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FOREWORD

I would sincerely like to congratulate everyone involved in the
development of the “Hollow Concrete Blocks Manual for Load Bearing
Structures” for Reconstruction of Earthquake Resistant Houses, which has
been published by the National Reconstruction Authority (NRA). This
manual will support houses that have been constructing using concrete
blocks in various district .

Thirty-one districts have been identified by the GoN Post Disaster
Needs Assessment (PDNA) as being earthquake affected. To date, almost
750,000 households across the 31 districts have been identified as being
eligible to receive 300,000 NPRs housing reconstruction grant.

| look forward to seeing the manual implemented across the
earthquake affected districts and to seeing the impact that it will have. This
represents another positive step forward in the reconstruction process, and
will support households to overcome non-compliance issues and secure
approval to receive tranches of the reconstruction grant and to have safe,
compliant and resilient in the face of future disasters.

Sushil Gyewali
Chief Executive Officer, NRA
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Under housing reconstruction programme “Build Back Better" (3B) shall
be achieved in construction and should be ensured by with design and
construction. One way of achieving 3B will be making design and construction
compliant to NBC 105 : 1994 requirement . This manual is developed so that its is
easy for engineers in Technical Assistance (TA) to inspect and guide the masons in
the field.

PREFACE

This manuals covers mainly inspection forms with comprehensive
inspection methodology and cost effective correction measures for non-compliant
cases were suggested in order to guide Inspectors/Engineers while providing
Social Technical Assistance (STA).

This manual will be used by all the engineers who are working for the
reconstruction and have been developed by the GoN to carry out inspections.

This manual has been divided into five parts and five annexes:
PART-1: Background

PART-2: Building Typology and Inspection
PART-3: Technical Specification

PART-4: Correction Measures

PART-5: Ready to Use Design

Annex A: HCB Unit Quality Test at Site
Annex B: Structural Analysis and Design
Annex C: Estimate of Correction Measures
Annex D: Case Study on Inspection

Annex E: Inspection Forms (HCB Masonry)

| am hopeful that this manual will fulfill the knowledge gap incase of concrete
block constructions and give STA to right direction, eventually the construction
would be as per the spirit of Nepal National Building Codes along with ease in
distribution grants.

Dr. Hari Ram Parajuli
Executive member, NRA
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PART-1: BACKGROUND

1. 1 Background

Hollow concrete blocks (HCBs) were becoming an increasingly prevalent
material for housing construction. The demand for this product is high
across the earthquake affected districts due to various reasons. [Size of
HCB Building Units:] Buildings being built are typically constructed in the
sizes of two roomed, three roomed and four roomed with and without
verandah and CGI roofing. [Major non-complaint issues in HCB
Construction] the quality of block units during production and the
provision of seismic banding during house construction are major non-
compliant issues found in the site, on which performance of buildings is
greatly relay. Also, the Department of Urban Development and Building
Construction (DUDBC) Design Catalogue for Reconstruction of Earthquake
Resistant House Volume 2, published in March 2017, includes approved
designs for two-storey HCB confined masonry and masonry building.
However, households are generally not following these designs and GoN
engineers are unable to provide other alternatives or information.
[Standards] Nepal Standard: 119/2042 ensures the quality control
requirements for HCBs production in Nepal, if followed properly. [Size of
HCB units] HCBs are typically available in the nominal block sizes of
400x200x200mm, 400x150x200mm, and 400x100x200mm as per NS
119/042.

Yo P R e ”. AET iyt S lf] 7 gea Y VRSSO

Photographs: HCB construction at Kaski



1.2 Rationale

[Case load] Almost all the EQ. affected district has buildings constructed
using HCB. Approximately, 3000 HHs were reported in grant MIS system
till date. [Gaps] There is no Inspection form (checklist to be used) and
supporting manual on HCB construction for Inspectors/Engineers (with
corrective measures).

[Research works & Recommendation]

A report which presents the findings of two rounds of HRRP data
collection on the production and use of Hollow Concrete Blocks (HCBs)
across the districts affected by the 25 April 2015 Gorkha earthquake, from
this report this volume of manual addresses mainly

* Method of Inspection and checklist

* Correctives measures on existing Construction to guide

Inspectors/Engineers for suggesting masons and home owners.

[Efforts and Initiation]

NRA did take initiation to resolve the issues regarding HCB construction,
in particular, a technical working group (TWG) were formed and task were
assigned accordingly, the completed works were presented in front of
NRA Standardization Committee.

/m Housing Recove d
R

ory ar
econstruction Platform

|  HOLLOW CONCRETE BLOCKS:
PRODUCTION & USE IN

EARTHQUAKE AFFECTED
DISTRICTS

[Rationale] Under housing reconstruction programme “Build Back Better"
(3B) shall be achieved in construction and should be ensured by with
design and construction. One way of achieving 3B will be making design
and construction compliant to NBC 105 : 1994 requirement . This manual
is developed so that its is easy for engineers in Technical Assistance (TA)
to inspect and guide the masons in the field.



PART-1: BACKGROUND

1.3 Scope and Limitation

[Scope of Manual]

v' This manual has been prepared on the basis of NBC105 : 1994,
NBC202:1994 and IS 2185 : 2005.

v' The designs presented in the manual are ready-to-use designs
structural components.

v This design results are equally applicable to solid concrete blocks
Buildings too provided that the strength and mechanical properties
related parameters shall be equivalent to HCBs.

v’ Steel pipes provisioned in existing cases shall be acceptable if the
net cross sectional area of steel is twice the TMT bars.

v/ EXCEPTION/CORRECTION MANUAL for Masonry Structures [2017],
HYBRID STRUCTURES MANUAL [2017] and LIGHT TIMBER/STEEL
FRAME STRUCTURE MANUAL [2018] are equally applicable in case
of HCB buildings[where applicable].

[Limitations of Manual]

This manual covers the reinforced masonry structural wall system
building which are newly constructed or under construction using
concrete blocks (Hollow or Solid) under the GoN housing reconstruction
programme.

This manual has certain limitations and is only relevant for buildings
which are:

|.Residential and fall under category ‘C’ of NBC 2002:1994.
4 )
v’ Category "A": Modern building to be built, based on the international
state-of-the-art, also in pursuance of the building codes to be followed

in developed countries.

v’ Category "B": Buildings with plinth area of more than One Thousand
square feet, with more than three floors including the ground floor or
with structural span of more than 4.5 meters.

v’ Category "C": Buildings with plinth area of up to One Thousand square
feet, with up to three floors including the ground floor or with
structural span of up to 4.05 meters.

J
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PART-2: BUILDING TYPOLOGY & INSPECTION

2.1 Concrete Block Units

A concrete block is primarily used as a building material in the construction
of walls. It is sometimes called a concrete masonry units (CMU). Concrete
blocks are produced in a large variety of shapes and sizes. They can be
produced manually or with the help of machines. A concrete block is one
of several precast concrete products used in construction.

The term precast refers to the fact that the blocks are formed and harden
before they are brought to the job site.

Most concrete blocks have one or more hollow cavities, and their sides
may be cast smooth or with a design. In use, concrete blocks are stacked
one at a time and held together with fresh concrete mortar to form the
desired length and height of the wall.

Solid blocks — a block which has solid material not less than 75 percent of
the total volume of the block calculated from the overall dimension
(according to US standards-have no voids amounting to not more than 25%
of the gross cross-sectional area).

Hollow (Open or Closed Cavity) blocks — A block having one or more large
holes or Cavities which — either pass through the block (open cavity) or do
not effectively pass through the block (closed cavity) and having solid
materials between 50 to 75 percent of the total volume of the block
calculated from the overall dimensions.

In our case, closed cavity hollow blocks are in use as shown below.

. T

400 mm full block 200mm 100 mm
200 mm half block 150 mm
200 mm

External Wall Thickness:
Length Minimum External
Shell Thickness
400X200X100 mm 35 mm Q

400X200X150 mm 40 mm
Photo : Closed cavity HCB

400X200X200 mm 40 mm
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Concrete Block Units

[Advantages of Concrete Blocks]

Highly durable: Good concrete compacted by high pressure and
vibration gives substantial strength to the block.

It is a faster and easier construction system, when compared to the
conventional construction systems.

Economical

Proper curing increases compressive strength of the block.

Load bearing strength can be achieved as per the requirement.

Fire resistant

Color and brilliance of masonry withstand outdoor elements.

Provide thermal and sound insulation: Air inside the hollow gap of
block does not allow transfer of outside heat or cold inside the house;
keeping the house cool in summer and warm in winter.

Reduced air conducting load: Approx. 50% saving.

Environment friendly if fly ash is used as one of the raw materials.

Low maintenance required.

In this construction system, structurally each wall and slab behaves as a
shear wall and a diaphragm respectively, reducing the vulnerability of
disastrous damage to the structure/building during natural hazards.

[Limits of Application of Concrete Block]

v'Raw material must be locally available, of good quality and
economically viable.

v/ Relatively large amount of cement is needed, which can be expensive
and difficult to obtain.

v’ Special knowledge and experience of the production process is
required.



PART-2: BUILDING TYPOLOGY & INSPECTION

2.2 Compressive Strength

[Compressive Strength Tests for HCB Units]

The value of crushing strengths of blocks tested in accordance with the
method of test for Precast concrete blocks.

Blocks are tested for compressive strength in accordance with the
specification of NS 119/2042. Table below gives the crushing strength
scenario in the districts:

Type Average Lowest Individual
Block Block

5 MPa (or More) 6.8 MPa 5.1MPa

5 MPa (Less) 3.4MPa 1.4MPa

* [Conclusion of Test] Majority of the block units failed to meet the
specification as per NS 119/2042.

1%

T,

28%

m 10-20 kg/cm?2
m 20-30 kg/cm?2
= 30-40 kg/cm2
40-50 kg/cm?2
m 50-60 kg/cm?2
® 60-70 kg/cm?2
m 80-90 kg/cm?2
m 90-100 kg/cm?2

m 100-110 kg/cm?2

[Sample collection of Block] Six producers of HCB were selected on
the basis of their selling capacity in each districts, from each
producers four HCBs were collected and three blocks were tested.



