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Example-4 : Yield Moment (nonlinear)

M1 Given: f, = 280 ksc, f, = 4,000 ksc
M, [r--------- . A, = 3(4.91) = 14.73 cm?
i g, = f/Eg = 4,000/2.04x10° ~ 0.002

|vlcr - |

o | g ~ 0.002 > ¢gle; = 1.0

| | > O € C 1(e,)( ¢ Y

g T=C] Af = bfc|| 2 —=| 2
Bor Ger2 Oy | I A, ¢ Ksoj(d—Cj S(SOJ (d—Cj}

2
30 cm 14.73x4.0 = 30x0.28¢|[ - |- I _C©
~ 4 44-c) 3\44-c
A A
e  4c¢®-111c® - 1,852c + 40,733 = 0
&
5 3 4\ ' >> roots([4 -111 -1852 40733]) |
2 ! ans = ompare with | |
SDBeoR | | -20.1842 e Tt

(15.6061)—c (TOMEX3 | |




Curvature:

6
. = sy _ 4000/2.04x10° _ o0 oo
c| |9 Y od- 44 -15.61
d 4 5 B From EX.3
l /(If = 4, = 6.91x10°x1561 = 00011 2T
by | y & % —(15 61) = 10.41cm

M 4 M, = Af (d-c+Yy)
My |7 l — 14.73(4,000)(44 —15.61+10.41)
| _ _ _ _ From EX.3
M., VR i = 2,286,096 kg-cm = 22,861 kg-m M, = 22,952
| | >

d)cr (I)crz (I)y



@ Nominal Moment (ACI M,)

crushing strain £
«— b — £., = 0.003 %—%‘
f BV N C=kf, bx
C
_______ S =
d
A T=A
o oo |~ R

Equivalent stress block [C = T] 0.85f ab = Af,

i o T ogfss?'b ) opsfy5c1i“
e 85Lb  0.85K
a=pC “ - [(I)u _ SCUZO.OOBJ
_¢, ___________ i X 0.85f.’ab c=alp,
d—a/2 Check: &, = ¢,(d-c) > &,
SV P




Example-5: Nominal Moment (ACI M,)

50 cm

. 30 cm g
A

-
(&
<
3
I

3-DB25 T

® o o

M, = Asfy(d—%j _ 14.73><4,ooo(44_7j

Given: f'; = 280 ks, f, = 4,000 ksc
A, = 3(4.91) = 14.73 cm?
[T=C] A(f, = 0.85fab

Af, 14.73 x 4,000

a = = =
0.85f'b _ 0.85x280x30 _ o2 Cm

c=al/p, =825/0.85=9.71lcm

o, = g _ 0003 _ 5595104 /cm

C 9.71
.= ¢,(d-c) = 3.09x107%(44-9.7))

e
Il

= 0.0106 > [g,=0.00196 ]
8.25

2,349,435 kg-cm

23,494 kg-m



4\ Moment — Curvature Plot

>> x = [0 0.56 1.45 6.91 30.9]

Pt ¢ x 105 Moment
' (cm) (kg-m) >> y = [0 4895 4895 22861 23494]
1 0.56 4,895 >> plOt (xIYI 'o-")
2 1.45 4,895 >> grid
3 6.91 22,861 >> xlabel ('Curvature (le-5/cm)')
4 30.9 23,494 >> ylabel ('Moment (kg-m) ')
xlO4
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/ N
§us // f -
= (&)
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p o I
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Curvature (1e-5/cm)



Under v.s. Over RC
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Response-2000

www.ecf.utoronto.ca/~bentz/r2k.htm c sd concrete section anal' > B ¥$ 4 09 300~ =

Response
2000

Welcome to Response-2000

Response-2000 is an easy to use sectional analysis program that will calculate the strength and ductility of a reinforced concrete cross-section
subjected to shear, moment, and axial load. All three loads are considered simultaneously to find the full load-deformationresponse using the latest
research based on the modified compression field theory. The program was developed at the University of Toronto by Evan Bentz in a project
supervised by Professor Michael P. Collins.

Response-2000 is able to calculate the strength of traditional beams and columns as well as or better than existing methods and, more importantly, is
able to make predictions of shear strengths for sections that cannot easily be modelled today such as circular columnsand tapered web beams.

