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Concrete Filled Tube (CFT)
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Moments of Inertia - Composite Columns

SRC new effective stiffness. 20000 1
Elg=EL+05ElL+CEL .
Cr=01+2[A4;/ (A + 45)] <03
. 12000 -
(concrete effectiveness factor) %
As + Asr 2 8000
C1=0.25+ 3{ v } < 0.7(AISC2016)

B R S
B T
B TN T |
;
Fu L
Lo

CFT new effective stiffness: = | | ]
Elg=FE L+ E I, + CGE. L o 5 1 15 20 25 30

| KL (m)
C;=0.6+2[4,/ (4. +A4)] <0.9 " =
(concrete effectiveness factor) €3 =0.45+ 3{—, —} = 0.9 (AISC 2016}



Plastic Capacities for Composite

Filled HSS Bent About Either Principal Axis g
Section Stress Distribution |Pi. Defining Equations
5 0.85f; Fy
r, P, =F,A; +0.85fA,

'

ZZ ] MA =0
A, = area of steel shape
A. = bh —0.858¢°

i
\?"_'
O

) h, b =B-2t
%
,é/ : h =H-2t
t4 =1 I =
~—3
A
, 085K | ossrpn, + 4F, the

QO8N
AN
AN

0.85FZ,¢

Mg = Mp - FyZ;¢ -

L/ AL A g - -
he / T £ 2,e- b2
/ <1 I v —m PNA 2. = 2th?
B =yt
E

2 4




N NN

P. = 0.85A,
M- = Mg

~

| BN

SR TR N

_ 0.851A,
2

Mo-F.2, + 0.85f/2,

D 2
Z. = full x-axis plastic section modulus of HSS

72
r Z, = ﬂ-o.wzrﬁ“
¢ 4

&

1SS

PB = 0
Mg =Mp - F, 2, - 0800200
2
B | Zsn= 27
Zon= b:'hrzv
PNA b e 0.85FA; )
~ G 2[0.856 0 +4tF, | 2

POy
SAANAN
AHANAN

Note: Equations in this table are equally applicable to bend-
ing about the shape’'s X-X axis (when H 2 B) and to bending
about the shape’s Y-Y axis (when 8> H).
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3c.

Direct Bond Interaction

Where force 1s transferred 1n a filled composite member by direct bond interaction, the
available bond strength between the steel and concrete shall be determmned as follows:

Ry = pb-LiHFiH (16‘5)
& =0.50 (LRFD) Q =3.00(ASD)

where
Fiy = nomunal bond stress, ksi (MPa)
= 12¢/ H* < 0.1, ksi (2100¢/ H* < 0.7, MPa) for rectangular cross sections
= 30¢/ D* < 0.2, ksi (5300¢/ D% < 1.4, MPa) for circular cross sections
D = outside diameter of round HSS, in. {mm)
H = maximum transverse dimension of rectangular steel member, 1n. {mm)
Li, =load introduction length, determrmned in accordance with Section 16.4, in. (mm)
R, = nommunal bond strength, kips (N)
Pr = perimeter of the steel-concrete bond interface within the composite cross
section, 1n. {mm)
t = design wall thickness of HSS member as defined in Section B4.2, in. (mm)
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4b.  Filled Composite Members

Where required, steel anchors transferring the required longitudinal shear force shall
be distributed within the load introduction length, which shall not exceed a distance
of two times the minimum transverse dimension of a rectangular steel member or
two times the diameter of a round steel member both above and below the load trans-
fer region. Steel anchor spacing within the load introduction length shall conform to
Section 18.3e.






History of Structural Steeliol

‘ l_J » @
Wide flange H Shape « — » ‘@»
(Hawng a weak axis)

' @ ' Welded Box Sections No weak axis)

HSS No weak axis) NSMP




Advantages of HSS VS WF,

1. Open space without brace
= More flexibility for designing
2. Light weight structure

= Less cost including for Civil construction

HSS



Advantages of HSS  vs \WF

3. Less Surface Area

= Less election cost (Painting, Surface treatment)

4. High Anti-seismic performance




Steel

opn

aint

L1

Steel

Paint surface for hollow sections vs
open sections



HSS Column vs WFB Cc

(Weight and Surface Are

HSS : ASTM A500 GradeB Fy=317N/mm2
H-Shape : ASTMA992 Fy=345N/mm?2

case-1 case-2
HSS H-shape HSS H-shape
10X10x1721 WIOXT77 |[16X16X1/2| WI14X145
10-5/8 X 10-1/4 14-3/4 x 15-1/2
Effective Length 6(m) 9(m)
Available Strengthin | 589(KN) 546(KN) 1.020(KN) 1.060(KN)
Axial Compression

Nominal Weight 92.9(81%) 115(100%) 164(76%) 216(100%)
(kg/m)

Surface Area 0.89(57%) | 1.55(100%) | 1.50(66%) | 2.29(100%)
(m2/m)




The cost comparison between HSS

and Welded Box Sections In Ja

[Case A] [CaseB)
16mm 16mm i
¢ dpinanns
T
%'m .m’m
A
Inner diaphragm plate x6 < ...... 10.5m
& Steel list -. For
Inner - 3 stories
Column diaphragm Ba;k ne
ar
plate
s LLLLEL
[1300x 300x 16
HSS (BCR295) | e
PL—22 PL—9
W;Efd PL—16 (SN490B) | (SN400B)
Sections (SN400B)

- NSMP



HSS work process

(1)Cutting @Weldlng backing plate (3Welding Inner diaphragm plate
“%:t: .ﬂ Wh“f-; Inner diaphragm plate
Backlng plate weld\
Weld \

(6)Finish (5\Welding HSS to HSS @Welding backing plate
Backing plate

weld
4

weld

NSMP



Welded Box Sections work process

(1)Assembly (2\Welding Inner diaphragm plate ~ (3Welding plate

(5\Welding Plate and Finish (4)Assembly (Plate)

NSMP



Result (Weight)

m Column @ lnner diaphragm B Backing plate

Welded Box
Sections

HSS 100/0 DOWH

0 500 1000 1500 2000

Total weight (kg)



Result (Cost)

O Steel W Processing 0 Work
O Weld B Inspection Bl Adjustment

Welded Box
Sections

HSS

0 20 40 60 80 100 120 140
Total cost (x10,000Yen)



Fig. 2.1 Lamellar tearing
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A
v

B =40cm
H = 40cm

t =2cm

' =300 kg
Je = cm2

E, = 2400 kg
Yo cm2

k
E, = 2.04 X 106 —2_
cm?2

kg
E-=262x10°——
¢ cm?2

K=1
L =360cm
bj=B—2t=40—-4=36cm
hy=H—-2t=40—-—4=36cm
A, =40X2X2+ (40 —4) X 2 X 2 =304 cm?
A, = b;h; — 0.857% = 36 X 36 = 1296 cm?



Py = F,As + 0.85f/Ac = 2400 x 304 + 0.85 X 300 X 1296
= 1060080 kg

?El

(KL)?
P, = 1060080 X 0.658%976 = 1026792 kg

0.75P, = 0.75 X 1026792 |= 770093.8 kg<;s=5 o5

P, = = 13906680 kg

0.9P, = 63928043 kg 45 3l o5




36
ZS=40><2><(40—2)+2x7x2x7=4336cm3
Z.=11664 cm3

085 X f. X Z,
Mp = E,Zs + ; = 11893560 kg.cm
085X f/ XA h;
hy = ,fC —— < — =18
2(0.85 X f x b; + 4tF,| ~ 2
h, =5.82cm

7., = 2th2 = 135.6018 cm3
Zon = b;h?2 = 1220.417 cm?3

0.85f/ 7.,
2

Mg = Mp — FyZgy, — = 11412512 kg.cm

M, = 0.9ZF, = 0.9 x 4336 x 2400 = 9365760 kg.cm

CFT b yow sbilse

ias Conglie yial8l -

TR TVOALIY vove

0.9M, =10271260 kg.cm

PECRSIIRY VoW
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I = 73365.33 cm*
I, = 139968 cm*

