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Bridge Construction

Main rule for the choice of the construction method:

The bridge should be constructed and / or erected with the most
reasonable method to minimize direct and indirect costs of |
construction within required period of construction. The duration
of construction is importani factor that should be optimized.

Criteria of choice:

1- Economic facilities Loyl BSS 5 8 ol
2- Construction schedule dabiil) Baey a3l Joaadl plaio V)
3- Environmental aspects a.J) ole ds)l dudee ,50 o o Lain ¥
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Environmental

The choice of the most suitable method of bridge

construction:

1- Max. span of the bridge and the total length.

2- The degree of occupation under the bridge. |
3- The type of the bridge deck, e.g. concrete, steel, composite deck
4- The height of the bridge deck over the ground.

5~ The condition of the traffic and public situation in the

surrounding region.
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Explain the main aspects for construction of bridge:

- Technically:

The construction should be completed safely without
any over-stressing and / or without any additional high residual
stresses of the bridge elements which could affect the design of
end bridge negatively.
i.e. Construction should not govern the design of bridge different
structural elements.
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- Economically:

The bridge should be constructed and / or erected
with the most reasonable method to minimize the direct and the
indirect costs of construction within required time as the duration
of construction is important factor that should be optimized.
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) Env;ronmentally: The bridge construction shouldn't have
a negative influnce on the surrounding environment of the site
during construction.
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- Aesthetically:
Y For long period construction, the influnce of bridge

construction on the overall view in the surrounding region should
be considered.
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Designer main target and tasks:

I- Choose the most reasonable method for construction.
| oY) ekl Jasl s
2- Divide the construction method into stages.
NPT
3- Design each stage of construction stages and check stresses in
both formwork and in constructed elements at every stage.
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b ST Jelod) Wnad) BT dsnad) Wandd) o WS (65 e
4- Design the temporary elements if needed. |
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5- Determine the required equipment and devices for the
construction method.
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6- Follow the progress of the construction.
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Different methods of construction:

1- Cast in-situ technique on fixed or movable shuttering
supported on the ground.

' Fixed shuttering over the whole length
—» Fixed shuttering supported on temporary columns

—» Movable shuttering on movable columns

2- Precast technique.

—» Pre-cast beams and Cast in-situ slabs
—» Pre-cast beams and Pre-slabs
‘+————7 Pre-cast beams and Pre-cast slabs
——» Hybrid pre-cast technique

——» Pre-cast segmental bridge

3- Deck push system for pre-cast concrete decks, steel decks and
composite decks.

4- Launching method using launching beams.

———» Launching system with launching girder under the deck
-t——— Launching system with launching girder over the deck

——» Launching system for construction of pre-cast girders

5- Classic cantilever method.

——— Classic free cantilever method

- Classic free cantilever method with additional launching

beams
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1- Cast in-Situ Technique:

A- Fixed shuttering over the whole length
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This system is suitable for small spans up to 30 .0 m

Deck

Horizontal Wind bracing

Wind bracing in longitudinal direction
Max. spacing =5-6m

Pier

Fixed shuttering ~Ns
Wind bracing in transverse direction
Max. spacing =5-6m

Vertical loads:

Vertical loads due to D.L., L.L., etc. will be carried by the verticals
then load transfer to the ground through the P.C. foundation.

Horizontal loads:

Hz. loads due to wind mainly will be carried by the diagonal
members then loads transfer to verticals then to the ground.

o



L / |
i ’ : , )
| NYd TS TS l i < _F_—_r_——_ vd
| | |
P | | | | |
— e — e — ] b — — —— — e —— — — p— [ — — __—'.‘ _____ —
| : | : ! |
| l il | | |
Lz ) ___'r <N NE——— < |\ Pier { - ____'r _____ <=
l F | | | | |
' =2-3m
Elevation (Longitudinal bracing ) (Transverse bracing )
Y R R N N S| ! ) . .
| | ™~ Vertical Wind bracing
: : —}'/ in transverse direction
| 3 |
| H ! T
: : : §=2-3m
|k — K —— —-L
| ! |
! | !
: B JI\Horizontal Wind bracing
i { i
I | |
s ' e
Plan Wertical Wind bracing

in longitudinal direction



B- Fixed shuttering supported on temporary columns
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Deck
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support

Temporary \Truss girder|

Pier

Deck i, 50id) oo

Deck Truss girder
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Temporary cables in\/ \ T /
longitudinal direction chporary corumn _
Temporary cables in

Vertical loads:

transverse direction

Vertical loads due to D.L., L.L., etc. will be carried by the piers
and the temporary columns then transfered to the ground.

Horizontal loads:

Hz. loads due to wind mainly will be carried by the temporary col.
but in most cases the temporary columns can be stabilised by
temporary cables to carry the hz. loads in the longitudinal direction
and sometimes we can use temporary cables in transverse direction
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C- Movable shuttering on movable columns
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- This system is suitable for large spans greater than 30 .0 m

- Short time construction high construction rate
N

Deck

\Rigid truss
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Movable shuttering
/
Deck —
—
! / ! Direction of
' . movement
________>

o



2- Pre - Cast Technique:

Main advantages of application of pre-cast technique:

I- Reduction of construction formwork.

2- Reduction of construction duration.

3- Production of concrete with high quality (high performance
i.e. high strength, modulus of elasticity and high durability )

A- Pre-cast beams and Cast in-situ slabs
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Pre-cast beam
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B- Pre-cast beams and Pre-slabs
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C- Pre-cast beams and Pre-cast slabs
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—ve RFT of beam COSt in-situ joint Anchorage RFT for slabs
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Supporting area Pre-cast slab \
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_a\ RFT loops are
— —| staggered in plan

RFT loops are
staggered in plan
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Pre-cast slab concrete

Cast in-situ concrete /

Tension force in RFT
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\———> Tension in RFT on other side w



D- Hybrid pre-cast technique
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E- Pre-cast segmental bridge

This system is suitable for spans 50 - 80 m and area under the
bridge is not accessible e.g. (water or deep valley )

b WS S i o
1- Divide the bridge into segments 5 - 10 m each. Each segment
is to be casted in workshop or in site.
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2- Using the launching or cantilever method, the bridge segments
are to be lifted and erected into its position.
Launching system or cantilever method

o



3- The successive erection of the bridge segments is to be carried
out mutually with the prestressing of the proper erected
segment into the previous erected one.

