=~
./(\

<

- Details of Reinforcement ( RFT. )
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@ Main RFT. (Ag)
Main RFT. Sec. D SR

L T LE o

Main RFT. Sec. @Jf/

moment J) daa (5% (o W) aaa Lol (55 5 gUalll (g5 92 sall (pat )l wan) g
Choosing AS

*min @ = ¢ 12 * max P = g 25
# maz. No. of rows = 3 rows - s Vsl galadl) Byial sac 5]

% min. No. of bars in one row = 2 bars . juw ¥ ol wxlyl dall 8 tl._;.J sae Jif

% max. No. of bars in one row = TV bar

T, 3l axlgdl Guall (o8 Laeby (S CL.MI sac 58T

Calculation of max. No. of bars in one raw.

To get TV » we have to get min. spacing between bars (S)

_ 25 mm Take
S = % T % 88 ~ 25 mm | S=26mm
max. size of aggregale + 5 m.m. st o LN J’?,_ ___________ i
b_50=n%+(n-1)(S) rj .,
b_50=n %+ (n_1)(25) = 25T_1 ‘?\E’?_c_e_rf_?_z_o
. b_50=n ($+25)-25 .|

9

n- b-25 S
@+ 26 Lkb-—50'm'm,—>J

i b - 250 mm K §z§16::16‘ mm

oom= D=285 _ 250-25_ 548_ 5.0 bars in one row.

C $+25 16 + 25

Fxample.
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IF n=3
_{ -._\}__.__. a5 _[E_..*__._._J’,_ _-l_..\‘__.__.J”, _{ﬁ_,.\‘_“._ﬁ]’”’ —[E—_\‘_m_-gl'_
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IF n -4
_“1 _"‘\L_"’_' ” T 'l’“ "+"'__' ” l‘ _“ "“\“““‘ “ T '”' _"\“'_’__' ’ | 7 _—“ _'+—'-_' ” l
4 Bars 5 Bars 6 Bars 6 Bars 7 Bars
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IF n=5 Symmetric Sec.
L H Y
-5 Bars 6 Bars 7 6 Bars - 8 Bars 8 Bars
T e - basde oS (B Galabise (ayk lasiul (See s
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Area of Steel
AL =

3141516 |7|8|9|10|11|12

84.91113.2|141.5|169.8198.1)226.4|198.1| 283 |311.3/339.6

150.9201.21251.51301.81352.1/402.4/452.7) 503 $653.31603.6

235.5|314392.5|471 (549.5|628 [706.5 785 1863.5| 942

339 (452|565 (678 |791(904|1017|1130(1243(1356

39915632665 |798(931 (1064(1137|1330(1463|1596

603804 11005|1206(1407|1608|1809|2010(2211|2412

762|1016(1270(1524|1778|2032|2286|2540(2794|3048
849 (1132|1415|1698|1981|2264|25472830\3113|3396
942 (1256(1570(1884(2198(2512|2826|3140|3454|3768
1140(1520119002280(2660(3040|3420\3800(4180(4560
1473(1964|24552946|3437|3928|4419|14910{540115892

1848|2464|3080|3696|4312(4928|5644|6160|6776|7392

314156 |7|8|9|10[11|12

150.91201.21251.5/301.8352.11402.41452.7)1 503 [563.31603.6

235.53141392.5|471 549.5| 628 [706.5| 785 1863.5| 942
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1473)1964|2455|2946(3437|3928|4419|4910|5401|5892




/@ Compressive Steel (Ag) |
| o)) Ribie o5 pog ¢l Wandl 4oy & e .

S () gl plia) L 15 K i
Lis R—Sec. JI 3 Ag J) by (S
T-Sec. & L-Sec. J} 45 deupy (S 3 i
%,f,f/’AS\
As = 0.40 A o
maxr, g = R—Sec.

@) Stirrup Hangers. g Gales

Stirrup Hangers
ko Mt
m(er1—-02) Ag
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B2 T HJ
1
/ Stirrup Hangers
fo1»02) Ag
I'=5ec. R—Sec.

