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Abstract

Nepal’s high seismic vulnerability necessitates stringent design codes to mitigate infrastructure risks. This study compares a
regular reinforced concrete frame under Nepal’s NBC 105:2020 and India’s IS 1893 (part 1):2016 using finite element modeling
in ETABS and SAP2000 commercial software, incorporating stiffness modifiers prescribed in the codes. Seismic parameters are
compared in both ETABS and SAP2000, and for design forces and reinforcement requirements, only ETABS is used. Seismic
analyses employed Equivalent Static and Response Spectrum methods. Results reveal NBC 105:2020 mandates double the base
shear compared to IS 1893:2016, with lateral displacements surging by 50.6—66.6% under static analysis and 106—108% under
dynamic analysis. Drift patterns mirrored displacement trends, showing similar percentage increases. Double base shear,
amplified lateral displacements and drifts, consistent across both software analysis approaches, underscore NBC 105:2020’s
heightened design forces and reinforcement demands, particularly in lower floors. For beams, NBC 105:2020 required 12.7%
more reinforcement, 11.6% higher moments, 110% lower torsion while maintaining comparable shear forces. Columns under
NBC exhibited 79.78% higher axial forces, Floor-wise fluctuation in biaxial moments and 10.6% more reinforcement, with
lower floors disproportionately impacted. This study suggests that municipalities and engineers in Nepal to follow the NBC code.
While NBC 105:2020°s stricter seismic provisions—requiring more robust structural systems, amplified design forces, and
higher reinforcement demands compared to IS 1893 (Part 1):2016—escalate construction costs, its conservative approach
ensures enhanced seismic resilience, critical for high-seismic-risk regions like Nepal.
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1. Introduction

Nepal ranks among the world’s most disaster-prone nations,
positioned 11" globally in seismic vulnerability [1]. Its geo-
logical setting—within the Nepal Himalaya’s fold-thrust belt
and imbricate fault systems [2]—is shaped by the ongoing
subduction of the Indian Plate beneath the Eurasian Plate at
30-40 mm/year [3]. This tectonic interaction accumulates
substantial strain energy, capable of generating megathrust
earthquakes exceeding Mw 8.0 [4]. The abrupt release of this
energy through seismic events poses catastrophic risks to
infrastructure and human settlements, as evidenced by Ne-
pal’s devastating historical earthquakes. A comprehensive
analysis by [5], Revisiting Major Historical Earthquakes in
Nepal, highlights recurrent seismic devastation, including the
2015 Gorkha earthquake sequence (Mw 7.8 mainshock and
Mw 7.2 aftershock), which caused 8,673 fatalities and eco-
nomic losses equating to nearly half of Nepal’s GDP (~USD
10 billion) at that time [6, 7].

In Nepal, over two-thirds of earthquake-induced casualties
stem from the collapse of non-engineered or poorly con-
structed buildings [8]. Mitigating this risk necessitates strin-
gent implementation of seismic-resistant design codes. Fol-
lowing the 2015 disaster, Nepal revised its National Building
Code (NBC 105:2020), significantly elevating base shear
requirements by 28.59% (Ultimate Limit State) and 22.74%
(Serviceability Limit State) compared to its 1994 predecessor
[9]. Despite this update, many municipalities persist in per-
mitting the use of India’s seismic code (IS 1893 (Part 1):2016),
partly due to shared tectonic and geotechnical conditions
along their contiguous borders [10].

