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TENTATIVE VISIT PROGRAM FOR THE TAIWANESE EXPERT
PRIOR TO THE COURSE HELD BY WISDEC ON FURNITURE
TECHNOLOGY, DESIGN AND F INISHING

§.12.2003 3.00 pm Wood Industry Skills Development Center (WISDEC)
Monday Lot 167, Jalan 3

Kompleks Perabot Olak Lempit

Tel: 03-31492924

Multi Nation Furniture Sdn Bhd

4.00 pm Lot 134 & 135

Jalan 4, Kompleks Perabot Olak Lempit
42700 Banting.

Tel: 03-31494961 ( Mr. Ng Kok Chan)

Kurogane (Malaysia) Sdn Bhd

5.00 pm Lot 128, Jalan §

Kompleks Perabot Olak Lempit

42700 Banting.

Tel: 03-31492826 (Mr. Sakor) 016-3289064

9.12.2003 9.00 am Hentz Wood Resources Sdn Bhd
Lot 1956, Batu 1 ¥2

Jalan Bangi

43500 Semenyih

Tel: 03-87241552 (Mr. Helen Foo)

9.30am Yew Hong Sofa Manufacturer Sdn Bhd
Lot 807, Batu 1 ¥, JIn. Bangi

43500 Semenyih

Tel: 03-87231888

1030am | Wyser Fumiture.S& Bhd_

Lot 808, BT ¥, Jalar Bangi
43500 Semenyi

Tel; 03:87237848  (Mr. Ah Tec)

1200pm | To Head Quarter MTIB
In Kuala Lumpur

3.00 pm Step Furniture Manufacturer Sdn Bhd
Lot 102 & 103, Jin. Perusahaan Lima
Tmn. Perindustrian Mahkota

43700 Beranang.

Tel: 03-87660000 (Ms. Hong Ooi Lan)

4.00 pm Woodlandor Furniture Sdn Bhd

Lot 442, Batu 22 %, Jalan Sg. Lalang

43500 Semenyih, Selangor

Tel: 03-87237743 Fax: 03-87236311 (Chin)

Wis/148.... Prog kur Taiwar(KO)
MJAfh
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Tentative Programme
Course On Furniture Technology, Design And Finishing

Date :
10 - 12 December 2003

Venue :
Wood Industry Skills Development Centre (WISDEC)
Lot 167, Jalan 3, Kompleks Perabot Olak Lempit, 42700 Banting, Selangor

Organised by :
Malaysian Timber Industry Board (MTIB)

10 December 2003 (Wednesday)
08.00 - 09.30 am Registration and armival of guests

09.30 - 09.45 am Opening Ceremony
Speech by Deputy Secretary General Il, Ministry of Primary
Industries cum MTIB's Chairman
Y. Bhg. Dato' Hj. Suboh Mohd Yassin

09.45 - 10.00 am Coffee and tea break
10.00 - 12.00 pm Furniture design history & styling ()
by Prof. Dr. Chi-Hsiung Chen
12.00 - 14.00 pm Break/Lunch
14.00-17.00 pm Wood properties relating to processing

by Prof. Dr. Cheang-Jung Lin

11 December 2003 (Thursday)

09.00 - 12.30 pm Furniture design history & styling (i)
by Prof. Dr. Chi-Hsiung Chen

12.30- 14.00 pm Break/Lunch

14.00-17.00 pm Wood adhesion and adhesives

by Prof. Dr. Cheang-Jung Lin

12 December 2003 (Friday)

by Prof. Dr. Cheang-Jung Lin

09.00 - 12.30 pm Economics and design
by Prof. Dr. Chi-Hsiung Chen
12.30 - 14.00 pm Break/Lunch '
14.00-17.00 pm Furniture finishing I
!
|



‘ iihinte fo enphasist
on the development of the valuc-added
scetor , whilst ensuning that the primary
sector continue 1o produce raw materials for
the downstrean'sector, and for export.
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COURSE ON FURNITURE TECHNOLOGY, DESIGN AND FINISHING
10 - 12 DECEMBER 2003
WISDEC, BANTING

No.

Nama dan alamat peserta

Sa-Hari bin Mohamad

Destan And Boat Kitchen Cabinet
C/O B 2398, Lorong Sekilau 17
Taman Sekilau Maju

25200 Kuantan

Tel: 09-5663658  Fak: 09-5663658

Nurafizah Abd Aziz
Regal Bonus Sdn Bhd
Jalan Kebun

Tel: 012-2869606 Fak:

Suhaili Sulong

Rau Syaan Ind. Sdn. Bhd
Bandar Bukit Puchong
Puchong, Selangor

Tel: 016-2231311

Lim Chui Hoon

SC Wooden Products Sdn Bhd

Lot 30444, Jin. Sellatheran

Bt. 4, Kg. Jawa

42450 Klang.

Tel: 03-51624633 Fax: 03-51624636

Lim Boo Chuan

SC Wooden Products Sdn Bhd

Lot 30444, Jin. Sellatheran

Bt. 4, Kg. Jawa

42450 Klang.

Tel: 03-51624633 Fax: 03-51624636

Mohd Khairur Azhar B. Nahrawi
Arena Wood Ind.

31, Jin. Taman Melati Satu
Tmn. Melati

53100 Setapak

Tel: 013-3311535




Lim Boo Tong

See Cheng Enterprise Sdn 8hd

Lot 9893, Batu 4

Kg. Jawa

42450 Klang

Tel: 03-33722308 Fax: 03-51624633

Ng Siew Peng

See Cheng Enterprise Sdn Bhd

Lot 9893, Batu 4

Kg. Jawa

42450 Klang .

Tel: 03-33722308 Fax: 03-51624636

Chew Chong Keat

Maximum Marks Sdn Bhd

Lot 116B, Bt. 13 %2

Sg. Serdang

42200 Kapar, Klang

Tel: 03-32591261 Fax: 03-32591263

Lau Kam Hung

Kluster Furniture Sdn Bhd

Lot 3152-8m, Batu 3

Jalan Karak

28400 Mentakab

Tel: 09-2784922 Fax: 09-2784982

Wong Shyue Hong

Kluster Furniture Sdn Bhd

Lot 3152-8M, Batu 3

Jalan Karak

28400 Mentakab

Tel: 09-2784922 Fax: 09-2784982

Tran Danh Luong

Kluster Furniture Sdn Bhd

Lot 3152-8m, Batu 3

Jalan Karak

28400 Mentakab

Tel: 09-2784922 Fax: 09-2784982




15.

16.

17.

18.

Xeon Chong

Profitlone Sdn Bhd

48, Jin. Industri 2

Taman Perindustrian

81500 Pekan Nenas

Tel: 07-6994097 Fax: 07-6994094

Ong Chin Peng

Hentz Wood Resources Sdn Bhd

Lot 1956, Batu 1 %

Jalan Bangi

43500 Semenyih

Tel; 03-87241552 Fax: 03-87241543

Hairudin Ab. Samad

Hentz Wood Resources Sdn Bhd

Lot 1956, Batu 1 %

Jalan Bangi

43500 Semenyih

Tel: 03-87241552 Fax: 03-87241543

Anuar Yaacob

UiTM

Cawangan Pahang

Lintasan Semarak

26400 Bandar Jengka, Pahang.

Tel: 09-4602299 Fak: 09-4602207

Mazlin Kusin

UiTM

Cawangan Pahang

Lintasan Semarak

26400 Bandar Jengka, Pahang.

Tel: 09-4602299 Fak: 09-4602207

Norhafizah Rosman

UitM

Cawangan Pahang

tintasan Semarak :

26400 Bandar Jengka, Pahang.

Tel: 09-4602299 Fak: 09-4602207




20.

21.

22.

23.

24.

25.

26.

27.

Norizan bte Awang

UiTM

Shah Alam

Tel: 012-6987028 Fak: 03-

Ahmad Zaki
UiTM, Shah Alam
Tel 019-3619482

Fairul Amir Bin lbrahim
UiTM, Shah Alam
Tel: 012-9785091

Mohd Firdaus Badarin
Pusat Giat MARA
Banting

Tel: 03-31879490

Mohd Shah Hazlie Ahmad
Pusat Giat MARA, Banting
Tel: 03-31879490

Faizal Ruzzaman bin Ahmad Sharudin
IKBN, Ulu Langat
Tel: 03-90211839

Rohana Apandi
IKBN, Ulu Langat
Tel: 03-90211839

Nor Hafizah Md. Saib
Universiti Malaysia Sabah
Beg Berkunci 2073

88999 Kota Kinabalu

Hairani Hussein

Universiti Malaysia Sabah
Beg Berkunci 2073:
88999 Kota Kinabalu




28.

30.

31.

32.

33.

Yee Wooi Han

Len cheong Furniture Sdn Bhd
Lot 71, Jin. Senawang 4

Kaw. Perusahaan Senawang
70450 Seremban, N. Sembilan
Tel: 06-6772133 Fak: 06-6778802

Sivaneswaran A/L Suparayan
Len cheong Furniture Sdn Bhd
Lot 71, JIn. Senawang 4

Kaw. Perusahaan Senawang
70450 Seremban, N. Sembilan
Tel: 06-6772133 Fak: 06-6778802

Suseela Devi A/P Kandasamy
Len cheong Furniture Sdn Bhd
Lot 71, Jin. Senawang 4

Kaw. Perusahaan Senawang
70450 Seremban, N. Sembilan
Tel: 06-6772133 Fak: 06-6778802

Kuah Tyng Pin

Winshine Sdn Bhd

No.1 Jalan Wawasan 12

Sri Gading Ind. Area

83300 Batu Pahat

Tel: 07-4559988 Fax: 07-455630

Yusman Shazly

Winshine Sdn Bhd

No.1 Jalan Wawasan 12

Sri Gading Ind. Area

83300 Batu Pahat

Tel: 07-4559988 Fax: 07-455630

Yap Kin Keong

Lefong Furniture Manufacturing S/B
Lot 2391, Jalan Mantap

25/126, Seksyen 25

40400 Shah Alam

Tel: 03-51214490 Fax: 03-51229909




34.

35.

36.

37.

38.

39.

40.

Reza Paidzal B. Md. Daud

Lembaga Perindustrian Kayu Malaysia
Tingkat 13-17, Menara PGRM

Jalan Pudu Ulu

Kuala Lumpur.

Tel: 03-92822235

Hamdi B. Hj. Mawardi

Lembaga Perindustrian Kayu Malaysia
Tingkat 13-17, Menara PGRM

Jalan Pudu Ulu

Kuala Lumpur.

Tel: 03-92822235

Wong Kam Wai

Malaysian Furniture Council

Lot 19A, 19, Floor, Menara PGRM
No. 8, Jalan Pudu Ulu

56100 Cheras, Kuala Lumpur.

Tel: 03-92822333 Faok: 03-92862296

Noor Raziff Ramly
Pusat Sumber Teknologi Perabot {MARA)
F.I.T. Center Sdn. Bhd

Mahmud Nasehah
Pusat Sumber Teknologi Perabot (MARA)
F.L.T. Center Sdn. Bhd

Mohammad Fahmi Abdul Rashid
Lembaga Perindustrian Kayu Malaysia
Tingkat 13-17, Menara PGRM

Jalan Pudu Ulu

Kuala Lumpur.

Tel: 03-92822235

Nor Azliza Abdullah
Universiti Malaysia Sabah
Beg Berkunci 2073

88999 Kota Kinabalu




41.

42.

43.

44.

45.

Yap Hui Peng

Far East Team Industries Sdn. Bhd
Lot 805, 6 KM Jalan Jelebu
70100 Seremban.

Tel: 06-7615811

Abd. Yazid Abd. Hamid

Lembaga Perindustrian Kayu Malaysia
Tingkat 13-17, Menara PGRM

Jalan Pudu Ulu

Kuala Lumpur.

Tel: 03-92822235

Norliwati Bf. Mohd Yusof

Wood Industries Skills Development Centre (WISDEC)
Lot 167, Jalan 3

Kompleks Perabot Olak Lempit

42700 Banting.

Tel: 03-31492924  Fak: 03-31492122

Norshahirah Bt. Mat Nasir

Wood Industries Skills Development Centre (WISDEC)
Lot 167, Jalan 3

Kompleks Perabot Olak Lempit

42700 Banting.

Tel: 03-31492924  fFak: 03-31492122

Mohd Jalil Ayub

Lembaga Perindustrian Kayu Malaysia
Tingkat 13-17, Menara PGRM

Jalan Pudu Ulu

Kuala Lumpur.

Tel: 03-92822235




FDS- for Furniture Class Presenting at Malaysia

Furniture Design Styling I&ll

Dr. Chi-Hsiung Chen

Head and Director, Dept. of Industrial Design & Graduate School
National Yunlin University of Science and Technology
http//www.yuntech.edu.tw

e-mail: chenchs@yuntech.edu.tw

Dec. 09, 2003; from Taiwan



FDS--Furniture Design Styling

EGYPTIAN (4000 B.C.—300 A.D.)

influence on laler craftsmen

anditis primarily important be-
cause of this. Greal craftsmen them-
selves, Egyptians not only were adep!
atfurniture making. but were known
for their weaving skilis.

‘xngE Egyptian style had a great

. T
e el x|

Egyptian weaving is the most an-
cient known industiry. Egyptian li-
nens are famous, being
embroidered with gold, silver and
purple. The moment we leave the
age of savagery and man clothed
himself, we reach the age of

o
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ational Yunlin University of Science & Technology—Design Styling & Marketing Laboratory

weaving—as clothing was one of
the first necessities of manking.
Tombs of Egypt, 2800 B.C., illus-
trate weavers at work and -at leas!
one depicts a man weaving'a check-
ered rug. Monuments of ancient
Egypt and Syria show the manutac-
ture of rugs and fabrics in 2400
B.C..In 808 B.C., fine embroidered
Egyptian canopy cloths were made
that had a patch character. The his-
tory of lace begins in 300 B.C., but
drawn work and nettings are of pre-
historic origin.

.As early 2s 2100 8.C.. Egypt was
highly civilized. In buildings. mold-
ings were seldom used and cham-
berswere decorated withillustrations
representing industries. '

Carvings, instead of standing out

inrelief, were sunken andthe ground
stood out, 2 system exactly. opposite
to the Assyrian system, where the
ground was depressed and the sub-
ject stood out in relief. Decoration
was full of gold and brilliant colors. the
triac form being popular {black. yellow.
andred), (rec. blue anc whiie). (dark
blue. light blue and white}). cream
color, blue and black); (dark red, me-
dium yellow and hue). Ornamen:s
were frequently in hieroglyphics.
* Among motifs and designs were
{he sun, the beetle, the cobra or ser-
pent. feathers, papyrus buds and
reeds, lotus, date-palms, the lily, zig-
zags for water ways, herbs, animals.
fan-shaped ornaments, nude figures.
winged human figures, human faces,
the ram, sparrow, hawk and sacred
tree.

Late Egyptian furniture had rope
or rush covered seats. Egyptianwall
treatments were confined to frieze
decorations against plain walls.

Couches were made low with no
‘foot-boards and had small rests at
the head to fit under the neck.
Stools often had wooden bottoms,
but couches were always plaited. In
600 B.C., seats were of narrow
strips of plaited leather and furniture
was often wood inlaid with metal.
Seats were curved to fit the figure.




FDS--Furniture Design Styling

GRECIAN (1200—B.C.)

HE ancient Greeks' contribu-
tion to furniture design is sub-
stantial. Primarily, we are in-
debted to them'for the three classic
orders of Greek capitals or column
toms: Boric, lonic, and Corinthian.
Exceptional simplicity is the chief
characteristic of Doric while the
lonic is noted for its volutes or spiral
scrolls. -
The Corinthian, like the celebrated
city of Corinth for which it is named,
is noted for its richness of design in

the same manner as the cily was.

renowned for its luxurious living.

Although the Greeks developed
anuntold variety of decorative motifs,
the anthemion and the acanthus are
the two which have exerted the most
influence on furniture styles. These’
two important motifs can be traced
through subsequent centuriesinvari-
ous forms.

- "While both of these ornamental
styles were derived from foliage, the
acanthus is the most popular and
has been used in many other styles.
Its popularity is due o the many or-
namental possibilities of its beautiful
leaves which the Greeks depicted
as sharp-edged and narrow.

One of the most interesting contri-
butions of Greek art1o furniture styles
is the ornamental fret of interlacing
design. The simple square iret is
purely geomeiric in line while the
raking fret with ils bent line is the
origin of all other interlacing orna-
ments in styles following the Greek.
" The wooden furniture of the Greeks
was oftendecorated with glass, ivory
andmetalinlays. Woodenbedswere
somelimes ornamented in torioise-
shell and veneers of fine woods.
Chests had already made their a2p-
pearance as a household ulility, and
were used for the purpose of storing
clothes and linens.’

Smaller chests formed containers
for jewels, toilet articles, papers and
other small articles. Painting, carv-
ing, turning. inlaying, incrusting with
metal, ivory and other precious stones
were favorite methods of decoration.

Greek chairs had uprighl backs

with the frame of the seat some-
times mortised to the legs. These
designs played an important part in
the work of Duncan Phyfe.

Couches were designed to seat
three peopie and were much in evi-
dence. Because the Greeks reclined
when eating, tables were naturally
built low and the tops did not project
from the bases.

The Greek harp-like lyre inll
enced the furniture designing Adar
brothers. .

Greek architectural and furnijur
designs influenced the later Lou
XVI, Sheraton, Hepplewhite, AHan
Empire and Federal (especially th
late federal styles of Duncan Phyfi

-

RGLZORRO)
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)S--Furniture Design Styling

ROMAN (600 B.C.—400 A.D.)

"Greeks as leaders of the an-
cient world created nothing
winthe realm of the arts, but cop-
and elaborated on the Greek
signs.
lo the three classic orders of col-
n tops the Romans added the
ssic Roman Composite and the
scan,
"he Roman Composile is a combi-
ion of Ihe Greek lonic and Corin-
in while the Tuscan is very similar

FHE Romans who followed the

to the simplicity of the Greek Doric. .

One of the {avorite motifs of Ro-
man decoration was the acanthus
leaf. It is characterized by graceful-
ness and naluralness with the leaf
veins carefully chiselled.

The Romans also ornamented
their furniture with scrollwork which
is evidenlin the latter day designs of
the Adam Brolhers of England. It
was also this type of ornamentation
that northern European countries
borrowed.

Kol
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Probably because early Roman
furniture was constru cted by Greeks,
it shared the rigid construcuon and
rectangular forms.

An improvement which the ro-
mans pioneered was the concave
backed chair which fit the contour of
the body and gave some semblance
of comfort.

During the Roman period bronze
work was developed to a2 highdegree
and many pieces we re made entire-
ly of this metal. Others were con-
structed of bronze and marble,

The pleasure loving Romans had.
their furniture richly upholstered in
vivid Oriental colors and the cov-
erings for cushions, chairs and
couches were made of silks, linens
and velvets.

The Romans were noted for four
mejor types of chairs: curule, bisel-
lium, solium and cathedra.

The curufe was characterized by
a square seat and legs crossed into

‘an X-shape. The bisellium were

couches or settees and varied in
length from five to six feet.

The solium was a chair whichwas
reserved for the head of the house-
hold,-and the cathec/ra was & chair
exclusively for women and children.

- The beds of the period had head-
boards, footboards, and pillow rests.
The dining couch was built lower
than the sleeping bed and a ledge
on which the occupant might rest
his left arm was fastened to the
piece. A general storage chest was
also developed that resembled a
cupboard ‘but which served as
repository for warrior’s weapons.

Roman furniture was elaborately
embellished with carvings, paintings,
gildings and fancy wood veneering.
Also used were precious and semi-
precious stones.

Most of the Roman furniture that
has survived until this day is bronze

‘or some type of stone.

© Modernday furniture basedonthe
Roman period is usually found in
club rooms, hote! lobbies and other
public places and rarely found in
homes.
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GOTHIC (1100-1500 A.D.)

===RKE Gothic period which fol-
E jowed the Byzantine and Ro-

manesque age was greatly in-
fluenced by the spread of Christianity
throughout Europe.

1t was at first crude and heavy, but
later became highly decorative as
people put a grealer emphasis on’
worldly living. The Crusaders helped
to introduce Byzantine influences in
the period's furniture.

- The general lines of the style
were heavy and.cumbersome with
an accent on church motif. It some-
times featured a profuse use of {all
arches.

Littie furniture appeared during this
period other lhan'in the monasteries
and church edifices. Striciness of
church discipline decreed that furni-
‘ture be formal rather than comforta-
ble. Conseqguently, the chairs were
rigid and the chests and cotfers were
massive and almost immovable.

The chest or huich was probably
the most popular piece of furniture.
These were used for seats and bench-
es by day and beds and couches by
night. Household articles also were
stored in the hutches and they were
used as trunks when the family
moved, which in those times was
guite often.

The hutches were roughly con-
structed with the tops nearly always
opening on pin-hinges. The frontwas
a solid board of oak of great widths.

Late Gothic furniture took on 2 lit-
tle more structural refinement when
chests and dressers became more
common. it was at this time that the
trestle table came into being, some
even having drawers. :

Decoreated chairs with arms were
used only in churches as seats for
the clergy or as choir stalls. The
X-shaped chair was in use as were
iriangular seats brought from By-
zantium,

Decorative motifs took their inspi-
ration chiefly from church ceremonies
and the linen-fold type was principal-
ly used. it was derived from Catholic
ritual which utilized a folded napkin.

Also popular motifs of the period

were racery patlerns and the pointed .

arch.

Decorations were reproductions

of the local foliage, and flutings with
foliage ornament. Probably the most
notable floral pattern developed was
the royal fleur-de-lis.

QOak was the principal wood used

at this time but in the lale part of

the Gothic period soltwoods we
introduced.

Because of its church influen
and design the furniture of the Gott
period is chiefly used in churche
although the English type is use
in paneled dining rooms, huntir
lodges, summer hom es and wherev
a primitive atmosph eres is wanle

National Yunlin University of Science & Technology—Design Styling & Marketing Laboratory
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ITALIAN RENAISSANCE (1443--1564 )

=HE Renaissance or rebirth of
interest in the highly original
and creative Greek -and Ro-
1 arls began in Naly.
s influence spread very quickly
| it soon carne to France. Spain.
jland and other European coun-
s. Under the infiuence ol the
Jaissance. lile became freer and
re open and this was reflected in

2411
=

the furniture of the period.

The furniture craftsmen used
familiar and beautiful things as their
inspiration for motifs and decorative
designs. Carvings of the human
body, flowers, trees, musical instru-
ments such as the lyre and the harp,
vines and vases were all applied o
furniture decoration.

The llalian designer freely adapled

i
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Roman and Greek themes into, 2
composite style that was artistically
fine even though some of the motifs
were grotesque and imaginary.’ An
example of the grotesque were drag-
ons with men's heads and plant struc-
tures with women'’s bodies.

The Greek acanthus leaf was lib-
erally inspired in naturalistic and ro-
mantic styles.

Velvet upholstery of a crimson
color, heavily fringed and decorated
with tassels and flatbrass nailswere
adoded decoration o the fine furni-
ture of the Renaissance.

The lines of the {talian furniture
were modifications of Greek and Ro-
man predecessors and generally had
straight lines, were low, and well
proportioned.

While the ltalian Renaissance fur-
niture was beautiful it was essen-
tially made to please the eye and not
to comfort the body. it wascharacter-
ized by dignity and restraint, but did
not possess charm.

The chairs were rectanguler and
straight in line while the tables were
large and turned with decorative lion
paws at their extremes.

Many of the chests, cupboards,
dressers, rested on the floor with-
oul feet. The arms of the chairswere
generally straight from the back,
being plain or rounded undef at the
end. Heavy underbracings were
=iso a characledstic of the period.
Mouldings which were used on
almost every piece of furniture were
delicately executed, and gave a per-
fect balance to the piece of furniture
on which.they were placed.

The wood of the Halian Renais-
sance period was essentially walnut;
but oak was also used.

Brilliant colors were used every-
where as was ivory and metal. Inthe
late part of the Renaissance, marble
tops -were used for cabinets and
consoles. !

Today, adaptations of ltalianfurni-
ture are used extensively for home
libraries, public parlors, and recep-
tion rooms.
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FLEMISH RENAISSANCE (1500--1600)

o a1

. HE peoples of the Netherlands
E and Flanders (which is now
Belgium) were influenced lale
bythe Renaissancethatwas sweep-
ing Europe, butonce’itreached them
{here was rapid progress. -
.Their furniture was influenced by

their own conservatism and by their

natural attraction to .home life. -

The Netherlands was a great sea-
faring nation and her travelers brought
back ideas from foreign countries
which were used by the crafismen of
the period. ’

When the Netherlands became a
iree country the style of her furni-
ture changed and in turn influenced
England and helped develop the
late Jacobean and William and Mary
periods.

Because they were home-loving
countries their furniture showed a
solid domesticity characterized by a
heaviness and bulk that was more
clumsy than graceful.

Although probably not as artful as
the ltalian and French furniture of
the period, its proportions were good
andin close harmony with the homes
in which it wes used.

Carving was the chief decoration
since Flanders had many skilled
carvers andfurniture craftsmen. Foli-
aled ornament and grotesque scroll-
work were embellished on the furni-
ture. Seats of chairs were often up-
holstered with leather, attached to
the wood by heavy brass nails.

“Inlaying was done with black ebony,
yacca and other materials.

