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Doubly Reinforced beams

& What to do IF the reinforcement ratio exceeds the maximum allowed by ACI code ??

¢ Increase Dimensions, Which one is more effective ? ?
& If dimensions are limited?

¢ Add compression steel to ensure concrete doesn’t fail

¢ Develop an extra compression force to balance the required tension force without compression failure.
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Doubly Reinforced beams

0.85 £

CS = A.,S‘f:sl Es
C.=0.85f/ab

ry [An A

& Nominal strength: aI

TABLE 3.2
Minimum beam depths for compression reinforcement to yield

e, = 0.004 ¢, = 0.005 <: T, = Az fy = Cs
) " i ' Minimum d T — A
e T M T Iy sfy T, = Aaf, = C,

40,000
60,000
75,000
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Doubly Reinforced beams

& Tension Reinforcement limits

& Minimum reinforcement remains the same

¢ Maximum reinforcement allowed by ACI code still maintains a tension strain in steel €, = 0.004

® We can calculate and compare the strain in the tension steel with the limit from the strain distribution

EC
d) 1? A

\Y
o
o
(@)
o~
<

€ s Y
& Or we can use this formula (derived from strain distribution and section equilibrium) i

/
1 Is

£0.004 = Po.oo4 T P 3
y
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Doubly Reinforced beams

& Example: Moment Capacit 0.85 f. €
p pacity I > C; = ALf, 7 1\—6,, R 300 mm
e [ al | €
fy = 420 MPa,fc = 35 MPa 5 CC=O.85fC’Clb S 7 q525
Check: p = 2—; = 0.027 > pax — This section was designed as doubly reinforced d 70 d
0 . d’ . o = Aszfy = Cs m
check: yielding of compression steel — 7 0.104 < 0.13 — comp.steel yields fy T = Asfy <: x e e
- : e = Aslfy = Cc S
we need to find location of N.A : .
T=C 6¢32

Asfy = Asf, +0.85f/ab — a =183.24mm — y = 229mm
Check strain in tension and comp. steel :€;, = 2.18 x 1073 > EarcoImpESteelIe oSt e €; = 4.88 x 1073 > 0.004 - tension controlled

€, = 4.88x 1073 < 0.005 > ¢ # 0.9 - ¢ = 0.89

a
PMy, = GMp, + My, = 0.89 % ALf,, (d — d') + 0.89 * (Asf, — Aif,) (d - E) = 206.5 + 743 = 949.5 kN.m
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Doubly Reinforced beams

¢ Example: Design
fy = 420 MPa, f; = 28 MPa,M,, = 290 kN.m

a I
Assume the section is to be designed and singly reinforced section

Assume ¢ = 0.9

R =

14
Pbd?

The section should be designed as doubly reinforced section

S-S IR a hIeRASYSRd 0 STt exi S el 0r e = e

PART 1: C; coupled with Ts, — Take p = pggos = R = 6.36 MPa — ¢M,, = 2488 kN.m

Ti,=C.>a=1332mm - y = 156.7 mm

0.85 £

Cs = A;fs,

A MA A

C.=085fab

[ i b <

T, = Aszfy = Cys

T, = Aslfy = C.

assume 2 layers of steel in botton
=EBS T a: d' = 60 mm

A= ohdt—188 7 mm-

Remaining Moment to be carried by coupling between comp. steel and tension steel

My = My, — M, = 290 — 248.8 = 41.2 kN.m
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Doubly Reinforced beams

¢ Example: Design 0.85 f/ b €c 250 mm

B Cs = Asfs s
PART 2: pM,, = 41.2 kN.m a| e €q

- - S ’
Check yielding in Comp. steel » y = 156.7 mm — € = 1.85 * 1073 k: CC = 0.85 fc ab d
€5 < €y > f{ =370 MPa Ty = Asa fy = Cs

T=A <<i:

My, = 412 kN.m = GALf, (d — d') —» A = 346.6 mm? Ty sly Ty = Agif, = C,
We need to add an equivalent steel to the tension side to be coupled with it assume 2 layers of steel in botton
Cs =Ty = Asfi = Ao fy = Az = 3048 mm? > Ag = Ay + A, = 2191 mm? d=417mm ... d' = 60 mm

Go to Tables A2 and A7 to choose the most suitable compression steel bars (45 = 346.6 mm?) and tension steel bars (4, = 2191 mm?)

Let’s choose 2916 (A; = 398 mm?) for comp. bars and 6922 (A, = 2322 mm?) for tension bars

NOW we need to check our initial assumptions and the moment capacity of the chosen cross-section

622
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Doubly Reinforced beams

& Example: Design 0.85 £’ € 250 mm
; : e ¢, = 4R v

C.=0.85flab

Let’s choose 2916 (A; = 398 mm?) for comp. bars aI

I YV W

and 6922 (A, = 2322 mm?) for tension bars

check our initial assumptions and the moment capacity of the chosen cross-section Ty =d5f, = Cs

® Check comp. steel : Location of NA. - T = C fy = Asfy <:

Asfy = Asfs +0.85 f/a b (two unknowns f & a )

T, = Aslfy = C,

2 layers of steel in bottom
itrl: assume f§ = 370 MPa - a = 139.16 mm — y = 163.71 mm d =4155mm ...... d' =58mm

check f; - €L =194+ 1073 > f] = 387.42 MPa

itr 2: assume fi = 387 MPa — a = 138.02mm — y = 162.14 mm B50
cheek it mse a0+ 103 S5 '="3857.MPa ... N

® Check tension steel €, = 4.68 * 1073 > 0.004 — tension controlled ...

€, = 4.68 %1073 < 0.005 - ¢ # 0.9 > ¢ = 0.873

6 My =My, + pMyy = 0.873 % Ayfy (d — d') + 0873 x (Asfy — Afy) (d —5) = 47.9 + 248.6 = 2965 kN.m > M,, ...
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