Solution Assignment 4
Problem 1 (20 marks)

1000 mm

* -

1 l | 100 mm NOTE:

* f'c = 30 MPa, fy = 400 MPa

. o0
700 mm * 30 mm clear cover

* 40 mm clear spacing between layers of steel
7-35M

453 mm

a) Moment Resistance without using the CDH tables

As=7000 mm? a; = 0.81; 8; = 0.90

Check T-beam design

a1Pcf1cbrh . . .
Asref = 1;S—nyff = 4645.6 mm?; Ag > Agrer - a > hy; T — beam design

Design as T-beam

¢sAsfy
A, = = 150 681 mm?
¢ aydef'c o
Ac=Ap + Ay = (b x hy) + (b (a = hy))
Ac—A
a= hf+(cb—f)= 212.6 mm > hy 0K
w

Ay, = (a — hs)by,, = 50670 mm?

hf Cl—hf
Af<7)+AW(hf+ . )

Ac

=85.7mm

a=

dy =567.5mm;d, = 642.5mm;d = 621 mm
z=d— a=5353mm

Check yielding

c _ a/p1

700
P P =0.38< m = 0.64 .. steel yields (under — reinforced)

Moment resistance

M, = ¢psAsf,(d — @) = 1274 kN - m

M, =1274.0kN.m



b) Moment Resistance using the CDH tables

As=7000 mm? Ag o = 4645.6 mm?
Ag > Agrer ~a> hy; T —beam design

Flange moment resistance

M, = K,¢(bs — b, )d* (Overhang)

d =6.21
hg )
_ 0 . - _a1Pcfrchy 0
py = 0.75% (Table 2.3, CDH); Alternatively, calculate py = “od 0.75%
sly

K,r =235 (Table 2.1, CDH); M, s = K,¢(bs — b,,)d* = 498.4 kN.m
Agp = 0.0075 X (by — by,) X d = 2561.6 mm?

Web moment resistance

M,., = K, (b,)d?; K, = 4.475 (Table 2.1, CDH); M,,, = 776.6 kN.m
Agy = Ag — Agp = 4438.4 mm?

Asw
= 2w _ 1599
Pw =% d %

Total moment resistance

M, = My; + M,,, = 1275 kN.m

M, =1275kN.m

Problem 2 (20 marks)
As = 5600 mmz a; = 0.8125; 5, = 0.9075

Factored moment at critical section (mid-span of beams)

Wy L2
My = ——=912kN.m

Effective depth and effective width

d =509 mm

12 hy
Overhang < 1/5 Clear Span
1/2 clear dist. to next beam

bs = 2 X overhang + b,, = 3 440 mm



Check T-beam design

a1¢ f, bfhf
Asrer = # = 32060.3 mm?

Ag < Agrer - a < hg; Rectangular beam design

Check yielding

a= ¢sAsfy
al(;bcf,cbf

c :a/ﬁ1

=419 mm

700
S =—g =0077< 700+ 5, = 0.64 - steel yields (under — reinforced)

Moment resistance

a

M, = §Asfy (d - ) = 929.2 kN.m
2

M, =929.2 kN.m

Check design
M, =929.2kN.m > My =912 kN.m -> Acceptable design

Problem 3 (20 marks)

a) Design critical beam section in positive bending

WrL?
T 24

d =550 mm

Mg

= 266.7 kN.m; a; = 0.805; B, = 0.895

Assume rectangular design (a < hy)

K. = M =0.735
T bed?

p=0.22% (Table2.1, CDH)
As = pbpd = 1452 mm?* > 5-20M, 1 layer (Axom = 300 mm?)

aydof'cbrh
Asrer = # = 11081 mm?

As = 1500 mm? < Ay = 14774 mm? = a < hg; Rectangular beam design

Check yielding
a= ¢sAsfy
ald)cf’cbf

c :a/,Bl

=27.1mm

= (. L —_— =
I I T

0.64 - steel yields (under — reinforced)



Check moment resistance

a
M, = ¢sAsf, (d - E) = 273.6 x 106 N.mm = 273.6 kN.m

M, =273.6 kN.m> My =266.7kN.m > OK

Check spacing

b, — 2Cover — 2¢¢; —nd
s = w (Pstlrrups b =105 mm
n—1
1.4d,
Smin = Max | 14,4y
30 mm

s=105mm > s,;;, =35mm > OK

Check crack control

bx2y

fi = 0.6f, = 240 MPa; d. = 50 mm; A = = 12000 mm?

z = £.(d.A)"/3 = 240(50 x 12000)"/3 = 20242 N /mm
z=20242 N/mm < 25000 N/mm -> OK for exterior exposure

b) Design critical beam section in negative bending

2

WL
My = fz =533.3 kN.m

a; = 0.805; f; = 0.895;d = 550 mm

Assume rectangular design (a < h - hy)

r

K = a2

=294

p=097% (Table2.1, CDH)
As = pb,d =3201mm? > 11-20M, 1 layer (Azom = 300 mm?)

aypof'cbrh
Asrer = #ff = 11 080 mm?

As = 3300 mm? < Ag o = 11080 mm? » a < h— hy; Rectangular beam design

Check yielding
a= ¢sAsfy
ald)cf,cbw

C P 0242« "% _ 064 - steel yields (und inforced
7 a _700+fy_ .64 .. steel yields (under — reinforced)

=119.1mm

Check moment resistance




a
M, = ¢;Asf, (d' — =) = 550.2 kN.m
S
M, =550.2kN.m > My =533.3kN.m > OK

Check spacing

by, — 2Cover — 2¢stirrups — ndp

= =90
S n—1 mm
1.4d,,
Smin = Max 14,4y
30 mm

s=90mm > s,;, =35mm > OK

Check crack control

bx2y

f; = 0.6f, = 240 MPa; d, = 50 mm; A = = 10909 mm?

zZ= fs(ch)1/3 = 19609 N/mm < 25 000 N/mm -> OK for exterior exposure

c) Design summary drawing
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