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Above: Patan city plan, Sekler, 1979. Below: view of the northern edge of Patan Darbar Square with Mani Ganesh Temple
centre, Ayuguthi Sattal , right.




e Existing Monument Zone/World Heritage Site
P Shaded areas depict significant architectural ensembles of houses
at critical edges of the present boundary.
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Patan Darbar World Heritage Site: Blackened areas defining the royal square and garden are included protected
Monument Zone as gazetted by HMG; Ayuguthi Sattal shown in red.



Right: Axonometric of Patan Darbar Square
(Sekler 1979). Ayuguthi Sattal shown in red.
Below: Principal elevation of Ayuguthi Sattal
after shoring up by Trust, February 1992.
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1.0 INTRODUCTION/ BRIEF HISTORY

The Ayuguthi Sattal has been the focus of KVPT and Department of Archaeology
efforts since 1991, when the Trust in collaboration with HMG Department of
Archaeology initiated emergency repairs. This work included temporary roof
cover and propping up of the structure by Architect Surya Bhakta Sangacche to
prevent further deterioration.

Urbanistically, the building is of prime importance forming the northemn edge of
the Patan Darbar Square, a UNESCO World Heritage Site. Architecturally, the
dilapidated structure possibly dated to 1703 A.D. retains many historical carved
features and is an important example of the diminuative two story resthouse
(Nepali: sz#2/ pati; Newari: satfah, phalca) building type. The square may in

past centuries have been defined by more of these structures, of which Ayuguthi
Sattal and Lampati (at the southern end of the square) are the only survivors.

The National Census of B.S. 2031 (A.D. 1974) on record at Lalitpur Nagar Palika
lists the structure as ” the common sattal of Babulal, house no. 35, block # “kha”,
ward # 11, construction date Samvat 1760.” This date is not found in any other
inscriptions or published literature. If one assumes the date to be accurate, it could
belong to one of two calendars, Bikram Samvat or Sake Samvat, the former being
more likely for a public record. If the date is Bikram Samvat, then Samvat 1760 -
57 = 1703 A.D. If Sake Samvat, then the construction date would be Sake 1760 +
137 = 1897 A.D. !

Stylistically, the ground floor pillars’ quality of carvings and massiveness suggest
an 18th century dating. These pillars, although termite damaged, are most likely
original to the building (based on the difficulty of replacing such elements). The
woodcarving of the intact bay window (Newari: sz2z j#ya) and its diminuative
size reinforce an eighteenth century dating. It is probable that other timber facade
elements like struts and niche figures are not original to the structure (discussed
below).

Thus, although difficult to confirm, the 1703 date seems likely. A traditional tale
about the origin of this building and a list of guthiars are included in the appendix.

1 For calendar translation of dates refer M. Slusser NEPAL MANDALA, p 390.



Above: spring 1991 before emer gency shoring up. Below: north elevation of Patan Darbar
(Sekler 1979)..




Above: multi-bay window or san jhyah of principal facade, fall, 1993. Below: principal facade spring,
1994. Notice additional wall damage at far right.



Private monuments

The building is an important test case for preservationists in Nepal as (1) the
urgency of repairs merits action by the government and (2) the proposal to
nationalize the structure is a landmark effort. If successful, this nationalization
(with compensation) provides a key precedent for many significant monuments
which are threatened by ownership disputes, misappropiated ownership, and/or
lack of committment to preserve. Particularly in the case of resthouses, the
possibility to nationalize would allow certain threatened A-class monuments
which were misassigned in the land surveys of the 1970's to be adopted by the
government, and thus qualify for government funds and/or international

assistance. See briefing on nationalization included in appendix.

2.0 CONSTRUCTION HISTORY

Original shape of the building

Before the coronation of the current king in 1975 and as part of the renovation of
the adjacent Mani Ganesa Temple, the building's length was shortened
approximately 6'-2" in the front and in the rear 6'-4". The former configuration is
confirmed by historical photographs and the lack of cornice on the east side of the
Ganesh Temple (where the temple was engaged by the old resthouse). If restored
to its former length, the building would be symmetrical around its central axis at
the central trabeate opening or dalin

The west end wall thus dates from 1974, constructed in new common brick ( .z

ap# and mud mortar.

The historical (pre-1974) roof configuration seems to have been asymmetrical:
intact strut consoles at the southeastern corner establish that the former east end
included a pacha, the hip-like overhang at the gable end, typical of local
construction. This would have contrasted the double pent roof engaged by the

adjacent and taller temple wall before shortening.

Carved timber

Mortises and carving details in all seven extant roof struts establish that they
come from a leaning bay window or san jhya. The quality of carving suggests an
age of less than 100 years. Carved timber figures in the upper story niches also

appear to have come from another structure.
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Masonry construction

Rear and east walls are built of common brick or ma apa laid in mud mortar: they
appear to be 50-100 years old, perhaps rebuilt after 1934 earthquake. It is possible
that at this time the rebuilding incorporated the niche figures and roof struts which
do not appear to be original to the building. A post-earthquake and hasty re-
building 1s also suggested by the thoughtless and irregular spacing of rafters, the
variety of rafter and joist timber sizes and finishes, and the use of carved column

fragments to support the ridge beam in the attic.

Masonry details

At the bottom of the facade an layer of carved brick atypical for such residential
types has been- incorporated, also perhaps borrowed from other earthwquake
damaged buildings. The cornice between ground and first floors is of non-
descript design characteristic of 34 earthquake reconstructions. The facade veneer
brick of the principal facade (Newari: daci apa) are very finely finished, that is
highly fired with a smooth lustrous red color, typical of bricks more than 100
years old. They therefore may be original to the building, elements included in

later repairs and re-buildings.

The building plinth on the southern elevation has been lost, incorporated into the
1974 pavement of the square which is too high. The plinth is of recent age as it is
constructed in common brick, i.e. without the characteristic stone and tiles of

historical practice.

Shutters
New timber panelled shutters at the ground floor in the open arcade are less than

ten years old.



Below: Oldfield’s view of Patan Darbar Square,
southern end, showing the two story Lam Pati. In
the distance another one story resthouse, now lost,
is visible. Above: Sarasvati Pati, three buildings
west of the Ayuguthi Sattal defining Patan Darbar
Square. This building (rebuilt in 1989) mixes 17th c.
pillars and post-1934 colonial patterns above.
Opposite top: Sundhara Sattal (1700), Sundhara, a
high style variation similar to constructions of the
palace. Middle: saf£2/at Kwalkhu with fine Malla
period pillars (18th century) and post-1934
earthquake supersiructure. Bottom: .Se#2/at Uku
Bahal (19th century, reconstructed 1990).
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Satials (Newari: saff2ff) of Kathmandu Valley: variations on a theme.
Opposite above left: 16th century Bhaila Dyah ss#z/ Taumadhi Square, Bhaktapur. Above right: 19th
century two story sa#tz/ at Cikamugul, Kathmandu. Below: s2#z2/ at Bhimsenthan, Kathmandu.

Above: a royal sz#e/at Maru Tol, Kabindrapur Sattal 16th century. Below: Yetkha s##2/ 15th century
(?) with superb roof struts in the style of Ukubahal.
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3.0 ARCHITECTURAL DESCRIPTION

Sattals or resthouses in the Newar cities of the Kathmandu Valley takes many
forms. One can distinguish a sattal from a pati by its provision of a closed room
of sorts, usually on an upper floor, where one can stay. Both sattals and patis can

incorporate shrines.

Among sattals one can distinguish buildings which replicate the trabeate frame of
the ground floor on two levels, "framework structures", and buildings whose
masonry facades are more residential in character like the Ayuguthi Sattal. The
more repetitive trabeate assemblies of the former are often used in royal

constructions defining extensive lengths of the royal squares.

Typical of the more residential architectural features are the variety of window
and opening types conjoined by axial symmetry. The larger symmetry of the
facade has been affected by 1974 reconstruction (discussed in construction history
above). In the Ayuguthi Sattal the upper bay window, of three small bays,
surmounts a three bay arrangement of larger bays in the open arcade below.
Smaller windows which flank the central bay window are typical of residential
construction, particularly of the upperfloors, typically used for living quarters in-a
Newar house. The railing of these upper windows is called kvatahdi giving its
name to this window type kvasvahjhyah (literally a window to look down from).
The arched opening of the central san jhyah bay window is called gvahjyah in

Newari, literally round window.

The roof construction and strut assemblies as well as the bare interior
arrangements are characteristic of traditional residential construction (see drawing
p. 17). The single bay depth without a bearing wall under the ridge beam (Nepali:
ek nale) characterizes only the smallest of residences, but is often employed for

such diminuative resthouses.

Sattals (Newari: sattah) of Kathmandu
Valley: variations on a theme.

Opposite above left: 16th century Bhaila
Dyah sattal, Taumadhi Square,
Bhaktapur. Above right: 19th century
two story sattal at Cikamugul,
Kathmandu. Below: sattal at
Bhimsenthan, Kathmandu.
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Authenticity and aesthetics

This building which incorporates elements from at least several other buildings
and periods demonstrates both the stylistic continuity of the local building
tradition and the builder's art, his ability to compose in an aesthetic way using

various historical fragments.

3.1 TRADITIONAL BUILDING TECHNIQUES.

The traditional construction of the sattal and construction in general employs
bearing brick walls laid in yellow clay mortar (Newari-mhasuca) together with a
secondary timber frame construction in which wall plates and rafters are

connected by timber pegs and lapped joinery.

The brick wall construction consists of three layers with very few cross bonds: an
outer facade brick (Newari-daciapa), one course thick; an inner bearing wall of
common fired brick (Newari-ma apa) two layers thick; and middle fill of brick
fragments (Newari-dutha apa). The characteristic facade veneer brick tapers in
section away from the facade to allow hairline joints on the face with additional

mortar behind.
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DETAIL OF A TYPICAL ROOF AND WALL

SECTION, SIMILAR TO AYUG UTHI SATTAL.

TRADITIONAL ROOF COVER SHOWS JHINGATI ON MUD
BED ABOVE PLANKING AND COMPOSITE WALL

LAYERS OF OUTER VENEER BRICK, MIDDLE FILL AND

INTERIOR BEARING WALL.,

01. Roof tile - aypa
02. Ridge tile - kapuapa
03. Corner tile - kupa
04. Cat hole tile - (bhaupvalipa)
05. Rafter - muUsr
06. Ridge beam - thayma
07. King post - bajgakhtha
08. Joist - dhali
09. Base plate of

the king post - lakasi
10. W all plate - nas
11. Eaves -mhuiah
12. Strut - tunak
13. Purlin - clhalu
14. Purlin - musibaha
15. Eaves joist - dali
16. Planking - sipu

Detail roof and wall section.

Traditional roof cover shows j#imgati on mud bed
above planking and composite wall layers of outer
veneer brick, middle fill and interior bearing wall.



The daciapa of more than 100 years ago is an extremely well-fired and dense
brick with a finished smooth surface on only one side, excepting corner pieces,
which are finished on two sides. The finishing is achieved through the application
of a red clay slurry (Newari-laca) applied after sundrying and before firing. Laid
tightly, the lustrous brown crimson daci apa provides a fine and smooth

background for the sculptural effects of the woodcarvings.

The foundation structure of Ayuguthi Sattal has not been excavated. One can
imagine that it is comparable to other buildings of the period constructed in stone
laid again in yellow clay. The plinth now lost would have probably been built up
in fill defined by the foundation walls and outer brick walls faced with daci apa
and stone aprons.

The timber structure of Ayuguthi Sattal conforms to the traditional formula:
closely spaced rafters (varying center-to-center dimensions 9" to 16") laid on the
flat are tied to wall plates and purlins with timber pegs. Additional short members
project like joists (Newari: dhali) at eavesboard level to close the underside of the
eaves, this is one of two variants for eaves construction called dhalipakha .%> The

other is called of the to form the "hanging eaves" (Newari-kvachupakha).

