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Deep Beam

Deep beam with one point load on top
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Deep Beam

/L . b-region Beams with clear spans less than or
« 7 N T equal to 4 times the total member
- N h depth or with concentrated loads
_ - N ~| | placed within twice the member depth
Y 1 of a support are classified as deep
< L - beams
Deep beam with L < 4h
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Deep beam with L > 4h




EX1 : Deep Beam A transfer girder is to carry two 60 cm. square columns,
each with factored loads of 400 tons located at the third points of its 10.8 m
span. The beam has a thickness of 0.6 m and a total height of 3.6 m Design

the beam for the given loads, ignoring the self-weight, using f'. = 280 ksc
and f, = 4,000 ksc.

400 tons 400 tons 3591 (1) Span-to-depth ratio:
3.6m 3.6m 3.6m

[T [T

L/h =10.8/36 =3 < 4

. Can be considered as deep beam

60 x 60 cm columns Assumed = 0.9h = 3.24m

(2) Max shear capacity:

«—— 3.6 m —

i
—

V. = 2.65280 x60x324/10°

= 862 tons
400 tons 400 tons

V /¢ = 400/0.75 = 533 < V,, OK



(3) Truss Model: Assume distance between top strut & ties:
400 tons 400 tons

36 m 36 m 26 m 0.8h = 0.8(3.6) = 2.88m
™ ™ 0 = tan’(2.88/3.6) = 38.7°
T & Vb ‘_49&0%’\ 6,70 “E Diagonal strut compression:
S 0O/ N0, _ : o _
© 6@/ O 2 F.= 400/sin38.7° = 640 tons
0 N . .
l Aﬁe:‘?&? 499 tons :g _y_ Top strut & tie tension:
Ll Tension [ F, = 400/tan 38.7°= 499 tons
f — — — Compression T
108 m |
400 tons 400 tons

(4) Size of Struts & Nodal zones:

@ Node a & c, nodal stress under column

f, = 400x103/(60x60) = 111 ksc

For node C-C-C, B,,=1.0

f_ = ¢0.85B.f = 0.75x0.85x1.0x280 L. Nodeb T Node d/] |
¢ ¢ P Extended nodal zoneJ

= 179ksc > f,, OK



600 tons

For hydrostatic compression
nodel, areas are proportional Fac
to compressive forces.
|:ab
Extended nodal zone Fab
w,, = Fg/(byxf,) = 640x10%/(60x111) = 96 cm T
Wie = T/(bSXfun) = 499><103/(60><111) = 7/5c¢cm 600 tons

Center-to-center distance between top strut & tie =3.6 - 0.75=2.85m ~2.88 m OK?
(5) Strength of Struts: ¢F, = $0.853,f w. b
Assume uniform section for top strut and bottle-shaped for diagonal struts.
Strut ac (B, = 1.0): OF . = 0.75x0.85x1.0x280x75x60/1,000
= 803 tons > 499tons OK

Strut ab (B, = 0.75):  ¢F,. = 0.75x0.85x0.75x280x96x60/1,000

= 771tons > 640 tons OK



(6) Strength of Nodal Zones: ¢F = ¢$0.858 f. w.b,

At ends of strut ac, node a & ¢ (C-C-C) B, =1.0,

Strut ac
OF = 0.75x0.85x1.0x280x75x60/1,000 A — c

= 803 tons > 499 tons OK

At ends of strut ab, node a (C-C-C) B,, = 1.0, @ode b (C-C-T)B,= 0.8) control

oF,, = 0.75x0.85x0.8x280x96x60/1,000

= 823 tons > 640 tons OK

(7) Design of Ties and Anchorage:

: F.,. = 499 tons : b

b SN A

Steel area of tie: A = F, /¢ f, = 499/(0.75x4.0) = 166 cm?
USE 17-DB36 (A, =173 cm?)



A BC D .
Steel detailing for DB36:

Q A=4cm,B=12cm,C=18cmand D =3.6 cm
‘) Max. number of DB36 in one layer:
7-DB36: b =7(3.6) + 2(4+1.2) + 6(3.6) =57.2cm < 60 cm OK
© (@) g
" 3 g g USE 5 layers of steel 4+4+3+3+3 = 17-DB36 (trial&error)
e © o o o __§
o o d7r  Tie Width: w,, = 5(3.6) + 4(11.6) + 2(4+1.2)
[« g
60 cm = 748cm ~ 75cm OK
0.19f
Anchorage length of DB36: ¢, = ——=d, < Ly—
Ji
: Y,
= 45.4d, = 1635cm g >
™ 0
Nodal + Extended zones: = 60 + 0.5x75 cot 38° ]
60 cm
= 108 cm < /,

-. Need 90° hook or mechanical anchor



(8) Shear Reinforcements: using DB12: A,=A,= 2.26 cm?ands; =S
v h 1 2

A, = A, = 0.0025b,, = 0.0025(60) = 0.15 cm?/cm
Sl SZ

S, =S, = 226/0.15 = 151cm USEDB12 @ 0.15m # E.F.

A. .
Check splitting of bottle shape strut: X —=sino. = 0.003

bs.
'// l/\AtXIS;Of / 2.26sin38° + 2.26sin52°
————e 60 x15
P | A e = 0.0035 > 0.003 OK
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(9) Reinforcement details:

3.6m 3.6m 3.6m
- - L P
60 x 60 cm
TT TT column
| [TTIT1] T
| 1 1T 1 1 11
DB12@0.15 m # c
each face ©
N L, ™
|l I L]
|LL | : ;g
| 60 x 60 cm \ 17-DB36 L <>
-V column with 90° hooks in 5 b 0.6m
layers '
< 10.8 m -




End of Lecture