Prestressing cable 12350l oS 5 w3 @) S G Loy ) o

4- Progressive erection of the bridge segments lead to a full
construction of the bridge spans. At the end the final
prestressing cables are to be stressed.
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Segments Jl Ly,
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3- Deck Push System:

- This system is suitable for spans up to 60 - 70 m.

- Additional temporary columns could be needed during the
pushing of the deck.

- This method could be the most economical method for
construction of composite sections.

- The deck structures is to be designed for the resulting internal
forces (B.M. & S.F.) during the pushing process due to the
change of the statical system of the deck.

- The piers and the temporary columns are to be designed for the
vertical loads and the resulting horizontal loads due to friction
during the movement of the bridge.

A @S esdl 3 Deck srsSI) iyl o piy LY oUWl Lis (5
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Stage 1:
- Supporting of the starting pier and preparation works for
casting the first segment

Steel cantilever beam (Steel nose)

Segment length Nose length
I [ Mechnical push system
1

Strut or Cables
to resist pushing force

P ey o o e an AR ARARAR A ar ar 4 an o
/(-m\ B.MD,
R?’L=20-301u ! 60 m | @




Stage 2:

- Pushing of the deck
- Preparation for casting the second segment

(Steel nose)

‘Lhyyyyyyyyyyyy Y 7
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2 1
l—— Bridge deck———l—-— Steel nose—>|

Stage 3:

- Finishing of the third segment
- Pushing the system to be placed over the temporary column
- Preparation for casting segment 4

(Steel nose) Temporary column

{ 4 [ 3 | 2 | 1 r\g / Temporary cables
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l—— Bridge deck ——I—— Steel nose—>|
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Piers 50.c8) yle Steel nose b yoi pnss i Hinged Connection
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Vertical load
Temporary columns:

Friction load = 0.05 Vg

Temporary columns are to be designed on

—» Vertical loads (max. reaction of deck )
——» Friction force = 5% of vertical force
(to simulate the friction bet. the deck and the bracing )

——» Wind loads (carried by temporary cables in transverse

Wind load

IRERRRNRRRRNRRREDANNNN

77777,

and longitudinal direction )

Statical system of temporary columns

77777, 77777,
Statical system in case Statical system in case
without temporary cables with temporary cables



4- Launching System:

- This system is suitable for spans 30 - 70 m if the area under the
deck is not accessible.

- Launching beam during construction should be designed to
carry all loads of the deck during construction.

- Piers are to be designed for the summation of the reaction
forces from the deck and launching system.

- Wind load on the launching beam in additional to wind load
on the deck should be carried by the piers.

- For decks with small height and spans up to 40 m and
a material delivery over the deck, the cast in-situ technique is
reasonable method using launching girder under the deck.

- For very high decks over ground > 30 m and spans > 60 m
the application of the pre-cast segmental bridge deck with
launching girder over the deck is an optimum choice.

Using launching girder Using launching girder
under the deck over the deck
1- Sﬁzall heights. 1- Very high decks.
2- Span up to 40 m. 2- Span more than 60 m.
3- Using cast in-situ technique 3- Using pre-cast segmental
may be better. bridge.
4- Material delivery over the deck.

o



A- Launching system with launching girder under deck

Stage 1:
(Winch)

Hardened concrete Formwork Carrier

\ / —» 4 Cantilever o | Cross-section
Lﬁ/ TITIITIII T I0KT v.a \ S huﬂeringt\ f

! X - beam \Launcl@g beam J /
I _ X - beam

| . 4> 4
' Pier

l

7 77T Y

y oo o o an ap AR ARARARARdnar av o Y'Y Ty rryyly
Section A -

Hardened part  Segment to be casted

L AN ’ B.M.D. in the deck Lifting carriage

‘r_““J‘/ L/5 L/5
e |ty
WM 777, i |

Fo 1

W = wt. of the next segment B B P P+P
OO TTTTITTTTITTT | Yp
AN a5
\Launching beam YP=wt ofliftedparts
Due to the own weight of M= P xa
the launching beam only PI =M/ a

x — n B.M.D. in launching girder
~L * I ‘f‘
?R R 2

Reactions of launching
beam on piers



Stage 2:

Hardened concrete (Winch)

Next segment to be casted Carrier
> il v
{

WLl Ll L Ll bl Lol o lod bk o BDN D D e e ey ey AR ARRRNY

222222222 AN\

| 1E
|
|
>>r>>
P ED e o A IRARAR AR ar oy o van
Direction of movement of launching beam
l Deck is hardened » Not yet hardened
= L -
,——J/ B.M.D. in the deck
W = wt. of the next segment
yaY FaY
- /T('\ﬂ\ﬂ\v M,
. . . L+ 1 due to Carrier

B.M.D. in launching girder R R P

|

Reactions of launching
beam on piers



B- Launching system with launching girder over the deck

Stage 1:
- The launching girder is supported on bridge piers.

- Winches which are mounted on the launching truss girder
are used to lift the bridge segments.

- The segments are to be fixed into the completed part.
Prestressing cables are to be stressed.

T

N NN NNNNNNANNN
L_LL___L_L_I—J Winches / &I | I I_J B
Pier 1
ind Own wt. of launching beam
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Y
V =wt. of vertical steel

+
R yina B.M.D. in launching girder
R, R,

' Wp=wt. of one segment

B.M.D, in the deck

77777, 'J'77 B.M.D. in pier
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Stage 2:
- Supporting of the launching girder to the casted part.
- Lifting the segments of the pier.

- Successive erection of the deck segments.

