FLEXAO COMPOSTA OBLIQUA

WNTQSDocs

Pilar - Flexdo Composta Obliqua 1

Neste exemplo, sera comparada a curva de interacdo gerada pelo TQS para um pilar conforme dados abaixo, de

forma a comparar com os calculos manuais do ACI 318-19 e os gerados por outro software:
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1. Maximum Compression

1.1. Nominal axial compressive streneth at zero eccentricity

ACI 318-19 (22.4.2.2)

P, =085/(A, —A,)+ [, 4,

P =0.85x5000%(16x16—8x1.00)+60000x8x1.00 =1,534.0 kips

1.2. Factored axial compressive strength at zero eccentricity

Since this column is a tied column with steel strain in compression:

ACI 318-19 (Table 21.2.2)

¢ =0.65

$P, =0.65x1,534.0 = 997.1 kips

Since the section is regular (symmetrical) about the x-axis, the moment capacity associated with the maximum

axial compressive strength is equal to zero.
M, =¢M, =0.00 kip.ft

1.3. Maximum (allowable) factored axial compressive strength

ACI318-19 (Table 22.4.2.1)

OP, .. =0.80xpP, =0.80x997 =797.7 kips
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2. Bar Stress Near Tension Face Equal to Zero, (&=fi=0)

Ecy = 0,003
| ) 1| .
R
a=1080" "_}—Cc Ry
. | 2.60" 1
h=16, 1I I
L2
!
A Strain Diagram Forces and Moment Arms

Figure 3 — Strains. Forces, and Moment Arms (g, =/, =0)

Strain & is zero in the extreme layer of tension steel. This case is considered when calculating an interaction diagram

because it marks the change from compression lap splices being allowed on all longitudinal bars, to the more severe

requirement of tensile lap splices. ACI 318-19 (10.7.5.2.1 and 2)

2.1. ¢, a. and strains in the reinforcement

c=d, =13.5in.

Where c is the distance from the fiber of maximum compressive strain to the neutral axis.

ACI318-19 (22.2.2.4.2)

a=pfxc=080x13.5=10.801n. ACI318-19 (22.2.2.4.1)

Where:
a = Depth of equivalent rectangular stress block

0.05x(f/-4000)  _ 0.05x(5000-4000)

B =085- 0.85 0.80 ACI 318-19 (Table 22.2.2.4.3)
1000 1000

g =0

g =0.65 ACI 318-19 (Table 21.2.2)
£ =0.003 ACI 318-19(22.2.2.1)

F
& =(c—d,)x o _ (13.50-2.5)x 0.003 =0.00244 (Compression) > & = — = i =0.00207
c 13.50 TOE 29,000
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2.2. Forces in the concrete and steel

C. =085x f'xaxb=085x5000x10.80x16 =734.4 kip ACI318-19¢22.2.2.4.1)

fi=0psioT =f x4, =0kip
Since £/> &, — compression reinforcement has yielded
~ ) =1, = 60,000 psi

The area of the reinforcement in this layer has been included in the area (ab) used to compute C.. As a result,

it is necessary to subtract 0.85/:" from f;* before computing C:

C, =(/'—0851")x A, =(60,000—0.85x5,000)x 4 = 223 kip

2.3. ¢P,and M,

P =C +C ~T =7344+223-0=9574 kip

¢P, =0.65x957 = 622.3 kip

M =C.',>{£—£)+C x[ﬁ—d,)+?’ x(dl—ﬁ]
oot 2 A2 T ’ 2

M = ?34.4{?—@] N 223{%—2.5}0 x[l3.5['l —%]: 261.33 kip.ft

oM, =0.65x261 =169.86 kip.fi
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3. Bar Stress Near Tension Face Equal to 0.5 f,, (= 0.5f))
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Forces and Moment Arms

ACI 318-19 (Table 21.2.2)

Figure 4 — Strains, Forces. and Moment Arms (f; = 0.5 )
3.1. c. . and strains in the reinforcement
= i _60 =0.00207
YOE 29,000
g

§ = E‘ = El.ﬂlifi]? =0.00103 < £ — tension reinforcement has not yielded
S ¢ =0.65
£, =0.003
e o B0 0003-10.04in.

