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Abstract

A Study on the Characteristic of
H-shaped Steel Strengthened Column

By Moon, Kum-Hwan
Adviser : Prof. Kim, Jeong-Sup
Department of Architectural Engineering,

Graduate School of Chosun University

This study conducted centrally axis compression test of H-shaped section
steel column with bonding methodology for unification of H-shaped section steel
and reinforced section as a main variable when the flange section of H-shaped
section steel column with poor member stress is reinforced with steel plate. It
examined structural characteristics such as behavior, maximum stress, fracture
and deformation of centrally axis compressed column depending on applicability

and slenderness ratio of H-shaped section steel flange bonding methodology.

1) As a result of H-shaped column test, non-reinforced specimen
showed brittle failure by buckling after having maximum load, but specimen
of flange reinforced with steel plate showed increase of yield load, deformation

in maximum load and failure by compression and buckling.
2) Maximum load of reinforced specimen showed increase 12.91~63.13% in 50

of slenderness ratio (KL/r) and 19.65~86.43% in 60 of slenderness ratio

compared to standard specimen.
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3) Section area stress of reinforced specimen showed reduction of 13.06~
39.82% in 50 of slenderness ratio and of 0.65~36.21% in 60 of slenderness ratio

compared to standard specimen.

4) Effects of reinforcement methods of H-shaped section steel showed the
increase of stress in high tension bolt joining (C type), joining by welding at
bhoth extremes (A type), joining by welding at both extremes and center (B
type), and combined joining of welding and high-power bolt at both extremes

(D type) in order by the distance between reinforced joining and joined part.

5) Reinforced specimen showed increase of relative slope of initial stress and
deformation due to that of section area and high resistance against deformation
compared to standard specimen. Therefore, it was considered that specimen of
flange reinforced with steel plate can expect the effects of deformation and

buckling control.

6) To synthesize the results of centrally axis compressed column experiment,
it was found that increase of tensile strength can be expected with
reinforcement of H-shaped section steel with combined joining by welding and
high-power bolt of flange section with steel plate. In addition, for its actual
application to structure, experimental examination of compressive load to

concentricity distance is required.
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5) AEA Ui A HIZ
HEAQA =2H0E 17%Cr-4%Cu, 17%Ni-1.2%Al 5ol Ao, EAZAE(FE
HiFZoo o&l HANDI F(Cu), &Fvw(AD, HEE(T), U2E(Nb) 52 =

S ES HENA FES FEAAY.

1

215 HE49 54
1) WA A (i gipE) ol $-3t ot

2) Z=7F ag.
gE & v& AFHGIRI) wis AW, HAGER)LE THEd 9]
BAA oIt A2 18-84 HEAY A== 550~650N/m= Lrre] 350~
450N/mr, &2 280~350N/mr, &F7 5 g=2 150~250N/m & Bt At

) 9ol A4
H37e 234 vste] F&5UE ofFo W) LA - (HER)A
5ol F3) Stk 2 Va7 STK 4009 24 Astgol 28% FEAd W,

4) ®Wo] VA mAAF] R

_16_



ol ofFte HAste A BHVIE =74 s ZHALNE S Ae

W AHERH  FEYExE), dolekd(hair  line), ol F(etching), WERA

FH

(embossing), &4 F o} FH7ME ] 7FEsi)

5) ulwh 24 (if E#EME) ©] ol et

HYZe AAZ AESAE vhrs} o

=57 48 A5 9%, Fegol, 35

6) WSk (i ki) 2 N EA (i &) o] =
(1) ==
HEZY f¢25: 182E749 ZHA$ 1427~1510°C, 18-8419 2% 1,400~

1454°C ol22 n2olA A" = Ut webs gA7F TAE WEHg (k)<

(2) WAHsHA (i EE L)
HE 7S 800~830"C7HA =

2ol & A9 Adrias JEZ Bdd BEe 2+ Uk

Aol ArshEA k7] WFel Azt FARAY 2

=

8) BA Aot
HE7dS WAA G ErE) 29 e s F4

-17 -



o] v} wWehd HYZe

o~
T

i

H

I
2E B

ol

7] wjiol <2.3]%

1

O

H]-g-o] Al &AEA]

i+

o]
X

al

v §-o] WA e, 7]