[T T T T TTT] M

of piers

Pier 1 Pier 2 Supp(frted
- on piers

A B.M.D. in launching girder
T, 110
R, R, e 'R;

Wp = wt. of pier segment

"
JAN
| /f{\”\ﬂ\
i+
|/ B.M.D. in the deck
'




Stage 3:

- Propelling of the launching girder to be supported on the
deck and pier.

- Successive erection of the deck segments.

[ [T
| Pier 2
ind Own wt. of launching beam
WIRG O O O O T O O D T T T O T LT
A JAN
Y
+ - ] h. .d
R R R ;s B-M.D. in launching girder
1 2
% P
OO Rwind?
o e |
H— el
B.M.D. in the deck £
i -+
H 4 AN

N

wind on column = W, =C xqx b, B.M.D. in pier 2



C- Launching system for construction of pre-cast girders

Stage 1:
- Supporting the launching girder over the deck and the pier
Launching truss girder
/
. M\
i n i
Pier 1 Pier 2 Pier 3 : _| Pier4

~ 1+ = = L .+ [ =

B.M.D. in launching girder

Launching beam [

-—
R Rwind
ANRERRRRENANRRNNARNNARERE | | '+ lll T Deck < F ’
] NAREEREERENNNRNRRRNNRNREANNRRRANE ]
l A A IE& ec Rwind s
D D A z
B.M.D. in deck g

wind on column =W, =Cxqx b,

R



Stage 2:
- Lifting of full scale pre-cast beam

n : n ‘] 1 \'—r\Lifted assembled

r] pre-cast beams

han i

Pier 1 Pier 2 Pier 3 _| Pier 4

B.M.D. in launching girder +

Own wt. of launching beam
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Launching beam

7y -
Rl R Rwind

l I'VI = %.L.+ "/;,.L. % =2 %-L-+ ui-l« Y 2
DI& Deck R F
wind H
WeE
== I 2 :
B.M.D. in deck H
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wind on column =W, =C xqx b,



Stage 3:
- Placing of the pre-cast beam

Pier 1 Pier 2 Pier 3 Pier 4

B.M.D. in launching girder A M

%.L. / deck

Own wt. of launching beam

Launching beam
l Wy
LL.DIZEJJ_UJJJ_LLLLLUJ_LU_LU_UJ.%UJ_UJJJJJJJJ_LLLLLJJJ_LLUA Deck Rwind

B.M.D. in deck

;l

>

D
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r7/7.

wind on column =W, =C xqx b,



5- Classic cantilever method:

- This system is suitable for concrete bridges with spans up to
70 - 200 m where the area under the deck is not accessible.

- It is used for construction of cable stayed bridge with spans
250 - 1000 m.

- It is used for construction of arch bridges over navigational
channels or high valleys.

A- Classic free cantilever method

The following rules should be applied:

1- The joint between deck and pier should be a rigid joint.

2- The length of the starting segment is equal or greater than the
width of the pier.

3- The construction progress should be performed on both sides
simultaneously to reduce the transferred bending into erection
piers.

4- The weight of the winches should be taken into consideration
during the erection of the bridge segments. Therefore an
additional counter weight can be placed at the other side to
reduce the uplift forces which should be carried by the deck.

5- The capacity of the lifting carriage depends on the max. weight
of the lifted bridge segments.

o



Additional Carrier

j to reduce the uplift forces

14[12[10[ 8|6 [ 4| 2

1

Wp
INANEREEEEEEENENANEE NN EEARNEEEN
l lP.
lift
| LCLeft LCRight | i
i o
77777,

= max. lifted weight

Carrier
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it
T
AM

A

B.M.D. due to vertical loads

Sor case L¢ iy > L ot

The joint between deck and pier should be a rigid joint (Fixed Joint).
Segments I lay,

Prestressing cables plaxiwl; \\

1

Phase 1

H 2|1|3

+— H4|2|1|13]|5

Phase 11

Rigid Joint.

Phase IlI m



B- Classic free cantilever method with additional launching beam

In this system we use additional launching steel girder over the
deck. This girder helps in material transport and segment lifting
and in some cases it can be used in supporting the erection
carriage of the cantilever method. |

Stage 1:
- Cantilevering of bridge deck from pier 1 and pier 2.

- The launching steel beam helps in material lifting and

segments lifting.
Length of segments ranges
bet. 5-10m
- i s N e
] _
Winches
Pier 3 Pier 2 Pier 1
7YYy 77777/7777777, vy Y V7 77V Y YV 7?

Launching girder

Wt of segment

N\ /
b TT7 857"

/\ ~L+ [
Suspended
Sormwork
)77 77777, 7707,
77777,

M.D. in Pier 1
B.M.D. in Pier 2 B.M.D. in Pier

oW



Stage 2:

- Just before closing the first intermediate span of the deck.

1

] A,

Pier 2 Pier 1

a4 Gn A0 AR AR AR ab an 4R 4

Pier 3 >
R b v av on an ap ap 4R AR4 7%

D<_C &< &

B.M.D. in launching girder

T

~ ~NL+lILa

B.M.D. in the deck

A,

77777,
: Pier 2 Pier 1
Stage 3:
- Cantilevering from pier 2 and pier 3.
NAN\I{\AW/VV\/\IM
Pier 3 Pier 2 Pier 1
EaeeeaaaSEdddas s o g AR A AR AR AR An An an AR/
/A\\//A\ B.M.D. in launching girder
T ' T ==
B.M.D. in the deck
77777,
77r77. 7777, ’
Pier 3 Pier 2 Pier 1



Fixed shuttering over Fixed shuttering Movable shuttering

the whole length on temporai:y col. on movable columns

1- Span up to 30 m. d 1- Span up to 60 m. |I- Span more than 30 m.

2- Area under bridge | 2- Area under bridge |2- Area under bridge
is accessible. ‘

Deck Push System Classic Cantilever method

is accessible. Is accessible.

3- Temporary columns |3- Short time

are used if span construction high rate.
greater than 30 m.

1-Span up to 60 - 70 m. 1-Span up to 200 m.

2- Temporary columns are used | 2- For cable stayed bridges.
if span greater than 30 m. 3- For arch bridges.

