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Foreword

Bangladesh is a disaster prone country. The country is frequently affected by floods, cyclones and
cyclone induced storm surges and tornados. The country is also under threat of moderate to strong
earthquakes due to the geographical position. Due to its proximity to the plate boundaries, active
faults and track records of historical damaging earthquakes in and around Bangladesh, probability of
occurrence of strong earthquake is high.

The risks of loss of life and damage to property due to earthquake are almost entirely associated with
manmade structures. Earthquake doesn’t kill people, buildings do. The rapid urbanization of several
cities especially Dhaka, Chittagong and Sylhet during the last 25 years with most of the buildings
being non-engineered is a big concern.

Public Works Department (PWD) with a history of over 150 years is the Government Department
which owns almost all the public buildings of the country in connection with construction and
maintenance. The department inherits the legacy from British India through Pakistan period to present
independent Bangladesh. A major portion of the huge building stock is unreinforced brick masonry
buildings with low concrete strength, inadequate column section and non ductile RC framed structures.
The Bangladesh National Building Code (BNBC) was formulated in 1993 and enacted in 2006. PWD
has been following American Concrete Institute (ACI) code till 1993 and the BNBC subsequently for
structural design purpose. But strict adherence to the code especially the seismic provisions came into
practice very recently. As a result, a staggering number of existing buildings do not meet the seismic
demand and capacity requirements of the current BNBC 2015 (Final Draft, July 2015).

The Government of Bangladesh has taken a strong stand with disaster risk reduction. Government’s
success in certain areas of disaster risk mitigation such as flood, cyclone is acclaimed by the world
and taken as role model in many countries. In case of earthquake disaster, the country is not
sufficiently prepared to reduce the risk. The main reason is that earthquake is not a frequent
phenomenon in Bangladesh. The country had experienced the last devastating earthquake in 1897
(The Great Indian Earthquake with magnitude 8.9). In the Standing Order on Disaster (SOD) of the
Government, PWD is entrusted with the task to promote seismic resistant building and to retrofit
public buildings which are vulnerable to earthquake.

Due to the lack of technical know-how, PWD could not undertake projects for retrofitting. To
overcome this deficiency, PWD has undertaken a project with the technical cooperation of JICA titled
“Project for Capacity Development on Natural Disaster Resistant Techniques of Construction and
Retrofitting for Public Buildings (CNCRP)”. The main purpose of the four year long project is to
enrich the technical knowledge and working capacity of the engineers of PWD for seismic assessment,
retrofitting design and construction of existing RC framed public buildings.

One of the outputs of this project is to develop 6 (six) individual manuals and guidelines as stated
under for future references:

Manual for Seismic Evaluation of Existing Reinforced Concrete Buildings

Manual for Seismic Retrofit Design of Existing Reinforced Concrete Buildings

Manual for Retrofit Construction and Supervision of Reinforced Concrete Buildings
Guidelines for Quality Control of Design and Construction of Reinforced Concrete Buildings
Manual for Seismic Design of Reinforced Concrete Buildings
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6. Manual for Vulnerability Assessment and Damage Prediction of Reinforced Concrete
Buildings against Non Seismic Hazards

The series of manuals and guidelines are the outcome of four year long experiences of CNCRP project.
The engineers of PWD with technical assistance of the JICA experts tried to adapt the Japanese
retrofit technology to local construction conditions and practices. Seismic retrofitting is a specialized
type of job. The professionals and practicing engineers are requested to go through the manuals
carefully and apply their engineering judgments before application.

The current edition of the manuals and guidelines are a modest beginning. Extensive research on local
conditions such as construction materials, techniques, and practices in the light of local seismicity are
necessary to upgrade the manuals. We, as professionals, believe that manuals are only a guide or
outline and it is the expert who will have to take the final decision about actual extent of work to be
done. We expect feedback from all quarters to enrich the future editions of the manuals.

The Bangladesh National Building Code (BNBC 2015) does not contain any special provision for
retrofit construction. Throughout the project duration the engineers of PWD studied and practiced the
retrofit construction techniques right from planning to supervision of the work. Retrofit construction
is somewhat different from normal construction because of its job nature. In comparison with normal
building construction work, retrofitting is generally carried out under some restrained conditions. In
most of the cases the construction is done keeping the building operational. So the work has to be
done part by part within a time limit. Environmental issues such as dust and noise control is of utmost
importance. Safety for workers as well as inmates of the building is to be ensured. Special attention is
needed not to interrupt the building services and not to incur any damages to utility service lines such
as electricity, water, gas etc. Selection of right materials and construction techniques considering the
availability and suitability to local conditions are major concern. PWD engineers learnt a lot
especially through actual retrofitting works of one pilot project, a fire station and one garment factory
building and various test works while working hand in hand with Japanese counterpart. This “Manual
for Retrofit Construction Supervision of Reinforced Concrete Buildings” is the outcome of hard work
during the project tenure. The manual is equally applicable for normal construction supervision.

We deeply acknowledge the Editorial Advisory Board for their valuable contribution. The authors
from JICA expert team needs special mention for formulating the manuals. We also thank all the
CNCRP team members for their hard work which eventually helped in publishing these manuals and
guidelines. Finally I want to thank the Government of Japan and JICA for their whole hearted support
and cooperation in all phases of the project CNCRP.

Engr. Md. Kabir Ahmed Bhuiyan

Chief Engineer
Public Works Department
Dhaka, Bangladesh.
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PREFACE

This manual has been prepared to assist the engineers in Bangladesh in the construction and
supervision of the retrofit works specially for RC buildings.

This Manual consists of two parts. Part-I describes the retrofitting construction technology where
Part-II covers to improve the supervision skills of the field engineers.

Although there are a number of publications in this regard available on the subject of seismic
strengthening work outside Bangladesh like FEMA, ASCE, JBDPA guideline, those are not suitable in
the Bangladeshi context. Considering this issue, through the technical cooperation project CNCRP,
between PWD and JICA, this initiative has been taken to publish a manual on seismic retrofit
construction and supervision.

The manual has been prepared based on the studies of the international manuals and guidelines on this
aspect and subsequently from the comprehensive experience gained through the implementation of
retrofit test work and a pilot project retrofit construction and supervision work through the project
CNCRP.

The retrofitting materials and methods recommended in this manual are compatible with the
sustainable use of the most commonly available materials and workmanship we are conversant with in
Bangladesh.

The manual contains sketches and detailed step by step instructions and actual retrofit construction
photographs that will be required by the engineers as well as the contractors. It also contains case
study of building that were restored and retrofitted through the project CNCRP, to facilitate better
understanding of the concepts and the system.

In principle, a construction supervisor is responsible for checking construction performance against
design documents and building codes, the work of whom covers a wide range of areas such as
schedule management, quality control of buildings, and safety management and checking the quality
of building materials to be used.

In the current BNBC (BNBC 2006) construction supervision are not described in detail. In reality, a
method of construction supervision varies from one supervisor to another, as the supervisors rather
refer to their own experience when supervising. Consequently, the quality control for buildings is
inconsistent in the country.

Considering the reality of construction supervision in Bangladesh, as one of the first outputs of the
Project namely CNCRP, this Manual picks up and introduces the minimum requirements of
supervision and most important items for the construction supervisors. The Project shall further
develop a new manual, the contents of which shall focus more on “how-to-practice” the supervision
work, by showing examples and actual experiences.

It is therefore hoped that this manual will be useful to engineers, architects, contractors, masons and
people who may be planning to retrofit existing houses and public buildings to reduce their
vulnerability to future earthquakes.

Seiichi Horikoshi
Member, JICA Expert Team, CNCRP. &
Senior Manager, OYO International Corporation.

Md. Sohel Rahman
Executive Engineer, PWD Design Division-IV &
Team Leader, Working Team-3, CNCRP.
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CHAPTER 1. GENERAL

‘This part of the manual covers only the construction of the retrofitting works. No design of retrofitting
is discussed in this manual. It is suggested that the retrofitting design of an existing building shall be
carried out by a qualified structural engineer. He may take necessary guideline from the “Manual for
Seismic Retrofit Design of Existing Reinforced Concrete Buildings” published by CNCRP. The
retrofit construction work shall be implemented as per retrofit design through the material
specification and work procedure discussed in this manual. The specification and issues not covered
in this manual shall be cosidered according to the latest version of “Schedule of Rates of PWD” and
“Bangladesh National Building Code BNBC”.

In comparison with general building construction work, retrofitting work is generally carried out
under some restrained conditions. Because, in most of the cases, this construction has to be done on
buildings that are in use. So the work shall be done part by part within a time limit considering
environmental issues such as dust and noise control.

Sufficient measures shall be taken for the safety of the occupants and users. In addition, special
attention has to be given so that the building services are not interrupted due to construction work.
Moreover it shall be ensured that there is no damage in utility service lines such as electric line, gas
line, water line etc.

An adequate ‘Construction Plan’ for retrofitting work shall be done with the following considerations:

i) Limited access to the building and part by part construction.

ii) Reduction of time period

1ii) Minimum dust and noise control.

iv) Adequate survey of existing piping and electrical wiring system, ensuring safety.






