Design of a Slab Bridge e

Outline of the lecture

Design of a slab bridge
* We will design superstructure:

» Deck Slab and

» Curb (Edge Beam)
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Design of a Slab Bridge

Slab Bridge:

 Small Span (20-25 ft)

* No navigation (ships/boats)
* Only water flows
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Design of a Slab Bridge °

Design of DECK SLAB
_ ‘ —
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Traffic Perpendicular to the span
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Design of a Slab Bridge e

Vehicular Loading

Single-unit trucks Two-axle / 6-tire truck Three-axle truck
| Ao w—a‘o
Types of vehicle vary
from simple two-axle Combination trucks Truck and Trailers
vehicle to multi-axle Two-axle truck Two-axle truck
trucks with trailer, with one-axle trailer with two-axle trailer

tractor/semitrailer 2-1 - 2:2 a

combinations and longer

combinations
Two-axle truck Three-axle truck Three-axle truck

with three-axle trailer with two-axle trailer with three-axle trailer

2-3 a 3-2 g 3-3 g
Figure 3.4

- wo-axl Two-axle tractor with Three-axle tractor Three-axle tractor
(Design of Modern ., FWOTBRIE bractop” CAOE Ehrsesanie ractor  THEee-axle tracior
with one-axle semi trailer two-axle semitrailer with one-axle semitrailer with two-axle semitrailer

Highway Bridges 2S-1 28-2 3S-1 38-2
Tally) @ ® ®
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Design of a Slab Bridge e

Vehicular Loading

1. Design Truck Design truck loading. Also referred to as standard truck loading, this originated in
" Loading the 1920s, and although it has been revised periodically, its basic format has remained
unchanged. Two systems of loadings are provided: The H loading and the heavier HS

2. Design Lane loading (the letter “S” refers to semitrailer). In each case, there are two standard classes

Hoading of loadings (AASHTO 3.7.2), which are designated (AASHTO 3.7.3) as follows:
3. Alt t

m”(iatr:re;e(or e HI15-44 and H20-44

Design Tandem) * HS15-44 and HS20-44

Loading

In these designations, the number 44 refers to the fact that these loadings were stan-
dardized and first published in the 1944 AASHO specifications. The H loadings consist
of a two-axle truck, and the numbers |15 and 20(in the loading classification refer to the
gross truck weight inftons|(1 ton = 2000 1b). The HS loadings consist of a tractor truck
with semitrailer (designated by the letter “S” in “HS”). The numbers following the let-
ters “HS” indicate the total load in tons carried by the axles of the tractor; the load on the
semitrailer is additional.
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Design of a Slab Bridge a

Vehicular Loading
— — DesignTruck Load i

| |
m [
@ () ()

H20-44 8,000 LB 32,000 LB

H15-44 6,000 LB 24,000 LB HS20=-44 38,000LB 32,000 LB 32,000 LB
=14 14’ .].g HS15-44 6,000 LB 24 000 LB 24000 LB
g' 'g | 14-0" | V |
-—[OTW]--—-——-—-- 04w} —-—- = e =
| I f=1 =
| | ————[OIW]--—-{04W}-—-—-—-— - ———- .
—[Om--—-————- 04W}—-—- | | |
| I | | |
W = TOTAL WEIGHT OF N o= S 1.y 77l B |
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Design of a Slab Bridge

Vehicular Loading

The design lane load shall consist of a uniformly

distributed in the longitudinal direction.

Design Lane Load

18,000 LB FOR MOMENT
CONCENTRATED LOAD {?B,UUU LB FOR SHEAR

UNIFORM LOAD 640 LB PER LINEAR FOOT OF LOAD LANE

o,

H20-44 LOADING
HS20-44 LOADING

13,500 LB FCR MOMENT

CONCENTRATED LOAD {19!500 LB FOR SHEAR

UNIFORM LOAD 480 LB PER LINEAR FOOT OF LOAD LANE

o

H15-44 LOADING
HS15-44 LOADING
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Design of a Slab Bridge

Design of the Deck slab by WSD method:
1. Determine ‘Effective Span’ and “Thickness’ of the slab
2. Determine loads on the bridge and calculate moments
3. Determine the allowable stresses in concrete and steel
4. Design the reinforcement

a. Main reinforcement

b. Distribution reinforcement

c. Temperature and shrinkage reinforcement

5. Detailing
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Design of a Slab Bridge
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Figure: Transverse section of the bridge
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Design of a Slab Bridge

Determine ‘Effective Span’ and ‘Thickness’ of the slab

a. Effective Span, L =S5 = (c/c distance between supports) OR,
Find by (clear span + slab thickness) —>whichever is smaller
trials _
between b. Determine minimum thickness of the slab.
these two S+10
tmin = 1.2 X ( 30 ) [deflection control criteria]
Loads
a) Dead load b) Live load c) Impact Load
Wp, = (Wself_we,-ght + Wwear,-,,gsurface) psf From vehicular loading
2
MDLZ WDé’XS
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Design of a Slab Bridge

b) Live load
From vehicular loading

 Wheel load distribution width,
E= (4+0065ft<7ft

P!

