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The work’s aim is to check the stability loss hypothesis with the snap-through effect of the
ribbed-annular dome's upper tier on a full-scale model by experimental tests, and confirming the
nonlinear tier's work under external load.An equivalent von-Mises truss with elastic supports
mockup was tested, which was 1/4 of the dome's upper tier with eight ribs connected by upper and
lower support rings.Horizontal elastic supports were performed as twin steel puffs and simulated
the dome's upper tier lower support ring's deformations.Primary and secondary processing of the
obtained data were made, as well as the full-scale experimental data results analysis.The
equivalent von-Mises truss with elastic horizontal supports deformation dependencies from
external concentrated load were determined.The experimental model's behavior study results were
compared with the theoretical studies' results. The analysis of the experimental and theoretical
studies results confirmed the experimental data reliability and confirmed the using analytical
expressions feasibility for the von-Mises truss with elastic horizontal supports stability preliminary
assessment.

Keywords: ribbed-annular dome, von-Mises truss, stability loss, elastic horizontal supports,
support ring, puff, upper tier.

1. Introduction

Topicality. In recent years in Ukraine is quite popular the construction of
low-pitched domes coverings with ribbed-annular type with a dome's height to
span ratio - 1/5..1/4 and spans up to 30m, with the main load-carrying ribs
which made of the single closed bent-welded steel profiles square or
rectangular cross-section with wall thicknesses from 3 to 10 mm. With this
domes' configuration [1, 2] the one of the dome's reliable operation important
factors, along with ensuring the dome rods' buckling resistance is to ensure the
dome's upper tier stability.The dome's upper tier stability study is devoted to
[3, 4, 5], where von-Mises truss [6] was proposed as a calculation model,
which simulates the equivalent arch work, according to the ribbed domes
calculating method [7]. In work [5] the stability loss problem of the dome's
upper tier by six possible computational cases was considered.In works [3] and
[4] the von-Mises trusses' stability theoretical methods studies with rigid nodes
and taking into account the initial imperfections when applied an inclined
external concentrated load to the truss' ridge node were considered, and
proposed the criteria for determining critical loads' values in the ridge
node.The von-Mises trusses' stability was also considered in [8, 9, 10, 11, 12].
In the work [14] the stability loss problem according to the asymmetric scheme
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for high three-hinged two-rod systems was considered.The von-Mises trusses
stability theoretical studies in the elastic supports' presence in the base [11]
were provided, which simulate the tiers joints flexibility of the ribbed dome.In
addition, to confirm the theoretical research reliability, scientists have
performed the classical three-hinged two-rod system's stability full-scale
experimental studies [13].

2. Physical modeling

As a dome's upper tier model, it was decided to use the von-Mises truss as a
popular model for two-rod inclined systems' theoretical stability studies, which
allows modeling these systems nonlinear behavior. To confirm the von-Mises
trusses' stability loss predicting theory [4, 11], full-scale experimental tests
were conducted, which aimed to analyze the truss' performance under load for
both groups of limit states. As an experimental model was designed and tested
the steel ribbed-annular dome's upper tier model. The upper tier of the ribbed-
ring dome with a diameter of 18.0 m with a rise of 5.195 m was taken as a
basis.The dome ribs' number - 8, the dome tiers' number in height - 6. The
upper tier rods' angle to the horizon - 5 degrees (85 degrees from vertical axis).
The upper tier is a spatial rod system consisting of two support rings connected
by ribs. For the testing convenience, it was decided to use a two-rod equivalent
truss, which is 1/4 of the upper tier.The geometric scale of the model is 1:1.
The paired puffs provided truss' stability in the horizontal direction. The
support frame provided the truss’ stability outside the plane.Puffs in the model
act as the lower support ring of the dome's upper tier.Nodal joints on the
supports were made as a sliding hinge in which the support angle rests on the
support frame through a fluoroplastic gasket.The connection in the ridge node
is made using steel gussets connected to the model's rods by welding and
connected with a class 8.5 bolt with a diameter of 24 mm, to prevent friction
between the gussets surfaces between them is a fluoroplastic gasket.The
model's rods are designed from a closed bent-welded profile with a cross
section of 80x80x3 mm. Puffs are made of square steel with a cross section of
16x16 mm. An adopted steel for constructions - S235.