Critical disparities exist between NBC 105:2020 and IS
1893:2016. These include divergent design spectra, base shear
computation methodologies, and stiffness modifiers: NBC
incorporates both flexural and shear stiffness modifiers,
whereas IS 1893 considers only the former. Prior studies
remain somewhat non-comprehensive in terms of evaluating
the specific criteria (seismic parameters, design forces, and
reinforcement requirements) used to approve any RC build-
ing—residential or commercial—in municipalities, and they
also report contradictory findings. For instance, [11] identi-
fied higher seismic parameters in NBC 105:2020 but omitted
comparative analyses of design forces and reinforcement.
Conversely, [12] reported negligible differences in rein-
forcement quantities between NBC 105:2019 (not the most
recently updated version) and IS 1893:2016, while [13] ob-
served a 4.39% increase in reinforcement under NBC
105:2020—albeit without applying stiffness modifiers. A
recent study [14] paradoxically found that IS 1893:2016 de-
mands higher reinforcement than NBC 105:2020 and ASCE
7-16, but its reliance on a simplified Bare Frame model (ex-
cluding infill wall contributions) limits practical relevance. In
Nepal, brick-infilled RC frames dominate construction prac-
tices, where infill walls critically influence lateral stiffness,
mass distribution, and seismic performance.
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This study conducts a rigorous comparative analysis of
NBC 105:2020 and IS 1893:2016, incorporating property
modifiers (flexural/shear stiffness) and full load considera-
tions (dead, live loads, earthquake loads). Using ETABS
(matches with manual calculations [15]) and SAP2000 (for
validation of lateral displacement and drift), we evaluate
discrepancies in seismic parameters, design forces, and rein-
forcement requirements. Our findings address a critical gap
by providing a comparative analysis of two widely used re-
inforced concrete (RC) building codes in Nepal—NBC
105:2020 and IS 1893 (part 1):2016—while quantifying the
economic implications of code selection. This work not only
contrasts the seismic philosophies and structural outcomes of
these codes but also provides actionable insights for Nepalese
municipalities to optimize code adoption, balancing seismic
safety and cost-effectiveness.

2. Methodology and Modelling Details

The study analyzed a seven-story regular reinforced con-
crete building in Kathmandu (plan dimensions: 27.254 %
24.0284 m; total height: 21 m, floor height 3m; Figures 1-2)
using finite element models developed in ETABS and
SAP2000. The concrete frame of the structure was designed
per the Limit State Design philosophy of IS 456:2000 [16],
with material properties, dead loads (IS 875 Part 1:1987), and
live loads (IS 875 Part 2:1987) assigned as per Tables 1-2.
Section sizes for beams, columns, and slabs were defined
floor-wise (Table 3), and column bases were fully restrained
to simulate fixed foundations. Earthquake loads were com-
puted using both NBC 105:2020 [17] and IS 1893 (Part
1):2016 [18], with seismic mass derived from 100% dead load,
25% live load (<3 kN/m?), and 50% live load (>3 kN/m?) to
ensure accurate inertial force representation [19]. Rigid dia-
phragms were assigned to floors to replicate the in-plane
stiffness of RC slabs [20], while slabs were discretized into a
4>4 mesh (16 quadrilateral elements) to balance computa-
tional efficiency and dynamic analysis precision [21]. Linear
static (Equivalent Static Method) and dynamic (Response
Spectrum Analysis) approaches were employed, with the
latter favored for its enhanced accuracy in finite element
frameworks [22]. ETABS served as the primary tool due to its
validation with manual calculation [15], and SAP2000 was
used for cross-validation to minimize software-specific biases.
However, for design forces and reinforcement calculation
only ETABS is used. Seismic parameters, design forces
(beams/columns), and reinforcement demands were system-
atically compared to quantify code-driven discrepancies.
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Plan View - Storyl -Z=3iml |

Figure 1. Plan of the building in ETABS.

[ 3D View

Figure 2. 3D FEM mathematical model in SAP2000.

Table 1. Material property using IS 1893 (Part 1): 2016 and NBC
105:2020 (ETABS and SAP2000).

Material Property Value
Characteristic strength of concrete (fck) 25 MPa

Yield Strength of rebar (fy) 500 MPa
Specific unit weight of Brick Masonry (yb) 19 kN/m?
Specific unit weight of reinforced concrete (o) 25 kN/m?

Table 2. Dead Loads and Live Loads using IS 1893 (Part 1): 2016
and NBC 105:2020 (ETABS and SAP2000).

SI. No Loads Weight
1 Live < 3 2 kN/m?
2 Live > 3 3 kN/m?

SI. No Loads Weight

3 Roof Live 1.5 kN/m?
4 Floor Finish 1.1 kN/m?

5 Staircase 21 kN/m

6 Wall 9" 7.885 kKN/m
7 Wall 4" 3.992 kN/m

Table 3. Size of the members using IS 1893 (Part 1): 2016 and NBC
105:2020 (ETABS and SAP2000).

