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This paper analyzes the cost breakdown of earthquake resistant schools in Kaski District
of Nepal, as built by Smart Shelter Foundation (SSF). Three types of designs are
compared, which are rubble stone masonry with a wooden roof structure, and concrete
block masonry with either a wooden roof or with a steel trussed roof. An in-depth cost
analysis and cost comparison was carried out, based on a unique collection of local
building prices from 19 different villages, as well as generally applicable District Rates, all
spanning a period of 10 years between 2007 and 2017. Master Estimates were divided
into the 5 main building phases of foundation, walls, roof, �oor and �nishing, and then
further broken down into local costs for materials, labor, and transportation. These cost
comparisons give a detailed insight in the distribution of the costs, the pricing of individual
materials and construction elements, the effect of price �uctuation on the total costs,
and the cost implications of different solutions for seismic measures. It is concluded that
the market prices, especially of locally sourced materials, �uctuate too much, making it
impossible to detect useful patterns for general application or future predictions. Also,
no similarities were found between the local village rates vs. the general District Rates,
which insuf�ciently re�ect variations at the micro level, such as availability of materials,
site accessibility, or local preferences. To address theseissues, the paper introduces a
helpful tool for rapid cost estimation of different school designs. The last chapter analyzes
the price implications of adding or removing certain seismic features. It concludes that
improving masonry with cement mortar has the highest cost impact, but that inclusion
of important seismic features such as horizontal bands, buttresses, and steel bars is not
that expensive, meaning there is basically no �nancial obstacle to incorporate these in
new constructions of schools and houses. However, all interventions require in-depth
technical and scienti�c validation, for which the authors have started an initiative named
SMARTnet. The paper ends with an appeal to experts and academics worldwide, to
exchange their knowledge and to support the project with their time and expertise.

Keywords: cost analysis, cost comparison, earthquake resis tant schools, rubble stone masonry, concrete block
masonry, Nepal
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INTRODUCTION

Between 2007 and 2012 the Dutch non-for-pro�t organization
Smart Shelter Foundation (SSF), together with local
partner SEED Foundation, executed building projects in 19
villages in Kaski District of Nepal. This included the construction
of 15 earthquake resistant schools in two techniques, being
locally harvested rubble stones from the mountains (Schildkamp,
2015a) and cast hollow concrete blocks (Schildkamp, 2015b).
The designs were developed by SSF, following general rules of
thumb from available technical literature and practical manuals.
After completion of the designs, six di�erent local Nepalese
engineers were invited to make a cost estimate. Without
exception, they returned a one-page estimation of the main
elements, but for reinforced concrete frame buildings with
columns and beams. It turned out that none of the engineers had
experience with making estimates for local types of loadbearing
masonry buildings with stones or blocks. Most peculiar was the
fact that no di�erence was made between schools at di�erent
locations. Following general District Rates (DR) that apply to
the whole Kaski District, the engineers prepared exactly the
same estimation for 5 classrooms near Pokhara city, as for 5
classrooms in a remote mountain village. This is not realistic, as
the costs for certain materials are much higher in the mountains
due to higher costs for transportation and carrying these to
the site.

Therefore, SSF decided to prepare the estimates for each
village themselves, based on local rates for materials, labor,
and transport. This has resulted in a unique collection of local
building prices spanning a period of more than 10 years, which
is now analyzed in this paper, in order to provide answers to the
following questions:

(i) Which materials or construction phases have the biggest
impact on the overall costing?

(ii) Which technique is most economical; Rubble stone
masonry or concrete block masonry?

(iii) What are the cost implications of alternatives and di�erent
solutions for foundation, walls, and roo�ng system?

(iv) Did the material and construction costs rise steeply after the
2015 Gorkha Earthquakes?

(v) And most interestingly: What is the cost di�erence
between a traditional unreinforced school building, and
a fully reinforced design with the addition of seismic
reinforcing features?

The following methodology was followed. Sets of Master Designs
for school buildings were prepared with similar dimensions,
for fair comparison of the building features, construction
elements, and separate materials. Sets of Master Estimates were
prepared with consideration of the local contextual situation,
based on local material prices and labor wages as collected in
the 19 di�erent villages in di�erent time frames. These were
further compared with the general District Rates of Kaski,
for compatibility and applicability, and to detect generalities
for the cost distribution and total average costs. Also, an in-
depth cost analysis for the main construction elements and
seismic features of the school buildings was carried out, resulting

in a useful break-down of material quantities for standard
school designs.

The analyses were done explicitly for the designs as built by
SSF in Kaski District, which can be described as “Nominally
Reinforced Masonry” or “Masonry Strengthened with Ties”
(Schildkamp and Araki, 2019). Other masonry types, for instance
Reinforced Masonry or Con�ned Masonry, are left out of this
analysis for various reasons. They are not used in the hill areas of
Nepal, and therefore the price of certain materials, for instance
bricks, are not known in the villages. Also, structurally these
techniques behave di�erently in earthquakes, possibly making the
comparisons unfair. As a �nal note it is important to stress that
this paper exclusively analyzes the costs and cost implications of
certain interventions. It gives no indication nor opinion about
which wall type or masonry system performs better during a
seismic event.

LITERATURE REVIEW

Prior to all analyses and calculations, a literature review on the
subject of construction costs in seismically-prone developing
countries was carried out. The review revealed that only limited
data is available, of which the majority is focusing on the costing
of reinforced concrete frames, such as in India (Thiruvengadam
et al., 2004) and Nepal (Subedi et al., 2016). Some literature
focuses on the comparison of retro�tting solutions, such as in
Bangladesh (Roy et al., 2013) and Iran (Jafarzadeh et al., 2015).

Only three references were found for unreinforced masonry
(URM) with stones, bricks, or blocks. For use in seismic areas,
Arya (1970) explains that such constructions can be much
improved by introducing vertical steel bars at corners and
junctions of walls, and reinforced concrete bands at lintel level
of all stories. He further states that “these provisions have been
found to cost about 4 to 8 percent of the cost of buildings
in areas with moderate seismic activity,” although it is not
mentioned for which country or region these �gures apply. With
regards to houses in Anatolia in Turkey,Spence and Coburn
(1987)describe that 'a program to encourage stronger housing
construction should be aimed at both the builder, who constructs
the building, and the house owner, who pays for the building
(. . . ). The most important aspect of advocating measures to
strengthen buildings is, however, the cost of doing so'. For
their cost comparison they make a di�erence between (i) local
materials (freely available if collected) such as stones and mud,
(ii) market materials (cash cost) such as concrete, brick andsteel
works, and (iii) labor (free for local materials, paid for market
materials). Transportation costs of the materials are not included.
They calculate that upgrading of a medium quality traditional
house costs an additional 9% for adding 1 horizontal reinforced
concrete band, and that further inclusion of horizontal steel bars
in the masonry joints, plus upgrading of the foundation adds
a total of 28%. The third mention is made byHausler (2004)
after the 2001 Gujarat Earthquake in India, who compares the
costing of a 300 square foot unreinforced brick masonry house
in mud mortar, with a cement mortared brick masonry house
added with horizontal bands and vertical steel reinforcements.
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The additional costs areC45% (from 2.67 to 3.89$/sq.ft),
although numbers and dimensions of the reinforcements are not
speci�ed. However, these references are 50, 30, and 15 years
old, respectively. No recent costing data was found, and neither
any detailed comparisons of all the construction elements and
building materials separately.

A secondary literature review was carried out to investigate the
general assumption that after a big natural disaster, construction
prices “shoot up” (Sustainable Safety Solutions, 2016) due to
shortages of materials coupled to high demand, with reports
of prices that “doubled overnight” from 25$/sq.ft to 50$/sq.ft,
and then rapidly more than tripled to 80$/sq.ft (The Awkward
Pose, 2012). However, hardly any literature nor data was
found on this subject, besides the following limited mentions.
One year after the 2004 Tsunami, construction costs per
square foot for a simple house went up with 67%, from 7.74
to 12.90$/sq.ft, in Banda Aceh (Indonesia), mostly due to
rising of labor and timber prices (Jayasuriya and McCawley,
2008). In Sri Lanka the increase for reconstruction of houses
ranged between 30 and 50% after 8 months toward 60–80%
a year later (Ruddock et al., 2010), due to hikes of material
prices and shortages of labor. Interestingly, the construction
costs in Thailand decreased in 2005, as the hit areas had
close access to materials in Bangkok, and more importantly,
because a large workforce was available due to high levels of
unemployment at the time (Nidhiprabha, 2007). Regarding the
post-earthquake situation in Haiti only two references were
found. One organization initially reported a hike in their
estimations of 131% (29$ to 67$/sq.ft) between 2010 and 2012,
but this �gure was revised to 86% for actually built houses (at
54$/sq.ft) in 2014 in the north-western part of Haiti (GOA-
15-517, 2015), which is in line with the �gures of a second
organization who built permanent houses at a rate of 53$/sq.ft
in 2012 (GFDRR, 2016).

Shortly after the 2015 Gorkha Earthquake immediate
shortages of materials were expected in Nepal due to the heavy
damage in the country. Just 3 months after the earthquake
the Nepali government put a temporary ban on construction,
to develop reconstruction regulations and approval guidelines.
This ban was followed by a 3-month blockade of petrol, goods
and materials, caused by a general political strike. As a result,
increases of 40% were expected mostly for steel, sand and
aggregates, but not so much for cement of which enough
supply seemed available (The Himalayan Times, 2015). This is
con�rmed by a report ofAmnesty International (2017), who
documented rates of key material prices for a 2-year period
and concluded that the cement prices had actually slightly
decreased. They further reported that after 20 months, the
price of aggregates doubled from 1,000 to 2,000 Nepali Rupee
(NRS), and sand prices tripled from 500 NRS to 1,500 NRS
per m3. However, e�ects of these individual price hikes on
the overall costing were not reported. On the national level,
the predicted costs for reconstruction in Nepal were calculated
based on the 2011 Census building �gures (National Planning
Commission, 2015a). The indicative costs per sq.ft of plinth
area for cement-based masonry was increased with 25% from
1,200 NRS (10.60$) in 2011 to 1500 NRS (13.25$) in 2015

(conversions per xe.com, December 2018).1 This �gure is taken
as a reference point for the post-earthquake cost analysis
further on.