El,ss = Egls + C3Ecl, = 1.82 x 1011
Ieff = 89515 cm4

Ec
[, =1Is + Ic X s 91310 cm4

CFT b yow sbilse

S5 (o Gl 31 -V
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(3) Outer Diaphragm-A

iter Diaphragm

-

Red line : welding




(4) Outer Diaphragm-B

iter Diaphragm

-

Red lines : welding




Shape of external diaphragm Ultimate resistance equation
bpi -~ . ,[C 213 t 273 tc+h 173
- P =arlge] (] [ i, @
thickness where
b./2+hy . 240
o 7 Wy
Symbols:
fqy = Yield strength of diaphragm material
/ fq , = Ultimate tensile strength of diaphragm ma-
< hg terial
Py ¢ = Axil load in tension or compression flange
t Ph.i
|
Range of validity
17S%£67 007519504  0755<20 8 < 30°

Note:
Symbols: b =Width d= diameter h = Height t = Thickness 8 = Slope of diaphragm

Subscript: b=Beam ¢=Column d = Diaphragm



Shape of external diaphragm Ultimate strength equation

Py, = 3.00f(@)A f,, + 1.77f,(0)Af,,

A o A (1)
o where
h
’ f,(0) = sin o
— f,(0t) = ¥ 2sin® o + 1

b
A, = {(0.63 +0.88 d"‘f)a/dctc + tﬁ}tc

thickness=t 4

: Pb_f A,=hg,
| b.f | Symbols:
- d f.y = Yield strength of column material
' S f4y = Yield strength of diaphragm
Type | material
Py ¢ = Axil load in tension flange
o = Slope of critical section
Range of validity
20<dJ/t, <50 hy/d. <0.3 0.25<b,¢/d. < 0.75

Note:
Symbols: b= Width d = Diameter h = Height t = Thickness 0 = Slope of diaphragm

Subscript: b=Beam ¢ = Column d = Diaphragm f=Beam flange



Pb,f* = 2. 1 gA 1fc'y. + 2.53A Efd,'y' (2)

where

A, = {(0.63 + 0.88'3“’),,/.:14,_, + td}tc

o~
A 2= h ald
thickness=t g
bvlr Pos Symbols:
| bf | See above.
d c
Type lli Type IV
Range of validity
20 < d//t, <50 hy/d, < 0.3 0.25 < by, /d, < 0.75

Note: |
Symbols: b =Width d = Diameter h = Height t = Thickness 0 = Slope of diaphragm

Subscript: b=Beam ¢ = Column d = Diaphragm f=Beam flange



Shape of external diaphragm

Ultimate resistance equation

A Pb,f
- o=45°

0=30% F—\_ A  30°<6=<45°

A Pb,f
- a=45°

thickness=t 4

ES

Type |

B

Type ll

Type | connection:

The design resistance is the larger of the
values calculated by Egs. 1 and 2.

t\5(t,)
sl

c c

1
3

t.+hy
b

bifd,u

(1)
Pb,f* = 286(4t0+ td)tofo,y + 330h dtdfd,y

(@)

It fy = {4, then calculate with f,, = 14,

c

Type Il connection:

The design resistance is given by Eq. 2.

Symbols:

foy = Yield strength of column material

fqy = Yield strength of diaphragm
material

fqu = Ultimate tensile strength of
diaphragm material

P, = Axial load in tension flange

Range of validity

20 < b/t <50, 0.75 <ty <2.0, ty>1yy, hyb,> 0.1ty (Type ), hyb,> 0.15t, /4 (Type II)

Note:

Symbols: b =Width d= Diameter
Subscrint: b =Beam c¢=Column

h = Height
d = Diaphraam

t = Thickness © = Slope of diaphragm
f = Beam flanae h = hole




P '
I b}thicknessﬂﬂ Type Il connection:
B, / . The design resistance is the smaller of
C|( \\ = Th.d the values given by Eqgs. 3 and 4.
hY | bt
T “@“t T P,*=1.43(b. +2h,—d, ) Eﬁfw
G h
\> { . 3
i‘P Pb,f*= 143(bc + 2hd_dh,d)tdfd,3f
b f
RN (4)
b c
Symbols: See above.
Type llI

Range of validity

20 < b, <50, 0.75 <tyt;<2.0, ty>ty,, hy/b.> 0.1ty /ty(Type I), hyb,>0.15t, /4 (Type I}

Note:
Symbols: b =Width d= Diameter h = Height t = Thickness 6 = Slope of diaphragm
Subscript: b=Beam c¢=Column d = Diaphragm f = Beam flange h = hole



Column to Beam Rigid Frame

Wide-flange

Through diaphragm plat

NSMP



(1) Through Diaphragm

Through Diaphragm

=)

Red line : welding
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(1) Through Diaphragm

1. High accuracy and quality
& 2. Constant productivity

- )
e i
F
’ ‘ .
A 8 "_.»A\ ." 1 ,
l, !
|




(2) Inner Diaphragm

mer Diaphragm

=

’Red line : welding
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A

beam, through diaphragm

—H 71 \ \ :\‘* :
T T
Vi e v B
N @i ;;JL¢’ stubbeam || |
0y e e ]
g e i I
— =\ ]
Y s
| CHS or RHS column— f

Figure 8.1 - Beam-to-column connections with through diaphragms for shop-welding




35 7

h [NT.EQIU‘

% b =
(a) Improved type A cope  (b) Improved type B cope (c) Conventional cope

Figure 8.2 - Details of improved and conventional beam copes



Figure 8.3 - Dimensions of welded web joint



Figure 8.9 - Improved field-welded connection



{F =
‘_'._'_______..-- "‘-______-'_'
‘_.-"'"'--..___ "'__...--"""".._.

S :.«\9

(b) Section A-A \
__— - Lﬁ?&

— —

d D)

(c) Section A-A

Figure 8.15 - Beam-to-column connections with internal diaphragms

* 4+

(a) Side view



100

N
\ h
B t*lj P
1
>
—Ih"l—’[c P
N

b, =400 - 1000 mm
A 2tg 216 mm
hp =0.2b,

tp = 16 — 40 mm

(b) Section A- A

Figure 8.16 - RHS with prefabricated internal diaphragms
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-+ % 50
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15
) L
A
b
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(a) Section B-B



through diaphragm

Zan
|
| _':"F_’} I—haum:h

—
| 0
iu
|
|
nternal | o N
diaphragm o
|0
|)-- NN I
s |
bf
o

/| 1 'fange plate

Figure 8.19 - Beam-to-column connections with combined internal and through diaphragms



® stress con-
centration
point

Lhaunch

(a) Recommendations by AlJ
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1 >
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(c) Details of welded joints at flange centre

Figure 8.20 - Beam-to-column connections with external diaphragms



f'c= 300 kg/cm2 f'c= 300 kg/cm2 f'c= 240 kg/cm2 f'c= 240 kg/cm2

Fy= 2400 kg/cm2 Fy= 3500 kg/cm2 Fy= 2400 |kg/cm2 Fy= 3500 kg/cm2

Es 2040000 |kg/cm2 Es 2040000 |kg/cm2 Es 2040000 |(kg/cm?2 Es 2040000 |kg/cm2

Ec 2.62E+05 |kg/cm2 Ec 2.62E+05 [kg/cm?2 Ec 232000 |kg/cm2 Ec 232000 [kg/cm2
L= 360 cm L= 360 cm L= 360 cm L= 360 cm