S = span (ft)

P/E for truck loading
P/I2F for lane loading

wheel imprint

whgel

e Lty
Fr e o h R R R

Figure: Longitudinal Section
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Design of a Slab Bridge @

Calculate Live load moment:
P = 12,000 1b for HS15/H15

~—

(P/E)S
Take M erucy) = Ib-ft/ft width = 16,000 Ib for HS20/H20
larger of —
these two M1 tane) = l(P/iE)S (W/ZE)S ] Ib-ft/ft width = 13,500 1b for HS15/H15 lane loading
— = 18,000 Ib for HS20/H20 lane loading
*Note: For lane loading, Moment due to UDL has to be added.
Both UDL & concentrated load is distributed within 2E.
c¢. Impact load
W= 480 lb/ft for HS15/H15
e Calculatel t Factor.
alcuiate impac soac o W= 640 Ib/ft for HS20/H20
IF = (5+125) = 03

 Moment due to Impact, M;= IF * My,

Total Moment, Mgesign = Mp, + My, + M;

Dept. of Civil Engg. BUET



Design of a Slab Bridge

Calculate and design Reinforcement

a. Main reinforcement
* Along the span (parallel to traffic direction here)
* Comes from flexural requirement

b. Distribution reinforcement
* Perpendicular to traffic direction here

c. Temperature and shrinkage reinforcement
* Along both direction

a)Main reinforcement:

» Allowable concrete compressive stress is, 2 f. = 0.45 £,

» Allowable stress in steel is,——————— —2fs=040f,
_ E _g. _ Js
n = E 9 ; r = 3
n - .
k = n_-l-r ; ] = 1 k/3

* Check ‘d,.qyireq With the following formula for WSD.
1 .
Mdesign — 2 fc k] bd?

T
J d Adjust slab thickness if needed.
l ' .—L e & o ¢ v * Determine main reinforcement,
[ T :
1" clear cover 1.50" cover > Required steel As(main) = fsxjxd 1n2/ft
E.=57,000+/f, psi
_ - A in) 2#7?7 @77 c/c
E, = 29,000 ksi s(main)
* . shoud be rounded to nearest integer and not less than 6
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Design of a Slab Bridge

Check for minimum reinforcement:

f.=75.f; I,=bh3/12
v Ll
cr h/z

Check if Mg, is more than 1.2 M., If so, ok.

If not, increase slab thickness.

b)Distribution reinforcement
+/’* For main reinforcement parallel to traffic:
(100/\/§ < 50) % OfAs(main)

* For main reinforcement perpendicular to traffic:

(220/\/5) % OfAs(main)
As(distribution) 2#7? @77 C/C

c) Temperature and shrinkage reinforcement

* Provide Temperature reinforcement.

According to AASHTO 8.20.1, Aytemp. & shmigy= 1/8 in? /ft

need to be provided under all exposed surfaces.
As(temp.& shrnkg.) 2#7? @77 C/C

* Check for shear and bond. Not necessary for slabs
designed for bending in this method.
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Design of a Slab Bridge @

Detailing of the Deck slab:

Temp. and Shrinkage reinforcement Wearing course

FFTFTFTTFTFFTFTFTFFTFTFTFFTTFTFTFTTTFE FFFF"FTTFFTTFFFTTFFTTFFTFTFFFTFTFFFTFFFTFFFFrrFFrrFErrFrFryrrryy
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><}1?¢> . . . . . :-:9--:?"?

|_> Main rebar Distribution Reinforcement
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SRR .55+ J4—— Abutment
Abutment :-::-::-::- :-::-::-:>

S Clear Span i

Figure: Longitudinal Section
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Design of a Slab Bridge

Design_of Curb/Edge Beam

**Similar to Beam**

Analysis and Design:

* Assume width of the beam, b.
* Provide a curb 10” high.

 Calculate wyp,, for self weight & railing.

rail post

railing

Self weight includes slab and curb weight. slab / deck
Weight of railing is assumed to be 15 1b/ft. * edge beam
* Compute DL & LL Moments.

Mp = wp L2/8 Ib-ft
M, =0.10 P*S lb-ft [P=P;sor, Py ] i CL — N
Design moment, M, ., = Mp, + M, 1\ [

Deck slab

N —
Figure: Transverse section of the bridge
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Design of a Slab Bridge

Curb Design

**Similar to Beam**

Analysis and Design:

10" + t"

. 24"
Self weight = % X5

x 150 = ??1b/ft

Railing weigh = 151b/f med)

WDL = ??
MDL= WDLXSZ/8

M;;=0.1XPxS  [P=12kfor HS 15 and 16k for HS 20]

Mdesign= MDL + MLL

Mdesign
= |——————— b = 24"
dreqa /0.5 f.kjb

M design
fsjd

=77 in2

As(main) -

_______
- ~.

- ~
R ~

_______
- ~
- ~
- N

CL

Deck slab
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Figure: Transverse section of the bridge

#7? Stirrup @ 7?” c/c

e

Deck slab

Dept. of Civil Engg.

BUET



(1 Do the Design of the Following Slab Bridge for H20-44 Loading :

20/

Railing & post
n N n

1l | L L i L ]

L Slab, thickness = tinch

-+— abutment

K—— Clear Span= 20’ + (Last digit of roll/2)’ —
Slab bridge (longitudinal section)
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N |

Bituminous
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