PREPARING OF MASTER DESIGNS AND
MASTER ESTIMATES

New sets of Master Designs were prepared of school buildings
in di�erent techniques, but all with the same dimensions in
order to make fair comparisons between these techniques and
between their separate elements. Based on these designs, Master
Estimates were prepared which are divided in �ve main building
phases, being (a) foundation, (b) walls, (c) roof, (d) �oor, and (e)
�nishing of the building. Each phase is then further subdivided in
three main cost categories, which are (i) materials, (ii) labor, and
(iii) transport.

Master Designs
Figures 1A–F describe the standard designs as used for the
cost comparisons. Although Nepal has o�cially adopted the
Metric System (Government of Nepal, 1968), most villages still
use the Imperial System and therefore the drawings, units and
calculations in this paper are expressed in feet (0) and inches (00),
with conversions according to the SI metric system, such as meter
(m) and millimeter (mm).

The classrooms have an interior �oor plan of 15� 15ft (4.6�
4.6 m) and a wall height of 80200(2.5 m), as this corresponds with
the height of 10 concrete blocks plus joints, plus thicknesses of the
necessary horizontal beams and bands. In general, Kaski District
has �rm rock soil and both designs include a foundation of 30000

(0.9 m) deep and wide, consisting of a stepped strip foundation in
rubble stone masonry with cement-sand mortar, placed on a bed
of stone soling with a layer of plain cement concrete, topped with
a reinforced concrete plinth beam,Figure 1E.

The walls are either 1400(350 mm) thick rubble stone, or 600

(150 mm) thick hollow concrete blocks, both in cement-sand
mortar. Only the rubble stone walls have buttresses at all wall
ends. The opening dimensions for both types depend on the �xed
size of the concrete blocks, resulting in door frames of 30200�
601000(0.95� 2.10 m) and window frames of 40000� 40600(1.20
� 1.35 m). All frames and shutters are made from a local type of
hardwood named Sal.

The walls are tied together with horizontal bands made
of reinforced concrete, at �ve di�erent levels in height, being
foundation beam, sill band, in-between stitches, lintel beam, and
top beam (Figures 1B,D).

The concrete block walls include vertical steel bars in all
corners, t-sections and next to openings, in order to prevent shear
cracking. However, in the thick massive rubble stone walls these
vertical elements are excluded, as it is reasoned that the limited
amount of steel will not provide the desired amount of ductility.
Also, vertical elements may disrupt the masonry bonding in these
critical connections, possibly making these connections weaker
rather than stronger. It must be noted that this remains to bea

1Available online at: www.xe.com/currencyconverter/ (accessed December 19,
2018).
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FIGURE 1 | (A,B) School plan and side elevation with horizontal reinforcements and buttresses, in rubble stone masonry.(C,D) School plan and side elevation with
horizontal reinforcements and vertical steel bars, in concrete block masonry.(E) Detail of foundation, �oor and wall in rubble stone masonry, and (F) Detail of window,
wall, and roof in concrete block masonry [all by courtesy of Smart Shelter Foundation (SSF)].

highly debated topic of discussion among experts (Schildkamp
and Araki, 2019).

Heavy masonry gables, even with a gable band, have the risk
of toppling during an earthquake. To avoid this, the stone gables
are replaced by wooden trusses at all interior and end walls, and
then boarded up with wooden planks. Further trusses are placed
at intermediate points, these are inter-connected with purlins and

cross-bracing elements, and a sti� ceiling is placed underneath.
This way the roof structure acts as one, thus enhancing the
box action of the building. In some cases however, the villagers
preferred hollow steel tubes instead of wooden truss members.
These roofs have no ceiling but have steel cross-bracing in the
total length of the roof and ceiling planes, and the gables are
�nished with tin sheets.
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To guarantee a high construction quality, much emphasis was
put on the training and supervision of the local laborers during
the construction processes, following the practical principles as
described inSchildkamp (2015c). A main focus was on the use of
correct materials, proper mixing of mortars and concretes, and
detailing of steel reinforcements.

Local Material Constants
Each main phase is divided in its separate building elements,
for which length, area, and volume are measured and calculated
in feet (0), inches (00), square feet (sq.ft), or cubic feet (cft). All
elements are further split into separate materials, each expressed
in a certain amount or ratio, per certain unit. For instance,
concretes and mortars are proportionally mixed in speci�ed
ratios of cement, sand, and/or aggregates. All these proportions
are called Material Constants and can be found in tables and
annexes of construction manuals such as quantity surveyor
guides (Joglekar, 1997), Indian StandardIS:10067-1982 (2005)
or the Nepali DoLIDAR Norms (O�ce of District Development
Committee, 2007). This governmental document is often used
for civil or housing projects in the rural areas of Nepal and was
therefore leading for the preparation of the estimates. Note that
Nepal uses the Vikram Samvat calendar, which is 57 years ahead
of the commonly used Gregorian calendar, meaning that the
Nepali year 2063/2064 resembles the Gregorian year 2006/2007.
The DoLIDAR Norms �rst had to be converted to the Imperial
system and then further into local units, added with certainlocal
customs, as follows:

Locally sourced materials such as sands and aggregates are
hauled from the river to the building site in old cement bags.One
50 kg cement bag is equal to 1.18 cft and all volumetric mixtures
for mortars and concretes can be converted to numbers of bags
for each material. As an example, 1 m3 of concrete mix in the
ratio of 1:2:4(3/400) contains 320 kg cement, 0.45 m3 rough sand
and 0.85 m3 aggregates. In the mountain areas, for every 100 cft
(2.83 m3) this translates to 18.11 bags cement, 38.11 bags of sand
and 71.95 bags of aggregates.

In Kaski District the mountain stones are expressed in a locally
used volumetric measurement called “chhatta.” The dimensions
are based on a number of underarm lengths, which after long
discussions with (mostly older) villagers was set at 15� 4.5 �
4.5 ft, or 303.75 cft (8.6 m3). Only one reference to this unit
was found in literature about forestry, describing the chatta (with
one 'h') as a stack volume of fuelwood of 20� 5 � 5ft, or 500
cft (14.2 m3) (Subedi et al., 2014). However, SSF did not receive
any negative comments or feedback on the calculations of stone
quantities, and therefore 1 m3 of rubble stone masonry in 1:6
cement-sand mortar mix converts to 6.00 bags of cement, 39.83
bags of sand and 0.33 chhatta of stones, for every 100 cft.

The concrete block dimensions are 15.500� 800� 600(395�
200 � 150 mm) and the walls are 10 blocks high. A deal was
made with a concrete block factory, o�ering 5 Nepali Rupee
(NRS) more per block if they promised to put in the correct
amount of cement. Generally, block making factories reduce
the amount of cement to create competitive prices, resulting in
inferior blocks everywhere.

The total needed lengths of steel bars for reinforcements are
measured and then multiplied by the number of bars per beam or
element, added with extra lengths for splicing, overlapping, and
hooks. In 2007 there was no 6 mm plain steel for stirrups available
in the markets, and 7 mm deformed rebar was used instead. Steel
quantities are expressed per kilo or per quintal (100 kg).

In the hill areas, Sal hardwood generally comes from the
community forest of the villages and is therefore consideredto
be free of cost. Sal wood is used for the trusses and purlins in the
roof, for �nishing of gables and valance boards, and for doorand
window frames and shutters. It is usually calculated as a milling
fee per cft, added with transport costs to and from the mill.

For cement, sand, aggregates and mountain stones 10% of
wastage is added, for instance for spillage, mixing in wrong
proportions, or drying out of a freshly mixed batch. For all wood
and steel works 10% extra is added for cutting wastage, and also
10% is added to the number of concrete blocks to compensate
for breakage.

Labor Output Constants
The amount of work turned out by labor, known as Labor
Constants, are an indication of the average timing of a certain
construction activity, expressed in daily or hourly wages. These
constants can be divided in unskilled activities such as digging,
hauling and mixing, as well as rates for skilled masons,
carpenters, bar benders, steel welders, and painters. According to
Cartlidge (2009)the labor output is the most uncertain variable of
an estimate, as it highly depends on the complexity of the project,
skills of the work force, the organization of the building site and
weather conditions. As a guideline the Indian StandardIS:7272-
1974. (2005)was used, which covers the Indian State of Uttar
Pradesh, directly neighboring Nepal. However, after execution of
the �rst four schools in Nepal in 2007, these values were found
to be too high and had to be revised, resulting in the following
Labor Outputs for the Master Estimates,Table 1.

Transportation Costs
All materials that are locally harvested, such as stones from the
mountains, sand, and pebbles from the rivers and wood from
the community forest, are basically owned by the villages and
therefore regarded as free of cost. That means that the price for
a cubic meter of sand or a bag of aggregates does not represent
the value of the material, but this price is determined by costs
for labor and transport. It includes tractor rides to the river or
forest for collection of the raw materials. In case of aggregates the
stones must be broken and wood must be sawn, after which it
must be loaded and sent onward. The materials are transported
to a drop-o� point as close as possible to the construction site,
from where it is o�oaded, shoveled into baskets, and hauled to
its �nal destination by foot. For our estimates, it was not possible
to further break down the cost of such raw materials into costs
for labor and transport.

For materials that need to be purchased from outside the
villages, such as cement, reinforcement steel, concrete blocks,
tin sheets, paints and such, transportation fees apply. The
cost of a tractor load, which usually includes loading and
unloading, depends on the distance between the building

Frontiers in Built Environment | www.frontiersin.org 5 April 2019 | Volume 5 | Article 55

https://www.frontiersin.org/journals/built-environment
https://www.frontiersin.org
https://www.frontiersin.org/journals/built-environment#articles


Schildkamp and Araki Cost Analysis of Mountain Schools in Nepal

TABLE 1 | Labor Constants for work turned out by labor in Kaski District of Nepal.