- Ag olhglss o) 13) sl e RS S
-Stirrup Hangers ¢S 1 Laade OLS Gules oo lazdaly —
-Secondary Steel (e o,lie Stirrup Hangers JI ,iies —
OLlasd) o5 Logay Joas Lol
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@ Shrinkage Bars.

0.08 Ag
vv 2310 at every 300 mm

J‘/_ -

|
|
i i
08 (il (b o3
' | ||\ Shrinkage Bars
Blo,sdl SolaSs) Jalss 2410
AW W at every 30 cm

t > 700 mm S Lixic s Shrinkage Bars JI zlss 5 —

g Y _,_szl w2 Shrinkage Bars Jl 4S5 _

Fxample. | 50mm| f
5 4 5
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/ - Example.
My, - 2000 kvm

? A
]gu: 25 N\mm
' 1 ' 1800 |
, st. 360/520 - i
My, - 2000 kNm e
Design the section. 250 250
Draw details of RFT. in section <00
L—7300——
(N y
L..,oi'u,t'a,o'n.T T—Sec. %
T 1800— 0]
200 20
1000 1 o ' 1000L 500+ 950
200 200
e S R O = =1 f TR | 7Y ;T

£ 58t B (d-Lo) = 2(25) Coo)(rso0) (990 - £30)

= 3400000000 N.-mm = 3400 kN.m
MU.L. <. MFlcmge — it ts

2 fou
3 0, , 1800 N
i R e O
d-%— 950 - 500—
N R 3 L eoo
1300 :

¢ 7




— Get a From :E Fron, _a
M,, -2 . a B (d-2

C

- 2000 + 10°= £ (22) (v )(1800) (950 -290) —> o1 = 117.6 mm

o> 0.1d

Cet As From Compression Force = Tension Force

Cc: T '32‘ Féu aB = AS* ‘gy

( )(1176)(1800)_A (350

1.15

~ As =7513.3 mm’

_Check As _ _ 11y g _

4

Asmm< As— 95138 mm

2
360 ’ (500) (950) = 1451 mm

.o b-25 _ 1300-25_ 574 _ 270
B4 20 22 4 20

Stirrup Hangers = (0.1— 0.2) Ag= (0.1—» 0.2) 7513.3 105;3 12
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- Fxample.
P M, - 600 kN.m

F _ 25 N\mnt 0.15 0.15 * 0.15 0.15
S 110307

, st. 360/520 | 720_
0.20|
MU.L.-—- 250 KkN.m 0.90 B
0.50
Get Ag s
E0.30L~
0.60
—0.90—

Solution.

| 600
2 — j— = .
amxo.a(—g) I 600 + (F)\Gs) I*d— 0.3500=0.35+ 850 = 297.5 mm

M1 Flange
2 Feu »
assume 3 B, — 300 —

a =200mm |1 Ce " oo0l /

200|
GRS
500
o e _ AN
900

— M1 = -g- %_“ ts b (750) = %(7%55_) (200)(300)(750)

= 500000000 N.mm = 500 kN.m

MU,L.> MFlomge — > O >200 mm )

L10/




assume
a =400 mm

M Flangé
2 F::u - |
3 B c ees TR
s | 200} \\\\\\\\\\\\\\\\
- 500
—) — S _
| 900 |
- M- £ (22 (200)(300) (750) + 2 (£2)) (200)(600)(550)
Flwnge
= 1233333333 N.mm = 1233.3 kN.m
e My <M,, < M, = |200mm<a < 400 mm
Flange K Flange
e M. - 600 kiv.m
¥
2 LTeu
S C = 3?0 e
DL S 200
i O—200 & & 200 o—200
; 750 ok e 1l
850-“‘7200 Y 850 ) 600
500
o SR PERE (S
| 900
Cos= —;;:-%- (200)(300 ) = 2( )(200)(300)
g gﬂu (a—200) (600) = )(a, 200)(600)



Get O From

O, —-200

My, = Ces(750)+ Cez (650-

- 6003 10°= § (22 (200)(300 )(750) +§ (£ (L-200)(600 )(650- 200

O =223 mm O.1d<a<ama:r

Getl AS From Compression Force = Tension Force

Cer+ Cez=T
25) (200)(300) + £ (£5) (223-200)(600) = e

- As =2619.4 mm’

A B 2
— Check As_ . _ F-—y bl = 36‘0 (300) (850) 779 mm

v As < As- 2619.4 mnt

AT

. n_b-25 _ 900 -25_45¢6_ 18,0

b +25 22 225

Stirrup Hangers = (0.1— 0.2) Ag= (0.1— 0.2) 26719.4
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Example.