30x1.2 (ST37) 30x1.2 (STs52) 30x1.2 (ST37) 30x1.2 (STs52)
Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio
$dPn= | 372539.72 | 284976.59 1.31 472341.69 | 406791.41 1.16 346008.63 | 284976.59 | 1.21 | 446354.90 | 406791.41 1.10
dMn= | 3601133.63 | 3226728.96 | 1.12 | 513071538 | 4705646.40 | 1.09 | 3550835.77 | 3226728.96 | 1.10 | 5067041.45 | 4705646.40 | 1.08
Pe 3840854.34 | 297403237 | 1.29 | 3840854.34 | 2974032.37 | 1.29 | 3742950.89 | 2974032.37 | 1.26 | 3742950.89 | 297403237 | 1.26
A 235.90 138.24 1.71 235.90 138.24 1.71 224.87 138.24 1.63 224.87 138.24 1.63
I 25343.06 19143.48 1.32 25343.06 19143.48 1.32 24642.84 19143.48 1.29 24642.84 19143.48 1.29
leff 24723.10 19143.48 1.29 24723.10 19143.48 1.29 24092.91 19143.48 1.26 24092.91 19143.48 1.26
30x1.5 (ST37) 30x1.5 (STs52) 30x1.5 (ST37) 30x1.5 (STs2)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio
$dPn= | 422560.61 | 352179.25 1.20 545999.32 | 502503.91 1.09 397178.02 | 352179.25 | 1.13 | 521191.41 | 502503.91 1.04
éMn= | 4333188.33 | 3951180.00 | 1.10 | 6187376.06 | 5762137.50 | 1.07 | 4277924.92 | 3951180.00 | 1.08 |6120000.10 | 5762137.50 | 1.06
Pe 4400160.39 | 3606291.76 | 1.22 | 4400160.39 | 3606291.76 | 1.22 | 4310496.67 | 3606291.76 | 1.20 | 4310496.67 | 3606291.76 | 1.20
A 264.46 171.00 1.55 264.46 171.00 1.55 253.91 171.00 1.48 253.91 171.00 1.48
| 28891.06 23213.25 1.24 28891.06 23213.25 1.24 28249.78 23213.25 1.22 28249.78 23213.25 1.22
leff 28323.28 23213.25 1.22 28323.28 23213.25 1.22 27746.13 23213.25 1.20 27746.13 23213.25 1.20




30x2 (ST37) 30x2 (STs52) 30x2 (ST37) 30x2 (STs52)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

$dPn= | 50319830 | 460595.84 1.09 664656.25 656714.86 1.01 479695.66 | 460595.84 | 1.04 | 641756.25 | 656714.86 0.98
$dMn= | 5463751.36 | 5088960.00 | 1.07 7829078.95 | 7421400.00 | 1.05 | 5405018.14 | 5088960.00 | 1.06 | 7760528.56 | 7421400.00 | 1.05
Pe 5252966.07 | 4570333.55 1.15 5252966.07 | 457033355 | 1.15 | 5175865.95 | 4570333.55 | 1.13 [ 5175865.95 | 4570333.55 | 1.13
A 310.67 224.00 1.39 310.67 224.00 1.39 300.88 224.00 1.34 300.88 224.00 1.34

I 34300.91 29418.67 1.17 34300.91 29418.67 1.17 33749.48 29418.67 1.15 33749.48 29418.67 1.15
leff 33812.69 29418.67 1.15 33812.69 29418.67 1.15 33316.40 29418.67 1.13 33316.40 29418.67 1.13

30x2.5 (ST37) 30x2.5 (ST52) 30x2.5 (ST37) 30x2.5 (ST52)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

$dPn= | 580461.58 | 564533.38 1.03 778198.48 804301.21 0.97 558780.34 | 564533.38 | 0.99 | 757130.67 | 804301.21 0.94
$dMn= | 6496666.67 | 6142500.00 | 1.06 9336990.18 | 8957812.50 | 1.04 | 6438247.42 | 6142500.00 | 1.05 |9270799.56 | 8957812.50 | 1.03
Pe 6012846.68 | 5429329.54 [ 1.11 6012846.68 | 542932954 | 1.11 | 5946941.17 | 5429329.54 | 1.10 |[5946941.17 | 5429329.54 | 1.10
A 355.13 275.00 1.29 355.13 275.00 1.29 346.08 275.00 1.26 346.08 275.00 1.26

I 39121.28 34947.92 1.12 39121.28 34947.92 1.12 38649.92 34947.92 1.11 38649.92 34947.92 1.11
leff 38703.94 34947.92 1.11 38703.94 34947.92 1.11 38279.72 34947.92 1.10 38279.72 34947.92 1.10

30x3 (ST37) 30x3 (ST52) 30x3 (ST37) 30x3 (ST52)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

$dPn= | 654376.57 | 664000.45 0.99 886646.08 945281.70 0.94 634449.22 | 66400045 | 096 | 867332.16 | 945281.70 0.92
$dMn= | 7442112.99 | 7115040.00 | 1.05 |10722238.65 | 10376100.00| 1.03 | 7386203.08 | 7115040.00 | 1.04 [10660238.38/10376100.00| 1.03
Pe 6686811.12 | 6191202.84 | 1.08 6686811.12 | 6191202.84 | 1.08 | 6630834.50 | 6191202.84 | 1.07 |6630834.50 | 6191202.84 | 1.07
A 397.85 324.00 1.23 397.85 324.00 1.23 389.51 324.00 1.20 389.51 324.00 1.20

| 43396.63 39852.00 1.09 43396.63 39852.00 1.09 42996.28 39852.00 1.08 42996.28 39852.00 1.08
leff 43042.17 39852.00 1.08 43042.17 39852.00 1.08 42681.85 39852.00 1.07 42681.85 39852.00 1.07




35x1.2 (ST37) 35x1.2 (STs52) 35x1.2 (ST37) 35x1.2 (STs52)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

¢Pn= 47443457 338752.22 1.40 595683.84 486393.67 1.22 436529.53 338752.22 1.29 558327.42 486393.67 1.15

¢Mn= | 5020983.61 | 4443672.96 1.13 7145256.18 | 6480356.40 1.10 4947780.83 | 4443672.96 1.11 | 7049988.58 | 6480356.40 1.09

Pe 6426561.72 | 4805206.60 1.34 6426561.72 | 4805206.60 1.34 6243437.31 | 4805206.60 130 |6243437.31 | 4805206.60 1.30

A 298.49 162.24 1.84 298.49 162.24 1.84 283.10 162.24 1.74 283.10 162.24 1.74

I 42997.44 30930.52 1.39 42997.44 30930.52 1.39 41634.54 30930.52 1.35 41634.54 30930.52 1.35

leff 41366.98 30930.52 1.34 41366.98 30930.52 1.34 40188.23 30930.52 1.30 40188.23 30930.52 1.30
35x1.5 (ST37) 35x1.5 (ST52) 35x1.5 (ST37) 35x1.5 (ST52)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

¢Pn= 534731.89 419436.69 1.27 685144.64 602082.26 1.14 498165.08 419436.69 1.19 649146.68 602082.26 1.08

¢Mn= | 6057800.43 | 5457780.00 1.11 8636240.28 | 7959262.50 1.09 5975228.81 | 5457780.00 1.09 8532952.47 | 7959262.50 1.07

Pe 7418701.89 | 5852335.00 1.27 7418701.89 | 5852335.00 1.27 7241788.14 | 5852335.00 1.24 | 7241788.14 | 5852335.00 1.24

A 332.28 201.00 1.65 332.28 201.00 1.65 317.45 201.00 1.58 317.45 201.00 1.58

I 48873.54 37670.75 1.30 48873.54 37670.75 1.30 47608.23 37670.75 1.26 47608.23 37670.75 1.26

leff 47753.26 37670.75 1.27 47753.26 37670.75 1.27 46614.49 37670.75 1.24 46614.49 37670.75 1.24
35x2 (ST37) 35x2 (ST52) 35x2 (ST37) 35x2 (ST52)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

$dPn= | 63217071 | 550354.43 1.15 829634.62 789648.78 1.05 597873.06 | 550354.43 | 1.09 | 795941.89 | 789648.78 1.01

¢éMn= | 7670742.14 | 7065360.00 1.09 10970120.43 | 10303650.00 1.06 7579664.43 | 7065360.00 1.07 |10861385.01| 10303650.00 1.05

Pe 8850886.33 | 7471327.09 1.18 8850886.33 | 7471327.09 1.18 8695071.63 | 7471327.09 1.16 | 8695071.63 | 7471327.09 1.16

A 387.21 264.00 1.47 387.21 264.00 1.47 373.29 264.00 141 373.29 264.00 141

| 57958.72 48092.00 1.21 57958.72 48092.00 1.21 56844.32 48092.00 1.18 56844.32 48092.00 1.18

leff 56972.05 48092.00 1.18 56972.05 48092.00 1.18 55969.09 48092.00 1.16 55969.09 48092.00 1.16




35x2.5 (ST37)

35x2.5 (STs2)

35x2.5 (ST37)

