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ABSTRACT

Keywords: beam-column joint, shear, seismic design, code

The life and property safety of reinforced concrete buildings depends
on the building codes and requirements given by the building officials.
Due to architectural reasons, rectangular columns and eccentric beam-to-
column connections are commonly used. Eccentric beams may introduce
additional torsions on the joints and reduce the joint capacity under
seismic reversals. Current building codes use effective joint width to
accounting the effects of column’s aspect ratio and joint eccentricity.
However, the provisions of effective joint width are based on the
experiments of beam-column connections having eccentric beams
continuously extended through the joint. Unfortunately, two eccentric
beams faming into the opposite faces of the joint with unequal
eccentricities are used very often, where the eccentric beams are
discontinuous and terminated at the joint. The complicated seismic
behavior of such beam-column connections with offset eccentric beams
are not considered in the current building codes. Because the lack of
provisions for determining the shear strength of beam-column joints with
offset eccentric beams, code users and engineers may could not correctly
estimate such joint shear strength. Review and evaluation of such
eccentric beam-to-column connections are needed.

Most of the existing connection experiments are beam-column joints
without eccentricity. Eccentric beam-column connections are relatively
rare, and all of available data having eccentric beams continuously
extended through the joint. Taiwanese buildings have many rectangular
columns and offset beam-to-column connections, which are not
considered in the current building codes section 15.6.3. To promote the
life and property safety of building structures, this project will test and

evaluate the shear strength and degradation of beam-column connections

Xl
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with varying joint eccentricities. According to this experimental

investigation, it is recommended to take the smaller value of effective

joint widths for oppoite faces of a joint with eccentric beams.
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4 Va
b;(cm ——— | bi(cm e = .
jlem) | 3y ea,| i) T 32/f4,
= | 100 1.0 75 0.91
— 3.2 3.9
Ll | 100 1.0 75 0.91
2| 50 0.5 62.5 0.76
— 3.2 3.9
Ll | 50 0.5 62.5 0.76
= | 100 1.0 75 0.75
— 3.2 3.2
Ll | 50 0.5 62.5 0.625
2| 50 0.5 62.5 0.625
— 3.2 3.2
L@l | 50 0.5 62.5 0.625

(FHXR: APy R
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G RAI R ReREZWBERT 2R KR

%13 HFHoRRBFEYLTF I RRA VR

Shear
Specimens Strength Ratio

No Viest: | DRT | FM* | Vi | Vi | Veest
: Authors ID [KN] | [%] Vas | Vaszr | Voro

(1) (2) (3) (4) 1 (65) ](®) @ | @B |O)
1 | Johetal. JX0-B5 | 294 | 3.3 | BJ |]1.36|1.05]0.91

2 S1 605 4.0 BJ |1.25|1.04 | 0.93
3 | Raffaelle and | S2 421 | 3.0 | BJ |1.29]0.99 |0.86
4 | Wight S3 472 | 4.0 | BJ |1.13]0.89|0.77
5 S4 412 4.0 BJ |1.39|1.08 | 0.94
6 | Teng and S3 743 | 2.7 | BJ |]2.09|1.71|1.52
7 | Zhou S6 437 | 2.6 | BJ |1.77 | 1.54 | 1.42
8 | Shin and S1* 645 | 3.0 | BJ |1.28|1.09|0.99
9 | LaFave S2* 649 | 3.9 | BJ |1.84|1.44|1.26
10 | Canbolat and 2-S* 863 | 40 | BJ |]1.53|1.26|1.13
11 | Wight 3-S* 827 | 2.4 | BJ |1.70|1.40 | 1.26
12 UM-60 779 4.0 J 1.59 | 1.81|1.54

Goto and Joh
13 UM-125 666 2.9 J 2.21 |11.80|1.61
14 ;amlmura et NN.2 419 3.0 BJ |1.16 | 1.13 [ 1.02
Kashiwazaki

