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3.1 $lab Bridge

¥
sonuintau3s Sevice Load Design Method IAufl¥umauveNnIaonuly
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1> Design Conditions

1. Span Length (L) = ...... m.
2. Width of Bridge (E} = ...... m.
3. Number of Lane {(Nl) = W
3.05
4, Type of Loads = ol... (1-4)
1 = H15-44
2 = HS815-44
3 = H20-44

4 = HS20-44
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2> Materials {AASHTO 8.7.1)

{(a). Concrete

1. Compressive strength of concrete (fc') crees ksc.

2. Extreme fiber stress in compression (fc) 0.41c’ ksc.

15,114 /fcs’ ksc.

3. Modulus of elasticity of concrete {Ec)

{b). Reinforcing Steel

1. Yield strength of reinforcing steel (fy) = ..... ksc.
2. allow.tensile stress reinforcing steel (fs) = ..... kse.
3. Modulus of elasticity of steel (Es) = 2.04 x 10® ksc.
4. Modular ratio of elasticity (n} = Es/gc
5. Compression block (k) = __1
1 + f8/(nfc)
6. Arm of moment factor (i) =1-Kk/y
3> Sectional Properties
1. Depth of slab (ty = ..... m.
2. Minisum depth of siab = 143,047 m.

3. Distance from extreme fiber to centroid of reinforcing Steel

(d)y = ..... m.

It

1 E.t3 m.4
12

4. Moment of Inertia (1)
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4> Design Loads and Moment

(a). Dead Loads

1. Siab (Wh)

2400 .t kg/m./m.

h

2. Maximum Moment due to dead loads (Md) 1 wa.l? kg-m./m.
8

(b). Live Load

1. Live Load Moment for H20-44,HS20-44 Loading {AASHTO 3.24,3)

for 0 < L <15.25 m. (Ml) = 408.24 L kg-m. /m.

for L »= 15.25 m. {M1)

453.60(1.3L-6.094) kg-m./m.

2, Live Load Moment for H15-44,HS15-44 Loading (AASHTO 3.24.3)

for 0 < L <15.25 m. (M1) = 306.18 L kg-m./m.

for L »= 15.25 m. {M1)

[}

340.20(1.3L-6.094) kg-m./m.

3. Impact loading (i) = 15.24 =< 0.30

L+ 38

4. LL.moment include impact (ML) = M1.(1+i) kz.-m.
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{c). Concrete

Md + (ML.N1) kg-a.

1. Maximum moment {M)

2. Moment provided by concrete (Mc) = 1/4 fe.k.j.b.d2 kg-m.

if Mc>M ok.

{d). Main reinforcemsent

1. Maximum moment (M) = Md + (ML.Nl) kg-m.

2, Diameter of reinforcing steel {ds) = ..... £

3. Section area of reinforcing steel {ag) = _(L_dE)_ cm. 2
(4%100)

4, Area of steel requirement {As) = _ M cm.2
(fs.j.d)

5. Spacing of steel {s}) = _as n.
As

(e). diatribution reinforcement

1. Area of steel requirement (A*s)= 55.21/4 ca.2

2. Diameter of reinforcing steel (d¥*s)= ..... .

3. Section area of reinforcing steel (a*s)= (7.d?2) cm. 2
(4%100)

4. Spacing of steel {s) = _a*s m.
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5> Edge Beams

(a). Dead Loads

1. Width of Beam
2. Depth of Beam
3. Beam dead load
4. Side walk & Rail

5. Total of dead load

6. Maximum moment due to dead loads

(b). Live Load

1. Live Load Moment

2. Live Load Moment

3. Impact Ioading

4. LL.moment inciude

for HS20-44 lLoading

(b)

(t1)
(W)
(Wr)
(wd)
(Md)

P

S

It

n

2400 bt kg/m./m.

..... kg/m.
WWr  kg/m./m.

1 wd.1? kg-m./a.

(AASHTO 3.24.8)
0.1PS
14,515 kg.

Span Length (a)

for H15-44,H515-44 Loading (AASHTO 3.24.3)

(i)

impact (ML)

P

S

OIIPS
14,515 kg.

Span Length (am)

= _15.24 =< (3,30
L + 38

= ML.(1+i) kg.-m.
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Check Shear

1.8hear force due to dead loads (Vd) = wb. L _

2

kg.

2.Permissible shear stress carried by concrete (AASHTO 8.15.2)

{ve) = 0.252/1c?

"

3.8hear carried by concrete (Ve) ve.b.t1

4.8hear carried by steel (vs) = vd -~ vc

Ksc.

kg,

kg.
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3.2 precast prestressed multibeam bridge

aM¥UAITONUYY. precast prestressed multibeam bridge THpenuuny

THuASHIRUUINR NS M Yo Renn . sonilu. 3 A Sekemifl
1. non-void rectangular beams
2. rectangular beams with circular void

3. box section beams

1nufnoud) uarfusoumseonuuy Kofl.

1> Desgign Conditions

1. Span Length (L) = ....,.. m,

2, Width of Bridge (E} = ...... m.