Activity Unit Quantity per day per person (or team)

Excavation in hard soil cft 60.00 per laborer

Earth �lling cft 80.00 per laborer

Soling works cft 55.00 per laborer

Plain cement concrete works (pcc) cft 140.00 per mason

Steel bending kg 80.00 per bender/per helper

Formwork for rcc works sq.ft 30.00 per carpenter

Reinforced concrete works (rcc) cft 85.00 per mason

Coursed rubble in cement mortar cft 30.00 per mason

Random rubble in mud mortar cft 50.00 per mason

Concrete block masonry sq.ft 50.00 per mason

Mixing of mortar, cc and rcc works cft 80.00 per laborer

Hauling of stones (max. 50 feet distance) cft 160.00 per laborer

Delivery of mortar, pcc and rcc works cft 160.00 per laborer

Making of door frames and window frames cft 2.00 per carpenter

Making of doors and window shutters sq.ft 5.60 per carpenter

Installing doors and windows on site Unit 3.00 per carpenter

Fixing of trusses and woodwork; per team Rooms 2.00 per 2 carpenters C 2 laborers

Fixing of roo�ng sheets; per team Rooms 1.00 per 2 carpentersC 2 laborers

Cutting and welding steel roof pipes; per team Rooms 1.00 per2 carpenters C 2 laborers

Making and �xing of gable and valance boards sq.ft 15.00 per carpenter

Fixing ceiling sq.ft 60.00 per carpenter

Plastering works 1/200thick sq.ft 55.00 per mason

Plastering works 10 thick sq.ft 70.00 per mason

Punning works (for �oor �nishing) sq.ft 80.00 per mason

Cement painting (2 layers) sq.ft 700.00 per painter

Wood painting (1 coat primer, 2 coats paint) sq.ft 85.00 per painter

shop and the village. All villages that are located near Madi
River must purchase their rough construction sand from Seti
River, as the Madi sand is very �ne and therefore only
recommended for plastering and �nishing works. For these
villages a higher transport rate for the construction sand is
included in the estimates.

Tractors generally transport maximum loads of 2,500 kg into
the mountains, which roughly adds up to 50 bags of cement,
or 25 quintal of steel, or 175 concrete blocks.Figure 2 shows
a schematic map of the southeastern part of Kaski District and
the villages in which SSF worked between 2007 and 2012. It
marks Prithvi Highway and the main routes (I-VI) into the hills
which start from the so-called plain area, a stretch of roughly
3 kilometers between the highway and the two lakes. At some
point, all routes into the hills change from tarmac to dirt roads.
Distances are measured in kilometers, as well as in number of
hours by 4WD, but these timings can easily double for a fully
loaded tractor. The map also marks the main markets (called
chowks or bazaars) and the places where to buy concrete blocks.

Collection of Local Construction Data and
District Rates
Between 2007 and 2012 a questionnaire was �lled in by all
19 villages where SSF built projects, to obtain the going
prices of materials, current local wages of the laborers, and

distances between the access points of the village and the
nearby rivers and building shops. For this purpose, each village
established a Construction Committee, usually including the
village chief, the school headmaster, some village elders and
local laborers, whom after long deliberation determined all
needed information. With this local building and costing data,
a �nal set of designs and details was prepared for each village,
and a separate estimate was made, divided in the 5 main
building phases of foundation, walls, roof, �oor, and �nishing.
To all projects 10% contingencies was added to make up
for unforeseen price hikes during the construction process,
for instance due to scarcity of materials or strikes in the
country. Based on the estimation a �nancial agreement was
drafted between the village and SSF. This included a certain
percentage of contributions from the village called “People's
Participation,” as well as a payment plan of installments following
a schedule of training sessions, inspections, approvals and
�nancial reports. All these communication and administrative
activities were carried out by local partner SEED Foundation.
Note: To any reader interested, the questionnaire can be sent
upon request.

In the period between December 2017 and March 2018, a
new questionnaire was distributed in the same 19 villages in
order to prepare new estimates. This was done to determine if
there are any similarities or deviations between the situations of
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FIGURE 2 | Schematic map of schools and distances to markets in southeastern part of Kaski District.

2007 and 10 years later, and to determine if any patterns exist
that can be generally utilized for preparation of estimates in
this district. Out of 19 surveys, 17 villages eventually returned
the requested data, but this took longer than anticipated. One
reason is that the roads into the mountains have improved
at many places, meaning that access to the markets to buy
steel tubes and concrete blocks has become easier. Therefore,
some of the villages found it more di�cult to determine the
going rates for local materials such as wood and stones, which
seemed to be less used in certain areas. Another possible
reason is that there was no direct involvement in a prospective
project. With this in mind, it must be noted that there may
be some inaccuracies within the collected data. However, an
initial review showed that on average the given prices are
consistent in the di�erent contexts (plains and hills), and
therefore the recent rates are eligible for the comparisons in the
next sections.

Also, the District Rates (DR) of Kaski between 2007 and
2017 were collected and separate estimates were prepared
related to these DR, to detect any similarities between
the actually built projects and the general trends in the
whole area. The DR are published right after the monsoon

(around September) and dictate the material rates and
labor wages for the coming year. The latest versions of
these rates (District Technical O�ce, 2015a, 2017a) can
be found online, the previous versions were copied at the
District Technical O�ce in Pokhara (District Technical
O�ce, 2009, 2012). All DR data has been converted to
the Imperial system, average transport distances between
villages and chowks were determined, and estimates were
prepared for each technique. These full estimations are
also used for the comparisons in the next sections, and
the cost distributions according to the DR are added to
Table 2andFigure 3.

COMPARISONS OF FULL ESTIMATES

In order to detect generalities and similarities in the overall
distribution of costs, full estimates for the three types of
school buildings (groups I, II, III) were analyzed and compared
according to actually built rates, as well as according to the
general District Rates for Kaski District. Also the e�ects of
materials prices on the costing of separate construction elements
were reviewed, such as for the roofs and the walls.
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TABLE 2 | Distribution of costs for main construction phases of different techniques, according to actually built rates (on the left) as well as to District Rates (on the right),
at different time frames.

Rubble
stone

Blocks-
plain

Blocks-
hill

DR
Rubble
stone

DR
Blocks-

plain

DR
Blocks-

hill

DR
Blocks-

hill

Rubble
stone

Blocks-
plain

Blocks-
hill

DR
Rubble
stone

DR
Blocks-

plain

DD
Blocks-

hill

Elements in % I II III I II III III I II III I II III

Year av. av. av. 2008 2007 2007 2011 2017 2017 2017 2017 2017 2017

a. Foundation 25.2 23.5 23.9 22.1 23.6 21.7 16.1 20.2 23.7 19.9 16.7 21.3 15.9

b. Walls 30.9 29.2 28.3 30.3 30.3 29.3 28.2 30.7 35.4 27.7 28.9 36.1 27.6

c. Roof 23.9 26.5 26.9 29.3 24.8 29.5 40.6 31.9 18.3 34.2 39.6 22.1 41.3

d. Flooring 8.8 9.4 9.6 7.9 9.6 8.8 6.8 7.6 10.1 8.4 6.6 9.5 7.1

e. Finishing 11.2 11.5 11.3 10.4 11.7 10.7 8.3 9.6 12.5 9.8 8.2 11.0 8.2

i. Materials Total 80.3 83.0 79.1 78.0 78.9 76.6 79.7 76.3 70.9 75.9 78.7 74.5 78.4

ii. Labor Total 14.8 16.4 15.7 15.1 15.7 14.5 13.6 21.8 28.4 21.2 16.4 21.2 15.9

iii. Transport Total 4.9 0.5 5.1 6.9 5.3 8.8 6.7 2.0 0.6 2.9 4.9 4.3 5.7

Figure 3A Figure 3B Figure 3C Figure 3D Figure 3E Figure 3F Fig ure 3G (#) Figure 3H

FIGURE 3 | Cost distribution of main construction phases in differenttime frames for:(A,E) Group I, rubble stone in the hill areas;(B,F) Group II, cement blocks with
steel roof in the plain areas;(C,D,G,H) Group III, cement blocks with wooden roof in the hill areas.

Eligibility Check and Grouping of
Construction Types
To be included in the analyses and comparisons, �rst the
eligibility of all projects was checked within the period 2007–
2012. Estimates based on average �gures of all 19 villages were
prepared, and the total costs were divided over the 5 main
construction phases being (a) foundation, (b) walls, (c) roof,
(d) �oor, and (e) �nishing. These average estimates were then
compared with the estimates of each individual school. Schools
with phases that deviate more than 15% were deemed not eligible
for the comparisons.

The eligibility check has resulted in a clear distinction of3
groups, which are based on three di�erent types of construction

types. Group I consists of 13 villages that fall within the costing
averages for rubble stone schools with a wooden roof, although
only 4 villages actually decided to build with this technique in
2008 (of which one with a steel roof). Group II includes 6 villages
with concrete block schools and a hollow steel tube roof, which
is the most common technique in the plain area of Leknath
Municipality (Figure 2, no. 1–5). And group III includes 10 out
of 14 mountain villages that are eligible to build with concrete
blocks and a wooden roof (of which 7 villages actually did so).
The remaining 4 (out of 14) mountain villages are most remotely
located (Figure 2, no. 8–11) and these are the ones that actually
built with rubble stone (group I). To make the comparisons
fair, the same grouping was used for the period 2017, minus
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FIGURE 4 | Increase of main material prices, wages and transportation cost between 2007 and 2017, according to the District Rates inKaski.

two villages that had not returned the questionnaire about local
costing. Final sets of estimates were prepared based on the new
averages for each group and for both time frames, and these are
used for the comparisons in the next sections.

Distribution of Costs
When comparing the cost distribution of the main construction
phases, big di�erences are seen between the di�erent time frames,
as shown inTable 2 and Figure 3. Between 2007 and 2012
the distribution for all three construction groups is similar,
where both foundation and roof roughly represent a quarter
of the costs, the walls around 30%, and �ooring and �nishing
together cover the remaining 20%. Also, the ratios for materials,
labor, and transportation are nearly equal for all three contexts.
In 2017 however, the distribution is very di�erent for all 3
groups compared to 10 years before. For groups I and III
the percentages of the foundation decreased and the roo�ng
increased (Figures 3A,Cvs. Figures 3E,G), whereas for group
II an increase is visible for the walls while the percentage
for roo�ng became less (Figure 3B vs.Figure 3F). Overall, the
portion for the actual labor wages (cells ii) went up signi�cantly
in 2017, whereas the actual costs for transportation (cells iii) have
decreased, possibly because the road networks have improved
and goods can be delivered on site.