15 ot al. No.35 | 1228 | 2.0 | BJ |1.12 | 0.98 | 0.87
16 | Kusuhara et JE-55 448 | 3.0 | BJ |1.46|1.30|1.16
17 | al. JE-55S 461 | 3.2 | BJ |1.51|1.34|1.19
18 | Lee and Ko W75 781 5.0 BJ |0.79|0.79 | 0.75
19 | (2007) W150 739 | 4.0 | BJ |1.14 |0.95|0.86
Mean | 1.45 | 1.24 | 1.10

COV | 0.24 | 0.25 | 0.24

A OREM S TH R Vet 2 B R4 BURRS BI-EE R R
G RR S SN EE LS R
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1 h
Veor = l_ [M;r + Mp_r + (Vprl + Vprz) 76‘] (2-3)
c

% q=1.25 LY P4 oAk S 2 AR R F]F 5 ASJrALA W A B E
BAo Bk 4 55 5 A f, 5 4 SR EE RSR[5 B F ¥ BhEEM
GETHE TDF RV foVp LR T 4 3 h LR R -
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BP9 ARITR (=085 AT RAE BT NE

Vo = vf24 (2-4)
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Sbc fyt Ach ( )
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— > 0.09— 2-7b
sb fyt ( )

Hesifodtz? IR, Agps S BREEN 28 20b. 2 » 2 § & 4
(2 FEE) BER S bt A e C R TH w4 80 4
I BE AR DG Ag B e e R R 2 T
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Lol 2-4 R R e FREBATTREES S P LS
SRS 2 SRR F RS R 2 a8 RF R * 90-135 B ¥
B Ul ARMESENELT 2 PR A By RS
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AT EBEASE R CREZRTRE B e S B I A
TERAZHRE CFELIFIHAPIRFELG SR H NS T
MHFGERPRERMENOT S BR LT REN R LERFR
S e g RTEAR > AL ERRF - 22RSQNE
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22 1 do> ¥R 2 LR 5 A 280-350 kgfiem? s B g % 0 e 3%k B =
Baw T LRI S ARFPFLERFR-FLST TRIELIF
Bl GAmSPEREELINKGF RFRD AL D5
T e A R ORPRAEF P F A2 oo % 4K 5 E KRR R
F5RF THAHPIERTDEBFFRARE R BRE KPrFI R
A EBFHBE S ML REOE WL T 24 Lee % 4 (2018) [16]
AT EEHE BB AT RA oA BN 0 AW LR
EOoE > R R 3 PF E 4R f,=4200kgf/om? % Bodh 5 0 TR R D KP4
B Ry L 280 1 350 kgf/cm? B > 42 EER b~ B LB A S E S

»

2208 » TR ERP BT R IFER
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BB REZZARE TGN XIAL A BTN EZRY
PRTRFE AL 0REFHLLL SR LNRFH 0 L
oo Ar: et g2 ¥ EERpETNFE[2] 2 A 3 Bdp
15cm % 3/4 4% he »

fy @b (2-8)
JE

PR ERET]E 15 F AR EB]Y 18 R A AR E R
NEEEZ B W ERR ] EREBESEH I GHEIPAINIELERL
MEER SR B 07 2 FN BT BB 08 @ 1R F ALk
M % 4 S5V i 2 AR M AR 125f, 0 W EEARH G R HE oM
fy =4200 kgf/cm? ~ f!=350 kgflcm? & » 3% (2-8)#7 ¥ 2 ¥ B £ R
£4p=13.5d), > AFF L REREF LS E T U G P HEELERT ]
% 13.5dp° L & ACI318-19 R #[6]% 18 % =8 & A £ 8 > B4 L4 T

Lan = 0.06 2=

1

k& o de s Ap R 0 19 RGPS 25 § ¥ 4 b LK

% %
B i< o f < 5udm s g R[18]  ApEta ke iF S 0 EF
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(a) Story Mechanism (b) Intermediate Mechanism (c) Beam Mechanism