3. Number of Lanes (NI) = ......

4. Type of Loads = e (1—4)
1 = Hi5-44
2 = HS15-44
3 = H20-44




2> Materials

{a). Precast Concrete
1.Compressive strength of concrete (fe') = ..... ksc
2.Compressive siremgth of coacrete at time of initial Prestress

(fci’) = 0.8 f¢? ksc

{ AASHTO 9.15)
15,114/fc’ ksc

J.Modulus of elasticity of concrete {Ec)

{AASHTO 8.7.1)

(b). Cast-in-place Concrete
1.Compressive strength of concrete - (fcs!) = ..... ksc

2.Modulus of elasticity of concrete (Ecs) = 15,114/fcs’ ksc

(AASHTO 8.7.1)
{c).Preatressing Steel
1.Diameter of prestressing steel @y =..... ..
2.Ultimste strength of prestresaing-steel (f*s’) = ..... ksc.
3.Section area of prestressing steel (a*s) =7(d*¢)2 cm.2
4 x (100)
(d) .Reinforcemsent Steel
l.Diameter of reinforcing steel (d) = . -,
2.Ultimate strength of reinforcing steel (fs’) = . ksc.
3.Section area of reinforcing steel {ag) = ‘E;(ds)z ca.?
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3> Sectional Properties

Case 1# >> non—void rectangular beams

b 22
t = ..., ]
] tl tr = ..., .
t—t2 t2= ,.... o,
i b - b = ,.... m.
1. Number of beams bl = ..... m
Ng = E/b b2 = ..... o
2. Gross area of concrete
Ac = (tb) - 2(bltl) - ti(b2-bl) - (b2t2) m. 2

3. Distance from bottom fiber to the neutral axis
Yy =[;gz-2(b1t1)(t-g;)—t1(b2—b1)(t~;;)—2(bzt2)(t~(t1+;z)]/Ac
2 2 3 3

4. Distance from top fiber to the neutral axis
Yo = t-¥ m.
5. Moment of inertia of section
I = [abt? + Ac(t - yp)2) - 201 b1t17 + (b1t1)(yp-21)2]
12 2 12 2
~20(02-51)11% + (yy-t)2(b2-b1)11] -20(_162t23)+(b2t2) (yt—(t14£2)]
4 2 3

6. lower modulus of section

Sp = Ifyy m.3
7. upper modulus of section
St = I/yy n.3
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Case 2# >> rectangular beam with circular void

i3 2
t1 t = . n
tiz/ O0@®Q@ O tr= ..., m.
t2= ..... m
. b o b = ... m
b1 = .,.,. m.
1. Number of beams b2 = ..., m.
Ng = E/py r= ..... m,
2. Gross area of concrete n= ..., no.of void
Ac = (tb) ~ 2(blt1) - t1(b2-b1) - (t2b2) -m2y mn.2

3. Distance from bottop fiber to the neutral axis
b =[_t_b2-2(b1tl)(t—Ll_)—-tl(bZ—bl)(t-t_1)—2(b2t2)(t—(tl+£3)-ﬂr21]/(m)
2 2 3 2
4. Distance from top fiber to the neutral axis
Yp = t -y m.
3. Moment of inertia of section
= L1bt3sac(t-w,)2] —2( __1_b1t13+(b1't1)(yt—gﬂ]—z[(bz-b:)g}
12 2 12 2 4
+(yb—t)Z(bz—bx)u]-zn_lbztghu_»ztz)(yt—(t1+szn21—[nz4+(nr2)(;—yt )21
2 12 2 3 4 2

6. lower modulus of section

Sb = Iy m.3
7. upper modulus of section
St = II’Yb l'll.3
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Case 3# >> box section beams

Mo b1 ow

t1 ] t o= ..., m

t ’l J LI t2 tt= ..... m

| - i t3 t2= ...., m.

- _ t3I = ..., m.

b b = ,.... m.

1. Number of beams bl = ..... m.

Ng = E/fyp b2 = ..... B.

2. Gross area of concrete b3 = ..... m.
Ac = (tb) - 2(bit1) - ti(b2-b1) - (b3t2) m.2

3. Distance from bottom fiber to the neutral axis (v )

[£02~2(b1¢1) (t-£1)-t1(b2-b1) (t-£1)-2(b2t2) (t—(t1+£2) )~ (b3t2)t /(Ac)
2 2 3 3 2
4. Distance from top fiber to the neutral axis
Yt = t -¥yp m.
5. Moment of inertia of section
I = [1bt3+ Ac(t-yp)21 - 20_1b1t13 + (b1t1)(yp-t1)2] - 20(b2-b1)t13
12 2 12 2 4
+7p-t)2(b2-b1)111-{ 163t 23+ (£2b3) (t-y; ) 1-20 (162627 (2£2) (yt-(t1+£2) ) 2]
2 4 2 12 2 3

6. Lower modulus of section

Sy = I/yp m.3
7. upper modulus of section
S¢ = I/y¢ m.3




{a). Dead Loads

1. Beam (Wb) =
2. Side walk & Rail (We) =
3. Topping (Wt) =
4. Total wd =
5. Moment Md =

{b). Liwve Load
1, Live load moment (M1}

The computer. program search from- the

2. Value of (K}

3. Stiffness parameter {C) =
4. D =5 + NI + (3-284)(1-€)2
10 7 3
5.D=5+Nl;p
6. 5 = 12 NI +9-
Ng

7. Load fraction
8. Impact load. (i)

9. Moment due to live load - (ML)

2400 x Ac kg./m.

..... kg./n.

..... kg./m.

WO+ W+t kg./m.

.12 kg.-=m.
8

table of Maxiamuus Moment -

1.0 for box section beams

0.7 for non—veoid: rectangular. beams

0.8 for rectangular beams with circular void

K _(W/L)

for C =< 3

for C =< 3

S/D
_15.24 =< 0.30
L + 38

ML.S.{1+i)(0.5)
D
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5> Prestressing Strands
1. Bottom fiber stress due to.loads (fb) = (MdBL)/g, ksc.
2. Allowable ténsi ie streas (fct) = 1.5914fc’ ksc.
3. Required prestress in bottom fiber (fbs) = fb - fct ksc.