35x2.5 (STs2)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

$dPn= | 726257.14 | 676829.68 1.07 969060.38 970662.11 1.00 694172.40 | 676829.68 | 1.03 | 937598.95 | 970662.11 0.97
$dMn= | 9159845.97 | 8572500.00 | 1.07 | 13137194.09 | 12501562.50 | 1.05 | 9066245.02 | 8572500.00 | 1.06 |13028988.33|12501562.50| 1.04
Pe 10150978.37 | 8940997.24 | 1.14 |[10150978.37 | 8940997.24 | 1.14 |[10014316.71 | 8940997.24 | 1.12 |10014316.71| 8940997.24 | 1.12
A 440.39 325.00 1.36 440.39 325.00 1.36 427.35 325.00 1.31 427.35 325.00 1.31

I 66205.97 57552.08 1.15 66205.97 57552.08 1.15 65228.55 57552.08 1.13 65228.55 57552.08 1.13
leff 65340.58 57552.08 1.14 65340.58 57552.08 1.14 64460.91 57552.08 1.12 64460.91 57552.08 1.12

35x3 (ST37) 35x3 (STs52) 35x3 (ST37) 35x3 (STs52)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

$dPn= | 817014.85 | 798866.85 1.02 1103434.25 | 114513193 | 0.96 78707738 | 798866.85 | 0.99 |1074127.46 | 114513193 | 0.94
$dMn= | 10539152.03 | 9982440.00 | 1.06 |15152637.37 | 14557725.00| 1.04 |10446783.63 | 9982440.00 | 1.05 (15048345.19|14557725.00( 1.03
Pe 11327361.20 | 10270822.10| 1.10 | 11327361.20 | 10270822.10| 1.10 | 11208030.09 |10270822.10| 1.09 |[11208030.09|10270822.10| 1.09
A 491.82 384.00 1.28 491.82 384.00 1.28 479.64 384.00 1.25 479.64 384.00 1.25

I 73668.46 66112.00 1.11 73668.46 66112.00 1.11 72814.99 66112.00 1.10 72814.99 66112.00 1.10
leff 72912.81 66112.00 1.10 72912.81 66112.00 1.10 72144.69 66112.00 1.09 72144.69 66112.00 1.09




40x1.2 (ST37)

40x1.2 (STs52)

40x1.2 (ST37)

40x1.2 (STs52)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

$dPn= | 58554525 | 392053.60 1.49 727852.27 565037.80 1.29 534341.01 | 392053.60 | 1.36 | 677196.35 | 565037.80 1.20

$dMn= | 6687281.96 | 5855016.96 | 1.14 9509431.85 | 8538566.40 | 1.11 | 6587360.20 | 5855016.96 | 1.13 | 9376123.53 | 8538566.40 | 1.10

Pe 10029260.30 | 7266500.25 1.38 | 10029260.30 | 7266500.25 | 1.38 | 9717219.59 | 7266500.25 | 1.34 |9717219.59 | 7266500.25 | 1.34

A 367.49 186.24 1.97 367.49 186.24 1.97 347.02 186.24 1.86 347.02 186.24 1.86

I 68127.47 46773.56 1.46 68127.47 46773.56 1.46 65715.65 46773.56 1.40 65715.65 46773.56 1.40

leff 64557.10 46773.56 1.38 64557.10 46773.56 1.38 62548.53 46773.56 1.34 62548.53 46773.56 1.34
40x1.5 (ST37) 40x1.5 (ST52) 40x1.5 (ST37) 40x1.5 (ST52)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

$Pn= | 655967.29 | 486089.12 1.35 832810.55 700439.61 1.19 606296.50 | 486089.12 1.25 | 783702.20 | 700439.61 1.12

$dMn= | 8085280.33 | 7207380.00 | 1.12 | 11513399.82 | 10510762.50| 1.10 | 7970082.91 | 7207380.00 | 1.11 [11365891.17|10510762.50 1.08

Pe 11643670.13 | 8879036.53 131 |11643670.13 | 8879036.53 | 1.31 |11331417.81 | 8879036.53 | 1.28 |11331417.81| 8879036.53 | 1.28

A 406.51 231.00 1.76 406.51 231.00 1.76 386.69 231.00 1.67 386.69 231.00 1.67

I 77176.43 57153.25 1.35 77176.43 57153.25 1.35 74914.91 57153.25 1.31 74914.91 57153.25 1.31

leff 74948.85 57153.25 1.31 74948.85 57153.25 1.31 72938.92 57153.25 1.28 72938.92 57153.25 1.28

40x2 (ST37) 40x2 (STs2) 40x2 (ST37) 40x2 (ST52)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio [ Composit Steel Ratio

$dPn= | 770093.76 | 639280.43 1.20 1002873.87 | 920905.52 1.09 723066.17 | 639280.43 1.13 | 956445.93 | 920905.52 1.04

$dMn= | 10271261.23 | 9365760.00 | 1.10 | 14666372.89 | 13658400.00 | 1.07 | 10140266.47 | 9365760.00 | 1.08 |14506666.91|13658400.00 1.06

Pe 13906679.75 [ 11397662.86| 1.22 | 13906679.75 | 11397662.86 | 1.22 | 13623298.13 |11397662.86| 1.20 |13623298.13|11397662.86| 1.20

A 470.15 304.00 1.55 470.15 304.00 1.55 451.39 304.00 1.48 451.39 304.00 1.48

I 91310.03 73365.33 1.24 91310.03 73365.33 1.24 89283.26 73365.33 1.22 89283.26 73365.33 1.22

leff 89515.56 73365.33 1.22 89515.56 73365.33 1.22 87691.47 73365.33 1.20 87691.47 73365.33 1.20




40x2.5 (ST37)

40x2.5 (STs2)

40x2.5 (ST37)

40x2.5 (ST52)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

$dPn= | 880819.85 | 788055.22 1.12 1167806.68 | 1134870.43 | 1.03 836393.59 | 788055.22 1.06 | 1124004.29 | 1134870.43 | 0.99

$dMn= | 12304066.06 | 11407500.00 1.08 | 17615998.51 | 16635937.50 | 1.06 | 12165867.05 |11407500.00| 1.07 |[17453197.67|16635937.50| 1.05

Pe 15956562.80 | 13714923.36| 1.16 | 15956562.80 | 1371492336 | 1.16 | 15703380.20 [13714923.36| 1.14 |[15703380.20(13714923.36 1.14

A 532.05 375.00 1.42 532.05 375.00 1.42 514.31 375.00 1.37 514.31 375.00 1.37

I 104313.64 88281.25 1.18 104313.64 88281.25 1.18 102502.86 88281.25 1.16 | 102502.86 | 88281.25 1.16

leff 102710.40 88281.25 1.16 102710.40 88281.25 1.16 101080.70 88281.25 1.14 | 101080.70 | 88281.25 1.14
40x3 (ST37) 40x3 (STs52) 40x3 (ST37) 40x3 (STs2)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

$dPn= | 988232.00 | 932415.98 1.06 1327721.53 | 1342339.79 | 0.99 946342.82 | 932415.98 1.01 | 1286469.19 | 1342339.79 | 0.96

$dMn= | 14202479.04 | 13335840.00 1.06 | 20382704.44 | 19448100.00 [ 1.05 | 14062792.42 |13335840.00| 1.05 (20222277.00|19448100.00( 1.04

Pe 17838072.14 | 15841848.24 | 1.13 | 17838072.14 | 1584184824 | 1.13 |17612608.07 |15841848.24( 1.11 |17612608.07(15841848.24| 1.11

A 592.21 444.00 1.33 592.21 444.00 1.33 575.47 444.00 1.30 575.47 444.00 1.30

I 116249.16 | 101972.00 1.14 116249.16 101972.00 1.14 114636.62 | 101972.00 | 1.12 | 114636.62 | 101972.00 1.12

leff 114821.44 | 101972.00 1.13 114821.44 101972.00 1.13 113370.16 | 101972.00 | 1.11 | 113370.16 | 101972.00 1.11




45x1.2 (ST37)

45x1.2 (STs52)

45x1.2 (ST37)

45x1.2 (STs52)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

¢Pn= 706012.02 | 445033.93 1.59 869122.30 643024.62 1.35 639581.43 | 445033.93 1.44 | 803235.20 | 643024.62 1.25
édMn= | 8602207.79 | 7460760.96 | 1.15 | 12227164.47 | 10880276.40| 1.12 | 8472082.03 | 7460760.96 | 1.14 |12049625.32| 10880276.40 | 1.11
Pe 14865912.46 | 10451126.23 | 1.42 | 14865912.46 | 10451126.23 | 1.42 | 14367283.18 |10451126.23 | 1.37 |14367283.18| 10451126.23 | 1.37