T
T

9 +A¥ 7 At

oy

Ny
o

o

SEass

=
=

o] F2u7h HA

o, 24 o

o2 3

WA FEL AHE

WE (plant)d 1] o A U] &

o

J—

0

ol
o

i
o

i+
o

ol

701-

1_m6

ol o] H

Xl

p
T

i}
=

o &

o WA (M) S 2as

o

of AHgHTt

K

s

=
[}

%, A%

2.1.6 HI7Zo 54 (&)

B

(1) AHF2 (2 HEEe, General corrosion)

ujarE Abel A E o

KSR
p

gk 2

KR
y

a7 AR

o &A

\

<0
B

o
T

03

X

(2) B2 (Crevice corrosion)

o

e (B =<0l

A 3]

g H <]

3 2o Fgo

=N
<)

)=
2, A &4

she

= A% B0 w4

ol
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3
h oA

1o,

oF

)

TH
el

0

ial
H
-
W

i
Wf

il

A (M, concentration cel)E A3

Bl B

ar
=

oM e Aka o]F ze]7H

A

——
o

410z JYHH, AN S

AAE A7 A FRAAL &

1=}
5

...mo

ki3

ol &

(3) &2 (Z=gh, Pitting corrosion)

3 A= 7EE A 7] o

ol (B B -8

2715

=4
=

#7)% 2 (BSEIETE)

b FE S AEs ol Aok

A7

(4) LAFA Ckr AL g gt Intergranular corrosion)

Al 7}

tol A 24 <

S

old x4

dHE W3t
Aol A BemA dEdu

&

Bl

A 3

2AY WyREg

Al =L, olm =

3|

=
p

T

!

i

o}

_19_



1 0]

A2

Eis

F 27 9

<+
=]

A= Aoz 3004 HEZAY Cr

=13
=

3}

)el 4
HEHORE delx Ut

4

w, 3004 HEZe 244

o
= =

53] 450~850°C 3ol A

1Tk,

[o]

al

o] TheEstA B 5

e

Al
AAAAN ZFFF] 70% o1&

9ge 7

-
i=]

SRR

of w3t

Bl BT 10% P n ol

ol
:d

)

<R

o

bt

mj
=
W

0
W

e

o

T

p
T

10% o) 4¢l =1%o Basu

o oaiA ou wEH Hol Yr}. Hapd 3

1A

3]

ﬁo
"

o

=
=

e oY AT

=
=

Z g, 2idon AAHYA A

ol

o

ol

(5) P TE(ENIEehgEZL, Stress corrosion crack)

2

T

o oF7]H =

A

=
1

o] FA]l

Adel AR Pojuhx

FH = yehdo

o
R

o

p—

on

il

$RF2EY TR

gz o

HAx= SHAA

9]

AAHAT)

-
R

= "A

s
;Oo

o 2

—

+

3} 2o

AR e
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=]
=
- ARRRzY GF  ARRAY ALV SUtESE B A2 UM

‘_1 T

Bl
- HCI(EAD), HaSO04(FA)) 53 22 A EHN 7] H=
- NaCl(E3IER), FeLla(d 3t A2d) 53 22 d359 H=F
- HJES FE FHE o)FEFEY TURF

- AL A S5 28 o]BAES BT HARH

(2) SHF FHA
SHA TAHE &1 EF, €d1Glag)d B4, Ag2Ad T4 22 242
O3 yade Astarle s.do= &g

olE =dL BuAo] os BASE ZA glo] WA H4 TR AFHI

i

2

> e

o

o] ¥ ANgPHo] HYZF o2 HolHE ¥ EolA, F3d FHdA

ot

B
-5



Hehd HEZS 228 W44 2E s ol 2do] A3 A7}
B} o]E% AAGE YHOE &3, AnKFE), shot blastings} 2 A ¥
A S0 $AL ol AASE PEol

Y oW FOY A AARA ol B4R & A= AR WAE AR

(3) FEHst Az

& BAZE Ao F, BFY ZEF(70% o))l T v3Ec] FHEL
A

=
Moz BHE FAY 2F ¥EE ARH; oz s WGl AstArtE A

- 22 -



22 HZZ9 AxsA

H37} AzTARL 13, AZFE(Chero Cr), BlZ2YZA(Ferro Ni) 58 988 A7)
2o A &4 ol =23 A et (AOD, Argon Oxygen Decarburization) =¥ X&