Cupboards, beds, tables and chairs
were ornamented with columns in

the ltalian style and added scroll-: .

work, mountings and pyramid orna-
ment. The arm chair had legs furned
in balusters and cubes, and con-
necled by strelchers. .
Cupboards were made with four
doors and had bases mounted on
bunfeet. Chairs usually had straight
lines similar o modern chairs.
Stretchers connected the four solidly
made legs and gave the chair the
appearance of solidity and sirength.
During the period of the Flemish

- National Yunlin University of Science & Technology—Design Styling & Marketing Laboratory

Renaissance, oak was the predomi-  soles of the period slill have so
nanl wood. favor in homes, while the chairs
"Some of the small tables and con- adapted in public places.
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SPANISH RENAISSANCE (1500--1650)

~HE Spanish Renaissance or
revival of interest in the arts
was influenced from nearby
+ and also by the Moors from
lhern Africa. These people had oc-
ied a large part of Spain for many
rs before the Renaissance.
panish furniture was also in-
nced by the prior Gothic period
therefore possessed a distinct
racter that was different from
other European style.
ecause Spain was constantly
rar, its furniture was influenced
he military and is masculine in

>nal Yunlin University of Science & Technology—Design Styling & Marketing Laboratory

character and line, decoratec with
Moorish and Ralian ornament. Al-
though much ol the furniture was
made in monasteries the church had
litte inlluence.

Spanish furniture wes of splendid
and honest character and had dig-
nity and richness. Decorations were
restrained yet vigorous. It also had
great individuality, balance of pro-
portion and refinement with a bril-
liance of colorinrelief against severe
backgrounds.

Intricate scrolls and arcades. as

well as the twisted iron braces on:
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tables, were used, 2s was Moorish-
influenced leather annd iron work.

The development of the claw-loot
and the hool-foot came about at this
lime. The "Spanish Scroll" foot.was
a copy of a Netherla nd design-and
rater spread to Englamd and showed
up in Colonial American furniture.
Other feet commonly made were bun-
shaped, pear-shaped, the straight
and the rectangular.

" Spanish ornament was rich and

widely used. Carvings were fine and

curves subtle. Metal motifs andintri-

cate open-work designs were used.
Gilt nails, bone, brass, silver and
lortoise-shelt were frequently found
in designs.

A distinct Spanish style was the
use of leather over wood which was
stamped, colored and highlighted.

Furniture craftsmen borrowed ar-
cades of spindles from Spanish
architecture and this molif wasused
generously.

" The Spanish also developed the
well-known shell ormament which
was copied by later designers.

Spanish furniture Mmakers did not
produce in great volume and their
variety was limited. )

Chairs, upholstered benches,
beds, tables and unique writing
desks, together with certain chests
and screens were the predominant
pieces made.

The Spanish Moorish scissorchair
was an example of the work of the
period. § was decorated with fine
geometrical inlay known as “certo-
sina” work.

‘Only Spain developed the var-
queno cabinel secretary which has
many of the distinct features of Span-
ish design. When the writing desk
was opened there were many little
cabinets and drawers.

Some of the woods used during -
the era were oak, walnut, cedar,
chestnut, cypress and pine.

Spanish Renaissance influenceon
modern furniture is very limited, but
some of the pieces which were in
vogue may be seen in club rooms
and other public places.
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TUDOR-ELIZABETHAN (1509--1603)

—HE revival of interest in the
F arts by the English began when
I Henry VIII broke with the
Church and invited craftsmen from
all over Europe to beautify the Eng-

lish Court.

" The Tudor.period began with him
and culminated in the reign of
Elizabeth. It was one of the greatest
ages of learning in history. ’

{1 is also commonly thought of as.
the begining of the modern English
Empire.

The style which predominated
was an intermixture of French,
lalian, Gothic, and Flemish in-
fluences spread over a backround
of Tudor tastes.

Because of the influence of the
Gothic, the furniture of the period-

was massive, straight in line, elabo--

rately carved and largely copied
from the Italian Renaissance.

It was sturdy, made of ok and
had richly carved ornaments. Chair
backs were paneled and elaborate-
ly carved.

The largeness of the Tudor furni-
ture was due to the vast halls inwhich
it stood and the fact that a man in
armor needed a sturdy chair to hold
him.

During the Elizabethan period there
was a lighlening of furniture.

Motifs of the period were carved
acanthus leaves, the Tudor arch and
rose, carvedlozenges, linenfold, fruit
and floral carvings, grotesque fig-
ures nude to waist, animals, masques
and heraldic devices.

The ornamentation consisted chiei-:
ly of carvings, moldings and panel-
ing, very richin effect. Bulbous orna-
ments on legs and balusters were
ofien used and carving was spread
well over the surfaces.

Sturdy construction was the key
feature of the Tudor-Elizabethan
period. This has been altributed to
the usage of wooden. pegs in con-
struction. .

Underbracings were used on
chairs, tables and stools. The termi-

nals of chair, table, stool, and bed
legs were either straight, square or
bun shaped. The Gothic arm com-
ing straight from the back of the chair
was characteristic during the early
pan.of the period, but during Eliza-
beth’s time, the arm began 1o slope
downward.

Beds were enormous and design-

ed for comiorl. The bed posts w

. frequently built independently of

bediiself and decorated withthe|
fuse carvings of the day.

Some of the characteristics
Elizabethan design were user
modern times. This was frue of
melion- legs, channeling and Tu
rose.

National! Yunlin University of Science & Technology—Design Styling & Marketing Laboratory
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JACOBEAN (1603--1688)

==

HE Jacobean Period of furni-
g ture style includes three peri-
ods: Early Jacobean, Crom-
rellian, and Late Jacobean.
Although the periods have vari-
lions, they are grouped together
ecause of the political changes that
ame about at this time. .
In the Early and Late Jacobean
sriods the English were ruled by
Lord Proteclor in the person of
liver Cromwell, thus the Crom-
ellian era. ’

Early Jacobean furniture deve-
ped from earlier Elizabethan
1signs.

Ornament was less pronounced.,
rlicularly in the curves and curved
urishes of the Elizabethans..The
e was straighter, more practical,
npler, and tended to grace ralher
in strength.
Legs were straight, and turned in
rious designs, but the “melon-
Ib” was smaller when usad. Chair
derbracings were tied together
d served as foot rests. .
Chesis were box-like and rested
the floor, often without feet. Tables
re but boards setonlegs and cup-
irds were like large boxes.
:arly Jacobean fealures were used
:arly American styles and show
in modern reproductions.
jecause of the religious basis of
Cromwellian period, the furni-
: departed from the ornate and
ame severe, austere and sim-

he craftsmen of the period used
1y mouldings and turnings, with

legs oiten having bun or ball® -

was at this time that upholstery
an to find a more general use.
irs frequently had padded backs
vell as padded seats.

1e gateleg table found favor and
been popular ever since, as has
Welsh dresser.

'hen the English became tired of
itrictness of Cromwell, they again
ed to a king, and this period is
vn as the late Jacobean.

It was 2 period of gaiety and lux-
ury and was influenced by the French,
Dutch, Flemish and other Continen-
tal countries.

The principal ornaments of the
lime were the "S" and “C" scrolls
which were repeated and reiterated,
joined and rejoined until they finally
completed apanel. The styleis char-

aclerized by ornamentation, by ii
spiral turned legs and geometric:
mouldings.

The carved crown is another fez
ture of the period and indicated th
return to monarchy,

Today, Late Jac obean furniture
used in public buildings, receptic
rooms and halls and churches.

. . . 9
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CHINESE (1600--1700)

firstbegan o use slate or domes-
tic furniture. Whether. fike the
ancien! Assyrians and Egyplians,

g T is unknown when the Chinese

there was an early civilization which

included the arts of joining. carving
and upholstery cannot be determin-
ed. Most probably there was. From

early plaster casts on the orname
tal stone gateways of Sanchi Tof
in Bhopal, Central.India, it appee
that in the early part of the Chris
an era, Hindu wood catve
represented figures of men a
animals in the woo dwork of sacr
buildings or places. The marvelo
dexterity in manipulating woc

-ivory and stone which can be recc

nized in the Chinese of today h
been passed down from their ea
ancestors.

Sir William Chamibers {ravellec
China in the early part of the ei¢
teenth century, and it was he w
introduced “the Chinese style™ i
furniture and decor ation. which w
adapled by Chippendale and ot
makers.

Older Chinese furniture seen
day often dates irom the eighteer
century, having been made to o
er and imported by the Dutch. T
explains the ofien curious combii
tions of Oriental and European
fluences in these pieces.

The most highly prized Chine
decorative furniture has beaut
lacquer work. Smoothly plar
wood is covered with a coat
made of powdered red sandstc
and buffalo's gall. This is allowec
dry, is polished and and rubbed w
wax, or else washed with g
water, holding chalk in solution. 1
varnish is laid on with a flat brt
and the article is placed in a da
dryingroom. It then passes into"
hands of a workman who polist
it with a piece of very fine grair
soft clay slate, or with the stalks
the horse-tail or shave grass. It tt
receives a second coal of lacqu
When dry-it is polished. These of
ations are repeated until the surf:
becomes perfectly smooth and |
trous. There are never less tf
three coatings applied and seld
more than eighteen.

National Yunlin University of Science & Technology—Design Styling & Marketing Laboratory
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FRENCH PROVINCIAL (1610--1800)
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BOUT 1912, collectors and

_15\ connoisseurs began lo show
zinterest in wh at was known

as Rustic or Provincial French furni-
ture. In France, the term Rustic de-
scribed this style, but in Ametica,
Ruslichas anentirely differentmean-

[ing so that Provincial is a better

description of this style.

The styles of the French provinces
outside of the larger cities are varied:
therefore, we have tried to choose a
few for illustration that will give a
general theme.

The study of French Provincial
started with the reign of Louis XIV,
1643. Prior 1o that time very liltle
furniture was made and that was
extremely simple.

With the establishment of peace
in France, furniture began to grow
in guantity and variety. At the begin-
ning, the styles were greatly in-
fluenced by the ltalian, being

. encrusted with precious stones,

ivory or mother of pearl or carving.

The bourgeois furniture had a dis-
tinct Dutch style from which finally
emerged the French Renaissance
style.

" From the beginning of Louis XIV's
reign, all inlays and veneers were
dropped and furniture wes produced
from native solid woods—oak, beech,
walnut and fruit woods.

In spite of the fact that the French
peasant was usually wealthy, his
tastes remained simple.

During the reign of Louis XV a
whole series of pieces came into be-
ing with drawers, such as chitfo-
niers, secretaries, and tiny tables for
various purposes. At the same time,
simple furniture began to develop
along the local lines and the once

. barren peasant coltage assumed a

homelike atmosphere. Well styled
French Provincial furniture at last
came into its own.

it is noted that the style which origi-
-nated during the reign of Louis XV
conformed with the popular manner
of French tastes, and .it continued
into the XVI period.

11
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WILLIAM & MARY (1689--1702)

3 ILLIAM and Mary intro-
duced to England the styles
and workmanship of the

-Low Country.

Because of thisinfluence the furni-
ture of this period- became lighter
and more comiortable and therefore
betler suited to home use. The peo-
ple readily accepted this change as
.they were becoming tired of the Ja-
cobean style.

Mary was interesied in home fur-
nishings and her influence on styles
was greal. She was a skilled needle-
worker and coniributed some of her
products to be used as chair cover-
ings. :

For the first time, England came to
know furniture that was subtle and
graceful with 2 harmonious combina-
tion of straight and curved lines.

The cabinet work was rectangular
and arched:; and double-arched backs
on cabinets, as well 2s on the backs
ol settees and chairs, became a
distinguishing feature.

The style is easily identified by

the turned legs, with inverled cups; ’

by the serpenline-shaped stretch-

ers, usually crossed, and frequently’

with e finial at the intersection.

Backs of chairs were high and
rounded at the top. Some of them
were carved and caned or uphol-
stered. They were slanted somewhat
and seals were square. The legs
were turned, ociagonal or sguare.
Late in the period, the Dutch cabri-
ole leg came intc use.

Feet were of the Dutch bun, the
Dutch ball-and-claw, and the Span-
ish scroll. Block-feet were found on
low chests of drawers. Arms usually
flared outward.and were made of
wood, or were upholstered and rolied
over. .

The Dulch cockle-shell motit was
popular and was carried over into
the Queen Anne period. Also charac-
teristic was the apron-shaped orna-
mentation with pendants. Marquetry
was exceedingly popular, and veneer-
ing for the first time was largely used.

The marquetry was quieter than
in the preceding Jacobean period
and the chairs were less decoraled
and more dependent upon graceful
curves. .

Chairs and uphoistered stools were
generally popular. Beds were exceed-
ingly tail, with slenderposts and elab-
orate hangings. Some of these posts
were twice as high as a tall man.
Chest of drawers appeared and be-
came known as highboys and low-

boys. .

China cabinets ca meinto fashic
owing to 2 vogue for collecting chi.
and ceramics. .

Walnut was the principal wo
used. )

This period established the po
that furniture design could be simg
and beautiiul atthe same time, a
also be withinthereach of the mar.

\William and Mary period furnitu
is not in vogue today.

fse
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AMERICAN COLONIAL (1620--1795,1795--1847)

= ARLY American furniture de-
= sign falls into two periods, the
= first prior to the revolution and
second after. In the pre-revolu-
ary period the colonists’ de-
s were fashioned after those of
pendale and Louis XIV, while
- the revolution the young re-.
ic looked to France only for in-
ition.

uring its early period, American

iture design was primarily a fu-
of styles that could be used by
solonists.'Colonial furniture de-

included almost all of the En- .

1 periods; many Dutch forms,
some French.:Because the
; of the settlers were hard, their
ts were basic and so their fur-
re needs were primarily
arian.
dlonial styles were plainer and
1. sturdier than the foreign
els. There were few complex or
iful elements, with a charac-
tic freedom of line, at once
ghtfoward, durable and usable.
zcorative effects used by the
nists were hand wrought
nts and drawer-pulls of iron and
s.
oods that were popuilar during
>eriod were imported mahoga-
native oak, pine, ash, hickory,
, apple, pear, cherry, maple
black walnut. Reed and rush
s were popular, as were uphol-
2d seats in the later portion of
period.!
ter the Revolution, the citizens
© new state disliked British de-
s and turned to France. The
: of the French Directoire peri-
dready was felt in this country,
when the Napoleonic regime
ited fashion at the beginning of
19th century, Americans also
. 1o these forms (Empire).
1e motifs of post-Revolutionary
iture include acanthus leaves,
3, pineapples, winged gritfin feet
lion and bear claws. Furniture
carved and some of the carv-
was gilded. Melal mounts were

popular and scrolis were also used
extensively. ]

Curved and straight lines were
employed and proportions were large
and the eflect massive. The legs

-were straight or curved outward in

the classic curule style. .
Arms of chairs began well up on

the uprights of the back, swept down-

ward in a fairly graceful curve and

ended in a scroll. Sofa arms were
usually rolled over. . The backs of
chairs were low and simple indesign,
while the top rail was usually cutved
1o fit the contour of th e body.

dnal Yunlin University of Science & Technology—Design Styling & Marketing Laboratory 13
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AMERICAN COUNTRY (1620--1875)

arly American furniture de-
sign falls into two periods, the
first prior to the revolution

(1620-1785) and the second after
(1795-1847). in  the pre-

revolutionary period colonial furni- ~

ture was fashioned after Georgian,

Louis XIV and Louis XV designs. Af-*

ter-the revolution the young repub-
lic looked to France only for
inspiration.

During its early period, American
tuniture design was primarily & fu-
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sion of styles. Almost all the English
periods, many Duich forms, and
some French were represented. Be-
cause the lives of the settlers were
hard, their wants were basic and so
their furniture needs were primarily
utilitarian. .

Colonial houses were neat build-
ings of brick and wood. The rooms
were not large, and furniture tend-
ed to be narrow and taller than En-
glish works. Most of the furniture
was practical and seldom luxurious.

‘Chippendale’ chairs were plentifi
as were upholstere d settees, car
tables, and tea-tabl es, either of t!
round snap-top form with a bir
cage, or the rectang ular tray top vi
iety. Beds lended to be simple; wi
posts and draped testers. ‘L¢
chests or kneehole writing-table
which served as dressing-tables
bedrooms were also popular.

Decorzative effects used by tl
Colonists were hand wroug
mounts eand drawer-pulls o iron at
brass.

Woods that were pepular durit
the period were imported mzhog
ny, native oak, pine, ash, hicko:
gum, apple, pear, cherry, maf
and black walnut. Reed and ru:
seats were used, but later upht
stery also weas utilized.

Seventeenth-century colonial fu
niture showed marked ‘regior
differences. New York and New Je
sey, produced the great Dutch cu
board, or ‘kas’, while the Ne
England sezporis, Boston and Ne
port, produced joined pieces, sur
as chests of drawers and taliboy
of English derivation. Until i
1700's furniture of Massachuset
and Connecticut continued to !
made essentially on the Jacobe:
lines. Only after that did the desig:
of William and Mary becon
popular.

After the Revolution, the citize
of the new republic disliked Briti:
designs and turned to France. Tl
style of the French Directoire pe
od already was felt in this counti
and when the Napoleonic regin
dictated the fashions at the begi
ning of the 19th century, America
also took to these forms.

The motifs of post-Revolutiona
furniture include acanthus leave
lyres, pineapples; winged grif
feet, lion claws and bear claws. Fi
niture was carved and some of i
carving was gilded. Metal mour
were popular and scrolls also we
used extensively.

Curved and straight lines we
employed. Proportions were lar

National Yunlin University of Science & Technology—Design Styling & Marketing Laboratory
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AMERICAN COUNTRY (1620--1875)

nd pieces had legs which were
traight or curved outward in the
lassic curule style.

Arms of chairs began well up on
e uprights” of ‘the back, swept
ownward in a fairly graceful curve
nd ended in a scroll. Sofa arms
ere usually rolied over. The backs
f chairs were low and simple in de-
gn, while the top rail was usually
Jrved to fit the contour of the body.
ahogany was used almost exclu-
vely.

Reproductions and adaptations of

merican Colonial designs fall into

/0 categories. Simple designs
seracteristic of "country style”, and
cre sophisticated designs made
rihe wealthy. Since the Sheraton,
Jippencale and Hepplewhite de-
an schools were immenselypopu-
r in both England and the
nerican colonies, it is often
ficult to tell whether accurate
productions of furniture made for
2 wealthy were originally made by
glish or American craftsman.

Many chairs known loday as
nerican Country or Early Ameri-
= 2re Wingsor chairs in maple,

k or pine. Dining chairs and ta-

:s are often heavy with generous
»poriions. Chairs have saddie or
ven rush type seats and comb,
|, hoop, lzdder, banister and bow
zped backs. Chair legs are often
ned and connected by H-
etchers. Tables may have
Jestal bases (single or double),
stle type bases or turned legs.
‘ons are plain or shaped. Butter-
and gateleg dining tables, cup-
irds, hutches and dry sinks ofien
‘e American Colonial styling./

Some American Colonial styled
:asional {ables are adaptations of
jinal butterfly and gateleg styles.
ier occasional tables, dining ta-
s and chairs incorporate ele-
nts from Queen Anne,
ppendale, Adam, Hepplewhite
I Sheraton. Occasional furniture
ces that have heavy oak, maple
pine turnings and generous
sortions are often called Early

American.

Upholstered  Colonial  styles
which have some of the foliowing
characteristics fall into the American
Country or Colonial style category:
exposed wood trim in an oak or light
brown maple finish; pleated or ruf-
fled skirts; wing backs; loose
cushion seats; loose or light
cushion "backs; ample crowning;
distinctive “country styled” covers.
Many of these upholstered pieces
are ‘not reproductions of original

colonial designs. Some have

evolved to’correlaite with colonial

styled tables chairs and case pieces

or to give a comfortable casual feel-

ing representative of country living.

Others are modified 18th century

designs.

"Country styled bedroom furniture is

often massive with head and foot-
boards made from turned members,

Split balusters may adorn cese

pieces which are u sually construct- -
ed from pine, ogak or maple.

ional Yunlin University of Science & Technology—Design Styling & Marketing Laboratory 15
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LOUIS XIV (1643--1715)

od was followed by the distinc
furniture sivies of Louis XIV.
This age was marked by splen:

E N France. the Renaissance p

. and grandeur. It is considered -
-~ most magnificent of the Frer
*. periods."

" The style of Louis XIV was'brc

* and magnificent, with many strai

lines and very tew curves. 'l »

. vsevere, classical. symmetrical; d

-.orateg beautifully. but not to exce
".. buill for grandeur rather than
', comfort.

Two opposiie views were «

+ pressed in the furniture. While 1

structure was formal and rectant

. lar, it was decorated with playft

informal motifs and the color co

" “binations favered by the King.

Some of the legs were straig
while others were cabriole in shag
The four legs of a chair were alwe

" alike. The feet were paws, clov

hoofs or carved acanthus ledve
Chair backs were generally hi
.and straight at the sides, and oft

- - streight across &t the top. X-sha
. stretchers were also used.

The ornament was always lar
in scale -and alike on both sides.
bilaterally symmetricdl. The sh
was ofien employed. -

New types of decoration such’
carving, painting. gilding. inlayir
acquer-work and metal mounts we

_ developed. Ozk, walnut. ebony a

chesinut were used extensively. w

" various rare woods for inlays. Mi

ble was frequently used for tat

“tops.Upholstery was very rich.

Andre Charles Boulle was the m¢

- successful furniture designer of t

period and was appointed the King
cabinet maker. He was noted for t

ebony furniture and he inlaid tt
" wood with tortoise shell, brass a
- othermetals untilitresembleda b

liant mosaic. He also decorated }
work with chiseled mounts of gilt

National Yunlin University of Science & Technology—Design Styling & Marketing Laboratory
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QUEEN ANNE (1702--1714)

F\\ LTHOUGH Queen Anne fur-
niture still shows the influence
“Vof Dutch designers as did‘the
xceeding period of Wiliam and
wy, a freedom was extended o
tsmen and they developed British

W

N

A

designs.
As a result, furniture of Queen
Anne's time shows a step forward in

refinement, in grace and in comfort.

The English home was becoming
more modernized, and greater com-

forts began to appear. Uncomforta-
ble chairs of the ear lier period were
replaced by upholstered, over-
stuffed wing chairs. The easy chair
was also introduced during the
Queen Anne period. 2

Wide flaring chair seats designed
to accommodate the huge ‘skirts
worn by women-of the time came
into fashion. Because of this fact,
many of the chairs did not have
arms. Backs of chairs, in order to
provide comfort, werre shaped to fit
the body. .

The cockle-shellornamental carv-
ing was the most popular and is
found on the knees of cabriole legs,
on the cresting of ch air backs, in the
middle of drawers and aprons, and
frequently formed th e center motif of
carved designs. This ornament and
the cabriole leg are perhaps the
most outstanding f{eatures. The
cabriole leg is an adaptation of the
=S scroll. It is often found on the
apron, chair-backs, mirrors and
even table tops.

The cabriole leg was later used in
Louis XV furniture and in the de-
signs of Chippendale. Other feet
used were the claw-and -ball, the
paw and the club.

Furniture surfaces were kept plain,
withoutpanelingormolding. Veneer-
ingwas much used andlacquer work
was popular.

Dining tables were of the drop-
leaf variety; chest of drawers, high-
boys and lowboys, and beds with tall
slender posts supporiingtesters were
popular. A feature of the chair was
the solid fiddleback-shaped splat,
with uprights in sweeping contours.

These backs were generaily narrow.

Underbracing was not used.
Queen Anne construction was used
by later designers who added their
own conceptions {o it. This showed
up in the Georgian period.
Walnut was the principal wood
used and sometimes the age is re-

“{erred to as the Age of Walnut.

>nal Yunlin University of Science & Technology—Design Styling & Marketing Laboratory 1
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CHIPPENDALE (1705--1779)

HOMAS Chippendale. the son
of a woodcarver, was the first
cabinetrmakerio have hisname
associated with a furniture style.
Chippendale was a masler de-
signer, a peerless carver and a re-
markable craftsman. He was partic-
ularly able at choosing ideas from
other periods and other countries.
Critics have charged, and with some
validity, that he freely picked up other
designs without acknowledgement.
But even though this charge is true,
he always added his own style and
distinction to his works.
Chippendale adapted Oriental mo-
tifs, until he evolved what is known
as Chinese-Chippendzle. Even the
Gothic supplied him with inspiration.
In addition o his designing ability,
he was also a good business man
and a good salesman. In 1754 he
wrote and published the first book

onfurniture desians;and, in so doing.-

he identified individual designs with
the maker's name.

His style is richly carved in ma-
hogany, with a free use of curves
gracefully, beautifully ang substan-
tially proportioned. It may be'more
difficult to recognize than the aver-
age because of his borrowings, but
generally speaking, substantial
beauty, with marvelous carving are
the signs of Chippendale.

The claw-and-ball foot is one of
the most characteristic motifs and
was used with cabriole legs. Other
feet used with cabriole legs were
the club, web, scroll, paw, dolphin,
leal and slipper. The siraight leg
was used on his Gothic and Chi-
nese styles, while on his other de-
signs he extensively used the cabri-
ole leg.

The arms of the chairs were curved
and flaring at the end, and usually
joined the uprights at an angle, whiie
the supports were shaped forward at
the side rails of the seat. This fea-
‘ture is a definile Chippendale char-
acteristic.

The backs were inclined to be
square in outline wilh serpentine
shaped tops.

Chippendale was free in his use
of motifs and some of his favoriles
were scrolls, acanthus leaves. knot-
ted ribbons and interlaced straps.
He also used rococo shells large
curves.as well as the “C" scroii. lion
heads and masks.

Mahogany was his favorite wood.

Rl | ilnciniie
iy

.

although he someti mesusedwa
He made almost all types of I
ture including sidetoards andb
cases.

o
I
drea————
x ‘*‘\'xomﬁa

- [
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LOUIS XV (1715--1774)

®HE age of Louis XV was mark-
ed by vice and immorality, k-
centiousness and hypocrisy.
)recause they were covered by a
< of refinement. art contributed
ogress. '
il Louis XV came of age France
ruled by a Regent and the furni-
of this era is referred {o as Re-
y. Many new objecls appeared

such as commodes and chitfoniers
with many drawers. secrelaries that

-concealed many things under clos-

ing panels, and falling flaps on the
sides of writing tables. The Hegency
only lasted eight years.

