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ANEXO

Este Anexo tem como objetivo permitir ao Tleitor uma
andlise complementar dos resultados obtidos nos ensaios das
vigas rebitadas, caso seje de seu interesse. A sinopse dos
resultados, apresentada no Capitulo sete, & ilustrativa e
resume as principais informagdes sobre os resultados dos
ensaijos.

Apresentam-se, primeiramente os resultados de corpos
de prova, ensajados & tragdo, dos agos e rebites utilizados
nas vigas rebitadas. Apresenta-se também a caracterizagio
micro—estrutural dos rebites, comparando-os com parafusos
A-325.

A seguir, estdo apresentados todos os resultados de
deslocamentos e deformag¢des medidas nos Varios ensaios das
vigas modelos 1 a 4.

Os pontos 1instrumentados de cada modelo, deslocamentos
e deformag¢des, estdo ilustrados no inicio de cada série das
vigas, seguidos das Tabelas e Gréaficos com os valores

obtidos nos ensaios.



Resultados dos Corpos de Prova dos Agos

DADOS SOBRE 0OS

CORPOS DE PROVA

MATERIAL C.P. ¢ L f f A
NRO ext int tot y u
(mm) (mm) (mm) (mm) | (MPa)]j (HMPa) %
Chapa de 1 3.9 | 2.2 | 22.0| 16.0| 326 | 498 | 37.
e= 8.5mm
ASTM—-A36 3.9 2.2 22.8 16.0} 325 490 42 .5
f =250MPa
£Y-400MPa 3.9 2.2 22.8 16.01 335 502 42.
u
Chapa de 1 1.9 | 1.08| 37.5| 29.9| 380 | 431 | 25.4
e= 4.8mm
ASTM-A36 1. 1.10| 37.2] 29.9| 345 431 24,4
f =250MPa
£Y = 200MPa 1. 1.08| 38.4| 29.9| 352 422 28.4
U
Rebite
6 =12.5mm 1 1 42.0} 33.7) 363 474 24,
SAE-1010 .9 1 36.1 30.0| 294 425 20.3
f =183MPa
£Y-330MPa 3 .9 .3 37.41 29.8{ 359 441 25.5
u
Parafuso
6 =12.5mm 1 33.3! 29.8! 1009 1103 11.4
A-325 33.0} 29.8 809 1013 10.4
f =183MPa
£Y-330MPa .9 .? 33.0} 30.0 782 S84 10.
Y . .
Bar. Red.
6 =16.0mm 1 1 18.1| 16.0] 874 931 13.
SAE-1060 .9 18.0 16.0| 833 916 12.
f =450MPa
£Y =7 00MPa .0 18.5| 16.0| 849 935 15.
u
Bar. Red.
® =20.0mm 1 21.0 16.0| 457 743 31.
SAE-1040 21.1 16.0| 453 735 31.9
T =290MPa 2. 21.0 16.0! 457 737 31.3

fY=500MPa
u




Nas Fotos, apresentadas abaixo, encontram-se 0s
resuitados da metalografia de uma amostra retirada de um
rebite e de um parafuso(A-325). Pode-se observar gue a
granulometria dos cristais sdao diferentes.

A andlise micro-estrutural destes materiais foi
realizada pelo Prof. Luis Marino, Departamento de Materiais

da EESC-USP, que n&do constatou nenhuma anomalia nestes agos.
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Foto A-1 Micro-estrutura do rebite.

Fator de amplia¢do ifgual a 160 vezes.
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Foto A-2 Micro-estrutura do rebite.

Fator de ampliacdo i1gual a 400 vezes.

Foto A-3 Micro—-estrutura do parafuso.

Fator de ampliag¢do igual a 160 vezes.



Foto A-4 Micro—-estrutura do parafuso.

Fator de ampliiag¢d@o igual a 400 vezes.



RESULTADOS DOS ENSAICS

TABELAS E GRAFICOS

. Vicas ReBiTADAS

DEFORMACOES

DESLOCAMENTOS



MODELO - ViGsi |

RESULTADOS DOS ENSAICE

. Ensaio 1
. ENnsaio 2
. ENnsalo 3

- DESLOCAMENTOS

- DEFORMACOES



MODELC - viC2a ]

RESULTADOS DOS ENSAIOS

. Ensaio 1

~ DESLOCAMENTOS

TABELAS

GRAFICOS



MODELO: VIGA REBITADA I

DATA: 4 DE FEVEREIRD DE 1991

ETAFA

CARGE APL
MEDIA
(kb

[y

[--JEN = I o RENU Iy S L I N PR B SO

19.93
39,80

.90
10.19
206,09
36.00
35.90
56.00
59.95

WOFLF o H
DESLOCAE TS
(gr?
Pio 2 Pio 2
0.5 0,40
1.97 .52
CNCS! 319
4,35 4,38
N £
1.4% 1.3
Z2.81 2,78
3.90 3.8
S5.16 35.06
£.34 £.47
8.06 £.02
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MODELO - VIGA |

RESULTADOS DOS ENSAICS

. Ensalo 1

- DEFORMACOES

EXTENSOMETROS ELETRICOS DE RESISTENCIA
Unnaxiais
RoseTAs



POSICIONAMENTO TIPICO DOS EXTENSOMETROS ELETRIC.
DE RESISTENCIA PARA TODOS 0S8 MODELOS
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UNIVERESIDADE DE SA0 PRULD

ESCOLA DE ENGENHARIA DE 5A0 CARLOS
DEPARTAMINTO DE ESTRUTURAS

ENSAIC DE VIGAS DE ACO REBITADAS

VIiga I ENSAIOD No.l DATA: ©4/02/91
DEFORMACOES DDS EXTENSOMETROS ELETRICOS UNIAXIAIS
SECAD 1

Fi ke 1 2 3 L 3 ‘ 7 g 9 ¢
(k) ' iED (pf) {kf) (pé) (B€) (§f 4 (gt (g€} (pf
6.o0 6.6 +4. +1. +4, ¥ 1 +, +1
16,32 R +126,  +172, +93, - -149 ~91 -7
26,67 15.73 +238. #2353, +1BE ZiL ~778 -187 Zin
3¢.83 +35h,  +3BE +289 -3 ~LB4 -283.

.55 ; +4, +iL +13 - -3, -7,

16,42 5 +171 -%3.

76,67 1% +248, -196,

3883 2977 +359. ~2B4

41,18 IUE +471 -387.

51,38 LR +551, -491,

61,31  SB.EZ +895, +693,  +B7% +481 +324, -89, -Tid ~&77 -601 -584,
8,23 RS +45, -47 +B7 -4, -37. -Zi. -2 -3¢ -17. LR




ERSIDADE DE SAD P&ULD
ESCOLA DE ENGENHARIA DE 5AD CARLDS
DEFARTAMENTO DE ESTRUTURAS

It

~#10 DE VIGAS DE ACO REBITADAS
‘JI sh 1 ENSAID No.1l DATAR: ©4/92/%1
GF\MA"‘DES DOS EXTENSOMETROS ELETRICOS UMIAXIARIS

F Fo i 2z 3 4 5 £ 7 B g L
Ty (4E) 1g6) ey (§F3 Ly#, gty () (g 3

G.hv .04 +} +1. +6. +4 + +1 + +
E §.648 +51 4z, +73. +B4 el -t -5¢ -5 -
19.28 +173 165, #1353 161 +124 -5 -1EZ -119 -iT7
o298 +257 +Z84, 4217 4215 +18% -8, -26% =179, -l
4.35% 1o bz 6. +7, 7 7 +7 $27. -1 -t. -z -
3.76 +44 +79. =21 =57 -7
19.83 +177 +139 -l63 -183. -1z,
2%.27 +261 4248, -225 -Z6E. -1:7.
3878 +i47 =3 -332, A
48,95 -41Z =431, R
38,47 328, #4920 +4%1. 434, +377, -IELL -&%, -4BE, -3BE. -434,
f.6¢ +23. +3. +17. -3 -3 T -1 -E. =15, +.




UMIVERSIDADE DE S40 PAULD
ESCOLA DE ENGENHARIA DE 5A0 CARLDOS
DEFARTAMENTO DE ESTRUTURAS

ENSAID DE VIGAS DE ACO REBITADAS

VIBA I ENSAID No.1 DRTA: ©4/062/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS
S5ECAC 3

Fi Fo i 2 3 4 3 6
4 (kK) {€ Lpf) (fes (4 I iy
-1, -1 ~1 + + ~1
+08 +E7 +74, -5 -l -&5
+157 +1bt +146, -1t -i% -138
4248 +251 +717, -I%E -2 =263,
+o +1h +3, -& -1% -z,
+B5. +08. +75, -7t
+143, +172,  +147, -137

1249, +Z206.  #219.

+3I8, 434D, HZBL, =247
Hheg, #4310 4357, N
51,31 38.82 +497,  +324,  +438,  -3E6, -47%. 0 34,
8.23 .08 +24, +28. -9, -1 -1, +6,




UMIVERSIDADE DE SA0 FARULTU
ESCOLA DE ENGENHARIA DE SA0 CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REERITADAS

VIGA 1 ENSAIO No.1 DRATA: 84/02/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS
ROSETA 1

Fi Fo fa 5 £e £y £ 6, ¢ 3
(kK {kW (gl ¢33 icy g (5 (B2 iz e '
b,66 6,60 +H, +9 4 6, +6 +6 6 A Ty
16,27 9.8d -4, +36 -4 =75, -4 45,4 -T.r 0 eilLE
20,67 : -8 +&7 -2 +£7. -g2 6.6 -ibw 858
36,85 -9, +55, - +95,  -112 3.6 =15 4ELLE
.53 5 45, +] < - 1.7 6.7 0T
19,42 9.74 +7. +43, -1 +43 =Lz, +6.8 S T
28,63 19,67 -1 +7%. -4 ~7g. =77, +lek -10.5 0 #ELLE
6.85 29,27 -b. +97 - <57, -18%. 414,60 -17.% 0 #4504
1,15 IB.7% -7, it -g =124, -1EEL 0 HiBLe DET O iR
3130 4E.EE -§. 4147 - 2iE7. -ib4, 2706 -28.5 +44.8
61,31 OE.&Z -7 +159, -18. 159, -17h. 4239 -ZB.9 4447
8.23 &,0¢ +27, +1%, -z =27, -2, +5.9 1.7 U/C




ESCOLA DE ENBENHARIA DE SA0 CaARLOS
DEFPARTAMENTO DE ESTRUTURAS

ENSAIOQ DE VIBGAS DE ACO REBITADAS

VIGA I ENSAID MNo. 1 DATA: ©4/82/71
DEFORMACOES DDOS EXTENSOMETROS ELETRICOS DAS ROUSETAS
ROSETA 2

F, Fa €. t £ £q o
TFR (kR {4E: [4F LEy (ge) (g6
6.69 .08 +6 ¢ +6 +6, +4
1H,07 9.64 -b. +4, -E. +4¢, -5%. L
20,63 19.28 -6 +75 -13 +73, -94 7
Je.63 29.15 -5 +116 -1 +11¢.  -1%1, . 1.k
B35 g4 2z *E, 1. +8, -3 LSO S
19.43 §.75 -1, +4L -4 +44, -45, 5.7 IO Y
26.63 19,63 -7, +78 -9, +79, -89, 117 -14,7 0 #4209
36,85 29.27 -1, +d -1Z +113, -1Z6. -28.8 4414
4,19 38.7% +1, *14% -13 +148,  -142, =185 #83.%
o135 4E.55 +2. HiE -i7 +1Bg.  -19%, =3B #EILE
61,31 5B.42 + 285, 16, 4285, =219, #3170 35070 #4317
§.23 6.48 +18 + té +18, +2, 2.7 +2.8 ~5.7




UMIVERSIDADE DE SA0 PAULOD
ESCOLA DE ENGENHARIA DE 5AC CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAID DE VIGAS DE ACO REBITADAS

viga 1 EREAI0 No.1l DATA: ©4/82/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS
ROSETA 3

Fa Fz CL e fe £ 2 5y 0z g
I U WE O EE s g REal o (RPEl (D)
6.6 6.60 + # # A S N T
1832 w.bh - #3500 -2 2L S LR S wand
0.6 19,28 T S S S O s A IV AT -
36.82 2515 TR b P R E O VS PR U SR G PE s
559 b - 5, FL 5. <n 0 sRE O -hg Y
847 5.7k S & T ST SRR T 5 N
2661 13,43 I AT <R <ThL <P LD <147 HLE
10,83 2927 Lo ME. S0 slE -2 #1750 <78 0
.15 e 2. 415 TR RS S DR 00 B !
535 48,55 LT I #iRe. -1%, 430G y
51,31 59.42 U423 MG 4236 -TiE 4382 -T2 S
8.3 @06 : 9 9, 4 .0 4L5 0 4LI ML




UMIVERSIDADE DE SAR0O Pa

0O

ESCOLA DE ENGENMHARIA DE 54D CARLOS

DEPARTAMENTO DE ESTRUTURAS

ENSAIC DE VIGAS DE ACO REBITADAS

VIGA I

ENSAID No.1

DATA: ©4/02/91

DEFORMACCOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS

ROSETA

IS
» o B
ol Ced

[ R R O R
T
[ o)

fu G,
ol v
noen

o~
[s~I RS
[ ]
]

8.4
FLr

3, -1
1 £
-1 +46,

27T
-2, Fils
5
ST 3 S S
47 L
T TC.

6, +117
+Z, +155
*:—H 735

b £ 03 =
L (pes {(KFa) (BFa
“ N
+] -, +6.1 -9.1
+oy -£7, +5.5 -7.5
=77 -85, #1150 -14.8
11k, -175, +{7.3% -78.8
+ -2, 1.2 -6
+53 ~i7. 3£,8 -b.3
+5¢ -83 +12.5 -13.3
Tii -12Z. +18.7  -19.¢
o5 -157 +26.7 -24.9
<0 T .
~1%1 3.6 -29.%

+
3
[0 B o]
“ -

o o=

[ o I ]

-+
e
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+
-Fm
_n
-
—




UNMIVERSIDADE DE 540 PAULO

ESCOLA DE ENBENHARIA DE 5A0 CARLOS
DEFARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACD REBITADAS

VIita I ENSAIO No.l DATA: ©4/062/91
DEFORMACDES DOS EXTENSOMETRDS ELETRICOS DAS ROSETARS
ROSETA S

F Fo fa i fe £, £ U1 U= &

(k¥ (g i g it {4t {(APa) {8Pa} .

b.w 6.6 + +4. 1 +9 9. +£.9 .0 UL
e 0 §.&4 +1 -iL, - +3¢ -46, +5.2 -7.8 0 -1
e 19,28 G, -78 -1k +73 -78. iU -12.8 0 -8R
SeEL 29015 +15. - -5, 16k -iiz. 41,8 -17.9 -48.4

g.57 .46 +3 -z 43 +& -2. +1.o 6.1 UL
I §.76 +7 -4, -5 +42 -4¢ +6.8 -6.2  -41.0
et 196 +1Z =73, -1 +76. =74 +12.8 115 -48.b
Jo.BT 18,7 +1B -167. -1 +118,  -18g +17.5 169 -46.5
§1,1% 0 3B.79 +2¢ - 138, -2 <143, -144 23,0 -2 -4
21.7% ABVER 32, =18l -Za. #1077, -1ie. IR -EEVT -RELD
st 5BU4Z +he, -194, =26, 4286, 193, #3134 -29.5 0 -44.2

510 £.68 +¢, 4, +2Z. +14. +. +2.3 +1.6  U/C
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MODDLO - VIGA ]

RESULTADOS DOS ENSAIOS

. Ensalo 2

- DESLOCAMENTOS

TJaBeLAS

GRAFICOS



MODELD: VIGA REBITADA I

DATA: 2 DE FEVEREIRD DE 1%

EMSAIO Mro:2

He

ETAPA

CARGA APL
REDIA
(kM}

(S —y

Ll =S << - BRI R N N N

WIRERTO: 10:30
DESLOCRENRTS
{@m}

Flo i Pio 2 Pto
.00 R
202 2,00
332 35
481 4.45
A2 A
1.64 1.57
2.9 2.77
4.14 3.94
3.3¥® 3.12
6.65 6.31
7.5 7.54
9.54 9.04

1.48
2.65
3.81
3.0t
£.19
7.43
8.88
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VIGH REBITRDH - MODELO 1 -ER58I0 2
LCCAMENTES (mm}
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23 30 73 it
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EPicl +Pic2 oPlo3 APtod ¥YPRio:
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MODELO - VIGA I

RESULTADOS DOS ENSAIOS

. ENsalo 2

- DEFCRMACOES

EXTENSOMETROS ELETRICOS DE RESISTENCIA
Uniaxiais
RoseTAS



UNIVERSIDADE DE SAOD PAULD
£ZCOLA DE ENGENHARIA DE SAGC CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACD REBITADAS
YIiba I ENSAIO No.Z2 DATA: ©B/22/71
DEFORMACOCES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS
ZECRD 1
£y Fo i Z 3 4 5] & 7 E ié
(ki ey i (i g1y 1 (pfy (EES & iy {4 i
R L8 +% €. i +9, + + + +1 +1. +
: §.64 +11E +177 +14¢ +187. 447 -t1z -z -138 52,
19.44 +282, <245 +273 +Z216,  +i5l -23Z e -27%.  -l&3.
Z +378, 4152 +48 +327. +IEE -85, -t -414,  -I7%. :
1. 5 +5 +, +5 +5 * -8 +1. -3
14,82 5.76 123, +1Zi. +ldb. #116, #lel, -1ET. -143, -9
29,67 159,28 +244, 4247, +278. +217. #1935, -ZI8. =273, -1B%
J8.B2 29,3 +373. <376, +A16. 4326, 4250, -340. -816, =179
§9.91  39.0z 57, HESZ. +04L. #4340 43BI. -diE =345, -I73

3k
3101 4B.9% t623.  #b16,  +b7B, 4538, +&7h. D06,

6l.2¢  3B.53 745, +74L, +Bli. th44. 434G, -8RI -THI. -BE3. 34l -557
71.46  6B8.29 897, +BlZ. +976. 4747, 4649,  -TSE. 877 -913. -3 ~B89
6.12 6.99 +89.  -1i8. +64, +19. th,  +l7E. -91 +488. -4, -153




UNIVERSIDADE DE SAD PAULO

Z5COLA DE ENGENHARIA DE SA0 CARLOS

DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

VIGA I ENSAIO No.2 PRTA: 28/82/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS
SECAD 2

8 ; +1 9, 31, 4

$76. #BZ. +B9.  +Be.  sei,  -EL. -EZ. -l81,  -B7. <RI
+158 +154 +176 +157 4138 -i3 -162. -15E. -1k, -163
$I38. 4247, Deb.  #I3G. ISLL ZET. <B&, 29D, -1Th. DG4,
+ +3 + ¥ 45 +h 9, 5
+81, +83, +91, 455, +£5, ~55, -87, 14, ERER -B4.
+168,  +166,  #17h, 4168,  +13Z -138 -163 -286 -1z -16%
239, 4Z4%, 4261, 4236, 1% -2%L -245 -795 -17p -245

T4 LTT L 2 ToC PR ~77% P P ] -7 4
+116, 131, +347, +385, it 275, 377, Jez. 258, 326,

+392,  +414. #4837, +3B1. +325. -3E3. -4if. -4BZ. -29B. 464,

£1.2% 98.63 +467.  #495,  +036, 4449, +3te. -RZ3, 0 -497, -OTA. 0 -39, -486.
71.4¢6  68.29 +33%.  +378.  +b42, 4915,  +351.  -4BB, 075, -672. -419.  -563.
8.12 0.00 +31. +18. 122, -9. -4, +13. -3. +27. -3. -8.
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UNIVERSIDADE DE SAD PAULD
ESCOLA DE ENGENHARIA DE SAU CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITARDAS
VIGA I ENSAIDO No.Z DATA: ©B8/82/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS
SECAD 3
Fi Fo . Z it £ 3 £
{kN) (kN (el gy (pg) i (e 1§t
%.66 G.66 6. -1, +6 + £y &
16,32 9.64 +16 +83. +74 -84 -g7 -57
20,63 19.49 +154 +167 +147 -1k -173 -132
6.8 28,77 +237 +251 +27% R -26% -1%¢
6,12 6.12 ¥l +4 +3 - -4 -1
16,42 §.76 +7E, +86. +76. -EB&, -Eg, -67.
26,63  19.28 +104, 4169, 4147, -L&F. -17Z, 131
36,83 29.3B 236, 4753, #1253, -ERL. 0 -R2EDL -1RE,
46,91 35.82 +313. 357, +E%E. 0 -l4e, -3ék, ~Zh4,

St 4B.9e +3%6. #4272, 4367,  -4Z7,  -431. -336,

61.2 38,63 +467,  +38B. 4436, -1, -3Z9. 395,
71,46 4B.29 +D41. #9599, #4899, D99, -R2%.  -45%.
8.12 .09 +38. +21. +4, -3, -23. +3




UNIVERSIDADE DE SA0 PAULD

ESCOLA DE ENGENHARIA DE SAC CARLOS

DEPARTAMENTO DE ESTRUTURAS

ENSAIOC DE VIBGAS DE ACO REBITADAS
ENSAID No.Z2

VIGA I
DEFORMACDES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS

ROSETA 1

G, o0
16,37
RN
36,83

¢.17

19,42
25,63
36.83
6,51

i

T

i
i

41,28
71.48

9.12

-
Lt

+4,

34
ke
w0

+

+213,
+266.

DATA: ©8/©2/91

Rt I B o

'
Pl b s
CSIeoare BOY Qa LN

[SLATNE W S & )

1

'
T4 B2
hy =
o

-23.

U ey

P
RS v}

[, T o QN

e

LIRE B S

~1) el

o~

0

1o
BT
+LE ]
+h4.7
444,58
+hi .4
+44,72
+44.4
¥44.4
$EL.3




UNIVERSIDADE DE SA0 PAULD
ESCOLA DE ENGENHARIA DE SAD CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAID DE VIGAS DE ACO REBITADAS
VIBGA 1 ENSAI0 No.Z2 DATA: ©B/82/91

DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS

ROSETA 2

@,60 Y 9. 9 +9 5. 46 Lk
16,72 9.64 -4 +45 -7. +45, NG wel o
26.¢63 19,49 -4 +83 -1 +E2 -9z +12.1 -
38,87 29,77 -4 +12€. -17 417 e LN -

¢.12 8.1 ¥z 5 +7 + -t sl
16,43 176 -1 -5, 445, =55, +7.4
20,62 9.28 -2, -14. +2%, -5z, +12.4
36,82 29,38 -2, -1, +127. -146, +18.1
46,91 9,82 -7, . -22.  #1%%, -1BZ +2%.4
S g.9¢ -1 +155. -28 +155, -2If +28.8 -
61.26  9B.&3 +2 =36, #2384, 274, #3450 -
71.4¢  4B.2% +3 -48. +IBA, -iio.  tAl1 0 -

8.12 .80 +9, +31 3. +31. -19. +53.8

@+
=
[N )

SR B o A |

-+
P
Ml
=

+47.
+43,
+43

+43.

— L~y R

+43.6
+42.6
+41.2




UMIVERSIDADE

DE SA0 PAULD

ESCOLA DE ENGENHARIA DE SA0 CaARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIBGAS DE ACO REBITADAS

YIBA 1

DEFDORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS

ROSETA =

ENSAID No.Z22

¢.12 g1z
14.43 &7
20,63 19,2
36,83 25.3
£8.91 Itz
ol il 4B.%¢

61.28
71,40
9.12

o~ N
LT o o B & ]
® - -
L n T AN B o
ry

ga é-b o

{EF) {ré) {gf)
+f +9, +8
S ST

-z +122. -17
+2 +5 +1
-z +44, -B
-7 +83. -1
-1, +125, -15

'
+

—_
[=
o

'
—

(&)

€, +26L, -24,

., 4244, =31,
-1, +296. ~46.
+4. +28. -1,

DATA: ©B/62/91

I £ 0y (=

Lt fpts {BPa) (KPa)
sz, +8, +8.8 +4,6
* -55. +5.5 -G8
SRS LA O DI N ST
“i -1z +17.9  -i1.B
-5 -4, +1.50 ~¢.7
L -54, +6.4 -5.2
+£5 -59 12,6 -18.4
#1725 -141 +1B.6  -23.4
+ikE, 186, 4245 187
+245, -izB, 43T 3.6
+247, =278, 368  -45.9
+251 -346,  +42,3  -55.9
+79. -2, +4.8 -3.4

Y
£
[}

— O ot TR

<+
p=
(&)

" .

iy R o R P

O




UNIVERSIDADE DE SAD FAULD
ESCOLA DE ENGEMHARIA DE SA0 CARLOS
DEFPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACUD REBITADAS

VIGA I ENSAIC No.Z2 DATAR: eB/02/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS
ROSETA 4

1 £z 04 0= a

0. 9% +4 +h + . + +6.0 +6.6 UL
§.c4 -1 +47 -7 +iL, -4 +6.4 -8B +E2.3
2.4% -Z +22 ! +El -9 12,2 -15.8 45

2.7 -3 +118 14 ~11% ~13¢ 7.7 -21.b 48D

Z 12 iz +5 41 = - 1,3 -6.7 4431
16,62 5.7t +] +6E, =& +4f -56. +7.1 -B.2 #4337
20,03 19.28 R +8%. -4, +23, -03, 412,30 -1 443
368 75,3 -2+ -3 #12h 136, 4181 22,5 443.7
4g,51  I5.0% -4 +lEE -8 i3, 186, 23,5 29,8 +43.8
al il he,ge TR S TN N -ih. 0 #1853, -224, +EBE 0 -IT.4 0 43Le
61,26 52,65 -7 +231. -I60 4331 -274. 4336 466 #4303
714 £6.2% -7 +268, -6t. #2865, -342. 437.5 -3B.B #4422
9.1z .06 +9 27, -12. +29. -3, +4.4 -1.5 133.2




UNIVERSIDADE DE SAD PAULO
ESCOLA DE ENGENHARIA DE SA0 CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

YIiga I ENSAID No.2Z DATAR: ©B/62/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOCS DAS ROSETAS
ROSETA S
Fi Fo €o £ £ €, £ Cy T {
(VK TkN) {gE) {gf) {gf {pF) (g ¢ Krz) {0}
0.94 .09 +5, +h +4, +§ +8 R +9.6  U/C
16,72 .64 46, -4 -9, 437 -42 +L,7 -7.2  -ii.E
26,67  19.48 +6. -75 -14, +7 -79 +e.6 130 -41.7
36,87 29.27 +16.  -115, =26, 4187, -lle. +lh.Z -19.8 0 411
.12 8.17 +7, +3. +7 47 +1 +6.7 +5.4 U/
16,43 9.7¢4 +3. -4¢, -5, +37, -46, +5.7 -£,3  -41.%
0.67  19.28 9, -76. -12. +73. ~76. #1170 -12.3 0 418
36,83 29.38 +14,  -114, -18,  #iti. -115,  +17.2  -1B.3 -46.9
48,91 39.82 +19. -156, -23. +l4f,  ~192, 4227  -ZAhF -46.%
S1.11 4B.98 +26.  -196. =31, +lB3.  -192, +Zg.ek -36.E -&8.E

£1.76  9B.45 27, -23L, -4, 4222, -234. #3427 -7 -40.8
71.48 88,29 +32.  -2BL. -53. +26E.  -ZBY.  +Le.§ 47,8 -46.6
8.12 9.09 7. -23. 8, +31. -23. +3.4 =35 -4l
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MODELG - VIGA f

RESULTADOS DOS ENSAIOS

. ENsaio 3

-~ DESLOCAMENTOS

TaBELAS

GRAFICOS



MODELD: VIGS REPITADA I

DATA:15 DE FEVEREIRD DE 1991

ENSAID Bro:3

ETAPA CARGA APL

¥EDIA
{kM?