A 442.90 210.24 2.11 442.90 210.24 2.11 416.62 210.24 1.98 416.62 210.24 1.98

| 102458.16 67272.60 1.52 102458.16 67272.60 1.52 98484.12 67272.60 1.46 98484.12 67272.60 1.46

leff 95690.02 67272.60 1.42 95690.02 67272.60 1.42 92480.41 67272.60 1.37 92480.41 67272.60 1.37

45x1.5 (ST37) 45x1.5 (STs2) 45x1.5 (ST37) 45x1.5 (STs2)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

dPn= 786340.06 | 552332.64 1.42 989187.97 797960.34 1.24 721667.00 | 552332.64 | 1.31 | 925077.57 | 797960.34 1.16
éMn= | 10418847.10 | 9199980.00 | 1.13 | 14824186.84 | 1341663750 | 1.10 | 10266011.10 | 9199980.00 | 1.12 |14624250.85| 13416637.50 | 1.09
Pe 17233109.37 | 12802912.51 | 1.35 | 17233109.37 | 1280291251 | 1.35 | 16732739.54 |12802912.51| 1.31 |16732739.54( 12802912.51 | 1.31

A 487.15 261.00 1.87 487.15 261.00 1.87 461.61 261.00 1.77 461.61 261.00 1.77

| 115655.52 82410.75 1.40 115655.52 82410.75 1.40 111900.68 82410.75 136 | 111900.68 82410.75 1.36

leff 110927.37 82410.75 1.35 110927.37 82410.75 1.35 107706.56 82410.75 131 | 107706.56 82410.75 1.31

45x2 (ST37) 45x2 (STs2) 45x2 (ST37) 45x2 (STs2)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

¢Pn= 917163.51 | 727644.86 1.26 1184777.03 | 1051014.65 | 1.13 855478.63 | 727644.86 | 1.18 | 1123682.56 | 1051014.65 1.07
¢Mn= | 13270270.83 | 11990160.00 | 1.11 | 18925275.36 | 17485650.00 | 1.08 | 13091935.85|11990160.00| 1.09 |18703575.27| 17485650.00 | 1.07
Pe 20725828.48 | 16504695.75| 1.26 | 20725828.48 | 16504695.75 | 1.26 |20249071.45 [16504695.75| 1.23 |[20249071.45| 16504695.75 [ 1.23

A 559.51 344.00 1.63 559.51 344.00 1.63 535.17 344.00 1.56 535.17 344.00 1.56

| 13642856 | 106238.67 1.28 136428.56 106238.67 1.28 133018.75 | 106238.67 | 1.25 | 133018.75 | 106238.67 1.25

leff 133409.57 | 106238.67 1.26 133409.57 106238.67 1.26 130340.75 | 106238.67 | 1.23 | 130340.75 | 106238.67 1.23




45x2.5 (ST37)

45x2.5 (STs2)

45x2.5 (ST37)

45x2.5 (STs2)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

¢Pn= | 1044405.14 | 898559.37 1.16 1374957.99 | 1297606.34 | 1.06 985708.19 | 898559.37 1.10 | 1316880.24 | 1297606.34 1.01
¢Mn= | 15935921.05 [ 14647500.00| 1.09 [22782618.92 | 21360937.50| 1.07 | 15743619.40 [14647500.00| 1.07 |[22552040.37| 21360937.50 | 1.06
Pe 23769439.45 | 19945301.53| 1.19 | 23769439.45 | 19945301.53 | 1.19 | 23337521.11 [19945301.53| 1.17 [23337521.11| 19945301.53 | 1.17

A 630.13 425.00 1.48 630.13 425.00 1.48 606.96 425.00 1.43 606.96 425.00 1.43

| 155735.97 128385.42 1.21 155735.97 128385.42 1.21 152646.85 | 128385.42 1.19 | 152646.85 | 128385.42 1.19

leff 153000.92 128385.42 1.19 153000.92 128385.42 1.19 150220.71 | 128385.42 1.17 | 150220.71 | 128385.42 1.17

45x3 (ST37) 45x3 (STs52) 45x3 (ST37) 45x3 (ST52)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

¢Pn= | 1168343.89 | 1065077.68 | 1.10 1560147.03 | 1537738.70 | 1.01 | 1112571.61 | 1065077.68 | 1.04 | 1505011.32 | 1537738.70 0.98
¢Mn= | 18440160.84 | 17175240.00| 1.07 |26423141.45 |25047225.00| 1.05 | 18241936.22 [17175240.00| 1.06 |26191783.89| 25047225.00 | 1.05
Pe 26593140.73 | 23137313.60| 1.15 | 26593140.73 | 23137313.60| 1.15 | 26202821.36 (23137313.60( 1.13 [26202821.36| 23137313.60 | 1.13

A 699.00 504.00 1.39 699.00 504.00 1.39 676.98 504.00 1.34 676.98 504.00 1.34

| 173648.36 | 148932.00 1.17 173648.36 148932.00 1.17 170856.77 | 148932.00 | 1.15 | 170856.77 | 148932.00 1.15

leff 171176.73 148932.00 1.15 171176.73 148932.00 1.15 168664.29 | 148932.00 | 1.13 | 168664.29 | 148932.00 1.13




sox1.2 (ST37)

sox1.2 (STs2)

sox1.2 (ST37)

s0x1.2 (STs52)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

¢Pn= 835897.69 | 497787.55 1.68 1019627.71 | 720543.25 1.42 752316.98 | 497787.55 1.51 | 936582.99 | 720543.25 1.30
éMn= | 10767470.44 | 9260904.96 1.16 | 15301684.90 | 13505486.40 | 1.13 | 10603972.49 [ 9260904.96 | 1.15 |15074029.83|13505486.40( 1.12
Pe 21161484.24 | 14452297.48 | 1.46 |21161484.24 | 14452297.48 | 1.46 | 20403713.26 (14452297.48| 1.41 |[20403713.26(14452297.48| 1.41
A 524.72 234.24 2.24 524.72 234.24 2.24 491.91 234.24 2.10 491.91 234.24 2.10
| 147874.77 93027.64 1.59 147874.77 93027.64 1.59 141680.05 93027.64 1.52 | 141680.05 | 93027.64 1.52
leff 136213.83 93027.64 1.46 136213.83 93027.64 1.46 131336.16 93027.64 1.41 | 131336.16 | 93027.64 1.41

s0x1.5 (ST37) 50x1.5 (STs52) s0x1.5 (ST37) 50x1.5 (ST52)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

¢Pn= 926081.36 | 618287.88 1.50 1154698.55 | 894885.96 1.29 844482.84 | 618287.88 1.37 | 1073659.43 | 894885.96 1.20
¢Mn= | 13061097.58 | 11435580.00| 1.14 | 18573109.07 | 16676887.50 | 1.11 | 12865937.89 |11435580.00| 1.13 |18312741.26|16676887.50| 1.10
Pe 24485498.79 | 17740479.12 | 1.38 | 24485498.79 | 17740479.12 | 1.38 | 23723680.64 [17740479.12 | 1.34 |[23723680.64(17740479.12| 1.34
A 574.21 291.00 1.97 574.21 291.00 1.97 542.22 291.00 1.86 542.22 291.00 1.86
| 166326.84 114193.25 1.46 166326.84 114193.25 1.46 16043859 | 114193.25 1.40 | 160438.59 | 114193.25 1.40
leff 157610.10 114193.25 1.38 157610.10 114193.25 1.38 152706.37 | 114193.25 134 | 152706.37 | 114193.25 1.34

soxz (ST37) soxz (STs2) soxz (ST37) soxz (STs2)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