The upper tier's model was arranged on a special supporting steel frame,
which was pre-designed and manufactured for providing experiments.The
special supporting frame, in turn, rests on the power floor, which was arranged
in the research laboratory for metal structures long-term testing, which belongs
to the Department of Metal and Wooden Structures of the Kyiv National
University of Construction and Architecture.

The test bench photo and the model elements layout scheme see Fig. 1.

The initial geometric and physical parameters of the designed equivalent
von-Mises truss experimental model described in table 1.

The support frame on which the truss was tested, is made of: a support
beam - 2 paired I-beams Ne27, interconnected by steel plates 220x100x8mm
with a step of 600 mm; end supports - channel bars 20U, with upwards-
oriented web and welded to the support beam; the loading frame's support
which is made of channel bar 20U to which on both sides are welded racks of
channel 10U between which is arranged a screw mechanical jack.
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Fig. 1. The test bench: (a) -the test model photography; (b) - the test model elements scheme.
Where: 1 - support frame, 2 - test model’s rods, 3 - twin puffs, 4 - support channel bars, 5 -
dynamometer, 6 - hydraulic jack, 7 - clock type indicator I1, 8 - clock type indicator 12, 9 -

deflectometer 13, 10 - burton, 11 - deflectometer’s back balance, 12 - hand jack screw, 13 - strain
gauges, 14 - connecting wires, 15 - strain gauge bus bar SIIT-3

Table 1
The initial experimental model parameters

Parameter’s name, dimension Value
The distance between the supports - 2a,, m 3.85
Truss’rise - £, m 0,168
Steel construction class S235
Steel elasticity modulus - E,, N/mm” 2,060E+05
Estimated rods' cross-sectional area - A, m* 9.240E-04
Estimated elasticity - EqAdca, N 1,903E+08
The rods' angle from the vertical axis - o, degrees. 85
The angle inclination sine - sinay 9.962E-01
The angle inclination tangent - tanc 1,143E+01
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The model was loaded using a hydraulic jack with a capacity of 50 tons.

Clock-type indicators carried out the model supports’ horizontal
movements’ registration: 11 — on the right support, I2 — on the left support.
The vertical ridge node displacements were recorded using a deflectometer 13
and additionally with a caliper.

To determine the internal forces and stresses in the model's rods, strain
gauges were glued to each rod, which were connected by a wire system to the
strain gauge station SIIT3.

The models tests was performed sometime after fixing the measuring
instruments to ensure the stability of their readings.

Prior to each test, the experimental model was loaded with a load of 10%
out the maximum load value for the model element inclusion (joints and puffs)
to the work.

Each experimental test was divided into a number of consecutive loadings
and each loading in its turn was divided into several stages:
the load application to the model;
the model left under the load for a while (15 minutes);
taking readings of indicators I1-13;
taking readings of a strain gauge station (5 attempts on each load step);
the next load step with repeating the above steps.

Gradual model loading took place in steps of 200 kilogram-forces in the
first loading stages until the load reaches a value of 1000 kilogram-forces.
After loading the model with a load of 1000 kilogram-forces, the step was
reduced to 100 kilogram-forces. When the load reached the value at which the
model lost their stability, the load has been increased until the ridge node
vertical displacement reached a value of 10 mm.

After each loading stage, the model was kept under load for 15 minutes,
after which the measuring instruments' readings were taken, a visual inspection
was performed and changes in the model elements were recorded.

3. Tests results analysis

The model stability loss under step load was characterized by a decrease in
the load on the model with increasing force in the hydraulic jack and with
increasing deflection of the model. An equivalent truss' experimental model
under step load lost their stability when the load reached the value of 1302.8
kilogram-forces.

For the research convenience, the load on the von-Mises truss was further
considered as the reduced external load per rod's design stiffness unit
according to the formula:

P
R =——, (1)
" Ey - Aca

where: P — external vertical concentrated load, which is applied tothe von-
Mises truss’ ridge; Ey — elasticity modulus; 4., — the truss rods estimated
cross-sectional area.

Similarly, the vertical model displacements were further considered as the
reduced vertical displacements values to the initial truss' rise by the formula:
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v
U[rel] = TP’ (2)
where: v, — the truss’ ridge node vertical displacement under the external

P
force P; f— the von-Mises truss' rise before loading.

