


Design of strap beam
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1— Calculate the Footing area. (Width & Length of R.C. Footings.)

- Take e€=(0.17> 0.2)S

- Calculate the reactions on Footings Rj’ Rz

~- S

Py

| e S'_ e——

P+ S=R; +(S-e)

P1+P2_-_—R1+R2 —>

.
!

1

Rz
Rj-'—" Pj* S
S—-€
R2=P1+P2—R1




Footing F --_.-l_
| |
IF tP.C.> 20 cm :———.L—L——-I :!
I F1 | 'i
HL {P.C.= L1R.C'. L1R.C.=2 (e'/'%’) éP.C. 1
C: e
A = B _ A7t £
P.C q
all
Ap.c._: Bipc*Lipc —> Bip.c.=‘/ o3l A2 0vsy3d oyl
|<—L1P.C.—>
B1R.C'.= ij.c."'z tP.C. WL 1R.C.= Ljp.c. |<—Lm.c.——
aodeadl y apsledl 0aslill C.6. J1 505 o g ULl 30 5 4"
Q8 Iy Cuady Slolaa ¥l JiE5 Loledl sacl@l ¥ Ll

3l lia (o8 3,8, Jao 4 ¥ U Ul

IF t <20 cm -

L1R.0.=‘2(e+%1) T ‘ '

-~ L1 =1 :

B

Get B,p . From AR.C.= q =W nf | A L :
all |%| 5 I

AR.C’,: B’R.C’.*LiR.C’, —> BfR.C'.:«
L 1P.C.<= LfR.C'.+ tp.c.

~ pr.c. -
I~ Lm.c. -1

B1P.C'.= B1R.C. +2 tP.C.

Sl s e (5 ¥ 4l 5 sanly 4l e a5
odusall 5 agoledt oaclill C.6. Gakay of Ul o0da (o8 pay ¥
cadls al,d LIl oda (b aeled) cacld)l Y [




Footing F; -I-T-‘-Cz
IF {,.>20cm ) ﬂ

T

( Square footing )

A = Rz = ff mz :(sz.c.)z ————— ~®

P.C.~
qall

sl me 0. 0 3Y o, sz.c. ol aey

BZR.C."sz,c,_ 2 tp.c.

IF tp.a\<20 cm

( Square footing )

A= B2 _ e m’ =(Bre) - @

R.C.™
qall

ooyl mo o, )8V o, B g otes s

BZP.C. = Bzg,c"/' 2 tp.c.




2— Check the validity of using Strap Beam .
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8 — Dimensions of the Strap Beam. (Width & depth)

i

i |

- F F
RE ) jfz
R1T R2

W1 kN/m W2 kN/m

L] I A

Stresses on Footings.

w, = B (kN/m)
Linc
wo= B2@L (kN/m)
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Drawing B.M.D. & S.F.D. For the Beam.
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M max the bigger From M mazx Ve) & M max &Ve)

TE AL

Choose b = (400 —1000) mm

Lsle o geed) gecdl yoje (o 0yeS)) oje Ji 3

_/ |b Z w7 b |
v /. N s

d (mm)= C, \/ Moz GeN.m) * 10°

Fou W/mm) * b (mm)
Choose C, = (3.5-»5.0

—_———— —

~

cet Ol =iy tmm)
Take cover = 70 mm

t = d + cover (70 mm) 0oL L e 0. w,3Y L,




4 — Check Shear For Strap Beam. as beams.

Q or Qmax

S.F.D {7[

ch, Ssacdl g e % Aoy e

QC'I‘. = Qma.x.— w (%)

—
d
2

@ Calculate Allowable Shear Stresses.

2
q =024 \[Fow  Nmm
scu 60

qscu =0.70 \ [ Feu N \mm'2

maox. Ge

@ Calculate Actual Shear Stress.

q _ Qc'r.

N\mm®

S IF

Yo < seu Voou< Tou Tagu. V> Vg,
vee ’;”;Oi"‘mp" We need Stirrups  Increase Dim.

5 m X b

4 branches More Than 5@ 10\t or d




« IF 4 ,.<9.< qs%w
We meed Stirrups more than 5@ 10\

qsu - qﬁu _ nAS (E’/Bs)

2 b S

Where :
9 _ Actual Shear Stress.

su

g’;_“= Shear Stress Taken by Concrete only.