Sal timber (shorea robusta) a local teak is traditionally employed for most
structural and virtually all decorative timbers. Pine was used in many 19th and
early 20th century reconstructions, but may also have been employed in the Malla
period.3> One hundred percent of the interior structural timber of the Ayuguthi

Sattal is in pine.

The integrity of the timber structure, like many examples in Nepal, has suffered in
the course of repairs and reconstructions. We do not know how precise the joinery
of the original construction was, but later work has been characterized by ill-
fitting mortise and tenon joints, irregular spacing and sizing of members, over-cut

lap joints, and improper placement of timber pegs.

2 Gutschow, N. Newar Towns and Buildings, p. 160.

3 This point is further discussed in Theophile and Ranjitkar. ICOMOS International Wood Symposium 19
8th Int'l Symposium, pp.86-7. '



3.2 ICONOGRAPHY/CARVINGS

The San jhya is notable for their Buddhist motifs of kalash (water vessel) and
panels of large lotus flowers. Each of the san jhyah panels renders the kalash
motif slightly differently. The interlace of the surrounding foliage shows the
influence of Moghul designs from Lucknow characteristic from the late 18th
century onward. The lower skirting of the san jhyah is particularly robust with
bell motifs below, waves, surmounted by timber kula (the typical cornice motif

with upturned ends) surmounted by a dentil-like motif.

The capitals (Newari: merh) are rare and particularly fine for their inscribed water

vessels or kalash, echoing those of the columns and the san jhyah panels.

The flanking upper floor windows or kvasvahjyah, like the ground floor doors are
simply rendered with only a formulaic band of lotus petals. The window railing
post, with its tulip like knob, is more Moghul and onion -like than traditional and

more squat Newar examples.

The roof struts are not roof struts but rather re-used vertical members of a leaning
bay window (Newari: san jhyah) . Their Buddhist themes root them in Patan
where they may have been rescued from a Buddhist quadrangle (Newari:
bahalbahi) destoyed in a great earthquake in 18334,

The niche figures are probably not original to the building and certainly not
carved for the crude niches of this century which house them. The figures include
Siva; Vinu, and Bhairav and stylitsically appear to be atleast 300 years old.

L o -

4 This earthquake is mentioned in Wright's History of Nepal. Current research by the author suggests that
many more buildings were rebuilt at this time than previously suspected, including such venerable structures as
20 Pasupatinath and Panauti's Indresvara Mahadeva.
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Opposite: detail of saz jhyak central bay showing £alaskh and floral interlace. Above: detail of saz
Jjhyah left bay with &a/ash panel above and large scale lotus leaf pattern. in lower panel. Below: szz

Jhyak, fall 1993.
21
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Column capitals ( left central above; right central below ). The details in the middle carved panel of
each capital (Newari: met#) varies: above lotus flower, below water vessel or Kalash.
Opposite: end columns are more heavily damaged and decorative details are indeterminable.
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Roof struts (Newari: /umaf). Five existing carved struts come from a leaning bay window (Newari: san jhyah) as
demonstrated by tenons visible on the sides of each piece and the format, which would be unusual for a typical roof strut.
The struts are divided into two registers with varying figures below and repetitive wave motifs above. Struts numbered
left to right 1-5). Opposite upper left: strut#]1 with Bhairav figure; upper right: strut #2 another pose of Bhairav;
opposite lower left: strut # 3 Visnu.

This page lefi: strut #4 Siva and right #5, Siva (7).

25
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NICHE FIGURES :

Above left: Visnu ; above right Siva(2nd and 4th niches from
left). Two additional struts depicting Bhairav are not possible
to photograph because of temporary shoring. These figures do
not appear to be original to the simple niches, although it is
possible that they are original to the building.



4.0 EXISTING CONDITIONS

Summary

Two major problems threaten the structure: the damaged roof on the eastern
third of the building has allowed water penetration into the interior timber
frame and principal facade for the last 15 years. The second problem is
advanced termite infestation of the structural timber, in particular, the
pillars and beam of the ground floor's central pillared opening (Newari:

dalan) and ground floor ceiling joists.

4.01 Foundation and wall structure

There are no signs of foundation settlement in this or adjacent structures. Trial
excavation of the foundation is now possible and will be undertaken shortly.
Principal facade

The entire facade to the right of ground floor dalan has deteriorated over the last
seven years, in the last year the veneer brick or daci apa has fallen out. Photos of
1988 show a stepping crack travelling 28 courses up, just touching the right end of
the dalan's lintel beam. The crack appears not to have been larger than one half
inch, but water penetration from the damaged roof above caused the individual
layers of the wall to separate, the outer veneer splaying out. This is a typical
problem in the traditional buildings of the Kathmandu Valley.

Extensive damage to the dalan beam by termites has put further stresses on the
wall: the pine timber lintel, completely denatured by the insects, has allowed the

upper floor joists and facade to settle six inches.

The left half of the masonry facade is in fair condition with no large cracks or

signs of rising ground dampness.

Side and rear walls

Rising ground dampness has caused minor damage along the back and side walls
to the masonry structure including spalling of some 80 bricks up to a 10 course
height. Interior cement plaster has allowed the dampness to travel highter than the
typical four feet, the timber joists are consequently all rotten at resting wall
locations (discussed under timber 4.04 below).

27
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EXISTING CONDITIONS

ROOF TILE AND MUD COVER: DAMAGED

H HIHTTITE
LT T e
i LT il
L=t

1

UST

EXTENSIVELY.

ROOF STRUCTURE:ALL RAFTERS,
EAVESBOARDS, AND PURLIN ARE PINE AND
SEVERELY DAMAGED BY WET ROT.

RIGHT END OF ROOF COLLAPSED 10 YEARS
BACK: SUBSEQUENT WATER DAMAGE TO TWO
FLOOR LEVELS BELOW.

SAL EAVESBOARD SEVERELY DAMAGED BY
WET ROT.

6 CARVED STRUTS IN SAL WOOD, GOOD
CONDITION. ONE CARVED STRUT IN
STORAGE, CONDITION?. TWO PLAIN STRUTS

OF SANJHYA SEVERELY DAMAGED BY WET
ROT.

LCARVED MINIATURES IN THE FOUR NICHES

ARE IN GOOD CONDITION.

SIDE WINDOWS IN GOOD CONDITION, LOST
SHUTTERS.

SANJHYA BAY WINDOW: JOINTS ARE LOOSE.
NO TERMITE DAMAGE. SHUTTERS LOST.

BEAM ABOVE DAZAN 1S STRUCTURALLY
DENATURED FROM TERMITE ATTACK.

CARVED COLUMNS AND BRACKETS ARE ALL
STRUCTURALLY DENATURED FROM TERMITE
ATTACK.

SHUTTERS ARE IN GOOD CONDITION.

PLINTH LOST.



EXISTING CONDITIONS

ROOF STRUCTURAL TIMBER: ALL PINE
RAFTERS AND LATH SEVERELY DAMAGED BY
WET ROT.

OUTER WALLPLATE MISSING, INNER
SEVERELY DAMAGED BY WET ROT. BOTH
PINE.

—

RIDGE BEAM (SAL) SEVERELY DAMAGED BY
WET ROT. POSTS IN GOOD CONDITION.

FLOOR STRUCTURE. ALL JOISTS AND
PLANKING ARE SEVERELY DAMAGED BY
I—TERMITE ATTACK AND WET ROT.

SAL LINTEL ABOVE SAN/HY¥A AND PINE

LINTELS ABOVE OTHER OPENINGS ALL
SEVERLEY DAMAGED BY TERMITE ATTACK

AND WET ROT.

— CARVED STRUTS IN SAL ARE IN GOOD
CONDITION. TWO PLAIN STRUTS ABOVE THE
SANJHY¥A IN SAL SEVERLEY DAMAGED BY

WET ROT.

——SANJH¥4 BAY WINDOW: JOINTS ARE LOOSE.
NO TERMITE DAMAGE. SHUTTERS LOST.

FLOOR STRUCTURE. ALL JOISTS AND

PLANKING ARE SEVERELY DAMAGED BY
TERMITE ATTACK AND WET ROT.

PINE BEAM, SAL POSTS AND CAPIATALS

STRUCTURALLY DENATURED BY TERMITE
ATTACK.

= *—1——REAR WALL STRUCTURALLY SOUND.

CEMENT PLASTER ON THE GROUND FLOOR

WALL DAMAGEDBY RISING GROUND
DAMPNESS.

1 GROUND FLOOR 15 YEAR OLD CEMENT
PLASTER OVER BRICK HAS CRACKED.
B= = — e e e e
0 5 10 FEET
AYUGUTHI SATTAL

SOUTH-NORTH SECTION: EXISTING CONDITION

KATHMANDU VALLEY PRESERVATION TRUST
DRAWING BY SUSHIL RAJBHANDARI, OCTOBER 1994
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4.02 Wall fabric
As described above, dacia apa veneer brick is lost on the right third of the

building.

Rear and side facades retain common brick, ma apa, in fair condition laid in
yellow mud from the 1974 renovations and shortening of the building.

Interior cement plaster on interior ground floor by current ocupant 5-10 years old

has cracked due to rising ground dampness.

The plinth of the building in brick survives only in front of the left two-thirds of
the facade, although it has been integrated into a larger paved level of the square
dating from the 1974 Ganesh temple renovations. This plinth in ma apa does not
appear to be more than 30 year old: typical older traditional solutions would be

constructed in a combination of brick, stone, and terra cotta tiles (Newari: cika

apa).

4.03 Walls: timber elements /openings

Windows, doors

Structural frames of the upper story windows including two flanking and central
bay window, san jhya are all in fair condition except for some noticeable
loosening of the joints in the san jhya. There are no signs of termite attack. All
openings of the upper floor are missing their shutters (Newari : kapha ) and are
covered with makeshift materials. One interior door survives with shutters in fair
condition. The ground floor door alone retains its historical shutters, both frame

and shutters in good condition.

The right hand ground floor window has been stored by the occupant after
collapse of the veneer wall; condition was fair before storage.

Dalan

All four historical oversized and carved timber posts in sal wood are completely
structurally denatured by drywood termite infestation. This infestation was
diagnosed by visiting expert Sir Bernard Feilden (based on the pest's visible mud
tracks). The column capitals (Newari: meth) are damaged to varying degrees by
the termite infestation as well, the outer of four capitals severely denatured, the

central two capitals appear to have only superficial damage.

The upper lintel of the dalan is a pine member (section 7"x6") which is also
structurally denatured by termites, having collapsed into itself from the load of the

walls above. This has caused settlement of the central wall ranging from 4-6".
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Above, the two upper story windows left and right are in good
condition missing only their shutters and small portions of

. lattice. There are no signs of termite damage. Below the

roofless southeast corner of the building with latticed window.
This window has since fallen out due to wall damage and is in

. storage, condition unknown .

Opposite: the central trabeate opening (Newari: de/s) is
heavily damaged by termites, the outer columns slightly more
advanced in their decay than the central pair. Below: the door
is in good condition, although interior lintels are termite
damaged. Below left: dormered opening in pine is heavily
damaged by water.
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The pine shutters of this dalan are of recent and unobtrusive design approximately

ten years old.

Four decorative carvings in upper story niches are in good condition showing no

signs of termite infestation.
There are no openings on the rear and side walls of the building.

4.04 Roof and floor structure

Summary

The eastern quarter of the roof collapsed 10-15 years ago. Roof
configuration is not original to the building (as discussed in construction
history above). All timber rafters are heavily damaged by water, rotten
except for very small areas. Two levels of floor joists--like the rafter
configuration--are carelessly installed possible from post-1934 earthquake
repairs. Both levels of joists are heavily damaged in all but a few locations,
the lower level primarily from termites and water, the upper primarily from

water.

