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Abstract—The Design and Construction of Buildings are
done according to the prevalent codes of the locality. As the
society evolve, so does the codes. In Nepal, the transition
from the use of IS codes to the use of NBC has eased the
sector of building construction. Although these codes to
some extents are similar, greater portion of these codes
remain distinct. This paper intends to differentiate between
these codes with clarity. The differences in design and
analysis between NBC 105:1994 ,NBC 105:2020 and IS
1893:2002, as considered by ETABS Ultimate 21.0.0
software, is presented in this article comparing the design
results of parameters story displacement, story drift ratio,
base shear, story shear, floor acceleration, overturning
moment, torsional irregularity, moment diagrams and shear
diagrams under the application of seismic load for the soil
type found in Kathmandu Valley region as per the distinct
code provision. From the comparison results, it shows that
the IS 1893:2002 and NBC 105:1994 show almost similar
results for base shear, story displacement, story drift ratio,
story shear, overturning moment, floor acceleration due to
the similarity in their derivation and assumption. But the
results obtained from NBC 105:2020 is majorly different,
the variation of results obtained from this code is more than
2 times than that of the IS 1893:2002 and NBC 105:1994 for
all design parameters.”

Keywords—building codes, NBC 105:1994, NBC 105:2020,
IS 1893:2002, ETABS, seismic provisions, RC frame, G+8
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I. INTRODUCTION

Earthquakes are violent shaking of the ground due to
the forces released during tectonic plate movement.
Indian subcontinent, especially the Himalayan region, is
highly prone to deadly earthquakes due to the subduction
of the Indian plate underneath the Eurasian plate at the
rate of approx. 4cm/year [1, 2]. The recorded history
shows the level of destruction that can occur in this
region repeatedly. This is one of the reasons for the
necessity of a well-researched set of rules and codes for
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the construction of structures. Any structure should be
constructed such that it has the potential to withstand its
inertial forces during an earthquake which can vary
according to the mass of the building itself [3]. This is the
reason for the need of building codes for each region.

Building codes are prepared for a specific region with
data that relate the physical and topographical
characteristics of that area. Beyond the area for which the
codes have been prepared, it renders less useful or
sometimes useless. Thus, most regions in the world have
their own building codes. In the context of Nepal, until
1994, we used to rely upon the Indian, British, or
American code.

The preparation of the 1994 code introduced a new era
of building construction in Nepal. After all the progress
made, the use of IS code is still prevalent [4, 5]. Despite
the use of these codes, the engineers as well as the clients
do not have a clear insight on the differences between
NBC and IS codes. It is essential that the client as well as
the engineer understand the variation so that an informed
decision can be made with regards to the choice between
the codes. The level of variation produced using different
codes on a same building can settle the uncertainty.

II. OBJECTIVE OF THIS PAPER

To understand the seismic analysis procedure involved
in NBC 105:1994, NBC 105:2020 and IS 1893:2002.

To study the behavior of G+8 RC building for different
parameters like displacement, base shear, story drift ratio,
story acceleration, story shear, torsional demand,
overturning moment, moment diagram and shear diagram
for a specific soil type considered for Kathmandu Valley
as considered in NBC and IS code.

To compare the analysis results of G+8 RC building
according to NBC and IS codes.

III. LITERATURE REVIEW

Each building code is based on its own set of
principles, making it unwise to combine the requirements
of different codes. The Indian seismic code is based on
deterministic seismic hazard analysis derived from
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historical earthquake data, while the Nepali seismic code
is based on probabilistic seismic hazard analysis of all
faults within a 150 km radius of Nepal [6]. A comparative
analysis has been performed by independently applying
each code and then comparing the final design results.

The response spectrum provided in IS 1893 (Part I):
2002 is used for this study. This code does not specify the
damping ratio for masonry structures and hence, it is
assumed to be 5 percent of the critical [7, 8].

Response Spectrum Of NBC 105:1994 for Soil type Il

Period (sec)

Fig. 1. Response Spectrum Curve according to NBC 105:1994 for Soil
Type IL.

For the seismic analysis, all three of the codes have
their own response spectrum curves for different soil
types as seen in the Figs. 1, 2 and 3. The spectral
acceleration coefficient (Sa/g) for IS 1893:2002, basic
seismic coefficient (C) for NBC 105:1994 and spectral
shape factor (Ch(T)) for NBC 105:2020. The
classification of sol type consideration for the IS
1893:2002 and NBC 105:1994 are similar but for the
NBC 105:2020 it is entirely different consideration so to
circumvent this dilemma the soil type found in
Kathmandu Valley as well as the one considered as per

the code practice for this location as per the codes is
considered.

Response Spectrum Of NBC 105:2020 for Soil Type D

Fig. 2. Response Spectrum Curve according to NBC 105:2020 for Soil
Type D.

Response Spectrum Of IS 1893(Part 1):2002 for Soil
Type Il
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Fig. 3. Response Spectrum Curve according to IS 1893(Part I):2002 for
Soil Type II.

The design parameters required for calculating design
horizontal acceleration, base shear, overturning moment
of RC frame structure as per NBC 105:1994, NBC
105:2020 and IS 1893:2002 is represented in Table 1.

