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Concrete Technology Break Through

» One of the biggest breakthrough in 215t century is the invention of
ultra-high-performance fiber reinforced concrete (UHPFRC)

» Concrete Grade 150/165 above

» With usable structural ultimate tensile strength (> 8 MPa) and
ultimate flexural strength more than 30 MPa.

» at least 4-6 times stronger than normal concrete (in compressive
strength)

» at least 100 times more durable than conventional concrete
» Longer service and design life

» Lower carbon footprint
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Evolution of Concrete
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How UHPFRC Compare to Reinforced Concrete?

» Reinforced Concrete » UHPFRC

» Aggregate up to 20mm

» Mainly using steel bar as
reinforcement

» Steel bar is compulsory

» Concrete cover detailing rules
needed

» Less workable in slender element

» Honeycomb possible

» Eliminate aggregate

» Mainly using steel fiber as
reinforcement

» Steel bar is optional
» Concrete cover is not compulsory
» Highly flowable and moldable

» Honeycomb almost impossible
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Nature of UHPC
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Comparison with Steel & Concrete STEEL
(Force Vs Displacement)
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UHPFRC
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Flexural-Tensile 4 Point Test

40

351
= 30
= .
i' o
= 25 .,
= f I
S Lol
g 20 Ny
E 15 # Displaceme
= t Hardening
P
.
- 10

A‘/ HPC<—
U | | | | | | | | | i

0 1 2 3 4
Midspan Displac

Lh

Grade60 HPC

e — |




LONG SFPFAN ®

STRUCTURES DLMA

LONG SPAN STRUCTURES PVTLTD ___like concrete _._like steel
\

3-Point Test Curves _According to NF P18-470 (2016)
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Advantages of UHPFRC Technology.

Thinner & High Long
Lighter High strength to  Serviceable Aesthet!cally Prestressed
Element Durability weight ratio Life Pleasing Concept

Excellent Maintenance  Efficient Green Less Embodied
resistance to Free material Technology Energy &
corrosion, usage Carbon

abrasion

Other Advantages:
LSSPSL DURA UHPFRC doesn’t shrink and minimal
creep due to Steam Curing along with Heat Treatmen
provided.




The Advantage of using DURA®

DURA UHPFRC doesn’t shrink and minimal creep
Cost Saving;

Span up to 100m, thus reduce foundation cost significantly
Cheaper & better solution against Steel Structures

Lighter and thin sections

Extremely Durable due to ultra denseness of concrete
Better Bridge Material compare to conventional (Factory Product)
Easier Handling & Transport (Lower Tonnage Crane Required)
Shortened Construction Period. (more than 20%)
SUSTAINABLE ASSET

Value for MONEY!!!
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UHPC Progress Around the World

The usage of UHPC for bridges and bridge components can been seen in various countries including Australia,

Austria, Canada, China, Czech Republic, France, Germany, Italy, Japan, Malaysia, Netherlands, New Zealand,
Slovenia, South Korea, Switzerland and the United States

The French were early adopters and pioneers in building a strong foundation for using UHPC in a variety
of bridge applications

In Switzerland, UHPC is employed to address major rehabilitation needs

The United States bridge sector has embraced UHPC for a variety of field-cast connections

UHPC is being widely used in Malaysia to design & construct many bridges of different types and spans

In South Korea, the unique characteristics of UHPC are being utilized to advance state-of-the-art in long-
span bridges.




Structural Standards (NF P 18-710, 2016) \
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NF P18-710 NF P 18-710

French standard 16 April 2016
AVRIL 2016 Clperifegtes jndex: B 18710
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French standard 16 April 2016
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1ICS: 91.010.30; 91.080.40
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Performance Fibre-Reinforced Concrete (UHPFRC)
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Structural Design with Ultra-High

Performance Concrete

Now Available!
Guide Specifications for
Structural Design with

ULTRA-HIGH PERFORMANCE
CONCRETE

It Edition | March 2024




AC| 239R-138

Ultra-High-Performance
Concrete: An Emerging
Technology Report

Reponead by AC Committee 235

Emerging Technology Series

Conerete Engineering Senies 82

Recommendations for Design and Construction of High
Performance Fiber Reinforced Cement Composites
with Multiple Fine Cracks (HPFRCC)

March, 2008

Japan Society of Civil Engineers

Design Guidelines for K-UHPC

2014, 2
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Applications in Brief:
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. Repair & Rehabilitation Works

. Field-cast closure pours for pre-fabricated bridge elements

. Architectural Features

. High Rise Buildings
Off-shore Structures




Bridges

Applications
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THIRD INTERNATIONAL
INTERACTIVE SYMPOSIUM ON
ULTRA-HIGH PERFORMANCE
CONCRETE (UHPC)

Wilmington Delaware, USA

UHPC Innovation Award 2023 (USA)

%o e’

