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A Study on the K-joints Using Square Hollow
Steel Sections in Truss
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ABSTRACT : The purpose of this paper is to investigate experimentally and
theoretically the strength and deformation of K-joints in welded Warren-type
square hollow structural section truss. There are 2 types in K-joints having one
compression bracing member and one tension bracing member. One type is KP-
series that brace members are rotated to 45°, another type is KS-series that are
not rotated. Principal parameters are the ratio of the chord width to thickness
(DIT=33.3, 25, 16.7) , the ratio of brace width to chord width(d/D=0.4, 0.5, 0.67,
0.83, 1.0) and the ratio of eccenticity to chord height(e/D=0.25, 0.125, 0, —0.125,
—0.25, —0.375, —0.5). The important results obtained from the experiments are as
follows : The strength of K-joints increase proportionally as the D/T ratio
decreases, and the d/D ratio increases. But the e/D ratio has no correlation with
the strength of K-joints. Generally the strength and ductility ratio of KP-series

increase more than a current type(KS-series) in full Arange.

LM 2 <0.7(0.85< (= +2p) <1.0) ¢l A5l Jeh}=

Aoz Bud vk An. oA AN AT} L

B =ne oln yu'in Qe TE HEHo U= Zn)9) RG] o gAabe HeRelA

ArAng vtgos FiFQ K3 HEo # 5 8F3%x oluw W= E A7 45}1

3 13 Al Aok TE A3yl g HPA A A 1Ho g K Hetol sk 438 7l

ol A Hurgel gk AAFI(R ¥ 45° 3 HEH) gatAm, Wy 2 APl dE AMED 2L
ol MM gT= Fool th3t x| 3te] |7 06<p a2 AEE Fstux ddE A

1) shFoi st 2
2) st
3) oot A5

s
ghi)- wbAbat Y

o
Bty waE, ek X E(F) Mz

by
4l

hak A bR

M 8T 42 199611 122 3



Fuz, B =729 K& HPFM MAFL T
o}l

£ Agel AHgE ZA e 71AH 4EE& Aefst
7] 13 KS B 08017+l wet 3 72+ 3
Hol o ztz: 2704 & 14709 1 A gHS HF
st Aol A= AEE AT FAe
AT 24 AR SPSR400S A3, ME
ezt A g¥el 2709 2EH A A(WSG)E

waksiel 2390, A9AHE E 19 LGS
o
B 2% QEUS AREY
a, g, o, E Elo.
A ead | ad) | % | x0™)] w/ed) | (%)

150°x9 | 418 | 493 | 085 | 2142 | 1951 | 20
150°x6 | 3.78 | 465 | 081 | 2452 | 1542 | 20
150°x4.5 | 372 | 452 | 082 | 2319 | 1604 | 16
125¢%6 | 3.84 | 462 | 083 | 2015 | 1906 | 16
100°x6 | 390 | 492 | 0.79 | 2047 | 1905 | 16
75%x45 | 321 | 376 | 0.89 | 2040 | 1600 | 20
60°x45 | 355 | 449 | 079 | 2044 | 1737 | 19
o, ¥EFE o, A= a,lo, : B%3
6t FEAEYE  E: GHASF Elo. : 148

%
2o Qgake spetslr) st ¥ FAo 2 TH
18 He AH3t @FLE(Stub Column) 4
o At AdA Zoly AT FS &

>
o

XN
e
bl
k=)
o
i)
H
o
av)
82
I
Lo
w
=
il
)
ot
o
i

d

2 27)o) what 2bzk 2748 ARk A A F
ok 4w $}olo] AEH Y Aol zl (o) 5 WSG)
2 mase WEEs 2Pstn YA d9 2
sdo] izt wgoz 249 WelA(els
LVDT)E iy oz 435 2098 299ch
AW A E 29 2ok