Ptz 5

s
Laaali < B = B e B B T 4 B o A I S R

o
)

-~
B R

15
16

o I
PR A
HEZELHEE

LA
4

4.00
5.2
6.42
.65
8.89
0.2z
12,96
14,37
1£.82
17.33

[ AL SR o S S
« vwT e .
cntﬁc-\.hc;
— h O ~u o

&

10.97
11.99
14.29
16.£3
17.15



MODELO - VIGA I

RESULTADOS DOS ENSAIOS

. Ensalo 3

- DEFORMACOES

EXTENSOMETROS ELETRICOS DE RESISTENCIA
Uniaxiais
RoseTas



-8 S enmes

13Ty DENTTONG _ RANIT: 7 T _ FRISAEn %
ViR ROLOLIMUR ~ FHTULULLY L T LROMIU 3

DESLOCAMENTOS (mm)

i

}

25 50 75 160
CORGE MEDIA APLICADR ()
oOPta{ +Piop2 OPto3 4Ptod vPic3




UNIVERSIDADE DE SA0 PAULD

ESCOLA DE ENGENHARIA DE 5A0 CARLOS

DEPARTAMENTO DE ESTRUTURAS

ENSRIC DE VIGAS DE

YIGA I
DEFORMACOES DOS
SECADC 1
Fa Fz
{kiv} (k)
.60 R
16.06 G.87
28,48 19.31
36,72 5.3
6.80 6.04
16.26 9.7¢
26.32  19.63
38,72 29.3%
46.86  39.24
6.8 49.13
61,88  03B.77
71.84  9.11
81.81  78.98
91.69  B6.BI
196.94  98.84
167,74 183.73
163.98 184.74
.12 8.12

ENSAIO No.3

167,
+229.
+351,
+471.
+393.

+717.
+B43.
+972.
+1123.
+1293,

+13%6.
+1486,
+131,

ACO REBITADAS

DaTA:

15/702/91
EXTENSOMETROS ELETRICOS UNIAXIAIS

2 3 4
(i) {gt) (g6

4+ G, +4,
$12 +146,  +103,
+744 +287 +268
+349 25 +314

+3 +3 +7
+174, 4151, +led,
+248.  +2%1.  +289,
#3701, 4428, 4316,
+493,  +0RB. 4419,
+618.  +69B. 4374,
+746, 832, 4629,
+B64, 4989, 4735,
+966. #1113,  +B47.
+348,  +1329. 4934,
+927.  +1589. +1837.
+913.  +1a97.  +1e93.
+891,  +1695, +1889,
=391, #2141, -16.

+365.
+635.
+749,
+B4Z.
+978,

+1667,
+1698.
+119.

-166,
-214,
-334,
-458,
-3bb.

-478.
-793.
-919.
-1646.
-1178.

-1181.
-1131.
-63.

s

2L

TLEL,

=37,
-4E%,
-4,

737

-g62.
-981.
-1489.
-1193.

-1297,
-1362,
-2

¢ 9
{50 iy
+ +4,
-4z -91,
-i75. -8
-t1g,. =277
+, +2
-145. -B8,
-278 -18:
-415, =275,
-354,  -348
-£%4,  -482.
-EIE. -85
‘\" =4
T G ~0J
-1126 -743.
~1368.  -Biéb.
-13¢8. -%72.
-iZ23, -1833.
-1at -1489.
T4t -136,




UNIVERSIDAGDE DE SA0 PAULGC
ESCOLA DY ENGENHARIA DE SAO CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIC DE VIGAS DE ACO REBITADAS
YIGA I ENSAIO No.3 DATA: 15/62/71
DEFORMACGCES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS

F. - 1 2 3 4 5

(kK i {Ef) {§€) {4e} (§C) {pfF)

g,6¢ éoer +6 + +1 +8. +4 +6 + +6. 41, +4
16,68 .87 +4% +82, +97, +72, +45 -85, -8 -%E. -57. -81.
28,46 19,51 161, 4164, +1BY. 147,  +131 ~-{&1, -z -186, -116. -15%
38,7z 793k +212, 4247 281, 4I24. 4197 =270, -4z -273 -177. -3
.84 &0 +3 +3, +4, w4, +3 +4 3 t7 +3, v
10.2¢ 9.7¢ +4B. +B84,  +161., +72. +48., -4f, -7k, -97, ~55, -84,
26.52 F.62 +148.  +leb. 4193, +147. 4133, 13§, -ié%. -18h,  -115.  -1SE.
3677 19.3% +214, 4248, 4282, #4271, 4198, -22¢. 24l <274 -176. <234,
49.89  I%.1: +764,  +3ZB. 4373, 294, 4262, -29% -JE. -7, -238. -3,

56,88 49.132 +303.  +411. +46%. +3&7. 4328, -3Be.  -4e5. -&42. -I99. -3EI.

6l.e8 38,77 +426. 4497, 4363, 439, 4394, -RbLL. 0 45N, -EZTL 0 -3l 437,
71.84 69,11 +497. 4074, +bbl. 4019, +dbB. 043, -GRE. -6lL. -424. -33Z,
B1.41  78.98 +369. 4638, 4739,  +383. 4319, 623, -&3l. -499.  -486.  -h4T,
91,69  B8.B3 thh4. 4743, +BB7.  +47. 4373, -784.  -T3h. -799.  -G4b. -494,
160.94  96.64 +763. 824, +1141,  +7€3. 4636, 791, -Bi7.  -BBL. -84, -779,

167,74 165,27 717, 48
183.98  164.7h +696. 4B
8,12 8.12 +17. -

t. +1477, 4735,  +6BY. -BE7.  -&Ts. -B%E. 832, -E
8. +1373. 4745, +6B7.  -B7E. -7, -BBZ. -645, B
3 +71. -3 -1%. -66. -7, +57. -13. -




UNIVERSIDADE DE SAD PAULD

£SCOLA DE ENBENHARIA DE SAOD CARLDOS

DEFPARTAMENTD DE ESTRUTURAS '

£NSAI0 DE VIGAS DE ACO REBITADAS

YiGa I ENSAIO No.3 DATA: 15/062/%1
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIARIS
TTCR0 3

F Fo i 2 3 4 3 6
f {kH {4£) (g} Lt (g€} Chol ke
§.6¢ &.69 . +, 8, %, . +1.
9.87 +58. +83. +4E, -2z, -B=, -£5,
19.51 +137. #let.  +1I6. -lEE, -lkb. 0 -1DS,
25,38 +26%, 4236, 205, -Z3IL 0 R4, -iREL

8.0 +Z. +Z, iz, ti, i, TL.

9.7¢ +ho. +B4. +67, -

. gi
29,57 19.63 +{38, 4167, #13B. -165. -1hk -1zz
3672 29,38 211, #2891, +288.  -23l. -744 -153
L6.86 39.Zh #2672, #3358, +iTe. =33k, 324, -IEE
oe.B8 49,13 +354. #4201, +347. -423 -48z. 323

+423,  +546, 415, -HE. -4
+499,  +3%4.  +486. -394, -3
+377.  +bB&.  +30B.  -6BZ,  -é:
+637, 786, +626.  -7h%.  -693.  -G4l.
+736.  +Bh9.  +hBI.  -B38. 724, -hI%.

[an]

—

-

f>d

—_—
~0 &~ o~ N
o0 oo 00 ~0 o)

P
g e

E&ES8-

+785. 4984, +71B. -§3LL &3
731, +B93. 4769, 932, 885, -idE
+1E. -12. -6, -3 il

T

—
5
n
-
~
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=~ = A |

«  w W

— =] P

o~




UNMIVERSIDADE DE SA0 PAULO

£SCOLA DE ENGENHARIA DE SA0 CARLOS

DEPARTAMENTO DE ESTRUTURAS

ELETRICOS DAS ROSETAS

VIBA I ENSAIO No.3 DATA: 15/62/91
DEFORMACOES DOS EXTENSOMETROS
RKOSETA 1§
Fi Fi‘ Em Eb E: :1 = 01
{kN) (ENI (gt (465 {Ec) (B e {#Fa)
.00 .60 +h, +1. 46, +, -1 +8.1
19.88 9.87 -1 +36. -3, +3E, -&z +3.3
2.4 19.5 -1, +79, -9, +7%, VI S L)
3872 29.3E -4, 4163, -5, #lel, -1k +15.8
.96 .96 +3. +4. +3, +4. +Z +1.8
16,28 5.74 +2 +39, =3, +39. -&E, +6.1
28,32 19.43 +4, +73, -g. +73. -g5.,  +11.8
36.72  29.38 -2, +led, -13 +185. -12% +15.3
4p.8¢  39.2% -3 +138. =26, 4135, -i&d +26.3
26.88  49.13 -2, #1735, =26, #1700 -ZelL 425.9
al.88  98.77 +§.  +268. =33 285, ST 438
71.84  &9.11 +3. 4245, -84, 4246, -2B7,  +3b.8
81.61  78.98 +9. 284, -3 +283. -331. +41.B
91.69  BEB.B3 +16., 4326, =71, 329, -3BA.  +4B.2
109.94  98.84 +29. +382. -%6, #3687, 434, +D6.4
187.74 183,23 +38. 438, <129, +44%, +63.7
183.98 184.74 +44, #4851, 148, 45D, +63.9
8.12 .12 +44, +46. -17. +34, -Z7. +le.d

[, BRI S N |

w ® B e .
Lo o B s IR = R 2N

- - ;
[P RS ]

Vb

e

O~

-+
-Ew
ot

~

+
N
[e]
I

“+
e
i
- N " -
[ SR I R S B

"
[ 5,

+42,
+42.8
+41.3
+48.7

+46.1
+39.8
+26.1




UNIVERSIDADE DE SA0 PAULD
ESCOLA DE ENGENHARIA DE S5A0 CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS
ENSAIO No.3

YIGA 1

DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS

ROSETH 2

PATA:

Fa Fo
(kNI (kR
8.9 b.e8
16,68 .87
26,48 .ol
3.7z 25.36
.49 .48
16.2¢ 9.76
20.37  19.43
872 29.3B
49.80  39.Z4
58.86 13
sl.88 32,77
71,846 B9.11
81,61 78.98
91.69  BB.85
19¢.94  98.B4
167.74  183.73
183.98  164.7%
8.12 .12

+1@,

+12.
+15.
+18.
+21.
+24.

126,
+26.
6.

e £
Lpts {pE
o, +
L4, -
+77, =13
+113, ZZ
+3, +1,
+53, -4,
+75. -1z,
118, -1,
+149, -Z5.
+184, -39,
+Z215. -47
+254, -ti
+289. -7
+324. -B
+362.  -1il.
+3%1 13z
+393. -1d7,
+26. -3

: t=

gt (L€}
+1 -9,
+46, -3,
+77 -87.
+1150 0 -1,
+3, +Z.
+47 -43,
+B4. -87.
+it4, -1Z29,
198, -171.
+186. -214,
<27, -497.
+257. -3e2,
+293.  -348.
+328, -396.
+368.  -455
+3%E -51¢.
481 -521.
+27. -26.

15/702/91

[ 0=
0.7
+6.1 :
+11.58 i
+16.7 Z1
LB+

+£.7

+17
iz,

+17.6

+27,

7
<
1
¢
t28.1 -IE,
§

+32.3 =43
+37.2  -54.8
+42.4  -38.3
+47.1  -47.8
+52.1  -77.4
+53.3  -£7.%
+55.1 -98.3
44,3 -4.8




UMIVERSIDADE DE SAD PAULD

ESCOLA DE ENGENHARIA DE SA0 CARLOS

DEPARTAMENTO DE ESTRUTURAS

YIige I ENSAIZ No.3 DRATA: 15/62/91
DEFORMACDOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS
FOSETA 3
Fi F2 6@ Et Ec ty 52 G4 G G
%y (kN} (BE) (pts {5 13 (4 (fire {Hrz) iy
G40 8,68 +é, + +1, +1 -4, 46,7 +9.6 /L
14,08 9.87 +4, +i, -2, +46. -45. 47,5 -6, 4837
2449 19,91 4 2z, -5, +Ba -91 13,3 -147 0 #4876
3670 29.3E +3. #1it -1t 1250 -1 356 S22, #4317
0,69 .00 +2, 2 +3 +1. 47 +5.8 +§.6 WL
16,29 g.76 +5 +45 + +49 -85, +B.1 -6.7  #4%.
268,32 19,63 +h +£7 -2 +89. -%1. 0 #1390 14,0 +42.9
36,72 29.35 LT SV -1% +127. -137. 19,4 -22.2 +#4%.7
4.8 19.26 6. -Z3. 4184, -1BL. +ZEB <298 4Lt
56,88 45.13 +E, ! +204,  -728.  +36.6  -37.6  +42.4
si.85  3B.77 +f +lke, -4z 242, -176. #3580 <40 #RI3
71.864  89.11 7. 4270, -54 +279. -326.  +48.8 D46 +42.1
B1.81  78.98 +h +I1E, -68 +316. -379. +#43.6  -63.9  #41.9
91.69  BB.8D +4, 4336, -B6 #3533, -433.  +9é.1 -74.2 #4417
18¢.94  98.94 -1 +384, -118 +388, -367. #53.1 -88.1 +41.2
167.74 183.23 -G, #kil -i83,  +46BE.  -3B1.  482.7 -1€3.2  +#4¢.5
185.98 18476 -13. -1B6.  +484.  -59B. +90.7 -187.3  +49.2
8.1 8.12 6. < + +31. =24, +3.3 -3.3  +41.1

ENSAIO DE VIGAS DE ACO REBITADAS




UNIVERSIDADE DE SA0 FPAULO

ESCOLA DE ENGENHARIA DE 5A0 CARLOS
DEPARTAMENTCO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

VIGA I ENSAID No.3 DATAR: 1i5/92/91
DEFORMACOES D05 EXTENSOMETROS ELETRICOS DAS ROSETAS
ROSETA 4

Feo Fz . fs fe Ex fz 0. 0z ;
N R U W6 e 6 UF) G (o)
§.60 .00 : W, . 4 IR X R A
1683 9.87 ST <50 431 AT, 451 -BD 4428
26,46 19.51 - 4T <18 4TR <Sh sIRB -l +42.3
.77 2938 T T <25, #1ED. -1ED, 45 SIS T
5.0 0.4 O A A A SR R N1l
16,20 9.6 -l #46. -8 sR8. <ME, 45T B2 42,8
26,5 19.63 -3 475, -8, 4750 <%, 0.6 <185 HL.S
3672 2938 -h. 4169, <28, 4109, <143, 414§ 249 2.
56,80 35.24 “Esl62. <AL +H83. -19Z, 0 4192 -3 H2.2
50.88 4913 -1, 4175, <55, #1076,  -24Z. 4233 -ALT A2
618 5877 -ii. 4267, 7L, 23, -M94. 4207 -SLL LB
L4 6011 -2, 4239, <91, 4242, 349, 436.8 -b2.4 4414
B1.61 78,98 -25. 4276, -3, 427h. 406, 4342 T3 4L
91.69 BB.85  -Il.  +364, -143, 4316, -4bb.  +38.4  -BAL 46,1
109.94  98.84 7. 4334, 201, 4344, -553.  +40.3 -101.2  +38.7
167,74 185.23 <16 <338, 296, +35B. -839. #3600 -1242 4306
105.98 10476 -iI.  +338, -3 43R, -8B, 4330 -13LZ 436.
.02 61z L, 3. <29, 8. -k, 41T ST 42449




UNIVERSIDADE DE SAOQ PAULO
ESCOLA DE ENGENHARIA DE SAOQ CARLOS
DEPARTAMENTD DE ESTRUTURAS
ENSAIO DE VIGAS DE ACO REBITADAS
VIBA I ENSAID No.3 DATA: 15/02/%1
DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS
ROSETE S
Fu S s (2 04 0z ;
O G W WE wd U8 g e (el (9)
8.0 640 + + W, RN RN 15
16,65 7,67 P S L U £ RT3 S S S X
2648 1950 #1300 TR0 <15, <770 <79, #1280 -2 -39.8
3677 IR 426, <115, =25 #1150 =117, 41,8 <187 <397
6.0 0.60 3. 43, sl 43, wE. o H0E #h UC
16,28 9.7% 5, =3 i #4300 =39 469 -hb -0
20,52 19.43 #1577 <13, 486, TR, #4127 -12.2 -39.8
.77 2936 4L, -lth, =220 45 -llE. +1B -84 <397
89,5 1506+, <182, <36, 4156, -155. 4234 <247 307
S6.88  49.13 43l -191, -39, 4187, -194. 4289 <32 -30.7
188 ST 43, -I3L. 4B, 2E2. D35, +3LZ -3T.E 30T
TL.8h 6901 #42, <272, k6. 4239, <277, 4397 <449 -394
81.81  78.98 #4432, -Th, 4294, -318. +4hB  -51.7  -39.5
91.89 8885 +56. 354, -B3. #327. =340, +49.4 -59.1  -39.4
169.94 96,84 55, -39, -97.  +36l. 404, #5401 bbb -39.3
167.74 40, -426,  -118.  +384.  -435. 457,27 -TLY -39
165.98 46, <425,  -113,  +36L.  -A3h. 4545 -T2 -39
6.1 -5, < #e. b LB <66 -36.1
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MODELO - VIGA ]

RESULTADOS DOS ENSAIOS

. ENsaic 1

[

. ENnsalo 2

- DESLOCAMENTOS

- DEFORMACOES



MODELO -~ VIGA 11

RESULTADOSE DOS ENSAICS

. ENsaio 1

- DESLOCAMENTCS

TaBELAS

BRAFICOS



HODELO: VIGA REBITADA II EMSAIO Hro:l

D4TR:19 DE FEVEREIRD [E 1994 HORARIG: B:45 He
ETAFL  CARGA AFL DESLOTAENTS
MELTA {mm!
(kM)

5.00 0.9 0.00 0.10 6.00 .60
i 9.90 1.3 1.29 1.28 1.47 7%
2 19.45 2.25 2.18 2.0 1.67 Liz
3 79.83 3.9 3.16 3.08 2.1% 1.7
4 ] -0z =03 06 .05 -1
2 9.95 1.29 1.26 115 9 .76
& 20.00 2.3 2.28 2.18 1.6&6 1.31
7 30.00 3.42 3.28 3.15 2.20 2.63
B 40,05 4.35 4,20 4.62 .73 2.43
S 49.95 9.5 5.13 4.91 .27 2.8
19 59.95 6.3 6.17 5.97 3.91 3.40
11 70.05 7.52 7.26 7.62 433 3.9
12 80.03 8.7 8.49 8.23 5.27 .67
i £9.93 10.07 9.72 9.45 £.00 SE

i4 106,69 11.46  11.08 10.79 £.78 6.04
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MODELO - VIGA 1]

RESULTADOS DOS ENSAIOS

. Ensao 1

- DEFORMACOES

EXTENSOMETROS ELETRICOS DE RESISTENCIA
Uniaxials
RoseTas



Soang:l Sogdof:) ' Se éu 2) n_&}_:gdo‘:)

©» ©

640 | 320 to4o | |
|

640

e e e e e e P Eo S e

o 4+ 4 + o 4]

(lh"*“'ﬁi,

Y 640 N 320 | loao = 080 B 3o N 640

I 1 T l

B S e~ 5 e e e e SR [ = ————s P —
bt gt ¢ 4 b ¢ 9 ¢ ¢ P b A B R, ¥ I SO F B G - b @

NOTA | a3 SECGES .@E EXTENSOMETROS ELETRICOS OE RESISTENCIA SOMENTE NA MESA
TRACIONADA E NUMERADDS DE MANEIRA I|GUAL A szcio@



UWNIVERSIDADE DE SA0 FARULD

ESCOLA DE ENGENHARIA DE SAD0 CARLOS

DEPARTAMENTO DE ESTRUTURAS

ENSAIC DE VIGAS DE ACO REBITADAS
DATA:
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UMIAXIAIS

ENSAID No.1

VIGA 1T
SECAO 1
Fa > !
(Er (KD ()
19.22 4268,
15 43,
9,48 +b.
§.68 4,
.77 %78+l
26.57 1948 <263,
.97 2945 436
8127 38,79 4B,
51,58 4837 491
bl.66  5B.19  +6ld.
7186 62,18 +726.
BI.B]  TB.2E +B2Z.
91.68  88.84 4914,

161,76 98.14  +1682,
8.12 0.60 +39.

+169.
+282.
+378.
71,
+564.

+639.
+7535,
+849.
+944.,

+21.

+17§,
+262.
+4,
+4,
+91,

+17€.
+263.,
+338,
+448,
+544,

+6h44,
+751.
+851.
+996.

+33.

+144,
+244,
+324,
+481,
+486,

+5362.
+657.
+743.
+84b.

+35.

4
— LN LN

-+
-t

+138.
+284.
+272.
+333.
+39Z,

+432.
+313,
+373.
+637.

-29.

-191.
-285,
-381.
-474.
=572,

-b71.
~172,
-879.
-972.

-1b.

19/762/91

-

=il
-354.,
-45¢

cim
JEL,

-627.
=787,
-8z,
-8,

+76,

el COY
=

DOV, B NGRS

]
[ I N
~J

|
i

O

1
n

-héZ.
-783,
-89,
-988.

-3,

) +
B B I 3 TS I

1
o

-183.

=217,

-287.
Tcon

bl

-428,

-8,
-5
-6z,
=736,
-1,

-586.
-538.
+7.




UMIVERSIDADE DE SAD PAULO
ESCOLA DE ENGEWNHARIA DE S5AD CARLOS
DEPARTAMENTG DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

VIGA II ENSAIO No.1 DATA: 19/62/91
DEFORMACDOES D0OS EXTENSOMETROS ELETRICOS UNIAXIAIS
SECGAO 2

F, Fo 1 2 3 3 3 2 7 & 9 1%
(kR {kN) (B} {pe) (gé) {§f) {ae} {gf) (£ 913 LEE)
26.28  19.28 +118. 4119, +1Z1.  +lez, +96,  ~131. -lis. 1L -92. -G8,
6.7 78,19 +179,  +#1BE.  +1BZ. 4134, 4151, =281,  -iz0. -ikd -135, -137.

6,94 .06 +4 +1. +, +3, +7. +4, +I +2. +2 -1

6.12 .66 +4 +7, +4, +4, +7. 44, 17, LV +7 -1
16,32 ¥.78 +69, +67, +65. +33. 456, -47. -85, -5, -4E, -4L,
28.57 19,40 +119, 412z, #127. 414, 4165, -134, -iiE -16E. -89, -91.
36,72 29,158 +177.  +#18t,  +188, #1324, 4134,  -208, -17% -165. =137, -1i7.
41,27  3B.79 +24G, 4244, #2459, 4267, 4289, -267. -238, -Z21.  -1B3.  -1BL.
51.38 48,32 +296. 4364, +388. 4295, 4264, <333, -Z%:,  -27% ~238. -133.
61.66  5B.19 +355.  43kb.  43bB. #3864, 4372, -861., -I3E. -33T -281.  -ZBE.

71.86  68.18 414, #427, 4432, 4334, +IB4, -46B. -4, 385, -33. 338,
B1.8%  78.28 +473.  +AB7.  +4%8. 4467,  +447, -G§34, -47%. 453, <377, -3L.
91.68  88.94 +332,  +546.  +368.  +438.  +565. -397. -89, -§ii. 423, -3%4.
161.76  98.14 +395. 4683, +637.  +014. 452,  -bb4,  -598.  -57¢. 471, -423.

