
CMA+U  Chris Moller Architecture+Urbanism   Wellington, New Zealand  +64 (0)21 774305    studio@cma-u..com  http://www.cma-u.com

NATIONAL MUSEUM 
Kabul, Afghanistan

Design:  International Competition - 2012 
Program:   16,500 m2 ,  - US$ 25 m
  exhibition, conservation labs, workshops,  
  offices, storage and landscape masterplan
Team:  Chris Moller, Andrew Mitchener,Jon Monro
  Chris Winwood, 
Engineer: Atelier One, Neil Thomas
Environment: eCubed Building Workshop 
Landscape: Studio Engleback
Security:  John Dyre

Afghanistan is confronted with a huge challenge to rebuild 
a peacetime economy. The realisation of the New National 
Museum is an important part of achieving this incredibly 
difficult task. The challenges include critical security issues 
and building systems that operate independently off-grid. 
This building hits these issues head on by providing 
integrated underground cisterns for a year water supply. 
The continuous curve of vault and reverse vault acts as an 
exceptionally strong structure to address earthquake risk. 
Integrated within the reverse vault are all circulation and 
servicing systems, including independent energy PV array, 
water and waste servicing requirements, so that the build-
ing can operate off-grid on a daily basis all year round.  All 
of these capabilities have been thoroughly calculated. 

The Museum and walled garden are seen as a conceptual 
carpet, weaving all aspects into one integrated whole. The 
primary warps are north-south & secondary wefts east-
west. The composition is made up of a field of vaulted 
modules like ‘knots’ in carpet making which are carefully 
proportioned to provide exceptional exhibition, conserva-
tion and storage environments. Informed by ancient Afghan 
traditions of craftsmanship, the spatial system is deeply in-
formed by primary dualities; dark and light (night and day), 
summer and winter, material and immaterial, fixed and 
flexible, gardens, courtyards and buildings. This duality 
ensures a variety of differentiated qualities of spaces, light 
and material to enable staff and public to engage in many 
diverse ways with this extraordinary collection. 
A specially designed prefabricated module was developed 
to inform all aspects of the building and gardens from light 
and space, material and structure, and future expansion. 
The entire system is assembled from locally produced 
high quality reinforced concrete elements, complimented 
with local stone infill walls, timber joinery and finishes. In 
plan the building is articulated in three wings; the north 
wing gallery spaces, central wing reception and services, 
and south wing staff facilities. The underground basement 
houses the conservation lab, workshops storage, back off 
house, cistern water storage, and maintenance facilities. 
The upper floor sits on a basement plinth two meters 
above ground at the front facade which together with the 
six metre high vaults provides gracious proportions for the 
arcade, reception foyer, galleries and staff facilities. 
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Sections  

Elevations 

South Elevation  
1:500

North Elevation  
1:500

East Elevation  
1:500

West Elevation  
1:500

Elevation Detail  
1:25

Detail
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5 General Description of Design Proposal

5.4 HVAC Servicing Strategy

Due to the sensitivity of the collection the stability of the internal environment is critical.  This 
building tries to keep tight, stable control as passively as possible.  This lends itself to the use of 
a heavy, thermally massive structure and infill with few finishes, or finishes which allow thermal 
mass to remain active.  Similarly, insulation is added within the structure to reduce heat loss 
rather than on the internal faces.  

Storage areas have the most stringent demands on conditioning; therefore these functions have 
been kept downstairs, semi-buried to take advantage of the thermal mass of the earth as much 
as possible.  Finishes in these areas are raw: unfinished / polished concrete floors and vaults, 
mud brick, with whitewash or tiles (i.e. no timber, carpets etc).

Main plant consists of several high efficiency commercial heat pumps which can provide heating 
and cooling.  Given the extremes of temperature experience by the Kabul climate we would sug-
gest these heat pumps be ground sourced.

Ventilation in the non-critical areas upstairs is met by fully natural means.  The temperature 
differential between the courtyards of the building drives airflow naturally.   In the more galleries 
and storage areas ventilation is provided by windcatchers in the façade of the building.  Wind-
catchers take advantage of positive and negative pressures to introduce fresh air to the gallery 
floor plenum for conditioning.  Return air from the exhibition areas is taken down to the base-
ment storage areas assisted by negative pressures, The reduced occupancy of the basement 
storage areas allows return air from above to be used as make up air below.