When Louis XV actively 1ook over
as king. furniture continued to be
decorative and-beautiful. Louis XV
was influenced by his two succes-

sive mistresses Madame du Barry

and Madame de Pompadour. Their
influence on furn iture fashions pro-
duced a strong feminine trend. |
Ladies” writing desks. cabinets.
dressing tables. corner commodes
and the ever-present mirrors weres
graceiul and dainty in construction.
and decotated with charmingly col-
ored silk. tapestry and embroidered
covers,
" The period developed structures
of sinuous curves and contours.
There were no straight lines. and the
flowing lines became delicale and
refined. No classic motifs were used.
Characteristics of the later style
influenced by Madame de Pom-
padour were a combination of rock
and shell motifs known as rpcoco.
The endive leaf, the shell ornament
and twisted forms lent a large and
sumptuous effect and were beauti-
ful to the eye.
Louis XV furniture invariably had
a cabriole leg. The feet were scroll-
ieaf while the dolphin-head some-
times was used. Arms of chairs and
settees were short and flaring. with
sharply curved support; .while the
backs were broad with the framing
ornately carved. They were usually
uphoistered, as were the seats. Un-
der-bracing. which had been X-
shaped in the time of Louis XIV was
not used. Ornamentation was domi-
nant and plain surfaces were avoided;
moldings were lighter in efiect and
panels were longer and not square.
Thetypesofdecorationusedwere’

“carving, inlaying, painting gilding and.

elaborate metal mounts. Wreaths,
flowers, lozenges, human figures

“and shells comprised the major mo-
_ tifs. Mahogany, walnut and ebony

‘were popular woods butotherwoods

-also were used for inlay work. The

colors were very light and gay, the

:more’ fashionable being white and
“.gold, pearl, silver, Tose, light greens’

and delicate blues;
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SHERATON (1750--1806)

= HOMAS Sheraton, the first

E " great designer of the 18th cen-

tury, was a master of cabinet
making and inlay.

Following classic lines, Sheraton
frankly adapted many of the Louis
XVI styles but added his own con-.
ceptionsand artistic knowledge. The
result, which is a prominent charac-
teristic of all Sheraton furniture, was
a subtle gracefulness, a remarkable
appreciation of form and correct geo-
metrical proportions. His work at all

times shows classic dignity. refine-

ment and restraini. .

Sheraton leaned heavily on per-
pendicular lines giving his designs
purity and beauty. He never de-
signed short curves, and whenever
he used the curve it was as & grace-
ful sweep.

Sheraton used the oval o 2 great
extent while the lyre, slender urns
and latticework were characteristic.
Reeding and flutings also marked
the style. He used swags, the cock-
shell, the star, fan shapes and small
ornamental disks. Inlay was a favor-
ite decoration and he used many
beautiful woods. Turning, veneering
and painting were used. The carving
was delicate and light.

Sheraton knew construction and
although his furniture was lightitwas
structurally sound. The legs were
very slender and were usually round,

tapered and reeded. Another type -

was square and tapered with acan-

thus leaf decoration. During the lat-
ter part of his career some of the .
table legs were spiral-turned. The .
feet are not conspicuous. He used the -

spade-foot, as did Hepplewhite, the
block foot and occasionally the French

Although there is a similarity be-
tween the Hepplewhite and Shera-
ton designs, Sheraton used more
underbracing and often the X-shape
stretcher. Hepplewhite pulied his
seat-cover well over the apron; while
Sheraton permitted a part of the seat
frame 1o show.

foot, which curved slightly outward.” .. ~ -

The typical Sheraton chair-back :’

was square, with a central panel ris

ing slightly above the top rail. The

lower rail usually kept the back wel

up from the seat. The arms started ::

high on the uprights of the chair an
swept downward in a very extende
“S" shape 1o the ‘suppors, whic
frequently were acontinuation of th
front-legs.

National Yunlin University of Science & Technology—Design Styling & Marketing Laboratory
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Sheraton was a master al asst
bling various woods even tho
mahogany was favored. For inl:
he usad satinwood tulipwood, s
more. and rosewood.

Sheraton design is still pop
today with many modifications
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ADAM BROTHERS (1765--1790)

4E Adams brothers were not
urniture makers,”but archi-
ects, decorators and design-
mploying Angelica Kaufiman
er husband. Antonio Zucchi,
i. Pergolesi and a host of oth-
hey built palaces for the no-
ouses for the middle classes,
3s, bridges. even streets and
2s. and in almost every in-
: their work was classic.
Chinese craze cropped out
1d then but its popularity waned
1e inception of this epoch. Their
reflecting the spirit of Pompeii
lerculaneum in a purer 1)<pe

than was expressedin the late Louis
XVi adaptations. left its deepest im-
pression on ceilings. side-walls and
mantelpieces produced under the
architects’ directions. They were tint-
ed usually in jasper or the palest
gray colors. Circles and ovals were
used as frames. for pictures.

They utilized mythological orna-
ment, the hexagon. circle. octagon
and lozenge-shaped. panel. wreath.
{an medallion. draped or with figures.
the sphinx. griffin. sea horse. goat.
faun. ram’'s head. the caryatid and
innumerable other classic motifs
found in Roman. Pompeiian and
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Etruscanwork. They designedwalls.
ceilings. mantelpieces. even door
knobs, escutcheons, locks—every-
thing that went into a room, includ-
ing table tops and furniture panels.

While they were by no means fur-
niture-makers the Brothers Adam
always designed furniture to fit their
rooms. Many sideboards with urn-
shaped knife-boxes and classic
brackets, pedestals., clock cases and
mirrors were designed by them. They
even designed the carriages, the

_plate and the sedan chair for Queen

Charlotte.
_Their style was a complete depar-

‘ture from the massive and ponder-

ous comparment ceiling of the Ja-
cobean. Instead they adopted light
moldings. delicatestucco frames and
painted ornaments . They advanced
the theory that dining rooms, being
so often utilized for extended con-
versation. should be finished with
stucco. adorned with statues and
paintings and neverhungwithtapes-
try or damask. “which retain the
smell of the victuals.” As a result,
many of their rooms so largely de-
pended on the work of the painter
and sculptor that they lacked cozi-
ness. They were often circular or
semi-circular or with circular re-
cesses.

The gesso work of Haly was adapt-
ed and their ceilings were pan in

- relief and part painted, the plaster

being put on cameo-like, with great
delicacy. ltalian artisans were need-
ed for this work, which preceded the
use of plaques and friezes furnished
for late Adam work by Wedgewood,
who caught the Adam craze and
commercialized it.

The brothers were so eamest in
imparting their spirit to the entire
room that they insisted upon even
the carpets being in unison with the
surroundings. Even the table clothes
corresponded in patterns, .and the
unity scheme was carried outin the
silver plate, the tabletops, and even
‘the snuff-boxes.
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HEPPLEWHITE (1770--1790)

HE influence of the London

E cabinetmaker and designer

George Hepplewhite is wide-

spread because of his individual style
which emphasized lightness, grace-
fulness and elegance with a pure
beauty of line.
';’ﬁ?—:‘pplewhﬂe‘s work was refined,
tree from bizarre motifs, and showed
a greal deal of the Louis XVI influ-
ence, atype he copied frequently. In
" spite of-the slender characteristics
of the style, he achieved sturdy Eng-
lish gualities.

Hepplewhite is distinguished by
the graceful straight leg forms, the
serpentine fronts, and concave, cut-
in corners. Wheat-ears, Prince of
Wales feathers and beli-flower husks
were used in ornamentation. On the
chairs he usually used shield-shaped
backs, and unusual short, curved
arms’ Although Hepplewhite em-
ployed curves, they were always
refined.

Tegswereusually straight, square,
tapered and terminated in a spade-
foot. The tapered, round leg also
was used. Often it was resded or
grooved, and sometimes carved with
an intertwining spiral band.

Chairs were the most famous of
the Hepplewhite productions with the
shield-shaped chair-back the most
distinctive. This also was modified
by the hoop back, the interlacing
heart back and the oval back. The
backs of Hepplewhite chairs were .=
supported by a rail above the seat, . ...
which joinedthe slender curvedcon-
*igy_ations of the back qufs-;i—l o

\T'he designs popular with Hepple-
‘white were the lyre, the honeysuckle,
the urn and “S" curves. The seats
were frequently rounded attheback; -
butotherswere square andtapering. - -,
Usually they were upholstered, and -
upholstering generally was brought -
down over the frame. -

iAlthough mahogany was a favor- :
ite wood, he also used .rosewood,
satinwood, tulipwood, harewood and
other rare selections. Painting was™
the favorite decoration. '
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LOUIS XVI (1774--1793)
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URING the reign of Louis
XVI and his queen, Marie
Antoinette, there was areturn
to the classic designs of Greece and

Rome.
This change first came about, be-

" cause Marie Anioinette had aclassic

education, and because a‘rchaéolf
ogists were diggirg up ancient ruins.
Structure of the period’s furniture

e changed from the curved line and
- the cabriole leg to the straight line;

from unbalanced ornamentation to
balanced ornamentiation.}Architec-
tural details such as the classic Greek

=. column tops of lonic, and Corinthian
i design returned. "The style wasmore

home-like and the generaleffectwas
dainty. graceful and elegant. Curves,
when used. were long and slender.

The sofas were longer and were
supported by a number of straight

" fluted legs. Beds no longer had the

curved outlines of the previous style
and the wood was almost always
visible. Posts were usually crowned
with apineapple. a plume of feathers,
or other ornament.

iCarving in the design of a twisted
rope was & common motif. Acan-

- thus leaves. bows and rosettes, stafis

entwined with laurel leaves, oval
plaques, mahogany veneers were
all used. as were flaming torches.
fluted columns, lyres and urns.j
Bound arrows formed the corners
of many bureaus and commodes.
The woods, when not gilded or en-

.~ameled, were left natural. Favorite

woods were mahogany, amboyna,

wood.

"‘igwlip. rosewood, walnut and stain-
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DUNCAN PHYFE (1795--1854)

UNCAN Phyle working in the

Uniled States during the 19th

Cenlury was materially influ-
enced by Hepplewhite and Shera-
‘ton, but all of his furniture was basi-
‘cally a new creation. Although it re-
sempled the furniture of the English
maslers. it has characteristics which
can be easily identified as belong-
ing to Duncan Phyle.

The early Phyfe pieces are equal
in beauty and line to Hepplewhite
and Sheraion. Thé severe simplicity
was not .2 sudden break {rom the
simple and dignilied furniture. Chip-
pendale in origin, it was popular in
the Post-Revolutionary years.

From the influence of the English
maslers, Phyle lurned to the styles
of the French Empire in response lo
the demands of his clients and his
work along these lines is considered
inferior to his early work.

" In his lzst work, Phyfe produced
"furniture which he himself described
2s "butcher furniture™ due foits hea-
viness. lack of beauly and grace of
his early pieces. )

" The legs of Phvie tebles. chairs
and setlees. were straight, reeded
and fluted. Chairs often had con-
cavely curved legs and some lables
were supporied at each end with
lyre-shaped bases. -‘The-backs of
cheairs had the lyre motif, X-shaped
pieces. either straight or curved. and
sheped bars between uprights.

‘He made several types of dining
tables. both extension and sectionzl.
with the lyre often appearing in the
pedesials. This motif appears on
smaller 1ables. but the most recog-
nizable feature is the lack of straight
lines in both tops and legs.

Teble leaves are nearly always
slightly rounded, with a clover leaf
pailern sometlimes at the corners.
Pedestals are somelimes either
crossed lyres orfinely curved pillars.
He seldom made a table with four

- vertical legs.

Phyfe relied heavily on decora-
lions such asacanthus leaves, ovals,
lumes, lyres. He also used carving.

turning. veneering, reeding andinlay. Duncan Phyle preterred mal
In his early work he only occasion-  any in most'of his designs anc
ally used brass while in his laler peri- creations are stillused in conten
ods he used this metal liberally. rary rooms.
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EMPIRE (1799--1814)

HE Empire style was & return
Tlo classic lines of-Grecian,
Roman and Egyplian design.
shairs of Greek outline and the de-
il of Roman decoration are promi-

ent in this period. Typical Empire

ornaments include winged figures
ol various forms (emblematic of lib-
erly). Greek vases. laurel wreslihs.
lyres, the warrior's helmel and the
dove,

Mahogany was the wood chiefly

=
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employed in makimg the furniture of
this period. and wilh the heavy bronze
and gilt mounlings usually coupled
with this style. the pieces present 2
mosthandsome ap pearance..Slate-
liness and dignity a re features of he
Empire style. Contrasted with the
dainty Louis Seize designs. the tran-
sition is very marke d. Itis as though
one stepped oul of a beautiful and
cozy boudoir in the castle of Marie
Antoinatte into theimperial dignity.of
a greal Roman he!l.

Perhzps the great Mapoleon him-
seli. 2 kind of 19th cenlury Caesar.

-favored more the styles of antiquity

than the effeminate furnishings thal
preceded his time of authority. The
result is artistic."if al times a little

* stifi. and some of th e Empire pieces

are justly to be described as things
of beauty and a joy lorever.
Between some stylesitis at times
ditficult to draw a distinguishing line.
However. itis never difficuitto deter-

- mine what is Empire. The sudden

return 1o the lines of Egypl. Rome
and Creece is plainly in evidence
everywhere: as plainly as if they alf

. bore the plain Roman N. surmounled

by a royal wreath. or the impenal
eagle-which so often led the French
legions to victory.

There was never a style less in
harmony with French temperament
than the Empire style. Heaviness,
solidity and stalely dignity are not
characleristic of the Frenchman, and
the lines of the Napleonic furniture..
though gracefully artistic, seems to
be. lo a large extent;"the expression;
ol an artificial constralinl. This viewis.
strengthened by the fact that after
the fall of Napoleon the Empire style
tell quickly into disrepule,.and even
as all reactions led more or less 1o
excesses, so we have in the French
furniture of the 19th century the
“Baroque” or a "debased rococo™ in
which all the wors! features of Louis
Quinze ornament and design were
revived, withoul the talenlofthe great
designers whose genius was the
redeeming feature of lhe 18th Cen-
tury furniture.
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VICTORIAN (1840--1900)

ICTORIAN furniture is essen-
Vtial!y a combination of histori-
cal designs which have been
_inlerpreted, adapted, combined or
borrowed. Developed largely from
American and English Empire de-
signs, the period is characterized by
large, heavy substantial styles with
characteristically sombre finishes.
Black walnut and rosewood were
{avored while carving, turning, brass
inlays and mother-of-pearl are typi-
cal. Favorite motifs are scrolls, {low-
ers, leaves, classical figures and
'such nautical emblems zs dolphins,
anchors &nd tridents.

Comiort 'and usefulngss are the
dominating characteristics of Vic-
torian chairs. There are more than
forty difierenttypes ranging from light
side chairs to fringed Turkish uphol-
stered chairs. Oval or horseshoe
shaped backs are common and if
upholstered, can fezture button tufi-
ing in a regular design pattern. Round
or oval upholstered seals are gener-
~ally crowned in the cenler. Typical
dining chairs have rounded open
backs wiin une Liorizonlai spiay; ieet
are simpie scroll curves.. §pool turn-
ed and Gothic chairs are alsginclud-
ed in the. period. )

The erz cultivated the exiension
dining table with a split-pedesial
base. All exlension tables have a
telescoping bed (the framework be-
neath the top to which the legs or
pedestals are altached) with two par-
alielunits placed 14-18inches apart.
A fifth leg generally provides sup-
port for when the lable is extended.

Mid Victorian consistently showed
a Rococo-Louis XV basis, exzgger-
ated scale and curvature, heavycarv-
ing of fruit and flowers principally in
walnut with some rosewood and ma-
hogany and new shapes like those
of the French Second Empire. Ma-
chine work appeared in fancy shap-
ing, molding, turning, veneering and
carving applied heavily and otien
meaninglessly. Marble tops and fancy
hardware of melal, carved wood, por-
celain were featured.

Handwork construction methods

prevail with early Viclorian tables,
which were made by cabinetmakers
or produced on order by custom
shops in the larger cities. Mortise
and tenon joints are used for joining
legs to frame and swinging legs to
pivoting brackets. The supports of a
trestle table are braced by single

stretchers. Table tops consistt
overhiang the beds; on a drop
table the overhang is 2-4 inche

" the ends. Drop leaves, when rai

are supported by swinging leg
more frequently by pull or pivc

.brackets buill into the side of

{able frame.
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EASTLAKE (1870's—1880’S)

e Eastlzake style of furniture takes:.
: name from the English architect, %, -
rniture designer, and writer,.
rarles Lock Eastlake, who lived
»m 1838 to 1906. His book, Hints

' Household Taste, was published
London in 1868 and in Boston
Jryears lzter. It produced a revo-
jon in design and a revival of
ndcraitsmanship which became
own as the Ans and Crzafis Move-
:nt. However, it was not only the
stom " designers who were in-

“spired by Eastlake's ideas, but the

manufacturers of -the machine-

-made furniture - which. Eastlzke
'. deplored also copied the Eastlake

style as it was illustrated in his book.
In -Hints : on "Household- Taste,

Eastlake espoused “honesty” in con-
struction and finishing. He called for.

hand crafted solid wood furniture

with reciangular joinery. He con-.-
‘demned the praciice 0f using stains -
and varnishes to disguise inexpen--
sive woods, calling instead for ciled,

nal Yunlin University of Science & Technology—Design Styling & Marketing Laboratory

-naturally colored fi nishes. Eastiak

wrote, “The present system ¢
French-polishing, or literally -va
nishing, furniture is destructive of ¢
artistic effectin its appearance; be
cause the surface of wood thus lac
quered can never change its colo
or acquire that rich hue which is on
of the charms of ol d cabinet work
The use of rugged woods like oa
and the elimination of stuck-o
decorations are also characteristi
of Eastlake furniture. As mentione:
above, Eastlake also inspired th
manufacturers of _machine-mad
furniture to explore the decorativ.
possibilities of their machines. The:
developed incised Jines, chip carv
ing, and stuck- on bits of moldin:
and turning among other things.
Eastlake's reforming ideas wer:
particularly inspiring to William Mor
ris who, in turn, became the leade
of the Arts and Crafts movement ir
England. Sometimes called-rthe
“new Renaissance style", “neo

. "

medieval”, “plank construction”, o

" “Art Furniture”, (a term originated by
. Ezstlake), the Eastlake style was

most popularin the 1870s and 80¢
and at that time became 2 kind o:
catch-all term meaning differen:
things to different people. Eastlake
himself commenting on " his® in-
fluence.in the United States,.said,
“l find American tradesmen continu-
ally advertising what they ;are
pleased:to call Eastiake furniture.
with the production of which | have
had nothing whatever to do, and for
the taste of which | should be very
sorry to be considered responsible.”

Henry Hobson Richardson, an
American architect, was one of the

foremost proponents of the Eastlake

style in United Slates. The furniture
he designed and built for the
Woburn Public Library and the
North Eastern Library .in ‘Mas-
sachusetts are very similar to pieces
which appear in the illustrations to
Hints on Household Taste.
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MISSION (mid 1890's--1915)

What came to be known as Mission
style furniture, originated in the ,
western United States in the mid-
' 1890's’ and was manufactured; .

mainly in the east, until about 1915. -

It has been suggested that it all be-

gan when members of a church in . *

San Francisco were unable to afford -
to buy furnishings for their church.
They decided to buiid their own, im-
italing the work of Indian craftsmen
who built furniture for the Spanish .
mission stations in Mexico and in

the west and southwestern paris of .-

DLOUBLE DESK.

From Furniture Worid, September 10; 1903 '

-"the U.S. A decorator sent models of . made of native m aterial$ with
.the pieces'made for the church to --
“Joseph McHugh, a manuiacturer in:
.. New.York,-who began to.produce .
_his ‘own versions of this solid, sim-
_ ple furniture. -, ?
.- . Constructed almost exclusively of ™
-weathered: or- fumed "‘oak and-i~
characterized by straight lines, and ~
.. mortise, tenon, and dowel"joinery,*_
Mission furniture was an American -
Foutgrowth of the English Ants and ) -
-.Crafts movement. This movement -
‘empheasized handcrafied pieces . .

polished finishes.

Gustav Stickley, who became
leading manufacturer of Miss
style furniture, introduced

"~ “Craftsman” collec tion at the fu
_ ture exposition in Grand Rap

Michigan in 1900. Stickley saw
Mission furniture in opposition to
“reign of marble tops and silk upl
stery” of the Victorian era.
Upholstered pieces were cove
with leather. And, while Miss
style iurniture was usually frez of
namentation, large nail heads, s
ple cut out . patierns
hand-hammered copper appliqt
were sometimes used for decc
tion. At the height of Mission fu

* ture's popularity, from 1900 to a2b

1813, . Stickley established

. Craftsman workshops .near Sy

cuse, New York; the Crzftsm

- Farms in New Jersey; the Cra’
*man Magazine; and the Crafts

Building in New York City, wh

" contained a home- builders' exhi
" alibrary and a lecture hall; Eit
" Hubbard, a competitor of Stickl

established a commune .in E
Aurora, New York, to build Miss
furniture and to build the charac
of young peopie who came there
work. The English 1abeled their.v

- sion of the Mission style “quaii

That term is also used in various.i
vertisements which zppeared-
American newspapers and mat
zines in the early 1200's. Otht
called their conceptions “Gothic
- The Mission style is not wid

. sold by today's retailers of home {
. nishings. It is not mass produced

purchase by the general consun

- — itwas never meant to be. Fort
" modern collector, Mission furnitt
- - offers the opportunity to own har
" crafted and hand finished pieces
" relatively moderate prices. It can

blended with more. contempor:
pieces because of its square, cle

"L lines..
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BAUHAUS (1920's—1930’S)

uhaus literally- means “architec-’

e house” from the, German word

wen“— *to build”. The Bauhaus "

s an art and design:academy

r, Germany, in 1919. Though it
arated for only 14 years before
ng shut down by Hitler, its faculty
j students were responsible for
stallizing 2 new international
le which radically changed the
sracter of furniture’ desxcn and
nufacture.

Nhile William Moms and his fol-
rers in the Arts and Crafts move- - -

:nt turned their backs on

chines and sought to preserve

{ which was handcraited, the
rman strain of this movement be-.

red ih combining the talents of ar- -
s, architects, and manufacturers/ - ;

chinists. In 1919, the Bauhaus

s formed 1o bring all these eie- -
and commerce . ;

nis OAA art
ether.

“he key'words at the Bauhaus'
re function and.construction.:

Mter. Gropius, founder and first

actor of the Bauhaus, wanted to.
rrcome the separation.between -

s and crafts. His ideal was an ar-
craftsman who could/combine
poetic ‘with the practical. Stu-

its and teachers studied both de-

n theory and the machinery of

duction seeking always to com- -5
e art and technology. The resulls

-g functional pieces made of in-
strially - produced materials and

wracterized by mnovatlve cur- |

1ear design.

erhaps the most w;dely recog-
ed and enduring examples of
shaus' design are the chairs of

rcel Breuer and Mies van der

1e, the last director of the Bau-
1s school. Breuer's chairs, made

sent tubular steel are still being |

duced and sought after today.
“Wassily” arm chair, made of

. 1929,

_.tist Wassily: Kandinsky . His .“Can-
 tilever? chair is notable.because it
: was the first to be made ofone con-
_"j‘txnuous piece:
inded by Walter Gropius in Wei- ;¥

f,lUban ‘with no
joints. The’ “Barcelona 'chair was

. designed by Mies'van der Rohe for
“the German pavahon at the Barce-
-lona - Inlernat:ona] Exposition  of
‘)t “too,;continues: to be

produ_c;ed tcday.’ Featuring x-

kel-plated . steel- tubing and " B

ther is named for the abstract ar-

shaped, chrome-pl ated, strap steel
legs and upholstered cushions and
back, the “Barcelon a” chair is a clas-
sic of Bauhaus de sign.

The Bauhaus s.yle of the 19205
and 308, characterized by innova-
tive use of building materials anc
emphasis on functional needs, - led
the way in developing design theory
for the twentieth c entury.

mal Yunlin University of Science & Technology—Design Styling & Marketing Laboratory 29




FDS--Furniture Design Styling

ENGLISH COUNTRY

== nglish Coun try furniture
== be differentiated from Eri
.. Ex=m™ownfurniture” by its relz
.. simplicity and func tional charac

" Country designs wwere most o
-+ adapted from furniture styles of
wealthy "classes and executet

* readily available woods.

Most foreign influentes usu
came in through the court and

T 7. aristocracy, and slowly see
down through the country ariste

cy to the middle classes (where t
existed) or the artisans &
tradespeopie. In England this s:
ration process was slow. The lo

. classes were wedd ed to the sirr
iorms,. and the provincial ges
were conservative. Thus, inthe

- glish countryside, ozk furnit
prevailed throughout the Wai

- Age. .

An interesting aspect of Eng
country furniture, is the fact that
one pieceof furniture was mads
2 single crafisman. There was
sawyer who cut the wood,the 1L
er who turned the arms, Jegs :
spindles on his lathe, the"car
who decoraied the pzansls ¢
friezes with his carving, and
most importaht of all the joiner, v
jinished the furniture,

. in the early seventeanth centt
dining tables, serving tabl
benches and stools, storage-che
and beds were the major furnit
pieces. They were made mostly
oek. Serving tzbles, composed ¢
trestle and board set up agains
side wall were called ‘side-boar

in the 18th century, country ty

pac - 4 sideboards used oak for details r
i - mally executed in walnut in urt
: @ .. lypes. These relained some of

Jacobean and Queen Anne det:
used in the latter.

