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DYNAMIC BEHAVIOR OF SEVERAL STEEL STRUCTURAL
JOINTS UNDER HIGH SPEED TENSILE LOADING

By
Kiyoshi KANETA, Isao Konzu, Takao Kicamr and Akihito Fujn

Synopsis

Stress (or strain) rate effect in several steel structural joints is examined to assess the
structural safety of the joints against earthquakes or gusts. High speed tensile loading test
was carried out with several range of loading speed, by using high tension bolted joints of
equal leg angles and split tee joints as well as galvanized normal steel bolted joints.

From the experiment, mechanical properties of the joints under high speed loadings was
calculated and was compared with the properties of the base metals under statically loading
condition. From the comparison, it has been observed that the high tension bolted joints
designed by applying with friction mechanism are inferior in strength ratio to the angles
which are applied to the structural members under high speed loading conditions, and it
can be followed that careful attention should be paid to safety of the structure composed of
the joints against excitations with comparatively large velocities.
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Fig. 6. Test specimen (SK).
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Fig. 4. Test specimen (WM). galvanize treating of SM.)
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Table 1. Chemical compositions and mechanical properties of the materials.

CHEMICAL COMPOSITION (%) | MECHANICAL PROPERTY
x 100 x 1000 (kgf/mm?) (%
C Si Mn P S Y.P. T.S. EL.
P-2.3 49 19 16 32 44 35
L-60x60x4 11 17 50 18 35 35 46 40
H-350%x175%x7x 11 14 26 52 15 16 33 47 30
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Table 2. Test results of specimen AK.

SPEC. |STRESSRATE| U.Y.P. LY.P. TS. | &sq EL.
(tf/cmz/s) (tf/cm?) (%)
AKS // 3.62 3.61 4.8 | 2.48 243
1 22.01 429 394 510 | 3.68 26.7
AK1 | 2 21.87 4.27 3.8 502 | 3.48 28.3
3 21.28 432 393 508 | 498 28.2
1 29. 46 4.27 8.90 4.8 | 479 17.9
AK?2 | 2 32. 65 4.53 4.08 5.13 | 417 20.2
3 32.91 4.48 414 508 | 478 20.7
1 44.99 4,48 402 5.18 | 4.17 241
AK3 | 2 45.01 4.38 3.98 505 | 496 22.0
3 50. 82 4. 57 4,17 5.20 4.55 25.2
1 62.78 4.41 412 5.06 | 567 19.8
AK4 | 2 58. 22 451 417 518 | 494 26.4
3 70. 33 451 4.12 510 | 4.87 27.5
AKs | 1 94.12 4.58 431 5.18 | 551 315
2 100. 59 4.50 4.07 5.06 3.94 32.6

U.Y.P.: Upper Yield Point,

L.Y.P.: Lower Yield Point,
T.S8.: Tensile Strength,
&sr: Strain at the Beginning of Strain Hardening,
EL.: Elongation at the Fracture.
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Table 3. Test results of specimen AM.
SPEC. |STRESSRATE|U.Y.P LY.P. TS. | &g EL
(tf/cmz/s) (tf/cm?) )
AMS | | 351 344 471 | 177 28.0
1 22.49 4.98 3.85 501 | 2.73 32.5
AM1 | 2 23.25 4.21 3.8 501 | 3.75 27.8
3 22.93 4.3 3.93 5.08 | 3.609 925.1
1 30.67 | 4.24 3.87 5.03 | 2.98 26.8
AM2 | 2 31.29 4.3 3.98 5.09 | 3.64 24.4
3 32.60 4.43  4.03 5.02 | 4.03 24.2
1 48.05 4.37 407 5.00 | 4.93 23.0
AMS | 2 47.65 4.35 4.001 4.9 | 3.64 26.4
3 52.97 4.29 3.99 506 | 493 24.5
1 62.93 437 411 508 | 3.57 27.8
AM4 | 2 65. 34 4.38 4.03 5.05 | 3.71 27.5
3 76.22 4.50 4.10 5.11 | 5.46 23.9
1 107.01 4.50 4.06 520 | 3.32 27.6
AM5 | 2 106.13 4.48  3.97 520 | 4.37 27.4
3 121.30 462 418 529 | 479 23.3