0.12 $.06 +3. +. +21. +3. +33. +3. +, -71. +. +37.




UMIVERSIDARDE DE SAD PAULD
ESCOLA DE ENGENHARIA DE 5A0 CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAID DE VYIGAS DE ACO REBITADAS

VIGA II ENSAID No.l DATA: 12/02/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS
SECAD 3

Fa o Fa ! 2 3 ! : :

25,28 19,28 119, +1722, #1802, -{1h. -136, ~%7.

.72 29.1% +179.  +#182. 183, 17k, <196, -14LL
5.09 8.94 0, +0, +2Z, +2. +2. -1,
€,12 6.08 +1. +8. +Z, +2. +1. 6.

14,32 9.76 +39, +51, +32. -3%. 63, -84,

26,92 19.4¢ +119. +122, +184, -1l6. -136, -93,

39,72 29,15 +18e.  +183. #1835, -173. 0 -1%4. -4

41,27 38.7% +242. +Z44,  +29E. -233,  -2%8 -185.

21.98 4832 389, 4382, 42537, -292.  -32z. I3,

ti.66 56,19 +339. #3539, +3eE,  -34%. -IBH. -2BL,

.18 1T, #8417, ¥35B,  -MBE. -436, -333.
] 476, +472,  +4eB.  -4bb,  -Ilh. 373
88.84 +335. +328. 453, -5825.  -3Bl.  -41Z.
161.76  98.14 +399. 383,  +366.  -381, -p44. 437,
8.12 0.9 +12. -13. -12, +, +. +32.




UMNIVERSIDADE DE SA0 PAULD
ESCOLA DE ENGENHARIA DE SAD CARLES
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

YIiGA II ENSAID MNo.1 DATA: 19/©2/91

DEFORMACOES DODS EXTENSOMETROS ELETRICOS UNIAXIAIS

SECARO 4
Fa Fz 1 2 3 Z = ) 7 ] g 19
(EN) (kN (ger {(BE) {pe) iy LEE] 913 {4f) (56) 156)
26,28 19.28 +9¢, +98,  +169, +74, +23. 76, -9z, -117. -lei, -54,
36,77 25.13 +146. 4149, #1664, +1i5. +iITL 0 -iZe. -16Z. -176. 152, -9,
9,69 9.89 +2. +, 7, +7. . +1, +9. +6. +, +1.
9.12 6.88 +2Z, +, +7. +7. 1. 1, -1, +4, +1. +1.
16.32 9.74 +i4, +31. +63, +HE, +41, -3, -47. -1 =51 -3¢
2 19,46 +97.  +16e, <4115, +BZ. +83, -17. =54, -118,  -141. LR

92
o7z 29.13 +142, #1536, +1bb. 4118, +1ZE, -i19. -i4L. -173. -15e. -98.
27 3B.79 +192,  +267.  +22B,  +l1.  +ieR. -161. -19¢. -Z3&. -199, -134,
31.38  48.32 +246, #2532, 4288, 4285, 4261, 784, -23E.  -ZB7.  -Z49,  -lh4,
6l.66  9B.19 +285. +38h. 4356, 4753, <735, -201. 0 -ZELL -346. -384, 10,

71.85  &£8.18 +331. #3489, 412, +2%s. 4269, -299. -3z, -d8%.  -352. 234,
g1.83  78.28 +374. +398. 4477, 4348, +38%. -G48, -IEl. 447, -484. -6E.
71.68  88.04 +421,  +449,  +346.  +3%.  +339. -39,  -486.  -528. 436, -I97.
161,76  98.14 +473.  +362,  +625.  +436. 4378, -447. -439. -394, -5i4, -332,

.12 .99 8. +. +86. +84, -1, -37. +46, -27. -22. +6.




UNMIVERSIDADE DE SAQ PAULD
ESCOLA DE ENGENHARIA DE 580 CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

VIGA I1 ENSAID No. 1l DATA: 19/0©2/91
DEFORMAGCOES DOS EXTENSCMETROS ELETRICOS UNIAXIAIS
SECAO S

Fu Fo i z T 4 g b
{kK) {kN) (ge) (gt} (it (gF} (56)

26.28 19,28 +91, +99, +6¢ -9%, -91. -64,
3671 1919 184, 4134, <145, -1ES, 0 =135, =57,

¢.9¢ 2,66 +7, -7, +7. +I, +4, +,

6,12 6.48 +5, -7, 47 47 +3. +4
16.32 7.7% +34. +48, +52. ~4g, -£7, ~29,
26.52  19.4% +55, +BE. +5E. -%7. -8k, -61,
.77 729.13 141, #1337, 4145, -147 -133 -93.
£1,27  3B.79 +192. 4185, +196. -1R%.  ~176. -125.
31,58 48.32 +241, #7229, 4747, -245, -721,  -1%§6.
61,66 SE.19 +297. 4275, 43¢z, -2%6.  -Ikb.  -1BD.

71.84  48.18 +331, 4322, 4335,  -I56. -Ii4. -216.
B1.B3 76.28 +46%.  +371.  +416. 462, -3RS.  -274.
91,68  88.94 +451.  +417.  +4h1,  -434, -4{5.  -243.
161,76 98.14 +916. 4462,  +512.  -502. -4&9.  -24B.

0.12 UL +57, -38. +41, +2. -9, +38,




UNIVERSIDADE DE Sa0 FARULD
ESCOLA DE ENGENHARIA DE SAD CARLDS
DEFARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACC REBITADAS
VIGA I ENSAIO No. il DATA: 19/02/%1

DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS

ROSETA 1

Fi Fo €a £ £c £s £ 0y 0=
(kW) {kK) {pé) 15l 39 (ye) (g€ [HFz)  (HPa)
26,28 19.78 -4, +24, -z, +54, 63, 7.7 -1
6.2 29.45 -t. +BL, -iZ +84,  -fez. 411 -17.3
6,00 .08 +3 2 +2, +3. +Z, +6.6 +6.t

.12 .89 3. 3. +Z. ¥, +2, +£.8 +6.6
18,32 ?.76 +L +2z, -, +28. -2k, +4.5 -k
26,52 19.48 ~2. 436, -£. +358. -3, +5.6 -18.E
36,72 29.15 -3, +537. -4, +87. -lez. #zn.7 -1
41,271 38.79 -4 +11%, -13, 4119, <136 #1707 -ELT
al.08  48.3Z -6, +13L -19. #1320 ~17h, #Z2Z7 -29.%
&1.66 56,19 -ho +iBe. =25, +lBs. -Zi4. 427060 -3
71.86 68,18 -1, <278, -3, #2286, 232, 4120 -41.9
B1.B3  78.20 +3,  HZ0%, - 2

F1.68  B88.64 +9. +78¢. -48. 287, <326, +AL.

.12 .60 +42, +29, +8.

&%, 4233, -2%B.  +IT.E 0 -1
48 7 -04.8
161.76  98.14 +22. 325, -98. 4327, -33. #%.1 -59.¢
8 +42, +7,  +18.6 +4.4

+4L
+44,
+47,
+43,
+43,

+43,
¥,
+hZ,
1,

+
-~

-
(== N A Lt

.

[ GG RN, QN




UNIVERSIDADE DE 540 PAULD

ESCOLA DE ENGENHARIA DE SAO0 CARLOS

DEFPARTAMENTC DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

VIGA I1I ENEAIOD No.il DATA: 19/062/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS
ROSETH 2

20,28 .28 +ig +71 -1 +73 -85, +11.9 -9,7 415
38,72 715 PN SN -26, 4167 -6k, #1720 -lc. +I%
B.6%  0.68 3. +3 +3. 43 47, .3 487 Wt
6.12 6.0 +5, +4 +3, +5 23, 1.3 6 U/t
16.32 §.7% +14, 4 -1, +4] =77, +7.1 SLE 43R

28,

37 19.48 +26, 774, -9, +75, -t4, #12.¢ +35.1
.77 19,18 t2h, H1ET =17, +le7. -8l #1780 <133 IR
41,77 3B.79 +33. t144 =25, 4147, -13B. #2370 -Z1LZ0 4352
31.98  48.32 1. +179, =33, #1850 -175, 0 #1930 <2701 #3RL
6l.66 5619 121, #2107 -bL. #2200 SZiLL 0 4307 F3ZLE 4IRS
71.8B6  £5B.18 +61. #2536, -ol. #3287, -ISZ. 4419 -19.27 +ERLT
B1.82 76,78 +£9,  +I%L. -6, #2990 256, #47.3 -he.d #3DLE
91.68  88.94 +74, #3235, =79, 334, -338. #02.3 0 -§E.T 0 43R4

161,76 %B.14 +87. 1363, -93. #373, -383. +5B.1 0 -6L.Z 0 43R
.12 .09 +29. +16, +3. +29. +3. +6.8 +2.6 U/L




UNIVERSIDADE DE SAD PAULD
ESCOLA DE ENGENHARIA DE SAD CARLOS
DEFARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS
VIGA 11 ENSAID No. i DATA: 19/062/%1
DEFORMACOES DOS EXTENSOMETROS ELETRICOS LAS ROSETAS
ROSETA =

Fi Fo £ € e £y £= 01 - g
™ L .
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.77 +17 +133 +h, 4133 =116, 4Zi Y - +47
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26,52 15.4¢ +15. +97. 9, +97. ~7%, +l6.E

.72 29.1% +6,  +134, +5, 4135, -4, +2%.¢

41,27 IE. +19,  +177, 2, #177. -156.  +I9.4

a1.98 48.37 +22. 4217, =L, #2417, -198,  +3%5.%
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8.1 +33. 4364, -13, #3853, -283. #4404 -IT.L 447,
.26 +33. 1343, -7Z. 346, -334. 0 43R -1t 44D
g.84 +30.  +362. -39, +384.  -3B4. #6805
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WMIVERSIDADE DE SA0 PAULD
LS: ‘LA DE ENGENHARIA DE SA0 CARLOS
DEFARTAMENTO DE ESTRUTURAS
ENSAIO DE VIGAS DE ACO REBITADAS
VIGA I1 ENSAIO No.1 DATA: 1%9/92/91
DEFORMACOES DDS EXTENMSOMETROS ELETRICOS DAS ROSETAS
ROSETA 4

3 Fa fa fs € £a €2 g 2

¥ (ih (WL pEy el (R L e (BPa (0
7078 19,28 -2, 4T3 T LSS 8 B VO BT V8
: 25,15 -l sl -9, #ilb. <119, slnT o -1R5 444

6,48 35 43 42, +5 S PR IS A T s

'R 4 s, 420 4 S A T 111
632 9.7 #. 4L -1 T A N R LN
7652 19.49 32, 477 -5, 71, TS, 12,5 +hdLg
.72 29,15 3, 4112 -7, s, -1, -85 s4hd
£1.27  38.79 +, 4156 9. #1581, 156, 156 +43.8
5.58 48,12 47, 4187, <15, #1BR. 1% S AT
Bl.66  SEI9 1. 4224, <21, 4205, -234, ST #43.6
TLB6 ABLIB +17. 283 <77, 42RA, Q7R HRET -MLR D4
Bi.B2  TEZE 427, 4383, -3A. #384. -3l <iTE 455 DLl
91.68  88.84  #37. 4342, -46. 344, 347, ¢34 -DAE +41.8
161,76 98.14  +A6,  +3B6. -8B, +383.  -3B5. <RI <489 441.5
8.12 8.69 +89. +27, ~14. +5h8. =17, +12.4 +4.3 +4.3




UNIVERSIDADE DE SA0 PAULD

ESCOLA DE ENGENHARIA DE SAD CARLOS

DEFARTAMENTO DE ESTRUTURAS

ENSRIO DE VIGAS DE ACO REBITADAS
ENSAIO MNo.1

DEFORMACOES DOS EXTEMSOMETROS ELETRICOS DAS ROSETAS

VIGA II
ROSETA S
Fa Fuo
(M) G
26,28 19.2
.92 25,15
890 660
6.2 €00
16,32 3. 75
26,57 19.4¢
.72 29.15
11,77 38.79
51,58 48.77
6.6 5819
7186 68.18
81.83  7B.28
91.68  B8.64
101,76 96,14
.12 0.99

+24,

+28.
+38.
+2h.

-7,

=

-183,

-144,
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i
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+31.4
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-42.3
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-42.3
-12.2
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MODELO - VIGA 1l

RESULTADOS DOS ENSA10S

. ENsalo 2

- DESLOCAMENTOS

.TABELAS

GRAFICOS



MOIELO: VIGA REBITADA II EMSAIO Mro:Z

DRTA:Z0 DE FEVEREIRO DE 1991 HORARIO: 8143 He

ET4PE CARGA APL DESLOCAMENTIS
HEDIA {mm)
(kN}
to Pio 2 Pic 2 Pl PLo 5

0.00 .00 G.08 6,50 0.0t 0.6
i 9.83 1.38 1.32 t.24 1.1 .75
2z 19.9 2.% 2.8 2.19 1.66 .35
3 29.95 3z 3.13 .95 215 1.67
.23 iz i3] ks J1t W57
9,90 27 1.24 21 i 7

30 2.2 15 55
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& e
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MODELO - VIGA 11

RESULTADOS DOS E!

P
"N
T

A10S

. ENsaio 2

- DEFORMACOES

EXTENSOMETROS ELETRICOS DE RESISTENCIA
UNiaxiais
RoseTAas



UMIVERSIDADE DE SA0 PAULOC
ESCOLA DE ENGENHARIA DE SAD CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENMSAIO DE VIGAS DE ACO REBITADAS

VIiGA I ENSAIO No.Z DATA: 21/82/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS
BECAD 1

£y Fa 1 2 3 4 3 £ 7 B 9 ié
{ih (kH) (g€ (gt i 3 LpE) g1 43 (g {pe) yia
§.42 4.9% -1 +8. -1 9, +6 + +1 + +6 +0.
18,47 5.4} 5 51, +E7 +7% +bh -5 %% -7% =55,
2587 15,18 +196,  §iBL. 4173 +142 +134 -le. -i§ -19% -132.
3895 2944 296, TG, +iEd +it4 ¥262 =275, -28% =223 -Zed
L7 b +3 4, 5 +3 + -2 # + -
14,43 9.41 +97, +75. 8% +E1, +68. -5l -53 =94 -13 55
76,67 159,48 +187.  +187 177, +ib3. #1336, iR, -lEE -iB% -149, 132
36.83  29.15 +296. 4279, 4265, 4244, 4282, <275, =271 -283. -222. -199.
41,05 38.7% +394,  #376, 43R4, SIRT. 4GRR, -ITE -4 ~37 -295 -26b.
SL.3E ABAT +493.  +48%, HLEd +h12, #3139, -Reh. -ADD -i7¢. 367, 334,
61.99  G0B.47  +3BY. 4358, 4533, 493, +4eT7, -5& -347 -382. -438 -461.
7216 #1701 +687.  #631. 4eld. +5TH. 4474, -cRh. -838 -62Z.  -369. -467.
§1.83  T78.16 4786,  +743., 4714, 4636, +D41.  -TSE. -T2 <746, -988 -333.
92.61 B7.22  +BB3.  +B37.  +4BEi. 4735, 4667,  -B34.  -E26 -836.  -b4B.  -G96,

181, 97.91 +982. #4932, 894, #Ble.  #473.
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8.59 6.6 +16. +1. +13, +12, +18, -5, +, +1. +5. +8,




UMIVERSIDADE DE 560 PAULO
ESCOLA DE ENGENHARIA DE S5A0 CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS
VIGA II ENSAID No.2 DATR: 21/92/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS

SECAD 2

Fa Fz 1 2 3 4 3 £ 7 g i
(kK] {kN] 43 i (g6 {gc) Lugs {4 BE (2] (5€) (g)
b.8¢ 8.8¢ +. +4 -1 +0 +6 +h % 4. +
16,42 9,81 +3e. <& +66, +49, +45 -5 =55 -tz -£9, -43
23,87 19,16 sile.  +11S +12¢ +161. +57 -1z -1Zi -1z3 -9, -9¢
.95 29.e4 78, =178 +188. 4153, +1% -1 -182 -182 -1&7, 137
§.47 £.6é 4, < +3 +Z Tt - - 1 + -1
16,47 5.41 +57. +55, +bi. +52. +31. -Gk, -535. =35, -47. -43.
29,67 19.49 117, #1286, 12z, +1R2. +lwl. -i1ZEL 0 -1 -1, ~98. =51,
682 29.15 +176,  +175.  +1BI,  +154,  +15i,  -iB¢, -1BZ.  -i8L,  ~i47, -137.
41,13 3B.7% #2334, +IIS. #Z4LL 4URA, 243, -ItL. -ZdZ. <248, -19h, -1BE,
.58 4843 4257, +3el. 4382, 4266, 4204, 315, =361, -2%6. -244, -3,

51.9¢ 58,87 +
7Z.1%
81.83  78.1a +48¢
92.61  B7.22 +346,

&

181.99  97.91 +684,

J8, =294, -278,

741‘ 7‘:\:

+362, 311, +3RL, 0 -386,  -3RG. -3

+472, 344, 4334, 41, -325.
+484,  +41B.  +467, 014, -479.  -467. -3B89, -37%.
+343.  +476. 437, -379. -337. -9Il. 437, -413.
+663,  +524,  +369. -647. -39, -T7B -483.  -437.

6.9 9.00 +7. +7. +£, +7. +7. -3 +3. 6, +1, +2,




UNIVERSIDADE DE SA0 PAULD
ESCOLA DE ENGENHARIA DE SA0 CARLOS
DEPARTAMENTO DE ESTRUTURAS

EMSAIO DE VIGAS DE ACD REBITADAS

VIGA II ENSAID No.2 DATAR: 21/02/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS
SECAD 3

Fa Fo 1 J 3 £ jE b
{kk (k) s {pe) (g€} (g fge) {EE)
8.8 6.6¢ -1 -1, -1, +6. -1, 9,
16,42 g.41 SER +35, +56, -5%, -£5, -4,
29,67 19,48 e +12t, +18F, -1ig. -1Z4, =52,
38,93 79.84 +184,  #1EZ, 4%, =177, <191, -2,
6,47 g, 60 Tz +3. +Z, -t 1. -
16,43 5.41 e +61, +31. -5E. -5l -£3,
26,67 19,44 +12i. #1200 +les. -1i7, -llo, -%2.
36.85  29.1% +{B4, +1B2 +137. -1750 187, -134.
41,13 38.7% TZAL. #24F, %288, -7, -I%AL -iBS,
21,28 ER.4D +3kc, 4364, F2b2, -IRLL. 0 -IiZL 0 -2EE.
al.%  38.9 +385. 4344, 4313, -39, -I73. -275.
7z.1e 67,71 4230 +RZ2. +lGA. -RRL, -43L. 0 -3EE.
81.83 78, +413. -463.  -498. -363.

9Z.61
181,99

+3483. 4042, H467.  -0ZL. -Ge6. -449,
+684.  +689.  4+31B.  -9377.  -622.  -448.

-0 oo
~1 =1 o
« =
O R) e
L S B = N N |
3
R
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s
3
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UMIVERSIDADE DE SA0 PAULOD
ESCOLA DE ENGENHARIA DE 5A0 CARLOS
DEFARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

VIGA 11 ENSAID Mo.Z2 DATA: 21/©2/%91
DEFORMACOES DOS EXTENMSOMETROS ELETRICOS UNIAXIAIS
SECRT 4

F Fa ! i 3 4 9 ¢ 7 g g 1

Uk R Lpé) LEg) [ gf (i (fes (gt} {(§f) 13 [EET (4€)
b6z B.0y +§ +0 + IR +6 +f +] +1 +# +1
5.4 +43, +45 +55 437 +4¢ -3b -4 -6 ! -32

7.1 +94, +168 +186 +7 +84 -8 -85 -115 -19¢ -65

Z5.84 +145, +158 +154, 11l +177 -174 ~14% -172 -156 -9g

a.v +7, +3 +E, +2 + 4] -1 -1 -1 4+
18,42 f.41 +45, 495, +5ho, 125, +41, -4, -4, -4, =51, -3Z.
2687 15,44 +95. +186, +16%, +74. +84, ~19, -95. -117. -164, -85,
Je.87 0 29,18 +145, #1536, 4138, +11Z, 128, -1Z3, 0 -143. 1710 -14E, -97.
41,13 879 +193, +204, +285, +14%, +147 -187. -193. -227. -{9E. -173.
oi.57 4847 +243, +251. +264, +1EE. +213 -216, -248, -281, -243. -163,
B1.%% 58.e7 +292, +381, +314h. +227. +253. -254. -288, -335. -292, -261,
To.ls ent +339,  +356. 378, 3765, 4294, 2%, -336. -39, -346. -Z34.
B1.87  78.1% +386,  +480,  +423,  +385.  +335. -337. 381, &4, -3B9,  -Z48.
92,61  EB7.2Z +436, #4510, +478, 4346, +376.  -3Bl. 432, -383. -446.  -36l.
181.99  97.91 +483.  #361,  +533. 4382,  +416, -423. 481, -36l. 491, -333.
.57 ¢.a4 +7. +h, +11. +9. +6, -1. +2, -1, -1, +4,




UNIVERSIDADE DE SAD PAULD

ESCOLA DE ENGENHARIA DE SA0 CARLOS

DEFARTAMENTD DE ESTRUTURAS

EMNSAI0 DE VIGAS DE ACO RERBITADAS

VIita I1

SECARO 5

Fo Fa
lek (kM)
6.6% 6.6
Pe, et .41
4.8 19.14
895 2%.04
AT 9,00
ez §.41
647 19.44
I8 29,19
1,15 3R.IY
TL.ER 0 4BLA3
¢1.%9%  58.47
Tioie ELLT
81.87  78.16
5.6l 87.22
181.97  97.91
6,59 6.6¢

ENSAID No.Z2

=

+135,

+al,
+8,
+136.
+184,

1234,

+283.

Rl

385,

+384.
+434.
+4B4,

DATA: 21/062/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIARIS

+4%,
+74,
+14Z,
+189,
+749,

+296,
+329,
+389.
+437.
+484.,

+6.

1
[y
[

-794,
3.
-393.
~444,
-497,

+3.

-af,
-181,
-136,
-198.
-243,

-294.
-33e.
-383.
-428.,
-47¢,




UNIVEREZSIDADE DE 540 PAULD
ESCOLA DE ENGENHARIA DE S60 CARLOS
DEFARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS
YiGA 11 ENSAID No.Z2 DATA: 21/02/31

DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS

ROSETA 1

F: :2 ta Eb F: E; 62 Gg 62 g
(ki) (kR ey iy LB} (g} 463 (ArPz)  (HFa) {8)
.64 f.6e +e +h +8. +4, +0. +4.8 +6.9 U/C
16,43 §.41 -z +26 -3, +24, -k, 3.3 -5,2  #4I.G
28,83 1%t -4 +32 -7, +32. ~t3. +7.3  ~l1LZ +A%.¢
3695 29,644 -5 +i -13 +61. ~18Z. #1180 17,5 #4313
B.47 g5 4 LS PRSP 0. S A | s
16,43 .41 -1 +13. -4, +23, =29, +3.6 -5.9 4435
26.63 7.48 -3 +33. -5, +332, -o4. 7.6 -85 #43.4
36.85  29.1% -3, +B2. -14, +82,  -18i.  +#11.7 -17.2 #4415
LAs 3877 -7, +liL -6, M, <137, #1570 <ZRA 0 #43L0
31,38 88.4D -6, 1AL -39, #14Z, -1720 #2840 2501 4433
§1.9¢  35.47 -7, +TZ. =36, #1172, -HY. #2477 35§ #43.2
7208 7.1 -1, 6L =37, 4263, =246, 429,86 -4LE 4450
81.B3  T7B.16 -7, 435 -43, 4234, 284, 4335 -48.2 #4319
92.61  B7.22 -7. 4263, -3¢, 4263, -322.  438.6 -6 +42.9
181.99  97.91 -4, +297. =37, 4298, -358.  +42.9  -&b.6 427
8.5% 6.60 +14. +9. +3. +14. +3. +3.3 +2.¢ U/C




UNIVERSIDADE DE S5A0 PALLD

ESCOLA DE ENGENHARIA DE SA0 CARLDS

DEPARTAMENTO DE ESTRUTURAS

ENSAIC DE VIGAS DE ACO REBITADAS
ENSAIDO No.2

DATA: 21/02/91
DEFORMACOES DDS EXTENSOMETROS ELETRICOS DAS ROSETAS

VIGA 11

ROSETA 2
£, fs
83 (kNG
§.66
5oL

36.55

19,47 9.41
26,65 19.4%
3683 2015
41,15 38.79
15 4843
6106 55.67
716 AL
B1LBT TB.1p
97,61 8.2
181,99 97.91
0.59 .00
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ESCOLA DE ENGENHARIA DE S5A0 CARLDOS

DEPARTAMENTO DE ESTRUTURAS

UNIVERSIPADE DE S&0 PAULOD

ENSAIO DE VIGAS DE ACO REBITADAS
DATA: 21/02/%1

DEFORMACOES DOS EXTEMSOMETROS ELETRICOS DAS ROSETAS

VIGA II ENSAIQC No.Z2
ROSETA 3
F, Fo fa £ £
(kN (kX (g€} 1§13 {§F)
6.08 +8. +6, +4,
9.41 118, +52. +i6
19,14 +11. +94, +9,
29.84 +12 +13% 46,
606 +1 +5 +3,
16,43 3,41 +12, +53. +11.
29,63 19.46 +13. +55, +9,
34.83 29,15 +3, 4134, +6,
41,19 IE.79 +I, 0 #172, +2.
51,88 4B.43 +14, 4214 -2,
51.9¢  38.97 +13, #2537, -7.
72,18 87,71 +12. 4294, -1,
81.83  78B.1 +18, 4329, -15.
oZ.6l  B7.22 +9, 1348, =21,
181.99  97.91 +9. 487, -26,
6.59 8.80 +18, +13, +7.

