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Abstract

Keywords: fire resistance, moment connection, restrained beam.

The steel structure buildings are generally designed to be a moment-resisting
frame. The girders are joined to the column by moment connection while the beams
are pin-connected to the column. The structural behaviors of the beam members in the
structures, either girders or beams, are affected by the surrounded structural members
when the structures are exposed to fire. The fire performance of the restrained beams
is different from the isolated beams. When the restrained beams subjected to the
temperature increase during a fire, the beams will thermally expand and generate axial
compressive force due to the restraints at both ends of the beams. Nevertheless, the
beams will create axial tensile force when the temperature drops after fire. The axial
force might cause failure of the connections. This research was conducted to explore
this behavior.

Related literature, specifications and regulations were collected first to study the
behavior of the moment connections in the restrained beams at elevated temperatures.
Two large-scale specimens were conducted to investigate the deformation and failure
mode of the restrained, unprotected beam subjected to gravity force and fire. The
specimens are a substructure of two stories and one span and the specimens have
different column size. The Finite element analyses were also carried out to compare
with test results, to validate the analysis modeling, and to verify the fire resistance of
the restrained beam.

The test results showed that the deflection of the restrained beams gradually
increased due to the deterioration of the material strength at elevated temperatures,
and the deflection rapidly increased when the beam temperatures reached 600°C.
Then, the elongation of the beam axial deformation also shifted to contraction. The
heating was were terminated when the beams reached the performance criteria. The
failure modes of the specimens were the local buckling of the lower flange and web of
the restrained beams, and crack of the concrete slab at both ends of the beams due to
the negative bending moment. It is speculated from the axial deformation of the
beams that the restrained beams subjected to axial compressive force at elevated
temperature and then gradually turned to axial tensile force at cooling phase. The
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specimen with larger stiffness of the column had better fire resistance than the
specimen with smaller stiffness of the column, and reached an hour fire resistance
rating. The finite element model established in this study can reasonably predict the
fire behavior of the specimens. The analysis results also indicated that the fire
resistance of the restrained beam is higher than that of unrestrained simply supported
beams.

According to these research results, the following suggestions are proposed.

For immediate strategy:

The moment connections provide the flexural and shear capacities for the
restrained beam. However, the simply-supported beams are usually designed to have
shear connection to transfer shear force. When the simply-supported beams are
subjected to fire, the shear connections will have additional forces due to the thermal
expansion and retraction of the beam. Therefore, the behavior of simply-supported
beams with shear connection at elevated temperatures needs to be explored.

In general, the research for fire performance in a laboratory is conducted by
exposed to a standard time-temperature curve which is different from nature fire
conditions. Due to the effects of the restraints in a structure, the fire performance of a
full-scale structure might be better than that of members. Thus, the investigation of

the fire performance of a full-scale structure subjected to a nature fire is necessary.

Xl
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ABAQUS 54k ™ § "I~ %% Rz 1A {7400 > 3 Wi 53 2t B4 8
AL B » R B EERS gL F LR 0 Tl AL 1 ABAQUS i
B AFIa R eI VT2 A FRLBRBEL TR ERET RS RS
SREES 28 S NI CSPE va SIS AN R T Y E 3y

ABAQUS #-4]d 7+ 72 o eth b » & f2 8 Al ~ R ;Fé\ﬁ§
FipRtEg g k3 SRR EFMTF R IR L P EEAERE TR
TR AF SR B PR TR R R T AL A ERE F R R
LARENA R AT MR HALR A B B ¢ g o K5
Bt R PR R GEM RS > 2 RET s A BB Rk
BEGIE GBS o gt A A T2 HHRF A & 995 Eurocode 4 A4p B 20 2R € 4+ 2
Tet M H %Y G 70002 T % AR EF A SAHEREL 2 H
FPEEF R IR F LIRS 2EHI AR RR BT RE