2 b (VOD, Vacuum Oxygen Decarburization) & A 73 & I74dS 74 1

|3E A R A G (FRE TRR), AAARIZ-MiIDE FAste] AP

Cut-off MiC

e g —

: %“\ _/'j |

@-J"

sBllELT
e

[29 2.1] 492 EA

AGERdE AFL T2 Az A7t 7HE 2 9FE vAE v AR,

AOD - VOD Ad =z, d&5Fx244 522 FAEY.

8) ARG (M L) © $8% FHE, dX2F, 49F9 gﬂ( ﬁ)““ﬂ o gk F—’%‘?
A(EREZR, AT E, hair crack)S 7
ste 2F1FAHS AT Aol 3t

9) AAHlo] U (Sendzimir mill) : Tadeusz Sendzimir® WHeol] 23k <7
2 Yikgo] e, RES ¥EE ez Aad o
Aol we A& 9AEF o)F EYNZC] BAE duEe 2Fo= o
AT

Ot
o
N
o

ol
R
[
_lO
=2
nN'

sL

o
=2
A
ox,
%
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oV
W
]
oy
,Ao
8o

=K

re 3ol

ol
2 =

& AA nhe) 8ol

YA (mAREM)

B

(black coill)Z <

ol X, ABEHTH) 2

=i
=

F A (white coi)Z A= o]

E

!
M
Mo

Y 2E(crust) 471 FI LFIOCEEREH) Y],

el

E9 o

A FA 01~30m, HHZ 1580me] A

4) A A GRA)

(D AA M)A
AZZRANA AzxE

| E (billet) 2

= (bloom)<

R=R
=

HEH)EA

o3
T

2)

wle} sz AlgRT,

10) B AFOCHERESD)

—_—

ar
Huw

—

N
][

Bl
B

e

ol
o8

N
w
i
|

——
o

—_—

d
Ar

Ho

Bl
B

<

fars)
Nlo

o

oF
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2.3 4=A

A

o

A Qe @

=
=

Ieeio] glon

b

B 73

G

el

(e}
N

ﬂl

, olsh 2 Td

5
N

i

ar
=

Hol i/ HE=

<

ehE RAR2 ol

p

[e]
e

fe) A

2l
2%

=
=

17 =44 @

] %

%
Lus

o ERaE 3
o AR zA webd ¢

At 1HE davt v

T
IEo.

ol

17
s

]
pal

£

=

231 gFA 9 FH=

7 1]
AA A ol

=
T

i

(29 220@st 2ol e BAFE AFEH 2
P7b 2e AelE ¥ Z9A7t 4714 @3 gol WFoE =

2
i

=9

KSR
T

T 71

:
I

A k5ol

Bk

]_

1=
O]

=

[

1

A7 el <

A
i

kel
e &= (elastic

Rie

A 9
3taL, o]

<)

A==

]

&

1, e R B7E 45

2

ol¢} & d4S FF(buckling)ol #F
ojg} T

g

]

ar
=

F= o]

==

‘|_

A 7F AR

"ue el

buckling)o] 2F1L

2.2](b)sk o] ",
Pos 2=

Hx7h

o

taz, o wf A

3|

=]
T

)
-~

= o
s9& v

A

4 7 T

Ko
=

2] (Euler)”7} 175739 t©}
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(TG A=Zr| Ao 2RY Fasivh [19 221(a)st 2ol TAU=A
o o] 2T FHAM ted 22 @Al dHd

Py Dy _
E_l_ ﬁ_o (2.3.1)
P
| n=2
— P 1
£7 n=
N
s n=3
[ | =<
PCI—)
RN 5
Y1
P
(a) B 3= (b) 3l=-EH TA (c) F=R=

[29 22] SAASFHES T= FA9 Sdx=

P
F=—2= %0 403De e 2ol €k

54_ Fy=0 (2.32)

2 (232)9 mEAg e dtel= 2(23.3)F o] A

y = Asinkx + Beoskx (2.3.3)