CHAPTER 2. MATERIALS

The selection of the right materials to be used in the seismic retrofitting of a given structure
considering the quality, availability, suitability to the local condition has been a major challenge. The
selection of materials to be used depends on many aspects including applicability and suitability of
materials for the target structures. Using standard and innovative retrofit materials, appropriate
technology, workmanship, and quality control during implementation are the key factors for a
successful repair, strengthening and restoration of vulnerable or damaged structures.

Some of materials that have been used for seismic retrofitting in different seismic retrofitting methods
are specialized and different from traditional materials which are normally used for new building
construction. In these section materials that are specially used for seismic retrofit construction have
been discussed. For materials that are common for seismic retrofitting as well as new building

construction, specifications in BNBC and PWD “Schedule of Rates™ shall be used.

2.1 CONCRETE

The cement and fine aggregates to be used in concrete for seismic retrofitting work are the same as used
for new building construction and the specification in BNBC and PWD Schedule of Rates shall be
followed. But for coarse aggregate it is desirable to use a slightly smaller diameter than which has been
used for new building construction as there are major restrictions on concrete casting and consolidation

in retrofitting work.

2.2 STEEL REBAR
Steel rebar material shall be the same as used for new building construction and specification shall be as

indicated in BNBC and PWD Schedule of Rates.

2.3 STEEL PLATES

Steel plates that are to be used for retrofit construction especially for steel frame bracing shall conform

to either ASTM A36 or ASTM AS572.

2.4 CONNECTION BOLTS
Structural connection bolts to be used for retrofit construction shall conform to ASTM A307, ASTM
325 or ASTM A449 as specified by the structural designer.
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2.5 ADMIXTURE
Mortar and concrete to be used for retrofitting works are required to have good workability, higher
strength while aggregate must have minimal segregation and voids, as well as minimal water content.

To ensure these, in normal situations water reducing admixture may be used.

The major reasons for using admixtures in retrofit construction concrete are:
e To make the concrete workable in the restricted area.
o' To ensure proper compaction in restricted area.
¢ To maintain the quality of concrete during the stages of mixing, transporting, placing, and
curing in adverse weather conditions

e To overcome certain emergencies during concreting operations

Despite these considerations, it should be borne in mind that no admixture of any type or amount can
be considered a substitute for good concreting practice. The effectiveness of an admixture depends
upon factors such as type, brand, and amount of cementing materials; water content; aggregate shape,

gradation, and proportions; mixing time; slump; and temperature of the concrete.

Admixtures being considered for use in concrete should meet applicable specifications as in ASTM
C494 (Type A to Type G) along with BDS EN 934-1:2008 for conventional mixes, ASTM C 260 for
Air-entraining admixtures and ASTM C 1017 for flowing concrete. Trial mixtures should be made with the
admixtures and the job materials at temperature and humidity anticipated on the job. In this way the
compatibility of the admixture with other type admixtures and job materials, as well as the effects of
the admixture on the properties of the fresh and hardened concrete, can be observed. The amount of

admixture recommended by the manufacturer or the optimum amount determined by laboratory tests
should be used.

2.6 NON-SHRINK GROUT

For the purpose of specifications, "non-shrink grout" can be defined as a high-strength mortar or grout
which does not shrink in the plastic state, is dimensionally stable in the hardened, and bonds
permanently to a clean metal plate and concrete substrate.

Retrofit construction like creating walls inside existing frames, gaps between existing connections and
attached surfaces can easily be open due to drying shrinkage of the concrete. It is important to use non

shrink concrete in this context in these locations.
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2.6.1 Materials
Non-shrink, non-metallic, non-corrosive cement-based grout shall conform to the following
requirements:

e  Applicable Standards: ASTM C1107

e  Grout shall be manufactured specifically for use in supporting heavy loads (loads in excess
of 300 pounds per square foot concentrated load or 100 pounds per square foot uniform
load). Grout: ASTM C1107, Grade A, B, or C, as appropriate for the condition or
circumstance.

e Shrinkage at 28 days: No shrinkage before hardening (0.00 shrinkage when tested in
accordance with ASTM C827); no shrinkage after hardening (0.00 shrinkage when tested in
accordance with ASTM C827).

e Compressive strength, minimum:

a) Atsevendays: 3500 psi
b) At28days: 5000 psi.
o Initial setting time, after addition of water: approximately one hour at 70 degrees F.

e Flow ability should be ensured as necessary for the particular application.

2.6.2 Submittals
a) Product Data: Submit manufacturer's product data and installation instructions.
b) Certification: Submit certificates of compliance or laboratory test reports which indicate
the following:
e Materials used in the grout are free from metallic components and corrosion-producing
elements.

e Materials meet specified shrinkage and compressive strength requirements.

Y MICRO CONCRETE

For repair sections generally deeper than 100mm it may be necessary to mix the non-shrink grout (see
section 2.6) with properly graded 5mm to 12mm silt-free aggregate to minimize temperature rise. The
quantity of aggregate required may vary depending on the nature and configuration of the repair
location. The typical results with a few aggregate proportions, for various applications are furnished
below for guidelines.

Non shrink Grout Powder: Coarse aggregate (SSD) (By weight)=1 : 0.75

Water: Powder ratio (By weight) =0.16 (shall not be increased in any circumstances).
7



Chapter-2 Materials

Table 2.7.1 Compressive strength of Micro Concrete

Compressive strength (Nfmm?)
(Tested on 70.7mm cubes as per BS 4551-80)

1D 3D 70 28D
10 30 40 50

Tenslile strength 2.0N/mm? @ 28 days

The micro concrete in the flowable consistency should achieve a compressive strength of not less than
10N/mm’ after 24 hours, 40N/mm” after 7 days and 50 N/mm? after 28 days at

300 C. Most importantly, the cured micro-concrete shall contain no metallic aggregates, or chlorides
and shall be shrinkage compensated in the plastic state. The unrestrained expansion shall be between 1
- 4%. The flexural strength shall not be less than 5 N/mm” @ 28 days. The micro-concrete shall have a
coefficient of thermal expansion similar to that of the host concrete. The mixed density of

micro-concrete shall exceed 2100 kg/m” at 27°C.

2.8 BONDING AGENT FOR OLD CONCRETE TO NEW CONCRETE

Fresh wet concrete does not normally bond well to existing dry concrete. So it is usual to apply
bonding agent on old concrete before laying new concrete and bonding fresh, plastic concrete to old,
hardened concrete increases the strength of the composite material. Fresh patches, concrete adjacent to
construction joints, and overlays all benefit from bonding to the hardened concrete substrate. Bond is
not, however, guaranteed. It must be ensured through proper surface preparation, material choice and

use, and curing. Ignoring one of these components may result in the total loss of bond.

Material specification shall conform to
e ASTM C1059: Standard Specification for Latex Agents for Bonding Fresh to Hardened
Concrete.
e  ASTM C1583: Standard Test Method for Tensile Strength of Concrete Surfaces and the Bond
Strength or Tensile Strength of Concrete Repair and Overlay Materials by Direct Tension (Pull
off Method).

e ACI 503R-80: Use of Epoxy Compound with Concrete.
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2.9 ANCHORING ADHESIVE FOR POST-INSTALLED ANCHOR

Adhesive to be used for anchoring stud-type anchors consisting of threaded steel rod, nut, and washer
or deformed reinforcing bar etc. as indicated in drawings and specifications shall be epoxy adhesive
conforming ASTM C881 Type I, I, IV and V, Grade 3, Class Band C. Adhesive shall be a cartridge
type, two-component, solid epoxy based system dispensed and mixed through a static mixing nozzle
supplied by the manufacturer. Acceptable installation and performance temperature ranges shall be

verified with manufacturer’s literature prior to installation.

2.10 POST-INSTALLED ANCHORS

There are two types of post-installed anchors: Mechanical and Bonded anchor.

Mechanical anchors comprise undercut anchors, expansion anchors and screw anchors. In their usual
form, undercut anchors interlock with the concrete at the base of the drilled hole. They derive tension
resistance by bearing. Expansion anchors derive tension resistance via the friction generated by
expansion forces against the wall of the drilled hole. Screw anchors derive tension resistance via the
interlock of the screw threads with the concrete.

Adhesive anchors are anchors in concrete or masonry that derive their resistance to applied tension load
by adhesion or bond. The adhesive for attaching bolts, rods, etc. to the concrete is available in both
cartridge and capsule configurations. Each type consists of two essential parts, a resin and a hardener.
In the cartridge format, the two components are contained in separate parallel tubes connected on the
end by a manifold that allows the materials to be proportioned in the proper ratio and mixed together.
The cartridge tool forces the materials out of the tubes, through the manifold, into and through a mixing
nozzle and into the drilled hole. The mixing nozzle assures that the components are well mixed and the
adhesive resin is activated by the hardener. With a capsule anchor, the resin and hardener are kept
separate, but are contained within a single glass or foil capsule. The entire capsule is inserted into the
drilled hole. The anchor element, usually a threaded rod, is then inserted into the pre-drilled hole with a
rotational motion using a rotary drill. The rotary motion of the anchor breaks the capsule causing the
resin and hardener to mix, initiating the chemical reaction that hardens the adhesive. Adhesive anchors
are available in a variety of chemistries, each with its own specific characteristics and capacities. The

adhesive materials include epoxies (many different formulations), acrylates, vinyl esters, polyesters,

9
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hybrid mortars, and others. The specifier, installer, and end user should become familiar with the
requirements of the specific application to ensure the selected adhesive anchor and adhesive material is

appropriate for the given application.

