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ABSTRACT

The present diploma thesis deals with the modification of an old industrial building, whose purpose is
its reuse, considering some sustainability criteria. Specifically, the behavior of the existing structure is
being studied extensively, aiming to identify its structural problems and investigate their solution
through a rearrangement of the layout and reinforcement of the construction. Also, the construction

of a sustainable structure is emphasized, which will have a positive impact on the environment, the
economy and the society.

In the first chapter, the wider meaning of sustainability is explained using historical references and the
significance of its application in all the sectors, especially in the construction industry, while the
environmental, economic and social values are introduced. The important qualities of steel are
analyzed, which characterize the sustainability of steel structures in their life cycle, from their initial
design until their demolition. Subsequently, the advantages of recyclability and reusabil ity of steel are
described along with some real structures examples, which were recycled and reused.

In the second chapter, several environmental certification systems of buildings are described,
according to which, their sustainability is evaluated and v erified and their quality assurance is granted.
Specifically, their fundamental characteristics are provided, along with the procedures and the
evaluation method of each system.

In the third chapter, the building that is going to be modified is revealed, d escribing its historical
development, from its construction to its current state, including the reasons of its reuse. Also,
information and designs about its architectural modification and reuse are given. Finally, the geometry
and the structural system of the building are described further, while its structural elements are
presented.

I n the fourth <chapter, the properties of t he
extended report concerning the determination of the loads stressing the struct ure, according to
Eurocode 1 regulations. Additionally, the identification procedure of the seismic loads along with the

stru



two methods of calculation of the seismic response according to Eurocode 8, the modal spectrum

analysis and the equivalent static force, are described. The identification procedure of load

combination is highlighted both at the limit state of failure and the limit state of functionality. All the

required regulations and necessary checks, according to Eurocode 3, about both limit states, failure

and functionality, are presented. At l ast , the results
according to the regulations and it becomes obvious the necessity of the rearrangement and

reinforcement of the structure model.

In the fifth ¢ hapter, modifications are made on the model of the structure, either by replacing old

parts with new ones, or installing additional parts, wherever it is considered necessary, or reinforcing

the existing cross-sections with steel plates and haunches, aiming t he i mprovement of the
behavior. Then, the structure is being studied all over again and after a few repetitions, it is re -

dimensioned in order to comply with Eurocode 3 regulations. The final results of the analysis are listed

and the adequacy of the old and new structural elements is evaluated. Finally, there are some

proposals presented, which further the sustainability of the structure.

In the sixth and final chapter, the general conclusions of the diploma thesis are introduced along with
some proposals for the further investigation of the ol
of structures in general.
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1 gE¢I U | 5550 20 0,7 0,4 49,64 26300,44 | 922,62

2 gE® I U 40,75 20 0,7 0,4 43,74 15639,22 933,54
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7350 ' 7535
14885

GEUUO|] WEUUOI ¢m cm cm cm cm? cm? cm4
1 JEOGI U 20,00 15 0,9 0,5 36,10 2715,48 506,44
2 JEGT U 51,50 15 0,9 0,5 51,85 35261,44 506,77
3 JEOGI U 83,00 15 0,9 0,5 67,60 67807,4 507,10
4 JEGT U 51,75 15 0,9 0,5 51,975 35337,38 560,77
5 FEGT U 20,50 15 0,9 0,5 36,35 2867,37 506,44
iE
Dzl U2400pUdoUeUEDEOUEe £ URGI3UEUUOT ol UEOD
g 6 E é T g U ¢ C‘) é h b tf,[op tf,bonom tW A Iy IZ
GEUUO|l GEUUOIY cm cm cm cm cm cm? cm? cma
1 gE¢®I U | 5500 15 0,7 0,8 0,4 43,90 | 21623,43 | 422,16
2 gEGT 0 | 2650 15 0,7 0,8 0,4 32,50 424045 | 422,01
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Asq
- ATOAROO GU UWEAUYTEGE
GEU UOT ¢TUGUEen & UARO UEO uEAUT EGEQEGIBRIEIUEEEAN GEUU
Ul 1 060 U0V Ua £8O0 GEUUBB D] 0o @&&0UE UBIT GReGE
VEd
¢1,0 (4-31)
pl,Rd
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apO¥plrdUsi UE E ¢T UGUEeo UEUUYEUEew UI UOR®G eUE usi OUU

g13fy/\/§)
Voird = ~ (4-32)
As o
apo0a,0sl UE E UoEGAQEQY GeeOEUT GEiceEEe U AEU UEOG UWEUUOYT &0 |
GEU UOT Ul UGUEeu & UDAROO UEO UWEAUVEGEO, UEITUUQG AE
ROEGEYT OpOEUsUUE UO ¢oUdUeAUR edEUGOEDO AEU &1 U é6060ET
e ¢1,0

t,1[V3 Ag) (4-33)

a9 ObUAEUREUUY EUEey UAGE UEO UWEUUOYT 0O eUE 0Od8palUUE |

. V, o . .
(e = AEU o BIDO® GO ¢ U AT ETO &l (4-34)
w
o3 Vi N
UEd_ES N AEU OEIUUOD&060 ¢ U0 Akl £EIUO U (4-35)
=23 VEd PO R N P PO -
Ugg =22 — AEU o EQWON &D eoel Ee b (4-36)

a0U0T &0 alet T 006G U VaWigWIUE T OUAUT OUUBE Ul UO 50% UEOD
Ul UORGO, ¢oa&pUE T U 1 UV aA0L0UE @@o.tﬁiém@%mmm%&oit
69Ol OAsaUUUE 1T UV aAl OTUUO o¢ut EA BEUT UERY &igEE G EEVE U O
UEUbO OQO0:
(L-0)f, (4-37)
agp oo,
ans g
bzﬁ-lg (4-38)
(;VpI,Rd -
eUMpIRAUG U UE (AR)ed E
- AT UAROA WiBUe @8 Eeg AEU UEUUOY @60 eUUEAOdBsUDO 1 @ 2
gO edEUQPOEDO ¢0O6 &U ¢oaepUE T U EeUI OpOEUsUUE Usi UE UO
Mzg . & Ngg g
—Ed ae—g ¢1 (4-39)
MpI,Rd ngI,RdT
a9 Oblyra UG TEUET OT Ee g Ul UV E GRUUEUGYT OU UEUBOOOO UEDO UWEL
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A3 f
Rd = % 4-40
¢ As g (4-40)
GEU GEUUOWaOT 0BeBbOWO o eUE O o A 100 GEUOUOT &6 T 0O ¢l
b1 UaGUEegdd 00000 Ul UORAO AROUOBE OU O] ¢ sA&TD@IGESO UEO Ul Of Ee g€
EeUl O¢ OEOUT UUE Go6ARBUI RO UU uUO ¢UdbUeAUR edEUQGOEU
NEd ¢ 0,253 Npl.Rd (4_41)
e UE
0,53h,3t,3f
Ngg4 ¢ ng Y (4-42)
3 0
ap0b,Us1 UE E UGRUUVUBGEED UoLGUUGA SGTURITUD WRER GAJ T OBU Rel O o8l IE
GEU UGEUUOT &0 UEQI @O & 6ANTUUD s WHOU hOT&8dE T U ¢l T OO0, G0l
bl UGUEe g0 90000 Ul GORWAROUBSG UPBUBKUDEDO UEO Ui Ol Eegd ul
h,3t,3f
Neg ¢ ————— (4-43)
0
GEU U1 U020 RUBEOUUOA &D ¢ @ UQET UopuUsR&E UEO ¢l UGUEe 3O o C
A1 OUUE RO U1 @0:
MuyRrd = min{Mpl,y,Rda (1' n)/(l- 0,53 n); Mpl,y,Rd} (4-44)
e 3 20
> anN-aQ < PO
My.zrd =My zra® €L - %—1 ou A Enda (4-45)
g ¢t-a+y
Mu.zrd =Myl zrd A EnODa (4-46)
agp oo,
n= NEd/NpI,Rd (4-47)
a=min{(A- 23 b3 t, )/A:0,5} (4-48)
GEU Ub0&@OARI Eée&0 UWEUUOI &0, Ui UUx0 @ (G6AelOl 1l EU&O, E U¢OI
RO U1 @0:
My Rrd = min{Mpl,y,RdS (1' n)/(l— 0,53 aw); Mpl,y,Rd} (4-49)
Mzrd = min{'\/lpl,z,Rd3 (1' n)/(l' 0,5% & ); Mpl,z,Rd} (4-50)