= 02%H sinkL = 0
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sinkl, = 0°]2.2 KL = nt (n& A4) (2.34)
w2 A
T El
P, =n’ = (2.35)
- - . nnTx
T g F2HE AdH=E y=Asin 7 7} #lt, (2.36)

of Wl ng AFzA [27 2209 Lol H2el WAYe S A2 VAR
oz AAE FALRAT AZE S e AW 019 FSold of o
F283L e 2

P, = (2.3.7)

22379 Po FAY Fad=dolvt KL 359 @dfd=s5(2™ 2.2()
ovx 9y #H=ZFEZF(Euler's buckling load)olgtix 3lt} o] & $Ho=w
T3t o2 Zo] Hr

o= Lo TE
A (KLY

(2.3.8)

o714, KL/r @ A7
KL : #5449 Faz=Zdeol(mm)

F=dolAr(2dE 229 4% 1 K=1)

F°l'

K :

- 27 -



L FAZol(mm)
ro SEAY PH2ANE (mm)

A SEH(mm)

232 ZAGHY EH

A T4 ol UF gfobAH FAjaZ olgd [1¥ 23]% 2 =F
o] A FAe dEWES F43] Azl [2¥ 2313 2ol HFA
I o2 g Brt ofue 9F 3 A w22 HdwoAd o] grobAd
TRtz dAgt} T CFT(concrete filled tube)®] -+ Wi A%
A Ee] FHow mRIpFo] BT AYXRE FEHFE o FEI stHO

r

(g7 ()YECFT (e)Z¥ECFT
[298 23] 5-F=

ditdor FHEGHAN HZFol 77l Mo HA LASHELEE T& F

o FRAE 04 A o 34xe] A4uE et MEdEnde SRREe B

9
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2o FBgo

=
=

71 Aol

A&

A A @ud o

o TR 304 5719 A4 2719

5ell 4 15AFololl & & Slth A o7 Ageole ¥

5

s

AME <FE 22>4 Folzl

3,

-

o
A

T
of

?_

7k

g

o

<

S

259 AYAFE
g7l 7~9vjel

8

SER=NE!

3

B

3

o

&,

g9

o]

3
gl

)

A Y Y LEE

FJAHEE <F 2

W
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g]

21> ZAGHE

<3

% o
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| -

T | B
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s =

Mom iy

~ <

1

m| R .

W ok P

o | = \

W | =

o] yw ™

w N =~ v

&_: _Ea ~ Lf

B = oV o

o o < oy

o X a v N

F_ | 9= 0

- =

J

mw_a :M %o =

oW 0 P

O Hoof —

B — a

o ~+ X =

mm <« = s

T of R ) B

™ N o) N B
| o]

e |l vw | 5

mﬁ ™ He RO
w T

ABEFAH, A,

s

5]

A

8

233 &

-

22>9 2o &

-
st

[e)
Py /\7't <

3 2ol 74

KX
1=

£ o

b, t, d
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o) FeolES F b= AFHo2RE a2y 3 WA & B SHAAA

o] Azl el

2 TE7}e ~¥ d= AA &3 Fo02 3}

(0.71)° (2.39)

(2.01)° (2.3.10)
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P, = (2.31D)

o] 4E& AN ol BEW T 43 2ok

P, = (2.3.12)

22372 K=1.0%0 ZFoln AARZH7F & A-5ole Agkel 100 ofd o
2 S 7HAA "d ol W ALo] I FAe FERFFHClL, KE FEHAEZ
Ageta @tk o9 <FE 2.3>de AAGHA B KFs WERHR Slth
AEEY FxoAM 7150 dZHAUE SHEANA, 7152 7129 ANty
TEEAAN RHETES ARE Hrlste AL wg oy £99 7EAEY
AE3 o R #AQle], 7FFE(braced frame)9 B 7FAl & Z(unbraced
frame)9] 7Hgd & olfstoiof grh
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<}k 23> FEFZZlAF(K)

2
e
N
Y

b
i rle

j?i/\
o

| | | | |
—_— ey oo T
071
0.5 L L
1 1 L

0.65 0.8 1.2 1.0

Ol gnrs, asrs
“E | ARAR, 5T
O 18R TE, o5
I AR, EAF
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m. 2344