i CETT

%

o

-8 GHIBERT

ipiiﬁﬁﬁ#?AWM%%%ﬁ’JﬁﬁﬁﬁﬁiiﬁQWMFiiﬁ
e EXRTBSLAHH A REART Y BEY R B RS RATE
2 g HHiEa dp R 0 @ 455 2xtE (ks R (effective yield strength) ~ 151255 & ¢2 5842
B#ic > & Eurocode 4 i@tk 7R G# 4 510 B L iR RS
Eurocode 4 2.2k B3 £ 3F L & > 4oB 5-2 2 B 5-3 #7% o s M2 BT R £

Eurocode 4 *hpca HE_o
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(TN
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— B00C DEG
-=-= 700C DEG

Strain(mmimm)

D 1 Il L L L 1 L i 1 1 1 1
0 010203040506070805910 1112

BRI T AST2Gr50 it B+ RN 4

a2

AR

# 2004)

£t ERT

% 51 FER®THH2IERTaTFGE
A572 Gr50 (7 i EC4
0,(°C) | f,o(MPa) | f,o(MPa) | E,o(MPa) | f,,/f, | E.o/E, | f,o/f, | E.o/E.
25 388 506 213,417 1.000 1.000 1.00 1.00
100 - - - - - 1.00 1.00
200 370 575 195,538 0.956 0.916 1.00 0.90
300 299 573 175,732 0.772 0.824 1.00 0.80
400 270 470 181,997 0.696 0.853 1.00 0.70
500 245 368 144,027 0.631 0.675 0.78 0.60
600 151 220 122,790 0.389 0.575 0.47 0.31
700 78 109 85,441 0.201 0.400 0.23 0.13

A 10,5 @A T .51

T Y A Ty

S Ea b SE1

(FAL&RIR - AT g FE)

50




o Kb

o/

4

St
e

A

400 600 800

Temperature (°C)

200

1 A KRR A R E

r A2

i

=

B 5-2 Eurocode 4 £¥ 5%

{

mc
)
N

3=

(T i

A T
EC4

1.2

400 600 800

Temperature ("C)

200

W 5-3 Eurocoded 253 #A 5 B %2 it il R

2

(FH KR 2%

51



PRPERTAEE R LA ]
>~ BB EhEk

BOE AR ARTOIRELET - 2R P A RAGELL - R
o P T % G fEergiiz #0804 Eurocode 4 w2 ff b3 E 4
BOE A 45 WIMK S & RPER 2 #BE Alr d 2 2 (5-1)2 2 & (5-2)3

B 2% 4o 5-4 S o
A, =54 —3.33x1020, for 20°C < 0, < 800°C (5-1)

A, =27.3 for 800°C <0, <1200°C  (5-2)

60

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

20

Thermal conducivity (W/mK)

T SO — SN S S N S S A _—

0 200 400 600 800 1000 1200
Temperature ("C)

W54 XEREFZHHEATEREK
(FH KR A ] L)

L SRS

WL EH TSR - RATE 2 #4d Eurocode 4 4R ¥ 24k 1T 35 #4
% 600J/kgK 5 & B BFFEiz v E T d 238 (5-3)% 238 (5-6)tE o Bk dr B

5-5 £ 57 o

C, =425+7.73x1070, -1.69x10°0?

for 20°C < 0, < 600°C (5-3)
+2.22x10°6;

C, =666-| 2002 for 600°C< 6, <735°C  (5-4)
0, -738
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for 735°C <0, <900°C  (5-5)

C,= 545+[ 17820 j

0,-731

C, =650 for 900°C < 06, <1200°C (5-6)

1200

1000

800

600

400

Specific heat (J/kgK)

T R e ——

0 200 400 600 800 1000 1200
Temperature (°C)

Bl 5-5 %8B BF2 i #
(FHR KR 277 FE)