¢Pn= | 1073501.90 | 815614.23 1.32 1375600.66 | 1180308.89 | 1.17 995236.79 | 815614.23 1.22 | 1297914.62 | 1180308.89 1.10
¢dMn= | 16671914.96 | 14938560.00| 1.12 |23753311.96 | 21785400.00 | 1.09 | 16439054.51 [14938560.00| 1.10 |23458525.23|21785400.00| 1.08
Pe 29636221.77 | 22947780.64 | 1.29 | 29636221.77 | 22947780.64 | 1.29 | 28880793.90 |22947780.64| 1.26 [28880793.90(22947780.64| 1.26
A 655.28 384.00 1.71 655.28 384.00 1.71 624.64 384.00 1.63 624.64 384.00 1.63
| 195548.29 147712.00 1.32 195548.29 147712.00 1.32 190145.41 | 147712.00 1.29 | 190145.41 | 147712.00 1.29
leff 190764.66 147712.00 1.29 190764.66 147712.00 1.29 185902.07 | 147712.00 1.26 | 185902.07 | 147712.00 1.26




50x2.5 (ST37)

50x2.5 (STs52)

50x2.5 (ST37)

s0x2.5 (STs52)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

¢Pn= | 1217171.85 | 1008556.81 | 1.21 1590846.03 | 1459297.92 | 1.09 | 1142280.10 | 1008556.81 | 1.13 | 1516565.81 | 1459297.92 | 1.04
¢Mn= | 20061057.08 | 18292500.00| 1.10 | 28645259.55 | 26676562.50 | 1.07 | 19805207.96 [18292500.00| 1.08 [28333333.80|26676562.50| 1.06
Pe 33951854.85 | 27826325.33 | 1.22 | 33951854.85 | 27826325.33 | 1.22 | 33260005.19 |27826325.33| 1.20 [33260005.19(27826325.33| 1.20
A 734.62 475.00 1.55 734.62 475.00 1.55 705.29 475.00 1.48 705.29 475.00 1.48
| 222924.88 | 179114.58 1.24 222924.88 179114.58 1.24 217976.72 | 17911458 | 1.22 | 217976.72 | 179114.58 1.22
leff 218543.85 | 179114.58 1.22 218543.85 179114.58 1.22 214090.50 | 179114.58 | 1.20 | 214090.50 | 179114.58 1.20

so0x3 (ST37) sox3 (STs52) s0x3 (ST37) s50x3 (ST52)

Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio | Composit Steel Ratio

¢Pn= | 1357547.25 | 1197116.59 | 1.13 1801119.47 | 1731855.16 | 1.04 | 1285966.35 | 1197116.59 | 1.07 |1730171.03 | 1731855.16 | 1.00
¢Mn= [ 23259236.22 | 21500640.00| 1.08 | 33283624.46 | 31355100.00 | 1.06 | 22991089.40 [21500640.00| 1.07 |[32965835.59(31355100.00| 1.05
Pe 37989170.83 | 32390250.49 | 1.17 |37989170.83 | 32390250.49 | 1.17 | 37356799.19 [32390250.49| 1.15 |[37356799.19(32390250.49| 1.15
A 812.21 564.00 1.44 812.21 564.00 1.44 784.17 564.00 1.39 784.17 564.00 1.39
| 248535.95 | 208492.00 1.19 248535.95 208492.00 1.19 244013.17 | 208492.00 | 1.17 | 244013.17 | 208492.00 1.17
leff 244531.55 | 208492.00 1.17 244531.55 208492.00 1.17 240461.05 | 208492.00 | 1.15 | 240461.05 | 208492.00 1.15




f'c= 240 kg/cm2
Fy= 2400 kg/cm2
Es 2040000 kg/cm2
Ec 232000 kg/cm2
30x1.2 (ST37)

Composit Steel Ratio
$Pn= 346008.6348 |1284976.5916| 1.21416511
dMn= 3550835.774| 3226728.96 |1.100444387

Pe 3742950.889 [ 2974032.371 | 1.258544099

A 224.8715294 138.24 1.626674837

I 24642.84469 | 19143.4752 |1.287271221

leff 24092.90774| 19143.4752 |1.258544099
30x1.5 (ST37)

Composit Steel Ratio
$Pn= 397178.02 352179.25 |1.127772331
dMn= 4277924.92 | 3951180.00 |1.082695529

Pe 4310496.67 | 3606291.76 |1.195271197

A 253.91 171 1.484829721

I 28249.78 23213.25 |1.216967997

leff 27746 23213.25 |1.195271197
30x2 (ST37)

Composit Steel Ratio
¢Pn= 479695.6596 | 460595.8418 | 1.04146763
¢dMn= 5405018.139| 5088960 (1.062106627

Pe 5175865.948 | 4570333.55 (1.132491949
A 300.8784314 224 1.343207283
I 33749.48497(29418.66667|1.147213276
leff 33316.40314|29418.66667|1.132491949

f'c= 240 kg/cm2
Fy= 3500 kg/cm2
Es 2040000 kg/cm2
Ec 232000 kg/cm2
30x1.2 (ST52)

Composit Steel Ratio
¢Pn= 446354.8966 (406791.4114(1.097257425
dMn= 5067041.45 | 4705646.4 |1.076800299

Pe 3742950.889 [ 2974032.371|1.258544099

A 224.8715294 138.24 1.626674837

| 24642.84469| 19143.4752 |1.287271221

leff 24092.90774| 19143.4752 |1.258544099
30x1.5 (ST52)

Composit Steel Ratio
¢Pn= 521191.40781502503.9068 | 1.037188768
dMn= 6120000.102| 5762137.5 |1.062105877

Pe 4310496.673 |3606291.763|1.195271197

A 253.9058824 171 1.484829721

| 28249.78235| 23213.25 |1.216967997

leff 27746.12912| 23213.25 |1.195271197
30x2 (ST52)

Composit Steel Ratio
¢Pn= 641756.247 [656714.8603 |0.977222058
dMn= 7760528.561| 7421400 |1.045696036

Pe 5175865.948 | 4570333.55 |1.132491949
A 300.8784314 224 1.343207283
| 33749.48497(29418.66667 (1.147213276
leff 33316.40314129418.66667|1.132491949




30x2.5 (ST37)

30x2.5 (ST52)

Composit Steel Ratio
¢Pn= 558780.3351|564533.3802 {0.989809203
dMn= 6438247.423| 6142500 ([1.048147729

Pe 5946941.174|5429329.543 (1.095336197

A 346.0784314 275 1.258467023

I 38649.9183 |34947.91667 |1.105929108

leff 38279.71814|34947.91667 | 1.095336197
30x3 (ST37)

Composit Steel Ratio
¢Pn= 634449.2158 | 664000.4539 [{0.955495154
dMn= 7386203.077| 7115040 ({1.038111251

Pe 6630834.49916191202.841 | 1.071009087
A 389.5058824 324 1.202178649
I 42996.28235 39852 1.078898985
leff 42681.85412 39852 1.071009087

Composit Steel Ratio
¢Pn= 757130.6703 | 804301.207 | 0.94135215
dMn= 9270799.564 | 8957812.5 |1.034940122
Pe 5946941.174|5429329.543 (1.095336197
A 346.0784314 275 1.258467023
I 38649.9183 |34947.91667 (1.105929108
leff 38279.71814|34947.91667 [ 1.095336197

30x3 (ST52)

Composit Steel Ratio
¢Pn= 867332.1649|945281.7045 [0.917538297
dMn= 10660238.38| 10376100 |1.027383929
Pe 6630834.499|6191202.841 (1.071009087
A 389.5058824 324 1.202178649
I 42996.28235 39852 1.078898985
leff 42681.85412 39852 1.071009087




f'c= 240 kg/cm2
Fy= 2400 kg/cm2
Es 2040000 kg/cm2
Ec 232000 kg /cm2
35x1.2 (ST37)

Composit Steel Ratio
¢Pn= 436529.53 | 338752.22 |1.288639598
¢oMn= 4947780.83 | 4443672.96 |1.113443964

Pe 6243437.31 | 4805206.60 |1.299306737

A 283.10 162.24 1.744963646

I 41634.54 | 30930.5152 |1.346066705

leff 40188 30930.5152 |1.299306737
35x1.5 (ST37)

Composit Steel Ratio
¢Pn= 498165.0773|419436.6892 | 1.18770029
¢dMn= 5975228.807| 5457780 |1.094809393

Pe 7241788.143| 5852335 [1.237418593

A 317.454902 201 1.579377622

I 47608.23497| 37670.75 |1.263798437

leff 46614.48647| 37670.75 |1.237418593
35x2 (ST37)