— TV = No. of Branches.
= IF b > 400 mm OR b> ¢ al> gols

I ] J Take n =4
L |
X 450 mm 1

Nn=2 n =4 X PpR250mm

—Ag S pe anl ) Gl pha 4ol
IFusing g8 —> Ag-50.3 mnf g,
IF using ¢10 —> Ag-78.5 mn?t

10d

= I'y = 240 N\mm® Mild Steel
Fy - 360 N\mm® H.T.Steel

— S = Spacing between stirrups in the Long Direction.
ol slasd) (b DL Gy L)
Sm.,;n= 100 mm ‘

\\
Smax.= 200 mm i S\L




8 — Reinforcement of Strap Beam.

Sec.®

o=, \|Ynmers ¢ 5 J
Four b

M max ¢Ve)

JE, d

Get ASbott =

check Asg, i




6 — Design of Footings. as a strip Footing.

Footing. I B —Bire
Sl !
Lo le E :
St ooy o Lire /7416 —
R EELLLLLLE NN EES
7. Fm \\\\§

W E\\\\ \ZC
St
| M1act.

Footing. I
- Actual Normal stress on R.C. Footing (U.L.)

R
Bigc*Lpc |
— Critical section of bending at R.C. Footing.||<Z 1= ng.—b (m)

— moment = Force s« Distance

M;get. =( QurZ1+ 1M )—g—’ (kN.m/m’)

AM 1act.
tR.c.[ // //// // ( / /l
—Bpc— 70 !
L/B\?v




Check Shear.
2
* Calculate l,_-:- 21— %_1 (m) %1 %i,._l_.,

¥ Calculate Actual shear Force.

crmoaz// [LILILY
section, q -

Qou= Yy 2 l1s 1.0m| )

* Calculate Actual shear stress. oy
. 2
3 1 o
Qo= Qsu = Qs (kM) 4 10
bsds 1000 +ds(mm) A4 L/J
el
,‘(\:
— “0
% Calculate Allowable shear stress. q F cu
sou= 0-16\ %

* Compare between
Actual shear stress (qsu)& Allowable shear stress (qscu)

Safe shear siresses
No need to increase dimensions.

* IF qisu< Qscn —>

UnSafe shear siresses
We have to increase dimensions.

*IF Q> Qoo —>




Reinforcement bf the Footing.

From C, _Git_>J

M1a,ct.
cet |Aci=
[S, o d,J

Check

man/m’)

1.5 d emm)
5 12/m‘

IF AS7>ASmin — » o.k.

% LSl

o —
e ———————

Asmin (mn/m) =§

IF A81<Asmin —>» Take Asi= Asmi'n




Footing. F,

oLl o5, I
Tyl ole I
_,’.Lo\):mb).o 7] —--bi- -+ Lzr.c.

W'*Trﬂ o\ -

22 N | X
qZu E\\\%%
S’hr.p
| M et Footing. I,

— Actual Normal stress on R.C. Footing (U.L.)

Ray.i
14, = — (kN/mz)
au an.c.*LzR.c.

— Critical section of bending at R.C. Footing. || 2= Lerc—b (m)

— moment = Force « Distance

MZact. =( qzu *ZZ* Im ) %2 (kN.m/m/’)

A M 2act.

_ tﬂa[Lgﬁiﬁj}fikj}j;

B c—




dz = ( MZact.
= Ly Take O, = (3.5 5.0)
Fou * @\ 1

Get d2= vV~ Gmm) Take coOoveTr = 70 mm

tz R.C. = dg -+ cover (70 mm)

Check Shear.
4

* Calculate l2= z - ‘il () l*gi :gi‘—l-—-

2 "> 3

* Calculate Actual shear Force. : ,’4
Critieal / ‘Lgm‘

seotion,

Qosu= Dy 2 L2 1.0m | (kN) 2u
% Calculate Actual shear stress. dz
) 2

Qoors= QZsu — QZsu(kN) * 10°

bsdz 71000 sdz(mm) 1 /J
o

% Calculate Allowable shear stress. q F cu

* Compare belween
Actual shear stress (qsu)& Allowable shear stress (qscu)

Safe shear siresses
No need to increase dimensions.

% IF q2w< Do, —>

x IF q2w> qsw — UnSafe shear siresses

We have to increase dimensions.




Reinforcement of the Footing.

M.
Get A s2= zact. (m'n%/ ™m’)

% LS9

s — —
— ———

Check | 1.5 d amm)
ASmi'n (mm’.z/m) =§
5¢%12/m

IF A32>Asm.m —» o.k.

IF A32<Asmin — Take Asi= Asmin




7 — Details of Reinforcement.

