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STRESZCZENIE

Dotychczasowe badania zelbetowych elementdéw wzmocnionych na zginanie przy uzyciu zewngtrznych (Externally
Bounded - EB) materiatow kompozytowych (Fiber Reinforced Polymer - FRP), przyklejonych do rozciaganej powierzchni
betonu, wykazaty ograniczona efektywno$¢ tej techniki ze wzgledu na nagte odspojenie kompozytu od powierzchni betonu
przed osiagnigciem jego granicznych odksztalcen. Nalezy podkresli¢, ze wzmocnienie na zginanie przy zastosowaniu przy-
klejonych w sposob bierny materiatdow FRP, zwigksza nosnos¢ elementu, ale jednocze$nie ma niewielki wptyw na stan
graniczny uzytkowalnos$ci (zarysowanie i ugigcia elementu). Sprezanie materialu kompozytowego FRP zostato zapropo-
nowane w celu zwigkszenia stopnia wykorzystania wytrzymalosci materialu kompozytowego na rozciaganie i poprawy
efektywnos$ci wzmocnienia w stanie granicznym uzytkowalnos$ci.

Program badan obejmowal trzy serie belek zelbetowych, zréznicowanych pod wzgledem stopnia stalowego zbrojenia
(4#12 p=0.49% 1 4#16 p=0.87%), wytrzymato$ci betonu, poziomu wytgzenia elementu w chwili wykonywania wzmoc-
nienia oraz przyczepnosci tasmy CFRP do powierzchni betonu i zastosowanego zakotwienia.

Praktyczny aspekt programu badan koncentruje si¢ na wpltywie poziomu wstgpnego obciazenia elementu, na efektyw-
no$¢ wzmocnienia przy uzyciu sprezonych tasm CFRP. W praktyce inzynierskiej bardzo czgsto mozna spotka¢ elementy
konstrukcyjne obciazone przed wzmocnieniem, w ktorych doszto nawet do przekroczenia dopuszczalnych warunkow stanu
granicznego uzytkowalnosci (zarysowania lub ugie¢). Wplyw wcezedniejszego wytezenia zginanych elementéw konstruk-
cyjnych wzmocnionych przy uzyciu napr¢zonych kompozytow byl dotad bardzo rzadko analizowany w pracach badaw-
czych.

Rozwazono dwa poziomy wstepnego obciazenia elementéw przed wzmocnieniem: wylacznie pod cigzarem wlasnym
oraz pod cigzarem wlasnym i obciazeniem zewng¢trznym. Obcigzenie ci¢zarem wlasnym stanowito 25% i 14% no$nosci
elementu niewzmocnionego, odpowiednio w elementach o nizszym i wyzszym stopniu zbrojenia stalowego. Wyzszy po-
ziom wstgpnego wytezenia belek rowny 76% nosnosci na zginanie elementu niewzmocnionego, zostat wybrany w celu
zbadania takiego przypadku, w ktorym zbrojenie zwykte bylo bliskie uplastycznieniu.

Przeprowadzone badania do$wiadczalne daty obiecujace wyniki zarowno w odniesieniu do stanu granicznego nosnosci,
jak i uzytkowalnos$ci. Stopien wzmocnienia zdefiniowany jako stosunek réznicy no$nosci elementu wzmocnionego i nie-
wzmocnionego do no$nosci elementu niewzmocnionego, wahat si¢ w zakresie od 0.64 do 1.20. W pracy omowiono wplyw
wszystkich rozwazanych parametrow, a wigc stopnia zbrojenia zwyktego, przyczepnosci tasmy do betonu, poziomu wstep-
nego wytezenia elementu podczas wzmocnienia i poziomu wstgpnego naprezenia kompozytu.

SUMMARY

The research carried out so far on reinforced concrete (RC) members strengthened in flexure with externally bonded
(EB) fiber-reinforced polymers (FRPs) have indicated quite low strengthening efficiency caused by debonding of the FRP
from the concrete surface before the tensile strength of the FRP material was achieved. It should be emphasized that al-
though the load-bearing capacity of RC members strengthened with passive EB FPR laminates increases, it has a small
effect on the serviceability limit state (i.e. cracking moment and deflections). Prestressing the EB FRP was proposed as a
method of increasing the utilization of the FRP tensile strength and improving the strengthening efficiency in terms of
serviceability limit state.

An experimental research program consisted of three series of RC beams with variations in: the longitudinal steel rein-
forcement ratio (4#12, ps=0.49% and 4#16, p=0.87%), concrete strength, preloading level before strengthening, and adhe-
sion between the CFRP laminate and concrete as well as the anchorage used.

A practical and unique aspect of this research program focuses on the effect of preloading on the strengthening effi-
ciency of RC beams strengthened with prestressed carbon fiber-reinforced polymer (CFRP) laminates. In the engineering
practice, one can often come across structural elements preloaded before strengthening, in which serviceability limit state
was exceeded ( cracking moment or deflections). The influence of preloading of existing RC structures strengthened with
prestressed composites has been analyzed very rarely.

Two levels of the beams preloading were considered: the beam self-weight acting alone and the self-weight plus addi-
tional external load. The self-weight preloading level corresponded to 25 and 14% of the yield strength of a non-
strengthened beam in Series I and 111, respectively. The higher preloading level, equal to 76% of the yield strength of a non-
strengthened beam was chosen to estimate the efficiency of strengthening the element in which reinforcement was ap-
proaching the elastic limit of the beam behaviour.

Experimental tests yielded promising results for the ultimate and serviceability limit states, i.e. ULS and SLS, of the
strengthened beams. The strengthening ratio, defined as the ratio of the difference between the ultimate load of a strength-
ened and a non-strengthened beam to the ultimate load of the non-strengthened beam, reached values within the range of
0.64—1.19. The authors discuss the influence of all the parameters, i.e ordinary reinforcement ratio, adhesion between the
prestressed CFRP laminate and concrete, the level of preloading during strengthening and the level of pretensioning of a
composite.






SPIS TRESCI

1. Wprowadzenie
2. Program badan .
2.1. Elementy badawcze
2.2. Zastosowane materiaty
2.2.1. Beton .
2.2.2. Zbrojenie stalowe . .
2.2.3. Tasmy z wtdknami qulowyml
2.2.4. Zaprawa klejowa .
2.3. Sposob wykonywania wzmocnienia . .
2.3.1. Przygotowanie powierzchni elementu
2.3.2. System kotwiaco-sprezajacy S&P
2.3.2.1. Montaz systemu
sprezajacego S&P
2.3.2.2. Montaz tasmy
2.3.2.3. Napre¢zenie tasmy
2.3.2.4. Demontaz systemu
naprezajacego S&P .
2.3.3. Wzmocnienie bezprzyczepnosciowe .
2.3.4. Wzmocnienie z redukcja naciagu bez
mechanicznego zakotwienia .
2.4 Stanowisko badawcze i1 obcigzenie
2.5. Pomiary
3. Analiza wynikow badan
3.1. Sposob zniszczenia i sity niszczace
3.2. Obraz zarysowania
3.3. Odksztatcenia tasmy CFRP
3.4. Odksztalcenia betonu w strefie rozcmganq
3.5. Przemieszczenia pionowe .
3.6. Model obliczeniowy
3.7. Efektywno$¢ wzmocnienia i stoplen
wykorzystania wytrzymatosci taSmy
CFRP na rozciaganie .
4. Wnioski .o

Literatura
Poprzednio wydane zeszyty .

Zatacznik

7
10
11
12
12
12
13
14
15
16
17

17
18
19

20
20

21
22
22
24
24
27
28
34
35
37

39

42

44

45

47

CONTENTS

1. Introduction . . . . . . . . . . . 17
2. Research program . . . . . . . . . 10
2.1. Testmembers . . . . . . . . . 11
2.2. Used materials . . . . . . . . . 12
2.2.1. Concrete . . . . . . .12

2.2.2. Steel reinforcement . . . . . 12

2.23. CFRP laminates . . . . . . 13

2.2.4. Adhesive mortar . . . . . . 14

2.3. Strengthening configurations . . .15

2.3.1. Surface preparation of RC member . 16
2.3.2. The anchorage prestressing system . 17
2.3.2.1. Installation of the S&P
prestressing system . . . 17
2.3.2.2. Installation of the strip . . 18
2.3.2.3. Pretensioning of the strip . 19
2.3.2.4. Dismantling of the

prestressing system . . . 20
2.3.3. Anunbonded strengthening . . 20
2.3.4. Strengthening with reduction of tens1on
without mechanical anchorage . . 21
2.4. Testset-up and loading . . . . . . 22
2.5. Measurements . . . . . . . . . 22
3. The analysis of test results . . . ... 24
3.1. Failure modes and ultimate loads ... 24
3.2. Crack pattern . . .. 2T
3.3. Strain of the CFRP lammate ... .. 28
3.4. Concrete strain in tensile zone . . . . 34
3.5. Vertical displacements. . . . . . . 35
3.6. Analytical model . . . 37

3.7. The efficiency of strengthenlng and the extent
of the use tensile strength of a CFRP

laminates . . < 1Y
4. Conclusions . . . . . . . . . . . 42
References . v
Previously published reports . . . . . . . . 45
Appendix e v



OZNACZENIA

Duze litery lacinskie

Ay - pole przekroju kompozytu

A; - pole przekroju i-tej warstwy betonu
Ay - pole przekroju preta zbrojeniowego
Ay, - pole przekroju zbrojenia rozciaganego
As> - pole przekroju zbrojenia Sciskanego

E. - modut podhuznej sprezystosci betonu

E; - modul podluznej sprezystosci tasmy CFRP

E; - modut podhuznej sprezystosci stali

F - obcigzenie zewngtrzne

F, - obciazenie, przy ktorym wykonano wzmocnienie

F, - do$wiadczalna sita niszczaca element wzmocniony

F, - obliczeniowa sita niszczaca element niewzmocniony

F; - sita w zbrojeniu rozciaganym

F,, - sita w zbrojeniu $ciskanym

F; - sita wi-tej warstwie przekroju betonowego

M - moment zginajacy

N - sita podluzna

Male litery lacinskie

a; - potozenie zbrojenia rozciaganego wzglgdem roz-
ciaganej krawedzi przekroju

a, - potozenie $ciskanego zbrojenia wzglgdem S$ciska-
nej krawedzi przekroju

b - szerokos¢ przekroju betonowego

d - wysokos¢ uzyteczna przekroju
Je.cube - kostkowa wytrzymato$¢ betonu na $ciskanie
Jersp - Wytrzymato$¢ betonu na rozciaganie (roztupywanie)

f. - wytrzymato$¢ walcowa betonu na $ciskanie
Jf» - granica plastyczno$ci stali zbrojeniowej

f; - naprgzenia graniczne stali zbrojeniowej

Ji - naprezenia graniczne ta§my CFRP

h - wysokos$¢ przekroju

h’ - odleglos¢ pomigdzy poziomem pomiaru odksztal-
cen $ciskajacych i rozciagajacych w betonie (mm)

Vv - przemieszczenia pionowe

vs - przemieszczenia pionowe $rodka belki

y; - rzedna i-tej warstwy przekroju betonu

Male litery greckie

g, - odksztalcenia $Sciskajace w betonie

&, - odksztalcenia rysujace beton

gu - odksztalcenia graniczne tasmy CFRP

gp - odksztalcenia taSmy CFRP w trakcie naprezania

&rese - maksymalne odksztalcenia tasmy CFRP zareje-
strowane podczas badania (zniszczenia belki)

&r1esi- Odksztalcenia taSmy dla i-tych poziom6w obciazenia

ot - calkowite odksztalcenia taSmy CFRP; &/, =gt &1 e

& odksztatcenia graniczne tasmy CFRP

& odksztatcenia w i-tej warstwie przekroju

ew - odksztalcenia graniczne stali zbrojeniowe;j

& Srednie odksztalcenia betonu w strefie rozciaganej

&.av - Srednie odksztalcenia betonu w Srodkowej czgsci
belki w poziomie zbrojenia rozciaganego

K - krzywizna

nr - stopien wzmocnienia np=(F,F.)/Fy
N - stopien wykorzystania taSmy CFRP .= &5 / &5
ps - stopien zbrojenia stalowego

op - wstepne naprezenia w taSmie CFRP

NOTATION

Roman upper case letters

Ay - cross-section area of CFRP laminate

A; - cross-section area of i™ concrete layer

Ay - cross-section area of the steel reinforcing bars

Ay, - cross-section area of tensile steel reinforcement

Ay, - cross-section area of compressive steel reinforce-
ment

E. - elastic modulus of concrete

E; - elastic modulus of CFRP laminate

E, - elastic modulus of steel reinforcement

F - external load

F, - static preloading before and during strengthening

M

ultimate load of a strengthened beam

F, - ultimate load of a non-strengthened (reference) beam
F,; - force in tensile steel reinforcement

F,, - force in compressive steel reinforcement

F; - force in i-th concrete layer
M - bending moment
N - longitudinal force

Roman lower case letters

a; - distance of the tensile steel reinforcement axis from
the tensile edge

a, - distance of the compressive steel reinforcement
axis from the compressive edge

b - width of cross-section

d - effective depth of the steel reinforcement

fe.cube - cube compressive strength of concrete
fesp - tensile splitting strength of concrete

fo - cylinder compressive strength of concrete
. - yield strength of steel reinforcement
f; - ultimate tensile strength of steel reinforcement
fu - ultimate tensile strength of CFRP laminate
h - height of cross-section

h’ - distance between levels of compressive and tensile
strains measurements (mm)

v - vertical displacement
vs - vertical displacement at the beam’s midspan
y; - location of the i-th layer of concrete

Greek lower case letters

& - compressive concrete strain
g, - cracking strain of concrete
& - ultimate tensile strain of CFRP laminate

& prestressing strain of CFRP laminate

&fese - maximum tensile strain of CFRP laminate regis-
tered in the test (at the failure of beam’s)

&fresi- Strain of CFRP laminate in the i-th level of load

o - total tensile strain of CFRP laminate; &¢10r=6p+¢€fres

gq - ultimate tensile strain of CFRP laminate

g - strain in the i-th layer of concrete

&u - ultimate tensile strain of steel reinforcement
& - average concrete strain in tension zone

&4y - average tensile concrete strain at the midspan of
the beam at the depth of tensile steel reinforcement

K curvature

N strengthening ratio

ng - CFRP strain efficiency

Os steel reinforcement ratio

op - prestressing stress level in the CFRP laminate

nr = (Fu'Fu())/Fu()
Nef = Eftor /Sfu



1. WPROWADZENIE

Badania dotycza efektywnos$ci wzmocnienia zelbeto-
wych belek na zginanie przy uzyciu napr¢zonych tasm
z widknami weglowymi (Carbon Fiber Reinforced Poli-
mer — CFRP).

W ostatniej dekadzie kompozyty CFRP w postaci
sztywnych laminatow i wiotkich mat, znalazly szerokie
zastosowanie we wzmacnianiu konstrukcji zelbetowych
metoda przyklejania na zewngtrznej powierzchni betonu,
przy uzyciu epoksydowej zaprawy klejowej (angielska
nazwa Externally Bonded — EB). Za stosowaniem tego
materiatu przemawiajq jego liczne zalety, takie jak: bar-
dzo wysoka wytrzymalo$¢ na rozciaganie w kierunku
wiokien, niewielki cigzar wilasciwy materiatu, tatwosé
transportu i montazu kompozytow nawet w trudno do-
stgpnych miejscach oraz wysoka odporno$¢ materiatu na
korozjg i agresywne oddziatywanie srodowiska.

Wiele badan doswiadczalnych przeprowadzonych do-
tychczas na zginanych zelbetowych elementach wzmoc-
nionych biernymi (bez naprezania) kompozytami, wyka-
zato do$¢ niska efektywnosc¢ tej techniki. Powodem tego
jest sposob zniszczenia wzmocnionego elementu na sku-
tek naglego odspojenia kompozytu od powierzchni beto-
nu, w bezposrednim sasiedztwie rys typowych dla zgina-
nia, potozonych w strefie czystego zginania (Kaminska
i Kotynia 2000; Kotynia i Kaminska 2003). Badania wy-
kazaty, ze efektywnos¢ biernego wzmocnienia na zginanie
zalezy od wielu czynnikow, takich jak: rodzaj i wymiary
przekroju zbrojenia kompozytowego, odlegtosé jego kon-
cow od podpory, uktad podtuznego i poprzecznego zbro-
jenia stalowego oraz rozklad momentéw zginajacych i sit
poprzecznych w elemencie (Kotynia i Kaminska 2003).
Ponadto wzmocnienie konstrukcji przy uzyciu biernych
kompozytéw zwigksza jej no$nos¢, nie wptywa jednak
znaczaco na poprawg warunkow uzytkowalno$ci (tzn.
momentu rysujacego i ugigcia od obciazen uzytkowych)
zwlaszcza, jezeli element przed wzmocnieniem byt juz
obcigzony. W celu zwigkszenia efektywno$ci wzmocnie-
nia, w tym w stanie granicznym uzytkowalnos$ci, oraz
zwigkszenia poziomu wykorzystania wytrzymatosci kom-
pozytu na rozciaganie, obecnie stosuje si¢ wstgpne jego
napre¢zenie. Pozwolito to zmniejszy¢ ugigcia wzmacnia-
nych elementéw, zmniejszy¢é rozwarcie rys, ograniczy¢
napre¢zenia w stalowym zbrojeniu podluznym, zmniejszy¢
odksztalcenia betonu oraz znaczaco zwigkszy¢ jego
sztywno$¢ 1 nosnos¢. Zalety wzmocnien czynnych zostaly
potwierdzone w wielu badaniach do$wiadczalnych (Deu-
ring 1993, Trintafillou, Deskovic, Deuring 1992, Meier
1995, Teng, Chen, Smith, Lam 2002, El-Hacha, Wight,
Green 2003, Wight, Green, Erki 2001), w ktorych okre-
$lono minimalny poziom wstgpnego naprgzenia kompozy-
tu jako 25% jego wytrzymalosci na rozciaganie (Trintafil-
lou, Deskovic, Deuring, 1992, Meier, 1995). W przypadku
wstgpnego napr¢zenia powyzej 70% wytrzymatosci wto-
kien na rozciaganie, obserwowano zniszczenie badanych
elementow na skutek zerwania widkien. Natomiast przy
poziomie naprezenia nie przekraczajacym 70% wytrzyma-
fosci na rozciaganie, do zniszczenia dochodzito najcze-
Sciej przez odspojenie kompozytu od powierzchni betonu.
(Meier, 1995).

1. INTRODUCTION

The research considers the efficiency of flexural
strengthening of RC beams with the use of CFRP lami-
nates.

During the last decade CFRP composites in the form
of stiff laminates and flexible sheets have been widely
used for flexural strengthening of RC structures with ex-
ternally bonded (EB), i.e. bonded on the external concrete
surface with the use of epoxy adhesive. What makes this
material suitable is a large number of its advantages, such
as: very high tensile strength in the direction of the fibres,
low specific weight, easy supply and assembly, even in
hard-to-reach places, as well as high resistance to corro-
sion and to aggressive influence of the environment.

A lot of experimental research conducted so far on
bent RC elements, strengthened with passive (not-
pretension) composites, have shown quite low efficiency
of this technique. The reason for this is failure of a
strengthened element resulting from a sudden deboning of
the composite from the concrete surface in the vicinity of
cracks typical for bending located in the pure bending
zone (Kaminska and Kotynia 2000, Kotynia and Kamin-
ska 2003). The research showed that the efficiency of
passive flexural strengthening depends on a number of
factors, such as: the kind and dimensions of the cross
section of CFRP reinforcement, its cut off from the sup-
port, the distribution of longitudinal and transverse steel
reinforcement, as well as the distribution of bending mo-
ments and transverse forces in an RC member (Kotynia
and Kaminska 2003). Test results indicated that flexural
strengthening with the use of passive composites increases
the 1 structural capacity but has no significant influence
on the improvement of Serviceability Limit States (SLS),
i.e. the cracking moment and the vertical deflection under
the imposed loads, especially if the RC member has been
pre-loaded before strengthening. In order to increase the
strengthening efficiency in SLS and to increase utilization
of the tensile strength of a composite, initial pretensioning
of the composite has been proposed. It has made it possi-
ble to decrease deflections of the strengthened member,
crack opening, to limit tension in longitudinal steel rein-
forcement, to decrease concrete strain and to increase the
stiffness of the member and its load bearing capacity sig-
nificantly. The advantages of active strengthening have
been proved in a number of experiments (Deuring 1993,
Trintafillou, Deskovic, Deu-ring 1992, Meier 1995, Teng,
Chen, Smith, Lam 2002, El-Hacha, Wight, Green 2003,
Wight, Green, Erki 2001), in which the minimum level of
pretensioning of a composite was determined as 25 % of
its tensile strength (Trintafillou, Deskovic, Deuring, 1992,
Meier, 1995). If the pretensioning exceeds 70 % of the
composite tensile strength, failure due to rupture of the
CFRP fibers was observed. For pretensioning not exceed-
ing 70 % of a composite tensile strength, failure was pre-
dominantly caused by debonding of the composite from
the concrete surface (Meier, 1995).



Najbardziej efektywny poziom naprezenia kompozytu
CFRP okreslono zatem jako 50+60% jego wytrzymalosci
na rozciaganie, co zapewnia niemal jednoczesne uzyska-
nie odspojenia i zerwania wtokien tego zbrojenia

Podstawowym problemem zwigzanym ze wzmacnia-

niem konstrukcji przy uzyciu naprezonych tasm z wtokien
weglowych jest wystgpowanie bardzo duzych naprezen
stycznych na koncach tasmy. Sita rozciagajaca taSme nie
moze by¢ bezposrednio przekazana na podloze betonowe,
poniewaz odpowiadajace jej napr¢zenia styczne znaczaco
przekraczaja wytrzymato$¢ betonu na rozciaganie, co
w konsekwencji skutkuje odspojeniem kompozytu od
powierzchni betonu (Rys. 1.1). Z tego powodu system
wzmocniefnl napr¢zonymi ta$mami wymaga zastosowania
mechanicznego zakotwienia ich koncow w betonie, przy
uzyciu stalowych systemoéw kotwiacych szerzej omowio-
nych w publikacji (Meier i Kotynia, 2006).

beton

l-qp-l Q concrete
b klej
) adhesive

tasma

X CFRP

X
=

The most effective level of CFRP pre-tensioning was
ranged between 50 and 60 % of its tensile strength, which
makes it possible to obtain almost simultaneous FRP
debonding and rupture of fibers.

The basic problem connected with strengthening of
structures with the use of CFRP laminates is the occur-
rence of very high shear stresses at the ends of a strip.
Tensile force acting on the strip cannot be transferred
directly onto a concrete because the corresponding shear
stress exceeds the tensile strength of concrete, which leads
to debonding of the composite from the concrete surface
(Fig. 1.1). This is the reason why strengthening with pre-
tensioned laminate requires using mechanical anchorage
of the strip’s ends in concrete by the steel anchorage sys-
tems described in another publication (Meier and Kotynia,
2000).

Rys. 1.1. Rozktad naprgzen stycznych na koncu tasmy i odspojenie wstgpnie naprezonej taSmy
nie zakotwionej na koncach (Meier i Kotynia, 2006)
Fig. 1.1. The distribution of shear stresses at the strip’s end and the debonding
of the unanchored pretensioned strip (Meier and Kotynia, 2006)

Jedyny jak dotad bezkotwowy czynny system wzmac-
niania na zginanie, zostal opracowany przez prof. Ursa
Meiera w laboratorium EMPA w Zurychu. Szczegétowy
opis tej techniki wraz z wynikami badan przeprowadzo-
nych we wspoélpracy z laboratorium Katedry Budownic-
twa Betonowego Politechniki Lodzkiej (KBB) przedsta-
wiono w publikacjach (Meier i Kotynia, 2006, Kotynia
iinni 2011).

Wzmacnianie istniejacych konstrukcji zelbetowych
wymaga uwzglednienia poziomu obcigzenia konstrukcji
przed wzmocnieniem. Z analizy dotychczas opublikowa-
nych wynikéw badan elementow zelbetowych wzmocnio-
nych czynnie wynika, ze nie uwzgl¢dniano w nich wpty-
wu poziomu obciazenia elementu na efektywnosé
wzmocnienia. Wobec powyzszego, autorzy pracy prze-
prowadzili badania do$wiadczalne obejmujace elementy
wzmocnione przy roznych stopniach ich obciazenia, wy-
wotanego odpowiednio cigzarem wilasnym i obciazeniem
zewngetrznym. Drugim istotnym analizowanym parame-
trem byt wptyw przyczepnosci taSm CFRP na efektyw-
no$¢ wzmocnienia.

The only unanchored system for flexural strengthening
has been developed by prof. Urs Meier in the EMPA labo-
ratory in Zurich. A detailed description of this technique
and the results of the tests conducted in cooperation with
the Department of Concrete Structures of Lodz University
of Technology have been presented in publications (Meier
i Kotynia, 2006, Kotynia et al 2011).

Strengthening existing RC structures requires consid-
ering the preloading level of a structure before strengthen-
ing. The analysis of the published results of tests on RC
elements strengthened with pretensioned laminates shows
that most of research didn’t consider the influence of the
preloading level on the strengthening efficiency. There-
fore, the authors carried out tests concerning RC members
strengthened at various preloading levels, performed by
both the dead load and the external load. Another investi-
gated parameter was the influence of adhesion between
CFRP laminate and concrete on the strengthening effi-
ciency.



Przedstawione w opracowaniu badania doswiadczalne
stanowia czg$¢ szerszego programu badawczego finanso-
wanego z projektu POIG ,Innowacyjne srodki i efek-
tywne metody poprawy bezpieczenstwa i trwalosci
obiektow budowlanych i infrastruktury transportowej
w strategii zrownowazonego rozwoju”.

The presented experimental tests are a part of a larger
research program financed from the research project “In-
novative Measures and Effective Methods of Improving
Safety and Sustainability of Construction Works and
Transport Infrastructure in Sustainable Development
Strategy”, co-financed by the European Union from the
European Regional Development Fund within Operational
Program Innovative Economy.



2. PROGRAM BADAN

Celem badan realizowanych w laboratorium Katedry
Budownictwa Betonowego Politechniki t.odzkiej, byta
analiza efektywno$ci wzmocnienia zelbetowych belek na
zginanie przy uzyciu wstgpnie napr¢zonych tasm CFRP.

Wzmacnianie istniejacych elementow zelbetowych
wymaga zawsze rozwazenia istniejacego stanu konstrukcji
poprzez oszacowanie poziomu obciazenia elementu przed
wzmocnieniem. Z analizy dotychczas opublikowanych
wynikow badan elementow zelbetowych wzmocnionych
czynnie wynika, ze nie uwzgledniano w nich wptywu
poziomu obcigzenia elementu na efektywno$¢ wzmocnie-
nia. Z tego powodu przyjeto, ze gtéwnym parametrem
zmiennym w relacjonowanych badaniach bgdzie poziom
wstgpnego obcigzenia belek przed ich wzmocnieniem.
Zatozono zatem, ze belki beda pod trzema réznymi po-
ziomami obciazenia. Pierwsza czg$¢ elementéw zostala
wzmocniona pod ci¢zarem wlasnym, ktory stanowil 25%
lub 14% nos$nosci elementu niewzmocnionego (réznica
wynikala z réznego stopnia zbrojenia stalowego elemen-
tow, zbrojonych odpowiednio prgtami o $rednicy 12mm
i 16mm). Pozostate belki wzmocniono pod obciazeniem
wywolanym ci¢zarem wilasnym i obcigzeniem zewngtrz-
nym, co lacznie stanowilo 76% pierwotnej nosnosci tych
elementow. Obciazenie utrzymywane byto w sposob cia-
gly, zardbwno podczas wykonywania wzmocnienia, jak
i wiazania kleju.

Wptyw stopnia zbrojenia stalowego na efektywnosc¢
wzmocnienia elementu uwzgledniono w badaniach stosu-
jac podluzne zbrojenie w postaci pretow o S$rednicach
12mm i 16mm. Program badan obejmowat trzy serie ele-
mentéow (A, B i C), ktére tacznie sktadaty si¢ z siedmiu
zelbetowych belek. Dwie pierwsze serie (A 1 B) zawieraly
facznie pig¢ belek zelbetowych zbrojonych dolem cztere-
ma prgtami o $rednicy 12mm. Seria C skladata sig¢ z
dwoch belek zbrojonych dotem czterema pretami o $red-
nicy 16mm.

Kolejnym rozpatrywanym parametrem byt wplyw
przyczepnosci na efektywnos¢ wzmocnienia pomigdzy
wstgpnie napr¢zonym materiatem kompozytowym a po-
wierzchnig betonu. Wigkszos¢ belek zostala wzmocniona
tasma CFRP przyklejona do ich powierzchni za pomoca
kleju epoksydowego. Dwie belki wzmocniono bez uzycia
kleju pomigdzy tasma a betonem. W tym przypadku lami-
nat zachowywal si¢ jak zewngtrzny S$ciag, potaczony
z belka jedynie w miejscu zakotwienia.

W jednej z belek po wykonaniu wzmocnienia i zwia-
zaniu kleju zostaly usunigte ptyty kotwiace, a wolne konce
zostaty przyklejone w sposob bierny. W ten sposob zreali-
zowano bezkotwowe wzmocnienie belki, co pozwolito
porowna¢ wplyw obecnosci zakotwienia mechanicznego
na efektywno§¢ wzmocnienia. Zestawienie wszystkich
badanych elementdw wraz z parametrami zmiennymi
podano w Tablicy 2.1.

W celu ufatwienia identyfikacji belek wprowadzono
nastgpujace oznaczenia:

B12 - belki zbrojone podtuznie pretami o Srednicach
B16 odpowiednio 12 i 16mm;

a - tasma przyklejona na catej dtugosci;
sp - zakotwienie zrealizowane przy uzyciu stalowych ptyt;
e - wstepne obcigzenie belki przed wzmocnieniem.
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2. RESEARCH PROGRAM

The aim of the research carried out in the laboratory of
the Department of Concrete Structures at Lodz University
of Technology was the analysis of the efficiency of tensile
strengthening of reinforced concrete (RC) beams with
pretensioned CFRP laminates.

Flexural strengthening of existing reinforced concrete
members always requires considering the current exhaus-
tion of the structure (namely preloading level) before
strengthening. The analysis of the published results shows
that the effect of the preloading level of RC members on
the strengthening efficiency has not been taken into con-
sideration. For this reason, it was assumed that the main
investigated parameter in this research would be the level
of the beam’s preloading before strengthening. Thus it
was assumed that the beams would be strengthened under
3 various preloading levels, provided constantly for the
full strengthening process until the epoxy resin reached its
full strength. Several beams were strengthened under their
dead load only, which accounted for 25% or 14% of the
steel yielding of a non-strengthened beam (the difference
was caused by a different steel reinforcement ratio be-
tween members reinforced with bars of 12mm and 16 mm
diameter). The rest beams were strengthened under simul-
taneous dead load and the external load, which, in total,
accounted for 76% of the steel yielding load of a non-
strengthened beam. Loading was kept constant, during
both strengthening and bonding process.

The analysis of the influence of steel reinforcement on
the efficiency of strengthening was the subject of the
research in which longitudinal reinforcement with bars of
two different diameters (12 and 16 mm) were used. The
experimental program included three series of beams (A,
B, and C), which altogether consisted of seven reinforced
concrete beams. The first two series (A and B) included
five RC beams reinforced in the tensile zone with four
bars of 12mm diameter. Series C consisted of two beams
reinforced in tension with four bars of 16 mm diameter.

The next investigated parameter was the influence of
adhesion between the CFRP laminate and concrete surface
on the strengthening efficiency. Most of the beams were
strengthened with laminates bonded to the concrete with
epoxy adhesive. Two beams were strengthened without
any bonding between the laminate and concrete. In this
case the laminate behaved like an external bow-string
joined to the beam only at the anchorage points.

In one of the beams, after bonding of the pretensioned
laminate to the concrete surface, the anchorage plates
were removed and the free ends were bonded without any
prestressing force in the strip. In this way the beam was
strengthen without anchorage, which made it possible to
compare the influence of anchorage on the strengthening
effect. The summary of all the investigated members with
variable parameters is shown in Table 2.1.

For identification of the beams, the following nomen-
clature was assumed:

B12 - beams reinforced with longitudinal steel bars of
B16 12 and 16 mm diameter, respectively;

a - laminate bonded over the whole its length;
sp - anchorage system with the use of steel slabs;
e - pre-loading of the beam before its strengthening.



Tablica 2.1. Zestawienie belek i badanych parametrow
Table 2.1.  Summary of beams and investigated parameters
Zbrojenie o/
Seria Belka rozciagane Sposob zakotwienia Typ wstgpnego obciazenia 2F, 2Fp
Series | Beam Tensile steel Anchorage technique Type of preloading (kN) uo
~ ¢)
reinforcement
przyczepnose + cigzar wlasn
B12-asp 4#12 stalowa plyta kotwiaca ¢ y 6.3 | 0.25
. dead load
A adhesive + steel anchorage plate
stalowa ptlyta kotwiaca cigzar wlasny
Bl12-sp 412 steel anchorage plate dead load 6.3 | 025
przyczepnos¢ + cigzar wlasny +
B12-asp-e 4#12 stalowa ptlyta kotwiaca obcigzenie zewnetrzne 20.0 | 0.76
adhesive + steel anchorage plate dead load + external load
. cigzar wiasny +
B | Bl2-sp-e 4412 S;?é‘;fv;n‘;g;i‘akztwlfia obciazenic zewnetrzne 200 | 0.76
gep dead load + external load
) przyczepnosé cigzar wlasny
Bl2-a 412 adhesive dead load 6.3 | 025
przyczepnose + cigezar wilasn
Bl16-asp 4#16 stalowa plyta kotwiaca ¢ y 6.3 | 0.14
. dead load
C adhesive + steel anchorage plate
przyczepnos¢ + cigzar wlasny +
Bl6-asp-e 4#16 stalowa ptyta kotwiaca obciazenie zewngtrzne 33.8 | 0.76
adhesive + steel anchorage plate dead load + external load
2F, - wstgpne obciazenie / preloading load
2F,/2F, - stopien wytezenia elementu przed wzmocnieniem / preloading ratio before strengthening

2.1 Elementy badawcze

Badane elementy w cato$ci zostaly wykonane w labo-
ratorium Katedry Budownictwa Betonowego Politechniki
Lodzkiej. Pigé belek serii A i B zbrojono w strefie rozcia-
ganej czterema pretami o nominalnej $rednicy 12mm,
podczas gdy dwie belki serii C zbrojono czterema prgtami
o $rednicy 16mm. Zbrojenie gorne we wszystkich belkach
wykonane bylo z czterech pretdow o $rednicy 8mm.
W strefie przypodporowej zastosowano zbrojenie po-
przeczne w postaci strzemion zamknigtych, wykonanych
z pretow o Srednicy 8mm w rozstawie 150mm. Betonowa
otulina zbrojenia podluznego we wszystkich elementach
wynosita 28mm. Przekroj poprzeczny belek miat wymiary
500x220mm. Elementy badane byty jako jednoprzgstowe,
wolnopodparte o rozpigtosci 6000mm, obciazone cztere-
ma sitami skupionymi (Rys. 2.1.).

250, 1200

2.1 Test members

All the tested members were performed in the labora-
tory of the Department of Concrete Structures at Lodz
University of Technology. Five beams from A and B
series were reinforced in tension with four bars with the
nominal diameter of 12 mm, whereas two beams from
series C were reinforced with four bars of 16 mm diame-
ter. In compression zone all the beams were reinforced
with four bars of 8mm diameter. The shear reinforcement
was constructed of steel stirrups of 8mm diameter at
150mm spacing. The concrete cover of longitudinal rein-
forcement in all series was 28mm. Simply supported
beams with cross-section of 500x220mm were tested in
four point loading as a single span of 6000 mm (Fig. 2.1.).

g |d
N

Al 5%?._

16x150=2400 1200
250 , 6000

448 448
Chom=28mm

#8/150mm
~ 4412 4416
7 | A A— ‘ ?,[
500 . 500 '
Series A / B Series C

Rys. 2.1. Schemat statyczny i stalowe zbrojenie belek
Fig. 2.1. Static scheme and steel reinforcement of tested beams
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2.2 Zastosowane materiaty
2.2.1 Beton

Belki wykonano z betonu towarowego klasy C30/37.
Parametry wytrzymato$ciowe betonu okreslono w dniu
badania elementéw w maszynie wytrzymato$ciowej. Sred-
nia wytrzymato$¢ betonu na $ciskanie (f;cube) Uzyskana na
probkach szesciennych o boku 150mm wyniosta od
33.8MPa do 35.3MPa dla Serii A, od 44.0MPa do
50.3MPa dla Serii B oraz od 52.4MPa do 60.3MPa dla
Serii C. Wytrzymato$¢ na rozciaganie poprzez roztupy-
wanie (fs) wahata si¢ od 2.65MPa do 3.13MPa dla Serii
A, od 3.48MPa do 3.60MPa dla Serii B oraz od 3.65MPa
do 5.30MPa dla Serii C. Srednia wytrzymato$¢ betonu na
Sciskanie (f;) uzyskana na probkach walcowych o $redni-
cy 150mm i wysoko$ci 300mm wyniosta odpowiednio od
28.7MPa do 32.2MPa dla belek Serii A, od 40.9MPa do
45.3MPa dla Serii B oraz od 49.0MPa do 51.0MPa dla
Serii C. Srednia warto$¢ modutu sprezystosci (E.) uzyska-
na na probkach walcowych wynosita od 23.7GPa to
26.4GPa. Wyniki badan wytrzymatosciowych betonu
przedstawiono w Tablicy 2.2.

Tablica 2.2. Charakterystyka wytrzymatosciowa betonu
Table 2.2.  Strength properties of concrete

2.2 Used materials
2.2.1 Concrete

RC beams were casted with concrete of C30/37 class.
The strength parameters of the concrete were estimated on
the day of the members testing . The average compressive
concrete strength (f.cue) defined in compression tests on
cubes with the side of 150 mm ranged from 33.8MPa to
35.3MPa for Series A, from 44.0MPa to 50.3MPa for
Series B, and from 52.4MPa to 60.3MPa for Series C. The
tensile splitting strength of concrete (fis,) based on the
concrete splitting test varied from 2.65MPa to 3.13MPa
for Series A, from 3.48MPa to 3.60MPa for Series B, and
from 3.65MPa to 5.30MPa for Series C. The average
compressive concrete strength (f.) obtained from tests on
cylinder samples with the diameter of 150mm and the
height of 300mm ranged from 28.7MPa to 32.2MPa for
beams of Series A, from 40.9MPa to 45.3MPa for Series
B, and from 49.0MPa to 51.0MPa for Series C. The aver-
age modulus of elasticity (E.) ranged from 23.7GPa to
26.4GPa. The test results for concrete are presented in
Table 2.2.

Wiek
Nr/seria C?ZIIIIIIICbI:)tL betonu fc’CUbe (Mpa) fCt, i (Mpa) fc (Mpa) fc/fc,cube EC (Gpa)
No/seria | Symbol of Age Otf Wyniki | Srednia | Wyniki | Srednia | Wyniki | Srednia ) Wyniki | Srednia
element (ggil;/c(rja;s Results Mean Results Mean Results Mean Results Mean

35.9; 31.2; 233;

1/A B12_asp 266 35,6; 35,3 2,65 2,65 e 32,2 0,91 7 23,7

33,1 24,1

34,5
35,15 3,10; 28.4; 24.3;

2/A BI12 sp 311 33,7; 33,8 ] 3,13 Y 28,7 0,85 o 24,7
3.5 3,15; 28,9 25,1
45,7, 3,20; 41,0; 24.8;

3/B Bl12 asp e 77 47.9; 46,7 3,70; 3,48 41,4, 40,9 0,88 26,8; 25,4
46,6 3,60 40.4 24,6
41,1, 3,45; 42.5; 23,7;

4/B Bl12 sp e 55 44,0, 44,0 3,65; 3,50 41,0; 41,6 0,94 25,2; 24,7
47.0 3,40, 413 252
51,3; 3,65; 22,7,

5/B BI2 a 198 51,3; 50,3 3,85; 3,60 - - - 25,1; 243
48.4 3,30 25,1
52,8; 3,70; 46,3; 24.8;

6/C B16_asp 61 52,1; 52,4 3,50; 3,65 50,5; 49,0 0,94 26,0; 25,4
52,2 3,75 48.8 253
60,3; 5,25; 51,6; 25.8;

7/C B16_asp e 71 61,9; 60,3 5,55; 5,30 50,0; 51,0 0,94 26.,8; 26,4
60,3 5,10 50,2 26,6

2.2.2 Zbrojenie stalowe

2.2.2 Steel reinforcement

Z kazdego preta uzytego do zbrojenia belek pobrano
probki w celu okreslenia cech wytrzymatosciowych. Ba-
dania probek stali przeprowadzono w maszynie wytrzy-
matosciowej UFP400, sterowanej komputerowo, wyposa-
zonej w rejestrator wydtuzen o bazie pomiarowej o dtugo-
$ci zmiennej od 20 do 100mm. Okreslono odksztalcenia
(ey) przy maksymalnej sile, modut sprezystosci (Eg), wy-
trzymalo$¢ na rozciaganie (f;) i granice plastycznosci (fy).
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From each steel bar used for reinforcement, a sample
was taken in order to determine its strength properties.
Tensile tests on the steel samples were carried out in
a computer-controlled UFP400 testing machine equipped
with extensometer with the measuring base of the length
changing from 20 to 100mm. The ultimate steel strain (g,)
corresponding to the ultimate load, modulus of elasticity
(Es), tensile strength (f;) and yielding strength (f,) were



Zaleznos¢ naprezenie - odksztatcenie dla poszczegdlnych
srednic zbrojenia przedstawiono na rysunku 2.2. Charak-
terystyki wytrzymatosciowe pretdw o $rednicy 12mm dla
Serii A i B byly rozne, dlatego pokazano je na odrgbnych
wykresach.
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2.2.3 Tasmy z wiéknami weglowymi

Wzmocnienie wszystkich belek wykonano przy uzyciu
tasm CFRP o szerokosci 100mm i grubosci 1.20mm.
Z dostarczonych przez producenta tasm CFRP (firmeg
S&P) przygotowano probki 0 wymiarach
12,7x1,2x350mm, z przyklejonymi do ich koncow alumi-
niowymi ptaskownikami (Rys. 2.3.). Probki poddano
probie osiowego rozciagania zgodnie z zaleceniami normy
ACI Committe.

Naprezenie / Stress, (MPa)

Naprezenia / Stress, (MPa)

Naprezenie / Stress, (MPa)

determined. The stress-strain dependency for particular
bar diameters are shown in Figure 2.2. The strength char-
acteristics of bars with 12 mm diameter for Series A and
Series B were different, that is why they are shown in
separate graphs.
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Rys. 2.2. Charakterystyka stali zbrojeniowej
Fig. 2.2. Strength characteristics of steel reinforcement

150

2.2.3 CFRP laminates

All the beams were reinforced with 100mm wide and
1.20mm thick CFRP laminates. From the strips delivered
by the manufacturer (S&P company) 12.7x1.2x350mm
samples with aluminium flat bars bonded to their ends
were performed (Fig. 2.3.). The samples were tested in
axial tension in accordance with the ACI Committee Stan-
dard.
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Ta$my zbadano na rozciaganie w maszynie wytrzyma-
tosciowej UFP 400, wyposazonej w rejestrator wydtuzen,
zapisujacy odksztalcenia w catym zakresie obciazen az do
zniszczenia (Rys. 2.4.). Wykres przedstawiajacy zalezno$é
naprezenie - odksztatcenie tasmy kompozytowej pokazano
na rysunku 2.5. Na podstawie przeprowadzonych badan
uzyskano  $rednia  wytrzymalo$¢ na  rozciaganie
Ji=2857MPa, modut sprezystosci £~174.7GPa oraz od-
ksztatcenia graniczne przy zerwaniu &;,=16.8%o (Tablica
2.3)).

Rys. 2.3. r(’)bki tirlly CFRP -priygoowane do badania
Fig. 2.3. Samples of CFRP laminate prepared for testing

a) b)

Rys. 2.4. a) maszyna wytrzymato$ciowa UFP400
b) obraz zniszczenia probki tasmy CFRP
Fig. 2.4. a) the UFP400 testing machine
b) failure of a CFRP laminate sample

2.2.4 Zaprawa klejowa

Tasmy kompozytowe przyklejane byty do powierzchni
betonu przy uzyciu dwuskladnikowej zaprawy klejowe;j
S&P Resin 220, dostarczanej przez producenta w dwoch
pojemnikach. Przygotowanie kleju polegatlo na wymie-
szaniu zywicy (A) i utwardzacza (B) w proporcjach wa-
gowych A:B réownych 3:1, az do uzyskania jednolitej
mieszaniny.
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The tensile test was carried out in the UFP 400 testing
machine equipped with extensometer in the whole range
of loads up to CFRP failure (Fig. 2.4.). The graph illustrat-
ing the stress-strain characteristic for CFRP laminates is
shown in Fig. 2.5. The tests made it possible to define the
average CFRP tensile strength f;=2857MPa, the modulus
of elasticity E~=174.7GPa and ultimate tensile strain
£4,=16.8%o (Table 2.3).

o p .5
w2500 -
g //
ggooo 1 CFRP 1.20mm
o
% 1500 |
Qo
cC
21000 o=2857MPa
4 &u=16,8%0
2 500 - E=174,7GPa
0 T T T 1
0 5 10 15 20

Odksztatcenie / Strain [%o]

Rys. 2.5. Wykres napr¢zenie - odksztatcenie tasmy CFRP
Fig. 2.5. The stress — strain characteristics for CFRP
laminates

Tablica 2.3. Zestawienie wynikéw badan tasm CFRP na
rozciaganie

Table 2.3. Summary of the experimental tensile character-
istics of CFRP laminates

Przekrgj E¢ fr €h
Nr Crossection (GPa) (MPa (%0)
T2 | 2| B2 8| B8] 8¢
Nool b | v 25| EGIEZ|E5| 23|55
mm |mm | S| 22| 2B 22| FE|2E
L1 | 12.8 | 1.20 | 176.1 2904 16.4
12 | 124 ] 1.20 | 169.5 2936 16.3
175.6 2979 16.7
13 | 12.8 | 1.20 | 174.9 3003 17.4
1.4 | 12.0 | 1.20 | 181.7 3074 16.7
L1 | 12.2 | 1.20 | 166.6 2708 17.7
M2 | 11.8 | 1.20 | 177.0 | 173.6 | 2818 | 2695 | 16.9 | 16.8
I3 | 122|120 | 177.2 2558 15.9

2.2.4 Adhesive mortar

CFRP laminates were bonded to the concrete surface
with the use of a two-component adhesive mortar S&P
Resin 220, delivered by the manufacturer in two contain-
ers. Preparation of the adhesive meant mixing resin (A)
with the hardener (B) in A:B weight proportions equal to
3:1, until a homogeneous mixture was obtained.




Wykonano trzy probki zaprawy klejowej w postaci be-
leczek o wymiarach 40x40x160mm (wg. PN-EN 196-1)
(Rys. 2.6.).

Dodatkowo przeprowadzono badania zaprawy klejo-
wej na podstawie ISO 527-1,-2 wykonujac probki w
ksztalcie ,,wiosetek” i plaskich beleczek o wymiarach
zgodnych z rysunkiem 2.6.b.

Po uzyskaniu pelnej wytrzymatosci probki zostaly
zbadane w maszynie wytrzymalosciowej FORM+TEST
(PRUFSYSTEM typ 107/3000A) oraz UFP400. Uzyskane
rezultaty zestawiono w tabeli 2.4 1 2.5.

Wszystkie belki badano najwczesniej po 4 dniach od
ich wzmocnienia (Tab. 2.6).

S&° REsiw 220

~ 4.0%. 20114

el i la bl

b) . e

Rys. 2.6. Probki zaprawy klejowej S&P Resin 220
a) wg. PN-EN 196-1; b) wg. ISO 527-1,-2

Fig. 2.6. The samples of S&P Resin 220 adhesive mortar
a) acc. to PN-EN 196-1; b) acc , toISO 527-1,-2

Three samples of the adhesive mortar in the form of 40
x 40 x160 mm beams were made in accordance with PN-
EN 196 -1 (Fig. 2.6.).

Apart from that, the test of adhesive mortar were car-
ried out in accordance with ISO 527-1,-2 on the samples
of two shapes: rowing scull and prisms (Figure 2.6.b).

After reaching the full strength the samples were tested
with the FORM+TEST (PRUFSYSTEM type 107/3000A)
and UFP 400 testing machines. The obtained results are
collected in tables 2.4 1 2.5.

All the beams were tested at least 4 days after their
strengthening (Tab. 2.6).

Rys. 2.7. Maszyna wytrzymato$ciowa FORM+TEST
Fig. 2.7. The FORM+TEST testing machine

Tablica 2.5. Zestawienie wynikow dla zaprawy klejowe;j
S&P Resin 220 wg. ISO 527-1,-2

Table 2.5. The test results of the S&P Resin 220 adhe-
sive mortar in accordance to ISO 527-1,-2

. (MPa)
wyniki $rednia
results mean
204 20.1 16.0 16.1 155 138 16.0
17.6 133 159 17.1 153 ’

Tablica 2.6. Zestawienie wieku kleju w chwili badania

Table 2.6. The age of the adhesive during the beam
Tablica 2.4. Zestawienie wynikow dla zaprawy klejowej tests
S&P Resin 220 wg. PN-EN 19§-1 Nr/seria | Symbol clementu Wiek kleju w chwili badania
Table 2.4. The test resqlts of the S&P Resin 220 adhe- No./seric | Symbol of element Age of epoxy during the test
sive mortar in accordance to PN-EN 196-1 (dni) / (days)
1/A BI12 as 33
Rc. (MPa) Rta (MPa) 2/A B12__s§ 21
wyniki srednia wyniki $rednia 3/B BI2 asp e 14
results mean results mean 4/B B12 sp._c 5
28451 24712 2;? 58.0 234 227 234| 232 5/B B12 a 6
57.6 58.7 57.2 o/e B16_asp 8
573 58.6 57.7 57.9 232 209 21.1| 21.7 7/C B16 _asp e 4

2.3 Sposéb wykonania wzmocnienia

Belki wzmocniono wstgpnie napr¢zona pojedyncza ta-
$ma CFRP o przekroju 100x1.20mm (Rys. 2.8.). Projek-
towane wstepne odksztalcenie taSmy ksztattowato si¢ na
poziomie 5%o, co odpowiadato 30% wytrzymatosci tasmy
CFRP na rozciaganie.

2.3 Strengthening configurations

The beams were strengthened with the pretensioned
single CFRP laminate with the cross section of
100x1.20mm (Fig. 2.8.). The intended pretensioning
strain of the strip was 5%o, which corresponded to 30% of
the strip's tensile strength.
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Do wykonania wzmocnienia zastosowano system ko-
twiaco - sprezajacy firmy S&P (Rys. 2.9). W celu od-
zwierciedlenia warunkow rzeczywistych, wszystkie prace
zwiazane ze wzmocnieniem wykonywano na stanowisku
badawczym w pozycji sufitowej, w stanie wstgpnego
wytezenia, odpowiadajacemu ci¢zarowi wiasnemu lub w
stanie wytgzenia wynikajacego z cigzaru wlasnego i ze-
wngtrznego obciazenia belki.

2.3.1 Przygotowanie powierzchni elementu

W celu uniknigcia przewiercenia zbrojenia podtuzne-
g0, wystepujacego w belce w miejscu montazu $rub mo-
cujacych system kotwiaco-sprezajacy, rzeczywiste poto-
zenie pretow okreslono za pomoca Profometru 5 (Rys.
2.10).

o250, 1200 1200

The strengthening was made with the use of the
prestressing system by the S&P company (Fig. 2.9). In
order to reflect the real conditions all strengthening work
with the CFRP prestressing was performed at the test
stand under initial preloading corresponding to the dead
load or in the preloading state resulting from the simulta-
neous dead load and the external load on the beam.

2.3.1 Surface preparation of RC member

In order to avoid cutting of the internal longitudinal re-
inforcement located in the beam, bolts fixing the prestress-
ing system were installed in the real location of bars de-
tected with the use of the profometer (Fig. 2.10).

¥ ¥
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1 CFRP strip 100x1.20mm
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Rys. 2.8. Schemat wzmocnienia belki naprgzona
tasma CFRP

Fig. 2.8. The diagram of the beam strengthening with
pretensioned CFRP laminate

W pierwszym etapie wyznaczono planowang o§ mon-
tazu taSmy, a nastgpnie za pomoca szablonu oznaczono
miejsca potozenia $rub do montazu systemu kotwiacego
w taki sposob, aby nie uszkodzi¢ zbrojenia podiuznego.
Nastepnie nawiercono otwory. W celu usunigcia nierow-
nosci i warstwy mleczka cementowego, powierzchnia
elementu w przewidywanym miejscu przyklejenia tasmy
zostata wyro6wnana za pomoca szlifierki.

Nastepnie wykonano otwory pod kotki mocujace sys-
tem kotwiaco - sprezajacy. Zastosowano dwa rodzaje §rub
montazowych firmy HILTI: mechaniczne i wklejane.
Proby naciagu tasmy przy uzyciu kotew wklejanych nie
powiodty sig, gdyz doszto do zmiany ich potozenia (polu-
zowania si¢ $rub), co moglo niekorzystnie wptyna¢ na
no$nos$¢ tego zamocowania.
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System kotwiaco — spr¢zajacy zamontowany

Rys. 2.9.
na wzmacnianym elemencie
Fig. 2.9. The prestressing anchorage system fixed on

the strengthened member

Pi TR a5

Rys. 2.10. Profometr do wykrywania zbrojenia stalowego

Fig. 2.10. The profometer for detecting of the steel
reinforcement

During the first stage of strengthening process, the de-
signed longitudinal axis of the installed CFRP strip was
defined. Next, the location of bolts for the installation of
the anchorage system was marked in order to protect the
longitudinal reinforcement from unexpected cutting. Then
holes were drilled. In order to remove irregularities and
the layer of cement skin, the surface of the beams in the
anticipated location of strip's bonding was smoothened
with a grinding machine.

After that holes for bolts fixing the anchorage
prestressing system were drilled, two kinds of mounting
bolts by the HILTI company were used: mechanical and
heavy-duty. The attempts to pretension the strip with
epoxy bonded anchors were unsuccessful because the
anchors changed their position (the bolts loosened), which
could have negative influence on the fixing of laminates.



Ponadto uzycie $rub wklejanych wydtuzato czas wy-
konywania wzmocnienia. Dlatego tez do dalszych badan
ze wzgledu na szybko$§¢ montazu zastosowano kotwy
mechaniczne. Ostatnim etapem przygotowania po-
wierzchni bylo jej oczyszczenie sprezonym powietrzem.
Wzmocnienie belek wykonano pod stalym obciazeniem
(odpowiadajacym cigzarowi wlasnemu elementu lub od-
powiadajacym jednoczesnemu obcigzeniu ci¢zarem wia-
snym i zewngtrznym obciazeniem sitami punktowymi).

2.3.2 System kotwigco-sprezajacy S&P

Zastosowany system sktadat si¢ z ptyt kotwiacych za-
mocowanych do powierzchni betonu za posrednictwem
stalowych $rub kotwiacych i1 kleju oraz przesuwnych
szczek zamocowanych na prowadniczkach umozliwiaja-
cych wykonanie wstgpnego napr¢zenia materiatu kompo-
zytowego (Rys. 2.11).

Szczeka zaciskajaca tasmg¢ mocowana na
szynach umozliwiajacych przesuw
Anchorage clamp kemping the strip

Blok oporowy wraz z sitownikiem za-
montowany na stalowej ptycie kotwiacej
Anchorage block with actuator mounted
on the steel plate

Strona czynna systemu kotwiaco spr¢zajacego firmy S&P /

Active part of the S&P prestressing system

Pompka wyposazona w manometr
potaczona z sitownikiem
Pump with a manometer joined

Moreover, the use of epoxy boned bolts increased the
strengthening time. That is why in order to shorten the
time of fixing, mechanical anchors were used for further
elements. Finally the concrete surface was cleaned with
compressed air. Strengthening of the beams was per-
formed under the constant load (corresponding to the dead
load of the element or to the simultaneous dead load and
external load ).

2.3.2 The anchorage prestressing system

The applied prestressing system consisted of anchor-
age plates fixed to the concrete surface with the mechani-
cal steel anchor bolts and the adhesive, as well as the
movable clamps fixed on the rails enabling prestressing of
the CFRP laminates (Fig. 2.11).

Szczeka zaciskajaca tasme zamoco-
wana za posrednictwem szyn
Anchorage clamp fixe on the rails

Blok oporowy zamontowany na
stalowej ptycie kotwiacej
Anchored block on the steel plate

Strona bierna systemu kotwiaco sprezajacego firmy S&P /

Passive part of the S&P prestressing system

with actuator

Rys. 2.11. Schemat systemu kotwiaco - spr¢zajacego firmy S&P
Fig. 2.11. Scheme of the anchorage prestressing system by the S&P company

Rys. 2.12. Widok powierzchni belki z zamocowanymi kotkami: strona bierna (z lewej) i stroma czynna (z prawéj)

—
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Fig. 2.12. View of the beam’s surface with the mechanical bolts: passive - fixed side of the system (on the left) and the
active - movable side of the system (on the right)

2.3.2.1 Montaz systemu sprezajacego S&P

System napr¢zajacy mocowany byt na 6 $rubach ko-
twiacych o $rednicy 10mm na czynnej stronie zakotwienia
i na 4 $rubach na stronie biernej. Blachy kotwiace moco-
wane byly przy uzyciu 6 $rub o $rednicy 12mm po obu
stronach zakotwienia.

2.3.2.1 Installation of the S&P prestressing system

The prestressing system was fixed by 6 anchor bolts
with the diameter of 10mm on the active side of the an-
chorage and by 4 bolts on the tension-free side. The an-
choring plates were fixed by 6 bolts with the diameter of
12mm on both sides of the anchorage.
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Blachy kotwiace, jak i caty system wykonano z dura-
luminium, co zapewnia jego lekko$¢ i odpowiednia trwa-
1os¢ (rys. 2.12). Tasmg docigto do odpowiedniej dtugosci
spetniajacej warunki zakotwienia w szczgkach systemu.
Nastgpnie po przeszlifowaniu i oczyszczeniu blach doci-
skowych zamontowano system szczg¢k na szynach kotwia-
cych, zamocowanych do belek przy uzyciu trzech (strona
czynna) oraz dwoch (strona bierna) $rub kotwiacych o
$rednicy 10mm (rys. 2.13).

The anchoring plates as well as the whole system were
made from duraluminium, which guarantees its lightness
and appropriate durability (Fig. 2.12). The strip was cut to
the correct length complying with the anchoring condi-
tions in the clamps of the system. Next, after grinding and
cleaning of the anchoring plates, the clamps were fixed on
the anchoring rails with the use of anchor bolts of 10mm
diameter: three bolts on the active anchorage side and two
bolts on the fixed anchorage side (Fig. 2.13).

Rys. 2.13. Szczgki zaciskajace taSmg zamontowane na szynach: a) strona czynna, b)strona bierna
Fig. 2.13. Anchorage clamps mounted on the steel rails: a) the active side , b) the fixed side

2.3.2.2 Montaz tasmy

Po zamontowaniu szczegk kotwiacych, przystapiono do
przyklejania ta§my. Przed natozeniem kleju powierzchnia
taSmy zostala oczyszczona za pomoca rozpuszczalnika.
Klej nalozono na taSme w postaci dwuspadzistego daszka.
Konce tasmy na dlugos$ci przewidzianej na zaci$nigcie
szczek naciagajacych pozostawiono wolne od zaprawy
klejowe;.

2.3.2.2 Installation of the strip

After fixing the anchorage clamps, bonding of the strip
began. Before applying the adhesive, the surface of the
strip was cleaned with the solvent. The adhesive was ap-
plied on the strip in the form of a gable roof. The ends of
the strip on the length expected for gripping of anchorage
clamps were left without adhesive mortar.

¥

Rys. 2.14. Montaz tasmy w szczegkach kotwiacych

Fig. 2.14. Installation of the strip in the anchorage clamps
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Montaz tasmy rozpoczgto od umieszczenia konca ta-
$Smy w szczece zacisku po stronie czynnej, a nastgpnie po
stronie biernej. W dalszej kolejnosci tasmg przyklejono na
catej dlugoéci, delikatnie dociskajac ja do spodniej po-
wierzchni belek (rys. 2.14).

W kolejnym etapie zamontowano blachy kotwiace,
mocowane przy uzyciu szesciu $rub kotwiacych o $redni-
cy I12mm (po obu stronach zakotwienia tasmy)
(rys. 2.15a). Na powierzchni blachy kotwiacej naniesiono
klej w celu potaczenia jej z taSma. Miedzy blache¢ a po-
wierzchni¢ belki wstawiono $ruby dystansowe (wypusz-
czone z blachy kotwiacej), ograniczajace docisk blachy do
taSmy powstaly w trakcie jej przykrecania. Do blach ko-
twiacych zamontowano "ramki oporowe", przy uzyciu
szesciu $rub M12. Po stronie zakotwienia czynnego do
"ramki" zamontowano sitownik stuzacy do przesuwania
szczeki z zaci$nigta tasSma, w celu wstgpnego jej napreze-
nia (rys. 2.15b).

The installation of the strip began with placing the end
of the strip in the jaw of the clamp on the active side and
then on the fixed side. Then the strip was bonded on the
whole length, being slightly pressed to the bottom surface
of the beam (Fig. 2.14).

Next the anchoring plates were fixed with the use of
six anchor bolts with the diameter of 12mm (on both sides
of the anchorage of the strip) (Fig. 2.15a). On the surface
of the anchoring plates an adhesive was applied in order to
bond it with the strip. The spacing screw bolts pulled out
of the anchorage plate were placed between the anchorage
plate and the surface of the beam to limit the pressure of
sheets on the strip which had occurred during its preten-
sioning. The anchorage steel box was mounted to the
anchoring plates using six M12 bolts. On the active an-
chorage side the servomotor moving the clamp with the
kept laminate was fixed to the box in order to pretension
the laminate (Fig. 2.15b).

-
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Rlys.' 2.15. Etapy montazy systemu kotwiaco-sprezajacego S&P

Fig. 2.15. Process of the anchorage prestressing system installation

2.3.2.3 Naprezenie tasmy

W trakcie naciagania taSmy, na biezaco kontrolowano
jej napre¢zenie przy uzyciu manometru wmontowanego
w prasg sitownika. Drugi sposob kontroli naprezenia ta-
$my polegal na rejestracji odksztatcen przy uzyciu eksten-
sometru nasadowego, a trzeci na podstawie ciaglego po-
miaru odksztalcen tasmy weglowej za pomoca tensome-
trow elektrooporowych przyklejonych na tasmie.

Planowane odksztalcenia wstgpnie naprezonej tasmy
wynosity 5%o.

Z chwilg osiagnigcia oczekiwanych odksztatcen, za-
konczono proces naciagania tasmy. Po stronie czynnej,
pomigdzy szczeke zaciskajaca taSme¢ a ramke z sitowni-
kiem zamocowana na plycie kotwiacej, wprowadzono
dwie stalowe rozporki majace na celu utrzymac osiagnigte
przemieszczenie szczeki wzgledem blachy kotwiace;.
Umozliwito to demontaz sitownika jeszcze przed zwiaza-
niem kleju (rys. 2.16).

2.3.2.3 Pretensioning of the strip

A process of the strip pretensioning was continuously
monitored with the use of a manometer integrated into the
press of an actuator. The second way of monitoring the
pretensioning of the strip based on the strain measure-
ments of the strip monitored with a hand extensometer,
and the third one was continuous measurement of CFRP
strain with the use of strain gauges bonded to the strip.

The intended strain of the pretensioned strip was equal
to 5%o.

As soon as the strain reached the intended value, pre-
tensioning of the strip was finished. On the active side,
between the anchorage clamps and a frame with an actua-
tor was mounted on the anchoring plate, two steel me-
chanical struts were applied in order to maintain the
achieved horizontal displacement of the clamp in relation
to the anchoring plate, that made possible to dismantle the
actuator before bonding of the adhesive (Fig. 2.16).
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Rys. 2.16. Widok rozpdrki umozliwiajacej demontaz sitownika
Fig. 2.16. View of the strut fixing the clamp during dismantling of the actuator

2.3.2.4 Demontaz systemu naprezajacego S&P

Po uzyskaniu przez klej zadanej wytrzymatosci, sys-
tem napre¢zajacy zostal zdemontowany (na ogoét po 16
godzinach od przyklejenia tasmy). W pierwszej kolejnosci
wyjeto Sruby rozpierajace, blokujace szczeke po stronie
czynnej. Zdemontowano ramki zamocowane do plyt ko-
twiacych oraz szczeki zaciskowe razem z prowadnicami.
Kontrolnie sprawdzono i dokregcono $ruby mocujace bla-
chy kotwiace.

Po zakonczeniu demontazu systemu naprgzajacego,
w miejscu zakotwienia pozostaty blachy kotwiace z grupa
szesciu Srub kotwiacych (rys. 2.17).

o~

2.3.2.4 Dismantling of the prestressing system

After the adhesive reached the required strength, the
compression system was dismantled (usually 16 hours
after bonding the strip). The first thing was to remove the
mechanical bolts blocking the clamp on the active side.
The steel anchorage plates and the anchorage clamps
mounted to the bottom surface of the beam during the
strengthening process with the rails were dismantled. It
was followed by the control revision and tightening of the
bolts fixing the anchoring plates.

After completing the dismantling of the compression
system, anchoring plates with six anchor bolts were left at
the point of anchorage (Fig. 2.17).
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Rys. 2.17. Blacha kiqca pozostata docelowo w miejscu zakotwienia naprezonej taSmy
Fig. 2.17. The anchorage plate remained at the point of anchorage of the tensioned strip

2.3.3 Wzmocnienie bezprzyczepnosciowe

W celu zbadania wptywu efektu przyczepnosci mate-
rialu kompozytowego do powierzchni betonu, dwie z
siedmiu belek (B12 sp, B12 sp e) wzmocniono bez uzy-
cia kleju na odcinku tasmy migdzy zakotwieniami.

Zastosowano system kotwiaco-sprezajacy firmy S&P.
Sposoéb wykonania wzmocnienia zostal zmieniony na
etapie montazu tasmy. Klej zostal naniesiony wytacznie
na blachach kotwiacych oraz ta§mie, na odcinkach umiej-
scowionych bezposrednio pod blachami (Rys.2.18).

Dalszy ciag wykonywania wzmocnienia nie roznit sig
od klasycznego sposobu.
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2.3.3 An unbonded strengthening

In order to investigate the influence of the adhesion ef-
fect of a composite to the concrete surface, two out of
seven beams (B12 sp, B12 sp e¢) were strengthened
without the use of adhesive on the section of the strip
between anchorages with the same prestressing system by
the S&P company. The way of strengthening was changed
during installation of the strip. The adhesive was applied
only onto anchoring plates and the strip, on the sections
located directly under the plates (Fig.2.18).

The rest of the strengthening was performed in a clas-
sical way.



Rys. 2.18. Klej znajduje si¢ wylacznie w miejscu zakotwienia tasmy
Fig. 2.18. The adhesive is applied only at the point of anchoring of the strip

W przypadku tych belek sita naciagu tasmy przekazy-
wana byta na beton jedynie w miejscach zakotwien.

2.3.4 Wzmocnienie z redukcja naciagu
- bez mechanicznego zakotwienia

Do wykonania naciggu taSmy w belce B12 a zostat
uzyty ten sam system sprezajacy. Tasme wstgpnie napre-
zono i przyklejono w czgsci Srodkowej belki na dlugosci
2600mm. Po uptywie 72 godzin na koncach czesci przy-
klejonej tasmy zostaly zatozone stalowe obejmy dociska-
jace taSme¢ do powierzchni betonu (Rys. 2.19). Mialo to
zabezpieczy¢ tasme przed jej naglym lokalnym odspoje-
niem w miejscu wystapienia maksymalnych naprezen
stycznych.

Nastgpnie system sprgzajacy wraz z plytami kotwia-
cymi zostal zdemontowany, a wolne fragmenty tasmy
dlugosci 1000mm zostaly przyklejone do powierzchni
betonu w sposob bierny. Po uplywie kolejnych 72 godzin
stalowe obejmy zostaly zdemontowane i na zelbetowej
belce pozostata jedynie tasma CFRP bez zadnych mecha-
nicznych zakotwien.
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ys. 2.19. Zewngtrzna obejm podtr

zymujca przyklejony koniec tasmy, przy wzmocnieniu z zastosowang redukcja

In case of these beams, the tensile force was trans-
ferred from the strip on concrete only at the points of
anchoring.

2.3.4 Strengthening with reduction of tension
- without mechanical anchorage

The strip pretensioning in the B12_a beam was made
with the use of the same prestressing system. The strip
was pretensioned and bonded in the mid span of the beam
over the length of 2600mm. After 72 hours at the ends of
the bonded strip steel buckles tensioning the strip to the
concrete surface were fitted (Fig. 2.19). The purpose was
to protect the strip from its sudden local debonding at a
point where the maximum shear stresses would occur.

Next, the clamping system with the anchor plates was
dismantled, and the free, 1000 mm long, sections of the
strip were passively bonded to the concrete surface. After
next 72 hours the steel buckles were dismantled and the
only thing left on the RC beam was the CFRP laminate
without any mechanical anchorage.
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Fig. 2.19. The external buckle supporting the bonded end of the strip, with strengthening with reduction
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2.4 Stanowisko badawcze i obcigzenie

Belki badano w specjalnie zbudowanym stanowisku
badawczym skladajacym sig ze stalowych ram. Zelbetowe
swobodnie podparte belki oparto na stalowych podporach
przegubowych, ustawionych na betonowych blokach
podporowych (Rys. 2.20). Wszystkie belki obciazano
czterema punktowymi sitami usytuowanymi w rozstawie
1200mm. Obcigzenie realizowano w sposob ciagly za
posrednictwem dwoch sitownikéw hydraulicznych o za-
kresie 100kN. Sita z sitownikow przekazywana byla na
belke za posrednictwem stalowych trawerséw wspartych
na dwoch stalowych ptytach, ktore zapewnialy rowno-
mierny rozklad obciazenia liniowego na szerokosci ele-
mentu.

Wszystkie elementy obciazano az do zniszczenia.
W przypadku belek B12 asp i B12 sp, po uzyskaniu
obciazenia odpowiadajacego nosnosci elementu nie-
wzmocnionego przeprowadzono szesciokrotne odciazanie
i ponowne obcigzanie, w celu okreslenia zakresu od-
ksztalcen plastycznych elementu.

Laczny czas badania niszczacego wynosit 5-6 godzin.
W przypadku belek wzmacnianych pod obciazeniem ze-
wnetrznym, konieczne bylo utrzymywanie obciazenia
przez kilka dni w celu uzyskania przez zapraweg klejowa
zadanej wytrzymatosci i dopiero wtedy przeprowadzenie
badania niszczacego element.

2.4 Test set-up and loading

The beams were tested in a special test setup made of
steel frames. RC beams were simply supported on the
steel hinge supports placed on concrete supporting blocks
(Fig. 2.20). All the beams were loaded by four point
forces with spacing of 1200 mm. The loading was applied
continuously via two hydraulic cylinders with the range of
100 kN. The force from the cylinders was transferred onto
the beam via steel traverses based on two steel plates
which provided even distribution of linear load across the
full width of the flange.

All the elements were loaded until failure. In case of
B12 asp and B12_sp beams, after the load reached the
value of load bearing capacity of a non-strengthened ele-
ment, six unloadings and then reloading were applied in
order to determine the range of plastic strain of the ele-
ment.

The total duration of the failure test was 5-6 hours. In
case of beams strengthened under external load, it was
necessary to maintain the load for a few days in order to
obtain the required strength of the adhesive and only after
that the test was performed.

Fig. 2.20. Static scheme of the tested beams and the test setup view

2.5 Pomiary

Pionowe przemieszczenia belek rejestrowane byty
przy uzyciu 9 przetwornikow przemieszczen liniowych
typu PSx50, symetrycznie rozmieszczonych wzglgdem
srodka belki (Rys 2.21a). Odksztalcenia betonu w pozio-
mie zbrojenia rozciaganego i Sciskanego mierzono przy
uzyciu przetwornikow przemieszczen liniowych na ba-
zach pomiarowych o dtugosci 300mm. W poziomie zbro-
jenia dolnego odksztalcenia rejestrowano na 13 bazach
(typ czujnika PSx20), a w poziomie zbrojenia gornego na
5 bazach (typ czujnika PSx10) (Rys 2.21b). Wszystkie
czujniki podlaczone byly do uniwersalnego miernika
wspolpracujacego z komputerem typu IBM PC oraz wia-
snym oprogramowaniem PC LAB.

Odksztatcenia betonu w poziomie zbrojenia stalowego
mierzono sposobem rgcznym za pomoca ekstensometru
nasadowego o bazie pomiarowej dlugosci 8”. Pomiar
prowadzono na 29 bazach w poziomie zbrojenia dolnego i
goérnego (Rys. 2.21¢).
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2.5 Measurements

The vertical displacements of the beams were recorded
with the use of 9 Linear Variable Differential Transform-
ers (LVDTs) of the Psx50 type, placed symmetrically in
relation to the midspan ( Fig. 2.21a). The concrete strain at
the level of the tensile and compressive reinforcement
were measured with the use of LVDTs on 300 mm-long
measurement bases. At the level of the tensile reinforce-
ment, strain was recorded by 13 bases (sensors PSx20),
and at the level of the top reinforcement, strain was re-
corded on 5 bases (sensor PSx10) (Fig. 2.21b). All the
sensors were connected to a universal meter cooperating
with an IBM PC with its own PC LAB software.

The strain of concrete at the level of steel reinforce-
ment was measured manually with the use of a hand ex-
tensometer with a 8"-long measuring base. The measure-
ment was conducted on 29 bases at the level of tensile
and compressive reinforcement (Fig. 2.21c).



Odksztatcenia tasmy CFRP mierzono za pomoca
przyklejonych do jej powierzchni tensometrow elektro-
oporowych typu TF-5/350 w ilosci od 12 do 22 sztuk, w
zalezno$ci od elementu (Rys. 2.21d). Dodatkowo mierzo-
no odksztalcenie pretéw zbrojenia rozciaganego w $rodku
rozpigtosci belki przy uzyciu tensometrow elektrooporo-
wych typu TF-5/350, w ilosci od 4 do 12 sztuk w jednym
elemencie (Rys. 2.21¢).

The strain of the CFRP laminate were measured with
the use of 12 to 22 (depending on the element) TF-5/350
electrofusion gauges bonded to the surface of the strip
(Fig. 2.21d). Moreover, the strain of the bars of tensile
reinforcement in the mid-span of the beam was measured
with the use of TF-5/350 electrofusion gauges, 4 to 12
ones in each element (Fig. 2.21e).
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Rys. 2.21. Potozenie czujnikow: a) do pomiaru pionowych przemieszczen, b) odksztatcen betonu, ¢) baz do pomiaréw od-
ksztatcen betonu sposobem r¢cznym, d) rozmieszczenie tensometrow na tasmie CFRP, e) rozmieszczenie tensome-

trow na rozcigganych pretach zbrojenia stalowego (wymiary podano w mm)

Fig. 2.21. The location of sensors: a) for measurement of vertical movements, b) for measurement of strain of concrete, c)
bases for manual measurement of strain of concrete, d) the location of gauges on a CFRP laminate, e) the location

of the gauges on tensile bars of steel reinforcement ( the measurements are given in mm)



3  Analiza wynikéw badan
3.1 Sposob zniszczenia i sity niszczace

Najczesciej obserwowanym sposobem zniszczenia
w badaniach bylo odspojenie kompozytu od powierzchni
betonu, zainicjowane w miejscu rysy powstatej pod jedna
z sit obciazajacych potozonych blizej $rodka rozpigtosci
belki. Odspojenie tasmy CFRP postgpowalo od $rodka
w kierunku jednego z zakotwien. Taki sposob zarejestro-
wano w zelbetowych belkach wzmocnionych ta§mami
CFRP przyklejonymi na catej swojej dlugosci (B12-asp,
B12-asp-e, Bl6-asp, Bl6-asp-e) (Rys. 3.1). Drugorzed-
nym efektem postgpujacego zniszczenia byto wysunigcie
tasmy spod stalowej plyty kotwiacej (Rys. 3.2). Po odspo-
jeniu tasmy CFRP na spodniej powierzchni belki widocz-
ne byly charakterystyczne rysy ksztaltujace si¢ w postaci
tzw. ,,rybich o$ci” (patrz Rys. 3.1).
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3  The analysis of test results
3.1 Failure modes and ultimate loads

The failure mode most often observed in tests was
debonding of the CFRP laminate from the concrete sur-
face, initiated at a crack flexural occurring under one of
the loading forces located near beam's midspan. This
debonding progressed from the middle towards one of the
anchorages. This way was observed in RC beams
strengthened with CFRP laminates bonded over their
whole length (B12-asp, B12-asp-e, Bl6-asp, Bl6-asp-e)
(Fig. 3.1). The secondary result of progressing failure was
pulling of the strip from the anchorage plate (Fig. 3.2).
After debonding of the CFRP laminate, characteristic
cracks in the shape of "fish bones" was observed on the
bottom surface of the beam ( see Fig. 3.1).

.5 ﬁ A ol

harakerystycznymi rysami

ksztattujacymi si¢ w postaci tzw. ,,rybich o$ci”
Fig. 3.1. The bottom surface of the B16-asp-e beam after failure with characteristic cracks in the shape of " fish bones"

Rowniez w przypadku belki B12-a wzmocnionej ta-
$ma przyklejona na catej dtugosci, z redukcja sity spreza-
jacej na dlugosci zakotwienia, doszlo do odspojenia
w srodkowej czg$ci przgsta. Na miejsce rozpoczgcia od-
spojenia nie wnela jednostopniowa redukcja silty sprezaja-
cej powodujaca miejscowy skok naprezen w betonie. Z
uwagi na brak t kotwiacych, odspojenie taSmy nastapito
na catej jej dtugosci.

24

Also in case of the Bl2-a beam strengthened with
CFRP laminate bonded over its whole length, with the
reduction of pre-stressing throughout the length of an-
chorage, there was debonding at the beam's midspan. This
debonding was not influenced by single-step reduction of
pre-stressing force leading to the local increase in the
shear stress in concrete. Due to the lack of anchorage
plates, the debonding of the strip occurred over its whole
length.



Rys. 3.2. Widok wysunigtej tasmy CFRP z pod blachy kotwiacej w belkach B12-asp-e i B12-sp-e
Fig. 3.2. The view of the CFRP laminate pulled from the anchorage plate in the B12-asp-e and B12-sp-e beams

Zniszczenie belki B12-sp-e (wzmocnionej bezprzy-
czepno$ciowo tasma kotwiona na koncach) przebiegato
gwaltownie, na skutek wysunigcia konca taSmy z blach
kotwiacych.

Belka B12-sp zniszczyta si¢ na skutek zmiazdzenia be-
tonu w $ciskanej strefie przekroju (Rys. 3.3). Nastapito
ono niedlugo przed spodziewanym wysunigciem tasmy z
systemu kotwiacego.

The failure of the B12-sp-e beam (strengthened with-
out any bonding by a strip anchored at the ends) was rapid
due to pulling of the end of the strip from anchorage
plates.