4, Distance. from: bottom fiber to centroid of prestressing Steel.

3. Strand eccentricity

6. Effective depth of beam

7. Effective prestress force after loss

8. Final prestress loss per strapd

t: Assuming (pl)

(¢} = ..... N.

(e) = Sp-c¢ =

(d}y = t-c n.

(Pse) = fbs.AC.5b kg
(Sb + Ac.e) _

= ‘e %

it Psf = (a%gx0.7xf%s’} (1-pl) kg.
9. Number of strands required {n) = Pse
Psf

6> Flexural Strength

1. Factored moment {Ma) = 1.3(Nd+1.67MC) kg.-m.

2. f*su = f*s’(l—O.Sp*f-*s’,fci) ksc.

3. p* = A*am

4, Mu = A*s.f*su.d(l—o.ﬁp*f*su/fc’) kg.-m. |

If Mae > Ma @ ...... K.
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7> Maximom and Miniwoss Steel Percentage -

(a) .Maxisum-Steel (AASHTO. 9.18.1)
> Reinforcement Index- = P*.f*su <0.3 ....0K
fc'
{b) .Minimum. Steel (AASHTO 9.18.2)
1. Average concrete stress at the c.g. of prestressing steel
(fer) = 1.9887/f¢’ ksc.

2. Moment causing flexural. cracking- at section due to externally

applied -loads (Mcr) = Sb(Pse-+ Pse.e + fcr)  kg.-m.
Ac Sb
I M 5, 320 ...... K.
McT

8> Prestress Losses

(a}.Shrinkage
> Relative humidity (RH) .= ..... %
> Loss of prestress due to concrete shrinkage .

(SH} = 1,195 - 10.5 FH ksc.
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(b).Elastic Shortening -
i. Effective-Pf;streas:force after transfer (Assume ...% loss)
| (Psi) = (1-1088)(0.7 £*s’) n.a%; ka.
2. Modulus of elasticity of concrete at time.of initial prestress
(Eci) = 15,114 /fci’ ksc.
3. Average concrete stress at the c¢.g. of prestressing steel at
time of initial prestress (fcir)= Psi + Eggigg_—.!ggg_ ksc.
Ac I 1
4. Modulus of elasticity of prestressing steel
(Bs) =2.04 x106 ksc,
5. Loss of prestress due to elastic shortening
(ES) = _Es . fecir ksc.
(c).Creep of Concrete Eci
1. Concrete stress at level of prestressing steel due to
supperimpose dead load (feds) = Md.e kg.
I
2. Loss of prestress due to creep of concrete
(CRc} = 12 feir - 7 fcds. -ksc.
{d).Relaxation of Prestressing Steel
loss of prestress due to relaxation of. prestresaing steel
for stress-relieved strand (CRs) = 1,406~0.4ES-0.2(SH+CR:) ksc.
for low-relaxation stramd (CRs} = 351.5-0.1ES-0.05(SH+CRc). ksc,
(e).Total Loss of Prestress
fa

SH + ES + CBc + Crs ksc.

- - %
{0.7f23’)




9> Concrete Stress. (AASHIO 9.15.2)

Span end at Prestress Transfer| Midspan at Service Load
P = Psi P = Pse
LOAD
fb ft fb ft
P/Ac
B/S
Ma/S
M1/S
Total Stress
Allowable 0.61c!? 1.9887/fc’ 1.5909/1¢’ 0.4ic’
Stress
10> Shear Strength
1. Shear force due to unfactored dead- loads.
(vd) = (-'d-le) kg.
2. Shear force due to truck load (Vi) = kg./lane
>> search from the table of Maximum Shear
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3. Shear force due to truck:.load.inciude Impact

(VL) = (14)V1.3 (0.5) kg./bean
4. Factored shear forced. D

(Va) = 1.3 (vd + 1.67 VL) = kg.
5. Reaction at the support

(R} = WVu.L/p kg . /bean

6.

10,

Maximus factored moment of sectiom.due to externally applied |

loads (Mmex)= R.d/ ks,

» Moment causing flexurzl cracking at section due to externally

applied loads {Mcr) =_1. (1.591/fc*+fpe-fd) kg.-m. |
Yt |

. Compressive stress in concrete due: to effective. prestress

force only (after allowance for all prestiress losses ) at

extreme fiber of section where temsile stress is caused by

externally applied.loads {(fpe) =  Pse + Pse.c kse.
Ac Sb

. Stress due to unfactored dead load at extreme fiber of

section:where tensile stress is caused by externally applied.

Md ksc.
Sb

loads. (1d)

Width of a web of a member (b')

b for case 1#

= b-2nr- for case. 2#

b-b3 for case 3#
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11.factored shear force due to externaily applied loads
(Vi) = 1.3(1.67VL)
12.Norminal Shear strength provided by concrete when diagonal
cracking results from combined shear and moment
(Vei) = 0.1591/fc’.b’.d +Vd+Vi.Mcr
Mmax
13.Norainal shear strength provided by concrete when diagonal
cracking results from excessive principal tensile stress
in web

{Vew) =(0.9281/fc’+0.3Tpc)b’ .d+Vp

14 ,Shear provided by concrete
{ve) =
Use the lesser of the value Vci or Vew
15,Shear provided by steel
(Vs) = vu - Ve
** Remark Vs shall not be taken greater than 2.1214fc’.b’.
16.Design diameter of web

(ds)

&

(av)

17.Spacing of web
{s8) = V. .d

Vs

kg.

kg.

kg.

kg.

d
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" 10> Deflection to-be-Considered - -

Multipliers-to be used as a guide in estimating Long-time
Cambers and Def fections for-typical. members.

