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## 4770308621 MAJOR CIVIL ENGINEERING

KEY WORD: OPTIMAL DESIGN / PARTIALLY PRESTRESSED / CONTINUOUS BEAM
THANYAPORN WANLIENG : OPTIMAL DESIGN OF PARTIALLY PRESTRESSED
CONCRETE CONTINUOUS BEAMS. THESIS ADVISOR : ASST.PROF.WATANACHAI
SMITTAKORN, Ph.D., 76 pp.

This research presents an optimal design method for partially prestressed conerete continuous beams.
The design is based on partial presiressing ratio (PPR) concept proposed by Naaman and Siniaksorn. Following
the ACI building code (ACI 318M-02) the structures must satisfy the requirements at prestress transfer, al
service, at ultimate and so on. The optimal design appoints the total cost of concrete, prestressing tendons,
nonprestressed reinforcement, stirrups, and formwork as the objective function. The solution is sought for the

partially prestressed concrete continuous beam with sufficient strengths and optimal cost.

Results from case studies indicated that the optimal design reduce the construction cost by
approximately 12% when comparing with-the design of eonventional prestressed concrete beam. Moreover, it

is found that varying the depth of the beain 0 a more appropnate value can yield some further cost reduction.
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USmasmanasusuusudou (n’) 0.00558 0.00558
5139 (UIN) 63278.28 62547.89
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ANNEIIATU
$399 1 20
3471 2 30
597 3 30 m
$97 4 20 m
AuauiAveITAR
b = 1.0000 m
b = 0.3000 m

w



h, = 03000 m

h = 1.6000 m
y, = 0.8000 m
y, = 0.8000 m
.= 1.5000 m
d, = 1.4000 m
e = 0.6000 m
A = 0.9000 m’
= 0.2830 !
‘fi’THﬁﬂiJﬁ‘iqﬂ
Wy, = 13781.52 N/m
w, = 11643.56 N/m
AUAVIAYDINDUNTA
fa.' = 29.42 MPa
fc' = 34.5 MPa
w,o = 23000 N/m?

A < = @ R
AUTNUAVDAUWANTIUDALI : Seven-wire strand Grade 270

a = ~
FEUYU  WULSIYALYUYI (Bonded System)

A = 98.71x10”° m’

fu = 1674.6 MPa
A 1861.0 MPa
E = 200000 MPa

L2 < a "o
ﬂmﬁuﬂ@]mﬂﬂlﬁaﬂlﬁﬂ\lqi\l’EJ@LLiQ :DB 25

A = 490.87x10°  m?>
£, = 392.4 MPa
E = 200000 MPa



A < A o
ﬂmﬁuu@]mﬂ%ﬁaﬂlﬁjﬂiﬂlli\‘]lﬁﬂ“ :RB9

A = 6.36 x10° m?
f, = 235.36 MPa
E = 200000 MPa

INATAQUAZAIITINU

c, = 3000.00 Baht/m*
c, = 120.00 Baht/kg
c, = 25.00 Baht/kg
C, = 300.00 Baht/m’
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OPTIMAL DESIGN
OF
PARTIALLY PRESTRESSED CONCRETE CONTINUOUS BEAMS

----DESIGN RESULT AT PPR = 0.7200 ----

Prestressing Steel
Aps (m"2) 0.00069097 (7)

Nonprestressing Steel
Midspan Section
Span 1 (m”2) 0.00116130(3)

Spacing of Stirrup
Nv 36
Span 1 (m) 0.6000

---=-FLEXURAL ANALYSIS AT PPR = 0.7200 ----

Classified as (Pa)
Class U, ft>=-0.7sqgrt(fc') -4111569.044
Class T, ft>=-sqgrt(fc') -5873670.062
Class U, ft< -sqgrt(fc')

ft at
Midspan 1 -5930916.745 Class C

Compressive Stress At Transfer Stage (Pa)

fc <= 0.6fci" 16548000.000
fc at
Midspan 1 3198533.488 pass

Tensile Stress At Transfer Stage (Pa)
ft >= -0.25sgrt (fci'") -1312916.601

ft at
Midspan 1 2223902.094 pass

Compressive Stress At Service Stage, Sustained Load (Pa)