Applicable Standard and specifications for post installed anchor:

e ASTM A615: Standard Specification for Deformed and Plain Carbon-Steel Bars for Concrete
Reinforcement when deformed rebars shall be used as anchor.

e ASTM 307, ASTM 449: Standard specification for externally threaded bolts and studs.

e ACI 355.2: Qualification of Post-Installed Mechanical Anchors in Concrete

o ACI 355.4: Qualification of Post-Installed Adhesive Anchors in Concrete

e ASTM E488: Standard Test Methods for Strength of Anchors in Concrete Elements.

e AC 193: Acceptance Criteria for Mechanical Anchors in Concrete Elements.

e AC 308: Acceptance Criteria for Post-Installed Adhesive Anchors in Concrete Elements

2.11 SHEAR STUD

Standard mild steel studs to be used for transfer of shear into concrete or metal by welding shall be in
accordance with ASTM A —108 specifications. Physical properties and chemical composition of mild

steel studs shall be in accordance with AWS D1.1.

2.12 CFRP (CARBON FIBER-REINFORCED POLYMER)

The CFRP materials that are commonly used for seismic retrofitting work are carbon fiber, aramid
fiber and glass fiber as continuous fiber, and epoxy resin as adhesive resin for impregnation. In

Bangladesh till date only carbon fiber sheet has been used for strengthening of deficient RC columns.

Physical properties of CFRP Materials such as density, coefficient of thermal expansion shall conform
to CI 440.2R-08, Guide for the Design and Construction of Externally Bonded FRP Systems for

Strengthening Concrete Structures.

10
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Other relevant standards are:

2.13

ASTM D7565, Standard Test Method for Determining Tensile Properties of Fiber Reinforced
Polymer Matrix Composites Used for Strengthening of Civil Structures.

ASTM D3039, Standard Test Method for Tensile Properties of Polymer Matrix Composite
Materials.

ASTM D7522. Standard Test Method for Pull-Off Strength for FRP Bonded to Concrete

Substrate.

ASTM D4541, Standard Test Method for Pull-off Strength of Coating Using Portable

Adhesion Testers.

CURING COMPOUND

Curing compound shall conform to ASTM C 309, Type 1-D with fugitive dye or Type 2 white

pigmented as approved by the Engineer.

Type 2 white pigmented shall only be used on the surfaces of bridge decks, approach slabs, structural

slabs, on surfaces that will not be exposed to view, or on surfaces where their use has been approved

by the Engineer.

11







CHAPTER 3. COMMON OPERATIONS REQUIRED IN RETROFIT
WORKS

The construction procedure for retrofitting is different from the general new building construction

work in many ways. Some of the construction procedures are discussed below.

3.1 PREPARATION FOR RETROFITTING WORK: DISMANTLING AND
REMOVAL:

To facilitate the retrofit work, the interior decoration, fixtures, partition walls etc. adjacent to the
construction area shall be dismantled or removed. Appropriate measures shall be taken to minimize
the noise, vibration and dust generated by the work. During dismantling or removal work, sufficient
attention shall be given for the safety issues as well.

The plaster of RCC member to be retrofitted shall be removed completely and the RCC surface shail
be exposed. Then the surface shall be chipped and roughened carefully to make the surface ready for
adding new concrete or so on. The epoxy bonding agent for better bonding of old and new concrete
may be used.

The chipping work shall be carried out carefully to ensure that no existing reinforcement is exposed or
it does not produce any cracks on other part.

After chipping, blowers and suction devices etc. shall be used to adequately remove chipping residues

and fine powders.

3.2 POST-INSTALLED ANCHOR WORK

Retrofitting work is generally, carried by adding and strengthening members of existing structure, so
the connection of new element with existing structure is of extreme importance. In most of the cases
the connection is carried out by post-installed anchor work. Therefore, post-installed anchor shall be
installed by skilled technician or engineer with enough knowledge of construction techniques. The
quality of connection is also important to ensure the performances of the anchor.

Since there are two types of anchoring system i) Mechanical expansion anchor and ii) Chemically
bonded anchor, it is strongly recommended that for retrofitting purpose chemically bonded anchor

shall be used to ensure better performance of work and no loss of strength of existing member.

13



Chapter 3. Common Operations Required in Retrofitting Works

3.2.1.  Procedure of post-installed anchor work

The following figures shows the procedure of post-installed anchor work

Rotary drill — T L
Socket '

Absorbent Absorbent
or blower or blower Capsule

Surface

Markmg yd
OO

/v /’,‘\‘O/é _ .

1) Drilling ii) Cleaning ii) Cleaning ii) Cleaning 111) Insert iv)Agitation v) Curing
and fill /adhesion

BT,

ST

el
- w'e

Figure 3.2.1: The Standard Procedure of Post-Installed Anchor Work

i) Drilling:
Drilling shall be at right angle to the construction surface. Drilling shall be done carefully so that there
is no damage to the existing steel bar. If steel bar is hit while drilling, the drilling process shall be
moved to another nearby position and the partly drilled hole shall be appropriately repaired. If
possible it is suggested that the existing position of rebar is identified by rebar detector scanner before
starting of drilling work.
The drilling depth shall satisfy the structural provisions suggested by structural engineer for
post-installed anchor. In controlling the drilling depth, the drilling depth shall be marked to the drill
bit for making the desired depth.

ii) Cleaning Holes
Cleaning of the drilling hole shall be carried out very carefully by using blower and brushes. If there
are some dust or loose materials in the hole the epoxy chemicals to be used for the anchor work will
not get sufficient bonding with the existing member hence the performance of the anchor will be
hampered. So this cleaning procedure shall be carried out several times to ensure that there is no dust

or loose materials in the holes.

14
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Chapter 3. Common Operations Required in Retrofitting Works

iii) Applying epoxy bonding agent.
After cleaning the drilled hole up to a satisfactory level, epoxy bonding agent shall be applied
carefully to the hole. It is preferable to use the capsule type bonding resin. Otherwise, the epoxy
bonding agent shall be applied by using gun machine to ensure that adequate amount of chemical has
been applied. This work shall be done by qualified technician. The application method shall be done
according to the instruction of the chemical manufacturer’s guideline.

iv) Installing the anchoring bar or bolt.
The anchoring bar or bolt shall be installed slowly with rotation with sufficient care by a skilled
worker.

V) Curing
Curing shall be done according to the instruction of manufacturer’s guideline.

3.2.2.  Strength confirmation and inspection of anchor work

i) The pull out test shall be done to confirm the strength of the post-installed anchor.
ii) Hammering Sound Inspection shall be done to check their degree of adhesion and whether or not
these anchors are suitably adhered. If adhesive strength inspection results show failings, measures

shall be taken in accordance with instruction from the supervisor or engineer-in-charge.

3.3 REINFORCEMENT WORK
Reinforcement work shall be done conforming “Bangladesh National Building Code- BNBC” and

“Code of Practice of PWD”.

When rebar is used for anchoring purpose this shall be done by skilled technician.

34 CONCRETE WORK

Concrete mixing, placing, vibrating, curing shall be done conforming “Bangladesh National Building
Code BNBC” and “Code of Practice of PWD,”

Since the retrofit is made in various parts of a building and the small amount of concrete is cast in the
retrofit work, concrete shall be mixed in mixture machine in accordance with standard specification
and placed carefully to secure the required quality of concrete at each casting.

During retrofitting, in most of the cases concrete work is done in narrow places such as for column

15



Chapter 3. Common Operations Required in Retrofitting Works

Jacketing, increasing wall thickness, inserting shear wall etc. So concrete used for retrofitting works
are required to have good workability as well as good strength while it must have minimal segregation
and breathing. So it is suggested that air entraining water reducing agent or high performance air
entraining water reducing agent shall be used. For casting of narrow thickness concrete it is suggested
to use well graded 12mm downgraded stone chips as coarse aggregate.
For retrofitting work the following specification for concrete work shall be followed.

i) Specified compressive strength of concrete shall not be less than desired strength of

existing concrete nor 21 N/mm?

ii) Well graded stone chips shall be used as coarse aggregate.

1it) Minimum unit volume of cement shall be 270 kg/m’

iv) Maximum unit volume of water shall be 185/kg/m’

V) Maximum W/C ratio shall be 0.65

vi) Slump value shall not be greater than 18 cm.