TABLE 1. DESIGN PARAMETERS REQUIRED FOR SEISMIC ANALYSIS OF NBC 105:1994, NBC 105:2020 AND IS 1893:2002

Design Parameters

NBC 105:1994

NBC 105:2020 IS 1893:2002

Seismic Coefficient (C), (Cu(T)), (S+/g)

(C) = As per Fig. 1

(Cn(T)) = As per Fig. 2 (Sa/g) = As per Fig. 3

Time Period (T) T = 0.09*h/Nd T =0.075*h** T = 0.09*h/\d
Zone Factor (Z) Z=1 Z=035 Z=0.36
Importance Factor (I) I=1 I=1 1=1
K=1.2065
Factor Coefficient (K), (R), (Ry), () K=1 R.=4 R=5
Q=15
Design Hz. Seismic Coefficient (Ca), (Ca(T)), (Ar) Ca=ZIK gS(TT))::CC“g;j(Z;;* . An= (S/2)*(IR) *(Z/2)
Design Base Shear (V), (Vi) V = Cq*W; V = Cy(T)*Wi Vi = An*W;

Note:
h: Total height of the building structure

d: Overall length of the building at the base in the direction under consideration (m). Or, Base dimension of the building, in meters, in the direction in

which the seismic force is considered.
Wi Seismic weight of floor i

According to IS 1893:2002, NBC 105:1994 and NBC
105:2020, both India and Nepal are categorized into four
seismic zones, with Nepal being classified as zone V
using India's zone factor. The NBC code has a higher
importance factor than the IS code. NBC 105:1994
assigns an importance factor of 1 for normal residential
buildings, 1.5 for public buildings, and 2 for critical
structures like those supporting acid, toxic, or petroleum
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facilities. Meanwhile, IS 1893:2002 specifies an
importance factor of 1 for normal residential buildings,
1.2 for commercial buildings with occupancy over 200,
and 1.5 for important and public buildings. And NBC
105:2020 specifies an importance factor of 1 for ordinary
structures (not falling in importance class 1), 1.25 for
those falling in importance class II (structures like
schools, colleges, cinemas, assembly buildings, etc.), and



International Journal of Structural and Civil Engineering Research, Vol. 13, No. 3, 2024

1.5 for structures of importance class III (Hospitals, fire
stations, police headquarters, power stations, etc.).

The performance factor (K) and the response reduction
factor (R) are based on the building's performance
characteristics. Non-ductile structures, such as masonry
buildings, have a higher performance factor (K) and a
lower response reduction factor (R). Therefore, buildings
with a lower capacity to resist lateral loads will have an
increased design horizontal seismic coefficient in both
codes. Both NBC and IS calculate the base shear (VB) by
multiplying the design horizontal seismic coefficient by
the seismic weight of the building, which includes the
total dead load and a relevant percentage of the live load.

According to NBC 105:1994, the design lateral force is
determined by:

Fi =V >x(Wih)/(ZWih:) €))

where,
Fi— horizontal seismic force applied at a level

designated as i.

Wi—  proportion of total of gravity loads above the
level of lateral restraint, contributed by level i.

hi— height to the level designated as i from the level
of lateral restraint.

V— total horizontal seismic base shear.

According to NBC 105:2020, the design lateral load is
determined by:

Fi=V x (Wih)/(EWihi) 2)

where,
Fi—
W —

Lateral force acting at level i.

seismic weight of the structure assigned to level
.

height (m) from the base to level ‘7’

an exponent related to the structural period as
follows:

» for structure having time period 7<0.5sec, k=1
* for structure having time period 7>2.5sec, k=2
* for structure having period between 0.5 sec
and 2.5 sec, k shall be determined by linear
interpolation between 1 and 2.

horizontal seismic base shear calculated as per
clause 6.2

hi—

k—

According to IS 1893:2002, the design lateral load at
each floor (i) is determined by:

0i= Ve x (WihH/([Z(=1) *n] (Wihi*)) 3)
where,
Qi— design lateral force at floor i.
Wi— seismic weight of floor i.
hi— height of floor i measured from base.
Vg — Design seismic base shear.
n— Number of stories in the building is the number

of levels at which the masses are located.

The load case considered for the analysis of the RC
frame building according to IS 1893:2002, NBC

105:1994 and NBC 105:2020 was carried for only the
earthquake loads for the design parameters like base
shear, story displacement, story shear, story drift,
overturning moment, shear diagram, moment diagram,
and torsional irregularity. Meanwhile, the response
spectrum method was considered for the story
acceleration design parameter.

IV. METHODOLOGY

In this study, G+8 RC frame buildings are examined in
accordance with NBC 105:1994, NBC 105:2020, and IS
1893:2002 using both the seismic coefficient method and
the response spectrum method. The building is symmetric
and free from configuration irregularities. The design
includes a plan with 3-bays of 5 meters center-to-center
in the X-direction and 4-bays of 4 meters center-to-center
in the Y-direction. The building is situated in the
Kathmandu Valley, with a factor (Z) specified by the
NBC codes and a zone factor of V as per IS regulations.
Table II shows the general building characteristics of the
building used in modeling.

TABLE II. GENERAL CHARACTERISTICS OF BUILDING

Building Parameters Values
No. of Story G+8
Total Story Height 28m
Typical Floor Height 3.5m
No. of Columns 20
Height to Width ratio of building 1.4
Length to Width ratio of building 0.75

Column Size, Concrete
Beam Size, Concrete
Slab Size, Concrete
Loads

Importance Factor (I)
Type of Building
Soil Type Consideration

400 x 400 mm, M20

350 x 230 mm, M20

125 mm, M20

Live Loads: 3 kN/m?

Floor Finishes: 1 kN/m?