Compressive Strength

[Compressive Strength Tests for Walls]
The walls were constructed using poor quality HCB units and tested in
accordance with the method of test for prism test.
Walls are tested for compressive strength in accordance with the

specification of Indian Standard. Table below gives the crushing
strength:

Block Unit Test Wall Test

Average Block Lowest Individual  Average Wall Lowest

Unit Strength Block Strength Strength Individual Wall
Strength

5 MPa (Less) 1.4 MPa 1 MPa 0.78 MPa

[Wall Dimension]

N I

810 mm 370 mm 150 mm

[Input of Structural Analysis and Design]

The corrective measure were developed considering the poor quality

of HCB units as follows:

* Compressive strength of walls : The design value of capacity of
walls in compression were taken as 40% of the capacity of the wall

from wall sample having the lowest compressive strength value.
*  Unit weight : 16 kN/m”3

Photo : Laboratory Test of Walls



PART-2: BUILDING TYPOLOGY & INSPECTION

2.3 Structural Use of Concrete Blocks

NRA Technical Team (TWG) surveyed concrete block buildings across
different areas of Rupa Gaupalika, Annapurna Gaupalika, and
Pokhara-Lekhnath Metropolitan in Kaski district. The team also
received information on prevalent HCB constructions from 32 EQ
affected districts from various sources. The team noted all the
architectural and structural detailing of existing building components
along with material specifications.

Current trend of concrete blocks use in building typology

10



Structural Use of Concrete Blocks

From the compiled data, concrete block buildings can be classified

into three structural systems as below:

Reinforced masonry structural wall system

1.
2. Confined masonry structural wall system
3. RC Moment framed system with infills

T
' w-iﬂ:'ﬂij _ =T ”_:;7' .

Classification of structural system of concrete block building

11



PART-2: BUILDING TYPOLOGY & INSPECTION

Structural Use of Concrete Blocks

In reinforced masonry, vertical and horizontal reinforcing bars are
provided to enhance the strength and ductility (deformability) of masonry
walls. Vertical reinforcing bars are placed in the hollow cores, which are
subsequently grouted with a cement-based grout to anchor the
reinforcement and protect it from corrosion.

Vertical reinforcement is placed at the wall corners and intersections,
around the openings, and at additional locations depending on expected
seismic loads. Horizontal reinforcement is provided in the form of ladder-
shaped wire reinforcement placed in horizontal joints, or deformed
reinforcing bars placed in bond beams, typically located at plinth, sill, lintel

and roof levels.
-~
Vertical rebar in Vertical
grout-filled core_|_> reinforcement | S

Transverse )
reinforcement

Fie o) ) =
0w 1w W 4 @ w5
= ROOM b ROOM
= 2725 X 2850 3 2650 X 2850
L0 w0, w5 | 80 10 1080
‘ 1]
U T 5 4 '1‘, T el

VERANDAH
5825X 1200

= o}

* [Exceptional Cases] : The [Practical] RC columns and beams
are provided with flexible floor/roof and the building does
not comply to MR according neither to RCC Framed nor to
Confined Masonry.

12



Structural Use of Concrete Blocks

Concrete block wall resists the lateral loads and RC element confines the
walls. Concrete block walls with toothing are constructed up to sill level
leaving space for columns and then columns and sill are monolithically
casted. Same process is applied after constructing concrete block wall up
to lintel.

13



PART-2: BUILDING TYPOLOGY & INSPECTION

Structural Use of Concrete Blocks

RC frames resist both gravity and lateral loads through their
relatively large beams, columns, and their connections. Masonry
in fills are not load- bearing walls

* [Exceptional Cases] : The rebar (in building infilled with HCB)
can differ but shall be justify with Structural Analysis and
Design.

14



Structural Use of Concrete Blocks

[Structural Use of HCB: (single storey building with light roof)]

;I‘ v ' '~.|-._'%‘~

Square Hollow Pipe Sections & Rebar at Critical Location
of Masonry Structures

LN Al L T St - S A
Rebar at Critical Location of Masonry Structures,
[construction sequence: Confined Masonry]

15



PART-2: BUILDING TYPOLOGY AND INSPECTION

Structural Use of Concrete Blocks

[Structural Use of HCB: (Double storey building with light roof)]

[Practical] RC Column and Beams

16



Structural Use of Concrete Blocks

[Structural Use of HCB: (Double storey building with light roof)]

HCB Infllled Timber Framed Structure

17



PART-2: BUILDING TYPOLOGY AND INSPECTION

Structural Use of Concrete Blocks

[Structural Use of HCB: (Double storey building with light roof)]

R e
E“\l g o P » -

Hybrid Structure
[Upper Storey : Light Timber Frame Structure]

Hybrid Structure
[Upper Storey : HCB Structure]
[Lower Storey : Stone in Cement Structure]

18



2.4 Inspection Method

[Building Typology based on Inspection Form ]

[Reinforced Masonry
Structural Wall System]
Those buildings which falls
under this typology shall be
inspected using

[Confined Masonry
Structural Wall System]
Those buildings which falls
under this typology shall be
inspected using

[Framed System with HCB
Infills

Those buildings which falls
under this typology shall be
inspected using

* Note : All other structures except mentioned above in this page, can be
inspected with help of Hybrid Structure Manual and Light Timber/Steel
Frame Structure Manual.

19



PART-2: BUILDING TYPOLOGY AND INSPECTION

Inspection Method

[Inspection Methodology]

Under reconstruction programme, if conditions of

building are below, inspection shall be based on

specification provided in this manual hence, structural
calculation is not required.

1. Upto two storey, ground floor with masonry (SMC,
BMC ONLY) structure and first floor with Hollow
Concrete Block structure.

2. Upto two storey, both ground and first floor with
Hollow Concrete Block

3. However, if the building is more than two storey,
structural calculation is mandatory.

Third Inspection :
[Completion Certificate]

or solar panel or bio gas:
[NRs. 100,000.00*]

First Inspection
[NRs. 150,000]

'«? )

Photo : 3D view of HCB Houses

20



PART-3: TECHNICAL SPECIFICATION
[Reinforced Masonry Structural Wall System]

3.1. Construction Sequence of Building
3.2 Building Components
3.3. Minimum Requirements



TECHNICAL SPECIFICATION

PART-3

3.1 Construction Sequence

-

Construction Sequence of Reinforced Masonry Structural
using hollow concrete blocks unit as described below:

1 Excavation

2 Stone soling

3 Placing lean
concrete

4 Construction of
foundation with
installation of
vertical element

5 Construction of
Plinth band

\
Wall System

22



Construction Sequence

6 Filling and placing
lean concrete

7 Construction of
masonry wall, sill
and stitch band

Construction of
lintel and roof band

9 Installation of Roof

10 Installation of CGlI
sheet

23



PART-3: TECHNICAL SPECIFICATION

3.2 Building Components

24

Roof

Horizontal Member

N | - — z .
Tl S R

Plinth
Vertical Member
Foundation

Materials

Shape and Size of building



Building Components

- Shape and Size of building

Simple rectangular shapes behave better in an earthquake than shapes with
projections. The inertia forces are proportional to the mass (or weight) of the
building and only building elements or contents that possess mass will give rise to
seismic forces on the building.

- Materials

Inadequate materials do not have sufficient stability and strength to withstand
the lateral forces. Hence, use of these substandard materials might lead to the
failure or ultimately collapse of the overall structure.

- Foundation

Buildings which are structurally robust against earthquakes sometimes fail due
to inadequate foundation. Tilting, cracking and failure of superstructures may
result from soil liquefaction and differential settlements of footing.

- Vertical Member

Vertical reinforcement is used in masonry building to improve the integrity of
the walls, to tie the walls together, and to tie the building from the foundation
to roof band. Buildings with substandard or absent reinforcement are
vulnerable during earthquakes.

B0 i

An unequal or loosely packed plinth will not provide a base of sufficient
stability during an earthquake.

Bl wa

Load bearing masonry must have sufficient stability and strength to withstand
lateral forces. Substandard walls may fail by cracking.

- Openings

Openings reduce the strength and stability of the wall.T oo close to each other
and to the corner reduce the overall strength of masonry.

- Horizontal member

Horizontal members are essential to tie the building together to act as a box. In
absence of these bands, the building shall face in plane or out of plane failure.

1800 oo

In order to resist against lateral forces, proper connection of roof to the
vertical post and top plate is essential. Depending upon the structures, cross
bracing is also required.

25



TECHNICAL SPECIFICATION

PART-3

3.3 Minimum Requirements

No Category Sub Category Description
Geological fault or rupture areas
Landslide susceptible areas
Steep Slope > 20° (1:3, Vertical : Horizontal)
Site .
1.| selection SR SR DD ETE Filled areas
from
Liquefaction susceptible Area
River bank and Water logged Area
Rock fall Area
No. of storey Not more than two storey [For inspection basis)
Shapeand | clear span of wall | Not more than 4.05m.
) size of
| building Floor Area Not more than 100 sq.m.
Probortion Simple and regular shaped as square and rectangular.
P The length of house shall not be more than 3 times of its width.
Concrete block Size: Full block 400mm*150mm*200mm
oncrete bloc Half block 200mm*150mm*200mm
Cement sand mortar shall not be leaner than 1:6 (1 part cement
Mortar
3.| Materials and 6 parts sand by volume) for masonry.
i S M20 grade (1 cement: 1.5 sand: 3 aggregate)
Rebar High strength deformed bars with Fy = 415 Mpa /500 Mpa.
It shall be continuous strip footing of uniform width at same level throughout the
foundation in flat area.
4.| Foundation |Depth of foundation For one story : 450mm
For two story : 650mm
below GL
. For one story : 450mm
EERR Ul For two story : 650mm
Shall be started right from the foundation and continue up to the roof band.
. it shall be provided at each corner, T-junction and side of opening.
5 Vertical
"| member

Reinforcement

Refer table 1or 2, in the manual

Anchorage The anchorage length shall be 60 times diameter of the bar.