fc <= 0.45fc’ 15525000.000
fc at
Midspan 1 2851525.327 pass

Compressive Stress At Service Stage, Total Load (Pa)
fc <= 0.6fc’ 20700000.000

fc at
Midspan 1 7812164.524 pass



Crack Width (mm)
Maximum Crack Width

Crack Width at
Midspan 1

Resistance Moment (N.m)
0.9Mn>=Mu

Mu at
Midspan 1

0.9Mn at
Midspan 1

Cracking Moment (N.m)
0.9Mn>=1.2Mcr

1.2Mcr at
Midspan 1

0.9Mn at
Midspan 1

Reinforcement Index, RI
RI<=0.36betal

RI at
Midspan 1

Short-Term Deflection (m)
delta <= L/360
L/360 at

detla at
Midspan 1

Long-Term Deflection “(m)
delta <= L/480
L/480 at

detla at
Midspan 1
Shear Strength Provided By

Vs <= (2/3)sqgrt(fc')bw*d

Vs at
Midspan 1

0.410

0.128545

1261842.439

1364151.001

887403.607

1364151.001

0.294429

0.046660

0.059278

0.044144

0.044458

0.015465

Shear Reinforcement

718521.464

45057.4148

pass

pass

pass

pass

pass

pass

(N)

pass
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OPTIMAL DESIGN
OF
PARTIALLY PRESTRESSED CONCRETE CONTINUOUS BEAMS

No.of Span 1
Span Length 1 (m) 21.3400

Section Properties

T - o S — +

L kkkkkkkkkkxkkk L4 4
hfl * = | | |
T *¥xx*x  h ds dp
* , L\ N
o S RN

B\ N\

+

Section Type T

b (m) 1.2192

bw (m) 0.2032

hfl (m) 0.1460

h (m) 1.0160

ds (m) 0.9652

dp (m) 0.8500

yt (m) 0.3261

yb (m) 0.6899

A (m”2) 0.3548

I (m*~4) 0.0344

Material Properties

Concrete
Ec (Pa) 27606249292 .5062
fci! (Pa) 27580000.0000
fc! (Pa) 34500000.0000
Unit Weight (N/m”2) 23000.0000
betal 0.8179

Prestress Steel
System bonded
Diameter (m) 0.0127
Each Area (m"~2) 0.00009871
Ep (Pa) 186000000000.0000
fpu (Pa) 1861000000.0000
fpy (Pa) 1674600000.0000
fpj (Pa) 1488800000.0000
fpi (Pa) 1302700000.0000
fse (Pa) 1116600000.0000
vp 0.5500

Nonprestress Steel
Diameter (m) 0.0220
Each Area (m"2) 0.00038710

Es (Pa) 200000000000.0000



fy

Stirrup Steel

Diameter
Each Area

fy

Exposure Condition
Dry air or protective membrane

Material Cost
Concrete

Prestress Steel
Nonprestress Steel

Formwork

Loading

Uniform Load
Self Weight Load

—~ o~~~

Baht/m”3)
Baht/kg)
Baht/kg)
Baht/m"2)

(N/m)

Superimposed Dead Load

Live Load

Self Weight

Midspan Section

Span 1

Superimposed Deadload
Midspan Section

Span 1

Live load

Midspan Section

Span 1

Total Load

Midspan Section

Span 1

Ultimate Load

Midspan Section

Span 1

(N.

Minimum Bonded Reinforcement

0.004A

Stress at Transfer Stage
Compressive Stress,
Tensile Stress,

Stress at Service Load
Compressive Stress
Sustained Load,

m)

(Unbonded

(m~2)

(Pa)

0.60fci"
-0.25sgrt (fci')

(Pa)

0.45fc’

413550000.0000

0.0090
0.00006360
235360000.0000

3000.0000
120.0000
25.0000
300.0000

8161.2740
583.7600
5837.6000

464576.0337

33230.2169

332302.1693

830108.4200

1261842.4388

System)
0.00141935

16548000.0000
-1312916.6006

15525000.0000
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Total Load, 0.60fc’
Limits for Reinforcement,
Permisible Deflection

Short-Term Deflection,
Span 1

0.36betal

(m)

L/360

Long-Term Deflection, L/480

Span 1

Maximum Crack Width

Classified as
Midspan Section
Span 1

Stress at Transfer Stage
Compressive Stress
Midspan Section

Span 1
Tensile Stress
Midspan Section
Span 1
Stress at Service Load
Compressive Stress
Sustained Load
Midspan Section
Span 1
Total Load
Midspan Section
Span 1

Crack Width
Midspan Section
Span 1

Resistance Moment, 0.9Mn
Midspan Section
Span 1

Cracking Moment, Mcr
Midspan Section
Span 1

Reinforcement Index
Midspan Section
Span 1

Short-Term Deflection
Midspan Section
Span 1

Long-Term Deflection
Midspan Section
Span 1

(mm)

(Pa)

(Pa)

(mm)