The truss' supports horizontal displacements, respectively, were
subsequently considered as the reduced displacement values to thetruss’half-
span according to the formula:

u
Urel] = _O, 3)
do

where: uy — the von-Mises truss’ elastic support horizontal displacement; ay —
an initial von-Mises truss' half-span value.

The experimental tests primary and secondary analysis results data were
processed according to known processing methods of scientific researches
results [15, 16]. The displacements determining results for the model's end
supports and the ridge node's displacements are shown on the displacements
graphs see Fig. 2.
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Fig. 2. The model nodes' displacements: (a) the supports’ relative horizontal displacements; (b) the
ridge node relative vertical displacements (deflection). Where: 11 — the right support’s clock-type
indicator; 12 — the left support’s clock-type indicator; 1 — elastic deformations zone; 2 —plastic
deformation zone after truss buckling.

In the graphs of Fig. 2: zone 1 - the truss' elastic work zone under the load,
zone 2 (highlighted in gray color) - nodal displacements zone, which
corresponds to the plastic deformations zone of the equivalent von Mises truss
after stability loss. As can be seen from the graph of Fig. 2(a), the model's
deformation occurred asymmetrically, and after the stability loss on the left
support there was a truss rod's pinching on the support's limiting device, as
evidenced by the left support's decrease in horizontal displacements with
increasing the external load value.

Due to the pinching effect at the left support, it was decided to consider
only the tests results for the equivalent von-Mises truss' further analysis in the
subcritical stage inclusive.

According to the experimental researches results secondary data processing,
the internal stresses and internal forces in the model's puffs were determined.
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Taking into account that at each load stage, the obtained supports'
displacements had different values, it was made a statistical correlation for the
deformations' values and for the horizontal forces' values for both supports,
and it was obtained linear dependences of these values from the corresponding
loads' values with a provision of R* = 99%. According to these dependences,
the internal forces' values in puffs and their horizontal displacements were
determined.

The secondary processing results of the strain gauges readings shown on the
graphs of Fig. 3.
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Fig. 3. The secondary processing results of strain gauges readings: (a) - the model’s rods
deformation in the support zone; (b) - the model’s rods deformation on the side faces in the middle
zone; (¢) - the model’s rods deformation on the top face in the middle zone; (d) - the model’s rods
deformation on the side faces in the truss ridge zone; (e) - the model’s rods deformation on the top

face in the truss ridge zone; (f) - the model's puffs deformations. Where: 1-38 - the strain gauges
numbers on the model

The following assumption was made: each pair of puffs - is a horizontally
located spring with stiffness &, which stiffness can be determined by the
expression:

kg =—%, 4)
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where: N, — aninternalforceinpuffsdeterminedusingthetensometrymethods,
d, — horizontal displacement of support, to which connected the puff,

obtained using the clock-type indicators readings.
The stiffness value obtained by expression (4) for each load stage had a
value: k, = 5,570E+07 N/m.
To verify the test results reliability, it was decided to use the analytical
dependences given in the study [11].
Where the dimensionless parameter of vertical and horizontal displacements
was determined by the formula:
s (1=, /1)
YV == 77—

ag (1+(ug/ag))
Combining the expressions (2), (3) and (5), was obtained the expression:
=L A1) ©)
ag (14U )
where: f — atruss’ risevaluebeforeexperimentaltests start; @, — atruss’ half-
spanbefore experimental tests start; vp,.;; — the ridge node relative vertical

)

displacement, determined using expression (2); u,,;) — truss supports’ relative

horizontal displacement, determined using expression (3).
Deformation criteria of two-rod system with elastic supports with a
symmetrical nonlinear deformation:
1
[ 2
—L =2y, - (I I L 77 -sina @)
uyv °
Eo - Acar \/1+\If2 Ko Ao, Gin o
EO Acal
Combining the formulas (1) and (7) was obtained the next expression:
1

1 Vi+va,

2 kyo-a .
\/l W | 200 sinayg
OAcal

—sino

—sina

Bren] =2, - -sinog |. ¥

where: y,, — dimensionless parameter of horizontal and vertical
displacements, determined using formulae (6); ky, — an initial truss elastic
supports’ stiffness; ay — truss’ half-span value before applying the load; o, —

an initial truss rod’s inclinationangle; Ey — the rod’s material elasticity module;

A. — estimated truss rod's cross-sectional area.

The horizontal elastic support's reduced stiffness has a value:
kg ag 5.570E+07 N/m-1.925m

S

EoAy 1.903E +08 N

=0.563.
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The results of the relative vertical and horizontal displacements values and
the truss' deformation dimensionless parameters values and also the relative
concentrated external forces values which were obtained theoretically and by
full-scale experiment are shown in table 2.