W21 BERFHEFEEBAREBRBRERROHF LKL LR
( F# %k : Jack P. Moehle[19])

Assumed inflection point
in the column (midheight) _ "¢
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Al To=0A'sf,
= e
= E—
Veol

B 1 Assumed inflection point

V., inthe column (midheight)

W22 FHARPEREFLPTRFRFT S
( T4 %k : Jack P. Moehle[19])
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Consecutive crossties engaging the same
longitudinal bar have their 90-degree hooks

on opposite sides of column
6dp extension
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35%t o (B)R4 A E RENBET 4 HEFR L k2 o
ERledre e B FEZ B FE ) RS P2gE
% %752 NDI & &8 § | % %2 & 2z 2-(Marker)
A2 A R B o RPN A SR AT B 2
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L
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A

hEnRAE T MR FREHFE LR T NDL 2P
4 A2 KRB EPR AT REHT T E EE R Ee(Marker)2. 3 B
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£ 31 RIBAF I 2ZEMErEE
A 1A | 1B | 1c | 1D
X - F7
» < 0 25 0 25
B s BB
o v #E:(cm) + 17 0 25 +25 25
fe (kgf/cm?) 350
fy (kgf/cm?) 4200
H % X 4% (cm) 100 X 50
EE 16 — D25(SD420W)
i i# 5 6 — D13@10(SD420W)
Ash,ratiol 1.10
Ash,ratioz 1 .2 1
2% X %2 F(cm) 50 x 60
i _— 6 — D25(SD420W)
6 — D25(SD420W)
jb 5 4 —D13@15(SD420W)
%‘ o
5 ja 85 6 — D13@10(SD420W)
Mg 1.59
Vu/(Ag\ 1) 2.84
h./dp 500/25 = 20
lanpro/lanreq 403/342 403/342
(FHR &R 2y ®iF)
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%32 RBAS N 2B 2Kk
:ﬁ W 2A | 2B | 2¢ | 2D
A4 ~F
] = fl 0 -25 0 -25
NN 4
Y 0 25 125 25
f¢ (kgf/cm?) 350
fy (kgf/cm?) 4200
% X HLiF (cm) 100 x 50
i 20 — D25(SD420W)
= f 6 — D13@10(SD420W)
Ash,ratiol 1.10
Ash,ratioz 1.21
R X % E(cm) 50 x 60
2 - 8 — D25(SD420W)
B 8 — D25(SD420W)
fir # 4 — D13@15(SD420W)
;;f e 6 — D13@10(SD420W)
M, 1.43
Vi) (AgJTD) 3.93
h./d, 500/25 = 20
Lanpro/lanreq 350/342 350/342
(FHR &R AgHE)
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LR
£33 BB AGI2R8FF%TAHFRAS

=X i) 1A 1B 1C 1D

B s B = ip] 0 25 0 25

(cm) < ] 0 25 125 25

y 3.2 3.2 3.2 3.2

7 | 100 50 100 50
L b
- ]

;L <+ | 100 50 50 50

¥y fa | =® | 113 0.56 1.13 0.56

W + 17 1.13 0.56 0.56 0.56

y 3.9 3.9 3.2 3.2

20 S| 75 62.5 75 62.5

w| b ,

0 + 1] 75 62.5 62.5 62.5

Ty A | =® | 1.03 0.86 0.84 0.70

W + 1l 1.03 0.86 0.70 0.70

(FH IR 275 @)
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G5 R G LE oo R & 2w BT R R