The beam B12-sp failed due to concrete crushing in
the compressive zone of the section (Fig. 3.3). It occurred
shortly before the expected pulling of the strip from the
anchorage system.

Rys. 3.3. Zniszczenie na skutek zmiazdzenia betonu w belce B12-sp
Fig. 3.3. Concrete crushing in the B12-sp beam

Uzyskane w badaniach wyniki przedstawiono w Tabli-
cy 3.1. Okreslono: sit¢ niszczaca (F,), wstgpne odksztal-
cenia tasmy CFRP po naciagnigciu (eg,), odpowiadajace
im naprezenia w ta$mie naprezonej (cg,) oraz maksymalne
odksztatcenia laminatu uzyskane w badaniach (& es).

Belki zbrojone czterema prgtami o $rednicy 12mm
wzmocnione taSma CFRP przyklejona na calej swojej
dlugosci, ulegly zniszczeniu przy sile 2F,~50kN
(B12-asp - 52.6kN; B12-a - 50.6kN i B12-asp-e - 49.0kN).
Belki wzmocnione nieprzyklejona tasma zniszczyly sig
przy mniejszym obcigzeniu wynoszacym odpowiednio
46.8kN dla B12-sp 1 45.6kN dla B12-sp-e.

The results obtained in the tests are presented in Table
3.1. The following values were determined: the ultimate
load of the strengthened beam (F,), the prestressing strain
of the CFRP laminate (gg,) after prestressing, the corre-
sponding tensile stress the pretensioned CFRP laminate
(of), and the maximum tensile strain of the CFRP lami-
nate registered in the tests (&g est)-

The beams reinforced with four bars with the diameter
of 12mm strengthened with a CFRP laminate bonded over
the whole length, underwent failure at the force 2F ~50kN
(B12-asp - 52.6kN; Bl12-a - 50.6kN and Bl2-asp-e -
49.0kN). The beams strengthened with an unbonded strip
failed at much lower load equal to 46.8kN for B12-sp and
45.6kN for B12-sp-e than the beams strengthened with
bonded laminates
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Belki o zbrojeniu zwyktym o $rednicy 16mm znisz-
czyly sig¢ przy obciazeniu 74.4kN (Bl6-asp) i 72.0kN
(B16-asp-¢). Elementy wzmocnione pod wigkszym wyte-
zeniem, stanowiacym 76% nos$nosci elementu niewzmoc-
nionego, ulegly zniszczeniu przy sile o wartosci o 3-8%
mniejszej anizeli elementy wzmocnione wylacznie pod
cigzarem wlasnym.

The beams with the ordinary reinforcement made of
16mm failed at the lower load equal to 74.4kN (B16-asp)
and 72.0kN (B16-asp-e). The members strengthened un-
der higher preloading, equal to 76% of load bearing ca-
pacity of a non-strengthened element, failed at the load of
3-8% smaller than the elements strengthened only under
dead load.

Tablica 3.1 Tabelaryczne zestawienie uzyskanych wynikéw dla badanych belek
Table 3.1 Tabular compilation of the test results for the tested beams

Symbol
elementu 2F, | 2F,/2F, | 2F, Nr £ G Ef fest Nef Sposdb zniszczenia
Symbol of | (kN) () (kN) ©) (%o) (MPa) | (%o) () Failure mode
element
Odspojenie tasmy CFRP
Wysunigcie konca tasmy CFRP z systemu
Bl2-asp 900 kotwigcego
6.3 0.25 330 1.20 320 0.32 f, 9.3 0.87 Detachment of a CFRP laminate
Sliding of strip’s end from anchorage
system
B12-sp 796 Zmiazdzenie betonu
6.3 0.25 46.8 | 0.95 4.60 0.28 £, 6.9 0.68 Concrete crushing
Odspojenie tasmy CFRP
Wysunigcie konca tasmy CFRP z systemu
B12-asp-e 822 kotwiacego
P 20.0 0.76 49.0 | 0.88 4.75 0.29 f,, 6.85 | 0.69 Detachment of a CFRP laminate
Sliding of strip’s end from anchorage
system
Wysunigcie konca tasmy CFRP z systemu
762 kotwiacego
Bl2-sp-e | 20.0 0.76 4.5 073 4.40 0.27 f;, 3.0 0.56 Sliding of CFRP laminate’s end from
anchorage system
885 Odspojenie tasmy CFRP
Bl2-a 6.3 0.25 50.6 | 0.94 5.10 0.30 £, 6.4 0.68 Detachment of a CFRP laminate
Odspojenie tasmy CFRP
Wysunigcie konca tasmy CFRP z systemu
831 kotwiacego
B16-asp 6.3 0.14 744 | 0.69 4.80 0.29 f,, 8.0 0.76 Detachment of a CFRP laminate
Sliding of strip’s end from anchorage
system
Odspojenie tasmy CFRP
Wysunigcie konca tasmy CFRP z systemu
840 kotwiacego
Bl6-asp-e | 33.8 0.76 72.0 | 0.64 4.85 0.29 f;, 7.15 | 0.71 Detachment of a CFRP laminate
Sliding of strip’s end from anchorage
system
Sita niszczaca niewzmocniong belkg zelbetowa wyliczona przy uzyciu modelu nieliniowej analizy zelbetowych elementow:
The ultimate load for a non-strengthened RC beam calculated with the use of a non-linear model of RC structures:
2F o = 24kN - dla belek Serii A / for beams of series A
2F o= 26kN - dla belek Serii B / for beams of series B
2F o = 44kN - dla belek Serii C / for beams of series C
Nr - stopien wzmocnienia / strengthening ratio, ng = (Fy-Fy0)/Fyo
Ner - stopien wykorzystania odksztatcen materiatu kompozytowego / strain efficiency, Mer= €por / €
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3.2 Obraz zarysowania

Obraz zarysowania bocznej powierzchni belek po
zniszczeniu przedstawiono na Rysunku 3.4. Uktad rys we
wszystkich elementach byt podobny. W belce B12-asp-e
wzmocnionej pod wyzszym obcigzeniem wstgpnym, wy-
noszacym 76% sily niszczacej element niewzmocniony,
zarysowanie strefy czystego zginania bylo bardzo inten-
sywne i obejmowato rowniez fragmenty stref przypodpo-
rowych. Wzmocnienie belki (B12-asp), wzmocnionej
wylacznie pod cigzarem wilasnym, spowodowalo wcze-
$niejsze wlaczenie si¢ materiatu kompozytowego do
wspolpracy w przenoszeniu naprezen rozciagajacych, co
przyczynito si¢ do ograniczenia rozwoju zarysowania
elementu. Podobna zalezno$¢ wynika z poréwnania belek
B12-sp z B12-sp-e oraz B16-asp z B16-asp-e.

Bl6-asp-e

3.2 Crack pattern

The crack pattern of the lateral surface of the beams
after failure is presented in Fig. 3.4. The crack pattern in
all the elements was similar. In the Bl2-asp-e beam
strengthened under higher preloading level, equal to 76%
of the ultimate load for a non-strengthened element, the
concrete cracking in the pure bending zone was very in-
tense and occurred also along the parts of support zones.
The strengthening of the beam (B12-asp), strengthened
solely under dead load, resulted in earlier contribution of
the composite material in carrying of the tensile stresses,
which caused reduction of further concrete crack devel-
opment. A similar trend results from comparison of B12-
sp and B12-sp-e as well as B16-asp and B16-asp-e beams.

Rys. 3.4. Obraz zarysowania bocznej powierzchni belek
Fig. 3.4. The crack pattern of the lateral surface of the beams
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Wraz ze wzrostem obcigzenia szeroko$¢ rozwarcia rys
rosta, az do momentu calkowitego odspojenia tasmy,
zainicjowanego w miejscu wystgpowania rys w $rodku
rozpigtosci elementu (w poblizu obciazenia skupionego).

Nie zaobserwowano rdznic w obrazie zarysowania
bocznych powierzchni belek wzmocnionych przyklejona
taSma 1 wzmocnionych bezprzyczepnos$ciowo (B12-asp
z B12-sp oraz B12-asp-e z B12-sp-e). Roznice w obrazie
zarysowania zauwazono jedynie na spodniej stronie ele-
mentow w poblizu tasmy CFRP. W belkach wzmocnio-
nych przyklejona tasma wyst¢gpowato wigcej drobnych rys
laczacych si¢ w jedna na bocznej powierzchni elementu
(ksztalt drzewa) (Rys. 3.5a). Dla elementéw wzmocnio-
nych bez przyczepnosci rysy byly prostopadie do osi po-
dtuznej belki (Rys. 3.5b). W elementach wzmocnionych
taSma przyklejona, po zniszczeniu na dolnej powierzchni
elementu dochodzito do oderwania tasmy wraz z fragmen-
tami betonowej otuliny. W ten sposob obraz zarysowania
po zniszczeniu objawit si¢ w postaci tzw. ,,rybich o$ci”
(por. Rys. 3.1).

Pay Ly i

yé. 3.

5. Obraz iarysowania spodniej strony belek: a) B12-asp, b) B12-sp

The increase in the load was accompanied by the in-
crease in the widening of concrete cracks, until the total
strip debonding, initiated in the midspan (near the point
load) where the cracks appeared.

No differences in the crack patterns were observed on
lateral surfaces of the beams strengthened with the bon-
ded strip and the ones with unbonded strips (B12-asp with
B12-sp and B12-asp-e with B12-sp-e). The differences in
crack patterns were observed only on the bottom side of
the elements near the CFRP laminate. In the beams
strengthened with the bonded strip there were more small
cracks combined into one crack appeared on a lateral
surface of the member ( in the “tree shape”) (Fig. 3.5a).
For the elements strengthened without any bonding, the
cracks were perpendicular to the longitudinal axis of the
beam (Fig. 3.5b). In the beams strengthened with a
bonded strip, after failure, the strip deboned with the
surrounding pieces of the concrete cover from the bottom
surface of the element. In this way, the crack pattern after
failure took a form of so called" fish bones" (see Fig. 3.1).

Fig. 3.5. The crack pattern of the bottom surface of the beams: a) B12-asp, b) B12-sp

3.3 Odksztatcenia tasmy CFRP

W Zadnej belce odksztatcenia tasmy CFRP nie osia-
gnely warto$ci granicznej, odpowiadajacej zerwaniu kom-
pozytu. Obraz zerwania tasmy, ktory kilkakrotnie zostat
zaobserwowany, byl zjawiskiem wtéornym wywotanym
gwaltownym szarpnigciem tasmy i jej wyrwaniem spod
blachy kotwiace;.

Odksztatcenia tasm mierzone w trakcie badan
obejmuja wstgpne naprgzenie g, oraz przyrost tego
odksztalcenia wywotany obciazeniem zewngtrznym &g eg.
Dlatego uwzgledniajac ten fakt, na wszystkich wykresach
odksztatcen kompozytow pokazano poziom wstgpnych
odksztalcenn wywolanych naciagiem tasmy &g, i poziomy
odksztatcen odpowiadaja wybranym sitom obcigzajacym

Sf,test,i'
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3.3 Strain of the CFRP laminate

In none of the beams, strain of the CFRP laminate
reached the ultimate tensile strength corresponding with
rupture of the composite. Fracture of the laminated ob-
served in several beams was the secondary failure caused
by a sudden pulling of the strip from the anchorage plate.

The total strain of the strips measured during the tests
includes the prestressing strain &¢, and the gradient tensile
strain caused by the external load &g Therefore, all the
graphs show the level of initial strain resulting from
prestressing strain of the laminate &;, and the levels of
strain correspond to the obtained loads &g eg;.



Belkg B12-asp wzmocniono przyklejona tasma wstep-
nie naprezong do poziomu odksztatcen 5.2%o. Wzmocnie-
nie wykonano pod cigzarem wlasnym belki odpowiadaja-
cym obcigzeniu czterema sitami punktowymi o wartosci
2F, = 6.3kN, stanowiacym 25% no$nosci na zginanie
elementu niewzmocnionego. Na poczatku odksztatcenie
tasmy bylo stale na catej jej dtugosci. Wraz z przyrostem
obciazenia rejestrowano stopniowy przyrost odksztatcen,
najwickszy w $rodkowej czesci przesta. Odksztalcenia
elementu wskazuja na symetryczny sposob pracy elemen-
tu az do chwili rozpoczgcia procesu odspojenia tasmy
przy sile 53kN (punkt A) i odksztalceniu tasmy réwnym
9.0%0 (Rys. 3.6). W chwili odspojenia srodkowej czgsci
tasmy zaobserwowano spadek sity obciazajacej wywolany
gwaltownym wzrostem pionowego przemieszczenia.
Dalsze przyktadanie obciazenia spowodowalo postepujace
odspojenie tasmy w kierunku aktywnej strony systemu
kotwiacego. Maksymalne odksztalcenie zarejestrowane w
badaniu pod obciazeniem 53kN (punkt B) wyniosto 9.2%o,
co po uwzglednieniu wstgpnego odksztalcenia wywotane-
go sprezeniem daje warto$¢ &gy = €gp + Eprest = 14.5%0. Na
rys. 3.6 wyraznie widaé, ze odksztatcenia taSmy w poblizu
jej konca w chwili wysunigcia si¢ tasmy spod belki ko-
twiacej wyniosly €5t = 6.7%o, co odpowiada catkowite-
mu od-ksztalceniu tego materialu rownym &g = 11.8%o.

The Bl2-asp beam was strengthened with a bonded
CFRP laminate pretensioned to the level of strain of
5.2%o. The strengthening was performed under dead load
of the beam corresponding to loading by four point forces
with the value of 2F, = 6.3kN, accounting for 25% of
bending strength of a non-strengthened element. Initially,
the strain of the strip was constant over its whole length.
The increase of load was accompanied by gradual growth
of strain and it was of greatest value in the central part of
the span. The strain pattern in the CFRP laminate indi-
cates symmetrical tensile force in the composite until its
debonding begun at the load of 53kN (point A), while the
corresponding strain of the strip was equal to 9.0%. (Fig.
3.6). At the moment of debonding of the central part of the
strip, the decrease in the loading force caused by a sudden
increase in the vertical displacement was observed. Fur-
ther increase in the external load resulted in a progressive
debonding of the strip towards the active side of the an-
choring system. The maximum tensile strain of the strip
registered in the test under the load of 53kN (point B) was
equal to 9.2%o, which, after considering pretension
reached a total value &gt = &g + &gt = 14.5%0. Fig.3.6
shows the strain of the strip near its end, at the moment of
the strip pulling from the anchorage plate st = 6.7%o,
which corresponds to the total strain of this material &g
= 11.8%o.
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Rys. 3.6. Wykres odksztatcen tasmy dla wybranych poziomow obciazenia w elemencie B12-asp
Fig. 3.6. The graphs of strain of the strip within the length of the element B12-asp for the chosen levels of loads
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Rys. 3.7. Wykresy odksztalcen tasmy CFRP na dlugosci elementu: a) B12-asp-e, b) B12-sp, c) B12-sp-e, dla wybranych
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Fig. 3.7. The graphs of strain of the strip within the length of the element: a) B12-asp-e, b) B12-sp, c) B12-sp-e, for the cho-
sen levels of loads
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Rys. 3.8. Wykresy odksztalcen taSmy CFRP na dlugos$ci elementu: a) B12-a, b) B16-asp, c) B16-asp-e, dla wybranych po-

ziomow obcigzen

Fig. 3.8. The graphs of strain of the strip within the length of the element: a) B12-a, b) B16-asp, c) B16-asp-e, for the chosen

levels of loads
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Belkg Bl2-asp-e wzmocniono przyklejong tasma
wstgpnie naprezona do poziomu odksztatcen 4.75%o.
Wzmocnienie wykonano przy obciazeniu 2F,=20kN
stanowiacym tacznie z cigzarem wilasnym 76% nos$nosci
na zginanie elementu niewzmocnionego. Na poczatku
odksztalcenie tasmy bylo state na calej jej dlugosci. Wraz
z przyrostem obciazenia widoczny byl stopniowy przyrost
odksztalcen w tasmie. Na wykresie wida¢, iz element
pracowal symetrycznie wzgledem s$rodka elementu. Za
poczatek zniszczenia mozna uznaé¢ odspojenie tasmy
w czgsei $rodkowej elementu przy sile 46kN (punkt A).
Nastapito ono przy przyroscie odksztalcenia w tasmie
siggajacym 5.7%o. W chwili odspojenia $rodkowej czgsci
taSmy nastapit spadek sily wywotlany gwaltownym
wzrostem przemieszczenia pionowego. Przy dalszym
przykladaniu  obciagzenia  odspojenic  postgpowato
w kierunku  aktywnej strony systemu kotwiacego,
osiagajac przyrost odksztalcenia na poziomie 6.6%o
(&gt = 11.4%0) przy sile 49kN (punkt B). Po kolejnym
spadku sity idalszym obciazeniu, odspojenie tasmy
siggalo catej dlugosci odcinka pomiedzy zakotwieniami,
doprowadzajac przy ponownym osiagnigciu sity 49kN
(punkt C) do wysunigcia tasmy spod blachy kotwiace;j.
Przyrost odksztalcenia w tasmie w poblizu szczeki
kotwiacej w momencie jej wysunigcia wyniost 5.1%o
(&tt0t = 9.8%0).

Belk¢ B12-sp wzmocniono taSma wstgpnie naprezona
do poziomu odksztalcen 4.6%o, nieprzyklejong na odcinku
migdzy blachami kotwigcymi. Wzmocnienie wykonano
pod obciazeniem wywotanym cigzarem wlasnym
elementu, co odpowiadatlo obciazeniu skupionemu
2F, = 6.3kN, stanowiacym 25% nos$nosci na zginanie
elementu niewzmocnionego. Na poczatku, jak i przez caly
okres przyktadania obciazenia, przyrost odksztalcenia
taSmy byl staly na catej dtugosci. Kompozyt dziatat jak
zewnetrzny $ciag. Belka ulegla zniszczeniu na skutek
zmiazdzenia betonu w strefie Sciskanej przy sile
47kN.Tasma zachowata swoje potozenie i nie wysungla
si¢ spod blach kotwiacych, osiagajac odksztatcenie
maksymalne 6.9%o na calej swojej dlugosci, co odpowiada
calkowitemu odksztalceniu tasmy z uwzglgdnieniem
sprezenia & o=11.5%o.

W belce Bl2-sp-e wzmocnienie wykonano przy
uzyciu nieprzyklejonej tasmy naprgzonej do poziomu
odksztatcen 4.4%o0 1 zakotwionej na koncach za pomoca
blach kotwiacych. Proces wzmacniania byt prowadzony
pod stalym obciazeniem od cigzaru wlasnego i sit
zewngetrznych 2F,=20.0kN, stanowiacym lacznie 76%
nosnosci na zginanie elementu niewzmocnionego.
Zaobserwowano nieznacznie wigkszy przyrost
odksztalcen kompozytu w $rodkowej czesci belki,
spowodowany brakiem przyczepnosci migdzy tasma
CFRP apowierzchnia belki (Rys 3.7c). Potwierdza to,
ze tasma nieprzyklejona na calej dlugosci i zakotwiona
wylacznie na jej koncach zachowywala si¢ jak zewngtrzny
Sciag, a nie jak wspolprujace z przekrojem zbrojenie
zewngetrzne. Bezposrednia przyczyna niszczenia bylo
wysunigcie jednego konca tasmy spod blachy kotwiacej,
ktére nastapito przy obciazeniu 45.5kN. Odksztatcenie
tasmy zarejestrowane w chwili zniszczenia wynioto 5.0%o,
co tacznie z odksztatceniem od spre¢zenia daje 9.4%o.
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The B12-asp-e beam was strengthened with a bonded
pretensioned strip to the level of strain equal to 4.75%o.
The strengthening was performed at the load of
2F,=20kN, which, including the dead load, equal to 76%
of the bending strength of a non-strengthened element.
Initially, the strain of the strip was constant over its whole
length. The increase of the load was accompanied by
gradual growth of strain in the laminate. The graph shows
that the element was working symmetrically with respect
to the centre of the element. The beginning of failure due
to debonding of the laminate in the central part of the
element at the force of 46kN (point A). It accompanied the
increase of the strain in the strip reaching 5.7%.. At the
moment of debonding of the central part of the strip, the
force decreased due to rapid increase of the wvertical
displacement. With further load increase debonding of the
strip followed towards the active part of the anchoring
system, reaching the strain increase up to 6.6%o (it =
11.4%o) at the force of 49kN (point B). Further decrease of
the load caused debonding of the whole length of the strip
between anchorages, under the load 49kN (point C) that
led to pulling the CFRP strip from the anchorage plate.
The increase in the CFRP strain near the anchorage clamp
at the moment of its pulling from the anchorage plate was
equal to 5.1%o (&gt = 9.8%o).

The BI2-sp beam was strengthened with the
unbounded CFRP laminate pretensioned to to 4.6%o,
performed under the dead load only, corresponding to the
point load of 2F, = 6.3kN, accounting for 25% of the steel
yielding of a non-strengthened element. Initially, as well
as throughout loading, the strain increase inin the strip
was constant over its whole length. The composite
behaved like an external bowstring kept at the anchored
plates. The beam failed due to concrete crushing in the
compressive zone at the force of 47kN. The strip
maintained its position and did not pull from the
anchorage plates, reaching the maximum tensile strain of
6.9%0 over its whole length, which corresponded to the
total strain in the strip of &g=11.5%o.

The BIl12-sp-e beam was strengthened with an
unbonded CFRP laminate pretensioned to the strain level
of 4.4%0 and anchored at the ends with the use of
anchoring plates. The strengthening was performed under
constant dead load and external forces 2F,=20.0kN,
accounting for 76% of the steel yielding of a non-
strengthened element. A slightly higher increase of the
strain of the composite was observed in the central part of
the beam, as a result of adhesion between the CFRP
laminate and the surface of the beam (Fig. 3.7¢c). It proves
that a strip unbonded over the whole length and anchored
only at its ends behaved like an external bowstring. The
direct cause of the failure was pulling of one end of the
strip from the anchorage plate, which occurred at the load
equal to 45.5kN. The strain of the strip registered at the
moment of failure was 5.0%o, which, including the initial
prestressing of the strip equal to 9.4%e.



Belke B12-a wzmocniono tasma wstepnie naprezona
do poziomu odksztalcen 5.1%o, przyklejona na calej
swojej dlugosci, bez blach kotwiacych, z jednostopniowa
redukcja sily naciagu do zera. Wzmocnienie wykonano
pod cigzarem wiasnym belki odpowiadajacym 2F,=6.3kN,
awigc wytezeniu rownym 25% nosnoSci na zginanie
elementu niewzmocnionego. Wykres odksztalcen tasmy
na dlugosci elementu przy sile odpowiadajacej cigzarowi
wilasnemu, wykazuje jednolity rozktad odksztatcen
w tasmie, mimo zastosowaniu redukcji sily naciagu
i przyklejeniu koncow tasmy w sposob bierny. W trakcie
przyrostu obciazenia odksztalcenia tasmy przyrastaly
zgodnie z przewidywaniami (szybciej w czgsci srodkowe;j
niz na jej koncach). Mozna zaobserwowac lokalny skok
odksztalcen w tasmie w miejscu powstatego karbu
(lokalnego uszkodzenia powierzchni betonu), do ktorego
doszto podczas redukcji sity naciagajacej tasme. Nie miat
on jednak wwu na poczatek odspojenia tasmy, jak i na
rozwoj  zarysowania belki podczas  zniszczenia.
Zniszczenie rospoczglo si¢ od odspojenia w czgsci
srodkowej, postepujac w kierunku podpory. Przy
maksymalnym obcigzeniu 2F,=45.5kN  odnotowano
maksymalny przyrost odksztalcen w tasmie wynoszacy
6.4%o, co odpowiadato &¢=11.5%o.

Belka Bl6-asp zostala wzmocniona tasmg wstgpnie
napre¢zona do poziomu odksztatcen 4.8%o, przyklejona na
catej jej dlugosci. Wzmocnienie wykonano pod
obciazeniem wywotanym cigzarem wiasnym,
odpowiadajacym 2F,=6.3kN, stanowiacym 14% no$nosci
na zginanie elementu niewzmocnionego. Na poczatku
odksztalcenie tasmy bylo state na calej jej dlugosci. Wraz
z przyrostem obciazenia zaobserwowano wigkszy przyrost
odksztalcen w czgsci srodkowej, anizeli w poblizu podpor.
Odksztatcenia elementu wskazuja na niesymetryczny
sposob pracy elementu. Odspojenie tasmy rozpoczeto sig
przy obciazeniu rownym 74kN (punkt A) w $rodkowej jej
czgdci  przy przyroscie odksztalcenia  siggajacym
8.0%0.W chwili odspojenia s$rodkowej czeéci tasmy
nastapit spadek sity obciazajacej, a dalszy jej przyrost
spowodowat odspojenie tasmy w kierunku zakotwienia
biernego i1 wysunigcie jej konca spod blachy kotwiace;.
Nastapito to przy obciazeniu rownym 2F.=73kN (punkt
B), czemu odpowiadato odksztatcenie taSmy rowne 5.6%o
(&t10t = 10.4%o0).

te¢ Bl6-asp-e wzmocniono tasma wstgpnie napr¢zona
do poziomu odksztalcen 4.85%o, przyklejona na calej
swojej dlugosci. Wzmocnienie wykonano przy obciazeniu
2F,=33.8kN, stanowiacym 76% nos$nosci na zginanie
elementu niewzmocnionego. Na poczatku odksztatcenie
taSmy bylo stale na calej jej dlugosci. Odksztalcenia
elementu wskazuja na symetryczny sposob pracy taSmy az
do odspojenia tasmy w czgsci srodkowej elementu, przy
sile 72kN (punkt A). Nastgpito to przy odksztatceniu w
czgéci $rodkowej tasmy rownym 7.1%.. W chwili
odspojenia srodkowej czgéci tasmy nastapil spadek sily
wywotany gwaltownym wzrostem przemieszczenia
pionowego. Przy dalszym przykladaniu obciazenia
odspojenie postgpowato w kierunku biernej strony
systemu kotwigcego, a maksymalne odksztalcenie tasmy
osiagneto warto$¢ 7.15%o (&g = 12.0%0) przy sile 72kN
(punkt B), co ostatecznie doprowadzito do wysunigcia
tasmy spod blachy kotwiace;.

The Bl12-a beam was strengthened with a CFRP
laminate pretensioned to the level of 5.1%., bonded over
its full length, without any anchorage plates, with the
single step reduction of the prestressing force to zero. The
strengthening was performed under the dead load of the
element, which corresponded to preloading of 2F, =
6.3kN, accounting for 25% of the steel yielding of the
non-strengthened beam. The graph of the CFRP strain
over the length of the element at the force corresponding
to the dead load shows almost constant strain distribution,
despite the reduction of the prestressing force and passive
bonding of the ends of the strip. During the load increase,
the strain of the strip was growing just like predicted, i.e.
higher in the centre than at its ends. One can observe a
local leap of strain in the strip at the point where a notch,
i.e. local defect of the concrete surface appeared, which
happened during the reduction of prestressing of the strip.
However, it had no influence on the cracking pattern
either at the beginning of the strip debonding or at the
ultimate load. The failure began with from CFRP
debonding in the central part and progressed towards the
support. At the maximum load 2F,=45.5kN, the maximum
increase in the CFRP strain equal to 6.4%o, which
corresponded to the total CFRP strain &g,=11.5%o.

The Bl6-asp beam was strengthened with the CFRP
laminate pretensioned to the strain level of 4.8%o, bonded
over its full length. The strengthening was performed
under the dead load of the element, corresponding to 2F, =
6.3kN, accounting for 14% of the bending strength of a
non-strengthened beam. At the beginning the strain of the
strip was constant over its full length. The load increase
made the increase in the CFRP strain, greater in the
central part than at the support regions. The strain of the
element shows its asymmetric work. The strip debonding
began at the load equal to 74kN (point A) in its central
part, with the increase of the strain reaching 8.0%o. At the
debonding of the central part of the strip, the loading
force decreased and its further increase caused further
debonding of the strip towards the /passive anchorage and
its pulling from under the anchoring plate. It happened at
the load equal to 2F=73kN (point B), which
corresponded to the strain of the strip equal to 5.6%0
(&£0t=10.4%o0).

The Bl6-asp-e beam was strengthened with a CFRP
laminate pretensioned to the level of strain of 4.85%o,
bonded over its full length. The strengthening was
performed under the load of 2F,=33.8kN, accounting for
76% of the steel yielding of the non-strengthened element.
At the beginning the strain of the strip was constant over
its full length. The strain indicates symmetrical way of the
strip acting until its debonding in the central part of the
element at the load of 72kN (point A), which happened in
the central part of the strip with the CFRP strain equal to
7.1%o. At the moment of debonding of the central part of
the strip, the force decreased due to the sudden increase in
the vertical displacement. Further loading caused the strip
debonding progressing towards the passive anchorage.
The maximum strain of the strip reached the value of
7.15%0 (ggior = 12.0%o0) at the force of 72kN (point B),
which finally led to the pulling of the strip from under the
anchoring plate.
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Przyrost odksztalcenia w tasmie w poblizu szczeki
kotwiacej wchwili jej wysunigcia wynidst 4.7%o
(&ttot = 9.6%0).

Odksztatlcenie  tasmy CFRP w  clementach
wzmocnionych tasmami przyklejonymi do powierzchni
betonu byly wigksze w chwili zniszczenia, niz
w elementach ~ wzmocnionych  bez  przyczepnosci
pomigdzy laminatem a powierzchnia betonu. Srednio
réznica wyniosta okoto 2%o. Przyrost odksztalcen tasm
bez przyczepnosci, w trakcie badania (& es) Wynidst 6.9%o
dla belki B12-sp oraz 5.0%0 dla belki B12-sp-e, podczas
gdy dla odpowiadajacych belek z przylkejonym
kompozytem wynidst odpowiednio 9.3%o dla belki B12-
asp 1 6.85%o dla belki B12-asp-e. W przypadku belki B12-
a wzmocnionej beazkotwowo, przyrost odksztatcen
wyniost 6.4%o, co jest porownywalne z warto$cia dla
elementdow z mechanicznym zakotwieniem tasmy. W
belkach zbrojonych pretami o $rednicy 16mm przyrost
odksztalcen w tasmie osiagnat wartos¢ 8.0%0 w belce
Bl6-asp i 7.15%0 w belce Bl6-asp-e. W elementach
wzmacnianych pod obciazeniem siggajacym 76%
nosnosci elementu niewzmocnionego, przyrost
odksztalcef byt $rednio o 2% mniejszy w belkach typu
B12 i 0 1%o mniejszy w belkach typu B16.

Do wysunigcia tasm z systemu kotwiacego dochodzito
przy odksztalceniach na koncach tasmy od 5.0%o dla belki
B12-sp-e do 7.0%o dla belki B12-asp.

3.4 Odksztatcenia betonu w strefie rozcigganej

Na Rys. 3.9. porownano wykresy $rednich odksztalcen
betonu w poziomie zbrojenia rozciaganego (&,y), obliczo-
nych na podstawie trzech §rodkowych baz pomiarowych
Rt6, Rt7 i Rt8, w funkcji obciazenia. Uwzgledniono belki
serii A i B wzmocnione taSmami przyklejonymi do po-
wierzchni betonu (B12-asp, B12-asp-e i Bl12-a), jak i
nieprzyklejanymi (B12-sp i B12-sp-¢e), oraz belki serii C
(Bl6-asp i Bl6-asp-e). Takie zestawienie wykresow dla
wszystkich zbadanych elementéw uwidacznia wplyw
wstgpnego wytezenia elementu przy wykonywaniu
wzmocnienia na zachowanie si¢ elementéw pod obciaze-
niem (poréwnanie t B12-asp z B12-asp-e; B12-sp z B12-
sp-e; 1 Bl16-asp z B16-asp-e). Belki silniej wytgzone przed
wzmocnieniem wykazaty wigksze odksztalcenie betonu
w strefie rozciaganej (przy tych samych poziomach obcia-
zen) niz belki wzmocnione pod cigzarem wlasnym. W
elementach wzmocnionych pod obcigzeniem zewngtrz-
nym siggajacym 76% no$nosci elementu niewzmocnione-
go wyraznie widoczny jest wzrost sztywnosci elementu (w
rozumieniu mniejszego pochylenia wykresu) w stosunku
do sztywnosci elementow wzmocnionych wytacznie pod
cigzarem wilasnym. Mozna uznaé, ze poziom wstgpnego
obciazenia nie wptynat na koncowe $rednie odksztatcenia
rozciagajace betonu.

Réznice miedzy wykresami dla poszczegdlnych belek
mozna zaobserwowa¢ dopiero po uplastycznieniu
zbrojenia zwyklego. Przyrost odksztalcen betonu w
funkcji obcigzenia jest wigkszy dla elementow
wzmocnionych nieprzyklejona tasma, co potwierdza
jednoznacznie ich wigksza odksztatcalno$¢ w poréwnaniu
z belkami wzmocnionymi tasmami przyklejonymi do ich
spodniej powierzchni.
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The strain increase in the strip near the anchorage
clamp at the moment of its pulling out was equal to 4.7%o
(&tgot = 9.6%o).

The strain of the CFRP laminate in the elements
strengthened with strips bonded to the concrete surface
were greater at the moment of failure than in the elements
strengthened without any bonding between the laminate
and the concrete surface. The average difference was
about 2%o. The strain increase in the unbonded strips,
during the test (egwesr) Was equal to 6.9%o for the B12-sp
beam and 5.0%o for the B12-sp-e beam, whereas for the
beams with bonded composite it was 9.3%o for the B12-
asp beam and 6.85%o for the B12-asp-e beam. In case of
the Bl12-a beam strengthened without any anchorage
system, the increase in the CFRP strain was equal to
6.4%o, which is comparable to the value for the elements
with mechanical anchorage of the strip. In the beams
reinforced with bars with the diameter of 16mm the CFRP
strain increase in the strip reached the value of 8.0%o in
the B16-asp beam and 7.15%o in the B16-asp-e beam. In
the elements strengthened under the load reaching 76% of
the load bearing capacity of a non-strengthened element,
the average increase in strain was by 2%o smaller in B12
beams and by 1%o smaller in B16 beams.

The pulling of the strips from the anchorage system
took place with strain at the ends of the strip from 5.0%o
for the B12-sp-e beam to 7.0%o for the B12-asp beam.

3.4 Concrete strain in tensile zone

In fig. 3.9. there is a comparison of the average con-
crete strain at the level of the tensile reinforcement (&ay,),
calculated on the basis of three central measurement
bases: Rt6, Rt7 and Rt8, in the function of load. What was
taken into consideration were beams from A and B series,
strengthened with strips bonded to the concrete surface
(B12-asp, B12-asp-e and B12-a) as well as the unbonded
ones (B12-sp and B12-sp-e), and the ones from C series
(B16-asp and Bl16-asp-¢). Such a combination of graphs
for all the tested elements shows the influence of initial
preloading of an element during strengthening on the
behaviour of elements under load (the comparison of B12-
asp with B12-asp-e; B12-sp with B12-sp-e; and B16-asp
with B16-asp-e beams). The beams more highly preloaded
before strengthening demonstrated greater concrete strain
in tensile zone (at the same levels of loads) than the beams
strengthened under dead load. In the elements strength-
ened under external load reaching 76% of the steel yield-
ing of the non-strengthened element, one can clearly ob-
serve the increase in the stiffness of the element in relation
to the stiffness of elements strengthened only under the
dead load. One can indicate that the preloading level did
not influence the maximum average tensile strain of con-
crete.

The differences between the graphs for particular
beams can be observed only after yielding of ordinary
reinforcement. The increase in concrete strain in the func-
tion of load is higher for the elements strengthened with
an unbonded strip, which distinctly confirms their greater
deformability in comparison with the beams strengthened
with strips bonded to their bottom surface.



Warto rowniez zauwazy¢, ze do chwili uplastycznienia
stalowego  zbrojenia  réznice  migdzy  belkami
wzmocnionymi z przyczepnoscig 1 bez przyczepnsci sa
pomijalne mate. Warto zauwazy¢, ze kilkukrotne
odcigzanie 1 ponowne obcigzanie wzmocnionych juz
elementow (B12-asp i B12-sp) nie mialo wwu na dalszy
charakter pracy belki.
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It is also worth mentioning that until yielding of steel
reinforcement, the differences between beams strength-
ened with and without bonding are negligibly small.

It is worth mentioning that unloading and loading
process of the strengthened elements several times (B12-
asp and B12-sp) had no influence on their behaviour after
strengthening.
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Rys. 3.9. Wykresy $rednich odksztatcen betonu w poziomie zbrojenia rozciaganego w funkcji obciazenia
Fig. 3.9. The graphs of average concrete strain at the level of the tensile reinforcement in the function of load

3.5 Przemieszczenia pionowe

Wykresy przemieszczen pionowych belki na diugosci
elementu dla kolejnych poziomoéw obciazenia, wskazuja
na symetryczny charakter pracy elementu wzglgdem $rod-
ka przgsta.

Na przyktadzie elementu B16-asp-e (Rys. 3.10) widac,
ze belka ugigta si¢ symetrycznie wzgledem $rodka prze-
sta. Dwa wykresy ugie¢ oznaczone linig przerywana opra-
cowano na podstawie pigciu (Vi, V,, Vs, Vg 1 Vg) lub
trzech (Vi, Vs 1 Vo) pomiarow zarejestrowanych pod ob-
cigzeniem elementu rownym 2F=72kN. Pozostale pomia-
ry przemieszczen (V,, Vi, V4, Vg, V7 1 Vi) nie zostaly
zarejestrowane, poniewaz przekroczony zostal zakres
przetwornikow. Pomiar dla srodka belki zarejestrowano
przy uzyciu dwoch czujnikow indukcyjnych o bazie po-
miarowej 50mm i 100mm, a dodatkowo zastosowano
pionowa linijk¢, co zapewnito mozliwo$¢ odczytania
przemieszczen po przekroczeniu zakresu czujnika. Anali-
zujac wykres pionowych przemieszczen S$rodka belki
w funkcji obciazenia, mozna z tatwos$cia wyznaczy¢ cha-
rakterystyczne punkty oddajace sposéb zachowania si¢
elementu w catym zakresie obciazen.

3.5 Vertical displacements

The graphs presenting vertical displacements of a
beam on the length of an element for the subsequent levels
of load indicate symmetrical deformation of the beams in
relation to the midspan.

One can observe, on the example of the Bl6-asp-e
element (Fig. 3.10) that the beam deflections were sym-
metrical in relation to the midspan. Two graphs of deflec-
tions marked with the dotted line were drawn on the basis
of five (Vi, V,, Vs, Vg and Vy) or three (V;, Vs and Vy)
gauges registered under the load of the element 2F=72kN.
The other measurements of displacements (V,, V3, Vy4, Vg,
V, and Vjg) were not registered because LVDT's range had
been exceeded. The measurement for the beam's midspan
was registered with the use of two induction sensors with
measurement basis of 50mm and 100 mm, and addition-
ally a vertical ruler was used, which made it possible to
read the displacements after LVDT's range had been ex-
ceeded. Analyzing the midspan deflections in the function
of load, one can easily determine characteristic points
showing element's behaviour in the full range of loads.

35



W pierwszym etapie element niewzmocniony zostat
obciazony do sity 0.76F, (pkt. A). Nastgpnie pod nie-
zmiennym obciazeniem zewng¢trznym zostato wykonane
wzmocnienie przy uzyciu sprezonej tasmy CFRP, co spo-
wodowalo wyrazne cofnigcie wywotanych uprzednio
przemieszczen pionowych (pkt. B), a nastgpnie ograniczy-
o predkos$é przyrostu ugi¢é wraz z przyrostem obciazenia
zewngtrznego. Kolejnym charakterystycznym etapem bylo
odspojenie tasmy od powierzchni betonu w $rodku jej
rozpigtosci (pkt. C). Wywolato ono wzrost ugig¢ i chwi-
lowy spadek sity obciazajacej. W ostatnim etapie (pkt. D),
po doprowadzeniu obciazenia do tego samego poziomu,
doszto do wysunigcia tas$my z systemu kotwiacego, co
doprowadzito do gwattownego wzrostu ugig¢ przy jedno-
czesnym spadku sily obciazajacej (zniszczenie elementu).
Analogiczne odpowiedzi na obciazenie zaobserwowano
w pozostatych tach.

In the first stage, the non-strengthened element was
loaded up 0.76F (point A). Next, under constant external
load, strengthening with the pretensioned CFRP laminate
was performed, which resulted in reduction of the vertical
displacements at the constant load(point B), and then it
slowed down the increase in deflections with the increase
of external load. Another characteristic stage visible on
the graph corresponds to debonding of the strip from the
concrete surface in the midspan (point C). It caused the
increase in deflections and temporary drop of loading
force. In the last stage (point D), once the load had been
brought to the same level, the strip pulled out from the
anchoring plates, which led to the sudden increase in de-
flections with simultaneous decrease in the loading force
(at failure). Similar behaviour were confirmed the rest of
the beams.
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Wyrazny ww przyczepno$ci pomigdzy tasma CFRP a
powierzchnia betonu na pionowe przemieszczenia $srodka
belki obrazuja wykresy na Rys. 3.11. a, b. Porownano na
nich belki B12-asp z B12-sp oraz B12-asp-e z B12-sp-e.
Po uplastycznieniu stalowego zbrojenia, przemieszczenia
pionowe belek wzmocnionych bez przyczepnosci (B12-
sp, B12-sp-e) przyrastaja szybciej niz przemieszczenia
odpowiadajacych belek wzmocnionych tasma przyklejona
(B12-asp, Bl12-asp-e). Potwierdza to opini¢ o niZszej
sztywno$ci belek wzmocnionych bezprzyczepnos$ciowo,
po uplastycznieniu stalowego zbrojenia, niz belek z
tasmami przyklejonymi na catej dlugosci.
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A clear influence of the adhesion between CFRP
laminate and concrete surface on vertical displacements of
the beams are shown in graphs in Fig. 3.11. a, b. They
present a comparison of B12-asp and B12-sp beams as
well as of B12-asp-e and B12-sp-e beams. After the steel
yielding, vertical displacements of the beams strengthened
without any bonding (B12-sp, B12-sp-¢) indicated higher
increase in the midspan displacements then the beams
strengthened with the bonded strip (B12-asp, B12-asp-e).
It confirms the lower stiffness of the beams strengthened
with unbonded laminate than the beams strengthened with
the bonded laminate after the steel yielding.



Rysunek 3.11.c potwierdza niewielki ww wstgpnego
obciazenia (siggajacego nawet 0.76F,) na ugigcie
wzmocnionej belki. Zaréwno belki wzmocnione
wylacznie pod obciazeniem wywolanym ci¢zarem
wlasnym, jak i1 belki wzmocnione pod dodatkowym
obciazeniem zewngtrznym (Bl6-asp-e 1 Bl6-asp),
osiagnegly w chwili zniszczenia zblizone wartosci
pionowych przemieszczen (Rys. 3.11.c).

Figure 3.11.c confirms rather small effect of the
preloading level (reaching even 0.76F ) on the vertical
displacement of a strengthened beam. Both the beams
strengthened only under the dead load and the beams
strengthened under the additional external load (B16-asp-¢
and Bl6-asp), reached similar values of vertical
displacements at the moment of failure (Fig. 3.11.c).
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Rys. 3.11. Poréwnianie wykresow przemieszczen pionowych srodka belki w funkcji obciazenia
Fig. 3.11. The comparison of graphs of vertical displacements of the midspan of a beam in the function of load

3.6 Model obliczeniowy

Do obliczeniowej analizy odksztalcen i no$nosci zgi-
nanych elementow zelbetowych wzmocnionych wstgpnie
napr¢zonymi ta§mami CFRP, zastosowano model nieli-
niowej analizy zelbetowych elementéw pretowych wedtug
Kaminskiej i Czkwianianca (Czkwianianc i Kaminska
1993).

W wersji modelu dotyczacej tylko zginania (Rys. 3.12)
uwzglednia sig:

- napr¢zenia normalne w przekroju,

- zasade zachowania ptaskiego przekroju,

- petna przyczepno$¢ migdzy materiatami (réwniez od-
ksztalcen)

3.6 Analytical model

For the computational analysis of deformations in
function of load reinforced concrete elements
strengthened with the pretensioned CFRP laminates, a
nonlinear model of RC members by Kaminska and
Czkwianianc was used (Czkwianianc and Kaminska
1993).

The following assumptions are taken into account in
the model referring to the pure bending (Fig. 3.12):

- plain section principle,
- normal stresses in the section,
- full adhesion between materials
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- zasadg tension stiffening oraz zatozenie, Ze rysy prosto-
padte do osi preta s rozmyte na jego dugoscei,

- doswiadczalne zalezno$ci o-¢ dla stali zbrojeniowej i
kompozytu,

- nicliniowa zalezno$¢ o-¢ dla betonu strefy $ciskanej i
rozciaganej (Rys. 3.13), zapisang w postaci zaleznoS$ci
napr¢zen od odksztalcen.

- tension stiffening principle and the assumption that
cracks perpendicular to the axis of a bar are smeared on
the pure bending distance,

- experimental strength characteristic oc-¢ for
reinforcement and the composite,

- non-linear strength characteristic 6-¢ for the concrete in
compression and tension (Fig. 3.13),
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Rys. 3.13. Nieliniowa zalezno$¢ odksztalcenie - napr¢zenie dla betonu strefy Sciskanej i rozciaganej
Fig. 3.13. Non-linear strain-stress characteristic for the concrete

Obciazenie zewngtrzne okre§lono z  warunkow
rownowagi sit i momentdow w przekroju, dla kolejnych
stanow jego odksztalcenia, przyjmujac:

iﬂ:N 3.1)
i=1
SRy =M (3.2)
i=1

Za no$no$¢ elementu niewzmocnionego przyjmuje si¢
sil¢ odpowiadajaca takiemu stanowi odksztalcenia, dla
ktérego odksztalcenie w jednym z materiatlow osiagnie
warto$¢ graniczng (&.,=3.5%o w betonie lub gy, w stali).

Odspojenie tasmy CFRP zainicjowane typowym dla
zginania zarysowaniem w obszarze czystego zginania jest
uwazane za najczedciej spotykany sposob zniszczenia
elementdow wzmocnionych technika EBR. No$no$¢
wzmocnionego elementu wyznaczano zatem dla stanu
odksztatcenia przekroju, w ktorym osiagnigte zostang
graniczne odksztafcenia ktorego§ z materialow (e, w
betonie, &, w stali lub &g W tasmie odpowiadajace od-
spojeniu lub zerwaniu).
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External load was determined on the basis of the
criteria for the forces and moments balance equilibrium in
a section, for subsequent strain states with the following
assumptions:

iE:N (3.1)
i=1
SRy =M (3.2)
i=1

What is accepted as the load bearing capacity of a non-
strengthened element is the bending moment corresponding
to such a strain state for which the strain in one of materials
(concrete and steel) reaches the limit value (g,=3.5%o in
concrete or &, in steel).

In the flexurally strengthened member debonding of the
CFRP laminate initiated by flexural cracking in the pure
bending distance, is considered to be the most common
failure mode. Therefore, the load bearing capacity of a
strengthened element was determined for the state of strain
of the section in which strain limits of one of materials is
reached (g, in concrete, &, in steel or - gpeq in a strip,
corresponding to its debonding or rupture &g,).



Opisany model obliczeniowy stosowano wielokrotnie
do obliczeniowe] weryfikacji badan zelbetowych belek
i belek niewzmocnionych i wzmocnionych tasmami CFRP
(Kaminska i Kotynia 2000, Kotynia i Kaminska 2003),
uzyskujac bardzo dobra zgodnos¢ wynikow.

Powszechna praktyka jest rozwazanie stanu wstgpnego
obciazenia elementow przed ich wzmocnieniem. Im wigk-
sze jest wstegpne obciazenie elementu przed wzmocnie-
niem, tym mniejszy jest przyrost obciazenia i mozliwosé
wykorzystania no$nosci tasmy CFRP po jej aplikacji. Stan
wywotany wstgpnym obciazeniem w modelu analitycz-
nym opisany jest poprzez odksztatcenia betonu na gorne;j
i dolnej krawedzi przekroju €. 1 &g, oraz odpowiadajace
odksztatcenia stali. Sprezenie tasmy CFRP wprowadzono
w modelu w postaci ptaskiego stanu odksztatcenia odpo-
wiadajacego odksztatceniom (g, i &) W betonie odpo-
wiednio strefy Sciskanej i rozciaganej oraz odksztatcenie
tasm ggp,.

Obiektywne porownanie wynikow badan i wynikow
obliczen umozliwiaja wykresy krzywizny (k), wyznaczo-
nej na podstawie usrednionych odksztalcen betonu
w strefie $ciskanej i rozciaganej przekroju. Wykorzystano
w tym celu wyniki pomiaréw zarejestrowanych przez
czujniki LVDT, zlokalizowane w strefie czystego zgina-
nia. Krzywizng okre$lono wg wzoru:

K= % (v ) (3.3)

Poréwnanie eksperymentalnych i obliczeniowych wy-
kreséw krzywizny w funkcji obciazenia t wzmocnionych
tasmg CFRP przyklejona do powierzchni betonu, przed-
stawiono na rys. 3.14. Na wykresach obliczeniowych
oznaczono odksztalcenia taSmy gpy 0 wartosciach 5.0
18,0%. Jest to zakres odksztalcen tasmy, przy ktorym
mozna spodziewac si¢ odspojenia od powierzchni betonu.

Drobne réznice pomigdzy zatozonym modelem obli-
czeniowym, a rezultatami z badan moga wynika¢ z niedo-
ktadnos$ci wykonania belek (potozenie zbrojenia stalowe-
go i niedoktadno$ci w samej geometrii elementow).

Wykresy dotyczace t B16-asp i B16-asp-e, jak i pozo-
state potwierdzity zgodno$¢ z zalozonym modelem anali-
tycznym w catym zakresie obciazen.

Dzigki uniwersalnos$ci obliczen, model ten moze by¢
z powodzeniem stosowany do opisu sposobu zachowania
i okreslania no$nosci na zginanie elementow zelbetowych
wzmocnionych technika EB, metoda bierna lub czynna, ze
wstepnie napr¢zonymi tasmami CFRP, nawet w przypad-
ku wstgpnego obcigzenia elementu w chwili wykonywa-
nia wzmocnienia.

3.6 Efektywnosé wzmocnienia i stopien wyko-
rzystania wytrzymatosci tasmy CFRP na
rozcigganie

Do analizy poréwnawczej efektywnos$ci wzmocnienia
elementdow wprowadzono parametr nazwany stopniem
wzmocnienia, ktorego fizyczny sens oddaje wzor 3.4. Jest
to stosunek roznicy sit niszczacych element wzmocniony
i niewzmocniony (F, - Fy) do sily niszczacej element
niewzmocniony (Fy).

e = (F, —Fy0)/Fyo (3.4)

The described analytical model has been verified in a
mount of tests on RC beams both non-strengthened and
strengthened with CFRP laminates (Kaminska and
Kotynia 2000, Kotynia and Kaminska 2003), achieving
very good compatibility of the results.

It is a common practice to consider the state of
preloading of elements before their strengthening. The
greater preloading of an element before strengthening, the
smaller increase of load and possibility of using load
bearing capacity of a CFRP laminate after its application.
The preloading state in the analytical model is described
by the concrete strain on the top &, and the bottom edge
of a section g, as well as strain in the steel reinforcement.
Pretensioning of the CFRP laminate was introduced in the
model by the corresponding concrete strain in in
compression and tension (g, and &), respectively, and the
strain in the CFRP strip &),

Objective comparison of the calculated and test results
shows the curvature-load (x-2F) relationship. What was
used here were the results of measurements registered by
LVDTs, located in the pure bending zone. The curve was
determined according to the following equation:

K= % (%nm) (3.3)

The  comparison of  curvature-load  graphs
(experimental versus calculated ones of the beams
strengthened with a CFRP laminate bonded to the
concrete surface, is presented in Fig. 3.14. On the
calculated graphs points corresponding to the strain of the
Strip € €qual to 5.0 and 8.0% have been marked to
indicate the CFRP strain range at which one can expect
debonding of the strip from the concrete surface.

Slight differences between the calculated and test
results may come from inaccuracy of the real geometry of
the beams in reference to the assumed (the location of
steel reinforcement and inaccuracies in the geometry of
the elements).

The graphs concerning B16-asp and B16-asp-e beams,
as well as the rest of the beams, proved compatibility with
the assumed analytical model in the full range of loads.

Universality of the model encourages to be used to
determine the calculated curves of RC nonstrengthened
and strengthened with EB technique with nonprestressed
and prestressed CFRP laminates, even in case of
preloading an element at the moment of strengthening.

3.6 The efficiency of strengthening and the ex-
tent of the use of tensile strength of a CFRP
laminate

A strengthening degree parameter whose physical
sense is expressed by equation 3.4 was introduced to the
comparative analysis of the strengthening efficiency of
RC elements. It is the ratio of the difference between
ultimate load of a strengthened and nonstrengthened
beams (F, - Fy) to the ultimate load of a nonstrengthened
beam (Fy).

nF:(Fu_FuO)/FuO (34)
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Rys. 3.14. Porownanie wykresu krzywizny uzyskanych w wyniku badan i na podstawie modelu obliczeniowego dla
belek: a) B12-asp, b) B12-asp-e, ¢) B12-a, d) Bl16-asp, ¢) Bl16-asp-¢
Fig. 3.14. The comparison of the calculated and test curvature-load graphs for the following beams:
a) B12-asp, b) B12-asp-e, ¢) B12-a, d) B16-asp, ) Bl6-asp-¢
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Wyniki badan zestawione w tablicy 3.1 pokazuja
wplyw  poszczegdlnych parametréw zmiennych na
efektywno$¢ wzmocnienia. Belki z serii A 1 B o nizszym
stopniu zbrojenia stalowego uzyskaly wyzszy stopien
wzmocnienia (od 0.88 do 1.20), niz belki z serii C (od
0.64 do 0.69). Ponadto belki wzmocnione przyklejona
tasma CFRP (Bl2-asp, Bl2-asp-e) osiagngly wyzszy
stopien ~ wzmocnienia  niz  belki =~ wzmocnione
bezprzyczepnosciowo (B12-sp, BIl2-sp-e). Wysokie
wstepne wytgzenie elementdow w chwili wykonywania
wzmocnienia réwniez obnizyto efektywnosé
wzmocnienia. W belce B12-sp, wzmocnionej pod
cigzarem wilasnym (0.25F,), stopien wzmocnienia
wyniost 0.95, podczas gdy belki B12-sp-e, wzmocnioneg;j
bez przyczepnosci pod obciazeniem zewngtrznym
wynoszacym 0.76F , stopien wzmocnienia wyniost 0.73.
Podobna sytuacja ma miejsce w belkach wzmocnionych
taSmami przyklejonymi do powierzchni betonu (1.20 dla
Bl12-asp i 0.88 dla Bl2-asp-¢). W serii belek C, o
wyzszym stopniu zbrojenia stalowego, wplyw wstepnego
wytezenia elementu na efektywno$¢ wzmocnienia byt
mniejszy (0.69 dla B16-asp i 0.64 dla B16-asp-¢).

Innym parametrem charakteryzujacym efektywnos¢
wzmocnienia jest stopien wykorzystania wytrzymatos$ci
taSmy na rozciaganie, zdefiniowany jako stosunek
maksymalnych odksztalcen tasmy uzyskanych w trakcie
badania belki (gf) do wartoéci odksztalcen granicznych
okreslonych w badaniach wytrzymato$ciowych (&),
zgodnie z zalezno$cia:

MNer = af,tot /8f,u (35)

Belki wzmocnione naprgzong ta§ma CFRP
o wigkszych wstgpnych odksztalceniach wykazywaly
naogot wigkszy stopien wykorzystania wytrzymatosci na
rozcigganie. Belka Bl2-asp, wzmocniona tasma
o wstgpnym odksztatceniu 5.2%o0 osiagngta najwyzszy
stopiefi wzmocnienia, si¢gajacy 1.20 i najwyzszy stopien
wykorzystania wytrzymatosci tasmy CFRP rowny 0.87
(Tablica 3.1). Podobnie na stopien wykorzystania
nos$nos$ci tasmy wptywa przyklejenie jej na catej dlugosci
pomigdzy szczgkami kotwigcymi. Belki wzmocnione
nieprzyklejonym  kompozytem  osiagngly  stopien
wykorzystania wytrzymatosci tasmy 0.68 (belka B12-sp)
oraz 0.56 (belka Bl12-sp-e), a odpowiadajace belki
wzmocnione z przyczepnoscia, osiagnely wyzszy stopien
wzmocnienia, odpowiednio 0.87 (Bl2-asp) oraz 0.69
(B12-asp-e). Stopien wykorzystania wytrzymatosci tasmy
na rozciaganie belek wzmocnionych pod wigkszym
wstgpnym wytezeniem (0.69 dla B12-asp-e oraz 0.56 dla
B12-sp-e) byl nizszy, niz belek wzmocnionych wylacznie
pod cigzarem wilasnym (0.87 dla B12-asp oraz 0.68 dla
B12-sp).

The results of the tests summarised in Table 3.1 show
the influence of particular investigated parameters on the
of strengthening efficiency. The beams from A and B
series with lower steel reinforcement ratio indicate the
higher strengthening ratio (from 0.88 to 1.20), than the
beams from the C series (from 0.64 to 0.69). Moreover,
the beams strengthened with a bonded CFRP laminate
(B12-asp, B12-asp-¢) reached higher strengthening ratio
than beams strengthened without any bonding (B12-sp,
B12-sp-e). High initial preloading of the elements at the
moment of strengthening also decreased the efficiency of
strengthening. In the B12-sp beam, strengthened under
dead load (0.25F ), the strengthening ratio was equal to
0.95, whereas for the BI12-sp-e beam, strengthened
without any bonding under external load equal to 0.76
FuO0, the strengthening ratio was equal to 0.73. A similar
situation occurred for beams strengthened with strips
bonded to the concrete surface (1.20 for B12-asp and 0.88
for B12-asp-e). In the series of the C beams, with higher
ratio of steel reinforcement, the influence of initial
preloading of an element on the efficiency of
strengthening was smaller (0.69 for B16-asp and 0.64 for
B16-asp-e).

Another parameter characterizing the strengthening
efficiency is ratio of exhaustion of the tensile strength of
the strip, defined as the ratio of the maximum tensile
strain of the strip obtained during the test of the beam
(&1or) to the value of ultimate tensile strain determined in
the tensile test (g¢,), calculated from the equation:

MNer = Sf,tot /Sf,u (35)

The beams strengthened with the higher CFRP
pretensioning level showed the higher degree of the CFRP
utilization. The Bl12-asp beam, strengthened with the
pretensioned strip of 5.2%o reached the highest
strengthening ratio, equal to 1.20 and the highest strength
exhaustion of the CFRP laminate equal to 0.87 (Table
3.1). Bonding of the strip on the whole length between
anchorage clamps leads to the similar highest strength
exhaustion of the CFRP laminate tensile strength. The
beams strengthened with an unbonded composite reached
the highest strength exhaustion equal to 0.68 (B12-sp
beam) and 0.56 (Bl2-sp-¢ beam), and the equivalent
beams strengthened with bonding  reached higher
strengthening ratio, 0.87 (B12-asp) and 0.69 (B12-asp-¢)
respectively. The highest tensile strength exhaustion of the
CFRP laminate for beams strengthened under higher
initial preloading (0.69 for B12-asp-e and 0.56 for B12-
sp-e) was lower than that of beams strengthened solely
under a dead load (0.87 for B12-asp and 0.68 for B12-sp).
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4  WNIOSKI

W celu oceny skuteczno$ci wzmocnienia przekroju
zelbetowego na zginanie przy uzyciu wstepnie spre¢zonych
taSm CFRP, przeprowadzono badanie trzech serii belek
zelbetowych o przekroju prostokatnym 500x200mm,
o dwoch réznych stopniach zbrojenia zwyktego, ktore
wzmocniono przy réznym poziomie wstgpnego wytgze-
nia. W badaniach analizowano ponadto wptyw przyczep-
nosci tasmy do betonu na efektywnos¢ wzmocnienia.
Kazda seria belek skladata sie z elementdéw wzmocnio-
nych wstegpnie naprgzonymi tasmami CFRP, przyklejo-
nymi do spodniej powierzchni elementu lub tasmami
nieprzyklejonymi, ale kotwionymi na koncach kompozy-
tu. Jednym z podstawowych parametrow zmiennych byt
stopien wytezenia belek przed i w trakcie wzmocnienia.
Cze$¢ belek wzmocniono pod cigzarem wlasnym (odpo-
wiadajacym 14% lub 25% nos$nosci elementu niewzmoc-
nionego) lub dodatkowo pod obciazeniem zewngtrznym
(stanowiacym tacznie 76% no$nosci elementu niewzmoc-
nionego).

Na podstawie analizy wynikéw badan mozna wysnué
nastgpujace wnioski:

1. Najczescie] wystgpujacym sposobem zniszczenia byto
odspojenie tasmy zainicjowane zarysowaniem S$rod-
kowej czgsci elementu; wysunigcie konca tasmy CFRP
spod ptyty kotwiacej bylo wtornym efektem postepu-
jacego zniszczenia.

2. Obraz zarysowania byl zblizony we wszystkich bada-
nych elementach. Niewielkie r6znice wynikaly
z obecnos$ci kleju na dhugoscei tasmy, jak i z roznego
poziomu wstgpnego wytezania elementoéw w chwili
wykonywania wzmocnienia. W tym drugim wypadku
belki w chwili wykonywania wzmocnienia byly silniej
zarysowane.

3. Badania wykazaly wysoka efektywno$¢ wzmocnienia
przy uzyciu wstgpnie naprgzonych tasm weglowych,
co potwierdza stopien wzmocnienia elementu (ng),
ktory wynosit od 0.73 do 1.20 dla belek Serii A i B (o
nizszym stopniu zbrojenia stalowego), oraz od 0.64 do
0.69 dla belek Serii C (o wyzszym stopniu zbrojenia
stalowego).

4. Zroznicowanie historii obcigzania belek Serii A i B
w wyniku procesu obciazania i odcigzania nie miato
znaczenia na charakter pracy wzmocnionych elemen-
tow.

5. Wzrost poziomu wstgpnego obciazenia elementu
w chwili wykonywania wzmocnienia spowodowat
spadek maksymalnych odksztatcen tasm CFRP zareje-
strowanych podczas zniszczenia (gp.s) (0dspojenia
tasSm od powierzchni betonu). W belkach silnie wyte-
zonych przed wzmocnieniem, odksztatcenia tasm
w chwili ich odspojenia byly nizsze niz odksztalcenie
zarejestrowane w elementach wzmocnionych pod cig-
zarem wlasnym.

6. Z poroéwnania wynikow badan elementéw o ré6znym
zbrojeniu zwyklym wynika, ze efektywno$¢ wzmoc-
nienia maleje wraz ze wzrostem stopnia zbrojenia sta-
lowego.
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4 CONCLUSION

In order to estimate the efficiency of flexural strength-
ening of an RC section with the use of prestressed CFRP
laminates, tests on three series of RC beams with rectan-
gular cross section of 500x200mm were carried out, with
two different ordinary reinforcement ratios strengthened at
different level of initial preloading. Another aspect ana-
lysed in the tests was the influence of bond between the
strip and a concrete on the efficiency of strengthening.
Each series of beams consisted of elements strengthened
with pretensioned CFRP laminates, bonded to the bottom
surface of an element or the strips unbonded but anchored
at the ends of the composite. One of the basic variable
parameters was the preloading level beams before and
during strengthening. Some beams were strengthened
under dead load (corresponding to 14% or 25% of the load
bearing capacity of a non-strengthened element) or, addi-
tionally, under external load ( accounting in total for 76%
of the load bearing capacity of a non-strengthened ele-
ment).

On the basis of the analysis of the test results one can
come to the following conclusions:

1. The most common reason of failure was debonding of
the strip initiated by the concrete cracking in the pure
bending distance; pulling of the end of the CFRP
laminate from the anchorage plate was a secondary ef-
fect of progressing failure.

2. Crack pattern was similar in all tested elements. Slight
differences were caused by the presence of the adhe-
sive along the strip and from various level of initial
preloading of the elements at the moment of strength-
ening. In this second case, at the moment of strength-
ening beams were more cracked.

3. The tests demonstrated high efficiency of strengthen-
ing with the use of pretensioned strips, which is
proved by the strengthening ratio / of an element (),
which was equal to 0.73 and 1.20 for beams of series
A and B (with lower steel reinforcement ratio), and be-
tween 0.64 and 0.69 for beams of series C (with higher
steel reinforcement ratio).

4. Variety of the load history (preloading level) of beams
of A and B series as a result of the process of loading
and unloading had no influence on behaviour of the
strengthened elements.

5. The increase in the preloading level of an element at
the moment of strengthening resulted in a decrease of
maximum strain of the CFRP laminates registered dur-
ing failure (efitest) (due to debonding of the strips
from the concrete surface). In beams highly preloaded
before strengthening, strain of the strips at the moment
of their debonding were lower than the strain regis-
tered for the elements strengthened under the dead
load.

6. The comparison of the test results for the elements
with various ordinary reinforcement shows that the
strengthening efficiency decreases with the increase in
the steel reinforcement.



7.

Przyczepno$¢ pomigdzy zbrojeniem kompozytowym
CFRP a powierzchnia betonu ma wyrazny wptyw na
odksztatcalnos¢ belki dopiero po uplastycznieniu zbro-
jenia stalowego. Stopien wykorzystania wytrzymatosci
kompozytu na rozciaganie (1) wyraznie zalezy od je-
go przyczepnosci do powierzchni betonu. W wypadku
wzmocnienia z przyczepnoscia wykorzystanie wy-
trzymatos$ci tasm CFRP na rozciaganie byto na pozio-
mie od 0.68 do 0.87, za§ w belkach wzmocnionych
bezprzyczepnosciowo, stopien wykorzystania nosnosci
tasm byl nizszy i wynosit od 0.56 do 0.68.

Przyrost odksztalcen w ta§mach nieprzyklejonych do
powierzchni betonu, osiagnigty w trakcie obcigzenia
belek (&giest), Wynosit od 5.0%0 do 6.9%o, a w tasmach
przyklejonych wahat sig¢ od 6.9%o do 9.3%o.

Pomiary odksztalcen betonu w rozciaganej strefie
przekroju potwierdzity korzystny wptyw przyklejenia
tasm kompozytowych do powierzchni betonu. W bel-
kach wzmocnionych bezprzyczepno$ciowo wystapily
wicksze odksztalcenia betonu niz w belkach z tasmami
przyklejonymi na caltej dlugosci. Pochylenie wykre-
sow odksztatcenie-obcigzenie bylo nizsze w wypadku
belek wzmacnianych bezprzyczepnosciowo. Jest to
widoczne zwlaszcza po uplastycznieniu zbrojenia
zwyklego. Swiadczy to o mniejszej sztywnosci tych
elementow w porownaniu z belkami, w ktorych tasmy
byty przyklejane.

10. Pomimo bardzo wysokiego poziomu wstgpnego obcia-

11.

zenia wybranych belek Serii A, B 1 C (0.76 Fy) - po-
ziom przekraczajacy stan graniczny uzytkowalnos$ci),
wzmocnienie napr¢zonymi ta§mami CFRP pozwolito
znacznie zredukowaé ugigcia i odksztalcenia belek
oraz doprowadzito do zwigkszenia sztywnosci elemen-
tu do poziomu sztywnos$ci elementu wzmocnionego
wylacznie pod cigzarem wlasnym.

Zaobserwowano niewielki wplyw wstgpnego obciaze-
nia elementu na koncowa warto$¢ ugie¢ wzmocnione-
go elementu. Na ogo6t jednak ugigcia elementow silnie
wytezonych, jak i niewytezonych przed wzmocnie-
niem ksztattowal si¢ podobnie.

12. Wzmocnienie na zginanie przy uzyciu naprezonych

tasm CFRP jest jedna z najbardziej skutecznych metod
poprawy warunkow uzytkowalno$ci i nosnosci nawet
silnie wyt¢zonych elementow zelbetowych. W takim
wypadku wzmocnienie tasmami sposobem biernym,
byloby niewystarczajace.

13. Porownanie doswiadczalnych i obliczeniowych zalez-

nosci krzywizna-obciazenie potwierdzito poprawnosc¢
przyjetego modelu obliczeniowego w catym zakresie
obciazen badanych elementow.

7.

10.

11.

The adhesion between the CFRP laminate and the
concrete surface has clear influence on deformability
of beams only after yielding of steel reinforcement.
The highest tensile strength exhaustion/(strain effi-
ciency) of the composite () clearly depends on its
adhesion to the concrete surface. In case of strengthen-
ing with adhesion, strain efficiency of the CFRP
laminates was between 0.68 and 0.87, whereas in
beams strengthened without bonding, the strain effi-
ciency of the laminates was lower and its value varied
from 0.56 to 0.68.

The increase in the CFRP strain unbonded to the con-
crete surface, achieved during loading of beams (& est),
was from 5.0%o to 6.9%o, and in strips bonded to the
concrete surface it ranged from 6.9%o to 9.3%o.

The measurements of the concrete strain in the tensile
zone of the section proved the positive effect of bond-
ing composite strips to the concrete surface. In beams
strengthened without any bonding the strain of con-
crete was greater than in beams with strips bonded
over the whole length. The inclination of strain-load
graphs was smaller in a case of beams strengthened
without any bonding. This is particularly evident after
the steel yielding. It proves lower stiffness of these
elements in comparison with the beams strengthened
with bonded laminates.

Despite very high level of preloading of the beams
from A, B and C series (0.76 Fy) - under the load
corresponding to the level exceeding SLS), strengthen-
ing with pretensioned CFRP laminates significantly
reduced deflections and strain of beams, and led to the
increase in the stiffness of the beams up to the level of
stiffness of an beam strengthened only under a dead
load.

Preloading an element before strengthening indicated a
slight influence on the ultimate deflections of the
strengthened element. However, generally the deflec-
tions of the elements highly preloaded and not initially
preloaded before strengthening were similar.

12. Flexural strengthening with the use of pretensioned

13.

CFRP laminates is one of the most efficient methods
of improving serviceability limit state (SLS) and ulti-
mate limit states (ULS) of even highly preloaded RC
elements. In such a case, passive (nonpretensioned)
strengthening would be insufficient.