31 AA=4d¥

A5 A H (M BHEE, materials testing) S A B7F AR 23 A8 Z7o
F7F, 3 AT kT FAS A=Y WE vHES FESEY Utk EE A=
Aol & W gueA A7 of 7 AFERY), =29 0rE) 2 A
(LEHY) B4 52 Fetstr] 918 slojt

AELE Rt EE dAAA HEZS "l Zshr] #s) KS D 3503(detr+=8 H
§7) SS400 (F,=235N/mi) A+ g ok,

e

=

Testing Machine, ©]3} UTM=E Ay, 4877 @ AFELEFL o274 2o
- U.T.M(Shimadzu Co.) : 3= 1000kN, W& =o] 3m, Hlo]EZ o] 42m
- Structural Reaction Frame(1000kN)

- Dataletty 402(Shimadzu; Japan)

- FAHYEE 5471 (MDS-2000k, 16 channel)
» Datalogger(TDS-601, Tokyo Sokki; Japan)
- Note book computer : pentium-II 650

- Load Cell(1000kN, 500kN)

- Automatic Switch Box(30 channel)

- Displacement Transducer(200mm, 100mm, 50mm)
- Bend Saw Machine(DBS-320A; Korea)

» Micrometer{Mitutoyo Co.; Japan)

- Vernier Calipers

- Hand Grinder

- Wheel Cutter

- Drilling Machine
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« Hoist crane(50kN)

+ Chuck(Instron tyvpe, 50kN, 100kN)

- Ratchet socket set

« Wire Strain Gauge(YFLA-5, WFLA-3-11-1L, Tokyo Sokki; Japan)

- Strain Gauge Terminal : TP4(Tokyo Sokki; Japan)

32 43 1L

FA4E HFL Ve HIY B4 7159 985 542 o}
Fd4 27 4F WS Fo ¥FE 42Ud 4 A% 542

Agel AgdE WAL KS D 3503(LeTze FARA,
Structure) SS400= A& St

<¥% 31> 379 3

3, A7,

Steel for general

g F = 7]{mm) B EFA
H& 7H(SS400) H - 100 x 100 x 6 x 8 6.25, 3.12
7' AEAE HEZ H-100x100x6x82.2 AZv](KL/r) 50, 60 st 7|&4
Aol EWA @S HHow BAT APAE Ao AdAes <F 32>9
o] Afste] AP
H A-0-50
71E 4@ A A 7u(50, 60)
A A (e=0)
A BHAWN, A, B, C, D)
CHEA 71 A8A
HR : HE84 27 234
AEA AFAALE Aol o] ARE Hol Basin. A3 Ao wet AlAH
APA= A3d v, & 54, o] 55 A5
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7VEAl 71Fe & @GR E GeEAA] 21E FASH7] 931 knife edgeE A&
EEE o]g3le AdA & @H 9 end platedt AAT E3I FAGE S
e R Z2A0E Sk

End platex= PL-300mmx*300mmx12mmE A}&3tH, HE 43 end plates E4&
H3tot

ZF A @AY FEAZENKLE AEA EFol F2H oldH(adapter)E S
(A .2 i AIgel &s S22 HolAFKIE AHEste] 7ISAdA S #H=4
olo] F3te T, AU FEHA=HCE H2F) i ©H 23 HAH(nL
2 WiE o o gu ©eA A 2N TVF ASHE S

A H dFY Fde] dE FE5ES HaE a7 3

!
A

)

A% 7tea w

olel & dgolM= & WFe THL TEUT] AAozw Aol Jted
2

9R zdoz RIS ve) AR, BRTES Fasd & de oz o
2 A8, P ool N e} AFAE F¥e] AN 9 ABAY wr

ta

o F7 12mm(300mmx300mm)¢! A== ol E(end plate)E &3 HFsx, d=
ZYolES} YolZ oA E EEMIGE AZATH.
M8 AAE AgA Zdol 2 WHE oty UTME AlE3hd, 3

e
f
S
(o
i
b,
2
b
o
A

W

A3t7] 98 DTS [1¥ 3419 Zo] Ax3} =3 A
2 =337 93 WS.GE ANFAY SUHE ZAA

il
2
oy
o2
-z
o,
(g
ot
o
Sh
53]

