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DESIGN STANDARDS

~ AASHTO, "AASHTO LRFD BRIDGE DESIGN SPECIFICATIONS”, 4TH EDITION, 2007
— ACl, "BUILDING CODE REQUIREMENT AND COMMENTARY FOR REINFORCED CONCRETE", ACl 318-05, 2005
- CEB-FIP, "MODEL CODE FOR CONCRETE STRUCTURE", 1990

LIVE LOADS
VEHICULAR LIVE LOADING ON THE ROADWAYS OF BRIDGES IS HL-93.

CONCRETE

SEVERAL GRADES OF CONCRETE, GIVEN AS 28 DAYS CYLINDER STRENGTH, ARE
ADOPTED FOR DIFFERENT TYPES OF STRUCTURAL MEMBERS AS SHOWN BELOW.

STRUCTURAL MEMBERS CONCRETE TYPE MINIMUM STRENGTH
—  PRECAST SEGMENT GRADE 45 45 MPa
—  CAST IN PLACE GIRDER GRADE 45 45 MPa
—  PRECAST I-GIRDER GRADE 45 45 MPa
—  PRECAST PLANK GIRDER GRADE 45 45 MPa
— DECK SLAB FOR |-GIRDER GRADE 30 30 MPa
-  DECK SLAB FOR PLANK GIRDER GRADE 35 35 MPa
—  SAFETY BARRIERS GRADE 30 30 MPa
—  COLUMN GRADE 35 35 MPa
— PILE CAP GRADE 35 35 MPa
—  PRECAST SKIRT FOR FOOTING GRADE 35 35 MPa
—  ABUTMENTS GRADE 35 35 MPa
— BORED PILE GRADE 30 30 MPa
—  DRIVEN PILE GRADE 40 40 MPa
-  SPUN PILE GRADE 55 55 MPa
—  BOX CULVERT GRADE 35 35 MPa

THE MIX DESIGN FOR ALL CLASSES OF CONCRETE, EXCEPT LEAN CONCRETE, SHALL BE SUBMITTED FOR APPROVAL.

FOR CONCRETE STRENGTH MORE THAN 30 MPa, THE NOMINAL AGGREGATE SIZE SHALL BE UMITED TO 20 mm.

TO ENSURE CONCRETE DURABILITY, THE MINIMUM CEMENT CONTENT FOR ALL CLASSES OF CONCRETE SHALL BE 350 kg/n'? EXCEPT
FOR CONCRETE STRENGTH LESS THAN 35 MPa WHERE THE MINIMUM CEMENT CONTENT SHALL BE 300 kg/mzf NO MINIMUM CEMENT
CONTENT IS REQUIRED FOR LEAN CONCRETE.

— WHEN THE CONCRETE STRUCTURE IS EXPOSED TO HIGH LEVEL OF CHLORIDE ION (CL ) OR USING NEAR SALTWATER, THE MAXIMUM
WATER CEMENT RATIO OF 0.40 AND THE SPECIAL CEMENT SUCH AS POZZOLAN PORTLAND CEMENT ARE RECOMMENDED. THE MINIMUM
STRENGTH OF 35 MPa IS RECOMMENDED. THE SHORT-TERM (6 HOURS) RAPID CHLORIDE PERMEABILITY TEST (RCPT) SHALL BE SUBMITTED
FOR APPROVAL. THE MAXIMUM RAPID CHLORIDE PERMEABILITY {S 1,500 COULOMBS {ASTM C1202).

— WHEN THE CONCRETE STRUCTURE IS EXPOSED TO HIGH LEVEL OF SULPHATE ION (803_) OR USING NEAR WASTEWATER, THE MAXIMUM
WATER CEMENT RATIO OF 0.45 AND HIGH SULPHATE RESISTANCE PORTLAND CEMENT CONFORMING TO TIS 15 SHALL BE USED.THE MINIMUM
STRENGTH OF 35 MPa IS RECOMMENDED.

— THE USE OF AGGREGATE FROM SOURCES THAT ARE KNOWN TO BE EXCESSIVELY ALKALI-~SILICA REACTIVE (ASR) SHALL BE PROHIBITED.