20700000.0000

0.29442857

0.05927778

0.04445833

0.410

Class C

3024342.7693

-752992.8199

3537617.3349

8524616.9202

0.14475779

1339331.1405

570825.7482

0.04724706

0.03701703

0.03234284
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Shear Strength Provided By Shear Reinforcement (N)

Midspan Section
Span 1

PPR

Concrete
Cost

Prestressing Steel
Number
Area
Length
Cost

Nonprestressing Steel
At Midspan Section
Numbexr
Span 1
Area
Span 1
Length
Span 1
Cost

Stirrup Steel
Number
Span 1
Spacing
Span 1
Cost

Formwork
Cost

Total Cost

(Baht)

(m”=2)

(Baht)

(m~2)

(Baht)

(Baht)

(Baht)

(Baht)

45285.9000

0.5000

22716.7288

5
0.00049355
21.3742
9874.1077

5

0.00193550

21.3400
8054.1962

36

0.6000

1088.6773

20814.1824

62547.8923
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OPTIMAL DESIGN
OF
PARTIALLY PRESTRESSED CONCRETE CONTINUOUS BEAMS

————— DATA -———-
No.of Span 4
Span Length 1 (m) 20.0000
Span Length 2 (m) 30.0000
Span Length 3 (m) 30.0000
Span Length 4 (m) 20.0000
Section Properties
o b----- +
4 kkkkkkkkxkkkk 4 4 L
hfl * o PASCY
+ * k kK * Xk Kk k h dS dp
" b % NN
i 7 IR\
e X B o F X3 | | +
hf2 * + |V
+ Xk kKkk Ak kkkxhkk*k +
+ == b=t — 3+
Section Type I
b (m) 1.0000
bw (m) 0.3000
bl (m) 1.0000
hfl (m) 0.3000
hf2 (m) 0.3000
h (m) 1.6000
ds (m) 1.5000
dp (m) 1.4500
vt (m) 0.8000
vb (m) 0.8000
A (TN 0.9000
I (m~4) 0.2830
Material Properties
Concrete
Ec (Pa) 29437912629.8044
fci! (Pa) 29420000.0000
fc! (Pa) 39230000.0000
Unit Weight (N/m”2) 23000.0000
betal 0.7841
Prestress Steel
System bonded
Diameter (m) 0.0127
Each Area (m"2) 0.00009871
Ep (Pa) 200000000000.0000
fpu (Pa) 1861000000.0000
fpy (Pa) 1674600000.0000
frJ (Pa) 1488800000.0000
fpi (Pa) 1302700000.0000
fse (Pa) 1116600000.0000

vp 0.5500
Nonprestress Steel



Diameter
Each Area
Es
fy

Stirrup Steel
Diameter
Each Area

fy

Exposure Condition

Dry air or protective membrane

Material Cost
Concrete
Prestress Steel
Nonprestress Steel
Formwork

Loading
Uniform Load
Self Weight Load

(Baht/m”3)
(Baht /kg)
(Baht /kqg)
(Baht/m”*2)

(N/m)

Superimposed Dead Load

Live Load

Self Weight

Midspan Section
Span 1
Span 2
Span 3
Span 4

Inner Support Section
Support 1
Support 2
Support 3

Superimposed Deadload
Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3

Live load

Midspan Section
Span 1
Span 2
Span 3
Span 4

Inner Support Section
Support 1
Support 2
Support 3

Total Load

(N.m)

(N.m)

(N.m)

56

0.0250

0.00049100
200000000000.0000
392400000.0000

0.0090
0.00006360
235360000.0000

3000.0000
120.0000
25.0000
300.0000

20700.0000
20000.0000
30000.0000

476708.8235
837132.3529
837132.3529
476708.8235

-1308970.5882
-1674264.7059
-1308970.5882

460588.2353
808823.5294
808823.5294
460588.2353

-1264705.8824
-1617647.0588
-1264705.8824

690882.3529
1213235.2941
1213235.2941
690882.3529

-1897058.8235
-2426470.5882
-1897058.8235



Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3

Ultimate Load (N.m)
Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3

Minimum Bonded Reinforcement (Unbonded

0.004A (m~2)

Stress at Transfer Stage (Pa)
Compressive Stress, 0.60fci’
Tensile Stress, -0.25sqgrt (fci')

Stress at Service Load =y
Compressive Stress
Sustained Load, 0.45fc'
Total Load, 0.60fc'

Limits for Reinforcement, 0.36betal

Permisible Deflection (m)
Short-Term Deflection, L/360
Span 1
Span 2
Span 3
Span 4
Long—-Term Deflection, L/480
Span 1
Span 2
Span 3
Span 4

Maximum Crack Width (mm)