- 36 -



<3 32> 7| A3A AF

AQA 7 3 ) :) bt | KLir (1:1) (IL_) K (K_:)
HSN—-0-50 | H-100x100x6x8 | 2,190 | 6.25 50 1,444 | 1,682 | 0.992 | 1,668
HRA—-0-50 | H-100x100x6x8 | 4,110 | 3.12 50 1,444 | 1,682 | 0.992 | 1,668
HRB—0—-50 | H-100x100x6x8 | 4,110 | 3.12 50 1,444 | 1,682 | 0.992 | 1,668
HRC—-0-50 | H-100x100x6x8 | 4,110 | 3.12 50 1,444 | 1,682 | 0.992 | 1,668
HRD—0—50 | H-100x100x6x8 | 4110 | 3.12 50 1,444 | 1,682 | 0.992 | 1,668
HSN—-0-60 | H-100x100x6x8 | 2,190 | 6.25 60 2,272 | 2,510 | 0.996 | 2,501
HRA—-0-60 | H-100x100x6x8 | 4,110 | 3.12 60 2,272 | 2,510 | 0.996 | 2,501
HRB—0—60 | H-100x100x6x8 | 4,110 | 312 60 2,272 | 2,510 | 0.996 | 2,501
HRC—-0—-60 | H-100x100x6x8 | 4,110 | 3.12 60 2,272 | 2,510 | 0.996 | 2,501
HRD—-0-60 | H-100x100x6x8 | 4,110 | 3.12 60 2,272 | 2,510 | 0.996 | 2,501

F) A WA b E-FA K $EFZLAE KLh AR, Lot AgA
&70] KL §EHEZ0
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Lo H-100x100x6x8 L H-100x100x6x8
| o —N
<HHEF >
]
(a) HRA 2 g4 (b) HRB 2 @A

VHEEM6 [E
gl :
Lo H-100x100x6x8 | | | E Lo H-100x100x6x8

| ¢ &
| @
T

L y ——
L CHEEREE >
t
I
Lt ]l
~L 1]

(c) HRC @A (d) HRD g A

[19 311 715 RAAIEA A A5 Ad=

- 38 -
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321 S7HEE)F =2 AF(K)

B A¥dAE FERASHN(KL)7F 1o] HEFE AFAY FPrg ANz
o7 A3y f5te, dEH o7 ML A= E7HFEG o) dHd 2 v
HEE Yol T A& AbEEte] HAZFE B AR A i 745 HAEEAT

olof W& yolxR e FFoE AP deRE FRIF EHo AZdold
Hstg zfetn, ol& FASY] il SR EAFE At
o] & AS, WA 715 FFE energyRE ol &3] SR ZLONAFR(KE

T3,

|-

T

[19 3.2] 7= 4dolA+
[29 3219 St dolAs MEEE ZX3e 499 FAx 2o J+&E AF9
QA e WAE To,
dh = ds — dx

= Vdz* +dy’ — dx

= \/1—!—(dy/d31:)2 e dr— dx

= 1-|-(y')2 e dr— dx

=1+1/2 « ()= 1] « dz

=1/2 « (y)? « dzx
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a= Vdy’'+dh’ ol WHE L7 ABE oy = a-.sin(mz/L,)E JPAEE,
y'= (ar/L,) + cos(nz/L,), WA L, 77 =& 62 &4,

LO
5, = f 12+ () « da
0

L{J
:1/2-a2-2 cos2-2-d$
0 0 0
=1/4sd e L,

<

=%, Fve FAEBT R 4E5FL L2 BY

8, = 2X1/2 e a s« (x/L,)? « d
=a e« (n/L,)" « d

A GEFFL §=06,+ 46,0122

6= (L,/4+ d)(ma/L,)

flo

Qe (Pl da @ o

Pebs="Pe(L,/4+d)(ma/L,) 3.1

ojt], el s 7|5l 48 ANIAAA (V)=

AU =1/2 « El« (y')* « du
y// — 701(7.‘./[/0)2 . sln(ﬂ'l‘/[/o)

9 Ho Ry
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U=1/2e BIe (/L) + [ sint(ra/L,) + do (32)
0

Pe§=Ucl2Z A (31)3 32)Z5FH
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