REINFORCEMENT
SR-24: MILD STEEL ROUND BARS GRADE SR24, WITH fy = 240 MPa, SHALL CONFORM TO TIS 20-2543, FOR 6 mm — 9 mm DiA.
SD—40: HIGH YIELD DEFORMED BARS GRADE SD40, WITH fy = 390 MPa, SHALL CONFORM TO TIS 24-2536, FOR 12 mm — 32 mm DIA.

— REINFORCING BARS SHALL BE SPLICED BY LAPS OR BY MECHANICAL COUPLERS.
MECHANICAL COUPLERS

MECHANICAL COUPLERS SHALL AT LEAST CONFORM TO ASTM AS576.
DIMENSIONS SHOW ON REINFORCEMENT PLANS ARE TO CENTERLINES OF BARS UNLESS OTHERWISE SHOWN.
SPLICING

- LAP LENGTH SHALL BE EQUAL TO 40 BAR DIAMETERS OF THE
SMALLER BAR IF NOT OTHERWISE SHOWN ON THE DRAWINGS.

— SPLICING OF BARS NOT INCLUDED ON THE DRAWINGS SHALL BE
APPROVED BY THE ENGINEER.

— BARS DRAWN IN FULL LENGTH (ALSO CALLED CONTINUOUS BARS)
SHALL HAVE AS FEW SPLICES AS POSSIBLE.

— NO MORE THAN 1 BAR IN 3 SHALL BE SPLICED AT THE SAME
SECTION, EXCEPT WHERE SHOWN ON THE DRAWINGS.

ANCHORAGE LENGTH :
THE ANCHORAGE LENGTH OF STRAIGHT BARS SHALL BE AT LEAST
40 BAR DIAMETERS IF NOT OTHERWISE SHOWN ON THE DRAWINGS.

BENDING

BARS SHALL BE BENT AROUND A PIN WITH THE FOLLOWING MINIMUM
DIAMETER (D) IN RELATION TO THE DIAMETER OF THE BAR (d):

MILD HIGH YIELD

TYPE
STEEL STEEL
STIRRUPS AND COLUMN TIE BARS D=44d D=64d
HOOK ANCHORAGES D=44d D=64d

BARS NOT PASSING ROUND ANOTHER BAR D=20dl D=204d

HOOKS
IF NOT OTHERWISE SHOWN ON THE DRAWINGS,
HOOKS SHALL BE MADE AS FOLLOWS :

o
i ~
- 4d
o) “50)
=t I B 1))
90" HOOK 180° HOOK

MILD STEEL D = 4d

HIGH YIELD STEEL D = 6d

STIRRUPS AND COLUMN TIE BARS SHALL ALWAYS HAVE ANOTHER BAR
OF AT LEAST ITS OWN SIZE INSIDE THE HOOK.

SPACING
CLEAR HORIZONTAL DISTANCE BETWEEN BARS OR PAIR OF BARS:
MIN 40 mm
CLEAR VERTICAL DISTANCE BETWEEN :
INDIVIDUAL BARS MIN 25 mm
PAIR OF BARS MIN 40 mm
CLEAR HORIZONTAL AND VERTICAL DISTANCE BETWEEN TENDONS :
MIN 90 mm
PRESTRESSING

PRESTRESSING BARS :
UNCOATED HIGH-STRENGTH STEEL BAR WITH MINIMUM TENSILE
STRENGTH 1030 MPa CONFORMING TO ASTM A722 OR EQUIVALENT.

PRESTRESSING REINFORCEMENT :
LOW RELAXATION 7 WIRE STRAND GRADE 1860 CONFORMING TO TIS 420
OR ASTM A416—96a GRADE 270 OR EQUIVALENT,

GROUTING FOR PRESTRESSING SHALL BE IN ACCORDANCE TO THE EURONORM STANDARD AS FOLLOWS :
TEST METHOD - EN 445, GROUTING PROCEDURES — EN 446, BASIC REQUIREMENTS — EN 447,

THE PRESTRESSING SYSTEM SHALL BE SUBMITTED FOR APPROVAL BEFORE INSTALLATION.

