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B. Form according to NBC 105:2020

The letters represent the following: C-Compliance, NC-Non-Compliance NA-Not Applicable. Tick
mark (V) the applicable criteria.

S.N Criteria C | NC | NA | Comments
1 Structural Analysis Methods: The structural analysis for | Report
design seismic actions shall be carried out using any one
of the following methods:
a. Equivalent Static Method
This method can be used for serviceability limit state but
for ultimate limit state, this method can only be used if the
height of the structure is less than equal to 15m, or natural
time period of the structure is less than 0.5s or the
structure is regular, and height is less than 40m.
b. Modal Response Spectrum Method
The Modal Response Spectrum Method may be used for
all types of structures and the structures where Equivalent ["gofvare
Static Method is not applicable. A three-dimensional
analysis shall be performed for torsionally sensitive
structures.
Sufficient modes are to be considered so that the
summation of effective mass over all modes considered is
at least 90% of the total mass.
c. Elastic Time History Analysis
d. Non-linear Static Analysis
e. Non-linear Time History Analysis
2 Load Combinations Report
For_parallel system (DL=Dead load, LL=Live load,
E=Earthquake load) (NBC 105:2020)
1.2DL+1.5LL
DL+ALLA+E
a. Where, A = 0.6 for storage facilities
b. = 0.3 for other usage Software
For non-parallel system (DL=Dead load, LL=Live
load, E=Earthquake load) (NBC 105:2020)

4%




SN

Criteria

NC

NA

Comments

When lateral load resisting elements are not oriented
along mutually orthogonal horizontal directions, structure
shall be designed for the simultaneous effects due to full
design earthquake load in one direction plus 30 percent of
design earthquake load along the other horizontal
direction.
1.2DL+1.5LL
DL+ALL+(Ex+0.3Ey)
DLA+ALL+(Ey+0.3Ex)

a. Where, A = 0.6 for storage facilities

b = 0.3 for other usage

Seismic Weight

3 Report
The seismic weight at each level, Wi, shall be taken as the
sum of the dead loads and the factored seismic live loads
between the mid-heights of adjacent stories.

The seismic live load as per NBC 105:2020 shall be
determined by applying factor as Software
a. Storage=0.6,
b. for other purpose=0.3 and
c. roof=nil.

4 Seismic Zoning Factor: The country is subdivided into | Report

different seismic zones based on the local seismic hazard.
The seismic hazard within each zone is assumed to be
constant. The Seismic Zoning Factor (Z) represents the
peak ground acceleration (PGA) for 475 year return
period. The value of Z is obtained from NBC 105:2020
Table 4-5.

5 Importance Classes and Importance Factor (l): | Report
Structures are categorized into three Importance classes
depending on the consequences of their loss of function.
Importance factor is taken based on occupancy class of
the building specified in NBC 105:2020 Table 4-5.

Importance | Structure |
Class
[ Ordinary structure 1
1 Schools, Colleges, Cinemas, | 1.25
assembly  buildins, shopping
malls, police stations etc
1l Hospitals, fire stations, police | 1.5
headquarters, power stations etc.
Importance factor of 1.5 shall be applied if the facilities
listed in Importance Class Il are to be used as a shelter in
case of a disaster.

6 Ductility factors for ultimate limit state Rt Report

7 Over strength factor for ultimate limit state, Qu Report

8 Base Shear Coefficient: Match
The input value of horizontal base shear coefficient in | report
software is same as calculated and presented in report. and

software
Soft Storey: Report
9 A soft story is the one whose stiffness of the lateral-force-

resisting system is less than 70% of the lateral-force-resisting

%0
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Criteria

NC

NA

Comments

system stiffness in an adjacent story above or below, or less

than 80% of the average lateral-force-resisting system

stiffness of the three stories above or below. (Buildings
with soft storey cannot be designed with equivalent
static method.)

e  The drawings shall be checked for any change in the
continuity of vertical elements i.e. RC columns, RC
shear walls, masonry infill walls. If there is no change,
there is no soft storey.

e  Else calculate the stiffness of each floor and compare
with the stiffness in adjacent floor above or below.

e  For RC columns and walls, calculate their stiffness from
software

e  For infill masonry, either check form model by strut
modelling of masonry or do the manual calculation.

10

Vertical Geometric Irregularity: Vertical geometric
irregularity shall be considered to exist if the horizontal
dimension of lateral force resisting system in any story is
more than 130% of that in an adjacent story.
(Buildings with vertical geometric irregularity cannot be
designed with equivalent static method.)

Report

Drawings

11

Vertical Discontinuity:

All vertical elements in the lateral force resisting system
shall be continuous from the roof to foundation.
(Buildings with vertical discontinuity cannot be
designed with equivalent static method.)

Software

Drawings

12

Load Path: Buildings shall be designed with a clearly
defined (identifiable) load path, or paths, to transfer the
inertial forces generated in an earthquake to the
supporting soils. (Buildings without proper load path
cannot be designed with equivalent static method.)

Drawings

13

Mass Irregularity: A difference of more than 50%
between the effective masses of two consecutive stories is
considered as mass irregularity. Light roofs, penthouse,
and mezzanine floors need not be considered.

(Buildings with mass irregularity cannot be designed
with equivalent static method.)

Software

14

Re-entrant Corners Irregularity

A structure is said to have re-entrant corner in a direction,
if its structural configuration has a projection of greater
than 15% of its overall dimension in that direction.
(Buildings with re-entrant corners cannot be designed
with equivalent static method.)

Drawings

15

Accidental Eccentricity:

For the analysis for torsional effects, the applied torsion at
each level shall use either the forces calculated by the
Equivalent Static Method or the combined story inertial
forces found in a Modal Response Spectrum Method. The
accidental eccentricity can be taken as +0.1b.

Software

16

Effective Stiffness of Cracked Sections
The effective stiffness shall be taken for analysis and
design of members.

S.N. | Component Flexural Shear
Stiffness Stiffness
1 Beam 0.35 Eclg 0.40 EcAw
2 Columns 0.70 Eclg 0.40 EcAw
3 Wall-cracked 0.50 Eclg 0.40 EcAw
4 Wall- 0.80 Eclg 0.40 EcAw
uncracked

Software

<9
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Criteria

NC

NA

Comments

17

Grade of Materials
Concrete: Minimum grade of structural concrete shall be
M20, but M25 for buildings more than 12 m in height.
Steel: Steel reinforcement used shall be of,
a. Grade Fe 415 or less; or
b. High strength deformed steel bars produced by
thermo-mechanical treatment process having
elongation capacity of more than 15 percent; e.g.
Grade Fe 500 and Fe 550.

Report

Software

Drawings

18

Modal Mass participation:
>60% for Equivalent Static Method of analysis

Software

19

Inter-Story Deflections (Lateral Drift): The ratio of the
inter-story deflection to the corresponding story height in
both X and Y directions shall not exceed:

a. 0.025 at ultimate limit state

b. 0.006 at serviceability limit state

Report

Software

20

Torsion: Torsion irregularity is considered to exist where
the maximum horizontal displacement of any floor in the
direction of the lateral force (applied at the center of mass)
at one end of the story is more than 1.5 times its minimum
horizontal displacement at the far end of the same story in
that direction.

Report

Software

21

Size of column:

The minimum dimension of the member shall not be less
than

(@ 20 times the largest diameter of longitudinal
reinforcement in the beam passing through or anchoring
into the column at joint or

(b) 300 mm.

Report

Software

Drawings

22

Column Reinforcement:

a. There shall be at least 8 numbers of bars in
rectangular column and 6 numbers in circular column.

b. Minimum longitudinal steel ratio pmin Shall be 0.01.

€. Maximum longitudinal steel ratio pmax Shall be 0.04.

d. Minimum diameter of the longitudinal bar shall be 12
mm.

Report

Drawings

23

Stirrups in Column:

a. The minimum diameter of the stirrups shall be 8mm.
However, for columns with longitudinal bar diameter
larger than 32mm, minimum diameter of transverse
reinforcement shall be 10mm.

b. The closed links/hoops shall have 135° hook ends
with an extension of 6 times its diameter (but not <
65 mm) at each end, which are embedded in the
confined core of the column.

¢. The maximum spacing of links/hoops shall be half
the least lateral dimension of the column.

Report

Drawings

24

Column-Beam Moment Capacity Ratio (Strong
Column Weak Beam): At every beam column junction
in a frame, the summation of the moment capacities of the
column end sections shall be greater than 1.2 times the
summation of the beam end moment capacities.

Report

Software

25

Short Column Effect: Continue the column stirrups as
specified as special confining reinforcements, if column
stands adjacent to a window or such opening to take care
of the short-column effect. 25mm Gap between landing
beam and column shall be provided.

Report

Software
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Criteria

NC

NA

Comments

26

Column bar splices: Lap splices shall be located only in
the central half of the member length. Stirrups shall be
located over the entire splice length at spacing not
exceeding 100 mm center to center. Not more than 50%
of the bars shall preferably be spliced at one section.

Drawings

27

Column Stirrup spacing: Frame columns shall have
stirrups spaced at or less than 100 mm over a length larger
of depth of column (D), clear height of column (h)/6 or
450mm at either end of column.

Drawings

28

Beam Size:

a. The width of the member shall not be less than 200
mm.

b. The depth D of the member shall not be more than
1/4 of the clear span.

¢.  Width of beam shall not exceed the width of
supporting member.

d. Beam span to depth ratio: The vertical deflection
limits may generally be assumed to be satisfied
provided that the span to depth ratios are not
greater than the values obtained as below:

For beams spanning upto 10 m

Cantilever= 7, Simply supported= 20, Continuous=26

Report

Software

Drawings

29

Beam Reinforcement:
a. Beams shall have at least two 12 mm diameter bars
each at the top and bottom faces.
b. Minimum longitudinal steel ratio pmin required on
any face at any section is:
pmin=0.24 X ek
fy
€. Maximum longitudinal steel ratio pmax provided on
any face at any section is 0.025.

Report

Drawings

30

Beam Bar Splices: The lap length shall not be less than the 60
times diameter of longitudinal bar. Lap splices shall not be
located (a) within a beam column joint, (b) within a distance
of 2 times effective depth of beam from beam column joint
face, and (c) within a quarter length of the member where
flexural yielding may occur under the effect of earthquake
forces. Not more than 50% of the bars shall be spliced at one
section.

Drawings

31

Beam Stirrup spacing:

a. The spacing of stirrups over a length of 2 times the
depth of beam (d) at either end of a beam shall not
exceed 100mm., d/4 or 8 times diameter of smallest
longitudinal bar, whichever is less.

b. Over the remaining length of the beam, vertical links
shall be provided at a spacing not exceeding d/2.

¢. However, Stirrups shall be located over the entire
splice length at spacing not exceeding 100 mm
center to center

d. The first link shall be at a distance not exceeding 50
mm from the joint face.

Drawings

32

Joint reinforcement: Beam- column joints shall have stirrup
spaced at 100 mm.

Drawings

33

Stirrup: The stirrups with 135-degree hook with an extension
6 times diameter (but not less than 65mm) at each end shall be
embedded in core concrete.

Drawings

34

Beam Column Joint: In an external joint, both the top
and bottom bars of the beam shall be provided with
anchorage length beyond the inner face of the column,

Drawings

%3
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Criteria

C | NC | NA | Comments

equal to horizontal development length g, of bar along the
width of the column plus a standard hook length of 12ds.
The value of g is:

_ s

ldh -

4.85./fx
Transverse reinforcement through the column to confine
beam longitudinal reinforcement passing outside the
column core.

34 | Wall Connection: All infill walls shall have a positive | Drawings
connection to the frame to resist out -of -plane forces.
35 | Building Separations: Parts of buildings or buildings on | Drawings
the same site which are not designed to act as an integral
unit shall be separated from each other by a distance of
not less than the sum of the design horizontal deflections
determined
36 | Foundation: Type, dimension and depth of the | Match
foundation in software and drawing is same as calculated | report,
and presented in report. software
and
drawings
Overall Comments: S.N | Recommendation \

1 Proceed for permit process

2 Review drawing as per
comments

3 Review design as per
comments

Consultant Engineer Name:
Signature:

Designation:
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B. Form according to NBC 205: 2015 draft

The letters represent the following: C-Compliance, NC-Non-Compliance NA-Not Applicable.
Tick mark (V) the applicable criteria.

S.N Criteria C | NC | NA | Comments

1 Overall Dimension Ratio:

a. Overall length of the building shall not exceed 3 times
width of the building.

b. Overall height of the building shall not exceed 3 times
width of the building.

2 No. of Storey: The maximum height of the structure is 11

m or 3 storeys, whichever is less, from the level of lateral

restraint. Within an 11 m height, there may be an

additional storey of smaller plan area. The area of this

shall not exceed 25 % of the area of a typical floor.

3 Length of wings: The length of the wings on the structure

shall be restricted such that the length of wings shall be

less than 0.15 times the corresponding plan dimension.

4 Column Layout: All columns shall be in grid line

5 Span: Column to column span must be less than or equal to
4.5m and greater than or equal to 2.1m. Total outer dimension
of the building must be less than or equal to 25m both side

6 Setback: Vertical geometric irregularity shall be
considered to exist, when the horizontal dimension of the
lateral force resisting system in any storey is more than
125 percent of the storey below.

L2>1.25L1
7 Redundancy: Number of bays in both directions shall not
be more than 6 and less than 2.
8 Soft Storey: Buildings shall not have a soft storey. A soft

story is the one whose stiffness of the lateral-force-
resisting system is less than 70% of the lateral-force-
resisting system stiffness in an adjacent story above or
below, or less than 80% of the average lateral-force-
resisting system stiffness of the three stories above or
below.

LY




Beam Discontinuity: There shall not be discontinuity in
beams in any frame.

10

Vertical Discontinuity: All vertical elements in the
lateral force resisting system shall be continuous from the
roof to foundation.

11

Cantilever projection: There shall not be cantilever
projection exceeding 1m. Full height partition walls shall
not be built on a cantilever slab except parapet.

Such parapet walls shall be constructed only if the
cantilevered slab is framed with beams.

They should either be constructed in reinforced concrete
or be reinforced with vertical RC elements spaced not
more than 1.5 m apart.

12

Short Column Effect: Continue the column stirrups as
specified as special confining reinforcements, if column
stands adjacent to a window or such opening to take care
of the short-column effect. 25mm gap between landing
beam and column shall be given.

13

Adjacent Building: To Boundaries: Above ground level,
each building of greater than three storeys shall have a
separation from the boundary, except adjacent to a
designed street or public way, of not less than the design
lateral deflection determined or 0.002 hi or 25 mm
whichever is the greater.

Within Site:

Parts of buildings or buildings on the same site which are
not designed to act as an integral unit shall be separated
from each other by a distance of not less than the sum of
the design lateral deflections determined or 0.004 hi or 50

mm whichever is the greater.

14

Construction Materials:

Concrete: The concrete to be used in footings, columns,
beams and slabs, etc., shall have a minimum crushing
strength of 20 N/mm?2 (Nominal mix, 1:1.5:3) at 28 days
for a 150 mm cube.

Mortar: Minimum 1:4 cement-sand mortar for half-brick
thick wall and 1:6 cement-sand mortar for one-brick thick.
Steel: High-strength deformed bars with fy = 415 N/mm?
or high strength deformed steel bars, produced by the
thermo mechanical treatment process, of grades Fe 500,
having elongation more than 14.5 percent shall be used for
the reinforcement.

Bricks: Minimum crushing strength 3.5 N/mm?

15

Size of column: The minimum dimension of the member
shall not be less 300 mm.

16

Min. no. of bars in column: There shall be at least 8 numbers
of bars in a column.

17

Column bar splices:

©%




a. Lap splices shall be located only in the central half of the
member length with sufficient development length (60 x
dia.) as per grade of concrete.

b. Not more than 50% of the bars should be spliced at a section.

18

Stirrups in Column: The minimum diameter of the stirrups
shall be 8mm for fy415 and 7mm for fy500 (TMT).

19

Column Stirrup spacing:

a. Provide stirrups at the spacing of 100 mm c/c at the ends of
columns for 600 mm length as the special confining
reinforcement.

b. At remaining portion keep spacing as 150 mm.

At the lapping region provide 100 mm c/c spacing

d. Continue the column stirrups as specified as special
confining reinforcements, if column stands adjacent to a
window or such opening to take care of the short-column
effect.

o

20

Beam Size:

a. Width of the beam shall be 230 or 250 mm according to size
of brick available

b. Depth : 355 mm overall depth including slab.

21

Beam Column Joint: In an external joint, both the top and
bottom bars of the beam shall be provided with anchorage
length beyond the inner face of the column, equal to
development length of bar in tension plus 10 times bar diameter
minus allowance for 90-degree bends. Transverse
reinforcement through the column to confine beam
longitudinal reinforcement passing outside the column core.

22

Beam Bar Splices:

a. The lap length shall not be less than the 60 times diameter of
longitudinal bar.

b. Lap splices shall not be located (a) within a beam column
joint, (b) within a distance of 2 times effective depth of beam
from beam column joint face, and (d) within a quarter length
of the member where flexural yielding may occur under the
effect of earthquake forces.

c. Not more than 50% of the bars shall be spliced at one
section.

23

Beam Stirrup spacing:

a. The spacing of stirrups over a length of 2 times the depth of
beam (d) at either end of a beam shall not exceed 100mm.

b. The spacing of stirrups at the region of lapping shall not
exceed 100 mm

c. The spacing of stirrups at remaining portion shall not exceed
150 mm

24

Joint reinforcement: Beam- column joints shall have stirrup
spaced at 100mm

25

Stirrup: The stirrups shall be anchored into the member cores
75mm with hooks of 135 degree

26

Slab: Maximum panel area should be less than 13.5sq.m.
Minimum thickness of slab is 125mm and 8mm bars @
150mm c/c bothways.

%)




27

Staircase intersection: Provision of extra tension bar at
intersections. The bars at intersections shall be up to
development length past the intersections.

28 Pad Foundation:

a. Size of pad foundation depends on type of soil condition and
location of column.

b. The foundation shall be at a uniform level.

39 Foundation Beam: When the foundation lies in soft soil
foundation beam sized 9°x9” shall be provided. 4-12mm dia.
Longitudinal bars shall be provided with 8mm stirrups @ 6”c-c
only in the case when foundation lies in soft soil.

30 Cover of Concrete:

Foundation=50 mm, Column=40 mm, Beam=25 mm, Slab=15

mm

31 Wall thickness: A minimum thickness of one half-brick and a
maximum thickness of one brick shall be used when the walls
are constructed with bricks.

32 Wall Connection:

a. Allinfill walls shall have a positive connection to the frame
to resist out-of-plane forces.

b. A horizontal RC band shall be provided through all walls -
one at window-sill level and the other at lintel-level. The
reinforcement of bands shall be taken through the cross-
walls into the RC columns.

c. In case of solid walls bands shall be kept at one-third and
two-thirds of their height above the floor in each storey.

33 Detailing of Bands

The width of the band should be equal to the wall thickness and

its thickness equal to 75 mm.

Reinforcement

c. Longitudinal - two bars 8 mm ¢ (Fe415) or two 7 mm ¢
(Fe500) bars anchored fully in the RC column abutting the
wall.

d. Transverse - links 4.75 mm ¢ (Fe415 or Fe 500) stirrups at
every 150 mm.

Consultant Engineer Name:
Signature:

Designation:
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B. Form according to NBC

The letters represent the following: C-Compliance, NC-Non-Compliance NA-Not Applicable.
Tick mark (V) the applicable criteria.

S.N Criteria C | NC | NA | Comments

1 Overall Dimension Ratio:

Overall length of the building shall not exceed 3 times width
of the building.

2 No. of Storey:

a. Stone/ Brick in Cement- 2 storey and attic

b. Stone/ Brick Masonry in Mud- 1 storey and attic.

3 Length of wings: The length of the wings on the structure
shall be restricted such that the length of wings shall be less
than 0.15 times the corresponding plan dimension.

4 Span/Unsupported Length and individual floor panel:

Clear long span shall not exceed 4.5 meters and area of
individual floor panel shall not exceed 13.5 square meters.

5 Redundancy: The no. of bays shall be greater than or equal
to 2

6 Vertical Discontinuity of Major Wall: All vertical
elements in the lateral force resisting system shall be
continuous from the roof to foundation.

The walls in the first storey shall be exactly above the walls
in the ground storey and the thickness of wall in the first
storey shall not be greater than that in the ground storey.

7 Cantilever projection: The cantilever-projection of
roof/floor, where provided, shall not exceed 1m. No load-
bearing wall shall be constructed over such cantilever
projections.

8 Adjacent Building: The clear horizontal distance between
the building under consideration and any adjacent buildings
shall be greater than 0.004 of the height of the shorter
building, except for buildings that are of the same height with
floors located at the same levels.
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Criteria

NC

NA

Comments

Brick, Mortars and Concrete

Concrete Grade: Where steel reinforcing bars are provided
in walls, the bars shall be embedded in a cement concrete mix
of at least M20 grade.

Joint Mortar Ratio: The mortar for brick-masonry in
cement shall not be leaner than 1:6 in any case.

Bricks: Minimum crushing strength of 5 N/mm? for ground
storey of 2 storied building and 3.5 N/mm? for other cases.

Steel: High-strength deformed bars with fy = 415 N/mm2 or
high strength deformed steel bars, produced by the thermo
mechanical treatment process, of grades Fe 500, having
elongation more than 14.5 percent shall be used for the
reinforcement.

10

Foundation: The footing should be provided at a depth
below the zone of deep freezing in cold regions and below
the level of shrinkage cracks in clayey soils but not less than
800 mm for one storey building and not less than 900mm for
two storey building.

Dimension of foundation

Masonry | No of | Foundation Width (mm)

Type Story | Soft Medium | Hard
Two 900 650 550
One 650 550 450
Two X 800 600
One 800 600 600

Two-storied buildings with load-bearing stone masonry of
random rubble or half-dressed stone are not recommended in
soft soil.