3- More economic for composite || 4- Very high decks.
sections. :

Using launching girder Using launching girder
under the deck over the deck
1- Small heights. 1- Very high decks.
2- Span up to 40 m. 2- Span more than 60 m.
3- Using cast in-situ technique 3- Using pre-cast segmental
may be better. bridge.
4- Material delivery over the deck. @



Example (1):

For the following bridge systems, choose the most suitable technique
Jor the construction of each bridge deck and explain why. Show some
of the construction stages and draw each stage with diagrammatic
sketches, the main internal forces (e.g. B.M.D.) in both structural
elements of construction equipment and in the bridge deck.

Bridge 1:

Pre-stressed Concrete Bridge with a box section
( The area under the deck is not accessible )

| | e |
X ] ] HW. ] -4 12.*0mm ] Af(

S / H e

S
P~

q]’

* L

— —
|~ 30.0 m—1~— 40.0 m——1—— 46.0 m———1 40.0 m—— 50.0 m——1=30.0 m~
| 12.0 |
: / -
\ 2.70
1
Section A - A
Bridge 2:
& Composite Bridge Deck
(Only temporary columns are allowed )
T» A
I |
4o 4
30.0 m
|~ 30.0 m——— 50.0 m———F—— 50.0 m—— 50.0 m : 50.0 m——F=30.0 m~]
| 14.0 N
B I N Y,

Section A - A T




Bridge 3:

Cable Stayed Bridge with approaches

Note: Differentiate between the consruction technique in main

and approach spans

Area is not accessibl

NN

|

75.0

7

D\

Area is not accessible

/\

| I 2.0 /| N\ |
1 ' } / J \
: - HWL “
> 7 7 7 v 7 7 77‘;- —a 7 7 7 Z » 4 ) 4 4 > 4 4
40m  40m 120m 300 m | 1200m  40m 40m , 40m
I ¥ 1 1
. Approaches | Main bridge \ Approaches |
i
Concrete Deck Composite Deck structure . Concrete Deck |
, )




Bridge 1:

Pre-stressed Concrete Bridge with a box section
( The area under the deck is not accessible )

| I
T L L _ - -
X HW.L rl-LI | 12.’0m J((
b= 30.0 m~t~—— 40.0 m———=—— 46.0 m——t=—— 40.0 m——~——— 50.0 m——= 30.0 m—~|

— Using Segmental precast units erected using launching girder
over the deck

As the area under the deck isn't accessible and the cross section of the
bridge using prestressed concrete enables the usage of precast segments.
We erect this segments using the launching girder over the deck. As the
span is less than 70 m we can use this construction technique.

Winches / ﬁ [ | B
HW.L. |
—— '
|
7/7/y777/77yy777“7'l
} 30.0 m —]
wind Own wt. of launching beam
< glllllll]JlJ]iTlﬂTlllllllH UUUL%HHJ EERRNRNENRNRNERERERERNRERERINAN!

\

\j
Wp= wt. of one segment V = wt. of vertical steel

+ -
R R B.M.D. in launching girder
2

D:DIDH'_/!IJ)ID]J .Aé'

B.M.D. in pier. m
b 4 G)




Stage 2:

I A O I I O Segments/l%

of piers

Pier 1 Pier 2 Supported
- on piers

wind Own wt. of launching beam
:llIlllllllIllIIlllIIlIllIllllllllllll!’lllllllllIIIlIIIIIIIIIIIIIIIIIIIIIIIIIL

B.M.D. in launching girder

A
T §, L,

Wp= wt. of pier segment

IllllllllllllllllllllllIllIIllllllIlIllllllllllN

1+ ]
[/ B.M.D. in the deck

_| Pier2

Own wt. of launching beam

R ¥ LfR R,.,q B-M.D. in launching girder
1 2
W g q
RERERARNARNRERNRERERRRNED) Ryina H
T el
H . B.M.D. in pier 2
B.M.D. in the deck H I -



Bridge 2. Composite Bridge Deck
(Only temporary columns are allowed )

30.

|~ 30.0 m~—=——50.0 m f——50.0 m;———} 500m—-—-|<——-—500m—-——|--300m*—|

— Using Deck Push system

As this method is much more economical method for composite sections
with big heights over the ground. It will be more economical to use

shorter steel nose as temporary columns are allowed. In this system we
will push the still section and then concrete slab will be casted in-situ.

Stage 1:

—| 30.0m 1} 50.0 m } 50.0 m !

A@m B.M.D.






Stage 7:

AN

AN
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Bridge 3:

Cable Stayed Bridge with approaches

Note: Differentiate between the consruction technique in main

and approach spans

reals nor %

~

I
N %

Area is not accessible

/N

D\

2.0 |\ ]
! / AL
25.0 20.0
HW.L. 1
>y 4 VAR AR AP A e o™= = S ITTY 4R A av oy oy o a4

40m  40m 20m 300 m . 120m  40m  40m , 40m
I | t T :
 Approaches Main bridge , _Approaches |
I
Concrete Deck Composite Deck structure ,  Concrete Deck |

—> For approaches: Using Cast in-situ launching under the deck
For Main bridge: Using Classic cantilever method.

For approaches as area is not accessible and span = 40 m and small
height, that is why using launching under the deck is the best system

For main bridge as it is cable stayed bridge, cantilever method is the

required technique.



For approaches

%R T =T~ %Rz

Reactions of launching

beam on piers

Stage 1:
(Winch)
Hardened concrete Formwork Carrier
/ T_, 4 Cantilever

[

L2227 __

! X - beam \Launchirgg beam

]

| —L> A

' N DLier

A anan v ar AR AR AR Arar ov o o av AN
. 40m | 40m ‘
= 1 '

Hardened part _ Segment to be casted

I - ' ) Lifting carriage

‘;_t,”//(\\ B.M.D. in the deck ifiing &

77/72\13’;31 777 '
W=wt. of th B P . r ?
= wt. of the next segment 1 1
| HENEEEEEENNNRERRREN) T I} I}+P ¢P
\
FaY \ yAN
Launching beam W P=wt of lifted parts

Due to the own weight of M= P xa

the launching beam only PI =M/ a

B.M.D. in launching girder



For main bridge

Stage 1:

Approaches constructed

Using Cast in-situ

launching under the deck

Erection of steel tower

Steel Tower

HW.L.