1

SMRF

II (NBC 105:1994, IS 1893:2002),

D (NBC105:2020)

Natural time Period (t) 0.65 sec
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Design Seismic Coefficient Comparison of 1S 1893:2002,
NBC 105:1994 and NBC 105:2020

151893:2002  ——NBC 105:1994

Fig. 4. Comparison of Design Seismic Coefficient According to NBC
105:1994, NBC 105:2020 and IS 1893:2002.

Fig. 4 illustrates the comparison of the design seismic
coefficient (Cy, Ci(T), Ay) for a SMRF frame with an
importance factor of 1 and the natural period of the
structure (7) used for response spectrum analysis in
ETABS. It can be seen that the response spectrum of
NBC 105:1994 and IS 1893:2002 is almost similar but
that of NBC 105:2020 is extremely large in comparison
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to both the NBC 105:1994 and IS 1893:2002 in the initial
stages throughout the entirety till the end.

Fig. 5. Plan of RC Building.
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Fig. 6. 3D view of RC Building (Left), Elevation of RC Building
(Right).

V. RESULT AND DISCUSSION

Legend
NBC199%4 NBC 105:1994 !
NBC2077 NBC 105:2020 1'%
1S2002 IS 1893(Part 1):2002 ['"!

If we assume that the base shear of NBC 105:2020 as
the maximum (100%) value then, the base shear of NBC
105:1994 is about 41.768%, the base shear of IS
1893:2002 is about 40.877% in comparison to the NBC
105:2020.

Comparison of Base Shear According to Seismic Coefficient Method
271641 271641

Base Shear (KN)

0
NEC1994

Fig. 7. Comparison of Base Shear (kN) According to Seismic
Coefficient Method of NBC 105:1994, NBC 105:2020 and IS
1893:2002.

TABLE III. RESULTS OBTAINED FOR STORY SHEAR AS PER NBC
105:1994, NBC 105:2020 AND IS 1893:2002 ACCORDING TO SEISMIC

COEFFICIENT METHOD
Base Shear (KN)
NBC NBC IS

Lateral Load 105:1994 105:2020 1893:2002

Mode 1 -1134.60 -1110.38 2716.41
BQx  Mode 2 -1134.60 -1110.38 2716.41

Mode 3 -1134.60 -1110.38 2716.41

Mode 1 -1134.60 -1110.38 2716.41
EQv  Mode2 -1134.60 -1110.38 2716.41

Mode 3 -1134.60 -1110.38 2716.41

The results for the design parameters obtained as per the codes are
elaborated below:

A.  Base Shear

According to Seismic Coefficient Method for a
specific soil type of Kathmandu Valley, the base shear
data obtained for the model is observed as in the Table III
and graphically as in Fig. 7.

As can be seen in the Table III, the base shear of the
three codes has the same values for base shear in their
respective three modes. And it can be observed thar the
base shear due of NBC 105:2020 is more than twice
than that of either the base shear obtained from NBC
105:1994 and from IS 1893:2002. Whereas, the base
shear difference of NBC 105:1994 is slightly higher than
that of IS 1893:2002.

99

EQx: Lateral earth load in X-direction
EQy: Lateral earth load in Y-direction

B.  Floor Acceleration

According to Modal Response Spectrum Method for
the specific soil type of Kathmandu Valley, the floor
acceleration for each level due to the response spectrum
in both the X-direction and Y-direction show their effect
in the both directions as in the Figs. 8a-b through Figs.
8e-f below of the tabulated data presented in the Tables:
Table IVa, Table IVb and Table IVc for their respective
directional acceleration.

On observation of the Figs. 8a through 8c, it is seen
that the floor acceleration achieved by the model
designed as per NBC 105:1994 for the first story is the
largest amongst all those for this story only, but after the
first story the rest of the stories modelled as per NBC
105:2020 achieve the highest floor acceleration later
maxing out at the story height of 24.0m at the
U:=27985.66mm/sec?, followed by the acceleration of
NBC 105:1994 design model at Uy=15928.62mm/sec?,
and he acceleration of IS 1893:2002 design model at
U,=5733.95mm/sec?, as can be seen in the Table IVa and
the Fig. 8a.
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Similarly, the floor acceleration achieved by the model
designed as per NBC 105:1994 for the first story is the
largest amongst all those for this story only, but after the
first story the rest of the stories modelled as per NBC
105:2020 achieve the highest floor acceleration later
maxing out at the story height of 24.0m at the

Uy=31121.32mm/sec?, followed by the acceleration of

NBC 105:1994 design model at U,=16484.35mm/sec?
and he acceleration of IS 1893:2002 design model at
U,=5933.99mm/sec?, as can be seen in the Table IVa and

the Fig. 8d.

Though there is no vertical component of the actual
acceleration, but the effect of the response spectrum

causes the ground motion to introduce some degree of

vertical motion as can be seen form the data in the Table

IV4c and the Fig. 8¢ and Fig. 8f.

Floor Acceleration According to Modal Response Spectrum Method

25,000
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Floor Acceleration (mm/sec?)

©1S2002 @ NBC1994 @ NBC2077

Fig. 8a. Comparison of X-directional Floor Acceleration (mm/sec2) in
X-Direction According to Modal Response Spectrum Method.

Floor Acceleration According to Modal Response Spectrum Method
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Fig. 8b. Comparison of X-directional Floor Acceleration (mm/sec?) in
Y-Direction According to Modal Response Spectrum Method.