For the reinforced concrete simple girder carry the dead aﬁd live working loads
and whose cross section is shown in Figure | It is Tequired fo:

1 — Using the First principles and the limit state design method, design the gwder
to satisfy the bending moment requirements.
2. Drow the details of reinforcement of the girder’'s croos section to scale 1:25

Data : E,, =25 N\mm' > st. 360/520

——-l 0.25 o
G =80 kN G =280 kN 0, 10’: [l_l
P=50kN P=50kN 0.710L
g =25 kN\m B l0.35—
P =15kN\m ™~ 0.80 .
I I I | | 1 | 1 1 ‘I | | ] O' 6'
Jay FA
' A bs
B RN
95 Jd. gp .l 25
3.4 0.45
FigureT Cross Section B

=1.5+130 W= 1.5%130

= 195 kN =195 kN
| w=1.5+40
=60 kN\m
| ] ] (| | | | | ] | |
A
o lhl age Jho aptRy

R=435kN

Mur- 967.5 kN.m




v As is given.

A= a’m@x . 0'8(%)[ sooio(OFy\ﬁs) ]d

| 2\ 600
o0 =0.8(% 750 = 262.85 mm
ct (3) [ 600 + (360\1. 15)]

Myr.- 967.5 kN.m

24
3

=262.85

b= ]

Cer= Bé’ (£2) (100)(250) = 277777.7 N = 277.7 kN
Cez= £ (£2)(100)(350) = 388888.8 N = 388.8 kN
Cos= £ (£5)(62.85)(450) = 314250 N = 314.25 kN

F, 360
Co=fe 3 As (i) - T- A2 -4 (S

Hle
”

By taking the moment about tension steel.

x My, = Cs(700)+Cor (700)+ Cez (600)+ Ces (518.57)

LI/
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y taking the moment about tension steel.

Muyi- 967.5 kN.m

;2__ -F::u +
7 B, 43
= Cer&Cs 70 %//M/’///%
Ccz ' /Jy//’\,{\{:ﬁ%’&
= 10 ' %\\\ oL=262.85
s 700 50" F . B
600 ] f L350
5185 487.15
T - o P S

S/ S

* My, = Cs (700) + Cer (700)+ Cez (600)+ Ce3 (518.57)

- 967.6+10° = Ag (73_‘3;%) (700) + 277777.7 (700)

+ 388888.8 (600) + 314250 (518.57) — > |Ay —1719.34 mm’

n-08-25 _ 250-25_ 478_ 4.0
b+25  224+25

¥ Equilibrium equation. Ceos+ Ce2 + Ceg + Cs=T

- 2777777 + 388888.8 + 314250 + 1719.34 (222) = As (22

— > | Ag-4852.8mn"

mn b—-25 _M: 8.50.‘: 8-0 .

T $+26 25425

Check ﬁé‘ = ;;;2-24 —0.354< B F 5 ok
8 .







Exa’mple' : MU.L.: 250 kN.m

F - 25 N\mni 3 A

, st. 360,/520

MU,L_z 250 kN.m | 5$0 A 7
s| /300

Get A _ C

Solution. . £ B » o =470 mm

_ 2 600
Uz = 0.8 (2) [ 00 Groay J» 0= 0-35C = 0.35+ 470 - 164.5 mm

Assume | MFlange
O =260 mm +

2
3 B e r—300—~|

L D PP P
oSeatess erecetece?,
&% 6

[ 001 9, :0’ 2 0

~ 1 Coz | |

il =l gdpcn =
T

¥y _ 0
h L300
Ce1 Cez
-M - Z (25 (260) (300 ) [340] + % (£5)» 2(0.5)(150) (260) [296.6]