Table 2
Experimental and theoretical researches results
Step| vy Uprel] Yy Bren €Xp. | R theory
1 | 0,000E+00 | 0,000E+00 | 8,727E-02 | 0,000E+00 | 1,176E-06
2 | 1,7762E-02 | 5,688E-05 | 8,573E-02 | 1,031E-05 | 9,328E-06
3 | 5.631E-02 | 1.455E-04 | 8.235E-02 | 2,577E-05 | 2.570E-05
4 1,036E-01 | 2,117E-04 | 7.822E-02 | 4,123E-05 4,296E-05
5 1.382E-01 | 2,649E-04 | 7.519E-02 | 5,154E-05 | 5.380E-05
6 | 1,588E-01 | 2,935E-04 | 7,340E-02 | 5,669E-05 | 5,953E-05
7 | 1,820E-01 | 3,195E-04 | 7,136E-02 | 6,185E-05 | 6,540E-05
8 | 2.132E-01 | 3.558E-04 | 6.865E-02 | 6,714E-05 | 7.228E-05

The deformations graphs of the equivalent and the theoretical von-Mises
trusses, which was described in [11] are shown in Fig. 4
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Fig. 4. The dependences' graphs of the relative vertical deformations vy, for experimental and

theoretical models from the relative concentrated force in the ridge node £,

After statistical processing data in Table 2, the difference between the full-
scale experiment results for the equivalent von-Mises truss with horizontal
elastic supports and the theoretical stability studies results for the von-Mises
truss according to expression (8) was - 5.254%.
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4. Conclusions

1. The equivalent von-Mises truss' with elastic horizontal supports full-scale
experimental tests were performed, which simulates the ribbed-annular dome
upper tier's operation with a span of 18 m with rise of 5.195 m with the ribs'
number - 8 and with the tiers' number - 6.

2. The full-scale experimental tests' primary and secondary data processing
according to known methods of scientific data processing were carried out.

3. An experimental studies results analysis showed that the equivalent von-
Mises truss with elastic horizontal supports deformed nonlinearly along the
asymmetric scheme and lost stability at an external concentrated load value of
1302.8 kilogram-forces, with vertical truss' deformations of 35.81 mm and
horizontal supports displacements - 0.68 mm each. The reduced stiffness of the
puffs simulating the elastic horizontal supports was 0.563.

4. The experimental studies results were used to verify the analytical
expression (8), which is given in [11]. Experimental and theoretical results
analysis has shown a good convergence of these results and allowed to draw
conclusions not only about a full-scale experiment validity, but also about
using analytical expressions feasibility for determining von-Mises trusses
stability criterion with horizontal elastic supports, which loaded by vertical
concentrated load in the ridge. This in turn means that due to analytical
expressions it is possible to predict the three-hinged trusses with elastic
horizontal supports stability loss, which in turn allows predicting the ribbed-
annular dome upper tier's overall stability loss.
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Toukaueee B. I'., Binuk C.1I.
EKCIEPUMEHTAJBHI IOCJIKEHHS CTIMKOCTI MOJEJII BEPXHBOI'O
SAPYCY PEBPUCTO-KIJIBIIEBOI'O KYIIOJIY.