Classified as
Midspan Section
Span
Span
Span
Span

W N

1948253.8478
3773689.5650
3773689.5650
1948253.8478

-3403820.5075
-4956300.3625
-3403820.5075

2806790.3183
5281336.6238
5281336.6238
2806790.3183

-5761232.2722
-7971594.4801
-5761232.2722

System)
0.00360000

17652000.0000
-1356005.1622

17653500.0000
23538000.0000

0.28226571

.05555556
.08333333
.08333333
.05555556

S O OO

.04166667
.06250000
.06250000
.04166667

[ehoNeoNe]

0.410

Class U
Class T
Class T
Class U
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Inner Support Section
Support 1
Support 2
Support 3

Stress at Transfer Stage (Pa)
Compressive Stress
Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3
Tensile Stress
Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3
Stress at Service Load (Pa)
Compressive Stress
Sustained Load
Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3
Total Load
Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3

Crack Width (mm)
Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3

Resistance Moment, 0.9Mn (N.m)

Class U
Class C
Class U

5803259.0649
3844565.2315
3844565.2315
5803259.0649

6305086.5022
4688708.3997
6305086.5022

197585.0618
2156278.8952
2156278.8952
197585.0618

-304242.3755
1312135.7270
-304242.3755

1663887.2344
4472730.5457
4472730.5457
1663887.2344

3842971.1550
6373670.7514
3842971.1550

4229843.3358
9653604.6164
9653604.6164
4229843.3358

7162575.6698
16632375.0972
7162575.6698

.00000000
.00000000
.00000000
.00000000

eNeoNeoNe]

(@]

.21983306
.21698377
0.21698377

(@}
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Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3

Cracking Moment, Mcr
Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3

Reinforcement Index
Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3

Short-Term Deflection
Midspan Section
Span
Span
Span
Span

W N -

Long-Term Deflection
Midspan Section
Span
Span
Span
Span

=S N

(N.m)

4612613.9316
5070684.2301
5070684.2301
4612613.9316

6199955.1476
8390333.4305
6199955.1476

3719209.4907
3434239.9929
3434239.9929
3719209.4907

4584737.9656
4407738.2775
4584737.9656

.06459113
.07104301
.07104301
.06459113

o O O O

<,

.08717272
.11943214
0.08717272

(@}

.00180935
.03683795
.03683795
.00180935

O O O O

-0.00038466
0.04224190
0.04224190
-0.00038466

Shear Strength Provided By Shear Reinforcement (N)

Midspan: Section
Span
Span
Span
Span

W N

PPR

Concrete
Cost

(Baht)

67585.9421
154485.6671
154485.6671
67585.9421

270000.0000
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Prestressing Steel

Number

Area (m™2)
Length (m)
Cost (Baht)

Nonprestressing Steel
At Midspan Section
Number
Span
Span
Span
Span
Area (m22)
Span
Span
Span
Span
Length (m)
Span 1
Span 2
Span 3
Span 4
At Inner Support Section
Number
Span 2
Span 3
Span 4
Area (m"2)
Suppozrt 1
Support 2
Support 3
Length (m)
Span 1
Span 2
Span 3
Cost (Baht)

DSw N

DS N

Stirrup Steel

Number
Span 1
Span 2
Span 3
Span 4

Spacing (m)
Span 1
Span 2
Span 3
Span 4

Cost (Baht)

Formwork
Cost (Baht)

Total Cost (Baht)

21
0.00207291
100.5719
195134.0160

oON DN O

.00000000
.00098200
.00098200
.00000000

[oNeoNeNe]

13.6325
17.8664
17.8664
13.6325

(@}

.00343700
.00834700
0.00343700

(@]

11.8394
13.3236
11.8394
44398.7020

34
105
105

.6000
.2857
.2857
.6000
3101.4728

O o oo

168000.0000

690634.1908



OPTIMAL DESIGN
OF
PARTIALLY PRESTRESSED CONCRETE CONTINUOUS BEAMS

----DESIGN RESULT AT PPR = 0.5100 ----

Prestressing Steel
Aps (m~2) 0.00207291 (21)

Nonprestressing Steel
Midspan Section

Span 1 (m”2) 0.00000000(0)

Span 2 (m”2) 0.00098200(2)

Span 3 (m”~2) 0.00098200(2)

Span 4 (m~2) 0.00000000 (0)
Inner Support Section

Support 1 (m™2) 0.00343700(7)

Support 2 (m”~2) 0.00834700(17)