%234 RBBEAFINZEBFFHRETRfHFRS W

R 2A 2B 2C 2D
g | 2 0 25 0 25
(em) | % @ 0 .25 +25 25

v 3.2 3.2 3.2 3.2

5 = | 100 50 100 50

i; ’ + | 100 50 50 50

¥y ma | =# | 081 | 041 0.81 0.41

Vu + R | 0.8l 0.41 0.41 0.41

v 3.9 3.9 3.2 3.2

s S| 75 62.5 75 62.5
w| b

. Ll |75 62.5 62.5 62.5

¥y fa | =# | 074 | 062 0.61 0.51

W | +® | 074 0.62 0.51 0.51
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%35 FREFZIUTHAPRIELY

o FRRBERE | fPn R (LR Falle 3 BT B T B
MPa MPa %
D13-1 487 659 18 1.35 B
D13-2 489 657 22 1.34 A
D13-3 489 660 20 1.35 B
D25-1 447 657 15 1.47 B
D25-2 453 661 23 1.46 A
D25-3 449 656 21 1.46 A

i TAF %50 0547 § % 3 » &% 4% £ %o 19-00841

%36 BRI ALERFBRER(F - # %)

Sx P 3 BlEE X ¥ X T
= " e R P i R R PR 5 A
i (% i) (kgf/cm?) (kgf/cm?)
291
1A 2019/04/30 45 285 294
305
285
2A 2019/04/30 45 295 271
- wa 233
318
1B 2019/04/30 57 305 309
305
325
2B 2019/04/30 57 291 301
287
(FHRXR: A7 WiF)
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%37 PRBWAREER(E: #x)
o il 3 Rl A RIS
o= " ; P # 3 PR 5 PR 5
s (= #) (kgf/cm?) (kgf/cm?)
324
1C | 2019/05/24 46 330 323
314
312
2C | 2019/05/24 46 317 312
305
o=
304
1D | 2019/05/24 68 340 328
341
325
2D | 2019/05/24 68 336 328
323
(FH &R 2 8lie)
% 03-8 s i
= 1A 1B 1C ) 24 2B 2C 2D
@74
) 175 175 175 175 175 175 175 175
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Fod RARE
% 39 BEFEHFE
L |Disp.| Velocity | Time Data number| _. . .. .
0 = ol g
% |Cycles (mm)|(mm)| (mm/s) (s) Stage (5 /%) pott 4 #ic | Data Time
0.25 3 3000 7.5 1.875 48 4 1 4 96
0.375| 3 |3000(11.25| 1.875 72 6 1 6 144
0.5 3 13000 15 1.875 96 8 1 8 192
0.75 3 3000|225 1.875 144 12 1 12 288
1 3 3000 30 1.875 192 16 2 8 192
1.5 3 3000 45 1.875 288 24 2 12 288
2 3 3000 60 1.875 384 32 2 16 384
3 3 13000 90 1.875 576 48 2 24 576
4 3 3000 120 2 720 60 3 20 480
6 3 3000 180 2 1080 90 3 30 720
8 3 3000 240 2 1440 | 120 3 40 960
Total_ time 84 79
(min.)
(FHR KR 227 EiF)
25 : _ 30
+ + @ TyErse |nt.2142) -
e 4_:!;;,%‘ J I+ o
mm% S — % 15 b T
Rt 10 :
(MPa) : : —a (psi)
: L 5
0 i — : 0
, 0 2 4 6 8 10
Q -~ QB .. B8, oF -
- Q3 i Q7
@ J-failure @ BIJ-failure ® B- failure
W31 RBRFFPAZR -FRPFEFERERSZ TR
(FHR KR 27 RIT)
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Column axial load, P;

Column lateral load, Q ==

%

Interstory drift ratio
0 = (a+a)/Lp = AlL

— Assumed inflection points -

0.5(Ly-h) —>f¢ h.i—>f—— 0.5(Ly-he) 4,‘

Unit column length
or story height, L

A

Assumed inflection points — 4 <=

T
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#2041 BHIAZ e ByintIMz T8 (¥ wK))
Drift 1A . Rk e
(%) 1st 2nd 3rd hat = s
0.25 0.53 0.26 0.21 1.01 1.01 0.34
0.375 0.78 0.41 0.37 1.55 2.56 0.52
0.5 1.07 0.68 0.57 2.32 4.88 0.77
0.75 2.39 1.31 1.12 4.82 9.70 1.61
1 3.45 2.22 2.07 7.74 17.44 2.58
1.5 10.15 5.54 4.54 20.23 37.67 6.74
2 16.15 9.96 8.14 34.24 71.91 11.41
3 37.48 25.27 19.54 82.29 15420 | 27.43
4 41.87 29.36 24.47 95.70 | 249.91 31.90
6 65.63 41.01 32.89 139.53 | 389.43 | 46.51