Rafters

The roof was rebyilt in 1974 during the renovation to the adjacent Ganesh Temple
incorporating older timbers of random sizes and finishes. The quality of joinery is
particularly poor : overcut joints occur on 60% of the rafters. The two attic posts
supporting the ridge beam are caryed pillars of different designs and size,
incorporated from two different buildings. Ral‘te_rs are irregular and of varying
finishes; all are pine. Their spacing is fairly regular (averaging 1'0" center to
center). These rafters which include many scrap pieces and unhewn timbers are
all rotten from the continued dampness from roof leaks. All lath above the rafters

is also rotten, accelerating the damage to the rafters by holding the dampness.
Eavesboard on front elevation is of sal and is rotten.

Joists at two levels

Pine sizes varying from 4"x3" to 5"x4". Spacing 1'0" on center. Less than 100
years old with adze (Newari: basila) finishing. All are termite damaged on the
lower level, where they rest on the wall there is considerable wet rot as well.
There are no new members or recent repairs. The upper floor joists are uniformly
damaged from roof leaks, severely deteriorated except for isolated locations. The

floor structures have been shored up three years ago by KVPT to prevent collapse.



Collapsed roof structure at southeeast corner of the building.
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Roof struts

Seven carved struts (of nine total) are all of sal and are in good condition. There
are no signs of termite attack. Two of these struts (from right end of building) are
in storage. The two uncarved struts above the saz jkyak are sal and heavily
damaged by wet rot.

4.05 Roof cover

The traditional timber lath above the rafters is completely structurally denatured
from wet rot. The terra cotta roof tiles (Nepali: j4/ingas) where intact are in
excellent condition with no signs of moss or grass growing between the cracks.
Approximately 60% of the roof tiles remain unbroken on the roof.

The stacking tiles (Newari: zya/4kuca literally five-corners) used at ridgeline and
at gable ends are largely missing, replaced by bricks in some places.

Small terra cotta roof vents (Newari: dkau puak , literally cat holes ) appear not to
be damaged.

4.06 Interior

Cement plaster is found on the ground floor walls and floor, applied over the
traditional tiles (Newari: cikz ap2 ) typically laid in mud. Ground floor plaster
cement cracked and rough. Mud floors between 4 and 8 inches thick are found on
the two upper levels. Traditional mud wall plaster on the upper two levels is
extensively damaged and/or chipped off from water damage.



5.0 Recommendations for Repair

Introduction: £ critical project on i

* Jdentification of appropriate restoration versus preservation project goals

* Stategies to repair the building in sifu, i.e. with minimum dismantling and
maximize retention of historical fabric

* Introduction of seismic retrofitting and dampproof course in an unobtrusive
and efficient manner.

* Termite treatment

Restoration versus preservation

Analysis of the building demonstrates that the facade results from the combination
of elements from several different buildings of different periods, reconstitutions.
The architectonic quality of the facade is not inconsiderable, however, and bespeaks
the formal continuity of the architectural vocabulary and the compositional abilities
of the craftsmen--even when rebuilding in a hasty way after an earthquake, as may

have been the case with the Ayuguthi Sattal.

Thus, the proposed conservation of the Ayuguthi Sattal as it stands (and without the
reconstruction of the lost west end) is a clear demonstration of the preserve rather

than restore approach, a critical demonstration project for Nepal.

Only in the case of the Ayuguthi Sattal plinth will an attempt be made to recapture
something that has been lost, as all of the pavement is careless and of recent date.
Plinth reconstruction in traditional materials is also possible to achieve to a high

standard, as demonstrated by the Uma Maheswar project of the Trust in 1992.

In situ repairs

Not unrelated to the preserve -rather-than-restore principle is the design of in situ
repairs. They are particularly critical in such highly visible and internationally
supported projects 1o set an important precedent: general practice in Nepal among
international and local projects almost always errs on the side of reconstruction. In
the case of Ayuguthi Sattal the effort to maintain the extremely rich historical
patina of this building is particularly justified. To achieve such conservative work
involves detailed design of construction steps, i.e. what is done or replaced in what
order and with what temporary shoring, etc. This construction and repair process
will take considerably more time and supervision than rebuilding. As in all Trust
projects, the project architects act as contractor and conservation consultant to
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gurantee high quality results. Lastly, an architect must be on the site almost all the
time to prevent well-intentioned, but detrimental dismantling by craftsmen and

laborers.

Of prime importance to maintain the patina of the facade will be the maintenance
of the facade to the left of the central dalan, guaranteeing the maintenance of brick
course heights and rippling surface. The collapsed right portion will be dismantled
and rebuilt. using the original bricks. Where insufficient, historical bricks of
identical size and similar color will be scouted to avoid the clash of new and old
brick. (To date no new brick production has been able to approach the old in terms

of brick hardness, finish, color or lustre.)

Although the timber interior structure must be completely replaced, to maintain
authenticity the work will be accomplished without full dismantling, but rather by
piece by piece repair or replacement. In this manner the historical configuration

can be maintained.



5.01 Structural: general issues and seismic retrofitting

Introduction

Recent projects by the Trust have built experience in a variety of approaches to
seismic retrofitting. These include concealed reinforced concrete and timber ring
beams, development of stiff plates through rebuilt timber floor structure, and the
insertion of a "back-up" interior timber frame, a permanent interior scaffolding

designed to carry upper floor and tower loads in the event of wall failure.

These examples represent different levels of interventions in the historic structure--
—from reinforcement of historical timber structure to insertions of new structural
elements using modern materials. There is a great deal ol controversy surrounding

the appropriate techniques to achieve seismic retrofitting at this time in Nepal.

Given the small scale and structural configuration of this building a conservative
approach is possible, that is, the strengthening of the historical structure with

traditional materials.

Given the seismic activity of Nepal, any restoration project must consider both the
reinforcement of existing structure and the introduction of new
structure/components to help historical buildings withstand earthquakes. Key
characteristics of Ayuguthi Sattal's traditional construction which affect earthquake

performance can be summarized:

*lack of through-wall connections and corner jointing reduces wall ability to

act together as cellular unit, a general strategy for reinforcement

#shoddy carpentry repairs of the last 60 years and water damage are
structurally unsound putting the building at great risk

*the mud mortar construction of the walls is generally positive with respect to
carthquakes, allowing the building to absorb shock without damaging the
bricks

*the small proportion of openings to the wall area is positive; the lack of
openings on three sides, although introducing asymmetry with the principal
facade is reinforcing.

*the diminuative size of the building in section and length, together with a
relatively low centre of gravity are positive with respect (o earthquake

performance.

Given the very small scale of this structure--especially in comparison with recent
Trust work with structural engineers on larger and complex multi-story buildings,

a conservative reinforcement scheme which strengthens traditional structure rather
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than introducing major interventions is proposed. Given the low center of gravity

of the building, a scheme focusing on lateral strengthening through ring beam and

stiff floor plate is proposed. Obtrusive or intrusive new vertical structure is not

considered necessary. Moreover, as the timber structure must be rebuilt, to such a

great extent, there is an clear opportunity to detail the timber structure to improve

earthquake performance.

The components of this proposal to improve the traditional structure include:

*connections between rafters and wall plates: in traditional structures the
rafters are often not notched to the wall plates, held only by timber pegs.
Concealed stainless steel bolting of every third rafter together with notching of
each rafter greatly improves the rigidity of the roof frame-wall plate

connections, a general strategy for seismic reinforcement.

*wall plate-wall plate connections. The traditional configuration of double
wall plates (one inner, one outer) can be developed as a timber ring beam of
sorts by careful sizing and joinery at the corners. At the Ayuguthi Sattal this
traditional double wall plate was lost during shoddy repairs, but can easily be
reinstated. Further strengthening will be provided by concealed iron angles,
coated with anti-corrosive paint. The project team executed similar
improvements at Uma Maheswar Temple under the technical guidance of

Engineer Manohar Rajbhandari.

*Wall reinforcement--in the portions where the front facade will be rebuilt,
stranded stainless steel wire! will be introduced to improve lateral and through
wall connections of the wall. All work will be done using mud mortar, a
positive material for its shock absorbent character. Additionally, the veneer
brick bonding with inner layers can be improved by increasing the number of

headers.

*The foundations will be excavated to determine if any seismic-related

improvements are necessary.

*Lastly, it should be mentioned that timber planking is generally used in place
of lath for repairs to historical buildings in applications above rafters and
joists. This substituion of a different member is not commonly identified as a
modern intervention, but dates to Hanuman Dhoka work under UNESCO in
the 1970's. The planking has a longer life than the lathe, and in interior

1

This wire has been Kindly gifted 1o the Trust by Sir Bernard Feilden.



¢ Selsmic  improvements
& Radhs Kriskas Temple
f '|r \ i ilding of historical
umber wall plate and tie
structure with improved joimery
and siee] plase reirforements.

locations, all levels.

e Reinforced concrete ring beam
linked to msioncal limber
structure as well as 10 new sioel
beams supporting the upper
temple bevel,

Reinforced concreie ring beam
linked 1o histoncal umber
sruciare as well a8 1o concealed
vertical rods in places where
repair was necessary.

Small wall repairs incorporle
wron butterflies to increase
| bonding between wall layers

A Existing inner and outer wall plates

B Steel collar tying joists,and inner and
outer wall plates together

C  Steel collars tying timber wall plates

D Concealed bolting at timber joints

Detail of timber ring beam and pagoda section.

1992 reinforcement of Uma Maheswar Temple Section through pagoda. 1992-93 reinforcement
included development of the existing timber wall of Radha Krishna Temple by KVPT included
plates as a ring beam, as well as other reinforced concrete ring beams at two levels and
reinforcements of the timber structure including minor reinforcements of the timber structure.

concealed bolting of rafters to wall plates.

Longitudinal section and axon detail of framework/planking. 1994 reinforcement of the Patukva Agam
include the insertion of a back-up interior timber frame which will carry loads if walls are damaged in an
earthquake. Stiffening of the building is achieved by this timber back-up frame in combination with double
layered angled planking floor system.

Seismic reinforcement strategies of KVPT Projects 1992-94
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Nailed to joists in staggered

pattern.
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AYAGUTHI SATTAL
PROPOSED SEISMIC REINFORCEMENTS

KATHMANDU VALLEY PRESERVATION TRUST
DRAWING BY SUSHIL RAJBHANDARI, OCTOBER 1994
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applications, is necessary for dust reduction. When a tar felt membrane is

proposed, the planking provides a smoother base.

In the Ayuguthi Sattal, the new planking used for first floor floor will be
developed as a stiff plate through the following means. The layers of 1" thick
planking can be doubled, laid at right angles to each other and 45 degrees to
the building geometry. Nailing is done in a staggered pattern. Lastly, by
inserting blocking between the joists at wall locations a ring beam-like effect

is created, to this frame the planking and joists are attached.
5.02 Walls fabric: damp proof course (dpc)

The introduction of an 24 gauge/.46 mm copper sheet damp proof course is

proposed based on the following considerations:

The use of stainless steel or lead in this application is precluded by the difficulties
of procuring imported materials in Nepal. Even with government support and
substantial pre-planning, efforts to procure imported conservation materials
(stainless steel sheets, moisture barriers) in past KVPT projects have failed. Thus,
although one can only recommend such imported materials when no local
satisfactory substitute is available. In this case, the use of copper will demonstrate

an economical and less invasive alternative to the local norm of concrete.

Impregnating chemicals for use as a dpc have never been tested in Nepal where
application would be risky given the traditional configuration of masonry walls
(constructed in mud mortar and with many voids in a middle fill layer of rubble, see
section 3.1). A concrete or reinforced concrete dpc is considered inadvisable given

potential damage to the masonry from travelling salts.

