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the real construction practices and safety. To accomplished this objective three structures, designed 
and detailed according with: i) Current Construction Practices (CCP); ii) Nepal Building Code 
recommendation (NBC); and, iii) Well Designed Structures (WDS) were analysed and compared. 
Moreover, the influence of seismic hazard level on the reinforcement needs of the building structure is 
analysed by detailing a ductile building structure for a low, medium and high seismic hazard zone. 
 
1.1. Building Construction Trends and Practices in Nepal 
 
Reinforced concrete building construction in Nepal has begun from late 1970s. In the last decades, RC 
building construction rapidly increase, replacing other construction materials and solutions like adobe, 
stone and brick masonry in Kathmandu Valley, as well as in other parts of the country (Fig.1). Most of 
the buildings in the urban areas of Nepal have 2 to 6 storeys, were constructed with light reinforced 
frames with infill masonry panels, which can present insufficient capacity, can lacked a ductile 
detailing and were poorly constructed and may have limited durability conditions, due to the existing 
building practices based on the inferior masonry quality, lean frames, and lack of reinforcement 
(UNDP/Nepal, 1994).The majority of the buildings constructed in Kathmandu valley were designed 
by technicians, however in many cases the seismic design was not considered (Shrestha and Dixit, 
2008). The Bureau of Crises Prevention and Recovery of the United Nations Development Program 
ranks Nepal 11th in the World, in terms of earthquake risk, however the total of engineered building 
construction is less than 10%. In fact, more than 90% of the buildings are considered as non-
engineered RC frame and owner built, posing high risk to life and property (Dixit, 2004). 
 
 

 
 

Figure 1. Trend of buildings construction (JICA, 2001) 
 
1.2. Failures in RC Building Structures 
 
The history reveals the occurrence of large earthquake every 60-70 years in Nepal (Pandey et al., 
1986), and the history of construction practices of RC buildings is only 30-40 years old (UNDP, 

More than 
70 years

60 to 70 
years

50 to 60 
years

40 to 50 
years

30 to 40 
years

20 to 30 
years

10 to 20 
years

within 10 
years

Adobe 31 52 36 31 39 22 12 4

Stone 7 5 14 16 8 11 6 5

BM 34 28 32 31 31 21 14 4

BC 4 0 0 4 13 18 29 34

RC 0 0 2 4 3 11 25 49

Stone and Adobe 4 2 2 4 0 1 0 0

Stone and BM 2 0 5 0 1 3 1

BM and BC 6 3 7 4 2 10 9 1

Others 11 11 2 4 3 3 3 3

31

52

36

31

39

22

12

4

34

28
32 31 31

21

14

44
0 0

4

13

18

29
34

0 0
2 4 3

11

25

49

0

10

20

30

40

50

60

P
e
rc
e
n
ta
g
e
 o
f 
S
a
m
p
le
 B
u
ild
in
g

Age Vs Building Typology in Kathmandu Valley



 

1994). F
past eart
relevant 
trends an
trends an
be identi
soft and
mechani
common
deficienc
sections.
 
1.2.1. Sh
Short-co
masonry
large con
et al., 20
 

  
Figure 2
Indonesia
 
1.2.2. So
In most o
clear are
infill ma
cases to 
earthqua
 

  
Figure 3
(Murthy, 
2010) 
 
1.2.3. Be
Beam-to
and/or a
inadequa
reinforce

From this sho
thquakes. Du
information 

nd practices 
nd practice i
ified with th
d weak sto
ism, shear r
n in RC stru
cies, which m
. 

hort-column 
olumn mecha
y brick walls,
ncentration o

012). Exampl

       
2. Short-colum
a (Ghobarah e

oft-storey me
of the buildi
eas are comm
asonry. This 

the building
akes are prese

      (a)  
3. Soft-storey 

2001); (c) Pa

eam-column j
o-column con
anchorage in
ate use of c
ement ancho

ort history, th
ue to the lac
can only be 
and seismic 

in India, Pak
e reality in N

orey, beam-
reinforcemen
ctures in the
may provoke

effect 
anism may o
, leaving wid
of stresses m
les of damag

(a)    
mn mechanism
et al., 2006) 

echanism 
ngs in urban
mon in lowe
stiffness cha

g collapse (V
ented in Fig.