aoOAEU eOpl UO GLEUUOY &0 EGRUUE:
a,, =min{(A- 23 b3 t)/A;0,5} (4-51)

a; =min{(A- 23 h3 t)/A;0,5} (4-52)
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GEU UET ¢UVU0s¢oURGETI BODB eA&OwE 0 m&@ﬁ@‘iéq)ééljéljtlé AEU |
UEUUOYT o0 UO ¢oUdBUeAUR 60EUGOEO UITEITUVUdsUOUGBED:

eM !ZI eM 2[

y Ed g zEd § ¢l (4-53)

@MNdeL] @MNszg
ap oo,

GEU o eUE Q UEUUOT &€ U=2 & U&F=max{5° n;1}

GEU e0Opsl U0 eovel Eea&d U=a=2

GEU e0s1 U0 ObeOARI Ee U=2 =min{L,66/(L- 1,13° n° }6}

Gol UEOEUEe &£ T ¢0dUs 1 U=a=1

GEU UEUUOI s &3QUBAXD U0l o6¢AORUE GEYT Ul UEe Ui 1T 060G L
UL Eadid e UE T U EeUl OpOEUgs UO edEUGBEOD
o fy
Uyga ¢ = (4-54)
3 0
a9 O6xea W1 UE E UEV QYO OGRUUEUGEOU T GBG GBULOOOOOUUEOYP OO
07T U7 EO

AT U 2T EautT 0T O V& 00 ¢00ap UEROGN A0:2ARUUUE &1 UT UE 1 6AE
NEd
N ¢10 (4-55)
b,Rd
agp oo,
3Ed Ui UE E UET @ GRUOGEUGY OU UEO @l EQUEe@O uUll L
Nb,Rrd UgEUEDT OUOR® UO6 &l Eaui Ui 06 1T& 060 aU 106AEC
0 Reed E
\ Re As f,
bRd = 7 4-56
A (4-56)
ap06, R UplwdE 0o TOWARNGEEIO AEU UET UTUsGUOERE YT000G0Q
81 6EE, UET @& U066 R AEU EBGEkETRl EVDAAEDHWBEPUE 1T U eUedosal
UT UsGUOERE eUT ¢UTE TH6AEGT OU AUV GRTI U Y0 UET GR&0E:
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N 1
R=— = ¢1,0
[, 2 (4-57)
og+va“-|
agp oo,
_ A o <~ ng
—0,53gL+U3(I -0,2)+I i (4-58)
A3f L Le 1 fa e m e n ..
——L— AEU UEQWOEADd 6UO 1, 2 (4-59)
l
T [Aerty _ A AEU UEQUWOE D 600 4 (4-60)
cr Il
ap 0o,
V] Usil UE O 6T VUL pOOBE s D0 DEHBEEH) O4 £ OAU T 0 B
T6AEGYT OU ¢00¢wmwmm&EOE U
Ner U1 UE UO Ol UGUEen éo06GEYTO @GOBUsO AEU UEI
EGUEUUEUOUO UEO ¢1 5060 ULEUUOYT b
Ler Ol UE UO 10600 T 6AEGT OU
KglT UE E UeUgi U UuUO A UEUO ¢ Ud sUIUDD E GlET WapoE
EGUEUUEUOUO UEO ¢1 5060 ULEUUOT b

o A

Dz 1 Ue20:0 G611 UUT UG UG 3@a)30E a1
QUT ¢UT 0O 1 6 a0 a b c d
Gol UOUEOG ULOUL 013 0,21 0,34 0,49 0,76
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b,Rd
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3Ed UéT UE E UEYT @ atdpUamE U GT OU UEOD
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Upp +0Or- Ior
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0 =05° Qe (Tur- 0.2+ Tir 8 (4-64)
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L Ul UE UO V0600 UO6 12 0606 T UUUT U ORI aEYC
C,C,Cs UgT UE O @61 U0U0T0GUx&0 TUAR UEO 10da G A Wi@dD &
ool Uevign3-kg/ 19 9 F1.DEU EV1R93-1-1/1992 DA F.1.1
K, kw Kgl UE ol 00T UG Uaeb=lavx0E Y O UE 7T Ol £AuU,
a, t 0 UgT UE E GUUe U8 i calbtalord 6000 &ef EO UT Us G UOE
Zg Ul UE E UUVDUUAT &l E U060V HOGDORD iy ®AGOT C
Z Ul UE E UUDUUAYT &l E UOb6 ezl Ud0O6 UEAUGIWEGEO k
Dzl U210 KOETI OAg UEO eUUAITEIEO 580600 Ui UsaUUGED,
QUUEADD 1 @ 2 3 4
Wy Wiy Weiy Weiry
Dz i U220 Gol UUT O UxaOKEOBBBEGT U
OUT ¢ 0T VO 1 64 a b c d
Gol UVUT UGUYAr U 021 0,34 0,49 0,76
Dzl Va3 K ET OA® eUT ¢UT EO -IHAEGT OU (K31993
. OU Ol E
gEUUOYT @ adsEU QA'A(PO
I 6 AEuUT OU
KT OUU&bd UEU hib O 2 a