2023 »
UHPC Innovation Award

Best Innovation
in
Infrastructure - Major Bridge

Setiawangsa-Pantai
Expressway (SPE)

Kuvala Lumpur, Malaysia

Third International Interactive Symposium
on Ultra-High Performance Concrete
Wilmington, Delaware, USA
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404m Lambor Bridge _—
(Perak, 2020), JKR Malaysia

i Submissible
—a/__ & UHPC Composite
R —— 4a .
— Bridge
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Transpurtanun

AWARDS

44 Middlebury Bridge and Rail Praject

ERIDCE WITH A MAIN SPAN UP TO 75 FEET

48 Eisenhower Bridge of Valor

BRIDCE WITH A MAIN SPAN FROM 76-200 FEET

48 70th Ave.E. Over -5

ERIDCE WITH A MAIN SPAN MORE THAN 201 FEET

50 Lambor Bridge Crossing the Perak River

INTERNATIONAL TRANSPORTATION STRUCTURE

52 Phoenix Sky Train Stage 2

NON-HICHWAY BRIDCE COWINNER

202200

gsign i\ward

54 UC San Diego Mesa Housing Pedestrian
and Bicycle Bridge

NON-HICHWAY BRIDCE COWINNER

56 The Arlington Memoﬂal Bridge Rehabilitation

REHABILITATED BRIDGC

58 Vererans Drive Seawall

TRANSPORTATION SPECIAL SOLUTION AND
HARRY H. EDWARDS INDUSTRY ADVANCEMENT
AWARD HONORABLE MENTION

26




Best International Transportation Structure
Lambor Bridge Crossing the Perak River
Perak, Malaysia

2022 PCI

DESIGN  vim
AWARDS | ot

PCI-Certified Precast Concrete Producer

Dura Technology Sdn Bhd
Chemor, Perak, Malaysia

Structure Owner and Engineer of Record

Malaysia Public Works Department
Kuala Lumpur, Malaysia

Engineer of Record

Perak Public Works Department
Perak, Malaysia










Bold Implementation of UHPFRC
Technology
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This Is To Certify That

HNOLOGY SDN. BHD.
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|A BOOK OF RECORDS
Sor having the
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MoRTH Circular dated
224 Feb 2022.

Use of Ultra high performance fiber reinforced concrete in design and
construction of structures/bridges of National Highways




File No.RW/NH-33049/01/2020-5&R (B) Pt.
Government of India
Ministry of Road Transport & Highways
(S&R (P&B/New Technology) Zone)
Transport Bhawan, 1, Parliament Street, New Delhi-110001
Dated: 22" February, 2022

CIRCULAR

-t

. The Chief Secretaries of all the State Governments/ UTs.

2. The Principal Secretaries/ Secretaries of all States/ UTs Public Works
Department/ Road Construction Department/ Highways Department (dealing
with National Highways and other centrally sponsored schemes).

3. The Chairman, National Highways Authority of India, G-5 & 6, Sector-10,
Dwarka, New Delhi-110 075.

4. The Managing Director, NHIDCL, PTI Building, New Delhi-110001.

5. The Director General (Border Roads), Seema Sadak Bhawan, Ring Road, New
Delhi- 110 010.

6. All Engineers-in-Chief and Chief Engineers of Public Works Department of
States/ UTs/ Road Construction Department/ Highways Departments (dealing
with National Highways and other centrally sponsored schemes).

7. All CE-ROs, ROs and ELOs of the Ministry.

Subject: - Use of Ultra High Performance Fiber Reinforced Concrete (UHPFRC) in Design
& Construction of Structures/Bridges of National Highways - Regarding

Madam/Sir,

Advanced structural design guidelines IRC: 112-2020 “Code of Practice for
Concrete Road Bridges” and analysis software are presently being used in India.
These are in tune with the International codes. However, its full exploitation to
design the durable cost-effective slender sections are being made in a very limited
manner. Therefore, need is felt for adoption of State-of-Art advanced level of
bridge technologies for use in National Highway projects so that widespread usages
of more cost effective sustainable design solutions and implementation
methodologies are encouraged.

2. Concrete up to M50 grade is generally being used for bridges and structures
on National Highways in India. Indian Roads Congress (IRC) has published IRC: SP: 70-
2016 “Guidelines for the Use of High Performance Concrete in Bridges” which
provides for use of High Performance Concrete/Self-Compacted Concrete up to M0
grade. It is, however, observed that use of High Performance Concrete/Self-
Compacted Concrete (M60 to M0 grade) is limited to a few long span extra
dose/cable stayed bridges only.

Ardar pant Il
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3 Properly designed Ultra-high-performance fiber reinforced concrete
(UHPFRC) which have following superior characteristics are being used in some
developed countries:

® Available up to Grade M150MPa

® Available up to ultimate tensile strength 8MPa and ultimate flexural
strength 30MPa.