Stage 2:

(

Erection of Cables

Steel Tower

W

Approaches constructed Cables

Using Cast in-situ
launching under the

deck / N

|

] L2]7]3 |

I

HW.L

Stage 3:

Using Cast in-situ

AR AP AR A ar o~ s — ]
i

I

Finishing Erection of Cables

Steel Tower

Cables

Approaches constructed
de / k

launching under the

{86l 2]1l315]719]

Bridge deck

HWL.

ey o oo v

AR AR AR An ar o o i ]
i

o



Example (2):

Indicate if the following statements is right () or is wrong (X)

1- Assuming the fulfillment of the technical safety during construction
of a bridge, the aesthetical aspect is the most important aspect for the

choice of the construction technique. (X )
Correct

Assuming the fulfillment of the technical safety during construction

of a bridge, the economical aspect is the most important aspect for the
choice of the construction technique.

2- Over-stressing and residual stresses of the different structural elements

of the end bridge should be avoided during the construction of the
bridge. (v°)

3- For bridge construction in Egypt, the deck push system is the most

[frequent used technique. (X )
Correct

For bridge construction in Egypt, the fixed shuttering system is the
most frequent used technique.

4- Wooden shuttering is the much more durable than metal shuttering.(X)
Correct

Metal shuttering is the much more durable than wooden shuttering.

5- For the construction of a cable stayed bridge the launching method is

the most suitable method. (X)
Correct

For the construction of a cable stayed bridge the cantilever method is
the most suitable method.

6~ For the application of the deck push system, the connection between

deck and piers must be hinged. (")



7- The pre-slab technique can be adapted with a max. spacing between

longitudinal beams of 6 m. (X)
Correct

The pre-slab technique can be adapted with a max. spacing between
longitudinal beams of 3 m.

8- Launching method with truss girder over the deck level can be
combined with the pre-cast technique to construct segmental concrete
bridges with spans up to 60 m over very high valley. (v")

9- If the area under the bridge location is not available to arrange
shuttering during the construction of bridges with spans ranges
between 30 and 60 m, the cantilever method is the most suitable

technique to be adapted. (X)
Correct

If the area under the bridge location is not available to arrange
shuttering during the construction of bridges with spans ranges
between 30 and 60 m, the launching under the deck method is the
most suitable technique to be adapted.

10- For construction of a composite deck of a bridge with a height of 30 m
over the water level and spans up to 50 m, the push deck system is

an alternative, which could be adapted. (X)
Correct

For construction of a composite deck of a bridge with a height of 30 m
over the water level and spans up to 50 m, the launching over the deck
system is an alternative, which could be adapted.

 11- Pre-cast technique is the most suitable method for construction of

bridges with steel decks and spans up to 30 m. (X) . m



Correct
Deck Push System is the most suitable method for construction of

bridges with steel decks and spans up to 30 m.

12- The construction rate of high concrete towers using climbing (jumping )
forms is faster than the use of the slip forms. (X))
Correct
The construction rate of high concrete towers using slip forms is

faster than the use of the climbing forms.

13- During the deck pushing, the produced friction forces between the deck

and piers are close to be zero. (X)
Correct

During the deck pushing, the produced friction forces between the deck
and piers must be considered in design.

14- The use of additional beams (aids beams )with the launching system

reduces the internal forces in the deck during the construction. (v°)

15- During the construction of a bridge using the classic cantilever method,

the influnce of the wind load can be neglected. (X))
Correct

During the deck pushing, the produced friction forces between the deck

the influnce of the wind load can not be neglected.




Example (3):

For the following bridge system, a fixed wooden shuttering on the
whole length of the bridge was chosen for the construction of each
bridge span. For all the shuttering elements, Calculate the design
Jforces using the simplified method, Design the different structural
elements of the shuttering system.

X - Girder
(300 x 1200)
Deck | ) each 5 "
/ { 10.00 i
| 7 s t
1 1 T o o 1-2
TS T 2T << =<
8 | I
S | l
e l | | | |
| =TT = =T =
S , | '
~ ] : { : l
L |} — SN S < SUNper . L 1 -
Rl ! | ! |
\ 6 x 2.50=15.00 m | |=~2.50~—5.00——=2.50—
{ 1
Elevation (Longitudinal bracing ) (Transverse bracing )
Iy, Y, Y - e N | i
i ] /[T~ Vertical Wind bracing
: : —}/ in transverse direction
§ 1 l
S| H |
S| | |
I : N ____L N 2N J'\HorizontalWindbracing
S| l AN |
~ l ] {
x| ! | |
~ I - |
} } ™\ Vertical Wind bracing
! | »}/171 longitudinal direction
_____________________ S
6 x 2.50 = 15.00 m

Plan

¢ 7.0



Given:

e For Wood

- Allowable strength in bending and tension (Fy ) =72 kg/cm2
- Allowable strength in compression (Fy ) = 56 kg/cmz

- Allowable shear strength (Fy )= 14 kg/cm’

~ Available dimension of wood elements 8 x 8, 10x 10, 12 x12 cm
« Live load =100 kg/m’
e Wind load

- Pressure intensity of wind (q ) = 70 kg/m*

- Drag factor for deck (c ) =1.50

- Drag factor for shuttering (¢ ) =2.00




Solution: / T
. 15, Live load = 100 kg/m2 (Given)
Vertical member: /
Prow=Ppy. + Pry + Pyina| = 2w’ N )
i 10.00- -

. __Span__ 15 _
No. of X-girder Spacing ~ 5

Weight of X-girder = No. of X-girders XL xbx(t - £ )x O,
Weight of X-girder = 3 x 10 x 0.3 x(1.2- 0.3) x2.5 =20.25 ¢
wt. of slab + wt. of main beams + wt. of X-girders

Own weight = Area
_15x10%x0.3%x2.5+2x15%x0.4%x(1.2-0.3)x2.5 +20.25
B 5 15x10
= 1.065t/m
s T
—» Pp; =1.065%2.5%x2.5 = 6.66t Ti ; Y l
P, =0.1x25x%2.5 = 0.625¢ R W o

To get Py, we have to calculate the 2sph i
forces on the horizontal & vertical - % ; 5

1

bracing I e ) e e
K56 4w 8,0 Vertical member g5 ;)1 e 42501 (8l ol &3
AU 2w (,3l 6,5 Transverse direction  ojyel) olos¥l (3 #L,))
Longitudinal direction b)) o053 (o 2!

