CE 383P — Prestressed Concrete
Unique Number 15875

Instructor:
Oguzhan Bayrak ‘bayrak@mail. utexas.edn
EC14.720 232-7826
FergusonLab  232-6409

Class Hours:
MWF 10:00AM — 11:00AM ECI #2068 1.202

Office Hours:
WE 1:30 —-4:30
Additional times are available by request.

Prerequisites:
CE 331 (or eqmvalent) and graduate standing.

Texts:
1. Lin, T.Y., and Burns, N.H., Design of Prestressed Concrete Structures, John Wiley and Sons, Inc.,
Third Edition, 1993.
2. Collins, M.P., and Mitchell, D., Prestressed Concrete Structures, Response Publications, 1998.
OR
Collins, M.P., Reinforced and Prestressed Concrete Structures, Brunner-Routledge 2™ edition, 2005.
3. ACI318-05, Buzldmg Code Requirements for Structural Concrete and Commentary
Grading:
Homework - 20%
Design Project . 15%
Midterm Exam 1 30%
Final Exam 35%

Students must have an average grade of at least 60% on the exams in order to receive a passing grade in the course.
All students must take the final exam.

Final grades will be assigned according to the following scale:

>90 A

80 -89 B

70-79 C

60 — 69 D

<60 F
Attendance:

Students are expected to attend all lectures.

Homework:
Homework will be assigned regularly. Homework submitted after the due date and time will be penalized
25% if submitted within the first 24 hours, 50% if submitted by the next lecture and will not be accepted
after that point in time.

Examinations:
Students are expected to take the exams during the scheduled class periods. Students must notify the
instructor in advance if they are unable to take an exam. Make-up exams will be given only when adequate
supporting evidence is furnished, e.g. a doctor’s note in case of an illness preventing you from taking an
exam.

Project:
One project will be assigned during the semester.



Use of Computer:

Students will be expected to use spreadsheet programs, commercial and/or academic structural analysis
programs to complete the homework assignments and the project. Use of drafting programs may be

helpful.
Course Outline:
1. Introduction 6. Design for Flexure
2. Prestressing Technology 7. Design for Shear
3. Material Properties ., 8. Design for Torsion
4. Response to Axial Load 9. Prestressed Slab Systems
5. Response to Flexure 10. Analysis of Indeterminate Structures

Scholastic Dishonesty:

Giving aid to a student during an exam or taking information from another student’s exam constitutes

academic dishonesty. Submitting another student’s homework assignment and representing it as your own
work also constitutes scholastic dishonesty.

Students who violate University rules on scholastic dishonesty are subject to disciplinary penalties, including the
possibility of failure in the course and/or dismissal from the University. Since such dishonesty harms the
individual, all students, and the integrity of the University, policies on scholastic dishonesty will be strictly
enforced. For further information, visit the Student Judicial Services web site
http://www.utexas.edu/depts/dos/sjs/.

Important Dates:
Tuesday, 30 Memday-2%-October Midterm Exam  5-30pm — 8:30ish
Friday, 7 December Last Day of Class
Monday, 17 December _ Final Exam (2:00 PM~- 5:00 PM)
Drop Dates:

From the 1 through the 4® class day, graduate students can drop a course on Rose or TEX and receive a
refund. From the 5T through the 12 class day, graduate students must initiate drops in their department;
refunds are given on a dropped course through the 12" class day. After the 12 class day, no refund is
given. Graduate students can drop a class until the last class day with permission from the departmental

graduate advisor and the Dean. Students with 20 hr/week GRA/TA appointment or a fellowship may not
drop below 9 hours.

Course evaluation:

Students will be given the opportunity to evaluate the instructor during the last week of class using the
standard form provided by the Measurement and Evaluation Center.

The University of Texas at Austin provides, upon request, appropriate academic adjustments for qualified students
with disabilities. Any student with a documented disability (physical or cognitive) who requires academic
accommodations should contact the Services for Students with Disabilities area of the Office of the Dean of
Students at 471-6259 as soon as possible to request an official letter outlining authorized accommodations. For

more information, contact that Office, or TDD at 471-4641, or the College of Engineering Director of Students with
Disabilities at 471-4321. '

Web-based, password-protected class sites will be associated with all academic courses taught at the University.
Syllabi, handouts, assignments and other resources are types of information that may be available within these sites.
Site activities could include exchanging email, engaging in class discussions and chats, and exchanging files. In
addition, electronic class rosters will be a component of the sites. Students who do not want their names included in
these electronic class rosters must restrict their directory information in the Office of the Registrar, Main Building,
Room 1. For information on restricting directory information, see Course Schedule or
http://www.utexas.edw/student/registrar/catalogs/gi02-03/app/appc09 .html.



CE 383P — Prestressed Concrete Date assigned : October 17, 2007
Project Due date : December 5, 2007

Option 1

Develop a spreadsheet type program to evaluate the moment curvature response of
prestressed concrete sections using layered section analysis approach. Use the following
constitutive relationships in your spreadsheet:
e Parabolic and/or HSC stress-strain curve for concrete
e Trilinear stress-strain curve for reinforcing bars
e Modified Ramberg-Osgood function for stress-strain response of prestressing
strands
¢ Vecchio-Collins model for tension stiffening
Focus on double-tee sections that may have up to 12 layers of reinforcing steel and 12
layers of prestressing strands. Note that you do not have to develop a spreadsheet type
programming approach, if you feel more comfortable in using another programming
language/means (e.g. C++, Visual Basic, Fortran etc.)
The final submission should include the following:
e A disk containing the program
e A report that summarizes your work and simplifying assumptions you may have
made.
o Program verification: Comparison of the analysis results from your computer
program/spreadsheet with those from a well-established and verified software
(e.g. Response) and hand calculations.
¢ Concluding remarks

Option 2

Alternatively, you may choose a particular topic in prestressed concrete and critically
examine several recently published papers on this topic. If you choose this alternative,
you should consult your instructor and discuss the particular topic and papers you would
like to work on before you fully embark on your report.



CE 383P — Prestressed Concrete

Midterm
October 30, 2007
Examiner: O. Bayrak

Last Name:
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Instructions:

This is an open book / notes exam.
Read questions carefully.
Make reasonable assumptions for missing parameters (if any).

Answer all questions.
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Question Grade

1 2.5/25

2 23 /25

3 167 /25
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Problem 1 (25 points):

The precast, pretensioned double tee beam shown below spans 26 feet as part of a floor
system. Calculate the nominal moment capacity of the section.

Pretopped 15DT26

15 ft ,
T

4
4 in.t? : 1T

3" chamfer

26in.

f.> = 5,000 psi

g’ =2.5x10
A, = 8- Y% in. low relaxation strands (0.153 in’ / strand)
E, =29000 ksi

£,y = £, =250 ksi
Ag, = 6.00x107
Strand ruptures at £qp = 0.040

Stress
7-wire %" strands

250 ksi

Strain

5, =250 ksi /20000 ksi €, = 0.040
= 0.00862
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Problem 2 (25 points)

The moment-curvature relationship of the precast prestressed beam shown below is
obtained using a sectional analysis program and further simplified as a bilinear
relationship for your convenience. Calculate the tip deflection at failure.

P

v

7 I

d ’/ 4ft

|
1

18 ft.
M1
20kt T
200 k.t +
/ : |
l .
-50x10% 100x10% 1000x106 . ¢ (rad./in)
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Problem 3 (25 points)

The precast prestressed octagonal pile shown below is subjected to an axial load and
bending moment combination. The octagonal pile is reinforced with 8 No.9 bars and 8 7-
wire ¥%” strands. Determine the axial load and bending moment combination that will
cause a compressive strain of 0.0024 at point A and a tensile strain of 0.0010 at point B.

s Stress
f.> =6,500 pgl P 7-wire %" strands
g’ =2.2x10
E, =29000 ksi
oy = £, =240 ksi
Ag, = 7.00x107
Strands rupture at €npre = 0.040 60 ksi No. 9 Rebars
: Strain
R Erupture = 0.040
/}/ 9|n,][ 9in. L 9in /{
JR Y e A
. 7 2" strand
9in
A
3in M=2
/ —
4.5in
9 in ________________________ —_— e — i — - P = 7
4.5in
il b
9in.
No. 9 Bar
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Problem 4 (25 points)

A three span post-tensioned bridge girder is shown in the figure below. The tendons are
stressed from one end and the stressing procedure is to jack to 0.75 f,, and then anchor.
The post tensioned tendon consists of 32- 1/2" 7-wire strands. Assuming that i = 0.3, K
=0.0015/ft and A = % in, calculate and plot the tendon force variation prior to and after
anchorage. Also calculate the tendon elongation due to stressing operation (prior to
anchorage). Note f,, = 270 ksi for the low relaxation strands.
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CREEP
load 3000 psi V1 81000 1_10 0.1
fc 7000 psi SA1 10800 1.1000 0.5
Ec 4768962 psi V/SA1 7.5 1_10000 0.65
Ect 7000000 psi 4768962
ti 7 days V2 80640 2 10 0.82
' SA2 40320 21000 0.92
K_ 0.692308 V/SA2 2 2_10000 0.95
Humid 50
e ¢ e_cf  goalseek approx
-0.002 -0.000488 -3.85E-07 =8:000629~
phi Ec_eff g ¢ eff e_cf  goalseek £_creep
1.10 10 0.0638 4483.0 -0.003123 -0.000762 4.45E-06 -0.000274
11000 1000 0.9870 2424.5 -0.005774 -0.001409 2.51E-05 -0.000921
1_10000 10000 1.40086 1986.6 -0.007047 -0.00172 -1.19E-07 -0.001232
2_10 10 0.5231 3131.0 -0.004471 -0.001091 4.78E-06 -0.000603
2_1000 1000 1.7793 1715.9 -0.008159 -0.001991 0.000486 -0.001503
2_10000 10000 2.0470 1565.1 -0.008945 -0.002183 1.58E-07 -0.001695
e ¢ e_cf  goalseek
-0.002 -0.000488 -3.85E-07
SHRINKAGE
k_h 1.29
g_sh
1_10 17 -2.15E-05
1_1000 1007 -0.000318
1_10000 10007 -0.000426
2_10 17 -0.000176
2_1000 1007 -0.000585
2_10000 10007 -0.000623
LOAD
-0.000629
TOTALS
1_10 -0.000925 2_10 -0.001409
1_1000 -0.001868 2_1000 -0.002717
1_10000 -0.002287 2_10000 -0.002947
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CE 383P — Prestressed Concrete . Date assigned : September 10, 2007
Homework Assignment # 1 Due date : September 14, 2007

Problem 1: Normal density concrete columns shown in the figure below were subjected
to a compressive stress of 3000 psi 7 days after casting the concrete. The concrete
strength at the time of loading was 7000 psi. Estimate the initial strain under the given
loading conditions. Also, estimate the strain at 10 days, 1000 days, and 10,000 days after
the loading if the average humidity was 50 %. Comment on your results.

60"

30" a4 %

A

30" YL /e

90" 90"

T | TTTTTTI

Column 1 | Column 2
(A =900in?) ( A =896 in’)

Problem 2: A large plain concrete beam has a cross section of 36 x 36 in. The simply
supported beam spans 18 ft and is subjected to a point load at midspan. The compressive
strength of a standard cylinder cast from the same concrete as the beam was 4200 psi.
Estimate the magnitude of the point load required to crack the beam. Assume that the
normal density concrete weighs 150 1b/ft.

Problem 3: A normal density concrete has a compressive strength of 6000 psi. A
compressive stress is applied to the concrete. This stress is increased in value from zero
to 5000 psi over a short period of time and is then reduced to 3000 psi.

(i) Calculate the compressive strain in concrete at this point in time.

(i) The stress is then increased to 5700 psi. Calculate the compressive strain at this point
in time. Finally the stress is reduced to zero.

(iii) Calculate the residual compressive strain that remains in the concrete after the
compressive stress has been removed.
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CE 383P — Prestressed Concrete Date assigned : September 17, 2007
Homework Assignment # 2 Due date : September 21, 2007

Problem 1:

A four span post-tensioned one-way floor slab is shown in the figure below. The tendons
are stressed from both ends and the stressing procedure is to jack to 0.75 f,, and then
anchor. Assuming that p = 0.27, K=0.0025 / ft and As=0.25 in, calculate and plot the
tendon force variation along the length of the beam. Also calculate the average tendon
force in each span. Assume £,,=270 ksi, E,,=29,000 ksi, and Aps=1.53 i in’,
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CE 3829 pPRESTRE

HomMEWoRL FF 2

Given values and simple calcs

oo

o~
P

C . HOVEZ L
2% Sept o7

A, 14025 in® £ 8.0 ksi g 0.0022
A, 314 i f, 60 ks & -0.0006
A, 061 in® oy 250 ksi E, 29000 ksi
o 270 ksi
Initial Calculations Long-term calculations
E, 72727 ksi AL; -0.01749 in E..xe 23460 ksi
g, 0.00652 Ag, 0.00662 - &.x 0.00682
F, 11567 kip E,.x 28130 ks
g; -0.00010 g, 0.00862 g, 0.00889
g, 0.00005 { g; 0.00015
SHORT-TERM RESPONSE s
Concrete Reinforcement Pretressing
£ & f, F, & Epf £, F, N
ksi kip ksi kip kip
-0.003 -0.00300 -6.942 -973.6 -0.00300 0.00362 105.02 64.3 -1182.5
-0.00275 | -0.00275 -7.500 -1051.9 -0.00275 0.00387 112.27 68.7 -1233.6
-0.00255 | -0.00255 -7.798 -1093.6 -0.00255 0.00407 118.07 72.3 -1253.5
-0.00207 | -0.00207 -7.972 -1118.1 -0.00207 0.00455 131.99 80.8 -1225.8
-0.00175 { -0.00175 ~7.665 -1075.0 -0.00175 0.00487 141.27 86.5 -1147.9
-0.0015 | -0.00150 ~7.190 -1008.4 -0.00150 0.00512 148.52 90.9 -1054.1
-0.001 -0.00100 -5.620 -788.2 -0.00100 0.00562 163.02 99.8 -779.5
-0.0005 [ -0.00050 -3.223 -452.0 -0.00050 -14.50 -45.5 0.00612 177.52 108.6 -388.9
0 0 0 0 0 0 0 0.00662 192.02 117.5 117.5
0.00005 | 0.00005 0.362 50.7 0.00005 1.43 4.5 0.00667 193.45 118.4 173.6
0.00005 | 0.00005 0 0 0.00005 1.43 45 0.00667 193.45 118.4 122.9
0.00200 | 0.00200 0 0 0.00200 57.98 182.1 0.008621 250 153.0 335.1
0.00207 | 0.00207 0 0 0.00207 60 1884 0.00869 250 153.0 3414
0.003 0.003 0 0 0.00300 60 1884 0.00962 250 153.0 3414
LONG-TERM RESPONSE
Concrete Reinforcement Pretressing
& Ecr fc Fc &t fs Fs apf fp Fp N
ksi kip ksi kip ksi kip kip
-0.01 -0.00940 -6.855 -961.4 -0.010 -60 -188.4 -0.00338 -95.04 -58.2 -1208.0
-0.009 -0.00840 -7.571 -1061.8 -0.009 -60 -188.4 -0.00238 -66.91 -40.9 -1291.1
-0.008 -0.00740 -7.942 -1113.9 -0.008 -60 -188.4 -0.00138 -38.78 -23.7 -1326.0
-0.007 -0.00640 -7.970 -1117.7 -0.007 -60 -188.4 -0.00038 -10.65 -6.5 -1312.6
-0.006 -0.00540 -7.653 -1073.3 -0.006 -60 -188.4 0.00062 17.48 10.7 -1251.0
-0.005 -0.00440 -6.993 -980.7 -0.005 -60 -188.4 0.00162 45.61 27.9 -1141.2
-0.004 -0.00340 -5.988 -839.8 -0.004 -60 -188.4 0.00262 73.74 451 -983.1
-0.003 -0.00240 -4.640 -650.7 -0.003 -60 -188.4 0.00362 101.87 62.3 -776.8
-0.002 -0.00140 -2.947 -4134 -0.002 -58.00 -182.1 0.00462 130.00 79.6 -515.9
-0.00045 | 0.00015 0.362 50.7 -0.00045 -12.98 -40.7 0.00617 173.67 106.3 116.3
-0.00045 | 0.00015 0 0 -0.00045 -12.98 -40.7 0.00617 173.67 106.3 65.5
0 0.00060 0 0 0 0 0 0.00662 186.26 114.0 114.0
0.00207 | 0.00267 0 0 0.00207 60 1884 0.00869 24449 149.6 338.0
0.00227 | 0.00287 0 0 0.00227 60 188.4 0.00889 250 153.0 3414
0.003 0.00360 0 0 0.00300 60 188.4 0.00962 250 153.0 341.4

& = Egp.
& T Egre
ED = EDV

& T &gy

Ec = Er

B = &g

& = Egy

Ep = Epy
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CE 383P — Prestressed Concrete , Date Assigned: September 24, 2007
Homework Assignment #3 Due Date: October 1, 2007 |

Problem 1:

A partially prestressed post-tensioned concrete member, 12 x 12 in. in cross section and
14 ft. in length, has the material properties shown. The low relaxation strands are

stressed to 0.70f,, and anchored. Assuming no friction or set losses, determine the short-

term axial load-deformation response.

f.’ = 8000 psi

g=22x 107

A = 4-#8 bars

A, = 4- %" T wire strands
fy, =60 ksi

fry =250 ks1

fou =270 ksi

E, =29000 ksi

Problem 2:

Determine the long-term load-deformation response of the member above. Make
allowances for creep and shrinkage of concrete and relaxation of the prestressing.

Note ¢ =2.1, g5, =-0.6 X 107 and relaxation in strands = 3%.



Given values and simple calcs

0o

A, 14025 i fi 80  ksi g 0.0022
A, 314 in® £, 60 ksi &g -0.0006
A, 061 in? oy 250 ksi E, 29000 ksi
T 270 kst
Initial Calculations Long-term calculations
E, 72727 ksi AL; -0.01749 in E.qr 23460 ksi
g, 0.00652 Ag, 0.00662 g 0.00682
F, 11567 kip E,er 28130 ksi
g; -0.00010 g, 0.00862 g, 0.00889
g, 0.00005 g. 0.00015
Tension Stiffening Constants
o 1.0 for deformed barg” ’
o) 0.7 for strands
0'1\vciglncd 0.95
oy 1.0 for short-term loading
oy 0.7 for long-term loading~
£ 3578  psi d
SHORT-TERM RESPONSE
Concrete Reinforcement Pretressing
& Ecf fc: Fc Esr fs Fs apf fp Fp N
ksi kip ksi kip ksi kip kip
-0.003 -0.00300 -6.942 -973.6 -0.00300 -87.00 -273.2 0.00362 105.02 64.3 -1182.5
-0.00275 | -0.00275 -7.500 -1051.9 -0.00275 -79.75 -250.4 0.00387 112.27 68.7 -1233.6
-0.00255 | -0.00255 -7.798 -1093.6 -0.00255 -73.95 -232.2 0.00407 118.07 72.3 -1253.5
-0.00207 | -0.00207 -7.972 -1118.1 -0.00207 -60.03 -188.5 0.00455 131.99 80.8 -1225.8
-0.00175 | -0.00175 -7.665 -1075.0 -0.00175 -50.75 -159.4 0.00487 141.27 86.5 -1147.9
-0.0015 | -0.00150 -7.190 -1008.4 -0.00150 -43.50 -136.6 0.00512 148.52 90.9 -1054.1
-0.001 -0.00100 -5.620 -788.2 -0.00100 -29.00 -91.1 0.00562 163.02 99.8 -779.5
-0.0005 | -0.00050 -3.223 -452.0 -0.00050 -14.50 -45.5 0.00612  .177.52 108.6 -388.9
0 0 0 0 0 0 0 0.00662 192.02 117.5 117.5
0.00005 | 0.00005 0.362 50.7 0.00005 1.43 45 0.00667 193.45 1184 173.6
0.00005 | 0.00005 0.294 413 0.00005 1.43 4.5 0.00667 193.45 118.4 164.1
0.00183 | 0.00183 0.174 24.4 0.00183 53.17 167.0 0.00845 245.19 150.1 3414
0.00200 | 0.00200 0.045 6.3 0.00200 57.98 182.1 0.008621 250 153.0 3414
0.00207 | 0.00207 0 0.0 0.00207 60 188.4 0.00869 250 153.0 3414
0.003 0.003 0 0 0.00300 60 188.4 0.00962 250 153.0 341.4
LONG-TERM RESPONSE
Concrete Reinforcement Pretressing
& & fc Fc Egf fs Fs Spk_‘ fn Fp N
ksi kip ksi kip ksi kip kip
-0.01 -0.00940 -6.855 -961.4 -0.010 -60 -188.4 -0.00338 -95.04 -58.2 -1208.0
-0.009 -0.00840 -7.571 -1061.8 -0.009 -60 -188.4 -0.00238 -66.91 -40.9 -1291.1
-0.008 -0.00740 -7.942 -1113.9 -0.008 -60 -188.4 -0.00138 -38.78 -23.7 -1326.0
-0.007 -0.00640 -7.970 -1117.7 -0.007 -60 -188.4 -0.00038 -10.65 -6.5. -1312.6
-0.006 -0.00540 -7.653 -1073.3 -0.006 -60 -188.4 0.00062 17.48 10.7 -1251.0
-0.005 -0.00440 -6.993 -980.7 -0.005 -60 -188.4 0.00162 45.61 279 -1141.2
-0.004 -0.00340 -5.988 -839.8 -0.004 -60 -188.4 0.00262 73.74 45.1 -983.1
-0.003 -0.00240 -4.640 -650.7 -0.003- -60 -188.4 0.00362 101.87 62.3 -776.8
-0.002 -0.00140 -2.947 -4134 -0.002 -58.00 -182.1 0.00462 130.00 79.6 .-515.9
-0.00045 | 0.00015 0.362 50.7 -0.00045 -12.98 -40.7 0.00617 173.67 106.3 116.3
-0.00045 | 0.00015 0.187 26.2 -0.00045 -12.98 -40.7 0.00617 173.67 106.3 91.7
0.00000 | 0.00060 0.154 216 0 0 0 0.00662 186.26 114.0 135.6
0.00196 | 0.00256 0.112 15.7 0.0020 56.71 178.1 0.00858 24127 147.7 3414
0.00207 | 0.00267 0.024 34 0.00207 60 188.4 0.00869 244 .49 149.6 341.4
0.00227 | 0.00287 0 0.0 0.00227 60 188.4 0.00889 250 153.0 3414
0.003 0.00360 0 0 0.00300 60 188.4 0.00962 250 153.0 3414

& = Egrn

€ = &g /

Ep = Epy

& =g
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CE 383P — Prestressed Concrete Date Assigned: October 1, 2007
Homework Assignment No.4 Due Date: October 8, 2007

Problem 1:

You have already determined the short-term and long-term responses for the partially
prestressed post-tensioned concrete member shown below. (tension stiffening was
ignored). As you know, the member is 12 x 12 in. in cross section and 14 ft. in length,
has the material properties shown. The low relaxation strands are stressed to 0.70f,, and
anchored. Assuming no friction losses or set losses, determine the short-term and long-

term axial load-deformation responses taking tension stiffening into account.

f.> = 8000 psi

g=2.2x 107

A = 4-#8 bars

A, =4- %" 7 wire strands
f, = 60 ksi

foy =250 ksi

fou =270 ksi

E, = 29000 ksi

Problem 2:

Compare the results from Assignments No.3 and No. 4. You can plot short-term curves

in one graph and long-term curves in another one and use these to come up with your

comparative comments.
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RESPONSE

. ANALYSIS:
SECTION

CONCRETE
TENSION-STIFF.:
Axial-Load:

90% Mmax

Short-Term Moment-Curvature Response

OUTPUT FILE
Axial-Load
NAME : HW5c
MODEL:  Parabolic Material ~ Factors: C.0.600 5:0.850 P:0.900
No FACTORED: No ACCURACY: well_done
0.00kip Moment: 0.00kft Shear: 0.00kip
dN/dM: 0 dN/dV: 0 dM/dV: 0
Axial-Load Moment Curvature @-Axis Bottom Top lter.
kips ft*kip rad/10°6in [-------Milli-Strain------ 1
0 37.81 0 -0.181 -0.181 -0.181 1
-0.01 68.67 20 -0.247 -0.007 -0.367 2
0.07 89.09 40 -0.284 0.196 -0.524 3
0 93.09 60 -0.253 0.467 -0.613 4
0 98.02 80 -0.218 0.742 -0.698 5
0.1 102.33 100 -0.175 1.025 -0.775 6
0.07 106.26 120 -0.128 1.312 -0.848 7
0.05 109.87 140 -0.078 1.602 -0.918 8
0.03 113.17 160 -0.025 1.895 -0.985 9
0.02 116.18 180 0.031 2.191 -1.049 10
-0.02 118.88 200 0.089 2.489 -1.111 11
0.02 121.28 220 0.149 2.789 -1.171 12
0 123.38 240 0.212 3.092 -1.228 13
-0.01 125.2 260 0.276 3.396 -1.284 14
-0.01 126.76 280 0.343 3.703 -1.337 15
-0.02 128.08 300 0.412 4.012 -1.388 16
-0.02 129.21 320 0.482 4.322 -1.438 17
-0.02 130.18 340 0.554 4.634 -1.486 18
-0.02 131 360 0.627 4.947 -1.533 19
-0.02 131.72 380 0.7 5.26 -1.58 20
-0.02 132.35 400 0.775 5.575 -1.625 21
-0.02 132.91 420 0.85 5.89 -1.67 22
-0.02 133.41 440 0.926 6.206 -1.714 23
-0.03 133.86 460 1.002 6.522 -1.758 24
-0.02 134.28 480 1.079 6.839 -1.801 25
-0.02 134.66 500 1.156 7.156 -1.844 26
-0.02 135.02 520 1.233 7.473 -1.887 27
-0.02 135.36 540 1.31 7.79 -1.93 28
-0.02 135.67 560 1.388 8.108 -1.972 29
-0.02 135.97 580 1.465 8.425 -2.015 30
-0.02 136.26 600 1.543 8.743 -2.057 31
-0.02 136.53 620 1.621 9.061 -2.099 32
-0.02 136.8 640 1.7 9.38 -2.14 33
-0.02 137.05 660 1.778 9.698 -2.182 34
-0.02 137.29 680 1.856 10.016 -2.224 35
-0.02 137.53 700 1.934 10.334 -2.266 36
-0.02 137.75 720 2.013 10.653 -2.307 37
-0.02 137.97 740 2.091 10.971 -2.349 38
-0.02 138.18 760 2.169 11.289 -2.391 39
-0.02 138.39 780 2.248 11.608 -2.432 40
-0.02 138.58 800 2.326 11.926 -2.474 41
-0.02 138.78 820 2.404 12.244 -2.516 42
-0.02 138.96 840 2.482 12.562 -2.558 43
-0.02 139.14 860 2.56 12.88 2.6 44
-0.02 139.31 880 2.638 13.198 -2.642 45
-0.02 139.48 900 2.715 13.515 -2.685 46

o
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139.64

139.8
139.95
140.09
140.24
140.37

140.5
140.62
140.74
140.85
140.96
141.06
141.16
141.25
141.33
141.41
141.48
141.54

141.6
141.64
141.68

141.7
141.71
141.71
141.69
141.64
141.57
141.46
141.31
141.07
140.69
139.81

37.81
-8.6
-12.66
-15.63
-17.49
-18.9
-20.06
-21.05
-21.87
-22.68
-23.35
-23.94
-24.45
-24.89
-25.27
-25.6
-25.9
-26.17
-26.41
-26.63
-26.83
-27.02
-27.14
-27.39
-27.52

920

940

960

980
1000
1020
1040
1060
1080
1100
1120
1140
1160
1180
1200
1220
1240
1260
1280
1300
1320
1340
1360
1380
1400
1420
1440
1460
1480
1500
1520
1540

-30

-60

-90
-120
-150
-180
-210
-240
-270
-300
-330
-360
-390
-420
-450
-480
-510
-540
-570
-600
-630
-660
-690
-720

2.793
2.87
2.947
3.024
3.1
3.176
3.2562
3.327
3.402
3.477
3.55
3.624
3.696
3.768
3.839
3.91
3.979
4.047
4.114
4.179
4.243
4.305
4.365
4.422
4.477
4.527
4.573
4.613
4.644
4.662
4.662
4.573