4

B2 HF 2RAE@E

0. P, I3 P
J yl) y .y_ u
AW ad | on) | 10 | eom) | PP

150°x6 408 | 12712 | 2518 | 141.99 | 112

150°x45 | 371 9549 | 2373 | 96.35 1.01

125°x6 417 | 106.10 | 2647 | 127.04 | 1.20

100°x6 4.05 85.92 2383 | 102.69 | 1.20

75°x 4.5 3.32 39.67 | 2539 | 4649 117

60°x45 | 390 | 3383 | 243¢ | 4655 | 138

3. KE MR ¢=-2F 4
3.0 HEH A

D Agdd #e A%

K& A3y 2349 42 19 13 2o] 9
AEZ 2oA Foa Ade] e FHE HH
& Aolth, aFlME Y & stFol &
g o, AP GFF 8N 4F 4 A D
o] vt AP 4y ez At AH
nael B, F A WM P & A
g ) g AAFE FHM FH FULS
2 Agse £¢o| 7bF & Folth ol wE H
o Agste ABFH) 7HE Ax, FaA &
Z2o] 713 A7) W&ol HEF g 7HE 29
g oltt. wakd, AAA e o] o FaFu
o] et Zo v AL A8 AAF AL
2 gaste dAsD Atk o] d olf= £
FAXNE ARAA 718 7H7hem Faol 45E
2 wa e g Ao s AFeh

a9 13 e HER 29 HAF YL F
Bo] gxo] 0 BAC|BE, §F FH FHol
7t A A e 19 3% e mds APAE A
gt wd, Faol vlg ol g3t AUe

-
=

u
DE
K
&
im
bt
[>
o
o2
0z
¥
e
¢
ful
0z
f
£



(a) P (gap) HEH-4A

Ov=[q/p] X100%(q= —¢g)

..._..T [PPSR X

(b) 2 Y (] : overlap) Y FA

sin(6i+6) h  h
sinf - sinf;  28inf; 2sind,
h | ke . sinf; - sinf _H

28in0, = 2sin °  sin(0+&) 2
wey, 2w wasd : LoHy (nasm)

g=(e+—1é[—) :

e=

8 2 KE MERo Yot 2 AA|

3ot AgetA ge e I HE S v
o, P e 2 o7t ke gL
TRV el B A7e] AgAls Faol vl
FH g rlekA e Aoz Ayt
2) F2 ¥so 44
o7k o] ME K3 HEre g 2 W
33N i 548 otaty] A g 2
o] #8 MAFE AR Th(2Y 29 19 3 F=F)
@ A& 3 A e ¥}
e WP (KSAE) : Aoz FHE WA
717 &3 HEgshe 71E KE JEy A
A
¢ NAF(KPAF) : A#TE 45° A A
Hetshe MAd e K3 HF 4 3A
@ Fue FFEA(D/T) e W3}

X8 45 19961 12

* D/T=33.3, 25.0, 16.7
@ F&E g ATZ o v)(p)ol W W3
* f(=d/D)=04, 05, 0.67, 0.83, 1.0
@ ZH ] AYul(e/D) ol W W3}
*¢/D=0.25, 0.125, 0, —0.125, —0.25, —0.
375, —.0.5
FH#Zol g A7) H(g/D) %} F5A
ol sk H=7)9] vl(g/T)ol we s}
*g/DS}t g/T : WY 2 F@3} 2 HPo] o]
F & Azl uhel E s

e @ 7o WFE ololo] ReHoz ney
Age Foat A ol ¥ Fua xwel 7
Aztolty, F el ol wagtEAlgAle} vw
71 AAsiM A AN FBoE FpEg
3Wi st AA dolt: FRE o) 6w k. ¢
A8 Aolw dRGEA WA} v wsty,
ol He) FHHRE YR Foel G §
517 I8 A ¥ S (Heel ol A1) why &

HolE7A] A AL o] 3~4 W2 ATt AH
el Hole stH g el ntzgen fekaol
AAE ndl] RE HPAE dGsHA AYF

LT A o] o] Rz BALEE A%, Ay
AR at3rhe Al ) A8 el 45°=2 A s
o 3E Ko 4893 e 3
oj}.

3.2 AEA

ddAe Fddstud de By PP
ol 33g0] SR duFtel N gdoz Az
slch e 8l A8 2a8e A2 49
Fol 2eIE 2 7hed ashil 7hestan. &
w3 Aol o g Wb e A - sbEd
Foll AL AL, o2} REL mALHNA
o FAFES 7hg se F ol g
2d8HoR A wstAZAA &yslginh
A LHE =7)E 715AL AL 2E )
T30l YAk



L L=6D |
¥

D | R AITS 2P
. L=§D
r
(b) H4% A K&
P
P X

o r

N Y i

T T !
D ! ................. e i
~ L r
I

i

. L=6D \

L 1

(c) 348 v KF (A type)