Minimum Requirements

No

Category Sub Category Description
General The level of plinth shall not be less than 300mm from ground level.
Thickness The thickness of band shall be 150 mm.
6. Plinth Width It shall not be less than wall thickness.
Reinforcement Main reinforcement shall be 4-12 dia with 6mm dia. stirrups at
150mm centres. Bars shall have a clear cover of 25mm concrete.
Masonry shall not be laid staggered or straggled in order to avoid continuous vertical
joints.
Thickness It shall not be less than 150mm
71 wan Joints Mortar joints shall not be more than 20mm and less than 10mm in
’ thickness.
Buttress wall Provide for long span of wall .
Gable wall Provide light gables using wood, CGI sheets etc.
Openings are to be located away from inside corners by a clear
Location distance equal to at least 1/4 of the height of the opening, but not
less than 600 mm.
The total length of openings in a wall is not to exceed 60 % of the
Doors / ) . .
8. windows Total length length of the wall between consecutive cross-walls in both single
' and two-storey construction.
The horizontal distance between two openings is to be not less than
Distance one half of the height of the shorter opening, but not less than 600
mm.
Sill band A continuous band having thickness 75mm, rebars 2-12 @ stirrups
[concrete size & | 6@ @150 mm with clear concrete cover 25mm shall be provided
Reinforcement] through all walls at the bottom level of windows opening.
Lintel band A continuous band having thickness 150mm, rebars 4-12 @ stirrups
[concrete size & | 6@ @150 mm with clear concrete cover 25mm shall be provided
Reinforcement] through all walls at the lintel level of windows/door openings.
Horizontal Stitch band At corners and T- junctions, stitches( dowels) shall be provided at a
9.| band . vertical spacing of 600mm. Band thickness 75mm, rebars 2-12 @
[concrete size & ) .
. stirrups 6@ @150 mm with clear concrete cover 25mm shall be
Reinforcement] . . .
provided through all walls at the bottom level of windows opening.
Roof band & Gable | A continuous band having thickness 150mm, rebars 4-12 @ stirrups
[concrete size & | 6@ @150 mm with clear concrete cover 25mm shall be provided
Reinforcement] through all walls at the roof level of windows/door openings.
Seleals il e The anchorage length shall be 60 times diameter of the bar.
anchorage
Material Use of light roof
10.| Roof Connection All member shall be properly connected.

Bracing

For flexible diaphragm, diagonal bracing shall be considered.
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[ PART-4 QUALITY CONTROL AND QUALITY ASSURANCE]
4.1 Material Quality

4.2 Manufacturing Process

<> Mixture of Mortar

< Batching and Mixing

X Moulding and Compaction

*»  Curing and Drying

4.3 Quality Standards and Tests
4.4 Manufacturer's Certificate
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4.1 Material Quality

Minimum Requirements

Color;cc):la(te Size: Full block 400mm*150mm®*200mm
Half block 200mm*150mm*200mm
Cement sand mortar shall not be leaner than 1:6
2. | Materials | Mortar (1 part cement and 6 parts sand by volume) for
masonry.
Concrete | M20 grade (1 cement: 1.5 sand: 3 aggregate)
Grade
Rebar High strength deformed bars with fy = 415 MPa
500 MPa.

[Quality of Materials]

The quality of raw materials must be ensured to meet the NS/IS standards
prior the block making process.

Cement
v" Ordinary Portland Cement
v" Special Cement

Cement- Aggregate Ratio

v/ Suitable proportion of
cement to aggregate must
be taken from standard

Aggregate testing. '
v Mixture of Sand or Chips Gravel v’ Common ratios are 1:6,
v’ Max. particle size should be 1:8(C/S)

10mm.

PART-4 QUALITY CONTROL VS. ASSURANCE

v' Most appropriate aggregates are

obtained from natural sources
(river beds, gravel pits, volcanic
deposits) or from industrial by-
process (granulated  blast
furnace slag, sintered fly ash)

Water-Cement Ratio

v'Only drinking  quality
water should be used to
mix the concrete

v’ Recommended
Cement ratiois 0.5

Water-



4.2 Manufacturing Process

Depending upon the types of compression force, Hollow Concrete Blocks
can be divided as:

Manual Made: The force required to compress the HCBs are imparted
manually through the compression machine.

Machine Made: The force required to compress the HCBs are imparted
automatically through the compression machine. The blocks produced
thus have similar compressive strength. Cement requirement too is
15% less compared to the manually made HCBs to achieve same

compressive strength.
Mixture of Mortar

\
1:6 Mortar
(1 part cement and 6 parts sand by volume)
J
4 R . ) ' .. \
1. In first step pour six bucket of sand 3. After mixing make a
@ @ dig and pour water
@ @
6 bucket of sand ) )
A 4
o (4. Mix all th al
2. Add one bucket of cement and mix it 4. Mix all the materials
until uniform texture is
obtain
Mix sand and cement
evenly
J . J
4
- ) 4 )
Sufficient water 5. Check the quality of
i } concrete
e » ok )+
— ; .
water more than
enough, "
J \_ J
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Manufacturing Process

[Batching and Mixing]

v/ Batch aggregates and cement by volume.

v Mix cement and aggregates using mattock, shovel or mixer until it
reaches homogeneous condition.

v/ Add some water

v" In hot climates, the fresh mix must be shaded from sun.

Batching by Volume

- @ e

% bucket water 1 bucket cement 7 bucket aggregate

Manual Made HCBs Machine Made HCBs
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Manufacturing Process

[Moulding and Compaction]

v/ Put the mixture into wooden or steel
mould boxes or moulding machine.

v'Place the blocks in the compressing
machine and compress according to the
compressing machine type (Manual or
Machine).

v’ Demould blocks immediately after
compaction.

[Curing and Drying]

v Cover demoulded blocks with plastic

sheets for 24 hrs.

v Keep the concrete blocks moist by
immersing in  water tanks or by
regularly spraying with water for 7 days.

v Do not expose to direct sun light; keep
the blocks in a dry and covered area

v/ Store the blocks for 2 weeks before
usage.

Manufacturing Process Steps

3. Moulding and Compaction
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PART-4 QUALITY CONTROL VS. ASSURANCE

4.3 Quality Standards and Tests

[Quality Standards]

Both national and international
standards exist for the production of
HCBs. NS Standard (Nepal Standard
119/2042) has been issued by
National Bureau of Standards and
Measurements. It covers the
standards of raw materials, physical
properties of HCB and different
standard testing methods.

Indian Standard Code (IS 2572:2005)
too can be referred.

Physical Properties (NS 119/2042)

Density 1600kg/m3

Compressive 5N/mm2 (Minimum)

Strength

Drying Shrinkage 0.04% (Maximum)

Moisture 0.03% (Maximum)

Movement

Water Absorption | 240kg/mm3
(Maximum)

Water Content 40%

The standard tests requiring for ensuring quality of blocks are:

[Material Density Test]

= Three blocks taken at random from the samples selected in accordance
with 10, shall be dried to constant mass in a suitable oven heated to

approximately 100°C.

= After cooling blocks to room temperature, the dimensions of each block
shall be measured in centimeters (to the nearest millimeter) and the
overall volume computed in cubic centimeters.
= The block then be weighed in kilograms (to the nearest 10g) and the
density of each block calculated as follows:
= Density = Mass of block in kg/Volume of specimen in cm3 X 1076 kg/m3
= The average for the three blocks shall be taken as the average density.

[Compressive Strength Test]

It Shall be carried out as per either NS119/2042 or IS 2185.1.2005. and the
results must comply with specified standards.




Quality Standards and Tests

[Sample Report of HCB Laboratory Test Result]

TRIBHUVAN UNIVERSITY
INSTITUTE OF ENGINEERING
DEPARTMENT OF CIVIL ENGINEERING

CENTRAL MATERIAL TESiI‘ ING LABORATORY
°°MPRE§%¢%§I;*§%& o

Name : Housing Recovery & Reconstrucﬁon% & (o
Location : Jwagal, Lalitpur, Nepal "fa(e,:a(:s Tes\mg\"\“

Date : 2074/01/02

Material :Hollow Block
Marked as : SBU
District : Dhading

Cement Concrete Hollow Block 1 2 3 Remarks
Date of testi ng

|Age (Days) More than 28 days

Dimension cm. 39.5x14.5x20 | 39.5x14.5x20 | 39.5x14.5x20
Surface area cm® 386.25 386.25 386.25
Volume. cm® 8445.00 8445.00 8445.00
Weight gms. 20300.00 20000.00 20100.00
Density gm/cm® 2.404 2.368 2.380
Breaking Load Kg 400.00 250.00 250.00
Breaking Strength. KN/em® 1.03 0.64 0.64
Avg. Breaking Strength KN/cm*

Note : Concrete hollow block were supplied by HRRP

Loz
Ram 8. Timilsinna ﬁ

TestEgbE 0000 g e
(Rajendra R.Pant)
Dy.Chief

Dy. Chief

To ensure the quality of HCB units at construction site, refer User’s
Guidelines for Quality Tests,
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4.4 Manufacture’s Certificate

[Manufacturer’s Certificate]

The manufacturer shall satisfy himself that the blocks conform to the
requirements of this specification and, if requested, shall forward a
certificate to this effect to the purchaser.

[Sample Certificate]

S.N Category Description HCB Manual Standards Minimum Remarks
requirements
Yes No

1 Dimension of Block Full Block:400X200X150(mm) Tolerances

Half Block:200X200X150(mm) |:| D of 3 mmon
Block Size length and
+1.5mm on
breadth and
height

Proportion of HCB 1:6 (Cement: Sand & Aggregate)

2 1:8 (Cement: Sand & Aggregate)
Block Quality | Maximum Size of 10 mm
and Aggregate
Properties Density 1600 kg/m3

Compressive Strength | 5N/mm2

oo O \Ooo|gul o
0 O |000oogl o

Water absorption 240kg/mm3
3
Type of Compaction Manual
Manufacture Machine
Details
Curing Type Immersion/Spray
Curing Period Minimum 7 days

Details of Producer:

Name

Address

Signature
& Date

PAN/VAT
Number

Certificate is needed because producers are the first responders to ensure
quality construction, so knowledge of safer construction practices at consumer
level can be imparted from the producer level.
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PART-5 CORRECTION MEASURES

5.1 Major Non-compliance Issues

5.2 Strengthening Opening

5.3 Addition of RC Horizontal Bands
5.4 Addition of RC Vertical Bands

5.5 Jacketing Against Localized Failures



PART-5 CORRECTION MEASURES

5.1 Major Non-Compliance Issues

[Summary of Problem Statement] Major non-compliance issues are due to
poor quality of HCB units and Missing of Seismic Bands at critical location of
building units requiring according to MR.

Case/s Block Seismic MITIGATION MITIGATION OPTIONS
Unit Bands WORKS
Quality (Correction)
Casel OK OK NO No Mitigation
Case2 OK NOT OK YES Splint & Bandage at
Critical Location*
Case3 NOT OK NOT OK YES Jacketing [Global] #
Case4 NOT OK OK YES Jacketing

[Panel Specific] !

Case 1: During the inspection of building, Block units quality is found as
per MR and Seismic bands are provisioned in building units, then no
mitigation (correction) work is advisable.

*Case 2: During the inspection of building, Block units quality is found as
per MR and Seismic bands are not provisioned in building units, then
splint and bandage (at critical location) method of mitigation (correction)
works is advisable.