Fresh air paths run within the structure, again to allow the thermal mass to moderate tempera-
tures and reduce peak heating and cooling loads.  Small, distributed fan coil and humidification 
units are used either under the raised floor or in the ‘B-space’ between vaults as required.  The 
use of distributed plant and integrated air paths means that the provision of plant room area is 
generous.  The raised floor is used in the upper exhibition space to distribute all services and 
fresh air.  At basement level air is recirculated between the vaults.  

Dedicated conditioning for specific exhibits is provided through self-contained display cases, 
requiring only an electrical connection (via the raised floor).  These cases provide a stable 
environment for sensitive exhibits, without introducing the energy penalty associated with tightly 
controlled, large exhibition spaces.  Sensitive items can be slowly ‘reconditioned’ to the storage 
area after periods on public display.

Key to Drawings:
1 ‘Cold’ internal Courtyard
2 ‘Hot’ External Courtyard
3 Open Water Features for Evaporative Cooling
4 Windcatchers 
5 High Mass Structure
6 High Efficiency Heat Pumps (preferably ground source, indicative)
7 Heating / Chilled Water Distribution
8 Fresh Air from Windcatcher for Delivery via Raised Floor
9 Air Extracted at High Level
10 Conditioning between Vaults in Storage Areas
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The Global Seismic Hazard Map depicts the seismic hazard as peak ground 
acceleration (PGA) with 10% probability of exceedence in 50 years, 
corresponding to a return period of 475 years. 
 
Afghanistan Seismic Hazard Map 

Peak ground acceleration: 3.2g 
 
According to International Building Code 2009 Edition, recommended in 
the brief document. The building, and portion thereof, including non 
structural components that are permanently attached to structures and 
their supports and attachments, shall be designed and constructed to 
resist the effects of earthquake motions in accordance with ASCE 7. 
The seismic design category for a structure is permitted to be 
determined in accordance with Section 1613 or ASCE 7 
 
Methods of analysis 
Several methods can be used to analyse the response of a structure 
subjected to an earthquake. The choice of method depends on the 
structure and on the objectives of the analysis. 
 
1) The standard method used in design is the modal response using a 
design spectrum. This is a linear method in which the inelastic 
behaviour is considered in the definition of the design spectrum, through 
the use of a behaviour factor. This method is applicable to all types of 
buildings, be they regular or irregular in plan and/or elevation. 
 
2) The ‘lateral force’ method is a simplified version of the modal 
response method and is a static analysis which can only be employed 
for regular structures which respond essentially in one single mode of 
vibration. Similarly to the ‘equivalent’ force F applied to the mass m of 
the simple cantilever, it is possible to define in multi-storey buildings a 
set of ‘storey’ forces Fi, which are applied at each storey level and which 
induce the same deformed shape as the earthquake. The modal 
response method and the lateral force method of analysis can be 
applied to planar models of the structure, depending on certain 
regularity criteria (see Table 6). 

3) The ‘Pushover’ analysis is a non-linear static analysis carried out under 
constant gravity loads and monotonically increasing horizontal loads. It is 
applied essentially: 
l to verify or revise the over strength ratio values αu/α1 l to estimate the 
expected plastic mechanisms and the distribution of damage l to assess 
the structural performance of existing or retrofitted buildings 
 
4) Non-linear time-history analysis is a dynamic analysis obtained through 
direct numerical integration of the differential equations of motion. The 
earthquake action is represented by accelerograms (minimum 3). This 
type of analysis is used for research and code background studies. 
 
The basic configuration of the gallery extension is such that it creates an 
extremely stiff frame. Formed from reinforced concrete this arrangement 
with large close centred columns meets the criteria laid out for seismic 
design for method 2 or the lateral force method. The repetition of the 
structural bays in both directions provides very high resistance to the 
potential extreme loading from earthquake. 
 
Stiffness and strength to structures can be provided in a number of ways. 
At the lower levels this strength is achieved through the rigidity of the 
framing 
At roof level the solution is more materially efficient, employing form 
(geometric stiffness) to provide the spanning capability 
 
Examples of this use of form exist historically in the work of felix candela, 
pierre luigi nervi and elladio dieste amongst others. 
Barrel vaults are fairly common as a roof type, what makes this 
particularly interesting is the reversed seating barrel is tangential to the 
primary barrel. Thus resolving all forces directly back into the adjacent 
shell. 
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