 R—




Example (1):

It s required to design Footings to support a proterty line
column C7 (45+50) em. and carrying working load 1000 kN and

interior column C2 (45 + 70) em. and carrying working load 2200 kN
the spacing between the C.L. of the two columns is 7.0 m

as shown 0.5001 CZ 0.70

1e
T

0.45

| 7.0 |

and the allowable net bearing capacity in the Footling sife is

200 kN/m?. (F,,, = 25 N/mm?, F,=360 N/mm?).
and draw details of RFT. to scale 1:50

Solution.

Data given:
Column C7 dimensions (450+500) mm

Py (working) — 1000kN Py (wr) =1000 1. 5= 1500 kN
Column C2 dimensions (450+700) mm
Po (working) = 2200 kN Po (1) =2200+1.5= 3300 kN

R(working) =P1+P2 = 3200 kN

Rwi)y= 1.5+ 3200 = 4800 kN
Bearing capacity of the soil = Qou=200 kN/m*

E, =28 N/mm* F,=360 N/mm?




For property line use
Strap Beam or Combined Footing.

Start with Strap Beam.

]— Calculate the Footing area. (Width & Length of R.C. Footings.)

Taoke e=(0.1-0.2) S =(0.1-0.2)7 = 0.7 > 1.4

-~ 7.0 -
1000l | 2200
A Y

| |1
T i R
l
| . I 6 o
Ry R2
- 7. -
1ooql 0 2200

T

R:=1166.7 kN R>=2033.3kN




Footing F rar
Choose tP.C. = 30 cm > 20 cm ____Iif_ﬁ_‘__i :
| 1 | li

LiP.C.=2(e+%’) =2(1+025)= 2.5 m i 1é I

A = R’ -'—‘Ap.c.-'-' BiP.C.*LiP.C.

get B, p o From p o=
qall

Ap.c.= 1;gg°7= BiP.C.* 2.50 — B1P.c.= 2.33 m

IBiP.C.=-'-2~35 ml IL p.c=2.90 ml

[Birc=1.75m| [Lipc=2.50m]
Footing F;

Rz 2033.3(kN) 2
AZPC: d. = 200 kn/md =102 ™

=(Bspc)? =102 v

ZPC

sz.c. =3.719 m

| Bop.c=3.20m)]
IBZR.C.='%-60 m\




X=3.45

——2.50 ——2.60—
gL 07 143
' - ™
™~ A
T |
| —3.20—-
| 7.0 |

x> L”Z‘”‘” .. use Strap Beam.

3 - Dimensionsof the Strap Beam. (Width & depth )

R; w.L. 1500 3300
wq= 18D R ,
Ligpc 1 U ]-
i }
. I
(kN/m) T1750. 05 T3049. 95
| l-2.50.] < 2.60 !
_ Ry w.ur) 2.0 S = 5 2 22 2 5
We= Bor o W1 kN/m Wz kN/m
.5 +2033. O
Wo= 1.5+2033.3 _ 1173.1 795.5 kNfm  1173.1 ®N/m




Drawing BM.D. & S.F.D. For the Beam.
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Take b4 Cior Cz or 0.4mTake [b=0.45m

X d:C, M oz Choose (1= 4.5
Fou*d

o Ol= 4.5 \[1232.1010° _ 1489 mm
25 %450

tR.C’. =0L+70 mm = 1489 +70=15589 mm

tR.C’. = 1600 mm d = 1530 mm

4 — Check Shear For Strap Beam. as beams.

%l-o.mm 250. 1

S.F.D \//
&\

1150 ch,=614.5

Qcr. = Quaz— 'w(%-) = 1150 ~700.00 (-’%’1) =614.5 kN

Qor. = Qmaz.— W (2) =1364.40—1173.1 (132) =467.1 kN

— Actual Shear Stress.

Q.. 614.5 «10° 2

— Allowable shear stress.

F 25 2
- q,w=0~24\/ 5‘: = 0.24\/—1.5 = 0.98 N\mm
_ 4, =07 VFW' = 0.7 \/-—25 = 2.85 N\mm®

. qsu < qscu_, use min. stirrups

Use Stirrups (5 10\m| 4 branches




5 — Reinforcement of Strap Beam.

1232.14 1187.50

287.5 324.9

B.M.D I

kN.m.
17.04 @

Sec. D M omawcve = 1232.14Nm.

Mmax +Ve)=991.8

1430 = (Y \/’235;’:;0’0‘ » C1=4.60 —J=0.818

AS M 1232.14%10

= = =2467.78 2
JE,d 0818+360 1430 467.78 mm

Check As,, — L1p g = LL (450) (1430) = 1966.25mm?

e

*Ag> As, - Ag=2467.78 mmt [ 7B 22]

Sec.@ Mmuzavy = 991.3 kN.m.