— 423193333 Nmm = 423.19 kN.m

o' MU.L. <MFlom,ge —» O <260 mm

[TF




L

M, _ 250 kN.m

—300—

470 470- %
470-%q | 7 7

~—300— ’ j
‘(jt N60 Tj

N
a'r'eaAj._— 300 O 0.577 A
areaA2=§’*O.577a,-*a

Az - p.2880°

— Get A From

' F
My, -£ T (A1) (d-2) + £ 72 (2442) (d-%0)

. 250 % 10° £ (£5) (300 ) (470 - L)+ £(% )(2*023801, )(470_—0,)

o, = 149.5 mm ~ord<a < O max

Vi,




Cct1+ Ce2=T

mY

.o’ n: b—25

_check As _ _ 11pq _
mun. — F -

Y

Get AS From Compression Force = Tension Force

Fy

F
g_‘“." A1)+.32..%"_":(2*A2): As* 68

3 Oe

£ (25 2 [ 25 2
< (.1_3)(300* 149.5) + - (m_)(z*o.zsa* 149.5°) = Ag . (%61%

» As =2048.8 mm’

1.1

2
. (300) (470) = 431 mm

As it Ao opagn ot

_ 300 —25_ 585_- 5.0

D +25

\ 508 \m

22 + 28

Stirrup Hangers = (0.1 O.Z)AS: (0.1 0.2) 2048.8

2 B12

2 %10

6 p22

‘ 300



Example. . 900 1

B 140
! 2
F =25 N\mni , St. 360/520
M, - 300 kN.m e 2501 | — 250
B Y
Req. | M, , - 300 kN.m

Using First Principles Design the Sec. For Bending
With min. Depth. & without Ag

Solution. R—Sec. wf

| 900~ }

B 140 g

i-wzso* 250~ =P t

B v B

To.;get dm’t',n M a’:a"max. ’ AS:AS
maox.
600
2 _
e = 0.8(2) [ 500+ oy J* L - 0-35 d

W —5s10% F _ 5+10%(25)=0.0125
max. cu

Ag =l bd_o0125(00 d -625d
maoax. mﬂx.

L - Veirg




From M 3 60 max b( mm*%n%)

~300410= —2— =5 (0.35 d ) (s500) (d_ 0-352dmm)
YO =432.45mm Take  \d=450mm|, [t=500mm

— Get AS From

i

s =625 0l =6.25 (432.45) - 2702.8 v

o m-b-25 _ 900_25
D+25 16+ 25

Stirrup Hangers = (0.1 0.2) Ao = (0.1—» 0.2 ) 2702.8 (4 B 12

=21.83=21.0
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Example. | Ry
B 140
F., =25 N\mni , st. 360/520 4
| - —250\— | —|250—
My, - 300 kn.m

v
Feq. | My, - 300 kv.m

Using First Principles Design the Sec. For Bending

With min. Depth. & with Ag

Solution.
R—Sec. w

——900——,

f" 140

¢ 250~ | ~|250— =p &

|

when

Yol &Y lis Jao cams

As, =04A5=04(Ag +As )

A, =04(KL Dd+As )
~ Ag, . =04HR bd+ 04 Ag

~0.6 Ag, =041 bd




600
Loz = 0-8%) [6‘00 + (F)\Bs) ] +d-o035d

E -5 10% (25)= 0.0125
bd-o0.0125(50)d -6.250d

As =21 b d=% (0.0125) (500) dl = 4.16

(i =)

.:309*10_§ £ )(0.35d__ ) (500)(d . 035d"“")+(4’6dmm ) (%) (A 50

G

A d amm:
=5 75 4D (dur )+AW 5s

od =332.6 mm —E-lge—)— d = 350mm/|, T =400 mm
—~ Get As From
As _625 d _6.25 (332.6) — 2078.7 mm

~ g _
As_ ASJW".LASmw.: 2078.7 + 1383.6 = 3462.3 mmm 10 ¢ 22

o m-b-25 _ 900-25_186_18.0

& +25 22 + 25

2
As‘mm_: 4.176 O = 4.16(332.6) =1383.6 mm 4 ¢22
|
|
|

5¢ 8 \m

0.90 |

7

10422

2P22

9.26-——06.40—1-0.25-

L23/°