-0.181
-0.094
0.14
0.402
0.679
0.964
1.254
1.548
1.845
2.144
2.444
2.745
3.048
3.3562
3.657
3.963
4.27
4.577
4.885
5.194
5.503
5.813
6.124
6.433
6.744

13.833
14.15
14.467
14.784
15.1
15.416
15.732
16.047
16.362
16.677
16.99
17.304
17.616
17.928
18.239
18.55
18.859
19.167
19.474
19.779
20.083
20.385
20.685
20.982
21.277
21.567
21.853
22.133
22.404
22.662
22.902
23.053

-0.181
-0.454

-0.58
-0.678
-0.761
-0.836
-0.906
-0.972
-1.035
-1.096
-1.156
-1.215
-1.272
-1.328
-1.383
-1.437

-1.49
-1.543
-1.595
-1.646
-1.697
-1.747
-1.796
-1.847
-1.896

-2.727
-2.77
-2.813
-2.856
-2.9
-2.944
-2.988
-3.033
-3.078
-3.123
-3.17
-3.216
-3.264
-3.312
-3.361
-3.41
-3.461
-3.513
-3.566
-3.621
-3.677
-3.735
-3.795
-3.858
-3.923
-3.993
-4.067
-4.147
-4.236
-4.338
-4.458
-4.667

-0.181
0.086
0.5
0.942
1.399
1.864
2.334
2.808
3.285
3.764
4.244
4725
5.208
5.692
6.177
6.663
7.15
7.637
8.125
8.614
9.103
9.583
10.084
10.573
11.064

47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
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-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.03
-0.03
-0.03
-0.03
-0.04
-0.04
-0.056
-0.05
-0.05
-0.06
-0.02
-0.01

0.01

0.01
0.01
0.01

-27.67
-27.81
-27.94
-28.07
-28.19

-28.3
-28.41
-28.52
-28.62
-28.72
-28.82
-28.91
-28.99
-29.08
-29.15
-29.23

-29.3
-29.37
-29.43
-29.49
-29.55

-29.6
-29.65

-29.7
-29.74
-29.78
-29.81
-29.84
-29.87
-29.89

-29.9
-29.91
-29.92
-29.92
-29.91
-29.89
-29.87
-29.84

-29.8
-29.75
-29.69
-29.62
-29.53
-29.42
-29.29
-29.12
-28.91
-28.63
-28.22
-27.61
-26.98
-26.39
-25.83
-25.32
-24.84
-24.38
-23.96
-23.56

-750

-780

-810

-840

-870

-900

-930

-960

-990
-1020
-1050
-1080
-1110
-1140
-1170
-1200
-1230
-1260
-1290
-1320
-1350
-1380
-1410
-1440
-1470
-1500
-1530
~1560
-1580
-1620
-1650
-1680
-1710
-1740
-1770
-1800
-1830
-1860
-1890
-1920
-1950
-1980
-2010
-2040
-2070
-2100
-2130
-2160
-2190
-2220
-2250
-2280
-2310
-2340
-2370
-2400
-2430
-2460

7.055
7.366
1.677
7.989
8.3
8.612
8.923
9.235
9.546
0.857
10.169
10.48
10.791
11.102
11.413
11.723
12.034
12.344
12.654
12.963
13.272
13.581
13.889
14.197
14.505
14.812
15.118
15.424
15.729
16.033
16.336
16.639
16.94
17.24
17.539
17.837
18.133
18.428
18.72
19.011
19.298
10.583
19.864
20.14
20.411
20.675
20.93
21.169
21.389
21.562
21.723
21.886
22.052
22.221
22.39
22.563
22.736
22.912

-1.945
-1.994
-2.043
-2.091

-2.14
-2.188
-2.237
-2.285
-2.334
-2.383
-2.431

-2.48
-2.529
-2.578
-2.627
-2.677
-2.726
-2.776
-2.826
-2.877
-2.928
-2.979
-3.031
-3.083
-3.135
-3.188
-3.242
-3.296
-3.351
-3.407
-3.464
-3.521

-3.58

-3.64
-3.701
-3.763
-3.827
-3.892

-3.96
-4.029
-4.102
-4.177
-4.256

-4.34
-4.429
-4.525

-4.63
-4.751
-4.891
-5.078
-5.277
-5.474
-5.668
-5.869

-6.05
-6.237
-6.424
-6.608

11.585
12.046
12.537
13.029
13.52
14.012
14.503
14.995
15.486
15.977
16.469
16.96
17.451
17.942
18.433
18.923
19.414
19.904
20.394
20.883
21.372
21.861
22.349
22.837
23.325
23.812
24.298
24.784
25.269
25.753
26.236
26.719
27.2
27.68
28.159
28.637
29.113
29.588
30.06
30.531
30.998
31.463
31.924
32.38
32.831
33.275
33.71
34.129
34.529
34.882
35.223
35.566
35.912
36.261
36.61
36.963
37.316
37.672

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83

e



0.01
0.01
0.01
0.01
0.01
0.01
0.03
0.01
0.02
0.01
0.02
0.01
0.01
0.01
0.01
0.06
0.06
END OF

max=

-23.19
-22.85
-22.53
-22.23
-21.95

-21.7
-21.46
-21.25
-21.05
-20.88
-20.71
-20.57
-20.44
-20.32
-20.22
-20.11
-20.03

RESPONSE

141.71
127.539
128.08

-2490
-2520
-2550
-2580
-2610
-2640
-2670
-2700
-2730
-27860
-2790
-2820
-2850
-2880
-2910
-2940
-2970

OUTPUT FILE

1380

300

23.089
23.268
23.449
23.632
23.816
24.003
24.194
24.383
24.577
24.774
24973
25175

25.38
25.588
25.799
26.019
26.236

-6.791
-6.972
-7.151
-7.328
-7.504
-71.677
-7.846
-8.017
-8.183
-8.346
-8.507
-8.665

-8.82
-8.972
-9.121
-9.261
-9.404

38.029
38.388
38.749
39.112
39.476
39.843
40.214
40.583
40.957
41.334
41.713
42.095

42.48
42.868
43.259
43.659
44.056

84
85
86
87
88
89
20
91
02
93
94
95
06
97
98
99
100

Y



RESPONSE

- ANALYSIS:

'SECTION
CONCRETE
TENSION-STIFF.:
Axial-Load:

L.ong-Term Moment-Curvature Response

OUTPUT FILE
Axial-Load
NAME : HW5c
MODEL: Parabolic Material  Factors: C:0.600
No FACTORED: No ACCURACY: well_done
0.00kip Moment: 0.00kft Shear: 0.00kip
dN/dM: 0 dN/dV: 0 dM/dV:
Axial-Load Moment Curvature @-Axis Bottom
Kips ft*kip rad/10%6in [-------Milli-Strain------ ]
0.08 33.68 0 -0.56 -0.56
0 47.92 30 -0.666 -0.306
0 62.09 60 -0.776 -0.056
0.01 76.13 90 -0.889 0.191
0.11 87.8 120 -0.981 0.459
-0.09 88.56 150 -0.94 0.86
0.01 92.78 180 -0.928 1.232
0.01 97.1 210 -0.916 1.604
0.01 1011 240 -0.897 1.983
0.01 104.74 270 -0.871 2.369
0.01 107.99 300 -0.837 2,763
0.01 110.81 330 -0.794 3.166
0.01 113.23 360 -0.744 3.576
0.01 115.24 390 -0.686 3.994
0.01 116.91 420 -0.62 442
0.01 118.29 450 -0.548 4,852
0 119.43 480 -0.47 5.29
0 120.39 510 -0.388 5.732
0 121.2 540 -0.301 6.179
0 121.91 570 -0.212 6.628
0 122.54 600 -0.12 7.08
0 123.1 630 -0.026 7.534
0 123.62 660 0.07 7.99
0.11 124.07 690 0.17 8.45
0 124.56 720 0.266 8.906
0.01 124.98 750 0.366 9.366
0.03 125.41 780 0.466 9.826
-0.03 125.82 810 0.566 10.286
-0.11 126.23 840 0.666 10.746
0 126.57 870 0.772 11.212
0 126.94 900 0.875 11.675
0 127.29 930 0.98 12.14
0 127.64 960 1.084 12.604
0 127.97 990 1.19 13.07
0 128.3 1020 1.296 13.536
0 128.63 1050 1.402 14.002
0 128.95 1080 1.509 14.469
0 129.26 1110 1.616 14.936
0 129.56 1140 1.724 15.404
0 129.86 1170 1.832 15.872
0 130.15 1200 1.94 16.34
0 130.44 1230 2.049 16.809
0 130.72 1260 2.159 17.279
0 131 1290 2.269 17.749
0 131.27 1320 2.379 18.219
0 131.54 1350 2.489 18.689
0 131.8 1380 2.6 19.16

S:0.850

Top

-0.56
-0.846
~1.136
-1.429
-1.701

-1.84
-2.008
-2.176
-2.337
-2.491
-2.637
-2.774
-2.904
-3.026

-3.14
-3.248

-3.35
-3.448
-3.541
-3.632

-3.72
-3.806

-3.89

-3.97
-4.054
-4.134
-4.214
-4.294
-4.374
-4.448
-4.525
- 48
-4.676

-4.75
-4.824
-4.898
-4.971
-5.044
-5.116
-5.188

-5.26
-5.331
-5.401
-5.471
-5.541
-5.611

-5.68

P:0.900

Iter.

0O wdh--
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132.06
132.31
132.56
132.8
133.04
133.28
133.51
133.74
133.97
134.19
134.41
134.63
134.85
135.06
135.27
135.48
135.68
135.89
136.09
136.29
136.49
136.68
136.88
137.07
137.26
137.45
137.64
137.83
138.02
138.2
138.39
138.57
138.75
138.93
139.11
139.29
139.46
139.64
130.81
139.99
140.16
140.33
140.5
140.67
140.84
141.01
141.18
141.34
141.51
141.67
141.84
142
142.16

33.68
19.32

4.93
-9.45

1410
1440
1470
1500
1530
1560
1590

1620

1650
1680
1710
1740
1770
1800
1830
1860
1890
1920
1950
1980
2010
2040
2070
2100
2130
2160
2190
2220
2250
2280
2310
2340
2370
2400
2430
2460
2490
2520
2550
2580
2610
2640
2670
2700
2730
2760
2790
2820
2850
2880
2910
2940
2970

-30
-60
-90

2.712
2.823
2.935
3.047

3.16
3.273
3.386
3.499
3.612
3.726
3.839
3.953
4.067
4.181
4.295

4.41
4.524
4.639
4.753
4.868
4.983
5.098
5.213
5.328
5.443
5.558
5.673
5.788
5.903
6.018
6.133
6.248
6.363
6.478
6.593
6.708
6.822
6.937
7.052
7.166

7.28
7.395
7.509
7.623
7.737

7.85
7.964
8.077
8.191
8.304
8.417

8.53
8.642

-0.56
-0.459
-0.361
-0.266

19.632
20.103
20.575
21.047
21.52
21.993
22.466
22.939
23.412
23.886
24.359
24.833
25.307
25.781
26.255
26.73
27.204
27.679
28.153
28.628
29.103
20.578
30.0563
30.528
31.003
31.478
31.953
32.428
32.903
33.378
33.853
34.328
34.803
35.278
35.753
36.228
36.702
37177
37.652
38.126
38.6
39.075
39.549
40.023
40.497
40.97
41.444
41.917
42.391
42.864
43.337
43.81
44,282

-0.56
-0.819
-1.081
-1.346

-5.748
-56.817
-5.885
-5.953

-6.02
-6.087
-6.154
-6.221
-6.288
-6.354
-6.421
-6.487
-6.553
-6.619
-6.685

-6.75-

-6.816
-6.881
-6.947
-7.012
-7.077
-7.142
-7.207
-7.272
-7.337
-7.402
-7.467
-7.532
-7.597
-7.662
-1.727
-7.792
-7.857
-7.922
-7.987
-8.052
-8.118
-8.183
-8.248
-8.314

-8.38
-8.445
-8.511
-8.577
-8.643

-8.71
-8.776
-8.843
-8.909
-8.976
-9.043

-9.11
-9.178

-0.56
-0.279
-0.001

0.274

48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
920
91
92
93
94
95
96
97
98
99
100
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-12.46
-11.91
-13.34
-14.53
-15.56
-16.48

-17.3
-18.03
-18.67
-19.24
-19.74
-20.29
-20.66
-20.98
-21.26
-21.51
-21.74
-21.94
-22.13

-22.3
-22.47
-22.62
-22.77
-22.91
-23.05
-23.19
-23.32
-23.45
-23.57

-23.7
-23.82
-23.95
-24.08
-24.22
-24.33
-24.44
-24.55
-24.66
-24.76
-24.87
-24.97
-25.07
-25.16
-25.26
-25.35
-25.45
-25.54
-25.55
-25.63
-256.71
-25.79
-25.96
-26.04
-26.13
-26.26
-26.34
-26.43

-26.5

-120
-150
-180
-210
-240
-270
-300
-330
-360
-390
-420
-450
-480
-510
-540
-670
-600
-630
-660
-690
=720
-750
-780
-810
-840
-870
-900
-930
-960
-990
-1020
-1050
-1080
-1110
-1140
-1170
-1200
-1230
-1260
-1290
-1320
-1350
-1380
-1410
-1440
-1470
-1500
-1530
-1560
-1580
-1620
-1650
-1680
-1710
-1740
-1770
-1800
-1830

-0.06
0.203
0.451
0.708
0.972
1.241
1.615
1.792
2.073
2.357
2.643
2.929
3.221
3.514
3.808
4.104
4.401
47
4.999
5.298
5.589
5.9
6.201
6.503
6.805
7.107
7.41
7.713
8.016
8.319
8.623
8.927
9.23
9.534
9.839
10.144
10.449
10.754
11.06
11.366
11.672
11.978
12.285
12.591
12.898
13.205
13.512
13.82
14.127
14.435
14.743
15.048
15.356
15.664
15.97
16.278
16.587
16.895

-1.5
-1.597
-1.709
-1.812
-1.908
-1.999
-2.085
-2.168
-2.247
-2.323
-2.397
-2.471
-2.539
-2.606
-2.672
-2.736
-2.799

-2.86
-2.921
-2.982
-3.041

-3.1
-3.159
-3.217
-3.275
-3.333

-3.39
-3.447
-3.504
-3.561
-3.617
-3.673

-3.73
-3.786
-3.841
-3.896
-3.851
-4.006

-4.06
-4.114
-4.168
-4.222
-4.275
-4.329
-4.382
-4.435
-4.488

-4.54
-4.593
-4.645
-4.697
-4.752
-4.804
-4.856

-4.91
-4.962
-5.013
-5.065

0.66
1.103
1.531
1.068
2412
2.861
3.315
3.772
4.233
4.697
5.163
5.629
6.101
6.574
7.048
7.524
8.001

8.48
8.959
9.438
9.919

10.4

10.881
11.363
11.845
12.327
12.81
13.283
13.776
14.259
14.743
15.227
15.71
16.194
16.679
17.164
17.649
18.134
18.62
19.106
19.592
20.078
20.565
21.051
21.538
22.025
22.512
23
23.487
23.975
24.483
24.948
25.436
25.924
26.41
26.898
27.387
27.875

w0 ~NOo O,
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
80
61
62

Vi



END

OF

-0.05
-0.05
-0.05
-0.05
-0.07
-0.08
-0.08
-0.06
-0.06
-0.06
-0.06
-0.06
-0.06
-0.06
-0.07
-0.06
-0.06
-0.06
-0.06
-0.06
-0.06
-0.06
-0.06
-0.06
-0.06
-0.07
-0.07
-0.07
-0.07
-0.06
-0.06
-0.06
-0.06
-0.06
-0.06
-0.06
-0.06
-0.05

-26.58
-26.66
-26.74
-26.82
-26.91
-26.99
-27.07
-27.13

-27.2
-27.28
-27.35
-27.42
-27.49
-27.56
-27.63

-27.7
-27.76
-27.83
-27.89
-27.96
-28.02
-28.08
-28.15
-28.21
-28.27
-28.33
-28.39
-28.44

-28.5
-28.55
-28.61
-28.66
-28.71
-28.76
-28.82
-28.87
-28.91
-29.01

RESPONSE OUTPUT FILE

-1860
-1890
-1920
-1950
-1980
-2010
-2040
-2070
~2100
-2130
-2160
-2190
-2220
-2250
-2280
-2310
-2340
-2370
-2400
-2430
-2460
-2490
-2520
-2550
-2580
-2610
-2640
-2670
-2700
-2730
-2760
-2790
-2820
-2850
-2880
-2910
-2940
-3000

17.204
17.512
17.821
18.13
18.438
18.747
19.056
19.366
19.675
19.985
20.294
20.604
20.914
21.224
21.534
21.844
22.155
22.465
22.776
23.086
23.397
23.708
24.019
24.33
24.641
24.953
25.264
25576
25.888
26.2
26.512
26.824
27.136
27.449
27.761
28.074
28.387
20.013

-5.116
-5.168
-5.219

-5.27
-5.322
-5.373
-5.424
-5.474
-5.625
-56.575
-5.626
-5.676
-5.726
-5.776
-5.826
-5.876
-5.925
-5.975
-6.024
-6.074
-6.123
-6.172
-6.221

-6.27
-6.319
-6.367
-6.416
-6.464
-6.512

-6.56
-6.608
-6.656
-6.704
-6.751
-6.799
-6.846
-6.893
-6.987

28.364
28.852
29.341

29.83
30.318
30.807
31.296
31.786
32.275
32.765
33.254
33.744
34.234
34.724
356.214
35.704
36.195
36.685
37.176
37.666
38.157
38.648
39.139

39.63
40.121
40.613
41.104
41.596
42.088

42.58
43.072
43.564
44.056
44.549
45.041
45.534
46.027
47.013

63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

10/\b



Short-Term Moment-Curvature Response with Tension Stiffening

RESPONSE OUTPUT FILE
. ANALYSIS: Axial-Load
'SECTION NAME : HW5¢c
CONCRETE MODEL: Parabolic Material Factors: C:0.600 S:0.850 P:0.900
TENSION-STIFF.; Yes FACTORED: No ACCURACY: well_done
Axial-Load: 0.00kip Moment: 0.00kft Shear: 0.00kip
dN/dM: 0 dN/dV: 0 dw/dv: 0
Axial-Load Moment Curvature  @-Axis Bottom  Top iter.
kips ft*kip rad/10"6in = [------- Milli-Strain------ ]
0 37.81 0 -0.181 -0.181 -0.181 1
0 68.67 20 -0.247 -0.007 -0.367 2
0 95.1 40 -0.305 0.175 -0.545 3
0 103.07 60 -0.296 0.424 -0.656 4
0.11 108.11 80 -0.265 0.695 -0.745 5
0.01 112.01 100 -0.224 0.976 -0.824 6
0.07 115.78 120 -0.181 1.259 -0.901 7
0.05 119.34 140 -0.135 1.545 -0.975 8
0.03 122.55 160 -0.086 1.834 -1.046 9
0.02 125.46 180 -0.034 2,126 -1.114 10
90% Mpax 0.01 128.05 200 0.021 2.421 -1.179 11
-0.01 130.35 220 0.078 2.718 -1.242 12
0 132.36 240 0.138 3.018 -1.302 13
-0.01 134.09 260 0.2 3.32 -1.36 14
-0.01 135.56 280 0.264 3.624 -1.416 15
-0.02 136.8 300 0.331 3.931 -1.469 16
-0.02 137.84 320 0.399 4.239 -1.521 17
-0.02 138.71 340 0.469 4.549 -1.571 18
-0.02 139.44 360 0.54 4.86 -1.62 19
-0.02 140.06 380 0.612 5.172 -1.668 20
-0.03 140.6 400 0.685 5.485 -1.715 21
-0.03 141.05 420 0.759 5.799 -1.761 22
-0.03 141.46 440 0.833 6.113 -1.807 23
0 37.81 0 -0.181 -0.181 -0.181 1
-0.09 -8.6 -30 -0.094 -0.454 0.086 2
-0.1 -15.75 -60 0.124 -0.596 0.484 3
-0.05 -20.12 -80 0.372 -0.708 0.912 4
-0.06 -21.85 -120 0.648 -0.792 1.368 5
-0.01 -23.03 -150 0.933 -0.867 1.833 6
0 -24.04 -180 1.223 -0.937 2.303 7
0 -25.04 -210 1.513 -1.007 2773 8
0 -25.87 -240 1.807 -1.073 3.247 9
0 -26.58 -270 2.103 -1.137 3.723 10
0 -27.2 -300 2,402 -1.198 4.202 11
0 -27.72 -330 2.701 -1.259 4.681 12
-0.01 -28.18 -360 3.002 -1.318 5.162 13
-0.01 -28.57 -390 3.305 -1.375 5.645 14
-0.01 -28.91 -420 3.608 -1.432 6.128 15
0 -29.2 -450 3.912 -1.488 6.612 16
0 -29.45 -480 4.218 -1.542 7.098 17
0 -29.67 -510 4.524 -1.596 7.584 18
0 -29.86 -540 4.831 -1.649 8.071 19
0 -30.05 -570 5.137 -1.703 8.557 20
0 -30.21 -600 5.445 -1.755 9.045 21
0 -30.36 -630 5.753 -1.807 9.533 22
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-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.01
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.03
-0.03
-0.03
-0.03
-0.04
-0.04
-0.04
-0.05
-0.05
-0.06
-0.06
-0.04

0.01

0.01
0.01
0.01
0.01
0.01
0.01
0.01

-30.51
-30.63
-30.75
-30.86
-30.97
-31.07
-31.17
-31.26
-31.34
-31.42

-31.5
-31.57
-31.64
-31.71
-31.77
-31.83
-31.88
-31.94
-31.98
-32.03
-32.07
-32.11
-32.14
-32.17

-32.2
-32.22
-32.24
-32.25
-32.26
-32.27
-32.27
-32.26
-32.25
-32.24
-32.22
-32.19
-32.15

-32.1
-32.05
-31.99
-31.91
-31.82
-31.72
-31.59
-31.44
-31.26
-31.04
-30.76
-30.36
-29.76
-29.06
-28.41

-27.8
-27.23
-26.69
-26.19
-25.71
-25.27

-660

-690

-720

-750

-780

-810

-840

-870

-900

-930

-960

-990
-1020
-1050
-1080
-1110
-1140
-1170
-1200
-1230
-1260
-1280
-1320
-1350
-1380
-1410
-1440
-1470
-1500
-1530
-1560
-1580
-1620
-1650
-1680
-1710
-1740
-1770
-1800
-1830
-1860
-1890
-1920
-1950
-1980
-2010
-2040
-2070
-2100
-2130
-2160
-2190
-2220
-2250
-2280
-2310
-2340
-2370

6.061
6.369
6.678
6.987
7.296
7.606
7.915
8.225
8.535
8.844
9.154
9.463
9.773
10.082
10.302
10.701
11.01
11.318
11.627
11.935
12.243
12.55
12.857
13.164
13.47
13.776
14.081
14.386
14.69
14.993
15.205
15.597
15.897
16.196
16.495
16.792
17.087
17.381
17.673
17.962
18.25
18.534
18.815
198.002
19.363
19.628
19.885
20.129
20.355
20.546
20.705
20.867
21.031
21.196
21.363
21.531
21.699
21.869

-1.859
-1.911
-1.962
-2.013
-2.064
-2.114
-2.165
-2.215
-2.265
-2.316
-2.366
-2.417
-2.467
-2.518
-2.568
-2.619

-2.67
-2.722
-2.773
-2.825
-2.877

-2.93
-2.983
-3.036

-3.09
-3.144
-3.199
-3.254

-3.31
-3.367
-3.425
-3.483
-3.543
-3.604
-3.665
-3.728
-3.793
-3.869
-3.927
-3.998

-4.07
-4.146
-4.225
-4.308
-4.397
-4.492
-4.595
-4.711
-4.845
-5.014
-5.215
-5.413
-5.609
-5.804
-6.997
-6.189
-6.381
-6.571

10.021
10.509
10.998
11.487
11.976
12.466
12.955
13.445
13.935
14.424
14.914
15.403
15.893
16.382
16.872
17.361

17.85
18.338
18.827
19.315
19.803

20.29
20.777
21.264

21.75
22.236
22.721
23.206

23.69
24.173
24.655
25.137
25.617
26.096
26.575
27.052
27.527
28.001
28.473
28.942

29.41
29.874
30.335
30.792
31.243
31.688
32.125
32.549
32.955
33.326
33.665
34.007
34.351
34.696
35.043
35.391
35.739
36.089

23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80

a



0.01
0.01
-0.01
0.03
0.01
0.02
0.01
0.02
0.01
-0.02
0.06

0.01
0.08
0.07
0.01
0.01
0.01
0.01
0.01

-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.02
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03
-0.03

-24.85
-24.46
-24.11
-23.76
-23.46
-23.17
-22.91
-22.67
-22.45
-22.27
-22.06
-21.92
-21.77

-21.6
-21.49
-21.37
-21.22
-21.08
-20.97
-20.87

141.81
142.13
142.43
142.7
142.95
143.18
143.4
143.61
143.81
144
144.18
144.35
144.52
144.67
144.83
144.97
145.12
145.25
145.38
145.51
145.63
145.74
145.85
145.95
146.05
146.14
146.23
146.31
146.39
146.46
146.53
146.59
146.64
146.68
146.72
146.75
146.77

-2400
-2430
-2460
-2490
-2520
-2550
-2580
-2610
-2640
-2670
-2700
-2730
-2760
-2790
-2820
-2850
-2880
-2910
-2940
-2970

460
480
500
520
540
560
580
600
620
640
660
680
700
720
740
760
780
800
820
840
860
880
900
920
940
960
980
1000
1020
1040
1060
1080
1100
1120
1140
1160
1180

22.04
22.212
22.382
22.563
22.738
22.917
23.098
23.282
23.467
23.652
23.855
24.042
24.247
24.451
24.646
24.809
24.978
25.151

256.33
25514

0.908
0.983
1.059
1.134
1.21
1.286
1.362
1.439
1.515
1.591
1.668
1.744
1.82
1.896
1.973
2.049
2.125
22
2.276
2.352
2.427
2.502
2.577
2.651
2.725
2.799
2.872
2.945
3.018
3.089
3.161
3.231
3.301
3.37
3.438
3.505
3.57

-6.76
-6.948
-7.138
-7.317
-7.502
-7.683
-7.862
-8.038
-8.213
-8.388
-8.545
-8.718
-8.873
-9.029
-9.194
-9.391
-9.582
-9.769

-9.95

-10.126

6.428
6.743
7.059
7.374
7.69
8.006
8.322
8.639
8.955
9.271
9.588
9.904
10.22
10.536
10.853
11.169
11.485
11.8
12.116
12.432
12.747
13.062
13.377
13.691
14.005
14.319
14.632
14.945
15.258
15.569
15.881
16.191
16.501
16.81
17.118
17.425
17.73

36.44
36.792
37.142
37.503
37.858
38.217
38.578
38.942
39.307
39.672
40.055
40.422
40.807
41.191
41.566
41.909
42.258
42.611

42.97
43.334

-1.852
-1.897
-1.941
-1.086
-2.03
-2.074
-2.118
-2.161
-2.205
-2.249
-2.292
-2.336
-2.38
-2.424
-2.467
-2.511
-2.555
-2.6
-2.644
-2.688
-2.733
-2.778
-2.823
-2.869
-2.915
-2.961
-3.008
-3.055
-3.102
-3.151
-3.199
-3.249
-3.299
-3.35
-3.402
-3.455
-3.51

81
82
83
84
85
86
87
88
89
20
91
02
23
94
95
96
97
98
99
100

24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60



,,,,,,,,,,

END

OF

-0.03
-0.03
-0.03
-0.03
-0.04
-0.04
-0.04
-0.04
-0.04
-0.04
-0.03

0.06

0.07

146.79
146.79
146.78
146.76
146.72
146.66
146.58
146.47
146.32
146.13
145.85
145.42
144.51

1200
1220
1240
1260
1280
1300
1320
1340
1360
1380
1400
1420
1440

RESPONSE OUTPUT

FILE

3.634
3.697
3.758
3.817
3.873
3.927
3.976
4.021

4.06
4.091
4.109
4.109
4.029

18.034
18.337
18.638
18.937
19.233
19.627
19.816
20.101

20.38
20.651
20.909
21.149
21.309

-3.566
-3.623
-3.682
-3.743
-3.807
-3.873
-3.944
-4.019

-4.1
-4.189
-4.291
-4.411
-4.611

61
62
63
64
65
66
67
68
69
70
71
72
73

\4/“0
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18 m.