The data also shows a big di�erence between the costing
based on actual local rates vs. the general District Rates. The
DR are compared to the corresponding time frame in which the
schools were actually built by SSF, which are 2008 for Group I,
2007 for group II, and 2007–2011 for Group III. In the period
2007–2008 the actual rates and District Rates are quite similar,
but in the years 2011 and 2017 these di�erences are signi�cant
(Figures 3D,H). Furtherly, a big di�erence is visible between the
2017 DR data for groups I and III vs. the 2017 DR data of
group II (marked with #), especially for the roofs. Overall, the
roof portions show the largest deviations, but these charts do not
indicate whether this is caused by (i) a steep change in the costing
of the roof phase itself, (ii) by changes in other phases such as
the walls or the foundation, or (iii) by the increase of a certain
materials, for instance Sal wood or steel tubes. These factors are
further investigated in the next sections.

Comparison of Material Rates and Labor
Wages
This section reviews which materials or costs have the biggest
impact on the overall costing of a construction project in
Kaski District of Nepal.Figure 4 shows the �uctuation of
material prices and labor wages according to the District Rates
between 2007 and 2017. The charts indicate that prices of stones
(C124.3%) and sands (C117.9%) have more than doubled in
the last 10 years, with a large peak in 2010. This di�ers from
the report byAmnesty International (2017)in Dholaka District,
where these prices were reported to have doubled and even
tripled in just 20 months between 2015 and 2017. A bag of cement
on average increased between 0 and 10% each year, but in total
went up with onlyC34.2%, from 585 Nepali Rupee (NRS) in 2007
to 785 NRS in 2017. The price of tin sheets has not changed at
all in 9 years, and even slightly decreased in 2017 with� 2.3%.
Reinforcement steel (here expressed as cost per kg) �uctuated
slightly, with a big hike in 2008 following global trends, but
the 2017 rates are also lower than 2007, with� 0.77%. On a
positive note, the wages for labor have steadily increased between
7 and 15% each year. For skilled work the wages were raised
from 375 NRS to 950 NRS (C153.3%). Unskilled labor went
up even more, with an increase between 10 and 20% per year,
and almost tripled from 230 to 650 NRS (C182.6%). This also
explains the large increase for the price of mountain stones, as
it is very labor-intensive to hack, haul and transport new stones
from the mountains.

The unit that really stands out is the price of 1 cubic foot of
sawn and dried Sal wood, which spiked the most of all materials
with over 40% increase in 2009 and anotherC52.6% in 2010. The
price then stabilized for 2 years and gradually rose further to a
total increase ofC337.5%, from 1,200 NRS in 2007 to 5,250 NRS
in 2017. The competing truss material of hollow steel pipes (in
kg) increased much less, as these prices “merely” doubled in 10
years withC108.9%, from 90 NRS to 188 NRS.

The general DR prices were cross-checked with the going rates
as obtained from the villages. This was done for the actually built
schools with concrete blocks and wooden trusses (group III)for
the years 2007 (4 schools) and 2011 (2 schools), as well as for the
average village rates of 2017.Table 3clearly indicates that there is
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TABLE 3 | Price differences of main materials between local village rates and District Rates for actually built schools of group III,in 2007 and 2011, and differences
according to 2017 rates; all in Nepali Rupee (NRS).

Materials Unit III.2007 DR.2007 % III.2011 DR.2011 % III.20 17 DR.2017 %

Mountain stone cft 17.80 22.09 24.1 9.88 31.14 215.3 76.69 49.55 � 35.4

Soling stone cft 14.74 22.09 49.9 9.88 31.14 215.3 48.37 49.55 2.4

River sand Bag 48.10 29.90 � 37.8 76.50 40.08 � 47.6 65.00 66.30 2.0

Aggregates Bag 58.60 38.41 � 34.5 85.50 43.25 � 49.4 61.50 61.79 0.5

Cement Bag 465.00 585.00 25.8 580.00 620.00 6.9 926.25 785.00 � 15.2

Concrete block Block 20.00 26.00 30.0 35.00 39.90 14.0 55.00 48.00 � 12.7

Steel rods kg 58.00 71.65 23.5 80.50 70.45 � 12.5 86.50 71.10 � 17.8

Tin sheets Bundle 7300.00 9995.00 36.9 9000.00 9995.00 11.1 11040.63 9770.00 � 11.5

Sal wood cft 375.00 1200.00 220.0 1105.00 3400.00 207.7 3437.50 5250.00 52.7

Skilled labor Day 250.00 375.00 50.0 575.00 575.00 0.0 831.25 650.00 � 21.8

Unskilled labor Day 193.75 230.00 18.7 400.00 385.00 � 3.8 1, 112.50 950.00 � 14.6

no similarity between the two rate systems, as the rates �uctuate
heavily and with large di�erences. This is mostly the case for
the mountain stones, cement and steel, as well as for the skilled
and unskilled labor wages. For instance, the di�erences per cft of
mountain stones range fromC215.3% in 2011 to� 35.4% in 2017.
Overall, the table shows that in 2007 the DR were signi�cantly
higher than the local rates, but that this situation has completely
reversed in 2017 with the only exception of Sal wood.

Comparisons of Total Amounts
The di�erences between the actual village rates and the general
District Rates are most clearly visible when comparing the total
estimated amounts of fully constructed school buildings, for the
corresponding years that SSF built a school in those particular
villages (these are marked with� ). Table 4shows that for 14 out
of 19 schools, the estimates made with the DR are much higher
compared to the village rates, with percentages betweenC32.5
and C49.0%. It is noted that all these 14 projects are located in
the hilly regions. In 2017 however, these di�erences have become
less, especially for the projects in the plain areas that are built with
blocks and steel roof (no. 01–05 ofFigure 2), with di�erences
ranging between� 3.3 andC4.2%. Compared to the plain area,
the DR are a lot higher for the remote villages that built with
rubble stone, with the highest di�erence in Mugri (C37.4%).

Furtherly, the average amounts in NRS per square foot were
calculated. The plinth area of the rubble stone schools (�oor
plan minus open veranda and aprons) is 877 vs. 752 sq.ft for
the concrete block schools. In the period 2007–2012 the average
D.R. rates per sq.ft are much higher than the local rates, between
C38.1 andC45.3% for the actually built schools (marked with
� ). For 2017 the averages were taken for all villages, and now
the di�erences are less, with an almost equal price per sq.ft in
the plain area (onlyC0.1%), and di�erences betweenC9.8 and
C18.6% in the hills. Overall,Table 4 indicates that in 2017 it
is cheapest to build in the plains with blocks and steel roof, at
an average rate of 2,025 NRS/sq.ft, and that the price in the
remotely located villages is lower (2,712 NRS/sq.ft) than inthe
overall hill regions (2,817 NRS/sq.ft). A possible explanation
is that these remote villages have better access to stones and

wood. With that in mind it is interesting to notice the large
cost di�erences between villages that have built with the same
techniques. Even though some of these villages are located next
to each other (for instance nos. 8–11), the situation at micro
level often di�ers in such way that it creates a high impact on
the overall costing. Therefore, the e�ects of local cost in�uences
are further reviewed in the next sections. Lastly, it is notedthat
the average amount per square foot in 2017 is much higher than
the predicted governmental rates in 2015, which were then setat
1,500 NRS/sq.ft for cement-mortared masonry.

Comparison of Different Roo�ng Systems
Important note: The following two sections about the roof and
walls give no indication nor opinion about which type performs
better during a seismic event; only about the di�erences in cost.
As seen inTable 2 and Figure 3, the roof portions show the
largest deviations in the cost distribution. To investigate possible
causes, a comparison was made for the roof structure itself
according to local village rates. Steel trussed roofs made with
round hollow pipes are compared to wooden trusses that are
made from locally harvested Sal wood. Due to the thicker rubble
stone walls, these buildings and its roofs are slightly longerand
wider, with a surface area of 1453 sq.ft for rubble stone schools
vs. 1310 sq.ft for concrete block schools. The �rst comparison
shows that between 2007 and 2012 the truss material of steel
pipes is much more expensive in the mountains than Sal wood
roo�ng members, with prices more than double for Group I
and nearly double for group III (Table 5A). This situation has
completely changed in 2017, where wood has become three times
more expensive than steel tubes, for all three groups.

However, we cannot draw conclusions from the average
costing of one single material alone. Therefore, a second
comparison was made for completely �nished roof types at
di�erent locations. Estimates were prepared for representative
villages in both wood and steel, where (� ) marks the type of
roof that was actually built (Table 5B). Although the dimensions
for the roof are the same for Group II and III (both have
walls in concrete blocks), the detailing is di�erent. The wooden
roofs at group III consume a higher quantity of wood for
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TABLE 4 | Comparison of total amounts and amount per square foot, between actual rates and District Rates in different time frames.