Some country turniture desi¢
and treatments that marked
period were: the simple winds
. trestle-foot gateleg, the rush se
knob vase ball and reel spool turning  Bead and. ball country chippendale, escritaire, ¢

-

National Yunlin University of Science & Technology—Design Styling & Marketing Laboratory



)S--Furniture Design Styling

ENGLISH COUNTRY

he etagere.

Galeleg tables of the late seven-
eenth century had legs that were al-
vays ‘turned’. There are various
inds of turning: baluster, barley-
ugar twist, bead and ball, knob,
all and reel, and spool. The legs
:rminated either in small round
nobs, or more rarely, ‘Spanish’
:et, which were rectangular ribbed - -
et widening at the base.

Also produced were'yeoman and .
op-leaf tables. Yeoman tables, are

form - of small, seventeenth-
antury gate-leg with one flap only.
nglish country drop-leai tables had
ain rounded legs on club feet, or
ibriole legs on spade, pad, or claw
1d ball feet. .

The ezrliest form of Windsor was
e comb-back. Some of the earlier
mb-backs had cabriole legs, and .-
de thick seats that looked like a

adle. .
Also produced were hoop-back, .
1eel-back,.ladder-back chairs and
ndsor chairs with generous cabri-

» or simply turned legs. ’
Early seventeenth century beds

re made of four simple wooden .
sts holding the tester from which-
-tains hung. By the eighteenth
Jtury, beds came to be familiarly .
>wn as “Four- Posters”, even
ugh the only posts that showed
re those at the foot of the bed,
se at the head being hidden by
1gings.

71 mid-Victorian limes when
1ses became less_drafty, the
‘er was discarded. The bottom:
its were shortened and held a .

ped foot board. A halfTester at

top was substituted, and there

e two cuntains at the head of the

only. About 1820, the foot posts

e much heavier and the carving

them not nearly so line. And

1e ten years later the hall-lester

ame more popular than the four
ter, and continued to be so until
end of the century. Bun or Onion feet

31
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BENTWOOD/THONET (1830--1871)

| named Michael Thonet first be-
gan experimenting with the
process of bending wood to form
various chair parts-back rails, arms,

[ n 1830, e German czbinetmaker

legs, etc. By 1836, he had perfect-
ed a method of soaking stacks oi
thin veneer in hot glue torender the
wood pliable enough to be molded
into bent forms. Thonet was soon

turning out entire cheairs ma
this fashion. His design was
weight, inexpen sive and stur
was soon to become the ¢l
chair associated with Eurc
cafes. )
This is how it all began for
net, who then founded the furr
company in 1853 with his five .
which became the largest |
producer of furnilure in the w

Thonet manufactured an 2
ing diversity of furniture: table:
fas, chairs, bedsteads, mi
washstands, clocks, towel Ti
elageres, cradle s, wardrobes,
brella stands, and many other i
for home, ofiice and comms:
use.

Between 1876 and 888, se
important designs were create
the first folding chair, a rocking
and the first “tip-up” theater se:
.Other noteworthy designs inc
Thonet's bentwood rocking
(perhz2ps the most famous ¢
Thonet chairs): the famous
sidechzir, consicered by man'
classic bentwood cafe .cha’
reclining couch #1; many exam
of invalid and hospital furni
standard furniture in small size
children; a variety of non-bentv
furniture, including Windsor ch
traditional German peasant f{
ture, and imitation bamboo pie

The Daum chair was later a¢

to the Thonet cataléogues as m
No. 4. On November 1, 1853.
Gebruder Thonet, Thonet Brot
of Vienng, was formed, for his
sons. That year they received ar
perial monopoly patent “for
production of chairs and table
made of bentwood,” which-exp
in 1859, The. largest-selling
was model No. 14, one of the
plest most understated chairs
designed.
" Today, Michzel Thonel's t
wood furniture remains an im
tant contribution to design hist
and is widely reproduced.
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?—‘he Shakers, originally a refi-
gious sect, founded indepen-
dent communities in the 19th

sentury. They were chiefly rural and

self-sustzaining. Their furniture was
iimple and straight forward in de-
ign; soundly constructed, often
vell.proportioned and charming in
letail. Almost unornamented, and
wariably constructed of loca!
roods such as pine, walnut, maple
nd fruitwoods, the Shaker produc-
ons are emong the best of the rural

.merican lypes.

Many types of wood were used
ecause the furniture was made in.
arious Shaker settlements, scat-

:rred through the United States

om the east coast to the mid-west.

lost of the pieces were made from

Id-growth pine, but maple, cherry,

pple, and pear woods were also

sed. Maple was used for pegs,
wobs, posts, rungs and chair slals.
herry was the favored wood for ta-

e tops, while ash and hickory were

sed in the bent pieces such zas

ckers, rungs, slats, and arms.

One of the chief characteristics of

wazker furniture is that it is light in

2ight so it can be moved for clean-

3. Because their religion required

Shaker to attempt perfection at zll

nes, Shaker furpiture could never

» found with poor finishings, un-
ished back wood, sloppy paint, or

ieven parts.

The earliest chairs and tables
:re painted or stained red. Later
2 Shakers used a very light stain
that the grain of the wood
owed. The earliest chair seats
:re made of rush, splint, or straw,
iile the later ones used the
aracteristic woven tape seats. An
sily identified feature is the acorn-.
aped finial used on the chairs.
air legs were tapered, without a
t. Rockers were popular. Many of
:m had-a special tilting device in-
ited by the Shakers. Other fea-
s of Shaker chairs were drawers
It underneath sewing chairs, and
od across the back of the lop of
chair, which was used for a foid-

SHAKER

ed blanket or cushion ties.

Most dining chairs had one slat
across the back, and were so low
that they could be pushed under the
table when not in use. Shaker
chairs were made for both men or
women, but the sister's chair had a
lower seat than the brother's. Rock-
ers had. straight lines, with taped
seats and zcorn finials. There were
five types of rockers with each one
named for its special feature: the
scroll-arm, rolled-arm, Tont-upric-ht
with mushroom ends, cross- rail,
and armless-sewing rockers.

The Shakers made a trestle-type
table with a shoe foot during the
1800-1860 period. They also made

ey,
|
J

a sawbuck table that was used |
the kitchen and for ironing.

Shaker chests were made wit!
simple molded edges. There was n-
brass hardware. T he wooden knob
on the drawers were mushroor
turned. Sharply amgled bracket fec
were used, and narrow cupboar:
doors were held” with ingeniou
wrought-iron catc hes. Many of th:
chests, cupboards, znd cabinet:
were- built into the room.

As the religion declined, outsid.
influences crept into the designs
and the lightweight simple lines dis
appeared. Today, many companie:

reproduce Country furniture o

Shaker design.

1\&

ik

I

i

. . . 3
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MODERN ROOTS/ARTS & CRAFTS

‘:E’he..arts and crafts movement
began partly as 2 revolt against
the social consequences of the in-
dustrial revolution and also against
the proliferation of Victorian age
mass produced furniture whose de-
sign and execution was controlied
by machinists and industrialists
rather than artists and craftsmen.

Later, the lofty goals that inspired
the direction of the arts and crafts

movement were sublimated as the.

movement became a style which
was widely interpreted by the
machinists and industrialists for
mass consumption. Still, the ideas
of the founders and the principals of
good simple design were re-

\r

dhin

DY F "‘}.

Eastlake: Chair

N\

i

\
YR
§

interpreted later by the Baul
school and others who laid the
sis for Modern design. ’

Eastlzke: The Eastlake styleo:
niture takes its name from the
‘glish architect, furniture desit
and writer Charles Locke East
(1836-1906). His book, Hints
Household Taste, was publishe
London in 1868 and in Boston
years later. It produced a revolt
in design and a revivel of h:
craftsmanship which bec:
knowr as the Arts and Craits M
ment. However, it was not only
custom designeis who were
spired by Easilake's .ideas.
manufacturers of the mach
made furniture which East!
deplored also copied the Eastl
style as it was illustrated in his b

In Hints on Househoid Ta
Eastlake encoureged “honesty
construction and finishing.
called for hand craited, solid w
furniture with rectangular ioin
He condemned the practice of
ing stains and varnishes to disgt
inexpensive woods, calling inst:
for oiled, naturally colored finist
Eastlake wrole, "The present ¢
tem of French-polishing, or liter
varnishing furniture is destructiv
all artistic efiect in its appearar
because the surface of wood ti
lacquered can never change
color, or ecquire that rich hue wt
is one of the charms of old cabi
work.” The use of rugged woods
oak and the elimination of stuck
decorations are also characteri.
of Eastlake furnilese. As mentior
above, Eastlake also inspired .
manuiacturers of machine-mé
furniture to explore the decorat
possibilities of their machines...
itating his hand-work with st
things as glued on moldings ¢
machine-reproduced architectt
detail.

Eastlake's reforming ideas w
particularly inspiring to William M
ris, who in turn, became the lea:
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MODERN ROOTS/EASTLAKE/MORRIS

of the Arts and Crafts movement in
England. Sometimes called the
*new Renaissance style”, “"neo-
medieval”, “plank .construction”, or
“Art Furniture” (a term originated by
Eastlake), the Eastlake style was
most popular in the 1870s and B0s
and became a kind of catch-gll term
meaning different things to different
Jeople. Eastlake himself comment-
ng on his influence in the United
Slates, said, “l find American trades-
mnen continually acvertising whal
hey are pleased to call Eastlake fur-
rture, the production” of which |
1ave ‘had nothing whatever to do,
ind for the taste of which | should
e very sorry lo be ‘considered
esponsible.”

Henry Hobson Richardson, an
\merican architect, was one of the
aremost proponents of the Eastlake
tyle in the United States. The fur-
iture he designed for the Woburn
'ublic Library and the North
:astern Library in Massachuseltis
re very similar to pieces which ap-
ear in the illustrations to Hints on
lousehold Teste.

lorris: William Morris 1834-1896
as an English Archilect and artist.
e founded a movement which
aunned the application of technol-
7y to the production of inexpensive
Tniture. Morris’ furniture pieces
ere simple hand made adapta-
ns based on medieval crafts.
His view of the value of mass
oduction and the evils of industri-
ization were shared by many of
e founders of the modern move-
ent, even though his solution
unned the technology which in
any ways defined Modernism.’
arris envisioned a “Socialist” world
1ere artist and craftsman worked
harmony using simple methods to
dduce basic goods. In contrast,
* Modern movement attempted to
orm the system by creating good
ren progressively social) designs

using technology, rather than
iding with bad and cheap copies
historical designs.

>nal Yunlin University of Science & Technology—Design Styling & Marketing Laboratory 35

Paradoxically, Morris’ furniture

was crafted in a manner that made
it'available only to the very rich. In
another twist of fate, his designs
were eventually adapted by the
commercial establishment who ig-
nored his socizal credo and creative
format. His ideas did help spawn the
Arts and Crafis style 1900-1820 and

LOVBLE DESK.

laid the foundation for fater work
the Modern movement.
Mission: What came o be know.
as Mission style furniture, origine
ed in the western Uniled States :
the mid1890’s and was-manufa
tured, mainly in the east, until abo:
1915. It has been suggested that
all began when members of

Mission: From FURNITURE WORLD 9/10/1503
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MODERN ROOTS/MISSION

church in San Francisco were una-
bie 1o afford to buy. furnishings- for
their church. They decided to build
their own, imitating the work of In-
dian craftsmen who built furniture
for the Spanish mission stations in
Mexico and in the west and squth-
western parts of the U.S. A decora-
tor sent models of the pieces made

for the church to Joseph McHugh,
a manufacturer in New York, who
began to produce his own versions
of this solid, simple furniture.
Constructed almost exclusively of
weathered or fumed oak, and

characterized by straight lines, and’

mortise, tenon, and dowel joinery,
Mission furniture’'was an American

Modern: Czntilever Chair - Marce! Bruer

Modern: Pedestal Chair - Eero Saarinen

Modern: Chaise Longue - Le' Corbusier

outgrowth of the English Ars a
Crafts movement. This moveme
emphasized handcralted piec

- made of native materials with t

polished finishes.

Gustave Slickley, who becar
the leading manufacturer of Missi
style furniture, introduced t
“Craftsman” collection at the fur
ture exposition in Grand Rapic
Michigan, in 1900. Stickiey saw t
Mission furniture in opposition to t;
“reign of marble tops and silk uph
stery” of the Victorian era.

Upholstered pieces were cover
with lezther. And, while Missii
style furniture was usually free of «
namentalion, large nail heads, sit
ple cut out patterns
hand-hammered copper appliqu
were sometimes used for decor
tion. At the height of Mission fun
ture’s popularity, irom 1900 to abo
1812, Stickley established tt
Craftsman workshops near Syr
cuse, New York; the Craltsm:
Ferms in New Jersey; the Craft
r-zn vigpezine; end the Craftsme
Building in New York City, whit
contained a home builders’ exhib
a librery and a iecture hzll. Elbe
Hubbard, a competitor of Stickle
estabiished a commune in Ea
Aurora, New York, to build Missic
furniture and to build the charact
of young people who came there
work. The English labeled their ve
sion of the Mission style “quaint
That term is also used in various a:
vertisements which appeared
American newspapers and magi
zines in the early 1900s. Othei
called their conceptions "Gothic.

The Mission style is not wide
sold by today's home furnishing
retailers. It is not mass produced |
purchase by the gener
consumer—it was never meant
be. The Stickley  Company, st
manufactures Mission furniture.
can be blended with more conter.
porary pieces because of its squar
clean lines.

National Yunlin University of Science & Technology—Design Styling & Marketing Laboratory




S--Furniture Design Styling

VIODERN FURNITURE / INTERNATIONAL STYLE

* BAUHAUS -
Jauhaus literally means “ar-
tecture house" and is derived
n the German word “bauen” - “to
Id". The Bauhaus was an art and
ign academy founded by Walter
pius in Weimar, Germany, in
9. Though it operated for only 14
rs before being shut down by Hi-

its faculty and students were .

>onsible for crystallizing a2 new
rnational style which radically
rgedihe characier of furniture
e E0v Tenuiaciuiing.

/hile William Morris and his fol-
ers in the Arts and Crafts move-
1t turned their backs on
:hines and sought to preserve
which was handcraiied, the
man strdin of this movement be-
:d in combining the talents of ar-
3, architects and
wifacturers/machinists. In 1919
3auhaus wes formed {o bring all
e elements of art end com-
cz tegether.
ie key words at the Bauhaus
2 form and function. Walter
dius, founder and first director
e Bauhaus, wanted to combine
poetic with the practical. Stu-
s and teachers studied both de-
theory and the machinery of
uction seeking always to com-
art and technology. The results
functional pieces made of in-
ially produced malerials, and
acterized by innovative cur-
:ar design. Members . of the
1aus school worked in materi-
eally suited to their conception
» modern age... especially me-
lass and leather. They gener-
disliked traditional bulky
Istered styles and so replaced
oning and coil springs with
r engineered materials.
2 Bauhaus style of the 1920s
830s characterized by innova-
se of building materials and an
asis on functional needs, led
ay in developing design theory
e twenlieth century.

nal Yunlin University of Science & Technology—Design Styling & Marketing Laboratory

» INFLUENTIAL DESIGNERS -
Marce! Breuer: Joining the Bau-
haus as a student, Marcel Breuer
distinguished himself as the creator
of many innovative and functional
modern designs in the 1920s. His
work was primarily of bent metal
tubing. It had a light, airy, look which
was meant o become part of an ar-

Modern: “Paimo” - tlvar Aaltn

chitectural space rather than the fo
cus of attentiom. His famou:
*Wassily" chair of n icke| plated stee
tubing and ieather, named for the
abstract artist Wassily Kandinsk:
was more complex than many of his
other designs. He generally was ¢
minimalist who trie d to create furni
ture which was fun ctional and com

Modern: Eames Lounge - Charles and Ray Eames
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MODERN ROOTS / PIONEERS

Mocern: Cantilever Chair - Mies van.der Rche

L
)

odern: “Red & Blue Chair” - Gerrit T. Rietveld

<
=

National Yunlin University of Science & Technolog

fortable but did not convey the
personality of the owner. True to the
Bauhaus school of thought, he
worked closely with industry, includ-
ing the prestigious firm of Thonet
(rnaker of bentwood chairs) to de-
sign furniture like his famous can-

tilever chair which could be.easily"

and economically mass produced.
Incidentally, Breuer was not the cre-
ator of the cantilever chair concept,
an honor which was claimed by the
Dutch designer Mart Stam in 1825.

Mies van der Rohe: Anciher Bau-
haus architect and designer, and
the last direcior of the Bauhaus,
Ludwig "Mies van der Rohe
(1886-1968) pioneered the “interna-
tional style of -architecture” which
empheasized open interior space
and prohibited zpplied architectur-
al decoration. His chairs often had
elegant fremes composed of sisel
tubing. Mies van der Rohe’s most
famous work, the “Barcelona Chair"
was made of chrome plated flat
stonl ~onficoredingn y ~Szpe with
turted upnolstered cushions. The
flat tubing required hand finishing
and was more difficult and expen-
sive to manufacture than many
other designs originating from the
Bauhaus school. He is also known
for his own version of the cantilever
chair which had a gently curved (in-
stead of rigid angular) eiegant look-
ing base.

Le Corbusier: Charles-Edouard
Jeanneret. (Le Corbusier)
1887-1865, 2 Swiss born architect
is known for the furniture he

designed in the mid 1920s... espe-

cially his functional metali Chaise
Longue which was ¢omposed of a
contoured lounging surface sup-
ported on two adjustable arcs. An
admirer of Thonet's bentwood de-
signs, Le Corbusier designed chairs
with rotating bases and movable

backs; modular “storage walls" and .

slab tables made of glass.

Charles Eames: Charles t
and his wife Ray are best knc
their development of the téc
gy for commercial produet

- molded plywood chairs in 154

chairs and mod ular storage |
they designed wvere artistic &
as technological and comn
successes. The Herman
Company worked with Charle
Ray Ezmes to produce me
their best designs.

ero Saarinen: An architec
ccesic ~el'y  designed  furr
Szerinen was a contempori
Eames. His best known cre:
were upholstere d chairs with
ed fiberglas shells and m
pedestal based furniture. Saz
also designed furniture with iL
metal, wire' mesh and lami
wood frames. Many of his p

.were manulactured by Kno

sociates.

Alvar Aaitn- minmich architact
Azlo's 4 .5=0-1273) designs

‘marketed by Artek in the U

Siztes. Many of his designs
laminated birch. frames w
proviced an open, airy suppc
siructure similar in *feel” to the
lar metal frames created by the
haus architects. His furniture }
sculptural queality and a2 wa
which made it appezling to
American consumer of reside

- furniture.

Rietveld: Gerrit  Rietvt
(1858-1864) sculptural, abs
wooden forms are sirikingly d
ent. He was amember of the
Stijli" (Netherlands) school. Sinc

" believed that the function of f
-ture changed over time, he dist

ed the notion of the Bauhaus sc
that “form foliows function”. Inst
he produced designs that were
ercises in spalial relationships. ~
were most often painted bl
white, yellow, red and biue.

y—Design Styling & Marketing Laboratory




)S--Furniture Design Styling

MODERN / POST MODERN / LATE MODERN

he development of "modern
style” furniture over the past
100 years has been made possible
»y the adaptation of new materials
ind industrial processes to.furniture
jesign. The word "modern” is de-
ined as... "of , relating to , or hav-
ng the characteristics of a
novemént or style in the arts
sarked by a break with traditional
sp. academic forms- and ‘tech-
iques of expression, an emphasis
pon experimentation, toldness
d creative n-’_“nelity.” In keaping
rith this definition, the emergence
f the Modern style era just after the
1dustrial revolution was marked by
profound change in the way fur-
iture was designed... away from
dapting machinery 10 produce ap-
roximate often . poor quality
:productions of historical styies,
ward matching materials and de-
gn specifications to the manufac-
iring - process to produce high
uality, architecturally appropriate
rogucis. The modern movement
zs also fueled by the new aesthet-
and socially progressive ideas of
>me of its founders.
Just as 18th century furniture
‘yles are closely linked to Adams,
hippendale, Sheraton, and Hep-
‘ewhile,.. Modern design is also
ssociated. with pre-eminent in-
viduals. Instead of just using style
1d ornament as a primary tool,
odern furniture designers differed
>m their immediate predecessors
that they used emerging technol-
Jy and bold new concepts 1o de-
1e their work. Eames, Thonet,
arcel Breuer and Mies van der
che are just a few who conceptu-
ized furniture pieces that have be-
yme the "classics” of the Modern
iom. The work of some of these
‘eat architect/designers is

:scribed in the “Roots” section.

« POST MODERN -

The term Post modern is often
ed o describe designs that are

"modern®, architecturel or function-
alin character, but also incorporate
references to historical ornament,
wild colors, interesting, shocking or
strange designs. One of the most fa-
mous Post Modern erchitects
Robert Venturi, designed bent ply-
wood chairs that are reminiscent of
Sheraton, Queen Anne and Chip-

pendzle, but are brightly colored,
Post modern designers argue thal
there is a certaim predictabiity in
modern design th 2t can be ritigat- .
ed by a theatrical approach to-
design.

* LATE M ODERN -

Late modern de signs, in contrast

Late Modern: “Prima” - Mario Bolta

!fodern: “Barcelona Chair” - Mies van der Rohe
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FDS--Furniture Design Styling

MODERN / CONTEMPORARY FURNITURE

to post modern, are.baséd on sim-
ple utilitarian forms, which may em-
ploy unorthodox geometry,
incorporate a variety of. materials
and include complex, engineered or
luxurious elements,

It is interesting to "note that
although the founders of the
modern movement sought to
produce well designed, economical
furniture that could be used by the

Tk
-, ~ 2
LA ey

Modern: "Wassily™ Chair - Marcel Bruer

Post Modern: “Queen Anne” - Hoben{Ven:uﬁ

““common man", most “working peo-

ple” in the industrialized world pur-
chase traditional,- carved wood,
ornamented, .stuffed, and massive
furniture for their'living rooms. The
best market for modern design has
always .been in-the high-end and
contract/institutional market.” Late
modern designs are often designed
for this market, and often have no
pretense of being designed for eco-

—

. and “Late Moder

nomical mass use.
e HIGHTECH -

High tech designs are based
a'functionalism derived from the t
of cutting edge materials assoc
ed with high technology industr
such 2s computer, @erospace or
-omedical engineering. Hich Te
can be considered a spec
category of Late Modern desig

» CONTEMP ORARY »

‘Today, “Modem™, “Post Mode
" ofurnitiie

been embraced and used most
tensively by architects and spet
ers in the. commerciall offi
contract market. In fact, meny
chitects znd modern style

“ thusiasts view furniture. made
" today's production methods in trz

tional styles as being nostalgic ¢
-osteniatious. These same peo
“look down™on many Contempor
designs because they incorpor
‘styling, or feshior treatments wh
mey nci be direclly relate:

" . function... or forszke junclion ior
- sake of.a sleek "Contempor

‘look”.

_ The Contemporary’ designat
2s it is used at reiail has becom
category which encompasses al
the modern styles. It includes fu
ture of excellent and poor guality

- well as good and bad design. F

niture labeled Contempora
generzlly makes less of a desigr

" echnological statement than
true classics of modern design...

stead defining a style which inc
-porates fiat surfaces, straight lir

- - and gfaceful curves. The utility
+ -each piece is usually apparent v
_ incidental

details having be
‘reduced in favor of clean lines ¢
attractive proportions. Many C
temporary furniture designs inc
poraie a variety of materials (gle
metal, stone) but do not necess
ly make use of more technologi
ly -advanced manufactur
‘processes or maeterials.
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1. Introduction

e Wood comes from trees. This is the most important fact to
remember in understanding the nature of wood. Whatever quality or
shortcomings wood posses are traceable to the tree whence it came.
Wood evolved as a functional tissue of plants rather than a material
designed to satisfy the needs of woodworkers. Thus, knowing wood
as it grows in nature is basic to working successfully with it.
eUnderstanding cell structure is the key to appreciating what happens
when wood is sanded across the grain, or why stain penetrates
unevenly, or why adhesives bleed through some veneers but not
others.

2. Understanding wood-the nature of wood

e Trees have certain common characteristics. All are vascular,
perennial plants capable of secondary thickening, that is, of adding
yearly growth to previous growth. The visible portion of the tree has a
main supporting stem or trunk. If [arge enough for conversion into
sawn-timber or veneer, the trunk is often termed the bole. The trunk is
the principal source of wood used by woodworkers, although pieces
having unusual beauty and utility also come from other parts of the
tree.

o At the periphery of the log surface, the bark layer can be recognized
easily. Within the bark, and comprising the bulk of the stem, is the
wood, which is characterized by its many growth rings concentrically
arranged around the central pith. Between the bark and the wood is
the cambium, a microscopically thin layer of living cells. The tree stem
parts are accumulations of countless cells. The cell is the basic
structural unit of plant material. Each cell consists of an outer cell wall
surrounding an inner cell cavity.