  
failure mech

akistan; (d) Pla

joint failure 
nnections can
n the connec
confinement 

ored in, or pa

hese structur
ck of inform
extracted fro
hazard. Bas

kistan, Indone
Nepal. Struct
column join

nt in RC ele
e surroundin
e severe dam

occur in a b
de openings 

may occur dur
ges associated

       
m; (a) Turkey

n areas, due t
er storeys. T
ange in heig
Varum, 2003
. 3. 

            (b)
hanisms: (a) I
astic hinging 

n suffer a sig
ction (Fernan

reinforceme
ssing throug

res have very
mation on ea
om surround
sed on a liter
esia and Tur
tural deficien
nt capacity 
ements, infi

ng areas (Me
mage or failu

building whe
for windows
ring an earth
d to short-co

                   (b
y (Dogangun

to commercia
The stiffness 
ght may resu
3). Example

 

Indonesia (Bo
of columns of

gnificant loss
ndes, 2011).
ent in the c

gh, the conne

y limited or n
arthquake dam
ding countrie
rature review
rkey, many c
ncies associa

and detail
ll walls, ma

elo et al., 20
ure in buildi

en the RC f
s (Rodrigues 
hquake at the
olumn mecha

b)       
, 2004); (b) 

al and or par
of building 

ults in soft-st
s of soft-sto

           (c)
othara et al., 
f an open bott

s of stiffness
. Both of th
connection, 
ection. Examp

negligible da
mage scenar
s which have

w on the RC b
common poin
ated to short 
ling, strong-
aterials qual
011). A brief
ngs is discus

frame bay is
et al., 2010)

e corners of t
anism are sho

                     
Pakistan (Bot

rking purpose
in upper sto

torey behavi
orey mechani

              
2010); (b) B

tom storey, In

s due to inad
hese failure m
and imprope
ples of collap

amage exper
rios in RC b
e similar con
building con
nts and prob
column mec
-column we
lity and duc
f description
ssed in the f

s partially fi
). In these co
the openings
own in Fig. 2

       (c) 
thara et al., 2

es large open
orey increase
iour, leading

nism observe

      (d) 
Bhuj Earthqua
ndonesia (Both

dequate shear
modes are r
er detailing 

apse or severe

3 

riences in 
buildings, 
nstruction 
nstruction 
blems can 
chanisms, 
eak-beam 
ctility are 
n of these 
following 

lled with 
onditions, 
 (Vicente 

2. 

 

2008); (c) 

nings and 
es due to 

g in many 
ed in past 

 

ake, India 
hara et al., 

r strength 
related to 

of main 
e damage 



 

of build
presente

  
Figure 4
(Sezen et
2001); (c)
 
1.2.4. Str
Strong-b
obtain d
damage 
beam me
consider
damaged
example
 

               
Figure 5.
building a
collapse d
 
1.2.5. Inf
Masonry
structure
can incre
more com
 

  
Figure 6.
failure of
columns, 

dings associa
d in Fig. 4. 

  (a) 
4. Failure of b
t al., 2003); (b
) No stirrups i

rong-beam w
beam weak-c
ductile mom
in the beams
echanism (V
ring this prin
d due to the d
es of Fig. 5. 

