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DOSWIADCZALNE BADANIA ZELBETOWYCH ELEMEN’TC')W PRETOWYCH
Z BETONU WYSOKIEJ WYTRZYMALOSCI

Badania objety 8 wolnopodpartych belek, 10 stupé6w obcigzonych ze statym poczatkowym mimosrodem i 6 ram porta-
lowych. Wszystkie elementy wykonano z betonu o wytrzymatosci £, =85 - | 10MPa.

Belki byly obcigzane dwiema sitami skupionymi. Przyjeto dwie wysokosci przekroju - 300 i 500mm - i odpowiednio do
nich dwie rozpigtosci w osiach podpér - 3000 i 5000mm. Dla obu typéw belek przyjeto po dwa stopnie zbrojenia przekroju
- okolo 0.4 % i okoto 1.5%. Zbrojenie strefy $ciskanej byto state (2#10), przy czym w potowie belek strefa $ciskana $rod-
kowej ich czesci nie byta zbrojona.

Stupy o wymiarach przekroju 140x250mm i dtugosci 3000mm wykonano z dwéch betonéw - z kruszywem zwirowym
lub grysem granitowym. Przyjeto staly stopien zbrojenia podluznego stupéw réwny okoto 1% oraz mimosréd poczatkowy
e=50mm. Dzigki zmianie ptaszczyzn obciazenia uzyskano dwie smuklosci stupéw: 1/h=12 i 1/h=22 oraz mozliwo$¢ oceny
stopnia wplywu historii obcigzenia stupéw na ich odksztalcenia i no$nos¢.

Ramy portalowe o wysokosci 2000mm i rozpigtosci 3000mm oraz przekroju poprzecznym stupéw i rygla 140x250mm,
byly obciazane silq dziatajaca wzdtuz osi rygla. Przyjeto staly stopien tacznego zbrojenia podiuznego ram, ale ukiad zbro-
jenia zréznicowano tak, aby wymusi¢ wyrazna redystrybucje sit wewnetrznych. W czasie badania zmieniano kierunek
obciazania, przyjmujac dwa poziomy zaawansowania obcigzenia w pierwszym kierunku.

Lacznie z badaniami elementéw wykonano badania betonu, z rejestracja zaleznosci 6-€ oraz badanie stali zbrojeniowe;j.

Badania wykazaly, ze obawy o niska graniczna odksztalcalno$¢ elementéw z betonu wysokiej wytrzymatosci sa nieuza-
sadnione. Stwierdzono, ze:

- w tych elementach, ktére zniszczyly si¢ przez zmiazdzenie betonu strefy $ciskanej, nastgpowato to przy odksztatceniach

znacznie wigkszych niz odksztalcenia niszczace rejestrowane na probkach; w belkach odksztalcenia siegnetly az 6%o,

- graniczne krzywizny przekrojow byly wyraznie wigksze niz w elementach z betonu zwyktego, a w ramach nastepowata
pelna redystrybucja sit wewnetrznych,

- nawet przy bardzo duzych odksztalceniach, rz¢du kilkudziesigciu promili w poziomie rozciaganego zbrojenia, dobrze
wspolpracowato ono z betonem,

- w zakresie obcigzen eksploatacyjnych elementy wykazaly mata wrazliwos$¢ na historig, a takze powtarzalno$¢ obcigze-
nia, '

- ujawnila si¢ tendencja do powstawania rys tzw. zbiorczych, w poziomie zbrojenia dzielacych si¢ na kilka o mniejszym
rozwarciu.

EXPERIMENTAL RESEARCH ON HSC ONE-DIMENSIONAL MEMBERS

Investigations concerned 8 simply supported beams, 10 columns loaded with constant initial eccentricity and 6 portal
frames. All elements were cast using concrete of 85 to 1 10MPa (f, c.e) Strength.

Beams were loaded by two concentrated forces. Two cross-section depths were adopted: 300 and 500mm and two spans
(to support axes): 3000 and 5000mm correspondingly. Two percentages of reinforcement were adopted - abt 0.4% and abt
1.5% for each of the two types of beams. Compression zone reinforcement was constant (2-10mm dia bars). In a half of the
beams the mid-span zone was left unreinforced.

Columns of 140x250mm cross-section and 3000mm length were cast using two kinds of concrete: one - with natural
gravel aggregate, other - with crushed granite aggregate. Constant percentage of total longitudinal reinforcement was
adopted, of abt. 1% and constant eccentricity e=50mm. Thanks to change of loading planes, two column stiffness were
obtained: I/h=12 and 1/h=22, as well as the possibility to assess the degree of load history influence on column strains and
carrying capacity.

Portal frames of 2000mm height and 3000mm span had beam and column cross-sections of 140x250mm and were
loaded by a force acting along beam axis. Total longitudinal reinforcement percentage of frames was adopted as constant,
but its arrangement was diversified so as to force distinct redistribution of internal forces. The direction of loading was
changed during the test, with two levels of loading in the direction loaded first.

Tests on concrete (including recording of relationship) and these on reinforcement were carried out jointly with tests on
elements.

Tests proved that fears of low limit deformability of elements cast of high strength concrete are unfounded.

It was found that:

- in elements that failed by crushing of concrete in the compression zone this occurred at much higher strains than those

recorded in tests on specimens. In beams strains attained even 6%.

- limit curvatures of cross-sections were distinctly greater than in elements cast of ordinary concrete and full redistribu-
tion of internal forces took place in frames,

- bond between reinforcement and concrete was retained even at very large strains (of the order of several dozens of per
mille),

- within the range of service loads, the elements revealed small sensitiveness to history and repetition of loading,

- atendency was revealed for the formation of "cumulative cracks”, which were fanning out into several smaller cracks of
lesser width at reinforcement level.
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OZNACZENIA

A, pole przekroju zbrojenia

E. modutl styczny sprezystosci betonu

E, modul sprgzystosci stali

F sifa

N sita osiowa

b szeroko$¢ przekroju

d uzyteczna wysoko$¢ przekroju

e poczatkowy mimosrdod

fc wytrzymatos¢ betonu na Sciskanie okre$lona na
walcach

fe.cube wytrzymatos$¢ betonu na Sciskanie okre$lona na
prébkach

fox wytrzymatos¢ charakterystyczna betonu na
$ciskanie

fersp wytrzymatos¢ betonu na rozciaganie okreslona
metoda rozlupywania

f; wytrzymatos¢ stali zbrojeniowej na rozciaganie

f, granica plastycznosci stali zbrojeniowe;j

h wysokos¢ przekroju

1 dtugosc¢ stupa

v przemieszczenie

Vy przemieszczenie osi stupa w plaszczyZnie x

vy przemieszczenie osi stupa w plaszczyznie y

AL zmiana dlugosci

) kat okreslajacy kierunek ptaszczyzny zginania

) wspotczynnik redystrybucji sit wewnetrznych

& odksztalcenie betonu $ciskanego

€1 odksztalcenie betonu odpowiadajace wytrzy-
matosci na $ciskanie f;

€cu graniczne odksztalcenie betonu

&4 odksztalcenie skrajnego witokna strefy rozcia-
ganej

€ odksztalcenie skrajnego widkna strefy $ciskanej

& odksztatcenie zbrojenia

& odksztalcenie wiokna rozciaganego

&, odksztalcenie zbrojenia przy obciazeniu mak-
symalnym

K $rednia krzywizna

p stopien zbrojenia

o naprezenie $ciskajace w betonie

O naprezenie w zbrojeniu

NOTATION

[£)

ZTmm»

o oo

=+
5

fc.cube

fcl,sp

‘<'-h_'_"';

area of reinforcement

tangent modulus of elasticity of concrete
modulus of elasticity of reinforcement
force

axial force

width of a cross - section

effective depth of a cross - section
initial eccentricity

concrete cylinder compressive strength

concrete cube compressive strength

characteristic compressive cylinder strength of
concrete
concrete splitting tensile strength

tensile strength of reinforcement

yield stress of reinforcement

overall depth of a cross - section

length of column

displacement

displacement of column axis in x - plane

. displacement of column axis in y- plane

change in length

angle defining the direction of flexure plane
ratio of the redistribution of internal forces
strain of the fibre in compression

compressive strain in the concrete at the peak
stress f,

ultimate compressive strain in the concrete
strain of extreme fibre in tension

strain of extreme fibre in compression
strain of reinforcement

strain of the fibre in tension

strain of reinforcement at maximum load

mean curvature

reinforcement ratio
compressive stress in concrete
stress in reinforcement



1. WPROWADZENIE

Betonowi wysokowarto$ciowemu, a za taki wedtug [1]
uwaza si¢ beton o wytrzymatosci na S$ciskanie f >
50MPa, przypisywane sa niewielkie odksztalcenia gra-
niczne przy $ciskaniu. Prébki poddawane $ciskaniu nisz-
cza si¢ bowiem w sposéb gwaltowny, a opadajaca czgsé
krzywej jest tym bardziej stroma, im wyzsza jest wytrzy-
mato$¢ betonu (rys. 1.1). Na te czg$¢ krzywej wyraznie
przy tym wplywa procedura badania (predkos¢ narastania
odksztalcenia, sposob pomiaru odksztalcenia, warunki
brzegowe itp.).

Z 0[MPa]

1007

801

60

40

201 s

%)
1 2 3 4 5 6 7 8 9
Rys. 1.1.  Przykladowe doswiadczalne zaleznosci o.-g,
wedlug [2]
Fig. 1.1. Examples of experimental relationships G.-€.

according to [2]

Wedlug Model Code 90 [3], dla betonéw do klasy C80
wlacznie przyjmuje sig, przy oznaczeniach jak na rys. 1.2,
dla odksztalcen €, < €,

2
B, & _(ec )
E. € €
Gc= cl ©cl cl fcm (1.])

1+ e o |8
E €l
gdzie: g, = -0.0022,
f

Ecl — cm ,
cl
E. = 10°(fn )",
fcm= fck+8’ MPa,
a odksztalcenie €., odpowiada naprezeniu 6,,=0.5f,.
W zaleceniach do Model Code 90 [1] dokonano ko-

rekty odksztaltcenia €., przyjmujac je jako

_0.7F031
€ = —‘”i, f.n W MPa, (1.2)
1000
a opadajaca cze$¢ krzywej opisano zaleznoscia
G, = fom (1.3)

. 2
P L
m, -1

. 5
gdzieen = —,
ecl
g+t .
M = —9—, t wedhg tablicy 1.1.
f5"cl

1. INTRODUCTION

The high strength concrete (f, > SOMPa, according to
[1]) is assumed to have low ultimate strain in compres-
sion. The collapse of concrete samples is violent, and
descending branch of o-¢ diagram is sharper as the con-
crete strength becomes higher (Fig 1.1). In addition, the
procedure of tests (such as strain rate, way of measuring
strain, boundary conditions, etc.) is influencing that part of
the descending curve.

| %
7
4 CEB/FIP MCS0
7
/
# I
, | 0CU
/ EC | l
/ | '
/4 Ec‘] \ | |
! | ——
éc Seu é
Rys. 1.2. Wykres zalezno$ci napre¢zenie - odksztalcenie
przy jednokierunkowym $ciskaniu
Fig. 1.2. Stress - strain diagram for uniaxial compres-

sion

According to Model Code 90 [3], in concrete of Class
< C80 (following the denotation of Fig. 1.2), for strains

€ S &y
2
Ec € _[ € )
E., € €
Gc — cl “cl cl fcm (1'1)
14+ Be_o |8
E:cl Ecl
where: g, = -0.0022,
f
EC] = _ﬂ ’
, ecl
E = 10°(f,)",
fom = fut8, MPa,

and deformation €., corresponds to stress G,=0.5f.,.
In Recommended Extensions to the Model Code 90
[1], strain has been corrected and assumed to be equal:
-0, 7£231

e =— &, fonin MPa, (1.2)

and the descending branch of the curve was described by
the following formula:

G, = L (1.3)

€
where:n = —,
€
€+t .
N = ‘:—, t according to Table 1.1.
cl



Wykresy o, - € ilustrujace te zaleznosci sg podane na
rys. 1.3.

120
Oc, MPa
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////q
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/380
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0 1 2 3 4 5
Rys. 1.3.  Zaleznosci o, - €. wedlug propozycji MC [1]
Fig. 1.3. The o, - € relationships according to MC [1]

proposals

Przy sprawdzaniu stanu granicznego no$nosci wediug
[1] mozna postuzy¢ si¢ zalezno$ciami uproszczonymi, w
postaci '

g, =—0.002-0.5(f, —50)107 (1.4)
f

e. =-0.0025-0.002| 1 — —<k 1.5

- [ 100] (1.5)

ktéore prowadza do wartosci odksztalcen podanych w
tablicy 1.2.

Zblizone wartosdci odksztatcen zostaty zaproponowane
w normie DIN [4], co ilustruje tablica 1.3.

W Eurocode 2 w wersji z lipca 1999r. [5] takze przy-
jeto zasade redukcji granicznych odksztatcen betonu wraz
z przyrostem jego wytrzymatosci (tabl. 1.4).

Zalezno$¢ o, - €. przy jednoosiowym krotkotrwalym
obciazeniu jest opisana jako

c.  kn-n?
£ 1+(k-2)m

(1.6)

gdzie:m = Lo (e.<0),
cl
K = -1.1Eq -2,
f

cm
Eem= 9.5(f, +8)"°.

Zalezno$¢ t¢ dla trzech klas betonu przedstawiono na
rys. 1.4.

Jeszcze wigksze ograniczenie granicznych odksztatcen
dotyczy paraboliczno - prostokatnej postaci zaleznosci
O, - & (tabl. 1.4), stosowanej przy obliczaniu przekroju.

Przyjecie tak malych mozliwosci odksztalcania sig
betonu wysokiej wytrzymatosci przy $ciskaniu powoduje
znaczne zmniejszenie granicznych krzywizn. Zasade
okreslania krzywizny granicznej w funkcji granicznych
odksztalcen betonu €, i zbrojenia €, wyjasnia rys. 1.5.

The o, - €. diagrams illustrating these relationships are
shown in Fig 1.3.

Tablica 1.1. Parametr t dla BWW

Table 1.1. The parameter t for HSC

f.x, MPa | 50 60 70 80 90 100
t, %0 |0.807]0.579]0.338 | 0.221 | 0.070 | 0.015

‘Tablica 1.2. Odksztalcenie &, i €., wedlug [1]

Table 1.2. Strains € and &, after [1]

Klasa betonu | 50 | c60 | 70 | €80 | €90 |C100
Conrete grade

e, %0 |-2.00]-2.05[-2.10|-2.15 | -2.20 [ -2.25

Ecus o0 35| -33|-3.1]-29]|-27]-25

Tablica 1.3. Odksztalcenie €, i €., wedtug [4]
Table 1.3. Strains €., and &, after [4]

Klasa betonu | 0/85 | c80/95 | C90/105 | C100/115
Conrete grade | -

f.., MPa 70 80 90 100
€1, %o -2.10 | -2.14 -2.17 -2.20
Ecy; Too 2.5 2.4 2.3 23

In verification of the ultimate state, Model Code 90 [1]
allows simplified methods to be used in the following
form:

€, =-0.002-0.5(f, —50)107° (1.4)
€., =—0.0025-0.002( 1 - fo (1.5)
100

The above formulas lead to the deformation values as
shown in Table 1.2. -

Similar values of deformations are proposed by Norm
DIN [4], (see Table 1.3)

In Eurocode 2 (July 1999 release) [5], the principle of
the reduction of limit strains in concrete with the increase
of its strength is also accepted (Table 1.4).

Relationship o, - €, for uniaxial loading of short dura-
tion is defined as:

S, . 1-n (1.6)
f 1+(k-2)m
where:m = Ee (e.<0),
cl
K = -1.1E, —¢
f

cm
Eem= 9.5(f; +8)'°.

The above relationship is presented in Fig. 1.4 for
three concrete grades.

Even greater restriction of limit strains concerns the
parabolic-rectangular form of o, - €. relationship (Table
1.4), applied in the design of the cross-sections.

The acceptance of such small possibilities of deforma-
tion of high-strength concrete in compression results in
appreciable diminishing of limit curvatures. The principle
of determination of limit curvature in function of limit

strains of concrete €, and reinforcement €, is explained
in Fig. 1.5.
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Rys. 1.4.  Zalezno$¢ napre¢zenie - odksztalcenia do ce-
16w analizy konstrukcji wedtug [5]
Fig. 1.4. Stress - strain relationship for structural
analysis purposes (after [5])
scu
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Rys. 1.5.  Graniczne odksztalcenia skrajnych wiokien
Fig. 1.5. Ultimate strains of extreme fiber of the cross-

section

Z zalezno$ci geometrycznych otrzymuje sig

~Ea
X (1.7)

gy

d-x

Wptyw wielkosci odksztalcenia €., na graniczna krzy-
wizng ilustruje rys. 1.6. Odksztalcenia stali ingeruja jedy-
nie przy niewielkich warto$ciach x/d i matej ciagliwosci
zbrojenia.

Mniejsze krzywizny graniczne oznaczajq zmniejszenie
mozliwosci redystrybucji sit wewnetrznych w konstrukeji,
niekorzystne z punktu widzenia jej bezpieczenstwa. Moz-
na jednak oczekiwac, ze w elementach zbrojonych beton o
wysokiej wytrzymatoséci bedzie si¢ zachowywatl inaczej,
ze wzgledu na zbrojenie i efekt skali.

Tych wlasnie probleméw dotycza przedstawione poni-
zej badania. Objely one 8 wolnopodpartych belek, 10
smuktych stupéw i 6 ram portalowych.

Program badan stupéw nawigzuje do wykonanych
wczesniej w Katedrze Budownictwa Betonowego Poli-
techniki Lodzkiej badan stupéw ukos$nie mimosrodowo
$ciskanych z betonu zwyklego. Badania 18 stupéw byly
przeprowadzone w ramach projektu badawczego nr 7 Sl
0300204 finansowanego przez Komitet Badan Nauko-
wych i zostaly szczeg6élowo opisane w pracy [6].

Badania ram takze sa kontynuacja wczesniejszych ba-
dan ram z betonu zwyklego, opisanych w [7].

Klimd = min

Tablica 1.4. Charakterystyka naprezen i odksztalcen
betonu wedtug [5]
Table 1.4. Stress and strain characteristics for

concrete after [5]
f4, MPa | 55 60 70 80 | 90 | 100
€., %o | -2.65 | -2.70 | -2.80 | -2.90 | -2.95 | -3.00
€ere, %o | -3.40 | -3.30 | -3.20 | -3.10 | -3.00 | -3.00
£5", %0 | -2.03 | -2.06 | -2.10 | -2.14 | -2.17 | -2.20
€era’, %o | -3.10 | -2.70 | -2.50 | -2.40 | -2.30 | -2.20

1) paraboliczno - prostokatny wykres dla betonu przy sciskaniu
parabola - rectangle diagram for concrete in compression
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Rys. 1.6.  Graniczne krzywizny przekroju

Fig. 1.6. Ultimate curvatures of cross-section

From geometrical relationships it can be obtained:

—€cy d

X (1.7)
ESU d
d-x

The influence of the magnitude of deformation on the
ultimate curvature is shown in Fig 1.6. Steel strains inter-
fere only when the values of x/d are low, and ductility of
reinforcement is small. '

Lower ultimate curvatures mean lower capability of
redistribution of internal forces in the structure, which is
unfavourable from the safety point of view. It can be how-
ever expected that high strength concrete would behave
differently in reinforced elements, due to the presence of
reinforcement as well as to the scale effect.

The investigations presented below concern all these
problems. The research programme included investigation
of 8 simply supported beams, 10 slender columns and 6
portal frames.

The column research programme refers to investiga-
tions carried out earlier in the Department of Concrete
Structures, Technical University of Lodz on normal
strength concrete columns, under bi-axial loading. The
investigations of 18 columns was carried out as a part of
research project No 7 S1 0300204, financed by the Com-
mittee of Scientific Research. The detailed account of it
can be found in [6].

The investigation of portal frames is also a continua-
tion of the earlier research, dealing with normal strength
concrete frames. It was presented [7].

Klimd = min




= BADANIE BELEK
2.1. Program badania

Ze wzgledu na zalozony cel badania — ocen¢ odksztal-
calnosci przy zginaniu — przyjeto, ze przedmiotem bada-
nia beda wolnopodparte belki obcigzone dwiema sitami
skupionymi. Przyjeto takze, ze odcinek czystego zginania
musi by¢ dostatecznie dlugi, réwny co najmniej czterem
wysokosciom przekroju.

Zbadano osiem belek — cztery o przekroju prostokat-
nym i rozpigtosci w osiach podpér 3000mm (belki BP)
oraz cztery o przekroju teowym i rozpigtosci 5000mm
(belki BT) (rys. 2.1). W.obu typach belek przyjeto dwa
stopnie podluznego zbrojenia rozcigganego (tabl. 2.1). W
belkach oznaczonych litera ,,a” podiuzne zbrojenie $ci-
skane bylo stale (2 prety @10mm ze stali klasy A-III).
Litera ,,b” w symbolu belki oznacza, ze na odcinku czy-
stego zginania $ciskana strefa przekroju nie byla zbrojona.

2
Belki BP Belki BT 8]
§ g
}ﬁ*

Ky
Belki BP I
b i o
800 } 1400 I} 800
3000
Belki BT
{
o
~L 1300 !_ 2400 | 1300 ‘].
b 300 }
Rys. 2.1.  Przekroje i wymiary belek
Fig. 2.1. Cross-sections and dimensions of beams

Rozstaw strzemion w strefie migdzy sitami ustalono z
warunkéw konstrukcyjnych, a w strefie przypodporowej z
warunku nie dopuszczenia do zniszczenia belki na $cina-
nie.

2.2, Opis badan
2.2.1. Materialy

Zbrojenie podluzne belek wykonano ze stali zebrowa-
nej 34GS o nominalnej $rednicy 10, 12 i 16mm, a strze-
miona ze stali gladkiej @6mm.

Prébki pobierano ze wszystkich pretéw (o handlowej
dtugosci 12m), z ktérych wykonano zbrojenie belek.

Badanie préobek stali przeprowadzono w maszynie
wytrzymato$ciowej ZD20, wyposazonej w dodatkowy
rejestrator wydluzen o bazie pomiarowej S0mm i powigk-
szeniu 50:1 do 2000:1. Stosowano powigkszenie 200:1,
przy ktérym zakres pomiaru odksztatcen ograniczat si¢ do
40%o oraz powigkszenie 1000:1 (zakres pomiaru odpo-
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2. RESEARCH ON CONCRETE BEAMS
2.1. Research program

The aim of the examination was to assess deformation
ability in bending. Thus, simply supported beams, loaded
by two concentrated forces each, were chosen as the sub-
ject of the research. It was also required that pure bending
segment must be at least four times longer than beam
depth.

Research included investigation of eight beams - four
beams were of rectangular cross-section, and 3000mm
span (defined by support centres) (BP-type). Remaining
beams were of T-shaped cross-section and 5000mm span
(BT-type) (Fig. 2.1). In both types of beams two ratios of
longitudinal tension reinforcement were used (Table 2.1).
Beams marked ,,a” were reinforced in the compression
zone by 2 bars (J10mm, steel class: A-IIT). Letter ,,b” in
the symbol stands for the absence of any reinforcement in
pure bending compression zone of the beam.

Tablica 2.1. Charakterystyka i oznaczenia belek
Table 2.1. Characteristics and denotation of the beams

Zbrojenie podtuzne Rozstaw
w strefie czystego zginania strzemion
Belka | Longitudinal reinforcement | przy podporze
beam in the zone of pure bending | Stirrup spacing
dolne / bottom | gérne / top | near supports
p=A/bd (mm]
BP-la | 0.0038 | 2810 2010 100
BP-1b 2010 -
BP-2a | 0.0146 | 3216 2010 80
BP-2b 3016 -
BT-la | 0.0048 | 312 2010 162.5
BT-1b 3012 -
BT-2a | 0.0171 | 6216 2010 75
BT-2b 616 -

Stirrup spacing in the segment between the two loads
was determined on the basis of constructional require-
ments, while in the support zone it was calculated from
the condition of maximum allowable shear force.

2.2, Account of the research
2.2.1. Materials

Longitudinal reinforcement of the beams consisted of
ribbed 34GS steel bars of 10, 12 and 16mm dia. Stirrups
were of 6mm dia. round steel bars.

Samples were taken from each bar (of 12m standard
commercial length) used for reinforcing the beams..

The examination of steel specimens was carried out in
a ZD20 testing machine. The machine was equipped with
an additional strain-logging device, with S0mm measuring
base, and magnifying power from 50:1 to 2000:1. In order
to establish modulus of elasticity of steel, the applied
magnification was 200:1 (at which the range of deforma-
tion measurement was limited to 40%oc) and 1000:1 (the
range of measurement limited to 8%o). Longitudinal de-
formation of specimen (up to failure) was - on the other



wiednio 8%o), w celu uscislenia warto$ci wspotczynnikow
sprezystosci stali. Wydtuzenia prébek az do ich zerwania
byly natomiast rejestrowane z powigkszeniem 5:1 i na
podstawie tych pomiaréw oszacowano odksztalcenie €,
przy maksymalnym napre¢zeniu. Wytrzymato$ciowa cha-
rakterystyka zbrojenia jest podana na rys. 2.2 i w Zalacz-
niku.
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Rys. 2.2.  Charakterystyka stali zbrojeniowe;]
Fig. 2.2. Characteristics of reinforcement

We wszystkich belkach stosowano mieszanke betono-
wa o takim samym sktadzie (tabl. 2.2). Krzywe przesiewu
piasku kopalnianego i grysu granitowego sortowanego
oraz stosu okruchowego przedstawia rys. 2.3.

Tablica 2.2. Sktad mieszanki betonowe;j

Sktadnik kg/m’
grys granitowy do 8mm 1230
piasek kopalniany 600
cement CP 45N 500
krzemionka 40
superplastyfikator 11
woda 145
w / (¢ + krzemionka) 0.27 |

hand - registered at magnification of 5:1. On the basis of
these measurements the strain €, was assessed at the
maximum stress. The strength characteristics of the rein-
forcement are shown in Fig. 2.2. and in the Appendix.
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All the beams were cast using concrete mix of identi-
cal composition (Table 2.2). Grading curves of pit sand,
granite grit and grading curve for aggregate mix is shown
in Fig. 2.3.

Table 2.2. Proportions of concrete mix

Components kg/m3
granite grit up to 8mm dia. 1230
pit sand 600
CP 45N cement 500
silica fume 40
superplasticizer 11
water 145
w / (¢ + silica fume) 0.27

11
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Rys. 2.3.  Krzywe przesiewu kruszywa
Fig. 2.3. Grading curves of aggregate

Wytrzymatosciowe cechy betonu byly okreslane w
dniu badania na prébkach kostkowych o boku 150mm
(fc cubes fersp) Oraz walcowych o srednicy 150mm i wysoko-
$ci 300mm (£, E,).

Podluzne odksztalcenia probek walcowych mierzono
za pomocg przyrzadu spetniajacego wymagania DIN, a
warto$¢ wspolczynnika sprezystosci betonu ustalano na
podstawie ostatniego cyklu obcigzenia z przedziatu od-
ksztatcen: 0.05%o i odksztatcenia odpowiadajacego 0.35f;
(rys. 2.4).

Wyniki badan betonu sa zestawione w Zalaczniku, a
wyniki $rednie podano w tabl. 2.3.

Tablica 2.3. Wytrzymato$ciowe cechy betonu

AF=1110.5kN/s

30s

0.35f¢

0.01f,
czas

Schemat obcigzania probek walcowych
Loading sequence on cylindrical specimens

Rys. 2.4.
Fig. 2.4.

Strength properties of concrete were measured the day
the beams were tested, on 150mm cube specimens (f; cubes
feisp)» and 150mm dia. cylindrical specimens 300mm high
(fe, Eo).

Longitudinal deformations of the cylindrical speci-
mens were measured using a device satisfying the re-
quirements of DIN. The value of the elasticity coefficient
of concrete was established during the last cycle of load-
ing, from the strain range: 0.05%¢ and the strain corre-
sponding to 0.35f, (Fig. 2.4).

Concrete test results are set up in Appendix, while the
average results are presented in Table 2.3.

Table 2.3. Strength properties of concrete
Belka Wiek betonu [dni] fecibe {4 - E. f,
Beam Age of concrete [days] [MPa] [MPa] [MPa] [MPa] fe cube
BP-1a 29 93.2 81.2 5.23 35300 0.87
BP-1b 29 84.6 72.8 4.73 34000 0.86
BP-2a 46 91.6 78.8 4.57 37000 0.86
BP-2b 32 89.5 73.3 5.06 35800 0.82
BT-1a 30 88.6 72.5 5.67 33400 0.82
BT-1b 31 87.6 78.0 5.18 35600 0.89
BT-2a 33 87.9 73.3 5.04 34800 0.83
BT-2b 36 78.6 70.3 4.88 - 0.89

2.2.2. Belki 2.2.2. Beams

Zbrojenie belek BP przedstawiono na rys. 2.5, a belek
BT narys. 2.6.

Mieszankg¢ betonowa przygotowywano w betoniarce
wolnospadowej o pojemnosci 0.15m’, wobec czego belki i
probki wykonywano z dwdéch (belki BP) lub czterech
zarobOow (belki BT).

Do zaggszczania mieszanki betonowej w belce i préb-
kach stosowano wibrator wglebny o czgstotliwosci 200Hz.
Elementy i prébki rozformowywano po 24 godzinach i do
dnia badania przechowywano w hali wytrzymatoscicwe;j.
Przez pierwsze trzy doby po betonowaniu belki i prébki
polewano woda.
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Reinforcement of BP beams is shown in Fig. 2.5, and
that of BT beams in Fig. 2.6.

Concrete mix was prepared in a free-fall concrete
mixer of 0.15m’ capacity. Thus two BP beams together
with specimens were cast from two batches and BT beams
from four batches of mix.

To compacting concrete mix in the beams and sam-
ples, immersion vibrator of working frequency 200Hz was
applied. All the elements were demoulded after 24 hours,
and cured in the University laboratory until the day of
testing. For the first three days all the beams and samples
were sprinkled with water.
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Fig. 2.5. Reinforcement of the BP beams
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2.2.3. Stanowisko badawcze i obcigzanie belek 2.2.3. Test stand and process of loading the

Stanowisko badawcze (rys. 2.7) skladato si¢ ze stalo- beame
wej konstrukcji ramowej, obcigznikow hydraulicznych The test stand (Fig. 2.7) consisted of: a steel frame
podwieszonych do gornego rygla ramy i urzadzenia zasi- structure, hydraulic presses acting between the upper
lajacego te obcigzniki. spandrel beam and the beam under test, and a device acti-

vating hydraulic presses.

Rys. 2.7. Og6lny widok stanowiska badawczego
Fig. 2.7. Overall view of the test stand

Badana belka byta umieszczana na dwoch podporach The tested beam was placed on two articulated sup-
przegubowych, na dolnym ryglu ramy. Belki BP byly ports, on the lower spandrel beam of the frame. BP beams
obcigzane za pomoca jednego obciaznika o nosnosci were loaded by one press of 100kN or 400kN capacity via
100kN lub 400kN i stalowego trawersu (rys. 2.8). Belki a steel beam (Fig. 2.8). BT beams were loaded directly by
BT obcigzano bezposrednio dwoma obciaznikami o no- two presses of 100kN or 400kN capacity. The device
$nosci jednostkowej takze 100kN lub 400kN. Urzadzenie activating the presses had an accuracy class of 1.0.

zasilajace obcigzniki ma klase doktadnosci 1.0.

Rys. 2.8.  Belka BP-2a na stanowisku badawczym po zniszczeniu
Fig. 2.8. BP-2a beam on the test stand, after failure

Sity przyktadano wedtug wskazan urzadzenia zasilaja- The forces were applied according to the indication on
cego obciazniki i kontrolowano za pomoca czujnika ci- the activating device and were controlled by a pressure
$nieniowego umieszczonego w ukfadzie hydraulicznym sensor, placed in the hydraulic system of the device.

urzadzenia.

14



2.2.4. Pomiary

Zasadnicze pomiary byly dokonywane za pomoca
przetwornikéw przemieszczen liniowych, ktérych wska-
zania rejestrowano i przetwarzano komputerowo, wraz z
zapisem cis$nienia w ukladzie hydraulicznym. Przy kaz-
dym kolejnym obcigzeniu odczyty wykonywano 60 razy
co | sekunde.

Ugigcia belki byly mierzone za pomoca przetworni-
kéw PSx50 (o zakresie £25mm) umieszczonych na listwie
opartej na belce w osiach jej podpdr. Listwa byta podparta
z jednej strony przegubowo nieprzesuwnie, z drugiej za$
przegubowo przesuwnie. Rozmieszczenie przetwornikéw
do pomiaru ugig¢ ilustruje rys. 2.9.
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Rys. 2.9. Rozmieszczenie baz do pomiaru ugie¢, belki
BPiBT

Location of the bases for measuring the de-
flections of BP and BT beam

Fig. 2.9.

Odksztalcenia na powierzchni belki mierzono w
dwoéch poziomach: na goérnej krawedzi belki i w odlegto-
$ci 35mm od dolnej krawedzi belki. Przyjeto dlugosé baz
pomiarowych 300mm w belkach BP i 400mm w belkach
BT. Rozmieszczenie baz pomiarowych ilustruje rys. 2.10.
W strefie $ciskanej stosowano przetworniki PSx1C (zakres
+5mm), a w strefie rozciaganej PSx20 (zakres £10mm).

2.2.4. Measurements

The main measuring process was carried out using lin-
ear displacement transducers, which transmitted all the
readings, including the pressure in hydraulic system, di-
rectly to the computer. During each step of load applica-
tion, the measuring device recorded 60 readings per sec-
ond.

Beam deflections were measured by transducers
PSx50 (of £25mm range), placed on a strip supported on
the beam at its support axes. The strip was simply sup-
ported, sliding at the one end and constrained at the other.
Fig. 2.9 shows the location of transducers used for meas-
uring deflections.
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Rys. 2.10. Rozmieszczenie baz do pomiaru odksztalcen,
belki BP i BT

Fig. 2.10. Location of the bases for measuring the
strains in BP and BT beam

Strains on beam faces were measured at two levels: at
the top edge, and at 35mm above the lower edge. Adopted
length of measuring bases was 300mm for BP-beams and
400mm for BT-beams. The location of measuring bases is
shown in Fig. 2.10. PSx10 transducers (of £5mm working
range) were used in the compression zone and PSx20 (of
+10mm working range) in tension zone.
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Rys. 2.11. Spos6b stabilizacji baz do pomiaru odksztatcen

Fig. 2.11. Stabilisation method of strain bases

Bazy byly wyznaczone przez stalowe bolce i osadzone
na nich aluminiowe listwy z przetwornikami. Listwy
mialy mozliwo$¢ swobodnego obrotu na jednym z bolcéw
1 obrotu z przesuwem na drugim. Sposéb mocowania
bolcéw i uktadania listew wyjasnia rys. 2.11.

Ze wzgledu na ograniczenie zakresu pomiaru ugigé
przetwornikami do 50mm, wprowadzono dodatkowy
przyblizony sposéb obserwacji ugig¢. Na powierzchni

The bases were defining by steel rods and aluminium
flat bars with transducers mounted on them. The flats
could freely rotate around one end and rotate with sliding
at the other. The way of mounting the flats and bolts is
shown in Fig. 2.11.

In view of the limitation of the transducer measured
deflections to 50mm, additional approximate method of
deflection observations was used: millimetre rulers glued

15



belki naklejano miarki z podziatkag milimetrowa (sa one
widoczne na rys. 2.7), a na rolkach umieszczonych w
osiach podpor belki zawieszano obcigzona nitke (zytke).
Umozliwiato to odczytywanie ugie¢ z dokladnoscia do
0.5mm.

Ten dodatkowy sposéb pomiaru ugieé przyjeto z po-
wodow dydaktycznych, gdyz w badaniach uczestniczyty
grupy studenckie. Z tego samego wzgledu mierzono takze
odksztalcenia recznie, za pomoca mechanicznych mierni-
kéw nasadowych firmy Mayes & Son, 0 bazach 200 i
400mm, przy kilku wybranych poziomach obciazenia.
Rozmieszczenie odpowiednich baz pomiarowych przed-
stawia rys. 2.12. Wyniki tych pomiaréw nie beda dalej
przytaczane ani interpretowane, gdyz na ogét powielaja
one wyniki komputerowe.

on the surface of the beam (visible on Fig. 2.7) and
weighted wire attached to the rollers placed at the beam
support axes. This enabled the deflections to be read with
an accuracy of up to 0.5mm.

This additional method of deflection measurement was
adopted for teaching purposes, since student groups took
part in the investigations. For the same reason, the deflec-
tions at several selected loading levels, were measured
manually, using mechanical strain gauge (produced by
Mayes & Son) with 200mm and 400mm bases. Fig. 2.12.
shows the location of measuring bases. Further discussion
on these measurements shall be omitted, since they match
computer-generated results.
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Rys. 2.12. Rozmieszczenie baz do pomiaru odksztatcenn mechanicznymi miernikami nasadowymi

Fig. 2.12. Location of the bases for mechanical strain gauge

Przy kilku wybranych poziomach obcigzenia dokony-

wano ponadto pomiaréw szeroko$ci rozwarcia rys za

pomocg lupki o powigkszeniu 24-krotnym, z podziatka.
Rejestrowano takze obraz rys i ich rozw6j w miar¢ na-
rastania obcigzenia.

2.2.5. Forma przedstawienia wynikéw

Wyniki komputerowych pomiaréw odksztalcen i ugieé
opracowano w formie tablic. Przy kazdym kroku obciaze-
nia podano pierwsza i ostatnig zarejestrowang warto$¢
oraz wartos$¢ $rednia.

Odksztatcenia poszczegdlnych baz otrzymano dzielac
zmiang jej dlugosci przez dtugos$¢ poczatkowa, odpowied-
nio 300mm (belki BP) lub 400mm (belki BP).

Na podstawie odksztalcen obliczono $rednig krzywi-
zng na odcinku czystego zginania

(23

Ky = [1/m] (D)
nd
gdzie: € - odksztalcenie widkna rozciaganego (ze
znakiem dodatnim),
€. - odksztalcenie wiokna Sciskanego (ze zna-

kiem ujemnym),
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Moreover, at several chosen loading steps crack widths
were measured using magnifying glass of 24-fold magni-
fication, with a ruler of 0.05mm scale.

Overall map of the cracks and their development were
recorded during load increase.

2.2.5. Presentations of the results

All computer-generated results of the deformations
and deflections were presented in tabular form. For each
step of load increase the first, the last and mean registered
values are presented.

Deformations of particular bases were obtained by di-
viding the change in their length by their initial length:
300mm for BP- and 400mm for BT-beams respectively.

Mean curvature of the beam in the pure bending zone
was calculated from values of strains

3a 3]
=4 nd' (1)

strain of the fibre in tension (positive value),
strain of the fibre in compression (negative
value),

K [1/m]

where: €, -
Sc -



n - liczba uwzglednionych baz,
d - odlegtos¢ migdzy rozwazanymi widknami.

Dla belek BP jest zatem n=4, d=0.265m, zas dla belek
BT odpowiednio n=5, d=0.465m.

Ze wzgledu na duza objetosc tablic, w Zataczniku za-
mieszczono tylko dwie (odksztalcenia i ugigcia) dla jednej
z belek. Wigkszos¢ wynikdw jest natomiast przedstawiona
w formie wykresow.

Odksztatcenia strefy S$ciskanej €., 1 rozciaganej €,
podano jako $rednie z baz usytuowanych na odcinku czy-
stego zginania. Dla belek, ktore ulegly zniszczeniu na
skutek zmiazdzenia betonu strefy $ciskanej (BP-2 i BT-2),
zamieszczono dodatkowo wykresy odksztalcen poszcze-
gblnych baz pomiarowych.

W Zalaczniku przedstawiono takze dla wszystkich
belek obraz rys oraz pomierzone szerokosci ich rozwarcia.

2.3. Omowienie wynikow badania
2.3.1. Zniszczenie i odksztatcalnos¢ graniczna

Belki o wyzszym stopniu zbrojenia, BP-2 i BT-2,
zniszczyly si¢ zgodnie z oczekiwaniami przez zmiazdze-
nie betonu w strefie $ciskanej. W belkach bez zbrojenia w
strefie $ciskanej zniszczenie miato charakter gwaltowny,
wrecz eksplozyjny, natomiast obecnos$¢ zbrojenia w tej
strefie wyraznie tagodzita przebieg procesu zniszczenia.

Obraz strefy zniszczenia belki BP-2a przedstawia rys.
2.13, a belki BP-2b rys. 2.14. Jak wida¢, podtuzne zbroje-
nie strefy $ciskanej i strzemiona radykalnie ograniczyly
zasigg obszaru zniszczenia, zwlaszcza w odniesieniu do
strefy rozciaganej.

n - number of the bases under consideration,
d - distance between fibres under consideration.

Thus, n=4, d=0.265m for BP-beams, and n=5,
d=0.465m for BT-beams.

Due to the large dimensions of tabulated results, only
two tables (strains and deflections) for one of the beams
are presented in the Appendix. However, most of results
are available in form of graphs.

Strains in the compression €., and the tension €.,
zones are presented as a mean of bases situated in the pure
bending section. For beams which collapsed by crushing
of concrete in the compression zone (BP-2 and BT-2),
additional graphs of deformations for particular measuring
bases are presented in addition.

