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Figure 7. Example of cribbage construction, The Khankah
in Pampore, near Srinagar, ca. 1600. When photographed in
2007, the interior was being clad with plywood in order to, as
they stated, to “modernize” the interior (Credits: Randolph
Langenbach).

of mortar, and gives a somewhat elastic bonding to the
bricks, which are often arranged in thick square pil-
lars, with thinner filling in. If well built in this style the
whole house, even if three or four storeys high, sways
together, whereas more heavy rigid buildings would
split and fall” (Neve, 1913).

An important factor in the structural integrity of
taq is that the full weight of the masonry is allowed
to bear on the timber lacing and the ends of the
floor joists penetrate the exterior walls, thus hold-
ing them in place. These timbers in turn keep the
masonry from spreading. Engineers now often find
themselves uneasy about the absence of any vertical
reinforcement, but in my own opinion, that is part of
the brilliance of this system – it does not have ele-
ments which could shift this overburden weight of the
masonry off and onto columns buried in the walls. It is
this weight, and the resulting compression of the mud-
laid masonry, that is such an essential component of
what it needs in order to resist the earthquake forces.

Cator and Cribbage: Several of the historic
mosques in Srinagar are of “cribbage” construction,
a variation of timber-laced masonry construction that
can be found in the Himalayan mountains of north-
ern India, northern Pakistan near the Chinese border,
and parts of Afghanistan (Fig. 7). This has proven to
be particularly robust in earthquake-prone regions, but
as wood supplies became depleted it must have been
found to be extravagant. This may in part explain the
origins of the taq and bhatar systems, where the timber
lacing is limited to a series of horizontal interlock-
ing timber bands around the building, thus requiring
significantly less wood in its construction.

A combination of cribbage at the corners with tim-
ber bands, known as “cator and cribbage”, can be
found in the Hunza region of Northern Areas of Pak-
istan. Examples can also be found in the Himalayan
regions of northern India. This is a heavier, more
timber-intensive version of timber-laced masonry than
taq and bhatar that dates back some 1,000 years
(Hughes, 2000). The corners consist of a cribbage of
timber filled with masonry. These are connected with

Figure 8. Example of dhajji dewari construction in Srinagar.
This is an example with only rectangular panels. There is
often in the present a belief that diagonals are necessary, just
as they were in Lisbon in the gaiola that was invented after
the 1755 earthquake, but there is increasing evidence that
they are not necessary, and may even be counter-productive
(Credits: Randolph Langenbach).

timber belts (cators) that extend across the walls just
as they do in taq and bhatar construction.

There is evidence that many of these construction
traditions have followed patterns of migration and cul-
tural influence over centuries, such as the spread of
Islamic culture from the Middle East across Central
Asia, including Kashmir and other parts of India. In
Turkey, timber ring beams in masonry, known singly as
hatıl and plural hatılar, are part of a construction tradi-
tion that is believed to date back 9,000 years (Hughes,
2000).TheTurkish word hatıl has the same meaning as
cator does in Balti language. Also in Turkey, another
common traditional construction type, hımış, is similar
structurally to dhajji construction in Kashmir.

British conservator Richard Hughes has noted that
“The use of timber lacing is perhaps first described
by Emperor Julius Caesar as a technique used by the
Celts in the walls of their fortifications. Examples, with
a lot of variations, are to be noted from archaeological
excavations of Bronze and Iron Age hill forts through-
out Europe.” Hughes also cites examples in the Middle
East, North Africa and Central Asia (Hughes, 2000).
Different variations on all of these construction types
are also likely to be found in the areas outside of
the regions discussed in this volume, including Nepal,
Bhutan and parts of China, including Tibet.