L~ 2 FP%R ik

FOUIE s H R R R TER M A % 0 A Eurocode 4 322 4 H £
WEXLERSME  HERPS L aH > 200CEAETE B2 1 & o HPIE
GHT BT EFRE P E S S R ENI 2N E10)4 A B L F R
B 2 B A4 @ 5-6 #1oF o

Al/l=-2.416 10 +1.2x107°6, +0.4x10°6?  for 20°C<6, < 750°C (5-7)

Al/l =11x107° for 750°C < 6, <860°C (5-8)

Al/l=-6.2x107 +2x10°°0, for 860°C <@, <1200°C  (5-9)

a, = Al (5-10)
* 1A,
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Thermal elongation (x10-3)

0 200 400 600 800 1000 1200
Temperature ("C)

W 56 £EREFELAHENELF
(FHRKR: A7 ER)

Fo8 RRIZFERF

AT RET F RS RPFURSA 5 210 kgfiem? R i
P Eurocode 4 i3k > 2@ F3 23 50 KIMin 2 FpF » SR 2 R A T 2
ARBE D B OREM BPE
F s RFEI 2 REM T

RAI A BRMATALABRE R - SRR ENRBREY
oo ' B MY o, 23 B AN GL) T BB S SRR AR ERE BV
o, 2 B HHZLEA RPY SUE A SR 4Bl 57 S o
B 2 FURS RS SRR H A FUR R R UR ¥ K ~ 0 Eurocode 4

B2 ERESRY L5220 HREA R R40B 5-8 77 o

3
Oco = fc,e ?{SCBJ 2+ [(:CGJ (5-11)
cu,0 cu,0
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B 57 BERTHERRIZESEEN GEH

(4L %R : Eurocode 4)

BRI 2AFHF
%2 52 REIFETHARBAZITFGE B RAESLEILS

" ¥ (:‘ Cf:'; Keo =F.0 /f. £,y (x107) £e00(x10?)
20 1.00 2.5 20.0
100 1.00 4.0 225
200 0.95 55 25.0
300 0.85 7.0 275
400 0.75 10.0 30.0
500 0.60 15.0 325
600 0.45 25.0 35.0
700 0.30 25.0 375
800 0.15 25.0 40.0
900 0.08 25.0 425
1000 0.04 25.0 45.0
1100 0.01 25.0 475
1200 0.00 - -
(FAL &R @ A g FE)
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W 58 ER®SMTREIZ R EEH G
( F#L %% : Eurocode 4)

$0 REIZHBESR

%P Eurocode 4 Rz > A EP > ¥ EREI A BEGETEL

1.6 W/mK ; @ %8 & %1 > Eurocode 4 € H + "1 7 *UiE » T2 iR 4m 22 R R 2

2F LR RO E AL PR T d 2N (512)35 F 0 B R 4ol 5-9 4 o

A, =2-0.2451(6,/100)+0.0107 (0, /100)*  for 20°C<6, <1200°C  (5-12)

Thermal conducivity (W/mK)

0 200 400 600 800 1000 1200
Temperature (°C)

W 59 XEFREFLH¥LRRIFABE G
(FHR KR AT HER)
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% e Eurocode 4 Rz > f§ 53 E ¢ o ¥ R 20 £ 7 B 5 1000 J/kgK ;
LR BT D 2 R(5-13)% 255 (5-16)21 5 o % % b 5-10 “ia o

C. =900 for 20°C < 0, <100°C (5-13)
C, =900 + (6, —100) for 100°C < 6, < 200°C (5-14)
C, =1000 + (6, —200)/2 for 200°C < 0, < 400°C (5-15)
C. =1100 for 400°C < 6, <1200°C  (5-16)
1200
1100 ----- i ffffffffffff i *****
)
1]
= 1000
=
§ 900 -— fffffffffff ”””””” ”””
=] | | | | | |
Z]
=
‘s 800
%
(=]
wn | | | | | |
700 §----- IR hhh R B e B B ek ARRRE
600 ; . i : i l
0 200 400 600 800 1000 1200