CE 383P — Prestressed Concrete Date Assigned: October 8, 2007
Homework Assignment #5 Due Date: October 15, 2007

Problem 1:

A post-tensioned beam with grouted tendons has the cross-section shown. The beam is
simply supported and spans 18 ft. In addition to its own weight, it carries a superimposed
dead load of 1.0 kip/ft and a live load of 2.0 kip/ft. Assume that the concrete weighs 150
1b/ft’. Using the software of your choice, determine:

1) the short-term moment-curvature response.
ii) the long-term moment-curvature response assuming ¢ = 2.5 and 5 %

relaxation in strands.
1ii) Average stress/strain conditions when M = 0.9 Miyux (short-term).
v) Local stress/strain conditions at a crack when M = 0.9 Myax (short-term).

01n.

3 o £,/ = 7000 psi

21n. | g =-2.5x 107
A, = 6- 3/8 in. strands (0.085 in*/strand)
fou =270 ksi

- Ag,=6.1x 107
3m. 121 low-relaxation strands:
[ 1. (A=0.025,B=118, C=10)
2m.|
3 1n. 3.251n.
Problem 2:

Repeat (iv) using the rectangular stress block.
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HOMEWOR Y b

Short-Term Camber

Long-Term

‘\,AL

Short-Term

L.

CATHERINEHDYE L L.
26 ocYoper 20071

X M 0] i Average ¢ Axi dxi o - Axi - dxi
0 0 -22.011 :
1 0.901 -21.488 1 -21.750 12 6 -0.002
2 1.696 -21.027 2 -21.257 12 18 -0.005
3 2.385 -20.627 3 -20.827 12 30 -0.007
4 2.968 -20.288 4 -20.457 12 42 -0.010
5 3.445 -20.011 5 -20.150 12 54 -0.013
6 3.816 -19.796 6 -19.904 12 66 -0.016
7 4.081 -19.642 7 -19.719 12 78 -0.018
8 4.24 -19.550 8 -19.596 12 90 -0.021
9 4.293 -19.519 9 -19.535 12 102 -0.024
TOTAL.: -0.116
Mgc\é.wmgwj R_ Winear &%
Camber
X M (0] 1 Average @ Axi dxi ¢ - Axi - dxi
0 0 -64.170
1 0.901 -62.470 1 -63.320 12 6 -0.005
2 1.696 -60.970 2 -61.720 12 18 -0.013
3 2.385 -59.670 3 -60.320 12 30 -0.022
4 2.968 -58.570 4 -59.120 12 42 -0.030
5 3.445 -57.670 5 -58.120 12 54 -0.038
6 3.816 -56.970 6 -57.320 12 66 -0.045
7 4.081 -56.470 7 -56.720 12 78 -0.053
8 4.24 -56.170 8 -56.320 12 90 -0.061
9 4.293 -56.070 9 -56.120 12 102 -0.069
TOTAL: ____ -0.333
with Load
X M 0] i Average @ Axi dxi ¢ - Axi - dxi
0 0.0 -22.01
1 26.4 -6.69 1 -14.350 12 6 -0.001
2 49.7 6.83 2 0.071 12 18 0.000
3 69.9 18.55 3 12.689 12 30 0.005
4 87.0 28.46 4 23.504 12 42 0.012
5 100.9 42.50 5 35.481 12 54 0.023
6 111.8 85.02 6 63.760 12 66 0.050
7 119.6 110.02 7 97.520 12 78 0.091
8 124.2 169.95 8 139.985 12 90 0.151
9 125.8 170.30 9 170.125 12 102 (.268;
TOTAL: /0.540

!

/3



CE 3B2P: PRETIRESS

<
N

C HOVEL -

2% 0Cx 071
HOMEWORY. ¥t
Positive Flexure Negative Flexure

N M ) &, & M @ g &
kip kip-ft  x10°rad/in  x10° x10” kip-ft x10%rad/in  x107 x107?

0 141.76 1348.44 20.557 -3.715 -29.91 -1720 -3.6 27.36
100 187.42 658.67 8.519 -3.337 -84.41 -846.22 -3.314 11.918
150 204.05 468 5.13 -3.294 -107.74 -640 -3.313 8.207
200 210.12 336 2.872 -3.176 -126.36 -462.22 -3.298 5.022
250 207.41 256 1.537 -3.071 -136.9 -328.89 -3.215 2.705
300 198.25 205.33 0.687 -3.009 -138.28 -245.78 -3.143 1.281
350 180.55 178.67 0.25 -2.966 -128.51 -202.22 -3.129 0.511
450 131.02 146.67 -0.284 -2.924 -83.17 -165.33 -3.104 -0.129
600 54.05 73.33 -1.398 -2.718 -6.06 -90.67 -2.875 -1.243
658 23.14 0 -2.705 -2.705

e
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CE 383P — Prestressed Concrete Date Assigned: October 15, 2007
Homework Assignment #6 Due Date: October 22, 2007

Problem 1:

A post-tensioned beam with grouted tendons has the cross-section shown. The beam is
imply supported and spans 18 ft. In addition to its own weight, it carries a superimposed
dead load of 1.0 kip/ft and a live load of 2.0 kip/ft. Assume that the concrete welghs 150
Ib/ft®. Using the software of your choice, determine:

1) Short-term camber. .
i1) Long-term camber, assuming ¢ = 2.5 and 5 % relaxation in strands.
111) Short-term deflection under the dead + superimposed dead + live loads

91n.
3 %n'__ f,' = 7000 psi
21, &' =-2.5x 107
Ap = 6- 3/8 in. strands (0.085 in”/strand)
fpu =270 ksi
181n, 3. Ag, = 6.1 x 107
121 low-relaxation strands:
P 1n. (A=0.025,B =118, C = 10)
2m.|
3m. . 13.25m.
Problem 2:

For the cross-section above, determine the complete N-M interaction diagram.
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Gross Area| 262.0 |in’

Gross Moment of Inertia] 4949  |in*
Height of section 12.0 in
y-top 6.0 in
y-bot 6.0 in
Width of top slab 4.0 ft
Length of span 40 ft

CONCRETE PROPERTI

& 4.0
f' 6.0

7
STRAND PROPERTIES

fp“l 270 Iksi
foy 243 ksi
Number of snands
Area of one strand  0.153
End eccentricity 4.5
0.4L eccentricity 4.5
Center eccentricity 4.5
fi 187 ksi
i 157

(%)

B8 B B

—
=.

LOADS

Self-weight 68 psf
Superimposed dead load 10 psf
Live load 60 psf

Sustained loads 18 psf

cHOVELL.
ZNoyL G

ey
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CE 2227 PRESIRESS
(PANT YNy
HomeEw o %
at TL 0.4L midspan
PRESTRESSING
P, 2289 228.9 228.9
M, 10300 10300 10300 k-in
frop] 0375 0375 0375 ks
fo| <2122 | 2022 | 2122 |ksi
P, 1922 192.2 1922 kip
M,  864.8 864.8 864.8 k-in )
frop] 0313 0315 0315 |ksi o v
fipot| -1.782 -1.782 -1.782  |ksi ﬂjf g -
APPLIED MOMENTS T // ﬁw i 29
Self—weightM 6528 kein s
foop| 00827 | 0760 -0.791 |ksi AL for
foor|  0.042 0760 0.791  |ksi .
i & [N
Superimposed dead load m 92.2 960 k-in N | 2.1 I
fo0] -0806 | -0.112 | -0.116 |ksi Y
fou|  0.006 0.112 0.116 |ksi
o™
Liveload 307 553.0 5760 kein 2
foos] -0.037 | -0670 ]| -0.698 |ksi
fou|  0.037 0.670 0.698 |ksi

STRESSES AT TRANSFER m

STRESSES FROM SUSTAINED LOADS

fmm::

-0.758 -0.802

ksi

fcbm

-0.709 -0.665

ksi

STRESSES FROM SERVICE LOADS

LIMITS

Tension stress at transfer, middle
Tension stress at transfer, ends
Compressive stress at transfer

Tension stress from sustained loads
Compressive stress from sustained loads
Tension stress at service loads
Compressive stress at service loads

PASS
PASS
PASS
PASS
PASS
PASS

PASS PASS  psi

-- -- psi
PASS PASS  ksi
PASS PASS  psi
PASS PASS  ksi
PASS PASS  psi
PASS PASS  ksi

K Sechon 1§ adequat e fov

ardcioosed loods

(M
~—

Gt
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CE 383P — Prestressed Concrete Date assigned : November 5, 2007
Homework Assignment # 7 Due date : November 12, 2007

Problem 1:

A PCI 4HC12 — 88S hollow core one way slab element contains 8 ¥4”-7-wire strands low-

-relaxation strands (fpu = 270 ksi) and spans 40°. The straight strands have an eccentricity

of 455, The floor system is designed to carry a superimposed dead load of 10 psf and a
service live load of 60 psf (30% sustained). The concrete strength of the normal density
concrete at transfer, fi;’, is 4000 psi and the minimum specified 28-day strength, f.’, is
6000 psi. The prestressing steel is pretensioned to 0.75f,, in the tensioning bed. The
initial and final stresses in the strands, f,; and fyr, are 187 ksi and 157 ksi respectively.

- Check if the stress limit requirements of the ACI 318-05 are satisfied at transfer and

under service load conditions
i. At the simply supported ends of the beam

ii. At the mid span
Note that the hollow core slab system is to be used in an industrial building in Houston

and the creep coefficient for this application can be taken as 2 (¢=2).

HOLLOW-CORE

4I"OH x 121!
Normal Weight Concrete

A == 262 in?

| = 4,849 in¢

4'-Q” o Yo =  B6.00 in.

'- Yo o= 6.00 in.

S, = 825 in¥

) . ' f S, = 825 ind

! wt = 273 plf
L S DN A A A A &8 psf
f ' VIS = 2.18 in.

Problem 2:

Check if the floor element in Problem 1 satisfies the deflection limits of ACI 318-05.
Note that the floor system is not supporting or attached to nonstructural elements likely to
be damaged by large deflections. Calculate deflections using the material and sectional
properties given above. For long-term deflection calculations use ¢=2. Use the PCI
multipliers to check the rigorous long-term deflection calculations. Comment on your
results.
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(E 3829 PRECTRESS

Homework ¥ &

SECTION PROPERTIES
Gross Area] 8550 |in®
Gross Moment of Inertia] 80,780 in*
Height of section 340 [Jin
y-top 8.9 in
y-bot 25.1 in
Width of top slab 100 |t

Length of span 66 ft

Cv Creep coefficient 25 -
asiomed

CONCRETE PROPERTIES
£ 6.0 ksi

fy' 4.0 ksi

fi 5809 psi

E; 4415  ksi

E.r 1261  ksi

STRAND PROPERTIES
f] 270 Jksi
£, 243 ksi
Eged 29000 ks
Egeaer 28420  ksi

Number of strands--

Areaofonestrand  0.153  in’
End eccentricity. 8.0 in
0.4L eccentricity| 172 |in
Center eccentricity 19.5 [Jin

fi]  187.0 Jksi

]  157.0  |ksi

LOADS
Self-weight 89 psf
Superimposed dead load 0 psf
Live load 95 psf
Sustained loads psf

SECTION CALCULATIONS

Anc[

Incl

Ynet

ST SECTION CALCULATIONS

n
Almns

Lirans

Yirans

LT SECTION CALCULATIONS

n
Alrnns

Itmns

Yirans

at TL
851.9

80,583
25.10

6.6
§72.0
81,849
24.91

225
920.9

84,695
24.50

C.HOVELL-

19 prjov. OF
0.4L midspan
851.9 8519 in®
79874 79616 in'
25.13 2514 in
872.0 8720 in’
85,725 87136 in'
2473 2469 i
920.9 9209 in’
98,878 104,042 in*
23.84 2367 in

%/7
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C.HOVELL-
19 Wov. (7

at TL 0.4L midspan
PRESTRESSING
P, 5722 572.2 572.2
M, 45778 9842.2 111583 k-in
foon]  -0.163 0.419 0.564  |ksi
fao| -2.090 -3.724 -4.132  |ksi
P,y 4804 480.4 480.4 kip
M,; 38434 8263.2 9368.2 k-in
foop| -0.137 0.352 0.474  |ksi
fpo| -1.755 -3.126 -3.469  [ksi
APPLIED MOMENTS
Self-weight  310.1 5582.6 5815.3 k-in
foop]  -0.034 -0.617 -0.643  |ksi
fpu| 0.096 1.733 1.805  |ksi
Superimposed dead load 0.0 0.0 0.0 k-in
fuop|  0.000 0.000 0.000 fksi
foa| 0.000 0.000 0.000 |ksi
Live load  331.1 5959.0 6207.3 k-in
foop| -0.037 -0.659 -0.686 |ksi
fnet| 0.103 1.849 1.926  |ksi
STRESSES AT TRANSFER
fcmp :‘ 11

fcbat  ~: -1.

STRESSES FROM SUSTAINED LOADS

foop|  -0.171 -0.266 -0.169  |ksi
fepor] -1.658 -1.394 -1.665  |ksi
STRESSES FROM SERVICE LOADS
fetop 0924 | -0855 |ksi
T 1. 456 | 0262 |ksi
LIMITS
Tension stress at transfer, middle -- OK OK psi VL, 189.7 psi
Tension stress at transfer, ends OK -- -- psi 6VE;  379.5 psi
Compressive stress at transfer OK OK OK ksi 0.60f;"  -2.40  ksi
Tension stress from sustained loads OK OK OK psi 75VE 4743 psi
Compressive stress from sustained loads OK OK OK ksi 0.45f,"  -2.70  ksi
Tension stress at service loads OK OK OK psi (ﬂ’gmﬂﬂb psi
Compressive stress at service loads OK OK OK

— M tﬁw a/:w;f;s\j

4
at

ksi / 0.60f," -3.60  ksi
T /) )
—?“TD -j[(“ 7 Senl s -

<

/ﬁ

ﬂ«s/éj, 0./l S o A

ik

foud

2



CE3&32P: PRESTRERS

HonEWOoRK. ¥

LONG - TERM

at TL 0.4L midspan
PRESTRESSING

Py 5722 572.2 5722
M, 4577.8 9842.2 11158.3

fop| -0.166 0.421 0.570

fobee] -2.097 -3.768 -4.195

P, 4804 480.4 480.4

M, 38434 8263.2 9368.2

foop]  -0.139 0.354 0.479

fpm| -1.761 -3.164 -3.522

APPLIED MOMENTS

Self-weight  310.1 5582.6 5815.3

foop|  -0.034 -0.620 -0.647

fpee|  0.097 1.757 1.836

Superimposed dead load 0.0 0.0 0.0

faop|  0.000 0.000 0.000

foe| 0.000 0.000 0.000

Live load  331.1 5959.0 6207.3

foop|  -0.037 -0.644 -0.663

T/ 0.101 1.719 1.759

STRESSES AT TRANSFER

STRESSES FROM SUSTAINED LOADS

f,

ctop

-0.169

fchm

-1.686

STRESSES FROM SERVICE LOADS

fctop
fcbot~ :

LIMITS

Tension stress at transfer, middle
Tension stress at transfer, ends
Compressive stress at transfer
Tension stress from sustained loads

Compressive stress from sustained loads
Tension stress at service loads
Compressive stress at service loads

k-in
ksi
ksi

kip
k-in

ksi

k-in
ksi

k-in
ksi
ksi

k-in
ksi
ksi

psi
psi
ksi
psi
ksi
psi
ksi

Q. HOVE A~
19 Woy. 07

Net section properties

Net section properties

Net section properties

LT section properties

ST section properties

3NE; 189.7
6Vf, 3795

0.60f;"  -2.40
75VE, 4743
0.45f -2.70

psi
psi

psi
ksi

0.60f, =37 si

°/1
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CE 383P — Prestressed Concrete Date Assigned: November 12, 2007
Homework Assignment # § Due Date: November 19, 2007

Problem 1:

The pretopped double-tee floor member shown in the figure below spans 66 ft. in a
parking structure. No partition that is likely to be damaged due to large deflections is
attached to the floor members. The service live load is 95 psf and the superimposed dead
load is O psf. For the normal weight concrete used, the specified strength at transfer is
f.i’ = 4,000 psi and the minimum specified 28-day strength is f.” = 6,000 psi. Use %”
diameter low relaxation stands with f,, = 270 ksi, which is to be tensioned to 0.75f;, in
the stressing bed. Assume £, = 187 ksi and f,r = 157ksi. Design the double-tee.

Pretopped Double-Tee 10'-0" x 34"

Section Properties:

100"

Normal weight

[v 7] e ‘
C == A = 855
| ] e 1 & I = 80780 in”
1 , N Y» = 25.07in
| Li f v = 893in
| e S = 322i’
1oal-g” 50" Lot St = 9046 in’
- e - ol Weight= 891 plf
89 psf
V/S = 232in

Problem 2:

For the cross-section above, determine the moment capacity at mid-span using a sectional
analysis program of your choice. Compare the stress in prestressing strands when M =
M with that obtained from the Ch.18 simplified formula. Note that for analysis
purposes you can assume Agp = 6.0 x 107, low-relaxation strands A = 0.025, B =118, C

=10, g’ =-2.3x 107
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Figure 3-18
Ref. 3-20.

(b) Fact

Correction factors for relative humidity, based on data given in

e |
40 % 1.43
50 % 1.29
60 % 1.14
70 % 1.00
80 % 0.86
90 % 0.43
100 % 0.00
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high carbon’ steel rod

BASE MATERIAL
roeund, plain,
hot- rolled
non- alloye

~ PATENTING
heat to about
1470°F (800°C) then
cool slowly to make
homogeneous

COLD DRAWING

pull- through
successwely smaller
dies to increase
strength

spin 6 helical wires
around straight
central wire

2>

STRESS RELIEVING STRAIN TEMPERING

heat to about 660°F
(350°C) while strand
under tension

a0 1T

STRESS-RELIEVED STRAND LOW-RELAXATION STRAND

heat to about 660°F
(350°C) cool slowly

" Figure 3-22  Production of seven-wire strand.
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Table 3-8  Geometric properties
of deformed reinforcing bars.

(a) ASTM standard reinforcing bars

‘ Nomina! | Nominal
,Bar | Diameter | Area Weight,
Size in. in? pif
#3 0.375 0.11- 0.376
#4 0.500 0.20 0.668
#5 0.625 0.31 1.043
#6 0.750 0.44 1.502
#1 0.875 0.60 2.044
#8 | 1.000 0.79 2.670
#9 1.128 1.00 3.400
#10 1.270 1.27 4,303
#11 1.410 1.56 5.313
#14 1.693 2.25 7.650
#18 2.257 4.00 13.600

Table 3-9  ASTM requirements for reinforcing bars.*

A615
Grade 40 | Grade 60 |  A706 |

Minimum yield, ksi 40 60 60
Maximum yield, ksi — —_ 78
Minimum ultimate, ksi 70 90 80 £ 1.25f,
Minimum elongation in 8 in.
gage length, %

#3 11 9 14

#4,5,6 12 9 14

#7,8 — 8 12

#9,10, 11 — 7 12

# 14, 18 — 7 10
Pin diameter for 180° bend test

#3,4,5 3.5dy 3.5d 3dy

#6 Sdb Sdb 4db

#7,8 — 5dy 4d,,

#9, 10, 11 — 7dy 6dy

# 14, 18 — 9dy 8dy,

* fy, yield stress; dp, nominal diameter of reinforcing bar.
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Table 3-10  Typical types of welded wire fabric.

Cross-Sectional

Steel Area
Wire Wire | per Foot Width
Approximate
Diameter | Area | Long. | Transv. Weight
Designation* - in. in? in? in? 1b/ft?
6X6-W1.4x W14 0.135 0.014 | 0.029 | 0.029 0.21
6X6-W2.1xW2.1 0.162 0.021 | 0.041 | 0.041 0.30
6X6-W2.9xW2.9 0.192 0.029 | 0.058 | 0.058 0.42
6X6~W4.0xW4.0 0.225 0.040 | 0.080 | 0.080 0.58
6X6-W5.5xW5.5 0.264 0.055 | 0.110 | 0.110 0.80
4x4-W1.4xW1.4 0.135 0.014 | 0.043 | 0.043 0.31
4x4-W2,1xW2.1 0.162 0.021 | 0.062 | 0.062 0.44
4x4-W29xW2.9 0.192 0.029 | 0.087 | 0.087 0.62
4x4-W4.0xW4.0 0.225 0.040 | 0.120 | 0.120 0.85
4%4-W4.TxW4.7 0.244 0.047 | 0.141 | 0.141 1.02
4x4-W55xWS5.5 0.264 0.055 | 0.165 | 0.165 1.19

*The first number is the longitudinal wire spacing and the second number is the
transverse wire spacing. The third and the fourth numbers are the areas of the
longitudinal and transverse wires in hundredths of a square inch, respectively.
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Table 3-6  Standard prcstréssing strands, wires,

and bars,
(a) Common types from PCI Design Handbook (Ref, 3-20)
Grade | Nominal Dimension
- Tendon Sfpu | Diameter | Area Weight
Type ksi in, in? pIf
250 1/4 0.036 0.12
270 3/8 0.085 0.29
Seven- 250 3/8 0.080 0.27
wire 270 | 12 | 0.153 053 |
strand 250 | 12 | 0.144 049
270 0.6 0.215 0.74
250 0.6 0.216 0.74
Prestressing | 250 0.196 0.0302 0.10
wire 240 0.250 0.0491 0.17
235 0.276 0.0598 0.20
Deformed |. 157 5/8 0.28 0.98
prestressing | 150 | 1 0.85 301
bars 150 1 1/4 1.25 4.39
150 13/8 1.58 5.56

Table 3-7 Requirements for prestressing tendons specified

by ASTM (Refs. 3-31 to 3-33).

Minimum | Minimum Minimum
Tensile | “Yield”* Elongation
Strength | Strength at Rupture
Tendon Type ksi ksi % | Gage Length
0.5 and 0.6 in. .
stress-relieved 270 230 3.5 24 in,
strand
0.5 and 0.6 in.
low-relaxation 270 245 35 24 in.
strand
0.276 in. wire 235 200 4.0 10 in.
1,11/4,and 1 3/8 in.
deformed 150 120 4.0 20d,
prestressing bar

*Yield strength taken as the stress at an elongation of 1.0% for strand
and wire and as the 0.2% offset stress for bars.
td,, nominal diameter of reinforcing bar.
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duct centerline

duct
centerline

eccentricity

centerline
strands at top strands at bottom
of duct of duct
tendon size sheath diameter | eccentricity
in. (mm) in, (mm)

no. of 1/2 in. dia.
(13mm) strands

3 1.25 (32) 0.28 (7)
4 1.63 (41) 0.28 (7)
7 | 2.00 (51) 0.32 (8)
12 2.50 (64) 0.43 (11)
19 3.13 (80) 0.51 (13)
22 3.38 (86) 0.47 (12}
31 4.00 (102) 0.55 (14)
55 5.50 (140 0.90 (23)

no. of 0.6 in. dia.
(156mm) strands

3 1.50 (38) 0.20 (5]
4 2.00 (38) 0.20 (8]
7 2.25 (587 9.40 (10)
12 3.00 (76) 0.50 (13)
19 3.75 (95) 0.70 (18)
31 5.00 (127) 0.90 (23}

55 6.50 (165) 1.20 (30)




CE 323p: PRESTRESS l l 11 Seprerber O

Engineer's Computation Pad

NQ. IO/ GHID

B STAEDTLER®

POST - TENSIONING

LeSSes during posT Tensioning
— curvarure (fracmion))

?
— WOobbie \ Jack

\EngEn of tendon A x
_dwechon ananges by dangie der

N=2p 50 (497 )
dF = - N

T coeFhicient of frienton
4f= M Pdo, f Mol angles

are asSumed

4 . intended
profile

X acwal profie due wepble depends on:

1o wobbie ' = rigidv of Aucr
— diamcrer of AUty
WOpW\E exploang dibference — Spacing GF AUCE gupportS
berweery caycnianong and ’ —teadon Type
experionenis — £orm of consirucnon
AP = KPdx

L eMmPpiriced woobic
coefhceny

ToTal 0L es:
dp= APy dPc = mPdol + KPdx

change infendon force berween Aond B (ends)

%—psﬂdd—l—hdx

dP g
‘f «i-)-- = S\,«o\d + 5\ Kdx K =wWoob\e ceethaeny

— MG kX)) M=Prienon weftfhoeny
Pe = Pa® ol = fptal angie chenge,
N c0ANGNS
X =-Yendon fcﬁg‘rh AR

CONSTANTS EWEN 1N HAandouT




11 Seprempec 1

G-
3.3 Losses Durina

Pocr -TeNzionIng

* When tendon is ia.c\uf(k = frickoen befwen dendeor a vl M
-+ losses i dendon force
| duct
- Two C-DVWPO|-\I-M+.'> 4o lOSSeS E - cenvatual
- w-o(a'a(&

CurvaturE  Fricmomna L Logsey :

- result ‘Frow\ C/u-ﬂa»ji O"‘: Mﬁte of JI‘LJL '\‘E%GLO-’\ fr‘o{\-le

' a-h.quo\"Lck a-«'\_ p{" B
assuwae ‘QV‘jHr\ oF e o dx

assuwme - no  losses R Kuw
Mr—m‘ 'F’D!’U. N

(:-ei"“j)' ‘Frows. .3*"0‘“""‘("'3 ,  o—
developes

N= 2P st (d&/z)

let /(f be c,a-l{:"'\uem'(' D'? ‘ﬁr{(_hu\,\_ e ot A *“‘-—»A—oLQV\
M ‘H«L AUD"'

bl Fichoen  logg  iw mﬁjm dx  wall e N

St S;»«("“’L/Z> = C‘&/Z

wWoBELE  FRICTIONAL  (LOSSET:

\Mﬂjm"rv-r)w Of wobble Aepared, oy
w—o\g\a(e N \a

Twdende de rxg\ckﬂr-:s of At
pro‘f‘i\ e - Lo ter oF  ducck
\‘E—M T oepeivg of duck suppart
v Foaselonn e o
: z‘ b ’FDTM of_ C-GV"‘OJYUL h.d'\—\
ool profile dug



~wobble logsea 2w p reeced  o—e

4P, = KPdx

whar kK =T ewpivice!| uwobble ccilident

TOTA FRYC TMORIA L LassEs .

dP:: &Pr_ +d\°w
= Y Pdd + KPdx

l : Tl Aol ‘Foru L-'-LW PD;“\.E A a—ef B:

df _ g + kk ox
P

Fa’ ’ ot ’ x
AP - da + k d x
5 —-F;— ,% fo g’o ‘
Pa '
o - + kK~
Selvivg P R e (4 e | )

wte-. Pa= tewdow forg-ot A

= ieen  cor FRGawt - |

K = wobble coetH ot Py wtre o'f_ S N S
oL = fotl

X -

e ehong o tafessa A YB, iw
_hamwiﬁw.qumh A+B; o

rﬁ-dul%
wez freg

ra-v},v_ of  valuaa e AL el Kk ot givem 1o todle T-2
nole” AL depedo o swrtee  chorecder T R o denldlol ael ducet

wie K o AL e e deed PRl Ry
K arelutyg b[i'H&r' hj Cane orp{-!-r\ Q'Y— M»U.,.,;M _5 MOQ



Table 2-2  Range of friction coefficients recommended by ACI From Ref. 2-15.

Curvature Wobble Coefficient, X
Coefficient,
) Type of Tendon 7 per foot per meter
Tendons in flexible metal sheathing
Wire tendons ) 0.15-0.25 | 0.0010-0.0015 | 0.0033-0.0049
_ T-wire strand 0.15-0.25 | 0.0005-0.0020 | 0.0016-0.0066
. High-strength bars 0.08-0.30 | 0.0001-0.0006 | 0.0003-0.0020
Tendons in rigid metal duct — 7-wire strand 0.15-0.25 0.0002 0.00066
Unbonded pregreased tendons — wires and 7-wire strand 0.05-0.15 | 0.0003-0.0020 | 0.0010-0.0066
Unbonded mastic-coated tendons — wires and 7-wire strand 0.05-0.15 | 0.0010-0.0020 0.0033-0.0066

Table 2-3  Representative friction values* recommended by
CEB-FIP for tendons with radii of curvature not less than 6 m

(20 ft). From Ref, 2-16.