Jo D2 1 3 g Kdz0 @ Go@Pdzo G ¢ oKHg G i K § ¢ DZU K. 3-m47



9390 HOQo Ko KDMIEKD G4g 3K3 DA DK g 75
h/b > 2 b
e mw oy e h/b O 2 c
GoAe Ol U EUED y— g
21T U0 WEU - d
GEU 1 6 AELtddRUd A%§¢Qm a0l ROUEAAUUUE &I UAROO &1 UT C
cr
1 0AEGROADIBDEOsUuT U eAPOEOS6DO UUPO6O ULEUUOT OT, UORO UUU
ellU0GevVsUGT @b OB REGRUBEe o UVUO6DABGEEe@aEUBEBRO UUT Usl
aldo0eUOeUT pUEen TOH6AEGT U.
- gl UOR®Y T 0l 0l o6¢u: emA YE eUE &1 67V E
3@l E ¢0O6 o6¢ouel0ET UUE GU daGoeluoUGY & E eAI Y E eUE &1 6¢YE
Nea 3MyEd+gMEd+k Z3MZ,Ed+g M,Ed¢1
Ry 8 NRk i R_ 3 I\/Iy,Rk Y Mz,Rk (4-67)
~ T ~ -~
A An An
Neg +k, 3MVEd+gMEd+kZ23MZEL%'¢1
R, 3 Nrk Y 3 My Rk M, Rk (4-68)
~ T ~ ~
AMl 1 1
ap oo,
Ned, My.ed, Mzgd Usl UE OE UET &0 GRUUEUGT OU UEO &l ERTEE
U066 O Aiy@IUEOD A-28IUWGE + e OO U006 1 &l 060, (
IMy.Ed, JMz£d Ul UE OE o0&EpelO OWUDARI G EGEO U006 eUlT UBO
UUEAOBBUOD 4
R, R Usl UE OE T UERUEeOgs 6ol 00T 0GUx2D | AR e
Rt Kgl UE O T UERUEeu® aGo61 00T 0aU0U8BO6 TUAR alC
(4-63)
Kyy, Kyz, Kzy, K2z Kgl UE OE G601 00T UG Wad RUIUI &IO0 ¢0&ET 6 U e @® bl
3
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UEUUEeUasU0UO 9006 OGUODEAD ABELGUEINN2AWIT ¢ O enll: FUOEOU VO e UE C
GOTul0ay OE welie WiitewARRE EeUT UOUVUEUD ¢odoueUVEUUE T U UGUEBU&OC
-gédUpU 6606 T Y UUU
GUGR@14B6 g1 O1T UUE UU RUBUeUEoEGUEeA URT UGEUUOYT QT ¢06 R
GEO@® eUE 1T&l 060 U0n eée@podldo ledEUUROOIEULEeUGSsU eUUAUUT E
eUUEAOBBUO ¢oOeUE|aeI 06 TU ¢00gdEOVEG UBUUEOUE OWBRD WIE:
b0 U UUVUE WUE teRANHG(ERDEADD A5 U &U Ue Ol Oo6é QﬂJCUEAR@IOUuL@EJeuO
OT OUUEe £ 1 VA2 EU@OUBHID O@BUEHE g UIGH CHUEE e Ue il@is @IS 6 UO
E &&0E URT UEUGOORICHES gpdRODCE A2 O UUE UU UoOUOT &Gy UUU 1
UEQWUGT eUEBR®4BO O &2l UAROREU2IUMIO ol uoevaiT o UEO T &2AEGUEOD
gelTuelxE@ T 2AEGUED &l E¢ UE ®D Gl UARIOE:AEIODGIIOUNT £461 OT UUO 6 ¢
tul O UET UGEUUOT @ 1, eUléeoa® BDmeadEUGUA E2 UsR DE Widaediion i U
pUdUeUEBOEGUEe £ GEUUOT 0l :
L h hy b te ty A Iy I, A, Ay Weiy | Weiz Woiy Wiz
gEUU 2] 7 7 2 2 3] 3 3 3
cm cm cm cm cm cm cm cm cm cm cm cm cm cm
16 14 20 1 0,6 48,40 2390,53 | 1333,59 9,60 33,33 298,82 | 133,36 329,40 | 201,26
2 31 14 20 1 0,6 76,80 10224,40( 2000,50 19,24 52,96 659,64 | 200,05 731,00 | 302,52
QUUEAOBSU GEDUOT O :
SEUU QOodiT uob: Dzel 7 UU U: FEUUOT O
c t ct [QUUEAO&s U t clt QUUEAQOBEABGI ARAROO
14 0,6 23,33 1 9,7 1 9,70 1 1 D4 UG JEeu®
14 0,6 23,33 1 9,7 1 9,70 1 1 D4 UG JEeu ®
GROW-86: pUodUeU&EBE G&BEOEAIOOBEWDIOT ol UO6CI6¢OGUBT 0T UUDOO
! ﬁll%% 3PS5 119.8
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2 4" —
o _“f
(48] -
_ 39,57
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GuodUEIOBO 69 O0GUal al UUOO
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AT UAROOG WEUUOT Gl - DI UGUEeud K] UAROO:
O YE eUE UEAUY EGE:
g EUU OV, (kN) Veg (KN) 0,5*V i Veq (KN)
1 130,25 3,351 OpUode s 65,13 3351 |URE U¢(
2 261,04 > 3,351 OpUodeée s 130,52 > 3351 |[URE U¢(
OA& Y E eUE U1 Ol Ee@:
§EUOQIAGM) [N, rq (kN) 3eq(KN)
1 48,40 1137,4 > 119,804 U¢UdeUp
2 76,80 | 18048 > 119,359 UpUoeUp
§ EU U Q028N g 3 eq (KN) 0, 5*hw*t w*fy/ AZ30 34(kN)
1 284,35 119,804 URE U¢ O] UgRIBE 119,804 U OF U
2 451,2 119,359 URE U¢ O] UsRATH 119,359 |[URE U¢C
gEUUODY On a Mpra (KNmM) 3 nra (KNm) Mg (kNm)
1 0,11 0,17 77,41 75,84 < 1759748 |t U1 U0U¢Uoe Vs
2 - - 171,79 171,79 < 17550 |G 01 0¢gUoeUs
GRoug: AT UOAROO WEUUOY gbcwWds o6¢0OaUsT G
AT UAROO 1 &l 0606:
oG OUUI UT O 71 9edO, uUEOU&ST GE y-vy:
ly (cm4) Lc (cm) Ke (Cma) I (cm4) Ly, (cm) Ky (Cm3) Ny n; a Lery (cm)
10224,40 664 1540 | 35261,438 | 14825 35,68 0,30 1 2,2 1460,8
QG OUUI UT O YT wedO, uEOUEOGTGE z-z:
Lery, (€M)
664
Z0ERUEe Oy ol 0U0OT 0G0U&O TUAR U1 Ol EeO, GEUO&GT GE y-y:
gEOUY o1, i 1, e 07 o Q08. ay R
2 93,91 11,54 1,35 b 0,34 1,60 0,40
Z0ERUEeOg G671 UUT 0UaUxO TUAR Ui Ol Eegd, UGEUVUUe&o6T OE z-2z:
JEUULOT @i, i, 1, eUV ¢. |006&. a, R
2 93,91 5,10 1,39 c 0,49 1,75 0,35
ZUERUE&UO Gol U0UT UGUGO TOUAR &/ ¢t EO:
gEUU DT P(cm) ) E G I,cm® | Iiem® | 1, (cm® |3 (kNem)|[w,, (cm? Vg
2 664 1,879 21000 8100 2000,50 | 22,016 | 4501125 |35981,348| 731,00 0,691
gEUUDT ¢nb KOV ¢. | oolk. D XiT
2 1,55 c 0,49 0,859 0,730
K1 OAROO AEU 7 ®AEGUE 80¢9:
g E U U QMg (kNm) |M, g (kKNm) R
2 175,50 171,79 1,40 > 1 t01 UpUodeUvs
AT OAROO AEU 1V ®AEGUE &1 E¢pUEeg ull UV E:
3ed_ [Meay (kNm)| Nge (kN) | M, g (kNm) kyy R
167,686 | 111,1632 | 1804,80 171,79 1,26 1,35 > 1 G0l UpUodeUs
Ky R,
0,76 0,93 < 1 OpUde¢Us
GROU8: Al UARSD0O6O UO6 o6¢@GUBT T ULUOO
DAUBUUESOUT U wUE, eUUA UO1 &l UARO URIT UEUUOYOGT, E UE
UEUGOO A, Ul 0 E UWEUUOT @ 2 uUl UoUdeUs AEU ¢OI U 1s,
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pUdUeUEBEGUEeA GEUUOT Gl :
SEU0D h hy b t tw A2 |y4 |z4 Aiéz AV,y2 we‘g we.g wp.,g wp.g
cm cm cm cm cm cm cm cm cm cm cm cm cm cm
1 555 | 54,1 | 20 0,7 0,4 | 49,64 |26300,44| 933,62 | 22,20 23,33 | 947,76 | 93,36 |1059,88| 142,16
2 40,75 | 39,35 | 20 0,7 0,4 | 43,74 |15639,22| 933,54 | 16,30 23,33 | 665,34 | 93,35 | 737,30 | 141,57
3 26 246 | 20 0,7 0,4 | 37,84 | 4978,00 | 933,46 | 10,40 23,33 | 382,92 | 93,35 | 414,72 | 140,98
QUUEAOBsU GEUUOT G :
00d1 00: Dzel 1 00U U: GEUUOI &
EUUO ———— T -
c t cit |QUUEA[OXxs t ct |QUUEAOQ®HE A OKIsIWAROO
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T UAROO wEUOUOY T - RTIUGUEeud KIUAROO:
KT UAROO Oveal UANUORI:
GEOUQT Ba(kN) | Meg (Nm) | Gy, 5 ( k 37 iy ( k 3| 6m( k 3 |c m fyl A
1 -143,66 -211,08 -2,89 -22,27 -25,17 > 235 i
-145,08 -105,54 -3,32 -15,86 -19,18 < 235
3 -146,32 0,00 -3,87 0,00 -3,87 < 235