U.Y.P.: Upper Yield Point,
L.Y.P.: Lower Yield Point,
T.S.: Tensile Strength,

&sr: Strain at the Beginning of Strain Hardening,

EL.: Elongation at the Fracture.
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Table 4. Test results of specimen BK.
SPEC. STRESSRATE;| F.L.S. B.S. U.s.
(tf/em?/s) (tf/em?)
BKS _— | 502 497 513
1 17.77 4.80 4.31 4.80
BKO 2 16.25 5.09 4.58 5.%9
3 16.47 5.02 4.64 5.02
1 32.27 4,99 4.60 4.99
BK1 2 31.50 4.50 4.27 4.50
3 28.83 4.28  4.36  4.36
1 53.65 4.74 4.66 4.74
BK2 2 47.09 5.46 4.94 5.46
3 49.81 5.11 462 5.11
1 72.66 4.29 4.46 4.46
BK3 2 80.39 4.97  4.55  4.97
3 76.07 4.92 4.52  4.92
1 110.69 4.98 4.56 4.98
BK4 2 91.88 4.89 4.37 4.89
3 104.45 5.26 4.69  5.26
1 136.84 4.49 4.39 4.49
BK5 2 144.67 4.43  4.33  4.43
3 142.22 4.51 4.55  4.35

F.L.S.: Friction Limit Stress,
B.S.: Maximum Bearing Stress,
U.S.: Ultimate Strength.
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Table 5. Test results of specimen BM. Table 6. Test results of specimen WM.
SPEC. STRESS RATE u.s. SPEC. STRESS RATE U.s.
(tf/cm?/s) (tf/cm?) (tf/cm?/s) (tf/cm?)
BMS 7 3.4 wMs | —| 42
1 9.01 3.63 1 12.41 4.28
BMO | 2 7.37 3.57 WMO | 2 11.33 4.11
3 7.57 3.42 3 13.16 4.19
1 15.67 3.75 1 22.07 4.25
BM1 | 2 14.18 3.52 WML | 2 22.28 4.17
3 14.67 3.44 3 23.72 4.42
1 22.72 3.99 1 35. 54 4.51
BM2 | 2 23.06 3.59 WM2 | 2 34.14 4.43
3 21.76 3.64 3 31.37 4.33
I 34.45 3.89 1 55.71 4.40
BM3 | 2 33.58 3.54 WMS3 | 2 54.49 4.30
3 34.03 3.60 3 52.93 4.42
1 47.07 3.65 1 72.29 4.40
BM4 | 2 46. 44 3.64 WM4 | 2 77.57 4.49
3 46.90 3.64 3 73.48 4.36
1 76.22 3.98 1 112.28 4.40
BM5 | 2 55.34 3.67 WM5 | 2 140. 96 5.59
3 72.27 3.72 3 96.70 4.48

U.S.: Ultimate Strength. U.S.: Ultimate Strength.

KBIER% Fig. 15, Table 7 W77, A, SEBME LT V- A DBTIER Lk, mifkEs
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FEtEOEEAE LTHRCERIATWA X 5K, RBLOMEC L » TR OME—ZHE G BT
ieblonwZ LA BT Ih D, g, Table 7 ORAMc, BHBCKEYEEE CHE L MOEREY
PERBERECIR Lo O e R A%, #AY, EEBRMEE & L B OMOIRENTE LI B 2 &M
bbb, B—HME REHEREOMBLLME 2T, ZOARESREBTILERDILDEELD
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Fig. 15. Load-displacement diagrams Fig. 16. Load-displacement diagrams

(GK). (GM).
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Table 7. Test results of specimen GK.

SPEC. STRESS RATE U.s. EL.
(tf/cm?/s) (tf/cm?) %)
GKS 5.87 3.7
GKO 1 21.63 5.64 4.2
1 35.28 5.63 4.3
GKl1 2 38.59 5.97 4.6
3 39.86 5.80 4.3
1 52.02 5.89 4.6

GK2 2 44.90 5.20 4.1
3 52.36 5.73 4.5
GK3 1 72.85 5.65 4.2
2 64.93 5.08 3.4
1 93.44 5.71 4.4

GK4 2 94.38 5.06 4.1
3 104.11 5.36 3.5
GK5 1 146. 84 5.06 4.7
2 174.10 5.40 4.1

U.S.: Ultimate Strength,

EL.: Elongation at the Fracture.

Table 8. Test results of specimen GM.

SPEC. STRESSRATE | U.S. EL.
(tf/cm?/s) (tf/cm?) %)