Curvature

‘Wobble Coefficient, Xt
Coefficient,

Type of Tendon u per foot per meter
Cables in concrete ducts 0.50 0.0015 0.0050
Tendons in metal sheathing

Drawn wires 0.20 0.0006 0.0020
Strand 0.20 0.0006 0.0020
‘Smooth rolled wires 0.25 0.0008 0.0025
Deformed wire 0.0030

1In the CEB-FIP Model Co
(0:003% per foo):

0 if tenid
de, K is:

0.30
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2.10 EXAMPLE OF FRICTION LOSS CALCULATIONS

The four-span continuous bridge girder shown in Fig. 2-29 is post-tensioned with tendons -
consisting of twenty 0.6 in. (15 mm) diameter strands with fpu = 270 ksi (1860 MPa). The
symmetrical tendons are simultaneously stressed to 75% fpu, that is, 871 kips (3870 kN),
from both ends and then anchored.

|
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Figure 2-29  Example of frictional loss calculation.

For this application the tendon properties are:

Aps = 430in* (2800 mm?)

E, = 28,200ksi (195000 MPa)
u = 0.20 :
K = 0.0006/ft (0.0020 /m)

Ager = 0.25in. (6 mm)

1. Calculate the expected elongation due to the stressing operation.



2. Calculate the tendon force variation after anchorage.

: (a) Determination of Tendon Force Variation

The pa + Kz values for each parabolic segment are first determined. Since each
parabolic segment has one end which is horizontal (zero slope) the angular change, o,
within each segment is equal to the slope at the inclined end. The equation in Fig. 2-23a
and Eq. (2-2) are used to find these slopes.

During stressing, the force at location z along the tendon is given by

Pz = PAe—Z(chKm)

The tendon force variation after jacking is shown in Fig. 2-29.

(b) Calculation of Elongation
The average force in the tendon can be approximated as

FPow=1{ %(871 +829) x 45 + %(829 +781) x 45
+ %(781 +751) x 10+ %(751 +725) x 12
+ %(725 +683) x 50+ %(683 +644) x 50

+ %(644-*—621) x 121 /224 = 745 kips (3315 kN)

The calculation above assumes a linear force variation between the ends of each
parabolic segment. From Eq. (2-4), the expected elongation is
745 x 224 x 12

(c) Anchorage Set
) Within the first 45 ft (13.7 m) of the tendon the fnctxon loss per inch is (871 —
829)/(45 % 12) = 0.078 kips/in. (13.6 N/mm).

The length of tendon affected by anchorage set is given by Eg. .(2-7):

= \/0.25 x 4.30 x 28,200
et 0.078

Because /.. exceeds 45 ft (13.7 m), the friction loss per inch, p, could be recalculated
if a more accurate answer is desired. However, in this case the small difference will be

neglected.
From Eq. (2-6),

=623 in. = 52 ft (15.8 m)

AP =2 x0.078 x 623 = 97.2 kips (432 kN)
Hence after anchoring, the force at the end of the tendon is
871 — 97.2 =773.8 kips (3442 kN)

This force in the tendon corresponds to a stress of 0.67 fpy, Which is less than the stress
limit of 0.70fp, permitted by the ACI Code (Ref. 2-19) at end anchorages. The force
variation after anchoring is shown in Fig. 2-29, :
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Local Conditions

Part. Concrete Reinforcement Prestressing
€ Ect fo Fe Esf fs Fs Ept fo Fo N
(x10%)  1(x10®) |(ksi) (kips) |(x10®) |(ksi) (kips)  |(x10®) |(ksi) (kips)  |(kips)
-3 -3 -6.782| -2162.1 -3 -60]  -240] 3.145] 91.205|111.635| -2290.5
2.75] -2.75| -6.9569| -2217.9] -2.75 -60|  -240] 3.395| 98.455|120.509| -2337.4
-2.55] -2.55 -7| -2231.6] -2.55 -60|  -240| 3.595|104.255|127.608| -2344
-2.25]  -2.25] -6.9031| -2200.7] -2.25 -60|  -240| 3.895| 112.955] 138.257| -2302.5
-2.07] -2.07| -6.752| -2152.5| -2.07 -60|  -240| 4.075|118.175| 144.646| -2247.9
-1.75]  -1.75| -6.311| -2012| -1.75] -50.75] -203] 4.395|127.455|156.005] -2059
-1.5 -1.5| -5.8131] -1853.2 -1.5|  -435| -174] 4.645[134.705| 164.879] -1862.4
-1.25] -1.25| -5.1807| -1651.6] -1.25| -36.25] -145] 4.895|141.955| 173.753[ -1622.9
-1 1] -4.4137| -1407.1 -1 29|  -116] 5.145]149.205| 182.627] -1340.5
-0.5 -0.5| -2.476| -789.34 05|  -145 -58]  5.645| 163.705] 200.375] -646.96
0 0 0 0 0 0 0] 6.145|178.205| 218.123] 218.123
0.06] 0.06] 0.3294|105.013] 0.06] 1.74| 6.96] 6.205|179.945|220.253] 332 205
0.06] 0.06 0 0] 0.06] 1.74| 6.96] 6.205(179.945|220.253|227.213
1.855| 1.855 0 0| 1.855| 53.795| 215.18 8 230| 281.52] 496.7
207 207 0 o 207 60 240] 8.215 230| 281.52] 521.52
3 3 0 0 3 60 240 9.145 230] 28152

Note: Max Axial Load (Tension) = 521.52 kips

Soane OB p% 8-5

€ =&

€ =€,

€ = €.
€ = Ecry
€p = Epy
€ = Egy

Lo 2209043010



Average Conditions **Incorrect**

Compore o S 2V.5
Feorn 7y before

Part. Concrete Reinforcement Prestressing
Ec Ect fo Fe Est fs Fs Ept fo Fo N
(x10®  |(x10®) |(ksi) (kips)  |(x10®) |(ksi) (kips)  |(x10®) |(ksi) (kips)  |(kips)
-3 -3|  -6.782| -2162.1 -3 -60 -240]  3.145| 91.205| 111.635] -2290.5
-2.75 -2.75| -6.9569| -2217.9 -2.75 -60 -240]  3.395| 98.455| 120.509| -2337.4
-2.55 -2.55 - -7| -2231.6 -2.55 -60 -240]  3.595| 104.255( 127.608] -2344
-2.25 -2.25| -6.9031] -2200.7 -2.25 -60 -240] 3.895| 112.955| 138.257] -2302.5
-2.07 -2.07| -6.752| -2152.5 -2.07 -60 -2401  4.075| 118.175| 144.646| -2247.9
-1.75 -1.75| -6.311] -2012 -1.75] -50.75 -203] 4.395| 127.455| 156.005] -2059
-1.5 -1.5| -5.8131| -1853.2 -1.5 -43.5 -174]  4.645|134.705| 164.879| -1862.4
-1.25 -1.25| -5.1807| -1651.6 -1.25| -36.25 -145]  4.895| 141.955| 173.753] -1622.9
-1 -1 -4.4137| -14071 -1 -29 -116]  5.145| 149.205| 182.627] -1340.5
-0.5 -0.5| -2.476| -789.34 -0.5 -14.5 -58] 5.645| 163.705| 200.375] -646.96
0 0 0 0 0 0 0] 6.145/178.205]| 218.123| 218.123
0.06 0.06] 0.3294]|105.013 0.06 1.74 6.96] 6.205|179.945| 220.253} 332.225
0.06(; 0.06| 0.26555[84.6588 0.06 1.74 6.96] 6.205(179.945|220.253| 311.871
1.858] 1.855(0.15871|50.5954] 1.855| 53.795 215.18 8 230| 281.52|547.295
%7 2.0710.15444] 49.234 2.07 60 240] 8.215 230| 281.52]|570.754
/ 3 3| 0.14004| 44.6443 3 60 240f 9.145 230| 281.52|566.164
. CO\?G.Q\*\.S S determined ar o crack —
oz St NeJension sﬂ?%enmé No prySeal
2 5 e 2
¢ \.}( \J_:;Eéz% m@(k\”\\\r\%

€ =€,
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€p = Epy

€ = Egy



Average Conditions **Correct**

Part. Concrete Reinforcement Prestressing
Ec Ecf fo Fe Est fs Fs Ept fo Fo N
(x10°)  lx10?®) |(ksi) (kips) |(x10°) |(ksi) (kips)  |(x10®) |(ksi) (kips)  |(kips)
-3 -3| -6.782| -2162.1 -3 60|  -240] 3.145| 91.205] 111.635] -2290.5
-2.75] -2.75| -6.9569] -2217.9] -2.75 -60]  -240] 3.395| 98.455| 120.509] -2337.4
-2.55| -2.55 -7| -2231.6| -2.55 60|  -240] 3.595|104.255|127.608] -2344|e, = ¢,
-2.25]  -2.25| -6.9031| -2200.7] -2.25 -60]  -240] 3.895| 112.955| 138.257| -2302.5
-2.07| -2.07| -6.752| -2152.5| -2.07 -60]  -240] 4.075| 118.175| 144.646| -2247.9[, = ¢,
-1.75)  -1.75| -6.311| -2012| -1.75| -50.75| -203| 4.395[127.455|156.005] -2059
-1.5 -1.5| -5.8131| -1853.2 -1.5] -435| -174] 4.645[134.705] 164.879] -1862.4
-1.25] -1.25| -5.1807| -1651.6] -1.25| -36.25| -145] 4.895|141.955|173.753] -1622.9
-1 -1| -4.4137] -1407.1 -1 29|  -116] 5.145|149.205] 182.627] -1340.5
0.5 -0.5| -2.476| -789.34 -0.5|  -14.5 -58] 5.645| 163.705] 200.375| -646.96
0 0 0 0 0 0 0] 6.145|178.205| 218.123| 218.123
0.06] 0.06| 0.3294{105.013] 0.06 1.74]  6.96] 6.205|179.945| 220.253| 332.225(¢, = ¢,
0.06]  0.06|0.26555|84.6588]  0.06 1.74]  6.96] 6.205|179.945|220.253| 311.871|e, = &g,
1.66 1.66|0-16303| 51.9727 1.66] 48.14| 192.56] 7.805| 226.345| 277.046] 521.52}—coppea
1.855| 1.856| /0.0779) P4835] 1.855| 53.795| 215.18 8|  230] 281.52| 521.52|e,=¢,
207 207 [0 o 207 60 240| 8.215 230| 281.52| 521.52|¢, =&,
3 3] [ O 0 3 60 240 9.145 230| 281.52) 521,52
o ey L, Padcnes
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Typleal OUT P ut from

‘D(OC&}YCL(*(\ RE%?ONSE
RESPONSE OUTPUT FILE
ANALYSIS: Axial-Load
SECTION NAME  : LRect  sec]
CONCRETE MODEL: Parabolic Material ~ Factors: ¢ = C:1.000 S:1.000 P:1.000 - al-+pe
TENSION-STIFF.: No FACTORED: No ACCURACY: well_done Sernt A0 e ug
Axial-Load: 0.00kip Moment: 0.00kft Shear: 0.00kip L CPNONS: rare, Mmedum
dN/dM: 0 dN/dV; 0 dM/dV: 0  wen_aone
Axial-Load Moment Curvature @-Axis Bottom Top -Her Line No
| kips fi*kip rad/10/6in [------- Milli-Strain------ ] ITRAVNG :
0.02 52.63 0 -0.063  -0.063 -0.063 1
;’ -0.01 123.27 33.33 0.046 0.446 -0.354 2
-0.01 133.35 66.67 0.292 1.092 -0.508 3
-0.01 143.82 100 0.557 1.757 -0.643 4
0 152.92  133.33 0.834 2434 -0.766 5
—t -0.27 160.45  166.67 1.12 312  -0.88 6
-0.21 165.88 200 1.415 3.815 -0.985 7
e, 018 169.7  233.33 1.719 4519 -1.081 8
- -0.13 172.35  266.67 2.029 5229 -1.171 9
-0.1 174.21 300 2.345 5.945 -1.255 10
& oo b -0.07 175.58  333.33 2.665 6.665 -1.335 11
_L4w  -0.05 176.65  366.67 2.988 7.388 -1.412 12
At -0.04 177.52 400 3.313 8.113 -1.487 13
120 -0.03 178.28  433.33 3.64 8.84 -1.56 14.
, , -0.02 178.94  466.67 3.969 9.569 -1.631 15
Te =¥l -0.01 179.55 500 4299  10.299 - -1.701 16
£,=2.25%1073 -0.01 180.11 533.33 4.63 11.08  -1.77 17
§. =v30p -0.01 180.64  566.67 4961 11761 -1.839 18
An = .0 102 -0.23 181.33 600 5291  12.491 -1.909 19
P -0.12 181.71 633.33 5.624 13224 -1.976 20
-0.02 182.08  666.67 5.958  13.958 -2.042 21
Ap= 32" Twnce = 045307 g 0g 182.45 700 6.292  14.692 -2.108 22
_r3 0.13 182.82  733.33 6.626 15426 -2.174 23
ToA%IW 049 . 183.18  766.67 6.96 16.16  -2.24 24
. - 0.26 183.52 800 7.294  16.894 -2.306 25
h=0.025,8=ha , =10 0 18412  833.33 7.622  17.622 -2.378 26
Ramberg.Osgeedas € g 0f 184.49  866.67 7.954  18.354 -2.446 27
low veiomanon cocfaenit g o4 184.85 900 8.285 19.085 -2.515 28
-0.01 185.2  933.33 8.616  19.816 -2.584 29
bee va toxers wn concrere 001 185.54  966.67 8.946 20546 -2.654 30
-0.02 185.86 1000 9.274 21274 -2.726 31
-0.02 186.18  1033.33 9.601 22.001 -2.799 32
-0.03 186.48 1066.67 9.927 22727 -2.873 33
-0.03 186.76 1100 10.251 23451 -2.949 34
-0.03 187.03 1133.33 10.574 24174 -3.026 35
-0.04 187.28 1166.67 10.893  24.893 -3.107 36
-0.04 187.51 1200 11.21 2561 -3.19 37
-0.05 187.72 1233.33 11.523  26.323 -3.277 38
-0.06 187.91  1266.67 11.832  27.032 -3.368 39
-0.07 188.06 1300 12,135  27.735 -3.465 40
-0.09 188.17  1333.33 12.432  28.432 -3.568 41
-0.1 188.22  1366.67 12.718  29.118 -3.682 42
-0.1 188.17 1400 12,991  29.791 -3.809 43



-0.11
-0.09
0.07
0.13
0.02
0.02
-0.04
-0.08
-0.02
-0.01
-0.01

-0.21
-0.14
-0.11
-0.08
-0.06
-0.08
-0.05
-0.04
-0.03
-0.02
-0.02
-0.01
-0.01
-0.01
-0.25
-0.12
-0.16
-0.12
-0.02

0.04

0.09

0.14

0.19

0.23

0.27

-0.01
-0.01
-0.01
-0.01
-0.01
-0.02
-0.02
-0.02
-0.03
-0.03
-0.04
-0.05

187.98
187.43
171.66
115.72
64.23
52.63
-12.18
-13.07
-14.6
-15.76
-16.67
-17.42
-18.05
-18.78
-19.27
-19.72
-20.13
-20.53
-20.93
-21.28
-21.62
-21.95
-22.26
-22.57
-22.86
-23.14
-23.41
-23.88
-24.02
-24.3
-24.5
-24.63
-24.79
-24.95
-25.1
-25.24
-25.37
-25.49
-25.86
-25.99
-26.11
-26.22
-26.31
-26.39
-26.45
-26.5
-26.53
-26.54
-26.53
-26.49
-26.42
-26.31

1433.33
1466.67
1500
1633.33
1566.67
0

-33.33
-66.67
-100
-133.33
-166.67
-200
-233.33
-266.67
-300
-333.33
-366.67
-400
-433.33
-466.67
-500
-533.33
-566.67
-600
-633.33
-666.67
-700
-733.33
-766.67
-800
-833.33
-866.67
-900
-933.33
-966.67
-1000
-1033.33
-1066.67
-1100
-1133.33
-1166.67
-1200
-1233.33
-1266.67
-1300
-1333.33
-1366.67
-1400
-1433.33
-1466.67
-1500
-1533.33

13.241
13.442
11.5642
3.642
-4.258
-0.063
0.058
0.327
0.622
0.93
1.245
1.567
1.892
2.219
2.549
2.881
3.214
3.548
3.883
4.219
4.556
4.893
5.23
5.567
5.904
6.242
6.579
6.914
7.252
7.588
7.925
8.263
8.6
8.936
9.271
9.607
9.941
10.275
10.603
10.934
11.265
11.594
11.922
12.249
12.574
12.897
13.217
13.536
13.851
14.162
14.469
14.77

30.441
31.042

- 29.642

22.042
14.542
-0.063
-0.342
-0.473
-0.578
-0.67
-0.755
-0.833
-0.908
-0.981
-1.051
-1.119
-1.186
-1.252
-1.317
-1.381
-1.444
-1.507
-1.57
-1.633
-1.696
-1.758
-1.821
-1.886
-1.948
-2.012
-2.075
-2.137
2.2
-2.264
-2.329
-2.393
-2.459
-2.525
-2.597
-2.666
-2.735
-2.806
-2.878
-2.951
-3.026
-3.103
-3.183
-3.264
-3.349
-3.438
-3.531
-3.63

-3.959
-4.158
-6.458
-14.758
-23.058
-0.063
0.458
1.127
1.822
2.53
3.245
3.967
4.692
5.419
6.149
6.881
7.614
8.348
9.083
9.819
10.556
11.293
12.03
12.767
13.504
14.242
14.979
16.714
16.452
17.188
17.925
18.663
19.4
20.136
20.871
21.607
22.341
23.075
23.803
24.534
25.265
25.994
26.722
27.449
28.174
28.897
29.617
30.336
31.051
31.762
32.469
33.17



-1566.67
-1600
-1633.33
-1666.67
-1700
-1733.33
-1766.67
-1800
-1833.33
-1866.67
-1900
-1933.33
-1966.67
-2000
-2033.33
-2066.67
-2100
-2133.33
-2166.67
-2200
-2233.33
-2266.67
-2300
-2333.33
-2366.67
-2400
-2433.33
-2466.67
-2500
-2533.33
-2566.67
-2600
-2633.33
-2666.67
-2700
-2733.33
-2766.67
-2800
-2833.33
-2866.67
-2900
-2933.33
-2966.67
-3000
-3033.33
-3066.67
-3100
-3133.33
-3166.67
-3200
-3233.33
-3266.67

15.064
15.347
15.615
15.859
16.05
16.05
16.1
16.153
16.253
16.324
16.424
16.553
16.681
16.818
16.962
17.111
17.266
17.426
17.582
17.761
17.94
18.098
18.26
18.426
18.596
18.771
18.948
19.129
19.313
19.499
19.688
10.88
20.074
20.269
20.469
20.672
20.872
21.077
21.283
21.49
21.7
21.911
22.123
22.337
22.552
22.769
22.986
23.206
23.426
23.647
23.869
24.093

-3.736
-3.853
-3.985
-4.141
-4.35
-4.75
-5.1
-5.447
-5.747
-6.076
-6.376
-6.647
-6.919
-7.182
-7.438
-7.689
-7.934
-8.174
-8.418
-8.639
-8.86
-9.102
-9.34
-9.574
-9.804
-10.029
-10.252
-10.471
-10.687
-10.901
-11.112
-11.32
-11.526
-11.731
-11.931
-12.128
-12.328
-12.523
-12.717
-12.91
-13.1
-13.289
-13.477
-13.663
-13.848
-14.031
-14.214
-14.394
-14.574
-14.753
-14.931
-15.107

33.864
34.547
356.215
35.859
36.45
36.85
37.3
37.753
38.253
38.724
39.224
39.753
40.281
40.818
41.362
41.911
42.466
43.026
43.582
44.161
44.74
45.298
45.86
46.426
46.996
47.571
48.148
48.729
49.313
49.899
50.488
51.08
51.674
52.269
52.869
53.472
54.072
54.677
55.283
55.89
56.5
57.111
57.723
58.337
58.952
59.569
60.186
60.806
61.426
62.047
62.669
63.293

48
49
50
51
52
53
54
55
56
57
58
59
60
61

62
63
64
65
66
67
68
69
70
71

72
73
74
75
76
77
78
79
80
81

82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99



-0.02 -0.25 -3300 24317 -15.283 63.917 100
END OF RESPONSE OUTPUT FILE
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~(orse Anvors -

RESPONSE OUTPUT FILE
ANALYSIS: Axial-Load
SECTION NAME : New-Section
CONCRETE /—M%EL: Parabolic Material Factors: C:1.000 S:1.000 P:1.000
TENSION-STIFE,: Yes FACTORED: No ACCURACY: well_done
Axial-Load: {00Kip Moment: 0.00kft Shear: 0.00kip
dN/dM: 0 dN/dV: 0 dM/dv: 0
Axial-Load Moment Curvature @-Axis Bottom Top lter.
Avfterent kips 0.0 ft*kip o055 rad/10M6in . [eme Mglic-)gtzrain—---c-)-]062 0,062 1
From vost aaay$ISy g 154.77 33.33 -0.001 0399 -0.401 )
-0.01 161.29 66.67 - 0.235 1.035 -0.565 3
0 169.53 100 0.496 1.696 -0.704 4
0 177.05 133.33 0.768 2.368 -0.832 5
-0.23 183.37 166.67 1.05 3.05 -0.95 6
-0.17 187.88 200 1.342 3.742 -1.058 7
-0.13 190.93 233.33 1.642 4,442 -1.158 8
Use Twe Upee of -0.1 192.89 266.67 1.949 5.149 -1.251 9
ConCtetre -0.07 194.12 300 2.262 5.862 -1.338 10
-0.05 194.91 333.33 2.579 8.579 -1.421 11
-0.04 195.43 366.67 2.899 7.299 -1.501 12
Type ! -0.03 195.81 400 3.221 8.021 -1.579 13
o 2T O 0,02 196.1 433.33 3.545 8.745 -1.655 14
-0.01 196.34 466.67 3.871 9.471 -1.729 15
1‘56\\; -0.01 196.54 500 4,198 10.198 -1.802 16
: 0 196.73 533.33 4.526 10.926 -1.874 17
- -0.19 197.07 566.67 4.853 11.653 -1.947 18
INpe 2, -0.07 197.14 600 5.184 12.384 -2.016 19
o KT — 0.03 197.23 633.33 5.514 13.114 -2.086 20
0.13 197.31 666.67 5.845 13.845 -2.155 21
0.24 197.38 700 6.176 14,576 -2.224 22
0 197.74 733.33 6.503 15.303 -2.297 23
0 197.89 766.67 6.832 16.032 -2.368 24
0 198.05 800 7.162 16.762 -2.438 25
-0.01 198.2 833.33 7.49 17.49 -2.51 26
-0.01 198.35 866.67 7.818 18.218 -2.582 27
-0.01 198.49 900 8.145 18.945 -2.655 28
-0.02 198.63 933.33 8.471 19.671 -2.729 29
-0.02 198.76 966.67 8.795 20.395 -2.805 30
-0.03 198.88 1000 9.118 21.118 -2.882 31
-0.03 199 1033.33 9.439 21.839 -2.961 32
-0.04 199.1 1066.67 9.758 22,558 -3.042 33
-0.04 199.19 1100 10.074 23.274 -3.126 34
-0.05 199.26 1133.33 10.387 23.987 -3.213 35
-0.06 199.31 1166.67 10.697 24.697 -3.303 36
-0.07 199.33 1200 11.001 25.401 -3.399 37
-0.08 199.32 1233.33 11.299 26.099 -3.501 38
-0.09 199.25 1266.67 11.588 26.788 -3.612 39
-0.11 199.11 1300 11.866 27466 -3.734 40
-0.12 198.84 1333.33 12.126 28.126 -3.874 41
-0.11 198.33 1366.67 12.353 28.753 -4.047 42
-0.2 196.96 1400 12.453 29.253 -4.347 43




0.02
-0.03
-0.03

-0.2
-0.26

-0.22
-0.17
-0.13

-0.1
-0.08
-0.06
-0.056
-0.04
-0.03
-0.02
-0.02
-0.01
-0.01

-0.22
-0.13
-0.07

0.08
0.14
0.19
0.24

-0.01
-0.01
-0.01
-0.01
-0.01
-0.02
-0.02
-0.02
-0.03
-0.03
-0.04
-0.04
-0.05
-0.06
-0.06
-0.06

0.27

0.01

0.23

52.55
-13.09
-13.32
-15.66

-17.9
-19.18
-20.26
-21.29
-21.94

-22.5
-22.99
-23.43
-23.83

-24.2
-24.54
-24.86
-25.17
-25.45
-25.73
-25.98
-26.23
-26.64

-26.8
-26.95

-27.1
-27.23
-27.36
-27.48
-27.59
-27.94
-28.07
-28.19

-28.3
-28.39
-28.47
-28.54
-28.58
-28.61
-28.62

-28.6
-28.56
-28.49
-28.39
-28.24
-28.04
-27.76
-27.36
-26.77
-25.65
-23.73
-21.75
-19.95

0

-33.33
-66.67
-100
-133.33
-166.67
-200
-233.33
-266.67
-300
-333.33
-366.67
-400
-433.33
-466.67
-500
-533.33
-566.67
-600
-633.33
-666.67
-700
-733.33
-766.67
-800
-833.33
-866.67
-900
-933.33
-966.67
-1000
-1033.33
-1066.67
-1100
-1133.33
-1166.67
-1200
-1233.33
-1266.67
-1300
-1333.33
-1366.67
-1400
-1433.33
-1466.67
-1500
-1533.33
-1566.67
-1600
-1633.33
-1666.67
-1700

-0.062
0.057
0.327
0.613
0.906
1.212
1.623
1.838
2.159
2.483
2.809
3.136
3.466
3.796
4127
4.459
4.792
5.124
5.458
5.791
6.124
6.456
6.79
7.123
7.457
7.79
8.123
8.455
8.787
9.114
9.443
9.771
10.099
10.425

10.75
11.073
11.395
11.715
12.032
12.347
12.658
12.966
13.269
13.566
13.856
14.134
14.398
14.638

14.85
14.893
14.952
15.052

-0.062
-0.343
-0.473
-0.587
-0.694
-0.788
-0.877
-0.962
-1.041
-1.117
-1.191
-1.264
-1.334
-1.404
-1.473
-1.541
-1.608
-1.676
-1.742
-1.809
-1.876
-1.944
-2.01
-2.077
-2.143
-2.21
-2.277
-2.345
-2.413
-2.486
-2.557
-2.629
-2.701
-2.775
-2.85
-2.927
-3.005
-3.085
-3.168
-3.253
-3.342
-3.434
-3.631
-3.634
-3.744
-3.866
-4.002
-4.162
-4.35
-4.707
-5.048
-5.348

-0.062
0.457
1.127
1.813
2.506
3.212
3.923
4.638
5.359
6.083
6.809
7.536
8.266
8.996
9.727
10.459
11.192
11.924
12.658
13.391
14.124
14.856

15.59
16.323
17.057

17.79
18.523
18.255
19.987
20.714
21.443
22.171
22.899
23.625

24.35
25.073
25.795
26.515
27.232
27.947
28.658
29.366
30.069
30.766
31.456
32.134
32.798
33.438

34.05
34.493
34.952
35.452

—
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0 -18.44
-0.08 -17.07
-0.02 -15.78
-0.01 -14.65

0 -13.6

0 -12.64

0 -11.77
-0.01 -10.97
-0.01 -10.23
-0.01 -9.55

0 -8.91

0 -8.33

0 -7.79

0 -7.29

0 -6.82

0 -6.39

0 -5.99
-0.02 -5.62

0 -5.26

0.01 -4.93
-0.01 -4.64

0 -4.35

0 -4.08

0 -3.83

0 -3.6
-0.01 -3.38

0.02 -3.16
-0.01 -2.99

0 -2.8

0 -2.63

0 -2.47

0 -2.33

0 -2.19

0 -2.05

0 -1.93

0 -1.81
-0.03 -1.72
-0.03 -1.62
-0.03 -1.52

0.02 -1.41
0.02 -1.32
0.02 -1.24
0.02 -1.16
0.02 -1.09
-0.01 -1.04
-0.04 -0.99
-0.03 -0.93
-0.02 -0.87

