


























































































































































































































































































































































































































































































































4.0% drift. At later stages of loading, the force-displacement hysteresis loops showed some
pinching indicating a shear contribution to the overall response. The pinching effect started
with the formation of diagonal cracks. At 5.0% drift level the applied lateral load sharply
decreased from 500 kN to 335 kN, and large diagonal cracks were observed. Finally, at 6.0%
drift, the lateral load suddenly dropped to a level below 200 kN, with a subsequent drop to 50
kN at the second cycle of the same drift level. The test was aborted at this stage of loading.
Figure 5.30 shows views of testing at different drift levels. Figure 5.31 shows force-
displacement hysteresis loops recorded during testing. Also, Figure 5.32 shows flexural and
slip rotations, and Figures 5.33 and 5.34 show strains in the reinforcing steel and prestressing

wires.

5.8.5 Circular Column, Retrofitted, Type III (BR-C4)

The effect of hoop spacing was the parameter in this test, where the prestressing hoops
were placed at 300 mm with the same cable the stressing as for column BR-C2, i.e. to 25% of
the ultimate strength of prestressing strand. The behavior was identical to that of column BR-
C2 until the end of 1.0% drift cycles. During the first cycle of 2.0% lateral drift, the cover
concrete near the base started to crush as flexural cracks widened. By the end of the third
cycle, the bottom cover concrete was completely spalled. Also, at 2.0% drift, the lateral load
dropped from 580 kN to 520 kN. During the first at 3.0% drift, the second prestressing strand
from the bottom started to fail, indicating that the lateral prestressing force was not sufficient to
control diagonal cracking. With the rupture of one of the seven tendons, the cable relaxed, and
the lateral load level dropped to 450 kN. The strength decay continued as bottom concrete
continued crushing as the first prestressing wire started to sink in concrete. The test was
terminated during the third cycle of 3.0% drift when all the longitudinal bars buckled and the
column failed abruptly. Figure 5.35 shows views of testing at different drift levels. Figure 5.36
shows force-displacement hysteresis loops recorded during testing. Also, Figure 5.37 shows
flexural and slip rotations, and Figures 5.38 and 5.39 show strains in reinforcing steel and

prestressing wires.
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5.8.6 Circular Column, Retrofitted, Type IV (BR-C5)

This retrofitting technique consisted of high-strength steel straps instead of prestressing
straps. The straps were spaced at 150 mm and they were tied snug tight, as in the case for the
type I column (BR-C3). The behavior was very similar to the column retrofitted with the type
II scheme (BR-C3) until the end of 2.0% drift cycles. At the beginning of 3.0% drift cycles and
after reaching a peak lateral load of 610 kN, the 4™ and 5® straps from the bottom suddenly
ruptured causing a sharp drop in lateral load resistance to 400 kN and below. Large diagonal
cracks formed, and the concrete cover near the footing region cover spalled. The longitudinal
bars buckled shortly after the rupture of the 2™ and 3™ straps at 3.0% drift. The test was then
aborted. Figure 5.40 shows views of testing at different drift levels. Figure 5.41 shows the
experimentally recorded force-displacement hysteretic relationship for this column. Also,
Figure 5.42 shows flexural and slip rotations, and Figures 5.43 and 5.44 show strains in

reinforcing steel and straps.

5.8.7 Square Column, Retrofitted (BR-S2)

This column was retrofitted using hollow steel sections, consisting of HSS 31.8 x 31.8
x 6.35 mm, as hoops with prestressing wire wrapped around each hoop. The strands were
stressed up to 25% of the ultimate capacity of strands. The hoops were spaced at 150 mm,
center-to-center, starting at 75 mm from the column base, the same way as retrofitted circular
type [ column (BR-C2). Some moderate flexural cracks were developed at the end of the
cycles at 1.0% lateral drift. Neither shear cracks nor crushing of concrete were observed. The
maximum lateral force at this stage of loading was approximately 600 kN. Concrete started to
crush at the beginning of 2.0% drift cycles until spalling of concrete occurred at the end of
3.0% drift cycles. The maximum lateral load reached 650 kN. By the end of 5.0% drift, more
concrete crushing and cover spalling was observed. Shear cracks were not wide; however, the
lateral load started decaying to a level of 500 kN. During the first cycle at 6.0% drift, the first
row of longitudinal bars that were in tension, abruptly ruptured and the lateral load dropped to
450 kN. The test was aborted after the tension failure of the longitudinal reinforcement.
Figure 5.45 shows views of testing at different drift levels. Figure 5.46 shows experimentally
recorded force-displacement hysteretic relationship for this column. Also, Figure 5.47 shows
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flexural and slip rotations, and Figures 5.48 and 5.49 show strains in reinforcing steel and

prestressing wires.

3.9  Effect of External Hoops on Shear Strength and Ductility of Columns

Bridge columns may need retrofitting to enhance shear capacity and inelastic
deformability of columns. The shear capacity needs to be increased if the shear strength is
lower than that corresponding to flexural capacity. This promotes flexural yielding and
generally ductile flexural behavior. However, the column may not possess sufficient ductility,
even in flexure, if the column concrete is not sufficiently confined by transverse reinforcement.
The proposed retrofitting scheme, tested as part of this investigation, consists of external
hoops, contributing to both the increase in shear (diagonal tension) strength, as well as
concrete confinement. The increase in shear strength was achieved in two ways; first by
providing additional transverse reinforcement against diagonal tension, second by improving
concrete resistance to shear through transverse prestressing. The increase in flexural
deformability was attained by confining column concrete through closely spaced external
hoops.

The experimental research involved testing columns with a relatively low shear span-
to-depth ratio so that, with the pre-1970 design practice, they would be critical in shear. The
parameters that were investigated included the type and spacing of hoops, as well as the level
of initial prestressing. Details of retrofitting schemes and column behavior during testing were
discussed in the preceding section.

The strains in each external hoop were recorded and summarized in Tables 5.1 through
5.5. Figures 5.38 to 5.42 show the external hoop strain profile along the height of the columns.
The analysis of test results of retrofitted columns was carried out using the incremental strains
obtained from the hoops. The required prestressing force was then obtained at each drift level
by calculating the difference between experimentally recorded lateral forces and the nominal
values of shear contributions due to concrete and reinforcing steel. The concrete and steel
contributions were calculated using Equations 3.40 through 3.47. The angle of inclination of
diagonal tension cracks was taken as 30 degrees from the column axis, as suggested by
Priestley et al. (1994). The contribution due to axial load was neglected since bridge columns
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typically are not subjected to high axial compression. The analysis of test results are presented
in Table 5.6.

S.10  Proposed Design Procedure for Column Retrofitting

A design procedure has been developed for bridge column retrofitting, based on the
experimental observations and data evaluated in the previous section. Accordingly, a bridge
column can be retrofitted by means of external hoops. The hoops may consist of prestressing
strands or any other form of high-strength steel. The procedure outlined below is intended for
shear critical columns, and leads to the determination of external hoop requirements for the
purpose of retrofitting. Therefore, deformability capacity and demand of a column should first
be checked by following the procedures presented in Chapters 3 and 4, respectively. If the
column is found to be deficient in shear, then the procedure outlined below can be followed:

1. Calculate concrete contribution to shear resistance, V., using Equation 3.41, while

considering the ductility ratio associated with drift demand.

Calculate the contribution of existing steel in the column, ¥, to shear resistance,

[

using Equations 3.46 or 3.47.

3. Find shear force corresponding to probable flexural resistance, Vs, either by
performing a sectional analysis or using a computer software (such as COLA)
developed for this purpose. Probable flexural resistance is defined as 1.25 times the
nominal flexural shear.

4. If (V. +9,)2V,,, ; no need for retrofitting,

5. Otherwise retrofit by providing extemal hoops. The shear contribution, V.,
needed from external hoops can be computed as follows:
Vicop =V ot = (8. +9.V.) .1
where ¢. and ¢, are concrete and steel strength factors, and are expressed as 0.60
and 0.85, respectively.
The force developed by the external hoop can be calculated as;

b
Vi = 2 As00p (1= @ L)1 f o s—-cot@

hoop
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where A0, is the cross-sectional area of the external hoop; ayis the ratio of initial

prestressing strength to yield strength of the external hoop; ¢h. is the external

hoop strength factor; £, is the yield strength of external hoop; 4 is the diameter in

circular columns or side dimension in rectilinear columns; sia, is the spacing of

external hoops; @is the crack angle and it can be taken as 30 degrees.

Therefore, the cross-sectional area of the external hoop can be found as;

Apop = Vsag ey
2(1- A ( )Pioop S i

Substituting Equation 5.1 into 5.2 results the following relationship;

A AL A
oop 2(1- @ By, 4D

6. Provide hoops at b/4 or 150 mm, whichever is less for confinement of concrete and

tan© (5.2)

(5.3)

stability of longitudinal reinforcement.

The above procedure is intended to increase resistance to diagonal tension by providing
additional transverse reinforcement. Further improvement in shear resistance and hysteretic
behavior, in terms of delayed strength decay and reduced pinching of hysteresis loops, may be
achieved through prestressing. It was experimentally shown earlier in this chapter that an initial
prestress of 25% f, or approximately 30% f,, resulted in an enhancement of concrete shear
resistance, as well as delayed strength decay under reversed cyclic loading. While the
experimental evidence to this effect is limited, it is recommended that external hoops are

pressed up to approximately 25% f.

145



Table 5.1

Prestressing wire strains for retrofitted circular column (BR-C2).

P/S Wire # Location From % Drift Strain in P/S Incremental P/S
Bottom of Wire (1 10 Strain
Column (mm)
l 75 0 1500 0
l 1550 50
2 2100 600
3 2400 900
4 3100 1600
5 - .
2 225 0 1500 0
{ 1650 150
2 1850 350
3 2250 750
4 2500 1000
5 3000 1500
3 375 0 1500 0
l 2150 650
2 2650 1150
3 2950 1450
4 3400 1900
5 5000 3500
4 525 0 1500 0
l 2000 500
2 2300 800
3 2750 1250
4 3300 1800
5 4200 2700
5 675 0 1500 0
1 1750 250
2 1950 450
3 2300 800
4 2650 1150
5 3500 2000
6 825 0 1500 0
l 1600 100
2 1850 350
3 2050 550
4 2300 800
5 2900 1400
8 1050 0 1500 0
1 1850 350
2 1950 450
3 2050 550
4 2075 575
5 2100 600
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Table 5.2 Prestressing wire strains for retrofitted circular column (BR-C3).
P/S Wire # Location From % Drift Strain in P/S Incremental P/S
Bottom of Wire (1 10%) Strain
Column (mm)
l 75 0 250 0
1 350 100
2 450 200
3 600 350
4 1800 1550
5 2100 1850
2 225 0 100 0
l 150 50
2 200 100
3 500 400
4 1200 1100
5 2500 2400
3 375 0 250 0
1 700 450
2 . -
3 - -
n . .
5 . -
4 525 0 250 0
I 950 700
2 1350 1100
3 1700 1450
4 2750 2500
5 4000 3750
5 675 0 50 0
l 500 450
2 950 900
3 1500 1450
4 2400 2350
5 3500 3450
7 975 0 50 0
1 450 400
2 770 720
3 1100 1050
4 1300 1250
5 . .
9 1125 0 10 0
1 510 500
2 750 740
3 800 790
4 900 890
5 950 940
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Table 5.3 Prestressing wire strains for retrofitted circular column (BR-C4).
P/S Wire # Location From % Drift Strain in P/S Incremental P/S
Bottom of Wire (x 10°) Strain
Column (mm)
1 75 0 1725 0
l 1800 75
2 2100 375
3 2800 1075
2 375 0 1350 0
l 2750 1400
2 3500 2150
3 4100 2750
3 675 0 1800 0
1 1800 0
2 2750 950
3 5000 3200
5 1125 0 1000 0
1 1500 500
2 1550 550
3 1900 900
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Table 5.4 Steel strap strains for retrofitted circular column (BR-C5).
Steel Strap # Location From % Drift Strain in Steel Incremental Steel
Bottom of Strap (x 10%) Strap Strain
Column (mm)
1 75 0 100 0
1 200 100
2 800 700
3 1700 1600
2 225 0 200 0
1 400 200
2 1000 800
3 2200 2000
3 375 0 175 0
1 250 75
2 900 725
3 1800 1625
4 525 0 200 0
1 900 700
2 1700 1500
3 1900 1700
5 675 0 250 0
1 750 500
2 2000 1750
3 3000 2750
6 825 0 50 0
\ 800 750
2 2000 1950
3 3000 2950
8 1050 0 320 0
\ 750 430
2 - N
3 - .
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Table 5.5 Prestressing wire strains for retrofitted square column (BR-S2).
P/S Wire # Location From % Drift Strain in P/S Incremental P/S
Bottom of Wire (x 10) Strain
Column (mm)
2 225 0 1500 0
1 1650 150
2 1750 250
3 1950 450
4 2200 700
5 2950 1450
6 3800 2300
3 375 0 1500 0
1 1750 250
2 1950 450
3 2200 700
4 2500 1000
5 3250 1750
6 5000 3500
+4 52§ 0 1500 0
1 1750 250
2 1800 300
3 2000 500
4 2250 750
5 3000 1500
6 4250 2750
6 825 0 1500 0
l 1650 150
2 1900 400
3 2050 550
4 2250 750
5 2500 1000
6 2700 1200
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Figure 5.1 Column dimensions and reinforcement details.
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Figure 5.3 Typical cross-sectional views of column cages.



Stress (MPa)
8

N
o

10

L b - i 3

0.000 0.001 0.002 0.003 0.004 0.005 0.006
Strain

Figure 5.4 Stress-strain relationship of concrete cylinders.
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Figure 5.5 Stress-strain relationship of Grade 400, No. 25 deformed reinforcing steel.
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Chapter 6

Summary and Conclusions

6.1 Summary

A combined analytical and experimental investigation was conducted to study the
capacity, demand and seismic retrofit of reinforced concrete bridge columns. A comprehensive
literature review was first conducted on behavior, analysis and seismic retrofit of bridge
structures. The literature survey demonstrated immediate research needs on the topic.

The research project consisted of four main tasks. The first task involved an extensive
Canada-wide survey of bridge types, designs and column details. This information was
necessary to classify the existing bridges in Canada in terms of their structural characteristics to
be used in establishing seismic drift demands and capacities. The second task involved
determination of inelastic deformation capacities of concrete bridge columns. A computer
program was developed to conduct sectional and member analyses in the inelastic range of
deformations. The program was verified against experimental data, and used to compute
force-displacement relationships of reinforced concrete columns. A large volume of data was
generated for columns with different design parameters. The data was presented in the form of
tables and charts for an approximate determination of column drift capacities.

The third task of the project included prediction of drift demands for concrete bridge
columns. Dynamic inelastic response history analyses of bridges were conducted to establish
drift demands during earthquakes. Earthquake records were selected for Eastern and Western
Canada. All the relevant components of inelastic deformations were considered through
appropriate hysteretic models. Different support conditions were incorporated to simulate the
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behavior of different types of bridge bearings. Both drift and ductility demands were
computed. The results were presented in the form of tables and charts for bridges with
different fundamental periods, geographic locations, support conditions and earthquake
intensities.

The fourth task consisted of an experimental investigation, which involved design,
preparation and testing of 7 near-full-size bridge columns under simulated seismic loading. A
total of 5 circular and 2 square columns were tested for this purpose. A new retrofitting
scheme was developed, consisting of external hoops, with or without initial prestressing. The
test data provided invaluable information in terms of developing a design procedure for
effective and practical retrofitting for seismic resistant bridge columns.

6.2  Conclusions
The following conclusions were drawn from this research project:

e A large proportion of the existing bridges in Canada was designed and built prior to the
implementation of earthquake resistant design. This implies that most bridges in Canada
were designed prior to 1970’s, with potentially deficient column capacities for shear and
inelastic deformability.

¢ Bridge columns designed prior to 1970’s were typically reinforced with perimeter hoops
spaced at 300 mm, regardless of the column size. In square and rectangular columns, 90-
degree hooks were commonly used, while in circular columns lapped circular hoops were
employed. Design yield strength of transverse reinforcement was approximately 250 MPa.
Concrete strength ranged between 20-25 MPa.

e The majority of existing columns were reinforced with 1% to 2% longitudinal steel, and
subjected to axial compression of approximately 10% to 20% of nominal concentric
capacity. These columns had a wide range of height-to-width ratios, varying between 2.5
and 10, with a mean value of approximately 5.0.

o The computer software, COLA, developed to compute inelastic force-deformation
response of concrete columns under monotonic loading, produce good correlation with
experimental data. The features of inelastic material models, stability of longitudinal
reinforcement, P-A effects, and anchorage slip were found to play important roles on non-
linear drift capacity of columns.
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e A parametric study was conducted using software COLA. It was found that inelastic drift
capacities of columns depend on the shear span-to-depth ratio, axial load ratio, longitudinal
reinforcement ratio, material strengths and concrete confinement. It was further observed
that coefficient “r.”, defined as /[ «(Ag/A--1)" could be used as a design parameter,
reflecting the amount of lateral steel and concrete confinement. While typical drift
capacities were found to vary between 1.5% and 5%, columns with shear span-to-depth
ratios less then 2.5 were found to be potentially deficient in shear when r. was below 0.5.
The columns were able to develop at least 2% lateral drift when the axial load level was
10% of the nominal concentric capacity or lower. As the axial load level increased, column
drift capacity decreased. Columns with aspect ratios of 5.0 and above were able to
develop a minimum of 2% lateral drift, irrespective of concrete confinement. The same
columns showed improved drift capacity of up to 3% when 7. was increased to 0.5 and 0.8
for columns with 2% and 1% longitudinal reinforcement, respectively.

o The fundamental period of bridge structures is the single most important parameter
reflecting structural properties on displacement response, especially under intense
earthquake records, when the displacement response is high. Column tip deflection
increases approximately linearly with increasing peak ground acceleration. This is true
even in the inelastic range of deformations.

e Bridge columns in Ottawa (representing columns in eastern Canada), with a fundamental
period of 0.5 sec to 3.5 sec, are not expected to experience a tip deflection in excess of
approximately 10 mm. This value was obtained form dynamic inelastic analyses of bridge
structures with elastomeric bearings, subjected to a critical artificial earthquake record with
10% probability of occurrence in 50 years. Tip displacement response for the same bridge
structures is limited to approximately 6 mm under the 1988 Saguenay record. Since these
bridges show elastic response under these earthquake records, changing the bearing type to
roller and rocker bearings has the effect of reducing maximum lateral displacement demand
even further. Because the existing columns were found to have higher deformabilities than
the above displacement demands, it may be concluded that concrete bridge columns in
eastem Canada are not vulnerable to seismic damage, unless the ground motion is
significantly more intense than those considered in this study. While increasing the peak
ground acceleration to 30 % g increased the displacement demand to approximately 25
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mm, a further increase to 60 % g produced a maximum displacement demand of
approximately 100 mm.

Bridge columns in Vancouver (representing columns in western Canada), with a
fundamental period of 0.5 sec to 3.5 sec, show maximum tip deflection of 66 mm when
subjected to the 1940 El Centro record. This value was obtained for bridges with roller or
rocker bearings that roll or slide beyond the initial lateral resistance equal to 5% of the
weight of the bridge superstructure. Elastomeric bearings reduce the maximum lateral
displacement demand by a factor of 2 to 33 mm. The same bridges are not expected to
deflect more than approximately 15 mm, when subjected to a critical artificial earthquake
record with 10% probability of occurrence in 50 years. While increasing the peak ground
acceleration to 30% g increased the displacement demand to approximately 240 mm, a
further increase to 60% g produced a maximum displacement demand of approximately
725 mm. These results indicate that concrete bridge columns in western Canada may be
vulnerable to seismic damage.