The Appendix includes also maps of cracks and their
measured widths for all beams.

2.3. Discussion of the results
2.3.1. The failure and the limit deformation

The beams with higher reinforcement ratio - BP-2 and
BT-2 - collapsed as expected, by crushing of the concrete
compression zone. In the beams without any reinforce-
ment in the compression zone, the failure was violent,
even explosive. The presence of reinforcement in that
zone attenuated the whole process.

The views of damaged zones of BP-2a and BP-2b
beams are shown in Figs. 2.13 and 2.14 respectively. As
can be seen, longitudinal reinforcement in the compres-
sion zone as well as stirrups restricted the damage zone
appreciably, especially with respect to the tension zone.

Rys. 2.13. Obraz strefy zniszczenia belki BP-2a
Fig. 2.13. Beam BP-2a, view of failure zone

Zniszczenie belek BT-2a i BT-2b mialo taki sam cha-
rakter, cho¢ nie byto tak spektakularne.

Rozw¢j odksztalcen skrajnych widkien strefy sSciska-
nej w funkcji obcigzenia ilustruje rysunek 2.15. Podano na
nim wykresy srednich odksztalcen z czterech (belki BP)
lub pigciu (belki BT) baz pomiarowych oraz maksymalne
odksztalcenia zarejestrowane na pojedyncze] bazie. Wi-
doczne jest zalamanie wykresow zwigzane z zarysowa-
niem belki, oraz drugie, znacznie wyrazniejsze, spowo-
dowane uplastycznieniem  zbrojenia  rozciaganego.
Wzmocnienie zbrojenia rozciaganego sygnalizuje nato-
miast zmiana pochylenia ostatniej galezi wykresow - w
belce BP-2a ma to miejsce przy srednim odksztalceniu

Rys. 2.14. Obraz strety zniszczenia belki BP-2b
Fig. 2.14. Beam BP-2b, view of failure zone

The destruction of BT-2a and BT-2b beams was of the
same character, though not as spectacular.

The development of strain in extreme fibres of the
compression zone as a function of load is presented in Fig.
2.15. It shows the graphs of mean strains from four meas-
uring bases on (BP-beams) or five bases on (BT-beams)
and maximum strain recorded at a single base. Flexure is
visible in the graphs, connected with formation of cracks.,
as well as the second, even more pronounced, when ten-
sion reinforcement yielded. The strengthening of tension
reinforcement 1s visualised as a change in inclination of
the extreme branch of the graph. In BT-2a beam this phe-
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skrajnego widkna okoto -3.2%o, zas w belce BT-2a przy
okoto -2.1%o, co wynika z réznych wysokosci strefy $ci-
skanej.

[
1120
| F [kN]
| —
I 100 -
| o
- 80 /ﬁ
| ./' BP-2a
/
60 o
| j/f gomax +-6.55% (2P)
40 At
z /"
l ./. 1.(./
’ /
5 &
20— /4//
H .. oo
| : / gc [%o]
0 1 -2 -3 4 5
L
120
| F [kN]
1 .‘.’.
| 100 .’.—._c_l——.
\ .‘.. {
| Lo |BP-2b
| ...—.’
80 v
J
J
. 60 ¢
.// Ecmax = 599%0 (1P
7
40 ry
el
J
20 17
i s
R €o [%]
| 0 -1 -2 -3 -4 -5
|

nomenon occurred at the mean deformation of the extreme
fibre of abt. -3.2%e and in BT-2a beam - at deformation of
abt. -2.1%o, which was caused by difference in depths of
the compression zones.
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Rys. 2.15. Rozwdj odksztalcen skrajnych widkien strefy $ciskane;j

Fio 2 15  Develanment of etrain in extreme fihrece nf the comnreccinn 7nne

Nie udato si¢ doprowadzi¢ do zniszczenia - w sensie
materialowym - belek o niskim stopniu zbrojenia, BP-1 i
BT-1. Przy bardzo duzych przemieszczeniach, siggajacych
200mm w potowie rozpigtosci belek, co wyczerpywalo
mozliwosci stanowiska badawczego, obciazenie belek
przerywano. Tak duzemu przemieszczeniu towarzyszyty
bardzo duze krzywizny i rysy o znacznych szerokosciach
rozwarcia, bylo to wigc oczywiste przekroczenie stanu
granicznego nosnosci ze wzgledu na odksztalcenia. Przy-
ktadowy obraz belki BT-1a w trakcie odciagzania, po osia-
gnigciu maksymalnego obciazenia, przedstawiono na rys.
2.16. Ugiecie belki osiagneto wielko$¢ odpowiadajaca
okoto 1/25 jej rozpietosci.

Ugiecie belki BP-1b przy maksymalnym obcigzeniu
F=28.5kN stanowilo natomiast az okolo 1/15 czgs¢ jej
rozpigtosci, a mimo to zbrojenie w petni wspoétpracowato
z betonem.
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The destruction (in the sense of material failure) of the
beams with low reinforcement percentage (BP-1 and BT-1
beams) has not been reached. Due to the very large de-
tlections, approaching even 200 mm at mid-span, which
was beyond the test stand range, further loading of beams
was discontinued. Such large displacement was accompa-
nied large curvatures and very wide cracks. Thus, the
beam definitely exceeded the ultimate state of strain. Fig.
2.16 presents the view of BT-1 beam during removal of
the load after maximum load has been reached. Beam
deflection was abt. 1/25 of the span.

The deflection of BP-1b beam at the maximum load of
F=28.5kN attained as much as 1/15 of the span; despite
this, reinforcement was still preserving full bond with
concrete.



Rys. 2.16. Belka BT-1a po odciazeniu
Fig. 2.16. BT-1a beam after removal the load

R g

30 —— 60 A sl
-———0/ f

25 W i

|

I
B -

11 |
NN |
L |
|
|

- Jf//

15 i
BP-1a

10 -

1]

) |
Kim {/m ' J }/ Km 1/M
0 0 ‘
0.00 0.05 0.10 0.15 0.20 1 0.00 0.02 0.04 0.06 0.08
30 70
F, kN | IF,kN T |
: 1
: . | | //‘f/\)
25 i i | | |
| | |
20 { | I \’ i /
/ | 40 | : ‘
15 N /
BP-1b | 130
J ! / BT-1b ;/
10 . | ] i
! Lol 120 31 f
| [ | : '
] / |
5 - ‘i I ‘. ‘ 10 | i 'j
' \ : || 5 5 ’
JJ | { . " m | ; ' j 1 1 Kme 1/m |
0 : ' — 1| |0 . : — |
0.00 0.05 0.10 0:15 0.201 . 0.00 0.02 0.04 0.06 0.08

Rys. 2.17. Krzywizny belek o niskim stopniu zbrojenia
Fig. 2.17. Curvatures of beams with low reinforcement ratio
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Wykresy krzywizn tych belek w funkcji obciazenia
(rys. 2.17), dotyczace odcinka czystego zginania, wska-
zujg na bardzo duze plastyczne odksztatcenia. Widoczny

tez jest przyrost obciazenia po uplastycznieniu zbrojenia,

spowodowany wzmocnieniem stali przy duzych odksztal-
ceniach. Krzywizny belek o wyzszym stopniu zbrojenia
ksztattowatly si¢ podobnie, jednak oczywiscie z mniej-
szymi odksztalceniami plastycznymi, co ilustruje rys.
2.18. Przykltadowo w belce BT-2b $rednia wysoko$¢ stre-
fy $ciskanej zmniejszata si¢ od x=0.144m przy uplastycz-
nieniu rozciaganego zbrojenia (F=160kN) do x=0.083m
podczas zniszczenia, a AK.,,=0.0525m".
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Rys. 2.18. Krzywizny belek o wyzszym stopniu zbrojenia

Graphs showing beam curvatures as functions of load
(Fig. 2.17) (the graphs concern pure bending zone) indi-
cate large plastic deformation. Graphs show also load
increase after yielding of steel, caused by strain hardening
effect. Curvatures of beams with higher reinforcement
ratio were similar, but had lower plastic deformations (see
Fig. 2.18). For example, mean depth of the compression
zone in BT-2b beam decreased from x=0.144m at yielding
of the tension reinforcement (F=160kN), up to x=0.083m
at failure, and Ax;,=0.0525m.
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Fig. 2.18. Curvatures of the beams with high reinforcement ratio

W tabl. 2.4 zestawiono maksymalne obcigzenia i
krzywizny - w odniesieniu do belek silnie zbrojonych sa
to wielkosci niszczace, natomiast w wypadku belek stabo
zbrojonych - osiagnigte w badaniach. Na podstawie po-
miarow odksztalcen okre$lono tez obciazenia, przy kto-
rych w rozciaganym zbrojeniu w strefie rozciaganej wy-
stapity odksztalcenia £.=10%0 i 20%o.
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Maximum values of loads and curvatures obtained are
presented in Table 2.4. With respect to highly reinforced
beams they refer to the failure load; for beams with low
reinforcement ratio they are just the highest obtained in
tests. On the basis of strain measurements, load values at
which strains in tension reinforcement reached €=10%¢
and 20%o were also determined.



Tablica 2.4. Maksymalne obcigzenia i krzywizny Table 2.4. Maximum values of loads and curvature
Sita Obciazenie okreslone z  |Krzywizna Load at Load defined from Maximum
Belka | niszcz. | warunku odksztatcen F[kN] max. Beam | failure strain condition F[kN] curvature
F, [kN] | £=10%0 | £=20%0| max [1/m] F, [kN] [ £=10%¢ | £=20%0| max [1/m]
BP-la - 23.5 26.5 30 0.18957 BP-1la - 23.5 26.5 30 0.18957
BP-1b - 24.5 26.5 28.5 0.19272 BP-1b - 24.5 26.5 28.5 0.19272
BP-2a| 104 87.5 100 0.11092 BP-2a| 104 87.5 100 0.11092
BP-2b[ 105 85.5 98 0.11713 BP-2b| 105 85.5 98 0.11713
BT-1a - 352 60 64 0.06702 BT-1a - 55.2 60 64 0.06702
BT-1b - 56 60 66 0.06677 BT-1b - 56 60 66 0.06677
BT-2a| 212 176 200 0.06434 BT-2a| 212 176 200 0.06434
BT-2b| 212 183 205 0.06073 BT-2b| 212 183 205 0.06073

Jak wida¢, we wszystkich wypadkach ograniczenie
odksztalcen w zbrojeniu prowadzi do sit granicznych
mniejszych niz osiagnigte w badaniach. Wiasnie te obcia-

zenia, przy &=10%o, nalezy uznawac, zgodnie z zalece-
niami normy europejskiej, za no$nos$¢ elementu.

2.3.2. Ugiecia w stanie eksploatacji
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Rys. 2.19. Belki BP, doswiadczalne zaleznosci F-v
Fig. 2.19. BP-beams: F-v experimental relationship

As can be seen, the limitation of reinforcement strain

leads in all cases to lower limit forces than those obtained
in investigations. These forces, at €=10%0¢, should be
admitted as load capacity of the given element in accor-

dance with European Code of Practice.

2.3.2. Deflections in service
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Zachowanie si¢ belek pod obciazeniem ilustruja wy-
kresy F-v (obcigzenie — ugigcie w pofowie rozpigtosci)
(rys. 2.19 i 2.20). Ugigcia ograniczono na nich do 20mm
lub 25mm, aby wyeksponowa¢ stan eksploatacji. Jak
wspomniano wyzej, maksymalne ugigcia byly duzo wigk-
sze, az do blisko 200mm w wypadku belek BP-1 i BT-1.
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Rys. 2.20. Belki BT, doswiadczalne zaleznosci F-v
Fig. 2.20. BT-beams: F-v experimental relationship

Jak wynika z wykreséw, belki o niskim stopniu zbro-
jenia (BP-1 i BT-1) poddawano cyklom powtarzalnych
obciazen tuz po uplastycznieniu rozcigganego zbrojenia, a
mimo to powtarzalnos¢ obciagzenia nie spowodowata przy-
rostu przemieszczen. Jedynie w belce BP-1b ta uwaga nie
jest prawdziwa, ugigcia wyraznie przyrastaja, co mozna
wytlumaczy¢ brakiem zbrojenia Sciskanego w tej belce w
strefie czystego zginania. Oczywiscie takie zachowanie
si¢ belek wynika nie tylko z wytrzymatlosciowej charakte-
rystyki betonu, lecz takze z cech stali zbrojeniowej, ktora
po niewielkich odksztalceniach plastycznych wykazywata
dalszy przyrost naprezen (por. rys. 2.2).
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The behaviour of beams under load is presented in F-v
graphs (load vs. deflection at mid-span) (Figs 2.19 and
2.20). In order to emphasise the operating range, the de-
flections were confined to 20mm or 25mm. As mentioned
above, maximum deflections were much higher, reaching
200mm in case of beams BP-1 and BT-1.
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As can be seen see in the graphs, beams with low rein-
forcement percentage (BP-1, BT-1) were subjected to the
repeated loading, just after tension reinforcement yield
point has been reached. However, that repeated loading
did not cause any increase in displacements. The only
exception is BP-1b beam. Its displacement increased sig-
nificantly, which can be explained by lack of compression
reinforcement in pure bending zone of that beam. Such
behaviour of the beams was caused not only by strength
properties of concrete, but also by the property of rein-
forcing steel, in which - after showing some small plastic
deformations, a further increase in stress could be ob-
served (see Fig. 2.2).



Belki o wyzszym stopniu zbrojenia (BP-2 i BT-2)
poddawano obcigzeniom powtarzalnym przy obcigzeniach
stanowiacych okoto 70% obciazenia niszczacego. W tym
wypadku pigciokrotne powtdrzenie cyklu obciazenie-
odciazenie nie wywarto zadnego wplywu na wielkos¢
przemieszczen.

Warto tez zauwazy¢, ze w obu stabo zbrojonych bel-
kach o przekroju teowym (BT-1a 1 1b) zarysowaniu towa-
rzyszyl szybki - cho¢ przejsciowy - ubytek sztywnosci
(rys. 2.20).

2.3.3. Zarysowanie

Zarysowanie wszystkich belek przebiegato podobnie -
rysy pojawialy si¢ najpierw ponad zbrojeniem, na wyso-
kosci przekroju. W miarg narastania obciazenia rysy sta-
waly si¢ widoczne takze w poziomie zbrojenia, ale bylo
ich kilkakrotnie wigcej niz rys gtéwnych (zbiorczych),
gdyz uktadaly si¢ przy nich w formie wachlarzyka.

Problematyczne stalo si¢ zatem okreslenie doswiad-
czalnego rozstawu rys. Gtéwne rysy, o duzych szeroko-
$ciach rozwarcia, nie s istotne z punktu widzenia trwato-
$ci, cho¢ oczywiscie wygladaja niepokojaco. Rysy w
poziomie zbrojenia mialy wyraznie mniejsze szerokosci
rozwarcia, ale bardzo zréznicowane, co powodowato
niejednoznaczno$¢ pojecia $redniej odleglosci migdzy
rysami.

Beams with higher reinforcement percentage (BP-2,
BT-2) were subjected to repeated loading at loads equal-
ling abt. 70% of the load at failure. In this case, five cycles
of load did not have any influence on the displacements.

It is also worth mentioning, that in both T-shaped low-
reinforcement beams (BT-la and BT-1b), the cracking
process was accompanied by fast, but transient, loss in
stiffness (Fig. 2.20).

2.3.3. Cracking

In all beams the cracking process was similar: at the
beginning, cracks appeared first above the reinforcement
level, at the height of the cross-section. As the load was
increased, the cracks became visible also at the reinforce-
ment level, but their number was several times higher than
the number of main (cumulative) cracks, because they
were fanning out from them.

Thus, the problem of experimental definition of crack
spacing became difficult. Main cracks, although very
wide, are not particularly important for durability, al-
though they look alarming. Cracks at reinforcement level
were of lesser, but diversified width. This made the con-
cept of mean crack spacing ambiguous.
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Fig. 2.21. Crack map in BP beams after the test

Uktad rys w badanych belkach po ich zniszczeniu, tj.
zmiazdzeniu betonu w strefie $ciskanej, lub po przerwaniu
obcigzenia ze wzgledu na bardzo duze odksztalcenia ilu-
strujq rys. 2.21 i 2.22.

{
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Rys. 2.21. Obraz rys w belkach BP po zakonczeniu obcigzania

Figs 2.21 and 2.22 present crack maps in beams after

failure, i.e. after crushing of concrete in compression
zone, or after interrupting the loading due to excessive
deformations.
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Nie oznaczono na nich obszar6w zniszczenia strefy
$ciskanej, aby nie zaciemniaé obrazu rys.

Jak mozna zauwazyé, w belkach o niskim stopniu
zbrojenia, BP-1a i BT-1a, na odcinku czystego zginania
uklad gléwnych rys pokrywa si¢ z uktadem strzemion. W
odpowiednikach tych belek bez zbrojenia poprzecznego
na odcinku czystego zginania, BP-1b i BT-1b, uktad rys
jest przypadkowy. Obrazy rys potwierdzaja tez znang
prawidtlowo$¢ o wplywie stopnia zbrojenia na liczbg rys.

Odciazenie belek po zakonczeniu badania wywoly-
walo potaczenie si¢ rys w poziomie tuz nad zbrojeniem w
taki sposob, ze wydzielalo si¢ ono wraz z betonem je
otulajacym. Wystapilo to wyrazniej w belkach o przekroju
teowym, zwlaszcza przy braku zbrojenia w strefie Sciska-
nej.

Tendencj¢ do ksztaltowania si¢ rys zbiorczych zaob-
serwowano takze w badaniach [2], w belkach o wysokosci
przekroju 80cm i stopniach zbrojenia przekroju do 3.6%.
Najwyrazniej wystapila ona przy nizszych stopniach
zbrojenia (p<1.0%), a wigc przy duzej wzglednej wysoko-
Sci strefy rozciaganej. Rysy zbiorcze nie pojawily si¢
natomiast w belkach o tej samej wysokosci, ale o bardzo
wysokim stopniu zbrojenia p=4.62%, w ktérych zbrojenie
rozciagane zajmowato okoto 0.35 wysokosci przekroju.

The areas of crushed concrete in compression zones
are not shown, in order to make crack maps more visible.

It is noticeable, that in low reinforced beams: BP-1a
and BT-1a, the set of main cracks matches the arrange-
ment of stirrups in pure bending zone. In corresponding
beams without transverse reinforcement in pure bending
zone (BP-1b and BT-1b) cracks are randomly distributed.
Crack maps also confirm the known theory of influence of
the percentage of reinforcement on the number of cracks.

Removing the loads after the end of investigation
caused the cracks to form a horizontal line just above
reinforcement level, separating the reinforcement and
concrete covering it. That phenomenon was more pro-
nounced in beams of T-shaped cross-section, especially in
those without reinforcement in the compression zone.

The tendency to form cumulative cracks was observed
also in research [2] on beams of 80cm depth, with rein-
forcement percentage up to 3.6%. It was most pronounced
at lower reinforcement percentages (p<1.0%), thus at a
large relative depth of the tension zone. Cumulative cracks
however, were not observed in beams of the same depth,
but with very high percentage of reinforcement, p=4.62%,
in which tension reinforcement occupied up to 0.35 of
cross-section depth.
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Fig. 2.22. Crack map in BT beams after the test
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3. BADANIE SLUPOW
3.1. Program badania

Przewidziano zbadanie dziesigciu stupéw o przekroju
prostokatnym 140x250mm i dtugo$ci 3000mm.

Zatozono staly stopien zbrojenia podtuznego, staty po-
czatkowy mimosrdd sity, dwie wytrzymatosci betonu oraz
dwie smuktosci stupa, uzyskane dzigki obcigzaniu w obu
plaszczyznach symetrii przekroju. Oznaczenia i charakte-
rystyke elementéw zawiera tablica 3.1.

Tablica 3.1. Charakterystyka i oznaczenia elementow

Przekr6j| Smu- [(Wzgledny|Wytrzy-| Rozstaw
bxh kto$¢  imimosrod| matosé |strzemion
Shup stupa betonu
h | e | focue

mm MPa mm
Sw-1A 90
Sw-1B [250x140| 21.4 0.36
Sw-2A 100
Sw-2B 140
Sk-1A 90
Sk-1B | 140x250| 12.0 0.20
Sk-2A 100
Sk-2B
Sw-2Ac [250x140| 21.4 0.36 90 70
Sk-2Ac [140x250| 12.0 0.20 90

'_N Sw—1A Sk—1A Sw—1B
Sw—2A Sk—2A Sw—28
Sw—2Ac | Sk—2Ac }
| | |
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Rys. 3.1.
Fig. 3.1.

Zasada obcigzania stupow
Rules of applying the loads to the columns

Symbole ,,.Sw” i ,,Sk” informuja, w ktérej ptaszczyznie
doprowadzano do zniszczenia stupa.

Stupy oznaczone symbolem ,,Sw” byly obcigzane w
plaszczyznie mniejszej sztywno$ci, za§ oznaczone sym-
bolem ,,Sk” — w ptaszczyznie wigkszej sztywnosci.

Litera ,,A” w symbolu slupa oznacza, ze obciazenie
bylo przykladane tylko w jednej plaszczyznie, az do
zniszczenia stupa. Litera ,,B” oznacza natomiast, ze obcia-
-zenie stupa byto przyktadane poczatkowo w jednej ptasz-
czyznie, doprowadzane do pewnego poziomu, potem stup
byl odciazany, ptaszczyzne obcigzenia zmieniano i obcia-
zenie stupa kontynuowano az do jego zniszczenia. Te
zasady obcigzania wyjasnia rys. 3.1.

3. RESEARCH ON CONCRETE COLUMNS
3.1. Research program

Investigation on 10 columns of rectangular cross-
section (140x250mm) and 3000mm length was scheduled.

Constant longitudinal reinforcement ratio, constant
initial eccentricity, two concrete strengths, and two values
of column slenderness obtained by applying the load al-
ternatively in two planes of symmetry were assumed. All
symbols and element characteristics are shown in Table
3.1.

Table 3.1. Symbols and properties of specimens

Cross | Column | Relative |Concrete| Stirrups

section | slender- | eccectri- | strength | spacing
Column| bxh ness city  A—

1/h e/h

mm MPa mm
Sw-1A 90
Sw-1B |250x140| 214 0.36
Sw-2A 100
Sw-2B 140
Sk-1A 90
Sk-1B  [140x250( 12.0 0.20
Sk-2A 100
Sk-2B
Sw-2Ac |250x140| 214 0.36 90 70
Sk-2Ac |140x250| 12.0 0.20 90
Sk—1B
Sk—28B

,Sw” and ,,Sk” symbols inform in which plane column
is destroyed.

Columns marked ,.Sw” were loaded in the plane of
lesser stiffness, and these marked ,Sk™ - in plane of
greater stiffness.

,,A” in column symbol stands for load applied in a sin-
gle stiffness plane until the collapse of the column. ,B”
denotes that the load was applied at first in one stiffness
plane up to a certain level. Then the load was relieved and
applied in the second plane until the column collapse.

Fig. 3.1 explains the way of applying the loads.
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Poczatkowy mimosrdéd sily obcigzajacej stup zawsze
wynosit 50mm.

Cyfry ,,1” i ,,2” w symbolu elementu odnosza si¢ do
nominalnej  wytrzymatosci  betonu  (odpowiednio
fecube=90MPa i 100MPa). Litera ,c” w symbolu dwu
ostatnich slupéw oznacza zastosowanie strzemion o kon-
cach potaczonych przez spawanie i o rozstawie dwukrot-
nie mniejszym niz w pozostatych stupach.

W trakcie badania przewidziano odciazanie stupow z
jednego lub dwu poziomdw sity.

3.2. Opis badania
3.2.1. Materialy

Gltéwne zbrojenie stupéw wykonano ze stali zebrowa-
nej 34GS o nominalnej $rednicy 14mm, a strzemiona ze
stali gladkiej o $rednicy 6mm.

Prébki pobierano ze wszystkich pretéw, z ktorych wy-
konano zbrojenie stupa — po dwie probki z kazdego od-
cinka preta.

Badanie stali przeprowadzono tak samo jak w przy-
padku belek (por. p. 2.2.1). Wyniki badan przedstawiono
narys. 3.2 oraz w Zalaczniku.

600
] #14
= 400 ‘
n_.
E /
[
T 300
N
o n=14
a d=1407mm  v=0.002
Z 200 A,=155.5mm?
f,=428MPa  v=0.012
f=647MPa  v=0.011
100 E,=195GPa  v=0.010
&=111%0
0 ! |
0 10 20 30 40
Odksztatcenie [%d]
Rys. 3.2.  Charakterystyka stali zbrojeniowe;]
Fig.3.2.  Reinforcement properties

Jako kruszywo do betonéw zastosowano piasek kopal-
niany oraz zwir sortowany lub lamany grys granitowy.
Skfad granulometryczny obu mieszanek kruszyw ilustruje
rys. 3.3, natomiast w tabl. 3.2 podano sklady mieszanek
betonowych.

Tablica 3.2. Skiad mieszanki betonowej

Sktadnik [kg/m’] nominalne f, ype
90MPa 100MPa
ttuczen - 1118
ZWir 1357 -
piasek 339 602
cement 45 500 500
krzemionka 25 40
superplastyfikator 15 15
woda 160 140
w / (¢ + krzemionka) 0.30 0.26
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Initial load eccentricity was always equal to S0mm.

Numbers ,,1” and ,,2” are referring to nominal concrete
strength (f; cuwe=90MPa and 100MPa respectively). ,,c” in
the symbol of the last two columns indicates the applica-
tion of stirrups with welded ends at half the spacing used
in the remaining columns.

During the investigation, temporary relief of load was
scheduled at one or two levels of load.

3.2. Account of the research
3.2.1. Materials

Main reinforcement of columns consisted of 34GS
ribbed bars of 14mm nominal diameter. Stirrups were of
6mm dia. round bars.

Samples were taken from all reinforcement bars used
for reinforcing the columns - two samples from every
section of the bar.

Testing of steel specimens was carried out in the same
way as in the case of beams (see par. 2.2.1). The results of
investigations are presented in Fig.3.2 and in the Appen-
dix.
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2
c 300
N
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= 200 A=29 4mm?
f,=437MPa  v=0.0180
155 fi=498MPa v=0.0173
Es=202GPa v=0.013
£,~86 %0 )
0 ! !
0 10 20 30 40
Odksztatcenie [%o]

The aggregate used consisted of pit sand and graded
gravel or crushed granite grit. The sieve analysis of both
aggregate mixes is shown in Fig. 3.3 and proportions of
concrete mix are presented in Table 3.2.

Tablica 3.2. Proportions of concrete mix

Component [kg/m3 ] Nominal f; .ype
90MPa 100MPa
crushed stone v - 1118
gravel 1357 -
sand 339 602
cement (45 mark) 500 500
silica fume 23 40
superplasticizer 15 15
water 160 140
w / (c + silica fume) 0.30 0.26
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Rys. 3.3.  Granulometryczna charakterystyka kruszywa: a) beton 1, b) beton 2
Fig. 3.3.  Grading curves of aggregate: a) concrete 1, b) concrete 2

Wytrzymato$ciowe cechy betonu byly okreslane w
dniu badania stupéw na prébkach kostkowych o boku
150mm (fecubes fersp) Oraz walcowych 150/300mm ().
Wyniki badan sa podane w Zalaczniku, a w formie skro-
conej w tabl. 3.3.

Podczas obcigzania prébek walcowych, za pomoca
specjalnie skonstruowanego tensometrycznego przyrzadu
rejestrowano ich skrécenie, na dwoch bazach o poczatko-
wych dhlugosciach réwnych 115mm. Ze wzgledu na
gwaltowny charakter zniszczenia probek i zwigzane z tym
kazdorazowo zagroi/:nie dla przyrzadu pomiarowego, to
badanie wykonano na ogél tylko na jednej probce dla
kazdego stupa. Wykresy zaleznosci o.-€. podane sa w
Zalaczniku.

Tablica 3.3. Wytrzymalosciowe cechy betonu

Strength properties of concrete were determined on the
day of column test on cube specimens of 150mm size
(fccuves fersp) and cylindrical specimens 150/300mm size
(f.). Test results are presented in Appendix and - in short-
ened form - in Table 3.3.

When loading cylindrical specimens their shortening
was registered on two bases of 115mm initial lengths. In
view of the sudden failure of specimens, and hazard of
destruction of the measuring device connected with it, this
test was carried out on one specimen only for each col-
umn. The graphs of o, - € relationships are presented in
the Appendix.

Table 3.3. Concrete mechanical parameters
Stup Wiek betonu [dni] £, cube f, - E. f,
Column Age of concrete [days] [MPa] [MPa] [MPa] [GPa]  i——
Sw-1A 28 98 66* 4.6 34.6 0.67
Sw-1B 28 95 81 4.4 39.1 0.85
Sw-2A 28 100 88 4.9 36.7 0.88
Sw-2B 28 100 76 4.7 32.8 0.76
Sk-1A 28 96 84 4.6 37.8 0.88
Sk-1B 28 91 65* 4.3 33.1 0.71
Sk-2A 28 99 83 4.4 33.4 0.84
Sk-2B 28 102 81 4.7 33.1 0.79
Sw-2Ac 199 107 80 5.7 33.8 0.75
Sk-2Ac 198 110 99 5.2 0.90
*) podstawy prébek wyréwnane przez gipsowanie; w pozostatych przypadkach stosowano kapslowanie probek
*) specimen bases were smoothed using gypsum; in the remaining cases specimens were capped
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3.2.2. Stupy

Stupy byly zbrojone symetrycznie czterema pretami o
$rednicy 14mm (rys. 3.4), a zbrojenie poprzeczne stano-
wily strzemiona &6 o rozstawie 140 lub 70mm (por. tabl.
1)

Prety zbrojenia podtuznego byly kotwione mechanicz-
nie (przez spawane naktadki) w gtowicy stupa. Prety ko-
twiono od zewnetrznej lub wewngtrznej strony glowicy
lub tez z obu stron glowicy, odpowiednio do przewidywa-
nego znaku sity w precie.

o)

wol | 20x140
L

3000
6
4914 L=3200

34—
8

b)
10
2x50) lr 40x70 I 2x50 (]
3000
Rys. 3.4.  Zbrojenie stupéw

Fig. 3.4. Column reinforcement

Glowice stupa zaprojektowano z ceownika [C140, pel-
nigcego role blachy czotowej. W ceownikach zostaly
wykonane nagwintowane gniazda, ktére stuzyly do przy-
krecenia stalowych plyt o grubosci 25mm (rys. 3.5), do
ktorych z kolei mocowano za pomocg wkretéw stalowe
plyty o grubosci 30mm z gniazdem do umieszczenia sito-
mierza lub trzpienia podporowego. Uktad otworow w obu
plytach byl tak pomyslany, aby przez obrot zewnetrznej
plyty mozna bylo uzyska¢ odpowiednie ustawienie sily
obcigzajacej stup.

Przed umieszczeniem szkieletu zbrojeniowego w for-
mie dokonywano pomiar6w rozstawu pretow, po ich ze-
wnetrznym obrysie. Wyniki tych pomiaréw sa podane w
Zalaczniku.

Stupy byly betonowane w pozycji poziomej, w stalo-
wej formie, w ktérej blachy czotowe stupa byly jednocze-
$nie poprzecznymi $§ciankami formy.

Beton przygotowywano w betoniarce wolnospadowej
o pojemnosci 0.15m’, wobec czego stup i probki wyko-
nywano z dwoch zarobow. Mieszanke betonowa zagesz-
czano wibratorem wgtebnym firmy ,,Tremix” typ OM 2.0
(butawa ES o $rednicy 50mm), z czestotliwoscia 200Hz.
Elementy i probki rozformowywano po okoto 48 godzi-
nach i do dnia badania przechowywano w hali wytrzy-
matosciowej. Przez pierwsze trzy dni po betonowaniu
stupy ‘i probki byty polewane woda.

3.2.3. Stanowisko badawcze i sposéb
obcigzania stupéw

Wszystkie stupy byly obciazane w pozycji pionowej,
w prasie hydraulicznej klasy 1.0 o nosnosci 6000kN. Wy-
korzystano jednak jej dwa zakresy, do 600 1 2000kN.
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3.2.2. Columns

The columns had symmetrical reinforcement of four
14mm dia bars (Fig. 3.4) with transverse reinforcement
consisting of 6mm dia. stirrups spaced at 140mm or
70mm centres (see Table 3.1).

Longitudinal reinforcing bars had mechanical anchors
(welded plates) at column caps. The bars were anchored
on the inside or on the outside or on both sides of the cap,
depending on the expected sign of the force in bar.
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o e sy s
I
nakfadki kotwigce
spawane do pretow
Rys. 3.5. Schemat glowicy stupa

Fig.3.5.  Column cap arrangement

Column cap was made of 140mm channel, serving as a
head plate. Threaded holes were bored in the channel,
serving to screw down 25mm thick steel plates (Fig. 3.5).
Steel plates, 30mm thick with a seat to accommodate a
dynamometer or support bolt were in turn attached by tap
bolts. Position of holes in both plates was so devised, that
by rotating the outer plate suitable positioning of column
loading could be obtained.

Prior to placing reinforcing cage in formwork, meas-
urement of bar positioning (their outside contours) was
carried out. The results of these measurements are given
in the Appendix.

Columns were concreted in horizontal position in steel
formwork, with column caps serving as transverse walls
of the formwork.

Concrete was mixed in a free-fall mixer of 0.15m” ca-
pacity. For this reason, the column and specimens were
cast using two batches. Concrete mix was compacted
using "Tremix" OM 2.0 immersion vibrator, with 50mm
dia. vibrating poker and 200Hz frequency. Columns and
specimens were de-moulded after abt. 48 hrs and stored
till the day of test in the test hall.

During the first three days after casting, columns and
specimens were sprinkled with water.

3.2.3. Test stand and column loading procedure

All columns were loaded in vertical position in a Class
1.0 hydraulic press of 6000kN capacity. Two of its ranges
were used: up to 600kN and up to 2000kN.



Ogdblny widok stanowiska badawczego przedstawia
rys. 3.6 i 3.7. Slup wprowadzano do stanowiska za pomo-
cq ukladu prowadnic wykonanych ze stalowych ksztal-
townikow, potaczonych z wozkiem stanowiacym wyposa-
zenie prasy, wtaczanym mig¢dzy jej kolumny. Prowadnice
stanowily tez zabezpieczenie podczas badania.

Stupy byty podparte przegubowo w dwoch punktach:
u goéry obciazenie bylo przyktadane przez sitomierz typu
K-450 firmy Lorentz GmbH przy zakresie prasy do
600kN lub przez stalowa glowice z trzpieniem przy zakre-
sie prasy 2000kN, a na dole przez stalowa glowic¢ z
trzpieniem, umieszczonym w gniezdzie blachy czolowe;j.
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Rys. 3.6. Og6lny widok stanowiska badawczego, wi-
doczna kratownica do badania przemieszczen
stupa

Fig. 3.6. Overall view of test stand; truss construction

for measuring displacements is visible

W trakcie obcigzania stupa sil¢ zwigkszano skokowo,
przy czym przyrost sily ustalano w zaleznosci od przewi-
dywanego obciazenia niszczacego, a po osiagnigciu okoto
0.9 tego obciazenia skok sity zmniejszano, aby doktadnie]
uchwyci¢ stan zniszczenia.

Z dwoch poziomdéw obciazenia wykonywano pigcio-
krotnie odciazenia, nie calkowite, lecz do niewielkiej sily.

Dla stupéw obcigzonych w jednej plaszczyznie wyko-
nywano odcigzenia z poziomoéw okoto 0.6 i 0.8 przewi-
dywanego obciazenia niszczacego, a nastgpnie obciazenie
zwigkszano az do zniszczenia.

Nieco inaczej przebiegalo badanie stupow, obcigza-
nych ze zmiana miejsca przylozenia sily. Przy pierwszym
potozeniu sily (por. rys. 3.1), po osiagnigeciu okoto 0.6
przewidywanego w tej plaszczyznie obcigzenia niszczace

Overall view of the test stand is shown in Fig.3.6 and
3.7. The column was introduced in test stand by means of
a system of steel section guides, connected with a trolley
(which was a part of hydraulic press equipment), rolled in
between the columns of the press. The guides afforded
also protection during the test.

The columns were supported at two points on hinged
joints. At the top, within the press range up to 600kN, the
load was applied by K-450 dynamometer (produced by
Lorentz GmbH) and at the press range to 2000kN - by
steel head with bolt situated in a seat in the head plate.

Rys. 3.7.  Oprzyrzadowanie pomiarowe stupa
Fig. 3.7.  Measurement instrumentation of column

During the loading of the column the load was in-
creased by steps. The increment of the force was deter-
mined depending on the expected failure load. After at-
taining 0.9 of this load, load step was reduced to assess the
failure load more exactly.

Load reduction down to a small force was carried out
five times from two levels of loading.

For columns loaded in one plane, load reduction was
carried down from the levels of abt. 0.6 and 0.8 of the
expected failure load. Following this, load was increased
till destruction.

Testing of columns with the change in the position of
load application point was carried out in a slightly differ-
ent way. During the first application of load (see Fig. 3.1)
on reaching 0.6 of the expected failure load for this plane,
load reduction cycle was repeated four times and in the
fifth cycle the load was fully removed allowing to change
the situation of load application.
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go, wykonywano czterokrotnie cykl odciazenie — obciaze-
nie, a w piatym cyklu shup odcigzano catkowicie, co
umozliwialo zmiang¢ miejsca usytuowania sity. W tej dru-
giej plaszczyznie wykonywano odcigzenia po osiagnigciu
okoto 0.8 przewidywanego obciazenia niszczacego, a
nastepnie obcigzenie kontynuowano az do zniszczenia.

3.2.4. Pomiary

Przyjeto, ze w toku badan bgda mierzone przemiesz-
czenia osi stupa oraz odksztalcenia na jego powierzchni.

Do pomiaru przemieszczen wykorzystano specjalny
uklad pomiarowy, stosowany wczesniej w badaniach [6],
ktéry sktadal si¢ ze sztywnej stalowej kratownicy i listew
faczacych ja ze slupem. Schemat tego uktadu jest przed-
stawiony na rys. 3.8.
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Rys. 3.8.  Schemat uktadu pomiarowego przemieszczen
osi stupa
Fig. 3.8.  Schematic sketch of displacement measuring
system

Kratownica stanowiaca poziom odniesienia w pomia-
rach byla polaczona z jedng z glowic stupa przegubowo
nieprzesuwnie, a z druga przegubowo przesuwnie. Trzy
listwy pomiarowe (a, b, d na rys. 3.8) mialy mozliwos¢
swobodnego obrotu wzgledem jednego punktu podparcia
umieszczonego na stupie oraz mozliwosé swobodnego
obrotu i przesuwu w drugim punkcie podparcia — na pre-
cie kratownicy. Na tych listwach umieszczone byty
przetworniki przemieszczen liniowych, za pomoca kt6-
rych rejestrowano zmiany dtugosci odcinkéow wyznaczo-
nych przez listwy. Przed rozpoczgciem obcigzania stupdw
dokonywano pomiaréw poczatkowych diugosci odcinkéw
pomiarowych a, b, d.

Przy przyjetym ukfadzie pomiarowym mozna opisaé
potozenie punktu ,,0” przekroju (rys. 3.8) nastgpujacymi
zalezno$ciami:

ai= a9 - Ag;
bi= b()- Ab, (31)
di=dy- Ad;
2 2 2
g — b?
cos(B;) = —— (3.2)
2aic
Bi= arccos(pB;)
2 2 2
s B — }
cos(p;) = i re ! (3.3)
2aie
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In the second plane, reductions of load were carried
out after reaching 0.8 of the expected failure load and then
load increase continued till destruction.

3.2.4. Measurements

It was planned that during the test the displacements of
column axis and strains on column surfaces shall be taken.

Special measuring system, used in previous tests [6]
was applied to measure displacements. It consisted of a
stiff steel truss and battens connecting it to the column.
Schematic sketch of this system is shown in Fig. 3.8.
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Rys. 3.9. Usytuowanie przekrojéw, w ktérych okresla-
no przemieszczenia osi stupa
Fig.3.9.  Situation of cross-sections at which column

axis displacements were determined

The truss, constituting the reference level in measure-
ments, was connected to one column cap by means of a
hinged, sliding joint and by hinged, non-sliding joint to
the other. Three measuring battens (a,b,d in Fig. 3.8) had
possibility to rotate freely with respect to one supporting
point on the column and a possibility to rotate with sliding
at the other point of support - on truss bar. On these bat-
tens linear displacement transducers were placed, by
means of which the change of measuring length assigned
to the battens was recorded. Before beginning column
loading, measurements of the initial lengths of a, b and d
measurement sectors were taken.

In the adopted measuring system, the position of point
"0" of the cross-section (Fig. 3.8.) can be defined by fol-
lowing relationships:

ai= ag- Aa;
bi= b()- Ab, (31)
di= d()- Ad,
2 2 2
£+ —b?
cos(B;) = A : (3.2)
2aic
B;= arccos(3;)
2,62 _42
2aie



pi= arccos(p;)
Y= Bi - pi
xi= aisin(B; - Yo) + focos(y)
yi= aicos(Bi - o) - fosin(y)
a przemieszczenia tego punktu i obrét przekroju w plasz-
czyznie XY zaleznosciami

(3.4)
(3.5)

Vxi= Xj = Xq
Vyi= ¥i- Yo (3.6)
=YY

przy czym sieczny kat pochylenia $ladu ptaszczyzny zgi-
nania wzgledem osi Y jest rowny

o= arctg(-‘—/—"i—]
Vyi

Omawiany uktad pomiarowy jest widoczny na rys. 3.6
i13.7.

