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L+AL

20| 5me| £t eIE shs 0 2[5t

M7 10mm SO HAE2 ?

AL 10mm

€= T = 5.000mm - 0.0002
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20| 5me| 27t otS 0 2[5t 2|7k 10mm

EO'I EAAE'|- 65'%%7

AL 10mm

€= T = 5000mm 0.0002
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f=E-¢ (E:Ed A=)

20| 5me| FXj7t 1 ot 25t £AH7F 10mm
=01 BCh EFEA =7 2.0X105Mpa 2 QIS H27?

AL 10mm

€= T =5000mm - 0.0002

f=E-e=(0.0002) X (2.0X10°Mpa) = 40Mpa
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f=E-¢ (E:BFS A=)

20| 5me| FX7t &= ot 25t FAH7F 10mm

Z0 SUCE ELYA T 2.0X105Mpa QM QXS H2?

AL 10mm

€= T =5000mm - 0.0002

f=E-e=(0.0002) X (2.0X10°Mpa) = 40Mpa
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fs < fsa
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1. 2= el E A 24| (cleS=a7H)
- o|E3HEA I H 24 LUH
~ fc: 23z E7r Hh= 8
fc < fca fca: ZAE|E2| 3|8 &H
fs < fsa fs: 220 2= S
— fsa: 22| 5{&3H
(Mpa)
4852
SR RENE Jeo =045
388N (T2 BAdA) | f,=0.42/ 7,
RE Z3dE | £,=2.0V 7,
S RAEEAS) R AgEae | f,= 10,
A AgEaE | f,= 1.5/ Fy
f=0.257,

25



22X 23| EQ| AATV|EZ L7} fck=28Mpa ¥ [

fca=0.4(28Mpa)=11.2Mpa
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CZEH ZEFNXC| HZ| x
AZSH2 fc
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400mm, ==

e
=

10Mpag M, 23 2[E0| 21 &5I=

0.4) (0.3) = 0.6 MN

(

= (1/2) (10Mpa)

(1/2) fc b x

C=
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>T

T=fs As

= 20| 0.2m2 0|1 HZ22| 0| 100Mpall A

X
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fs As = (100) (0.2) = 20MN

T=
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. C

T=fs As

d-(x/3)
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HZ22F0| 0.3m2 0|11 HZ2| 22{0| 200Mpa I

fs As = (200) (0.3) = 60MN

T=
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e MEf: C=T  (1/2)(fo)(b)(X) = fsAs

(fs)/(fc) = (bx)/(2As)

£C
Ec (d X) El—A‘l 7;||AH|)
Iy (€20 = “d /%) = (fs)/(fc) = '(Es/Ec) ((d-X)/%)
Ao R
L d-x e.= fs/Es, e.= fc/Ec, = (n) ((d-x)/x)

(bx)/(2As) = (n) ((d-x)/x)

1
bez —nAs(d—-x)=0
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20| d=250mmO|11 HfZ =l CIZAEZO| CHHA
7

HO| £ pb=300mm, S84
= AAIZHE B | FEE QK| ? (Bt A 4=H|=8)

As=1,000mm?2Q! ttH&

~ b(300mm)

1
ibx2 —nAs(d—x)=0

1
1(250mm) — (300)x2 — 8(1,000)(250 —x) = 0

150x2? + 8,000x — 2,000,000 =0

x2+53.3x - 13,333 =0
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x2+53.3x - 13,333 =0

ax’2+bx+c=0
(a=1, b=53.3, c=-13,333)

_—b+t Vb2 — 4ac
B 2a

d(250mm) X

22 _ —533+./(53.3)% — (4(1)(~13,333))
*= 2 (1)

—53.3 + 237.0
2

x(+) =91.8mm, x(—) = —145.1mm

X =
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x?+45x — 15,750 =0
ax’+bx+c=0

 b(300mm) _ (a=1, b=45, c=-15,750)
—b + Vb2 — 4ac
X =
d250mm) . 2a
i As | | dx —45 4 ./(45)2 — (4(1)(-15,750))
VY ie @ @! ¥ x =
e : 2 (1)
 —135 4255
X = 2

x(+) = 60.0mm,x(—) = —195.0mm
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f.bx(d —

1
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M=Cz,

3

M
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), fs=

d
3

M=Tz, = fsAs(d —
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c= — = =7,200kPa=7.2M
bx(d-3)  (0.4)(0.25)(0.5-22) a pa
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=M =230 __ _ 5 810kPa = 5.81Mpa
bx(d——) (0 5)(0.27)(0.6——3)
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- ZEAAIH 717

v Z3AZEQ URSHO sE= HMYFE2E JPget

b fck 0.85fck

| >] | >] k—>
N C a/2
>SS l a g

/
dox Z=d-(a/2)
T

— —_— T

— 28Mpa< fck < 56Mpa, B,=0.85-0.007(fck-28)

a = Bc { fck<28Mpa, (,=0.85
— fck>56Mpa, B,=0.65

43



1. E2232lE FEAj 24 @=g4=)

- ZEAAIH 717

v ZAZES URSHO sE= AAMNYHELZ TPt
a= BC — fck528Mpa, B,=0.85

— 28Mpa< fck < 56Mpa, [,=0.85-0.007(fck-28)
— fck>56Mpa, B,=0.65

ZAZ|EQ| A 7|E Lk fck=27Mpa¥d I B,= ?

B1 = 085
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rot

hC}

a= BC — fck528Mpa, [31:085
— 28Mpa< fck < 56Mpa, [,=0.85-0.007(fck-28)
— fck>56Mpa, B,=0.65

=32 EQ| A 7|&E ZE fck=35Mpad [ B, =

3,=0.85-0.007(fck-28) = 0.85-0.007(35-28) = 0.801
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1. 2E228Ce|E M B4 Z=a74x)

- ZTE2A%0 2st 29| of A

a/2
< C=0.85fckab

Mn=Cz=O.85fckab(d-%), Mn=Tz=fyAs(d-§)

Mn=3 8 Z £ (nominal strength)
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1. 2E228Ce|E M B4 Z=a74x)

- ZTE2A%0 2st 29| of A

a/2
< C=0.85fckab

C=T, 0.85fckab = fyAs

fy As
0.85fckb

a =
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1. E228elE A 24 Z=44=)

. ZEAA Y| o3t Bo| BN

Z pb=300mm, $2=0| d=550mm ¢! EtEZ ZAZHEEHO| H 2 As=1,500mm?20]|
HYX| 2|0 QJUCH ETAZ|EQ AA 7|4
HIo| dEZ L fy=400MpaO|C}. O CHHO| SHSUEE ?OMIE

C=T, 0.85fckab = fyAs

fyAs _ (400) (1500)

T 085fckb _ 0.85(28) (300) 84.0mm

84
Mn=Tz=fyAs(d-§)=(4OO)(1,500)(550-7) = 304,800,000 N - mm = 304.8kN-m
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1. E228elE A 24 Z=44=)

. ZEAA Y| o3t Bo| BN

Z p=350mm, $2=0| d=600mm ¢! EtEZ ZAZHEEHO| H 2 As=1,500mm?20]|
HYX| 2|0 QJUCH ETAZ|EQ AA 7|4
HIo| dEZ L fy=400MpaO|C}. O CHHO| SHSUEE ?OMIE

C=T, 0.85fckab = fyAs

fyAs _ (400) (1500)

T 085fckb _ 0.85(27) (350) 74.7mm

74.7
Mn:TZ:fyAs(d—g):(4OO)(1,500)(600—7) = 337,590,000 N - mm = 337.6kN-m
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(required strength)
(factored load) 22 A| 7=

A (Z=dAH )
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BREFZZIIE HA ,=0.85

ol

=ZgAEHA ZATE Fx] ¢ ,=0.85
Z

= A|AE A ¢ ,=0.90
@f:{}.85

LMEZ o2 HIkE AEEITE
f N e | b =0.75

7 A
7 olele] AEZEAE BA | 0,=0.70
@f:D.SD
@f:'D.TD
b =10.65
42 TEsIo S YEA) '

b ,=0.65




E3HE F2EAE

=l e

AelE Dot Zets Lo

14D+L7L
2Hg3tE A%
Dol L ® =312 W
LR B W g aprsmiow
2 gstE A%
Do} Wo| A5as
& Wl Aottt OIDHLIW
A2 s
Dol 2 x|zI51Z R
LB RSB e apr L
2 gotE A%
D =) =l& 7
o B2 Aozt 0SDH+L4E
A2 A5
D 'L h=1 S
gr_ ” BEEH L4DHL7L+18H
=2 Al B
zZHasl= He
sk A Q9D+L7L+LSH
D7} HE oA 2
DL & A1 B2
1ADHL7LA15E
2Hg3kE A5
D7} F2| 312
7FFel 24 0.9D+L.7L+L5F
THend A
D¢} Lejo] TS Zajad | 075 LADHL7LALST
e = 14D+L5T)

U=L3D 215 L LA LX) (E1)

U=13D+L AL IO LW {E2)

U=13D+LHLAD+L3CF+L7EH1.30
+L3OFWHWLABK) (E.3)

U=L3DH LA L HL A F+L AL I LIS (B4

U=125D+L6E-L25OHL25WHLSG (E5)

U=125D+1.25(L+H) +L.25CQF+L GBEIL.25Q
+125(05WH AHBK)+L.5G E6)