Floor Units Beam Column Slab
1to4 mm 300 X 450 500 x 500 125
5to7 mm 300 X 450 400 X 400 125
3. Earthquake Loads

The seismic design frameworks of the Indian (1S 1893 (Part
1):2016 [18]) and Nepali (NBC 105:2020 [17]) codes diverge
fundamentally in their hazard assessment methodologies. 1S
1893 adopts a deterministic approach based on historical
earthquake data, while NBC 105:2020 employs a probabilistic
seismic hazard analysis (PSHA), defining peak ground ac-
celeration (PGA) contours for a 475-year return period (10%
probability of exceedance in 50 years). A critical advance-
ment in NBC 105:2020 is the replacement of the outdated
Performance Factor (K) [23] with modern response reduction
factors: the ductility factor (Rp) and over strength factor, (€2),
aligning with global seismic design philosophies that empha-
size force reduction through ductility and structural resilience.

3.1. Elastic Site Spectra for Horizontal Loading
in NBC105: 2020

Elastic site spectra design are normally estimated from the
(PGA) proposed in seismic codes, for different general soil
categories under free-field soil conditions [24]. The Elastic
site spectra for horizontal loading in ultimate state C (T) is
determined using Eq. (1).

C(T) = C(T) Z 1 (1)

Where, Cn(T) is the Spectral Shape factor as per Eqg. (3), Z
is the Seismic Zoning factor and | is importance factor. The
values of Z and | is specified in Table 4.

The elastic site spectra for Serviceability Limit State is be
given by:

Cs (T) = 020 C (T) )
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Where C (T) = elastic site spectra for horizontal loading
determined from Eq. (1).

3.2. Spectral Shape Factor, Cn(T)

The Spectral Shape Factor is a value that adjusts how a
structure responds to an earthquake, based on its frequency
and vibration characteristics. Two different spectra are used for
seismic coefficient method and modal response spectrum
method in Nepali code. The spectral shape factor functions given
in Figure 3 is used for Equivalent Static Method and those in
Figure 4 is used for Modal Response Spectrum Method. Calcu-
lated by Eq. (3) using the parameters specified in Table 4.

Ch (T) =
1+ (@ - Dx— if T < Ta
aif Ta < T < Tc 3)
« K+ (1-K) (2] (D2 if Te < T < 6

Where, Ch (T) is the Spectral Shape Factor for equivalent
static method and response Spectrum Method, a is the peak
spectral acceleration normalized by PGA, Ta and Tc are the
lower and upper periods of the flat part of the spectrum, K is
the coefficient that controls the descending branch of the
spectrum and T is the fundamental time period.

Ch(T)

Period sec

Figure 3. Spectral Shape Factor, Ch(T) for equivalent Static Method
soil type D.

Ch(T)

Period Sec

Figure 4. Spectral Shape Factor, Ch(T) for Response Spectrum
Method soil type D.

3.3. Horizontal Base Shear Coefficient

For the ultimate limit state (ULS), the horizontal base shear
coefficient (design coefficient), Cqy, is given by Eq. (4), and
for the serviceability limit state (SLS), the horizontal base
shear coefficient (design coefficient), Cds, is given by Eq. (5).

__cm
Cdu - Rp x Qu (4)
Coy= 0L (5)

Where, C (T) is the elastic site spectra as per Eq. (1), RuLis
the ductility factor and Qu and Qs is the Over strength Factor
for ULS and SLS, respectively refer to table 4 for values, Cs(T)
is the elastic Site Spectra determined for serviceability limit
state as per Eq. (2).

The fundamental period (T) was computed per NBC
105:2020 (Clauses 4.1.1 and 4.2) using the exponent K, which
governs period-height scaling [25]. For response spectrum
analysis, Ch(T) was manually calculated for Soil Type D
(Figure 4) and input into ETABS and SAP2000. While IS
1893:2016 parameters (Table 5) are natively supported by
both platforms, NBC 105:2020’s dual-state framework ne-
cessitated manual adjustments to accommodate ULS/SLS
distinctions. This underscores a key practical divergence: IS
1893 streamlines seismic load assignment, whereas NBC
105:2020 demands additional user intervention to replicate its
nuanced requirements.

Table 4. Calculation of seismic coefficients for equivalence static method and response spectrum method as per NBC: 105:2020 (ETABS and

SAP2000).