END OF

-1733.33
-1766.67
-1800
-1833.33
-1866.67
-1900
-1933.33
-1966.67
-2000
-2033.33
-2066.67
-2100
-2133.33
-2166.67
-2200
-2233.33
-2266.67
-2300
-2333.33
-2366.67
-2400
-2433.33
-2466.67
-2500
-2533.33
-2566.67
-2600
-2633.33
-2666.67
-2700
-2733.33
-2766.67
-2800
-2833.33
-2866.67
-2900
-2933.33
-2966.67
-3000
-3033.33
-3066.67
-3100
-3133.33
-3166.67
-3200
-3233.33
-3266.67
-3300

RESPONSE OUTPUT

15.126
15.226
15.348
15.477
15.61
15.75
15.896
16.047
16.203
16.363
16.527
16.694
16.865
17.039
17.216
17.396
17.578
17.761
17.95
18.14
18.331
18.5624
18.72
18.917
19.116
19.317
19.522
19.724
19.83
20.137
20.345
20.555
20.766
20.979
21.193
21.407
21.621
21.838
22.056
22.279
22.499
22.721
22.943
23.166
23.39
23.612
23.839
24.066
FILE

-5.674
-5.974
-6.252
-6.523
-6.79
-7.05
-7.304
-7.553
-7.797
-8.037
-8.273
-8.506
-8.735
-8.961
-9.184
-9.404
-9.622
-9.839
-10.05
-10.26
-10.469
-10.676
-10.88
-11.083
-11.284
-11.483
-11.678
-11.876
-12.07
-12.263
-12.455
-12.645
-12.834
-13.021
-13.207
-13.393
-13.5679
-13.762
-13.944
-14.121
-14.301
-14.479
-14.657
-14.834
-15.01
-15.188
-15.361
-15.534

35.926
36.426
36.948
37.477

38.01

38.55
39.096
39.647
40.203
40.763
41.327
41.894
42.465
43.039
43.616
44.196
44,778
45.361

45.95

46.54
4713
47.724

48.32
48.917
49.516
50.117
50.722
51.324

51.93
52.5637
53.145
53.755
54.366
54.979
55.593
56.207
56.821
57.438
58.056
58.679
59.299
59.921
60.543
61.166

61.79
62.412
63.039
63.666

53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
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RESPONSE OUTPUT FILE )
7 ANALYSIS: Axial-Load adds polnts petween
SECTION NAME : New-Section inear - eloshe
CONCRETE MODEL: Parabolic Material Factors: C:1.000 S:1.000 P:1.000 ¢ aﬂffj e
TENSION-STIFF.: No FACTORED: No ACCURACY: well_done ‘
Axial-Load: 0.00kip Moment: 0.00kft Shear: 0.00kip
dN/dM: 0 dN/dV: 0 dM/dv: 0
Axial-Load Moment Curvature @-Axis Bottom Top lter.
kips ft*kip rad/10M6in - [-=-m-m- Milli-Strain------ ]
0.02 52.55 0 -0.062 -0.062 -0.062 1
0.01 62.64 2 -0.063 -0.039 -0.087 2
0.01 72.72 4 -0.063 -0.015 -0.111 3
0.01 82.81 6 -0.063 0.009 -0.135 4
-0.05 92.87 8 -0.064 0.032 -0.16 5
-0.15 102.89 10 -0.064 0.056 -0.184 6
-0.25 112.87 12 -0.065 0.079 -0.209 7
0.23 122.82 14 -0.065 0.103 -0.233 8
0 128.84 16 -0.063 0.129 -0.255 9
0.03 126.02 18 -0.052 0.164 -0.268 10
0.03 124.31 20 -0.04 02 -0.28 11
0.02 123.3 22 -0.028 0.236 -0.292 12
0.02 122.76 24 -0.015 0.273 -0.303 13
0.02 122.55 26 -0.003 0.309 -0.315 14
0.02 122.55 28 0.01 0.346 -0.326 15
0.02 122.73 30 0.024 0.384 -0.336 16
0.02 123.02 32 0.037 0.421 -0.347 17
0.01 123.4 34 0.051 0.459 -0.357 18
0.01 123.84 36 0.064 0.496 -0.368 19
0.01 124.34 38 0.078 0.534 -0.378 20
0.01 124.88 40 0.093 0.573 -0.387 21
0.01 125.45 42 0.107 0.611 -0.397 22
0.01 126.04 44 0.121 0.649 -0.407 23
0.01 126.65 46 0.136 0.688 -0.416 24
0.01 127.27 48 0.15 0.726 -0.426 25
0.01 127.9 50 0.165 0.765 -0.435 26
0.01 128.54 52 0.18 0.804 -0.444 27
0.01 129.19 54 0.195 0.843 -0.453 28
0.01 129.84 56 0.21 0.882 -0.462 29
0.01 130.5 58 0.225 0.921 -0.471 30
0.01 131.15 60 0.24 096 -0.48 31
0.01 131.81 62 0.256 1 -0.488 32
0.01 132.46 64 0.271 1.039 -0.497 33
0.01 133.12 66 0.287 1.079 -0.505 34
0.01 133.77 68 0.302 1.118 -0.514 35
0 134.43 70 0.318 1.168 -0.522 36
0 135.08 72 0.333 1.197 -0.531 37
0 135.72 74 0.349 1.237 -0.539 38
0 136.37 76 0.365 1.277 -0.547 39
0 137.01 78 0.38 1.316 -0.556 40
0 137.65 80 0.396 1.356 -0.564 41
0 138.28 82 0.412 1.396 -0.572 42
0 138.92 84 0.428 1436  -0.58 43
0 139.54 86 0.444 1.476 -0.588 44
0 140.17 88 0.46 1.516 -0.596 45
0 140.79 90 0.476 1.556 -0.604 46



0.27
0.25
0.25
0.24
0.24
0.23
0.23
0.22
0.22
0.22
0.21
0.21

0.2

0.2

0.2
0.19
0.19
0.18
0.18
0.18
0.18
0.17
0.17
0.17
0.17
0.16
0.16
0.16
0.16
0.16
0.15
0.15
0.15
0.14
0.14
0.14
0.14
0.14
0.13
0.13
0.13
0.13
0.13
0.13
0.12
0.12
0.12
0.12
0.12
0.02

141.4
142.01
142.62
143.22
143.81
144.22
144.82

145.4
145.98
146.55
147.12
147.68
148.23
148.78
149.33
149.86
150.39
150.92
151.44
151.95
152.45
152.95
153.44
153.93

154.41

154.88
155.35

155.8
156.26

156.7
157.14
157.57
157.99
158.41
158.82
159.22
159.62
160.01

160.4
160.77
161.14
161.51
161.86
162.21
162.55
162.89
163.22
163.54
163.86
164.17
164.47
164.77
165.06
165.35

52.55

92
94
96
98
100
102
104
106
108
110
112
114
116
118
120
122
124
126
128
130
132
134
136
138
140
142
144
146
148
150
152
154
156
158
160
162
164
166
168
170
172
174
176
178
180
182
184
186
188
190
192
194
196
198
0

0.492 1.596 -0.612 47
0.509 1.637 -0.619 48
0.525 1.677 -0.627 49
0.541 1.717 -0.635 50
0.557 1.767 -0.643 51
0.575 1.799 -0.649 52
0.591 1.839 -0.657 53
0.607 1.879 -0.665 54
0.624 1.92 -0.672 55
0.64 1.96 -0.68 56
0.657 2.001 -0.687 57
0.673 2.041 -0.695 58
0.69 2.082 -0.702 59
0.706 2122  -0.71 60
0.723 2.163 -0.717 61
0.74 2.204 -0.724 62
0.756 2.244 -0.732 63
0.773 2.285 -0.739 64
0.79 2.326 -0.746 65
0.807 2.367 -0.753 66
0.824 2408 -0.76 67
0.841 2.449 -0.767 68
0.858 249 -0.774 69
0.875 2.531 -0.781 70
0.892 2572 -0.788 71
0.909 2.613 -0.795 72
0.926 2.654 -0.802 73
0.943 2.695 -0.809 74
0.96 2.736 -0.816 75
0.977 2777 -0.823 76
0.994 2.818 -0.83 77
1.011 2.859 -0.837 78
1.029 2.901 -0.843 79
1.046 2942 -0.85 80
1.063 2.983 -0.857 81
1.081 3.025 -0.863 82
1.098 3.066 -0.87 83
1.116 3.108 -0.876 84
1.133 3.149 -0.883 85
1.15 3.19 -0.89 86
1.168 3.232 -0.896 87
1.186 3.274 -0.902 88
1.203 3.315 -0.909 89
1.221 3.357 -0.915 90
1.238 3.398 -0.922 91
1.256 3.44 -0.928 92
1.274 3.482 -0.934 93
1.292 3.524 -0.94 94
1.309 3.565 -0.947 95
1.327 3.607 -0.953 96
1.345 3.649 -0.959 97
1.363 3.691 -0.965 98
1.381 3.733 -0.971 99
1.399 3.775 -0.977 100
-0.062 -0.062 -0.062 1



-0.02
-0.07

-0.1
-0.13
-0.15
-0.16
-0.17
-0.17
-0.17
-0.15
-0.13
-0.11
-0.07
-0.04

0.05
0.1
0.16
0.22
-0.07
-0.01
0.06
0.14
0.22
-0.16
-0.07
0.02
0.11
0.21

o
N
»

= elolololeNoNeoNoNoNoNoNoNoNoNoNeNeoNeNoNoNoNoNe Ne)

50.02
47.5
44.98
42.45
39.93
37.41
34.88
32.36
29.83
27.31
24.79
22.26
19.74
17.22
14.7
12.19
9.67
7.16
4.65
2.15
-0.36
-2.86
-5.36
-7.86
-10.35
-12.84
-15.33
-17.82
-20.31
-22.78
-23.21
-22.15
-21.2
-20.34
-19.57
-18.87
-18.24
-17.67
-17.15
-16.68
-16.25
-15.86
-15.5
-15.18
-14.88
-14.61
-14.36
-14.13
-13.92
-13.73
-13.56
-13.4
-13.25
-13.12
-13

-14.5

-15.5
-16
-16.5
-17
-17.5
-18
-18.5
-19
-19.5
-20
-20.5
-21
-21.5
-22
-22.5
-23
-23.5
-24
-24.5
-25
-25.5
-26
-26.5
-27
-27.5

-0.062
-0.062
-0.062
-0.062
-0.062
-0.062
-0.062
-0.062
-0.062
-0.062
-0.062
-0.062
-0.062
-0.062
-0.062
-0.062
-0.062
-0.062
-0.062
-0.063
-0.063
-0.063
-0.063
-0.063
-0.063
-0.063
-0.063
-0.063
-0.063
-0.064
-0.062
-0.059
-0.056
-0.053
-0.05
-0.047
-0.044
-0.04
-0.037
-0.034
-0.031
-0.028
-0.024
-0.021
-0.018
-0.014
-0.011
-0.008
-0.004
-0.001
0.003
0.006
0.01
0.013
0.017

-0.068 -0.056
-0.074  -0.05

-0.08 -0.044
-0.086 -0.038
-0.092 -0.032
-0.098 -0.026
-0.104  -0.02

-0.11  -0.014
-0.116 -0.008
-0.122  -0.002
-0.128  0.004
-0.134 0.01

-0.14  0.016
-0.146  0.022
-0.152  0.028
-0.158  0.034
-0.164 0.04

-0.17  0.046
-0.176  0.052
-0.183  0.057
-0.189  0.063
-0.195  0.069
-0.201  0.075
-0.207  0.081
-0.213  0.087
-0.219  0.093
-0.225  0.099
-0.231  0.105
-0.237 0.111
-0.244 0.116
-0.248 0.124
-0.251  0.133
-0.254  0.142
-0.2567  0.151

-0.26 0.16
-0.263 0.169
-0.266  0.178
-0.268 0.188
-0.271 0197
-0.274  0.208
-0.277 0.215

-0.28 0.224
-0.282 0.234
-0.285  0.243
-0.288 0.252

-0.29 0.262
-0.293  0.271
-0.296 0.28
-0.298 0.29
-0.301  0.299
-0.303 0.309
-0.306 0.318
-0.308 0.328
-0.311  0.337
-0.313 0.347
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10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

39

40
41
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43
44
45
46
47
48
49
50
51
52
53
54
55
56
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0.24
0.23
0.23
0.23
0.23
0.22
0.22
0.22
0.22
0.21
0.21
0.21
0.21

0.2

0.2

0.2

0.2

0.2
0.19
0.19
0.19
0.19
0.19
0.18
0.18
0.18
0.18
0.18
0.18
0.17

-12.88
-12.78
-12.69
-12.61
-12.53
-12.46

-12.4
-12.34
-12.29
-12.24

-12.2
-12.16
-11.96
-11.96
-11.93
-11.91
-11.89
-11.88
-11.87
-11.86
-11.85
-11.85
-11.85
-11.85
-11.85
-11.85
-11.86
-11.86
-11.87
-11.88
-11.89

-11.9
-11.91
-11.93
-11.94
-11.96
-11.97
-11.99
-12.01
-12.02
-12.04
-12.06
-12.08
-12.12

-28
-28.5
-29
-29.5
-30
-30.5
-31
-31.5
-32
-325
-33
-33.5
-34
-34.5
-35
-35.5
-36
-36.5
-37
-37.5
-38
-38.5
-39
-39.5
-40
-40.5
-41
-41.5
-42
-42.5
-43
-43.5
-44
-44.5
-45
-45.5
-46
-46.5
-47
-47.5
-48
-48.5
-49
-50

RESPONSE OUTPUT

FILE

0.02
0.024
0.027
0.031
0.035
0.038
0.042
0.045
0.049
0.053
0.057

0.06
0.065
0.068
0.072
0.076

0.08
0.083
0.087
0.091
0.095
0.099
0.102
0.106

0.11
0.114
0.118
0.122
0.126

0.13
0.134
0.138
0.142
0.146
0.149
0.153
0.157
0.161
0.165

0.17
0.174
0.178
0.182

0.19

-0.316
-0.318
-0.321
-0.323
-0.325
-0.328
-0.33
-0.333
-0.335
-0.337
-0.339
-0.342
-0.343
-0.346
-0.348
-0.35
-0.352
-0.355
-0.357
-0.359
-0.361
-0.363
-0.366
-0.368
-0.37
-0.372
-0.374
-0.376
-0.378
-0.38
-0.382
-0.384
-0.386
-0.388
-0.391
-0.393
-0.395
-0.397
-0.399
-0.4
-0.402
-0.404
-0.406
-0.41

0.356
0.366
0.375
0.385
0.395
0.404
0.414
0.423
0.433
0.443
0.453
0.462
0.473
0.482
0.492
0.502
0.512
0.521
0.531
0.541
0.551
0.561
0.57
0.58
0.59
0.6
0.61
0.62
0.63
0.64
0.65
0.66
0.67
0.68
0.689
0.699
0.709
0.719
0.729
0.74
0.75
0.76
0.77
0.79

57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
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18.5.1 — Tensile stress in prestressing steel shall not
exceed the following:
(a) Due to prestressing steel jacking force ... 0.947,,

but not greater than the lesser of 0. 80f,, and the
maximum value recommended by the manufacturer of
prestressing steel or anchorage devices.

(b) Immediately after prestress transfer-.......

but not greater than 0.74f,,.

(c) Post-tensioning tendons, at anchorage devices and

couplers, immediately after force transfer........ 0.70f,,
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R18.4.1 — The concrete stresses at this stage are caused by
the force in the prestressing steel at transfer reduced by the
losses due to elastic shortening of the concrete, relaxation of
the prestressing steel, seating at transfer, and the stresses
due to the weight of the member. Generally, shrinkage and
creep effects are not included at this stage. These stresses
apply to both pretensioned and post-tensioned concrete with

18.4.1 — Stresses in concrete immediately after pr
stress transfer (before time-dependent prestress
losses) shall not exceed the following:

(a) Extreme fiber stress in compression ........ 0.601;

(b) Extreme fiber stress in tension except as permit-

ted IN (C) trmrsarmsrsrmm et es s ssns 3,/ proper modifications of the losses at transfer.
(c) Extreme fiber stress in tension at ends of simply -
supported Members ... vcirmmcsereensserinnsisnsenns 6, /T;; S
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TABLE R18.3.3 — SERVlCEABILlT)( DESIGN REQU}REMENTS /0 Q—\
Prestressed
Class U Class T Class C Nonprestressed
Assumed behavior </\Ur@ ungizﬁ;ggﬂ%x::& q | <Cracked > Cracked
Section properties for stress Gross section Gross section Cracked section :
caloulation at service loads 18.3.4 18.3.4 18.3.4 No requirement
Allowable stress at transfer 18.4.1 18.4.1 18.4.1 No requirement AW o
4 €S dviwen
Allowable compressive stress based on . . aneg
USW\S %) flc‘ uncracked section properties 18.4.2 18.4.2 No requirement | No requirement precodrers LG wain Y
~ . ~ e COONE U
Fo0 ¢ e\CRSL | Tengile stress zf;:rv_;; 10;3518 3.3 Jf;’ 7.5 Jf <f;£12 Jf:? No requirement | No requirement | ¥o cOGkR C0OT < J
SIS 5 5
Deflection caleulation baci 9.5.4.1 9.5.4.2 Cracked Crachot soion. |E 933
cliection calculanon basis Gross section section, bilinear & Cbﬁinse:_ on, eg ;Y;gé’:‘en
10.6.4
Crack control No requirement No requirement Modified by 10.6.4
18.4.4.1
Computation of Af,_.,: or f; for crack . ‘Cracked section | M/(4; x lever
control - analysis army), or 0.6,
Side skin reinforcement No requirement No requirement 10.6.7 10.6.7
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CHAPTER 18 267
TABLE R18.3.3 — SERVICEABILITY DESIGN REQUIREMENTS
Prestressed
Class U Class T Class C Nonprestressed
N . Transition between
Assumed behavior Uncracked uncracked and cracked Cracked Cracked
Section properties for stress Gross section Gross section Cracked section :
calculation at service loads 18.3.4 18.3.4 18.3.4 No requirement
Allowable stress at transfer 18.4.1 18.4.1 18.4.1 No requirement
Allowable compressive stress based on - .
uncracked section properties 18.4.2 18.4.2 No requirement | No requirement
Tensile stress at service loads 18.3.3 TS U 7.5 Jf:’ <fi<12 A/_;T No requirement | No requirement
9.5.4.2 9.52,9.53
Deflection calculation basis Grogs.ss.si‘cltion sgezt?mzl Cbrl?lcnlzzci Cracked section, |Effective moment
’ bilinear of inertia
10.6.4
Crack control No requirement No requirement Modified by 10.6.4
18.4.4.1
Computation of Aj;)x or f, for crack Cracked section MI(A; x lever
control - - analysis arm), or 0.6f,
Side skin reinforcement No requirement No requirement 10.6.7 10.6.7

Where computed tensile stresses, f;, exceed the limits
in (b) or (c), additional bonded reinforcement (nonpre-
stressed or prestressed) shall be provided in the tensile
zone to resist the total tensile force in concrete com-
puted with the assumption of an uncracked section.

18.4.2 — For Class U and Class T prestressed flexural
members, stresses in concrete at service loads (based
on uncracked section properties, and after allowance
for all prestress losses) shall not exceed the following:

(a) Extreme fiber stress in compression due
to prestress plus sustained load........ R ..0.451,

(b) Extreme fiber stress in compression due
to prestress plus total load....ceeeevieereevennne v 0.60F

the permissible values, the total force in the tensile stress
zone may be calculated and reinforcement proportioned on
the basis of this force at a stress of 0.6 fy, but not more than
30,000 psi. The effects of creep and shrinkage begin to
reduce the tensile stress almost immediately; however, some
tension remains in these areas after allowance is made for
all prestress losses.

R18.4.2(a) and (b) — The compression stress limit of
0.45f was conservatively established to decrease the prob-
ability of failure of prestressed concrete members due to
repeated loads. This limit seemed reasonable to preclude
excessive creep deformation. At higher values of stress,
creep strains tend to increase more rapidly as applied stress
increases.

The change in allowable stress in the 1995 code recognized
that fatigue tests of prestressed concrete beams have shown
that concrete failures are not the controlling criterion.
Designs with transient live loads that are large compared to
sustained live and dead loads have been penalized by the
previous single compression stress limit. Therefore, the
stress limit of 0.60f, permits a one-third increase in allowable

compression stress for members subject to transient loads.

Sustained live load is any portion of the service live load
that will be sustained for a sufficient period to cause signifi-
cant time-dependent deflections. Thus, when the sustained
live and dead loads are a large percentage of total service
load, the 0.45f. limit of 18.4.2(a) may control. On the other

hand, when a large portion of the total service load consists
of a transient or temporary service live load, the increased
stress limit of 18.4.2(b) may apply.

The compression limit of 0.45f, for prestress plus sustained
loads will continue to control the long-term behavior of pre-
stressed members.

ACI 318 Building Code and Commentary
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18.4.3 — Permissible stresses in 18.4.1 and 18.4.2
shall be permitted to be exceeded if shown by test or
analysis that performance will not be impaired.

18.4.4 — For Class C prestressed flexural members
not subject to fatigue or to aggressive exposure, the
spacing of bonded reinforcement nearest the extreme
tension face shall not exceed that given by 10.6.4.

For structures subject to fatigue or exposed to corro-
sive environments, special investigations and precau-
tions are required.

18.4.4.1 — The spacing requirements shall be met
by nonprestressed reinforcement and bonded ten-
dons. The spacing of bonded tendons shall not exceed
2/3 of the maximum spacing permitted for nonpre-
stressed reinforcement.

Where both reinforcement and bonded tendons are
used to meet the spacing requirement, the spacing
between a bar and a tendon shall not exceed 5/6 of
that permitted by 10.6.4. See also 18.4.4.3.

18.4.4.2 — In applying Eq. (10-4) to prestressing
tendons, Afy,s shall be substituted for fg, where Afps
shall be taken as the calculated stress in the pre-
stressing steel at service loads based on a cracked
section analysis minus the decompression stress fyc-
It shall be permitted to take fy, equal to the effective
stress in the prestressing steel fs.. See also 18.4.4.3.

18.4.4.3 — In applying Eq. (10-4) to prestressing
tendons, the magnitude of Afps shall not exceed
36,000 psi. When 4f,s is less than or equal to 20,000
psi, the spacing requirements of 18.4.4.1 and 18.4.4.2
shall not apply.

18.4.4.4 — Where h of a beam exceeds 36 in., the
area of longitudinal skin reinforcement consisting of
reinforcement or bonded tendons shall be provided as
required by 10.6.7.

COMMENTARY

R18.4.3 — This section provides a mechanism whereby
development of new products, materials, and techniques in
prestressed concrete construction need not be inhibited by
code limits on stress. Approvals for the design should be in
accordance with 1.4 of the code.

R18.4.4 — Spacing requirements for prestressed members
with calculated tensile stress exceeding 12 A/f_c' were intro-
duced in the 2002 edition of the code.

For conditions of corrosive environments, defined as an
environment in which chemical attack (such as seawater,
corrosive industrial atmosphere, or sewer gas) is encoun-
tered, cover greater than that required by 7.7.2 should be
used, and tension stresses in the concrete reduced to elimi-
nate possible cracking at service loads. The engineer should
use judgment to determine the amount of increased cover
and whether reduced tension stresses are required.

R18.4.4.1 — Only tension steel nearest the tension face
need be considered in selecting the value of ¢, used in com-
puting spacing requirements. To account for prestressing
steel, such as strand, having bond characteristics less effec-
tive than deformed reinforcement, a 2/3 effectiveness factor
is used.

For post-tensioned members designed as cracked members,
it will usually be advantageous to provide crack control by
the use of deformed reinforcement, for which the provisions
of 10.6 may be used directly. Bonded reinforcement
required by other provisions of this code may also be used
as crack control reinforcement.

R18.4.4.2 — It is conservative to take the decompression
stress fy, equal to f,, the effective stress in the prestressing

steel.

R18.4.4.3 — The maximum limitation of 36,000 psi for
4fys and the exemption for members with Afyg less than
20,000 psi are intended to be similar to the code require-
ments before the 2002 edition.

ACI 318 Building Code and Commentary
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18.5 — Permissible stresses in prestressing
steel

18.5.1 — Tensile stress in prestressing steel shall not
exceed the following:

(a) Due to prestressing steel jacking force ... 0.941,,

but not greater than the lesser of 0.801,, and the
maximum value recommended by the manufacturer of
prestressing steel or anchorage devices.

(b) Immediately after prestress transfer........ 0.821,,
but not greater than 0.74f,,,.

(c) Post-tensioning tendons, at anchorage devices and
couplers, immediately after force transfer........ 0.70f,,

18.6 — Loss of prestress

18.6.1 — To determine effective stress in the pre-
stressing steel, f,,, allowance for the following sources
of loss of prestress shall be considered:

COMMENTARY

R18.4.4.4 — The steel area of reinforcement, bonded
tendons, or a combination of both may be used to satisfy
this requirement.

R18.5 — Permissible stresses in prestressing
steel

The code does not distinguish between temporary and effec-
tive prestressing steel stresses. Only one limit on prestress-
ing steel stress is provided because the initial prestressing
steel stress (immediately after transfer) can prevail for a
considerable time, even after the structure has been put into
service. This stress, therefore, should have an adequate
safety factor under service conditions and cannot be consid-
ered as a temporary stress. Any subsequent decrease in pre-
stressing steel stress due to losses can only improve
conditions and no limit on such stress decrease is provided
in the code.

R18.5.1 — With the 1983 code, permissible stresses in pre-
stressing steel were revised to recognize the higher yield
strength of low-relaxation wire and strand meeting the
requirements of ASTM A 421 and A 416. For such pre-
stressing steel, it is more appropriate to specify permissible
stresses in terms of specified minimum ASTM yield
strength rather than specified minimum ASTM tensile
strength. For the low-relaxation wire and strands, with j;,y
equal to 0.90f,,, the 0.94f,, and 0.82f,,, limits are equivalent
to 0.85f,, and 0.74f,,,, respectively. In the 1986 supplement
and in the 1989 code, the maximum jacking stress for low-
relaxation prestressing steel was reduced to 0.80f,, to
ensure closer compatibility with the maximum prestressing
steel stress value of 0.74f,, immediately after prestress
transfer. The higher yield strength of the low-relaxation pre-
stressing steel does not change the effectiveness of tendon
anchorage devices; thus, the permissible stress at post-ten-
sioning anchorage devices and couplers is not increased
above the previously permitted value of 0.70f,,,,. For ordi-
nary prestressing steel (wire, strands, and bars) with Soy
equal to 0.85f,,, the 0.94f,, and 0.82f,, limits are equivalent
to 0.80f, and 0.70f,,,,, respectively, the same as permitted in
the 1977 code. For bar prestressing steel with Jpy £qual to
0.80f,,, the same limits are equivalent to 0.75f,, and
0.66f,,, respectively.

Because of the higher allowable initial prestressing steel
stresses permitted since the 1983 code, final stresses can be
greater. Designers should be concerned with setting a limit
on final stress when the structure is subject to corrosive con-
ditions or repeated loadings.

R18.6 — Loss of prestress

R18.6.1 — For an explanation of how to compute prestress
losses, see References 18.3 through 18.6. Lump sum values
of prestress losses for both pretensioned and post-tensioned
members-that-were-indicated-before -the-1983-commentary
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18.3.2.1 — Strains vary linearly with depth through
the entire load range.

18.3.2.2 — At cracked sections, concrete resists no
tension.

18.3.3 — Prestressed flexural members shall be clas-
sified as Class U, Class T, or Class C based on f;, the
computed extreme fiber stress in tension in the pre-
compressed tensile zone calculated at service loads,
as follows:

(a) Class U: ;< 7.5 [f,';
(b) Class T: 7.5 [f < f;<12 [f;
(c) Class C: f;>12 [f.;

Prestressed two-way slab systems shall be designed
as Class U with f;<6 [f'.

18.3.4 — For Class U and Class T flexural members,
stresses at service loads shall be permitted to be cal-
culated using the uncracked section. For Class C flex-
ural members, stresses at service loads shall be
calculated using the cracked transformed section.