U=D+H+O+E ED

U=L3DHLHLAD+LIF+L7HALIOHLICESR)

U=12D+LBEHL 20+ 2WHL 200 E9)
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W=25kN/m?3)

=
o

W, =30kN/m

4OOmmJ

500mm

d=

b

m
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. ZEMAHO| LA

W, =30kN/m

L

b=400mm
|

1

d=500mm

m

Wy (R&38%)=25 X 0.4 X 0.5 = 5kN/m
W, (AI=8t5)=14D + 1.7L = 1.4W, + 1.7W, = (1.4X5)+(1.7X30) = 58kN/m

- a5
,(ERETE)=— =58 ;7)2

My (BAZE)=Mu/®=355.2/0.85=417.88kN-m O| 2}

M

= 355.2kN-m
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W=25kN/m?3)

=
o

W, =20kN/m

450mmJ

550mm

d=

b
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2| 2= 47E)

o LU MAHEHO| MA| tbeH

W, =20kN/m

b=450mm

| ]

d=550mm

| Sm |

W, (L8 }FE)=25 X 0.45 X 0.55 = 6.2kN/m
W, (A$8t5)=14D + 1.7L = 14W, + 1.7W, = (1.4X6.2)+(1.7X20) = 42.7kN/m

M

. w12
(cedE)=— =22 _ 341 6kN-m

’ 8
My (A A Z E)=Mu/®=341.6/0.85=401.88kN-m O| A}
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2 . HO =2 ofj &5k EA (A0 7| =7H)

- 2412 7|2 78

— 2AEZE

‘Md =® - Mn > Mu

OK
02t
ot
03!
H1

oy
|.|'|
N
>
N
1
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AER (balanced condition)

= 2

Al
o

0| 0.0030 O|ZA &=

1

x .
=H Y

O}
=]

t™ (balanced section)
Y (balanced beam),

SiC
O -

ris
ris
s

1

-
(@]
o

A Z2H| (balanced steel ratio)

1

-
o
o

59



o

0j0 _ mal
Kir _

50 olo

_ . ' KO

: 7 =

=
e (balanced condition)

ml

LH

S

>

w

<0

100 100

¥ TH

Hr

00 =

o <0

mﬁ 1l

oV 7

i I
> ol 7
mu ol d
M ._..__.|_ S il
e = 100
0 KO 5 rH
pd ol g R
o] < © =0
= = = B
g ooB
150 ud 130 )l
Mk o7 B4 L

o K 100

v
Ot
=
iy

60



0.85fckab

<
N
>
o2 M
~ Y ;9
~ T
© __/_ g
m >
v 5
i !
O
y— |
LN .
o0 I
OH .
T
= -
© I

©
o
5 >
LN
% o
>
I M d
w I ,W
(Vp)
. L o
I . o
. =
I & @« O
! a4
I .. ]
- o)
X @) °
Xy 2 ©
()
! “ ! I ,WE
N o % +
o ol m
o =)
S
< © __O
O o)
@) @)

61



TO|E £, 0.85fc

C=

600

fck

fy 600+fy

P, = 0.85 B,
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b=300mm _

0.0111

2,000
(300)(600)

As
bd

H|) =

M
= -

p(

63



b=400mm _

0.00714

2,000
(400)(700)

As
bd

H|) =

M
= -

p(
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0.003

500mm ¢l

13o] 88 £0] d=

C
—

- 500 = 300mm

600
600+400

.d =

600
600+fy
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rH

=
E
70

rH

600
600+fy

0.003
fy
Q003+-ES

Cb:

600mm &l

GENCEEUIE

C
—

= 400mm

- 600

600
600+300
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400Mpa

=27Mpa, fy
600

600
fy 600+fy

fck
= HAZE 2Ol fck

gS

—

pb = 0.85 B1
C

0.029

600

400 600+400

~ 27
> 50047y = (0.85)(0.85)

fck

o, = 0.85 B,
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400Mpa

=35Mpa, fy
600

600
fy 600+fy

fck
= HAZE 2Ol fck

gS

—

pb = 0.85 B1
C

0.035

600

400 600+400

35

= (0.85)(0.801)

fy 600+fy

fck

o, = 0.85 B,

68

—> 0.85-0.007(35-28)




CHE 2 AALZY HOA fck=27Mpa, fy=400Mpal I 73 M2 ?
(b=300mm, d=500mm)

600

0.85 fck 600 B
oy = 085 B, - Y 600+fy = (0.85)(0.85) = —>—= 0.029

As = p, bd = (0.029) (300) (500) = 4,350mm?

69



fck "
pp = 0.85 [31 = HHEZES #HEE 2|

CHE 2 A A2 HOA fck=35Mpa, fy=400Mpal I 73 M2 ?
(b=300mm, d=500mm)

600

fck 600 _
P, = 0.85 [31 Fy  600+fy = (0.85)(0. 82) 700 cooraos = 0.035

—> 0.85-0.007(35-28)
As = p, bd = (0.035) (300) (500) = 5,250mm?

70



v Adntaer X E S|

- A (ductile failure) : 82 A &5 R, #YE 2 B0 H M2 HE2 Hi2

I

=
WAMIE (under reinforced beam), MEZ4 &

£.=0.003 Z3E2|ES| HEEO| 0.0030] =FE[7] 0
/ HI0| HX &5 HAE eyl ==
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v Adntaer X E 2|

THEZE [T B2 pra = 0.75p,

Z b=400mm, d=650mm¢! CHEZ RAAZIS Hoj| HiZ2 & = Y=

E|CH Q1% B2 THHA2 ? (fck=26Mpa, fy=400Mpa)

B 3 fck 600 600
Pmax =075 Py = 0.75(0.85 B, = /=) = 0.75(0.85)0. 85) — ——

= 0.0211

A bd = (0.0211) (400) (650) = 5,486mm?

S, max pmax
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v Adniaer =i E |

THEZE Z[O E2H| p. = 0.75p,

Z b=500mm, d=700mm¢! TFEZ A4 2o Hi2 & =+ U=

ECH Q1Y B HHHA2 ? (fck=35Mpa, fy=400Mpa)

~075 py = 0.75(0.85 B, v —22_ ) _ 0.75(0.85)(0.801 600
Pmax = 15 Pp = 75( 85 [31 fy 600+f ) B 75( 5)( 8 )400 600+400

= 0.0268

As max= Prmax 0d = (0.0268) (500) (700) = 9,380mm?
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HHEO M B2 B2 2

:l.
WCHE 2 E (over reinforced beam), 22 HE
ot

2 =0t 1| (compression failure)
Hi 2=l QIMAEAZ0| HE M2 B2

0.25./fck 1.4]
fy ' fy

Pmin = Max [
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v ANTHIIS MTHE RN U AAND

0.25./fck 1.4
fy ' fy

Pmin = Max [

b=400mm, d=650mm¢! TrH&Z 2AZES HOf| B2 SOt Sl=
o

X|aoko| QI HALHHE 2 ? (fck=26Mpa, fy=400Mpa)

0.25v26 1.4

0.25,/fck ]
400 ' 400

fy

max [ , ]1,;] = max [ = max [ 0.0031, 0.0035]

= 0.0035

A. min= Pmin bd = (0.0035) (400) (650) = 910mm?
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v ANTHIIS MTHE RN U AAND

0.25./fck 1.4
fy ' fy

Pmin = Max [

b=500mm, d=750mm¢! CrHEZ AAtZIS 2O B2 SOt Sl=
o

X A0H0| QIE MACIHHEY 2 ? (fck=28Mpa, fy=300Mpa)

0.25v28 1.4

0.25,/fck ]
300 ' 300

fy

max [ , ;y“] = max [ = max [ 0.0044 , 0.0046]

= 0.0035

A, in= Pmin bd = (0.0046) (500) (750) = 1,725mm?

s, min—
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v 2AEEE

My = SHZZE (nominal flexural strength)

My = ® Mn = ® T-z = ® Cz = @ Asfy(d-2) = © 0.85fck a b (d-%)
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v 2AEEE

b=400mm, d=600mm ¢ TtEZ A2 20| As=2,500mm? Hi &
gt A A & LT+ ? (fck=28Mpa, fy=300Mpa)

a(E7tSHAIZY Z00))=—2SY  _ _(2500B00) _ 5g gy

0.85fckb  (0.85)(28)(400)

78.8

F=)=As fy (d-2) = (2,500)(300)(600 — —=) = 420,450,000N-mm=420.4kN-r

<
=
O
ot
[Hot
O\l

<
a
mx
vl
[Hot
OU

2 )=dOMn=0.85X420.4=357.3kN- m
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v 2AEEE

b=500mm, d=700mm¢l TtEZ AAtZIE H0|| As=3,000mm?2 B2
st A AA & LT+ ? (fck=28Mpa, fy=300Mpa)

= A 3,000)(300
a(S7FSHAY ZON= T2 = AT = 75.6mm

75.6

Mn(ES & & ZE)=As fy (d-—) = (3,000)(300)(700 — —=) = 595,980,000N-mm=596.0kN-n

M (B A & Z E)=dMn=0.85X596.0=506.6kN- m
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v EAEEE