Brick

Stone

11

Maximum Storey Height : 3.2 m for brick masonry and 3m
for stone masonry

12

Minimum Thickness of wall

Brick Masonry: 350 mm for ground storey of 2 storied
building and 230 mm for other cases.

(In two storied constructions, the walls in the first storey
shall be exactly above the walls in the ground storey and the
thickness of wall in the first storey shall not be greater than
that in the ground storey.)

Stone Masonry: 350 mm

13

Opening Percentage: The total length of openings in a wall
is not to exceed 50 % of the length of the wall between
consecutive cross-walls in single-storey construction, 42 %
in two-storey construction. If the vertical opening of the wall
is more than 50 % of the wall height, vertical bars shall be
compulsorily provided in the jamb.

14

Position of Opening: Any opening in the wall should be
small in size and centrally located

o)




S.N

Criteria

NC

NA

Comments

Openings are to be located away from inside corners by a
clear distance equal to at least 1/4 of the height of the
opening, but not less than 600 mm.

15

Vertical Bars: Vertical steel bars shall be installed at the
critical sections like corners of walls and junctions of walls
right from the foundation concrete. They shall be covered
with cement concrete in cavities made around them during
the masonry construction. Size of the bars shall be

a. At Jamb of opening 12 mm
b. Brick: Ground storey 16 mm

First storey 12 mm
c. Stone: Both storey 16 mm.

16

Bands (Foundation, Plinth, Sill, Lintel, Roof): The most
important horizontal reinforcing is by means of reinforced
concrete bands provided continuously through all load-
bearing longitudinal and transverse walls at plinth, lintel and
roof eave levels, and also at the top of gables according to the
requirements stated below

The longitudinal bars shall be held in position by steel
stirrups or links of at least 6 mm in diameter spaced 150 mm
apart. Stirrups or links shall be made of high strength
deformed bars-Fe415 or Mild steel bars. The concrete mix
shall be of at least M20 Grade.

17

Thickness of Bands

Min Min. | Min.
Band L no. of | dia of Remarks
Thickness
bars bars
Plinth | 150 4 12 75 mm, 2 bars in
case of hard
soils.

Sill/ 75 2 10
Parapet
Lintel | 75
150
Roof 75
300

12
12
12
12 75 mm in case of
flexible roof.

AINBRIN

N
e}

Stitch | 75

18

Corner stitches:

a. 75 mm thick concrete M20 bands at vertical spacing of
500-700 mm.

b. Length of bands- 1.2 to 1.5 m.

c. Bars- 2-8mm dia. & 6mm cross ties @150mm.

19

Cover: A cover of 25 mm from the face of wall shall be
maintained for all steel reinforcements.

20

RCC Roofing/Flooring: RCC slab and beam shall be cast

directly over the walls.

a. Thickness: shall be between 115-125 mm

b. Reinforcement: 8mm, minimum yield strength 415
N/mm?




S.N Criteria NC | NA | Comments
c. Reinforcement spacing: 150 mm for both top and
bottom bars
21 | Roof to Roof Connection (Flexible roof): There should be
proper connection between roof to roof at ridge level.
22 | Flexible Roofing/Flooring:

a. Beams and Bearings: Beams shall never rest directly on
a wall and shall rest on roof band. The beam shall be long
enough to extend beyond both the supporting walls.
Timber keys shall be provided on both the external and
internal walls.

b. Joists and Rafters: Joists/rafters shall be long enough to
extend beyond supporting members such as walls and/or
beams. The extended joists/rafters shall have timber keys
on both external and internal sides of the supporting
elements

c. Flooring: It is preferable to use better bridging materials
between the joists to achieve stiffer flooring. Timber
planks and half-cut bamboo are examples. The mud
layers used for the floor base and the finish shall not be
more than 75 mm thick in total.

23

Roof to wall connection (Flexible roof): There should be
proper connection between roof and wall with use of wooden
keys and wall plates.

24

Floor to Wall connection (Flexible roof): There should be
proper connection between floors and wall with use of
wooden keys and wall plates.

25

Gable Wall (Flexible roof): Gable wall shall be of light
weight. Gable band shall be provided to prevent out of plane
failure.

26

Through Stone (Stone masonry only): Through stone of a
length equal to full wall thickness should be used in every
600mm lift and at not more than 1.2m apart horizontally.

Consultant Engineer Name:
Signature:

Designation:

O




“F” T “g" qIH AT HATTH RIAAIAT A GARAN Ffqages

(ST SHEFHT IR FARASF Fiqas)
%) P! fqaxr
9. EREATDT ATH: oo,
RASTHA 3 AR AT o
¥, AFTR SRS (AT ) Y. qT " AT

§) AT FAATSSHT (AT T IAR Sk T a1 I

. TATSEHT ThT [ T T=:

Q. UEITAT I TART ATehl ATHUT:

3. Temporary Benchmark, Baseline, Horizontal Controls, Vertical Controls @feder @amaa®
THAT T HIEN AT q AT T

) frrator rEft (Nepal standard =Tt TR =t Aftgsr wa= @fear a@rR S g a1 o)

e 3 o EER B e
q. SUSIH MUIER 3. ST TR
3. fafvesT e ¥ YTHAH] IOEAT
Y. faHvE FhiaH TR % FaT AT g [UEAY

o 5T, TR T S ATHHET TART 9URT HhIH AT

& &AW I, Fhie R AT AT YT THEAH Giqaaq A=l I AT Ted

o) SUET TANT

Fararear E) Enl

9. Bar schedule s=maest

3. ST, ferR ¥ ST Sl Bar schedule seTUsr qu S &= 3 AT e

<

3. ST, R ¥ S AT ST THIE T B Y& Tl BIdl A=l ¥ H Ted

T+) AR saT Sieqrdt (@Efa TR aEr S g AT o) feraren gae

ferarear 3 Bal ferareoT 3 Eal
q. freeer dern 3. fqeRe!
3. fuereept A9 ¥ [qee! SUST e T Hidrg
Y. feget HierE T gk & fuer 7 e e g
9, AT HFATHRIA S. ST S1¥ a7 T9 SIHH0 919
T UL
% ST AT T UL Q0. STHT SUSIH TaTg

93



=) WA AIRUSH! (A& (AT THRT AR S B a1 )

ferarear g |8 EER g | o
q. ARl TG T ASTE . gSF YIATH
3 UIGvE AL ¥ Grge WH AT
Y. T [ Aftesd TaTH T Arhiua

AT 9

Temporary Benchmark, Baseline, Horizontal Controls, Vertical Controls afeder @amgas®r 7

Temporary Benchmark, Baseline, Horizontal Controls, Vertical Controls @fedes warsae
RIAEE

AT R
TR & AT oI T TIATH Jiqaad

LA 3
w1, faer ¥ et Bar schedule s=mTet

AT ¥

S, frel? ¥ SrHeRl SUSTRT A ¥ WH Y& & hIdEs

oY



“F” T “g" qIH AT HATTH RIAAIAT A GARAN Ffqages

(s gwRer et quiass giaas)
&) WAAH! faRor
Q. BRGATRT A
RASTH. 3 B ATH:
¥, HadH HARd (@0 R Y. qAr HE
§) frator qramit (Nepal standard  rarer oreaR =1 aiftes swaw @fedr smaw S g a1 39)
ferarear 3 o ferarzoT 3
q. SULTRT & 3. ATAATHT IR
3. fafvesT e ¥ YTHAH] IOEAT
Y. fardee FHTETH TR %. STl TUTER
o, e 7 AMET GAN AUA FAE F A
S TR &%, Fohic HF A1 AT YT TR Giqaad =T q A/ Te

M) UL TENT

Faramor 3 Enl

9. Bar schedule s=muet

3. @R T 9@ Bar schedule aATgsT 94U s=g=i * AT T

3. YR T Wl SULTHN U THE T M Y& T&T Flal AqgAT 3 AT A&

¥) Afted swam Sfearer (Fufa Twr AR S g a9 ) ferarer e antr

ferarear 3 o EER 3
q. e d@rn 3. e &
3. feer a9 ¥ fUewed SUSl 9@ T HIaTs
Y. TTeRer SUSI Ee T %, fueer SUST! e aFTs
o g Hiarg 5. feR T dHar ke
R =1 g+ 90. AT FFATFIA
9. 9\ FqeRer S Q. ferwa reer 919 ¥ UL

¥) WA WIURUSH! MRS (I TR A AR $%F B AT &)

fera=or 3 Exl feraar 3
q. HaTHhl qTHEE T TS 2. 9S% YeATh
3. TS+ HAA ¥, Qg W9 Yaedrh

9



Y. fervr g %, v ST 3=

o, TR feheater T qE@T c. & (MeE®! Atk aqTH T Fhk

T
AT I AT oI T TIEATH Jiqaad

AT R
free T Srmeer Bar schedule s=maeet

AL 3
e T STHFT SUSTHT TEIE T TIH Y& &l HIEEs

9%



“F” T “G” TR FAT (MR RAIEAT AT FARAH FqacTe®

(AR A quiass giaas)
%) P! fqaxr
9. EREATDT ATH: oo,
RASTHA 3 AR AT o
¥, AFTR SRS (AT ) Y. qAT F&T

g) frwtor gl (Nepal standard  arer ordR a1 aiftesr waw Sfedr smaw & g a1 39)

feraar 3 Ea Ferarear g
q. SULTRT & 3. ATAATHT TR
3. fafvaEsT e ¥ YTHEAHT TUEAT
Y. fadee FHITH TR %, SETl &R
©. 5T, @Y T AT WANT AUH Fhie 1 AT
S TR I, Fohic HF A1 AT FTHRIT GRIET0 TUHT GET0TR] Jidaad STa=r § AT Tl
M) SULT TN
fereror 3 EXl

9. Bar schedule a=ruest

3. @R T d¥et Bar schedule aATgar wq s g=T R AT e

3. qeR T drHET TSR TAE T T Y& 3@ hIel AT 3 /7 Te

¥, FAFT TULI THI T TATAH! I&E I&T Blel ATgAT ¥ AT IT&|

o) TfET AT |heared (Al T ATER S g a1 §) ferarar s anfr

Ferareor 3 Exl ferarar 3
q. fqees g R, fqeer =
3. fUeesr A9 ¥, fUeReRr gUel F@&T T HieTs

Y. M= Suerer e w=

%, fUeweT U e T g

©. REHl HIeR

c. e T et kg @

R =@t gw

q0. TAHT ULl T HIITS

99. FRIFRT ATT T VLT

qR. ATHHI AT T ULT

93. AT Rl FFITHA

9%, 9 faeer ST

$) WA WIUGUSH MRS (FH{T TR dAR $F B AT &)

)




Faraeor T | oA ferarar 3

Q. TR TAFTS T ATS(S 3. gE€F YaATH

3. g YIATH Y. WISE W dATh

Y. fer gawe %, fervr Saerer =S

9. TR Tl FHT TE@Td S. T MEH dfted aamH T Fihue

Q. UGS HHAS 0. WRATA GrebTehl T
) giqae
T OB,
) TR

T
T I AT HohIE R TLATH Giqdad

AL R
frere T Sfrmer Bar schedule s=maeet

T 3
e T STHFT SUSTHT TEIE T TIH Y& &l FIEEs

AT ¥
TAH! SUST, BT T AT U &l RIEES

=



A7 AT AT AT AU WHIRTA He ARAe gfqastes
(e AR e quiass giaas)

&) WAAH! faRor

Q. ERGAIHT AH:

RAST A 3. BT AT oo
¥, AR AR (@ RS Y. T F@

) AT FAATSSHT (AT THT JAR Sk F a1 I

. TATSEHT ThT [ T T=:

. AT IeAYTHRET AT JUHT qTHAT:

3. Temporary Benchmark, Baseline, Horizontal Controls, Vertical Controls @feder «amaa®
THT T Il ATHAT § AT T

M) frrator gmRft (Nepal standard  arer o a1 iftesr swaw @fedt 9maER S 3 a1 &)

ferarear 3 Ea] fererzor 3 T
. SUSTH IR 3. ATAATHT IR
3. faHweer e ¥, YTHART TR
Y. fardee FATCH TR & ST TR

o, S, fUelR ¥ ST TANT AT FHIE B AT

S TAF I, Fohid HH A1 AT FIHYT G HTAT GRIET0H Jiqaad dATg=i 2 AT Tel

) SIS JANT
ferarzar E) Exl
4. Bar schedule =gt
2. 5, fre T dwe@r Bar schedule aATTsT 9T = g=T 3 A1 e
3. O, el T Sl SUSI! THIE 3 T Y& %l hlel A=l ¥ Al Ted
g+) Afteq waw Sfearen@Tafa T aar 5% g a1 o) ferarr saw
ferawar 3 Eal ferareor 3
q. T den 3. e =
3. el A9 ¥ frers SUer d@r ¥ Hidrs

Y. Mo Sueer e TH

%, fUeeerr SOl THIE aHTg

©. REH HIeR

c. fqer ¥ 9w ke 3

R




?. et g% q0. ST drHeh! A9 T SUSL

99. STl ATT ¥ SUST qR. o= dHepr A9 T el

93.FATTHRT FFITFIA ¥, 9 faeeedr Sy

=) qAT AIRUEH! (A& (FFATT T AAR & B a1 &)

Ferarear g | B fera=or e Enl
Q. HATHRI AFETS T HATSS 3. UH JTATH
3. TS A ¥, 9T3C W9 YATH
Y. fer=r e %, T ST =S
O, TR fhedTehl FHT q@Te S. & (MH! dlad TATH T Frhae
) glaae
TS
W) TEER
FARAEFBT ATH &
TFICETTDT ATH &
AL 9

NN

Temporary Benchmark, Baseline, Horizontal Controls, Vertical Controls @feder @amsaar Tam

~ N

Temporary Benchmark, Baseline, Horizontal Controls, Vertical Controls @fedsr wsmsee
NN ?T

LA R
TAET I AT oA T T AUHT TIEAMHT Fiqaad

AT 3
ST, faere ¥ et Bar schedule a=mTet

AT ¥

S, frel? ¥ SrHeR SUSTRT A T WH Y& & hIdEs

O



" qfHT ReRarar WA FRTIR WHALRIE 94 qURAe gfqagaee

(AR A quiass giaas)
F) WA foaror
Q. BRGATRT ATH: oo
RASTHA 3 @A AT
Y. TRl AR (AT BE): Y. qAT F&T

g) fwtor 9reft (Nepal standard  <aTer TR a1 it o= Sfedt daR S 3 a1 a9)

feraar B B EER] g
q. SUSIH MUIER 3. ST TR
3. fafvaEsT e ¥, YTHAH] OEAT
Y. fadme FHRTTH TR % TaATHI TR
©. 5T, @Y T AT WANT AUH Fhie I I
S TAFT I, Fohic Hd A1 AT FTHYT T AUAT GRIEH Jiqasd A= q A1 TeT

) TSN I

Fararear E) Exl

9. Bar schedule a=ruest

3. fre® ¥ dw@r Bar schedule s/ 9T S F=T 3 AT TET

3. fyer T Swer VST THIE T T YR T&T R gl 3 q7 AE

¥ FAFT SUST FHI T TATTH I T HIal ATIAT ¥ AT e

¥) Afted wam Sfearer (Fufa T aTER S g a1 ) ferarr w@w

ferarear 3 T ferareoT 3 o
q. e d@rn 3. e =
3. feer a9 ¥, Tere SUST §En T HIers
Y. frerer guser Ee T &, TueeT SUSIeh! TEIe d¥ TS
U EE R CAFS c. fer T AW ke
R, frget g& Q0. FAAT TUET T HIETS
9. SvaR ATT T TUL 9. AMHH AT T SUST
93.TATH FHFATHIA 9%, AW\ e Srar

9



$) WaH WIUGUSH! MRS (I TR A @R &% B AT &)

Faraeor T | o ferarar 3

Q. TR TFETS T ATS(S 2. €& ATATH

3. g YIATh Y. WTEE W 4Tk

Y. fer gawe %, ferrr ST 3=

©. TR ATl FHT 9@ c. @A (MbEH! dltad ATH T Fhe

Q. UGS HHAS 90. YRATA GTehThl T

) giqas

T OB,
) TKER
FARAETHRT ATH
TIETTDT ATH &
FTLAT 9

TAET I AT HAhIE T T AUHT TIEAMHT Fiqaad

AL R
e T Sfrmer Bar schedule s=maeet

T 3

e T STHFT SUSTHT TEIE T TIH Y& &l FIEEs

AT ¥
FAFT TUST, BT ¥ TATH IR T&T hIAEs

&R



“I07 FAHT MRIATAT AT HHATITHT IRIHTRIAT A ARAL Fiqaae®
e e At quikass giaas)

&) Wae! foaze

Q. ERGAIHT AH:

AT H. 3. BT AT oo
¥, AR AR (@ RS Y. T F@

§) HETH! AATSSHT (FHT TR J9R 5 g a1 )

9. FATIEHT TR fafea T T

3. Il I=erHThebl TANT T ATHTIT:

3. Temporary Benchmark, Baseline, Horizontal Controls, Vertical Controls afeqer sargaer
AT T HIEN AT AT T

M) SUST TINT
CERl 3,
9. Bar schedule a=ruest

3. MIRrETer =R Bar schedule sHTUsT U &= 3 AT e

3. RTETAT U] 7, TR T S Y% 3@ Hiel A=l 3 AT A

w) frator areEl (Nepal standard =Tt TR &t Aftgar wa= @fear a9 @R S g a1 o)

Ferarear B Ea ferareor 3 e
. SUSTH IR 3. ATAATHT IR
3. fa¥mea R ¥, YIB! O
Y. fadee FATCH TR %, STl TUTER

9, T, ST ¥ BTSN TUSTHT YANT WThT HhIE Pl AT

o TF I, Fohid HH A1 AT FHYT G HTAT GRIE0H Jiqaad dATg=i 2 AT Tel

$) ARG AT Flearer (AEla T o ar S T 91 F) MGl b AR

ferarear B Ea ferareor 3 e
q. TR Hiarg 3. TRTHT =T
3. 3TeT SULT ¥, STl A, SIS
Y. S TedAH AT T TULT & ST gegAel A9 T UL
S, TaT TETFHT STl ¥ HATAT HIdTg

3




o) VAT AIGUSH! A (AATT T A@R b B AT )

Fararear ERES ferarar 3 Exl

Q. TR TFETS T ATS(S 3. gE€F YaATH

3. UTIre B9 Y. WISE W IATh

Y. fer gawe %, fervr Saerer =S

©. TR ATl FHT 9@ S. T (MHEH dltad qTH ¥ 41 fue
) glaae
TS
S) e
FARAETHRT ATH

S@r Tl ATH &

FTE 9

N

Temporary Benchmark, Baseline, Horizontal Controls, Vertical Controls @feder @amsear T=

Temporary Benchmark, Baseline, Horizontal Controls, Vertical Controls @feds wamsae
EAEIEES

AT R
e T arer gver Bar schedule s=muest

AT 3
TAFT I AT B T T ATHT TIEATH Fiqaaq

AT ¥

o, TRT T S & & hieEe

¥



“I07 FAHT MRIATAT AT HHATITHT IRIHTRIAT A ARAL Fiqaae®

(AR A quiass giaas)
F) WA foaror
Q. BRGATRT ATH: oo
RASTHA 3 @A AT
Y. TRl AR (AT BE): Y. qAT F&T

g) frafor arEft (Nepal standard  warer Torar a1 aifted qa gfedt smar 3% 3 a1 39)

feraar B B EER] g
q. SUSIH MUIER 3. ST TR
3. fadveEaT e ¥ YTHAH] OEAT
Y. fadme FHRTTH TR % TaATHI TR
9, ST T FAAT TANT AUhT Fhid AU
S TR 3%, Fohic HF A1 AT FTHRIT GRIET0 TUHT GETTR] Jidaad STa=r § AT Tl

M) UL TENT

Farawor 3 Enl

9. Bar schedule s=muet

3. TRrETer =R Bar schedule sHTUsT U &= 3 AT e

N

3. R BT T, TR T P Y% <&l BIdes ATa=l 3 |l Tel

¥ TATAH A TUAT TULT, FH T TAT Y% I&T FHla@e AT ¥ AT Tl

T) e Waw et (Al T AR S @ a1 g TMRIETAT g ani

ferarear g | e EER 3
. TRIHT HETg, =g T AU . WAAHT g7 T A
(e, fa=ea, &)
3. 31T SUEM ¥, TR AT ST
Y. TRIN FEGT T 3eT faeeazar % gd TRI SAEH
O, AT EIehTehl AT T I 5. WRATA Gl T
Q. TRT &S e q0. gegeehl RSPl AT9, g, 32U

=44



$) WaH WIUGUSH! MRS (I TR A @R &% B AT &)

Faraeor ER ferereur 3

Q. TR TFETS T ATS(S 3. USF YIATH

3. UTIre B9 ¥, e WA Y dTh

Y. e ame %, AT QT T

©. TR ATl FHT 9@ 5. T (MEH dfted aaTH T Fihve
=) giqase
TS .
) TKER

AT 9
TAET I AT oA FF T HUHT TEIEAMHT Fiqaad

AT R

Bd T F=a=rel Bar schedule aAmTet

AT 3
TR, 3TST SUST T TedAehl SUSIh! EIE T M Y& d&l hidEe

AL ¥

TAHT SUST, HHT T TATT U &I hIAES

o%



gus 3
(TS afeeRT/ ARATeehTel. = A==, AT, H[ehl T JTH0-97)

o A" AT ATq faaT ¥ FWTSAH A=

N D) ~

o T ¥ fEoig" gfdaeasl Si= T+ Ikl

o TEX TUT A HET

o HYARE! FATHAT ST YR F=1

o IT [HHIT ATAITH ATNT Q% o I 21 Hlehl
o  TIATHA Hecehl

o TITAAH Wifafus gfqass

o C S

o fooqull ¥ araen: e AT (AR MIAT AAlT FFereg
o A=y JIeE+ AT FTAH! FATATTIA

o ey qver@F (A0 %1 Feq=Tal Uifafasd gfqaes

o feoqull ¥ AT FUREZFER [AHITRT ATHT TEaI=HT

o YWEFR (AT FFH ATAIT I
o g [MHI &1 ¥kl YTfatasd idaed
o famqufy ¥ wreer: AT T TFISIRT THIT-TF T HT

o T [MHIT IV JHTT-TF

[4V]