-4={2P

4 4=y 2P

1 L=6D !

f

(d) 4% 2y K& (B type)

P /F

/2P

() AXE oMY K

O 3 KE MEF e XA

| N
- Hl ]Il"ll‘l=iu;s| jvlip
L — I “[BD:—» YN :}l/
B s
porizzas I | l_\__»g_\"
‘ IH]@J‘;“.M“

wad

02l 4 KE HEE AEXe JEx

ER L

33. 71 3 ZYYY

1) AgA AY

2% 4% ol AFAE ALz Ahel 457 v
dg AR W f5HA Abolo] X472 HE
78 AHgste] fSHds nYRER AAB
oluf ThiFE ol gate] AAAe FHS HuH
Th 2%, QUAA A ] Fuwvel 45°%e o) o



H 3 K HET HEAe g

ad | A 2
F @ 2w R AT o o | sy | oos |
LRk —r— o | N2
A=Az | DIT |vA=av) | dit dID | vog elD e g glT | glD
1 |150°x4.5 | 333 0 0 | 439 | 976 | 0.29 AK
KST | 2 | 150°x6 | 250 | 75°x4.5 | 167 | 050 0 0 1439 732 | 029 K
3| 150°x9 | 167 0 0 | 439 488 | 029 AK
|1 | 60°x45 | 133 [ 0.40 0 0 | 652 1448 | 043 WK
| 2 | 755 x45 | 167 | 050 0 0 | 439 [976 | 029 | 2K
KSD | 3 |150°x45 333 | 100°x6 | 167 | 067 0 | 0 | 85 | 191 | 0.06 & 9K
4 1255%6 | 208 | 0.83 0 0 | 268 595|018 126 | % IK
IEE 150°x6 | 25 | LOO 0 0 | 621 -1381] 041 | 351 | *3 @K
1 025 | 375 | 1189 2643 | 0.79 AK
[ 2|  Jo1z5| 188 | 814 1810 054 %K
3 [ o | 0 [439 976 029 K
KSE75 | 4 |150°x45| 333 | 75'x45 | 167 | 050 0125] 188 |, 6.4 143 | 0.04 BE BK
' 5 | B 025|375 311 690 1 021 | 293 | »2 &K
| 6 | 0.375] 563 | 686 |-15.24| 046 | 646 | 2 HK
7 i | 05 | 75 [-106.1[-2357] 071 | 100 | ¢4 @K
1| 025 315 | 836 | 1857 056 K
2 | 0.125 | 188 | 461 | 1024 | 031 2K
| 3] 0 0 85 | 190 | 0.06 W52 PK
5A | 025 | 375 | 66.4 |14.76] 044 | 47 | ¥ AWK
KSE100 | 5B |150°x45 | 333 | 100°x6 | 167 | 067 | | 025 | 375 | 664 |14.76] 044 | 47 | ¥ K
025 | 375 | 664 114.76] 044 | 47 | »E @K
B 05 | 75 [141.4] 3143 094 | 100 = ¢kd AK
05 | 75 [1414]31.43] 094 | 100 ¢4 YK
05 | 75 [141.4] 3143 094 | 100 | erd @K
60°x4.5 | 133 [ 040 1057 | 0 [ 0 [ 30 | 667 | 020 WK
KPD 150°x45 | 333 | 75°x4.5 | 167 | 050 | 071 | 0 0 0 0 0 L NE YK
B 100°%6 | 167 | 067 1 095 @ 0 0 | 50 [-1L11] 033 | 25 | 3 4K
) 025 375 | 75 |1667] 0.50 WK
10125 | 188 | 375 | 833 | 025 2K
3 0 0 0 0 0 NE YK
KPE75 | 4 |150°x45| 333 | 75°%45 | 167 | 050 | 071 [-0125]-188 [ 375 [ 833 | 025 25 | %% @K
5 0251 375 | 75 |-1667] 050 | 50 | = @K
6 0.375| 563 |-1125| 25 {075 75 | ¥ PK
7| o 05 | 75 | 150 [3333] 100 | 100 | 94 AK
1 5 025 | 375 | 25 | 556 | 017 WK
2 | 0.125 | 188 | -125 278 | 0.08 | 63 | %% K
KPEL00 | 3 '150°x45| 333 | 100°x6 | 167 | 067 095 0 0 | 50 [1111] 033] 25 | & @k
5 : 025 | 375 | 125 | 27.78] 083 | 625 | & WK
7] ; 05 | 75 | 200 4444] 133 | 100 | ¢+d @K
K OOO-00
A FEA Ao 1A A S Setele S
'——E B: huuz
C : 1@ Ao }EHA S &elele B
A HT
A
EEAUES T, Eu]d4 0 D, BAMWS B