                      
. Failure due t
at Chungthang
due to column

fluence of th
y infill can d
e that have no
ease substan
mmon failur

(a) 
. Failure of in
f infill walls 
Indonesia 

ated with th

  
beam-column 
b) Poor seism
in beam-colum

weak-column
column failu
ent frames 
s, and contro

Varum, 2003)
nciple. In rec
development

 (a)     
to strong-beam
g, India (Mur
n failure, Indo

he infill maso
drastically mo
ot been desig

ntially the gl
re modes in in

  
nfill masonry w

in Pakistan (

he inadequat

joints: (a) Bu
mic detailing o
mn joint, Indo

n failure mec
ure occurs w
and to ensu

ol the storey d
). Many exis
ent earthqua
t of the stron

       
m weak-colum
thy, 2001); (b
nesia (Bothar

onry on the se
odify the int
gned to resis
lobal stiffnes
nfill masonry

      (
walls: (a) Out
(Bothara et a

te beam-colu

    (b)
uilding collap
of RC frame m
onesia (Bothar

chanism 
when strength
ure inelastic 
drift, the des
sting RC bui
akes, many R
ng-beam wea

    (b)
mn mechanism
b) Strong-beam
ra et al., 2010)

eismic behav
tended struct
st them (Paul
ss of the bui
y walls are p

(b) 
t-of-plane tilti
al., 2008); (c)

umn joint b

 
pse due to fai
members and 
ra et al., 2010)

h of beams
demands in

sign should p
ilding frame 
RC structures
ak-column fa

       
m: (a) Pan-cak
ms weak-joint
) 

viour of struc
tural respons
lay and Pries
ilding structu
presented in F

 
ng of masonry
) Diagonal fa

behaviour du

lure of beam-
beam-column

) 

is greater th
n the beams,
privilege the 
structures w

s have collap
ailure mechan

             (c) 
king failure of 
t and columns

ctural frames
e, attracting 
tley, 1992). 
ure (Rodrigu
Fig. 6. 

          (c)
y infill wall (I

ailure of infill

uring earthq

     (c) 
m-column joint

n joints, India

han the colu
, there by l
strong-colum

were designed
psed or were
nism, as show

f school-cum-r
s, Pakistan; (c

s 
forces to pa
Masonry inf

ues et al., 20

) 
India); (b) Ou
ll walls separ

4 

quake are 

 

ts, Turkey 
a (Murthy, 

umns. To 
localizing 
mn weak-
d without 
e severely 
wn in the 

 

residential 
) Building 

arts of the 
fill panels 
010). The 

 

ut-of-plane 
rated from 



 

1.2.6. La
Many of
detailing
detailing
deficienc
reinforce
 

  
Figure 7
(Sezen et
stirrups in
 
1.2.7. Qu
The maj
steel, co
occurs. S
presente
 

              
Figure 8
Korkmaz
spacing o
Turkey (S
 
2. DESC
 
Recently
different
of RC e
construc
concrete
construc
cities ce
practice.
Based on
residenti
dimensio
were def
plan vie

ack of ductile
f the failures 
g. Proper use
g may be d
cy in shear 
ement and in

              (a)
. Failure due 
t al., 2003); (b
n a column len

uality of con
ority of buil

oncrete etc., 
Some comm
d in Fig. 8. 

         (a) 
8. Failure in 
z, 2008); (b) 
of stirrups, In
Sezen, 2003) 

CRIPTION 

y, a survey 
t localities of
elements (be
ction, quality
e framed stru
ction, a techn
entre, but in 
. 
n the data ob
ial building 
ons of the pr
fined based 

ew and eleva

e detailing 
of building 

e of steel in r
due to impro

capacity o
nadequate co

)   
to lack of duc

b) poor detaili
ngth larger tha

crete 
lding failures
where segre

mon example

  
buildings wit
segregation o
ndonesia, 201

OF THE CA

was conduc
f Nepal. The
ams and col

y of concrete
ucture is the m
nical approac
 the surroun

btained from
in urban a

rototype buil
on the resul
ation of the 

structures in
reinforced co
oper anchor
f stirrups, e
lumn confine

       
ctile detailing
ing, India (Jai
an 700 mm), P

s in developi
egation of c
s where failu

      
th low mater

of concrete an
10; (c) damag

ASE-STUDY

cted to chara
e information
lumns), inter
e and type o
most commo
ch and know
ndings the a