35 NON-SHRINK GROUT WORK

In retrofitting construction, concrete shall be first cast up to around 20 ¢cm below the beam, and then
the remaining portion shall be carried by non-shrink grout work with pressure not to leave unfilled
gaps and/or openings. Premix type non-shrink grout as per ASTM C1107 is suggested to use
according to the manufacture’s guideline or instruction. Several brands of non-shrink grouts are
available. In most of the cases the grout is premix type, only certain amount of water is used for grout
work. This type of grout is used by pressurized grout machine.

There is an option to mix some small size (12mm downgraded) stone chips with the premix grout to
make the grout work economical. In that case no pressurized grout machine can be used, the grout
shall be poured from top side by making some hole in the slab. So non-shrink grout work can be done

by following two methods.
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Chapter 3. Common Operations Required in Retrofitting Works

/ Pouring Grout / Over flow pipe
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' .
o] existing [oro-0 ) | l existing |
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- 1 Non-shrink Grout —— 7 _

OCR, IROCOOUO O - ———<— Pumping grout
it o

*+——— Concrete work

Non Shrink Grout Work Without Pressure  Non Shrink Grout Work With Pressure
Figure 3.5.1 Methods of Non-Shrink Grout Work

3.6 STRUCTURAL STEEL WORK FOR STEEL FRAME BRACING

This section specifies the general requirements for fabrication of steel frame bracing work in the
seismic retrofit construction.

Typically retrofit construction bracing frame can be hot-rolled sections like H, I, channel or pipe as
designed by the structural designer. In case of non-availability of hot-rolled sections, built-up sections
(sections made from steel plates welding/bending to a desired shape) may be used if permitted by the
structural designer and engineer in charge. In either cases bracing frame shall be fabricated in the

workshop/fabrication factory. Important issues require attention of the engineer in charge are:

3.6.1. Welding:

o All welding shall be in accordance with AWS 1.1 except otherwise directed in the
Specification and the Contract Drawings.

o Cutting, drilling and welding on site is not permitted unless shown on drawings or
otherwise approved. Suitable, safe working conditions shall be ensured. Welding is
prohibited when surfaces are wet or when the ambient temperature is below 0 degree
Celsius.

o The Contractor shall determine the welding procedure to meet the requirements of the

Specification, including the requirements of Inspection and Quality Control.
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Chapter 3. Common Operations Required in Retrofitting Works

3.6.2.

3.6.3.

3.6.4.

o O O O

For pre-engineered sections, the welding shall be continuous for full length and on both
sides. Intermittent or partial welding shall not be allowed.

Where the steelwork is to be sand blasted and metal sprayed or galvanised after
fabrication, cleats and other solid attachments welded to the member shall be welded
all round to seal the unprotected surface.

Welded attachments for fabrication or erection purposes shall be subject to the
Engineer’s approval and shall be clearly shown on the fabrication drawings.

In addition to the above requirements, all welds on steelwork shall be ground smooth.

Minimum size of welds should be 6 mm fillet.

Fixing of headed stud:

o Headed stud which are to be fixed with web of the internal steel frame bracing shalil be

fixed by stud fixing gun or welding as recommended by the stud manufacturer.

When requested by the Engineer in charge and before production welding of studs
commences, procedure trials shall be carried out. The trials shall be made on samples
of materials and studs representative of those to be used in the Works. The samples of
materials and studs shall be subject to the approval of the Engineer.

It is required to submit report of successful test program for stud base qualification as
required by AWS DI1.1.

Marking:

It is required to submit details of proposed methods of identifying and recording
materials and components to ensure correct use and location in the structure.
Marks to be placed in positions such that they will be visible for checking after

erection.

Storage and Handling Requirements:

Headed stud which are to be fixed with web of the internal steel frame bracing shall be
Store and handle materials in accordance with the direction of engineer in charge.

Do not store materials directly on ground.

Store materials on flat, level surface, raised above ground, with adequate support to
prevent sagging.

Protect materials and finish during storage, handling, and installation to prevent damage.
Maintain environmental conditions (temperature, humidity, and ventilation) within limits

as directed by the engineer in charge.
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Chapter 3. Common Operations Required in Retrofitting Works

3.6.5.

3.6.6.

Fixing of connection bolts:

0

High strength bolts are tightened to a bolt tension not less than 70% of their minimum
tensile strength. Tightening is done with properly calibrated wrenches, by turn-of-nut
method or by use of direct tension indicators (bolts or washers). Tighten bolts in
connections are identified as slip-critical using Direct Tension Indicators.

Bolts shall not be less than 16 mm diameter except permitted by the design engineer.

Not less than two bolts are to be used in any connection except permitted by the design
engineer.

Bolting up with close Tolerance Bolts: Holes for close tolerance bolts shall be drilled and
reamed. Where the holes are not drilled through all thickness in one operation, the parts to
be joined together shall be accurately lined up with parallel drifts of a diameter not greater
than the nominal size of the hole and not smaller than 0.15 mm less than the nominal
diameter and the holes are then reamed. A close tolerance bolt shall be fitted in each hole
reamed and tightened before the next hole is reamed. All bolts shall be re-tightened after
the last bolt has been fitted.

Correcting hole alignments: Drifting to align holes shall not enlarge the holes or distort the
metal. Holes which cannot be aligned without distortion shall be a cause for rejection

unless enlargement by reaming is specifically approved by the Engineer.

Surface coatings (paint):

At least one coat red oxide or equivalent primer shall be applied to the fabricated steel
members at workshop.

Steelwork shall be dry and cleaned.

Steel surfaces to be embedded in concrete shall be left unpainted and need not be blast
cleaned. The painted surface shall continue 80 mm below the concrete surface.

Where steelwork is to be protected against corrosion with a paint coating system, it shall be
in accordance with BS EN ISO 12944 and the Project Documentation.

Additional stripe coats of primer or undercoat shall be applied in the following

circumstances:

Welded surfaces where a weld-through primer has been used

Steelwork which will be exposed externally in the finished works

All edges, corners and bolt holes
» Seal gaps between adjacent components such as shop and site bolted connections.
Work shall not precede when the steel surfaces are wet or the ambient temperature, or dew

point is not within the range recommended by the paint manufacturer.
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Chapter 3. Common Operations Required in Retrofitting Works

o Painting of site fixed bolts and welding

= All protruding portions of bolt assemblies and site weld surfaces shall be cleaned to
remove traces of oil, dust, welding flux etc.

= The paint system shall be compatible with the surface treatment system being used on
the surrounding surfaces.

= Bolt assemblies which are supplied with protective treatment need not be painted

except where required by the Engineer's architectural drawings

3.6.7. Notes for Erection

o

The Engineer shall be notified in writing of the starting date prior to the commencement
of field operations.

Components shall be lifted, placed, and maintained in position using appropriate lifting
equipment, temporary bracing, guys, or stiffening devices so that the components are at
no time overloaded, unstable, or unsafe. Additional permanent material may be provided,
if approved by the Engineer, to ensure that the member capacities are not exceeded during
erection.

For temporary fit ups, main girder splices and connections shall be aligned with drift pins
and a sufficient number of fitting up bolts shall be installed to maintain the integrity of the
connection.

Repairs to erected material will only be permitted after the repair procedure has been
approved by the Engineer.

Filling of misplaced holes by welding is permitted only with the written approval of the
Engineer.

Hammering that will damage or distort the members is not permitted.

3.6.8. Responsibility of the fabrication Contractor:

@]

The contractor has to review the design drawings and make comments, so that if
necessary and if the structural design provision permits, contractor can change the length
of some of the members to ensure that their weight is going to be light enough for the
erection method the contractor is planning to use or the connection type that is the
contractor converse with.

Contractor has to check the actual dimension on site before fabrication.

If fabrication drawing is the responsibility of the contractor, the drawings shall be

submitted to the engineer in charge for approval before actual fabrication work.
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CHAPTER 4. RETROFITTING METHODS

Retrofitting work is generally carried out by adding and strengthening members of existing structure
to improve its structural performances against earthquake or other loads. There are many methods to
make this strengthening works which are termed as Retrofitting Methods.

The following pictures and tables show different types of Retrofitting Methods. These methods are
applied to the structure to improve the structural performances of the building such as strength,

ductility, structural balance etc.

RC wall
RC wall with opening
Carbon fiber  ; « & | $lit for RC wall
wrapping \)‘ g 2t
- R
Wing wall \1;' : )
4 ‘A

L L

L Beam Jacketing

ﬁv; Column Jacketing

Perimeter Steel RC Batties

Bracing | temal Steel Bracing

Figure 4.1. Different Types of Retrofitting Methods
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Chapter 4. Retrofitting Methods

Table 4.1 Commonly used Retrofitting Methods

Types of Retrofitting Methods
Description of Retrofitting Methods Improvement | Improvement | Improvement
of of of structural
strength ductility balance

1 | RC Column Jacketing y v
2 | Installing RC Shear Wall | v
3 | Constructing RC Wing Wall V
4 | Steel Frame Bracing |
5 | Carbon Fiber Wrapping v
6 | Structural Slit v v
7 | RC Beam Jacketing V
8 | RC Lamination of Brick Wall V
9 | Steel Plate Jacketing vV
10 | Constructing External Buttress v
11 | Base Isolation

Following sections will cover the construction procedure of different retrofitting methods, which are
very common and useful for Bangladesh. These retrofitting methods will improve the structural
performance of the building but the methods must be compatible with the existing structure. So the
methods to be applied in building must be selected by qualified structural engineer with detail

assessment and retrofit design.