The new retrofitting technique that was developed as part of this investigation resulted in
significant improvements in column drift capacities. The drift capacity of retrofitted
columns increased from 1% to 6% in most cases.

The new retrofitting procedure developed was shown to be effective in eliminating shear
failures in columns with shear span-to-depth ratios of 2.4 to 2.7. These columns changed
their mode of behavior from a brittle shear dominant response to a ductile flexure dominant
response. The external prestressing also provided improved concrete confinement,
enhancing flexural deformability up to and exceeding 6% lateral drift.

Prestressing extemnal hoops was shown to improve column deformability. The initial
prestressing of up to approximately 25% of ultimate steel strength improved inelastic
deformability while also limiting diagonal shear cracking. However, this improvement was
evident only after 5% lateral drift. Until then, external hoops without prestressing were
sufficiently effective in controlling diagonal shear cracking and developing passive
confinement pressure under laterally expanding concrete. The active lateral pressure
produced by initial prestressing may be necessary for columns with very high drift

demands.
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e The spacing of external hoops was found to be an important parameter. The column with
a hoop spacing of 300 mm (approximately 1/2 the column sectional dimension) could not
maintain its strength beyond 2% of lateral drift even though it had sufficiently high
prestressing. A companion column with an external hoop spacing of 150 mm developed a
lateral drift of 5% without any significant strength decay.

o High-strength steel straps used as an alternative to prestressing strands proved to be
effective during initial loading. However, their effectiveness seized beyond 2% lateral drift
when the straps failed near the anchor locations. This shows that a stronger strap, or an
improved anchorage technique may have produced a similar improvement in drift capacity
as that obtained by using prestressing strands.

e The new retrofitting technique developed in this research program offers a number
practical advantages, including ease, speed and economy of construction.

6.3 Recommendations for Future Research
The following are recommended for future research:

e Further column tests are needed to extend the retrofitting scheme developed in the current
study to columns with different shear-span-to-depth ratios, especially to those that behave
predominantly in the flexure mode.

e Additional tests are necessary to derive explicit relationships between the level of
prestressing, spacing of hoops and lateral drift capacity.

e The proposed retrofitting procedure may be extended to building columns that are
subjected to higher levels of axial compression with smaller cross-sectional dimensions.
Both analytical and experimental researches are needed to further investigate this new
application.

e Introducing a more elaborate analytical model for bar buckling may refine the analytical
procedure used for the computation of drift capacity. Hence further analytical research is
recommended with an improved model for bar buckling.

e Additional dynamic analyses of bridges under different ground motions and levels of
probability of exceedence may be needed to establish seismic drift demands more

accurately.

217



References

Akkari, M.; Hoffman, F. (1993), “San Francisco Bayshore Viaduct Seismic Retrofit,”
Structural Engineering in Natural Hazards Mitigation: Proceedings of Papers Presented at
the Structures Congress ‘93 Published by ASCE, New York, NY, pp. 391-396

Alcocer, S. M. (1993), “RC Frame Connections Rehabilitated by Jacketing,” Journal of
Structural Engineering, v 119, n 5, pp. 1413-1431

Alcocer, S. M.; Jirsa J. O. (1993), “Strength of Reinforced Concrete Frame Connections
Rehabilitated by Jacketing,” ACI Structural Journal, v 90, n 3, pp. 249-261

Alsiwat, J. M.; Saatcioglu M. (1992), “Reinforcement Anchorage Slip Under Monotonic
Loading”, Journal of Structural Engineering, v 118, n 9, pp. 2421-2438

Astaneh-Asl, A.. Shen, J. (1993), “Rocking Behavior and Retrofit of Tall Piers,”
Structural Engineering in Natural Hazards Mitigation: Proceedings of Papers Presented at

the Structures Congress ‘93, Published by ASCE, New York, NY, pp. 121-126

Bertero, V. V., (1985), “Earthquake Engineering,” Structural Engineering Slide Library,
Volume 4, Set Journal of International Structural Slides.

Buckle, 1. G.; Mayes, R. L. (1989), “The Application of Seismic Isolation to Bridges,”
Seismic Engineering Research Practice, Published by ASCE, New York, NY, pp. 633-642

218



Bruneau, M. (1990), “Preliminary Report of Structural Damage From the Loma Prieta
(San Francisco) Earthquake of 1989 and Pertinence to Canadian Structural Engineering
Practice,” Canadian Journal of Civil Engineering, v 17, pp. 198-208

Chai, Y. H,; Priestley, M. J. N; Seible, F. (1991), “Seismic Retrofit of Circular Bridge
Columns for Enhanced Flexural Performance, ACI Structural Journal, v 88, n S, pp. 572-
584

Chan, W. L. (1955), “The Ultimate Strength and Deformations of Plastic Hinges in
Reinforced Concrete Frameworks,” Magazine of Concrete Research, v 7, n 21, pp. 121~
132

Coffman, H. L.; Marsh, M. L.; Brown, C. B. (1993), “Seismic Durability of Retrofitted

Reinforced-Concrete Columns,” Journal of Structural Engineering, v 119, n 5, pp. 1643-
1661

Concrete Design Handbook, Canadian Portland Cement Association, 1985
Concrete Design Handbook, Canadian Portland Cement Association, 1995
Eberhard, M. O.; Stanton, J. F.; Trochalakis, P. (1996) “Design of Seismic Restrainers,”
Proceedings of the Fourth National Workshop on Bridge Research in Progress, June 17-

19, Buffalo, New York, pp. 283-286

Ehsani, M. R.; Saadatmanesh, H. (1990), “Fiber Composite Plates for Strengthening
Bridge Beams,” Composite Structures, v 15, n 4, pp. 343-355

Ersoy, U,; Tankut, A. T.; Suleiman, R. (1993), “Behavior of Jacketed Columns,” ACI
Structural Journal, v 90, n 3, pp. 288-293

219



Gamble, W. L.; Hawkins, N. M.; Kaspar, L. 1. (1996), “Seismic Retrofitting Experience
and Experiments in Illinois,” Proceedings of the Fourth National Workshop on Bridge
Research in Progress, June 17-19, Buffalo, New York, pp. 247-250

Ghobarah, A.; Tso, W. K. (1974), “Seismic Analysis of Skewed Highway Bridges with
Intermediate Supports,” Earthquake Engineering and Structural Dynamics, v 2, pp. 235-
248

Ghobarah, A.; Ali, H. M. (1988), “Seismic Performance of Highway Bridges,”
Engineering Structures, v 10, n 3, pp. 157-166

Harper, K. (1991), “Retrofitting Northwest Connector for Seismic Forces,” Lifeline
Earthquake Engineering: Proceedings of the Third US Conference, Published by ASCE,
New York, NY, pp. 131-140

Hognestad, E. (1951), “A Study of Combined Bending and Axial Load in Reinforced
Concrete Members,” University of Illinois, Engineering Experimental station, Bulletin
Series No. 399, pp. 128.

Jaradat, O. A.; McLean, D. I.; Marsh, M. L. (1996), “Strength Degradation of Existing
Bridge Column,” Proceedings of the Fourth National Workshop on Bridge Research in
Progress, June 17-19, Buffalo, New York, pp. 253-256

Jones, R. M.; Schroeder, 1. A. (1991), “Design and Construction Aspects of the Structure
Research Tests at Cypress Viaduct,” Lifeline Earthquake Engineering: Proceedings of the

Third US Conference Published by ASCE, New York, NY, pp. 1013-1022

Kent, D. C.; Park, R. (1971), “Flexural Members with Confined Concrete,” Journal of
Structural Division, ASCE, v 97, pp. 1969-1990

220



King, J. W. H. (1946), “The effect of Lateral Reinforcement in Reinforced Concrete
Columns,” The Structural Engineer, v 24, n 7, pp. 355-388

Kunnath S. K., Reinhorn A. M., Park Y. J. (1990), “Analytical Modelling of Inelastic Seismic
Response of R/C Structures,” ASCE, Journal of Structural Engineering, v 116, n 4, pp. 996-
1017

Kunnath, S. K. Gross, J. L. (1996), “Inelastic Response of the Cypress Viaduct to the
Loma Prieta Earthquake,” Engineering Structures, v 17, n 7, pp. 485-493

Liu, W. D.; Nobari, F. S.; Imbsen, R. A. (1989), “Dynamic Response Prediction for
Earthquake Resistance Design of Bridge Structures,” Seismic Engineering Research
Practice, Published by ASCE, New York, NY, pp. 1-10

Lobo, R. F.: Bracci, J. M.; Shen, K. L.; Reinhorn, A. M.; Soong, T. T. (1993), “Inelastic
Response of Reinforced Concrete Structures with Viscoelastic Braces,” Earthquake
Spectra, v 9, n 3, pp. 419-446

Mau, S. T., El-Mabsout, M (1989), “Inelastic Buckling of Reinforcing Bars,” Journal of
Engineering Mechanics, ASCE, v 115, n 1, pp. 1-17

Mau, S. T. (1990), “Effect of Tie Spacing on Inelastic Buckling of Reinforcing Bars,” ACI
Structural Journal, v 87, n 6, pp. 671-677

Meyer, C.; Roufaiel, M. S. L,; Arzoumandis S. G. (1983), “Analysis of Damaged Concrete

Frames for Cyclic Loads," Earthquake Engineering and Structural Dynamics, v 11, pp. 207-
228

221



Meyer, C. (1989), “Inelastic Seismic Analysis of Concrete Buildings,” Seismic
Engineering Research Practice, Published by ASCE, New York, NY, pp. 837-846

Mitchell, D.; Tinawi, R.; Sexsmith, R. G (1991), “Performance of Bridges in the 1989
Loma Prieta Earthquake - Lessons for Canadian Designers,” Canadian Journal of Civil

Engineering, v 18, pp. 711-734

Mitchell, D.; Sexsmith, R. G; Tinawi, R. (1994), “Seismic Retrofitting Techniques for
Bridges - A State-of-the-Art Report,” Canadian Journal of Civil Engineering, v 21, pp.
823-835

Mitchell, D.; DeVall, R. H.; Saatcioglu, M.; Tinawi, R.; Tremblay, R. (1995), “Damage to
Concrete Structures Due to the 1994 Northridge Earthquake,” Canadian Journal of Civil
Engineering, v 22, pp. 361-377

Mitchell, D.; Bruneau, M.; Williams, M.; Anderson, D.; Saatcioglu, M.; Sexsmith, R. G.
(1995), “Performance of Bridges in the 1994 Northridge Earthquake,” Canadian Journal

of Civil Engineering, v 22, pp. 415-427

Ontario Highway Bridge Design Code, Ministry of Transportation and Communications,

Highway Engineering Division, 1983

Ontario Highway Bridge Design Code, Ministry of Transportation, Quality and Standards
Division, Third edition, 1991

Park, R., Paulay, T. (1975), “Reinforced Concrete Structures,” John Wiley and Sons, pp.
769

Paulay T.; Priestley, M. J. N (1992), “Seismic Design of Reinforced Concrete and
Masonry Buildings,” John Wiley & Sons, Inc., USA, 744 p

222



Perry, S. H.; Cheong, H.; Armstrong, W. E. (1987), “Improved Strength and Ductility in
Concrete Elements for Earthquake Resistance,” Proceedings of the 4th Canadian

Conference on Earthquake Engineering, University of British Columbia, Vancouver, pp.
92-101

Popovics, S. (1973), “Analytical Approach to Complete Stress-Strain Curves,” Cement
and Concrete Research, v 3, n 5, pp. 583-599

Prakash, V.; Powell, G. H.; Campbell, S. (1993), “DRAIN-2DX Base Program
Description and User Guide,” Report No. UCB/SEMM-93-17, Department of Civil
Engineering, University of California, Berkeley

Priestley, M. J. N.; Seible, F.; Anderson, D. L. (1993), “Proof Test of a Retrofit Concept
for the San Francisco Double-Deck Viaducts: Part 2 - Test Details and Results,” ACI
Structural Journal, v 90, n 6, pp. 616-631

Priestley, M. J. N.; Verma R.; Xiao, Y. (1994), “Seismic Shear Strength of Reinforced
Concrete Columns,” ASCE, Journal of Structural Engineering, v 120, n 8, pp. 2310-2329

Razvi, S. R, Saatcioglu, M. (1996), “Design of R/C Columns for Confinement Based on
Lateral Drift,” Report No. OCEERC 96-02, Department of Civil Engineering, University
of Ottawa

Richart, F. E., Brandtzaeg, A., Brown, R. L., (1928), “A Study of the Failure of Concrete

Under Combined Compressive Stress,” University of Illinois, Engineering Experimental

Station, Bulletin No. 185, pp. 104

223



Richart, F. E., Brandtzaeg, A., Brown, R. L., (1929), “The Failure of Plain and Spirally
Reinforced Concrete in Compression,” University of Illinois, Engineering Experimental
Station, Bulletin No. 190, pp. 74

Roberts, J. E. (1991), “Recent Advances in Seismic Design and Retrofit of California
Bridges,” Lifeline Earthquake Engineering: Proceedings of the Third US Conference,
Published by ASCE, New York, NY, pp. 52-64

Rodriguez, M.; Park, R. (1991), “Repair and Strengthening of Reinforced Concrete
Buildings for Seismic Resistance,” Earthquake Spectra, v 7, n 3, pp. 439-459

Roy. H. E. M.; Sozen, M. A. (1963), “A Model to Simulate the Response of Concrete to
Multi-Axial Loading,” Structural Research Series No. 268, Civil Engineering Studies,

University of Illinois

Saadeghvaziri, A. M.; Foutch, D. A. (1989), “Effects of Vertical Motion on the Inelastic
Behavior of Highway Bridges,” Seismic Engineering Research Practice, Published by
ASCE, New York, NY, pp. 51-61

Saatcioglu, M. (1994), “Performance of Reinforced Concrete Structures During the 1994
Northridge Earthquake,” Preliminary Report on the Northridge, California, Earthquake of
January 17, 1994, Canadian Association for Earthquake Engineering, Vancouver, Canada,
pp. 421-452.

Saatcioglu, M. and Razvi, S. (1992), “Strength and Ductility of Confined Concrete,”
Journal of Structural Engineering, ASCE, v 118, n 6, pp. 1590-1607

Saiidi, M.; Ghusn, G. (1989), “The Effect of Stiffness Degradation on the Three-

Dimensional Seismic Response of Highway Bridges,” Seismic Engineering Research
Practice, Published by ASCE, New York, NY, pp. 21-30

224



Seim, C.; Rodriguez, S. (1993), “Seismic Performance and Retrofit of the Golden Gate
Bridge,” Structural Engineering in Natural Hazards Mitigation: Proceedings of Papers
Presented at the Structures Congress ‘93, Published by ASCE, New York, NY, pp. 133-
138

Selna, L. G.; Malvar, L. J.; Zelinski, R. J. (1989), “Bridge Retrofit Testing: Hinge Cable
Restrainers,” Journal of Structural Engineering, v 115, n 4, pp. 920-934

Selna, L. G.; Malvar, L. J.; Zelinski, R. J. (1989), “Box Girder Bar and Bracket Seismic
Retrofit Devices,” ACI Structural Journal, v 86, n 5, pp. 532-540

Sheikh . S. A. and Uzumeri, S. M. (1980), “Strength and Ductility of Tied Columns,”
Journal of Structural Engineering, ASCE, v 106, n 5, pp. 1077-1102

Sheikh, S. A. and Uzumeri, S. M. (1982), “Analytical Model for Concrete Confinement in
Tied Columns,” Journal of Structural Engineering, ASCE, v 108, n 5, pp. 2703-2723

Somani, D. R. (1987), “Seismic Behaviour of Girder Bridges for Horizontally Propagating
Waves," Earthquake Engineering and Structural Dynamics, v 15, pp. 777-793

Spyrakos, C. C. (1990), “Assesment of SSI on the Longitudinal Seismic Response of
Short Span Bridges,” Engineering Structures, v 12, n 1, pp. 60-66

Stanton J. F.; MacRae, G. A.; Nosho, K. J. (1996), “Carbon Fiber Seismic Retrofit of
Poorly Confined Square Reinforced Concrete Columns Subjected to Large Axial Forces,”
Proceedings of the Fourth National Workshop on Bridge Research in Progress, June 17-
19, Buffalo, New York, pp. 265-268 ’

225



Takizawa, H.; Aoyama, H. (1976), “Biaxial Effects in Modeling Earthquake Response of
Reinforced Concrete Structures,” Earthquake Engineering and Structural Dynamics, v 4,
pp. 523-552

Tarakji, G. (1991), “Lessons Not Learned From the Catastrophic Collapse of Highway
Structures in the 1989 Loma Prieta Earthquake,” Lifeline Earthquake Engineering:
Proceedings of the Third US Conference, Published by ASCE, New York, NY, pp. 1052-
1060

Vallenas, J., Bertero, V., Popov, E. P. (1977), “Concrete Confined by Rectangular Hoops
and Subjected to Axial Load,” Report No. UCB/EERC-77/13, Earthquake Engineering
Research Center, College of Engineering, University of California, Berkeley, pp. 14

Valluvan, R.; Kreger, M. E.; Jirsa, J. O. (1993), “Strengthening of Column Splices for
Seismic Retrofit on Nonductile Reinforced Concrete Frames,” ACI Structural Journal, v
90, n 4, pp. 432-433

Wilson, J. C. (1986), “Analysis of the Observed Seismic Response of a Highway Bridge,”
Earthquake Engineering and Structural Dynamics, v 14, pp. 339-354

Xiao, Y.; Ma, R. (1996), “Analysis and Design of Bridge Columns with Lap-Spliced
Longitudinal Reinforcement,” Proceedings of the Fourth National Workshop on Bridge
Research in Progress, June 17-19, Buffalo, New York, pp. 259-262

Yashinsky, M. (1991), “The Seismic Retrofit of Bridge Foundations,” Lifeline Earthquake

Engineering: Proceedings of the Third US Conference, Published by ASCE, New York,
NY, pp. 166-185

226



Zelinski, R. J. (1991), “San Francisco Double-Deck Viaduct Retrofits,” Lifeline
Earthquake Engineering: Proceedings of the Third US Conference, Published by ASCE,
New York, NY, pp. 121-130

Zelinski, R. J.; Dubovik, A. T. (1991), “Seismic Retrofit of Highway Bridge Structures,”

Lifeline Earthquake Engineering: Proceedings of the Third US Conference, Published by
ASCE, New York, NY, pp. 11-120