442 BHWIB2Z tuEiysa £ RH2E T0E(E 2K
Drift 1B st o —_
(%) 1st 2nd 3rd
0.25 0.53 0.35 0.30 1.18 1.18 0.39
0.375 0.89 0.55 0.48 1.91 3.09 0.64
0.5 1.15 0.81 0.73 2.69 5.78 0.90
0.75 2.37 1.50 1.32 5.20 10.98 1.73

1 3.04 2.26 2.04 7.35 18.33 2.45
1.5 8.76 5.01 4.46 18.24 36.57 6.08
2 14.49 9.13 7.77 31.39 67.96 10.46
3 33.43 20.41 17.19 71.03 | 138.98 | 23.68
4 38.25 27.94 24.29 90.48 | 229.47 | 30.16
6 69.64 48.55 40.42 | 158.61 | 388.08 | 52.87
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243 FRICZ e BfiatRr Mz TviE(d =:KJ)

Drift 1C

/NEF EN 15
(%) 1st 2nd 3rd

0.25 0.54 0.29 0.27 1.10 1.10 0.37
0.375 0.82 0.47 0.42 1.70 2.81 0.57
0.5 1.20 0.74 0.65 2.60 5.40 0.87
0.75 2.50 1.45 1.31 5.25 10.65 1.75
1 3.55 2.29 2.12 7.96 18.62 2.65
1.5 11.00 6.31 5.64 22.95 41.57 7.65
2 19.58 12.89 10.96 43.42 84.99 14.47
3 42.62 29.76 25.05 97.43 182.42 32.48
4 52.26 37.50 30.92 120.68 303.10 40.23
6 83.49 59.15 44.59 187.22 490.33 62.41