Without | With
peflection to be Considered  Composite. | Composite.

Topplng Topping

>> At erection

(1) Deflection (dowwward} component - apply | .1.85 1.85
to the elastic deflection to. the wember
weight at releage of prestress:

(2) Camber (upward) component: - apply to the ~_- 1.80 1.80
elastic camber. due to. prestress at the

time-of release of. prestress

>> Final
| (3) Deflection (dowaward) compoment - epply | 2.70 | 2.40
to the elastic deflection due. to- the: |
member weight  at. release of. prestress- :
(4) Camber- (upward) component - apply to- the . .2.45 - 2.20
elastic camber:due to: prestress at the

time of release of prestress.
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(5) Deflection (downward) component - apply
to the elastic deflection due to super-
imposed dead: load only -

 {6) Deflection (downward) ‘component — apply. |

to the elastic deflection caused: by the:

composite topping

3.00

3.m

2‘.30

(a-).-'.Prestress-' at transfer

(b) .Beam dead load

(c).Growth: in storage

)
3
+
&

ye

(d).Superinpose: dead- loads
ysd = _swd.1t
3B4EI
(e).Net lomg term after comstruction

¥R + yod:

ynl

(I).Long term. dead load

yPe = _Psi.el2? -

w o o= _segt +

n.

2.45(2.2)ypos2. 7(2.4)»»3.9”&
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(8) .Live Load-deflection

amIUMININY Live Load deflection 1M18anqeiil-nnionsenn - |

soiaretdie fofterairenmin Maximum- deflect ion. 3 nafl. uswse18en
insylit 18> def lection: Jogn

case. 14 Pt . P2 P3
L/, 4.26-7—-.-.]‘ 4.267 ll
} ]
CL.
case 2§ Pt P2 P3
case 34 P P2 P3

I’ 4,267 m.| 4.267 ..L .




For >> H15—44

For »> H3815-44

For »>> H20-44

For »> HS20-44

P1
P2
P3

P3

P3

P2

P3

H

11,013

2,753

11,013
11,013

2,753

14,685
3,671

14,685
14,685
3,671

®

(108 kN.)
( 27 kN.)

(108 kN.)
(108 kN.)
{ 27 KN.)

{144 kN.)
( 36 kN.)

(144 kN.)
(144 kN, )
{ 36 kN.)
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WMIARIBON . Maximm deflection i Sonfatumla.
fenaremiu. Tnewravangasied

a b
! }
sz
| [
| |
vy = _Pb (%2 -2 for.a > L/,
12E1 4

y = P +33-ak2-ph+al) forac<lL/y
12ET 4b 8 b 2 b

MINRmNAT deflection § L/,  Tnusentmomwin

mm¢~-déflectimfﬁtﬁmmp-l;pz U P3.




3.3 T-beam bridge

oonuuTaedf - Sevice Load Design Method Taeiinoud uaydunou.

¥OIRIYBONALY ANl

1> Besign Conditions: -

1. Span: Length: - (L} = ...... n.

2. Width-of Bridge (B) = ...... [
3. Number of Lanes (N1} = ......

4. Type of Loads - T e . (1-4)

2> Materials (AASHTO §.7.1)

(a). Concrete

1. Compressive strength of concrete (fe*) = ..... ksc.
0.4fc’ ksc.

2. Extreme fibep-stress in.compression: . {fc)

15,1144fca’ ksc.

3. Modulus of elasticity of concrete (Ec)
(b). Reinforcing Steel
1. Yield strength of reinforcing Stesl {fy) = ..... ksc.

2. allow.tensile stress of reinforcimg Steel (fy) = ..... ksc.

3. Modulus. of elasticity of steel (Es) = 2.04 x 105 ksc.
[ 4. Modula ratio of elasticity {n) = Es/p.
5. Compression: bioeck : (k) = 1
1 + £8/(nsc)
6. Arm-of moment factor (3} =1 - k/5




37

3> Sectional Properties

Tt T

t2 t

1. Number of beams -
Ng = E/y

2. Average stringer spacing
se= w m

3. Gross area of concrete -

Ac = (wtl)+{bt2)

4. Distance from botiom fiber to.the: neutral axis

tl
t2

Yo = [bty? + (we1)(s2e£1)1/ (o)

2 2

5. Distance from top fiber to the neutral axis

Y = t-3

6. Moment of inertia of section

T = (abep? + (btad(ta- 7p)2) + (awey?d + (we)(ye-t1)21

12 2

..... B, < L/,
..... ..
..... .'
----- B e {wb}43,047
LR R ] .. m
..2
..'
-

12 2
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4> Slab Design:

(a). Dead Loads

1. Slab | (W) = 2400 .t1- kg.
2. Span (k) = w-0» ».
3. Moment due to dead- load- (sd) = _1 Ws.}2 kg.-a./m.

10
(b). Live Load - (for continuous span) -
1. Live Load Moment  for H20-44.H520-44 Loading (AASHTO 3.24.3}]
(m}) = 7,342 (1_+ 0.61) (0.80) kg-m./,
9.74
2. Live Load Moment  for: Hi5—44,HS15-44 Loading (AASHTO 3.24.3)
(ml) = 5,506 (1 +-0.61)(0.80) kg-n./y,

9.74
3. Impact loading (i) = _15.24 =< 0.30
L + 38
4. LL.moment: inciude impact .  (mk) = ml. {1+i) kg.-m. )
{c). Pesign
>> poncrete