£ =—
£ +E “0.00103+0.003

E “en

ACI318-19¢22.2.2.1)

Where c is the distance from the fiber of maximum compressive strain to the neutral axis.
ACI 318-19 (22.2.2.4.2)

a=fxc=0.80x10.04 =8.03 in.

Where:
0.05 "— 4000 0.05 = ( 5000 - 4000
p =085 205X ) _ g5 205 ) _ 050
1000 1000
g =(c—d,)x M =(10.04-2.5)% Gﬂﬂgi = 0.00225 (Compression) > &,
- . _

3.2. Forces in the concrete and steel

C. =0.85% f'xaxb=0.85x%5,000x8.03x16 = 546.1 kip

f =&, % E, =0.00103x 29,000,000 = 30,000 psi

ACI 318-19 (22.2.2.4.1)

ACI 318-19 (Table 22.2.2.4.3)

ACI 318-19 (22.2.2.4.1)
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T, = f, x4, =30,000x4 =120 kip
Since &> £, — compression reinforcement has yielded
= ) = f, = 60,000 psi

The area of the reinforcement in this layer has been included in the area (ab) used to compute C.. As a result,

it 1s necessary to subtract 0.85/;" from f;” before computing Ci:

C, =(/'—0.85/")x A, =(60,000—0.85x5,000)x 4 = 223 kip

3.3, ¢P,and ¢M,

P =C +C —T =546.1+223-120 = 649.1 kip

$P. =0.65% 649 = 421.9 kip

M,,=q_x[ﬁ—5J+c;x[ﬁ—d,]+J:x{dl—ﬁ]
2 2) 2T 2

M :54ﬁ.lx(?—T]+223x[%—2.5]+120x(13.5{]—?J:BS.S"—I kip.ft

¢M,, =0.65x339 = 220.05 kip.ft
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4. Bar Stress Near Tension Face Equal to f,, (f; = f)
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Strain Diagram

Figure 5 — Strains, Forces. and Moment Arms (f; = f;)
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Forces and Moment Arms

This strain distribution is called the balanced failure case and the compression-controlled strain limit. It marks the

change from compression failures originating by crushing of the compression surface of the section, to tension failures

initiated by yield of longitudinal reinforcement. It also marks the start of the transition zone for ¢ for columns in which

¢ increases from (.65 (or 0.75 for spiral columns) up to 0.90.

4.1. ¢, a. and strains in the reinforcement

f, 60

£ =2t = =0.00207
" E. 29,000

&, =&, =0.00207 — tension reinforcement has yielded

. p=0.65

£, =0.003

e=—h o o130 003-799n
£+ 0.00207 +0.003

F "o

ACI 318-19 (Table 21.2.2)

ACI 318-1922.2.2.1)

Where ¢ is the distance from the fiber of maximum compressive strain to the neutral axis.
ACI 318-19 (22.2.2.4.2)

a=pfxc=080x7.99=6.39in.

Where:
0.05%( £~ 4000) 0.05 % (5000 — 4000)
B =085 ¢ - 0.85— - 0.80
1000 1000
g =(c—d,)x 0.003 =(7.99-2.5)x HTUE = 0.00206 (Compression) < g,

ACI 318-19 (22.2.2.4.1)

ACI 318-19 (Table 22.2.2.4.3)
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4.2, Forces in the conerete and steel

C . =085x f'«xaxb=085x5000x639x16=434.6 kip ACI318-19 (22.2.2.4.1)
f. =1, =60,000 psi

T, = f, x4, =60,000x4 =240 kip

Since &< £, — compression reinforcement has not yielded

o =g x E. =0.00206x 29,000,000 = 59,778 psi

The area of the reinforcement in this layer has been included in the area (ab) used to compute C.. As a result,

it is necessary to subtract 0.85/; " from f; " before computing C::