#Case 3: During the inspection of building, Block units quality is not found
as per MR and also seismic bands are not provisioned in building units,
then Jacketing (whole building unit) method of mitigation (correction)
works is advisable.

ICase 4: During the inspection of building, Block units quality is not found
as per MR and but seismic bands are provisioned in building units, then
Jacketing (panel specific) method of mitigation (correction) works is
advisable.

NOTE ................................................................. .

: » Note : Block units quality can be ensured either laboratory test results
certified by supplier or means of non-destructive test at site.
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5.2 Strengthening Opening

Provide RCC splint on outer faces of wall wherever required and
anchor them sufficiently with the wall.

( Openings

2-7mm@O bars
50mm

50mmI

4.75mm® s}irrups @150mm c/c

T

g { ~—— M15 Concrete
2 R D 1Part cement
7 % 7 L 2 part sand
25mm 4 part 10mm
SOm% 2-7mm @ bars aggregate
150mm

2-7mm® bars

Details of splints around openings P

-

7 3.25mm (10
16mm hole , i gauge) ® Gl wire
Hole filled with ' (Connecting inner

cement slurry
4.75mm
anchorage bar

Hole filled with
cement slurry

& outer mesh)

50mm_, 50mm

e A

Anchorage bar - 5 gy |
cabonwee T® 800mm
800mm - Anchorage details
o
o
\ Details of anchorage of s\pllints around openings J
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PART-5 CORRECTION MEASURES

5.3 Adding RC Horizontal Band

Provide RC horizontal bands on both side of wall on outer faces wherever
required as shown in the following figures:

Addition of bandages on outer
faces of wall when plinth/ sill/
lintel/ roof bands are missing

4.75mm O stirrups @150 mm c/c

£ )
E‘ o f o ==z ~~M15 Concrete
2. i (1 part cement

3-7mm @ bars 25 mm 2 part sand
3-7mm @ bars 4 part 10mm down aggregate

3-7mm O bars

150mm

X-sectional Elevation View Details of additional horizontal band

- J
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5.4 Adding RC Horizontal Band

4 N

4.75mm anchorage bar

B 2]. 16mm hole
Hole filled with
cement slurry
3.25mm(10 gauge) OGI wire
(Connecting inner & outer
mesh)
16mm hole
4.75mm anchorage bar
- —— Hole filled with
cement slurry
Detail of inserting Detail of inserting
through GI wire in wall anchorage bar in wall
[PLAN VIEW] [PLAN VIEW]
1200 mm ‘
50 mn} ° ®
50 mm?} ﬂo ©
=
Through Gabion wire 1200 mm |
Anchorage bar Detail of anchorage

Detail of fixing RC band
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Adding RC Horizontal Band

Construction procedure

Step Description of work Images

Surface Preparation:

* Remove the plaster from the areas of the T
wall where bandages are to be placed. JJ
* Rake out mortar up to the depth of %"-1 S
1. ¢ Clean the surface, but don’t use water for =
cleaning as mud mortar will be removed - 1
* Apply a thin layer of cement slurry on these %/"’/d

area Removing plaster

Placing of Reinforcement
* Place horizontal steel bar mesh of bandages.
* Place stirrups on bandages

* (Note: Lapping of steel bars wherever ) =
2 required should be equal to development JJ |
) length: N

4.75mm bar- 300mm lap
8 mm bar- 450mm lap
10 mm bar- 600mm lap
12 mm bar- 720mm lap
16 mm bar- 960mm lap)

PART-5 CORRECTION MEASURES

Make holes for anchorage

i) For through Gl wire :

* Make through holes in walls using steel rod and
hammer at suggested locations.

* Insert Gl wires at suggested interval and location.

ii) For anchorage bar:

* Make holes on one side of wall using steel rod and
hammer.

* Insert steel anchorage bars at suggested interval
and location.

Py T Drill

through
the walls

A ELEN

2
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Adding RC Horizontal Band

Construction procedure

Step Description of work Images
Anchor reinforcing bar mesh
* Fix reinforcing bars into the wall using
inserted steel anchorage bars, seal the
anchorage bar using cement slurry
4. * Connectinner and outer mesh using inserted
through G.I. wires
Application of Micro Concrete
* Apply micro concreting on the reinforced
splint and bandages with rich micro-concrete
(M15) -20 to 25 mm thick in two layers. (Total
thickness is 40-50mm)
5. * Micro concreting can be done by hand,
similar to plastering, without shotcrete
machine like in plastering.
Curing of concrete
* Cure the concrete for 14days.
* Use jute bags/ mats for better curing r( J—l
6.
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PART-5 CORRECTION MEASURES

5.4 Addition of RC Vertical Bands

Provide RC vertical reinforcement(splint) on outer faces of wall
wherever required and anchor them sufficiently with the wall as
shown in the following figures:

Addition of splints on outer faces
of wall when vertical
reinforcement is missing

4 )

Corners < 250mm T-Junction

\

250mm

RS
R RN

4.75mm® s;irrups @150mm c/c

~——M15 Concrete
1Part cement
2 part sand

l—

3 1
25mm 3-7mm @ bars 4 part 10mm down aggregate

50mm

\_ Details of splints J
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Addition of RC Vertical Bands

Half wall thick Anchorage

2mm ® Gl wire —r

(connecting inner and outer mesh)

el 7
|
4.7mm anchorage bar | 'i"i/ /
— 1T Portion to be refilled Ground level
ortion to be retille Concrete M15

2 nos 12mm @ bars— 7 |
! Stone soling
Concrete M15 | 230
Stone soling ——> ¥

300

— Portion to be refilled

2nos 12mm® bars

Details of foundation for splints

(A

nchorage Details )
50mml\50mm TE/ o
. 1
£
ARG DI e _"“\\ § - 4.7mm anchorage bar
L
. |
b PR A | d
Details of anchorage of splints at corner and junction of wall )
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Addition of RC Vertical Bands

Construction procedure

Step Description of work

Surface Preparation

* Remove the plaster from the areas of the
wall where bandages are to be placed.

* Rake out mortar upto a depth of %"-1“

1. ¢ (Clean the surface, but don’t use water for
cleaning as mud mortar will be removed.

* Apply a thin layer of cement slurry on these
areas.

Foundation Preparation

* Dig out trench for foundation as per
suggested depth for placing tie beams for
splints.

2 * Stone soling on the trench

Part-5 CORRECTION MEASURES

Placing of reinforcement
* Place the horizontal bars in the trench
* Now, place vertical bars of splints
* Anchor them to the steel bar of trench
* Place stirrups on vertical bars
* (Note: Lapping of steel bars wherever
3. required should be equal to development
length:

4.75mm bar- 300mm lap

8 mm bar- 450mm lap

10 mm bar- 600mm lap

12 mm bar- 720mm lap

16 mm bar- 960mm lap)

Concreting of tie beam
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Addition of RC Vertical Bands

Construction procedure

Step

Description of work

Make holes for anchorage

i) For through Gl wire :

* Make through holes in mud mortar on walls
using steel rod and hammer at suggested
locations.

* Insert Gl wires at suggested interval and
location

ii) For anchorage bar :

* Make holes on one wyth of wall using steel
rod and hammer.

* Insert steel anchorage bars at suggested
interval and location

Drill
through
the walls

Anchor reinforcing bar mesh

* Fix reinforcing bars into the wall using
inserted steel anchorage bars, jam the
anchorage bar using cement slurry.

* Connect inner and outer mesh using inserted
through G.I. wires
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Part-5 CORRECTION MEASURES

Addition of RC Vertical Bands

Construction procedure

Step

Description of work

Application of Micro Concrete

Apply micro concreting on the reinforced
splint and bandages with rich micro-concrete
(M15) -20 to 25 mm thick in two layers. (Total
thickness is 40-50mm)

7. * Micro concreting can be done by hand
without shotcrete machine like in plastering.
Curing of concrete
* Cure the concrete for 14days.
* Use jute bags/ mats for better curing
8.
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5.5 Jacketing Against Localized Failure

Example 1

[Reinforced masonry structural wall building] : Provide welded Gl
wire mesh as per specification ((100mm X 100 mm Square Mesh,
16 Gauge) on both side of wall panel and anchored them
sufficiently. Apply plastering layer of mortar mixture of 1:4 to 1: 6
(cement to sand ratio). The thickness of plaster varies 15 mm to 20
mm on inner face of wall and 20 to 30 mm on outer face of walls.
The construction sequence are mentioned in exception/correction
manual], published by NRA.

4 N

Figures : Jacketing of HCB building using Gl wires and plaster
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Part-5 CORRECTION MEASURES

Jacketing Against Localized Failure

Example 2

[Reinforced masonry structural wall building] : Provide welded Gl
wire mesh as per specification ((100mm X 100 mm Square Mesh,
16 Gauge) on both side of wall panel and anchored them
sufficiently. Apply plastering layer of mortar mixture of 1:4 to 1:6
(cement to sand ratio). The thickness of plaster varies 15 mm to 20
mm on inner face of wall and 20 to 30 mm on outer face of walls.
The construction sequence are mentioned in exception/correction
manual], published by NRA.

@ N

Wi £
I r."r?‘ﬁ%'.’u'-'mn#;?.lf; !‘“’.). i

LN
v 3LV
FANC

g

)
!

1
W
:\\.\‘

Figures : Jacketing of HCB building using Gl wires and plaster

" v
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Jacketing Against Localized Failure

Example 3
Hybrid Structures

[In lower floor] Provide welded Gl wire mesh as per specification
((100mm X 100 mm Square Mesh, 16 Gauge) on both side of wall
panel and anchored them sufficiently. Apply plastering layer of
mortar mixture of 1:4 to 1:6 (cement to sand ratio). The thickness
of plaster varies 15 mm to 20 mm on inner face of wall and 20 to 30
mm on outer face of walls. The construction sequence are
mentioned in exception/correction manual], published by NRA.

[In upper floor] provide diagonal bracing as per specification (refer,
Light Timber/Steel Frame Structure Manual).

~

LIS 1/ \

i il
I
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PART-6 : READY TO USE DESIGNS

This section presents design summary for HCB masonry building which requires correction
and reinforcement requirement for HCB buildings to be built as per Nepal NBC 2002 :
1994:

[Typical description of building]

*  Number of storey : 2

*  Storey height : 2.50 m (maximum)

*  Total height: 5.00m

*  Unsupported wall length: 4.05 m (maximum)

*  Plinth area: 100.00 sq.m.

