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EXPERIMENTAL RESEARCH
OF WOODENARCHES

This paper presents the findings of the pilot stadf two-hingedvooden arches.
The prototype models of wooden arches with the gga®m and the rise of 1m
were designed. The models had a rectangular cextss of 180x40mm and
a T-section of 180x40mm with a plywood plate witle thickness of 6 mm and the
width of 500mm. The main objective of the T-sectwas to ensure the stability of
the arch. Each arch was composed of six segmehtsrds joined by clamping
plates. The bowstring truss including two inclinedbars enables carrying asym-
metric loads and provides in-plane stability of &meh. A methodology for labora-
tory testing of the prototype models of wooden aschubjected to different types
of loads was developed. Two prototypes of woodehes were tested with rec-
tangular cross-sections and two T-section one®stdy to the loading across the
span, and two prototypes subjected to the half-épading. In total, eight arches
were tested. Deflections of arches, cross-sectdorohations and arch thrust force
were recorded. The arches were tested until failline results of testing revealed
insufficient stability of the arches with rectangutross-section in the horizontal
plane. For the arches with T-section the whole ailzhivas damaged, the in-plane
stability was ensured by the T-section. The caliag force of the T-section arch
was about 1.3times greater than the collapsingefafcthe rectangular section
arches.
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1. Topicality of the study and problem statement

This study presents the design of a wooden placik aith horizontal and
angular tie bars connected by clamping plates.

The arch rib segments are connected by clampiategl which ensures
simplicity of construction design and reductionvggight, and guarantees a se-
cure joint connection. This connection method islespread in the EU and
America.

The use of the system of horizontal and angukarbars developed by
V.H. Shukhov [1] allows us to reduce the weighbefring structures, speed up
and simplify construction, without reducing the dobearing capacity of the
structure. Further studies should be done in amémprove design and imple-
mentation wooden arches.

An important aspect of this work is the study lué fT-section arches. The
T-section is easily made by placing plywood in tigper area of rectangular
cross-section made up of boards. By means of sumbss-section of the arch
rib the in-plain stability of arch is achieved. addition, this solution does not
lead to the significant increase of the construrcti@ight, which is essential for
this type of construction.

2. Prototype model design

Two series of wooden arches were designed. Thedaries of arches had
a rectangular cross-section type A-1...4 (Fig. ld&e tsecond one had
a T-section type At-1...4 (Fig. 1b). Each of the sgrconsisted of four proto-
types of arches.

Fig. 1. Series of arches: a) with rectangular csesgion; b) with T-section
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The arch span was set based on the dimension dfilarosystem used in
construction. Therefore, the span of the woodeh ais 6m. All the arches had
the rise of 1m.The structure of the arches coristesix board segments.
Following the requirements abutment was made bynmed 8 bolts with the
diameter of 10mm and the strength class of 5.8 @ig

Fig. 2. View of the abutment to wooden archesreh &-1; b) arch At-1

All board segments were connected by clamping glatih the dimensions
of 76x200x1,5 mm, adjusted to both sides and pdessing press I2I-100

(Fig. 3).

Fig. 3. The process of pressing of clampingplaiegysess PIT-100
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To fix the horizontal and angular tie bars a spledesign of abutment was
developed. This enabled hinging tie bars. For argtiks, which were to be
hinged in the plane of the arch, metal parts wessgihed that were installed in
the arch during its erection and served as thechjmigt (Fig. 4).

In order to prevent the problem of losing the liaip stability of the arch,
we developed a system of angles for its horizomtdiastening with the incre-
ment of 1m.

Fig. 4. View of the hinge joint of angulartiesbaa}beforeinstallingclampingplates; b) actualhinge
joint

Fixing top plate for archestAwith T-section was made by fastening ply-
wood sheetdPK 6 mm to the prepared board arch with the crosteseof
180x40 mm using screws. In addition, along the aitclwe fixed 6 angle stiff-
eners made of wooden boards with the thicknes®mind and the increments of
1m to plywood and boards of the ribs of the arclidee main task of the
T-section of the ribs of the arches was to enshe# stability, which led to the
increase of bearing capacity of arches.

3. The test stand

The pilot study of the wooden arches with variousss-sections was con-
ducted in the laboratory of the Department of bogdconstruction and bridges
of Lviv Polytechnic National University. For thisugpose, a special test stand
was designed [2] (see Fig. 6). A load was applietthé¢ prototype models by six
hydraulic jacks Miol 80-450, the maximum load was Bhese jacks worked
together with a pump station. The general view h## test stand is shown
in Fig. 5, a device layout is given in Fig. 6.
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a)

Fig. 5. View of the prototype test stand: a) thehaof A type; b) the arch of At type.
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The stand for testing prototypes consisted of ancldel (1); abutment (2)
fixed to reinforced floor (3); dynamometers on abeit D1 and D2 (4); system
of struts to ensure the stability of the arch B)draulic jacks with the dyna-
mometers of D 3... D8 (6); dynamometer D9 (7) oa horizontal tie bar (8);
dynamometers D10, D11 (9) angular tie bars (10¢ranilial gauge M1 ... M18 -
for rectangular cross-section and Mil ... Mi24 + fihe T-section (11);
Aistov’'sdeflectometer BAO I11...T15 - (12); angle stiffeners of T-section arch-
es (13).
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Fig. 6. The scheme of the test stand with the laydudevices 1 - archmadeup of boardseg-
mentsconnected by clampingplates (1); 2 - abutnfixeid to reinforcedfloor; 4 - dynamometers
on abutment D1 and D2; 5 - system of struts to enthe stability of the arch; 6 - hydraulicjacks
with a dynamometer of D3 ... F8; 7 - dynamometér ® - horizontaltie bar; 9 - dynamometers
D10, D11; 10 - angulartiebars; 11 — micro dialgat#jé ... Mil8 for rectangular cross-section,
micro dialgauge Mil ...Mi-24 for the T-section; 1istov'sdeflectometer BAO P1...P5; 13 -
anglestiffeners of T-sectionarches

4. Methodology for arch testing

The study focused on the effect of symmetric (Fig) and asymmetric
(Fig. 7b) loads.