® At least 4-6 times stronger than normal concrete (in compressive
strength)

® Much more durable than conventional concrete
® |onger service life

® Reduced deck height

® Lower carbon footprint

4, Recently UHPFRC girders have been used in Sole River Bridge at Km 42+050 of
NH -752K near Latur (2x56m span). Few more bridges/viaducts of span varying from
50-72m have been approved for construction. A bridge over Ganga River parallel to
JP Setu in Patna is under planning that envisages use of UHPFRC girders for 100m
span.

5, On careful consideration of the advantages of UHPFRC, it is found that
UHPFRC girders may be preferred in long span bridges i.e. span length ranging from
50m to 100m in India. In the urban viaduct structures, where generally 30m standard
span is used, span length can be increased to 60m with use of UHPFRC. It can also
be used for smaller span.

6.  Topromote use of UHPFRC girders in bridges and structures in India, following
has been decided:

6.1. While preparing detailed project report, Consultants shall evaluate both
traditional PSC girders and UHPFRC girders for elevated corridors/ viaduct sections
and bridges having length 500 m and above and consider the preferred alternative
in cost estimate and analysis. Similar exercise shall also be done if aggregate length
of bridges having span length greater than 30m and viaduct sections is greater than
2000m in a single project.

6.2. The French design standard and material specification to be referred are NF
P18-710- “ National addition to Euro code 2 — Design of concrete structures: specific
rules for Ultra-High Performance Fibre-Reinforced Concrete (UHPFRC) & NF P18-470-
“Concrete - Ultra-High Performance Fiber-Reinforced Concrete - Specifications,
Performance, Production and Conformity”.

6.3. Concessionaire/Contractor is free to use UHPFRC girders in its design. IE/AE
shall review and approve the design without any prejudice.

6.4. Although usage of UHPFRC is expected to result in significant cost savings and
reduction in life cycle costs, it is decided at this stage that the cost implications of

Page2/3
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using the technology may be fully absorbed within the Agreement cost of the project
until further orders and the Authority (i.e. executing agency) shall neither demand
for any share of cost reduction benefits nor pay/compensate for additional expenses
incurred by the Concessionaire / EPC Contractors as per the Ministry’s policy
circulated vide letter No. RW/NH-33044/18/2020-S&R (P&B) dated 14.12.2020 even
if the changes are accompanied by reduction in number of foundations and piers.

6.5. Defect liability period of such bridges/structures will be 10 years irrespective
of whether defect liability period of the project is 5 years.

6.6 Concessionaire/contractor shall submit a detailed bridge inspection plan on
completion of the construction works to the Ministry for approval.
Concessionaire/contractor, 1E/AE, Authority shall jointly conduct periodic
inspection of the structure and will prepare a condition monitoring report. This
report shall be prepared and submitted to the Ministry on half-yearly basis till
completion of the defect liability period unless otherwise decided by the Ministry.

7. ltisrequested that the contents of the letter may be brought into the notice
of all concerned for needful compliance.

8.  Thisissues with the approval of Competent Authority.

iR @ &1/ Bidur Kant Jha Yours faithfully,
PR / Director 4
f FALOY J\’\Q
mmm — %\d\h i 99 0272020

R e (Bidur Kant Jha)
Director

(New Technology for Highway development)
For DG (RD) & S5

Copy to:

1. All CEs in the Ministry of Road Transport & Highways

2. AlLROs of the Ministry of Road Transport & Highways

3. The Secretary General, Indian Roads Congress

4, Technical circular file of S&R (P&B) Section

5. NIC-for uploading on Ministry’s website under “What’s new”

Copy for information and necessary action to:

Sr. PPS to Secretary (RT&H)

PPS to DG (RD) & SS

Sr. PPS/ PPS to Addl. Secretary (Road Safety)/ Addl. Secretary (RT&H & LA)
Sr. PPS/ PPS to AS&FA

Sr. PPS/ PPS to ADG (SKN) / ADG (RP)/ ADG(DS)

Sr. PPS/ PPS to JS (RT&MVL)/ JS (EIC) / JS (Logistics)/ JS (NHIDCL)




RDSO GUIDELINES
BS-136

RDSO Guidelines for the use of Ultra High-
Performance Concrete in Railway Structures.

Issued on 08.03.2024
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4.3, urodyg ST EH—226011

Government of India-Ministry of Railways
V.K. Pandey Research Designs & Standards Organisation
SR FERrs/gogdso-n Tamon: ZA00TL

Executive Director/B&S-IL

qHiss H: CBS/PCB

Principal Chief Engineers:

: 8

Central Railway, Mumbai CST -
400001

Phone/ Fax: 0522-2465704
Email: edbnsZrdso@gmail.com

&= 08.03.2024

North Western Railway, Jaipur -
302001

2. Eastern Railway, Fairlie Place, 10. Southern Railway, Park Towmn,
Kolkata - 700001 Chennai - 600003 '

3. East Central Railway, Hazipur - . South Central Railway, Rail Nilayam,
844101 Secunderabad - 500371

4. East Coast Railway, Bhubancshwar 12. South East Central Railway,
- 751016 Bilaspur - 495004

5. Northern Railway, Baroda House, 13. South Eastern Railway, Garden
New Delhi - 110001 Reach, Kolkata - 700043

6. North Central Railway, Allahabad - 14. South West Railway, Hubli - 580023
211001 15. Western Railway, Mumbai - 400020

7. North Eastern Railway, Gorakhpur - 16. West Central Railway, Jabalpur -
273001 482001

8. Northeast Frontier Railway, 17. Metro Railway, Jawaharlal Nehru

Maligaon, Guwahati - 781061

Road, Kolkata — 70007 1

f@9a: Guidelines for use of Ultra High Performance Concrete in Railway
Structures
g 1. Railway Board’s letter No 2022/19/CE-III/BR/RDSO/1 Dated
19.10.2023.
2. RDSO letter No. CBS/PCB Dated 13.02.2024 .

1. Railway Board vide Ref.l above had entrusted Bridge & Structure
Directorate, RDSO to prepare a guideline for use of Ultra High Performance
Concrete in Railway Structures.

2. The draft guideline was sent to all Zonal Railways and Railway PSU’s for
their Feedback/comment vide Ref.2 above. Guideline have been revised
based on feedback received.

3. Please find enclosed herewith the “Guidelines for wuse of Ultra High
Performance Concrete in Railway Structures” as BS-136. The copy of the
same is enclosed herewith for information & necessary action please.

It may also be accessed at Railnet link
http://10.100.2.4 /drawing/frmPage.aspx?id=15

e Ve

(=g
Vinay Krishna Pandey)
'a?rd'a?lé iECtica 9ga1 € JXaHr-i
Executive Director/B&:S-II

Page 1 0of 3
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Relevance of UHPFRC for Railways

» Replacement of deteriorated superstructures of old bridges,
ROBs, FOBs

» Jacketing/strengthening of existing Sub-structures

» Replacement of deteriorated Steel plate Girder bridges of span
with UHPFRC girder, enabling ballasted/ballast-less decks and
continuation of LWR

» Substantial reduction in the depth of the girder will result in
reduced cost of substructure

Use of longer and light-weight girders for new bridges will
enable faster construction, fewer foundations and also avoid

obligatory locations
STRUCTURES

LONG SPAN STRUCTURES PVT LTD
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UHPFRC SECTION DETAILS

Drainage Spout
from side Retainer

PLAN HALF TOP

ELONGATION | CUTTING
BEFORE SLIP | LENGTHOF
MM} STRAND (MM}

EIDE RETAINER

GENERAL NOTES:

L ALL DIMENZIONS ARE IN MILLIMETRES.

ALL CORNERD BHALL HALVE A CHAMFER OF 25 mm.

CONCRETE FOR BALLAST RETAINERS SHALL BE OF GRADE Mas.

DONCRETING ZHALL BE DONE IN ACCORDANMCE WITH IRE- COMCRETE BRIDGE

CODE WITH 20 mm MAXIMUM 2(ZE ASGREGATE. (FOR NORMAL CONCRETE!

ALL PRESTREZSING STESL BE OF 1524mwm NCMNAL DA UNCOATED, ETRESS

RELIVED LOW RELAXATION ZEVEN-PLY OTANDZ (CLAZS N CONFORMING TO

E358 WITH MINIMUM ULTIMATE TEM34E STRENGTH 1850 MFn.  INITIAL

PREZTRESE ZHALL EE 78.3% UTE.

AFFLIED INITIAL FRESTRESZWNG FORCE AND CORREIZPONDING THECRETICAL

WALUE OF TENDON ELONGATICN AT THE JACKING END GIVEN M TABLE 1.THE

THECRETICAL VALUE OF TENDON ELOMGATION IE BAZED OM ASSUMED VALUES OF

NOMINAL AREA OF EACH STRAND AND MODULUS OF ELASTICITY OF ETEEL (E} AZ

120 mm? AND 195 kN'mm° REIPECTIVELY. THE THEORETICAL VALUE OF TENDON

ELONGATION SHALL HOWEVER, BE CALCULATED FROM ACTUAL AND MOCULLS OF

ELASTICITY OF ZTEEL (E2) BAIED ON MANUFACTURER'E TEST CERTIFICATE THE

ELCNGATION GIVEN IN THE TABLE.

T. ZSUTABLE SPACERT AT A SPACENG OF 10 m AT SHALL BE FRONIDED TO MANTAM

THE CAELE PRGFILE A ETIPULATED.

NON-PREETRESENG STEEL 3HALL BE OF HIGH STRENGTH DEFORMED [H2DWTMT

BARE FESOOD CONFORMING TO 151785

5 THE DEZGH |3 SANTABLE FOR LOCATIONS OF MODERATE AND BEVERE
ENVIRONMENT EXPOSURE CONDITHON AE DEFINED IN CLAUSE S41 OF RS
CONCRETE BRIDGE COCE.