>

—
=3

Cc
oo |
(o))

(@) Nar) N
™

< |e
Ce

¢

TUAROO gEUUT EUEeal UA&NURIT :
gEUU QT AG (cm?d) Veg (KN) | Qg (KN/CmM?) £/ (a3 A
1 21,64 27,24 1,26 < 13,57 0

2 15,74 27,24 1,73 < 13,57 0
9,84 27,24 2,77 < 13,57 V]

Ug
Ug
Us

Ce
[}

< | e |e
Ce

o |o|or
[

Ce
™

Eeud &1 UVAROO GUT &8U0URIT UAIURI von Mises:
00U QT iy f,/ A
1 25,26 > 23,5 iy}

19,41 < 23,5 V]
3 6,16 < 23,5 V]

¢
C(

au
0 d

Q¢
me

OplUdeUs
Udels
oels
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GONJABDUEUDE rOiTolRNEXN YW E ¢ i OB ¢ W Oficilip HIEO 6EGI E OT OB
GROW1443). geOl OUeRO, U¢u UET ¢d0001 O RIGEG 80REOU GUOD &68J0 4 (

] e U0 UIs@ulerigeiGR gudsy 0o UEO UT UgaUOERUO3SEUWEOT C
EU U006 SAPR@MA dUAOPH @G EeU UO W EGREeDd ¢1 UghEC
UGEUsO ABDUT T, E®&EB8UUIUGY BN HIUQE®@ Oogléed Ue O
OOT U¢1 UG&Edqarcddigtt UO ¢ ODADANBEUE UUEOD g0 09 BOUQ

-6 oS DCOOO O
™ o M o,@,«:(g c M o

S~

= CcC@
o — <
—_

CcC >
Co [T O
D

S o
(0Z '®)
s

™ qp D

G0 KdzKH3 QG0 3K O5 ¢ ¢ZRDHG Go DB PG § 00 DAL JK CQIGHGhd 0¢ g 6



80 Qk i g0 gh DZ

doUADd BAR2000, 0 Oke o6t U E OS6UET E HIEDGGRAD s DAPDBDOIDO OEBeEe
GUE GoB&®8RVWBUOUUE GUO6O U0 OsdPUIOANIKERGROMEE e U 3 eUE

. MODE MAG 60,92 7
A ?éfgmﬁ%s 45 MODE MAG 524.9 | \‘\ZL/A A I;%EDE‘FEDCOIQQJ Y\l/x

D ‘
N N

|
A A

PRESCRIBED
;SE EEPIBED I:DDE(EEs
TR o TIME 1000
, 654.5 [ 1994,
GROW-4B: QU EDO OAEU T 6AEGT U (U) UVeUud U¢E¢eeiO6 eUE (a) UTUOuUO
T6AEGBAD U( G UOERUBSU uOeOUCAEU UO 8¢ O0aUUT RT U
A LOAD FAC 12:69 MODE MAG 7150 :
L TINE 1000 L.,
|
A
\
FRESCRIBED
LINELOAD
MODE 1,
TIME 1.000

H 12.69
Vv

GROW-W: QUEOI 00l @ ¢l UG@IE aDEN TAFEORACE ( moqa qma.m@ﬁénﬁﬁﬂéoéfe GUOERU
AEU O 6 ¢C

RTOTUUEUsO6 AdUT T Ee£ eUUUT UY EY &1 O¢
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AT UAROO 1 &1 060 - ADI NA
3UERUEeOgs G661 OUI UGU2O TUAR Ui O Eeg0, uBUERYE&Dszaat UUT VG020 TUAR Ui O Ee g0,
N, = 6545 (1E EUGEOT Obdii 0) Nery = 1994 (5E EUEOT 0d09)
g E 0 U giAdem?) i, OUY 6. | 6. a, R GEUUAN H(cm) i QUV o. [o®@A.| u R
1 49,64 1,335 c 0,49 1,669 0,374 1 49,64 0,765 b 0,34 | 0,889 | 0,746
2 43,74 1,253 c 0,49 1,543 0,409 2 43,74 0,718 b 0,34 | 0,846 | 0,773
3 37,84 1,166 c 0,49 1,416 0,451 3 37,840 0,668 b 0,34 | 0,803 | 0,802
3UERUEend asl UUIVGUPO TUAR eA PEOD:
FEOUQT @b |OUT ¢ 0 00A. [QUUEA .|w,gdind) g, (ADINA) |My-; (kNcm)| M., (kNcm) Uiz 0. Xit
1 2,78 d 0,76 4 947,76 12,69 1131,11 | 14353,79 | 1,246 1,673 0,358
2 2,04 d 0,76 3 665,34 12,69 1316,34 | 16704,35 | 0,967 1,260 0,484
3 1,30 c 0,49 3 382,92 12,69 1316,34 | 16704,35 | 0,734 0,900 0,704
AT UAROO AEU 1 ®AEQUE 50¢0:
9 EU U Qi5ZKN) [ Meqy (Nm) | Ney (kN) [M, g (Nm) | K Kyy
1 143,656 | 211,0824 | 1166,54 | 222,72 0,861 1,076
2 145,077 | 1055412 | 1027,89 | 156,36 0,863 1,079
3 146,318 0 889,24 89,99 0,866 1,082
GU&1 O Ui EOQO9OBEGED:
JEOUQT &, R R,
1 0,329 1,685 2,014 > 1 0l U¢UdeU
2 0,345 1,204 1,548 > 1 01 UV¢UdeUs
3 0,365 0,000 0,365 < 1 OUpUdgUs
JEOLYY &, R m R,
1 0,165 2,107 2,272 > 1 G0 U¢UbdeUs
2 0,182 1,504 1,687 > 1 G0l UV¢UdeUs
3 0,205 0,000 0,205 < 1 UpUdgUs
GROW-86: AT UAROO 1 &1 06 0 ©@DoU FEw Ea0OiAD GED ADING O O