B0l 6m¢@l Eh=HE 7} =Zdks W =25kN/met 1 -3s Wy=15kN/mE &0 QUL
CtH 2 ZAFZE EO|H, b=400mm, d=600mm, As=3,000mm?,
fck=28Mpa, fy=400Mpa¥ [If =O{Zl E7} HehotX| H2H|ef A E HESIHAIR

- 2CH EE

AS
v | _ 22 — 3000
p (B2H|) = = e 0.0125
=0.75 p, = 0.75(0.85 fck 600 0.75(0.85)(0.85 600
pmax -V pb - Y ( . B1 fy 600+fy ) - ( )( )400 6004400 = 0.0227
0.25./fck 1.4 0.25v28 1.4
Prin = Max [ =—22=, = = max [=,0=, ;=] = max [ 00033, 0.0035]

= 0.0035
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- HPH HE

As 3,000
7C-I:L — ’ —
LH|) = 7 = e = 0.0125
~0.75 o, = 0.75(0.85 p, L5k 690 0.75(0.85)(0.8 600
Pmax =0.75 = 0.75(0.85 B~ =0 ) = 0.75(0.85) 5) 15 zocrags = 0-0227
0.25\/fck 1.4 0.25v28 1.4
Prin = Max [ =—22=, 2 = max [=,0=, ;=] = max [ 00033, 0.0035]

= 0.0035

Prmin < P < Pmax
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Wu=14Wy + 1.7W = 1.4(15) + 1.7(25) = 63.5 kN-m

wul> _ (63.5)(6)*
8

= 285.7 kN-m

_ Asfy _ (3,000)(400)
" 0.85fckb  (0.85)(28)(400) 126mm

My(2 A 2L E)=0DAsfy (d-ﬂ)
= (0.85)(3,000)(400) (600 — ﬁ) = 547,740,000N-mm=547.74kN-m

Mu(2824E) < My(BAZEZE) (OK)
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v EAEEE

Bt0] 7m¢@l Et=HE 7} =Zdts W =30kN/met 1 -3s Wy=20kN/mE 210 QUL
CtE 2 ZAFZE EO|H, b=500mm, d=700mm, As=4,000mm?,
fck=28Mpa, fy=400Mpa¥ [If =O{Zl E7} HehotX| H2H|ef A E HESIHAIR

- 2CH EE

AS
v | _ 22— 4000 _
p (B2H|) = = G0 = 0.0114
=0.75 p, = 0.75(0.85 fck 600 0.75(0.85)(0.85 600
pmax -V pb - Y ( . B1 fy 600+fy ) - ( )( )400 6004400 = 0.0227
0.25./fck 1.4 0.25v28 1.4
Prin = Max [ =—22=, = = max [=,0=, ;=] = max [ 00033, 0.0035]

= 0.0035
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- EDH HE

AS 4000

HMa)) = 2 =
p (ZH)) bd (500)(700)

= 0.0114

2075 py = 0.75(0.85 B, 225 090y _ (7500.85)0.85) 2 —° _ _ 00227
Pmax =412 Pp = Y- 85 B fy 600+fy’ ' =~/ 400 600+400
.25 k ; 0.25v28 1.4
Prin = Max [ 2225 28 = max [0, 2] = max [ 00033, 0.0035]

= 0.0035

Prmin < P < Pmax
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Wu=14W, + 1.7W, = 1.4(20) + 1.7(30) = 79.0 kN-m

Mu(288ZE) = Wb = PI0L - 4838 kN-m

_ Asfy _ (4,000)(400)

" 0.85 fck b (0.85)(28)(500) 134.4mm

My(BA BB E)=0Asfy (d-)

134.4

= (0.85)(4,000)(400)(700 — T) = 683,808,000N-mm=683.8kN-m

Mu(2QEZE) < M(BAEZE) (OK)
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Ol o= HiD)
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Ol gL = HiT)

N

—r

<k
H0

<
M

-

KF

N

—r

<

I

<
M

-

K
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- %A mE S

70

L=
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= Efd Z32|E : 100mm O] A

S
T3 Fo| 28 s 23A2|E : 80mm O 4

20| ™olAHL Z2|o 57|40 Y &&= 23 E
(A2 D29 0|4 : 60mm 0|4, D250|38} : 50mm O|4t, D16 0|3} : 40mm Of &)

Z2|9| S7|LF F0i| HE HotX| = 23 E

(
(

LS — 1T—

o e BIA ZM : 40mm 0|4 (D35 O|Ah), 20mm O 4t (D35 0|3}

A0mm O] & (&, 7|&) - fck7t 40Mpa O| A& 0| H - =

ZHO A 10mm X2
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v

My=®fyp(1- 059p

/Eq:p&

}{_) bd2 =@ fy p (1 - 0.59 q) bd?

,/'/

l’ AS=pbd

__Asfy

}

My=®Mn=0Tz=0Cz= 0 Asfy(d-D)

" 0.85 fck b

R = XA =

T

91
L



KX & 2 A= X2 6eme

SI= 20kN/mE

X~
o

al

2SS 40kN/m, A}

__I.L

=13
o

=)

ct

<4

=28Mpa, fy=400Mpa, £

(St fck

- 245HE Wu

Wu = 14D + 1.7L = 14-:20 + 1.7-40 = 96kN-m

-

~NO

fold
4

-t

~NO
jofd
&

Mu =2 = 266° _ 439kN - m
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v THE 2 ALY 2ol A
- OHH JHY
0.25./fck 1.4 0.25v28 1.4
Prin = Max [ =—37=, =] = max [ ==, 771 = max [ 00033, 0.0035]
= 0.0035
=0.75 0.75(0.85 B, L& 699 0.7 600
pmax pb - ( B1 fy 600+f ) — 5(0 85)(0 85) 200 600+400 = 0.0227

o

Y HIHIE 05p,,2 278

p=05-0.0227 = 0.0113

r
=

7t

ox

R=p fy (1 —059p )—00113400(1 - 0.59-0.0113- @) = 4.09
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400

R=p fy (1-0.59 p %) = 0.0113-400-(1 - 0.59-0.0113- —=) = 4.09
Md = ®Rbd? > Mu
0.85-4.09bd? > 432-10-3

bd2 > 0.133 -> d=0.6m =2 7}H8lH b=0.37m

94



b d=0.0113-600-370 = 2,508mm?2
2 B2 5-D25 (As=5-506.7mm?2 = 2,533.5mm?)

J 50mm O 4
(7} 220 MK, D25HZ ALR)

=7t 25 4mm O| 4

95



=2t 25 4mm O| At

$ 50mm O] 4t
(27} 22[0f] MX|, D25HZ AMR)

96
L



o

Ho| MM =0 29 >

H |

I_Jll_ﬁ |-7:| (25mm 0|AI-)

[ IS5 (50mm 0[4)

=2t 25 4mm O| At

h=d+E3E85) 4 (D259] FF) + (D109] FF) + (TEFH)

= 600 + +( >) + (25.4) + (9.53) + (50) = 697.4mm
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oy 22H HE

As _ 2,533.5

P =1o= Gaoees = 0.0114 < p,,, (0.0227) (OK)

Ala MoH ZE

p = 0.0114 > p . = 0.0035 (0OK)
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Asfy _ (2,533.5)(400)

= 115.1mm

0.85fckb  (0.85)(28)(370)

Md = ®Mn
=0 As fy (d-(a/2)) = 0.85-2533.5-400(600 — (115.1/2))

= 467,261,000 N-mm = 467.26 kN-m > Mu=432.0 kN-m (OK)
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KX & 2 A= X2 6eme

Sts 15kN/mE

X~
o

al

25+=S 30kN/m, At

__I.L

=13
o

=)

ct

<4

=28Mpa, fy=400Mpa, £

(St fck

- 245HE Wu

Wu =14D + 1.7L = 14-15 + 1.7-30 = 72kN-m

-

~NO

fold
4

-t

~NO
jofd
&

Mu =2 = 726° _ 3o4kN - m
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v THE 2 ALY 2ol A
- OHH JHY
0.25./fck 1.4 0.25v28 1.4
Prin = Max [ =—37=, =] = max [ ==, 771 = max [ 00033, 0.0035]
= 0.0035
=0.75 0.75(0.85 B, L& 699 0.7 600
pmax pb - ( B1 fy 600+f ) — 5(0 85)(0 85) 200 600+400 = 0.0227

o

Y HIHIE 05p,,2 278

p=05-0.0227 = 0.0113

r
=

7t

ox

R=p fy (1 —059p )—00113400(1 - 0.59-0.0113- @) = 4.09

101



400

R=p fy (1-0.59 p %) = 0.0113-400-(1 - 0.59-0.0113- —=) = 4.09
Md = ®Rbd? > Mu
0.85-4.09bd? > 324-10-3

bd2 > 0.093 -> d=05m 2 7}H38lH b=0.37m
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b d=0.0113-500-370 = 2,090mm?2
2 B2 5-D25 (As=5-506.7mm?2 = 2,533.5mm?)