227



Appendix A

Source Code of COLA
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{$D+,L+}
program sectional_analysis (input, output);

uses dos, crt, cit_core;

constn_1 =100,

n_2=275;
n_3 =50;
n_4 =500;
n_5 =500;
label 10, 20, 30;

type array_1 = array [1..n_1] of real;
array 2 = array [1..n_2] of real,
array_3 = array [1..n_3] of real;
array_4 = array [1..n_4] of real,
array_S = array [1..n_5] of real;
file_name = string[ 15];
fail_message = string[52];

var r, cov, s, fco, eo, eo85, eo_ini, eou, fy, ey, fsh, esh, fu, esu,
axial_load, euc, euc_inc, euc_max, sbd, Ibd, t_|, Iba, sba, cr_c, cr_mom,
cr_cur, t_s, fcc, el, e85, k_fac, accuracy, c_inc, alfa_inc, c,
force_steel, force_conc, phi, diff, mom_arm, can_len, cr_strain, small_ss,
final_t_ss, abs_small_ss, abs_big_ss, old_c_ss, old_t_ss, ext_ss, euc_in,
ecc_in, es_in, sl, hl, bar_ext, r_d, strip_height, big_ss, rot, width,
h_dim, v_dim, conc_strain, m_p_moment, area_conc_conf, area_conc_unconf,
area_steel, phi_c, phi_s, comp_height_limit, percent_finish, final_c,
po_code_with_conf, po_code_without_conf, po_real, m_p_force, tie_sp, sfy,
final_strain, strain, strain_in, sp_v_tie, sp_h_tie, mr_bal, pr_bal,
mr_ben, pr_ben, mom_zero_strain_before, mom_zero_strain_after,
c_mom_zero_strain_before, c_mom_zero_strain_after, ecc_20 fcc,
mom_zero_strain, final_c_ss, spacing, mom_ult, for_ult, z_m_euc_inc: real,

dist_st_1, dist_st_2, force_st, strain_st, stress_st, area_st, str_con,
exes_for: array_1;

curvature, moment, el, pl, flex_def, slip_def, lat_for, lat_for p_delta,
slip_slope, tot_def, conf conc_strain, unconf_conc_strain, fuc_array,
fcc_array, es t_p,es_c_p,es_c_p neg, fs_t_array, fs_c_array,
fs_c_array_neg: array_2;

h_tie_angle, v_tie_angle: array 3;
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pr, mr: array 4,
dcf, dcf_dist: array_5;

nib, lbn, sbn, c_m, cc, i, j, m_c, num_I, num_2, num_3, num_4, num_S$,
at l,at2at3at4ats$ orgmode m_p, n_h_tie, n v tie,
final_data_num, small_i, big_i: integer;

out_l, out_2, st_dec, buc_dec, cover_dec, core_dec, m_p dec: char;

fm, fsl, fF, fd, func, fcon, fo, fp, fs_t, fs_c, 1, flpd, fp_1, fmp, fc,
fsm: text;

file_I_in, file_2_in, file_cur_mom, file_def_mom, file_slip_mom, file_out,
col_type, file_euc_fuc, file_ecc_fcc, file_es_t_fs, file_es_c_f5,
file_plot.file_flex_mom, file_def_lat_for, file_def 1 f p_d, in_col_type,
in_gen_data, gen_name, file_mom_axi_for, file_clean,

file_slp_slo_mom: file_name;

f m: fail_message;

c_flag, con_flag, st_c_flag, st_t_flag, d_flag, array_1_cond, mf flag,
array_2_cond, array_3_cond, array_4_cond, conc_strain_flag, st_b_flag,
out_flag, final_cc_flag, z m_flag large, z m flag small,

z_m_flag: boolean;

{

definition of variables used in the main program:

area_st - area of steel for each layer in rec. or sqr. columns
axial_load - axial loading in N

a_t 1 : first array type

array_l_cond :trueifnum_l <=limitina_t_1, else false
at?2 : second array type

array_2 cond :trueifnum 2 <=limitina t 2, else false
at3  third array type

array_3_cond :trueif num_3 <=limit in a_t_3, else false
at4 : first array type

array_4_cond : true if num_4 <= limit in a_t_4, else false
accuracy - limit to stop iteration

alfa_inc : incremental angle to calculate strip widths

area_conc_conf : confined concrete cross section area in sq. mm
area_conc_unconf : unconfined concrete cross section area in sq. mm
area_steel : steel cross section area in sq. mm
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big_ss : returns largest value of reinforcing bar stress

bar_ext : extension of bar due to yielding and slipping in mm
col_type : type of column (rectangular, square, or circular)
cov . concrete cover in mm

c_inc * incremental compresion height value in mm

c . compression height in mm

can_len - cantilever length of column in mm

c_m . counter

curvature - curvature of the column

c_flag - true until section's forces balance

cc . counter to count number of strips for a given ¢
conl_flag - true until core concrete strength falls below 20%
con2_flag : true until core concrete strength falls below 20%
c_array - compression height values for each concrete strain
cr_c - cracking neutral axis in mm

cr_mom - cracking moment in N.mm

cr_cur . cracking curvature

cr_strain : cracking strain

conc_strain  : concrete strain used in M-P interaction calculation
comp_height_limit: compression heigth limit in M-P inter. calculation
conc_strain_flag : true until unconf. conc. strain exceeds the limit

cs - concrete strength at longitudinal bar level

dist_st_1 . dist. between surface and centerline of long. steel
dcf - concrete force at each strip

dcf_dist : dist. between the centroid of the section and strip
diff - sum of forces due to steel, concrete, and axial load
dist_st 2 . distance between top steel and others

d_flag  true if plastic hinge length is less than the width
flex_def : lateral deformation at top of column due to flexure
el  strain at maximum stress for core concrete

e85 : strain at 85% of maximum stress for core concrete
eo  strain at maximum stress for cover concrete

€085 : strain at 85% of maximum stress for cover concrete
€o_ini . starting cover concrete strain

eou : ending cover concrete strain

ey - steel strain at yield

esh  steel strain at strain hardening

esu : steel strain at ultimate

euc : cover concrete strain

euc_inc . incremental cover concrete strain

euc_max : ending cover conctere strain

euc_array . cover concrete strain values
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el  elastic length in hinging region of the column

euc_p - array of cover concrete strains for plotting

euc_in . cover concrete strain for plotting

ecc_p - array of confined core concrete strains for plotting
ecc_in : confined core concrete strains for plotting

es_p : array of steel strains for plotting

es_in : steel strain for plotting

exes_for - excess force in compression block due to long. reinf.
file_1_in . input file name for rec., square, or circular column
file 2 in : common input file name for rec., sqr., or cir. column
fcc - maximum core (confined) concrete stress in Mpa

fy . steel strength at yield in MPa

fsh : steel strength at strain hardening in MPa

fu . steel strength at ultimate in MPa

file_cur_mom : curvature vs moment file

file_flex_mom : top deflection due to flexure vs moment file
file_slip_mom : top deflection due to bar slip vs moment file
file_def mom : total top deflection vs moment file

file_out : output file

file_euc_fuc : unconfined concrete model file

file_ecc_fcc  : confined concrete model file

file es fs  : steel model file

file_plot : plot files

file_def_lat_for : total deflection vs lateral force file
file_def | f p d: tot. def. w/ p - delta effect vs lateral force file
file_mom_axi_for : moment vs axial force interaction file
file_slp_slo_mom : rotation due to bar slip vs moment file

fco : maximum cover (unconfined) concrete stress in MPa
final_ss : returns final value of reinforcing bar stress
force_steel  : section's force due to steel reinforcement
force_conc : section's force due to concrete (cover + core)
final euc : final cover concrete strain value

final _ecc  : final confined concrete strain value

fuc_array : array of max. cover concrete stresses for plotting
fcc_array : array of max. core concrete stresses for plotting
fs_array . array of steel strengths for plotting

func : file for unconfined concrete strain and stress values
fcon - file for confined concrete strain and stress values

fs : file for steel strain and stress values

fm : file for curvature and moment values

fsm : file for rotation due to slip vs moment values

fsl : file for top defl. due to bar slip and moment values
ff : file for top defl. due to flexure and moment values
fd : file for total top deformation and moment values
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fl - file for total top def. and lateral force values

fmp : file for moment and axial force interaction values
fp 1 : file name containing all plot file names

fp : file containing all plot file names

fo : file for output

ft : concrete failure type

fm - concrete failure message

file_clean  : bacth file for erasing previously created data files
fec : file containing data files for erasing

gen_name : common file indicator

hi - parameter of deformed bar

h_dim . horizontal dimension of a rectangular column

h_tie_angle  : angle between horizontal tie and vertical plane

i . index
in_col_type : rectangular, square, or circular file indicator
in_gen_data  : common file indicator

] : index

k_fac - ratio of confined to unconfined concrete stress

lbn . longitudinal bar number

lbd : logitudinal bar diameter

Iba : longitudinal bar area

lat_for  lateral force at column base

lat_for_p_delta : lateral force at column base including P-Delta

large c : compression heigth value used in M-P inter. calc.

moment : moment of the column

mom_arm : moment arm bet. centerline of steel and neutral axis

m - index

m_p . index for M-P calculation

m_p_moment  : moment value in M-P calculation

mr : total moment in M-P calculation

m_p_force : total axial load in M-P calculation

mr_bal : balanced bending moment in N-mm

nib - number of layers of bars in rec. or square columns
number of longitudinal bars in circular columns

num_1 - limit in the first array type

num_2 : limit in the second array type

num_3 . limit in the third array type
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new_ss : initial value of small_ss

n_h_tie : number of horizontal ties in a stirrup

n_v_tie - number of vertival ties in a stirrup

origmode - original screen mode

old _ss . previous steel strength

out_1 : controls screen or file output

out_2 . controls another output to screen or file

phi . curvature

phi ¢ . concrete strength coefficient

phi_s - steel strength coefficient

pl  plastic length in hinging region of the column in mm
pr  total axial load in M-P calculation in N

po_code - code value of axial load capacity of column in N
po_real - real (calc.) value of axial load cap. of col. in N
percent_finish : percentage completed of M - P interaction calculation
pr_bal . balanced axial load in N

r : radius of circular column in mm

rot - orientation of top reinforcement (clockwise - degree)
rd : reinforcement depth

s - spacing of stirrups (pitch) in cir. columns in mm

sbn : stirrup bar number

sf . steel force for each bar

ss : steel strain for each bar

strip_height : maximum strip width of concrete in mm

sbd : stirrup bar diameter

sba : stirrup bar area

sl : parameter of deformed bar

st_flag - true until steel strength goes beyond ultimate
small_ss - returns smallest value of reinforcing bar stress
slip_slope  : slope of column due to extension of long. bars
sfy - stirrup steel yield strength

st_dec . input decision on bar no. or bar dia., and def. char.
sp_v_tie . center to center ver. tie spacing in a stirrup in mm
sp_h tie - center to center hor. tie spacing in a stirrup in mm
tl - dist. between surface and centerline of long. steel
ts  dist. between surface and centerline of stirrup
slip_def - lateral deformation at top of column due to bar slip
tot_def  lat. def. at top of col. due to flex. and bar slip
tie_sp . spacing of stirrups in sqr. and rec. columns in mm
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v_dim - vertical dimension of a rectangular column
v_tie_angle : angle between vertical tie and horizontal plane

width - width of square column in mm

}

procedure READ_GENERAL_INPUT (var f_in, input_general: file_name;

var lon_bar_num, stir_bar_num:integer;

var unconf_max_conc_str,
unconf_conc_strain_100fc,
unconf_conc_strain_85fc,
unconf_conc_strain_ult, steel_str_yield,
steel_strain_yield, steel_str_strain_hard,
steel_strain_strain_hard, steel_str_ult,
steel_strain_ult, strip_height, axial load,
cantilever_length, conc_str_fac,
steel_str_fac, bar_diameter, hl, s,
stir_bar_diameter, stir_steel_str_yield
- real;

var f_uc, f cc, f t_st, f c_st, f me, f fl,
f fssm, f s, f_td, £ fd, f fdpd, £ mp, £ p,
f o, f_c: file_name;

var steel_decision, buckling_decision,
cover_model, core_model,
m_p_interaction_decision: char);

{

reads general input values from a file

called in main program

}

var fi: text;
dummy_name: string[70];
begin
assign(fi, f_in);
reset(fi);
readIn(fi, input_general),
if input_general = 'general’ then
begin
for i:= 1 to 2 do readin(fi, dummy_name);
readIn(fi, dummy_name, cover_model);
readin(fi, dummy_name, core_model);
readin(fi, dummy_name, unconf_max_conc_str);
readin(fi, dummy_name, unconf conc_strain_100fc);
readin(fi, dummy_name, unconf_conc_strain_85fc);
readIn(fi, dummy_name, unconf_conc_strain_ult);

235



readin(fi, dummy_name, conc_str_fac);
readIn(fi, dummy_name);
readin(fi, dummy_name, steel_decision);
readin(fi, dummy_name, buckling_decision);
if steel_decision = 'Y" then
begin
for i:= 1 to 2 do readIn(fi, dummy_name);
readin(fi, dummy_name, lon_bar_num);,
for i:=1 to 5 do readin(fi, dummy_name)
end,;
if steel_decision = N' then
begin
for i:= 1 to 4 do readIn(fi, dummy_name);
readin(fi, dummy_name, bar_diameter);
readIn(fi, dummy_name),
readin(fi, dummy_name, hl);
readIn(fi, dummy name, sl)
end;
readin(fi, dummy_name, steel_str_yield);
readin(fi, dummy_name, steel_strain_yield);
readin(fi, dummy_name, steel_str_strain_hard);
readin(fi, dummy_name, steel_strain_strain_hard);
readin(fi, dummy_name, steel_str_uit),
readIn(fi, dummy_name, steel_strain_ult);
readIn(fi, dummy_name, steel str_fac);
if steel_decision ='Y" then
begin
for i:= 1 to 2 do readIn(fi, dummy_name);
readIn(fi, dummy_name, stir_bar_num);
for i:= 1 to 2 do readIn(fi, dummy_name)
end,
if steel_decision = N' then
begin
for i:= 1 to 4 do readIn(fi, dummy name);
readin(fi, dummy_name, stir_bar_diameter)
end;
readin(fi, dummy_name, stir_steel_str_yield);
readin(fi, dummy_name, axial_load);
readin(fi, dummy_name, cantilever_length);
readin(fi, dummy_name, strip_height);
readin(fi, dummy_name, m_p_interaction_decision);
readin(fi, dummy_name);
readin(fi, dummy_name, f uc);
readin(fi, dummy_name, f cc);
readin(fi, dummy_name, f t_st),
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readin(fi, dummy_name, f_c_st);
readIn(fi, dummy name, f_mc);
readin(fi, dummy_name, f_fl),
readin(fi, dummy _name, f fssm);
readin(fi, dummy_name, f sl),
readin(fi, dummy_name, f_td),
readin(fi, dummy_name, f fd),
readin(fi, dummy_name, f fdpd);
readin(fi, dummy name, f mp);
readIn(fi, dummy_name, f_p);
readin(fi, dummy_name, f o),
readin(fi, dummy_name, f _c)

end,

close(fi)

end;

procedure READ_CIRCULAR_INPUT (var f _in, input_column: file_name;
var cover, radius, rotation, spacing: real,
var num_lon_bar:integer);

{

reads input values for circular columns from a file

called in main program
}
var fi: text;
dummy_name: string{70];
begin
assign(fi, f_in);
reset(fi);
readIn(fi, input_column);
if input_column = 'circular' then
begin
readIn(fi, dummy_name, cover),
readIn(fi, dummy_name, radius);
readIn(fi, dummy_name, num_lon_bar);
readIn(fi, dummy_name, spacing);
readin(fi, dummy_name, rotation)
end,;
close(fi)
end,

procedure READ SQUARE_INPUT (var f_in, input_column: file_name;
var column_width, tie_spacing,
dist_ver_cross_ties, dist_hor_cross_ties
- real;
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var num_hor_cross_ties, num_ver_cross_ties,
num_layer: integer;
var steel_area, steel_distance: array_I;
var hor_tie_angle, ver_tie_angle: array_3);
{

reads input values for square columns from a file

called in main program
}
var fi: text;
dummy_name: string[70];
I integer,
begin
assign(fi, f_in);
reset(fi);
readIn(fi, input_column);
if input_column = 'square' then
begin
readIn(fi, dummy_name, column_width),
readIn(fi, dummy_name, tie_spacing),
readIn(fi, dummy_name, num_layer);
for i:= I to num_layer do readin(fi, dummy_name, steel_area[i]);
for i:= 1 to num_layer do readin(fi, dummy_name, steel_distance[i]);
readIn(fi, dummy_name, num_hor_cross_ties);
for i:= 1 to num_hor_cross_ties do
readin(fi, dummy_name, hor_tie_angle[i]);
readIn(fi, dummy_name, dist_ver_cross_ties);
readin(fi, dummy_name, num_ver_cross_ties);
for i:= 1 to num_ver_cross_ties do
readIn(fi, dummy_name, ver_tie_angle[i]);
readin(fi, dummy_name, dist_hor_cross_ties);
end;
close(fi)
end;

procedure READ_RECTANGULAR_INPUT (var f_in, input_column: file_name;
var hor_dim, ver_dim, tie_spacing,
dist_ver_cross_ties, dist_hor_cross_ties
: real;
var num_hor_cross_ties, num_ver_cross_ties,
num_layer: integer;
var steel_area, steel_distance: array_1I;
var hor_tie_angle, ver_tie_angle: array 3);
{

reads input values for rectangular columns from a file
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called in main program

}

var fi: text;

dummy_name: string[70];

I: integer;
begin
assign(fi, f_in);
reset(fi);
readin(fi, input_column);

if input_column = 'rectangular’ then

begin

readIn(fi, dummy_name, hor_dim);
readin(fi, dummy_name, ver_dim);

readin(fi, dummy_name, tie_spacing);

readin(fi, dummy_name, num_layer);
for i:= 1 to num_layer do readin(fi, dummy name, steel_area[i]);
for i:= | to num_layer do readIn(fi, dummy name, steel_distance(i])
readin(fi, dummy_name, num_hor_cross_ties);
for i:= 1 to num_hor_cross_ties do
readin(fi, dummy_name, hor_tie_angle[i]);
readin(fi, dummy_name, dist_ver_cross_ties):
readin(fi, dummy_name, num_ver_cross_ties);
for i:= | to num_ver_cross_ties do
readin(fi, dummy_name, ver_tie_angle[i]);
readin(fi, dummy_name, dist_hor_cross _ties);

end;
close(fi)
end;

procedure CLICK,
{

makes sound

called in NOFILE
CHECK_ARRAY
main program
}
begin
sound(2000);
delay(75),
nosound
end;

function EXIST (filename: file_name): boolean;

239

)



{

checks if the input file exists

caled in main program
}
var f file;
begin
{3I-}
assign(f, filename);
reset(f);
close(f),
{$I+}
if [Qresult <> 0 then exist:= false
else exist:= true
end;

procedure NOFILE (filename: file_name);
{

displays message if the input file does not exist

called in main program

}

begin
clrscr;
click;
gotoxy(6, 13);
textcolor(lightgreen);
write(' File ', chr(174));
textcolor(lightred + blink);
write(filename);
textcolor(lightgreen);
writeln(chr(175), ' does not exist');
textcolor(lightgray)

end,;

procedure BEKLE;
{

stops the program until a letter "c" or "C" is entered

called in LIST_DIR_FILES

CHECK_ARRAY
main program
}
begin
repeat
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gotoxy(6,24);
textcolor(white);
writeln('Enter < C > to continue...")
until upcase(readkey) = 'C",
textcolor(lightgray),
clrscr
end,

procedure LIST_DIR_FILES (text: file_name);
{

lists files in a directory

called in main program
}
var
DirInfo: SearchRec;
i: integer;
procedure list_dir_files_heading;
begin
textcolor(lightred);
writeln('Please identify your filename for");
gotoxy(15, 2);
textcolor(lightgreen + blink);
write(text),
gotoxy(15, 3);
textcolor(lightred);
writeln(’ input');
writeln;
textcolor(lightcyan)
end,
begin
list_dir_files_heading;
=1,
FindFirst('"*.*, Archive, Dirlnfo),
while DosError = 0 do
begin
gotoxy(13, i+4);
writein(DirInfo.Name);
FindNext(DirInfo);
=i+ 1;
if i > 18 then
begin
bekle;