)

F
P

#
P
7 P

S

™ S
\\

N

Wind in Transverse S Wind in Longitudinal



Horizontal bracing:

a- Wind in transverse direction

! I
' l t ! 10.00 |
~! ' |, 0.30- —_—
E g,( o IE“’ - — _0.40 _ __I_tdeck_l'z
S §: 211 :§ |~ Bracing aflevei (1Y ~5"\11.50 h=15
S| S S| 1S | et
I §: 3 ='§ A : 111.50
2 2 2 N - =
Z 3! 13 1| NS Pracing dfteve (2] S 50 hy=3.0
: 8 . HE L0y
gl s 18 ! |_I.50 hy=2.25
S : R H S a‘,azzzg‘;feretm > “{g. 751
| i 1y
6 x 2.50=15.00 m {=2.50~=——5.00—1=2.50—
Plan (Transverse bracing )
Woina= C % q *h
il oo Lot sl olas iy Wiy
bracing U osuie JS aic W S N
/n’
Ve
W . % LA AL
- wind ) /
Forlevel (1) A
W _ C v h % Z // 7
1 yind deck ~ 4 deck ///
reduction factor 74V

+ Cshuttering xq X h shuttering X for voided area
= 1.5%x0.07%x1.2+ 2.0%0.07x1.5%0.3 = 0.189 t/m’

Assume reduction factor for voided area = 0.3 - 0.5 if not given
Forlevel (2)
W

wind " shuttering Xq Xh shuttering X Teduction factor for voided area

= 2.0%0.07%3.0%0.3 = 0.126 t/m’

o



For level (3)

"éwin & Ushuttering Xq X hshuﬂering X reduction factor for voided area

= 2.0%x0.07%2.25%0.3 = 0.0945 t/m’

—» Solve for bigger value of Wy,,; which is on level 1

{ ] &N
Gl i 7 Note:
Cx is the angle between the
member and the loaded side
N/ Design members direction (Hz. direction)
W, = 0.189 tm*
w Lz__ w LZ
16— 0.665 16 = 0.665

e 1T T~ v T T~y

N

L __
—"vg'-— 1.329

Max. reaction transverse vertical bracing (1.V.B.)

is to be designed at this location
0.375w L
=0.532 125wL=177 0.375w L=10.532
l ' l
Ul/U/ /H/ There is 2 braced panels
n=2

0375w L
| . A
Max. force in diagonals
(Fpi ) = Qoo 2, -
Diagonal max. n sin o &9 %
No. of bracing panels
No. of diagonals There is 2 diagonals

0.886
(FDiagonalmax.) = 2% 2xsin 45 " 0.313¢

Fi ax. .
A4 = Dalgr(ZZIm — 0313521000 _ 5.593cm2

. —» Use8x8 cm (Ag, 5= 64cm”) m




The design of the vertical bracing in transverse direction is to be
- carried out at the bracing resisting the max. reaction from the

horizontal bracing i.e. transverse bracing no. 2

For transverse wind bracing (2)

There is 2 braced panels

n=2 /\
L7722 R R R, = 1772t —»

I 2

= A —— — —— —~——1 ——

1 2

— Wa _ 0.126 _

R AR A

3.839 R,=R;x33=1772x 4045 - 8861

Wy 0.189 = ———— == ===
|
Design members 2.50A~—5.00—+=-2.50~
S.F.D. s
X = tan 7—3— = 59.04°
Note:

CX iIs the angle between the
member and the loaded side

direction (V1. direction) . m



Max. force in diagonals
4 £ __ QOmax 3.839

/2 n sin cx =2 x2 x sin59.04 =1.119t

No. of bracing panels

(F Diagonal max. )

No. of diagonals

Fia .
4 =. Diil;Zlmax — 1119521000 = 79.986 sz

—> Use 8x8 cm (Ag,g= 64 cm?)

Vertical member
1.50
P wind =F Diagonal max. * €OSCX -
Transverse 1
=1.119 x cos 59.04 =0.576¢ | 250 :
o = tan 23 = 59.04°



b- Wind in longitudinal direction

Deck
[ /T |
; / 1.20__
IE ) racuq,'ailevel(lll | 1.5$ h=15
| Lt I
MRl T 7Y b Y w111
Hip (Bracing { L|11.50
'rz r ' l = e
~y
X | '—1.050 h3=2.25
" I—— ;;7‘,;,7,,3;1;,;‘,;,(' S AT <O l 0.75 1
}
y
o \\‘
B
N O W
\\ \\
N -
IR W,
SO
~ -
\ N Q pV3
For level (1) o
-

ernsSl ol 0¥l 3 wind J) Glus wie

I/I{vind =4 xAcircumference X Friction factor
deck
A gircumperence= (10 X2 +2%0.3+4%0.9 ) x15 = 363 m’
W,...=0.07%x363%0.03= 0.762t a Iy
’;:lz’ctlg ' 10.00- | ////
'IIIIII/IIIIII/ 'IIIIIIIIIII/ CLLLLd
Woina = %6'1%0‘" = 0.0241 t/m’ 27 /97621 B

deck m,

the shuttering supports one third of
the wind load on the deck in
longitudinal direction

0.0241 t/m*
srsSl (Joladl sla3¥l (3 Ll e LWl JLald) 1/3 dndindl 50l Jaos
Wl Lguadl 32 (e Jl¥l /3§55 Lw



vorTE>

Assume Friction factor = 0.025 - 0.03 if not given

Woina = Cshuttering X 4 * P shuttering  reduction factor for voided area
T 2.0%0.07%1.5%0.3 = 0.063 t/m