%2 4-4 FRID2Z Lo Byitan it i H2 THE(HE 2K

Drift 1D
/INEt Ty g
(%) 1st 2nd 3rd
0.25 0.49 0.26 0.22 0.97 0.97 0.32
0.375 0.77 0.43 0.37 1.57 2.54 0.52
0.5 0.99 0.64 0.59 2.23 4.77 0.74
0.75 2.55 1.37 1.23 5.15 9.92 1.72
1 3.33 2.14 1.93 7.40 17.32 2.47
1.5 12.26 7.04 5.82 25.12 42.44 8.37
2 20.56 14.10 11.87 46.52 88.97 15.51
3 43.64 30.57 24.81 99.02 187.99 33.01
4 49.18 36.45 29.68 115.31 303.30 38.44
6 77.95 53.57 42.19 173.71 477.01 57.90
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245 FHW2AZ L Blfiaa i Hfzr ToE(E =:KI)
Drift 2A
INET £ P
(%) 1st 2nd 3rd
0.25 0.50 0.32 0.29 1.12 1.12 0.37
0.375 0.86 0.52 0.50 1.89 3.01 0.63
0.5 1.27 0.87 0.75 2.88 5.89 0.96
0.75 2.68 1.56 1.43 5.66 11.55 1.89
1 3.78 2.36 2.15 8.29 19.84 2.76
1.5 9.24 5.38 4.80 19.42 39.26 6.47
2 16.56 10.29 8.84 35.69 74.95 11.90
3 41.28 24.95 20.83 87.06 162.01 29.02
4 49.81 34.83 30.51 115.15 277.16 38.38
6 88.32 61.84 52.83 202.99 480.15 67.66
%46 FHW2B2Z L Eiyiin i i mE THEE 2K
Drift 2B
/INEt Ty g
(%) 1st 2nd 3rd
0.25 0.55 0.33 0.26 1.14 1.14 0.38
0.375 0.89 0.52 0.47 1.88 3.01 0.63
0.5 1.11 0.76 0.70 2.57 5.59 0.86
0.75 2.42 1.60 1.31 5.33 10.92 1.78
1 3.77 3.25 2.13 9.14 20.06 3.05
1.5 8.41 4.88 4.33 17.62 37.68 5.87
2 14.80 9.83 8.90 33.53 71.21 11.18
3 37.96 25.67 22.00 85.63 156.85 28.54
4 48.15 35.43 30.98 114.56 271.41 38.19
6 82.44 59.94 49.83 192.21 463.61 64.07
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Drift 2C . Rk e
(%) 1st 2nd 3rd hat = *H
0.25 0.51 0.26 0.25 1.02 1.02 0.34
0.375 0.82 0.47 0.39 1.68 2.70 0.56
0.5 1.16 0.77 0.69 2.62 5.31 0.87
0.75 2.60 1.52 1.33 5.45 10.76 1.82
1 3.72 2.46 2.24 8.42 19.18 2.81
1.5 9.76 5.99 521 20.96 40.15 6.99
2 17.00 11.13 9.79 37.92 78.07 12.64
3 40.62 25.33 22.02 87.97 166.04 | 29.32
4 47.16 33.63 28.75 109.54 | 275.57 | 36.51
6 83.06 57.99 45.06 186.12 | 461.69 | 62.04
448 ¥HW2D2 tu B EAME TE(E =K))
Drift 2D
/NEF RET |
(%) 1st 2nd 3rd
0.25 0.55 0.36 0.31 1.22 1.22 0.41
0.375 0.91 0.60 0.51 2.02 3.23 0.67
0.5 1.35 0.85 0.74 2.94 6.18 0.98
0.75 2.99 1.71 1.56 6.26 12.43 2.09
1 4.06 2.67 2.47 9.20 21.63 3.07
1.5 10.46 6.12 5.46 22.04 43.67 7.35
2 17.77 11.25 9.65 38.67 82.34 12.89
3 42.55 25.49 20.87 88.91 171.25 | 29.64
4 47.39 33.38 27.91 108.67 | 279.92 | 36.22
6 74.86 57.28 46.21 178.36 | 458.28 | 59.45
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% 4-9 FH 1A 2 & Blip¥Ei v (Eo/Erp)

Drift 1A . . v
(%) 1st 2nd 3rd hat mat ¥ A
1.5 0.22 0.12 0.10 0.44 4.58 0.15
2 0.21 0.14 0.11 0.46 5.04 0.15
3 0.28 0.20 0.16 0.64 5.68 0.21
4 0.22 0.18 0.16 0.56 6.25 0.19
6 0.24 0.19 0.17 0.61 6.85 0.20
£ 4-10 34 1B 2 % & B 49 #3) & +»* (Eo/Erp)
Drift 1B . . v g
(%) 1st 2nd 3rd hat Rat e
1.5 0.20 0.12 0.10 0.42 6.63 0.14
2 0.20 0.13 0.11 0.45 7.09 0.15
3 0.26 0.17 0.15 0.59 7.67 0.20
4 0.21 0.17 0.16 0.54 8.21 0.18
6 0.24 0.20 0.18 0.63 8.84 0.21
% 4-11 4 1C 2 & i B 4p $ it +* (Eo/Erp)
Drift 1C A A v g
(%) 1st 2nd 3rd hat = ¥ A
1.5 0.23 0.14 0.12 0.49 5.21 0.16
2 0.25 0.17 0.15 0.58 5.78 0.19
3 0.31 0.22 0.19 0.73 6.51 0.24
4 0.27 0.21 0.18 0.65 7.16 0.22
6 0.28 0.24 0.21 0.72 7.88 0.24
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& 2@t R d 8 R 3

% 4-12 3 M 1D 2 & = Bl4p ® i it » (Eo/Erp)