Support 3 (m*2) 0.00343700(7)
Spacing of Stirrup

Nv 34

Span 1 (m) 0.6000

Nv 105

Span 2 (m) 0.2857

Nv 105

Span 3 (m) 0.2857

Nv 34

Span 4 (m) 0.6000

--—--FLEXURAL ANALYSIS AT PPR = 0.5100 ----

Classified as (Pa)
Class. U, ft>=-0.7sqgrt(fc') -4384369.966
Class T, ft>=-sqgrt(fc") -6263385.666
Class U, ft< -sqgrt(fc')

ft at
Midspan 1 913737.344 Class U
Midspan 2 -4510023.936 Class T
Midspan 3 -4510023.936 Class T
Midspan 4 913737.344 Class U
Support 1 -2018994.990 Class U
Support 2 -6630009.500 Class C
Support 3 -2018994.990 Class U

Compressive Stress At Transfer Stage (Pa)
fc <= 0.6fci’ 17652000.000

fc at
Midspan 1 5803259.065 pass



Midspan
Midspan
Midspan
Support
Support
Support

W NP B> W

3844565.
3844565.

5803259.065

6305086.
4688708.
6305086.

Tensile Stress At Transfer Stage (Pa)

ft >= -0.25sqgrt(fci')

ft at
Midspan
Midspan
Midspan
Midspan
Support
Support
Support

Compressive Stress At Service Stage,

WN P WM

fc <= 0.45fc"

fc at
Midspan
Midspan
Midspan
Midspan
Support
Support
Support

Compressive Stress At Service Stage,

fc <= 0.6fc'

fc at
Midspan
Midspan
Midspan
Midspan
Support
Support
Support

Crack Width' (mm)

. NONESLD (O N —

W~ x> wDN P

Maximum Crack Width

Crack Width at

Midspan
Midspan
Midspan
Midspan
Support
Support
Support

Resistance Moment

1

WNE B> WN

(N.m)

-1356005.

231
231

502

400
502

162

197585.062

2156278.
2156278.

895
895

197585.062

=304242.
Sl 5
-304242.

17653500.

1663887
4472730.
4472730.
1663887
3842971.
6373670.
3842971.

23538000.

4229843.
9653604.
9653604.
4229843.
7162575.

16632375.097

7162575.

0.410

.000000
.000000
.000000
.000000
.219833
.216984
.216984

OO OO O oo

376
727
376

000

.234

546
546

.234

155
751
155

Total Load

000

336
616
616
336
670

670

pass
pass
pass
pass
pass
pass

pass
pass
pass
pass
pass
pass
pass

Sustained Load

pass
pass
pass
pass
pass
pass
pass

pass
pass
pass
pass
pass
pass
pass

null
null
null
null
null
pass
null

(Pa)
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0.9Mn>=Mu

Mu at
Midspan
Midspan
Midspan
Midspan
Support
Support
Support

WNE P> WD

0.9Mn at
Midspan
Midspan
Midspan
Midspan
Support
Support
Support

WN R WM

Cracking Moment (N.m)
0.9Mn>=1.2Mcr

1.2Mcr at
Midspan
Midspan
Midspan
Midspan
Support
Support
Support

. NONESLD (O N —

0.9Mn at
Midspan
Midspan
Midspan
Midspan
Support
Support
Support

WNE & WND R

Reinforcement Index,
RI<=0.36betal

RI at
Midspan
Midspan
Midspan
Midspan
Support
Support
Support

WNRE B> WNDR

Short-Term Deflection
delta <= L/360
L/360 at
L/360 at
L/360 at

RI

(m)

2703540.
4986337.
4986337.
2703540.
6105398.
8217427.
6105398.

4612613.
5070684
5070684
4612613.
6199955.
8390333.
6199955.

4463051.
4121087.
4121087.
4463051.
5501685.
5289285.
5501685.

4612613.
5070684
5070684
4612613.
GEROISIOS 5oy
8390333.
6199955.

0.282266

.064591
.071043
.071043
.064591
.087173
.119432
.087173

ocNeoNoNolNoNoNe)

0.055556
0.083333
0.083333

500
144
144
500
332
380
332

932

.230
.230

932
148
431
148

389
991
991
389
559
933
559

932

.230
230

932
148
431
148

pass
pass
pass
pass
pass
pass
pass

pass
pass
pass
pass
pass
pass
pass

pass
pass
pass
pass
pass
pass
pass
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L/360 at 0.055556

detla at
Midspan 1 0.001809 pass
Midspan 2 0.036838 pass
Midspan 3 0.036838 pass
Midspan 4 0.001809 pass

Long-Term Deflection (m)
delta <= L/480

L/480 at 0.041667

L/480 at 0.062500

L/480 at 0.062500

L/480 at 0.041667

detla at
Midspan 1 -0.000385 pass
Midspan 2 0.042242 pass
Midspan 3 0.042242 pass
Midspan 4 -0.000385 pass