Temperature (°C)

W 510 XBREFLFLRFL W H
(FHR KR 2 AFT g EEL)

T~ REd 28R GE

i P Eurocode 4 Lz > @ 523 E P - ¥ EREI AN L F @
18x10°%(0, —20) 3 & ; LR A ZF£T L FV 4 28 (5-17)& 254 (5-18)*
B oo % 4o@ 5-11 97 o BOIE G2 3t E S 2 B A M2 FOBE Gl P o Ao
2 39(5-10) ¥ 51 e

Al/l=-18x10"* +9x107°0_ +2.3x10*0? for 20°C <6, <700°C (5-17)

All1=14x10"° for 700°C <0, <1200°C  (5-18)
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Thermal elongation (x10-3)

0 200 400 600 800 1000 1200
Temperature ("C)

M 511 XREREF2ZHFLRRIHAPTLS
(FHR &R A g )

%= &%  ABAQUS z i+ ,ékﬁfi’ﬁ,%
A E LR L ABAQUS SRR 7 5 2 2 2 o 3 0 ¢ de AL A TRRR
MAHCA B R P ER L AT

A+ ER
it * ABAQUS #8ie (75 "I % A 4 Hgpr > B Bk 4o

1L Aw#FM» g r SR iirdsRT R 285

2. BERAEBMNERIZIALG o

3. AwRFEIAPUHBEHPAII kA FLERARERLPE -

4, kv ¥ A g2 ot BRGEHWE 22 ER -

5, LWHEFZwm&  4oll BRI BERGFIMILE RS -
el B

A572 Gr.50 4 +1 2 #H AL T4k * 355 7 (2004)2 #7 3 = % £ Eurocode 4 2_ .
¥ X BRI R TR R AT AR Y R
BRUER RS BLF P B2 T &M FEL ¥ Eurocode 4 372+

FALT R 7RG G LIRS Y RN G ST R T Rk
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BREFP B R

WAL ERFELAPERT

FORAE AP F GRS B e Y 2 AR K B R R g
o2 SRR E I RK ALK A LR ELA R FHERFRL L i

v 6 2 HTHAIY SRk 6

fats e ¥a g R4 ,aﬁ;};;wgu Y228 2. ;%m%,a BB P R PR AR J;épxy gl
B4 B R FAEIBE D RFHRY P TR AR A e BERK S
2 A heE R oo PR AL A ATHCRER T T Y o UG B
o A2 - GFHE e A g 0 KB 4o R] 5-12 H6oT e

\4 - \{

L UL L L L L

Mo

B 5-12 4eifvgrif f ik 2
(FAL %R 257 BIL)

B~ SMride

ABAQUS A 7 #-3|5 * = ‘g W2 & » 'ﬁ]‘i@-f‘?%b@/ﬂ\ﬂ}fr Sy
MRS 2 A7 B s d ﬁéﬁ'ﬁ%ﬂ@%‘bi@" LR LABLAE RS ST B %
MHEEAFIEREL X VT 2 75 0 A 4704240 B 5-13 #7F o
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ML AT

RypeBRr 2 THEER > ¥ RIS RGEHZBE > oy FwgEe
(surface-based film condition) ¥ = X & 2. L #1446 F 5 4 R e > 2 2 film
coefficient 733+ & = 2 & * Wang (2002) #7232 =3¢ » 4r 258 5-19 1 2 3¢ 5-20
oo BP g e B dE 0 hy B AR Glicd BMEEA D GEch S RGHEDR
Heh Ap e st @0 AT SR g M B AEFMA G ERZ L8 - 3R BT
~% DC3D8: Z ~BaBih M ~F  BERZFBEZE2E- pd R 4rR
5-14 #77% o #A] ¥ S BEE R RGN AITE RN  BREEMERRS A1

