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APPENDIX B: FLEXURAL RESPONSE
CALCULATIONS

Beam 1

5# 11 (E1) (top & bottom)

#5 (E5) @ 11" (alternate ends)/

#4(E3)—| —
#5 (E4) @ 11" (alternate ends)///
#5 (E6) @ 11" (alternate ends) o

48'[1219mm]

jeo o o ¢
1.5'[38mm] (typ.) _ —
30"[762mm]

a) SECTION A-A
BEAM 1 CROSS SECTION

Core Dimensions:
Core beam width: b, =30-3 =27 in.
Core beam depth: /. = 48-3 =45 in.

Transverse Reinforcement: 3-legged #5 bars
Transverse reinforcement area: 4, =3 * 0.31 =0.93 in.2

Volumetric transverse reinforcement ratio: p, =0.93 /(27 * 11) = 0.313%

Calculation of Concrete Confinement:

The confinement stress equals: f; = f; * 4, / (b, * s) =66 * 0.93 / (27 * 11) = 0.2067,
where f; = f, = 66 ksi is the transverse reinforcement yield strength, 4, is the transverse
reinforcement ratio, b. is the core beam width, and s is the transverse reinforcement
spacing.
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Figure a: Confinement effectiveness for various confinement configurations and hoop spacing

Using the s/b. ratio, the effectiveness coefficient is calculated for a rectangular beam with
a cross-tie. For s/b. = 11/27 =0.4074 — k., = 0.43. The effective confinement stress equals:
Jre=ke* f1=10.43 * 0.2067 = 0.0889 ksi.
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Figure b: Confined concrete strength as function of effective confinement stresses

For fi. / f==0.0889 / 5.82 = 0.0153 - f%. / f= = 1.09, where f%. is the confined concrete
compressive strength, and /7 is the unconfined concrete strength.

The ultimate confined concrete compressive strain capacity: &, = 0.004 + 0.17 * f;. / .=
0.004 + 0.25 * 0.00889 / 5.82 = 0.00782.

The confined concrete compressive strain at peak stress is: . = &9 *[1 + 5*(f e / f= - 1)] =

0.003 *[1 + 5*(1.09 - 1.00] = 0.00435, where ¢, corresponds to the unconfined concrete
strain at peak stress.
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Moment Curvature Calculation:

Moment curvature calculation was performed using XTract analysis software. The
geometry of the analyzed cross section is shown below:

Section Details:
X Centroid: -.5140E-17 in
L 1 1 5 0 P O O O O P O
Y Cenxoid: 3864E-16 in ='. vy wanl e vl .‘ls
Secton Area 1440 in"2 =: e P VP Ve P P A =
[~ =
I gross abou: X- 283.3E+3 in*d = oK E
1 gross sbour Y: 109.0E+3 in"4 = 1 s
BT <]
Reinforcing Bar Area: 1562 in"2 s ; s
Percent Longirudinal Sreel: 1085 % E: o g E
- -]
Overall Width: 30,00 in s: ok s
Overall Height 48.00 in e g
Number of Fibers: 1280 E . E
v . [ B [~
Number of Bars: 10 @ =
Number of Matesials 3 ~ 5k H
07 P 7 P 7 P P PP P P % T P
E . .:..... . E
Material Tvpes and Names: o oW ol Wi e g
’ VR P P P P P P P
Unconfined Concrete: B Unconfined1
Confined Concrete: O Confined1
Strain Hardening Steel: W Sreell

Figure c: Geometric properties of beam cross section

It should be noted that for the analysis of the beam cross section the 8 No. 4 longitudinal bars
that act as skin reinforcement were not included in the moment curvature analysis due to the lack
of full development in the anchorage block.