Shear Strength Provided By Shear Reinforcement (N)

Vs <= (2/3)sqgrt (fc')bw*d 1847072.433
Vs at
Midspan 1 67585.9421 pass
Midspan 2 154485.6671 pass
Midspan 3 154485.6671 pass
Midspan 4 67585.9421 pass
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OPTIMAL DESIGN
OF
PARTIALLY PRESTRESSED CONCRETE CONTINUOUS BEAMS

————— DATA -———-
No.of Span 4
Span Length 1 (m) 20.0000
Span Length 2 (m) 30.0000
Span Length 3 (m) 30.0000
Span Length 4 (m) 20.0000
Section Properties
o b----- +
4 kkkkkkkkxkkkk 4 4 L
hfl * o PASCY
+ * k kK * Xk Kk k h dS dp
" b % NN
i 7 IR\
e X B o F X3 | | +
hf2 * + |V
+ Xk kKkk Ak kkkxhkk*k +
+ == b=t — 3+
Section Type I
b (m) 1.0000
bw (m) 0.3000
bl (m) 1.0000
hfl (m) 0.3000
hf2 (m) 0.3000
h (m) 1.6500
ds (m) 1.5500
dp (m) 1.5000
vt (m) 0.8250
vb (m) 0.8250
A (TN 0.9150
I (m~4) 0.3068
Material Properties
Concrete
Ec (Pa) 29437912629.8044
fci! (Pa) 29420000.0000
fc! (Pa) 39230000.0000
Unit Weight (N/m”2) 23000.0000
betal 0.7841
Prestress Steel
System bonded
Diameter (m) 0.0127
Each Area (m"2) 0.00009871
Ep (Pa) 200000000000.0000
fpu (Pa) 1861000000.0000
fpy (Pa) 1674600000.0000
frJ (Pa) 1488800000.0000
fpi (Pa) 1302700000.0000
fse (Pa) 1116600000.0000

vp 0.5500
Nonprestress Steel



Diameter
Each Area
Es
fy

Stirrup Steel
Diameter
Each Area

fy

Exposure Condition

Dry air or protective membrane

Material Cost
Concrete
Prestress Steel
Nonprestress Steel
Formwork

Loading
Uniform Load
Self Weight Load

(Baht/m”3)
(Baht /kg)
(Baht /kqg)
(Baht/m”*2)

(N/m)

Superimposed Dead Load

Live Load

Self Weight

Midspan Section
Span 1
Span 2
Span 3
Span 4

Inner Support Section
Support 1
Support 2
Support 3

Superimposed Deadload
Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3

Live load

Midspan Section
Span 1
Span 2
Span 3
Span 4

Inner Support Section
Support 1
Support 2
Support 3

Total Load

(N.m)

(N.m)

(N.m)

67

0.0250

0.00049100
200000000000.0000
392400000.0000

0.0090
0.00006360
235360000.0000

3000.0000
120.0000
25.0000
300.0000

21045.0000
20000.0000
30000.0000

484653.9706
851084.5588
851084.5588
484653.9706

-1330786.7647
-1702169.1176
-1330786.7647

460588.2353
808823.5294
808823.5294
460588.2353

-1264705.8824
-1617647.0588
-1264705.8824

690882.3529
1213235.2941
1213235.2941
690882.3529

-1897058.8235
-2426470.5882
-1897058.8235



Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3

Ultimate Load (N.m)
Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3

1957787.4536
3792180.2244
3792180.2244
1957787.4536

-3420341.8215
-4980422.7296
-3420341.8215

2819501.9830
5305408.1656
5305408.1656
2819501.9830

-5786480.0568

-8006878.6120
-5786480.0568

Minimum Bonded Reinforcement (Unbonded System)

0.004A (m~2)

Stress at Transfer Stage (Pa)
Compressive Stress, 0.60fci’
Tensile Stress, -0.25sqgrt (fci')

Stress at Service Load =y
Compressive Stress
Sustained Load, 0.45fc'
Total Load, 0.60fc'

Limits for Reinforcement, 0.36betal

Permisible Deflection (m)
Short-Term Deflection, L/360
Span 1
Span 2
Span 3
Span 4
Long—-Term Deflection, L/480
Span 1
Span 2
Span 3
Span 4

Maximum Crack Width (mm)

Classified as
Midspan Section
Span
Span
Span
Span

W N

0.00366000

17652000.0000
-1356005.1622

17653500.0000
23538000.0000

0.28226571

.05555556
.08333333
.08333333
.05555556

S O OO

.04166667
.06250000
.06250000
.04166667

[ehoNeoNe]