Inputs:

Location of Building:
Type of Structure:

Type of Building:

125

Kathmandu
Moment resisting concrete frame

Reinforced Moment Resisting Frame
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Inputs:

Seismic Zoning Factor (Table 4.5 NBC 105-2020) Z= 0.35
Importance Factor: (Table 4.6 NBC 105-2020) I= 1
Height of Building: h= 21
Soil Type for Kathmandu (Refer table 4.4 NBC 105:2020) D

Period of Vibration: (Clause 5.1.2 NBC 105:2020)
For Reinforced Moment Resisting Frame T =1.25x0.075xh73 0.92 Sec
Refer Table 4.1 NBC 105:2020

Lower Period of the Flat Part of the Spectrum Ta= 0
Upper Period of the Flat Part of the Spectrum Tc= 2
Peak Spectral Acceleration Normalized by PGA o= 2.25
Coefficient to control the descending branch of the Spectrum K= 0.8

Note: The value of the flat spectrum Ta for response spectrum analysis is 0.5 second

Refer Table 5.2 NBC 105:2020

Ductility Factor for ULS State Ru= 4
Overstrength Factor for ULS State Qu = 1.5
Overstrength Factor for SLS State Qs = 1.25

Calculation of Spectral Shape Factor: Ch (T) (Clause 4.1.2 NBC 105:2020)

Since Ta<=T1<=Tc Ch (T) = 2.250
Elastic Site Spectra for the Horizontal Loading (Clause 4.1.1 NBC 105:2020) C(T)=ChT)Z1= 0.788
Elastic Site Spectra for the SLS State (Clause 4.2 NBC 105:2020) Cs=02*C(T)= 0.158

Horizontal Base Shear Coefficient for Equivalent Static Method and response spectrum method

Horizontal Base Shear Coefficient at the ULS State

Cdu=C(T)/ (Rux Qu) = 0.131
Horizontal Base Shear Coefficient at the SLS State

Cds=Cs/ Qs = 0.126
Exponent related to the structural period (Clause 4.2 NBC 105:2020) K= 1.210

Table 5. Parameters required for assigning earthquake loads by equivalence static method and response spectrum methods as per 1S 1893
(Part 1): 2016 (ETABS and SAP2000).

Inputs Values IS 1893 (Part 1): 2016
Soil type 11 Table 4

Zone factor 0.36 Table 3, Zone 5
Importance factor 1 Table 8,

Response reduction factor 5 Table 9

Time Period 0.736 Clause 7.6.2

Damping ratio 0.05 Clause 7.2.4

126
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4. Stiffness of Cracked Sections

The consideration of effective stiffness in elastic structural
analyses is critical to mitigating displacement-induced dam-
age and enhancing seismic performance under severe loading
[26]. In reinforced concrete (RC) structures subjected to
combined vertical and lateral loads, critical members expe-
rience flexural cracking near yield points, leading to progres-
sive reductions in flexural stiffness (El) as tensile zones de-
grade [27]. To address this, modern seismic codes prescribe
property modifiers to simulate cracked section behavior. Both

NBC 105:2020 and 1S 1893:2016 specify identical flexural
stiffness modifiers (Table 6), reducing El to account for
flexural cracking. While most of the seismic codes focus on
effective flexural stiffness, a suitable shear stiffness modifier
is also crucial for seismic design, this is especially the case
when diagonal cracking occurs in heavily reinforced members
[28]. Considering both modifiers fulfills the demands of ul-
timate limit state (ULS) and limit state of serviceability (SLS),
the absence of effective shear stiffness modifiers in the Indian
code contributes to discrepancies in analysis results.

Table 6. Stiffness Modifiers for Beams and Columns: NBC 105:2020 and IS 1893 (Part 1): 2016 (ETABS and SAP2000).

NBC 105:2020

IS 1893: (Part 1) 2016

SI no. Component Flexural Stiffness Shear Stiffness Flexural Stiffness  Shear Stiffness
1 Beam 0.35 EclIg 0.40 Ec Aw 0.35 Eclg Not Specified
2 Columns 0.70 Ec Ig 0.40 Ec Aw 0.70 Ec Ig Not Specified
In table 6, Ec is the elastic modulus of concrete, which is a .
. - . . SI. No Combinations
measure of the material's ability to resist deformation under
load. It defines the stiffness of the concrete material itself. Ig 5 DL+ 0.3 LL + RSx
is the gross moment of inertia of the cross-section of a struc- 6 DL+ 03 LL - EOx ULS
tural member (beam and column). It reflects the geometrical ' - EQx
properties of the section and is calculated based on the full 7 DL+ 0.3 LL - EQy ULS
un-cracked cross-section of the member. Ay, is the effective ] DL+ 0.3 LL - RSy

shear area, depends on the type of structural member and its
geometry.