. THE DE33GN 12 BANTASLE CNLY FOR TYFPEH SLEEFER. MONOBLOCK SLEEFERS.

- THE CEEIEN HAZ BEEN DONE CONZIDERING 300 mm TO 400 mm BALLAZT CUSHION

BELOW ZLEEFER.

THE DEZIGN IS SUITABLE FOR STRAGHT TRACK ONLY WiTH MAXIMUM 100 mm

MISALIGNMENT.

PIER AND ABUTMENT STRUCTUSE EHALL BE RAISED AZ EHOWN MW GENERAL

ARFAMNGEMENT TO REETRAN EEFARATION OF UNITE FOR ZOMES & I

DATE OF CASTING AND DRANING No. EHALL SE ENGRAYED ON EACH UNIT.

. ELABTOMERIC EEARINGE MAY BE DENGHED & FPROWVIDED IN CASE

BTRENGTHENING OF BUB-STRUCTURE 2 NOT DESIRED.

FOR SEISMIC 20NE IV & W BEARMNG SHIULD BE AVOIDED ELEE THEEE EBHOULD BE

SUITABLY DESISNED FOR ADDITIONAL SEISWIC FORCES.

]
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FULL GIRDER LENGTH = 13380 SPECIAL NOTES ON UHPFRC :

OF SUPFORT

[+

! SPECIFICATIONZ.PERFORMANCE PROTUCTION AND CONFORMITY WFP.
L - | 18  470-2016> FRENGCH  STAMDARD: GCONCRETE ULTRA-HIGH

i

i

i

|

PERFORMAMCE FIBRE REINFORCED CONCRETE (UHPERC)

1. THE UHPFRC USED SHALL BE STEEL FIBER REINFORCED GRADE
140155 CONCRETE. THE UHPFRC USED SHALL COMPOSE OF THE
FOLLOWING RAW MATERIALS

a. ORDINARY PORTLAND CEMENT COMPLY WITH THERE
REQUIREMENT OF MS522-PARTZ;

L_B0TTOM FLANGE b FINE SAND WITH MAXIMUM GRANULAR SIZE NOT LARGER THAN 15

L-TOP FLANGE —100 MM THK. WEB. mm AMD COMPLY WITH THE REQUIREMENT OF ASTM C-33;

D DIAPHRAGM END DIAPHRAGM— ¢ DENSIFIED SILICA FUME [CEMENT REPLACEMENT SHALL NOT LESS

THAN 10% AND SHALL MOT MORE THAN 25%) COMPLY WITH THE
PLAN REQUIREMENT OF ASTM C-1240,
o. STEEL MICRO-STEEL FIBER WITH TENSILE STRENGTH ABOVE 2500
MPa WHICH MAMUFACTURED FROM HIGH CARBON STEEL WIRE
o . COMPLY WITH THE REQUIREMENT OF ASTM A 520-2008. ALL THE

r |’ STEEL FIEER USED MUST COME WITH CE CERTIFICATE;

13380 & POLYCAREOXYLATE BASED HIGH-RANGE WATER REDUCER WITH
MIN 30% OF SOLID,

2. THE WATER-TO-BINDER RATIC OF THE CONCRETE MIX SHALL NOT
MORE THAN 0.16.

DEBOUNDNG FIPE DEBOUNDING PPE

3. THE AMOUNT OF STEEL FIBER INCLUDE IN THE CONCRETE MIX
DESIGN SHALL NOT LESS THAN 1.5% BY VOLUME, (le, 120 kgim~).

4. THE UHPFRC USED IN THE PRECAST ELEMENTS SHALL BE OF

GRADE C130/1143 AND HAS 268 DAYS CHARACTERIGTIC CYLINDER
L-SECTION SHOWING DEEOUNDING PIPE LOCATION COMPRESSIVE STRENGTH OF 1-140 MP3: OR CHARACTERISTIC CUBE
COMPRESSIVE STRENGTH OF 185 MPa, COMPLY TO REQUIREMENT
OF BS EN 12350-3; 2012,

5. THE UHPFRC USED IN THE PRECAST ELEMENTS SHALL HAS 1 DAY
AND 28 DAYS MEAN CUSE COMPRESSIVE STRENGTH OF feme- 70 MPa
AND 158 MPa AND ABOVWE. RESPECTIVELY. COMPLY TO
REQUIREMENT OF B8 EN 12330-3- 2012

___ 1 f iatg:  yARSTEREGEE i B THE UHPFRC USED IN THE PRECAST ELEMENTS SHALL HAS THE
I TLAvER e s AAYEROE S5 ! ! G| ] FOLLOWING 28 DAYS CHARACTERISTIC VALUE OF THE LIMIT OF
I ! C T