Floor Acceleration According to Modal Response Spectrum Method
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Fig. 8c. Comparison of Y-directional Floor Acceleration (mm/sec?) in
X-Direction According to Modal Response Spectrum Method.
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Fig. 8d. Comparison of Y-directional Floor Acceleration (mm/sec?) in
Y-Direction According to Modal Response Spectrum Method.

Floor Acceleration According to Modal Response Spectrum Method
400
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Floor Acceleration (mm/sec?)
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Fig. 8e. Comparison of Z-directional Floor Acceleration (mm/sec?) in
X-Direction According to Modal Response Spectrum Method.

Floor Acceleration According to Modal Response Spectrum Method
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Fig. 8f. Comparison of Z-directional Floor Acceleration (mm/sec?) in Y-

Direction According to Modal Response Spectrum Method.

Lastly, it can also be seen in the Figs. 8b and Fig. 8c

the direction of the floor acceleration is in perpendicular
direction to the direction of response motion. This can be
accounted to multiple different reasons, which are
elaborated as:

O

Structural Coupling: Buildings are three-
dimensional structures, and their components are
interconnected. When a force is applied in one
direction, it can cause deformations and movements
in other directions due to the coupling of structural
elements.

Torsional Effects: If the building is not perfectly
symmetrical or if the mass distribution is uneven,
applying a force in the Y-direction can induce
torsional (rotational) motion. This torsion can cause
parts of the building to move in the X-direction.
Accidental Eccentricity: During an earthquake, the
actual center of mass of the building may not
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coincide with the assumed center of mass. This
discrepancy can cause additional forces and moments,
leading to motion in the X-direction even when the
primary force is in the Y-direction.

Inertial Forces: According to Newton’s second law,
the inertial forces generated by the acceleration in the
Y-direction can cause secondary movements in the
X-direction, especially if the building has
irregularities or asymmetries.

TABLE IVA: RESULTS OBTAINED FOR FLOOR ACCELERATION AS PER
NBC 105:1994, NBC 105:2020 AND IS 1893:2002 ACCORDING TO

RESPONSE SPECTRUM METHOD

Floor Acceleration: Ux (mm/sec?)

Story NBC 105:1994 NBC 105:2020 IS 1893:2002
Base X 0 0 0
Y 0 0 0
1 X 6751.55 6108.04 2430.41
Y 69.6 66 25.09
5 X 11225.31 12402.43 4041.02
Y 83.62 107.81 30.12
3 X 10882 15850.21 3917.44
Y 138.87 157.83 49.99
4 X 10811.99 18520.42 3892.24
Y 146.33 189.54 52.69
5 X 9828.72 20650.21 3538.26
Y 207.5 234.16 74.67
6 X 9900.86 22928.25 3564.25
Y 216.31 264.61 77.88
7 X 10935.31 25361.66 3936.63
Y 322.01 310.05 115.87
8 X 15928.62 27985.66 5733.95
Y 316.76 291.32 114.04

TABLE IVB. RESULTS OBTAINED FOR FLOOR ACCELERATION AS PER
NBC 105:1994, NBC 105:2020 AND IS 1893:2002 ACCORDING TO

RESPONSE SPECTRUM METHOD

Floor Acceleration: Uy (mm/sec?)

Story NBC 105:1994 NBC 105:2020 IS 1893:2002
Base X 0 0 0
Y 0 0 0
1 X 124.81 123.55 44.89
Y 7063.13 6478.31 2542.56
5 X 256.97 289.4 92.47
Y 11523.54 13125.47 4148.39
3 X 306.12 411.14 110.19
Y 11415.57 17253.81 4109.51
4 X 296.7 493.67 106.79
Y 11221.36 20602.42 4039.6
5 X 318.19 569.25 114.52
Y 10085.79 23367.92 3630.79
6 X 308.66 630.39 111.09
Y 10235.35 26097.03 3684.7
7 X 410.04 704.05 147.58
Y 11807.31 28729.61 4250.52
3 X 464.92 749.08 167.34
Y 16484.35 31121.32 5933.99

TABLE IVC. RESULTS OBTAINED FOR FLOOR ACCELERATION AS PER
NBC 105:1994, NBC 105:2020 AND IS 1893:2002 ACCORDING TO

RESPONSE SPECTRUM METHOD

Y 228.15 323.51 82.13
4 X 228.49 277.07 82.25
Y 305.75 407.96 110.06
5 X 268.11 329.46 96.51
Y 383.65 478.74 138.11
6 X 320.27 370.73 115.29
Y 455.42 53243 163.94
7 X 357.2 396.05 128.58
Y 504.05 563.78 181.45
] X 371.89 405.38 133.87
Y 522.25 574.47 188

Floor Acceleration: Uz (mm/sec?)

Story NBC 105:1994 NBC 105:2020 1S 1893:2002
Base X 0 0 0
Y 0 0 0
1 X 280.39 260.09 100.94
Y 187.55 200.16 67.51
5 X 173.29 176.3 62.38
Y 146.6 225.97 52.77
3 X 252.8 216.63 91
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C.  Overturning Moment

According to Seismic Coefficient Method for the
specific soil type of Kathmandu Valley, the Overturning
Moment in both the direction of the lateral load
application is expressed in Table V, and the Figures for
X-directional and Y-directional effect are shown in the
Figs. 9a and 9b.

The negative signs for the data in the table is due to the
structure experiencing the moment in the counter
direction to the actual load application, that is, counter-
clockwise direction. The figures, Fig. 9a and 9b are
plotted using the negative values, and if we convert to the
absolute values the result is the same so either
comparison observed is the same result.