> Maximum moment - . (m) = md-+.(ak) kr-m. |-
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>> Main Reinforcement

> Diameter of reinforcing steel (ds} = ..... ma.
> Section-area of reinforcing Steel .(ag) = { .ds?) cm. 2
(4*100)
> Area. of steel: requirement (A8} = __ M . cm., 2
{fs.j.d)
> Spacing of steel (s) = as/(ag)
»>>. Distribution. Reinforcement
> Area of steel requirement. - (a*s)= 121.5//; .cm.2
> Diameter of reinforcing. Steel- (@*s)= ..... .
> Section area of reinforcing steel (a*s)= (#%d*s?) cm. 2
{4%100)
> Spacing of steel - (s) = A:ﬁ/a’s
6> BeawDesign
{a). Dead Loads
1. Beam (Wb) = 2400 .Ac kg.
2. Side walk & Rail (Wr) = ..... kg.
3. Total (wd} = Wb + Wr kg.
4. Moment due-to-dead: load (Md) = _1 wdL2 kg.-m.
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(b). Live Load

1. Moment due to live load (M1} = ke-m./}ane
Search from the table of Maximum Moment
2. Distribution of wheel load {dw)

>> one traffic lane

= (1) ; (1.981)

>>» two or more traffic lanes

= {1) 7 (1.828)

3. Impact loading (i) = .24 =< 0.30
L + 38
4. LL.ooment include impact (ML) = Ml.(1+i).dw kg.-m.
2
(c). Design

>> concrete

£
2

> Maximum moment {M) kg-m.

n

> Moment provided by concrete {(Mc) 1/4 fc.k.j.b.d2 kg-m.

If Mc> M ok.
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>> Main reinforcement

> Diameter of reinforcing steel (ds} = ..... mA .
> Section area of reinforcing steel (ag) = (7.ds?) cm. 2
(4%100)
> Area of steel reguirement (As} = M cm. 2
(fs.j.d)
> Number of steels (s) = _As
as

6> Shear Strength

1.8hear force due to dead loads (vd) = W._L kg
2
2.8hear force due to live load {Vl) = kg.
Search form the table of Maximum Shear
3.8hear force include impact (VL) = Vi.(1+i) kg.
4_Shear force (V) =vd + vi(dw)/, ke.
5.Compute moment capacity (M) = wMdHML kg.-m.

6.Permissible shear stress carried by concrete

(vc) = 0.252/fc’ (AASHTO 8.15.2) ksc.
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7.Shear strength-carried. by concrete (vc) = ve.b.d . -

8.Shear strength-provide - by Shear reinforcesent

{vs) = va -ve kg. |

9.Design- diameter of web.

(ds} = ...... -

{av}) = 1’._@2 s 2 cm. 2

400

10.Spacing of web: -

{(g) = Av.fav.d =

Vs
11.Reaetion at support - (R} = v kg.
7> Deflection
(n). Dead Loads -
vd = _5wil¥ =
384 EI

(b). Live Load . ...

EmFUTHT: Live load deflection 1idanqeitiiwiionsewt
soTasendeifofectreunadt Maximm: deflection 3 Pl usmsiflan.
vinnsiifl it deflection g
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case- 1# Pl P2 P3
L/2 4.267 .-.!.. 4.267 .l
CL.
l 4.267 ml 4.267 a. 1
CL.
case 3# P P2 P3
l 4.267 m.| 4.267 -.l

For >> H15-44

For »> BS15-44-

For >> H20-44

CL.

P1 = 11,013 kg. (108 kN.)
P2 = 2,753 kg. ¢ 27 kN.)
P} = 0

P! = 11,013 kg. {108 kN.)
P2 = 11,013 Kkg. (108 kN.)
P3 = 2,753 kg. ( 27 kN, )
Pt = 14,685 kg. (144 kN.)
P2 = 3,671 kg. ( 36 KN..)
P3 = 0




For >> HS20-44 - - Pl = 14,685  kg. (144 kN.)
P2 = 14,685 kz. (144 kN.)
P3 = 3,671 { 36 kN.)

WHIRIAMNY  maximum- deflection 1Kidantnle
fenaremn. ‘iﬂl\ﬂﬁﬂﬂﬂﬂﬂ‘ﬁl& .

P.
& b
l }
L/z

| |
| |
y = _Pb (32 - b?) for a > 1/,

I1ZEY 4

Pox 13 + 315 - a2 - B2L + a2 1. for a-<L/y
12RFT 4b 8 b 2 b

-
"

TSR d) deflect ion: * Ly TRUSTATMORAN.
KRTNNOS deflection Ridmean Pr, P2 Bar-P3 -
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3.2 precast. prestres. I-bessr with- cast—in-place deck siab. .

#MIVAIYOONUNY . Precast. prestress.  I-Beam . with cast-in-place .

« deck: stab g uactneusosnizesnuuy Kol

1> Design Coaditioms

1. Span-Length (L) = ...... N..
2. Width of Bridge- (E) = ...... |,
3. Number of Lames (N}) = ......
4. Number of Beams - (Nb) = ,.....

5. Spacing of Beams (8) = _E
7Y
4. Type of Loads: = eirees {1-4)
1 = H5-44
2 = HS15-44
3 = H20-44
4 = HS20-44.
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2> Materials

(a). Precast Concrete

1.Compressive strength of concrete {fc’) = .,... ksc

2.Compressive strength of concrete at time of initial prestress

(fci’) = 0.8 fc’ ksc
{AASHTO 9.15)
3.Modulus of elasticity of concrete (Ec) = 15,114 /4¢’ ksc
{AASHTO 8.7.1)
{(b}. Cast-in-place Concrete
1.Compressive strength of concrete {fes') = ,.... ksc

2.Moduius of elasticity of concrete (Ecs)

15,114/fcs’ ksc

{AASHTO 8.7.1)

(c).Prestressing Steel

1.Diameter of prestressing steel (d*s} = ..... mn.