)}" o
o = hAT (5-19)

h, =h, +h, (5-20)

i U= RO

L R ?‘7 F2 0 e 4 P HEA] 0 4 g\ﬁ‘ g R EE R 2 RS
i35 % C3DBR> 5 N B &SI A G AE FBEEF =B d R
AU X YE 2 e T o] 514 57 o f AR R T Arers UE TR

ZEB SR ERREFR A ITESE) BRI EERS ST Y o

BIEme st £ 1

Ji

ABAQUS Rj#j+ &£ B8 LR A2 = 27 A 5 28 2L E B o 47
(uncoupled heat transfer analysis) " #-2B B 2 4 22 F 3 72 A4 B8 E§ 448
£ 4k 4 &~ 47 (sequentially coupled thermal-stress analysis) T & # B~/4-3% 8 & 2.
B2l RERIXEIROCEE 2 2mEH BRI » 47 (fully coupled
thermal-stress analysis) FiF & &4 2. B 5 dp 3 (5% Bl e AR T H* B2
e RS AT e BB AITEARL S AT B R RER BT E 2L kR
SRS S BEEROE UL NURAR (D U AN s UeN R A i
FHYET2ZF B By mERR AT R EFNFPEIERET L2
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PRPERTHES L AL ey

FE» #r3 A 1534 dp e 2 R4 3 34 0 4o B] 5-15 #77 o

<>

B 5-14 A7~ %
(74 kR : Abaqus User’s Manual )

Bl 5-15 3 "I~ S 5H072 RRIIL

(FH &R hFT ER)
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FOUAG AR AR R R TR 2 2 S Y R RIS RG
B2 R RIOHECRY L& B FRE c FHVEM ClYE C22 T kA
Wl % 30.6°C 22 30°C » & & Al Z A4 R > T BRR RS S HEN s R A
e HE | #aBRESET PV R MipiEF k3 ERART
200°C » s“ 8 & T 4t & I M AL %*»%*#fiﬁ’ﬁi’»i@.% S AR %R TR 4.4%
Flpt 2470 2 L RE RS ED U BRI R B M F TR
?%Wgﬁﬁiﬁ&ﬁﬂyﬂﬁCbmﬁi1%@%&9%%%U@%Wﬁ3w
kgffem? » 441" K35 & 3 4.1 tflom? o 3RREE VRt gEm® @ Lol 6 B E
Boo MER L AT 237031 20 dp ke 6 A 4o B 4 0.473 kgflem?® > 6 F 4
FERELRG o ATt IR AL 4785 TERRE S
> B CLZA¥HET
RN LR R RIBEZ 5% 4oB] 5-16 T ] 5-20 #7or - C6 £2 D6 LR 2 f
BRI BE > AR 38 A 4BPE 0 R B AT 100°C 0 F SR A F 2 B
HEARPAWRPRERE EATHAP 2 5 gt B FIRESEARSFE
Ao E AT EE BT RS EE T AEPE R Y ER L 109.5°C
oAt iE s 170°C, REdd AR EAREFRALE S 3% FlV A F R
FE s RR B RER 2L FPT L 53, R KA F 2 FR L

2R R .

¥

FHA T EmIE R L

FLRP B B2 A4S R BRI Aol 521 o 0 B4R
15 A 4B » B $ FHA > LR R BB FE ] NFTHRES TR
Flo Al BRAEERE T R 22 HE R R 50 M EpFET FRE A R
Heohyood NRE S RS B3 HOR U2 28 R FIEE T i 2T A
MR A B AN Ry o FEAEAT4eE 56 A 4B PFiE F) CNS 12514-1 # % 2 & I8
SARE A AT P o A 4R B8 A APFIE P A B R 2R Ay A e ]
5-23 #57 o de B p P B R A A R BRI P IV e R TIE R S B R X
ZAZ phe L HA SPHEAIL e ¥ E R REEF %S5 HicB 5-22
ST e AT AR S 2 phe R ARR S F R S S Ap 10 0 3N 4R 18 A 4B B A &
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FIEERE MG R L m VLT g

o S0 £ E 3L mm EELjTER oA TR R EI RS R LR 2V R

Flad 2t ar? LR REED VI BRI WP R R R FER

FRAHTERA AL RSBV ER

% 53 #FHCIZAYR2 FRPIEHLSIT IR
_— 10 min 20 min 30 min 40 min
TEST FEM TEST FEM TEST FEM TEST FEM

