
Design of reinforced concrete structures I (61390} 
Homework No. 1 

Ql: Determine the service moment capacity for a rectangular beam section that has a width of 
350mm and a depth of SOOmm and reinforced with top bars of S<P25, using the allowable 
strength method. The concrete compressive strength, fc= 32MPa and the steel yield strength, 
fv= 400 MPa. 

Q2: A rectangular beam section of 400mm width and 600mm depth (d= 540mm) and reinforced 
with bottom bars of 6<P20 is to be converted to a beam of 400mm depth (d= 350mm). 
Determine the needed beam width and reinforcement using the same steel ratio. The concrete 
compressive strength, f' c= 32M Pa and the steel yield strength, fv= 420 M Pa. 

Q3: A beam section of 350mm width is to be designed to resist a moment of 400kN.m. The 
concrete compressive strength, fc= 24MPa and the steel yield strength, fv= 420 MPa. Determine 
the needed section depth and reinforcement using steel ratio varies from p= 0.003 to p= 0.015 
considering steps of 0.001. Determine the concrete volume and the steel weight for each steel 
ratio considering one meter length of beam. If the concrete cost is 320 INS/m3 and the steel cost 
is 3200 INS/ton, calculate the cost for the design for each steel ratio. Make comments. 

Q4: A. Derive a formula for the maximum steel ratio allowed by the code (ACI 318-08) to have 
singly reinforced concrete rectangular beam section and calculate the corresponding steel 
reduction factor, <P. (In ACI 318-08, the maximum allowed strain in tensile steel is 0.004). 
Determine the design moment capacity for a rectangular beam section of 450mm width and 
600mm depth (d= 540mm) that have this steel ratio. The concrete compressive strength, f'c= 

28MPa and the steel yield strength, fv= 420 MPa. 

B. Derive a formula for the steel ratio to have failure in concrete and yielding of steel bars at the 
same time for a steel have yield strength, fv for a rectangular singly reinforced beam section. 
(This steel ratio is called balanced steel ratio) 

QS: Design a rectangular beam section that has a width equal to half the thickness for the beam 
shown in the figure below. f'c= 24MPa and the steel yield strength, fy= 420MPa. Sketch the 
reinforcing layout ofthe beam. Assume maximum steel ratio, p=0.012 

Po""100kN 
PL=60kN 

PD=100kN 
PL=60KN 
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?"-~----~----7.00m ------------r'--- 2.00m --r-

BEAM STRUCTURAL MODEL 

1 



j) -cJW'-1. ot y-/e.-~Y\.{or~J' e&>V".c.,.,~e._ s+~V\.c~res f 

ftf 0 wt e. .,) "f'!k.. { 

~:.So=- 6;-- _ 
:: ~~)V"t""\ 

I;_ ; s L AP Cf 

~c~ ~ o , 4.> X') 2- ::.- L <t. 4 /IA.f a. 

~ ~ ~ 'ft9o Mfq, 
~5U-( = t>. 4 lo :: o.~x_ 4eoo -~ 

15 ·:; 

E. e- ::. t.e- 'J o o ~ -:- z.£ 5"'rr:+ ·){\ P '\ 
GJ ;_ ?-c7 0 0 <> 0 MPet 
....--..t> ;1,; ~ G f -:: '2-s> .0 OC> C) = '::). . s- (_ -Gc_ "2.-6 .s-a~ 

A 5 :.. '>X ~~L -: '2. 4-- .)) h1 ""''L 
( ~ Pr; = 2-'f:SS"' :;; 0 .. o(b( 

Toj 3 SoX'f'Ss-

\c ~ -n.f 4- Jr---(_-n.-~-)-'7....-. _+_"l.._Jt._f--~1 ·= o ·~~ --6 

J -: 1- \.~(> -= ' 0. 2~ \ . 

y 

/' 

L 6o =- fY\ ><. l c b' ---f) M :. l4J -~ kf'l . "'1 

"2-(f.)) X Or~~' 'j..._ 4-'ls- --~ 

-~ L ft~ y :: . 2-M klo b' ---b M:. l6o .. ~ 
s 5"" o X 4 '5 5""2. )( t> .'$ ~ t" }< t:. .c8~ \ \.s, f" r""" 



{:: ~ -z (1!lt'er 

r& :: 't2o MPC( 

fVvo~~~ ca.r~Cf·-~ 
0 ~ 5 ~u.t{oV\ \ ; 