Village Year Wall/Roof Local D.R. % local 2017 D.R.2017 %

01 Bhandardhik 2007–08 Blocks/steel 722,756 794,482 9.9 1,576,658 1,524,212 � 3.3

02 Khudi 2007–08 Blocks/steel 651,135 794,482 22.0 1,556,644 1,524,212 � 2.1

03 Raja Chautara* 2007–08 Blocks/steel 574,089 794,482 38.4 1,499,047 1,524,212 1.7

04 Pachbhaiya 2007–08 Blocks/steel 760,804 794,482 4.4 1,462,131 1,524,212 4.2

05 Kholachcheu 2007–08 Blocks/steel 556,770 794,482 42.7 1,508,135 1,524,212 1.1

06 Kalikasthan 2007–08 Blocks/steel 838,319 794,482 � 5.2 1,534,680 1,524,212 � 0.7

Average NRS/sq.ft 2007–08 Blocks/steel 763 1,056 38.4 2,025 2,027 0.1

12 Bhirchowk* 2007–08 Blocks/wood 615,777 898,892 46.0 2,277,726 2,118,305 � 7.0

13 Thumki* 2007–08 Blocks/wood 678,400 898,892 32.5 1,876,741 2,118,305 12.9

14 Phalangkot* 2007–08 Blocks/wood 675,384 898,892 33.1 2,036,674 2,118,305 4.0

15 Syastri* 2007–08 Blocks/wood 628,435 898,892 43.0 1,986,016 2,118,305 6.7

Average NRS/sq.ft 2007–08 Blocks/wood 864 1,195 38.3

07 Mahjibesi* 2008–09 Blocks/wood 711,304 1,032,045 45.1 1,921,519 2,118,305 10.2

17 Deurali* 2008–09 Blocks/wood 724,131 1,032,045 42.5 1,768,731 2,118,305 19.8

Average NRS/sq.ft 2008–09 Blocks/wood 954 1,372 43.8

16 Dargauntar* 2011–12 Blocks/wood 1,055,184 1,497,010 41.9 1,766,562 2,118,305 19.9

18 Khalte* 2011–12 Blocks/wood 1,004,634 1,497,010 49.0 1,794,211 2,118,305 18.1

Average NRS/sq.ft 2011–12 Blocks/wood 1,370 1,991 45.3 2,565 2,817 9.8

08 Makaikhola* 2008–09 Rubble/wood 841,139 1,157,987 37.7 2,257,281 2,379,136 5.4

09 Gahate* 2008–09 Rubble/wood 860,506 1,157,987 34.6 1,949,250 2,379,136 22.1

10 Mugri* 2008–09 Rubble/wood 873,863 1,157,987 32.5 1,732,168 2,379,136 37.4

11 Mugribesi* 2008–09 Rubble/wood 779,390 1,157,987 48.6 2,086,542 2,379,136 14.0

19 Harpan 2008–09 Rubble/wood 1,208,283 1,157,987 � 4.2

Average NRS/sq.ft 2008–09 Rubble/wood 956 1,320 38.1 2,287 2,712 18.6

Schools marked with* are actually built in the technique mentioned. The bold �gures mark the average differences between local and district rates.

closing up the gables, for �nishing with valance boards and
for installation of a sti� wooden ceiling. Whereas, at the steel
roofs of group II, the gables are closed up with tin sheets
instead, and the wooden ceiling is replaced by steel bracing.
To emphasize the di�erence between the main materials wood
and steel, the tin sheets on top of the roof are left out of
the calculation.

Table 5Bshows that between 2007 and 2012 a fully wooden
roof was cheaper for groups I and III (hills), but more expensive
for group II (plains). Interestingly, three villages have deviated
from this which are marked with (� !) and for one case the reason
is known to the authors. The village of Makaikhola does not own
a community forest, and therefore has to buy woods from other
villages. Even though they had quoted the going rates at the time,
they were unable to obtain the wood for a good price and chose to
go with steel tubes instead. Possible other reasons to deviate may
be scarcity of wood, local preference, village politics, unawareness
of actual prices, etcetera. The table further indicates thatin 2011 a
shift is noticed from wood to steel in the hills due to the rapidly
increasing wood prices, and in 2017 it is very clear that steelroofs
have become the cheapest option for all three contexts. Feedback
from Mr. Damodar Bhakta Thapa of SEED Foundation con�rms
that indeed these days (2017–2018) most villages choose steel
roofs over wooden roofs, simply for �nancial reasons.

Rubble Stone Masonry vs. Hollow
Concrete Block Masonry
Also, the e�ect of di�erent wall types was compared and added to
Table 5. For all three groups I, II, and III, the price is analyzed
for a unit of rubble stone masonry of 1400(350 mm) thickness
and a unit of concrete block masonry of 600(150 mm) thick,
including costs for labor and transportation. It is interesting to
note that bricks have never been popular in the Pokhara region
due to high transportation costs, as good quality bricks are almost
solely produced in Kathmandu Valley. To make the comparison
most realistic, a unit wall surface of 100 sq.ft was taken, so that
vertical reinforcements were included in the calculationsas well.
For the block walls this means the insertion of 4 steel rods, plus
grouting in the block cavities around the steel bars. The rubble
stone wall specimen with dimension of 10� 10ft includes one
buttress. This was then divided by 100 to determine the amount
in NRS per square foot, and the cost di�erences are presented
in Table 5C, showing that a sq.ft of block masonry already was
cheaper around 2007, and over time became even more cheap
than rubble stone masonry.

However, these �gures are based on averages, and only part of
the wall system is considered. Therefore, the estimates of fully
completed projects in both blocks and stones were compared.
From each group the village with the largest di�erence was
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TABLE 5 | Cost difference in % of different solutions for the roo�ng andwalling systems, according to village rates prices in Nepali Rupee (NRS).

2007–2012 2007–2012 2017 2017

5A. Truss Types in NRS Steel truss Wood truss % Steel truss Woo d truss %

Group I, rubble 108,893 49,413 � 54.6 119,636 354,856 196.6

Group II, blocks-plain 70,169 86,828 23.7 113,442 401,284 253.7

Group III, blocks-hills 95,207 56,410 � 40.8 109,912 333,825 203.7

5B. Roof Structure in NRS Steel Roof Wood Roof % Steel Roof Woo d Roof %

Group I, Mugribesi (2008) 156,428 *99,438 � 36.4 163,472 507,687 210.6

Group I, Makaikhola (2008) *!157,839 100,023 � 36.6 165,765 805,888 386.2

Group II, Raja Chautara (2007) *95,824 164,723 71.9 153,044 564,067 268.6

Group II, Kalikasthan (2007) *!153,248 112,003 � 26.9 169,599 677,091 299.2

Group III, Bhirchowk (2007) *!111,248 96,094 � 13.6 139,902 687,343 391.3

Group III, Mahjibesi (2008) 177,317 *118,937 � 49.1 167,499 618,017 269.0

Group III, Dargauntar (2011) 144,174 *!245,571 70.3 158,922 467,018 193.9

5C. Walls in NRS/sq.ft Rubble stone Blocks % Rubble stone Bloc ks %

Group I, masonry only 12.41 10.91 � 12.1 28.80 19.03 � 33.9

Group II, masonry only 10.39 6.70 � 35.5 28.20 15.32 � 45.7

Group III, masonry only 12.84 10.54 � 17.9 29.57 18.89 � 36.1

5D. Total project cost in NRS Rubble stone Blocks % Rubble sto ne Blocks %

Group I, Mugribesi (2008) *!779,390 771,070 � 1.1 2,082,571 1,788,690 � 14.1

Group II, Raja Chautara (2007) 754,589 *574,089 � 23.9 2,177,667 1,900,663 � 12.7

Group III, Mahjibesi (2008) 773,262 *711,304 � 8.0 2,162,717 1,912,704 � 11.6

Where (*) marks the type of roof or wall material that was actually used in the village. The villages marked with (*!) have chosen for the more expensive option.

selected (Table 5D), whereas (� ) marks the technique in which
the school was actually built in that village. This table indicates
that between 2007 and 2012, construction with concrete blocks
was cheaper than construction with rubble stone in all cases.
Although the di�erences for group I are minimal, between� 6.0%
in Makaikhola (not in table) and� 1.1% in Mugribesi. In 2017
it is most obvious that concrete blocks are signi�cantly cheaper
than rubble stones, for all groups. If the road networks continue
to improve and if the cost di�erence between stones and blocks
further increases, it is expected that concrete blocks will become
the main choice for wall material in the hills and possibly for the
mountain areas as well.

Impact of Local Factors
The previous sections indicate that some villages have chosen
for a more expensive solution for their roof or wall system,
most likely depending on local (un)availability of materials and
preference. So does this mean that the remote villages made a
wrong choice 10 years ago? Not necessarily, as in reality the
di�erence may have been less than the �gures show. To build
with blocks, specially trained masons must be hired from Leknath
area, and there the labor wages are higher. Besides, during those
years the whole country of Nepal was subjected to massive
electricity and petrol shortages, creating shortages of cement
and machine-made products such as hollow concrete blocks, as

well as transportation problems of materials into the hills and
mountains (Housing Nepal, 2009). Another reason to choose
rubble stone over blocks may simply have been that the villagers
are more accustomed to the traditional technique with stones.
As a positive side e�ect, the use of locally available materials
stimulates the local economy and provides jobs within the village,
rather than hiring people from outside. Such local restrictions
and preferences have likely played a more important role in the
selection of a particular technique, and such factors will vary from
village to village.

From the above comparisons it can be derived that the District
Rates do not represent the actual cost situation in the villages. A
logical explanation is that the DR are general �gures that apply
to the whole district, whereas Kaski District includes 6 di�erent
altitude levels between 350 m (plains with tropical climate) and
8,091 m (trans-Himalayan with arctic climate), with populations
ranging from Metropolitan city level to extremely remote and
sparsely habited settlements (Central Bureau of Statistics, 2014).
Local in�uences such as availability of materials and accessibility
to the site, as well as local customs and preferences, have a
high impact on the costing at village level. Such local factors
however are not re�ected in the general rates which are more
representative for trends and �uctuations of national and global
market prices. To address this impact of factors at the micro level,
the last section before the conclusion includes a solution for rapid
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FIGURE 5 | (A) Increase of main material prices, wages, and transportationcost between 2013 and 2017 in Gorkha District (and dotted lines for Kaski District).(B)
Increase of amounts per square foot in Kaski and Gorkha Districts.

cost estimation and comparison of di�erent techniques according
to the local situation in the villages.

Post-earthquake Increase of Construction
Costs
SSF only possesses actual and local construction data for the
year 2017 and it was therefore not possible to analyze the post-
earthquake trends since 2015 in Kaski District. An attempt was
made to obtain post-disaster costing data from the 14 districts
that are marked as “severely or crisis-hit” (National Planning
Commission, 2015b), through a short survey in 2018 among
450 post-disaster relief workers and through the coordinating
organization Global Shelter Cluster Nepal. This unfortunately did
not receive much response, nor any useful data to construct a
clear view on the �uctuation or increase of prices between 2015
and present times. Therefore, it was only possible to compare the
general trends of the District Rates of Kaski vs. the DR of Gorkha
(District Technical O�ce, 2015b, 2017b), which is the district
where the 2015 earthquakes took place (“crisis hit”).