Cited below are the material properties utilized for the moment curvature calculation of Beam 1.
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Steel 1'

Input Parameters:

Yield Swess: 73.00 ksi stress - kesi

Fractuse Stress: 1050 ksi 107

Yield Strain: 2.517E-3 100

Strain at Strain Hardening: 12 00E-3 o}

Failure Strain- 1500 5

Elastic Modulus: 29.00E+3 ksi 9

Additional Information: Symetsic Tension and Comp. n

Model Details: ;m 002 004 DOS 008 010 012 014 015
stram

Fordtrain- 2< iy fs=E-z

FctStru'n.Ei&‘sh fe=f ‘
£y £

¥ | 1
ForStrain. s< 5o, fo=f, - (£, - 1) (W
£ou~ Eh

£=Steel Strain

fe = Steel Strece

fy = Tield Stress

f,, = Fractuce Siress

£ = Field Stran

£ 45 = Strein at Strain Hatdering
€ &, = Falure Strain

E = Elastic Modulus

Figure d: Steel uniaxial material behavior

' The moment curvature analysis does not take into account the effect of buckling of longitudinal steel reinforcement
that was observed during the experiment.
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Confined Concrete’

Input Parameters:

Ultimate Compresive Strain:  7.820E-3 stress - ksi

Compression Yield Strain: 1.400E-3 i

Tensile Yield Strain: 1.300E-3 ot /—\
4

Material Color States: :

[ Coler State \ ey — \ . —

20002 0002 0004 0006 0008

i) stramn

Stress Strain Points:
Strain Stress (ksi) Strain Stress (ksi)

-.2600E-3 0 3.500E-3 6.266
--1300E-3 -.5653 3.750E-3 6.308
-.1200E-3 -5218 4 DOCE-3 6.332
-.1100E-3 -4783 4.250E-3 6.343
-.1000E-3 -43438 4 500E-3 6.342

0 0 4.750E-3 6.332
2500E-3 1.059 5.00CE-3 6314

_S000E-3 2020 5.250E-3 6.289
.7500E-3 2859 5.500E-3 6.260
1.000E-3 3573 5.750E-3 6.227
1.250E-3 4170 6.000E-3 6.190
1.500E-3 4661 7.820E-3 5.873
1.750E-3 5.061
2.000E-3 5.383
2.250E-3 5639
2.500E-3 53841
2.750E-3 5997
3.000E-3 6.116
3.250E-3 6.204

Figure e: Confined concrete material behavior

* The confined concrete material behavior was modeled according to the relationship suggested by Mander et al.
(1988).
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Unconfined Concrete’®

Input Parameters:

stress - ksi
Compression Yield Strain: 1.400E-3 61
Tensile Yield Strain: 1.300E-3 I /—\
i \
N
\
\\
Material Color States: \
[ Color Stare \\

0.002 0002 0004 0006  0.008
Stress Strain Points: strain

Strain Stress (ksi)

-.2600E-3 0

-.1300E-3 -5653
--1200E-3 -5218
-.1100E-3 -4783

-.1000E-3 -4348

0 0
5000E-3 2073
1.000E-3 3714

1.500E-3 4813
2.000E-3 5448
2.500E-3 5.742
3.000E-3 5.820
3.500E-3 5.765
4.000E-3 5.635
5.000E-3 5274
6.000E-3 4886

5.000E-3 0

Figure f: Unconfined concrete material behavior

3 The unconfined concrete material behavior was modeled according to the relationship suggested by Mander et al.
(1988).
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The analytical results of moment curvature analysis are presented below:

Moment Curvature Analysis

=

g === XTract
o .

S 10000 == Bilinear

O T T T 1
100 200 300 400
Curvature 10E(-5) (1/in)

o P—

Figure g: Moment curvature analysis
As illustrated in the figure above:
The estimated ultimate moment strength: My, = 34,880 kip-in.
The estimated ultimate moment curvature: ¢, = 3.60 * 102 in.™!

An equivalent bilinear moment curvature curve was also used to approximate the cross-section
behavior. The following values were used for the bi-linearization of the moment curvature curve:

Effective curvature stiffness = 0.3 * Ecgnerere * I = 0.30% 4348.47 * 276480 =
360.679%10° kip-in.2, where Econcrete 18 the concrete Young’s Modulus, calculated as
57,000 sqrt (%) according to ACI 318-08, I, is the second moment of inertia of the beam
gross cross section, and 0.30 is the modification cracking factor according to ASCE 41
(Supplement 1).

Approximate yielding moment strength: Mg = 23650 kip —in.
Approximate yielding moment curvature: @yicg = 6.557 * 10”°
Approximate ultimate moment strength: M, = 34,880 kip-in.