Dhajji dewari Construction: Dhajji dewari is a
variation of a mixed timber and masonry construc-
tion type found in earthquake and non-earthquake
areas around the world in different forms. While earth-
quakes may have contributed to its continued use in
earthquake areas, timber and masonry infill frame con-
struction probably evolved primarily because of its
economic and efficient use of materials. However, its
continued common use up until the present in Srina-
gar and elsewhere in the Vale of Kashmir most likely
has been in response to the soft soils, and perhaps also
to its observed good performance in past earthquakes
(Fig. 8–9).
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Figure 9. A cross-section of dhajji dewari construction
revealed by a demolition for a road widening. Notice how
thin the walls are in this form of construction. Despite this, it
has proved to be remarkably resilient in earthquakes. (Credits:
Randolph Langenbach).

The term dhajji dewari comes from the Persian and
literally means “patchwork quilt wall”, which is an
appropriate description for the construction to which it
refers. The Persian name may provide a clue to Persian
influence in the origins of this system of construction.
It is also very similar to Turkish hımış construction,
which was also common beyond the boundaries of
Turkey, perhaps in part because of the widespread
influence of the Ottoman Empire. Dhajji dewari con-
sists of a complete timber frame that is integral with
the masonry, which fills in the openings in the frame
to form walls. The wall is commonly one-half brick
in thickness, so that the timber and the masonry are
flush on both sides. In the Vale of Kashmir, the infill
is usually of brick made from fired or unfired clay.
In the mountainous regions of Kashmir extending into
Pakistan, the infill is commonly rubble stone.

Dhajji dewari construction has proven to be very
effective in holding the walls of buildings together
even when buildings have settled unevenly so as to
become dramatically out of plumb. In the mountain
areas, where soft soils and related settlements of build-
ings are not a problem, its use continued probably
because timber was available locally and the judicious
use of timber reduced the amount of masonry work
needed, making for an economical way of building.
The panel sizes and configuration of dhajji frames vary
considerably, yet the earthquake resistance of the sys-
tem is reasonably consistent unless the panel sizes are
unusually large and lack overburden weight.

What many people fail to grasp is that the tim-
ber frame and the masonry are structurally integral
with each other. In fact, such structures are best not
considered as frames, but rather as membranes. In an
earthquake, the house is dependent on the interaction
of the timber and masonry together to resist collapse
in the tremors. Historically, the amount of wood used,

Figure 10. The debris left from the total collapse of almost
all of the concrete slab and stone walled houses in Balakot,
Pakistan in the 2005 earthquake (Credits: Randolph Langen-
bach).

and therefore the sizes of the masonry panels, varied
considerably. There is evidence that walls with many
smaller panels have performed better in earthquakes
than those with fewer and larger panels.

There is no research that demonstrates that one
dhajji pattern is better than another. Some pat-
terns even lack diagonal bracing elements, relying
on the masonry to provide all of the lateral resistance.
The ones with random patterns probably result from
the economics of using available random lengths of
wood in the most efficient way possible. In fact, the
quilting from which it gets the name ‘dhajji’ is itself
produced from the reuse of scraps and small pieces of
cloth.

Dhajji dewari construction was frequently used for
the upper stories of buildings, with taq or unreinforced
masonry construction on the lower floors (Fig. 4). Its
use on the upper-floors is suitable for earthquakes
because it is light, and it does provide an overburden
weight that helps to hold the bearing wall masonry
underneath it together.

3 THE 2005 KASHMIR EARTHQUAKE

The Kashmir earthquake was one of the most destruc-
tive earthquakes in world history. The death toll from
this magnitude 7.6 earthquake was approximately
80,000 and over 3 million were left homeless. In a
region known to be so vulnerable to earthquakes, it
is reasonable to ask: Why did both the masonry and
reinforced concrete buildings in the area prove so
vulnerable to collapse? Why did over 80,000 people
lose their lives in what is a largely rural mountainous
region? Why did 6,200 schools collapse onto the chil-
dren at the time of morning roll call in Pakistan alone?
(Fig. 10)

This kind of scenario has played out repeatedly over
recent decades in other earthquakes around the world,
in cities and rural areas alike, as it has again in Nepal.
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