The comparison of the experimental and calculated
curvature-load responses proved the compatibility of
the used analytical model in the whole range of loads
registered in the tests.
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Results of measurements
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Tablica Z1.1 Zestawienie charakterystycznych parametrow dla elementu B12-asp

Table Z1.1 Summary of characteristic parameters for beam B12-asp
Beton Stal zbrojeniowa CFRP Sita
Concrete Steel reinforcement Load
500 x 220mm’ 4#12 4#8 1x 100x1.2mm’ 2F, 6.3kN
| foeube | 35.3MPa | A, | 111.0mm° | 48.9mm’ fru 2857MPa 2Fy 24.0kN
S
Q 2F,
A | fusplic | 2.6MPa f, | 511.4MPa | 583.1MPa €6y 16.8%o oF 25%
u0
f. 322MPa | f; | 594.5MPa | 650.5MPa E¢ 173.7Gpa 2F, 52.6kN
E 23.7MPa | E; | 191.1GPa | 200.7GPa Bhtot 14.4%, 2 219%
¢ ’ s ’ ' (eeptersest) | (5.20%019.30%o0) 2F,0
B12-asp

a - tasma przyklejona / laminate bonded
stalowa ptyta kotwiaca / anchorage steel plate

Sp -
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B12-asp

J
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\—Eﬁ—% ;
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Tablica Z1.2 Odksztatcenia betonu, €. , & (pomiary komputerowe)

Table Z1.2 Concrete strain, €. , & (computer registered measurements)

Sita / Odksztatcenia betonu / Concrete strain Krzywizna
Load € & /Curvature
2F T'Ret [ Rez [ Res | Res | Res [ cav | Ria [ Ris [ R | R [ Rs | Ro [Ruo | ey K
kN %o %o %o %o 1/m
7.3 | 0.00 | 0.00 | 0.00 | 0.00|0.00|0.00 |-0.01| 0.06 |-0.07 | 0.00 | 0.00 | 0.00 | 0.00| -0.02 | 0.0001
8.5 [-0.03|-0.02(-0.06|-0.03| 0.00 -0.04| 0.03|0.16 | 0.00 | 0.08 | 0.01 [ 0.05|0.00 | 0.03 | 0.0004
10.7 |-0.06(-0.05|-0.06|-0.07| 0.00 | -0.06] 0.11 | 0.31 | 0.08 | 0.24 [ 0.10| 0.13 | 0.00| 0.14 | 0.0013
12.3 -0.10{-0.10{-0.11{-0.11|-0.01{-0.11] 0.22 | 0.43 | 0.15 | 0.38 [ 0.18 | 0.22 | 0.00| 0.24 | 0.0023
14.3 |-0.17|-0.14]-0.20|-0.16|-0.08(-0.17| 0.28 | 0.59 | 0.23 | 0.58 | 0.29 | 0.29 | 0.11| 0.37 | 0.0036
17.1 -0.22(-0.19]-0.23|-0.21|-0.12[-0.21] 0.40 | 0.76 | 0.34 | 0.74 | 0.38 | 0.38 | 0.30 | 0.49 | 0.0047
16.5 [-0.23(-0.20{-0.26|-0.21|-0.12[-0.22 0.40 | 0.74 | 0.33 | 0.74 | 0.38 | 0.37 | 0.31| 0.48 | 0.0047
17.9 [-0.27|-0.21|-0.26|-0.24|-0.15(-0.24| 0.54 | 0.87 | 0.43 | 0.88 | 0.48 | 0.46 | 0.59| 0.60 | 0.0056
19.9 [-0.30(-0.28|-0.30|-0.27|-0.19(-0.28| 0.77 | 1.03 | 0.57 | 1.00 | 0.63 | 0.58 | 0.96 | 0.73 | 0.0068
23.1 [-0.35|-0.32|-0.38-0.32(-0.22|-0.34( 1.07 | 1.30 [ 0.74 | 1.23| 0.75|0.83 [ 1.25| 0.91 | 0.0083
25.2 [-0.37|-0.35|-0.35-0.36|-0.25|-0.35( 1.28 | 1.46 [ 0.88 | 1.49|0.84 | 1.03 [ 1.43 | 1.07 | 0.0095
26.6 |-0.40|-0.37|-0.40|-0.37(-0.27|-0.38( 1.49 | 1.58 [0.99 | 1.66 | 0.92 | 1.15 [ 1.55| 1.19 | 0.0105
26.2 -0.41|-0.38|-0.42|-0.39(-0.27|-0.40( 1.52 | 1.58 [ 1.01 | 1.67|0.93 | 1.16 [ 155 1.21 | 0.0107
7.4 |-0.21(-0.18/-0.18|-0.15|-0.25(-0.17| 0.43 | 0.30 | 0.15 [ 0.33 | 0.20 | 0.27 | 0.67| 0.23 | 0.0026
26.2 [-0.41|-0.39|-0.43-0.41(-0.28|-0.41( 1.54 | 1.57 [ 1.00 | 1.68 | 0.90 | 1.21 [ 1.58 | 1.19 | 0.0107
7.4 |-0.21(-0.19]-0.22|-0.15|-0.26(-0.19 0.43 | 0.30 | 0.15 | 0.34 [ 0.20 | 0.25 | 0.67| 0.23 | 0.0028
25.8 [-0.41|-0.40|-0.35-0.40(-0.28|-0.38( 1.53 | 1.55 [ 0.98 | 1.67 | 0.88 | 1.20 [ 1.60| 1.18 | 0.0104
7.5 |-0.22(-0.19]-0.23|-0.16|-0.29(-0.19 0.43 | 0.31 | 0.15 [ 0.31 [ 0.21 | 0.25 | 0.67| 0.22 | 0.0028
25.8 [-0.42|-0.40|-0.43-0.38(-0.28|-0.40( 1.52 | 1.55 [0.99 | 1.67|0.88 | 1.21 [ 161 1.18 | 0.0106
26.3 [-0.43|-0.41|-0.44-0.39(-0.29|-0.41( 1.59 | 1.59 [ 1.02 | 1.68 | 0.90 | 1.25 [ 1.67 | 1.20 | 0.0107
26.2 [-0.42|-0.40|-0.43|-0.38(-0.29|-0.40( 1.58 | 1.58 [ 1.02|1.69|0.90 | 1.26 [ 1.65| 1.20 | 0.0107
7.1 |-0.23]-0.20|-0.20|-0.15|-0.27|-0.18| 0.44 | 0.30 | 0.15 | 0.33 | 0.23 | 0.24 | 0.68| 0.24 | 0.0028
26.3 [-0.43|-0.41|-0.44-0.39(-0.29|-0.41( 1.59 | 1.59 [ 1.02 | 1.680.90 | 1.25 [ 1.67 | 1.20 | 0.0107
26.2 -0.43|-0.41|-0.43|-0.39(-0.29|-0.41( 1.61 | 1.59 [ 1.03 | 1.69|0.90 | 1.27 [ 1.68| 1.21 | 0.0108
28.1 |-0.46|-0.44|-0.46|-0.41(-0.31|-0.44( 1.77 | 1.74 [ 1.15|1.75|1.01 | 1.42 [ 1.77| 1.30 | 0.0116
19.3 [-0.41(-0.39|-0.40|-0.34|-0.30(-0.38| 1.28 | 1.18 | 0.75 | 1.38 [ 0.74 | 0.93 | 1.50| 0.96 | 0.0089
19.3 [-0.41(-0.39|-0.41|-0.34|-0.30(-0.38| 1.29 | 1.18 | 0.75 | 1.38 | 0.75| 0.93 | 1.49| 0.96 | 0.0089
19.3 [-0.42(-0.39|-0.41|-0.34|-0.30(-0.38| 1.28 | 1.17 | 0.75 | 1.38 [ 0.75| 0.94 | 1.47| 0.96 | 0.0089
19.3 [-0.41(-0.39|-0.41|-0.34|-0.30(-0.38| 1.28 | 1.17 | 0.75 | 1.40 | 0.75| 0.94 | 1.47| 0.97 | 0.0090
21.6 [-0.42|-0.40|-0.42|-0.35(-0.30[-0.39( 1.41 | 1.31 [ 0.84 | 1.57 | 0.78 | 1.09 [ 1.60| 1.06 | 0.0097
24.1 [-0.43|-0.41|-0.43|-0.37(-0.30|-0.40( 1.52 | 1.50 | 0.96 | 1.68 | 0.86 | 1.17 [ 1.71|| 1.17 | 0.0105
25.8 [-0.44|-0.42|-0.44-0.39(-0.31|-0.42( 1.62 | 1.58 [ 1.03 | 1.70|0.91 |1.26 [ 1.77| 1.21 | 0.0109
28.2 [-0.45|-0.43|-0.46-0.41(-0.31|-0.43( 1.76 | 1.75 [ 1.14 | 1.75|1.00 | 1.40 [ 1.79| 1.29 | 0.0115
30.0 [-0.47|-0.45|-0.47|-0.42|-0.33|-0.45(1.95| 1.89 | 1.27 | 1.89 | 1.11 | 1.55 [1.93| 1.42 | 0.0125
32.3 [-0.49|-0.46|-0.49|-0.45(-0.34|-0.47( 2.14 | 2.07 [ 1.44 | 2.04 | 1.18 | 1.69 [ 211 1.56 | 0.0135
34.0 [-0.50|-0.48|-0.50|-0.46|-0.36|-0.48( 2.30 | 2.26 | 1.63 | 2.17 | 1.33 | 1.87 [2.28| 1.71 | 0.0146
35.9 [-0.52|-0.50|-0.51|-0.48(-0.37|-0.50( 2.52 | 2.37 | 1.80 | 2.34 | 1.42 | 2.01 | 2.45| 1.85 | 0.0157
35.9 [-0.54|-0.51|-0.53|-0.49|-0.38|-0.51 2.56 | 2.40 | 1.84 | 2.38 | 1.44 | 2.05 [2.50 | 1.89 | 0.0160
37.6 |-0.55|-0.53|-0.54|-0.50-0.39(-0.52 2.74 | 2.55 | 1.97 | 2.54 | 1.53 | 2.18 | 2.66 | 2.02 | 0.0169
37.6 |-0.55|-0.53|-0.54|-0.50|-0.40|-0.52( 2.73 | 2.55 | 1.99 | 2.57 | 1.54 | 2.19 [ 2.66 | 2.03 | 0.0170
39.5 [-0.56|-0.54|-0.55|-0.51|-0.40[-0.53(2.92 | 2.76 | 2.19 | 2.79 | 1.72 | 2.36 [ 2.85 | 2.23 | 0.0184
41.3 [-0.56|-0.52|-0.53|-0.47|-0.40|-0.51( 3.12 | 3.30 | 2.76 | 3.28 | 2.47 | 2.80 [ 3.08 | 2.84 | 0.0223
41.4 [-0.56|-0.53|-0.53|-0.47(-0.41|-0.51( 3.12 | 3.32 [ 2.77 | 3.30 | 2.47 | 2.81 [ 3.08 | 2.85 | 0.0224
41.4 |-0.56|-0.53|-0.54|-0.47(-0.41|-0.52( 3.13 | 3.41 | 2.81 | 3.63 | 2.49 | 2.87 [3.10| 2.98 | 0.0233
414 |-0.57|-0.54|-0.54|-0.47(-0.41|-0.52( 3.15 | 3.44 | 2.81 | 3.63|2.50 | 2.92 [3.11| 2.98 | 0.0233
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42.2 ||-0.58(-0.54|-0.55(-0.48|-0.41|-0.52( 3.19 | 3.49 | 2.87 | 3.64 | 2.56 | 2.95|3.16 || 3.02 | 0.0237
42.4 (-0.57|-0.54|-0.55|-0.49|-0.41|-0.53| 3.21 | 3.53|2.90 | 3.68 | 2.58 | 2.99 | 3.17 | 3.05 | 0.0239
42.6 |-0.57|-0.54|-0.54(-0.49|-0.40|-0.52( 3.24 | 3.62|2.94 | 3.79| 2.64 | 3.05|3.19| 3.12 | 0.0243
42.7 |-0.57(-0.53|-0.53(-0.48|-0.40(-0.51( 3.24 | 3.67 | 2.97 | 3.86 | 2.74 | 3.08 | 3.20 || 3.19 | 0.0247
42.9 |-0.57-0.563|-0.53(-0.48|-0.41|-0.51( 3.27 | 3.73|2.99 {3.91|2.80 ( 3.11|3.21| 3.23 | 0.0250
43.0 ||-0.56(-0.55|-0.52(-0.47|-0.40(-0.51( 3.28 | 3.78 | 3.01 | 3.96 | 2.88 | 3.13 | 3.23 || 3.28 | 0.0253
43.4 |-0.56(-0.54|-0.52(-0.46|-0.40(-0.51( 3.32 | 3.86 | 3.05 | 4.05|2.96 | 3.18 | 3.26 || 3.35 | 0.0257
43.6 |[-0.57|-0.54|-0.52(-0.46|-0.41|-0.51( 3.37 | 3.97 | 3.08 | 4.13 | 3.04 | 3.24 | 3.31| 3.41 | 0.0261
43.6 (-0.57|-0.54|-0.51|-0.46|-0.41|-0.50| 3.40 (4.03|3.09 | 4.17 | 3.09 | 3.26 | 3.32| 3.45 | 0.0264
44.2 |-0.56(-0.53|-0.51(-0.46|-0.40(-0.50( 3.50 | 4.15| 3.15 [ 4.29| 3.20 | 3.34 | 3.38 || 3.54 | 0.0270
44.5 (-0.56|-0.53|-0.49|-0.45|-0.40|-0.49| 3.59 (4.30 | 3.20 | 4.42 | 3.32 | 3.43 | 3.44 | 3.65 | 0.0276
44.7 |-0.56(-0.53|-0.50(-0.45|-0.42||-0.49( 3.68 | 4.40 | 3.25|4.49 | 3.41|3.49|3.50| 3.72 | 0.0281
45.1 (-0.57|-0.53|-0.49|-0.44|-0.41|-0.49| 3.76 | 4.54 | 3.29| 4.61 | 3.51 | 3.57 | 3.57 | 3.81 | 0.0286
45.5 ||-0.55(-0.52|-0.48(-0.43|-0.40(-0.48( 3.89 | 4.70 | 3.36 | 4.76 | 3.66 | 3.68 | 3.71| 3.93 | 0.0294
45.6 ||-0.55(-0.58|-0.47(-0.42|-0.39|-0.49( 3.97 | 4.80 | 3.40 | 4.86 | 3.74 | 3.73 | 3.84 || 4.00 | 0.0299
45.9 ||-0.55(-0.53|-0.47(-0.44|-0.41|-0.48( 4.04 | 4.90 | 3.44 [ 4.94|3.80 [ 3.78|3.94 || 4.06 | 0.0303
46.2 ||-0.54(-0.52|-0.46(-0.41|-0.40(-0.46( 4.11 | 5.02 | 3.49 | 5.04 | 3.89 | 3.85|4.07 | 4.14 | 0.0307
46.3 ||-0.54(-0.52|-0.46(-0.41|-0.40(-0.46( 4.16 | 5.09 | 3.52 | 5.09| 3.96 | 3.90 | 4.16 || 4.19 | 0.0310
46.3 ||-0.54(-0.52|-0.45(-0.41|-0.40(-0.46( 4.20 | 5.14 | 3.55 [ 5.14|4.00 | 3.92 | 4.22| 4.23 | 0.0313
46.9 ||-0.53|-0.53|-0.44(-0.39|-0.41|-0.45( 4.31 | 5.28 | 3.61 [ 5.29|4.12(4.02|4.38 || 4.34 | 0.0319
47.4 |-0.49(-0.52|-0.43(-0.38|-0.41|-0.44(4.41|5.61|3.72 | 5.49|4.27 | 4.15|4.60 || 4.49 | 0.0329
47.5 (-0.49|-0.50|-0.42|-0.38|-0.40|-0.43|| 4.46 | 5.78 | 3.77 | 5.59 | 4.35 | 4.23 |4.72| 4.57 | 0.0334
47.6 ||-0.48|-0.50|-0.42(-0.37|-0.40|-0.43( 4.50 | 5.87 | 3.81 | 5.64 | 4.40 | 4.27 | 4.78 || 4.61 | 0.0336
47.6 |-0.47|-0.51|-0.42|-0.38|-0.40|-0.43| 4.51 | 5.68 | 4.15| 5.66 | 4.42 | 4.29 (4.81| 4.75 | 0.0345
48.5 ||-0.47(-0.50|-0.41(-0.37|-0.40(-0.43( 4.67 | 6.16 | 3.94 | 5.85|4.58 (4.42|5.01| 4.79 | 0.0348
49.0 ||-0.44(-0.49|-0.40(-0.35|-0.40(-0.41(4.93 | 6.45|4.07 | 6.07 | 4.78 | 4.60 | 5.29 || 4.97 | 0.0359
49.4 |-0.43|-0.49|-0.38(-0.34|-0.42|-0.40( 5.22 | 6.68 | 4.14 | 6.24 | 4.94 | 4.74 | 5.49| 5.11 | 0.0367
49.6 ||-0.42(-0.48|-0.37(-0.33|-0.40(-0.39( 5.38 | 6.82 | 4.18 | 6.34 | 5.03 | 4.80 | 5.63 || 5.18 | 0.0372
50.2 ||-0.40|-0.47{-0.36|-0.33|-0.40(-0.39| 5.61 | 7.05 | 4.26 | 6.50 | 5.19|4.96 | 5.86 | 5.32 | 0.0380
50.6 ||-0.39|-0.48(-0.35|-0.32|-0.40(-0.38| 5.80 | 7.27 | 4.33 | 6.67 | 5.33 | 5.19 [ 6.04 | 5.44 | 0.0388
51.3 ||-0.38|-0.48(-0.34|-0.30(-0.39(-0.37|6.03 | 7.53 | 4.43 | 6.87 | 5.50 | 5.38 | 6.42 | 5.60 | 0.0398
51.6 ||-0.36|-0.46(-0.32|-0.28|-0.38(-0.35|6.33 | 7.80 | 4.53 | 7.05 | 5.68 | 5.57 | 6.75| 5.75 | 0.0407
51.7 ||-0.33|-0.45(-0.32(-0.27-0.37(-0.35( 6.55| 7.38 | 4.57 | 7.13 | 5.77 | 5.63 | 6.90 || 5.82 | 0.0411
51.8 ||-0.34|-0.45(-0.31|-0.27|-0.36(-0.35| 6.64 | 8.00 | 4.58 | 7.16 | 5.79| 5.66 | 6.95| 5.84 | 0.0413
51.9 ||-0.33|-0.45|-0.31(-0.27(-0.37(-0.35[ 6.70| 8.05|4.59 | 7.19 | 5.81 |5.69|6.99 | 5.86 | 0.0414
52.3 ||-0.34|-0.45(-0.31|-0.27|-0.37(-0.34 6.83 | 8.18 | 4.64 | 7.26 | 5.88 | 5.76 | 7.11| 5.93 | 0.0418
52.6 [|-0.31(-0.44|-0.30(-0.27(-0.36(-0.34( 7.12| 8.36 | 4.70 | 7.38 | 5.98 | 5.84 | 7.27 || 6.02 | 0.0424
52.7 ||-0.29|-0.44(-0.29|-0.26|-0.35(-0.33| 7.91 | 8.55 | 4.74 | 7.43 | 6.04 | 5.91 | 7.38 | 6.07 | 0.0427
50.7 ||-0.05|-0.42(-0.28|-0.23|-0.24(-0.31{ 8.60 (10.40| 4.77 | 7.46 | 6.00 | 5.79 [ 7.39 | 6.08 | 0.0426
48.1 |0.38 |-0.39|-0.28(-0.21|-0.10{-0.29( 8.82 [13.83| 4.72 | 7.44 | 5.94 | 5.64 | 7.25| 6.03 | 0.0422
47.5 | 0.40 (-0.39|-0.28(-0.20|-0.09|-0.29( 8.79 [13.86| 4.67 | 7.41| 5.93 | 5.59 | 7.22|| 6.00 | 0.0420
47.0 |10.39 |-0.38|-0.28(-0.20|-0.10{-0.29( 8.75 [13.84| 4.64 | 7.38 | 5.91 | 5.56 | 7.18 || 5.98 | 0.0418
49.7 | 0.45-0.39|-0.29(-0.20|-0.11{-0.29( 8.87 [14.53| 4.77 | 7.49| 5.92 | 5.72 | 7.26 || 6.06 | 0.0423
51.6 ||0.78{-0.38|-0.27(-0.21(-0.10{-0.29( 8.96 |17.38| 4.94 | 7.65 [6.00 | 5.85|7.29 | 6.20 | 0.0432
51.9 | 0.83|-0.37(-0.29|-0.21(-0.10{-0.29( 8.98 (17.91| 5.00 | 7.68 | 6.01 | 5.87 | 7.32| 6.23 | 0.0435
52.1 10.88|-0.36(-0.28(-0.21(-0.10(-0.28( 8.99 |18.42| 5.06 | 7.70 | 6.03 | 5.89 | 7.35 6.26 | 0.0436
52.7 |1.07 |-0.35(-0.28|-0.21(-0.11(-0.28| 9.05 [20.27| 5.24 | 7.78 | 6.07 | 5.95 | 7.43 | 6.36 | 0.0443
53.0 || 1.22]-0.34|-0.28(-0.21(-0.11{-0.28( 9.07 |21.87| 5.31 | 7.86 | 6.13 | 6.00 | 7.54 || 6.43 | 0.0447
37.6 | 1.54|-0.12{-0.02| 0.06 | 0.18 {-0.03|| 9.15 [22.73| 6.06 | 8.80 | 7.07 | 6.95 [ 8.33 | 7.31 | 0.0489
21.0 |1.87|0.20(0.37|0.47 [ 0.51(0.349.21 [23.37|6.99 |10.51| 8.62 | 8.12 [ 9.09 | 8.70 | 0.0557

Pomiary odksztatcen betonu wykonywano przetwornikami przemieszczen liniowych o zakresie 10 i 20mm.
Concrete strain were measured with linear displacement transducers of 10 and 20mm range.
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Tablica Z1.3 Odksztalcenia tasmy CFRP, &;

Table Z1.3 CFRP strain, g;
Sita / Odksztalcenia tasmy CFRP / CFRP strain &
Lg,a:d T | T2 | 3 | T4 | 5 | T6 | T7 | T8 | T9 |T10|T11|T12|T13|T14|T15|T16|T17|T18|T19|T20|T21 |T22|T23 Tu
kN %o %o
63 |00/00]00[00[00[00]00]00][00][00][00][00][00][00][00[00][00]00]00[00[0o00/00] 00
7.3 [5.20]5.20(5.20(5.20|5.20|5.20 | 5.20 | 5.20 | 5.21 [ 5.20 [ 5.20 | 5.20 [ 5.20 | 5.20 | 5.20 [ 5.20 | 5.20 | 5.20 | 5.21 | 5.20 | 5.20 | 5.20 | 5.20 | 5.2
85 |5.22|5.22(5.23|5.23|5.24|5.24|5.23[5.24 [5.33[5.345.29[5.30 [ 5.34 | 5.28 529]5.25(5.25(5.25|5.24[5.23(5.23[5.23] 5.3
10.7 |5.25|5.24 |5.26 |5.27|5.29|5.31|5.27 | 5.31 | 5.49 | 5.53 | 5.41 | 5.44 | 5.51 | 5.39 5.415.32|5.31|5.30|5.30|5.29|5.27|5.26| 5.5
12.3|5.27|5.26 |5.29(5.305.33|5.37 | 5.31 | 5.37 | 5.66 | 5.67 | 5.53| 5.57 | 5.66 | 5.51 552|5.39|5.37|5.33|5.34|5.33|5.31|5.29] 5.6
14.3 |5.30|5.29|5.34|5.35|5.40| 5.45| 5.47 | 5.48 | 5.90 | 5.80 | 5.70 | 5.76 | 5.82 | 5.71 570|5.51|5.45|5.37|5.41(5.39|5.37|5.33| 58
171 5.34|5.32|5.39|5.41|5.47|5.54|5.68|5.64|6.12 | 5.94|5.92|6.01|6.01 | 5.92 589|568|5.54|5.43|5.48(5.45(5.43(538| 6.0
16.5 |5.34|5.32|5.39|5.40|5.47|5.53| 5.68 | 5.64|6.10 | 5.92 | 5.91 | 6.00 | 5.99 | 5.92 588(5.69(5.53(5.30(5.47|5.44|5.42|5.38] 6.0
17.9 |5.36|5.34 | 5.42|5.44|5.52|5.60|5.83 | 5.88 | 6.24 | 6.04 | 6.06 | 6.17 | 6.13 | 6.10 6.04|5.88(5.61|5.46|5.51|5.48(5.47|5.41| 6.1
19.9 |5.40|5.37|5.48|5.50|5.59|5.67|6.03 |6.29 | 6.43 | 6.22 | 6.26 | 6.39 | 6.32 | 6.29 6.27|6.08|5.74|5.55|5.58|5.53|5.53|5.46| 6.3
231 |5.47|5.42|5.57|5.61|5.71|5.82|6.31]6.66 | 6.74 | 6.50|6.56 | 6.71 | 6.63 | 6.59 6.60|6.37|5.95|5.69|5.71(5.61|5.62|5.54| 6.6
25.2 |5.52(5.46|5.63|5.68|5.79|5.93|6.51|6.96 | 6.95|6.70|6.75| 6.93 | 6.83 | 6.78 6.81]6.57|6.12[5.90(5.80|5.66|5.68|5.60| 6.8
26.6 |5.57|5.49|5.68|5.76 | 5.87|6.03|6.67|7.13|7.12| 6.86|6.91| 7.10| 7.00 | 6.95 6.97|6.78|6.266.02|5.89|5.71|5.73|5.65] 7.0
262 |5.57|5.49|5.68|5.76 |5.87|6.03(6.707.13|7.12|6.86 |6.92| 7.10|7.00|6.96 | 7.04 | 6.97 | 6.80 | 6.29 | 6.01 | 5.90 |5.71 | 5.73 | 5.65| 7.0
7.4 |5.24]|5.23(5.255.27|5.28|5.30 |5.69|5.85 | 5.56 | 5.48 | 5.58 | 5.64 | 5.52 | 5.63 559|563|5.48|5.48(5.35(5.26|5.26|5.26| 5.6
26.2 |5.56|5.49|5.68|5.76 |5.87|6.03|6.71|7.16 | 7.11 | 6.86 |6.91 | 7.10| 7.00 | 6.95 6.96/6.80|6.30|6.04|5.90(5.71|5.72|5.64| 7.0
7.4 |5.24]5.23(5.255.27|5.28|5.30 |5.69|5.85 | 5.56 | 5.48 | 5.58 | 5.64 | 5.52 [ 5.63 559|5.63|5.48(5.49(5.35|5.26|5.26|5.26| 5.6
25.8 |5.56|5.48|5.67|5.75|5.86|6.02[6.70|7.15 | 7.08 | 6.84 | 6.89 | 7.08 | 6.97 | 6.93 6.94]6.79]6.29]6.06|5.89(5.70(5.71|5.63] 7.0
7.5 |5.24]5.235.255.27|5.28|5.30 |5.70 | 5.85 | 5.56 | 5.49 | 5.58 | 5.64 | 5.52 [ 5.63 5.59|5.64|5.48(5.50(5.35(5.26|5.26|5.26| 5.6
25.8 |5.56|5.48|5.67|5.75|5.86 | 6.02|6.71|7.16 | 7.09| 6.85|6.89 | 7.09 | 6.98 | 6.93 6.94|6.80|6.30|6.05|5.90|5.70|5.71|5.63] 7.0
26.3 |5.56|5.49|5.68|5.77 | 5.88 | 6.04|6.75|7.20 | 7.14| 6.89 | 6.95 | 7.14| 7.03 | 6.98 6.98|6.85|6.33|6.11|5.91|5.71|5.72|5.64] 7.0
262 |5.56|5.48|5.68|5.77|5.87|6.04|6.74|7.19|7.13|6.88|6.93|7.13|7.02|6.97 6.97|6.83]6.33|6.14|5.91(5.71|5.72|5.64| 7.0
7.1 |5.24]5.23(5.24|5.26 |5.28 |5.30 |5.70 | 5.84 | 5.55 | 5.49 | 5.58 | 5.64 | 5.52 | 5.63 559|564|5.48|553(5.35(5.26|5.26|5.25| 5.6
26.3 |5.56|5.49|5.68|5.77|5.88|6.04|6.75 | 7.20 | 7.14 | 6.89 | 6.95 | 7.14 | 7.03 | 6.98 6.98/6.85]6.33]6.11(5.91[5.71|5.72|5.64| 7.0
26.2 |5.57|5.49|5.69|5.78|5.80|6.05|6.77[7.22|7.15|6.90 | 6.96 | 7.16 | 7.04 | 6.99 7.00|6.87]6.35|6.15|5.92[5.71|5.72|5.64| 7.1
281 |5.62|5.53|5.76|5.86|5.97 |6.15|6.92[7.33|7.33| 7.06 | 7.13| 7.34 | 7.21 | 7.16 7.16/7.03]6.48[6.19|6.00(5.77[5.78|5.71| 7.2
19.3 |5.46|5.41|5.54|5.62|5.70|5.82|6.46 |6.73 | 6.64 | 6.46 | 6.53 | 6.68 | 6.57 | 6.58 6.57|6.51|6.12|6.01|5.78|5.50|5.58|5.52| 6.6
19.3 |5.46]5.40|5.54|5.61|5.70|5.82|6.46 | 6.73 | 6.64 | 6.45 | 6.52| 6.67 | 6.57 | 6.58 | 6.58 | 6.57 | 6.51|6.12 | 5.97 | 5.7 | 5.59|5.58 |5.51| 6.6
19.3 | 5.46|5.40|5.54 | 5.61|5.70|5.82|6.46 | 6.75| 6.64 | 6.45 | 6.52| 6.67 | 6.56 | 6.58 6.57|6.50|6.12|6.00|5.77|5.59|5.58|5.51| 6.6
19.3 |5.46|5.40|5.54|561|5.70|5.82|6.46 | 6.75 | 6.64 | 6.45 | 6.52 | 6.67 | 6.57 | 6.58 6.57|6.50|6.12|6.00|5.78|5.59|5.58|5.51| 6.6
216 |5.50|5.44 560|567 |5.77|5.91|6.586.90 | 6.81|6.61|6.67|6.84|6.73|6.72 6.72|6.64|6.21|6.07|5.83(5.64|5.63|556| 6.7
241 |5.54|5.47|5.65|5.74|5.84|6.00(6.70|7.07 |7.01|6.77|6.84 | 7.02|6.90 | 6.88 6.88/6.78|6.31]6.13|5.80|5.69|5.68|5.61| 6.9
258 |5.57|5.49|5.69|5.79|5.89|6.06|6.79|7.18|7.14 | 6.89|6.96 | 7.15|7.03 | 6.99 6.99|6.88|6.38|6.18[5.94|5.72[5.72[5.65| 7.0
28.2 |5.62|5.53|5.76|5.86|5.97 6.15|6.92|7.35|7.33| 7.06 | 7.13| 7.34 | 7.22 | 7.16 7.16|7.03]6.48|6.25|6.00(5.77[5.78|5.71| 7.2
30.0 |5.68|5.57|5.83|5.96|6.06|6.27|7.00|7.54 |7.51|7.23|7.31|7.53|7.40|7.33 7.33]7.21]6.63[6.37[6.10(5.84|5.84|5.78| 7.4
323 |5.74|5.62|5.936.07|6.18|6.39|7.29|7.73|7.73|7.41|7.51|7.75|7.62 | 7.54 7.54|7.49]6.84|6.55|6.24|5.94|5.91|5.86| 7.6
34.0 |5.805.67|6.03|6.21|6.31|6.52|7.48|7.91|7.92|7.59|7.70|7.95|7.80|7.75 774]7.79]7.04|6.72(6.37|6.05|5.97|5.94| 7.8
359 |5.86|5.72|6.13|6.34 |6.42|6.64|7.66 |8.10|8.17|7.77|7.89|8.15|7.99 | 7.94 7.98|7.99]7.21]6.84|6.50(6.16|6.04|6.01| 8.0
359 |5.875.73|6.15|6.39 | 6.45 | 6.68|7.70 [8.13 |8.29|7.79| 7.93|8.20|8.02 | 7.98 8.02]8.04|7.25|6.88|6.54|6.20|6.06|6.02| 8.0
376 |5.93|5.78|6.23|6.49|6.56 |6.78 | 7.84 [8.29 [8.48 | 7.95|8.09[8.39[8.20 [ 8.14 8.18]8.20(7.38[7.05|6.65|6.30|6.13|6.00| 8.2
376 |5.94|5.79|6.24|6.50 |6.57 |6.79|7.85 [8.30 [8.50 | 7.95|8.11 | 8.39[8.20 [ 8.14 8.19]8.21]7.39]7.01|6.65|6.32[6.13[6.10| 82
39.5 |6.02|5.86|6.34|6.63|6.71|6.91[8.03[8.51|8.77|8.168.39|8.74 | 8.46 | 8.39 8.41]8.41|7.56|7.16|6.78|6.47[6.21|6.19| 85
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45.9

6.28

6.11

6.67

7.14

7.13

7.37

9.57

10.0

11.0

9.7

10.4

1.3

10.7

10.1

10.5

10.3

9.68

8.1

7.66

7.21

6.92

6.48

6.47

10.8

46.2

6.29

6.12

6.68

7.16

7.15

7.39

9.78

10.1

1.1

9.8

10.5

11.4

10.8

10.2

10.6

10.4

9.76

8.13

7.68

7.23

6.94

6.49

6.48

10.9

46.3

6.30

6.13

6.69

7.7

7.16

7.40

9.91

10.2

1.1

9.8

10.5

11.5

10.8

10.3

10.6

10.4

9.81

8.14

7.69

7.24

6.95

6.50

6.49

10.9

46.3

6.30

6.14

6.69

7.19

717

7.41

9.97

10.2

1.2

9.8

10.6

11.5

10.9

10.3

10.7

10.5

9.84

8.14

7.69

7.24

6.95

6.50

6.49

11.0

46.9

6.32

6.16

6.72

7.22

7.20

7.45

10.2

10.4

1.3

9.9

10.7

1.7

11.0

10.4

10.8

10.6

9.99

8.19

7.73

7.27

6.99

6.52

6.52

1.1

47.4

6.34

6.18

6.75

7.27

7.22

7.48

10.4

10.6

11.5

10.1

10.9

11.9

11.2

10.7

11.0

10.8

10.3

8.23

7.77

7.31

7.02

6.55

6.54

1.3

47.5

6.34

6.19

6.76

7.30

7.24

7.50

10.5

10.6

11.6

10.2

11.0

12.0

11.3

10.8

111

10.9

10.5

8.26

7.80

7.32

7.03

6.56

6.55

1.4

47.6

6.35

6.19

6.77

7.31

7.25

7.51

10.6

10.7

11.6

10.2

11.0

121

11.4

10.8

111

10.9

10.5

8.27

7.81

7.33

7.04

6.56

6.55

1.5

47.6

6.35

6.20

6.77

7.33

7.25

7.52

10.6

10.7

1.7

10.2

11.0

121

11.4

10.8

1.2

11.0

10.6

8.29

7.82

7.34

7.05

6.57

6.56

1.5

48.5

6.38

6.22

6.81

7.38

7.29

7.57

10.8

10.9

11.8

10.3

11.2

12.3

11.6

11.0

11.3

1.1

10.8

8.35

7.87

7.39

7.09

6.60

6.59

1.7

49.0

6.40

6.25

6.85

7.43

7.33

7.61

11.0

1.1

12.1

10.5

11.4

12.6

11.9

1.2

11.5

1.3

11.0

8.40

7.91

7.43
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6.63

6.62

12.0

49.4

6.42

6.27

6.87

7.47

7.36

7.66

1.2

1.3

12.2

10.7

11.6

12.8

12.1

1.4

1.7

11.5

1.2

8.45

7.95

7.46

7.16

6.65

6.64

12.2

49.6

6.43

6.29

6.89

7.50

7.37

7.68

11.3

11.4

12.3

10.7

1.7

12.9

12.2

11.5

11.8

11.6

11.3

8.47

7.97

7.48

7.7

6.67

6.65

12.3

50.2

6.45

6.32

6.92

7.54

7.40

7.74

11.5

11.6

12.5

10.9

11.8

131

12.4

11.6

12.0

1.7

11.4

8.51

8.02

7.52

7.21

6.69

6.67

12.5

50.6

6.48

6.33

6.94

7.58

7.43

7.78

1.7

11.8

12.6

11.0

12.0

13.3

12.6

11.8

121

11.9

11.6

8.57

8.05

7.55

7.24

6.71

6.69

12.6

51.3

6.50

6.38

6.98

7.63

7.46

7.83

11.9

12.0

12.8

11.2

12.2

13.6

12.8

12.0

12.3

121

1.7

8.65

8.10

7.59

7.29

6.74

6.72

12.9

51.6

6.52

6.41

7.00

7.68

7.49

7.89

12.0

12.2

12.9

11.4

12.3

13.9

13.0

12.2

12.6

12.2

12.0

8.71

8.15

7.62

7.33

6.77

6.73

13.1

51.7

6.54

6.42

7.02

7.69

7.50

7.93

121

12.3

13.0

11.4

12.4

14.0

13.1

12.3

12.7

12.3

121

8.75

8.17

7.64

7.34

6.78

6.74

13.1

51.8

6.54

6.43

7.02

7.70

7.50

7.95

12.1

12.3

13.0

11.5

12.4

14.0

13.1

12.4

12.7

12.4

12.1

8.76

8.18

7.64

7.35

6.78

6.74

13.2

51.9

6.55

6.44

7.03

7.71

7.51

7.96

12.2

12.3

13.0

11.5

12.5

14.0

13.1

12.4

12.7

12.4

12.2

8.78

8.19

7.65

7.36

6.79

6.74

13.2

52.3

6.56

6.45

7.05

7.73

7.53

7.99

12.3

12.4

13.1

11.6

12.6

141

13.2

12.5

12.8

12.5

12.3

8.82

8.22

7.67

7.37

6.80

6.76

13.3

52.6

6.58

6.47

7.07

7.76

7.55

8.02

12.4

12.5

13.2

1.7

12.7

14.3

13.3

12.6

12.9

12.6

12.4

8.89

8.25

7.69

7.40

6.82

6.77

13.4

52.7

6.58

6.49

7.07

7.77

7.56

8.03

12.4

12.6

13.3

1.7

12.7

14.4

13.4

12.7

13.0

12.6

12.4

9.22

8.32

7.71

7.40

6.83

6.78

13.5

50.7

6.55

6.46

7.01

7.69

7.48

7.95

12.3

12.4

12.3

11.6

12.6

14.2

13.1

12.2

12.5

11.6

11.5

10.4

9.68

8.90

8.55

13.3

48.1

6.50

6.41

6.95

7.60

7.40

7.85

121

12.2

11.5

1.4

12.4

13.9

12.8

1.7

12.0

10.9

10.7

10.8

10.9

10.7

10.7

13.0

47.5

6.49

6.41

6.94

7.59

7.38

7.83

12.0

12.2

11.5

11.4

12.3

13.9

12.7

1.7

12.0

10.9

10.6

10.7

10.8

10.7

10.7

13.0

47.0

6.48

6.40

6.92

7.57

7.36

7.81

12.0

12.1

1.4

1.3

12.3

13.8

12.7

11.6

12.0

10.9

10.6

10.7

10.8

10.7

10.6

12.9

49.7

6.53

6.43

6.98

7.64

7.43

7.89

12.2

12.3

1.7

11.5

12.5

14.0

12.9

11.8

12.1

11.1

10.8

10.9

11.0

10.9

10.8

13.1

51.6

6.58

6.48

7.04

7.73

7.52

7.98

12.3

12.5

12.3

11.6

12.6

14.2

13.1

12.2

12.5

11.8

11.3

11.4

11.5

1.4

1.3

13.3

51.9

6.59

6.49

7.05

7.74

7.53

8.00

12.3

12.5

12.4

1.7

12.6

14.2

13.1

12.3

12.6

11.9

11.4

11.5

11.6

11.5

1.4

13.3

52.1

6.59

6.50

7.07

7.76

7.55

8.01

12.4

12.5

12.5

1.7

12.7

14.3

13.2

12.4

12.7

121

11.5

11.6

1.7

1.5

1.5

13.4

52.7

6.61

6.52

7.09

7.79

7.58

8.05

12.4

12.6

12.7

11.8

12.7

14.4

13.3

12.6

13.0

12.4

11.6

1.7

11.8

1.7

11.6

13.5

53.0

6.63

6.54

7.1

7.82

7.60

8.08

12.5

12.7

12.9

11.8

12.8

14.5

13.4

12.8

131

12.6

11.8

11.9

12.0

1.9

11.8

13.6

Pomiary odksztatcerr wykonywano tensometrami elektrooporowymi TFs-5 o bazie 5mm.

CFRP strain were measured with electric resistance gauges TFs-5 with range of 5mm.

P - oznaczenie strony pasywnej zakotwienia /the names of the passive side of anchorage system
A - oznaczenie strony aktywnej zakotwienia /the names of the passive side of anchorage system
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Tablica Z1.4 Przemieszczenia pionowe belki, v
Table Z1.4 Vertical displacement, v

Sita / . - . ’
Load Przemieszczenia pionowe / Vertical displacement v (mm)
2F 2 Vo V3 'z Vs Ve \'%4 Vg Vo Vav,12 | Vav,3-4 | Vav,6-7 | Vav,8-9

kN 110013002300 |2500 |3000|3500|3700|4700|4900| 1200 |2400 | 3600 | 4200
73 (00|00|00|00|00|O00]|O00]|O00]O00 0.0 0.0 | 0.0 | 0.0
85 (13 (14|21 ]22|22(21|20]|13]11 14 21|20 |12
107 (30| 35|52 |54 |55 (52|49 32|28 3.2 53 | 50 | 3.0
123 (46 (53|79 (82|84 |79 |76|49 |44 5.0 81 | 7.7 | 46
143 (68 |79 |11.8[122|125(119|114| 74 | 6.6 74 1120|116 | 7.0
171 | 9.2 [10.7|16.0 [ 16.6 |17.1 [ 16.3|15.5[10.0| 9.0 99 163|159 95
16.5 | 9.2 [106]159(16.5|16.9|16.1|15.4|10.0| 8.9 99 162|158 | 94
179 (11.1]129]19.3{20.1|20.6 [ 19.7|18.9(12.2|10.8| 12.0 | 19.7 | 193 | 11.5
19.9 | 13.715.9|23.9|24.8(254(24.4|233|15.0|13.4| 148 | 243|239 |14.2
23.1 (17.5[{20.4|30.5(31.7|324(31.2|29.8(19.3|17.1|| 189 |31.1|30.5 | 18.2
25.2 |20.2|20.7|35.1|36.5(37.3|36.0|345|223|19.8| 205 |35.8|353|21.0
26.6 (21.0[20.7|38.9(40.4|41.4(40.0|38.2(249|20.9|| 209 |39.7|39.1|229
26.2 |21.1|20.7 | 39.3|40.841.8|40.4|38.6|25.2|20.9| 20.9 |40.0 395 |23.0
74 (59|69 |103[10.7|109(106|10.2| 6.2 | 5.5 64 |105|104 | 59
26.2 (21.1]20.7|39.3(40.9|42.0(40.4|38.8(25.2|20.9|| 20.9 |40.1|39.6 |23.0
74 (60|70 |104(10.8|11.0[{10.7|10.3| 6.3 | 5.6 65 | 106|105 5.9
25.8 (21.1]20.7|39.0(40.5|41.6 (40.0|38.4(249|20.9|| 209 |39.7|39.2 229
75 (60]|70|105(109|11.1({10.7|10.3| 6.3 | 5.6 6.5 |10.7|105| 6.0
25.8 (21.0(20.7|39.2(40.7 | 41.8|40.3|38.6 (25.0{20.9| 20.9 |40.0|39.4 |23.0
26.3 |21.0|20.7|40.2|41.842.8|41.3|39.6|25.7|20.9| 20.9 |41.0 404|233
26.2 (21.1]20.7|39.9(41.5|42.6 (41.1]|39.4 (255|209 20.9 |40.7 |40.2 | 23.2
71 | 61|72]105|109|11.2(10.8(104| 6.4 | 5.7 6.7 |10.7 | 106 | 6.0
26.3 (21.0[20.7|40.2(41.8|42.8(41.3|39.6(25.7|20.9|| 209 |41.0|40.4 | 233
26.2 |121.0|20.7 | 40.6 |42.2|43.4 | 41.8|40.1|26.0|20.9| 20.9 | 414|409 |235
28.1 (21.0[20.7|44.2(46.0|46.6 |45.5|43.7(28.4|20.9|| 20.9 |45.1|44.6 | 247
19.3 (17.6(20.7|32.1(33.3|34.2(33.0|31.6(20.3|18.0| 19.2 |32.7 | 32.3 | 191
19.3 (20.4|20.7|32.0({33.3|34.2(32.9|31.6(20.3|18.0| 20.6 |32.7|32.3 | 191
19.3 (20.4|20.7|32.0{33.3|34.2(329|31.6(20.3|18.0| 20.6 |32.7|32.3 | 191
19.3 (20.4|20.7|32.0({33.3|34.2(32.9|31.6(20.3|18.0| 20.6 |32.7|32.3 | 191
21.6 (22.3(22.9|35.3(36.6|37.6(36.2|34.8(224|19.9|| 226 |359 355|211
241 (24.1(25.0|38.5(39.9|41.0(39.5|37.9(24.4|21.7|| 245 |39.2|38.7 | 231
258 (25.5[26.6|40.8(42.4|43.5(41.9|40.3(259(23.1|| 26.0 |41.6|41.1|245
28.2 |27.5|29.0|44.3|46.047.3|45.6|43.7|28.2|251| 28.2 | 452|446 |26.7
30.0 [[29.831.5[48.1|50.051.3|49.5(47.5|30.8(27.4| 30.7 |49.0 | 48.5|29.1
32.3 (32.5|34.7|52.7 | 54.7 | 56.1|54.1|51.9(33.7(29.9| 33.6 |53.7|53.0] 318
34.0 ||35.1|37.7(57.0|59.2|60.7|58.5|56.1|36.5[32.3| 364 |58.1|57.3|34.4
35.9 (37.6|40.7|61.2|63.6 |65.2|62.860.2|39.1(34.8| 39.1 | 624|615 36.9
35.9 ||38.4(41.4|62.4|64.8|66.3|64.0(61.4|399(354| 39.9 |63.6 627|376
37.6 ||40.5(41.4(65.9|68.4|70.1|67.6(64.9|422|374| 41.0 | 67.2|66.2|39.8
37.6 ||40.5(41.4|66.2|68.7|70.3|67.8(65.1|423|37.4| 41.0 |67.4|66.5|39.9
39.5 |[43.3 70.9(73.6|754|72.7|69.8 |45.4|40.1 723|712 | 4238
41.3 | 48.2 79.883.0|84.9(82.0|78.650.9|44.9 81.4 | 80.3 | 47.9
41.4 (483 80.1(83.4|84.9(82.3|78.8(51.0|45.0 81.7 | 80.6 | 48.0
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41.4 80.1 834|849 (823|788 |51.0]450 81.7 | 80.6 | 48.0
41.4 80.7 [ 84.0 | 85.6 | 829 | 79.5 (514|453 82.4 812|484
42.2 81.9|852|86.9|84.1|806|522]46.0 83.6 | 82.4 | 491
42.4 824 (858 |87.4|84.7 |81.1 525|463 84.1 829|494
42.6 83.5|86.9 | 88.6 | 85.8 | 82.1 | 53.1 85.2 | 83.9
42.7 84.2 | 87.7|89.4 | 86.5|828 | 53.5 85.9 | 84.7
42.9 84.9 ([ 88.4 | 90.1|87.2 835|539 86.6 | 85.3
43.0 85.6 [ 89.1|190.9 |87.9|84.2 543 87.3 | 86.0
43.4 86.6 | 90.2 | 92.0 | 89.0 | 85.2 | 55.0 88.4 | 87.1
43.6 87.7 1913|932 |90.1|86.2 556 89.5 | 88.2
43.6 88.3 [ 92.0 | 93.8 | 90.7 | 86.8 | 55.9 90.1 | 88.8
44.2 90.1 [ 93.9 |95.7 | 92.6 | 88.6 | 57.0 92.0 | 90.6
44.5 91.8 (956 | 97.6 | 94.3 | 90.2 | 58.0 93.7 | 92.3
447 93.0 969|989 |956|91.4 |588 95.0 | 93.5
45.1 94.7 | 98.7 |1100.7| 97.3 | 93.0 | 59.7 96.7 | 95.2
45.5 97.0 |{101.0{103.2| 99.7 | 95.3 | 61.1 99.0 | 97.5
45.6 98.3 (102.4|104.6|101.0| 96.6 | 61.9 100.3| 98.8
45.9 99.6 {103.8|106.0{102.5| 98.0 | 62.7 101.7|100.2
46.2 101.2|105.4({107.7|104.1| 99.6 | 63.7 103.3{101.8
46.3 102.2|106.4(108.8(105.1|100.5| 64.2 104.3|102.8
46.3 102.7|107.0({109.4|105.7|101.1| 64.6 104.9/103.4
46.9 105.0{109.4(111.8|108.1|103.3| 66.0 107.2|105.7
47.4 108.1112.6(115.1|111.2|106.3| 67.8 110.3|108.8
47.5 109.7|114.3(116.9|112.8|107.9| 68.8 112.0{110.4
47.6 110.5|115.1|117.7|113.7|108.7| 69.3 112.8|111.2
47.6 111.0{115.7({118.3|114.3|109.3| 69.6 113.4|111.8
48.5 114.11118.9|121.6|117.4|112.3| 71.4 116.5|114.9
49.0 117.7|122.7(125.5|121.2|115.8| 73.6 120.2|118.5
49.4 120.7|125.7|128.6|124.2|118.7| 75.3 123.2|121.4
49.6 122.5|127.6(130.5(126.0|120.4| 76.4 125.0123.2
50.2 125.5|130.7(133.7|129.1|123.3| 78.3 128.1126.2
50.6 128.2|133.6 132.0126.1| 79.9 130.9|129.0
51.3 82.0

51.6 84.1

51.7 85.1

51.8 85.5

51.9 85.9

52.3 86.8

52.6 88.2

52.7 89.5

50.7 89.8

48.1 90.6

47.5 90.1

47.0 89.6

49.7 92.2

51.6 96.7

51.9 97.5

52.1 98.3

52.7 101.0

53.0 185.0 103.3

37.6 104.5

21.0 105.2

Pomiary przemieszczen pionowych wykonywano przetwornikami przemieszczen liniowych o zakresie 50mm.
Vertical displacement were measured with linear displacement transducers with range of 50mm.
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Tablica Z1.5 Odksztatcenia betonu , g, €. (pomiary r¢czne)

Table Z1.5 Concrete strain g, , &, (manual measurements)

A

Sita zewnetrzna / External load
Ne o Poza sltanowiskiem na 3 podporach /| _ Na stant')wi'sku badawczym / Inside test set-up
/ /Ilzglézllil::g?n Outside test set-up on 3 supports Péze?gr\évzsrt'r:gﬁn;ﬁmgm /Ef(t) WZ;'”OC”t'ﬁ”“{ j Podczas badania / During the test
No gthening er strengthening
0 kN 6.3 kN 6.3 kN —I 6.3 kN| 7.3 kN| 16.3 kN| 26.3 kN| 26.3 kN| 36.3 kN| 42.3 kN
Odksztatcenia betonu w strefie rozcigganej / Concrete strain in tension zone , & (%o)
1 5845 0.00 0.03 0.00 0.03 0.04 0.00 | 0.00 | 0.01 0.03 | 0.02 0.04
2 5642 -0.44 -0.41 -0.42 0.12 0.04 0.00 | 0.01 | 0.07 | 0.16 | 0.16 0.26
3 5438 -0.46 -0.44 -0.14 0.14 0.03 0.00 | 0.01 | 0.12 | 029 | 0.29 | 0.52
4 5235 -0.08 -0.07 0.29 0.05 0.04 0.00 | 0.00 | 0.07 | 0.20 | 0.20 0.36
5 5032 -0.21 -0.21 0.55 0.06 0.04 0.00 | 0.02 | 0.21 0.51 0.50 0.86
6 4829 -0.27 -0.27 0.62 0.06 0.04 0.00 | 0.02 | 0.29 | 0.70 | 0.69 1.16
7 4626 -0.13 -0.14 0.42 0.04 0.02 0.00 | 0.02 | 0.24 | 0.57 | 0.57 0.90
8 4422 -0.11 -0.12 0.59 0.03 0.02 0.00 | 0.04 | 0.39 | 0.84 | 0.84 1.61
9 4219 0.02 0.02 0.21 0.03 0.01 0.00 | 0.03 | 0.21 0.92 | 097 1.51
10| 4016 0.08 0.07 0.13 0.03 0.03 0.00 | 0.02 | 0.14 | 0.91 0.94 1.54
11 3813 0.05 0.05 0.15 0.03 0.03 0.00 | 0.04 | 047 1.36 140 | 220 | 2.73
12| 3610 -0.16 -0.16 0.54 0.03 0.01 0.00 | 0.06 | 0.55 1.56 159 | 2.38 | 3.46
13| 3406 -0.12 -0.12 0.50 0.02 0.02 0.00 | 0.07 | 0.49 1.12 1.14 1.86 | 244
14| 3203 -0.22 -0.20 0.58 0.03 0.02 0.00 | 0.09 | 0.53 1.39 1.41 2.19 3.49
15| 3000 -0.24 -0.26 0.57 0.01 0.02 0.00 | 0.08 | 0.52 1.13 1.13 1.73 | 2.26
16| 2797 -0.32 -0.31 0.70 0.02 0.01 0.00 | 0.10 | 0.64 1.56 1.58 2.45 3.47
17 2594 -0.41 -0.37 0.92 0.02 0.02 0.00 0.12 0.84 1.77 1.79 2.75 4.40
18| 2390 -0.22 -0.16 0.61 0.02 0.02 0.00 | 0.08 | 0.52 1.10 1.10 1.70 | 2.28
19( 2187 -0.02 0.01 0.29 0.04 0.03 0.00 | 0.05 | 0.27 | 0.86 | 0.89 1.38
20 1984 -0.24 -0.21 0.61 0.04 0.03 0.00 | 0.07 | 0.62 1.69 1.73 | 2.80
21 1781 -0.16 -0.11 0.49 0.04 0.04 0.00 | 0.05 | 0.36 | 065 | 0.65 | 0.93
22 1578 0.05 0.10 0.15 0.03 0.03 0.00 | 0.01 | 0.11 0.72 | 0.76 1.34
23 1374 -0.09 -0.07 0.52 0.03 0.03 0.00 | 0.04 | 0.34 1.06 112 | 2.18
24 1171 -0.04 -0.03 0.52 0.05 0.04 0.00 | 0.04 | 0.30 | 0.31 0.49 0.75
25 968 0.00 0.03 0.29 0.04 0.03 0.00 | 0.01 | 0.12 | 023 | 0.25 | 0.38
26 765 0.70 0.72 0.63 0.07 0.04 0.00 | 0.01 | 0.15 | 0.40 | 0.40 0.71
27 562 -0.37 -0.33 0.24 0.07 0.05 0.00 | 0.01 | 0.09 | 0.22 | 0.22 0.41
28 358 -0.14 -0.16 0.02 0.05 0.03 0.00 | 0.00 | 0.06 | 0.18 | 0.20 0.54
29 155 0.08 0.07 0.03 0.03 0.04 0.00 | 0.00 | 0.01 0.02 | 0.02 0.03
€rav (%o) || -0.26 -0.25 0.65 | 0.02 | 0.02 | 0.00 | 0.09 | 0.60 | 1.39 | 1.41 [ 2.20 [ 3.21 |

Pomiary odksztatcerr wykonywano przy uzyciu ekstensometru nasadowego o bazie 8'.

Concrete strain measurements measured by hand with dial strain gauges of 8' working range.
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WYNIKI BADAN ELEMENTU B12-sp

TEST RESULTS OF MEMBER
Series A
250, 1200 N 1200 N 1200 N 1200 M 1200 250,

o r r r r

S I B B B W W

15Q, 16x150=2400 L 1200 L 16x150=2400 15Q,
250, 6000 250,
4#8
N N ﬁ #8 @ 150mm
(@]
Q
4412
\ 1 CFRP strips
100x1.20mm
L 200 , 100 200 L
L 500 L

A

Tablica Z2.1 Zestawienie charakterystycznych parametrow dla elementu B12-sp

Table Z2.1 Summary of characteristic parameters for beam B12-sp
Beton Stal zbrojeniowa CFRP Sita
Concrete Steel reinforcement Load
500 x 220mm® 4 #12 448 1x 100x1.2mm* 2F, 6.3kN
o | fecwe | 33.8MPa | A, | 111.0mm*> | 48.9mm’ fru 2857MPa 2F,0 24.0kN
&
= 2F,
fosptie | 3.13MPa | f, | 511.4MPa | 583.1MPa €f 16.8%o0 oF 25%
u0
f, 28.7MPa | f, | 594.5MPa | 650.5MPa E¢ 173.7Gpa 2F, 46.8kN
E 24 7MPa | E 191.1GPa | 200.7GPa Ettot 11.5%o 2T 195%
¢ ’ $ ) ’ (eeptersest) | (4.60%016.90%o0) 2F,0
B12-sp

sp - stalowa ptyta kotwiaca / anchorage steel plate



B12-sp

|

250, 1200 N 1200 » 1200 N 1200 . 1200 250,
I v V I
) 2250 ) 5x300 . 2250 )
| 8, "Rt Rc2 Re3 Rc4 Rc5 |
\—ﬁ—% :
0 Rt4 Rt5 Rt6 Rt/ Rt8 Rt9 Rtl0 R
. 1950 M 7x300 . 1950 .

Tablica Z2.2 Odksztatcenia betonu, €. , & (pomiary komputerowe)

Table Z2.2 Concrete strain, €. , & (computer registered measurements)
Sita / Odksztatcenia betonu / Concrete strain Krzywizna
Load € & /Curvature
2P ] Rt [ Rez [ Res [ Ros [ Res [ 6 | R [ Rs [ Re [ Re [ Ra | Ro [Ruo| cian K
kN %o %o %o %o 1/m
6.4 [-0.01|0.00 | 0.000.00|0.00 | 0.00 0.00|0.00|0.00|0.00 |0.00 |0.00|0.00| 0.00 | 0.0000
7.7 [-0.02]-0.02| 0.00 | 0.00 |-0.03|-0.01] 0.03 | 0.03 | 0.00 | 0.08 | 0.03 | 0.03 | 0.01| 0.03 | 0.0003
9.6 [-0.09|-0.05|0.01 |-0.01|-0.07|-0.02| 0.07 | 0.12 | 0.03 | 0.05 [ 0.06 | 0.09 | 0.01 | 0.05 | 0.0004
11.9 [-0.12(-0.09| 0.01 |-0.04|-0.12|-0.04] 0.13| 0.16 | 0.00 [ 0.10 | 0.11 | 0.17 | 0.04| 0.07 | 0.0007
13.7 |-0.16{-0.14| 0.00 |-0.08|-0.16{-0.07] 0.18 | 0.22 | 0.11 [ 0.22 | 0.16 | 0.28 | 0.05| 0.16 | 0.0016
15.6 [-0.21(-0.17|-0.04|-0.12|-0.22|-0.11] 0.23| 0.31 [ 0.30 [ 0.61 | 0.21 | 0.67 | 0.03| 0.37 | 0.0032
15.5 [-0.20{-0.17|-0.04|-0.12(-0.22|-0.11] 0.23| 0.32 | 0.29 [ 0.62 | 0.20 | 0.67 | 0.03| 0.37 | 0.0032
17.2 |-0.24(-0.19|-0.08|-0.16[-0.25[-0.14] 0.44 | 0.42 | 0.54 [ 1.04 | 0.25|1.01|0.11| 0.61 | 0.0050
19.7 |-0.28{-0.22|-0.10{-0.17[-0.31{-0.16] 0.60 | 0.60 [ 0.71 | 1.31 | 0.37 | 1.29 | 0.27| 0.80 | 0.0064
19.6 |-0.28(-0.22|-0.10|-0.16|-0.30(-0.16] 0.60 | 0.61 | 0.71 | 1.33 | 0.38 | 1.29 | 0.28| 0.81 | 0.0064
21.9 |-0.31/|-0.24|-0.13(-0.19|-0.33-0.18 0.82 | 0.80 | 0.92 | 1.65 | 0.53 [ 1.61 | 0.45| 1.03 | 0.0081
21.9 [-0.31|-0.24|-0.13|-0.19(-0.33-0.19( 0.82 | 0.80 [ 0.92 | 1.65 | 0.53 | 1.62 | 0.45| 1.04 | 0.0081
23.5 |-0.33|-0.27|-0.13|-0.20|-0.35-0.20] 0.98 | 0.91 | 1.10 | 1.90 | 0.65 | 1.83 | 0.57 | 1.21 | 0.0094
26.2 |-0.35|-0.30|-0.14|-0.21|-0.38-0.22 1.18 | 1.07 | 1.30 | 2.13 | 0.83 | 2.08 | 0.72| 1.42 | 0.0109
26.2 |-0.35|-0.29|-0.14|-0.20|-0.38|-0.21] 1.19 | 1.08 | 1.31 | 2.14 | 0.84 | 2.09 | 0.74 | 1.43 | 0.0110
25.8 |-0.36/-0.30|-0.15(-0.20|-0.38-0.22 1.21 [ 1.11 | 1.34 | 2.17 | 0.86 | 2.14 | 0.75| 1.46 | 0.0112
7.2 |-0.13]-0.06|-0.15|-0.19(-0.06(-0.13] 0.30 | 0.24 | 0.36 [ 0.66 | 0.22 | 0.61 | 0.17| 0.41 | 0.0036
26.0 |-0.39|-0.31|-0.15(-0.21|-0.38-0.22 1.24 [ 1.10 | 1.32 | 2.19 | 0.89 [ 2.13 | 0.79| 1.47 | 0.0112
7.0 |-0.14[-0.07|-0.15|-0.20|-0.06|-0.14| 0.31 | 0.23 | 0.30 | 0.67 | 0.22 | 0.62 | 0.17| 0.40 | 0.0036
25.9 |-0.40|-0.31|-0.15(-0.21|-0.38-0.22| 1.25 [ 1.08 | 1.32 | 2.19 [ 0.91 | 2.12| 0.80 | 1.47 | 0.0113
7.3 |-0.15/-0.07|-0.16|-0.21|-0.07|-0.15 0.30 | 0.24 | 0.28 | 0.66 | 0.24 | 0.61 | 0.17| 0.39 | 0.0036
25.8 |-0.41|-0.31|-0.15(-0.21|-0.38-0.22| 1.25 [ 1.09 | 1.31 | 2.20 | 0.92 | 2.12| 0.80 | 1.48 | 0.0113
7.1 |-0.15/-0.07|-0.15|-0.20|-0.06|-0.14 0.29 | 0.23 | 0.23 | 0.66 | 0.23 | 0.60 | 0.17| 0.37 | 0.0034
25.9 |-0.40|-0.31|-0.15(-0.21|-0.38-0.22| 1.27 [ 1.10 | 1.32 | 2.22 [ 0.93 [ 2.11 | 0.81 | 1.49 | 0.0114
6.8 [-0.15|-0.07(-0.15|-0.21|-0.05|-0.15( 0.30 | 0.23 | 0.23 | 0.67 [ 0.24 | 0.61 | 0.16 | 0.38 | 0.0035
7.2 [-0.15|-0.06|-0.16|-0.21(-0.07{-0.14] 0.30 | 0.22 | 0.23 | 0.67 | 0.23 | 0.61 | 0.16| 0.38 | 0.0035
25.9 |-0.41|-0.30|-0.15(-0.23|-0.33-0.23| 1.28 | 1.14 | 1.25 | 2.24 | 0.94 | 2.10 | 0.81 | 1.48 | 0.0114
27.9 |-0.42|-0.32|-0.17|-0.23|-0.38||-0.24| 1.41 [ 1.25| 1.42 | 2.46 | 1.05 | 2.34 | 0.93 | 1.64 | 0.0126
29.8 |-0.44|-0.34|-0.19|-0.24|-0.40|-0.25| 1.56 | 1.37 | 1.59 | 2.68 | 1.18 | 2.57 | 1.05| 1.82 | 0.0138
29.8 |-0.44|-0.34|-0.19|-0.27|-0.40[-0.27| 1.58 | 1.39 | 1.59 | 2.75 [ 1.20 | 2.58 | 1.06 | 1.85 | 0.0141
32.1 [-0.46|-0.35(-0.20|-0.24|-0.42|-0.27| 1.71 | 1.52 | 1.74 | 2.90 [ 1.33 | 2.79 | 1.19| 1.99 | 0.0150
34.1 [-0.47|-0.37(-0.22|-0.25|-0.43|-0.28( 1.86 | 1.67 | 1.91 | 3.13 [ 1.48 | 3.01 | 1.33 | 2.17 | 0.0163
35.8 [-0.49|-0.38(-0.22|-0.25|-0.44|-0.29( 1.99 | 1.81 | 2.06 | 3.34 [ 1.62 | 3.24 | 1.46 | 2.34 | 0.0175
37.6 [-0.49|-0.38(-0.23|-0.26|-0.35[-0.29| 2.11 | 2.01 | 2.26 [ 3.70 | 1.75 | 4.68 | 1.56 | 2.57 | 0.0191
37.6 [-0.50|-0.39(-0.24|-0.26|-0.32|-0.29( 2.13 | 2.11 | 2.29 | 3.85 [ 1.78 | 516 | 1.60 | 2.64 | 0.0196
38.3 [-0.49|-0.39|-0.24|-0.27|-0.33|-0.30 2.40 | 2.15 | 2.33 | 3.93 | 1.81 | 5.24 [ 1.63 | 2.69 | 0.0199
38.7 |-0.48|-0.39|-0.23|-0.27|-0.30-0.30| 2.18 | 2.37 | 2.34 | 4.03 | 1.85 | 5.48 | 1.64 | 2.74 | 0.0203
39.0 [-0.45|-0.37(-0.23|-0.23|-0.26|-0.28| 2.18 | 2.55 | 2.34 | 4.23 | 3.04 | 5.73 | 1.64 | 3.20 | 0.0232
39.4 |-0.45|-0.37|-0.23|-0.22|-0.23-0.28| 2.19 | 2.71 | 2.35 | 4.53 | 3.80 | 5.96 | 1.65| 3.56 | 0.0256
39.5 [-0.44|-0.36(-0.22|-0.22|-0.22|-0.27| 2.19 | 2.64 | 2.35 | 5.43 | 4.01 | 6.11 | 1.65| 3.93 | 0.0280
39.6 |-0.44|-0.36|-0.23|-0.22|-0.20-0.27| 2.19 | 2.81 | 2.34 | 7.01 | 3.76 | 6.15 | 1.66 | 4.37 | 0.0309
40.0 |-0.44|-0.35|-0.22(-0.22|-0.21-0.26 2.19 | 2.90 | 2.35 | 9.11 | 3.26 | 6.27 | 1.66 | 4.90 | 0.0344
40.5 |-0.42|-0.33|-0.22|-0.21(-0.20|-0.25( 2.20 | 3.09 | 2.37 |10.07| 3.19 | 6.53 | 1.68 | 5.21 | 0.0364
41.0 |-0.40|-0.34|-0.21(-0.21|-0.15|-0.25| 2.21 | 3.42 | 2.39 {10.98| 3.32 | 6.92 | 1.68 | 5.56 | 0.0388
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41.5 ||-0.38(-0.33|-0.19(-0.21|-0.11{-0.24( 2.23 | 3.76 | 2.43 [11.83| 3.40 | 7.31| 1.70 || 5.88 | 0.0409
41.1 (-0.37|-0.33|-0.19|-0.20|-0.07|-0.24| 2.23 | 3.90 | 2.45|12.18| 3.50 | 7.67 | 1.69 | 6.04 | 0.0419
41.3 ||-0.36(-0.32|-0.19(-0.19|-0.06|-0.23( 2.22 | 3.92 | 2.46 {12.20| 3.52 | 7.73| 1.69 | 6.06 | 0.0420
41.3 (-0.36|-0.32|-0.17|-0.19|-0.06|-0.23| 2.22 | 3.94 | 2.46 |12.23| 3.56 | 7.79 | 1.69 | 6.08 | 0.0421
41.3 ||-0.36(-0.32|-0.19(-0.20|-0.08|-0.24( 2.23 | 3.95 | 2.47 {12.25| 3.58 | 7.84 | 1.69 || 6.10 | 0.0422
41.3 (-0.36|-0.33|-0.18|-0.20|-0.07|-0.23| 2.22 | 3.97 | 2.48 |12.28| 3.59 | 7.89 [ 1.69 | 6.12 | 0.0423
41.3 ||-0.36(-0.31|-0.18(-0.19|-0.07|-0.23( 2.22 | 3.97 | 2.48 [12.29| 3.61 | 7.94 | 1.70 || 6.13 | 0.0424
41.9 ||-0.36(-0.32|-0.18(-0.19|-0.07|-0.23( 2.25 | 4.02 | 2.52 {12.34| 3.65 [ 8.03 | 1.71| 6.17 | 0.0427
42.5 ||-0.36(-0.27|-0.18(-0.19| 0.01||-0.21( 2.27 | 4.17 | 3.24 {12.58| 3.79 | 9.09 | 1.72|| 6.54 | 0.0450
43.0 |-0.35(-0.20|-0.16(-0.19| 0.12|-0.18( 2.27 | 4.27 | 4.11 [12.63| 4.02 {10.36| 1.73 || 6.92 | 0.0473
43.6 ||-0.35(-0.17|-0.12(-0.18| 0.22-0.16( 2.29 | 4.49 | 4.54 |12.61| 4.49 |11.44|1.73| 7.21 | 0.0491
43.8 [|-0.33|-0.15|-0.10(-0.16| 0.28 |-0.14( 2.29 | 4.69 | 4.80 {12.55| 4.98 (12.05| 1.74 || 7.44 | 0.0505
43.9 ||-0.32|-0.15|-0.08(-0.16| 0.29|-0.13( 2.29 | 4.75| 4.88 [12.52| 5.15 (12.21| 1.73|| 7.52 | 0.0510
44.1 |-0.32(-0.12|-0.08(-0.16| 0.29 |-0.12( 2.30 | 4.80 | 4.97 {12.51| 5.31 (12.37| 1.74 || 7.60 | 0.0514
44.4 (-0.32|-0.12|-0.07|-0.14| 0.31|-0.11| 2.31 | 4.91| 5.12|12.47| 5.61 [12.65 1.74 || 7.73 | 0.0523
44.6 |-0.31(-0.11|-0.05(-0.11| 0.32-0.09( 2.31 | 5.01 | 5.26 |12.44| 5.90 |12.94| 1.76 || 7.87 | 0.0531
44.8 (-0.30|-0.09|-0.03|-0.09| 0.35|-0.07|2.32 | 5.11| 5.40 |12.41| 6.22 [13.22/ 1.77 | 8.01 | 0.0539
45.1 ||-0.30(-0.09|-0.01{-0.09| 0.37 |-0.06 2.33 | 5.22 | 5.56 {12.37| 6.55 [13.50| 1.77 | 8.16 | 0.0548
45.4 1-0.29(-0.07| 0.01 {-0.05| 0.40 |-0.04( 2.33 | 5.36 | 5.80 {12.32| 6.98 (13.90| 1.78 || 8.37 | 0.0560
45.2 |-0.29(-0.06| 0.03 [-0.03| 0.42|-0.02( 2.34 | 5.43 | 5.97 {12.31| 7.28 (14.14| 1.78 || 8.52 | 0.0569
45.2 |[-0.29(-0.06| 0.03 [-0.03| 0.43 ||-0.02( 2.33 | 5.45| 5.98 [12.30| 7.33 |14.19| 1.77 || 8.54 | 0.0571
45.3 |-0.29(-0.07| 0.04 (-0.03| 0.42|-0.02( 2.33 | 5.46 | 6.01 {12.30| 7.40 (14.23| 1.78 || 8.57 | 0.0572
46.0 ||-0.28-0.05| 0.05 (-0.02| 0.45|-0.01(2.36 | 5.56 | 6.17 {12.26| 7.82 (14.56| 1.80 || 8.75 | 0.0584
46.5 ||-0.26(-0.02| 0.09 [ 0.01]0.50( 0.03 | 2.37 | 5.79|6.42 [12.22| 8.72 (15.15| 1.81| 9.12 | 0.0606
46.8 |-0.25(-0.01|0.13 {0.05|0.58 | 0.06 | 2.38 | 6.03 | 6.61 {12.18| 9.26 (15.57| 1.82| 9.35 | 0.0619
47.0 (-0.21|0.00|0.15|0.06 | 0.61|0.07 | 2.38 |6.64 | 6.71|12.18| 9.61 [16.48( 1.82| 9.50 | 0.0629
47.3 |-0.16/0.00|0.15{0.09|0.69( 0.08 (2.38 | 7.12|6.78 [12.18| 9.87 (17.29| 1.82| 9.61 | 0.0635
46.9 (-0.15|-0.01{0.16|0.15|0.82(0.10(2.36 | 7.19| 6.78 |12.18|10.04{19.25( 1.81 | 9.67 | 0.0638
46.8 |-0.16(-0.01|0.16 {0.14|0.89( 0.10(2.34 | 7.16 | 6.77 {12.19|10.35(21.38| 1.79 || 9.77 | 0.0645
46.8 (-0.16/0.00|0.16|0.13|0.95|0.10(2.31|7.13|6.76 |12.18|11.3623.36| 1.76 | 10.10 || 0.0667
46.9 |-0.16(-0.01|0.16 {0.14|0.96 | 0.10 (1 2.29 | 7.11 | 6.72 [12.19|12.26(25.93| 1.75| 10.39 | 0.0686
47.1 |-0.16(-0.07|0.16 { 0.18 | 1.01 | 0.09 | 2.26 | 7.07 | 6.69 [12.19|12.67(29.37| 1.72|| 10.51 || 0.0695
47.2 |-0.17(-0.01|0.16 {0.18|0.98 | 0.11 (1 2.23 | 7.04 | 6.65 {12.19|12.96(33.01| 1.71 | 10.60 | 0.0700
47.2 |-0.16(-0.02| 0.16 { 0.18 | 0.74 | 0.11(2.20 | 7.01 | 6.62 {12.20|13.15(35.86| 1.69 | 10.66 || 0.0703
47.3 |-0.16(-0.01|0.17 {0.17|0.63 | 0.11(2.19 | 6.99 | 6.60 {12.20|13.34(37.89| 1.67 | 10.71 | 0.0707
42.9 |-0.16/0.00 | 0.17 1.92)6.70 | 6.27 |12.21{13.08|37.65( 1.43 | 10.52

36.2 [|-0.14]0.03 [ 0.25 1.50(6.23 |5.74 |12.21|12.62(36.09( 1.05 | 10.19

35.4 |-0.14|0.04 | 0.25 1.46|6.19(5.70|12.21{12.56|35.98( 1.01 | 10.16

Pomiary odksztatcen betonu wykonywano przetwornikami przemieszczen liniowych o zakresie 10 i 20mm.
Concrete strain were measured with linear displacement transducers of 10 and 20mm range.
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Tablica Z2.3 Odksztalcenia tasmy CFRP, &;
Table Z2.3 CFRP strain, &;

Sita /

Odksztatcenia tasmy CFRP / CFRP strain &
Load

2F

T T2 [ T8 [T4[T5[T6 [ T7 [ T8 [ T9 [T10[T11[T12][T13[T14[T15][ T16 [ T17[T18[T19[T20 [ T21[T22|T23] T24 | T25

Tu

kN

%o

Y0

63 | 00|00|00|00|00f00|00|00|00|00]|00|00|00]|00|00|0.0]|0.0]|O00

0.0

0.0

0.0

0.0

0.0|0.0(00

0.0

6.4 [14.60|4.60(4.62|4.60|4.60(4.60|4.60|4.60(4.60|4.60|4.60(4.60|4.60|4.60(4.60|4.60|4.59|4.60

4.60

4.60

4.60

4.60

4.60|4.62|4.60

4.6

7.7 ||4.63|4.62(4.63|4.62|4.63|4.63|4.63|4.63|4.64|4.62|4.63|4.64|4.63|4.64(4.63|4.63|4.62|4.64

464

4.62

4.62

4.62

4.62|4.66|4.61

4.6

9.6 (4.67|4.66|4.64|4.69|4.67|4.67|4.67|4.68|4.69(4.67|4.68|4.68(4.68|4.68|4.67|4.68|4.66|4.68

4.67

4.66

4.66

4.67

4.66|4.70|4.63

4.7

11.9 (4.73|4.71(4.72|4.74|4.73|4.73|4.72|4.73|4.75|4.74|4.74 |4.74 |4.74|4.74 |4.74 |4.76|4.71|4.74

4.73

4.72

4.72

4.73

4.73|4.81|4.65

4.7

13.7 ||4.78|4.76 |4.94 |4.78|4.79(4.79|4.78|4.79|4.81|4.84 | 4.81|4.81|4.80|4.81(4.80|4.82|4.77 | 4.80

4.80

4.78

4.79

4.79

4.80|4.89|4.67

4.8

15.6 [[4.91)|4.88(4.92|4.90|4.92(4.92|4.92|4.92(4.95|5.04|4.93(4.94|4.94|4.94(4.93|4.96|4.90(4.93

4.93

4.91

4.91

4.92

4.93|5.04|4.70

4.9

15.54.91|4.88|4.95|4.88|4.92(4.92|4.91|4.92(4.95|5.07|4.94|4.95|4.94|4.94 4.94|4.96|4.90 (4.93

4.93

4.91

4.91

4.92

4.93|5.14|4.69

4.9

17.2 ]5.07|5.03|5.27|4.84|5.08(5.13|5.08|5.11|5.11|5.26|5.11|5.10|5.10|5.09 | 5.09|5.14 | 5.08 | 5.11

5.09

5.09

5.09

5.12

5.10(5.62|4.72

5.1

19.7 ||5.22|5.17|5.35|5.08 | 5.25(5.27 | 5.23 | 5.26 | 5.26 | 5.44 | 5.27 | 5.27 | 5.26 | 5.26 | 5.26 | 5.30| 5.22 | 5.25

5.26

5.23

5.23

5.26

5.26(5.77|4.76

5.3

19.6 ||5.23|5.18|5.16|5.16|5.26 | 5.26 | 5.23|5.27 | 5.27 | 5.45| 5.27 | 5.28 | 5.27| 5.28 | 5.28 | 5.32| 5.22 | 5.26

5.27

5.24

5.23

5.26

5.26(5.58|4.77

5.3

21.9(5.41|5.35(5.39|5.35|5.45(5.45|5.42|5.46|5.47|5.65|5.45(5.47 | 5.46|5.47 | 5.47 | 5.51|5.40 | 5.44

5.45

5.44

5.43

5.46

5.46|5.81(4.81

54

21.9 (5.42|5.35(5.36|5.37|5.45(5.46|5.43|5.46|5.47|5.66|5.46|5.48|5.46|5.47 | 5.47 | 5.51|5.41|5.45

5.46

5.45

5.43

5.46

5.46|5.83(4.82

54

23.5(5.55|5.47(5.43|5.51|5.569(5.60|5.56|5.60 (5.61|5.80|5.61(5.63|5.61|5.63|5.63|5.68|5.55|5.60

5.61

5.59

5.57

5.60

5.61|5.96|4.86

5.6

26.2 |5.74|5.64|5.76|5.71|5.78|5.78|5.75|5.79(5.80|5.99|5.80 | 5.83 | 5.81|5.84 | 5.84 | 5.90|5.75 | 5.84

5.81

5.77

5.75

5.78

5.79(6.15|4.91

5.8

26.2 ||5.75|5.65(5.60|5.71|5.79|5.79|5.76 | 5.80 (| 5.81|6.00|5.82|5.84 | 5.82|5.85|5.85|5.92|5.76 | 5.86

5.82

5.79

5.77

5.79

5.80(6.14|4.92

5.8

25.8 ||5.77|5.67 |5.51|5.75|5.81|5.81|5.78|5.82(5.85|5.91|5.83 |5.86|5.83|5.87 |5.87|5.93|5.77 | 5.87

5.84

5.81

5.79

5.81

5.83(6.18|4.94

5.8

7.2 [|4.91|4.87(4.66|4.82|4.91(4.91(4.90|4.91(4.94|4.94|4.91(4.91|4.88|4.91(4.89|4.93|4.86|4.90

4.90

4.92

4.91

4.94

4.9415.10|4.69

4.9

26.0 [5.79]|5.69(5.56|5.74|5.83|5.83|5.80|5.84 (5.85|5.94|5.86(5.89|5.86|5.89(5.91|5.96|5.80 | 5.90

5.85

5.82

5.80

5.83

5.84(6.03|4.94

5.8

7.0 (4.91|4.87|4.71(4.82|14.91|4.91(4.90|4.91|4.94(4.94|4.91|4.90(4.87|4.90|4.88|4.93|4.86|4.89

4.90

4.92

4.92

4.94

4.9415.09|4.69

4.9

25.9 (5.79|5.69(5.58|5.75|5.83|5.83|5.80|5.84|5.85|5.95|5.86(5.89|5.86(5.90(5.91|5.96|5.80 | 5.91

5.86

5.82

5.80

5.83

5.84|6.06(4.95

5.8

7.3 [|4.91|4.87(4.61|4.82|4.91(4.91/4.90|4.91(4.94|4.95|4.91(4.91|4.88|4.90(4.89|4.93|4.87|4.90

4.90

4.92

4.91

4.94

4.9415.11|4.70

4.9

25.8 (5.79|5.69|5.57|5.75|5.83|5.84|5.80|5.84 | 5.85|5.96|5.86|5.89|5.865.90(5.91|5.96|5.80 | 5.91

5.86

5.83

5.80

5.83

5.84(6.04|4.95

5.8

7.1 [|4.90|4.87 (4.58|4.78|4.91(4.90|4.89|4.91(4.93|4.95|4.90(4.90|4.87|4.90(4.88|4.92|4.86 |4.89

4.89

4.91

4.91

4.94

4.941511|4.70

4.9

25.9(5.81|5.70(5.62|5.74|5.85|5.85|5.82|5.88 (5.87|5.98|5.885.91|5.88|5.92(5.92|5.98|5.81(5.93

5.87

5.84

5.81

5.84

5.85(6.06|4.95

5.8

6.8 [|4.89|4.87(4.83|4.60|4.90(4.95/4.90|4.90(4.93|4.95|4.94(4.89|4.87|4.88(4.87|4.92|4.90(4.92

4.89

4.93

4.92

4.96

4.9215.41)4.68

4.9

7.2 [|4.90|4.87(5.07|4.71|4.90(4.91|4.89|4.90(4.93|4.96|4.90(4.90|4.86|4.89(4.87 |4.92|4.86 |4.89

4.89

4.91

4.91

4.95

4.9415.274.69

4.9

25.9 (5.81|5.71(6.07|5.66|5.85(5.85|5.82|5.86(5.87|5.98|5.88(5.91|5.88|5.92(5.93|5.98|5.82|5.93

5.88

5.84

5.82

5.86

5.86(6.19(4.96

5.8

27.9 (5.95|5.84(6.21|5.80|5.99(6.00|5.96|6.00(6.02|6.13|6.02|6.04 |6.02|6.05(6.06 |6.12|5.94 | 6.09

6.01

5.98

5.96

6.01

6.01|6.37|5.01

6.0

29.8 116.10|5.97 (6.33|5.96|6.14|6.15|6.11|6.15(6.17|6.28 | 6.18 (6.21|6.18|6.21 |6.21|6.30|6.10 (6.28

6.17

6.14

6.12

6.17

6.176.52|5.09

6.1

29.8 116.11|5.98(6.30|5.95|6.15(6.16|6.12|6.17 (6.18|6.30|6.19(6.22|6.18|6.23 |6.22|6.31|6.11 |6.29

6.18

6.15

6.12

6.18

6.18(6.55|5.12

6.1

32.16.25|6.11|6.46(6.10|6.30|6.31|6.26|6.31|6.32|6.45|6.35|6.38 |6.34 | 6.38 | 6.38 |6.48 | 6.27 | 6.48

6.34

6.30

6.27

6.33

6.33(6.71|5.18

6.3

34.1|6.41|6.26|6.67 |6.25|6.47|6.47 |6.41|6.47|6.48 |6.62|6.51|6.54 |6.50|6.55|6.55 |6.66 |6.43|6.67

6.51

6.44

6.41

6.48

6.48(7.02|5.28

6.5

35.8 |6.57|6.41|6.86(6.41|6.63|6.63|6.57|6.63|6.64 |6.786.67|6.71|6.66|6.71|6.71|6.84 |6.60|6.86

6.68

6.61

6.59

6.65

6.64(7.20|5.41

6.6

37.6 |6.79|6.62|7.09(6.64 |6.86|6.85(6.80|6.86|6.86|7.00|6.87|6.94 6.89|6.95|6.98(7.14|6.85|7.15

6.95

6.88

6.85

6.91

6.91(7.71|5.63

6.8

37.6 ||6.86(6.67|7.17|6.69(6.92|6.90|6.85(6.90|6.93|7.07[6.94|7.01|6.94(7.03|7.04|7.22|6.92|7.22

6.96

6.91

6.98

6.97 5.90

6.9

38.36.90(6.71|7.22|6.73(6.96|6.94|6.89(6.94|6.98|7.11(6.99|7.06|6.99(7.07 |7.09|7.27|6.97 | 7.26

7.00

6.95

7.02

7.02 5.92

6.9

38.7 |6.95|6.76|7.26(6.78|7.01|7.12|6.94|7.00|7.03|7.16|7.04|7.11|7.04|7.13|7.14|7.33|7.02|7.32

7.05

7.00

7.07

7.07 5.94

7.0

39.0 |7.09|6.89|7.41(6.94|7.16|7.15(7.09|7.15|7.18|7.32|7.20|7.27|7.19|7.28|7.29|7.50|7.17|7.46

7.19

7.14

7.21

7.22 6.05

71

39.4|7.20|6.99|7.53(7.05|7.28|7.26(7.20|7.26|7.30(7.44|7.31|7.38|7.31|7.39|7.40(7.61|7.28|7.56

7.29

7.25

7.32

7.32 6.50

7.2

39.57.32|7.10|7.66(7.17|7.40|7.39(7.32|7.39|7.42|7.56|7.43|7.51|7.42|7.50|7.48|7.67|7.32|7.60

7.34

7.29

7.36

7.36 7.22

7.4

68
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39.6 |7.40|7.18|7.75(7.26|7.48|7.47|7.40|7.47|7.50|7.65|7.52|7.59|7.50|7.60|7.58|7.78|7.43|7.69 7.45|7.40(7.47|7.46 7.34| 7.4
40.0 ||7.53|7.31|7.88|7.39|7.62|7.60|7.52|7.60(7.63|7.81|7.64|7.72|7.62|7.74|7.70|7.66|7.55|7.81 7.57(7.51(7.59|7.59 747\ 7.6
40.5(7.64|7.42(8.02\7.50|7.73|7.71|7.64|7.72|7.74|7.93|7.76|7.84|7.73|7.86 |7.81|7.78|7.66 | 7.92 7.68(7.62(7.70|7.70 758\ 7.7
41.0|7.78|7.55(8.16|7.63|7.87|7.85|7.78|7.86(7.89|8.07|7.90(7.99|7.87|8.00(7.94|7.92|7.80 |8.05 7.81(7.76(7.83|7.83 772 7.8
41.5(7.90|7.67(8.30|7.78|8.00(7.98|7.90|7.99(8.01|8.19|8.03(8.12|8.00|8.14 (8.07 | 8.04 | 7.93 | 8.18 7.94|7.88(7.96|7.96 7.84| 8.0
41.1(7.95|7.73|8.35|7.85|8.06(8.04|7.96|8.05(8.06|8.25|8.08 8.17|8.04|8.20(8.13|8.11|7.99|8.25 8.01|7.94(8.03|8.03 791| 8.0
41.3(7.96|7.73|8.36|7.85|8.07(8.04|7.96|8.05(8.07|8.26|8.09(8.18|8.05|8.21(8.14|8.13|8.01|8.27 8.02|7.95(8.04|8.04 791| 8.0
41.3||7.97|7.74|8.36|7.86|8.07 |8.05|7.97|8.06 (8.088.27|8.108.19|8.06 | 8.22 8.14|8.14| 8.02 | 8.28 8.03(7.96(8.05|8.05 7.93| 8.0
41.3||7.97|7.74|8.36|7.86|8.088.06|7.98|8.06 (8.09|8.28|8.11(8.20|8.07|8.238.15|8.15| 8.03 | 8.29 8.04(7.97 (8.06|8.06 7.94| 8.0
41.3|7.98|7.74(8.37|7.87|8.08|8.06|7.98|8.07 (8.09|8.28|8.11(8.20|8.07|8.238.15|8.16 | 8.03 | 8.30 8.05(7.98(8.07|8.07 7.94| 8.0
41.37.99|7.75(8.38|7.86|8.08(8.07|7.98|8.07 (8.10|8.28|8.12(8.21|8.07|8.24 | 8.16|8.16 | 8.04 | 8.31 8.06(7.99(8.08|8.07 7.95| 8.0
41.98.02|7.77(8.417.89|8.11(8.10|8.02|8.10(8.13|8.32|8.15(8.248.11|8.28 | 8.20|8.20| 8.08 | 8.35 8.09(8.02(8.11|8.11 7.98| 8.1
42.5(8.20|7.93(8.59|8.07|8.29(8.28|8.20|8.28 (8.31|8.488.33(8.43|8.29|8.42(8.35|8.388.25(8.58 8.29(8.21(8.30|8.31 8.17| 8.3
43.0 (8.36|8.08(8.76|8.23|8.46(8.45|8.36|8.45(8.48|8.61|8.50(8.60|8.47|8.61|8.55|8.62|8.49|8.75 8.50(8.41(8.51|8.52 8.38| 8.4
43.6 (8.51|8.22(8.91|8.39|8.61(8.60|8.51|8.60(8.63|8.77|8.63|8.76|8.62|8.80|8.74 | 8.82|8.68|8.93 8.68|8.60(8.70|8.71 8.57| 8.6
43.8 |18.65|8.29(9.06|8.47 8.74|8.63|8.71|8.74(8.88|8.75|8.88(8.73|8.91|8.84 (8.92|8.79|9.03 8.79(8.69(8.80|8.81 8.67| 8.7
43.9 |18.69|8.32(9.09|8.51 8.77|8.66|8.74|8.78(8.92|8.78|8.92(8.77|8.95|8.88 | 8.95|8.81|9.06 8.81(8.72(8.83|8.84 8.70| 8.7
44.18.72|8.36(9.13|8.55 8.81(8.69|8.78|8.81(8.96|8.81|8.96(8.80|8.99|8.92(8.98|8.84|9.09 8.84(8.75(8.86|8.86 8.73| 8.8
44.418.78|8.42(9.20|8.61 8.88(8.76|8.85|8.89(9.03|8.88|9.03(8.87|9.06|8.99(9.04|8.90|9.14 8.90(8.80(8.92|8.92 8.79| 8.8
44.6 | 8.84|8.48(9.27|8.68 8.93(8.82|8.91|8.94(9.09|8.95|9.09(8.93|9.13|9.05(9.10|8.96|9.20 8.95(8.86(8.97|8.97 8.84| 8.9
44.8 |18.90|8.54(9.33|8.74 9.01(8.88|8.97|9.01(9.15|9.02|9.16(9.00|9.19|9.11(9.16|9.02| 9.26 9.01(8.92(9.03|9.03 8.89| 9.0
45.1(8.96|8.60(9.41|8.81 9.07|8.95(9.04|9.08|9.22(9.09(9.23|9.06(9.26 (9.18|9.24|9.08 |9.32 9.08|8.98(9.09|9.10 8.95| 9.0
45.4 19.05|8.68(9.498.90 9.16(9.04(9.12(9.17|9.30|9.18(9.32|9.15|9.36 (9.27 | 9.33|9.17 | 9.41 9.16(9.06(9.18|9.18 9.03| 9.1
45.2 119.10|8.63(9.53|8.96 9.21(9.09|9.17|9.22(9.34|9.23|9.37 (9.20|9.42|9.32(9.38|9.22|9.46 9.2219.11(9.23|9.24 9.09| 9.2
45.2 119.10|8.59(9.54|8.97 9.22(9.09|9.18|9.22(9.35|9.23|9.37 (9.20|9.42|9.32(9.39|9.22|9.47 9.2219.11(9.24|9.24 9.09| 9.2
45.3 [19.11|8.59(9.56 |8.98 9.23(9.10|9.18|9.23(9.36|9.24|9.38(9.21|9.44|9.33(9.40|9.23|9.48 9.23(9.12(19.24|9.25 9.10| 9.2
46.0 [|9.18|8.66 (9.64 |9.07 9.31(9.19|9.27|9.32(9.44|9.33|9.47 (9.30|9.52|9.42|9.50|9.32|9.56 9.3219.21(9.33|9.34 9.18| 9.3
46.5(9.32|8.79(9.78|9.22 9.46(9.34|9.42|19.47|9.58|9.48|9.62(9.44|9.67|9.58 |9.66 | 9.47|9.71 9.47(9.35(9.48|9.50 9.33|| 94
46.8 ||9.43|8.87(9.90|9.33 9.57(9.44|9.53|9.58(9.69|9.59|9.74 (9.56|9.79|9.70 (9.78 | 9.60 | 9.84 9.59(9.47(9.60|9.62 9.45| 9.5
47.0 (9.55|8.97(10.0(9.46 9.71|9.58(9.67|9.72|9.83(9.73|9.86|9.68(9.91|9.80|9.88|9.69 9.93 9.68(9.56(9.70|9.71 9.55| 9.6
47.3(9.64|9.03[10.1/9.53 9.79|9.66(9.75|9.80|9.91(9.82(9.98|9.78|10.0(9.92|10.0|9.81|10.0 9.80(9.67 [9.82]9.83 9.65| 9.7
46.9 [|9.68|9.06 (10.2|9.58 9.83(9.70|9.80|9.85(9.96|9.87|10.0(9.83|{10.1|10.0(10.2|10.0|10.2 10.0|9.85(10.0|10.0 9.83| 9.8
46.8 [19.8219.19(10.3|9.73 9.99(9.85|9.95|10.0(10.1{10.0|10.2(9.97|10.2|10.2(10.3|10.2|10.4 10.1]10.0{10.2|10.2 9.97| 9.9
46.8 [|9.9919.34(10.5| 9.9 10.2{10.0|10.1{10.2{10.3|10.2(10.4|10.2|10.4(10.4|10.5|10.4 [ 10.5 10.3]10.2{10.3|10.4 10.1]{ 10.1
46.9 [10.219.53(10.7|10.1 10.4|10.2|110.3(10.4|10.5|10.4(10.6|10.4|10.6(10.5{10.7|10.6 [ 10.8 10.6|10.4|10.6|10.6 10.3] 10.3
47.1]10.4|9.75(10.9|10.4 10.610.5|10.6(10.6|10.7|10.7(10.8|10.6|10.9(10.8{11.0|10.8 [ 11.0 10.8|10.6(10.8|10.8 10.6] 10.6
47.2 11.3{10.4 11.0{10.9|11.0{10.9{11.1|10.8(11.1{11.0|11.2(11.1]11.2 11.0{10.9{11.1|11.1 10.8] 11.0
47.2 11.5(10.6 11.2(11.1|11.1{11.1(11.2|11.0{11.3[11.2|11.4|11.3[11.4 11.3[11.1{11.3(11.3 11.0 11.2
47.3 11.6(10.7 11.4(11.2|11.3{11.2(11.4|11.1{11.4|11.3|11.6|11.4(11.6 11.4|11.2|11.4 (114 11.1) 1.4
42.9 11.6(10.7 11.3{11.1|11.2({11.1]11.3|11.0{11.3{11.2|11.4(11.3|11.4 11.3{11.1|11.3|11.3 1.1 113
36.2 11.3{10.5 11.110.9|10.9(10.9/11.0|{10.811.1{11.0|11.2(11.1]11.3 11.2111.0{11.2|11.2 10.9] 111
35.4 11.3{10.4 11.0{10.8|10.9(10.9/11.0|{10.7(11.0{10.9|11.2(11.1]11.2 11.2111.0{11.2|11.2 10.9] 11.0

Pomiary odksztatcer wykonywano tensometrami elektrooporowymi TFs-5 o bazie 5mm.