& — ELASTICITY UNDER TENSION - 5 MPa AND ABOVE: AND
i CHARACTERISTIC VALUE OF POST-CRACKING TENSILE STRENGTH
i T 7 MFa AND ABOVE, COMALY WITH ANNEX D OF NF P1B-470:
at#t5-1000e || 201607,

; DESONDNG HIPE PFE
OF MMER Dir-22MM
& DUTER DUA -25MM

1 LAYER OF5E1E I 7. THE UHPFRC USED IN THE PRECAST ELEMENTS SHALL BE WATER
s TIGHT. THEREFORE THE 23 DAYS MEAN WATER ABSORPTION SHALL
BE LESS THAM 0 5% COMPLY TO BS 1831-PART 121, 1983; WATER
it . 3{ 21715 -100eic {Hor—
T T smmocason |~ zeavemorizei Iﬂ 8. THE UHPFRC USED IN THE PRECAST ELEMENTS SHALL BE WATE
i TIGHT. THEREFORE THE 28 DAYS MEAN DEPTH OF PENETRATION OF
LESS THAN Smm, COMPLY TO BS EN 12280-5: 2008

DE-BONDING DETAILS OF
DE-BONDING DETAILS OF TOP BOTTOM STRANDS - (AA] TOP AND BOTTOM STRAND END DIAPHRAGM RIF DETAILS 5. THE UHOFRG USED N THE PRECAST ELEMENTS SHALL HAVE
STRANDS - [E-B| ARRANGEMENT SUPERICR DURABILITY. THEREFORE THE RAPID CHLORIDE
PERMEABILITY TEST [RCPT) WALUE SHALL NOT BE MORE THAN 100

COULOMS | UNDER PRESSURE AS PER ASTM C1202-2017.

e 15,200 DA STRAND — S Thits sl enscli 3 . #16@200CIC
#16@150C/C #16@150CIC SRy e s (PR 1 R i~
PNER DA = 200 5 i - o P ——— SEQUENCE OF CONSTRUCTION :
OUTER DiA =250 3 farkous ¥
=l AU e il 2L#16mmM 1. STRESSING OF STRANDS SHALL BE DONE BEFORE UHPFRC
~ = l 1 | salfWelght 256 | = CONCRETING.
#1OMM@400CIC Rm— 5 i 2. PROVIDING LAYING OF CEMENT MORTOR LEVELLING PAD
@40 PresTeEENg WIT INMta Losses 3 | OWER PIERSABUTMENT
1300 : 3 | Laying of Eallast & Track Weasing Coat 214 | '#16@200 3 ALL THE UNITS SHALL BE PRELAID WITH WEARING COAT OF
T = S | DE-EONDING FIFE DETAILS | £ CiC CEMENT MORTAR (M25 GRADE) OF SPECIFIED THICKNESS
e Villthout Live Load In Sasvice 47 | AS PER THIS DRAWING.
5 | witnLive Loa 77 | 4. SIDE RETAINER SHALL BE CASTED BEFORE LAUNCHING.
2 ~A1EMM@200C/C PLAN OF END DIAPHRAGM 5. LAUNCHING AND PLACING OF UNITS IN POSITION CAVER
& B PIERS/ABUTMENTS BY SUITABLE METHOD.
& EALLASTING OVER ERIDGE GIRDER AND PLACEMENT OF
SLEEPER
+ g::: 7. LAYING AND LINKING OF TRACK.
?DD ROV, | DATE HANE OF PROSCT jrme
M0 |GSucH 203 | Fon REaDW ALRPOICEMENT & AT STRAKD OETAR S
SIDE RETAINER o RPRRL A — ETADAND OLATLE FN 2 T LTI YO 12 290 LIPS GO
REINFORCEMENT DETAILS e T e [ REVEoN
WAHARASHTIA- 41710 5 DR 37 WA b ik =
16 i5 14 7 5 T 4 [ 3 2 | 1
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40m Span Mono-Rail Girder in Japan




Sydney Harbour bridge - Replacement of
Ballast Less Track
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Railway Bridges in Malaysia

|

Project Title:

GPS Coordinate:
Structure Type:
Superstructure Type:

Loading Type:

e
.l

i

. vli.'l

REKA BENYUK DAREMNA R A ‘ mam

BOFREAUETE BREET SRR

L) B Biddd W

Design and Built for permanent rectification of Keretapi Tanah Melayu
Berhad’s (KTMB) bridge over New Klang Valley Expressway (NKVE) at KM 11.25
East Bound in Section C4

3.098421 N, 101.567234 E

Single Spans 25.5m by 12Zm Wide Composite Bridge System

20 pieces of DURA® IB850-25.5m, with Cast In-Situ RC Deck LONG SP
STRUCTURES

Railway Loadin
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Railway bridge in Germany
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Specialised UHPC Production Plant

@ Kiwale, Pune



DURA PLANT AT MALAYSIA




DURA PLANT AT MALAYSIA













A Record Breaking 100m Span Bridge near
Phaltan, Pune.