J 50mm O 4
(7} 220 MK, D25HZ ALR)

=7t 25 4mm O| 4
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=2t 25 4mm O| At

$ 50mm O] 4t
(27} 22[0f] MX|, D25HZ AMR)

104
L



o

Ho| MM =0 29 >

T X277t (25mm 0| 4h
1

o) =2 &7 (50mm 0|4

=2t 25 4mm O| At

| 7|-Z||

h=d+E3EE3) 1 (D259] ZF) + (D102 FF) + (L=

= 500 + +(22—5) + (25.4) + (9.53) + (50) = 597.4mm
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oy 22H HE

As _ 2,533.5

P = 1o= Gaorees = 0.0137 < p,,, (0.0227) (OK)

Ala MoH ZE

p = 0.0137 > p .. = 0.0035 (0K)
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Asfy _ (2,533.5)(400)

= 115.1mm

0.85fckb  (0.85)(28)(370)

Md = ®Mn
=0 As fy (d-(a/2)) = 0.85-2533.5-400(600 — (115.1/2))

= 467,261,000 N-mm = 467.26 kN-m > Mu=324.0 kN-m (OK)
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Crgol ZUC=E E AL BHo| A & =& % [, CtEZ = Z A At
offof XAl SEZEE AL OF EX|E EHYESIAL
b=300mm, d=500mm, d'=50mm, As=3,500mm?,
As'=1,000mm?, fck=21Mpa, fy=400Mpa

_As _ 3500 _
bd  (300)(500) 0.023
) fck 600 ) 600
Pmax =0-75 p, = 0.75(0.85 [31 7 600+fy ) = 0.75(0.85)(0. 85) 700 2007200 = = 0.0170

Jh

P> Prax A2E SHEDTEE AL
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Crgol ZUC=E E AL BHo| A & =& % [, CtEZ = Z A At
offof XAl SEZEE AL OF EX|E EHYESIAL
b=300mm, d=500mm, d'=50mm, As=3,000mm?,
As'=1,000mm?, fck=28Mpa, fy=400Mpa

_As _ 3000
P=1q ~ (300)(500) 0.02
fck 600 600
Pmax =0.75 pp = 0.75(0.85 [31 ) = 0.75(0.85)(0.85) = = 0.0227

fy 600+fy 400 600+400

D < Py YO CHEZAHZ At
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0.85fck

(a/2)

d-(a/2)

Mn, = A, fy (d-(a/2)) = (As-As’) fy (d-(a/2))

A, fy (d-d) = As' fy (d-d")

Mn,
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Joll

100

joll

100

28Mpa, fy=400Mpa

2,000mm?, fck

300mm, d=500mm, d'=50mm,As=4,500mm?, As'

b=

Q
(@)
<t
—
[
o
S|l ~
<t | O
~| S
OSlm
[en ) I
O)
x|
N
ol n
Qo
_%0
—/
Il
S
n)w
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g
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a=

<
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wn
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il 3
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A
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o4 w_l A
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SE
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=
ol
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Q|
N
ol
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Qe
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|
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5]
gy
Y&
n| R
<|o
N—r

a=

Mn, = A, fy (d-(a/2)) = (As-As’) fy (d-(a/2))
Mn, = (4500-2000)(400)(500-(140/2))

0.85fck

(a/2)

430,000,000 N-mm

430.0 kN-m

0.85 (360 + 430)
671.5 kN-m

Md = ®(Mn; + Mn,)
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Joll

100

28Mpa, fy=400Mpa

=2,200mm?, fck=

600mm, d'=50mm,As=5,000mm?3, As’

b=400mm, d

O
N~
—
—
[
o
S|l ~
<t | O
~ i
I\
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~ | @
N
ol n
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Qlo
—/
N
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n)w
%)
g
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VJMA.A.
G
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D=2
s
c
>
RO =

) O
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b=400mm, d=600mm, d'=50mm,As=5,000mm?, As'=2,200mm?, fck=28Mpa, fy=400Mpa

_(As-4s")fy _ (5000-2200)400

0.857ck b 0.85(28)(400) 117.6mm
0.85fck Mn, = A, fy (d-(a/2)) = (As-As) fy (d-(a/2))
1 @2  Mn, = (5000-2200)400)(600-(117.6/2))
T G - 606,144,000 N-mm
42/ - 606.1 kN-m
Mn, Ly 1 Md=o(Mn, +Mn,) =085 (484 + 606.1)

= 926.6 kN-m
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T=C1 + CZ
As fy

As' fy + 0.85 fck a b
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C, + G
As fy = As' fy + 0.85 fckla

T

o0

N\
~

©
0
o) O
Qa &«
] T
o A
< © o)
- 0
O _l ©
0 & /O.
0 Y—
| &
I o N
< S ol
_ =
+ S &
\ﬁ a Y
4 %
o | )
2|2 I <
1
y o)
I y— _O.
~ 7))
Q <
v
A___b
o)
_0.

Cp . & = (d-¢,) : gy

A4
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le |

600

Cb = 600+fy d l
d-c,
S fck ¢ ’
pb=0‘85[31 F j + p
_fy
Y Es - fck 600 ,
P,=0.85p, y 0017y +p

Do =pp +p (FHEHI)

-

0%

2 Qo)
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Ch=o| o= & ST HALY 29| 2AE@EEE 7oL

b=300mm, d=600mm, d'=50mm, As=3,500mm?, As'=1,000mm?, fck=21Mpa, fy=400Mpa

. EMadz AASIX| HAE
As

_As _ 3500
P=pa = (300)(600)

Prmax =0.75 p, = 0.75(0.85 B,

= 0.0194

600 600

fck
fy 600+fy ) = 0.75(0.85)(0. 85) 400 600+400 = 0.0170

p>p,.., UOZ BSEIHZ A AtstCt

. X EZ2H HAE
P, =0.75p, +p’ = 0.017 + 0.0055 = 0.0225 > 0.0194

L HO| Dbl QFAEIAS YEOoR AREI,
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ChEo =22 & S22 HAMLY 2ol 24888 7ot

b=300mm, d=600mm, d'=50mm, As=3,500mm?, As'=1,000mm?, fck=21Mpa, fy=400Mpa

- 2AEZE ALt

_(as-4s")fy _ (3500-1000)400

0.85fck b 0.85(21)(300) = 186.7mm

Mn, = A, fy (d-d’) = 1000(400)(600-50)=220,000,000N-mm=220kN-m

Mn, = (As-As’) fy (d-(a/2))=(3500-1000)(400)(600-(186.7)/2)) =506,650,000N-mm
=506.65kN-m

Md = ®(Mn; + Mn,) =0.85 (220 + 506.65)
= 617.6 kN-m
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Ch=o| o= & ST HALY 29| 2AE@EEE 7oL

b=200mm, d=650mm, d'=50mm, As=4,000mm?, As'=1,000mm?, fck=21Mpa, fy=400Mpa

. EMadz AASIX| HAE
As

_As 4000
P=%a = (200)(650)

Prmax =0.75 p, = 0.75(0.85 B,

= 0.03

600 600

fck
fy 600+fy ) = 0.75(0.85)(0. 85) 400 600+400 = 0.0170

p>p,.., UOZ BSEIHZ A AtstCt

. X EZ2H HAE
P, =0.75p, +p’ = 0.017 + 0.0077 = 0.0247 > 0.0194

L HO| Dbl QFAEIAS YEOoR AREI,
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ChEo =22 & S22 HAMLY 2ol 24888 7ot

b=200mm, d=650mm, d'=50mm, As=4,000mm?, As'=1,000mm?, fck=21Mpa, fy=400Mpa

- 2AEZE ALt

_(as-4s")fy _ (4000-1000)400

0.85fck b 0.85(21)(200) = 336.1Tmm

Mn, = A, fy (d-d’) = 1000(400)(650-50)=240,000,000N-mm=240kN-m

Mn, = (As-As’) fy (d-(a/2))=(4000-1000)(400)(650-(336.1)/2)) =578,340,000N-mm
=578.34kN-m

Md = ®(Mn; + Mn,) =0.85 (240 + 578.34)
= 695.6 kN-m
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ASIE BHIE T} 350kN-m, &35S DHE 7} 200kN-m LIj AQ HAZES [ASHA| L.

O] £2 400mm, =0|= 600mmZ ATt fck=28Mpa, fy=400Mpa O|C}.

(D109 UE +5| AEH Hi2)

(@)
Mu = 1.4Mp + 1.7M, = 1.4(350) + 1.7(200) = 830kN-m
. CHEAEZ A Jts A
I E=Rey) | S R A s %% 184510 d 7HE - d=600-100=500mm

Pmax =0.75 p, = 0.75(0.85 [31

0 _ 600
fy 600+ ) = 0.75(0.85)(0. 85) = 0.0227

400 600+400

As, . =p._ b d= 0.0277 (400) (500) = 5,540mm?
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AtStE ZHEZL 350kN-m, 23ts ZHIETE 130kN-m Y A2 HIHS FotA| 2,
CH HO| Z2 400mm, &0|= 600mmE H[$+otL fck=28Mpa, fy=400Mpa O|Ct.
(D102 U =2 AEF HiZ)

- Z|IEZTS| HHEZE dAZZEt AL HWSHY CHEAEE 44 7t I
_Asmax fy _ _ 5540(400)
"~ 0.85fckb  0.85(28)(400) 232.7mm

Mysinge= ® As,max fy (d-(a)/2) = 0.85(5540)(400)(500-(232.7/2))=722,643,140N-mm
=722.6kN-m <Mu
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v BHI FAZE 2ol M

AtStE ZHEZL 350kN-m, 23ts ZHIETE 130kN-m Y A2 HIHS FotA| 2,
CH HO| Z2 400mm, &0|= 600mmE H[$+otL fck=28Mpa, fy=400Mpa O|Ct.
(D102 U =2 AEF HiZ)

- F7HEQ HA”ZE M,
M, = 830 — 722.6 = 107.4 kN-m

« UZEHZZ A (d'=50mmE 7I7)

) Mul 107,400,000
As' = ————— = = 702mm?
dfy(d—d') ~ 0.85 (400)(500—50)
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HETJt 350kN-m, E5t5 ZHETL 130kN-m L &9 HIZS AL,
400mm, &0[|= 600mm=ZE X|2t5t1 fck=28Mpa, fy=400Mpa O|C}.