Considering only the absolute values then it can be
seen that the moment is always the largest for the design
model of NBC 105:2020 throughout the entirety of the
building at each story, experiencing the same amount of
moment in both the X and Y-direction. Though the
moment in Y-direction aligns with the direction of the
load application while the moment in X-direction is in the
opposite direction to the load application.

The moment observed in NBC 105:2020 design model
is almost equal to 53000 KN-m, NBC 105:1994 deign
model is almost 21500KN-m and IS 1893:2002 is almost
23600KN-m. form this data, it can be observed that the
result of the latest NBC 105:2020 obtains higher moment
than the other two models and has to be modelled with
advance technology and higher strength materials to resist
this moment.

Comparison of Overturning Moment due to
Lateral Load in X-Direction According to Seismic
Coefficient Method

o
0
-

525.45

4973.827.96
199032

10396.10.5276.99

049389 /
677805
1206783

10010.79

4037.54

17288.72

25304.62

Building Elevation (m)

34114.40 15842.60

13612.71
4341093 19706.63

17460.75
52918.37 23592.97
X 214300890

Overturning Moment (KN-m)

—e—152002 NBC1994 NBC2077
Fig. 9a. Comparison of Overturning Moment (kN-m) due to Lateral
Load in X-direction According to Seismic Coefficient Method of NBC

105:1994, NBC 105:2020 and IS 1893:2002.
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Comparison of Overturning Moment due to
Lateral Load in Y-Direction According to Seismic
Coefficient Method

0¢0
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0 2617.96
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Fig. 9b. Comparison of Overturning Moment (kN-m) due to Lateral
Load in Y-direction According to Seismic Coefficient Method of NBC

105:1994, NBC 105:2020 and IS 1893:2002.

TABLE V. RESULTS OBTAINED FOR OVERTURNING MOMENT AS PER
NBC 105:1994, NBC 105:2020 AND IS 1893:2002 ACCORDING TO
SEISMIC COEFFICIENT METHOD

Overturning Moment (KN-m)

Story NBC 105:1994 NBC 105:2020 IS 1893:2002
Base  EOQx 21431.84 5291837 23592.97
EQv 21431.84 52918.37 23592.97
1 EQx -17460.75 -43410.93 -19706.63
EQv 17460.75 43410.93 19706.63
5 EQx -13612.71 -34114.40 -15842.60
EQv 13612.71 34114.40 15842.60
3 EQx -10010.79 -25304.62 -12067.83
EQv 10010.79 25304.62 12067.83
. EQx -6778.04 -17288.72 -8493.89
EQv 6778.04 17288.72 8493.89
s EQx -4037.54 -10396.10 -5276.99
EQv 4037.54 10396.10 5276.99
s EQx -1912.32 -4973.82 -2617.96
EQv 1912.32 4973.82 2617.96
; EQx -525.46 -1383.62 -762.27
EQv 525.46 1383.62 762.27
0 EQx 0 0 0
EQv 0 0 0

D.  Story Displacement

According to Seismic Coefficient Method for the
specific soil type of Kathmandu Valley, the Overturning
Moment in X-direction and Y-direction of the lateral load
application are expressed in tables 6a and 6b, and the
figures for X-directional and Y-directional effect are
shown in the Figs. 10a and 10b.

From Table VIa and Fig. 10a for the X-directional
lateral loading, it is seen that the story displacement
throughout each story is the highest for the NBC
105:2020 model and, that of the NBC 105:1994 and IS
1893:2002 model is close together.

On comparing the story displacement data, the
displacement experienced by each story of NBC 105:220
model is almost 2.4 times than that of displacement of
each corresponding story of NBC 105:1994 model with
only value difference in the 1/100% decimal position
throughout the building. However, the story displacement
of IS 1893:2002 model ranges from the 2.4 times to 2.2
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times the difference from the NBC 105:2020 model
which decreases as we go to the higher stories with the
decrease occurring in the 1/100" decimal value range.

Similarly, from Table VIb and Fig. 10b for the Y-
directional lateral loading, it is seen that the story
displacement throughout each story is the highest for the
NBC 105:2020 model and, that of the NBC 105:1994 and
IS 1893:2002 model is close together.

On comparing the story displacement data, the
displacement experienced by each story of NBC 105:220
model is almost 2.4 times than that of displacement of
each corresponding story of NBC 105:1994 model with
only value difference in the 1/100" decimal position
throughout the building. However, the story displacement
of IS 1893:2002 model ranges from about 2.4 times to 2.2
times the difference from the NBC 105:2020 model
which decreases as we go to the higher stories with the
decrease occurring in the 1/100" decimal value range.

Comparison Of Story Displacement due to Lateral
Load in X-Direction According to Seismic Coefficient
Method

100.615 112.407 249.398

96.603 106.984 239.000
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Fig. 10a. Comparison of Story Displacement (mm) due to Lateral Load
in X-direction According to Seismic Coefficient Method of NBC
105:1994, NBC 105:2020 and IS 1893:2002.