4+ o+
~0 n

Ln o cn

-245,
-196.
-334.
-381.
-424,

+
—
o~

— N o D0 S

+18.
+18.
+22.
+28
+34.

O~ R LN e B

+48.
+43,
+31.
+57.2
+63.9

[e SEE = BPY |

+3.6

O R s R aoen o

» - M -
~O -0 O -0

oo




UNIVERSIDADE DE SA0 PAULD
ESCOLA DE ENGENHARIA DE SA0 CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

VIGAa II ENSAID No.2 DATA: 21/62/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS
ROSETA 4
Fy Fo fa fe fe €, f= 6, iz g
(kH] (LM} (gf) [gf) (gt §i13] (§€} (Krz SIEEN {0)
0,60 9,08 +9, +. +4, +4, +9, 6.8 .6 UL
16,43 §.41 -1, 457 46, +37, =38, +5.B SEE T,
26.63 19,16 -3 +74 -1, +74, =78, #1104 -1Z.5 45,
18,95 29,04 -4, +i1i, -3, +it. -7, +17.8 0 -i5.e 445,
4,47 4,98 +1. +2 +3. +3. +] +8.7 e b /L
16,43 9,41 -1, +38. +2, +38. -37. +5.6 ~5.6 4451
26,63 19.4% -2, +73, 16, +75. =77, L7 -1Z.7 0 #4534
36,83 29,13 =3, +11z, -2, #1172, -1h. +17.3  -1E.7T #45.1
41,15 3B.79 -5, +147, -3, +#147, 184, #2725 -25.7 0 #45.¢
91,58 48,43 -5,  +1B4, -¢.  *1B4. 194, $ZE.D 0 -3l +44.9
61.99  5B.47 -h, 4219, -9, #219, -233. +#33.5 =377 +44.8
72,16 b7.71 -8, 4253, -1, 4283, =272, +#3E.& -EL.1 +44.B
81.83 78.14 -9, 4288, -13. +288. -312. +43.8  -58.7  +44.7
9Z.61  §7.22 -9, 4322, -18. 322,  -34B.  +49.6  -3h.7T  +44.6
161.99  97.91 -9, #357. ~22.  +357. -3BB.  +54.2 -63.37  +44.5
6.39 8.06 +3, +4, +4, +3, +4, +1.4 +1.1 U/C




UNIVERSIDADE DE SA0 PAULD

ESCOLA DE ENGENHARIA DE S5A0 CARLOE

DEPARTAMENTOS DE ESTRUTURAS

ENSAID DE VIGAS DE ACO REBITADAS

VIGA II ENSAIO No.2 DATA: 21/82/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS
ROSETA S
F1 Fﬂ E@ Eb €C E; :; f‘j ‘;2 1
T R 7S N 07 B /13 B 073 B CRR NN VN1
9.8 6.0 T T A X XAt
1943 9.4 S T P Ut DS P S S § Bh
26,63 19.18 5. T, -1l #T6. <TE. <185 1L -41.8
6,95 29.04 S ST TR VSR 51 MRS SE PR § IS I A
047  9.40 % L T S PR - $.7 e02 4N
16.43 9, #5, 0 <36, <50 436, <36 45T <R 413
20,63 19,40 e <75 <16 +76. T3 <168 -12.2 -41.8
36.83  129.1 7, 114 <15, #1686, -11h, #1610 -1B 42,2
.15 38.79 7. -152. =26, #4811 <200 <259 -62.4
51,38 48.43 45, -189. <23, 176, -1%E. +2eT 39 iDLk
61.96 58,07 9. <727, <15, 4220 -IE. 4313 <34 -42.8
72,16 6171 9, <264, <28, 4246, -IES. IT.S 0 -4 -42.9
B1.B3  78.16  +16. =303, -3, +283. 363, #4312 493 -43.9
92.61  B7.22 416, -340. <34, 4317, -ME. HAB3 <553 431
181,99 97.91 3. -37B. 3B, 4355, -379. 4543 -6L5 -43.8
6.5 0.96 8, 43, 4B, #1243, 438 413 U
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MODELO - VIGA ]I

RESULTADOS DOS ENSAJOS

. Ensalo 1

>

. ENnsalo 2

- DESLOCAMENTOS

- DEFORMACOES



MODELO -~ VIGA III

RESULTADOS DOS ENSAIOS
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MODELO - VIGA 1l

RESULTADOS DOS ENSAIOS

. Ensaio 1

- DEFORMACOES
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UNIVERSIDADE DE SAD PAULD
ESCOLA DE ENGENHARIA DE SAD CARLOS

DEPARTAMENTO DE ESTRUTURAS

ENSAIOQ DE VIGAS DE ACO REBITADAS

VigA IIIX

DEFORMACBES DOS EXTENSOMETROS ELETRICOS UNI

ENSAIO No.1

DATA:

13/762/%1

-8.12

.35
14.29
28.32
38.72

.33
16.43
28,63
38.72
41.83

©n
B B
- -
[ I I
doen o

— —
2 (%]

& D & T
- ) " "
LS I S R0 Y R N |

o
B o B e

(SR ~ IS > RS < R <~
- - - o

(SRR = Y N B G N )

Ced LA € P A

-

-

L « T« ~ B » B~
a o= ™

-

L I I S o |
[ S R P N 7 |

L =]
L=
s

£.335
7.76
19.91
29.15

8.23
7.64
19.46
29.15
39.82

48.99
.23
-8.33

-129.

-164,
+3.
+.

-136.
-136.
-138.
-142.
-144,

-154,
-164,
-174,
-127,

+11,

.
-56.
+18.

¥127.
+233.

-89.
+23.
+131,
+236.
+348.

+463.
-t8.
+24,

-147,

-13¢.
6.
-134,
7.

.

-147.
-148.
-138.
-152,

-161,

-168,
-179.
-189.
=137,
*li.
+1.
-167.
-9,
9%,
+201.

-181.

-2
+59,
+204,
+31%.

+446,
-t7.
+32.

1.
-116,
=34,
58,
+159.

-118.
-25.
+63.

+163.

+269.

+373.
-94,
+8.

-116,

-16Z,
+5.

+6.,

-113.
-113.
-117,
-126.
-124,

-136.
-139.
-148.
-147.

T
+la,

+,
-83.
-16.
+57.
+144,

-Bae,
-3,
+76,
+146.
+213,

+286.
-97.
-19.

+.
-188,
-27.
+b1.
+148.

-163.
-22.
+63.

+136.

+242.

+332.
-88.
8.

+41.
+61.
+63.
+68.
+7Z.

+73,
+89.
+83,
+66,
+E,
+,
+3h.
-93.
=217,
-348,

+38.
-182.
-222.
-348.
-464,

-392.
+18.
-1,

+48.

+63,
+té.
+78.

4
e
[

4 4
~

L) N 3 Q0

M

4
o~ O

-32b.
+28.
-1.

ST AT
[ AN o I B}

+44,
+h4,
+67.
+76,

+73,

+76.
+B1.
+8%,
+78,

28,

+8.
+34.
-3b.
-154,
=213,

+37.
-34,
-164.
-274,
-387.

-497,
+36.
+6.

+33.
.
+1.
+1,
¥z,

+37.
+37.
+8,
+63,
487,

+76.
+74.
+78.
+h1,
+14,

.
+33,
-83.

-288.
-3e8.

+39.
-82.
-193.
-387.
-417.

-328.
+39.
+14.,

TS

+.
+32.
2.

+a.

+46,
+44,
+43,
+46,
+47,

+58,
+53,
+56.
+i4,

+13.

+4.
+20.
-61.
-149,
-234.

+26.
-h1.
-148.
-233.

=321,

-464.
+24.
+8.




ESCOLA DE ENGENHARIA DE S5A0 CARLOS

DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

VIGA III ENSATID No.l DATA: 1Z/€32/51
DEFORMACOES DOS EXTENSOMETROS ELETRICO:S UNIAXIAIS
SECARO 2
Fq Fo { 2 3 4 3 ) 7 ]
(kNG (kM3 {ge) §13! (g€} (pf) g5 gy [gr ity
.06 8.1z -1, +4, +4, +, +4. +, +& +4,
6,12 8.i2 -{i5. -7 -128, -98. -1eo, 456, 447 +5¢,
$.12 8.12 12, +1. +h, +3. +3, +4, +1 +7.
.12 8.12 -135. -144, -154, -126, -116. +43, +54 +43,
8.12 9.12 +2. +, +7, +4, +7. + 47, +I.
§.12 8,12 -126,  -147. -leB.  -126. -137. +43 +5¢ +7%.
6.12 6.12 +3. +2, +4. +6, +8, +3 +] +3,
6.23 .23 -18t,  -132. -168.  -186.  -126. +42 +54, +65.
$.23 §.12 +6. +3. +10, +7. +9, +3 +4, +6.
8,23 §.23 +7. +§, +16, +] +9, +9, +b. +7.
8.23 8.23 -131.  -14.  -131. -i18, -i27. +49, +43, +78.
8.39 8.23 -137. -145. -191. -i18.  ~l124. +49, +43. +78.
8.35 6.23 -147, -148. -136. -121. ~-127. +39. +54. +84¢.
#.35 .22 -148, -132, -153. -174. 131, +58. +49. +83.
8.35 §.23 -133.  -le8. -161.  -129.  -13E. +61. +73, +84.
6.35 ¢.23 ~163 -166. -1bh.  -136.  -143. +63, +76 +56.
§.47 6.23 -175. -i78. -174. -143. -133. +78. +84, +94,
6.35 §.7% -183 -1g%,  ~188. -193. -163. +73. +83, +59,
8.33 9.23 -132.  -137. 137, -1, 115 +37. +48. +82,
#.32 ¢.12 +14 +13. +21. +17, +26. +13, +13 +19,
-8.12 9.08 +8, +4, +1. +§, +. 9, +8., +.
é.35 8.33 -184 -1¢g,  ~113. -91. -26. +27. +36. +47.
19.29 §.78 -5, -8, -34. -52. -36. -98, -34. -12.
28,52 19.51 +18, +12. +7. -18. -1, -136. -ie%. -84,
36.72  29.13 +77. +73. +68. +33, +47, -2l -18Z.  -15%.
%.39 .23 -161. -163.  -10%. -Bb. -21. +21. +34. +48.
1%.43 9.64 -6, -44, -52. -84, -44. -62. -3, -19.
26,63  19.48 +26. +14, +8. -7, +.  -138. -16%. -83.
36,72 29.13 +79. +735. +76, +33. +96. -216, -183, -134,
41,83 39.82 +142, +136.  +138, +74, +99, -298. -268.  -226.
.11 48,99 +285.  +197.  +189,  +iii. +148. -3B{., -33. -296.
6.35 8.23 -%6. -39,  -1¢8. -89, -85, +12. +27. +4b.
-$.23  -8.39 +7. +1, -4, -b. +3. -3, -9, +,

+Z,
+3.
+4¢,
+3.

+3.

+47,
+47,
+32.
+34.
+38.

+68.
+b4.
+69,
+33.

+12.

6,
+26.
-39,

-123.
-194.

+24,
-3z,
-124,
-1%6.
-26%.

-342.
+28,
+l.




UNIVERSIDADE DE SA0 PAULD

ESCOLA DE ENGENHARIA DE SA0 CARLDS

DEPARTAMENTO DE ESTRUTURAS

ENSAID DE VIGAS DE ACO REBITADAS

viga III ENSAIO No.1 DETE:
DEFORMACOES DOS EXTENSOMETROS ELETEICOS UNIAXIAILS
SECAD 3
Fa Fao 1 2 3 4 5
T S R 4 B 013 N 13 N 013 R O
6.0 RV, + + 44, +4, +4,
0.12 6.2 -tiE, -119. -9h, #43. +53,
6.1 §.12 +3 s, 33 -1, -7,
b1 9,12 -145.  -156,  -115. 456, 471,
6.1 §.12 43, 48, +4, +5, -4,
5,12 617 -1AE.  -156. -11B. 459, 4TS,
6,12 6.12 W, +10, 4, 42, -1
0.23  0.23  -133.  -152.  -187. 457, +7e.
9,23 8.12 ., 410, 47, +3, -4,
0.2 0.23 s7. 46, +7. +3, -4,
0.23  8.23  -l4h. -149,  -1i4. 462, 472,
0.35  8.23 14, -148. 114, 442, 472,
.35 8.23  -149.  -153.  -117. &4, 473,
8,35  8.23  -153.  -159,  -121. 6B, 474,
9,35 8.23 -146. 167, -12Zh.  +71. 4L,
6,35 823 -167.  -176.  -132. 74, 45,
9.47 B3 -178,  -189,  -141,  +78. 69,
6.35  0.23 -89, -261, -150.  +B2. 494,
.33 .23 -137. 140, -187.  +hk.  +74,
835 .02 +lh, 421, 417, 412 +3,
-6.12 .86 14, +, +4, +4. +4,
.35 €35 -169.  -116.  -BE. 437, 44,
1020 9.7% ST, SR ) S + A
26,52 19.5 ., -3, -4, 168, -111,
30.72  29.15 s6h, 416, L. -168,  -184,
8,35  €.23  -167, 111, -Bh. 436, +44,
16,43  9.44 T PR & SR { S/ S -}
20,63 19.40 37, -28. -2, -18k. 113,
.72 29.15 +5, 426, +82.  -16b.  -185.
41,83 39.62 175, 471, 487, -28. -257.
51,11 48.96  +186,  +118,  +1W.  -292.  -331.
6.3 0.23  -103. -189.  -Bb.  +33.  +35.
-0.23  -8.35 -1, -2, -7. H, -9,

12/03/91

+24.
1,

+Z,
+32.

+2.
+61.
+61.
+64,
+7,
+71.

+74.
+79.
+83.
+43,
+12.

+1.
+37.
-33.
-186.

-188,

+33.
-33.
-108.
-181.
-236.,

-333.
+38.




UNIVERSIDADE DE SAO0 PAULO

ESCOLA DE ENGENHARIA DE 5A0 CARLOS

DEPARTAMENTO DE ESTRUTURAS

ENSAIC DE VIGAS DE ACO REBITADAS
ENSAIO No.1
DEFORMACOES DOS EXTENSOMETRIES E

TA:

LETRICOS UNIAXIAIS

/03791

VIGA TII
TIRANTE 1
Fa Fo
{kN3 (kK
8.9% 8.17
6.12 6,17
¢.1 6.12
0.2 8.12
9,12 8.12
6,12 6.12
§.12 8,17
8.23 8.23
9.23 8.12
6.23 8.23
§.23 8.23
8.35 8.23
8.35 8.23
#.33 6.23
$.35 6,23
6.35 #.23
8.47 6.23
§.32 .73
6.35 8.23
§,39 g.1z2
-8.12 .69
£.35 6.35
16.24 .74
26.57  198.51
38,72 29.15
6.35 §.23
19.43 9.64
28,53 19.4e
38,72 29.15
41,63 39.82
Si.11 48.99
8.35 8.23
-¢.23 -¢.35

§1.1

+

@
&

00 O LN o~ e

e e e e

-+
Ln wn

+473,
+3,
+178.
+37.
431,

+3438,
+492,
+329.
+363.
+696.

+6427,
+£96.
+738.
+467.

T

1267,
+342.
+198.
+489.

+199.
+298.
+394,
+483.
+381.

+675.
+193.
+19.

51.2
{Bé)

+685.

+326.
-bb.
-46.

+631,
+631.
+426.,
+633.
+451.

+672,
+718,
+743,
+433.

+34,

+,
+619,
711,
+893.
+898,

+h16.
+767.
+802.
+8%3.
+989.

+1684,
+464,
-3.

+513.

-

4
e -+
-0
3

-0 LN o D

Nl
»

+ 4+ o+
ORIy, AN

+662.
+462.
+488.
+718.,
+738.

+792.
+842,
+892.
+641,
+288.

+6.
+293,
+388.
+482.
+374.

+288.
+384.
+478,
+372,
+hbb.

1766,
+282.

-7,

I 3 B R |
" " - "




UNMIVERSIDADE DE SA0 PAULD

ESCOLA DE ENGENHARIA DE SA0 CARLOS

DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS
VibA III

ENSAID

TIRANTE 2
F. Fo 5.1 81.2
(kR (kM) (g€ (55}
.00 b2 +] 9,
6.1z B.12 +314 +554,
9,12 8.1z -31, +Z6.
6.12 6,12 +415 +6735.
#.17 #.12 +7. -13.
§.12 6.1z +438. 4716,
9.12 6,12 ~32. +36.
6,23 6.23 +421 +6B5.
8,23 4,12 -142 +149,
6.23 8,23 -1z, #1232
8.23 8.23 +449, 4747,
8,35 6.23 +449, 47160,
8,35 8,23 +449,  +741,
6.35 8.23 +456., 4775,
$.35 $.23 +476.  +826,
.35 §.22 +£97,  +B95.
%.47 8.23 +333.  +947.
6.33 4.23 573, 4955,
2.33 6.23 +433,  +498.
€.33 8.1z -153.  +1Bt.
-8.12 %.68 +, +,
8,35 8.33 481, +343,
16.79 9.76 +543, 442,
26.5 19,31 633, 4529,
3%.72  29.15 +726,  +h14.
.39 §.23 +45%. 4356,
19,43 9.564 +938, +437.
28,63 19,48 +636. 4529,
38.72  29.15 +721. 4613,
41,83 39.62 +8i2, 4763,
9.t 4B.9e 02, 4792,
¢.33 6.23 +449,  +356,
-8.23  -8.33 +114, -96.

No. i

DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS

DATA:

+611,
+636,
+683,
+333.

4
+ii.

5.
+317,
+3%9.
+487.

+i74,

+389.
+393.
+483,
+274.
+6b6.

+73¢6.
+303.
+31.

12/063/71




UNIVERSIDADE DE

SA0 PAULO

ESCOLA DE ENGENHARIA DE SA0 CARLOS

DEPARTAMENTO DE

ESTRUTURAS

EMSAIO0 DE VIGAS

VIigA III ENE

DEFORMACGCES DUS
ROSETA 1

DE ACO REBITADAS

Fia Fz fa
(kRO (kK] (gé]

b9 8.12 8.
6.12 8.12 +2

6,12 8,12 h,
8.12 .12 +h,
.1 6.12 +]

6.12 §.12 +.
9.12 .12 +Z

8.23 8.23 +8.
9.23 8.12 +1.
.23 8.23 +3.
8.23 23 +14.
.35 .23 +10.
4,35 8.23 +12,
6.35 8.2 +13.
$.33 8.23 +14.
.33 .23 +13.
9.47 .23 +H3.
.35 8.23 +14.
€.35 8.23 +7.
.35 6.12 +14,

-6.12 9.98 +,
8.33 .33 +2.
18.28 9.7 +i.
26,32 19.51 +18.
3692 29.13 +31.

8.33 .23 +2.
14.43 9.64 +19.
26.65  1%.40 +26.
3872 29.15 +31.
41.83  39.62 +33.

.11 48.9¢ +33.
8.35 8.23 -T1.
-6.23  -8.33 -18.

=10 No. 1l DATA: 13/03/91
EXTENSOMETROS ELETRICOS DAS RDSETAS

te fe €1 £z Gs 0= g
i {EF} {§f) L4ty (APa) (MRl {e)

+% +9 9. +h +0.9 .8 UL

+3 -t +§, -g +E.4 -5 UL

-1 +1 +2. -1 +4.4 -8.1 e

+6 -16 +8. -13 +8.8 -2.8  +25.9

-1 +2 +, -1 +0.8 +6.9 U/T

+5 -13 +13 -i4, +1.6 -39 4Ia.d

+4 +4 +h -4 +1.7 +.4 U/L
+11 -16 +14 -17 +2.8 -2.9  +27.4

+2 +3 +6. +2 +1.4 +9.8 U/C

+3 +7 +5, +3 +2.1 1,2 U/C
+12 -3 +135. -7 +2.8 -8.6  +26.1
+12 -3 +13. -7 +2.8 -8.6  +26.1
+14 +Z +1h -2 +3.3 +9.7 U/C
+13 +3 +17. -1 +3.7 +1.8 UL
+1h +4 +18. +§ +4.8 +1.2 U/C
+16. 45, +{B. +7. +4.2 +1.6 U/T
+17, +6, +19. +2. +4.3 +1.8 U/C
+18. +6. +26, +Z. +4.6 +1.8 U/C
+18, +7., +28. +4, +4,7 +2.2 (T
+13. +19. +21. +12, +3.5 6.7 -bZ.E

+§, +, +, -8, +8.2 +@.8 U/

+2, -ie. +4, -13. +6.1 -2.6 U/C
-39, ~41. 48, ~48. -1.4 -186.3 2.1
-75. -37. +41, -Bée. +8.4  -13.9  -33.¢
-114. -41,  +ilé.  -11%.  +#16.7  -19.% -Z5.9

+4, -3, +b. -b. +1.@ -1.6  +19.3
-29, -12, +48, -33. +6.7 -§.7 -32.2
-78. -26, +73. -Ta.  +#ii.8 -i1.8  -33.¢
-113. -39, #il. 118, +16.% -19.1 -36.1
-157. -37. 4142, -164. #2188  -27.4  -35.3
-268. -4, #7, -7, #2460 -35.1 0 -36.9

49, -12. +3. -24. -8.3 3.1 43%.3

+2, -7. +2, -19, -0.8 -4.2 UL




UNIVERSIDADE DE SA0 PAULO
ESCOLA DE ENGENHARIA DE 5A0 CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

YIGA 111 ENSAID No.i DATA: 13/63/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS
ROSETA =
F; Fz [ Eb 6: El 62 61 02 @
GO S R (B EEY (gEy (gfy MFe) (WFEY 1
6.9 ¢,12 + +9, +g, +. + +E, b 6. UL
6,12 6,17 +3 -1, +g, +4, ~1 +6,§ ~5. UL
.12 8.12 +1 +9. +1, +2. +6. +0.4 .0 UL
.12 6,12 +5, +4, -1, +3, -1. +1,1 th.8  UIT
6.12 9.1z +2, +4, +Z, +4, +6. +6.9 9.5 UL
.12 6,17 +7 +7. +6. 47, -4, +1.5 8.4 L
9.12 $.12 +4, +Z, +, +h, +2. +1.4 6.8 G/
8.23 .23 +8. +3, +2. +8. +2. +1.8 +8.9 UL
9.73 8.12 +4, +3 +3, +4, +3, +1,5 +1.6 WL
$.23 6.23 +4, +5 +7. +8, +5. +2.8 +1.6 UL
8.23 2.23 +12. +8, +7, +3, +b, +3.3 +2.2  -16.8
8.33 8.23 +12. +7. +7, +13. +3, +3.4 2.1 -22.5
8.35 8.23 +13, +9, +9, +14, +8. +3.6 +2.8  -15.5
6.35 8,23 +i4, +18, +9, +15, +9, +3.8 +3.8  -15.4
£.35 8.23 +15 +11. +1§. +6. +18. +4,7 +3.7 0 -15.4
6.35 8.23 +14 +11. +186. +17. +16. +4.4 +3.7 0 -iLLE
.47 2.23 +17, +2Z, +H1, +18, +1, +4.7 3.2 -l:,8
2.35 6.23 +17. +12, +12. +18. +i1, +4.8 43,8 )
$.35 2.23 +18. +13. +13. +19, +12. +5.1 +.8 -ZZ.3
€.35 .12 +16. +14, +17. +19, +14, +5.2 4.5 -BE¢
~§.12 8.98 +9., +6, +6, +, 6, +6.9 +8.6 L/L
.35 8.3 +3. -3, -3. +4, -4, 8.6 -g.6 L
18.28 7.76 +3. ~39. -11. +31. -48, +4.3 -4.8 -39.2
26,52 19.51 +16. -72. -17. +47. -73. 6.1 -12.6 -39.2
39.72 29.1% +14.  -183. -23.  +188, -187. #1534 -17.3 0 -39.b
¢.35 .23 +h. +, +H, +7, -8, +1.9 +8.4 UW/C
19.43 9,64 +1e, -2%. -7. +34. -38, +5.7 -4 374
28,63  19.48 +14. -bé. -13. +49. -68.  +16.9 -18.6 -38.2
38,72 29.13 +*17.,  -165, =22, +i82.  -187.  +15.8  -17.2 -39.7
41,83  39.82 +21. -143, =27, +138. -143, +21.4  -23.7  -48.1
21,11 48.9¢ +24, -188. =33, +173. -182. +26.6 -29.4 484
6.39 8.23 +7. +2, +3. +18. +2. +2.3 +1.¢ U/C
-.23  -6.33 3, +3. +4. *h, ¥2. +1.b +%.9 U/t




UNIVERSIDADE DE SAO PAULO '

ESCOLA DE ENGENHARIA DE SAD CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIC DE VIGAS DE ACO REEBITADAS

VIGA 1 DaTA: 13/63/91

I ENSAID No. 1l

DEFORMACOES DOS EXTENSOMETROS ELETRICOS

(ki ] 91 I 3 R % S 1S I
"NaY 6.1 ti +] =5, ti, -¢
@17 6,12 +3 -1 -7, +3, -3
8.12 §.12 +7 +7 +2, +2. +2
6.12 6,12 +4, -2, -3, +4, -5
8.12 6,12 +4 +3, +4, +5 +3
6,17 6,17 +5, +€, -£, +£, -t.
6.1z 9,12 +4, +b., t4, +6. +h,
6.23 8.73 +8. +3. -4, 48, -4,
2.23 8.12 +7. +7. +7, +7. +7.
8.23 IS +9, +9, +B. +9, +7.
8.23 $.23 +11. +6. +2, +11. +2,
9.35 8.23 +11. +6. +2. +11. +2,
35 6.23 +13. +9, +3. +13, +5.
8,35 8.23 +14, +9, +, +14, +b,
8.33 8.23 +13. +18, +7. +13, +7.
8.35 4.23 +1£. +18. +7, +16. +7.
8,47 8.23 +17, +11, +. +17. +7.
8.35 §.73 +18. +12, +9. +18. +8.
8.35 8.23 +18. +12. +9. +18. +8.
€.39 6.12 +18. +18. +17. +18. +17,
-8.12 4.9 +, +4 +] +, -6,
2,39 8.3% +8. -7. -5, +2. -8,
19.28 2.78 -4, -43, -18. +29. -43.
20.32 19.581 18, -78. -6. +72. -78.
3872 29.15 +.  -li4, -3, +l12. -114.
8.35 8.23 +. -5, -3. +3. -5
19.43 9.54 +3, =37, -2. +38. -37.
28.63 19.49 +3. -74. -2 +73. -74.
/.72 29.1% +2.  -113. -2, #1113, -113,
41.83  39.82 +2,  -156. -1.  +i31. -154.
9.1l 48.9% +2. -187. +, +199, -187.