Installation would be achieved by opening up of the masonry walls in consecutive
small areas to install a continuous shield. This work is to be done after partial roof
dismantlement to reduce loads on the masonry walls. Jointing of the copper sheets

will be double-locked and sealed by soldering.

In general, damp-proofing is still an unsolved technical challenge here. The
opportunity to test an old-fashioned (but in Nepal untested) experiment with copper
will thus be useful. This installation will be accomplished in stages by opening up
arched areas approximately 24" long ( 5 courses high), inserting the copper sheeting
through the wall, then closing up and doing adjacent area. Several days curing time

will be given between opening up of adjacent wall areas.
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Fabric general

As discussed above under structural issues, necessary patches of brick veneer will
be made using historical bricks and mud mortar. Stranded stainless steel now in
stock with the Trust will be inserted as necessary to strengthen at these patched

locations.

Finishes
The interior ground floor cement plaster will be removed. A test location shows that
the brick is not damaged by this removal and can be left exposed. This exposed

common brick would be typical of historical resthouse ground floors.

5.03 Wall openings and decorative elements

Dalan + columns

Although these elements are completely structurally denatured, one column will be
reinstalled (with a new concealed structural core) as a memory to the historical
elements, which before termite damage were superb examples of carving. At least
two of the column capitals appear to be reusable. Structural consolidation of these
otherwise unusable elements with an epoxy resin is under consideration. It may
also be possible to join the outer carved portion of the capital onto a new inner core.

Sal timber will be used in these locations.

New sal timber beams (inner and outer) matching the size of the historical members

will replace the damaged lintel of this opening.

Doors and windows
In general only gentle cleaning with a mild detergent of these components is
necessary. As not a fragment survives of the central bay window's latticed shutters,

an historically appropriate design will be developed for their replacement.

A sheet of glass will be attached to the back side of the lattice to allow modern use,

with minimal visual effect .
5.04 Roof and floor structure

As discussed above under general structural issues related to seismic consolidation,
the timber structure of the building will be almost completely replaced due to the
amount of termite and wet rot damage. This rebuilding will incoporate several
changes in detail to allow the structure to act more efficiently in an earthquake. The
treatment of the new timber with diffusable borate preservative will protect measure

against drywood termite attack, although monitoring will be critical.



The timber floor and roof structure will be rebuilt in a mixture of pine and sal
timbers, adze finished, using in the traditional rafter and joist sizes 4" x 3" on flat
and spacing of rafters and joists 1' on center. These are all norms of the traditional

timber structures of the Kathmandu Valley.

Sal timber has been used for joists and rafters in virtually all local and international
conservation projects of the last two decades, although there is no evidence to
suggest that this was an historical application of the wood. Our investigations have
shown that sal was only used for beam and column locations and exterior openings,
especially carved elements. All other members like rafters and joists were
traditionally in pine. This combination of pine and sal is proposed for the Ayuguthi
structure. The pine's advantage is a reduced weight for the roof structure; its
disadvantage is that it must be well maintained to prevent water damage. This latter
problem can and will be compensated for by the application of Wykamol wood

preservative, a preventive measure against termites as well.

A necessary and critical improvement to the historical detailing of the timber
structure is the peg detail (Nepali: chukul). In historical examples and especially in
recent roof repairs, the extension of the timber peg into the mud bed of the tile cover
has allowed water to penetrate to the heart of the rafter. The timber peg has both
structural and visual purpose in the traditional construction and is therefore
necessary to maintain. If the peg is cut at the planking level, i.e. below the proposed

moisture membrane, the water penetration problem is simply eliminated.

Control of drywood termites

Diffusable borate preservative chemicals are proposed for the curative treatment of
reused timbers and preventative treatment on new timbers. Traditional practice has
employed kerosene for treatment. None of the international projects in the
Kathmandu valley has addressed termite treatment. Based on the greater
diffusability of the borate products, they are preferred to Wykamol, which the DoA

stocks.

In reused members, damaged areas will be cut out and refitted with new timber
before treatment. Given the extensive repair and replacement work virtually all
timbers can be treated while temporarily removed in a soaking tank to maximize
penetration. In sill and wall plate locations where removal of timbers for soaking
should be seriously considered, inspection of the structure has shown that
replacement is necessary in all locations due to advanced deéayA Choice of

replacement timbers will maximize heartwood timber which is less susceptible to
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drywood termite attack. Ongoing monitoring of the building for future infestation

is a critical component to the management/maintenance plan discussed below.

5.05 Roof cover

Waterproof membrane

Traditional roof construction in the Kathmandu Valley relied on the tile and mud
layers for water protection. Conservation projects since twenty years have inserted
waterproof membranes beneath the traditional mud bed in which the tiles rest. In
recent projects we have attempted to improve on this solution through careful
supervision and specifications. These include the specification of Indian standard 3
grade 1 tarfelt/bitumen (85/25 Indian standard) as moisture membrane, use of old
roof tiles (which are of superior quality to the new ones), and selection of yellow

mud from appropriate sites well below the ground surface.

The introduction of a concealed protective membrane against moisture beneath the
mud bed of the roof tile is thus recommended as a general strategy to increase roof
life. The use of high grade tar felt (Indian standard 3 grade 1) with bitumen coating
(85/25 Indian standard) has been successfully used in recent conservation work in
Nepal, although it is clear that its expansion and contraction caused by the changing
temperatures limits its life to a maximum of 20-25 years. For this reason a more
flexible material, Plasfal, is proposed. This material is produced in India with
Austrian collaboration and is newly available in Nepal (see HSR appendix).

Lath vs. planking

The maintenance of lath above the rafters (beneath the Plasfal and mud bed) is a
traditional and historical solution not employed in government and international
conservation projects in Nepal since the UNESCO Hanuman Dhoka and German
Bhaktapur Development Projects in the 1970's, which substituted regular planking
in this location. The use of lath has a key advantage over the planking: the
smoothness of the planking necessitated the introduction of sleepers to hold the mud
bed above. In local practice, the attachment of the sleepers has necessitated the
counter-productive puncturing of the new membranes by nails. The irregularity of

the lath surface will eliminate the need for sleepers nailed through the membrane.

Mud bed

The herbicide, Karmex, will be mixed with the mud bed to prevent vegetal growth
per manufacturer's specifications. A deep-dug black mud (from depths of +1 meter)
will be used for this application. When properly mixed with the mud, Karmex has
proven highly effective in Nepal. This imported chemical is available through the

Department of Archeology.
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The traditional mud bed into which the jhingati are laid must use the more cohesive
black mud available in the valley and must be dug from depths greater than one
meter to minimize organic material content. The mud will then be mixed with a
herbicide per manufacturer's directions. Treatment of the mud with anti-vegetal
chemicals must be carefully monitored to make sure that sufficient herbicide is

mixed with the mud, a quantity which is hard to estimate in the field.

The herbicide Karmex has been used extensively in the valley over the last years
with mixed results. Our discussions with project personnel at various sites suggests
that the American-manufactured product performs better than an Indian product of
the same name. Moreover, the care taken in the mixing of the herbicide with the
mud appears to be critical. At Hanuman Dhoka, the chemical has not proven
fullproof, but has certainly inhibited vegetal growth for at least 15 years according
to supervising engineear Hari Ratna Ranjitkar. The American Karmex will be used

for proposed work, which will be closely supervised.

Jhingati

As newly produced jhingati are of inferior color, strength, and porosity, the project
will procure old jhingati for replacement tiles (approximately 40%). These older
more durable tiles are not difficult to fined given the present rate of destruction of
historical structures in the Kathmandu Valley. The old tiles will be scrubbed with
mild detergent and water.

Tiles will then be soaked in siltrate solution per manufacturer's directions to reduce
their absorbency. The effectiveness of this treatment is clearly illustrated on the
recently rebuilt Cyasilin Mandap in Bhaktapur, where samples of treated and
untreat tiles (new tiles) have weathered very differently. In just two years, the
untreated tiles have become covered with moss, while treated bricks are moss-free.
The poor performance of the new untreated tiles contrasts greatly with those of ten
years ago, installed by the Bhaktapur Development Project. Those tiles were also
not treated, but remain moss free to date because of their more highly-fired and

moisture-resistant composition.

As at Hanuman Dhoka, the bottom roof tiles (above the eavesboard) will be drilled
and nailed in place as they are highly susceptible to being knocked off. They will be
attached with headless nails, however, as the Hanuman Dhoka installation with
regular nails necessitated removal of one square feet of adjacent tiles to replace one
bottom jhingati. The top tiles will also be drilled and nailed into the mud bed, as
this layer of tiles is vulnerable to dislocation by pigeons.



As it is difficult to find old ridge tiles (Newari-nyakuca) or corner aviform tile, the
project will custom order necessary new tiles (75%) to match historical size and
shape. The exact size of the missing upper roof aviform tiles will be extrapolated by
the proportional relationships seen on many historical buildings (smaller roof-
smaller corner tile). Project personnel will monitor production of these tiles to
assure the best possible quality. They will be soaked in siltrate solution per

manufacturer's directions.

The stacked lower ridge tiles will be held from slipping by the introduction of a
steel angle (painted with anti-corrosive paint) beneath the lowest 16 tiles as
introduced by the Hanuman Dhoka Project. The "L" form literally hooks the
bottom-most tile and is held in place by the weight of the upper tiles. It is concealed
by the tile traditional placed at the bottom tilted in the opposite direction.

5.05 Interior
On the ground level the common brick walls will be left exposed. On upper and
attic floors, a traditional mud plaster will be replaced. This plaster will then be

white-washed with a lime mixture (Nepali: chun).
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APPENDIX 1
A TRADITIONAL LEGEND/ LIST OF GUTHIARS



A Legendary story about the Ayuguthi Sattah

as recorded by Nutann Sharma, 1993.

Once the sister of the king of Patan, knowns as the Queen, came to Patan for 4z puja
(Nepali: bhasitikz) the worship of one’s brothers by female family members during the Dasain
festival. Before the Queen arrived, however, her brother was taken sick and passed away. He
was her only brother, and the poor queen was left with no brother to worship, so she decided
to build this Ayuguthi Sattal or resthouse. She endowed the building with 10 ropanis of land
to perform a ritual similar to Bhaipuja every year on Pausa Pumnima (full moon in the month
of Poush).

A document dated 1919 B.S. ( 1852 A.D.) describes the pujz at Pausa Purmima: ”...at the
Ayuguthi there is an arrangement of 12 yomaris (sweet pastry). one duck, one goat, and
Kagha player during the pu/z. Dhauvalal Lakhe describes the pujz

”A mandala should be drawn inside the house on the first floor, as for Bhaitika. Hot water
should be given to the guthiars to wash their hands, legs, and mouth. ZZs#7 fruit should be
worshipped and a duck sacrificed at the nearby Bhimsen Temple.

List of guthiars, BS 2012 (A.D. 1955) and present
A document dated 2012 B.S ( 1955 A.D.) lists as guthiars the following:
Ganesha Raj Lakhe
Bhaktilal Joshi
Purnaman (illegible)
Son of the brother of Chakraraj from Bakumbahal
Laksmilal from Mangalbazar
The two wives of Siddhilal from Daubahal
Mijakaman from Nasacuka
Bekhalal from Dathuche

Additional guthiars listed in recent interviews
Nemaraj Joshi of Bakumbahal
Khanga Bahadur Lakhe Shretha of Mangalbazaar
Laksmilal Lakhe of Mangalbazaar
Gajendra Srestha of Nahpasah

Al



APPENDIX 2
BRIEF ON NATIONALIZATION OF THE STRUCTURE



THE KATHMANDU VALLEY PRESERVATION TRUST

P. O. BOX 5, DARBAR SQUARE, BHAKTAPUR, NEPAL
TELEPHONE : 610957, 525409, FAX : 977-1-610957

An Historic Resthouse on Patan Darbar Square

Status Report April 1, 1995

Background

The Ayuguthi Sattal is an eighteenth century two-story resthouse defining the northern perimeter of Patan Darbar
Square. Although extremely dilapidated and in danger of structural collapse, the structure retains almost all of its
historical carvings and facade veneer brick. The small scale and semi-public nature of the historic building make it
critical to the urbanistic definition of the Darbar Square, which centuries ago was defined by many more of such small
scale resthouses. The Kathmandu Valley Preservation Trust has been active over the last four years in securing 75% of
the necessary funds for its repair, shoring up the building to prevent injury to occupants and further loss of historical
materials, and using the building as a publicity device to publicize the loss of historic resthouses in Kathmandu Valley,
Nepal’s most endangered species.