5. Load Combinations

Load combinations are necessary to account for various
potential scenarios that a structure may face, such as dead
loads, live loads, and seismic forces. These combinations
ensure that the structure is evaluated under different condi-
tions to check its safety, stability, and serviceability. The
Nepali code load combination is shown in Table 7, while the
Indian code load combination is shown in Table 8.

Table 7. Load Combinations using NBC 105:2020 (ETABS and
SAP2000).

SI. No Combinations

1 1.2DL+15LL

2 1.5(DL+LL)

3 DL+ 0.3 LL+ EQx ULS
4 DL+ 0.3 LL + EQy ULS

127

Abbreviations, DL = Dead Load, LL = Live Load, EQx ULS =
Earthquake Load in the x-direction for ultimate limit state, EQy ULS
= Earthquake Load in the y-direction for ultimate limit state, RSx =
Response Spectrum Load in the x-direction, RSy = Response Spec-
trum Load in the y-direction.

Table 8. Load Combinations using IS 1893 (Part 1): 2016 (ETABS
and SAP2000).

SI. No Combinations

1 1.5 (DL+LL)

2 1.2 (DL + LL + EQx)
3 1.2 (DL + LL + EQy)
4 1.5 (DL + EQx)

5 1.5 (DL + EQy)

6 0.9 DL+ 1.5 EQx

7 0.9DL - 1.5 EQx

8 0.9 DL + 1.5 EQy
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SI. No Combinations

9 0.9DL - 1.5 EQy

10 1.2 (DL + LL + RSx)
11 1.2 (DL + LL + RSy)
12 1.5 (DL + RSx)

13 1.5 (DL + RSy)

6. Results and Discussion

6.1. Story Shear

21

SI. No Combinations

14 0.9 DL+ 1.5 RSx or RSy

Abbreviations, DL = Dead Load, LL = Live Load, EQx = Earthquake
Load in the x-direction, EQy = Earthquake Load in the y-direction,
RSx = Response Spectrum Load in the x-direction, RSy = Response
Spectrum Load in the y-direction.

18

15

12 F

Building Height (m)

- —e— IS 1893 (Part 1) : 2016
ETABS / SAP 2000

—=—NBC 105:2020 ETABS /
SAP2000

500 1000 1500

2000

2500 3000 3500 4000

Force KN

Figure 5. Story shear as per IS 1893 (part 1):2016 and NBC 105:2020.

As illustrated in Figure 5, story shear—the cumulative lat-
eral force at each building level due to seismic
loads—demonstrates a stark divergence between the Indian
(1S 1893:2016) and Nepali (NBC 105:2020) codes. The NBC
105:2020-prescribed base shear (4145.73 kN at elevation 0 m)
nearly doubles the IS 1893:2016 value (2106.06 KkN), re-
flecting the Nepali code’s conservative approach to seismic
force estimation.

In symmetrical structures, shear distributions mirror each
other in orthogonal directions due to balanced stiffness and
mass distribution. However, asymmetrical configurations
introduce torsional effects, leading to directional disparities in
story shear demands. The elevated story shear forces under
NBC 105:2020 necessitate robust structural systems, includ-
ing enhanced reinforcement detailing and larger member
sections, to accommodate greater energy dissipation de-
mands.

6.2. Displacement and Inter-storey Drift

The displacement and inter-storey drift results (Figures

128

6-13) reveal consistent trends across NBC 105:2020 and IS
1893:2016, with the Nepali code prescribing markedly higher
structural responses. Under the Equivalent Static Method
(ESM), NBC 105:2020’s Ultimate Limit State (ULS) condi-
tions produced peak displacements of 74.045 mm
(X-direction) and 75.393 mm (Y-direction)—exceeding 1S
1893:2016 values (44.442 mm X, 50.07 mm Y) by 66.6% and
50.6%, respectively (Figures 6-7). Similarly, NBC 105:2020
ULS inter-storey drifts reached 0.004522 (X) and 0.005017
(Y), 67.3% and 64.2% higher than 1S 1893:2016 maxima
(0.002703 X, 0.003056 Y) (Figures 10-11). Overall, in the
(ESM), the displacements under the Ultimate Limit State
(ULS) for NBC 105: 2020 are the highest, while the Ser-
viceability Limit State (SLS) values are somewhat lower but
still greater than those for IS 1893 (Part 1): 2016. This di-
vergence aligns with NBC 105:2020°s amplified base shear
coefficients and dual-state design philosophy, necessitating
stricter displacement control measures.