4.1 RETROFITTING WITH RC COLUMN JACKETING
This is a retrofitting method by jacketing around the existing column with reinforced concrete or
reinforced mortar, whose thickness is around 10 to 15 cm. This method is to upgrade flexural strength

and axial strength as well as ductility. Four faces of existing column shall be enclosed monolithically
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Chapter 4. Retrofitting Methods

by RC Jacket which is tightly fixed with existing column. Careful detail such as shear key or epoxy
bonding agent shall be provided for better bonding of old and new concrete. The new main rebar shall
be anchored from the foundation and tie or hoops shall be placed according to the provision of
structural drawing to well confine the existing column. Hoops or tie shall be continued through beam
column joint by anchoring the tie or hoop in to the beam. The figure 4.1.1 and figure 4.1.2 show the
typical details of a RC Column Jacketing

After assembling the reinforcement, concrete shall be first cast up to around 20 cm below the beam
and then the remaining part with beam column joint shall be carried out by non-shrink grout work.
This grout work shall be done either with the help of pressurized grout machine or grout shall be
poured from top side of slab by making some hole. Thickness of RC Jacket shall not be less than 10

cm for concrete and not less than 6 cm for mortar.
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Section of column at mid span Section of column at beam-col joint

Figure 4.1.1 Typical Details of Column Jacketing Showing Cross Section
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Main bar p#m through slab
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Figure 4.1.2 Typical Details of Column Jacketing Showing Vertical Section
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Figure 4.1.3 Photographs of Column Jacketing (During Construction of Pilot Work of CNCRP)
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Plaster removal and chipping Ref: Section 3.1

l

Drilling for main bar and drilling for

Ref: Section 3.2

tie bar

l

Anchoring of main bar & Anchoring

Ref: Section 3.2

of tie bar

l

Assembling of Re-bar Ref: Section 3.3

l

Shuttering and form work

|

Concreting up to around 20cm

Ref: Section 3.4
below the beam

l

Non-shrink grout work at

remaining part and beam column Ref: Section 3.5

joint

Figure 4.1.4 Standard Construction Flow Chart for RC Column Jacketing

4.2 RETROFITTING WITH RC SHEAR WALL

Installing Shear Walls is a retrofitting method which is suitable to increase the strength of existing
building by infilling new shear walls in to open frame of existing building or replacing the existing

infilled brick wall by a RC shear wall (see figure 4.2.1).
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BDS 1249 : 1989
Acid resistant bricks

It specifies the requirements for acid-resistant bricks, dimensions, tolerances, test etc.

BDS 1250:1990
Burnt clay facing bricks
It specifies the dimensions, quality & strength of burnt clay facing bricks used in building & other structure,

physical requirements etc.

BDS 1263 : 1990
Burnt Clay hollow bricks for walls & partitions
It covers the dimensions, quality & strength for hollow bricks made from burnt clay & having perforations

through & at right angle to the bearing surface tests.

BDS 1265:1990
Industrial safety helmet
It specifies the requirements regarding material, construction workmanship & finish & performance

requirements of helmets intended to provide protection against falling objects & other hazards.

BDS 1266 : 1990
Non metal Helmet for firemen & civil defense personnel
It lays down the requirements regarding materials, construction, workmanship & finish, weight &

performance of helmets, for the firemen & civil defense personnel.

BDS 1301 : 1990
Glazed earthenware tiles
It covers the requirements for glazed earthenware tile & associated fittings, generally used for finishing the

surfaces of walls & floors of water closets, bathrooms, kitchen, hospitals & similar places.

BDS 1303 : 1990

Chemical resistant mortars

It covers the requirements for silicate type, sulphur type & resin type chemical resistant mortars for bonding

chemical resistant masonry units.

BDS 1304 : 1990

Methods of test for chemical resistant mortars

It covers the methods for carrying out the following tests on silicate type, sulphur type & resin type chemical
resistant mortars. Method of test. i) Working time, ii) Tensile strength, iii)Flexural strength, iv) Compressive
strength, v) Bond strength etc.

BDS 1314 : (P-1) 1990
Fire detection & alarm system, general & definition
It specifies the components of fire detection & alarm systems, requirements for their interconnection &

installation & the performance, testing & servicing of parts or of complete system. Fire detection & alarm

systems for buildings.
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BDS 1315 : 1990

Fire protection safety sign

It specifies :

i) means of giving warning of fire & manual controls.
ii) means of escape from fire.

ii1) means of fire fighting.

iv) means of preventing fire spreading.

v) areas or materials of special fire risks.

BDS 1316 : 1990

Life jacket

It specifies the performance & safety requirements for life jackets & internal life jacket/safety hamesses, life
jackets covered.

1) Inherently buoyant life jacket-buoyancy produced by materials higher than water buoyant life jacket.

ii) Partially inherently-buoyancy produced by materials lighter than water & partly by inflation.

ii) Inflammable life jacket-buoyancy produced solely by inflation.

BDS 1355 :1992
Dimensions and properties for hot rolled steel column channel and angle sections

This standard covers the nominal dimensions, mass and sectional properties of hot rolled sloping flange

beam and column section.

BDS 1357 : 1992
Washers for use with fittings for water services
This standard covers requirements of washer for water services suitable for use in bib taps, slops valves, self

closing taps, flush valves, pillar taps and Ferrules.

BDS 1358:1992
Protective filters for welding cutting and similar operations

This standard covers requirements of the filters.

BDS 1359 : 1992
Industrial safety belts and harnesses

This standard covers the requirements for safety belts and harnesses and their components.

BDS1360 : 1992
Equipment for eye and face protection during welding

This standard covers the requirements of goggles; hand shield helmet intended to protect an operator above
the shoulder.

BDS 1432:1993
Burnt clay perforated building bricks
Specifies the requirements in regard to dimensions, perforations, quality, strength and also for quality of

surface in case of special grade for facing bricks of perforated burnt clay building bricks for use in walls and

partitions.
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BDS 1459 : 1994
White Portland cement

Includes requirements of chemical and physical properties of white Portland cement.

BDS 1495 : 1994
High aluminium refractory bricks

Specifies the dimension, characteristics and classification of high alumina refractory bricks.

BDS 1575 : 1997
Cast iron manhole cover and frames
Lays down basic and performance requirements for Manhole covers and frames in cast iron, intended for use

in drainage and water works.

BDS 1576 : 1997
Method for tensile testing of steel tubes

Prescribes the method of conducting tensile testing of steel tubes.

BDS 1577 :1997
Carbon steel Billets for the manufacturing of reinforcing Bars and Wire rods

Specifies requirements for carbon steel billets for manufacturing of wire drawing rods and reinforcing bars
of the different 5 (five) types and grades.

BDS 1626 : 1999
Concrete pipes (with and without) reinforcement
Covers the requirements and test for reinforced and unreinforced cement concrete pipes of both pressure and

non- pressure varieties used for water mains, sewers, culverts and irrigation works.

BDS 1688 : 2001 # 1SO 5223:1999
Specification for test sieves for cereals.
Specifies requirements for test sieves to be used for the laboratory determination of undesirable substances

in a sample of cereals and which pass through test sieves of the following nominal sizes.

BDS 1803 : 2008
Specification for Hollow Clay Bricks and Blocks
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Adopted Standards List:

BDS EN 196- 1: 2012 (1* revision )
Methods of testing Cement Part-1 Determination of strength
This Bangladesh Standard describes a method of determining the compressive and flexural strengths of

cement mortar.

BDS EN 196-2 : 2012 (1% revision )
Methods of testing Cement Part-2 Chemical analysis of cement

This Bangladesh Standard describes the procedures for the chemical analysis of cement.

BDS EN 196-3 : 2012 (1% revision )
Methods of testing Cement Part-3 Determination of setting time and soundness

This Bangladesh Standard describes the methods for determining setting time and soundness of cements.

BDS EN 196-5 : 2012 (1 revision )
Methods of testing Cement Part-5 Pozzolonacity test for pozzolanic cement

This Bangladesh Standard describes the method of measuring the pozzolanicity of pozzolanic cements.

BDS EN 196-6 : 2012 (1% revision )
Methods of testing Cement Part-6 : Determination of fineness

This Bangladesh Standard describes the method for determining the fineness of cement

BDS EN 196-7 : 2012 (1* revision )

Methods of testing Cement Part-7 :Methods of taking and preparing, samples of cement

This Bangladesh Standard describes only the equipment to be wused, the methods to
be followed and the provisions to be complied with for testing to assess the quality of products prior to,

during or after delivery

BDS EN 196-21:2003
Methods of testing Cement Part-21: Determination of the chloride and alkali content of cement.
This Bangladesh Standard specifies methods of determining the chloride, carbon dioxide and alkali content of

cement.