CFRP strain were measured with electric resistance gauges TFs-5 with range of 5mm.

P - oznaczenie strony pasywnej zakotwienia / the names of the passive side of anchorage system
A - oznaczenie strony aktywnej zakotwienia / the names of the passive side of anchorage system
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Tablica Z2.4 Przemieszczenia pionowe belki, v

Table Z2.4 Vertical displacement, v

Eg:d/ Przemieszczenia pionowe / Vertical displacement v (mm)

2F | vi | va | va | Va | Vs | Ve | Vi| Vs | Vo | Vaut2 |Vavsa|Vaver|Vavseso
kN |11100|1300(2300|2500|3000 | 3500 | 3700 |4700|4900| 1200 |2400 | 3600 | 4200
64 | 00| 00| 00|00|00]|00]|00]|00]|DO0.0 0.0 0.0 | 0.0 | 0.0
77 |06 |06 |11 |11][11]11]10 |07 |06 0.6 11 (1.1 | 06
96 || 1518|2829 |30|29|28|18]| 15 1.6 29 | 28 | 17
11927 (31]|149|52|53|51|49|32]28 2.9 50 | 50 | 3.0
137 39|46 |72 |75 |78 |76 |73 |47 |40 4.2 74 | 74 | 44
156 || 6.1 | 7.2 |115(12.1 126|122 |11.7| 74 | 6.3 6.7 | 118119 6.9
155 6.2 |72 |116(121[126|122|11.7| 74 | 6.3 6.7 | 118120 6.9
17.2 || 88 |10.4|16.5(17.3(17.8|17.3|16.8|10.7 | 9.1 96 |169(17.1| 9.9
19.7 1141341212 (22.2(22.8|222|214 (13.7 [11.7]| 124 [21.7|21.8 | 127
196 |[11.6]13.6|21.5(22.6(23.2|225|21.7(13.9(11.8]| 126 |22.0|22.1|129
219 |[145]|17.1|27.0(28.3(29.0|28.2|27.0(17.4|14.8| 158 |27.7|27.6 | 16.1
219 |[146|17.1|27.2|28.5(29.2|28.3|27.2(17.5[149| 159 |[27.8|27.7|16.2
235 (16.8119.8|31.2(32.8(33.6|32.6(31.3(20.3[17.2| 183 [32.0|31.9|18.8
26.2 [[19.723.2|36.5(38.4(39.3|38.1|36.6(24.0{20.3|| 215 |[37.4|37.3|22.1
26.2 (19.9(23.5|36.9(38.7|39.7(385|36.9(24.2|20.5|| 21.7 |37.8|37.7|224
25.8 [(20.2123.9|37.4(39.3(40.3|39.1|37.5(24.7(209| 22.0 |38.4|38.3|228
72 (| 54]62)|95(102|100[ 9.7 | 95|64 | 53 5.8 98 | 96 | 59
26.0 [[20.5]|24.2|37.9(39.9(40.8|39.6|38.2|25.1(21.2| 223 |38.9|38.9|23.1
70 ([ 53]62)|94(102|99 |96 |95 |64 |53 5.8 98 | 96 | 5.8
259 120.5|24.2|38.0(39.9(40.8|39.638.2(25.1(21.2|| 223 |38.9|38.9|23.2
73 | 54|63 |95 (102(10.0| 9.7 | 96 | 6.4 | 53 5.8 99 | 9.7 | 59
25.8 |[20.5]|24.2|38.0(40.0(40.9|39.6|38.3(25.2(21.2| 224 |39.0|39.023.2
71 | 53]61|93(100[98 | 95|94 |63 |52 5.7 97 | 95 | 5.8
259 120.7|24.5|38.3(40.3(41.3|40.0|38.7 (254 (21.4| 226 |39.3|39.3|23.4
68 || 5361|9299 (97|94 |93 63|52 5.7 96 | 94 | 5.7
72 (53]61]|93[100|98 95|94 63|52 5.7 9.7 | 94 | 58
25.9 120.8|124.6|38.4(40.4(41.3|40.1|38.7(255(21.5| 227 [39.4|394|235
27.9 [|22.827.1|42.3|44.6 45.3|44.0|42.3(28.2(23.9| 249 |43.4|43.2|26.1
29.8 |[25.3129.8|46.449.048.848.4|46.5(31.1(26.4| 275 |47.7|475|28.7
29.8 |[25.3129.8|46.449.0(48.848.4|46.5(31.1(26.4| 275 |[47.7|475|28.7
321 |27.4|32.3|50.5|53.2(53.2(52.7|50.7|33.8|288| 29.9 |51.8|51.7 313
341 |29.9(352|549|57.8|57.9(57.4|55.2|36.9|314| 325 |56.4|56.3|34.1
35.8 |32.2(38.0|59.1|62.2|625(61.8|59.5|39.8|33.9| 35.1 | 60.7 | 60.6 | 36.8
37.6 |355(41.9|65.6|69.1|70.0(69.5|66.9|44.3|37.8| 38.7 |67.3|682|41.1
37.6 |36.5(43.1|67.6|71.2(72.3(71.9|69.2|45.7|39.0| 39.8 |69.4 | 705|424
38.3 |37.2(43.9(68.7|72.4|73.6(73.2|70.4|46.5|39.7| 405 |70.6 |71.8|43.1
38.7 |37.8|44.6|70.1|73.9|75.1(74.7|71.8|47.4|404| 412 |72.0|73.3 439
39.0 |39.4|46.6|73.8|77.8|79.7(79.5|76.1|49.9|426| 43.0 |758|77.8|46.2
39.4 ||40.8|48.2(76.7|81.0(83.3|83.1(79.5|51.8(44.2| 445 |78.9|81.3|48.0
39.5 |42.0(49.7|79.4|84.0 | 86.6 |86.2|82.4|53.5|456| 45.8 |81.7|84.3|495
39.6 |[43.0(51.0(82.0|86.8|89.7|89.2(85.1|55.1(47.0| 47.0 |84.4|87.1|51.0
40.0 ||44.6|52.9|85.4(90.693.9|93.1|88.7|57.3(48.7| 48.7 |88.0|90.9 | 53.0
40.5 (46.0(54.8|88.6(94.0|97.8(96.8|92.1(59.2|50.4| 50.4 |91.3|94.4 |54.8
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41.0 | 47.7 | 57.0|92.3|98.1|102.1|/100.9| 96.1 | 61.6 | 52.5 | 52.4 | 95.2 | 98.5 | 57.0
415 | 49.5 |58.9 | 95.8 |102.0{106.1({104.8| 99.1 | 63.7 | 54.3 || 54.2 | 98.9 |102.0| 59.0
411 || 50.3 | 59.9 |97.3|103.8/107.9|106.7|100.6| 64.8 | 55.2 | 55.1 |100.5|103.6| 60.0
413 | 50.4 |60.0 [ 97.7 |104.1|108.2(106.9(100.9| 65.0 | 55.4 || 55.2 |100.9|103.9| 60.2
413 | 50.5 | 60.1|97.9 |104.3|108.3|107.1|101.2| 65.2 | 55.6 | 55.3 |101.1|104.2| 60.4
413 | 50.7 |60.3 | 98.0 |104.4|108.4(107.2(101.4| 65.4 | 55.7 || 55.5 |101.2|104.3| 60.6
413 | 50.8 |60.4 |98.2|104.7|108.6(107.5(101.6| 65.5 | 55.8 || 55.6 |101.5|104.5| 60.7
413 | 50.9 |60.5|98.4 |104.9|108.9(107.9(101.8| 65.7 | 56.1 || 55.7 |101.6|104.9| 60.9
419 | 51.4 |61.1[99.3|105.9/110.0{108.9(102.9| 66.3 | 56.7 || 56.2 |102.6|105.9| 61.5
425 | 53.5 |63.6 (103.9|110.9|115.5(114.4(108.1| 69.3 | 59.2 || 568.5 |107.4|111.2| 64.3
43.0 | 56.6 |66.3 ({108.8|116.2|121.5{120.3(113.7| 72.7 | 62.1 | 61.5 |[112.5|117.0| 67.4
43.6 | 58.8 |68.8 [113.2|1121.0{126.9(125.6(118.7| 75.5 | 64.6 || 63.8 |[117.1|122.2| 70.0
43.8 | 60.4 116.2|124.3(130.5(129.1|121.9| 77.4 | 66.1 120.2|125.5| 71.7
43.9 | 60.8 117.11125.2|1131.6|130.2|122.9| 77.9 | 66.6 121.21126.6| 72.3
441 | 61.8 118.1126.3(132.7(131.3|124.0| 78.5 | 67.1 122.21127.6| 72.8
444 | 62.6 119.9|128.2|134.8|133.3|125.9| 79.6 | 68.1 124.0|129.6| 73.9
446 | 63.4 121.5|130.0{136.8(135.2|127.7| 80.7 | 68.9 125.71131.5| 74.8
448 | 64.2 123.21131.8|138.8|137.2|129.5| 81.7 | 69.9 127.5|133.4| 75.8
45.1 | 65.0 125.0{133.8(141.0(139.3|131.5| 82.9 | 70.8 129.41135.4| 76.8
454 | 66.1 127.41136.4(143.9(142.2|134.2| 84.4 | 721 131.9(138.2| 78.3
452 | 66.8 128.9|137.9 143.9|135.8( 85.4 | 72.9 133.4(139.8| 79.1
452 | 66.8 129.1|138.1 144.11136.0| 85.5 | 73.0 133.6(140.0| 79.2
453 | 67.0 129.4|138.5 144.5|136.3| 85.7 | 73.1 133.9(140.4| 79.4
46.0 | 68.1 131.7|141.0 147.2|138.9( 87.3 | 74.5 136.4|143.1| 80.9
46.5 | 70.0 135.7|145.4 143.4| 89.8 | 76.8 140.6 83.3
46.8 | 71.5 139.0|148.9 91.9 | 785 144.0 85.2
47.0 | 73.0 142.41152.6 93.8 | 80.1 147.5 87.0
473 | 745 95.8 | 81.8 88.8
46.9 | 75.9 98.3 | 83.9 91.1
46.8 | 77.7 101.7| 86.6 94.2
46.8 105.9| 90.1 98.0
46.9 111.1] 94.1 102.6
471 98.8 98.8
47.2 103.6 103.6
47.2

47.3 180.0

Pomiary przemieszczen pionowych wykonywano przetwornikami przemieszczen liniowych o zakresie 50mm.
Vertical displacement were measured with linear displacement transducers with range of 50mm.
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Tablica Z2.5 Pomiary podczas naprezania tasmy
Table Z2.5 Measurements during prestressing of the CFRP strip

Sita [Odksztatcenia tasmy CFRP| Przemieszczenia pionowe

Odksztatcenia betonu / Concrete strain

Load / CFRP strain & (%o) / Vertical displacement v (mm)

2F | T13 | T14 | T15 T Ret | Re2 | Res | Rea | Res Ru | Rs | Rs | Rz | Rie | R | Ruo Vi | Vo | va|va|vs | Vel| vs| ve
&, &

kN [ 2850 | 3000 | 3150 " lo400j2700]3000{33003600] " [2100|2400|2700[3000(3300(3600(3900] ** [1100/1300[2300[25003000[3500[3700[4700

6.3 | 0.00 | 0.00 | 0.00 | 0.00[0.00{0.00{0.00|0.00{0.00}0.00}0.00{0.00{0.00|0.00{0.00{0.00{0.00(0.00(0.00| 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0 | 0.0

6.3 | 0.51 | 0.50 | 0.50 | 0.50 0.00{0.01}-0.01|-0.01|0.01}0.00j-0.01|-0.02(/0.00|-0.07|0.00|0.00{0.00{-0.02{-0.2|-0.3| 0.5 |-0.4|-0.5|-0.4|-0.4|-0.2

6.3 | 0.99 | 0.99 | 0.99 | 0.990.00{0.01]{0.00(0.00{0.01}0.00]0.00|-0.03[-0.01|-0.07|-0.02|-0.01|-0.01{-0.03( -0.5| -0.5|-0.9|-0.9|-0.9|-0.8 |-0.8 | -0.5

6.3 | 1.51 | 1.50 | 1.49 | 1.50 (|0.01|0.03{0.00}-0.01|0.02{0.01}-0.01}-0.06/-0.03-0.07|-0.04|-0.03(-0.01-0.04{ -0.7 | -0.8 | -1.3|-1.4 (-1.4|-1.4[-1.3|-0.8

6.3 || 2.02 | 2.01 | 2.01 | 2.01 |0.02|0.01[-0.01-0.01|0.04{0.00}-0.01}-0.07|-0.04-0.09|-0.05|-0.04(-0.02}-0.06{ -1.0 | -1.2 | -1.9|-2.0 (-2.0|-1.9(-1.8 | -1.2

6.3 | 2.26 | 2.25 | 2.24 | 2.25(|0.03|0.03[-0.01}-0.02|0.030.00}-0.01}-0.10}-0.06/-0.10|-0.06|-0.06(-0.03-0.07| -1.2 | -1.4 | -1.9|-2.3 | -2.4 | -2.2|-2.1 | -1.4

6.3 || 2.51 | 2.50 | 2.50 | 2.50 [|0.02|0.03{0.00{0.00{0.05{0.01[0.00{-0.10}-0.06/-0.10|-0.07|-0.06(-0.04-0.08( -1.4 | -1.6 |-2.5|-2.6 |-2.6|-2.5[-2.4 | -1.6

6.3 || 3.02 | 3.01 | 3.01 | 3.01(|0.04|0.04{0.00}-0.010.06{0.01[0.00{-0.12J-0.08}-0.11|-0.09|-0.09(-0.05-0.09| -1.8 | -2.1 | -3.2|-3.3 | -3.4 | -3.2 | -3.1 | -2.0

6.3 | 3.25 | 3.24 | 3.24 | 3.24 ||0.05|0.04|0.000.00{0.07}0.02/0.00|-0.15-0.08|-0.12-0.09}-0.10[-0.06{-0.10f| -1.9 | -2.3 | -3.5|-3.6 | -3.7 | -3.5|-3.4 | -2.2

6.3 | 3.53 | 3.52 | 3.51 | 3.52(0.06|0.05{0.00-0.020.07{0.01-0.02-0.15}-0.10}-0.13|-0.09|-0.10(-0.06-0.11( -2.1|-2.5 | -3.9 | -4.0 | -4.1|-3.9[-3.8 | -2.5

6.3 || 3.76 | 3.74 | 3.73 | 3.74 |0.07|0.06{0.00[-0.020.08{0.01[-0.01}-0.18J-0.11|-0.15[-0.11|-0.12[-0.08}-0.12| -2.3 | -2.7 | -4.2 | -4.3 | -4.4 | -4.3 | -4.1 | -2.7

6.3 || 4.03 | 4.01 | 3.99 | 4.01(0.08|0.07[-0.01]-0.02|0.08{0.01-0.02-0.18J-0.12|-0.16|-0.11|-0.13(-0.08/-0.13( -2.5|-3.0 | -4.6 | -4.7 | -4.9|-4.7 | -4.5|-2.9

6.3 | 4.32 | 4.30 | 4.28 | 4.30 (0.09|0.07{0.00}-0.010.10{0.02}-0.02-0.21/-0.14/-0.17|-0.14/|-0.15(-0.10-0.15( -2.8 | -3.3 | -5.1|-5.2 | -5.3|-5.1 [ -4.9 | -3.2

6.3 || 4.52 | 4.50 | 4.48 | 4.50 (0.10|0.07{-0.01{0.00{0.10{0.02]0.00{-0.21}-0.22|-0.17|-0.14|-0.16(-0.10-0.18{ -3.0 | -3.5|-5.4 | -5.6 | -5.7 | -5.4 | -5.2 | -3.4

6.3 | 463 | 461 | 4.59 | 4.61]0.10/{0.08/0.00|0.00|0.10}0.03-0.02|-0.22-0.23|-0.17|-0.15-0.17|-0.10|-0.18 -3.1| -3.6 | -5.6 | -5.7 | -5.8 | -5.6 | -5.4 | -3.5

6.3 | 473 | 471 | 4.69 | 4.71(0.11|0.08{0.00[-0.010.10{0.03[-0.01}-0.22}-0.22|-0.18|-0.15|-0.17|-0.10-0.18 -3.2 | -3.7 | -5.7 | -5.9 | -6.0 | -5.8 | -5.6 | -3.6

6.3 || 4.82 | 4.80 | 4.78 | 4.80(0.11]|0.07[-0.01-0.02|0.12{0.02}-0.02}-0.23|-0.23}-0.18|-0.15|-0.18(-0.11|-0.18{ -3.2 | -3.8 | -5.9|-6.0 | -6.1|-5.9[-5.7 | -3.7

6.3 || 492 | 490 | 4.88 | 4.90(0.11|0.09{0.00{0.00{0.12{0.03[-0.01}-0.24/-0.25|-0.19-0.15|-0.18(-0.11|-0.20{ -3.4 | -4.0 | -6.1|-6.3 | -6.4 | -6.2[-5.9 | -3.8

6.3 || 5.03 | 5.00 | 4.98 | 5.00 (0.11]0.08[-0.01-0.01{0.11{0.02}-0.02}-0.25|-0.24/-0.18|-0.16|-0.19(-0.11|-0.19| -3.5|-4.1 | -6.3 | -6.4 | -6.6 | -6.3 [ -6.1 | -3.9

6.3 || 5.04 | 5.02 | 4.99 | 5.02(0.11]|0.08{0.00-0.02|0.12{0.02[-0.02/-0.24/-0.25/-0.20|-0.16/-0.18(-0.11|-0.20{ -3.5 | -4.1 | -6.3 | -6.5 | -6.6 | -6.3 [ -6.1 | -3.9

6.3 | 5.02 | 4.99 | 4.97 | 4.99(0.13]0.08]-0.01|-0.01|0.12}0.02]-0.02|-0.25[-0.25|-0.19|-0.16/-0.18|-0.11(-0.20{ -3.5 | -4.1 | -6.3 | -6.5|-6.6 | -6.4 | -6.1|-3.9

6.3 || 494 | 492 | 4.89 | 4.92(0.12|0.08(-0.01]-0.01{0.11{0.02}-0.01}-0.25|-0.25/-0.19|-0.15|-0.20(-0.11|-0.20{ -3.5 | -4.1 | -6.3 | -6.5 | -6.6 | -6.4 | -6.1 | -4.0

6.3 | 4.87 | 4.84 | 4.82 | 4.84 0.12|0.08(-0.01-0.01{0.11{0.02}-0.02/-0.24/-0.25/-0.19-0.16|-0.18(-0.11|-0.20{ -3.5 | -4.1 | -6.3 | -6.5 | -6.6 | -6.4 | -6.1 | -4.0

6.3 | 4.58 | 4.55 | 4.53 | 4.55(0.12|0.08[-0.01]-0.01{0.11{0.02}-0.02}-0.23|-0.26/-0.19|-0.17|-0.15(-0.09|-0.20{ -3.4 | -3.9 (-5.9|-6.1 | -6.3 | -6.0 [ -5.9 | -3.8
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Tablica Z2.6 Odksztalcenia betonu , &, €. (pomiary rgczne)

Table Z2.6 Concrete strain g, , &, (manual measurements)

Sita zewnetrzna / External load
8 Lotalzac | e o | 1T e w1 oo
Nlo /Localization Before strengthening | After strengthening Podczas badania / During the test
0 kN 6.3 kN 6.3 kN 6.3 kN| 7.3 kN|16.3 kN|20.3 kN|26.3 kN
Odksztatcenia betonu w strefie rozcigganej / Concrete strain in tension zone , & (%o)
1 5845 0.20 0.04 -0.05 -0.02 -0.02 | 0.00 | 0.00 | 0.01 0.02 | 0.02
2 5642 -0.24 -0.24 -0.32 0.01 0.00 0.00 | 0.00 0.04 0.06 0.10
3 5438 -0.07 -0.11 -0.16 -0.02 -0.02 0.00 | 0.01 0.05 0.08 0.13
4 5235 0.11 0.11 0.08 0.00 -0.01 0.00 | 0.01 0.04 0.06 0.08
5 5032 0.15 0.11 0.11 0.02 0.01 0.00 | 0.03 | 0.08 | 0.10 | 0.15
6 4829 0.11 0.10 0.09 0.00 -0.01 0.00 | 0.02 | 0.10 | 0.17 | 045
7 4626 0.09 0.08 0.09 -0.01 -0.01 0.00 | 0.00 | 0.09 | 0.15 | 0.48
8 4422 0.09 0.09 0.09 -0.01 -0.02 | 0.00 | 0.01 | 0.15 | 0.41 0.95
9 4219 -0.03 0.01 0.12 0.00 -0.01 0.00 | 0.02 0.17 0.32 0.69
10 4016 -0.01 0.03 0.34 0.01 0.01 0.00 | 0.04 0.39 0.76 1.31
11 3813 0.03 0.00 0.15 0.00 -0.01 0.00 | 0.03 0.57 0.73 1.23
12 3610 -0.14 -0.09 0.31 -0.01 -0.03 0.00 | 0.04 0.49 0.92 1.56
13 3406 0.02 0.01 0.10 0.01 0.00 0.00 | 0.02 0.40 0.86 1.53
14 3203 -0.04 -0.06 0.18 -0.01 -0.03 0.00 | 0.03 0.53 0.95 1.57
15 3000 -0.01 -0.01 0.15 0.07 -0.01 0.00 | 0.03 | 0.44 | 0.87 1.54
16 2797 -0.03 -0.03 0.16 0.00 0.00 0.00 | 0.03 | 043 | 0.85 1.48
17 2594 -0.05 -0.04 0.21 -0.01 -0.01 0.00 | 0.03 0.35 0.70 1.04
18 2390 -0.17 -0.11 0.34 -0.01 -0.01 0.00 | 0.04 0.43 0.70 1.44
19 2187 0.04 0.04 0.12 0.01 0.01 0.00 | 0.02 0.24 0.69 1.34
20 1984 -0.17 -0.11 0.31 -0.01 -0.01 0.00 | 0.03 0.51 0.96 1.61
21 1781 -0.06 -0.03 0.19 -0.02 0.00 0.00 | 0.02 | 022 | 0.39 | 0.73
22 1578 0.05 0.06 0.13 0.01 0.00 0.00 | 0.02 | 0.26 | 0.61 1.29
23 1374 0.08 0.12 0.10 0.00 0.00 0.00 | 0.01 | 0.07 | 0.09 | 0.35
24 1171 0.13 0.10 0.10 -0.01 0.00 0.00 | 0.01 | 0.09 | 0.13 | 0.33
25 968 0.17 0.12 0.08 -0.02 -0.02 0.00 | 0.00 0.07 0.08 0.13
26 765 0.13 0.14 0.06 0.01 0.00 0.00 | 0.00 0.03 0.03 0.05
27 562 0.08 0.04 -0.01 -0.03 -0.03 0.00 | 0.00 0.03 0.05 0.10
28 358 -0.04 -0.04 -0.04 -0.03 -0.02 0.00 | 0.01 0.03 0.05 0.28
29 155 -0.02 -0.02 -0.02 -0.01 0.00 0.00 | 0.00 | 0.01 0.01 0.01
&tav (%0) " -0.02 -0.03 0.16 | 0.01 | -0.01 | 0.00 | 0.03 | 0.43 | 0.84 | 1.43 |

Pomiary odksztatcerr wykonywano przy uzyciu ekstensometru nasadowego o bazie 8'.
Concrete strain measurements measured by hand with dial strain gauges of 8' working range.
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WYNIKI BADAN ELEMENTU

B12-asp-e
TEST RESULTS OF MEMBER
Series B
250, 1200 B 1200 B 1200 B 1200 B 1200 250,

I v I V

mﬁj

16x150=2400 . 1200 . 16x150=2400 15Q,

6000

4#8

#38 @ 150mm

Q
o 4412
o b
\ 1 CFRP strips
100x1.20mm
, 200 , 100 , 200 v
, 500 ,
Tablica Z3.1 Zestawienie charakterystycznych parametrow dla elementu B12-asp-e
Table Z3.1 Summary of characteristic parameters for beam B12-asp-e
Beton Stal zbrojeniowa CFRP Sita
Concrete Steel reinforcement Load
500 x 220mm’ 4#12 4#8 1x 100x1.2mm’ 2F, 20.0kN
2 | fouwe | 46.7MPa | Ay | 1133mm’ | 49.4mm’ i 2857MPa 2Fy 26.0kN
G
s 2F,
A | fospiic | 3.48MPa | f, | 539.6MPa | 416.2MPa €6y 16.8%o oF 76%
ul
f, 40.9MPa | f, | 627.5MPa | 734.1MPa E¢ 173.7Gpa 2F, 49.0kN
E 254MPa | E; | 191.3GPa | 186.1GPa Ettot 11.5% 2 188%
¢ : s : : (Erpteries) | (4.75%0+6.85%0) 2F, ’
B12-asp-e
a - tasma przyklejona / laminate bonded
sp - stalowa plyta kotwiaca / anchorage steel plate
e -

wstgpne obciazenie belki przed wzmocnieniem

/ preloading of the beam before its strengthening
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Tablica Z3.2 Odksztalcenia betonu, € , g (pomiary komputerowe)
Table Z3.2 Concrete strain, g, , g (computer registered measurements)

Sita / Odksztatcenia betonu / Concrete strain Krzywizna /
Load £ & Curvature
2F | Ret [ Rez [ Rea [ Res [ Res [ v | Ru [Re [ Ro [ Ru [ Rs [ Re [ Ry [ Ra | Ro [Reo [ Rt [Ruz [RuaJowan | %
kN %o %o %o %o 1/m
7.3 [-0.03|-0.04|-0.05|-0.04|-0.02|-0.04[ 0.02 | 0.03 | 0.09 | 0.04 [ 0.13 | 0.09 [ 0.02 | 0.03{0.13 | 0.07 [ 0.14 [ 0.01 |-0.01|0.05| 0.0006
8.3 [-0.05|-0.04|-0.07|-0.06|-0.04|-0.05( 0.04 | 0.07 | 0.17 | 0.07 | 0.30 | 0.05 | 0.04 | 0.05|0.24 | 0.13 [ 0.19 [ 0.03 |-0.010.05| 0.0007
10.2 |-0.11|-0.08(-0.12(-0.11|-0.10{-0.10[ 0.16 | 0.26 | 0.58 | 0.24 | 0.76 | 0.32 | 0.32 | 0.24 | 0.65 | 0.41 | 0.53 | 0.17 | 0.00] 0.29 | 0.0027
12.2 |-0.13]-0.12(-0.15[-0.12|-0.13]-0.13[ 0.31 [ 0.42 | 0.85 | 0.43 | 1.05 | 0.64 | 0.62 | 0.36 | 0.96 | 0.65 | 0.76 | 0.29 | 0.07 [ 0.54 | 0.0045
12.2 |-0.13]-0.12(-0.15(-0.12|-0.13]-0.13] 0.33 | 0.44 | 0.89 | 0.44 | 1.07 | 0.67 | 0.63 | 0.37 [ 0.99 | 0.67 | 0.78 | 0.31 | 0.11] 0.56 | 0.0046
14.1 |-0.17|-0.14(-0.18(-0.14|-0.16[-0.15[ 0.47 | 0.62 | 1.16 | 0.62 [ 1.37 | 0.99| 0.88 | 0.56 | 1.32 | 0.89 | 1.02| 0.49 | 0.33] 0.81| 0.0064
16.1 |-0.20|-0.18(-0.21(-0.15|-0.19]-0.18[ 0.72 | 0.84 | 1.53 | 0.88 | 1.65 | 1.39| 1.15|0.87 [ 1.77 [ 1.15| 1.38 | 0.68 | 0.71] 1.13| 0.0088
16.1 |-0.20{-0.18(-0.21-0.15|-0.19(-0.18[ 0.75| 0.86 | 1.56 [ 0.90 | 1.66 | 1.41 | 1.16 | 0.90 [ 1.79 [ 1.16 | 1.38 | 0.69 | 0.74] 1.16 | 0.0089
18.1 |-0.22|-0.20{-0.22(-0.15|-0.22[-0.19( 0.89 [ 0.99 | 1.76 | 1.06 [ 1.89 | 1.65 | 1.67 | 1.09 | 2.04 [1.19|1.56 | 0.79|0.95 | 1.47| 0.0111
18.1 |-0.22|-0.21(-0.22(-0.15|-0.22[-0.19( 0.94 { 1.04 [ 1.76 [ 1.06 [ 1.92 | 1.89| 1.68 | 1.09 | 2.04 [ 1.22|1.60|0.78 | 0.96 ] 1.55| 0.0117
20.0 |-0.25(-0.23|-0.24|-0.17|-0.25|-0.21| 1.08 | 1.21 [ 1.97 | 1.30 | 2.23 | 2.18 [ 1.72 [ 1.29 | 2.36 | 1.32 | 1.820.89 [ 1.21 1.73| 0.0129
20.0 [-0.26(-0.27|-0.25(-0.17|-0.25|-0.23| 1.18 | 1.41 [ 2.06 | 1.35 | 2.252.38 | 1.94 [ 1.35 | 2.40 | 1.40 [ 1.92 [ 0.91 [ 1.67 [ 1.89| 0.0141
20.0 |-0.26(-0.25|-0.25|-0.17|-0.25|-0.22 1.14 [ 1.41 [ 1.97 | 1.32 | 2.15(2.32[1.90 [ 1.31 |2.32 | 1.41 | 1.84 | 0.88 | 1.63 | 1.84| 0.0138
20.0 [-0.26(-0.25|-0.25|-0.16|-0.25|-0.22 1.06 | 1.41 [ 1.84 | 1.26 | 2.02{2.20 [ 1.79 [ 1.23 | 2.18 | 1.41 | 1.72[0.81 [ 1.51 | 1.74| 0.0131
20.0 [-0.26(-0.24|-0.24|-0.15|-0.25|-0.21| 0.98 | 1.41 [ 1.70 | 1.18 | 1.88 | 2.07 | 1.66 [ 1.15|2.03 | 1.36 | 1.60 | 0.75 [ 1.39 | 1.63| 0.0123
20.0 |-0.26(-0.24|-0.24|-0.15|-0.25|-0.21) 0.89 | 1.41 | 1.56 | 1.09 | 1.75 | 1.94 [ 1.55 [ 1.08 | 1.88 | 1.26 | 1.48 | 0.69 [ 1.26 | 1.52| 0.0115
20.0 [-0.25(-0.24-0.23|-0.14|-0.25|-0.20[ 0.80 | 1.41 [ 1.42 | 1.00 | 1.62 | 1.82 [ 1.43 [ 1.00 | 1.74 | 1.16 | 1.35 [ 0.63 [ 1.13 1.41| 0.0108
20.0 |-0.25(-0.23|-0.23|-0.14|-0.25|-0.20[ 0.70 | 1.33 | 1.27 | 0.93 | 1.48 | 1.68 | 1.30 [ 0.91 | 1.58 | 1.05 | 1.23[0.56 [ 1.00 | 1.30 | 0.0100
20.0 [-0.25(-0.23|-0.22|-0.13|-0.25|-0.20( 0.68 | 1.31 | 1.24 | 0.91 | 1.45 | 1.66 | 1.28 [ 0.90 | 1.56 | 1.03 | 1.21 [ 0.55 [ 0.98 | 1.28 | 0.0098
20.0 [-0.25(-0.24|-0.24|-0.16|-0.25|-0.21) 0.69 | 1.32 | 1.32 | 0.95 | 1.61 | 1.65 | 1.33 [ 0.94 | 1.68 | 1.11 | 1.30 | 0.58 [ 0.97 | 1.31| 0.0101
20.0 [-0.23(-0.24-0.23|-0.08|-0.23|-0.18[ 0.71 [ 1.36 [ 1.31 | 0.95 | 1.59 | 1.63 [ 1.34 [ 0.95 | 1.65 | 1.11 | 1.27 [ 0.58 [ 1.03 | 1.31| 0.0099
20.0 |-0.29(-0.37|-0.36|-0.22|-0.32|-0.32 0.68 | 1.35 | 1.33 | 0.94 | 1.57 | 1.53 [ 1.32 [ 0.95 | 1.62 | 1.11 | 1.25 [ 0.64 [ 0.95 1.27 | 0.0105
21.9 [-0.31(-0.39|-0.38|-0.26|-0.34|-0.34[ 0.73 [ 1.38 | 1.44 | 0.98 | 1.71 [ 1.59 [ 1.35 [ 0.98 | 1.76 | 1.16 | 1.34 | 0.67 [ 0.95 1.31| 0.0110
23.9 |-0.33(-0.41-0.40|-0.27|-0.36|-0.36 0.78 | 1.44 | 1.55 | 1.05 | 1.83 | 1.71 [ 1.36 [ 1.05 | 1.89 | 1.24 | 1.43[0.71|0.98 | 1.37| 0.0115
25.9 |-0.35(-0.43|-0.41|-0.29|-0.38-0.37[ 0.84 | 1.50 | 1.66 | 1.13 | 1.96 | 1.84 [ 1.38 [ 1.14 | 2.04 | 1.29 | 1.53 [0.75[0.98 | 1.45| 0.0122
25.8 |-0.35(-0.43|-0.41|-0.29|-0.38-0.38[ 0.84 | 1.50 | 1.67 | 1.13| 1.96 | 1.83 [ 1.38 [ 1.14 | 2.05|1.29 | 1.53 | 0.75 [ 0.98 | 1.45| 0.0122
25.8 |-0.35(-0.43|-0.41|-0.29|-0.38-0.38[ 0.84 | 1.50 | 1.67 | 1.13 | 1.96 | 1.83 [ 1.38 [ 1.14 | 2.05 | 1.29 | 1.54 | 0.75 | 0.98 | 1.45| 0.0122
27.9 [-0.37(-0.45|-0.43|-0.31|-0.41|-0.40[ 0.94 | 1.57 [ 1.80 | 1.23 | 2.09 | 1.97 [ 1.40 [ 1.22|2.20 | 1.30 | 1.65 | 0.80 [ 0.99 | 1.53 | 0.0129
29.9 |-0.39(-0.47|-0.46|-0.32|-0.43|-0.42[ 0.97 | 1.64 | 1.91 | 1.31|2.22{2.13 [ 1.48 [ 1.32|2.36 | 1.33 | 1.75[0.85 [0.99 | 1.64 | 0.0137
32.0 |-0.42|-0.49|-0.48|-0.34|-0.46|-0.44( 1.04 [ 1.71| 2.07 | 1.41 | 2.37 | 2.30 [ 1.63 | 1.42| 2.55 | 1.38 | 1.88 [ 0.92 | 1.08 [ 1.78 | 0.0148
32.0 |-0.42|-0.49|-0.48|-0.35|-0.46|-0.44( 1.05 [ 1.72 | 2.07 | 1.41 | 2.38 | 2.31 | 1.63 | 1.43|2.56 | 1.38 | 1.89 [ 0.92 | 1.09 [ 1.79| 0.0148
33.9 |-0.44|-0.50|-0.49|-0.36|-0.48|-0.45( 1.10 [ 1.80 | 2.21 | 1.53 | 2.57 | 2.48 [ 1.82 | 1.53 | 2.76 | 1.45 | 2.02 [ 0.99 | 1.18 [ 1.94 | 0.0160
34.9 |-0.45|-0.51|-0.50|-0.37|-0.50|-0.46( 1.12 | 1.85 | 2.30 | 1.59 | 2.72 | 2.48 | 1.96 | 1.59 | 2.92 | 1.52 | 2.09 [ 1.03 | 1.24 [ 2.01| 0.0165
36.0 |-0.46-0.51|-0.50{-0.38|-0.51|-0.46( 1.15 | 1.88 | 2.37 | 1.64 | 2.93 | 2.52 | 2.18 | 1.64 | 3.08 | 1.59 [ 2.15 [ 1.06 | 1.30 [ 2.11 0.0172
35.8 |-0.45|-0.51|-0.50|-0.37|-0.52|-0.46( 1.16 | 1.90 | 2.39 | 1.65 | 3.07 | 2.60 [ 2.32 | 1.64 | 3.17 | 1.62 | 2.17 [1.07 | 1.352.19| 0.0177
36.8 |-0.46|-0.51|-0.51|-0.38(-0.52|-0.47( 1.19 [ 1.92 | 2.46 | 1.69 | 3.21 | 2.74 [ 2.50 | 1.66 | 3.31 | 1.67 [ 2.22 [ 1.09 | 1.37 [ 2.30| 0.0185
37.9 |-0.46|-0.51|-0.50|-0.36|-0.54|-0.46( 1.22 | 1.97 | 2.54 | 1.74 | 3.81 | 2.98 [ 3.06 | 1.93(3.93 | 1.77 [ 2.28 [ 1.13 | 1.422.66 | 0.0208
38.0 |-0.43|-0.51|-0.50|-0.36|-0.54|-0.46[ 1.23 | 2.00 | 2.58 | 1.76 | 4.10 | 3.11 | 3.38 | 2.03 | 4.20 | 1.82 | 2.31 [ 1.15 | 1.45 2.84 | 0.0220
38.0 |-0.44-0.53|-0.50|-0.38|-0.54|-0.47| 1.25 | 2.01 | 2.59 | 1.77 | 4.16 [ 3.12 | 3.44 | 2.04 | 4.24 | 1.84 [ 2.32 [ 1.15| 1.47 | 2.87 | 0.0222
38.5 |-0.45|-0.52|-0.49|-0.37|-0.54|-0.46( 1.26 [ 2.02 | 2.61 | 1.78 | 4.19 | 3.15 | 3.47 | 2.06 | 4.52 | 1.87 [ 2.34 [ 1.16 | 1.49 | 2.89 | 0.0223
38.8 |-0.44|-0.53|-0.50|-0.38|-0.55|-0.47| 1.26 [ 2.03 | 2.63 | 1.80 | 4.20 | 3.17 [ 3.49 | 2.08 | 4.29 | 1.88 | 2.35 [ 1.17 | 1.50 [ 2.91 | 0.0225
38.8 |-0.46|-0.53|-0.51|-0.38|-0.54|-0.47| 1.27 | 2.03 | 2.64 | 1.81 | 4.24 | 3.18 | 3.50 | 2.08 | 4.31 [ 1.89 [ 2.36 [ 1.17 | 150 [2.92| 0.0226
38.8 |-0.45|-0.52|-0.50|-0.39|-0.55|-0.47| 1.27 [ 2.03 | 2.64 | 1.81 | 4.26 | 3.19 [ 3.53 | 2.00| 4.32 | 1.89 [ 2.36 [ 1.17 | 1.51 [ 2.94 | 0.0227
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39.0 ||-0.45|-0.55(-0.50(-0.38|-0.55(-0.47| 1.27 | 2.03 | 2.64 [ 1.81|4.30 [ 3.19|3.57 [ 2.11|4.34 | 1.90 | 2.36 | 1.18 | 1.51(2.96 | 0.0229
39.2 ||-0.44|-0.53|-0.51|-0.38|-0.54|-0.48|| 1.28 | 2.04 | 2.66 | 1.81|4.39 (3.21|3.63 | 2.17|4.40 (1.91|2.37 (1.19|1.52(3.00 | 0.0232
39.5 ||-0.44|-0.53(-0.51|-0.38|-0.56(-0.47| 1.28 | 2.06 | 2.68 [ 1.81|4.52 (3.24|3.79 (2.21|4.50 | 1.93|2.40 (1.19|1.53(3.08 | 0.0237
39.8 ||-0.44(-0.53(-0.50(-0.37-0.55|-0.47( 1.30 | 2.07 | 2.70 | 1.82 | 4.66 | 3.32 | 4.07 | 2.26 | 4.65 | 2.01 | 2.42| 1.20 | 1.54|3.21| 0.0245
39.9 ||-0.46|-0.53(-0.48|-0.38|-0.56-0.46| 1.30 | 2.08 | 2.72 { 1.83 | 4.75 | 3.35|4.23 | 2.27 |4.74 | 2.18 | 2.41 (1.20 | 1.56 | 3.28 | 0.0250
40.1 (-0.44|-0.52|-0.49|-0.37|-0.55(-0.46|1.31(2.09 | 2.73| 1.83 | 4.84 | 3.39 |4.35|2.28 | 4.81|2.23|2.43 (1.21|1.56(3.34 | 0.0253
40.4 ||-0.44|-0.54|-0.48(-0.36|-0.55(-0.46( 1.32]2.09 | 2.75 | 1.85|4.96 | 3.44 | 4.50 | 2.30 | 4.91|2.35|2.45(1.22|1.59]3.41| 0.0258
40.8 (-0.44|-0.52|-0.48|-0.36|-0.56(-0.45|1.33|2.11|2.80| 1.86 | 5.09 | 3.51 |4.66 | 2.34|5.02|2.48 |2.46(1.23|1.60(3.50 | 0.0264
40.9 ||-0.44(-0.53|-0.47(-0.36|-0.56(-0.45( 1.34 || 2.12 | 2.81 | 1.87 | 5.19 | 3.54 | 4.78 | 2.37 | 5.09 | 2.56 | 2.48 | 1.24 | 1.61]3.56 | 0.0268
40.9 ||-0.44|-0.51|-0.47(-0.35|-0.56(-0.44( 1.34 | 2.11 | 2.81 | 1.89 | 5.24 | 3.58 | 4.85|2.38 | 5.12|2.59|2.48 | 1.24 | 1.62]3.60 0.0270
40.9 ||-0.44(|-0.54|-0.48(-0.34|-0.56(-0.45( 1.34 |/ 2.12 | 2.81|1.90 | 5.26 | 3.60 | 4.90 | 2.39 | 5.15|2.63|2.49 | 1.24 | 1.62]3.63 | 0.0272
40.9 ||-0.44|-0.53|-0.47(-0.36|-0.55(-0.45( 1.35]2.12 | 2.81 | 1.92 | 5.29 | 3.61|4.93|2.40|5.18 | 2.65|2.48 | 1.24 | 1.63]3.64 | 0.0273
41.5 ||-0.45|-0.53|-0.47(-0.36|-0.56(-0.45( 1.36 | 2.14 | 2.85 | 2.00 | 5.38 | 3.67 | 5.06 | 2.43 | 5.27 | 2.72|2.53 | 1.27 | 1.65]3.72| 0.0278
41.7 ||-0.44|-0.51|-0.47(-0.34|-0.56(-0.44( 1.38 | 2.16 | 2.87 | 2.17 | 5.56 | 3.77 | 5.34 | 2.49 | 5.44 | 2.85|2.54 | 1.28 | 1.68 | 3.87 | 0.0287
42.2 (-0.44|-0.52|-0.46|-0.34|-0.56(-0.44|1.39 | 2.17 | 2.89| 2.25|5.69 | 3.85 | 5.55|2.50 | 5.57 | 3.01 | 2.55[1.30| 1.70(3.97 | 0.0294
42.6 ||-0.44|-0.52|-0.45(-0.35|-0.55(-0.44(1.41]2.21 |2.95|2.32 | 5.88 | 3.94 | 5.85|2.51|5.75|3.20 | 2.57 [ 1.31| 1.72|4.10| 0.0303
42.9 (-0.45|-0.52|-0.44|-0.34|-0.55(-0.43|1.43 | 2.22|2.99|2.42|6.04 | 4.02 |6.07 | 2.50| 5.88 | 3.36 | 2.60 [ 1.33 | 1.75(4.20 | 0.0309
43.0 |-0.43|-0.51|-0.45(-0.33|-0.55(-0.43( 1.44 | 2.22 | 3.02 | 2.47 | 6.13 | 4.08 | 6.21 | 2.50 | 5.97 | 3.45|2.60 | 1.34 | 1.76|4.26 | 0.0313
43.0 (-0.44|-0.52|-0.44|-0.34|-0.55(-0.43| 1.44 | 2.24 | 3.08 | 2.51 | 6.24 |4.12 |6.35|2.51|6.06 | 3.55|2.63 [1.35|1.77 (4.33| 0.0317
43.4 |-0.43|-0.52|-0.44(-0.33|-0.55(-0.43( 1.45]2.25|3.13 | 2.55 6.34 | 4.17 | 6.48 | 2.50 | 6.15 | 3.63 | 2.66 | 1.35| 1.79|4.38 | 0.0321
43.9 ||-0.43|-0.51|-0.44(-0.32|-0.55(-0.42( 1.48 | 2.28 | 3.27 | 2.62 | 6.51 | 4.26 | 6.74 | 2.47 | 6.34 | 3.81|2.68 | 1.38| 1.82]4.49| 0.0327
44.5 |-0.42|-0.51|-0.44(-0.32|-0.55(-0.42(1.50(2.30 | 3.41 | 2.71 |6.75|4.35| 7.08 | 2.42 | 6.66 | 4.01|2.72|1.39| 1.86|4.62| 0.0336
44.8 |-0.41|-0.50|-0.42(-0.32|-0.54(-0.41( 1.53]2.33 | 3.52 | 2.80 | 6.93 | 4.45|7.35|2.39|6.92 | 4.16 | 2.77 | 1.42| 1.89[4.73| 0.0343
45.0 |-0.43|-0.51|-0.41(-0.33|-0.53|-0.42( 1.54 || 2.35 | 3.62 | 2.86 | 7.07 | 4.51 | 7.57 | 2.37 | 7.11|4.29|2.81 [ 1.41|1.91]4.82| 0.0349
45.3 ||-0.42|-0.50|-0.41{-0.33|-0.53|-0.41(1.55]2.37 | 3.68 | 2.92 | 7.19 | 4.57 | 7.73 | 2.36 | 7.26 | 4.45|2.86 | 1.44 | 1.93]4.89| 0.0353
45.7 |-0.42|-0.51|-0.41(-0.31|-0.52(-0.41( 1.57||2.39 | 3.78 | 3.01 | 7.42 | 4.66 | 8.02 | 2.32| 7.55|4.71|2.90 | 1.46| 1.97|5.00 | 0.0361
46.1 ||-0.42|-0.49|-0.41(-0.32|-0.51(-0.41( 1.59(2.41 | 3.86 | 3.07 | 7.59 | 4.71|8.24 | 2.30 | 7.81 | 4.87 | 2.91 | 1.47 | 2.00] 5.08 | 0.0366
46.3 (-0.42|-0.50|-0.41|-0.33|-0.50(-0.41|/1.59 (| 2.42|3.90|3.09 | 7.67 | 4.74 | 8.45|2.30|7.96 | 4.92|2.92 (1.47|2.00(5.16 | 0.0372
46.4 |-0.41|-0.49|-0.40(-0.33|-0.50(-0.41(1.59(2.43 | 3.93 | 3.11|7.75|4.77 | 8.53|2.30 | 8.13 | 4.97 | 2.90 | 1.48 | 2.01]5.20 | 0.0374
44.0 (-0.40|-0.48|-0.38|-0.32|-0.30(-0.39|1.58 | 2.40 | 3.78 | 3.06 | 7.75 | 4.78 | 8.53 | 2.25|11.22| 5.22 | 2.77 | 1.29| 1.99( 5.19| 0.0372
44.6 |-0.41|-0.49|-0.39(-0.31|-0.17{-0.40( 1.59 ] 2.40 | 3.82 | 3.06 | 7.80 | 4.78 | 8.55|2.25|12.96| 5.21|2.74 | 1.28 | 1.98 ] 5.20 | 0.0373
45.3 (-0.40|-0.48|-0.40|-0.30(-0.10(-0.39|1.59 | 2.43 | 3.87 | 3.09 | 7.85 | 4.78 | 8.60 | 2.27 |14.22| 5.24 | 2.74 | 1.26 | 1.98 | 5.22 | 0.0374
44.8 |-0.40(-0.50|-0.40(-0.31|-0.07(-0.40( 1.59 | 2.42 | 3.84 | 3.09 | 7.85 | 4.78 | 8.62 | 2.27 |14.39| 5.23 | 2.73 | 1.27 | 1.96 | 5.22| 0.0375
45.3 ||-0.41|-0.49|-0.40(-0.30|-0.07(-0.40( 1.60 | 2.42 | 3.86 | 3.10 | 7.87 | 4.78 | 8.62 | 2.27 |14.48/ 5.24 | 2.74 | 1.25|1.96 || 5.22 0.0375
46.2 ||-0.40(-0.48|-0.39(-0.31|-0.02{-0.40( 1.60 | 2.43 | 3.91 | 3.13 | 7.95 | 4.78 | 8.69 | 2.31 |15.27| 5.30 | 2.76 | 1.27 | 1.96 | 5.26 | 0.0377
46.6 ||-0.40(-0.49|-0.42(-0.30| 0.03 [-0.40( 1.62]/2.46 | 3.96 | 3.21 | 8.16 | 4.87 | 8.86 | 2.37 |16.29| 5.38 | 2.75 [ 1.26 | 1.96 | 5.37 | 0.0385
46.7 ||-0.40(-0.49|-0.39(-0.31| 0.06 [-0.40( 1.62]2.48 | 3.98 | 3.28 | 8.34 | 4.92 | 9.02 | 2.39 |16.83| 5.42|2.74 | 1.26 | 1.96| 5.44 | 0.0390
47.0 ||-0.41|-0.49|-0.40(-0.30| 0.06 [-0.40( 1.62]2.49 |4.01 | 3.318.42|4.94 | 9.11|2.41|17.06| 5.44 | 2.75[1.26 | 1.96] 5.49| 0.0392
47.3 |-0.40|-0.49|-0.39|-0.32| 0.09 [-0.40| 1.64 | 2.51 | 4.03 | 3.39 | 8.54 | 4.99 | 9.28 | 2.43 |17.46| 5.46 | 2.76 | 1.27 | 1.96 | 5.57 | 0.0398
47.8 ||-0.39(-0.48|-0.39(-0.31| 0.12 [-0.39( 1.65| 2.54 | 4.10 | 3.48 | 8.69 | 5.03 | 9.50 | 2.45 |17.87| 5.51|2.76 | 1.26 | 1.96]5.66 | 0.0403
48.0 (-0.38|-0.48|-0.39|-0.30( 0.14 (-0.39||1.65 | 2.56 | 4.20 | 3.55 | 8.85 | 5.02 | 9.71 | 2.46 |18.25| 5.56 | 2.77 | 1.26 | 1.96 | 5.73 | 0.0408
48.2 |-0.40(-0.47|-0.38(-0.31| 0.17 [-0.39( 1.66 || 2.59 | 4.26 | 3.61 | 8.98 | 5.03 | 9.85 | 2.47 |18.58| 5.61|2.77 [ 1.26 | 1.96||5.78 | 0.0411
48.5 (-0.37|-0.50{-0.38|-0.31| 0.18 -0.39|1.66 | 2.60 | 4.33 | 3.71|9.14 | 5.03 [10.06| 2.48 |18.96| 5.66 | 2.78 | 1.25| 1.96(5.86 | 0.0417
48.7 ||-0.38(-0.48|-0.37(-0.31]| 0.20 -0.38( 1.67 || 2.64 | 4.40 | 3.80 | 9.30 | 5.03 |10.22| 2.48 |19.36| 5.74 | 2.77 | 1.27 | 1.96 ]| 5.91| 0.0420
49.0 ||-0.38(-0.48|-0.37(-0.31]| 0.23 [-0.38( 1.67 || 2.65 | 4.42 | 3.93 | 9.50 | 5.11 |10.37| 2.49 |19.72| 5.81 | 2.78 | 1.27 | 1.96 | 5.99 | 0.0425
45.3 ||-0.15(-0.40|-0.33(-0.18| 0.29 [-0.30( 1.51]2.32 | 4.16 | 4.52 [13.35| 5.98 |10.25| 2.35 |19.45| 5.64 | 2.58 | 1.17 | 1.77]6.19| 0.0433
46.2 ||-0.11|-0.38|-0.34(-0.18| 0.30 [-0.30( 1.51]2.32 | 4.18 | 4.57 (14.26| 5.98 |10.27| 2.38 |19.53| 5.67 | 2.62 | 1.17 | 1.78 ] 6.21| 0.0434
45.3 ||-0.09(-0.37|-0.34(-0.18| 0.29 [-0.30( 1.49 | 2.31 | 4.13 | 4.58 (14.45| 5.98 |10.26| 2.36 |19.47| 5.66 | 2.58 | 1.17| 1.78]6.20 | 0.0433
46.2 ||-0.10(-0.38|-0.33(-0.19| 0.29 [-0.30( 1.50 | 2.30 | 4.17 | 4.59 [14.59| 5.97 |10.28| 2.38 |19.54| 5.67 | 2.62 | 1.18 | 1.79]6.21| 0.0434
46.7 ||-0.06(-0.36|-0.35(-0.19| 0.26 [-0.30( 1.51]2.31 | 4.19 | 4.64 (15.18| 5.98 |10.32| 2.40 |19.58| 5.70 | 2.66 | 1.19| 1.81]6.23 | 0.0435
48.3 |10.00(-0.31|-0.36(-0.22| 0.29 [-0.29( 1.51]2.31 | 4.21 | 5.00 [17.35| 5.99 |10.48| 2.49 |19.77| 5.81 | 2.74 [ 1.23| 1.87||6.32| 0.0441
48.7 0.01|-0.28|-0.35|-0.22| 0.30 (-0.28|1.52 | 2.32 | 4.21| 5.22 |18.01| 6.00 [10.57| 2.51 |19.84| 5.84 | 2.76 | 1.24 | 1.88(6.36 | 0.0443
48.9 |10.05(-0.27|-0.35(-0.21]| 0.29 [-0.28( 1.52 ] 2.33 | 4.22 | 5.45 [18.72| 6.00 |10.70| 2.53 |19.96| 5.87 | 2.77 | 1.25| 1.90] 6.41| 0.0446
29.8 [10.24|0.00{0.03 {-0.01/0.49|0.01 1.66 | 2.40 | 4.28 | 5.94 [19.25|6.93 |12.84| 3.54 |20.61/6.00 | 2.84 | 1.35|2.08 || 7.77| 0.0517
22.0 |0.34|0.13[0.28|0.14|0.61|0.18] 1.66 | 2.36 | 4.09 | 5.93 |19.37| 7.22 |14.09| 3.81 |20.65| 5.99 | 2.69 | 1.33 | 2.16 | 8.37 || 0.0546

Pomiary odksztatcen betonu wykonywano przetwornikami przemieszczen liniowych o zakresie 10 i 20mm.
Concrete strain were measured with linear displacement transducers of 10 and 20mm range.
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Tablica Z3.3 Odksztalcenia tasmy CFRP, &;
7Z3.3 CFRP strain, &¢

Table

Sita /
Load

Odksztatcenia tasmy CFRP / CFRP strain &

2F

T [T2[T3[T4[T15 [ T6 |17 [T08]TO9[T10[T11[T12[T13

Tu

kN

%o

6.3

0.0

0.0

0.0

0.0

20.0

0.00

0.00

0.00

0.0

20.0

0.85

0.79

0.87

0.8

20.0

1.78

1.71

1.79

1.8

20.0

2.64

2.57

2.65

2.6

20.0

3.43

3.35

3.43

3.4

20.0

4.18

4.09

4.17

4.1

20.0

4.94

4.86

4.91

4.9

20.0

5.07

4.98

5.03

5.0

20.0

4.88

4.82

4.80

4.8

20.0

4.67

4.68

4.61

4.7

20.0

4.69

4.71

4.72

4.73

4.76

4.72

4.75

4.75

4.78

4.67

4.64

4.63

4.62

4.7

21.9

4.71

4.78

4.80

4.83

4.92

4.83

4.84

4.83

4.95

4.75

4.69

4.67

4.64

4.8

23.9

4.75

4.85

4.87

4.93

5.08

4.95

4.94

4.94

5.16

4.81

4.77

4.71

4.67

4.9

25.9

4.78

4.94

4.96

5.07

5.25

5.08

5.07

5.07

5.39

4.91

4.83

4.76

4.73

5.0

25.8

4.78

4.94

4.96

5.08

5.25

5.09

5.07

5.07

5.39

4.93

4.84

4.77

4.73

5.0

25.8

4.78

4.94

4.97

5.08

5.25

5.09

5.07

5.08

5.40

4.93

4.85

4.77

4.73

5.0

27.9

4.81

5.01

5.04

5.22

5.42

5.29

5.21

5.19

5.63

5.08

4.93

4.82

4.78

52

29.9

4.85

5.10

5.13

5.37

5.63

5.49

5.35

5.34

5.84

5.24

5.00

4.87

4.83

5.4

32.0

4.89

5.18

5.25

5.56

5.83

5.70

5.53

5.51

6.05

5.43

5.10

4.92

4.91

5.6

32.0

4.89

5.18

5.25

5.57

5.83

5.70

5.53

5.52

6.06

5.43

5.10

4.92

4.91

5.6

33.9

4.92

5.28

5.36

5.76

6.06

5.95

5.75

5.70

6.26

5.62

5.22

4.98

4.97

5.8

34.9

4.94

5.32

5.43

5.89

6.22

6.12

5.91

5.86

6.40

5.75

5.30

5.01

5.01

6.0

36.0

4.96

5.37

5.52

6.00

6.42

6.31

6.05

6.01

6.54

5.84

5.36

5.04

5.05

6.1

35.8

4.96

5.38

5.56

6.05

6.54

6.41

6.14

6.11

6.57

5.92

5.40

5.05

5.06

6.2

36.8

4.98

5.42

5.60

6.13

6.70

6.56

6.28

6.25

6.70

6.00

5.45

5.07

5.08

6.4

37.9

5.00

5.45

5.68

6.36

7.14

6.91

6.73

6.84

717

6.30

5.54

5.11

5.11

6.8

38.0

5.01

5.46

5.72

6.66

7.33

7.15

6.90

7.05

7.42

6.50

5.53

5.12

5.12

7.0

38.0

5.02

5.47

5.74

6.76

7.37

7.21

6.95

7.1

7.45

6.54

5.56

5.13

5.13

71

38.5

5.03

5.49

5.76

6.79

7.40

7.25

6.97

7.13

7.49

6.56

5.58

5.14

5.15

71

38.8

5.02

5.50

5.77

6.80

7.43

7.28

6.99

7.14

7.52

6.58

5.60

5.15

5.15

71

38.8

5.03

5.50

5.77

6.83

7.44

7.30

7.00

7.16

7.54

6.58

5.60

5.15

5.15

7.2

38.8

5.03

5.50

5.77

6.88

7.46

7.31

7.01

7.16

7.59

6.59

5.59

5.15

5.16

7.2

39.0

5.03

5.50

5.78

6.95

7.48

7.34

7.03

7.19

7.67

6.60

5.60

5.15

5.16

7.2

39.2

5.04

5.51

5.80

7.07

7.53

7.40

7.07

7.23

7.76

6.64

5.61

5.15

5.17

7.2

39.5

5.04

5.53

5.81

7.22

7.63

7.55

7.15

7.31

7.90

6.70

5.63

5.16

5.18

7.3

39.8

5.04

5.54

5.83

7.40

7.75

7.82

7.30

7.47

8.06

6.83

5.65

5.17

5.19

7.5

39.9

5.04

5.54

5.84

7.53

7.82

7.93

7.37

7.58

8.14

6.91

5.65

5.17

5.19

7.6

40.1

5.05

5.56

5.86

7.65

7.89

8.02

7.42

7.66

8.20

6.98

5.66

5.18

5.20

7.7

40.4

5.05

5.57

5.86

7.82

7.97

8.11

7.50

7.76

8.30

7.1

5.68

5.18

5.21

7.8

40.8

5.06

5.58

5.89

7.96

8.08

8.23

7.60

7.87

8.40

7.25

5.69

5.20

5.22

7.9
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40.9

5.06

5.59

5.90

8.05

8.16

8.31

7.67

7.95

8.47

7.32

5.71

5.20

5.22

8.0

40.9

5.06

5.59

5.90

8.11

8.20

8.36

7.71

7.99

8.50

7.38

5.71

5.20

5.22

8.0

40.9

5.07

5.59

5.91

8.14

8.23

8.39

7.74

8.01

8.53

7.42

5.72

5.21

5.23

8.0

40.9

5.07

5.60

5.91

8.17

8.26

8.41

7.76

8.02

8.55

7.44

5.72

5.21

5.22

8.1

41.5

5.07

5.62

5.95

8.28

8.36

8.51

7.86

8.13

8.65

7.54

5.76

5.23

5.24

8.2

41.7

5.08

5.64

5.99

8.48

8.55

8.71

8.03

8.30

8.83

7.77

5.80

5.25

5.25

8.3

42.2

5.09

5.66

6.01

8.62

8.68

8.84

8.16

8.39

8.95

7.99

5.81

5.27

5.26

8.5

42.6

5.09

5.68

6.04

8.83

8.84

9.02

8.33

8.51

9.1

8.26

5.85

5.28

5.28

8.6

42.9

5.10

5.70

6.07

8.90

8.96

9.15

8.46

8.61

9.23

8.43

5.87

5.29

5.30

8.7

43.0

5.1

5.71

6.09

8.99

9.05

9.23

8.56

8.68

9.32

8.55

5.89

5.30

5.31

8.8

43.0

5.1

5.71

6.12

9.05

9.12

9.30

8.64

8.75

9.39

8.66

5.91

5.31

5.31

8.9

43.4

5.13

5.73

6.15

9.14

9.21

9.39

8.74

8.83

9.48

8.77

5.94

5.32

5.32

9.0

43.9

5.14

5.75

6.17

9.27

9.34

9.53

8.88

8.96

9.63

9.02

5.96

5.34

5.34

9.1

445

5.15

5.77

6.23

9.44

9.53

9.73

9.07

9.16

9.81

9.22

6.00

5.36

5.35

9.3

44.8

5.17

5.80

6.28

9.60

9.68

9.90

9.24

9.33

9.95

9.35

6.04

5.39

5.37

9.5

45.0

5.17

5.82

6.31

9.68

9.79

10.00

9.37

9.44

10.05

9.43

6.07

5.40

5.38

9.6

45.3

5.19

5.83

6.34

9.76

9.89

10.10

9.47

9.52

10.12

9.51

6.10

5.42

5.39

9.7

45.7

5.19

5.86

6.40

9.94

10.06

10.27

9.62

9.70

10.27

9.67

6.13

5.44

5.41

9.9

46.1

5.20

5.87

6.44

10.05

10.20

10.40

9.75

9.82

10.39

9.86

6.16

5.45

5.42

10.0

46.3

5.21

5.89

6.46

10.09

10.26

10.45

9.80

9.88

10.46

9.88

6.18

5.46

5.43

10.0

46.4

5.21

5.89

6.47

10.15

10.31

10.50

9.85

9.93

10.51

9.89

6.21

5.47

5.44

10.1

44.0

5.18

5.83

6.37

9.95

10.11

10.29

9.67

9.74

10.05

8.33

7.97

7.81

7.47

9.9

446

5.18

5.84

6.39

9.99

10.17

10.34

9.71

9.77

10.03

8.61

8.32

8.17

7.88

9.9

45.3

5.20

5.87

6.43

10.04

10.24

10.42

9.78

9.83

10.14

8.87

8.58

8.42

8.14

10.0

44.8

5.19

5.86

6.42

10.02

10.22

10.39

9.77

9.82

10.12

8.88

8.60

8.44

8.17

10.0

45.3

5.20

5.87

6.43

10.03

10.24

10.42

9.78

9.84

10.15

8.89

8.61

8.46

8.18

10.0

46.2

5.21

5.89

6.47

10.09

10.32

10.49

9.84

9.92

10.28

9.05

8.79

8.63

8.36

10.1

46.6

5.22

5.91

6.51

10.18

10.43

10.60

9.96

10.03

10.44

9.24

9.01

8.84

8.59

10.2

46.7

5.22

5.92

6.54

10.27

10.52

10.68

10.05

10.11

10.49

9.35

9.13

8.95

8.71

10.3

47.0

5.23

5.94

6.56

10.31

10.57

10.74

10.09

10.17

10.52

9.42

9.18

9.01

8.76

10.3

47.3

5.24

5.96

6.59

10.40

10.67

10.85

10.20

10.26

10.62

9.50

9.26

9.10

8.85

10.4

47.8

5.24

5.98

6.63

10.50

10.80

10.98

10.31

10.38

10.71

9.61

9.36

9.17

8.93

10.6

48.0

5.26

6.00

6.67

10.60

10.91

11.08

10.43

10.51

10.81

9.69

9.46

9.27

9.02

10.7

48.2

5.26

6.01

6.71

10.66

11.01

11.17

10.52

10.60

10.87

9.77

9.52

9.33

9.08

10.8

48.5

5.28

6.03

6.76

10.75

11.12

11.28

10.63

10.70

10.97

9.85

9.62

9.43

9.17

10.9

48.7

5.29

6.04

6.81

10.81

11.23

11.38

10.74

10.81

11.06

9.95

9.71

9.51

9.26

11.0

49.0

5.30

6.06

6.86

10.78

11.32

11.46

10.85

10.91

11.13

10.04

9.79

9.59

9.34

11.1

453

8.88

8.78

8.95

9.13

9.71

10.67

10.44

10.60

10.83

9.77

9.58

9.41

9.19

10.6

46.2

9.06

8.97

9.14

9.32

9.88

10.74

10.51

10.65

10.88

9.82

9.62

9.43

9.20

10.6

453

9.08

8.98

9.16

9.32

9.88

10.71

10.47

10.61

10.84

9.78

9.59

9.41

9.19

10.6

46.2

9.12

9.01

9.20

9.37

9.93

10.76

10.51

10.65

10.88

9.82

9.62

9.41

9.20

10.6

46.7

9.25

9.14

9.34

9.49

10.06

10.83

10.56

10.69

10.93

9.87

9.64

9.44

9.22

10.7

48.3

9.69

9.58

9.80

9.96

10.56

1.1

10.73

10.83

11.05

9.98

9.74

9.52

9.32

10.9

48.7

9.80

9.70

9.93

10.10

10.70

11.23

10.81

10.89

11.09

10.02

9.78

9.56

9.34

11.0

48.9

9.80

9.72

9.97

10.15

10.78

11.35

10.87

10.95

11.14

10.05

9.81

9.59

9.37

1.1

Pomiary odksztatcen wykonywano tensometrami elektrooporowymi TFs-5 o bazie 5mm.
CFRP strain were measured with electric resistance gauges TFs-5 with range of 5mm.