0.410

Class
Class
Class
Class

ccaca
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Inner Support Section
Support 1
Support 2
Support 3

Stress at Transfer Stage (Pa)
Compressive Stress
Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3
Tensile Stress
Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3
Stress at Service Load (Pa)
Compressive Stress
Sustained Load
Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3
Total Load
Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3

Crack Width (mm)
Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3

Resistance Moment, 0.9Mn (N.m)

Class U
Class C
Class U

5412017.7923
3542574.9420
3542574.9420
5412017.7923

5822221.7178
4274450.0589
5822221.7178

209381.8579
2078824.7082
2078824.7082
209381.8579

-200822.0676
1346949.5914
-200822.0676

1604121.2924
4283631.7442
4283631.7442
1604121.2924

3739744.0994
6158092.2098
3739744.0994

4038457.9832
9193386.1963
9193386.1963
4038457.9832

6918715.9083
16004332.8668
6918715.9083

.00000000
.00000000
.00000000
.00000000

eNeoNeoNe]

(@]

.21922277
.21627882
0.21627882

(@}
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Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3

Cracking Moment, Mcr
Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3

Reinforcement Index
Midspan Section
Span 1
Span 2
Span 3
Span 4
Inner Support Section
Support 1
Support 2
Support 3

Short-Term Deflection
Midspan Section
Span
Span
Span
Span

W N -

Long-Term Deflection
Midspan Section
Span
Span
Span
Span

SN

(N.m)

4576105.5352
5054098.4249
5054098.4249
4576105.5352

6233049.4736
8522246.5335
6233049.4736

3771141.0152
3489303.0503
3489303.0503
3771141.0152

4627158.1881
4452103.5516
4627158.1881

.05970057
.06596212
.06596212
.05970057

o O O O

<,

.08161598
.11292370
0.08161598

(@}

.00166890
.00810536
.00810536
.00166890

O O O O

-0.00022824
0.03913058
0.03913058
-0.00022824

Shear Strength Provided By Shear Reinforcement (N)

Midspan: Section
Span
Span
Span
Span

Sw N

PPR

Concrete
Cost

(Baht)

44003.8572
138241.4552
127500.0042
44003.8572

274500.0000
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Prestressing Steel

Number

Area (m™2)
Length (m)
Cost (Baht)

Nonprestressing Steel
At Midspan Section
Number
Span
Span
Span
Span
Area (m22)
Span
Span
Span
Span
Length (m)
Span 1
Span 2
Span 3
Span 4
At Inner Support Section
Number
Span 2
Span 3
Span 4
Area (m"2)
Suppozrt 1
Support 2
Support 3
Length (m)
Span 1
Span 2
Span 3
Cost (Baht)

DSw N

DS N

Stirrup Steel

Number
Span 1
Span 2
Span 3
Span 4

Spacing (m)
Span 1
Span 2
Span 3
Span 4

Cost (Baht)

Formwork
Cost (Baht)

Total Cost (Baht)

20
0.00197420
100.6165
185924.2891

oON DN O

.00000000
.00098200
.00098200
.00000000

[oNeoNeNe]

13.6325
17.8664
17.8664
13.6325

(@}

.00343700
.00834700
0.00343700

(@]

11.8394
13.3236
11.8394
44398.7020

34
91
84

.6000
.3303
.3581
.6000
1753.3754

O o oo

171000.0000

687576.3665



OPTIMAL DESIGN
OF
PARTIALLY PRESTRESSED CONCRETE CONTINUOUS BEAMS

----DESIGN RESULT AT PPR = 0.5000 ----

Prestressing Steel
Aps (m~2) 0.00197420(20)

Nonprestressing Steel
Midspan Section

Span 1 (m”2) 0.00000000 (0)
Span 2 (i ) 0.00098200 (2)
Span 3 (m”2) 0.00098200 (2)
Span 4 (m"2) 0.00000000 (0)
Inner Support Section
Support 1 (m™2) 0.00343700(7)
Support 2 (m"2) 0.00834700(17)
Support 3 (m™2) 0.00343700(7)
Spacing of Stirrup
Nv 34
Span 1 (m) 0.6000
Nv 91
Span 2 (m) 0.3303
Nv 84
Span 3 (m) 0.3581
Nv 34
Span 4 (m) 0.6000
--——FLEXURAL ANALYSIS AT PPR = 0.5000 —----
Classified as (Pa)
Class. U, ft>=-0.7sqgrt(fc') -4384369.966
Class T, ft>=-sqgrt(fc") -6263385.666
Class U, ft< -sqgrt(fc')
ft at
Midspan 1 779884.574 Class U
Midspan 2 -4375043.639 Class U
Midspan 3 -4375043.639 Class U
Midspan 4 779884.574 Class U
Support 1 -2100373.351 Class U
Support 2 -6491420.191 Class C
Support 3 -2100373.351 Class U

Compressive Stress At Transfer Stage (Pa)
fc <= 0.6fci’ 17652000.000

fc at
Midspan 1 5412017.792 pass



Midspan
Midspan
Midspan
Support
Support
Support

W NP B> W

3542574.
3542574.
5412017.
5822221.
4274450.
5822221.