BDS EN 197-1: 2003 (Reaffirmed 2010 Including Amendment 1)

Cement

Part-1 Composition, specifications and conformity criteria for common cements.

BDS EN 197-1 defines and gives the specifications of 27 distinct common cement products and their

constituents

BDS EN 197-2: 2003
Cement
Part-2: Conformity Cement evaluation

EN 197-2 specifies the scheme for the evaluation of conformity of cements to their corresponding product
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specification standards, including certification of conformity by a certification body.

BDS EN 451-1: 2003
Methods of testing fly ash V (Part 1): Determination of free calcium oxide content

This Bangladesh Standard describes the procedure for the determination of free calcium oxide content in fly

ash.

BDS ISO 6935 (Part-1): 2012 (2nd Revision)
Steel for the reinforcement of concrete - Part-1: Plain bars

Specifies technical requirements for plain bars designed for reinforcement in ordinary concrete structures and

for non-prestressed reinforcement in prestressed concrete structures.

BDS ISO 6935 (Part-2): 2012 (2" Revision)
Steel for the reinforcement of concrete - Part-2: Ribbed bars
Specifies technical requirements for ribbed bars designed for reinforcement in ordinary concrete structures

and for non-pre stressed reinforcement in prestressed concrete structures.

BDS ISO 6935 (Part-3): 2006

Steel for the reinforcement of concrete - Part-3:  Welded Fabric.

Specifies technical requirements for factory made sheets or rolls welded fabric manufacture from steel wires
or bars with diameters from 4 mm to 16 mm and designed for reinforcement in ordinary concrete structured

and for non-prestressed reinforcement in prestressed concrete structures.

BDS ISO 10065: 2006
Steel bars for the reinforcement of concrete— Bend and Rebend tests
Specifies procedures for bend and rebend testing of reinforcing steel bars. The purpose of the rebend test is to

determine the ageing properties of bars exposed to plastic deformation.(Superseded by BDS ISO 15630

series)

BDS ISO 10144 : 2006
Certification scheme for steel bars and wires for the reinforcement of concrete structures.
Specifies rules for a certification scheme for continuous production of steel bars and wires for ordinary

reinforcement of concrete structures in order to verify the conformity with requirements specified in product
standards such as ISO 6935-1 and ISO 6935-2.

BDS ISO 10545 -1  :2006
Ceramic tiles — Sampling and basis for acceptance.

Specifies rules for batching, sampling, inspection and acceptance/rejection of ceramic tiles.

BDS ISO 10545 -3 : 2006
Ceramic tiles — Determination of water absorption, apparent porosity, apparent relative density and bulk
density.

Specifies methods for determining water absorption, apparent porosity, apparent relative density and bulk

density of ceramic tiles.

BDS ISO 10545 -4 : 2013 (1* Revision)

Ceramic tiles — Determination of modulus of rupture and breaking strength
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Defines a test method for determining the modulus of rupture and breaking strength of all ceramic tiles.

BDS ISO 10545 -5  : 2005
Ceramic tiles — Determination of impact resistance by measurement of coefficient of restitution

Specifies methods for determining the impact resistance of ceramic tiles by measuring the coefficient of

restitution.

BDS ISO 10545 -6 : 2013 (1* Revision)
Ceramic tiles — Determination of resistance to deep abrasion for unglazed tiles.

Specifies test methods for determining the resistance to deep abrasion of all unglazed ceramic tiles used for

floor coverings.

BDS ISO 10545 -7 : 2006
Ceramic tiles — Determination of resistance to surface abrasion for glazed tiles.

Specifies a method for determining the resistance to surface abrasion of all glazed ceramic tiles used for floor

covering.

BDS ISO 10545 -8  : 2006
Ceramic tiles — Determination of linear thermal expansion

Defines a test method for determining the coefficient of linear thermal expansion of ceramic tiles.

BDS ISO 10545 -10  : 2006
Ceramic tiles — Determination of moisture expansion.

Specifies a method for determining the moisture expansion of all ceramic tiles.

BDS ISO 10545 -12  : 2006
Ceramic tiles — Determination of frost resistance.
Specifies a method for determining the frost resistance of all ceramic tiles intended for use in freezing

conditions in the presence of water.

BDS ISO 10545 -13  : 2006
Ceramic tiles — Determination of chemical resistance.
Specifies a test method for determining the chemical resistance of all ceramic tiles at room temperature. The

method is applicable to all types of ceramic tiles.

BDS ISO 10545 -14  : 2006
Ceramic tiles — Determination of resistance to stains.

Specifies a method for determining the resistance to stains of the proper surface of ceramic tiles.

BDS ISO 4995: 2006
Hot-rolled steel sheet of structural quality
This standard applies to hot rolled steel sheet of structural quality usually without the use of micro alloying

elements. The product is intended for structural purposes where particular mechanical properties are required.

BDS ISO 7801 : 2008

Metallic materials — Wire — Reverse bend test

BDS ISO 2531: 2008

Ductile iron pipes, fittings, accessories and their joints for water or gas applications.
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BDS ISO 4179 : 2008

Ductile iron pipes for pressure pipelines — Centrifugal cement mortar lining — General requirements

BDS ISO 4633: 2008

Rubber seals — Joint rings for water supply, drainage and sewerage pipelines — Specification for materials.

BDS ISO 8179 - 2: 2008

Ductile iron pipes — External coating — Part 2: Zinc rich paint with finishing layer

BDS ISO 2591-1 : 2008

Test sieving -Part 1: Methods using test sieves of woven wire cloth and perforated metal plate

BDS ISO 3310-1 : 2008

Test sieves — Technical requirements and testing — Part 1: Test sieves of metal wire cloth

BDS ISO 3310-2  : 2008

Test sieves — Technical requirements and testing — Part 2: Test sieves of perforated metal plate

BDS ISO 3310-3 : 2008

Test sieves - Technical requirements and testing — Part 3: Test sieves of electroformed sheets

BDS ISO 1920-1 : 2008

Testing of concrete — Part 1: Sampling of fresh concrete

BDS ISO 1920-2 : 2008

Testing of concrete — Part 2: Properties of fresh concrete

BDS ISO 1920-3 : 2008

Testing of concrete — Part 3: Making and curing test specimens

BDS ISO 1920-4 : 2008

Testing of concrete — Part 4: Strength of hardened concrete

BDS ISO 1920-5 : 2008

Testing of concrete —Part 5: Properties of hardened concrete other than strength

BDS ISO 1920-6 : 2008

Testing of concrete —Part 6: Sampling, preparing and testing of concrete cores

BDS ISO 1920-7 : 2008

Testing of concrete — Part 7: Non-destructive tests on hardened concrete

BDS ISO 4103 : 2008

Concrete - Classification of consistency

BDS ISO 6274 : 2008

Concrete - Sieve analysis of aggregates

BDS ISO 6783 : 2008

Coarse aggregates for concrete - Determination of particle density and water absorption — Hydrostatic balance
method

BDS ISO 7033 : 2008

Fine and coarse aggregates for concrete - Determination of the particle mass-per-volume and water absorption

- Pyknometer method
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BDS ISO 4951-1 : 2008

High yield strength steel bars and sections — Part 1: General delivery requirements

BDS ISO 4951-2 : 2008

High yield strength steel bars and sections — Part 2: Delivery conditions for normalized, normalized rolled

and as-rolled steels

BDS ISO 4951-3 : 2008

High yield strength steel bars and sections — Part 3: Delivery conditions for thermomechanically-rolled

steels

BDS ISO 15630-1 : 2012 (2nd Revision)

Steel for the reinforcement and prestressing of concrete — Test methods — Part 1: Reinforcing bars, wire rod

and wire

BDS ISO 15630-2 : 2012 (2nd Revision)

Steel for the reinforcement and prestressing of concrete — Test methods — Part 2: Welded fabric

BDS ISO 15630-3 : 2012 (2nd Revision)

Steel for the reinforcement and prestressing of concrete — Test methods — Part 3: Prestressing steel

BDS ISO 148-3: 2008
Metallic materials — Charpy pendulum impact test — Part 3: Preparation and characterization of Charpy V

reference test pieces for verification of test machines

BDS ISO 377: 2008

Steel and steel products — Location and preparation of samples and test pieces for mechanical testing

BDS ISO 463: 2008
Geometrical Product Specifications (GPS) — Dimensional measuring equipment — Design and metrological

characteristics of mechanical dial gauges

BDS ISO 471: 2008

Rubber — Temperatures, humidity’s and times for conditioning and testing.