The Response Spectrum Method (RSM) corroborated these
findings, with NBC 105:2020 ULS displacements peaking at
72.586 mm (X) and 72.482 mm (Y)—106.7% and 107.6%
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greater than IS 1893:2016’s 35.112 mm (X) and 34.912 mm  exceeding IS 1893:2016 outputs (0.002159 X, 0.002154 Y)
(YY) (Figures 8-9). Inter-storey drifts under RSM mirrored this by 108.4% and 108.5%, respectively (Figures 12-13).
pattern, with NBC 105:2020 maxima (0.00450 X, 0.004493 Y)

Displacement from equivalent static method in X- direction
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Figure 6. Displacement from equivalent static method in X- direction.

Displacement from equivalent static method in Y- direction
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Figure 7. Displacement from equivalent static method in Y- direction.
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Displacement from response spectrum method in X- direction
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Figure 8. Displacement from response spectrum method in X- direction.
Displacement from response spectrum method in Y- direction
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Figure 9. Displacement from response spectrum method in Y- direction.

Drift from equivalent static method in X- direction
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Figure 10. Drift from equivalent static method in X- direction.
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ETABS and SAP2000 exhibited consistent lateral dis-
placement and drift patterns for both codes, with Response
Spectrum Method (RSM) results showing nearly coinciding
trends across software platforms. Notably, the magnitude of
lateral displacement and drift was slightly higher under
Equivalent Static Method (ESM) compared to RSM in both
software.

6.3. Design Force and Reinforcement

Under actual loading conditions, columns must be designed
as PMM (Axial Force and Biaxial Moment) elements to
withstand the combined effects of axial loads (Pu) and bend-
ing moments (Mux, Muy). This approach ensures structural
stability by enabling columns to resist bending stresses and
maintain equilibrium under complex loading regimes [29].
Similarly, beams must resist concurrent shear forces (Vu) and
bending moments (M) to ensure stability under transverse and
flexural stresses. Critical to this framework is the stipulation
in IS 456:2000 that torsion in beams must be evaluated in
conjunction with shear rather than in isolation.

6.3.1. Design of Beam

7 o
6
5
§4
[
3
—— IS 1893 (Part 1) : 2016
2 —e—NBC 105:2020
1 - : :
-8000 -6000 -4000 -2000 0

Design Moment (KN-m)
(a)

During concrete capacity checks in SAP2000 and ETABS
under both codes, NBC 105:2020 flagged eight second-floor
beams in ETABS for exceeding combined shear-torsion lim-
its—a failure undetected in SAP2000—highlighting its rig-
orous compliance criteria. In contrast, 1S 1893:2016 passed
capacity checks in both software platforms. Design forces and
reinforcement were derived exclusively from ETABS outputs,
as SAP2000’s member identification constraints complicate
floor-wise data extraction. For beams, moments were ana-
lyzed at six locations (top/bottom at start/mid/end), with only
the maximum value selected across all six points to represent
critical bending demands. Similarly, shear and torsion were
evaluated at three locations (start/mid/end), and only the
maximum value from these points guided design in this paper.
For columns, axial forces and biaxial moments were assessed
at three locations (start/mid/end), with peak values selected to
represent worst-case scenarios. In real-world construction
using ETABS, beams are designed by analyzing all six points
for flexure and three points for combined shear-torsion,
whereas column design typically relies on data from a single
critical point.
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Figure 14. Beam design details floor-wise: (a) Design Moment (KN-m), (b) Design Shear Force (KN), (c) Design Torsion (KN-m).
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It is evident from Figure 14-delineating floor-wise beam
design details for (a) moments, (b) shear, and (c) torsion—that
NBC 105:2020 prioritizes lower-floor robustness to address
Nepal’s high seismic risk. This prioritization arises from
NBC’s higher lateral forces compared to IS 1893 (Part
1):2016, which amplify moments in critical zones. The
heightened moments (Figure 14a) result from NBC’s dual
stiffness modifiers (flexural and shear), which simulate
post-cracking behavior more realistically and redistribute
lateral loads to stiffer vertical members, concentrating de-
mands on lower floors. This culminates in a 12% greater
cumulative moment under NBC (—38,693 kN-m vs. —34,671
kN-m). The shifted shear distribution (Figure 14b), with ele-
vated mid-to-lower floor values under NBC, reflects its con-
servative load combinations, though cumulative shear forces