P - oznaczenie strony pasywnej zakotwienia / the names of the passive side of anchorage system
A - oznaczenie strony aktywnej zakotwienia / the names of the passive side of anchorage system
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Tablica Z3.4 Przemieszczenia pionowe belki, v
Table Z3.4 Vertical displacement, v

Sita / . - . ’
Load Przemieszczenia pionowe / Vertical displacement v (mm)
2F 2 Vo V3 'z Vs Ve \'%4 Vg Vo Vav,12 | Vav,3-4 | Vav,6-7 | Vav,8-9

kN 110013002300 |2500 |3000|3500|3700|4700|4900| 1200 |2400 | 3600 | 4200
73 (161829 [30|31[30|29|19]|16 1.7 30 | 30 |17
83 (28|33 |52 |54|55[53|51]|32]27 3.0 53 | 562 | 30
102 | 79 | 93 |144(150(|15.4(14.7|141| 9.0 | 7.7 86 |147|144 | 83
12.2 (11.8(13.8]|21.1({22.0|22.6(21.8|20.9(13.6|11.6|| 128 | 215|214 | 126
12.2 (12.3(14.3|21.8(22.7|23.4 (225|216 (14.1|12.0|| 13.3 | 223|221 | 131
14.1 (16.4(19.0|28.9(30.1|31.0(29.9|28.6(18.8|16.1|| 17.7 |29.5|29.3 | 17.5
16.1 [ 21.8(25.5|38.4(39.9|41.1(39.7|38.1(254|21.6| 23.7 |39.1|38.9 | 235
16.1 [ 22.226.0|39.0 {40.5|41.8(40.4|38.7(25.8(|22.0| 24.1 |39.8|39.5|23.9
18.1 ||25.329.5|44.2|459|47.3|45.7|43.8|29.3|25.2| 274 |45.0 448|273
18.1 [ 25.5(29.6|44.4 (46.1|47.5(46.0|44.1(29.5|253|| 276 |453|45.0|274
20.0 |29.4|34.1|54.5|56.056.7 |56.4|54.5|34.0|29.2| 31.7 | 552|555 |31.6
20.0 (30.635.5|53.0(55.0|56.754.9|52.7354|304| 33.0 |54.0|53.8 329
20.0 |29.5|34.3|51.1|53.1|54.8|53.0|50.8|34.2|29.4| 319 |521 519|318
20.0 (27.8(32.3|48.3(50.1|51.7(50.1|48.0(32.4|27.8| 30.1 |49.2|49.0 | 30.1
20.0 (26.1[30.3|45.3(47.0|48.5(46.9|45.0(30.4|26.2|| 28.2 |46.1|46.0 | 28.3
20.0 (24.2(128.2|42.2(43.8|45.3(43.8|42.1(28.5|24.4| 26.2 |43.0|429| 264
20.0 (22.326.1|39.2(40.7|42.0(40.7|39.1(26.5|22.7|| 242 |39.9|39.9 | 246
20.0 (20.4{23.8|36.0(37.4|38.7(37.5|36.0(24.3|21.0| 221 |36.7 | 36.7 | 22.7
20.0 (20.1[23.4|35.4(36.8|38.0(36.9|354(24.0|20.7|| 21.7 |36.1|36.1|223
20.0 |21.6|25.3|38.0|39.5(40.8(39.5|37.9|25.6|22.0| 234 |38.7|38.7|23.8
20.0 (21.2(24.9|37.4(38.8|40.0(38.8|37.2(25.1|21.5|| 23.0 | 38.1|38.0|23.3
20.0 |22.0|25.7|38.9|40.5|41.7 | 40.5|38.8|26.3|22.6| 23.9 |39.7|39.7 | 245
219 (23.4(27.5|41.5(43.2|44.6(43.3|41.5(28.2|24.1| 254 |424|424 | 261
23.9 |25.1|29.4|44.5|46.3|47.7|46.3|44.4|30.1|258| 27.2 |454 |454|27.9
259 (27.0(31.6|47.8(49.7|51.2(49.7|47.6 (32.2|27.6| 29.3 |48.7 | 48.7 | 29.9
258 (27.1[31.7|47.9(49.9|51.4(49.9|47.8(323|27.7|| 29.4 |48.9|48.8 | 30.0
258 (27.1(31.7|48.0(49.9|51.4(49.9|47.8(32.3|27.7|| 29.4 |48.9|48.9 | 30.0
279 (29.0(33.9|51.3(53.3|55.0(53.3|51.1(34.5|29.6|| 314 |523|522|32.0
29.9 (31.0(36.2|54.8(56.9|58.756.9|54.636.8|31.6| 33.6 | 558 |55.8|34.2
32.0 |[33.2|38.8(58.8|61.0(62.9|61.1(58.6|39.4(33.8| 36.0 |59.9|59.8 |36.6
32.0 |[33.3|38.9(58.8|61.1|63.1|61.1|58.6|39.5(33.9| 36.1 |60.0|59.9 |36.7
33.9 ||35.641.6(63.0|65.4|67.5|65.4(62.8|42.2|36.2| 38.6 |64.2|64.1|39.2
349 (37.2|43.4|658|68.4|70.6|68.4|656|44.0(37.8| 40.3 |67.1|67.0|40.9
36.0 || 38.6 (45.1(68.5|71.2|735|71.1(68.2|45.6(39.2| 41.8 |69.8 | 69.7 | 42.4
35.8 (39.4|46.0(69.9|72.7|75.0|72.6|69.6|46.5(39.9| 427 |713|71.1|43.2
36.8 ||[40.6 (47.5(72.3|752|77.6|751[71.9|48.0(41.2| 44.0 | 73.7 | 73.5| 446
37.9 (43.7|51.2|78.4|81.7|84.5|81.7|782|51.9|44.3| 474 |80.1|79.9|48.1
38.0 |[45.1(53.0(81.3|85.1|87.6|84.7(81.0|53.6(458| 49.0 |83.2|82.8 |49.7
38.0 ||[45.6 |53.5(82.1|86.088.6|85.6(81.8|54.1(46.2| 49.5 |84.1|83.7|50.2
38.5 ||46.0 | 54.0 | 82.8 | 86.8 | 89.3|86.3 |82.5|54.6 |46.6 50.0 | 84.8 | 84.4 | 50.6
38.8 ||[46.2|54.383.3|87.2|89.8|86.8(83.0/54.9(46.9| 50.3 |85.3|84.9 509
38.8 ||[46.3 | 54.4 | 83.5|87.5|90.1|87.0(83.2|55.0(47.0| 504 |85.5 851|510
38.8 ||46.5|54.5|83.7|87.7|90.3|87.3(83.4|55.1(47.1| 50.5 |85.7 853|511
39.0 (46.7|54.8|84.2(88.2(90.8|87.7|83.9|554(47.3| 50.8 |86.2|858|514
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39.2 | 471 | 553|850 |89.0|916|885|84.6|559|47.7|512|87.0|86.5|51.8
395 | 479 |56.2|86.5|90.6 |93.2|90.0|86.0|56.7 485 52.0]|88.5|88.0|526
398 | 48.8 |57.3 884|926 |954|92.1|88.0 579|494 | 53.1|90.5|90.0|537
399 || 493 [57.9|89.5|93.7|96.6|93.2|89.1|58.6 |500(536]|91.6|91.1|543
40.1 | 499 | 58.6 905|949 |97.8|94.4|90.1|59.2|506 542|927 |923|549
40.4 | 50.6 |59.4 |92.0|96.4|99.4 |959 (917 |60.1|51.3|55.0|94.2|93.8| 557
40.8 | 51.5 |60.4 | 93.7|98.2|101.3| 97.7 | 93.4 | 61.2 | 52.2 | 55.9 | 95.9 | 95.5 | 56.7
409 | 52.0 |61.1 (948|993 |102.5(98.9 (945|619 |52.8 | 56.5|97.1 | 96.7 | 57.3
409 | 524 |61.5|954 |100.0{103.2| 99.6 | 95.1 | 62.3 | 53.2 | 56.9 | 97.7 | 97.4 | 57.7
409 | 52.6 |61.7 | 95.9 |100.5|103.7(100.0( 95.6 | 62.5 | 53.4 | 57.1 | 98.2 | 97.8 | 58.0
409 | 52.7 |61.9|96.2|100.8|104.0{100.4| 95.9 | 62.7 | 53.5 || 57.3 | 98.5 | 98.1 | 58.1
415 | 53.6 |63.0|97.9|102.6|105.8|102.1| 97.6 | 63.8 | 54.4 || 58.3 [{100.2| 99.8 | 59.1
41.7 | 55.0 | 64.6 {100.6|105.4|108.8(104.9(100.3| 65.4 | 55.9 || 59.8 |103.0|102.6| 60.6
422 | 56.0 | 65.8 |102.6|107.5|111.0|/107.0|102.3| 66.6 | 56.9 | 60.9 |105.1|104.6| 61.8
426 | 57.4 |67.4(105.2|1110.2|113.8(109.8(104.9| 68.3 | 58.3 || 62.4 |107.7|107.4| 63.3
429 | 585 |68.7 |107.4|112.5|116.2|112.1|107.0| 69.6 | 59.4 | 63.6 |109.9|109.5| 64.5
43.0 | 59.1 |69.5(108.7|113.9|117.6(113.5(108.4| 70.4 | 60.2 || 64.3 |111.3|110.9| 65.3
43.0 | 59.8 | 70.3 |110.0|/115.3|119.1|114.9|109.7| 71.3 | 60.9 | 65.0 |112.7|112.3| 66.1
43.4 | 60.6 |71.2(111.6|116.9|120.8{116.5(111.3| 72.2 | 61.7 || 65.9 |114.2|113.9| 66.9
439 | 619 |72.7 ({114.1|1119.5|123.5{119.1(113.8| 73.8 | 63.0 | 67.3 |116.8|116.4| 68.4
445 | 63.6 | 74.8 [117.4|123.0{127.2({122.7(117.2| 75.8 | 64.8 || 69.2 |120.2|119.9| 70.3
448 | 65.1 | 76.5(120.2|1125.9|130.2(125.7(120.0| 77.6 | 66.3 || 70.8 |123.1|122.8| 72.0
450 | 66.1 | 77.8 [{122.2|1128.0|132.4|127.8(122.1| 78.9 | 67.3 || 71.9 {125.1|125.0| 73.1
453 | 67.0 | 79.0 {124.1|129.9|134.5(129.9(124.1| 80.2 | 68.4 || 73.0 |[127.0|127.0| 74.3
45.7 | 68.7 | 80.9 |127.3|133.3|138.1|133.3|127.4| 82.3 | 70.2 | 74.8 |130.3|130.4| 76.2

46.1 | 70.0 | 82.3 [129.7|135.8 129.8( 83.7 | 71.5 | 76.2 |132.7 77.6
46.3 | 70.7 | 83.0 |130.8 131.0| 84.4 | 721 | 76.8 78.3
46.4 | 71.2 | 83.7 [131.9 85.1 | 72.7 | 77.4 78.9
440 | 71.7 | 843 87.0| 741 78.0 80.5
446 | 73.4 | 86.3 89.5 | 76.3 || 79.8 82.9
453 | 75.0 | 88.2 91.9 (783 | 81.6 85.1
448 | 749 |88.1 91.9 (782|815 85.1
453 | 752 | 88.4 922 (785 | 81.8 85.4
46.2 | 76.5 | 90.0 94.1 | 80.1 || 83.2 87.1
46.6 | 78.3 | 921 96.5 | 82.1 || 85.2 89.3
46.7 | 79.5 | 93.5 98.0 | 83.3 || 86.5 90.7
47.0 | 80.1 | 94.2 98.8 | 84.0 | 87.2 91.4
473 | 81.1 | 955 100.1| 85.1 || 88.3 92.6
478 | 823 | 96.9 101.7| 86.3 || 89.6 94.0
48.0 | 83.5 | 98.4 103.2| 87.5 | 90.9 95.3
48.2 | 84.5 | 99.6 104.4| 88.4 | 92.0 96.4
485 | 85.7 |101.1 105.9| 89.7 | 93.4 97.8
48.7 | 86.9 |102.7 107.5| 90.9 | 94.8 99.2
49.0 | 88.0 |104.1 92.0 || 96.1

453 | 89.2 |105.9 92.4 | 97.6

46.2 | 90.9 93.9

453 | 90.8 93.7

46.2 | 913 94.2

46.7 | 92.5 95.3

483 | 96.8 99.0

48.7 | 98.2

48.9 220.0

Pomiary przemieszczen pionowych wykonywano przetwornikami przemieszczen liniowych o zakresie 50mm.
Vertical displacement were measured with linear displacement transducers with range of 50mm.
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Tablica Z3.5 Odksztatcenia na stali, & (%o)
Table Z3.5 Steel strain, & (%o
Sita/| Odksztaicenia na stali / Steel
Load strain_eq (%) 2F [ Tor [ Teo | Tos | Tos | oa 2F | Too [ Teo | Too | Tes [ s
2F | Tor | Teo | Too | Tas | oo KN 3000 3000 kN 3000 3000
kN 3000 3000 349 [279]223[247]291| 260 44.8
7.3 [0.08[0.07]0.14]0.10] 0.10 360 | 287 | 2.31|260]3.13| 2.73 45.0
8.3 |0.20]0.13]0.31]0.25] 0.22 58 235230329 265 453
10.2 [0.70]0.37 | 0.84 [0.76| 0.67 365 240(292(356] 296 45.7
12.2 [1.00]0.59 | 1.18[1.08] 0.96 79 386] 3.86 26.1
122 [1.03]063[1.17[1.11] 0.99 38.0 435| 4.35 6.3
14.1 |1.32]0.87[1.50|1.41] 1.28 38.0 430| 4,30 464
16.1 |1.69]1.25[1.88[1.73] 164 35 34| 4.34 240
16.1 | 1.71]1.28[1.76[1.75] 1.63 388 436| 436 44.6
18.1 [1.92]148[1.92[1.96] 1.82 3.8 36| 4.36 253
18.1 |1.93[1.50 | 1.89 | 1.96 | 1.82 388 4.36| 4,36 44.8
20.0 | 2.19[1.75|2.20] 2.22] 2.09 390 437 237 253
20.0 |2.22]1.85[2.06 220 2.11 392 39| 4.39 26.2
20.0 [ 2.16[1.80[1.94] 221 2.03 95 247 247 26.6
20.0 [ 2.04[1.72[1.75] 2.00] 1.90 398 461] 461 26.7
20.0 [1.92[1.63|1.571.95] 1.77 399 267 267 2470
20.0 [1.79]1.54[1.40] 1.83] 1.64 201 73| 473 473
20.0 | 1.67[1.45[1.24[1.70] 1.51 204 478
20.0 |1.54[1.35|1.08] 156 1.38 208 48.0
20.0 [1.52[1.33]1.05[1.54| 1.36 209 48.2
20.0 [ 1.61[1.39[1.19] 165 1.46 200 285
20.0 [1.59[1.37]1.13[1.69| 1.44 200 487
20.0 [1.58[1.30[1.08[1.73] 1.42 200 29.0
21.9 [1.68[1.38]1.21[1.84| 153 215 453
239 [[1.79[1.47|1.35[1.95] 1.64 7 162
259 [1.92[156 151207 1.77 122 453
258 [ 1.92[ 157151207 1.77 126 262
258 [[1.92[ 157151207 1.77 429 46.7
27.9 | 2.05[1.68]1.67]221] 1.90 23.0 283
209 [[2.19]1.811.84] 236 2.05 130 487
32.0 |2.34[1.95]2.03|256] 222 134 28.9
32.0 [2.34|1.96]2.05] 256 2.23 130 208
33.9 [2.71[2.12]2.24 | 2.73] 245 45 220

Pomiary odksztatcerr wykonywano tensometrami elektrooporowymi TFs-5 o bazie 5mm.
Strain measurements were carried out by means of electric resistance gauges TFs-5 on the bases of 5mm.
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Tablica Z3.6 Odksztalcenia betonu , g, €. (pomiary r¢czne)
Table Z3.6 Concrete strain g, , &, (manual measurements)

Sita zewnetrzna / External load
Lokali-| Poza stanowiskiem Na stanowisku badawczym / Inside test set-up

Nr | zacja | _na 4 podporach / Podczas badania / During the test

/ | [Outside test set-up onr— - o e enieniem . }
No I;g(t:izlri; 4 supports Before strengthening Po wzmocnieniu / After strengthening

0kN 6.3kN [12.3kN[18.3kN[20.3kN|20.3kN[20.3kN|20.3kN]20.3kN[26.3kN[36.3kN
Odksztatcenia betonu w strefie $ciskanej / Concrete strain in compression zone , & (%o)

1 | 5845 0.09 0.03 0.00 | -0.01|-0.02 | -0.03 | -0.02 | -0.03 | -0.09 | -0.10 | -0.10 | -0.12
2 | 5642 0.06 0.01 0.00 | -0.03 | -0.07 | -0.09 | -0.15 | -0.16 | -0.24 | -0.24 | -0.26 | -0.30
3 | 5438 0.13 0.08 0.00 | -0.04 | -0.10 | -0.12 | -0.15 | -0.16 | -0.24 | -0.24 | -0.26 | -0.31
4 | 5235 0.15 0.09 0.00 | -0.06 | -0.13 | -0.18 | -0.09 | -0.11 | -0.19 | -0.21 | -0.24 | -0.30
5 | 5032 0.11 0.08 0.00 | -0.11 | -0.22 | -0.24 | -0.17 | -0.20 | -0.27 | -0.26 | -0.31 | -0.40
6 | 4829 0.30 0.24 0.00 | -0.13 | -0.22 | -0.25 | -0.22 | -0.23 | -0.29 | -0.31 | -0.35 | -0.43
7 | 4626 0.03 -0.03 0.00 | -0.12 | -0.22 | -0.25 | -0.24 | -0.25 | -0.31 | -0.32 | -0.37 | -0.49
8 | 4422 0.19 0.14 0.00 | -0.13 | -0.20 | -0.23 | -0.24 | -0.24 | -0.30 | -0.31 | -0.37 | -0.48
9 | 4219 0.27 0.25 0.00 | -0.23 | -0.36 | -0.42 | -0.44 | -0.44 | -0.51 | -0.53 | -0.60 | -0.76
10 | 4016 0.27 0.22 0.00 | -0.12 | -0.20 | -0.23 | -0.25 | -0.25 | -0.31 | -0.34 | -0.40 | -0.53
11 | 3813 0.28 0.23 0.00 | -0.14 | -0.23 | -0.28 | -0.30 | -0.30 | -0.36 | -0.38 | -0.45 | -0.59
12 | 3610 0.27 0.27 0.00 | -0.23 | -0.36 | -0.42 | -0.46 | -0.45 | -0.52 | -0.54 | -0.62 | -0.81
13 | 3406 0.22 0.20 0.00 | -0.17 | -0.29 | -0.32 | -0.35 | -0.35 | -0.42 | -0.44 | -0.52 | -0.67
14 | 3203 0.21 0.19 0.00 | -0.17 | -0.25 | -0.29 | -0.31 | -0.31 | -0.39 | -0.41 | -0.49 | -0.64
15 | 3000 0.20 0.16 0.00 | -0.14 | -0.283 | -0.26 | -0.29 | -0.29 | -0.37 | -0.39 | -0.46 | -0.59
16 | 2797 0.23 0.20 0.00 | -0.15 | -0.26 | -0.29 | -0.31 | -0.31 | -0.38 | -0.41 | -0.48 | -0.65
17 | 2594 0.22 0.21 0.00 | -0.15|-0.25|-0.29 | -0.31 | -0.30 | -0.36 | -0.39 | -0.46 | -0.63
18 | 2390 0.24 0.24 0.00 | -0.20 | -0.31 | -0.37 | -0.39 | -0.38 | -0.44 | -0.46 | -0.55 | -0.73
19 | 2187 0.24 0.24 0.00 | -0.15 | -0.24 | -0.28 | -0.31 | -0.30 | -0.37 | -0.40 | -0.46 | -0.61
20 | 1984 0.25 0.28 0.00 | -0.22 | -0.26 | -0.40 | -0.42 | -0.42 | -0.49 | -0.51 | -0.57 | -0.75
21 | 1781 0.19 0.16 0.00 | -0.14 | -0.22 | -0.26 | -0.27 | -0.27 | -0.32 | -0.35 | -0.40 | -0.52
22 | 1578 0.18 0.19 0.00 | -0.20 | -0.31 | -0.35 | -0.35 | -0.35 | -0.41 | -0.44 | -0.49 | -0.64
23 | 1374 0.18 0.16 0.00 | -0.15-0.27 | -0.30 | -0.27 | -0.27 | -0.31 | -0.34 | -0.39 | -0.54
24 | 1171 0.17 0.13 0.00 | -0.13 | -0.22 | -0.25 | -0.21 | -0.22 | -0.28 | -0.30 | -0.33 | -0.45
25 | 968 0.12 0.12 0.00 | -0.15| -0.23 | -0.27 | -0.21 | -0.21 | -0.27 | -0.29 | -0.34 | -0.44
26 | 765 0.12 0.10 0.00 | -0.06 | -0.14 | -0.18 | -0.11 | -0.11 | -0.18 | -0.19 | -0.24 | -0.31
27 | 562 0.11 0.07 0.00 | -0.04 | -0.09 | -0.11 | -0.11 | -0.12 | -0.18 | -0.20 | -0.23 | -0.28
28 | 358 0.08 0.05 0.00 | -0.02 | -0.05 | -0.06 | -0.07 | -0.08 | -0.14 | -0.15 | -0.18 | -0.22
29 | 155 0.05 0.04 0.00 | -0.01 | -0.01 | -0.03 | -0.01 | -0.03 | -0.07 | -0.08 | -0.09 | -0.11
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Sita zewnetrzna / External load
Lokali-| Poza stanowiskiem Na stanowisku badawczym / Inside test set-up

Nr | zacja | _na 4 podporach / Podczas badania / During the test

/ | |Outside test set-up on Przed wzmocnieniem / — .

No Logali- 4 supports Before strengthening Po wzmocnieniu / After strengthening

zation 0KkN 6.3kN [12.3kN[18.3kN[20.3kN[20.3kN[20.3kN[20.3kN[20.3kN[26.3kN[36.3kN
Odksztatcenia betonu w strefie rozcigganej / Concrete strain in tension zone , & (%o)

1 | 5845 0.03 0.01 0.00 | 0.00 | 0.01 | 0.02 | 0.23 | 0.22 | 0.18 | 0.18 | 0.19 | 0.22
2 | 5642 0.03 0.02 0.00 | 0.00 | 0.03 | 0.05 | 0.71 | 0.69 | 0.63 | 0.63 | 0.68 | 0.76
3 | 5438 | -0.06 -0.05 0.00 | 0.05 | 0.18 | 0.37 | 0.94 | 0.92 | 0.85 | 0.86 | 0.93 | 1.06
4 | 5235 -0.03 -0.03 0.00 | 0.10 | 0.36 | 0.55 | 0.37 | 0.36 | 0.29 | 0.30 | 0.35 | 0.50
5 | 5032 | -0.01 -0.03 0.00 | 0.11 | 0.62 | 0.78 | 0.45 | 0.44 | 0.37 | 0.37 | 0.47 | 0.69
6 | 4829 | -0.16 -0.14 0.00 | 040 | 0.99 | 122 | 0.73 | 0.72 | 0.65 | 0.67 | 0.85 | 1.23
7 | 4626 -0.07 -0.08 0.00 | 0.32 | 0.83 | 1.04 | 0.65 | 0.65 | 0.58 | 0.60 | 0.75 | 1.09
8 | 4422 -0.18 -0.18 0.00 | 0.82 | 1.77 | 210 | 1.33 | 1.32 | 1.24 | 1.28 | 1.58 | 2.27
9 | 4219 -0.18 -0.21 0.00 | 0.51 | 1.02 | 1.21 | 0.72 | 0.71 | 0.65 | 0.67 | 0.87 | 1.33
10 | 4016 -0.20 -0.23 0.00 | 0.61 | 1.24 | 148 | 0.94 | 0.94 | 0.86 | 0.90 | 1.12 | 1.70
11 | 3813 | -0.45 -0.44 0.00 | 1.01 | 2.06 | 2.43 | 1.56 | 1.56 | 1.48 | 1.54 | 1.95 | 2.98
12 | 3610 -0.27 -0.25 0.00 | 0.80 | 1.40 | 1.57 | 1.00 | 1.01 { 0.93 | 0.96 | 1.25 | 1.90
13 | 3406 -0.23 -0.23 0.00 | 0.61 | 1.41 | 1.71 | 113 | 1.14 [ 1.06 | 1.12 | 1.42 | 2.16
14 | 3203 -0.25 -0.24 0.00 | 092 | 1.79 | 210 | 141 | 140 | 1.33 | 1.39 | 1.72 | 2.61
15 | 3000 -0.23 -0.23 0.00 | 0.74 | 148 | 1.75 | 117 [ 1.19 [ 112 | 1.16 | 1.45 | 2.28
16 | 2797 -0.27 -0.26 0.00 | 0.77 | 169 | 2.05 | 140 | 1.39 | 1.34 | 1.39 | 1.73 | 2.61
17 | 2594 -0.24 -0.22 0.00 | 1.02 | 1.86 | 215 | 143 | 143 | 1.34 | 1.40 | 1.75 | 2.70
18 | 2390 -0.25 -0.25 0.00 | 0.58 | 1.24 | 150 | 0.99 | 0.99 | 0.93 | 0.96 | 1.23 | 1.96
19 | 2187 | -0.23 -0.25 0.00 | 064 | 1.36 | 1.60 | 1.05 | 1.05 | 0.97 | 1.00 | 1.28 | 1.94
20 | 1984 -0.46 -0.44 0.00 | 0.94 | 1.77 | 206 | 1.27 | 1.27 | 1.20 | 1.25 | 1.60 | 2.33
21 | 1781 -0.18 -0.17 0.00 | 0.56 | 1.26 | 1.50 | 0.94 | 0.94 | 0.89 | 0.93 | 1.15 | 1.68
22 | 1578 | -0.26 -0.24 0.00 | 0.78 | 1.57 | 1.84 | 1.10 | 1.10 | 1.02 | 1.07 | 1.36 | 1.97
23 | 1374 -0.12 -0.11 0.00 | 0.31 | 0.80 | 1.01 | 0.62 | 0.62 | 0.56 | 0.58 | 0.74 | 1.07
24 | 1171 -0.10 -0.09 0.00 | 0.31 | 0.96 | 1.15 | 0.65 | 0.65 | 0.57 | 0.62 | 0.79 | 1.15
25 | 968 -0.15 -0.14 0.00 | 0.38 | 1.03 | 1.27 | 0.65 | 0.64 | 0.58 | 0.63 | 0.80 | 1.16
26 | 765 0.00 -0.01 0.00 | 0.05 | 0.30 | 0.45 | 0.27 | 0.27 | 0.21 | 0.23 | 0.29 | 0.39
27 | 562 0.00 -0.02 0.00 | 0.05 | 0.18 | 0.28 | 0.31 | 0.30 | 0.25 | 0.25 | 0.30 | 0.42
28 | 358 -0.03 -0.03 0.00 | 0.02 | 0.08 | 0.10 | 0.23 | 0.24 | 0.21 | 0.22 | 0.26 | 0.53
29 | 155 0.05 0.00 0.00 | 0.06 | 0.01 | 0.00 | 0.04 | 0.04 | 0.04 | 0.01 | 0.01 | 0.03

Sita zewnetrzna / External load

Poza stanowiskiem
na 4 podporach /
Outside test set-up on

Na stanowisku badawczym / Inside test set-up

Podczas badania / During the test

Przed wzmocnieniem /

4 supports Before strengthening Po wzmocnieniu / After strengthening
0 kN 6.3kN [12.3kN|18.3kN[20.3kN[20.3kN|20.3kN[20.3kN|20.3kN|26.3kN|36.3kN
&c,av (%0) -0.24 -0.23 0.00 | 0.81 | 165 | 1.95 | 1.31 | 1.31 | 1.24 | 1.29 | 1.61 | 2.47
€rav (%o) 0.21 0.19 0.00 | -0.15|-0.25 | -0.29 | -0.31 | -0.31 | -0.39 | -0.41 | -0.48 | -0.64
K (1/m) | -0.0030 | -0.0028 |0.0000/|0.0064|0.0127{0.0149|0.0108|0.0108|0.0108|0.0114(0.0140(0.0207

Pomiary odksztatcen wykonywano przy uzyciu ekstensometru nasadowego o bazie 8'.
Concrete strain measurements measured by hand with dial strain gauges of 8' working range.
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WYNIKI BADAN ELEMENTU B1l 2-sp-e
TEST RESULTS OF MEMBER
Series B
250, 1200 N 1200 N 1200 N 1200 M 1200 250,

¥ ¥ ¥ ¥
S I B B B W W

15Q, 16x150=2400 . 1200 . 16x150=2400 15Q,
250, 6000 250,
448
; ” ﬁ #8 @ 150mm
Q
o 4412
o b
\ 1 CFRP strips
100x1.20mm
. 200 L 100 200 ,
. 500 )
Tablica Z4.1 Zestawienie charakterystycznych parametrow dla elementu B12-sp-e
Table Z4.1 Summary of characteristic parameters for beam B12-sp-e
Beton Stal zbrojeniowa CFRP Sita
Concrete Steel reinforcement Load
500 x 220mm’ 4#12 4#8 1x 100x1.2mm’ 2F, 20.0kN
2 [fecune | 44.0MPa | A 113.3mm* | 49.4mm’ f 2857MPa 2Fy 26.0kN
w
Q 2F,
R | fogpic| 3.50MPa | f, | 539.6MPa | 416.2MPa €6y 16.8%o oF 76%
ul
f, 41.6MPa | f, | 627.5MPa | 734.1MPa E¢ 173.7Gpa 2F, 49.0kN
E 24.7MPa | E; | 191.3GPa | 186.1GPa Ettot 9-4%q 2 173%
c : s : : (erpTEries) | (4.40%0+5.00%0) 2F, ’
B12-sp-e
sp - stalowa plyta kotwiaca / anchorage steel plate

(] -

wstepne obcigzenie belki przed wzmocnieniem / preloading of the beam before its strengthening
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Tablica Z4.2 Odksztatcenia betonu, €. , & (pomiary komputerowe)
Table Z4.2 Concrete strain, €. , & (computer registered measurements)

Sita / Odksztatcenia betonu / Concrete strain Krzywizna /
Load € & Curvature
2F I Ret [Re2 [ Res [ Rea [ Res [ oav | Ru [Re [Ro [ Ru [ Rs [ Re [ Ry [ Re | Ro [Ruo [Ruv [Rua [Res Jowar | X
kN %0 %0 %o %0 1/m
7.3 [0.00{0.00 | 0.00 |0.00{0.00 | 0.00 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 0.00 | 0.0000
8.3 [-0.02|0.00 |-0.040.00 |-0.01]-0.01 0.080.00 | 0.07 [ 0.08 | 0.11|0.12 | 0.06 0.09 0.0007
10.2 |-0.09(-0.05|-0.08-0.03(-0.01[-0.05 0.25/0.00 |0.17 [ 0.35 | 0.46 | 0.54 | 0.26 0.33| 0.0025
12.2 |-0.13{-0.08(-0.14|-0.09(-0.01|-0.10 0.43]0.10 | 0.33 | 0.65 | 0.75| 0.93 | 0.48 0.58 0.0045
12.2 |-0.13[-0.08{-0.10-0.08 |-0.01 |-0.09 0.45|0.13 [0.35 [ 0.68 | 0.78 | 0.96 | 0.51 0.60 | 0.0046
14.1 |-0.17]-0.11(-0.13|-0.12|-0.02|-0.12 0.580.30 | 0.54 [ 0.90 | 0.96 | 1.24 | 0.67 0.80 0.0061
16.1 |-0.20(-0.13|-0.14|-0.15|-0.05-0.14 0.800.56 |0.82 [ 1.18 | 1.18 | 1.66 | 0.90 1,06 0.0080
16.1 |-0.21(-0.14(-0.14|-0.16|-0.05[-0.15 0.82]0.61|0.93[1.25(1.22(1.73 | 0.96 1.13| 0.0085
18.1 |-0.23[-0.15|-0.16|-0.19(-0.08-0.17 1.01[0.80(1.131.48 [ 1.41[1.97|1.16 1.34| 0.0101
18.1 |-0.24(-0.16|-0.15|-0.19{-0.07|-0.17 1.03[0.81(1.191.49 [1.41[2.00{1.19 136 0.0102
20.0 [-0.28(-0.18-0.18{-0.24|-0.11{-0.20 1.28(1.05(1.691.81[1.63|2.38(1.49 1.71| 0.0127
20.0 [-0.28(-0.18{-0.19(-0.25|-0.12(-0.21 1.29(1.07 {212 1.81[1.60 [ 2.39 | 1.51 184 0.0137
6.3 [-0.29|-0.13|0.01 |-0.11{-0.10|-0.08 0.46|0.80 [1.11[0.73|0.57 | 0.96 | 0.56 0.80| 0.0059
7.3 [-0.30/-0.13| 0.00 |-0.11{-0.10{-0.08 0.46 | 0.89 [1.16 [ 0.77 | 0.57 | 0.96 | 0.56 0.83| 0.0061
8.3 [-0.29-0.13]-0.02{-0.12{-0.11]-0.09 0.51/0.821.11[0.80|0.64 | 1.10 | 0.62 0.85| 0.0063
10.2 |-0.29(-0.13{-0.06(-0.13[-0.11-0.11 0.65/0.81[1.13[1.00|0.82|1.34 | 0.79 0.98 0.0073
12.2 |-0.29]-0.15(-0.08|-0.16|-0.11]-0.13 0.76 | 0.81 [1.15 [ 1.14 | 0.95 | 1.52 | 0.91 1.08| 0.0081
14.1 {-0.30(-0.15|-0.11|-0.18(-0.11-0.15 0.890.81[1.32[1.32(1.13|1.75 | 1.07 126 0.0094
16.1 |-0.29(-0.17{-0.13|-0.21{-0.11-0.17 1.04(0.81(1.501.51[1.30 [ 1.97 | 1.22 143 0.0107
18.1 |-0.30{-0.20{-0.15-0.24 [-0.12-0.20 1.16[0.94 | 1.68 | 1.68 [ 1.47 | 2.14 | 1.37 161 0.0120
20.0 [-0.36(-0.21-0.17(-0.26|-0.14[-0.21 1.30 [1.05 | 1.851.83 [ 1.59 [ 2.37 | 1.51 176 0.0131
20.0 [-0.32(-0.21-0.16|-0.27 |-0.14(-0.22 1.31[1.06 |2.06 | 1.86 [ 1.60 | 2.39 | 1.52 184 0.0137
20.0 [-0.32(-0.21-0.16{-0.27 |-0.13[-0.22 1.20 [1.07 [ 2.06 | 1.71 | 1.50 [ 2.18 | 1.41 1.75| 0.0131
20.0 [-0.32[-0.22|-0.16|-0.27|-0.13|-0.22 1.031.07|1.91|1.47 [1.27 [1.90 [ 1.20 155 0.0118
20.0 [-0.33(-0.23|-0.16{-0.28|-0.13[-0.22 0.861.08 [1.72[1.29|1.10| 1.68 | 1.03 1.37| 0.0106
20.0 [-0.33|-0.23|-0.16{-0.27 |-0.13[-0.22 0.81|1.08 |1.66 [ 1.23|1.03|1.59 | 0.97 1.30| 0.0102
20.0 [-0.33(-0.23(-0.16{-0.28-0.13[-0.22 0.75/1.08 | 1.57 [ 1.15|0.95| 1.49 | 0.89 122 0.0096
20.0 [-0.33[-0.23|-0.14|-0.28|-0.13|-0.22 0.781.08 | 1.60 [ 1.22|1.00 | 1.58 | 0.93 1.27| 0.0099
20.0 [-0.44(-0.30(-0.26|-0.42(-0.21]-0.33] 0.67 | 1.00 | 1.00 | 0.83 | 1.22 [1.80 [ 1.29 | 1.09 | 1.66 [ 0.70 [ 1.00 | 1.00 | 0.67 | 1.39| 0.0115
22.0 [-0.46(-0.32(-0.30|-0.44 |-0.24]-0.36[ 0.77 [ 1.12 [ 1.12{0.90 | 1.22 [ 1.86 [ 1.50 | 1.24 | 1.91 | 0.85 [ 0.85 | 1.00 | 0.76 | 1.53 | 0.0126
23.9 [-0.47(-0.34(-0.32|-0.46(-0.25|-0.37[ 0.84 [ 1.19 [ 1.21 | 0.96 | 1.21 [ 1.96 [ 1.62 | 1.34 | 2.05 [ 0.94 [ 0.78 | 1.00 | 0.81 [ 1.64 | 0.0134
26.0 [-0.50(-0.36(-0.35|-0.49(-0.28]-0.40( 0.95 [ 1.27 [ 1.34 | 1.04 | 1.21 [2.11 [ 1.76 | 1.48 | 2.23 [ 1.06 [ 0.68 | 1.05 | 0.88 [ 1.78 0.0146
25.8 [-0.50(-0.36(-0.35|-0.49(-0.29]-0.40 0.95 [ 1.27 [ 1.34 | 1.04 | 1.20 [ 2.10 [ 1.87 | 1.48 | 2.22 [ 1.06 [ 0.67 | 1.05 | 0.88 | 1.82| 0.0148
27.7 [-0.53(-0.38(-0.37|-0.52|-0.31]-0.42[ 1.03 [ 1.32 | 1.46 | 1.09 | 1.20 [ 2.24 [ 1.88 | 1.60 | 2.37 [ 1.16 [ 0.60 | 1.15 | 0.93 1.90 | 0.0155
30.0 |-0.55(-0.40(-0.39|-0.54|-0.35(-0.44 1.11| 1.40 | 1.57 [ 1.14 | 1.20 | 2.39 [ 2.01 [ 1.71 | 2.57 | 1.28 | 0.52 [ 1.25 [ 0.98 [ 2.04 | 0.0165
32.0 |-0.58(-0.43(-0.41|-0.56|-0.37(-0.47| 1.21 | 1.47 | 1.67 [ 1.221.30 | 2.57 [ 2.20 [ 1.95 | 2.75 | 1.41 | 0.42 [ 1.35 | 1.03 [ 2.24| 0.0180
32.0 -0.58(-0.43|-0.41|-0.56|-0.37|-0.47| 1.22 | 1.48 | 1.68 | 1.23 | 1.31 | 2.59 [ 2.22 | 1.99|2.77 [ 1.42 | 0.41 | 1.36 | 1.04 | 2.26 | 0.0182
34.0 |-0.61|-0.45(-0.42|-0.57|-0.39]-0.48 1.29 | 1.52 | 1.75 [ 1.32 | 1.48 | 2.79 | 4.20 | 2.45 | 2.98 | 1.54 | 0.35 [ 1.45 [ 1.08 [ 3.15| 0.0242
33.5 |-0.62|-0.45(-0.40|-0.57|-0.38|-0.48 1.29 | 1.51 | 1.75 [ 1.33 | 1.51 | 2.84 | 4.68 | 3.01 | 2.99 | 1.52 | 0.35 [ 1.45 | 1.07 [ 3.51| 0.0266
35.0 |-0.65(-0.47[-0.40|-0.57|-0.39(-0.48 1.31 | 1.54 | 1.78 [ 1.35 | 1.59 | 3.08 [ 4.98 [ 3.94 | 3.12 | 1.57 [ 0.32 [ 1.49 [ 1.08 [ 4.00| 0.0299
34.5 |-0.65|-0.47|-0.37|-0.56|-0.40|-0.47| 1.31 [ 1.52 | 1.78 | 1.36 | 1.60 | 4.18 | 5.13 | 4.12(3.95 | 1.54 | 0.33 | 1.49 | 1.07 | 4.48 | 0.0330
35.7 |-0.66|-0.47|-0.37|-0.56|-0.40(-0.47| 1.34 | 1.55 | 1.80 | 1.38 | 1.65 | 4.60 | 5.30 | 4.38 | 4.60 | 1.58 | 0.31 [ 1.49 | 1.07 [4.76 | 0.0348
35.7 |-0.64|-0.46|-0.37|-0.57|-0.40(-0.47| 1.33 | 1.55 | 1.80 [ 1.38 | 1.69 | 4.77 | 5.43 | 4.59 | 4.84 | 1.58 | 0.31 [ 1.48 | 1.07 [ 4.93| 0.0360
36.3 |-0.66(-0.47|-0.38|-0.57|-0.40(-0.47| 1.34 | 1.56 | 1.81 [ 1.39 | 1.72 | 4.81 | 5.48 | 4.64 | 4.89 | 1.59 [ 0.30 [ 1.50 | 1.07 [ 4.98 | 0.0363
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36.5 ||-0.66|-0.47(-0.36|-0.57|-0.41(-0.47|| 1.34 | 1.57 | 1.81 {1.39|2.04 | 4.93 | 5.62 | 4.89|5.13|1.60|0.30 (1.49|1.07 || 5.14 | 0.0374
36.8 ||-0.67|-0.47|-0.36|-0.54|-0.40(-0.46| 1.34 | 1.55|1.80 | 1.41|3.01 (4.99|5.72|5.49|5.31(1.59|0.30 (1.49|1.07 || 5.40 | 0.0391
36.8 ||-0.67|-0.47(-0.35|-0.56|-0.40(-0.46| 1.35|1.55|1.81 {1.40|3.20 { 5.01|5.74 | 5.69|5.34 (1.60|0.30 [ 1.49 | 1.08 | 5.48 | 0.0396
36.8 ||-0.67(-0.46(-0.36(-0.56(-0.40|-0.46( 1.34 | 1.55|1.81|1.40(3.30(5.02|5.73|5.86 | 5.37 [ 1.59(0.31 | 1.49| 1.08 | 5.54 | 0.0400
37.2 |-0.67|-0.47(-0.36|-0.55|-0.41|-0.46| 1.35| 1.56 | 1.81 [ 1.40|3.53 | 5.06 | 5.79 (6.29|5.42|1.61|0.31(1.50|1.07 || 5.71 | 0.0412
37.5 ||-0.67(-0.47(-0.36(-0.56(-0.41|-0.46( 1.35( 1.56 | 1.81|1.42|3.86 (5.11|5.84|6.58 | 5.50 | 1.61 (0.30 | 1.51| 1.08 | 5.84 | 0.0420
37.6 |-0.67|-0.45(-0.36(|-0.55|-0.40(-0.46| 1.34 | 1.55|1.81 [ 1.41|4.13|5.15|5.87 [ 6.77|5.58 [ 1.63|0.30 1.50 | 1.08 | 5.93 | 0.0425
37.6 |-0.67(-0.47|-0.36(-0.54(-0.40|-0.46( 1.35( 1.56 | 1.81|1.41|4.29(5.19|5.90|6.87 | 5.65|1.62(0.30 | 1.50| 1.07 || 5.99 | 0.0430
37.6 |-0.67|-0.48(-0.35|-0.55|-0.40(-0.46| 1.33 1 1.55| 1.81 [ 1.42|4.37 | 5.21|5.93 | 6.95|5.69 (1.63|0.30 (1.50 | 1.08 | 6.03 | 0.0433
37.7 |-0.68|-0.47(-0.35|-0.54|-0.41(-0.45] 1.34 | 1.56 | 1.81 [ 1.41|4.45|5.24|5.95(7.00|5.73(1.63|0.29 (1.50|1.08 | 6.06 | 0.0435
37.9 ||-0.67|-0.46(-0.35|-0.55|-0.41(-0.45] 1.35|1.57 | 1.82{1.42|4.60 [ 5.29|6.00 | 7.11|5.82(1.64|0.29 (1.52|1.09| 6.13 | 0.0439
38.1 ||-0.66|-0.47(-0.36(|-0.55|-0.40(-0.46| 1.34 | 1.56 | 1.80 [ 1.42|4.76 | 5.34 | 6.04 | 7.25|5.92(1.64 | 0.30 [ 1.50 | 1.09 | 6.21 | 0.0445
38.2 ||-0.66|-0.46(-0.33|-0.54|-0.40(-0.44( 1.34 | 1.56 | 1.81 [ 1.43|4.88 | 5.41|6.09 | 7.36|6.02 | 1.64|0.29 (1.50 | 1.08 | 6.29 | 0.0449
38.3 ||-0.66|-0.47(-0.35|-0.54|-0.40(-0.45] 1.35|1.58 | 1.81 {1.43|5.02 | 5.46 |6.15(7.49|6.17 [ 1.64|0.28 [ 1.51|1.09| 6.37 | 0.0455
38.5 |-0.67(-0.45(-0.35(-0.54(-0.41|-0.45( 1.35(1.58 | 1.82|1.43|5.18 | 5.53|6.22|7.59|6.61 | 1.63(0.30 | 1.52| 1.08 | 6.45 | 0.0460
38.6 ||-0.65|-0.47(-0.35|-0.53|-0.39(-0.45|| 1.34 || 1.57 | 1.81 {1.43|5.31 | 5.62|6.28 | 7.67 |6.80 [ 1.62|0.29 (1.52| 1.08 || 6.52 | 0.0465
38.8 ||-0.66|-0.46(-0.35(-0.53(-0.41|-0.45( 1.35(1.57 | 1.81|1.43|5.42|5.67 |6.34|7.75|6.94|1.62(0.28 |1.51|1.08 | 6.58 | 0.0469
38.9 ||-0.65|-0.46(-0.35|-0.54|-0.40(-0.45] 1.35| 1.58 | 1.82 {1.44 | 5.57 | 5.77 |6.42 | 7.87|7.10(1.62|0.28 (1.52|1.09| 6.68 | 0.0476
39.1 ||-0.66|-0.48(-0.35(-0.53(-0.40|-0.46( 1.34 | 1.58 | 1.82|1.43 | 5.69 | 5.86|6.48|7.98|7.24|1.63(0.29|1.52|1.08 | 6.77 | 0.0482
39.3 ||-0.65|-0.48|-0.34|-0.53|-0.41(-0.45]1.35| 1.58 | 1.82 [ 1.44 | 5.86 | 5.98 | 6.59 [ 8.12|7.43 (1.62|0.27 [ 1.53 | 1.08 | 6.90 | 0.0490
39.5 ||-0.65|-0.46(-0.33|-0.53|-0.40(-0.44( 1.35| 1.58 | 1.82 {1.44 | 6.09 (6.15|6.74 | 8.37 | 7.68 | 1.62|0.26 | 1.51 | 1.08 || 7.08 | 0.0502
39.7 ||-0.65|-0.46(-0.34|-0.53|-0.41|-0.45 1.34 | 1.59| 1.83 | 1.44 | 6.25 |6.27 |6.85 | 8.56 | 7.86 | 1.63 | 0.27 [ 1.53 | 1.08 || 7.23 | 0.0511
39.8 ||-0.65|-0.47(-0.32|-0.54|-0.42-0.45] 1.35| 1.58 | 1.83 | 1.44 | 6.37 | 6.35|6.93 [ 8.69|7.98(1.62|0.26 (1.52|1.08| 7.32 | 0.0518
40.2 ||-0.65(-0.46|-0.32(-0.54|-0.41(-0.44( 1.35|1.59 | 1.84 | 1.44 | 6.57 | 6.46 | 7.08 | 8.91|8.19|1.62|0.26 | 1.53 | 1.09| 7.48 | 0.0529
40.4 |-0.66(-0.47|-0.32(-0.52|-0.40(-0.44(1.35]1.59 | 1.84 | 1.44 | 6.86 | 6.60 | 7.28 | 9.18 | 8.44 | 1.63 | 0.26 | 1.52| 1.08 || 7.69 | 0.0542
40.6 ||-0.64|-0.47|-0.30(-0.54|-0.41|-0.44(1.34]1.59 (1.84 | 1.43|7.06|6.70 | 7.41|9.40 | 8.63|1.63|0.26 | 1.54 | 1.09| 7.83 || 0.0551
40.7 ||-0.64-0.45|-0.31(-0.52|-0.42(-0.43(1.35| 1.58 | 1.83 | 1.43 | 7.23|6.79 | 7.53|9.58 | 8.78 | 1.62|0.26 | 1.53 | 1.08 || 7.97 || 0.0560
41.0 (-0.65|-0.47|-0.31|-0.52|-0.41(-0.43||1.34 | 1.60 | 1.84 | 1.44 | 7.48 | 6.97 | 7.69 (9.84|9.00| 1.63|0.24 | 1.54 (1.08| 8.16 | 0.0573
41.2 ||-0.63(-0.47|-0.30(-0.53|-0.41(-0.43( 1.35|1.59 (1.85| 1.43 | 7.68 | 7.10 | 7.80 |10.03/ 9.18 | 1.63 | 0.25 | 1.53 | 1.09|| 8.31 | 0.0583
41.2 (-0.63|-0.46|-0.29|-0.53|-0.41(-0.43||1.35|1.59 (1.84 | 1.44 | 7.84 | 7.19 | 7.88 (10.19|9.35| 1.63 | 0.24 | 1.54 [ 1.09| 8.42 | 0.0590
41.8 ||-0.63|-0.47|-0.28(-0.49|-0.42(-0.41(1.34 | 1.59 | 1.85| 1.45|8.34 | 7.31 | 7.94 |10.17(11.21| 1.62 | 0.25 | 1.53 | 1.08 || 8.47 || 0.0592
42.2 (-0.62|-0.46|-0.29|-0.49|-0.42|-0.41||1.35|1.59 | 1.85| 1.45|9.07 | 7.52 | 8.12 (10.10|12.20| 1.63 | 0.24 | 1.55 [ 1.09| 8.58 | 0.0600
42.5 ||-0.61(-0.46|-0.27(-0.49|-0.42(-0.41(1.35| 1.59 | 1.85| 1.45|9.45 | 7.66 | 8.31 |10.10[12.67| 1.65|0.23 | 1.56 | 1.09 || 8.69 | 0.0606
42.6 ||-0.60(-0.45|-0.26{-0.50|-0.40(-0.40( 1.35] 1.60 | 1.86 | 1.45(9.80 | 7.76 | 8.49 |10.11(13.24{ 1.65|0.23 | 1.56 | 1.08 || 8.78 | 0.0613
42.7 ||-0.60(-0.46|-0.27(-0.49|-0.40(-0.41(1.35] 1.59 | 1.86 | 1.45|9.99 | 7.82 | 8.57 |10.22(13.67| 1.66 | 0.23 | 1.54 | 1.09|| 8.87 | 0.0618
42.7 -0.60(-0.47|-0.26(-0.50|-0.41(-0.41( 1.35] 1.59 | 1.86 | 1.44 (10.11| 7.85 | 8.62 |10.31(13.93| 1.66 | 0.22 | 1.57 | 1.09 || 8.93 | 0.0622
42.7 |-0.59(-0.47|-0.25(-0.50|-0.40(-0.41( 1.35| 1.58 | 1.85 | 1.45 (10.20| 7.88 | 8.67 |10.38(14.12| 1.67 | 0.22 | 1.57 | 1.09|| 8.98 | 0.0626
43.3 ||-0.59(-0.46|-0.26{-0.49|-0.39(-0.40( 1.34 | 1.60 | 1.86 | 1.48 (10.44| 8.00 | 8.80 |10.56(14.56| 1.68 | 0.21 | 1.57 | 1.08 || 9.12 | 0.0635
43.5 (-0.59|-0.45|-0.23|-0.50|-0.40(-0.40|1.35| 1.60 | 1.86 | 1.51|10.81| 8.21 | 8.97 (10.82|15.15| 1.68 | 0.21 | 1.57 [ 1.09| 9.33 | 0.0648
43.6 ||-0.59(-0.46|-0.24(-0.49|-0.39(-0.40( 1.35| 1.60 | 1.86 | 1.53 (11.03| 8.34 | 9.07 |10.98(15.49| 1.68 | 0.20 | 1.58 | 1.08 || 9.46 | 0.0657
44.2 (-0.57|-0.44|-0.25|-0.48|-0.39(-0.39|1.36 | 1.61 | 1.86 | 1.57 |11.53| 8.55 | 9.24 (11.25|16.19| 1.69 | 0.19 [ 1.59 (1.08 | 9.68 | 0.0671
44.4 |-0.58(-0.45|-0.23(-0.47|-0.39(-0.39( 1.34 || 1.62 | 1.86 | 1.58 (11.95| 8.73 | 9.38 |11.46(16.78| 1.70 | 0.19 | 1.58 | 1.09|| 9.85 || 0.0683
44.5 (-0.56|-0.46|-0.23|-0.47|-0.38(-0.39||1.35| 1.61 | 1.87 | 1.59{12.19| 8.85 | 9.48 (11.61|17.16| 1.69 | 0.19 [ 1.58 | 1.09| 9.98 | 0.0691
44.6 |-0.57(-0.46|-0.22(-0.46|-0.39(-0.38( 1.35| 1.62 | 1.86 | 1.59 (12.37| 8.94 | 9.56 |11.73(17.40| 1.70 | 0.19 | 1.59| 1.09 || 10.08 | 0.0697
44.8 |-0.58(-0.45|-0.23(-0.46|-0.37(-0.38( 1.35| 1.60 | 1.86 | 1.59 (12.54| 9.05 | 9.66 {11.85(17.65| 1.71|0.17 | 1.60 | 1.10] 10.19 | 0.0704
45.1 ||-0.57(-0.45|-0.22{-0.46|-0.37(-0.38( 1.35| 1.61 | 1.86 | 1.59 (12.88| 9.24 | 9.82 |12.09(18.10| 1.72| 0.17 | 1.58 | 1.10] 10.38 | 0.0717
45.4 |-0.56(-0.44|-0.22(-0.44|-0.37|-0.37( 1.35| 1.62 | 1.87 | 1.61 [13.24]| 9.43 | 9.95 |12.38(18.55| 1.72| 0.15| 1.59| 1.08 || 10.59 | 0.0730
45.4 |-0.55(-0.44|-0.20(-0.43|-0.38(-0.36( 1.35| 1.61 | 1.88 | 1.61 (13.40| 9.51 (10.03|12.54(18.77| 1.72| 0.16 | 1.59| 1.10| 10.69 | 0.0737
45.5 |-0.56(-0.44|-0.21(-0.44|-0.36(-0.37( 1.35| 1.62 | 1.88 | 1.61 [13.50| 9.58 [10.09|12.65(18.92| 1.75|0.14 | 1.60 | 1.10| 10.77 | 0.0742
45.5 ||-0.55(-0.45|-0.21(-0.43|-0.37(-0.36( 1.35| 1.61 | 1.88 | 1.61 [13.59| 9.63 [10.13|12.74(19.05| 1.74 | 0.15|1.60 | 1.09| 10.83 | 0.0746
45.5 |-0.57|-0.45|-0.22(-0.43|-0.37|-0.37(1.35| 1.62 | 1.88 | 1.61 [13.66| 9.68 [10.19|12.82(19.18| 1.74 | 0.15| 1.59| 1.09] 10.90 | 0.0751
45.5 (-0.56|-0.45|-0.21|-0.42|-0.37|-0.36||1.35| 1.61 | 1.88 | 1.62|13.71]| 9.71 {10.24(12.87|19.26| 1.75| 0.15[ 1.59 [ 1.09 | 10.94 | 0.0753
45.5 ||-0.56(-0.44|-0.21(-0.42|-0.36(-0.35( 1.35| 1.61 | 1.87 | 1.62 [13.74| 9.74 (10.29|12.90(19.31| 1.74 | 0.14 | 1.60 | 1.09 | 10.97 | 0.0755
37.9 ||-0.36{-0.24(-0.11(-0.21(-0.28|-0.19( 1.67 | 1.66 | 2.11 | 1.67 {14.33(10.15|10.87|13.19|19.83| 1.57 [-0.13| 1.85| 1.27 | 11.41| 0.0773
23.9 |-0.01|0.11]0.42|0.10|-0.12|0.212.11 | 1.85| 2.50 | 1.83 |15.44{10.82|13.32(13.70|20.88( 1.23 |-0.59( 2.22 | 1.51| 12.61 | 0.0827

Pomiary odksztatcen betonu wykonywano przetwornikami przemieszczen liniowych o zakresie 10 i 20mm.
Concrete strain were measured with linear displacement transducers of 10 and 20mm range.
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220,

500

250, 1200 L 1200 L 1200 L 1200 . 1200 250,
r r I I
\TE 2 13.—
T2 T4 6 T8 TI0 T2 7
% Z, T T3 5 17 19 T T3 ‘%
2x150
L, 775 200, 450 , 750  , 450 2252%'7¥925 450 _ 750 450 200, 775 .

Tablica Z4.3 Odksztalcenia tasmy CFRP, &;
7Z4.3 CFRP strain, &¢

Table

Sita /
Load

Odksztatcenia tasmy CFRP / CFRP strain &

2F

Ti|T2[T3[Ta][T5 ] 16 | T7 [TO8]TOO[T10[T11 [ T12][ T13

Tu

kN

%o

6.3

0.0

0.0

0.0

0.0

20.0

0.00

0.00

0.00

0.0

20.0

1.1

1.14

1.15

1.1

20.0

2.69

2.75

277

27

20.0

3.78

3.86

3.88

3.8

20.0

4.13

4.22

4.25

4.2

20.0

4.60

4.70

4.69

4.7

20.0

4.20

4.30

4.25

4.2

20.0

4.20

4.20

4.23

4.27

4.30

4.34

4.36

4.35

4.30

4.30

4.30

4.28

4.25

4.3

22.0

4.25

4.36

4.39

4.46

4.51

4.55

4.58

4.56

4.52

4.49

4.46

4.44

4.35

4.6

23.9

4.29

4.48

4.50

4.57

4.63

4.67

4.70

4.67

4.63

4.60

4.57

4.56

4.44

4.7

26.0

4.33

4.62

4.63

4.71

4.76

4.81

4.84

4.81

4.77

474

4.70

4.70

4.54

4.8

25.8

4.34

4.62

4.63

4.71

4.76

4.81

4.84

4.81

4.77

4.74

4.71

4.69

4.54

4.8

27.7

4.38

4.74

4.75

4.83

4.88

4.93

4.96

4.93

4.89

4.86

4.83

4.81

4.64

4.9

30.0

4.43

4.88

4.89

4.97

5.03

5.08

5.1

5.07

5.04

5.01

4.97

4.94

4.76

5.1

32.0

4.50

5.03

5.07

5.13

5.19

5.24

5.27

5.24

5.20

5.17

5.13

5.12

4.86

53

32.0

4.51

5.04

5.06

5.14

5.20

5.27

5.28

5.25

5.21

5.18

5.14

5.1

4.87

5.3

34.0

4.71

5.36

5.38

5.46

5.54

5.59

5.66

5.56

5.52

5.48

5.44

5.41

5.06

5.6

33.5

4.80

5.43

5.45

5.53

5.59

5.64

5.73

5.64

5.62

5.58

5.54

5.50

5.15

5.7

35.0

4.93

5.60

5.63

5.72

5.79

5.84

5.93

5.83

5.80

5.75

5.71

5.67

5.26

5.9

34.5

5.33

5.75

5.78

5.88

5.94

6.00

6.06

6.00

5.98

5.94

5.89

5.84

5.65

6.0

35.7

5.44

5.90

5.93

6.03

6.10

6.16

6.23

6.17

6.15

6.11

6.05

6.00

5.77

6.2

35.7

5.54

5.96

5.99

6.09

6.16

6.22

6.29

6.23

6.21

6.16

6.11

6.07

6.05

6.2

36.3

5.55

5.99

6.03

6.13

6.19

6.25

6.33

6.25

6.24

6.20

6.14

6.11

6.08

6.3

36.5

5.64

6.08

6.12

6.22

6.29

6.35

6.42

6.34

6.33

6.28

6.22

6.18

6.18

6.4

36.8

5.85

6.25

6.30

6.40

6.45

6.50

6.55

6.46

6.48

6.40

6.34

6.30

6.46

6.5

36.8

5.87

6.27

6.34

6.43

6.49

6.53

6.59

6.50

6.53

6.44

6.38

6.34

6.52

6.5

36.8

5.88

6.30

6.36

6.45

6.51

6.56

6.61

6.52

6.58

6.47

6.41

6.36

6.56

6.6

37.2

5.91

6.35

6.41

6.51

6.58

6.63

6.68

6.60

6.69

6.56

6.50

6.44

6.61

6.6

37.5

6.02

6.41

6.48

6.58

6.66

6.71

6.76

6.67

6.77

6.62

6.56

6.50

6.64

6.7

37.6

6.22

6.46

6.53

6.63

6.72

6.76

6.81

6.71

6.81

6.65

6.59

6.54

6.68

6.8

37.6

6.34

6.49

6.56

6.66

6.75

6.80

6.85

6.75

6.85

6.68

6.62

6.57

6.66

6.8

37.6

6.40

6.51

6.58

6.68

6.77

6.82

6.87

6.76

6.86

6.69

6.64

6.58

6.66

6.8

37.7

6.46

6.52

6.60

6.69

6.79

6.84

6.89

6.78

6.89

6.71

6.65

6.60

6.68

6.8

37.9

6.52

6.57

6.64

6.74

6.83

6.88

6.93

6.83

6.93

6.75

6.69

6.64

6.70

6.9

38.1

6.62

6.61

6.68

6.78

6.87

6.93

6.97

6.87

6.98

6.79

6.73

6.67

6.73

6.9

38.2

6.70

6.64

6.72

6.82

6.91

6.96

7.01

6.91

7.02

6.83

6.77

6.71

6.76

7.0

38.3

6.78

6.67

6.76

6.85

6.95

7.00

7.05

6.95

7.07

6.87

6.81

6.75

6.79

7.0

38.5

6.82

6.72

6.80

6.90

6.99

7.05

7.10

7.02

7.15

6.96

6.90

6.84

6.87

71

38.6

6.85

6.77

6.84

6.94

7.04

7.10

7.14

7.07

7.20

7.00

6.93

6.87

6.90

71

38.8

6.88

6.81

6.88

6.98

7.08

7.14

7.18

7.1

7.25

7.03

6.96

6.90

6.93

71
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38.9

6.93

6.86

6.93

7.03

7.13

7.19

7.23

7.15

7.30

7.07

7.01

6.94

6.97

7.2

39.1

6.96

6.89

6.96

7.07

7.16

7.23

7.27

7.19

7.35

7.1

7.04

6.98

7.00

7.2

39.3

6.98

6.95

7.02

7.12

7.23

7.29

7.33

7.25

7.41

717

7.10

7.04

7.05

7.3

39.5

7.06

7.02

7.10

7.21

7.31

7.38

7.41

7.33

7.50

7.25

7.18

7.1

7.13

7.4

39.7

7.10

7.09

7.16

7.27

7.37

7.44

7.47

7.38

7.57

7.31

7.24

717

7.18

74

39.8

7.15

712

7.20

7.31

741

7.48

7.51

7.42

7.62

7.35

7.28

7.20

7.22

7.5

40.2

7.21

7.19

7.27

7.38

7.48

7.56

7.59

7.49

7.71

7.42

7.35

7.27

7.30

7.5

40.4

7.30

7.27

7.36

7.47

7.57

7.65

7.68

7.58

7.81

7.51

7.44

7.36

7.38

7.6

40.6

7.36

7.34

7.43

7.53

7.64

7.72

7.74

7.64

7.89

7.58

7.51

7.42

7.45

7.7

40.7

741

7.38

7.48

7.59

7.69

7.77

7.80

7.70

7.96

7.63

7.56

7.47

7.50

7.8

41.0

7.49

7.47

7.56

7.67

7.79

7.86

7.88

7.79

8.06

7.72

7.64

7.52

7.58

7.8

41.2

7.55

7.53

7.63

7.73

7.85

7.92

7.95

7.85

8.13

7.77

7.70

7.57

7.64

7.9

41.2

7.60

7.57

7.67

7.78

7.90

7.97

7.99

7.90

8.19

7.82

7.75

7.62

7.70

8.0

41.8

7.72

7.70

7.81

7.92

8.03

8.10

8.13

8.10

8.35

8.07

7.99

7.85

7.93

8.1

42.2

7.88

7.85

7.96

8.08

8.21

8.28

8.31

8.24

8.50

8.20

8.13

7.98

8.08

8.3

42.5

7.97

7.94

8.06

8.18

8.30

8.38

8.41

8.32

8.58

8.24

8.16

8.01

8.10

8.4

42.6

8.04

8.01

8.14

8.25

8.38

8.46

8.48

8.39

8.65

8.25

8.17

8.02

8.14

8.4

42.7

8.08

8.06

8.17

8.29

8.42

8.50

8.51

8.43

8.67

8.27

8.19

8.04

8.19

8.5

42.7

8.10

8.07

8.19

8.32

8.45

8.52

8.52

8.45

8.69

8.29

8.21

8.06

8.21

8.5

42.7

8.12

8.09

8.21

8.33

8.47

8.54

8.53

8.47

8.71

8.30

8.23

8.07

8.20

8.5

43.3

8.19

8.16

8.29

8.41

8.54

8.62

8.61

8.55

8.80

8.40

8.32

8.16

8.27

8.6

43.5

8.30

8.27

8.39

8.52

8.65

8.73

8.72

8.67

8.92

8.51

8.42

8.26

8.34

8.7

43.6

8.36

8.32

8.45

8.57

8.72

8.79

8.77

8.72

8.98

8.56

8.48

8.31

8.36

8.8

44.2

8.48

8.44

8.58

8.70

8.85

8.93

8.90

8.86

9.13

8.69

8.60

8.44

8.47

8.9

44.4

8.58

8.53

8.68

8.79

8.95

9.03

8.99

8.94

9.22

8.77

8.68

8.51

8.56

9.0

445

8.63

8.58

8.73

8.85

9.00

9.08

9.03

8.99

9.27

8.81

8.72

8.55

8.60

9.0

44.6

8.66

8.61

8.76

8.88

9.04

9.11

9.06

9.01

9.30

8.83

8.75

8.58

8.62

9.1

44.8

8.70

8.65

8.80

8.92

9.08

9.15

9.1

9.06

9.34

8.88

8.79

8.61

8.66

9.1

45.1

8.78

8.73

8.88

9.00

9.16

9.23

9.19

9.15

9.43

8.96

8.87

8.69

8.73

9.2

45.4

8.86

8.81

8.96

9.09

9.25

9.32

9.28

9.24

9.53

9.04

8.95

8.77

8.80

9.3

45.4

8.90

8.85

9.00

9.12

9.29

9.36

9.32

9.27

9.56

9.07

8.98

8.79

8.81

9.3

45.5

8.92

8.86

9.02

9.15

9.31

9.38

9.34

9.29

9.58

9.08

8.99

8.80

8.82

9.3

45.5

8.94

8.88

9.04

9.16

9.33

9.40

9.36

9.30

9.60

9.10

9.01

8.82

8.84

9.4

45.5

8.95

8.89

9.05

9.18

9.34

9.41

9.38

9.31

9.61

9.10

9.02

8.83

8.85

9.4

45.5

8.96

8.90

9.06

9.19

9.34

9.42

9.38

9.31

9.61

9.1

9.02

8.83

8.86

9.4

45.5

8.96

8.90

9.06

9.19

9.35

9.43

9.38

9.31

9.61

9.10

9.01

8.83

8.85

9.4

Pomiary odksztatcerr wykonywano tensometrami elektrooporowymi TFs-5 o bazie 5mm.
CFRP strain were measured with electric resistance gauges TFs-5 with range of 5mm.

P - oznaczenie strony pasywnej zakotwienia /the names of the passive side of anchorage system
A - oznaczenie strony aktywnej zakotwienia /the names of the passive side of anchorage system

B12-sp-e
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250, 1200 . 1200 . 1200 . 1200 . 1200 250,
F 1F , lF 1F
V5
v1qD @VZ viﬁqD @v4 v v6qD @v7 v8?D @v9
[ Y ] ] ] ] [ [
10

= =
» 1100 200, 1000 200, 500 500 200, 1000 200, 1100 .

Tablica Z4.4 Przemieszczenia pionowe belki, v
Table Z4.4 Vertical displacement, v

Sita / . - . ’
Load Przemieszczenia pionowe / Vertical displacement v (mm)
2F 2 Vo V3 'z %) Vg \'%4 Vg Vo Vav,12 | Vav,3-4 | Vav,6-7 | Vav,8-9

kN 110013002300 |2500 |3000|3500|3700|4700|4900| 1200 |2400 | 3600 | 4200
73 (00|00|00|00|00|O00]|O00]|O00]O00 0.0 0.0 | 0.0 | 0.0
83 (15]20 |27 |36 |30(32]|29|22]20 1.8 31|30 | 21
10.2 | 57 | 7.0 |105[{11.8|11.5({11.3|10.7| 7.3 | 6.4 64 | 112|110 6.8
122 | 9.8 [11.9]179(19.5|19.5(19.0|18.2(12.2|10.8| 10.8 | 18.7 | 18.6 | 11.5
12.2 (10.3[12.4|18.6(20.2|20.2(19.8|19.0(12.8|11.2| 11.3 | 19.4 | 19.4 | 12.0
141 (13.3[15.9]|23.9(25.7|26.0 (254 |21.7(16.4|13.7|| 146 |24.8|23.5|15.0
16.1 (17.7121.0|31.6 (33.6|34.0(33.2|28.3(21.5|18.2| 19.3 | 32.6 | 30.8 | 19.8
16.1 [ 18.722.1]33.2(35.3|35.7(34.9|29.9(22.7|19.2|| 204 |34.2|324 209
18.1 |21.8|25.6|38.6|40.9|41.6(40.6|35.3|26.4|22.4| 23.7 |39.7 379|244
18.1 (22.3(26.2|39.3(41.7|42.4(41.3|36.0(26.9(|22.9| 24.3 |40.5|38.6 | 24.9
20.0 |27.0|31.7|46.3|48.1|46.1|46.7|41.0|32.5|27.7| 294 |47.2|43.9| 301
20.0 (27.5[32.2|47.0(48.1)|46.8(47.6|39.7(33.0|28.3| 29.8 |47.6 |43.6 | 30.7
6.3 ||10.8(12.7|18.3|19.7|19.6(19.4|18.4|129|11.1| 11.7 |19.0 [ 189 | 12.0
73 (11.7[13.8120.0({21.6(|21.5(21.3|20.3(14.2|121| 12.8 | 20.8 | 20.8 | 13.1
83 (13.0(15.3|22.4(24.1|24.1(23.7|226[15.7|13.5|| 142 |23.2|23.2| 146
10.2 (15.8(18.5|27.4({29.2|29.4(289|27.7(19.0|16.3|| 17.2 |28.3|28.3 | 17.7
12.2 (17.8]20.9|31.0({33.0|33.3(32.7|31.3(21.4|18.4| 19.4 |32.0|32.0 | 19.9
14.1 [ 20.6(24.1|35.9(38.1|38.6(37.8|36.2(24.7|21.2| 223 |37.0|37.0|23.0
16.1 [ 23.1[27.1|40.4 {42.8|43.4|425|40.7 (27.7|23.8| 25.1 | 416|416 | 258
18.1 |25.329.7|44.4|47.0|47.8|46.7|44.8|30.4|26.2| 275 |45.7 | 458 | 28.3
20.0 (27.8(32.6|48.9(51.6|52.6(51.4|49.2(33.3|28.7|| 30.2 |50.3|50.3|31.0
20.0 |28.0|32.8|49.2|51.9(52.8(51.6|49.5|33.6|289| 304 |50.5 506|312
20.0 (26.3[30.7|46.0 (48.6|49.5(48.4|46.3(31.5|27.1|| 285 | 473|474 293
20.0 |22.9|26.8|40.2|42.643.3(42.4|40.7|27.7|23.8| 249 |414 416|258
20.0 (20.223.8|35.7(38.0|38.5(37.8|36.2(24.7|21.3|| 220 |36.8|37.0|23.0
20.0 (19.3[22.7|34.1(36.3|36.8(36.1|34.6(23.6|20.3| 21.0 | 352|353 |22.0
20.0 (18.1]21.3|32.1(34.2|34.6(34.0|32.6(223|19.2|| 19.7 |33.1|33.3|20.7
20.0 (18.5(21.7|32.7(34.8|35.2(34.6|33.1(226|19.4|| 20.1 |33.7|33.8|21.0
20.0 (21.1]24.6|37.1(39.3|40.0(39.0|37.4(254|21.9|| 229 |38.2|38.2|23.7
22.0 (23.8(27.8|42.0(445|454(442|425(28.8|24.7|| 258 |43.3|43.3|26.8
23.9 25.4(29.8|45.0(47.6|48.647.3|454(30.7|26.4| 276 |46.3 |46.3 | 28.6
26.0 (27.6(32.2|48.8(51.6|52.7(51.2|49.3(33.2|28.6| 29.9 |50.2|50.2 | 30.9
25.8 |27.6|32.3|48.9|51.6(52.7|51.2|49.3|33.3|28.6| 29.9 |50.2|50.3 |30.9
27.7 | 29.4|34.4|52.1(55.0|56.2(54.7|52.6355|30.5| 319 |53.6|53.7 | 33.0
30.0 31.6(36.9|56.0(59.060.3|58.6|56.4|37.9(32.7| 342 |57.5|57.5]|353
32.0 || 34.039.7 | 60.3|63.6 |65.1|63.360.8|40.8(35.1| 36.8 |62.0|62.0|38.0
32.0 (34.2|40.0|60.8|64.1|65.6|63.7|61.3|41.1(354| 371 |624|625| 382
34.0 ||38.4(44.9(69.3|73.1|75.8|73.1(70.0|46.2(39.8| 416 | 712|716 |43.0
33.5(39.4(46.3(71.6|75.7|78.8|759|726|47.7(41.0| 428 |73.6 | 743|444
35.0 |[41.7|49.0(76.3|80.8|84.5|81.3(77.6|50.7 435 454 | 785|795 |47.1
345 43.651.5(80.5|85.4|89.6|86.2(82.1|53.2(456( 47.5 |83.0|84.2|494
35.7 ||45.7 | 53.9(84.7|89.9|945|91.086.7|559(47.9| 49.8 |87.3|88.9 519
35.7 ||46.4 | 54.8 (1 86.3|91.6 | 96.5|92.9(88.5|56.9(48.7| 50.6 | 89.0 | 90.7 | 52.8
36.3 (46.9(55.3(87.2(92.6(97.4|93.9|89.4|57.4(49.2 511 |89.9|91.6|53.3
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36.5 | 48.0 | 56.6 |89.5|95.1|100.1| 96.5|91.8 | 58.8 |50.3 | 523|923 |94.1|54.6
36.8 | 49.9 [59.0|93.8|99.6 (104.7(100.7| 95.8 | 61.0 | 52.2 | 54.4 | 96.7 | 98.3 | 56.6

36.8 | 50.4 |59.5|94.8 |100.8/105.9/101.9| 96.8 | 61.6 | 52.7 || 55.0 | 97.8 | 99.3 | 57.2
36.8 | 50.7 |59.9|95.5|101.5(106.7(102.7| 97.5 | 62.0 | 53.0 | 55.3 | 98.5 [100.1| 57.5

372 | 51.7 |61.1|97.5|103.7|108.9/104.9| 99.6 | 63.2 | 54.1 || 56.4 [100.6|102.3| 58.6
375 | 52.6 |622|99.5|1058({111.1(107.0|/101.5| 64.3 | 55.0 | 57.4 |102.6|{104.3| 59.7

37.6 | 53.3 |62.7|100.9|107.3{112.7(108.5|102.9| 65.1 | 55.7 || 58.0 |104.1|{105.7 | 60.4

37.6 | 53.7 |63.5|101.8|108.2(113.7(109.4|103.8| 65.6 | 56.1 | 58.6 |105.0(106.6| 60.8

376 | 54.0 |63.8|102.4|108.8(114.3(110.0|104.4| 65.9 | 56.3 || 58.9 |105.6|107.2| 61.1

37.7 | 54.2 |64.0|102.9{109.4(114.8(110.6|104.9| 66.2 | 56.6 | 59.1 |106.1|107.7 | 61.4

379 | 54.8 |64.7 |104.0{110.6({116.2(111.8|106.0| 66.9 | 57.2 | 59.8 |107.3|108.9| 62.0

38.1 | 55.3 | 654 |105.2{111.9(117.4|113.1|107.1| 67.5 | 57.7 || 60.3 |108.5(110.1| 62.6
38.2 | 55.8 |66.0|106.2{113.0{118.6(114.2|108.2| 68.1 | 58.2 | 60.9 |109.6({111.2| 63.2

383 | 56.3 |66.6|107.4|114.2|1119.9/115.7|109.3| 68.8 | 58.8 || 61.5 [110.8(112.5| 63.8
385 || 571 |67.5|109.1{116.0{121.9(117.5|111.3| 69.9 | 59.8 || 62.3 |112.5(114.4| 64.8

386 | 57.7 |68.2|110.2{117.3|123.2|118.7|112.5| 70.6 | 60.4 || 62.9 [113.7|115.6| 65.5
38.8 | 58.2 (68.8111.3|118.4(124.4(119.9|113.6| 71.3 | 60.9 || 63.5 |114.8{116.8| 66.1

389 | 58.8 |69.5|112.6/119.8/126.0{121.4|115.0| 72.1 | 61.6 || 64.2 [116.2(118.2| 66.8

39.1 | 59.4 |70.2|113.8{121.1({127.3(122.7|116.2| 72.7 | 62.2 || 64.8 |117.4|119.4| 67.5

39.3 | 60.1 |71.1]115.4|122.9({129.2(124.5|118.0| 73.7 | 63.0 || 65.6 |119.2(121.2| 68.4

395 | 61.2 |724 |117.7|125.3{131.8(127.0|/120.3| 75.1 | 64.1 || 66.8 |121.5]123.6| 69.6

39.7 | 62.0 |73.3|119.3{127.1{133.8(128.9|122.0| 76.1 | 65.0 | 67.6 |123.2]{125.5| 70.5

39.8 | 62.5 |73.9|120.5|128.3(135.1(130.2|123.2| 76.8 | 65.5 || 68.2 |124.4{126.7| 71.2

40.2 | 63.5 | 75.2 (122.6|130.5|137.4({132.5(125.4| 78.1 | 66.6 || 69.3 |126.6|128.9| 72.3

404 | 64.6 | 76.6 |125.0|133.2 135.2|127.9| 79.5 | 67.8 | 70.6 |129.1]|131.5| 73.7
40.6 | 65.5 | 77.7 {126.9|135.2 129.9( 80.6 | 68.7 | 71.6 [131.1 747
40.7 | 66.2 | 78.5|128.4 131.4| 815|695 724 75.5
410 | 674 | 799 82.9 (708 | 73.6 76.9
412 | 68.3 | 80.9 84.0 | 71.7| 746 77.8
41.2 | 69.0 | 80.5 84.8 (724 || 74.8 78.6
418 | 71.4 | 845 87.9 [ 75.0 || 77.9 81.4
422 | 73.5 | 87.0 90.4 | 77.2 || 80.3 83.8
425 | 748 | 885 92.1 (786 || 81.7 85.3
426 | 76.0 | 90.0 93.7 | 79.9 || 83.0 86.8
427 | 76.9 | 91.0 94.9 | 80.9 || 83.9 87.9
427 | 774 | 917 95.7 | 81.5 || 84.6 88.6
427 | 779 |92.2 96.2 | 82.0 | 85.0 89.1
433 | 79.1 | 93.7 97.9 | 83.4 | 86.4 90.7
43.5 | 80.8 | 95.8 100.1| 85.2 || 88.3 92.6
436 | 81.8 | 97.0 101.5| 86.2 || 89.4 93.8
442 | 83.8 | 99.6 104.1| 88.3 | 91.7 96.2
444 | 854 |101.6 106.2| 90.0 || 93.5 98.1
445 | 86.5 |102.9 91.0 || 94.7

446 | 87.2 |103.8 91.8 || 95.5

448 | 88.0 92.7

451 | 89.5 94.1

454 | 91.0 95.7

454 | 917 96.4

455 | 92.2 97.0

455 | 92.6 97.4

455 | 93.0 97.8

455 | 93.2 98.1

455 | 93.4 217.3 98.3

37.9 | 94.8 98.5

239 | 97.2 98.8

Pomiary przemieszczen pionowych wykonywano przetwornikami przemieszczen liniowych o zakresie 50mm.
Vertical displacement were measured with linear displacement transducers with range of 50mm.
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Tablica Z4.5 Odksztatcenia na stali, & (%o)
Table Z4.5 Steel strain, & (%o
Sita/| Odksztaicenia na stali / Steel
Load strain_eq (%) 2F [ Tor [ Teo | Tos | Tos | oa 2F | Too [ Teo | Too | Tes [ s
2F | Tor | Teo | Teo | Tos | com kN 3000 3000 kN 3000 3000
KN 3000 3000 258 [1.37]2.91]1.82]1.86] 1.99 39.7
7.3 ]0.0010.00/0.00/0.00} 0.00 27.7 | 1.46[3.05[1.97[201] 2.12 39.8
83 1008]0.1810.13]0.14] 0.13 30.0 [157[321]2.14]219] 2.28 40.2
102 ]0.28 056 |0.200.58 ] 0.40 32,0 [1.72[3.36[2.32][2.76 | 2.54 404
122 10.50]087|0.41]0.92] 0.68 32,0 [1.73]3.37]240]2.86] 2.59 40.6
12.2 [0.54 | 0.87]0.55[0.93| 0.72 320 | 184|303 258 2.68 207
14.1 [0.69[1.10]0.71 [1.17] 0.92 335 182360 271 210
16.1 |0.92[1.38[0.84 | 1.47| 1.15 350 | 186 12
16.1 | 0.97 [ 1.42]0.91 [ 150 1.20 5 12
18.1 [ 1.14 [ 164 [ 1.09[1.73] 1.40 357 418
18.1 | 1.16 | 1.64 | 1.06 [ 1.74 1.40 57 222
200 [ 1.42]1.93] 120|204 1.65 63 225
20.0 [ 1.43]1.90]0.88 | 2.02| 1.56 65 226
6.3 |0.61]0.85[0.70]069] 0.71 68 27
7.3 |0.61]0.84 069|067 0.70 68 27
8.3 |0.67]0.95[079]0.79] 0.80 68 27
10.2 [0.81[1.16] 1.04[1.02] 1.01 372 233
12.2 [o.91[1.32]1.19]1.18] 1.15 375 35
14.1 [1.05[1.54 [ 1.40 [ 1.39| 1.34 76 236
16.1 | 1.7 [1.73]1.60 [ 159 1.52 76 242
18.1 | 1.28[1.90 | 1.78 [ 1.77] 1.68 376 244
200 | 1.41]2.08]1.98|1.97| 1.86 77 245
200 [ 1.42]2.07[1.97|1.95] 1.85 379 246
200 [ 1.34]1.92]1.80 [ 1.78] 1.71 81 44.8
200 [ 1.18]1.66[ 151|151 1.46 382 451
20.0 [1.05]1.45[1.31[1.31] 1.28 383 454
200 [ 1.00]1.38 [ 123 1.23] 1.21 85 454
200 [0.95]1.28 114|114 1.13 386 255
200 [0.96]1.32[1.18[1.18] 1.16 385 455
20.0 [ 1.06]2.40[1.30[1.32] 1.52 389 255
220 [ 1.19]263] 152|155 1.72 91 255
23.9 [1.26]276[1.65|1.69 1.84 393 255
260 [1.37|292[183]1.86] 1.99 395 37.9
23.9

Pomiary odksztatcerh wykonywano tensometrami elektrooporowymi TFs-5 o bazie 5mm.
Strain measurements were carried out by means of electric resistance gauges TFs-5 on the bases of 5mm.
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Tablica Z4.6 Odksztalcenia betonu , g, €. (pomiary r¢czne)
Table Z4.6 Concrete strain g, , &, (manual measurements)

Sita zewnetrzna / External load
Lokali-| Poza stanowiskiem Na stanowisku badawczym / Inside test set-up

Nr | zacja | na 4 podporach / Podczas badania / During the test

/ | |Outside test set-up on o . Po wzmocnieniu /
No I;ggilri{ 4 supports Przed wzmocnieniem / Before strengthening After strengthening

0 kN 6.3 kN[6.3 kN [12.3kN[18.3kN[20.3kN[ 7.3 kN [20.3kN]20.3kN[20.3kN|20.3kN[26.3kN(35.3KN
Odksztatcenia betonu w strefie $ciskanej / Concrete strain in compression zone , & (%o)