2.Ultimate strength of prestressing steel (f*s’) = ..... ksc.

3.Section area of prestressing steel (a*g) =m(d*s)2 cm.2

4

(d).Reinforcement Steel

1.Diameter of reinforcing steel (dg) = ...., ma.

2.Ultimate strength of reinforcing steel (fs’)y = ..... ksc.

3.8ection area of reinforcing steei (ag) = ﬂ'.(ds)2 cm. 2
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3> Sectional Properties

, bl i t1 = ..... m.
e1 T t2= ..... m.
I
[
_1%_ t2 t3I = ,.... .
? F td = ..... mn.
t3 - Lb t t5= ..., m.
I' ' [ t = t14+t24t34t44t5
1 t4 b = ..... n.
-[__ tS -L b2 = i ee e Ill,
b2 b3 = ..... mn.
e

1. Area of concrete section

A = (b1t1)+t2(bi-b)+b(t2+t3+t4)+t4(b2-b)+(t5b2) m.2
2 2

2. Distance from bottom Ffiber to the neutral axis

Yp = [62(£5)2+t4(b2-b) (t5+t4)+b( 24t 3+t4) (t5+(t2+L3+14))
2 2 3 2

+£2(bl=b) (t5+t4+t34282)+(b1t1) (t-£1)2] / ()
2 3 2

3. Distance from top fiber to the neutral axis

¢ = t - % m.




4. Moment of inertia of section.

I = _1b2(t5)3 + (b2t5)(7,-t5)2 + 2(_1(b2-b)(t4)I +
12 2 12 2

+ t4((b2b) (yp-t5)2 + _1b(t24t3414) (yp-(t5+(12¢13414)))2
2 12 2

+ 201101 (£2)° + t2(b1=b)(yy~t1)2 + _lo1(c1)3
12 2 2 12

+ (bit1)(y,-t1)?
2

5. lower modulus of section:

S = Iy n3

6. upper modulus-of section

St = I/Yt l.3
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4> Sectional Properties. {composite: sections)

w W = seevs
= — ts = .,
ta b1l ] =
tt t2 =
t2 ' t3 =
J i t4 =
t3 T A Y 5 =
i
t4. ‘ b = .....
t5 . ..L b2 -
b2 p3 = ...,
—— ]

1. Interpulate of concrete area-

Nc = E(:Q/Bc

2. Ares- of concrete sectiom

A = A+ (w.ts)Nc

ti
t2

t3

t4 .

t3

3. Distance from:-bottom: fiber to the neutcal axis -

Ycb = [-A_yp + Ne.(w.te}(tH48) Miac)
5

4. Distance from. top: fibes. to: the neutral axis -

Yet = - ¥

t = 24t 3+Ht44tS




5. Moment of inertia-of- atab-

Is = _1 w{ts)d
12

6. Moment of inertia.of section .

Ic = I+18+ Ay Tp)? + Asl(tsis)-yop)?
2

7. lower moduius of section -

Seb = Iofych

8. upper modulus of section

Sct = Io/ya
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4> Slab Design.-

L" (a). Dead Loads- = .
1. Slab (Ws) = 2400 .ti kg.
2- Saaﬂf (l) = W~ bl . [
3. Moment: due to dead load- (ad) =_1 Ws.}2  kg.-m.|.
10
{b). Live Load: .
1. Live Load-Moment - for H20-44,H520-44 Loading (AASMTO 3.24.3){
{nl).= 7,342 (} & 9:61)(0.80) kg-m. /g -
92.74
: 2, Live Load Moment. for. H15-44,HS15-44 Loading - {AASHTO 3.24.3)

(wl} = 5,506 {1 +.0.61}(0.80) ka-m./q,

9.74
3. Impact- loading (i} =_15.2¢ =<0.30
L+ 38

4. LL.moment- include  impact (ml)} = mho{isi) = = kz.-m|
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{c). Design

>> concrete
> Maximum moment
> Moment provided by concrete

If Mc>M ok.

>> Main Reinforcement

> Diameter of reinforcing steel

> Section area of reinforcing steel

> Area of steel requirement

> Spacing of steel

>>,. Distribution Reinforcement

> Area of steel requirement

> Diameter of reinforcing steel

> Section area of reinforcing steel

> Spacing of steel

(m) =md + (mlL)
(mc) = 1/, fc.k.j.b.d2
(ds) = .....
(ag) = (7.d2)
{4%100)
(As) = _M
{fs.ji.d)
(8) = _as
As

{A¥s)= 121.5/ /4
(d*s)= .....
(a¥s)= (7.d*s2)

(4*100)

(s) = _A*s

*

a’'s

kg-m.
kKg-m.

cm.2

mm.
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6> Design Loads and-Momeots:

{a). Dead Loads
1. Girder (Wg) = 2400 .A ke
2. Slab (Ws)} = 2400.(w.ts) kg.
3. side walk & Rail (We) = oeeun kg.
4. Moment.due.girder - (Mg} = (wea2)/g  kgoem. |
5. Moment:due: to siab  (Me) = (ws.12)/g  kg.m..f
6. Moment. due- to side walk & rail. () = ((¥r.12)/g ks.-m. |
7. Moment due-: to-dead. load (M) = Mewlsir  kg.-a.}.
(b). Live Load
1. Moment due to live foad (M1} - = Kg-8-/ 1 ape]

Search from the tabie of. Maxisum Momont
2. Distribution-of wheel load (dw)
»> one traffic lane.