0060 Ustu¢opO, O DI DAROOUUO6 UERI OEOU&EABLY

20 TGRBM-4n g1 OT UUE GUO

D (N¢
Cc

C
C O
C —
C
€
O (e}

AT UAROO 12l 0606 - 30 aAZtE UOT KooReauEeU
ZUERUEeOps a6l UUT UGU2O TUAR Ui O Eegd, GWEUUO&o6T GE z-z
g EU 0[Q), dem) 1, i, 1, QU ¢ o 6UA . a, R
1 775 93,91 4,34 1,903 c 0,49 2,728 0,214
2 775 93,91 4,62 1,786 c 0,49 2,484 0,238
3 775 93,91 4,97 1,662 c 0,49 2,238 0,268
SUERUEeOs a6l UUT VUaUaed TUAR U7 Ol Eegd, UGEUOU&G6TOE y-vy:
§ E U 0|Qy, ,4cm) Ta i i, QUI ¢. |golA. a, R
1 775 93,91 23,02 0,359 b 0,34 0,591 0,942
2 775 93,91 18,91 0,436 b 0,34 0,635 0,911
3 775 93,91 11,47 0,719 b 0,34 0,847 0,773
3UERVUE&UO 6ol UUI VUGUEGO TUAR e& Y EO:
GEUURUWBEA| L(cm) C E G I,(cm% | I (em® | 1,(m® | M (kNem) | W, (cm? log
1 4 775 1,879 21000 8100 930,27 | 5,73 |698407,33| 18048,01 947,76 | 1,111
2 3 775 1,879 21000 8100 933,54 | 541 |374351,33| 14028,28 665,34 | 1,056
3 3 775 1,879 21000 8100 933,46 | 5,10 | 149374,60| 10275,46 382,92 | 0,936
gEUUOT b QUY ¢. |0 dlA. (T X
1 2,78 d 0,76 1,463 0,414
2 2,04 d 0,76 1,382 0,440
3 1,30 c 0,49 1,118 0,578
A1 UAROO AEU 7 ®AEGUE 50¢9:
3 EU U[03:@kN) Meay (KNM) | Ney (kN) | My gy (KNm) Ky Kyy
1 143,656 | 211,0824 | 1166,54 222,72 0,822 1,028
2 145,077 | 1055412 | 1027,89 156,36 0,832 1,041
3 146,318 0 889,24 89,99 0,874 1,092
GU&7 O Ui EOQOBECEOD:
R Romy R,
0,577 1,883 2,459 > 1 iUl OgUdels
0,594 1,357 1,951 > 1 G0l UO¢Uoels
0,615 0,000 0,615 < 1 U UdelUs
Rin R R
0,131 2,354 2,484 > 1 Ul U¢guUodels
0,155 1,697 1,851 > 1 G0l UgUoels
0,213 0,000 0,213 < 1 U UdeUs

GRou-47: AT UAROO 1 21 060 UOmT GRICEU AIOIT KbORecuEeU 3
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82 kg0 ok DZ
Gol Ol Ee £ @éﬁTﬁﬁU@m&ﬁEaéﬂTb BeUBAROO UWEUUOT 06 ull UeUde U
Ol GECA UEO WGWEUUOYT &0 @|wmmoa3uwwumayzuumzu¢Uo UHUAEU eU7 ¢
UpOUU0T 2T UVUO VUBRLRIIUDIbRAR @HAOUDE (GRUUEe £ eOplEVBEO&ED AEU
01 2AROBWOA UET Uil gO0ROGE UO6 G(O0d&U, O & UAROO U066 11 &l O6
UO0OpRT UO6 KoOooReauEeU 3
-g0eud G1_ G2
GUGR@1448 i1 O1T UUE UU RUBUeUEoEGUEeA£ URT UGEUUODOT ¢06 R
GEOU@IUBOT BEOo OBIeBD B Ue 0O eUE E UEUUEeUGsU eUUAUUT EO URI
b0 O0e VUEYT &l QuoE JolE GG E T 22 OHNOOT 00 @ OO 1 3%k GREU GBIV EAOB s U0 4
&l VARUO UEO «2AET 0 RO uEUuo|mdmwwﬁmcwwweﬁﬁmdawm@Eua@@@(
RO eUUEAOdSsU 3 eUE &UGE 00T KOs G IDBA B OB @ 05 e BAEAD O
pT UaGUEeu® &1 UAROO Ul 0é UEE W4 UseAOE TulE UAIO0 &b 20, O R3]l WAROOT 0 D
Ul 2ABB6 U 0é 00U E u@RI@I-4 UE 01 OUUEe £ TV UA®eE ¢06 ¢ooOxéor Ul
Ul £l 6 G E U¢GCRDYEDE @ﬁ@m&n¢UoOouEEaOIwME w@UU@@&OGT&AQéo
UEUOUOT&UE 15 AEU ¢l UG UEGRO#E2URRO tEaW 60 2, 3 eUE 4
@l UARO
pUsUeUEdEGUEe £ GEOUOT Gl :
o B o h ¥ b t iy A ly I A, A,, W, Weiz Wy, Wi,
gEUUO 7 7 7 7 7 3 3 3 3
cm cm cm cm cm cm cm cm cm cm cm cm cm cm
1 20 18,2 15 0,9 0,5 36,1 2715,48 506,44 10 22,5 271,55 67,53 299,26 102,39
2 51,5 49,7 15 0,9 0,5 51,85 35261,438| 506,768 952,731 67,569 1115,893 | 104,356
3 83 81,2 15 0,9 0,5 67,6 67807,4 507,1 41,5 22,5 1633,91 67,61 1932,53 106,33
4 51,75 49,95 15 0,9 0,5 51,975 | 35337,382| 506,77 956,828 67,569 1120,421 | 104,372
5 20,5 18,7 15 0,9 0,5 36,35 2867,37 506,44 10,25 22,5 279,74 67,53 308,31 102,42
QUUEAOBSU GEUUOT GIT :
P Q0d7T u0: Dzel 1 U0 U: gEUUOT &
GEVUO—T—"T7T—T7—"> = = s e = Ales o= Al o 2P
c t ct |[QUUEA|Obdw U t clt QUUEAQOUBBAGIAIAROO
1 18,2 0,5 36,4 2 7,25 0,9 8,06 1 2 Dd UG UlEen O
2 49,7 0,5 99,4 3 7,25 0,9 8,06 1 3 KT OUaUEen o
3 81,2 0,5 162,4 4 7,25 0,9 8,06 1 4 KTl UaUEen O
4 49,95 0,5 99,9 3 7,25 0,9 8,06 1 3 Kl OaUEen o
5 18,7 0,5 37,4 2 7,25 0,9 8,06 1 2 DA UG UEeu O

7350 : 7535
14885
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[My]

[Vz]

GRouE: KiUUUEeA&A& TV UAzeE UEO u0eOU G1_G2 AEU UO1T we@iv U
AT UAROO wEUOOTGT 1 5 - DdUGUEeuO KIi UAROO:
QA YE eUE UEAUI EGE:
3 EU 0|04, @, (kN) Ved,z (KN) 0.5"Vpirdz Ved,z (KN) o 3 v ray (KNm)
1 135,68 > 119,692 UpUoelPs 67,84 < 119,692 | U¢ O UgRG 584 29,24
139,07 90,457 UpUdelPs 6953 < 90,457 U¢ O UgRE G091 65,89
3 EU 0|04, (kN) Veay (kN) 0.5"Vpirdy Vedy (KN)
1 305,27 > 0,07 UpUodels 152,64 > 0,07 URE U¢ Qi UsRGE
5 305,27 > 0 UpUdels 152,64 > 0 URE U¢Oi UBRAE
QA YE eUE U1 Ol Eed:
JEUUOAEM) | Nyga(kN) 3ea(kN)
1 36,1 848,35 > 12,638 UpUdeUp
36,35 854,225 > 32,986 UoUbdeUp
§ E U U|C0i 28N 1ea 3£ (KN) 0, 5*hw*t w*fy| B30N) hw*t w*fly/ A30 $ea (KN)
1 212,0875 12,638 |[URE U¢ Qi UAaGepss 12,638 |[URE U¢ O (2¥3R8E E > 12,638 [URE U¢
5 213,55625 3298 |URE U¢ Qi U &0 8625 32986 [URE U¢ Qi DnerabE > 32,986 [URE U¢
§ E U O|®ii LANM) [ Mi 4 (KNM) [ My ray (KNM) | Myirq , (KNM) E U a r
1 175,75 0,43 29,24 24,06 0,015 2 1 36,15 < G0l U¢UdeUs
5 207,78 0,01 65,89 24,07 0,039 2 1 9,94 < G0 0UgUoeUs
GRowuel: AT OAROO GWEUUOYT g6 URIT GCAU@EUN ¢ 110 GeEre 05 &1 BIGA RIQO é
AT OAROO uwEUUOVGT 2, 3, 4 - KRIUGUEeud KRI UAROO:
K1 OAROO Ooveal UALURI
GEUUOQi3GkN) [Mxa (6Nm) | Mg (6Nm) |0y 5 ( k 3% &y (K 37 6 (K 33 |8m( k 3% |cm ful &
2 6,94 214,68 0,6017 0,13 22,53 0,89 23,56 > 235 |01 O
3 -21,47 313,44 0,1013 -0,32 19,18 0,15 -19,65 23,5 U¢ UDd &
-24,96 187,10 0,1566 -0,48 19,55 0,23 -20,27 23,5 U¢pUb &
KT OAROO gEUUT EUEenl UA&LURI :
gEOUQIVE,(KN) | A, (cm?) | Qy,, (kKN/cm?) f,/l (43§ A
2 -53,56 24,85 2,155 < 13,57 UpUde s
3 0,26 40,60 0,006 < 13,57 OpUdePs
61,20 24,98 2,450 < 13,57 OpUdePs
gEVOQIVE, (kN) | A (cm?) | (g, (KNIcm?) f,/ (43§ A
2 0,03 27 0,002 < 13,57 UpUdePs
-0,02 27 -0,001 < 13,57 UpUodels
0,11 27 -0,006 < 13,57 UpUdePs
KT UG UEeu O &I UAROO GUI 8UOURT UAGCURI von Mises:
GEUUQT Wiy fyl By
23,85 23,5 G0 U¢lUdeUs
19,65 23,5 OUoUde&f0s
20,71 < 23,5 UpUbdefUs
GRoue: A1 OAROO GWEUUOYT @6 URT uBEn0GA#EG (21, U B0 EalE i