2.1 Growth rings:, Activity of the cambium continuous as long as
environmental conditions are suitable and the tree is healthy. In the
temperate climate , the characteristic annual cycle includes a growing
and a dormant season. In most trees the nature of wood cell formation
is similarly cyclic, resulting in visible growth layers. These
increments are also called growth rings, or annual rings when
formed in associated with yearly growth. Where there is visible



contrast within a single growth ring, the first formed layer is termed
earlywood, the remainder latewood. The terms springwood and
summerwood are also used to indicate these layers but they are
misleading in suggesting a correlation with the calendar seasons of
the year. In some species no separable earlywood and latewood
portions may occur, or the ring may have indistinct or gradual
transition from earlywood to latewood. In some tropical areas growth
may continue with little interruption, although intermittent rainfall may
cause erratic layering of wood. '
2.2 GrainONo discussion of wood can proceed very far without
encountering the word grain. There are well over 50 ways in which
this word can be used in some ten different categories. Examples are
as follows:
A. Planes and surface
END GRAIN, LONGITUDINAL GRAIN, SIDE GRAIN,
FACE GRAIN, RADIAL GRAIN, TANGENTIAL
GRAIN, LONG GRAIN
B. Growth-ring placement
BASTARD GRAIN, PLAIN GRAIN, SIDE GRAIN, EDGE
GRAIN, QUARTER GRAIN, SLASH GRAIN, FLAT
GRAIN, RADIAL GRAIN, TANGENTIAL GRAIN, MIXED
GRAIN, RIFT GRAIN, VERTICAL GRAIN
C. Growth-ring width
CLOSE GRAIN, DENSE GRAIN, NARROW GRAIN,
COARSE GRAIN, FINE GRAIN, OPEN GRAIN
D. Earlywood/ latewood contrast
EVEN GRAIN, UNEVEN GRAIN
E. Alignment of longitudinal cells
ACROSS-THE-GRAIN, ALONG-THE-GRAIN,
AGAINST-THE-GRAIN, CROSS GRAIN, CURLY
GRAIN, DIP  GRAIN, GRAIN DIRECTION,
INTERLOCKED GRAIN, SHORT GRAIN,
SLOPE-OF-GRAIN, SPIRAL GRAIN, STEEP GRAIN,
STRAIGHT GRAIN, WAVY GRAIN, WITH-THE-GRAIN
F. Relative pore size
CLOSED GRAIN, COARSE GRAIN, FINE GRAIN,
OPEN GRAIN
G. Figure types



BIRD'S-EYE GRAIN, BLISTER GRAIN, COMB GRAIN,
CROTCH GRAIN, CURLY GRAIN, FEATHER GRAIN,
FIDDLEBACK GRAIN, FLAME GRAIN, LEAF GRAIN,
NEEDLE-POINT GRAIN, QUILTED GRAIN, RIFT
GRAIN, SILVER GRAIN, STRIPE GRAIN, TIGER
GRAIN

H. Machining defects
CHIPPED GRAIN, FUZZY GRAIN, LOOSENED GRAIN,
RAISED GRAIN, SHELLED GRAIN, TORN GRAIN,
WOOLLY GRAIN

I. Figure imitation
GRAINING, WOODGRAIN DESIGN

J. Surface failure
SHORT IN THE GRAIN.

2.3 Sapwood and heartwood

- Sapwood is involved in sap conduction upward in the tree.

- Some nonliving prosenchyma cells are active in conduction, and
the living parenchyma cells also store food.

- In the center of the stem, nearest the pith, the prosenchyma cells
cease to conduct sap and the parenchyma cells die. The sapwood
is thus transformed into heartwood.

- The transition to heartwood is also accompanied by the formation
in the cell wall of material called extractives.

-To the woodworkers, the most significarit aspect of heartwood
extractives is color, for the sapwood of all species ranges from
whitish or cream to perhaps yellowish or light tan. The dark,
distinctive colors we associate with various woods- the rich brown
of black walnut, or the reddish black striping of rosewood-are the
result of heartwood extractives.

-Sapwood is not generally resistant to fungi, so any noteworthy
decay resistance of a species is due to extractives that are toxic to
fungi.

- Heartwood extractives may change the properties of the wood in
other ways as well, In some species, they reduce the permeability of
the wood tissue, making the heartwood slower to dry and difficult or
impossible to impregnate with chemical preservatives.

- Extractives often make the heartwood a little denser than the



sapwood, and also a little more stable in changing moisture
conditions. Though when green, sapwood sometimes contains
moisture five times as much as heartwood, it shrinks more than
heartwood because of its lack of extractives.

-Extractives materials in the heartwood of some species may be so
abrasive that they dull cutting tools, and they may contribute to the
wood’s surface hardness. But as sapwood becomes heartwood, no
cells are added or taken away, nor do any cells change shape. The
basic strength of both is not affected.

2.4 Structural arrangement

Because of the arrangement of the layers of growth in the tree, as

well as the vertical or horizontal orientation of the individual cells, it

is appropriate to consider the structure of wood in

three-dimensional terms.

-Transverse plane, cross-sectional plane: One plane is

perpendicular to the stem axis. (X)

-Longitudinal plane, vertical plane (L)

-Radial plane: Because the tree cross section is analogous
to a circle, plane passing through the pith of the wood (as a
radius of the circle) is called radial plane or surface. (R)
-Tangential plane: A plane parallel to the pith, but not

passing through it, forms a tangent to the circular growth ring
structure and is termed a tangential plane or surface. (T)
In describing lumber or pieces of wood, the term end-grain
surface or simply end grain refers to the transverse surface. By
contrast, any plane running parallel to the pith is either side grain
or longitudinal surface. One method of producing such pieces is
first to saw the log into longitudinal quarters and then to saw each
quarter radially. Pieces so produced are said to be quartersawn
and their surfaces are quarter-grain, comb grain or rift grain.
These terms arg flexible and may be applied to pieces in which
the growth rings form angles of anywhere from 45 to 90 degree
with the surface.
Lumber and veneer whose face orientation is approximately
tangential are said to be flatsawn, flat-grained or
tangential-grained. Plain grain and slash grain are sometimes
used synonymously with flatsawn. All these terms can include



growth-ring orientations from 0 to 45 degree with the surface.

- The term mixed grain refers to quantities of lumber having both
edge-grain and flatsawn pieces. Bastard grain usually refers to
growth rings oriented from 30 to 60 degree with the surface.

2.5 Density and specific gravity

- Density is expressed as weight per unit volume, customarily as
pounds per cubic foot (English) or grams per cubic centimeter
(metric). Water has a density of 62.4 Ib/ ft3, or 1 g/ cm®.

- Specific gravity is the ratio of the density of a substance to the
density of a standard substance (water, in the case of wood and
other solids). It is often called the density index.

- In measuring density and specific gravity, it is customary to use
oven-dry weight and current volume. Because of volumetric
shrinkage and swelling, the volume of wood may vary slightly with
moisture content.

- Density is the single most important indicator of strength in wood
and may therefore predict such characteristics as hardness, ease
of machining and nailing resistance. Dense woods generally
shrink and swell more, and usually present greater problems in
drying. The densest woods also make the best fuel.

2.6 Systematic classification
Kingdom: Plant
Division: spermatophytes (seed plants)
Subdivision: gymnosperms (naked seeds)- all trees producing
softwood lumber.
Angiosperms (covered seeds)-all trees yielding
hardwood lumber.
Order: ex: coniferales
Family: ex: Pinaceae
Genus: Pinus
Species: strobus
A particular species of wood is designated by the combination of
genus ( generic name) and species (specific epithet) . —Pinus
strobes
for eastern white pine. A full scientific designation includes the
name



(or abbreviated name if well known). of the botanist who classified
the

species. Eastern white pine would be written Pinus strobes L.

Familiarity with scientific names is important for two reasons. First,

there is often a difference between the common name used for a
tree

and lumber that comes from it. Second, there is a great deal of

inconsistency among common names. A single species may have

several common names, especially in different localities.

2.7 Figure in wood
Figure in wood results from a combination of particular anatomical
features (from normal growth structure to various abnormalities
and extractives) plus the orientation of the surface that results from
cutting.

2.8 Knots

- Increase value: beautiful works of craftsmanship and art

- Decrease value : defects,(A) lumber grading system based on
their size and number of clear areas among the knots.(B) hand tools
could not deal with them.

2.9 Abnormal wood

-Juvenile wood : The first growth rings added around the pith
may not be typical of the mature wood formed‘by the tree. This core of
atypical tissue is termed juvenile wood. It is prevalent among conifers,
especially plantation-grown trees, which grow rapidly until eventual
crown closure. Then competition with other trees slows the growth to
a more normal rate.

-Juvenile wood is characterized by wider growth rings of
lower-density wood and less strength. It may also have abnormal
shrinkage properties which result in greater tendency to warp,
especially by twisting. Pieces of wood including (or very near) the pith
should be suspect. Some trees and species show little or no
juvenile-wood abnormality.

-Reaction wood is a term applied to abnormal wood formed in
tree stems and limbs that are other than erect, that is, parallel to the
pull of gravity. It occurred in leaning trunks. Causes for leaning stems



include partial uprooting by storms, severe bending under snow or ice,
and tree growth toward sunlight available from only one direction.
Reaction-wood formation seems to include a mechanism for
redirecting stem growth to the vertical, resulting in a bowing of the
stem. Therefore, boards or pieces from a log with noticeable bow
should be suspected of containing reaction wood.

In softwood species, reaction forms principally toward the
underside of the leaning stem. Because the pull of gravity presumably
puts the lower side of the leaning trunk in compression, reaction wood
in conifers is termed compression wood. The part of the growth ring
containing reaction wood is usually wider than normal, resulting in an
eccentrically shaped stem with the pith offset toward the upper side.
The abnormal tracheids usually appear to form wider than normal
latewood, and uneven grain formed.

The two main disadvantages of compression wood for. the
woodworker are its effects on strength and shrinkage. Since
reaction —wood tracheids are thick-walled, the wood is usually dense
than normal. But because they contain less cellulose than normal,
and the cellulose chains are not as parallel to the long direction of the
cells, the wood is weaker than normal. The woodworker is especially -
aware of the abnormally hard but brittle quality of compression wood.
In finishing, compression wood may not stain uniformly with normal
wood. The carpenter notices.the difficulty in driving nails and the
greater tendency to split. For structural uses where load-bearing
capacity is vital, as in ladder rails, unknowin§ use of reaction wood
has resulted in fatality, because the wood breaks suddenly when bent
and at lower than expected loads. The second major problem with
compression wood is its abnormal longitudinal shrinkage. Normal
wood shrinks so slightly along the grain that it is usually negligible.
Compression wood shrinks up to 10 to 20 times the normal amount.
And, since its uneven shrinkage, drying of reaction wood or changes
in moisture content often result in warp. In woodworking, attempts to
ripsaw pieces containing.reaction wood may result in the wood's
pinching against the saw or its splaying widely apart as the cut
progresses.

In hardwood trees, reaction wood forms predominately toward the
upper side of the leaning stem. Because gravity causes the upper
side to be tension, it is termed tension wood. It is often quite difficult



to detect. Its abnormal fibers actually contain a greater than normal
amount of cellulose. This wood is commonly stronger than normal.
Often concern to the woodworker is the way this wood machines.
Fiber structure does not sever cleanly but leaves a fuzzy or woolly
surface. Upon finishing, stain is absorbed irregularly and the surface
appears blotchy. As with compression wood, longitudinal shrinkage in
tension wood is both irregular and greater than normal, resulting in
warping and machining problems.

2.10 Fungi and Insect damage
Wood kept under favorable conditions apparently lasts

indefinitely-artifacts in excellent condition have been recovered from

ancient Egyptian tombs.

Biodegradation of wood is accomplished in part by insects and
marine borers, but the greatest degree of deterioration is the work of
-wood-inhibiting fungi.

There are four basic requirements for wood-inhibiting fungi to
thrive. Fungi can be controlled by rendering any one of these
unsuitable.

(A) Temperature is the first condition- between 75 0 and 90 0O is
optimum. Beyond the extremes of 40 0 and 105 O, growth
essentially stops.

(B) Fungi also need oxygen. Waterlogged wood does not decay
because of the absence of oxygen. Approximately 20% air volume
in the wood is needed for fungi developmént.

(C) Moisture content is also a factor. The optimum level is at or slightly
above the fiber saturation point(about 30%), in which the cell walls
are saturated but the cell cavities are essentially empty. Fungi can
develop at MC as low as 20%. Drying wood quickly down to below
20% MC and keeping it dry is the principal way to prevent fungal
deterioration, and one of the main reasons for drying wood is to
prevent fungi from developing.

(D) Food is the fourth requirement. The sapwood of most species is
suitable, both because it lacks extractives and because it contains
carbohydrates stored in parenchyma cells. The heartwood may
be naturally decay-resistant if extractives are toxic or repellent to
fungi. Woods vary. considerably in decay resistance or durability.
Where it is impossible or impractical to keep wood below 20% MC,



the next best approach is to choose a durable wood, or wood that
has been impregnated with a chemical preservative. The subject
of fungi control also have to do with drying wood, with finishing
and treating it.

3. Water and wood

-Everyone has been introduced to the interaction of water and
wood, for everyone has seen the problems that result when wood
shrinks and swells. The bureau drawer that slides freely in dry
season but sticks tightly in rain season is an all too familiar
example of dimensional response of wood to changes in
atmosphere humility. Warp and surface checks in lumber, loose
tool handles and out-of-round turning are also common symptoms.
Although other consequences of moisture- such as fungal
discoloration or gluing failure- can plague the woodworker,
dimensional problems are by far the most common and
troublesome.

-Wood in trees is wet. Very wet. The cell structure contains
excessive water(sap) and is fully swollen. But under conditions
where wood is commonly used, much of this water will dry out and
the wood will partially shrink. Eventually a fluctuating moisture
balance between the dryness of the wood and the humidity of its
environment will be reached. The obvious goal is twofold: first, to
dry wood(and thereby preshrink it) to a moisture content with its
eventual environment, and second, to control any subsequent gain
or loss of mojsture in order to minimize dimensional change. To
overcome problems, the woodworkers must understand the initial
drying of sap from freshly cut wood, as well as the continuing
exchange of moisture between the wood and the surrounding
atmosphere.

3.1 Moisture content (MC)

The MC of wood is measured as the ratio of the weight of water
in a given piece of wood to the weight of the wood when it is
completely dry. The water-free weight of wood is usually referred to
as the oven-dry weight, because drying in an oven is a common
method of obtaining it. This ratio is traditionally expressed as

10



percent moisture content.

3.2 Relative humidity(RH)

-Humidity is a general term referring to water or moisture in
vapor form in the atmosphere.

-Absolute humidity refers to the actual quantity of moisture
present in air. This is usually expressed in grains per cubic foot [1
grain = 1/7000 Ib. advp.(avoirdupois).] or in grams per cubic meter.
The amount of water the air can hold varies with temperature. At
70 o, for example, the air can hold a maximum of 8 grains of
moisture per cubic foot.

-Relative humidity(RH) is the ratio of the amount of moisture in
the air at a certain temperature to the amount it would be able to
hold at that temperature. If the air at 70 O, for example, held 4
grains of water per cu. Ft., the RH would be 50%, because the air
is capable of holding 8 grains at 70 0. The dew point is the
temperature at which water vapor condenses from the air. In
buildings we routinely manipulate nature’s air, mainly by heating it
up when it is too cold, to a lesser extent by cooling it, and least of
all by adding or subtracting moisture from it. It is important to
realize the effect of our heating or cooling air without
accompanying humidification or dehumidification. Heating air
increases its ability to hold moisture. If we increase the
temperature of air while the absolute humidity is unchanged, the
relative humidity will be lowered. In subzero winter weather,
outdoor air has a low absolute humidity as it seeps into our homes.
When we heat it to near 70 0 without adding moisture, the RH
drops very low. Conversely, summer air usually holds an
abundance of moisture because of is high temperature. If we cool
the air, thus reducing its capacity to hold moisture, the RH(which
may be high to begin with) rises even higher.

3.3 Free water and bound water

The liquid content of the living trees, call sap, is primary water,
but also contains dissolved minerals, nutrients from the soil and
carbohydrates manufactured by the foliage. For our purposes we
can consider moisture or water in wood to mean either the original
sap of the tree or water from other sources that is subsequently



picked up by dry wood. Water can return to wood from countless
sources, ranging from rain to the moisture in humid air.

To visualize the condition of moisture in the wood of a standing
tree, imagine a sopping-wet sponge just pulled from a pail of water.
The sponge is analogous to growing wood in that the cell walls are
fully saturated and swollen and the cell cavities are partially to
completely filled with water. If we squeeze the sponge the water
pours forth. Similarly the water in wood cell cavities, called free
water, can be squeezed from wood.

Now imagine thoroughly wringing out a wet sponge until no
further water is evident. The sponge remains full-sized, flexible and
damp to the touch. In wood, the comparable condition is called the
fiber saturation point(FSP). In this state, the cell cavities are
emptied of free water, but the cell walls are still saturated and thus
still in their weakest condition. Only when water leaves the cell
walls does the wood begin to shrink and increase in strength.

This water remaining in the cell walls is called bound water. In
contrast to free water, which is held in cell cavities like water in a
tumbler, the bound water is held by physical forces of attraction
within the cell walls. Just as a sponge must be left to dry—and
shrink and harden—so must the bound water be removed by
placing the wood in a relative dry atmosphere. How much of the
bound water is lost(and therefore how much shrinkage takes place)
will depend on the RH of the atmosphere. If the air is at 100%RH,
no bound water will be lost. To remove dll the bound water, the
- wood would have to be placed in an oven or desiccator, or in a
vacuum where the RH is zero. Obviously, we use wood where the
RH is somewhere between 100% to zero, so only part of the bound
water is lost.

- The FSP may vary among different species. In general, its
value for most common species is about 30% MC. In species
having a high extractive content(for example, redwood and
mahogany) the FSP will be noticeably lower, around 22% to 24%.
For those low in extractives such as birch, the FSP might range as
high as 35%.

3.4 Equilibrium moisture content (EMC)
Wood always remains hygroscopic—it responds to changes in
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atmospheric humidity and loses bound water as the RH drops,

regaining bound water as the RH increases. For a given RH level,

a balance is eventually reached at which the wood is no longer

gaining or losing moisture. When this balance of moisture

exchange is established, the amount of bound water eventually
contained in a piece of wood is called the EMC of the wood. This is
the most important item in this section. A good starting point is to
remember that 50%RH gives an approximate 9% EMC. Then note

that 65%RH gives about 12% EMC, 75%RH gives about 14%

EMC. And 100%RH always gives total fiber saturation.

Temperature also has an effect upon EMC. EMC data mentioned

above is for 70 0O, but at intermediate levels the EMC would be

about one percentage point lower for every 25 to 30 O elevation in
temperature.

In addition, when wood is losing moisture(desorbing) the EMC
curve is slightly higher than when the wood is picking up
moisture(adsorbing). This is called the hysteresis effect.

Depending on the degree of environmental control, especially

the extent to which we heat during the winter, humidity can vary
widely indoors. In summer, with doors and windows open, interiors -
may approach outdoor conditions. In winter, when buildings are
heated, we reach the low extreme. If its RH drops to 6%, that surfaces
of unprotected wood or thin veneers would drop to below 2% MC.
Undoubtedly, humidifiers and the domestic activities of cooking,
washing and even breathing add some mofsture to the air, not to
mention the moisture being released by the wood itself. In summer
the situation is reversed. The humidity could approach 100%. The MC
of wood may raise to 23%. And this situation is probably typical of
many areas of the country where summers are warm and humid and
winters are bitter cold. It is important to realize that if the absolute
humidity of air is unchanged, lowering the temperature of the air
raises the relative humidity and heating the air lowers the relative
humidity.

As will be emphasized again in discussing shrinkage, such
seasonal extremes must be averaged. The low moisture conditions
associated with winter, spring and fall weather seem to outweigh the
effects of short-term, high-humidity summer extremes. Thus 7.5% to
8.0% MC is an appropriate average for this kind of area. To bring



wood to such low levels it must either be stored indoors or dried in a
kiln. Since the latter is the usual practice, the term kiln-dried usually
means dried to ‘a level appropriate for interior use. To the
cabinetmaker, then, kiln-dried suggests a moisture content of below
10%. ‘

In structure lumber, however, air-dried levels of moisture content
are considered adequate. In this context, kiln-dried may mean 19% or
less. In some cases, structural lumber is kiln-dried mainly to reduce its
weight for more economical shipping, to kill fungi or other
wood-destroying organisms, or simply to speed up the drying process,
even though the final MC may be scarcely below the FSP. So the term
kiln-dried alone should not be blindly interpreted to indicate any
particular moisture content.

One of the more unfortunate yet common fallacies is that
kiln-drying leaves wood irreversibly dry, and that once dried the wood
somehow becomes dimensionally stable. In reality, if dry wood is
stored under relatively moist conditions, bound water will be
re-adsorbed to the EMC.

When we deal with modified wood products, such as

- particleboard, hardboard or decorative laminates, the adhesives

and other additives involved as well as the heat applied in
manufacture may influence the EMC considerably. For example, at
a relative humidity of 40%, where wood might come to an EMC of
about 7.5%, particleboard might average 7%, hardboards 5% and
decorative laminates as low as 3.5%. ‘Even among different
species, the EMC at 40% RH may vary from 6.5% to 8.5% MC.
Someone once suggested the concept of thinking of an
equilibrium relative humidity(ERH) rather than an equilibrium
moisture content(EMC), to emphasize the fact that relative
humidity determines EMC, not the other way around. It is prudent
to think that * my lumber should be at equilibrium with 40% RH"
rather than that “.my lumber should be at 7.5% MC".

3.5 Green vs. air-dried vs. Kiln-dried

-In general, the hardwoods have initial moisture contents in the 60%
to 100% range. In soft species, the general case seems to be that the
heartwood has a fairly low moisture content, often scarcely above the
FSP, while the sapwood is considerably higher. Among the
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lower-density species such as balsa or even pine, the sapwood MC
often exceeds 200%.

-There is considerable confusion over the meaning of the word
green in reference to wood. It is often used to indicate the condition of
freshly cut wood from a living tree. But because most properties of
wood are unchanged regardless of the amount of free water it
contains, we consider any wood above the FSP as green, even
when the condition has been restored by wetting previously dried
wood.

-Exposed to outdoor conditions, wood will lose its free water and
eventually become air-dry. This term is used in many confusing ways,
but should generally be taken to mean that the MC is in equilibrium
with the outdoor atmosphere of a particular area. The amount of time
to air-dry of course depends on the species, the thickness, the
weather conditions and so forth.

-The term kiln-dried usually means dried to a level appropriate for
interior use. To the cabinetmaker, then, kiln-dried suggests a MC of
below 10%. In structural lumber, however, air-dried levels of MC are
considered adequate. In this context, kiln-dried may mean 19% or
less. In some cases, structural lumber is kiln-dried mainly to reduce its
weight for more economical shipping, to kill fungi or other
wood-destroying organisms, or simply o speed up the drying process,
even though the final MC may be scarcely below the FSP. So the term
“kiln-dried alone should not be blindly interpreted to indicate any
particular moisture content.

4. Dimensional change in wood

4.1 Shrinkage and swelling

-Wood shrinks or swells due to loss or gain of bound water from
the cell walls. The amount of movement varies according to the
orientation of the wood cells and is usually measured separately in the
three principal directions: tangential, radial and longitudinal. The total
amount of linear shrinkage that takes place in a given direction from
the green to the oven-dry condition is customarily expressed as a
percentage of the green dimensions. This total shrinkage is figured as
follows: :

S = (Dg - Dod )/Dg x 100



Where S = the total shrinkage, in percent( St = tangential
shrinkage, Sr = radial shrinkage, S| = longitudinal shrinkage, Dg =
green dimension, Dod = oven-dry dimension.

-Total shrinkage of wood along the grain is normally only
about 0.1%. In normal wood, longitudinal shrinkage is considered
negligible. In juvenile wood or in reaction wood, longitudinal shrinkage
can be as much as 2%, about 20 times that of normal wood. Abnormal
wood usually develops unevenly in severity and distribution, and the
resulting uneven longitudinal shrinkage may cause severe warping. In
practice, however, we usually can forget about the longitudinal
shrinkage of normal wood.

-Transverse shrinkage, on the other hand, is significant. The
shrinkage values show considerable difference among different
species. Tangential shrinkage is always greater - than radial..
Tangential shrinkage ranges from 4% in teak to 12.7% in overcup oak,
with an overall average of 7.95%. Radial shrinkage values range from
2.2% for teak or redwood to 8.5% for eastern hophornbeam,
averaging 4.39%. It is reasonable to think of wood as having
roughly 8% tangential shrinkage and 4% radial shrinkage.

- Over the entire range of moisture content- from FSP to oven-dry —
shrinkage is approximately proportional to moisture loss.

4.2 Estimating shrinkage and swelling

A way to estimate the shrinkage, once we know the EMC, is by the
formula: 0D = Di S (BMC/fsp)

Where 0D = change in dimension due to shrinkage

Di = initial dimension

S = total shrinkage percentage. From lab. Data, use St (tangential
shrinkage) for flatsawn, Sr (radial shrinkage) for edge-grain Inmber

OMC = change in moisture content

fsp = fiber saturation point(average value = 28%)
(In using the formula, remember that 8.6% means 0.086)

- Since the formula applied only to moisture gain or lose below FSP,
no values above FSP should be considered.

-Because the shrinkage percentages are based upon shrinkage
from the green condition, the above formula is accurate only for
shrinkage starting from the green condition, as in the original
computation. For shrinkage of wood starting at a partially dry
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condition, the above formula will introduce an average error of about
5% of the calculated change in dimension. Therefore, a more refined
estimate is desirable, the following formula should be used: 0D = 0ODi
(MCi O MCf)O+Dfsp/SOfspOMCiO
Where MCi = initial MC
MCf = final MC

4.3 Uneven shrinkage and swelling

-Change in dimension is only one consequence of shrinkage or
swelling. Even more serious effects may result when shrinkage or
swelling is uneven throughout the piece even though itis very small in
magnitude. Warp, which is the distortion of a piece from its desired or
intended shape, usually results from variable shrinkage that causes
stress in the piece. Cup is a form of warp that is characterized by
deviation from flatness across the width of a board. Bow is deviation
from lengthwise flatness in a board. Crook is departure in end-to end
straightness along the edge of a board. Twist signifies that the four
corners of a flat face lie in the same plane. Kink describes a localized
crook, due to a knot.