Wy, =Wy t Wiy =0025+0.063 = 0.0885 t/m’

wind deck shuttering
- Forlevel (2)
pVZwind= shuttering X 4 * P shuntering X reduction factor for voided area
= 2.0%0.07x3.0x0.3 = 0.126 t/m’

For level (3)

W

Swind— Cshuttering * 4 * P shuttering % reduction factor for voided area

= 2.0x0.07%2.25%0.3 = 0.0945 t/m

—» Solve for bigger value of Wy;,,, which is on level 2

W,= 0.126 t/m" There is 3 braced panels
(ARARARANRRNRANRRARNRRRNNRRARNRNNRRRAL)) n=3
\ x
<] <
A- 10.0 g
1 %
0.5wL =0.63 0.5wL =0.63 There is 2 diagonals

bl Jlesl (o sWI shear )\ 8 U5, Hz diagonal ) pecs o5
Lol Jlal e sl shear )1 (o J51 Longitudinal direction 5

Transverse direction 5 m



0-
(%]
0-°C ‘ N
S ~.
®.
N % KOS"
*.
"
a
w 07
®.
R _Ry
Wi W2 There is 3 braced panels
n=3
_ Wy 0.0885
Lo R;=R,x W, 0.63><———0.126 N
' = 0.443 t ; | |
i
1.073 _ ' ! !
R2 0.63t >i sy Gen——— Sg———— 3 ____:_______ _____:
‘ _ Wi _ 0.0945 |
1546 B3=Rpx~55 =0.63x575c L I P2
= 0.473 ¢ { | |
|
2.50—A~——35.00—|~2.50~~2.50~\=2.50~]
S.FE.D. Design members / 25
X = tan 45 = 59.04°
Max. force in diagonals
J & O max. 1.546

(FDiagonalmax.) =/2n sin o =2 % 3 x sin59.04 =031

No. of diagonals No. of bracing panels

.Fia nal m .
4 = Di;;;l ax. _ 03’;(15000 = 5366 sz

—> Use 8x8cm (Ag,g= 64cm’)



Vertical member
1.50
P wind =F Diagonal max. X COSCX 3
Longitudinal 1
=0.3x cos59.04 =0.154t * 2.50 |
CxX = fan ._2‘_5_ = 59.040

1.5
Design of vertical elements

—> Take Py,;,; the max. of Pyingpansverse € Pwind longitudinal

Prow=Ppr.+ Py + Pyipg

Transverse

= 6.66 + 0.625 + 0.576 = 7.861¢

_ Protar __ 7.861x 1000 _ 2
A= | Fall. - 56 = 140.375 cm

—» Use 12x 12 cm (A12x12=144cm2)

Design of horizontal members

1~ Dead load W

- —» Assume 10x 10cm Oyood = 500 kg/m2

Own weight = b x £ x By,054
=0.10x0.10% 0.5 = 0.005 t/m

2
M, = 0.005x 27~ =0.0039 m.t



2- Settlement of support

—>» take 5 = 0.5cm

E =90x10" kg/em® & L =500 cm L tiem
3 3
[ =L 100x1007 _ g33 00 S
1 By L
Ama="4g *FT .
0.5 =L x_Tax300 — > P,=14.3942 kg
48 90x10"x 833 | ;
P 5 A ?SettlementatSupport AN
M, =~ = 0.018 m.t 2250

|~
W

hY
1 Bl
Dmae= 4 *ET

Assume allowable settlement = 0.5 cm if not given

By
W Moment due to settlement
M
5= 0.009 m.t B,xL
W Moment due to dead load
M, M, = 0.0039 m.t

Sec.(l): MI + MZ =0 + 0018 =0.0I8 m.t take

>
. bisger
Sec.(): My + 22 = 0.0039 + 2% = 0.0129 me| F°

Design moment =0.018 m.t



Normal force due to wind

N =1.772 t (max. reaction from both longitudinal and transverse
direction )

———

Ry = 1 7721\)| _ Ry= 04431 _
B /: > | | > 1 1< |
Ry =1181¢ | | R,=o0631 ) ' '

| ST 71 < | ST TS0 7 1T=><
Ry =0886e § >| | | X | Ry= 0473t N S LS '
| | | | |
Normal force due to wind Normal force due to wind
in transverse direction in longitudinal direction
Check stresses of M & N
_ N Mxy
fe=-4 T
3 5
f=- 1.778 x210 _ 0018 x10"x 5 =_28.24 kg/cm2
10 833
<56 Safe
3 5
ﬂ=- 1.778 X210 + 0.018)(10 ><5 =-6.916kg/cm2
10 833
<56 Safe
Check shear
lPeq = 0.01441 g = 0.005 tm

e 2 g

0.51?3‘1 gxS { o —

AN \U\H\Zi&

B
0.0134x10°

— _ 2
9 ="Jox10 = 0-13 kg/cm

<14 Safe o



Example (4):

For the construction of the following bridge, a steel truss system

was chosen to support the bridge deck during construction. The
supporting space truss system is supported on piers and temporary
steel truss column.

It's required to :

- Calculate the loads on longitudinal truss girder and calculate
the internal forces in different structural elements on this truss.
Also calculate the maximum deflection of this truss during
construction stage.

- Calculate reaction and forces due to wind loads on the piers of
the bridge.