= )/ @104

>»> two. or more traffic lanes-

= (1} 7 (1.676)

3. Impact. loading (i) = _15.2¢ =< 0.30
L +- 38
4. Ll moncnt--include  impact (ML) = ME.{1+i).dw - kg, —m.

2
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7> Prestressing Straade--

Determine. number: of -atrands: required: base: on- stress cemditions. |

at. service loads

(a).Bottom. fiber -
1. Gider
2. Gider + Slab. .
3. Side walk & Rail
4. Live load
5. Total

{b}.Top £iber
1. Gider
2. Gider + Stab.
3. Side walk & Rail:
4. Live load

5. Total

{fb1)

. (_ﬂﬂ}.

(£b3)- .

(Tb4)
{fb)

(Fte)
(££2) .
(Ft3)
(ft4)

{ft)

{(c}).Allowable stress- (AASHTO. 9.15.2) -

1.Final

- (fb)
(ft)
(fb)-
(ft)

L

Mg}/

- (MgHMB ) /gy
e} gy

(ML} gep

g) /g4
(Mg+Ma) /gy
(Mr)/gy
0K /g0

T2+t 3¢ft4 -

1.591/1c’
0.401c’
0.60fci’

1.989/fci’

ksc.

FE S
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{d).Limits of prestress

1.Final:

>>

-

Top fiber
> Total stress

> Allowable streas

> Required: prestress.

Bottom. fiber
> Total streas
> Allowable stress

> Required prestress

2.Initial

2>

b -3

Top fiber

> Total stress -

> Allowable stress
> Required prestress
Bottom: fiber

» Total stress

> Allowable stress

> Required prestress

(ft)

(fta)

{ftr)

(fb)
(fba)
(for)

(ft)
{fta)
{ftr)

(fv)
(: fbr } :

i}

fb2+fb3+ib4
1.591/fc’
fb - fba

fb2+£fb3+fbe
0.40fc’
fo - fba

f62+fb3
1.989/fci’
o - fba-

- Tb2+1bd

0.60fci’
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(e).Finzls bottom fiber stress controls

1. Bottom fiber stress due to prestress

(fbr) = Pse + Pse.e ksc.
A Scb
2. Strand eccentricity {e) T ... m.
3. Effective prestress force after losses
(Pse) = _fbr kg.
(/5 + ®/5cp)
4. Assume prestress per strand losses
(la) = ..... %
5. Final prestress strand (fs) = [a%*5.0.7.£%3 }(1-1s) ksc.
6. Number of strands required (N*j) = PSe/.
7. Area of prestressing strand(a*s) = N*g.a%g cm.?
6> Flexural Strength
1. Factored moment {(Mu) = 1.3{Md+1.67ML) kg.-m.
2. f¥su = f*s’(1~0.5p*f*s'/fcs) ksc.
3..d = (t+ts)-e m.
4. p* = ﬁ,S/bd
5. dMu = A's.f*su.d(1-0.6p**su 500 ) kz.-m.

If éMu_ > 1.20 cases. OK,
Mu

6. check as rectangular section {(a) = (Afaf*su)/(o.BSTc’w)

If a < ts esaneas OK,
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9> Maximum. and- Minimem: Stoeel: Percentage.

(a).Maximnm Steel. (AASHTO: 9. $8.1)
> Reinforcement Index. - -  =P*.f%sg. <0.3 ....0K -
fc’
(b).Minimon. Steel: (AASHTO 9. 18.2)
1. Average: concrete stress:at the.o.g. of- prestmasing..smel- :
= 1.9887./fc’. ksc.
2. Moment- causing flexurel. cracking at- section.due: to. externally.
applied. loads (Mcz) = Sb{Pge + Pee.e + fcr)  kg.-m.
A sSb

If ._h > k.m -.O.I‘t m-— .
Mcr

10> Prestress Losses-

L (a).Shrinkage
- > Relative hemidity {RH) = ..... %
> Loss of prestress due to comcrete shrinkege -
(sH) = 1,195 - 10.5 K8 ksc.
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{(b}.Elastic Shortening
1. Effective prestress force after transfer (Assume .. %loss)
(Psi) =(1-loss)(0.7 f*s’) n.a*s kg.
2., Modulus of elasticity of concrete at time of initial prestress
| (Bei) = 15,114 # fei’ ksc.
3. Average concrete stress at the c.g. of prestressing steel at
time of initial prestress (fcir)= Psi + Ps_e__._gz - Md.e ksc.
Ac I 1
4. Modulus of elasticity of prestressing steel
(Es) =2.04 x 106 ksc,
5. Loss of prestress due to elastic shortening
(E8) = _Es . fcir ksc.
Eci
(c).Creep of Concrete
1. Concrete stress at level of prestressing steel due to
supperimpose dead load (feds) = Ms.(ych—e) + Mr{vch-e) ksc.
I Ic
2. Loss of prestress due to creep of concrete
(CRc) = 12 fcir -~ 7 fcds ksc.
(d).Relaxation of Prestressing Steel
Loss of prestress due to relaxation of prestressing steel
(CRs) = 1,406-0.4ES-0.2(SH+CRc) ksc.
(e).Tatal Loss of Prestress

fs SH + ES + CRc + Crs ksc.

]

= s .4
{0.7f%3?)
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11> Concrets. Stress. (AASHEO -9, 15 .2).