Approximate ultimate moment curvature: @y = 3.60 * 102 in."!
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Calculation of Beam Tip Displacement

To evaluate the analytical results with the beam tip displacement was calculated analytically and
compared to the observed experimental results. For the analytical calculation of beam tip
displacement, two approaches were employed:

a. use the bilinear approximation of moment curvature analysis assuming that the
material nonlinear behavior was concentrated in a plastic hinge zone /,=0.5 * &,
where / is the beam depth

b. use the moment rotation values as suggested by ASCE-41 for modeling of beam
members

Bilinear Approximation

Moment (kip-in) | Displacement (in.) Drift Ratio*
Undeformed State 0.0 0.00000 0.0000
Reinforcement Yielding’ 23,650.0 0.49178 0.0033
Ultimate Strength’ 34,880.0 11.6163 0.0774

40000
35000 /
30000
& 25000
+ 20000
[}
€ 15000
S == Bilinear Approximation
10000
5000
0 ‘ T T T T 1
0 0.02 0.04 0.06 0.08 0.1
Drift Ratio

Figure h: Moment — drift ratio curve

* The drift ratio was calculated as (displacement) / (beam length) (=150 in.).
> The calculation of the tip displacement for the states where yielding and ultimate moment strength occurs was
performed using integration of the calculated curvature as follows: A, = ¢', * /3 and Ay, = o * P/3+ (pu— o) * 1,

* (I-1,2) , where ¢, corresponds to the curvature where reinforcement yielding is observed, ¢, = ¢', * My / M, =
6.557 * 10™ * 34,880/ 23,650 = 9.67 *107 in.”".

70



ASCE -41 Approximation

The probable moment M,, according to ASCE-41 is calculated using nominal material properties
(fe=5ksiand 1.25 * f, = 1.25 * 60 = 75.0 ksi), M,,,= 25,340 kip-in.

For the beam section, the following properties apply:
(p _pl) /pbal =0.0
transverse reinforcement has code conforming details with 135° hooks

V/[bw *d* sqrt (f)] = 168,933.33 / (27*45.17*76.30) = 1.815 < 3.00, assuming V =
Vyor=25,340 / 150 = 168.93 kips

Stirrup spacing 11 in <d/2
According to ASCE 41 (Supplement 1), the beam is suggested to be simulated using lumped

plasticity model with the following backbone curve:

Q

Ty“

1.0 .......... B

D E|l&
¥

o
T

OorA
Figure i: Backbone curve (ASCE-41)

The beam is controlled by flexure, therefore the deformation quantities according to Table 6-7 of
ASCE-41 are as follows: a =0.025, 5= 0.05, and ¢ =0.20

Substituting the above values and using the results of moment curvature analysis, we have:

Moment (kip-in.) | Displacement (in.) Drift Ratio®
Undeformed State 0.0 0.00000 0.0000
Reinforcement Yielding’ 23,650.0 0.49178 0.0033
Ultimate Strength’ 25,340.0 4.27692 0.0285
Residual Strength’ 4730.0 7.59836 0.0507

® The drift ratio was calculated as (displacement) / (beam length) (=150 in.).

7 The calculation of the tip displacement for the states where yielding, ultimate, and residual moment strength occurs
was performed using integration of the calculated curvature as follows: A, (calculated using effective stiffness), Ay
= M,/ ELi)*I*/3 + 0.025 * [ and Ao, = (M5 / Elgy) * '/ 3 +0.050 * /.
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30000

25000 '?—W
20000

Moment (kip-in)

15000 \
10000 —#—ASCE-41 Approximation
5000 J* ¢
0 ’ T T 1
0 0.02 0.04 0.06
Drift Ratio

Figure j: Moment — drift ratio curve (according to ASCE-41)

Comparison of Analytical Approximations with Experimental Results

= ASCE-41 Approximation

—— Bilinear Approximation

Experimental Results

Moment (kip-in)

Drift Ratio

/fiﬁ ﬁz’. |

[ l
r’ (/ __

Figure k: Comparison of analytical and experimental results
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40000
RAFLELe