Drift 1D . . v
(%) 1st 2nd 3rd hat mat ¥ A
1.5 0.26 0.15 0.12 0.53 6.99 0.18
2 0.27 0.19 0.16 0.61 7.60 0.20
3 0.31 0.23 0.20 0.74 8.34 0.25
4 0.26 0.21 0.19 0.65 9.00 0.22
6 0.28 0.24 0.22 0.75 9.74 0.25
% 4-13 =40 2A 2 & = B4 & i v (Eo/Erp)
Drift 2A N N o
(%) 1st 2nd 3rd hat Rat Lils
1.5 0.19 0.11 0.10 0.39 6.25 0.13
2 0.20 0.12 0.11 0.43 6.68 0.14
3 0.26 0.17 0.15 0.58 7.26 0.19
4 0.22 0.17 0.16 0.55 7.82 0.18
6 0.25 0.21 0.20 0.66 8.48 0.22
% 4-14 % 2B 2 % i@ E 49 # ) i v (Eo/Epp)
Drift 2B A A .
(%) 1st 2nd 3rd hat = ¥ A
1.5 0.18 0.11 0.10 0.39 5.53 0.13
2 0.19 0.13 0.12 0.44 5.97 0.15
3 0.26 0.19 0.17 0.63 6.61 0.21
4 0.24 0.20 0.18 0.62 7.23 0.21
6 0.27 0.23 0.21 0.70 7.93 0.23
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% 4-15 3 H 2C 2 & = Bl4p ® i i » (Eo/Erp)

Drift 2C . . v
(%) 1st 2nd 3rd hat mat ¥ A
1.5 0.20 0.12 0.11 0.43 7.61 0.14
2 0.20 0.14 0.12 0.47 8.08 0.16
3 0.27 0.18 0.17 0.61 8.69 0.20
4 0.23 0.18 0.17 0.57 9.26 0.19
6 0.27 0.23 0.21 0.72 9.98 0.24
% 4-16 =4 2D 2 % = Bl 4p &} it v (Eo/Erp)
Drift 2D N N o
(%) 1st 2nd 3rd hat = Lils
1.5 0.20 0.12 0.10 0.42 6.23 0.14
2 0.20 0.13 0.11 0.44 6.68 0.15
3 0.26 0.18 0.15 0.59 7.27 0.20
4 0.23 0.18 0.16 0.57 7.84 0.19
6 0.25 0.24 0.22 0.70 8.54 0.23
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SRR R R E 2 RAT R R

% 4-17 X35 1| # R E &

ERY B 1A 1B 1C 1D
fm(tf/m?) 2935.8 3089.1 3225.2 3283.4
M,,.(tf-m) 103.58 104.62 105.13 105.57
M,,,(tf-m) 68.04 68.29 68.41 68.52
Mg 1.52 1.53 1.54 1.54
A ration 1.37 1.26 1.22 1.18
A ratioz 1.50 1.38 1.33 1.29
Qmax(KN) 466 468 497 488
Qy(kN) 454.6 456.3 457.1 457.9
Qmax/Qy 1.02 1.03 1.09 1.07
Vinm(tf) 205.76 251.59 267.09 262.47
Va/Vinm 1.00 0.85 0.67 0.69

% 4-18 A7 I # R F &2

E X 2A 2B 2C 2D
film(tF/m?) 2709.0 3009.6 3116.3 3277.5
M, (tf-m) 119.89 121.25 121.76 122.22
M, (tf-m) 86.72 87.14 87.35 87.54
Mg 1.38 1.39 1.39 1.40
Agnratiol 1.37 1.26 1.22 1.18
Ashratioz 1.50 1.38 1.33 1.29
Qumax(KN) 578 535 568 594
Qy(kN) 579.5 582.3 583.7 584.9
Qmax/Qy 0.99 0.92 0.97 1.02
Vinm(tf) 310.59 287.60 305.00 319.11
Va/Vinm 0.78 0.74 0.58 0.57
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