We wszystkich stupach rejestrowano przemieszczenia
w trzech przekrojach na dlugosci stupa (rys. 3.9), przy
uzyciu przetwornikéw przemieszczen liniowych Psx50 o
doktadnosci odczytu 0.05mm:.

Odksztatcenia na powierzchni betonu byly okreslane
za pomocy przetwornikdéw przemieszczen liniowych
PSx20 i PSx10, na pigciu bazach pomiarowych na wyso-
kosci stupa (rys. 3.10). Polozenie baz pomiarowych na
obwodzie stupa zréznicowano w zaleznosci od plaszczy-
zny jego obcigzenia (rys. 3.10).

(3.7)

Sw—1A Sw-1B
Sw—2A Sw—2B
i Sw—-2Ac
1
i 9 A50 9 420k

3000
20
20

4

3

(o]
N

p;= arccos(p;)
Y= Bi - pi
xi= a;sin(B; - Yo) + focos(y:)
yi= aicos(Bi - Yo) - fosin(Y:)
and the displacements of this point and rotation of the
cross-section in the XY plane - by relationships:

(3.4)
(3.5)

Vxi= Xi- Xo
Vyi= Yi- Yo (3.6)
= Yi- Yo

while the secant angle of inclination of bending plane
trace with respect to the Y-axis equals:

d = arctg Yxi
Vyi

The measuring system, discussed above can be seen in
Figs 3.6 and 3.7

In all columns displacements were recorded at three
cross sections along column height (Fig. 3.9) by means of
PSx50 linear displacement transducers of 0.05mm reading
precision.

Strains on the surface of concrete were determined by
means of PSx20 and PSx10 linear transducers at five
measurement bases over the height of the column (Fig.
3.10). The situation of bases on column perimeter was
altered depending on the plane of column loading (Fig.
3.10).
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Rys. 3.10. Rozmieszczenie baz do pomiaru odksztatcen na powierzchni betonu

Fig. 3.10.

Bazy pomiarowe byly wyznaczone przez stalowe bol-
ce, osadzone w betonie, i umieszczone na nich aluminio-
we listwy z przetwornikami, analogicznie jak w przypad-
ku belek (por. rys. 2.11). Bolce posrednie stuzyly do za-
wieszenia dwoch listew, odpowiadajacych dwom przyle-
glym bazom, wobec czego na jednej z nich o$ przetworni-
ka znajdowata si¢ w odleglosci 20mm od powierzchni
betonu, a na drugiej — w odleglo$ci 40mm. Te odleglosci
sg oznaczone narys. 3.10.

Odczyty wskazan wszystkich przetwornikéw prze-
mieszczen liniowych byly prowadzone automatycznie za
pomocg miernika pomiarowego, wspoOlpracujacego z
komputerem.

Czas utrzymania kolejnego kroku sity przyjeto jako 30
sekund i w zadanym czasie wskazania czujnikow byly
rejestrowane 20 razy co 1.5 sekundy.

Layout of strain measurement bases on concrete surface

Measurement bases were determined by steel bolts
embedded in concrete with aluminium battens and trans-
ducers placed on them, just as in the case of beams (see
Fig. 2.11). Intermediate bolts served to attach two battens,
corresponding to two adjacent bases; transducer axis on
one of them was then 20mm distant from concrete face,
while on the other - 40mm. These distances are indicated
in Fig. 3.10.

Readings of all linear displacement transducers were
controlled automatically by a measuring meter connected
to the computer.

Time interval for consecutive load maintenance step
was 30 sec., during which gauge readings were recorded
20 times at 1.5 sec. intervals.
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3.2.5. Forma przedstawienia wynikéw

Do przetworzenia wynikéw pomiaréw wykorzystano
dwa programy komputerowe, za pomoca ktorych oblicza-
no:

- przemieszczenia osi stupa v, i vy, kat okreslajacy
kierunek plaszczyzny zginania d i kat skrgcenia prze-
kroju a, na podstawie zaleznosci 3.6 i 3.7,

- kat & i odksztalcenia skrajnych widkien przekroju &, i
€, — na podstawie odksztalcen pomierzonych na diugo-
$ci stupa.

Przy kazdym kolejnym kroku obcigzenia wszystkie te
wielkos$ci obliczano trzykrotnie, na podstawie:

- pierwszego pomiaru z dwudziestu rejestrowanych,

- ostatniego,

- $redniego ze wszystkich dwudziestu.

Przy ostatnim kroku obciazenia, a na ogot byt to stan
zniszczenia elementu, obliczano omawiane wielko$ci na
podstawie wszystkich pomiaréw. Odrzucano jednak te
wyniki, ktére byly obarczone bledem, np. gdy przy du-
zych przemieszczeniach skonczyl si¢ zakres ktorego$§ z
czujnikéw, a takze te, ktore zapisano juz po wytaczeniu
zasilania prasy.

Wyniki obliczen podano w Zalaczniku, w postaci ta-
blic i wykresow.

W tablicach S1.1 do S10.1 zamieszczone sa prze-
mieszczenia vy i v, osi stupa, kat 6 pochylenia ptaszczy-
zny zginania wzgledem osi Y i kat o, opisujacy skrecenie
przekroju. Przemieszczenia przedstawiono tez w postaci
wykreséw: vy - vy, N - vy, oraz N — v,.

Tablice S1.2 do S10.2 zawieraja wartosci kata o i od-
ksztalcenia skrajnych wiokien przekroju €4 i €, W piasz-
czyZnie wyznaczonej przez kat 8. W algorytmie oblicza-
nia kata & oraz odksztalcen g, i €, przyjeto zasadg zacho-
wania plaskiego przekroju oraz postuzono si¢ metoda
najmniejszych kwadratow. Omawiane wielkosci okreslo-
no dla wszystkich pieciu baz, usytuowanych na dlugosci
stupa. Wyjatkiem jest stup Sk-1A (tabl. S5.2), dla ktérego
pomiary ograniczono do 3 baz, oraz stup Sk-1B (tabl.
S6.2), gdyz w bazie 3 zawiddt jeden z przetwornikéw.

Odksztalcenia skrajnych wiokien przekroju przedsta-
wiono takze w postaci wykresow N - €41 N - €, a wigc w
funkcji obcigzenia.

3.3. Omowienie wynikéw badania

3.3.1. Usytuowanie osi obojetnej odksztalcenia
w przekroju

Na rysunku 3.1 przedstawiono usytuowanie osi obo-
Jjetnej odksztatcenia w przekroju wszystkich stupéw, dla
wybranych sil podtuznych. Wartosci tych sit, a takze
wartosci odpowiadajacych im odksztalcen, sa podane na
rysunkach.

Jak mozna zauwazy¢, osie obojetne odksztalcenia nie
sq prostopadie do prostych wyznaczajacych teoretyczna
plaszczyzng obcigzenia, tj. osi symetrii przekroju. Nalezy
to przypisa¢ przypadkowym niezamierzonym mimosro-
dom, jakie wystapity w trakcie badania. Stupy byly bo-
wiem betonowe w pozycji poziomej, co powodowalo
niejednorodnos$¢ cech betonu na wysokosci stupa, szkielet
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3.2.5. Presentations of the results

Two computer programs were used in processing the
results. They served to compute:

- displacements of column axis (v, and vy), angle de-
fining the direction of plane of flexure & and cross-
section rotation angle a, obtained from relationships
3.6 and 3.7.,

- angle & and strains in extreme fibres of cross-section €4
and g, - on the basis of strains measured over the
length of column,

At every consecutive loading step all these values were
measured three times on the basis of:

- first measurement of twenty recorded,

- last measurement,

- amean of all twenty measurements.

The above values were calculated again on the basis of
all measurements at the last step of loading; it was usually
the state of destruction. Results containing errors (e.g.
when the range of some gauges was exceeded or readings
recorded after the hydraulic press feed was cut off) were
rejected.

The results of calculations are presented in the Appen-
dix in the form of Tables and graphs.

Displacements of column axis v, and v,, angle of in-
clination & of the plane of bending with respect to Y axis,
and angle a defining the rotation of the cross-section are
contained in Tables S1.1 to S10.1. Displacements are also
presented in the form of graphs v, - vy, N - v,, and N - v,.

Tables S1.2 to S10.2 contain the values of angle & and
values of strains €4 and €, in the extreme fibres in the
plane defined by angle 8. Principle of plane sections and
method of least squares were adopted in the algorithm for
computing angle & and strains €4 and €, Above magni-
tudes were determined for all five bases situated along the
height of the column. The exception is column Sk-1A (see
Table S5.2), for which the measurements were reduced to
3 bases, and column Sk-1B (see Table S6.2) because of
the failure of one of the transducers.

Strains in extreme fibres are also presented in the form
of N - g4 and N - g, graphs - therefore as the function of
loading.

3.3. Discussion of the results

3.3.1. Situation of the neutral axis of strain in
the cross-section

The situation of neutral axis of strain in the cross-
sections of all columns is shown in Fig. 3.11 for selected
longitudinal forces. The values of these forces, as well as
the values of corresponding strains are given in the draw-
ings.

It can be noticed that neutral axes of strain are not per-
pendicular to straight lines determining the theoretical axis
of load, i.e. the neutral axis. This can be assigned to inci-
dental, unintentional eccentricities occurring during in-
vestigations. The columns were cast in horizontal position
what caused inhomogeneity of concrete properties over
the depth of the cross-section; the cage of reinforcement
could also shift slightly in the formwork, despite restraints



zbrojenia tez mogt si¢ nieco przesuna¢ w formie, mimo
stabilizacji w blachach czotowych. Budowa przegubu
przekazujacego obciazenie (trzpien umieszczony w wy-
zlobieniu blachy glowicy) réwniez mogta by¢ powodem
btedu w usytuowaniu sity.

(33) N=210kN

(490) N=300kN
+1.18%
+4.16%
—-1.43%0 —7D.46%,

Sw—1A, baza 3

+0.49%,
(32) N=850kN

(800) N=330kN

N

Sw-=1B, baza 3

—2.56%

(33) N=210kN \ (73) N=339kN

+0.71% +4.60%

h i \

=0.73%

—2.37%
Sw—2A, baza 3
—1.85% (32) N=850kN

+0.44%

/ V +2.71%
71\
—-2.15%

(890) N=384kN

Sw—2B, baza 3

(33) N=210kN \ (80) N=384kN
+0.73% +4.81%
y
—0.84% —2.48%
Sw—2Ac, baza 3

Rys. 3.11. Zmiana polozenia osi obojgtnej i odksztatce-
nia skrajnych wiékien przekroju - shupy Sw
Fig. 3.11. Change in the position of the neutral axis and

strains in extreme fibres of the cross-section
Columns Sw

in cap channels. The construction of the articulated joint
transferring the load (mandrel in the seat of the cap plate)
could also lead to errors in situating the force.
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Niezamierzone mimosrody, ktére wystapity w bada-
nych stupach, mozna oszacowac jako rowne 1 +4 mm.

Rysunki 3.11 i 3.12 potwierdzaja ponadto oczywistg
prawidlowo$¢ o zmniejszaniu si¢ wysokosci strefy Sciska-
nej w miarg narastania obcigzZenia.

3.3.2. Zniszczenie stupow i odksztatcalnosc
graniczna

W badaniach wystapily dwa modele zniszczenia stu-
péw, zwiazane z kierunkiem plaszczyzny ostatecznego
obciazenia.

Stupy Sw, w ktérych do zniszczenia doprowadzono w
plaszczyZnie o mniejszej sztywnosci, niszczyly si¢ przez
utrate statecznosci. Narastanie przemieszczen stupa po-
wodowato, ze dalsze jego obciagzenie stawatlo si¢ niemoz-
liwe. Rozwdj przemieszczen tych stupéw w funkcji obcia-
zenia ilustruje rys. 3.13, na przykladzie stupow Sw -1A i
Sw -2Ac.

Stupy Sk, obcigzane w plaszczyznie o wigkszej sztyw-
nosci, niszczyly si¢ przez zmiazdzenie betonu w strefie
$ciskanej. Zniszczenie miato charakter bardzo gwaltowny,
beton rozpryskiwatl sig, a prety zbrojenia ulegaly wybo-
czeniu.

Stupy Sk-1A i Sk-1B zniszczyly si¢ przy glowicy, co
moglo wskazywaé na przedwczesne zniszczenie na skutek
docisku. W nastgpnych dwoch stupach, Sk-2A 1 Sk-2B
wzmocniono zatem strefy przy glowicach zewngtrznymi
stalowymi opaskami. Okazato sie to skuteczne, do znisz-
czenia tych stupéw doszto w poblizu $rodka ich wysoko-
$ci (rys. 3.14).

Przyczyne zniszczenia poszczegdlnych stupow, wiel-
kosci sit niszczacych oraz odksztatcenia skrajnego widkna
strefy $ciskanej przy maksymalnej sile osiagnigtej w ba-
daniu podano w tablicy 3.4.

Unintentional eccentricities present in investigated
columns can be assessed to measure | to 4 mm.

The evident regularity of the reduction of compression
zone height with the increasing load is confirmed in Figs
3.11 and 3.12.

3.3.2. Failure of columns and limit deformability

. Two models of column failure occurred in tests. They
were connected with the direction of ultimate load plane.

Sw type columns in which the failure occurred in the
plane of lesser stiffness, failed because of the loss of sta-
bility. The growth of column deflections made their fur-
ther loading impossible. The development of deflections
in these columns as functions of load is shown in Fig. 3.13
on the example of columns Sw - 1A and Sw - 2Ac.

Sk type columns loaded in the plane of greater stiff-
ness failed by crushing of concrete in compression zone.
The failure had a very violent character, concrete burst
and reinforcing bars buckled.

Sk-1A and Sk-1B columns failed at the cap, what
could point to a premature destruction caused by contact
pressure. In two columns that followed, Sk-2A and Sk-2B,
the zones adjacent to the caps were strengthened by exter-
nal steel bands. This has proved efficient - the failure of
these columns occurred near their mid-height (Fig. 3.14).

The cause of failure in individual columns, magnitude
of forces at failure and strains in the extreme fibre of the
compression zone at the maximum force attained in test is
presented in Table 3.4.

Tablica 3.4. Sposéb zniszczenia i doswiadczalne wartosci N, eq 1 €

Table 3.4. Mode of failure and experimental values of N, . and &,

Stup Ny, test Odksztatcenie/strain Sposéb zniszczenia
Column kN €., Joo baza/base mode of failure
Sw=I1A 300 -2.46 3
Sw=1B 330 -2.56 3 utrata statecznosci
Sw=2A 339 -2.37 3 loss of stability
Sw =2B 384 -2.15 3
Sk -1A 1300 -3.61/-3.95 214 zmiazdzenie betonu

przy glowicy
Sk -1B 1180 3.15/-3.45 2/4 crushing of concrete close
to column cap
zmiazdzenie betonu
Sk -2A 1270 -4.28 3 . ‘s
w potowie wysoko$ci stupa
Sk -2B 1300 -4.17/-4.31 3/4 crushing of concrete
at column mid-height
Sw -2Ac 384 948 3 utrata statecz.n'os'm
loss of stability
Sk -2Ac 1300 578 3 zmla?dZeme betonu
crushing of concrete
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Rys. 3.13. Przemieszczenia stupéw Sw-1A i Sw-2Ac w funkcji obciazenia
Fig. 3.13. Deflections of Sw-1A and Sw-2Ac columns as functions ot load

Warto zauwazyc, ze do utraty statecznosci stupow do-
chodzito przy zblizonych odksztalceniach skrajnego
wiokna strefy Sciskanej, bez wzgledu na rodzaj betonu (1
lub 2) 1 rozstaw strzemion.

W stupach Sk-2A i Sk-2B, w ktorych beton ulegl
zmiazdzeniu w polowie wysokosci slupa., odksztalcenia
skrajnego widkna strefy sSciskanej przekroczyly 4%o. Ko-
rzystny okazat si¢ w tym przypadku wplyw rozstawu
strzemion - w stupie Sk-2Ac zarejestrowano przy znisz-
czeniu €, = -5.78%o.

It 1s worth noticing that buckling of the columns oc-
curred at similar strains of the extreme fibre of the com-
pression zone, independent of class of concrete (1 or 2) or
stirrup spacing.

In columns type Sk-2A and Sk-2B, in which concrete
was crushed at column mid-height, strain in the extreme
fibre of the compression zone exceeded 4%.. The influ-
ence of stirrup spacing proved here advantageous: strain at
failure in column Sk-2Ac was €. = -5.78%e.

Rys. 3.14.  Zniszczenie stupa Sk-1A przy glowicy i SK-2A w polowie wysokosci

Fig. 3.14.

Failure of Sk-1A column near the cap and Sk-2A column at mid-height



Na podstawie wartosci € mozna tez przyjac, ze sily,
przy ktérych doszto do zniszczenia stupéw Sk-1A i Sk-1B
przy glowicach, sa wilasciwymi sitami niszczacymi.
Wskazuja na to wartosci odksztalcen w $rodkowe;j strefie
stupa, wyraznie przekraczajace 3%o.

3.3.3. Zaleznos¢ o, - ¢; okreslana na prébkach

Wykresy zalezno$ci o, - €. dla sciskanego betonu,
przedstawione przykladowo na rys. 3.15 potwierdzaja, ze
rodzaj kruszywa ma wplyw na charakter tej zaleznosci i
graniczne odksztatcenia.

It can be also assumed on the basis of €. values that the
loads at which the failure of Sk-1A and Sk-1B columns
occurred at column caps are the actual loads at failure.
This is confirmed by the values of strains in the middle
part of column height exceeding 3%o.

3.3.3. The o - ¢ relationship determined
on specimens

The graphs of o, - €, relationship for concrete in com-
pression presented as an example in Fig. 3.15 confirm that
the kind of aggregate does influence this relationship as
well as limit strains.
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Rys. 3.15. Przykladowe zaleznosci o, - €. okreslone na probkach walcowych
Fig. 3.15. Examples of o, - € relationship determined on cylindrical specimens

Jezeli stos okruchowy skomponowano z kruszyw natu-
ralnych (beton 1), zaleznosci o, - € pozostawaly liniowe
az do naprezen réwnych okoto 0.9f;, a graniczne odksztal-
cenia byly réwne zaledwie okoto 2.3%o.

Wprowadzenie do stosu okruchowego tlucznia grani-
towego (beton 2) spowodowato skrécenie liniowej czesci
wykresu do naprezen réwnych okoto 0.7f. oraz zwieksze-
nie granicznych odksztalcen do okoto 3.2%e.

Mozna tez zauwazy¢, ze beton 1, mimo wytrzymato$ci
na $ciskanie nieco mniejszej niz beton 2, charakteryzuje
si¢ wspofczynnikiem sprezystosci wyzszym o okolo 6%
(por. tabl. 3.3).
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If the aggregate mix was composed of gravel (concrete
1), the o, - g relationship remained linear till stresses
reached abt. 0.9f,, while the limit strains remained at abt.
2.3%o only.

Introduction of granite grit to mix (concrete 2) caused
the shortening of the linear part of the graph to stresses
equal to abt. 0.7fc and increase of limit strains to abt.
3.2%o.

It can be noticed also, that concrete 1, despite some-
what lower compression strength than concrete 2 is char-
acteristic by its modulus of elasticity higher by abt. 6%
(see Table 3.3).



4. BADANIE RAM
4.1. Program badania

Przyjeto wymiary, schemat statyczny i sposob obcia-
zania ram jak narys. 4.1.
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Rys.4.1. Wymiary, schemat statyczny i spos6b obcig-
Zania ram
Fig.4.1.  Dimensions, static diagram and loading pro-
cedure

Zalozono staly ukfad zbrojenia podtuznego na dlugosci
rygla i stupow, przy catkowitym stopniu zbrojenia wyno-
szacym okoto 0.018. Zbrojenie zostalo jednak roznie
podzielone na wewnetrzne (tj. od wewnetrznej strony
ramy) i zewngtrzne, tak aby wymusi¢ wyrazng redystry-
bucje sit wewnetrznych.

Oznaczenia ram i podziat zbrojenia wyjasnia tablica
4.1. Symbol RPW-a/b oznacza ramy o zbrojeniu we-
wnetrznym silniejszym niz utozone od strony zewnetrzne;j,
za$ symbol RPW-b/a odnosi si¢ do zbrojenia uksztattowa-
nego odwrotnie.

Dla ram RPW-c/c zalozono zbrojenie symetryczne, a
wigc odpowiadajace wykresom momentow okreslonym
dla ciata o charakterystyce liniowo - sprezyste;.

Jak wynika z rys. 4.1 przewidziano obcigzanie ram w
dwoch etapach, ze zmiang kierunku obcigzenia. W I etapie
przyjeto dwa poziomy obciazenia, ktorym odpowiadaja
cyfry 1 i 2 w oznaczeniach ram. W II etapie obciazenia
zatozono doprowadzenie do zniszczenia - materialowego
lub ze wzgledu na stan przemieszczenia.

4.2, Opis badania
4.2.1. Materialy

Zbrojenie podtuzne ram wykonano ze stali zebrowane;
znaku 34GS o nominalnych $rednicach 8, 10, 12 i 14mm,
a strzemiona ze stali gtadkiej @6mm.

Probki pobierano ze wszystkich pretow (o handlowe;j
dtugosci 12m), z ktérych wykonano zbrojenie ram. Bada-
nie stali przeprowadzono w ten sam spos6b co w przypad-
ku belek i stupéw. Wyniki badan pretow zebrowanych
przedstawiono na rys. 4.2 i w Zataczniku.

We wszystkich ramach zastosowano t¢ sama mieszan-
ke betonowg o skladzie podanym w tabl. 4.2. Krzywe
przesiewu obu zastosowanych kruszyw oraz stosu okru-
chowego ilustruje rys. 4.3.

4. RESEARCH ON FRAMES
4.1. Research programm
Dimensions, stastics diagram and way of loading the

frames was adopted as shown in Fig.1.

Tablica 4.1. Zbrojenie elementéw
Table 4.1. Specimens reinforcement data

Zbrojenie podiuzne Stopien zbrojenia
Element Longitudinal Reinforcement ratio
Specimen | reinforcement

wewn. | zewn. | wewn. | zewn. | calk.
inner outer | inner | outer | total

RPW-a/b-1 | 2¢14 | 2¢10 | 0.013 { 0.005 | 0.018
RPW-a/b-2 | +1 $12
RPW-b/a-1 | 2610 | 2¢14 | 0.005 | 0.013 | 0.018
RPW-b/a-2 +1012 :
RPW-c/c-1 | 2012 | 2612

0.0085 | 0.0085 | 0.017

RPW-c/c-2 +168 +108

Constant system of reinforcement over the length of
beam and columns was assumed. Total reinforcement
ratio was abt 0.018. Reinforcement was, however, as-
signed in a different way to inner and outer sides of the
frame so, as to force distinct redistribution of internal
forces.

Symbols of frames and distribution of reinforcement is
explained in Table 4.1. Symbol RPW-a/b denotes frames
having reinforcement at the inner side stronger than at the
outer edges; symbol RPW-b/a refers to reinforcement
arranged in opposite way.

For RPW-c/c frames, symmetrical reinforcement was
assumed, corresponding to moment diagrams defined for
materials of linear-elastic characteristics.

As follows from Fig. 4.1, loading of frames was pro-
vided for two stages, with change of load direction. In the
first stage, two loading levels were assumed (numbers 1
and 2 in frame symbols refer to this). In stage II of load-
ing, loading up to failure (destruction of material or state
of excessive displacement) was assumed.

4.2. Account of the research
4.2.1. Materials

Longitudinal reinforcement of frames was of ribbed
steel 34GS, of nominal diameters of 8, 10, 12 and 14mm.
Stirrups were of round bars, 6mm diameter.

Specimens were taken from all bars (of 12m commer-
cial length) of which frame reinforcement was made.
Tests on steel were carried out in the same way as in the
case of beams and columns. Results of tests on ribbed bars
are presented in Table 4.2 and in the Appendix.

Concrete mix of identical characteristics as presented
in Table 4.2, was used in all frames. Grading curves for
both aggregates used and for aggregate mix are shown in
Fig. 4.3.

37



800 l
n=4
700 d=8.21mm
A=52.94mm?
600 f,=400MPa
=602MPa
© E,=198GPa
o 500 s
3 le=140% #8 //
2 |
€ 400
57 —
- I 6 n=6
s 300 ¢ d=581mm  v=0.0082
I =26.5mm?
200 f,=343MPa  v=0.0283
f=410MPa  v=0.0199
100 E,=205GPa  v=0.0150
£=108%o
0 ; o
0 10 20 30 40 50
Odksztatcenie [%od]
800
700
#12
-/
®
o 500
=) _/
L]
400 /
> l n=12
& 300 d=12.18mm v=0.0032
- / A=116.5mm?
200 f,=439MPa  v=0.0109
l f=691MPa  v=0.0136
100 Es=194GPa v=0.0113
£,~81%0
0 | |
0 10 20 30 40 50
Odksztatcenie [%d]
Rys. 4.2.  Charakterystyka stali zbrojeniowej
Fig.4.2.  Characteristics of reinforcing steel

Tablica 4.2. Skiad mieszanki betonowej
Table 4.2. Composition of concrete mix

Skfadnik / Component kg/m’
Zwir 2 do 8mm / gravel 2 - 8mm 1211
piasek / sand 519
cement / cement 460
krzemionka / silica fume 25
superplastyfikator / superplasticizer 15
woda /water 160
w / (c + krzemionka) / w / (c + silica) 0.33

Wytrzymatosciowe cechy betonu okreslono na prob-
kach kostkowych i walcowych w ten sam sposéb, co w
badaniach stupéw.

Wyniki badan betonu sa zestawione w Zalaczniku, a
wyniki $rednie podano w tabl. 4.3.
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Rys. 4.3.  Charakterystyka granulometryczna kruszywa
Fig.4.3.  Grading curves of aggregate

Strength properties of concrete have been determined
on cube and cylindrical specimens in the same manner as
for column tests.

Results of tests on concrete are tabulated in Appendix,
and average results are shown in Table 4.3.



Tablica 4.3. Wytrzymatosciowe cechy betonu
Table 4.3. Concrete mechanical parameters

Rama Wiek betonu [dni] fo.cue A feisp E. 4

Frame Age of concrete [days] [MPa] [MPa] [MPa] [GPa) fo cube
RPW-a/b-1 136 107 93 3.3 32.7 0.87
RPW-a/b-2 144 110 88 5.3 33.0 0.80
RPW-b/a-1 44 97 85 4.0 32.1 0.88
RPW-b/a-2 163 119 85 4.9 32.9 0.71
RPW-c/c-1 116 102 88 4.9 32.1 0.86
RPW-c/c-2 169 106 87 4.9 33.2 0.82

42.2. Ramy 4.2.2. Frames

Uklad zbrojenia trzech przyjetych typdw ram przed-
stawiono na rys. 4.4, 4.5 i 4.6. W narozach ram zbrojenie
wykonstruowano tak, aby mozliwe bylo przenoszenie
momentéw zginajacych odmiennych znakéw. Przy kon-
cach stupéw zbrojenie bylo spawane do stalowych glowic,
stanowiacych jeden z elementéw podpory.

Reinforcement layouts in three frame types adopted
are shown in Figs 4.4, 4.5 and 4.6. At frame corners the
reinforcement was so arranged, as to allow for moment
sign reversal. At column ends, reinforcement was welded
to steel plates, constituting one of support elements.
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Rys.4.4.  Zbrojenie ram RPW-a/b
Fig.4.4.  Reinforcement of the RPW-a/b frames
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Rys.4.5. Zbrojenie ram RPW-b/a
Fig.4.5.  Reinforcement of the RPW-b/a frames
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Rys. 4.6.  Zbrojenie ram RPW-c/c
Fig.4.6.  Reinforcement of the RPW-c/c frames

Ramy byly betonowane w stalowej formie, w pozycji
poziomej. Mieszanke¢ betonowa przygotowywano w beto-
niarce wolnospadowej o pojemnosci 0.15m”, wobec czego
kazda rame i odpowiednia liczbe prébek wykonywano z
trzech zarobdéw.

Do zaggszczania mieszanki betonowej w ramie i prob-
kach stosowano wibrator wgtebny o czgstotliwosci 200Hz.
Elementy i prébki rozformowywano po 24 godzinach i do
dnia badania przechowywano w hali wytrzymatosciowe;j.
Przez pierwsze trzy doby po betonowaniu ramy i probki
polewano woda.

4.2.3. Stanowisko badawcze i obcigzanie ram

Ramy byty badane w pozycji poziomej, na specjalnie
przygotowanym stanowisku badawczym (rys. 4.7).
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The frames were concreted in steel formwork, in hori-
zontal position. Concrete mix was prepared in a free-fall
mixer of 0.15m capacity. In view of this, three frames and
suitable number of specimens were cast of three batches.

Immersion vibrator of 200Hz frequency was used to
compacting concrete mix in frames and specimens.
Frames and specimens were de-moulded after 24 hours
and till the day of test were stored in the Laboratory hall.
During the first three days after casting, frames and
specimens were sprinkled with water.

4.2.3. Test stand and loading of frames

Frames were tested in horizontal position on a spe-
cially prepared test stand (Fig. 4.7).

Rys. 4.7.  Ogolny widok stanowiska badawczego
Fig. 4.7. Overall view of the test stand
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Obciazenie ramy w jej plaszczyznie, sila dzialajacq
wzdluz osi rygla, bylo przyktadane za pomoca dwdch
hydraulicznych obciaznikéw. W I etapie badania stosowa-
no obciaznik o nosnosci 40kN, w II etapie o no$nosci
100kN. Obydwa obciazniki byty podparte koztami opo-
rowymi, zakotwionymi w stendzie hali wytrzymatoscio-
wej. Rama byla uktadana na czterech kulkowych podpo-
rach, ktérych poziom mozna byto korygowa¢ za pomoca
srubowych regulatoréw. Dwie z podp6r byly umieszczone
pod ryglem ramy, a po jednej przy przegubach stupdw.

Reakcje podporowe ramy takze byiy przenoszone na
sze$¢ koztow oporowych, zakotwionych w stendzie (rys.
4.8). Miedzy glowicami stupéw a koztami oporowymi
przewidziano gniazda na silomierze tensometryczne do
pomiaru reakcji poziomych (réwnolegtych do kierunku
obcigzenia).

Glowice stupa i ich polaczenia z koztami oporowymi
wykonstruowano tak, aby mogly przenosi¢ reakcje pio-
nowe (tj. w kierunku prostopadtym do obcigzenia) $ci-
skajace lub rozciagajace. Do glowic stupa i koztéw byty
przyspawane stalowe ,tapy” (rys. 4.9), z odpowiednimi
otworami. Przez te otwory przetknigty zostat stalowy
bolec z kulkowym tozyskiem, zapewniajacym swobodny
obrét stupa ramy przy podporze. Korpus tozyska przeka-
zywal sil¢ Sciskajacaq ze stupa na koziot oporowy. Sita
rozciagajaca od slupa byla przejmowana wprost przez
stalowe lapy, potaczone z koztem oporowym.

Rys. 4.8.
Fig. 4.8.

Schemat stanowiska badawczego
Diagram of the test stand

rama

frame

e B e

e et

koziof oporowy
buffer stop

|

Schemat podp6r ramy w jej plaszczyznie
Diagram of support in the plane of frame

Rys. 4.9.
Fig. 4.9.

T
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Loading of frame in its plane by a force acting along
beam axis was applied by two hydraulic presses. In the
first stage, 40kN presses were applied, in II stage the ca-
pacity of the presses was 100kN. Both presses were re-
strained by buffer stops anchored in laboratory hall test
stands. The frame was laid on four ball bearings of adjust-
able level by means of a screw regulator. Two of the sup-
ports were placed under frame spandrel beam and one
each under hinged column joints.

Support reactions of the frame were also transferred to
six buffer stops, anchored in the stand (Fig. 4.8). Seats for
inserting dynamometers between column caps and buffer
stops were provided for measuring horizontal reactions,
parallel to the direction of loading.

Column caps and their connections with buffer stops
were so designed as to transfer compressive or tensile
vertical (i.e. perpendicular to the direction of load) reac-
tions. Steel lugs (Fig. 4.9) with suitable openings were
welded to column and buffers caps. Steel bar with ball
bearing allowing free rotation of frame column at the
support, was passing through these openings. The casing
of the bearing transferred compressive force from column
to buffer stop. Tensile force from column was taken di-
rectly by steel lugs connected to buffer stop.

SN/

koziof oporowy
buffer stop

obcigznik hydrauliczny
hydraulic press

sifomierz
dynamometer
=

rama
frame
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W I etapie obciazenie bylo zwigkszane co 2kN do za-
fozonego poziomu, nastgpnie wykonywano pigciokrotny
cykl obcigzenie - odcigzenie, po czym ram¢ odcigzano
calkowicie. Po zmianie kierunku obciazenia, w Il etapie,
znowu zwiegkszano site co 2kN do poziomu obcigzenia jak
w | etapie i ponownie wykonywano pigciokrotny cykl
obciazenie - odciazenie. Nastepnie obcigzenie zwigkszano
co 2kN, a po przekroczeniu 30kN co 1kN, az do osiagnig-
cia stanu zniszczenia. Za stan zniszczenia uznawano przy
tym, poza oczywistym przez zmiazdzenie betonu w strefie
$ciskanej w ktoryms z przekrojow, takze przemieszczenia
uniemozliwiajace dalsze obcigzanie elementu.

Obciazenie przyktadano wedlug wskazan urzadzenia
zasilajacego obciazniki i kontrolowano za pomoca czujni-
ka ci$nieniowego, umieszczonego w ukladzie hydraulicz-
nym tego urzadzenia.

W badaniach trzech pierwszych ram (z cyfra 1 w sym-
bolu ramy) ujawnily si¢ klopoty z pomiarem reakcji po-
ziomych, spowodowane wadliwym dziataniem jednego z
sitomierzy. To spowodowalo, ze w badaniach ostatnich
trzech ram (z cyfra 2 w symbolu ramy) zamieniono kieru-
nek obciazen w I i Il etapie, aby w 1l etapie rejestrowac
obydwie reakcje poziome.

Okazalo si¢ jednak, ze przy stupie rozcigganym po-
miar reakcji poziomej obarczony jest blgdem wynikaja-
cym z sif tarcia, i to narastajacym w miar¢ zwigkszania
obcigzenia. Z tego powodu postanowiono ograniczy¢ si¢
do rozpatrywania jedynie reakcji poziomej przy stupie
$ciskanym.

4.2.4. Pomiary

W toku badan mierzono przemieszczenia osi pretow
ramy, zmiany dtugosci odcinkéw taczacych wezty ramy
oraz reakcje podporowe. Sledzono takze obraz i rozwoj
zarysowania.

Zmiany dlugosci osi laczacych weztowe punkty ramy
byly mierzone przetwornikami przemieszczen liniowych,
przymocowanymi do listew laczacych odpowiednie we-
zly. Kazda listwa byfa jednym koncem natozona na pio-
nowy bolec usytuowany w punkcie przecigcia osi i mogta
si¢ swobodnie wzgledem niego obraca¢. Drugi koniec
listwy miat podluzny otwér o szerokos$ci réwnej Srednicy
bolca, co umozliwialo swobodny przesuw listwy wzdtuz
rozpatrywanej osi i obrét wzgledem bolca. Rozmieszcze-
nie przetwornikéw oraz przyje¢te oznaczenia przedstawio-
no narys. 4.10.
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In the first stage, the load was increased by 2kN up to
the planned load and then, an unload-reload cycle was
repeated five times. After this, the frame was completely
unloaded. In the second stage, after changing the direction
of loading, the load was increased by 2kN steps up to the
load level assumed as in the first stage, then the unload-
reload cycle was repeated again five times. After that,
loading was increased by 2kN steps, and above 30kN - by
kN steps up to destruction. Evident crushing of concrete
in the compression zone in one of the cross-sections or
displacements making further loading impossible were
considered as the state of destruction.

Loads were applied according to the indications of the
device feeding the presses and controlled by pressure
gauge situated in the hydraulic system of this device.

During tests on the first three frames (denoted by 1 in
the symbol of frame) difficulties appeared with the meas-
urements of horizontal reactions, caused by faulty func-
tioning of one of the presses. This resulted in interchang-
ing the direction of loading in the Ist and IInd stage of
tests for the last three frames (denoted by 2 in frame sym-
bol) in order to record both horizontal reactions in the
second stage.

It turned out, that in case of the column subjected to
tension, horizontal reaction measurements are charged
with error due to frictional force, growing with load in-
crease. For this reason, it was decided to limit the tests on
column under compression to horizontal reaction only.

4.2.4. Measurements

Displacements of axes of frame members, changes in
length of distances connecting frame nodes and reactions
at supports were measured during investigations. Obser-
vations of crack maps and their development were also
carried out.

Changes in length of axes connecting frame nodes
were measured using linear transducers, attached to bat-
tens connecting the relevant nodes. Each of the battens
was at one end put on a vertical bolt, situated at intersec-
tion of member axes and could rotate freely round this
bolt. The other end of the batten had an oblong hole in it,
allowing its free displacement along the relevant axis and
also rotation with respect to the bolt. Disposition of the
transducers and adopted symbols are shown in Fig. 4.10.

Etop | Etap Il
| ‘B\ C |
I ~ I

~N
| '~ |
~N

| ~ |

| e |

. " :

I s |

| Ramy 2 ~ |

: Frames 2 ~o

~N
R S

IL:J—»—-«- —————— s et i i‘

A D

Rys. 4.10. Rozmieszczenie przetwornikOw przemieszczen liniowych do pomiaréw zmian dlugosci odcinkow laczacych

wezly ramy

Fig. 4.10. Disposition of linear displacement transducers in measurements of changes in length of distances connecting

frame nodes
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Do pomiaru zmian dtugosci osi AB, CD, BC i AD sto-
sowano przetworniki PSx10 o dokladnosci odczytu
0.02mm, a osi AC (lub BD) przetwornik PSx100 o do-
ktadnosci odczytu 0.1mm.

Przemieszczenia rygla i slupéw, a dokladniej prze-
mieszczenia ich geometrycznej 0si, mierzono przetworni-
kami PSx50 (rygiel) oraz PSx20 (stupy) o doktadnosci
odczytu odpowiednio 0.05mm i 0.02mm. Przetworniki
byly przymocowane do sztywnych listew, podpartych
przegubowo nieprzesuwnie w jednym wezle ramy i prze-
gubowo przesuwnie w drugim wegzle. Rozmieszczenie i
oznaczenie punktow pomiarowych przedstawiono na rys.
4.11. Szczegbdly oprzyrzadowania sa widoczne na rys.
4.12.
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Rys.4.11. Rozmieszczenie przetwornikow przemiesz-

czen liniowych do pomiaréw przemieszczen
rygli i stupow

Fig. 4.11. Disposition of linear displacement transducers
in measurements of beam and column displa-
cements

Reakcje poziome mierzono za pomocy silomierzy ten-
sometrycznych o no$nosci 100kN i klasie 1.0.

Odczyty wskazan wszystkich przetwornikow prze-
mieszczen liniowych oraz czujnika ci$nieniowego byty
prowadzone automatycznie za pomoca miernika pomia-
rowego, wspotpracujacego z komputerem,

Czas utrzymywania kazdego kolejnego kroku obciaze-
nia przyje¢to jako 30 sekund i w tym czasie wskazania
czujnikéw byly rejestrowane 20 razy co 1.5 sekundy. Cale
badanie ramy trwalto okolo 8 godzin, facznie z czasem
potrzebnym na zmiang kierunku obcigzenia.

Przy zmianie kierunku obciazenia ramy zachowywano
ciagto$¢ pomiaréow przetwornikami przemieszczen linio-
wych, natomiast reakcje byly rejestrowane od nowa.

4.2.5. Forma przedstawienia wynikow

Wyniki pomiaréw komputerowych opracowano w po-
staci tablic 1 wykresow.

W tablicach R1.1 do R6.1 podano wartosci reakcji po-
ziomej przy stupie Sciskanym oraz przemieszczen osi
rygli. Tablice R1.2 do R6.2 obejmujq przemieszczenia osi
stupdw oraz zmiany dlugosci odcinkow faczacych wezty
ramy.

PSx10 transducers of 0.02mm reading accuracy were
used to measure changes in length of AB, CD, BC and AD
axes. In case of AC (or BD) axis, PCx100 transducer was
used of 0.1mm reading accuracy.

Beam and column displacements (more accurately -
the displacements of their geometric axes) were measured
using PSx50 transducer (beam) and PSx20 transducers
(columns) of reading accuracy 0.05 and 0.02mm corre-
spondingly. Transducers were attached to stiff battens,
pin-jointed at one end and pin-jointed with sliding move-
ment at the other. The positions and marking of measuring
points are shown in Fig. 4.11. Details of apparatus are
shown in Fig. 12.

Rys. 4.12. Listwy pomiarowe i umieszczone na nich
przetworniki przemieszczen liniowych

Fig.4.12. Battens used in measurements, with linear
displacement transducers mounted on them

Horizontal reactions were measured by means of ten-
sometric gauges of Class 1 and 100kN capacity.

Readings of all linear displacement transducers and of
the pressure gauge were carried out automatically by a
record meter connected to the computer.