The following details shall be followed in placing the horizontal and vertical steel in HCB
masonry using cement mortar:



PART-6 : READY TO USE DESIGNS

Summary of Correction Design

Table 1 : Summary of Seismic Belts Design

Table 1(A): Horizontal Bands Details (applicable for correction)

S.N. Length or Wall
In meter
1. <4.05

Reinforcement in Horizontal bands
with overlapping of Ld mm

Concrete Size

(mm)

150 x 40

Rebar (No &

diameter)

3#70

Note : Material grade : M20 and Fe 500 or 415, ties 4.75 mm diameter

bars @ 150 m spacing.

Table 1 (B): Rebar in RC vertical splint with overlapping of Ld

mm,
SN No. Storey At T- At Corner At near
of Junction Junction opening
store Concrete Concrete Concrete
y size size size
250x40 250x40 150x40
Concrete Grade M 20, No | Bar@ | No | Bar@ | No | Bar@
Rebar Grade Fe 500 (mm) (mm) (mm)
1 One 3 7 3 7 2 7
2. One Attic 3 7 3 7 2 7
plu_s Ground 3 7 3 7 2 7
attic
3. Two First 3 8 3 8 2 8
Ground 3 8 3 8 2 8
4. Three | Second
First Design Specific
Ground

Note :1) Material grade : M20 and Fe 500 or 415, ties 4.75 mm diameter

bars @ 150 mm spacing.
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Summary of New Design [NBC 202:1994]

Table 2 : Summary of Seismic Belts Design

Table 2(A): Horizontal Bands Typical Details (applicable for new

construction)

S.N. Length or Wall Reinforcement in Horizontal bands with
overlapping of Ld mm
In meter Concrete Size Rebar & stirrups
(M20) (mm) (Fe 500)
1. <4.05 150 Thk A#12@ (stirrups

6mm dia @ 150
mm spacing c/c)

Note : The horizontal bands can be provided as per NBC 202:2015.

PART-6 : READY TO USE DESIGNS

Table 2(B) : Vertical Reinforcement with overlapping of Ld mm,
SN | No. of storey | Storey At T- At Corner At near
Junction Junction opening
Concrete Grade M 20, No | Bar@ | No | Bar@ | No | Bar @
Rebar Grade Fe 500 (mm) (mm) (mm)
1 One 1 10 1 10 1 10
2. One plus Attic 1 10 1 10 1 10
attic Ground |1 |12 |1 |12 |1 |12
3. Two First 1 12 1 12 1 12
Ground 1 12 1 12 1 12
4. Three Second 1 12 1 12 1 12
First 1 12 1 12 1 12
Ground 1 12 1 12 1 12
The vertical bars specified in above table shall be located conveniently
inside the cavities of the hollow blocks. The cavities containing bars are to
be filled by using a concrete mix of (1:2;4) or cement course-sand mortar
(1:3), and are properly compacted .

Source ; [NBC 202:1994]
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ANNEX A: HCB UNIT QUALITY TEST AT SITE

[Annex A: User’s Guidelines for Quality Tests]
A.1 Drop Test

A.2 Visual Test

A.3 Cutting Test



HCB UNIT QUALITY TEST AT SITE

ANNEX A

A.1 Drop Test

Drop 5 blocks from 1.50 m height on hard surface (concrete surface) :
MORE THE PIECES LESS THE STRENGTH

F s

Acceptable quality
than 1 HCB broken)

(less

58

Poor quality (more than 1
HCB broken)




A.2 Visual Test

EREE | A

Press the corner of the block. It should not break.

[If no practice columns are casted], Press the corner of the block in actual
construction site where block edge is exposed or remove plaster (if required).
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ANNEX A: HCB UNIT QUALITY TEST AT SITE

A.3 Cutting Test

60

Cut the block with chisel at the
centre as shown beside. Block
should always break only in two
pieces. If it breaks into many
pieces, it indicates low strength.

More the cutting depth of the
block, more the strength.

Cut evenly at all four
sides to know the
strength of the block.




ANNEX B : STRUCTURAL ANALYSIS AND DESIGN

This section presents representative
sample calculation referred in
structural analysis and design of
existing building as well as new
buildings.



ANNEX B : STRUCTURAL ANALYSIS AND DESIGN

CORRECTION DESIGN CALCULATION

Description of existing building:

A team consisting engineers from Housing Recovery and
Reconstruction Platform (HRRP)-Nepal, engineers from National
Reconstruction Authority (NRA) and local representatives visited Rupa
Gaupalika, Annapurna Gaupalika and Pokhara-Lekhnath Metropolitan
City of Kaski district from 30t July to 3" August 2018. Most of the
existing buildings at the site are one storeyed and two storeyed, load
bearing structures with flexible roof and majority of them are

represented by either of the models presented below:

a. Two Roomed Building (2R model)
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b. Two Roomed Building with passage (2R+P model)

CORRECTION DESIGN CALCULATION
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ANNEX B : STRUCTURAL ANALYSIS AND DESIGN

CORRECTION DESIGN CALCULATION

. Four Roomed Building with Passage (4R+P model)
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CORRECTION DESIGN CALCULATION

In this Annex, we will discuss all the details regarding Four roomed
building with Passage and Veranda (4R+P+V model) and moreover, all
the procedures followed during design of other four types buildings are

same as followed for 4R+P+V model.

Dimensions:
This considered building has a planar dimensions of 8.4 m X 7.2 m, and
the storey height of the building is 2.8 m and the gable height is one

meter.

Walls:

The thickness of internal and external walls is six inches, which is the
width of block. The longest dimension of the room of the considered
building is 4 m. The top of sill level is 1 m and the spandrel height is 0.6
m. This is a load bearing structure; thus, walls are the structural

elements in this building.

Material Properties:

HCB Walls

Unit weight = 16 kN/m?3 [from test, IOE/TU]

Modulus of elasticity =27x10° kN/m?

Compressive strength = 0.321 MPa [from test, IOE/TU]

ANNEX B : STRUCTURAL ANALYSIS AND DESIGN



ANNEX B : STRUCTURAL ANALYSIS AND DESIGN

CORRECTION DESIGN CALCULATION

Wood

The wood used in modelling is chir wood with following properties:
Unit weight = 5.75 kN/m?3

Modulus of elasticity =9600000 kN/m?

Bending strength (inside location) = 8.2 Mpa

Compressive strength (inside location) = 6.3 Mpa

Shear strength, horizontal in beams = 0.6 Mpa

Shear strength, along grain = 0.9 Mpa

References: NBC 112 (1994)

Roofing material
Type = CGl sheet
Unit weight = 0.056 kN/m? (References: IS 875 Part I, T-1.39, for 0.63 mm, Class 1)

Modelling:
Loads
Live load in roof = 0.75 kN/m2

Design Horizontal Seismic Coefficient (NBC 105:1994)

Zone factor Z 1 Figure 8.2

cl 8.1.7, table 8.1, other
Importance factor I 1 structures
Structural performance K 2.5 for Retrofitted Masonry
factor
Height of the building h 2.8 m Refer dwg.
Dimension of the
building along X D, 8.4 m Refer dwg.

Dimension of the
building along Y D 7.2 m Refer dwg.
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Time period of the T se

building along X X 0.087 ¢ | Tx=0.09h/VvDx, Cl 7.3

Time period of the T se

building along Y y 0.094 c | Ty=0.09h/vDy, Cl 7.3
Soft (Type

Soil type 1) Cl 8.1.5

Basic seismic coefficient

along X C, 0.08 Cl 8.1.4,fig8.1

Basic seismic coefficient

along Y C, 0.08 Cl 8.1.4,fig 8.2

Design horizontal seismic

coefficient Cq 0.2 Cd =CzZIK, CI 8.1.1

Assumptions:

eAll the rafters, purlins, joists, posts are assumed to be simply
supported i.e. torsional capacity is released at one end whereas
moment capacity is released at both ends.

e|n field, some buildings have 230 mm columns in all corners with 4-12
mm bars; during analysis these columns are not taken into
consideration; however, the capacity of four bars is checked against the
corner requirements as suggested by the design.

*The support system, line foundation, is assumed to be Hinge system.
The modelling of the 4R+P+V model is done by using ETABS 2016
Version 16.2.1. The 3D view of the model is shown below:

Figure 1: 3D Model
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CORRECTION DESIGN CALCULATION

Analysis:
The analysis of the building is done by using ETABS 2016 Version
16.2.0. Seismic Coefficient Method is used to analyse the

building in earthquake load.

Calculation of Base Shear

Load Directio Weight Base
Pattern Type n C | Used Shear
kN kN
0.
EQx Seismic | X 2 287.00 57.4
0.
EQy Seismic | Y 2 287.00 57.4

Load combinations for the analysis of the building:

The design loads for the Working Stress Method as per NBC 105:1994
are:

* Including the Earthquake Load

*  DL+LL+EQx

* DL+LL-EQx
e DL+LL+Eqy
 DL+LL-EQy
* 0.7DL+EQx
* 0.7DL-EQx
* 0.7DL+EQy
* 0.7DL-EQy

After subjecting the model to aforementioned load combinations, in-
plane stress, out-plane stress was read out for all the walls, and on the
basis of stress values extracted from the model, all the necessary checks
were done, and the design was suggested.
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Sample calculations:

Wall chosen for explanation of design (to be replaced by Autocad drawings)

n ® © )
5
0 1200 W
5
| I |
&), ' - {3
E E
3 8 N 8 B
- — | T
[ \
D—+8- - = = - B tE—Q
E-’_!
g 8 B
) | |
g ‘/_)_n H_""‘x\
l'r, T \\' ’ ’
; A= L8],
ﬁ[ i . ian — = a ) ‘
| ws . um ws | oww | um 0 s |
b 120 ] ;
[ 1
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CORRECTION DESIGN CALCULATION

In-plane stress check:

Wall Identity: X1

Pier: P1

Check in Tension:

Average Tensile stress, T (N/mm2): 0.065

Corresponding zone, z: 1200 mm

Thickness of wall, t: 152.4 mm (6-inch block)

Induced Tensile force: T*z*t= 11.89 kN

fy=415 Mpa

dia of rebar considered = 2-4.75 mm

Area, A=35.44 mm2

Allowable tensile strength of Fe-415 rebars, ta = 230 Mpa

(Ref: IS 456: 2000, T-22)

Tensile strength of splint: 1.25 * ta *A = 10.2 kN

Since, splints are provided on inner and outer surface of the wall, there will
be at least two number of splints in a pier, therefore, minimum tensile

strength of the pier=2%10.2 =20.4 kN > 11.89 kN, Safe

Check in Compression:

Compressive strength of hollow block wall: 0.321 MPa equivalent to brick
strength taken, though from the compressive strength test of hollow block
wallet, the ultimate compressive strength obtained from minimum
compression load among three sample is: 0.8 MPa

Average compressive stress, C (N/mm2): 0 < 0.321 MPa., safe.

