£\ 0N 4th Year Civil - Structures

)

Foundation Design

(3)

Design of Shallow Foundations (3)
Design of

Strap Beam Footing system
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Design of strap beam
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Steps for design of strap beam footing system:-
- Given:- x q

- Column load (P, P,)

|
- Column dimensions :— .
(ab bl & aZ; bz) I

- Spacing between
columns (S)

- Property line (x) ol 2
- gy = allowable bearing capacity
- tpc. = plain concrete thickness

f, & 1,
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- Steps of design:-

1- Calculate the dimensions of footings:-

|

- Assume e = (0.150.2) S I %P' ,|,PZ
i L] |
Calculate R, & sz F—| | L [ | |
-2Mga =0 o |
- R
=P -S=R,-(S—e) —— T' —
X 1ol . F
LR =2 e S —
S—e¢ i
-XE, =0 " "Zl
! A
= R, =(P, +P,))—R, AN AN
_x e} S-e I
. o ‘Rl Rz
- Dimensions of F1:-
i- for tp ¢ <20 cm:- ii- for tp.c>20 cm:-
-Lpc, =Ly, =2X (e+x) -Lpc, = LR.C.l‘ =2x(e+x)
R R
-Age, = —= Bre, X Lie,: -Ape, = —= Bpc, ¥Lpe,
all all
- BR.C.l = = BP.C.l -
B BP.C.l = BR.C.l + 2t B BR.C.1 = Bp.cl —21tpc
"~ - Very important check:-
Sl s sie Aaluadll 538 e of a3 g By 50 slaf a0nt ay-

Adsh 1.5 ge an Y F

-If Bpe, £ 15L;.,, 20K
-If By, > 1.5L,., = Not O.K. (Strap beam is refused)

= Use combined footing
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- Dimensions of F2 (square footing):-
i- for tp ¢ <20 cm:- ii- for tp > 20 cm:-

: R R
- AR.C.Z = %= (BR.C.2 )2 ) AP.C.2 = —t= (BP.C.2 )2

all qall

— BR.C.2 =V - BP.C.2 =V
- BP.C.Z = BR.C.2 +21tc B BR.C.2 = BP.C.2 — 2t

- Very important check:-
16 (y) oac @l o Aelall dlual Glua S5 Fy sae 6l alegd a3 aay -
saclall Ja sSs byl saclall Joka Caat e J8 dilisell 038 CilS
| <l A8 il

i- for tp.c <20 cm:- ii- for tp.c> 20 cm:-

R.C, LR.C.2 LP.C.1 LP.C.2
— = - y — S —e— —
2 2 ) 2 2

P.C.min

..y:S-—-—e—

R.C. ;s

-Ify< -Ify<

= Strap beam is refused —> Strap beam is refused

= use combined footing = use combined footing

2- Design of Strap beam:-
capyall cliles 51 dee U8 ultimate loads Y Jlad) s disad S =)

P =P x1.5 -P, =P,x1.5
"R, =R,x1.5 -R, =R,x1.5

lu

..W =

wIy T ultimate uniform load under F, in long direction

R.C.I

2u

_w =

WS T ultimate uniform load under F, in long direction

R.C,

4
1 |
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N (L 2
- Ql :Wlu . L1 __Ml :Wlu . 21'>

(L +b)”

p D
2 2

-Q, =P, —w,, - (L, +b)) -M, =w,,

b L...)
- Q3 =Wy, "Lrei - b, -M; = P, - (L, +-2—1) — Wy, ———( Rg'l)

b L..)°
Q= W Lytby) <Py MRy (22w, Lne)

(Ly+by)* b

-M5:W2u qu.72

- Qs =w,, L, -Mg=w,, - ;

—:daly Adhgate —

pa )l e iSig 4oy calculator A e st &L BM. & S.F. ) A -
il s
- At point of zero shear:-

=W, X = X=V

b (x)°
M =P (x-L,—L1)-w, -
max. lu( 1 2) Tu 2

- Design of critical section in B.M.:-

1 6
Cd=C, [ Muma ¥10
fcuxb(mm)

- Where M, jnax 1S the max. of M;, M,, M3, My, Ms, Mg & M.«
- '-b=40-120 cm

- Assume C;=4.5 = d =V mm (bl au A Gl o an Yo 8 )
= te=d+ 7 cm -
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2- Check shear for strap beam:-

dad e (68 Al Tl e 3seall Uiy e (A\2) 3 o il b zpall o Uadll ~
S L ST SF.