Xl 8 # 455 199614 128

4y S, AHY P



Aol AR A ZAEHE o] &t HuUl
EE A E{=

2) 71

19 4o A ¢} o] fHez AgA A A%
AgA7E &R B E 2L 279 &
wEoz EED AR AE FaolV2
gZo] G VIEGXE ATl
o] A¥HE FHANE AFHA AFHo)
Al ZHg-goh YA (YE 3008 2 9% 150
)& o] gated QAR Fo] AHH IX Y} AAH
< Eaf AgAd AR sch 7tE S R
Hgo] AR APA7 A FHEFL
2 o ol 7tgstrlel BA S Feirt HAUS
) 53k

3) AW

stEe FgAd -3 {4 (Trans-
ducer)E ©]&3ld FH3tn W A== &
7} LVDT$ WSGE o] &3l £33tk 14 5«
LVDTS WSG9] #2912 & vepd Zolth

F ol g erE B AFA B FHFH ¥
g =48] dalA 1¥ 59 ol &l 2
MY LVDTE Axgch 2dA A4 A<
9] Wl AL folatA setstnz ¢EA ol
Aol e WA FARNA RE GFAH
o] AthH WY E 2Hstn, 7HEAd FuxRE
83 22, 4340 EAANCE 328G X
w7} 2(<0.83) YF A@A e} A#o] HH
oy AgA e oM Fox @] FH
gt A FE FRGR Alo] o) W9
=R3le Foo FRAZE AT A=Y F
e -?494 F&E votgich
EZ*ZWoﬂAM HYx BXE

F WSGE #%

z B B
o O o

X,

i

tlo r}m offl

N
e
B
)
L
1o
a .l

H
e
%
o=
w
oa

(b) WA ¥

2 5 LVDTSF wsGe| H4te( x|

A9 4G 2718 FAPh Aol HH
o i F@AM AF R FHABo] FU
A7tg ORI g AW RAFFE) FHHY A
BAfole] YRE(AT e FE) Fouo]

o

£ 1% WSGE et $HUFE 2 S4E
g 239k Aol FUZol Wke ANAA
FREVY U, BSUATEH Yol
WYEE 24stnx 30 WSGE ¥aste 2}
Yol MYE BT % YFEE HA @k

34 NEZY

1) &% (P-¢) B4

% 6 K¥ AR A &5 o
el #AES oY= Jehd Aolt}, He
ol W3t EHA) T} g e] JUHE
gt adolM F5L 35S Ul 35S
HOE UeldT) 3359 958 AT A
W E, & AFA B JHEAE Jepdoh
13 6o A %} I Aol 22 oA AFA#
Z Ho WUl € 3E ¢ 5 Ak

oo oo

AN R

Zo] A



Load {ton)

Load (t)

Load (1}

Load (t)

IKSTH————————
-{K8T-2 = -
-3
IKST-1 ="
-20 -10 [] 10
Displacement (mm}
(a) KST AlE 484
%03 ] 1xsD5)
KSD-4 KSD4,
e | KSD3 ‘ o
— KSD-3
aarem KSD'1 S——
TAKSD2 b omee
-30 20 -10 [ 10 20 30
Displacement (mm)
(b) KSD Alg AgA
|
- o vl
{KPD2 - v 1KPD-2
[KPD-1 _.._} \ /T* "PB
-40 +-30 -20 -10 N 0 10 20
Displacement (mm)
(c) KPD A 4g#

Displacement (mm)

(d) KSE75 A2 A €A

Ml 8 A 4% 19961 128

Load (1)

Load (t}

Load {t)

Load (t)