Similarly, same process is repeated for all the piers.
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Out of plane stress check:

Horizontal bending Check:

Wall: X1

Bending stress induced at lintel level: 0.61 kN-m/m
tributary width: 1 m

wall thickness: 152.4 mm

Moment induced: 0.61*1=0.61 kN-m.

fy: 415 Mpa

fta: 230 Mpa

fca: 190 Mpa

(Ref: 1S 456: 2000, T-22)

dia of rebar considered = 2-4.75 mm

Area, A =35.44 mm?2

Tensile strength, T: 1.25%¥230*35.44/1000= 10.19 kN/m
z=t+c=152.4+40=192.4 mm

where, t is thickness of wall and c is the micro-concreting thickness

Moment capacity: T*z=10.19*192.4 =1.96 kN-m/m > 0.61 kN-m/m Safe.

Similarly, all walls are checked against horizontal out of plane bending.

Vertical bending check:

Wall: X1

Pier: P1

Tributary width: 0.6 m

for DL+LL+EQy,

Tensile stress: 0.11 Mpa
Compressive stress: 0.13 Mpa

Tension zone: 0.11/ (0.11+0.13) *152.4= 69.85 mm

ANNEX B : STRUCTURAL ANALYSIS AND DESIGN
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CORRECTION DESIGN CALCULATION

Compression zone: 82.55 mm

Tension force, T: 1/2*69.85*0.11*0.6%1000/1000= 2.31 kN

Design compressive stress= 0 (Since, 0.13-0.321 < 0)

Compression force, C: 0

taking Fe 415 into consideration,

fta: 230 Mpa

fca: 190 Mpa

Tension capacity of splint for 2-4.75 mm bars: 1.25*fta*Area of bars: 10.19
kN > 2.31 kN, Safe

Similarly, same pier is checked for all load combinations producing out of
plane effect. Furthermore, same process is repeated for all the piers. All

the calculations are presented below:
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CORRECTION DESIGN CALCULATION
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CORRECTION DESIGN CALCULATION
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CORRECTION DESIGN CALCULATION

Conclusion:

In model 4R+P+V,2-4.75mm bars in splint and bandage are sufficient
to resist the developed tension whereas there is no need of
compression reinforcements. However In other models such as
3R+V,2R,2-8mm bars are required in splint. Hence for simplification
and to address other uncertainities, it is recommended to use 2-
8mm bars in splint and bandage for one storey block masonry
buildings which use cement mortar.

On the other hand,2-10mm bars are necessary in splint and 2-8m
bars are required in bandage for two-storey block masonry buildings
in general.

ANNEX B : STRUCTURAL ANALYSIS AND DESIGN
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ANNEX C : ESTIMATE OF CORRECTION

This section presents representative
sample cost estimate of correction
works on existing building.



ANNEX C : ESTIMATE OF CORRECTION

Description of existing building:
A team consisting engineers from Housing Recovery and Reconstruction
Platform (HRRP)-Nepal, engineers from National Reconstruction Authority
(NRA) and local representatives visited Rupa Gaupalika, Annapurna
Gaupalika and Pokhara-Lekhnath Metropolitan City of Kaski district from
30t July to 37 August 2018. Most of the existing buildings at the site are
one storeyed and two storeyed, load bearing structures with flexible roof
and majority of them are represented by either of the models presented

below:

d.

Two Roomed Building (2R model)

1500

4250
4100
1250

1500

'S T»—l
| 600 1200 700 1000 [, 1000 700 1200 600 |
+ . - . h— . . - e
3500 \ﬂ 300
e
[a] Abstract of Cost
ltems Quantity Calculation {Unit Rate (NRs.)! Amount Unit
§ Gl wire(1.63 Dia) 65 25 180 11619.483 ikg
© |Cement 10 35+27 750 7455.0468 ibag
o
= [Sand 47 29+37 70 3300.318 ibag
g Longitudinal Bars
é) @75mm) 15 32 85 1287.58 ikg
Aggregate (10 mm down 8 39 100 8115 bag
chips)
Total Amount (NRs.)| 24,473.93
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[a] Estimate for Correction Measures

Estimate for Correction Measures Note : INPUT
1S Length of Building 1 7.15 m
e Width of Building 2 425 m
£ Height of Building 3 216 m
= Plinth
[ Number of Long Wall 4 2 number
()
3 Number of Short wall 5 3 number
[=))
5 Total Area of Building|1*4+2*5 6 27.05 m?
o Total Area of Walls (Elevation)|6*3 7 58.428 m?
? Number of Window 8 4 number
c
s i Length of Window 9 1.25 m
o] c Window : :
et S Height of Window 10 1.25 m
c =
s é Area of Window 8*9*10 11 6.25 m?
% a Number of Door 12 2 number
212 Length of Door 13 1 m
— c
2 g Door Height of Door 14 2.06 m
s | O
§ Area of Door{12*13*14 15 4.12 m?
pm}
o Total Area (Deductable)i11+15 16 10.37 m?
[
«
= |0 Single Face of Walls 7-16 17 48.058 m?
< Wall Area
2 Double Face of WallS|17+17 18 96.116 m?
Length [One side) 4*1+5*2 19 27.05 m
o Length (Two side) 19+19 20 54.1 m
§ Thickness 21 0.04 m
8 Height of Bandage 22 0.15 m
'lq:) Total Volume [19*21*22 23 0.1623
Total Volume of Tie Bandage [23+23 24 0.3246 m?®
i i Weight Per Unit Area 0.7 25 kg/m?
o| Glwire(1.63 Dia) =
< Total Weight{25*18 26 65 kg
S Cement Bag Per Unit Area 0.0764 27 bag/m?
] Cement (1 Part) =
8 ) Net Cement Quantity (Bag)j27*18 28 7 bag
o] g Sand (6 part) Sand Bag Per Unit Area 0.45 29 bag/m2
% Net Sand Quantity (Cement Bag){29*18 30 43 bag
% Weight Per Unit Length 0.14 31 kg/m
° Longitudinal Bars ;
X
o (4.75mm) Number of Main bar 32 2
o Total Weight{32*31*20 33 15.148 kg
Q
3 § Cement Cement Bag Per Unit Volume 8 34 bag/m®
% s Net Cement Quantity (Bag)|24*34 35 3 bag
)
= I Sand Sand Bag Per Unit Volume 12 36 bag/m®
Net Sand Quantity (Cement Bag)|36*24 37 4 bag
Aggregate (10 mm iAggregate Bag Per Unit Volume 25 38 bag/m3
down chips) Net Agg. Quantity (Cement Bag) |38*24 39 8 bag




ANNEX C : ESTIMATE OF CORRECTION

Description of existing building:
Other details are same as previous except passage in the middle as shown
in plan below:

©

[b] Two Roomed Building with passage (2R+P model)
)

B850
3900 1500 350 I}
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998 | | 8 g8
3 aa e 2
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@ A . = — -
1 1850 90 1350 | 1250 W |
B gl I
; 3500 1500 ; 3800 ;
B850
[b] Abstract of Cost
Items Quantity Calculation {Unit Rate (NRs.)! Amount Unit
‘é Gl wire(1.63 Dia) 76 25 180 13712.334 ikg
O |Cement 12 35+27 750 8969.0244 ibag
o
< [Sand 56 29+37 70 3918.726 ibag
s Longitudinal Bars
I 19 32 85 1632.68 kg
2 (4.75mm)
Adgregate (10 mm down 10 39 100 1029  ibag
chips)
Total Amount (NRs.)| 29,261.76
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[b] Estimate for Correction Measures

Estimate for Correction Measures

1S Length of Building 1 8.65 m
e Width of Building 2 425 m
£ Height of Building 3 216 m
= Plinth
[ Number of Long Wall 4 2 number
()
3 Number of Short wall 5 4 number
[=))
5 Total Area of Building|1*4+2*5 6 343 m?
o Total Area of Walls (Elevation)|6*3 7 74.088 m?
? Number of Window 8 4 number
c
s i Length of Window 9 1.25 m
o] c Window : :
et S Height of Window 10 1.25 m
c =
s é Area of Window 8*9*10 11 6.25 m?
% a Number of Door 12 4 number
212 Length of Door 13 1.35 m
5 | & D .
2 g oor Height of Door 14 2.06 m
c o]
g Area of Door 12*13*14 15 11.124 m?
pm}
o Total Area (Deductable)i11+15 16 17.374 m?
[
«
= |0 Single Face of Walls 7-16 17 56.714 m?
< Wall Area
2 Double Face of WallS|17+17 18 113428 im?
Length [One side) 4*1+5*2 19 343 m
o Length (Two side) 19+19 20 68.6 m
§ Thickness 21 0.04 m
8 Height of Bandage 22 0.15 m
'lq:) Total Volume [19*21*22 23 0.2058
Total Volume of Tie Bandage [23+23 24 0.4116 m?®
i i Weight Per Unit Area 0.7 25 kg/m?
o| Glwire(1.63 Dia) =
< Total Weight{25*18 26 76 kg
S Cement Bag Per Unit Area 0.0764 27 bag/m?
] Cement (1 Part) =
8 ) Net Cement Quantity (Bag)i27*18 28 9 bag
o] g Sand (6 part) Sand Bag Per Unit Area 0.45 29 bag/m2
% Net Sand Quantity (Cement Bag){29*18 30 51 bag
% Weight Per Unit Length 0.14 31 kg/m
° Longitudinal Bars ;
X
o (4.75mm) Number of Main bar 32 2
o Total Weight{32*31*20 33 19.208 kg
Q
3 § Cement Cement Bag Per Unit Volume 8 34 bag/m®
% s Net Cement Quantity (Bag)|24*34 35 3 bag
0
= I Sand Sand Bag Per Unit Volume 12 36 bag/m®
Net Sand Quantity (Cement Bag)|36*24 37 5 bag
Aggregate (10 mm iAggregate Bag Per Unit Volume 25 38 bag/m3
down chips) Net Agg. Quantity (Cement Bag) |38*24 39 10 bag




ANNEX C : ESTIMATE OF CORRECTION

Description of existing building:
Other details are same as previous except verandah in the middle as

shown in plan below:

[C] Three Roomed Building with Veranda (3R+V model)