=1
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list_dir_files heading
end
end;
textcolor(lightgray);
bekle;
clrscr
end;

procedure PRINT_DATE;
{

prints current date

called in main program
}
const days : array [0..6] of String[9] = ('Sunday’,Monday', Tuesday’,
‘Wednesday', Thursday’, Friday’,
'Saturday"),
var y, m, d, dow : Word,
begin
GetDate(y,m,d,dow);
WriteLn(fo, Date: ', days[dow],', ', m:0, /", d:0, /', y:0)
end,

procedure PRINT_TIME;
{

prints current time

called in main program

}
var h, m, s, hund : Word;
function LeadingZero(w : Word) : String;
var s : String;
begin

Str(w:0, s);

if Length(s) = 1 thens :='0' +s;,

LeadingZero =s
end;
begin

GetTime(h,m,s,hund);

WriteLn(fo, ‘Time: ', LeadingZero(h), "', LeadingZero(m),"’,

LeadingZero(s), ', LeadingZero(hund))

end;

procedure CHECK_ARRAY (var array_type, num, num_limit: integer;
var cond: boolean);
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{

checks if the variables have enough memory

called in CONCRETE_FORCE
main program
}
var word: string[7];
begin
cond:= true;
case array_type of
| : word:='array 1"
: word:= 'array_2";
: word:= 'array_3";
- word:= 'array_4',
: word:= 'array_S$'

[ 3NN SN DS I 6 ]

end;

if num >= num_limit then

begin
textmode(co80);
clrscr,
click;
gotoxy(13, 10);
textcolor(lightcyan);
write(char(201));
fori:= 1 to 54 do write(char(205));
write(char(187));
gotoxy(13, 11);
write(char(186));
gotoxy(68, 11);
writeln(char(186));
gotoxy(13, 12);
write(char(186));
textcolor(lightgray);
gotoxy(17, 12);
write('Increase ',chr(174));
textcolor(lightred + blink);
write(word);
textcolor(lightgray);
write(chr(175), ' dimension in the source code');
textcolor(lightcyan);
gotoxy(68, 12);
writeln(char(186));
gotoxy(13, 13);
write(char(186));
gotoxy(68, 13);
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writeln(char(186));
gotoxy(13, 14);
write(char(200));
fori:= 1 to 54 do write(char(205));
write(char(188));
textcolor(lightgray);
cond:= false;
bekle
end
end;

procedure FAILURE_MESSAGES (var message: fail_message);
{

displays error messsages depending on the type of column failure

called in main program
}
begin

textmode(co80);
clrscr;

click;

gotoxy(13, 10);
textcolor(lightcyan);
write(char(201));

for i:= 1 to 54 do write(char(205));
write(char(187));
gotoxy(13, 11);
write(char(186));
gotoxy(68, 11);
writeln(char(186));
gotoxy(13, 12);
write(char(186));
textcolor(lightred),
gotoxy(15, 12);
write(message);
textcolor(lightcyan);
gotoxy(68, 12);
writeln(char(186));
gotoxy(13, 13);
write(char(186));
gotoxy(68, 13);
writeln(char(186));
gotoxy(13, 14);
write(char(200));

for i:= 1 to 54 do write(char(205));
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write(char(188));

textcolor(lightgray);

bekle;

textmode(co40)
end;

procedure HEADING;

{
prints heading at the start of the program

called in main program
}
begin

clrser;

textcolor(lightred),

gotoxy(15,8);

click;

fori:= 1 to 9 do write('C');

fori:=91to 13 do

begin
gotoxy(14,i);
writeln('C")

end;

gotoxy(15,14);

fori:=1 to 9 do write('C");

delay(1000);,

gotoxy(30.8);

click;

fori:=1 to 9 do write('0";

fori:=9to 13 do

begin
gotoxy(29,1);
writeln('0")

end;

gotoxy(30,14);

fori:=1 to 9 do write('0");

fori:=9to 13 do

begin
gotoxy(39,1);
writeln('O")

end;

delay(1000);

click;

fori:=8to 13 do

begin
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gotoxy(45,1),
writeln('L")

end;

gotoxy(45, 14);

fori:=1 to 9 do write('L");

delay(1000),

click;

gotoxy(58,8);

writeln(' A'),

gotoxy(58,9);

writeln(" A A");

gotoxy(58,10);

writein(' A A");

gotoxy(58,11);

writeln(' AAAAAAA),

gotoxy(58,12),

writeln('A A));

gotoxy(58,13);

writeln(A  A"),

gotoxy(58,14);

writeln(A  A');

gotoxy(S, 19);

textcolor(lightcyan),

writell(REINFORCED CONCRETE COLUMN
S').
bekle;
origmode:= lastmode;
textmode(co40)
end,

procedure MENU (var column_type: file_name);,

{

prints column type selection menu

called in main program
}
begin
clrscr;
repeat
gotoxy(9, 10),
textcolor(lightgreen),
writeln('Enter type of column ...");
gotoxy(12, 12);
write('<);
textcolor(lightred);
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write('square'),
textcolor(lightgreen);
writeln(>');
gotoxy(12, 13),
write('<'),
textcolor(lightred);
write('rectangular');
textcolor(lightgreen);
writeln(">');
gotoxy(12, 14);
write('<'),
textcolor(lightred),
write('circular'),
textcolor(lightgreen);
writeln(">");
gotoxy(9, 18);
delline;
write(chr(196), chr(26), '");
textcolor(lightgray);
readIn(column_type);
if ((column_type < 'square’) or (column_type = 'circular')) and
((column_type = 'square') or (column_type <> ‘circular')) and
((column_type <> 'square') or (column_type = 'rectangular’)) and
((column_type ='square') or (column_type <> 'rectangular')) and
((column_type <> 'rectangular’) or (column_type = 'circular’)) and
((column_type ='rectangular’) or (column_type <> 'circular’)) then click
until (column_type = 'square') or (column_type = 'circular’)
or (column_type = 'rectangular’)
end,

procedure CHECK_FILE_NAME (var column_type, input_column_type: file_name);
{

checks for correct input file name

called in main program
}
begin
if input_column_type <> column_type then
begin
clrscr;
click;
gotoxy(11, 10);
textcolor(lightgreen);
writeln('Wrong file name for');
gotoxy(17, 12);
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textcolor(lightred);
writeln(column_type);
gotoxy(13, 14);
textcolor(lightgreen);
writeln(' column input');
textcolor(lightcyan + blink);
gotoxy(14, 17);
writeln('Try again !!!");
bekle
end
end;

procedure CREATE_DATA_FILE 1 (var text_file_name: text;
var data_file_name: file_name;
var x_data, y_data: array 2;
var num_data: integer);

{

creates a data file

called in main program
}
var i: integer,
begin
assign(text_file_name, data_file_name);
rewrite(text_file_name);
for .= 1 to num_data do
writeln(text_file_name, x_data[i],' ', y_data[i]);
close(text_file_name)
end;

procedure CREATE_DATA_FILE_2 (var text_file_name: text;
var data_file_name: file_name;
var x_data, y_data: array 4;
var num_data: integer),

{

creates a data file

called in main program

}
var i: integer;
begin

assign(text_file_name, data_file_name),

rewrite(text_file_name);

fori:=1 to num_data do

writeln(text_file_name, x_datafi],’ ', y_data[i]);
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close(text_file_name)
end;

procedure clean_files;
{

cleans data files

called in main program

}

begin
assign(fc, file_clean);
rewrite(fc);
writeln(fc, 'del ', file_euc_fuc);
writeln(fc, 'del ', file_ecc_fcc);
writeln(fc, 'del ', file_es_t_f5s),
writeln(fc, 'del ', file_es ¢ fs);
writeln(fc, 'del ', file_cur_mom);
writeln(fc, 'del ', file_slp_slo_mom);
writeln(fc, 'del ', file_slip_mom);,
writeln(fc, 'del’, file_flex_mom),
writeln(fc, 'del ', file_def mom);,
writeln(fc, 'del ', file_def lat_for),
writeln(fc, 'del ', file_def | f p d),
writeln(fc, 'del ', file_mom_axi_for);
writeln(fc, 'del ', file_plot);
writeln(fc, 'del ', file_out);
writeln(fc, 'del spock');
close(fc)

end;

procedure BAR_AREAS (var bar_num: integer; var bar_area: real),

{

finds area of a reinforcing bar

called in main program
}
begin
case bar_num of

10 : bar_area:= 100;
15 : bar_area:= 200;
20 : bar_area:= 300;
25 : bar_area:= 500;
30 : bar_area:= 700;
35 : bar_area:= 1000;
45 : bar_area:= 1500;
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55 : bar_area:= 2500
end
end;

procedure BAR_DIAMETERS (var bar_num: integer; var bar_diameter: real);
{

finds diameter of a reinforcing bar

called in main program
}
begin
case bar_num of
10 : bar_diameter:= 11.3;
15 : bar_diameter:= 16.0;
20 : bar_diameter:= 19.5;
25 : bar_diameter:= 25 .2,
30 : bar_diameter:= 29.9;
35 : bar_diameter:= 35.7,
45 : bar_diameter:= 43 7,
55 : bar_diameter:= 56.4
end
end;

procedure DEFORMED_BAR_DIMENSIONS (var bar_num: integer; var sl, hi: real);
{

finds deformed bar parameters

called in main program

}

begin

case bar_num of
10 :sl:=7.9;
15 :sk=11.2;
20 :sl:=13.6;
25 :sli=17.6;
30 :sl:=20.9;
35 :sl:=25.0;
45 : sl:=30.6;
55:sl:=394

end,

case bar_num of
10 : hl:=0.45;
15: hi:=0.72;
20 : hl:=0.98;
25 : hl:=1.26;
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30 : hl:=1.48;

35 :hl:=1.79;

45 : hl:=2.20;

55 :hl:=2.55
end

end;

procedure DIST_CONC_TO_LON_STEEL (var cover, stir_bar_dia, lon_bar_dia,
dist_conc_to_lon_steel: real);
{
calculates the distance from the surface of the column to the
centerline of the longitudinal reinforcement

called in main program
}
begin

dist_conc_to_lon_steel:= cover + stir_bar_dia + lon_bar_dia /2
end,

procedure DIST_CONC_TO_STIR_STEEL (var cover, stir_bar_dia,
dist_conc_to_stir_steel: real),

{

calculates the distance from the surface of the column to the
centerline of the stirrup reinforcement

called in main program

}
begin

dist_conc_to_stir_steel:= cover + stir_bar_dia/ 2
end;

function DIST_CONC_STR (var radius, alpha, comp_height: real): real;
{

calculates the distance from the neutral axis
to the strip in the circle

called in CONCRETE_FORCE

CRACKING
}
begin
dist_conc_str:= radius * (cos(alpha) - 1) + comp_height
end;

function DIST_STEEL (var radius, dist_conc_to_lon_steel, angle, rotation
- real): real;
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{

calculates the distance between the top steel and any other steel

called in DIST_STEEL_ARRAY
}
begin
dist_steel:= (radius - dist_conc_to_lon_steel) * (1 - cos(angle
+ rotation))
end;

procedure DIST_STEEL_ARRAY (var num_lon_bar: integer;
var radius, dist_conc_to_lon_steel, rotation
real;
var dist_st_array: array_l),

{

stores the distances between top steel and others in an array

called in main program

}

var angle, angle_inc, rot_angle: real;

I: integer;
begin
angle:=0;

angle_inc:= (360 / num_lon_bar) * pi /180;
rot_angle:= rotation * pi/ 180;
for i:= 1 to num_lon_bar do
begin
dist_st_array[i]:= dist_steel (radius, dist_conc_to_lon_steel,
angle, rot_angle);
angle:= angle + angle _inc
end
end;

procedure DEPTH (var num_lon_bar: integer;
var dist_st_array: array_l;
var dist_conc_to_lon_steel, reinf_depth: real);
{
calculates the distance from the surface of the column to the
bottom steel

called in main program

}
var i: integer;
begin
reinf_depth:= dist_st_array[1];
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for i:= 2 to num_lon_bar do
if dist_st_array[i] > reinf depth then
reinf_depth:= dist_st_array{i];
reinf_depth:= reinf_depth + dist_conc_to_lon_steel
end;

function HOGNESTAD_PARABOLA (var max_conc_str, conc_strain, conc_strain_100fc
‘real): real;
{

calculates concrete strength using Hognestad's parabolic portion

called in UNCONF_CONC_STR
UNCONF_CONC_STR_PLOT
}
begin
hognestad_parabola:= max_conc_str * (2 * (conc_strain
/ conc_strain_100fc) - sqr(conc_strain
/ conc_strain_100fc))
end;

function MODIFIED_HOGNESTAD_PARABOLA (var conf_max_conc_str,
conf_conc_strain_100fc, conc_strain,
k :real): real;

{

calculates concrete strength using modified Hognestad's parabolic portion

called in CONF_CONC_STR
CONF_CONC_STR_PLOT
}
begin
modified_hognestad_parabola:= exp(In(conf max_conc_str)
+(1/(1+2*k))*In(2 * (conc_strain
/ conf_conc_strain_100fc) - sqr(conc_strain
/ conf_conc_strain_100fc)))
end,

function POPOVICS_CURVE (var unconf_max_conc_str, conf_max_conc_str,
conf_conc_strain_100fc, conf conc_strain: real)
- real;
{

calculates concrete strength using Popovics' curve

called in CONF_CONC_STR
CONF_CONC_STR_PLOT

253



var mod_elas_unconf_conc, sec_mod_elas_conf _conc, r, numerator,
denominator: real;
begin
if conf_conc_strain <= 1E-0S then conf_conc_strain:= 1E-05;
mod_elas_unconf_conc:= 3320 * sqrt(unconf_max_conc_str) + 6900;
sec_mod_elas_conf_conc:= conf_max_conc_str / conf_conc_strain_100fc;
r:= mod_elas_unconf_conc / (mod_elas_unconf conc -
sec_mod_elas_conf _conc);
numerator:= conf_max_conc_str * (conf_conc_strain
/ conf_conc_strain_100fc) * r;
denominator:=r - 1 + exp(r * In(conf_conc_strain
/ conf_conc_strain_100fc)),
popovics_curve:= numerator / denominator
end;

function STRESS_STRAIN_LINEAR (var max_conc_str, conc_strain_85fc,
conc_strain_100fc, conc_strain:real): real;

{

calculates concrete strength using Hognestad's linear portion

called in UNCONF_CONC_STR
UNCONF_CONC_STR _PLOT
CONF_CONC_STR
CONF_CONC_STR_PLOT
}
begin
stress_strain_linear:= max_conc_str - (0.15 * max_conc_str)
/ (conc_strain_85fc - conc_strain_100fc)
* (conc_strain - conc_strain_100fc)
end;

function UNCONF_CONC_STR (var unconf_conc_strain_100fc, unconf_max_conc_str,
curvature, dist_conc_str,
unconf_conc_strain_85fc: real;
var cover_model: char): real;
{
calculates unconfined concrete stress using Hognestad's curve
with the straight line portion

called in CONCRETE_FORCE
}
var unconf_conc_strain, ucs, percent_fail: real;
begin
percent_fail:=0;
unconf_conc_strain:= curvature * dist_conc_str;
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if unconf_conc_strain <= unconf_conc_strain_100fc then
begin
if cover_model = 'H' then
unconf_conc_str:= hognestad_parabola (unconf_max_conc_str,
unconf_conc_strain,
unconf_conc_strain_100fc);
if cover_model = 'P' then
unconf_conc_str:= popovics_curve (unconf_max_conc_str,
unconf_max_conc_str,
unconf_conc_strain_100fc,
unconf_conc_strain)
end,
if unconf_conc_strain > unconf conc_strain_100fc then
begin
ucs:= stress_strain_linear (unconf_max_conc_str,
unconf_conc_strain_85fc,
unconf_conc_strain_100fc,
unconf_conc_strain);
if ucs < percent_fail * unconf_max_conc_str then
unconf_conc_str:= percent_fail * unconf_max_conc_str
else unconf_conc_str:= ucs
end
end,

function UNCONF_CONC_STR_PLOT (var unconf_conc_strain,
unconf_conc_strain_100fc,
unconf_max_conc_str,
unconf_conc_strain_85fc: real;
var cover_model: char): real,
{
calculates unconfined concrete stress using Hognestad's curve
with the straight line portion for plotting the stress - strain
relationship

called in main program
}
var ucs, percent_fail: real;
begin
percent_fail:= 0;
if unconf_conc_strain <= unconf_conc_strain_100fc then
begin
if cover_model = 'H' then
unconf_conc_str_plot:= hognestad_parabola (unconf max_conc_str,
unconf_conc_strain,
unconf_conc_strain_100fc);
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if cover_model ='P' then
unconf_conc_str_plot:= popovics_curve (unconf max_conc_str,
unconf_max_conc_str,
unconf_conc_strain_100fc,
unconf_conc_strain)
end;
if unconf_conc_strain > unconf_conc_strain_100fc then
begin
ucs:= stress_strain_linear (unconf_max_conc_str,
unconf_conc_strain_85fc,
unconf_conc_strain_100fc,
unconf_conc_strain),
if ucs < percent_fail * unconf_max_conc_str then
unconf_conc_str_plot:= percent_fail * unconf_max_conc_str
else unconf_conc_str_plot:= ucs
end
end;

procedure CONF_STRESS_STRAIN (var fle, conf_max_conc_str,
unconf_max_conc_str,
k, conf_conc_strain_100fc,
unconf_conc_strain_100fc, ro,
stir_steel_str_yield, conf_conc_strain_85fc,
unconf_conc_strain_85fc, k2: real),