GMS 4.42 4.9
oMo | 1 15.69 4.20 4.1
2 13.66 4.36 3.4

1 25.36 4.46 4.3

GM1 | 2 28.40 4.74 4.2
3 25.71 4.59 1.7

1 40.82 4.83 4.6

GM2 | 2 38.67 4.59 4.1
3 34.27 4.76 4.2
Goms | 1 64.15 4.82 4.1
2 65.28 4.92 4.3

1 73.60 4.30 4.8

GM4 | 2 87.05 4.77 4.7
3 74.93 4.81 4.3

oms | L 132.30 4.94 5.0
2 111.27 4.27 5.4

U.S.: Ultimate Strength,

EL.: Elongation at the Fracture,
— 11 —
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s,
3.7 WEAHtEy FTL— MGy FHEE (GM)
ARBkz, GK RBfk L zEREoMRTEEER L, BHRO2EN/%E)L Fig. 16, Table 8 I
Tt Lo GK RBGEOBECELU LTV A2, i GM RRETIEMOC H-> &AL+ H#HHWT
FTRYARE L, TEBEARCBTTOHRTrIEEIh S,
3.8 A7y T AREAARL FERESRABEGK)
ARBRETIE, B, BESMREELCHER o vy
RSO 7 7 v VITERE, CIFRRIIBRNIEL
N 2B EETENT L, EBRIEE % Fig. 17, Table 9 iR
TH, R OEE AR O R E—A MR R —A & o
BWHE 5 ¥ O BOBMERTE O WA ME—ZEALH
BOTKHEEEDL LT3, ¥, RPOREBRIIEKH 0

LOAD (tonf)

) 1

o o . . . -10 o] |'.O 20 30 40 S0 80
CRRLTDHM, ZhbOHfEr bAREA T RET R DISPLACEMENT (cm)
BEZFTEH, PMCED ¥ TOEHEREIIFBIRETRIC Fig. 17. Load-displacement diagrams
BNTHE B L BIFTHB T &b b, (SK).

Table 9. Test results of specimen SK.

SPEC. STRESS RATE vs. |  EL
(tf/cm?/s) (tf/cm?) (%

SKS 4.09 23.2
1 22.18 4,27 31.6
SKO | 2 14.29 4.16 33.3
3 15.29 4.16 34.1
11 29.82 4.11 27.2
SK1 2 49.22 4.11 30.8
3 23.33 4.11 | 385.5

1 49,54 4.19 35.5

SK2 2 ' 35.44 4.31 33.3
3 35. 34 4.35 32.2

1 63.75 4.06 27.7

SK3 2 56.42 4.08 25.0
3 ' 55.98 4.45 37.2

1 90. 39 4,14 31.1

SK4 2 71.81 4.87 35.5
3 78.73 4.14 33.3

1 125.91 4.03 29.4

SK5 2 107.04 4.24 35.5
13 110.65 4.98 30.5

U.S.: Ultimate Strehgth,
EL.: Elongation at the Fracture,
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Yo b7 4 EESHOEES BREFROEEICOWT
3.9 X7Uv bF4BARL FEEREARRE (SM)

FRBG 0T BREFHROZENY, SK ARk LIEFEER

Thbh, Do XA OFREMTERYKT L,
SEEaeEm L Fig. 18, Table 10 iR,
3.10 BHEERELVTIEEOMMR

AR OEET ERAERAFEC VUL, Fre2.2T
B X5 B OBRAEE L T AHATH D,
ERRE R Z ORMEE X FRREOBIMERE CER L1
ISHIEREY AGTEE LT 5,

Table 10. Test results of specimen SM.

5O
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B
L

LOAD (tonf)

10

10 20 3'0
DISPLACEMENT (cm)

Fig. 18. Load-displacement diagrams

(SMD).

SPEC. STRESSRATE U.s. EL.
(tf/cm?/s) (tf/cm?) (%
SMS 2.98 18.6
1 15.74 2.94 28.0
SMO 2 16.20 2.84 20.0
3 17.05 3.14 20.8
1 24.89 3.17 28.3
SM1 2 23.43 2.99 28.0
3 23.46 2.98 28.0
1 32.81 3.02 28.3
SM2 2 33.15 3.14 32.7
3 33.29 2.96 28.8
1 50.46 3.05 28.8
SM3 2 55,30 3.21 29.4
3 52.94 3.10 28.3
1 68. 52 3.23 28.8
SM4 2 67.79 3.12 27.2
3 74.20 3.22 26.1
1 90,03 3.13 29.4
SM5 2 98.93 3.22 28.0
3 98. 30 3.21 25.5

U.S.: Ultimate Strength,

EL.: Elongation at the Fracture.

L L, £RBENENT EOBRETECEE LB 2lEABERBCE LTI, HREROE
JIEREOEETTCHEMIND Z /e, LA, BAMOLENLMOERE,N—ED ¥ ¥ CTHEE LTIl
CED LGS EANBEIR D, 2Tk, Elo kb cRBRENE S ERL LB oL AN HMUEE
EASWTHEINAEABOVTAEEOEREREL TR L, AMRORFEELHYBEFEOHRBR LML

B %T5 ECo—RELTHLDOBERTT %,
HEAR OB SER TR LEY O TREELERLT,

Y

AERELE RS S8 S N B R R O B A R O
R L BB LicEEL Table 11 &
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Table 11. Stress rate within the elastic

range and st

rain rate in the

plastic range

SPECIMEN| STRESSRATE | STRAIN RATE

TYPE (tf/cm2/s) %/

AK 21 to 100 8 to 64
AM 22 to 120 10 to 80
BK 16 to 140 5 to 140
BM 7t0 80 10 to 140
WM 11 to 140 7 to 170
GK 22 to 170 8 to 90
GM 14 to 130 6 to 120
SK 14 to 130 10 to 120
SM 16 to 100 14 to 150