8.33 8.23 +9. -3, -2. +3. -5,
-8.23  -8.3% -1. +9, +2. +2. -1,

ot

. . »
[ B S

+
—_
L LRt

-+

ot el W M

" - - - .
UM SRS R R |

DaS ROSETAS

+
p
Lo B o)

+- |
T AN Y

+
-

N
S o O

[
ben T

+
[ SRS )

e e e m .
Col =00 fm ~—d a3

t-

R G
Y FX RO bes b
e T s .
ORI D R B

Y

4

- 4
ol b b
PR

TR

4o
[JSLE Ry 2}
w  w

“Fa = bt EXYONT

t

+

B "

- w
m

o el K 0T

\
[y
b
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-15.48

-6.%
-3.8
-11.6
-17.8
-23.7

-2%.4
-6.9
-8.1
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u - " "
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UNIVERSIDADE DE SAD PAULD
ESCOLA DE ENGENHARIA DE SA0 CARLOS
DEFPARTAMENTO DE ESTRUTURAS

EnNSAID DE VIBGAS DE ACO REBITADAS
YIb& IT1 ENSAID No.i DATA: 13/63/21

LEZFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROBETA

FOSETA 4

wn

Fi fz £ fo £ £ f= (s 0= a
{gh fhH) Lpes §icy (RES §19 gy it (BPa} (%3
9,49 6.1z 4. th. +4 +y + ¢, 6 .5 UL
6.12 6.12 -39, =27, -3 -3 -3 -3.3 -8.% UL
8,12 8.12 +6, +0, +] + - +8.2 8.6 U/L
6,12 6.12 -47 -28. -9 -9, ~47 5.1 -2 -B9.3
6.12 6.12 +] +. +2 +2, + +8.3 6.3 U/
€.z 6,172 -47 -ZE. ~12 -1z, =47 ~£.6 115 +87.7
8.12 9.12 +Z +2 +4 +4, +Z +{.8 4.6 U/
8.23 §.23 -42 -23 -8 -8, -7 -4.7  -16.6  +BS.9
23 8.12 +3 +3, +4 +4, +3 +1.1 +%.9 U/C
.23 8.23 +4 +4, +4 +4, +4 +1.1 #1.1 U/
8.23 8.23 -44. -23. -3, -5. -£z, -1 -18.3 U/C
é.39 6,23 -4, -23, -3, -3. -4, 4.1 -18.3 W/
2.35 8.23 -44, -22. +, +. -44, -2.8  -18.9 UWrC
6.39 $.23 -4, -22. +3. 3. -84, 2.5 -3 Uit
§.33 9.23 -47 -2, +4, +, -7, -2.3 -18.4 U/C
6.35 §.23 -56. -23. +5. +3. -3E -2.3 0 -li.g U/t
8.47 8.23 -33. =24, +. +. -5 -zt -1 -B%.5
8 8.23 -7, -24. +8. +8, - -2, ~12.3 +B9.2
8.3 %.23 -4g, -14. +]. +7. -4, -1.Z -8.5 +8%.4
8.3% §.12 +16. +13. +14, +14, +18, <55 +3.3 +#15.7
-8.12 6.98 +4, +, . 4. +4, .8 +#3.9 U/C
8.33 §.39 -38. -29. -8. -7. -38. -4.2 9.1  -Ba.L
1¢.2¢8 9.76 -43. -53. -8. +13. =59, 1.7 -18.6 -59.%
26,02 19.91 -3, -183. -3 +45, ~-ig6. +2.,8  -21.3  -55.3
36.72  29.13 -68.  -144. -2. +79.  -149. 7.7 ~28.2  -53.%
#.33 $.23 -34. -23. -9, -8. -34. -4.2 -8.3  -B4.B
16.43 9.54 -43, -6i. -6. +139. -66. -i.1 -13.8  -59.8
20,63 19.40 -57.  -182. -4, +44,  -187. +3.2  -21.¢ -55.1
38,72 23913 -68.  -144, -3. +78. -149. +7.9 -28.2  -53.%
41.63  39.82 -78.  -1Bé. -2,  #1. -i%6.  +1Z.0  -35.4 02,3
ai.i1 48.9¢ -84, =223, -1, +i45. -23, +17.0 -42.9  -31.4
€.35 8.23 =27, -21. -1, -1, -21. -4.3 -6.8 -83.6
-£.23  -8.35 46, +9. -4, +6, -4, +1.8 4.5 U/




UNIVERSIDADE DE SAO PAULD
ESCOLA DE ENGENHARIA DE SAD CARLOS
DEPARTAMENTO DE ESTRUTURES

ENS5AI0 DE VIGAS DE ACO REEITADAS

VIBA II1 ENSAIO No.il DATA: 13/03/%1
DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS
ROSETA S
Fsq Fz ta £s fc € £= ¢4 G @
{kN] (kNI {gel {4€] (4F) " [gfs {HPa)  iMFe 1o
0.6¢ 6,12 +4 +, 14, &, +6, +6.4 9.6 U/l
¢.12 9.17 -1, +H, +3 +3. -1. +4.6 -6 UL
b.12 8,12 8, +2. +. +7. -1, +6.4 -¢.1 UL
8.12 12 -1, +1, +5, +6, -2 +1.2 -6.1 UL
8.2 12 +H, +3. +2. +3 +, +6.8 +0.3  WC
6.12 6.17 -1, +Z. +9. +9 -1, +1.5 +§.7 UL
8,12 8.12 +3. +5. +3 +5 +7. +.3 ¥8.9 U/C
6.23 ¢.23 +6. +2. +9. +16, -1, +2.3 +#.5 U/C
9.23 9.12 +3. +3, +5, + +3, +1.5 +1.8 U/C
8.23 .23 +4, +6. +6. 15, +3. +,4 +1.2 U/
$.23 8.23 +4. +7. +8, +8. +4, +2.9 +1.3 U/C
8.35 6.23 +5, +9, +14, +14, +4, +3.3 +1.8 U/C
8.35 8.23 +4., +19. +13, +13. +b., +3.8 +2.7  +96.9
¢.33 8.23 +7. +16. +16, +1&, +7. +4,1 2,6 -BL.3
§.35 $.23 +§, +1Z, +7. +17. +2, +4.3 +2.5 96,8
#.39 8.23 +9. +12. +iB, <1 +8, +4.4 +3.1 -B&.3
§.47 23 +9, +12, +18. S, +2. +4.8 +3.1 -B4.3
6.35 6.23 +5, +13. +19, <15, +5, +4.9 +3.4  -B4.3
8.33 §.23 +9, +14, +19. +17, +9, +4.9 +3.4  +94.¢
6.35 $.12 +12. +13. +1¢. +1&, +12, 44,3 +3.6  +76.7
~8.12 6.88 +4, +, +4, +6, +, +8.9 +4.6 U/C
8.35 6.39 -2, -2, +2, +3, -3 +6.4 -§.4 UL
19.2% 9.7 +12. +27. -3, +28 -18, +5.8 -2.2 #3504
26,52 19.91 +22. +41, -11. +£3. -53.  +16.6 -7.6 4387
Je.72  29.13 +78. +93. -21. +94. -8%, +15.7 -13.4  +37.3
€.33 6.23 -2. -4, +3. +5, -4, +6.9 -8.6 U/C
19.43 9.64 +18, +23. -4, 126, -19, +£.5 -Z.6 33,8
26.63  19.4¢ +26. 439, ~-12. +41, -53.  +16.1 -7.9  +36.8
39.72  29.13 +27 +93, =22, +96. -91.  +15.4  -14.1 +37.5
41.63  39.82 +32.  +126. -32. +138.  -136. +26.5 -28.5  437.8
ot.i1 48.9¢ +33. 4135, =45, +168. -189. 424.7  -27.1  +38.1
8.35 6.23 -3, -14, +8. +16, -14. +1.2 -2.6 -38.7
-9.23 -8.33 -4, -13. -4, +4. -13. +9.4 -2.6  +43.8
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MODELO - VIGA III

RESULTADOS DOS ENSAIOS

. ENsaio 2

- DEFORMACOES

EXTENSOMETROS ELETRICOS DE RESISTENCIA
Uniaxiais
RoseTas



UNIVERSIDADE DE 5680 PAULUD
ESCOLA DE ENGENHARIA DE 5240 CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

VigAa III ENSAIO No.2 DATA: 26/63/91%
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS
SECARD 1

Fi Fz 1 2 3 § 3 b 7 8 g &
{kN) (kM) (k€ {gf) {pe} (g€} §13] {g€) (p€) {ge) (g Lt
9.6  -£.12 +9, +2, +0. +, +1, +4, +8. +6, "y 4,
.25 .21 -188,  -155. -183. -124,  -146, +31. +36. 446, +7F +ie
16.47 .52 -4, -17. -91, =66, -82. -74. -85, -3, ~£7. -4
26,63 19.1% 53, +26, 8. +8. +%.  -1B9.  -lel.  -1&1.  -17% -132,
39.85  29.44 +143,  +#131, +i1L +83, +99, =367, -Z73.  ~28&.  -1B% -22¢

38.87  29.44 +143,  #133, 411G, 485, +182, -3@k, -272,  -2%4,  -28%.
c

41,15 38,79 t2h8. #2359, 4219, 163, #1969, -424,  -3B4. -39, -3%5. -3E4.

St 48.66 +302. +3hk. 4324, +241, 4279,  -D43,  -498,  -487,  -585. -39,
£l.88  BB.T7 +459. #4600, #4368, 4318, 4387, -bbl, 887, -599. -&i4. -4EZ.
! 68.64 +377,  +393.  +346. 4383,  +4%4. -784. -Ti4, 722, -725. -O76.

97 -141,  -18f,  -189. -121. -147. +32Z, +37. +46. +31, +28.
16.43 §.52 =37, -72. -87, =63, -18. -74. =34, -33. -51, -it,
26,63 19.28 +43. +29, +13. +ii. +13.  -1B%.  -lef.  -143.  -175. -1,

Bl.99  77.93 +93, 4725, 4631, +4%7. #4339, -986.  -Bi2, -B4B. -B3B.  -&34.
91.56  88.64 +815.  +833. 4764, 4328, #4621, -1823. -B9Z. 988,  -951.  -795.

7.91 +932.  +978. 48B3, +eBb. 4769, 1132, -961, -1136. -1872.  -BiB.
2.8% -&2, -46. -97. -1, -123. 426, +126. -28, -4, -14.




UMIVERSIDADE DE &AC FPAULD
ESCOLA DE ENGENHARIA DE SAD CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

Viea III ENSAID No.Z2 DATA: 20/03/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS
SECAD 2

.23 1.97 -166, -lel. -l3e.  -133.  -143. +32, +36. +ol.
.43 F.3 -124.  -114.  -188.  -183.  -le4, -34, -1, +11.
i -34, -46. -63. -33.  -l12, -4, -39,
3 +7. 7. -22, -3, -1%%, -18B. -1,
4113 3879 +36. +68. +79. +26, +he. <271, 232, -ZE.

{

2662 19.76 -1,
I9.87  29.04 ~3.
1

3111 4B.66 +118. 4178, +139. +h8. +95.  -392.  -3eR. -Zaf.
6l.88  58.77 +177.  +18%. 4199, 498,  +144, -428.  -3B4. 33k
71,28 68.44 #2841, 4231, +238.  +139. 4191, -529.  -442,  -464.
B1.95  T77.93 +387.  #313. 4326, +1BY. 243,  -426, -G46.  -47%.
51.36  8B.64 +374. #3179, 4379, 4238, +293.  -TI5. -4k, D34

161,86 97.91 +447,  +463.  +447. 4284, +34E.  -E19.  -4%3.  -3E9,
Z.34 Z.89 -144 -5, -i42. -5, -1ZE, +h, +26. +37.

-8.12 + +6 +9, +1 +l + +1 +f
.21 -1£% -163, =189, 137, -14%. +33. +47. +cl.
9.32 -123 -7, -1, -8k, 187, -3Z. -9, +18,

1918 -t4 -0b -48. -t5 =97 -11¢ -B4 -35

29,84 -4 +h +13. -2 -7 -189 -138 -131

+31.

~162,

-

-175.
-248,

=321,
-3%6.
-471,
-348.
-b23.

=764,
+13.




UNIVERSIDADE DE SA0 PAULD

ESCOLA DE ENGENHARIA DE SA0 CARLOS

DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

YIieAa III ENSAID Meo.2 DATR: 20/63/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIARIS
SECARO =
Fa Fz ! 2 3 4 3 6
(ki) (k) {gf) {ge) {pE) 13 (g8 Lyt
0,68  -5.12 +0, +0, +6. 9. +1, +9.
2.2% .21 -164, -173.  -133, +40. +47 +4¢,
16,42 9.52 -122. -137, -186, -14, -1Z -9.
26.67 19.16 -63. -7, -5 -78. -84, -2,
30,83 29.44 -4, -34, -1, -141,  -153 -138.
2.23 1,97 -163.  -176.  -136, +42, +31. +4¢,
{6.43 7.32 -118. -134, -97. -12, -14, ~11.
28,63 19,28 -68. -B3, -53, -7, -B7. -83.
Je.B3  29.84 -2, =32, -8, -l4¢,  -158. -13¢.
41,15 3B.79 +38. +21. +37 -284,  -7z8.  -Z23L.
.11 48.66 +117. +74. +84.  -268. -297.  -3eh.
61.88 38,77 +177. #1727, 4128, 328, -3e7. 383,
71.28  b8.44 #2641, +178.  +172,  -387. -435.  -433.
Bl.93  77.93 +362. 4228, 4215,  -444, D94,  -Ble.
91.56  BE.94 +363,  +283. +258.  -5@6.  -DhR.  -B74.
1e1.88  97.51 +£33, 4342, 4299 -39 -613, -bZt,
2.4 2.69 -4, 137, -133. +25 +26. +99.




UNIVERSIDADE DE SAD PAULO
ESCOLA DE ENGEWHARIA DE SAD CARLDS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

vIGA 111 ENSAIO No.2 DATA: 26/93/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS
TIRANTE 1

Fa Fz 81,1 51.2 51.3 51.4 §2.1 87.7
(kN (kM) (g€) (g€} (g€} (g6 iy (50

6.06  -0.12 +9. +2. +9. +9, 8. 4,

2.2% 2,21 +426. 467z, 4BBB.  +B4E.  #£35. 4eER.
14.43 .92 +493,  #744, 4961, #7237, +78B. 4741,
20063 19016 +5B4.  +B34, +1€33.  +BI3. 4795,  4BII,
36,87 29,94 +47h,  #923.  #l1&5. 4967,  #B%4, 4944,
2.23 1.97 +511,  +bbh. +B79. 4639, +bZB.  +879.
16.43 .92 +487, 4749, #9533, +716. 4783, 4734,
26,63 19.26 +388.,  +B3L. 41608, 4#BLI. #7935,  +B3%.
36.83  29.¢4 +673. 4923, #1182, 4983, +BBE.  +944,
41,15 38.79 +764,  +101Z, +1233. #9946, 4G7E. 41835,

.1t 4B.6k +832.  +1181. #1321, #1883, +l86B.  +1124,
6i.68  38.77 +936. 41187, +1469, 41172, 41133, +1Z13,
71.28  48.64  +1833. +128l. +1364. +1267. #1234, +1368.
B1.95  77.93 41129, 41377, 41680, +1364.  +1349. +1463,
91.56  B8B.04  +1224. +1472, +1696. +1466. +1443, +15€3.

161.88  97.91  +1328. +156B. +1793. +1335. +1542. +1%%¢,
2.34 2.89 +386.  +tohh.  #B3Z.  +ell.




UNIVERSIDADE DE SA0 PAULD
£SCOLA DE ENGENHARIA DE SA0 CARLEE
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS
YIGA III ENSAID No.2 DaTA: 20/83/71
DEFORMACOES DDOS EXTENSOMETROS ELETRICOS UNIAXIAIS
TIRANTE 2

Fis F2 51 52.7 £2.4
(kM) (kW) ( (ge) (ge) fge {4E)
8.00  -9.1Z +8. 9. +9, +1, +4, +4,
2,23 2.21 +672,  +bEZ. 4735, 434D, 44670 4794,
16.43 9.52 +746. 4731, 4883, 4615, 4475, +Bal.
28,63 19,16 +836,  +B21.,  +B%4.  #765.  #7ED. 4901
3883 29.04 #9721, #9112, #9831, +7%%. 4%, +1ed2

2.23 1.97 +662.  +604. 4725, #3353, +5%B. 4785,
16.43 9.32 734, 4724, 4797, +689.  +6£9,  +B3S,
28,63 19.28 +828.  +Bi8.  #B%1. 4763, 47k},  +94E,
30.83  29.84 +921, #4912, +9B3. 4798, 804, 4142,
41,13 36,79 +181Z, +16el. +1873.  +4BBY. 4944, +1I3l.

.11 48,66 +1181. #1891, +1163.  +978. +1836, +1214,
b1.88  58.77 41189, +1188. +1Z31. +1847. 41123, +136e.
71.28 68,64 +1283. #1275, +1347. +ll163. +1218. +146l.
BL.95  77.93 #1381, +1372. +1442. +1258. 41314, +1494.
91.56  88.64  +1477. +1467. +1537. 41304, +1469. +1391,

BB 97.91 41877, #1561, 41633, +1436€.  +1363. +16BG.
3L 2.89 +64G.  +642, +711. 4528, +382.  +77L.




UNIVERSIDADE DE SAO0

ESCOLA DE ENGENHARIA DE S8C

FPRULD

DEPARTAMENTO DE ESTRUTURAS

CarLOS

ENSAIO DE VIGAS DE ACO REBITADAS

YIGA IIIX ENSAIO No.2 DATA: 20/©3/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS
ROSETA 2
Fa F= fa fu e £ £z Ga 02 g
{kN} {kH) {#f} (g€} (e LS {y¢] {HPz)  (MPa) {0}
0.60 -0.12 +. +1 +5. + -8, 9.7 +.%  U/C
2.23 2.21 +5. -g. -4, +7 ~b. +1.2 -¢.5  -25.4
16,43 9,52 +9, =36, -%, X! -3z, +5.8 -5.1 -3k.6
26,63 15.16 137, -b7. -1z, +ht =65, 416,27  -i1.6 -3B.7
36,85  29.64 +6, -185. -24 +166,  ~18B,  +13.3  -i7.% -39.5
2.3 1.97 +6. -4, -Z. +9, -5, +1.6 -6.5 UW/C
19,43 9,97 +19, -29, -E. +31 -3 +5.5 b6 -36.9
26,63 19.28 +14 ~67. -15, +48 -6%.  +i8.6  -18,9  -36.8
39,83 29.44 +17 -186. -2%. 418 -188, +18.%  ~17.5 -3%.4
41,15 3B.79 +19 -144, -3 +134 -146,  +26.6 -24.2  -319.%
311 48,66 +21.  -185, -39 +169, -187.  +425.5 -38.7  -44.2
61.68 58,77 42 ~223. ~44, 4265 -226. 4318 =370 -46.%
71.28  68.64 +27. =263, -33 +289, 266,  +3b.86  -43.8  -~48.35
B1.95 77.%3 +29. =382, -2,  +273,  -36b. +46.8  -56.4  -40.4
91.36  BB8.64 +32,  -338, -89, #3653,  -342.  +43.6  -36.4 -46.3
161,88  97.91 +36. 373, -Th, #339. =377. +51.6 -£2.1 -BB.b
Z.. 2.89 +8. -3, -1. +12, -6. +2.4 -g.0 -3




UNIVERSIDADE DE SA0 FRULD
ESCOLA DE ENGENHARIA DE 5A0 CARLOS
DEFARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

viea III ENSAIC MNo.2 DATA: 20/03/91
DEFORMACOES DDS EXTENSOMETROS ELETRICOS DAS ROSETAS
ROSETA 1

Fi Fo Ea fe € £y P 0 P g
(kM) (kN (g€ (g5, iy §13] {g€) {EPa)  (HPz] (o)

g.00  -0.12 +0. . + +1, -1 +0.1 -8.1 U/L
2,23 21 +8. -2 -6 +B. -6 +1.8 -8.9 -1l
18.43 32 +24 -Z% -8 +44 -3z +7.8 -£.2 0 =344
28,63 19.1 +28. =76, -17 +B5 =73 +14,1 -18E =367
34.83 ; 733, -1, -31 +119 -117 +18.9  -18.2 -3
2.23 1.97 +9. +6. -1 +16. -Z. +Z.1 +8.2 U/
19.43 9.52 +26, -25. -2 +46, -3, +8.2 -3.8 -35.6
26,63 15.78 +28. -7¢, -17. +85 -73 +14.1 18,8 -34.7
Je.gl  2%.44 +33. -1 -3, +18. 0 -7, 4B -8 -3TL
41,15 38.79 +36. -1, -ht, 4132, -163. 4233 RS -3T.4

3l il 48.h6 +37. 281, =61, #1853, -287. +27.7  -H0 -37.0
pl.88 58,77 3. -Zto, =77, <242, -253, +36.7 -AZ.6 -3E.9
71.28  6B.64 +26. -293, -88.  #23L. -299. +31.8  -5L.7  -39.1
Bl.93  77.93 +3.  -342.  -182. 4247, -346. 432.2  -61.3 0 -3%.9
91.56  88.64 -7, -39, -121. 4286, -394, +33.3 0 -T9.8 -46.@

1.88  97.9! -9, -433. -l141. +292,  -44%,  435.9 -79.7 -39.8
2.34 2.99 -38. 13, -1, -6, -64. -£.4  -i4k3 U/C




UNIVERSIDADE DE 540 PAULO
ESCOLA DE ENGENHARIA DE SA0 CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAID DE VIGAS DE ACO REBITADAS

VIGA III ENSAIO No.22 DATA: 26/03/91
DEFORMACOES DOS EXTENSDOMETROS ELETRICOS DAS ROSETAS
ROSETA 3
Fa Fz o £ [ £y P G 0= g
(ki) {kR) i iy (4] (g8) (66 {BPa}  (HPz) (e
g.60  -6.12 4 +4, +9, 6, +6, +6.6 +6.6  U/C
2.3 2,21 2 -9. -4, +7 -9, +1.6 T
19.43 9.52 ; -3t -3. +37, -3t. +3.9 EOTL I Y
26,63 19.1t 4 =73 -2, 477, ST ETE S VAV § B A S
18.83  29.64 4, -1i4 -3, 41T -i14 +18.1  -17.9  -4L.2
2,23 1.7 +5, -8. -2, +9 -8. +1.32 -1.2 -3b.E
16.43 §.52 +3. -3 -1, +39, =35 +.4 =53 -47.¢2
26,63 19.Z% +35. -74, -1, +78. -74. 12,3 -i1.4 0 -4L.9
18,83 29.94 ., -114, -2, +ilg -H4, #1830 -17.E 0 <443
41,13 3B.79 4. -153, -3, 4154 -133 26,6 224, -44,4
3.1 48,66 +2,  -192, -3, +9LL, -19E +3R.1 3004 -4 L%
61,66 5B.77 1. -136. -3, 4228, -23¢. +35.B 0 -3b.E 0 -G4LE
71,28 4B.64 2. -1, -4, 4285, -271. #4230 -42.8 0 -44.7
81.%%  77.%3 +3.  -3l6. -3, 4389, 316, +4B.5 -49.1  -44.%
91.56 B8.94 5. -, -5, 347,  -347. +54.B  -54.8 444
161,88  97.91 +8.  -3EZ. -2, +lBE -3BZ.  +bl.6 -59.% 0 -EiLe
2.4 2.69 +7, -13, -1, +13 -5, +Z.3 S IR




UNIVERSIDADE DE SAD PAULD
ESCOLA DE ENGENHARIA DE SAC CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAID DE VIGAS DE ACO REBITADAS
VIGA III ENSAID No.2 DATA: 20/03/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS
ROSETA 4

Fi Fz fe 9 e £1 f2 0= g
(kR I iy (4e) (€ g3 {UE) {HFz) (HFe (0}
%.68  -~6.12 +% +9 +1, +1. -6, +0.2 + e
2.23 .z -&l -38. 41, +2Z. -67. 2.7 =1 H
16.43 .52 -7 -89, +7, +1&, -84 -2.1 -7 -57.9
26.83 ©.16 ~B1 -112. +2, 243, -127, +1.5 -7 -5, 8
3683 2%.0 -5z -153 . +76. -165 +h,8 -2 -56.b
2.2% 1.97 -38. -6, -1, -8, -3E, -4 .4 -13.2 d/C
19.43 9.52 ~87. -65. +1, +1h, -BZ. -6 -17.& -47.1
26.65 19,28 -E8. -111., +2. +44, -121, 1.7 -74,4 -59.8
3%.83 29.94 =51, -154, +3. +76, -164. 5.4 =318 -§85.3
41,15 3875 -1, -19B. +3. +168 -267. +16,4  -35.7  -54.7

11 4B.4t -1y, 244, 2. +ihe. -249. 4147 .t -33.4
61.68  2B.77 -itg.  -282. 2. 174, =29, +#19.5 et -5ZLY
71.28  68.64 -125. 327, ., 4218, 335, +24.% 1.2 -3l.b
Bl.93  77.93 -132, 374, -3, +24h.  -3BL.  429.7 4500 -56.9
91.56 88,94 -136.  -418, -5, +782,  -424, 34,9 -78.5 -§9.3

161.88  97.91 -148, 443, -G, +¥Z. -L7e. HiET
2,34 2.89 -4, =37, -5, b, -8 -1.Z

§
-35.9




UNIVERSIDADE DE 5A0 PAULD
ESCOLA DE ENGENHARIA DE SAD CARLOS
DEFARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS
vViga ITI ENSAID No.2 DATA: 2¢/063/91

DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS

ROSETA S

F = fa fo fe £y (2 1. 6
i M) e e e e UE TR (e
6.0 -8.12 T T R T A
771 L. o T TS D S SRS S
16,47 9,52 T T T T ) JAE Y S
76,87 19.96 0 #19. w2 -6, #6S. BB, HIES -9
36,87 29.64 #27, #99. 74, #1682, -%9. s1bD 0 -i5.4
227 19T 2, 45, 42 450 <l 4Le b
16,43 9.52 416, +29, -5, 436, -I5. 5.7 <13
26,67 19,26 +19. 4k, -1h. #E7. -#2. 4BE -Gt
39.83 29.84 27, 499, 73 163, 9B 165 -5
83,15 38,79 #3350 4134, <33, #138. -136. 7B -20LE
SLLUL #8066 439, 169, B4 HTA, -1TS, -85
LB SB.TT 443, 4783, <Sh. 4288, -237. <30 -35.E
7128 6B.6  #4B. 4233, -T1. 4246, <263, 4363 -£3.%
B1.95  77.93 453, 4263, -B7. 4272, 386, 4465 -56.5
91,56  BB.64 459, 4294, -102. 4304, -34B.  #45.0  -97.2
61,88 97.91 6. 4327, <117, 4335, -39, +AS.E —an.t
2.3 2.9 +9 o T S| RS S S SOt B -

*
<
)
o

4
()

. - - .

et QD LR S
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-28.8




Ny
L0

T2 B
[ i

=

tmult, by

|

P b et

|

1 ()

[
T A (0T - O ) e

o U T L N B I B O B I M

DATF:

2 = DATA: 2007791
TRACIOHADH .