(SX=



Wa« fwfor srqfa fRas T SrTemaer stte

%) FESAR S

fr= fafea wrTeTaes 9U FaTE]

[] 9. Smaet gat yAmor-qetiet gfafat

(] R =t enfder samept ATeraret / SIfey a1 qwafa e faer faesr gfafafa
[] 3 Srelr Amifesarer gamor-g=eT gtafaf

[] ¥ " Toe wuer ardy qa yafra o free)

(] % 9o a1&q ¥ SearcHs Ja 4T R fd

[] . wawer |rge @i (=t T gepfe afea)

(] o awhiar-a (@uicaes / Frcded T aREawIEr=e)

[ = w=hrar-o7 (et 3%ar ¥ axeamdrea)

L] @ o

TAT 9T

g) S S

ST 99 el a@vars (fFa)...... TRTAT T o, EIECRZIC
ST qR=rH qohebl avens (). TR T BIECASIE]
STl IAY dheRl avarg (ma)............. TRTAT T qrge
ST T&T0T qhepl aFaTg (R TRMATT qrse ==

TS TATHHT HURT SRR ATT AT AT THITH T |

) ARUEH A
BT AEhh! ASE =

HIIEUE ATAR aTeih g8 Agadr &7 ()=

HIIEUE HTAR de =% (he) =

S ™M ATERP 2 =21 ([the) =

ATIEUE FER W.f9.9R. (G.C.R) =

THIT ATARS 9. 7. (G.CR) =

THRITH Joedi@d U] [qaR AT /7910 Wekd HIIIUE THIH G |

(=2



H) “Hredrl T I% IR gEr dtg (MRT/ C class buildings)

AT qa Aiedrd! J9l GUSHT “FITrsdl o q%h I8 9 MR=d PR YHReT AEET Ta1ee
fratoreEr «ifT qa fRuffeq fesea Fam g7 999 @ 3 |

.9, ferarr STrerE feoofy
(B/ &/ @]
g3 )

q ARl T2AATH! GTRA 4000 FW fthe 9=T I & 163 |

R AP q¥I5 SR fhe 9T &H g1 958 |

3 FISTHN AT §¥Y a1 e 91 IEl g 963 |

¥ fAeaTar qaHT geaer (e fo=resl g1 FwEr © e T amT
1% e . &7 g9 158 |

TRTATAT HaTHT geaar TR fa=rehl g4 afenr 9% e & 379 g1

e |
Y T HFAWT R AT T FEMHT § AT &9 9 |
% foefearar waaHT 3 qdT 9 gA9EE | 3 g’ =g are

IATS ¥ TG SR, TaAdH AARAR W% 7T IIES |
faae! SISTEHAT Sarehl T Il TRMETAT Wad e I qar ¥

FSTATH &1 I8 |
B faees @e faar argwr (e faems) gaaes |
5 FooTeh! AwE 3 fhie 3 570 9T &1 768 ¥ SoolTHT TIRT I3TSH
& |
EUEIRES
§) freRarer waw dfear aw=r sitwr (MRT/ C class buildings)
%.9. ferarar St feorofy

@/

Q| HaS! MUd AR TaTE AFTE ASTEH! ST AT FH
g1 153 |

| freR T e W freres use fUe amgAw & uiw ¥ 99

freesars 9 SISH g1 TRE

3 foerept ST TaTETHT 3 GO U et FET AT (
ARATE® FaAT) g I8 T AdH R F1 ek g I68 |

¥ | SATRT S{qA ; STkl (g, SSg T SUSTHT (99Xl ereeRt
T T AT IR AR & T4 |

4| Taaer afedde : faeRer 919 9T AT qEaEEr AT 93 3F x
R T ¥ ATSAT ITET TULI & UL |

RO



.9

ICER ]

(@ /)

Gedl qaT AMCT © TATRTH! (o=, I, Gl AT Goodl HITHT
THEIAT B 963 |

fe amTew aftem @ freewar 34 feifeT &% gaves |

fUelRepT URT FTEAT ¥ weeh] HIhHT Nge% gIes, | AHEl 3o
SIaTE R THaHFHE! THTSHT ¥ Feeehl HYhAT SIHAT R3E% g1
7eg | 9 ¥ A S g (KEEe g 9w |

e T W BT RIS ST 9o TR ST [eed T At
ITAH! dd T AT JEl avad g1 9eg | Il Jdl aeaaarg
AT RATAT S g 94s | fIer BF 99 S1Er 3ET IO
AT A(TH § I3 |

TAT AGAT (FHiE ) B oy« fuor, S8 T TATIRr ATl
AT FATSST, HAATHT § AT Fqdwe, 9.4 9RT arqar ¥ 3 967
T &1 93 |

fefme SreTedT g1 a1 ggTel RETr waq (MRT/ C class buildings)

*.9.

ILER

TP A AR TaTdl aFTE TSTed! AT SwET FH
g1 UeE |

TR T TITETHT 39 (ST g5 9waT qel MEE gI6s, |
ATl TATRT TRT T TRl TRI TTHT SSHAT T & I |

ST AAAGT © R TAT AAAH] SH AATH Tes 3 e /
=erg R fhe gues |

TRIPT SIAAAT @ I TAT TATHT TRIGBT QTS ¥ T7 5 TATHT
T % T Ufgdl qATHT g 988 | § T HaTHT TRIE JEE <
T, RIS Afaehad 3= 90 fhe, RIS Afawad Wi awarg
Q¢ R & g7 T afrebad FroTr Ame Q¥Y a9 R g TEw
|

TATAP! T QB! T FITA T EepT TRIB FHATTE FHRIAT 3
fthe 2Ter & Teg | YRITACIHId! areAT &Rl R fhe amer &
USE | Uk TATH [AHIT &I SRITAGTHIRT AFaTE FTEIHT LI
AFITEHT YO JA9Td T I TATHT EhAT ¥R FATA & TGS |

TMRIETATE SN : TITAT T, TRl AMTedAT Tq8, SFATAGIERTRT
Jedl T Aol Tde, Tl TRIHT RIET T, T2l Idg T

29




.9 CELLl

(@ /)

ITET SUST © FHSTHN FATHT ST SUSIET Bler] T4 | ISl SR
AT A SIS SUEEE Bl URg | AR TUSIET dedl dHl
TEETATE g AE WIidecd q9T IEETqTH A I63; |

AT T MR TT 0 SATTR] AT A T [Tezaredr ST
ST o (R TULT & TET RYHHT Al g9 UdE | Srearrar
STEAT Beehl FTATA GIATHT GANT AT GIAT 9T JeATehl RIS
ek o= WD & 99 |

TA AT (FHIC ) BT A : TATTH! HHAT TATIET, HAATHT
q 9RT fade, 9.4 ST aTe@r ¥ 3 96T ST gIEs,

R




qaep aithw [ | ® v [ | @ & [] @ 9

aq A qqafq R faary
qerrept faaRor| gt AT A TETR FRad
(@ fre/fre) T THH

ol I

I
i

/

el
Y

HRH TEX HEEE] STTETH]|
Haes Tar T=” >




Y



400000000000 Ila/

M /TR FTAANAFTH! HTATAT

............ e QT U
I TR Mt
A
A

SRR ATHHAT ST WY = |

Tg o WS /ARANABT aA/TATT E 1 P T gterd giiaew
............. WM /AT TS T i oA STETTRT
AR [T T AT T ORI ST q Tg
TS/ AR ABTHT T TLRT TRAT THINSTHBT ... TAT & (AT T (e T97 THTHT TS ATTATHT

ATHHET AT AT SR TRTH B |

fHaaaTeg T9T g7 ATTH FRTSIAEE T TRITE] ATIARAT (AHOT SR [6qT TITEh ST Aaa At
TIAPT BT AT v, gad AR AT FAAT S RCHT 27 | (g gearfad qa (Ao qagarg e
TN g AT A1 gAAT SN qUH fAiqe qu feafas geEted WS/ ARaifadAT SSR T g
e, |

gEatiad wa= AT fAfa smeRr =R fhearert faewr

feerr SRR ATT [Tl ATARART  ATAREIAR
STAH AT [[TTeRT S .
(fFa) c AR fehectTehl TR feF. 7. qH
(fFa)
T :\q—;:q—cg\[(:lé ST, Eira ‘fl'@'?f,
3 (e aTa)
gfeqor
kS|
gfy=ry
EIE1E I 7. AT ASTAL /TSI T : F YA T TS fagq 9 3 |

4



%



400000000000 II3/

2 TS /ARANABT A/ T oo aEr q T erafera  gitaew
........ WMAT/FAT TET T o TS STUTIRT BRI
....................... qr o FEr T omRasr o @ ad fAwT
qAT JANHS  GAfEArET g9 WS/ RANAST BT FA fafa
.............................. T A 9%, fa Afer FOT ARFT FAAT STHEEHT AEATHT (AT AR Ford T
SISHT oG Tl ek 2 |

W&ﬁ?& -

q AT TEIGT

R AT TEIGT

3 T TEAGT oo
¥ T TEIGT
Y T TEIGT
TR -

B TEIGT o

ST AT AAResdTs gvRls AT FGAT G W AST ARG FRT TS /TR

FTATICATeRT BTATATHT JHTAT |

FH A T

TRIGT 0 oo
A

TR

........... 7. a<T AfafqH FEEa

fRfa AT Afear. T

RV



A~



FISATHT TRl

(TITHTT TTHR =T U R09¥ &l THRT 39 ¥ 33 THITH IITAHT @l TTTEh)

fafgas el qufadsr ATiades AT I S/ TRANART /AT EEIlCH
.............. AT FAtedd Aila® G&T F L fEAT A ST
HTRA AT A= TR T RGN AT o T

FHINTHS Had a9 95 99l @R Wl Y [aTdl o o 98 “WME RaR goarad U0,
R09%” T THT 30 T 3 FHITH TISATHT T I&T T GISATAT 5 TITE AR HIITAEEHT Free
ey o6 Aty fgw aHifTHeT Sae aATSeT durgesdrs Iieaady, R Aol I, Uad 9T ATHAT TUH
SAERT TUEAHT @Al @ [aTd AT T MG/ TRANART FIATAT T A@TeE Gl ATSTHURT FHATIA
T a7 eTETH o GERAT | ST SRIHT @THI FAH ieaud, iR el A9 If@usr gar &

..................................................................... BT AT I TRIEUHT S T, 99T @ fSuasr &, wib
T S, WY X UF HA TUITH WEAT, GRSl AT AT Wohrdl Gl WY W .
TS/ AR AehTHT TRTAT |

qqtae

fameT T

qEdh AT A A ETET TXAGT

afy=® d% : Fer 7. AT BT BT oo TEAGT oo

R N 1 N WU L BT T e TEIGT oo

gferor q AT AL AT FTAT TEIGT oo

qefee -

FST A AT BT BT oo TEAGT oo
FSTA.....AT... BT AT TEIGT oo

FST A AT BT BT oo TEAGT oo

FSI A AT M TEIET

FET A AT LT TEAGT oo

(e ORIl T&q@d

T e

EAHT T&HI T=q@d

.............................. qA. FST A ... & FSE qAAT A FLl G
T e,

HTH qTHA TR T&q@d

AT L e T 0 oo

fafa AT Afedt. T

R



qo00



ISR T qiqas

(AT AR FoaTed U R09% H THRT 39 T 3R FTHIGTH AISAHT @l TTH)

TG TS /TRAMNABT ST/ TATT oo E 1 AR T Aateqq A gt |
..................... fear A ... SRl SABA.............. W\ 9T AT U9 OERYEr S
.......................................... o Ta= [AAToreRr M U7 TR T IR HT WA (AR T T8
FHITTHHT FiqTaa I TH T |

9. AT (W g9 TaqeH O areredl faao

9.9 arérert fepfarm: [ frar [ Jvodrer [ wresm [ ==t [ e o gars.

9.3 ATETBT BTETE oo fthe

9.3 WIIEUS THITSTHER! TSH AIBR ST 5 W Al @3, @iad A7 &l fFeawo

R st fadrerorer grfatae faaror

2.9 AT TR AER fheger 5w [ S [ |adr [ #w sfaws

R AT AHAR fheewr s [ S [ Jadr [ #w e

3. TRATTT A (0T TSR] ARIHT FAAT T TehicTeh ATLATHN (a0

39 9Ed® Wd ar dd g¥edrens a@er g [ s [Jaga 3
T
33 Il / @ex /&l /el / ohedl / Tl / Ardaiies St/ el / Aieaz /st anfe afqes [l

WA 39 SR HAATERHDT T fthe

3R yEdaTaa 9T AT TIATER T fthe

3.3 AR g9 ST a7 Wikt AfSTeRaTe ergdea ared el [ |5 [ |3

G AT 339 SRl TEATATEFST T L fthe

333 gwartad swae (AT SIEERET G fre

3.¥ 30 fedft wear Wity ot PRt S a1 Smfyer atem a1 gar qiesr s [ g e
B T

109



908



feoquly 3 srear

fowa: wamer ferr A fratore fafre safa gee =

TH TS/ TRITABTDT &I /BT EIS B R AT Fatead diiae aSr |
................... fPam A . BEWA......... W 9A9 FEC TH owRgAr AT
............................................................ T Had [ T G IS T M AR g arad O
R09¥ H THT 9, 5, IR, 30 FHEMAH AT AT T Fled ATGYTE THATT Il fHaaT
fe9U@AT FEr TAkr a1 30, 39 WA 4 fod Afrgadaer ISRE F=AT Ferierd TRUSHHT AT
TGRS FHPT I AU ST &1 frerer oeraen fAmior #r w@efa far
FIERT ETHT AT G4 AHT Iood@ ST ATUI, AT GTTafrehel TIEETd qaaedT qd Trmard T Sa=
ferTor sl fem e s fafq HT qUHT TS0 HIHHT ool F AT AT TAP]

~

THRT 33, 33, 3¥, 34 FHIGH Ha7 AT qATq faT AATTaa SERUFRr T97 TWH G |

103



q0%



S/ AR TR CIEVASIG]
TS A AT T@H HliqH AT A, L foram 5. SERT]
AT @I qied Tl
U T AUHMAT  FEE WER GoATAA UF, 09%  FTEARSI THAT W T Td HATAAH (AT
..................................... 1 o T it wa= faator dfear- Roko qar WA= dfear awitas HemEr
e serees fATo e aAta e TRuS B | feter gwwer AT e atevafy @ g At
AT (qUREeFer (AT qafd ) & AN Fede / Siiazare e fHamr s e yfqaeq
afed IufeIa g9 2 |

frior S wwer faaro
a9 HIIEUE
.9 faaRr Hd 9K | .9 Tz e ATAR
q. TH THTg T ASE (Re) 2 SR [qAATEE 997 ¥R IAdH 390
I I
aferor giaToy
T 74
qfy=ry qiy=ry
3 I =l aaee | .. T fRa ¥ geFa =erg (the)
9. bl Agde =T o9 g¥&l 3418 (he)

fteg swaq faror "fear 050

% | fEw e IR | w.E feraRwr e IER
fretzarar ware
q. ST TENTE T e 2 forereept =rers T HETe (379)
3. freedr WA T SUSTHR ¥ foeept =2l HiaTs ( THUH)
FEIr T HIATS T ()
Y. TATH AT F707 foaor %, fter=r Frepr faaor
22T AT GFTT T4
1 ST T(EXTg ¥ AIeTg 2 TRIHT WETE (379)
ES TRT SISTgehl Al ¥ FHATEHN ATl faa=or
fgsrureRr fagmor
4. EURCECECANCER %, o= st avarepr faawor
e P gy e

904




e e THior st e

fermr e Tior srpafa Ay
BIGEIEIRI] AT T [RAIEE e T

q0%




&) Wae! foaze

RGBT AT &

ST A, BT ATH &
qAT FRAT © TITDl A 0

ferarear 3 o ferereoT
. AR AFTS T ASTS 3. UTIVE FHHAIS
3. 9<% YTAH ¥, qred WH JTATE
Y. e aahe % o a9 39T
O gSF AHR &7 A S

) e s Sieares Qe (et T aar S g a1 3 Merarr saq

ferarar B e ferarear
q. faerer dern 3. foerer T
3. fqerer A ¥ fqere TUer Fe ¥ A
Y. foaar Sustet Ee T %, foeRar TUSe e qverg
. frgar Hierg 5. faerar feger g
). frg@r g% qo. FrwHT fegar g4
9. SrHeHT AT 93. dIHAT TSI FET T HIAZ
TRETAT T
ferarzor 3 Ea EE
q. TRIT HIETE 3. ST Fegel A1
3. ST FeaHl SUST q&l ¥, TSl SIS
Y. RIS T SIS Harar #erg

) Tifataes, 3@aR ¥ FATEHT (rwfa wrE aEr S g a1 8)

feraror 3 Eal feraror
Q. qERIEETE gTaras 3. ¥haAR

909



AT Jecifad HaT A LI &1 q=iqd Jaq ATIEUE UF AMed 9aq diedl dATaR 3% § | 7k
8 FIAA THISTH Aol TS |
=) FEER

05



ML /TR FRAARTR BT

............ e ST, O
fmfa

feoqult T strewT
foa: quRegeR fatorer sraia qeaeT |

TG TS/ ATRANADT ST/ TATT oo ST A T yaferq Angd g€ .
................ T A e BEATRL e BT AE fRETOT T
BRAAT B AT Heoo F 9aq  fAmor T
FRTT. AT e FAq o WOH g3 el fgatger " s/ ARt

FATATRT TTAfTFgRT TIET (AL T G0 T AUHT fTaaq ATAR Wk waq AIEUE T hed
A" FiedT R0%0 BT AT AU FiTdad YT g ATUeble] FUREEFaR [AHIUIRT FTATT [aehr AT HATEE
g Ter T F |

q0%



110



TUTE M d 9 TS/ TRUMARST & /T
.............................. Fer | .. AT e Afge AST A . TR A
EARA T STAITHT TaAH! qRegFa A0 FrRiqer @t M AT
@ 9T T qURTHT T AHR FoATel U, J09¥ ITARE! THAT [ 9 T wrarerdel fafq
.................................... F Ao gwifaw @0 TR Aftey qag gdfedar T 9ad Araeve g

FFTER quRegd=r (Al Few Aafd 9 TS § | e TUH T T T A0 HE T
adafs T TR gHO-0T7 fqT TS g SIHeRT TRewg |

frraior S Wt faaro
WA HIIEUS
.9 faazor ed IER | B Tz g AER
9. AT TFaTE ¥ =ere (he) R STl fqHTATeE oA g¥ b FATH
0
I I
Fheror Fhegor
afy=rg =
3 Tl ReAwrehl &aher | o i fhe X qATHT FH TR T TR
K. qar qear % qaal =18 ()
aftas ga= fedr
wH | faaRor gd IER | HE Tz Hd ATAR
forerearar game
q. forereept =ireTg T HieTS ( 2 foreTedT gATT T SUSTRT TEaT
) T HiaTg
3. qqH  FAR FIEE ¥, TRErE frer "W ared
(THUH) T T (F79) FegAH! faar
$aT AT Tl 9ad
q. AR QTS (37) 2 TR SATSTS S qT X
frsrorept faaor
3 T Feaehr faawor ¥ BT T TRIHT FTedeh] [qaxor
T e RS



UREFAT (HAT0r Safaq TEreo

YREFR A0 SR AHER
ATHEARI T AT T feTies HEd T
fawepr AR IKECIGIRR ™

9%




§) AW AIYEUEH! MR (AT T ATaR S 3 a7 &)

ferar=ur

3

B

fera=or

q. ATHl TG, S T

3. qATHT I3

3. TSI A

¥,

b YTeTh

Y. o= ame %, YRUTA GrebTehl T, A1 T
JTATH
©. TR fhedTerl SAT TETe c. €& AHR &F qreAl

) it s Siearenr MR (rEta T oaar S g ar 39) Rerarn

Y

feraror e o feramor
q. frerer dern R, Tt gvet Fe ¥ Hierg
3. Tyerer Irer fR=arar ¥, HHE HIETE
Y. AT qET eRar & fo fa=ea amae
o, el AT T SMfedl TRI 5. Gedl decl
Q. HTva(¥Y AT Fuoilehl ATLAT
UNEISIKEE ]
feraor el Exl ferarear
q. MRIHT TS 3. faet ¥ fevee aegrapr AT

3. AT g7 A9 T SUEL

Y. STl TUel

Y. TaThl SIATAT TSH FITAT HIETS

% WRATA QehTehl FTATd

O, RT T TAR! AT

G. Ed TRl AT

Q. T TRl SIS

W) Wifatae, 3HaR I FRIEAT (AT FRA AR 5% B a1 9

ferar=ur

B3

Y

E3)

fara=or

19z




AT Jeeifgd AT AT eI & g=iaa waq A9eve UF Afgd waq diedl JaR 3% & | Fih
T8 HTAA THITH FEaAT ThTad |

) gEER

9%



400000000000 ||3/

MS /TR FAAHARIR FTATAT

............ e ST, O
fmfa

feoquly T smewr
fowa: Fwior o TR THI-97 qEEHT

T TS/ ARATABTR! ST/ AT oo, TS Ao T raterd AMae fep
| AR, oo AT TET B oo i
FRf. AT A= A T ERq 97 a5 g (H0r H qHrd T HI w6 R

