CONCORDIA UNIVERSITY
Department of Building, Civil and Environmental Engineering
BCEE 345 - STRUCTURAL DESIGN Il (Reinforced Concrete Design)

SOLUTION OF ASSIGNMENT 2

Question 1 :
fc' =30 MPa 1‘y =400 MPa

a) Calculation of M, :

1) Code Procedure: f comp
f.=0.64,/f, =06 (1.0)+/30 =3.29MPa = f,

The cracking moment is the moment that causes 1l INA | )
the concrete to reach its tensile strength ( ;)
ytension
Mcr XYen - -
f= | t f tension
gross
3
| 1ross (NEQleECting A, )= w =8.575x10° mm?
Yien :D:E:SSOmm
2 2
9
M, = 2:29% (B:575x10 )=80.61x106 N.mm =80.61KN.m

“ 350



2) Procedure using transformed section properties:

Original Section  Transformed Section

wal %0 o
R
As= 2800 mm?
(n-1)As= 19880 mm?
E.  200.000

n= E_ = 00T =81
~ 300x700x (700) +19880(50)
Y = 300x(700)+19880 2™ = Yo
Turans, = w +300x 700 % (350 — 324)* +19880 x (324 —50)° =1.02x10%
m, -1 xF_329x({1.02 *107) _103.7x10° N.mm = 103.7 KN.m

ytrans 324

b) Calculation of Ms :

Stresses in extreme fibres of concrete and reinforcement at Mg = 1.2 M,
We will use M, for the transformed section, so M = 1.2 (103.7) = 124.4 kN.m

Assuming the section is in the elastic range, so the stress distribution is linear.

Taking the first moment of are Sp, =0

fc
(kd) B 1/
300 (d) £ =n A, (d k) T ZN-A-kdl
300 @:8.1(2800)(650—1@) d /
(kd)? +151.2 (kd) — 98280 = 0 i / o
(kd) = 246.9 mm tec? o L




bx (kd )’

| =—""L 4+ nA(d-(kd))?
cr@N.A. 12 As( ( ))
3
:300)(2#9)+8.1(2800)(650—(246.9))2 =5.19x10°mm*
6
- M, x(kd) _ 124.4x10 x§46.9 _592 MPa
I, 5.19x10 —_—
— 6 —
L: M, x(d —(kd)) _ 124.4x10 ><(65(l 246.9) _ 966 MPa
n I, 5.19x10
- f,=9.66x8.1=78.3 MPa
¢) Nominal Moment Capacity :
T=C T
_ g

o, =0.85-0.0015 (f,) =0.85-0.0015 (30)=0.805 4
B, =0.97-0.0025 (f.) =0.97 —0.0025 (30) = 0.895 i

oo 00

AF, = (c, ) (5)(b) —~ b
c=172.7 mm

=6.41x10°N.mm = 641.4 kN.m

M, =T (d —%j: (2800x400)x(650—wj

d) Factored Moment Capacity:

T=C

¢SAS I:y = (¢cal fc)(ﬂlc)(b)
¢, =0.85, ¢, =0.65,
€ =225.87mm

=5.226x10% N.mm =522.6 kN.m

M, =T (d —%) =(0.85x 2800x400)x(650—wj



54.

a) Find the minimum required number of 25M rebars for the beam section required to sup-
port the given load.

Perform the load analysis.

Dead load:
. ‘ , kN
- self-weight = b x b X Y,= 0.4m X 0.6m x24.0—= 5.8kN/m
m
- superimposed dead load = 5SkN/m

DL = 10.8kN/m

[ad

Live load: LL =35kN/m

Factored load (NBC 2005 Table 4.1.3.2)
kN

wp = 125DL +1.5LL = 125x10.8+1.5%35.0= 66.0;

Spanl = 6m
k 2
vl (66—,’1:’)(6.0m)

Mf‘= g 3

- Estimate d value, assuming'one layer of reinforcement.