{

calculates confined stress-strain relationship paremeters

called in CONF_CONC_STRESS_STRAIN_CIR
CONF_CONC_STRESS_STRAIN_SQR _REC
}
var kl, k3, k4: real;
begin
kl:=exp(In(6.7) - 0.17 * In(fle));
conf_max_conc_str:= unconf_max_conc_str + (k1 * fle);
k:= k! * fle / unconf_max_conc_str;
k3:= 40 / unconf_max_conc_str,
if k3 >= 1.0 then k3:= 1.0;
conf_conc_strain_100fc:= unconf_conc_strain_100fc * (1 + 5 * k3 * k):
k4:= stir_steel_str_yield / 500;
ifk4 <= 1.0 then k4:= 1.0;
conf_conc_strain_85fc:=260 * k3 * ro * conf_conc_strain_100fc
*(1+05*k2*(k4-1))
+ unconf_conc_strain_85fc
end;
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procedure CONF_CONC_STRESS_STRAIN_CIR (var radius, dist_conc_to_stir_steel,
bar_area, stir_steel str_yield,
pitch, unconf_max_conc_str,
conf_max_conc_str,
unconf_conc_strain_100fc,
conf_conc_strain_100fc,
unconf_conc_strain_85fc,
conf_conc_strain_85fc, k: real);
{
calculates confined stress-strain relationship paremeters of a circular
cross section column using University of Ottawa model

called in main program
}
var bc, fl, k2, fle, ro: real;
begin
bc:= 2 * (radius - dist_conc_to_stir_steel);
fl:= (2 * bar_area * stir_steel_str_yield) / (bc * pitch);
k2:=1.0;
fle:=k2 *fl;
ro:= fle / stir_steel_str_yield;
conf_stress_strain (fle, conf_max_conc_str, unconf_max_conc_str, k,
conf_conc_strain_100fc, unconf_conc_strain_100fc, ro,
stir_steel_str_yield, conf_conc_strain_85fc,
unconf_conc_strain_85fc, k2)
end;

procedure CONF_CONC_STRESS_STRAIN_SQR_REC (var input_column: file_name;

var dist_conc_to_stir_steel,
column_width, hor_dim, ver_dim,
tie_spacing,
dist_ver_cross_ties,
dist_hor_cross_ties,
bar_area, stir_steel_str_yield,
unconf_max_conc_str,
conf_max_conc_str,
unconf_conc_strain_100fc,
conf_conc_strain_100fc,
unconf_conc_strain_85fc,
conf_conc_strain_85fc, k: real,

var num_hor_cross_ties,
num_ver_cross_ties: integer;

var hor_tie_angle, ver_tie_angle:
array_3),
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calculates confined stress-strain relationship paremeters of a square and
rectangular cross section column using University of Ottawa model

called in main program
}
var bel, bes, sum_hor_area_stir_steel, sum_ver_area_stir_steel,
fll, fls, k21, k2s, k2e, flle, flse, fle, ro: real;
I integer;
begin
if input_column = 'square' then
begin
hor_dim:= column_width;
ver_dim:= column_width
end;
bcl:= hor_dim - 2 * dist_conc_to_stir_steel;
bes:= ver_dim - 2 * dist_conc_to_stir_steel,
sum_hor_area_stir_steel:= 0;
sum_ver_area_stir_steel:= 0;
for i:= 1 to num_hor_cross_ties do
sum_hor_area_stir_steel:= sum_hor_area_stir_steel
+ sin (hor_tie_angle[i] * pi/ 180)
* bar_area;
for i:= | to num_ver_cross_ties do
sum_ver_area_stir_steel:= sum_ver_area_stir_steel
+ sin (ver_tie_angle[i] * pi/ 180)
* bar_area;
fll:= (sum_ver_area_stir_steel * stir_steel_str_yield)
/ (bel * tie_spacing);
fls:= (sum_hor_area_stir_steel * stir_steel_str_yield)
/ (bes * tie_spacing);
k21:=0.26 * sqrt((bcl / tie_spacing) * (bcl / dist_ver_cross_ties)
*(1/3)),
k2s:=0.26 * sqrt((bcs / tie_spacing) * (bcs / dist_hor_cross_ties)
*(1/3)),
flle:= k21 * fll;
flse:=k2s * fls;
fle:= ((flle * bel) + (flse * bes)) / (bel + bes),
k2e:= ((k2! * bel) + (k2s * bes)) / (bel + bes);
ro:= (sum_hor_area_stir_steel + sum_ver_area_stir_steel)
/ (tie_spacing * (bcl + bcs));
conf_stress_strain (fle, conf_max_conc_str, unconf_max_conc_str, k,
conf_conc_strain_100fc, unconf conc_strain_100fc, ro,
stir_steel_str_yield, conf conc_strain_85fc,
unconf_conc_strain_85fc, k2e)
end;
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function CONF_CONC_STR (var curvature, dist_conc_str, unconf_max_conc_str,
conf_max_conc_str, conf_conc_strain_100fc,
conf_conc_strain_85fc, k: real;
var core_model: char): real,
{
calculates confined concrete stress using modified Hognestad's parabola or
Popovics curve

called in CONCRETE_FORCE
}
var conf_conc_strain, ccs, ecc_20_fcc: real;
begin
conf_conc_strain:= curvature * dist_conc_str,
ecc_20_fcc:= (conf_conc_strain_85fc - conf_conc_strain_100fc)
* (0.8 * conf_max_conc_str) / (0.15 * conf_max_conc_str)
+ conf_conc_strain_100fc;
if conf_conc_strain <= conf_conc_strain_100fc then
begin
if core_model = 'H' then
conf_conc_str:= modified_hognestad_parabola (conf_max_conc_str,
conf_conc_strain_100fc,
conf_conc_strain, k);
if core_model = 'P' then
conf_conc_str:= popovics_curve (unconf_max_conc_str,
conf_max_conc_str,
conf_conc_strain_100fc,
conf_conc_strain)
end;
if conf_conc_strain > conf_conc_strain_100fc then
conf_conc_str:= stress_strain_linear (conf_max_conc_str,
conf_conc_strain_85fc,
conf_conc_strain_100fc,
conf_conc_strain);
if conf_conc_strain > ecc_20_fcc then
conf_conc_str:=0.2 * conf_max_conc_str
end;

function CONF_CONC_STR_PLOT (var unconf_max_conc_str, conf_max_conc_str,
conf_conc_strain_100fc, conf_conc_strain,
conf_conc_strain_85fc, k: real;
var core_model: char): real;
{
calculates confined concrete stress using modified Hognestad's parabola or
Popovics curve for plotting the stress - strain relationship
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called in main program
}
var ccs, ecc_20_fcc: real;
begin
ecc_20_fcc:= (conf_conc_strain_85fc - conf_conc_strain_100fc)
* (0.8 * conf_max_conc_str) / (0.15 * conf max_conc_str)
+ conf_conc_strain_100fc;
if conf_conc_strain <= conf_conc_strain_100fc then
begin
if core_mode! = 'H' then
conf_conc_str_plot:= modified_hognestad_parabola (conf max_conc_str,
conf_conc_strain_100fc,
conf_conc_strain, k);
if core_model = 'P' then
conf_conc_str_plot:= popovics_curve (unconf_max_conc_str,
conf_max_conc_str,
conf_conc_strain_100fc,
conf_conc_strain)
end;
if conf_conc_strain > conf_conc_strain_100fc then
conf_conc_str_plot:= stress_strain_linear (conf_max_conc_str,
conf_conc_strain_85fc,
conf_conc_strain_100fc,
conf_conc_strain);
if conf_conc_strain > ecc_20_fcc then
conf_conc_str_plot:= 0.2 * conf_max_conc_str
end;

function CHORD (var radius, alpha: real): real;
{

calculates length of strip in the circle

called in CONCRETE_FORCE

CRACKING
}
begin
chord:= 2 * radius * sin(alpha)
end;

function SIDE_CHORD (var radius, dist_conc_to_stir_steel, alfa: real): real;
{

calculates length of strip outside the core - one side only

called in CONCRETE_FORCE
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}

var term, beta: real;
begin
if abs(alfa - pi/2) < 0.0001 then
side_chord:= dist_conc_to_stir_steel
else
begin
term:= radius * cos(alfa) / (radius - dist_conc_to_stir_steel);
beta:= alfa - arccos(term);
side_chord:= (radius - dist_conc_to_stir_steel) * sin(beta)
/ sin(pi / 2 - alfa)
end
end;

function LIMITING_ANGLE (var section_radius, strip_angle:real): real;
{

calculates compression height at strip level

called in CONCRETE_FORCE
CRACKING
}
begin
limiting_angle:= section_radius * (1 - cos(strip_angle))
end;

function AVERAGE_STRIP_WIDTH (var first_width, second_width: real): real;
{

calculates average strip widthbetween two chord lines

called in CONCRETE_FORCE
CRACKING
}
begin
average_strip_width:= (first_width + second_width) / 2
end;

procedure CONCRETE_FORCE (var conc_force, curvature, unconf conc_strain,
comp_height, dist_conc_to_stir_steel,
dist_conc_to_lon_steel, radius, width, hor_dim,
ver_dim, unconf_conc_strain_100fc,
unconf_max_conc_str, unconf_conc_strain_85fc,
alfa_inc, strip_height, conf _conc_strain_100fc,
conf_max_conc_str, conf _conc_strain_85fc,
k: real;
var steel_dist, conc_str: array_1;
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var delta_conc_force_array,
delta_conc_force_dist_array: array S;
var conc_count, num_lon_bar: integer;
var con_array: boolean;
var column: file_name;
var cover_model, core_model: char);
{
calculates force in concrete for unconfined and confined
portion of concrete section

called in main program
}
var alfa, condition, max_condition, bl _u, dfcl, fcl_u, b2_u, dfc2, fc2_u,
alfa_max, delta_dfc, bl, b2, bl_c, fcl_c, b2_c, fc2_c, alfa_side chord,
area_cir_strip_u, area_sqr_strip_u, area_cir_strip_c, area_rec_strip_u,
area_sqr_strip_c, area_rec_strip_c, steel_distance, zero_force_region,
factor: real;
alfa_count, num, a_t, i: integer;
conl: boolean;
function average_strength (var first_strength, second_strength: real): real;
begin
average_strength:= (first_strength + second_strength) / 2
end;
begin
a_t=y5
num:=n_$;
conc_force:=0;
alfa_max:=0,
curvature:= unconf_conc_strain / comp_height;
conc_count:= [;
alfa_count:= 1,
max_condition:=0;
condition:= max_condition;
if condition = max_condition then
begin
alfa:= alfa_max;
max_condition:= dist_conc_to_stir_steel;
repeat
condition:= limiting_angle (radius, alfa);
bl_u:= chord (radius, aifa);
dfcl:= dist_conc_str (radius, alfa, comp_height);
if dfcl <=1 then dfcl.= I;
fc1_u:=unconf conc_str (unconf _conc_strain_100fc,
unconf_max_conc_str,
curvature, dfcl,
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unconf_conc_strain_85fc, cover_model);
alfa:= alfa_count * alfa_inc;
condition:= limiting_angle (radius, alfa);
if condition >= comp_height then
begin
condition:= comp_height;
b2_u:= 2 * sqrt(sqr(radius) - sqr(radius - condition));
dfc2:= comp_height - condition;
if dfc2 <= | then dfc2:=1;
fc2_u:= unconf_conc_str (unconf_conc_strain_100fc,
unconf_max_conc_str,
curvature, dfc2,
unconf_conc_strain_85fc, cover_model)
end
else
if condition >= max_condition then
begin
condition:= max_condition;
b2_u:= 2 * sqrt(sqr(radius) - sqr(radius - condition));
dfc2:= comp_height - condition;
if dfc2 <=1 then dfc2:= I;
fc2_u:= unconf_conc_str (unconf_conc_strain_100fc,
unconf_max_conc_str,
curvature, dfc2,
unconf_conc_strain_85fc, cover_model);
alfa_max:= arctan(0.5 * b2_u / (radius - condition))
end
else
begin
b2_u:= chord (radius, alfa);
dfc2:= dist_conc_str (radius, alfa, comp_height);
if dfc2 <=1 then dfc2:=1;
fc2_u:= unconf_conc_str (unconf_conc_strain_100fc,
unconf_max_conc_str,
curvature, dfc2,
unconf_conc_strain_85fc, cover_model)
end;
delta_dfc:= dfcl - dfc2;
if delta_dfc > strip_height then alfa_inc:= alfa_inc / 2;
area_cir_strip_u:= average_strip_width (bl_u, b2_u)
* delta_dfc;
if column = 'circular' then
delta_conc_force_array[conc_count]:= area_cir_strip_u
* average_strength (fcl_u, fc2_u);
if column = 'square' then
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begin
area_sqr_strip_u:= area_cir_strip_u * width
/ average_strip_width (b1 _u, b2_u);
delta_conc_force_array[conc_count]:= area_sqr_strip_u
* average_strength (fcl_u, fc2_u)
end;
if column = 'rectangular' then
begin
area_rec_strip_u:= area_cir_strip_u * hor_dim
/ average_strip_width (bl _u, b2_u),
delta_conc_force_array[conc_count]:= area_rec_strip_u
* average_strength (fcl _u, fc2_u)
end,
conc_force:= conc_force + delta_conc_force_array{conc_count];
delta_conc_force_dist_array[conc_count]:= (dfcl + dfc2) / 2:
conc_count:= conc_count + 1;
check_array (a_t, conc_count, num, con_array);
alfa_count:= alfa_count + 1
until (condition = max_condition) or (condition = comp_height)
or (con_array = false)
end;
if condition = max_condition then
begin
alfa:= alfa_max;
max_condition:= 2 * radius - dist_conc_to_stir_steel;
repeat
if alfa > pi/ 2 then alfa_side_chord:= pi - alfa
else alfa_side_chord:= alfa;
condition:= limiting_angle (radius, aifa);
bl:= chord (radius, alfa);
bl_u:=2 * side_chord (radius, dist_conc_to_stir_steel,
alfa_side_chord);
bl_c:=bl-bl_u;
dfcl:= dist_conc_str (radius, alfa, comp_height);
if dfcl <=1 then dfcl:= I;
fcl_u:= unconf_conc_str (unconf _conc_strain_100fc,
unconf_max_conc_str, curvature, dfcl,
unconf_conc_strain_85fc, cover_model);
fcl_c:= conf_conc_str (curvature, dfcl, unconf_max_conc_str
conf_max_conc_str,
conf_conc_strain_100fc,
conf_conc_strain_85fc, k, core_model);
alfa:= alfa_count * alfa_inc;
if alfa > pi / 2 then alfa_side_chord:= pi - alfa
else alfa_side_chord:= alfa;

?
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condition:= limiting_angle (radius, alfa);
if condition >= comp_height then
begin
condition:= comp_height;
b2:= 2 * sqrt(sqr(radius) - sqr(radius - condition));
alfa_side_chord:= arcsin(b2 / (2 * radius));
b2_u:=2 * side_chord (radius, dist_conc_to_stir_steel,
alfa_side_chord);
b2_c:=b2-b2 u;
dfc2:= comp_height - condition;
if dfc2 <=1 then dfc2:= 1;
fc2_u:= unconf_conc_str (unconf_conc_strain_100fc,
unconf_max_conc_str, curvature,
dfc2, unconf_conc_strain_85fc,
cover_model),
fc2_c:= conf_conc_str (curvature, dfc2,
unconf_max_conc_str,
conf_max_conc_str,
conf_conc_strain_100fc,
conf_conc_strain_85fc, k, core_model);
end
else
if condition >= max_condition then
begin
condition:= max_condition;
b2:= 2 * sqrt(sqr(radius) - sqr(radius - condition));
alfa_side_chord:= arcsin(b2 / (2 * radius));
b2_u:=2 * side_chord (radius, dist_conc_to_stir_steel,
alfa_side_chord);
b2_c:=b2-b2_u;
dfc2:= comp_height - condition;
if dfc2 <=1 then dfc2:= I,
f¢2_u:= unconf_conc_str (unconf_conc_strain_100fc,
unconf_max_conc_str, curvature,
dfc2, unconf _conc_strain_85fc,
cover_model);
fc2_c:=conf conc_str (curvature, dfc2,
unconf_max_conc_str,
conf_max_conc_str,
conf_conc_strain_100fc,
conf_conc_strain_85fc, k, core_model);
alfa_max:= pi - arctan(0.5 * b2_u / (condition - radius))
end
else
begin
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b2:= chord (radius, alfa);
b2_u:= 2 * side_chord (radius, dist_conc_to_stir_steel,
alfa_side_chord);
b2_c:=b2-b2_u;
dfc2:= dist_conc_str (radius, alfa, comp_height);
if dfc2 <=1 then dfc2:= 1,
fc2_u:= unconf_conc_str (unconf_conc_strain_100fc,
unconf_max_conc_str, curvature,
dfc2, unconf_conc_strain_85fc,
cover_model),
fc2_c:= conf_conc_str (curvature, dfc2,
unconf_max_conc_str,
conf_max_conc_str,
conf_conc_strain_100fc,
conf_conc_strain_85fc, k, core_model);
end;
delta_dfc:= dfcl - dfc2;
if delta_dfc > strip_height then alfa_inc:= alfa_inc/ 2;
area_cir_strip_u:= average_strip_width (bl_u, b2 _u)
* delta_dfc;
area_cir_strip_c:= average_strip_width (bl _c, b2 _c¢)
* delta_dfc;
if column = 'circular' then
delta_conc_force_array[conc_count]:= area_cir_strip_u
* average _strength (fcl _u, fc2_u)
+ area_cir_strip_c
* average_strength (fcl_c, fc2_c),
if column = 'square’ then
begin
area_sqr_strip_u:= area_cir_strip_u
* 2 * dist_conc_to_stir_steel
/ average_strip_width (bl _u, b2 u);
area_sqr_strip_c:= area_cir_strip_c
* (width
- 2 * dist_conc_to_stir_steel)
/ average strip_width (bl_c, b2 c);
delta_conc_force array{conc_count]:= area_sqr_strip_u
* average_strength (fcl _u, fc2_u)
+ area_sqr_strip_c
* average_strength (fcl_c, fc2 ¢)
end;
if column = 'rectangular’ then
begin
area_rec_strip_u:= area_cir_strip u
* 2 * dist_conc_to_stir_steel
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/ average_strip_width (bl_u, b2 _u);
area_rec_strip_c:=area_cir_strip_c
* (hor_dim
- 2 * dist_conc_to_stir_steel)
/ average_strip_width (bl _c, b2 ¢);
delta_conc_force_array[conc_count]:= area_rec_strip_u
* average_strength (fcl_u, fc2_u)
+ area_rec_strip_c
* average_strength (fcl_c, fc2 c)
end;
conc_force:= conc_force + delta_conc_force_array{conc_count];
delta_conc_force_dist_array{conc_count]:= (dfcl + dfc2) / 2;
conc_count:= conc_count + I;
check_array (a_t, conc_count, num, con_array);
alfa_count:= alfa_count + 1
until (condition = max_condition) or (condition = comp_height)
or (con_array = false)
end;
if condition = max_condition then
begin
alfa:= alfa_max;
max_condition:= 2 * radius;
repeat
condition:= limiting_angle (radius, alfa);
b1_u:= chord (radius, alfa);
dfc1:= dist_conc_str (radius, alfa, comp_height);
if dfcl <=1 then dfcl:= 1;
fcl_u:= unconf_conc_str (unconf_conc_strain_100fc,
unconf_max_conc_str, curvature, dfcl,
unconf_conc_strain_85fc, cover_model);
alfa:= alfa_count * alfa_inc;,
if condition >= comp_height then
begin
condition:= comp_height;
b2_u:=2 * sqrt(sqr(radius) - sqr(radius - condition));
dfc2:= comp_height - condition;
if dfc2 <=1 then dfc2:= 1;
fc2_u:= unconf_conc_str (unconf_conc_strain_100fc,
unconf_max_conc_str, curvature,
dfc2, unconf_conc_strain_85fc,
cover_model)
end
else
if abs(condition - max_condition) < 1.0E-3 then

begin
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condition:= max_condition;
b2_u:= 2 * sqrt(sqr(radius) - sqr(radius - condition));
dfc2:= comp_height - condition;
if dfc2 <=1 then dfc2:= i;
fc2_u:= unconf_conc_str (unconf_conc_strain_100fc,
unconf_max_conc_str, curvature,
dfc2, unconf_conc_strain_85fc,
cover_model)
end
else
begin
b2_u:= chord (radius, alfa);
dfc2:= dist_conc_str (radius, alfa, comp_height);
if dfc2 <=1 then dfc2:= 1;
fc2_u:= unconf_conc_str (unconf_conc_strain_100fc,
unconf_max_conc_str, curvature,
dfc2, unconf_conc_strain_85fc,
cover_model)
end;
delta_dfc:= dfcl - dfc2;
if delta_dfc > strip_height then alfa_inc:= alfa_inc / 2;
area_cir_strip_u:= average_strip_width (bl _u, b2_u)
* delta_dfc;
if column = ‘circular' then
delta_conc_force_array{conc_count]:= area_cir_strip_u
* average_strength (fcl _u, fc2_u);
if column = 'square’ then
begin
area_sqr_strip_u:= area_cir_strip_u * width
/ average_strip_width (b1_u, b2_u),
deita_conc_force_array[conc_count]:= area_sqr_strip_u
* average_strength (fcl u, fc2_u)
end,
if column = 'rectangular' then
begin
area_rec_strip_u:= area_cir_strip_u * hor_dim
/ average_strip_width (b1_u, b2 _u);
delta_conc_force_array[conc_count]:= area_rec_strip u
* average_strength (fcl_u, fc2_u)
end;
conc_force:= conc_force + delta_conc_force_array[conc_count];
delta_conc_force_dist_array[conc_count]:= (dfcl + dfc2) / 2;
conc_count:= conc_count + 1;
check_array (a_t, conc_count, num, con_array),
alfa_count:= aifa_count + 1
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until (condition = max_condition) or (condition = comp_height)
or (con_array = false)
end;
if condition = max_condition then
begin
zero_force_region:= comp_height - 2 * radius;
if zero_force_region > O then
begin
max_condition:= comp_height;
factor:=0.1;
repeat
condition:= 2 * radius + zero_force_region * factor;
if condition > comp_height then condition:=max_condition;
delta_conc_force_array{conc_count]:= 0;
conc_force:= conc_force
+ delta_conc_force_array[conc_count};
delta_conc_force_dist_array[conc_count]:= comp_height
- condition;
conc_count:= conc_count + |;
check_array (a_t, conc_count, num, con_array);
factor:= factor + 0.1
until (condition = max_condition) or (con_array = false)
end
end;
fori:=1tonlb do
begin
steel_distance:= comp_height - steel_dist[i] - dist_conc_to_lon_steel,
if (steel_distance > 0) and (steel_distance <= comp_height) then
conc_str{i}:= conf_conc_str (curvature, steel_distance,
unconf_max_conc_str,
conf_max_conc_str,
conf_conc_strain_100fc,
conf_conc_strain_85fc, k, core_model)
else
conc_str[i]:=0
end
end;

function STEEL_STRAIN (var unconf_conc_strain, comp_height, dist_steel,
dist_conc_to_lon_steel : real) : real,