THI-Th AT aea fa Ul §a7 99 FEiaasl Tiataed Tad MOe, quieaso TR feudr
giqaed ATAR THTIE EaTehl ATIEUE AAAR Haq [FHI FUH IM@Usel Astars (Ao awae gamor-9of
fae HTfEe q€r 991 WH F |

194



9%



400000000000 ||3/

Wa« T B qv e THIO-a
T IS/ TRANABTAT FATT o, AT a9 AT FAfq fqg e awifeA M @ R
TR AT FTHIOT BT FFIe JHTO-97 Y& TR |
1. ST ¥ BREATR! ferazor

) STEMIATRT ATH oo ) TRIATRT ATH oo
R ST faa=or fb. 7. AR,
3 ST qifaes ae1 7. ... ETAHT a7 H. ... Ao ESHB! AT

%F) AATEl TER : < fGerardr = fqiee SIeSred Sardl 9aq = fadHee SIeredr Etdl 9ad
q) wadel Ao [ | v [ @ aw [ ®

M) qAT F&AT....

o) FAdH! eI GA%Rd (A he).... ¥) HATHl FA SARA (AT FE)
9. HTISUSH! (e

%) SR (GHATETE TIAGFAR] FATH 20 [T,

JAX o AT T afv=|

) FSFHD! FAGATE AT ATATTAD TATS REHT .o,
o) 3= fooTell THRW ARl AfsTh AUAT Feel a0 FeAT
) a1, D! (AR ATHT SISl T THSHT
=) & (ebre Tadl oo, Aiteehdeh, TS AU FrehT foaRo.
% Aftgy qa= "iedr 050 FF=AT faaor
frerarar ga=
%) fqeer =eTg T WA (F7).ovee . g) ST TMiexTg ¥ ASTg fhaAr ...
) TSR TART T SUSTRT FET T ATATE oo,

9



fraToT T FEI JETOr-OF ATHET

ATHATRT T
faepT AR

RIEEIRING
feepr AR

'

e T

4=




gus 3
A h(He®

(HIA ATHHRI, HeSRIATH], dRATH] RRTHE®)

4%



qro



400000000000 ||3/

MS /TR FTAYHAPTH! P
............ e ST, AT

fafa
s 1 A
I ST ATHETR HT |

T TS/ FRANARTRT el /TATT oo FST Ao, T atedqq Angew FeT
T fepam . AR, T o El
fafe A1 waq AW @it S HES oo 3=
...................... ferrq &A%l ... YEH WAT FAHAE T AT HUHMET
PR qr ORI AAAT FEEIH AT AR
ST/ HMATRT/ AT ST o fa U AT
JiEed 9aT ATHANIRT AT @ 99 ATUR TF BATATATE AT [T
........................................................ B2l BRI T B ES TTHT T T
................................................ HT ATHYT ATTHT HETS FHOT THINTH & 1T TEd UHl b 7.
........................................ ST ETRT oo, TE T AT ATHEATNRT AN AT
SERTR T TR 3 |

19



R



HATHT

fataa®........ frem FOAT/AMAT. FQT A FE AT G2l
AT TR /BT ATSHT aar U qifad
BT e TU/AMAT, TS A ferg feA. EERXCH
.................... TUeh! STATAT Faq FATSAR! AT oo LT /TLAT. BTATAIHT S AT
FAAldHl wErEq fag WA gAfq fqqer @it FAT /AT, TS A FEe
C 1 AU BT T o WeSOHATHT df@fed 9T 7/ 8ers

> >

a1 TR/ For ¥l | I<h ST 9aa AT T 810/ Jidl S | 9feg, 9<h #11/8THT ATg &l
STTTHT e SATST TS 218 AT %l FXTHT I9R T I | T JF FRISATE Fax TR A1 #7 FATHH

GRISIET TATSH HRIATHTR FNTSl Ataret /fat | anef fermmrerr @ew |
ST AT A Afear. T A e H
TR

TqTeEs

BT TEIGT © o

A TEAG & oo

3 AT TEIET

%3



%Y



FIRYATHT

faft@as . RTe=T F.OAT /AT AST A, AT &
AT BT/ ETHT ATSHT Tl TUh! AP .o, B
qAT /AT, FST Ao fera A & xRN U FTHMHT 8-
FATSHBT AT TOT. /AT, HTATATAT FHT SR@TEd U97 T Ao qar famr
gl faw WR/EEr WIEE #THA T SRR a FER AT
.......................................... .91, /70,97, CEl . SSRUURUOUUOO - . | YT
T e ATE ARG ATGTAT fag TIUR/H G/ | AT AIS A

F.97. /300,97, FTATATAT JURIT 5 TAAEIT G@TET G T T 4T AT gorard ferqar T emar
FTT &3 QT FET T AqeTeedT HeT ATHAT 9% TeT Badl gaTel a@d Sl ¢hl §/8WT 3% IJIread 9g
TS /T | ASST AIATATE ARTHT UG SICATAT LT [T, T9Ta ¥ AT ARTT I fh THG et
RIS Hel /BTHIST ATl el G /St | AT Tl TN SEY ARGAAT FaX T TR F1I FIAA
FHINGH &™ A #R1/2mH0 Tsirgefier fFarmar dfausr drefiess g

TGT. /7097 FTATATAT TR ATCTATAT AGT FTT oo CIEREL
sfaasa A Afesr TT AT A,
TEEd

qreeEs

Qe BT TEIGT oo
R TEAGT oo
3 BT TEAGT & oo

Rt



%%



FTEET 3.3 & TR WA HHTUT STTATAeRT @ BRI






AT R

S

\9 ﬁ
tss00000000 0 ||3/

MS /TR FTAUTARTH FEATAT

WA+ HHTIT AATTHT AT SERA BRI

o FAPT HAT

El {a ililél Illl 0000000000 000000000000000000000000000000000000000000000000000000000

PP 0000 erer e eer e retsrtesrer s rerestsrer s rrIresreeeererererrrrer
000000000000 00000000000000000 000000000000 0000000000stttssstsossses
8000000000000 00000000000000000000000000000000000000000000000000

6640000000000 0000000000000000000000000s0000s0s00ssbsosstssosssssssssnns

6666666606060 006000606000000060006000060006000000000000000000000000ss00ss00ss00s0







fowar =
gug q: HATH! THAT THAET

AR THAT THTES
UL } TREA WA (Hage®
A" AT ATHTRT AT o

T AT BT G¥G~ YHTO-G b AT (e

gug 3 S/ TR H A= AT, AT, Hebl I THI-97

A" A ATAT FaaT T PO SA=Ab] =AhAT

T ¥ TSR ATeAb! T

HTIARPT ATHAT AT ATHT =1

qa (W Hfaer @it Q% fed Fo=ET e e
TS ol

TSATAART GTidige Ficea

feoqul 3 araet : wad fAaiver MiAd aAfd gam T
aq (A FTH ATACT TT

qa7 [AIT B R 7,91, gridtgaba giqaed
fawft T sraen: (AT T FFIADHT JHTT-TF FFIGHT

T AT ST FHa THTT-T7

31



13



THE TIMEHYT Afqdad g

AT [T YFFIEs famTees ey 4 a1 A THFIERI g &l THE PRI FHSR BT T YAATE 0D
fator & & w1 geifor TEEdar g |

T TAATE HAT T AUAHT T, FIA, Fleam T AIGUET qHl T | TAFT IR oI U7 09% H
aR=gE 3 P R Q9 SUSWT & o AMLT HaA &gl q97T AIIGUE FHIH A (A FTATT, ATIAT T
AT AR T WFRATS [GUH G | T PR goarad Uq R09¥ H IR=g © AT 9aq (Ao
JAT FSF FERAT FAHT I B | TR 9 A=A THT 0 AT THIE RIS Faq A T qgA
fawage@ @ | aXiT [a%a AIIEUE 09 H THT 4 AT T TEHl g Had (A SAfd qrhare &t
TUEE & AT AAAIA, TE JHIO-AF] FAT Jod@ TRUH G | FGTE THRT 0 HT AT @I
FFRdT THAT HIIIUHT ATIRHAT (AT FTATT faqoe Soei@ TR G |

AT famAT U, A, dfedr T Aevsesdrs TR AT I TS /RIS o avfed! sResdrs aead
TR HaT FTATT IERATR BRE TAR GIHN &7 | 8 au0eT OXAT YTHI0 &HT a1 g31, AIel, F1S, a4 TS
URET UEE | 9 HRHEF US| HT UTHIV O THAT THMe% AM@UH S | ISR AT TREA A [Haades
TEHT B | AT UG 3 AT IS/ ARITARTA A S GAT, oA, TebT T JH-T7 B |

BT AT AT IGRAT AR qAT HIUGUS T qAT AfEdTel raEaaT T GATE TR o | qE Twg
JEAHT GEtead gdra, fHaw, Efirer T uthareeers smmatae af TiREd 9 | e wewed qRied
o fAroraT BT foede aher ufq WeReEed & | A7 WA JAlG YtRAT ®RE ARG A9 IS /AR AT T
q TR RAAAETATE (AT AT IERATHT <ATS ¥ qRIeTd faforar 99 @fer sgw eTdl 3897 Wl 3 | aTdl
ETHT 79 IET WIAR! AT qad AA{ IBRATATE TG SRS ARy JaTERd T8+ &f | qrd geaiead

T (T T AT GURTIEEATE Ui A9 FAET ETATEr T ¥ GRieTd (AT a9 afearaar qedni g atek
FAY TS, |

REE!



Y



gve 9

AR THAT THAES (a0

AP THTEE [+ AreeHT ITad G |

%. https://www.dudbc.gov.np/uploads/default/files/b754bd57e93f5b823752e7053ba86a2c.pdf

TFTH! R fFHvad! Siers Jaq

SeTehl TRIAT [FHvahl SATerg da

N <

THTehl TRIAT HIETH SATaTs Ao

N ~ c

SgTehl TTRTHAT HIGTH! ST

QAT ITATTTRT THAT TR

g=https://moud.gov.np/storage/listies/July2019/DESIGN-CATALOGUE-VOLUME-II-FINAL.pdf

TEAIRS TETh! MRIATAT 9ad (TF ql T 35 )
FHhIE =k Fa9 (35 a0
ATET sAHH] AT

TFH] TRIAT AIETH SRTSHT [, 378 TR SISl 7a7 (Th qa1 T g5 )
A T TFHI BSGS WA (33 qaD)

I AT dlvg HaT (Teh qal)

ATEe 9 f&ed 9a= (TFh dqoll T g5 o)

FISH FAT (T3 )

T.https://www.nset.org.np/nset2012/index.php/publication/publicationsublist/pubid-16

934


https://www.dudbc.gov.np/uploads/default/files/b754bd57e93f5b823752e7053ba86a2c.pdf
https://moud.gov.np/storage/listies/July2019/DESIGN-CATALOGUE-VOLUME-II-FINAL.pdf

3%



gue R

A A FAfTH AT Haed

939



3



Het/gTHIel JeTHT AT STHINTH STae (R FEew a1 Araead SETaTdes ged a9 fTaad J97 T g/
T | S FETSAEe A T T AT B0 T AAITHT AT A0 T/ | (FRTT B1der dafa g
Ul S/ TRATTAHERT WIEd FRTdee (47 &7 A #e T/ o |

qufas
F) I TREH FREAES

q. STRITEAT FHO-I7 FicteArT %, WaAH A2 W
R A AF aUHEERT AU /AR AT T AR B,
WWW L
3. ANTREAT THTT-GAHT Fiarera «
¥. 1. F A A A g (@ ) 0. e
Y. o [THTOTER! THAT T, @I AT BESAEE
S NI ERICERCIREE |
awTehl FbR © [_|ggT HIaTehl aq [ Jert=it Sereer waq [ J@redr A
[ Jafrardzmer wa= [ JSer wreeer o= [ o

TAT FE@T ..o qeAreR! I=g (FE) o
A g () ., Taqa! Aee {FE) o,
foeteaepl &R e (@1 fFd) . FA AR (@ BT
BABT THR

[ Jear grn [ srearararer ger [ eamar g [ |J@es g [ o=
M) WA o g semer faaRr
ST fRT
ZE LTI B e A AT T | (oo 71 fthe )

REN



ST @A

®IE .
AT/ ATATH] ATH
AR TFIY

AR [ERea)
foreet

ART T fauerr fafa

) B gHTPT a0 (ST 9w W WU
TREAT 9

B) AR fepearerr faaR

[ Jerar [ Jawtfmmr are [ 7 &2 AeeammEre [ 6w

AAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AAAAAAAAAAAAAAAAAAAAAAAAAAAAA

AR feedTehl Jebe

Fromr (STTT, TS, GG, 4T,
AT, ST, ATaSAE

Tdl e efe)

JrATRT ATH

FCi
qfy=rq

gfaTor

W) tage®r faav
q. freremer g Jeredr [ Jswmasr [ Jawer
Q. AT ATHT

9¥0




TRYAT IRl FER [ @R/ R [ s/ qan|[Araer] @ |/

AH e BT A

FATET AT, oivivirirrnns AT fuest ffear.. ...
ARTREHAT TR, ArTteear ferwest fafa.
[RECCTIRCIE]

ELSSIC[S N

fafa

1¥9q



¥R



W AT 1 qR FHIO-97eh AT e

A IHE TR Aahasg

. e o el SRS THI-97 Qe

TRy,

SYh FHE=IAT Hel /8T a9 TS/ RITeprare. 9aw AAir @i arg T@red SrTsdes
FHITTH qaq (AT 1 qrgw ARGddT AHE WSS/ B | A qAT AT BT GEIART
JHOT-9F qrgy 9T A1 (Haaq Je7 Tl /& | a9 MG /ARAINAHIETE RN a7 et
HTARS! (G0 T G el 3, |

MEREdD ”*i':‘jdt'ildvl eAthel

q JATETHRN B GART

%3



9%¥



gug 3
AT A ATAT FaaT T ISR S
TR AHAT SRT TTH F=AT
o (TR SAfder! AT 94 fa g=mT 2| Ao
TS ol
et gifafas gfqeed
feoqoly T arreet : waw fAwTorer A semfa gem T
A AT TP ATAT-TT
Taq AT T GRIH 791, Tifafaedd! qidaed
fawft T sraen: (HATOT T FFIADT JHTT-T FFIGHT

s AT BT F¥I= JHTT-07

¥4



1¥%



fr=r fafea srreTags au TaTeE

(] 9. SRATET JATT-95! giafara

] R =1 anfder Suaeerl ATAura / qiaes a7 eId &2 fd<epl el gidrars
(] 3. ¥9Telr ATTReRATeRT TATOT-TRT Fiqfemy

(] ¥ f. = O qual A1dr Fa1 g (o foee)

(] % wa AT 71, THAT @I a1 FEdes

[] & 9a7®l 9%c =M™

L]

9%\



1¥5



400000000000 ||3/

....... T HEET
............ e TQOT, AT
Mt
WW@TWWW
q. tacwedr faaxr
Q. ERGATDT ATH: oo
RAST A
3qal Ao,
R. WA HUIUSH! [qaur
.9 faaRor A« HIYSUE FTAR ENIIER] feaqof
9
Q
3
X
Y
%
9
3. WA« gfearer faar
£ feraror WA« igdr TR RN feroqufy
q TATH] ATHR e < 3 X AR
3=g < X =IeE
R HTETHl TR Y AT
FeT HIaT
HeqH Il
3 TqAT F&AT

¥



¥ TeRT fAwTOT AT a1, TFT, AT 22T, =A% ATG
Y STTeRT ATRR e
EICIE
9 TRIRT Afgeraw fafy | awars.
AHAE T I TAE. ..
S MR HETS AT
] AT T EhIhl TH | TRIHT FHATEE BRI R fthe
FRATAGIHTH] A= HHRIHAT 3 fthe
q0 MRT STEA qTAAT fedee arqar aar..
HIETHT AHAT
19 TMRT Fqred 9T 987 S e, oy e fefufe,
YATAGIHIH ATl qgehl Tel,
ARl TE, AT TR FRrEr
AT TE
93 Jar  wgreel  fAwier | fadee, areEn, A€ #we (
AT 9.4:3)
HS
ElE )
13 Irer wErR  [AEIT | SUET
Rl FS
EIE:]
9% ST 9E HIEE AT | FHAT S
e YT BTl 3o
1% ERURRINEINCECEE]

ITHAT T AT TRT

0




....... T FAET
............ e TEAT, T o

QL o

AL

T

SRR ATHAT ST T =T

TG TS/ ATRAMNABT aTA/TATT oo FET A T afeaq qifasd AT /79T 987 |,
............................... fpar 5. ... STV SARA........................ AT qaq U0 T wREAT v
................................................... o TG TS/ TRYINABTAT THAT THTTAHB! T FTATIT T fTaaT Y9 TRAT

JUTE G ATHHAT IT FAAT SR TRTHT G |

faaarg e g9 ATUHT FRTSATdesd] ATARAT AT Wi [da7 quea! SN0 amad Ardsiqe wadd el
AT §75, 897 AR AT AT A1 TRCHT 27 | Afs yeaifad waw At qurgers e A gy 9 At e
ST AU fAfaer o feafaa gwmorafed TS/ AR ISR 19 e T |

gEattad wa= TR fAfaa s sRfEerer faawr

faem MW ATT [{eT SEREERT ERCINEIPRIN
TRl AT (ST TS .
(fra) NERAETICIREIN (. |9
(ftre) ' E '
ELn (=TT ST, Ter, SrEel, greaeiier
T (fRa) [
graTor
74
qiy=re
E1E10 S 7. AT ASTAL /TSI Tt : & YT T TS fag a3 |

949



4R



400000000000 Ila/

....... T FANT
............ e URET, AT
TH ffe
TAL e
W frtor srpafaer @it 9 feo e @t e
T S/ ARANART FSTA. AT Fafedd |ifae AAT /A9 ST A,
fem A SRl &TRA A1 wqaq Ao T wRger o
............................................ F 9ad (TR SR TANAS (AT a9 S/ TR AHT FATAaE]
FA FRfT TA RN Y fod Afegad Gl godr  aHesd! JAgd<Ar (HHf
TIAPT Tl I&T SISHT T LT & & |
TIEAES -
B BT e FETGT oo
R BT TETGT oo
3 BT TETGT oo
¥ BT s TEAG o
Mo BT e TEAG o,
R~
BT e TEIGT oo
STYTH FIAT HUAREEATS A¥hTg AT TIHT 29 T ... TSI HTATATHT THTAT |
FH qATHA T
TEAGT ©
A
T
.......... 7. a7 FEAE
FRT BT, HiEAT... T

143



4



LA bl

(T FTHR AT U R09¥ &l THT 39 T 33 THIGH FISHT Gl TTEH)

fafaa® ¥l qIfaete HITTes AT I9 S/ ARANADT S /TATT FST A AT
AT AR TST F oo frm s STTTRT &R
AT AT AT T BREAT 3T o THT FHINSTHE! HAT FATST 915
T @ TR Q4 el godr af| 98 T AWeR dearad UH, R09%”7 1 THT 30 T 3 FHIeH

TATST TUEEEdTS AT, R bl T, Tad U ATRHAT qUH AERT TUGAHT Greil @l e 91 7
S/ TRATNART FTATAT T METATE Gl ATSTHUHT FHAR AT &l STHIEEH! (o JHRAT | ITh STEITHT

ETT FepT e, fox Hepl O TRGUPT B&T AT ... BT THIT
g RfETAT S B, IR @l [GURT @, Bk T T, BF U2 TA BT THIAH GEAT, TIRISAT T T
A HT FE@T T TS/ AR AHTH FJRTAT |

GEIRED

fameT T

qEdh AT A A BET TXAGT

aft=® q% ; Fer A, A BT AT o TEAGT oo

IR A% AST AL AT BT TEGT oo

gfeqor % AT AL AT FTAT TEIGT oo

qIEqeT -

FST A AT BT o TEIG oo

FSI A AT BT TEIGT oo

FSI A AT BT TEIGT oo

................................. 91 @l A ... ® FS HAJA @A Fel  Giamd
T e

FHTH qTHA TR T&qEd

AT L e & L oo

ffa AT Afedr... T

949



4%



o AT (AT TR e T Tl IR TIERT e TR ST SHISTHE] Jiqaad Je7 Tl g |

1. T (I g TaqeH O3 Tl faaro

.9 @ fetaw [ [ Jwae [ Hewsm [ #=Er o= qogereT.
QR FTERI FTEIS fre

9.3 HYSUE FHINTHH! TS ATIHR &L AT3e WH HA @, @i 4l @l fqaor
R ST FéTeqorent gitatae faawor

9 AT FHR wER fReew s [ 8 [ a@r [ #w 3fews

R ArEget dER feeewr s [ & [ Ja@r [ ww e

3. gEATfad HaT (A TaAd ARARET FIFAT T IHRah ez

3.9 T AT AT FAATATE aTeT AR [ w5 [ drer
FoaROT
3 G/ EeY/ /AT wel A S AT/’ /s aitg Jtwes [z e
B 5 339 STRITRT FIRTET WEHET T fthe
3R] yEATad AAT FAEIT AT T fthre
3.3 9o g S A1 &7 7 AfTpare ergeea | WA [ g [ oA
g w1 3.3.9 STTTeRT FETATEERET T ftre
3.3.% yedTtaa A AT FEIR G fthe

¥ g fedfrreer Wiy swuetr Pa=rer S a1 Frfyer aie & A qieer s [ g [ e

949



4z



400000000000 ||3/

TH e ffa:
TR QAT Tl Forl
A
BRATIBT ATH oo
Tl FbrR © |1 ATl 7o [ J&it=r Serert qamr [ Jereskr qaq
[ Jafeasrest wa [ [Ber e wav [ o= ...
aq (A qAfq &R fgaw
SEICAREEEY yeqTfad fAAToTeRr B (0 FTER HRad
71 fRe/fAeR) = p—
=
m—
HEN
STEAT
TR TER NERE] STTETH]
TER
S
FA THEAT
BT,
hiEaTel JE .
Ml Aaa A TEH AT
NERE R RIEEE IS U]
faEerel wam fHTOT AT S&AR ATTT & e YT AT |
frfa AFEF THH A