0o K dzK
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84 Qk i g0 gh DZ

O ubeud G1iGaUWHOUHUL T 0O0UVAT EUVUYD
b0 OEADG6T I¢R0M UG &) i EV WEBOD Vet OGWETI a6l ®#RUEU,
UpOUUT &G UUU ¢ 06 ¢ 0o Oxe 6ADNA(GR @u-63EAIER Du-B1) U BipE SARD

2000 (GRQW%-B5) AEU 1T OT UUEUsU eUQUITUD EQ ¢ obU GRIOEXEETEO ) OEge Ee U1l

GEUUOT BU,20b R eRNEQAF
pUdO60GE,

/

GUGROu-bB6e UE @RuB7Tusl Ol OUE
Ul UsGUOERU.

A
D
I
N
A

MODE 1 MAODE MAG 18.11
LOAD FAC 75.16 v
TIME 1-000

zZ
L

FPRESCRIBED
FORCE

U0 U¢OU0UI &0y UUU U¢u UO6O U &

MODE 19 MAODE MAG 142.4
LOADFAC 5006.
TIME 1.000

PRESCRIBED
MODE 1. FORCE
TIME 1.000 MODE 19,
TIME 1.000
75.16
) 5006-
(0) (a)
GROW-8B: QUEOI OdiGa&ebd AEU TG6AEGT D (U) UeUuld U¢E¢auO6 eUE (a) U
I 6 AEGIBYU U(OER U 6 U ELOEIBIN_AZ2
z
A MODE 1 MODE MAG 26.98
\ Y X
3 LOADFAC 31.26
T TIME 1000 \l/
D
A
b
A
FRESCRIBED
LINELDAD
MODE 1,
TIME 1.000
ﬂ 3.027
GROW-84 JUOBGO ¢l U60EEOU AnWEINR &Od WipAl @EEE 0 oUAEHIGUWWEUE £ G UOERU
AEU UE uOeu G1_G2
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AT UAROO 1 &1 060 -
3UERUEeOs €61 UUT VA Ux0 GEUUeol 3BERUEEOs (61 UUT UGUxO TUAR U7 O Ee
N, = 7516 (1E EGEOI Od 1 ¢) Nery = 5006 (19E EUGEOT 00l Q)
GEUUOY é(cm) 1, U a, R GEUUQ é(cm) N U a, R,
1 36,1 3,360 0,49 6,918 0,077 1 36,1 0,412 0,34 0,621 0,921
2 51,85 4,026 0,49 9,543 0,055 2 51,85 0,493 0,34 0,672 0,887
3 67,6 4,597 0,49 12,145 0,043 3 67,600 0,563 0,34 0,720 0,855
4 51,975 4,031 0,49 9,564 0,055 4 51,975 0,494 0,34 0,672 0,887
5 36,35 3,371 0,49 6,960 0,077 5 36,35 0,413 0,34 0,622 0,921
3UERUEeuO G667 0TI VUGUGO TUAR A T EO:
GEUUO)] Ohib QUY ¢. |90 Al QUUEA.| yH&D). W, (cm® | ge (ADINA) [Mgy (kNem)| M, (kNem) Tt O Xt
1 1,33 c 0,49 2 299,26 102,39 3,027 530,77 1606,64 2,092 3,152 0,181
2 3,43 d 0,76 3 952,731 67,569 3,027 1394,65 | 4221,61 2,303 3,951 0,140
3 5,53 d 0,76 4 1633,91 67,61 3,027 2019,84 | 6114,06 2,506 4,516 0,121
4 3,45 d 0,76 3 956,828 67,569 3,027 1254,09 | 3796,13 2,434 4,310 0,127
5 1,37 c 0,49 2 308,31 102,42 3,027 968,54 2931,77 1,572 2,072 0,292
AT OAROO AEU 1 ®AEQUE 50¢9:
JEUUO] By(kN) | Megy (KNM) | Meg,(KNm) | Ney (N) My g (KNmM) | M, gi (KNm) K, Kzz Kyy Kyz
1 175,75 0,428 848,35 70,33 24,06
2 214,68 0,602 1218,48 223,89 15,88
3 21,465 313,44 0,101 1588,60 383,97 15,89 0,804 1,872 1,005 1,872
4 24,962 187,10 0,157 1221,41 224,85 15,88 0,805 1,901 1,007 1,901
5 207,78 0,014 854,23 72,45 24,07
GU&T Op Ui EO9pOBEGEOD:
gEUUO] BR, Romy Romz R,
1 20,677 0,018 20,695 > 1 07 U¢UodeUs
2 7,933 0,038 7,971 > 1 07 U¢UodeUs
3 0,316 5,432 0,012 5,760 > 1 it0i UqUoseUs
4 0,373 5,545 0,019 5,937 > 1 G0 UqUdeUs
5 23,727 0,001 23,727 > 1 07 U¢UoveUs
JEUUO] OR, Ry my R, iz R
1 20,677 0,018 20,695 > 1 tU0f U¢UodeUs
2 7,933 0,038 7,971 > 1 07 U¢UodeUs
3 0,016 6,790 0,012 6,818 > 1 0 UqUoseUs
4 0,023 6,931 0,019 6,973 > 1 0l U¢UodeUs
5 23,727 0,001 23,727 > 1 G0 UqUdeUs
GRou-8s: AT OAROO 1 &1 06 61 OEGE uPe BUE Gl O

@nipd OAd A& T 0000

0o KdzK Hi3 QG Q
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AT OAROO 121 0606 - 30 aAZlE UOl KooReéeauEeuU
3UERUEeOp 061 U0OT UaU£2O TOAR U7 Ol Eegd, UGEUVUO2G6TOE z-z
g EUUDILG (cm) 1, i, 1, QU1 ¢ Q0@ . a, R

1 1486,87 93,91 3,75 4,227 c 0,49 10,421 | 0,050

2 1486,87 93,91 3,13 5,064 c 0,49 14,515 | 0,036

3 1486,87 93,91 2,74 5,781 c 0,49 18,575 | 0,028

4 1486,87 93,91 3,12 5,070 c 0,49 14,548 | 0,035

5 1486,87 93,91 3,73 4,242 c 0,49 10,486 | 0,050
ZUERUEeOps o671 UUT UaUaed TUAR U7 Ol EegO, UEU0O&6T GE y-y:
gEUUPLY (cm) 1, i T, QUI ¢. |p04. a, R