(D102 Ul =% AE & Hi)

A 6242
OI_|XOI-X'|E-H| =p=b—S = W(SOO) = 0.031

OrAX AY| _~_AS _ 702 _

2= 2H| =p =bd = @000 = 0.0035

Z|CHE ZH| = pmax=0.75pb + p’ = 0.031 + 0.0035 = 0.0345 > 0.031
EShelpey
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(@ 3 TH (b ¥thd TH
CooE TE R - M TEHE
@ L/4 @ 6t+bo

@ 16t+bo @2 L/12+ho

® b=b (61714, b 91 SuBe T4 Zo) B 1y/2+hy (= <A B Lo Y=Ag)
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27

TIEE

HZ M
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|

N
Vv

132



Creol 222 & T 29| 2428 = AL, HALGEE

[E

e Jhs o HE

b=800mm, d=500mm, t=150mm, b,=300mm, As=3200mm?, fck=28Mpa, fy=400Mpa

As fy (3200)(400)

~ 085fckb 085 (28)(800) 67.2mm < 150mm

A HO R M7 Ths
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v THES A Ed | L

Cf=0.85 ka tf (b'bw)

a
d-

C,=0.85 fck a b,
|\/IW

_V_>
® T,,=(As-Asf) fy




Cf=0.85 ka tf (b‘bw) Cf:Tf
4/\
0.85 fck t; (b-b,) - Asf fy = 0
d-4
2 Acf = 085 fcktf (b=bw)
fy
_V_> .
Te=Asf fy Mye = As fY d = (%)
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2. HO| 2 o Bl 2 A THE)

v TEEO| 2AZEE

4_

d-2
2

S
T, =(As-Asf) fy

C,=0.85 fck a b,,

T

=5 220 &43ots AYEZE A =AAA
C,=T

w w

0.85fckab, - A, fy=0

_ _AsSY
0.85 fck bw

Mo = Agy Y d = (5))

My = As fY (d — (52’1))
|vln = an + Mnf
= A fY (d - (2)) + A5 fY (d - (%)
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CrEd 22 =de = & TR 2AEEEE Folet
b=600mm, d=450mm, t;=100mm, bw=280mm, As=3500mm?, fck=24Mpa, fy=400Mpa

_ _ATY _ (3500)(400) & by
= Usrers @ T 0ssemeony . LrA-3mm > 100mm (Ts o 27)

0.85 fck tf (b—bw) _ 0.85 (24) (100) (600-280) _
fy 400

=8 220 &435t= &2 BHHA 3500 - 1632 = 1868mm?

Asf = = 1632mm?

A,.fy _ (1868) (400)

= 085 fckbw  0.85 (24)(280) = 130.0mm

Ma= O Ay, fY (d — (2)) +4s Y (d = (3))

= 0.85 (1632(400) (450 - (@)) + (1868)(400) (450 - (%)))
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2. HO| 2 o Bl 2 A THE)

v TEEO| 2AZEE

CHeat 22 2702 E THE| MAHZEE Folzt

b=600mm, d=450mm, t;=100mm, bw=280mm, As=3500mm?, fck=24Mpa, fy=400Mpa

Ma= @( Ay, f¥ (d — (2))+As Y (d = ($))

2

= 0.85 (1632(400) (450 — (@)) + (1868)(400) (450 - (%)))

0.85 (261.1 + 287.6) = 466.4 kN-m
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v TEEO| 2AEEE

ChEd €2 =de =2 & TR 2AZdEEE Tolet
b=700mm, d=500mm, t;=80mm, bw=350mm, As=4000mm?, fck=27Mpa, fy=400Mpa

_ Asfy __ (4000)(400) . o3 El‘
A= s T 085 21 (700) 99.6mm > 80mm (TS ! AN

0.85 fck tf (b—bw) _ 0.85 (27) (80) (700-350) _
fy 400

S5 720 gSots ¥ ©HEHA 4000 - 1606 = 2394mm?

Asf = = 1606mm?

A, fy _ (1606) (400)

= 085 fckbw  0.85 (27)(350) = 80mm

Ma= O Ay, fY (d — (2)) +4s Y (d = (3))

= 0.85 (1606(400) (500 - (ﬂ» + (2394)(400) (500 — (—)))
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2. HO| 2 o Bl 2 A THE)

v TEEO| 2AZEE

CHeat 22 2702 E THE| MAHZEE Folzt

b=600mm, d=450mm, t;=100mm, bw=280mm, As=3500mm?, fck=24Mpa, fy=400Mpa

Ma= @( Ay, f¥ (d — (2))+4s Y (d = (£))

. (1606(400) ( c00 — (99.6)) + (2394)(400) (500 - (?)))

2

0.85 (289.2 + 440.5) = 620.2 kN-m
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2 . Hol| =

v TEEO| 2|0 EZH|Q [ A~HH

— bw fck 600 bw
=2 (085 4, L5501 pf) =2 (p, +p))
_A _ fck 600

b
pmax=0'75 (pb + pf) _bw

Jfck
ps, min:O'5 fy

As, minzps, min bw d= 0.5 ]{;k bw d
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v TH 29| 27

t;=100mm, b=1500mm, d=650mm, bw=300mm, & A2 2 HE Mu=2000kN-m,
fck=28Mpa, fy=400Mpa, T & &7

TH CHHO 20| A of % FEk
My=®M_ = P(0.85 fck t; b) (d-— = (0.85)(0.85)(28)(100)(1500)(650-100/2)

= 1820.7kN-m < 2000kN-m =Mu (T E2 MA

MUK

X WY 220 &dSots 28 BT Asf

HI

0.85 fck tf (b—bw) 0.85 (28) (100) (1500—300)
fy 400

Asf = = 7140mm?
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v TH 29| 27

t;=100mm, b=1500mm, d=650mm, bw=300mm, & A2 2 HE Mu=2000kN-m,
fck=28Mpa, fy=400Mpa, T & &7

SHA WY 20| FHote 2AEEE My

0.85 fck tf (b—bw) _ 0.85 (28) (100) (1500-300) 5
= 700 = 7140mm

Asf =

Mg = ® Ay fY ( (’;)) = 0.85(7140)(400)(650 — (*3))=1456.5kN-m

H G
=5 5

O £&5t= EAEZ X Mdw

HI

My, =Mu — M = 2000 — 1456.5 = 543.5kN-m

an = Asw fY (d _ (g)) 143
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v TH 29| 27

t,=100mm, b=1500mm, d=650mm, bw=300mm, & A2 2HE Mu=2000kN-m,
fck=28Mpa, fy=400Mpa, T & &7

=
=5

I
B[
o
-|II
i
rir
nx
X
[Hot
0y
H
<
(OR
s

m———— ~——
— -~
m——— S~
— ~~.
- ~
- ~
——— ~
- ~
—— ~
_— ~
~
~q
~

a=Asw fy / 0.85 fck bw = Asw (400)/((0.85)(28)(300)) = 0.056Asw

Mgy = PAg, Y d - (5)0)=0.85(Asw)(400)(650- (0.056Asw /2 ))

= 221,000 Asw - 9.52 Asw?
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v TH 29| 27

t;=100mm, b=1500mm, d=650mm, bw=300mm, & A2 2 HE Mu=2000kN-m,
fck=28Mpa, fy=400Mpa, T & &7

Mgy = Ay, fY d - (5)))=0.85(Asw)(400)(650- (0.056Asw /2 ))

= 221,000 Asw - 9.52 Asw?

9.52 Asw? -221,000 Asw + 543,500,000 =0

Asw? - 23,214 Asw + 57,090,336 =0
a=1, b=-23,214, ¢=57,090,336

—b + Vb2 — 4ac —(—23,214) + /(23,214)2—4(1)(57,090,336)
*= 2a T 2(D)
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2. Hof & o i JA| 7E=)

v TH 29| 27

t=100mm, b=1500mm, d=650mm, bw=300mm, & A& 2 HE Mu=2000kN-m,
fck=28Mpa, fy=400Mpa, T & &7

—b + Vb2 — dac —(—23,214) + /(23,214)2—4(1)(57,090,336)
*= 2a -7 2(1)

23214+ 17,621
- 2(1)

= (—) 2796mm?