m the field su
areas of Nep
lding, namel
lts of a statis

prototype b

n recent earth
oncrete incre
rages, lack 
etc. Exampl
ement are pr

         (b)
g: (a) non-duc
in & Murthy, 
Pakistan, 2008

ing countrie
concrete and
ure was obs

    (b)
rials quality:
nd large pebb
ge due to po

Y BUILDIN

acterise the 
n collected du
r-storey heig
of steel. Ac

only adopted 
wledge is invo
approach fol

urvey, a 3-st
pal was def
ly the numbe
stical analys
building are 

hquakes are d
eases the du
of confining
es of poor 
resented in F

       
tile details for
2001); (c) co

8 

s are associa
d large pebb
erved, assoc

       
(a) poor qua

bles/cobbles in
oor material q

NG 

actual situa
uring field su
ght, number 
tually, in bu
solution all 

olved in the 
llowed is ba

torey RC str
fined and it
er of storeys
is of collect
presented in

due to the lac
ctility of the
g stirrups, s
detailing, in
ig. 7. 

                     
r beam-colum

ollapsed colum

ated to low q
bles/cobbles 
ciated to low

                   
lity of concre
n the concret
quality in bea

ation of buil
urveys includ
of bays and

uildings’ con
over the cou
design of bu

ased on expe

ucture repre
t is presente
s, storey heig
ed data from
n Fig. 9. In

ck of adequa
e structures. 
steel conges
nadequate tr

   (c) 
mn joints, Bing
mn (note the a

quality mater
in the conc

w concrete qu

 (c) 
ete, Turkey (
te, 90º hooks 
am-column co

lding constru
des size and 
d bays’ span
nstruction, re
untry. In RC 
uildings locat
erience and 

esentative of 
ed next. Th
ght, bays len
m a field sur
n terms of th

5 

ate ductile 
Improper 
stion and 
ransverse 

 

go Turkey 
absence of 

rials, like 
rete may 
uality are 

 

(Arslan & 
and wide 

onnection, 

uction in 
detailing 

n, year of 
einforced 
buildings 
ted in the 
common 

a typical 
he global 
ngth, etc., 
rvey. The 
he lateral 



6 
 

stiffness and mass distribution, the structure is regular, being symmetric in plan relatively to both two 
orthogonal horizontal directions. The analysis of the building was performed with two planar models, 
one for each main direction. The materials properties are assumed to be identical for the three 
structures studied and throughout each structure’ height, as: (a) reinforcing steel yield strength, fy = 
415 MPa; (b) concrete compressive strength, fc' = 20 MPa; (c) live load on roof = 1.5 kN/m2 (Nil for 
earthquake); (d) live load on floors = 2.0kN/m2 (25% for earthquake); (e) roof and floor finishing = 
1.0kN/m2; (f) brick wall on peripheral beams = 230 mm thick; (g) brick wall on internal beams = 115 
mm thick; (h) density of reinforced concrete elements = 25 kN/m3; (i) density of brick masonry 
(including plaster) = 20 kN/m3. 
 

 
(a) Plan of building 

3m
3

m
3

m

 
(b) Frame elevation (Y-Z) 

Figure 9. Geometry of the building structure 

 
In this study, the three variations of the moment resistant frame structure defined previously are 
presented. The first one correspond to moment resisting framed structure designed based on the Indian 
standard code considering the corresponding seismic provisions, namely the seismic design for ductile 
detailing. In this study this structure is called Well Designed Structure (WDS). The second framed 
structure was designed based on the Nepal building code, namely on the Mandatory Rules of Thumb 
(called NBC design structure). And, the third RC frames structure represents the current construction 
practices in Nepal (called CCP structure). In the following sections, the particular characteristics of 
each building structure are described. 
 