Al 184.1 238.5 455.8 387.9 549.5 486.6 602.7 560.7
A3 143.5 232.8 495.8 372.9 511.4 470.1 545.8 545.1
A4 164.9 194.3 400.3 320.5 482.9 415.6 530.7 491.2
Bl 390.0 398.0 726.8 638.8 793.5 763.8 827.1 852.7
B2 481.3 436.5 733.5 663.7 793.3 782.8 822.1 861.4
B3 232.0 219.3 438.6 405.5 456.5 546.9 500.0 647.7
B4 432.7 400.9 734.3 641.3 805.0 765.9 824.1 853.8
Cl 383.8 398.0 704.2 638.8 770.6 763.8 820.9 852.7
C2 427.7 437.3 720.3 664.9 772.4 784.1 822.3 862.4
C3 322.4 283.7 627.2 504.0 715.7 649.1 728.1 745.0
C4 416.1 400.9 722.5 641.3 775.2 765.9 822.6 853.9
D1 361.7 398.0 687.0 638.8 765.0 763.8 817.4 852.7
D2 398.5 434.3 721.2 661.3 762.2 780.5 814.1 859.8
D3 2195 219.3 498.7 405.4 561.6 546.9 625.0 647.6
D4 349.5 400.9 676.4 641.3 753.6 765.9 812.8 853.8
El 254.6 238.5 553.1 387.9 621.4 486.6 683.9 560.7
E3 174.4 232.9 522.0 373.0 550.0 470.2 611.1 545.1
E4 184.7 194.5 447.9 320.7 539.4 415.7 602.5 491.3
C6 31.9 37.7 48.0 54.0 83.8 80.1 101.9 112.6
D6 31.3 31.8 19.8 49.0 82.7 81.2 101.0 120.2

(FH & :

AR
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573 s)l, SRS AR
1000
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8 oy Furnace 49CC
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: A3 TEST o 9
5 + A4 TEST T
[+
o A 2 I Al FEM ¢ @
E‘ A3 FEM 1o
£ — - - — A4FEM
| T
50 60 70
Time (min)
Bl 5-16 34 Cl % X R A#55 2 8B RIB:-FS A B 140" 0 ]
(FAL &R0 hF BR)
1000
900 -] Section B

Temperature (°C)

(

Furnace
® B1 TEST
] B2 TEST

B3 TEST
+ B4 TEST
B1 FEM
B2 FEM
B3 FEM
- — B4 FEM

4 1!
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W 517 #MWCLX VR B®G 2 ERRM-FEM G RF
FALKR L AR L)




PP ERTHES R L]
1000
900 _] Section C — .
800 -

700 —

Temperature (°C)
n
S
]

Furnace
® C1 TEST
| C2 TEST

C3 TEST
+ C4 TEST
X C6 TEST

-------- C1 FEM
————— C2 FEM

C3 FEM
— - - — C4FEM
— — — C6 FEM

B R RIBE-PE M G R

400 —

300

200 - _ - -

100 7 x x x

x X
0 I ) I ) I ) I ) I ) I ] I ]
0 10 20 30 40 50 60
Time (min)
W 5-18 #FHCLX Lk C¥ra
(FHR KR 2] )

1000

900_' Section D

Temperature (°C)
9]
S
]