With its fast input and output, windows based interface and ample graphical output, to allow for easy checking of results,Response-2000 allows the
engineer to examine beam and column behaviour with a new level of confidence and accuracy.

Response-2000 is available freely for use from this web site.

This site contains the following information:

Download News Samples Bugs Manual Links Help

http://www.ecf.utoronto.ca/~bentz/r2k.htm




File Define Loads Solve View Options Help

B]ef®) o i~ o] Sle| 2|

Response-2000

Reinforced Concrete Sectional Analysis
using the Modified Compression Field Theory

Version 1.0.5

This program was written by Evan C. Bentz as part of a
project supervised by Professor Michael P. Collins
Copyright (c) 2000 Evan C. Bentz and Michael P. Collins

Please direct inquiries to bentz@civ.utoronto.ca




File Define Loads Solve View Options Help

LiL
Lt
Lo

eflm T el ~ o] Sl 7

Geometric Properties
Gross Conc.  Trans (n=7.54)

Area (cm?) 1500.0 1596.3
Inertia (cm*) x 10° 3125 3452
¥, (cm) 25.0 26.1
¥ (cm) 25.0 239

8, (cm?) 12500.0 132012

8, (cm®) 12500.0 14469.4

Crack Spacing

2 x dist + 0.1 do /p
Loading (N.M.V + dN.dM.dV)
0.0,-0.0,0.0 + 0.0,0.102,0.0

Concrete Rebar
fo'= 357 kglem’

a=190cm

1 =19.0 kg/om’ (auto)
g, =2.03 mm/m

f]=4.I]-B

2, = 100.0 mm/m

50.0

IA.='I.lm::m=pHIeg
@ 25.00 cm

o O ) | —as= 147em”

30.0

All dimensions in centimetres
Clear cover to transverse reinforcement = 4.04 cm

Enter Title Here

20177123

Cross Section




File Define Loads Solve View

Options  Help

Dlef% 7 fiisl~] o

Sim| 7]

Moment-Curvature
-
2401
o
E
£ 16.0-
E 12.0-
5
-
8.0
40
“olo 9.0 18.0 27.0 36.0 450 540
Curvature (rad/km)
Current Loads 'N: 00ton 'M: 269 ton-m 'V: 00ton




Example-6 : Moment Curvature of Double RC

. 30 cm R Given: f', = 280 ksc, f, = 4,000 ksc
e S r6om Al = 2(4.91) = 9.82 cm?
2-DB25 t g A, = 6(4.91) = 29.46 cm’
S 3 E_ = 151004280 = 252,671 ksc
B 6-DB25 - E. 2.04x10°
® o o n=— = = 8.07
e © o v E. 252,671
! (1) Uncracked transformed section :
y = 2AY, _ (30)(50)(25) + (8.07 —1)(9.82)(6) + (8.07 — 1)(29.46)(44)
2 A (30)(50) +(8.07 —1)(9.82) + (8.07 — 1)(29.46)
y6cm
= —H
— : - o _ 47,081 _
y A'i(n-1) g y 1778 26.48 cm
<
_ _ _ <t
1 2
As(n-l) O Iuctr = Z(I| + Aidi)




| < 30 cm >| Iuctr = Z(Il + Aldlz)
I~ y6cm
! —h ~ (30)(50)° .
gl | A1) T = = +(30)(50)(26.48 — 25)
<
I ~ + (8.07 —1)(9.82)(26.48 — 6)°
As(n-1 ° 8.07 —1)(29.46)(44 — 26.48)?
| (n-1) = + ( )( )( )
= 408,838 cm*
Cracking Moment: w

f = 2.0/ = 2.04/280 = 33.47 ksc

M - f 1 _ 33.47 x 408,838 M, |- |
Ty, 50 - 26.48 i
= 581,795 kg-cm = 5,818 kg-m (I)Icr 5

_ (f/E,) _ (33.47/252,671)
y, (50 — 26.48)

— 563x10°%/cm

d)CI’



(2) Cracked transformed section :