Project funding comes from the American Andy Warhol Foundation, GTZ/UDLE, Kathmandu Valley Preservation
Trust (KVPT), and private donors including Mr. Himalaya Pandey and Mr. Watson B. Dickerman.

Based on meetings held in November 1994, the Department of Archaeology (DoA) was able to secure official project
approval from the three concerned government agenicies in December 1994, namely, the Finance Ministry, Ministry of
Education, Social Welfare, and Culture, and the National Planning Commission.

It should be stated that the original goal was to repair the building as quickly as possible and in spite of complex
ownership claims. It was felt if we waited the many years for misappropriated or contested ownership claims to be
reassigned, the building would be lost. Thus, the project set out only to repair the building and not to interfere with
property disputes. This move was in itself novel for preservation in Nepal.

Recommendation for Nationalization
Given the legal complications of the project the Department of Archaeology requested the expertise of the Ministry of
Law and Legal Reform before progressing with the work.

The Law Ministry in February 1995 then recommended that the building be nationalized under section 7 of the Ancient
Monuments Act ” in light of the owner’s inability to maintain a monument of artistic and historical importance”. This
would be the first case for a monument in Nepal to be nationalized due to its endangered status. The Law
Ministry further recommended that HMG compensate the owners under provisions of the new constitution,
compensation which would not have be necessary under the provisions of the Ancient Monuments Act. Furthermore,
the Law Ministry recommended that compensation be undertaken defore repair of the building, as the value of the
building will be significantly increased by the repair/reconstruction project.

Opportunities for the future
This nationalization mechanism which exists in the current Ancient Monuments Act has to date not been exercised--it
provides a critical precedent for monument protection in this country in the following ways.

When individuals control historical buildings of national or international importance, one strategy is to let them
deteriorate until collapse, thus facilitating approval for a new replacement structure. This precedent would give HMG
the critical mechanism to identify and save through nationalization the most important ”A Class” monuments, those
which are under intentional threat as above described, or as is more often the case, are endangered by unresolved
property disputes. The procedures for financial compensation under the new constitution assure that the private owners
would be fairly treated. Where disputes are ongoing, the compensation would be deposited on account, to be distributed
upon settlement of disputes.

As the last UNESCO/ICOMOS mission has warned, privately owned monuments are clearly the most threatened
historical buildings in Nepal. Nationalization of course cannot be recommended in all or even many cases, but for the
most important buildings, especially in the UNESCO World Heritage Sites, it provides a necessary mechanism and

precedent.

The Kathmandu Valley Preservation Trust is presently asking all supporters of historic preservation in Nepal to
urge the Minister of Education, Social Welfare and Culture to accelerate this project. Given the extremely
dangerous state of repair of the resthouse, if nationalization and repair does not happen as soon as possible, there
may not be anything left to save. A2



Status Report: Ayuguthi Sattal
March 15, 1996

The successful nationalization of the structure last month is a significant victory for
the structure and preservation in general. Not only did HMG take action in this case,
but also in its provision of a generous compensation (approximately $8,000) to the

occupants has demonstrated a serious committment to saving this structure.

The Nepal Heritage Society contributed to the publicizing of this joint effort by the
Department of Archaeology and the KVPT in its showcasing of the project in a
television spotlight and talk program.

The KVPT is monitoring the building closely to prevent further damage while
fundraising efforts are undertaken. A significant shortfall infunding will have to be
met before work can be undertaken. KVPT hopes to begin the project in fall of 1996.
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MICROTECH DUAL PURPOSE AQ

SPECIAL PROPERTIES

@ Unique microemuision technology

@ Low odour {onlv ca. 2% soivent after dilution)
@ Excellent penetration of timper: fast drying

® Non-flammable

@ Higniy effective against insects and fungi

® Rapid re-occupation of treated areas

DESCRIPTION
Microtech Dual Purpose AQ is & microemuision concentrate wood preservative based on cypermethrin (insecticide) and Poivphase (fungicide:.

-

zor the eradication of common furniture Deetle (Anooium punciatum) and other wood boring beetles in puilding timoers and to give rotection
from fungal decay during the drving perioc after eliminating sources of dampness.

Microtech Dual Purpose AQ is approved under the Controi of Pesticides Requiations 1986 for use as directed (HSE No 3453).
FOR USE ONLY AS A WOOD PRESERVATIVE
FOR USE ONLY BY PROFESSIONAL OPERATORS

This product is manufactured under & quaiity system complying with BS 5750 Part 1, ISO 9001~ 1987, EN 29001 - 1987,

SITE WORK

Preparation
All bats are protected under he Wildlife and Countryside Act 1981. Before treating any structure used by bats. consuit English Nature, Scottisn
Natural Heritage, The Countryside Council for Waies, or the Department of Environment for Northern Irefand.

a)  Beetle infestations (see aiso Microtech Woodworm Killer AQ)

Ensure that all timbers to be treated are adequately exposed and cleaned (vacuum cleaning preferred). Any paint or varnish finishes or
any severely damaged sapwood edges of timbers (*irass”) should be removed prior to treatment where possibie.

Remove thermal insulation in roof spaces (or roll up and completely cover) and do not reinstate until the timbers are dry. Cover fitted
insuiation (lagging on pipes) with polythene and cover water storage tanks with heavy*grade polythene to be left in-situ after treatment.
Isolate electrical circuits in the treatment area during and for 8 hours after treatment and ensure that junction boxes etc. are adequately
protected against the ingress of the fluid. Remove or cover all foodstuffs before appiication as well as fish tanks/bowls. Do not use on
beehives or beekeeping equipment or apply to surfaces on which food is prepared.

Where applicable, notify occupants of adjoining properties before treatments commence.

Dispiav Safety Notices conspicuously during treatment and leave on site after treatment for at least 8 hours. Use only flameproof
portable lighting equipment and ensure that this and any other electrical equipment is in good order.

b)  Fungal Decay - Wet Rots

As (a) above plus - locate and rectify the source of dampness. Cut out all structurally unsound timbers and make repairs isolating
timbers where possible from damp masonry etc.

¢)  Fungal Decay - Drv Rot

As (a) and (b) above plus - the ability of Dry Rot (Serpula lacrymans) to spread through masonry/concrete structures may necessitate
the treatment of infected walls/floors. Overall details are given in the Green Range Murosol 20 data sheet.

Tingewick Road, Buckingham, MK18 1AN T
Beaver Te: Buckingham (0280) 823823 Q) <
V Telex: 83529 BVRCEM G Fax: (0280) 813910 /‘S.’EH@Q

FaM 1081
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DEPARTMENT OF THE ENVIRCNMENT

BRE Project No.: PT 222

BUILDING RESEARCH ESTABLISHMENT BRE File Ref.: 38/4¢/5

TIMBER DIVISICN

Siodeterioraticn Sectien

TEST REPCRT

BWFDA Job No.:801Z7/C

TEST: DETERMINATION CF PREVENTIVE ACTION AGAINST Reticuiitermes santcnensis

[

JRCFEAN STANDARD :

MATERIALTESTED :

DESCRIPTICN:
SUPPLIER:
DILUENT:
WCQOD SPECIES:

CCNCENTRATICNS TESTED:

DATE CF TREATMENT:

METHCD AND RATE OF APPUCATION:

METHOD & DURATICN OF DRYING:
AGENG PRCCEDURE:

NUMEER OF INSECTS PER COLONY:
DATE OF EXPOSURE TO TERMITES:
DATE OF EXAMINATION:

PRINCIPLE OF THE TEST

EN 11 BRITISH STANDARD: BS 3240:1¢82

Cypermethrin microemulsicn NCE= 3 (2)
{sampie NCEF 3 (2) MW 11.4.80) BRE CCDE: 240

‘Clear fluid, sucpiied by Client as reacy-to-use

NCH Eurcre CONTACT: Mr = 8 Dawscn
None

Scots pine sapwocd

Information as supplied by Client:-

0.1 % cypermethrin (3 rates of appiication used)

3 May 1890

A single pipette application at 100, 220
and 300 mis/m?

Air drying for 4 weeks

Aged to EN 73: 12 weeks at 40° C and 1 m/s
250 worker termites, 3 nymphs, 1 solcier.

19 December 18S0

12 February 1821

Surface treatment of blocks of a susceptible weed species with the preservative, followed 2y
division of the blocks into two test specimens.

Challenge of the test specimens by specified colonies of Reticuiitermes santonensis and
assessment of the attack suffered after exposure in specified conditions for eight weeks.
Comparison of these results with those cbtained from untreated control specimens.
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Table 1 RESULTS OF EN 118 TEST WITH CYPERMETHRIN MICRCEMULSION NCEF 3 (2

Test Application Number of Percentage Presence cf Grade of attack
specimen rate - live termites mortality sciciers (S) on sgecimen”
cr nymphs (N)
A untreated 183 278 4S8 - 4
8 centroi 181 28.7 1S 1N 4
C 53 374 1S - 4
D 161 36.5 1S - <
e 136 45.4 1S - <
F 163 358.8 1S 1N 4
Mezan 184 35.5
1 100mis/m2 0 100.0 - - 1
2 Q 1C0.0 - - 1
3 Q 100.0 - - 1
4 a 100.0 - - 1
5 aQ 100.0 - - 1
5 0 100.0 - - ¢
Mean 0 1CC.0
7 200 mis/m? 0 8e.5 - 1N 0
8 0 100.0 - - 0
9 aQ 99.5 - 1N Q
10 0 100.0 - - 0
11 0 §9.6 = 1N Q
12 Q 100.0 - - Q
Mean Q 88.8
13 300 mis/m2 0 9.5 - 1N 0
14 0 100.0 - - a
15 Q 100.0 - - Q
18 a 89.5 - 1N Q
17 0 100.0 - - 0
18 0 99.2 - 2N Q
Mean : Q 99.7

* see Appendix fer definition of grades cf attack.
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SCOPE CF THEMETHCD

This report is concerned cnly with the toxicity of the preservative under test to the insects 2=
specified in the Standarc. The effectiveness of this material as a preservative depends not ¢
on its toxicity but aiso on certain other factors such as the methcd of application and the rela

penetrability of different species of wood.

These acditional considerations are not within the scope of the Standard, and the resuit of this

test cannot. therefore, be taken to mean that the material under test has been fully gvaluated as= =

preservative.

INTERPRETATICN

The interpretation and practical conclusicns that can be drawn from a test regcort demanc a
specialised knowiedge of the subject of weed preservation and for this reason, this repert cannc:
itseif constitute an approvai certificate.

RESULTS

Detailed resuits for each application rate and for untreated control specimens are shown in
-
Takble 1.

An gpplication rate of 100 mis/m2 permitted slight damage (grace 1 - see Acpendix) 10 the

PR

surface of five of the six test scecimens.

The 200 and 300 mis/m2 acolication rate provided complete protection against attack by
Reticuiitermes santonensis .