949



9%0



IR R EREEERXRR]

S/ AR RT

T TS /FIRAMABT oo, A A AT waferd |ifaes aer F
EARA. AT & (AT T SR ST & Had A T e
TS AT T IR ToATAT UT R09% &l THT 9, 5, %, 30 guiay fafd............. AT ATIITF THTT
M e feqauHET FEr TAdl TR 30, 3 FEGH U fod Afrgadeer ITER gEAr THETT TR
FEATHT TS T BT IoTer AU A #l fHarr & TeEfd a1 w8 g A ged
T Iooi@ AT ATTHT, AT TIfafererepl TIAT GiTaa=ar THT THarE T qaw A @iepfa o frer a9 fafq
.......................... AT TTFHT AATHT HAHTHT Jooi@ e ATTHIS Tlel TART THT 3%, 33, 3¥ FHIGH 5+ fam0r
A o AATEE SERUPTA T9T TeHT G |

19



%R



400000000000 ||3/

TS /TR FANAHR FATED
............ e QT YT
fafa
T
TAL
Waq Ao FEer Saia 9
TITE BT T TS/ AIRANARIRT A /T EE]
......... AT WH Afa® . AT A fET A
.............................................. HTRA e BT SWAT AA fAWTT EErewfqer et fafa
.............................. AT Y@ Afed TaT Ge7 T AURHT T TRER AT UF, R00¥ JTARH THqT T
TS 9 Frtadd MAid 1 [ JHINTT g8 =RoET Afted 99+ Gfear ¥ 999 ArIeve

FHINTA (HFATER Faq (0 $REE! SATATT J& TRUS B | Faq A H1 Fiepuates, s FAor-99 Aiqard
FIHT a9 g7 SHHN REws, |

b, HIT HUITS

X ferarer “eq | HwH ferarear e
HER HTER
Q. | FETH g ¥ AreTs (e R | SR fHATETE AT GEAR AR T4
IR IR
gfeor gfeor
B afe=re
TR fe=aepl &Fher (a7 fthe) ¥ | g e (he)
9. TSkl el v o9 3 JaT e
THFE IS ()

g. Afteg wa+ fAafr gfear ko0k0

TRl FbIR : |1 ATl saq [ |t=r Serept wamr [ Jepresdr qaq
ST feRTE T ERrE (e TRIEHT HIETE (7).
e ot fefufa faamor YITA! T ¥ HIIRT AT avaeebl [@axer ...
AT T TR Togeebl [qaRor . TSI TElehl faaRor
GRIRIE] LRI e T

9%z



W frafor FEeR

o T sAfa ARy
RIREIIIE ATHAT T fermTfes Hred T
faepT AR femepr ATy @) A

¥




Ml

%) HETehl TqaRer

Q. BREATRT ATH &

RASTA. L 3 Tl ATH

¥, JAT HRAT - Y. AR AL
g) T AIIEUEH! (O (ATAT TR AR S B AT G)

ferara g | o feraor 3 e

q. AR TFTE, ASE T IATS 3. TRl IATS

3. YTIITE HHISA ¥, ATk dTATH

Y. e adRe . YRATA TP T, 719 T JTAqTH

9. TR Tl HHT TE@Td 5. T (MHEH dltad TATH T FHIe
M) it e Siearesr M (ot T oaEr f5F g o ae)

ferarar &l o feraor g e

q. TRTHT LR 3. fae ¥ feavee segebr AT

3. TR I8 ¥, ISl SUL

Y. TRTHT AT T STSTH HATAT HISTS . VAT QIehTehl AU

o A T IR WSS . fAwfoT arfTer TR

o) giqas

OBt

ferTfea: el gersy [ qur 9 [

AT Jeoifad Ha T MIRETTT T&T J=Aiad Ha" A19eUE U ey 9aq dledl dATaR 51F S| Tl g7 HAA
FHINTH el TS |

$) e

154



1%%



400000000000 ||3/

MY /TR FEARTR AT
............ e T, AT wer
feoquly T SR
fowa: T S TEIEET TH-0F G
TG TS/ ARYIABT @A /T oo TS A T AFieqd A a&T A, oo
feam A FAFT oo £ I = 1 SR =11 | 65 0 1 B 1
................................................... F Wl AT WER A T @ 9T A 8

AT & FHT T 0T F FFIEE] GHT-T76] AN Haed 6 9UH §a1 a9 FEradedr graradhd
T (e, FAREET W fSUHT YidaeT AR TR0 99 gaThl HIISUE AR WA (AHIT U
Ifgueprer fAstems AT qeae gATr-a7 faq Aaifaa @ Ter WH g |

%e



9%s



\9
TN /TR FEAYIAFR A #Ter Raferge!
............ e TQET, YT RIS
TSIkl BT
fafe
WA RO 1 q¥s JHIO-957
T G /AT tAfa AT a9 (A & goirerd yHr-u4 foag e aifsw famor

P R T AT AT HT G FH-97 G2 TRTH B |
Q. SIEA T EREAIR] (R

Y. HIYEUEH! (a0 :

%) ST qHTATETE AaTaFAE] FATH T2 [haHT,

) TET FRIT T F/AT FTABT (AT

%%




e e T
™ AT T e e
AR AR femrepT AT T

q%0
















R09% ATIUT



GENERAL NOTES:-
A. General:

1. All works to be carried out in accordance with current best practice, Building Regulations, the
project specification and relevant Nepal Building Code(NBC), Indian Standards and Codes of
Practice. Materials and components to be appropriate for their intended use.

2. The Site Engineer shall be responsible for verifying all dimensions on site and ensuring that all
dimensions and levels shown on the drawings are correct and consistent with other relevant
drawings. Any discrepancies are to be reported immediately to the Municipality/NSET Engineer.

3. During construction, the Site Engineer shall be responsible for maintaining the structure in a stable
condition and ensuring no part shall be damaged under construction activities.

4. Workmanship and materials are to be in accordance with the relevant current Indian Standards
including all amendments and the local statutory authorities.

5. The Site Engineer shall inform Municipality/NSET Engineer for inspection and approval of
construction. At least 48 hours notice shall be provided for all engineering inspections.

B. Structural:

1. Cast-In-Situ concrete/micro-concrete shall have minimum 28 days compressive cube strength of
20N/mm? for all structural members.

2. The concrete compressive strength shall be measured on 150*150*150mm cube at 28 days, for
various structural elements.

3. Reinforcing steel shall be TMT having minimum yield strength of 500N/mm?2.
4. Development length for tor steel bar shall be as follows:

Diameter Tension (589) Compression (460)
4.75 276 220
8 465 392
10 580 460
12 700 552
16 930 736
20 1160 920

5. Cover to main reinforcing steel be in accordance with IS 456:1978 & as specified on structural
drawing.

6. Clear Cover of Concrete shall be:
e Beam surface at soil = 50mm

e Beam surface on brick/PCC = 25mm
The cement used shall be ordinary Portland cement conforming to IS 269:1976.

Bar bending schedule shall be submitted for approval before the reinforcement work and the Site
Engineer shall correspond to the Municipality/NSET Engineer in case of any discrepancies.

9. A minimum of 48 hours notice shall be given to the Municipality/NSET Engineer before applying
plaster concrete / micro concrete is poured, in order that the formation and/or reinforcement may be
inspected.

10. All R.C.C work shall be continuously cured for 14-days by moist jute sheets.
11. All cement plaster works shall be continuously cured for 7 days.

12. The Site Engineer shall prepare drawing of temporary scaffolding bracing and shoring against
lateral forces and all construction loads throughout the work.

C. Units:
1. Do not scale drawings. Any missing dimensions shall be furnished upon request.

2. All dimensions are in millimeters unless otherwise stated.

D. Abbreviations:

1. CL =Centre line

2. C/C = Centre to centre

3. EL = Elevation

4. N.T.S. = Not to scale

5. RC = Reinforced concrete
6. ST = Stirrup(s)

7. G.l. = Galvanized Iron

8. N/A = Not applicable

9. BoQ = Bill of Quantities
10. SWG = Standard Wire Gauge
Note:

1. The Municipality/NSET Engineer may issue additional drawings for construction showing further
details / clarifications etc whenever necessary.

2. The Site Engineer shall keep record of the effect to the existing architectural, plumbing, electrical
and finishing elements due to the retrofitting works.

4. Seismic retrofitting of buildings is relatively a new concept in the construction industry in the
developing world. There is lack of training, awareness and experience. It must be kept in mind that
each project needs skilled and trained manpower. The new procedures and materials will continue
to evolve in future requiring continuous upgrading of trained manpower.
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SECTION AT X-X

+31'-9" Parapet level

+28'-6" 3rd floor level

+23'-6" 3rd Landing level

+19'-0" 2nd floor level

+14'-6" 2nd Landing level

+9'-6" 1st floor level

+5'-0" 1st Landing level

+0" Plinth level

-2'-0" Ground level

-6'-6" Foundation level

SECTION AT Y-Y

OPENING SCHEDULE
S.No. |Description| Symbol | Type Size No. |Remarks
1. Door D1 3-6" X 8'-0" 4
2. Door D2 33" X 8'-0" 11
3. Door D3 2'-6" X 8'-0" 6
4. Door D4 2'-6" X 7'-0" 2
5. Door D5 2'-6" X 7'-0" 2
6. Window Wi 30" X 5-0" 26
7. Window w2 1'-6" X 5'-0" 5
8. Window W3 30" X 2'-10" 4
9. Window W4 3'-0" X 6'-9"
| ‘ ‘ I ‘ ‘ __ +31'-9" Parapet level : ‘ i
[ 1] | ‘1 \ / \ 11
| 7
Nl ey | +28'-6" 3rd floor level _ -
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e
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o ~ L
il S
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T @ |
o
= ‘
E +3'-0" Gr. floor sill level
[
Bedroom +0" Plinth level Kitchen
| L I_|_|_I ’_’_’_l
-2'-0" Ground level ‘ ‘
O | i O @ I%
[ | | |
e | -6'-6" Foundation level f ; i 7
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COLUMN REINFORCEMENT DETAILS

Reinforcement
S. No.| Type Grid Column size Floor Lonaitudinal Lateral Ties Sections Shape of Stirrups
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1 INTRODUCTION
1.1 INTRODUCTION

The basic aim of the structural design is to build a structure, which is safe, fulfilling the intended
purpose during its estimated life span, economical in terms of initial and maintenance cost, durable
and maintaining a good aesthetic appearance.

A building is structurally sound, if the individual elements and the building satisfy the criteria for
strength, stability, and serviceability and in seismic areas additional criteria for ductility and energy
absorption capabilities. The overall building must be strong enough to transfer all loads through
the structure to the ground without collapsing or losing structural integrity by rupture of the
material at the critical sections, by transformation of the whole or parts into mechanisms or by
instability.

1.2 FUNCTIONAL, AESTHETIC AND COST REQUIREMENT

The designed building will be used for residential purpose. As per the client’s need it will be used
on rental basis by the occupants. Therefore, this building is designed as three storied building with
flat system, so that the rent can be charged flat wise.

Building purposed Residential

Number of rooms in ground floor 4-Bed rooms
1-Living/ Dining room
2-Kitchen

Client’s requirement for Building For rent

Underground water Tank location Back side of this Building

Aesthetic Requirement:
The building is three storied RC frame with infill masonry walls and the floor height being 9°6”.
The building is laid out on a rectangular grid pattern with a maximum span of 37°2” c/c in X-
direction and 24’ in Y-direction. The thickness of peripheral, internal and partition walls are 97,
9” and 4 '4” respectively.

Building owner Mrs. XYZ

Location Kathmandu, Nepal

G.P.S 27° 44' 21.77"N, 85° 20' 47"E
Terrain type Plain terrain

Type of structure Reinforced concrete frame building
No of stories Three stories

Plan configuration Regular

Vertical configuration Regular

Position of the building Free standing

block

Building dimension Refer attached drawing
Storey height 9°6”
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Plinth Area 892 sq. ft.
Foundation Isolated footing

12 numbers of columns at all floors of
Column size size 127x12”

External peripheral walls are 9” brick

Wall thickness Internal and partition walls are 9” and 4”
brick walls
Floor/ Roof structure RCC 5” thick flat slabs

No possibilities of rock fall on the site.

Local hazard Not built on infill soil.

Location of Staircase Edge of building
Marble in all passage, staircase, and
Finishing balcony

Parqueting in all rooms.

Figure 1 shows the plan and Figure 2 shows the sections through the building.

0 @ ® @
| 3T
{
10-10" 146" 10-10"
o =T N
101-9", 30" 27" 26" 106", 30" 46" 307 _I6T0N 35T 30 35" 1.0
1 1 f L

cC——= kS ©
= 5 5
z z
& z'.v
T s
A 5 %
& - NN
'
=1 P o
o 0 0icon. =
= Living/Dining =
o 1\ " 1N oy
) R 13-6" x 139 = | G
3 7.1 I
2 . 5
3 % = 3+
a = % &
=
L
$  Bedroom |\ % Bedroom L 1
I 5 10" x §'-8" T 8-4" x 12-7" — = %
3l 10-10" x 88"\ B : 2 Wi ¥ 3
SI E r I +
3 =
(T %
g | =
E N
= £ ‘ | =1
A——FF — | Ea
wi

LT 247 | 30n 117 30" Y0op 3 30n | 35t o
146" | 10-10" |

a 2‘ (3) 4

Figure 1: Plan of Building
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1.3 BUILDING SITE/LOCATION FEATURES

Location of the Site: c.ceiveviiniininnnnnnns , Nepal
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1.4 RECOMMENDED PERFORMANCE LEVELS

The important level of building is dependent not only on its occupancy and use but also on the
economic, social, and environmental consequences due to its failure. Performance objectives for
different building categories as recommended by NBC 105:2000, it can be noted that the minimum
acceptable performance objective for new structures include multiple goals such as life safety in
the 475-year event and collapse prevention in the 2475-year event. In the present study structural
performance of RC frames has been assessed for 475 years event.

1.5 SPECIAL REQUIREMENT OF GEOTECHNICAL INVESTIGATION, MATERIAL
TEST

The investigation of the site should be carried out in accordance with the principles set in IS: 1892-
1979.

A geotechnical investigation should be carried out to characterize the materials and conditions
which will be encountered during the construction and operation of the project, their nature,
variability, extent, and any special requirements to be observed. The investigation should include
an evaluation of the geology and hydrogeology of the site. The detail of the investigation should
be commensurate with the potential risks, hazards, and complexity of the project.

Preliminary soil investigation should be carried out before the construction. Based on the
geotechnical report of the site, the following nature of the soil might be encountered. Table below
presents the soil conditions with their consequences and counter measures.

The allowable bearing capacity pressure that can be used for foundation design was used in the
project was 150 KN/m?. This was obtained from the table given on the soil investigation report.
Based on soil test done, geotechnical engineers recommended that the allowable settlement must
not exceed 25 millimeters.

Possible nature of soil Problems Counter measures
Liquefaction analysis followed by soil
densification, gravel drain, use of Pile

Site dominated by Silty or

Fine Sand with high Ground Liguefaction foundation & other likely ground
Water Level . .
improvement technics
e compaction by surcharge load
before construction,
o depth of foundation shall be
increased till the hard strata, if
Settlement possible,
o application of ground improvement
Soft soil technics

e construction of Raft footing to
prevent differential settlement
compaction by surcharge load,

use of geogrid,

drainage,

other ground improvement technics

Low bearing capacity
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Possible nature of soil Problems Counter measures
e construction of Raft footing
e compaction by surcharge load
before construction,
o depth of foundation shall be
increased till the hard strata, if
Settlement possible,
e application of ground improvement
technics
Black Clay e construction of Raft footing to
prevent differential settlement
e compaction by surcharge load,
e use of geogrid,
Low bearing capacity |e drainage,
e other ground improvement technics
e construction of Raft footing or Piles
High Settlement,
Bearing capacity
Filled, Peat or Organic soil | failure, Ground AVOID CONSTUCTION OVER IT
subsidence, Stability
problem
Hard soil stratification condition Footing position

e Footing till compacted strata

o Frictional piles for heavy structure
e Footings with ground improvement
Soft or loose strata overlying the firm strata technics

o Soil replacement

Deep compacted or Stiff soil

For the value of allowable settlement & permissible differential settlement refer IS: 1904-1978 CI.
16.3.4.
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2 DESIGN STANDARDS

The project deals with the planning and designing of building of reinforced concrete framed
structure using 1S 456:2000 code, NBC 105:2020.
IS 456:2000 is the basic code for general construction in concrete structures, hence all the structural
members are designed using limit state method in accordance with the IS 456:2000 code. More
importantly, standard software for structural analysis and design, such as ETABS and Safe,
incorporate the Indian codes, which has also resulted in widespread use and acceptance of the
Indian codes in Nepal. Imposed load consideration is in accordance with IS 875-part2. The
structural analysis and design have been performed based on latest versions of relevant codes of
practice NBC 105:2020-Seismic Design of Building in Nepal.
Because of the above-mentioned reasons, the following codes have been adopted for the load
calculation, design and detailing of the proposed buildings:
Minimum design loads for Buildings other than seismic loads

IS Code Description

IS 875: 1987 (Part I) | Code of Practice for Design Loads (Other than Earthquake) for
Building and Structures: Dead Loads

IS 875: 1987 (Part | Code of Practice for Design Loads (Other Than Earthquake) for
I Building and Structures: Imposed Loads

IS  875:1987(Part | Code of Practice for Design Loads (Other than Earthquake) for
1) Building and Structures: Wind Load

Seismic Provisions for buildings

Code Description
NBC 105:2020 Seismic Design of Building in Nepal
Detailing/Design

Code Description

NBC 105:2020 Seismic Design of Building in Nepal

1S13920 Code of Practice Ductile Detailing of Reinforced Concrete
Structures Subjected to Seismic Forces

SP 34 Handbook on Concrete Reinforcement and Detailing.

IS 456: 2000 Code of Practice for Plain and Reinforced Concrete (Fourth
Revision)

Structural Material
All the structural steels used in general construction, coming under the purview of this code (before
fabrication), shall conform to IS: 1977, 1S: 2062 and IS: 8500, as appropriate.
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3 MATERIALS USED IN CONSTRUCTION
3.1. CONCRETE

Cement concrete in India on large scale is being used since the last about 70 years. In the early
days, the following nominal ratio by volume for concrete were specified.

Cement Sand : Aggregate

—n—n—

Correspond to M-20 Grade
1 g 1 : 2 Correspond to M-25 Grade

IS: 456-2000 has recommended that minimum grade of concrete shall be not less than M-20 in
reinforced concrete work. Design mix concrete is preferred to nominal mix. If design mix concrete
cannot be used for any reason on the work for grades of M-20 or lower, nominal mixes may be
used with the permission of engineer-in-charge, which however is likely to involve a higher cement
content.

Accordingly all concrete of above M-20 Grade for RCC work must be of design mixes. The code
allows nominal mix for RCC work of M-20 Grade, but what shall be the nominal mix, the reader
will find from the following table that it is better to adopt design mix, rather than to go for M20

nominal mix which is too cumbersome to determine a fixed nominal mix value.
Nominal mixes as per IS : 456-2000 if fine aggregate is of Zone Il as per IS : 383-1970.

As per 15:383-1970 Mix Ratio by Weight )
. . Max cement:
Grade of Maximum size of Max W/C Ratio A ; "
c ax atio Aggregate ratio
Concrete graded coarse Cement | Fine Aggregate oarse by mass
aggregate Aggregate
M-20 10 1:1.8:2.7 0.60 1.5
M-20 20 1:1.5:3.0 0.60 1.5
M-20 40 1:1.3:3.2 0.60 1.5

Proportions by weight can be converted to proportions by volume, by dividing with the bulk density of the
materials available for use at site. The bulk density of cement may be taken 1.44 kg/lit.

The above nominal mixes are worked out for Zone Il fine aggregate. As per IS: 383-1970 there are three
more zone of sands. Therefore, the total nominal mixes shall be 12 for 10-, 20- & 40-mm maximum size of
coarse aggregate.

Thus, it could be seen that nominal mixes cannot have a fix conventional proportion such as 1:2:4 or 1:1.5:3
but may vary according to maximum size of coarse aggregate and grading of fine aggregate. Hence nominal
mixes are also needed to be designed according to the sizes of aggregates available at site. However, the
aim must be to get the specified properties of concrete.

As per IS: 456-2000, volume batching may be allowed only where weight batching is not practical and
provided accurate bulk densities of materials to be used in concrete have earlier been established. Allowance
for bulking shall be made in accordance with 1S: 2386(Part 3). The mass volume relationship should be
checked as frequently as necessary.
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The exposures of Indian Construction sites at most places are Moderate for which IS: 456-2000 specified
that minimum grade of concrete for reinforced concrete should be M25. Accordingly for durability
consideration the structural concrete must not be below M-25 grade. The high strength benefits obtained
should be considered in the design consideration of the concrete structure.

If for practical purpose, we go deeper than we will find that for all reinforced concrete structures we must
have concrete from design mixes.

In the IS: 456-2000 there is nothing mentioned of 1:1:2 ration for M-25 grade of concrete. Concrete of
above M-20 must be design mixes. If one takes 1:1:2 ratio, then the cement content comes to 528 kg/m3.
Whereas IS: 456-2000 on page 19 clause 8.2.4.2 mentioned that OPC more than 450 kg/m3 should not be
used.

The concrete surfaces of the structure exposed to severe rain, alternate wetting and drying such as RCC OH
water tank comes to severe exposure environment for which the minimum grade of concrete shall be M-30,
minimum cement content 320 kg/m3 and maximum free W/C ration 0.45. The following table will show
the compression of nominal and design mixes for RCC work.