-When uneven shrinkage causes stress that exceeds the
perpendicular-to-grain strength of the wood, separation of cells
occurs along the grain. Such failures are termed checks. Although
most common on the surfaces and ends of pieces, they may also
occur internally. A square or rectangular piece with diagonally
orientation growth rings will shrink twice as much across one diagonal
than the other, distorting the board into a diamond- the term
diamonding designates the effect.

-Probably the most familiar manifestation of shrinkage is the radial
cracking of logs or log sections caused by the stress resulting from
greater tangential shrinkage, which cannot be accommodated by
distortion alone. The stress eventually becomes great enough to
crack the wood radially.

Sometimes a disc can be dried without cracking. Success is favored
by a number of factors. Species with low shrinkage percentage and
low tangential-to-radial shrinkage ratios are better prospects.

4.4 Perpendicular-to-grain vs. parallel-to-grain
-A second type of dimensional behavior that causes problems is the
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wide discrepancy between perpendicular-to-grain dimensional
movement and the nearby negligible longitudinal instability. A classic
problem is the mitered joint. The joint opens on the outside in summer
humidity, and no the inside in winter dryness. This one is familiar
because it is out in plain sight. But a hidden example of problems
caused by differences in longitudinal and transverse shrinkage is the
mortise-and-tenon joint.
-Wobbly chairs are caused principally by the difference between the
- dimensional change of a- mortise and the dimensional change of a
tenon. The simplest joint is a round tenon in a drilled hole or mortise,
as in the insertion of a chair rung into a chair leg. Perpendicular to the
grain direction of the chair leg, the tenon and the hole shrink and swell
by about the same amount in diameter. In the direction of the leg the
hole is virtually stable; the rung, however, will have pronounced
dimensional response, especially if the growth ring orientation of the
rung is vertical in the joint.

4.5 Uneven drying

-A third cause of dimensional troubles is uneven shrinkage due to
uneven drying. A familiar case is when a pile of air-dry lumber is -
brought into a heated building. Cupping soon develops on the top
boards as the exposed faces dry and shrink first. The cupping back
and forth of a tabletop finished only on the upper face is another
common example. But perhaps the most universal problem is
end-checking. Water moves longitudinally through wood 10 to 15
times faster than it moves perpendicular to the grain. Therefore,
end-grain surfaces rapidly lose their moisture and will be first to drop
to below FSP and begin to shrink. If the shrinkage exceeds about
1.5%, tension failure in the form of end-checking may occur.
Therefore, drying from the board should be uniformly slow because
most molecules will escape through the side grain. The objective of
end-coating boards, with sealers is to prevent rapid end-drying and
create uniform side-grain drying right to the end of the board.

4.6 Variation in shrinkage properties

-A fourth category of troublesome uneven shrinkage results when
shrinkage properties vary within a given piece of wood- a
characteristic of juvenile and reaction wood. Typically, the severity of
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reaction wood varies within a given piece, or it may even be combined
in the piece with normal wood. Bow and crook are commonly
traceable to such variable longitudinal shrinkage. Twist is sometimes
the result of uneven reaction wood formation but most pronounced
twist is usually associated with spiral grain. Those boards that form
veritable propellers are usually caused by spiral grain.

-In some species, extractives may significantly reduce shrinkage of
heartwood as compared to sapwood. Such differences between
dimensional change may also produce troublesome results in boards.
The sapwood/heartwood shrinkage difference is also responsible in
part for the uneven thickness variation. In any case, the practice of
matching sapwood to sapwood and heartwood to heartwood is a
logical one.

5. Coping with wood movement

-Preshrinking wood by seasoning, as obvious as it is, is too
important to pass over lightly. Although wood is dried for many
reasons ( to reduce weight, to prevent deterioration by fungi, to
increase strength, to permit gluing and finishing) the principal -
objective is to have shrinkage take place before rather than after the
~final product is completed. The key to this approach is drying the
wood to a moisture content consistent with the average relative
humidity in which the finished piece will be used.

-Preshrinking wood is one thing, keeping it there is another.
Careful attention must be given to the second basic
consideration-atmospheric control. Air conditioning is effective, but
not always possible or even sensible, except for priceless museum
objects and the like. Another approach is to control humidity through
isolation, by keeping the wood in a reasonably air tight container.
This may be a small display box, a glass jar, a plastic bag or simply a
coat of finish.

-As a companion to proper preshrinking, an effective finish is the
most relied-upon approach to minimizing dimensional response in our
variable atmosphere.

-Mechanical restraint
-Cross-ply construction of plywood
-Balanced construction



-Chemical stabilizing
6. Water gradient and drying stress

-Moisture gradient: Water in wood normally moves from zones of
higher to zones of lower moisture content. This fact supports the
familiar statement that * wood dries from the outside in,” which means
that the surface of the wood must be drier than the interior if moisture
is to be removed. In drying, the surface fibers of the heartwood of
most species attain moisture equilibrium with the surrounding
atmosphere almost as soon as drying begins, and at this time a
moisture gradient begins to develop.

-Casehardening is the inevitable result of the drying stresses
associated with shrinkage- the stresses persisting when the wood is
uniformly dry. Whether or not it is considered to be a defect depends
on the final use of the dried material. Casehardening can be relieved
in a compartment dry kiln by a conditioning treatment.

7. Equalizing and conditioning treatment

-Frequently the moisture content varies considerably among boards
- in-a kiln charge during the final stage of drying. Such variation may
cause serious trouble during storage, fabrication, or use. Also,
satisfactory relief of drying stresses(casehardening) of all boards in a
charge cannot be obtained if the MC varies too much. Therefore, use
an equalizing treatment to overcome excessive variation in MC near
the end of drying.

-If the boards are to be re-sawed, ripped into thin strips, or
machined non-uniformly, use a conditioning treatment. Such a
treatment accomplishes two things: it relives drying stresses, and it
produces a more uniform moisture content throughout the thickness
of the boards. Drying stresses and non-uniformly of moisture can
result in serious deformation during fabrication and use.

7.1 Equalizing treatment

-The procedure for equalizing a kiln charge of lumber is as follows:
(1) Start equalizing when the driest kiln sample in the charge has
reached an average moisture content 2 % below the desired final
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average moisture content. If, for example, the desired final average
moisture content is 8%,equalizing would be started when the driest
kiln sample reaches 6%. (2) As soon as the driest sample reaches the
moisture value stated in step 1, establish an equalizing EMC in the
kiln equal to that value. In the example given in (1), the equalizing
EMC would be 6%. During equalizing, use as high a dry-bulb
temperature as the drying schedule permits.

(3) Continue equalizing until the wettest sample reaches the desired
final average MC. In the example given in step 1, the wettest sample
would be dried to 8%.

- If the equalizing treatment is to be followed by a conditioning
treatment, it may be at times be necessary to lower the temperature to
obtain the desired conditioning EMC condition. When this is
necessary, begin lowering the temperature 12 to 24 hours prior to the
start of conditioning. Also lower the wet-bulb temperature to maintain
the desired equalizing EMC.

7.2 Conditioning treatment

-The conditioning treatment, whether or not preceded by an
equalizing treatment, should not be started until the average MC of
the wettest sample reaches the desired final average MC.

-The procedure for conditioning a kiln charge of lumber is as
follows:
(1) The conditioning temperature is the same as the final step of the
drying schedule or the highest temperature at which the conditioning
EMC can be controlled. For softwoods set the wet-bulb temperature
so the conditioning EMC will be 3 % above the desired final average
MC. For hardwoods the conditioning EMC is 4 % above the desired
final average MC. For example, assume that this case involves a
hardwood, a final desired MC of 8 %, and a conditioning temperature
of 1700. The conditioning temperature EMC is 12%. At 1700, an 8
degree wet-bulb depression will give an EMC of 12.4%. If the material
was a softwood, the conditioning EMC would be 11% and the
wet-bulb depression 10 degree. .
(2) continue conditioning until satisfactory stress relief is attained.

-Method of cutting specimens for casehardening tests, material that
is less than 1 1/2 inches thick is cut into three prongs, and the middle -
prong is removed, material that is 1 1/2 inches or thicker is cut into six
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prongs, and the second and fifth prongs are removed.
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Moisture content of green wood
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Table 86, Kiln drying schedules for drylng 1-In, basswood and white oak
A% lumber
'_7 Basswood Whitc oak
e Kiln conditions Kiln conditions
Moisture Tempera- Relative Moisture Tempera- Relative
§ oonml e bumidity content ture humidity
. % (A0 (%) ") (F(0) (%)
Above 60 160 On 8
o~y 0 160 (1) i
o 50 160 (1) 3 Above 40 10 @) 1
40 160 (1) 2 4 ne @) u
B 3 160 (1) 2 35 10 @) 5
"“ X 1M 7 u 30 10 49 62
i ¥ 1) u 30 3
,J% b 180 (82) 2% 0140 (60) b
;’ﬁ 5180 @ % 510 @ %

Source: USDA For. Serv. (1961).
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Preshnnking wood by smsonmg. as obwous as
it is, is too important to pass over lightly. " -

. Although wood is dried for many reasons ( to .
- reduce weight, to prevent deterioration by fungi,
to increase strength, to permit gluing and .-
finishing) the pnncxpnl objective is to have ... -
shrinkage take place before rather than after the -
final product is completed. The key to this .’
approach is drying the wood to a moisture :
content consistent with the avcrage : relative :
idity in whlch the ﬁmshed piece will be used
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Theoretical
drying
ditfusion
coefficients

tor saftwoods In
radial direction
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[~Particleboard

Strass lavel {% of short-tarm test)

I~ Hardboard

/1]

Displacement resulting
from shear action between ;
tayers in the beam Ay 3

BT e A P

-/ Standard method of determining
the shear strength of wood

= During test

3 Table 102 Relationship between machanical propertios and specifi
gravitles for softwoods

After test

Estimated streagth at
welected specific gravilites
Suength (5G @ 12% MO)

Load to
tailure (P)
Surface

prediction. e
Property fomSG 030 040 0.50 080
Bending
MOR {psi} 25600 x SG'* J20 9780 12360 1450
MOE (10" psi) 303 x SO 106 13T 168 188
Compression paralkd to the prain
Maximum cl:‘usl\m; strength (psi) 14600 x SG'™ 410 TR 1200 8610
MOE 10° psi) INxSCM LM 16 1% 1M
Compression perpendicular 1o the grain
Stress at proportiona! fimit (psi) BUOXSGH M 60 B 1034 w I:';,‘m
Side hardness (Ib) MO x SG* Bl 40 193 1IN ooat

ol < Maximum shear support
Source: USFPL (1987). L ngth - PiA -




Comparison

to grain

of
strength parallel
and perpendicular

19,800 I

T

157,000 I
ty

(before loading both
10- = 10° Dou
pPoOSts exactly

tas-fir LN
O long)

N TSN
Stress/strain Ina u
Stress distribution

nlforml)[

Unltormly spplied load :
Maximum compression stress g

" Compression siress| !
b o] A

B d Tensile stres

‘loaded beam  ©

1.000~
Support

Strain and
deflection

“Maximum tenslon stress

Support

Deflection of beam
Strain ot the syrface - 000510, + 110 ~ 0,005

on the density profile

Effect of moisture distribution

03

5% MC,5% ‘MC

T T
-, 15% face MC, 5% core MC .

on cauls

Shrinking and swelling

in the plane of the panel
{same boards as in Fig. 8.12)

“ Wet
, "75)3 2

Specific gravity

025 0.125 0
Surface Conter

Frow st ot o 1672

0125
Surtace

Distance from the center (in.)

0.25

Percent linear change

0D )

When redried

Thickness swelling of a particleboard

{experimental waterboards exposed to wettin
fo EMC cycled from 50 t0 80 10 50% RH)

g-redrying snd |

X3 g R
Comparison of lincar
swelling characteriatios

K Ghree-ply plywood
Wet @
y =
o 40 :
e :
2 L
] oD |:
2% :
4 ;
x H
k] .
z - £
o :
€ i
A
s i
& 50% RH BIcH {
}
0 8]C i

At high molisture content
#rom Nergreen emd Qertiesnsen (1872

When redried

ned
re when wet
> Grain wirection

Ingividual

19



Relative creep
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WOOD ADHESIVES AND ADHESION
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1. Introduction
1.1 What is adhesion ?
1.2 Five links theory
1.3 Importance of wood gluing
A. Wood is light-weight, high-strength
B. Easy to gluing
C. Value-added
D. Cover wood original defects
E. Utilizing small-size and low value wood
F. High reliability & durability
1.4 Classification of wood adhesives
1.4.1Based on chemical component
A. Inorganic
B. Organic B-1. Natural high polymer compound
B-2.Synthetic high polymer compound
C-1. Synthetic rubber
C-2. Synthetic resin
D-1. Thermoplastic resin
D-2. Thermosetting resin
1.4.2 Based on raw materials
A. Proteins A-1. Animal protein: ex. animal glue, casein glue, blood
albumin glue



A-2. Plant protein: ex. Soybean glue, corn gluten glue
B. Hydrocarbons: ex. Starch , dextrin
C. Resins C-1. Natural resin
C-2. Synthetic resin C-2-1. Thermoplastic resin
C-2-2. Thermosetting resin
D. Rubbers D-1. Natural rubber
D-2. Synthetic rubber: ex. SBR, ABS, Neoprene
1.4.3. Based on appearance
A. Solution typeOUF, PF, RF
B. Emulsion type: PVAc emulsion, EVA emulsion
C. Foam type: add blow agent for volume extending
D. Paste type: Dextrin
E. Film type: Tego-film
F. Solid type: Hot melt adhesive
G. Powder type: Powder UF
H. Pressure sensitive type: Gum tape
1. Remoisten type: Back glue of mail stamp
1.4.4 Based on curing or solidification methods
A. Cured by heat
B. Cured by hardener
C. Solidification by solvent evaporation
D. Solidification by cooling
1.5 Requirements of wood adhesive
1.5.1 Based on application
A. Mass production, low cost
B. Good bond quality
C. High reliability and durability
D. Easy to apply
E. Proper pot life
F. Curing at room temperature to medium high
G. Water soluble is desired '
H. Good storage life
1.5.2 Based on physical or chemical properties
A. Must be a liquid
B. Good wettability to adherend
C. Can be cured or solidified
D. Finally to be a polymer
E. Small shrinkage in gluing process



F. Initial tacky property
G. Proper viscosity
1.6 Theory of adhesion
A. Mechanical adhesion: Anchor effect or key-in effect
" B. Specific adhesion: van der Waals’ force
Orientation effect, induced effect and dispersion effect
C. Chemical adhesion: Chemical bond/dispersion force/orientation
and induced force=2000/ 100/ 0-5
D. H-bond
E. Polarity: Like dissolve in like
1.7 Gluing process
1.7.1 Adhesive choice
A. Type of adherend
B. Combining method: Hot or cold pressing
C. Quality required
D. Economic concern
E. Others: Odor, toxicity, color and storage life
1.7.2 Glue mixing
A. Viscosity adjustment : reducer, thickening agent
B. Filling
C. Colorant
D. Hardener
E. Others: retarder, fire-resistant, preservatives, ferroelectrics
1.7.3 Surface preparation of adherend
A. Water extruding-- drying
B. Sweep saw dust away
C. De-grease
D. De-lubricant
E. Remove coating
F. Planning and sanding- straight plane and right angle to each others
G. Others
1.7.4 Spreading style, location and rate
A. Spreading style: full spread, spot spread, margin spread,
spot and margin spread
B. Spreading location: Simple side spreading
and double sides spreading
C. Spreading rate: In general, lumber edge-gluing between the level of
260-320 g/mz, veneer overlaying between the level of 70-120 g/m”.



1.7.5 Glue applicator
A. Simple applicator: brush, roller, sieve plate
B. Semi-automatic applicator: spreading gun with hose supply system
C. Automatic applicator: roller coater, Robert applicator
D. Hot melt applicator: gun type, HMA banding machine
1.7.6 Gluing
A. Open assembly gluing
B. Closed assembly gluing
C. Re-active gluing: solvent reactive, heat reactive
1.7.7 Pressing
In general, UF bonding works need pressure of 5-20 kgf/cm?,
plywood manufacture needs 8-12 kgf/em®.
1.7.8 Heating
UF bonded works need 105-1100, PF 135-1500.
1.7.9 Mature period or aging time

2. Factors of adherend affect the bonding properties
2.1 Wood species
2.2 Specific gravity
2.3 Extractives
2.4 PH value of wood
2.5 Defects of wood
2.6 MC of adherend
A. Effect of lumber MC before gluing
B. Effect of MC after gluing and EMC on the"bond strength
2.7 Flatness of lamina surface
2.8 Fiber orientation
2.9 Pollution degree on gluing surfaces
2.10 Fresh degree of gluing surfaces

3 Factors of adhesive affect the bonding properties
3.1 Wettability
3.2 Polarity
3.3 Degree of polymerization or molecular weight
3.4 Physical and chemical properties of glue
A. Residue stress in the glue lines
B. Resist to the aging
C. Effect of hardener



D. Effect of fortifier, filler and extender
E. Solid content and resin content

F. Pot life, gel time and curing time

G. Degree of polymerization

H. Viscosity

I. pH

J. Storage life

4. Factors of gluing engineer affect the bonding properties
4.1 Glue mixing
4.2 Spreading rate and glue line thickness
4.3 Assembly time
4.4 Pressure
A.sp.gr. 0.2—0.4 pressure 5—7  kgf/cm’
B. sp.gr. 0.4—0.7 pressure 10-15  kgf/em?
C. sp.gr. 0.7—1.0 pressure 15—20 kgf/cm?
4.5 Temperature and time during pressing
A. Heating by hot press
UF plywood 105-1200 20-30 sec/ mm
PF plywood 130-1500 40-60 sec/ mm
UF+PVAc fancy overlay 105-1200 60-90 sec.
B. Heating by oven(hot air)
C. Heating by high frequency generator
Hardwood 70-75 in¥ kW.min.Ounit time energy efficiency
Softwood 100-125 in% kW.min.

Heat timeOmin.0 O Total gluing area0in*0+ DOunit time energy
efficiencydin/ kW.minO x H.F. out-putOkWO x H.F.
heating efficiency(J50-600 00
And, H.F out-putDkWOO H.F. set voltagellkVO % plate current
0AO
D. Heating by steam injection
4.6 Mature period or aging time

5.Adhesives for Vinyl and Paper laminating Products
5.1 Laminating or overlaying methods
A. Wet combining
B. Semi-wet combining



C. Dry combining/ thermoplastic mounting
5.2 Laminating adhesives
5.2.1 Solvent borne urethane adhesives
5.2.2 Epoxy adhesives
5.2.3 Urea-formaldehyde resin adhesive
5.2.4 Polyvinyl acetate emulsion adhesive
5.3 Requirements for laminating adhesives
A. Non-staining
B. Non-creep
C. Non-telegraphing
D. Wet tack

6. Adhesives for Furniture Making and Their Bonding Techniques
Technical points for laminating veneer on wood products
A. Glue performance
B. Extruding out and staining troubles
C. Check on laminating veneer
6.1 Adhesives for veneer laminating

A. UF/PVAc
Adhesive 100 | Spreading | 10-12 g/ 30x%30 cm’
rate
Wheat flour 40 Assembly | 5 min.
time
NH,CI 0.5 Pressing | 1100, 6 kgf/em?, 60 sec.
conditions

B. Neutral a-olefin resin adhesive
® No formaldehyde emission
® Commercial name- Neutral kura-tack
® Ammonia as buffer, some wood has risk of color stain

Adhesive 100 | Spreading | 10-12 g/ 30%30 cm®
rate
Wheat flour 40 Assembly | 15 min.
time
Cross-linking 50 Pressing | 1100, 6 kgf/cm?, 60 sec.
agent conditions




C. Amino powder adhesive

Adhesive A 35 Spreading | 10-12 g / 30%30 cm’
(powder) rate
Adhesive B 100 | Assembly |20 min.
: time
Wheat flour 35 Pressing {1100, 6 kgf/cmz, 60 sec.
conditions
Water 80

D. PVAc emulsion adhesive
® Straight PVAc (S.C.=40-45%)
® Closed assembly (10 min.)
® Pressing (iron, roller press)
E. Animal glue
® Glue : water=1:2.5 (80 O dissolve)
® Spreading —» drying - assembly -
iron heat re-active
® Veneer formalin treatment before heating to improve water resistant
® No extruding, clean surface
® Ebony veneer laminating

6.2 Adhesives for Flush Panel Making
® Flush panel composed by plywood skin, core and glue.
® Features
- Plywood used as material, high bond strength is unnecessary.
- For mass production, shorten press time is concerned.
- Balance structure absolutely demanded
® Types of adhesive
A. No-clamp type PVAc emulsion
--Solid content over 45%
--Good initial tackiness
--Temp. over 20 0, press time 30 min. enough for getting initial
bond strength
--No clamp = no pressure needed
B. a-olefin resin adhesive
--Resin is a copolymer of isobutylene and maleic anhydride
(5.c.=35-55%), hardener is epoxy compounds (dosage=2-5%).




(belong to 2-can  glues)
--pH about 13, alkali stain trouble concerned
--Speed gluing cycle, but pot life is limited.
C. PVAc modified witha-olefin resin adhesive
--PVAc modified by olefin resin
--Neutral (pH about 7)
--Solid content = 60% (about)
--Press time : 20 min.
--If glue lines need heat resistant ,
cross-linking agent should be mixed.
6.3 Adhesives for Edge-gluing
A. Hot melt adhesives
B. Animal glue
C. Synthetic rubber- chloroprene
6.4 Adhesives for Furniture Parts Assembly
A. PVAc emulsion
B. UF/PVAc
C. EVA emulsion
D. API or EPI (Aqueous Vinyl Polymer Isocyanate,
Emulsion Polymer Isocyanate,
Water Borne Vinyl Urethane Adhesive)
7. Conclusions
To get good bonding properties
- understanding wood
- understanding adhesives
- good knowledge to practice gluing technique
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Introduction

e  What is adhesion ?

Adhesive: A sub e capable of b
gether by surface hment.

™
g material

Adhesion: The property that causes one materia} to

stick to another by the physical and/or chemical
force between adhesive and adherend.

o  Five links theory
« Importance of wood gluing
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introduction

e What is adhesion ?
o Five links theory
e Importance of wood gluing

Wood adhesion mechanism —Five links theory

. ka%{h:f wood
e Fv: van als force
of interface (aghesio;
force) \
& Fc: cohesion of glue

& Ideal adhesion:
Fv> Fw and Fe>Fw

B 54 AHORRRK
(Five Linke)" -




Types of bonding failure
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Introduction

Importance of wood gluing

Wood is light-weight, high-streng
Easy to gluing ' \
Value-added
Cover wood original defects
Utilizing small-size and low value wood
High reliability & durability
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Compare among wood joints .
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Joint speed u] © o plywood [ [ [ 3] o 5]
Works' cutting x ° ° :: z 2 g ) N
: ) 0
Anti- a °
deformation LVL g g 3 (0) . AN
Glulam o
B[ [ ° | O\ e .
Antishrinkage o o a } m ) o ) d\
Durability s} s} 0.0 \ tywood
Scaling effect *® 3] Furniture [ o ) )
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Introduction Based on Chemical Components

e Classification of wood mv S

Based on chemical component
Based on raw materials
Based on appearance

Based on curing or solidification
methods

g

A. Inorganic
B. Organic
B-1. Natural high polymer compound
B-2.Synthetic high polymer compound
C-1. Synthetic rubber
C-2. Synthetic resin
D-1. Thermoplastic resin
D-2. Thermosetting resin




Based on raw materials

A. Proteins A-1. Animal protein: ex. :mx{\{lglue,
casein glue, blood albumin glue
A-2. Plant protein: ex. Soybean \gl e,
corn gluten glue R
B. Hydrocarbons: ex. Starch , dextrin
C. Resins C-1. Natural resin
C-2. Synthetic resin
C-2-1. Thermoplastic resin
C-2-2. Thermosetting resin
D. Rubbers D-1. Natural rubber
D-2. Synthetic rubber: ex. SBR, ABS,
Neoprene

1
an2m

Based on appearance

A. Solution typeQUF, PF, RF
B. Emulsion type: PVAc emulsion, EVA emulsion

C. Foam type: add blow agent for volume extending
D. Paste type: Dextrin ~
E. Film type: Tego film

F. Solid type: Hot melt adhesive

G. Powder type: Powder UF

H. Pressure sensitive type: Gum tape
1. Re-moistenable type: Back glue of mail stamp

Based on curing or

solidification methads
A. Cured by heat, ex. UF, P
B. Cured by hardener, ex. UF, R|
C. Solidification by solvent evaporation
D. Solidification by cooling, ex. HM

18
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Film formation of emulsion
through evaporatiO\

/ % 205 MM
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Requirements of wood adhesive

Based on application
A. Mass production, low cost
B. Good bond quality
C. High reliability and durability
D. Easy to apply
E. Proper pot life
F. Curing at room temperature
G. Water soluble is desired
H. Good storage life

Requirements of wood adhesive

Based on physical or chemicalproperties
A. Must be a liquid
B. Good wettability to adherend
C. Can be cured or solidified
D. Finally to be a polymer
E. Small shrinkage in gluing process
F. Initial tacky property
G. Proper viscosity

18
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Liquid drop wetting on solid
surface

LRI 3205 o

]

Theory of adhesion

A. Mechanical adhesion: Anchor effec
key-in effect
B. Specific adhesion: van der Waals’ force
orientation effect, induced effect and dispersjon
effect
C. Chemical adhesion: Chemical
bond/dispersion force/orientation
and induced force=2000/ 100/ 0-5
D. H-bond
E. Polarity: Like dissolve in like

0318

Bonding forces

Adhesion
A. mechanical adhesion (anchor effect
B. specific adhesion

B-1 chemical adhesion
B-1-1 primary bonding : ion bond,
covalent bond and metal bond
B-1-2 H-bonding
B-2 van der Waals’ force : orientation, induced
and dispersion force

Evidence for anchor effect

1 wmom& m

) mevaens

o

Reaction between diisocyanate, wood
and water (Chemical adr{iion)

iphonpimettan-4,4'- diisacyonor

w_mw-c-n—O—T—O-»c-ocw-%
S OO 8

=R NemCm0 + K0 ¢ DeComl—R—
ocyongte  Woter  hocyonole
—n-«n-x-mo—u,— + ooy
Polyures Cardon diaxide .
Fig. 1.9, Beaction between dilescyssates, wood. 6nd water. From Deppe end Bnet (1871)

»
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Bonding energy and bonding
distance

Bonding type Bonding Banding energy

distance (A= 10" {(kca le)
tcm) KO\

Van der Waals’ 3.5 0.
force

H-bonding 23 5-10 \

Primary bonding 1-2 50-200

|




Factors affect the bonding
properties \
o Adherend (Wood propeme{‘)

o Adhesives (Adhesive proper ie\s
o Gluing engineer (Gluing condit'(m

25
Ve

Factors of adherend affect the
bonding properties

— Wood species

~— Specific gravity \

— Extractives \\

— PH value of wood .