Figure 5A shows the cost of several main materials between
2013 and 2017. Generally, wood is more expensive in Kaski,
whereas sand and aggregates are more expensive in Gorkha. In
Kaski (dotted lines) the price of sand rose from 1,750 NRS in 2015
to 1950 NRS in 2017 (C11.4%), and aggregates increasedC25.0%.
In Gorkha these numbers are completely di�erent with no price
di�erence for sand at all, and a surprising decrease of� 27.6% for
aggregates. It is interesting to note that these prices increased the
year before the earthquake, and not after. To evaluate the increase
of total costs,Figure 5Bshows the absolute amount per square
foot of plinth area, for 10 years of building data from Kaski, and
5 years from Gorkha, calculated for all three techniques. Between
2013 and 2017 the yearly increase in Kaski ranges between 7 and
10% on average, and in Gorkha between 5 and 7%. More striking
deviations were seen in Kaski in 2008 caused by a spike of global
market steel prices (Reuters, 2008), another one around 2010, and
a big rise in 2014 (Housing Nepal, 2014), which is the year before
the earthquake.

Even though the District Rates may not re�ect the actual
situation at village level, overall there are no indications of

doubling or tripling of separate material or total construction
costs after 2015. The highest increase of a single material in Kaski
is for mountain stones (C25.0%), and in Gorkha for cement
(C22.5%). This is in sharp contrast with the (only) report that
was found (Amnesty International, 2017), where aggregate prices
increased withC100% and sand withC200% in just 20 months.
In Kaski it took nearly 10 years for these prices to double.
It is hoped that the NGO's involved in reconstruction have
documented and are willing to share the pricing of materials, so
that an in-depth post-disaster cost analysis can be carried outat
the national level.

COST COMPARISONS OF SEISMIC
FEATURES

This section focuses particularly on the costing of seismic
reinforcing elements in rubble stone schools with a wooden roof
(group I), and in cement block schools with a steel roof (group
II). The price implications of adding or removing certain seismic
features, such as better mortars, horizontal bands, and/orvertical
reinforcements is reviewed according to the local village rates of
2017. Again, it is emphasized that this section gives no indication
nor opinion about which construction type performs better
during a seismic event. A step-by-step cost overview is added,
where a traditional unreinforced school is seismically improved,
strengthened and fully reinforced. This includes the addition
of all non-structural elements such as �ooring and �nishing,
in order to provide the total cost and cost distribution for a
fully �nished earthquake resistant school construction project.
To make all information useful and applicable for the reader, the
section ends with a solution for rapid cost estimation of di�erent
school designs.

Types of Mortar in Rubble Stone Masonry
The �rst comparison looks at the costing of di�erent mortar
types in rubble stone masonry, which is used for the foundation
at all three groups, and for the walls at group I only. For the
foundation, there is no clear answer in the literature which
mortar type is best below ground level and therefore the following
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TABLE 6 | Cost difference for different solutions for(A) the foundation, and(B) horizontal reinforcements in the walls, as per 2017 local village rates in Nepali Rupee (NRS).

Group I Group II

A. Masonry Mud C-S 1:6 % Plum % Mud C-S 1:6 % Plum %

per 100 sq.ft 12,600 22,040 74.9 14,729 � 33.2 13,878 21,591 55.6 12,298 � 43.0

Strip foundation 220,449 297,078 34.8 206,495 � 30.5 223,748 286,370 28.0 174,208 � 39.2

B. Hor. Bands 5 levels 4 levels % 3 levels % 5 levels 4 levels % 3 l evels %

Total amount 2,162,150 2,130,624 � 1.5 2,119,707 � 2.0 1,520,523 1,469,051 � 3.4 1,478,287 � 2.8

recommendations are based on personal experience of SSF. Mud
mortar is the main choice in the villages but is not recommended
by SSF, as the mud may wash out from the joints during the
monsoon season. A possible alternative is stabilized mud mortar
by adding 10% cement to the soil, but this type is also not
recommended by SSF due to insu�cient data about the e�ect of
adding stabilizers to Nepali mountain soils. The use of lime-based
mortars is uncommon in the hills and mountains of Nepal and
therefore SSF builds their foundations with cement-sand mortar
in the ratio 1:6.

Table 6A shows the price di�erence between mud mortar
and cement-based mortar per 100 sq.ft of stone masonry of
1400(350 mm) thickness, including costs for materials, labor and
transportation. In group II the price of cement is lower and the
price of mud is higher compared to the hills, which results in
a (expected) percentual di�erence between the two areas. It is
however important to realize that stone masonry with cement
mortar is much stronger than stone masonry with mud, as well as
to recognize that the price increase of stones is of more in�uence
on the total costing than the price of the mortar, as seen inTable 3
andFigure 4.

Table 3 also indicates that soling stones, such as round
boulders from the river, are cheaper than mountain stones.
Therefore, the costing of a full stepped strip foundation in
mountain stones is added toTable 6A, including costs for
digging trenches, placement of stone soling with a top layer
of plain cement concrete (pcc), and stone masonry in cement
mortar above ground level. This type is then compared to a
monolithic cast strip foundation called a “plum foundation,” or
“cyclopean concrete foundation,” which consists of 50% round
river boulders of maximum 1000(250 mm) dimension in a plain
concrete mixture of 1:3:6(3/400). Table 6Ashows that cost savings
are possible between 30 and 40% for both groups. For walls this
technique is not suitable since it needs specialized formwork,
sca�olding and highly trained workmanship; if possible at all.

Horizontal Seismic Reinforcements
The second comparison analyzes the cost di�erences for
removing horizontal seismic reinforcing elements. Smart Shelter
Foundation built their schools with horizontal reinforcements at
5 levels, being from bottom to top: (1) plinth beam at foundation
level; (2) sill beam under the windows; (3) in-between stitches
in corners and t-sections; (4) lintel over all openings; and (5)
top beam at roof level (Figure 6A). When reducing the number

of reinforcements from 5 to 4 levels, there are three options:
(i) keep the sill band and remove the in-between stitches; (ii)
combine the sill band with the stitches at the same level; or (iii)
remove sill band and keep just the stitches. The choice is made
for the third option (Figure 6B), for which the cost saving is
most favorable. A further reduction of horizontal reinforcements
can be achieved by combining lintel and top beam, again with
placement of stitches (Figure 6C).

The cost di�erences of removing one or two levels of
reinforcements are shown inTable 6B, which indicates that the
di�erence is � 2.0% at best for group I for a completely built
school. This relatively modest cost reduction in rubble stone
buildings is caused by two things. Firstly, as the top level ofthe
walls is �xed, the door and window frames become slightly higher
for which the extra costs are adjusted in the estimates. Secondly,
stitches are easily incorporated in rubble stone masonry, but
when a beam is removed, this part is replaced by stone masonry
which is a costly element in 2017. Also with the concrete block
walls in group II two remarkable things happen (Figure 6D).
Firstly, unreinforced concrete bands are cast between the stitches
to avoid cutting of all blocks over the full length of the building.
And secondly, when we remove horizontal beams the ceiling
level becomes too low, and therefore an extra row of blocks
must be added to the wall height. Due to these additions in the
walls (shown in orange), together with extra wood for the higher
door and window frames, the reduction from 4 to 3 bands is
actually more expensive than removing only one reinforcement
from 5 to 4 levels.

Overall, in the very best case a cost reduction is achieved of
42,443 NRS in the hills (group I) and 42,236 NRS in the plain
areas (group II), which roughly translates to 375 US$ for each
case (xe.com, December 2018).1 This may seem as very minimal
cost savings, but this amount covers 2 full beams in a design
of 3 classrooms, which translates to roughly 62 US$ per band
per room, which is actually a very positive outcome; It means
that the inclusion of these important seismic features is not that
expensive, and that there is basically no �nancial obstacle to
incorporate horizontal beams and stitches in new constructions
of schools and houses.

From Unreinforced to Fully-Reinforced and
Finished Rubble Stone Masonry
To further analyze the cost implications of adding seismic
features to the school designs, the construction sequence
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FIGURE 6 | Horizontal reinforcements in rubble stone masonry walls, at (A) 5 levels;(B) 4 levels;(C) 3 levels.(D) Horizontal beams in concrete block masonry at 3
levels (all by courtesy of Smart Shelter Research).

is simulated of transforming a traditional non-reinforced
building into a fully reinforced and fully �nished school
building. A set of drawings of a traditional unreinforced
school building was prepared, based on pictures of rubble
stone buildings that were taken all over Kaski District between
2006 and 2018, such asFigure 7A. It was especially this
type of construction that su�ered the most damage in the
2015 Gorkha Earthquakes. Although o�cial numbers have
still not been released by the Nepali government (as of
December 2018), it is estimated that nearly 1,000,000 houses
and 57,000 classrooms were destroyed and damaged throughout
the country (The Post Disaster Recovery Framework, 2016).
It is further estimated that 81% of all building damage
took place in the rural areas, where 95% of all collapsed
structures consisted of low-strength masonry; the majority
being stone with mud mortar (National Planning Commission,
2015a). The unreinforced design has similar dimensions as
the Master sets and is gradually improved as described
below. Of each step the cost implications are shown in
Table 7A, resulting in a total increase of additional costs
of C55.4% for seismic improvements (step 1–5) added with
C29.6% for valance boards, �ooring and �nishing (step
3b C step 6), amounting to C85.0% for a completed
rubble stone school building, as compared to doing nothing
at all (step 0).

Step 0. The foundation and walls of traditional buildings
are constructed with rubble stone in mud mortar, without any
inclusion of horizontal bands or vertical reinforcements.

Doors and windows are made with a double frame,
each placed on the outsides of the wall thickness, with
planks on top serving as a lintel for the masonry above
(Figure 7B). The walls have stone gables and the roof
consists of wooden rafters, purlins and low-quality tin sheets.
The �oors are made of tamped earth, and no �nishing
works are applied such as plastering of walls and painting
of woodwork.

Step 1a. The improved foundation includes stone soling and
a layer of plain cement concrete (pcc) in the bottom of the
trenches, as well as additional measures for extra buttresses and
the veranda. Step 1b. Replacing all mud mortar with cement-sand
mortar, which causes the biggest cost increase of these two steps
with nearly 12%.