1430 = Cy \[ 292:3210° _, Cy=4.8 —,.J=0.824
25%450

M 991.3 =10

2
S= = =2337mm
JF':l/ d 0.824 % 360 = 1430

Check As,, _ }-,—’ bd = LL (450) (1430) = 1966.25 mm”
Y

A3> Asmm . Ag= 23837 mm P




6 — Design of Footings. as a strip Footing.

Footing. I 0.5 2.20—
il 8 Hoode
454.56 r0.65] N\

*‘WIU]]]HI[']]]IUV Footing. F
96

- Actual Normal stress on R.C. Footing (U.L.)

q,, = Rw.1. _ _1750.05 _ £00.0 k8wl
BfR.C'.*LfR.C'. 1.75*2.50

— moment = Force s Distance

Miact, =400.01+0.65+*1m *» 0.325= 84.5kN.m/m’

84.5
. A
tR.C.{ A pd
—1000— =720
St by Togyd ole Glusdl a3, A
0y d.—.—C, Moo Choose (1= 5.0
Feu*b
e 0= 5.0 \/84~5* 10°  _290.7 mm <330mm
25 %1000

tR.C. = d+ 70 mm = 830 +70=400 MmMmm

tR.C. =400 mm d =330 mm




Check Shear.

Qou=Qiusletom _i,~3__§q’_
: I 1
=454.56% 0.485*1.0m = 220.46 kN
* Calculate Actual shear siress. (qsu)

g - %u _ 22046+10°
S bed ~ 1000%330

* Allowable shear stress. (qscu)

Feu 25 2
q3u=0.16\/ 5 = 016 \/1.5 = 0.653 N/mm

q | >q —__y un safe shear silresses
su scu

We meed to increase dimensions.

=0.668 N/mnt

take |[d=380mm|, |[t=450mm

qu =454.56% 0.46 * 1.0 m = 209.1 kN

209.1+ 10°
1000 = 380

su= =0.55 N/mm <Yscn,

R,
)
c°_
®
)
A
(=)

safe shear stresses

Reinforcement of the Footing. J=0.826

6 2,
AS___Miact. _ 96 *10 _ 849.58 mm/m,
J.Fy d 0.826 « 360 » 380




2

1.50 =1.5+380=570
g 570mm

Check Asm'im. = %
5812/m'= 565

%o AS> Asmin > As_—:849.58 m'm’.z/m'

58#16,/m
FOOting. FZ 0.45
— L _ i
1.075 = < ©
i 107 "[\"-538\@ q

451.17 5 60—
W 93 Footing. F,

—Actual Normal stress on R.C. Footing (U.L)

__BReys. 3049.95
B BZR.C.*LZR.C. - 2.60 % 2.60

=451.17kN/ni

— mmoment = Force « Distance

MZact. =451.17+%1.075+ 1m » 0.538 =260.93kN.m/m’

S

A260.93

2

-~ 71000—
ot bye Ty le sl i




“ d= C, act. Choose C;= 6.0
"'b

s ol=5.0 \/260 .93210° _ 510.8 mm
* 1000

trc = d+70 mm =510.8 + 70 = 580.8 mm

‘ tR.C'. = 600m'm| | d =530 mm

Check Shear.
‘== Critical
dlaccﬁon
*Critical section For Shear. ]7 ii._l_.,
l =2 — i | EQ..’,’——;‘%‘::
=1.075-9-53 _ 0.81 m Mgﬂﬂ
2 2u

* Actual shear Fo'rce.(qu)
Q. =9ousls7.0m =451.1740.81 & 1.0 = 365.45 kN

* Actual shear stress. (qsu,) | .-
_ & _ 365.45+10°
Do b*d 1000+ 530 1?,/6892
mm
—53
* Allowable shear stress. (qsu)
q =0.16 Fou =0.16 \[22 = 0.653 N/mm
suU Oc 1.5

un safe shear stresses
—>
qsu > qscu We need to increase dimensions.




take |[d=580mm|, |[t=650mm

Q., =451.17+0.785+1.0 m = 354.2 kN

SRS
‘ - N
3 | |
Q. - 36420 10° o o nE L !
= Jo00s5a0 - 061 N/mm <Yeon d 0.8 0.785

sofe shear siresses

Reinforcement of the Footing.

6
2,
AS____MZact. _ 260.93¢10 = 1512.91mm,/m
J‘F':ll d 0.826+ 360 = 580 -
1.500 =1.5+580=870 .
Check ASmin =§ % 870mm
5¥12/m'= 565

v As > Asppin —» Ag=15612.91 mmy/m’

84 16,/m'




7 — Details of Reinforcement.
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