4. FRRBBOBRAHEBCRETHHEEDOLBICONT

41 BH R B K
.6
14
[==]
S 12
)
= au o [} ° o L] o
E gg ;f;b‘° ..Q: o ]
%4 :
-—
08
AK: ®
AM: o
06 1K: 0
<] 50 100 I 150 l 200

STRESS RATE (tf/cm®/s)

Fig. 19. Relations between stress rate
and normalized maximum load
of specimens AK and AM.
(The ordinates of the data of
AK and AM are normalized
by the value of maximum load
of the equal leg angle AK
obtained from the monotonic
tensile loading test. Test results
of flat plate specimen 1K are
also shown to compare with
the former results.)

— 14 —
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o
= g e e o -
g TS
g g“é’ ®ee 3
= o8
=1
0.8
AK: o
AM: o
. 1K: O
T
4] 80 100 150 200

STRESS RATE (tf/cm®/s)

Fig. 20. Relations between stress rate
and normalized yield load of
specimens AK and AM.
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Y v b7 4 A0 EEE REMRFOZEICOWT

IWFERB M LD > EUBRBRGOBRATMEME GIERES) RETEMEEOHEL AL D1,
Fig. 19 IR $ X5k, BEWSHEEREY L, @Il RRE (AK) oBMBRAHED T
ETEATL LEBRANEMEY & > TERERYEE L, ¥, NbbBotkdeBEomsay ©f
DRICIROEBMERY S HHICTRLTH S, I, IWWEREMORARER, ICHEEELH 20ton/
cm?/sec Ll ECHMRATEREY 25, ZoOBERBNERECRVE W1 HEETHL L, ¥,
FEBRBEROBWHRN TSI EEEHN Y 20ton/cm?/sec LLET, WHEEREOKE SIBEECIIHEY
FZiticn Lt b,

i, BHEBRETCIEREROME—EHMBER, L, TRATEYARICHEAIS & LN TE DY,
TRAFEECEIEERESEY TS5 Fig. 19 LABEOFETERBERELER Lo, Fig 20
Thb, ARNE, BIFEEO LRI BRRFES LEEMIEEIR S, KR I -k
R LoD » ZMBEM (AM) Lol s, WRMOME DXL EPHEHIROE - ROEEL
BE&M4OB Rl & 5 K AERER TR, Do TABRMORDAEESEEORKEY 13 S EETI
) A, M O NERIMBECRITTHECOWTRESTEBEINT, S$EECHET s LERD B,

4.2 A EBREK

ARBRTHEA I CEEESBORAM N (BAFE cRETERHEEOMELYR Lo, 22T
LSRN (AK) oBRATEMELERC LT ERERYEE L LM EESBoRAM IOk
BE, BAOMBEARG X 5BNRAMERREY #HBC LI AT Y » b7 4 MK O B
RBhrT, Fig 21 XIBMEN A4 r EEHOERERY 7 e o P Lcb O TH DA, = oROEEIIL
HMEH OBPRATEY | L LEBE0 2@8H0BARTh T hoREREEDL LTS, b, ERE

16 , 14 ]
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Fig. 21. Relations between stress rate Fig. 22. Relations between stress rate
and normalized maximum load and normalized maximum load
of specimens BK and GK. of specimens WM, BM and
(The ordinates of the data are GM.

normalized by the value of
maximum load of the equal
leg angle AK obtained from
the monotonic tensile loading
test.)
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Ractks &, 2EEOBAROBE (B A — LK 18
R B MATHREE IR 0.7 BT H D, IEHEREDH .
At T, BMELIRT 5EAICH S - L2 B, ia SKio.
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LEFRLTED, EAMoOMEEL MY ER T LES
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Fig. 23 11, 37" Uy b T 4 B WMOBKI T OERRE STRESS RATE (tf/cm®/s)

BABE LI, OTHD, HMOERT/LEERITED Fig. 23. Relations between stress rate

B and normalized maximum load
MR | k(T : 50 mm X 4.5 mm) OFHIR KA EY, of specimens SK and SM.

A7V » b7 4 BABRABREOPTEYMERCAE X5 (The ordinates of the data are
ZEE LB ARETHS, AL FFIEESH, o normalized by the value of
FREL L BEEAL L ERERCILLOXEH D, B maximum load of flat plate in

- Ref 3.
TR RIS R, o XA b EREATTR eference 3.)

BB AR TH 2 BESAREANHR I AT TEELEL, BEIIEIYZIT 5D E4 FOBARN
CoWT, B LT 20E LB LDEELDLRS,
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