Kashedi Ghat Project

(Mumbai Goa Highway)
use of BT1500




USE OF T GIRDER (BT1500) - BEED, Maharashtra
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Stressing Activity for Kashedi Ghat Project - Mumbai
Goa Highway




Erection Works in Progress at =
Kashedi Ghat Project



BT1500 - 35 m SPAN Girder Erection
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BT1500 GIRDERS AT BHOJ MORBE
PROJECT

» 2 BRIDGES 3 x 30 m MAJOR BRIDGE AT Ch 69+940
» 1 FLYOVER - 1 x 30 m at Ch. 79+000




Bridges on SAMRUDDHI
EXPRESSWAY

(Use of UBG2250)




GIRDER LAUNCHING IN PROGRESS @ Ch. 531+968
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A GEM OF A PROJECT - CHANDNI CHOWK
VOP :

ADVANTAGES UTLISED A\
TO THE COMPLETE POTENTIAL : \ =

1. LIMITED WORKING SPACE =
REQUIRED AT  THE BUSIEST |
JUNCTIONS DUE TO LIGHT WEIGHT |
SUPERSTRUCTURE

2. LONG SPAN CAN BE CONSTRCUTED &
IN LIMITED HEADROOM (5.5 M
CLEARNACE)

3. SHORTEST CONSTRUCTION PERIOD fifitmativass
(6 MOTNHS) CAUSING LEAST
DISRUPTION TO TRAFFIC

4. ECONOMICAL TO ITS ALTERNATIVE
STEEL SUPER-STRUCTURE
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Mumbra Bridge Overlay




OTHRAFHLICTIONS - Innovative
Aoaacts Levelgorment
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Facades
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like concrete « like steel
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CORRUGATED PRESTRESSED
UHPFRC SHEET PILE
(DURA PSP)



Introduction of DURA PSP

DURA UHPC (Ultra-High Performance Concrete) prestressed
concrete sheet pile is an advanced and innovative type of sheet
piles. These sheet pile is constructed using steel fibre reinforced

UHPC, which is a sustainable specialized concrete material

known for its exceptional strength, durability, and performance.

\
i

« Made from above grade 130/145 UHPFRC.
« Thinner and lighter elements

» Superior strength and durability

* Enhance in load-carrying capacity and resistance to bending and

deformation

 High structural integrity and load-bearing capabilities

« Suitable for challenging environments, including harsh coastal

conditions and corrosive marine environments.




Application of DURA PSP

Seabed

w LW.L

Road

Tie Rod —- «

-4 DURA PSP500 —»

53
Ls z

ROAD / RAILWAY EMBANKMENT

Paver

Hardcore
Achor

SRR T

Tie Rod

Seabed
<«——DURA PSP500

PORT STRUCTURE

l«——In Situ Capping

Beam

Riverbed

Nt

T

XY

[0

Paver

Hardcore
I Achor

{le—— DURA PSP500

In Situ Capping
Beam

<+——DURA PSP500

Slope Protection

In Situ Capping
Beam

“«— DURA PSP500
Riverbed

RIVER EMBANKMENT

Precast
Concrete
Slab

= =5
= In Situ Capping
Beam

oy HWL |

f{TW;é_«— DURA PSP500
Drain Invert |-

DRAIN / CULVERT




/ DURA PSP500: THIN AND LIGHT WEIGHT \ ﬂONVENTIONAL RC SP: THICK \

® SECTION AND HEAVY

6 PCS
e 2PCS

"

150 150 150 150, 150,

" ; i 'r.x_, i
\ DURA PSP500 / \ NORMAL PRECAST SP

Ease of Handling & Driving
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Production Sequence of DURA PSP

Setting Up Mould Placing and Prestressing Concreting Release of Pre-tensioning

QA/QC Strength Test

Inspection Handing and storage Transport to site Driving of sheet pile



CORRUGATED
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(DURA PSP)




Sustainablity Impact of UHPFRC PRESTRESSED PRETENSION SHEET PILES

‘ W Steel SP (Grade275) u] HNSC RC SP (€32/40) B NSC PSP (€C40/50) ‘

600

500 p ENVI RO N MENTALLY
00 FRIENDLY AND

§ LOWER CARBON
FOOTPRINT

Steel Sheet Pile as 100% Baseline

Mass (t/m) EE (GJ/m) EC (t/m) GWP100 (t/m) MRd (KNm/m) Depth (mm)
_ Y
o
c
& o048 :
LONGSPAN % A
100% 64% 55% 56% 6% STRUCTURES = -
Weight Embodied Energy Embodied CO? GlobafWaming Potential GWP1m  Moment Crerlvpa)cny M el s s & S
Saving Saving ©'m) - =
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CORRUGATED
PRESTRESSED
UHPFRC

SHEET PILE
(DURA PSP) ‘,

Loss of Use

Disbursement Cost

Disbursement Cost

Labor & Material for Construction

Labor & Material for Construction

Life Cycle Costs

Labor for Manufacturing Labor for Manufacturi
abor for Manufacturing

Materials

“Immediate COM / Lower Life Cycl

Materials

Congtruction Costs \




UHPFRC APPLICATION IN DEVELOPMENT
STAGE FLOATING BRIDGES

Bridge are constantly being constructed across India. Construction of Permanent bridges in certain

Examples, where alternative to conventional bridges is required.