Materials: OPC 43-grade, River sand of Zone Il and 20 mm graded crushed stone aggregate. Specific
gravity of sand and aggregate 2.65. Workability of design mixes 50£10mm slump.

Grade of Mix. Free W/C  Min. Cement Nominal mixes by  Design mixes by weight o
Saving in cement

Concrete ratio content kg/m? weight C:S:A CS:A
S 1:2.22:3.48 Cement=
M-20 0.55 300 65 kg/m?
1:1:2 1:1.93:3.17
M-25 0.50 300 168 kg/m?3

Cement=528kg/m®  Cement= 360kg/m3

1:1.67:2.84
M-30 0.45 320 — —

Cement= 400kg/m?

Note: For high strength concrete plasticizer/superplasticizer should be used which will reduce
water and with the same W/C ratio reduction in cement content.
From the above table it can be calculated in nominal mixes of M-20 and M-25 how much extra
cement is used in the construction, its total cost and how much CO2 is emitted in the production
of this extra cement.
When a mix is referred for designing, it is design for target strength. For example, M-30 (by Vol.
ratio) is design for:
30 +1.65 x 6 = 39.9 N/mm2 at 28 days age
The above is design target strength of the consultant Laboratory. When this mix is used at
construction site, its concrete shall have strength as per table 11 of IS: 456-2000.
30 + 4 =34 N/mm2 at 28 days age
For starting the work, a construction site cannot weight for 28 days. Therefore, according to various
literatures, if at 7 days its strength is about 65% (22 N/mmz2) the work may be started. However,
in all the cases 28 days cube compressive strength shall alone be the criterion for acceptance and
rejection of the concrete.
| Classification in accordance with (1S 456:20000 |
Coefficient Value
Environmental exposure classification Moderate
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Minimum concrete curing requirements (cl 10 days
13.5.1)
Exposure Interior - Minimum required clear = For Column 40mm (Clause 26.4)
cover
For Beam 25mm (Clause 26.4)
Exterior - Minimum required clear cover For Slab 20mm (Clause 26.4)
Exposure
For Column 40mm (Clause 26.4)
For Beam 25mm (Clause 26.4)
Cast Against Soil - Minimum required cover  For Slab 20mm (Clause 26.4)
Exposure
For Footing 50mm (Clause 6.4.2.2)

3.2. STEEL

3.2.1 MILD STEEL REINFORCEMENT

Mild steel bars are also known as Fe 250 because the yield strength of this steel is 250N/mm2. The
stress-strain curve for mild steel is given in Fig. 1.1. It shows a clear, definite yield point.
Although mild steel bars are very ductile, they are not preferred over high yield strength deformed
bars because of their less strength and weak bond. The modulus of elasticity of mild steel is taken
as equal to 2x105 N/mm2. However, they are used as lateral ties in columns and at places where
nominal reinforcement is required. Mild steel plain bars are represented by symbol f.

3.2.2 HIGH YIELD STRENGTH DEFORMED BARS

These are also known as HYSD bars. They have higher percentage of carbon as compared to mild
steel Their strength is higher than of mild steel, but the yield point is not clearly defined as shown
in Fig. 1.1.

These bars are available as two types:

Q) Hot rolled high yield strength bars.

(i) Cold worked high yield strength bars.

The (ii) type of steel is also called as CTD (Cold Twisted Deformed) bars or Tor steel and are
available in two grades. Deformed bars are represented by symbol ... or #.

Q) Fe 415 or Tor 40

(i)  Fe 500 or Tor 50

=

(a) Plain bar (b) Deformed bar

Figure 4: Types of steel reinforcement

A twisted deformed bar has about 50% higher yield stress than plain bars. A deformed bar has
corrugation or ribs on the surface of the bar, as shown in Fig. 1.2, to increase the bond and prevent
slipping of the bar in concrete. These bars do not show a definite yield point. So, the yield point is
taken as 0.2 percent proof stress, which is determined from the stress-strain curve as follows:
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Q) Draw a line parallel to the initial stress-strain curve, corresponding to a strain value of 0.002
(0.2 percent).

(i) The point where this line cuts the stress-strain curve is taken as the yield stress or 0.2
percent proof stress.

3.2.3 CHARACTERISTIC STRENGTH OF STEEL

The term characteristic strength means that value below which not more than 5% of the test results
are expected to fall. As per IS 456:2000, the characteristic strength of steel is equal to the minimum
yield stress or 0.2 percent proof stress. Table 1.10 give the values of characteristic strength for
different grades of steel and their minimum percentage elongation.

TYPES YIELD STRESS/0.2% PROOF
% ELONGATUS
OF ¢ GRADE ¢ STRESS OR CHARACTERISTIC #
(MINIMUM)
STEEL STRENGTH (N/MM2)
Mild Steel Fe 250 250 0.23
High Fe 415
415 0.145
Strength (Tor 40)
Deformed Fe 500
500 0.12
Steel (Tor 50)
Fe 550
(HYSD) 550 0.08
(Tor 55)
TMT or
Fe 500 500 0.12

CRS bars

According to NBC105:2020, The material should be taken as per CI.2.1.

2.1 GRADE OF MATERIAL
Minimum grade of structural concrete shall be M20, but M25 for buildings more than

12 m in height.
Steel reinforcement used shall be of,

a) Grade Fe 415 or less; or

b) High strength deformed steel bars produced by thermo-mechanical
treatment process having elongation capacity of more than 15
percent; e.g. Grade Fe 500 and Fe 550.

The height of building we considered is more than 12m, so we take M25 grade concrete for
structure and Steel Fe500.
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4 DESIGN STUDY
4.1. PRELIMINARY DESIGN CONCEPT OF STRUCTURAL SYSTEM

For the analysis, dead load is necessary which depends upon the size of member itself. So, it is
necessary to pre-assume logical size of member which will neither overestimate the load nor
underestimate the stiffness of the building. So, the tentative sizes of the structural elements are
determined through the preliminary design so that the pre-assumed dimensions may not deviate
considerably after analysis thus making the final design both safe and economical. Tentative sizes
of various elements have been determined as follows:

Slab:

Preliminary design of slab is done as per the deflection criteria as directed by code Clause 23.2.1
of [IS 456: 2000]. The cover provided is 20 mm and the grade of concrete used in the design is
M20.
According to which,

Span < (M# X Mxc) x Basic Value

Eff. Depth
Where, the critical span is selected which is the maximum shorter span among the all-slab
elements. This is done to make uniformity in slab thickness. The amount of reinforcement will be
varied slab to slab, but the thickness will be adopted corresponding to the entire slab.
Beam:
According to NBC 105:2020 Cl.4.1.1, The following criteria is given for Beam dimensional
Limits.

4.1.1 Dimensional Limits

a) Beams shall preferably have width-to-depth ratio of more than 0.3
b) Beams shall not have width less than 200 mm

c) Beams shall not have depth D more than 1/4" of clear span.

d) Width of beam bw shall not exceed the width of supporting member

COLUMN:
According to NBC 105:2020 Cl.4.2.1

4.21 Dimensional Limits
a) The minimum dimension of a column shall not be less than 20 dp, where do
is diameter of the largest diameter of longitudinal reinforcement bar in the
beam passing through or anchoring into the column at the joint.
b) The minimum dimension of column shall be 300 mm.

Minlmum column width Minimum column width
> 300 mm . > 300 mm
>20db >20db

Figure 4-4 Requirement for minimum size of column member

¢) Columns shall preferably have width-to-depth ratio of more than 0.45.

Dimension of column > 20 * @ largest bar of beam anchoring into column
For 16 mm dia. bars
Minimum dimension of column = 320mm

Select column size of 350 x 350 mm.
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SLAB

Span of slab = 4.064 m

Percentage of steel = 0.1 % (assume)
From Clause 23.2.1 of [IS 456: 2000]

Using deflection criteria for combination of continuous and simply supported slab,
L% = Mt X basic value
Where,

Basic value = 26
Mft = 1.8 for 0.1 % tension steel

Therefore,

d =4064/(26 x 1.8) = 87 mm

Adopt,

Effective depth d = 105 mm

Overall depth D = 105+ 20 = 125 mm

Similarly, from the total weight of building, the tentative size of columns is assumed to make the

finite element model.
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5 BUILDING DATA FOR ANALYSIS
5.1. CALCULATION OF LOADS

Load calculation is done using the NBC 102:1994 as reference. At first type of material is selected
and value of unit weight of the materials is taken from the above-mentioned code. Thickness of
the material is selected as per the design requirement. Knowing area, thickness, and unit weight of
materials, loads on each section is found.

The following are assumed for detail load calculation.

e R.C.C Slab, Beam and Column =25.0 KN/m?
e Screed (25mm thick) =19.2 KN/m®
e Cement Plaster (20mm thick) = 20.40 KN/m?®
e Marble Dressed = 26.50 KN/m?®
e Telia Brick =19 KN/m®

5.1.1 DEAD LOADS
Floor Finish

Floor Finish Load is calculated Simple Marble Finishes. With load calculation

mm KN/m? KN/m?

Screeding 10 0.21 (Table 2, No
8)
Ceiling Plaster 12.5 20.4 0.255
Marble 25 26.7 0.6675  (Table 1, No
47)
Total 1.1325
Partition 1.2 KN/m? | (3.1.2, 1S 875, part 2, 1987))
WHt. of finishing = 1 kN/m?

Wall Loads

Height  Thickness Opening Density Weight Weight of
wall(KN/m)
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2C-3C 44196 2.8956 02286 0914 086 0.23 19 5.32 7.4
44196 2.8956 02286 0914 086 0.23 19 5.32
3C-4C 3.302  2.8956 02286 0914 0.86 0.23 19 3.9 9.1
Al-Bl 4.064  2.8956 0.2286  0.762 2.134 0.23 19 4.49 10.2
B1-C1 29464 2.8956 0.2286 0914 0.86 0.23 19 3.43 8.7
A4-B4 4064  2.8956 02286 0914 086 0.23 19 4.86 9.7
B4-C4 29464  2.8956 0.2286 0914 0.86 0.23 19 3.43 8.7
1B-2B 3.302  2.8956 0.10 19 1.85 5.6
3B-4B 3.302  2.8956 0.10 19 1.85 5.6
A3-B3  2.6416 2.8956 0.10 099 244 0.10 19 1.01 3.5
B3-C3  3.7592  2.8956 0.10 099 244 0.10 19 1.64 4.1

5.1.2 LIVE LOADS

Live load for the floor and Roof is taken from IS 875 part 2 as referred by National building code.
For residential Building, following load has been considered (Table 1, IS 875 Part 2)

All rooms and kitchens - 2 KN/m2

Toilet and bathrooms - 2 KN/m2

Corridors, passages, staircases including tire escapes and storerooms - 3 KN/m2
Balconies - 3 KN/m2

For Roof Load, Table 2 of IS 875 part 2 has been taken for the estimation.

Flat, sloping or curved roof with slopes up to and including 10 degrees
Access provided - 1.5 KN/m2
Access not provided except for maintenance -0.75 KN/m2

5.1.3 SEISMIC LOADS

Earthquake forces constitute to both vertical and horizontal forces on the building. The total
vibration caused by earthquake may be resolved into three mutually perpendicular directions,
usually taken as vertical and two horizontal directions. The movement in vertical direction do not
cause forces in superstructure to any significant extent. But the horizontal movement of the
building at the time of earthquake is to be considered while designing.

The response of the structure to the ground vibration is a function of the nature of foundation soil,
size and mode of construction and the duration and intensity of ground motion. NBC105:2020
gives the details of such calculations for structures standing on soils, which will not considerably
settle or slide appreciably due to earthquake. The seismic accelerations for the design may be
arrived at from seismic coefficient, which is defined as the ratio of acceleration due to earthquake
and acceleration due to gravity.

Lateral loads on the building frames are caused primarily by wind pressure. In addition, earthquake
shocks produce horizontal sway, which results in inertia forces acting horizontally on the structure.
Butinanarealike ............... wind load is not so vital so, only the lateral load due to earthquake
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shock is considered in this case. For the analysis and design of earthquake action following method
has been applied in this building.
(a) Equivalent Static Method
Calculate the horizontal base shear coefficient according to NBC 105:2020 Cl.6. The
coefficient is calculated for both Ultimate Limit State (ULS) and Serviceability Limit State
(SLS) Cl.6.1.1 and Cl.6.1.2.
Following parameters is considered for estimating the total base shear in the buildings:
Peak ground acceleration (PGA) for Bharatpur according to NBC 105:2020, Table 4-5

Cities/Municipalities  PGA

Bharatpur 0.4

Since the Building is considered as office Building, The Important factor for office building
according to NBC 105: 2020.Table 4-6

Importance Class Structure 1

[ Ordinary Structures (those not falling in classes Il and 10
1) :

Schools, colleges, cinemas, assembly buildings such

as shopping malls, convention halls, temples,
monumental structures, Police stations, Emergency
vehicle shelters/garages, Food storage structures,
12 Emergency relief stores, Water works and water 1.5
towers, Radio and television facilities, Telephone
exchanges and transmission facilities, Offices and
residential quarters for senior personnel required for

rescue and relief operations and any other buildings

designed to accommodate more than 500 persons.

Importance factor, 1 =1.25
The time period of building is calculated according to NBC 105:2020 cl.5.1.2

T1 =le% ................................................................................ 5‘1(2)
Where, kt

=0.075 for Moment resisting concrete frame
=0.085 for Moment resisting structural steel frame
=0.075 for Eccentrically braced structural steel frame

=0.05 for all other structural systems
Where,

H = Height of the building from foundation or from top of a rigid basement.

For the total height of the building H=14.48m, empirical relation for fundamental transaction
period is given by the relation,

i.e

Kt is taken as 0.75, considering infill also.

T=0.474Sec

With this fundamental time period in medium soil type-Il, a graphical interpolation has been
made to calculate.
The value of Cd (ULS) = 0.167

Cd (SLS)=0.160
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Table 1: Determination of seismic load as per NBC 105: 2020
A. As per NBC 105: 2020

a. Determination of seismic load as per NBC 105: 2020

Seismic Parameter Notation Reference Value  Unit Remarks
Site sub soil condition cl. 4.1.3.4 Table Soil Bharatpur
4-4 Type B

Height of the building from H 8.69 m
foundation
Time period T1 cl.512&5.13 0.474  sec T1=1.25*kt*H"(3/4)

where, kt=0.075 for

RC moment
resisting frame
Spectral shape factor Ch(T) cl.4.1.2 2.50 Ch(T)=a as
Ta<T<Tc
Seismic zoning factor Z cl.4.14 0.40 Kathmandu valley
Importance Factor I cl.4.15 1.00 Residential building
(Other structure)
Over Stress Factor Qu cl. 5.4 Table 5-2 1.50 Reinforced Concrete
Over Stress Factor Qs cl.5.4 Table5-2  1.25 Moment Resisting
Ductility Factor Ry cl.5.3.1Table5-  4.00 Frame
2
Ductility Factor Rs cl.5.3.2 1.00
Elastic Site Spectra for C(T) cl.4.1 1.00 C(T)=Ch(T) Z1
horizontal loading
Elastic Site Spectra for Cs(T) cl. 4.2 0.200 Cs(T)=0.20C(T)
Seviceability Limit State
Horizontal Base Shear Cd(T1) - 0.167 Co(T) = C(Ty)
Coefficient - ULS ULS S Rux Qu
Horizontal Base Shear Cd(T1) - 0.160
Coefficient - SLS SLs Cy(Ty) = Cs(T)
Qs

Seismic wt of the building for W 2659.89 KN
DL+.3LL
Horizontal Seismic Base Shear V - ULS cl.6.2 44420 KN V=Cd(T1)W
ULS
Horizontal Seismic Base Shear V -SLS cl. 6.2 42558 KN V=Cd(T1)W
SLS

Distribution of lateral forces at different storey
k
i zwv;hk <V
Where, for structure having time period T < 0.5 sec, k=1
for structure having time period T > 2.5 sec, k =2
for structure having time period between 0.5 sec and 2.5 sec, k is determined by linear
interpolation between 1 and 2
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So, for time period (T) = 0.493 sec, k = 1.000

Calculation of time period of the building as per NBC 105: 2020
i. Rayleigh
method

?:1(Widi2)
QETL-L(FE({E)

NBC 105: 2020 cl.
5.1.1

Calculation of time period along X- direction of the building

Store Storey Elastic Lateral Wi*dinr Fi*di
y weight Displacement di force Fi 2
Wi(KN) (m) (KN)
1 1135.538 0.004976 107.68 0.028 0.5358
2 1029.384 0.01095 195.56 0.123 2.1414
3 494.9732 0.01555 140.97 0.120 2.1921
> 0.271 | 4.86921
3
Time period along X= Tx = 0.474  sec
Calculation of time period along Y- direction of the building
Store Storey Elastic Lateral Wi*din Fi*di
y weight Displacement di force Fi 2
Wi(KN) (m) (KN)
1 1135.538 0.005658 107.68 0.036 0.6092
2 1029.384 0.01235 195.56 0.157 2.4151
3 494.9732 0.017019 140.97 0.143 2.3991
> 0.337 | 5.42351
2
Time period along Y= Ty = 0.500  sec

(Larger of the time period in X and Y direction, so taken as fundamental time period)

ii. Empirical

method

Comparison of the time periods

Time period=

T1

where Kt =0.075 for Moment resisting frame

Empirical time period =
Rayleigh time period =

1.25*kt*Ht”3/4

0.474

0.474
0.500

sec

sec
sec
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Since empirical time period is lesser, it is okay to use it for seismic load (NBC 105: 2020, cl.
calculation 5.1)

Table 2: Seismic Base Shear
Load Pat Dir  Percent Ecc Userz

Ecc Override

Text Text Unitless Yes/No  Yes/No Unitless  Unitless KN KN

EQX-ULS X 0.1 No No 0.167 1.00 2658.986 @ 444.050
EQY-ULS Y 0.1 No No 0.167 1.00 2658.986  444.050
EQX-SLS X 0.1 No No 0.160 1.00 2658.986 @ 425.437
EQY-SLS Y 0.1 No No 0.160 1.00 2658.986 « 425.437

5.1.4 WIND LOADS

Buildings are subject to horizontal loads due to wind pressure acting on the buildings. Wind load
is calculated as per IS 875(Part 111)-1987. The horizontal wind pressures act on vertical external
walls and exposed area of the buildings. Some of the pressure acting on exposed surfaces of
structural walls and columns is directly resisted by bending of these members. The infill walls act
as vertical plate supported at top and bottom by floor beams, thus transferring the loads at slab
level. The parapet wall is at terrace transfers the wind loads to the surface slab by cantilever action.
For simplicity, the wind loads acting on exposed surfaces of a given storey are idealized to be
supported by upper and lower floors.

5.1.5 SNOW LOADS

Sloped roofs are always inaccessible whether summer or winter. Of course, Live load for
maintenance purposes on sloped roof is 75Kg/m2 if slope angle is up to 10 degrees or less. For
higher slope angles it is lesser. Snow load during winter is another imposed load to be taken
but design is attempted for either LL or snow load whichever is greater under normal condition.
This fact is also given in 1S875 part -5 that when snow load is present on roof, replace imposed
load by snow load in load combinations (Clause 8.1 note 1).

5.2. LOAD CASES AND COMBINATIONS

52.1 LOAD CASES

Load cases are the independent loadings for which the structure is explicitly analyzed.
Earthquake forces occur in random fashion in all directions. For buildings whose lateral load
resisting elements are oriented in two principal directions, it is usually sufficient to analyze in
these two principal directions (X —and Y — direction) separately one at a time. Where lateral load
resisting elements are not oriented in two principal directions, it is analyzed for simultaneous
effects due to full earthquake load in one principal direction plus 30 % of other direction. Thus,
the load cases adopted are as follows:

a. Dead Load (DL)
b. Live Load (LL)
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c. EQX
d. EQY

52.2 LOAD COMBINATIONS

Load combinations are the loadings formed by the linear combination of the independent loading
conditions. The different load cases have been combined as per NBC code. The load combinations
are as follows:

1.2DL +1.5LL

DL +0.3LL + EQX
DL +0.3LL - EQX
DL +0.3LL + EQY
DL +0.3LL - EQY

®o0ow

5.2.3 VERTICAL (GRAVITY) LOAD ANALYSIS

Floor Finish
This load is applied all over the slab. Load application is shown in figure below.

Figure 5: Floor Finish at Level 2.895m
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Figure 6: Floor F|n|sh at Level 5.7912m

Figure 7: Floor Finish at Level 8.68m

b) Live load
Application of live load is shown in figure below.
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Figure 8: Live Load Level 2.895m

Figure 9: Live Ioad Level 5.7912m
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Figure 10 : Live Load Level 8.68m
c) Wall load

Sty
10.2
s
10.2 87
N st
;[; RelR1
\
B> Y N o b -




STRUCTURAL ANALYSIS AND DESIGN REPORTS OF RESIDENTIAL BUILDING

Load coming from the weight of wall is applied on the beam underneath the wall if there is not
any beam below the wall load is applied to nearby beam in the direction of wall. Application of
wall load is shown in figure below.

A B C
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Figure 11 :Wall Loads
5.3. EFFECTIVE STIFFNESS OF CRACKED SECTIONS

Proper estimation of flexural stiffness of each individual member is essential for capturing (a)
dynamic characteristics of a building, and (b) force and deformation demands imposed on the
building and its members. Reinforced concrete poses a special challenge of capturing the most
suitable cross-section property, especially when sections undergo extensive cracking during
earthquake shaking. The choice is between Gross and Cracked Cross-Sectional Properties
associated with axial, flexural, shear and torsional actions. Gross cross-sectional properties are
computed using gross sectional area without considering the stiffness enhancement due to the
presence of longitudinal reinforcement; here, the extent of cracking of the member is assumed to
be minimal. Often, gross properties are commonly used for estimating force and deformation
demands on members subjected to gravity loading based on linear analysis. But, in members where
extensive cracking is expected during earthquake shaking, estimation of force and deformation
demands based on gross properties may not represent the true behavior.