300
200 — -
100 — e X x
»x — X
0 I ) I ) I ) I ) I ) I 1 I T
0 10 20 30 40 50 60
Time (min)
@ 5-19

Furnace
[ D1 TEST
| D2 TEST
D3 TEST
+ D4 TEST
X D6 TEST
-------- D1 FEM
————— D2 FEM
D3 FEM

— - - — D4 FEM
— — — D6FEM

B CILZ YR DYae 2 Jf R PIEE-FFR M G R

(FH kR A= AT)
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~
S T —— Furnace o
b PR ® E1 TEST .
= e E3 TEST & &
- + E4 TEST - 7
[+
5 .1/ . % | -------- E1 FEM ¢
[=H
g T w2
2=
| I
50 60 70

Time (min)

Bl 5-20 M8 CL% V3R E¥a 2 8 R RIBL-FFF B 050 ]
(FH &M 2 ER)

20
0

—~ =20 -
= 1
‘E’ -40 < 31
= d : L
= b [
3]
g -60—
&= J
o
(=T

-100 —

-120 1 I 1 I ) I ) I ) I ) I )

Time (min)

Bl 5-21 A48 CL X VR¥ed R4/ MR F %V RE]

(FAL&RIR - AT g FE)
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B 522 HHWCILE YR ¥ EE-EFEMN G %Y REF
(FR KR A g EE)

Bl 5-23 A 4H3 CLEEHE & AF2 5 I0E A FA)

(FH &R hFT ER)
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B A C2 2 A HCR

LR RRIEEZ A 7% 4R 5-24 X B 5-28 #rF 0 HARF e A CL Ap i o
LT REEE RSS2V L B4 X VR WY B2 A 1TE T SRR S
b 4o ] 5-29 7oF 0 A 4o 16 A 4E1E o e R E I 5 G 25 MsapET
a2 aivgk Ry 24 C2 R k4l 63 A&mprd i A% > A73t4cf
62 A 4apFiE T) 0 Bl 5-31 5 H BN AT o fhe K %3552 % 2 44 4oF] 5-30

S AR 14 A 4B FlE A e ¥ K B 20 mm 6 5 iR o

% 54 FWC2RXR2ERPIEELITR

iR 2

10 min 20 min 30 min 40 min

Bl 508.8 400.5 736.4 682 818 769.4 851.5 819.8
B2 535.4 439.6 737.2 702.1 807.7 781.5 829.6 824.9
C1 412.5 400.5 707 682 780.6 769.4 832.9 819.8

C2 490.6 440.8 726.5 703 787.6 782.6 813.3 826.3

C3 323.7 291.3 641.6 585.6 716.5 683.6 747.8 732.5

C4 428 402.6 701.4 683.4 780.7 770.1 827.6 820.2
D1 367 400.5 663.4 682 752.9 769.4 807.4 819.8
D2 452.1 439.6 700.7 702.1 777.1 781.5 815.7 824.9
D3 251 220.1 449.2 473.1 535.7 581.2 589.8 638.5
E2 191.7 212.8 419.2 371.4 554.1 486.2 627.9 568.1
E4 210.8 185.1 422.1 321.9 542.6 429 607.2 510.4
C5 61.5 35.8 104.3 56.6 138.4 89.3 190 127.8
C6 73.5 47.8 115.6 7.7 169.8 116.3 228.4 159.3
D6 33.8 32.8 63.7 51 98.4 84.7 105.7 124.6
D7 40.1 51.7 89.6 121.3 104.4 194.4 130.1 255.7

(FH KR~ ] L)

69

TEST FEM TEST FEM TEST FEM TEST FEM
Al 228.2 209 493.16 366.6 570.4 481.3 606.1 563.2
A2 190.3 212.8 470.22 371.4 545 486.2 584.7 568.1
A3 196.8 197 422.93 340.7 535.5 450.3 574 532.1
A4 232.9 185.1 459.67 321.9 552.5 429 573.8 510.4
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