30 sec. time interval was adopted for maintaining suc-
cessive load steps; during this interval gauge readings
were recorded 20 times every 1.5 sec. Complete investi-
gation of a frame lasted abt. 8 hrs., including time needed
to change the direction of load.

At the change of the direction of load, continuity if
linear displacements by transducers was preserved, but the
reactions were recorded from scratch.

4.2.5. Presentation of the results

Results of computer controlled measurements are pre-
pared in the form of tables and diagrams.

The values of horizontal reaction for column under
compression as well as displacements of beam axis are
presented in Tables RI1.1 to R6.1. Tables R1.2 to R6.2
contain displacements of column axes and change in the
length of distances between the nodes.

43



Przy matych obcigzeniach w tablicach podano tylko
wartosci $rednie z 20 zarejestrowanych przy kazdym
kroku obciazenia, a przy wyzszych poziomach obciazenia
- wartosci pierwsze, ostatnie i Srednie z 20 zarejestrowa-
nych.

W Zalaczniku zamieszczono przykfadowe tablice tyl-
ko dla jednej z ram, wigkszo$¢ wynikéw przedstawiono
natomiast w postaci wykresow.

W Zalaczniku podano tez szczegdtowe wyniki badania
betonu 1 zbrojenia, rzeczywiste wymiary szkieletu zbroje-
niowego oraz samych ram.

4.3. Omowienie wynikow badania
4.3.1. Maksymalne obcigzenie ram

W czterech ramach zbrojonych niesymetrycznie uzy-
skano zniszczenie przez zmiazdzenie betonu w strefie
$ciskanej i to zawsze w dwdch przekrojach: w stupie $ci-
skanym i w narozu, rozcigganym od strony zewngtrznej.
W dwéch pozostatych ramach, zbrojonych symetrycznie,
obcigzenie przerywano ze wzgledu na bardzo duze prze-
mieszczenia, a zwlaszcza obroty przy podporach, grozace
oparciem si¢ elementu o kozty oporowe.

Wielkosci maksymalnych sit osiagnigtych w bada-
niach, wraz z wielko$ciami obciazen powtarzalnych w I i
II etapie obcigzenia, zestawiono w tabl. 4.4.

Tablica 4.4. Powtarzalne i maksymalne obcigzenia ram

At smaller loads, only mean values of 20 recorded
measurements at every loading step are given in the Ta-
bles. At higher levels of loading, first, last and mean val-
ues are given of 20 recorded.

Example tables for one frame only are presented in the
Appendix; majority of results is presented in the form of
graphs.

Detailed results of tests on concrete and reinforcement,
real dimensions of reinforcing cage as well as frames are
also presented in the Appendix.

4.3. Discussion of the results
4.3.1. Maximum load on the frames

In four unsymmetric reinforced frames, the failure was
by crushing of concrete in compression zones, always at
two cross-sections: in column under compression and at
the corner under tension on the outer side. In two remain-
ing frames with symmetric reinforcement, load increase
was stopped in view of very large displacements and - in
the first place - because rotations at supports, which risked
that the element would lean on buffer stops.

Values of maximum forces attained in tests together
with values of repeatable loading in Ist and IInd loading
stages are presented in Table 4.4.

Table 4.4. Repeatable and maximum loads on frames

Obciazenie | Obcigzenie Przyczyna Repeatable | Maximum Cause of
Rama powtarzalne | maksymalne | zakonczenia Frame loading loading ending
kN kN badania kN kN the test
RPW-a/b-1 20 42 zmiazdzenie RPW-a/b-1 20 42 crushing of
RPW-a/b-2 26 44 betonu w dwéch RPW-a/b-2 26 44 concrete at two
RPW-b/a-1 20 42 przekrojach RPW-b/a-1 20 42 cross-sections
RPW-b/a-2 26 43 RPW-b/a-2 26 43
RPW-c/c-1 20 44 nadmierne RPW-c/c-1 20 e excessive
RPW-c/c-2 30 45 przemieszczenia RPW-c/c-2 30 45 displacements
i obroty and rotations

Przekroje stupow $ciskanych, w ktérych dochodzito do
zmiazdzenia betonu, byly usytuowane zawsze w tej samej
odlegtosci od wezla ramy, co mozna zauwazy¢ na rysun-
kach przedstawiajacych obraz rys (por. p. 4.3.3). Przy
stupach rozciaganych kruszyl si¢ beton w narozu od jego
wewngtrznej strony (rys. 4.13).

Rys. 4.13. Przekroje zniszczenia ramy RPW-a/b-1
Fig. 4.13. Destroyed cross-sections in frame RPW-a/b-1
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In columns subjected to compression, the crushed
cross-sections were situated always at the same distance
from the node of frame. This can be seen in the Figures
presenting maps of cracks (see par. 4.3.3). In columns
under tension, concrete was crushed at the inner side of
the corner (Fig. 4.13).




Analizujac wielkosci maksymalnego obcigzenia ram
mozna zauwazy¢, ze najwigksze obcigzenie przeniosty
ramy RPW-c/c, mimo nieco mniejszego lacznego stopnia
zbrojenia niz pozostale, przy czym to obciazenie nie po-
wodowalo jeszcze wyczerpania no$nosci przekrojow.

4.3.2. Redystrybucja sit wewnetrznych

Stopien redystrybucji sit wewnetrznych, uzyskany w
badaniach, odzwierciedlaja wykresy reakcji poziomych w
funkcji obciazenia (rys. 4.14, 4.15 i 4.16). Na rysunkach
podano wielkosci reakcji pomierzone przy stupach $ciska-
nych, a wiec w zaleznosci od kierunku obciazenia przy
podporze A lub D, umieszczajac je jednak na jednym
wykresie, co ulatwia interpretacj¢ wynikéw. W tym sa-
mym celu naniesiono tez liniowa zalezno$¢ migdzy reak-
cja a obcigzeniem, dla modelu liniowo - sprezystego.
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When analysing the values of the maximum load on
frames, it can be noticed, that highest loads were carried
by RPW-c/c frames, despite somewhat lower total rein-
forcement ratio than in the remaining frames; this load did
not yet cause the exhaustion of carrying capacity of cross-
sections.

4.3.2. Redistribution of internal forces

The degree of internal force redistribution obtained in
tests is reflects by the diagrams of horizontal reactions in
function of load (Figs 4.14, 4.15 and 4.16). In these
drawings reaction magnitudes are shown, measured for
columns in compression, thus depending on the direction
of load at support A or D. They are, however, presented in
one diagram, to facilitate the interpretation of results. For
the same reason, linear relationship between reaction and
load for the linear-elastic model was drawn in this dia-
gram.
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Rys. 4.14. Reakcje poziome przy stupie $ciskanym ram RPW-a/b-1 i RPW-a/b-2
Fig. 4.14. Horizontal reactions for the compressed column in RPW-a/b-1 and RPW-a/b-2 frames

45

F [kN]
40

35

30

25

20 —ra
/ | | Eapn
oL L

0

RPW - b/a -1

V|[kN]
0 2 4 6 8 10 12 14 16 18 20 22 24

45

F [kN]
40 ~
- I.:.- :;/o /
30 - g;/
= /1M-é‘
- / ...:.'//
/::’/{*/ = . _ Etap|
15 .
n n _ Etapll
" _,//
5 : RPW - b/a - 2

V/|[kN

0 '
0 2 4 6 8 10 12 14 16 18 20 22 24

Rys. 4.15. Reakcje poziome przy stupie sciskanym ram RPW-b/a-1 i RPW-b/a-2
Fig. 4.15. Horizontal reactions for the compressed column in RPW-b/a-1 and RPW-b/a-2 frames
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Rys. 4.16. Reakcje poziome przy stupie Sciskanym ram RPW-c/c-1 i RPW-c/c-2
Fig. 4.16. Horizontal reactions of the compressed column in RPW-c/c-1 and RPW-c/c-2 frames

Wykresy uwidaczniaja bardzo wyrazna redystrybucje
sit wewnetrznych w ramach zbrojonych niesymetrycznie
(rys. 4.14 i 4.15). Nalezy tez zauwazy¢, ze przy obciaze-
niu w | etapie nie powodujacym jeszcze uplastycznienia
zbrojenia, jak w ramie RPW-a/b-1, to obciazenie ma nie-
wielki wptyw na rozklad sit wewnetrznych w Il etapie
obciazenia. Inaczej jest przy wyzszym poziomie obciaze-
nia w [ etapie (ramy RPW-a/b-2 i RPW-b/a-2) - ma ono
wyrazny wplyw na rozktad sit wewnetrznych w II etapie.
Wplyw ten jednak zanika po przekroczeniu w II etapie
poziomu obcigzenia z | etapu i dla obu poréwnywalnych
ram koncowe odcinki wykresow sg bardzo zblizone. Jest
to szczeg6lnie wyrazne narys. 4.14.

Ostateczny stopien redystrybucji, przy jednoczesnym
zniszczeniu w dwu przekrojach, wynidst okoto 6=0.48 w
ramach RPW-a/b-1 i RPW-a/b-2 oraz 6=0.90 w ramie
RPW-b/a-2 (dla ramy RPW-b/a-1 nie uzyskano wiarygod-
nego wyniku).

W ramach zbrojonych symetrycznie (RPW-c/c) za-
uwazalna redystrybucja sit wewngtrznych wystepowata
dopiero przy obcigzeniach powyzej F=35kN. Maksymalny
stopien redystrybucji wyniost okoto 6=0.84 w ramie
RPW-c/c-1 i 8=0.87 w ramie RPW-c/c-2, przy czym w
obydwu przypadkach powodem zakonczenia obciazenia
byly bardzo duze odksztalcenia, a nie stan zniszczenia
materiatowego.

W tych ramach wplyw poziomu obcigzenia osiagnig-
tego w | etapie na rozkiad sit wewngtrznych w II etapie
obciazenia okazatl si¢ pomijalnie maty.

4.3.3. Przemieszczenia i zarysowanie ram

Przemieszczenia ram odzwierciedlaty ukiad sil we-
wnetrznych, zmieniajacy si¢ wraz z narastaniem obcigze-
nia. Jest to szczegllnie widoczne na wykresach prze-
mieszczen osi rygli (rys. 4.17, 4.18 i 4.19). Wykresy spo-
rzadzono dla maksymalnych sit w | etapie obcigzenia
(linia kropkowana) i odpowiadajacych im sit w etapie II,
oraz dla najwigkszej sity obcigzajace;j.
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The diagrams show very distinct redistribution of in-
ternal forces in frames with unsymmetrical reinforcement
(Figs 4.14 and 4.15). It should be remarked that at a load
not yet causing the plastification of reinforcement in stage
I (as in frame RPW-a/b-1), this load has little influence on
the distribution of internal forces in stage II of loading.
With higher level of loading in the Ist stage, this is differ-
ent (RPW-a/b-2 and RPW-b/a-2 frames): it has distinct
influence on distribution of internal forces in the second
stage. This influence, however, vanishes in the IInd stage,
on exceeding the load level of the Ist stage - and the ter-
minal segments of the diagrams of both comparable
frames are very similar. This is particularly visible in Fig.
4.14.

Final degree of redistribution, at simultaneous failure
of two sections, was abt. 6=0.48 in frames RPW-a/b-1 and
RPW-a/b-2 and 6=0.90 in frame RPW-b/a-2. No reliable
result was obtained in case of frame RPW-b/a-1.

In frames with symmetrical reinforcement (RPW-c/c),
redistribution of internal forces took place only at loads
over F=35kN. Maximum degree of internal force redistri-
bution amounted to abt. 8=0.84 in frame RPW-c/c-1 and
8=0.87 in frame RPW-c/c-2. In both cases the reason for
breaking off load increase were very large displacements
and not the state of material destruction.

In case of these frames, the influence of loading level,
reached in the Ist stage on distribution of internal forces in
the IInd stage, proved to be negligible.

4.3.3. Displacements and crack formation in
frames

Displacements in frames were the reflection of internal
force configuration, changing with the increasing load.
This is particularly visible in diagrams of displacements of
beam axes (Figs 4.17, 4.18 and 4.19). The graphs have
been prepared for maximum forces in the Ist stage of
loading (dotted line), for corresponding forces in IInd
stage, as well as for the maximum load.
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Rys. 4.17. Wykresy przemieszczen osi rygla i obu stupéw - ramy RPW-a/b-1 i RPW-a/b-2
Fig. 4.17. Displacement diagrams for beam and both column axes in RPW-a/b-1 and RPW-a/b-2 frames

W odniesieniu do przemieszczen osi stupéw mozna
zauwazy¢, ze w ramach z cyfra 1 w symbolu, bezwzgled-
ne wartosci przemieszczen stupéw sa zblizone w obu
etapach obcigzenia. Wynika to z poziomu obciazenia tych
ram w | etapie, nie powodujacego uplastycznienia rozcia-
ganego zbrojenia.

It can be seen with respect to column displacements,
that in frames with the symbol containing numeral 1,
absolute values of column displacements are close to each
other in both stages of loading. This followed from the
load level during Ist stage of tests on these frames, which
did not cause plastification of tensile reinforcement.
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Rys. 4.18. Wykresy przemieszczen osi rygla i obu stup6w - ramy RPW-b/a-1 i RPW-b/a-2
Fig. 4.18. Displacement diagrams for beam and both column axes in RPW-b/a-1 and RPW-b/a-2 frames
Inaczej jest w ramach zbrojonych niesymetrycznie, Situation is different in frames with unsymmetric rein-
obcigzonych w 1 etapie wigkszg sila (ramy RPW-a/b-2i forcement, loaded by greater force in the Ist stage of test
RPW-b/a-2). Przemieszczenia osi stupéw w 1 i II etapie, (RPW-a/b-2 and RPW-b/2). Displacements of column
przy tej samej sile, wyraznie si¢ roznia (rys. 4.17i 4.18). axes in Ist and IInd stages are differing appreciably for the
Réznice takie nie wystapity w ramie zbrojonej symetrycz- same loading (Figs 4.17 and 4.18). Such differences did
nie RPW-c/c-2 (rys. 4.19). not occur in frame RPW-c/c-2, which had symmetric

reinforcement (Fig. 4.19).
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Fig. 4.19. Displacement diagrams for beam and both column axes in RPW-c/c-1 and RPW-c/c-2 frames
Z wykresOw przemieszczen osi stup6w mozna tez od- From displacement graphs of column axes it can be
czyta¢, w ktorych przekrojach stupéw doszto do zniszcze- also observed which column cross-sections failed by
nia przez zmiazdzenie betonu. Obszar zniszczenia uwi- crushing of concrete. Destruction zone is visible as a loss
dacznia si¢ jako utrata gladkosci wykresu przemieszczen, of smoothness in displacement graph, as in the left-hand
Jak w lewych stupach (SL) ram RPW-a/b-1 i RPW-b/a-1, side columns (SL) of RPW-a/b-1 and RPW-b/a-1 frames,
oraz w prawych stupach (SP) ram RPW-a/b-2 i RPW-b/a- and right-hand side columns (SP) of RPW-a/b-2 and

2. RPW-b/a-2 frames.
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Ciekawych informacji dostarcza poréwnanie wydtuzen
przekatnych AC (lub AD) w II etapie obciazenia, przed-
stawione na rys. 4.20.

Przy nizszym poziomie obcigzenia w I etapie (rys.
4.20a) uwidacznia si¢ korzystny wplyw zbrojenia syme-
trycznego, zastosowanego w ramie RPW-c/c-1, na jej
sztywno$¢. Przy obciazeniach eksploatacyjnych, rzgdu
25kN, wydluzenia przekatnej tej ramy sg o okoto 25%
mniejsze niz w dwoéch pozostatych ramach. Sztywnosci
tych obu ram sa przy tym prawie jednakowe.

Jezeli w I etapie ramy byly obciazane do wyzszej sity
(rys. 4.20b), to ramy RPW-a/b-2 i RPW-c/c-2 zachowuja
si¢ bardzo podobnie, natomiast rama RPW-b/a-2 ma
sztywno$¢ wyraznie mniejszaq, az do obcigzenia rzedu
30kN. Przy wyzszych sitach wykres wydtluzenia przekat-
nej tej ramy staje si¢ rownolegly do wykresu dla ramy
RPW-c/c-2, co oznacza zgodnos¢ sztywnosci stycznych.

Interesting information is obtained by comparing the
extension of diagonals AC, or AD in the IInd stage of
loading, shown in Fig. 4.20.

At lower load level in the Ist stage (Fig. 4.20a), ad-
vantageous influence of symmetrical reinforcement used
in frame RPW-c/c-1 on its stiffness becomes visible. At
operating loads of the order of 25kN, the extension of the
diagonal in this frame is abt. 25% lower than in the re-
maining two frames. Stiffnesses of both frames are almost
identical.

While the frames were loaded up to a higher load in
the Ist stage (Fig. 4.20b), the frames RPW-a/b-2 and
RPW-c/c-2 are behaving in a similar way, but frame
RPW-b/a-2 displays distinctly lower stiffness up to the
load of abt. 30kN. At higher loads, the graph of diagonal
extension runs parallel to the graph for frame RPW-c/c-2,
what means the equality of tangential stiffnesses.
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Rys. 4.20. Wydtuzenie przekatnych ram przy nizszym (a) i wyzszym (b) poziomie obciazenia w I etapie
Fig. 4.20. Extension of frame diagonals at the lower (a) and higher (b) levels of load in the first stage of loading

Obraz zarysowania ram po zakonczeniu badania ilu-
struja rys. 4.21 i 4.22. Rysy, ktére powstaly w I etapie
obciazenia i zamykaly si¢ po zmianie kierunku obciaze-
nia, sa oznaczone cienka kreska na rozwinigciach bocz-
nych powierzchni ram.
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Crack maps after ending the test are shown in Figs
4.21 and 4.22. Cracks formed in the first stage of loading,
which closed after the change of load direction, are drawn
using thin line in developments of frame side elevations.
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Ukfad rys po zakonczeniu obcigzenia potwierdza
wczedniejsze spostrzezenia o petnej redystrybucji sit we-
wnetrznych w ramach RPW-a/b 1 RPW-b/a, objawiajace;j
si¢ wyczerpaniem no$nosci jednoczes$nie dwu przekrojow.
Obszary zmiazdzenia betonu, wyznaczajace przekroje
zniszczenia, s oznaczone na rysunkach.

Ukfad rys, a takze przemieszczenia obu ram RPW-c/c,
pozwalaja ponadto na stwierdzenie, ze maksymalne osia-
gnigte obcigzenia tych ram byly juz bliskie niszczacym. W
ramie RPW-c/c-1 zaobserwowano nawet poczatki tusz-
czenia si¢ betonu w $ciskanym wewngtrznym narozu (rys.
4.21).

Rys. 4.23. Deformacja stupéw i rygla przy narozach ram

The picture of cracks after the end of loading, confirms
earlier observations on full redistribution of internal forces
in frames RPW-a/b and RPW-b/a, manifested by simulta-
neous reaching of the limit of capacity at two cross-
sections. Zones of crushed concrete, determining cross-
sections that failed, are marked in the drawings.

Beside this, crack maps and displacements of both
frames RPW-c/c allow to state, that the maximum load-
ings on these frames were already close to destruction. In
frame RPW-c/c-1 beginnings of concrete spalling at the
interior angle under compression could be seen (Fig.
4.21).

Fig. 4.23. Detformation of columns and spandrel beam at cort « s of frames

We wszystkich ramach rysy powodowaly oddzielenie
si¢ stupéw i rygli od narozy, ktore wydawaly si¢ sztywne i
niezdeformowane (rys. 4.23).

4.3.4. Zaleznosc¢ o, - €. okreslana na probkach

Przyktadowe wykresy zaleznosci o, - €., okreslone na
probkach uformowanych jednoczesnie z ramami sa, poda-
ne narys. 4.24.

Jak mozna zauwazy¢, wykresy sa podobne do tych,
ktére otrzymano w badaniach slupow dla betonu z kru-
szywem granitowym tamanym. Zblizone sa wartosci od-
ksztatlcen odpowiadajacych maksymalnemu naprezeniu

In all frames, the cracks caused separation of columns
and spandrel beams from the corners, which seemed rigid
and not deformed (Fig. 4.23).

4.3.4. The o, - ¢ relationship determined
on specimens

Exsamples diagrams of o, - €. relationship determined
on specimens cast simultaneously with the frames are
shown in Fig. 4.24.

As can be seen, the graphs are similar to those ob-
tained for concrete with crushed granite aggregate in tests
on columns. Similar values of strains corresponding to the
maximum stress have been obtained, as well as a similar
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Rys. 4.24. Przyktadowe zaleznos$ci . - €. okreslone na probkach walcowych
Fig. 4.24. Exsamples o, - € relationship determined on cylindrical specimens

range of linearity of the graphs. This can be explained
(e.g. [10]) by the mineralogical composition of aggregate
used in concreting the frames, containing feldspars and
quartz - similar as in the granite.

oraz zakres liniowosci wykreséw. Mozna to wytlumaczy¢
(np. [10]) sktadem mineralogicznym zwiru zastosowanego
w betonie ram, zawierajacego skalenie i kwarc, podobnie
jak granit.
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5. PODSUMOWANIE

Badania wykazaty, ze beton o wysokiej wytrzymatosci
odksztalca si¢ inaczej w elementach niz w probkach, 1 to
w spos6b korzystny z punktu widzenia bezpieczefistwa
konstrukcji. Ta uwaga dotyczy wszystkich rodzajéw zba-
danych elementéw - belek , stupow i ram.

W badaniach belek zarejestrowano graniczne od-
ksztatcenia strefy S$ciskanej, przy zmiazdzeniu betonu,
rzedu 4.2 do 6.5%0, a wiec dwukrotnie wieksze od otrzy-
manych na probkach. Charakter zniszczenia pozostat taki
sam jak w przypadku prébek - gwattowny, wrecz eksplo-
zyjny. Nie zauwazono przy tym znaczacych roznic w
granicznych odksztalceniach strefy $ciskanej belek ze
zbrojeniem w tej strefie i bez niego. Zbrojenie w strefie
$ciskanej tagodzilo jednak przebieg zniszczenia i ograni-
czalo zasieg strefy zniszczenia.

Graniczne $rednie krzywizny, okreslone na odcinkach
czystego zginania, potwierdzily spostrzezenia Pendyale i
in. [9], Pecce i Fabbrocino [11, 12], Weiss 1 in. [13] o
duzej odksztalcalnosci zginanych belek z betonu wyso-
kowartosciowego, przewyzszajacej odksztatcalnosé belek
z betonu zwyklego. W badaniach nie wystapit przy tym
sygnalizowany w pracach [11, 12] problem ustalenia kry-
terium granicznej odksztalcalnosci - czy ma to by¢ krzy-
wizna przy maksimum obcigzenia czy tez po jego prze-
kroczeniu i spadku, np. do wartosci 0.85 obciazenia mak-
symalnego. We wszystkich zbadanych belkach obserwo-
wano bowiem po uplastycznieniu zbrojenia staty przyrost
obciazenia, co bylo zwiazane z wytrzymatosciowa cha-
rakterystyka zastosowanej stali.

Te duze mozliwosci odksztatcania si¢ elementow z
betonu wysokiej wytrzymatosci spowodowaty, ze w bada-
nych ramach dochodzito do pelnej redystrybucji sit we-
wnetrznych, objawiajacej si¢ rownoczesnym zniszczeniem
w dwu przekrojach poprzecznych. Stopnie redystrybucji
wynosity od 8=0.48 do 8=0.90, w zaleznosci od uktadu
zbrojenia ram.

W stupach zarejestrowano mniejsze odksztatcenia be-
tonu $ciskanego przy zmiazdzeniu, rzgdu 3.5%o, co jest
zwigzane z wplywem sily podluznej. Zastosowanie za-
geszczonych strzemion o zespawanych koncach wyraznie
zwigkszylo te odksztalcenia, do okoto 5%o, nie miato to
jednak wplywu na sil¢ niszczaca.

Praktyczne znaczenie powinny mie¢ obserwacje dotycza-
ce zniszczenia stupdw przez utrat¢ statecznosci. Ten sposob
zniszczenia wystapit we wszystkich slupach Sw, ktdrych
smuklosci i stopienn zbrojenia odpowiadaty stosowanym w
praktyce projektowej. Oznacza to, ze nalezy rozwazy¢ i
ewentualnie skorygowaé¢ wymagania konstrukcyjne w odnie-
sieniu do stopni zbrojenia podtuznego oraz metody uwzgled-
niania w obliczeniach wplywu smuktosci na no$nos¢.

Rodzaj i obraz rys w belkach potwierdzit przewidywa-
nia o bardzo dobrej wspéipracy betonu wysokowarto-
§ciowego i zbrojenia oraz tendencje do powstawania rys
zbiorczych, dzielacych si¢ w poziomie zbrojenia na kilka
o matych szerokos$ciach rozwarcia [14].

Istotne w aspekcie metod obliczeniowych wydaje si¢
spostrzezenie o pomijalnie matym wplywie powtarzalno-
$ci obciazen oraz historii obcigzenia na odksztalcalno$¢ i
no$nos¢ elementéw konstrukcyjnych z betonu o wysokiej
wytrzymatosci.

5. CONCLUSIONS

The test proved that there exists a difference in be-
haviour of High Strength Concrete (HSC) in structural
elements and in specimens, favourable from point of view
the structural safety. This remark applies to all types of
investigated elements: beams, columns and frames.

During test on beams, at crushing of concrete, limit
strains of the order of 4.2 to 6.5%0 in the compression
zone have been recorded, twice as large as those obtained
when testing the specimens. The character of failure re-
mained the same as in the case of specimens: violent,
sudden burst, approximating explosion. No significant
differences have been found between limit stains in com-
pression zones with or without reinforcement. Reinforce-
ment in the compression zone was attenuating the course
of destruction and limiting the extent of the crushed zone.

Mean limit curvatures, determined over the pure
bending segment confirmed the observations by Pendyala
& others [9], Pecce and Fabbrocino [11, 12], Weiss &
others [13] on large deformability of HSC beams under
bending, exceeding the deformability of beams in ordinary
concrete. The problem brought up in [11, 12] whether the
determination of the criterion of ultimate deformability
should be the curvature at maximum load or curvature
after exceeding it and lowering the load to e.g. to 85% of
the maximum - did not occur in our investigations. In all
investigated beams steady load increase was observed
after yielding of reinforcement. This was connected with
strength characteristics of the steel used.

Great deformation abilities of elements in HSC men-
tioned above, caused full redistribution of internal forces
in investigated frames. This was manifested by simultane-
ous failure at two cross - sections. The degree of redistri-
bution amounted from 6=0.48 to 6=0.90, depending on
arrangement of reinforcement.

Smaller strains at failure of concrete in compression
(of the order of 3.5%0) were recorded in columns. This
was connected with the influence of the longitudinal force.
The use of closed, welded stirrups at dense spacing caused
distinct increase of these strains to abt. 5%o, without how-
ever, affecting the force at failure.

Of practical signiticance should be the observations
concerning the destruction of columns due to loss of sta-
bility. This mode of failure occurred in all Sw columns in
which the slenderness and reinforcement ratio corre-
sponded to these used in design practice. This signifies
that structural regulations relating to ratios of longitudinal
reinforcement as well as methods of making allowance for
the influence of slenderness on load carrying capacity
should be re-considered and - eventually - revised.

Crack maps and their type in beams confirmed the an-
ticipation of very good bond between HS concrete and
reinforcement as well as the tendency to form
“cumulative” cracks fanning out at reinforcement level
into several cracks of narrow width [14].

As far as design calculations are concerned, of impor-
tance seems the observation that repeated loading and
loading history have negligible influence on deformability
and load carrying capacity of HSC structural elements.
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Zalacznik

Wyniki pomiaréw

Badania zostaly wykonane w Laboratorium Katedry Bu-
downictwa Betonowego. Uczestniczyli w nich ponadto
doktoranci Katedry

mgr inz. Jakub Miszczak

mgr inz. Domingos Sanca
oraz dyplomanci Katedry

mgr inz. Piotr Ignatowski

mgr inz. Grzegorz Janaszkiewicz

mgr inz. Piotr Lachowicz

mgr inz. Iwona Zawadzka

W druku podano tylko przyktadowe tablice zawierajace
wyniki badan. Pozostale materialy, dokumentujace prze-
bieg badan, sa dostepne w Katedrze Budownictwa Beto-
nowego Politechniki Lodzkiej.

Appendix

Results of measurements

Tests were carried out at the Laboratory of Chair of Con-
crete Structures. The participants were also the following:

Jakub Miszczak, M. Sc.
Domingos Sanca, M. Sc.

and graduate students
Piotr Ignatowski, M. Sc.
Grzegorz Janaszkiewicz, M. Sc.
Piotr Lachowicz, M. Sc.
Iwona Zawadzka, M. Sc.

Example tables only, containing investigation results, are
presented in print. Remaining materials. documenting the
course of tests are available at the Department of Concrete
Structures of L6dz Technical University.



Belki

Beams
Tablica BO.1. Wytrzymatosciowe cechy betonu
Table BO0.1. Strength properties of concrete
Lp Belka wiek betonu, dni fe cubes MPa f., MPa foispp MPa E., GPa
age of concrete, days | wyniki | $rednia | wyniki | $rednia | wyniki | Srednia| wyniki [ $rednia
94, 92 85, 83 5.73 36.4,35.0
I BP-1a 29 89, 92 93.2 | 86,72 81.2 | 4.35 5.23 ]36.6,34.9 353
92,97 77, 81 5.63 35.5,33.6
97 85 35.1
90, 91 77,72 4.56 33.8,34.2
2 BP-1b 29 82, 82 84.6 | 67,78 72.8 | 4.75 473 343,334 34.0
73,91 76, 65 4.87 33.6,34.6
74 343
91, 89 74, 87 3.39 36.9, 36.8
3 BP-2a 46 90, 99 91.6 | 72,83 78.8 | 5.20 4.57 {37.7,38.8 37.0
94, 86 75, 83 5.11 35.9, 36.1
81, 90 70, 87 5.32 34.5,35.6
4 BP-2b 32 90,100 | 89.5 | 66,75 73.3 | 3.99 5.06 ]37.2,35.8 35.8
97, 80 76, 64 5.88 345,37.0
76 36.1
88,91 65, 87 4.95 33.0, 33.1
5 BT-1a 30 88, 93 88.6 | 66,75 725 | 6.13 5.67 |34.9,33.1 334
89, 84 76, 64 5.92 32.8,329
76 33.8
90, 92 87, 81 5.10 36.1, 36.6
6 BT-1b 31 88, 85 87.6 | 75,71 78.0 | 543 5.18 [34.4,353 35.6
84, 86 76 5.00 354
83, 83 77,78 5.20 35.0,36.2
7 BT-2a 33 90, 90 879 | 71,8l 733 | 4.84 5.04 |34.6,345 34.8
91, 90 61,71 5.07 34.8,33.9
74
82,78 83, 68 5.09
8 BT-2b 36 94, 66 78.6 | 73,57 70.3 | 4.62 4.88
69, 83 76,70 4.93
67
Tablica B0.2. Zaleznosci o, - € dla stali zbrojeniowe;j
Table BO0.2. The o, - & relationships of reinforcement
#10 #12 #16 6
& (of £, o, €, o, € o,
%o MPa %0 MPa %o MPa %o MPa
0.00 0 0.00 0 0.00 0 0.00 0
2.05 398 2.10 412 2.10 409 1.70 342
2.36 420 2.36 433 2.70 437 2.00 353
10.20 425 8.40 433 8.20 437 10.30 353
12.20 431 11.20 447 10.00 446 15.80 377
19.00 447 14.80 472 18.30 503 24.80 411
25.00 476 21.30 515 25.10 553 37.30 445
30.00 500 29.10 558 33.40 604 51.00 462
35.00 522 35.00 590 4470 654
40.00 542 40.00 605 50.00 667
50.00 580 50.00 636
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Odksztatcenia / strains Belki BP
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Szeroko$¢ rozwarcia rys

Crack widths
BP-1a BP-2a
Szerokos$é rysy [mm] w poziomie zbrojenia Szerokos¢ rysy [mm} w poziomie zbrojenia
Crack width [mm] at reinforcement level Crack width [mm] at reinforcement level
Rysa Obcigzenie F [kN] / Load F [kN] Rysa Obcigzenie F [kN] / Load F [kN]
Crack 15 16 17 18 22 22 23.5 Crack 25 40 60 60 80
1 0.15 0.15 0.15 0.15 0.70 0.80 1.30 1 0.05 0.10 0.15 0.15 0.20
2 0.10 0.15 0.15 0.15 0.70 0.80 1.40 2 0.05 0.10 0.10 0.10 0.15
3 0.10 0.10 0.15 0.15 0.15 0.10 0.50 3 0.05 0.10 0.15 0.15 0.15
4 0.05 0.10 0.10 0.10 0.10 0.10 0.60 4 0.05 0.05 0.10 0.10 0.10
5 0.10 0.10 0.15 0.15 0.20 0.20 1.10 5 0.05 0.10 0.10 0.10 0.35
6 0.12 0.15 0.15 0.15 0.50 0.75 1.00 6 0.05 0.05 0.10 0.10 0.30
7 0.10 0.10 0.15 0.15 0.15 0.10 1.05 7 - 0.05 0.10 0.10 0.13
8 0.05 0.15 0.15 0.15 0.50 0.50 0.95 8 - 0.05 0.10 0.10 0.12
9 - 0.05 0.05 0.05 0.15 0.15 0.20 9 - 0.05 0.10 0.10 0.10
10 - 0.05 0.10 0.10 0.10 0.10 0.15 10 - 0.05 0.10 0.10 0.10
11 - - - 0.05 0.10 0.10 0.10 11 - 0.05 0.05 0.05 0.12
12 - - - 0.05 0.10 0.10 0.10 12 - 0.05 0.05 0.05 0.10
13 - - - - 0.50 0.10 0.10 13 - 0.05 0.10 0.10 0.10
14 - - - - 0.10 0.15 0.10 14 - 0.05 0.05 0.05 0.10
15 - - - - 0.05 0.10 0.10 15 - 0.05 0.10 0.10 0.10
16 - - - - 0.10 0.10 0.15 16 - 0.05 0.05 0.05 0.10
17 - - - - 0.10 0.10 0.10 17 - 0.05 0.05 0.10 0.13
18 - - - - - - 0.40 18 - - 0.10 0.10 0.10
19 - - - - - - 0.10 19 - - 0.05 0.05 0.08
20 - - 0.10 0.10 0.10
21 - - 0.05 0.10 0.10
B P_ 1 b 22 - - 0.05 0.05 0.08
Szerokosé rysy [mm] w poziomie zbrojenia 22 882 882 g?g
Crack width [mm] at reinforcement level 55 - - 0'05 0'05 0'10
Rysa Obcigzenie F [kN] / Load F [kN] : : :
Crack K 14 15 18 22 23 26 - : 005 } 005 | 005
1 0.05 0.05 0.10 0.12 0.15 0.8 27 : : 0.05 0.05 0.13
2 0.05 0.05 0.07 0.10 0.10 0.12 28 - : 0.05 0.05 0.10
3 - 0.05 0.10 0.15 0.15 0.40 29 : : - 0.05 0.13
2 - - 0.10 0.10 0.12 1.00 30 : : - 0.05 0.05
5 - p 0.07 0.15 0.18 1.10 31 - : : 0.05 0.08
6 - - - 007 | _0.10 0.50 32 : - - 0.05 0.05
7 - - - 0.07 0.10 0.70 33 - - : 0.05 0.10
8 - - - [ 010 ] o010 | 010 34 : : : - 0.05
9 3 - - | 005 | 0.10 1.20 35 - : - - | 00s
10 - - - 0.08 0.10 0.70 36 : - - : 0.05
11 - : - [ 010 | 010 ] o050 37 - : - - | 005
12 - 3 -] 005 [ 007 | 0.0 38 - : : - | 005
13 - - - - 0.10 | 0.10 39 - : - - | 005
12 p : - - 0.07 0.10 40 - : : : 0.05
15 - - - - 0.07 0.10 a1 : - - : 0.05
16 : - - - 0.07 0.50 42 - : : : 0.05
17 - - - - 0.07 0.10
18 - - - - - -
19 - - - : 5 BP-2b
20 - - - - 0.05 0.07 Szerokos¢ rysy [mm] w poziomie zbrojenia
21 - - - - 0.07 0.07 Crack width [mm] at reintorcement ievel
» Rysa Obcigzenie F [kN]/ Load F [kN}
Crack 22 25 40 40 80
1 0.05 0.10 0.10 0.10 0.20
2 - - 0.10 0.10 0.40
3 - - 0.10 0.10 0.20
4 - - 0.10 0.10 0.10
5 - - - 0.10 0.05
6 - - 0.05 0.10 0.10
7 - - - 0.05 0.10
8 - - 0.10 0.10 0.15
9 - - - - 0.05
10 - - 0.05 0.10 0.10
11 - - 0.05 0.05 0.30
12 - - 0.05 0.05 0.05
13 - - 0.10 0.10 0.10
14 - - 0.05 0.10 0.10
15 - - - 0.05 0.05
16 - - - 0.05 0.10
17 - - - 0.05 0.10
18 - - - # #
19 - - - 0.10 0.10
20 - - - 0.05 0.05
21 - - - # #
22 - - - - 0.20
23 - - - - 0.10
24 - - - - 0.05
25 - - - - 0.10
26 . - - - #
27 - - - - 0.05
28 - - R - #
29 - - - - 005
30 - - - - #

# - brak dostepu / not accesible
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Szerokos¢ rys

Crack widths
BT-1a BT-1b
Szeroko$c rozwarcia rysy [mm)] w poziomie (1/2h) i w poziomie zbrojenia (d) Szerokos¢ rozwarcia rysy [mm] w poziomie (1/2h) i w poziomie zbrojenia (d)
Crack width [mm] at half depth level (1/2h) and at reinforcement level (d) Crack width [mm] at half depth level (1/2h) and at reinforcement level (d)
Obcigzenie F [kN} i poziom pomiaru / Load F [kN] and measurement level Obcigzenie F [kN]i poziom pomiaru/ Load F [kN] and measurement level
Rysa 30 30 50 50 56 56 Rysa | 22.5 25 30 40 50 50 60
Crack [ (1/2h) | (d) [(1/2h) | (d) | (7/2h) | (d) Crack [ (1/2h) [ (1/2h) | (1/2h) | (1/2h) | (1/2h) | (d) (1/2h)
1 0.24 0.10 0.27 0.20 2.25 0.55 1 0.20 0.25 0.30 0.35 0.40 0.01 3.40
0.15 0.06 0.30 0.10 2.50 0.65 - 0.15 0.20 0.25 0.35 0.15 -
3 0.18 0.10 0.50 0.30 3.60 0.55 3 - 0.25 0.30 0.35 0.35 0.05 2.50
4 0.10 0.10 0.37 0.10 2.45 0.70 4 - 0.20 0.20 0.25 0.30 0.10 2.40
5 0.10 0.05 0.28 0.15 1.70 1.00 5 - - 0.25 0.30 0.40 0.10 4.80
6 0.10 0.10 0.30 0.10 2.50 0.90 6 - - 0.25 0.30 0.35 0.07 4.20
7 0.15 0.10 0.27 0.20 1.80 1.00 7 - - 0.25 0.35 0.35 0.05 3.15
8 0.07 ] 0.05 | 020 | 0.15 | 270 | 0.65 8 - - 1010 |1 015 |1 020 | 0.05 | 2.00
9 0.10 0.05 0.26 0.12 2.50 1.00 9 - - 0.10 0.15 0.20 0.20 -
10 - - 0.10 0.07 0.15 0.01 10 - - 0.10 0.10 0.10 0.05 -
11 - - 0.20 0.10 0.20 0.15 11 - - 0.10 0.15 0.25 0.05 -
12 - - 0.25 0.08 0.30 0.20 12 - - 0.10 0.10 0.15 0.10 -
13 - - - 0.08 - 0.10 13 - - 0.10 0.15 0.20 0.10 4.00
14 - - - - 0.20 0.15 14 - - 0.05 0.05 0.05 0.07 -
15 - - - - 0.10 0.10 15 - - 0.05 0.05 0.10 0.03 -
16 - - 0.10 0.10 0.15 0.05 -
17 - . 0.10 0.10 0.10 0.08 -
18 - - 0.05 0.10 0.15 0.07 -
19 - - 0.15 0.15 0.15 0.13 -
20 - - - 0.18 0.15 0.07 -
21 - - - 0.20 0.20 0.13 -
22 - - - 0.10 0.10 0.08 -
23 - - - 0.15 0.15 0.11 -
24 - - - 0.05 0.05 0.05 -
25 - - - 0.10 0.15 0.20 3.50
26 - - - 0.05 0.10 0.09 -
27 - - - 0.10 0.15 0.10 4.50
28 - - - 0.05 0.10 0.09 -
29 - - - 0.05 0.10 0.01 -
30 - - - 0.05 0.10 0.04 1.90
31 - - - 0.20 0.25 0.10 2.22
32 - - - 0.40 0.50 0.12 1.50
33 - - - 0.15 0.20 0.11 -
34 - - - - 0.10 # -
35 - - - - 0.10 0.07 -
36 - - - - 1010 [ 0.04 -
37 - - - - 0.05 0.02 -
38 - - - - 0.10 0.10 -
39 - - - - 0.05 0.01 -
40 - - - - 0.05 0.07 -
41 - - - - 0.15 0.04 -
42 - - - - 0.20 0.10 3.00
43 - - - - 0.05 0.04 -
44 - - - - - 0.05 -