Composit Steel Ratio
¢Pn= 597873.0612 | 550354.4322 | 1.086341867
¢dMn= 7579664.429| 7065360 [1.072792388

Pe 8695071.627|7471327.086(1.163792125
A 373.2901961 264 1.413978015
I 56844.3232 48092 1.18199125
leff 55969.09088 48092 1.163792125

f'c= 240 kg/cm2
Fy= 3500 kg/cm2
Es 2040000 kg/cm2
Ec 232000 kg/cm2
35x1.2 (ST52)

Composit Steel Ratio
¢Pn= 558327.4198 | 486393.6706 | 1.147892034
¢Mn= 7049988.581| 6480356.4 |(1.087901366

Pe 6243437.311|4805206.604 | 1.299306737

A 283.102902 162.24 1.744963646

I 41634.53667 | 30930.5152 |1.346066705

leff 40188.22677| 30930.5152 |1.299306737
35x1.5 (ST52)

Composit Steel Ratio
¢Pn= 649146.677 |602082.2602 [1.078169413
¢oMn= 8532952.474| 7959262.5 |1.072078283

Pe 7241788.143| 5852335 (1.237418593

A 317.454902 201 1.579377622

I 47608.23497| 37670.75 |1.263798437

leff 46614.48647| 37670.75 |1.237418593
35x2 (ST52)

Composit Steel Ratio
¢Pn= 795941.8852 | 789648.776 |1.007969504
¢dMn= 10861385.01| 10303650 |1.054129848

Pe 8695071.627(7471327.086(1.163792125
A 373.2901961 264 1.413978015
I 56844.3232 48092 1.18199125
leff 55969.09088 48092 1.163792125




35x2.5 (ST37)

35x2.5 (ST52)

Composit Steel Ratio
¢Pn= 694172.4007 | 676829.6805 | 1.025623463
dMn= 9066245.02 8572500 |1.057596386
Pe 10014316.71|8940997.235|1.120044717
A 427.3529412 325 1.314932127
I 65228.55392 | 57552.08333|1.133383018
leff 64460.90686 | 57552.08333|1.120044717

35x3 (ST37)

Composit Steel Ratio
¢Pn= 787077.3757 | 798866.8507 | 0.985242253
dMn= 10446783.63| 9982440 |1.046516045
Pe 11208030.09| 10270822.1 | 1.09124956
A 479.6431373 384 1.24907067
I 72814.98987 66112 1.1013884
leff 72144.69088 66112 1.09124956

Composit Steel Ratio
¢Pn= 937598.95 | 970662.11 |0.965937513
dMn= 13028988.33|12501562.501.042188793

Pe 10014316.71| 8940997.24 |1.120044717

A 427.35 325 1.314932127

I 65228.55 |57552.08333|1.133383018

leff 64461 57552.08333(1.120044717
35x3 (ST52)

Composit Steel Ratio
¢Pn= 1074127.46 |1145131.925[0.937994511
dMn= 15048345.19| 14557725 |1.033701708

Pe 11208030.09| 10270822.1 | 1.09124956
A 479.6431373 384 1.24907067
I 72814.98987 66112 1.1013884
leff 72144.69088 66112 1.09124956




f'c= 240 kg/cm2
Fy= 2400 kg/cm?2
Es 2040000 kg/cm2
Ec 232000 kg/cm2
40x1.2 (ST37)

Composit Steel Ratio
¢Pn= 534341.01 | 392053.60 |1.362928462
¢dMn= 6587360.20 | 5855016.96 | 1.12507961

Pe 9717219.59 | 7266500.25 | 1.33726268

A 347.02 186.24 1.863297621

I 65715.65 | 46773.5552 |1.404974399

leff 62549 46773.5552 | 1.33726268
40x1.5 (ST37)

Composit Steel Ratio
¢Pn= 606296.5027 | 486089.1194 | 1.247294947
¢Mn= 7970082.909| 7207380 |1.105822491

Pe 11331417.81|8879036.529 (1.276199031

A 386.6901961 231 1.673983533

I 74914.90654 | 57153.25 |1.310772468

leff 72938.92225| 57153.25 |1.276199031
40x2 (ST37)

Composit Steel Ratio
¢Pn= 723066.1695 [ 639280.4251|1.131062584
¢Mn= 10140266.47 | 9365760 |1.082695529

Pe 13623298.13|11397662.86 | 1.195271197
A 451.3882353 304 1.484829721

89283.26275

73365.33333

1.216967997

leff

87691.4698

73365.33333

1.195271197

f'c= 240 kg/cm?2
Fy= 3500 kg/cm2
Es 2040000 kg/cm2
Ec 232000 kg/cm2
40x1.2 (ST52)
Composit Steel Ratio
¢Pn= 677196.3518 | 565037.8044 | 1.198497422
dMn= 9376123.526| 8538566.4 |1.098091071
Pe 9717219.591(7266500.247| 1.33726268
A 347.020549 186.24 1.863297621
I 65715.64762 | 46773.5552 |1.404974399
leff 62548.52976 | 46773.5552 | 1.33726268
40x1.5 (ST52)
Composit Steel Ratio
¢Pn= 783702.1987 | 700439.6087 | 1.118871904
¢oMn= 11365891.17 | 10510762.5 |1.081357435
Pe 11331417.81|8879036.529|1.276199031
A 386.6901961 231 1.673983533
I 7491490654 | 57153.25 |[1.310772468
leff 72938.92225| 57153.25 |1.276199031
40x2 (ST52)
Composit Steel Ratio
¢Pn= 956445.9309 [ 920905.5181 | 1.038592898
¢oMn= 14506666.91| 13658400 |1.062105877
Pe 13623298.13|11397662.86 | 1.195271197
A 451.3882353 304 1.484829721
I 89283.26275(73365.33333|1.216967997
leff 87691.4698 |73365.33333|1.195271197




40x2.5 (ST37)

40x2.5 (ST52)

Composit Steel Ratio
$Pn= 836393.5925 | 788055.2157 | 1.06133882
dMn= 12165867.05| 11407500 |[1.066479689

Pe 15703380.2 |13714923.36(1.144984904

A 514.3137255 375 1.371503268

I 102502.8595| 88281.25 (1.161094337

leff 101080.6985| 88281.25 (1.144984904
40x3 (ST37)

Composit Steel Ratio
¢Pn= 946342.8236(932415.9802 |1.014936299
dMn= 14062792.42| 13335840 (1.054511184

Pe 17612608.07 | 15841848.24 (1.111777351
A 575.4666667 444 1.296096096
I 114636.6222 101972 1.124197056
leff 113370.16 101972 1.111777351

Composit Steel Ratio
¢Pn= 1124004.292 | 1134870.43 [0.990425217
dMn= 17453197.67 | 16635937.5 [1.049126187
Pe 15703380.2 |13714923.36(1.144984904
A 514.3137255 375 1.371503268
I 102502.8595| 88281.25 (1.161094337
leff 101080.6985| 88281.25 (1.144984904

40x3 (ST52)

Composit Steel Ratio
¢Pn= 1286469.186 | 1342339.787 [0.958378198
dMn= 20222277 19448100 {1.039807333
Pe 17612608.07 | 15841848.24 ({1.111777351
A 575.4666667 444 1.296096096
I 114636.6222 101972 1.124197056
leff 113370.16 101972 1.111777351




f'c= 240 kg/cm2
Fy= 2400 kg/cm2
Es 2040000 kg/cm2
Ec 232000 kg/cm2
45x1.2 (ST37)
Composit Steel Ratio
¢Pn= 639581.43 | 445033.93 [1.437152065
¢Mn= 8472082.03 | 7460760.96 |1.135552001
Pe 14367283.18|10451126.23|1.374711478
A 416.62 210.24 1.981661295
I 98484.12 | 67272.5952 | 1.46395599
leff 92480 67272.5952 (1.374711478
45x1.5 (ST37)
Composit Steel Ratio
¢Pn= 721667.0025 [ 552332.6441 | 1.306580392
¢dMn= 10266011.1 | 9199980 |(1.115873197
Pe 16732739.54|12802912.51|1.306947894
A 461.6117647 261 1.768627451
I 111900.6794| 82410.75 |1.357840809
leff 107706.5561| 82410.75 |1.306947894
45x2 (ST37)
Composit Steel Ratio
¢Pn= 855478.6284 | 727644.8604 | 1.175681538
¢Mn= 13091935.85| 11990160 |1.091890004
Pe 20249071.45|16504695.75 | 1.226867297
A 535.172549 344 1.555734154
I 133018.7546|106238.6667 | 1.252074774
leff 130340.7458 |106238.6667 | 1.226867297

f'c= 240 kg/cm2
Fy= 3500 kg/cm2
Es 2040000 kg/cm2
Ec 232000 kg/cm2
45x1.2 (ST52)