Step 2a. Adding of extra buttresses in cement-sand mortar.
Step 2b. Replacement of all mud mortar with cement-sand
mortar for the rubble stone wall masonry walls. The replacement
of mud in both foundation (step 1b) and walls (step 2b) together,
roughly adds up to a third (C29.5%) of the total cost increase
(including step 6).

Step 3a. Improving the roof structure by removal of the
masonry gables and by adding full wooden trusses with cross-
bracing, poles on the veranda, wooden gables and a sti� ceiling.
These elements all contribute to the structural stability of the roof
structure, in contrary to step 3b; Applying of valance boards,
which has merely an esthetic function. This step represents a
relatively high percentage ofC4.0%, due to the high price of wood
and the high labor-intensity.
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FIGURE 7 | (A) Traditional school building without horizontal reinforcements. (B) Double frames for doors and windows.(C) Rubble stone walls with extra horizontal
stitches, additional vertical steel, and boxed openings.(D) Concrete block walls extra stitches and unreinforced concrete �llers (all by courtesy of Smart Shelter
Research).

Step 4. Addition of two continuous horizontal beams to
the design, which is the bare minimum according to the
Indian (IS 13828:1993, 2008) and Nepali (NBC 202:1994.,
2007) seismic codes. At step 4a the plinth beam is added,
and at step 4b the lintel which acts as a top beam. These
beams are the thickest (600 and 400) and add around 9%
to the cost increase. However, now that a lintel is installed
above the openings, a huge cost saving of� 7.5% can
be made by installing single door and window frames. In
dollars this means that the addition of 2 beams is just
235 U$ more expensive than doing nothing at all (xe.com,
December 2018).1

Step 5. Addition of three more levels of 300(75 mm) thick
horizontal reinforcements, being: Step 5a. Adding of top beam,
thus placing the lintel at a lesser height within the wall, which also
results in less height for all woodwork of doors and windows.Step
5b. Adding of sill beam below window level. Step 5c. Adding of
stitches in all corners and t-sections of the walls. On average each
step adds around 2% to the total increase of costs (200 U$ each)
for 3 classrooms, which is in line with the previous �ndings about
the general costing of horizontal beams.

Step 6. Fully-�nished 3-classroom school as built by SSF,
including: Step 6a. Flooring in the classrooms, on the veranda,
and placing of aprons around the building. Although not part
of the seismic strengthening of the building, this step is essential
to make use of the school building, and therefore complements
the total needed budget for a new construction project. This

applies as well to Step 6b; Plastering of the walls and painting
of the woodwork. These are also not part of the seismic
requirements but will improve the quality, durability and lifetime
of the building. Postponing of this step however may serve as
a temporary cost-saving measure. It is remarkable to note that
these non-structural actions combined are the costliest steps
resembling nearly a third of the total cost increase. This is caused
by the high price of stones in the �oor and verandah, but also
because �nishing is very labor-intensive. For instance, thelabor
for plastering and painting (step 6b) represents half the totalcosts
of this step (C49.8%).

Furthermore, two more steps were reviewed that are based on
current practices in Nepal after the 2015 earthquakes. The Nepal
Reconstruction Authority (NRA, 2018) has published a number
of school designs that are approved by the Nepali Government. It
must be clearly noted that the authors are not in agreement with
the addition of these extra reinforcements, and that this review is
done solely for purpose of reviewing the increase of costs, which
are added toTable 7as follows:

Step 7. Addition of 2 extra layers of stitches in the walls,
resulting in reinforcements at 7 horizontal levels (Figure 7C).
And step 8. Addition of vertical steel bars of 16 mm diameter that
are inserted in all corners and t-sections, starting at the bottom
of the foundation and bent into the top beam. A concrete core
is cast around these bars against corrosion. All door and window
openings are boxed by reinforced concrete posts, as also shown
in Figure 7C.
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TABLE 7 | Cost differences between unreinforced and fully-reinforced school buildings in(A) rubble stone masonry, and(B) hollow concrete block masonry, based on
local village rates for 2017.

I. Rubble Stone II. Concrete Blocks

In NRS %sub %total in NRS %sub %total

Step 0 No reinforcements, stone in mud 1,168,723 788,211

Step 1a Improved foundation 47,802 4.1 20,299 2.6

Step 1b Cement mortar in foundation 138,795 11.9 16.0 103,428 13.1 15.7

Step 2a Buttresses in cement-sand mortar 22,738 1.9

Step 2b Cement-sand mortar in stone walls 154,131 13.2

Step 2c Vertical steel bars in block walls 66,518 8.4

Step 3a Improved roof structure 197,881 16.9 122,989 15.6

Step 3b Valance boards 46,344 4.0

Step 4a Plinth beam on foundation 68,229 5.8 55,367 7.0

Step 4b Top beam on walls 38,426 3.3 23,694 3.0

Step 4c Reduction wooden frames � 88,028 � 7.5 1.6 10.0

Step 5a Lintel beam above openings 24,915 2.1 11,949 1.5

Step 5b Sill beam under windows 28,708 2.5 31,796 4.0

Step 5c Stitches in corners and sections 13,963 1.2 5.8 � 4,947 � 0.6 4.9

Step 6a Flooring, veranda, aprons 91,234 7.8 111,435 14.1

Step 6b Finishing and painting 208,289 17.8 189,784 24.1

Finished 3-classrooms (SSF) 2,162,150 85.0 1,520,523 92.9

Step 7 Reinforcements at 7 levels 2,191,741 2.5 1,559,792 5.0

Step 8 Vertical reinforcements in rubble 2,247,943 4.8

Total with additions 92.3 97.9

The bold �gures represent the total increase in percentage.

As a �nal comparison, only the costing of the seismic
improvements (step 1 to 5 minus the valance boards of step 3b)
is considered. It shows that the biggest cost impact is made by
the replacement of mortar in foundation and walls, representing
more than half (C52.0%) of these additional costs, making this
the most expensive intervention. The improved roof follows with
C30.6%, addition of all 5 beams representsC13.3%, and the
remainingC4.1% is for improving the foundation and adding
of buttresses.

From Unreinforced to Fully-Reinforced and
Finished Concrete Block Masonry
Similar to the review of stone masonry buildings, a set of
drawings was prepared of an unreinforced building in hollow
concrete blocks, which is then step-by-step improved, reinforced,
and fully �nished. The cost di�erences, based on average village
rates for group II, are added toTable 7B and amount to
C54.7% for all seismic improvements plusC38.2% for �ooring
and �nishing, totalingC92.9% between unreinforced and fully-
reinforced block masonry.

Step 0. The foundation is constructed with rubble stone in
mud mortar, and the walls are built with 12 layers of low-
quality hollow concrete blocks, in a cement-sand mortar mixture
of 1:4, without any inclusion of horizontal bands or vertical
reinforcements. Doors and windows are made with a single
frame, on which blocks are directly placed without a lintel. The

walls have block masonry gables and the roof consists of a steel
tube at the top, connected with steel tube rafters and purlins,
and low-quality tin sheets placed over it. The �oors are made
of tamped earth, and no �nishing works are applied such as
plastering of walls and painting of woodwork.

Steps 1a and 1b for improving the foundation are similar
to the stone masonry school, with a percentual increase that is
comparable as well. Step 2 (improvement of walls) di�ers, as
no buttresses are added to the block walls. Instead the walls are
reinforced with the inclusion of 3 vertical steel bars in allcorners,
4 bars in the t-sections, and single bars next to all openings,
that are all protected by �ling the block cavities with a lean
concrete mixture. This step 2c adds just over 8% to the overall
cost increase.

Step 3a. The roof is improved by removing all masonry gables,
adding steel poles on the veranda and by placing full steel tube
trusses on the walls, which are inter-connected and closed-upat
the sides with tin sheets. The structural stability is improved by
installing cross-bracing elements at ceiling level. Together with
improving the foundation (C15.7%), the strengthening of the
roof is the most expensive seismic improvement (C15.6%).

Steps 4. Similar to the rubble stone walls, a plinth beam (step
4a) and a lintel beam at top level (step 4b) are added. As this is a
stacking system of full-height blocks, the total height of thewall
changes with each addition of horizontal reinforcing element.
When adding the lintel, the number of blocks in height can be
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reduced from 12 to 11 rows. Both beams together increase the
costs with 10%, whereas the addition of the 1400(350 mm) wide
plinth beam costs around 500U$ for 3 classrooms, vs. 200U$ for
the 600(150 mm) wide lintel beam.

Step 5. Three more levels of horizontal reinforcements are
added, being a top beam (step 5a) and a sill beam (step 5b). In
both cases the number of blocks in the wall remains to be 11
rows high. The third level is the addition of stitches (step 5c),
and to avoid hacking of blocks the horizontal space between
the stitches is �lled-up with a strip of unreinforced concrete as
indicated inFigure 7D. Although step 5c includes all 5 levels of
beams, this is actually cheaper than step 5b (4 levels), as at step 5c
the walls plus beams need only 10 blocks in height. On average
each of these 3 levels of reinforcement costs just 115U$ for
3 classrooms.

Step 6 is a fully-reinforced and fully-�nished school
building as built by SSF, split up in the non-structural
additions of �ooring (step 6a) and �nishing (step 6b). These
two non-structural phases combined (C38.2%) are almost
equally expensive as seismically improving the foundation,
walls, and roof (steps 1 to 3 amount toC39.7%). Again,
this shows that the cost of including seismic strengthening
measures is relatively low, in relation to the total cost
of construction.

Step 7 adds two more levels of stitches as is currently practiced
in Nepal. However, to incorporate all these extra layers means
extra strips of unreinforced concrete (Figure 7D) and adds an
extra wall height of 600(150 mm) since it is not possible to remove
one row of blocks due to insu�cient ceiling height. Step 8, vertical
steel reinforcements, was already carried out at step 2c.