1 1486,87 93,91 8,67 1,825 b 0,34 2,443 | 0,246

2 1486,87 93,91 26,08 0,607 b 0,34 0,754 | 0,833

3 1486,87 93,91 31,67 0,500 b 0,34 0,676 | 0,884

4 1486,87 93,91 26,07 0,607 b 0,34 0,754 | 0,833

5 1486,87 93,91 8,88 1,783 b 0,34 2,358 | 0,256
3UERUEenO ao6i 00T VAGUGO TOUAR eA Y EC:
FEUUMUWEA § )0 . ) S E G 1,(cm*) [1iem*| 1, (em® [z, (cm) My (kKNem)|W, (cm®) | T+

1 2 1486,87 1,285 1,562 21000 8100 506,44 | 8,05 |46188,59 | 10 1568,64 | 299,26 | 2,117

2 3 1486,87 1,285 1,562 21000 8100 506,77 | 9,36 |324377,13| 25,75 | 1334,40 | 952,73 | 4,096

3 4 1486,87 1,285 1,562 21000 8100 507,10 | 10,67 |854515,48| 41,5 | 1402,55 | 1633,91 | 5,232

4 3 1486,87 1,285 1,562 21000 8100 506,77 | 9,37 |327591,65| 25,875 | 1334,20 | 956,83 | 4,105

5 2 1486,87 1,285 1,562 21000 8100 506,44 | 8,07 | 48638,50 | 10,25 | 1560,08 | 308,31 | 2,155
gEOUDPT db o0 ¢. |0 diA. O Xit

1 1,3 c 0,49 3,211 0,178

2 3,4 d 0,76 10,370 0,050

3 5,5 d 0,76 16,100 0,032

4 3,5 d 0,76 10,411 0,050

5 1,4 c 0,49 3,301 0,172
AT UAROO AEU 1 2AEGUE dC¢@d:
g EUUDIZAKN)  [Meqy (KNm) |Meg, (KNm)| Ney (KN) | M, g (KNM) [M, g, (kNm) K, K., K, [

1 175,75 0,428 | 848,35 70,33 24,06

2 214,6814 | 0,602 |1218,48 | 223,89 15,88

3 21,465 313,4403 | 0,101 | 1588,60 | 383,97 15,89 0,804 | 2,698 | 1,005 | 2,698

4 24,962 187,0995 | 0,157 |1221,41| 224,85 15,88 0,807 | 2,752 | 1,009 | 2,752

5 207,78 0,014 | 854,23 72,45 24,07
GU&Y O Ui EQQOBEGEOD:
gEVUDT &Ry Rowy Rz R,

1 14,060 0,018 14,078 > 1 G0l UpUdeUs

2 5,394 0,038 5,432 > 1 Ul UOUpUdeUs

3 0,490 4,592 0,017 5,099 > 1 G0l UpUoeUs

4 0,576 4,681 0,027 5,284 > 1 a0 UpUdeUs

5 16,134 0,001 16,134 > 1 U0l UpUoeuUs
GEUUPT @& R Rz R,

1 14,060 0,018 14,078 > 1 Ul UpUdeUs

2 5,394 0,038 5,432 > 1 01 UpUoeUs

3 0,015 4,614 0,017 4,646 > 1 a0 UOpUdeUs

4 0,025 4,723 0,027 4,774 > 1 Ul UpUdeUs

5 16,134 0,001 16,134 > 1 G0l UpUdeUs

GROW-87: AT UAROO 1 &1 060 UBOamO&EOlOB1 K6DREOGUESBU 3

DAUBUUEDSOUT U UUE, O &l UARIOE iUkl Gedi D OEVUEUUE O UE a’eﬁflé
Uiéﬁ‘)ﬁ@)é@'fﬁAéUéaé‘i &I U, 70 URDINNGOGGBEIET &60UW0O EQOEOSEDE o

R=23,727>1 U1 & U UET uwOO0OU0BE 1T seé @i OxdREIHIIAEL DIZJGOUOB)UAOII]O U O
UgiOUE T kOBEen eUead E uéém“oﬁﬁmﬁjé‘b@écB@(‘) OAEZS OUO a0l 1T ¢
eUl 60 ¢l Uo6dEe@ Ui UGGA EGE Ko O & RAO ®uERADAN Gd) Ca heoit upGe
UUE ¢EeUlT Ul OE UUAsuU0UO 10 ¢d0ue@e&@EOC@UIEAPODBT JUOHOEDSES
&l UAROO 1 &1 060 1T UV aAl OIT0UUO RO EGOUUTUT O 10600 T6AEGT C
UET Ule1,30m. gU U9 OUUT &GT UDB WG OTVGEEEREBIIDY O6 O aUel uC)
Ul EOpOBEGEOE Wb Or U TEDEAISDOIGO, Gs6AO6OU uGUT 1 ¢O00d(
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9390 HOGQo Ko KDMIED GGg 3 K3 DA 0 DHzK g 87
GOReOUT U GUT TUGE ¢T VUodEegd Ui UGGA EGEQ UDEG aced, OB G
GEUGOO&EY AORUE T 00UIT U UEO ¢o00UEG ¢eQdEIT WE @ ¢ DU ®E D& E G UIOC
UUE OE (061 OdEUe®0 GoiABIe OO0 G HPOOpD®@AOAN ¥ §1 QalxwE &E U1
UTTEGUsO GU GRa&GE T UAEEIU 6@ WAROUNES 6o (fiE (IO UsstilEno W0 O .
AT UAROO 11 060 - 30 aAikeE 0Ol KooReauEeU
S0ERUE&Ops G061 O0T UGU&2O TOUAR U7 Ol EegO, wEUUOBGT GE z-2z
g EUUDIL Y (cm) 1, i, i, QU ¢ 068 a, R
1 130,00 93,91 3,75 0,370 c 0,49 0,610 | 0,913
2 130,00 93,91 3,13 0,443 c 0,49 0,658 | 0,874
3 130,00 93,91 2,74 0,505 c 0,49 0,703 | 0,840
4 130,00 93,91 3,12 0,443 c 0,49 0,658 | 0,874
5 130,00 93,91 3,73 0,371 c 0,49 0,611 | 0,913
3UERUE&Og G671 UUT DaUxO TUAR U1 O EegO, GEUO&61 GE y-y:
gEVUPLY (cm) 1, i i OUl ¢. |06 . a R
1 1482,50 93,91 8,67 1,820 b 0,34 2,432 | 0,247
2 1482,50 93,91 26,08 0,605 b 0,34 0,752 | 0,834
3 1482,50 93,91 31,67 0,498 b 0,34 0,675 | 0,885
4 1482,50 93,91 26,07 0,605 b 0,34 0,752 | 0,834
5 1482,50 93,91 8,88 1,777 b 0,34 2,348 | 0,258
SUERUEeu O a6l UV VAUBO TUAR e&A YEC
JEUUMUWOEA.| §&m C, C, E G I,em® [l (em*)| Iy (em®) |zg(cm) [Me (kNem)[W, (cm®)| T.r
1 2 130,00 1,285 1,562 21000 8100 506,44 | 8,05 |46188,59 | 10 | 23724,29 | 299,26 | 0,544
2 3 130,00 1,285 1,562 21000 8100 506,77 | 9,36 |324377,13| 25,75 | 59287,25 | 952,73 | 0,615
3 4 130,00 1,285 1,562 21000 8100 507,10 | 10,67 |854515,48| 41,5 | 95859,26 | 1633,91 | 0,633
4 3 130,00 1,285 1,562 21000 8100 506,77 | 9,37 |327591,65| 25,875 | 59575,78 | 956,83 | 0,614
5 2 130,00 1,285 1,562 21000 8100 506,44 | 8,07 |48638,50 | 10,25 | 24257,95 | 308,31 | 0,547
JEUUDT Do QU ¢ o aUA . O.r Xt
1 1,3 c 0,49 0,733 0,818
2 3,4 d 0,76 0,846 0,700
3 5,5 d 0,76 0,865 0,688
4 3,5 d 0,76 0,846 0,700
5 1,4 c 0,49 0,734 0,817
AT UAROO AEU 7 ®AEGUE 50¢0:
gEUUDIZAKN) | Meq, (KNm) |Meg, (kNm)| Ney (kN) [ M, g (KNm) [M, g, (kNm) Kyy [ Kyy K,z
1 175,75 0,428 | 848,35 70,33 24,06
2 214,6814 | 0,602 | 1218,48 | 223,89 15,88
3 21,465 313,4403 | 0,101 | 1588,60 | 383,97 15,89 0,804 | 1,005 | 1,005 | 1,005
4 24,962 187,0995 | 0,157 |1221,41| 224,85 15,88 0,807 | 1,006 | 1,009 | 1,006
5 207,78 0,014 | 854,23 72,45 24,07
GU&T O U1 EQ9 OsENEOD:
GEUUPT &, Remy Rewtz R,
1 3,056 0,018 3,074 > 1 01 UpUodeUs
2 1,172 0,038 1,210 > 1 0l UOpUdeUs
3 0,016 0,998 0,006 1,021 > 1 t0i UploeUs
4 0,023 1,017 0,010 1,051 > 1 G0l UpUobeUs
5 3,507 0,001 3,507 > 1 G0l UpUoseUs
GEUGPT &y Ry Rz R
1 3,056 0,018 3,074 > 1 0l UOpUdeUs
2 1,172 0,038 1,210 > 1 Ul UpuUseUs
3 0,015 1,003 0,006 1,024 > 1 G0l UOpUodeUs
4 0,024 1,026 0,010 1,061 > 1 G0l UOUpUoseUs
5 3,507 0,001 3,507 > 1 01 UpUodeUs
GRou-8B: AT UAROO 1 I 060 UEOG uOedOU G1_G2 170 aAZtE UOI KoOdORedauweE
Ut UG 4 A&l EQE
Gol Ol Ee £ AEU (JRUDOU®MBAO GUEG2UUA U0 &l #BAOULEBOOV®EGO
UpUdeOoUT UTa OE UTUEAMA, 00@E VARODDe QW .Oo®0 Wi ®E uwoal U
GET 06U UEO uOeoOU eUE uoAeUeéedET &l U GUEO ged ®Og UG EWE W@
o RdzKH3 06 Q 3K 0m ¢ ¢ZODAHG Go DHOQ DG § 020 DA JK CRdrGHFdg Q¢ 9 &