AHoTanisi. Merta. L{inp npoBeAeHHs IaHOrO JOCTIDKEHHS - IMepeBipka TiloTe3W BTpaTH
CTiKOCTI 3 e(eKTOM MPOKIALYBaHHS BEPXHIM SIPYCOM PpPeOpUCTO-KIJIbLEBOrO0 KyIoJly Ha
HATypHIifIMOZieNi eKCIepUMEHTAIPHUM BHIPOOYBAHHSAM, Ta MiATBEPKCHHS HEMHIHHOI poOoTH
SpyCy IiJ Ji€l0 30BHIIIHBOrO HaBaHTAXKCHHs. MeTOAMKA. 3a aHAIOr KyIONy AJIS MOJCTIOBAHHS
OyB HPHUAHATHI pPeOPHCTO-KUIBLICBHII KyHOJ OMMUCAHMII B IUIaHI KoioM [IiamerpoM 18Mm i3
BIHOLIGHHSIM CTpPLIM KyNOJy 10 MpPOJbOTY 1/4, sixuii ckinamaBcs 3 8 pebep Ta MaB 6 spyciB Ho
BHCOTI. BepxHiil sipyc Kymony oOMeXEHUH HIKHIM KiNbLIEM, SIKE OJHOYACHO € BEPXHIM KilbLeM
HIDKYE PO3TAIIOBAHOIO SIPYCY, Ta BEPXHIM OMOPHUM KijibieM Kymony. Kimbus sipycy ta pedpa
BHKOHAHI 31 CTajJeBHX 3aMKHYTHUX THYTO3BapHHX MPOMITiB NPSIMOKYTHOrO Iepepidy. Y SKOCTI
MoJeii BEpPXHbOro spycy Kymoiy OyJo HNPHHHATO pilleHHs BHKopucTatH (epmy Miseca, sk
HOMYJIIPHY MOZENb JJIS TEOPETUYHHX AOCITIIKEHb CTIMKOCTI JBOCTPHIKHEBHX HMOXHIHX CHCTEM,
sKa JO3BOJISIE MOJEIIOBATH HEINiHiHHY poOoTy LuxX cucTeM. Buxopucranus KiacuuHOI (epmu
Mi3e3a npu MOJIEIIIOBaHHI MOBEIIHKA BEPXHBOIO sAPYCYy KYIOJy OB SI3aHO 3 HU3KOK 1pobiem. B
HepIly 4epry spyc — TPUBHMIpHAa CHCTeMa, L0 Ma€ BiCIM CTPHXKHIB, TOMY Oya0 HpHUHHSATO
pillleHHS MOJEIIOBATH SPYC CKBIBAJICHTHOI IUIACKOK (epMoro, 1o sBisie cobow 1/4 Bim
BepxHbOro spycy. Ilo apyre, HIKHE KilbLie sIpyCy Mae OOMEKEHY JKOPCTKICTh Ta 3[aTHE
nehopMyBaTHCh, B TOM Yac SK KJIaCH4YHa (epMa Mae HEpyXOMi OIOpH, caMe TOMY OyJI0 IPUITHATO
pillleHHsS AOJAaTH A0 KJIACHYHOI Mozeni (pepMH HPYXHI TOPU3OHTANIbHI omopu. I'opu3oHTaNIbHI
IPYXKHI OMOPH BUKOHYBAJIKCH SIK CTaJIeBI MapHi 3aTSDKKU Ta MOJETIOBAIM Aedopmanii HHKHBOTO
OIIOPHOr'0 KUNBLsI BEPXHBOro sipycy Kymoiy. Pedyabrarm.llpoBeneHa mepBHHHA Ta BTOPUHHA
00pobKka OTPUMAHHX JAHUX, Ta HPOBEACHO aHali3 pe3yJbTaTiB HATYPHOIO BHIPOOYBAHHS.
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IlinTBepKeHO HENiHIHHUEA XapakTep AedOpMyBaHHS BEPXHBOIO SPYCy PEOPUCTO-KiJbLEBOrO
KYIOJy I Ji€l0 30BHIMIHBOrO 30CEPEKEHOr0 BEPTHKAIBHOIO HABAHTAXKCHHS B IpeOCHEBOMY
By3J1i. BcTaHOBIIGHO, 110 XapaKTep BTPATH CTIHKOCTI BEPXHIM SpycOM Mae e(peKT MpOKIIallyBaHHs
rpebeneBoro By3iay. HaykoBa minmicTb. OTpuMaHO 3aieXHOCTI Ae)OpPMYBaHHS CKBIBAJICHTHOI
¢depmu  Mizeca 3 OPY)KHUMH TOPU3OHTAJIBHHMH OIOPaMH 3a JIOMIOMOIOI  HAaTYPHOIO
eKCHEepPUMEHTY. BHKOHAHO MOPIBHAHHS Pe3yJbTAaTiBEKCICPUMEHTAIBHUX MOCIIHKEHb HOBEAIHKH
eKBIBAJICHTHO!I (hepMH 3 pe3yabTaTaMH ICHYIOUMX TEOPETHYHUX IOCITIIKEHb. AHAII3 pe3yibTaTiB
eKCHePUMEHTAIbHUX Ta TEOPETHYHHUX MOCIIUKEHb MIiATBEPAMB [JOCTOBIPHICTH pe3yibTaTiB
eKCIePUMEHTY Ta MiATBEPAMB AOLUIbHICTh BUKOPUCTAHHS aHAITHYHUX BUpPa3iB /i1 HONEPEIHbOT
owiHkM cTifikocti ¢depmMu Miseca 3 HpPYXKHHMH TOPU3OHTaIbHHMH omnopamu. IIpakTmuna
3HaYMMicTh. OTpUMaHi pe3ysibTaTH EKCIEPUMEHTAIbHMX JOCIIDKEHb J03BOJSIIOTH CTBOPHUTH
IHCTpyMEHTapiil AJIs1 MPOEKTYBAIBHHUKIB IJIs1 ITIIBHILICHHS HAAIHHOCTI KYIOJbHUX KOHCTPYKLIHi.