18.3.5 — Deflections of prestressed flexural members
shall be calculated in accordance with 9.5.4

18.4 — Serviceability requirements —
Flexural members

18.4.1 — Stresses in concrete immediately after pre-
stress transfer (before time-dependent prestress
losses) shall not exceed the following:

(a) Extreme fiber stress in compression........ 0.60f;

(b) Extreme fiber stress in tension except as permit-
L€=o T g T () 3,/F;

(c) Extreme fiber stress in tension at ends of simply
SUpPOrted MEMDEIS c.mrvvrereerrecrerersvsnsscnsnenes 6,/f;

COMMENTARY

R18.3.3 — This section defines three classes of behavior of
prestressed flexural members. Class U members are
assumed to behave as uncracked members. Class C mem-
bers are assumed to behave as cracked members. The
behavior of Class T members is assumed to be in transition
between uncracked and cracked. The serviceability require-
ments for each class are summarized in Table R18.3.3. For
comparison, Table R18.3.3 also shows corresponding
requirements for nonprestressed members.

These classes apply to both bonded and unbonded pre-
stressed flexural members, but prestressed two-way slab
systems must be designed as Class U,

The precompressed tensile zone is that portion of a pre-
stressed member where flexural tension, calculated using
gross section properties, would occur under unfactored dead
and live loads if the prestress force was not present. Pre-
stressed concrete is usually designed so that the prestress
force introduces compression into this zone, thus effectively
reducing the magnitude of the tensile stress.

R18.3.4 — A method for computing stresses in a cracked
section is given in Reference 18.1.

R18.3.5 — Reference 18.2 provides information on com-
puting deflections of cracked members.

R18.4 — Serviceability requirements —
Flexural members

Permissible stresses in concrete address serviceability. Permissi-
ble stresses do not ensure adequate structural strength, which
should be checked in conformance with other code requirements.

R18.4.1 — The concrete stresses at this stage are caused by
the force in the prestressing steel at transfer reduced by the
losses due to elastic shortening of the concrete, relaxation of
the prestressing steel, seating at transfer, and the stresses
due to the weight of the member. Generally, shrinkage and
creep effects are not included at this stage. These stresses
apply to both pretensioned and post-tensioned concrete with
proper modifications of the losses at transfer.

R18.4.1(b) and (c) — The tension stress limits of 3 Ifei
and 6 /f,; refer to tensile stress at locations other than the
precompressed tensile zone. Where tensile stresses exceed

ACI 318 Building Code and Commentary
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History of 0.60f, - 1958

Prestressed concrete is bom|

ACI-ASCE Joint Commitiee 323
(known as Commitiee 423 today)

(1) Temporary stresses before losses due to
creep and shrinkage:

Compression
Pretensioned members..
Post-tensloned members.... 0.55F;

“...production had preceded design
recommendations and the stress of
0.60f; had already been widely

ished in the pr ing industry.
No ill effect had been reported in regard
to strength and performance.”,

History of 0.60f; - 1961

AASHTO

AASHTO Standard Specs (1961)

(1) Temporary stresses before losses
due to creep and shrinkage:
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History of 0.60f; - 1997

PCl Standard Practice

18.4.1 ~ Stresses in concrete
immediately after prestress transfer
(before time-dependent prestress
losses) shall not exceed the following:

(a) Extreme fiber stress in
compression......... 0.60 f

18.4.1(a) ~ Initial compression is

frequently permitied to go higher in
order to avoid debonding or
depressing strands. No problems

have been reported by aflowing

compression as high as 0.75r;




History of 0.607; - 2007

Dolan and Krohn

030 of 44 plants
reported using

" compressive
stresses greater
than 0.60f,

0O Weighted towards
building members

Comprension Uanates stmss {x £)

O Recommendations:
> Toraise limit to 0.70F,, to comply with limit in PCI

History of 0.60f; - Summary

What have we leamed?

U 0.60f; was determined empirically
O Remained unchanged since 1958

QO Heavy interest in industry to increase limit in last
decade

0 Lack of comprehensive research

QWhy?

» What are the benefits to increasing the limit?
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U Test Specimens
QO Small-scale girders fabricated at UT (24)
R Full-scale girders fabricated at Texas precast facility (1 2)
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0O Estimated Cracking Loads
QResults
O Conclusions
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Estimated Cracking Loads

Prestress Loss Prediction Methods

Analytical

Procedures
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Estimated Cracking Loads

Using Three Loss Procedures
PCI Design
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Accuracy of Cracking Load Estimate
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Test Results
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Tensile Stress Limit for Prestressed 'ggﬂmms ATAUsY%

Concrete at Release FERGUSON STR UCTURAL
ENGINEERING LABORA TORY

S| by: Texas D of Tr {TxpOT)
Project Director: Jeff Cotham

INTRODUCTION

u The scope of this project Is to Identify the source of concrete cracking
in short, Type IV girders with highly eccentric strand pattern and
recommend solutions to reduce or eliminate cracking.

Without Blockout With Blockout
Research by: Robin Tuchscherer {M.S. “06)
Advisor: Dr. Oguzhan Bayrak
383P~ Prestrassed Concrete Glass Py
Novsmber &, 2007
INTRODUCTION INTRODUCTION
Example Prestressing Operation Example Prestressing Operation
[ [
Prestressing Bed Prestressing Bed
e
BACKGROUND: ACI 318 PROVISIONS BACKGROUND ACI 318 PROVISIONS
= From 1963 — 1977 = From 1977 — Present
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TESTING PROGRAM: SPECIMENS
= Designed and reinforced in accordance with TxDOT standard details,

JESTING PROGRAM: SPECIMENS

» Crack control and prestressing reinforcement varied.

Cmck Contiol Relnforcement Strand Confiquration

South £nd North End eams1,2,3.5.6.7

SPOGL #2 (112 In Strand)

ylﬂ 70613 —*
pral

P

Load {kip)

0,002 0,004 0.006 . 0.008 0.01
Strain {infin)

TESTING PROGRAM: INSTRUMENTATION
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OBSERVATIONS: STRAIN PROFILEALONG LENGTH

= Engineering predictions are reliable and accurate (Beam 4 shown).
Distance from End =
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EXPERIMENTAL OBSERVATIONS

AS=241n : A =08 in?

P

4"

Beam 2

Release Time = 10 hr
;= 4500 psi

fios = 6430, psi

Beam 3

Release Time = 8 hr
', =.5000 psi

fiup = 6.0V psi

Beam§

Release Time = 3 day
= 8500 psi

fiop = 4.5V, pst

EXPERIMENTAL OBSERVATIONS

= Top flange concrete was not acourately characterized with a 6x6x21
inch MOR beam specimen.

12 | Cracked | [ Cracked "]
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CONTRIBUTING FACTORS: DEPTH EFFECT
« Strain gradient of a Type IV girder is 4 times shallower than an MOR

beam.
= V?lr:ler bleeding to the top surface resuits in weaker top fiber.
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CONTRIBUTING FACTORS: VARIABILITY
= Data points representing a worst-case scenario lie below the 6vF, line.
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Prestressed Concrete
Beam Stress &
Camber Calculations

University of Texas at Austin

Oguzhan Bayrak, Ph.D. Nathan Dickerson
Associate Professor Graduate Research Assistant

Three Methods Available

m Traditional “Force-in-the-Tendon” Approach
m Strain Compatibility Approach (Linear)

w Layered Section Approach (Non-linear)

Example Problem
Cross-Section

Single Tee Section With 14 - %" Dia. Strands

[0
I ]

\ r,-——____—’_"___:ig:

36"
Yo

¥

Example Problem
Span & Loads

Centrold of Centroidal Axis . Midspan }
Prestressing Strands . of Gross Section i

___________________ R W,

b < ; rl
-— Centeiline Bearing at 1' from Beam End '
m L = 80 ft Simple Span with Single Harping Point
m Self-Weight: w,,, = 0.600 k/ft
» Superimposed Dead Load: w4 = 0.100 k/ft
m Live Load: w_ = 0.400 k/ft (50 psf)

k4 : ]

Example Problem
Prestressing Strand Profile

m Eccentricity of Prestressing Strands
End: e =9.01 in (y, = 17.00 in)
Transfer Length (50d,): e = 9.63 in (y, = 16.38 in)
0.4L:e=18.87in(y, = 7.141in)

Midspan: e = 21.26 in (y, = 4.75 in)

Example Problem
Gross Section Properties

A, =570in2
Y =26.011in
Ig = 68917 in*

A, = 14(0.153) = 2.142 in?




Example Problem
Material Properties

Concrete (at 28 days)  Concrete (at Release)
f'. = 5000 psi 'y = 3500 psi
E,=57Vf,=4030 ksi E_ =57 f,=3370 ksi

Prestressing Steel (Low Relaxation 7-Wire Strand)
fou = 270 ksi
E, = 29000 ksi
fobea = 0.74(f,,) = 200 ksi

Traditional Approach

m Prestress losses must be estimated at each
stage of the service life under consideration

= Gross section or transformed section
properties may be used

» Use superposition of forces and moments
fo calculate stresses and deflections

» Only valid in elastic range of material stress

Traditional Approach

m Easiest to use this approach with gross
section properties as will be demonstrated
with the example problem

m Losses only calculated at midspan and
prestress force is assumed constant along
the length of the beam, but this is just an
approximation

Traditional Approach

Loss Calculations

. mU se Gross Section Properties

aE lastic Shortening L.oss:
ES = (EpIEcI)'fclr
f4 = concrete stress due to self-equilibrating loads (prestress
and self-weight) at centroid of prestressing
f= stress in prestressing strand at release (after elastic shortening}
lterative Procedure: Assume f;; to calculate £,
f,1= 0.925(f 1) = 187.3 ksi
Py= f,A, = 4012k
for = PYA, + P2l - Mgyl
fo = 0.704 + 2,631 - 1,777 = 1.558 ksi
ES = (20000/3370)(1.558) = 13.40 ksi

£ = foes - ES = 200 - 13.40 = 186.6, which is close enough - OK

Traditional Approach

Loss Calculations

%C reep Loss: CR = 2(E/E )(Ty,- foys) = 18.16 ksi

f.4s = CONcrete stress due fo superimposed sustained
loads at centroid of prestressing

fote = Mggelly = 0.296 ksi

1S hrinkage Loss: SH = gy E|, = 6.59 ksi
€ = 8.2 105K )(K,o)(Ky) = 0.227-10°
Kg = 1.0, K, = 0.86, &K, =32

uS teel Relaxation Loss:
RE = [K - J(SH + CR + ES)]C = 3.47 ksi
C=1.0,J=0.04,8K,=5ksi

uT otal Losses: ES + CR + SH + RE = 41.62 ksi

Traditional Approach

Prestress Forces & Moments

Initial Prestress: f,; = 200 - 13.40 = 186.6 ksi
P, = A, = 399.7 kips
Final Prestress: ;=200 - 41.62 = 158.4 ksi
Py = fiAp = 339.2 Kips
Midspan 0.4L Transfer Length
Pe=8498 k-in Pe=7542k-in P = 3849 k-in
Pe=7211 k-in P =6400kin P =3266 k-in




Traditional Approach

Stresses at Release

Traditional Approach

Stresses Due to Sustained Loads

Top Fiber Stress: fi, = -PyAg + Pie(h-yg)lg - Mg (h-yg)/ly
Bottomn Fiber Stress: fyy = -P/A; - Pey /ly + Maydlg
Midspan

fip = -0.701 + 1.232 - 0.835 = -0.304 ksi

Tyor = -0.701 - 3.207 + 2.174 = -1.734 ksi
0.4L

fiop = -0.701 + 1.093 - 0.802 = -0.410 ksi

oot = -0.701 - 2.846 + 2.087 = -1.460 ksi
Transfer Length

fiop = -0.701 + 0.558 - 0.045 = -0.188 ksi

fhot =-0.701 - 1.453 + 0.116 = -2.038 ksi

Top Fiber Stress: f, = -PdA; + Pre(h-y)/l; - Moy (R-yp)lg - Meg(h-y, )l
Bottom Fiber Stress: fyy = -PdA, - Peyy/ly + Mayyy/lg + Magy,fly
Midspan
fip = -0.595 + 1.045 - 0.835 - 0.139 = -0.524 ksi
ot = -0.595 - 2,722 + 2,174 + 0.362 = -0.781 ksi
0.4L
pr =-0.595 + 0.928 - 0.802 - 0.134 = -0.603 ksi
oot = -0.595 - 2.415 + 2.087 + 0.348 = -0.575 ksi
Transfer Length
fmp =-0.595 + 0.473 - 0.045 - 0.007 = -0.174 ksl
oot = -0.595 - 1.233 + 0.116 + 0.019 = -1.693 ksi

Traditional Approach

Stresses Due to Service Loads

Traditional Approach

Top Fiber Stress: fuy = -PdA, + Pa(h-y )l - Myh-yolg - Myg(hey Mg - My (hey )y
Bottom Fiber Stress: fu = -PdA - Peyyll; + Moyl + Magyolio+ Myl
Midspan
fiop = -0.595 + 1.045 - 0.835 - 0.138 - 0.557 = -1.081 ksi
foor = -0.585 - 2.722 + 2.174 + 0.362 + 1.449 = 0.668 ksi
0.4L
fiop = -0.595 + 0.928 - 0.802 - 0.134 - 0.534 = -1.137 ksi
foot = -0.595 - 2.415 + 2.087 + 0.348 + 1.391 = 0.816 ksi
Transfer Length
fiop = -0.595 + 0.473 - 0.045 - 0.007 - 0.030 = -0.204 ksl
oot = -0.595 - 1.233 + 0.116 + 0.019 + 0.077 = -1.616 ksi

m Using the gross section properties resulted
in large bottom fiber tensile stress due to
service loads

= Can take advantage of steel by using
transformed section properties with the
traditional method as will be demonstrated
with the example problem — however, this
increases the labor of calculations
tremendously

Traditional Approach
Long Term Material Properties

Traditional Approach
Long Term Material Properties

=A ssumptions to Estimate Long-Term Effects
Volume/Surface Ratio: V/S = 570/254.6=2.38 In
Relative Humidity: H =68%
Loading Age: t;= 1 dayand t - {; = 10,000 days

aC reep Coefficient

d(t) = 3.5(k.)(kn)lky)(ki)(t - £)02/{10 + (t - 106} = 2.50

Volume/Surface Ratio Factor: k. = 0.90
Concrete Strength Fador: k, = 1/(0.67 +{/3000) =0.82
Relative Humidity Factor: k, = 1.58 -H/120=1.01
Loading Age Factor: k, = {0118 = 1,00

nE ffective Modulus of Elasticity of Concrete
E.er= EJ(1 + ¢) = 4030/(1 + 2.50) = 1150 ksi
wP restressing Steel Relaxation
Tolfpped = 1 = {{log t)/45K(fpe/fpu— 0.55) = 0.98
Eperr = Ep{fiffpned) = 20000(0.98) = 28420 ksi




Traditional Approach
Net Section Properties

Traditional Approach

Short Term Transformed Section Properties

Midspan 0.4L Transfer Lenath
A =567.9IN2 A =567.9in% Ay, =567.9in2
Vot = 26.09in v, = 26.08 in Ynet = 26.05 in
It =67946in* |, =68152iIn* |, =68718in

NOTE: In this case, the net section is the gross concrete section with
prestressing strand arearemoved. However, when non-prestressed
steel Is present, then the net section would be the transformed
section without the prestressing strands and would need to be
calculated for both short term and long term. Used for calculating
stresses and deflections due to prestress and self-weight.

n=EJ/E =720
Midspan 0.4L Transfer Length

A,=583.3in2 A;=583.3in? A = 583.3in?
Yy = 25.5631in Yy = 25.58 in Yy =25.7910n

1, =74784in* |, =73539in* |, =70122in*

NOTE: Short term transformed section propertes are used for
calculating stresses and deflections due to ive loads.

Traditional Approach

Long Term Transformed Section Properties

Traditional Approach

Stresses at Release

N = Epe/Ecer= 24.70

Midspan 0.4L Transfer Length
A,=620.8in? -A,=620.8in? A, =620.8in?
Y = 24.27 in Yy =24.47 in Yy =26.221in
l, = 89987 in* - |, = 85516 in* I, = 73242 in*

NOTE: Long term transformed section propertis are used for
calculating stresses and deflections due to sustained loads.

Top Fiber Stress: fiu, = -PiéAne + PE(h-Yoalnat * Maul YotV lnet
Bottom Fiber Stress: fou = -PifAna - PieYnedlnat + Maw¥netInat
Midspan

fiop = -0.704 + 1.239 - 0.840 = -0.305 ksi

foo = -0.704 - 3.263 + 2.212 = -1.755 ksi
04L

fiop = -0.704 + 1.098 - 0.805 = -0.411 ksi

foor = -0.704 - 2.886 + 2,116 = -1.474 ksi
Transfer Lenath

fiop = -0.704 + 0.557 - 0.044 = -0.191 ksi

foot = -0.704 - 1.459 + 0.116 = -2.047 ksi

Traditional Approach

Stresses Due to Sustained Loads

Top Fiber Stress: fiy, = -PéAnat + PNVt oot = Mawl Yoot lnet = Maal-yu ¥l
Botiom Fiber Stress: fug = -PrAne = PYnetllnet + MawYnerlnet + MaaYulle
Midspan
fmp =-0.597 + 1.052 - 0.840 - 0.125 = -0.510 ksi
fiot = -0.597 - 2.769 + 2.212 + 0.259 = -0.895 ksi
0.4L
fmp =.0.597 +0.932 - 0.805 - 0.124 = -0.594 ksi
oo = -0.597 - 2.449 + 2,116 + 0.264 = -0.666 ksi
Transfer Length
f(up =-0.597 + 0.473 - 0.044 - 0.008 = -0.176 ksi
fpor = -0.597 - 1.238 + 0.116 + 0.018 = -1.701 ksi

Traditional Approach

Stresses Due to Service Loads

Top Fiber 81ress: f, = -PdAns + Pe{-Ynedllna - ModYna e - Mol - Mb-y, ),
Bottom Fiber Stress: fu = -PdAws = PeYasdluet + MonYoodtnsl + MaaVully + Moyl

Midspan
fiop = -0.597 + 1.052 - 0.840 - 0.125 - 0.538 = -1.048 ksi
fpor = -0.597 - 2.769 + 2.212 + 0.258 + 1.311 = 0.416 ksi
0.4L
figp = -0.597 + 0.832 - 0.805 - 0.124 - 0.522 = -1.116 ksi
fpo = -0.597 - 2,449 + 2.116 + 0.264 + 1.282 = 0.616 ksi
Transfer Length
fiop = -0.597 + 0.473 - 0.044 - 0.008 - 0.030 = -0.206 ksi
foot = -0.597 - 1.238 + 0.116 + 0.018 + 0.075 = -1.626 ksi




Traditional Approach
Initial Camber Calculation

Deflection Due to Prestress:
8, = (2e, + e, PYLA24(E.)(;)
8, = (2:21.26 + 9.01)(-399.7)(80-12)%/24(3370)(68917)
8, =-3.41in(up)
Deflection Due to Self-Weight:
B = (B/384Y (W, LMELNIG)
8, = (5/384)(0.6/12)(80-12)*/(3370)(68917)
B, = 2.38 in (down)
Total Initial Camber:
8= 8, + 8,y =-3.41 + 2.38 =-1.03 In (up)

Traditional Approach
Final Camber Calculation

Deflection Due to Prestress:
8, = (28, + e, )(PHLA)/24(Ean)(l)
8, = (2:21.26 + 9.01)(-330.2)(80-12)2/24(1150)(68917)
8, =-8.47 In (up)
Defiection Due o Sustained Loads:
B,u; = (5/384) Wy, + Wegl(LW(Ecar)lly)
8, = (5/384)(0.6/12+0.1/12)(80-12)4/(1150)(68917)
By = 8.14 in (down)
Total Final Camber:
8;= B, + By, = -B.47 + 8,14 =-0.33 In (up)

Traditional Approach

Service Load Deflection Calculation

Immediate Deflection Due to Live Load:
8 = (5/384)wy J(LAE)(1g)
8, = (5/384)(0.4/12)(80-12)*(4030)(68917)
5, = 1.33 in (down)
Total Service Load Deflection:
Ap= 8¢+ 8 =-0.33 + 1.33 = 1.00 in (down)

Strain Compatibility Approach

= At selected points along the beam for each
stage of service life under consideration
Calculate the “Decompression” Force and Moment
Determine the Strah at the Centrod
Determine the Curvature of the Section

Calculate the Stresses from the Strain Profile given by the
Curvature andthe Strai at the Centrot

6. Calculate Deflections using the Moment-Area Theorerms along
with the Curvature Diagram

= Transformed Section Properties are Required
m  Oniy Valid in Elastic Range of Material Stress

El A A

Strain Compatibility Approach
Long Term Material Properties

mA ssumptions to Estimate Long-Term Effects
Volume/Surface Ratio: V/S = 570/254.6 = 2.38 in
Relative Humidity: H = 68%
Loading Age: t,= 1 day and t - ; = 10,000 days

uC reep Coefficient

d(tt) = 3.5(ke) k)l )(ki)(t - £)08410 + (t - £)°6) = 2.50

Volume/Surface Ratio Factor: k. = 0.90
Concrete Strength Fador: k; = 1/(0.67 +f',/9000) =0.82
Relative Humidity Factor: k, = 1.58 - H/120 = 1.01
Loading Age Factor: k= ;2118 = 1,00

Strain Compatibility Approach
Long Term Material Properties

mE ffective Modulus of Elasticity of Concrete
Ecerr = E(1 + ¢) = 4030/(1 + 2.50) = 1150 ksi
uS hrinkage
gp = ~0.51-103(k )k, {t/(35 + 1)} =-0.48 103
Volume/Surface Ratio Factor: k, = 0.90
Relative Humidity Factor: k,= 1.05
Time: t = 10,000 das
uP restressing Steel Relaxation
flfpped = 1 — {(log t)/45}(fpeqffpy — 0.55) = 0.98
Epett = Ep{foffonea) = 29000(0.98) = 28420 ksi




Strain Compatibility Approach

Transformed Section Properties at Release

n=E/E=8.60
Midspan 0.4L Transfer Length

A,=586.3in2 A, =586.3in2 A, =586.3in?
Yy =25.42in vy, =25.49in  y,=25.74in
l,=76071in* |, =74553in* I, =70385in*

NOTE: These section propertes are used for calculating strain
and curvature atrelease.

Strain Compatibility Approach

Short Term Transformed Section Properties

n=Ey/E,=7.20
Midspan 0.4L Transfer Length

A,=583.3in2 A;=583.3in? A, =583.3in?
Yy = 26.531n Yy = 25.58 in Yy =25.791n
l, = 74784 in* |, =73539in* l, = 70122 in*

NOTE: Short term transformed section properties are used for
calculating strain and curvature at service due to live loads only.

Strain Compatibility Approach

Long Term Transformed Section Properties

0 = Epep/Epar = 24.70

Midspan 0.4L Transfer Length
A,=620.8in2 A, =620.8in? A, =620.8in?
Yy =24.27 in Yy = 24.47 in Yy =256.221n
l,= 89987 in* |, =85516in* I, = 73240 in*

NOTE: Long term transformed section properties are used for
calculating strain and curvature due to sustained loads.

Strain Compatibility Approach

“Decompression” Force & Moment

= This is the force and moment required to
give the section zero strain and zero
curvature

N, = [ EphedA, - TapEcbectlAc - o EstacdAs - IApEpspodAp
Mg = o, EoAe,ydA, + o EceoydA, + o EubooydA, + [o EepcydA,

NOTE: These equations simplify a great deal as will be seen in
the example problem.

Strain Compatibility Approach

Concrete Stresses & Strains

Strain at Centroid: g, = (N - NY(EA,)
Curvature: ¢ = (M - MW(E_L,)

Concrete Strain: g, = egq - ¢y

Strain due to Stress: g =g, - g,

Concrete Stress: f, = E g4

Strain Compatibility Approach
Prestressing Steel Siresses & Strains

Prestress Strain: g, = ggq, - 9V + Agg
Strain due to Stress: g, = g, - g,
Stress in Prestressing Steel: f, = Ee

Strain Differential:
Agy, = fhpeq/E, = 200/29000 = 6.90-10°2




Strain Compatibility Approach

Decompression Force & Moment at Release

Strain Compatibility Approach

Stresses at Release

N, = EjAg A,

Mo = EpAEpAp(ytr - Yp)

(simplification due 10 g, = g5, = &5, = 0)
Midspan 0.4L Transfer Length

N,=4284k N =4284k  N,=4284k
M, = 8859 k-n M, =7865k-n M, = 4012 k-in

Midspan
Mg, = W, (L2)/8 = 480 k-t
Ecan = (0 - 428.4)/(3370-586.3) = -0.217-103
¢ = (480-12 - 8859)/(3370-76071) = -12.089-10° radfin
Eepp = <0.217-102 + 12.089-10%(36 - 25.42) = -0.089-10
Eopor = -0.217-10°3 + 12.089-108(-25.42) = -0.524-10
fotop = Eciop = -0.300 Ksi
fo0t = Ecopo = =1.766 ksi
£, =-0.217-10° + 12.089-10%(-25.42 + 4.75) + 6.9-10° = 6.433-109

fo = Eyg, = 186.6 ksi (NOTE: This is the prestress after elastic shortening)

Strain Compatibility Approach

Stresses at Release

0.4L
Ma,, = 3wy, (L2)/25 = 460.8 k-ft
Eeon = (0 - 428.4)/(3370-586.3) = -0.217+10°
= (460.812 - 7865)/(3370-74553) = -8.295-10° rad/in
Cotgp = -0.21710°% + 8.205-10°%(36 - 25.49) = -0.119-102
Eaper = -0.217-10 + 9.295-10%(-25.49) = -0.45410%
foop = Ecfap = -0.401 ksi
£ o = Eubopoy = -1.530 Ksi
£, = 0.217-10% + 9.205-109(-25.49 + 7.14) + 6.8-109 = 6.512:10%

f,=E,c,=188.9 ksl

Strain Compatibility Approach

Stresses at Release

Transfer Length
My, = We L2150 = 26,6 k-t
Ecan = (0 - 428.4)/(3370-586.3) = -0.217-103
& = (25.6-12 - 4012)/(3370-70385) = ~15.619-10 rad/in
Eugp = -0.217-102 + 15.619-10%(36 - 25.74) = -0.057+10-2
Eepor = -0.217+103 +15.619-108(-25.74) = -0.619-10
foaop = Eofowp = -0.192 ksi
fpot = EqEapnt = ~2.086 ksi

g, =-0.217-10° + 15.619-10%(-25.74 + 16.38) + 6.9-103 = 6.537-103

f, = E,c, = 189.6 ksi

Strain Compatibility Approach

Long Term Decompression Force & Moment

N(J = EpeﬁAspAp - EceffsccAg
(g0 = €sp = -0.48-103)
M, = EperfepAp(Yer - Yp) + Ecet€eoPg(Vg - Vir)
Midspan 0.4L Transfer Lenath

No=7347k  N,=7347k N, =7347k
M, = 7652 k-in M, =6795k-in M, = 3465 k-in

Strain Compatibility Approach

Stresses Due to Sustained Loads

Midspan
Maus = (W, + Weg)(L2)8 = 560 k-t
£un = (0 - 734.7)/(1150-620.8) = -1.029-10-3
¢ = (560-12 - 7652)/(1150-89987) = -8.006- 10 rad/in
Eigp = ~1.029-10° + 8.006-105(36 — 24.27) = -0.923-10
£y = ~1.029-10° + 9.006-109(-24.27) = -1.248-109
fctnpsus = Eceﬁ(c:mp - Bco) =-0.509 ksi
fz:butsus = Ecaﬂ(acbul - t:z:n) =-0.882 ksi
£, =-1.028-10° + 8.006-10%(-24.27 + 4.75) + 6.9-10° = 5,695-10

fosus = Epentp = 161.9 ksi (NOTE: Th is the prestress after al losses.)