A { : f 1 [ 1 L ! . L . ! .
) R ,;; ;; ' 1'_"{:; b e;;”{rv baoe)
— 4 D] fx T =5 —
—i —

pak

B4 X=pBS

=0

nEa

-
§

ed

1

T

iR

=i

Bl

e

|

{

I S

OATH:

S

COMPRIMIDR |

__4 — . .
et i -
-5 ‘
— b
_—lx‘ b . . -
— - - . .
_El . . . . . .
- F - . -
1l ;
11=- - :
iz L i PO NS |
= Fand = =
—i i '-.\‘!
- -—




see - - YIGA 111

4

W E :
Y Y e ) RO B el | SR S| U
T Pl [ [ hd [Ace] oyl ' sty A
i 77 e L P I i ot i

[y
1<)
Iy}

[ax

|
[y
A
e
A

]

|
ht
]
p=y
%

bt
S
(A}
™
ot

e

|
[
I
X

)
!

.,,.
oy
s
A

|
T
[A¥]
e
_.

I
-
&
)

1
juy

|
)
[y
51




13

MIGR IID -

EH4HIH i

-~
£ =

DHTA:

20,8505

S e o :
SECRDT 2 = !E'H TEAC LOHADA :
£
]
fad]
3
.6-:.
LS
.1
bt rf:; '
= 1l
T
Z Lo
- : Do
. . Lo
5 : -l
: : e
! ; ; ;
- - ot i e : ool 3N e g
- I i - ] [l I i D [aogy ——t 4
-t -— -——
Ch =z kH <715
{om— - AGE T11 _Ef SAIO Ho. .z - DHTF‘J5 _'_",_;: EERo0]
o : : = El HL -_: - MEZ=HR ,Liﬂi-' I TI H :
1 y .
— 165 : E 7
: : =
—ZE5 : : -4
- -' * i
W S :A . :":‘X
jum} : : 1l
— G : L.
. K : "_:3
P . s . P
-SE‘U : N - . - i~
: . - . : - [E:E_l
~E8E L e
R A S S TV P TP S TP T R R
i o frn o E) face Aot fars] = ] [l [ace] = [l
i -] o o 39 ] - f} fa Ot — i
-t -— -—




188 —
isno
4oy

1zoE

- WIGH

III

-J.x::.2 = OHRTH: . zB-g=-91 .
TIF’F!HTE 1 . .

45

=

Pdd 8

G L bt H ' H : H L ! I 1 3 i 1 H 3 L i H
[ ] facK 1= [an] (%) PR ot 1 o] acw] faoe) face] b
— d i -1 [T fila] - o O [aon] ~— ol
-— -~ —

35 &
= e
<+
for)
1
[t}
[
: 2,
. 1
4 it R EU SN SR T ST SR N S BTSN BN VI
— = o) oy o T = o o3 o
i 3 £ bl L7 i [~ T [ -t -
- -— —-—
Che 22 ki <T=
TEEm - - WMIGH ITI —‘;_EHE:@IE. Mooz — DHTH: | Z2E. o 17091
[ SECAD Z — TIRAMTE 1
| e —
145G - - T
{L— o
1zee -
-
R jag
1EEE -
]
1
0 i
= [as
-
)




—

[

el

— - WIGH .I11.—. EHZRIO0
. - . SBECRO .2

Mo L2

-.TIF

~ DATR: . 2B 92791 .
z . .

:HNTEM
L BT

L
0

e
1

PR SN S §
D] () o] Do) ]
f-- i T [N} —
—

12ak

Ay

[ace)
i
)

.
s=il5z

2=f31

i

A

=358

b
s
&

A B ! LI

. + . L
.
.
.
.
.
R
1]
.
.
'
.
.
N
.
.
.
.

=] e i : b L | SRS S N S S S ! IS S i ! H
hd 2} ] o] facn) foed ot L au} fan face] ) ] face] [
— i) b s s a5 - I g i — -

~——t et

Ch 28 kM <T>

125




VIGA III — EHMSAIO Ho.Z - DRTA: Zb oz 2i
S ROSETA 1 .

164

o

|
[
&3
r
¢
|
=029

t
;
|
B
i3

1
]
§

.o..v.,.'..

e St N . s
A - .
~2HE .. --EEL__. L. D

. . - . . o

@=uy

i

|
e
T
i
1T

‘T“T“!’“’r"!""T’Tllrvll‘lel‘rrvf
!
Q

1 I

] el ; ) 5 PAcR] A% g} 0] ) [
i - — id

-t — —

rl:_::i
166 :

3 g
e . R R ] i _ A A
T . i

A

L TR T . ol
- - : . —e— - . - T
e - -, . . . e— -
L 2 ; . ) ; —t—— K
SlEEE - e el r o D D
- - . b-"—__ - - . - L-l 4
3 T e
o F - — . - i
o P - (2 N - - - - T
—ZEEE - : Coe Tl : : -
- . = . . . C
r : ey : : Do
Lo : Do e -
-z F:TET — - - - - - - - - - -"'Ex.__' - - - - - . - g
L . . - =S . .
3 : . . . . : = T .
—A 1 H L ! : ! IS SR SN A S | PR i L i : | ST S S S
Rt s} Py} facel] 1= face] Pen] facoe o e = =1 ] fax]

— (oS S =+ T o e = = ]




o

MIGAH I11 — EMSAIC Mo.z — DRTR: ZBs6z-91
FEOSETH 3

,_
'

B, A a . . . . .
¥ e ) S
-1 ?1‘;:-, . . '.-~.__b . . . . .
Iy - T : . : :
= - - . - . . . .
] - 'T_')____ . . . -
' e . .
[ S .
=

L
. T
_41_7“-,1f ; et} [ SN NPT SRR B REN T SNPRE LS N
=T ik fack e [ e o sl facl oo s ooy [
- il 7 hS b o r-- s (A st —t [
— —

R A

SEIER

[RBs

O
T
—
I
[
s\

™
Y
[EA]
(4]
—

YIGA II1 — EMSAID Ho.Z
o ROSETH

oy

= 5o P facn] e pac pacn) fac] P ) fan

4 £ cB U piey ~— o T L) —t ]
-— >




WIGH II11 ~ EHSH

0
o
[
m
—4
Ly
ol

w(Tl'lTlYll1lYY]I[‘l‘

A

J
25
il
- —

=Dt |

RN

REEE

O

=053

-




MODELO - VIGA IV

RESULTADOS DOS ENSAIOS

. Ensaio 1
. ENnsaic 2

- DESLOCAMENTOS

- DEFORMACOES
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MODELO - VIGA 1V

RESULTADOS DOS ENSAIOCS

. ENnsaio 1

- DEFORMACOES

EXTENSOMETROS ELETRICOS DE RESISTENCIA
Uniaxials
RoseTaAs
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UNIVERSIDADE DE 5A0 PAULD
ESCOLA DE ENGENHARIA DE SAD CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAID DE VIGAS DE ACO REBITADAS

VIGA IV ENSAIO0 No.l DATA: 26/83/71

DEFORMACOES DOS EXTENSOMETROS ELETRICDS UNIAXIAIS

52CA0 1
Fi F= 1 2 3 4 3 b 7 ] § /
(kN} {kk) 543 13 (g€} (463 {pe) 13 LEe) 1y {ge) 158
6.900 6.9¢ 6. +6. +4, +8, +6. +9, +0. + +4, +h
10,55 A% +E, 432, +37. +4, +37. -4, -tk -7t =57, -ig
975 19.28 5. ¥187, +lls, +82. +76,  -134, -IEE, -13%. 0 -lHZ, -9,
38.95  25.1% +189,  «1bZ. #3735, +1Z4. +lie. -283.  -281,  -208.  -leb. -394,
8.39 §.9¢ 9. +5. 49, +7. 7. +1. -1, -14, -9, -4,
16,35 7,52 +24, +39. +63, +46. +44, -6, -76. -71. -48, -3t
26,63 19,42 tigl, #1168, +126, +83. +7%,  -134, -134, -14;,  -iiZ, -95.
36.95  29.1% +156. 4163, 4177 +125. 4117, -264, -281.  -289.  -1gb. 151
£1.13  38.7% 202, #2171, +Z%6, +189. #1546, <273, 288, 27,  -721.  -741.
51,35 4B.7E +257. 275, 4296, +215.  +198, -343. -3, -3, -27B. -Z5L

61.43  38.42 +314, 4333, #3538, 423, #2408,  -412,  -8B4. -423, -333. 365,
71,48 68.52 +373. 4394, 4421, 4343, 4283, -4B2. 477, -499. -394, -356.
81.36  78.4¢ +431. #4833, +484. #3262, #3246, -348. -047.  -O75, 433, -449.
91,79  B8.e4 +468, #0314, <348,  +412, 4376, 412, -£18.  -637.  -515. -441.
18l.64  98.84 +388.  $R76. #6817, +4AE. H417.  -A74. -89, -TEE. 381, -51E.




UNIVERSIDADE DE 5A0 PAULOC

ESCOLA DE ENGENHARIA DE SA0 CARLDS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

Yiga IV ENSAIO No. 1 DATA: 26/03/91
DEFORMACOES DOS EXTENSOMETROS ELETRICDOS UNIAXIAIS
SECAD 2

Fa Fo i 2 3 § 5 b 7 § 9 i
(kM) (kM) {46 (§8) (BE) (gt} [5f) 13 LBE) (46 {43 (gt
.68 6.8 4. +4. + +5, 8, R 1, +6, +. +9.
16.55  9.41 +24 +27 +39 +7 +17. -1, -36 -36. -29. -2,
.73 1%.i +38, +55 +79 +14 +21. -B3. -74. -5E -25. -5,
36.5% 0 28,15 +77. +85. 4120 +21, 66, -128, 112, -166, -Be. -91,
.59 b.6% +18 +9. +HL. +2. +2, -7, -b. -6, -3. -4,
16,55 §.52 +33. 134, +49, 9. +26 -4t -4, =35, 31, =32
26,63 19,45 +33. +39. +85. +16. +43 -84 =75, -47. -52. -1
3.9 25.1% +79. +86. #1235, +22. 8. -129. 113, -181. -B&. -9%.
41,15 38.79 +165. +ll6. 4143, +31. +83.  -174,  -131.  -i34,  -115. -1Z3.
3,33 48.7E +{35, +188,  +246. +41,  +1i8. 219, -19L. -l -ide. -1ED.
61.43  5B.42 +166.  +182, 4232, +33. #137. <267, -236. <282, 177, -147.
71.4¢  68.32 202, +218,  +297, +67.  +#1p3.  -3i5. -27L. <288, -2ih. 0 -224,
81.36 78.4% +233. 4235, +343. +7%,  +18%, 361, 3L, 276, 244, 253
91,79 BE.84 +269. 4292, +389. +8%, 4213, -369. -3533.  -Si4. -2B8. 28I
1¢1.66  95.84 387, 43330 442, +i®d. #2401, 838, 397, -3me. 317, -G,




UMIVERSIDADE DE SA0 PAULD
ESCOLA DE ENGEMHARIA DE S5A0 CARLOGS
DEPARTAMENTO DE ESTRUTURAS

ENSAID DE VIBAS DE ACO REBITADAS

VIigGa IV ENSAIO No.1 DATA: 26/03/91
DEFORMACOES DOS EXTENSOMETRGOS ELETRICOS UNIAXIAIS
S5ECAD 3

.64 +4 +5. +9 +6 +. +9

4] +1% +27. +6 -39 -43, =31,

19.28 +38 +3& +13 -72 -8, -1,

29,15 +57 +83 +26 -1e8 -131. -92.

.64 +16 +13. + =] -1, -6,

12.53 9.5 ) +37 +b -39 -56, =34,
.63 19,83 +43 +hZ, +14 =73 =94, -£2.
J&.95  29.15 +60 +87 21, -118 -131 -93.
41.15  38.7% +82 +116. 31, 14 -172. -123.
21,35 4B.7B +186 +147. +46,  -iB3 ~214 -135.

61.43  58.42 +136.  +186. +9i.  -223, -236,  -i88.
71.46  £8.52 +138.  +214, +66. -~Zb2.  -382, -7I13.
81.36 78.48 81, #2448, #73.  -38i.  -343, -285,
91.77  BB.84 +284,  +281, +84. -341.  -392. 294
191,64 98.84 $227. +314, +93. -38l. -448.  -3I4.




UNIVERSIDADE DE SA0 PAULD

ESCOLA DE ENGENHARIA DE SAD CARLOS

DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

VIGA IV ENSAIO No. 1 DATA: 26/63/%1
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIGXIAIS
SECAD 4
Fa Fa i 2 3 4 3 b 7 ;
L B T B T R 13 B2 B 1 N 07 BV CE R U3
.60 0.6 TR S S S
16,55 9.6 S PR TOUNE Y HS NS S L SN
2095 19,28 Moo 422 b, 4120 H1. <35 <EL o <Th
30,95 19,15 5, 438 476, 418, L, <59, B, -ilb,
0.39 .69 L P T S DS SR S T S M N
18,55 9.5 T R« TS U RS S L PR+
.63 19,83 5. 426, 52, b, 416, <33 <R, <R
36,95 29.15 . 435, 471 428, HZ. 59, -Bb. -116,
4,15 38,79 8, M. 95, 427, 4T, -85, -5, -14l.
51,35 48.78 413, 4El. #1260 #3542, -1, <135, 174
61,43 5842 1B, 477, +154.  +hh, 429,  -139,  -165. -4,
71,46 68,52 29, 495, 4175, 458, 4B, -1bb. -1,  -Z4b.
BI.36  78.40 431, 4116, +265. 78,  +h4.  -1%, - -236.  -Z8L,
91,79 88.6%  +35. 4127, +241,  +BA. 51, 224, =21, -3lh.
181,66 9B.B&  #37. 144, 279, +98, 455, <18, 2% 3%,

-92.

-121,

—{E1

Idls

~188.
-213.
-243,
=275,

-383.

-126.
-126.,
-173.
-157.

o
i
Ll




UNIVERSIDADE DE SAD PAULO ,
ESCOLA DE ENGENHARIA DE SAO0 CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENMSAIO DE VIGAS DE ACO REEBITADAS
VIGR IV ENSAID No.1l DATA:
DEFORMACOES DOS EXTENSOMETROS ELETR

SECAD 5

o
o

G b6 :
10,55 9.4 41 + 5. <26 -2,
2675 15.28 M. e, 4L -Se AL
3695 2945 7. 3. 419, -85, 7L

6.59 6.8 43 b, 45 -5 -5
14,55 952 #5414 4 36 <26,
20,87 1983 Y. 3. #E. 0 -R. -8,
36,95 29.15 4. 435, 426, -BS. -l
.15 3879 4 A, 427, -1l 5
S35 AB.7B 426, 439, +I7. -186. 10,

bi.43  58.42 ¥29. +74. 3. 176, -l41.
71.486  6B.52 i, +93. 3. -2ie. -6k,
81.34  78.48 +33.  +112. +77. <241, -189.
91.7%  BB.g4 +63.  +{31, 91, -774., -4,
igl.64 98,84 +75.  +133. 4188, -39, -39,

-6k,

Y

-£e,
-tl,
-B4.

-145.

-124.,
-146,
-158.
-174.

-1%4,




UNIVERSIDADE DE SA0 PAULD
ESCOLA DE ENGENHARIA DE S5AD CARLOS
DEPARTAMENTD DE ESTRUTURAS

DEFORMACOES DOS EXTENSOMETROS ELETRICOS UMIAXIAIS

ENSAIQO No.1l

ENSAIO DE VIGAS DE ACO REBITADAS

D

AT L -
[ IR B o

26/03/91

VIGA IV
SECAD &
Fa Fz
(kM) {kN)
.99 .69
18.55 .41
28.73  19.2
36,95 25.15
#.59 6.09
16.33 5.32
26,63 19.83
38.95  29.15
41,13 38.7%
51,35 48.7B
61.43  9B.42
71.46  5B8.32
81.36 78.48
21.79  BEB.@#4
181,64 98.84




UNIVERSIDADE DE SAO0 PAULD

ESCOLA DE ENGENHARIA DE SA0 CARLOS

DEPARTAMENTO DE ESTRUTURAS

— o —

ENSAIO DE VIGAS DE ACO REBITADAS
ENSAIO No.i

DEFORMACOES DOS EXTENSOMETROS ELETRICOS UMIAXIAIS

VIGA IV

SECRO 7
Fa Fz
(kNG (kM)
6.99 .08
16,33 G.41
.75 19.28
8.9 29.4%
¢.39 $.69
19.59 §.52
26,43 19.65
38,95 29.15
41,15 38,79
31,35 48,78
61.43  38.42
71.46 68,52
81.36  78.49
91.79  BB.4L
181,64 96.8%

DATA: 26/93/91




UNIVERSIDADE DE SAO0 FAULO
ESCOLA DE ENGENHARIA DE 5AD CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACC REBITADAS

VIGA IV ENSAIO No. i DATA: 26/93/51
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS
SECAO 8

Fl Fa 1 7 3

{kN) (kW) LEE) LgE) i

6,60 §.69 +6. e, 2,
1,53 .41 t4b. +31. +37.
28,77 19.28 +95, 4i8L. <li7
36,95 29.15 144, #1355, +177.

8.3 .69 +B. 7, +5,

6.33 .52 +52, +38. +he,

8.63  19.43 97, 4148, 4121,

29.15 +143. #1808, +175.

38.79 +193. 213, 4237,
3 48.78 +288, 4278, +I9E.

[
e &
. e e
el = g o~ U
wn on

61.43  58.42 +384, 4328, +3s2.
71.48 68,52 +364, 3%, +427.
81.36  78.48 +425. +432.  +492.
91.79  B8.e4 +488, 4315, +36l.
181.64  98.84 +333. #5982, +833,
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UNMIVERSIDADE DE SAD PAULO
ESCOLA DE ENGENHARIA DE SAD CARLOS
DEPARTAMENTO DE ESTRUTURAS

- i ot it o . A . s b, . AT . e . e e e A e i i e . e . e s S e

ENMSAI0 DE VIGAS DE ACO REBITADAS

VIGA 1V ERSAI0 No.l DATA: 26/83/71
DEFORMACOES DOS EXTENSDOMETROS ELETRICOS UNMIAXIAIS
TIRANTE 1

Fi F= St 51.2 52,1 52.2 53, 53.2
(kM) (kW) Lge) it {4€) (gt Lt} LEE)

0.49 8,49 Y +7, +G, +% 6 +0,
16,55 9.41 +£4 72, +48, 443 +71 +73,
26,75 19.28 +125. 4143 +{36, 4129 +141 +143,
J6.95  29.15 +1532 +2§2 +263, 4153 +211 +221.

9.59 .09 -1Z -G -8. -9 -8 -2,

@.08 252 +34 +ob. +66. +57. +2Z. +4B.
29,63 19.43 +171 +139,  +136. 4124, #1115, +1EL,
36,95 29.1% +5i 212, #282. +1%Z. 4289, +421E.
41,15 3 +234 289 +268.  ¥23&. 4278,  +292,
31,38 £.78 +3i% +333. #II9. 4244, 4342,

61.43 36.42 #3719, #4130 #3095, 4378, +48%. 4438,
71.46  68.52 +425. 449,  +448. 4436,  +4e7. #4990,
81.36  78B.4% +481. 4329,  +583. 4484, 4325, #5333,
71,79  88.¢4 +536.  43BB.  +DbZ. 344, +3B4. +pib.
161,04  9B.84 +391.  +RAS. #A17. 4353, HAREL, #4677,




UNIVERSIDARDE DE S5A0 PAULOC

" ESCOLA DE ENGENHARIA DE SAD CARLOS

DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

VIGA IV ENEAID No.i DATA: 26/03/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS
MONTANTE =

Fa Fa i 2 3 ; 5 b
WO G W e e e
R L T T T T )
16.55 %60 -3 -l 8. ST -7
26.73 152 T <M. B, T -3+,
30,95 2905 -165. <45, 25, -16B. -kb. 417,
6.59  G.ee 7.+ 41 B 43 slh,
16.55 952 -3, -i4 +l4 <3B -13. 4L,
26,63 19.65 -Th D%, 426, -T2 <N, A

.95 2945 -85, <65, 425, -7, -AE. 4D,
815 3.9 -l =68, 433, -l3, -8 44

I35 4ETE <178, <76 #43. -1T9. -T2 434,

61,43  38.42 -213. -51. 34, -212, -84, +44,
71.48  68.5 -247.  -1e4. th2.  -243. -86. +30.
Bl.3h  7B.48 -283. -119. 79, 273 -7, +36.
31,79 88.¢4 =325, -134. +87. -2, -8 +64.
161.64  98.84 -366.  -138. 18l -I36. -1Z6. +71.




UNIVERSIDADE DE SAD PAULO
ESCOLA DE ENGENHARIA DE SAO CARLDS
DEFARTAMENTO DE ESTRUTURAS

ENSAIG DE VIGARS DE ACO REBITADAS
ViGBh IV ENSAID No.1 DATA: 2&/03/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS
MONTAENTE 3
Fa Fz { 2 3 4 3 £
kN (kN (BE) (gé) {(gf) {gé) (gf) fut
6,69 9.94 +4 +, +9, +6 ! +
16,55 9.41 +7 -lee -3 +18 -14 -3
.75 17,28 +17 -3z, -T2 Y43 -27 -7z
36,95 29.15 +28 -4, -112 +38 -4 -1i4
8.5 .88 7 +2. -3 +7 +3 -3
1935 §.52 +Hi0 -4 -I7, +18.  -1L. =37,
28.63 1595 7%, -3¢, -T2, 28, -2t. -7
0.9 29.1% +36. -47. =113, #3941, -l
41.13 3879 +41, -&3. -15l. +34, -34. 148,
S35 48,78 +33. B, -193.  +71. -gh. -IET.