JN /

Suod

e ASCE-41 Approximation
= Bilinear Approximation

—— Experimental Results

Moment (kip-in)

Estimated Point of Rebar
Buckling (Rodriguez)

T
01 008 006 I ; . 0.06 0.08 01

Drift Ratio

~—_ Estimated Point of Rel

Buckling (Rodriguez)

Figure I: Comparison of analytical and experimental results (includes estimated point where
buckling occurs according to Rodriguez)
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Beam 2

5# 11 (E1) (top & bottom)

#5 (E5) @ 6" (alternate ends)/
#4(E3)— [
#5 (E4) @ 6" (alternate ends)—|
#5 (E6) @ 6" (alternate ends)
Qe o o o U

1.5"[38mm] (typ.) -

30"[762mm]

48"11219mm]

b) SECTION B-B
BEAM 2 CROSS SECTION

Core Dimensions:
Core beam width: b, =30-3 =27 in.
Core beam depth: s, = 48-3 =45 in.

Transverse Reinforcement: 3-legged #5 bars
Transverse Reinforcement Area: 4, =3 * 0.31 = 0.93 in.”

Volumetric Transverse Reinforcement Ratio: p, =0.93 / (27%6) = 0.574%

Calculation of Concrete Confinement:

The confinement stress equals: f; = f;*4, / (b, * s) = 66 *0.93 / (27*6) = 0.3789, where f;
= f, =66 ksi is the transverse reinforcement yield strength, A4, is the transverse
reinforcement ratio, and b. is the core beam width and s is the transverse reinforcement

spacing.
10l N B H -
€ j jerRanl ﬁ

08 &.J . L2 ¢ d o L —) K _a 4

k

‘06 ! ! ! |
04 1 . ! 1 i
02 1 1 + 2 1 .
00 t +

00 01 02 03 04 05 06 07 08 09 10
s/b,

Figure a: Confinement effectiveness for various confinement configurations and hoop spacing

Using the s/b, ratio the effectiveness coefficient is calculated for a rectangular beam with
a cross-tie. For s/b, = 6/27 = 0.222 — k. =0.57.
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The effective confinement stress equals: f;.= k. *f; = 0.57 * 0.3789= 0.2160 ksi.

.8 Confined Strength Ratio fi./f,

"\;‘: 0 1.0 1.5 : 2.0

[ I ?!

2 S\ | | ‘

e N 1 |

& TN (] |

w 0.1 \ AN |

w

£ 4N

“ LT .

» - e e o= T f(r‘%:

§ 0.2 1

= LIIRLEALN

S IV'AN

Biaxigl—— | \

3 min

5 0.3 FIEERIY

3 0 o1 62 03
Smallest Confining Stress Ratio, fi, /f!

€1 ‘co
Figure b: Confined concrete strength as function of effective confinement stresses

For fi. / f==0.2160 / 6.13 = 0.0352 - 1. / f= = 1.22, where f%. is the confined concrete
compressive strength, /7 is the unconfined concrete strength.

The ultimate confined concrete compressive strain capacity: &, = 0.004 +0.17 * f;. / f7.=
0.004 +0.25 * 0.2160 / 6.13 = 0.0128.

The confined concrete compressive strain at peak stress is: &.. = gy *[1+ 5*(fo. / f= -1)] =

0.003 * [1+5*(1.09-1.00)] = 0.0063, where ¢ corresponds to the unconfined concrete
strain at peak stress.
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Moment Curvature Calculation:

Moment curvature calculation was performed using XTract analysis software. The geometry of
the analyzed cross section is shown below:

Section Details:

X Centroid: -.5140E-17 in

P LAAANA A AL ANAAA LA A
Y Centroid: 3864E-16 in t 1 = 5 L 3
Section Area: 1440 in"2
I gross about X- 2B3.3E+3 "4
I gross about Y. 1090E+3 m"4
Reinforcing Bar Area: 15.62 in"2

Percent Longimdinal Steel: 1085 %

Overall Width: 3000 in
Overall Height- 4800 n
Number of Fibers: 1250
Number of Bars: 10
Number of Materials: 3

Ll AAAAAAAAAAAAAAAAAAAAALAALALLAA
LLAAAAAAAAAAAAAAAAAL LT LT

7 SRRy el Sl o Y

Material Types and Names: ke S0V S0k Bt

-1
Unconfined Concrete: H Unconfined1
Confined Concrete O Confined1
Strain Hardening Steel: W Steell

Figure c: Geometric properties of beam cross section

It should be noted that for the analysis of the beam cross section the 8 No. 4 longitudinal bars
that act as skin reinforcement were not included in the moment curvature analysis due to the lack
of full development in the anchorage block.