COVERING
REINFORCED AND PRESTRESSED CONCRETE MEMBERS ARE DESIGNED WITH THE FOLLOWING

MINIMUM COVERS TO REINFORCEMENT:

TYPICAL USE MIN. COVER (mm)
SPIRAL STIRRUP IN BORED PILES 75
REINFORCEMENT IN PILE CAPS 75
STIRRUPS OR TIES IN 40
OUTER LAYER OF REINFORCEMENT IN OUTSIDE FACES OF BOX GIRDER DECKS 40
OUTER LAYER OF REINFORCEMENT IN INSIDE FACES OF BOX GIRDER DECKS 25
TOP SURFACE OF BRIDGE SLABS 40
BOTTOM SURFACE OF BRIDGE SLAB 30
EXPOSED FACES OF BARRIERS 40

ALL EXPOSED CONCRETE CORNERS SHALL HAVE A 20 mm CHAMFER UNLESS NOTED OTHERWISE.

POST—INSTALLED ANCHORS AND POST—INSTALLED REBARS
POST-INSTALLED ANCHORS AND POST—INSTALLED REBARS ARE NOT PERMITTED TO BE INSTALLED IN PLACE OF CAST—IN ANCHORS

AND REBARS, EXCEPT UNDER NECCESSITY, STRUCTURAL MODIFICATION AND RELEVANT. THE REQUEST DOCUMENT WITH A METHOD
STATEMENT SHALL BE APPROVED BY ENGINEER OF RECORD OR THE DESIGN ENGINEER BEFOR AN OPERATION INCLUDING A MATERIAL
DETAILS, TECHNICAL DATA, INSTALLATION PROCESS, AND A DESIGN CALCULATION IN ACCORDANCE WITH ACI OR EIT STAND WITH

A CERTIFIED TEST REPORT BY ACI.

ON SITE TESTING SHALL BE PERFORMED ONLY FOR INSTALLATION QUALITY VALIDATION WHICH SHOULD BE 2.5% AT LEAST 3 OF THE
TOTAL NUMBER OF THE INSTALLED ANCHORS ON A JOBSITE. THE CONTRACTOR MUST BE RESPONSIBLE FOR THE FEE. ON-SITE TESTING
IS NOT EQUIVALENT TO THE ACCEPTANCE CRITERIA WHICH SHALL NOT BE USED AS PART OF THE DESIGN CALCULATION OR THE
PRODUCT APPROVAL PROCESS.

STANDARDS AND REFERENCES
-~ ACl 318—14 CHAPTER 17: ANCHORING TO CONCRETE (POST—INSTALLED ANCHOR)
~ ACl 318-14 CHAPTER 25:REINFORCEMENT DETAILS FOR DEVELOPMENT OF REINFORCEMENT (POST-INSTALLED REBARS)
- EIT STANDARDS 011008-12 CHAPTER 12:DEVELOPMENT OF REINFORCEMENT
— EIT STANDARDS 011008-21 CHAPTER 12: ANCHORING TO CONCRETE

POST-INSTALLED SHALL CONSIST OF THE FOLLOWING THE REQUIREMENTS
= ACl 355.4-11: QUALIFICATION OF POST—INSTALLED ADHESIVE ANCHORS IN CONCRETE AND COMMENTARY
= ACl 355.2--07: QUALIFICATION OF POST—INSTALLED MECHANICAL ANCHORS IN CONCRETE AND COMMENTARY
- ICC ES:INTERNATIONAL CODE COUNCIL EVALUATION SERVICE
= |IAPMO UES EVALUATION REPORTS
= ISO 898-1 MECHANICAL PROPERTIES OF FASTENERS MADE OF CABON STEEL AND ALLOY STEEL FOR THREADED ROD

ERECTION
1. INSTALLER SHALL EXPERIENCE THE INSTALLATION TRAINING FROM THE MANUFACTURER.
2. THE HOLE DEEPER THAN 25 CM., ADHESIVE ANCHOR SHALL BE INSTALLED USING THE AUTOMATIC HOLE CLEANING SYSTEM
TO ENSURE THE HOLE CLEANNESS, CORDLESS ADHESIVE DISPENSER, AND A FLOATING PISTON WITH A SAME DIAMETER AS
THE DRILLED HOLE SHALL BE USED TO FULFILL THE ADHESIVE AND AVOID AIR BUBBLES.
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