= 297.0kNm

- interior exposure: cover = 30mm (Table A.2)
- stirrup diameter: d, = 10mm (10M bar)
- bar diameter: d, = 25mm (25M bari

db ‘ 25
d = k—cover—ds—a— = 600—30——10—? = 547Tmm




Ke = Mr)(’log 3 Qq.’—!Xloé

) - - = 2"4’8
ool boo (8Yy3)©
Q‘N’ ‘Qc\: B P Ilnsw\ toble
P = 0.00% < _)pr% = 0.02§ (Uw\alw—-"f;‘ﬁ!lﬁeﬂl .S'ec*ﬁm)

A = pbd - 0wcc % Hook SUF = [F5]

—

) . » 8
e L -25M lars = ,45 — 9000 W

- Check CSA A23.3 minimum tension reinforcement requirement (C1.10.5.1.2)

0.2./f. ‘ '
M bh [5.7]

smin

_ 0. 2«/30 Pa | 2
4OOMPa X 400mm X 600mm = 657mm

(Note: b, = b rectangular sections)
Since

A, = 2000mm” >657mm” okay

- Check whether 4-25M bars can fit in one layer. CSA A23.1 (C1.6.6.5.2) specifies that the clear
spacing between the bars (s,,,;,) should be at least equal to . _

14xd, = 1.4x25mm = 35mm (25M bar)
l4xa,,, = 14x20mm = 28mm (20 mm maximum aggregate size)

30mm

It follows that 5 ,,;, = 35mm governs (largest value).

- Find actual bar spacing.

_ 400-2x30-2x10-4x%25
B 3

= 73mm

Since

s = 73mm >35mm okay

it follows that 4 bars can fit in 1 layer.




5.7.

a) Find the minimum required beam depth and the amount of tension reinforcement.
Estimate beam dimensions.

- Width: b = 400mm (given)
- Estimate beam depth (h ) based on CSA A23.3 C1.9.8.2.1(see Table A.3 in Appendix A).

Find clear span (Z,,).
Span I = 8m and support width is 400 mm, hence
I, = 8000 —400 = 7600mm

For a simply supported beam:

%: 7601% = 475mm [ Sakisfies deflechon requirewents)

Colculate f ot SaHS&es the achey wament (MF)*

hz

Dead load:
DL = 40’1;;1ZY (including self-weight)

Live load:

LL = 4012\-7
m

- Factored load (NBC 2005 Table 4.1.3.2):
R kN
Wp= 1.25DL+15LL = 1.25x40+1.5x40 = 110;—

- Factored bending moment (simply supported beam, see Table A.16)

wpxl 110’%V>< (8.0m)°

= = . = SSOkNm
My = =3 8

Set Mr = Mf

Knowing ot o Lo A whew,
S b

L = 0.0271 for 'PC\: 25Mf
sooe L ewolbs = Kr = huig
.
J: erm( _ 38X (o = 4973943
L.k Hoo * 441%

d 2 FoSmm D hs Boo
od = oo —No = Ffo . (omumivg 2Logens)




AS - RAbd = o-0l65 %‘L{ov % Tlo = 4462 ..T

~

us“wj 6 M (ABM ~ Goo W\mL)

use ié - 25 M = Seco imwm (\,o > 0~0i65)

we showld  nereas h + 50 and V’tﬁj
d = h-o30- 113 - 26- 26%% = L o

(0\/yw\m'\rj bos logs of 2501 & 1om stirreps )

82’0 X to( " _ 335

/L(oo * C:I’é(s)l )

o

Ky = M

oL = 0.0133 < o.0l5 ,,

AS’ _ obd = ew0IB x foo¥x F4 = L oTF8 mm

(=

Luse 0#25 M = {500 mm '<u0:0~ol‘i?)@é

- Check the minimum CSA A23.3 tension reinforcement requirement (C1.10.5.1.2).

0.2 {; ’ ‘
Asmin = . bth [5.7]
_ O.2A/25fi1_Pa - 2
= =20 OMPg X 400mm x 900mm = 900mm

(Note: b, = b reétangular sections)
Since
A = 4000mm* > 900mm> okay

- Check bar spacing:

cover = 30 mm (Table A.2, beam not exposed)

CSA A23.1 (C1.6.6.5.2) specifies that the clear spacing between the bars (s,,;, ) should be at least
equal to ,

14xdy, = 1.4Xx25mm = 35mm (25M bar) L+~ ( Governs)

l4xa,, = 14x20mm = 28mm (20 mm maximum aggregate size)

30mm




Cheo  whether~ 5 bars  Can ajr in one l%r :

S‘&d— . Uoe-2x30-2%1l3-5%25 -__,"L;(‘g‘l .
4
- Scx ct > Sm'w\ O’KY, N ,
= "+8~‘ = 35 mw y f___—ﬁﬁ
{25 mwm