O| &AM A2k As = 7140 + 2796 = 9936mm?2
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2. HO| 2 o Bl 2 A THE)

v TH 29| 27

t=100mm, b=1500mm, d=650mm, bw=300mm, & A& 2 HE Mu=2000kN-m,
fck=28Mpa, fy=400Mpa, T & &7

ECHEZH|QF X AHAH HE

_As _ 9936 _
P=1a = (1500)(650) 0.0099
_A, 7140
Py a = (300)(650) 0.036

w

_ fck 600 \ _ 28 600 \ _
Pb™ <0'85 A1 y) - (0'85 (0.85) 755 600+400) = 0.03
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2. HO| 2 o Bl 2 A THE)

v TH 29| 27

t;=100mm, b=1500mm, d=650mm, bw=300mm, & A2 2 HE Mu=2000kN-m,
fck=28Mpa, fy=400Mpa, T & &7

T_égﬂo_” HHE_?'%I-_/I\_ %{E _;El EHEE’Hl Pmax

b 300

Pmax=0.75 (p, + pf)—bw = 0.75 (0.036 + 03)ﬁ = 0.01 > 0.099 =p

0<Pry 0122 OIRFAE 2| pi= B,

A AHIH HE

o =Max [(O-ZSW) ,1-4] = Max [(0'25“@ , 1'4] = Max [0.0033,0.0035] = 0.0035
fy fy 400 400

Pmin <0.099 =p (Ok)
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v HEE2A 8
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v HEE2A 8
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v HEE2A 8

Vd = ®Vn = ®(Vc + Vs) > Vu

A ==(0.8)

153



Ve=(0.16y/Fck + 17.6 L« hwd < 0.29./Fck bw d

Mu

As

% <10

H

A vuel SAI0] Zdot=
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B AAMAAENAM 232 EV

¥

C
[

500mm, d=600mm, fck=28Mpa

bw=

1
6

1
6

V28 (0.5)(0.6) = 0.26Mpa

Jfck bwd

Vc=
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V=Vcr + Vd + V,

ml
L
K

K
i

Vecer

e

N
~

|_A
— I

—_
o

(dowel action)0f| 9

or = &(interlocking) O

B0

vy

"
gl

Bl
el
>
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K
L
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K

Av fy

_d
S

n Av fy

Vs=

2R AEZO| HiX|E Bl MAHAE

Av fy)

d
s

Jfck bwd +

1
6

Vd=d(Vc + Vs) = O
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v FEAEHO| HiX|El Eo| MEHA T
A7t 6m, bw=400mm, d=600mm, As=3300mmz2, CHE 2 RIALZIS |
D13 U XA E ™ 200mm 74 HX|A| 2O MA ML E = ?
(fck=400Mpa, fck=28Mpa)

Vs= % Av fy = g—gg (253.4)(400) = 304,080N = 304.08kN

HO| MAFELE Vd=0.8(211.6 + 304.08) = 412.5 kN
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-

v A AEHO| HiX|E Eo| MEHH =

A7t 6m, bw=500mm, d=700mm, As=3500mm?, Tt&E= %
C

D13 UY =EAE™ 200mm 7t HIX|A| EO| MA M EHY
(fck=400Mpa, fck=28Mpa)

=232 EVt REE = UAs SEHUHEE Ve

O =

V= % fck bwd = %m (500)(700) = 308,670N = 308.7kN

M

FChx

L—

Vs= % Av fy = m (253.4)(400) = 354,760N = 354.8kN

HO| MAMEZ T Vd=0.8(308.7+ 354.8) = 530.8 kN
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| MEFEA| 2 2=3EE 20| HEtZE)

N

JAIZ BiX| =l 2o MEHE =

1 45
Is
d (1350-a)

A

r
-
I
ry
©
0

S s _ S-sina
sin(135%-a) sina ' sin(135%-a)
20| 450 YA 0|21 Yoo YRS FA| Lol L
sin
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A\

S

d
sin 45°

= E 0| 450

sin(135°-a)

d
S

d/sin450

n=

sin450-sina

lS
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A EFAA (H223EE Ho| HMohZE)

e L

ry
o
o\l

JALZ B X[ = EQI HEHEE

S

450
Is
d (135%-a)

A

_d/sin450 d sin(135°-a)

lS " s sin450-sina

of Jhel MEHEZO HE & U IHAZZEEE Af, THEEH2 AS, sina

N
7

Vs= nAf, sina

Ve (4. SUSTD )y g o

S Sin450-sina
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A CEAA (22252 E HOo| FErZEE)

e L

AN
4
Al
mat
ry
o
o\l

JALZ B X[ = EQI HEHEE

45
Is
d (1350-a1)

A

Vs = {&. SIS 4 ¢ sina

S Sin450-sina

N
7

dA f  sin(135°-a)
S sin450

. 0 -
_ dA f, sin135"cosa —cos1350sina

S sin450
dA :
= —S'L (sina + cos a)
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A ®=2=38E Ho| MEIAE)

b

A2 BiX|E 2o MEHE

MSF S
d (1350-Q)
v o« ( - \/Is\

A

V,= O(Vc + Vs) = @ (Ve + d—fg& (sin & + cos a))

r
-
I
ry
©
0

N
7

V= Af, sina < 0.25 /fck bwd
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= 247

Jfck

oLt

=
-

8.37Mpas X 1tSHX| QFOLOf

HEHEA O ALE &

Jfck bw d ELC} E0{of

2
3

L=
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0,4
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MAMCHE S ove 20 HCHH(Vu<OV), O|EAC =
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dVe < Vu
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M

o
4

K
4
K

22 Av=3000mm? QI CHEZ

O| X}
L- O

0] d=600mm,

Zl
fim s

2

oF

28Mpa)

400Mpa, fck

? (fy=

(0.35 (400)(400)) / 400 = 140mm?

b, S
Fy

Av=0.35
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Xkl 2EE29| 7t4 0.5d 0[5t 600mm O|5}0]| 0 Of

M
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= HhE Z4AA|F{0f S

742
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3
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=

Jfck bwd

She FEHE vsot 2

20| g

CHEZE

Al

F28%=0] d=600mm, %

150mm O| 3}

0.5(600)
_ =

74 _0.5d
1T 2

B Eo

1

A

X
~

A
T
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3. HOf FIEE=A| = aH)

o

=25kN/m, AFE Wp=15kN/mE 21 = Z7t eme| ChEHo| 225t

—

L
HAEHS AADBIAIL (bw=400mm, d=550mm, fck=21Mpa, fy=300Mpa)

Sts W
A
T

(1) Al=HEHE v
Wu = 14W, + 1.7W, = 1.4(15) + 1.7(25) = 63.5kN/m

X| ™o MQ| Hted R= §WuL - %(63.5)(6) — 190.5kN

HIEE WWHOo 22 EH d=550mm H2|[0|A F+eF A= &3 Vu=190.5-(63.5X0.55)=155.5kN
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M EES A (=EREH)

25tE W =25kN/m, AHE Wp=15kN/mE &1 U= &7t eme| Ch=20] 2ot
A
T

HAEHS AADBIAIL (bw=400mm, d=550mm, fck=21Mpa, fy=300Mpa)

!
LI
L]
|m
N
I
o
mot
1
4S)
r|r
nx
~
[
0
0y
il
S
g
I

d(1/6 /fck bw d)
0.8(1/6 V21 (400)(55))

= 134,422 N = 134.4kN

1 1
5 ®Ve= - (1344) = 67.2kN

174



3. o] MErE Al (=EeraH)

o

815 W, =25kN/m, XS Wo=15kN/mE 23 Qe #7H 6mo| B0l 2o

TEHAEHS dASIA|L (bw=400mm, d=550mm, fck=21Mpa, fy=300Mpa)

Wu = 63.5kN/m
v VY v v v v v _ v é
A
190.5kN
Vu=155.5kN
®dVc=134.4kN

(1/2)®Vc=67.2kN

| PN
d 170337106 1.06

1905 : 3 = (190.5-134.4) : |, = 1,=0.88m
1905 : 3 = (190.5-67.2) : I, = ,=1.94m
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25tE W =25kN/m, AHE Wp=15kN/mE &1 U= &7t eme| Ch=20] 2ot

TEHAEHS dASIA|L (bw=400mm, d=550mm, fck=21Mpa, fy=300Mpa)

(2) HEHEZO] ERot #H HE

190.5kN S
Vu=155.5kN
®Vc=134.4kN
(1/2)®Vc=67.2kN
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3. HOf FIEE=A| = aH)

[l
rir

515 W, =25kN/m, XIS W,=15kN/mE 2D Q= 7 6mo| Chago| T
A
T

HAEHS AADBIAIL (bw=400mm, d=550mm, fck=21Mpa, fy=300Mpa)

3) FHLEH 7t ALt (Vu - oV E REHE = s MEHEZ HiX| 22
Vu=9(Vc + Vs)
Vs=—(Vu - ®Vc) = — ( 1555 - 134.4) = 263kN
HAZIEZ00M Vs < = /fck bwd & BR0= F=XL2EFH2| 7tAE 0.5d 0[5, 600mm O|SH2 HijX|
> Jfck bwd = §\/H(400) (550) = 336kN > Vs=26.3kN 0|11

0.5d=0.5X550=275 mm < 600mm

- AEE X 7242 275mm

177



3. o] MErE Al (=EeraH)

8

I

rir

2otE W =25kN/m, A& Wp=15kN/mE 21 @ 6mo| Ch=H0| a3t

TEHAEHS dASIA|L (bw=400mm, d=550mm, fck=21Mpa, fy=300Mpa)

HEED B 2=

rir

(3) FEAEEO| ZtA AL (Vu - dV)E BEET 4= U

D102 U 2EES AME

mot

-39

Av=2 X 71.33 = 142.66mm?