Tensile Stress At Transfer Stage (Pa)

ft >= -0.25sqgrt(fci')

ft at
Midspan
Midspan
Midspan
Midspan
Support
Support
Support

Compressive Stress At Service Stage,

WN P WM

fc <= 0.45fc"

fc at
Midspan
Midspan
Midspan
Midspan
Support
Support
Support

Compressive Stress At Service Stage,

fc <= 0.6fc'

fc at
Midspan
Midspan
Midspan
Midspan
Support
Support
Support

Crack Width' (mm)

. NONESLD (O N —

W~ x> wDN P

Maximum Crack Width

Crack Width at

Midspan
Midspan
Midspan
Midspan
Support
Support
Support

Resistance Moment

1

WNE B> WN

(N.m)

-1356005.

209381.8
2078824.
2078824.
209381.8
=200822.
1346949.
-200822.

17653500.

1604121.
4283631.
4283631.
1604121.
3739744.
6158092.
3739744.

23538000.

4038457.
9193386.
9193386.
4038457.
6918715.

16004332.867

6918715.

0.410

.000000
.000000
.000000
.000000
.219223
.216279
.216279

OO OO O oo

942
942
792
718
059
718

162

58

708
708
58

068
591
068

000

292
744
744
292
099
210
099

Total Load

000

983
196
196
983
908

908

pass
pass
pass
pass
pass
pass

pass
pass
pass
pass
pass
pass
pass

Sustained Load

pass
pass
pass
pass
pass
pass
pass

(Pa)

pass
pass
pass
pass
pass
pass
pass

null
null
null
null
null
pass
null

(Pa)
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0.9Mn>=Mu

Mu at
Midspan
Midspan
Midspan
Midspan
Support
Support
Support

WNE P> WD

0.9Mn at
Midspan
Midspan
Midspan
Midspan
Support
Support
Support

WN R WM

Cracking Moment (N.m)
0.9Mn>=1.2Mcr

1.2Mcr at
Midspan
Midspan
Midspan
Midspan
Support
Support
Support

. NONESLD (O N —

0.9Mn at
Midspan
Midspan
Midspan
Midspan
Support
Support
Support

WNE & WND R

Reinforcement Index,
RI<=0.36betal

RI at
Midspan
Midspan
Midspan
Midspan
Support
Support
Support

WNRE B> WNDR

Short-Term Deflection
delta <= L/360
L/360 at
L/360 at
L/360 at

RI

(m)

2712281.
4999062.
4999062.
2712281.
6143883
8262166.
6143883

4576105.
5054098.
5054098.
4576105.
6233049.
8522246.
6233049.

4525369
4187163.
4187163.
4525369.
5552589.
5342524.
5552589.

4576105.
5054098.
5054098.
4576105.
6233049.
8522246.
6233049.

0.282266

.059701
.065962
.065962
.059701
.081616
.112924
.081616

ocNeoNoNolNoNoNe)

0.055556
0.083333
0.083333

018
552
552
018

.273

624

.273

535
425
425
535
474
533
474

.218

660
660
218
826
262
826

535
425
425
535
474
533
474

pass
pass
pass
pass
pass
pass
pass

pass
pass
pass
pass
pass
pass
pass

pass
pass
pass
pass
pass
pass
pass
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L/360 at 0.055556

detla at
Midspan 1 0.001669 pass
Midspan 2 0.008105 pass
Midspan 3 0.008105 pass
Midspan 4 0.001669 pass

Long-Term Deflection (m)
delta <= L/480

L/480 at 0.041667

L/480 at 0.062500

L/480 at 0.062500

L/480 at 0.041667

detla at
Midspan 1 -0.000228 pass
Midspan 2 0.039131 pass
Midspan 3 0= 0 S'ORmeN| pass
Midspan 4 -0.000228 pass

Shear Strength Provided By Shear Reinforcement (N)

Vs <= (2/3)sqgrt (fc')bw*d 1910332.628
Vs at
Midspan 1 44003.8572 pass
Midspan 2 138241.4552 pass
Midspan 3 127500.0042 pass
Midspan 4 44003.8572 pass
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