- q,, =0.24x, flfCUS (allwable shear stress with min. shear RFT)

f

cu

1.5

" Qg =0.7X (allwable shear stress with max. shear RFT)

d
B qumax = Qmax. —Wy (—)
' 2
- Where:-
- Q max 1s the max. of Q1, Q, Q3 & Q4.
- Wy IS Wiy OF Wy, gadll &z sl eladll (S o e

x10°
qumax_ _ \/

(N/mm?)
b(lrun) X d(lmn) / '

"o =

-ifq,, <q,, = safe
- use Stirrups 5228 \m' 4 branches

-ifq,, >q,, = unsafe (increase d and recheck)
-1f q.,< Qg <Gy, —> useshear RFT (stirupps)

XA Xf / s
Qoo _ [EXB0XL 1Y assumen =4 or 6 & find S

-qSU -

2 bxS
25 cm e gl G Alaall 5 Y g A g8 e RS -

j;
4
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M, X 10°
- AS = .wp_ == \/ mIIl2
top fy X J X d
M x10°
“A, _ umax-bomfm — \/ mm2 '
ottom fy X J X d
E - check As>Asmin.
E ) Asmin. - 1'3 ASTCCI-
i \J» min. —
A, = —u bd
min. fy —— Max.
' _ 0.15 ]
- ASmin. - 100 b d
-IFA, or A, <A, = UseA,

- use ASTop = ‘?¢ ?2\m'

=775 7?7\ m'

Sottom

-use A
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4- Design of footings:-

- Design of F1:-

1- Design of critical section for Bending Moment:-

sl iy e 05y agirdl b sl g Uaal) -
1.00m lempe Aagpd o agiall Glua 25y -

— Rlu
- qul o
BRCIXLRC1 T
B,. —b | pd B
- gcl o . o s
’ ) A s { ”
-M,, =4, x> —

S
-

| M, x10°
-d, =C, x uy - Lrca
£ x1000 |
- Assume C;=5.0 = d; =V mm aw/\a,-aﬂjém__{ﬁ“!a_aﬁ)
(a3,

= trer=d+ 7 cm

2- Check shear:-

el iy o d 3y e (1585 il 3 gl g Uil

f
- (g, =0.16 %, [
-Z, :Kcl —d,
- (23ul :qul ><Zl
%10’
-q,, :————QS“‘ =V (N /mm?)
' d,; x1000

-ifq,, <q, = safe

-ifq,, >d,, = unsafe (increase d and recheck)
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- check Ay > Agnin

-1f A< ASpy, = use ASpin

-use A,=?¢5?\m'

- Design of F2:-

1- Design of critical section for Bending Moment:-

R2u
- qu2 -
BR.C.2 X LR.C.2
B b
_ Ec — R.C,
2 2
. ( c )2
- M = X 2
u, = Yy, 5

M, x10°
_d2:CIX S E—
f %1000

DSl iy Ao (55 agiall (B zyall o Uadl) —
1,00 m lene Aapyd o agsall Gl 2 -

I T
m | IR
/{//// / N
G M
b

=

—AssumeC1=5.O:>d2=\/mm(3-\\-,u'3\-.\¢mAgﬁiji?mfgﬁgjg)ﬁ)

= tge, =dt 7Tem




2- Check shear:-

A

Bl iy e d o e 6 il B all g Wil -

/f
- =0.16x,[—=
scu 1.5

-z,=4{,_—d,

055 RS SO SRR ERIDASIA ISR SR B! | M

-qu2 :qu2 XZZ

x10° T
——————quz =V (N/mm?)
d,x1000

-ifq,, <q,, = safe

" Qs, =

| -ifq,, >q,, = unsafe (increase d and réchec_k)
3- RFT:-
- A, =1.5xd,

M, x10°
E f,xjxd,

=V mm?/m'

- check Ay> Agmin.
- 1fAS < Asmin. = use Asmin.

-use A,=?Z5?\m'

- Details of RFT:-

- See next example
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- Example 1:- ) Cz (6OX6O)'_L1
For the two columns shown in the given plan: R
The outer column load is 1600 kN, ' E
The inner column load is 2500 kN. |
It is required to:- =
a) Design the required strap beam footing ©
system, if the thickness of P.C. is 30 cm, |
and g = 175 KN/m®. C, (30x80) !
(f.y = 25 N/mm?, £, = 360 N/mm?) R B
AN
b) Draw a plan and sectional elevation for the @~ ———— |—-—o- ——
footing with scale 1:50, showing on them Neighboring area
the RFT details.
-Solution:-
1- Dimensions of footings:-
-Assume €=0.15S 1600 kN S—65m 2500k |
= e=0.15(6.5)=0.975 . A
-takee=1.0m 00 10} 5.3 m 4 zé
1891 kN 2209 kN §
>Maa=0 -
=1600x6.5=R,;x5.5 =R, =1891kN
-R, =P +P,-R,

-R, =1600+2500-1891 =R, =2209 kN

- Dimensions of F1:-

-L,. =L, =2(1+0.9)=3.8m
1891 |

-A,.=——=1081m*=B, . x3.8
P.C. 175 P.C.
10.81
-BP.C. :—3?:284 m = take BP.C. :285 m
-B,. =2.85-2(03)=225m<15xL,. =42m OK.
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- Dimensions of F2:-

= ——22059 =12.62 m* = (B, )*

P.C.