{a).Initial stress at. presivess: tranzfer. .

Pai = Gu(N*,.a%g 0.7 £%).

(b}.at span center-
>> ft Eai - PsitYch-¢) 4Nz -
A S 8,
H ft <0.60fci’ ..., XK.
>> fo = Psi - Pei(Ych-¢) Mg
A %

M fy <0.60fci’ ... K.

(c).at span-end
> ft = Psi - PaifYche)
A S
If ft < 1.989/fci’

*¢ Bemark for top. fiber stress in tension at. span.ends . exceeds

1.989: fei’ must uvse reinforcement to provided: cracking

ksc,

ksc.

1. Shear force: due to-umfactored. dead-loads: . -
(Vd) = (Wlvy).
2. Shear force. due to-truck: load. - (V1) =
>> Search from-the.table of Maximum Shear -

kg. |

kg./lane

e




. Shear force due to truck load include Impact
(VL) = (1+1)Vi.dw k. /bean|
2
. Factored: Shear force-
(Va) = 1.3 (Vd +.1.67.VL) kg. |

. Reaction.at the support =

(R} Vu.L/9 kg./beam|

.. Maximw factored: moment- of -sect ion. due- to externally applied. |

loads (Mmax)=-. R.d/, | kg.

. Moment. causing flexural cracking at. section.due to externally}-

applied. loads (Mer} =} _(1.591/fc’+fpe-fd) kg.—=. o

Yt

» Compressive stress: in. concrete due to effective prestress

force only (after allowance: for. all.prestress losses. ) af
extreme fiber.of section where.temsile stress is caused. by
externally applied loads (fpe) = .Pge + Poe.e ksc.

A sb.

Stress. due: to unfacioreddDead load: -at: extreme- fiber of - \

section where. teagile stress: is caused by- externally appilied - :

loads: - (fd) = Mg ksc.
sb
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10.factored shear force due to externally applied loads
(Vi) = 1.3(1.67VL) kg.
11 .Norminal shear strength provided by concrete when diagonal
cracking results from combined shear and moment
(Vei) = 0.1591/fc’.b .4 +Vd+Vi.Mcr kg.
Mmax.
12.Norminal shear strength provided by concrete when diagonal
cracking results from excessive principal tensile stress
in web

{(Vew) ={0.9281/fc'+0.3fpc)b .d+Vp kg.

13.Shear provided by concrete
(Ve) = kg.
Use the lesser of the value Vei or Vew
14.Shear provided by steel
(Vs}) = wvu - v¢ ke,
** Remark Vs shall not be taken greater than 2.121/fc’.b .d

15.Design diameter of web

(ds) =...... R.
(av} = mdge? = 2 cm. 2
400
16.Spacing of web
(s) = _Av.fsy.d M,

Vs
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10> Deflection to be - Considered -

Muitipliers to be used as a guide in-est imating. long-time
cambers and deflections for typical members

elastic camber: due to prestress at the

time of release of prestress

Without With
beflection to be Considered- Composite | Composite
Topping | Topping |
>> At erectioa
(1) Deflection (downward) component — apply 1.85 1.85
to the elastic deflection to the member
weight at release of prestress
(2) Camber (upward) component — apply to the 1.80 1.80
elagtic camber due to prestress at the .
time of release of prestress
>> Final
(3) Deflection. (downward) component -apply | 2.70 2.40
to the elastic deflection due to the
member weight at relesse of prestress
{4) Camber- (upward) component - apply to the 2.45 2.20




' (5) Deflection. (dowswazd) component — apply .

{c).Growth in storage

Y&
}
. {d). Seperimpose dead: loads
ysd = _SwdE4

384E1
{e).Net. long. tesm after: copstroction

mi = yz +ysd

{f).Long term dead. load:

= 2.45(2.2)ypa+2.7(2.4)yb+3 .Oyed

3.00 3,00
to the elastic:deflection due-to. super-
':_ (6) Deflectien. (downmard) component: » apply . - .2.30-
 to. the elastic. deflection. caused:-by. the .
composite topping
(a) .Prestress at- transfer
yps = _Pasj.e.k2 - m
8 BI
(b).Bean: dead: load
v = _swegt + =
384E1




{(g).Live load deflection: -

amFunaswh. Live- load-deflection. W Bonyndlinwiinmsnn. |-

kiﬁﬂnit%mmahim-dof—kctim.-33»_a1ﬁa_mw1.ﬂan;-. |
wians8E 1940 deflect ion: gagn:

case. 14 Pl P2 P3

L/a 4.267 m. ' 45267, .k'le

case- 24 Pt P2 P3

‘ 4.267 n. 14267 9 l :

cese 3% PL P2 P3
} 4.267 l«k;-&.—;l&? l‘-l

{__ _ [ S

a‘l




For > BiS5-44

For >> HS15-44

For - »>> HS2D-44

Pt

S

Pt

P2

P3

Pl

3

P3

3

P3.

11,013
2,753.

11,013
11,013

14,685
1,67t

. §4,685
14,685

3,671

g &

{108 kN. }..

( 27 XN. )~

(108 kN.)

( 27 kN.)

(144 kN. )}

.(.36_gur}a

{144 KkN)-
(144 kN )

( 36 kN. )




TUMINRNNIAT . Mipeimam-deflection i Sonfamale. .

a b-
¢ b
L/y
l |
I l
y = _P(#2-v?) for a> L/p

12ET 4 .

Pox 13+ 33 a3 - WL + 821 for e < B/y .
12E1. 40 8 b 2 b

“
H

HOTNNDS. deflection. Refinenn: p1, P2 wem: Py