The load was applied gradually in increments &fkN/m. At each stage, in
order to distribute and stabilize deformation, libed was maintained for 10-15
minutes, after that we took readings.
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a)

Fig. 7.Schemes of arches’ loads: a) symmetricadsgjnmetric

Using the installed devices we took the followiegdings:
» deflections u in five joints using Aistov'sdefleateter GIAO with di-
vision value of 0.01 mm fixed with clamps to thelar
» cross section fibre deformation and T-section plysvcsheet defor-
mation by means of micro dial gauge with divisiaiue of 0.001 mm
in three specific sections A-A, B, C-C;
» bearing reaction using dynamometers on abutmeetKigg 2);
 arch thrust force using dynamometers D9, D10, D11;
 the force of hydraulic jacks using dynamometers.D8 at each point of
load application.
While testing arches’ ribs we monitored the stapilif the arches with different
cross-sections in order to develop recommendationsnsure the stability of
arches.

5. The results of the experimental research

The results of the pilot study on wooden archesgaren in Table 1. The
table presents the characteristics of breaking évamblactual damage.

Table 1.
Arch type Breaking load, Load type Actual damage
kN/m
A-1.1 8,9 planebuckling
A-2.1 9,5 symmetrical planebuckling
At-1.1 14,5 y damage to board in abutment join
At-2.1 13,5 wood bearing failure
A-3.2 10,0 planebuckling
A-4.2 11,0 damage to arch rib
At1-3.2 13,3 asymmetric damage to arch rib
Ar-3.2 135 delamlnatlon_ofplyvyoodandwood
bearing failure
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The deflection of arch A-2.1, caused by the symimébading applied in
the course of study, at the various stages of ihggigi given in Fig. 8.
Figure 9 shows the deflection of arch A-2.2 causgdhe half-span load-

ing.
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Fig. 8. Deflection of arch A-1 caused by symmelading
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Fig. 9. Deflection of arch A-2.2 caused by the +sglén loading
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The view of the damage to the arches after thdiesus given in Fig. 10.

Fig. 10. The view of arches after being damaged-a)1; b) A-2.1; ¢) At-1.1; d) At-2.1; e) A-3.2;
f) A-4.2; g) At-3.2; h) At-4.2.

6. Conclusion

1) The design of a wooden arch with clamping platdsich is light, easy
and fastto construct, and cost-effective, is prefdps

2) The methodology for the pilot studies of wood@eches on the effect of
two types of loading, i.e. the symmetrical loadagyoss the whole span of the
arch and the asymmetric half-span one, was devised;

3) In course of the study we revealed that thelamg stability of the arches
with the T-section is greater compared to the arahi¢h the rectangular cross-
section, which caused damage to the ribs of arches;

4) The readings taken along the height of crostissecof arches, using
micro dial gauge (M1 ... 24), should be furtherlgsed.
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EKSPERYMENTALNE BADANIA DREWNIANYCH £tUKOW

Streszczenie

W niniejszym artykule przedstawiono wyniki ekspegntalnych badadwuprzegubowych
drewnianych tukéw. Skonstruowano badawcze modedsvigianych tukéw o rozptosci 6 m
i strzatlce 1 m. Modele do batlaniaty przekréj prostakny o wymiarach 180x40 mm oraz prze-
kroj teowy zesrodnikiem 180x40mm i potkze sklejki o grubgci 6 mm i szerok&ci 500 mm.
Gtownym zadaniem przekroju teowego byto zabezpigiezetabilndci tuku. Kazdy tuk sktadat
si¢ z széciu elementow — desek, ktore byly pctone m¢dzy sola za pomog plytek kolczastych.
W tuku byto poziome stenie z kabla dla przeniesienia sit poziomych ogooa konstrukcji oraz
dwéch pochylych sten z kabli dla przeniesienia niesymetrycznych obsi i zabezpieczenia
stabilndgci w ptaszczynie tuku. Opracowano metedbadania eksperymentalnych wzorcéw drew-
nianych tukéw w warunkach laboratoryjnych na dziédar@nych rodzajéw obgien. Wyprébo-
wano po 2 badawcze wzorce drewnianych tukéw o pagelprostolgtnym i przekroju teowym na
dziatanie obcizenia na catej rozpiosci, a takke po 2 badawcze wzorce przy dziataniu ebsnia
na polowie rozpitosci. W sumie zbadano 8 tukdw. W trakcie eksperymemtly odczytywane
ugiecia tuku, odksztatcenia w przekrojach poprzeczngchz napgzenia rozcigajpce w stze-
niach. Luki byty badane do catkowitego zniszczekliawyniku bada tukéw o przekroju prosto-
katnym ustalono ich niedostategzstabilng¢ w poziomej ptaszcznie. Luki o przekroju teowym
niszczyly s¢ w przekroju tuku, ich stabilé z ptaszczyzny byta zabezpieczona przekrojem teo-
wym. Niszcace obcizenia w tukach o przekroju teowyénednio byty 1,3 razy wksze od nisz-
czacych obcyzen tukéw o przekroju prostafnym.

Stowa kluczowe:plytka kolczasta, deska, metoda, badanie
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