{

calculates strain in longitudinal reinforcement

called in STEEL_FORCE
}
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begin
steel_strain:= unconf_conc_strain * ((comp_height - dist_steel
- dist_conc_to_lon_steel)) / comp_height
end;

function TENSION_STEEL_STR (var steel_strain, steel_str_yield,
steel_strain_yield, steel_str_strain_hard,
steel_strain_strain_hard, steel_str_ulit,
steel_strain_ult : real) : real;

{

calculates tensile stress in longitudinal reinforcement

called in COMPRESSION_STEEL_STR
STEEL_FORCE
SLIP_EXTENSION
main program
}
var strain, term_1, term_2: real;
begin
strain:= abs(steel_strain);
if strain <= steel_strain_yield then
tension_steel_str:= (steel_str_yield / steel_strain_yield) * strain;
if (strain > steel_strain_yield) and
(strain <= steel_strain_strain_hard) then
tension_steel_str:= steel_str_yield + ((steel_str_strain_hard
- steel_str_yield)
/ (steel_strain_strain_hard - steel_strain_yield))
* (strain - steel_strain_yield),
if (strain > steel_strain_strain_hard) and
(strain <= steel_strain_ult) then
begin
term_l:= steel_str_ult - steel_str_strain_hard;
term_2:= (strain - steel_strain_strain_hard)
/ (steel_strain_ult - steel_strain_strain_hard);
tension_steel_str:= steel_str_strain_hard + term_1 * (2 * term 2
- sqr(term_2))
end;
if strain > steel_strain_ult then tension_steel_str:= steel_str_ult
end;

function COMPRESSION_STEEL_STR (var steel_strain, steel_str_yield,
steel_strain_yield, steel_str_strain_hard,
steel_strain_strain_hard, steel_str_ult,
steel_strain_ult, bar_diameter,
spacing: real;
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var comp_flag: boolean): real;

{

calculates compressive stress in longitudinal reinforcement

called in STEEL_FORCE
main program
}
var strain, aspect_ratio, fs_limit, es_limit, plastic_modulus, term_1,
term_2: real;
begin
strain:= abs(steel_strain);
aspect_ratio:= spacing / bar_diameter;
if aspect_ratio < 4.5 then
compression_steel_str:= tension_steel_str (strain, steel_str_yield,
steel_strain_yield,
steel_str_strain_hard,
steel_strain_strain_hard,
steel_str_ult,
steel_strain_ult),
if (aspect_ratio >= 4.5) and (aspect_ratio < 8) then
begin
fs_limit:= steel_str_strain_hard
+ (steel_str_ult - steel_str_strain_hard)
* (47.98 * exp(-0.8782 * aspect_ratio));
es_limit:= steel_strain_strain_hard
+ (steel_strain_ult - steel_strain_strain_hard)
*(6.079 * exp(-0.4369 * aspect_ratio));
if strain <= steel_strain_strain_hard then
compression_steel_str:= tension_steel_str (strain, steel_str_yield
steel_strain_yield,
steel_str_strain_hard,
steel_strain_strain_hard,
steel_str_ult,
steel_strain_ult);
if strain > steel_strain_strain_hard then
begin
term_l:= fs_limit - steel_str_strain_hard,
term_2:= (strain - steel_strain_strain_hard)
/ (es_limit - steel_strain_strain_hard);
compression_steel_str:= steel_str_strain_hard + term_1
* (2 * term_2 - sqr(term_2))

Y

end,

if strain > es_limit then

begin
compression_steel str:= 0;
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comp_flag:= false
end
end;
if aspect_ratio >= 8 then
begin
plastic_modulus:= -23140 + 11130 * In(aspect_ratio);
fs_limit:= steel_str_yield * 27.95
* exp(-1.743 * In (aspect_ratio));
es_limit:= steel_strain_yield
* (40.47 - 5.94 * In (aspect_ratio));
if strain <= steel_strain_yield then
compression_steel_str:= tension_steel_str (strain, steel_str_yield,
steel_strain_yield,
steel_str_strain_hard,
steel_strain_strain_hard,
steel_str_ult,
steel_strain_ult);
if strain > steel_strain_yield then
compression_steel_str:= steel_str_yield - (strain - steel_strain_yield)
* plastic_modulus;
if strain > es_limit then
begin
compression_steel_str:=0;
comp_flag:= false
end
end
end;

procedure STEEL_FORCE (var buckling_decision: char;

var input_column: file_name;

var num_lon_bar: integer,

var unconf_conc_strain, comp_height,
dist_conc_to_lon_steel, steel_str_yield,
steel_strain_yield, steel_str_strain_hard,
steel_strain_strain_hard, steel_str_ult,
steel_strain_ult, st_force, bar_diameter, pitch,
tie_spacing, bar_area: real;

var dist_st_array, steel_force_array,
steel_strain_array, steel_area,
steel_stress_array: array |I;

var buckling_flag: boolean);

{

calculates force in longitudinal reinforcement

called in main program
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}
var i integer;
spacing, sd, es, fs: real;
begin
buckling_flag:= true,
st_force:=0;
if (input_column = 'rectangular’) or (input_column = 'square') then
spacing:= tie_spacing;
if input_column = 'circular' then spacing:= pitch;
fori:= 1 to num_lon_bar do
begin
sd:= dist_st_array(i],
es:= steel_strain (unconf_conc_strain, comp_height, sd,
dist_conc_to_lon_steel);
steel_strain_array[i].= es;
if es < O then
fs:= tension_steel_str (es, steel_str_yield, steel_strain_yield,
steel_str_strain_hard, steel_strain_strain_hard,
‘ steel_str_ult, steel_strain_ult);
if es >= 0 then
begin
if buckling_decision ='Y" then
fs:= compression_steel_str (es, steel _str_yield,
steel_strain_yield,
steel_str_strain_hard,
steel_strain_strain_hard,
steel_str_ult, steel_strain_ult,
bar_diameter, spacing,
buckling_flag);
if buckling_decision = 'N' then
fs:= tension_steel_str (es, steel_str_yield, steel_strain_yield,
steel_str_strain_hard, steel_strain_strain_hard,
steel_str_ult, steel_strain_uit);
end;
steel_stress_array[i].= fs;
if (input_column = 'rectangular') or (input_column = 'square') then
steel_force_array[i]:= steel_area[i] * fs,
if input_column = ‘circular' then
steel_force_array{i]:= bar_area * fs;
if es < O then steel_force_array[i]:= -1 * steel_force arrayfi];
st_force:= st_force + steel_force arrayfi]
end
end;

function TOTAL_EXCESS_FORCE (var num_lon_bar: integer;
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var input_column: file_name;

var excess_force, conc_str_steel, steel_area
: array_l,

var bar_area: real): real;

{

calculates total excess force due to steel area

called in main program
}
var tot_excess_force: real;
i integer;
begin
tot_excess_force:=0;
for iz= 1 to num_lon_bar do
begin
if input_column = 'circular’ then
excess_force[i]:= conc_str_steel[i] * bar_area,
if (input_column = 'square’) or (input_column = 'rectangular’) then
excess_force[i]:= conc_str_steel[i] * steel_area[i];
tot_excess_force:= tot_excess_force + excess_force(i]
end;
total_excess_force:= tot_excess_force
end;

procedure TENSION_STEEL_CHECK (var strain, steel_strain_ult, final_tension_strain,
old_tension_strain, extension_strain: real;
var message: fail_message,
var steel_tension_flag: boolean);
begin
if strain > steel_strain_ult then
begin
steel_tension_flag:= false;
final_tension_strain:= old_tension_strain;

message:=' REINFORCING STEEL FAILED IN TENSION";
failure_messages(message)
end;

final _tension_strain:= strain;
old_tension_strain:= final_tension_strain,
extension_strain:= strain

end;

procedure COMPRESSION_STEEL CHECK (var strain, steel_strain_uit,
final_compression_strain,
old_compression_strain,
extension_strain: real,
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var message: fail_message;
var steel_compression_flag: boolean);
begin
if strain > steel_strain_ult then
begin
steel_compression_flag:= false;
final_compression_strain:= old_compression_strain;
message:='  REINFORCING STEEL FAILED IN COMPRESSION";
failure_messages(message)
end;
final_compression_strain:= strain;
old_compression_strain:= final_compression_strain;
extension_strain:= 0
end;

procedure CRACKING (var steel_str_yield, steel_strain_yield,

unconf_max_conc_str, radius, comp_height,
dist_conc_to_lon_steel, bar_area, crack_moment,
crack_curvature, axial_load, crack_strain, alfa_inc,
column_width, hor_dim, ver_dim, max_tension_strain
 real;

var dist_st_array, steel_area: array 1

var num_lon_bar: integer,

var column: file_name);

{

calculates cracked moment and curvature

called in main program

} . .

var i integer,
accuracy, c_inc, result_l, result_2, term_1, term_2, term_3,
term_4, tr_inertia, crack_stress, conc_mod_elas, steel_mod_elas,
reinf_ratio, tr_sec_area, tr_bar_area, condition, max_condition,
alfa, width_1, dist_1, width_2, dist_2, average_dist, delta_dist,
area_cir_strip, area_sqr_strip, diff, sum_al, beta_inc, beta_1, beta_f1,
b_l,beta_2,b_2,b_avg, t, y, sum_a2, beta_f2: real;
steel_strain: array [1..80] of real,

begin
accuracy:=0.001;
c_inc:=10;

comp_height:= 0;

result_1:= 1.0E+30;

conc_mod_elas:= 3320 * sqrt(unconf_max_conc_str) + 6900;
steel_mod_elas:= steel_str_yield / steel_strain_yield;
reinf_ratio:= steel_mod_elas / conc_mod_elas;
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repeat
comp_height:= comp_height + c_inc;
if column = 'circular' then
begin
term_L:= pi * sqr(radius) * comp_height;
term_2:= pi * sqr(radius) * radius;
term_3:=0;
fori:=1to num_lon_bar do
term_3:=term_3 + comp_height
- (dist_conc_to_lon_steel + dist_st_array[i]);
result_2:=term_l - term_2 + (reinf_ratio - 1) * bar_area

* term_3
end;
if column = 'square' then
begin

term_I:= column_width * sqr(comp_height);
term_2:= column_width * sqr(column_width - comp_height);
term_3:=0;
for i:=1 to num_lon_bar do
term_3:= term_3 + steel_area(i] * (reinf ratio - 1)
* (comp_height - dist_st_array(i]
- dist_conc_to_lon_steel);
result_2:=term_| - term_2 + 2 * term_3
end;
if column = 'rectangular’ then
begin
term_1:= hor_dim * sqr(comp_height);
term_2:= hor_dim * sqr(ver_dim - comp_height),
term_3:=0;
fori:=1 to num_lon_bar do
term_3:= term_3 + steel_area[i] * (reinf ratio - 1)
* (comp_height - dist_st_arrayfi]
- dist_conc_to_lon_steel);
result_2:=term_I - term_2 + 2 * term_3
end;
if abs(result_1) <= abs(resuit_2) then
begin
comp_height:= comp_height - ¢_inc;
c_inc:=c_inc/ 10
end;
diff:= abs(result_1) - abs(resuit_2);
result_l:=result 2
until abs(diff) <= accuracy;
if column = 'circular’ then
begin
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term_4.=0;
fori:=1 to num_lon_bar do
term_4:= term_4 + sqr(comp_height
- (dist_conc_to_lon_steel + dist_st_array[i]));
tr_bar_area:=0;
fori:=1to num_lon_bar do
tr_bar_area:= tr_bar_area + (reinf_ratio - |) * bar_area;
tr_sec_area:= tr_bar_area,
condition:= 0;
max_condition:= 2 * radius;
alfa.=0;
tr_inertia:= (reinf_ratio - 1) * bar_area * term_4;
repeat
condition:= limiting_angle (radius, alfa);
width_1:= chord (radius, alfa);
dist_1:= dist_conc_str (radius, alfa, comp_height);
alfa:= alfa + alfa_inc;
condition:= limiting_angle (radius, alfa);
diff'= max_condition - condition;
if abs(diff) < 0.001 then
begin
condition:= max_condition;
width_2:=0;
dist_2:= comp_height - condition
end
else
begin
width_2:= chord (radius, alfa);
dist_2:= dist_conc_str (radius, alfa, comp_height)
end;
average_dist:= (dist_1 + dist_2)/2;
delta_dist:= dist_1 - dist_2;
area_cir_strip:= average_strip_width (width_1, width 2)
* deita_dist;
tr_inertia:= tr_inertia + average_strip_width (width_1, width_2)
* delta_dist * sqr(delta_dist) / 12
+ area_cir_strip * sqr(average_dist);
tr_sec_area:= tr_sec_area + area_cir_strip;
until condition = max_condition
end;
if column = 'square’ then
begin
tr_sec_area:= sqr(column_width),
for i:= 1 to num_lon_bar do
tr_sec_area:= tr_sec_area + steel_areafi] * (reinf ratio - 1);
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tr_inertia:= sqr(sqr(column_widthj) / 12 + sqr(column_width)
* sqr((column_width / 2 - comp_height));
fori:= 1 to num_lon_bar do
tr_inertia:= tr_inertia + steel_area(i] * (reinf ratio - 1)
* sqr(comp_height - dist_st_arrayf[i])
end,
if column = 'rectangular' then
begin
tr_sec_area:= hor_dim * ver_dim;
fori:==1 to num_lon_bar do
tr_sec_area:= tr_sec_area + steel_areafi] * (reinf ratio - 1);
tr_inertia:= hor_dim * sqr(ver_dim) * ver_dim/ 12
+ hor_dim * ver_dim * sqr((ver_dim /2 - comp_height));
fori:=1 to num_lon_bar do
tr_inertia:= tr_inertia + steel_area[i] * (reinf ratio - 1)
* sqr(comp_height - dist_st_array[i])
end,
crack_stress:= 0.6 * sqrt(unconf_max_conc_str);
crack_moment:= (crack_stress + axial_load / tr_sec_area) * tr_inertia
/(2 * radius - comp_height),
crack_curvature:= crack_moment / (conc_mod_elas * tr_inertia);
crack_strain:= crack_curvature * comp_height;
foriz=1 to num_lon_bar do
steel_strain{i]:= crack_strain *(comp_height-(dist_conc_to_lon_steel
+ dist_st_array(i])) / comp_height;
max_tension_strain:= steel_strain[1];
for i:= 2 to num_lon_bar do
if steel_strain(i] < steel_strain[i-1] then max_tension_strain
= steel_strain[i]
end;

procedure FLEX DEFLECTION (var m, c, el, pl, def: array 2;
var cantilever_length: real;
var data_num: integer),

{

calculates the deflection and plastic length of the member

called in main program

}

vary: array_2;
[, m_min, m_max, m_pl, m_pl_i, m_pl_2, m_end, m_begin, c¢_pl, pl_1, pl 2,
max_mom, el_len, pl_len: real;