C, =(f-0.85/)x A, =(59,778—0.85x5,000)x 4 = 222.1 kip

4.3. ¢P,and ¢M,

P =C.+C, —T =4346+222.1-240=416.8 kip

¢P, =0.65x417 =270.9 kip

M,,=r.;_x(ﬁ—f)+c;x[ﬁ—d,]+nx(dl—ﬁ]
2 2) Tl 2

M, =434.ﬁx[§—f"73gj+222.1>{%—2.s)+ 249{13.50—%}:335.31 kip.ft

¢M, =0.65%386 = 250.77 kip.ft

5. Bar Strain Near Tension Face Equal to g + 0.003, (& = 0.00507 in./in.)

|—I— b= 16.00" —-—| L £y = 0.003 J

r 1
} , A dy = 2507 | £ Lo Ce
: o 2 c=5.02 a=4.02 -.HF":
b~ oo |- E 8% f i R GO B | _
z | . | 1 5,507 399
| | |
| | d, = 13.50"
h= 1(..00"—}— : L. g ' ) t
i i 550"
l i A
! === ! £s = 0.00507 ’
i S —— - Y .
Strain Diagram Forces and Moment Arms
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5.1. e. a.and strains in the reinforcement

£ =i i=I[?II.li}IlI"JE[‘.IT"

*TE 29,000

g, =¢,+0.003=0.00207+0.003 = 0.00507 > £, — tension reinforcement has yielded

-~ $=09 ACI 318-19 (Table 21.2.2)
£, =0.003 ACI 318-19(22.2.2.1)
e 9 1330 0.003=5.02in.

wE =
£ +E& 000507 +0.003

5 o=

Where ¢ is the distance from the fiber of maximum compressive strain to the neutral axis.
ACI 318-19 (22.2.2.4.2)

a=0xc=080x502=4.02in. ACI318-19 (22.2.2.4.1)

Where:

0.05x( f-4000) 085 2-05x (5000-4000)

B =085- . 0.80 ACI 318-19 (Table 22.2.2.4.3)
1000 1000

0.003 0.003

g =(c—d,)x =(5.02-2.5) xm =0.00151 (Compression) < &,
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5.2. Forces in the conerete and steel

C.=085x f'xaxb=0.85x5000x4.02x16=273.1kip ACI318-19 (22.2.2.4.1)

S, = f, = 60,000 psi

T, = f, x4, = 60,000x4 = 240 kip

Since £ < &, —» compression reinforcement has not yielded
Sl =glx E, =0.00151x29,000,000 = 43,667 psi

The area of the reinforcement in this layer has been included in the area (ab) used to compute C.. As a result,

it is necessary to subtract 0.85f. " from f; " before computing C;:

C, =(f]-0.85/")x 4, =(43,667—0.85x5,000)x4 =157.7 kip

5.3. ¢P,and ¢M,

P =C. +C, —T =273.14+157.7-240 = 190.7 kip

¢P =0.90x191=171.6 kip

Mﬂ=f.'t_x(ﬁ—ﬁ]+(;x(ﬁ—d,]+?"‘x(dl—i]
2 2 A2 T 2

M, =z?3.1>{%—%}~ 15?.?{?—2.5} 240{13.50—?}: 318.61 kip.ft

SM, =0.90x320 = 286.75 kip.ft
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6. Pure Bending

* £cu = 0.003

¢=325" ;:'; ; a=2.60"

b —gpor

- 3
——————
I T —

Co b !

5.50" 6.70"

it

f
5507
i

Strain Diagram Forces

Es

Figure 7 — Strains, Forces. and Moment Arms (Pure Moment)

This corresponds to the case where the nominal axial load capacity, P, is equal to zero. Iterative

determine the nominal moment capacity as follows:

6.1. c.a.and strains in the reinforcement

Tryc=3.251n.

—= 1

and Moment Arms

procedure is used to

Where c 1s the distance from the fiber of maximum compressive strain to the neutral axis.