1 5845 0.06 0.05 0.03 | 0.00 | 0.00 |-0.02 |-0.03 | -0.02 | -0.03 | -0.09 | -0.09 | -0.10 | -0.11 | -0.11
2 | 5642 0.09 0.07 0.03 | 0.00 |-0.02 | -0.03 | -0.05 | -0.02 | -0.08 | -0.14 | -0.15 | -0.15 | -0.17 | -0.20
3 | 5438 0.12 0.09 0.03 | 0.00 |-0.04 | -0.10 | -0.14 | -0.08 | -0.17 | -0.21 | -0.23 | -0.24 | -0.26 | -0.30
4 | 5235 0.13 0.10 0.05 | 0.00 | -0.06 | -0.13 | -0.15 | -0.07 | -0.16 | -0.14 | -0.15 | -0.16 | -0.19 | -0.22
5 | 5032 0.19 0.15 0.07 | 0.00 | -0.10 | -0.19 | -0.23 | -0.08 | -0.23 | -0.20 | -0.20 | -0.21 | -0.27 | -0.31
6 | 4829 0.19 0.15 0.05 | 0.00 |-0.12 | -0.22 | -0.25 | -0.11 | -0.26 | -0.24 | -0.26 | -0.27 | -0.31 | -0.40
7 | 4626 0.20 0.17 0.06 | 0.00 |-0.12 | -0.21 | -0.24 | -0.10 | -0.23 | -0.24 | -0.27 | -0.28 | -0.32 | -0.41
8 | 4422 0.24 0.18 0.05 | 0.00 |-0.17 | -0.26 | -0.29 | -0.11 | -0.30 | -0.30 | -0.31 | -0.32 | -0.39 | -0.47
9 | 4219 0.24 0.20 0.06 | 0.00 |-0.12 | -0.20 | -0.25 | -0.09 | -0.25 | -0.27 | -0.30 | -0.30 | -0.37 | -0.44
10 | 4016 0.29 0.24 0.06 | 0.00 | -0.15|-0.23 | -0.26 | -0.11 | -0.27 | -0.30 | -0.33 | -0.33 | -0.39 | -0.48
11 | 3813 0.31 0.26 0.07 | 0.00 | -0.17 | -0.26 | -0.30 | -0.10 | -0.34 | -0.32 | -0.36 | -0.36 | -0.42 | -0.45
12 | 3610 0.26 0.21 0.06 | 0.00 | -0.15 | -0.21 | -0.25 | -0.09 | -0.25 | -0.28 | -0.25 | -0.30 | -0.38 | -0.45
13 | 3406 0.24 0.21 0.06 | 0.00 |-0.12 | -0.18 | -0.20 | -0.08 | -0.22 | -0.26 | -0.30 | -0.29 | -0.35 | -0.44
14 | 3203 0.20 0.18 0.06 | 0.00 |-0.16 | -0.15 | -0.17 | -0.04 | -0.18 | -0.23 | -0.26 | -0.26 | -0.31 | -0.33
15 | 3000 0.25 0.22 0.07 | 0.00 |-0.14 | -0.21 | -0.24 | -0.09 | -0.26 | -0.28 | -0.32 | -0.31 | -0.37 | -0.42
16 | 2797 0.21 0.18 0.06 | 0.00 |-0.12 | -0.21 | -0.24 | -0.08 | -0.25 | -0.29 | -0.31 | -0.31 | -0.37 | -0.37
17 | 2594 0.21 0.18 0.06 | 0.00 |-0.13 | -0.18 | -0.21 | -0.08 | -0.24 | -0.28 | -0.31 | -0.31 | -0.35 | -0.42
18 | 2390 0.27 0.24 0.07 | 0.00 | -0.11 | -0.20 | -0.23 | -0.09 | -0.24 | -0.29 | -0.32 | -0.31 | -0.37 | -0.45
19 | 2187 0.29 0.29 0.07 | 0.00 |-0.14 | -0.22 | -0.26 | -0.09 | -0.26 | -0.31 | -0.33 | -0.33 | -0.38 | -0.47
20 | 1984 0.23 0.23 0.06 | 0.00 |-0.11 | -0.17 | -0.20 | -0.08 | -0.22 | -0.25 | -0.28 | -0.28 | -0.33 | -0.42
21 | 1781 0.23 0.22 0.05 | 0.00 |-0.14 | -0.22 | -0.25 | -0.10 | -0.27 | -0.28 | -0.31 | -0.30 | -0.35 | -0.38
22 | 1578 0.22 0.22 0.05 | 0.00 |-0.19 | -0.27 | -0.30 | -0.14 | -0.31 | -0.32 | -0.35 | -0.34 | -0.38 | -0.48
23 | 1374 0.16 0.15 0.06 | 0.00 |-0.12 | -0.18 | -0.20 | -0.09 | -0.23 | -0.22 | -0.26 | -0.26 | -0.30 | -0.37
24 | 1171 0.15 0.15 0.05 | 0.00 |-0.11 |-0.18 | -0.22 | -0.10 | -0.23 | -0.21 | -0.23 | -0.23 | -0.27 | -0.33
25 | 968 0.14 0.12 0.03 | 0.00 | -0.13 | -0.22 | -0.25 | -0.12 | -0.26 | -0.22 | -0.24 | -0.24 | -0.29 | -0.34
26 | 765 0.10 0.10 0.04 | 0.00 |-0.06 | -0.12 | -0.15 | -0.08 | -0.15 | -0.13 | -0.14 | -0.15 | -0.17 | -0.21
27 | 562 0.10 0.10 0.04 | 0.00 |-0.04 | -0.08 | -0.12 | -0.05 | -0.13 | -0.14 | -0.16 | -0.17 | -0.19 | -0.24
28 | 358 0.09 0.08 0.01 | 0.00 |-0.03 | -0.09 | -0.11 | -0.06 | -0.13 | -0.17 | -0.18 | -0.18 | -0.21 | -0.29
29 | 155 0.06 0.06 0.03 | 0.00 |-0.02 | -0.03 | -0.04 | -0.03 | -0.05 | -0.07 | -0.09 | -0.09 | -0.09 | -0.10
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Sita zewnetrzna / External load

Na stanowisku badawczym / Inside test set-up

Lokali-| Poza stanowiskiem
Nr | zacja | na 4 podporach / Podczas badania / During the test
/ | |Outside test set-up on o ) Po wzmocnieniu /
No I;Zfizlr: 4 supports Przed wzmocnieniem / Before strengthening After strengthening
0 kN 6.3 kN[6.3 kN [12.3kN[18.3kN|20.3kN[ 7.3 kN 20.3kN]20.3kN[20.3kN|20.3kN[26.3kN|35.3kN
Odksztatcenia betonu w strefie rozcigganej / Concrete strain in tension zone , & (%o)
1 | 5845 0.01 0.01 0.00 | 0.00 | 0.01 | 0.01 | 0.05 | 0.06 | 0.08 | 0.09 | 0.10 | 0.10 | 0.10 | 0.15
2 | 5642 -0.02 -0.02 -0.01 | 0.00 | 0.03 | 0.07 | 0.13 | 0.31 | 043 | 1.14 | 114 | 1.14 | 1.23 | 1.40
3 | 5438 0.00 0.00 0.00 | 0.00 | 0.05 | 0.16 | 0.26 | 0.17 | 0.29 | 0.29 | 0.29 | 0.29 | 0.32 | 0.42
4 | 5235 -0.01 -0.01 0.01 | 0.00 | 0.05 | 0.38 | 0.58 | 0.35 | 0.61 | 0.38 | 0.37 | 0.38 | 0.47 | 0.59
5 | 5032 -0.15 -0.15 -0.05 | 0.00 | 044 | 1.02 | 1.27 | 0.73 | 1.31 | 0.72 | 0.71 | 0.74 | 0.96 | 1.21
6 | 4829 | -0.07 -0.08 |-0.01| 0.00 | 0.27 | 0.72 | 0.95 | 0.42 | 0.99 | 0.62 | 0.60 | 0.62 | 0.83 | 1.04
7 | 4626 -0.07 -0.08 -0.01 | 0.00 | 0.41 | 0.87 | 1.06 | 0.53 | 1.10 | 0.69 | 0.66 | 0.68 | 0.91 | 1.17
8 | 4422 -0.21 -0.22 -0.07 | 0.00 | 068 | 1.37 | 1.64 | 0.79 | 1.67 | 1.08 | 1.05 | 1.08 | 1.44 | 1.83
9 | 4219 -0.16 -0.18 |-0.05| 0.00 | 0.54 | 117 | 1.52 | 0.69 | 1.55 | 1.02 | 0.98 | 1.00 | 1.36 | 1.77
10 | 4016 -0.23 -0.25 -0.05 | 0.00 | 046 | 092 | 113 | 0.44 | 1.15 | 0.70 | 0.72 | 0.73 | 1.01 | 1.38
11 | 3813 -0.27 -0.31 -0.09 | 0.00 | 1.03 | 2.04 | 246 | 1.11 | 253 | 1.81 | 1.78 | 1.79 | 2.36 | 3.16
12 | 3610 -0.15 -0.18 -0.05 | 0.00 | 049 | 1.04 | 1.28 | 0.50 | 1.32 | 0.93 | 0.88 | 0.89 | 1.22 | 3.02
13 | 3406 -0.21 -0.23 -0.07 | 0.00 | 1.06 | 197 | 2.34 | 1.03 | 238 | 1.75 | 1.71 | 1.71 | 2.26 | 3.62
14 | 3203 | -0.22 -0.23 |-0.06| 0.00 | 0.90 | 1.80 | 2.18 | 0.96 | 2.25 | 1.67 | 1.64 | 1.63 | 2.16 | 5.06
15 | 3000 -0.29 -0.30 -0.09 | 0.00 | 0.59 | 111 | 129 | 043 | 1.28 | 0.88 | 0.83 | 0.83 | 1.18 | 6.06
16 | 2797 -0.28 -0.28 -0.08 | 0.00 [ 0.99 | 1.89 | 228 | 0.99 | 233 | 1.75 | 1.71 | 1.69 | 2.23 | 5.38
17 | 2594 | -0.21 -0.23 |-0.08| 0.00 | 0.88 | 1.83 | 220 | 0.95 | 225 | 1.70 | 1.63 | 1.62 | 2.16 | 3.16
18 | 2390 -0.24 -0.25 -0.04 | 0.00 | 0.59 | 117 | 1.40 | 0.57 | 1.43 | 1.03 | 0.98 | 0.97 | 1.33 | 1.87
19 | 2187 -0.42 -0.43 -0.11 | 0.00 | 0.89 | 1.67 | 2.00 | 0.83 | 2.05 | 1.49 | 1.44 | 142 | 190 | 2.59
20 | 1984 -0.21 -0.22 -0.04 | 0.00 | 064 | 1.35 | 162 | 0.73 | 166 | 1.20 | 1.15 | 1.15 | 1.53 | 2.01
21 | 1781 -0.15 -0.15 -0.04 | 0.00 | 0.56 | 1.14 | 1.40 | 0.67 | 1.44 | 1.01 | 098 | 0.99 | 1.30 | 1.68
22 | 1578 | -0.27 -0.26 |-0.09| 0.00 | 0.78 | 1.63 | 2.01 | 0.98 | 2.07 | 142 | 1.39 | 140 | 1.82 | 2.32
23 | 1374 -0.10 -0.10 -0.03 | 0.00 | 0.36 | 0.84 | 1.02 | 0.50 | 1.04 | 0.69 | 0.65 | 0.67 | 0.89 | 1.12
24 | 1171 -0.08 -0.09 |-0.02| 0.00 | 0.31 | 0.71 | 0.88 | 0.43 | 0.89 | 0.55 | 0.50 | 0.51 | 0.70 | 0.80
25 | 968 -0.12 -0.11 -0.04 | 0.00 | 0.26 | 0.88 | 1.10 | 0.63 | 1.14 | 0.66 | 0.65 | 0.66 | 0.86 | 1.05
26 | 765 -0.02 -0.01 -0.01 | 0.00 | 0.08 | 0.31 | 0.50 | 0.31 | 0.53 | 0.32 | 0.31 | 0.32 | 0.41 | 0.51
27 | 562 -0.01 0.00 0.01 | 0.00 | 0.02 | 0.15 | 0.21 | 0.12 | 0.23 | 0.20 | 0.19 | 0.19 | 0.24 | 0.33
28 | 358 -0.05 -0.03 -0.01 | 0.00 | 0.03 | 0.12 | 0.18 | 0.15 | 0.23 | 0.29 | 0.31 | 0.31 | 0.41 | 0.60
29 | 155 0.03 0.02 0.01 | 0.00 | 0.00 | 0.01 | 0.01 | 0.00 | 0.01 | 0.02 | 0.02 | 0.02 | 0.02 | 0.00
Sita zewnetrzna / External load
Poza stanowiskiem Na stanowisku badawczym / Inside test set-up
na 4 podporach / Podczas badania / During the test
Outside test set-up on . ) Po wzmocnieniu /
4 supports Przed wzmocnieniem / Before strengthening After strengthening
0 kN 6.3 kN (6.3 kN [12.3kN|[18.3kN[20.3kN|7.3 kN [20.3kN|[20.3kN[20.3kN|20.3kN|26.3kN|35.3kN
&c,av (%0) 0.22 0.19 0.06 | 0.00 | -0.13 | -0.18 | -0.21 | -0.07 | -0.23 | -0.26 | -0.30 | -0.29 | -0.35 | -0.40
€tav (%00) -0.24 -0.25 -0.07 | 0.00 | 0.88 | 1.72 | 2.06 | 0.88 | 210 | 1.55 | 1.51 | 1.50 | 2.00 | 4.66
K (1/m) | -0.0030 | -0.0029 (-0.001|0.000 |0.0068|0.0127|0.0151|0.0063|0.0155|0.0121]|0.0120|0.0119|0.0157|0.0337

Pomiary odksztatcen wykonywano przy uzyciu ekstensometru nasadowego o bazie 8'.
Concrete strain measurements measured by hand with dial strain gauges of 8' working range.
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WYNIKI BADAN ELEMENTU B12-a
TEST RESULTS OF MEMBER

Series B
250, 1200 , 1200 . 1200 , 1200 , 1200 250,
3 v v v
Q
QI LT T TP T LTI T IT]T]
- =
15Q, 16x150=2400 L 1200 L 16x150=2400 15Q,
250, 6000 250,
4#8
; ” ﬁ #8 @ 150mm
8
o 4412
i b
\ 1 CFRP strips
100x1.20mm
, 200 , 100 , 200 v
, 500 ,
Tablica Z5.1 Zestawienie charakterystycznych parametrow dla elementu B12-a
Table Z5.1 Summary of characteristic parameters for beam B12-a
Beton Stal zbrojeniowa CFRP Sita
Concrete Steel reinforcement Load
500 x 220mm’ 4#12 4#8 1x 100x1.2mm’ 2F, 6.3kN
« | feawe | 503MPa | Ay | 1133mm’ | 49.4mm’ i 2857MPa 2Fy 26.0kN
&
= 2F,
fosptic | 3.60MPa | f, | 539.6MPa | 416.2MPa €6y 16.8%o oF 25%
ul
f. - MPa fi | 627.5MPa | 734.1MPa E¢ 173.7Gpa 2F, 50.6kN
E 243MPa | E; | 191.3GPa | 186.1GPa Bhtot 11.5% 2 194%
¢ ’ s ’ ' (etpteriest) | (5.10%016.40%o0) 2F,0

B12-a
a - tasma przyklejona / laminate bonded
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,."250,." 1200 4 1200 4 1200 4 1200 M 1200 ,."250,:
r I I I
) 2250 . 5x300 , 2250 )
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qL, ¢ -
ﬂli g?) Rt1 Rt2 Rt3 Rt4 Rt5 Rt6 Rt7 Rt8 Rt9 Rt10 Rt11 Rt12 Rt13 EIE
¥ 1050 ¥ 13x300 ¥ 1050 ¥
Tablica Z5.2 Odksztalcenia betonu, €. , & (pomiary komputerowe)
Table Z5.2 Concrete strain, . , & (computer registered measurements)
Sita / Odksztatcenia betonu / Concrete strain Krzywizna /
Load [ & Curvature
2F IRt [ Ree [ Res [ Rea [ Res [ 2o | Rt [ Re [ Ra [ Ru [ Rs [ Re | Ry | Ris | Re | Ruo | Rur | Rtz [ Russ [ e K
kN %o %o %o %o 1/m
6.3 | 0.00|0.00|0.00|0.00|0.00 | 0.000.00|0.00|0.00|0.00|0.00 |0.00|0.00|0.00|0.00|0.00 |0.00|0.00|0.00[0.00| 0.0000
7.3 | 0.00|-0.03|-0.01|0.00 [-0.01|-0.01] 0.01 [ 0.01 | 0.03 | 0.01 | 0.03 [ 0.01 [ 0.02 | 0.03 | 0.01 [ 0.00 [ 0.03 | 0.02 | 0.00 | 0.02| 0.0002
8.8 [-0.04|-0.03|-0.03(-0.01(-0.01-0.02] 0.03 | 0.04 | 0.08 | 0.03 | 0.12 [ 0.05 | 0.05 | 0.08 | 0.01 | 0.02 | 0.08 | 0.06 | 0.00 | 0.06 | 0.0006
11.2 |-0.09(-0.06 |-0.07|-0.06 |-0.04(-0.06 0.08 | 0.09 | 0.19 | 0.07 | 0.20 | 0.11 [ 0.11 | 0.16 | 0.02 | 0.07 | 0.19 [ 0.17 [ 0.04 | 0.13| 0.0013
13.7 |-0.13(-0.10|-0.10|-0.11(-0.08[-0.10/ 0.16 | 0.16 | 0.27 | 0.09 | 0.29 | 0.16 | 0.15 | 0.22 | 0.11 | 0.09 | 0.26 [ 0.31 | 0.09 | 0.18 | 0.0019
16.1 |-0.17(-0.14|-0.14|-0.15(-0.12[-0.14/ 0.30 | 0.27 | 0.35 | 0.12 | 0.39 | 0.22 | 0.21 | 0.33 | 0.21 | 0.11 | 0.34 [ 0.50 [ 0.17 | 0.25 | 0.0027
16.1 |-0.18(-0.14|-0.14|-0.16|-0.12|-0.15{ 0.34 | 0.25 | 0.35 | 0.11 [ 0.39 | 0.22 | 0.21 [ 0.29 | 0.22| 0.11 | 0.35 [ 0.53 | 0.18 | 0.24 | 0.0026
18.6 |-0.22(-0.20|-0.20|-0.21-0.16(-0.20| 0.42 | 0.36 | 0.39 | 0.14 | 0.49 | 0.29 | 0.28 | 0.37 | 0.33 | 0.12 | 0.42 | 0.69 | 0.24 | 0.31 | 0.0034
21.0 |-0.28-0.27|-0.26|-0.27|-0.19{-0.26| 0.53 | 0.47 | 0.54 [ 0.17 | 0.65 | 0.46 | 0.50 [ 0.47 | 0.53 | 0.12 | 0.55 [ 0.95 | 0.32 | 0.48 | 0.0049
21.0 [-0.29|-0.27|-0.27|-0.28|-0.19|-0.27| 0.57 | 0.49 | 0.57 | 0.18 | 0.68 | 0.49 | 0.54 | 0.49 | 0.57 | 0.12 | 0.58 | 0.95 | 0.38 | 0.51| 0.0052
23.5 |-0.34|-0.32|-0.30{-0.32{-0.22(-0.31] 0.65 | 0.57 | 0.73 | 0.25 | 0.88 | 0.69 | 0.79 [ 0.58 | 0.79 | 0.12 [ 0.75 | 1.12 | 0.46 | 0.69 | 0.0067
25.9 [-0.39|-0.36(-0.34|-0.37|-0.26|-0.36 0.76 | 0.70 | 0.97 | 0.42 | 1.10 | 0.94 | 1.05 | 0.72 | 1.07 | 0.13 | 1.00 | 1.33 | 0.56 [ 0.90 | 0.0084
25.9 [-0.40(-0.37|-0.34|-0.37|-0.27|-0.36 0.80 | 0.74 | 1.03 | 0.46 | 1.14 | 0.99 | 1.10 | 0.75 [ 1.13 | 0.13 | 1.06 | 1.38 | 0.60[ 0.95 | 0.0087
28.4 (-0.43|-0.40(-0.38|-0.41|-0.30{-0.40 0.86 | 0.82 | 1.21 [ 0.59 | 1.31|1.15|1.29 | 0.85 | 1.34 | 0.21 | 1.24 | 1.55 [ 0.65[ 1.10| 0.0100
28.4 [-0.44-0.40(-0.38|-0.42|-0.31|-0.40[ 0.87 | 0.86 | 1.25 | 0.62 | 1.34 | 1.18 | 1.35 | 0.88 | 1.39 | 0.23 | 1.31 | 1.51 [ 0.68[ 1.14 | 0.0103
29.0 [-0.45|-0.41(-0.39|-0.43|-0.31|-0.41| 0.89 | 0.88 | 1.27 | 0.64 | 1.37 | 1.21 | 1.37 | 0.89 | 1.42 | 0.23 | 1.34 | 1.57 | 0.69| 1.16 | 0.0105
29.4 (-0.46|-0.42(-0.40|-0.44|-0.32|-0.42] 0.90 | 0.89 | 1.29 | 0.67 | 1.39 | 1.24 | 1.40 | 0.91 | 1.45 | 0.25|1.37 | 1.59 | 0.70| 1.18 | 0.0107
30.3 [-0.47|-0.43|-0.41(-0.44|-0.33(-0.43| 0.91 | 0.94 | 1.33 | 0.72 | 1.46 | 1.31|1.47 | 0.95 | 1.54 | 0.28 | 1.44 | 1.63|0.72| 1.24| 0.0111
30.7 |-0.47|-0.43|-0.42(-0.45|-0.33(-0.43| 0.93 [ 0.97 | 1.43 | 0.78 | 1.50 | 1.36 | 1.54 | 1.00 | 1.61 [0.31 [ 1.52 | 1.67 | 0.75[1.30| 0.0115
30.9 |-0.47|-0.44|-0.42(-0.45(-0.34(-0.43] 0.94 | 0.99 | 1.45|0.80 | 1.52 | 1.39 [ 1.56 | 1.01 | 1.63 [ 0.32 | 1.55 | 1.68 | 0.76 1.32| 0.0117
30.9 |-0.48|-0.45|-0.43(-0.46|-0.34(-0.44| 0.96 | 1.03 | 1.52|0.83 | 1.56 | 1.42 | 1.61|1.04 | 1.69 [0.34 [ 1.64 | 1.70|0.79( 1.36| 0.0120
31.7 |-0.49|-0.45|-0.43(-0.47 |-0.35(-0.45| 0.98 | 1.06 | 1.55 | 0.86 | 1.60 | 1.46 [ 1.66 | 1.06 | 1.74 [ 0.35 [ 1.68 | 1.73 | 0.80| 1.39| 0.0123
32.1 |-0.49|-0.46|-0.44 (-0.47|-0.36(-0.46| 0.99 | 1.07 | 1.58 | 0.88 | 1.62 | 1.49 | 1.69 | 1.08 | 1.78 | 0.37 [ 1.72|1.75|0.81 | 1.42| 0.0125
32.8 |-0.50|-0.47|-0.45(-0.48(-0.37(-0.46| 1.01 | 1.11 [ 1.64 | 0.92 | 1.67 | 1.54 [ 1.74 | 1.11 | 1.84 | 0.40 [ 1.78 | 1.78 | 0.83[ 1.46 | 0.0129
33.2 |-0.51|-0.47|-0.45(-0.48|-0.37(-0.47| 1.02 | 1.14 | 1.68 | 0.96 | 1.70 | 1.56 | 1.78 | 1.14 | 1.89 | 0.42 | 1.82|1.81|0.85[1.50| 0.0131
33.3 |-0.51|-0.47|-0.45(-0.48|-0.37(-0.47| 1.03 [ 1.17 | 1.73|0.99 | 1.73 | 1.59 | 1.81 | 1.17 | 1.93 | 0.44 | 1.87 | 1.82 | 0.88 [ 1.52| 0.0133
33.6 |-0.51|-0.47|-0.46(-0.49|-0.37(-0.47| 1.04 [ 1.18 | 1.74 | 1.01 [ 1.74 | 1.60 | 1.82 | 1.18 | 1.94 | 0.46 | 1.88 | 1.83 | 0.88 [ 1.54| 0.0134
34.3 |-0.52|-0.48|-0.47(-0.49|-0.38(-0.48| 1.06 [ 1.21 | 1.80 | 1.05 | 1.79 | 1.65 | 1.89 | 1.22 | 2.00 [ 0.49 [ 1.94 | 1.87 | 0.90 | 1.59| 0.0138
35.1 |-0.52|-0.49|-0.48(-0.50|-0.39(-0.49| 1.08 | 1.26 | 1.87 | 1.12 | 1.86 | 1.71 | 1.97 | 1.28 | 2.08 | 0.53 | 2.03 | 1.92|0.94 [ 1.65| 0.0143
35.7 |-0.53|-0.50(-0.49(-0.51|-0.40(-0.50| 1.11 [ 1.32 | 1.97 | 1.18 | 1.92 | 1.79 | 2.05 | 1.33 | 2.18 | 0.60 [ 2.13 | 1.97 | 0.98 | 1.72| 0.0148
35.7 |-0.54|-0.50{-0.50{-0.51(-0.41[-0.50[ 1.13 | 1.36 [ 2.02 | 1.21 | 1.96 | 1.82 [ 2.10 | 1.36 | 2.23 | 0.64 [ 2.19 | 2.00 | 1.01] 1.76 | 0.0151
35.8 |-0.55|-0.51|-0.50(-0.52|-0.42(-0.51| 1.15 [ 1.39 | 2.05 | 1.23 | 1.98 [ 1.82 | 2.12 | 1.37 | 2.25 | 0.65 [ 2.21 | 2.02 | 1.03 [ 1.77| 0.0152
36.8 |-0.56|-0.52|-0.51(-0.53(-0.43[-0.52[ 1.17 | 1.42 [ 2.11 [ 1.27 | 2.04 | 1.83 [ 2.19 | 1.42 | 2.32 [ 0.69 | 2.28 | 2.08 | 1.05[ 1.81| 0.0155
37.6 |-0.57|-0.52|-0.51(-0.53|-0.43(-0.52| 1.19 | 1.46 | 2.16 | 1.30 | 2.09 | 1.84 | 2.25 | 1.45|2.38 [ 0.71 [ 2.33|2.11|1.07 | 1.85| 0.0158
38.2 |-0.57|-0.53|-0.51(-0.54 |-0.44(-0.53( 1.21 | 1.49 [ 2.22 | 1.34 | 2.14 | 1.84 | 2.31 | 1.48 | 2.44 [ 0.76 | 2.39 | 2.15| 1.09| 1.87 | 0.0160
39.0 |-0.58|-0.54|-0.52(-0.55|-0.45(-0.54| 1.23 | 1.55 | 2.31 | 1.40 | 2.20 | 1.84 | 2.40 | 1.53 | 2.53 | 0.83 [ 2.46 | 2.20 | 1.13[1.92| 0.0164
39.7 |-0.59|-0.55|-0.53(-0.55|-0.46-0.54| 1.26 | 1.60 | 2.38 | 1.45 | 2.26 | 1.87 | 2.48 | 1.57 | 2.60 | 0.88 [ 2.53 | 2.25|1.16 [ 1.97| 0.0168
40.2 (-0.60-0.55(-0.53|-0.56|-0.47|-0.55| 1.28 | 1.63 | 2.44 | 1.49 | 2.30 | 1.93 | 2.54 | 1.60 | 2.67 | 0.93 | 2.59 | 2.30 [ 1.19]2.02 | 0.0171
40.6 [-0.60|-0.56|-0.54|-0.56|-0.47|-0.55| 1.29 | 1.66 | 2.48 | 1.53 | 2.33 | 1.95 | 2.57 | 1.62 | 2.71|0.97 | 2.63 | 2.32 [ 1.21]2.05| 0.0173
40.6 [-0.61|-0.56(-0.54|-0.57|-0.47|-0.56| 1.31 | 1.70 | 2.54 | 1.57 | 2.36 | 1.98 | 2.62 | 1.64 | 2.76 | 1.02 | 2.68 | 2.36 | 1.23[ 2.08 | 0.0176
40.6 [-0.61|-0.57|-0.54|-0.57|-0.48|-0.56| 1.32 | 1.72 | 2.56 | 1.57 | 2.37 | 1.99 | 2.64 | 1.65 | 2.78 | 1.03 | 2.69 | 2.37 [ 1.25[2.09| 0.0177
41.0 [-0.62|-0.57|-0.55|-0.58|-0.48|-0.56| 1.33 | 1.73 | 2.57 | 1.59 | 2.40 | 2.01 | 2.67 | 1.66 | 2.80 | 1.04 | 2.71 | 2.39 [ 1.26 [ 2.11|| 0.0178
41.9 [-0.63|-0.58|-0.55|-0.59|-0.49|-0.57| 1.37 | 1.76 | 2.64 | 1.64 | 2.45|2.07 | 2.73 | 1.70 | 2.88 | 1.09 | 2.78 | 2.43 [ 1.27 [ 2.17 | 0.0183
42.6 |-0.63|-0.59|-0.56|-0.60(-0.50{-0.58] 1.36 | 1.81 | 2.70 [ 1.68 | 2.51 | 2.14 | 2.80 [ 1.71 | 2.97 | 1.14 | 2.83 | 2.48 | 1.30 [ 2.22| 0.0187
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43.2 ||-0.64(-0.59|-0.57(-0.60|-0.51(-0.59(1.39( 1.85|2.76 | 1.73 | 2.56 | 2.21|2.88 | 1.74 | 3.06 | 1.19|2.89 [ 2.52| 1.33||2.28 0.0191
43.6 ||-0.65(-0.60|-0.57(-0.61|-0.51(-0.59(1.40| 1.88 |2.80 | 1.76 | 2.61|2.25|2.97 | 1.74|3.14 | 1.22|2.92 | 2.55|1.34]2.32| 0.0194
44.6 ||-0.65(-0.61|-0.58(-0.62|-0.53(-0.60( 1.44 |/ 1.95|2.90 | 1.85|2.72|2.38 | 3.16 | 1.76 | 3.36 | 1.30 | 3.00 [ 2.63 | 1.39]2.43 | 0.0202
45.2 (-0.66|-0.62|-0.59|-0.62|-0.54(-0.61|1.47 | 2.00|2.99|1.94 | 2.85|2.52 |3.51|1.71|3.66 | 1.62|3.14 (3.32| 1.44(2.58 | 0.0213
45.4 -0.67|-0.62|-0.59(-0.62|-0.54(-0.61( 1.482.03 | 3.02 | 1.98 | 2.92|2.61|3.70|1.70 | 3.86 | 1.64 | 3.18 | 3.53 | 1.44]2.67 | 0.0219
45.5 (-0.67|-0.62|-0.59|-0.63|-0.55(-0.61|1.49 | 2.05|3.05|2.01|2.98 | 2.71 | 3.83 | 1.69|4.05|1.66 | 3.20 | 3.81| 1.44(2.74| 0.0224
45.5 ||-0.68(-0.62|-0.59(-0.64|-0.54(-0.62( 1.50 |/ 2.06 | 3.06 | 2.03 | 3.03 | 2.78 | 3.89 | 1.69|4.16 | 1.68 | 3.23 | 3.93 | 1.45]2.79| 0.0227
45.9 (-0.68|-0.62|-0.60|-0.64|-0.54(-0.62|1.51(2.08 | 3.09|2.05|3.05|2.82|3.94|1.70|4.20 | 1.69|3.25(3.96|1.45(2.82| 0.0229
46.1 ||-0.68-0.62|-0.60(-0.65|-0.55(-0.62( 1.52]2.09 | 3.11 | 2.08 | 3.10 | 2.89 | 3.99 | 1.71|4.28 | 1.71|3.28 | 4.02| 1.45]2.86 | 0.0232
46.4 |-0.69(-0.62|-0.60(-0.65|-0.55(-0.62( 1.52]2.10 (3.13|2.11|3.15|2.96 | 4.05| 1.73 | 4.38 | 1.72|3.29 | 4.11| 1.45]2.91| 0.0236
46.6 ||-0.69(-0.62|-0.60(-0.65|-0.55(-0.62(1.53|2.11|3.15|2.15|3.22|3.04 | 4.12|1.74|4.50 | 1.73|3.31 | 4.23| 1.45]2.97 | 0.0239
46.8 ||-0.69(-0.62|-0.60(-0.65|-0.55(-0.62( 1.542.123.17|2.20 | 3.32|3.10 | 4.20 | 1.76 | 4.63 | 1.74 | 3.34 | 4.39| 1.45]3.02| 0.0243
47.1 ||-0.69(-0.62|-0.60(-0.65|-0.55(-0.62( 1.54 || 2.14 | 3.20 | 2.30 | 3.45 | 3.16 | 4.29 | 1.81|4.76 | 1.76 | 3.36 | 4.56 | 1.45]3.08 | 0.0247
47.4 |-0.68(-0.62|-0.60(-0.65|-0.55(-0.62( 1.55]2.16 | 3.23 | 2.43 | 3.57 | 3.23 | 4.36 | 1.88 | 4.92 | 1.76 | 3.39 | 4.70 | 1.45]3.16 | 0.0252
47.6 |-0.68|-0.62|-0.60|-0.65|-0.55(-0.62|1.56 | 2.18 | 3.26 | 2.49 | 3.66 | 3.30 |4.41 | 1.95|5.09|1.75|3.41 (4.79|1.46(3.22| 0.0256
47.9 ||-0.68(-0.62|-0.60(-0.65|-0.55(-0.62( 1.57 || 2.20 | 3.29 | 2.57 | 3.73 | 3.41|4.48 | 2.01|5.32|1.75|3.45(4.91|1.46]3.30 0.0262
48.1 (-0.68|-0.62|-0.60|-0.65|-0.55(-0.63|1.58 | 2.21|3.32| 2.63 | 3.79 | 3.50 | 4.54 | 2.06 | 5.51 | 1.75|3.47 | 5.02| 1.45(3.37 | 0.0266
48.3 ||-0.68(-0.62|-0.60(-0.65|-0.55(-0.62( 1.59(2.24 | 3.34 | 2.69 | 3.86 | 3.61|4.62|2.11|5.68 | 1.76|3.47 | 5.17 | 1.46|3.44| 0.0271
48.6 (-0.68|-0.62|-0.60|-0.65|-0.56(-0.62|1.60 | 2.26 | 3.37 | 2.74 | 3.94 | 3.72 | 4.68 | 2.16 | 5.84 | 1.77 | 3.51 | 5.32| 1.46(3.52| 0.0276
48.8 ||-0.69(-0.62|-0.61(-0.65|-0.56(-0.63( 1.61]2.28 | 3.40 | 2.79 | 4.02 | 3.83 | 4.74 | 2.21|6.00 | 1.78 | 3.56 | 5.45| 1.46|3.60 | 0.0281
49.1 ||-0.68(-0.62|-0.61(-0.65|-0.56(-0.63( 1.62]2.30 | 3.43 | 2.84 | 4.10 | 3.94 | 4.80 | 2.26 | 6.14 | 1.78 | 3.60 | 5.59| 1.47 || 3.66 | 0.0286
49.4 |-0.68(-0.62|-0.61(-0.65|-0.56(-0.63( 1.63|2.32 | 3.47 | 2.90 | 4.22 | 4.07 | 4.88 | 2.31|6.32|1.80 | 3.65 | 5.87 | 1.47||3.75| 0.0292
49.8 ||-0.68(-0.62|-0.61(-0.65|-0.56(-0.63( 1.64 || 2.36 | 3.51 | 2.98 | 4.38 | 4.25|4.98 | 2.38 | 6.57 | 1.82|3.73 | 6.26 | 1.47 | 3.87 | 0.0300
50.1 ||-0.68|-0.62(-0.61|-0.65|-0.56|-0.63|| 1.66 | 2.40 | 3.56 | 3.05|4.49 (4.40|5.07 | 2.46 |6.82 | 1.83|3.81(6.55|1.48(3.98| 0.0307
50.3 ||-0.68|-0.62(-0.61|-0.65|-0.56|-0.63|| 1.66 | 2.43 | 3.59 [ 3.11|4.56 | 4.46 | 5.13 | 2.50 | 6.97 | 1.84 | 3.91 |6.74 | 1.484.03| 0.0311
50.4 ||-0.68|-0.62(-0.61|-0.65|-0.56|-0.63|| 1.67 | 2.45|3.61 [ 3.17|4.63 (4.54|5.192.56 | 7.10 | 1.84 | 4.06 6.92 | 1.484.09| 0.0315
50.5 ||-0.68|-0.62(-0.61|-0.65|-0.56|-0.63|| 1.67 | 2.47 | 3.63 | 3.21 | 4.66 | 4.58 | 5.22(2.59|7.18 | 1.84 |4.13 |7.06 | 1.49(4.13| 0.0317
50.6 ||-0.68|-0.62(-0.61(-0.65(-0.56|-0.63( 1.67 | 2.48 | 3.65 | 3.24 | 4.68 |4.60|5.24|2.60|7.22 | 1.84 |4.16|7.14|1.48|4.15| 0.0318
33.4 ||-0.36|-0.27(-0.27|-0.32|-0.27|-0.29|| 1.47 | 2.27 | 3.56 | 4.03 | 5.56 | 5.75 | 6.88 | 3.24 | 9.45|2.19|4.37 | 7.19|1.37(5.29 | 0.0372
24.6 |-0.07{0.06 | 0.04 {-0.03(-0.04| 0.02 | 1.60 | 2.22 | 3.60 | 4.63 | 6.34 |6.60 | 8.32|3.93 |11.18/2.48 (4.54|7.16 | 1.30(6.28| 0.0417

Pomiary odksztatcen betonu wykonywano przetwornikami przemieszczen liniowych o zakresie 10 i 20mm.
Concrete strain were measured with linear displacement transducers of 10 and 20mm range.
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1.54
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1.83
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7.26
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7.04
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2.29

1.56
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4.23

7.36

7.31

7.85

8.04
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7.08

4.54

2.33

1.59

7.9

39.0

1.55

1.92

4.29

7.43

7.40

7.95

8.14

7.81

7.85

7.70

7.67

7.14

4.61

2.39

1.62

8.0

39.7

1.59

1.98

4.34

7.49

7.48

8.04

8.23

7.89

7.93

7.77

7.75

7.19

4.67

2.44

1.66

8.1

40.2

1.63

2.04

4.39

7.54
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8.10

8.29

7.96

8.00

7.85

7.82

7.22

4.72
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1.69

8.1

40.6

1.65

2.08

4.42
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8.15

8.33

7.99

8.04

7.89
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4.75

2.52

1.71

8.2

40.6
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4.48

7.60

7.63

8.20

8.36

8.04

8.1

7.98

7.91

7.24

4.79

2.57

1.74

8.2
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4.49

7.60
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1.75
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2.79
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8.13

8.75

9.71

9.97

9.97
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8.97
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4.81

2.35

9.9

47.6

2.14

2.81

5.02

8.14

8.82

9.81

10.07

10.05

9.94

9.81

9.09

7.69

5.47

4.86

2.38

10.0

47.9

2.16

2.83

5.04

8.17

8.86

9.95

10.20

10.16

10.04

9.92

9.29

7.72

5.53

4.92

242

10.1

48.1

217

2.85

5.06

8.19

8.92

10.07

10.31

10.25

10.14

10.01

9.44

7.75

5.58

4.98

2.45

10.2

48.3

2.19

2.87

5.09

8.21

9.02

10.19

10.44

10.34

10.24

10.11

9.55

7.79

5.64

5.05

2.48

10.3

48.6

2.20

2.89

5.11

8.24

9.07

10.31

10.57

10.44

10.35

10.22

9.65

7.82

5.70

5.13

2.52

10.4

48.8

2.22

2.92

5.13

8.26

9.1

10.44

10.69

10.53

10.45

10.32

9.75

7.86

5.75

5.22

2.56

10.6

49.1

2.24

2.94

5.15

8.28

9.16

10.56

10.82

10.62

10.54

10.41

9.85

7.89

5.80

5.34

2.61

10.7

49.4

2.25

2.96

5.18

8.31

9.30

10.71

10.97

10.74

10.66

10.52

9.97

7.95

5.86

5.55

2.74

10.8

49.8

2.28

3.00

5.23

8.35

9.40

10.93

11.16

10.90

10.83

10.67

10.13

8.03

6.02

5.73

2.91

11.0

50.1

2.31

3.03

5.27

8.40

9.49

11.11

11.30

11.04

10.99

10.82

10.26

8.09

6.17

474

3.03

1.2

50.3

2.32

3.05

5.29

8.42

9.52

11.20

11.38

11.14

11.08

10.90

10.33

8.15

6.37

5.20

3.06

1.2

50.4

2.33

3.07

5.31

8.44

9.55

11.28

11.45

11.23

11.19

10.98

10.36

8.24

6.63

5.45

3.09

1.3

50.5

2.34

3.09

5.33

8.46

9.57

11.33

11.50

11.29

11.26

11.02

10.37

8.26

6.90

5.75

3.19

1.4

50.6

2.35

3.10

5.34

8.47

9.58

11.36

11.52

11.33

11.31

11.05

10.37

8.27

712

5.83

3.27

11.4

33.4

1.82

2.02

0.37

Pomiary odksztatcerr wykonywano tensometrami elektrooporowymi TFs-5 o bazie 5mm.
CFRP strain were measured with electric resistance gauges TFs-5 with range of 5mm.

Bl12-a
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250, 1200 L 1200 , 1200 , 1200 , 1200 250,
F F F F
v1@ @VZ VE@ @v4 vf@ VB@ @v7 v8@ @v9
] [] L] [] [] [] [] [] []
g |
N
T &
, 1100 200, 1000 200, 500 , 500 200, 1000 200, 1100 ,

Tablica Z5.4 Przemieszczenia pionowe belki, v

Table Z5.4 Vertical displacement, v

fg:(: Przemieszczenia pionowe / Vertical displacement v (mm)

2F | vi | va | va | Va | Vs | Ve | Vi| Vs | Vo | Vaut2 |Vavsa|Vaver|Vavseso
kN |11100|1300(2300|2500|3000 | 3500 | 3700 |4700|4900| 1200 |2400 | 3600 | 4200
63 (00|00|00|00|00|00]|00]|O00]O00 0.0 0.0 | 0.0 | 0.0
73 |06 (07 (10 (1111111007 |06 0.6 1.1 1.1 0.6
8.8 16 |17 |27 (2829|128 |28 |18 | 1.6 1.7 28 | 2.8 1.7
112 34|39 (59 (60|63 (62]|60](41]|35 3.7 6.0 | 6.1 3.8
137 (54 (61|91 [92|96|94|92|64)|56 5.7 9.1 | 93 | 6.0
16.1 | 75| 85 |125(126(13.2(13.0(12.7| 9.0 | 7.9 8.0 1251|1128 | 8.4
16.1 | 79 | 89 |129(13.1|13.7(135|13.2| 94 | 83 84 |13.0|133| 88
186 | 99 |111.2|16.3|16.4(17.3|17.0|166|11.9|10.5| 105 |[16.4 | 16.8 | 11.2
21.0 (13.0(14.6|21.4(21.7|229(224|21.8(155|13.7|| 13.8 |21.6| 221|146
21.0 [|13.7|15.4|225(22.824.1(23.5(23.0(16.3|14.4| 146 | 227|233 (154
23.5 | 16.6(18.8 (27.7(28.2(29.7(29.0(28.1(199 (174 17.7 |27.9|28.6 | 18.6
259 [120.2|122.9|34.0|34.6|36.6(35.6(34.6|24.3|21.2|| 215 |34.3|35.1|228
259 21.1(24.0(354(359(38.0(37.0(359(25.3(220| 225 |357]|36.5|23.7
28.4 (123.7|127.1140.140.7 |43.1(419|405|285|248| 254 |404|41.2|26.6
28.4 |24.3(27.8(41.0(415(44.0(429(415(29.1(254| 26.0 |41.3|422|27.3
29.0 [|24.8|128.3|41.8|42.4 1449 (43.7|422|29.6|259| 26.6 |42.1|43.0(27.8
29.4 |25.2|128.8|42.643.1|45.6(44.4(43.0|30.1|26.3| 27.0 |42.8|43.7 | 28.2
30.3 [[26.1(29.9(44.2|44.8|47.4|46.1|446|31.2(27.3| 28.0 | 445|454 293
30.7 ([27.030.9 [45.7 [ 46.2 (49.0 | 47.7 | 46.1 | 32.2(28.1|| 28.9 |46.0|46.9| 30.2
30.9 [[27.331.2(46.3|46.849.6|48.2(46.7|32.6(285| 29.3 |46.5|47.4|305
30.9 (28.332.3(47.8(48.4(51.2|149.8|148.2|33.7(29.4|| 30.3 |[48.1]49.0| 315
31.7 ||28.9(33.0(48.9|49.4 | 52.4|50.949.3|34.4(30.0| 30.9 |49.2|50.1|322
32.1 [29.3|33.5(49.6(50.2(53.2|51.7|50.0{34.9(30.5| 314 |[49.9 508|327
32.8 (30.1|34.4|51.0|51.6|54.7|53.1|51.4|35.8|31.3|| 322 |51.3 (523|335
33.2 [ 30.6|35.0(52.0(525|55.7|54.1|524|136.4(31.8|| 328 |52.2|53.2]| 341
33.3 (31.1]35.6|52.8(53.4|56.6|55.0|53.2(37.0(32.3| 33.3 |53.1|54.1]|346
33.6 (31.4]35.8(53.2(53.8(57.0|55.3|53.6|37.3(325|| 33.6 [53.5]|54.4|34.9
34.3 (32.1]36.7|54.6 [55.2|58.5|56.8|54.9(38.5(33.4| 344 |54.9]|559]36.0
35.1 |[33.2|37.9(56.4|57.0|60.5|58.756.8|39.4(344| 356 |56.7|57.7|36.9
35.7 [ 34.5|39.4(58.659.3(62.8|61.0|59.0{40.9(35.7| 37.0 |59.0|60.0|38.3
35.7 || 35.4 |40.3|60.0 | 60.6 |64.3|62.4 (60.4|419(36.5| 37.8 |60.3 614|392
35.8 (35.9|40.9(60.8(61.4(65.2|63.2|61.1|424(37.0| 384 |[61.1]|622]|39.7
36.8 |[36.7 |41.9(62.3|63.066.8|64.8(62.7|43.4(37.9| 39.3 |62.6 | 63.7 | 40.6
37.6 |37.5|42.7(63.6(64.3(68.2|66.2|64.0|44.3(38.7|| 40.1 [64.0|651|415
38.2 38.3|43.7|65.1|65.8|69.7|67.7 655|453 |39.5( 41.0 | 654 |66.6 | 42.4
39.0 (39.4|449(67.0(67.9(71.8|69.7|67.4|46.6 |40.6| 422 (675|685 |43.6
39.7 (40.4 | 46.1|68.8|69.7 |73.7|71.5|69.1 |47.8|41.7| 43.3 |69.2 | 70.3 | 44.7
40.2 [|41.3|47.1|70.3|71.1|75.3(73.0(70.6|48.8|425| 442 |70.7|71.8 457
40.6 |41.8(47.7(71.2(720(76.2(740(71.5(49.4(43.1|| 448 |716| 727 |46.2
40.6 (| 42.7|48.6|725|73.4|77.7|754|72.8|50.3|43.9| 456 |73.0|74.1|47.1
40.6 [|43.0|48.9|73.0|73.9|78.2(75.9|73.3|50.6|44.1| 46.0 | 734|746 |47.4
41.0 (43.3(49.3|73.6(74.4|788|76.4|73.9(51.0|44.4| 46.3 | 740|752 |47.7
419 |44.1|50.2|751|76.080.4(78.0(754|52.0|45.3| 472 |755|76.7 | 48.7
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426 | 450 |513|76.7|77.6|822|79.8|77.1|532|46.3|(48.2|77.2|784|49.7
43.2 | 46.0 | 525 (783|79.2|839 (814|786 |54.2|47.1|49.2|78.8|80.0|50.7
43.6 | 46.6 |53.3|79.5|804 |851|826|79.8|550|47.8(50.0|79.9|812]|514
446 | 483 | 553 (825|835 |88.4|858829|57.0|49.6|51.8|83.0|84.3|53.3
452 | 504 | 57.6|86.4|87.4|929|90.3|87.2|60.3|524 |54.0|86.9|88.8|56.3
454 | 514 |58.8 (884|895 92.6 | 89.4 | 61.7 | 53.6 | 55.1 | 88.9 | 91.0 | 57.6
455 | 524 |59.9 (902|913 91.3 | 63.1 | 54.8 || 56.1 | 90.7 58.9
455 | 529 |60.5 92.4 63.9 | 55.5 || 56.7 59.7
459 | 53.4 |61.0 93.3 64.4 | 55.9 | 57.2 60.2
46.1 | 53.9 | 61.6 94.2 65.0 | 56.4 | 57.7 60.7
46.4 | 54.4 | 62.2 95.2 65.7 | 57.0 || 58.3 61.4
46.6 | 55.1 | 63.0 66.6 | 57.8 | 59.0 62.2
46.8 | 55.8 | 63.8 67.7 | 58.6 | 59.8 63.2
471 || 56.7 | 64.8 68.9 | 59.6 || 60.8 64.2
47.4 | 57.7 |66.0 70.1 | 60.6 | 61.8 65.4
476 | 58.4 |66.8 711|614 | 62.6 66.3
479 | 59.3 | 67.8 72.3 | 62.4 | 63.6 67.4
48.1 | 60.1 | 68.8 734|633 | 644 68.3
48.3 | 60.9 |69.7 74.5 | 64.2 | 65.3 69.3
48.6 | 61.7 | 70.7 75.6 | 65.1 || 66.2 70.4
488 | 626 |71.7 76.8 | 66.0 || 67.1 71.4
49.1 | 634 | 726 78.1 | 67.1 || 68.0 72.6
49.4 | 645 | 73.9 79.7 | 68.3 || 69.2 74.0
498 | 66.0 | 75.7 82.0 | 70.2 | 70.8 76.1
501 67.3 |77.4 71.7 | 72.3 71.7
50.3 || 68.1 [ 784 72.8 || 73.2 72.8
504 | 69.0 | 79.4 73.8 | 74.2 73.8
50.5 || 69.5 | 80.0 745 74.8 745
506 | 69.8 | 80.4 140.0 74.9 | 751 74.9
334 | 721 [81.2 77.3 | 76.6 77.3
246 | 750 | 816 78.7 | 78.3 78.7
243 | 750 | 816 78.7 || 78.3 78.7

Pomiary przemieszczen pionowych wykonywano przetwornikami przemieszczen liniowych o zakresie 50mm.
Vertical displacement were measured with linear displacement transducers with range of 50mm.
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g |
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183
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" 3000 . 3000 N
Tablica Z5.5 Odksztalcenia na stali, & (%o)
Table Z5.5 Steel strain, & (%o
Sita / Odksztatcenia na stali /
Load Steel strain & (%o) Sita / Odksztatcenia na stali / Sita / Odksztatcenia na stali /
F | T [ Tes | Tor | Tes | some Load Steel strain e (%o) Load Steel strain e (%o)
kN 3000 3000 2F | Tes | Tso | Tsr | T | &sav 2F | Tes | Tso | Tsr | T | &sav
6.3 |0.00[0.00[0.00[0.00] 0.00 kN 3000 3000 kN 3000 3000
73 1 0.03]002]0.020.02] 0.02 333 (1.84|161|1.64|1.73| 1.70 45.5 | 2.97 276 2.87
88 10.09/006]005[007] 0.06 33.6 (1.85(1.62|1.65|1.74| 1.72 45.9 | 3.00 2.79( 2.89
112 lo0.1810.121009]0.14] 013 34.3 (191167 171|180 1.77 46.1
137 102710181 013]021] 020 351 (1.99(1.74|1.78|1.87| 1.84 46.4
16.1 1036|024 018 0.28] 0.26 35.7 (| 2.07(1.82|1.86|1.96( 1.93 46.6
161 1036025018028 027 357 |2.111.85|1.91|2.00| 1.97 46.8
186 | 0.46|0.32]025]0.38] 036 35.8 (2.13|1.871.94|2.03| 1.99 471
210 l0.67 047047058 055 36.8 |2.19]1.93|1.99|2.08| 2.05 47.4
210 [0.70]051]052]061| 059 37.6 (224197 2.03|2.13| 2.10 47.6
235 [0.90]0.69]069]079] 077 38.2 (2.30(2.03|2.10|2.19| 2.15 47.9
259 1141095096 1.02] 1.02 39.0 (2.38|2.10 217|227 | 2.23 48.1
259 [1.180.99]1.00|1.06] 1.06 39.7 (245|217 |2.25|2.35| 2.30 48.3
284 1361116118124 1.24 40.2 ||2.51(2.22(2.31(240| 2.36 48.6
284 (140120121 1.29] 1.27 40.6 ||2.542.24 (234 (244 | 2.39 48.8
200 1421221125131 1.30 40.6 [[2.57|2.272.39(249| 2.43 49.1
204 (145|124 127]134] 1.32 40.6 ||2.57(2.27 (240 (2.50| 2.44 49.4
303 115211300133 140( 139 41.0 [[2.60]|2.29 242 |252| 2.46 49.8
307 11571136 1.39 146 145 419 ||2.67(2.35[2.48 (258 | 2.52 50.1
3090 1160138141149 147 426 [[2.7412.41 252 (265| 2.58 50.3
3090 164143146154 152 43.2 ||12.79(2.46 |2.57 [2.70| 2.63 50.4
317 168/ 1.46|149|158| 156 43.6 ||2.82(2.49(259(2.74| 2.66 50.5
321 117111491152 161 158 446 ||2.94(2.57(2.66(2.80| 2.74 50.6
328 1771154157 1.66| 164 45.2 || 3.06 | 2.65 2.78( 2.83 334
332 118111581611 1.701 167 45.4 |1 3.02 | 2.69 277 2.82 24.6
45.5 || 2.99 2.76( 2.88 24.3

Pomiary odksztatcen wykonywano tensometrami elektrooporowymi TFs-5 o bazie 5mm.

Strain measurements were carried out by means of electric resistance gauges TFs-5 on the bases of 5mm.

122




B12-a

60
50
- fd’
% /’_'"
8- /4.
[} 30 P
—
E’ o/’
& /
20
¥ ¥ ¥ ¥
10 {
./ |TB i
0 ; ; ; ; ;
0.0 05 1.0 1.5 20 25 30 35
Srednie odksztatceniaw stali / Reinforcing steel strain,gg oy (%o)
60 60
50 50
‘0069'520 AOdﬁD‘D
— 40 — 40
< & Z -
= =
= /r/&- = /ﬁ-
[ [
S el S -~
— 20 — 20
= =
6] 6]
10 { 10 {
0 T 0 T
0 1 2 3 4 0 1 2 3 4
Odksztatceniaw staliff Reinforcing steel strain€s 1 (%0) Odksztatceniaw stali// Reinforcing steel strain, €sB2 (%0)
60 60
50 50
— 40 "O&QO — 40
_ S . /
L L
o 30 o 30
bl A~ bl e
3 e 3 pd
—. 20 20
= =
6] 6]
10 TQ 10 f
0 T 0 T
0 1 2 3 4 0 1 2 3 4

Odksztalceniaw stali/ / Reinforcing steel strain€s g3 (%o)

Odksztatceniaw stali// Reinforcing steel strain g gq (%o)

123



B12-a

250,

1200

Y

1200

K

1200

1200

K

1200

500

T3

T7

T3

m

1425

1425

K

1725

1425

Tablica Z5.6 Pomiary podczas napr¢zania tasmy CFRP, g¢

Table

K
A

A

75.6 Measurements during prestressing of the CFRP strain, &¢

Sita /
Load
2F

CFRP

/ CFRP strain

ef

%ho)

Odksztatcenia tasmy

Odksztatcenia betonu / Concrete strain

T3

T7

T13

Rc1

Rc2

Rc3

Res

RCS

Ru

Re

Ri

Rua

Rl5

Ris

Rt?

Ris

Rig

Ruo

Rur1

Rur2

Rus

kN (1425

3000

4575

Tu

2400

2700

3000

3300

3600

Ecav

1200

1500

1800

2100

2400

2700

3000

3300

3600

3900

4200

4500

4800

Etav

6.3 | 0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.00

0.01

0.00

0.00

0.01

0.00

0.00

0.00

0.00

0.00

0.00

6.3 | 0.44

0.36

0.42

0.36

0.00

0.00

0.00

0.00

0.00

0.00

-0.01

0.00

-0.01

0.00

-0.02

0.00

-0.01

-0.02

0.00

0.00

-0.02

0.00

0.00

-0.01

6.3 | 0.86

0.81

0.84

0.81

0.00

0.00

0.01

0.00

0.00

0.00

-0.02

-0.01

-0.04

-0.01

-0.05

0.00

-0.02

-0.04

-0.01

-0.02

-0.03

-0.02

0.00

-0.02

6.3 [ 1.27

1.22

1.25

1.22

0.00

0.00

0.01

0.00

0.00

0.00

-0.04

-0.02

-0.07

-0.01

-0.08

-0.02

-0.04

-0.06

-0.04

-0.03

-0.06

-0.05

-0.01

-0.04

6.3 || 1.67

1.62

1.66

1.62

0.00

0.00

0.01

0.00

0.00

0.00

-0.06

-0.03

-0.09

-0.02

-0.11

-0.03

-0.05

-0.08

-0.06

-0.05

-0.08

-0.07

-0.01

-0.05

6.3 [ 2.10

2.06

2.09

2.06

0.01

0.00

0.02

0.00

0.00

0.01

-0.08

-0.03

-0.13

-0.03

-0.15

-0.05

-0.07

-0.10

-0.09

-0.06

-0.11

-0.09

-0.02

-0.07

6.3 [2.48

2.44

2.47

2.44

0.01

0.00

0.02

0.00

0.00

0.01

-0.11

-0.04

-0.16

-0.04

-0.18

-0.06

-0.09

-0.12

-0.13

-0.08

-0.14

-0.12

-0.02

-0.09

6.3 |2.89

2.84

2.87

2.84

0.01

0.00

0.02

0.00

0.00

0.01

-0.13

-0.04

-0.19

-0.05

-0.21

-0.08

-0.10

-0.14

-0.17

-0.10

-0.17

-0.14

-0.03

-0.11

6.3 | 3.33

3.30

3.31

3.30

0.02

0.00

0.03

0.00

0.00

0.01

-0.16

-0.05

-0.23

-0.06

-0.25

-0.10

-0.12

-0.17

-0.21

-0.13

-0.21

-0.17

-0.05

-0.13

6.3 | 3.70

3.65

3.67

3.65

0.02

0.00

0.03

0.00

0.00

0.01

-0.18

-0.06

-0.26

-0.07

-0.28

-0.11

-0.14

-0.19

-0.24

-0.14

-0.24

-0.20

-0.07

-0.14

6.3 [4.03

3.99

3.99

3.99

0.03

0.00

0.03

0.00

0.00

0.01

-0.20

-0.06

-0.29

-0.08

-0.31

-0.13

-0.15

-0.21

-0.27

-0.16

-0.27

-0.22

-0.09

-0.16

6.3 [4.39

4.37

4.34

4.37

0.03

0.00

0.04

0.00

0.01

0.01

-0.23

-0.08

-0.33

-0.10

-0.35

-0.14

-0.16

-0.23

-0.30

-0.18

-0.30

-0.25

-0.11

-0.18

6.3 |4.76

4.73

4.70

4.73

0.04

0.00

0.04

0.00

0.01

0.01

-0.25

-0.09

-0.36

-0.11

-0.39

-0.16

-0.17

-0.26

-0.33

-0.20

-0.34

-0.28

-0.13

-0.20

6.3 | 5.07

5.03

5.04

5.03

0.05

0.00

0.05

0.00

0.01

0.02

-0.27

-0.10

-0.40

-0.12

-0.42

-0.18

-0.19

-0.28

-0.37

-0.21

-0.37

-0.31

-0.15

-0.21

6.3 | 5.24

5.21

5.22

5.21

0.05

0.00

0.05

0.00

0.01

0.02

-0.28

-0.11

-0.42

-0.13

-0.44

-0.19

-0.20

-0.30

-0.39

-0.21

-0.38

-0.33

-0.16

-0.23

6.3 [ 5.12

5.09

5.09

5.09

0.05

-0.02

0.04

0.00

0.01

0.01

-0.07

-0.12

-0.45

-0.15

-0.46

-0.21

-0.21

-0.33

-0.42

-0.23

-0.40

-0.37

-0.19

-0.25

6.3 |2.99

5.08

2.30

5.08

0.07

-0.09

0.09

0.06

0.09

0.02

-0.06

-0.02

-0.47

-0.15

-0.46

-0.23

-0.22

-0.33

-0.47

-0.19

-0.40

-0.06

-0.02

-0.26

6.3 || 2.89

5.09

2.18

5.09

0.06

-0.10

0.08

0.06

0.07

0.01

-0.06

0.00

-0.47

-0.15

-0.46

-0.23

-0.22

-0.33

-0.47

-0.19

-0.40

-0.05

-0.01

-0.26

6.3 | 2.82

5.10

2.12

5.10

0.07

-0.10

0.10

0.06

0.08

0.02

-0.06

0.01

-0.45

-0.15

-0.45

-0.23

-0.21

-0.32

-0.47

-0.19

-0.39

-0.05

-0.01

-0.26

6.3 | 2.76

5.09

2.1

5.09

0.07

-0.09

0.1

0.06

0.09

0.03

-0.06

0.02

-0.45

-0.15

-0.44

-0.24

-0.21

-0.31

-0.47

-0.19

-0.38

-0.04

-0.01

-0.25

6.3 || 2.56

5.10

212

5.08

0.07

-0.10

0.10

0.06

0.08

0.02

-0.03

0.03

-0.28

-0.15

-0.46

-0.25

-0.22

-0.33

-0.47

-0.19

-0.40

0.09

0.01

-0.27

6.3 | 2.54

5.09

212

5.08

0.07

-0.09

0.11

0.06

0.10

0.03

-0.03

0.03

-0.27

-0.17

-0.45

-0.26

-0.17

-0.28

-0.47

-0.22

-0.41

0.09

0.00

-0.24

6.3 | 2.52

5.08

1.94

5.07

0.07

-0.09

0.11

0.06

0.10

0.03

-0.03

0.02

-0.28

-0.17

-0.46

-0.26

-0.24

-0.34

-0.48

-0.20

-0.42

0.09

-0.01

-0.28
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Sita/ | Odksztatcenia tasmy CFRP Przemieszczenia pionowe Odksztatcenia na stali
Load |__/ CFRP strain & (%o) / Vertical displacement v (mm) / Srtain in steel & (%o)

2F T3 T7 T13 \Z Vo V3 V4 Vs Ve \74 Vg Vo Tss Tse Tsr Tss €s.av
kN [ 1425 | 3000 | 4575 T 1100 | 1300 | 2300 | 2500 | 3000 | 3500 | 3700 | 4700 | 4900 | 3000 | 3000 | 3000 | 3000 | 3000
6.3 | 0.00 | 0.00 | 0.00 | 0.00 | 0.04 | 0.0 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0 0.0 0.0 0.0 0.0
6.3 044 | 036 | 042 | 0.36 | 0.2 | -0.2 -03 | -03 | -0.3 -0.3 -03 | -0.2 -0.2 0.0 0.0 0.0 0.0 0.0
6.3 0.86 | 0.81 | 0.84 | 0.81 -0.5 | -0.6 -08 | -0.8 | -0.9 -0.9 -08 | -06 | -05 0.0 0.0 0.0 0.0 0.0
63 || 127 (122 | 125|122 | 09 | 10| 15| 15| 15 | 156 | 1.5 | -1.0 | -09 | -0.1 0.0 0.0 0.0 0.0
6.3 167 | 162 | 166 | 162 | 1.2 | -1.4 -2.0 | -21 -2.2 -2.1 -2.1 -1.4 | 1.2 -0.1 0.0 0.0 -0.1 -0.1
6.3 210 | 206 | 209 | 206 | 1.7 | -19 | -28 | -28 | -2.9 -2.9 28 | 19 | -16 -0.1 -0.1 0.0 -0.1 -0.1
6.3 248 | 244 | 247 | 244 | -21 24 | -34 | -34 -3.6 -3.5 -34 | 24 | -20 -0.1 -0.1 -0.1 -0.1 -0.1
63 || 289 | 284 | 287 | 284 | 25 | 29 | 42 | 42 | 44 | 43 | 42 | 29 | -25 | -02 | 0.1 | -0.1 | -0.1 | -0.1
63 || 333 | 330|331 (33| -31|-36|-51]| 51| -54]|-53]|-51|-35]|-30]-02]-01]-01]-01]-01
6.3 3.70 | 3.65 | 3.67 || 3.65 || -3.6 | -4.1 -59 | -59 | 6.2 -6.1 59 | 441 -3.4 -0.2 | -01 -0.1 -0.2 -0.2
6.3 403 | 399 | 399 | 399 | -40 | -46 | -66 | -6.6 -7.0 -6.8 66 | 46 | -39 -03 | -0.2 | -0.1 -0.2 -0.2
6.3 || 439 | 437 | 434 | 437 | 46 | 53 | -75 | -75 | -79 | -77 | -75 | 52 | -44 | 03 | -02 | -01 | -0.2 | -0.2
6.3 476 | 473 | 470 || 473 | -51 59 | -84 | -84 -8.9 -8.7 -84 | -58 | 4.9 -03 | -0.2 | -01 -0.2 -0.2
6.3 5.07 | 503 | 504 | 503 | -57 | -65 | 93 | -93 | 9.8 -9.5 93 | 64 | -54 -03 | 0.2 | -0.2 -0.2 -0.2
6.3 524 | 521 | 522 | 5.21 -6.0 | 6.8 98 | -98 |-103|-101 | 98 | -6.8 | -5.7 -04 | 02 | -02 | -03 -0.3
63 | 512 | 509 | 509 | 509 | -64 | -73 | -105]|-105| -11.1|-109 | -10.7 | -75 | 64 | 04 | -02 | -02 | -0.3 | -0.3
63 || 299 | 5.08 | 230 | 508 | -45 | -53 | -87 | -87 | 92 | 90 | -88 | -54 | 44 | 04 | -03 | -02 | -03 | -0.3
6.3 289 | 509 | 218 | 5.09 | -43 | -5.1 -83 | -84 -8.9 -8.7 -84 | -51 -4.2 -04 | -03 | -0.2 -0.3 -0.3
6.3 282 | 510 | 212 | 510 || 43 | -5.1 -83 | -84 -8.9 -8.7 -84 | -51 -4.2 -04 | -03 | -02 -0.3 -0.3
63 [ 276 | 509 | 211 | 509 | -43 | 50 | 83 | -84 | -89 | -87 | -84 | -51 | -41 | 04 | -03 | -02 | -03 | -0.3
6.3 256 | 510 | 212 | 508 | -44 | -52 | -85 | -85 | -9.0 -8.8 -86 | -5.2 | 4.2 -04 | -03 | -02 -0.3 -0.3
6.3 254 | 509 | 212 | 508 | -44 | -52 | -85 | -85 | -9.0 -8.8 -86 | -52 | 4.2 -04 | -03 | -02 -0.3 -0.3
6.3 252 | 508 | 194 | 507 | -44 | -53 | -86 | -87 | -9.2 -9.0 -87 | 52 | 43 -04 | 03 | -0.2 -0.3 -0.3
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Odksztatceniatasmy / CFRP strain € y{%a)

Odksztatceniabetonu / Concrete strain Stlavg(%o)
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Odksztatceniatasmy / CFRP strain € (%)
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Tablica Z5.7 Odksztalcenia betonu , &, €. (pomiary rgczne)

Table Z5.7 Concrete strain g, , &, (manual measurements)
Sita zewnetrzna / External load
Poza sta- Na stanowisku badawczym / Inside test set-up
| nowiskiem
v | e - -
N/o o c/:ali Outside test Péze ?grvevzslz:grfgiﬁzlrﬁ?g I'|Pe Wzs?gr‘:g;ﬁzlrtjin/g After Podczas badania / During the test
zation 323:200%4
0 kN 6.3 kN 6.3 kN 6.3kN [11.3kN[16.3kN[21.3kN[26.3kN[31.3kN[36.3kN41.3kN
Odksztatcenia betonu w strefie rozcigganej / Concrete strain in tension zone , & (%o)
1 5845 0.00 0.00 0.00 0.01 0.00 0.00 | 0.02 | 0.04 | 0.04 | 0.05 | 0.06 | 0.07
2 5642 -0.21 -0.17 -0.12 0.04 0.02 0.00 | 0.01 0.05 | 0.07 | 0.10 | 0.13 | 0.14
3 5438 -0.53 -0.32 -0.17 0.05 0.02 0.00 | 0.06 | 0.14 | 0.25 | 0.36 | 0.48 | 0.64
4 5235 -0.15 0.00 -0.03 -0.15 0.01 0.00 | 0.04 | 0.16 | 0.33 | 0.56 | 0.75 | 0.96 | 1.19
5 5032 -0.13 -0.03 -0.04 -0.19 -0.01 0.00 | 0.07 | 0.32 | 0.59 | 090 | 1.21 | 149 | 1.79
6 4829 -0.27 -0.12 -0.04 -0.24 0.00 0.00 | 0.13 | 0.57 | 1.03 | 1.41 1.71 | 2.05 | 2.38
7 4626 -0.31 -0.12 -0.03 -0.34 0.00 | 0.15 | 042 | 0.62 | 0.82 | 0.99 | 1.19 | 1.42
8 4422 -0.25 -0.01 0.12 -0.14 0.00 | 0.15 | 040 | 0.84 | 1.32 | 1.76 | 217 | 2.59
9 4219 -0.08 0.13 0.19 0.00 0.00 0.00 | 0.09 | 0.19 | 0.31 | 0.72 | 112 | 1.56 | 1.95
10 4016 -0.11 0.19 0.29 0.02 0.03 0.00 | 0.13 | 0.28 | 0.42 | 0.69 | 1.04 | 1.52 | 1.91
11 3813 -0.21 0.22 0.40 0.04 0.02 0.00 | 0.18 | 0.38 | 0.65 | 1.21 166 | 213 | 2.62
12 3610 -0.18 0.22 0.36 0.02 0.02 0.00 | 0.17 | 0.36 | 0.60 | 1.00 | 1.45 | 1.93 | 2.37
13 3406 -0.13 0.12 0.22 0.01 0.01 0.00 | 0.12 | 0.26 | 0.51 1.03 | 1.54 | 2.03 | 2.49
14 3203 -0.14 0.14 0.26 0.02 0.02 0.00 | -0.06 | 0.29 | 0.59 | 095 | 1.32 | 1.75 | 2.19
15 3000 -0.13 0.09 0.23 0.01 0.02 0.00 | 0.12 | 0.26 | 0.64 | 1.20 | 1.69 | 2.17 | 2.69
16 2797 -0.10 0.09 0.18 0.02 0.02 0.00 | 0.10 | 0.21 | 0.52 | 0.97 | 1.39 | 1.80 | 2.22
17 2594 -0.05 0.13 0.17 0.02 0.02 0.00 | 0.10 | 0.20 | 0.32 | 0.71 1.08 | 1.50 | 1.92
18 2390 -0.20 0.30 0.42 0.02 0.01 0.00 | 0.21 0.37 | 0.85 | 1.34 | 1.56 | 2.34 | 2.84
19 2187 -0.06 0.14 0.23 0.01 0.01 0.00 | 0.10 | 0.23 | 0.40 | 0.78 | 1.17 | 1.60 | 2.00
20 1984 -0.14 0.23 0.36 0.02 0.02 0.00 | 0.18 | 0.35 | 0.61 1.08 | 1.50 | 1.97 | 2.43
21 1781 -0.06 0.12 0.19 0.00 0.00 0.00 | 0.08 | 0.19 | 0.33 | 0.64 | 0.98 | 1.37 | 1.82
22 1578 -0.04 0.08 0.15 -0.03 0.00 | 0.08 | 0.17 | 0.33 | 0.63 | 0.97 | 1.36 | 1.71
23 1374 -0.31 -0.10 0.01 0.00 | 0.14 | 042 | 0.74 | 1.00 | 1.39 | 1.69 | 2.04
24 1171 -0.15 -0.06 -0.01 0.02 0.00 | 0.09 | 042 | 069 | 096 | 1.26 | 1.57 | 1.91
25 968 -0.07 0.00 0.00 -0.01 0.00 | 0.06 | 0.24 | 043 | 0.70 | 0.89 | 1.10 | 1.28
26 765 -0.18 -0.08 -0.02 0.00 0.00 | 0.06 | 0.28 | 0.54 | 0.74 | 1.00 | 1.33 | 1.61
27 562 -0.15 0.03 -0.01 0.00 0.00 | 0.02 | 0.09 | 0.16 | 0.27 | 0.36 | 0.48 | 1.56
28 358 -0.09 -0.06 -0.04 -0.01 0.00 | 0.00 | 0.04 | 0.08 | 0.16 | 0.24 | 0.36
29 155 -0.02 -0.01 -0.02 0.00 0.00 | -0.01 | 0.01 | 0.02 | 0.01 | 0.02 | 0.04
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Sita zewnetrzna / External load
Poza stano- Na stanowisku badawczym / Inside test set-up
Lokaliza- [| Wiskiem na 4
Nr cja podporach / Przgd wzmoc- Po wz_mocnie-
/ Outside test | nieniem / niu / Podczas badania / During the test
No |Localiza-| set-upon4 Before After strength-
tion supports | strengthening ening
0 kN 6.3 kN 63kN | 6.3kN | 11.3kN | 16.3kN | 21.3kN | 26.3kN | 31.3kN | 36.3kN [ 41.3kN
Odksztatcenia betonu w strefie Sciskanej / Concrete strain in compression zone , & (%o)
1 5845 0.05 0.03 |0.01| 0.01 [0.01| 0.00 -0.01 0.00 -0.01 -0.01 -0.01 -0.05
2 5642 0.14 0.09 |0.02| -0.05 (-0.01| 0.00 -0.03 -0.04 -0.07 -0.08 -0.10 -0.12
3 5438 0.17 0.07 |0.00| -0.03 [0.01| 0.00 -0.04 -0.08 -0.14 -0.19 -0.23 -0.26
4 5235 0.06 -0.02 (0.01| 0.13 |0.01| 0.00 -0.05 -0.10 -0.16 -0.22 -0.25 -0.31
5 5032 0.01 -0.06 |-0.01( 0.18 | 0.00 0.00 -0.07 -0.16 -0.23 -0.29 -0.34 -0.38
6 4829 0.08 -0.06 |0.01| 0.28 0.00 -0.10 -0.23 -0.33 -0.41 -0.46 -0.52
7 4626 0.19 0.01 |0.00| 0.17 0.00 -0.10 -0.17 -0.26 -0.31 -0.38 -0.44
8 4422 0.05 -0.05 |-0.06| 0.08 0.00 -0.08 -0.14 -0.21 -0.26 -0.32 -0.38
9 4219 0.08 -0.17 |-0.22| 0.01 |0.01 0.00 -0.15 -0.24 -0.33 -0.44 -0.53 -0.59
10 4016 0.19 -0.10 (-0.18| -0.03 | 0.02 | 0.00 -0.14 -0.22 -0.31 -0.39 -0.47 -0.52
11 3813 0.16 -0.15 (-0.21| 0.00 |0.02| 0.00 -0.17 -0.27 -0.38 -0.48 -0.55 -0.61
12 3610 0.18 -0.10 (-0.16| 0.00 |0.02| 0.00 -0.13 -0.20 -0.30 -0.36 -0.42 -0.50 -0.55
13 3406 0.10 -0.05 (-0.10| 0.00 |0.00 0.00 -0.09 -0.15 -0.24 -0.33 -0.40 -0.46 -0.51
14 3203 0.10 -0.06 (-0.11| -0.06 | 0.01 0.00 -0.09 -0.16 -0.24 -0.32 -0.37 -0.44 -0.48
15 3000 0.12 -0.07 {-0.11| 0.02 |0.02 0.00 -0.10 -0.17 -0.28 -0.37 -0.45 -0.51 -0.56
16 2797 0.12 -0.04 (-0.09| -0.01 |0.02 0.00 -0.08 -0.16 -0.26 -0.32 -0.40 -0.46 -0.50
17 2594 0.08 -0.06 |-0.11| -0.02 {0.01| 0.00 -0.08 -0.15 -0.23 -0.30 -0.36 -0.41 -0.44
18 2390 0.19 -0.14 (-0.18| -0.03 | 0.00 | 0.00 -0.15 -0.22 -0.31 -0.37 -0.44 -0.48 -0.53
19 2187 0.13 -0.07 (-0.12| -0.01 | 0.01| 0.00 -0.10 -0.18 -0.24 -0.31 -0.39 -0.44
20 1984 0.11 -0.21 (-0.24| -0.03 |-0.02| 0.00 -0.19 -0.31 -0.40 -0.50 -0.59 -0.65
21 1781 0.11 -0.09 |-0.16( 0.00 |0.02 0.00 -0.12 -0.18 -0.27 -0.33 -0.39 -0.45
22 1578 -0.05 -0.17 |-0.16| -0.05 0.00 -0.10 -0.18 -0.24 -0.29 -0.33 -0.36
23 1374 0.18 0.03 |0.06 0.00 -0.06 -0.13 -0.19 -0.23 -0.29 -0.32
24 1171 0.17 0.03 |0.01 0.01 0.00 -0.08 -0.13 -0.18 -0.22 -0.26 -0.27
25 968 0.04 -0.06 |0.00 0.02| 0.00 -0.06 -0.11 -0.17 -0.20 -0.24 -0.26
26 765 -0.04 -0.13 | 0.02 0.06 | 0.00 -0.05 -0.13 -0.22 -0.27 -0.33 -0.36
27 562 0.11 0.01 |0.01 0.02| 0.00 -0.03 -0.06 -0.08 -0.12 -0.14 -0.18
28 358 0.10 0.07 | 0.00 0.02| 0.00 -0.03 -0.05 -0.07 -0.09 -0.12 -0.16
29 1565 0.06 0.00 |0.00 0.00 0.00 -0.02 -0.02 -0.01 0.00 -0.02 -0.05
Sita zewngtrzna / External load
Poza stanowi- Na stanowisku badawczym / Inside test set-up
skiem na 4
podporach / | Przed wzmocnie- |Po wzmocnieniu /
Outside test set- | niem / Before | After strengthen- Podczas badania / During the test
up on 4 supports | _strengthening ing
0 kN 6.3 kN 6.3 kN 6.3kN [11.3kN| 16.3kN | 21.3kN | 26.3kN | 31.3kN | 36.3kN | 41.3kN
€cav (%o) 0.10 -0.06 |-0.10| -0.01 | 0.01 | 0.00 |-0.09 | -0.16 | -025 | -0.33 | -040 | -046 | -0.50
€tav (%00) -0.11 0.11 0.21 0.02 0.02 | 0.00 | 0.07 0.24 0.52 0.97 1.40 1.85 2.30
K (1/m) -0.0014 -0.0011 |-0.0021| -0.0002 |-0.0000(0.0000(0.0011| 0.0026 | 0.0051 | 0.0087 | 0.0120 | 0.0154 | 0.0187

Pomiary odksztatcen wykonywano przy uzyciu ekstensometru nasadowego o bazie 8'.