Effective properties are necessary to overcome this shortcoming and represent reduced stiffness of
members in their damaged state. Effective properties are arrived at, based on extensive analytical
and experimental studies on buildings/members subjected to seismic loading; they are expressed
as a fraction of gross stiffness (Table 2). For instance, the ratio of effective moment of inertia to
gross moment of inertia of columns is higher than that of beams, because damage expected in
columns is lower owing to presence of compressive axial load in them. The actual ratio depends,
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for example, on the level of compressive axial load, among many other factors; thus, literature on
the subject has different suggestions. From NBC 105:2020 I, et = 0.35Ip, gross for beams and I eft
= 0.70lc,gross for columns. Using these values, the fundamental natural periods of buildings are
estimated; results indicate that natural periods estimated using gross stiffness are lower than those
estimated using effective stiffness.

The crack stiffness is calculated according to NBC:2020, CI.3.4, Table3.1

Table 3: Effective Stiffness of Member

S No. Component Flexural Stiffness Shear Stiffness
1 Beam 0.35 Eclg 0.40 Ec Aw
2 Columns 0.70 Eclg 0.40 Ec Aw
3 Wall—cracked 0.50 Eclg 0.40 Ec Aw
4 Wall—uncracked 0.80 Eclg 0.40 Ec Aw

| ¢ = Moment of Inertia based on Gross Cross-sectional Properties assuming rectangular sections
for beams.

The modification factors are multiplied by the section properties specified for a frame element to
obtain the final analysis section properties used for the frame element. Note that these modification
factors only affect the stiffness of the structure not its strength.

54. INTER-STORY DEFLECTION

The following criteria is considered for checking the Inter-Storey Deflection according to NBC
105: 2020.C1 5.6.3.

The ratio of the inter-story deflection to the corresponding story height shall
not exceed:
0.025 at ultimate limit state

0.006 at serviceability limit state

The deflection shall be obtained by using the effective stiffness properties of the components as
given in Table-1.
The criteria for limiting horizontal deflection shall be determined as per NBC 105:2000, cl.5.6.1

5.6.1 Determination of Design Horizontal Deflections

5.6.1.1 Ultimate limit state
The design horizontal deflections shall be determined by multiplying the
horizontal deflection found from Equivalent Static Method or Modal

Response Spectrum Method by the Ductility factor (Ry).

5.6.1.2 Serviceability limit state
The design horizontal deflection for serviceability limit state shall be taken as
equal to the horizontal deflections calculated either by Equivalent Static

Method or Modal Response Spectrum Methods.
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5.5. TORSIONAL EFFECT

The following criteria is considered for checking the Torsional effect according to NBC 105:
2020.Cl1 5.7 and 5.5.2.1.
According to NBC 105:2020 ClI. 5.7, 10 percentage accidental eccentricity is taken.

5.7 ACCIDENTAL ECCENTRICITY

For the analysis for torsional effects, the applied torsion at each level shall
use either the forces calculated by the Equivalent Static Method or the
combined story inertial forces found in a Modal Response Spectrum Method.

The accidental eccentricity can be taken as +0.1b.

According to NBC 105:2020ClI. 5.5.2.1, for torsional check the maximum deflection is 1.5 time
its minimum displacement must be satisfied.

5.5.2.1 Torsion Irregularity
Torsion irregularity is considered to exist where the maximum horizontal
displacement of any floor in the direction of the lateral force (applied at the
center of mass) at one end of the story is more than 1.5 times its minimum
horizontal displacement at the far end of the same story in that direction

(Figure 5-2).

Al'l'] ax

Amin
Amax> 1.5 Amin

Figure 5-2: Torsion Irregularity
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6 STATIC LATERAL LOAD ANALYSIS RESULT
6.1. MODE SHAPE/MASS PARTICIPATION FACTOR/TIME PERIOD

The mode of oscillation with the smallest natural frequency (and largest natural period) is called
the Fundamental Mode; the associated natural period Ty is called the Fundamental Natural Period
and the associated natural frequency fi the Fundamental Natural Frequency. There are three basic
modes of oscillation, namely, pure translational along X-direction, pure translational along Y-
direction and pure rotation about Z-axis. Regular buildings have these pure mode shapes. Irregular
buildings (i.e., buildings that have irregular geometry, non-uniform distribution of mass and
stiffness in plan and along the height) have mode shapes that are a mixture of these pure mode
shapes. Each of these mode shapes is independent, implying, it cannot be obtained by combining
any or all the other mode shapes. The overall response of a building is the sum of the responses of
all its modes. The contributions of different modes of oscillation vary; usually, contributions of
some modes dominate.

m, 4 —® ™ ™ '}
o ® o
m . m; . — .'“J
m, . m_.. m, .
m, @ m, L m, @
Mode 1 Mode 2 Mode 3

Figure 12: Mode shapes

According to 1S 1893:2016, The number of modes to be used in the analysis should be such that
the total of modal masses of all modes considered is at least 90 percent of the total seismic mass
and missing mass correction beyond 33 percent. If modes with natural frequency beyond33 Hz are
to be considered, modal combination shall be carried out only for modes up to 33 Hz. For mass
participation in the building the criteria given in Table 6 (vii) of IS 1893:2016 must be satisfied.

vii) Irregular Modes of Oscillation in Two Principal
Plan Directions
Stiffnesses of beams, columns, braces and structural
walls determine the lateral stiffness of a building in
each principal plan direction. A building is said to
have lateral storey irregularity in a principal plan
direction, if
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a) the first three modes contribute less than
65 percent mass participation factor in each
principal plan direction, and

b) the fundamental lateral natural periods of the
building in the two principal plan directions are
closer to each other by 10 percent of the larger
value.

In buildings located in Seismic Zones Il and II1, it
shall be ensured that the first three modes together
contribute at least 65 percent mass participation
factor in each principal plan direction. And, in
buildings located in Seismic Zones IV and V, it shall
be ensured that,

1) the first three modes together contribute at least
65 percent mass participation factor in each
principal plan direction, and

2) the fundamental lateral natural periods of the
building in the two principal plan directions
are away from each other by at least 10 percent
of the larger value.
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7 COMPUTER-BASED SOFTWARES FOR STRUCTURAL PURPOSES

In the modern era, the best structural engineers are those who are not only precise with their work,
but fast. Time efficiency along with accuracy have become substantial factors to a successful
engineer nowadays, due to the stiff competitiveness to outshine others, and due to the vigorous
market demands and severe workloads. For this reason, manual work done by hand is no longer
sufficient. Whether performing structural analysis, design or drawings, hand efforts are time
consuming and can exhibit errors depending on the complexity of the work. Consequently,
computer-aided software’s are resorted to for improved quality and time efficiency. Nowadays,
these programs are a crucial escort to any structural engineer throughout their work.

7.1. ETABS FOR STRUCTURAL ANALYSIS

In practical work, conducting structural analysis procedures manually for a structure is very
challenging and troublesome. It is extremely time consuming, and involves a lot of detailed
structural calculations, and can therefore produce human errors. Thus, a structural analysis
program ETABS is essential to ensure the quality, accuracy, and speed of attaining the desired
results.

ETABS 18.1.1 is equipped with built in templates which can help users execute structural models
with significant ease. It also enables the import of DXF drawings; a feature which opens the door
for an even wider variety of uses. The main elements forming a 3D ETABS model are joints,
frames, and shells. Joints represent supports and intersections, while frames represent vertical or
horizontal members as beams, columns, or frames, and finally shells represent vertical and
horizontal plates as shear walls, retaining walls and slabs. Henceforth, users are allowed to assign
element sections, with different materials and cross section shapes, and even optimize the used
material strength as per requirements.

Figure 6 shows a preview of a 3D ETABS19.1.0 model.
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Figure 13: Example of 3D ETABS19.1.0 Model

Also available by ETABS19.1.0, loads, restraints, constraints, and frame releases can be assigned
for the purpose of enhancing the accuracy of the model. Restraints refer to supports, with the user
left to choose their desired degree of freedom. Constraints provide rigid connections, to joints at
close ranges, in all or specific translation and rotary movements, as selected by the user. Similarly,
frame releases allow the release of forces or moments of frames, to distinguish the secondary
beams which are simply supported on the main beams (Computers and Engineering, 2003).
Regarding shells, ETABS19.1.0 prevents ‘shear locking’ dilemmas and allows for the meshing of
shells with respect to grid intersections, specific number of shells, specific shell sizes or
intersections with selected joints. This is for model refinement and to obtain more accurate results.
Analysis results are displayed with reference to local axes to display forces, moments, and
deflection directions in sublime elaboration for user interpretation. Furthermore, ETABS provides
a graphical visualization of results by clicking on joints and members to showcase the existing
straining actions.
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Numerical study for the building was done in Finite Element Modelling environment in
ETABS19.1.01. The structural system of the building considered was RC frame with Masonry
Wall. RC floor slabs were modelled as single layered shell elements. Beam and Column are
modelled as frame element.

Seismic Coefficient method has been used to analyze and design the building.

7.2. ANALYSIS RESULT

Table 4: Torsional Check

mm mm
Story2  EQX_NBC_ULS 1 X 10.91 10.718 1.018 OK
Storyl  EQX_NBC_ULS 1 X 4.976 4.809 1.035 OK
Story2  EQX_NBC_ULS 2 X 11.348  10.754 1.055 OK
Storyl  EQX_NBC_ULS 2 X 5.2 4.827 1.077 OK
Story2  EQX_NBC_ULS 3 X 10.89 10.682 1.02 OK
Storyl  EQX_NBC_ULS 3 X 4.829 4.791 1.008 OK
Story2  EQY_NBC_ULS 1 Y 12301  11.938 1.03 OK
Storyl  EQY_NBC_ULS 1 Y 5.658 5.578 1.014 OK
Story2  EQY_NBC_ULS 2 Y 13.355  12.078 1.106 OK
Storyl  EQY_NBC_ULS 2 Y 6.185 5.638 1.097 OK
Story2  EQY_NBC_ULS 3 Y 12.35 11.798 1.047 OK
Storyl  EQY_NBC_ULS 3 Y 5.904 5.517 1.07 OK
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Table 5: Drift Check
For Earthquake in X direction (Ultimate Limit State)

mm mm X Ru, mm
Story3 8686.8 Top 15.552 0.16 0.0002 0.025 OK
Story?2 5791.2 Top 10.954 0.859 0.0001 0.025 OK
Storyl 2895.6 Top 5.024 0.486 0.0002 0.025 OK
Base 0 Top 0 0

For Earthquake in Y direction (EQY Ultimate Limit State)

mm mm Y Ru, mm
Story3 8686.8 Top 0.225 17.022 0.0016 0.025 OK
Story2 5791.2 Top 0.388 12.351 0.0023 0.025 OK
Storyl 2895.6 Top 0.275 5.658 0.0020 0.025 OK
Base 0 Top 0 0

For Earthquake in Y direction (EQY in SLS)

mm mm X Rs, mm
Story3 8686.8 Top 14.901 0.153 0.0002 0.006 OK
Story?2 5791.2 Top 10.494 0.823 0.0001 0.006 OK
Storyl 2895.6 Top 4.813 0.466 0.0002 0.006 OK
Base 0 Top 0 0

For Earthquake in Y direction (EQY in SLS

mm mm Y Rs, mm
Story3 8686.8 Top 0.215 16.308 0.0015 0.006 OK
Story2 5791.2 Top 0.372 11.833 0.0022 0.006 OK
Storyl 2895.6 Top 0.264 5.421 0.0019 0.006 OK

Base 0 Top 0 0
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Table 6: Modal Mass participation Ratio

sec

Modal 1 0.494 1.97E- 0.8422 0 197E- 0.8422 0.1895 2.84E- 0.0026
05 05 06
Modal 2 0.469 0.8241 0.0001 0 0.8241 0.8423 2.73E-  0.2057  0.0057
05

Modal 3 0.413  0.0045 0.0017 0 0.8287 0.844 0.0094 0.0065 0.8353
Modal 4 0.186 0.0009 0.1067 0O 0829 09507 0.6085 0.0034 0.0001
Modal 5 0.183  0.1101 0.0011 0 09397 09517 0.0061 0.5717 0.0007
Modal 6 0.17 0.0018 0.0036 0 09415 09554 0.0173 0.0049 0.0965
Modal 7 0.112  0.0073  0.0298 0 09488 0.9852 0.11  0.0267 0.0177
Modal 8 0.108 0.0408 0.0096 0 09897 09948 0.0357 0.1458 0.0002
Modal 9 0.099 0.0062 0.0027 0 0998 09976 0.0113 0.0203 0.0373
Modal 10 0.027 0.0005 0.0002 0 0993 0.9977 0.0009 0.0014 5.56E-

06
Modal 11 0.023 = 0.0004 0.0002 0 0.9967 0.998 0.001 = 0.0017  0.0006
Modal 12 0.02 0.0019 0.0001 0O 09986 0.9981 0.0007 0.0076 0.0003

7.3. LATERAL FORCE DISTRIBUTION (SF, BM, AXIAL LOAD DISTRIBUTION OF
EACH FRAME)

From ETABS19.1.0, the result of analysis in the form of Shear force, bending moment and
axial force is given in the fig14,15 and 16.
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Elevation View - A Moment 3-3 Diagram  (DL+0.3LL+EQX) Step 1/3 [kN-m] |
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Figure 14 Bending Moment along grid
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Elevation View - A Shear Force 2-2 Diagram  (DL+03LL+EQX) Step 1/3 [kN] ]

w
N
7&:@&
0—

€96
il
-0.7
S g'ov

q
u-
&
[e)]
11.1¢p3 18.0 25.2 .
w
-
iy [= ]
om o —
N 7]
— @

16.2623

o
o
1%
N
~J
w
1%
N
=
©
g

26.4511) 267122 29.6749 252187 |

|
| |

X

o . (1]

Figure 15 Shear Force Along the grid

Elevation View - A Axial Force Diagram  (1.5(DL+LL)) [kN] 1
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Figure 16 Axial Force Along the grid
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8 DESIGN CHECK
8.1. STRONG COLUMN WEAK BEAM CHECK

To avoid progressive collapse of a structure due to a cascade effect created by column failure in
the lower levels, the columns and beams are to be designed as per Strong-Column-Weak Beam
Design. This helps the structure to dissipate seismic energy better, without total collapse i.e., these
plastic hinges formed in the beams, increase the ductility of the structure and hence the structure
would be able to undergo large lateral displacements.

In a seismic event, an intended nonlinear response of a well-designed moment frame involves a
strong column-weak beam mechanism. This mechanism comprises of plastic hinging in the beams
along the height of the frame and the columns at the base of the structure, with limited, though
ideally no inelastic column deformations in the rest of the stories, except at the column end at the
very top of the building. The strong column weak beam capacity check is according to the NBC
105:2020 CI.5.4,

5.4 CoLumMN-BEAM MoOMENT CAPACITY RATIO
At all beam to column connections, the following relationship shall be satisfied:

X Mpe >
T L e et 54
Where,

EMpc = sum of the moment capacity in the column

above and below the beam centerling;

E=Mps = sum of the moment capacity in the beams at the

- : . "

The formuléﬁéiven in NBC 105: 2020, is based on the sum of moment strengths for the columns
and beams framing into a level.

intersection of the beam and column centerlines

ZMc_olumn =12 ZMbeam
The strong column weak beam check with the help of ETABS 19.1.0
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‘ 3-D View Beam/Column Capacity Ratios (IS 456:2000) |
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Figure 17 Column /Beam Ratio check from ETABS 19.1.0

9. CONCLUDING REMARKS

Reinforced concrete construction is common all over the world. It is used extensively for
construction of variety of structures such as buildings, bridges, dams, water tanks, stadium, towers,
chimneys, tunnels and so on.

Experiences from past earthquakes and extensive laboratory works have shown that a well-
designed and detailed reinforced concrete structure is suitable for earthquake resistant structure.
Ductility and strength required to resist major earthquake can be achieved by following the
recommendations made in the standard codes of practice for earthquake resistant design.
Detailing of steel reinforcement is an important aspect of structural design. Poor reinforcement
detailing can lead to structural failures. Detailing plays an important role in seismic resistant
design. In seismic resistant design, actual forces experienced by the structure are reduced and
reliance is placed on the ductility of the structure. And ductility can be achieved by proper detailing
only. Thus, in addition to design, attention should be paid on amount, location, and arrangement
of reinforcement to achieve ductility as well as strength.

Design and construction of the structure are inter — related jobs. A building behaves in a manner
how it has been built rather than what the intentions is during designing. A large percentage of
structural failures are attributed due to poor quality of construction. Therefore, quality assurance
is needed in both design and construction.
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In earthquake resistant construction, quality of materials and workmanship plays a very important
role. It has been observed that damages during earthquakes are largely dependent on the quality
and workmanship. Hence, quality assurance is the most important factor in the good seismic
behavior of the structure.

10 REFERENCE CODE

NBC 110: 1994 Plain and Reinforced Concrete

NBC 102: 1994 Unit Weights of Materials

NBC 103: 1994 Occupancy Load (Imposed Load)

NBC 104: 1994 Wind Load

NBC 105: 1994 Seismic Design of Buildings in Nepal

NS: 501-2058 Code of Practice for Ductile Detailing of Reinforced
Concrete Structures Subjected to Seismic Forces

SP: 16-1980 Design Aids for Reinforced Concrete to IS: 456-
1978

SP: 34-1987 Handbook on Concrete Reinforcement Detailing

IS: 456-2000 Plain and reinforced concrete code

IS: 1893-2002 Earthquake resistant design of structure

IS: 13920 Ductility code
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Laod Calculation

ANNEX A: DESIGN OF SLABS

Self weight of slab Sw = 3.18 kN/m2
2 Live Load LL= 2.00 kN/m2
3 Finish Load FL = 113 kN/m2
4 Misc Load ML = 1.00 kN/m2
5 Total Factored Load L= 10.96 kN/m2
Factored Clear Span Width Effective Span Ratio .
Slab Support & P . Moments fy fex d reqa Dprovided d
Panel Conditi W Moment Coefficients
Gl Oe et Short Long | Support L, L, L,/L,
KN/m? m m m KNm | N/mm? | N/mm? mm mm mm mm
Two adjacent Short Span -Ve 0.06 8.30 500 20 19 127 107 88
s1 edge 1096 | 330 | 4064 | o025 | 3552 | 4314 | 121 SLhO” zpa“ +\\//e (?'(?:’7 225 588 ;8 12 E; 13; ::
discontinuous ong Span -ve - S 5
Long Span +Ve 0.035 4.84 500 20 19 127 107 88
Short Span -Ve 0.037 7.92 500 20 19 127 107 88
2 Ope sho_rt edge 10.96 442 4064 023 442 406 0.92 Short Span +Ve 0.028 6.00 500 20 19 127 107 88
discontinuous Long Span -Ve 0.037 7.92 500 20 19 127 107 88
Long Span +Ve 0.028 6.00 500 20 19 127 107 88
Spacing
. Spacing | Limit: | Spacing . Torsional Reinforcement
AStrequired|  Astmin Bar Dia s [ | e Astprovided Deflection Check
3d Bar dia. | 3/4A.,. | Spacing No.ofBarg 3/8A, | Spacing
mm? mm’ mm mm_ jor300mm _mm mm’ o B y 8 A aBySA L/d Check mm mm’ mm mm?
232.1 128.40 8.00 216.57 150 335.10 1.6
170.9 12840 8.00 294.14 264.00 150 855.10 23 1 16 1 1 36.8 33.2 8 8 251.3274 200 5 125.7
178.9 128.40 8.00 280.95 150 335.10 1.6
131.4 128.40 8.00 382.64 150 335.10 1.6
220.8 128.40 8.00 227.62 150 335.10 1.6
1643 | 12840 8.00 30594 | 264.00 - 335101 53 1 16 1 1 36.8 413 | Redesign 8 251.3274| 200 5 1257
220.8 128.40 8.00 227.62 150 335.10 1.6
164.3 | 128.40 8.00 305.94 150 335.10 1.6
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ANNEX B: DESIGN OF BEAMS

The beams are designed with the help of ETABS 19.1.0 and checked manually. The results of
reinforcement on typical section of beam are obtained as shown below in Fig.B1, B2 and Fig B3.