61,43  58.42 +9, =95, -2, +92, =17, -1k,
71.46  68.92 91, -1e8. -27B.  +li3. -96. -Zt9.
81.36  7B.49 +183.  -1Z5. -316.  +136. -1l 389,
91.79  BB.84 +115.  -13B. =355, +iAf.  -I11, 356,
141.64  98.84 +138,  -153, -394, +ige, 12z, 36D




UNIVERSIDADE DE SA0 PAULD -
ESCOLA DE ENGENHARIA DE SAD CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

Y1GA IV ENSAID No.1 DATHR: 26/93/5F1
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS
TIRANTE 2

Fy Fz  S§L.0 812 82,0 E2.2  Shi 5.2
(N) (M) e ) (g ) G )
9.66 .06 O R +4
16,55 941 477, 472, 4T, 44
26,75 19.28 #1501, s14Z, 4175 +i4
36,95 29.15 4221, +216. 1%, 4202
9.59 6.0 -ll.  -ll. B, 14
16,55 9.5 #45.  #l. 453, 42,
29,63 19.65  +142. 4134, 4123, 4137,
36,95 29.15 4218, 4266,  +1%4, 4216,
4115 3879 +288. 4277, 4258, 4274,
51,35 48.78 354, 4343, €316, 4338,
61.43  9B.42  +4ls,  +463. 377, 4396,  +443, 4338,
7140 68,52 +482.  +469.  #435.  #43B.  +G6E. 4391,
B1.76  7B.40  +541, 829,  +492. 4516, 4372, +A4D,
91.79  BB.6E  +hBR.  #5BS. 4545, 4572, #437.  +493.
101,64 98,88 +857.  +edb, BRI, #AI5.  +iS3, 4544,




UNIVERSIDADE DE S5A0 PAULD
ESCOLA DE ENGENHARIA DE SAD CARLOS
DEPARTAMENTO DE ESTRUTURAS

MIGA IV ENSAID No. i DATA: 26/063/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS
ROGETA 1

Fa Fz fa £n € £1 f= 0, (= a
(kN {kR) {86} (gf) (g€} {ge {4E) (BP2)  (HF 1o
§.0¢ .69 6. +0. +, +#, +0. +6.6 gt UL
18.55 .41 -4 +23 + +23 =27 +3.2 -4, $47.2
2995 19,28 -9. +45, -2, +4t -3 +6.6 -%.7 4408
3895 25.15 -1z, +78. -5, +76. -87 49,9 =147 424
6.9 .66 +2, +Z. -5 +3. -4 4.4 -2.7 U/t
18.3% 9,32 -3 25, -3, +23. -38. +.3 -D.Z HiEe
26,63 19.65 -7, +47, =3 +47. =37, +6.8 -G Hi5LG
36,95 2%.15 -11, +76. -5 +78. -8, +18,6 -14.7 +4£,2
413 38,79 -15, +93. -8. +95.  -l7. #1340 -28.8 0 +44.0
31.35  L4B.7B -15.  +#119. -1, #3108, -138. +16.B 0 -2RE 0 445.B
61.43  38.42 =22, +144, -16.  +lag, -1BE. 4264 315 #45.5
71.40 68,52 =24, 4174, =21, =219, +24.4 3.5 443.2
B1.36 75.48 =27, 4241, -27. -235, +28.1  -43.9 44,9
91.79  BB.&4 -28, 4232, -3, =294, 432,30 -G62 0 4447
181,64  9B.B3% -3, $Z43. -44, -339.  +36.§ -58.4 <444




UNIVERSIDADE DE SAG PAULD
ESCOLA DE ENGENHARIA DE SAD CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE AC0O REEBITADAS
viga IV ENSCLID No.l DATA: 26/06Z/91

DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS
ROSETA 2

9.5¢ &.8% +4, 5. +6, +6. 6, 6.4 +0,6 UL
16.55 9.41 +6, +35. +7. +33. -2, +4.8 IR LN
26,75 19,28 -1, t42, 9. +48, BTV S R TP R L Vi1
3655 29.15 -1 +198 +5 +168. =93 +16.7 -lhL 4454

0.5Y .69 +7 + -4 +1. -7 1.2 -6 4142
16.93 .52 3. +27. +2, +37. -3¢, +6.3 -5.37  +43.B
28,67 19.83 +2. TE5. 4, +469, -6z, +lLl.4 -9.2 +43.4
36,95 29.15 -1 +18¢ +9 +108. -3, #le. i -141 4464
41,13 38.79 -2, 4137, +9. #1353, -1Z6. #2130 -19.4 0 44407
al.3%  4B.7R -1, gL +B.  +ibh. -159. 42606 -Z4.6 #43.B
61.43  38.42 -1, +199. 7. #199. <193, #3170 -36.1 #4356
71.46  68.32 -1, #234 +2. 4232, <231, 4366 -36.3 +45.2
81.36  78.89 -1, t2E5. -2, Y283, 288,  #AL.L 424 #449
91.79  Bb.o4 +g, +38f, -6, 4368, -38L, 4460 48,6 4847
lef.548  98.84 B, FIIT, -2, #337., -WA%, #3130 -ERF 444.5




b —— — PG

UNIVERSIDADE DE SA0 PAULOD
ESCOLA DE ENGENHARIA DE SA0 CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

VIGA IV ENSGI0 No.i DATA: 26/83Z/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS
ROSETA 3

Fa Fo €s fs Ec €1 £z 01 0= g
(ki) {kH) {pe TEEY (§E) 949 tpe) {#Pa) (BFz) (9}
8,08 %84 + +4, -1, + -1, -8.9 -4.7 Ut
16.55 3.41 -7 +13. +18, 438 -24, “6.4 -3 457,
26.75 19,28 -3 5 +3%. +6% -5, 117 -7.3 458601

39.95  28.1% -5 +92 +4§ +98. -B2 +16.4  -1z.6  405.9
.39 .60 8, +13 +2. +1h, -4 +1.1 -85 +37.4
16.55 §.52 ~Z. +47, +17. +44, =29, +7.9 LR SR

28.63 7.45 -1Z, +48, +28, +71. -33.  +1Z.4 ~7.6  434.4
3893 29.1% -Z%. +53, +39. +9E, -2, 4166 -11.5 +53.9

41,15 38.79 SIS Vi N +48, #1128, -1if. +21.3 0 -16.7 0 4847

51,35 4B.78 -3%, +lnl. +35. #1589, -143, 4281 -Z1.4 4341

£4,  +1BZ. +61, 4189, 173, 4318 -26.2  453.4
71.4¢6  48.32 -33. 4212, +62,  #226.  -216. 435,37 -32.9 4528

B9, 242, +65,  +238. -283.  +I%.8 -3B.2 +52.3
91.79  BB.64 -85, 327, +67.  +2B1. -ZBO.  +44.4  -48.7  +51.9
lel.64 99,84 -4 +383, the,  #3i4, -322. #8910 3L +3lLd




UNIVERSIDADE DE 5A0 PAULD
ESCOLA DE ENGENHARIA DE S5A0 CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIC DE VIGAS DE ACO REBITADAS

VIGA IV ENSAID No.l DATA: 26/03/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS
ROSETA 4

Fa Fa fu 7% £ € 2 0y 02 0
GHE e ) G ) E ) (e (0)
b.08 0.8 W, o+ + + ., <R 4.0 UL
1955 S P U P VO N SR S SRRV
0 SR S U 7SS » ST SO & S0 S SO SR 00
36,95 2545 <72, sD. <8, k. -112. 0 4R <208 4439
6.59  h.00 $, . + 8 6. LI 6.8 +46.9
1053 9.52 b, 426, -9, #h. -d6. 430 <L +i3.B
26,63 1965 -13. #44, -1B. #8473, HhE <139 #43.9
36.95 2905 -22. +2. IR, 6D -11Z. +6.3 -20.6 +43.9
W15 3879 <29, 4BE. -6h, 81, 156, +8.6  -28.3  #41.7
SIS 4E78 0 <37, 4%B. -Gh, 499, -1%, 9.0 <366 43,3
61,43 5542 -84 416, TR, +17. 231 #1687 -840 #42.9
7L.46 6852 -52.  +135. -83. 4136, <271, 4123 <518 4408
B1.36  79.40  -46. 151, -1B3, 4132, 305, #1348 -68.T  +42.3
91,79 BE.64 -8 +167.  -129.  #18B. =365, +13.2 <769 #41.7
161,68 FL.EL TR, H1BA.  -162.  +183,  -422.  +124 -BLT +41.6




UMIVERSIDADE DE SA0 PAULD
ESCOLA DE ENGEMHARIA DE SAD CARLGS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS
YigA IV ENSAI0 Np. 1 DATA: 26/03/51

DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS
HOSETA D
:1 F: E- Eb £ fj_ = G4 62 1
(k) {kH) (€} 13 ey g3 1pF (HFa)  (HPa) {0

bge b.8¢ e, 4. + +6. 8 +5.9 +6.¢
16.53 6.41 -3, -28, +5 +33 -Z%. +3.4 -4.3
275 192 -1Z, -63 +14 +67. 53 +19.6 -1g.d
3%.95 29,18 -19. -99. +1E +i66.  -1gi,  +15.7  -16.¢
0% §.60 +4, -4 -3 +6. -3 +1.9 -6.7
$8.35 §,52 -2 -36. 4 +34, -3t +8,7 -4.b
29.63  19.85 -9 -53 +Z, +67, -t4,  +14.8 -14.9
38,93 29.4% -18 =55 17, +198, -ig] +15.7  -1b.¢
41,18 38.79 -24, -134, +21,  +133, -3 +20.8  -21.7
2HIR 0 4BTB =29, -17L. 423, #lET. -173 25,8 -27.8

43 58.42 =33, -268. +23. 4288,  -Z19, +38.8  -33.B

&1

71.46  4B.92 -37. -248. +21, 234, -Z234. #35.B  -48.5

8l.3h  78.48 -48.  -283. +28.  +269. -289. #4110 -E7.8

¥1.79  BB.o4 -4, -328B. +17, 4303, -3k, +hp.l -E3.B
teb o 9R.8% ~4e.  -37L. 13, +346, 173, +3L4 -6l

ure
-31.2
-36.8
-36.3

u/c

-4B.4
-45.8
-26.6
-49.7
-49.4

-48.9
-48.4
-48.1
-47.7
-47.4
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MODELO - VIGA IV

RESULTADOS DOS ENSAIOS

. ENsal0 2

- DESLOCAMENTOS

TAaBELAS

GRAFICOS
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MODELO - VIGA IV

RESULTADOS DOS ENSAIOS

. ENsaio 2

- DEFORMACOES

EXTENSOMETROS ELETRICOS DE RESISTENCIA
Unuaxiais
RoseTASs



UMIVERSIDADE DE SAD PAULD

ESCOLA DE ENGENHARIA DE SA0 CARLDS

DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS
VIBA IV ENSAIO No.2 DaTA: 27/03/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS
SECAD 1
Fu Fa 1 7 3 4 5 b 7 3 : i
GH) D e U e e W e e b g
6.6 0.04 T A NS RS P s+l sl
643 B8 432, 434, 455, L, 438, <67, -BE. -8B, <34 -fE.
20,63 19.16 4165 4183, +li 87, 76, =13, <133 -i3a. -189, <99,
36,83 29.15  +159. 4183, +167.  #13L. #0135, <266, =266, -2¢5.  -1il, -5,
259 £.66 T T T SR ST SO S S R S
16,55 9.4 458, 39, +4b,  #47, 4, <76, 49, -T2, -7, -5i.
26.63  19.40 4169, +110. #1014, +85. 476, -137.  -136, -13E. -11g. -lg,
36.83 29.15  +l6B. 163, +169.  #132.  +115,  -26b. <288, -Z243.  -igd,  -1%é,
3,27 3.9 4212, 216, #224,  +175. +153. <274, <267, -27h. <218, -266.
51,35 48.55  +264, 4276, 4379, 4218, #1910, -2, <333, -MI. 2720 -2%e.
61,43 5B.54  #316. 4324, #336.  +263.  +225,  -MR9.  -406.  -414, 378, -3,
TLT5  BB.86  #369.  +377. 4392, 4367, 423, -475. -7,  -Ag4,  -3eI. -3,
82,30  77.58  +421., +431.  +MAB.  +352. 4367, -539, -§33.  -557. 446, 461,
91.68  BB.64  +47h.  +489. 4516,  +B00. 4349,  -pB7.  -h83.  -43h.  -497.  -43
162,38 97.44 4333, 542, 4571,  +459. 3%, -673.  -472. 747, 535 542
111,84 17,67 4592,  +hif. 4635, 4366, ~744,  -788.  -415, -5
121,92 11B.86  #462.  +hBO. 4787,  +5%7, -827. -84,  -4B3.  -6ha.
132,36 127,41 #7236, +Thé.  +T7B.  #bil. -B%6. 982,  -732.  -45h.
142,32 137.46  +793. 4816, B33,  +hbk. ~975. <1899, -3, -TA7
1S3.11 146,46  +855. 4887, 4935, 47 -1885, -1269, 936, -7%




UNIVERSIDADE DE SA0C PAULD
ESCOLA DE ENGENHARIA DE SA0 CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

YIGA IV ENSAIO No.2 DATA: 27/03/%1
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS
SECAD 1
Fi Fz { 2 3 4 3 b 7 £ g 16
(ki) {kN) {BE) §13] {ge) (g€} 1§43 {g€) (g€) Lyt {gE) {BE)
8.84 .60 2 +9 4 +4 +1. +] + + +1, +1
16,43 5.41 +32 +34, +55 +44 +36. =57 -0k -£5 LR -4
28,63 19.16 +163 +168, U1 +E7. +7h -13% 133 -134 -10%. -99
36,83 29.1% +155 +it3 +167 +131. #i5. -Z86. -Z86, -Z43 -6k, -156
.59 8.6¢ 19, +8 +7 +7. +7 -3 -4 e -&. -3
16.55 §.64 +38. +39, 768, +H7, +42, -74. -59. -7z, -ul. -3l
28,67 19.4¢ +189.  +11l, +114 +29. +7e.  -137. -1, -13E. 0 -LB. -l86,
3%.63  29.15 168, 4183, +168 +132 +115,  -286, -28%,  -ZBL. -1bE. -156.
41.27 38,79 212, +216, #2774 +173 #1533, =274, -Zk7. 274, -248. 166
31,35 46.53 1268, #7276, 4279, 4718 +191, =342, 333, -3AE. <772, -156.
61,43 358,534 +3b, 4324, #3365, +Ze3. #2129, -409. -4ee. -414, -328. -38L,
71.75  6B.96 +369.  #377.  #3YE. +3€7. 4248,  -473.  -47.  ~4B4.  -3B3.  -35i.
82.3¢ 77.38 +21, 431, +448, #3532 +387 -339. 933, -5, -44d. 441,
91.68  B8B.84 +476.  +489.  +51¢ +he4 +34 -b87. -6B3. -£36. 497, 453
162.34  97.44 +333 +348, 437! +454 +391. -673.  -672.  -747. -ER5. -942
111.88  187.67 +392.  +bl6. 4635 7836, -739.  -7840 -TBE. 413 -3%3
121.92 118.64 +h82.  +6BG,  +767 +483 -865.  -822.  -BB4.  -4B3. -84,
132,36 177.41 +726.  +746. 4778 +532.  -BbZ.  -B%E.  -9BZ.  -732. -&36
142,32 137.48 +793. +Bl4, #4853 +381 -%87.  -973. -1é9%,  -832.  -T7e7.
183,11 146.44 +833 +B87.  #93% +£32 -918. -18453. -126%, -93k. -734
6.94 6,23 +184. +92, +81, +2k. +65. -3l. -4, -liE. -85, -38.




UNIVERSIDADE DE SAO PAULOD
ESCOLA DE ENGENHARIA DE SAD CARLOS
DEPARTAMENTO DE ESTRUTURAS
ENSAIO DE VIGAS DE ACC REBITADAS
VIGA IV ENSAID No.2 DATA: 27/03/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS
SECAD 2
Fa Fer ! Z 3 4 5 3 7 B : 14
T I B S B V1 BN B 01 R 03 R (S BN B Vs B U 19
B8t 6.00 3 # T Y T T SR CRNE Y PSSR
16,83 9,81 #2b. 27, 3. +lZ. 419, <34, <36 <35, 3. -DE
26,63 19.16 5L, 455, 77, #22, 43E. <TL <Th, <T. b, <SE,
36,83 29.15 486, +BL.  +li4. 433, 4B, ~l1. -liZ -5, <93, <47,
9.39 6.0 LTS S S PR U S S S S 3
1655 9.64  #32. #3244, 416, 426, <37, -he. -42. <330 -3
20,67 1940 456, <57, 480, 26, 43R, <Th. <Te, ST, <. <59,
36,83 29.15 BB, 44, slle. 433, 457, -lZ. =113, -1l6. -9 -8B,
3,27 3879 45, #llL, #4153, M2, 6. -156. <150, -154.  -125. 118,
51,35 48.55 131, 4136, #196. 451, 49, -1BE.  -18B.  ~192.  -1%h. 148,
8143 58.54  #157.  +le6.  +278. 469, +115.  -207. <126, 2%, -89, 179,
7075 BB.66  +182. 4195, +2e7. 470, 135, -265. <263,  -26B.  -221. 269,
B2.3¢  77.38 4288, 4224,  +385.  +78.  +159. 362,  -3@e,  -387. -753.  -244,
91,68 BB.84 4237, 4257,  +356. 91, +IBI.  -34B.  -34i.  -346. 267, 774,
16234 97.44  +268,  #281.  +383.  +192. 4284, -392.  -I%. -3l -319. 36N
111,84 167.67  +362. 325 +116. 4234, -6, -423.  -421.  -335. 336
121.92 118.89  +M7.  #37I. 237, 4263, 499,  -ATh, 449, -394 369
132,36 127.41 4383, +dlé, +#151. 4291, -3, <915, <515, <43 3%,
142,32 137.40  #4Z6.  +44D, #1685, 4321, -SB1.  -SeI.  -G68. -477. 428
153,01 186,46 #A37. 4567, +168. 4354, -625.  -611,  -e28.  -G25.  -MME,
8.95 823 122, 9L 49 +78,  +52,  -S5. -Bh, -Sh, -85, -1Z,
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UNIVERSIDADE DE SAO0 PAULD

ESCOLA DE ENGENHARIA DE SAD CARLOS

DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE
VIGA IV
SECAO =
Fi Fo
(ki) {ki)
6,06 g.6¢
16,43 5.4]
26,63 19.4%
36,87 29,15
.39 .60
16.35 .54
26,87 19.44
je.B: 9.5
41.27  38.79
51,35 8.3
61,43 58,34
71.7%  bB.64
82.3¢ 77.3%
F1.68  BR.64
162,38 7.4
111.84
121.92
132.3¢8
142.32
133,11
0.94 2.23

VIGAS DE ACO REBITADAS
EMSAID No.Z2
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS

DATA: 27/03/91

+32.
+37.
+62.
+148.
+135.

+162.
+1%6.
+218.
+249,
+284,

+313.
+332,
+3%1.
+432.
+474.

+£3.

+13.
+2%,
+35.
+44,
453,

+b2.
+71.
+88.
+98,
+102.

+114.
+144.
+154,
+145,
+146.

+77.

-165.
-143.
-181.

-217.
-253.
-296.
-328.

-368.

-kBh.
-436,
-4%%.
-538.
-9€3,




UNIVERSIDADE DE SAD PARULD

ESCOL~ DE ENGENHARIA DE SAD CARLOS

DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACD REBITADAS

ViGBa IV

16.53
28,42
36,82
41,27
91,35
61.43
71.73
82.36
Yi.b8
{97,314

ENSAI0 No.2

Fo
(ki)

=

[ N T
~t

P S )
e O e

i
(g€}

+

4
R d ) e

-

-+
EURON

4
o .

.

[N

@& o P -0~
PR A

+21.
+23.
+27.
+23,
+31.

7,
+36,
+39.
+7.
+28.

+17,
+2¢,
+36.
+47,
+58.

+£9,
+B1.
+92,
+108.

&7
+143.

+141,
+166,
+188.
+213,
+238,

3
fl

+128.
+138.
+174,
+216.
+239,

+248.

183,
+33t.
+488,
+456,

+83,

DATA: 27/63/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIARIS
ZECAD 4

4 5 b 7 g 9 16
EET e ) e g WA )
5, + +9. 4. +. 4, 4]
+7 ST T T S S v S S 17
+14, +1l. -85, =53, %8, -5 -47,
+2%,  +1h.  -BS.  -Bl.  -BS. <77, -3,
+6. 47, -2. -3, -1, -3, -2
+16. 6. <26, =28, -33. -2, -Ii.
+5. 42 -S4, -5, -39, -§3.  -42,
#26.  +16.  -B4.  -Bl.  -BS.  -TB.  -gf,
#26. 426, 117, -1e%.  -1ii.  -163. -85,
¥33. +25. 188, -137. <137, -126. 167,
£39, 429, -179.  -163. 163, 153, -129.
+h6, 433, <211, -194.  -196. -179, 1S
¥54, 43k, -242, =222, 218,  -285.  -17L
+hb, 439, -275. -252. 246, <232, -19%.
+77. #6386, -28L. <277, -26l. <217
#91, 434, 337, <313, -3le. -297. -7l
#1111, +9,  -372,  -34&. -39, <327, 748
+132, 475, -488.  -382.  -383.  -3b6.  -294.
+154,  +BE, -84, -416. 417, -WL. -320.
#178. 472, -497.  -458, -3, 417, -344,
s74, 485, -&1,  -5i,  -7I. -EL. -4




UNIVERSIDADE DE SA0C FPAULD

ESCOLA DE ENGENHARIA DE SA0D CARLOS

DEPARTAMENTO DE ESTRUTURAS

ENSAIOQ DE VIGAS DE ACO REBITADAS
EMSAID No.Z

VIBA IV
SECAD 5
Fa Fz
Tkl {EN)
6,69 @.88
16,87 6.4
20,63 19,15
36,87 29,15
6.59 9.66
10.55 9.64
20,463 19.48
36,83 25.1%
41,27  3B.79
51.35  4E.55
61,43 98.54
7175 4B.84
82.38  77.38
21.468 8B.64
162.3 97.44
167.67
118.46
127.41
137.4%
146.45
&.94 §.23

+,
+7.
+iZ,
+18.
+3.

9.
+H3.
+18.
+21.

+2E.

+14.
+39,
+43,
+23.
+52,

+73.
+71,
+187,
+112.
+114,

DATA: 27/©3/91
DEFORMACOES DDS EXTENSOMETROS ELETRICOS UNIAXIAIS

3 4 5 b
(gE) (gf) {g€) {4€)
+]. +1, +] +9,
+8, =27, -3z -21,
+17, -3¢, -1 -42,
+25, -B%, -96, -67.
+5, -2, -3, +.
+11. -36, -39, -27.
+17, -58 -67, -43
+27. -BE. -%6. -63.
+3t,  -1t4,  -11E. -84,
+38. -183. -14p,  -162.
6, -173.  -174. -123,
94,  -281, -281, -l4z.
+67, =228, =277, -141.
+73. -281.  -253, -189,
+84, 292, =275, -1,
+18e,  -325., -6z, -21B.
+124, -364.  -334. -I41.
+143, -399. =361, -24%.
+i81, -437. -392. -Z81L.
+17¢. -474, -&4ff,  -299.
+96, ~48, -4 3,




UMIVERSIDADE DE SAO0 PAULD
ESCDOLA DE ENGENHARIA DE SAD CARLDS
DEPARTAMENTO DE ESTRUTURAS

ENMSAID DE VIGAS DE ACO REBITADAS

YVIGR IV ENSAID No.Z2 DATA: 27/03/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UMIAXIAIS
SECAD 6

.68 §.4¢4 +4 +1. +
14,43 7,41 +53 +32, +32
.67 1916 +183 el 4,
36.85  29.1% +143 +137. #1468

6.3% .90 +8 +B. +6
16.5% §.84 +58. +57. 157
2663 19,40 i1, +184.  +16E
38.65  29.1C +142 +197 +igl
41,27 38,79 +213 +269 214
31,30 48,53 +271 +261 +267

61.43  0R.54 +325. 315, +3L.
71.79  bB.86 +386,  +389. 4373,
§2.3¢  77.58 a3, #4723, +438,

L3
[y
o~
{a)
a
(o =)
»

3>
s

y +567.  +4B3.  +494,
182,34 97,44 +369. #5341, +345,

111,84 167.87 +36.  thB4. &1L,
121,92 118.90 +712. 673, +8BL,
132,36 127,41 +782. 744, 4754,
182,32 137.4% #8533, +Bi5.  #BZ4,
133,11 14b.44 +027Z.  +B%8.  +9e5,

9.94 $.25 115 +95. +74,




UNIVERSIDADE DE SAD PAULD
ESCOLA DE ENGENHARIA DE S5AD CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

VIibA IV ENSAID No.Z2 DATA: 27/83/91
DEFORMACOES DOS EXTENSOMETROS ELETRICDS UNIARXIAIS
SECAD 7

+4 +0 +4,
+57 +52 +35.
+18s +163 +{11,
+146 +158 +166,
+9 +8. +7.
43R 456, +4%
Be +167, +113

111.84  167.87 +559.  +h8e. 4631,
121.92  11B.49 +h68.  +689. 782,
132,36 127,48 733, 473, +T7%.
142,32 137.48 +386,  +BRZ.,  +B49.
133,11 146.46 +B62.  +B78. 4933,

5.94 8,23 +184, +BE. +88,




UNIVERSIDADE DE 540 PARULOC
ESCOLA DE ENGENHARIA DE 5A0 CARLDS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

VIGA IV ENSAIDO No.Z2 DATAR: 27/©3/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS
SECAD B
F, Fo { 2 3
(kM) {kK) {Be} [k} {§F)
+9 +§ +1
+51, 437 +54
+183, 4184 +113
N +135, 4139 +168.
3,59 .46 +8 +8 +8.
16.35 9,64 +56 +58. +41
76.63 19,48 +183 +163. #1138
3687 79.1% +155 +168.  +168
41,27 3B.7% +284 +21{ +225
51,39 4B.3% +257 +264 +26¢

£1.43  38.04 +369.  +3i8.  +33E,
7177 b8.6h +362. 4373, 4354,
82.3¢  77.38 415, +428.  +434,
71.66 88,64 +488. #4859, 4326,
182,34 7.48 +343. #5596, +383.

111,84 147.47 +685. 4610, 4652,
121.52 1{i8.48 8k, 4BB7.  +7%7,
132.3  127.41 796, 4797, 4Bel,
142,32 137.44 +825.  +BIL.  +BEE.
133,11 146,45 +897, 438, +Th6.