KumrouoBi cioBa: pebpucro-kinbleBuil kymon, ¢epma Miseca, BTpaTa CTIHKOCTI, MpyXKHI
rOPU30HTAJIBHI OMOPH, OIIOPHE KiNIbIIE, 3aTsDKKA, BEPXHIH sIpyc.

Tonkacheiev V.H., Bilyk S.1.
THE RIBBED-ANNULAR DOME'S UPPER TIER MODEL STABILITY
EXPERIMENTAL STUDIES.

Abstract. Purpose. The work’s aim is to check the stability loss hypothesis with the snap-
through effect of the ribbed-annular dome's upper tier on a full-scale model by experimental tests,
and confirming the nonlinear tier's work under external load. Methodology. The ribbed-ring dome
circumscribe in the plan as a circle with a diameter of 18 m with the dome rise ratio to the span -
1/4, which consisted of 8 ribs and had 6 tiers in height, was taken as an dome-model analog.The
upper tier of the dome is bounded by the lower ring, which is the upper ring for the tier below, and
the dome's upper support ring.Tier rings and ribs are made of steel closed bent welded profiles
with rectangular cross section. As a dome's upper tier model, it was decided to use the von-Mises
truss as a popular model for two-rod inclined systems' theoretical stability studies, which allows
modeling these systems nonlinear behavior. The classic von-Mises truss using in modeling the
dome's upper tier behavior is associated with a number of problems.First, the tier is a three-
dimensional system with eight rods, so it was decided to model the tier with an equivalent low-
pitched truss, which is 1/4 of the upper tier.Secondly, the lower tier ring has limited rigidity and
can be deformed, while the classic truss has fixed supports, which is why it was decided to add
elastic horizontal supports to the classic von-Mises truss model.Horizontal elastic supports were
performed as steel pair puffs and were simulated the dome's upper tier lower support ring
deformations. Findings. The obtained data primary and secondary processing, and the full-scale
experiment results analysis were carried out. The ribbed-annular dome's upper tier nonlinear
deformations nature under the external concentrated vertical load action in the ridge node was
confirmed.It was established that in the ridge joint the upper tier's stability loss nature has the
snap-through effect. Scientific innovation. The deformation dependencies for the equivalent von-
Mises truss with elastic supports with the help of full-scale experimentwere obtained. A
comparison of the equivalent truss' behavior experimental studies results with the existing
theoretical studies' results was made. The experimental and theoretical studies results analysis
confirmed the experimental data results reliability and analytical expressions feasibility use for the
preliminary assessment of von-Mises truss' with elastic supports stability. Practical value. The
obtained results of experimental research allow creating tools for designers to increase the dome
structures reliability.

Keywords: ribbed-annular dome, Mises' truss, stability loss, elastic horizontal supports,
support ring, puff, upper tier.
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IIposedeno excnepumenmanbhi OOCHONCEHHST CMIUKOCME MOOENi 6ePXHbO2O APYCYy pebpucmo-
KITbYe8020 KynoJy.

L. 4. Bi6miorp. 16 Ha3s.
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Tonkacheiev V.H., Bilyk S.I. The ribbed-annular dome's upper tier model stability
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The ribbed-annular dome's upper tier model stability experimental studies were carried out.

Fig. 4. Ref. 16.
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