Concrete strain measurements measured by hand with dial strain gauges of 8' working range.
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WYNIKI BADAN ELEMENTU B16-a sp

TEST RESULTS OF MEMBER
Series C
250, 1200 , 1200 . 1200 , 1200 , 1200 250,
r 3 I I
o
ﬂ ST TP TTT TP TTTIITTTT I ITl]
15Q, 16x150=2400 L 1200 L 16x150=2400 15Q,
250, 6000 250,
448
; v #8 @ 150mm
(@]
Q
4#16
i b p
\ 1 CFRP strips
100x1.20mm
; 200 , 100 200 )
L 500 .
Tablica Z6.1 Zestawienie charakterystycznych parametréw dla elementu B16-asp
Table Z6.1 Summary of characteristic parameters for beam B16-asp
Beton Stal zbrojeniowa CFRP Sita
Concrete Steel reinforcement Load
500 x 220mm’ 4#12 448 1x 100x1.2mm’ 2F, 6.3kN
2 | foebe | 52.4MPa | Ag | 199.1mm2 | 48.8mm2 fh 2857MPa 2F 0 44.0kN
]
&
— 2FP
A | fusplic | 3.65MPa | f, | 595.0MPa | 555.8MPa €fy 16.8%o oF 14%
u0
f. 49.0Mpa | f; | 672.0MPa | 646.0MPa E¢ 173.7Gpa 2F, 74.4kN
E 254Mpa | E; | 198.0GPa | 196.4GPa Ettot 12.8%, 2 169%
¢ ' s ’ ’ (eepTetrest) | (4.80%0+8.00%0) 2F,0
B16-aspsp
a - tasma przyklejona / laminate bonded
sp - stalowa ptyta kotwiaca / anchorage steel plate
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250, 1200 . 1200 M 1200 . 1200 . 1200 250,
I V F I
. 2250 . 5x300 M 2250 .
", Rcl Rc2 Rc3 Rc4 Re5
J 0 Rt4 Rt5 R6 Rt/ Rt8 Rt9 Rtl0 =4
1950 7x300 1950

Tablica Z6.2 Odksztalcenia betonu, €. , g (pomiary komputerowe)

Table Z6.2 Concrete strain, €. , & (computer registered measurements)

Sita / Odksztatcenia betonu / Concrete strain Krzywizna /
Load € & Curvature
2F | 'Ret [ Rez [ Res [ Roa [ Res Jecav | Ru [ Ro [ Ro [ Ru [ Ris [ Ris [ Re [ Ris | Reo [ Ruo [ Rut [ Rtz [ Rusa [ ey K
kN %o %o %o %o 1/m
6.3 |[0.00|0.00|0.00|0.00|0.00 0.00|0.000.00|0.00|0.00|0.00|0.000.00|0.00|0.00|0.00|0.00|0.00|0.00(0.00| 0.0000
7.2 ||-0.02(-0.01| 0.04 |-0.02| 0.01 | 0.00 | 0.00 | 0.00 | 0.01 | 0.02 | 0.02 | 0.02 | 0.01 [ 0.01 | 0.02 | 0.03 | 0.00 [ 0.01 | 0.01 | 0.01| 0.0001
9.1 |[-0.05|-0.08| 0.02 (-0.05|-0.01([-0.04| 0.00 | 0.00 [ 0.04 | 0.04 | 0.19 | 0.04 | 0.03 | 0.03 | 0.04 | 0.08 |-0.01| 0.04 | 0.03 | 0.03 | 0.0005
11.0 ||-0.07|-0.05|-0.01{-0.10{-0.04(-0.05( 0.08 | 0.03 | 0.07 | 0.08 | 0.16 | 0.07 | 0.05 | 0.02 | 0.08 | 0.13 [-0.01| 0.07 | 0.05]/0.05| 0.0007
11.1 |[-0.07|-0.05|-0.03 (-0.10(-0.04-0.06( 0.03 | 0.03 | 0.07 | 0.08 | 0.16 | 0.07 | 0.05 | 0.05 | 0.07 | 0.13 |-0.01| 0.07 | 0.05( 0.06 | 0.0008
13.2 ||-0.10|-0.07|-0.04|-0.18(-0.06|-0.09| 0.03 | 0.03 | 0.09 | 0.10 | 0.16 | 0.10 | 0.07 | 0.07 | 0.10 | 0.16 {-0.01| 0.10 | 0.06 || 0.08 || 0.0012
16.0 |[-0.14]-0.11|-0.09(-0.22|-0.10(-0.14| 0.06 | 0.05 [ 0.14 | 0.14 | 0.23 | 0.17 | 0.12 | 0.11 | 0.16 | 0.21 |-0.01]| 0.13 | 0.08 | 0.13 | 0.0018
15.7 |-0.11]-0.10|-0.06 (-0.19(-0.16(-0.12(-0.01| 0.05 | 0.13 | 0.14 | 0.24 | 0.18 | 0.12 | 0.13 | 0.17 | 0.22 |-0.01| 0.13 | 0.10 | 0.14 | 0.0017
18.0 |[-0.18]-0.14|-0.10(-0.29(-0.12|-0.18( 0.08 | 0.05 | 0.21 | 0.19| 0.33 | 0.28 | 0.18 | 0.19 | 0.24 | 0.28 | 0.00 | 0.16 | 0.13 | 0.22 | 0.0026
20.9 ||-0.22|-0.16|-0.15|-0.29|-0.17{-0.20| 0.07 | 0.06 | 0.32 | 0.25 | 0.51 | 0.44 | 0.28 | 0.31| 0.37 | 0.39 [-0.01| 0.19 [ 0.17 | 0.34 | 0.0036
20.8 |-0.22]-0.19|-0.15(-0.29(-0.17|-0.21| 0.16 | 0.07 { 0.33 | 0.25| 0.51| 0.44 | 0.28 | 0.31 { 0.38 | 0.39 | 0.11] 0.32| 0.17 (1 0.34 | 0.0037
23.0 [|-0.26]-0.22|-0.18(-0.33|-0.21|[-0.24| 0.07 | 0.08 { 0.41 | 0.30 | 0.65| 0.51 | 0.36 | 0.40 { 0.47 | 0.49 | 0.01 | 0.08 | 0.21 | 0.43 | 0.0045
22.7 ||-0.26|-0.22|-0.19|-0.36 |-0.20(-0.25( 0.07 | 0.24 | 0.41 [ 0.35 | 0.67 | 0.52 | 0.37 | 0.41 | 0.48 | 0.49 [ 0.00 | 0.22 | 0.22] 0.43 | 0.0046
26.0 |-0.30|-0.26-0.23(-0.38|-0.25[[-0.29( 0.17 | 0.19 { 0.72 | 0.38 | 0.91 | 0.66 | 0.50 | 0.55 [ 0.63 | 0.63 | 0.01 | 0.27 | 0.28 | 0.57 | 0.0057
25.9 |-0.30(-0.27|-0.23|-0.38(-0.25(-0.29( 0.07 | 0.18 | 0.58 | 0.38 | 0.94 | 0.67 [ 0.50 | 0.57 | 0.64 | 0.64 [ 0.00 | 0.26 | 0.29] 0.58 | 0.0058
28.0 ||-0.33]-0.29|-0.26(-0.39(-0.28|-0.32( 0.16 | 0.22 { 0.69 | 0.43 | 1.09 | 0.76 | 0.59 | 0.65 [ 0.73 | 0.73 | 0.01| 0.28 | 0.34 | 0.67 | 0.0065
27.9 ||-0.33|-0.29|-0.29|-0.41{-0.28(-0.33( 0.06 | 0.25 | 0.70 | 0.46 | 1.20 | 0.77 [ 0.59 | 0.66 | 0.72 | 0.74 [ 0.00 | 0.29 | 0.34 [ 0.67 | 0.0067
31.0 |-0.36{-0.32|-0.30|-0.44 -0.34|-0.35] 0.06 | 0.33 | 0.88 | 0.52 | 1.35|0.91 | 0.71 ] 0.79| 0.88 | 0.90 { 0.01 | 0.36 | 0.42 | 0.80 | 0.0077
31.0 |-0.37|-0.32(-0.33(-0.45|-0.32-0.37| 0.06 | 0.34 | 0.93 | 0.50 | 1.52 [ 0.93 | 0.73 | 0.81 | 0.90 [ 0.94 | 0.01 | 0.39 | 0.45(0.82 0.0079
32.9 ||-0.39(-0.34|-0.35|-0.46 -0.34|-0.39] 0.06 | 0.37 | 1.02 | 0.57 | 1.54 | 1.02 | 0.80| 0.89 | 1.11 | 1.14 { 0.02 | 0.51 | 0.51 | 0.90 | 0.0086
36.0 |-0.42(-0.48(-0.36|-0.50|-0.39(-0.44( 0.06 | 0.48 | 1.23 | 0.64 | 1.80 | 1.18 | 0.93 | 1.03 | 1.19| 1.24 | 0.21 | 0.52 | 0.64 | 1.05 | 0.0099
35.8 |-0.43|-0.43|-0.42|-0.51(-0.38|-0.45] 0.07 | 0.50 | 1.28 | 0.66 | 1.84 | 1.210.95|1.05|1.22 | 1.27 {0.25|0.54 | 0.68 | 1.07 | 0.0101
37.8 |-0.44|-0.41|-0.40|-0.53 (-0.41|-0.44] 0.10| 0.56 | 1.39 | 0.71 [ 1.97 | 1.28 | 1.02| 1.13 | 1.31 | 1.34 [ 0.34 | 0.58 | 0.73 | 1.14 | 0.0106
37.8 |-0.45|-0.41(-0.40(-0.53|-0.44(-0.45|0.11 | 0.53 | 1.59 | 0.71|2.03 | 1.30 | 1.03 | 1.14 | 1.32 {1.35| 0.37 | 0.59 | 0.75 (| 1.15| 0.0107
40.9 [|-0.47|-0.44|-0.43|-0.57|-0.43|-0.48( 0.25 | 0.68 [ 1.59 | 0.77 | 2.25|1.43 |1.15| 1.31 [ 1.46 | 1.41 | 0.57 | 0.66 | 0.84 | 1.30| 0.0118
40.6 ||-0.47|-0.44|-0.43|-0.57|-0.44(-0.48( 0.23|0.69 | 1.63 | 0.78 | 2.28 | 1.45(1.16 | 1.28 | 1.48 | 1.49 (0.62 | 0.67 | 0.86( 1.29| 0.0118
42.8 [|-0.49]-0.49|-0.46(-0.60(-0.46(-0.51( 0.28 | 0.75 [ 1.73 | 0.83 | 2.42|1.54 | 1.23 | 1.36 | 1.58 | 1.57 | 0.71 ]| 0.72| 0.92( 1.38 || 0.0126
45.7 |-0.51|-0.49|-0.51|-0.68(-0.48(-0.56( 0.38 | 0.86 | 1.94 [ 0.90 | 2.66 | 1.68 | 1.35 | 1.51|1.74 | 1.70 [ 0.89 | 0.89 | 1.19] 1.51| 0.0138
45.6 |-0.53]-0.50(-0.47(-0.71{-0.49(-0.56( 0.40 | 0.88 [ 1.98 | 0.91|2.70 | 1.71 | 1.37 | 1.52 {1.77 | 1.71|0.94 | 0.81 | 1.10( 1.53 | 0.0140
47.6 ||-0.54]-0.52|-0.52(-0.68(-0.51(|-0.57( 0.44 | 0.95 [ 2.09 | 0.96 | 2.84 | 1.79 |1.45|1.61 {1.87 [1.781.06|0.85|1.16( 1.62| 0.0146
50.6 |-0.56(-0.54|-0.55|-0.68 |-0.54|-0.59] 0.53 | 1.05|2.31 | 1.03 | 3.08 | 1.95|1.58 | 1.73|2.06 | 1.89 [ 1.24 | 0.94 | 1.291.76 | 0.0156
50.5 |-0.57(-0.55|-0.56-0.72(-0.55||-0.61] 0.55| 1.06 | 2.34 | 1.04 [ 3.12{1.99|1.59|1.76 | 2.09 | 1.91 [ 1.28 | 0.96 | 1.31 [ 1.78 | 0.0159
52.5 |-0.59(-0.57|-0.60|-0.71(-0.57|-0.63] 0.59 | 1.13 | 2.44 | 1.09 | 3.26 | 2.07 | 1.67 | 1.84 | 2.19 | 1.97 [ 1.38 | 1.00 | 1.391.86| 0.0166
52.4 |-0.59(-0.57|-0.58|-0.71-0.57|-0.62| 0.68 | 1.13 | 2.45 | 1.09 | 3.27 | 2.07 | 1.67 | 1.84 | 2.19 | 1.97 [ 1.36 | 1.00 | 1.37 | 1.86 | 0.0165
55.4 |-0.61{-0.58|-0.60|-0.78 (-0.59|-0.65| 0.68 | 1.24 | 2.66 | 1.17 | 3.54 | 2.27 | 1.83 | 1.99|2.40 | 2.09 [ 1.60 [ 1.16 | 1.492.03| 0.0179
55.3 |-0.62|-0.60|-0.64|-0.74(-0.59|-0.66| 0.78 | 1.27 | 2.69 | 1.18 | 3.58 | 2.31 | 1.86 | 2.01 | 2.41 |2.18 [ 1.65|1.13 | 1.522.06 | 0.0181
57.4 |-0.63|-0.61(-0.63(-0.83|-0.61(-0.69(0.73 | 1.32 | 2.80 | 1.23 | 3.76 [ 2.42 | 1.96 | 2.13|2.56 [ 2.17 | 1.72|1.18 [ 1.60 (| 2.17 | 0.0191
60.3 ||-0.65(-0.63|-0.64|-0.82(-0.69|-0.70] 0.75| 1.42 | 3.00 | 1.33 | 4.16 | 2.72|2.24 | 2.36 | 2.87 | 2.35 [ 1.91 [ 1.27 | 1.72 | 2.44| 0.0209
60.4 (-0.66|-0.64(-0.68(-0.80(-0.64(-0.71|/0.84 | 1.45|3.06 | 1.37 | 4.26 | 2.82 | 2.31|2.42|2.95(2.35|1.96|1.29 | 1.75(2.51| 0.0215
61.2 -0.68|-0.65(-0.69(-0.81|-0.65(-0.72|1.32 | 1.47 | 3.12| 1.38 | 4.32 | 2.85 | 2.34 | 2.46 | 3.00 [ 2.38 | 2.00 | 1.31 | 1.76 | 2.55| 0.0218
61.8 |-0.68|-0.65|-0.69|-0.81-0.66|-0.72| 0.87 | 1.49 | 3.13 | 1.38 | 4.37 | 2.88 | 2.39 | 2.48 | 3.02 | 2.40 { 2.04 | 1.32 | 1.792.58 | 0.0220
62.3 |-0.68(-0.65|-0.69|-0.82(-0.65|-0.72] 0.88 | 1.50 | 3.17 | 1.41 | 4.42 | 2.94 | 2.42|2.52|3.09 | 2.42 {2.07 [ 1.34 | 1.792.63 | 0.0223
62.4 |-0.68(-0.65|-0.69|-0.82(-0.65||-0.72] 0.88 | 1.51 | 3.18 | 1.42 | 4.47 | 2.97 | 2.45|2.54|3.12|2.44 {2.09(1.34|1.80(2.65| 0.0225
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62.4 ||-0.69|-0.66(-0.70|-0.82|-0.66(-0.73||0.88 | 1.51|3.19 [ 1.43 | 4.49 | 2.97 | 2.46 | 2.56 | 3.13 | 2.45|2.08 (1.33|1.80(2.66 | 0.0226
62.6 ||-0.69|-0.66(-0.70|-0.83|-0.65(|-0.73|0.88 | 1.51|3.20 [ 1.43|4.51 (2.99|2.47 | 2.57 | 3.15|2.47|2.10 (1.33|1.80(2.68 | 0.0227
63.2 |-0.69|-0.66(-0.70(-0.83(-0.66|-0.73(0.90 | 1.53|3.24 | 1.45|4.58 | 3.07 | 2.52|2.61|3.20|2.49 (2.14 (1.35|1.822.73 || 0.0231
69.4 |-0.61|-0.61(-0.69|-0.83|-0.64(-0.71]1.08 | 1.75|3.80 [ 1.75|6.72 | 5.11 | 3.88 | 3.88 | 5.34 | 2.95|2.68 | 1.52|2.10(4.29 | 0.0333
69.8 ||-0.60(-0.62{-0.70(-0.83(-0.65|-0.72( 1.10 | 1.76 | 3.84 | 1.77 | 6.94 | 5.27 | 4.01|3.94 | 552 (2.99 | 2.73| 1.54 | 2.12||4.41| 0.0342
70.1 |-0.59|-0.61(-0.70(-0.83|-0.64|-0.71{1.09 | 1.78 | 3.89 [ 1.77 | 7.12 | 5.44 | 4.11 | 4.08 | 5.66 | 3.04 | 2.76 | 1.55|2.1314.55| 0.0351
70.2 |-0.58(-0.61{-0.70(-0.82(-0.64|-0.71( 1.10 | 1.78|3.93 | 1.78 | 7.24 | 5.54 | 4.17 | 4.20 | 5.75 [ 3.07 | 2.81| 1.56 | 2.16 || 4.64| 0.0356
70.4 |-0.59|-0.61(-0.70(-0.83|-0.65|-0.71{1.111.78|3.94 {1.78 | 7.32 | 5.62 | 4.22 | 4.25|5.84 | 3.10 | 2.84 | 1.56 | 2.16(14.70 || 0.0361
70.5 ||-0.58|-0.61(-0.70|-0.83|-0.64-0.71[2.03 | 1.80 | 3.96 | 1.80 | 7.39 | 5.68 | 4.25 | 4.28 | 5.89 | 3.14 | 2.85 | 1.56 | 2.18 |4.74 || 0.0363
71.4 |-0.58|-0.61(-0.70|-0.83|-0.63|-0.71] 1.14 | 1.81|4.04 [ 1.83 | 7.63 | 5.86 | 4.38 | 4.39 | 6.06 | 3.29|2.91 (1.59 | 2.21(4.88 | 0.0373
71.9 ||-0.34|-0.60(-0.70(-0.82|-0.63(-0.71(1.15| 1.84 | 4.11 {1.92| 7.97 | 6.12|4.53 | 4.54 | 6.24 | 3.65|2.98 | 1.61|2.21(5.06 | 0.0385
72.4 ||-0.53|-0.59(-0.70|-0.82|-0.63|-0.70]| 1.17 | 1.86 | 4.16 [ 1.99 | 8.32 | 6.27 | 4.65 | 4.63 | 6.38 | 3.79 | 3.02 | 1.62 | 2.22(5.18 || 0.0392
72.6 |-0.51|-0.60(-0.70|-0.82|-0.63|-0.71|| 1.18 || 1.87 | 4.17 | 2.04 | 8.63 | 6.36 | 4.74 | 4.70 | 6.51 | 3.87 | 3.05 | 1.64 | 2.26 | 5.27 || 0.0398
72.7 |-0.51|-0.60{-0.70(-0.82(-1.35|-0.71(2.10 | 1.87 | 4.19 | 2.07 | 8.82 |6.42|4.81|4.76 | 6.58 | 3.94 | 3.06 | 1.65|2.26|5.33| 0.0402
73.7 ||-0.49|-0.59(-0.69(-0.81|-0.62|-0.70]| 1.21 | 1.90 | 4.25 [ 2.12|9.16 | 6.56 | 4.93 | 4.86 | 6.75 | 4.09 | 3.12 [ 1.67 | 2.29(5.45| 0.0410
74.2 ||-0.45|-0.59(-0.70(-0.81(-0.62|-0.70( 1.22 | 1.91|4.29 | 2.17 | 9.86 |6.76 | 5.10 | 5.01 | 7.00 [ 4.34 | 3.19| 1.70 | 2.34||5.62| 0.0422
74.4 |-0.42|-0.59(-0.70|-0.82|-0.61(-0.70]| 2.14 | 1.92 | 4.29 | 2.17 |10.26| 6.86 | 5.17 | 5.06 | 7.12 | 4.54 | 3.20 [ 1.71 | 2.35(5.70 || 0.0427
73.6 |-0.35|-0.59(-0.68(-0.81(-0.62|-0.70( 1.22 | 1.98 | 4.20 | 2.17 {10.98/6.85| 5.16 | 5.05 | 7.09 [ 4.56 | 3.21| 1.69 | 2.32|5.69| 0.0425
71.6 |-0.19|-0.55(-0.66|-0.77|-0.61|-0.66| 1.23 | 1.99 | 4.07 [ 2.15|12.41 7.21|5.14 | 5.00 | 6.99 | 4.47 | 3.19 [ 1.63 | 2.26(5.78 | 0.0429
70.2 ||-0.14|-0.48(-0.64|-0.76|-0.60(-0.63|| 1.25| 1.96 | 4.04 [ 2.15|12.78( 7.82 | 5.13 | 4.97 | 6.93 | 4.43 | 3.19(1.61|2.23(5.97 | 0.0440
69.7 |-0.14|-0.47(-0.64|-0.74|-0.60(-0.62|| 1.25| 1.94 | 4.01 [ 2.14 |12.87| 7.98 | 5.12 | 4.94 |6.91 |4.42|3.19(1.61|2.21(6.01| 0.0442
71.1 |-0.13|-0.47(-0.64|-0.74|-0.61|-0.62|| 1.25| 1.94 | 4.04 [ 2.16 |13.04| 8.21 | 5.15 | 4.97 | 6.96 | 4.45|3.20 1.63 | 2.24(6.11| 0.0448
71.6 |-0.12|-0.43|-0.64|-0.74|-0.61|-0.60|| 1.24 | 1.94 | 4.04 | 2.16 |13.32( 8.73 | 5.16 | 4.99 | 6.98 | 4.47 | 3.19 (1.65|2.26(6.29 | 0.0460
72.0 |-0.10|-0.38(-0.65|-0.73|-0.61|-0.59|| 1.24 || 1.94 | 4.05 [ 2.16 |13.55[ 9.34 | 5.19 [ 4.99 | 7.00 | 4.48 | 3.20 | 1.65|2.25(6.51 | 0.0473
72.1 -0.09(-0.36{-0.64(-0.73(-0.60|-0.58( 1.25 | 1.95| 4.05 | 2.15 {13.64| 9.63 | 5.20 | 5.01 | 7.01 {4.49 |3.19| 1.66 | 2.27| 6.61| 0.0480
72.3 ||-0.09|-0.35(-0.65|-0.74|-0.61|-0.58|| 1.25| 1.95| 4.04 [ 2.16 |13.74{ 9.92 | 5.21 | 5.02 | 7.02 | 4.50 | 3.19 [ 1.66 | 2.27 | 6.71 || 0.0486
72.4 |-0.08(-0.33(-0.64(-0.75(-0.60|-0.57( 1.25 | 1.95| 4.05 | 2.16 {13.85(10.20| 5.22 | 5.03 | 7.03 [ 4.51 | 3.19| 1.67 | 2.27| 6.82| 0.0493
72.7 |-0.08|-0.31(-0.64|-0.74|-0.61|-0.56|| 1.25| 1.94 | 4.05 | 2.16 |13.94(10.48| 5.24 | 5.03 | 7.04 | 4.51 | 3.19 [ 1.67 | 2.286.92 | 0.0499
72.7 |-0.07|-0.30{-0.65(-0.75(-0.61|-0.57( 1.24 | 1.94 | 4.05 | 2.16 {14.03(10.74| 5.25|5.04 | 7.05 [ 4.53 | 3.21| 1.67 | 2.28 || 7.01|| 0.0505
73.0 ||-0.06|-0.28(-0.65|-0.75|-0.60(-0.56|| 1.25 | 1.95| 4.05 | 2.16 |14.12(10.97| 5.28 | 5.03 | 7.06 | 4.53 | 3.20 [ 1.68 | 2.29( 7.09| 0.0510
73.2 ||-0.05|-0.27(-0.63|-0.75|-0.61|-0.55|| 1.25| 1.94 | 4.05 | 2.16 |14.22(11.20| 5.29 | 5.05 | 7.07 | 4.53 | 3.20 [ 1.68 | 2.29( 7.18 || 0.0515
73.2 ||-0.05|-0.26(-0.65|-0.75|-0.61|-0.55|| 1.25 | 1.94 | 4.06 | 2.16 |14.31(11.41| 5.31 | 5.05| 7.08 | 4.54 | 3.20 (1.69 | 2.30 (1 7.26 | 0.0521
73.3 ||-0.04|-0.25(-0.64|-0.75|-0.61|-0.55|| 1.24 | 1.94 | 4.06 | 2.16 |14.41({11.60| 5.34 | 5.05| 7.08 | 4.55|3.20 (1.70|2.29( 7.33 | 0.0525
73.3 ||-0.03|-0.23|-0.63|-0.75|-0.60(-0.54| 1.25| 1.94 | 4.06 | 2.17 |14.53(11.79| 5.36 | 5.06 | 7.09 | 4.56 | 3.20 (1.70 | 2.31( 7.40 | 0.0530
55.9 | 0.16|-0.06(-0.40|-0.59|-0.34-0.35|| 1.53 | 1.95| 4.10 [ 2.17 |14.47(12.94| 6.02 | 5.95 | 7.87 | 4.66 | 3.53 | 1.60 | 2.37 | 8.31 || 0.0577
45.0 [|0.36(0.10 |-0.19(-0.48|-0.07(-0.19(1.79 ] 1.99 | 4.14 | 2.21 [14.36|13.82| 6.67 | 6.74 | 8.48 | 4.73|3.811.63|2.50(9.08 0.0618
43.7 |10.360.11|-0.18(-0.47|-0.06(-0.18( 1.80 || 1.99 | 4.07 | 2.16 (14.31|13.81| 6.69 | 6.75| 8.46 | 4.69 | 3.74 | 1.60 | 2.46]9.09( 0.0618

Pomiary odksztatcen betonu wykonywano przetwornikami przemieszczen liniowych o zakresie 10 i 20mm.
Concrete strain were measured with linear displacement transducers of 10 and 20mm range.
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Sita / Load, 2F (kN)

Sita / Load, 2F (kM)
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Tablica Z6.3 Odksztalcenia tasmy CFRP, &;
76.3 CFRP strain, &;

Table

Sita /
Load

Odksztatcenia tasmy CFRP / CFRP strain &

2F

T1 |T2 | T3|T4|T5|T6 | T7 |T08|T09|T10|T11|T12|T13|T14

Tu

kN

%o

%o

6.3

4.73

4.73

4.75

4.76

4.77

4.78

4.79

4.79|4.80 [ 4.81

4.82

4.83

4.84

4.84

4.8

7.2

4.74

4.74

4.76

4.78

4.79

4.80

4.81

4.82|4.82|4.84

4.84

4.85

4.85

4.85

4.8

9.1

4.75

4.76

4.78

4.79

4.84

4.84

4.84

4.86 | 4.86 | 4.89

4.86

4.87

4.87

4.86

4.8

11.0

4.77

4.77

4.80

4.82

4.88

4.87

4.88

4.9114.91)|4.94

4.89

4.89

4.90

4.88

4.9

1.1

4.77

4.78

4.80

4.82

4.88

4.87

4.88

4.91|4.91(4.94

4.89

4.90

4.90

4.88

4.9

13.2

4.79

4.79

4.82

4.83

4.92

4.91

4.92

4.95|4.95|5.00

4.92

4.92

4.93

4.90

4.9

16.0

4.80

4.82

4.85

4.87

5.00

4.99

5.00

5.04 (5.04|5.10

4.98

4.96

4.96

4.92

5.0

15.7

4.81

4.82

4.86

4.86

5.01

5.00

5.02

5.04 (5.04|5.13

4.97

4.95

4.96

4.92

5.0

18.0

4.82

4.83

4.87

4.89

5.09

5.09

5.12

5.16 (5.17|5.29

5.04

4.99

4.99

4.94

5.1

20.9

4.85

4.87

4.91

4.94

5.27

5.30

5.31

5.41(5.40|5.55

5.17

5.06

5.04

4.97

5.3

20.8

4.85

4.86

4.90

4.94

5.28

5.30

5.32

5.42(5.40|5.56

5.18

5.06

5.04

4.97

5.3

23.0

4.87

4.88

4.93

4.97

5.38

5.41

5.43

5.59(5.54|5.71

5.29

5.10

5.07

4.99

5.5

22.7

4.87

4.88

4.94

4.98

5.40

5.42

5.45

5.61|5.57|5.72

5.33

5.12

5.08

5.00

5.5

26.0

4.90

4.92

5.00

5.08

5.60

5.60

5.65

5.82(5.79|5.95

5.55

5.21

5.15

5.03

57

25.9

4.90

4.93

5.01

5.09

5.63

5.62

5.67

5.84|5.82|5.97

5.58

5.23

5.17

5.04

5.7

28.0

4.90

4.93

5.01

5.09

5.63

5.62

5.67

5.84 (5.82|5.97

5.58

5.23

5.17

5.04

57

27.9

4.92

4.95

5.06

5.15

5.76

5.75

5.82

5.96 (597 |6.11

5.70

5.30

5.22

5.06

5.8

31.0

4.93

4.96

5.07

5.15

5.78

5.77

5.85

5.97 [ 5.98 |6.11

5.72

5.32

5.23

5.06

5.9

31.0

4.97

5.01

5.20

5.26

5.99

5.98

6.10

6.14 (6.22|6.33

5.92

5.45

5.32

5.10

6.1

32.9

4.97

5.03

5.22

5.31

6.03

6.02

6.14

6.16 | 6.25 | 6.34

5.96

5.49

5.34

5.1

6.1

36.0

4.99

5.06

5.27

5.38

6.14

6.13

6.29

6.26 [ 6.38 | 6.47

6.07

5.57

5.39

5.13

6.2

35.8

5.03

5.13

5.36

5.53

6.34

6.34

6.54

6.44 | 6.61|6.68

6.36

5.75

5.51

5.17

6.4

37.8

5.05

5.16

5.39

5.59

6.39

6.38

6.58

6.47 [ 6.64 |6.70

6.43

5.80

5.54

5.19

6.5

37.8

5.08

5.20

5.45

5.70

6.52

6.51

6.71

6.59 (6.78 |6.83

6.57

5.90

5.60

5.21

6.6

40.9

5.08

5.20

5.46

5.70

6.53

6.51

6.72

6.59 (6.78 |6.83

6.57

5.90

5.60

5.22

6.6

40.6

5.12

5.27

5.57

5.85

6.72

6.71

6.93

6.77|6.99 | 7.02

6.77

6.05

5.71

5.26

6.8

42.8

5.15

5.29

5.61

5.89

6.75

6.74

6.97

6.78 [ 7.01|7.04

6.80

6.10

5.73

5.28

6.8

45.7

5.18

5.33

5.68

5.96

6.87

6.87

711

6.90(7.14|7.18

6.92

6.18

5.79

5.31

7.0

45.6

5.24

5.43

5.80

6.13

7.08

7.08

7.33

7.08(7.36|7.37

7.14

6.36

5.89

5.38

7.2

47.6

5.27

5.46

5.82

6.19

7.1

712

7.36

7.11|7.39|7.38

7.18

6.41

5.91

5.41

7.2

50.6

5.31

5.50

5.88

6.27

7.22

7.24

7.48

7.23(7.52|7.50

7.29

6.49

5.97

5.44

7.3

50.5

5.43

5.60

6.01

6.45

7.42

7.47

7.72

742 |7.75|7.72

7.51

6.71

6.08

5.53

7.5

52.5

5.47

5.63

6.04

6.51

7.46

7.52

7.73

745(7.78|7.73

7.55

6.73

6.10

5.57

7.6

52.4

5.50

5.68

6.10

6.59

7.57

7.64

7.87

7.57(791|7.86

7.66

6.82

6.16

5.60

7.7

55.4

5.50

5.68

6.10

6.59

7.58

7.65

7.87

7.57 (791|787

7.67

6.82

6.16

5.60

7.7

55.3

5.63

5.80

6.25

6.80

7.82

7.96

8.15

7.83(8.21|8.11

7.91

7.03

6.29

5.73

8.0

57.4

5.63

5.81

6.26

6.81

7.82

7.96

8.16

7.83|8.21|8.12

7.91

7.03

6.30

5.74

8.0

60.3

5.66

5.85

6.31

6.88

7.94

8.12

8.34

7.98 (8.38|8.28

8.03

7.12

6.35

5.77

8.1

60.4

5.80

6.00

6.46

7.1

8.29

8.66

8.84

8.45|8.88 | 8.68

8.36

7.33

6.52

5.90

8.6

61.2

5.81

6.01

6.48

7.14

8.33

8.71

8.89

8.50 [ 8.93|8.74

8.41

7.36

6.54

5.91

8.7

61.8

5.82

6.02

6.50

7.16

8.37

8.75

8.95

8.54|8.98|8.78

8.44

7.39

6.56

5.92

8.7

136
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62.3

5.82

6.03

6.51

7.18

8.41

8.82

9.02

8.61

9.05

8.86

8.49

7.41

6.57

5.93

8.8

62.4

5.83

6.04

6.51

7.18

8.43

8.87

9.05

8.64

9.08

8.88

8.52

7.42

6.58

5.93

8.9

62.4

5.84

6.04

6.52

7.19

8.45

8.89

9.07

8.65

9.10

8.90

8.53

7.42

6.58

5.93

8.9

62.6

5.84

6.04

6.52

7.20

8.47

8.91

9.09

8.67

9.13

8.92

8.55

7.43

6.58

5.94

8.9

63.2

5.85

6.06

6.54

7.22

8.52

8.99

9.16

8.74

9.19

8.98

8.60

7.46

6.60

5.95

9.0

63.8

5.86

6.07

6.56

7.25

8.60

9.13

9.25

8.83

9.29

9.06

8.66

7.48

6.62

5.96

9.1

64.6

5.88

6.09

6.58

7.28

8.69

9.28

9.38

8.93

9.42

9.17

8.75

7.52

6.65

5.98

9.2

65.0

5.89

6.11

6.60

7.31

8.76

9.40

9.49

9.04

9.54

9.26

8.82

7.55

6.67

6.00

9.3

65.1

5.91

6.13

6.61

7.33

8.82

9.49

9.61

9.16

9.66

9.34

8.86

7.56

6.69

6.01

9.4

65.3

5.92

6.14

6.62

7.34

8.86

9.56

9.70

9.25

9.76

9.40

8.89

7.57

6.70

6.01

9.5

65.3

5.92

6.15

6.63

7.35

8.89

9.60

9.76

9.32

9.82

9.43

8.91

7.58

6.71

6.02

9.6

65.4

5.93

6.16

6.64

7.35

8.91

9.64

9.80

9.37

9.85

9.46

8.93

7.59

6.71

6.03

9.6

65.5

5.93

6.17

6.64

7.36

8.93

9.66

9.83

9.40

9.88

9.48

8.94

7.60

6.71

6.03

9.6

65.8

5.94

6.18

6.65

7.38

8.97

9.72

9.89

9.47

9.95

9.53

8.98

7.61

6.73

6.05

9.7

66.6

5.96

6.19

6.67

741

9.05

9.89

10.07

9.65

10.11

9.66

9.06

7.64

6.75

6.06

9.9

66.9

5.97

6.22

6.69

7.43

9.15

10.11

10.25

9.87

10.31

9.80

9.15

7.67

6.77

6.07

10.1

67.3

5.99

6.24

6.70

7.46

9.22

10.23

10.39

10.04

10.44

9.93

9.23

7.69

6.79

6.09

10.2

67.3

6.00

6.25

6.71

7.47

9.28

10.31

10.49

10.17

10.54

10.03

9.27

7.70

6.80

6.10

10.3

67.5

6.01

6.26

6.72

7.48

9.33

10.35

10.56

10.25

10.60

10.09

9.31

7.71

6.81

6.10

10.4

67.6

6.01

6.27

6.72

7.49

9.37

10.39

10.62

10.32

10.66

10.15

9.33

7.72

6.81

6.11

10.4

68.2

6.02

6.29

6.75

7.51

9.47

10.49

10.77

10.46

10.78

10.26

9.40

7.74

6.83

6.12

10.6

68.6

6.04

6.30

6.76

7.54

9.58

10.61

10.95

10.63

10.94

10.43

9.48

7.77

6.85

6.14

10.7

68.9

6.05

6.32

6.78

7.56

9.73

10.72

11.09

10.79

11.10

10.58

9.55

7.79

6.87

6.15

10.9

69.4

6.07

6.34

6.79

7.58

9.97

10.84

11.22

10.94

11.27

10.72

9.62

7.81

6.88

6.16

11.0

69.8

6.08

6.36

6.81

7.62

10.19

11.06

11.37

11.11

11.46

10.88

9.73

7.84

6.91

6.18

11.2

70.1

6.10

6.38

6.83

7.64

10.34

11.34

11.51

11.26

11.64

11.06

9.81

7.87

6.92

6.19

11.4

70.2

6.11

6.39

6.84

7.66

10.44

11.47

11.59

11.35

11.75

11.18

9.88

7.88

6.93

6.21

11.5

70.4

6.12

6.40

6.85

7.67

10.49

11.56

11.65

11.43

11.82

11.25

9.93

7.89

6.94

6.22

11.5

70.5

6.12

6.41

6.85

7.68

10.53

11.61

11.70

11.48

11.87

11.30

9.99

7.90

6.95

6.22

11.6

71.4

6.14

6.44

6.89

7.72

10.70

11.79

11.88

11.66

12.06

11.47

10.27

7.94

6.98

6.24

11.8

71.9

6.17

6.47

6.92

7.76

10.93

12.04

12.11

11.92

12.32

11.70

10.96

7.98

7.01

6.26

12.0

72.4

6.18

6.49

6.94

7.79

11.13

12.23

12.26

12.11

12.51

11.86

11.15

8.01

7.03

6.28

12.2

72.6

6.19

6.51

6.95

7.82

11.26

12.38

12.37

12.23

12.65

11.96

11.25

8.03

7.04

6.29

12.3

727

6.20

6.52

6.96

7.83

11.35

12.46

12.44

12.32

12.74

12.04

11.32

8.04

7.05

6.30

12.4

73.7

6.22

6.54

6.99

7.86

11.50

12.62

12.61

12.51

12.94

12.21

11.46

8.08

7.08

6.33

12.6

74.2

6.24

6.57

7.02

7.90

11.58

12.85

12.83

12.75

13.16

12.45

11.51

8.13

7.1

6.35

12.8

74.4

6.25

6.58

7.03

7.92

11.61

12.95

12.91

12.85

13.25

12.53

11.53

8.14

712

6.36

12.9

73.6

6.24

6.57

7.04

8.95

11.04

12.54

12.82

12.78

13.19

12.49

11.50

8.1

7.10

6.34

12.7

71.6

8.01

8.19

8.61

9.95

10.45

11.30

12.23

12.32

12.87

12.35

11.36

8.03

7.05

6.32

12.0

70.2

9.67

9.63

9.67

9.83

10.26

10.74

11.76

11.97

12.63

12.27

11.29

7.99

7.02

6.30

11.5

69.7

9.74

9.63

9.70

9.86

10.28

10.73

11.67

11.87

12.55

12.24

11.25

7.98

7.01

6.29

1.4

711

9.81

9.70

9.77

9.94

10.36

10.82

11.73

11.92

12.60

12.30

11.29

8.00

7.03

6.30

11.5

71.6

9.94

9.83

9.90

10.07

10.50

10.96

11.79

11.97

12.63

12.33

11.32

8.02

7.04

6.31

11.6

72.0

10.08

9.96

10.05

10.21

10.64

11.08

11.80

11.98

12.66

12.35

11.33

8.03

7.04

6.31

11.6

721

10.04

10.01

10.11

10.27

10.70

11.14

11.83

12.00

12.67

12.36

11.34

8.04

7.05

6.32

1.7

723

10.04

10.06

10.17

10.32

10.75

11.19

11.87

12.03

12.69

12.37

11.35

8.05

7.06

6.32

1.7

724

10.09

10.11

10.23

10.38

10.81

11.24

11.89

12.05

12.70

12.38

11.35

8.06

7.06

6.32

1.7

72.7

10.15

10.18

10.29

10.44

10.86

11.30

11.91

12.07

12.72

12.40

11.35

8.06

7.06

6.32

11.8

727

10.19

10.23

10.34

10.48

10.90

11.35

11.95

12.09

12.74

12.40

11.36

8.07

7.07

6.33

11.8

73.0

10.26

10.27

10.38

10.52

10.95

11.40

11.98

1212

12.76

12.41

11.37

8.08

7.07

6.33

11.8

73.2

10.32

10.32

10.42

10.56

10.99

11.43

12.02

12.15

12.77

12.42

11.37

8.08

7.08

6.33

11.9

73.2

10.36

10.35

10.46

10.60

11.03

11.47

12.05

12.18

12.80

12.44

11.38

8.09

7.08

6.34

11.9

73.3

10.40

10.38

10.49

10.63

11.06

11.50

12.08

12.21

12.82

12.44

11.39

8.09

7.08

6.34

11.9

73.3

10.43

10.40

10.51

10.65

11.07

11.51

12.11

12.24

12.84

12.45

11.39

8.10

7.09

6.34

12.0

Pomiary odksztatcen wykonywano tensometrami elektrooporowymi TFs-5 o bazie 5mm.
CFRP strain were measured with electric resistance gauges TFs-5 with range of 5mm.

P - oznaczenie strony pasywnej zakotwienia / the names of the passive side of anchorage system
A - oznaczenie strony aktywnej zakotwienia /the names of the passive side of anchorage system

B16-asp
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250, 1200 . 1200 , 1200 . 1200 , 1200 250,
F F , F F
V5
v1qD @VZ viﬁqD @v4 v v6qD @v7 v8?D @v9
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. 1100 200, 1000 200, 500 , 500 200, 1000 200, 1100 .

Tablica Z6.4 Przemieszczenia pionowe belki, v

Table Z6.4 Vertical displacement, v

Eg:d/ Przemieszczenia pionowe / Vertical displacement v (mm)

2F V4 Vo | V3 | Va | Vs | Ve | V7 | V& | Vo | Vavt2 |Vavs4|Vaver|Vavss
kN 1100{1300(2300 |2500|3000|3500 |3700|47004900| 1200 |2400 | 3600 | 4200
63 | 00]00]|00[00[00]|00]00[00][00]| 00 |00]00]O00
72 | 06|05|06|06]|06]|07]|06]|04]|04| 06 |06 ) 06|04
91 113 |14 |17 |17 (1717161211 1.3 17 | 16 | 1.2
1101 26 [ 28 [38 (39|41 |42 |41 |38 |37 27 |38]|42]38
111262939 [40|42[43|42[39|39]| 28 |39 |43 ]39
132 1 34 (38 |53 |55 |57 |57 |56|48 |46 36 |54 |57 |47
160 | 67 |72 |89 |92 |92 |90 |87 |68|63]| 70 |91 88|65
157 1 68| 73[91]|93|94|91|88|69|64| 71 |92]90]66
18.0 | 83 | 9.0 [115|11.7|119]|115]|112| 85 | 77| 86 [11.6]11.3]| 81
20.9 111.6[12.7|16.5/16.9|17.1]|16.4|159|11.5|104| 122 |16.7|16.1 | 11.0
20.8 111.7[12.7|16.5/16.9|17.2|16.4|16.0| 115|105 122 |16.7|16.2| 11.0
23.0 113.2[14.5/19.2/19.7 20.1|19.2|18.6 | 13.3|12.0 13.8 | 194|189 | 127
22.7 113.5[14.8[19.7 | 20.2 | 20.6 | 19.7 | 19.2 | 13.7 [ 12.3] 142 | 199|194 | 13.0
26.0 (16.1[17.7|24.2]24.9|25.5[24.4|23.7|16.7|15.0] 16.9 |24.5)|24.0| 1538
25.9 1116.5[18.2|24.8|25.5|26.2|25.0|24.3|17.1[154]| 173 |25.1|24.7 | 163
28.0 (118.1[20.0|27.6[28.4|29.2|27.9]|27.1[19.0|17.1] 19.0 |28.0|27.5]|18.1
27.9 1118.3[20.2|28.0|28.7|29.5|28.2|27.5|19.3|17.3| 192 | 283|279 | 183
31.0 120.9/23.3(32.4|33.5(34.4|33.0(32.0[22.3]{20.0| 221 |329[325|21.2
31.0 | 21.5/23.9|33.4|34.4(35.3(33.9(32.9[23.0[20.6| 22.7 [33.9334|218
32.9 |23.0|25.7|35.8|36.9(37.9(36.4|353|24.7|22.1| 243 | 364358234
36.0 | 25.9/29.0|40.8|42.2(43.3(41.7]40.4[28.1[251]| 274 [41.5|41.1|266
35.8 | 26.6|29.842.043.244.5[43.0|41.6[29.0[25.9| 282 |42.6 423|274
37.8 |128.1|31.5|44.4 459 |47.1|454|44.0[30.6[27.4| 298 [45.2|44.7|29.0
37.8 |28.2|31.8|44.4|45.8|47.1|45.4|44.0[31.3|27.8| 30.0 [45.1 |44.7|296
40.9 1130.8 | 34.8 | 48.5|50.0 | 51.4 | 49.6 | 48.0 | 34.1[30.4| 32.8 |49.3|48.8 323
40.6 |31.3|35.4|49.3|50.8|52.2|50.4 | 48.834.7 309 333 |50.1]|49.6 328
42.8 |32.9]37.2|52.0|53.6 |55.1]53.2|51.5|36.6|32.5| 351 |52.8 523|346
45.7 1135.7 | 40.4 | 56.7 | 58.4 | 60.1 | 58.0 | 56.1 | 39.9 | 35.4| 38.1 |57.5|57.1|37.6
45.6 36.4|41.2|57.7|59.5|61.2|59.1|57.2|40.6|36.1| 388 |586 581|384
47.6 137.9/42.9/60.3|62.1|63.9|61.8|59.7 |42.4|37.7| 404 |61.2|60.8|40.0
50.6 ||40.8|46.2|65.1|67.1(69.1|66.7|64.6|45.8|40.6| 435 |66.1|657|43.2
50.5 |41.4|46.966.2|68.2|70.2|67.9|65.6|46.6[41.4| 442 |67.2|66.8 | 44.0
52.5 |43.0|48.768.8|70.9|73.1|70.6 | 68.3|48.4|42.9| 458 [69.9 695|457
524 143.0|48.768.8|71.0(73.2|70.7 | 68.3[48.5[42.9| 459 [69.9 695|457
55.4 145.9|50.6|73.8|76.2|78.5|75.9|73.3|50.2|45.9| 483 | 750|746 |48.1
55.3 146.0|50.673.9(76.3|78.6|759|73.4[50.2|46.0| 483 | 751 |74.7 481
574 147.6|52.5|76.7|79.281.6|78.8|76.1|52.1|47.6| 501 [77.9|77.5|49.9
60.3 || 51.2|56.6 | 82.9 | 85.6 | 88.3 | 85.3 | 82.3|56.3|51.3 53.9 |84.3|83.8 538
60.4 | 52.5|58.0|84.9|87.890.5|87.4|84.3|57.6|52.5| 552 |86.3 858|550
61.2 ||53.0|58.7 | 85.9 | 88.8 | 91.6 | 88.4 | 85.3 | 58.3|53.0 55.8 |87.4 |86.9 | 557
61.8 | 53.5|59.2|86.7 | 89.6 |92.5|89.3|86.1|58.8|53.5| 56.3 |88.2|87.7|56.2
62.3 |54.0|59.8|87.7[90.7 | 93.6 | 90.3|87.1|59.5|54.1| 56.9 |89.2|88.7|56.8
624 |54.3|60.1)88.2|91.2(94.1]90.8|87.6|59.7|54.3| 572 |89.7|89.2|57.0
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626 | 546 |60.5|88.7]91.8]|94.7|91.4|88.1|60.1]|54.6|57.5]|90.3|89.8 | 57.4
632 | 552 |61.2[89.8 929|959 926 |89.2|60.8|552]|582]|91.4|90.9 | 58.0
638 | 56.0 |62.1]91.3|94.4|97.5]|94.0]90.6|61.7|56.0|59.1]929 923 |58.9
646 | 57.0 |63.3|93.1[96.4|99.4 959|925 (629|570 602|947 |94.2|60.0
65.0 | 57.9 |64.4|94.7]|98.1]101.2| 97.7 | 94.1 | 64.0 | 57.9 | 61.2 | 96.4 | 95.9 | 60.9
651 | 586 |65.2|96.1|99.6 |102.8] 99.1 | 95.5 |64.8 | 58.6 | 61.9|97.8 | 97.3 | 61.7
653 | 59.2 |65.8|97.1100.6/103.9/100.1]| 96.4 | 65.4 | 59.1 | 62.5 | 98.8 | 98.2 | 62.2
65.3 | 59.5 | 66.3 | 97.7 [101.3|104.6/100.8| 97.0 | 65.8 | 59.4 | 62.9 | 99.5 | 98.9 | 62.6
654 | 59.8 |66.6 |98.2 |101.8/105.2|/101.3]| 97.5 | 66.1 | 59.7 | 63.2 |[100.0| 99.4 | 62.9
65.5 | 60.0 | 66.8 | 98.6 [102.2|105.6/101.7| 97.9 | 66.3 | 59.9 | 63.4 |100.4| 99.8 | 63.1
65.8 | 60.5 | 67.4 |99.5|103.2|/106.6/102.7| 98.8 | 66.9 | 60.4 | 64.0 [101.4|100.8| 63.6
66.6 | 61.7 |68.8 [101.7{105.5/109.0/105.0/101.0| 68.2 | 61.5 || 65.2 |103.6]{103.0| 64.9
66.9 | 62.9 |70.2 [104.0{108.1]|111.7/107.5]103.3| 69.7 | 62.8 | 66.6 |106.1/105.4| 66.2
67.3 | 63.8 | 71.3 [105.8/110.0/113.6/109.4]|105.1| 70.7 | 63.7 | 67.6 |107.9]107.2| 67.2
67.3 | 64.5 | 72.1 [107.0{111.3|114.9/110.6(106.3| 71.4 | 64.3 | 68.3 |[109.1/108.5| 67.9
675 | 64.9 |72.7[107.9/112.2|115.9|111.5|107.1| 72.0 | 64.7 | 68.8 [110.0{109.3| 68.3
67.6 | 65.4 |73.1[108.6(112.9|116.7|112.3]107.8| 72.4 | 65.1 | 69.2 |110.8/110.0| 68.8

68.2 | 66.3 | 74.2 [110.3/114.7|118.5/114.0|109.4| 73.4 | 66.0 | 70.3 |[112.5|111.7| 69.7

68.6 | 67.4 |75.7[112.6]117.3]/121.2|116.6]/111.8| 74.8 | 67.2 || 71.5]114.9]114.2| 71.0

689 | 68.4 |76.9 [114.5/119.3|123.3|118.6(|113.7| 76.0 | 68.1 || 72.7 [116.9]116.1| 721

694 | 69.5 |78.2[116.5(121.4]/125.5/120.6|/115.6]| 77.2 | 69.2 || 73.8 |119.0{118.1] 73.2

69.8 | 70.7 | 79.6 [118.8/123.8|128.0|123.0|117.8| 78.5 | 70.4 | 75.1 [121.3]120.4| 74.5

701 | 71.8 |80.9 [120.8 125.1119.8| 79.8 | 71.5| 764 122.5| 75.6
702 | 726 |81.8[122.2 121.1] 80.6 | 72.2 | 77.2 76.4
704 | 732 | 824 [123.2 122.2| 812 | 72.8 | 778 77.0
705 | 73.6 | 82.9 [123.9 122.9]81.7 | 73.2 78.2 77.4
714 751 | 84.8 83.5 | 74.7 [ 79.9 79.1
719 771 | 8741 159.0 85.8 | 76.7 | 82.1 81.2
724 | 786 |88.9 87.4 | 78.1 | 83.7 82.8
726 | 796 |90.2 88.8 | 79.2 | 84.9 84.0
72.7 | 80.4 |91.0 89.6 | 79.9 | 85.7 84.8
737 | 819 929 914|815 87.4 86.5
742 || 842 | 955 94.0 | 83.6 | 89.8 88.8
744 | 853 | 96.8 95.3 | 84.8 | 91.1 90.0
736 | 855 | 971 95.4 | 84.9 | 913 90.2
716 | 859 |97.7 95.7 | 85.1 || 91.8 90.4
70.2 | 86.1 | 98.1 95.9 | 85.3 | 92.1 90.6
69.7 | 86.2 | 98.1 95.9 | 85.2 | 92.1 90.6
711 ] 87.0 | 99.1 96.9 | 86.1 | 93.1 91.5
716 | 88.1 [100.4 98.1|87.1] 943 92.6
72.0 | 89.2 99.2 | 88.0 93.6
721 | 89.7 99.8 | 88.5 941
723 | 902 100.3| 89.0 94.6
724 | 90.7 89.4
72.7 91.2 89.8
727 | 91.7 90.3
73.0 | 92.1 90.7
73.2 92.6 91.1
732 | 93.0 91.5
733 | 93.4 91.9
733 | 93.8 196.0 92.2
55.9 | 94.9 93.5
450 | 954 94.4
43.7 954 93.7

Pomiary przemieszczen pionowych wykonywano przetwornikami przemieszczen liniowych o zakresie 50mm.
Vertical displacement were measured with linear displacement transducers with range of 50mm.
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Tablica Z6.5 Odksztalcenia na stali, &g (%o)
Table Z6.5 Steel strain, & (%o)

iijz d/ Odksztatcenia na stali / Steel strain &5 (%o)

2F Ts1 | Ts2 | Tss | Taa | Tss | Tse | Ter | Tss | Tso |Ts10 | Ts11 | Ts12 | &sav €s,av Es,av

kN 2400 3000 3600 2400 | 3000 3600

6,3 |/ 0,00|0,00|0,00 0,00} 0,00]|0,00]|0,00 |0,00]|0,00|0,00|0,00|0,00| 0,00 0,00 0,00

7,2 (0,03]0,03|0,03|0,020,02|0,02|0,02]0,02]0,020,02(0,02]|0,02| 0,02 0,02 0,02

9,1 |0,07|0,07|0,07 0,08 0,05|0,04|0,05|0,04|0,06|0,05|0,05|0,06| 0,07 0,04 0,05

11,0 {0,172)0,12|0,14| 0,12 0,08 | 0,06 | 0,08 | 0,07 || 0,10 | 0,09 | 0,08 | 0,10 | 0,12 0,07 0,09

11,1 |0,12{0,12 (0,14 { 0,13 | 0,08 | 0,06 | 0,08 | 0,07 | 0,10 | 0,09 | 0,08 [ 0,10 | 0,13 0,07 0,09

13,2 | 0,1770,17|0,20| 0,16 0,11 (0,09 0,11]0,10} 0,13 (0,12 (0,12 0,15 0,17 0,10 0,13

16,0 | 0,25(0,26 | 0,28 | 0,24 0,17 (0,14 (0,17 | 0,15(0,19{ 0,19 (0,19 [ 0,22 | 0,25 0,16 0,20

15,7 | 0,25)0,25|0,27|0,23|0,18|0,14 0,18 0,16/ 0,19(0,19 (0,22 | 0,23 | 0,25 0,16 0,21

18,0 | 0,36 (0,38 [ 0,37 { 0,33 0,26 | 0,20 | 0,27 | 0,25 0,26 | 0,27 | 0,29 [ 0,33 | 0,36 0,25 0,29

20,9 [10,53]|0,56|0,53(0,48(0,43|0,34|0,44(0,44|0,41|0,48|0,49|0,54| 0,52 0,41 0,48

20,8 [ 0,53|0,57|0,53|0,48(0,44(0,35|0,45|0,44(0,41]0,48(0,49|0,54| 0,53 0,42 0,48

23,0 ||0,64|0,68|0,64|0,58(0,58|0,48|0,56|0,55|0,50|0,58|0,63|0,65| 0,63 0,54 0,59

22,7 [0,64|0,69|0,64|0,59]0,61|0,51|0,58|0,57(0,51|0,60(0,64|0,66| 0,64 0,57 0,60

26,0 |{0,88]0,87|0,820,77(0,77|0,72|0,73 0,74 | 0,67 | 0,76 | 0,85 0,86 | 0,84 0,74 0,79

259 (0,87|0,89|0,83|0,78(0,79|0,75| 0,740,771 0,68 | 0,78 (| 0,87 | 0,87 | 0,84 0,76 0,80
28,010,98|1,00/0,95(0,89(0,91|0,86|0,84(0,88|0,78|0,88|1,03|0,99( 0,96 0,87 0,92

27,9 [0,981,03|0,96 0,90 0,92|0,87|0,860,90(0,79|0,89(1,03|0,99| 0,97 0,89 0,93

31,0 (1,15(1,18|1,15|1,07(1,10| 1,04 | 0,99 (1,08 0,96 | 1,06 | 1,23 | 1,18 1,14 1,05 1,10

31,0 (1,16(1,21(1,16(1,09(11,13|1,06|0,96|1,12| 0,98 (1,08 1,24 |1,19| 1,16 1,07 1,12

329 (126(1,31|1,26|1,20(1,23|1,15|1,03(1,23(1,08|1,17|1,35|1,31| 1,26 1,16 1,23

36,0 (1,42]1,49(1,45(1,38(11,40|1,32|1,13|1,44|1,25(1,35|1,55|1,49| 1,43 1,32 1,41

358 (1,43|151(1,46(1,40(11,42|1,35|1,08|1,47(1,27(1,39|1,58|1,50| 1,45 1,33 1,43

37,8 |153(1,61(157|151(1,50(1,44|1,14|1,57(1,36(1,49(1,69|1,61| 1,56 1,41 1,54

37,8 (1,54]1,62(1,58(1,52(1,54|1,46 1,5911,37|1,50 (1,72 1,62 1,57 1,53 1,55

40,9 (1,701,781 1,75 (1,70 1,71 | 1,62 1,76 1,53 1,67 1,93|1,79( 1,73 1,70 1,73

40,6 1,70 1,78|1,76 | 1,71 ] 1,73 | 1,64 1,7811,53|1,68(1,94|1,81| 1,74 1,72 1,74

42,8 11,8111,89|1,86(1,82(1,84|1,75 1,89(1,63|1,78(2,07|1,93| 1,85 1,83 1,85

457 11,98 2,05|2,03|2,03(2,02(1,92 2,08(1,79(1,95|2,29|2,11| 2,02 2,01 2,03

45,6 | 2,00 (2,08 2,04 (2,05(2,05(1,95 2,1211,81(1,97 2,31 |2,11| 2,04 2,04 2,05

47,6 12,09|12,18|2,15|2,15( 2,15 2,04 2,2211,90 (2,07 |12,42|2,22| 2,14 2,14 2,15

50,6 (2,26 2,35|2,33|2,36(2,34|2,22 2,4312,07 (2,24 2,63 |2,44]| 2,32 2,33 2,34

50,5 |2,27 (2,39 (2,33(2,38(2,36|2,25 2,46 (2,08 2,25|2,64|2,48| 2,34 2,36 2,36

52,5 (2,37 |2,49|2,52|2,49 2,46 | 2,35 2,56 (2,18 12,35|2,75|2,64| 2,47 2,46 2,48

52,4 (12,38(2,49|2,53|2,49(2,46 (2,35 2,57(2,18(2,35[2,75|2,65| 2,47 2,46 2,48

554 |2,55|2,67(2,78(2,96(2,70|2,55 2,75(2,36 2,54 13,11 (2,90 | 2,74 2,66 2,73

55,3 | 2,57 (2,70 |2,80|2,97 (279|257 2,78(2,37 2,56 | 3,04 | 2,94 | 2,76 2,71 2,73

57,4 (2,82(3,05(2,95(3,21(2,90]|2,67 3,02(2,48(2,83(3,32|3,12| 3,01 2,86 2,94

60,3 || 3,32|3,44|3,30|3,613,20 | 3,07 3,41(2,99 3,35 3,58 3,42 3,23 3,30

60,4 | 3,42|3,50(3,47(3,68(3,19]3,15 3,50 3,08 | 3,41 3,71 3,52 3,28 3,40

61,2 (3,46 |3,54|3,52|3,733,22| 3,19 3,541 3,12 3,45 3,75| 3,56 3,32 3,44

61,8 | 3,50|3,57 (3,57 (3,84(3,31]3,22 3,59 3,15 3,48 3,81 3,62 3,37 3,48

62,3 (3,58 |3,62|3,66|4,133,36| 3,32 3,64 3,22|3,54 3,98 | 3,75 3,44 3,58
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63,8

3,85

3,80

4,06

6,16

3,53

3,43

3,78

3,42

3,71

5,10

4,47

3,58

4,07

64,6

4,09

3,93

4,86

7,81

3,60

3,52

3,88

3,61

3,91

6,68

5,17

3,66

4,73

65,0

4,43

4,19

6,16

9,49

3,63

3,62

3,94

3,89

4,11

9,06

6,07

3,73

5,69

65,1

4,67

4,61

7,64

10,83]

3,74

4,25

4,53

10,60,

6,94

3,74

6,46

65,3

4,90

5,21

8,33

11,50

3,86

4,58

4,90

11,48

7,48

3,86

6,99

65,3

5,08

5,80

12,10

4,01

4,87

5,31

12,01

7,66

4,01

7,40

65,4

5,10

6,20

12,26

5,23

5,69

12,31

7,85

7,74

65,5

5,12

6,52

12,45

5,63

6,04

12,56

8,03

8,07

65,8

5,13

12,80,

6,59

6,71

13,04

8,97

8,78

66,6

13,63]

9,63

14,87

13,63

12,25

66,9

9,78

16,01

12,89

67,3

67,3

67,5

67,6

68,2

68,6

68,9

69,4

69,8

70,1

70,2

70,4

70,5

71,4

71,9

72,4

72,6

72,7

73,7

63,8

64,6

65,0

65,1

74.2

74.4

73.6

71.6

70.2

69.7

711

71.6

72.0

721

72.3

72.4

727

727

73.0

73.2

73.2

73.3

73.3

55.9

45.0

43.7

Pomiary odksztatcer wykonywano tensometrami elektrooporowymi TFs-5 o bazie 5mm.
Strain measurements were carried out by means of electric resistance gauges TFs-5 on the bases of 5mm.
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Table Z6.6 Measurements during prestressing of the CFRP strip

Sita / ) . Odksztatcenia taémy CFRP Przemi_eszcz_enia pionowe
Load Odksztatcenia betonu / Concrete strain / CFRF:) strain / Vertical displacement
oF g (%o) v (mm)

Ri | Re | Rs | Ru | Rs | Re | Rz | Rig | Rig | Ruo | Ru1 | Ruz | Rus . T2 | T7 | T13 T V5

kN [ 1200[1500{1800[2100|2400(2700]3000] 3300|3600 |3900]4200(4500[4800] “* [1075|3000]5125 M 3000
6.3 0.00(0.00|0.08|0.02|0.02|0.01]0.00 |0.00|0.00 [-0.02|0.00 | 0.00|0.00| 0.00 || 0.00 | 0.00 |-0.01 0.00 0.0
6.3 [0.02]0.02|0.00|0.00|0.00|0.01]0.00(0.040.00 (-0.09|0.00]0.01]0.01| 0.02 || 0.20 | 0.11 | 0.13 0.1 0.0
6.3 [ 0.00|0.02|0.00 |0.00|-0.01{0.00|0.00 |0.00|0.00 [-0.02| 0.00 [ 0.01|0.00| 0.00 || 0.36 | 0.27 | 0.30 0.27 -0.1
6.3 [0.04|0.03|0.00 (-0.02| 0.01]0.00|-0.01{-0.01{-0.01(-0.04| 0.00 | 0.00 | 0.00| 0.00 || 0.72 | 0.64 | 0.68 0.64 -0.4
6.3 | 0.00 [-0.02|-0.04(-0.02|-0.05( 0.04 | 0.01 {-0.01|-0.02(-0.05| 0.00 {-0.01|-0.01|| 0.01 || 1.09 | 1.01 | 1.08 1.01 -0.6
6.3 [0.00|0.01 (-0.01(-0.03|-0.03|-0.01|-0.02(-0.02(-0.03(-0.06| 0.01 |-0.04| 0.04 || -0.02 || 1.51 | 1.45 | 1.52 1.45 -1.0
6.3 [ 0.00 | 0.01|-0.01{-0.03|-0.04(-0.02|-0.04 -0.02|-0.03{-0.07| 0.00 (-0.02|-0.02( -0.03 || 1.78 | 1.74 | 1.81 1.74 -1.3
6.3 [0.00 | 0.00 [-0.01(-0.04|-0.04| 0.05 |-0.03|-0.07 {-0.04 (-0.08| 0.01 |-0.03|-0.02|| -0.02 || 2.10 | 2.06 | 2.13 2.06 -1.5
6.3 [ 0.00 | 0.00 |-0.02{-0.05|-0.05(-0.03| 0.01 {-0.04|-0.05(-0.10| 0.01 {-0.03|-0.03| -0.02 || 2.48 | 2.45 | 2.53 2.45 -1.9
6.3 [-0.02| 0.01 [-0.11(-0.06|-0.07|-0.04|-0.05(-0.04 {-0.04 [-0.11| 0.01 |-0.04|-0.04|| -0.04 || 2.86 | 2.84 | 2.92 2.84 2.3
6.3 [-0.01(-0.02|-0.02(-0.07|-0.08(-0.05|-0.10 0.00 |-0.07 {-0.14| 0.01 {-0.05|-0.05| -0.05 || 3.27 | 3.25 | 3.35 3.25 2.7
6.3 [-0.01{-0.02(-0.05(-0.08|-0.08|-0.06|-0.06|-0.06 {-0.08 (-0.15]| 0.01 |-0.06|-0.05|| -0.06 || 3.56 | 3.55 | 3.64 3.55 -3.0
6.3 [-0.02{-0.03(-0.07(-0.12|-0.08|-0.03|-0.07 |-0.06 {-0.09(-0.17| 0.02 |-0.07 |-0.06|| -0.05 || 3.89 | 3.91 | 4.00 3.91 -3.3
6.3 [-0.03(-0.03|-0.08(-0.10|-0.12(-0.02|-0.07 {-0.07|-0.10{-0.18| 0.02 (-0.08|-0.07| -0.05 || 4.26 | 4.28 | 4.37 4.28 =37
6.3 [-0.03|-0.02(-0.08(-0.10|-0.11]-0.08|-0.07 |-0.07 {-0.10(-0.19]| 0.02 |-0.08|-0.07|| -0.07 || 4.34 | 4.37 | 4.45 4.37 -3.8
6.3 [-0.04(-0.04|-0.09(-0.11|-0.12(-0.08|-0.08(-0.08|-0.11{-0.20| 0.02 (-0.08|-0.07( -0.08 || 4.61 | 4.64 | 4.72 4.64 -4.1
6.3 [-0.04|-0.04(-0.10(-0.11|-0.12]-0.08|-0.08(-0.08 (-0.11 -0.20| 0.02 |-0.09|-0.08|| -0.08 || 4.71 | 4.75 | 4.83 4.75 4.2
6.3 [-0.04(-0.05|-0.11(-0.12|-0.11(-0.09|-0.08 (-0.08|-0.12(-0.21| 0.02 ({-0.09|-0.03| -0.08 || 4.85 | 4.89 | 4.96 4.89 -4.4
6.3 [-0.04]-0.05(-0.05(-0.10|-0.13|-0.09|-0.08(-0.08 {-0.12(-0.21] 0.00 |-0.09|-0.08|| -0.08 || 4.85 | 4.88 | 4.96 4.88 4.4
6.3 [-0.04(-0.04|-0.11{-0.12|-0.13(-0.09|-0.10(-0.08|-0.06 {-0.21| 0.01 ({-0.09|-0.08( -0.09 || 4.85 | 4.89 | 4.96 4.89 -4.4
6.3 [0.01(-0.05(-0.10(-0.13|-0.13|-0.10|-0.09(-0.09(-0.12(-0.21]| 0.01 |-0.09|-0.15|| -0.09 || 4.80 | 4.83 | 4.90 4.83 4.5
6.3 [-0.07|-0.06(-0.14(-0.16|-0.15|-0.12|-0.10| 0.07 |-0.13|-0.22| 0.00 |-0.05|-0.06( -0.05 || 4.73 | 4.79 | 4.84 4.79 -4.8
6.3 [-0.07|-0.06(-0.14(-0.15|-0.15|-0.12|-0.10| 0.07 {-0.14 (-0.22]-0.01|-0.05|-0.07|| -0.05 || 4.73 | 4.79 | 4.84 4.79 4.8
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Table Z6.7 Concrete strain g, , &, (manual measurements)
Sita zewnetrzna / External load
Loka- Na stanowisku badawczym / Inside test set-up
li. |Poza stanowiskiem| Przed
Nr |zacja| M@ 4 podporach / | wzmocnie- o
/ /| Outside testset-up| niem /| Powzmocnieniu / Podczas badania / During the test
No |Loca-| ©n 4 supports Before | After strengthening
li- strengthen-
zation ing
0 kN 6.3 kN 6.3 kN 6.3kN]11.3kN[16.3kN[21.3kN]26.3kN|31.3kN[36.3kN[41.3kN]46.3kN|51.3kN]56.3kN[61.3kN
Odksztatcenia betonu w strefie rozciaganej / Concrete strain in tension zone , & (%o)

1 [5845| 0.04 | 0.05| 0.05| 0.03 | 0.02 | 0.03 | 0.03 | 0.04 | 0.00 | 0.03 | 0.03 | 0.04 | 0.05 | 0.06 | 0.07 | 0.08 | 0.09 | 0.12 | 0.16 | 0.20
2 |5642|(-0.09(-0.09|-0.10|-0.12(-0.15| 0.04 | 0.02 |{-0.01| 0.00 | 0.00 | -0.02 | 0.04 | -0.02 | 0.06 | 0.09 | 0.05 | 0.15 | 0.19 | 0.26 | 0.26
3 |5438(-0.11|-0.11|-0.12|-0.07 [-0.07 | 0.04 | 0.04 | 0.02 | 0.00 | 0.04 | 0.07 | 0.09 | 0.12 | 0.16 | 0.22 | 0.22 | 0.41 | 0.57 | 0.73 | 0.93
4 [5235( 0.06 | 0.05| 0.05|0.08 | 0.09 | 0.02 | 0.00 | 0.01 | 0.00 | 0.02 | 0.02 | 0.07 | 0.11 | 0.15 | 0.21 | 0.28 | 0.35 | 0.42 | 0.54 | 0.65
5 |5032( 0.06 | 0.09 | 0.08 | 0.12 | 0.15 | 0.03 | 0.01 | 0.01 [ 0.00 | 0.03 | 0.06 | 0.11 | 0.17 | 0.30 | 0.49 | 0.69 | 0.88 | 1.08 | 1.26 | 1.47
6 |4829| 0.09|0.08 | 0.03 | 0.15 | 0.14 [ 0.02 | 0.01 | 0.03 | 0.00 | 0.04 | 0.09 | 0.15 | 0.25 | 0.36 | 0.50 | 0.65 | 0.85 | 1.00 | 1.16 | 1.36
7 |4626| 0.04 | 0.03 | 0.02 | 0.11 | 0.12 | 0.02 | 0.00 |-0.01| 0.00 | 0.03 | 0.06 | 0.14 | 0.28 | 0.43 | 0.61 | 0.81 | 1.01 | 1.22 | 1.44 | 1.66
8 |4422] 0.03 | 0.00 |-0.02| 0.13 | 0.16 | 0.04 | 0.01 | 0.01 [ 0.00 | 0.06 | 0.11 | 0.25 | 0.48 | 0.71 | 0.93 | 1.13 | 1.35 | 1.56 | 1.74 | 1.95
9 |4219| 0.05| 0.03 | 0.01 | 0.14 | 0.17 | 0.06 | 0.03 | 0.04 | 0.00 | 0.07 | 0.12 | 0.24 | 042 | 062 | 0.80 | 0.99 | 1.22 | 1.46 | 1.68 | 1.91
10 |4016(-0.01|-0.05(-0.07| 0.13 | 0.15 |-0.04 |-0.04 | 0.00 | 0.00 | 0.06 | 0.13 | 0.34 | 0.69 | 1.05 | 1.45 | 1.78 | 211 | 2.44 | 2.76 | 3.01
11 |3813(-0.03|-0.04 (-0.06 | 0.12 | 0.16 | 0.02 | 0.01 | 0.01 [ 0.00 | 0.06 | 0.14 | 0.31 | 048 | 0.71 | 0.95 | 1.14 | 1.38 | 1.60 | 1.81 | 2.09
12 | 3610} 0.08 | 0.07 | 0.06 | 0.21 | 0.22 | 0.09 | 0.07 | 0.08 [ 0.00 | 0.14 | 0.20 | 0.43 | 0.73 | 0.99 | 1.27 | 163 | 1.84 | 217 | 2.49 | 2.99
13 |3406(-0.04|-0.03(-0.05| 0.12 | 0.17 | 0.03 | 0.01 | 0.01 [ 0.00 | 0.06 | 0.17 | 0.40 | 0.70 | 1.01 | 1.33 | 1.64 | 1.94 | 2.22 | 2.53 | 3.03
14 |3203} 0.01 | 0.00 {-0.01| 0.11 ] 0.14 | 0.03 | 0.02 | 0.01 [ 0.00 | 0.06 | 0.14 | 0.37 | 0.63 | 0.96 | 1.25 [ 1.63 | 1.81 | 212 | 242 | 291
15 | 3000} 0.03 | 0.03 [ 0.02 | 0.13 | 0.16 | 0.04 | 0.03 | 0.03 [ 0.00 | 0.08 | 0.15 | 0.28 | 0.49 | 0.70 | 0.90 | 1.07 | 1.25 | 1.45 | 1.67 | 2.08
16 |2797|-0.02|-0.01(-0.01| 0.09 | 0.13 | 0.02 | 0.01 | 0.00 | 0.00 | 0.06 | 0.15 | 0.41 | 0.76 | 1.01 | 1.31 [ 1.59 | 1.89 | 2.18 | 2.51 | 3.00
17 12594 0.01|0.02 | 0.00 | 0.12 | 0.14 | 0.03 | 0.02 | 0.01 [ 0.00 | 0.05 | 0.15 | 0.36 | 0.61 | 1.01 | 1.38 | 1.73 | 2.11 | 2.48 | 2.85 | 3.44
18 |2390(-0.02| 0.01 |-0.01| 0.12 | 0.16 | 0.03 | 0.02 | 0.01 [ 0.00 | 0.08 | 0.16 | 0.33 | 0.64 | 0.79 | 0.99 | 1.21 | 143 | 1.65 | 1.91 | 2.32
19 |2187|-0.01| 0.02 | 0.00 | 0.17 | 0.21 [ 0.04 | 0.03 | 0.02 | 0.00 | 0.10 | 0.21 | 0.49 | 0.89 | 1.26 | 1.62 | 1.97 | 232 | 2.64 | 297 | 3.38
20 (1984 0.11|0.11 | 0.11 | 0.14 | 0.15 | 0.05 | 0.04 | 0.03 | 0.00 | 0.06 | 0.12 | 0.24 | 0.42 | 0.62 | 0.83 | 1.05 | 1.26 | 1.48 | 1.67 | 1.93
21 |1781(-0.01|-0.03 |-0.01| 0.11 | 0.13 | 0.02 | 0.00 | 0.00 [ 0.00 | 0.04 | 0.11 | 0.24 | 0.37 | 0.56 | 0.76 | 0.96 | 1.15 | 1.46 | 1.68 | 1.96
22 | 1578 0.01 | 0.04 | 0.04 | 0.11 | 0.15| 0.02 | 0.02 | 0.01 [ 0.00 | 0.05 | 0.11 | 0.23 | 0.50 | 0.80 | 1.08 | 1.35 | 1.62 | 1.90 | 2.14 | 2.37
23 |1374] 0.08 | 0.09 | 0.09 | 0.12 | 0.13 | 0.03 | 0.02 | 0.02 | 0.00 | 0.03 | 0.06 | 0.13 | 0.23 | 0.36 | 0.53 | 0.68 | -0.16 | 0.97 | 1.15 | 1.34
24 |1171}0.1110.13 | 0.12 | 0.15| 0.15| 0.04 | 0.02 | 0.03 [ 0.00 | 0.05 | 0.08 | 0.14 | 0.22 | 0.34 | 0.49 | 0.66 | 0.81 | 0.96 | 1.12 | 1.29
25 | 968 | 0.07|0.10 | 0.10 | 0.12 | 0.14 | 0.04 | 0.03 | 0.03 [ 0.00 | 0.06 | 0.08 | 0.13 | 0.22 | 0.36 | 0.57 | 0.79 | 1.00 | 1.19 | 1.41 | 1.28
26 | 765 | 0.13|0.13 |(0.12| 0.11|0.09 | 0.01 | 0.00 | 0.01 [ 0.00 [ 0.03 | 0.04 | 0.06 | 0.09 | 0.12 | 0.16 | 0.20 | 0.28 | 0.40 | 0.53 | 0.58
27 | 562 || 0.01 | 0.01 | 0.01 [ 0.01 | 0.02 | 0.02 | 0.00 | 0.02 | 0.00 | 0.02 | 0.03 | 0.06 | 0.09 | 0.13 | 0.18 | 0.23 | 0.30 | 0.38 | 0.55 | 0.71
28 | 358 || 0.03 | 0.06 | 0.06 | 0.05 | 0.04 | 0.06 | 0.07 | 0.05 | 0.00 | 0.05 | 0.06 | 0.11 | 0.17 | 0.24 | 0.36 | 0.45 | 0.55 | 0.66 | 0.72 | 0.79
29 | 155 || 0.04 | 0.05 | 0.04 | 0.03 | 0.02 | 0.01 | 0.01 | 0.03 | 0.00 | 0.00 | 0.00 | 0.01 | 0.01 | 0.02 | 0.02 | 0.03 | 0.04 | 0.04 | 0.06 | 0.08
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Sita zewnetrzna / External load
Loka- Na stanowisku badawczym / Inside test set-up
li. [|Poza stanowiskiem| Przed
Nr |zacja| N@ 4 podporach / | wzmocnie- o
/ | |Outside test set-up| niem /| Powzmocnieniu / Podczas badania / During the test
No |Loca-| o©n4 supports Before | After strengthening
li- strengthen-
zation ing
0 kN 6.3 kN 6.3 kN 6.3kN [11.3kN[16.3kN[21.3kN[26.3kN[31.3kN|36.3kN|4 1.3kN[46.3kN[51.3kN[56.3kN[61.3kN
Odksztatcenia betonu w strefie Sciskanej / Concrete strain in compresion zone , & (%o)
1 |5845( 0.11|0.10 | 0.07 | 0.06 | 0.04 | 0.03 | 0.02 | 0.02 | 0.00 | -0.02 | -0.01 | -0.02 | -0.01 | -0.02 | -0.02 | -0.03 | -0.03 | -0.05 | -0.06 | -0.07
2 |5642] 0.12|0.18|0.17 | 0.07 | 0.04 |-0.02(-0.03| 0.01 | 0.00 | -0.01 | -0.03 | -0.06 | -0.07 | -0.11 | -0.13 | -0.15 | -0.21 | -0.21 | -0.24 | -0.26
3 |5438|0.18 | 0.17 | 0.15| 0.08 | 0.06 | 0.02 | 0.00 | 0.02 | 0.00 |-0.03 | -0.03 | -0.04 | -0.06 | -0.10 | -0.13 | -0.16 | -0.17 | -0.23 | -0.23 | -0.27
4 |5235|0.12|0.12 | 0.09 |-0.01|-0.03 |-0.03|-0.02|-0.02| 0.00 | -0.04 | -0.08 | -0.15 | -0.19 | -0.22 | -0.25 | -0.32 | -0.35 | -0.39 | -0.43 | -0.46
5 |[5032| 0.04 | 0.09 | 0.08 |-0.04|-0.07 [-0.01| 0.00 | 0.00 [ 0.00 |-0.07 | -0.12 | -0.17 | -0.22 | -0.31 | -0.35 | -0.42 | -0.48 | -0.52 | -0.57 | -0.62
6 [4829| 0.14 | 0.15 | 0.14 | 0.00 |-0.03 | 0.01 | 0.01 | 0.02 | 0.00 | -0.04 | -0.08 | -0.13 | -0.18 | -0.25 | -0.30 | -0.34 | -0.39 | -0.45 | -0.50 | -0.55
7 |4626| 0.20 | 0.20 | 0.17 | 0.00 |-0.05| 0.02 | 0.00 | 0.00 | 0.00 |-0.05 | -0.09 | -0.17 | -0.22 | -0.30 | -0.34 | -0.39 | -0.47 | -0.51 | -0.56 | -0.60
8 |4422(0.11|0.20 | 0.22 | 0.00 |-0.04| 0.02 | 0.01 | 0.03 | 0.00 | -0.06 | -0.13 | -0.23 | -0.31 | -0.41 | -0.47 | -0.54 | -0.58 | -0.64 | -0.70 | -0.76
9 |4219] 0.20 | 0.22 | 0.22 | 0.02 |-0.03| 0.01 | 0.01 | 0.01 | 0.00 | -0.07 | -0.12 | -0.19 | -0.27 | -0.33 | -0.39 | -0.45 | -0.49 | -0.55 | -0.61 | -0.66
10 |4016( 0.17 | 0.19 | 0.18 |-0.01[-0.05| 0.00 | 0.00 | 0.01 | 0.00 | -0.06 | -0.11 | -0.19 | -0.26 | -0.31 | -0.37 | -0.42 | -0.47 | -0.53 | -0.63 | -0.64
11 |3813] 0.18 | 0.21 | 0.23 | 0.01 {-0.03 | 0.02 | 0.01 | 0.01 | 0.00 | -0.07 | -0.16 | -0.26 | -0.33 | -0.40 | -0.46 | -0.54 | -0.59 | -0.65 | -0.71 | -0.76
12 |3610( 0.17 | 0.18 | 0.17 |-0.07 [-0.04 |-0.05(-0.02 | 0.00 | 0.00 | -0.08 | -0.12 | -0.22 | -0.29 | -0.36 | -0.41 | -0.46 | -0.51 | -0.57 | -0.65 | -0.70
13 | 3406 0.20 | 0.14 | 0.15 |-0.01[-0.04 | 0.01 | 0.00 |-0.01| 0.00 | -0.06 | -0.13 | -0.22 | -0.29 | -0.36 | -0.41 | -0.46 | -0.51 | -0.56 | -0.64 | -0.69
14 |3203] 0.15| 0.06 | 0.15 | 0.01 [-0.04 | 0.00 | 0.00 (-0.01| 0.00 | -0.07 | -0.15 | -0.24 | -0.32 | -0.41 | -0.46 | -0.53 | -0.58 | -0.64 | -0.72 | -0.79
15 |3000( 0.21 | 0.21 ] 0.19 | 0.04 | 0.01 | 0.03 | 0.02 | 0.03 | 0.00 | -0.06 | -0.14 | -0.26 | -0.32 | -0.40 | -0.46 | -0.52 | -0.58 | -0.64 | -0.71 | -0.77
16 |2797] 0.19|0.18 | 0.16 | 0.03 [-0.02| 0.02 | 0.01 | 0.02 | 0.00 | -0.05 | -0.10 | -0.20 | -0.28 | -0.35 | -0.41 | -0.45 | -0.53 | -0.57 | -0.66 | -0.72
17 125941 0.21|0.20 | 0.16 | 0.03 {-0.01| 0.02 | 0.02 | 0.02 | 0.00 | -0.07 | -0.13 | -0.24 | -0.32 | -0.40 | -0.47 | -0.52 | -0.59 | -0.65 | -0.71 | -0.79
18 |2390(10.02| 0.15 | 0.15 |-0.03|-0.10{ 0.01 | 0.01 | 0.01 | 0.00 | -0.07 | -0.12 | -0.20 | -0.29 | -0.34 | -0.40 | -0.47 | -0.53 | -0.60 | -0.67 | -0.73
19 |2187( 0.14 | 0.15 | 0.11 | 0.00 |-0.05| 0.02 | 0.01 | 0.02 | 0.00 | -0.08 | -0.15 | -0.25 | -0.33 | -0.41 | -0.47 | -0.54 | -0.60 | -0.66 | -0.73 | -0.80
20 |1984| 0.17 | 0.14 | 0.14 | 0.00 |-0.10| 0.01 |{-0.01| 0.00 | 0.00 | -0.07 | -0.14 | -0.22 | -0.31 | -0.40 | -0.45 | -0.52 | -0.57 | -0.63 | -0.69 | -0.78
21 [1781| 0.15| 0.13 | 0.10 | 0.01 |-0.05| 0.01 | 0.01 | 0.01 | 0.00 | -0.08 | -0.13 | -0.20 | -0.28 | -0.35 | -0.40 | -0.47 | -0.53 | -0.59 | -0.63 | -0.68
22 [1578| 0.10 | 0.10 | 0.08 | 0.00 |-0.05| 0.00 | 0.00 | 0.01 | 0.00 | -0.07 | -0.15 | -0.22 | -0.30 | -0.37 | -0.43 | -0.48 | -0.53 | -0.58 | -0.64 | -0.68
23 [1374| 0.16 | 0.14 | 0.09 | 0.02 |-0.02| 0.03 | 0.03 | 0.02 | 0.00 | -0.03 | -0.08 | -0.12 | -0.18 | -0.26 | -0.30 | -0.35 | -0.41 | -0.45 | -0.50 | -0.54
24 [1171| 0.13 | 0.10 | 0.08 | 0.00 |-0.03| 0.02 | 0.01 | 0.02 | 0.00 | -0.04 | -0.09 | -0.13 | -0.19 | -0.25 | -0.29 | -0.34 | -0.38 | -0.43 | -0.48 | -0.51
25 | 968 || 0.06 | 0.05 | 0.03 | 0.00 |-0.03| 0.02 | 0.01 | 0.01 | 0.00 | -0.04 | -0.09 | -0.13 | -0.20 | -0.27 | -0.40 | -0.38 | -0.41 | -0.44 | -0.49 | -0.52
26 | 765 | 0.11 | 0.08 | 0.06 | 0.02 |-0.01| 0.02 | 0.01 | 0.01 | 0.00 | -0.02 | -0.04 | -0.07 | -0.09 | -0.13 | -0.17 | -0.20 | -0.23 | -0.27 | -0.30 | -0.32
27 | 562 | 0.11 | 0.08 | 0.07 | 0.04 | 0.01 | 0.01 | 0.01 | 0.02 | 0.00 | -0.02 | -0.03 | -0.05 | -0.07 | -0.11 | -0.12 | -0.14 | -0.17 | -0.21 | -0.23 | -0.24
28 | 358 | 0.10 | 0.10 | 0.07 | 0.05 | 0.03 | 0.01 | 0.01 | 0.01 | 0.00 | -0.02 | -0.03 | -0.05 | -0.07 | -0.10 | -0.12 | -0.14 | -0.16 | -0.19 | -0.20 | -0.22
29 | 155 | 0.11 | 0.08 | 0.07 | 0.05 | 0.02 | 0.01 | 0.01 | 0.01 | 0.00 | -0.02 | -0.02 | -0.03 | -0.03 | -0.05 | -0.06 | -0.06 | -0.08 | -0.08 | -0.10 | -0.11
Sita zewnetrzna / External load
Poza stanowiskiem na Na stanowisku badawczym / Inside test set-up
4‘ Podparach ! PFZQd om 1 Po wzmocnieniu /
O“ts'(iestl‘f;;z?tts'“p on nlgg;ir:; / Af(t)er strengthening Podczas badania / During the test
strengthening
0 kN 6.3 kN 6.3 kN 6.3kN |11.3kN|16.3kN|21.3kN[26.3kN|(31.3kN|36.3kN|41.3kN[46.3kN|[51.3kN|56.3kN|61.3kN
(S‘sz; 0.19 | 0.16 | 0.16 | 0.02 | -0.02 | 0.02 | 0.01 | 0.01 | 0.00 | -0.06 | -0.13 | -0.23 | -0.31 | -0.39 | -0.44 | -0.50 | -0.56 | -0.61 | -0.69 | -0.75
&i") 0.00 | 0.00 |-0.01| 0.11 | 0.15 | 0.03 | 0.02 | 0.01 | 0.00 | 0.06 | 0.15 | 0.37 | 0.64 | 0.94 | 1.23 | 1.51 | 1.80 | 2.09 | 2.40 | 2.89
(121) 0.0013/|0.0010|0.0011{0.0006(0.0011|0.0001{0.0001{0.0000|0.0000|0.0008{0.0019|0.0040|0.0063|0.0089(0.0112|0.0134|0.0157(0.0180(0.0206|0.0243

Pomiary odksztatcen wykonywano przy uzyciu ekstensometru nasadowego o bazie 8'.