 
2.1. Well Designed Structure 
 
The WDS building was designed based on the Indian standard code, considering seismic design with 
ductile detailing considering the building located in the seismic zone V and medium soil. Due to low 
height, regular in plan and elevation seismic analysis is performed using seismic coefficient method 
(IS 1893-2002). The effect of finite size of joint width (e.g., rigid offsets at member ends) is not 
considered in the analysis. However, the effect of shear deformation is considered. Detailed design of 
the beams and column section according with the IS13920:1993 recommendations has been carried 
out. Dead load considers the self weight of the structural member (beams, columns and slabs) and 
partition walls according with to IS 875 (Part-I). The Live load considered is also according with IS 
875 (Part-II). Load combinations were defined based on IS 456-2000. Slab load is triangular 
distributed with an angle of 450 from the corner of the slab. 
 
2.2. NBC 
 
NBC structure was design with the Mandatory Rules of Thumb (MRT) that introduces some 
requirements ready-to-use in terms of dimensions and details for structural and non-structural elements 
for up to three-storey RC, framed, ordinary residential buildings commonly built by owner-builders in 
Nepal. The main objective of this document is to replace the non-engineered construction commonly 
and achieve the minimum seismic safety requirements. Since 2003, this document became mandatory 
in Nepal. As so the NBC structure was design according with these simplified rules. 
 
2.3. CCP 
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A building was also defined to represent the current construction practices in Nepal (CPP). The current 
construction practices of the buildings in the urban areas of Nepal use light RC frames with masonry 
infill. With urbanization and increases in the land price, owners tended to add an additional storey to 
their existing building when without making a provision for additional floors prior to construction, 
without any seismic concern. Due to the increase of the number of storey’s and considering the large 
occupancy, these buildings can represent a significant risk to in urban areas in the case of earthquake. 
In fact, the collapse of similar buildings during past earthquakes in neighbouring regions have had 
showed the catastrophic results and tremendous loss of human lives and damage to property. 
 
 
3. RESULTS AND DISCUSSION 
 
The comparison of the obtained results of beam reinforcement quantity for the three structures under 
study is presented in Table 1. CCP structure has used the same amount of reinforcement for negative 
and positive bending moment at support as well as at mid- span. The same trend is followed by NBC 
structure with slightly higher amount of reinforcement. In contrast, and as expected, WDS has used 
more than twice the reinforcement than CCP and NBC structures. 
 
Table 1. Comparison of beam detailing in study building structure 

Plan 
Beam 

elevation 

Detailing at support Detailing at mid-span 

WDS NBC CCP WDS NBC CCP 
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Legend: 

 
Note: width and depth of beams is 230 mm 
and 325 mm, respectively. 

 
The detailing of WDS, NBC and CCP columns section and detailing of reinforcing steel are presented 
in Table 2. The study showed that CCP has used same smaller column section with low amount of 
reinforcement in all storey and locations as compared to NBC and WDS. NBC is the slightly improved 
form of CCP structures. In contrast, WDS has used highly large section with double amount of 
reinforcement compared to CCP and NBC structures. The lager section size with maximum amount 
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reinforcement in WDS is due to the joint shear condition with ductile detailing in high seismic zone. 
 
Table 2. Comparison of column detailing in study building structures 

Plan Column elevation 
Cross section of column 

WDS NBC CCP 

 

8 ɸ16 
350x350 

4 ɸ 16 
270x270 

6 ɸ 10 
230x230 

8 ɸ16 
350x350 

4 ɸ 16 
230x230 

 

6 ɸ 10 
230x230 

 

8 ɸ16 
300x300 

4 ɸ 16 
230x230 

 

4 ɸ 10 
230x230 

  

 

 

8 ɸ16 
400x400 

4 ɸ 16 
270x270 

6 ɸ 10 
230x230 

8 ɸ16 
400x400 

4 ɸ 16 
230x230 

 

6 ɸ 10 
230x230 

8 ɸ16 
350x350 

4 ɸ 12 
230x230 

4 ɸ 10 
230x230 

 