-30 20 -10 0 10 20
Displacement (mm)
(e) KPE75 Ald A3
! § ey |l
IKSE100-3 KSE100-3
|KSE100-2 I—— k—.._: {KSE100-2]
‘ {KSE100-1
’ :I e [KSE100-7A
RRETROTE /
|KSE1°°'7A 10 : s e -
iKsgi001— | ————{KSE100-5A
-40 30 20 -10 0 1 20 30 40 50
Displacement (mm)
(f) KSE100 A8 43
KSE100-5A] xsewo\w
KSE100-58 ;==
KSE100-58; 'xsemuel
KSE100-5C ———{KSE100-5C
‘‘‘‘‘‘ * \
-20 -10 0 10 20 30
Displacement {mm)
(g) KS1005 A A g
IKSE100-7A ———KSE100-7A|
{KSE100-7B —{XSE100-78]
[KSE100-7C,——— ——KSE100.7C |
-40 -30 .20 -10 0 1C 20

Displacement (mm)

(h) KSE100-7 A8 48 A



iKPE100-5 ! ‘ | {KPE100-3
iKPE100-3' ] Y KPE100-2
KPE100-5

IKPE100-2"

Load (t)

‘KPE100-1 —)

KPE100-5 -

1 KPE100-7 -
—_———

50 -40 -30 -20 -10 0 10 20 30
Displacement {mm)

(i) KPE100 A€ A 84
286 SE-He B 3

whebA], ZHE4# K JgHo i 43X
o] JuEz 443 % 4= KY 1Egre
AEANE 538 Aolth

2) &+F-Z5FAB(P-DIT) BA

Oy 6(a)e FHe EFAHE ¥z T
KSTAE ] 482 #%E vepd Aoz Z 57y
7} &5 Yol 45ES ¢ 4 Uk KST-1
AFA(D/T=33.3)= Aol v|a) F3e] FA ol
AR e g o3 Aoz e 2ol FH H
guio & A= Ao HosF of
Zol o] @nts] At KST2 43A
(DIT=25.0) F#&e| & F32lZo] dAsta]
Yol oA APH 1 A GE x| #e] Fy-3
o] BAste AAHALH HAHY o] Fo U
o] ¢utd] A KST-3 A A (D/T=16.
7)= Faol vis @] JuiH FAo] ok A
o= F@o] gE37] Aol YR Fo] NA TR
#Azsn FRd e vl4 Wy gro] dAlste vl
HAh HAUg o] Fo) WHo) FHsA FAs
= o g el BEgEA A HE-H e
FA B FAS FFE B

3) 3t5-Z8]|(P-§) B4

23 6914 (b)) (c)& FToll et Xae| =
H)(=d/D)E& W+E st KSDAIG(FLA)H
KPD(X & 45° 3l &) A g9 4P A& el
Roz Zu|7l F4E Ugo] oS & + A

t}. KSDAIQ L g7t AXA WHe AssAq

10

g 64 (d)~3()e FHE(D)o tig A4
A (e)e] H|E HFE 3le Ao KSETHAE
I KPE75AIE S Zz (d)9F (e)oll JJER L,
KSE1004 € 7 KPE100AIE-S ztzt (f)~(h) <}
(i)oll Vbl 2y 209 o] A= HF
oA Fael Az AB/FA7IE ] wH Aol €]
A E FHe Fo g v £ Aok A
A7Ne AF FE Atold] A E Tie AL
AAH](e/D), ZB|(B) 2} F3ol tidt A o] AL
ZHg) o2 APdrh

AuvrH oz A4 KY JPHoAe= g3
BA7M(g/D) 2] BANA BA7I7} HotHFF

~—KSE75 Py
7| ~—KSE100 Py
e dQemn o ~—KSE?5 Pu

~—+—KSE100 Pu
B 36 - g .
./‘\"___\

bl
a.
2 -
15 -
1 <5 0 05 1
/0
(a) KSE A4 A#A
—~—KPETS Py
g~ | - kPE100 Py
| —-KPETS  Pu
- -
o -

15~

-1.5 -1 0.5 0 0.5 1
g/D

(b) KPE A" A&
a2l 7 sE -3 A



B4 KE MES UM 4y

AP 3 ePy(ton) |ePy-sinfl| ePu(ton) |ePu-sinf| ePy/ePu Ki | éy(mm) | u(mm) | D=§/é,
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KST 2 25.1 17.7 37.1 26.2 0.68 129 2.0 10.8 5.54
3 375 26.5 40.5 28.6 0.93 36.1 1.0 2.7 2.60
1 13.3 94 14.1 10 0.94 21 3.96 20 5.05
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