Based on Objectives Based on Cost Based on Terrain

Military Bridges Where deep water locations are | Over Lakes and Dam Backwaters
Bridges for carrying utilities. present, such as backwaters of | Perennial Rivers

Bridges in Emergency conditions | Dams, Pile or well foundations are | River or water bodies with very
Bridges for site access. impractical to construct. large depth

The current alternative is floating Bridges which are constructed using structural Steel, which have
disadvantages such as corrosion, high cost, low service life and periodic maintenance.

et — A

A A g A &
=TT
el 4
= o

_ Nordhordland
Bridge

The Evergreen Point Floati




Porosity / Capillary Absorption (NF P18-459)

like concrete ¢ like steel

POROSITY, APPARENT DENSITY AND CAPILLARY ABSORPTION IN ACCORDANCE WITH NF P 18-439

Typical requirements for

Typical performances of

Property DURA® mix**
waterproof concrete * waterproof concrete*
Porosity (% by volume) Porosity < 10% 8% 2.3%
Apparent dry density (kg/m?3) N.A. N.A. 2440
Water absorption coefficient (g/m?) N.A. N.A. 3.8 ***

STRUCTURES
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Chloride Migration Coefficient (XP P 18 462)

The results are reported in the following table against typical requirements for concrete exhibiting very low

chloride ion penetrability.

NON-STEADY STATE CHLORIDE MIGRATION COEFFICIENT IN CONCRETE IN ACCORDANCE WITH XP P 18 462

Typical requirements for

Typical performances of

Typical requirements for

like concrete ¢ like steel

concrete with very low concrete with very low Ultra-High Performance DURA® mix**
chloride ion penetrability* | chloride ion penetrability* Concrete
Dss < 7.5 x 102 m2/s 0 x 1012 m?/s Dss < 1.0 x 10-13 m2/s 0.51 x 10-3 m2/s

STRUCTURES
LONG SPAN STRUCTURES PVT LTD
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Water Absorption (BS 1881 - 121)

The results are reported in the following table against typical requirements for waterproof concrete treated with

pore blockers.

WATER ABSORPTION IN ACCORDANCE WITH BS 1881-121

Typical requirements for waterproof

concrete *

Typical performances of

waterproof concrete*

like concrete ¢ like steel

DURA® mix**

1% maximum absorption after 30’

Immersion in water for concrete aged 7 days

0.9%

C N N
STRUCTURES
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Water Penetration (BS EN 12390-8)

The results are reported in the following table against typical requirements for waterproof concrete treated with

pore blockers.

DEPTH OF PENETRATION OF WATER UNDER PRESSURE IN ACCORDANCE WITH BS EN 12390-8

Typical requirements for waterproof

concrete treated with pore blockers*

Typical performances of

waterproof concrete*

like concrete ¢ like steel

DURA® mix**

Depth of penetration of water < 15 mm

10 mm

2mm

C N N
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RCPT (ASTM C1202-17) e e

Rapid Chloride Penetration Test (RCPT) in accordance with ASTM C1202-17

The results are reported in the following table against typical requirements for concrete exhibiting very low

chloride ion penetrability.

RAPID CHLORIDE PENETRATION TEST IN ACCORDANCE WITH ASTM C1202-17

Typical requirements for concrete Typical performances of concrete
with very low chloride ion with very low chloride ion DURA® mix**
penetrability* penetrability*
Charged Passed (Coulombs) < 1,000 100 - 500 35

ELONG SP.
STRUCTURES

LONG SPAN STRUCTURES PVT LTD




Stringent Quality Control Procedures

Quality Control, Testing & Inspection Procedure

» Destructive Performance Load Test

» Non-destructive Test on randomly
selected beams

» Environmental Impact Calculations
(EIC)

» Durability Modelling

. _HLIE

o



Fatigue Analysis and Tests

For Bridge Girders,

* Under SLS, as the UHPFRC is uncracked and the
segmental joints are intact (i.e. in compression always),
the change of tendon stress will be very minimal due to
fatigue.

» Based on the requirement of Eurocode 2, the change e
of tendon stress shall not more than 150 MPa even Flexural Fatigue Test - Four-point Bending Beam Machine
after 10 million cycles.

» Qur basic Calculations, for 60 m span, with the
Inclusion of live load, the maximum stress reaches 88
MPa only.

Figure 2.14 Smooth area of fatigue fracture surface of UHPFRC
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