Cited below the material properties utilized for the moment curvature calculation of beam 1.

76



Steel 18

Input Parameters:

Yield Swess: 73.00 ksi stress - kesi

Fractuse Stress: 1050 ksi 107

Yield Strain: 2.517E-3 100

Strain at Strain Hardening: 12 00E-3 o}

Failure Strain- 1500 5

Elastic Modulus: 29.00E+3 ksi 9

Additional Information: Symetsic Tension and Comp. n

Model Details: ;m 002 004 DOS 008 010 012 014 015
stram

Fordtrain- 2< iy fs=E-z

FctStru'n.Ei&‘sh fe=f ‘
£y £

¥ | 1
ForStrain. s< 5o, fo=f, - (£, - 1) (W
£ou~ Eh

£=Steel Strain

fe = Steel Strece

fy = Tield Stress

f,, = Fractuce Siress

£ = Field Stran

£ 45 = Strein at Strain Hatdering
€ &, = Falure Strain

E = Elastic Modulus

Figure d: Steel uniaxial material behavior

¥ The moment curvature analysis is not taking into account the effect of buckling of longitudinal steel reinforcement
which was observed in the during the experiment
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Confined Concrete’

Input Parameters:

Ultimate Compresive Strain: 12 80E-3 stress - ksi

Compression Yield Strain: 1.400E-3 :

Tensile Yield Strain: 1.300E-3 6 /\*\
4

Material Color States: !

[ Color State ' ' ' ' ' ' '

20.003 1 0.003 0010 0013

2 stramn

Stress Strain Points:
Strain Stress (ksi) Strain Stress (ksi)

-.2600E-3 0 3.500E-3 6.976
-.1300E-3 -5802 3.750E-3 7.088
-.1200E-3 -5355 4 DOCE-3 7.180
-.1100E-3 -.4909 4.250E-3 7256
-.1000E-3 -4463 4 500E-3 7317

0 0 4.750E-3 7.365

-2500E-3 1.079 5.00CE-3 7403
5000E-3 2052 5.250E-3 7.432
.7500E-3 2906 5.500E-3 7.453
1.000E-3 3644 5.75CE-3 7.467
1.250E-3 4276 6.000E-3 7475
1.500E-3 4814 7.820E-3 7419
1.750E-3 5.270 12.80E-3 6.925

2.000E-3 5.656

2.250E-3 5.982
2.500E-3 6.256
2.750E-3 6.487

3.000E-3 6.680
3.250E-3 6.842

Figure e: Confined concrete material behavior

’ The confined concrete material behavior was modeled according to the relationship as suggested by Mander et al.
(1988).
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Unconfined Concrete!

Input Parameters:

Compression Yield Strain:

Tensile Yield Strain:

1.400E-3
1.300E-3

Material Color States:

[ Color Stare

Stress Strain Points:
Strain Stress (ksi)

-.2600E-3 0
-.1300E-3 -.5802
-.1200E-3 -.5355
-.1100E-3 -4909
-.1000E-3 -4463
0 0
S000E-3 2138
1.000E-3 3860

1.500E-3 5034
2.000E-3 5720
2.500E-3 6.044
3.000E-3 6.130
3.500E-3 6.069
4.000E-3 5925

5.000E-3 5526
6.000E-3 5.098
£.000E-3 0

strass - ksi
gr

0.002 0.002 D.006 0.008
stram

Figure f: Unconfined concrete material behavior

The analytical results of moment curvature analysis are presented below.