# - brak dostepu / not accesible
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BT-2a BT-2b
Szeroko$é rozwarcia rysy [mm]} w poziomie (1/2h) i w poziomie zbrojenia (d) Szerokosé rozwarcia rysy {mm) w poziomie (1/2h) i w poziomie zbrojenia (d)
Crack width [mmj] at half depth level (1/2h) and at reinforcement level (d) Crack width [mm] at half depth level (1/2h) and at reinforcement level (d)
Obcigzenie F [kN] i poziom pomiaru/ Load F {kN] and measurement level Obcigzenie F [kN] i poziom pomiaru/ Load F [kN] and measurement level
Rysa 40 60 100 100 140 140 176 176 Rysa 48 60 60 100 100 140 140 166 166
Crack | (1/2h) | (1/2h) | (1/2h) | (3/2h) | (1/72h) | (@) (1/2h) Crack | (1/2h) | (1/2h) [ (d) (1/2h) | (d) (1/2h) | (d) (1/2h) | (Q)
1 0.10 | 0.10 | 0.10 - | 0.15 - 1.00 | 0.20 1 0.06 | 0.12 - | 0.15 - | 025 | 008 { 0.30 | 0.10
2 0.10 ]} 0.15 | 0.15 - 1030 j0.05 {070 - 2 0.08 | 0.08 | 0.04 | 0.12 [ 0.10 | 020 | 0.20 | 0.45 [ 0.50
3 0.10 } 0.10 ] 0.05 - ] 0.20 - 1.00 | 0.40 3 0.10 | 0.1 - {015 - ] 0.24 - |1 035 | 0.20
4 0.10 | 0.10 | 0.15 - 1025 | 0.05 1.2 | 0.20 4 0.10 | 0.1 - 1020 [008 | 023 | 0.10 |} 0.60 | 0.45
5 0.10 | 0.10 | 0.10 -} 0.20 - 1.00 | 0.15 5 0.06 { 0.07 - 012 {003 {015 | 0.12 | 0.60 | 0.40
6 0.05 | 0.10 | 0.20 - 1 0.20 - | 0.60 | 0.30 6 0.04 { 0.08 - | 0.11 008 {022 | 016 | 040 | 0.35
7 0.05 | 0.10 | 0.10 - 1020 | 0.05 | 0.80 - 7 0.11 0.15 - | 0.18 - ] 0.25 - 1025 | 0.12
8 - 10.10 | 0.10 - | 0.20 - 1070 | 030 8 - | 0.11 - ]10.15 - 1038 | 0.03 | 0.50 | 0.08
9 - 1010 ] 010 ] 0.05 | 0.15 | 0.10 | 0.70 | 0.10 9 - | 0.09 - ] 015 [ 010 | 024 | 0.14 | 0.24 [ 0.24
10 - 1010 | 015 | 0.05 | 020 | 0.05 | 0.35 | 0.10 10 - | 0.04 - 1012 [008 | 018 | 0.14 | 0.30 [ 0.15
11 - | 005 | 0.10 - ] 0.15 - 1.00 { 0.30 11 - | 0.03 - 1012 [ 004 | 0.18 | 0.08 | 0.50 [ 0.12
12 - - | 0.10 - | 0.25 - | 0.25 - 12 - ] 0.08 - | 0.12 - ] 0.18 - | 040 ] 0.20
13 - - | 0.15 - ] 0.16 - | 0.30 - 13 - ] 003 - ] 0.12 - {012 | 008 | 0.12 | 0.10
14 - - ] 0.10 - | 0.15 - | 0.22 - 14 - | 0.08 - 1022 | 008 J]022 [ 010 ] 0.35 | 0.10
15 - - | 0.05 - 1 0.10 - | 0.25 - 15 - - - ] 0.20 - | 0.28 - ] 0.25 -
16 - - | 0.05 - 1 010 | 0.05 | 0.15 | 0.05 16 - - - | 0.10 - | 0.26 - |1 035 | 0.08
17 - - ] 0.10 - 1 0.20 - 1020 - 17 - - - | 0.08 - | 0.16 - {025 -
18 - - | 0.10 - ] 0.10 - 1080 | 030 18 - - - 1005 [005 008 {010 | 0.08 [0.10
19 - - 1 0.10 - {025 - | 0.40 - 19 - - - | 0.05 - 1016 § 008 | 0.22 | 0.20
20 - - | 0.05 - | 0.15 - | 020 - 20 - - - 1010 {010 | 012 | 0.10 | 0.15 | 0.25
21 - - - - | 0.10 - ] 0.80 | 0.15 21 - - - | 004 006 | 005 | 010 | 005 {010
22 - - - - ] 0.10 - | 0.10 - 22 - - - 1002 {002 | 004 | 005 |0.12 | 0.08
23 - - - - | 0.10 - ] 0.60 | 0.35 23 - - - Joos {008 | 014 [ 0.15 | 0.18 | 0.30
24 - - - - ] 010 - ] 0.35 - 24 - - - ] 003 004 010 [ 005 | 0.40 | 0.35
25 - - - - | 0.05 - | 0.15 - 25 - - - | 0.06 - 1 0.08 - 1008 |o0.12
26 - - - - ] 0.10 - | 040 | 0.05 26 - - - 1008 [012 J 008 [ 026 | 0.10 | 0.26
27 - - - - | 0.05 - | 0.60 { 0.20 27 - - - | 0.18 - 1035 [ 006 | 035 | 0.24
28 - - - - ) 0.05 - 1 045 | 0.30 28 - - - 1003 | 005 {012 | 010 | 012 [ 0.15
29 - - - - | 0.05 - | 0.50 | 0.05 29 - - - | 0.10 - 1020 { 010 | 0.25 | 0.15
30 - - - - |} 0.05 - 1015 [ 0.10 30 - - - | 0.20 - | 025 | 0.05 | 0.35 [ 0.10
31 - - - - | 0.05 - 1030 [ 025 31 - - - | 0.08 - | 0.18 - |1 0.18 | 0.20
32 - - - - 1 005 | 0.05 | 0.05 | 0.05 32 - - - - - | 0.10 - | 0.15 -
33 - - - - 0.05 0.05 0.30 0.30 33 - - - - - 0.13 - 0.25 -
34 - - - - 1005 }| 005 ] 0.30 [ 0.30 34 - - - - - | 0.20 - | 0.24 -
35 - - - - ] 0.05 - ] 0.10 - 35 - - - - - | 008 | 006 | 020 | 0.08
36 - - - - 1010 - | 0.15 - 36 - - - - - | 0.10 - | 0.20 -
37 - - - - 005 } 005 | 025 | 030 37 - - - - - | 0.06 - | 0.12 -
38 - - - - ] 005 { 005 [ 030 | 0.25 38 - - - - - 1003 [ 006 | 0.06 {0.10
39 - - - - | 0.10 - ] 0.10 - 39 - - - - - 005 [ 010 | 0.06 | 0.10
40 - - - - 1005 {005 | 0.10 - 40 - - - - - - ] 0.08 | 0.06 | 0.10
41 . - - - 0.05 0.05 0.10 - 41 - - - - - 0.04 0.08 0.06 0.12
42 - - - - 0.05 0.05 0.20 0.30 42 - - - - - - 0.08 - 0.06
43 - - - - - - { 050 [ 0.30 43 - - - - - - 1008 | 005 | 0.10
44 - - - - - - 0.60 0.10 44 - - - - - 0.04 0.08 0.10 0.12
45 - - - - - - 0.15 - 45 - - - - - 0.08 0.15 0.28 0.35
46 - - - - - {006 [ 010 | 0.06 | 0.10
47 - - - - - 1005 | 0.05 | 0.05 | 0.06
48 - - - - - - 0.05 - 0.15
49 - - - - - 0.03 0.12 0.30 0.35
50 - - - - - 0.10 0.12 0.10 0.12
51 - - - - - 1005 [ 006 | 0.15 | 0.20
52 - - - - - 1004 | 010 | 0.06 | 0.12
53 - - - - - ] 0.08 - 1012 [ 0.16
54 - - - - - - ] 0.08 - | 0.10
55 - - - - - - | 0.08 - | 0.10
56 - - - - - 1006 | 010 | 0.06 | 0.10
57 - - - - - - 0.12 - 0.15
58 - - - - - |oo8 | 012 {012 ] 0.18
59 - - - - - 0.10 0.10 0.18 0.14
60 - - - - - 0.10 0.10 0.15 0.15
61 - - - - - 1025 - | 0.40 -
62 - . - - - | 0.12 - 1 0.25 -
63 - - - - - - - | 0.08 -
64 - - - - - - - {012 -
65 - - - - - - - - 0.08
66 - - - - - - - | 0.10 -
67 - - ~ - - - - 0.C6 0.10
68 - - - - - - - 0.20 0.15
69 - - - - - - - - ] 0.22
70 - - - - - - - - | 0.08
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3 BT-2b
3L 2L 1L 1P 2P 3P
x
700 400 , 400 , 400 , 400 400 400 . 400 _ 400 400 . 700
J | Wl B W Wil Wl Wl ;

Tablica BS.I. Odksztalcenia i srednia krzywizna (bazy 2L do 2P)

Table  BS.I. Strains and mean curvature (bases 2L to 2P)
Nr Sita F | Odczyt Strefa $ciskana E¢, %o Strefa rozciggana €1, %o Krzywizna

kN 3L 2L 1L 0 1P 2P 3P 3L 2L 1L 0 1P 2P 3P 1/m

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
p 0.00 0.00 -0.01 0.00 -0.01 0.00 0.00 0.00 -0.01 0.01 0.00 0.00 -0.01 0.01 0.00001
1 0 (o] 0.00 0.00 -0.01 0.00 0.00 -0.01 -0.01 -0.01 -0.01 -0.02 -0.01 {*~-0.01 -0.02 -0.01 -0.00001
$ 0.00 0.00 -0.01 0.00 0.00 -0.01 -0.01 -0.01 0.00 -0.01 -0.01 -0.01 -0.01 0.00 0.00000
p 0.01 -0.04 0.03 -0.06 0.05 0.03 0.01 0.06 0.06 0.11 0.03 -0.24 0.06 0.18 0.00000
2 10 [} 0.02 -0.04 0.05 -0.06 0.06 0.04 0.02 0.06 0.06 0.11 0.04 -0.22 0.06 0.17 | -0.00001
[ 0.02 -0.04 0.05 -0.06 0.06 0.04 0.02 0.06 0.06 0.11 0.03 -0.23 0.07 0.18 -0.00001
o} 0.00 -0.05 0.03 -0.08 0.04 0.02 0.01 0.08 0.08 0.13 0.06 -0.21 0.09 0.18 0.00008
3 14 o} 0.01 -0.05 0.04 -0.07 0.05 0.03 0.01 0.07 0.07 0.12 0.05 -0.21 0.08 0.18 0.00005
$ 0.01 -0.05 0.03 -0.07 0.04 0.03 0.01 0.07 0.07 0.12 0.05 -0.21 0.09 0.19 0.00006
p -0.01 -0.07 0.01 -0.10 0.02 0.01 0.00 0.09 0.10 0.16 0.08 -0.19 0.1 0.20 0.00017
4 18 o] 0.00 -0.06 0.02 -0.09 0.02 0.01 0.00 0.09 0.09 0.15 0.08 -0.18 0.1 0.20 0.00015
$ 0.00 -0.07 0.01 -0.09 0.02 0.01 0.00 0.09 0.09 0.15 0.08 -0.19 0.11 0.20 0.00015
p -0.01 -0.07 0.01 -0.10 0.02 0.00 -0.01 0.09 0.09 0.15 0.07 -0.20 0.12 0.21 0.00016
5 18 o] 0.00 -0.07 0.01 -0.09 0.02 0.01 -0.01 0.09 0.08 0.13 0.07 -0.20 0.11 0.20 0.00014
§ -0.01 -0.07 0.01 -0.09 0.02 0.01 -0.01 0.09 0.09 0.14 0.07 -0.19 0.11 0.20 0.00015
P -0.02 -0.09 -0.01 -0.12 0.00 -0.01 -0.02 0.10 0.11 0.16 0.09 -0.17 0.14 0.22 0.00024
6 22 (o] -0.01 -0.09 0.00 -0.11 0.00 0.00 -0.01 0.10 0.10 0.14 0.10 -0.17 0.14 0.21 0.00022
$ -0.01 -0.08 -0.01 -0.11 0.00 -0.01 -0.01 0.10 0.11 0.15 0.10 -0.17 0.14 0.21 0.00022
o} -0.03 -0.11 -0.03 -0.13 -0.02 -0.03 -0.03 0.10 0.12 0.17 0.12 -0.16 0.16 0.22 0.00032
7 26 o -0.02 -0.11 -0.02 -0.13 -0.02 -0.03 -0.03 0.1 0.11 0.17 0.12 -0.15 0.16 0.22 0.00030
$ -0.03 -0.10 -0.02 -0.13 -0.02 -0.03 -0.03 0.11 0.12 0.17 0.12 -0.15 0.16 0.22 0.00031
p -0.04 -0.13 -0.05 -0.15 -0.04 -0.05 -0.04 0.12 0.14 0.21 0.15 -0.12 0.20 0.24 0.00043
8 30 o -0.04 -0.12 -0.04 -0.15 -0.04 -0.05 -0.03 0.13 0.13 0.20 0.17 -0.12 0.21 0.24 0.00042
$ -0.04 -0.12 -0.05 -0.15 -0.04 -0.05 -0.04 0.13 0.13 0.20 0.16 -0.12 0.20 0.24 0.00042
p -0.05 -0.14 -0.09 -0.17 -0.06 -0.07 -0.05 0.14 0.15 0.31 0.17 -0.11 0.25 0.25 0.00055
9 30 [} -0.04 -0.14 -0.07 -0.16 -0.05 -0.05 -0.04 0.14 0.14 0.28 0.17 -0.10 0.24 0.24 0.00051
$ -0.04 -0.13 -0.08 -0.16 -0.05 -0.06 -0.04 0.14 0.14 0.30 0.17 -0.10 0.24 0.24 0.00053
p -0.05 -0.17 -0.10 -0.18 -0.07 -0.08 -0.06 0.15 0.28 0.37 0.21 -0.08 0.28 0.26 0.00072
10 34 [} -0.05 -0.17 -0.10 -0.19 -0.09 -0.08 -0.05 0.16 0.28 0.36 0.25 0.00 0.29 0.25 0.00077
$ -0.05 -0.17 -0.10 -0.19 -0.08 -0.08 -0.05 0.16 0.28 0.36 0.22 -0.05 0.29 0.25 0.00073
p -0.07 -0.23 -0.15 -0.25 -0.15 -0.12 -0.07 0.20 0.43 0.52 0.42 0.23 0.44 0.28 0.00127
11 40 [} -0.07 -0.23 -0.16 -0.25 -0.16 -0.13 -0.07 0.22 0.44 0.55 0.47 0.28 0.47 0.26 0.00135
§ -0.07 -0.23 -0.16 -0.25 -0.16 -0.13 -0.07 0.21 0.44 0.54 0.45 0.26 0.46 0.27 0.00132
p -0.09 -0.26 -0.20 -0.28 -0.20 -0.17 -0.09 0.23 0.48 0.57 0.49 0.34 0.51 0.27 0.00150
12 44 o] -0.08 -0.25 -0.19 -0.27 -0.20 -0.16 -0.08 0.26 0.50 0.60 0.53 0.37 0.53 0.27 0.00155
§ -0.08 -0.25 -0.19 -0.28 -0.20 -0.16 -0.08 0.26 0.50 0.61 0.53 0.37 0.53 0.29 0.00155
p -0.10 -0.28 -0.21 -0.30 -0.23 -0.18 -0.10 0.32 0.56 0.67 0.58 0.43 0.59 0.31 0.00173
13 48 [¢] -0.10 -0.28 -0.22 -0.30 -0.23 -0.18 -0.10 0.40 0.57 0.69 0.59 0.45 0.62 0.31 0.00176
$§ -0.10 -0.28 -0.21 -0.30 -0.22 -0.18 -0.09 0.38 0.56 0.68 0.60 0.45 0.61 0.32 0.00176
p -0.15 -0.36 -0.31 -0.38 -0.31 -0.23 -0.18 0.62 0.72 0.85 0.76 0.65 0.80 0.40 0.00231
14 60 [} -0.15 -0.35 -0.30 -0.38 -0.32 -0.22 -0.18 0.65 0.76 0.87 0.78 0.67 0.82 0.55 0.00235
§ -0.15 -0.36 -0.30 -0.38 -0.31 -0.22 -0.17 0.65 0.75 0.87 0.78 0.67 0.82 0.47 0.00234
p -0.15 -0.37 -0.31 -0.39 -0.32 -0.21 -0.18 0.68 0.77 0.90 0.80 0.67 0.84 0.60 0.00240
15 60 o} -0.15 -0.36 -0.30 -0.38 -0.32 -0.21 -0.17 0.68 0.76 0.88 0.79 0.68 0.83 0.58 0.00237
$ -0.15 -0.36 -0.31 -0.38 -0.32 -0.21 -0.18 0.68 0.76 0.87 0.79 0.68 0.84 0.59 0.00237
p -0.24 -0.49 -0.45 -0.51 -0.46 -0.31 -0.25 0.99 1.06 1.14 1.07 1.03 1.20 0.85 0.00331
16 80 [o] -0.24 -0.49 0.44 -0.51 -0.46 -0.31 -0.25 1.01 1.05 1.15 1.07 1.05 1.20 0.86 0.00332
§ -0.24 -0.49 0.44 -0.51 -0.46 -0.31 -0.25 1.01 1.06 1.16 1.07 1.05 1.20 0.85 0.00332
o] -0.31 -0.63 -0.60 -0.66 -0.62 -0.45 -0.39 1.31 1.35 1.41 1.35 1.43 1.83 1.16 0.00431
17 100 o] -0.31 -0.63 -0.59 -0.66 -0.62 -0.45 -0.39 1.32 1.35 1.42 1.37 1.43 1.54 1.16 0.00432
$ -0.31 -0.63 -0.59 -0.66 -0.62 -0.45 -0.39 1.32 1.35 1.42 1.37 1.44 1.54 1.17 0.00433
P -0.32 -0.65 -0.61 -0.68 -0.64 -0.47 -0.41 1.33 1.36 1.40 1.38 1.46 1.56 1.18 0.00439
18 100 o} -0.31 -0.64 -0.61 -0.67 -0.64 -0.46 -0.40 1.33 1.36 1.42 1.38 1.46 1.55 1.18 0.00439
$ -0.32 -0.65 -0.61 -0.67 -0.64 -0.47 -0.40 1.33 1.36 1.42 1.38 1.46 1.56 1.18 0.00439
p -0.40 -0.78 -0.75 -0.81 -0.78 -0.59 -0.49 1.56 1.64 1.68 1.66 1.83 1.87 1.44 0.00532
19 120 o -0.40 -0.78 -0.75 -0.81 -0.79 -0.59 -0.49 1.56 1.63 1.66 1.66 1.84 1.89 1.44 0.00533
$ -0.40 -0.78 -0.75 -0.81 -0.79 -0.59 -0.49 1.56 1.64 1.66 1.66 1.83 1.88 1.44 0.00533
p -0.49 -0.95 -0.92 -0.98 -0.97 -0.76 -0.57 1.79 1.93 1.97 1.98 2.26 2.23 1.75 0.00642
20 140 o] -0.49 -0.96 -0.93 -0.98 -0.97 -0.76 -0.57 1.81 1.94 1.98 2.00 2.30 2.24 1.77 0.00647
$ -0.49 -0.96 -0.93 -0.98 -0.97 -0.76 -0.57 1.81 1.93 1.97 2.00 2.29 2.24 1.77 0.00645
p -0.51 -1.00 -0.98 -1.03 -1.02 -0.81 -0.60 1.82 1.95 2.01 2.03 2.35 2.28 1.81 0.00664
21 140 o] -0.50 -0.99 -0.97 -1.02 -1.01 -0.80 -0.59 1.81 1.93 1.99 2.03 2.34 2.28 1.80 0.00661
$ -0.50 -1.00 -0.98 -1.02 -1.01 -0.80 -0.60 1.82 1.94 1.99 2.03 2.35 2.28 1.80 0.00662
p -0.38 -0.89 -0.78 -0.81 -0.79 -0.60 -0.50 1.48 1.63 1.57 1.57 1.79 1.85 1.49 0.00523
22 100 o] -0.37 -0.89 -0.76 -0.81 -0.78 -0.59 -0.47 1.49 1.52 1.66 1.58 1.79 1.85 1.48 0.00521
$ -0.37 -0.89 -0.77 -0.81 -0.78 -0.59 -0.48 1.48 1.53 1.57 1.58 1.79 1.85 1.48 0.00522
p -0.24 -0.65 -0.52 -0.57 -0.53 -0.36 -0.42 1.11 1.10 1.13 1.12 1.14 1.37 1.13 0.00365
23 60 o} -0.23 -0.64 -0.50 -0.56 -0.52 -0.35 -0.41 1.1 1.08 1.12 1.12 1.13 1.36 1.13 0.00360
S -0.23 -0.64 -0.51 -0.56 -0.52 -0.35 -0.41 1.10 1.09 1.12 1.12 1.14 1.36 1.13 0.00361
p -0.13 -0.45 -0.31 -0.37 -0.31 -0.16 -0.28 0.82 0.77 0.80 0.79 0.66 1.03 0.88 0.00242
24 30 [} -0.12 -0.44 -0.30 -0.36 -0.30 -0.16 -0.28 0.82 0.75 0.79 0.79 0.66 1.02 0.87 0.00239
$ -0.12 -0.44 -0.31 -0.36 -0.30 -0.16 -0.29 0.82 0.76 0.79 0.78 0.66 1.02 0.87 0.00240
o} -0.03 -0.28 -0.13 -0.20 -0.13 -0.01 -0.18 0.62 0.53 0.55 0.54 0.33 0.75 0.70 0.00147
25 6 0 -0.03 -0.27 -0.12 -0.20 -0.12 0.01 -0.17 0.61 0.51 0.49 0.53 0.33 0.74 0.69 0.00142
S -0.03 -0.27 -0.13 -0.20 -0.12 0.00 -0.17 0.61 0.52 0.54 0.54 0.33 0.75 0.69 0.00145

72 Belki / Beams




1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
p -0.10 -0.31 -0.26 -0.33 -0.26 -0.13 -0.18 0.72 0.70 0.74 0.74 0.54 0.97 0.79 0.00213
26 30 o] -0.09 -0.30 -0.25 -0.32 -0.26 -0.12 -0.17 0.72 0.69 0.73 0.73 0.53 0.96 0.78 0.00210
§ -0.10 -0.31 -0.25 -0.32 -0.25 -0.12 -0.17 0.72 0.70 0.73 0.74 0.54 0.96 0.78 0.00211
p -0.20 -0.50 -0.46 -0.51 -0.45 -0.30 -0.27 0.99 1.02 1.10 1.09 1.02 1.34 1.02 0.00335
27 60 o -0.19 -0.49 -0.45 -0.51 -0.45 -0.30 -0.26 0.99 1.01 1.07 1.09 1.02 1.33 1.01 0.00332
$ -0.19 -0.49 -0.45 -0.51 -0.45 -0.30 -0.26 0.99 1.01 1.07 1.08 1.02 1.33 1.01 0.00332
p -0.35 -0.74 -0.72 -0.76 -0.73 -0.55 -0.43 1.40 1.47 1.56 1.56 1.70 1.81 1.40 0.00499
28 100 o -0.34 -0.74 -0.72 -0.76 -0.73 -0.55 -0.43 1.40 1.47 1.55 1.57 1.70 1.83 1.40 0.00499
$ -0.34 -0.74 -0.72 -0.76 -0.73 -0.55 -0.43 1.40 1.47 1.56 1.56 1.70 1.83 1.40 0.00499
p -0.50 -1.00 -1.00 -1.02 -1.01 -0.80 -0.59 1.80 1.92 2.01 2.05 237 2.28 1.80 0.00665
29 140 o -0.49 -1.00 -1.00 -1.03 -1.02 -0.80 -0.59 1.81 1.94 2.00 2.07 2.37 2.29 1.81 0.00666
$ -0.50 -1.00 -1.00 -1.03 -1.02 -0.80 -0.59 1.80 1.93 1.99 2.05 2.37 2.28 1.81 0.00665
p -0.03 -0.29 -0.14 -0.21 -0.13 -0.01 -0.16 0.60 0.52 0.54 0.54 0.32 0.76 0.69 0.00148
30 6 o -0.02 -0.28 -0.13 -0.20 -0.12 0.00 -0.15 0.60 0.50 0.52 0.53 0.31 0.75 0.67 0.00143
$ -0.03 -0.28 -0.14 -0.20 -0.12 -0.01 -0.16 0.60 0.51 0.52 0.54 0.31 0.76 0.68 0.00145
p -0.50 -1.01 -1.02 -1.04 -1.03 -0.81 -0.60 1.80 1.93 1.99 2.06 2.39 2.29 1.81 0.00669
AN 140 o -0.50 -1.01 -1.02 -1.03 -1.03 -0.81 -0.60 1.81 1.94 1.98 2.06 2.40 2.28 1.82 0.00669
$ -0.50 -1.01 -1.02 -1.04 -1.03 -0.81 -0.60 1.81 1.93 1.98 2.06 2.40 2.29 1.81 0.00668
p -0.03 -0.28 -0.15 -0.21 -0.13 -0.01 -0.15 0.60 0.51 0.54 0.54 0.30 0.77 0.69 0.00148
32 6 () -0.02 -0.28 -0.14 -0.20 -0.12 0.00 -0.15 0.60 0.51 0.53 0.54 0.29 0.77 0.68 0.00145
$ -0.02 -0.28 -0.14 -0.20 -0.12 0.00 -0.14 0.60 0.52 0.54 0.54 0.30 0.77 0.69 0.00146
p -0.50 -1.01 -1.01 -1.04 -1.03 -0.80 -0.60 1.82 1.95 2.02 2.08 2.42 2.31 1.84 0.00674
33 140 o -0.50 -1.01 -1.01 -1.04 -1.03 -0.81 -0.60 1.83 1.95 2.00 2.08 2.42 2.31 1.82 0.00673
$ -0.49 -1.01 -1.01 -1.04 -1.03 -0.80 -0.59 1.82 1.95 2.01 2.08 2.42 2.31 1.84 0.00673
p -0.03 -0.28 -0.14 -0.21 -0.13 0.00 -0.14 0.61 0.53 0.56 0.54 0.31 0.79 0.70 0.00150
34 6 [ -0.02 -0.28 -0.14 -0.20 -0.12 0.01 -0.14 0.60 0.52 0.49 0.54 0.29 0.77 0.68 0.00143
§ -0.02 -0.28 -0.14 -0.20 -0.12 0.01 -0.14 0.60 0.51 0.53 0.54 0.29 0.78 0.69 0.00146
p -0.49 -1.02 -1.03 -1.05 -1.04 -0.81 -0.60 1.81 1.93 2.00 2.06 2.42 2.30 1.83 0.00673
35 140 (] -0.48 -1.02 -1.01 -1.04 -1.03 -0.80 -0.60 1.83 1.94 1.99 2.08 2.44 2.31 1.84 0.00673
$ -0.48 -1.02 -1.02 -1.04 -1.03 -0.80 -0.60 1.82 1.94 2.02 2.08 2.43 2.31 1.84 0.00674
p -0.36 -0.91 -0.80 -0.83 -0.80 -0.59 -0.49 1.47 1.53 1.62 1.62 1.83 1.92 1.50 0.00535
36 100 o] -0.35 -0.91 -0.79 -0.82 -0.80 -0.59 -0.48 1.47 1.52 1.59 1.59 1.82 1.91 1.49 0.00530
$ -0.36 -0.91 -0.79 -0.82 -0.80 -0.59 -0.48 1.47 1.53 1.60 1.61 1.83 1.9 1.49 0.00532
p -0.22 -0.66 -0.53 -0.58 -0.53 0.35 -0.37 1.07 1.06 1.13 1.13 1.11 1.43 LR R 0.00365
37 60 0 -0.21 -0.65 -0.52 -0.57 -0.52 -0.34 -0.37 1.07 1.07 1.13 1.13 1.1 1.43 1.1 0.00364
$ -0.22 -0.65 -0.52 -0.57 -0.53 0.34 -0.36 1.07 1.08 1.13 1.13 111 1.43 1.11 0.00365
p -0.11 -0.45 -0.31 -0.37 -0.31 0.16 -0.23 0.79 0.76 0.80 0.78 0.61 1.07 0.85 0.00241
38 30 o -0.10 -0.45 -0.31 -0.37 -0.30 -0.14 -0.23 0.79 0.74 0.78 0.78 0.60 1.06 0.84 0.00237
$ -0.11 -0.45 -0.31 -0.37 -0.30 -0.15 -0.23 0.79 0.75 0.78 0.78 0.60 1.06 0.84 0.00238
p -0.02 -0.28 -0.14 -0.21 -0.13 0.00 -0.15 0.60 0.52 0.55 0.54 0.29 0.79 0.69 0.00147
39 6 o -0.02 -0.28 -0.13 -0.20 -0.12 0.02 -0.14 0.61 0.51 0.53 0.54 0.29 0.79 0.68 0.00145
$ -0.02 -0.28 -0.14 -0.20 -0.12 0.01 -0.14 0.60 0.51 0.53 0.54 0.29 0.78 0.68 0.00145
p -0.09 -0.32 -0.27 -0.34 -0.27 -0.11 -0.15 0.72 0.72 0.77 0.77 0.54 1.04 0.80 0.00221
40 30 o] -0.08 -0.32 -0.27 -0.33 -0.26 -0.12 -0.15 0.72 0.71 0.75 0.76 0.52 1.02 0.77 0.00217
$ -0.09 -0.32 -0.27 -0.33 -0.26 -0.12 -0.15 0.72 0.71 0.75 0.76 0.53 1.03 0.79 0.00218
p -0.19 -0.51 -0.48 -0.53 -0.47 0.30 -0.27 1.01 1.05 1.13 1.12 1.04 1.44 1.06 0.00346
41 60 0 -0.18 -0.50 -0.46 -0.52 -0.47 -0.28 -0.25 1.03 1.06 1.13 1.13 1.05 1.44 1.07 0.00345
$ -0.19 -0.51 -0.47 -0.52 -0.47 -0.29 -0.26 1.02 1.05 1.12 1.13 1.04 1.44 1.06 0.00345
p -0.34 -0.77 -0.74 -0.78 -0.75 -0.54 -0.43 1.45 1.51 1.62 1.61 1.77 1.92 1.47 0.00516
42 100 o -0.34 -0.77 -0.73 -0.78 -0.75 -0.54 -0.42 1.46 1.51 1.61 1.62 1.77 1.92 1.47 0.00515
$ -0.34 -0.77 -0.73 -0.78 -0.75 -0.54 -0.42 1.45 1.51 1.61 1.61 1.77 1.91 1.47 0.00515
p -0.49 -1.02 -1.01 -1.04 -1.03 -0.79 -0.59 1.86 1.95 2.05 2.08 2.45 2.33 1.86 0.00677
43 140 o -0.49 -1.02 -1.01 -1.04 -1.04 -0.79 -0.59 1.86 1.95 2.02 2.08 2.44 2.32 1.85 0.00674
$ -0.49 -1.0 -1.01 -1.04 -1.03 -0.79 -0.59 1.86 1.95 2.02 2.08 2.45 2.32 1.85 0.00675
p -0.51 -1.05 -1.04 -1.07 -1.07 -0.82 -0.61 1.90 2.01 2.10 2.14 2.53 2.37 1.90 0.00696
44 144 o -0.51 -1.05 -1.05 -1.08 -1.07 -0.83 -0.62 1.90 1.99 2.06 2.12 2.51 2.36 1.88 0.00693
$ -0.51 -1.05 -1.04 -1.07 -1.07 -0.82 -0.61 1.91 2.00 2.08 2.14 2.52 2.37 1.90 0.00694
p -0.53 -1.08 -1.09 -1.11 -1.11 -0.86 -0.64 1.94 2.04 2.12 217 2.59 2.40 1.93 0.00713
45 148 0 -0.52 -1.08 -1.10 -1.11 -1.10 -0.86 -0.63 1.94 2.04 2.11 2.19 2.60 2.41 1.92 0.00713
$ -0.52 -1.08 -1.09 -1 -1.10 -0.86 -0.64 1.94 2.04 2.1 2.18 2.60 2.41 1.93 0.00713
p -0.55 -1.11 -1.12 -1.14 -1.14 -0.89 -0.66 1.99 2.09 2.18 2.23 2.68 2.47 1.98 0.00733
46 152 o -0.54 -1.11 -1.12 -1.14 -1.14 -0.90 -0.65 2.00 2.10 2.18 2.25 2.70 2.47 1.96 0.00736
$ -0.54 -1.11 -1.12 -1.14 -1.14 -0.89 -0.65 1.99 2.10 2.17 2.25 2.69 2.47 1.98 0.00734
p -0.57 -1.19 -1.20 -1.22 -1.22 -0.97 -0.69 2.10 2.27 2.38 2.43 2.97 2.63 2.09 0.00794
47 160 [ -0.57 -1.20 -1.23 -1.24 -1.24 -0.99 -0.70 2.12 2.33 2.48 2.55 3.12 2.70 2.10 0.00820
$ -0.57 -1.20 -1.21 -1.23 -1.23 -0.98 -0.69 2.1 2.31 2.43 2.49 3.06 2.67 2.10 0.00809
p -0.60 -1.46 -1.63 -1.54 -1.56 -1.27 -0.74 213 3.71 3.69 3.61 6.21 3.38 2.14 0.01202
48 166 [¢] -0.60 -1.47 -1.54 -1.55 -1.57 -1.28 -0.73 2.12 3.76 3.73 3.64 6.33 3.41 2.13 0.01216
$ -0.60 -1.46 -1.53 -1.54 -1.56 -1.27 -0.73 2.13 3.75 3.72 3.64 6.29 3.41 2.14 0.01210
p -0.64 -1.57 -1.68 -1.65 -1.67 -1.38 -0.76 2.08 4.03 4.06 3.82 6.74 3.65 2.1 0.01301
49 166 o -0.63 -1.56 -1.67 -1.65 -1.67 -1.37 -0.74 2.09 4.03 4.04 3.84 6.76 4.55 2.1 0.01338
$ -0.63 -1.56 -1.67 -1.65 -1.67 -1.38 -0.75 2.09 4.03 4.07 3.83 6.74 3.72 2.1 0.01304
p -0.65 -1.61 -1 -1.69 -1.71 -1.41 -0.77 2.13 4.12 4.19 3.9 6.86 4.62 2.16 0.01369
50 172 o -0.64 -1.61 -1.72 -1.69 -1.71 -1.42 -0.77 2.13 4.14 4.31 3.94 6.92 4.65 2.15 0.01381
$ -0.64 -1.61 -1.71 -1.69 =171 -1.42 -0.77 2.13 4.13 4.24 3.93 6.89 4.64 2.15 0.01374
p -0.66 -1.66 -1.79 -1.74 -1.77 -1.47 -0.79 2.15 4.30 4.62 4.14 7.19 4.85 2.19 0.01442
51 176 0 -0.66 -1.75 -1.90 -1.84 -1.89 -1.57 -0.80 2.15 4.75 5.17 4.90 8.14 5.25 2.18 0.01598
$ -0.66 -1.71 -1.84 -1.78 -1.82 -1.51 -0.80 2.15 4.51 4.86 4.49 7.57 5.03 2.18 0.01510
p -0.70 -2.00 -2.19 -2.10 -2.19 -1.83 -0.83 2.14 5.56 6.53 6.36 | 10.18 6.47 217 0.01952
52 180 [ -0.71 -2.31 -2.53 -2.42 -2.45 -2.15 -0.84 2.18 7.61 8.60 8.84 | 11.76 8.73 2.20 0.02469
$ -0.71 -2.16 -2.39 -2.29 -2.33 -1.98 -0.83 2.17 6.53 7.81 7.81 11.16 7.40 2.18 0.02229
p -0.73 -2.52 -2.66 -2.56 -2.62 -2.35 -0.86 2.22 8.88 9.06 9.68 | 1235 ) 10.08 2.25 0.02699
53 184 (o] -0.75 -2.87 -2.91 2.77 -2.85 -2.63 -0.88 226 | 1013 | 1009 | 1087 | 13.58 | 11.15 2.35 0.03003
$ -0.74 -2.75 -2.82 -2.69 -2.76 -2.53 -0.87 2.25 9.70 9.68 | 1042 | 13.09 | 10.75 2.28 0.02890
p -0.77 -3.01 -3.04 -2.88 -2.98 -2.74 -0.90 2.31 10.58 | 10.53 | 11.34 | 14.12 11.59 2.56 0.03132
54 188 [¢) -0.79 -3.19 -3.22 -3.03 -3.14 -2.90 -0.91 249 1 1137 | 1133 | 12.13 | 1502 | 12.41 2.66 0.03343
$ -0.78 -3.11 -3.13 -2.97 -3.07 -2.83 -0.91 2.41 11.05 { 11.02 | 11.82 | 1467 | 12.09 2.64 0.03258
p -0.80 -3.39 -3.42 -3.19 -3.32 -3.29 -0.94 3.03 | 1204 | 1197 | 12.81 15.79 | 13.12 2.86 0.03541
55 188 o -0.66 -3.24 -3.11 -2.90 -3.01 -2.99 -0.87 299 ( 1165 | 1169 | 1227 | 1528 | 12.76 2.51 0.03393
$ -0.78 -3.38 -3.37 -3.15 -3.27 -3.24 -0.93 3.06 | 1200 | 11951 12.74 | 1574 | 13.09 2.81 0.03524
p -0.66 -3.25 -3.11 -2.90 -3.00 -3.00 -0.88 298 | 1164 | 1167 | 1227 | 1528 | 12.75 2.50 0.03392
56 140 o -0.66 -3.24 -3 -2.90 -3.00 -2.99 -0.87 302 | 1166 | 1170 | 1229 | 1530 | 1277 2.52 0.0339%6
$ -0.66 -3.24 -3.11 -2.90 -3.00 -2.99 -0.87 3.00 ] 1166 | 11.70 [ 1229 | 1531 12.77 2.52 0.03396
p -0.51 -2.91 -2.77 -2.58 -2.65 -2.67 -0.74 2.61 1116 | 1125 | 1168 | 1469 | 12.24 2.09 0.03208
57 100 [¢] -0.50 -2.89 -2.75 -2.56 -2.64 -2.65 -0.72 263 | 1117 | 1128 | 11.70 { 1471 12.26 2.12 0.03208
$ -0.50 -2.90 -2.76 -2.57 -2.64 -2.66 -0.73 262 | 1117 | 1128 | 11.69 | 14.71 12.26 2.12 0.03209
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1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
p -0.33 -2.50 -2.35 -2.19 -2.23 -2.27 -0.54 2.19 {1 1066 | 10.79 | 11.08 | 14.08 | 11.70 1.70 0.03004
58 €0 0 -0.32 -2.48 -2.32 -2.17 -2.20 -2.25 -0.53 2.21 10.68 | 10.81 11.09 | 14.10 | 11.72 1.72 0.03002
$ -0.32 -2.49 -2.33 -2.17 -2.21 -2.25 -0.53 2.21 10.68 | 10.82 | 11.09 | 14.10 | 11.71 1.72 0.03004
o] -0.19 -2.13 -1.96 -1.84 -1.83 -1.91 -0.40 1.90 | 10.28 | 1046 { 10.59 | 13.61 11.28 1.42 0.02834
59 30 o -0.18 -2.1 -1.94 -1.82 -1.81 -1.89 -0.39 192 | 10.30 | 1049 | 1060 | 13.63 | 11.29 1.44 0.02833
$ -0.18 -2.11 -1.95 -1.83 -1.82 -1.89 -0.39 1.92 | 10.30 { 10.49 | 10.61 13.62 | 11.29 1.44 0.02834
p -0.02 -1.61 -1.41 -1.37 -1.27 -1.40 -0.23 1.60 9.83 | 10.13 ] 10.02 | 13.12 | 10.77 1.17 0.02620
60 0 (o] -0.04 -1.59 -1.39 -1.35 -1.26 -1.38 -0.23 1.60 9.84 | 1016 { 10.02 | 13.13 | 10.77 1.17 0.02619
$ -0.04 -1.60 -1.40 -1.36 -1.27 -1.39 -0.23 1.60 984 | 10.17 | 10.02 | 13.13 | 10.78 1.17 0.02620
p -0.23 -1.95 -1.91 -1.83 -1.79 -1.59 -0.30 2.17 | 1055 | 10.78 { 1092 | 14.06 | 11.53 1.70 0.02877
61 60 o -0.23 -1.95 -1.91 -1.83 -1.80 -1.59 -0.30 220 | 1058 | 1083 | 1094 | 1409 | 11.55 1.72 0.02884
§ -0.23 -1.95 -1.91 -1.83 -1.80 -1.59 -0.30 2.19 | 1057 | 10.82 | 1094 | 14.08 | 11.55 1.72 0.02883
P -0.53 -2.68 -2.65 -2.51 -2.56 -2.28 -0.62 3.08 | 11.61 11.84 } 12,13 | 15.39 | 12.67 2.59 0.03282
62 140 o -0.53 -2.70 -2.67 -2.52 -2.57 -2.29 -0.62 3.09 | 11.61 11.84 | 12.14 | 1540 | 12.69 2.59 0.03287
$ -0.53 -2.69 -2.66 -2.52 -2.57 -2.29 -0.62 3.09 | 11.61 1184 | 1213 | 15.40 | 12.69 2.59 0.03286
p -0.71 -3.15 -3.14 -2.97 -3.07 -2.75 -0.82 3.53 | 1227 | 1248 | 1291 16.28 | 13.49 3.02 0.03548
63 188 o -0.71 -3.18 -3.17 -3.00 -3.10 -2.78 -0.81 358 | 1234 { 1259 | 13.02 | 16.43 | 13.66 3.08 0.03581
$ -0.71 -3.17 -3.16 -2.99 -3.09 -2.77 -0.82 357 | 1232 | 1256 | 1299 | 16.38 | 13.60 3.06 0.03570
p -0.73 -3.23 -3.22 -3.04 -3.15 -2.83 -0.83 363 | 1240 | 1263 | 13.10 | 16.53 | 13.74 3.13 0.03607
64 192 o] -0.74 -3.26 -3.26 -3.08 -3.20 -2.88 -0.84 405 | 1254 | 1280 | 13.34 | 16.85 | 14.12 3.47 0.03670
$ -0.74 -3.25 -3.24 -3.06 -3.17 -2.86 -0.84 3.80 | 1248 | 1273 | 1323 | 16.70 | 13.95 3.28 0.03641
p -0.76 -3.31 -3.31 -3.14 -3.27 -2.96 -0.86 442 | 1270 | 1298 | 13.62 | 17.24 | 14.54 3.70 0.03745
65 196 o] -0.79 -3.52 -3.54 -3.36 -3.54 -3.22 -0.86 588 | 1406 | 1445 | 1538 | 19.33 | 16.49 5.09 0.04167
$ -0.78 -3.43 -3.45 -3.28 -3.44 -3.13 -0.86 534 | 1347 1 1387 | 14.71 18.56 | 15.81 4.45 0.04005
P -0.81 -3.65 -3.66 -3.48 -3.66 -3.34 -0.88 6.25 | 1473 ] 15.06 | 16.05 } 20.08 | 17.13 5.45 0.04337
€66 200 o -0.83 -3.86 -3.87 -3.67 -3.88 -3.54 -0.89 7.06 | 16.00 | 16.36 | 1729 | 21.53 | 18.39 6.00 0.04661
$ -0.82 -3.78 -3.79 -3.59 -3.79 -3.47 -0.89 6.75 | 1555 | 1590 ! 16.84 | 21.02 | 17.95 5.80 0.04545
p -0.85 -3.95 -3.97 -3.76 -3.99 -3.64 -0.91 736 | 1638 | 16.73 | 17.68 | 22.00 | 18.82 6.19 0.04771
€7 204 o -0.88 -4.18 -4.22 -3.99 -4.24 -3.87 -0.93 842 | 1763 | 18.03 | 1890 | 23.45 | 20.25 6.95 0.05108
$ -0.87 -4.09 -4.12 -3.90 -4.14 -3.78 -0.93 8.01 1719 | 17.58 | 1846 | 22.94 | 19.72 6.67 0.04985
p -0.90 -4.27 -4.32 -4.07 -4.34 -3.95 -0.95 8.61 17.92 | 18.33 | 19.20 | 23.80 | 20.64 7.10 0.05197
€8 208 o -0.93 -4.55 -4.62 -4.35 -4.63 -4.24 -0.98 942 | 1820 | 19.69 | 2047 | 25.26 | 22.27 7.98 0.05559
$ -0.91 -4.43 -4.50 -4.23 -4.51 -4.13 -0.97 912 | 18.75 | 19.21 | 20.01 | 24.73 | 21.67 7.61 0.05427
212 1 -0.96 -4.75 -4.84 -4.54 -4.85 -4.45 -1.00 9.93 | 20.08 | 2049 | 21.28 | 26.26 | 23.21 8.42 0.05795
212 13 -0.96 -4.82 -4.93 -4.62 -4.93 -4.56 -1.01 10.13 | 2042 | 20.80 | 21.58 | 26.66 | 23.61 8.59 0.05889
69 212 15 -0.98 -4.88 -5.00 -4.68 -4.99 -4.70 -1.02 | 1026 | 2064 | 21.01 { 21.80 { 26.93 | 23.94 8.75 0.05959
212 37 -0.99 -4.95 -5.07 -4.75 -5.06 -4.88 -1.03 | 1035 | 2078 | 21.14 | 2192 | 27.09 | 24.29 8.91 0.06018
212 50 -1.00 -5.01 -5.14 -4.81 -5.12 -5.15 -1.04 | 1043 | 20.92 | 2125 | 22.02 | 27.20 | 24.60 9.08 0.06073
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Tablica BS.2. Ugiecia
Table B8.2. Deflections
Nr SitaF | Odczyt Ugiecia, mm
kN 3L 2L 1L 0 1P 2P 3P
1 2 3 4 5 6 7 8 9 10
p -0.01 -0.01 -0.01 0.01 0.01 0.01 0.02
1 0 o] -0.01 0.00 0.01 0.00 -0.01 0.01 0.01
§ 0.00 0.00 0.01 0.01 0.01 0.01 0.02
p 0.12 0.21 0.28 0.34 0.29 0.24 0.26
2 10 o 0.12 0.20 0.27 0.32 0.28 0.22 0.26
$ 0.12 0.20 0.27 0.32 0.28 0.22 0.27
P 0.25 0.40 0.51 0.61 0.52 0.39 0.40
3 14 o 0.26 0.40 0.51 0.60 0.50 0.40 0.39
$ 0.25 0.40 0.51 0.60 0.51 0.40 0.40
o} 0.32 0.56 0.69 0.83 0.70 0.55 0.50
4 18 o] 0.35 0.55 0.69 0.82 0.69 0.55 0.50
S 0.35 0.55 0.69 0.82 0.69 0.55 0.50
p 0.36 0.57 0.72 0.87 0.73 0.58 0.53
5 18 o) 0.37 0.58 0.72 0.87 0.73 0.58 0.53
$ 0.37 0.57 0.72 0.86 0.72 0.57 0.53
p 0.46 0.73 0.90 1.08 0.89 0.70 0.63
6 22 o 0.47 0.72 0.90 1.06 0.90 0.71 0.62
§ 0.47 0.72 0.90 1.08 0.90 0.71 0.63
p 0.59 0.91 1.14 1.35 1.12 0.89 0.73
7 26 0 0.60 0.93 1.15 1.36 1.13 0.89 0.74
$ 0.59 0.92 1.14 1.35 1.12 0.88 0.74
o} 0.72 1.12 1.39 1.64 1.36 1.07 0.87
8 30 ] 0.74 1.16 1.41 1.67 1.38 1.09 0.89
$ 0.74 1.15 1.41 1.66 1.37 1.08 0.88
P 0.88 1.36 1.69 2.05 1.72 1.38 1.06
9 30 o] 0.88 1.36 1.68 2.03 1.72 1.36 1.05
$ 0.88 1.36 1.68 2.04 1.72 1.37 1.06
p 0.98 1.57 1.95 2.40 2.05 1.62 1.23
10 34 o] 1.07 1.67 2.08 2.56 2.17 1.71 1.28
$ 1.03 1.60 1.99 2.46 2.09 1.66 1.24
P 1.52 2.39 2.99 3.72 3.13 2.45 1.77
11 40 o) 1.60 2.50 3.13 3.91 3.27 2.57 1.84
$ 1.58 2.47 3.09 3.85 3.23 2.54 1.82
p 1.80 2.80 3.53 4,39 3.66 2.88 2.02
12 44 o) 1.83 2.84 3.56 4.43 3.69 2.90 2.05
$ 1.81 2.83 3.54 4.40 3.67 2.88 2.04
p 1.98 3.11 3.89 4.83 4.02 3.19 2.23
13 48 0 2.04 3.19 3.99 4.96 4.16 3.29 2.31
$ 2.02 3.16 3.96 4.91 4.13 3.26 2.29
o] 2.71 4,20 5.28 6.53 5.49 4,36 3.00
14 60 o 2.81 4,36 5.43 6.67 5.59 4.43 3.05
$ 2.76 4.28 5.35 6.59 5.54 4.39 3.03
p 2.80 4.40 5.48 6.73 5.67 4.49 3.10
15 60 (o] 2.81 4.37 5.47 6.72 5.66 4.49 3.09
$ 2.81 4,39 5.47 6.72 5.66 4.49 3.09
P 2.80 6.04 7.61 2.31 7.84 6.21 4.23
16 80 o) 2.81 6.10 7.67 9.39 7.92 6.27 4.28
3 2.80 6.07 7.65 9.35 7.88 6.25 4.26
p 2.81 8.12 10.27 12.37 10.49 8.33 5.56
17 100 [+ 2.81 8.17 10.34 12.44 10.55 8.38 5.60
$ 2.80 8.16 10.31 12.41 10.53 8.36 5.59
p 2.80 8.34 10.55 12.69 10.78 8.57 5.72
18 100 0 2.80 8.35 10.57 12.71 10.79 8.58 5.72
[ 2.80 8.35 10.56 12.70 10.78 8.57 5.72
p 2.79 10.16 12.83 15.36 13.12 10.48 6.96
19 120 0 2.78 10.36 13.04 15.55 13.26 10.60 7.03
3 2.80 10.29 12.96 15.47 13.20 10.55 7.00
P 2.80 12.48 15.67 18.68 15.85 12.69 8.37
20 140 ] 2.79 12.63 15.86 18.90 16.03 12.83 8.47
$ 2.80 12.57 15.79 18.81 15.96 12.77 8.43
p 2.78 12.95 16.27 19.38 16.44 13.15 8.67
21 140 o] 2.79 12.96 16.30 19.41 16.45 13.16 8.68
$ 2.79 12.96 16.29 19.40 16.45 13.16 8.67
p 2.78 10.08 12.75 15.13 12.94 10.32 6.83
22 100 o] 2.79 10.07 12.73 15.10 12.92 10.30 6.82
$ 2.79 10.08 12.74 15.11 12.93 10.30 6.82
p 2.79 7.11 8.97 10.68 9.13 7.27 4.92
23 60 0 2.79 7.07 8.91 10.62 9.07 7.21 4.88
$ 2.79 7.08 8.93 10.63 9.09 7.23 4.89
p 2.79 4.99 6.17 7.37 6.35 5.09 3.51
24 30 o) 279 4.97 6.17 7.36 6.33 5.08 3.50
$ 2.79 4.98 6.18 7.37 6.34 5.08 3.51
p 2.26 3.58 4.39 5.20 4.49 3.61 2.54
25 6 o] 2.22 3.50 4.30 5.08 4.39 3.54 2.48
$ 2.24 3.54 4.34 5.13 4.44 3.57 2.51
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7 2 3 4 5 6 7 8 ) 10
P 2.97 463 572 6.81 584 467 3.24
26 30 0 2.97 4.62 5.71 6.80 5.83 4.67 3.24
$ 2.97 463 5.71 6.81 5.83 4.67 3.24
) 4.42 6.82 858 | 10.24 8.69 6.92 4.70
27 60 o 4.43 6.81 8s8 | 1025 8.72 6.91 4.70
$ 4.43 6.82 8.59 | 10.25 8.71 6.93 4.69
) 6.37 983 | 1243 | 1476 | 1259 10.03 6.65
28 100 0 6.40 087 | 1248 | 1a82| 1263 1006 6.67
$ 6.39 986 | 1246 | 1480 1261] 1004 6.66
p 842 | 1299 | 1635 | 1946 | 1650 | 13.18 8.67
29 140 0 8.46 | 1305 | 1643 | 1954 | 1657 | 1323 8.70
$ 845 | 1303 | 1640 ] 1951 | 1654 ] 1321 8.69
p 2.23 354 4.35 5.15 4.46 3.58 2.50
30 6 0 2.21 3.49 4.29 5.09 4.41 3.54 2.45
$ 222 3.51 4.32 5.11 4.43 3.56 2.48
p 848 | 1307 | 1648 | 1959 | 1662 | 13.26 8.70
31 140 0 852 | 1314 | 1656 | 1969 | 1669 | 1332 8.73
$ 850 | 1311 | 1652 | 1964 | 1665 | 1329 8.72
) 2.04 3.55 437 517 4.48 3.60 2.50
a2 6 0 222 3.52 4.34 5.13 4.44 3.55 2.48
$ 2.23 3.53 4.35 5.15 4.46 3.58 2.49
) 850 | 1314 | 1654 | 1967 | 1668 | 13.30 8.74
33 140 0 855 | 1320| 1663] 1976 | 1676 | 13.37 8.77
§ 853 | 1318 | 1659 | 1972 | 1672 1334 8.76
) 2.25 3.58 4.40 5.20 4.51 3.62 2.52
34 6 0 2.22 3.55 4.38 517 4.50 3.60 2.50
$ 2.24 3.56 4.39 5.20 4.51 3.61 2.51
) 856 | 1321 | 1666 | 1979 | 16.80 | 13.40 8.77
35 140 0 858 | 1325| 1670 | 1984 | 1683 | 1342 8.81
$ 857 | 1324 | 1668 | 1982 | 1682 | 1341 8.80
) 6.65 | 1035 | 1311 | 1552 | 13.28| 1055 6.94
36 100 o 665 | 1034 | 1310 1550 | 1326 | 1053 6.93
$ 6.65 | 1034 | 1310 | 1550 | 1326| 1054 6.94
) 4.64 7.04 9.16 | 10.88 9.31 7.37 4.94
a7 60 0 4.63 7.22 914 | 1085 9.27 7.34 4.93
$ 4.64 7.23 915 | 10.86 9.29 7.35 4.93
) 3.21 5.07 6.29 7.48 6.42 513 3.51
38 30 0 3.21 5.04 6.27 7.45 6.40 5.10 3.49
$ 3.22 5.06 6.28 7.47 6.41 5.1 3.50
) 2.04 3.57 4.40 5.21 4.52 362 2.51
ag 6 0 2.24 3.56 4.38 5.19 4.50 3.60 2.50
$ 2,24 3.56 4.39 5.19 4.51 3.61 2.50
) 3.06 4.79 5.95 7.08 6.07 4.84 3.33
40 30 o 3.06 4.78 5.94 7.08 6.05 4.84 3.32
$ 3.06 4.79 5.94 7.08 6.06 4.84 3.32
p 4.55 7.04 8.91 10.61 9.04 7.15 4.83
41 60 o 4.55 7.06 8.90 | 10.61 9.03 7.15 4.83
$ 4.55 7.06 8.91 | 1061 9.03 7.15 4.83
p 6.55 10.18 12.87 15.25 13.02 10.35 6.84
42 100 o 656 | 1019 | 1289 | 1528 | 1305 1036 6.84
$ 656 | 1019} 1287 ] 1526 | 1304 | 1035 6.84
P 854 | 1322 | 1664 | 19.78 | 1678 | 13.38 8.79
43 140 o 857 | 1326 1671 | 1986 | 1685 | 13.43 8.81
$ 856 | 1324 | 1668 ] 1983 | 1682 | 1341 8.80
p 8.79 13.60 17.13 20.37 17.27 13.77 9.04
44 144 0o 8.81 13.60 17.16 20.40 17.30 13.79 9.03
$ 8.80 | 1360 | 1714 2037 | 1728 1377 9.03
) 902 | 1392 | 17.58 | 2088 ] 17.71] 1411 9.22
45 148 o 906 | 1396 | 1764 | 2095 | 1777 | 1415 9.26
$ 9.04 13.94 17.61 20.92 17.73 14.12 9.25
p 9.28 14.31 18.09 21.48 18.21 14.50 9.49
46 152 o 935 | 1439 { 1821 | 2163 | 1834 | 1459 9.55
$ 932 | 1436 | 1816 | 2157 | 1829 | 1455 9.53
) 993 | 1529 | 1936 | 23.08 | 19.48 | 1545 | 1012
47 160 o 1023 | 1574 | 1998 | 2389 | 2011 | 1593 1043
$ 1012 | 1556 | 1974 | 23s8 | 1987 | 1576 | 1032
) 12.04 | 19.97 | 2565 | 3187 | 2567 | 2015 | 13.05
48 166 0 13.07 | 2018 | 2594 | 3224 | 2595 | 2036 | 13.18
$ 13.01 | 2009 ] 2580 | 3206 | 2581 | 2026 | 1313
p 1370 | 2117 | 27.31 | 3447 | 2738 | 21.43 | 13.81
49 166 0 1370 | 2119 | 2732 | 3448 | 2738 | 21.43| 1383
8 1370 | 2118 | 2732 | 3447 | 2738 | 2143] 1382
) 13.96 | 2160 | 27.84 | 3510 | 27.91 | 21.84 | 14.08
50 172 o 1406 | 2175 | 2806 | 3539 | 2816 | 2203] 14.19
$ 14.01 21.68 27.95 35.25 28.04 21.94 14.14
P 1453 | 2252 | 2907 | 3667 | 2922 | 2282 | 14.69
51 176 o 1585 | 2458 | 3190 | 4039 | 3219 | 2496 | 16.06
$ 1512 | 2345 | 3035 | 3835 | 3059 | 2380 | 15.32
52 180 o) 18.77 29.09 38.07 48.13 38.27 29.55 18.92
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Tablica SO.1.