,p,s; bK'3{q 

- ( iJ y 

---+---- 6 c:p 2-o ---· 

q:_ As{J 
~Ry-f~b 

b 
/+(=~---~ 

::: I 6' 8 c..e_ x '+ ~ -_ -;:jz .;:} ~ 
.,gs-x )t_,>< 4c.o 

,As ~ c of.~ .z(<-) 

I R » '+ (_ lf-:2..::>) ( s-'f ¢ - J z. ·? 3 ) /c / :. 'S 'l J. S luv , "1 
""1.-

0 ,fJ'{"'- 0 .. o) c)'---~») 

::t-

-1 0 r -:: o .. "J "';1) X .,,Q'L X o ,2s- X 3L-(Cf·2c::> 
(or::.D...> = 0 rO \.0.. .. 5\ 

/ ~~'f -:_ 0 .o;?o8;4-'- Co·~\_~~ 



/ 
"' . r 

.,._., cf ~ c .. '\ 

rfiltn~ "". '{ X. 31!1· > -;:; >s-2. + V:ty • ..._., 

for 5 e c_J-l" cr-rt.. '2 : 

6-:;Jc- ---M; -· 

,..... -

/{6 .. ~ X(o -b 

c~so)'L 

b :... 1so n1-~ 
h ::_ Lreo ~n--t 

As :.. 6 ,. o o 9 ~ L x cts ..:::> ><3s C) 

:: z/l ~.~ ~~ ~ 

>( 



' . .. 

.. 

J 
c~ -r 

, ~ -r- f ~ b a :: As t;:~ 

• g ) f :_ b (5, " . <t "> d -:: A s s 
L:: O·'f> () ( • gs- ~--, 
O•ooy. 6 

f~ c...A(' 0 v'\ Cct.fQ..._cl_ .f(): 

A> ::- f h e! . .. 
f -;_ , . If~ 0 . gs ) (" , g s ) ( 29) 

Y.'L-<=> 
:.. a? • 0 'Z. c;;:) + 

--
o .,. o 1--o ":f- >( 4 5o X S ~ 0 

5'v'Jo ~~·2.._ 

Lr/ 

cuoe>3 = o~oc..Y. 
c::. I Pl-C:::.. 

c-;:~.~ 

0 • 0 C> Cf C -=. 0 • ..:>.:.. 14 -o 'c(!:.1 C.. 

c, oo";1 C. .::2 OrDc"JSc/ 
--7 c-::.2_ a--( 

--::r 
::: a~43cl 

~:;.. (?~..._c 



: .. ' 

t ' 

t 
" 

q_:.. A s !tJ 
-~&!) f~ t 

= ?o)o C't?-o) 
u cP ~X -z__J) X 4-So 

~ fVlu -; ,_. ~ c-=r- ft s Ia ( o{- q_ ( 't) 

s/ 

-;._ &>. 9. (1- (' S"o)=) (_ lf?.o} (54: o- \ ;__ ':). • ~) /1 o (;"' 

= .:;. 6 '- \., tv ~ IV\ 

0 " 0 0 <'?. d - 0 .. 0 l) 3. c = c. E; ~ 
o •Oo';!d:: (_o•<>o~ i" E:j) c 

c. ::. (!> .. 00 3 o.( 

CUDD3+ej 

OsOO~ + EJ 
) c! :2- A 5 fj 



'Z. l 6 l( ~ 'Z. l b lr,..v 

~~---=-J-~---d 

P~"'""\ll'cto ,,.~ 
e J-- Is ~ "VV : 

b LV = 
k:- .-z_bw 

h M. / y1. ;_ . __:!:: -:... 0 " 'S g ""'"' 
rR·r 

/,w:: o .. ~j 
h.,:_o.?o 

5.:? W~'\k.j-
~ !.) 

o ~ ~ <-..r..~ =. o . "3, 5)( o · ':1 X 'Lj 

-::. G: / 2 J Lrtv f--.. 



l 

I 

'· I 

{:;J'L:­

b (( rc9 0'L :: 

U><-

:::f( 

d~ o·q__~ 

=- 0·~('2-&) 
=- ,,..~ b 

f. ::_ 0 ,. o f'2 l .(' ~~o f ~I<._ 
5)f r) \.c,V • ~ 

A 5 -:.. 2 611 1 """' """...,_ ~ Lc 
. . (tcck'"S-z)o-(LCG~z.s) 7 
-t5 :.. > 5" .0 VI"( ~ h_ :- ::t-=> -.=> 1-14 """' 

_J l_l 
' I 
~ 