Composit Steel Ratio
¢Pn= 803235.2008 | 643024.619 |1.249151552
¢Mn= 12049625.32| 10880276.4 |1.107474192

Pe 14367283.18|10451126.23|1.374711478

A 416.6244706 210.24 1.981661295

I 98484.11869 | 67272.5952 | 1.46395599

leff 92480.40875 | 67272.5952 [1.374711478
45x1.5 (ST52)

Composit Steel Ratio
¢Pn= 925077.57 | 797960.34 |1.159302699
¢dMn= 14624250.85|13416637.50 | 1.090008644

Pe 16732739.54|12802912.51|1.306947894

A 461.61 261 1.768627451

I 111900.68 82410.75 |1.357840809

leff 107707 82410.75 |1.306947894
45x2 (ST52)

Composit Steel Ratio
¢Pn= 1123682.564|1051014.648 | 1.069140727
¢dMn= 18703575.27| 17485650 |1.069652845

Pe 20249071.45|16504695.75 | 1.226867297
A 535.172549 344 1.555734154
I 133018.7546|106238.6667 | 1.252074774
leff 130340.7458 |106238.6667 | 1.226867297




45x2.5 (ST37)

45x2.5 (ST52)

Composit Steel Ratio
¢Pn= 985708.186 |898559.3719|1.096987263
dMn= 15743619.4 | 14647500 |1.074833207

Pe 23337521.11(19945301.53|1.170076125

A 606.9607843 425 1.428143022

I 152646.8546|128385.4167|1.188973472

leff 150220.7108 | 128385.4167|1.170076125
45x3 (ST37)

Composit Steel Ratio
dPn= 1112571.609|1065077.683 |1.044591984
dMn= 18241936.22| 17175240 |1.062106627

Pe 26202821.36( 23137313.6 {1.132491949
A 676.9764706 504 1.343207283
I 170856.7676 148932 1.147213276
leff 168664.2909 148932 1.132491949

Composit Steel Ratio
¢Pn= 1316880.238 (1297606.339|1.014853425
dMn= 22552040.37| 21360937.5 [1.055760796

Pe 23337521.11|19945301.53(1.170076125

A 606.9607843 425 1.428143022

I 152646.8546 (128385.4167|1.188973472

leff 150220.7108 [ 128385.4167|1.170076125
45x3 (ST52)

Composit Steel Ratio
$Pn= 1505011.319| 1537738.7 |0.978717203
dMn= 26191783.89| 25047225 |[1.045696036

Pe 26202821.36| 23137313.6 {1.132491949
A 676.9764706 504 1.343207283
I 170856.7676 148932 1.147213276
leff 168664.2909 148932 1.132491949




f'c= 240 kg/cm2
Fy= 2400 kg/cm2
Es 2040000 kg/cm2
Ec 232000 kg/cm2
50x1.2 (ST37)

Composit Steel Ratio
¢Pn= 752316.98 | 497787.55 |1.511321412
¢Mn= 10603972.49| 9260904.96 |1.145025517

Pe 20403713.26|14452297.48 (1.411797209

A 491.91 234.24 2.100045537

I 141680.05 | 93027.6352 |1.522988815

leff 131336 93027.6352 |1.411797209
50x1.5 (ST37)

Composit Steel Ratio
¢Pn= 844482.836 |618287.8763|1.365840846
¢Mn= 12865937.89| 11435580 | 1.12507961

Pe 23723680.64 (17740479.12| 1.33726268

A 542.2196078 291 1.863297621

I 160438.5928 | 114193.25 |1.404974399

leff 152706.3715| 114193.25 | 1.33726268
50x2 (ST37)

Composit Steel Ratio
$Pn= 995236.7949|815614.2252(1.220229815
¢dMn= 16439054.51| 14938560 |1.100444387

Pe 28880793.9 |22947780.64 | 1.258544099
A 624.6431373 384 1.626674837
I 190145.4065 147712 1.287271221
leff 185902.0659 147712 1.258544099

f'c= 240 kg/cm2
Fy= 3500 kg/cm2
Es 2040000 kg/cm2
Ec 232000 kg/cm2
50x1.2 (ST52)
Composit Steel Ratio
¢Pn= 936582.9926 | 720543.2541 | 1.299828965
¢Mn= 15074029.83| 13505486.4 |1.116141203
Pe 20403713.26|14452297.48 (1.411797209
A 491.9146667 234.24 2.100045537
I 141680.0479| 93027.6352 |1.522988815
leff 131336.1558 | 93027.6352 |1.411797209
50x1.5 (ST52)
Composit Steel Ratio
¢Pn= 1073659.428 | 894885.9626 | 1.199772343
¢Mn= 18312741.26| 16676887.5 | 1.098091071
Pe 23723680.64 (17740479.12| 1.33726268
A 542.2196078 291 1.863297621
I 160438.5928 | 114193.25 |1.404974399
leff 152706.3715| 114193.25 | 1.33726268
50x2 (ST52)
Composit Steel Ratio
¢Pn= 1297914.616|1180308.886 | 1.09963979
¢dMn= 23458525.23| 21785400 (1.076800299
Pe 28880793.9 |22947780.64 | 1.258544099
A 624.6431373 384 1.626674837
I 190145.4065 147712 1.287271221
leff 185902.0659 147712 1.258544099




50x2.5 (ST37)

50x2.5 (ST52)

Composit Steel Ratio
¢Pn= 1142280.097 | 1008556.811|1.132588749
dMn= 19805207.96| 18292500 |1.082695529

Pe 33260005.19|27826325.33(1.195271197

A 705.2941176 475 1.484829721

I 217976.7157|179114.5833 (1.216967997

leff 214090.5025|179114.5833(1.195271197
50x3 (ST37)

Composit Steel Ratio
¢Pn= 1285966.35 [1197116.595|1.074219801
dMn= 22991089.4 | 21500640 [1.069321165

Pe 37356799.19|32390250.49 | 1.15333468
A 784.172549 564 1.39037686
I 244013.1712 208492 1.170371867
leff 240461.0541 208492 1.15333468

Composit Steel Ratio
¢Pn= 1516565.811|1459297.921|1.039243453
dMn= 28333333.8 | 26676562.5 |1.062105877

Pe 33260005.19|27826325.33|1.195271197

A 705.2941176 475 1.484829721

I 217976.7157|179114.5833|1.216967997

leff 214090.5025|179114.58331.195271197
50x3 (ST52)

Composit Steel Ratio
¢Pn= 1730171.026 (1731855.162 |0.999027554
dMn= 32965835.59| 31355100 |1.051370769

Pe 37356799.19|32390250.49| 1.15333468
A 784.172549 564 1.39037686
I 244013.1712 208492 1.170371867
leff 240461.0541 208492 1.15333468
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Stiffness for Calculation of Required Strengths

For the direct analysis method of design, the required strengths of encased compos-
ite members and filled composite members shall be determined using the provisions
of Section C2 and the following requirements:

(1) The nominal flexural stiffness of members subject to net compression shall be
taken as the effective stiffness of the composite section, Ef.p as defined in
Section I2.

(2) The nominal axial stiffness of members subject to net compression shall be taken
as the summation of the elastic axial stiffnesses of each component.

(3) Stiffness of members subject to net tension shall be taken as the stiffness of the
bare steel members in accordance with Chapter C.

(4) The stiffness reduction parameter, Ty, shall be taken as 0.8.

User Note: Taken together, the stiffness reduction factors require the use of
0.64E1¢ for the flexural stiffness and 0.8 times the nominal axial stiffness of
encased composite members and filled composite members subject to net com-
pression in the analysis.

Stiffness values appropriate for the calculation of deflections and for use with the
effective length method are discussed in the Commentary.