TABLE VIA: RESULTS OBTAINED FOR STORY DISPLACEMENT AS PER
NBC 105:1994, NBC 105:2020 AND IS 1893:2002 ACCORDING SEISMIC
COEFFICIENT METHOD IN THE X-DIRECTION

Story Displacement (mm)

Story NBC 105:1994 _ NBC 105:2020 1S 1893:2002
EQx 0 0 0
Base g, 0 0 0
1 EQx 10.72 2575 10.65
EQv 0.04 0.08 0.01
,  EOx 28.56 69.03 28.83
EQv 0.06 0.09 0.08
,  EQx 46.79 113.66 48.08
EQv 0.05 0.13 0.17
. EGx 63.50 155.08 66.59
EQv 0.08 0.28 0.28
s EQx 77.79 190.97 83.28
EQv 0.14 0.46 0.39
o EOx 89.00 219.46 97.11
EQv 021 0.66 0.51
. EQx 96.60 239 106.98
EQv 0.30 0.89 0.64
¢ EQx 100.62 249.4 11241
EQy 0.38 1.10 0.76
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Comparison Of Story Displacement due to Lateral
Load in Y-Direction According to Seismic Coefficient
Method
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Fig. 10b. Comparison of Story Displacement (mm) due to Lateral Load
in Y-direction According to Seismic Coefficient Method of NBC
105:1994, NBC 105:2020 and IS 1893:2002.

TABLE VIB: RESULTS OBTAINED FOR STORY DISPLACEMENT AS PER
NBC 105:1994, NBC 105:2020 AND IS 1893:2002 ACCORDING SEISMIC
COEFFICIENT METHOD IN THE Y-DIRECTION
Story Displacement (mm)

Story NBC 105:1994 NBC 105:2020 IS 1893:2002
EQx 0 0 0
Base 1o, 0 0 0
1 EQx 0.02 0.02 0.04
EQvy 9.59 23.02 9.46
5 EQx 0.07 0.21 0.17
EQy 24.77 59.76 24.89
3 EQx 0.17 0.49 0.33
EQvy 39.99 97.04 40.99
4 EQx 0.28 0.80 0.51
EQy 53.91 131.60 56.44
5 EQx 0.40 1.11 0.69
EQvy 65.84 161.57 70.39
6 EQx 0.53 1.44 0.87
EQy 75.22 185.42 81.98
7 EQx 0.65 1.77 1.06
EQvy 81.58 201.78 90.26
3 EQx 0.76 2.04 1.21
EQy 84.89 210.36 94.74
E.  Story Drift Ratio

According to Seismic Coefficient Method for the
specific soil type of Kathmandu Valley, the Story Drift
Ratio observed due to lateral load in X-direction and Y-
direction of the lateral load application are expressed in
Tables VIla and VIIb, and the figures for X-directional
and Y-directional effect are shown in the Figs. 11a and
11b.

From the Fig. 11a and Table VIla for the X-directional
lateral loading, we can see that the story drift ratio for the
third story (elevation=10.5m) is the highest for the
respective design coeds.

However, one is larger than the others which is of the
NBC 105:2020 model with the story drift ratio of 1.28E-2
(where E-2 is the exponent with the power -2; 1.28E-2
= 1.28x10?) while the story drift ratio of the NBC
105:1994 model is 5.21E-3 and the story drift of IS
1893:2002 is 5.50E-3.
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Comparison Of Story Drift Ratio due to Lateral Load in X-
Direction According to Seismic Coefficient Method
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Fig. 11a. Comparison of Story Drift due to Lateral Load in X-direction
According to Seismic Coefficient Method of NBC 105:1994, NBC
105:2020 and IS 1893:2002.

TABLE VIIA: RESULTS OBTAINED FOR STORY DRIFT RATIO AS PER
NBC 105:1994, NBC 105:2020 AND IS 1893:2002 ACCORDING TO
SEISMIC COEFFICIENT METHOD IN THE X-DIRECTION

Story Drift Ratio

Story NBC 105:1994 NBC 105:2020 IS 1893:2002
EQx 0 0 0
Base g0, 0 0 0
. EQx 3.06E-03 7.36E-03 3.04E-03
EQv 1.10E-05 2.30E-05 2.00E-06
5 EQx 5.10E-03 1.24E-02 5.19E-03
EQv 5.00E-06 1.70E-05 2.00E-05
3 EQx 5.21E-03 1.28E-02 5.50E-03
EQv 1.10E-05 3.40E-05 2.70E-05
4 EQx 4.78E-03 1.18E-02 5.29E-03
EQv 1.50E-05 4.20E-05 3.00E-05
5 EQx 4.09E-03 1.03E-02 4.77E-03
EQv 1.80E-05 4.90E-05 3.20E-05
6 EQx 3.20E-03 8.14E-03 3.95E-03
EQvy 2.10E-05 5.80E-05 3.50E-05
; EQx 2.17E-03 5.58E-03 2.82E-03
EQv 2.50E-05 6.60E-05 3.80E-05
X EQx 1.15E-03 2.97E-03 1.55B-03
EQv 2.30E-05 6.00E-05 3.40E-05

TABLE VIIB: RESULTS OBTAINED FOR STORY DRIFT RATIO AS PER
NBC 105:1994, NBC 105:2020 AND IS 1893:2002 ACCORDING TO
SEISMIC COEFFICIENT METHOD IN THE Y-DIRECTION

Story Drift Ratio

Story NBC 105:1994  NBC 105:2020 IS 1893:2002
EQx 0 0 0
Base g0, 0 0 0
. EQx 5.00E-06 6.00E-06 1.00E-05
EQy 2.74E-03 6.58E-03 2.70E-03
5 EQx 2.00E-05 5.60E-05 3.70E-05
EQv 4.34E-03 1.05E-02 4.41E-03
3 EQx 2.90E-05 8.00E-05 4.80E-05
EQv 4.36E-03 1.07E-02 4.60E-03
4 EQx 3.30E-05 8.70E-05 5.10E-05
EQy 3.98E-03 9.87E-03 4.41E-03
5 EQx 3.40E-05 9.10E-05 5.10E-05
EQv 3.41E-03 8.56E-03 3.99E-03
6 EQx 3.50E-05 9.30E-05 5.20E-05
EQv 2.68E-03 6.81E-03 3.31E-03
; EQx 3.60E-05 9.40E-05 5.20E-05
EQy 1.82E-03 4.67E-03 2.37E-03
X EQx 3.00E-05 7.80E-05 4.30E-05
EQv 9.46E-04 2.45E-03 1.28E-03
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Similarly, from the Fig. 11b and Table VIIb for the Y-
directional lateral loading, we can see that the story drift
ratio for the third story (elevation = 10.5m) is the highest
for the respective design coeds.