Lastly, for the concrete block schools the overall increase
of C92.9% is divided inC54.7% for seismic improvements,
and C38.2% for �ooring and �nishing. When only considering
the costs for seismic interventions, the division is fairlyequal
for improvement of the foundation (C28.7%), improvement of
roof (28.5%) and adding of all horizontal beams (C27.4%). The
remainder (C15.4%) is used for strengthening of the walls.

Bills of Quantity
The previous chapters have compared the costing of di�erent
techniques, their separate elements and possible technical
alternatives. In order to make all the comparisons useful and
available to others, the Bills of Quantity (BoQ) for construction of
one-story school buildings in the di�erent contexts of Nepal are
summed up inTable 8. These BoQ's list the needed quantities of
materials, wages and transportation for 4 types of construction,
being (i) rubble stone walls with wooden roof, (ii) rubble stone
walls with steel roof, (iii) concrete block walls with woodenroof,
and (iv) concrete block walls with steel roof. As a rule of thumb,
building volumes should not exceed the maximum ratio of
1(length):3(width), which in practical terms means that a volume
should not exceed three classrooms in a row. Therefore, the table
includes the total quantities for buildings of each technique with
2 and with 3 classrooms, so that designs with four (2C2) or �ve
(2C3) rooms can be estimated as well.

All elements are converted into separate materials and costs
in such way, that it is just a matter of �lling in the going prices
and rates for each item. This way the villagers can compare which

technique is cheapest to build in their village. Items can alsobe
easily changed according to the needs and requirements of the
project. For instance, the 7 mm Tor steel stirrups or the round
steel truss pipes are expressed per total length, so that this canbe
simply changed to 6 mm plain steel or aluminum truss pro�les, if
locally preferred. The amounts inTable 8make up for between 93
and 97% of all total costs for materials, labor and transportation,
with the remaining percentages mainly for �nishing such as
paints and for local transportation on site. By adding 10% for
contingencies, the estimations give a very accurate representation
of the actual construction costs for these particular designs, at
any given time. For other building dimensions a set of adjusted
drawings and estimates must be prepared, but with the use of the
existing Master sets this can be done rapidly. In case of adding
or removing certain earthquake resistant measurements, these
costs can easily be added or distracted by using the percentages
as presented in the previous sections.

CONCLUSION

Detailed estimations of three di�erent construction types of
school buildings have been analyzed and compared based on
local village rated costing data of 19 villages, as well as on
generally applicable District Rates (DR) of Kaski District in
Nepal, for the period between 2007 and 2017. Master Estimates
were divided into the 5 main building phases of foundation,
walls, roof, �oor and �nishing, and then further broken down
into costs for materials, labor, and transportation, based on local
material constants, labor outputs and transportation fees. These
cost comparisons give a detailed insight in the distribution of
the costs, the pricing of individual materials and construction
elements, the e�ect of price �uctuation on the total costs, and the
cost implications of di�erent solutions for seismic measures;for
di�erent time frames and for the di�erent geographical contexts
of Kaski District. The following is concluded:

The distribution of costs, which is based on relative �gures,
only gives insights in the comparison of data within a speci�c
area and during a limited period of time. For instance, in
2007 the wall portion had the highest in�uence on the costs,
whereas in 2017 the roof construction plays a more prominent
role. No general or useful pattern was detected that allows us
to predict the situation 5 or 10 years ahead, as prices will
continue to �uctuate due to changing markets or unforeseen
impacts such as the 2015 Gorkha Earthquake. It means that
current trends and their cost implications must be constantly
analyzed and updated. In doing so, it was concluded that
predicted exorbitant price hikes after the 2015 earthquakes,such
as doubling or tripling of prices, were not noticeable in Kaskiand
Gorkha Districts.

Also, no similarities were found between the di�erent costing
approaches of the local village rates vs. the general District Rates.
Overall, the DR were much higher compared to the local rates
in 2007, and although the di�erence became less in 2017, this
is no guarantee for any future scenario. Material rates deviate
largely between the two costing systems, especially the prices
for local materials such as mountain stones and Sal wood.
Location has a massive impact on the sourcing and costing of
such materials. For instance, the distance between Makaikhola

Frontiers in Built Environment | www.frontiersin.org 18 April 2019 | Volume 5 | Article 55



Schildkamp and Araki Cost Analysis of Mountain Schools in Nepal

TABLE 8 | Bills of Quantity of materials, labor wages and transport fees, for designs with 2 and 3 classrooms, for all four types of building techniques.

(i) Rubble-wood (ii) Rubble-steel (iii) Block-wood (iv) Bl ock-steel

Unit 2 room 3 room 2 room 3 room 2 room 3 room 2 room 3 room

Soling stones cft 492 716 492 716 444 650 444 650

Mountain stones cft 2,059 2,839 2,059 2,839 973 1,345 973 1,345

Coarse river sand cft 1,126 1,575 1,126 1,575 645 923 645 923

Aggregates 3/4” for concreting cft 446 632 446 632 320 464 320 464

Aggregates 1/2“ for grouting cft 0 0 0 0 33 50 33 50

Fine plastering sand cft 267 371 267 371 323 327 323 327

Mud mortar aprons & veranda cft 63 76 63 76 67 80 67 80

Cement (opc) mortar & concrete bag 249 349 249 349 175 251 175 251

Concrete blocks 15 � 8 � 6 inch block 0 0 0 0 648 917 648 917

Concrete L-blocks block 0 0 0 0 60 80 60 80

Steel rods 10 mm Lft 824 1,105 824 1,105 672 1,053 672 1,053

Steel rods 12 mm Lft 1,153 1,602 1,153 1,602 1,681 2,504 1,681 2,504

Steel rods 7 mm for stirrups Lft 2,370 3,321 2,370 3,321 1,303 1,862 1,303 1,862

Binding wire per kg kg 6.5 9 6.5 9 7 10 7 10

Tin sheets 26 gauge (6 p. bundle) bundle 6.5 9.5 10 12.5 6.5 9 9.5 12

Steel truss pipe 2” diameter Lft 0 0 372 523 0 0 348 490

Steel truss pipe 1.5" diameter Lft 0 0 629 895 0 0 590 842

Sal wood roof works & frames cft 139 196 32 48 131 185 32 48

Local wood for formwork sq.ft 126 176 126 176 113 160 113 160

Triplex board for ceiling sq.ft 495 743 0 0 495 743 0 0

Unskilled labor per day Wage 80 113 82 116 65 90 65 93

Skilled labor per day Wage 239 336 224 318 210 295 194 280

Tractor load per 2,500 kg Trip 5.5 7.5 5.8 7.8 8.0 11.5 8.0 11.5

Percentage of costs covered % 94% 95% 97% 97% 93% 94% 93% 93%

and Gahate is only 4 kilometers, but since Gahate owns a
community forest and Makaikhola does not, it results in a big
cost di�erence for the roo�ng phase between these villages. The
DR do not re�ect such variations at the micro level, but follow
national trends and �uctuations of the global market prices.They
are not representative for the actual situation in the hills and
mountain areas, as they insu�ciently address local factorssuch
as availability of materials, accessibility to the site, orpreferences
of the villagers.

In 2017, the �gures indicate that a school building in cement
blocks with a steel roof has become the cheapest construction
type for all three di�erent contexts (group I–III). However, this
may not be the case further up into the mountains, or in other
districts, where transportation and distance to resources may be
the critical factor. To rapidly determine which type is cheapest
to build with in any village or setting, the Bill of Quantities for
8 di�erent school types is summarized inTable 8, by listing the
needed quantities of materials, wages, and transportation.These
estimations give a very accurate representation (93–97%) of the
actual construction costs for these particular designs, at any given
time. Ultimately, the choice of construction is up to the villagers,
who besides costing may take a lot of consideration into other
factors such as location, accessibility, availability, custom, and
preference as well.

The last chapter analyzes the price implications of adding
or removing certain seismic features, such as better mortars,

horizontal bands, and/or vertical reinforcements. Based on
the 2017 local village rates, the total cost increase from an
unreinforced building into a fully reinforced school is 55.4% for
seismic improvements, with an addition of 29.6% for �ooring
and �nishing, which amounts to 85.0% for rubble stone masonry,
and to 54.7C 38.2%D 92.9% for cement block masonry.
In terms of seismic reinforcements, upgrading of the mortar
quality in foundation and walls, and upgrading of the roo�ng
system have the biggest impact on the cost increase. Adding of
horizontal bands however (step 5) represents just about 1.5%
(for rubble stone) to 3% (for concrete blocks) of cost increase
per band on average. This is a very positive outcome as it
means that the inclusion of these important seismic features
is not that expensive, and that there is basically no �nancial
obstacle to incorporate horizontal beams and stitches in new
constructions of schools and houses. To put this further in
perspective, the cost of plastering and painting (step 6b), which
does not contribute to the seismic performance of the building,
is more expensive than all possible horizontal and vertical
reinforcements combined.

In theory, signi�cant cost savings can be made by replacing
rubble stone foundations with plum concrete foundations,
cement mortar with mud mortar (highest cost impact),
and reducing of reinforcing elements. However, it must be
explicitly noted that this paper only examined possible cost
implications, and that this paper gives no indication nor
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opinion about which construction type performs better during
a seismic event. The authors acknowledge the fact that a full
assessment, validation, optimization, and complementation of
the existing knowledge involves in-depth scienti�c research
through multi-disciplinary collaborations, and that this cost
analysis is just one step of a more complex process. To
address this, the authors have started an initiative by the name
of SMARTnet, which stands for Seismic Methodologies for
Applied Research and Testing of non-engineered techniques.
The aim is to update the knowledge of traditional techniques
in general, for which the rubble stone schools of SSF in
Nepal will serve as a test case. A second aim is to make this
knowledge understandable and available for engineers and non-
engineers all over the globe, which hopefully creates renewed
interest in countries that currently prohibit the technique
as well.

This paper is the second in a series, which further includes
a literature review of the current state-of-the-art of rubble
stone masonry in seismic areas (Schildkamp and Araki, 2019),
determination of realistic material properties of locally built
rubble stone specimens, development of reliable test procedures
for stone masonry, and methods for calculation and modeling
of traditional techniques in general. SMARTnet invites experts,
professionals, academics as well as �nal-year students in these
�elds to exchange their knowledge and to support the project
with their time and expertise.
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