Strain Compatibility Approach
Additional Stresses Due to Live Load

Midspan
M, = wy(L2)/8 = 320 k-t
¢ = (320-12)/(4030-74784) = 12.741-10°6 rad/in
EqopL = ~12.741-10-6(36 - 25.53) = -0.133-10-3
Eepott = ~12.741-10-8(-25.53) = 0.325-10-3
Tetopt. = EclEcigpL) = -0.536 ksi
Tavotl. = Eclcpor) = 1.310 ksi
gy = -12.741-10-5(-25.53 + 4.75) = 0.265-103
for = EpgpL = 7.7 ks

Strain Compatibility Approach

Stresses Due to Service Loads

Midspan
fotop = Totopsus * fotopt = -0.508 - 0.536 = -1.045 ki
Topot = Tebotsus + fopot, = -0.882 + 1.310 = 0.428 ksi
fy = foous + foL = 161.9 + 7.7 = 169.6 ksi

Strain Compatibility Approach

Stresses Due to Sustained Loads

0.4L
Moy = 3(Wqy + We)(L2)/25 = 537.6 k-ft
Eeen = (0 — 734.7)/(1150-620.8) = ~1.029-10°3
¢ = (537.6-12 - 6795)/(1150-85516) = -3.496-10 rad/in
Eggp = =1.028-107% + 3.496-10%(36 — 24.47) = -0.989-1072
£y = ~1.029-10° + 3.496-104(-24.47) = -1.115-102
fnkupsus = Ecaﬁ(zcmp - Ez:n) =-0.585 ksi
Tevotsus = Ecefi(Eabot - £co) = -0.730 ksi
6, =-1.028-10° + 3.496-109(-24.47 + 7.14) + 6.9-10° = 5.810-10°
fonus = Epanfp = 165.1 ks

Strain Compatibility Approach
Additional Stresses Due to Live Load

0.4L
M, = 3(w, )(L2)/25 = 307.2 k-ft
¢ = (307.2:12)/(4030-73539) = 12.439-10- rad/in
Ectopl, = ~12.439-10-5(36 - 25.58) = -0.130-103
Eopot = -12.439-10-(-25.58) = 0.318-10-3
Taopt = EolEctop) = -0.524 ks
Fopott. = EclEcpor) = 1.282 ksi
gy = -12.439-10-6(-25.58 + 7.14) = 0.229-10-3
fo = Egep = 6.6 ksi

Strain Compatibility Approach

Stresses Due to Service Loads

0.4L
foop = Fetopsus * Totopl, = -0.585 - 0.524 = -1.100 Ksi
foao = Tobotus * Tabotl, = -0.730 + 1.282 = 0.552 ksi
£y = foous * T = 165.1 + 6.6 = 171.7 ksi

Strain Compatibility Approach

Stresses Due to Sustained Loads

Transfer Length
My, = (Wg, +Weq)(L2)/150 = 20.9 k-ft
Eoan = {0 — 734.7)/(1150+620.8) = -1.029-10°3
¢ = (29.9-12 - 3465)/(1150-73240) = -36.879-10% rad/in
Equop = ~1.029:10° + 36.879-10%(36 ~ 25.22) = -0.631-102
Eepy = ~1.029-102 + 36.879-109(-25.22) = -1.959-10-2
fclnpsus = Eca"(tcmp - x’:t:o) =-0.174 ksi
fcbalsus = Ecsﬁ(ccbn( - E:::c\) =-1.701 ks
g, =-1.029-10- + 36.879-10%(-25.22 + 16.38) + 6.9-10°% = 5.545-10°

foous = EqerEp = 1576 ksi




Strain Compatibility Approach
Additional Stresses Due to Live Load

Transfer Length
M, = wy (L2150 = 17.1 k-ft
¢ = (17.1-12)/(4030-70121) = 0.726-106 rad/in
Eetop. = -0.726+10°5(36 - 25.79) = -0.007-10-3
Eqnor. = -0.726:10-6(-25.79) = 0.019:10-3
Tatopt. = ElEatopt) = -0.028 ksi
Tepot = EelEabotr) = 0.077 ksi
gy = -0.726-10-8(-25.79 + 16.38) = 0.007-10
fo = EpepL = 0.2 ksi

Strain Compatibility Approach

Stresses Due to Service Loads

Transfer Length
Totop = Fetopsus + TetopL = -0.174 - 0.028 = -0.202 ksi
Tabot = fopoteus *+ fopor = -1.701 + 0.077 = -1.624 kst
£y = fpsus + fo = 157.6 + 0.2 = 157.8 ksi

Strain Compatibility Approach

Calculation of Deflection Using Curvature

= Requires calculation of curvatures at
several more points along the span

Strain Compatibility Approach
Initial Camber at Midspan

Momant st Releavs
™

™
H
fm |t

[N

» n
Curvature at Ralavs.

o ¥

SOy

&

&

" n »
Do blong Spanx )

& =-1.36 in (up)

Strain Compatibility Approach
Final Camber at Midspan

Long Term Sustained Mament

{ —

5 n n M “
Curvaturs Dun 15 Sustzined Loads.

et

" P 3
oot cn Akong dpun £ 1%)

& =-0.91 in (up)

Strain Compatibility Approach
Service Load Deflection at Midspan

Live Load Moment

—

B ™ » n a “
Addilonal Curvatuire Du to Liva Load

= u o

" 0 »
s Almg Sy, 1 8]

&, = 1.32 in (down)
A= 3+ & = 0.41 in (down)




Layered Section Approach

Layered Section Approach
Y PP Moment-Curvature Relationship at Midspan

» Only suited for computer analysis of section Layarsd Sectlon Approach: Moment-Gurvaturs Resporss st Midspan

m Exact stress-strain relationships are used for all - B ———
materials, therefore, the method is valid both in o 2 N B XS
and out of the elfastic range £ - e L

m Equivalent to the strain compatibility approach in [ :_;;__:/,’ -
the iinear material range o

= Same technigue for calculating stresses and w0
deflections as strain compatibility approach Bl

[mukupmmmlme ——Short TarmFsspome  ~ ~Lang Term Respanse

Layered Section Approach Layered Section Approach
Moment-Curvature Relationship at 0.4L Moment-Curvature Relationship at Transfer Length
Layerad Ssctian Ap Moment-Curvat ato.aL Layerod Section Approach: Moment-Curvature Response ut Tranafar Langth
o ZGNIE et N
H P ki £ i N e L il
g 0 e = : - 3 i 20 i = PY i
. i i
s e = = woe e = w6 = s e = = w oW a e
Release  —— Short = = LONg J | -Raspamse et Relensa - Stoit Tarm Resparse -~ « Lang Term Respanse

Layered Section Approach

Stresses at Release

Layered Section Approach

Stresses at Release

Midspan ) 0.4L
My, = We(L2)/8 = 480 k-t My, = 3w, (L2)/25 = 460.8 k-t

Coen = -0.226:1073
¢ = -13.55-106 rad/in
Eotop = -0.089-10°3
Eopey = -0.577-10°3
fuop = EciEotop = -0.300 ksi
fobor = Ecifopor = -1.944 ksi
g, = 6.395-10¢
f, = Eqc, = 185.5 ks
(NOTE: This Is the prestress after elastic shortening)

Copn = -0.225-103

¢ = ~10.28-106 rad/in
Eatop = -0.122:103

Eopey = -0.482-10°3

foop = EcEotop = -0.411 ksi
Fooon = Ecopor = -1.658 ksl
£, = 6.486-10°3

f,= Eye, = 188.1 ksi

10



Layered Section Approach

Stresses at Release

Layered Section Approach

Stresses Due to Sustained Loads

Transfer Length
Mgy = Weio(L2)1150 = 25.6 k-ft
Ecen = -0.233-103
¢ = -18.30-10" rad/fin
Eetop = -0.050-10°3
Egbot = -0.709-10-8
Totop = EcEetop = ~0.169 ksi
Topot = Ecopot = -2.389 ksi
£, = 6.496-10°2
f,= Eqe, = 188.4 ks

Midspan
Maus = (W + Weg)(L2)/8 = 560 k-ft
Coan = ~1.028-102
¢ =-9.14-106 rad/in
Eqop = -0.937:10-2
Eapor = ~1.266-10°3
fclnpsus = Eceﬁ(aclgp - 550) =.0.526 ksi
Tebotsus = Ecef{Eohat - Eco) = -0.804 ksi
£, = 5.694:10

fpsus = Epetp = 161.8 ksi _
{NOTE: This is the prestress after all losses.)

Layered Section Approach
Additional Stresses Due to Live Load

Midspan
M, = w(L2)/8 = 320 k-ft
&, = 12.70-10°8 radfin
Eqgp = -0.131+10°3
Eopon. = 0.326-1073
Toopt = E{Ectap) = -0.528 ki
oot = Eo{Eepor) = 1.314 ksi
€p. = 0.264-103
£ = Egep = 7.7 ksl

Layered Section Approach

Stresses Due to Service Loads

Midspan
Ttop = Totopsus * Toopr = -0.526 - 0.528 = -1.053 ksl
Tobor = Tebotsus + Tepotl = ~0.904 + 1.314 = 0.410 ksi

f, = foous + T = 161.8 + 7.7 = 169.5 ks

Layered Section Approach

Stresses Due to Sustamed Loads

0.4L
Mgyue = 3(Wgy, + Weg)(L2)/25 = 537.6 k-t
Ecen = -1.039-10-3
¢ =-3.30-10 rad/in
Ecop = -1.006-103
Ecpot = -1.124-10°3
Tetopsus = Ecef{Ectop ~ £co) = -0.605 ksi
Tobotsus = Ecef{Cobot = £00) = -0.741 ksi
£, = 5.804:10
Tosus = Epentp = 164.9 ksl

Layered Section Approach
Additional Stresses Due to Live Load

0.4L
M, = 3(w_)L2)/25 = 307.2 k-ft
¢, = 12.27-10-8 rad/in
Eiop. = 0128103
Eopor = 0.313-10°3
foioplL = ElEetopt) = -0.516 Ksi
fonot. = EclEapon) = 1.281 ksl
gp = 0.226-102
f = Epey = 6.6 ksi

1"



Layered Section Approach

Stresses Due to Service Loads

0.4L
fuop = Tetopsus * fotopt = -0.605 - 0.516 = -1.121 ksl
foot = Toboteus * fopor, = -0.741 + 1.261 = 0,521 ksi
£y = fpuus * T = 164.9 + 6.6 = 1715 ksi

Layered Section Approach

Stresses Due to Sustained Loads

Transfer Length
Myys = (Wap + Weg)(L2)/150 = 29.9 k-ft
Egen = -1.022:10-3
¢ = -39.89-106 rad/in
Eqiop = -0.623-10°3
Egbor = -2.060-10-3
Toaopsus = EcerlCetop ™ Eea) = 0,164 ks
Tebotsus = Ecel Ecbot = Eco) = =1.817 ksi
£, = 5.525:102
Tosus = Epenttp = 157.0 ksi

Layered Section Approach
Additional Stresses Due to Live Load

Transfer Length
M, = w (L2)/150 = 17.1 k-ft
¢, = 0.76-10°8 rad/in
Egtop, = -0.007-103
Epo, = 0-020-1073
Taopt = Eof€aop) = -0.028 ksi
fonon = Ee{Echon) = 0.081 ksi
£ = 0.007-102
£, = Eyep = 0.2 ks

Layered Section Approach

Stresses Due to Service Loads

Transfer Length
fetop = Totopsus * Totop = ~0.164 - 0.028 = -0.193 ksi
Foot = Fovosus + fepor, = -1.817 + 0.081 = -1.736 ksi
Ty = fogus + oL = 157.0 + 0.2 = 157.2 ksl

Layered Section Approach
Imitial Camber at Midspan

Moment st Relsxse

|

" ™ »
Curvaturs st Raleane

0 ey

" o »
)

8, =-1.36 in (up)

Layered Section Approach
Final Camber at Midspan

Lang Tenn Sustained Moment
1]

guo
S |
EE"

a M B

\
\

]

]

. "

w ™ »
Dlatamm Ak B3 8

& =-0.91in (up)
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Layered Section Approach
Service Load Deflection at Midspan

Comparison of Calculated Stresses at

Live Load Moment

——

o b BE

® n n ;n
Addhicnat Curvaturs Dua to Live Losd

o B

#1et ey

]

a0
o o 1 » B3 = » -
Dretmce Aiong g, x 1]

8, = 1.32 in (down)
Ag= 6+ 3 = 0.41 in (down)

Midspan at Release
Tradionsf Approach Tradtional Approsach P Layared Section
Gross Seedon Transtermed Ssction Approath Appeoach
"0‘ s A0 an

! 785, A, Rt

Comparison of Calculated Stresses at
Midspan Due to Sustained Loads

[PI—— Tragifional Appoach iy Layered Saction
Brasy Sactior Transtormed Seclion Mpvmh N:pma:h
B 410 0
T
H
H
!
[
{
!
H
|
ET EI5)

Comparison of Calculated Stresses at
Midspan Due to Service Loads

d Sectio

Tmﬁ(vrmld smhn A»wwth Aaplaluh
o

Comparison of Prestress at Midspan

Release (After Elastic Shortening):
Traditional Approach: f; = 186.6 ksi
Strain Compatibility Approach: f,; = 186.6 ksi
Layered Section Approach: f; = 185.5 ksi
Sustained Loads (After All Losses):
Traditional Approach: f; = 158.4 ksi
Strain Compatibility Approach: f,; = 161.9 kst
Layered Section Approach: f;; = 161.8 ksi

Comparison of Calculated Stresses at
0.4L at Release

Tradigonal A h ity Layered Section

Transtermed Section Appltﬂth Approach
4

2 N
i A
s ! EL]

m"xmnx AEB\"-;*"(
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Comparison of Calculated Stresses at
0.4L Due to Sustained Loads

Comparison of Calculated Stresses at
0.4L Due to Service Loads

Tratlitonat Approach i il Layared Section
Transformed Section Appioath Approach
- R L1} 405
}f"
3 t e am 48

i i Luyzred Saction
'lr:ni(urmld Seclion Approach Approach
A Bl Eit)

|
N ;
\
\
\
\
\
Ce)

Comparison of Prestress at 0.4L.

Comparison of Calculated Stresses at
Transfer Length at Release

Release (After Elastic Shortening):
Traditional Approach: f;; = 186.6 ksi
Strain Compatibility Approach: f; = 188.9 ksi
Layered Section Approach: f; = 188.1 ksi
Sustained Loads (After All Losses):
Traditional Approach: f;; = 158.4 ksi
Strain Compatibility Approach: f; = 165.1 ksi
Layered Section Approach: f; = 164.9 ksi

/
auid 1 EIY) 28H,

Traditional A h bl Layered Section
Transfarmed Section Apptoacn Appraach
an an n

Comparison of Calculated Stresses at
Transfer Length Due to Sustained Loads

Comparison of Calculated Stresses at
Transfer Length Due to Service Loads

iy Layered Section
Transtormed Section qu:h Applwcb
AN il

1117

i Traditional Apptaach bl Layered Section
S Transformed Section Approach Approach
an kL
s AL, £ )
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Comparison of Prestress at Transfer Length

Release (After Elastic Shortening):
Traditional Approach: f; = 186.6 ksi
Strain Compatibility Approach: f;; = 189.6 ksi
Layered Section Approach: f,; = 188.4 ksi
Sustained Loads (After All Losses):
Traditional Approach: f;; = 158.4 ksi
Strain Comnpatibility Approach: f;; = 157.6 ksi
Layered Section Approach: f; = 157.0 ksi

Comparison of Midspan Deflections

Initial Camber:
Traditional Approach: §; = -1.03 in (up)
Strain Compatibility Approach: §; = -1.36 in (up)
Layered Section Approach: §, = -1.36 in (up)
Final Camber:
Traditional Approach: &; = -0.33 in (up)
Strain Compatibility Approach: ;= -0.91 in (up)
Layered Section Approach: §; = -0.91 in (up)

Comparison of Midspan Deflections

Defiection Due to Live Load:
Traditional Approach: 3, = 1.33 in (down)
Strain Compatibility Approach: §_ = 1.32 in (down)
Layered Section Approach: § = 1.32 in (down)
Service Load Deflection:
Traditional Approach: A¢= 1.00 in (down)
Strain Compatibility Approach: A; = 0.41 in (down)
Layered Section Approach: A¢= 0.41 in (down)

The End?
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Type of Member

Deflection to Be Considered

Deflection Limitation

Roof member

Immediate deflection due to

specified live load

2/180

Floor member

Immediate deflection due to

specified live load

£/360

Roof or floor supporting
or attached to nonstructural
element likely to be damaged by

large deflection

Roof or floor supporting
or attached to nonstructural
element not likely to be damaged

by large deflection

Sum of long-term deflection

due to all sustained loads
that occurs after attachment

£/480

of nonstructural element
and immediate deflection

due to additional live load

£/240
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€min = Mmax _ Kk
J P
. R ) ) i gl K¢
/ \ Mmin ' ;/W%W//

€max = Kp + —1

(a) No tension permitted

€min =

L

Mmin + Stfy
P

€max =Kp +

(b) Tensile stresses permitted

Figure 6-23 Range of Tendon Eccentricities Corresponding to Stress Limits.



Strand Pattern Designation

DOUBLE TEE

Section Properties

No. of strand (10) : Vo "
——S = straight D = depressed 8'-0" x 24 Untopped Topped
Y .
ALY Normal Weight Concrete A = a0t im o
80" [ = 20985 in* 27,720 in¢
Np. of depression points — — — v = 1715 in.  19.27 in.
D|amgter of strand in 16ths o 207, 4-0 207, o y, = 685 in. 673 in
| " . s .
Safe loads shown include dead load of 10 rl _ ia/“ ;:‘1"— e ¥ Sy = 1224 !na 1,438 !na
psf for untopped members and 15 psf for I i S = 3063 in® 47118 ins
topped members. Remainder is live load. _ ? . wt 418  plf 618  plif
Long-time cambers include superimposed 24 52 psf 77 psf
dead load but do not include live load. i VIS = 141 in.
Key —>l l<— 33,
173 — Safe superimposed service load, psf _ -
0.5 —Estimated camber at erection, in. fc = 5,000 psi
0.7 —Estimated long-time camber, in. fou = 270,000 psi
Table of safe superimposed service load (psf) and cambers (in.) No Topping
Strand €., in. Span, ft
Pattern | e.in. | 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 66 68 70 72 74
11.15 173 147 126 108 92 79 68 58 50 43 36 30
68-S 4145 | 08 08 08 07 07 07 07 07 07 08 06 05
) 07 0B-08 08 08 08 08 08 07 06 04 02
g.15 180 155 134 116 100 87 76 66 57 49 43 36 31
88-S 9.15 07 07 08 08B 08 08 09 08 08 08 07 06 05
’ 09 09 10 10 10 10 10 09 0B 07 05 03 01
6.15 T80 166 146 120 114 100 89] 79 70 62 54 48 42 37 32
88-D1 14.40 11 12 13 14 15 15 16| 16 16 16 16 15 14 13 12
) 15 15 16 17 ‘18 1.8 18| 18 17 16 15 14 12 08 05
s . : . T 66 59 53 47 42 37 a2
108-D1 | 44’45 A7 24217 20 20 18 17 15
) 242018 16 1.3:1.0 05
548 - 83, 75, 68. 61 55 49 44 40 35
128-D1 | 43/gg . 25 .25 25 25 25 24 23 21 18
) 27 27 25 28 2118 15 11 06
- : .61 55 50 45
14801 | (523 28 28 28 ‘28,
13.65 ! :
26 23 19 15
8DT24+2
Table of safe superimposed service load (psf) and cambers (in.) 2" Normal Weight Topping
Strand €, in. Span, ft
Pattern €c,in. 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64
: 14.15 183 149 122 100 82 66 53 42 33
48-S {445 | 04 04 04 05 05 05 05 05 05
’ 0.4 04 04 04 04 03 03 02 00
11.15 175 147 123 103 86 72 60 49 39
68-S 11.15 05 06 06 07 07 07 07 07 07
) 05 06 06 06 05 04 03 02 00
1115 184 156 133 113 96 8T 69 58 48 39
68-D1 14.65 07 08 08 08¢ 10 10 10 10 10 10
) 08 08 08 08 07 07 06 05 03 01
9.15 190 165 143 124 107 93.-80] 69 59 651 43
88-D1 14.40 11 12 13 14 15 15 16| 16 16 16 16
) 1 14 12 12 11 11 09] 08 06 04 0.1
7.15 142 124 109 96 84 74 64 56 48
108-D1 | 4445 17 18 18 20 20 21 21 21 24
) 15 15 14 13 12 10 07 05 0.
74 B85 57 48
128-D1 | {3700 25 25 25 25
) 1.0 07 0.8 0.1

PCI Design Handbook/Fifth Editlon

Strength based on strain compatibility; bottom tension limited to 12 Ji. - see pages 2-2—2-6 for explanation.
Shaded values require release strengths higher than 3500 psi.
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CE 383P — Prestressed Concrete Last One/Practice

Problem 1:

For the prestressed double tee shown, determine shear requirements using V. Equation
11.9 of ACI 318-05 and provide a sketch summarizing your shear design.

Precast concrete : £ = 5,000 psi

Topping concrete : £ = 3,000 psi

Prestressing steel : Six %2 in. diameter 270 ksi strands.
Span : 30 ft (out-to-out) ‘
Dead Load : 288 1b/ft (beam + topping)

Live Load : 280 Ib/ft ‘

Fs. (after all losses) : 157 ksi
Precast section only
- d =8.51in. at the end
-d=11.5 in. at the center
- Single point depression at midspan

Note that the beam is simply supported and supports (bearing pads) are 8” wide.

f'SOOO psi ngrmol wt, concreta /‘5000 psi normol wi. concrete

}

AR N . ‘e

2" {

' 4% d
2" r-0" ) 2-0" £-0" |
(1 \—‘I-j ] : F i
23
Properties Area, in’ Weight, psf L in* Y, 1n.
Precast 180 47 2,864 10.0

Composite 4,203 11.45"

= Corrected for difference in concrete strengths.

Problem 2:

Using the detailed method of the ACI 318-05, calculate the uniformly distributed load
that would cause web-shear cracking 4 ft. away from the support. Also calculate the
uniformly distributed load that would cause flexure-shear cracking. Comment on your
results.
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Prestressed Slab Systems

UPDATE FOR THE '02 CODE

Section 18.3.3 defines two-way prestressed slab systems as Class U. This permits the calculation of concrete
service load flexural stresses using an uncracked section (18.3.4), and results in an increase in allowable
concrete flexural tensile stress from 6\/E to 7.5\/_fz .

The wording of 18.9.3 was revised to indicate that the minimum bonded reinforcing steel requirements in this
Section apply to all two-way flat slab systems, not just flat plates.

Section 18.,10.4.1 permits redistribution of negative moments in continuous prestressed flexural members in
accordance with new 8.4, provided bonded reinforcement in accordance with 18.9 is provided at supports. This
is a significant departure from previous codes.

Load factors and strength reduction factors, ¢, have been extensively revised in Chapter 9 and are discussed in
other parts of this document. The new factors have been incorporated in Design Example 26.1.

INTRODUCTION

Four code sections are particularly significant with respect to analysis and design of prestressed slab systems:

Section 11.12.2—Shear strength of prestressed slabs.

Section 11.12.6—Shear Strength of prestressed slabs with moment transfer.

Section 18.4.2—Permissible compressive stresses.

Section 18.7.2—Determination of fj,s for calculation of flexural strength.

Section 18.12—Prestressed slab systems.

Discussion of each of these code sections is presented below, followed by Example 26.1 of a post-tensioned flat

plate. The design example illustrates application of the above code sections as well as general applicability of
the code to analysis and design of post-tensioned flat plates.

11.12.2 Shear Strength

Section 11.12.2 contains specific provisions for calculation of shear strength in two-way prestressed concrete
systems. At columns of two-way prestressed slabs (and footings) utilizing unbonded tendons and meeting the
bonded reinforcement requirements of 18.9.3, the shear strength V, must not be taken greater than the shear
strength V. computed in accordance with 11.12.2.1 or 11.12.2.2, unless shear reinforcement is provided in
accordance with 11.12.3 or 11.12.4, Section 11.12.2.2 gives the following value of the shear strength V. at
columns of two-way prestressed slabs:




%ﬁk

v

= (BpfL + 0385 ) bod + Vp Eq. (11-36)

Equation (11-36) includes the term fip which is the smaller of 3.5 or (0,,d/b, + 1.5). The term o d/b, is to

account for a decrease in shear strength affected by the perimeter area aspect ratio of the column, where o is to
be taken as 40 for interior columns, 30 for edge columns, and 20 for corner columns. fj, is the average value of
fpc for the two directions, and Vp, is the vertical component of all effective prestress forces crossing the critical

secﬁon If the shear strength is computcd by Eq. (11-36), the following must be satisfied; otherwise, 11.12.2.1
for nonprestressed slabs applies:

a. no portion of the column cross-section shall be closer to a discontinuous edge than 4 times the slab
thickness,

b. £ inEq. (11-36) shall not be taken greater than 5000 psi, and
c. fpc in each direction shall not be less than 125 psi, nor be taken greater than 500 psi.

In accordance with the above limitations, shear strength Egs. (11-33), (11-34), and (11-35) for nonprestressed
slabs are applicable to columns closer to the discontinuous edge than 4 times the slab thickness. The shear
strength V. is the lesser of the values given by these three equations. For usual design conditions (slab thick-
nesses and column sizes), the controlling shear strength at edge columns will be 4\//Eb od-

11.12.6 Shear Strength with Moment Transfer

For moment transfer calculations, the controlling shear stress at columns of two-way prestressed slabs with
bonded reinforcement in accordance with 18.9.3 is governed by Eq (11-36), which could be expressed as a
shear stress for use in Eq. (11-40) as follows:

Vp

= BP\/’“ + 0.3f, bod Eq. (11-36)

If the permissible shear stress is computed by Eq. (11-36), the following must be satisfied:

a. Do portion of the column cross-section shall be closer to a discontinuous edge than 4 times the slab
thickness,

b. £ in Eq. (11-36) shall not be taken greater than 5000 psi, and

c. f, in each direction shall not be less than 125 psi, nor be taken greater than 500 psi.

For edge columns under moment transfer conditions, the controlling shear stress will be the same as that permit-
ted for nonprestressed slabs. For usual design conditions, the governing shear stress at edge columns will be

4.8

18.4.2 Permissibie Compressive Stresses

In 1995, Section 18.4.2 increased the permissible concrete service load flexural compressive stress under total

load from 0.45f; to 0.60f;, but imposed a new limit of 0.45f; for sustained load. This involves some judgment
on the part of designers in determining the appropriate sustained load

26-2




18.7.2 fps for Unbonded Tendons

In prestressed elements with unbonded tendons having a span/depth ratio greater than 35, the stress in the

prestressed reinforcement at nominal strength is given by:
fe

300p,

fps = fse + 10,000 + Eq. (18-5)

but not greater than fpy, nor (fg + 30,000).

Nearly all prestressed one-way slabs and flat plates will have span/depth ratios greater than 35. Equation (18-3)
provides values of f,¢ which are generally 15,000 to 20,000 psi lower than the values of fps given by Eq. (18-4)
which was derived primarily from results of beam tests. These lower values of fps are more compatible with
values of f; obtained in more recent tests of prestressed one-way slabs and flat plates. Application of Eq. (18-5) is
Hlustrated in Example 26.1.

18.12 SLAB SYSTEMS

Section 18.12 provides analysis and design procedures for two-way prestressed slab systems, including the
following requirements: VTS
”TJ\V%V‘ Ca\«t\rcftﬂ . P COMPUTEX Progresnn
1. Use of th§ Equivalent Frame Method of 13.7 (excluding 13.7.7.4 and 13.7.7.5), or more detailed analysis
procedures, is required for determination of factored moments and shears in prestressed slab systems.
According to References 26.1 and 26.4, for two-way prestressed slabs, the equivalent frame slab-beam
strips would not be divided into column and middle strips as for a typical nonprestressed two-way slab, but
would be designed as a total beam strip.

2. Spacing of tendons or groups of tendons in one direction shall not exceed 8 times the slab thickness nor 5 ft.
Spacing of tendons shall also provide a minimum average prestress, after allowance for all prestress losses,
of 125 psi on the slab section tributary to the tendon or tendon group. Special consideration must be given
to tendon spacing in slabs with concentrated loads.

3. A minimum of two tendons shall be provided in each direction through the critical shear section over
columns. This provision, in conjunction with the lirits on tendon spacing outlined in item 2 above, pro-
vides specific guidance for distributing tendons in prestressed flat plates in accordance with the “banded”
pattern illustrated in Fig. 26-1. This method of tendon installation is widely used and greatly simplifies
detailing and installation procedures. '

Calculation of equivalent frame properties is illustrated in Example 26.1. Tendon distribution is also discussed
in this example.

References 26.1 and 26.4 illustrate application of ACI 318 requirements for design of one-way and two-way
post-tensioned slabs, including detailed design examples.