All untreated controls showed the maximum damage rate (grade 4), indicating a valid test.
Mortality of termites in the control specimens ranged between 27.9 and 46.4 %.

CCINCLUSICNS

When tested according to EN 118, at a loading of 100 mis/m2, and after ageing to EN 73,
Cypermethrin microemuision NCEF permitted slight damage by Reticulitermes santonensis .

When tested according to EN 118, at a loading of 200 and 200 mis/m2, and after ageing to EN
73, Cypermethrin microemulsion NCEF provided complete protection against attack by
Reticulitermes santonensis.

TEST CONDUCTED BY ..A..-S/@m.. Az D Spinage
TEST SUPERVISED BY ,/ %
SEPORT APPROVED BY ...« %n..C

18 February 1591
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No attack.

Attempted attack:

Slight attack:

Average attack

Strong attack

superficial gnawing or nibbling of insufficient cepth to be
measured.

surface attack (<1 mm) limited in extent to @ maximum of a
quarter of the exposed surface,

or a single tunnelling to depth of less than 3 mm with no other

sign of attack.

surface attack (<1 mm) extending over more than a quarter of

the exposed surface,

or erosion (1-3 mm) on an area equal to, or less than, a
quarter of the exposed surface,

or tunnelling, at points greater than 3 mm , but not leading to
cavities, and not transversing the test specimen.

erosion on more than a quarter of the exposed surface

or attack penetrating greater than 3 mm leading to cavities in
the main body of the test specimen, or not leading to cavities
but transversing the specimen.

AT
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Papers for this proceedings were presented at a conference sponsored by the USDA Forest
Service in cooperation with the Mississippi Forest Products Laboratory, Mississippi State
University; the Forest Research Laboratory, Oregon State University and the Forest Products
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Abstract
Common fungi and insects that damage un-
ned lumber, seasoned lumber, and final
products are discussed. A review is given
of the extensive use of borates and fluorides
Fﬁﬁusiblﬁ ives) for protection of wood
products manufactured from a wide variety
of tropical hardwood species. This protection
pmvidﬁ long-lasting housing and wood-based
products in local economies of some African
and Asian tropical regions. Diffusion treat-
ments aid in attaining three tropical forestry
management objectives: 1) greater use of non-
durable wood; 2] less reliance on declining vol-
ames of durable species; and 3) increased with-
in-country processing. There has been limited
ase of diffusion treatments with borates or
fluorides for protection of North American and
Latin American hardwoods. Results of recent
riments on dip, pressure, or thermal treat-
ments of a tropical hardwood, banak |Virola
spp.), and dip-diffusion treatment of several
domestic hardwoods with disodium octaborate
tetrahydrate (Tim-Bor®) and ammonium pen-
taborate/sodium sulfate (Am-Bor-S®) are dis-
cussed.

Common fungal and insect problems

During air-drying, lumber may be discolored
by fungi (mold, mildew, sapstain| and attacked
by various beetles, including ambrosia beetles
(families Platypodidae and Scolytidael, false
powderpost beetles (family Bostrichidae), and
true powderpost beetles (family Lyctidae). In
North America, fungal discoloration and am-
brosia beetles are the most common problems.
Infestations of ambrosia and other beetles
sometimes are introduced into structures when
products are made from air-dried lumber.

Untreated, seasoned wood lacking a finish
may be attacked by various insects, most com-
monly true powderpost (lyctid] beetles and
drywood termites (family Kalotermitidae).
Powderpost beetles and drywood termites ob-
‘tain their food and moisture needs from wood
they attack. Drywood termite protection is
especially important in tropical countries, the
southern coastal perimeter of the United States,
and Hawaii. Lyctid beetles commonly attack
wood during processing, distribution, or stor-
age before final use; the termites most com-
monly attack wood after it is in final use. Un-
detected beetle infestations in wood products
often are distributed into business premises
or structures. This damage causes product
complaints, damage claims, and lawsuits that
harm business relationships (2,23,34,35). The
likelihood of beetle problems is greatest for
low density tropical woods and in tropical or
warm, humid southern regions of temperate
climates. Adult insects are present only in

warm weather in the United States, but are .

always present in the tropics. Also, only sap-
wood portions of some domestic hardwood
species are very susceptible to beetle attack,

whereas all portions of less durable tropical
hardwoods are susceptible. Therefore, treat-
ments that thoroughly penetrate wood to pre-
vent attacks are preferred in tropical countries.
Remedial control of beetles by fumigation, in-
secticidal sprays, or replacement of infested
wood are established practices in the United
States. Drywood termite infestations are often
controlled by expensive tent fumigations.

Treatment limitations

Current measures used in the United States
are designed to protect wood from fungi and/or
insects until the wood is kiln-dried. These mea-
sures include: rapid turnover of log and lumber
inventories, log storage under continuous wa-
ter sprays, and momentary dipping of lumber
into an unheated fungicidal solution during
warm weather months (36). To prevent ambro-
sia beetle attacks, an insecticide is commonly
used in combination with the fungicide. This
chemical treatment gives shallow penetration
in unseasoned wood and provides temporary
protection.

Diffusion treatments with borates at the
sawmill combine the treatment for temporary
protection and the final treatment needed when
wood is in its final use. This has the advan-
tage of reduced eosts (16].

Borates require use of other biocides with
them to prevent discoloration by mold, mil-
dew, and staining fungi or enzymatic stain (1).
Although borates do not prevent tunneling by
ambrosia or false powderpost beetle adults,
they do prevent survival of their offspring.

Tropical hardwoods

Worldwide review

Protection needs differ depending on wheth-
er the tropical hardwood, and domestic lumber
as well, is treated for use in local economies
or for export. When using borates, these dif-
ferences influence the required treating equip-
ment, the effectiveness, the acceptable labor-
intensiveness of treatment processes, and the
variety of wood species to be treated. For ex-
ample, a wide variety of less known, less dur-
able species are treated to provide products
such as longer lasting housing for use in local
economies where the hazards from decay fun-
gi and insects are great. These treatments con-
tribute to attaining at least three tropical for-
estry management objectives: greater usé of
nondurable wood, less reliance on diminish-
ing stocks of durable wood, and more proces-
sing of wood within the country of origin. This
creates more jobs.

When tropical hardwood products are treat-

ed for export, usually only a few commercially’

important species are being treated to protect
them during transit to developed countries
where hazards from decay fungi and insects
are less severe. These products are either pro-
duced by subsidiaries of companies from de-
veloped countries or are prepared to their spe-
cifications.

Diffusion treatment of
domestic and tropical
hardwood lumber for
long-term protection
from decay fungi and
insects

Lonnie H. Williams

The author is Principal Entomologist, USDA Forest
Serv., Southern Forest Expt. Sta., Gulfport, Miss.

The use of trade, firm, or corporation names
in this article is for the information and
convenience of the reader. Such use does not
constitute an official endorsement or approval
by the USDA Forest Serv. of any product or
service to the exclusion of others that may be
suitable. Thanks are given to those whose
cooperation made the experiment with
domestic hardwoods possible: Sawmills —
Forest Products, Inc.; Georgia Pacific Corp.;

" Haywood Technical Inst. (lumber supplied by

Gilkey Lumber Co.}; Linden Lumber Co.;
Mead Hardwoods; Memphis Hardwood Floor-
ing Co.; Sondheimer Lumber Co.; Chemical
suppliers — Angus Chemical Co.; AZ-Bor
Corp.; Buckman

Laboratories; U.S. Borax and Chemical Cerp,;
and Sample collection — Forest Serv. Region 8,
Forest Pest Management; and Mississippi
Forest Prod. Lab., Mississippi State Univ.

First International Conference on Wood Protection With Diffusible Preservatives ® 43
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Preservation manuals (13,14,29) are avail-
able that provide: 1) excellent examples of sim-
ple, low-cost treating equipment; 2) detailed
diffusion treating procedures; 3) guidelines for
treatment requirements and quality control;
and 4} excellent discussions of the importance
of wood preservation to local economies. Other
references also give excellent discussions (7,
18,22,24,26).

The borax/boric acid + sodium fluoride +
sodium dichromate + arsenic pentoxide
(BFCA) salt mixture developed in Australia (pa-
tent] No. 246,298 of 1960-63) (25) has been
widely used for several reasons. It permitted
a 31 percent boric acid equivalent (BAE) con-
centration of borates to be used as a cold solu-
tion (25). The arsenic and fluoride gave addi-
tional protection against termites, comparable
to chromated copper arsenate (CCA), making
the BFCA mixture from 3 to 10 times more
effective than a borax/boric acid mixture (33).
However, field evaluations of BFCA-treated
wood in Papua New Guinea indicated that in-
sufficient arsenic, chromium, or fluoride may
remain after planing to give any added protec-
tion over that provided by boron alone (25).
Levy (25) firmly believed in the deterrent effect
of boron on termites, provided alternative un-
treated wood was available, since termites
sometimes eat treated wood if nothing else is
available. Francis (18} and McQuire {26) recom-
mended field service tests of boron only or

" unheated boron/fluoride treatments.

Various borax/boric acid and boric acid/sodi-
um fluoride formulations have been evaluated
for treatment of a number of tropical African
woods (11,15,17). Fougerousse {15) provides
treatment recommendations using borax/boric
acid for obeche |[Triplochiton scleroxylon K.

* = Sawmill Location

Figure 1. — Approximate locations of sawmills
where borate lumber treatments were done;
no treatment was done at the Louisiana miil
in June and October or at the West Virginia
mill in February.

Schum),.a wood from the Ivory Coast. This
wood is frequently used to make expensive
picture framing in Europe; however, frames
imported into the United States from Europe
are frequently found to be infested with pow-
derpost beetles. Treating wood before ship-
ment from Africa to Europe should be of sig-
nificant economic benefit for everyone.

Diffusion-treated wood has been widely used
for low-cost housing and other products in
many parts of Africa, Asia, and the South Pa-
cific (7,9,20,21,31,32).

Latin America

Few published reports exist about tests with
borates in Latin America (5,8,10). Of those
available (12,19,27,30), none include treatment
of local hardwoods. Nevertheless, the advan-
tages of diffusion treatment of sawn timber for
tropical countries have been extolled by many
knowledgeable researchers, including Fouge-
rousse (16) and Levy (24).

The most important reason for the limited
attention to borates in Central or South Am-
erica is the low regard given to wood-frame

TABLE 1. — Experimental design.

Estimated total board foot volume [m3) 56,252
of lumber that was treated (balf with (133 m’}
Am-Bor-5, half with Tim-Bor}
Percentage of treated volume by month:
February 36.9
June 31.7
October 31.4

Percentage of the treated volume by dimension:

8/4 (50 mm) - 58.1
6/4 (38 mm]| = 1.5
5/4 (31 mm) 26.6
4/4 (25 mm| 13.8
Percentage of the treated volume by species: .
ash (Fraxinus spp.) 209
red oak (Quercus spp.) 31.7
white oak (Quercus spp.) 7.4
yellow-poplar (Liriodendron tulipifera L.) 22.0
white pine (Pinus strobus L. 6.6
species treated only 1 month at 1 mill: 11.4

beech (Fagus spp.]

cypress |Taxodium distichum {L.) Rich.)
hackberry (Celtis spp.)

hickory (Carya spp.|

maple |Acer spp.]

sweetgum (Liguidambar styracifiua L.)

All species dip-treated for 1 minute followed by 8
weeks of diffusion while stacked on stickers (dead-
packed one mill) with the top of the stack covered by
scrap boards [February and June) or 4 weeks of diffu-
sion on stickers (deadpacked one mill) with stack en-
closed by tarpaulin (October|.

Six randomly chosen boards for each treatment/species
combination were repeatedly sampled at 4, 6, and 8
weeks after treatment for analyses of borate penetra-
tion and content, except for October when sampling
was only done at 4 weeks.