30 cm b(kd)(kd/ 2) +(n-1A.(kd—d) = nA_(d—kd)
- - y6cm
—= —h (kd) +(8.07-1)(9.82)(kd — 6) =
T
kdl A'(n-1) =
N S (8.07)(29.46)(44 —kd)
- 15(kd)® + 307.2(kd) — 10,878 = 0
NAg
| l—tr kd = 18.57 cm
(30)(18.57)°
L. = 2 (l+Ad?) = +(8.07 -1)(9.82)(18.57 — 6)°
+ (8.07)(29.46)(44 —-18.57)° = 228,752 cm*
M A
M, 581,795
(I)crz — =
El.,  252,671x228,752 ML

cr

= 1.01x10°5 /cm
d)cr (I)ch

> 0



(3) Yield of steel : Cracked transformed section valid until f, = f, or f, = 0.7f,

Steel yield Ec

e, = 1JE, = 4,000/2.04x10° = 0.00196 kdI w
£ 0.00196 —t Y-
= T = = 7.71x10°
% = 9_kd ~ 24-1857 x10® /em o | dod
M, = ¢ E |y, = 7.71x10° x 252,671x 228,752 &y,

= 4,456,303 kg-cm = 44,563 kg-m

Concrete nonlinear

o7y, = 0.7:%(1/ = 0.7(280)/ 252,671 = 7.75x10>/cm > Py

18.57

Moz = Po70Ecle = 7.75%x107° x 252,671x 228,752
= 4,420,676 kg-cm = 44,207 kg-m > My

. Steel yield before concrete becomes nonlinear



(3) Nominal strength:

30 cm

Y

A
o

50 cm

A

o
2-DB25 t

=44 cm

6-DB25
o [ ]
® o | &

d

ecu = 0.003

il

¢

0.85f

‘%ﬁ's "{Eb

c—d
C

g = o.oos(

Cs = A,sf,s

[T=C]

check comp. steel yield condition:

4

p

_ 2490 0.00744
(30)(44) '

— M — O 0223
(30)(44) '

. 085pfd( 6120
PTP = T4 | B120-1,

0.85

x0.85x280x6 6,120
4,000 x 44 6,120 — 4,000

Since p—p’'= 0.0149 <0.0199, comp. steel not yield f; < f

_ o.oos(c_dj
C

= E.¢ = 6,120(

<8y

c—d
C

J

[T=C]

Af = 0.85f Bbc + 6,120A;[

)

f/=¢ E, = 0.00358(

c—d
C

c—d
C

——T=AJf, A[f =085fbp,c+ A

j = 0.0199

J

J



InUANNTITIAA

ARWAINA R =

o BI20A-Af,  6120Ad _ ¢+ 2RC - O = 0
0.85f/B,b 0.85f'B,b

6,120A" — A_f o
s — A, e o - B120AU

1.71'B,b 0.85f'B,b
6,120(9,82) — (29.46)(4,000) ~6,120(9,82)(6)
1.7(280)(0.85)(30) 0.85(280)(0.85)(30)
—4.757 = 59.42

R+ R?+Q = 4.757 + |/4.757°+59.42 = 13.72cm

6,120(C_d) = 6,120(13'72_6j = 3,444 ksc gcu = 0.003

C 13.72 ,
CI '?83
g _ 0.003 _ 5 19x104/cm ¢

C 13.72 b
B,c = 0.85(13.72) = 11.66 cm

Es

O.85fc’ab(d—%j £ AL (d-d)

0.85(280)(11.66)(30) (44 _ %} + 0.82(3,444)(44 — 6)

4,462,907 kg-cm = 44,629 kg-m



4\ Moment — Curvature Plot

o b x 105 Moment > x = [0 0.56 1.05 7.71 21.9]
' (cm) (kg-m) >> y = [0 5818 5818 44563 44629]
1 0.56 5,818 >> plot (err 'o-"')
2 1.05 5,818 >> grid
3 7.71 44,563 >> xlabel ('Curvature (le-5/cm)')
4 21.9 44,629 >> ylabel ('Moment (kg-m) ')
4.5X104 °
30 cm
* i
A A i
— ® o
3 2.pB25 | | e
g S <
g &) < m
= B 6-DB25 i
® o o
l|® o o — -

10 15 20 25
Curvature (1e-5/cm)



End of Lecture