remain comparable (46,675 KN vs. 46,755 kN). Reduced
torsion under NBC (Figure 14c) is evident across all floors,
with a 110% lower cumulative torsion (2,191 kN-m vs. 4,621
KN-m).

Notably, IS 1893:2016 governs upper-floor moments and
shear (Figure 14a-b), likely due to its reliance on flexural
stiffness modifiers alone, which overestimates member stiff-
ness and misrepresents load redistribution. This simpler
modeling approach distributes forces more uniformly, leading
to higher upper-floor demands. In contrast, NBC 105:2020’s
incorporation of shear stiffness modifiers and refined load
combinations (Table 7) redistributes critical forces to lower
floors, aligning with modern seismic codes emphasizing
ductility and energy dissipation in vulnerable zones.

6.3.2. Design of Column
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Figure 15. Column design details floor-wise: (a) Design biaxial bending moments (KN-m), and (b) Axial forces (KN).

The disparity in column design outcomes between NBC
105:2020 and IS 1893:2016 (Figure 15) arises from NBC’s
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stringent seismic parameters, including nearly double the base
shear and higher lateral displacements, which amplify de-
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mands on critical structural members. Combined with NBC’s
dual stiffness modifiers (Table 6)—reducing beam stiffness
relative to columns—these provisions redistribute lateral and
gravity loads to stiffer vertical members, magnifying axial
forces (79% cumulative increase: 138,668 kN vs. 77,122 kN),
particularly in lower floors, with a 146% increase in the 4th
floor, 129% in the 3rd, 130% in the 2nd, and 21% in the 1st
floor (Figure 15b). In parallel, directional bending moments
(Figure 15a) diverge significantly: NBC 105:2020 prioritizes
higher X-direction moments (Mux) in lower floors. This
contrast extends to their underlying philosophies: NBC’s

6.3.3. Reinforcement in Beams and Columns

—e— IS 1893 (Part
1): 2016

3 | —e—NBC 105:2020

1 i L L L 1 L L L i L L i L L i L - | i L
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Beam Area of Reinforcement (mm?2)
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explicit modeling of stiffness degradation and directional load
prioritization enhances ductility in critical zones, while IS
1893:2016’s conservative stiffness assumptions distribute
forces uniformly, resulting in lighter axial demands and less
directionally optimized moments. NBC’s elevated base shear
thresholds and rigorous load redistribution mechanics un-
derscore its alignment with Nepal’s high seismic risk, bal-
ancing safety and pragmatism through advanced seismic
resilience strategies. IS 1893:2016, by contrast, reflects a
generalized methodology suited for broader applications but
less tailored to localized seismic intensity.

7
6 -
S F —o— IS 1893 (Part

g 1): 2016

2 4r ——NBC 105:2020
3t
2 L
l L L 1 1 L 1 L L 1 1 L 1 L L
45000 75000 105000 135000

Column Area of Reinforcement (mm2)
(b)

Figure 16. Floor-wise reinforcement area distribution: (a) Beam reinforcement area (mm?), (b) Column reinforcement area (mm?).

Figure 16(a—b) delineates floor-wise reinforcement distri-
butions, revealing NBC 105:2020’s 12.7% higher cumulative
beam reinforcement (279,709 mm=/s. 248,222 mm3and 10.6%
greater column reinforcement (605,995 mm? vs. 547,948 mm?)
compared to IS 1893:2016. Columns under NBC 105:2020
show pronounced reinforcement spikes at critical lower floors
(e.g., 130% increase at Floor 2), driven by its dual stiffness
modifiers and doubled base shear, which amplify axial and
moment demands through realistic post-cracking stiffness
degradation. Contrary to [14], which reported IS 1893:2016
requires more reinforcement than the NBC 105:2020 in
bare-frame models under dead load of structure only, this
study demonstrates NBC 105:2020’s stricter updated provi-
sions (stiffness modifiers and seismic load criteria) reverse
this trend, yielding significant steel escalation over IS 1893
(part 1):2016. This contrasts with [12]’s claim of negligible
differences under NBC 105:2019, highlighting the critical
impact of the 2020 revision. While [13] observed overall in
the whole structure 4.39% steel increase using NBC 105:2020
without property modifiers, this study’s incorporation of
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stiffness modifiers amplifies the difference, underscoring
NBC 105:2020’s emphasis on robust column designs to mit-
igate seismic risks. These findings align with ductili-
ty-focused global practices but necessitate higher construction
costs due to stricter code requirements.