B ® ©
T
5 350
+ ;m
[
M - — — e b3 LY
@ =— — 3)
- \\\ -
J.lll.’
I = |
I
s o &
’2" = =3 ‘ };lé': — ——42}
\_\.‘
2
= — O
:‘T}——-« —
| 120 1500 |, w6 1500 L |
I7ED 3750
16
A ® ©
[C] Abstract of Cost
ltems Quantity Calculation {Unit Rate (NRs.)! Amount Unit
‘g Gl wire(1.63 Dia) 110 25 180 19859.843 ikg
© |Cement 17 35+27 750 12631.644 ibag
o
= [Sand 80 29+37 70 5625.396 ibag
g Longitudinal Bars
-:?) @75mm) 25 32 85 2127.72 kg
Aggregate (10 mm down 13 39 100 1341  ibag
chips)
Total Amount (NRs.)| 41,585.60
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[C] Estimate for Correction Measures

Estimate for Correction Measures

1S Length of Building 1 7.65 m
e Width of Building 2 7.25 m
£ Height of Building 3 216 m
= Plinth
g Number of Long Wall 4 3 number
3 Number of Short wall 5 3 number
(]
5 Total Area of Building|1*4+2*5 6 447 m?2
S
@ Total Area of Walls (Elevation) 6*3 7 96.552 m?
j? Number of Window 8 4 number
c
s i Length of Window 9 1.2 m
& - Window - :
et o Height of Window 10 1.2 m
c =
s é Area of Window 8*9*10 11 5.76 m?
% a Number of Door 12 4 number
212 Length of Door 13 1.05 m
Y— c
S Door Height of Door 14 2.06 m
< e
g Area of Door 12*13*14 15 8.652 m?
S
o Total Area (Deductable) 11+15 16 14.412 m?
[}
©
= |9 Single Face of Walls 7-16 17 82.14 m2
< Wall Area
2 Double Face of WallS{17+17 18 164.28 m?
Length [One side) 4*1+5%2 19 44.7 m
o Length (Two side) 19+19 20 89.4 m
§ Thickness 21 0.04 m
8 Height of Bandage 22 0.15 m
[}
= Total Volume |19*21*22 23 0.2682
Total Volume of Tie Bandage {23+23 24 0.5364 m?®
. . Weight Per Unit Area 0.7 25 kg/m2
o| Glwire(1.63 Dia) =
c Total Weight{25*18 26 110 kg
2 Cement Bag Per Unit Area 0.0764 27 bag/m?
3 Cement (1 Part) =
a ) Net Cement Quantity (Bag){27*18 28 13 bag
o) g Sand (6 part) Sand Bag Per Unit Area 0.45 29 bag/m2
E:]/ Net Sand Quantity (Cement Bag){29*18 30 74 bag
% Weight Per Unit Length 0.14 31 kg/m
° Longitudinal Bars :
= N f M 2 2
S (4.75mm) umber of Main bar 3
o ° Total Weight{32*31*20 38 25.032 kg
% -§ Cement Cement Bag Per Unit Volume 8 34 bag/m®
% S Net Cement Quantity (Bag)|24*34 35 4 bag
o0
= o Sand Sand Bag Per Unit Volume 12 36 bag/m3
'_
Net Sand Quantity (Cement Bag)|36*24 37 6 bag
Aggregate (10 mm iAggregate Bag Per Unit Volume 25 38 bag/m3
down chips) Net Agg. Quantity (Cement Bag) {38*24 39 13 bag




ANNEX C : ESTIMATE OF CORRECTION

Description of existing building:
Other details are same as previous except passge in the middle as shown
in plan below:

[d] Four Roomed Building with Passage (4R+P model)
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) i - } LY i
s x L Vi o | ) = =
1) - = —l L"— = =] D
|oWE , mw W | W0 ) @5 . e
! a0 1200 il
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[d] Abstract of Cost
ltems Quantity Calculation {Unit Rate (NRs.)! Amount Unit
§ Gl wire(1.63 Dia) 124 25 180 22374.601 ikg
O |Cement 19 35+27 750 14338.399 ibag
o
 |Sand 91 29+37 70 6352.731 ibag
g Longitudinal Bars
é 7B mm) 29 32 85 2468.06 ikg
Aggregate (10 mm down 16 39 100 15555 ibag
chips)
Total Amount (NRs.)| 47,089.29
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[d] Estimate for Correction Measures

Estimate for Correction Measures

1S Length of Building 1 8.55 m
e Width of Building 2 6.55 m
£ Height of Building 3 216 m
= Plinth
g Number of Long Wall 4 3 number
3 Number of Short wall 5 4 number
(]
5 Total Area of Building|1*4+2*5 6 51.85 m?
S
@ Total Area of Walls (Elevation) 6*3 7 111.996  im?
j? Number of Window 8 6 number
c
s i Length of Window 9 1.2 m
& - Window : :
et 5] Height of Window 10 1.2 m
c =
s é Area of Window 8*9*10 11 8.64 m?
c
S a Number of Door 12 5 number
212 Length of Door 13 1.05 m
Y— c
S Door Height of Door 14 2.06 m
< e
g Area of Door 12*13*14 15 10.815 m?
S
o Total Area (Deductable) 11+15 16 19.455 m?
[}
©
= |9 Single Face of Walls 7-16 17 92,541 m?
< Wall Area
2 Double Face of WallS|17+17 18 185.082 im®
Length [One side) 4*1+5%2 19 51.85 m
o Length (Two side) 19+19 20 103.7 m
§ Thickness 21 0.04 m
8 Height of Bandage 22 0.15 m
[}
= Total Volume |19*21*22 23 0.3111
Total Volume of Tie Bandage {23+23 24 0.6222 m®
. . Weight Per Unit Area 0.7 25 kg/m2
o| Glwire(1.63 Dia) =
c Total Weight{25*18 26 124 kg
2 Cement Bag Per Unit Area 0.0764 27 bag/m?
3 Cement (1 Part) =
a ) Net Cement Quantity (Bag){27*18 28 14 bag
o) g Sand (6 part) Sand Bag Per Unit Area 0.45 29 bag/m2
E:]/ Net Sand Quantity (Cement Bag){29*18 30 83 bag
% Weight Per Unit Length 0.14 31 kg/m
° Longitudinal Bars :
X
S (4.75mm) Number of Main bar 32 2
o ° Total Weight{32*31*20 38 29.036 kg
% -§ Cement Cement Bag Per Unit Volume 8 34 bag/m®
% S Net Cement Quantity (Bag)|24*34 35 5 bag
o0
= o Sand Sand Bag Per Unit Volume 12 36 bag/m3
'_
Net Sand Quantity (Cement Bag)|36*24 37 7 bag
Aggregate (10 mm iAggregate Bag Per Unit Volume 25 38 bag/m3
down chips) Net Agg. Quantity (Cement Bag) {38*24 39 16 bag




ANNEX C : ESTIMATE OF CORRECTION

Description of existing building:
Other details are same as previous except passage and verandah in the
middle as shown in plan below:

e. Four Roomed Building with Passage and Veranda (4R+P+V model)
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[e] Abstract of Cost
ltems Quantity Calculation {Unit Rate (NRs.)} Amount Unit
‘g Gl wire(1.63 Dia) 134 25 180 24045.787 ikg
© |Cement 20 35+27 750 15360.914 ibag
o
= Sand 97 29+37 70 6820.443 ibag
s Longitudinal Bars
é (4.75mm) 31 32 85 2620.38 (kg
Aggregate (10 mm down 17 39 100 16515 ibag
chips)
Total Amount (NRs.){ 50,499.02
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[e] Estimate for Correction Measures

Estimate for Correction Measures

1S Length of Building 1 8.55 m
e Width of Building 2 7.35 m
£ Height of Building 3 216 m
= Plinth
[ Number of Long Wall 4 3 number
()
3 Number of Short wall 5 4 number
[=))
5 Total Area of Building|1*4+2*5 6 55.05 m?
o Total Area of Walls (Elevation)|6*3 7 118.908 im?
? Number of Window 8 6 number
c
s i Length of Window 9 1.2 m
o] c Window : :
et S Height of Window 10 1.2 m
c =
s é Area of Window 8*9*10 11 8.64 m?
c
=] a Number of Door 12 5 number
212 Length of Door 13 1.05 m
5 | & D .
2 g oor Height of Door 14 2.06 m
c [ O
g Area of Door 12*13*14 15 10.815 m?
pm}
o Total Area (Deductable)11+15 16 19.455 m?
[
«
= |0 Single Face of Walls 7-16 17 99.453 m?
< Wall Area
2 Double Face of WallS|17+17 18 198.906  im?
Length [One side) 4*1+5*2 19 55.05 m
o Length (Two side) 19+19 20 110.1 m
§ Thickness 21 0.04 m
8 Height of Bandage 22 0.15 m
'lq:) Total Volume [19*21*22 23 0.3303
Total Volume of Tie Bandage [23+23 24 0.6606 m?®
) ) Weight Per Unit Area 0.7 25 kg/m?
o| Glwire(1.63 Dia) =
< Total Weight{25*18 26 134 kg
S Cement Bag Per Unit Area 0.0764 27 bag/m?
] Cement (1 Part) =
8 ) Net Cement Quantity (Bag)i27*18 28 15 bag
o] g Sand (6 part) Sand Bag Per Unit Area 0.45 29 bag/m2
% Net Sand Quantity (Cement Bag){29*18 30 90 bag
% Weight Per Unit Length 0.14 31 kg/m
° Longitudinal Bars ;
X
o (4.75mm) Number of Main bar 32 2
o Total Weight{32*31*20 33 30.828 kg
Q
3 § Cement Cement Bag Per Unit Volume 8 34 bag/m®
% s Net Cement Quantity (Bag)|24*34 35 5 bag
0
= I Sand Sand Bag Per Unit Volume 12 36 bag/m®
Net Sand Quantity (Cement Bag)|36*24 37 8 bag
Aggregate (10 mm iAggregate Bag Per Unit Volume 25 38 bag/m3
down chips) Net Agg. Quantity (Cement Bag)|38*24 39 17 bag
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This section presents representative sample
calculation referred in structural analysis and

design of existing building as well as new
buildings.
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BUILDING DESCRIPTION

» Single storey building with CGI roofing. Rooms sizes vary; 2 Rooms to 4 Rooms
including verandah at front and corridor inside.

» Masonry units are concrete blocks (solid, hollow, ACC) with baked bricks.

» Vertical RC post [concrete M15, 230mmx230mm, rebars Fe 415MPa, 4 Nos. of 12 mm
diameter tied with stirrups 8 mm diameter at 150 mm c/c] are provided at each
junction of rooms and at various locations in verandah.