— Defects of wood

— MC of adherend

— Flatness of lamina surface

— Fiber direction

— Pollution degree on gluing surfaces

— Fresh degree of gluing surfaces %
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Wood properties affect bonding
strength :

e Species

e Specific gravity

V128

Relationship between sp.gr. (X) &
shear bond strength (Y)

MREAERTRS V(ig/m")
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Specific gravity (X) vs. bending peel
strength (Y) \

ATSLARRE2 Ou/w)

N

v
Fes
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A
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Higher sp. gr. means higher percent of cell
wall substance and Iargerqea for bgnding

Mawre 8 —Aopen (qwehingl. 333 fuend
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Wood properties affect bonding

Gel time extended by extractives
X: dosage of kapur extractractives
Y: gel time increment rate

strength
. g
e Extractives £
i 16
e pH 5 ~
e Defects .
100
BT~ AOMBROKNE (%)
(=32 22 13
LR R
—-1ag TORKEAMN
stV eap TRRONR
3 whi BXNEC ¢ S X8, $5°C k2
12 B 13 MUKDIE X3S YA o™ e
Bond strength of extracted apitong . .
and kapur with various methods Wood properties affect bonding
(solid line : bond strength; dotjne: wood failure) str ength
e Moisture content
o Surfaces roughness
$__10 o Fiber orientation
snnit \ .
AN asssasse o Pollution degree
'.,'::f" o Fresh degree
FRELN &
BLEUER I 10 2 N .% XN 04 n » »
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Veneer laminated product having
high MC caused to lecks

I

Veneer laminated product having
high MC caused to checks

~
, ~ ™~
. N ™
]
vt
‘r'{ e
37 38
Y b2 312/
Lumber MC (X) before gluing vs. Veneer MC (X) vs. plywood bond
bond strength (Y) strength (Y)
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ORIENTATION CONDUCTION

RANDOM RANDOM STARTS STARTS
" DIPOLES IONS
©© e—'@%
@ o) o0 0gs
@ 0 cae'aeeg‘a %60 s
k © ° S Ge-G ‘Q@
) 0% Y Q@e ee
0o @
{ e 998 g@ ™~ -G eﬁ? ™~
Fhse
o 20620 © oL
Qc@ o%eeeee (21
(a) £3)
N\ :
" (b) »
Porive L
Wood properties affect bonding
POLARIZATION POLARIZATION strength
e Moisture content
e Surfaces roughness
~ e Fiber orientation
o Pollution degree
o Fresh degree
(c)
FIGURE 1dealized view of the polerization duc Lo dipoles and ions: (2) unpolarized;
(b) onientation and conduction begins; (c) fully polarized. ln actual materials, both 45 46
processes can oocur simultancously. nw e

Surface roughness (X) vs. bond strength
(Y) (Legends were pressure)
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Veneer quality vs. plywood bond strength
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Profile depth (X) vs. shear bond strength (Y)
[Theoretical description]

¥ @& SFRIE (<)
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Profile depth (X) vs. shear bond strength (Y)
[Practical results]
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Wood properties affect bonding
strength

e Moisture content

o Surfaces roughness
o Fiber orientation

o Pollution degree

o Fresh degree

51
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Bond strength of 2 lamina with different
grain orientation (in plaKe)
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Bond strength of 2 lamina with different
grain orientation (out—pl{Lne)
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Anisotropic; shrinkage T/R/L=10/5/0.5-1

$ F 4t yRESLrS) TR L

= 10:5 o5~y

38




Y

SISO e e e AT

i N\
M 3 <3y

M“ 3 ¥

shrinksge cavses squares to
s o become eval Quirter.
tsown bourds cup swey from

Strength retention in different type
of wood joints
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Dowel and tenon joints
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Mitered joint with dowels

GRAIN

81
03128

Corrugated fasteners used on a
mitered joint

*igure 1X: Corrugated fasteners used on & mitered joint. 62

M2

Wood properties affect bonding
strength

e Moisture content
o Surfaces roughness s
o . . -
e Fiber orientation f‘ﬁ 50
e Pollution degree =
o Fresh degree
Ty E R z 32
t ¥ % 3 ¢
5 . 33
& - < 54
003/1 /4 B 8-14 IEASILiD G & WAL oy

Surface pollution vs. bond strength

100

Wood properties affect bonding

o }

e Moisture content

o Surfaces roughness
o Fiber orientation

e Pollution degree

o Fresh degree

The wettability (Y) of glycerol on
wood vs. fresh degreeQ)

o

e 5§ 10 15 20 25 45
| 3407

@612 #2527 5 ~ORHOVUNKITH
W E 7 ¥ e —n (7zv =63 40erg/
cm®) K X5 BRI 0 OB %

ne
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Factors of adhesive affect the
bonding properties.

NS
T AN
— Wettability N
~ Polarity S
— Degree of polymerization or ~

molecular weight

— Physical and chemical
properties of glue

i

Liquid on solid surface

O 3-1 e R ERT O

31020 03128
Wettability (Y) of several species (X)
What is the good wettability? used for furniture making
. ~
<
7z /5 E \
- ? .
€
S XD SR LGS
B2-4 MABEA<BLC<D<E o e-s ;Am;au;»u”
% . 7
%)OJII?JI o3
Contact angle (X) vs. bond strength Factors of adhesive affect the
(Y) of several tropic sp\ecies bonding properties
2 . 5 " L. w9 — Wettability
™oy ¥ . magrd ~ Polarity
T U J% Biaxi=1. 4 L
° 2 . B CH A S —Degree of polymerization or
£ o £ Wivers © molecular weight
* 1y °fn w7147 O . . .
u . —Physical and chemical properties of
T " e glue
B 41 MEHORBHLEANE™
Ll n
won -
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Surface energy

~

o Aluminum 500 N o Urea resin 63.0 (BS=96 kgflem?)
e Copper 1100 NN o Urea resin + S
. lroi:]p 2030 N \\\ 0.01% surfactant 56.5 (BS=IO}kgfﬁml
™ . e Urea resin + [

e Wood (Douglas fir) 58-61 ™~ \
e Melamine resin 52 0.025% surfactant 49.6 (BS=116 kgf/ (n’)
e Urea resin 45 * Urea resin + \

. 46 0.2% surfactant 38.7 (BS=85 kgf/cm?)\
e Epoxy resin o RPF s \
* PVAc 36.5 o PVAc emulsion 38 \
e Polyethylene 31 iﬂ " » Eposy 2 .

D128 *ﬁ)‘lm

Surface tension force of adhesives

o Acid cure phenol resin 78 (200, dyne/cm)

Factors of adhesive affect the
bonding properties

— Wettability
— Polarity

—Degree of polymerization or \

molecular weight
— Physical and chemical properties of
glue

Effect of UF MW (X) on bond strength (Y)
N

s e

(9 wragvavy

.0
200 400 400 Sou
? FR

BN Ll by
TABIRE AT vsFri o E
M’zew{imr’f

328

Bleeding through caused by PF
resin that was cured.incompletely

Factors of adhesive affect the

bonding properties
—Wettability
—Polarity
—Degree of polymerization or

molecular weight
—Physical and chemical properties
of glue

328
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Physical and chemical
properties of glue

X
Residue stress in the glue li}le‘s\\ m?_tﬁl_r,%%?.
Resist to the aging RN
Effect of hardener \ \\ ““W o lben .
Effect of fortifier, filler and extendcr\ . )
Solid content and resin content o
AT =
. ot #
7 .. gt e o St 12 ot st 4 s st St st e
| ' |
| » “
Doy Doy e
Properties of room temp. setting adhesives
Physical and chemical (o:good, O:fine, X: bad)
properties of glue resin {temp [solve [dry |[Cool\[60C [Cycli |72hr
nt water N({ ctest | pojlin
Residue stress in the glue line 4
Resist to the aging RE . jOver [water] o | © | © NO o
Effect of hardener PF  |Over |alcoh [ o o o o o
Effect of fortifier, filler and extende 200 ol
Solid content and resin content MF S]VED' water| o | o | o | © \D
UF Over (water| o© o o x
S0 A\
PVAc [Over |water o] u] x x x\
L1} 5 D 82
o3/ oy

Estimating the durability of wood adhesives
(o:very durable., O:durable, x: no durable.)

Expose PF |RF M UF PVAc

condition L

In- general L) o o o
Hi °

door RE ° ° \3\\
low-RH .
High T ° ° [a} x \x

Out- |open ° ° o x

door
shield | °© ° ° o o\
In ° ° ° a] x \
water |

63
371208

Decorative plate peeling-
bonded with non-durable glue

|
oy
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Physical and chemical
properties of glue

Residue stress in the glue i\n,gs
Resist to the aging NN

Effect of hardener o

Effect of fortifier, filler and
extender
Solid content and resin content

3
3128

Amount of cross-linking agent (X) vs. bond strength
(Y) and wood failure (lower) of water borne vinyl
urethane
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Water absorbing speed vs. bond
strength development
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Physical and chemical

properties of glue
Residue stress in the %ines
Resist to the aging
Effect of hardener
Effect of fortifier, filler and

extender
Solid content and resin content

Physical and chemical
properties of glue

Residue stress in the ;IuX'\es
Resist to the aging
Effect of hardener

Effect of fortifier, filler and
extender
Solid content and resin content

o
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Solid content vs. bond strength
development
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Resin content of UF vs. bond

erformance
p ~

Ed ¥ LR TC
st rae M e S

s

N

hwren 100

H
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& 0-29 =V 7OIRRE M RIMRO MR LI L8

Physical and chemical
properties of glue

N
Pot life, gel time and curing.time

Degree of polymerization .
o N

Viscosity \

pH

Storage life \

22

Temperature vs. pot life (lower) & gel
Temperature and time (X) vs. viscosity (Y) time (upper)
1000 " ~
200 S IALSEN
x
£ \
i
\ )
(&7 rait) ° 0 20 30 40
1k ) P & C)
35710 'mso ”1)00 500 3 000 By LA s — AR 100 85, BEILNC 2008
B 60 s 7';‘"';2”0 s 6-31 B MIIMIs IO X
B CORRLN L HXLAD Rkl
DO 2 o
28 03128
. . Physical and chemical
Extending the pot life .
9 P ~ properties of glue
Curing time and temperature N
Pot life, gel time and curing time \\
™ Degree of polymerization )
Viscosity
M =~ PR (¥
A DM NI pH
O s —1 T
B9 DBIIED  AACKEN Storage life
Bl 730 FIOEBEROER"
%

328
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Curing temperature & time vs. Tg

26

Vinyl urethane curing time (X) at
20 O vs. lap joint str\e\ngth (Y)
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Physical and chemical Curing temperature & time (X) of RPF vs.
properties of glue bond strength (Y) ~
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Viscosity 3 - Ny
® 2
pH E . /L
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Conversion rate (X,%) of resin vs. bond
strength (Y) and wood failure (Y,%)
N
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Conversion rate (X,%) vs. bond strength (Y)

~

4 MR AOMIE 25

123 k)

»

£33

o 30
Atk 2B OMIAI(N)

B0 4-3  onatde S BIANORALIK & 3RE B
= & obak
102

7Y

17



Physical and chemical
properties of glue .

N

AN

Pot life, gel time and curing'time _
Degree of polymerization A \“‘\
Viscosity h
pH

Storage life

103
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Viscosity of UF (X) vs. plywood
durability in peeling test
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Bleeding through due to low viscosity
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Physical and chemical
properties of glue

Pot life, gel time and cu%gl e

Degree of polymerization
Viscosity

pH

Storage life
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Condensation rate of UF vs. pH
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pH vs. gel time of RF
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pH vs. condensation rate of P & F
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Gel time vs. pH of RF resin

Physical and chemical
properties of glue \

Pot life, gel time and curingtime
Degree of polymerization

Viscosity

pH
Storage life

"

Zovian

Factors of gluing engineering

affect the bonding properties
® Glue mixing p\

o Spreading rate and glue line thickness

e Assembly time

e Pressure

& Temperature and time during pressing\
e Mature period or aging time \

L "2
/128

Glue line delamination due to
uneven mixing

Glue mixing ratio affects cutting period

Adherend Cutting period(%)
Solid wood (control) 100
Straight UF 68&

UF 9 parts + PVAc 1 Part 72.5
UF 8 parts + PVAc 2 parts 81.3

114
31208
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Mixing ratio of UF & PVAc vs.
water resistance

Factors of gluing engineering
affect the bonding p{Operties
X

™ o Glue mixing AN
1m0} . o Spreading rate and glue line thickness
< ~ . N ~
5 . e Assembly time
& j00 h ~.
Z \\ o~ e Pressure \\ ™
- . \ e Temperature and time during pressing
Eai \ e Mature period or aging time
e e N W \
e e S
O 7-37 N Lo v nid avrk=y
T EAR OB F & o e
Lt } 115 116
by 2/m PN
Glue lines thickness (X) vs. bond Spreading rate vs. bond strength
strength (Y) N -
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Factors of gluing engineering Atssemtt':Ith:me (X) vs. bond
. . n
affect the bonding properties strength (Y)
o Glue mixing
o Spreading rate and glue line thickness 3 AN
e Assembly time . e
e Pressure EI
o Temperature and time during pressin i
e Mature period or aging time Fuman @
et S
e W i mama e
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Factors of gluing engineering
affect the bonding propertles

® Glue mixing \\\

o Spreading rate and glue line thlcknes\

o Assembly time W

e Pressure A ™

o Temperature and time during pressing
e Mature period or aging time

121
Doy

Pressure (X) vs. bond strength
(Y) of plywood
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Pressure (X) vs. bond strength

(rubber system)
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Cauls distribute clamping pressure even

1—Cover boards (cauls) distribute clarnping pressure even
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Thickness change of veneer

lead to uneven Ioadi\%
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Veneer laminated products
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Factors of gluing engineering
affect the bonding p{operties

¢ Glue mixing \\

e Spreading rate and glue line thickness

e Assembly time N \\\
o Pressure ™

e Temperature and time during pressing
o Mature period or aging time \\

27
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Pressing time (X) vs. bond
strength (Y)
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Factors of gluing engineering
affect the bonding properties

o Glue mixing

o Spreading rate and glue Imle $
e Assembly time \\

o Pressure
e Temperature and time during pressing
e Mature period or aging time
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Post cure vs. bond strength
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Conclusions

To get good bonding propertie
understanding wood
understanding adhesives .

good knowledge to practice gluing
technique

Thank For

Your Attentiono

-the end-
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Iwaminating Products and
Furniture Making

Adr’esives for Vinyl and Paper

tLaminating or overlaying methods

|

]

]

Dr. Cheng-Jung Lin

Head and Professor of Dept. of Wood Industry

Natjonal Pinglun.P U::ivt.;rsi(y of Science and
echnology

TAIWAN, R.O.C.

e Wet combining
e Semi-wet combining
. Drincombiningl thermoplastic

mJunting

\dhiesives requirements for vinyl

Nop-staining
Nop-creep
Non-telegraphing
Wet tack

nd-paperlaminating-products——

|

LAdhesives for laminating

m}

e Sol rent borne urethane adhesives

e Epoxy adhesives

e Urep-formaldehyde resin adhesive

e Polyvinyl acetate emulsion adhesive

fVeneering on wood products

Technical key points

A. Good glue performance

B. No extruding out and staining
surface

C. Avoid check occurring on
aminating veneer

\Adhesives for Furniture Making

o Adhesives for veneering

Al UF/PVAc

Neutral a-olefin resin adhesive
Amino powder adhesive

PVAc emulsion adhesive
Animal glue

B
C
D
E




—

F\‘dheswes for veneering F/PVAc

[Formylation-example)

C ] L

e A. UF/IPVAc Adhedive 100 |Spreading|10-12 g/
2
B. Neutral a-olefin resin adhesive rate 30x30cm
C. Amino powder adhesive Wheat 40 Assembly | 5 min.
D. RVAc emulsion adhesive flour time
E. Animal glue
NH,CI 0.5 Pressing |1100,
6 kgf/cm?,
60 sec.
r | . |

T

(Neutral a-olefin resin adhesive Neutral a-olefin resin adhesive

(Formuylation-example)
{ 3 C - H
Adhesive 100 Spreading | 10-12 g/
¢ No formaldehyde emission rate 30x30cm?
e Commercial name- Neutral kura-tack Wheat 20 Assembly | 15 min
¢ Ammonia as buffer, some wood has flour time
risk of color stain
Cross 50 Pressing [1100,
linker 6 kgficm?,
60 sec.

[ Amﬁo powder adhesive
. . [(Formulation example)
IAdhesnves for veneering [adnesive | 35 [Spreading] 1012 g/
f ] A ' rate 30x30cm?
N UF/PVAc (powder)
e B! Neutral a-olefin resin adhesive Adhesive 100 |Assembly | 20 min.
e C| Amino powder adhesive B time
e D. PVAc emulsion adhesive (PVAc -
e E|Animal al Wheat 35 Pressing [1100,
s Animal glue flour 6 kgficm?,
60 sec.
Water 80 |




|

lAdhesives for veneering
I

1

|

IPVAc emulsion adhesive

1

e A/UFIPVAc e Straight PVAc (S.C.=40-45%)
e B! Neutral a-olefin resin adhesive e Closed assembly (10 min.)
e C/{Amino powder adhesive ® Pressing (iron, roller press)
e D] PVAc emulsion adhesive
e E]Animal glue
Y S

|

lAdhesives for veneering

A} UF/PVAc

B Neutral a-olefin resin adhesive
C| Amino powder adhesive

D{ PVAc emulsion adhesive
E{Animal glue

[Ammal glie

N

° Glu}a :water =1 :2.5 (80 O dissolve)
e Spreading - drying -~ assembly —»
iron heat re-active

e Veneer formalin treatment before
heating to improve water resistant

¢ No extruding, clean surface
e Ebgny veneer laminating

LAdhesion of Flush Panel Making
I

—

o Flush panel composed by plywood skin,
cord and glue.

e Features .
- Plywood used as material, high
bond strength is unnecessary.
- Foy mass production, shorten press
time is concerned.
- Balance structure absolutely demanded

|

lAdhesives for Flush Panel Making

]

e No-clamp type PVAc emulsion
e ga-olefin resin adhesive

e PVAc modified witha-olefin
resin adhesive




|No-clamp type PVAc emulsion

e Sol{d content over 45%
o Goad initial tackiness

e Temp. over 20 O, press time 30 min.
enough for getting initial bond
strength

e No clamp #no pressure needed

|

{a-oleﬁn resin adhesive
I

e Resjn is a copolymer of isobutylene and
maleic anhydride (s.c.=35-55%), hardener
is epoxy compounds (dosage=2-5%).
(belong to 2-can glues)

e pH about 13, alkali stain trouble
concerned

e Speed gluing cycle, but pot life is limited.

odified withag-
resin adhesive

3

e PVAc modified by olefin resin
e Neutral (pH about 7)

® Solid content = 60% (about)

e Press time : 20 min.

I

e If glue lines need heat resistant,

slinker should be mixed.

|

LAdhesives for Edge-gluing
! ,

. 40: melt adhesives
. nimal glue
e . Synthetic rubber- chloroprene

|

!i?dge-gluing with hot melt adhesive
I

]

thesnves for Furnitire Parts
ssembly-

PVAc emulsion

UF/PVAc

E)VA emulsion (parts be finished)
AP1 or EPI (Aqueous Vinyl
Polymer Isocyanate




|

[Conclusions
1

J
e To {;et good bonding properties
- understanding wood
:jnderstanding adhesives
- good knowledge to practice gluing
engineering

T'hank for
Lr—vou rattg'ntion—_

«the end-
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Work spaces (ffects of DR & PR 2)

effects of
direction of /,/'
reach & KA e omi
presence \ AN
restrains </
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Work SPACES (Effects of manual activity 1)

- Fingertip measurement: if an individual
simply has to activate push buttons or toggle
switches.

« Thumb tip measurement: as contrasted with
the requirement to use knobs or to grasp
levers.

 Thumb tip measurements are about S cm
shorter than fingertip.

- A hand-grasp or griplike action limits the
reach by 5 cm or more.




Work SPAcCeS (Effects of manual activity 2)

Note. i Il 7 ]
Grea hney b—
represent
& mcnes
15.2 centmeters]

Work SPacCes (Effects of apparel)

« Winter jackets restricted reach by
approximately 5 cm.




Work SPACeS - (envelopes for standing personnel 1)

» Reach is increased by increasing the base of
the feet.

« With a below-elbow prosthesis there is an
average decrease in usable work space of 45
percent, and with an above-elbow prosthesis
the average decrease is 83 percent.

Work SPACES (envelopes for standing personnel 2)

Dwtence vt from
©f shouidery

Heignt tiom hoor (unchn}

LI.LIALALleleg
% 2 2 15 16 8 € & 10 18 2 »n X

Laterel posrtsan fromm cunest hese 1CL) (nchas!

Zona of conversent reach 10r a Sth-percentie standing female. No bending 2t the was! m re-
wm.uw-nmm-nwmt(soum:ammmmm
1966, Table 7.8.)




Work SPACES (out of reach requirements 1)

Work SPacCes (out of reach requirements 2)

Reach (cm)
20 60 60 B8O 100 120 140
1 T T T
79+ - 200
_ _ BARRIER HEIGHT.
£ 3t ' 4180 € A=781n{200cm}
e ® E B = 71 in {180 cm)
3 C =83 (160 cm)
$ - ‘ 720 ¥  p-55in (140 cm)
3 g E=47in {120 cm)
: 32— @@ — 80 ': F = 38 (100 em)
16 - @ @ ~40
1 1 ;e 1 1 1 1
B 18 24 232 39 47 5§
Reach (in}

Y o )
he
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Work SPACeS (Clearance requirements)

+ Heavy clothing adds 10 to 15 cm to the
requirements and in the case of escape
hatches 25 em.

Sleeper berths length x width (cm)
Preferred position 198 x 84
Prostrate position 204 x 86

Legal specifications 190 x61

Work SPAaCeS (Design of worksurface 1)

. Normal area: can be conveniently reached
with a sweep of the forearm while the upper
arm hangs in a natural position at the side.

. Maximum area: can be reached by extending
the arm from the shoulder.

IS 23 - Nationi Yuslin Universiybr Sciente: it Teetiology:]




Work SPACES (Design of worksurface 2)

Normaol ored proposed

by Squires
Monmum "Q'H Moumum Inght}
Normot {iet1) / Normal (right]
P ‘
&S N i
" TN

rd
< Fwdo \- PN 20
s/ 4K S N
|t i
/ 233\/ v18S \‘.
/ B\ s v 394 A\
! ! ”‘ Ay N s
L ; vy [
I 2\
' ",z__:§¥u = 1
P ‘L‘—ms—’
47
e 194 g
%0

100 vonary = nches
Lower vohsty - ConVometen

Dichensxons (in inches and centimeders) of normal and maodmum working
areas In horzontal plane proposed by Bames, with normal work aree pro-
mwmwbmm(m:m 1963

Squires, 1950.)




Work SPAacCes (Design of worksurface 4)

- Height: reduced from 76 cm (1958) to 72 cm
(1970).

« 68.6 cm for fixed desk is argued by Bex (1971)

« ANSI recommends 66.5 cm as the minimum
height for the underside of a nonadjustable
seated work surface.

« ANSI recommends a range of height
adjustments for the underside of the work
surface of 51:3 to 66.5 cm.

« The working surface of fine and precision
work is at 15 and 5 cm above elbow height
respectively.

Y AT P e T
YRGS

Work SPAacCes (Design of worksurface 5)

« General principles for seated work surface

- If at all possible the work-surface height
should be adjustable to fit individual physical
dimensions and preference.

« The work surface should be at a level that

~ places the working height at elbow height.

+ The work surface should provide adequate

clearance for a person’s things under the

work surface.




Work SPaces (work-surface height: standing)

Reference Lines

+20¢m (7.8 in)
+10em (38 in)
0 lelbow height)
—10cm (3.8 in)
~20cem (2.9 in)
-0 em {11.8in)

Preciuon Work Light Work Heavy Work

Relationship between elbow height (trom fioor) and recommended work-suriace height for three
types of work performed while standing. The zero horizontal reference line is the elbow height of
the individual, and the other lines represent levels above and below. Average elbow height re-
(41.3 in) for mates and 98 cm (38.6 in) for

10



Work SpaCES (work station_sit-stand)

11



Work SPACES (work station_reach 1)

“
WItL ALLOW THE OPERATOR
TO REACH THE CORNERS

i S s




Work spaces
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Work SPACES (audience seating)

14



Work SPpAaces (table for multiple seating)

Talz POC
MUATIFLE SEATING

24 National Yunlin:University of Science:

15



Work spaces (stairs.