Rzeczywiste wymiary szkieletu zbrojenia
i Table SO.1.

Real dimensions of reinforcing cage

Miejsce pomiaru
Element II I11
b.\'l hsl bsl hsl bsl hsl
bs hg bs> hg by, hg>
mm mm mm mm mm mm
Sw-1A 94 204 97 207 98 206
94 204 98 205 97 205
Sw-1B 98 205 97 205 97.5 203
98 206 98 204 98 204
Sw-2A 97 205 98 205 97 202
94 202 97 206 96 207
Sw-2B 94 206 97 204 97 205
98 203 97 207 96 205
Sk-1A 97 202 97 204 94.5 204
98 205 97 207 96 206
Sk-1B 96.5 204 98 207 96.5 205
96.5 205 98.5 206 97 206
Sk-2A 95 205 c ¥ 205 98 206
94 204 99 206 98 205
Sk-2B 94 205 97 206 96 206
97 207 97 207 97 206
Tablica S0.2.  Zaleznosci o, - € dla stali zbrojeniowe;j
Table S0.2. The o; - € relationships of reinforcement
#14 6
€, o, €, O,
Yoo MPa Yoo MPa
0 0 0.00 0
2.19 428 2.16 437
8.00 428 16.60 440
14.00 441 20.00 445
20.00 463 25.00 452
26.50 495 30.00 459
32.20 520 40.00 469
40.00 551
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> ¥ h2 ¥ Tablica S0.3. Rzeczywiste wymiary stupdw
' Table S0.3. Real dimensions of columns
II I1I
Lp Shlp bl h[ bl h] b| hl L
b, h, b, h, b, h,
mm mm mm mm mm mim mm
| SK-1A 140 250 140 250 140 250 2980
140 250 142 250 142 250
2 SK-1B 139 252 140 252 139 252 2980
140 252 139 252 141 252
3 SK-2A 140 251 140 250 141 250 2985
142 250 140 250 140 252
4 SK2B 140 251 140 250 142 251 2980
141 252 140 252 142 251
5 Sw-1A 140 250 142 250 142 250 2985
139 249 140 250 141 249
6 Sw-1B 141 252 140 252 141 252 2985
141 252 141 232 141 252
7 Sw-2A 140 251 140 251 140 251 2980
140 251 140 251 141 251
8 Sw-2B 142 251 141 250 142 250 2998
141 250 140 249 143 250
9 Sw-2Ac 141 251 140 250 141 250 2984
140 250 141 250 141 250
10 SK-2Ac 141 250 141 250 141 251 2980
141 250 141 250 141 250
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Tablica S0.4. Wytrzymatosciowe cechy betonu
Table S0.4. Concrete mechanical parameters

Lp Rama wiek betonu, dni f, cubes MPa f., MPa fersp MPa
age of concrete, days| wyniki $rednia wyniki srednia wyniki $rednia

91,98 65, 64 4.8

1 (Sw-1A 28 102, 101 98 62, 70 66 4.8 4.6
103, 94 68 4.1
97,93 83 4.4

2 |Sw-1B 28 91,99 95 78 81 4.1 4.4
96, 94 81 4.7
106, 95 90, 73 4.8

3 Sw-2A 33 102, 102 100 87 81 5.0 49
99, 97 75
96, 102 71,77 4.5

4 |Sw-2B 30 99, 102 100 73,78 76 4.7 4.7
105, 97 72 4.9
97,93 89 4.2

5 |Sk-1A 28 107,79 96 77 84 4.1 4.6
108, 92 84 5.4
95,93 69, 64 4.3

6 |Sk-1B 28 94, 86 91 64, 66 65 3.8 4.3
89, 97 60 4.9
106, 96 88, 79 49

7 {Sk-2A 28 102, 97 99 80 84 4.3 4.4
107, 87 88 4.1
109, 101 83,77 5.1

8 [Sk-2B 28 109, 95 102 83,76 79 4.6 4.7
108, 89 78 4.5
103, 108 81,78 59

9 ISw-2Ac 212 109, 110 107 78,77 80 5.4 5.7
104, 108 84 5.7
111,114 101, 98 5.0

10 |Sk-2Ac 198 111,114 110 101, 97 99 5.2 5.2
112,96 100 5.3
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4 Przemieszczenia osi stupa
Displacements of column axis
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Tablica S4.1.

Sw-2B

Przemieszczenia osi stupa, kat skrecenia
przekroju o 1 sieczny kat orientacji
plaszczyzny zginania o

Table S4.1. Displacement of column axis, cross -section
rotation angle o and secant angle defining the
direction of plane of flexure &

Pomiar
Nr Sita pierwszy Przekroj | Przekrdj I Przekroj Mt
obcigzenia ostatni
$redni Vx Vy o b Vx Vy o ) Vx Vy a )
kN mm mm deg deg mm mm deg deg mm mm deg deg
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
1 0 $ 0.00 0.00 -0.001 -0.03 0.00 0.00 0.001 38.78 0.00 0.00 0.001 85.97
2 50 $ -0.27 0.33 -0.008 -38.85 -0.28 0.51 -0.056 -29.15 -0.21 0.38 -0.025 -29.08
3 100 $ -0.42 0.66 -0.004 -32.70 -0.49 0.91 -0.040 -28.27 -0.33 0.73 -0.026 -24.53
4 150 ] -0.57 1.00 -0.003 -29.52 -0.68 1.32 -0.025 -27.29 -0.45 1.10 -0.031 -22.28
5 200 § -0.68 1.33 0.000 -27.31 -0.84 1.71 -0.023 -26.05 -0.55 1.45 -0.034 -20.59
6 250 $ -0.78 1.66 -0.004 -25.28 -0.96 2.13 -0.029 -24.40 -0.63 1.81 -0.040 -19.30
7 300 $ -0.88 1.99 -0.004 -23.88 -1.08 2.53 -0.032 -23.08 -0.71 2.17 -0.048 -18.21
8 350 § -0.97 2.32 -0.005 -22.76 -1.19 2.93 -0.033 -22.12 -0.79 2.52 -0.054 -17.32
9 400 $ -1.07 2.67 -0.009 -21.81 -1.30 3.33 -0.023 -21.30 -0.87 2.89 -0.059 -16.69
10 450 $ -1.17 3.03 -0.011 -21.08 -1.42 3.77 -0.021 -20.70 -0.94 3.28 -0.067 -16.04
11 500 S -1.26 3.38 -0.013 -20.47 -1.54 4.19 -0.018 -20.19 -1.02 3.65 -0.073 -15.63
12 550 ] -1.36 3.73 -0.016 -19.96 -1.65 4.63 -0.0186 -19.66 -1.10 4.04 -0.079 -16.24
13 600 $ -1.45 4.10 -0.020 -19.52 -1.77 5.08 -0.018 -19.25 -1.18 4.44 -0.085 -14.89
14 650 5 -1.56 4.48 -0.023 -19.17 -1.90 5.53 -0.014 -18.91 -1.27 4.84 -0.089 -14.69
15 700 $ -1.67 4.87 -0.031 -18.92 -2.03 5.99 -0.010 -18.70 -1.37 5.25 -0.095 -14.58
16 750 $ -1.80 5.29 -0.037 -18.78 -2.19 6.48 -0.010 -18.65 -1.47 5.69 -0.102 -14.44
17 800 $ -1.98 5.75 -0.042 -18.96 -2.40 7.07 -0.016 -18.77 -1.65 6.22 -0.112 -14.84
18 850 $ -2.23 6.29 -0.048 -19.54 -2.73 7.75 -0.024 -19.38 -1.91 6.83 -0.125 -15.61
19 650 $ -2.11 5.58 -0.076 -20.66 -2.56 6.90 -0.086 -20.35 -1.84 6.08 -0.120 -16.85
20 450 $ -1.83 4.44 -0.069 -22.42 -2.23 5.47 -0.076 -22.21 -1.60 4.83 -0.112 -18.29
21 250 [ -1.51 3.12 -0.063 -25.88 -1.84 3.84 -0.072 -25.58 -1.32 3.38 -0.088 -21.28
22 50 $ -0.94 1.34 -0.063 -35.23 -1.15 1.65 -0.080 -34.84 -0.85 1.42 -0.057 -30.95
23 250 s -1.42 2.55 -0.023 -29.13 -1.73 3.21 -0.033 -28.34 -1.21 2.82 -0.062 -23.23
24 450 $ -1.74 3.84 -0.028 -24.38 -2.12 4.78 -0.028 -23.97 -1.48 4.19 -0.080 -19.43
25 650 § -2.08 5.1 -0.039 -22.13 -2.53 6.27 -0.008 -21.96 -1.78 5.55 -0.097 -17.75
26 850 § -2.55 6.52 -0.056 -21.38 -3.14 8.03 -0.030 -21.34 -2.22 7.09 -0.133 -17.41
27 50 § -1.03 1.36 -0.051 -37.03 -1.24 1.68 -0.077 -36.42 -0.93 1.46 -0.053 -32.59
28 850 § -2.83 6.71 -0.057 -22.90 -3.49 8.27 -0.034 -22.89 -2.51 7.31 -0.137 -18.95
29 50 $ -1.11 1.47 -0.071 -37.09 -1.38 1.82 -0.086 -37.18 -1.02 1.56 -0.061 -33.18
30 850 § -2.98 6.78 -0.054 -23.70 -3.68 8.36 -0.032 -23.72 -2.67 7.41 -0.136 -19.83
31 50 $ -1.16 1.51 -0.075 -37.60 -1.44 1.86 -0.085 -37.74 -1.08 1.61 -0.063 -33.81
32 850 $ -3.09 6.85 -0.053 -24.27 -3.81 8.44 -0.033 -24.27 -2.79 7.49 -0.136 -20.43
33 650 § -2.83 5.96 -0.081 -25.43 -3.49 7.37 -0.085 -25.37 -2.62 6.52 -0.131 -21.88
34 450 $ -2.49 4.84 -0.081 -27.24 -3.07 5.95 -0.070 -27.30 -2.30 5.30 -0.118 -23.46
35 250 § -2.06 3.50 -0.078 -30.46 -2.54 4.28 -0.065 -30.63 -1.87 3.81 -0.096 -26.15
36 0 $ -0.61 0.81 -0.070 -37.00 -0.74 0.98 -0.083 -37.02 -0.55 0.84 -0.052 -33.07
Zzmiana usytuowania sity normalne]
37 0 $ -0.50 0.65 -0.035 -37.48 -0.60 0.85 -0.074 -35.26 -0.42 0.71 -0.041 -30.17
38 15 § -0.15 0.68 -0.054 -12.57 -0.17 0.86 -0.083 -10.94 -0.04 0.73 -0.049 -2.78
39 30 $ 0.22 0.76 -0.070 16.21 0.25 0.81 -0.074 17.16 0.42 0.70 -0.049 31.28
40 45 $ 0.52 0.85 -0.085 31.64 0.57 0.83 -0.073 34.56 0.79 0.72 -0.056 47.61
41 60 § 0.84 0.85 -0.092 44.57 1.00 0.88 -0.082 48.56 1.15 0.77 -0.063 56.34
42 75 $§ 1.20 0.86 -0.097 54.32 1.45 0.89 -0.084 58.41 1.53 0.78 ~0.066 63.03
43 90 $§ 1.56 0.87 -0.102 60.76 1.90 0.92 -0.087 64.32 1.91 0.80 -0.069 67.38
44 105 § 1.95 0.89 -0.110 65.40 2.38 0.94 -0.093 68.45 2.32 0.82 -0.074 70.60
45 120 § 2.29 0.91 -0.116 68.24 2.81 0.97 -0.100 71.03 2.68 0.84 -0.082 72.55
46 135 $ 2.67 0.94 -0.125 70.67 3.28 1.00 -0.109 72.97 3.08 0.87 -0.089 74.26
47 150 § 3.02 0.96 -0.136 72.33 3.71 1.03 -0.115 74.44 3.45 0.89 -0.097 75.51
48 165 § 3.41 1.00 -0.150 73.68 4.20 1.06 -0.124 75.88 3.86 0.92 -0.104 76.59
49 180 $ 3.82 1.01 -0.158 75.13 4.69 1.08 -0.131 77.08 4.28 0.93 -0.111 77.71
50 195 $ 4.22 1.03 -0.165 76.27 5.19 1.10 -0.139 78.01 4.69 0.94 -0.116 78.65
51 210 § 4.90 1.07 -0.181 77.65 6.05 1.12 -0.150 79.48 5.45 0.96 -0.128 80.01
52 150 $ 4.09 0.88 -0.100 77.84 4.97 0.93 -0.098 79.37 4.57 0.76 -0.078 80.57
53 90 $ 2.94 0.79 -0.068 74.87 3.50 0.80 -0.061 77.12 3.32 0.63 -0.046 79.20
54 15 $ 0.55 0.68 -0.040 38.79 0.55 0.63 -0.021 41.05 0.82 0.51 -0.007 58.40
55 90 $§ 2.24 0.80 -0.112 70.26 2.76 0.82 -0.088 73.54 2.66 0.70 -0.062 75.31
56 150 § 3.69 0.91 -0.146 76.14 4.56 0.94 -0.113 78.36 4.19 0.80 -0.089 79.17
57 210 § 5.19 1.04 -0.183 78.62 6.39 1.08 -0.150 80.42 5.74 0.91 -0.119 81.03
58 16 $ 0.52 0.68 -0.045 37.77 0.56 0.65 -0.044 40.40 0.81 0.52 -0.011 5§7.20
59 210 $ 5.35 1.03 -0.186 79.06 6.58 1.06 -0.149 80.86 5.91 0.89 -0.120 81.45
60 15 $ 0.66 0.67 -0.043 44.50 0.66 0.58 -0.019 48.07 0.94 0.47 -0.009 63.22
61 210 $ 5.38 1.02 -0.186 79.23 6.63 1.04 -0.150 81.06 5.96 0.87 -0.120 81.67
62 15 § 0.61 0.66 -0.043 42.78 0.65 0.62 -0.041 46.53 0.91 0.50 -0.014 61.33
63 210 $ 5.41 1.02 -0.185 79.36 6.67 1.03 -0.150 81.25 6.00 0.86 -0.119 81.85
64 150 $ 454 0.83 -0.108 79.61 5.51 0.86 -0.103 81.18 5.04 0.69 -0.083 82.18
65 90 $ 3.31 0.74 -0.072 77.40 3.97 0.75 -0.064 79.25 3.70 0.59 -0.047 80.86
66 15 ] 0.62 0.65 -0.044 43.58 0.67 0.62 -0.042 47.04 0.93 0.50 -0.018 61.72
67 90 $ 2.49 0.79 -0.127 72.35 3.07 0.77 -0.089 75.96 2.94 0.64 -0.062 77.67
68 150 $ 4.00 0.90 -0.162 77.27 4.95 0.89 -0.118 79.84 4.55 0.75 -0.093 80.68
69 210 [ 5.47 1.04 -0.195 79.29 6.77 1.03 -0.154 81.38 6.07 0.86 -0.123 81.95
p 5.94 1.04 -0.201 80.08 7.31 1.04 -0.165 81.89 6.53 0.87 -0.126 82.45
70 225 o 5.98 1.04 -0.202 80.15 7.37 1.05 -0.165 81.91 6.58 0.86 -0.126 82.53
§ 5.96 1.04 -0.202 80.12 7.35 1.05 -0.165 81.90 6.56 0.87 -0.126 82.49
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

p 6.46 1.07 | -0.211 80.59 7.95 1.056 1 -0.174 82.45 7.08 0.87 | -0.131 83.01

Al 240 [¢] 6.53 1.07 y -0.212 80.70 8.05 1.07 | -0.180 82.45 7.16 0.87 | -0.131 83.07
$ 6.50 1.07 | -0.212 80.66 8.01 1.07 | -0.178 82.42 7.12 0.87 | -0.132 83.03

p 7.09 1.10 | -0.222 81.22 8.75 1.08 | -0.191 82.98 7.74 0.88 -0.139 83.49

72 255 (o] 7.18 1.08 | -0.219 81.43 8.88 1.08 1 -0.191 83.07 7.84 0.87 | -0.137 83.67
$ 7.14 1.09 | -0.221 81.34 8.82 1.08 | -0.190 83.04 7.80 0.88 -0.138 83.58

p 7.83 1.10 | -0.225 82.00 9.68 1.07 | -0.199 83.72 8.52 0.87 | -0.144 84.15

73 270 o] 7.95 1.10 | -0.225 82.16 9.85 1.06 | -0.197 83.87 8.66 0.86 | -0.141 84.33
$ 7.90 1.10 | -0.227 82.07 9.77 1.07 | -0.197 83.77 8.60 0.87 | -0.143 84.24

p 8.71 1.1 -0.241 82.75 10.79 1.06 | -0.210 84.41 9.47 0.83 | -0.144 84.98

74 285 o 8.87 1.09 | -0.238 82.98 10.99 1.056 | -0.210 84.54 9.63 0.81 -0.143 85.16
$ 8.79 1.10 } -0.238 82.90 10.90 1.06 | -0.210 84.45 9.55 0.82 -0.145 85.08

p 9.72 1.10 | -0.249 83.57 12.05 1.03 | -0.220 85.12 10.53 0.80 | -0.153 85.66

75 300 e] 9.95 1.10 | -0.250 83.70 12.33 1.04 | -0.227 85.18 10.77 0.77 | -0.150 85.90
] 9.85 1.10 | -0.251 83.63 12.20 1.04 | -0.225 85.13 10.66 0.78 | -0.152 85.79

p 10.41 1.10 | -0.257 84.00 12.91 1.03 | -0.238 85.45 11.27 076 | -0.153 86.14

76 306 o 10.60 1.08 { -0.257 84.20 13.15 1.02 | -0.235 85.59 11.46 0.74 | -0.153 86.31
$ 10.51 1.08 | -0.256 84.11 13.04 1.02 | -0.236 85.52 11.38 0.75 -0.155 86.23

p 10.98 1.07 | -0.259 84.45 13.63 1.00 | -0.238 85.82 11.87 072 | -0.153 86.55

77 312 (o] 11.17 1.08 | -0.260 84.50 13.85 0.99 | -0.240 85.89 12.08 0.71 -0.155 86.66
$ 11.08 1.07 | -0.258 84.49 13.75 1.00 | -0.240 85.84 11.89 0.71 -0.154 86.61

p 11.53 1.07 | -0.262 84.71 14.31 0.99 | -0.245 86.05 12.46 0.70 | -0.159 86.80

78 318 (o] 11.71 1.05 | -0.263 84.87 14.55 0.98 | -0.248 86.15 12.65 0.68 -0.156 86.92
§ 11.62 1.05 | -0.261 84.82 14.43 0.99 | -0.247 86.08 12.56 0.69 | -0.158 86.86

p 12.16 1.05 | -0.267 85.07 15.11 0.96 | -0.256 86.35 13.13 0.66 | -0.160 87.10

79 324 [ 12.36 1.04 | -0.265 85.21 15.36 0.96 | -0.256 86.44 13.35 0.66 | -0.161 87.18
$ 12.27 1.04 | -0.265 85.15 15.24 0.96 | -0.255 86.39 13.25 0.66 | -0.161 87.14

p 12.80 1.03 | -0.269 85.39 15.89 0.95 | -0.261 86.58 13.81 0.63 | -0.160 87.38

80 330 o 13.04 1.02 | -0.269 85.62 16.21 0.94 } -0.264 86.68 14.06 0.61 -0.159 87.50
§ 12.93 1.02 | -0.269 85.48 16.07 0.95 | -0.262 86.63 13.94 0.62 | -0.158 87.44

P 13.49 1.03 | -0.280 85.63 16.75 0.94 | -0.268 86.80 14.53 0.62 | -0.173 87.54

81 336 o 13.81 1.00 | -0.278 85.84 17.16 082 § -0.273 86.92 14.88 062 | -0.184 87.63
$ 13.66 1.01 -0.279 85.76 16.97 0.83 § -0.271 86.85 14.71 0.62 | -0.179 87.58

p 14.28 1.01 -0.293 85.95 17.76 0.91 -0.279 87.08 15.38 0.62 | -0.196 87.68

82 342 0 14.66 0.99 | -0.296 86.13 18.23 0.89 | -0.289 87.19 15.77 0.61 -0.202 87.80
§ 14.47 1.00 | -0.294 86.05 18.00 0.91 -0.288 87.12 15.57 0.61 -0.199 87.75

p 15.20 0.9 | -0.308 86.29 18.88 0.91 -0.300 87.25 16.34 0.60 | -0.211 87.91

83 348 o] 15.66 0.6 | -0.304 86.50 19.43 0.91 -0.309 87.31 16.83 0.55 | -0.200 88.14
§ 15.44 0.97 | -0.308 86.40 19.17 0.91 -0.303 87.28 16.59 0.57 | -0.203 88.04

p 16.17 0.96 | -0.314 86.61 20.06 0.91 -0.312 87.39 17.36 0.53 -0.192 88.24

84 354 o 16.81 0.95 | -0.330 86.75 20.85 0.88 | -0.298 87.57 18.00 0.50 | -0.175 88.40
$ 16.51 0.95 | -0.322 88.70 20.48 0.90 | -0.304 87.50 17.70 0.52 | -0.182 88.33

p 17.46 097 | -0.352 86.82 21.67 0.85 | -0.299 87.74 18.69 047 | -0.162 88.55

85 360 (o] 18.14 0.96 | -0.364 86.97 22.53 0.81 -0.293 87.94 19.40 0.42 -0.143 88.76
$ 17.82 0.97 | -0.360 86.90 22.12 0.83 | -0.297 87.84 19.06 0.44 -0.152 88.66

p 18.97 0.94 | -0.367 87.15 23.56 0.76 | -0.282 88.15 20.28 0.37 | -0.140 88.95

86 366 o 19.77 0.91 -0.362 87.36 24.57 0.74 | -0.287 88.29 21.10 0.31 -0.125 89.15
$ 19.41 0.92 | -0.368 87.28 2411 0.75 | -0.285 88.23 20.72 0.34 { -0.130 89.07

p 21.02 0.88 | -0.341 87.60 26.17 0.69 | -0.286 88.50 22.45 0.25 -0.127 89.37

87 372 o] 21.78 0.86 | -0.326 87.75 27.16 0.67 | -0.299 88.58 23.26 0.20 | -0.124 89.51
$ 21.44 0.87 | -0.333 87.68 26.72 0.68 | -0.293 88.54 22.90 0.22 -0.124 89.45

p 23.09 0.84 | -0.326 87.92 28.82 0.66 | -0.316 88.69 2464 0.16 | -0.125 89.63

88 378 o 24.41 0.84 | -0.339 88.02 30.43 0.64 | -0.340 88.79 25.98 0.10 | -0.131 89.79
$ 23.80 0.84 | -0.334 87.99 29.70 0.66 | -0.335 88.73 25.37 0.13 { -0.133 89.70

o] 26.21 0.83 | -0.362 88.18 32.68 0.61 -0.345 88.93 27.88 0.07 { -0.173 89.85

89 384 o 28.34 0.85 | -0.411 88.28 35.26 0.48 | -0.331 89.22 30.07 0.01 -0.199 89.98
$ 27.31 0.84 | -0.386 88.24 34.02 0.55 | -0.342 89.07 28.02 0.05 | -0.192 89.91

90 378 1 32.05 0.73 | -0.433 88.70 40.55 0.40 | -0.343 89.43 33.94 -0.14 | -0.173 { -89.76
360 2 34.02 0.70 y -0.437 88.83 43.58 0.40 | -0.378 89.47 35.91 -0.21 -0.159 | -89.67

338 3 36.54 0.63 | -0.422 89.02 47.39 0.35 | -0.385 89.57 38.47 -0.28 -0.163 | -89.58

315 4 38.46 0.63 | -0.448 89.06 50.25 0.29 | -0.358 89.67 40.38 -0.32 | -0.179 | -89.54

306 5 38.91 0.64 | -0.463 89.05 50.98 0.27 | -0.356 89.69 40.86 -0.32 -0.192 | -89.55

302 6 39.10 0.65 | -0.469 89.05 51.28 0.30 | -0.367 89.67 41.05 -0.30 | -0.195 | -89.58

299 7 39.20 0.65 | -0.468 89.04 51.45 0.30 | -0.363 89.67 41.14 -0.30 | -0.193 | -89.59

297 8 39.26 0.66 | -0.477 89.03 51.55 0.29 | -0.362 89.67 41.20 -0.29 | -0.195 | -89.60