=B, =3.55m
-By. =3.55-2(0.3)=2.95m

y=S—e— LP.C., _ LP.C.2
2 2

:6.5-—1—3;—225—5:1.825 m >%:1.775 m O.K

2- Design of Strap beam:-

P =1600x1.5=2400kN  -P, =2500x1.5=3750 kN
R, =1891x1.5=2836.5kN -R, =2209x1.5=3313.5kN

u

..W1

- At point of zero shear:-

- 2400 = 746.4(x) | _]

# 2400kN

\

i L

= x=322m

; e
M, =2400(322-0.9) [ |

2
—746.4x (3-22)

0.5 0.8 2.5 2.125 1.175

0.6

1.175
L

—M__ =1698.5kN.m ot ' PRI
M, x10° | 1 |

- d :Cl % umax X i i | :
fcu X b(mm) : 7 i

%

SED. | |
(kN)

25x 600
=1178 mm

- take d =1180 mm

6
:d:3.5><\/1698.5x10

g e —

|

= t=1250 mm
— 33

)

B.M.D.
(KN.m)
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2- Check shear for strap beam:-

25
Gy = 02| == = 0.98 N/mm’

2
- Q. =0.7x -1—5’-5- =2.86 N/mm’

d )
Qu. = Qe — W, (5)=17567-1123.2x(
0.2x10°
_q,, =1 00.2x107 ;e N/mm?
1180 x 600

- Qg <Gy, <Gy = use shear RFT (stirupps)

Yoo _ DX Aexy/ys
T ™7 bxS

- Try Stirrups %4 8 4 branches

0.98 4%x50.3x360/1.15
2 600x S
=S =106 mm

-use Stirrups 10710\ m' 4 branches

-1.48-

3- RET of strap beam:-

I R B Y Y A T e KBy Sy M) D S S

_ Mumax.toleO6 - 16985X106
™ fxjxd  360x0.781x1180

— Mumax.bonom X 106 — 775.2% 106
SBottom fy Xj)(d 360)(0826)(1180

-As zgiébd:?'olosx60()x1180=1062 mm?

100
-use A, = 112725\ m'

=5120 mm?>

=2209 mm

-use A, =57725\m'

0
8y 211502 kN
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4- Design of footings:-

,0.6m  0.825m,

- Design of F;:-
) £
-q, =_%§3_6'§_:331,8 KN/m? 3
b 2.25%3.8 o
-2, =%—2—5—ﬂ20.825 m
-M, =331.8x 982 1 0im 28 m
- |
-dl:SX\/—————”z'gxm =336 mm
251000

= take d, =380 mm & t, =450 mm

2- Check shear:-

2
-q,, =0.16x 1—%:0.653 N/mm’

-7,=0.825-0.38=0.445m
-Q,, =9, %2, =360.2x0.445=160.3 kKN

160.3x10’
-q,, = 00.310" _ 5 42 N/mm*> <q_, safe
Y 380x1000 '

3: RFT:-
-A,  =15x380=570 mm’/m'

112.9x10°

= =999 mm*/m'
' 360x0.826 x380

-use A,=57716\m"

4
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- Design of F,:-

33135
o =5 95%2.95

=380.8 kN/m’

I |

:M:1,175m

)

(1.175)

- M, =380.8x

_d2

=512.7 mm

\/262.9><106
25%1000

=262.9 kKN-m

= taked, =530 mm & t, =600 mm

2- Check shear:-

25

- Q. -—-.‘.0.16 X

-z, =1.175-0.53=0.645 m

- quz =q, XZ,= 380.8%0.645=245.6 kN

245.6x10°
B = 530%1000

3- RFT:-
-A,  =15x530=795mm’/m'

_262.9x%10°
Z 360x0.826x 530

-use A, =725 18\ m'

=0.653 N/mm’

=0.463 N/mm’* < q_,

=1668 mm*/m"

I L175m
295m '/= )

safe
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