7. Conclusion

This study rigorously evaluates the seismic parameters,
design forces and reinforcement demands of major structural
elements: beams and columns, disparities between Nepal’s
NBC 105:2020 and India’s IS 1893:2016 for regular rein-
forced concrete structures, leveraging finite element modeling
(ETABS and SAP2000). While both software platforms were
employed for seismic analysis to predict structural behavior,
ETABS was exclusively used for member design and rein-
forcement calculation due to its user-friendly output genera-
tion floor wise. A concrete design check—uverification of
structural members against code-based strength and detailing
requirements—revealed critical shear-torsion failures in eight
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second-floor beams in ETABS under NBC 105:2020, unde-
tected by SAP2000, underscoring its precision in safety, while
IS 1893:2016 passed this checks in both software platforms.

Compared to IS 1893 (part 1):2016, NBC 105:2020 man-
dates nearly double the base shear, reflecting Nepal’s
heightened seismic risk, and amplifies structural demands:
lateral displacements surged by 66.6% (X) and 50.6% (Y)
under the Equivalent Static Method (inter-storey drifts: 64.2—
67.2%) and by 106% (X) and 107% (Y) under the Response
Spectrum Method (drifts: 108.4-108.5%). While in this case
study absolute magnitudes of displacements and drifts were
slightly higher in Equivalent Static analyses, both ETABS and
SAP2000 exhibited strong consistency in lateral displacement
and drift patterns under both static and dynamic analysis;
however, dynamic analysis demonstrated nearly identical
trends across codes, validating the reliability of Response
Spectrum results for seismic assessments.

Floor-wise analysis revealed NBC 105:2020°s distinct
impact on member design compared to 1S 1893:2016. For
beams, NBC 105:2020 increased design moments by 11.6%
and reduced torsion by 110%, necessitating 12.7% more re-
inforcement—particularly in lower floors—while shear forces
remained comparable. For columns, NBC 105:2020 induced
floor-wise fluctuations in biaxial moments: 20.25% higher
X-direction moments but 11.81% lower Y -direction moments
versus IS 1893:2016, alongside a dramatic 79.78% surge in
axial forces. Column reinforcement under NBC 105:2020
rose by 10.6% compared to IS 1893:2016, peaking at 130% in
lower floors, driven by its conservative stiffness modifiers
that prioritize column robustness over beam flexibility, re-
distributing loads to vertical members. The code’s emphasis
on lower-floor axial load concentration and moment redis-
tribution underscores its seismic resilience strategy.

The conclusion made here does not represent a broad per-
spective, as only a single RC building was used in this case
study. However, it is clear that the increased base shear, de-
sign forces, reinforcement and load redistributions directly
affects the construction cost making design more expensive
under NBC 105:2020 than IS 1893 (Part 1): 2016. While
stricter seismic standard ensures safer construction, it comes
with higher financial burden. The study suggests that munic-
ipalities and engineers in Nepal to adopt NBC 105:2020 for
better seismic safety because of it’s complex geology and
high seismic vulnerability.

Abbreviations

ESM Equivalent Static Method

RSM Response Spectrum Method

EQx (ULS) Equivalent Static Method Loading in the
x-direction for Ultimate Limit State

EQy (ULS) Equivalent Static Method Loading in the
y-direction for Ultimate Limit State

EQx (SLS)  Equivalent Static Method Loading in the

x-direction for Serviceability Limit State
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EQy (SLS)  Equivalent Static Method Loading in the
y-direction for Serviceability Limit State

RSx Response Spectrum Method Loading in the
x-direction

RSy Response Spectrum Method Loading in the
y-direction
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