ACI318-19 (22.2.2.4.2)

a=f xc=080x325=2.60m. ACI 318-19 (22.2.2.4.1)
Where:
0.05 "= 4000 0.05x(5000— 4000
B =085— x(/. ) _ g5 205 )~ 0.80 ACI 318-19 (Table 22.2.2.4.3)
1000 1000
g, =0.003 ACI 318-19¢22.2.2.1)
g = /, = 60 =0.00207
T E. 29,000

g =(d —c)x 0.003 =(13.50-3.25)x % = 0.00946 (Tension) > £, —» tension reinforcement has yielded
sg=09 ACI 318-19 (Table 21.2.2)
g =(c—d,)x m =(3.25-2.5)x 0.003 = 0.00069 (Compression) < £,

¢ 3.25 :

6.2. Forces in the concrete and steel

C. =085x% fxaxb=0.85x5000x2.6x16=176.8 kip ACI318-19 (22.2.2.4.1)

[, = f, =60,000 psi
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T, = f, x4, =60,000x4 =240 kip
Since &, < &, — compression reinforcement has not yielded
o f' =& x E, =0.00069 x 29,000,000 = 20,077 psi

The area of the reinforcement in this layer has been included in the area (ab) used to compute C.. As a result,

it 1s necessary to subtract 0.85/." from f; * before computing C;:

C, =(f'—0.85f")x A, =(20,077—0.85x5,000)x 4 = 63.3 kip

6.3. ¢P,and ¢M,

P =C +C —T =176.8+63.3-240 = 0 kip — ¢P, =~ 0 kip

The assumption that ¢ = 3.25 in. is correct

M =C.'_>{E—£]+C x(ﬁ—a',]+?" x(dl—ﬁ]
" 4 2 2 5 2 = L 3 2

M, =176.8x [?- 2'—;’”]+ 63.3% [?-2.5}24{){13.50—?] = 237.73 kip.ft

gM_ =0.90x238 =213.96 kip.ft

7. Maximum Tension

The final loading case to be considered is concentric axial tension. The strength under pure axial tension is computed
by assuming that the section is completely cracked through and subjected to a uniform strain greater than or equal to
the yield strain in tension. The strength under such a loading is equal to the yield strength of the reinforcement in

tension.

7.1. Pucand ¢Pp

P, = f,x(A,+A4,)=60,000x(4+4)=480.0 kip ACI 318-19 (22.4.3.1)

¢=09 ACI 318-19 (Table 21.2.2)

¢P, =0.90x480.0 = 432.0 kip

7.2. M, and ¢M,

Since the section is symmetrical

M, =M, =0.00 kip.ft
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¢ Pn (kip) & M, (kip.ft)
Manual |Software A TQs Dif Manual |Software A TQS Dif

Compressdo Maxima 997,10 997,10 966,54 3% 0,00 0,00 0,00

Compr. Max. Permitida 797,70 797,70 773,23 3% -

=0 622,30 622,30 622,30 0% 169,86 170,00 172,58 2%
f.=0,5f, 421,90 421,90 421,90 0% 220,05 220,00 230,10 A%
Ponto de Balance 270,90 270,90 270,90 0% 250,77 251,00 252,23 1%
Momento Maximo 171,60 171,60 171,60 0% 286,75 286,00 287,27 0%
Flex3o Pura 0,00 0,00 0,00 21396 214,00 234,52 9%
Tragdo Maxima 432,00 432,00 426,95 1% 0,00 0,00 0,00

Curva de Interacdo TQS (tf, tf.m)
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67

-32.4 32.46

Mx

-193.63

TQS Informéatica- Rua dos Pinheiros 706 / casa 2- 05422-001- Sdo Paulo/SP- Tel.:(011) 3883-2722- Fax.:(011) 3883-2798 Page: 14 of 14



	Pilar - Flexão Composta Obliqua 1
	FLEXÃO COMPOSTA OBLIQUA