Single Storey HCB Building

Building Typology

* Reinforced Masonry Structural Wall
System

* According to the analysis, seismic
requirement is not satisfied due
to missing horizontal bands at
plinth, sill, lintel, roof or gable.

' Recommendation

¢ Correction method is introduced

Structural Assessment check list
Building site
Building configuration
Storey height :
Unit size 400x150x200,LBH :
Foundation
Vertical reinforcement
Plinth band
Un supported wall length
Openings in wall
Openings location
Horizontal reinforcement
Horizontal bands
Gable walls
Roofing

CLULLLCOURRK
(@) |Z |Z |2 (aNlg) |.(; |Z |.(.5 I.(.ﬁ (aNlg] I.(.ﬁ I.(.ﬁ
(oN(gNle} (@}

in this manual. Horizontal bands
shall be provided at both side of
wall.

*See Correction Measures,
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Single Storey HCB Building

BUILDING DESCRIPTION
* Single storey building with CGI roofing.
» Hollow square pipe is used at wall crossings and rebars near openings

Building Typology

* Reinforced Masonry Structural Wall
System

Non-Compliance Issue

* None.

Recommendation

* Inspection can be done as

/i

/

Structural Assessment check list
Building site

Building configuration
Storey height

Unit size 400x150x200, LBH
Foundation

Vertical reinforcement
Plinth band

Un supported wall length
Openings in wall

Openings location

Sill bands

Gable walls

Roofing

AN N NN N Y U N N U N NN
=

OZnﬁﬁﬁﬁlﬁlﬁlnlﬁlﬁlﬁ

N concrete block masonry
presented in this manual.
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Single Storey HCB Building

BUILDING DESCRIPTION

» Two storey building with CGI roofing. Room sizes vary; 3 Rooms with verandah at front.
» Masonry units are concrete blocks (solid or hollow).

» Single rebars are used at critical location and RC post at verandah.

S EEEEEEEEEEEEEEE

Building Typology

* Reinforced Masonry Structural Wall
System

! Non-Compliance Issue

* According to the analysis, seismic
requirement is not satisfied due
to missing horizontal bands at
plinth, sill, lintel, roof or gable.

' Recommendation

9 ) ¢ Correction method is introduced

p L in this manual. Horizontal bands
Structural Assessment check list shall be provided at both side of

Building site

Building configuration
Storey height :
Unit size 400x150x200,LBH :
Foundation

Vertical reinforcement
Plinth band

Un supported wall length
Openings in wall
Openings location
Horizontal reinforcement
Horizontal bands

Gable walls
Floor/Roofing

wall.

SN N N N SN N N N N NN

l.r.w |2 |2 |z I.r.w I.r.w |.¢.1 |2 I'r's l;-\ o 10 I;-w l;-w
SRgN(s) [g)
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Double Storey HCB Building with Light Roofing

CASE STUDY -4 R T R T T T P T P PP LT PR :

: BUILDING DESCRIPTION :
: » Two storey with CGI roofing building rooms sizes varies; 3 Room with verandah at front. :
= » Masonry units are infilled in timber frames. Resistance to loads is provided by :

combined action of frame and infilled blocks. :

Building Typology

* Reinforced Masonry Structural Wall
System

Non-Compliance Issue

* According to the analysis, seismic
requirement is not satisfied due
to missing horizontal bands at
plinth, sill, lintel, roof or gable.

' Recommendation

L )+ Use simplified calculation of brace

Ve £ ~ member, [Refer: Light

Structural Assessment check list Timber/Steel Frame  Structure
Building site : Manual]

v C
v Building configuration C
v storey height c
v" Unit size 400x150x200,LBH : C
v" Foundation . C
v" Vertical reinforcement C
v" Plinth band NC
v' Un supported wall length C
v' Openings in wall : C
v' Openings location : C
v" Horizontal reinforcement NC
v" Horizontal bands NC
v" Gable walls NC
v C

Roofing
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Hybrid Structure

- BUILDING DESCRIPTION

- > Two storey building with CGI roofing and verandah at front.

- > This building is HYBRID STRUCTURAL SYSTEM as lower storey is Reinforced masonry
structural wall system and upper storey is Light timber structure.

» Lower storey can be inspected as reinforced masonry structural wall system stated in
this manual and upper story can be inspected as hybrid structure [refer hybrid manual].

For correction, HCB Manual or Hybrid Structure Manual shall be applied.

~
J

- - Building Typology
rf Rl T e
W S, - e A/‘T * Hybrid Structure

Non-Compliance Issue

* CGI sheet partition and
connection of upper floor to
lower floor.

| ecommencation

9 ' )+ Use simplified calculation of brace
Ve SN member, [Refer: Light

Structural Assessment check list I/'Im:erl/]Steel Frame  Structure

v" Building site : C anua

v' Storey height : C

v" Unit size 400x150x200,LBH : C

v" Foundation : C

v" Vertical reinforcement : C

v" Horizontal banding : C

v" Un supported wall length : C

v' Openings in wall : C

v" Openings location : C

v" Hybrid Structure : NC

v" Roofing : C
(G J
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Hybrid Structure [SMC + HCB]

BUILDING DESCRIPTION
* Two storey building with CGI roofing and verandah at front.

storey is Concrete block masonry.
* Lower storey can be inspected as SMM and upper storey can be inspected as concrete
block as stated in this manual.

* This building is mixed in type as lower storey is Reinforced stone masonry and upper

Building Typology

* Hybrid Structure

Non-Compliance Issue

* Use of different material at
different level (Stone in Cement
and HCB in Cement)

' Recommendation

\ ) * Apply MR of SMC and HCB

I

Ve N Masonry.

Structural Assessment check list
Building site

Building configuration
Storey height :
Unit size 400x150x200,LBH :
Foundation

Vertical reinforcement
Horizontal banding

Un supported wall length
Openings in wall
Openings location
Roofing

S N N NN N NN
0101010 16101016 16 16 16
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HCB Infilled Timber Frame Structure Building

BUILDING DESCRIPTION

» Two storey building with CGI roofing and timber flooring. -

» The masonry walls are infilled in timber frame at lower storey and timber :
planks are fixed in upper storey of the building. :

Building Typology

¢ HCB Infilled Timber Frame Structure

Non-Compliance Issue

* HCB masonry partitioned wall are
not tied with timber frames

' Recommendation

9 ' ) * lInspection of this building can be
done as per Light Timber/Steel
Frame Structure Manual.
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>

CASE STUDY - 8

BUILDING DESCRIPTION

Two storey building with CGI roofing and verandah at front.
RC posts (4-12 dia bars, 8 mm stirrups @150mm c/c) are provided at 5

each corners of room.

RC beam (4-12 dia bars, 8 mm stirrups @150mm c/c) are provided at

floor/room bands.

s
/////% /

/i

v
v
v
v
v
v
v
v
v
v
v
v
v
v

Structural Assessment check list

Building site

Building configuration
Storey height

Unit size 400x150x200, LBH
Foundation

Vertical reinforcement
Plinth band

Un supported wall length
Openings in wall
Openings location
Horizontal reinforcement
Horizontal bands

Gable walls
Floor/Roofing

NEZRE[ZPPn[EZO 616666
(o N(eNle} (@]

\

Building Typology

Non-Compliance Issue

' Recommendation

* These buildings are Confined
masonry structural wall system.

* According to the analysis, seismic
requirement is not satisfied due
to missing confining element near
openings

* Correction method is introduced
in this manual. Horizontal bands
at sill and lintel level and vertical
bands shall be provided near
opening.
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Double Storey HCB Building with Light Roofing

BUILDING DESCRIPTION

* Single storey with CGI roofing building with verandah at front.
* Confining element at required locations.

Building Typology

* These buildings are Confined
masonry structural wall system.

el Non-Compliance Issue

* According to the analysis, seismic
requirement is not satisfied due
to missing confining element near
openings

' Recommendation

* Inspection of these building

/i

typology shall be done

Structural Assessment check list
Building site

Building configuration
Storey height :
Unit size 400x150x200,LBH :
Foundation

Vertical reinforcement
Plinth band

Un supported wall length
Openings in wall
Openings location
Horizontal reinforcement
Horizontal bands

Gable walls

v
v
v
v
v
v
v
v
v
v
v
v
v
v" Roofing

OO e AIoe DD DI

A according to INSPECTION FORM

for Confined Masonry Building
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HCB Infilled RC Frame Structure Building

BUILDING DESCRIPTION :
« Masonry infilled RCC framed structure, gravity and lateral loads are :

resisted by frame. :
* Infills should be stable in its plane against out of plane loads

Building Typology

* These buildings are Reinforced
Concrete Framed Structure with
Masonry Infill

et Non-Compliance Issue

* N/K

' Recommendation

* Inspection of these building typology
~ i 7 shall be done according to
4 ) INSPECTION FORM  for  RCC
BUILDING. Except, longitudinal
rebar in bands can be 2- 6mm
diameter with C-hooks 4.75mm
diameter @ 150 mm at centers.
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This section presents Inspection forms for HCB
Load Bearing Buildings.
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First Inspection Form

R - Rfi T SiieTSH Shishe stidhah! TRIGTAT "1 1] TReb] UTfafddh
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3T
("Hd:d BERIE 16“115'1 HEhT HT
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Tt T Os O3 GEI Ovarer xR [ TRy g
Os O3 HIETHT FHX OwestHwem 7w
e qQretd T
T wY R
i Il sl
r FRTRF FoRT 9eehT 313 | 0| o
P BT [Toerety a7 > 20° | 0| O
] EAIC Tl SR AT [FHEAR 373 | o | o
et T | 21 w7 219 o | o
e AE | TRABRIT & o 313 | o | o
gAYE | | ATET 9l AT 4T HIal JUH T o | o
TAAR Tl G R o | o
ATFR TFR | TRIH T | Femm ¥ oy 4 o | o
R | TAm YIH! AT FEHT 100,00 3 7. o | o
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FHE D | soommessommezoomm o | O | O
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3 | fqwTor gmEEl | w9er WX &THAT AU o | o
M 20 € M 9:9.4:3 (§ 9T
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First Inspection Form

r SR
?‘: TR feraor i
qretdr
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g |87
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. EIEH qyo fa.fm) o | o
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Second Inspection Form
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Second Inspection Form
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Third Inspection Form
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Government of Nepal
National Reconstruction Authority

Housing reconstruction programme

Singhadurbar, Kathmandu
Ph. 014200266, 4211103
Email: info@nra.gov.np