16



Work spaces 182,017
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Work spaces (office 1)

(R

hnten—od
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Work spaces (office 3)

19



Science of seating (Principles of seat design)

« General principles for seat design

+ Promote lumbar lordosis

« Minimum disc pressure

« Minimum static loading of the back muscles
+ Reduce postural fixity

+ Provide fir easy adjustability

T A S
et e IR

Science of Seating (Principles of seat design 1)

Lordotic Kyphotc
inward outward
arch @ arch

Posture of the spine when () stand-
ing and (b) sitting. Lumbar portion of
spine is lordotic when standing and
kyphotic when sitting. The shaded
vertebrae are the lumbar portion of
the spine. (Source: Grandjean,
1988, Fig. 47.)

%@@@@an
@ .

Brsity-of Scienci
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Science of Seating (Principles of seat design 2)

41
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Science of seating (Principles of seat design 4)

TR
A

Cut-away view of the seat pan of a Cyborg
chair showing the mechanism and range of
dynamic change in the seat-pan angle from
shifting one’s body weight while sitting. The
manufacturer claims this reduces postural
fixity by forcing the user to change posture
in response to the changing seat-pan an-
gle. (Source: Rudd International, inc.,
Washington, OC.)

% oy TRy A e o
DI e S 194

5 A v

22



Science

Con rs of the two mullipurpose chairs (of 12]pagodtobemos(comlonaueby

wblocw-nduwdoslgn 100"
on the study. (Source: Grandjean et &l., 1973, Fvgs 2,6 13)

lor multipurp chairs based

! |
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Science of seating (reading & rest chair)

—————T

Gng hnes:

10cm (3.9 m.)

Profiles of seats proposed for

'

reading and resting. The dotied
lines correspond to the armrests

and a possible outer contour. The

e
'
i

[N

shaded area shows the surface of

-

~~

the seat, inciuding uphoistering to
be 6 cm (2.5 in) thick. (Source:

0

schmer, 1969, Fig. 2, p. 310.)

L

-

For recamng
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Seats (samples 1)

Tt o B

Poine

F e
TS 3 05 T pEE

ETL¥E
rie

Seats (samples 2)
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Seats (samples 3)

Seats (samples 4)

25



Seats (samples 5)

Seats (samples 6)

51
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Seats (samples 7)
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Seats (samples9)
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f Science and Technology !
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Arrangement of components (principles)

* Principles of arrangement of components

* Importance principle

+ Frequency-of-use principle
+ Functional principle

+ Sequence-of-use principle

Compatibillty (Principles 1)

« Four types of compatibility
+ Concept compatibility

+ Movement compatibility

» Spatial compatibility

» Modality compatibility

B s YT AR R T L AT

=0y Lerimegizisgde) .3f

2N

58

-'Natiorial Yunlin University:of Science aind Techtiology
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compatibility
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compatibility
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WOOD FURNITURE FINISHING
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WOOD FURNITURE FINISHING

Dr. CHENG-JUNG LIN

Head and Professor, Dept. of Wood Industry
National Pingtung University
of Sclence and Technology
Taiwan, R.O.C.

Fundamentals of Good Design

« Function
« Appearance
» Materials
+ Construction

* What style or
appearance
do you like?

What is coatings ?

+ Paints are commonly called “surface
coatings.” So, coatings are usually a liquid,
as they are applied to a surface or substrate ,
they can dry or be dried to be a tough film, or
can penetrate into the inner surface to
provide protective, beauty enhanced or
perform some other specialized functions.
The process of applying coatings to the
surfaces of artifacts is called finishing (or
coating) system.
o -

The components of coatings

+ Coatings
A- volatile content (solvent)
B- non-volatile content
B-1 major component (resin and/or oil)
B-2 minor component (drier, plasticizer)
B-3 pigment or dye

+ A& B-1 & B-2to be clear finish or vehicle
» Vehicle & B-3 to be colored finish

Classification of coatings

Based on raw materials
- Nitrocellulose lacquer
- Shellac varnish

- Japanese lacquer

- Oil varnish




Classification of coatings

- Based on applicators
- Brushing finishes
- Spraying finishes
- Electrostatic spraying finishes
- Dipping finishes
- Electrostatic powder coating finishes
- Curtain flow coating finishes

Classification of coatings

Based on sequence of finishing system
- Wood sealer

- Sanding sealer
- Top coat

Classification of coatings

+ Based on film performance

- Water proof finishes

- Fireproof coatings

- Acid resistant finishes

- Oil resistant finishes

- Anticorrosion coatings

- Insecticide paints

- Chemical-resistant coatings

g 43 1% -

Classification of coatings

+ Based on appearance
- Clear finishes
- Opaque finishes
- Flatting finishes
- Cracking varnish

Classification of coatings

» Based on substrate
- Exterior coatings for wood
- Coatings for steel
- Coatings for metals other than steel
- Floor paints
- Roof coatings

Classification of coatings

« Based on drying mechanism
- Convertible coatings
(chemical reaction,
thermosetting)
- Nonconvertible coatings
(solvent evaporation,
thermoplastic )




Classification of coatings

- Based on ingredients

A. Varnish

1. Volatile varnish : resin + solvent or
nitrocellulose + Solvent

2. Oil borne varnish : resin + drying
oil + solvent

» Based on ingredients

B. Enamel
1. Volatile enamel : resin {(or
nitrocellulose) + pigment + solvent
2. Oil enamel : resin+ drying oil +
pigment + solvent
3. Water borne enamel : Water
soluble resin + pigment + water

KB -

+ Based on ingredients

C. Paints
1. paste paint : boiled oil + pigment
2. mixed paint : boiled oil + pigment
+ solvent

Characteristics of Wood
furniture Finishing

+ Diversity of wood

+ More difficult than other materials to
use automatic finishing system

+ Clear finishing

The purposes of wood furniture
finishing-
» To enhance the natural beauty of wood’s
grain, texture and surface markings (figure)
» To produce an even color and surface that
is pleasing to look at and which fits in well
with its surroundings.
» To protect the wood from a wide variety of
things that will destroy, damage or
disfigure it in some way.




' A chemical action

[m NUBIND MW ¢akes place when

W@“J‘ﬂ | e i

Lacquer or shellac is not heat-resistant.

Comparison of Wood coatings
general used
NC Lacq. PU Lacq.
Gradients Nitrocellulose |Polyol &
Polyisocyanate
Setting types | Solvent Additional
vaporization polymerization
Drying time 6 min. 20 min
(min. ,set to
touch)
Drying time 1-2 hour 16 hour
d{mingfulls ;

Comparison of Wood coatings
general used (continue)

Hardness F-HB H-2H
(pencil)

Gloss (60°) 75-80 90-95
Heat Poor Good
resistance

Solvent Poor Good
resistance

Impact test 40 cm 50 cm

-



General components of NC
Lacquer Thinner
Components Weight percent (%)
Ethyl acetate 20
Butyl acetate 5
Amyl acetate 4
n-butanol 5
Cellosolve 4
Toluene 62
Total 100

Lacquer-

» Lacquer is commonly defined as any
finishing material that dried quickly by
evaporation to form a protective film on
a wood surface. Because they are fast-
drying, lacquer are used primarily for
high production. Usually they have
fewer solids than varnishes do, and
they require more coats to achieve a
sufficient buildup. Lacquers are usually
applied by spraying.

B \ g 2.

).

Lacquer-

« Advantages
- Lacquers are fast-drying. Therefore
several coats can be applied in a short
time. It is not necessary to have special
drying equipment.
- A lacquer coating is thin and clear.
This is well suited to contemporary
styles that require a close-to-the-wood
appearance.

Lacquer.

« Advantages
- Damage in lacquer finishes is easy to
repair.

- Have good durability. Relatively high
in resistance to damage by water,
beverages and food.

- Do not get soft and tacky when
exposed to extreme temperatures.

- Easy to rub, polish, and wax.

S Ny ) LA £5 !
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Lacquer.

» Disadvantages

Are not highly resistant to such substances

as nail polish and perfume.

Excessive moisture (ex. In a bathroom) may

cause the lacquer to peel off the wood. Also,

white water spots may develop.

Dry so rapidly that it is difficult to apply them

with a brush.

Are not as tough as some of the newer
ynthetic finishes.

Finishes system matching
Sealer Top coating
NC NC Excellent |AA.. Bad
PU Fine PE... Bad
AA NC Bad AA  Fine
PU Fine PE Bad
PE NC Excellent |AA Bad
PU Excellent PE Good
PU NC Excellent |AA Bad
IPU Excellent [PE Bad




Thin shellac with denatured
alcohol.

Thin varnishes with
either mineral
spirits or
turpentine always
read the label on
the container for
the proper choice.

The lacquer and the
lacquer thinner
must be compatible.

polyurethane
varnish develops
an extremely hard
finish.

You can appfy Gloss lacquer

brushing lacquer produces the
with a brush. highest degree of
sheen.

Dull lacquer produces
little or no sheen.




A finish brings
out the beauty of
the wood.

But it also makes
surface defects
more noticeable.

Surface preparation.

A beautiful finish
cannot be
achieved unless
the surface first is
properly prepared

Surface preparation.

» Good-quality paint may obliterate minor
imperfections, but a coat of varnish or
lacquer can do nothing to improve the
appearance of wood that has been
inadequately prepared.

The very first application of clear finish
invariably exposes flaws that were
completely undetectable before.

Surface preparation.

» Work systematically to eradicating all
obvious blemishes before sanding the
wood smooth with progressively finer
abrasives.

* Works include: filling cracks and holes,
patching and plugging, Disguising repairs
and scraping and/ or sanding.

Surface preparation.

TN ‘\ Picking up the
A § material with the
s {QZ knife

Roll the knife over and
drop the material
onto the defect on
the back stroke.

Surface preparation.s

Now puli the knife forward
over the defect. Never
allow the hot knife to
come to a stop

Pick up the excess
material with the end of
the knife. Notice how
the knife is brought up
to a vertical position at
the end of the stroke




Water putty can repair
major defects.

Putty filler containers
should be closed
when the filler is not

being used.

Removing Hardware

* The preliminary fitting of hardware is
usually done while the product is in the
white wood (unfinished) stage. Holes
and openings are drilled for handles,
catches, locks, or other hardware. Most
of these items, except certain hinges,
are removed before bleaching, final
sanding, and finishing.

Understanding Abrasive
materials
Abrasive
backings come

in different
materials and
i weights.

O Wit

The backs of
abrasive papers
give much

information.

GRIT SIZES
Soneral Uuee "
—— | g .
tare. | oo 4 This table shows
AU 100 ™
% | 2| el the uses for
Lo S I O [ 4 : :
“® | % | =) various abrasive
20 60 AD0HeD. - - .
m | s | e wel  Qrit sizes.
150 40 ing it betom 0
e 1 30 | swineg o ekt
n ;
100 20 Tor wanceg w i
“oum w 10 | nwow  wowtf
60 by ough teale.
% T | o aemme,
CoARSE © I very rogn s
36 * T iy romevad.
30 ™ )
viey s Tor very gl
ConNSE x L3 wtirested wosd
16 wrtaces

usa EmoPLAN
cam LN
RADE ! . GRmaADE
Lad 1200
#1000
- e
e oo
e
3 P30
oo
0 Py
(23
e L iod
L2l
m rizo
o v
%0
i
.
o
rw
i
» o
by *
x ps
3
»
2
"

"2

333




ARSIV

s
/

S BACKING

OPEN-COAT CLOSED-COAT

> Open-coat
. abrasives have

: between the

Lidit s

. coat abrasives

large spaces

particles of
abrasive. Close-

have very small
spaces.

Hand sanding methods

Flex the abrasive
paper over a
sharp edge to
break the sizing
coat.

Types of flexing

7t

AKX 7R
e -
] SR XX,
—_— "AD 4REh."4
Single Flex Triple Flex
Double Flex Q-Flex
20N o s

SANDER

SMaLL AIR-PAD

« Three kinds of
sanding action
found in finishing
sanders. Orbital and
multi-motion action
causes some Cross-
grain scratches.
Straight-line action
is like hand sanding
and results in the

best surface.




» Hold the belt sander
properly. Move it in
a straight line.

To reduce sanding
marks, keep the
sander moving in
the recommended
pattern.

A straight-line
sander produces
scratches with

the grain.

Spring clips hold
the sandpaper on
the pad

of the sander.

- A disc sander
removes mater
quickly, But if
careless be taken,
easy to cause grit
scratches on the
surface.

10



Using the hand-stroke belt
sander to sand a wide
tabletop. The operator
is using a flat-bottom
block with round edges.
Concave or convex
surfaces can be sanded
with a sanding block of
proper shape. Stroke
sanding should be the
last machine sanding of
the wood before
finishing. Therefore it is
important to obtain a
very smooth surface.
-

Sanding the edge
of an irregular
shape on the
band saw

Sanding the edge
ofalegona
sanding drum
mounted in a
lathe.

The rotary
sanding
attachment has
brushes and
abrasive strips

11



s An abrasive planer
removes mater with

a heavy sanding belt

Final Sanding of Casework and
Built-ins

+ The final sanding of casework and built-ins
depends on the kind of finish to be applied and
the quality of construction. If paint or some other
opaque finish is used, final sanding with 1 (50)
or 1/2 (60) garnet paper is satisfactory. However,
if a transparent finish is to be applied, the
surfaces should be given a final sanding with
2/0 (100) garnet paper.

Care should be taken so that there are no cross
scratches, especially where there is a solid wood
frame around a plywood center.

% B -

Final Sanding of Furniture-:

- Final sanding is usually done after the
product has been assembled. The exterior
surfaces are sanded with portable belt and
finishing sanders.

- Sides and fronts of drawers are sanded as
they fitted into the case or cabinet. Hand
sanding must also be done.

Final Sanding of Furniture-

There is no complete agreement among
finishers as to what constitutes suitable sanding
before finishing.
Some finishers recommend that the final
sanding be done with garnet paper at least as
fine as 6/0 (220) for dense woods like oak or
maple and 7/0 (240) for low-density woods.
Generally the surface should be hand sanded
with 3/0 (120) to 5/0 (180) garnet paper.
Remember that sanding must always be done
Wy Ah i <Y ) bav)

Another method of preparing
wood for finishing-11

» Some finishers recommend that, before final
finishing, a glue size ( mixing one-fourth pound
of liquid animal glue for every gallon of warm
water) be applied to the exterior surface to hold
the wood fibers firmly in place during finishing.
This is applied with a brush and allowed to dry
thoroughly. Then the final sanding is done.
This procedure is particularty recommended for
the fibrous woods.

12



Another method of preparing
wood for finishing-1

» Care must be taken in the final sanding
since, if too much of the size is left on the
surface, it will interfere with the finishing
process. On the other hand. If too much
sanding is done, all of the size will be
sanded away.

Another method of preparing
wood for finishing-24

« Sponge the surface with warm water to raise the

grain.

Sand with the grain, using 3/0 (120) grit abrasive

paper.

Apply a light sealer to the surface. The sealer should

be one part final finishing material, such as varnish

or lacquer, and five parts thinner. Use turpentine or

mineral spirits to thin varnish; use lacquer thinner

for lacquer. This application will hold any loose

fibers in place.

. When dry. sand again with the grain (very lightly)
(120) gnt,ab asive paper.

Finishing Procedures.s

» Today woodworkers have a wide choice of
materials for finishing. Besides the
traditional varnish and lacquer, there are
polyurethane finishes for durability, wipe-

natural look. No one type of finish will
serve all purpose. Every type has different
advantage and disadvantage. Try several
finishes on scrap material and choose the
one that best smts our pro;ect

on finishes for ease, and oil finishes for the

Finishing Procedures.2

+ Several steps may be necessary to obtain a final
finish. However, the steps are not the same for
every kind of finish. As a matter of fact, some
good finishes can be obtained through
processes involving just three, two or even one
step.

The finishing process to choose depends partly
on the type of wood and the appearance wanted.
Also it is important to consider what finishing
facilities and equlpment are available.

Finishing System-1

 The following are some of the basic steps
necessary for a fine wood finish.

 Bleaching: Bleaching removes color from
wood. It is necessary for very light and for
medium-light or honey-colored finishes.
Many of the natural and darker finishes
require no bleaching. Bleaching is also
done when the natural color of the wood is

Finishing System.2

» Pre-staining (sap staining) or equalizing
Sap staining is necessary when starting with
natural woods in which color variation is great.
A good example of this is walnut, in which the
sap wood is very light and the heartwood is quite
dark.
Sap staining is also done when different kinds of
wood, such as gum and mahogany, are
combined in the same product and a uniform
color is desired for the final finish.

13



Finishing System.3

- Staining and Coloring (Body staining)
Staining adds color to the wood and
emphasizes the grain. It is also done to
change the tone or shade of a wood
surface.
Many kinds of stains or. toners can be
used.

Finishing System-

« Wash coating
Wash coating is done to keep the stain from bleeding into
the filler and to provide a hard surface for applying the
filler.
The wash coating is a very thin coating of shellac or
lacquer sealer that leaves the pores open so that filler
can be added. A good sealer for many stains is a wash
coat of white shellac that is a mixture of seven parts
alcohol to one part of four-pound-cut shellac.
Lacquer sealers are frequently used for wash coating
when the final finish is to be spray lacquer.

Finishing System:s

« Filling

Fillers add color and close the pores of wood. Closed-
grained woods with very small pores such as pine,
cherry, poplar, fir, and cedar require no filler. Others
such as birch, gum, and maple may take a liquid filler.
Open-grained woods, particularly oak, mahogany, and
walnut, require a paste filler.

With these woods, the filler is sometimes eliminated to
give the wood an open-pore appearance. For blond
finishes, the filler can be zinc oxide or a natural paste
that is a light color in oil,

Finishing System .s4

« Sealing or Wash Coating

A sealer or wash coat is applied over
the filler to prevent color from bleeding
into the finish. A good sealer for most
finishes is a shellac wash coat. If a
lacquer finish is to be applied, a
lacquer sealer can be used in place of
the wash coat of shellac.

Finishing System-s

+ Glazing
Glazing is the application of a coat of thin,
transparent finishing material over filler or
sealer to give a highlighted, shaded, or
antique effect. This is used most frequently
in the finer finishes. To antique by glazing,
thoroughly wipe off the glaze from the flat
surfaces and edges that should appear worn,
and leave the glaze in the recessed areas.

Finishing System-

» Topcoating
A varnish, synthetic, or lacquer finish
can be applied as topcoat after all
coloring and filling have been
completed.

14



Finishing System-s

* Rubbing, Polishing, and Cleaning
After the topcoat in on, the surface is
rubbed, polished, and waxed to a high
sheen.

Finishing Open-Grained
Wood-1

1. Apply a thin glue size mixed in water
(1 part hide glue to five parts water).
Allow to dry.

The purpose of the glue size is to
make sure the thin, hair-like wood
fibers are held down or held up so
that they will be removed when
sanded.

Sand the surface well with 3/0 (120)

paper. Clean thoroughly with a

garne
sty

Finishing Open-Grained
Wood-.

+ 2. Apply water stain and allow it to dry
thoroughly. Sand lightly with 3/0 (120)
garnet paper.

- 3. Apply a wash coat of shellac or
lacquer sealer. Allow it to dry three to
four hours. Then sand the surface with
5/0 (180) garnet paper.

Finishing Open-Grained
Wood.

« 4. Apply a colored filler with a brush.
Rub across grain with a circular motion,
forcing the filler into the pores. Then
wipe across grain with burlap to
remove excess filler. Next wipe along
the grain with a fine cloth, using a light
stroke to even up the surface. Allow it
to dry thoroughly(overnight).

Finishing Open-Grained
Wood.

» 5. Apply a sealer coat of shellac or
lacquer, allow to dry, and sand with 6/0
(220) or 7/0 (240) garnet paper.

6. A glaze can be applied over the
sealer to give a highlighted, shaded. Or
antique effect. This step is not
necessary for Contemporary or Modern
finishes.

Finishing Open-Grained
Woods

» 7. Apply three coats of lacquer with
sufficient drying time between each
coat. Sand lightly.

* 8. Rub to a light sheen with pumice
stone and water or paraffin oil.

* 9. Rub with a good paste wax and
polish.

15



Example of the Finishing System-1

Edge sealer (Fiberboard)
Sanding (Fiberboard)
Basecoat (Fiberboard)
Sap stain or pre-staining
Body stain

Wash coat (wood sealer)
[Sanding, 240-280-grit]
{Filling} (filler)

{Sealing} (Sanding sealer)

IR e b

-

Edge sealer applying on MDF
products

The Finishing System-1

Edge sealer (Fiberboard)
Sanding (Fiberboard)
Basecoat (Fiberboard)
Sap stain or pre-staining
Body stain

Wash coat (wood sealer)
« [Sanding, 240-280-grit]

- {Filling} (filler)

+ {Sealing} (Sanding sealer)

* No sap stain
applied
on the works

NGR stain and
lacquer sealer
can be mixed
together and
sprayed onto the

surface.

The Finishing System.s

Edge sealer (Fiberboard)
Sanding (Fiberboard)
Basecoat (Fiberboard)
Sap stain or pre-staining
Body stain

Wash coat (wood sealer)
« [Sanding, 240-280-grit]

= {Filling} (filler)

« {Sealing} (Sanding sealer)

16



A wash coat of
shellac applied
before using a
water stain will
keep the grain
from becoming
too dark.

/EN0 SR
T00 DtRg

Defect from filling before wash-
coating applied

Wash-coating is absolutely
needed for an oily wood.

- s
5 i

'

The Finishing System.s

- Edge sealer (Fiberboard)
» Sanding (Fiberboard)

+ Basecoat (Fiberboard)

« Sap stain or pre-staining

+ Body stain

+ Wash coat (wood sealer)
« [Sanding, 240-280-grit]

« {Filling) (filler)

+ {Sealing} (Sanding sealer)

17



Many hardwoods
contain large
vessels and are very
porous. When this
fumber is surfaced,
the tubular cells are
ruptured, leaving
tiny troughs that run
lengthwise.

ITIRLS
IR

SR Unfilled pores

make a filler
necessary for
certain
hardwoods. This
sample is red oak.

Applying filler with a
brush. Brush first
with the grain.

Brush across grain,
over the first filler
coat. Rub into the

The Finishing System-

+ Edge sealer (Fiberboard)
« Sanding (Fiberboard)

- Basecoat (Fiberboard)

« Sap stain or pre-staining
» Body stain

« Wash coat (wood sealer)
» [Sanding, 240-280-grit]

= {Filling} (filler)

- {Sealing} (Sanding sealer)

N

g: © Sanding sealer

! prevents stain or
filler from bleeding
through
the finish.

The Finishing System-

. Glaze (wipe, high-light)
. {Sanding sealer}

. {Sanding, 240-280}

. Spattering and distressing

- cow-tail stain, crayon mark, dry
brush, physical distress- chain,
clinker, rasp, nut strand, hammer..)

18



Glazing color
remains in low
spots of carvings
or edge-molding
to accentuates
these figures.

<2 f@ * The high light or
mx  strike-out is to
emphasize wood
figure by sanding
out undertone
color along the
borders of the
lines of figure.

Shading suggests the
accumulation of dirt
and old polish.

High-light was not treated in the
proper way.

The Finishing System-

. Glaze (wipe, high-light)
. {Sanding sealer}

. {Sanding, 240-280} .

. Spattering and distressing

- cow-tail stain, crayon mark, dry
brush, physical distress- chain,
clinker, rasp, nut strand, hammer..)

19



For surface distressing,
rub the end of a brush
covered with pigment.

Cow-tailed work piece

Nailed Hammer for Distressing

Nut strand

Imitation Wormholes

» Imitation wormholes
give the impression of
antique furniture.

» They can be made by

spattering and/or

other hand tools.

20



Imitation Wormholes- cross section

The Finishing Systems

. First lacquer (top coat)

. Pad stain (or Padding)

. Second lacquer (top coat)
. [Sanding, 320-grit]

. Third lacquer (top coat)

. Rubbing (lubricant, 400-600-grit &
0000 Steel wool)

. Polishing

:

21



A smooth, mirror-like
surface reflects light
uniformly so that we
can see perfect
reflections of
objects placed in
front.

V., Blemishes, such as
/ planning tears, will
scatter light in all
directions, making
the area appear
darker and duller
because less light
reaches our eyes.

)

Gloss lacquer
produces the
highest degree of
sheen.

Dull lacquer produces
little or no sheen.

The pounce bag

» The acid finish:
using the pounce
bag.

The acid finish:
burnishing.

5 Dulling with steel wool
and wax polish.

22



Dulling with pumice and a soft brush.

Use pumice power
and a dulling brush
or shoe brush on
dry gloss varnish to
produce a satin
finish. Put a small
quantity of pumice
powder into a
shallow tray

dl - A dulling brush has
short soft bristles,
rather like a shoe
brush. Load the
dulling brush with
pumice powder by
dipping it into the
tray and picking up
the power.

Once loaded, work the
dulling brush in
straight strokes
along the grain over
the whole surface.
For curved piece, use
a soft cloth, and
pumice powder.
Apply evenly, and do
not miss any parts.
Keep rubbing until
the desired satin
finish is produced.

Gloss finish, satin finish and flat finish

dterend, b ec AL S e

Heating apparatus is necessary
when it is a rainy day.

Uneven surface caused from
uncompleted surface preparation or
uneven shrinkage of high MC material
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