Experimental inconsistencies include: 1) treatments not
done at same mills each of the 3 months; 2) red cak
treated at each mill, but dimensions varied; 3} lumber
was treated and diffusion stored while deadpacked at
one mill but stickered at other mills; and 4) sampling
after treatment was done only at 4 weeks in October.

housing. Masonry housing, with interior wood-
work of naturally durable woods, is preferrec
because it is considered more resistant to in-
sect and decay damage. For this reason, ther=
is not a strong incentive to treat less durable
woods for use in local economies found in
other tropical regions. Instead, priority has
been given to pressure treatment of wood with
fixed preservatives, primarily to supplemen:
demands on durable species for products in
exterior exposure or ground contact.

Use of borates in Latin America by repre-
sentatives of commercial firms from developec
countries apparently has been limited to the
protection of banak (Virola spp.) wood import-
ed into the United States by a producer of pat-
tern moldings. Because laboratory test result:
indicated that borate dip-diffusion treatment
provided excellent protection against lyctic
powderpost beetles, recommendations were
made for commercial application (37). Labora-
tory tests with treated lumber and moldings
made from treated lumber demonstrated that
the borate-treated banak wood was effectively
protected from lyctid beetles, subterranean ter-
mites, and decay fungi, but not from mold and
mildew fungi (39).

Commercial treatments, implemented ir
1982, consist of a l-minute dip treatment or
unseasoned lumber in a 25 percent BAE soiu-
tion, followed by 1 week of diffusion storage
in a shed. Barnes and Williams (3] found that
air-dried banak lumber could be pressure treat-
ed effectively using a Lowry empty-cell pro-
cess and a 2.0 percent disodium octaborate
tetrahydrate solution. This process gave the
best retention and penetration of preservative
in the shortest possible time. A simpler double
vacuum cycle was recommended if less com-
plex equipment is desired.

Protection against lyctid beetles, assuming
a required 0.2 percent BAE core retention, can

TABLE 2. — Treating solutions for months of February,
June, and October, 1986.

Solution. by month

February
30% BAE |boric acid ‘equiva!entl Am-Bor-5* + 1%
Busan 30L®
32% BAE Tim-Bor® + 1% Busan 30L
1% Busan 30L used alone

June

30% BAE Am-Bor-S + 1% BL1067¢
32% BAE Tim-Bor + 1% BL1067
1% BL1067 used alone

October

30% BAE Am-Bor-S + 1% Amical Flowable®
32% Tim-Bor + 1% BL1067

1% BL1067 used alone

1% Amical Flowable used alone

*Am-Bor-8 = ammonium pentaborate plus sodium
sulphate.

% 30% a.i. 2-thiocyanomethylithio) benzothiazole.

¢Tim-Bor = disodium octaborate tetrahydrate.

d5pecial formulation of Busan 1009®; 10% a.i. meth-
ylene bis{thiocyanate) and 10% a.i. (thiocyanomethyi-
thio) benzothiazole.

€40% a.i. dilodomethyll-p-toly sulfone.
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e achieved with alternate dips in hot (180°F;
82°C) and cold (ambient temperature} 2 per-
cent BAE solutions. The combined immersion
times of both dips should total about 10 min-
ates [4)- A period of diffusion storage (24 to
48 hr.) would be needed to provide sufficient

ention of chemical to prevent decay fungi.

Clearly, borate treatment of other Latin
American hardwood species needs testing be-
cause many variables influence diffusion, pres-

and thermal treatment processes in com-
mercial practice. Procedures suitable for treat-
ment of one low-density wood species offer

.delines for treatment of another, but the
most efficient, economical procedures must be
developed for each commercial operation and
possibly for different wood species. In this re-
ga:d, commercial representatives from devel-
oped countries may find that their assistance
in developing borate technology within each
individual Latin American country will lead
to better utilization of wood in local econo-
mies. This assistance might make borates and
other biocides more readily available in many
Latin American countries.

TImporting preservatives into these countries
often is viewed as competition to local con-
cerns. Because beetle infestations have harmed
the acceptance of some Latin American export
products in the United States, use of treat-
ments that would protect export product value,
while also possibly conserving forest resources,
should be regarded favorably by both export-
ers and importers. Furthermore, borate treat-
ment of little known, moderately durable trop-
ical hardwoods would seem to deserve high
priority by influential programs such as the
Caribbean Initiative or the Tropical Forestry
Action Plan. Increased utilization of moderate-
ly durable wood in local economies has an
important bearing on sustainable forestry man-

agement and the success of other tropical for- -

estry management objectives.

Domestic hardwoods

Presently, there are insufficient markets for
use of treated wood in buildings or for con-
struction timbers. Domestic hardwood lumber
producers question the benefits of using borate
diffusion treatments, particularly after learn-
ing the requirements for adequate treatment.
Current available technology to provide treat-
ed end use products requires use of additional
fungicides in heated borate solutions, treat-
ment of lumber with high wood moisture con-
tent (MCJ, a period of diffusion storage, and
treating throughout the year. Such a treatment
regime is much more extensive than current
procedures. Therefore, knowledge about treat-
ment performance and costs for domestic wood
species must be developed and many practi-
cal questions must be answered. For exam-
ple, much of the freshly sawn lumber at saw-
mills in the United States may be too dry for
diffusion treatments because logs are some-
times transported great distances and stored
for long periods before sawing. Research on

borate diffusion treatments of domestic hard-
woods, started in 1985, currently is limited
to the unpublished results of several experi-
ments by Terry L. Amburgey, Mississippi State
University, and the author.

There was a need to investigate whether or
not current lumber-handling procedures need-
ed to be altered if borates were to be used for
treatments to wood. To address this need, the
effects of two different post-treatment storage
procedures were investigated. These methods
were: (1) using diffusion storage procedures
that simulate current practices used at saw-
mills for air-drying hardwood lumber before
kiln-drying, and (2) using tarpaulin covers to
first restrict drying for a 4-week period.

Materials and methods

Treatment procedures
Treatments were applied at six sawmills lo-
cated throughout the southeastern states dur-

ing the months of February, June, and October,
1986 (Fig. 1, Tables 1 and 2). Using mobile
treating equipment described elsewhere (38),
the borate solutions were transported from
sawmill to sawmill, heated overnight to above
130°F (54°C), and agitated before use. Before
treatment, the MC of each wood species was
determined from six randomly chosen samples
by standard ovendry techniques. Three spe-
cies most commonly produced at each mill
were treated by applying a l-minute dip treat-
ment to each of three packets per species; each
packet contained 25 to 40 boards. The one ex-
ception was that only red oak sapwood lumber
was treated at one mill in October.

Solution monitoring _

Solution temperatures were recorded before
and after treatment at each mill, but only means
(+SD) across all mills are reported in this pa-

TABLE 3. — Mean (£5.D.) solution temperatures by borate and month of treatment.*

Mean (+5.D.) solution temperatures

February June October
Borate i °C °C o°F °C
Am-Bor-S 127(£3.9) 53(% 1.6) 130(+3.3) 54( £ 1.4) 133(£3.1) 56(%1.3)
Tim-Bor 125(£4.01 52(+£1.7) 130{%3.2) 54{£1.3) 131(+4.4) 55{+1.8)

3 For each borate and month, the means represent temperature readings taken before and after treatment at

each of six mills, N = 12.

X=RAandom Width and Thickness

i

1/8" Layers Analyzed for BAE Content

v

Color Test Face

Figure 2. — A 1-foot-long (305 mm) piece (1) sawn from each sample board at 4, 6, and 8 weeks
after treatment (after 4 weeks only in October) was sawn into 2-inch-long (50-mm) cross-sectional
samples for color-testing (IV). A 1 1/2-wide by 10-inch-long (38- by 254-mm) strip was sawn
from the center of the remaining piece, discarding the two outer pieces (Il). Samples for chom-
ical analyses of (BAE) were obtained by reducing 1/8-inch (3.2-mm) layers (lll) to shavings that
were further reduced to powder in a Wiley® mill with a 20-mesh screen.
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Wood Species’

After each species the dimensions listed represent those boards
treated and indicate a different sawmill:
A. ash-8/4, 8/4, 5/4, 4/4; r.oak-8/4, 8/4, 8/4, 5/4, 4/4; w. oak-8/4, 4/4;
y.poplar-8'a, 8/4, 5/4; w. pine-8/4
B. ash-8/4, B/4, 8/4, 5/4, 4/4; r.oak-8/4, B/4, 6/4, 5/4,5/4, 4/4;
w. 0ak-8/4, 4/4; y.poplar-8/4, 8/4, 5/4; w. pine-8/4
C. ash-8/4, 8/4; r.0ak-8/4, 8/4, 5/4, 5/4; w. oak-4/4;
y.poplar-8/4. 8/4, 8/4, 5/4; w. pine-8/4

-

Figure 3. — Combined mean percentages of boron penetration into board cross sections at
4, 6, and 8 weeks after dip-diffusion treatment with Am-Bor-S during February (A), June (B),
and October (C). Penetration based on color tests of board cross sections with a boron in-
dicator. Boards were sampled from a varied number of sawmills and board thicknesses. Means
represent for each month/species six board samples times the number of board dimensions
listed in the footnote. Mean percent wood MC before treatment is also given.

per. Borate solution sampit

and after treatment at each. ¢

alyzed for BAE content by Lo ]
Plasma-ion (ICP) spectrograj:!: =« 7ses. Again.
means (+SD) across all mil': = seported.

Borate penetration

Sampling of all borate-treaicd lumber was
done 4 weeks after treatment during all 2
months. In February and June, sampling oz
the same boards was repeated 6 and 8 weeks
after treatment. The 1-foot-long (305-mm| sam-
ples that were used to determine borate pene-
tration were obtained in the following manner.
A 1-foot-long (305-mm| piece was discarded
from one end of each of the six randomly che-
sen sample boards per treatment/species com-
bination. The next 1-foot-long (305-mm) sampie
from each board was processed into a 2-inch-
long (50-mm| cross-sectional sample for color
testing (Fig. 2). The cross-sectional sample was
ovendried at 110°F (43°C| for 24 hours before
color tests were done with turmeric/salicylic
acid reagents. These indicate bright red when
boron is present at 0.30 or more percent BAE
(6]. The color test results were converted to
data for analysis, using a video-image analy-
sis system (28).

Borate treatment results are reported in Fig-
ures 3 and 4 only for species that were treated
in more than 1 month and at more than one
mill [Table 1). However, white oak was treated
only at one mill in October. White pine was
treated only at one mill each month, but re-
sults with this more easily treated softwood
are included for comparison.

The remainder of the sample was processed
to provide samples for BAE analyses by ICP
(Fig. 2). Only the mean BAE contents in 1/8-
inch (3.2-mm) layers at the mid-depths (cen-
ters) of boards representing each borate/spe-
cies/time combination are reported in Figures
5 and 6 for the same species as given earlier
for the borate penetration results.

Estimating solution consumption

To make estimates of solution consumption,
the total board foot (BF) volume of borate-treat-
ed lumber of each species was calculated by
assuming all boards were 6 inches (152 mm)
wide by 10 feet (3,048 mm| long by the thick-
ness, either 4/4, 5/4, or 8/4 (25, 32, or 50 mm).
Typical of hardwood lumber, however, the
boards were random widths, but lengths usual-
ly were 8 to 10 feet (2,438 to 3,048 mm). Treat-
ing solution depths were measured to the near-
est 1/4 inch (6.4 mm| before and after treat-
ment at each mill and were used to estimate
solution consumption per 1,000 BF (2.4 m?).