88 Qk i g0 gh DZ

O, T10GE, B &IVARROI BIOBOG el @O &8U Agl
RODUGE UR o] 0 3

Upul UT 066 UT 2ARO
i U R
-g0eud G3

GUGR@14B9 i ¢1 O1T UUE UU RUBUeUEoEGUEeA£ URIT UGEUUOYT QT ¢06 R
0BT 20 eUE VTl OO0 el b®&BBEEBHU UUAUUTESO URT GEUUOY O
pO0eUET &1 06 TU ¢0OCUEOBEGUUs E T 220006 UBoe UURAADS UO DA
@&l OARUO UEO ®AET U RO ULEUUOY O eUUEAOQGOsUO 3, UWEUDUE U¢RO
@U0GE GU0bea8BUOO RO eUQEAGEs WWR4A UEUUOE®D ubk@&dRaa&i O UUE
GROWBO e UE Wi UUUEe LA VT UAxeE ¢O06 ¢0oOxeor Ul UPGROGEDUD GUUUE
4-61. GBRYVU-RoUdO6GEAAOT UUE UU U¢OUUT &G UUU UOb6 Ul #ARO6 U
pUsUe UEBEGUEe A GEUUOT 0l :
3 EUUJ h hy b th_op €4 botiom tw AZ | - IZA Ai s z Avy2 Welg Welsz WDl; Wulgz
cm cm cm cm cm cm cm cm cm cm cm cm cm cm cm
1 55 | 535 15 0,7 0,8 0,4 43,9 |21623,43|422,16| 22 18,75 | 761,67 | 56,29 895,17 | 86,52
2 265 | 25 15 0,7 0,8 0,4 32,5 | 4240,45 |422,01| 10,6 | 18,75 | 307,02 | 56,27 350,82 | 85,38
QUUEAOB6U GWEUUOT QI :
gEUUQT @ 00d1T ub: ol R Dzl 1 U: QAUR Dzel i U: gEUUOT @
c t ct |QUUEA|OdwU| t ct |QUUEAO&sU t ct |QUUEAQOVYBAGRIAAROO
53,5 | 0,4 |[133,75 4 7,3 0,7 10,43 1 7,3 0,8 9,13 1 4 K1 O UEeu O
25 | 04 | 625 3 7,3 0,7 10,43 1 7,3 0,8 9,13 1 3 KT Ua UEeu O

GROW-80: pUoUeUEOEGUEe £ eUE eUUEAObBsUO URI WEUUOT 0l C
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o HU Ko KopmE 64 g 3K3% DA 0 DZK g 89

GRow-61: KiI UUUEe & 7V UA&eE UEO uOeOU G3 AEU UOT uoeuai Ul &

S o

AT OAROO uUWEUUOT ol - KIUGUEeuO KIUAROO:
Ki UAROO Oveal UANURI
gEUUQIZZ(KN) | Mgq (WNm) |G s ( k 3/ |ém2 X k3/|[6mek 3/ c[m2) f,l &
1 60,78 367,07 1,38 48,19 49,58 > 235 (o0l 04
2 21,91 63,82 0,67 20,79 21,46 < 23,5 Up Ud é|
KT OAROO gEUUT EUEedl UA&AORT :
gEUUQWVG,(kN) | A, (cm?) [Qy,. (KN/cm2) f,/ (835 A
1 117,53 21,40 5,492 < 13,57 OpUodleUs
2 -10,14 10,00 10,000 < 13,57 UOpUdeUs
Ki UGUEeud &« UAROO 01 80URT UAGURT von Mises:
FEUUDT @y, fl Ay
1 50,48 > 23,5 a0l UO¢lUdels
27,58 > 23,5 g0l UO¢udoeU

u
01 RGEDI Oug 70 w00 UdugpO6O. GUET a6l &R0

G000 o6¢00 EU, ¢
poO®&eo6t Ul Uplu ADINAIDRIZWEER & UER gu-64) & USAPAD@ (Gﬁ‘ez‘m 65), UU
OpOsU ROEGET OpOE@eEeUI Gf&étﬂ&;ﬁU@ME b A RB? U @TO@DTOLDUE
Up QUY UUU Ul U066 U1l AR08 O URT utUO T UeuuRI UTUsGUC
zZ
A FC?/EDEF]AC 101.0 FIOBE TIAG 5408 Y\PX
D\ TIME 1.000
) - 10DE 13 MODE MAG 221.2 :
l > ] A BBges T x
N 0
A I| :EE‘;;LE'H\H&D
e N 5,
MODE 1, A I 079
TIME 1.000 |
101.0
(uU) (a)
GROWUE QUEOT OdoiGa&bO AEU T6AEGT O (U) UeUuO U¢E9xuO6 eUE (a)
i 6 AEGIBAUU( GUOERUs E wd®e®U GREU U

G0 KdzKH3 QG0 3K O5 ¢ ¢ZRDHG Go DB PG § 00 DAL JK CQIGHGhd 0¢ g 6
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