However, one is larger than the others which is of the
NBC 105:2020 model with the story drift ratio of 1.28E-2
(where E-2 is the exponent with the power -2; 1.28E-2
= 1.28x10%) while the story drift ratio of the NBC
105:1994 model is 5.21E-3 and the story drift of IS
1893:2002 is 5.50E-3.

Comparison Of Story Drift Ratio due to Lateral Load in Y-
Direction According to Seismic Coefficient Method
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Fig. 11b. Comparison of Story Drift due to Lateral Load in Y-direction
According to Seismic Coefficient Method of NBC 105:1994, NBC
105:2020 and IS 1893:2002.

F.  Story Shear

According to Seismic Coefficient Method for the
specific soil type of Kathmandu Valley, the Story Shear
observed due to lateral load in X-direction and Y-
direction of the lateral load application are expressed in
Tables VIlla and 8b, and the figures for X-directional and
Y-directional effect are shown in the Figs. 12a and 12b.

TABLE VIIIA: RESULTS OBTAINED FOR STORY SHEAR AS PER NBC
105:1994, NBC 105:2020 AND IS 1893:2002 ACCORDING TO SEISMIC
COEFFICIENT METHOD IN THE X-DIRECTION

TABLE VIIIB: RESULTS OBTAINED FOR STORY SHEAR AS PER NBC
105:1994, NBC 105:2020 AND IS 1893:2002 ACCORDING TO SEISMIC
COEFFICIENT METHOD IN THE Y-DIRECTION

Story Shear (KN)

Story NBC 105:1994 NBC 105:2020 1S 1893:2002
EQx 0 0 0

Base pol 0 0 0

1 EQx -1134.60 -2716.41 -1110.38
EQv 0 0 0

5 EQx -1099.44 -2656.15 -1104.01
EQv 0 0 0

3 EQx -1029.12 -2517.08 -1078.51
EQv 0 0 0

4 EQx -923.64 -2290.26 -1021.13
EQv 0 0 0

5 EQx -783.00 -1969.32 -919.11
EQv 0 0 0

6 EQx -607.20 -1549.22 -759.72
EQv 0 0 0

7 EQx -396.25 -1025.77 -530.20
EQy 0 0 0

3 EQx -150.13 -395.32 -217.79
EQy 0 0 0

Story Shear (KN)
Story NBC 105:1994 NBC 105:2020 IS 1893:2002
EQx 0 0 0
Base pol 0 0 0
I EQx 0 0 0
EQy -1134.60 -2716.41 -1110.38
5 EQx 0 0 0
EQy -1099.44 -2656.15 -1104.01
3 EQx 0 0 0
EQy -1029.12 -2517.08 -1078.51
4 EQx 0 0 0
EQy -923.64 -2290.26 -1021.13
5 EQx 0 0 0
EQy -783.00 -1969.32 -919.11
6 EQx 0 0 0
EQy -607.20 -1549.22 -759.72
7 EQx 0 0 0
EQy -396.25 -1025.77 -530.20
3 EQx 0 0 0
EQvy -150.13 -395.32 -217.79

From the Figs. 12a and 12b and, Table VIIla and 8b
for the X-directional and Y-directional lateral loading, we
can see that the base story experiences the maximum
amount of story shear equaling to about 2716.41KN for
the NBC 105:2020 model while that of the NBC
105:1994 model is 1134.60KN and for IS 1893:2002
model is 1110.38KN for the respective directional lateral
loading, the negative sign to value is to show that the
value in the opposite direction to the load application.

The largest amount of story shear is experienced by the
NBC 105:2020 model then by the NBC 105:1994 model
and the least in comparison by the IS 1893:2002 model
for both the X-directional and Y-directional lateral
loading.

However, it can also be seen from the table that the
story shear for the IS 1893:2002 model is the higher
value from the highest story in comparison to the NBC
105:1994 model but as we progress to the lower stories
the story shear of the IS 1893:2002 model max.’s out at
1110.38KN while that of NBC 105:1994 max.’s out at
1134.60KN for both the X-directional and Y-directional
lateral loading.

Comparison of Story Shear due to Lateral Force in X-
Direction According to Seismic Coefficient Method

vvvvvv

Building E;evation (m)

Story Shear (KN)
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Fig. 12a. Comparison of Story Shear (kN) due to Lateral Load in X-
direction According to Seismic Coefficient Method of NBC 105:1994,
NBC 105:2020 and IS 1893:2002.
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Comparison of Story Shear due to Lateral Force in Y-Direction
According to Seismic Coefficient Method
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Fig. 12b. Comparison of Story Shear (kN) due to Lateral Load in Y-
direction According to Seismic Coefficient Method of NBC 105:1994,
NBC 105:2020 and IS 1893:2002

G. Torsional Irregularity

According to the IS 1893:2002 and NBC 105:2020
there is provision for the check of Torsional Irregularity
but the same can’t be said for NBC 105:1994 as it lacks
mention of any statement related to torsional irregularity.
Hence, the NBC 105:1994 is not feasible for its
application of a building experiencing torsion.