[ Plan View - Story1 - Z = 2.8956 (m) Longitudinal Reinforcing. (IS 456:2000) ]
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Figure 18: Beam Reinforcement at Level 2.89m
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" Plan View - Story2 - Z = 5.7912 (m) Longitudinal Reinforcing (1S 456:2000)
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X- Direction
Storey | Beam ] Area of steel . .
Height | ID Area of steel Required Provided Beam Size Grid
End Mid End End Mid End | B(mm) | D(mm)
3686 Top 176 176 180 339 339 339 250 355
Bottom 176 176 176 339 339 339
5791 Top 295 176 303 339 339 339 550 355 AA
Bottom 176 176 176 339 339 339
2895 Top 297 176 336 339 339 339 260 355
Bottom 192 176 176 339 339 339
Storey | Beam . Area of steel . .
Height | ID Area of steel Required Provided Beam Size Grid
End Mid End End Mid End | B(mm) | D(mm)
8686 Top 176 176 176 339 339 339 550 355
Bottom 176 176 176 339 339 339
5791 Top 250 176 311 339 339 339 550 355 5.8
Bottom 176 176 176 339 339 339
2895 Top 256 176 408 452 339 452 550 355
Bottom 176 176 176 339 339 339
Storey | Beam . Area of steel . .
Height | ID Area of steel Required Provided Beam Size Grid
End Mid End End Mid End | B(mm) | D(mm)
3686 Top 176 176 176 339 339 339 250 355
Bottom 176 176 176 339 339 339
5791 Top 186 176 228 339 339 339 550 355 cC
Bottom 176 176 176 339 339 339
T 24 17 2
5895 op 0 6 90 339 339 339 550 355
Bottom 176 176 176 339 339 339
Y- Direction
Storey | Beam . Area of steel . .
Height | ID Area of steel Required Provided Beam Size Grid
End Mid End End Mid End | B(mm) | D(mm)
8686 Top 176 176 176 339 339 339 550 355
Bottom 176 176 259 339 339 339
1 1 1
5791 Top 76 76 76 339 339 339 550 355 11
Bottom 176 176 176 339 339 339
2895 Top 242 176 360 452 339 452 250 355
Bottom 176 176 176 339 339 339
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Storey | Beam . Area of steel . .
Height | ID Area of steel Required Provided Beam Size Grid
End Mid End End Mid End | B(mm) | D(mm)
3686 Top 176 176 176 339 339 339 250 355
Bottom 176 176 176 339 339 339
5791 Top 236 176 286 339 339 339 550 355 99
Bottom 176 176 176 339 339 339
2895 Top 246 176 357 452 339 452 550 355
Bottom 176 176 179 339 339 339
Storey | Beam Area of steel Beam Size
Height | ID Area of steel Required Provided Grid
End Mid End End Mid End | B(mm) | D(mm)
T 17 17 17
8686 op 6 6 6 339 339 339 550 355
Bottom 176 176 176 339 339 339
T 24 17 2
5791 op 8 6 88 339 339 339 950 355 3.3
Bottom 176 176 176 339 339 339
2895 Top 239 176 273 339 339 339 550 355
Bottom 176 176 176 339 339 339
A f | Requi
Storey | Beam rea of steel Required Area of steel .
Height | ID Provided Beam Size
Grid
End Mid End End Mid End | B(mm) | D(mm)
T 17 17 21
5791 op 6 6 0 339 339 339 550 355
Bottom 176 176 176 339 339 339 44
T 241 17
2895 op 6 393 452 339 452 550 355
Bottom 176 176 197 339 339 339
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Beam Shear Design

Size Shear Reinforcement spacing in mm c/c

B|D]|d Mid End (Over 2d)
N B
S eam ASV/S Diain | Spacing ASV/S Diain | Spacing

mm | Required | Spacing mm | Required | Spacing

mm | mm| mm inmm |Provided inmm [Provided
1 |Beams of Floors -Grid A-A 250 | 355|322 0559 | 8 180 150 [0.655| 8 154 100
2 |Beams of Floors -Grid B-B 250 | 355|322]0552| 8 182 150 [1311] 8 77 75
8 |Beams of Floors -Grid C-C 250 | 355|322 |0.651| 8 155 150 [0991| 8 101 100
4 Beams of Floor 1 (Remaining) 250(355(322(0.295| 8 341 150 |0.295| 8 341 100
5 |Beams of Floors -Grid 1-1 250 | 355(322]0.615| 8 163 150 [1.096| 8 92 75
6 |Beams of Floors -Grid 2-2 250 | 355(322]0.726| 8 138 150 [1.253| 8 80 75
7 |Beams of Floors -Grid 3-3 250 | 355|322 |0.632| 8 159 150 [1.149| 8 87 75
8  |Beams of Floors -Grid 4-4 250 | 355|322 |0.706| 8 142 150 [1.143| 8 88 75
9 |Beams of Floor 2 (All) 250 | 355|322 |0.651| 8 154 150 [1.004| 8 92 100
10 |Beams of Floor 3 (All) 250 | 355|322 |0.457| 8 220 150 |0.724| 8 139 100
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ANNEX C: DESIGN OF COLUMN

| Elevation View - 1 Longitudinal Reinforcing (IS456:2000) |
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Figure 21: Column Reinforcement on Grid 1-1

| Elevation View - 2 Longitudinal Reinforcing (5456:2000) |
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Figure 22: Column Reinforcement along Grid 2-2
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Figure 23: 24 Column Reinforcement along Grid 3-3

[ Elevation View - 4 Longitudinal Reinforcing (1S456:2000) |
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Figure 25: Column Reinforcement along 4-4
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Size ReRqeléigfd Provided Area
Column Area Mi.n Provided Rebars - .
Floor ID (from Required rovided Min
B, D, FEM Rebar % | o1 | g1 | n2 | a2 Rebar , Required | Check
mm mm | Analysis), Area, mm Rebar %
mm?

Al 350 350 984 0.80 4 |16 | 4 |16 1608.50 1.31 OK
A2 350 350 980 0.80 4 |16 | 4 |16 1608.50 1.31 OK
A3 350 350 980 0.80 4 |16 | 4 |16 1608.50 1.31 OK
Ad 350 350 980 0.80 4 |16 | 4 | 16 1608.50 1.31 OK
Bl 350 350 1032 0.84 4 |16 | 4 |16 1608.50 1.31 OK
Ground B2 350 350 980 0.80 4 |16 | 4 |16 1608.50 1.31 OK
Floor B3 350 350 1008 0.82 4 |16 | 4 | 16 1608.50 1.31 OK
B4 350 350 1076 0.88 4 (16| 4 | 16 1608.50 1.31 OK
C1 350 350 980 0.80 4 (16| 4 | 16 1608.50 1.31 OK
C2 350 350 980 0.80 4 |16 | 4 | 16 1608.50 1.31 OK
C3 350 350 980 0.80 4 (16| 4 | 16 1608.50 1.31 OK
Cc4 350 350 1009 0.82 4 |16 | 4 | 16 1608.50 1.31 OK
Al 350 350 980 0.80 4 |16 | 4 | 16 1608.50 1.31 OK
A2 350 350 980 0.80 4 (16| 4 | 16 1608.50 1.31 OK
A3 350 350 980 0.80 4 |16 | 4 | 16 1608.50 1.31 OK
Ad 350 350 1300 1.06 4 |16 | 4 | 16 1608.50 1.31 OK
Bl 350 350 980 0.80 4 |16 | 4 | 16 1608.50 1.31 OK
First B2 350 350 980 0.80 4 |16 | 4 | 16 1608.50 1.31 OK
Floor B3 350 350 980 0.80 4 |16 | 4 | 16 1608.50 1.31 OK
B4 350 350 1373 1.12 4 |16 | 4 | 16 1608.50 1.31 OK
C1 350 350 1253 1.02 4 |16 | 4 | 16 1608.50 1.31 OK
C2 350 350 980 0.80 4 |16 | 4 | 16 1608.50 1.31 OK
C3 350 350 980 0.80 4 |16 | 4 | 16 1608.50 1.31 OK
c4 350 350 1240 1.01 4 |16 | 4 |16 1608.50 1.31 OK
Al 350 350 1302 1.06 4 |16 | 4 |16 1608.50 1.31 OK
A2 350 350 1139 0.93 4 |16 | 4 | 16 1608.50 1.31 OK
A3 350 350 1222 1.00 4 |16 | 4 | 16 1608.50 1.31 OK
Second Bl 350 350 1294 1.06 4 |16 | 4 | 16 1608.50 1.31 OK
Floor B2 350 350 1092 0.89 4 |16 | 4 | 16 1608.50 1.31 OK
B3 350 350 1197 0.98 4 |16 | 4 | 16 1608.50 1.31 OK
Cc2 350 350 1224 1.00 4 |16 | 4 | 16 1608.50 1.31 OK
C3 350 350 1442 1.18 4 |16 | 4 | 16 1608.50 1.31 OK
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License #* 1XUIXSHVLEYYDSLA

ETABS19.1.0
ETABS Concrete Frame Design
IS 456:2000 + 15 13920-2016 Column Section Design
Column Element Details Type: Ductile Frame (Summary)

Lewel Element | Unigque Hame Section 1D Combo 1D Station Loc | Length {mm) LLRF
Story1 4 10 C[350X350) DL+0.3LL-EQY a 23856 0.7e4
Section Properties
b imm} | h{mm) | dc {mm) Cower (Torsion) {mm})

350 350 =4 281
Material Properties
E: (MFPa) fex (MPa) Lt Wt Factor (Unitless) fy (MPa) s (MPa)
22360.65 20 1 S00 S0
Desian Code Parameters
¥e T
1.5 1.15
Axial Force and Biaxial Moment Design For Py, Muz, My
Design P« Design Mu Design M Minimum Mz Minimum Mz Rebar Area | Rebar %
kN kM-m kN-m kMN-m kN-m mm? %
3321815 73.5839 -E.E432 6.6432 6.6432 1032 0.54
Axial Force and Biaxial Moment Factors
K Factor | Length Initial Moment Additional Moment Minimum Moment
Unitless mm kN-m kN-m kN-m
Major Bend{M3) 0.660609 2540 0.5178 v] 6.5432
Minor Bend{M2) 0.637521 2540 20,5936 v] 6.6432
Shear Design for Ve . Via
Shear Vs Shear Ve Shear Vs Shear Ve Rebar A s
kN kM kN kN mm3im
Majar, Va 26,8764 £9.5923 41.4255 268764 387 55
Minor, Vaa 439655 £9.3106 41.4258 34,1004 387.55

Joint Shear Checki/Design
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ETAB519.1.0 License #* LXUXSHVLEYYDOLA
Joint Shear Shear Shear Shear Joint Shear
Force Viee Vi Tet Ve Area Ratio
kN kN kM kN cm? Unitless
Major Shear, Ve Mi& A Ni& MNIA MiA HiA
Minor Shear, Vs MiA MiA MiA MNA MiA MiA
(1.4) Beam/Column Capacity Ratio
Major Ratio Minor Ratio
MiA MIA
Additional Moment Reduction Factor k {15 35.7.1.1)

Ag Ase P Py Ps k

cm® om? kN kN kN Unitless

1225 10.3 1455.545 | 447554 3321615 1

Additional Moment (15 39.7.1
Consider | Length Section KLiDepth | KLDepth KLiDepth M.
Ma Factor Depth {mmj) Ratio Limit Exceeded Moment {kN-m)
Major Bending (M; | s 0.577 350 4704 12 Mo [
Minor Sending (M2 ) Yes 0.877 350 4.827 12 Mo a
Moles:
Mis: Mot Applicable
MWIC: Mot Calculated
NN Not Nesded
Figure 26: Design summary from ETABS 19.1.0
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Design of Special Confining Links

fex 20 N/mm?
fy 500 N/mm?
Lateral dimension, Dy 350 mm
Lateral dimension, Dy 350 mm
Cover 40 mm
Stirrups 4 legged rectangular
Stirrups dia 8 mm
Outer dimensions of stirrups:
Dsx 286 mm
Dsy 286 mm
Dimension of rectangular hoop along X, hex = Dsx /3 95.333 | mm
Dimension of rectangular hoop along Y, hey = Dsy /3 95.333 | mm
h= larger of hcx and hey 95.333 mm
Cross sectional rea of stirrup bar, Ash 50.3 mm?
Gross area of column, Ag 122500 | mm?
Area of confined core, Acc = Dsx Dsy 81796 mm?
NBC 105: 2020, Annex A, cl. 4.3c

Ash/[0.18 h (foc / fy)(Ag/Acc-1)] | 147.159 | mm

Ash /[0.05 h fck/fy] | 263.630 | mm

Spacing of confining stirrups = min(Ash / [0.18 h (fck / fy)(Ag/Acc-
1)], Ash /[0.05 h fck/fy] ) 147.159 | mm
NBC 105: 2020, Annex A, cl.4.2.3
Smallest diameter of bar used in column = db= 16 mm
Maximum spacing of links = [min(Dx, Dy)/4,6*d,, 100]min 87.5 mm

Use 8 dia rectangular and diamond confining stirrups @75 mm c/c near
confining zone
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ANNEX D: DESIGN OF STAIRCASE

Here,

Let riser =178mm

No. of riser = 28% _ 16 nos.
0.178

No. of riser per flight :% = 8nos.
No. of tread per flight =8-1 =9 nos. (Number of treads is less by one)

Then, let tread(T)=254 mm
Total going =9 x0.254=2 m(5°10”)
Now,

16
15
14
13

B W N =

i1 !
fo 1

EE ||
1 !

AN 36" 3-6 9 - 16"

Figure 27: Plan of staircase

Steps :1 Calculate effective length of stairs (IS 456 C1.33.1)

Leff=2+1.01+1.18 =4.3 m

ClL.33.1 IS 456: Where the landing slab spans in the same direction as the stairs, they shall be
considered as acting together to form a single slab and the span determined as the distance center-
to-center of the supporting beams or walls, the going being measured horizontally.

Steps :2 Calculate effective depth of stairs.

% = (30-40)-This value is form deflection criteria
L 35
7=

d=32=0.122 ~125mm
Adopt ¢ =12 mm

Clear cover =15 mm
D=d + ¢/2 +clear cover

=120 +12/2 + 15 = 146mm~150mm
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Then,
d=150-12/2-15 =130 mm (effective depth)
Steps :3 Calculate Total load 8.883kN/m

e Load on landing
a. Liveload =4 x 1 =4 kN/m H
b. Floor finish =1.133kKN/m
c. Self-weight=25 x 0.150 x1 =3.75kN/m

Total load =8.883kN/m
e Load on staircase
a. Live load =4 x 1=4kN/m
b. Floor finish =1.133kN/m
C. Self wt. of waist slab= (25x0.15xV0.254% + 0.178%) x 1/0.254 = 4.579kN/m

10"

d. Self wt. of steps =25 x (0.5 x 0.254 x 0.178) x 1/0.254 = 2.225kN/m
Total load= 11.937kN/m
Factored load = 1.5x 11.937 =17.905kN/m
Steps :4 Calculate maximum BM and S.F
(if load on landing is different, take greater load)
Vmax = % = (8.883 x1.01+8.883*1.18+17.0907x2)/2 = 26.81 KN

For maximum bending moment occurs at mid span,
Mmax=-8.883x1.01x (2/2+1.01/2) -(17.905x2/4x2/2)+26.81 x (2/2+1.01) = 31.433kNm
Steps :5 Check for depth against bending moment.
Mmax = 0.133. fck. bd?
> 31.433 x 10°=0.138 x 25 x 1000 x dreq
» dreg=97.2 mm< 130 mm (OK)

Steps :6 Calculate area of steel for max.BM.

M = 0.87 Atd(l fy'ASt)
max = 0.87. fy. Ast. d. ok b d

> 31.433 x 10° = 0.87x500xAstx150. (1 —
> Ast =517.312 mm?

500.Ast )
25x1000x150

For check,
(Ast)min =0.12% of Bd
=0.12/100 x 1000 x 150 =180 mm?
Spacing = 1000/(517.3/113.097) =218.62 mm <300 mm or 3xd=3x130 =390 mm
Provide 12 mm dia. bar @ 150 mm c/c
(Ast)provided = 1000/150 x 113.097 =753.98 mm?
Steps :7 Check for shear force.

1%
T — Ymax
max bd
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=26.81 x1000 /1000 x 150=0.178N/mm? < 0.29 N/mm?(Minimum shear strength
concrete for 25 grade)
Hence no shear reinforcement is provided.
Steps :8 Check for deflection

From limit state of serviceability,

L-23 _ 286

d 0.15

From IS 456 :2000 cl.23.2.1.

a= 20 (simply supported case)

B=1

A=1(no compression reinforcement provided, IS 456:2000, fig.5)
&=1(no, flange section is provided, 1S 456:2000, fig.6)

for v,IS 456:2000, cl.23.2.1(c)(fig.4)

(AeDproviaed ~753.98/1000x150 =0.5%
— 058 (AsDred o sg v 500 x-onr)
fs=058xfyx (Ast)provided —ex X 753.98
= 198.97N/mm?

vy = 1.6 1S 456:2000, cl.23.2.1(c)(fig.4)
aByrd=20x1x1.6x1x1=32

= <aByrs (OK)
Steps :9 Check for development length
Ly = 265 —12 % 0.875x 500/(4 x (1.4 x 1.6)(16 % can be increased for deformed bar)

4Tpa
=585.9 mm
Steps:10 Reinforcement detailing with distribution bar
Distribution bar, (IS 456:2000,cl.26.3.3.b,1,11 page 46)
Spacing = 1000/ (180 /78.54) =436mm < 450 mm,5 x 150=750 mm
For main bar 3d and distribution bar 5d.
Provide 10 mm dia. bar @ 200 mm c/c

80 @ 200c/c LanangLevel | ||

T

80 @ 300c/c in each step—._ Y 2\ _‘_‘;‘} V120 @ 150c/c |
8 Nosing bar in each step—_ . he Y100 @ 200c/c| |
N W |

N X
¥ U120 @ 150c/c
&
g 120 @ 150cke
. 100 @ 200c/c

=~

L
- & N

< L1200 @ 150ck

[ | Pintn Level | 72700 @ 200/

=~ "~ Plinth beam

14| /One layer flat brick soling ‘

*”Iq FIRST FLIGHT

g

Figure 28: Section of staircase

62



STRUCTURAL ANALYSIS AND DESIGN REPORTS OF RESIDENTIAL BUILDING

ANNEX E: DESIGN OF FOUNDATIONS
All loads from the superstructure of a building are transferred to the ground. If the foundation of a
building is poorly designed, then all the efforts in designing the superstructure is in vain. It is
therefore imperative that adequate care is taken in the design of foundations. Foundation design
starts from detailed field and soil investigation. It is very important to know the index and
geotechnical properties of the soil, including the soil chemistry, so that the performance of the
foundation can be guaranteed.

Physiography as Bharatpur is situated on the bank of the Narayani River and the topography is
composed of the alluvial soils deposited by the Narayani River, the altitude of Bharatpur
municipality ranges from 181 meters above sea level near Shivaghat in the southwest to 271 meters
above sea level near Ramnagar in the north. As the land of Bharatpur has been formed by fluvial
deposits, the land is flat near the riverbanks and gradually elevated towards the east and north.
For Alluvial soil, loam, sandy loam (clay +40 to 70% sand), the bearing capacity is between 80-
160kN/m?, for the design of the foundation the bearing capacity is taken as 150kN/m?.

The design of foundation is done in SAFE 2016 software. SAFE is ideal for modeling foundations,
basements, and footings. It can easily model soil supports, and zero tension soil used in uplift
analysis. The area assignment of soil supports is based on the subgrade modulus, and they
automatically adjust whenever the mesh changes. Foundation models can include pedestals, walls,
columns, beams, and piles in addition to the foundation area.
For this building, the subgrade modulus is taken as 6 KN/m?.

......................

s s o
S A
e B

oooesooDmetTT T stebek

e B s e 4 5% SR e
] S s %
R R 2
e b i A

Figure 29:Size of Isolated footing
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| B 100
e \
[ \
>— -— - - — } ‘
(A )

Figure 31:Check the deflection criteria <25 mm
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Figure 33 Check for Punchlng shear <1
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Il strip Moment Diagram - (1.2DL+15LL) [kN-m]

e e,

o ST

e e
aestaees

PR

SR
SRR

wpes'L

: Moment Diagram

Figure 34

. Strip Shear Force Diagram - (1.2DL+1.5LL) [kN]

PR
e tatats®

%
s
]
&
%
o

oo Wy
IoSateaacs

iagram

Shear Force Di

Figure 35
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. SAFE 2016 - Foundation_Building permit
File Edit View Define Draw Select Assign Design Run Display Detsiling Tools Options Help

OgBoc /@ rHaaaaq yoxizoaifvoSAd-ENeEDHEEB

Il Model Explorer [l Siab Strip Design - Layer A - Top and Bottom Reinforcement Intensity (Enveloping Flexural) [mm2/m]

,//777\\\\ ://!n\\\ ,/:/7“\\\\ // 777'\\“
1 ) L2 ) (13 ) L4 )

N/ "/ N N/

/1B E K N =

r“
A

o

Al

Figure 36: Layer A top and bottom reinforcement

] sAFE 2016 - Foundation_Building permit
File Edit View Define Draw Select Assign Design Run Display Detailing Tools Options Help
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(i Tendon Properies ‘ | | ‘ | ‘
N {#}-- Column Properties
= 1 Wall Propertes
a (¥ Soi Subgrade Properies
= 4] Point Spring Propertes
iz ) Line Spring Propertes
o (=)~ Load Defintions
(4 Load Patterns
= [ Load Cases
{4 Load Combinations
0 - Groups
- Objects
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Figure 37: Layer B top and bottom reinforcement
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Isolated Footing size Area of Steel Required/Width Steel Reinforcements Provided Area of Steel Provided/Width Check
i . Length m | Width m | Thickness m LEvEr A Cayes - Layen A. n Lvzer =
Intersection L ®) ©) Top Bottom |Top Bar| Bottom | Dia. (mm) | Spacing (mm) | Dia. (mm) | Spacing
Bar Bar Bar (mm) Layer A Layer B Layer A|Layer B

Al 1.50 1.50 0.38 457 445 70 457 12 150 12 150 1244.071 1244.071 OK OK
A2 1.80 1.80 0.38 457 451 430 452 12 150 12 150 1470.265 1470.265 OK OK
A3 1.80 1.80 0.38 452 451 457 451 12 150 12 150 1470.265 1470.265 OK OK
A4 1.50 1.50 0.38 457 456 457 449 12 150 12 150 1244.071 1244.071 OK OK
B1 1.800 1.800 0.38 457 446 457 454 12 150 12 150 1470.265 1470.265 OK OK
B2 1.800 1.800 0.38 457 563 457 582 12 150 12 150 1470.265 1470.265 OK OK
B3 1.800 1.800 0.38 457 503 457 530 12 150 12 150 1470.265 1470.265 OK OK
B4 1.500 1.500 0.38 457 443 457 444 12 150 12 150 1244.071 1244.071 OK OK
C1 1.50 1.50 0.38 457 447 457 453 12 150 12 150 1244.071 1244.071 OK OK
c2 1.50 1.50 0.38 457 446 457 454 12 150 12 150 1244.071 1244.071 OK OK
C3 1.50 1.50 0.38 457 446 457 455 12 150 12 150 1244.071 1244.071 OK OK
Cc4 1.50 1.50 0.38 457 456 457 454 12 150 12 150 1244.071 1244.071 OK OK
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