Data analyses

No statistical comparisons between mills,
species, or month in the year were possible
under the experimental design. Boards were
considered to be sufficiently treated when the
mean BAE content at mid-depth was greater
than 0.2 percent BAE (39].
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Results and discussion

Solution monitoring

Results of monitoring treating solutions indi-
cated that mean temperatures were in a rea-
sonably close range from month to month and
between borates by month (Table 3). Mean
solution concentrations were within a 5 per-
cent BAE range from month to month, and
the concentrations of the two borates were
essentially the same each month (Table 4).

Borate penetration

The mean percentages of board cross sec-
tions containing 0.30 or more percent BAE are
shown for four hardwood and one softwood
species at 4, 6, and 8 weeks after each month's
treatment with ammonium pentaborate/sodium
sulfate as Am-Bor-S (Fig. 3) or disodium octa-
borate tetrahydrate as Tim-Bor (Fig. 4). The
mean initial MCs of each species are shown
in each figure as well.

Some of the inconsistencies mentioned in
Table 1 are apparent from the footnotes to each
bar chart. In each figure the dimensions treated
for each species and the number of sawmills
where treating was done are given (Figs. 3 and
4). White pine was treated at only 8/4 (50 mm|
thickness and at one mill. All other species
(except white oak in October) were treated at
two to six mills and were mixed dimensions,
but predominately 8/4 (50 mm|. Treated boards
of all species contained undetermined propor-
tions of sapwood and heartwood.

In general, the February and June data (Figs.
3 and 4) suggest that about 50 to 65 percent of
red oak and yellow-poplar board cross sections
were penetrated with 0.30 or more percent
BAE within 4 weeks. The more easily treated
white pine showed 69 to 78 percent penetra-
tion within 4 weeks. The failure to increase
the percentage of penetration with additional
time possibly suggests that the borate was be-
coming diluted within the wood and was less
readily detected. A more likely cause is that
the lumber was losing moisture in stickered
storage causing diffusion to either cease or to
proceed slowly. However, color test results sug-
gest that storage under tarpaulins (Figs. 3,4)
did not improve penetration for any species.
This may have been because the initial MCs of
lumber covered with tarpaulins were lower
than that of the lumber treated in February
and June and not covered.

The mean MCs for lumber of each species
were usually highest in February, lower in
June, and lowest in October. This trend was
surprising; lumber sawn from logs in Febru-
ary was expected to be the driest because the
logs had been stored through the winter. High-
er MCs were expected from fresh logs being
cut in June and October. Also, most mills stored
their logs under sprinkler systems only in the
warm weather months. However, a very hot,
dry summer and fall occurred during 1986,
the year of treatment. The lumber may have
dried considerably before sampling, though

A
. 1[2]4\«;“ £ Gweeks [S] 8weeks E'ﬁwunckg 1

0:;.'

X

A

.z"

5

()

NS
SR

S

100 g
S 3
) ® o
T 3
= ] 5 -
© w - 7 % 3
£ _ BN R =
o RS ﬁ:‘: B
© 9% 7 =
£ & o =
@ r /' Y /b’c ()
o 5 /b’o ]
20 - v, >
@ 0} : -3
o ) :.: s =
0 ra O
C
100 20
i I{Z sweeks (7] %wood MC | 1
il - 100
I - 80
0
- &0
wk
| 40
20 7 .
0 / 0
white cak yeilow-poplar
Wood Species’
1 After each species the dimensions listed represent those boards - '

treated and Indicate a different sawmill: .

A. ash-8/4, 8/4, 5/4, 4/4; r.oak-8/4, 8/4, 8/4, 5/4, 4/4; w. oak-8/4, 4/4;
y.poplar-8/4, 8/4, 5/4; w. pine-8/4

B. ash-8/4, &/4, 8/4, 5/4, 4/4; r.oak-8/4, B/4, 6/4, 5/4, 5/4, 4/4;
w. oak-8/4, 4/4; y.poplar-8/4, 8/4, 5/4; w. pine-8/4

C. ash-8/4, 8/4; r.0ak-8/4, B/4, 5/4, 5/4; w. cak-4/4;
y.poplar-8/4, 8/4, 8/4, 5/4; w. pine-8/4

Figure 4. — Combined mean percentages of boron penetration into board cross sections at
4, 6, and 8 weeks after dip-diffusion treatment with Tim-Bor during February (A), June (B), and
October (C). Penetration based on color tests of board cross sections with a boron indicator.
Boards were sampled from a varied number of sawmills and board thicknesses. Means rep-
resent for each month/species six board samples times the number of board dimensions listied
in the footnate. Mean percent wood MC before treatment is also given.
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1 analyzed at middepth in boards
2 Atter each species the dimensions listed represent those boards

treated and indicate a different sawmill:

A. ash-8/4, 8/4, 5/4, 4/4; r.oak-8/4, B/4, B/4, 5/4, 4/4; w. oak-8/4, 4/4;
y.poplar-8/4, 8/4, 5/4; w. pine-8/4

B. ash-8/4, 8/4, 8/4, 5/4, 4/4; r.oak-8/4, B/4, 6/4, 5/4, 5/4, 4/4;
w. oak-8/4, 4/4; y.poplar-8/4, 8/4, 5/4; w. pine-8/4

C. ash-8/4, 8/4; r.oak-8/4, 8/4, 5/4, 5/4; w. oak-4/4;
y.poplar-8/4, 8/4, 8/4, 5/4; w. pine-8/4

Figure 5. — Combined mean percentages of BAE contents at middepth of boards at 4, 6, and
8 weeks after dip-diffusion treatment with Am-Bor-S during February (A), June (B), and October
(C). Boards were sampled from a varied number of sawmills and board thicknesses. Means
represent for each month/species three board samples times the number of board dimensions

listed in the footnote.

no sawmill cut the lumi; - han 3 dz

before it was treated. Oni. - 5 in yellor
poplar, white pine, and o+ - Uy oak lur
ber were exceptions to ti: 4. The M
of ash and white ocak lun ten were ¢
low 40 percent, too low fo. = borate d
fusion.

Borate contents

The mean BAE contents at board cente:
across all mills where each species was treatc
with Am-Bor-S are given in Figure 5. Similar:
the mean BAE contents following treatme:
with Tim-Bor are given in Figure 6. When cr
examines these data, a disturbing fact is t*
lack of consistent trends in the February ar
June data. The BAE content should increa:
with diffusion time, but this happened only -
Am-Bor-S-treated white oak in February, Tir
Bor-treated ash in February, and white oz
in June.

Another disturbing fact is the great diffe.
ence in 6-week BAEs of both borates for =
species when data for February and June a:
compared. The conclusion is that the 6-wes
BAE's in June are too low. All of the ICP anz.
yses for the hundreds of samples in this stuc
were done by contract. During this time, the~
was considerable turnover in contractor pe
sonnel and, no doubt, in sample-processic
procedures. Assuming that the remaining ar
alytical resuits are correct, then the 0.2 percex
BAE level in board centers at both 4- and :
week sampling periods was attained oniy
yellow-poplar in February (Figs. 5 and 6). I:
June, Am-Bor-S-treated lumber seemed to hav
the highest BAE levels (Figs. 5 and 6.

For lumber treated in October and covere:
for diffusion, 0.2 percent BAE in board center:
was attained in Am-Bor-S-treated white oak
yellow-poplar, and white pine (Fig. 5) and Tim:
Bor-treated yellow-poplar and white pine (Fig.
6). The 2.0 percent BAE leveél in red oak was:
nearly reached. This is a most promising re-
sult because red oak was treated at all six mill:
and contained unknown proportions of heart-
wood and sapwood, as did wood of all other
species.

Estimating solution consumption
Because lumber dimensions were not uni-
form at all mills, the estimates of borate anc
solution consumption are intended only as =
rough guide for solution use (Table 5). The es-
timates for mill numbers 2 and 5 should be

TABLE 4. — Mean |%5.D.) solution concentration bv
borate and month of treatment.*

Mean |£5.D.) percent BAE

Borate February June October
Am-Bor-5 30.7(£2.1) 31.5{%£1.3) 35.1(t0.8
Tim-Bor 31.8(+2.1) 30.7(+1.9) 35.3(+L5

* For each borate and month, the means represent re-
sults of inductively coupled plasma-ion spectrograph
analyses for boron content in solution samples taken
before and after treatment at each of six mills, N = 12.
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reasonably accurate because all treated boards
were the dimensions used to estimate volumes.
These estimates show that treatment of a pack-
et of 4/4 or 5/4 (25 or 32 mm) lumber con-
sumes more solution because it contains more
wood surface area to absorb solution than does
the same size packet of 8/4 (50 mm) lumber.
For example, solution consumption at mills 4
and 6 when treating only 4/4 or 5/4 (25 or 32
mm) lumber averaged 21 to 28 gallons per 1,000
BF (33 to 44 liters/m?) for Am-Bor-S and 14
to 23 gallons (22 to 36 liters/m?| for Tim-Bor
(Table 5). Consumption at the remaining mills
for treatment of mostly 8/4 lumber ranged
from 10 to 15 gallons per 1,000 BF (16 to 24
liters/m?).

Conclusions

Based on the extensive, successful use of
diffusion treatments for protection of hard-
woods in Asian and South Pacific tropical re-
gions, it would seem that this same technology
should be appropriate for protection of Latin
American tropical hardwoods. However, limited
testing has been done to show that this prem-
ise is indeed true.

Despite problems with the experimental de-
sign and the BAE analyses, the results with
mill-run lumber suggest that diffusion treat-
ments are commercially feasible if domestic
hardwood producers restrict drying for an as
yet undefined period after treatment. Use of
diffusion treatments with domestic hardwood
lumber would be aided by development of
suitable treatment processes for high-volume
operations and by effective, environmentally
acceptable additives that would prevent those
fungi which cause discoloring.
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] analyzed at middepth in boards
2 After each species the dimensions listed represent those boards

treated and indicate a different sawmill:

A. ash-8/4, 8/4, 5/4, 4/4; r.0ak-8/4, 8/4, 8/4, 5/4, 4/4; w. 0ak-8/4, 4/4;
y.poglar-8/4, 8/4, 5/4; w. pine-8/4

B. ash-8/4, 8/4, 8/4, 5/4, 4/4; r.cak-8/4, 8/4, 6/4, 5/4, 5/4, 4/4;
w. oak-8/4, 4/4; y.poplar-8/4, 8/4, 5/4; w. pine-8/4

C. ash-8/4, 8/4; r.oak-8/4, 8/4, 5/4, 5/4; w. oak-4/4;
y.poplar-8/4, 8/4, 8/4, 5/4; w. pine-8/4

Figure 6. — Combined mean percentages of BAE contents at middepth of boards at 4, 6, and
8 weeks after dip-diffusion treatment with Tim-Bor during February (A), June (B), and October
(C). Boards were sampled from a varied number of sawmills and board thicknesses. Means
represent for each month/species three board samples times the number of board dimensions
listed in the footnote.
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TABLE 5. — Mean estimated consumption of borate and solution per mill for three treatments.®

Mill Am-Bor-S Tim-Bor

no. (gal.) (L] (lb.) kgl {gal} L iIb.} (kg)
1 14 53 63 29 15 58 33 15
2 13 49 38 17 10 38 22 10
3 11 42 48 22 12 45 28 13
4 21 79 96 43 14 53 LS 20
5 10 38 46 21 13 49 29 13
6 28 10° 125 57 23 87 52 24

* All data are based on consumption per 1,000 BF [divide liters by 2.4 m* for liters/m?); pounds of consumption
were calculated using solution concentrations of 4.5 and 2.25 pounds per gailon for Am-Bor-5 and Tim-Bor,
respectively. Consumption was based on measurements before and after treatment of solution depth when

1 inch eguals 22 gallons,
Means do not include February
replenished solution levels an
¢ Means do not include February

10.

14,

15.

22.

23.

rounded to nearest gallon.

Serv. Rotorua, N.Z.

. Chandra, A. and SC. Pant. 1981. Building timbers
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