295 9 39.30 0.66 | -0.477 89.03 51.62 0.29 | -0.361 89.68 41.25 -0.30 | -0.194 | -89.58

294 10 39.31 0.67 | -0.478 89.03 51.66 0.28 | -0.360 89.69 41.26 -0.30 | -0.194 | -89.58

293 11 39.33 0.67 | -0.482 89.02 51.68 0.29 | -0.362 89.68 41.27 -0.30 | -0.195 | -89.58
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Tablica S4.2. Odksztatcenia skrajnych wldkien przekroju

— $&ciskanie

©9 + rozcigganie  Table S4.2.  Strains of cross - section extreme fibres
Pomiar
Nr Sila pierwszy Baza 1 Baza 2 Baza 3 Baza 4 Baza 5
obcigzenia ostatni

Sredni 5 € €g S €y €y 5 [ €4 8 £g €q b € [

kN deg %o %o deg %o %o deg %o %o deg %o %o deg %o %o

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 0 $ 0.00 | 0.000 | 0.000 0.00 | 0.000 | 0.000 0.00 { 0.000 | 0.000 0.00 | 0.000 | 0.000 0.00 | 0.000 | 0.000
2 50 ] -38.57 | -0.125 } 0.042 | -10.99 | -0.141 0.001 49.24 | -0.115 | 0.098 | 20.66 | -0.075 | 0.032 | 54.93 | -0.183 | 0.113
3 100 ] -38.09 | -0.240 | 0.067 | -18.43 | -0.283 | 0.013 | 24.04 | -0.194 | 0.087 -7.83 | -0.163 | 0.033 | 41.24 | -0.259 | 0.112
4 150 $ -3492 | -0.346 { 0.086 | -21.70 | -0.411 0.025 8.91 | -0272 | 0.075 | -16.70 | -0.269 | 0.056 | 31.18 { -0.334 | 0.111
5 200 $ -33.54 | -0.453 | 0.100 | -24.74 | -0.531 0.038 -0.12 1 -0.348 | 0.058 | -19.09 | -0.366 | 0.066 | 25.16 | -0.414 | 0.104
6 250 ] -32.50 | -0.560 { 0.116 | -24.72 | -0.637 | 0.047 -5.81 | -0.451 0.068 | -22.30 | -0.470 | 0.080 18.74 | -0.492 | 0.095
7 300 $§ -31.19 | -0.662 | 0.132 | -23.92 | -0.741 0.057 -8.29 | -0.541 0.078 | -22.13 | -0.563 | 0.093 156.55 | -0.565 | 0.095
8 350 § -30.22 | -0.765 | 0.148 | -23.53 | -0.839 | 0.066 | -10.05 | -0.637 | 0.087 | -21.34 | -0.654 | 0.101 13.06 | -0.641 0.091
9 400 ) -29.38 | -0.867 | 0.167 | -22.54 | -0.939 | 0.076 | -10.82 | -0.725 | 0.095 | -21.18 | -0.753 | 0.113 | 10.94 | -0.723 | 0.090
10 450 H] -29.54 | -0.980 | 0.184 | -23.02 | -1.054 | 0.088 | -12.45 | -0.828 | 0.105 | -22.10 | -0.859 | 0.126 8.14 | -0.801 0.081
11 500 $ -29.16 | -1.090 | 0.206 | -21.86 | -1.150 | 0.097 | -13.26 | -0.924 | 0.117 | -21.90 | -0.954 | 0.140 7.39 | -0.881 0.085
12 550 $ -28.58 | -1.192 | 0.228 | -21.91 | -1.257 | 0.114 | -13.85 | -1.022 | 0.132 | -21.27 | -1.048 | 0.154 5.30 | -0.959 | 0.082
13 600 $ -28.23 | -1.304 | 0.254 | -20.90 | -1.359 | 0.126 | -13.96 | -1.114 | 0.147 | -20.31 { -1.140 | 0.167 486 | -1.042 | 0.088
14 650 ] -28.16 | -1.419 | 0.283 | -20.63 | -1.468 | 0.141 | -13.99 | -1.211 0.161 | -20.10 | -1.243 | 0.186 4.07 | -1.127 | 0.093
15 700 $ -28.06 | -1.535 | 0.315 | -20.40 | -1.574 | 0.160 | -14.36 | -1.310 | 0.180 | -20.25 | -1.347 | 0.210 3.39 | -1.209 | 0.099
16 750 $ -28.80 | -1.673 | 0.353 | -20.89 | -1.703 | 0.180 | -15.23 | -1.422 | 0.202 | -20.60 | -1.460 | 0.233 1.75 | -1.295 | 0.091
17 800 § -28.30 | -1.796 0.403 | -20.58 | -1.821 0.221 | -14.93 | -1.521 0.241 | -20.29 | -1.572 0.282 0.64 | -1.382 0.122
18 850 $ -29.45 | -1.954 0.478 | -21.50 | -1.974 0.274 | -16.07 | -1.655 0.295 | -21.51 | -1.718 0.351 -2.31 | -1.510 0.177
19 650 $ -31.08 | -1.724 | 0.444 | -2223 | -1.732 | 0.249 | -16.45 | -1.416 | 0.263 | -24.11 | -1.524 | 0.344 -2.32 | -1.306 | 0.166
20 450 $ -33.63 | -1.387 | 0.387 | -23.00 | -1.404 | 0.201 | -17.90 | -1.116 | 0.226 ( -26.50 | -1.226 | 0.296 -0.42 | -1.009 | 0.139
21 250 ] -37.61 | -0.995 | 0.325 | -24.76 | -1.031 0.151 | -19.06 | -0.765 | 0.185 | -29.96 | -0.869 | 0.243 3.53 | -0.703 | 0.136
22 50 ) -47.33 | -0.454 | 0.190 | -28.81 | -0.455 | 0.061 | -17.58 | -0.305 | 0.098 | -39.72 | -0.394 | 0.137 19.19 | -0.315 | 0.115
23 250 [ -39.59 | -0.874 | 0.264 | -27.28 | -0.928 | 0.114 | -21.66 | -0.687 | 0.160 | -31.72 | -0.769 | 0.196 199 | -0.628 | 0.105
24 450 § -34.34 | -1.256 | 0.333 | -24.32 | -1.293 | 0.163 | -19.67 | -1.031 0.201 | -25.93 | -1.098 | 0.235 -0.05 | -0.927 | 0.111
25 650 ] -32.33 | -1.641 0.414 | -23.32 | -1.651 0.221 | -18.99 | -1.366 | 0.253 | -24.38 | -1.438 | 0.295 -2.83 | -1.244 | 0.144
26 850 ] -31.61 | -2.050 | 0.540 | -23.45 | -2.049 | 0.316 | -19.10 | -1.727 | 0.343 | -23.96 | -1.803 | 0.403 <556 | -1.584 | 0.224
27 50 $ -48.44 | -0.472 | 0.205 | -31.20 | -0.466 | 0.069 | -22.17 | -0.317 | 0.110 { -41.92 | -0.412 | 0.148 12.67 | -0.311 0.107
28 850 $ -33.25 | -2.125 | 0.591 | -25.30 | -2.122 | 0.355 | -21.65 | -1.791 0.391 | -25.91 | -1.872 | 0.446 -8.86 | -1.652 | 0.269
29 50 § -49.52 | -0.504 | 0.217 | -31.96 | -0.488 | 0.071 | -27.52 | -0.353 | 0.123 | -44.83 | -0.449 | 0.166 8.68 | -0.318 | 0.098
30 850 § -34.03 | -2.160 | 0.617 | -26.49 | -2.101 0.381 | -22.76 | -1.820 | 0.413 | -26.82 | -1.905 | 0.469 | -10.05 | -1.677 | 0.291
31 50 $ -49.87 | -0.511 0.228 | -35.98 | -0.448 | 0.085 | -28.35 | -0.353 | 0.130 { -44.53 | -0.461 0.171 7.34 1 -0.317 | 0.100
32 850 § -34.41 | -2.182 | 0.635 | -27.13 | -2.115 | 0.399 | -23.86 | -1.846 | 0.436 | -27.59 | -1.932 | 0.486 | -11.21 | -1.703 | 0.309
33 650 $ -36.17 | -1.885 | 0.578 | -27.66 | -1.810 | 0.350 | -24.66 | -1.557 | 0.384 | -29.64 | -1.678 | 0.452 | -10.98 | -1.439 | 0.279
34 450 $ -38.60 | -1.546 | 0.513 | -28.72 | -1.477 | 0.294 | -2590 | -1.243 | 0.330 | -31.98 | -1.375 | 0.395 -9.83 | -1.139 | 0.235
35 250 ] -42.89 | -1.143 | 0.429 | -31.42 | -1.091 0.228 | -28.72 | -0.882 | 0.272 | -35.81 | -1.009 | 0.325 -7.94 | -0.786 | 0.182
36 0 $ -53.99 | -0.261 0.137 | -27.70 | -0.120 | 0.024 -3.02 | -0.105 | 0.058 | -31.14 ] -0.187 | 0.054 | 31.64 | -0.204 | 0.107

Zzmiana usytuowania sity normalne,

37 0 § -51.91 | -0.249 | 0.122 | -32.69 | -0.100 | 0.024 9.87 | -0.094 | 0.064 | -17.71 | -0.152 | 0.032 | 50.54 | -0.208 | 0.152
38 15 $ -42.76 | -0.239 | 0.063 -5.24 | -0.116 | -0.021 33.06 | -0.136 | 0.056 -8.53 { -0.175 | 0.005 | 55.78 | -0.243 | 0.133
39 30 $ -49.87 | -0.313 0.003 | -25.24 | -0.204 | -0.070 11.70 | -0.203 | -0.024 | -20.14 | -0.236 | -0.044 52.82 | -0.290 0.043
40 45 § -54.55 | -0.380 | -0.050 | -42.74 | -0.296 | -0.104 | -10.43 | -0.282 | -0.082 | -34.25 | -0.304 | -0.083 | 45.82 | -0.328 | -0.045
41 60 § -35.05 | -0.353 | -0.104 | -12.61 | -0.302 | -0.134 17.34 | -0.306 | -0.087 5.98 | -0.283 | -0.114 | 57.84 | -0.367 | -0.027
42 75 $§ 272 | -0.330 | -0.150 | 21.22 | -0.338 | -0.129 | 41.31 | -0.345 | -0.062 | 45.32 | -0.325 { -0.079 | 63.52 | -0.404 | -0.003
43 90 $ 39.41 | -0.374 | -0.122 39.16 | -0.392 | -0.108 54.58 | -0.380 | -0.040 61.39 | -0.369 | -0.045 67.94 | -0.442 0.022
44 105 $ §8.35 | -0.422 | -0.098 | 52.03 { -0.451 | -0.082 | 62.30 | -0.421 | -0.022 | 70.82 [ -0.416 | -0.004 | 70.97 | -0.483 | 0.043
45 120 § 65.67 | -0.464 | -0.083 | 57.33 | -0.499 | -0.068 | 67.21 | -0.458 | -0.008 | 74.55 | -0.455 | 0.022 | 72.57 | -0.519 | 0.056
46 135 § 7156 | -0.511 | -0.055 | 62.55 | -0.549 | -0.044 | 70.71 | -0.500 | 0.010 | 77.73 | -0.497 | 0.057 | 74.21 { -0.560 | 0.073
47 150 $ 74.58 | -0.554 | -0.029 | 66.29 | -0.596 | -0.020 | 73.04 | -0.537 | 0.027 { 79.63 | -0.539 | 0.092 | 75.03 | -0.596 | 0.089
48 165 $ 77.05 | -0.601 | -0.006 | 68.98 | -0.643 | 0.003 | 75.35 | -0.579 | 0.046 | 81.10 | -0.584 | 0.127 | 76.43 | -0.634 | 0.111
49 180 $ 78.96 | -0.645 | 0.025 | 71.15 | -0.688 | 0.028 | 77.11 | -0.618 | 0.068 | 82.20 | -0.629 | 0.162 | 77.57 | -0.672 | 0.132
50 195 § 80.37 | -0.693 | 0.053 | 72.99 | -0.732 | 0.049 | 78.34 | -0.660 | 0.090 | 83.07 | -0.674 | 0.197 { 78.37 | -0.714 | 0.154
51 210 $ 8182 | -0.755 | 0.095 | 75.72 | -0.797 | 0.094 | 80.29 | -0.721 0.128 | 84.63 | -0.743 | 0.286 | B80.40 | -0.775 | 0.205
52 150 § 80.30 { -0.634 | 0.058 | 73.30 | -0.675 | 0.065 | 78.28 | -0.601 0.091 83.62 | -0.621 0.221 78.98 | -0.663 | 0.173
53 90 $ 75.30 | -0.493 | -0.004 | 67.24 | -0.521 0.011 73.53 | -0.463 | 0.037 | B80.40 | -0.471 0.111 76.25 | -0.524 | 0.108
54 15 $ -§7.70 | -0.331 | -0.032 | -51.50 | -0.244 | -0.063 | -16.81 | -0.226 | -0.064 | -46.69 | -0.280 | -0.054 | 45.00 | -0.284 | -0.022
55 90 $ 68.99 | -0.419 | -0.071 62.14 | -0.442 | -0.051 70.31 | -0.410 | -0.004 76.63 | -0.411 0.024 74.81 | -0.482 0.079
56 150 $ 79.83 | -0.593 0.026 72.62 | -0.634 0.037 78.42 | -0.571 0.074 83.24 | -0.584 0.174 78.52 | -0.638 0.161
57 210 $ 82.94 | -0.770 | 0.124 | 77.05 | -0.812 | 0.119 | 81.26 | -0.735 | 0.148 | 85.41 | -0.757 | 0.320 | 81.19 | -0.789 | 0.233
58 15 § -56.38 | -0.320 { -0.033 | -51.06 | -0.237 | -0.066 | -10.49 | -0.218 | -0.069 | -45.05 | -0.276 | -0.054 | 49.48 | -0.287 | -0.013
59 210 $ 8344 | -0.778 | 0.138 | 77.79 | -0.820 | 0.133 | 81.84 | -0.743 | 0.163 | 8563 | -0.768 | 0.335 | 81.43 | -0.800 | 0.246
60 15 $ -54.39 | -0.319 | -0.041 | -46.30 | -0.236 | -0.071 -0.36 | -0.210 | -0.077 | -40.55 | -0.268 | -0.065 | 53.89 | -0.289 | -0.007
61 210 § 8344 { -0.778 | 0.138 | 78.17 | -0.819 | 0.139 { 82.07 | -0.744 | 0.167 | 8583 | -0.767 | 0.340 | 81.69 | -0.802 } 0.255
62 15 $ -54.39 | -0.315 | -0.038 | -46.18 | -0.223 | -0.071 -0.36 | -0.206 | -0.074 | -40.55 | -0.265 | -0.062 | 54.91 { -0.287 | 0.000
63 210 § 83.72 | -0.776 0.139 78.17 | -0.819 0.139 82.37 | -0.742 0.169 86.02 | -0.765 0.342 82.00 ) -0.801 0.261
64 150 $ 82.65 | -0.658 0.098 | 76.15 | -0.694 | 0.101 81.06 | -0.621 0.128 | 85.49 | -0.639 | 0.269 | 80.94 | -0.682 | 0.212
65 90 $ 79.46 | -0.510 0.046 7t.52 | -0.531 0.051 77.73 | -0.471 0.075 83.12 { -0.483 0.163 78.63 | -0.539 0.156
66 15 § -55.41 | -0.312 | -0.041 | -48.47 | -0.223 | -0.067 -0.38 | -0.204 | -0.077 | -41.08 | -0.262 | -0.062 | 56.38 | -0.288 | 0.001
67 90 $§ 74.65 | -0.427 | -0.050 | 66.84 | -0.449 | -0.028 74.69 | -0.421 0018 | 8040} -0.419 | 0053 | 77.53 | -0.495 | 0.112
68 150 $ 8169 | -0.612 | 0.045 | 75.01 | -0.649 | 0.063 | 80.30 | -0.586 | 0.092 | 84.93 | -0.598 | 0.204 | 80.70 | -0.657 | 0.194
69 210 $ 83.80 | -0.781 0.144 78.62 | -0.818 0.148 82.46 | -0.747 0.173 86.17 | -0.768 0.355 82.27 | -0.807 0.270
p 8454 | -0.824 | 0.187 | 79.54 | -0.866 | 0.186 | 83.26 | -0.784 | 0.208 | 86.63 | -0.815 | 0.419 | 82.62 | -0.843 | 0.307
70 225 [¢] 84.43 | -0.830 | 0.184 | 79.31 | -0.864 | 0.181 8322 | -0.784 | 0.204 § 86.59 | -0.817 | 0.403 | 82.62 | -0.847 | 0.303
$ 84.57 | -0.828 | 0.188 | 79.54 | -0.866 | 0.186 | 83.26 | -0.788 | 0.204 | 86.62 | -0.818 | 0.411 82.48 | -0.846 | 0.302
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Stupy / Columns

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18
p 85.15 | -0.877 | 0.221 | 80.37 | -0.913 | 0.209 | 83.58 | -0.837 | 0.231 | 87.05 | -0.868 | 0.465 | 83.41 | -0.896 { 0.333
7 240 o 84.95 | -0.883 | 0.220 | 80.19 | -0.922 | 0.205 | 83.68 { -0.841 | 0.224 | 87.06 | -0.872 | 0.465 | 83.41 | -0.896 | 0.333
$ 85.05 | -0.880 | 0.220 | 80.28 | -0.916 | 0.209 | 83.68 | -0.838 | 0.228 | 87.06 | -0.872 | 0.465 | 83.29 | -0.896 | 0.332
p 85.51 | -0.931 | 0.268 | 81.13 | -0.969 | 0.252 | 84.49 | -0.882 | 0.276 | 87.48 | -0.926 | 0.543 | 84.10 | -0.942 [ 0.389
72 255 o] 85.55 | -0.936 | 0273 | 81.13 | -0.969 | 0.252 | 84.61 | -0.886 | 0.273 | 87.50 | -0.932 | 0.552 | 83.94 | -0.945 | 0.392
$ 85.53 | -0.935 | 0.269 | 81.30 | -0.970 | 0.257 | 84.59 [ -0.882 | 0.272 | 87.49 | -0.930 | 0.544 { 83.91 | -0.945 | 0.388
p 86.04 | -0.992 | 0.322 | 82.24 | -1.026 | 0.306 | 85.05 | -0.945 | 0.325 | 87.91 | -0.992 | 0.635 | 84.57 | -1.003 | 0.446
73 270 o 86.05 | -0.999 | 0.319 | 82.24 | -1.033 | 0.300 | 85.26 | -0.950 | 0.324 | 87.98 | -1.001 { 0.637 | 84.72 | -1.009 | 0.456
$ 86.05 | -0.996 | 0.323 | 82.24 | -1.030 | 0.303 | 85.26 | -0.947 | 0.327 | 87.98 | -0.997 | 0.637 | 84.61 | -1.007 | 0.451
p 86.59 | -1.059 | 0.386 | 83.18 | -1.092 | 0.362 | 85.80 | -1.008 | 0.385 | 88.33 | -1.064 | 0.737 | 8526 | -1.068 | 0.518
74 285 o 86.64 | -1.065 | 0.398 | 83.08 | -1.095 | 0.369 | 86.10 | -1.009 | 0.399 | 88.40 | -1.071 | 0.755 | 85.29 | -1.069 | 0.526
$ 86.62 | -1.060 | 0.334 | 83.17 | -1.096 | 0.370 | 86.08 | -1.008 | 0.395 | 88.39 | -1.067 | 0.750 | 85.21 | -1.068 | 0.525
p 87.14 | -1.126 | 0.466 | 84.08 | -1.167 | 0.453 | 86.63 | -1.077 | 0470 | 88.68 | -1.140 | 0.867 | 85.77 | -1.133 | 0.597
75 300 o 87.12 | -1.138 | 0.475 | 84.17 | -1.180 | 0.463 | 86.84 | -1.089 | 0.485 | 88.80 | -1.154 | 0.891 | 85.94 | -1.149 | 0.616
$ 87.17 | -1.134 | 0.471 | 84.06 | -1.174 | 0458 | 86.73 | -1.082 | 0.476 | 88.74 | -1.148 | 0.881 | 85.90 | -1.144 | 0.607
p 87.52 | -1.169 | 0.522 | 84.45 { -1.214 | 0500 | 87.07 | -1.120 | 0.530 | 88.94 { -1.191 | 0.957 | 86.11 | -1.180 | 0.657
76 306 (o] 87.50 | -1.178 | 0.538 | 84.54 | -1.220 | 0517 | 8724 | -1.125 | 0.548 | 89.04 | -1.198 | 0.988 | 86.18 | -1.184 | 0.681
$ 87.47 | -1.173 | 0530 | 84.56 | -1.216 | 0.509 | 87.15 ] -1.123 | 0.539 | 88.99 { -1.194 | 0.971 | 86.13 | -1.181 | 0.665
p 87.64 | -1.204 | 0.571 | 84.87 | -1.247 | 0.550 | 87.42 | -1.155 | 0.585 | 89.15 | -1.232 | 1.042 | 86.37 | -1.214 | 0.710
77 312 o] 87.59 | -1.214 | 0564 | 8494 | -1.255 | 0.545 | 87.56 | -1.165 | 0.588 | 89.19 | -1.241 1.041 | 86.43 | -1.225 | 0.701
$ 8766 | -1.212 | 0572 | 84.89 | -1.251 | 0.551 87.43 | -1.160 | 0.590 | 89.15 | -1.237 | 1.047 | 86.39 | -1.218 | 0.715
p 8787 | -1.240 | 0614 | 8521 | -1.282 | 0.585 | 87.67 | -1.192 | 0.636 | 89.26 | -1.273 | 1.110 | 86.63 | -1.250 | 0.750
78 318 e} 87.95 | -1.245 | 0.635 | 8524 | -1.289 | 0.609 | 87.87 | -1.195 | 0.658 | 89.34 | -1.280 | 1.140 | 86.51 | -1.254 | 0.768
$ 87.88 | -1.242 | 0.626 | 8525 | -1.284 | 0.597 | 87.74 | -1.191 | 0.648 | 89.34 | -1.274 | 1.127 | 86.55 | -1.250 | 0.764
p 88.04 | -1.282 | 0.672 | 85.49 | -1.318 | 0.631 | 8790 | -1.231 | 0.694 | 89.47 | -1.317 [ 1.200 | 86.91 | -1.289 | 0.809
79 324 o 88.06 | -1.292 | 0.686 | 85.60 | -1.325 | 0.645 | 88.00 | -1.240 | 0.720 | 89.51 | -1.324 | 1.214 | 86.90 | -1.296 | 0.829
$ 88.10 | -1.284 | 0.677 | 85.53 | -1.323 | 0.640 | 8798 | -1.239 | 0.712 | 89.47 | -1.322 | 1.209 | 86.88 { -1.290 | 0.820
p 88.22 | -1.319 | 0.719 | 85.87 | -1.360 | 0.680 | 88.13 | -1.275 | 0.762 | 89.62 | -1.362 | 1.282 | 87.11 | -1.327 | 0.863
80 330 (o] 88.30 | -1.328 | 0.745 | 85.89 | -1.367 | 0.704 | 88.30 | -1.278 | 0.788 { 89.66 [ -1.372 | 1.312 | 87.06 | -1.334 | 0.891
$ 88.24 | -1.322 | 0.735 | 85.86 | -1.362 | 0.695 | 88.24 | -1.276 | 0.779 | 89.66 | -1.366 | 1.303 | 87.03 | -1.328 | 0.882
p 88.40 | -1.358 | 0.778 | 86.18 | -1.399 | 0.739 | 88.33 | -1.320 | 0.833 | 89.73 | -1.412 | 1.379 | 87.34 [ -1.366 | 0.923
81 336 (o] 88.49 | -1.376 | 0.809 | 86.21 | -1.414 | 0.764 | 88.50 | -1.331 | 0.865 { 89.83 | -1.427 | 1.423 | 87.35 | -1.380 { 0.960
$ 88.43 | -1.365 | 0.799 | 86.17 | -1.405 | 0.755 | 88.44 | -1.325 | 0.855 { 89.77 | -1.417 | 1400 | 87.32 | -1.370 | 0.946
p 88.59 | -1.407 | 0.854 | 86.40 | -1.450 | 0.810 | 88.60 | -1.364 | 0.918 | 89.89 [ -1.461 1.497 | 87.44 [ -1.411 1.005
82 342 o 88.66 | -1.418 | 0.888 | 86.52 | -1.460 | 0.840 | 88.77 | -1.377 | 0.957 | 89.97 | -1.481 1.5564 | 87.54 | -1.423 | 1.043
$ 88.65 | -1.412 { 0875 | 86.48 | -1.454 | 0.827 | 88.67 | -1.373 | 0.943 | 89.92 | -1.470 { 1.523 | 87.51 | -1.415 | 1.022
p 88.72 | -1.459 | 0.946 | 86.79 | -1.498 | 0.892 | 88.78 | -1.423 | 1.026 | -89.95 | -1.526 | 1.639 | 87.68 | -1.460 | 1.097
83 348 o 88.83 | -1.478 | 0.982 | 86.85 | -1.515 | 0.922 | 88.93 | -1.444 | 1.067 | -89.92 | -1.555 | 1.702 | 87.81 | -1.479 | 1.129
$ 88.77 | -1.467 | 0.967 | 86.78 | -1.508 | 0.908 | 88.92 [ -1.429 | 1.049 | -89.95 | -1.540 | 1673 | 87.75 | -1.468 | 1.115
o] 88.91 | -1.511 1.035 | 87.01 | -1.552 | 0.972 | 89.05 | -1.475 | 1.129 | -89.85 | -1.599 | 1.793 | 87.97 | -1.511 1.187
84 354 o} 89.02 | -1.541 1.108 | 87.13 | -1.586 | 1.036 | 89.19 | -1.505 | 1.202 | -89.81 | -1.639 | 1.899 | 87.95 | -1.531 1.244
$ 88.97 | -1.526 | 1.073 | 87.11 | -1.566 | 1.006 | 89.14 | -1.492 | 1.172 | -89.83 | -1.620 | 1.850 | 87.92 | -1.523 | 1.219
p 89.13 | -1.580 | 1.166 | 87.34 | -1.621 1.091 89.27 | -1.5651 1285 | -89.73 | -1.693 | 2.007 | 88.13 | -1.573 | 1.293
85 360 0 89.23 | -1.611 1228 | 8749 | -1.652 | 1.145 | 89.39 | -1.585 { 1.355 | -89.70 | -1.737 | 2.110 | 88.26 | -1.602 | 1.359
$ 89.15 1 -1.597 | 1201 | 8743 | -1.639 | 1.122 | 89.35 | -1.567 | 1.324 | -89.72 | -1.718 | 2.065 | 88.20 | -1.589 | 1.332
p 89.30 | -1.659 | 1.319 ( 87.65 | -1.702 | 1.232 | 89.52 | -1.637 | 1.467 | -89.65 | -1.800 | 2.247 | 88.37 | -1.647 | 1.434
86 366 o 89.39 | -1.693 | 1.396 { 87.81 | -1.738 | 1.318 | 89.62 | -1.671 1.561 | -89.59 | -1.850 | 2.377 | 88.45 | -1.676 | 1.503
$ 89.35 | -1678 | 1.362 | 87.74 | -1.723 | 1.283 | 89.59 | -1.655 | 1.518 | -89.60 | -1.830 | 2.320 | 88.43 | -1.664 | 1.477
p 89.48 | -1.764 | 1.531 | 88.05 { -1.816 | 1462 | 89.70 { -1.750 § 1.724 | -89.52 | -1.940 | 2.583 | 88.63 | -1.739 | 1.626
87 372 o 8953 | -1.795 | 1.615 | 88.10 { -1.852 | 1.545 | 89.85 | -1.778 | 1.822 | -89.49 [ -1.987 | 2.713 | 88.64 | -1.766 | 1.696
$ 89.52 | -1.781 1581 ( 88.09 | -1.835 | 1508 | 89.79 | -1.766 | 1.779 | -89.50 { -1.966 | 2.656 | 88.62 | -1.753 | 1.663
p 89.64 | -1.865 | 1.742 | 88.31 { -1.928 | 1.675 | 89.95 | -1.859 | 1.982 | -89.43 | -2.082 | 2.928 | 88.83 | -1.833 | 1.813
88 378 o 89.73 | -1.918 | 1.878 | 88.43 | -1.988 | 1.818 | -90.00 | -1.923 | 2.143 | -89.40 | -2.155 | 3.129 | 88.96 | -1.880 | 1.934
$ 89.67 | -1.895 | 1.818 | 88.37 | -1.961 1.754 | 89.95 | -1.893 | 2.070 | -89.40 | -2.121 | 3.038 | 88.85 | -1.860 | 1.877
p 89.82 | -2.008 | 2.071 { 88.61 | -2.082 | 2.012 | -89.90 | -2.035 | 2.395 | -89.34 | -2.273 | 3.416 | 89.07 | -1.962 { 2.098
89 384 o 89.89 | -2.090 | 2290 | 88.76 | -2.183 | 2.257 | -89.79 | -2.153 | 2.707 | -89.32 | -2.392 | 3.748 | 89.18 | -2.036 | 2.289
$ 89.85 | -2.048 | 2.188 | 88.71 | -2.133 | 2.143 | -89.84 | -2.094 | 2.551 | -89.32 | -2.335 | 3.588 | 89.13 | -2.001 | 2.204
90 378 1 89.98 | -2.183 | 2.563 | 88.81 | -2.347 | 2.734 | -89.64 | -2.490 | 4.007 | -89.34 | -2.567 | 4.364 | 89.32 | -2.123 | 2.543
360 2 89.94 | -2.178 | 2.611 | 88.96 | -2.405 | 3.078 | -89.51 | -2.641 | 4.777 | -89.38 | -2.699 | 5.126 | 89.33 | -2.107 | 2.583
338 3 89.96 | -2.168 | 2.675 | 89.22 | -2.473 | 3.586 | -89.51 | -2.828 | 5945 | -89.34 | -2.804 | 5764 | 89.37 | -2.083 | 2.620
315 4 89.96 | -2.119 | 2.695 | 89.38 | -2.499 | 3.945 | -89.55 | -2.968 | 7.018 | -89.30 | -2.865 | 6.208 | 89.34 | -2.048 | 2.625
306 5 89.96 | -2.099 | 2.692 | 89.42 | -2.495 | 4.028 | -89.55 | -2.998 | 7.315 | -89.31 | -2.877 | 6.367 | 89.34 | -2.027 | 2.617
302 6 89.98 | -2.087 | 2.691 | 89.45 { -2.492 | 4.072 | -89.54 | -3.012 | 7.452 | -89.32 | -2.880 | 6.430 { 89.36 | -2.014 | 2.608
299 7 89.98 | -2.080 | 2.693 | 89.45 | -2.491 | 4.088 | -89.56 | -3.018 | 7.532 | -89.33 | -2.878 | 6.458 | 89.33 | -2.009 | 2.602
297 8 89.98 | -2.075 | 2.689 | 89.44 | -2.489 | 4.102 | -89.57 | -3.025 | 7.588 | -89.33 | -2.875 | 6.465 | 89.35 | -2.002 | 2.602
295 9 89.96 | -2.070 | 2.683 | 89.47 | -2.485 | 4.112 | -89.57 | -3.029 | 7.635 | -89.34 | -2.868 | 6.465 | 89.33 | -1.997 | 2.600
294 10 89.94 | -2.069 | 2.682 | 89.46 | -2.485 | 4.115 | -89.56 | -3.034 | 7.671 | -89.33 | -2.866 | 6.459 | 89.31 | -1.994 | 2.591
293 11 89.96 | -2.065 | 2.678 | 89.47 | -2.482 | 4.115 | -89.56 | -3.034 | 7.694 | -89.33 | -2.861 | 6.451 | 89.33 | -1.990 | 2.587
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Frames
IV V Vi
A=A [ e =
AlilA :
_g[ aﬂ g»j I % E TablicaRO.1. Rzeczywiste wymiary szkieletu
d | | zbrojenia
) he | Reas ./ Table RO.1. Real dimensions of reinforcing cage
Element Wymiar Miejsce pomiaru
mm I I1 III v A" VI
by, 99.0 78.5 84.0 99.0
RPW-a/b-1 bise 101.3 89.3 94.2 101.3
h 208.0 208.5 209.1 209.6
b 99.0 101.5 86.5 89.8 98.7 98.7
RPW-a/b-2 bgw 101.2 100.2 91.0 89.8 99.8 99.8
h 208.1 208.1 208.3 209.0 208.6 208.6
by, 99.4 99.4 98.6 93.6 98.4 97.4
RPW-b/a-1 bew 96.8 95.6 90.5 94.9 96.8 97.4
h 209.0 209.0 209.0 208.6 209.5 208.0
b 98.0 100.0 99.4 100.0 99.0 101.5
RPW-b/a-2 B 98.7 99.7 922 92.2 97.4 94.6
h 208.1 208.1 208.5 209.2 209.0 209.0
by, 97.8 96.7 98.7 98.4 97.3 99.0
RPW-c/c-1 biw 100.8 100.0 91.5 92.8 100.8 93.0
h 209.0 209.0 209.5 209.6 209.6 207.0
| 98.1 97.1 100.0 98.0 98.5 98.2
RPW-c/c-2 Bew 98.6 99.6 91.1 95.1 98.1 93.0
hg 209.8 209.8 209.8 210.5 210.0 209.2
TablicaR0.2.  Zaleznosci o - €, dla stali zbrojeniowe;j
Table R0.2. The o©; - & relationships
#8 #10 #12 #14 6
&, o, € o, € O € o, € o,
%0 MPa %0 %o MPa MPa %0 MPa %0 MPa
0.00 0 0.00 0 0.00 0 0.00 0 0.00 0
1.91 378 2.10 410 2.09 405 2.20 429 1.60 328
2.22 400 2.30 424 2.42 439 16.80 445 1.90 343
13.20 400 9.90 427 11.60 448 24.20 488 7.40 345
25.80 415 11.50 435 15.00 475 25.00 493 18.00 355
35.60 452 20.00 450 20.00 503 36.60 545 30.00 368
43.40 490 30.00 498 30.00 563 50.00 592 40.00 380
54.80 528 40.00 540 40.00 607 50.00 392
50.00 572 | 50.00 644
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Ll i
| |
- [ h : TablicaR0.3. Rzeczywiste wymiary przekrojéw ramy
Eon Eon Table RO0.3. Real dimensions of frame cross - sections
h A D
Wymiar Miejsce pomiaru
Element mm IT 111 IV \% VI VII | VIII Naroze B Naroze C
stup | rygiel | stup |rygiel
RPW-a/b-1 b 146 145 144 144 143 144 143
h 252 252 254 250 250 251 251 249 250 248 248
RPW-a/b-2 b 144 144 146 145 144 146 143
h 253 253 252 251 251 251 252 | 251 251 249 250
RPW-b/a-1 b 142 143 142 143 142 146 142
h 253 254 §| 253 251 250 | 247 249 252 251 246 | 250
RPW-b/a-2 b 144 144 144 144 144 144 144
h 252 | 252 |1 253 250 [ 250 | 250 | 250 [ 251 251 249 249
RPW-c/c-1 b 145 144 145 144 144 145 143
h 254 259 254 251 252 | 250 | 251 253 253 248 252
RPW-c/c-2 b 144 144 144 144 144 144
h 250 | 250 | 252 252 252 255 253 246 | 252 252 | 252
BH___—”—--—-——_‘——JFC B..ilc._..__..__,_________HC
':' e I e I
' S T
H HEmH R
W " LJ_ IR 1 Tablica R0.4. Poczatkowe osiowe wymiary ramy
A Ramy 1 DA Ramy 2 D Table RO0.4. Initial axial dimensions of frame
Element Wymiary poczatkowe, mm
AB BC CD AC BD AD
RPW-a/b-1 1857 3000 1861 3521 3004
RPW-a/b-2 1851 2998 1851 3527 3000
RPW-b/a-1 1860 2998 1860 3519 2998
RPW-b/a-2 1861 2995 1855 3535 2996
RPW-c/c-1 1859 2995 1856 3513 2999
RPW-c/c-1 1858 2996 1855 3535 3001
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Tablica R0O.5. Cechy mieszanki betonowe;j
Table RO0.5. Properties of concrete mix

Konsystencja / Consistency masa objetos¢ gestose zawartosé

Rama opad stozka VeBe, czas wibrowania | prébki probki density powietrza
Frame slump test VeBe test of mass of | volume of air

specimen| specimen content
mm S kg m” kg/m® %

1 |RPW-a/b-1 35.0 6.5 12.7 0.00565 2248 1.65
2 |RPW-a/b-2 40.0 6.0 12.7 0.00535 2374 2.00
3 |RPW-b/a-1| 48.0 6.0 12.6 0.00548 2318 1.20
4 |RPW-b/a-2 55.0 5.0 12.7 0.00540 2352 1.90
5 |RPW-c/c-1 75.0 6.0 12.6 0.00535 2374 1.40
6 |RPW-c/c-2 45.0 7.0 12.7 0.00535 2374 1.00

Tablica R0.6. Wytrzymatosciowe cechy betonu
Table R0.6. Strength properties of concrete