S_Av fyd _(142.66)(300)(550)
T vs 26,300

= 895mm > 275mm

- 275mm ZH40 2 HiZ
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3. o] MErE Al (=EeraH)

i
Ot
o
=

(=25kN/m, RHS Wp=15kN/mE 21 Q= ZZt 6me| Era=of Zast

TEHAEHS dASIA|L (bw=400mm, d=550mm, fck=21Mpa, fy=300Mpa)

(3) +HAE”S 7hA Alth (xAHC

CHE 2F 0| A MOEE T B2 B 2)

- O

Av= 035 Zu®
fy
_Avry _(14266)300) _ 305 7mm > 280mm
0.35 bw 0.35 (400) '

. 280mm O|o} ZtAS = HiZ
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1 [ o
cEX IR SANBEE  DRANEY
H= 0.4mm 0.3mm
A 0.004 tc 0.0035 tc
7|E
o %f% 0.006 tc 0.005 tc
T2 AEHA
|7|7“XH“ < 0.005 tc 0.004 tc - .
- O
-t X[t BZO| A Z32|E HEHALO|Q] XA L|IESEH (mm)
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%I-

1.08 Bc fs3 Vd, A x 10 — 5(mm)

W

fs=

0.6fy (22| A2 Bc=1.2, E2HE2| H 2 Bc=1.35)

fs=
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180Mpa

80mm

14,000mm?

2(630—-550)350

fs=0.6fy=0.6(300)

dc=630-550

(2) =
A



=9l 2td0| ==& R (EHED HALEE)EM Wy=20kN/m, W =30kN/m
UL} L= 6m, b=350mm, d=550mm, h=630mm, Q/&&EZ 4-D25,

al
A AE™ D10, fck=24Mpa, fy=300MpaQ 2% #E€HE

Bc=1.2 (E2| Z2)(Zt2F ALh
fs=0.6fy=0.6(300)=180Mpa
dc=630-550=80mm

_2(630-550)350

A

= 14,000mm?

W=1.08 Bc fs ¥dc A x 10 ~ 5(mm)=1.08 (1.2)(180) 3/80(14000) x 10 ~5 =0.242mm < 0.288mm
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4. A28 LS8 (*2)

v @ QEHMEMcr) : oS0 2ot w @ TEAl 22| HEHO| Ao FZHE

—

g : % THEHO| CHSH CH OXFRRUE, vt BUX0IM AFS ACIR|9| 2l

T HARHE Mcr ? (b=300mm, d=450mm, h=500mm, fck=21Mpa)

lg = bh3/12 = ((300)(500)3)/12 = 3,125,000,000mm?*

v fr=0.63 Vfck (Mpa) = 0.63 V21 = 2.88Mpa

ri 2.88)(3,125,000,000
Mer = 119 _ (2:88)( )
yt 250

= 36,000,000N - mm = 36kN - m
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| Tt 2XI2HE = 1g2F ler ALO[O]| K], le

I = (Mc?‘) 31g + [1— (A]/\I,ICT)3] lcr

(ler < le < 1g)

Ma : M &O| Attk|= G

AOIM AFZEHE0] ofst Sxfo| A|Cf & BHE



4. A8 38 W58 *HE)

2D Qe CHeX|X| MREAE| 0] ATf MY ?

i

X|Zt0] 6mO| 2 S&EZSES WL=20kN/m
(Ig=0.007m#, 1cr=0.0028m*, Mcr=75kN-m, Ec=25,000Mpa

w l? _ (20)(6)?

Ma=" — 90KN - m
Mcr Mcr
1= () o + [ = (G T ter
5 5
= (£)3 (0.007) + [1 — (22)}] (0.0028)
= 0.00405 + 0.00117 = 0.00522m?
AR = W _ ___S@ED 5 g0p58m=2.586mm

384Ecle 384 (25000)(0.00522)
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4. A8 38 W58 *HE)

SEIEOM 5HZ X&E5HS0 2o REEE BI7INME2 ?
(As'=1200mm?2, b=400mm, d=550mm, X[Z£5tE 0| 2|t B X &2 15mm O|LC})

3
1+50p’

,_As' 1200

P=pa ™ (400)(550) 0.0054

K| Hots2l Xor7[ZH0] 54 Ol ]e = §=2.0

T S 2.0 _
A= 1+50p’  1+50(0.0054) 1.57

7|84 % = A X (X&SHsO ofst =7t E) = 1.57 X 15 = 23.55mm
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HE

2.3kN/m3, fy=400Mpa?Ql 4%
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4. A28 LS8 (*2)

v EHHENE

22| HE| A eoljof 2 M A M EHA
ok HEO| ol AT 42 HTE 24 4. ol
= = = 10| 9|3t 27t E
S AR EE AR Yt BAEIE e
et MO oo 257 #[2 HFZ 24 4= =
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oot MEO| o k7| o2 HFXE 24 Idxﬂ IH%. SO Bl 247}
2 X|X| E= ExI5H X2 E= Hp:r:ru: BXE| S0 HAISHE HE2E L/480
N N (E': |*3P301I °I°F ”7II17.§I
Q48 XX EE L& X8 EEE Hrﬂ%x T a7Eel B
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4, A28 1k U8 *Z)

v EHHENE

Z5lE 25kN/m, 185HS 20kN/mE X[ X[5t2 U= X[ZH eme| B2 7 HHE S HAY
CtHO 2 E[0 QUL b=400mm, d=600mm, h=700mm, /&A= 3000mm?,
fck=21Mpa, fy=400Mpa Q! If XA2FH = ?

6000 400

(O 43 + —) = 375mm < 700mm (OK)

L (043 + 4% =
6 700
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v EEFAN 249 Aot Ak (=SS 2ATHE X

o ™I A=HCY CHHO| XA X|4== 200mmO| 40| 0f0F 81
é!OI(HOF aPEr.

, 1 EFHA™ 2 6000mm?2 O
o LIMAEZA A=HEIY

21Mpa 0|2 0|0{OF St}

LI E 27| S0 A fck=21Mpa?l
HDCoz FAC[EQ Yy HAE WX 7|S0| C
oz FAEE GA| § 2 4=t 27 &[7| IFO0|LCH.

CHOHO| Al x| 22

° —E—ﬂElE t_ﬂlx'”L_|— 7|'__|.|.7CQ|. OI*-”E Al_._Ell— [[ljc-|:|_ CC |_ L_|-A‘|I-|:L OF
Tlo| HZE 3= LPMEA0|L} [E2 olS0A 0mmEC 3K o
. X‘|A|—7|-o:| 87 CC

g E= OhE ool S 7id ASEM 240N HH HHYS AE5t
= Halof 2H 2 M9| x| aX|==0f siEst= XS5 717 AEEHES AFEY = A,
0] A Mgl 2xjo| HA| TR HIH|, @Al = 57 HEH
O{OF oLt
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Ag=b X h

Po=0.85 fck (Ag — Ast) + fy Ast
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®P,=0.85 @[0.85 fck (Ag — Ast) + fy Ast]

- mEa

®P,=0.80 ®@[0.85 fck (Ag — Ast) + fy Ast]

S AA s = LA BXH(0.75), LIMEZ 2 2XH(0.7)

4
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S 2ASHFINSEEE

600mm

500mm

Ast=6 X 506.7 = 3040.2mm?
P,=0.85 fck (Ag — Ast) + fy Ast
=0.85 (28) ((600 X 500) — 3040.2) + (400)(3040.2)

®P,=0.80P,=0.8 (0.7) (8,283) = 4,638.5kN

? (fck=28Mpa, fy=400Mpa)

= 8,283,723N = 8,283kN
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5. 7l EM=8=2

2000kN2| A+=dtss e =+ U= HEZ 7|55 245 2.
[e} C

7|82 MArZtY CHHO| ERRO|C} (fck=24Mpa, fy=300Mpa)

M 712l & tHEHA

7|52 T B2 g4 A= H2HI= 001<p<0.82M 0.01<p<0.027} BHH, p,=0.02
o) ooz_ﬂ , Ast=0.02Ag

®P,=0.8 ® (0.85 fck (Ag — Ast) + fy Ast)

2000 X 1000 N=0.8 (0.7) (0.85 24 (Ag — 0.02Ag) + 300 (0.02AqQ))
Ag = 137,457mm?

b=,/Ag =/(137457)=370.7=371mm

ol 7|52 EtH2 380mm X 380mm 2 A%
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2000kN2| A+=dtss e =+ U= HEZ 7|55 245 2.
C

7|82 MArZtY CHHO| ERRO|C} (fck=24Mpa, fy=300Mpa)

2 2HI
380mm X 380mm CHHE ALEE If ZQot F22S Lot
®P,=0.8 ® (0.85 fck (Ag — Ast) + fy Ast)
2000 X 1000 = (0.8)(0.7) ((0.85)(24)(3802-Ast) + 300Ast)
Ast = 2239mm?

4-D298 FEDL2ZE ME

s

FCtD SFH

Ast=4 X 642.4mm?2 = 2569.6mm?2 > 2239mm?