_ et Crack Combel i ggonln %f
b » 25F mw~
7 = \05 3\/ d. A ‘ L A v |
| Lo, Qj 9-25M

'€S= 0~(% = 240 Mif)& ¥ :

s
<

L{OO mmT

dc = 30+ 13+ 25 = 53.3wmw
2

i | Desigwn S wanar
Y= hod = 860 FLE = Bywn L2090 2D

o A- 29b _ 2#8Uxfeo g
n 9
Z = 2Yo 7538% TUYHTF = 1?7‘03 lv'/w\w\

< 30,000 @
- ‘SKiV\ Y‘&‘\W/e«ﬁ;wj(: </£\ 7 FSo w\wx)

)C‘-’; 30 + ‘\‘3 + Dé?_ - L’q— MW\ <C\/Y)\'\VV‘L SK\V\V’C‘:\?F lOM)

o - [ - aCnf)odyas - 20 ) wzer

|

ASK"\V\/S‘}H[' — 0.00% A_ii -:: qu} vvxmi <2-40 M) |
Huge -0 ™M @w SPquwj‘ thu\w [g j? ?’eommj

&S Shown tn e desi‘aw S'\,\W\W’\AY‘3~



5.0

&X) Des"%‘/‘ g the beam Sechm with Ag o AS\
h = o35 % 850 = 638 ™
- WSe \/\: éSO mm *:_?O\ = ,’\-—Cio = 560 mm-.

Mp - 880 KNm ( Problem 5%)

= Ca\u&mté M"“loﬂ
Moo= dectife Qb (do B8 o G 3o
=/ o) %ehﬁj |
= 0.65 *—é«ﬁlZS% 25 *0‘307-5{35{*400 ( 56’5 — 0q0%6x356
= égﬁ KN~ wm < /
:. M@ 7 Mrb (/Ars\ is V\te,c(ea()
AS[) _ d)cdlﬁ(\ ‘ﬁ’q? b - Koy MW\L~
% b
A = Mg - M, = 830 - 630 = 200 kb
| ¢ | | -
AT o AM o ZeeXle . 3960y N
c\'é\ — 560 — 55

WN/\'L 01\ = 55 mm ( C&/YW\W'\VS m'\c’.:\wam">

2 AS\ = AT B » 3‘?(0Lfo
| K- kX
w

Z w

7

o35 * L(Oo — 0.65 ¥ 0.§i2f7('?—5
= |2

p—



— ;45 | 210 vam

R AS = ASL"'AT\
| = 5olg + 1212 |
= (230 Mml = Use @-30"’?) = 63‘00 MV:\L

N \
ve ASV‘&V‘\.SCO( = 212 + (5300 '5130> = 12382 WM’I,\

S Use AS\*:: 2-30M = [{oo .

C‘/\evﬁs -

@ Cc < Cp : OV e ,45 5 As\ Yieldeo

Crmnmm— »

CQ X CS = i
410(179(‘?&0[9“’ %As\gj:%@%‘é
S 065% 6:3125 ¥ 25 k0qoF5 x C » Yoo + 0.85 % oo % Yoo
= .35 % 6300 x Loo /

LC= YT L e G = 356 e

&E>8
€0 - Co(c-d') _ owo035x (3U36-56) _ (02

c 346 > gt



& M > M

Moo= G (Ao fC) LG (d-d)

= 0.65%08]25% 25 % 0.96F5 * 347.¢ % oo (5@_030’/5*3%-6

2
+ ‘ov?;Sale{oo * foo (550 - 56)

= bFol+ 2399 = 9jo KNwm > Mﬁzszo kv
, ‘
— CJNt(‘/K ‘90\/\/ S?a()\j i-

| Checre whdbhen 5-30M Com Q/’v\’ n ove ‘ogofi- 23 o= 1 A
S‘W\'\V\ ~ [y c:l}, = U4 x3n = L{?.vnvn v~ (313\/‘(/\\/&) 6

l‘q Ole\ﬂ\)k = BSW\W’\ q-SOM o & 8 |
~ ' i \4

360 W . goo‘mmﬁ

Sl"aci— - L{OO — 2%30 - 24 ”‘3 - 5’{: qu'? - Lf'Z - @
L/ .
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