Rama wiek betonu, dni fe cube» MPa f., MPa fersp» MPa E., GPa
age of concrete, days | wyniki | $rednia | wyniki | §rednia [ wyniki | $Srednia | wyniki | $rednia
103, 109 89. 98 54 32.4,33.0
RPW-a/b-1 136 103, 112} 107 |89,85 91 |47 5.3 |[31.4,325 | 32.6
108, 109 96 5.7 335
118, 114 97, 86 4.8 33.0,33.8
RPW-a/b-2 144 109, 98 110 (92,80 87 |5.8 5.3 [33.3,32.0 | 33.0
112,110 89, 81 5.2 324,334
94, 97 84, 87 3.6 31.2,31.9
RPW-b/a-1 44 99, 94 97 |83, 85 (4.2 39 |322 32.0
101, 97 84 4.1 325
123, 121 89, 84 4.8 30.8,32.4
RPW-b/a-2 163 123, 110 119 |88, 82 85 |4.6 49 135.7,32.6 | 329
118, 117 82, 83 5.2 319,335
104, 107 89, 89 4.4 31.7,31.5,
RPW-c/c-1 116 95, 107 102 87,92 88 |55 324,319 | 32.0
102, 99 93 32.5,31.7
117, 109 86, 94 5.2 32.4,33.7,
RPW-c/c-2 169 98, 108 106 |88, 86 87 4.8 4.9 |324,33.1 33.1
109, 97 83, 84 4.6 33.6,33.0
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:>vA L L ; of spandrel beam
Obcigzenie Pomiar Reakcja, kN Przemieszczenia, mm
SilaF |pierwszy
etap | nr ostatni |  Va Vo | ReL | RsL | RaL | R3L | R2L | RIL | RIP | R2P | R3P | R4P | RSP | ReP
kN Sredni
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 2 $ 1.0 -0.01 -0.03 -0.03 -0.04 -0.06 -0.04 -0.05 -0.03 -0.01 0.00 0.00 0.00
2 4 § 2.0 002 | -006| -006| -007| -0.07| -004| -004| 000| 003| 004| 003| 0.02
3 6 § 27 003 | -009| -009| -009| -008| -0.04| -002| 002 007| 008| 007| 004
4 8 $ 3.6 -0.06 -0.12 -0.12 -0.12 -0.10 -0.038 0.00 0.06 0.1 0.13 0.11 0.06
5 10 $ 4.7 -0.09 -0.18 -0.17 -0.16 -0.12 -0.03 0.02 0.10 0.16 0.18 0.16 0.08
6 12 $ 5.5 -0.14 -0.26 -0.24 -0.21 -0.14 -0.03 0.04 0.15 0.24 0.26 0.23 0.11
: 14 S 6.0 -0.23 -0.36 -0.32 -0.26 -0.15 0.00 0.12 0.26 0.37 0.41 0.36 0.17
8 16 S 6.8 -0.28 -0.43 0.37 -0.29 -0.15 0.02 0.18 0.35 0.49 0.54 0.48 0.23
9 18 ] 7.4 -0.33 -0.53 0.47 -0.34 -0.14 0.07 0.28 0.50 0.68 0.74 0.64 0.30
10 20 $ 8.0 -0.44 -0.77 -0.67 -0.46 -0.18 0.12 0.40 0.69 0.91 0.99 0.85 0.39
11 20 $ 8.0 -0.45 -0.79 0.69 -0.47 -0.19 0.12 0.41 0.71 0.94 1.02 0.87 0.40
12 18 $ 8.0 -0.43 -0.82 0.66 0.50 -0.20 0.14 0.39 0.69 0.98 1.056 0.88 0.41
13 14 $ 6.7 -0.38 -0.756 -0.58 0.48 -0.22 0.12 0.31 0.57 0.88 0.93 0.78 0.37
14 10 $ 5.2 -0.32 -0.64 -0.50 -0.43 -0.22 0.06 0.21 0.44 0.71 0.75 0.64 0.30
15 6 § 3.4 025 | -053| -039| -036| -020| 004| 013| 031 o054 058| 049 023
| 16 2 $§ 1.9 -0.18 -0.41 0.29 -0.29 -0.17 0.01 0.05 0.18 0.38 0.41 0.35 0.17
17 6 $ 2.8 -0.20 -0.43 0.30 -0.29 -0.16 0.03 0.09 0.24 0.44 0.47 0.40 0.19
18 10 $ 4.5 -0.25 -0.52 -0.37 -0.32 -0.14 0.09 0.20 0.38 0.61 0.64 0.54 0.25
19 14 § 6.0 032| -063| -047| -037| -013| o014| o030| 053| o078| 082| o069| 032
20 18 § 7.4 -0.39 -0.74 -0.57 -0.43 -0.15 0.17 0.39 0.67 0.93 1.00 0.84 0.39
21 20 § 8.0 -0.43 -0.81 -0.63 -0.46 -0.16 0.19 0.44 0.74 1.02 1.10 0.92 0.43
22 2 $ 1.8 -0.19 -0.41 -0.30 -0.28 -0.16 0.01 0.07 0.21 0.38 0.41 0.35 0.17
23 20 $ 8.0 -0.44 -0.82 -0.65 -0.47 -0.15 0.19 0.45 0.75 1.03 111 0.93 0.43
24 2 S 1.9 -0.19 -0.41 -0.29 -0.29 -0.16 0.01 0.07 0.20 0.39 0.42 0.35 0.17
25 20 § 8.0 -0.44 -0.84 -0.65 -0.48 -0.16 0.19 0.44 0.75 1.056 1.13 0.94 0.44
26 2 $ 1.9 -0.19 -0.42 -0.29 -0.29 -0.16 0.01 0.07 0.20 0.40 0.43 0.35 0.17
27 20 $ 8.0 -0.44 -0.84 -0.65 -0.48 -0.16 0.20 0.46 0.77 1.07 1.14 0.95 0.44
28 18 S 7 4 -0.44 -0.83 -0.65 -0.48 -0.16 0.20 0.45 0.77 1.08 1.14 0.95 0.44
29 14 $§ 6.4 -0.39 -0.74 -0.57 -0.43 -0.15 0.18 0.39 0.67 0.95 1.00 0.83 0.39
30 10 $ 5.0 -0.32 -0.64 -0.47 -0.38 -0.15 0.12 0.28 0.52 0.77 0.82 0.68 0.32
31 6 $ 3.3 -0.25 -0.52 -0.38 -0.33 -0.15 0.07 0.17 0.36 0.58 0.62 0.51 0.25
32 2 $ 1.9 -0.19 -0.42 -0.30 -0.30 -0.16 0.01 0.07 0.20 0.40 0.43 0.36 0.17
33 0 $ 1.0 -0.16 -0.37 -0.25 -0.28 -0.17 -0.02 0.01 0.12 0.30 0.33 0.27 0.14
34 0 $ 0.0 -0.14 -0.33 -0.21 -0.24 -0.14 -0.02 0.00 0.10 0.26 0.29 0.24 0.12
35 2 § 1.0 -0.10 -0.26 -0.14 -0.20 -0.13 -0.05 -0.06 0.01 0.15 0.17 0.14 0.08
36 4 $ 2.0 -0.09 -0.25 -0.14 -0.20 -0.12 -0.05 -0.06 0.01 0.14 0.16 0.13 0.07
37 6 § 3.0 -0.06 -0.20 -0.10 -0.17 -0.12 0.07 -0.11 -0.07 0.04 0.07 0.05 0.04
38 8 $ 4.0 -0.02 -0.12 -0.01 -0.10 -0.07 -0.04 -0.11 -0.10 -0.01 0.00 -0.01 0.01
39 10 $ 4.8 0.04 0.01 0.14 0.05 0.06 0.06 -0.04 -0.06 0.00 -0.03 -0.06 -0.03
40 12 $ 5.6 0.13 0.17 0.31 0.20 0.17 0.13 -0.01 -0.07 -0.06 -0.12 -0.18 -0.13
a1 12 $§ 5.5 0.14 0.19 0.33 0.21 0.18 0.13 -0.02 -0.09 -0.09 -0.16 -0.22 -0.15
42 14 § 6.2 0.18 0.29 0.44 0.29 0.24 0.15 -0.03 -0.13 -0.17 -0.26 -0.32 -0.20
43 16 $ 6.7 0.26 0.45 0.63 0.46 0.36 0.23 0.01 -0.15 -0.21 -0.35 -0.42 -0.27
44 18 $§ 7.4 0.34 0.65 0.85 0.68 0.55 0.36 0.10 -0.11 -0.25 -0.43 -0.55 -0.36
45 20 S 7.9 0.41 0.81 1.05 0.86 0.68 0.44 0.13 -0.14 -0.34 -0.59 -0.73 -0.44
46 20 $ 7.9 0.44 0.89 1.15 0.98 0.77 0.51 0.17 -0.13 -0.39 -0.66 -0.79 -0.46
47 18 $ 7.5 0.44 0.89 1.16 0.99 0.79 0.53 0.19 -0.10 -0.35 -0.62 -0.75 -0.44
48 14 $ 6.0 0.39 0.80 1.07 0.93 0.77 0.56 0.27 0.02 -0.20 -0.45 -0.59 -0.36
49 10 S 4.3 0.32 0.66 0.93 0.81 0.69 0.53 0.29 0.09 -0.08 -0.31 -0.45 -0.28
Il 50 6 $ 2.9 0.26 0.53 0.80 0.70 0.63 0.52 0.33 0.18 0.07 -0.14 -0.28 -0.19
51 2 $ 1.5 0.17 0.34 0.59 0.51 0.49 0.43 0.30 0.22 0.17 0.02 -0.12 -0.10
52 6 $ 2.5 0.19 0.37 0.60 0.49 0.45 0.38 0.24 0.13 0.07 -0.09 -0.21 -0.15
53 10 $ 4.0 0.26 0.50 0.73 0.59 0.50 0.36 0.16 0.00 -0.12 -0.29 -0.40 -0.25
54 14 S 5.7 0.34 0.67 0.90 0.75 0.61 0.43 0.17 -0.05 -0.22 -0.44 -0.56 -0.33
55 18 $ 71 0.41 0.81 1.06 0.88 0.70 0.46 0.15 -0.13 -0.35 -0.60 -0.72 -0.42
56 20 $ 7.9 0.45 0.89 1.15 0.98 0.77 0.50 0.16 -0.14 -0.40 -0.67 -0.79 -0.47
57 2 § 1.5 0.17 0.35 0.59 0.51 0.48 0.43 0.30 0.21 0.16 0.00 -0.12 -0.10
58 20 $ 7.9 0.45 0.92 1.18 1.01 0.80 0.52 0.18 -0.13 -0.39 -0.67 -0.80 -0.47
59 2 ) 1.5 0.17 0.36 0.60 0.51 0.50 0.43 0.31 0.22 0.15 0.00 -0.13 -0.10
60 20 $ 7.9 0.46 0.93 1.19 1.02 0.81 0.53 0.18 -0.13 -0.39 -0.68 -0.80 -0.47
61 2 $ 1.5 0.17 0.36 0.60 0.52 0.50 0.43 0.31 0.22 0.16 0.00 -0.13 -0.10
62 20 § 7.8 0.46 0.94 1.20 1.08 0.82 0.53 0.19 -0.12 -0.40 -0.69 -0.81 -0.48
63 18 § 7.4 0.47 0.96 1.24 1.08 0.88 0.61 0.27 -0.05 -0.31 -0.61 -0.75 -0.45
64 14 $ 6.0 0.41 0.84 1.13 0.99 0.83 0.61 0.30 0.04 -0.18 -0.45 -0.60 -0.37
65 10 $ 4.3 0.33 0.69 0.97 0.84 0.73 0.56 0.31 0.10 -0.07 -0.31 -0.45 -0.28
66 6 S 3.0 0.27 0.55 0.82 0.71 0.64 0.52 0.32 0.16 0.05 -0.15 -0.30 -0.20
67 2 $§ 1.5 0.18 0.37 0.62 0.53 0.52 0.45 0.32 0.22 0.16 0.01 -0.13 -0.10
68 6 § 2.5 0.20 0.39 0.62 0.52 0.48 0.40 0.25 0.14 0.07 -0.10 -0.22 -0.15
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1 2 3 4 6 7 8 9 10 11 12 13 14 15 16 17 18
69 10 $ 4.0 0.27 0.53 0.76 0.61 0.51 0.37 0.15 -0.02 -0.13 -0.32 -0.43 -0.27
70 14 $ 5.7 0.35 0.70 0.95 0.79 0.65 0.45 0.17 -0.06 -0.23 -0.47 -0.59 -0.35
7 18 $ 7.1 0.43 0.87 1.14 0.96 0.78 0.52 0.19 -0.10 -0.34 -0.61 -0.74 -0.44
72 20 $ 7.9 0.46 0.93 1.20 1.01 0.81 0.53 0.17 -0.15 -0.41 -0.69 -0.82 -0.48
73 22 ] 8.5 0.51 1.03 1.32 1.13 0.89 0.57 0.19 -0.16 -0.46 -0.78 -0.90 -0.53
74 24 $ 8.6 0.63 1.33 1.72 1.56 1.28 0.88 0.42 -0.02 -0.41 -0.84 -1.07 -0.77

p 8.8 0.77 1.69 2.18 2.1 1.80 1.33 0.82 0.29 -0.19 -0.72 -1.04 -0.83

75 26 o 8.8 0.77 1.71 2.21 2.14 1.84 1.35 0.85 0.31 -0.18 -0.71 -1.03 -0.84
$ 8.8 0.77 1.70 2.20 2.12 1.82 1.34 0.83 0.30 -0.18 -0.71 -1.04 -0.83

p 9.2 0.87 1.94 2.51 2.46 2.15 1.62 1.06 0.49 -0.06 -0.66 -1.04 -0.87

76 28 o] 9.2 0.88 1.96 2.55 2.51 2.20 1.69 1 0.52 -0.03 -0.64 -1.03 -0.88
$ 9.2 0.87 1.95 2.53 2.49 2.18 1.65 1.08 0.50 -0.05 -0.65 -1.04 -0.87

P 9.0 0.92 2.06 2.68 2.68 2.38 1.84 1.26 0.65 0.07 -0.58 -1.01 -0.89

77 28 0 9.0 0.92 2.05 2.69 2.67 2.36 1.86 1.24 0.64 0.07 -0.57 -1.00 -0.88
$ 9.0 0.92 2.05 2.69 2.67 2.37 1.85 1.24 0.65 0.07 -0.58 -1.01 -0.89

p 9.5 1.01 2.24 2.93 2.94 2.63 2.07 1.42 0.76 0.14 -0.57 -1.04 -0.95

78 30 o 9.4 1.02 2.26 2.97 2.99 2.69 2.12 1.45 0.80 0.14 -0.56 -1.04 -0.96
$ 9.5 1.01 2.25 2.95 2.96 2.66 2.10 1.43 0.78 0.14 -0.56 -1.04 -0.95

p 9.6 1.07 2.38 3.1 3.15 2.85 2.27 1.58 0.89 0.22 -0.52 -1.05 -0.99

79 31 o 9.5 1.10 2.43 3.20 3.24 2.96 2.37 1.67 0.96 0.25 -0.50 -1.04 -1.02
$ 9.6 1.09 2.41 3.17 3.21 2.92 2.34 1.64 0.93 0.25 -0.51 -1.04 -1.01

P 9.5 1.15 2.56 3.36 3.43 3.17 2.54 1.81 1.07 0.3t -0.47 -1.05 -1.05

80 32 o] 9.6 1.17 2.59 3.4 3.48 3.22 2.60 1.86 1.10 0.35 -0.46 -1.06 -1.07
$ 9.7 1.16 2.58 3.39 3.46 3.20 2.57 1.84 1.09 0.34 -0.46 -1.06 -1.06

p 9.7 1.23 2.76 3.62 3.72 3.48 2.83 2.06 1.26 0.44 -0.42 -1.07 -

" 81 33 o 9.7 1.25 2.78 3.69 3.78 3.56 2.90 2.12 1.31 0.46 -0.40 -1.06 -1.12
$§ 9.7 1.24 2.77 3.66 3.76 3.52 2.87 2.09 1.28 0.46 -0.40 -1.06 -1.12

p 9.9 1.29 2.89 3.83 3.93 3N 3.04 2.23 1.39 0.51 -0.38 -1.07 -1.15

82 34 [¢] 10.0 1.32 2.92 3.90 3.99 3.78 3.12 2.28 1.41 0.56 -0.37 -1.08 -1.17
$ 10.0 1.31 2.90 3.87 3.96 3.75 3.09 2.26 1.40 0.54 -0.37 -1.08 -1.16

p 10.2 1.36 3.03 4.05 4.15 3.95 3.26 2.41 1.51 0.59 -0.36 -1 -1.24

83 35 o] 10.1 1.40 3.08 4.17 4.27 4.10 3.40 2.54 1.61 0.66 -0.31 -1.10 -1.27
$ 10.1 1.38 3.06 4.13 4.22 4.04 3.35 2.48 1.57 0.63 -0.33 -1.11 -1.26

P 10.3 1.49 3.21 4.32 4.41 4.24 3.51 2.62 1.65 0.66 -0.35 -1.16 -1.34

84 36 o 10.3 1.51 3.24 4.36 4.46 4.29 3.54 2.63 1.65 0.65 -0.39 -1.23 -1.42
$ 10.3 1.50 3.23 4.34 4.45 4.27 3.54 2.63 1.66 0.66 -0.37 -1.20 -1.38

p 10.5 1.56 3.33 4.45 4.57 4.39 3.61 2.67 1.64 0.58 -0.50 -1.38 -1.57

85 37 o 10.5 1.56 3.35 4.47 4.59 4.40 3.62 2.65 1.62 0.55 -0.55 -1.45 -1.63
$ 10.5 1.56 3.34 4.47 4.58 4.39 3.62 2.66 1.63 0.57 -0.52 -1.41 -1.60

p 10.4 1.64 3.47 4.62 4.72 4.50 3.66 2.61 1.50 0.34 -0.85 -1.84 -2.01

86 38 (o] 10.5 1.80 3.75 4.83 4.93 4.73 3.85 2.68 1.54 0.40 -0.90 -1.99 -2.23
$ 10.5 1.68 3.53 4.65 4.76 4.53 3.67 2.59 1.46 0.31 -0.91 -1.93 -2.10

p 10.5 1.94 3.94 5.02 5.08 4.83 3.90 2.66 1.47 0.28 -1.06 -2.17 -2.41

87 39 0 10.5 2.056 4.10 5.16 5.19 4.92 3.96 2.69 1.46 0.23 -1.16 -2.31 -2.58
$ 10.5 2.00 4.03 5.10 5.15 4.88 3.93 2.68 1.46 0.25 -1.11 -2.25 -2.50

P 10.5 2.12 4.20 5.24 5.25 4.95 3.97 2.68 1.43 0.19 -1.24 -2.41 -2.69

88 39 o 10.4 2.14 4.26 5.28 5.28 4.97 3.96 2.67 1.4 0.15 -1.27 -2.45 -2.73
$ 10.4 2.13 4.23 5.26 5.26 4.95 3.96 2.66 1.41 0.16 -1.26 -2.43 -2.71

p 10.5 2.22 4.43 5.44 5.42 5.08 4.02 2.7 1.41 0.10 -1.35 -2.55 -2.83

89 40 o 10.4 2.77 5.39 6.37 6.25 5.83 4.66 3.31 1.80 0.37 -1.21 -2.52 -2.97
$ 10.4 2.52 4.97 5.95 5.88 5.50 4.39 3.02 1.63 0.26 -1.26 -2.53 -2.90

p 10.3 3.26 6.21 7.13 6.85 6.32 5.02 3.51 1.90 0.30 -1.42 -2.85 -3.44

90 41 [o] 10.2 3.65 6.90 7.79 7.41 6.76 5.37 3.77 2.05 0.31 -1.49 -3.00 -3.69
$ 10.2 3.48 6.60 7.50 7.17 6.56 5.21 3.66 1.99 0.31 -1.46 -2.93 -3.59

42 1 10.3 3.89 7.36 8.22 7.78 7.08 5.61 3.93 2.13 0.31 -1.57 -3.16 -3.90

li 91* 42 2 10.3 3.96 7.50 8.35 7.89 717 5.68 3.97 2.14 0.33 -1.60 -3.20 -3.96
42 3 10.3 4.02 7.63 8.46 8.00 7.26 5.75 4.02 2.17 0.32 -1.62 -3.25 -4.01

42 4 10.2 4.07 7.74 8.57 8.09 7.35 5.81 4.06 2.18 0.32 -1.64 -3.29 -4.07

42 5 10.2 4.09 7.81 8.61 8.14 7.39 5.83 4.08 2.20 0.32 -1.66 -3.31 -4.10

42 6 10.2 4.1 7.85 8.65 8.17 7.41 5.85 4.10 2.20 0.32 -1.67 -3.33 -4.12

42 7 10.2 4.13 7.88 8.68 8.19 7.43 5.86 4.10 2.20 0.31 -1.68 -3.35 -4.14

42 8 10.2 4.14 7.92 8.71 8.22 7.45 5.88 4.10 2.19 0.29 -1.70 -3.38 -4.17

42 9 10.2 4.16 7.95 8.75 8.25 7.47 5.89 4.11 2.20 0.28 -1.71 -3.40 -4.20

42 10 10.2 4.18 7.98 8.78 8.27 7.48 5.90 4.11 2.19 0.28 -1.73 -3.42 -4.22

42 1 10.2 4.19 8.01 8.79 8.28 7.50 5.90 4.11 2.19 0.26 -1.75 -3.45 -4.25

42 12 10.3 4.14 7.85 8.58 8.05 7.26 5.65 3.88 1.97 0.06 -1.93 -3.60 -4.37

42 13 10.2 4.15 7.86 8.59 8.04 7.24 5.63 3.84 1.92 -0.01 -2.04 -3.72 -4.52

42 14 10.1 4.16 7.87 8.60 8.04 7.23 5.62 3.81 1.88 -0.06 -2.09 -3.78 -4.59

42 15 10.1 4.16 7.88 8.61 8.04 7.22 5.61 3.79 1.85 -0.10 -2.14 -3.85 -4.67

42 16 10.1 4.16 7.88 8.61 8.05 7.22 5.59 3.77 1.82 -0.14 -2.20 -3.92 -4.74

42 17 10.1 4.17 7.89 8.62 8.05 7.22 5.58 3.74 1.78 -0.19 -2.26 -3.98 -4.81

42 18 10.0 4.17 7.89 8.61 8.04 7.21 5.57 3.73 1.76 -0.22 -2.31 -4.03 -4.87

42 19 10.0 4.17 7.89 8.61 8.03 7.20 5.55 3.70 1.73 -0.27 -2.36 -4.08 -4.93

41 20 9.2 4.17 7.91 8.63 8.06 7.21 5.55 3.70 1.72 -0.28 -2.38 -4.13 -5.10

') wszystkie pomiary przy tym obcigzeniu; odczyty co 1.5s

*) all results under this load; 1.5s interval
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Etap I Etap | RPW —a/b - 1
Q- e —L—— ———————————— ‘74»— F ]
S gh =t 4 r<t—= SHP
"1 B #
4| =t - bt S4P
o 2 |
Q| siL=—p ar <= S3P
- | - | . ; .
S2L = P <= S2P Tablica R1.2.  Przemieszczenia
L S1L = o <= S1P geometrycznej osi stupow
| o | i zmiany dtugos$ci odcinkow
i taczacych wezty ramy
< Table R1.2. Axial displacements of
—_—_—— - - - == == == =
A D columns and change of
nodes length
Obcigzenie Pomiar Przemieszczenia, mm Zmiany diugosci, mm
Sila F |pierwszy
etap | nr ostatni | SiL | s2L | saL | saL | ss. | ssp | sap | s3p | s2p | stP | AB | BC | CD [ AC | AD
kN Sredni
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
1 2 $§ -0.04 -0.04 -0.04 -0.02 0.00 0.10 0.14 0.15 0.16 0.15 -0.11 -0.01 0.00 -0.41 0.15
2 4 $ -0.09 -0.09 -0.09 -0.06 -0.02 0.11 0.17 0.20 0.21 0.19 -0.09 -0.02 0.01 -0.85 0.16
3 6 $ -0.13 -0.15 -0.14 -0.10 -0.04 0.13 0.22 0.26 0.27 0.24 -0.11 -0.02 0.02 -1.39 0.16
4 8 $ -0.21 -0.23 -0.22 -0.17 -0.07 0.16 0.28 0.33 0.34 0.29 -0.20 -0.02 0.04 -2.09 0.08
5 10 $§ -0.28 -0.31 -0.30 -0.24 -0.10 0.19 0.34 0.41 0.41 0.36 -0.24 -0.01 0.05 -2.89 0.01
6 12 $§ -0.38 -0.42 -0.42 -0.34 -0.15 0.22 0.42 0.51 0.52 0.44 -0.26 0.03 0.06 -3.99 -0.06
7 14 § 050 | -058| -060| -051| -023| o020| o058| o069| o0e8| 057| -025| o012 o010| -595| -0.17
8 16 $ -0.70 -0.85 -0.90 -0.78 -0.34 0.36 0.80 0.94 0.91 0.73 -0.18 0.19 0.14 -7.96 -0.19
9 18 § -0.88 -1.07 -1.15 -1.01 -0.46 0.44 1.00 1.21 1.17 0.93 -0.08 0.29 0.20 | -10.10 -0.20
10 20 $ -1.06 -1.30 -1.39 -1.22 -0.56 0.54 1.25 1.53 1.49 1.18 0.02 0.45 0.29 | -12.52 -0.22
1 20 § 11| -137| -146| -126| -058| o0s6| 129| 159| 155| 122| 004| o047| 030|-1286| -0.23
12 18 $ -1.08 -1.34 -1.42 -1.23 -0.56 0.57 1.30 1.60 1.57 1.24 0.03 0.47 0.30 | -12.62 -0.25
13 14 $§ -0.94 -1.16 -1.28 -1.07 -0.48 0.52 1.19 1.47 1.45 1.156 -0.04 0.43 0.29 | -11.10 -0.26
14 10 § -0.76 -0.95 -1.01 -0.87 -0.38 0.45 1.00 1.24 1.23 0.98 -0.13 0.39 0.24 -9.18 -0.19
15 6 $§ -0.58 -0.73 -0.77 -0.67 -0.29 0.37 0.81 1.00 1.00 0.80 -0.17 0.33 0.19 -7.14 -0.08
| 16 2 $ -0.42 -0.52 -0.55 -0.48 -0.20 0.30 0.63 0.77 0.78 0.64 -0.12 0.29 0.14 -5.07 0.05
17 6 $ -0.50 -0.62 -0.64 -0.55 -0.23 0.32 0.69 0.85 0.85 0.69 -0.12 0.29 0.16 -5.83 0.06
18 10 $ -0.67 -0.83 -0.87 -0.75 -0.32 0.40 0.87 1.07 1.06 0.85 -0.13 0.34 0.19 -7.74 -0.07
19 14 § -0.85 -1.04 -1.10 -0.95 -0.42 0.47 1.06 1.30 1.28 1.01 -0.09 0.39 0.24 -9.80 -0.13
20 18 $ -1.02 -1.26 -1.33 -1.15 -0.52 0.55 1.25 1.53 1.50 1.18 -0.01 0.45 0.28 | -11.86 -0.16
21 20 $ -1.12 -1.38 -1.47 -1.27 -0.57 0.60 1.35 1.66 1.62 1.28 0.04 0.49 0.31 | -12.99 -0.18
22 2 $ -0.44 -0.55 -0.57 -0.49 -0.21 0.30 0.63 0.78 0.79 0.66 -0.12 0.29 0.14 -5.17 0.02
23 20 § -1.13 -1.40 -1.49 -1.29 -0.58 0.61 1.38 1.69 1.65 1.30 0.05 0.51 0.32 | -13.15 -0.14
24 2 § -0.46 -0.56 -0.59 -0.50 -0.22 0.30 0.64 0.79 0.80 0.66 -0.13 0.29 0.14 -5.22 -0.01
25 20 $§ -1.14 -1.42 -1.50 -1.30 -0.58 0.62 1.40 1.72 1.68 1.33 0.06 0.52 0.32 | -13.25 -0.12
26 2 § 048 | -059| -061| -052| -023| o031 o65| o080 | o082 | o0e8| -0.14| 030| 0.14| -530| -0.02
27 20 $§ -1.15 -1.43 -1.52 -1.32 -0.59 0.63 1.42 1.74 1.70 1.34 0.06 0.53 0.32 | -13.38 -0.11
28 18 $ -1.14 -1.41 -1.50 -1.30 -0.58 0.62 1.41 1.73 1.70 1.34 0.04 0.52 0.32 | -13.26 -0.19
29 14 § -0.99 -1.24 -1.32 -1.14 -0.51 0.56 1.26 1.56 1.54 1.22 -0.04 0.47 0.31 | -11.66 -0.21
30 10 § 082 | -1.03| -1.08| -094| -042| o048| 106| 131| 130| 104| -013| o042| o025| -957| -0.13
31 6 $ -0.63 -0.79 -0.83 -0.72 -0.32 0.40 0.86 1.05 1.06 0.86 -0.18 0.35 0.20 -7.36 -0.01
32 2 $§ -0.47 -0.59 -0.62 -0.53 -0.23 0.32 0.66 0.81 0.82 0.68 -0.15 0.30 0.15 -5.29 0.05
33 0 $ -0.40 -0.50 -0.52 -0.44 -0.19 0.28 0.56 0.69 0.71 0.59 -0.07 0.30 0.13 -4.19 0.02
34 0 $§ -0.23 -0.34 -0.38 -0.34 -0.15 0.23 0.44 0.51 0.47 0.33 0.31 0.30 0.06 -3.16 -0.26
35 2 § -0.11 -0.18 -0.22 -0.21 -0.09 0.18 0.32 0.36 0.33 0.21 0.53 0.26 0.01 -1.78 -0.22
36 4 $§ -0.09 -0.16 -0.20 -0.19 -0.08 0.17 0.29 0.32 0.29 0.19 0.53 0.26 0.01 -1.49 -0.23
37 6 $ -0.01 -0.07 -0.10 -0.10 -0.04 0.13 0.19 0.20 0.18 0.10 0.50 0.24 0.03 -0.62 -0.25
38 8 $ 0.11 0.07 0.04 0.01 0.01 0.09 0.09 0.08 0.06 0.00 0.46 0.23 0.10 0.36 -0.27
39 10 $ 0.26 0.26 0.24 0.18 0.09 -0.03 -0.12 -0.16 -0.14 -0.14 0.43 0.26 0.16 2.09 -0.27
40 12 $ 0.40 0.44 0.44 0.36 0.16 -0.10 -0.28 -0.34 -0.30 -0.26 0.42 0.34 0.22 4.24 -0.24
41 12 $ 0.45 0.50 0.51 0.41 0.18 -0.13 -0.34 -0.41 -0.36 -0.30 0.42 0.37 0.25 4.84 -0.20
42 14 $ 0.57 0.66 0.67 0.55 0.24 -0.20 -0.48 -0.56 -0.49 -0.39 0.43 0.41 0.29 6.36 -0.21
43 16 $ 0.74 0.88 0.91 0.74 0.33 -0.32 -0.78 -0.94 -0.83 -0.64 0.46 0.49 0.41 8.66 -0.22
44 18 $§ 0.93 1.13 1.16 0.94 0.41 -0.43 -1.05 -1.27 -1.14 -0.86 0.50 0.57 0.51 11.12 -0.22
45 20 $§ 1.12 1.36 1.41 1.14 0.50 -0.53 -1.28 -1.58 -1.45 -1.09 0.54 0.68 0.62 13.40 -0.23
46 20 § 118| 143| 148 119| o0s2| -055| -133| -164| -151| -1.13| o056| 074| 065| 14.05| -0.24
47 18 $ 1.17 1.42 1.47 1.18 0.52 -0.53 -1.29 -1.58 -1.46 -1.09 0.56 0.74 0.65 13.72 -0.23
48 14 $ 1.02 1.24 1.26 1.01 0.45 -0.43 -1.07 -1.31 -1.20 -0.91 0.53 0.70 0.63 11.76 -0.22
49 10 $ 0.87 1.04 1.05 0.84 0.37 -0.32 -0.84 -1.04 -0.95 -0.72 0.51 0.66 0.57 9.61 -0.21
I 50 6 § oes| o081| o081| 063| o028| -022| -060| -075| -068| -052| 051| 063| 056| 729 -0.25
51 2 $ 0.48 0.55 0.54 0.41 0.18 -0.11 -0.34 -0.43 -0.38 -0.30 0.54 0.64 0.49 4.73 -0.23
52 6 $§ 0.55 0.63 0.63 0.48 0.21 -0.16 -0.46 -0.57 -0.52 -0.40 0.53 0.62 0.49 5.79 -0.29
53 10 $ 0.74 0.88 0.88 0.69 0.30 -0.25 -0.70 -0.87 -0.80 -0.62 0.52 0.64 0.58 8.21 -0.38
54 14 $ 0.93 1.12 1.13 0.90 0.39 -0.36 -0.96 -1.20 -1.11 -0.85 0.55 0.69 0.64 10.62 -0.35
55 18 $ 1.11 1.34 1.37 1.10 0.48 -0.48 -1.21 -1.50 -1.40 -1.06 0.57 0.75 0.71 13.01 -0.30
56 20 $ 1.22 1.47 1.51 1.21 0.53 -0.54 -1.35 -1.67 -1.56 -1.17 0.59 0.79 0.75 14.29 -0.30
57 2 $ 0.49 0.56 0.54 0.41 0.18 -0.13 -0.37 -0.46 -0.42 -0.35 0.56 0.67 0.51 4.84 -0.35
58 20 $ 1.23 1.49 1.53 1.23 0.54 -0.55 -1.38 -1.71 -1.60 -1.20 0.59 0.80 0.78 14.50 -0.33
59 2 $ 0.50 0.56 0.55 0.42 0.18 -0.13 -0.38 -0.48 -0.44 -0.36 0.57 0.68 0.53 4.94 -0.36
60 20 $ 1.24 1.49 1.54 1.24 0.54 -0.56 -1.39 -1.73 -1.61 -1.21 0.59 0.81 0.79 14.59 -0.36
61 2 $ 0.50 0.57 0.55 0.42 0.19 -0.14 -0.39 -0.49 -0.45 -0.37 0.56 0.68 0.52 4.96 -0.38
62 20 $ 1.25 1.50 1.55 1.24 0.54 -0.56 -1.40 -1.73 -1.62 -1.22 0.59 0.81 0.79 14.66 -0.35
63 18 $ 1.24 1.49 1.53 1.23 0.54 -0.54 -1.34 -1.66 -1.55 -1.16 0.60 0.81 0.79 14.32 -0.31
64 14 ] 1.08 1.30 1.33 1.06 0.47 -0.43 -1.11 -1.38 -1.28 -0.97 0.57 0.76 0.76 12.33 -0.32
65 10 $§ 0.91 1.09 1.10 0.87 0.39 -0.34 -0.88 -1.09 -1.01 -0.78 0.53 0.71 0.69 9.98 -0.41
66 6 $ 0.73 0.86 0.85 0.67 0.30 -0.24 -0.64 -0.79 -0.72 -0.57 0.52 0.68 0.63 7.62 -0.40
67 P $ 0.51 0.58 0.56 0.43 0.19 -0.14 -0.39 -0.50 -0.46 -0.38 0.56 0.68 0.53 5.06 -0.38
68 6 $ 0.57 0.67 0.66 0.51 0.23 -0.19 -0.563 -0.66 -0.61 -0.49 0.53 0.65 0.52 6.09 -0.42
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1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
69 10 $ 079 | 093] 093] 073| 032] -028[ -077| -097| -090| -071| o052 o066 064] 870| -052
70 14 $ og8|{ t18| 119| 095| o041 -040| -104| -130] -1.21| -093| o055| 072| 07| 11.25| -0.42
7 18 $ 117 141 144 116| 050| -051| -128| -159| -148| -1.12| os7| o78| o076 1364 -037
72 20 $ 126 152 156| 126| 055| -056| -140| -1.74| -162| -122) o0s59| 081| o078 1477 -038
73 22 § 139 1e6| 170| 138 o060| -063| -156| -193| -1.80| -1.36| o061| 086| 083| 1623| -0.38
74 24 § 170 200| 202 164| 071] -065| -160| -198]| -184( -138} o067] 1.19| o087] 1959| -0.39

p 202 236 235 190 o082 -087 -1.90| -227| -208| -1.56] 0.74| 137| 1.04| 23.15] -0.39

75 26 ) 204 238|( 237 192| 083| -089| -192| -229| -210| -1.57| 075| 1.38| 1.05]| 2334| -0.40
§ 203| 237| 236 191) 083 -088] -191| -228]| -2.09| -156| 075} 137| 105{ 2326| -0.39

p 224 262| 260 210| 091] -1.04] -213| -249| -227| -1.70| 080 147 1.17] 2566 -0.40

76 28 0 228 265( 264 213| 092| -106| -215{ -252) -230| -1.73| o081 | 149| 1.19] 2600| -0.40
$ 226 264! 262 212] 092] -105| -214| -251| -2291 -171| o080 148 1.18| 2585| -0.40

P 236 2741 272 220 095[ 19| -225| -264| -245| -1.84| 083 155 1241 26821 -0.39

77 28 o 237 275| =272| 220 o095] -111| -225| -264| -244| -184| 084| 155| 124| 2682| -0.39
$ 237f 275| 272| 220| 095]| -111| -225| 264 -244| -184| 083) 155| 124| 2683 -0.39

) 2551 296 294] 236 1.03| -1.23[ -243 -281| -259| -1.96| 087| 1.66| 134 29111 -0.40

78 30 o 256 297( 29| 238 1.03| -124| -245| -282| -260| -1.97| o088| 169| 135! 2039] -0.40
$ 256 297 295) 237| 103] -124]| -244| -281]| -259| -t96| o088| 167| 135! 2027] -0.40

p 266 | 309| 307| 246| 1.07] -130| -253| -291| -268| -202] 080| 1.76 | 1.40] 30521 -0.40

79 3 0 270 | 313; 311f 250 109| -132| -2s56| -292| -269| -203| o092| 181| 142] 31.13| -041
$ 269 312) 309| 248) 108} -131]| -255| -291| -268| -203| o091| 179| 141] 3091! -040

P 281 326| 324 260] 1.14| 139 -266| -3.02| -2.78| -209| 085 1.89| 149 32451 041

80 32 0 285| 329| 327| 262| 115) -140| -267| -302| -279| -210| 096 192| 1s50] 3283 -041
$ 283]| 328| 326| 261| 115] -140| -266| -3.02] -279| -209| o096 1.91| 149| a267| -041

p 298 [ 3441 342 274 120 -150[ 280 -3.14| -289| -2.17] 1.00| 202 | 1581 34461 -042

n 81 33 o 301 348| 346 277 122| -153| -285( -3.18| -292| -220| 101| 206| 161! 34.99| -0.42
$ 300 347| 344} 276| 122 -152| -283| -316| -291| -219] 101| 204| 160! 3879| -042

) 311| 359 357 286 126| -1.59] -294| -328| -301| -226| 104 211 1661 36161 -043

82 34 0 315| 364| 361]| 290) 129} -161| -297| -3.30| -3.03| -228| 106| 2.16| 169| 3678| -0.43
$ 314| 362| 360| 289 128} -160| -296| -3.29| -3.02| -227| 105| 214| 168| 3654 | -043

P 327 | 377 376 304 135| -167] -3.06| -340| -311| -234| 1.09| 2251 1731 38251 -043

83 35 o 3471 404| 406 339 154| -184| -356| -387| -350| -260| 126| 232| 191 41.12] -0.43
$ 339 393| 394 325[ 146] -176| -332| -365| -331[ -248| 1.19] 230| 183! 39.92! -043

P 371 434[ 439 374 177 -203| -400| -427| -384| -284| 143| 2.45| 2081 44551 042

84 36 ) 384 450| 459 395 195 -214) 422 -449| -404| -297| 157| 255| 217 4702| -0.42
$ 3.79 | 444| 451] 387 188] -210) -414| -441| -397| -292| 151| 250| 214| 4604 -042

) 416 491 507 448 228| -236| -466| -491| -439| -323| 184| 273 2361 5199] -042

85 37 o 438 | 519 541 | 488 251 | -255| -511| -528| -469| -346( 205| 280| 2854] 5537| -044
$ 428 | 506| 525]| 469| 240] -247| -491| 511! -455| -335| 195| 277| 246| s3s1| -043

P 507| 6.06| 644 605| 306| -275]| -549| -560| -495| -366| 252| 3301 2741 63981 -050

86 38 ) 561| 674 725| 699| 348| -302| -606| -616) -538| -396| 303| 386| 287| 7194| o001
$ 526 | 631| 674] 640} 321)| -285| -566| -575| -507| -3.74| 268| 347]| 280] 6673 -0.43

) 623 755( 823 813| 40t| -358| -7.07| -7.25| -6.29| -457] 353| 4.10| 33951 80971 012

87 39 ) 650| 789 866 867 425 -375| -744| -759| -658| -476| 375| 433| 3s8| 8517| -0.13
$ 639| 775! 848| 844| 415| -368| -729| -746| -647| -468| 366| 423| 351 8347| -012

p 663 | 805 887 893| 437 -382[ -7.89| -7.74| -6.73| -485| 389| 451 | 369 9317 | -0.08

88 39 0 666{ 808 890 898| 440| -385| -764| -7.79| -676| -488| 391| 457| 372| 9394| -009
$ 665| 807| B889| 896| 439 -383| -762| -777)| -675| -487| 390] 455| 371] 93e60| -0.08

P 678 | 824 909 918 448 -394 -782| -7.98| -6.93| -500| 397| 472 3811 9634 -0.10

89 40 o 7131 870( 965( 985 479 -470( 871 -876( -7.56| 544 425| s534| 446/ 10766( -0.10
$ 697 | 849) 940| 955| 465 -437| -831| -841| -727| -524| 412| s05| 41810248 -0.11

p 8.09| 995 1120 11.70| 555| -5.60[ -10.03| -9.99| -859| -6.15| 4.93| 615 521 | 12457 -0.10

90 41 0 8.30 | 1020 | 1153 | 1210| 575{ -5.96|-1057| -1048| -9.01| -643| s11| 670| 55213231 -007
$ 822 1011} 1140 1194]| 567 -581|-1035]-1027| -8.84) -632| 504| 647| 5239/ 120.00| -0.08

42 1 849 1045| 11.81] 12411 591| -617]-1082] -1081| -932 | -664] 524| 7.07] 5711137621 -0.08

] 91* 42 2 8.54 | 1050 [ 11.87 | 1248 ) 595| -6.21|-1099|-1088| -938| -668| 528| 717| 57613898 | -009
42 3 8.58 | 1056 | 11.94| 1257 | 600| -6.26|-11.08|-1096| -9.44| -671| 531| 726| 580/ 14028 -010

42 4 8.62| 1062 | 1201 | 1265| 6.04| -628|-11.16| -11.04| -950| -676| 536| 734| 58414151 -0.12

42 5 8.64 | 1063| 1204 | 1271| 607 -629]-11.19| -1107) -953| -677| s39| 739 58614221 -012

42 6 8.66 | 1066 | 1208 | 1278 | 6.09] -631|-11.22| -11.10| -956| -679| s542| 743| 588 14278| -012

42 7 8.69 | 1069 | 1211} 1283 | 6.11| -632|-1125(-1112} -958)| -680) 544! 746| 59014330 -0.13

42 8 8721 1073 1216 | 1289 614 -6.34}-11.29|-11.16] 961} -682| 547 750 59114390 -013

42 9 8751 1077} 1221 | 1295 617 -6.36 -11.32| -11.19| -964| -685| 550| 753| 593 14a52| -013

42 10 8.77 | 1080 1226 | 13.01| 620| -638|-1135-11.22} -.967| -687] 552| 756| 509514514 -0.13

42 11 879 1083 | 1229| 1316 | 6.26| -6.46) -11.41 | -11.28| -971{ -689| 551| 760 597 14593| -014

42 12 8.98 | 1109 1259 | 1388 | 650| -650|-11.47 | -1134| -977| -694| 519| 766| 599|14778| -0.32

42 13 9.23 11.44 13.00 14.52 6.73 -6.72 | -11.79 | -11.67 | -10.07 -7.17 5.13 7.78 6.07 | 151.10 -0.48

42 14 9.44 1 11.73| 1336 1502 | 693 -6.94| -12.14 | -12.04 | -1043| -746] s516| 784 6.15|15394| -053

42 15 964 | 1202 | 1369 1545 7.10| -7.09| -12.39 | -12.30 | -1069| -766| 523| 790| 6.19| 15627 | -0.51

42 16 982 | 1226 1398 | 1582 7.25]| -721(-1258 | -1251]-1089| -782| s528| 796| 624 | 15827| -0.48

42 17 9.97 ) 1247 | 1423 | 1613 7.39] -7.32 ) -12.76 | -1270 | -11.08| -7.96| 533| 801| 628 160.11] -0.45

42 18 1011} 1265 1444 | 1639 | 749 -7.41| -1290| -1285| -11.23| -808| 538| 80s| 6.32]16156| -0.43

42 19 1026 | 1283 | 1467 | 1667 | 7.61] -7.49| -13.03| -13.00 [ -11.37 | -820| S544| 810| 6.35)163.05| -0.40

41 20 1039} 1301 ] 1488| 1691 770) -7.47| -1294] -12.88{ -11.25| -810) 6547| 826| 6.38 | 164.46 | -0.38

*) wszystkie pomiary przy tym obcigzeniu; odczyty co 1.5s

*) all results under this load; 1.5s interval
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