x560kN
Stroke of Hoist 10m




Fixed WheelGate Leaf (Skin Plate)

The gate leafor the River Sluice Gate
[RSG]is the main steel plate surface that
retains water. It resists hydrostatic pressur
and transfers loads to the internal stiffener
and structural framehich ultimately pass
on the loading forces to the groove throug|
fixed wheels.

Grade material: ASTM A570 G50
Gross Weight:  50ton approx.




Fixed Wheel Assemblies

Total of 12 heavyduty fixed wheels
pergatehavebeenprovidedwhich
aremountedalongtheverticalsides
of thegate

Theyrunonguidetracksinstalled
in the pier groovesandsupport
theweightof thegateduring
openingandclosingoperations

Grade material:
Wheel: 35CrMo
Shaft: 40 Cr

NEW WHEEL ASSEMBLY DESIGN N e

Be/d 0 o o Ba)X

f£3 4 ,‘g% M
~ Wheels Assembly | |
- Installation work o,
@ Dt/21/05/26 e

R L s o ae® LS




Side Seal Arrangement

Side seals are installed along the vertical edges of the gate to
minimize leakage between the gate and the concrete pier grooves.

Grade material:
Rubber

- Side rubber seal
Dt/21/05/26

Side
Seals




Gate Fabrication Quality Assurance:
Inspection, NDT, TPl & Material Testing

et/
i /)




Holisting System




Hoisting Arrangement

Designer:Huadian Zhengzhou Mechanical Design and Research Institute
Hoist Type: Winch Type Wire Rope
Rated Capacity, 2X560KN-10m

Lifting speed: (0.3 m/min)

The hoisting system consists
of two rope drums located at
both ends of the barrage bay,

Interconnected through a long
line shaft

A central drive unit operates ~
both sides simultaneously to ensure
uniform gate lifting.



Electric Motor
Make: ABB

Model: M2QA200LB6
Rated Power22KW
Speed978 r/min

The electric motor provides the primary driving povgergate operation. It is coupled to the reduction gearbox
and is designed to deliver sufficient torque for lifting tip@te under full load.

S
-,

S
.

Manual gear box

A crank handle provided with a
manual gear box can facilitate

manual operation in case of
power blackout




Worm Gearbox Reducer

Manufacture: Tianjin Jugang Reducer Manufacturing Co., Ltd.
Model: PWUF25057

Type: Worm Gear Reducer
Reduction ratio: 57:1

The reduction gearbaeduces the motor speed and
Increases torque befamr@ansmitting power to the line

shaft. It ensuresmooth and controlled operation of
the hoisting system




Side Gear Reducer Rope Drum: Dia: 900 mm.
Manufacturer : Jiangsu Guomao Reducer Co., Ltd. Brakes: Jiaozuo Hongqiao BrakesModel: YWZ5-315/E30BT 400N.m

Model: H314SH40. Galvanized Steel Wire Rope: Mfr: Xiangtan Steel Grou®ia: 36mm, MBL 904KN
Type: Helical reducer Spec:36ZAB6I 36WSIWRC1960ZS
Gear ratio: i=40:1

Precision-Grooved Rope Drum: Optimized for
uniform wire rope winding; mitigates wear
and prevents overlapping under hiigiad
conditions.

High-Torque Integrated Gearbox: Enables direet
drive gate operation by translating motor input into
the required torque, eliminating the need for
counterweights.

Industrial Bearing Support: Heavyduty pillow
block bearings ensure precise drum alignment and
load distribution on the main chassis.

Fail-Safe Braking System:includes a high
precision sidanounted brake for emergency stops
and accurate gate positioning.




Movable / Balancing Pulley
Pulley block:  4-fold ratio
The movable pulley with load reduction factor of 2x2 reduces the

potential Fatigue factor on the hoisting system by 4 times,
hence making the design safer and more sustainable