i, j, k: integer;
flag: boolean;
begin
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I:= cantilever_length,
i=1;
el[i}=0;
pifi}:= 0;
def[i]:=0;
yli}:=0;
m_min:= m[i];
=2;
while (m[i] > m[i-1]) and (i <= data_num) do
begin
def[i}=0;
m_max:= m[i];
ylil:=1;
for j:=1i-1 downto 2 do
yli1:= (m{j]/ mfj+1]) * y[j+1];
forj;=1toi-1do
defli]:= defi] + ((c[j] + c[j+1])/2) * (y[+1] - y[i])
* (yO1 + GyG+11 - 0D / 2);
el[i].=0;
pl[i]:=0;
=i+1
end;
max_mom:= m_max;
while (m[i] < m[i-1]) and (i <= data_num) do
begin
defli]:= 0;
pi{i]:= (1- (m[i] / max_mom)) * |;
elli]:=1- plfi];
el _len:=elfi];
pl_len:= pl[i];
m_pl:= sqr(m(i]) / max_mom;
k:=0;
flag:= true;
repeat
k=k+1;
if m{k] > m_pl then
begin
m_end:= m(k];
m_begin:= m[k-1];
j=k;
flag:= false
end
until flag = faise;
c_pl:=((c[k] - c[k-1]) / (m_end - m_begin)) * (m_pi - m_begin)
+ c[k-1];
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y[]=ellil;
for k:=j-1 downto 2 do
ylk]:= (m(k] / m_pl) * el[i];
fork:=1toj-2do
defli]:= defli] + ((c[k] + c[k+1])/ 2) * (y[k+1] - y[k])
* (y(k] + (y[k+1] - y[k]) / 2);
deffi]:= defli] + ((c[j-1] + c_pl) / 2) * (el[i] - y[j-1])
* (y0-11 + (elli] - y(j-11) / 2);
defli]:= defli] + pl[i] * cfi] * (1 - pl[i] / 2);
=1+1
end;
while i <= data_num do
begin
if m(i} > m[i-1] then
begin
def[i]:=0;
m_max:= m(i];
m_pl:=el_len * m[i] /|,
k:=0;
flag:= true;
if m_pl < max_mom then
begin
repeat
k=k+1;
if m{k] > m_pl then
begin
m_end:= m(k];
m_begin:= m[k-1];
c_pl:=((c[k] - c[k-1])/ (m_end - m_begin))
* (m_pi - m_begin) + c[k-1];
1=k;
flag:= false
end
until flag = false;
el(i}:= el_len;
pl{i]:= pl_len;
yb]:=el[i;
for k:=j-1 downto 2 do
ylk]:= (m{k] / m_pl) * el[i;
pl_L:=1-elfi] - pl_len;
pl_2:=pl_len;
pi(ij:=pl_1 + pl_2;
fork:=1t0j-2 do
def[i]:= defli] + ((c[k] + c[k+1])/ 2)
* (ylk+1] - y[k]) * (yLk] + (y[k+1] - y[k])
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/2);
defli]:= defli] + ((c[j-1] +c_pl)/ 2)
;‘)(i'[i] -y0-1D * (vO-11 + v - y(-10)
defli]:= defli] + ((c_pl + c[i]) / 2) * pl 1|
*(pl_1/2+elli]);
defli]:==def[i] +pl_2 * cfi] * (1- pl_2/2)
end
else
begin
repeat
k=k+1
until m{k] = max_mom;
j=k;
repeat
k=k+1;
if m[(k] > m_pl then
begin
=it
flag.= false
end
until flag = false;
ellil:= (m{j-1]/ m[i]) * [,
yU-1]:= el[i];
for k:=j-2 downto 2 do
y(k]:= (m{k] / m(j-1]) * el{i};
pl_lL:=1-elli] - pl_len;
pl_2:=pl_len;
pllil:=pl_1 + pl_2;
fork:==1toj-2 do
defli]):= deffi] + ((c[k] + c[k+1]) / 2)
;‘ 2())'[1<+l] - ylk]) * (yk] + (y[k+1] - y[k])
defli]:= defli] + ((cfi] + c[j-1]1)/ 2) * pl_1
* (pl_1 /2 +elfi]),
def[i]:= defli] + pl_2 * c[i] * (pl_2/2 + pl_1 +el[i])
end;
=1+1
end
else
begin
def[i]:=0;
if max_mom < m_max then max_mom:= m_max;
pi(i}:= (1- (m[i] / max_mom)) * |;
if pl[i] < pl_len then pi[i]:= pl_len;
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pl_len:= pl[i};
el(i]:=1 - pl(i];
m_pl:=m(i] * el[i] / I;
if el[i] >= el[i-1] then
begin
pl_2:= pl[i];
pl_L=1-eli-1]-pl_2;
pl[il:=pl_1 + pl_2;
el[i}:=1- pl[i];
m_pl_L:=mi(i] * el[i] / ;
m_pl_2:=m_pi,
k:=0;
flag:= true;
repeat
k=k+1,
if m(k] > m_pl 1 then
begin
m_end:= m(k];
m_begin:= m[k-1];
c_pl:= ((c[k] - c[k-1]) / (m_end - m_begin))
* (m_pl_I - m_begin) + c[k-1];
1=k
flag:= false
end
until flag = false;
ylj]:= elli];
el_len:= elfi];
for k:=j-1 downto 2 do
y{k]:= (m(k] / m_pl_1) * el(il;
fork:=11to0}-2 do
def[i]:= defli] + ((c[k] + c[k+1]) / 2)
;‘ 2(i/[k*“ll - yIk]) * (y(k] + (y{k+1] - y[k])
def[i]:= deffi] + ((c[j-1] + c_pl) / 2) * (y[j] - y[i-1])
* (yO-11+ OO0 - yG-1D 7 2);
defli]:= def[i] + ((c_pl + c[i])/ 2) * pi 1
*(pl_1/2+el[i]),
def[i]:=defli] + pl 2 *c[i] * (1-pl 2/2)
end
else
begin
m_pl:= sqr(m(i]) / max_mom,;
k:=0;
flag:= true;
repeat
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k=k+1;
if m{k] > m_pl then
begin
m_end:= m[k];
m_begin:= m[k-1];
c_pl:=((c[k] - c[k-1]) / (m_end - m_begin))
* (m_pl - m_begin) + c[k-1];

j=k;
flag:= false
end

until flag = false;
el(i}:=1- pl[i];
el_len:=elfi];
y[]:= elfi];
for k:=j-1 downto 2 do
y[k]:= (m[k] / m_pl) * el[i];
fork:=1to}-2 do
defli]:= defi] + ((c[k] + c[k+1]) / 2)
* (il[kﬂl - ylkD) * (ylk] + (y(k+1] - y(k])
/2);
defli:= def[i] + ((c[j-1] +c_pl) / 2) * (y(j] - y[i-1])
* (yO-11 + (01 - yO-1D) 7 2),
defli]:= deffi] + plfi] * c[i] * (1 - pl[i] / 2)
end,
r=i+1
end
end
end;

procedure SLIP_EXTENSION (var steel_strain, steel_str_yield,
steel_strain_yield, steel_str_strain_hard,
steel_strain_strain_hard, steel_str_ult,
steel_strain_ult, bar_area, bar_diameter,
unconf_max_conc_str, s, hl, extend: real);

{

calculates extension in the reinforcing bar

called in main program
}
var k, es, Id, fs, le, lyp, Ish: real;
procedure elastic (var steel_str, steel_str_yield, bar_diameter, dev_length,
elastic_length: real);
var ue: real;
begin
ue:= steel_str_yield * bar_diameter / (4 * dev_length);,
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if ue = 0 then ue:= 1000000;
elastic_length := steel_str * bar_diameter / (4 * ue)
end;
procedure plastic (var steel_str_1, steel_str_2, bar_diameter, sl, hl,
unconf_max_conc_str, plastic_length: real);
var uf: real;
begin
uf:=(5.5-0.07 * sl / hl) * sqrt(unconf_max_conc_str / 27.6);
plastic_length := (steel_str_1I - steel_str_2) * bar_diameter / (4 * uf)
end;
begin
es:=abs(steel_strain);
k:=3 * bar_diameter;
Id:= 440 * bar_area * steel_str_yield / (k * sqrt(unconf _max_conc_str)
* 400);,
if Id < 300 then Id:= 300;
fs:= tension_steel_str (es, steel_str_yield, steel_strain_yield,
steel_str_strain_hard, steel_strain_strain_hard,
steel_str_ult, steel_strain_ult);
if es <= steel_strain_yield then
begin
elastic (fs, steel_str_yield, bar_diameter, 1d, le);
extend:=0.5 *es * le
end;
if (es > steel_strain_yield) and (es <= steel_strain_strain_hard) then
begin
elastic (steel_str_yield, steel_str_yield, bar_diameter, Id, le):
plastic (fs, steel_str_yield, bar_diameter, s, hi,
unconf_max_conc_str, lyp);
extend:= 0.5 * steel_strain_yield * le + 0.5
* (steel_strain_yield + es) * lyp
end;
if es > steel_strain_strain_hard then
begin
elastic (steel_str_yield, steel_str_yield, bar_diameter, d, le);
plastic (steel_str_strain_hard, steel_str_yield, bar_diameter, sl, hl,
unconf_max_conc_str, lyp);
plastic (fs, steel_str_yield, bar_diameter, s, hl,
unconf_max_conc_str, Ish);
extend:= 0.5 * steel_strain_yield * le + 0.5
* (steel_strain_yield + steel_strain_strain_hard) * lyp
+0.5 * (steel_strain_strain_hard + es) * Ish
end
end;
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procedure LATERAL_FORCE (var cantilever_length: real;
var moment, lat_for: array 2,
var data_num: integer);

{

calculates lateral force at the base of the column due to moment

called in main program
}
begin
for i:= 1 to data_num do
lat_for{i]:= moment{i] / cantilever_length
end;

procedure LATERAL_FORCE_P_DELTA (var cantilever_length, axial_load: real;
var moment, total_deformation,
lat_for_p_delta: array_2;
var data_num: integer);
{
calculates lateral force at the base of the column due to
moment including P-Delta effect

called in main program
}
begin
for i:= 1 to data_num do
lat_for_p_delta[i]:= (moment[i] - axial_load * total_deformation(i])
/ cantilever_length
end;

procedure INITIALS_EUC (var unconf_conc_strain, unconf_conc_strain_initial,
unconf_conc_strain_inc, unconf_conc_strain_max,
unconf_conc_strain_ult, unconf conc_strain_100fc
- real);

{

initilizes concrete strain limits

called in main program

}

begin
unconf_conc_strain_initial:= unconf_conc_strain_100fc;
unconf_conc_strain:= unconf_conc_strain_initial;
unconf_conc_strain_inc:= 0.0005;
unconf_conc_strain_max:= unconf_conc_strain_ult

end;
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procedure INITIALS_C (var accuracy, cover, comp_height_inc, comp_height,
alfa_inc, radius:real);

{

initilizes height of compresion block limits

called in main program

}
begin
comp_height_inc:= 0.1 * 2 * radius;
comp_height:= cover;
accuracy:= 1,
alfa_inc:=1*pi/ 180
end,

begin {main program}
heading;
menu (col_type),
repeat
clrscr;
list_dir_files (col_type);
gotoxy(9, 9);
textcolor(lightgreen),
writeln('Enter input file name for');
gotoxy(17, 11);
textcolor(lightred);
writeln(col_type);
gotoxy(17, 13);
textcolor(lightgreen);
writeln(' column ');
gotoxy(9, 18);
write(chr(196), chr(26), ''):
textcolor(lightgray);
readIn(file_1_in);
if not exist (file_1 _in) then
begin
clrscr;
click;
nofile (file_1_in);
bekle
end
until exist (file_1_in);
repeat
clrscr;
gen_name:= 'general’;
list_dir_files (gen_name),
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gotoxy(6, 12),
textcolor(lightgreen);
write('Enter’);
textcolor(lightred);
write(' general'),
textcolor(lightgreen);
writeln(' input file name ');
gotoxy(6, 18),
write(chr(196), chr(26), '");
textcolor(lightgray);
readIn(file_2 _in);
if not exist (file_2_in) then
begin
cirscr;
click;
nofile (file_2_in),
bekle
end
until exist (file_2_in),
if col_type = 'square' then
begin
read_square_input (file_I _in, in_col_type, width, tie_sp, sp_v_tie,
sp_h_tie, n_h_tie, n_v_tie, nib, area_st,
dist_st_I, h_tie_angle, v_tie_angle),
check_file_name (col_type, in_col_type)
end;
if col_type = 'rectangular’ then
begin
read_rectangular_input (file_1_in, in_col_type, h_dim, v_dim,tie_sp,
sp_v_tie, sp_h_tie, n_h tie, n_v_tie, nlb,
area_st, dist_st_1, h_tie_angle,

v_tie_angle);
check_file_name (col_type, in_col_type)
end;
if col_type = 'circular' then
begin

read_circular_input (file_1 _in, in_col_type, cov, r, rot, s, nib),
check_file_name (col_type, in_col_type)
end;
read_general_input (file_2_in, in_gen_data, ibn, sbn, fco, eo, e085,
eou, fy, ey, fsh, esh, fu, esu, strip_height,
axial_load, can_len, phi_c, phi_s, Ibd, hl, s, sbd,
sfy, file_euc_fuc, file_ecc_fcc, file_es _t f5,
file_es c_fs, file_cur_mom, file_flex mom,
file_slp_slo_mom, file_slip_mom, file_def mom,
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file_def lat_for, file_def | f p d, file_ mom_axi_for,
file_plot, file_out, file_clean, st_dec, buc_dec,
cover_dec, core_dec, m_p_dec);
if in_gen_data < 'general’ then
begin
clrscr;
click;
gotoxy(11, 10);
textcolor(lightgreen);
writeln('Wrong file name for');
gotoxy(16, 12);
textcolor(lightred);
writeln('general’);
gotoxy(13, 14);
textcolor(lightgreen);
writeln(' column input');
textcolor(lightcyan + blink);
gotoxy(14, 17),
writeln('Try again !!!");
bekle;
textmode(origmode),
exit
end;
if (col_type = 'square') and (in_col_type <> 'square’) then
begin
textmode(origmode);
exit
end;
if (col_type = 'rectangular’) and (in_col_type <> 'rectangular’) then
begin
textmode(origmode);
exit
end;
if (col_type = 'circular')and (in_col_type <> ‘circular’) then
begin
textmode(origmode);
cxit
end;
clrscr;
if axial_load <= 0 then axial_load:= 0.001;
at l=1
num_l:=n_lI,;
at2=2
num_2:=n_2;
at 3=3;
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num_3:=n_3;

at 4=4,
num_4:=n_4,
at 5=s§;

num_5:=n_§;
check_array (a_t_1, nlb, num_1, array | cond);
if array_1_cond = false then exit;
if st_dec ='Y" then
begin
bar_diameters (Ibn, lbd);
bar_diameters (sbn, sbd);
bar_areas (lbn, Iba),
bar_areas (sbn, sba);,
deformed_bar_dimensions (lbn, sl, hl)
end;
if st_dec = N' then
begin
Iba:= pi * sqr(lbd) / 4;
sba:= pi * sqr(sbd) / 4
end;
if col_type = ‘circular' then
begin
dist_conc_to_lon_steel (cov, sbd, Ibd, t_I);
dist_conc_to_stir_steel (cov, sbd, t_s);
disi_steel_array (nlb, r, t_|, rot, dist_st_2);
depth (nlb, dist_st_2,t |, r_d);
conf_conc_stress_strain_cir (r, t_s, sba, sfy, s, fco, fcc, eo, el,
eo83, e85, k_fac)
end;
if (col_type = 'square') or (col_type = 'rectangular’) then
begin
t_l:=dist_st_1{1];
cov:i=t_|-lbd/2 - sbd,
t_s:=cov+sbd /2
for i:= 1 to nlb do dist_st_2(i]:= dist_st_1[i] -t I,
depth (nib, dist_st_2,t I, r_d);
conf_conc_stress_strain_sqr_rec (col_type, t_s, width, h_dim, v_dim,
tie_sp, sp_v _tie, sp_h_tie, sba,
sfy, fco, fcc, eo, el, eo85, e85,
k_fac, n_h_tie, n_v_tie,
h_tie_angle, v_tie_angle)
end;
if col_type = 'square’ then r:= width / 2;
if col_type = 'rectangular then r=v_dim/ 2,
initials_euc (euc, eo_ini, euc_inc, euc_max, eou, eo),
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cm=]|,
curvature[c_m]:=0;
moment{c_m}:=0;
slip_slope[c_m]:= 0;
slip_def[c_m]:=0;
conf_conc_strain[c_m]:=0;
unconf_conc_strain[c_m]:=0;
fuc_array[c m]:=0;
fcc_array{c_m}:=0;

es_t_p[c_m]:=0;
fs_t_array[c_m]:=0:
es_c_p[c_m]:=0;

fs_c_array[c_m]:=0;
old_c_ss:=esu;
old_t_ss:= esu;
Z_m_euc_inc:= euc;
c_m=2;
initials_c (accuracy, cov, c_inc, c, alfa_inc, r);
cracking (fy, ey, fco, r, cr_c, t_|, Iba, cr_mom, cr_cur, axial_load,
cr_strain, alfa_inc, width, h_dim, v_dim, final_t_ss, dist_st_2,
area_st, nlb, col_type);
ecc_20_fcc:= (e85 - el) * (0.8 * fcc) / (0.15 * fec) + el
conc_strain_flag:= true;
con_flag:= true,
mf flag:= true,
z_m_flag_large:= true,
z_m_flag small:= true;
z_m_flag:=true;
st_b_flag:= true,
final_cc_flag:= true;
repeat {euc}
initials_c (accuracy, cov, c_inc, ¢, alfa_inc, r);
repeat {c}
c_flag:= true;
textcolor(lightcyan);
gotoxy(2,14);
write(' ',char(238),'uc =", euc:1:9);
write C="' c:1:3);
textcolor(lightgray);
steel_force (buc_dec, col_type, nlb, euc, c, t_|, fy, ey,
fsh, esh, fu, esu, force_steel, lbd, s, tie_sp,
Iba, dist_st_2, force_st, strain_st, area_st,
stress_st, st_b_flag),
concrete_force (force_conc, phi, euc, ¢, t_s, t_|, r, width,
h_dim, v_dim, eo, fco, eo85, aifa_inc,
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strip_height, el, fcc, e85, k_fac, dist_st 2,
str_con, dcf, dcf_dist, cc, nlb, array_2_cond,
col_type, cover_dec, core_dec),
if array_2_cond = false then exit;
if ecc_20_fcc < (euc * (c - t_s) / c) then con_flag:= false;
diff:= force_conc - total_excess_force (nlb, col_type,
exes_for, str_con, area_st, [ba) + force_steel
- axial_load,
if diff > 0 then
begin
accuracy:= accuracy * 10;
if accuracy <= 1E+6 then
begin
c:=cC - c_lng;
c_inc:=c_inc/ 10
end
else c_flag:= false;
end
else c:= ¢ + c_inc;
if ¢ > 50000 then
begin
f m:=' CONVERGENCE CANNOT BE ACHIEVED - CHECK YOUR
INPUT,
failure_messages (f_m);
exit
end;
clrscr
until c_flag = false;
st_c_flag:=true;
st_t_flag:= true;
small_ss:= strain_st[1];
small_i=1;
fori:=2 to nlb do
begin
if strain_st[i] < small_ss then
begin
small_ss:= strain_st[i];
small =1
end
end;
abs_small_ss:= abs(small_ss),
if small_ss < 0 then
begin
es_t p[c_m]:=abs_small_ss;
fs_t_array[c_m]:= stress_st[small_i]
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end
else
begin
es_t_plc_m]:=0;
fs_t_array[c m}:=0
end,
big_ss:= strain_st[1];
big_i:=1;
fori:=2 to nlb do
begin
if strain_st{i] >= big_ss then
begin
big_ss:= strain_st{i];
big_i:=1i
end
end;
abs_big_ss:= abs(big_ss);
if big_ss >= 0 then
begin
es_c_p[c_m]:= abs_big_ss;
fs_c_array[c_m]:= stress_st[big_i]
end
else
begin
es_c_p{c_m]:=0;
fs_c_array[c_ m]:=0
end;
if small_ss >= 0 then
begin
if buc_dec ='Y" then final_c_ss:= abs_big_ss;
if buc_dec = 'N' then
begin
compression_steel_check (abs_big_ss, esu, final c_ss,
old_c_ss, ext_ss, f m, st_c_flag);
if st_c_flag = false then goto 10
end
end;
if (big_ss >=0) and (small_ss < 0) then
begin
if buc_dec ='Y" then final_c_ss:= abs_big_ss;
if buc_dec ='N' then
begin
compression_steel_check (abs_big_ss, esu, final c_ss,
old_c_ss, ext_ss, f m, st_c_flag);
if st_c_flag = false then goto 10
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end;
tension_steel_check (abs_small_ss, esu, final_t_ss, old_t_ss,
ext_ss, f_m, st_t_flag);
if st_t_flag = false then goto 10
end;
if big_ss < 0 then
begin
tension_steel_check (abs_small_ss, esu, final_t_ss, old t_ss,
ext_ss, f_m, st_t_flag);
if st_t_flag = false then goto 10
end;
slip_extension (ext_ss, fy, ey, fsh, esh, fu, esu, Iba, Ibd, fco,
sl, hl, bar_ext),
slip_slope[c_m]:= bar_ext / (r d - ¢);
slip_def[c_m]:= can_len * tan(slip_slope[c_m]);
if (¢ > r_d) then
begin
slip_slope{c_m]:= 0;
slip_def[c m]:=0
end;
moment[c_m]:= axial load * (r - ¢);
curvature{c_m]:= phi;
conf_conc_strainfc_m]:=euc * (c-t_s)/c;
unconf_conc_strain[c_m]:= euc;
if (ecc_20_fcc < conf conc_strain[c_m])
and (final_cc_flag = true) then
begin
final_data_num:=c¢_m-I;
final_cc_flag:= false
end;
fori:=1 to nlb do
begin
mom_arm:= ¢ - dist_st_2[i] -t I,
moment(c_m]:= moment[c_m] + (force_st[i] - exes_for{i])
* mom_arm
end,
fori:=l tocc-1do
moment[c_m]:= moment[c_m] + dcf[i] * dcf_dist[i];
if (c > r_d) and (abs(c - r_d) > 1) and (z_m_flag = true) then
begin
if z_ m_flag_large = false then z_m_euc_inc:=z_m_euc_inc/2;
euc:=euc +z_m_euc_inc;
z_m_flag_small:= false
end;
if (¢ <r_d) and (abs(c - r_d) > 1) and (z_m_flag = true) then
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begin
if z_m_flag_small = false then z_m_euc_inc:=z_m_euc_inc / 2;
euc:= euc - z_m_euc_inc;
while euc <=0 do
begin
euc:=euc + z_m_euc_inc;
z_m_euc_inc:=z_m_euc_inc/ 2,
€uc:= euc - Z_m_euc_inc