' The unconfined concrete material behavior was modeled according to the relationship as suggested by Mander et

al. (1988).
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Moment Curvature analysis

=== XTract

Moment (kip-i

10000 == Bilinear

5000
0 l T T T 1

0 100 200 300 400
Curvature 10E-5 (1/in)

Figure g: Moment curvature analysis

As illustrated in the figure above:
The estimated ultimate moment strength: M,;; = 34,920 kip-in.
The estimated ultimate moment curvature: @ = 3.60 * 102 in."!

An equivalent bilinear moment curvature curve was also used to approximate the cross section
behavior. The following values were used for the bi-linearization of the moment curvature curve:

Effective Curvature Stiffness = 0.3 * Econcrete * Ig = 0.30% 4462.78 * 276,480 = 370.1608
* 108 kip-in.z, where Econerete 18 the concrete Young’s modulus, calculated as 57,000 sqrt
(f2) according to ACI 318-08 , I, is the second moment of inertia of the beam gross cross
section and 0.30 is the modification cracking factor according to ASCE 41 (Supplement

1).

Approximate yielding moment strength: My;cq = 23,680 kip —in.
Approximate yielding moment curvature: @yielq = 6.397 * 107°
Approximate ultimate moment strength: My = 34920 kip-in.

Approximate ultimate moment curvature: ¢, = 360 * 107 in."!
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Calculation of Beam Tip Displacement

To evaluate the analytical results with the beam tip displacement was calculated analytically and
compared to the observed experimental results.

For the analytical calculation of beam tip displacement two approaches were employed:

a. Use the bilinear approximation of moment curvature analysis assuming that the
material non-linear behavior was concentrated in a plastic hinge zone [, =0.5%h ,
where / is the beam depth

b. Use the moment rotation values as suggested by ASCE-41 for modeling of beam
members

Bilinear Approximation

Moment (kip-in.) | Displacement (in.) Drift Ratio"'
Undeformed State 0.0 0.00000 0.0000
Reinforcement Yielding'? 23,680.0 0.47979 0.0032
Ultimate Strength' 34,920.0 11.6109 0.0774
40000

35000 /
30000

25000 /

20000 T,

15000

Moment (kip-in)

=@==Bilinear Approximation
10000

5000

0 0 T T T T 1
0 0.02 0.04 006 0.08 0.1

Drift Ratio

Figure h: Moment — drift ratio curve

" The drift ratio was calculated as (displacement) / (beam length) (=150 in.).
12 The calculation of the tip displacement for the states where yielding and ultimate moment strength occurs was
performed using integration of the calculated curvature as follows: A, = ¢/ * P/3 and Ay, = (oy*12/3 + (puc—oy) *

P
*(I-1,/2) , where ¢’y corresponds to the curvature where reinforcement yielding is observed, ¢, = ¢}, * M/ M, =
6.397 * 10 * 34,920 / 23,680 = 9.43 * 10” in.”".
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ASCE-41 Approximation

The probable moment M, according to ASCE-41 is calculated using nominal material properties

(f==5ksiand 1.25 * £, =1.25 * 60 = 75.0 ksi), M, = 25,340 kip-in. For the beam section the
following properties apply:

(p—p")/ poa=10.0
transverse reinforcement has code conforming details with 135° hooks

V/[bw*d*sqrt (f7)] = 168,933.33 / (27*45.17*78.29) =1.77 < 3.00, assuming V' = V.=
25340/ 150 = 168.93 kips

Stirrup spacing 6 in < d/2

According to ASCE 41 (Supplement 1) the beam is suggested to be simulated using lumped
plasticity model with the following backbone curve:

Q
o, !

1.0 -y

D E|l&
[

o
P

BorA
Figure i: Backbone curve (ASCE-41)

The beam is controlled by flexure so the deformation quantities according to Table 6-7 of ASCE-
41 are the following: a = 0.025, b = 0.05, and ¢ = 0.20.

Substituting the above values and using the results of moment curvature analysis we have:

Moment (kip-in.) Displacement (in.) Drift Ratio"
Undeformed State 0.0 0.00000 0.0000
Reinforcement Yielding' 23,680.0 0.47979 0.0032
Ultimate Strength" 25,340.0 4.26343 0.0284
Residual Strength'* 4736.0 7.59596 0.0506

" The drift ratio was calculated as (displacement) / (beam length) (=150 in.).