BDS ISO 580: 2008

Plastics piping and ducting systems — Injection-moulded thermoplastics fittings — Methods for visually

assessing the effects of heating

BDS ISO 6507-1: 2008

Metallic materials — Vickers hardness test —  Part 1: Test method

BDS ISO 6507-2: 2008

Metallic materials — Vickers hardness test — Part 2: Verification and calibration of testing machines

BDS ISO 6508-1: 2008
Metallic materials — Rockwell hardness test — Part 1: Test method (scales A, B, C, D, E,F, G H, K, N, T)

BDS ISO 6508-2: 2008
Metallic materials — Rockwell hardness test — Part 2: Verification and calibration of testing machines
(scalesA,B,C,D,E,F,G H,K, N, T)

BDS ISO 6508-3: 2008
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Metallic materials — Rockwell hardness test — Part 3: Calibration of reference blocks (scales A, B, C, D, E,
F,GH,K,N,T)

BDS ISO 8659: 2008
Thermoplastics valves — Fatigue strength — Test method

BDS ISO 9034: 2008

Hot-rolled structural steel wide flats — Tolerances on dimensions and shape

BDS ISO 9513: 2008

Metallic materials — Calibration of extensometers used in uniaxial testing

BDS ISO 9853: 2008

Injection-moulded unplasticized poly(vinyl chloride)(PVC-U) fittings for pressure pipe systems—Crushing
test

BDS ISO 10474: 2008

Steel and steel products — Inspection documents

BDS ISO 12092: 2008
Fittings, valves and other piping system components made of unplasticized poly(vinyl chloride) (PVC-U),
chlorinated poly(vinyl chloride) (PVC-C), acrylonitrilebutadiene- styrene (ABS) and acrylonitrilestyrene-

acrylester (ASA) for pipes under pressure — Resistance to internal pressure — Test method

BDS ISO 14284: 2008

Steel and iron — Sampling and preparation of samples for the determination of chemical composition

BDS EN 12390-4: 2008
Testing Hardened Concrete — Part 4: Compressive Strength — Specification for Testing Machines

BDS ISO 3545-3: 2008
Steel tubes and fittings — Symbols for use in specifications — Part 3: Tubular fittings with circular

cross-section

BDS ISO 4145: 2008
Non-alloy steel fittings threaded to ISO 7-1

BDS ISO 5256: 2008

Steel pipes and fittings for buried or submerged pipelines — External and internal coating by bitumen or coal

tar derived materials

BDS EN 490: 2008

Concrete roofing tiles and fittings for roof covering and all cladding — Product specifications

BDS EN 491: 2008

Concrete roofing tiles and fittings for roof covering and wall cladding — Test methods

BDS EN 538: 2008

Clay roofing tiles for discontinuous laying — Flexural strength test

BDS EN 539-1: 2008

Clay roofing tiles for discontinuous laying Determination of physical characteristics — Part 1:
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Impermeability test

BDS EN 1024: 2008

Clay roofing tiles for discontinuous laying — Determination of geometric characteristics

BDS EN 14437: 2008

Determination of the uplift resistance of installed clay or concrete tiles for roofing — Roof system test
method

BDS EN 14891: 2008
Liquid applied water impermeable products for use beneath ceramic tiling bonded with adhesives —

Requirements, test methods, evaluation of conformity, classification and designation

BDS ISO 22965-1: 2008
Concrete — Part 1: Methods of specifying and guidance for the specifier

BDS ISO 22965-2: 2008

Concrete — Part 2: Specification of constituent materials, production of concrete and compliance of concrete

BDS ISO 23996: 2008

Resilient floor coverings — Determination of density

BDS ISO 24342: 2008

Resilient and textile floor coverings — Determination of side length, edge straightness and squareness of tiles

BDS ISO 24346: 2008

Resilient floor coverings — Determination of overall thickness

BDS ISO 11602-1: 2008

Fire protection — Portable and wheeled fire extinguishers — Part 1: Selection and installation

BDS ISO 11602-2: 2008

Fire protection — Portable and wheeled fire extinguishers- Part 2: Inspection and maintenance

BDS ISO 3419: 2008
Non — alloy and alloy steel butt-welding fittings

BDS ISO 5251: 2008
Stainless steel butt—welding fittings

BDS ISO 6761: 2008
Steel tubes — Preparation of ends of tubes and fittings for welding

BDS EN 934-1: 2008

Admixtures for concrete, mortar and grout — Part 1: Common requirements

BDS EN 934-2: 2008

Admixtures for concrete, mortar and grout — Part 2: Concrete admixtures — Definitions, requirements,

conformity, marking and labeling

BDS ISO 3893: 2008

Concrete — Classification by compressive strength

BDS ISO 6927: 2008

Building construction — Jointing products — Sealants — Vocabulary
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BDS ISO 12491: 2008

Statistical methods for quality control of building material and components

BDS EN 771-3: 2009
Specification for masonry units—Part:3 Aggregate concrete masonry units (dense and lightweight aggregates)

BDS EN 1338: 2009

Concrete paving blocks — Requirements and test methods

BDS EN 1339: 2009

Concrete paving flags — Requirements and test methods

BDS EN 772-1: 2009

Methods of test for masonry units — Part 1: Determination of compressive strength

BDS EN 772-2: 2009
Methods of test for masonry units — Part 2: Determination of percentage area of voids in masonry units (by

paper indentation)

BDS EN 772-6: 2009

Methods of test for masonry units — Part 6: Determination of bending tensile strength of aggregate concrete

masonry units

BDS EN 772-11: 2009
Methods of test for masonry units — Part 11: Determination of water absorption of aggregate concrete,
autoclaved aerated concrete, manufactured stone and natural stone masonry units due to capillary action and

the initial rate of water absorption of clay masonry units

BDS EN 772-13: 2009
Methods of test for masonry units — Part 13: Determination of net and gross dry density of masonry units

(except for natural stone)

BDS EN 772-14: 2009

Methods of test for masonry units — Part 14: Determination of moisture movement of aggregate concrete and

manufactured stone masonry units

BDS EN 772-16: 2009

Methods of test for masonry units — Part 16: Determination of dimensions

BDS EN 772-20: 2009

Methods of test for masonry units — Part 20: Determination of flatness of faces of masonry units

BDS EN 1052-3: 2009
Methods of test for masonry — Part 3: Determination of initial shear strength

BDS EN 1745: 2009
Masonry and masonry products — Methods for determining design thermal values

BDS EN 13501-1: 2009
Fire classification of construction products and building elements — Part 1: Classification using data from

reaction to fire tests
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BDS EN 200: 2009
Sanitary tapware — Single taps and combination taps for water supply systems of type 1 and type 2 —

General technical specification

BDS EN 246: 2009

Sanitary tapware — General specifications for flow rate regulators

BDS EN 248: 2009

Sanitary tapware — General specification for electrodeposited coatings of Ni-Cr

BDS EN 1112: 2009
Sanitary tapware - Shower outlets for sanitary tapware for water supply systems of type 1 and type 2 —

General technical specification

BDS EN 1113: 2009
Sanitary tapware — Shower hoses for sanitary tapware for water supply systems of type 1 and type 2 — General

technical specification

BDS EN 1254-2: 2009

Copper and copper alloys- Plumbing fittings— Part 2:Fittings with compression ends for use with copper tubes

BDS EN 1717: 2009
Protection against pollution of potable water in water installations and general requirements of devices to

prevent pollution by backflow

BDS EN 14506: 2009

Devices to prevent pollution by backflow of potable water — Automatic diverter — Family H, type C

BDS ISO 3822-1: 2009
Acoustics: Laboratory tests on noise emission from appliances and equipment used in water supply

installations — Part 1: Method of measurement

BDS ISO 3822-2: 2009
Acoustics: Laboratory tests on noise emission from appliances and equipment used in water supply

installations — Part 2: Mounting and operating conditions for draw-off taps and mixing valves

BDS ISO 3822-4: 2009
Acoustics - Laboratory tests on noise emission from appliances and equipment used in water supply

installations — Part 4: Mounting and operating conditions for special appliances

BDS EN 12849: 2009

Bitumen and bituminous binders — Determination of penetration power of bitumen emulsions

BDS ISO 7165: 2009 (ISO 7165: 2009)

Fire fighting — Portable fire extinguishers — Performance and construction

BDS ISO 7203-1: 2009 (ISO 7203-1: 1995)
Fire extinguishing media — Foam concentrates -— Part 1: Specification for low expansion foam concentrates

for top application to water-immiscible liquids

BDS ISO 7203-2: 2009 (ISO 7203-2: 1995)

Fire extinguishing media — Foam concentrates — Part 2: Specification for medium and high expansion foam
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concentrates for top application to water-immiscible liquids

BDS ISO 7203-3: 2009 (ISO 7203-3: 1999)

Fire extinguishing media — Foam concentrates — Part 3: Specification for low expansion foam concentrates

for top application to water-miscible liquids

BDS ISO 14520-1: 2009 (ISO 14520-1: 2006)

Gaseous fire-extinguishing systems — Physical properties and system design — Part 1: General requirements

BDS ISO 14520-1: 2009/Cor.1: 2009 (ISO 14520-1: 2006/Cor.1: 2007)

Gaseous fire-extinguishing systems — Physical properties and system design — Part 1: General requirements

Technical corrigendum 1

BDS ISO 14520-2: 2009 (ISO 14520-2: 2006)
Gaseous fire-extinguishing systems — Physical properties and system design — Part 2: CF I extinguishant