UNIVERSIDADE DE 540 PAULD

ESCOLA DE ENGENHARIA DE SA0 CARLOS

DEPARTAMENTC DE ESTRUTURRS

ENSAIO DE VIGAS DE ACO REBITADAS

VIiGa IV ENSAIO No.2 DATA: 27/93/91
DEFORMACDOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS
MONTANTE 1
Fi F= i 2 3 § 3 b
(kXD (kN) (g6} 136) 9§13 {5E) (e 1y
.49 .60 +4. +4, 6. +8. +6. +9.
16.4% 941 +E. -14, -3%. +18, -14, -35,
2663 19.18 +1% -29. -74. +31. -28 -78.
36,83 29.i% +2E. -43, -7, +ht, -41 -11E.
.35 .60 +1, +3. -2, +14, +2 -5
14.55 9.64 +13 -13 =35, +28. -13. -4z,
25,63 19.48 +24 =29 =71, +33. -27. -4
3683 29.1% +29 -45.  -186. +4h. -1, -119
41,27 38.79 +38. -b6.  -144, +41, ] -138.
51,33 48.5% +4E, -76.  -1iB4. +77. -69.  -198.
61.43  38.34 +68, -93. -4, +92, -83 =237,
71.7%  68.86 +71 -169.  -263. 4147, =97, -277.
82.36  77.38 83, -174.  -363,  +123.  -11e. 316,
51.68  B8.94 +99 -142. =356, 4163, -119. -349
182,33 97.44 +115 -138, -393. 4183, -138,  -4E
111.88  187.47 #1132, -173, 436, 4283, -146, -444.
121.92  118.98  +143 -1g4,  -4Bh. 4238, -151.  -4E€9.
132,36 127.41 +177 -197.  -G26. 42583, -139. -E24,
142,32 137.44 +189.  -Z1l,  -833. #2719, -163, 5B
1953.11 14b.4¢ +281 =227, -%h. 4312 -16%.  -3%%.
§.54 5,23 +84 #2¢ 4. 53 +38 -2k,




UMIVERSIDADE DE 5A0 PAULDO

ESCOLA DE ENGENHARIA DE SA0 CARLDS

DEPARTAMENTO DE ESTRUTURAS

ENSAID DE VIGAS DE ACO REBITADAS
ENSAID No.2

YIbA IV

DATA:

27/90Z/91

DEFORMACOES DOS EXTENSOMETROS ELETRICOS UNIAXIAIS

MONTANTE 2

i11.84
121.52
132,36
142.32
153.11

8.94

Fz
(ki)

167,67
1i8.04
127.41
137.45
146,45

6 AT
Rk
[y

I
V13

1 1
S
P et D e

N

-1,
-25.
-4,
-39.

-7
s

-71.
-188.
-124.
-148.
-135.

-171.
-183.
-198.
-214.

-232.

+]

+3

43

+35.
Z,
1.
+77.
+7,

+b
+7

+182,
+H19.
+143,
E.
+181,

+1b

3.
+23,
2.
g.
+if,

-34.
-9,
-183.
-137.
-171.

-284.
-238.
=271,
-29L,

TN7
hOTEN

-352.
-3e4.
-114,
-£39.

-445,

(57
T
FROARE]

-87.
-161.
-113.
-124,

e
~136.

-147.
-135.
-1t4,
-i79,

-173.

+37.

+132.
+17.
122,

+27.
+32,
+18.
+42,
+48.

+3&.
+63.
+79.
+9¢,
+i17.

+2

2

-

{3




UNIVERSIDADE DE 5A0 PAULOC
ESCOLA DE ENGENHARIA DE 5A0 CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAID DE VIGAS DE ACO REEBITADAS

VIGA IV ENSAIO No.2 DATE: 27/83/%1
DEFDRMACOES DOS EXTENSDOMETROS ELETRICOS UNIAXIAIS
TIRANTE 1
Fa  Fz  SLI 5.2 80 BLZ 3LI 537
(M) 6 e e e E ()
.60 .96 R Rt N A p
1643 D41 #ED 4TI #AT, 4l AR 4R
20,67 19.16 +126, 418G, 4135, H1ZE, U8 HTT
6.8 29,15 #1891  216. 4264, 4191, <216, 4264,
0.5 6.80 TR SR TS +h,
1655 .68 5T, 4Tk 445, 459, 4l 449,
2663 19.48 #1230 143, 34 4125, #1035, 4137,
3683 29,15 #1986, +207. 284, 4151, s7i4. 4265,
M.27 3879 #25. 4296, 4271, +DS6.  +I8E. 4274,
S1.35 48,55 #3235, 436, 4335, 4321, 4360 4343

61.43 98,34 +368. 438, +403.  438h. #4331, +412,
71.73  6B.86 +454. 4380, #4772,  +458, 4064, +486.
82.3¢  77.58 +328.  +368. 4338,  +514.  #574. #3548,
§i.68  BE.¢4 +389. 4649, +b0h.  4379.  +hhb. b6,
102,34 97.44 +649. #7869, +6RG. 4037, 711, 4478,

111.8%  167.&7 +782, 763, 4719, 48B9. 478, 4734
121.92  118.%% +730. 4794, #7323, 4722, +BeG. 774,
132,36 127.481 776, 841, 4797, #7645, +B33. +B19.
142,32 137.4¢ +816.  +883. #6353, +Be3.  +B%4.  +BS9.
33.11 146.46 +833. #9272, #B71.  +83B. 4937, +89B,

8.%% W23 -138.  -114. <126, -121,  -13F. -138.




UNIVERSIDADE DE S5A0 PAULO
ESCOLA DE ENGENHARIA DE 5A0 CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIQ DE VIGAS DE ACO REEITADAS

Viba IV ENSAIO No.Z2 DATA: 27/83/91
DEFORMACOES DOS EXTEMSOMETROS ELETRICOS UNIAXIAIS
TIRANTE 2

Fa Fz 5.1 £1.2 SZ.1 222 §3.1 §3.7
(kN (kN {46 {g€) {pe i (g€} LBl
.04 .58 -1, +8. -1. 8. -1, 48,
16,43 .41 +72. 476, +71, +53. +77. +84.
29.67  19.1¢ +141, #1336, #1338, +#1ZE, 152, 4122,
36,83 29.13 216, 4203, #ZE4. #1593, #2320 4177,
8.3 .94 -, -7. -3, -7. =24, 7.
1,33 .68 +45, +£3, +6b. +e, +hE. +62,
26,83 19.48 139, #1320 #1358, #1453, ¢14%, 4109
J8.83 29,15 211, 4262, 4264, 4152, 423 +7¢8.
41,271 38.7% 261, #271.  #Z7L. 4257,  +3i% +234,
31,35 48,55 349, 4348, 4337, 4322, 438G +252,

61.43  38.54 +18.  +416. #4983, +38B.  +4R%. 4301,
71.73  6H.88 +487.  +479. #4469, #4534, #5839, 4413,
g2.39  77.38 +333. 4350, 4335, 4319, +6l4. #T3,
91.68  BB.94 +396. 4663, 4383, 4368, 4673, 326,
162.34  97.44 +639.  +hb3. #8413, 4627, +74Z. 4375

111,84 187.¢7 +716. 4721, 4696, +881. 881, +BIL.
121.92  118.8% 773, +776.  +7%h. 4730, #B3M. 4674,
132,36 127.41 +819. 827, 4792, 4776, 4982, 4713,
142,32 137.4¢ +B6l. 4863, #8337, +B26.  +94%. 754,
183,11 14e.46 +967. #9867, +B79.  +BAZ. 9%, 4794,

NS
~0
B

¢ 2]
"
[
()

'
e
Ln
[ ]

158, 14k, -13R. -1ZD. 0 -l




UNMIVERSIDADE DE SAC FPAULD
ESCOLA DE ENGENHARIA DE S5A0 CARLOS
DEPARTAMENTO DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

VIibA IV ENSAID No.Z bATA: 27/93/91
DEFORMACOES DOCS EXTENSOMETROS ELETRICOS DAS ROSETAS
ROSETA 1
F; Fz [ £ [ El Ez U1 0= g
LkN) {ki) L4E) iy Lgg) {(5) {g6) {KPa)  (HPa) (0
h.98 .66 +] 8. +, +1 -4, +4.2 +6.6 L/C
16,43 9,41 -2 424, 4, 424 =26, 43,8 -5.7 0 it
26,67 19.14 -7 44 +4, +44 =53, +4.9 -B.8 #6.5
39.83  29.1% -16 +6E. -2 +£E, -gt, +9.9  -13.5 skt
6.39 G.60 +3 7 -1, +3. -1, +6.6 -¢.1 UL
18,55 §.64 -2, +23. 6, +23, -27. +3.8 =87 41
26,67 19.44 -7, +ha, -1, +£5, -5E, +4.§ -9.6  4iE.t
3683 29.4% -i6, +49. -3, +£5, -82. +16.8  -13.9  +4b.4
£1.721 38.79 -14. +91, -3. 91, -1, #1300 1B 44h.2
91,35 48.53 -18. 4114, -8, +114,  -148.  +1h1 -Z3.9  +44.3
61,43 58,24 =23, +135. -11. #1335, -189. #19.8 -29.¢  +44.1
71,75  bB.06 -26. 4159, -150 #1539, -2¢4. 422.3  -34.2 4458
82,36  77.58 =29, +183. -19. 4183, -Z231.  #23.5  -39.7  445.7
71.6E  BB.64 -3l 4286, -26. 4286, -263,  +28.7  -43.3  +45.3
142.34  97.44 -34,  +234, -3, #2340 -289. #3204 -OLLE 0 #4502
111.84 187,67 =36, 4243, -38. #263. -337. #36.5 -SB.l 0 +44.9
121.92  118.4§ =38, +299. -85,  #27%. <383, #41.3  -h6.T  #4L.h
132,36 127.41 -39, 33 -6l #3335, -434. 461 -75.2 0 +44.7
182,32 137.4¢8 -3, 4375 -78. #3705, 491, #5137 -B3.4 #4317
13311 146.48 -39, +42%, -183, #4386, 073, +0B.6 -168.1 4411
.94 8.23 +28. +34, -9. +52. -1, +9.4 =37 1361
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UNIVERSIDADE DE SAD0 PAULO
ESCOLA DE ENGEMHARIA DE 5A0 CARLOS
DEPARTAMENTC DE ESTRUTURAS

ENSAIO DE VIGAS DE ACO REBITADAS

VIBA 1V ENSAI0 No.2 DATA: 27/03/%91
DEFORMACOES DOS EXTENSDMETROS ELETRICOS DAS ROSETAS
ROSETA 2

Fa Fz .

6.60 9.69 + +6. 9. +h 9, +¢.0 . UL
16.43 §.21 + +3t, +t +36, -25 U -£.7 +i7d
26,67 19.1f + +67. § +57. -5%. 4.2 -5.7 +EELT
36,83 29.1% -1, +54, +4, +97. -£5 +10.7 15D +#Eeb

.59 .66 +3 3. -3 +1. -3 +6.9 -6.5 WL
16,55 9.64 +4. +35, +, +36, -28, +6.2 -i.¢ #55.8
26,67 19.4% +1. +66. +7. +66. -39, 418 -& 48,3
36.83  29.15 -1 +8s, +5, +97, -8, #1537 -1Z.E 0 #4£.5
41.27  I8.7% -3 4128, 49, 128, 128, +268.6 -1E.7 +4L.4
31.35  48.5% -&. +138. +9. #1538, -18Z.  #25.3 -Z3.7 #4432

61.43  58.54 -3, +188, 9. +18B.  -164.  +38.8 286 A4
71.73  4B.6b -6, +219. 9. 219, <215, 347 -6 44
82.3¢  77.38 -8, +249, 9, +28%, -248, 439,37 -35.8

™
. e

Laoen oen o

S e W .
e V. I SR

?1.68  BE.04 -1. 4279, 7, #2775, -70%. #4486 -4ie 44
162,34 97.44 -6, 4317, 3. #3I. -5, H4R.e 458+
111.84 167.67 -4, 4347, -2, 4347, =353, +H4.E 0 -Bee
121,592 118.9% -1, 4384, -13. #3846, -I9E.  #5%.6 -4
132,36 127.41 +1. 4428, -73. +4Z28. -442,  +hR.B -7LT
142,32 137.44 +4, 4457, -36.  +437,  -4B%. 4699 -79.4
19311 146.46 +5. 4497, -39, #4%8.  -532. 74,8 %6 <E3.3

8.5, 8.3 +33. +44. -3, +35. -3%. +8.8 -84 i




UNIVERSIDADE DE 5A0 PAULD
ESCOLA DE ENGENHARIA DE S5A0 CARLOS
DEFARTAMENTO DE ESTRUTURAS

ENSAIC DE VIGAS DE ACO REBITADAS

VIGA I

DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS

Vv

ENSAID No.Z2

DATAR: 27/03/71

ROSETE =
Fa Foe fa fu Ec £y f= 04 -
(ki 3 4131 (g€} (g€} {EE] {gE) {WFa}  (BFz
8,06 5,60 +, -i. +5, +2 -1, +.4 -¢.1
5,43 9.4l -6, +32 +16, +34 -7k, +6.1 -i
26,6% 1901k -iL, +64, +77 +b4 =58, #18.9 -7.%
38,87 25,18 -2I. +87. +335 +97 -g6, #1537 -11.7
9,59 §.66 +5. +7. -1, +7, -£, +1,4 -£.3
16.59 9,62 -4, +36. +13, +37. -2, +6.7 =33
24,83 19.46 ~13, +41, +78, +83, -5z, +1i.e -7.4
6.3 29,15 -73 +£7. +35, +97, -B6, 415,37 ~1i7
41.27  3B.7% -3 +ii4, +h4 +126, -168,  +19.7  -1A.
5i.3%  4B.55 -4,  +146. +52.  +14B. -133. +24.1  -26.%

61,43 3B.34 -47.  +1bb. +59. #1753, -164, #2784 -I9.
71.75  &B.6h -36.  +193. +63. #2802, -193. 4326 -29.
82,36 77.38 -bh, 219, 71, #2273, -222. 365 -l
31.68  BEB.@4 =71, 4248, +75. #2358, -135. #4160 -39,
182.34  97.44 =79, 277, +7§.  +2BB. 289, #4537 -4
111,88 167.47 -B3. 4349, +86, 4328, -34S k.2 -5
121,92 1i8.8¢% =93, 4342, +74, 4332, -3L. #3843 3%
132,36 127.41 =99, 375, #eB. 4389, 417, #BB.T -7
142,32 137.4% -187.  +4id, +36.  +417.  -46B. #EZ.3 T
133,11 146.46 -116. #8443, +29,  +488,  -5I7. 48R -Th.

5.94 5.23 +18. +71. -2 +7 -39, +il.d -k

Vel YRy OO0y e

Bt T S v R o

(RS

o

P
N cn e oen cn

3 Od G SN
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M G ) SO e

4

+5l.
+zl.
+36.

+49,

» » -
Lnoos 0o

-

-~

o td




UNIVERSIDADE DE SA0 PAULD o
£SCOLA DE ENGEMHARIA DE 5A0 CARLOS
DEPARTAMENTO DE ESTRUTURAS

ZNSAIC DE VIGAS DE ACO REBITADAS
YIika IV ENSAIO No.Z2 DATA: Z7/063/91

:1 Fz En Eb Ec E; Ez Gy 0= a
Gl (RO g WE WE uE) g6 e (W) (0]
b.80 .89 +1 +) +9. +] -9 +6.2 +£.0  U/L
543 .41 -7 +22 -4, +23 =32 +7.9 -5, +Eh.G
N 19,18 -14 +44 -7, +44 -b7 3.3 -12.2 0 4452
LB 29015 -22 +67 -i7. +42 -181 7.2 -1B.6 #4538
9.39 b.9¢ +2 +3 +5. +3 -4 +1.1 .7 UL
16.35 .64 -6, +24. -3 +25. =33 3.3 -5.B +hs.4
20,67 19.49 -14, +54, -9. +43, -68. 3.4 -12.4 #4L7
3683 2%.13 -22. 63, -17. +63.  -16Z, 7.4 <187 +40.p
£1.27 38,79 =18, +E1. -26. +81.  -138, +9.6  -Z3.6 +43.5
51,33 R3S =38, +1es, =36, +l@9.  -174, +i8.B 324 +45.7
ti.4 38.34 -4b.  +1lE, -47. #1821z, #1230 -39.8 0 H4.9
71.7 bE.86 -54,  +133. -6l #1335, -2536. +iG.6 47,1 +44.5

3
3

§2.3¢  77.38 -h2.  +131, -753. #1932, -289. 14,6 -34.B +44.2
g

71.6 g86.04 =72, +igh. =96, +lbb. =333, +lAB -83.9 #43.s
182,34 97.44 -89, +1BL.  -117. 4181, -39, #1570 -TI.L #4344
111.84 187.67 -89, +1%3.  -14l, 1%k, -Z¢, +7.6
121.92 11B.6¢ -%3. 4218, -163,  +21h. 475, +47.1

32.36  127.41 -162. 4226, -Z84, 4234, 53 +41.2
142,32 137.46 -116.  +235,  -Z68. 248, -£lE, +39.9
153.11  186.46 -128. #2318, -362, 243, -T7IE. +37.8

9.94 8.23 +3, +27. -4, +36. g L8 -5l #3L3E




UNIVERSIDADE DE SA0 PAULO
ESCOLA DE ENGENHARIA DE SA0 CARLGS
DEPARTAMENTO DE ESTRUTURAS

ENSAIQ DE VIGAS DE ACO REBITADAS
VIiGa IV ENSAID No.Z2 DATA: 27/03/91
DEFORMACOES DOS EXTENSOMETROS ELETRICOS DAS ROSETAS
ROSETAR S

Fa Fz fa €s Ec £ fx 03

(ki) (ki) (g€} (B (g€} {E6) {Be) {HPa)  (KFa; {6}

.99 .69 +. +9. +, %, +9.2 6.9 U/C
12,43 9,41 -3 -27. +7. +IE, -8, +3.2 - RS
28,63 19.16 %, -2, +1, +£5, -6, +16.% -9.9 =497
3.8 Z9.135 16, -9 +14, 98, -les, #1573 -i8E -49.4

9,99 .04 2. -2, -1, +3, -Z. u -6.3 U/l
1€,35 .64 -3 -38. +, +35. -IL +3.5 4.6 -iEt
28,67 19.4¢ -9. -b4. 9. +6%. -55. +16.3 0 -18.3 0 -49.2
Je.Bl 29.15 -i7. -5%. +13, +97.  -lei, +15.8 -id.t -8%%
41,27 38.79 -2k, -135. 15, H1Z8, -137. #1946 -ZL0 -49.2
91,35 4B.55 -3, -17¢ +18. #1606, -1772. 4244 -28.¢  -45.2
81.43  5B.54 -38.  -287. 19, +1%5. -Z89. 28,7 -34.3 0 -49.1
7175 b8.66 -44, =243, +21, %222, 286, 4334 48,3 -49.8
82.36 77.58 =31, -279. +22. 4232, -282.  +37.8  -46.%  -£8.9
71.68  BE.84 =37, -3t +22, 4284, -EI9. #8240 -52.6 -487

142,38 97.44 -6%, =351, 21, #3E. -IR4. #4740 -OB.E -4R.E
111,88 187,67 -1 -389. +18. +31.9 -840 -48.1
121,92  11i8.6¢ -6, -42%, +3, +37.6  -T1.1 -47.%
13236 127.41 -hi. -&47. +1¢. +62.3  -T1.3 -41.3
142,32 137.4% -1, -58d. +h, +67.8  -B4.1 0 -47.9
13311 146.45 -62. -3%4. -2, 73,6 -91.B -44.7
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YIGA IN - EMSAIO Mo.2 = DATA: Z7/83209)
S e - . . . SECAD 4 - MESA TERCIDHRDM

A
oty
i
gt

i
AR

2R

e

%

5%
.vl!lTllTlF11!!1r‘l1!Yi

WIGR IV — EMSAID Mo.2 — DATH: 27 62-21
AT LovERIMIDR

= :

.E .
~S5E L i
I 5 [xn) faons R I W ) =t [ fon] [ o 7oy !'_'_-:; [acet] facs] o o
B > T Vo N o S O v S w S S o SRR X S SEE" SR U S T

-l »—i —— - -t - i

W x=03]

A

o

=29 &

A

ny
!

n=

¥
1

D=037




e e e BRI KD R)
O O PR B £

I
SXIEAN]

Y

T
thl it

YIGH,

IV — EMSAIO Ho.2 - DATA:

CSECRO S

2 MESH

2T BT

TRATTONADR .

-
-
o]
=
i

]

o

1
it

e'x!ll1r|llr|r'r]:|!||1rrv‘j:’

|
et
o
)
K
Y

Tk
i

i

a1
!
(o

i
I
o
]

]
I

|
L
&Y
1%

e}

13
)

41 GF

Ly
ik
"

- EM=HIO

m
™
T
)

Ho.z2 — OARTH
|5 - MESR COMPRII

11

~r
-
Py

-

H

%

A

1= |

B=RAG




oy
e}
(uo]
g

)

5]

Tl
1

I

D

%

iy
i

=}

()

X
H

i

1
!

K1
]

X

|

"~
I

,.
]
7
)
i

R

N
%

IV, = EMEZHIO I
CSECHD B - F

VIGH.

SRR TR OO S, HUURE WU SO S | H o L !
Ean] [ facy) [y P ot s . face)
(s (A8 8] —l LT I A i 0

— ——t i — ~— -~

ako

-

_i

Ve (3R

Ak

r
1

i
{
i

L

ot 5 L:'{ —

VIGH. IV, - EMSRIO Mo
. . CEECHO T~

R IR ST Y BN S LS | [ i
T b ac I 3o [ face) Fact S A [ ) ] o
<t (%) o] — 4 £ - |1 S ]
-~ ~— - -t -t -t i




—
5,

ﬂ %

|
[
-

|
3%
15
B
g S

jas

B

e
: : e "'@“‘“‘—-ﬁ——ﬁ:‘?—g

iy

Bl

%3]

—

EH <TE

. : o
LT WIVEE W S S SN S SO S SO S | LR U SNV SINEA SRS TS SUNDE SN0 NN YRR SUUOR SN S SO SR SO
D B s o fao P bag) baoy] P ) o) EA S 30 ) =t En] ]
Lo RS SR L R U B S B A O R 1 LS R O T e

)
e
(s
com . YIGR. 1Y = EMSAIO Ho.z - DRTAF
Fo s T I A
SRS - e N :
I oo Do -
B = D U S S S R ) U
SEE - : : : : : : : e y
Eoc s : -~
EEG . - N -
Eoo Do -
bl Foos : R T
185 :_ ° - - =
S Do
ot

Ele=iAd




WIGH O IN ~

Pt

|
p
i
=

4
W
=

WIGH. IV — EMERIL Mo,z .

H":g::.:F.:EJE:ETH:._E':'::'égg':
s AU PSSP S S S U S E SE S

o,

1

¥}
Eantd

[

1
T

Hmle

an

|:t:f-j

Q

4

=1

o]

L

1 o face] b

U N 1 S |
-




QG - '?}IG:H. I’"“‘. EH FJID i

DL .
ROSETH a

[R1=3

T 2 N D = T
TR S A T PR
P
Cho28 kM 4T3
A Py — - o~
1o~ ¥Y1GA EMEAI0, Ho.Z - DATA: :
T Do : : o ROSETR S : :
E" 7 Iy £ 3 i . > .
- N : N
__t s -
— 18 - Dol =
C : : ek
R . . it
—ZEE : 4
e : D
an bkl — - EEN L7
= C . ’. : Cﬁ»‘
—4EE i =
C : : : N o
—SE : : Tt =
I : O 8
—EGE - . . : : : Tl
C : : : : : : : . :
B - . . . . . - -
~FEE et L 1 LTS N | SR SEPUNN SURTN WO S NS BTN SRR SN
Ty & (I AU IR oW B 5% T S T % B 1ot S % DOUR OV 6% S % B on B % R
— T i =t Ui 2 I S it T facn] ~— [ I ] - [T . i)
-t -— -— -t -—t -t -—




]

8]

(nalt, by 1872

oD

-}

m

o

B

93]

(R

ol
!

- EMSAID Ho .7

WIGH IV A0 Mo, 7
T L TIRAMTE.

i

DT As

-
—
—
_!
=
.

fads

U

)

0

- EMSAIO Ho.Z
ST T U IREMTE!

PR T S N S TP

l;;

MR I

|

AL

P g

Ch 22

EH

ST =

j Y]

i

— z PR W S S T S
EROUIR KOV SR S0 T 1% T A% S % B < B 508 B % TR o B o B 5 SRS v B 4y SR Lo B ot
R S T 0 B S T S 4 B S o A » A S B > ol P
-— i -— -— —-——t -— -—




ago —- #1GA. 1% - EMZARIO0 Ho.2 A—‘ DRTA: 277835791
T MUHTHHT )

1

{1

i
LN
(%3

bl
f ,L!
!
]
cge . WIGA. 1% - EMSALD Ho.Z - .
E‘ Toonn o MOHTHHTE A ]
£ - S =i
. - ]
. ]
: 0
- i
-
N ]
: oo
N . [
y .S
R
. [l
. ot
- : : )
. . . Pt
Do g T =
: : : : : o
S 1 I i i T ‘- L
] = ) LU [Aou S on o] [ace] [l ) Pace = b iy [ P
= .t

H
X ! o X b} t ¥ KN
— i) AN S u™r 0 - i Fay 2] — |3 S W - U o
——t

Ch 98 kM <T:

RS