According to IS 1893:2002, the torsional irregularity is
considered to exist when the maximum story drift is more
than 1.2 time the average story drift of the building as
shown in Table IV [11].

TABLE IX. TORSIONAL IRREGULARITY AS STATED IN IS 1893:2002

Directional 1.2xAverage Max. Story Torsional
Lateral Load Story Drift Drift Irregularity
EQx 0.0107 0.0128 Exists
EQy 0.00406 0.0046 Exists

According to NBC 105:2020, there is existence of
torsional irregularity in the building structure if the
maximum horizontal story displacement in the direction
motion due to lateral load is more than 1.5 time the
minimum horizontal displacement in the same direction
as shown in Table V.

TABLE X. TORSIONAL IRREGULARITY AS STATED IN IS 1893:2002

Directional 1.5*Min. Story  Max. Story Torsional
Lateral Displacement Displacement Irregularity
Load (mm) (mm)

EQx 38.622 249.398  Exists

EQy 34.528 210.36  Exists

H.  Moment Diagram and Shear Diagram

The Figs. 13a and 13b are the moment and shear
diagrams of IS 1893:2002 design model about the grid 1
of the design model about the X-directional and Y-
directional lateral loading respectively.
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The red regions of the elements shown in the diagram
depict that those models are close their capacity limit and
are experiencing higher stain be it in shear or moment.
And, the elements showing yellow region in the stress
diagram depict that those elements are experiencing
moderate amount of stress in shear and moment in their
respective diagrams.
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Fig. 13a. Moment Diagram (Left) and Shear Diagram (Right) due
lateral Load in X-Direction Along Grid 1 of IS 1893:2002.
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Fig. 13b. Moment Diagram (Left) and Shear Diagram (Right) due to
lateral Load in Y-Direction Along Grid 1 of IS 1893:2002.

The Figs. 14a and 14b are the moment and shear
diagrams of NBC 105:2020 design model about the grid 1
of the design model about the X-directional and Y-
directional lateral loading respectively.

The red regions of the elements shown in the diagram
depict that those models are close their capacity limit and
are experiencing higher stain be it in shear or moment.
And, the elements showing yellow region in the stress
diagram depict that those elements are experiencing
moderate amount of stress in shear and moment in their
respective diagrams.

The Figs. 15a and 15b are the moment and shear
diagrams of NBC 105:1994 design model about the grid 1
of the design model about the X-directional and Y-
directional lateral loading respectively.
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The red regions of the elements shown in the diagram
depict that those models are close their capacity limit and
are experiencing higher stain be it in shear or moment.
And, the elements showing yellow region in the stress
diagram depict that those elements are experiencing
moderate amount of stress in shear and moment in their
respective diagrams.
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Fig. 14a. Moment Diagram (Left) and Shear Diagram (Right) due to
lateral Load in X-Direction Along Grid 1 of NBC 105:2020.

Fig. 14b. Moment Diagram (Left) and Shear Diagram (Right) due to
lateral Load in Y-Direction Along Grid 1 of NBC 105:2020.
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Fig. 15a. Moment Diagram (Left) and Shear Diagram (Right) due to
lateral Load in X-Direction Along Grid 1 of NBC 105:1994.
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Fig. 15b. Moment Diagram (Left) and Shear Diagram (Right) due to

lateral Load in Y-Direction Along Grid 1 of NBC 105:1994.

VI. CONCLUSION

From the comparative analysis of the G+8 RC building

for the different codes at location of specific soil category
of NBC 105:1994, NBC 105:2020 and IS 1893:2002, the
following conclusions are drawn:

0

For all three-building code application, NBC
105:2020 shows higher values for all the design
parameters in comparison to the other two codes
NBC 105:1994 and IS 1893:2002. This is due to the
seismic coefficient, for the NBC 105:1994 and IS
1893:2002 is almost similar in value but that of NBC
105:2020 is very distinct and large thus resulting
larger outcomes hence requiring similarly more adept
and through design to withstand the resulting heavier
strains.

Though in some cases, Story Shear and Story Drift
Ratio, the IS 1893:2002 shows higher strain initially
in comparison to NBC 105:1994 model results but
due to the IS 1893:2002 code reaching its maximum
strain at the lower strain than that of the NBC
105:1994 the design requirement of the NBC
105:1994 is slightly higher in comparison. While in
the other cases, the resulting data is mostly always
larger than the data obtained from NBC 105:1994.
Torsional demand can’t be met for the building
designed as per the NBC 105:1994 code since it
lacks any provision for the design of building for
torsion.

The building designed on NBC 105:2020 is bound to
be more stressed for the same design when compared
to other building codes thus introducing the
requirement for redesign of the entire structure since
the material selection has to be altered and the design
parameters to be adjusted to achieve the safety
parameter as per the design code. While the obtained
results for the NBC 105:1994 and IS 1893:2002 is
within the desired safety parameter hence the
obtained results can be used for its further checks
and construction.
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[1  NBC 105 yields greater seismic demand and is more
conservative than IS 1893.
[J  From the moment and shear diagrams for each of the

codes, visually one can see that the elemental stress
is higher for the NBC 105:2020 model elements than
that of NBC 105:1994 and IS 1893:2002 model
hence requiring similarly different approach and
redesign of the components.
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