8 ɸ16 
400x400 

8 ɸ 12 
270x270 

6 ɸ 10 
230x230 

8 ɸ16 
400x400 

8 ɸ 12 
230x230 

6 ɸ 10 
230x230 

8 ɸ16 
350x350 

4 ɸ 12 
230x230 

4 ɸ 10 
230x230 

 
3.1. Comparison of Reinforcement of Well Designed Structure in Different Seismic Zone 
 
When the issue of earthquake resistant building construction arises, at that time, there is always one 
question: What are the differences in reinforcement between seismically resistant and non-seismically 
designed RC building structures? This situation is more remarkable in the developing country like 
Nepal where there is negligible comparative study conducted in this issue. In this context, the present 
study explores the reality by comparing the amount of reinforcement in seismically resistant and non-
seismically design structure. For this, the same RC building structure is designed for the three seismic 
zone ranges from low to high seismicity. The zone factor of 0.36 is used in the region which is liable 
to shaking intensity of IX and higher, similarly zone factor of 0.24 and 0.16 are used in the intensity of 
VIII and VII respectively. Finally, only the gravity loading condition is considered (dead and live 
load) to the same RC building structure. Outcomes of final results are summarized and compared in 
Tables 3,4,5 and 6. 
 
As compared to non-seismically resistant (GLD) structures, structures designed for seismic zone V, IV 
and III requires 150%, 100%, 25% more beam reinforcement in support. In the mid span, seismic zone 
V and IV requires 115% and 30% more reinforcement. 
 
Table 3. Comparison of reinforcement in exterior longitudinal beam 

IS Zone Zone factor Support, -ve (mm2) Centre, +ve (mm2) 
V 0.36 1189 509 
IV 0.24 991 336 
III 0.16 857 309 

GLD  635 298 
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Table 4. Comparison of reinforcement in interior longitudinal beam 
IS Zone Zone factor Support, -ve (mm2) Centre, +ve (mm2) 

V 0.36 1145 478 
IV 0.24 940 309 
III 0.16 799 286 

GLD  553 263 

 
Table 5. Comparison of reinforcement in exterior transverse beam 

IS Zone Zone factor Support, -ve (mm2) Centre, +ve (mm2) 
V 0.36 1014 406 
IV 0.24 786 241 
III 0.16 286 136 

GLD  309 146 

 
Table 6. Comparison of reinforcement in interior transverse beam 

IS Zone Zone factor Support, -ve (mm2) Centre, +ve (mm2) 
V 0.36 1031 400 
IV 0.24 779 241 
III 0.16 239 116 

GLD  263 126 

 
Note: support, -ve and centre +ve stand for the amount of reinforcement required for negative moments at 
support and positive moment in centre. 
 
 
4. CONCLUSIONS 
 
The main aim of this study was to evaluate the RC building structures constructed according to current 
construction trends and practices in Nepal. This research compares a structure idealised as 
representative of the current construction practice in Nepal, with a structure detailed according to the 
Nepal Building Code recommendations and with a well designed structure according with the IS 1893-
2002 code. Based on the obtained results, the following conclusions are drawn: 
 

 More than 80% of the surveyed buildings correspond to non-engineered constructions. 
 Although Nepal Building Code becomes mandatory, limited improvements are 

observed in many of the buildings, constructed without considering the proper 
detailing. 

 The steel reinforcement detailing used in beams and columns of CCP structure is 
insufficient for seismically active regions, and may even be inadequate for non-
seismically design building. 

 The NBC 201 and 205 recommendations requirements in terms of reinforcement in 
beams and columns are not enough to high seismic demands and can lead to structures 
with a strong-beam weak-column mechanism behaviour. 

 The column sections resulting from a design based on the NBC code are insufficient 
to withstand the expected earthquake demands. Beam-column joints are not properly 
detailed. 

 Structures designed in seismic zone V have more than two times reinforcement 
quantities than the non-seismically designed structures. 
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