BDS ISO 14520-5: 2009 (ISO 14520-5: 2006)

Gaseous fire-extinguishing systems — Physical properties and system design — Part 5: FK-5-1-12
extinguishant

BDS ISO 14520-6: 2009 (ISO 14520-6: 2006)

Gaseous fire-extinguishing systems — Physical properties and system design — Part 6: HCFC Blend A
extinguishant

BDS ISO 14520-8: 2009 (ISO 14520-8: 2006)

Gaseous fire-extinguishing systems — Physical properties and system design — Part 8: HFC 125
extinguishant

BDS ISO 14520-9: 2009 (ISO 14520-9: 2006)

Gaseous fire-extinguishing systems — Physical properties and system design — Part 9: HFC 227ea
extinguishant

BDS ISO 14520-10: 2009 (ISO 14520-10: 2005)

Gaseous fire-extinguishing systems — Physical properties and system design—Part 10: HFC 23
extinguishant

BDS ISO 14520-11: 2009 (ISO 14520-11: 2005)

Gaseous fire-extinguishing systems — Physical properties and system design — Part 11: HFC 236fa
extinguishant

BDS ISO 14520-12: 2009 (ISO 14520-12: 2005)
Gaseous fire-extinguishing systems — Physical properties and system design — Part 12: IG-01 extinguishant

BDS ISO 14520-13: 2009 (ISO 14520-13: 2005)

Gaseous fire-extinguishing systems — Physical properties and system design — Part 13: IG-100
extinguishant

BDS ISO 14520-14: 2009 (ISO 14520-14: 2005)
Gaseous fire-extinguishing systems — Physical properties and system design — Part 14: IG-55 extinguishant

BDS ISO 14520-15: 2009 (ISO 14520-15: 2005)
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Gaseous fire-extinguishing systems — Physical properties and system design — Part 15: IG-541

extinguishant

BDS ISO 3130: 2009 (ISO 3130: 1995)

Wood — Determination of moisture content for physical and mechanical tests

BDS ISO 9227: 2009 (ISO 9227: 2006)

Corrosion tests in artificial atmospheres — Salt spray tests

BDS EN 61386-21:2009 (EN 61386-21:2004)

Conduit systems for cable management —Part 21: Particular requirements — Rigid conduit systems

BDS ISO 15835-1: 2009 (ISO 15835-1: 2009)
Steel for the reinforcement of concrete — Reinforcement couplers for mechanical splices of bars —Part 1:

Requirements

BDS ISO 15835-2: 2009(ISO 15835-2: 2009)
Steel for the reinforcement of concrete — Reinforcement couplers for mechanical splices of bars —Part 2:
Test methods

BDS ISO 1920-8: 2009 (ISO 1920-8: 2009)
Testing of Concrete — Part 8: Determination of drying shrinkage of concrete for samples prepared in the

field or in the laboratory

BDS ISO 1920-9: 2009 (ISO 1920-9: 2009)

Testing of Concrete — Part 9: Determination of creep of concrete cylinders in compression

BDS ISO 1920-10: 2011, Testing for Concrete — Part 10: Determination of static modulus of elasticity in

compression

BDS ISO 12439: 2011, Mixing Water for Concrete

BDS EN 12620: 2011, Aggregates for concrete

BDS EN 13043: 2011, Aggregates for bituminous mixtures and surface treatments for roads, airfields and

other trafficked areas

BDS EN 13055-1: 2011, Lightweight aggregates - Part 1: Lightweight aggregates for concrete, mortar and
grout

BDS EN 13055-2: 2011, Lightweight aggregates - Part 2: Lightweight aggregates for bituminous mixtures

and surface treatments and for unbound and bound applications

BDS EN 13139: 2011, Aggregates for mortar

BDS EN 13242: 2011, Aggregates for unbound and hydraulically bound materials for use in civil engineering

work and road construction

BDS EN 932-1:2011, Tests for general properties of aggregates — Part 1: Methods for sampling

BDS EN 932-2:2011, Tests for general properties of aggregates — Part 2: Methods for reducing laboratory

samples

BDS EN 932-3:2011, Tests for general properties of aggregates — Part 3: Procedure and terminology for
simplified petrographic description

BDS EN 932-5:2011, Tests for general properties of aggregates — Part 5: Common equipment and
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calibration

BDS EN 932-6:2011, Tests for general properties of aggregates — Part 6: Definitions of repeatability and
reproducibility

BDS EN 1097-1: 2011, Tests for mechanical and physical properties of aggregates — Part 1: Determination

of the resistance to wear (micro-Deval).

BDS EN 1097-2: 2011, Tests for mechanical and physical properties of aggregates — Part 2: Methods for the

determination of resistance to fragmentation.

BDS EN 1097-3: 2011, Tests for mechanical and physical properties of aggregates — Part 3: Determination
of loose bulk density and voids.

BDS EN 1097-4: 2011, Tests for mechanical and physical properties of aggregates — Part 4: Determination
of the voids of dry compacted filler.

BDS EN 1097-5: 2011, Tests for mechanical and physical properties of aggregates — Part 5: Determination

of water content by drying in a ventilated oven.

BDS EN 1097-6: 2011, Tests for mechanical and physical properties of aggregates — Part 6: Determination

of particle density and water absorption.

BDS EN 1097-7: 2011, Tests for mechanical and physical properties of aggregates — Part 7: Determination
of the particle density of filler — Pyknometer method

BDS EN 1097-8: 2011, Tests for mechanical and physical properties of aggregates — Part 8: Determination

of the polished stone value.

BDS EN 1097-9: 2011, Tests for mechanical and physical properties of aggregates — Part 9: Determination

of the resistance to wear by abrasion from studded tyres — Nordic test

BDS EN 1097-10: 2011, Tests for mechanical and physical properties of aggregates — Part 10:

Determination of water suction height

BDS EN 1367-1: 2011, Tests for thermal and weathering properties of aggregates — Part 1: Determination

of resistance to freezing and thawing

BDS EN 1367-2: 2011, Tests for thermal and weathering properties of aggregates — Part 2: Magnesium

sulfate test

BDS EN 1367-3:2011, Tests for thermal and weathering properties of aggregates — Part 3: Boiling test for
"Sonnenbrand" basalt.

BDS EN 1367-4: 2011, Tests for thermal and weathering properties of aggregates — Part 4: Determination of
drying shrinkage

BDS EN 1367-5: 2011, Tests for thermal and weathering properties of aggregates — Part 5: Determination of

resistance to thermal shock.

BDS EN 1367-6: 2011, Tests for thermal and weathering properties of aggregates — Part 6: Determination of

resistance to freezing and thawing in the presence of salt (NaCl)

BDS EN 1744-1: 2011 Tests for chemical properties of aggregates — Part 1: Chemical analysis

BDS EN 1744-3: 2011 Tests for chemical properties of aggregates — Part 3: Prepijration of eluates by

leaching of aggregates
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BDS EN 1744-4: 2011 Tests for chemical properties of aggregates — Part 4: Determination of water

susceptibility of fillers for bituminous mixtures.

BDS EN 1744-5: 2011 Tests for chemical properties of aggregates — Part 5: Determination of acid soluble
chloride salts

BDS EN 1744-6: 2011 Tests for chemical properties of aggregates — Part 6: Determination of the influence

of recycled aggregate extract on the initial setting time of cement

BDS ISO 6892-1:2012 Metallic materials — Tensile testing — Part 1: Method of test at room temperature

BDS ISO 6892-2:2012 Metallic materials — Tensile testing — Part 2: Method of test at elevated temperature

BDS ISO 13007-2:2013 Ceramic tiles — Grouts and adhesives — Part 2: Test methods for adhesives

BDS ISO 13007-4:2013 Ceramic tiles — Grouts and adhesives — Part 4: Test methods for grouts

BDS EN 196-8 : 2012
Methods of testing Cement —  Part-8 : Heat of hydration — Solution method

BDS EN 196-9 : 2012
Methods of testing Cement — Part-9 : Heat of hydration — Semi-adiabatic method

BDS ISO 14654:2013 Epoxy-coated steel for the reinforcement of concrete

BDS ISO 14655:2013 Epoxy-coated strand for the prestressing of concrete

BDS ISO 14656:2013 Epoxy powder and sealing material for the coating of steel for the reinforcement of

concrete

BDS ISO 14657:2013 Zinc-coated steel for the reinforcement of concrete

BDS ISO 630-1:2013 Structural steels —Part 1:General technical delivery conditions for hot-rolled products

BDS ISO 630-2:2013 Structural steels —Part 2:Technical delivery conditions for structural steels for general

purposes

BDS ISO 630-4:2013 Structural steels —Part 4:Technical delivery conditions for high yield strength

quenched and tempered structural steel plates

BDS ISO/TR 12662: 2013 Certification scheme for prestressing steels

BDS EN 573-3:2013, Aluminium and aluminium alloys — Chemical composition and form of wrought

products —Part 3: Chemical composition and form of products
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