Concrete strain measurements measured by hand with dial strain gauges of 8' working range.
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WYNIKI BADAN ELEMENTU

B16-asp-e
TEST RESULTS OF MEMBER
Series C
250, 1200 B 1200 . 1200 B 1200 . 1200 250,

r r r r o

15Q, 16x150=2400 L 1200 L 16x150=2400 15Q,
250, 6000 250,
4#8
N N #8 @ 150mm
o
Q
4416
o ./ p
\ 1 CFRP strips
100%x1.20mm

Tablica Z7.1 Zestawienie charakterystycznych parametrow dla elementu B16-asp-e
Table Z7.1 Summary of characteristic parameters for beam B16-asp-e

Beton Stal zbrojeniowa CFRP Sita
Concrete Steel reinforcement Load
500 x 220mm’ 4#12 4#8 1x 100x1.2mm’ 2F, 33.8kN
z_ feewve | 60.3MPa | A | 199.1mm2 | 48.8mm2 fr 44.0kN 2F 44.0kN
g
< 2F,
& | feeopiic | 5.30MPa | f, | 595.0MPa | 555.8MPa €fy 76% oF 14%
u0
fe 51.0Mpa | f, | 672.0MPa | 646.0MPa E; 72.0kN 2F, 74.4kN
Ef ot 2F,
E. 26.4Mpa | E; | 198.0GPa | 196.4GPa o 164% 169%
(Sf,p+8f,test) 2Fu0
B16-asp-esp
a - tasma przyklejona / laminate bonded
sp - stalowa plyta kotwiaca / anchorage steel plate
e - wstepne obciazenie belki przed wzmocnieniem / preloading of the beam before its strengthening
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Tablica Z7.2 Odksztatcenia betonu, €. , & (pomiary komputerowe)

Table Z7.2 Concrete strain, €. , & (computer registered measurements)
Sita / Odksztatcenia betonu / Concrete strain Krzywizna /
Load € & Curvature
2F I Ret [Re2 [ Res [ Rea [ Res [ oav | Ru [Re [Ro [ Ru [ Rs [ Re [ Ry [ Re | Ro [Ruo [Ruv [Rua [Res Jowar | X
kN %0 %0 %o %0 1/m
6.3 | 0.000.00|0.00 |0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.00 | 0.00 |0.00 | 0.00 | 0.00 [ 0.00 | 0.00 | 0.0000
7.2 [-0.02|-0.01{-0.02(-0.02 0.00 |-0.02 0.01 [ 0.00 | 0.03 | 0.00 | 0.01 [-0.01|0.03 | 0.02 | 0.05 [ 0.02 | 0.02 | 0.00 | 0.01{ 0.01 | 0.0002
8.3 [-0.05|-0.03(-0.03(-0.04| 0.00 |-0.03| 0.02 | 0.00 | 0.07 |-0.01| 0.02 [ 0.00 | 0.06 | 0.06 | 0.11 | 0.04 | 0.06 | 0.00 | 0.00 | 0.04 | 0.0005
11.0 |-0.07-0.08|-0.09|-0.09{ 0.00 |-0.09{ 0.09 | 0.04 | 0.27 | 0.06 [ 0.03 | 0.13 | 0.25 [ 0.24 | 0.37 | 0.12 [ 0.23 [ 0.01 | 0.03 [ 0.21| 0.0020
11.2 |-0.07(-0.09|-0.10|-0.10{ 0.00 |-0.10| 0.10 | 0.03 | 0.30 | 0.05 [ 0.07 | 0.16 | 0.27 [ 0.29 | 0.40 | 0.12 [ 0.27 [ 0.00 | 0.01 | 0.24| 0.0022
12.1 |-0.10{-0.10|-0.12|-0.11{ 0.00-0.11] 0.11 | 0.04 | 0.34 | 0.07 | 0.13| 0.17 | 0.32 | 0.34 | 0.42 | 0.15 [ 0.31 [-0.01| 0.03 | 0.28 | 0.0026
13.3 [-0.14(-0.11|-0.13|-0.12| 0.00|-0.12| 0.13 | 0.07 | 0.42 | 0.10 | 0.22 | 0.24 | 0.39 | 0.43 | 0.50 | 0.18 | 0.39 |-0.05| 0.04 | 0.35| 0.0032
16.1 |-0.11{-0.15|-0.18|-0.16|-0.03|-0.17| 0.21 | 0.17 | 0.72 | 0.19 | 0.56 | 0.43 | 0.65 [ 0.72 | 0.80 | 0.29 | 0.70 [-0.02| 0.11 [ 0.60 | 0.0051
16.0 [-0.18(-0.16|-0.19|-0.17|-0.04|-0.17| 0.22 | 0.16 | 0.77 | 0.20 | 0.60 | 0.45 | 0.67 | 0.76 | 0.86 | 0.30 | 0.76 |-0.03| 0.11 | 0.63 | 0.0053
17.9 |-0.22(-0.18|-0.22|-0.19|-0.05(-0.19] 0.25 | 0.21 | 0.91 | 0.26 | 0.77 | 0.53 | 0.80 [ 0.89 | 0.99 | 0.35 [ 0.91 [-0.04| 0.16 | 0.74| 0.0062
21.2 |-0.22|-0.21|-0.26|-0.21|-0.08{-0.23] 0.34 | 0.29 | 1.19 | 0.39 | 1.09 | 0.68 | 1.06 | 1.12 | 1.31 | 0.46 | 1.23 [-0.09| 0.26 | 0.96 | 0.0079
21.3 |-0.26(-0.21|-0.27|-0.22{-0.08(-0.23] 0.32 | 0.30 | 1.24 [ 0.42 | 1.12| 0.69 [ 1.09 | 1.16 | 1.33 | 0.46 | 1.28 |-0.10{ 0.27 [ 0.98 | 0.0081
23.0 |-0.26(-0.23|-0.29|-0.24[-0.09(-0.25] 0.40 | 0.29 | 1.35 [ 0.48 | 1.27 | 0.77 | 1.21 [ 1.27 | 1.48 | 0.52 | 1.42 |-0.10| 0.37 [ 1.09 | 0.0089
26.0 |-0.30(-0.25|-0.32|-0.26|-0.12{-0.28] 0.49 | 0.33 | 1.60 [ 0.60 | 1.58 | 0.94 | 1.45 [ 1.50 | 1.78 | 0.62 | 1.74 |-0.09| 0.56 | 1.30 | 0.0105
25.8 |-0.30(-0.26|-0.33|-0.27|-0.12{-0.29] 0.51 | 0.33 | 1.62 [ 0.62 | 1.59 | 0.95 | 1.47 [ 1.52 | 1.79| 0.63 | 1.76 |-0.13| 0.59 | 1.31| 0.0107
26.0 |-0.33(-0.26|-0.33|-0.27|-0.12{-0.29] 0.52 | 0.33 | 1.62 [ 0.63 | 1.60 | 0.96 | 1.48 [ 1.52 | 1.81 | 0.64 | 1.76 [-0.09| 0.60 | 1.32| 0.0107
27.9 |-0.33|-0.28|-0.36|-0.28|-0.14{-0.31] 0.52 | 0.38 | 1.71 [ 0.69 | 1.76 | 1.04 | 1.60 | 1.61 | 1.95 | 0.69 | 1.92 [-0.09| 0.70 [ 1.42| 0.0115
27.7 |-0.36(-0.28|-0.36|-0.28|-0.14(-0.31] 0.57 | 0.38 | 1.73 | 0.72 | 1.77 | 1.05 | 1.61 [ 1.66 | 1.97 | 0.70 | 1.94 -0.09| 0.73 | 1.44| 0.0117
31.3 |-0.37|-0.30{-0.37(-0.31-0.17(-0.33| 0.66 | 0.51 | 1.93 | 0.88 | 2.04 | 1.10 [ 1.71 | 2.05 | 2.23 | 0.78 | 2.22 |-0.10{ 0.91] 1.62| 0.0130
30.9 |-0.39|-0.31|-0.38|-0.31(-0.17(-0.33| 0.68 | 0.52 | 1.96 | 0.92 | 2.05 | 1.10 [ 1.71 | 2.09 | 2.25 | 0.79 | 2.26 |-0.10{ 0.93 | 1.63 | 0.0131
33.0 |-0.42|-0.32|-0.41-0.33|-0.18(-0.36| 0.73 | 0.58 [ 2.05 | 0.97 | 2.20 | 1.18 | 1.81 | 2.26 | 2.40 | 0.83 | 2.40 |-0.11| 1.03| 1.75| 0.0140
34.1 |-0.43|-0.33|-0.42(-0.34|-0.19(-0.36| 0.76 | 0.63 [ 2.10 | 1.02 | 2.27 | 1.22 [ 1.88 | 2.29 | 2.48 | 0.86 | 2.49 |-0.12| 1.08 | 1.80 | 0.0144
33.7 |-0.44|-0.34|-0.43(-0.34|-0.20(-0.37| 0.80 | 0.65 [ 2.14 | 1.15| 2.28 | 1.26 [ 1.91 | 2.28 | 2.56 | 0.88 | 2.54 |-0.12| 1.13[ 1.82| 0.0146
31.0 |-0.45|-0.32|-0.40(-0.34|-0.20(-0.36| 0.76 | 0.65 | 2.14 | 1.13 | 2.28 | 1.22 [ 1.84 | 2.26 | 2.41 | 0.84 | 2.40 |-0.11| 1.11{ 1.77| 0.0142
30.8 |-0.47|-0.29|-0.39(-0.41-0.19(-0.36| 0.77 | 0.92 [ 2.16 | 1.09 | 2.29 | 1.21 [ 1.94 | 2.25 | 2.38 | 0.89 | 2.39 |-0.09| 1.54 | 1.80 | 0.0144
33.6 |-0.47|-0.31|-0.42(-0.43(-0.20(-0.38| 0.83 | 0.93 [ 2.18 [ 1.20 | 2.31 | 1.31 [ 2.07 | 2.39 | 2.56 [ 0.94 | 2.56 |-0.10| 1.55[ 1.92| 0.0154
33.8 |-0.49|-0.31|-0.42(-0.43(-0.21(-0.39| 0.83 | 0.92 | 2.22 | 1.23 | 2.31 | 1.32 [ 2.08 | 2.40 | 2.56 | 0.94 | 2.58 |-0.05| 1.56 | 1.93 | 0.0155
33.8 |-0.51|-0.31|-0.42(-0.43(-0.21(-0.39] 0.82 | 0.92 | 2.23 [ 1.23 | 2.32 | 1.32 | 2.06 | 2.39 | 2.54 [ 0.93 | 2.55 |-0.10| 1.56 | 1.92| 0.0154
33.8 |-0.53|-0.31|-0.41(-0.43(-0.21(-0.39| 0.81 | 0.92 | 2.22 | 1.20 | 2.31 | 1.29 [ 2.03 | 2.36 | 2.56 [ 0.92 | 2.50 |-0.09| 1.56 | 1.89 | 0.0152
33.8 |-0.54|-0.31|-0.41(-0.43(-0.21(-0.39] 0.75 | 0.92 [ 2.21 | 1.18 | 2.31 | 1.27 [ 2.01 | 2.32 | 2.46 | 0.91 | 2.45 |-0.09| 1.55[ 1.87 | 0.0150
33.7 |-0.56|-0.31|-0.41(-0.43(-0.21(-0.38| 0.77 | 0.92 | 2.16 | 1.15| 2.31 | 1.24 [ 1.97 | 2.29 | 2.42 | 0.89 | 2.40 |-0.09| 1.52| 1.83 | 0.0148
34.1 |-0.57|-0.31|-0.41(-0.43(-0.21(-0.38] 0.76 | 0.92 [ 2.13 | 1.13 | 2.31 | 1.22 [ 1.95 | 2.29 | 2.39 | 0.89 | 2.36 |-0.09| 1.50 | 1.82| 0.0147
33.5 |-0.59|-0.31|-0.41(-0.43(-0.21(-0.38| 0.75 | 0.88 [ 2.11 | 1.11 | 2.31 | 1.20 [ 1.92 | 2.24 | 2.35 | 0.88 | 2.32 |-0.09| 1.47 | 1.79| 0.0145
33.5 |-0.59|-0.31|-0.40(-0.43(-0.21(-0.38] 0.73 | 0.85 [ 2.08 | 1.10 | 2.30 | 1.17 [ 1.89 | 2.24 | 2.31 | 0.86 | 2.27 |-0.08| 1.43[ 1.76 | 0.0143
33.8 |-0.61|-0.31|-0.40|-0.43|-0.21(-0.38( 0.71 | 0.80 | 2.06 | 1.04 | 2.30 | 1.14 | 1.85 | 2.20 | 2.27 | 0.85 | 2.22 |-0.08| 1.40 | 1.73| 0.0141
33.1 |-0.62|-0.31|-0.40(-0.43(-0.21(-0.38| 0.70 | 0.77 | 2.04 | 1.06 | 2.30 | 1.12 [ 1.83 | 2.14 | 2.24 | 0.84 | 2.18 |-0.08| 1.37 | 1.70| 0.0138
33.2 |-0.63|-0.30{-0.40(-0.43(-0.21(-0.38| 0.68 | 0.72 [ 2.01 | 1.06 | 2.30 | 1.08 [ 1.79 | 2.11 | 2.19 [ 0.83 | 2.12 |-0.05| 1.34| 1.66 | 0.0136
33.1 |-0.65|-0.30|-0.40(-0.43(-0.21(-0.38| 0.67 | 0.69 | 1.99 | 1.03 | 2.31 | 1.06 [ 1.77 | 2.11 | 2.16 | 0.82 | 2.08 |-0.07| 1.32| 1.65| 0.0135
33.1 |-0.66|-0.30{-0.40(-0.43(-0.21(-0.38| 0.66 | 0.66 | 1.96 | 0.98 | 2.31 | 1.03 [ 1.74 | 2.05|2.11 [ 0.81 | 2.03 |-0.07| 1.29( 1.61 | 0.0132
34.6 |-0.68|-0.30|-0.39(-0.43(-0.21(-0.37| 0.64 | 0.61 | 1.92 | 0.93 | 2.28 | 0.99 | 1.69 | 2.01 | 2.06 [ 0.79 | 1.97 |-0.06| 1.25| 1.57 | 0.0129
33.5 |-0.68|-0.30{-0.39(-0.42(-0.21(-0.37| 0.61 | 0.57 | 1.87 | 0.90 | 2.24 | 0.94 [ 1.64 | 1.98 | 1.99 [ 0.77 [ 1.89 |-0.06| 1.21] 1.52| 0.0126
34.1 |-0.68|-0.35|-0.45(-0.47 |-0.23(-0.42| 0.58 | 0.48 | 1.88 | 0.76 | 2.21 | 0.91 [ 1.62 | 1.92 | 1.96 | 0.74 | 1.86 | 0.02 | 1.12] 1.48 | 0.0127
34.0 |-0.68|-0.36|-0.46(-0.46 |-0.27(-0.43| 0.58 | 0.41 | 1.82 | 0.82 | 1.96 | 0.92 [ 1.60 | 1.92 | 1.92 | 0.67 [ 1.81 | 0.04 | 1.07 | 1.48| 0.0127
36.0 |-0.69|-0.37|-0.47|-0.48|-0.28(-0.44| 0.60 | 0.44 | 1.88 | 0.83 | 1.97 | 0.98 [ 1.68 | 1.98 | 2.00 [ 0.72 | 1.90 | 0.04 | 1.06 | 1.55| 0.0133
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38.0 ||-0.69|-0.39(-0.49|-0.49|-0.29(-0.46|0.63 | 0.50| 1.95[0.99| 1.97 [ 1.07 | 1.77 | 2.06 | 2.11 | 0.74 | 2.01 | 0.04 | 1.07 | 1.63 | 0.0139
40.8 (-0.69|-0.41|-0.52|-0.51|-0.31(-0.48|0.67 | 0.56 | 2.04 | 1.03|2.09 | 1.16 [ 1.89(2.18|2.21|0.79|2.16 ({0.03| 1.08 1.74| 0.0148
40.8 ||-0.69(-0.41|-0.52(-0.51|-0.31(-0.48( 0.68 | 0.57 | 2.05| 1.04 2.10|1.18 | 1.90 | 2.16 | 2.27 | 0.79|2.17 | 0.03 | 1.09]1.74 | 0.0149
42.8 (-0.67|-0.43|-0.54|-0.53|-0.33(-0.50|0.70( 0.59 |2.11]1.09|2.20 [ 1.23 | 1.97 | 2.27|2.38|0.82|2.28 (0.03 | 1.10( 1.82| 0.0155
45.8 ||-0.67|-0.46|-0.57(-0.55|-0.35(-0.53( 0.75]0.62 | 2.20 | 1.13 | 2.36 | 1.33 | 2.11 | 2.41|2.56 | 0.87 | 2.45|0.02| 1.11]1.95| 0.0165
45.7 |-0.67|-0.46|-0.57|-0.55|-0.35(-0.53|0.75( 0.62 | 2.20 | 1.14 | 2.36 | 1.34 | 2.12 | 2.42|2.57 | 0.87 | 2.47 |0.01 | 1.11(1.96 | 0.0166
47.7 |-0.66(-0.47|-0.59(-0.57|-0.37(-0.55( 0.79]0.69 | 2.26 | 1.20 | 2.47 | 1.41|2.21|2.51|2.68 | 0.91|2.58 | 0.01|1.16]2.04| 0.0173
50.5 ||-0.66|-0.50(-0.62|-0.60|-0.39(-0.58|0.84 | 0.80 | 2.36 | 1.28 | 2.67 | 1.53 | 2.38 | 2.68 | 2.90 | 0.96 | 2.77 | 0.00 | 1.26 | 2.20 || 0.0185
50.5 ||-0.66|-0.51(-0.63|-0.61|-0.40(-0.58|0.85| 0.80|2.37 [ 1.34 | 2.69 [ 1.54 | 2.42 | 2.72|2.93 | 0.98 |2.79 (0.00 | 1.26/2.23 || 0.0187
52.6 ||-0.65|-0.52(-0.65|-0.62|-0.41|-0.60]0.89 | 0.86|2.43 (1.40|2.86 | 1.64 | 2.56 | 2.85|3.11|1.01|2.92|0.00 | 1.34(2.35| 0.0196
55.5 ||-0.65|-0.54|-0.67|-0.64|-0.43|-0.620.96 | 0.96 | 2.56 | 1.54 | 3.22 (1.82|2.89 | 3.08 | 3.45 | 1.07 | 3.12(-0.03| 1.46(2.60 | 0.0214
55.5 ||-0.65|-0.55(-0.68|-0.65|-0.44-0.630.98 | 0.98 | 2.57 [ 1.51|3.32(1.85|2.97 | 3.16 | 3.57 | 1.09 | 3.16 |-0.02| 1.48 | 2.66 | 0.0219
57.3 ||-0.65|-0.56(-0.70|-0.66|-0.45|-0.64| 1.02 | 1.06 | 2.62 [ 1.57 | 3.60 [ 1.85|3.16 | 3.35|3.81 [ 1.12|3.29 -0.03| 1.54 | 2.78 | 0.0228
60.4 ||-0.65|-0.57(-0.71|-0.67|-0.44|-0.65 1.111.24 | 2.63 | 1.66 | 4.65 [ 1.97 | 3.67 | 3.90 | 4.66 | 1.22 | 3.57 |-0.02| 1.69(3.18 | 0.0255
60.4 ||-0.64|-0.59(-0.72(-0.63|-0.44|-0.65( 1.13 | 1.27 | 2.63 | 1.67 | 4.92 | 2.06 | 3.86 | 4.24 | 4.84 | 1.243.61|0.01|1.70|3.39| 0.0269
60.3 ||-0.64|-0.60(-0.73|-0.63|-0.44|-0.65| 1.15|1.28 | 2.63 [ 1.67 | 4.98 | 2.08 | 3.93 | 4.32|4.89 (1.25|3.63 |0.01|1.69(3.44| 0.0273
60.8 ||-0.64|-0.61(-0.73(-0.63|-0.44|-0.66( 1.15( 1.30|2.63 | 1.67 [ 5.01 |2.10|3.94 | 4.34|4.921.25|3.65|0.01 | 1.71|3.46| 0.0275
61.8 ||-0.64|-0.61(-0.73|-0.64|-0.44|-0.66|| 1.16 || 1.34 | 2.64 [ 1.77|5.13 [ 2.18|4.04 | 4.49|5.00 [ 1.27|3.70 | 0.01 | 1.75(3.57 || 0.0282
62.3 ||-0.63|-0.60(-0.72|-0.64|-0.45|-0.65|| 1.18 || 1.37 | 2.67 | 1.88|5.35(2.45|4.22 | 4.86 | 5.16 | 1.29|3.75|0.01 | 1.77 (1 3.84 | 0.0300
62.5 ||-0.61|-0.60(-0.71|-0.64|-0.45|-0.65|| 1.18 || 1.38 | 2.68 | 1.88 | 5.47 [ 2.54 | 4.32 | 5.02 | 5.25(1.30|3.78 |0.02 | 1.77(3.96 || 0.0307
63.8 |-0.61|-0.60(-0.71|-0.63|-0.44|-0.65|( 1.21|1.43|2.73 {1.87 | 5.74 | 2.67 | 4.52 | 5.29 | 5.48 | 1.33|3.88 |0.02 | 1.82(14.16| 0.0321
65.2 ||-0.60|-0.59(-0.69(-0.62|-0.44|-0.63|| 1.26 | 1.51|2.84 [ 1.88|6.45(2.77|5.20 | 5.84 |6.16 | 1.90 | 3.74 | 0.03 | 1.87 | 4.60 | 0.0349
65.3 ||-0.59|-0.59(-0.69|-0.62|-0.44|-0.63|| 1.29 1 1.53|2.88 [ 1.89|6.90 [ 2.79 | 5.47 | 6.03 | 6.66 | 2.14 | 3.69 | 0.04 | 1.89(4.76 | 0.0359
65.8 ||-0.58|-0.59(-0.69|-0.61|-0.43|-0.63|| 1.31|1.55|2.91(1.89|7.09 (2.82|5.59 |6.04 |6.83 |2.25|3.67 |0.04 | 1.91(4.81| 0.0363
66.5 ||-0.59|-0.59(-0.68|-0.61|-0.43|-0.63|| 1.33 || 1.58|2.94 [ 1.89|7.38 | 2.87 | 5.62 | 6.07 | 7.09 | 2.34 | 3.66 | 0.05| 1.944.85| 0.0365
67.1 ||-0.58|-0.59(-0.68(-0.60(-0.43|-0.62( 1.36 | 1.62|2.98 | 1.93 | 7.84 | 2.96|5.72|6.34 | 7.50 | 2.46 | 3.67 | 0.06 | 1.97 | 5.01| 0.0375
67.3 ||-0.58|-0.59(-0.68|-0.60|-0.43|-0.62|| 1.38 | 1.64 | 2.99 [ 1.90 | 8.14 | 3.05 | 5.86 | 6.45|7.75|2.51|3.67 | 0.04 | 2.00 5.12|| 0.0383
67.4 ||-0.34(-0.59(-0.67(-0.60(-0.42|-0.62( 1.39  1.64 | 3.00 | 1.89 {8.30 | 3.12|5.94 | 6.50 | 7.89 | 2.53 | 3.66 | 0.03 | 2.00|5.19| 0.0387
68.0 ||-0.53|-0.58(-0.68|-0.60|-0.42|-0.62|| 1.40 | 1.68|3.01 [ 1.87 | 8.54 | 3.23 | 6.06 | 6.59 | 8.10 | 2.58 | 3.67 | 0.03 | 2.02(5.29 | 0.0394
68.8 ||-0.51(-0.58(-0.67(-0.59(-0.42|-0.61( 1.43 | 1.73|3.05|1.85|9.03 | 3.42|6.30|6.76 | 8.56 | 2.73 | 3.66 | 0.04 | 2.06 | 5.50| 0.0407
69.7 |-0.51|-0.57(-0.66|-0.59|-0.42|-0.61| 1.46 || 1.78|3.10 | 1.88|9.51 [ 3.60 | 6.55 [ 6.92 | 9.04 | 2.81 | 3.66 | 0.05|2.10(5.69 | 0.0420
70.1 ||-0.49|-0.56(-0.65|-0.58|-0.41(-0.60|| 1.48 | 1.80|3.17 {1.96 | 9.91 | 3.74 | 6.77 | 7.13|9.40 | 1.80 | 4.28 | 0.08 | 2.15(5.88 | 0.0432
70.3 ||-0.45|-0.56(-0.65|-0.58|-0.41|-0.59|| 1.50 || 1.83 | 3.20 | 2.03 |10.22( 3.83 |6.93 | 7.24 | 9.62 | 1.89 | 4.32 | 0.08 | 2.186.00 | 0.0440
70.5 ||-0.42|-0.56(-0.65|-0.57|-0.41|-0.59|| 1.51 | 1.83 | 3.23 [ 2.07 |10.41{ 3.89 | 7.02 | 7.31|9.74 | 1.92 | 4.34 | 0.08 | 2.20 | 6.07 || 0.0444
71.2 ||-0.35|-0.56(-0.65|-0.57|-0.40(-0.59|| 1.53 | 1.87 | 3.26 | 2.17 |10.97| 4.03 | 7.25 | 7.49|10.19| 1.82 | 4.46 | 0.08 | 2.26|6.26 || 0.0457
71.6 |-0.19]-0.56(-0.65|-0.57|-0.40(-0.59|| 1.54 || 1.89 | 3.27 [ 2.17 |11.49{ 4.12 | 7.40 | 7.60 |10.50( 1.84 | 4.49 | 0.08 | 2.27 | 6.37 || 0.0464
70.8 ||-0.14|-0.55(-0.64(-0.57(-0.39|-0.59 1.53 | 1.89 | 3.27 | 2.14 {12.24|4.12| 7.40 | 7.56 |10.48| 1.81 | 4.45|0.08 | 2.28 | 6.36| 0.0463
68.7 ||-0.14|-0.52(-0.62|-0.55|-0.40(-0.56| 1.35| 1.90 | 3.30 | 2.08 |15.02( 4.15 | 7.37 | 7.45|10.34/ 1.79 | 4.30 | 0.09 | 2.26 | 6.32 || 0.0459
69.9 [|-0.13|-0.52{-0.63(-0.55(-0.39|-0.57( 1.35 | 1.89 | 3.31 | 2.06 {17.37|4.24 | 7.38 | 7.52 |10.44{ 1.81 | 4.37 | 0.08 | 2.28 | 6.38| 0.0463
70.9 ||-0.12|-0.50(-0.64|-0.56|-0.40(-0.57|| 1.35| 1.89 | 3.31 [ 2.02 |19.25( 4.46 | 7.41 | 7.59 |10.52( 1.86 | 4.42 | 0.08 | 2.32(6.49 | 0.0470
71.6 ||-0.10{-0.50{-0.64(-0.56(-0.39|-0.57( 1.35 | 1.89 | 3.31 | 1.96 [20.48|4.65 | 7.46 | 7.63 |10.64| 1.87 | 4.46 | 0.08 | 2.35|6.58| 0.0477
71.9 ||-0.09|-0.49(-0.64|-0.56|-0.39(-0.56|| 1.35| 1.89 | 3.31 [ 1.94 |21.54( 4.79 | 7.55 | 7.69 |10.90( 1.97 | 4.48 | 0.08 | 2.37 | 6.68 | 0.0483
72.0 |-0.09|-0.48(-0.64|-0.56|-0.38(-0.56| 1.34 | 1.89 | 3.31 [ 1.94 |22.17| 4.87 | 7.61 | 7.74 |11.39| 1.97 | 4.42 | 0.08 | 2.37 | 6.74 || 0.0487
52.6 ||-0.08|-0.34(-0.31|-0.32| 0.00 |-0.32|| 1.36 || 1.93 | 3.41 [ 2.39|22.11/ 5.67 | 9.10 | 8.68 |12.29/ 2.49 | 4.11 (0.59 | 2.40( 7.82| 0.0543
43.3 ||-0.08(-0.24|-0.08(-0.21| 0.19 [-0.18( 1.40 || 1.94 | 3.43 | 2.62 22.05| 6.14 |10.28| 9.43 |12.76| 2.75|4.02 | 0.87 | 2.40( 8.62| 0.0586

Pomiary odksztatcen betonu wykonywano przetwornikami przemieszczen liniowych o zakresie 10 i 20mm.
Concrete strain were measured with linear displacement transducers of 10 and 20mm range.
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250, 1200 . 1200 . 1200 . 1200 . 1200 250,

. — i

22,

3 E% _ T-2 _ T-4 _ 'I;6 _ T-8 _ TlO _ T12 _ %ﬂ
© 4T T3 5 T7 T9 ™ T3
2x150

750

¥

775 200, 450 , 750
Tablica Z7.3 Odksztalcenia tasmy CFRP, &;
Table Z7.3 CFRP strain, g¢

, 450 22557 %905 450 , 450 200, 775

fgg d/ Odksztalcenia tasmy CFRP / CFRP strain €

oF [Tt [T2]T3[T4[T5] 76 [ T7 [TO8[TO9 | TI0[T11][T12[T13] Ty
kN %o

6.3 0 0 0 0
33.8 0.04 0.05 0.04 0.0
33.8 0.47 0.41 0.40 0.4
33.8 0.89 0.88 0.83 0.9
33.8 1.28 1.26 1.22 13
337 1.65 1.62 1.60 16
34.1 1.95 1.92 1.91 1.9
335 2.24 2.22 2.20 2.2
335 2.59 2.55 2.53 26
33.8 2.93 2.89 2.88 2.9
33.1 3.18 3.16 3.14 3.2
33.2 3.52 3.50 3.45 35
33.1 3.80 3.77 3.74 3.8
33.1 4.12 4.09 4.07 4.1
34.6 4.48 4.46 4.42 45
335 4.97 4.94 4.90 49
34.1 4.92 4.91 465 48

34.0 (4.70|4.70 |4.72 |4.74 | 4.78 | 4.82 | 4.87 |4.82 |4.75|4.70 | 4.60 [ 4.54 | 454 | 4.8
36.0 [|4.72(4.734.78 |4.79|4.90|4.91 (494 |4.91|487|4.76|4.64|4.58 |4.56| 4.9

38.0 [|[4.74 |4.76 | 4.84 | 4.84 | 4.99 | 5.00 | 5.01|5.00 [ 4.99|4.82|4.68|4.61|4.59] 5.0

40.8 (4.78(4.81|4.96 492|513 (5.15|5.12(5.15|5.18 (4.92|4.74 |4.64 | 464 | 5.1

40.8 (4.78(4.81|4.964.93|5.14(5.15|5.12(5.15|5.19 |4.93 |4.74 | 463 |4.65| 5.1

42.8 (4.80(4.85|5.03(4.98|5.24(5.26|5.20 (5.24 |5.31 (4.99|4.79 | 4.67 |467| 5.2

458 (4.85(4.90|5.14(5.10|5.42(5.48|5.34 (541|548 513 |4.89|4.72(4.72| 5.4

457 (4.85(4.91|5.15(5.11|5.45(5.49|5.36 (542|549 |515|4.91|4.70 (469| 54
47.7 (4.88(4.94|5.22(5.18|5.55(5.63|5.46 |5.53|5.60(5.23|4.98|4.73(4.72| 5.5

50.5 (4.92|5.00|5.34 |5.37 | 5.77 | 5.88 | 5.69 | 5.74 | 5.83 | 5.38 | 5.10 [4.75 |4.77 | 5.8
50.5 [|4.93|5.01[5.35|5.41|5.82|5.92(5.73|5.78(5.86|5.41(5.15|4.75|4.73| 5.8

52.6 (4.96|5.04 543 |552|598|6.11|5.90|5.94|6.03|5.51|5.20 (4.78 |4.76| 6.0
55.5 ||5.01(5.12|5.54|5.80 |6.36 | 6.56 | 6.29 | 6.32 | 6.37 | 5.74 | 5.38 | 4.82 | 4.82| 6.4

55.5 5.02|5.14 | 5.56 | 5.88 | 6.44 | 6.67 |6.38 |6.41 |6.44|5.80|5.42 | 4.81 |4.77| 6.5

57.3 ||5.05|5.20 | 5.63|6.04 |6.64 | 6.91 |6.61|6.62 |6.66|5.94 |5.51|4.83 (4.78| 6.7

60.4 ||5.12(5.31(5.77|6.53 |7.21|7.56 | 7.30|7.32|7.32|6.40 |5.68 |4.88 (4.61| 7.4

60.4 ||5.13|5.34|5.80|6.65|7.38|7.82(7.55|7.60|7.54|6.54|5.73|4.84(4.38| 7.7

60.3 [|5.14|5.34 | 5.81|6.69|7.43|7.89(7.62|7.67|7.61|6.58|5.74|4.83(4.32| 7.7

60.8 ||5.145.35(5.82|6.71|7.46|7.92|7.65|7.69|7.64|6.60(5.75|4.83(4.33| 7.8

61.8 ||5.16 5.38 | 5.86 | 6.77 | 7.57 | 8.04 | 7.79| 7.81 | 7.83|6.66 | 5.79 | 4.85 4.35| 7.9

62.3 | 5.17|5.40 | 5.88 |6.87 | 7.85|8.29|8.04 | 8.11|8.21|6.76 | 5.81 (4.86 | 4.36 | 8.1
62.5 [|5.18|5.41(5.89|6.94|7.98|8.41(8.16|8.24 |8.33|6.94 |5.83|4.86|4.37| 8.3

63.8 [ 5.22|5.44 (593 |7.08|8.21|8.68|8.37 849 |859|7.03|5.87[4.89|439| 85
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71.6

7.99

9.28

9.47

9.78

1.1

11.84

11.41

11.32

11.41

10.03

6.50

4.92

4.27

11.5

71.9

8.06

9.43

9.64

9.92

11.29

11.99

11.50

11.40

11.49

10.14

6.52

4.93

4.28

11.6

72.0

8.07

9.48

9.70

9.98

11.37

12.06

11.55

11.44

11.51

10.09

6.54

4.93

4.28

1.7

Pomiary odksztatceh wykonywano tensometrami elektrooporowymi TFs-5 o bazie 5mm.
CFRP strain were measured with electric resistance gauges TFs-5 with range of 5mm.

P - oznaczenie strony pasywnej zakotwienia / the names of the passive side of anchorage system
A - oznaczenie strony aktywnej zakotwienia / the names of the passive side of anchorage system
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Tablica Z7.4 Przemieszczenia pionowe belki, v

Table Z7.4 Vertical displacement, v

Eg:d/ Przemieszczenia pionowe / Vertical displacement v (mm)

2F V4 Vo | V3 | Va | V5| Ve | V7 | V& | Vo | Vavt2 |Vavs4|Vaver|Vavss
kN |11100|1300(2300|2500|3000 | 3500 | 3700 |4700|4900| 1200 |2400 | 3600 | 4200
63 (00|00)|00|00|00|O00]|O00]|O0.0]O00 0.0 0.0 | 0.0 | 0.0
72 (06]07)|09|10|10[10|09]|05]|06 0.6 10 | 09 | 0.5
83 (1415|118 (19|18 18|17 |11]12 1.5 18 | 1.7 | 1.2
11046 (52|74 |77 |78 |74 |72|46 |44 4.9 75 | 73 | 45
112 51(58 |83 |87 |89 |85|83|52]|50 55 85 | 84 | 5.1
121 58 | 6.7 | 96 [10.0|10.2| 98 | 95 | 6.1 | 5.7 6.2 98 | 96 | 59
133 | 7.0 | 8.0 |11.4[119|122[11.7|114| 74 | 6.9 75 | 117|115 71
16.1 | 11.1[12.7|18.4(19.2|19.7(19.0|185(12.2|11.1| 119 |18.8|18.7 | 11.6
16.0 [ 11.6[13.3|19.3(20.2|20.7(20.0|19.4 (129 |11.7|| 125 |19.7 | 19.7 | 12.3
179 (13.6(15.5|22.6 (23.5|24.2(23.3|22.6(15.3|13.6| 14.5 |23.0|23.0 | 144
21.2 (17.4]20.0|28.8(30.2|31.0(29.9|28.9(19.7|17.5|| 18.7 |29.5|29.4 | 18.6
21.3 (18.0(20.629.7(31.1)31.9(30.7|29.8(20.3|18.1| 19.3 | 30.4 | 30.3 | 19.2
23.0 (19.9(22.8|32.5(34.0|34.8(33.6|32.6(222(19.9|| 213 |33.2|33.1|21.1
26.0 (23.4(27.2|39.3(41.3|42.4(41.1|39.8(26.9|24.0| 253 |40.3 404|254
25.8 (23.8(27.7|40.0(41.9|43.1 (417|404 (27.3|24.4| 257 | 409|411 259
26.0 (23.9(27.7|40.1(42.0|43.2(41.8|405(27.4|245| 258 |41.1|41.2|259
279 (26.0(29.9|43.4(455|46.8(45.3|43.9(29.8|26.6| 28.0 |44.4|446|28.2
27.7 | 26.1[30.2|43.4(455|46.8(45.3|43.9(30.3|27.2|| 28.1 | 444|446 | 288
31.3 ||29.5|34.1(48.2|50.4 |51.8|50.1(48.7|33.9(304| 31.8 |49.3 494|322
30.9 |[30.0(34.7 [ 49.0|51.3|52.6|51.049.5|34.5[30.9| 32.3 |50.1 |50.3 |32.7
33.0 |[31.6 | 36.6 | 52.5|54.9|56.5|54.7 |53.1|36.8(32.9| 34.1 |53.7 |53.9|34.8
34.1 |32.7|379|54.2|56.9|58.6|56.654.9|38.1(34.0( 35.3 | 555|558 |36.1
33.7 ||33.3|38.7(55.2|57.9|59.6|57.755.9|38.8(34.6| 36.0 |56.6 | 56.8 | 36.7
31.0 |[31.5|36.6 | 52.7 | 55.2 | 56.9 | 55.1 | 53.4 | 36.9 | 33.0 34.0 | 54.0 | 54.3 | 34.9
30.8 |[31.6 | 36.7 | 52.7 | 55.1 | 56.7 | 54.9 | 53.3 | 37.0 [ 33.0 34.2 | 53.9 | 54.1 | 35.0
33.6 | 33.8(39.1|55.9|58.6|60.3|58.4|56.6|39.3|35.1|| 364 |57.2|575|37.2
33.8 |[33.9(39.4|56.3|59.1|60.9|589|57.1|39.6 (353 36.7 |57.7|58.0|375
33.8 | 33.6(39.0|56.0|58.7 |60.5|58.656.7|39.3|35.1|| 36.3 |57.3|57.7|37.2
33.8 |[33.1|38.4(55.2|57.9|59.7|57.8(56.0|38.8(34.6| 35.7 |56.6 |56.9 |36.7
33.8 | 32.6(37.8|54.5|57.2|59.0(57.0|55.2|38.3|34.1| 352 |55.8|56.1|36.2
33.7 ||32.1 | 37.3|53.7|56.3 | 58.1|56.254.5|37.733.7| 34.7 |55.0 553|357
34.1 |31.7|36.8(53.2|55.7 | 57.5|55.6 |53.9|37.3(33.3| 343 | 544|547 353
33.5 |[31.3|36.4|52.6|55.0|56.8|55.0(53.3|36.9(32.9| 33.8 |53.8|54.1|34.9
33.5 ||30.8|35.8(51.7|54.2|55.8|54.1(52.5|36.3 (324 33.3 | 529 533|344
33.8 |[30.2|35.2(50.9|53.3|55.0|53.3(51.8|35.8(32.0( 32.7 |52.1 525|339
33.1 [129.9|34.8(50.3|52.7 |54.4|52.7 512|354 (316 323 |51.5|52.0 335
33.229.2|34.0(49.3|51.7|53.3|51.7(50.2|34.7(31.0| 31.6 |50.5|50.9 |32.8
33.1 [|28.9(33.6(48.7|51.0|52.7|51.149.6|34.3[30.7| 31.2 |49.9 503|325
33.1 |28.4(33.0|{47.9|50.2|51.8(50.3|48.8|33.8|30.2| 30.7 |49.1|49.5|32.0
34.6 ||27.7|32.2|46.8|49.1|50.7|49.247.7|33.1(29.6| 30.0 |48.0 |48.5|31.3
33.5(26.9(31.2(45.5|47.7|49.3|47.8(46.4|32.2(28.8| 29.0 |46.6 | 47.1|30.5
34.1[127.631.9|46.2|48.5|50.0|48.5(47.1|32.8(29.4| 29.8 |47.3 |47.8|31.1
34.0 ||[27.631.9(46.2|48.5|50.0|48.5(47.1|32.8(294| 29.8 |47.3 |47.8|31.1
36.0 |[28.833.3(48.0|50.4|51.9|50.348.8|34.1(30.6( 31.1 |49.2 496|323
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380 | 30.2 |349|50.1|525|54.1|525|509|356|319]325|51.3|51.7 337
408 | 321 |37.1|536|56.2|57.8|56.1|544|379|33.9]| 346|549 |552]|359

40.8 | 32.2 | 37.2|53.7|56.4|58.1|56.3|546|380|34.1|34.7|551|555]36.1
428 | 33.5 |38.7 559|586 |60.3|585|56.7|39.6|354]|36.1|57.2|57.6|37.5

458 | 356 |41.2|59.7|625|644|624|606|422|37.7|384|61.1|615]|39.9
457 | 359 |415|60.1|629|64.8|629 610|425 |38.0|38.7|61.5|61.9 402

47.7 | 37.3 |43.1 624|653 |67.4|653|63.4|44.1|39.4|40.2|639|64.3 418

50.5 | 39.7 [46.0|66.7 |69.8 | 72.0 (69.8 | 67.7 | 47.1 | 42.0 | 42.8 | 68.3 | 68.8 | 44.6

50.5 || 40.2 |(46.5|67.6 |70.7 | 729 |70.7 | 68.6 | 47.7 | 42.6 | 43.3 | 69.1 | 69.7 | 45.2

526 | 419 (485 |705|739 (763 (739|716 |49.8 443|452 |722|72.7 |471

555 | 453 |525|76.7|80.4 |83.1|804|77.8 539479489 |785|79.1|509

555 | 46.1 |(53.5|78.1|82.0 (848 |821|79.4|54.9 488 | 49.8|80.1|80.7|519
573 | 481 (558 |81.8|85.8|88.7 859 |83.1|57.3|50.9|52.0|83.8|84.5 541

604 | 53.7 | 624|919 |96.6 |99.9|96.6|93.3|63.8|56.7| 580942950 |60.2
604 | 549 [63.9|94.1|98.9 (100.7|98.2 | 955 |65.2 579 59.4|96.5|96.8|61.6

60.3 | 55.5 |64.5|95.1|100.0{101.8| 99.2 | 96.8 | 65.8 | 58.5 | 60.0 | 97.5 | 98.0 | 62.2
60.8 | 55.8 |64.8 |95.5|100.4(102.2| 99.6 | 96.8 | 66.1 | 58.8 | 60.3 | 97.9 | 98.2 | 62.4

618 | 56.8 |66.0|97.2 |102.2|104.1|101.4| 98.6 | 67.3 | 59.8 || 61.4 | 99.7 [100.0| 63.6

62.3 | 58.4 |67.8|100.0{105.2{107.2(104.4|101.4| 69.1 | 61.3 || 63.1 |102.6/102.9| 65.2

625 | 59.1 (68.6|101.4|106.7(108.8(105.9|102.8| 70.0 | 62.2 || 63.9 |104.1|104.4| 66.1

63.8 | 60.8 |70.7|105.0{110.5{112.9(109.8|106.5| 72.2 | 64.1 || 65.8 |107.8|108.2| 68.2

65.2 | 64.7 |75.2|112.5|118.4({121.4(117.8|114.1| 76.9 | 68.1 || 69.9 |115.4(115.9| 72.5

65.3 | 66.5 |77.4|116.1|122.3(125.4(121.7|117.8| 79.3 | 70.1 || 72.0 |119.2({119.8| 74.7

65.8 | 67.5 |78.5|117.8{124.1({127.3(123.5|119.5| 80.4 | 71.1 || 73.0 |121.0{121.5| 75.7

66.5 | 68.8 | 80.0{120.1]126.6(129.9(126.0{121.9| 81.9 | 72.4 || 74.4 {123.3[{123.9| 77.1
67.1 | 70.6 |82.1|123.7|130.5(133.9(129.9|125.6| 84.1 | 74.3 || 76.3 |127.1{127.8| 79.2

67.3 | 71.8 |83.5|125.7|133.0{136.5|132.3|127.9| 85.6 | 75.6 || 77.6 [129.3|130.1| 80.6
674 | 724 |84.2|127.3|134.3(137.9(133.7|129.2| 86.4 | 76.3 || 78.3 |130.8(131.5| 81.3

68.0 | 73.5 | 85.6 |{129.4|136.6|140.3|136.0{131.4| 87.8 | 77.4 | 79.5 [133.0(133.7| 82.6
68.8 | 75.7 |88.3 |133.6{141.1({144.9(140.4|135.6| 90.3 | 79.7 || 82.0 |137.3|138.0| 85.0

69.7 | 78.0 |91.0 |137.9|145.6(149.7(144.9|139.9| 93.0 | 82.1 || 84.5 |141.7|142.4| 87.6

70.1 | 80.2 |93.5|141.7 1541 95.6 | 84.4 || 86.9 90.0
70.3 | 81.6 |95.2|1445 157.0 97.3 | 85.8 || 88.4 91.5
70.5 | 824 |96.3 158.7 98.2 | 86.7 | 89.4 92.5
712 || 84.9 |[99.1 163.7 101.2| 89.2 | 92.0 95.2
716 | 86.4 (101.0 166.8 103.0| 90.8 || 93.7 96.9
70.8 | 86.6 [101.2 167.3 103.0| 90.8 || 93.9 96.9
68.7 | 87.7 |102.7 170.2 103.8| 914 | 95.2 97.6
69.9 | 91.0 (106.7 176.7 107.1| 94.2 || 98.9 100.6
709 | 94.0 |110.2 182.3 110.0| 96.7 (102.1 103.3
716 | 96.0 (1126 186.4 112.0| 98.4 |104.3 105.2
719 | 97.8 190.3 114.0/100.1 107.0
72.0 || 99.1 193.3 101.4

52.6 | 100.6 198.8 102.1

43.3 | 101.6 201.7 103.0

Pomiary przemieszczen pionowych wykonywano przetwornikami przemieszczen liniowych o zakresie 50mm.
Vertical displacement were measured with linear displacement transducers with range of 50mm.
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Tablica Z7.5 Odksztalcenia na stali, & (%o)
Table Z7.5 Steel strain, g (%o)

E:: d/ Odksztatcenia na stali / Steel strain &5 (%o)

2F T | Ts2 | Tss | Taa || Tss | Tss | Tsr | Tse | Tso |Ts10 | Ts11 | Ts12 | €sava | &savs €s,avC

kN 2400 3000 3600 2400 | 3000 3600

6.3 0.00 | 0.00 0.00|0.00|0.04 |-0.01]{ 0.00 | 0.00 [-0.01|-0.01| 0.00 0.01 0.00

7.2 0.06 | 0.03 0.02|0.02|0.02|0.01(0.02|0.03|0.04|0.04| 0.05 0.02 0.03

8.3 0.15{0.09 0.05|0.06 | 0.06 |0.03]0.07 {0.07 {0.10 | 0.09| 0.12 0.05 0.08

11.0 0.44 | 0.36 0.260.26|0.21 |0.19(0.29|0.24 | 0.44 | 0.33 | 0.40 0.23 0.32

11.2 0.48(0.42 0.32|10.30|0.25]0.22]0.32(0.28 (|0.47 | 0.36| 0.45 0.27 0.36

121 0.520.48 0.42{0.35({0.28 (0.26 | 0.37(0.32(0.54 | 0.42| 0.50 0.33 0.41

13.3 0.60 | 0.58 0.54|10.41|0.34|0.34](0.44(0.37 |0.66 | 0.51 | 0.59 0.41 0.50

16.1 0.97 | 0.89 0.95(0.65(0.58(0.64|0.73[0.63(1.17 (0.78| 0.93 0.70 0.83

16.0 1.040.90 0.99|0.67|0.61|0.67]0.77 [ 0.65(1.25|0.80 | 0.97 0.74 0.87

17.9 1.2111.08 1.1810.780.72|0.82(0.90|0.78 | 1.47 | 0.95| 1.14 0.88 1.02

21.2 1.54|1.34 1.61({1.04(097(1.13(1.16|1.05[1.91[1.20( 1.44 1.19 1.33

21.3 1.61|1.36 1.63(1.07(1.01(1.16(1.19]|1.08[2.021.21( 1.49 1.22 1.37

23.0 1.76 | 1.50 1.7811.18 (114 (130 1.31|1.19|2.25[1.34| 1.63 1.35 1.52

26.0 2.06 (1.74 21111441142 |1561(1.58(1.42(2.71|1.56| 1.90 1.63 1.82

25.8 210 | 1.74 2111451144 |159(159|1.43|2.68|1.57| 1.92 1.65 1.82

26.0 2.10(1.73 21111.46|1.45|159(1.59(1.43(2.69|1.57| 1.92 1.65 1.82

27.9 2.28|1.87 229|157 |158|1.73|1.72|1.56|2.92|1.71| 2.07 1.80 1.98

27.7 2.31(1.87 2.311159|1.60|1.75]1.74[1.57 [2.96 | 1.71 | 2.09 1.81 1.99

31.3 2.60|2.09 2.61(1.79(1.81[2.001.98(1.80(3.31(1.92| 2.34 2.05 2.25

30.9 2.62 | 2.09 2.62|11.82|1.84|2.03(2.02(1.81(3.34|1.92| 2.36 2.08 2.27

33.0 2791222 2.78(1.93(1.97(2.16(2.14[1.93 [3.54 (2.05| 2.50 2.21 2.42

34.1 2.87 (2.29 2.88|2.01|12.05|2.24]2.23(2.00(3.67|212| 2.58 2.29 2.51

33.7 2.87|2.31 2.89(2.03(2.09(2.27(2.29(2.01(3.69|2.11| 2.59 2.32 2.53

31.0 2.69|2.16 2761931198 |2.16(2.17|1.89|3.50|1.96| 2.43 2.21 2.38

30.8 2.64 (213 2.7211.9211.97|1215(2.16 [1.77 | 3.44 | 1.94| 2.39 2.19 2.33

33.6 2.85|2.30 2.88(2.05|2.10|2.28(2.30|1.92|3.68|2.11| 2.58 2.33 2.50

33.8 2.85(2.30 2.8912.05|2.11]229(2.31[1.92(3.69|2.11| 2.58 2.33 2.51

33.8 282|227 2.86(2.03|2.09|2.27(229|1.89|3.64|2.08| 2.55 2.31 2.47

33.8 2.76 | 2.23 2.82|12.00|2.06|2.241]2.26(1.85(3.58|2.04| 2.50 2.28 243

33.8 2.7012.19 2.78(1.97(2.03(2.21(222(1.82(3.53(2.00| 245 2.25 2.39

33.7 2.65(2.15 2.7411.9412.00|2.18(2.19(1.78 (3.47|1.96| 2.40 2.22 2.35

34.1 262|212 271(1.92(1.98(2.15(2.16 [1.75(3.43(1.92| 2.37 219 2.31

33.5 2.57 | 2.09 268|11.89|1.95|2.13(2.13(1.71(3.38|1.89| 2.33 2.16 2.28

335 2.5212.04 2.63(1.86(1.92(2.09(2.10(1.67(3.32(1.85| 2.28 213 2.23

33.8 2.46 | 1.99 25911.83|1.89|2.06(2.06[1.64(3.26|1.80| 2.23 2.09 2.19

33.1 242 (1.96 2.55|11.80|1.86|2.03]2.03[1.61(3.21|1.77| 2.19 2.06 2.16

33.2 2.35|1.90 250(1.76|1.82(1.99(1.98|1.56|3.14|1.73| 2.13 2.01 2.10

33.1 2.31(1.88 246|11.7311.80|1.96(1.96|1.54(3.10|1.70| 2.09 1.99 2.07

33.1 2.25|1.84 2421701176 | 1.921.92|1.50|3.05|1.65| 2.04 1.95 2.03

34.6 2.18(1.78 2.36|1.66|1.72|1.87]1.87(1.46(2.98|1.60| 1.98 1.90 1.98

33.5 210 1.72 2281160167 |1.81(1.80|1.40(2.88|1.54| 1.91 1.84 1.90

34.1 2.11(1.68 21911.61|1.65|1.77](1.74(1.83 [2.77 | 1.52| 1.90 1.81 1.96
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34.0 2.06|1.64 212(1.57(1.62(1.73(1.69|1.80|2.67 (1.48| 1.85 1.76 1.91
36.0 216 (1.73 2221164168 |1.81(1.76|1.88(2.81|1.57| 1.94 1.84 2.01
38.0 2.28|1.83 2.33(1.72(1.76 (1.90(1.87|1.96 |2.96 | 1.67 | 2.06 1.93 2.1
40,8 2,48 (1,97 2,50|1,85|1,892,03(2,00|2,093,16|1,81| 2,23 2,07 2,26
40,8 2,50 (1,97 2,50|1,85|1,882,04(2,01|2,08(3,17|1,81| 2,24 2,07 2,27
42,8 2,62 (2,09 2,6111,93|1,962,13(2,10|2,17 {3,32|1,92| 2,35 2,16 2,38
45,8 2,84 (2,25 2,8012,07 (2,10 2,27 (2,26 |2,31(3,59|2,08| 2,54 2,31 2,56
45,7 2,86 | 2,26 2,8212,07 (2,11 2,29 2,28|2,32 |3,61|2,09| 2,56 2,32 2,57
47,7 2,97 | 2,37 2,9412,17|2,21|2,38(2,37|2,40 (3,78 2,19 2,67 2,42 2,68
50,5 3,18 (2,54 3,2312,33|2,39|2,522,53|2,56|4,15|2,35| 2,86 2,62 2,90
50,5 3,20 | 2,56 3,27 12,34 2,41 |2,53(2,56|2,69 (4,24 |2,37| 2,88 2,64 2,96
52,6 3,60 (2,84 3,63(2,58(2,51(2,63(2,77|2,82|4,54 (2,58 3,22 2,81 3,17
55,5 4,02 | 3,46 4,04 (2,86|2,97(3,32|3,05(3,16|5,18 |3,29| 3,74 3,30 3,67
55,5 4,10 3,57 4,20|2,92|3,08(3,39(3,20|3,20|5,33|3,35| 3,83 3,40 3,77
57,3 4,49 | 4,65 4,61(3,14|3,28 | 3,64 | 3,40 | 3,44 | 5,80 | 3,72 | 4,57 3,64 4,09
60,4 6,07 7,09 (4,27 | 3,96 | 4,38 | 3,76 | 4,03 6,07 | 4,93 3,90
60,4 7,724,321 3,99 3,86 5,34 3,86
60,3 7,5414,10 5,82

60,8 7,56 | 4,12 5,84

61,8 7,771 4,59 6,18

62,3 8,16 | 4,95 6,55

62,5 8,48 8,48

63,8 9,45 9,45

65,2

65,3

65,8

66,5

67,1

67,3

67,4

68,0

68.8

69.7

70.1

70.3

70.5

71.2

71.6

70.8

68.7

69.9

70.9

71.6

71.9

72.0

52.6

43.3

Pomiary odksztatceh wykonywano tensometrami elektrooporowymi TFs-5 o bazie 5mm.
Strain measurements were carried out by means of electric resistance gauges TFs-5 on the bases of 5mm.
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Tablica Z7.7 Odksztalcenia betonu , g, , €. (pomiary rgczne)

Table Z7.7 Concrete strain g, , €. (manual measurements)
Sita zewnetrzna / External load
Lokali-| Poza stanowiskiem Na stanowisku badawczym / Inside test set-up

Nr | zacja | na 4 podporach / Podczas badania / During the test

/ | |Outside test set-up on
No |Locali- 4 supports Przed wzmocnieniem / Before strengthening Po wzmocnieniu / After strengthening

zation 0 kN 6.3kN [11.3kN[16.3kN[21.3kN]26.3kN[31.3kN[34.3kN[34.3kN[34.3kN[41.3kN[46.3kN]51.3kN|56.3kN[61.3kN
Odksztatcenia betonu w strefie rozcigganej / Concrete strain in tension zone , & (%o)

1 | 5845 0.10 0.02 0.00 | 0.00 | 0.00 |-0.01]|-0.02 | -0.02 | -0.03 | -0.05 | -0.06 | -0.06 | -0.06 | -0.08 | -0.09 | -0.09
2 | 5642 0.11 0.06 0.00 |-0.07 | -0.04 | -0.06 | -0.08 | -0.10 | -0.11 | -0.19 | -0.17 | -0.16 | -0.20 | -0.23 | -0.23 | -0.24
3 | 5438 0.13 0.06 0.00 | -0.03 | -0.07 | -0.07 | -0.17 | -0.22 | -0.25 | -0.31 | -0.31 | -0.34 | -0.37 | -0.39 | -0.40 | -0.43
4 | 5235 0.13 0.06 0.00 | -0.03 | -0.08 | -0.13 | -0.19 | -0.23 | -0.26 | -0.24 | -0.29 | -0.31 | -0.36 | -0.38 | -0.41 | -0.46
5 | 5032 0.15 0.08 0.00 | -0.05|-0.12 | -0.20 | -0.24 | -0.29 | -0.31 | -0.29 | -0.31 | -0.35 | -0.39 | -0.44 | -0.49 | -0.53
6 | 4829 0.15 0.10 0.00 | -0.10 | -0.22 | -0.30 | -0.35 | -0.41 | -0.44 | -0.41 | -0.44 | -0.49 | -0.53 | -0.57 | -0.61 | -0.66
7 | 4626 0.22 0.17 0.00 |-0.08 | -0.16 | -0.23 | -0.29 | -0.33 | -0.36 | -0.36 | -0.39 | -0.45 | -0.50 | -0.52 | -0.59 | -0.63
8 | 4422 0.24 0.20 0.00 | -0.10 | -0.20 | -0.29 | -0.34 | -0.41 | -0.44 | -0.44 | -0.48 | -0.54 | -0.60 | -0.64 | -0.72 | -0.77
9 | 4219 0.19 0.16 0.00 | -0.07 | -0.16 | -0.22 | -0.27 | -0.31 | -0.35 | -0.35 | -0.39 | -0.45 | -0.49 | -0.53 | -0.60 | -0.65
10 | 4016 0.20 0.17 0.00 | -0.09 | -0.16 | -0.23 | -0.28 | -0.35 | -0.37 | -0.39 | -0.43 | -0.49 | -0.54 | -0.59 | -0.67 | -0.73
11 | 3813 0.18 0.19 0.00 | -0.10 | -0.21 | -0.29 | -0.33 | -0.39 | -0.43 | -0.47 | -0.49 | -0.54 | -0.61 | -0.65 | -0.73 | -0.77
12 | 3610 0.15 0.15 0.00 | -0.08 | -0.15 | -0.20 | -0.25 | -0.29 | -0.32 | -0.36 | -0.38 | -0.43 | -0.50 | -0.54 | -0.60 | -0.64
13 | 3406 0.17 0.16 0.00 | -0.09 | -0.18 | -0.25 | -0.30 | -0.34 | -0.39 | -0.41 | -0.47 | -0.53 | -0.58 | -0.63 | -0.69 | -0.70
14 | 3203 0.15 0.17 0.00 | -0.10 | -0.18 | -0.23 | -0.28 | -0.31 | -0.34 | -0.37 | -0.42 | -0.48 | -0.53 | -0.58 | -0.64 | -0.69
15 | 3000 0.17 0.15 0.00 | -0.08 | -0.17 | -0.25 | -0.29 | -0.33 | -0.36 | -0.39 | -0.43 | -0.49 | -0.54 | -0.58 | -0.65 | -0.70
16 | 2797 0.09 0.15 0.00 | -0.10 | -0.20 | -0.27 | -0.30 | -0.38 | -0.42 | -0.43 | -0.49 | -0.55 | -0.60 | -0.65 | -0.72 | -0.76
17 | 2594 0.16 0.16 0.00 | -0.09 | -0.17 | -0.23 | -0.29 | -0.33 | -0.35 | -0.38 | -0.50 | -0.52 | -0.53 | -0.58 | -0.68 | -0.71
18 | 2390 0.13 0.12 0.00 |-0.07 | -0.15| -0.20 | -0.25 | -0.30 | -0.32 | -0.36 | -0.38 | -0.45 | -0.49 | -0.54 | -0.62 | -0.67
19 | 2187 0.17 0.14 0.00 | -0.10 | -0.18 | -0.26 | -0.31 | -0.36 | -0.41 | -0.43 | -0.47 | -0.54 | -0.58 | -0.63 | -0.70 | -0.76
20 | 1984 0.12 0.14 0.00 | -0.11 | -0.18 | -0.25 | -0.30 | -0.32 | -0.37 | -0.39 | -0.44 | -0.50 | -0.55 | -0.58 | -0.66 | -0.71
21 | 1781 0.13 0.13 0.00 | -0.07 | -0.15 | -0.22 | -0.28 | -0.32 | -0.36 | -0.36 | -0.38 | -0.44 | -0.50 | -0.55 | -0.65 | -0.67
22 | 1578 0.18 0.16 0.00 | -0.08 | -0.17 | -0.24 | -0.28 | -0.31 | -0.35 | -0.35 | -0.40 | -0.45 | -0.48 | -0.47 | -0.60 | -0.65
23 | 1374 0.13 0.10 0.00 | -0.11 | -0.16 | -0.22 | -0.28 | -0.32 | -0.34 | -0.35 | -0.38 | -0.43 | -0.51 | -0.51 | -0.57 | -0.62
24 | 1171 0.14 0.09 0.00 | -0.07 | -0.17 | -0.25 | -0.31 | -0.35 | -0.37 | -0.37 | -0.39 | -0.44 | -0.48 | -0.52 | -0.59 | -0.63
25 | 968 0.09 0.08 0.00 | -0.04 | -0.13 | -0.23 | -0.24 | -0.28 | -0.31 | -0.28 | -0.29 | -0.33 | -0.37 | -0.40 | -0.44 | -0.49
26 | 765 0.09 0.06 0.00 | -0.04 | -0.08 | -0.14 | -0.19 | -0.22 | -0.24 | -0.25 | -0.23 | -0.26 | -0.27 | -0.31 | -0.34 | -0.36
27 | 562 0.12 0.05 0.00 | -0.02 | -0.06 | -0.11 | -0.14 | -0.16 | -0.19 | -0.22 | -0.22 | -0.25 | -0.26 | -0.27 | -0.31 | -0.33
28 | 358 0.05 0.03 0.00 | -0.02 | -0.04 | -0.05 | -0.07 | -0.10 | -0.10 | -0.14 | -0.14 | -0.17 | -0.19 | -0.20 | -0.23 | -0.25
29 | 155 0.07 0.01 0.00 |-0.01|-0.02 | -0.03 | -0.04 | -0.04 | -0.05 | -0.05 | -0.04 | -0.04 | -0.05 | -0.05 | -0.07 | -0.07

A
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Sita zewnetrzna / External load
Lokali- Pnoazi ;fggg\g:;erp Na stanowisku badawczym / Inside test set-up
'\;f 28%3 | 5 tside test set-up on Podczas badania / During the test
No |Locali- 4 supports Przed wzmocnieniem / Before strengthening Po wzmocnieniu / After strengthening
zation 0 kN 6.3kN |11.3kN|16.3kN|21.3kN|26.3kN|31.3kN|34.3kN 34.3kN|34.3kN|41.3kN|46.3kN|51.3kN|56.3kN|61.3kN
Odksztatcenia betonu w strefie $ciskanej / Concrete strain in compression zone , & (%o)
1 | 5845 0.00 0.01 0.00 | 0.02 | 0.00 | 0.02 | 0.02 | 0.03 | 0.03 | 0.09 | 0.06 | 0.09 | 0.10 | 0.10 | 0.12 | 0.13
2 | 5642 0.01 0.00 0.00 | 0.02 | 0.02 | 0.05 | 0.01 | 0.02 | 0.02 | 0.47 | 0.41 | 0.43 | 0.48 | 0.50 | 0.51 | 0.54
3 | 5438 | -0.03 -0.03 0.00 | 0.03 | 0.07 | 0.13 | 0.34 | 0.47 | 0.56 | 1.07 | 1.07 | 113 | 1.19 | 1.24 | 1.32 | 1.41
4 | 5235| -0.05 -0.04 0.00 | 0.04 | 0.10 | 0.20 | 0.34 | 0.50 | 0.58 | 0.50 | 0.66 | 0.75 | 0.84 | 0.97 | 1.15 | 1.36
5 | 5032 | -0.05 -0.05 0.00 | 0.04 | 0.10 | 0.26 | 0.39 | 0.58 | 0.71 | 0.47 | 0.59 | 0.70 | 0.80 | 0.97 | 1.12 | 1.31
6 |4829| -0.15 -0.14 0.00 | 0.19 | 0.57 | 090 | 1.26 | 1.58 | 1.68 | 1.17 | 112 | 1.32 | 1.48 | 1.63 | 1.78 | 1.97
7 | 4626 | -0.10 -0.09 0.00 | 0.13 | 0.32 | 052 | 0.74 | 0.94 | 1.08 | 0.79 | 0.78 | 0.91 | 1.02 | 1.14 | 1.32 | 1.51
8 | 4422 | -0.09 -0.09 0.00 | 0.14 | 0.33 | 0.56 | 0.78 | 0.96 | 1.08 | 0.80 | 0.77 | 0.90 | 1.00 | 1.13 | 1.28 | 0.45
9 |4219| -0.22 -0.20 0.00 | 0.32 | 0.73 | 1.06 | 1.44 | 1.81 | 202 | 1.51 | 148 | 1.74 | 196 | 2.21 | 2.51 | 2.82
10 | 4016 | -0.12 -0.11 0.00 [ 0.19 | 047 | 087 | 1.24 | 162 | 1.82 | 140 | 1.39 | 1.61 | 1.83 | 2.06 | 2.35 | 2.74
11 13813 | -0.11 -0.10 0.00 | 0.28 | 0.67 | 0.99 | 1.33 | 163 | 1.79 | 1.40 | 1.38 | 1.61 | 1.80 | 2.01 | 2.35 | 2.84
12 | 3610 -0.14 -0.15 0.00 [ 0.26 | 0.59 | 095 | 1.35 | 1.72 | 193 | 149 | 149 | 1.76 | 199 | 225 | 2.71 | 3.34
13 | 3406 -0.13 -0.13 0.00 | 0.28 | 0.70 | 0.97 | 1.36 | 1.67 | 1.85 | 1.44 | 142 | 168 | 1.90 | 2.19 | 2.68 | 2.98
14 | 3203 -0.16 -0.17 0.00 | 0.31 | 0.59 | 0.90 | 1.23 | 1.55 | 1.70 | 1.30 | 1.29 | 1.53 | 1.73 | 2.00 | 2.40 | 3.13
15 | 3000 -0.12 -0.16 0.00 [ 0.29 | 0.84 | 1.35 | 1.87 | 2.37 | 265 | 210 | 1.10 | 2.41 | 273 | 3.11 | 3.78 | 4.94
16 | 2797 -0.08 -0.13 0.00 [ 0.29 | 0.67 | 098 | 1.28 | 1.58 | 1.73 | 1.35 | 1.35 | 1.59 | 1.80 | 2.05 | 2.49 | 3.21
17 | 2594 -0.13 -0.17 0.00 | 0.34 | 0.74 | 1.09 | 145 | 1.78 | 1.99 | 1.55 | 1.52 | 1.79 | 2.01 | 2.31 | 2.79 | 3.58
18 | 2390 | -0.12 -0.16 0.00 [ 0.21 | 0.60 | 095 | 1.36 | 1.74 | 1.96 | 1.54 | 1.53 | 1.81 | 2.04 | 2.33 | 2.82 | 4.01
19 | 2187 | -0.06 -0.12 0.00 | 0.21 | 048 | 0.76 | 1.02 | 1.29 | 144 | 1.11 | 110 | 1.30 | 1.45 | 1.65 | 1.95 | 2.52
20 | 1984 | -0.20 -0.25 0.00 [ 041 | 0.87 | 1.26 | 1.68 | 2.09 | 2.31 | 1.75 | 1.71 | 2.03 | 2.28 | 2.56 | 2.90 | 3.26
21 | 1781 -0.06 -0.11 0.00 | 0.18 | 0.37 | 0.72 | 1.00 | 1.28 | 1.44 | 1.08 | 1.08 | 1.27 | 1.44 | 1.60 | 1.85 | 2.11
22 | 1578 | -0.11 -0.13 0.00 | 0.24 | 0.57 | 0.84 | 1.10 | 1.38 | 1.52 | 1.09 | 1.05 | 1.27 | 1.46 | 1.59 | 1.77 | 1.94
23 | 1374 | -0.04 -0.11 0.00 | 0.11 | 0.32 | 0.67 | 0.98 | 1.29 | 146 | 1.07 | 1.07 | 1.26 | 1.42 | 1.59 | 1.81 | 2.06
24 | 1171 -0.02 -0.07 0.00 | 0.08 | 0.25 | 0.42 | 1.60 | 0.80 | 0.92 | 0.64 | 0.60 | 0.74 | 0.83 | 0.93 | 1.05 | 1.26
25 | 968 -0.04 -0.08 0.00 | 0.09 | 0.35 | 0.61 | 0.88 | 1.12 | 1.27 | 0.89 | 0.87 | 1.00 | 1.11 | 1.24 | 1.40 | 1.51
26 | 765 0.00 -0.05 0.00 | 0.03 | 0.04 | 0.12 | 0.24 | 0.34 | 0.38 | 0.31 | 0.31 | 0.35 | 0.38 | 1.44 | 0.49 | 0.56
27 | 562 0.00 -0.01 0.00 | 0.03 | 0.05 | 0.11 | 0.21 | 0.31 | 0.38 | 0.43 | 0.46 | 0.50 | 0.55 | 0.64 | 0.73 | 0.83
28 | 358 0.00 -0.02 0.00 | 0.02 | 0.01 | 0.04 | 0.06 | 0.10 | 0.12 | 0.19 | 0.21 | 0.23 | 0.25 | 0.29 | 0.32 | 0.37
29 | 155 0.02 -0.02 0.00 | 0.00 | 0.00 | 0.01 | 0.03 | 0.03 | 0.04 | 0.07 | 0.09 | 0.10 | 0.11 | 0.16 | 0.20 | 0.24
Sita zewnetrzna / External load
Poza stanowi-
skiem na 4 Na stanowisku badawczym / Inside test set-up
podporach /
Outside test set-
up on 4 sup- Podczas badania / During the test
ports
0 kN 6.3kN [11.3kN | 16.3kN |21.3kN [ 26.3kN | 31.3kN [ 34.3kN | 34.3kN | 34.3kN [41.3kN | 46.3kN | 51.3kN | 56.3kN | 61.3kN
ecav (%o)] 0.15 | 0.16 | 0.00 | -0.09 | -0.18 | -0.24 | -0.29 | -0.34 | -0.38 | -0.40 | -0.46 | -0.52 | -0.56 | -0.60 | -0.68 | -0.71
&rav (%o)| -0.12 | -0.15 | 0.00 | 0.30 | 0.71 1.06 | 144 | 179 | 198 | 155 | 1.33 | 1.80 | 2.03 | 2.33 | 2.83 | 3.57
(1;<m) -0.0018|-0.0020| 0.0000 | 0.0026 | 0.0059 | 0.0087 | 0.0115 | 0.0142 | 0.0157 | 0.0130 [ 0.0120| 0.0154 | 0.0173 | 0.0196 | 0.0233 | 0.0285

Pomiary odksztatcen wykonywano przy uzyciu ekstensometru nasadowego o bazie 8'.

Concrete strain measurements measured by hand with dial strain gauges of 8' working range.
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