' The calculation of the tip displacement for the states where yielding and ultimate moment strength occurs was
performed using integration of the calculated curvature as follows: A, (calculated using effective stiffness), Ay =
(M, ] ELg)*I*/3 +0.025 * [ and A = (Moo / ELr) * 1%/3 +0.050 * 1.
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30000

25000 -?—W
£ 20000
2 \
=
= 15000
@
g \
s 10000 —#—ASCE-41 Approximation

5000 “4 L 4
0 ’ T T 1
0 0.02 0.04 0.06
Drift Ratio

Figure j: Moment—drift ratio curve (according to ASCE-41)

83




Comparison of Analytical Approximations with Experimental Results

e ASCE-41 Approximation

Bilinear Approximation

RPN /
hoi=d

Experimental Results

Moment (kip-in)
U

7a

¥
AL
/) /1P AW,

/]

0.1 -0.08 -0.06 0 C / / A{' C‘-r' 0.04 0.66 0.l08
oyl

29000
>y .4
=
/ 000
-40000

Figure k: Comparison of analytical and experimental results
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——— ASCE-41 Approximation r

Buckling (Rodriguez)

Bilinear Approximation

——— Experimental Results

Moment (Kip-in)
g
¢

Estimated Point for Rebar 40000
Buckling (Rodriguez)

Figure I: Comparison of analytical and experimental results (includes estimated point where
buckling occurs according to Rodriguez)
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APPENDIX C: RECORDED CRACK WIDTHS
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Beam 1

max. max. max.
oS || () T | tresmen | vt | wdd | s
(mm) (mm) (mm)
1 down
1 3 3 0.07 0.1 1 up
1 Zero
1 down 0.25
2 3 7 0.18 0.3 2 up 0.2
2 Z€ero
1 down 0.33
3 3 11 0.28 0.5 1 up
1 Z€ero
1 down 0.6
4 3 14 0.38 0.8 1 up
1 Zero
1 down 1 0.6
5 3 31 0.81 1.1 1 up
1 Z€ero
1 down 1.5 3
6 3 46 1.2 2.1 1 up
1 Zero
7 1 13 0.33 0.7 1 n/a
1 down 3 2.5
8 2 69 1.8 32 1 up
1 Zero
9 1 13 0.33 0.7 1 n/a
1 down 5 5
10 2 103 2.7 4.2 1 up
3 Zero 2.5
11 1 13 0.33 0.7 1 n/a
1 down 25
12 2 139 3.6 6.4 1 up
1 Z€ero
13 1 13 0.33 0.7 1 n/a
14 1 194 5.1 8.5 1 n/a
15 1 13 0.33 0.7 1 n/a
16 1 210 5.5 11.7 1 n/a
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Beam 2

max. max. max.
GO |y || O FEOE | cefreemen | wieh | widh |
(mm) (mm) (mm)
! down 0.08
1 3 3 0.07 0.2 up
3 Zero
down 0.3
2 3 6 0.16 0.3 ! up
3 Zero 0.33
) down 0.2 0.4
3 3 11 0.28 0.6 up 0.2 04
3 Z€ero 0.1 0.25
! down 0.3 0.4
4 3 15 0.4 0.9 up 0.2 0.3
3 Zero 0.15 0.25
down 0.5 0.5
5 3 33 0.87 1.9 ! up 0.3 0.5
3 Zero 0.15 0.2
! down 0.6 1
6 3 46 1.2 2.6 up 0.6 1.25
3 Zero 0.3 0.5
7 1 13 0.33 0.7 1 n/a n/a
1 down 1.5 2
8 2 69 1.8 3.9 1 up 0.6 2
3 Zero 1.5 2
9 1 13 0.33 0.7 1 n/a n/a
1 down 3
10 2 109 2.9 6.2 1 up 1.5
3 Zero 4
11 1 13 0.33 0.7 1 n/a n/a
1 down 5 6 11
12 2 147 3.9 8.3 1 up 6 8 20
2 Zero 7 15 20
cycle
13 ] 1 13 033 0.7 1 e
14 1 203 53 11.4 1 down 7 9
15 1 13 0.33 0.7 1 n/a
222 5.8 12.5
16U Ougy | 64y | i3y | ! e
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