Moment curvature and cracked
moment of inertia

* The purpose of this test problem is to explain
the meaning of various parameters reported for
the moment curvature curve and illustrate how
Is the cracked moment of inertia calculated.

 The moment curvature analysis is performed for
circular column section described in detall in
Example 2 of Reference [1].
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Exact Integration Curve
Phi-Conc, M-Conc

 Phi-Conc is the curvature and M-Conc is the
moment for which ultimate concrete strain is
reached in extreme compressive fiber
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To obtain the concrete stress-strain curve shown below, right click on the
material region in Section Designer and select "C Model":
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Exact Integration Curve
Phi-Steel, M-Steel

 Phi-Steel is the curvature and M-Steel is the
moment for which failure reinforcement
strain/stress is reached in the any
reinforcement bar
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[ Material Stress-Strain Curve Plot
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corresponds to the steel strain shown on the
previous page



Caltrans Model
Phi-yield(initial), M-yield

* Phi-yield(initial) is the curvature and M-yield is
the moment for the the first rebar in the cross-
section starts to yield



SAP2000 - 36in DIA COLUMM

Moment Curvature Curve [Limits: Picomp.) = -4117.784, P(ten.] = 720)

Curvature

015 030 045 060

Select Type of Graph
Specify Scales/Headings... |

Moment

Strain Diagram

075 090 1.05 1.20 1.35 1.60 &%7 ~

El

I b ament-Curvature

| [1.315E-04  15913.587)

\ *
Concrete Strain I -2.175E-03
Steel Strain I 2.058E-03 |
MHeutral Axis I 1.4338

[¥ PFlat Exact-lntegration Curve
[~ Plat 3x3 Fiber Model Curve

% Show Numernical Besults for Exact-ntegration Curve

" Show Numernical Besults for Fiber lModel Curve

v Calranz |dealized Model

F [Tension +ve] |-1 ann
I'I C3Z2E-03

Phi-Conc = 00134155

b @ Curvature

Phi-Steel = M2

Mo, of Points |2|:|
Angle [Deq) IEI

Mrnax = 20966.92
M-Conc = 20966.52
P-Steel = K2

Phi-pield(Initial] = .0001 3205

b-pield = 15341.855

Phi-vield[|dealized] = 00016702
[Crack = 33487.297

Mp = 20163

—&nalyziz Contral

" Concrete Failure [Lowest Ultimate Strain)
f+ Concrete Failure [Highest Ultimate Strain)
[ First Bebar/Tendon Failure

[T User Defined Curvature

Details. . |
Refresh |

Coantour... |

— Curves

Selected Curve Calor

Click. ta:

Add Curve

Delete Curve




Material Stress-Strain Curve Plot
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The vyield steel strain of 0.002037
corresponds to the steel strain shown on the
previous page



Caltrans Model
Phi-yield(idealized), Mp

* Phi-yield(idealized) is the curvature and Mp is
the moment for the initial yield on the Caltrans
idealized moment curvature curve.

* The idealized curve is obtained as per Caltrans
Seismic Design Criteria [2].



SAP2000 - 36in DIA COLUMN

Moment Curvature Curve [Limits: Picomp.) = -4117.784, Piten.) = 720)

— — Curves
17 3 Curvature Strain Diagram
P
I 260 =
225 o
200 _
175 -
150 - =
E @
1257 £
E =
100 =
75 _
RO _
25
rrrrjprrna L (B | IIIIIIIIIIIIIIIIIIIIIIII
015 030 045 060|075 090 1.08 1.20 1.35 1.50 #7%F ™ Concrete Shain | -2 BFRE-03
II Select Tupe of Graph IMDment-Euwature ;I Steel Strain I 2.753E-03
Specify Scales/Headings... | I [1.656E-04 , 17256.51 | Keutral Az | 23917
[¥ Blat Exact-lntegration Curve . {* Show Mumerical Besults far Eract-Integration Curve
[~ Plat 323 Fiber Model Curve . " Show Mumerical Besults far Fiber Model Curve
—Analyziz Control
¥ Caltrans |dealized Model Mo. of Paints IE'D " Concrete Failure [Lowest Ultimate Strain)
P [T ersion +ve] |.1 ann Angle [Deg) ||:|_ % Concrete Failure [Highest Ulimate Strain)
bl s Curvature 1 342E03 bimas = 2096692 Iw First Rebar/Tendon Failure
PhiCanc = 00134155 M-Conc = 2096692 [~ Uszer Defined Curvature Selected Curve Color .
Phi-Steel = N/&, M-Steel = N/, Click to:
Phi-vigld(] ritial) = 0001 2205 b-yield = 15941855 Details. . | Contour... | Add Curve |
| Phi-vield(ldealized] = 00016702 Mp = 20163 I Pefresh | Delete Curve |
ICrack = 334873597




The idealized Mp on the previous page is determined as specified in Caltrans Seismic
Design Criteria, June 2006, Version 1.4:

3.3 Plastic Moment Capacity for Ductile Concrete Members
3.3.1 Moment Curvature { 37—y ) Analysis

The plastic moment capacity of all ductile concrete members shall be calculated by 37— analysis based on
expected material properties. Moment curvature analvsis derives the curvatures associated with a range of
moments for a cross section based on the principles of strain compatibility and equilibrium of forces. The ps—g
curve can be idealized with an elastic perfectly plastic response to estimate the plastic moment capacity of a
member’s cross section. The elastic portion of the 1dealized curve should pass through the point marking the
first reinforcing bar yield. The idealized plastic moment capacity 1s obtained by balancing the areas between the
actual and the idealized jy—4 curves beyond the first reinforcing bar yield point, see Figure 3.7 [4].
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Caltrans Model
lcrack

lcrack is calculated as follows:

Basic equation:
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« Compare lcrack = 33483 in* with gross moment
of inertia of 81394 in*

Property Data

Section Hame |3Eir‘| D& COLLMM
Froperties
Cross-gection [axial] area 1011.3482 Section modulus about 2 awiz 4521.9173
Tarzional constant 16277768 Section modulus about 2 axis 45219179

Maoment of Inertia about 3 axis 81334.52 I Plastic modulus about 3 axis 77012332
Moment of Insttia about 2 axis | S1994.52 Plastic maduluz abaut 2 axis 701,293
Shear area in 2 direction 13.0034 Radiuz of Gyration about 3 axis 8.9711
Shear area in 3 direction 13.0034 Radiuz of Gyration about 2 axis 8.9711
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