end;

z_m_flag large:= false
end,;
if (abs(c - r_d) <= 1) then
begin

mom_zero_strain:= moment{c_m];
z_m_flag:= false
end;
if (z_m_flag = false) then
begin
c_m=c_m+l;
check_array (a_t_2, c_m, num_2, array_2 cond),
if array_2_cond = false then
begin
textmode(origmode);
exit
end;
euc:= euc + euc_inc
end
until (euc >= euc_max) or (moment[c_m-1] < 0),
if moment[c_m-1] <0 then

begin
c_m=cm-3;
f m="' NEGATIVE MOMENT WAS CALCULATED";
failure_messages (f_m);
mf _flag:= false;
end;
if euc > euc_max then
begin

conc_strain_flag:= false;
f_m:=' UNCONFINED CONCRETE STRAIN EXCEEDED MAXIMUM LIMIT",
failure_messages (f_m)
end;
10:c_m=c_m-1,
mom_ult:= moment[1];
fori:=2toc_mdo
if moment{i] > mom_ult then mom_ult:= moment[i];
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flex_deflection (moment, curvature, el, pl, flex_def, can_len, c_m);
fori:= 1 to c_m do tot_defi]:= slip_defi] + flex_def[i];
d_flag:= true;
fori:=1toc_mdoifpl[i] >2 * r thend_flag:= false;
lateral_force (can_len, moment, lat_for, c_m);
lateral_force_p_delta (can_len, axial_load, moment, tot_def,
lat_for_p_delta, c_m);
for_ult:= lat_for_p delta[1};
fori:=2toc_mdo
if lat_for_p_delta(i] > for_ult then for_ult:= lat_for p_delta[i];
cirscr;
fori=2toc mdo
begin
strain_in:= unconf_conc_strain[i];
fuc_array(i]:= unconf_conc_str_plot (strain_in, eo, fco, eo8S, cover_dec);
strain_in:= conf_conc_strain{i];
fcc_array[i]:= conf_conc_str_plot (fco, fcc, el, strain_in, e85,
k_fac, core_dec)
end;
textcolor(lightcyan);
if m_p_dec ='Y" then
begin
c=1,
c_inc:=0.02*2*r
conc_strain:= 0.0035;

m _p=1;
comp_height_limit:= 10 *r;
final_c:= 1E+6;

if col_type = 'circular' then
begin

area_conc_conf'= pi * sqr(r - t_s);
area_conc_unconf= pi * sqr(r) - area_conc_conf
end;
if (col_type = 'square') then
begin
area_conc_conf'= sqr(width - t_s);
area_conc_unconf:= sqr(width) - area_conc_conf
end;
if (col_type = 'rectangular’) then
begin
area_conc_conf:= (h_dim - t_s) * (v_dim - t_s);
area_conc_unconf:= (h_dim * v_dim) - area_conc_conf
end,;
area_steel:=0;
for i:= 1 to nib do
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begin
if col_type = 'circular' then area_steel:= area_steel + |ba;
if (col_type = 'square') or (col_type = 'rectangular’) then
area_steel:= area_steel + area_st[i]
end;
while ¢ <= comp_height_limit do
begin
if ¢ = comp_height_limit then c:= final c;
steel_force (buc_dec, col_type, nlb, conc_strain, c, t_I, fy,
ey, fsh, esh, fu, esu, force_steel, Ibd, s,
tie_sp, Iba, dist_st_2, force_st, strain_st,
area_st, stress_st, st_b_flag);
concrete_force (force_conc, phi, conc_strain, ¢, t_s, t |, r,
width, h_dim, v_dim, eo, fco, eo8S, alfa_inc,
strip_height, el, fcc, e8S, k_fac, dist_st_2,
str_con, dcf, def_dist, cc, nib, array_2 cond,
col_type, cover_dec, core_dec);
if array_2_cond = false then goto 30;
m_p_force:= phi_s * force_steel + phi_c * (force_conc -
total_excess_force (nlb, col_type, exes_for,
str_con, area_st, Iba));
m_p_moment:= 0,
for i:=1 to nib do
m_p_moment:= m_p_moment + phi_s * (force_st[i] -
exes_forfi]) * (r - dist_st_2[i] - t_I);
fori:=1tocc-1do
m_p_moment:=m_p_moment + phi_c * dcfi]
* (dcf _dist[i] + r - ¢);
if c = final_c then
begin
pr{im_p]:=m_p_force;
mr(m_p]:= m_p_moment;
if m_p_moment < 0 then
begin
pr{m_p]:= pr(m_p] - (abs(mr{m_p]) * (pr[m_p] -
pr{m_p-1])) / (mr{m_p-1] + abs(mr[m_p)));

mr{m_p]:=0
end,
po_real:= prim_p];
goto 30

end;

pr{m_p}:=m_p_force;

mr{m_p]:=m_p_moment;

m p=m_p+l1,

check_array (a_t_4, m_p, num_4, array 4 _cond);



if array_4_cond = false then exit;
percent_finish:= 100 - 100 * (comp_height_limit - ¢)
/ comp_height_limit;
gotoxy(2,14);
writeln(' Calculating M-P interaction ' percent_finish:1:0,' %');
c:=c¢ +c_inc;
if ¢ > comp_height_limit then c:= comp_height_limit
end;
30 : po_code_without_conf:= 0.85 * phi_c * fco * (area_conc_unconf
+ area_conc_conf - area_steel)
+ phi_s * area_steel * fy;
po_code_with_conf:= 0.85 * phi_c * (fco * area_conc_unconf
+ fcc * area_conc_conf - fcc * area_steel)
+ phi_s * area_steel * fy;
fori=1tom_pdo
if (pr{i] < 0) and (pr[i+1] >= 0) then
begin
mr_ben:= mr{i] + abs(pr{i]) * (mr{i+1] - mr[i])
/ (pr{i+1] + abs(pr(i])).

pr_ben:=0
end;
mr_bal:= mr(2];

fori:=3tom_pdo
if (mr(i] > mr_bal) and ((abs(mr(i] - mr[i-1]) / mr[i-1]) < 0.05) then
begin
mr_bal:= mr(i];
pr_bal:= pr{i]

end;
clrscr
end;
if m_p_dec ='N' then
begin
m_p:=75;
mr1]:=0;
pr(1]:=10:
mr{2]:= 1,
pr{2]:=1;
mr{3]:=1I;
pr[3]:=0;
mr{4]:=0;
pr4]:= 1,
mr{5]:=1;
pr(5]=1
end;

fori=1toc_mdo
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begin

es_c_p_neg[i]:=-1 * es_c_p[i];

fs c_array negfi]:==-1 * fs_c_array(i]
end;
create_data_file_1 (fs_t, file_es_t_fs, es_t_p, fs_t_array, c_m);
create_data_file_1 (fs_c, file_es_c_fs, es_c_p_neg, fs_c_array neg, c_m);
create_data_file 1 (func, file_euc_fuc, unconf _conc_strain, fuc_array, c_m);
create_data_file_1 (fcon, file_ecc_fcc, conf _conc_strain, fcc_array, c_m);
create_data_file 1 (fm, file_cur_mom, curvature, moment, c_m);
create_data_file_1 (fsm, file_slp_slo_mom, slip_slope, moment, c_m);
create_data_file 1 (fsl, file_slip_mom, slip_def, moment, c_m),
create_data_file_ 1 (ff, file_flex_mom, flex_def, moment, c_m);
create_data_file_1 (fd, file_def_mom, tot_def, moment, c_m);
create_data_file_1 (fl, file_def lat_for, tot_def, lat_for, c_m);
create_data_file_1 (flpd, file_def | f p d, tot_def, lat_for p_delta. c_m);
create_data_file_2 (fmp, file_mom_axi_for, mr, pr, m_p);
assign(fp_1, 'spock’);
rewrite(fp_1);
writein(fp_1, file_plot);
close(fp_1);
assign(fp, file_plot),
rewrite(fp);
writeln(fp, file_euc_fuc);
writeln(fp, file_ecc_fcc);
writeln(fp, file_es_t_fs);
writeln(fp, file_es_c_fs);
writeln(fp. file_cur_mom);
writeln(fp, file_slip_mom);
writeln(fp, file_flex_mom);
writein(fp, file_def_mom);
writein(fp, file_def lat_for),
writeln(fp, file_def | f p d).
writeln(fp, file_mom_axi_for),
close(fp);
clrscr;
20 : repeat

gotoxy(8, 13);

textcolor(lightcyan);

writeln('Output to screen, or file');

gotoxy(17, 15);

writein('[S, F] 7Y,

out_l:= upcase(readkey)
until (out_1 ="'S") or (out_1 ="F');
if out_1 ='S' then
begin
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textmode(origmode);
assignert(fo)
end,
if out_I1 ='F' then assign(fo, file_out),
rewrite(fo);
print_date;
print_time;
writein(fo);
textcolor(lightred);
if col_type = 'circular' then
begin
writein(fo, ' Circular Cross-Section Analysis'),

writeln(fo, '
end;
if col_type = 'square' then
begin

writeln(fo, ' Square Cross-Section Analysis");

writeln(fo, '
end;
if col_type = 'rectangular’ then
begin

writein(fo, ' Rectangular Cross-Section Analysis');

writein(fo, '
end;
writein(fo);

textcolor(lightcyan),
writein(fo, ' INPUT?"),
Wﬁteln(fo, "‘!ﬂltl');
textcolor(lightgray);

writein(fo);
if col_type = 'circular’ then
begin
writeln(fo, ' --> Radius ='r:1:1,"' mm'),
writeln(fo), .
writeln(fo, ' --> Stirrup pitch ="s:l:1," mm’)
end,
if col_type = 'square' then
begin
writein(fo, ' --> Width of column =", width:1:1, ' mm");
writeln(fo);
writeln(fo, ' --> Spacing of ties =", tie_sp:1:1, ' mm')
end;
if col_type = 'rectangular’ then
begin
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writeln(fo, ' --> Horizontal dimension =', h_dim:1:1,
' mm’);
writeln(fo),
writeln(fo, ' --> Vertical dimension =", v_dim:1:1,
' mm’),
writeln(fo),
writeln(fo, ' --> Spacing of ties =, tie_sp:1:1, ' mm')
end,
writeln(fo);
writein(fo, ' --> Clear cover =' cov:l:1, ' mm');
writeln(fo);
writeln(fo, ' --> Axial load =", axial_load:1:1,'N"),
writeln(fo);
writeln(fo, ' --> Cantilever length =", can_len:1:1, ' mm);
writeln(fo);
if out_1 ='S' then bekle;
writeln(fo, ' --> Stirrup steel:");

if st_dec = 'Y’ then writeln(fo, ' Bar number ="
sbn, ‘M),

if st_dec = 'N' then writeln(fo, ' Bar diameter =,
sbd:1:1, ' mm');

writeln(fo);

writeln(fo, ' --> Longitudinal steel:');

if st_dec ="'Y’ then writeln(fo, ' Bar number ="
ibn, M"Y,

if st_dec = 'N' then writeln(fo, ' Bar diameter ="',
Ibd:1:1, ' mm");

writeln(fo);

out_flag:= true;
writeln(fo, ' --> Reinforcement location from top of cross section:");
if col_type = 'circular’ then
fori=1tonlb do
begin
if (i > 15) and (out_flag = true) then
begin
if out_l ='S' then bekle;
out_flag:= false

end;
writeln(fo, ' Bar#'1,' ="
(dist_st_2{i] +t_I):1:1,' mm")
end,
if (col_type = 'square') or (col_type = 'rectangular') then
begin
fori:=1 to nlb do
writeln(fo, ' Layer#',i,’ =", dist_st_i{i]
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:1:1, ' mm');

writeln(fo);

writeln(fo, ' --> Reinforcement area:');

fori:==1 to nlb do

writein(fo, ' Layer #',1, ="
area_st(i]:1:1, ' mm',char(253))
end;
writein(fo);
if buc_dec ="Y" then writeln(fo, ' --> Buckling of longitudinal reinforcement is
considered');
if buc_dec = 'N' then writeln(fo, ' --> Buckling of longitudinal reinforcement is not
considered’);

writeln(fo);
if cover_dec = 'H' then writeln(fo, ' --> Hognestad model is used for cover concrete');
if cover_dec = 'P' then writein(fo, ' --> Popovics model is used for cover concrete');
writein(fo),
if core_dec = 'H' then writeln(fo, ' --> Hognestad model is used for core concrete');
if core_dec = 'P' then writeln(fo, ' --> Popovics model is used for core concrete');
writeln(fo);
if out_1 ="'S' then bekle;
writeln(fo, ' --> Unconfined concrete parameters:');

writeln(fo, ' Fuc =' fco:l:1, ' MPa),
writeln(fo, ' '.char(238),'01 ="' eo0:1:9),
writeln(fo, ' ',char(238),'085 ="' e085:1:9);
writeln(fo);

writeln(fo, ' --> Concrete strength factor:');
writeln(fo, ' '.char(237).'c ="', phi_c:1:2);
writeln(fo);

writeln(fo, ' --> Longitudinal steel parameters:');
writeln(fo, ' Fy ="' fy:1:1,' MPa)),
writein(fo, ' ',char(238),'y ="' ey:1:5);
writeln(fo, ' Fsh =' fsh:1:1,' MPa'),
writeln(fo, ' '.char(238),'sh ="' esh:1:5);
writeln(fo, ' Fu =' fu:l:l,' MPa),
writeln(fo, ' ',char(238),'u ="' esu:l:9);
writeln(fo);

writein(fo, ' --> Transverse steel parameter:');
writeln(fo, ' Fy-stirup =, sfy:1:1, ' MPa));
writeln(fo);

writeln(fo, ' --> Steel strength factor:");

writein(fo, ' '.char(237),'s ="' phi_s:1:2),
writein(fo);

if out_I ="'S' then bekle,

textcolor(lightcyan);
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writeln(fo, ' OUTPUT:";
Wﬁteln(fo, RI 2L 33 ");

textcolor(lightgray);

writeln(fo),

writein(fo, ' --> Cracking moment ="', cr_mom:1:1, ' N-mm');
writeln(fo);

writeln(fo, ' --> Cracking curvature =", cr_cur);
writeln(fo),

writeln(fo, ' --> Cracking strain =", cr_strain:1:5);
writeln(fo),

writeln(fo, ' --> Confined concrete parameters:');
writeln(fo, ' Fce = fec:1:1, ' MPa'),
writein(fo, ' ',char(238),'l =" el:1:5);
writein(fo, ' ',char(238),'85 =" e85:1:5);
writeln(fo);

writeln(fo, ' --> Plastic hinge length =", pl[c_m]:1:1, ' mm"),
writeln(fo),

if out_1 ="'S' then bekle;
writeln(fo, ' --> Failure mode(s):");
if st_c_flag = false then

writein(fo, ' Reinforcing steel failed in compression’);
if st_t_flag = false then
writeln(fo, ' Reinforcing steel failed in tension');
if st_b_flag = false then
writeln(fo, ' Reinforcing steel failed in buckling');
if con_flag = false then
writeln(fo, ' Core conc. dropped below 20% of confined compression strength');
if conc_strain_flag = false then
writeln(fo, ' Unconf. conc. strain exceeded the limit specified in input file');
if mf_flag = false then
writeln(fo, ' Negative moment was calculated'),
if d_flag = false then
writein(fo, ' Plastic hinge length exceeded column x-section dimension');
if final_cc_flag = false then
writein(fo, ' Data row number when core conc. dropped below 20% fcc =",
final_data_num:1);
writeln(fo);
if array_4_cond = true then
begin

writeln(fo, ' --> Code axial load cap. =', po_code_without_conf*1:1, ' N"):;
writeln(fo,'  (without the effect of confinement)");

writeln(fo);

writeln(fo, ' --> Code axial load cap. =', po_code_with_conf'1:1, ' N');
writein(fo, ' (with the effect of confinement));

writein(fo);
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writein(fo, ' --> Real axial load cap. =', po_real:1:1, ' N');
writeln(fo);
writein(fo, ' --> Bending Moment - Axial load interaction curve:');
writeln(fo, ' Pure Tensile : P =", pr[1]:11:1,'N',
' M="' mr{1]:13:1, ' N-mm),
writeln(fo, ' Pure Bending : P =", pr_ben:11:1,'N',
' M ="' mr_ben:13:1, ' N-mm'),
writeln(fo, ' Balance Point: P =", pr_bal:11:1, ' N',
' M="mr_bal:13:1, ' N-mm),
writein(fo, ' Pure Compr. : P=", pr{m_p]:11:1,' N/,
' M =", mr[m_p]:13:1, ' N-mm),
writeln(fo)
end,
if out_1 ='S' then bekle;
writeln(fo, ' --> Moment at reinforcement depth (zero strain moment):’);

writeln(fo, ' Mo =', mom_zero_strain:1:1, ' N-mm');
writeln(fo);

writeln(fo, ' --> Ultimate moment ="', mom_ult:1:1, ' N-mm’);
writeln(fo);

writein(fo, ' --> Ultimate Lat. Force ="for_ult:1:1,'N');
writeln(fo);
if out_1 =S’ then bekle;

writein(fo, ' --> Data files:');

writeln(fo, ' Unconf. Conc. Strain - Stress values are stored in "',
file_euc_fuc, "™);

writeln(fo, ' Conf. Conc. Strain - Stress values are stored in ",
file_ecc_fcc, "™);

writeln(fo. ' Tension Steel Strain - Stress values are stored in "',
file_es_t fs, "),

writeln(fo, ' Compr. Steel Strain - Stress values are stored in ",
file_es_c_fs, ");

writeln(fo, ' Curvature - Moment values are stored in ",
file_cur_mom, ™),

writein(fo, ' Moment - Flexural Deformation values are stored in ™,
file_flex_mom, "),

writein(fo, ' Moment - Slip Rotation values are stored in ",
file_slp_slo_mom, ").

writeln(fo, ' Moment - Slip Deflection values are stored in ",
file_slip_mom, "),

writeln(fo, ' Moment - Total Deflection values are stored in ",
file_def mom, ™),

writeln(fo, ' Total Deflection - Shear values are stored in "
file_def lat_for, ™),

writeln(fo, ' Tot. Def. (w/ P-Delta) - Shear values are stored in "',
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file_def | f p d, ™),

writeln(fo, ' Moment - Axial force values are stored in
file_mom_axi_for, "):

if out_1 ='S' then bekle;

close(fo);

clrscr;

textmode(co40);

repeat
gotoxy(14, 13);
textcolor(lightcyan);
writeln('Another output');
gotoxy(17, 15);
wntein('[Y, N1 7');
out_2:= upcase(readkey)

until (out_2 ='Y") or (out_2 ="N");

if out_2 ="Y" then goto 20;

clean_files;

textmode(origmode)

end.
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Appendix B

Reinforcement Details of Existing

Bridges
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