HIH HE pg=‘:;f = 22200178 - 0.01<p<038
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12 7lss 2ASHA L.

x
=

2000kN2| A +=35l52

=24Mpa, fy=300Mpa)

O|C} (fck

|.7<
— T

u

(3) IEZ &4

A20|= D10 O| Ao A2 AtE

ol
Tr

~

X
~

RS

= 457.6mm

: 16 X 28.6

| 164}

=0
= —

2%

: 380mm
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o= @ LHdE

t=7F QUC}E D10

o_l_
A

X2 450mm2|

m
M4

o]
M4
R

Kk

g|

8-D257}

400Mpa)

24Mpa, fy

=MD AL (fek

= 8 X 506.7 = 4053.6mm?

Ast

158,962mm?

 (450)*
4

Ag

0.0255, 0.01<p<0.8 (OK)

_ 4053.6
158962

_A
g Ag

P
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=l X[ & 450mme| A7 ULCE D102 E & L E 20
SEX

i
40mme| =& tAe 2 ZSHHFHIE ML ULCE (fck=24Mpa, fy=400Mpa)

- FEC 2o0H 4E, L= DH BE, 7|82 2AS0tEEE

350mm

(2) LIdEZH HE <

fck (450T)/4

_ A9 24 _
ps,min_o-45(A ) = 0. 5((3502 )/4 1) 400—0.0176

L9 E 20| 12|™t=E =22t 40mmOf et LHdEZH| = o I 450 I
mm

LA A o] | & (350 2 (22 53))(71.33)
ps = AEI—I?I—Ql x_”&! — = (11 350)40 = 0.0198 > 0.0176 = ps,min

4
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=l X[ & 450mme| A7 ULCE D102 E & L E 20
SEX

i
40mme| =& tAe 2 ZSHHFHIE ML ULCE (fck=24Mpa, fy=400Mpa)

MO MOH| AE LIMEZH HE, 7|59 MA=$ELE

3) 7Is2 A =554
®P_=0.85 ® (0.85 fck (Ag — Ast) + fy Ast)
= (0.85)(0.75) ((0.85)(24)(158962-4053.6) + 400(4053.6))

= 3046kN
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5. 7| = @3 ¢=2 = Ao

v B Yy

P, = ®P, > P,
My = OM, > M

(©=0.75 (LIME D), o=0.7(HEZ F7H))

u
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v 2ESH <
h
< >
= =
! (C1+C2+C3)d" = C1 (h/2) + CZ (h'dl) + C3 d'
T e : °
° . C,=0.85 fck Ag
b o As ! As' @
° . C,=As' (fy — 0.85fck) = As' fy
\\4 1
< 5 5 C;=As (fy — 0.85fck) = As fy
Ag=TH| EHHZA
G C, G
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o
400Mpa)

i

=
=}
(fck=28Mpa, fy

As' @

h=500mm

Al

]

<
d'=¥0mm

N
V

b=350mm

219




| h=500mm |
' |
d'=70mm d’——‘70[nm
Te{ ! (C1+C2+C3)d" = C1 (h/2) + CZ (h'dl) + C3 d'
N 1
o | o
N PS ! C,=0.85 fck Ag = (0.85)(28)(350)(500)=4165kN
~ ° As : As' @
350mm o . o C,=As' fy = (506.7)(3)(400)=608kN
A4 I
q >i C;=As fy = (506.7)(4)(400)=810.7kN
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h=500mm

C,=0.85 fck Ag = (0.85)(28)(350)(500)=4165kN

C,=As' fy = (506.7)(3)(400)=608kN

C;=As fy = (506.7)(4)(400)=810.7kN

I
o0 0 o
>
n
>
m\

o

d” ' (C+C+Cd" = G (h/2) + G (h-d') + G d

(4165+608+810.7)d"
G ¢ G, =4165(250)+608(430)+810.7(70)

d"=243.5mm
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Pn-e =Cc(d-(a/2)) + Cs (d -d
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v EHBO0| REAENQl B
< |
. =
N 1
[ : [
b ° As i As' @
¢ !
o !
\ !
’ o' : €y > Py
dll \% v
g d
\_/\_/\/\/ .
/ 0.003
\4
N\ 1
2 | Cb
€y=fy/Es : ar >
i N /N /| N
I 0.85 ka

a/2

0.003

600 J
~ 600+ fy

Cb = 0,003 + Fy/Es

600
a,=P1Co=Prlror 5 D)

C,:0.003 = (C,-d") : &'

e/ = 0.003 X L0

g/'<gy O|&H, fs'=Es g/, ¢/>ey O|H, fs'=fy

_fy
Ey—E
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v ErRi0] FHAER 32
< |
& &
N 1
[ , [
b ° As ] As' ®
¢ !
[ !
A4 1
» €p Py
dll \% v
g d
\_/\_/\/\/ .
/ 0.003
\4
N 1
- ) C,
g,=fy/Es : ar >
i NN A
g 0.85 fck
T E
a/2

Cc=0.85fckabb

Cs = As' (fs' — 0.85fck) = As’ fs'
T=As fy
Pb = CC + CS - T

M,=Cc(h-d"-(a,/2)) + Cs(h-d'-d")+T(d"-d)

e,=Mp/Py
Pd = (D Pb
Md = q) Mb
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e
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ud

70

400Mpa)

? (fck=28Mpa, fy

500mm

440mm

d=500-60

=0.85(264)=224.4mm

440 = 264mm

600
600+400

600
600+fy

b d=
S7HEIAIZEZE 20| a,=p,C,

C

= 0.00232

264

(264—60)

= 0.003 X

b

C

(cb—d")

0.003 X

&'

= 0.002

400
2X105

_fy
Ey-fE;

:fy

g'>ey R E fs
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ol

%0
780

rE

=)

—t

ud

70

400Mpa)

? (fck=28Mpa, fy

500mm

ol

0.85 fck a,b = 0.85(28)(224.4)(500)=2,670,360N=2670kN
O

Cc=

As=As'=3 (506.7) = 1520.Tmm?2

= As’ (fy — 0.85fck)

Cs=As'(fs' — 0.85fck)

1520.1(400-(0.85)(28)) = 572 kN
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2670 + 572 - 608
2634kN

As fy = 1520.1 (400) = 608 kN

T




500m

He /i MED ALY B AndSots 8,
1C o

THHEAML2 ? (fck=28Mpa, fy=400Mpa)

Mb=Cc(h-d"-=) + Cs(h — d"—d")+T(d — d')

500

=2670(500-$-$)+572(500-%—60%608(7-60)

=2670(137.8) + 572(190) + 608(190)
=592 kN-m

®Pb = 0.7 (2634) = 1843.8kN

®Mb = 0.7 (592) = 414.4kN-m

eb=Mb/Pb = 414.4/1843.8 = 0.224m = 22.4cm
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d’ d’
<> <> P.=0.85 fck a b + As’ fy — Asfy
® : ® l
: As : A ® P.-e' = 0.85 fck a b (d-a/2) +As' fy (d-d)
o - E'=e+d"-d’
P e
_ e .
i i a=(d-e)+/ (e’ — d)? + 2d(mpe’ —mp'(e’ — d + d"))
d” !
! _As v _Ast o fy
\J\./f\/\/ P =pa ' P Thar MT0ss ek
! a ‘
i N7 K A
; 0.85 fck
T : A T
i a/2
Cc Cs
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7c:>|—c|)— (e > eb)

=
—

v CHHO| Q& o 2 X|HY &

A
T

400Mpa)

=0 Al===3tS 1000kNZt Al
Lt 7|s2 ot o 2 E HES}EL

(e,=280mm, fck

28Mpa, fy

C
[

g
=
F

—1
[

=2
1o

x
x

400mm > 280mm = eb

400
— =04m =
1000

Mu
Pu

SL

SISTHX| S| HaAE e

ozH[ =

A
(]

=

o

.
= -

N
o

o
[

e+d"-d’ = 400 + 2% - 60 = 690mm

e'=

2

As=As'=3 (642.4) = 1927.2mm?

d=700-60=640mm
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_ 700mm QEZ A 2 UEZ 0 Al+==35tE 1000kNIt A=
2D HE 400kN-m7t & &Lt 7|52 ot RS HdESHE}
® ® P (e,=280mm, fck=28Mpa, fy=400Mpa)
D29 O
700m ® [
o o
=
60mm
_As _ 19272
P=pa ™ (700)(640) 0.0043
M AS 1927.2
P= bd (700)(640) = 0.0043

_ fy _ (400) _
M=ses fck ~ 0.85(28) 16.807
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v CHHO| QIO 2 X|Hi%l= AR (e > e

 200mm QEZT 12Nt 2 wHD T ASHE 1000kNI A%
2 ZHE 400kN-m7} A& &Lt 7| 52| & O 25 AESt}
® ® P (e,=280mm, fck=28Mpa, fy=400Mpa)
D29 O
700m [ o
[ J [ J
<
60mm

a=(d-e')++/(e’ — d)%+ 2d(mpe’ —mp'(e’ —d + d"))

a=(640-690)+,/(690 — 640)? + 2(640)((16.807)(0.0043)(690)) — (16.807)(0.0043)(690 — 640 + 60))

= -50 + 237 =187mm
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v CHHO| QIO 2 X|Hi%l= AR (e > e

 200mm QEZT 12Nt 2 wHD T ASHE 1000kNI A%
2 ZHE 400kN-m7} A& &Lt 7| 52| & O 25 AESt}
® ® P (e,=280mm, fck=28Mpa, fy=400Mpa)
D29 O
700m [ o
[ J [ J
<
60mm

Pn=0.85 fck a b + As' fy — As fy
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