26-3
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Example 26.1—Two-Way Prestressed Slab System

Design a typical transverse equivalent frame strip of the

shown in Figure 26-2.

= 4000 psi; w = 150 pef (slab and columns)

£, = 60,000 psi @
| | |

prestressed flat plate with partial plan and section

fpy = 270,000 psi = P Exterior 12" (4"
Pu y A
«~ 1 // 1 ; / /Infericr 20"x 14"
Live load = 40 psf i j ) A y—
Partition load = 15 psf y & 4 ) TP ¥
- / oYH
Reduce live load in a1 T
accordance with general q 22:
building code. For this r &l /E T —
example live load is o / / - — —— —*
reduced in accordance v = ¢ m -JL@ ->i L%O
with IBC 2000, Section
: Lo" Lo" SECTION
1607.9.2. 200 ,1.200
Required minimum PARTIAL PLAN
concrete cover to tendons ]
1.5 in. from the bottom Figure 26-2
of the slab in end spans, 0.75 in. top and bottom elsewhere.
Code
Calculations and Discussion Reference

1.

Slab Thickness

For two-way prestressed slabs, a span/depth ratio of 45 typically results in overall

economy and provides satisfactory structural performance.26.1

Slab thickness:

Longitudinal span: 20 x 12/45 = 5.3 in. g ule 6f ¥aumb , not code \wenik

Transverse span: 25 X 12/45 = 6.7 in.

Ug€ 6-1/21). slab.  ¥nug, Y2 < b lwn. 15 ooy

Slab weight = 81 psf
Partition load = 15 psf
Total dead load = 81 + 15 = 96 psf

Span 2:
Reduced live load (IBC 1607.9.2)
Live load = 40(1-0.08(500-150)/100) = 29 psf L=

Factored dead load = 1.2 X 96 = 115 psf
Factored live load = 1.6 X 29 = 47 psf

26-5



Code
Example 26.1 (cont’d) Calculations and Discussion Reference

Total load = 125 psf, unfactored
= 162 psf, factored

D
o

Spans 1 and 3:

Reduced Live load (IBC 19 7.9.2)

Live load = 40(1-0.08(340-150)/100) = 34 psf

Factored dead load = 1.2 x 96 =115 psf

Factored live load = 1.6 X 34 = 55 psf

Total load = 130 psf, unfactored

= 170 psf, factored
2. Design Procedure

Assume a set of loads to be balanced by parabolic tendons. Analyze an equivalent frame
subjected to the net downward loads according to 13.7. Check flexural stresses at critical
sections, and revise load balancing tendon forces as required to obtain permissible flexural
stresses according to 18.3.3 and 18.4.

When final forces are determined, obtain frame moments for factored dead and live loads.
Calculate secondary moments induced in the frame by post-tensioning forces, and combine
with factored load moments to obtain design factored moments. Provide minimum bonded
reinforcement in accordance with 18.9.

Check design flexural strength and increase nonprestressed reinforcement if required by
strength criteria. Investigate shear strength, including shear due to vertical load and due to
moment transfer, and compare total to permissible values calculated in accordance with

11.12.2.
o
. LY

3. Load Balancing , en®

e
Arbitrarily assume the tendons will balance 80% of the slab weight (0.8 x 0.081 = 0.065
ksf) in the controlling span (Span 2), with a parabolic tendon profile of maximum permis-
sible sag, for the initial estimate of the required prestress force Fe:

Maximum tendon sag in Span 2 = 6.5-1-1 =4.5 in. =4 e 1=b.5 w0
/_\\"B’:i’\ \_-’:L L arww. 3/4 AN CAEGX (:O\I?( o
-V
wy, L2 0.8(0.081)(25)%(12) Yain =Yz ob e
E = Sa " 8(45) =13.5 kips /ft .
a . ¢ \Cy oivip o sl
Z & (knoe) Pls forcc o s
Assume 1/2 in. diameter (cross-sectional area = 0.153 in. 2y, 270 ksi seven-wire low relax- - 18.5.1(c)

ation strand tendons_with'14 k3 I3t 1o long-term losses (Reference 26.3). Effective force per
tendon is 0. 153 [(O 7 )< 270)- 14] \—.26 8 kips, where the tensile stress in the tendons
immediately after téndon dnchordge =0. 7O:Epu

For a 20-ft bay, 20 % 13.5/26.8 = 10.1 tendons.

cy L EOLL
H'H S
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Code
Example 26.1 (cont’d) Calculations and Discussion Reference

Use 10-1/2 in. diameter tendons/bay
¥  F/iL
Fe =10 X 26.8/20 = 13.4 kips/ft

fpe = Fe/A = 13.4/(6.5 X 12) = 0.172ksi » 125 PSy, < Seopet

Actual balanced load in Span 2:
i g N

8Fa  8(13.4)(43)

Adjust tendon profile in Spans 1 and 3 to balance same load as in Span 2:

Wiped -
Lo v’ | 0064(17)°(12) _ 2 = =43
8F, 8(13.4) ‘
S
Midspan cgs = (3.25+5.5)/22.1)= 2.275 in say 2.25 in. -_,' 1. /'1 15,; .
Actual sag in Spans 1 and 3 = 3 25+45.5)/2-2.25 = 2.125 in. g‘/i; . 72
Actual balanced load in Spans 1 and 3 =

Ml ds pen c%% =2 .275\0,
Use 2.25v

8(13.4)(2.125) e cheok actuol cao

17 (12) cJ“
X
. morng“ ) e/(\\(@(
4. Tendon Profile O(\%"" Aot ceaiishe,

/ \e(‘é ( Ao 0T de s

3. |/4“ Y. ] _T‘ l"_. —_ _t —_—
' M _a=2 ot a=4.5"
3-1/4 )

1 i + : n
l 17-0 25-0 ' |
' Span | Span 2 -
Figure 26-3
Net load causing bending:
oo
Span 2: vabattured e looas en cernon
Wper = 0.125 - 0. 064 = 0.061 ksf — PlT has yedweea \o
Spans 1 and 3: BAA
Wner = 0.130-0.066 = 0.064 ksf
el A
\)(\\QSC(':‘;D oW use Fest \OG_dQ o

des\gqn 08 aorraa\ (RC 08)
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Code

Example 26.1 (cont’d) Calculations and Discussion Reference
5. Equivalent Frame Properties 13.7
a.  Column stiffness. 13.7.4
Column stiffness, including effects of “infinite” stiffness within the slab-column joint
(rigid connection), may be calculated by classical methods or by simplified methods
which are in close agreement. The following approximate stiffness K will give re-
sults within five percent of “exact” values.26-1
K. = 4EIl/({ - 2h)
where £ = center-to-center column height and h = slab thickness.
For exterior columns (14 x 12 in.):
I =14 x123/12 = 2016in4
Ecol/Eglap = 1.0
K; = (4 x 1.0 x 2016)/[103 - (2 x 6.5)] = 90in.3
ZK; = 2 x 90 =180 in.3 (joint total) |
Stiffness of torsional members is calculated as follows: 13.7.5
C = (1-0.63 x/y) x3y/3 13.0
= [1-(0.63 x 6.5/12)] (6.5% x 12)/3 = 724 in4
Ky = s R13.7.5

.éz (1 - C2/—€2)3

9 x 724 x 1.0
(20 x 12) (1 - 1.17/20)

= 32.5in°

TK; = 2 x 32.5 = 65 in.> (joint total)

Exterior equivalent column stiffness (see ACI 318R-89, R13.7.4):

/R = 1/ZK+ 1/ZK,
Kec = (1/65 + 1/180)-1 = 48in3
For interior columns (14 x 20 in.):

I =14 x203/12 = 9333 in.*

26-8




Code
Example 26.1 (cont’d) Calculations and Discussion Reference

K; = (4 x 1.0 x 9333)/[103 - (2 x 6.5)] = 415in.3
TK. = 2 x 415 = 830 in.3 (joint total)

C = [1-(0.63 x 6.5/20)] (6.53 x 20)/3 = 1456 in.4

9 x 1456 x 1.0 .3
7 = 65 in.
240 (1 - 1.17/20)

t =

ZK; = 2 x 65 = 130 in.3 (joint total)
Kee = (1/130 +1/830)! = 112in3
b. Slab-beam stiffness. 13.7.3

Slab stiffness, including effects of infinite stiffness within slab-column joint, can be
calculated by the following approximate expression.26-1

K, = 4EI/(¢; - ¢1/2)

where {; = length of span in direction of analysis measured center-to-center of
supports and ¢; = column dimension in direction of /7.

At exterior column:

K; = (4 x 1.0 x 20 x 6.5%)/[(17 x 12) - 12/2] = 111in3

At interior column (spans 1 & 3):

K = (4 x 1.0 x 20 x 6.53)/[(17 x 12) - 20/2] = 113 in.3

At interior column (span 2):

Ki = (4 x 1.0 x 20 x 6.5%)/[(25 x 12) - 20/2] = 76in.3
c. Distribution factors for analysis by moment distribution.

Slab distribution factors:

At exterior joints = 111/(111 +48) = 0.70
At interior joints for spans 1 and 3 = 113/(113 + 76 +112) = 0.37
At interior joints for span 2 = 76/301 = 0.25

6. Momént Distribution—Net Loads

Since the nonprismatic section causes only very small effects on fixed-end moments and
carryover factors, fixed-end moments will be calculated from FEM = wL?/12 and carryover
factors will be taken as COF = 1/2.
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Code

Example 26.1 (cont’d) Calculations and Discussion Reference
For Spans 1 and 3, net load FEM = 0.064 x 17%/12=1.54 ft-kips
For Span 2 net load FEM = 0.061 x 25%12 = 3.18 ft-kips
Note that since live load is less than three-quarters dead load, patterned or “skipped” live (13.7.6.2)
load is not required. Maximum factored moments are based upon full live load on all spans
simultaneously.
Table 26-1 Moment Distrbution—Net Loads
(all moments are in fi-kips)
DF 0.70 0.37 0.25
FEM -1.54 -1.54 -3.18
Distribution +1.08 -0.61 +0.41
Carry-over +0.31 -0.54 -0.21
Distribution -0.22 +0.12 -0.08
Final -0.37 -2.57 -3.06
7. Check Net Stresses (tension positive, compression negative)
a. Atinterior face of interior column:
Moment at column face = centerline moment + Vcy/3 (see Ref. 26.2):
1{0.061 x 25320
- = -3.06 4+ =] T s
e 3( 2 ) (12)
= -2.64 ft-kips
S = bh%/6 = 12 x 6.52/6 = 84.51n.3
fp =1 iM—Et—:—O.UZ s 12x2.64 = 0.172 £ 0.375 = +0.203, - 0.547 ksi
' Seb 84.5
Allowable Tension = 7.5+/4000 = 0.474 ksi 18.3.3
At top 0.203 ksi applied < 0.474 allowable "OK
Allowable compression under total load = 0.60f] = 0.6 x 4000 = 2.4 ksi 18.4.2(b)
At bottom 0.547 ksi applied < 2.4 ksi allowable OK
Allowable compression under sustained load = 0.45 X 4000 = 1.8 ksi 18.4.2(a)

0.547 ksi applied under total load < 1.8 ksi allowable under sustained load OK
(regardless of value of sustained load).
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Example 26.1 (cont’d) Calculations and Discussion Reference

b. At midspan of Span 2:

+Mmax = (0.061 x 25%8) - 3.18 = +1.59 fr-kips
P

fop=—fp T Muw _ 01727
Sl,b

XL o 017270226=-0.398, +0.054 ksi

Compression at top 0.398 < 1.8 ksi allowable sustained load < 2.4 ksi allowable
total Joad O.K. Tension at bottom 0.054 ksi applied < 0.474 ksi allowable O.K.

When the tensile stress exceeds 2/f; in positive moment areas, the total tensile force 18.9.3.2
N, must be carried by bonded reinforcement. For this slab,

244000 = 0.126 ksi > 0.054 ksi. Therefore, positive moment bonded reinforce-

ment is not required. When it is, the calculation for the required amount of bonded

reinforcement is done as follows (refer to Figure 26-4).
fe

h
12(y)(f
N, = (};)( 3 kips /ft —
N, < . y
A= in2/f f
0.5t Figure 26-4

Determine minimum bar lengths for this reinforcement in accordance with
18.9.4 (Note that conformance to Chapter 12 is also required.)

Calculate deflections under total loads using usual elastic methods and gross
concrete section properties (9.5.4). Limit computed deflections to those
specified in Table 9.5(b).

This completes the service load portion of the design.

8. Flexural Strength
a. Calculation of design moments.

Design moments for statically indeterminate post-tensioned members are
determined by combining frame moments due to factored dead and live loads
with secondary moments induced into the frame by the tendons. The load
balancing approach directly includes both primary and secondary effects, so
that for service conditions only “net loads” need be considered.
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At design flexural strength, the balanced load moments are used to determine second-
ary moments by subtracting the primary moment, which is simply Fe X e, at each
support. For multistory buildings where typical vertical load design is combined with
varying moments due to lateral loading, an efficient design approach would be to ana-
lyze the equivalent frame under each case of dead, live, balanced, and lateral loads,
and combine the cases for each design condition with appropriate load factors. For
this example, the balanced load moments are determined by moment distribution as
follows:

For spans 1 and 3, balanced load FEM = 0.066 X 17%/12 = 1.59 ft-kips
For span 2, balanced load FEM = 0.064 x 252/12 = 3.33 ft-kips

Table 26-2 Moment Distribution—Balanced Loads
(allmoments arein ft-kips)

DF v 0.70 0.37 0.25

FEM +1.59 +1.59 +3.33
Distribution -1.11 +0.64 -0.44

"~ Carry-over -0.32 +0.56 +0.22
Distribution +0.22 -0.13 +0.09
Final +0.38 +2.66 +3.20

Since the balanced load moment includes both primary (Mi) and secondary (M32)
moments, secondary moments can be found from the following relationship:

Mpg = Mj + Mg, or My = Mpy - M

The primary moment M; equals Fe x e at any point (e” is the distance between the
cgs and the cge, the “eccentricity” of the prestress force).

Thus, the secondary moments are:

At an exterior column:

M2 = 0.38-(13.4 x 0/12) = 0.38 ft-kips

At an interior column:

Spans 1 and 3, ’
Mz = 2.66-13.4(3.25-1.0)/12 = 0.15 ft-kips
Span 2,

Mz = 3.20-(13.4 x 2.25)/12 = 0.69 ft-kips
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Balanced load
/momem \
] Secondary
+0.15 ! moment
+ H 15
038] w2 H [+059

A= /
1 XM
2 ! \Mz f
1
]
L
=
& Span
{symm)
Span | +3.20 Span 2

Figure 26-5

Factored load moments:
Spans 1 and 3: wy = 170 psf
Span 2: wy = 162 pst

For spans 1 and 3, factored load FEM = 0.170 x 172/12 = 4.09 ft-kips

For span 2, factored load FEM = 0.162 x 25%12 = 8.44 fi-kips

Table 26-3 Moment Distribution—Factored [ oads
(all moments are in fi-kips)

DF 0.70 0.37 0.25
FEM -4.09 -4.09 -8.44
Distribution +2.86 -1.61 +1.09
Carny-over +0.81 -1.43 -0.55
Distribution -0.57 +0.33 -0.22
Final -0.99 -6.80 -8.12

Combine the factored load and secondary moments to obtain the total negative
design moments. The results are given in Table 26-4.

‘Table 26-4 Design Moments at Face of Column (all moments are in ft-kips)

Span 1 Span 2
Factoredioad moments -0.99 -6.80 -8.12
Secondary moments +0.38 +0.15 +0.69
Moments at column centerline -0.61 -6.65 -7.43
Moment reduction to face of column, Vc4/3 +0.48 +0.80 +1.13
Design moments at face of column -0.13 v -5.85 -6.30
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Example 26.1 (cont’'d) Calculations and Discussion

Code
Reference

Calculate total positive design moments at interior of span:
For span 1,
Vext = (0.170 x 17/2) - (6.65 - 0.61)/17
=1.45-0.36 = 1.09 kips/ft
Vi = 145+ 036 = 1.81 kips/ft

Distance x to location of zero shear and maximum positive moment from centerline
of exterior column:

x = 1.09/0.170 = 6.42 ft

End span positive moment = (0.5 x 1.09 x 6.42)-0.61 = 2.89 ft-kips/ft
(including M,)

For span 2,

V = 0.162 x 25/2 = 2.03 kips/ft

Interior span positive moment = -7.43 + (0.5 x 2.03 X 12.5) = 5.26 ft-kips/ft
(including M,)

Calculation of flexural strength.

Check slab at interior support. Section 18.9.3.3 requires a minimum amount of bonded
reinforcement in negative moment areas at column supports regardiess of service load
stress levels. More than the minimum may be required for flexural strength. The
minimum amount is to help ensure flexural continuity and ductility, and to control
cracking due to overload, temperature, or shrinkage.

Ag = 0.00075A¢
where

Ags = larger cross-sectional area of the slab-beam strips of the two orthogonal equiv-
alent frames intersecting at a column of a two-way slab.

17 + 25

Ag = 0.00075 x 6.5 x ( 5

) x 12 = 1.23in2

Try 6-No. 4 bars. Space bars at 6 in. on center, so that they are within the column
width plus 1.5 times slab thickness on either side of column.

Bar length = [2 x (25 - 20/12)/6] + 20/12 = 9 ft-5 in.

26-14
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Example 26.1 (cont’d) Calculations and Discussion

Code
Reference

For average one-foot strip:
Ag = 6 x 0.20/20 = 0.06 in.2/ft
Initial check of flexural strength will be made considering this reinforcement.

Calculate stress in tendons at nominal sirength:

fe
fps = fe + 10,000 + 300pp

With 10 tendons in 20 ft bay:

pp = Aps/bdp = 10 x 0.153/(20 x 12 x 5.5) = 0.00116

fS S

If

(0.7 x270) - 14 = 175 ksi

fps = 175+ 10 +4/(300x0.00116) = 175 + 10+ 12 = 197 ksi

fps shall not be taken greater than fpy = 0.85fpy = 230 ksi >197
or fse + 30 =205ksi > 197 OK

Asfy = 0.06 x 60 = 3.6 kips/ft

@ @

_ K—--—Ziﬁ ------ Capacity 7.41
6.65 L\ 6.30
s.85— |\
\
\
0.61
0.13 Y
\ .
\ Redistributed
\ " Moment
e
/ 2.89
£~ Elastic Moments (
Face of column\

Capacity 5.98 —--—--—--—--—--

Figure 26-6 Moments in ft-kips
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Example 26.1 (cont’d) Calculations and Discussion Reference
4 = A-psfps + Asfy - 15.1 + 3.6 = 04610
0.85f.b 0.85 x 4 x 12

c =a/B; =046/0.85 = 0.541n.

Et

4.96"

55"

0.54"

0.003

Figure 26-7 Strain Diagram at Interior Support

g = (5.5-0.54) x 0.003/0.54 = 0.028 therefore tension controlledp = 0.9 9.3.2, 10.3.4

Since the bars and tendons are in the same layer:

[d ) 3) - (5,5 i %—(3)/12 = 0441t
7 2

oM, = 0.9 x (15.1+3.6) x 0.44 = 7.41 fr-kips/ft > 6.30 ft-kips/ft OK. 9.3.2.1

Since there is excess negative moment capacity available, use moment redistribu-
tion to increase the negative moment and minimiize the positive moment demand
in Span 2. Note that the actual inelastic moment redistribution occurs at the posi-
tive moment section of Span 2.

Permissible change in negative moment = 1000g;= 1000(0.028) = 28% > 20% max 18.10.4.1
8.4

Available increase in negative moment = 0.2 X 6.30 = 1.26 ft-kips/ft

Actual increase in negative moment = Minimum capacity — Elastic Negative Moment
=7.41-630=1.11 ft-kips/ft < 1.26 available O.X.
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Example 26.1 (cont’d) Calculations and Discussion Reference

Minimum design positive moment in Span 2 = 5.26 — 1.11 = 4.135 ft-kips/ft
Capacity at midspan of Span 2 (no bonded reinforcement required):
Apsfps = 15.1 kips/ft

15.1

a=———— =037 in.
0.85 x 4 x12
0.37
di = —05—855- =0.079 < 0.375, therefore tension controlled. 9.3.2.2
b ‘ 10.3.4
N 55- 0.37
d—=|=—2 =044 f
2 12
At center of span,
oM, = 0.9 x (15.1) x 0.44 = 5.98 ft-kips/ft > 4.15 OK at midspan
Check positive moment capacity in Span 1:
a @5—22ﬂ—9§1
d-= |= 2 039
2 12
0.37
£ _085_ 0.102 < 0.375, therefore, tension controlled 9.3.2.2
d,  4.25 10.3.4

oM, = 0.9 x (15.1) x 0.39 = 5.30 ft-kips/ft > 2.89 OK at midspan
Exterior columns:

Ag minimum = 0.00075 x 20 x 12 x 6.5=1.17 in* use 6-#4 bars
Ag=6 x 0.2/20 =0.06 in¥/ft

Agly =0.06 x 60 = 3.6 kips/ft

Pp =10 x 0.153/(12 x 20 x 3.25) = 0.00196

Tps = 175 + 10 +4/(300 x 0.00196) = 192 ksi
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Example 26.1 (cont'd) Calculations and Discussion

Code
Reference

Agfps =10 x 0.153 x 192/20 = 14.7 kips/ft

. 14.7+3.6 —045in
0.85 x 4 x12

g = (5.5-0.53) x 0.003/0.53 = 0.028, therefore, tension controlled, ¢ = 0.9

Tendons:

oM, = 0.9 x [(14.7 x 0.25) + (3.6 x 0.44)] =4.73 ft-kips/ft > 0.13 OK

This completes the design for flexural strength.

9. Shear and Moment Transfer Strength at Exterior Column

a.

Shear and moment transferred at exterior column.
Vu = (0.170 x 17/2) - (6.65 - 0.61)/17 =1.09 kips/ft

Assume building enclosure is masonry and glass, weighing 0.40 kips/ft.
Total slab shear at exterior column:
Vu = [(1.2 x 040)+1.097 20 = 31.4 kips

Transfer moment = 20 (0.61) = 12.2 ft-kips
(factored moment at exterior column centerline = 0.61 ft-kips/ft)

Combined shear stress at inside face of critical transfer section.

For shear strength equations, see Part 16.
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Example 26.1 (cont’d) Calculations and Discussion Reference
where (referring to Table 16-2: edge column-bending perpendicular to edge)
d=08x 65 =>52in.
ci=121n.
Ca= 14 in.
bij=c;+d2 = 14.6 in.
by = cp+d = 19.21n.
) v
c=—21 4400
(2b,+b,)
Ac = (2by+by)d = 252in2
Jje = [2bid (b1 + 2b2) + d3 (2b; + b2)/b1]/6 = 1419 in®
Yv = 1 -7 'Eq. (11-39)
=1- 71 = = 0.37
1+ (:) L 13.5.3.2
3/Vby
v, = 31400 + 0.37 x 12.2 % 12000 163 psi
252 1419
c. Permissible shear stress (for members without shear reinforcement). 11.12.6.2
ovy, = V. /(byd) Eq. (11-20)
where V. is defined in 11.12.2.1 or 11.12.2.2
For edge columns:
v, =04-/f, =0.85 x 44/4000 =215 psi > 163 OXK. 11.12.2.1
d. Check moment transfer strength. 13.5.3
Although the transfer moment is small, for llustrative purposes, check the moment 13.5.3.2

strength of the effective slab width (width of column plus 1.5 times the slab thickness
on each side) for moment transfer. Assume that of the 10 tendons required for the 20
ft bay width, 3 tendons are anchored within the column and are bundled together across
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Example 26.1 (cont’d) Calculations and Discussion Reference

the building. This amount should be noted on the design drawings. Besides providing
flexural strength, this prestress force will act directly on the critical section for shear
and improve shear strength. As previously shown, a minimum amount of bonded
reinforcement is required at all columns. For the exterior column, the required area is:

A = 0.00075A¢ = 0.00075 x 6.5 x 20 x 12 = 1.17 it Eq. (18-8)

Use 6-No. 4 bars, 5 ft in length (including standard end hook).

Calculate stress in tendons:

Effective slab width =14 + 2 (1.5 x 6.5) =33.5 in.

3% 0.153
Pp 33.5 x 3.25

= 0.0042

fps = 175 + 10 + 4/(300x0.0042) = 188.2 ksi

Corresponding prestress force = 3 x 0.153 x 188.2 = 86.4 kips
Agfy = 6 x020 x 60 = 72.0 idps

Apstps + Asfy = 158.4 kips

a=158.4/(0.85x4x33.5) = 1.39 in.

tendon (dp- a/2) = (3.25 - 1.39/2)/12 = 0.21 ft

rebar (d - a/2) = (5.5 - 1.39/2)/12 = 040 ft

¢Mn = 0.9 [(86.4 x 0.21) + (72 x 0.40)] = 42.25 ft-kips

= — =063

1+ % /E_l ‘ Eq. (13-1)
2

vM, = 0.63(122) = 7.69 ft-kips <<42.25 ft-kips O.K.

10. Shear and Moment Transfer Strength at Interior Column 11.12.6

a.

13.8.3
Shear and moment transferred at interior column.

Direct shear and moment to the left and right of interior columns is calculated in
Step 8 above.
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Vu = (1.81+2.03) 20 = 76.8 kips

Transfer moment = 20 (7.43 - 6.65) = 15.6 ft-kips

b. Combined shear stress at face of critical transfer section. For shear strength equa-
tions, see Part 16.

Vy YvMye
vy = o

A T . R11.12.6.2
Cc

where (referring to Table 16-1: interior column)
d=08x65=52in
‘¢1 = 201n.

¢y = 14in.

by = co+d = 19.2in.

s
|

=2({b;+by)d = 462in2

J/c = [byd (by + 3by)+d3] /3 = 3664 in3

Yv = 1 -7 ' Eq. (11-39)

— - |
1+ (:j /2_‘1 13.5.3.2
3) by

v = 76,800+0.43 x 15.6 x 12,000

]l
—
1§

|

[
™
»

=188 psi
LTS 3664 P
Permissible shear stress.
For interior columns, Eq. (11-36) applies: 11.12.2.2
7 VP
ove = | BpyfL + 036, + — Eq. (11-36)
[¢]
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S].Elbb the Vp term must be carefully evaluated, as field placing practices can have a

great effect on the profile of the tendons through the critical section. Conservatively,
this term may be taken as zero.

pv, = 0.85 [3.5\/4000 + (0.3 x 1’72)] = 232 psi > 188 psi O.K.
Check moment transfer strength.
v 1
f = T
2
1+ = b
3\by

Moment transferred by flexure within width of column plus 1.5 times slab thickness
on each side = 0.57 (15.6) = 8.89 ft-kips.

= 057

Effective slab width= 14 + 2 (1.5 x 6.5) =33.5in.

Say Apsfps = 86.4 kips (same as exterior colummn)

Ag = 0.00075Acf4: 0.00075 % 6.5 x (17 +25)/2 x 12 = 1.23 it
Use 6-No. 4 bars (Ag = 1.20in.2)

Agfy = 1.20 x 60 = 72.0 kips

Apsfps + Asfy = 86.4 +72.0 = 158.4 kips

158.4

= = 139 in.
0.85 x 4 x 33.5

26-22
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o d
where B, = S + 1.5 | but not greater than 3.5
0
o= 2[(20+5.2)+ (14 +5.2)] = 88.81n.
o, = 40 for interior columns
d =52in
40 x 5.
B, = X352 15 = 38> 35, use 3.5
88.8
Vp is the shear carried through the critical transfer section by the tendons. For thin R11.12.2.2

13.5.3

CEq. (13-1)

13.56.3.2

Eq. (18-8)
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Example 26.1 (cont’d) " Calculations and Discussion Reference

11

(d-a/2) = (5.5-1.39/2)/12 = 0.40ft

®Mn = 0.9 (158.4 x 0.40) = 57.0 ft-kips >> 8.89 ft-kips O.K.

This completes the shear design.
Distribution of tendons.
In accordance with 18.12.4, the 10 tendons per 20 ft bay will be distributed in a
group of 3 tendons directly through the column with the remaining 7 tendons spaced at

2 ft-6 in. on center (4.6 times slab thickness). Tendons in the perpendicular direction
will be placed in a narrow band through and immediately adjacent to the colummns.
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Engineer's Computation Pad
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