- For temporary columns, calculate loads and internal forces and
design the different structural elements for the following cases:

a- Without temporary supporting elements and the temporary
columns are connected horizontally into the deck.

b- With temporary cables connected into the top of the column
in longitudinal direction, and temporary columns are not
connected into the deck in transverse direction (design cables)

c- With temporary cables in both direction (design cables)

Design Data:

- St. 37 for truss girder and temporary columns
- St. 15700 for spiral cables, allowable tensile strength in bending
(F, )= 8000 kg/cm’

- Live load = 100 kg/m °

o



- Wind load

e Pressure intensity of wind (q )= 70 kg/m’
o Drag fuctor for deck (c)=1.50

o Drag factor for shuttering (c)=2.00

2.00~——"""6.00 '
- ]

4
1

o.15

j l
0'30
1.60 7

g
/
A

0.30
2.20

‘i»
TS
-

=

777777777777

|—2.00~———4.50———-1.50+

Deck
}=o, 00\ ~——8,00——1=-4,00~]
- e e

Y |
' 4 BN 1]

l
\
PR /\/\/\W_I e 2.00F T30 3.00 (A 55H12.00~—

y 00 s A B 7 B

N
' e AN — |
Temp. cables - ~ 3.00
N ~
e ~N 10,00
e N\Temp. column~_
e ~
e
—2.00~—
! 15.0 | 15.0 1'

Bridge supporting system in longitudinal direction  Cross section of bridge

I T v i 7 2 7 2 4 oo —

| ! / Truss bridge

~ ~
-~ ~

N7 N

-

W
<<
o}

Cross section of the shuttering




Solution: . ’% f=-2.00~ 6.00

|
_|
El

| - /
Vertical loads - I-ro 1 Zf
L.L. (giver) = 100 kg/m? = 0.1 thn® | e 1T
o _ B N}Em
Wpr=A.x 0 I
—(03x(45+60+2x16))x25+(03+015 «2x2.5)
=114 t/m*

Wi = 01x8.0 =08 t/m>
W, = Wy + Wip= 1140 + 0.8 =12.2 t/m’

There are three vertical trusses carrying this load

W/truss= %2- = 4,07 t/m>

W =4.07 t/m

L L
—6—' =57.23 T ——6— 57.23

R =125wL =765t

from each truss

Internal forces in truss members

Sec 1
M 114.47
C=T=Y = 1.2 =95.4t

fog =14 tlem”

95.4
As=74

=68.14 cm’ —> No need to choose section

o



M _ 5712
C=T=% =27 =4751
A =223 _ 339 cm?

Assume allowable steel strength (F,) = 1.4 t/em’ if not given

Horizontal loads

t=-2.00~ 6.00 |

a- Transverse direction
Vs U L
/]

T
" .

2_[0
(277777777777

SO

N

1.20 .
I Wind in Transverse
direction

Wind = I/It/leck + I/Khuttering

W

— reduction factor
”{vind o Cdeck XqX hdeck + Cshuttering Xq X hshuttering X for voided area

= 1.5%x0.07x2,2+ 2.0x0.07%1.2%0.5 = 0.315t/m’

Wwind = 0.315 f/m\

ARNENENRNENANS N NANANNNNNRARNANRRRNANERARRRRRRN

o 15.00 T? 15.00 }'\‘
Rtemp = 1.2x0.315%15 = 5.67 ¢ R fppp= 5.671 Rpior = 1.891¢
R = 0.4x0.315%x15 = 1.89 ¢

pier

Reactions can be calculated using 1.25wL and 0.375wL as before
Assume reduction factor for voided area = 0.3 - 0.5 if not given

GE



.
I/ 1.60 |
1% f I
1% g1
\ i/
—| 1.50} 4.50 {=-2.00~] Wind in Longitudinal
direction
1}.20

I;K)ind = I/I(/Iezck + shuttering

Woeek = 4 X Acircumperence * Friction factor
A ircumperence= (2 X8.0 +2x1.6) x30 =576 m”
Wi =0.07%x576%0.025 = 1.0 ¢
chuttering—  Cshuttering X 4 * Ashuttering < reduction factor for voided area
= 2.0%0.07%(1.2% 4.5)%0.5= 0.38 ¢
Wi = 1.0 + 0.38 =138¢
longitudinal

This load is resisted by 2 Piers and 1 temporary column (3 elements)

W, .a resisted by each element = -173@ = 0.46 t

n

R = 2x1.89 =3.78 ¢

Total wind loads on pier | _'ronsverse
= 2x0.46 = 0.92 t

- Reactions are multiplied by 2 as calculated reactions is due half
bridge only

- Assume Friction factor = 0.025 - 0.03 if not given m

Rlongitudinal




Pier N | | . g?

| 1.89¢

Temp. Column

Loads on temporary columns

Case (a): No temporary cables and columnis  ,, 2295
connected horizontally into the deck

5.76
Vertical loads

The column is supporting 3 trusses
R, =3x76.5 =229.5¢ Transverse

direction

Longitudinal
N direction

\/‘*”/\\/“'SOA

Each load is transfered to no. of braced panels

229.5
== = 114.7 ]
295 _ 1147 2 475 046 — 923

2 229.5
4.75=== 229.5
2 —— T
2 = 114.75 046 _ 23

\T 278 - 2.88 7]
5.76 _
= 2.88

Vertical Longitudinal Transverse m

direction : direction direction




Wind loads in transverse direction

. b 2.88__ 288
m_, = C X q X _2— X 0.5 ]
\No. of bracing panels - ll B
I 19.0
=2 X 0.07 X2 x 0.5 = 0.07 t/m®> *
_114.75 | 323 _ =
Noax = =3 * 745 = 0455 ¢ "z SEp. " EmD
: = tan 43 = 66.03°
A= %‘%’ﬁ =43.04 cm’ RO Y]
s Oma: _ 3.58
Max. force in diagonals (F biagonat ma.) = /2 sin > 2 x sin66.03
No. of diagonals — 1. 9 5¢
_1L95 _ 2 NOTE
As 1.4 1.399 cm X is the angle between the
: > — — member and the loaded side
Max. force in Horizontal = Q,,. =3.58¢ | . . (VL. direction)
A,= 2% = 2557cm”

Wind loads in longitudinal direction 17

0.23 0.23
[

| b
Wr=Cxqgx—5x05

= 2x0.07% %2 x 0.5 = 0.157 t/m

0.157

10.0
11475, 10.15 _ -
Nipax = 2 + 2 62.45 t 1.8 L 1015 ‘
<64.55t —{ 20— SFD. B.M.D.
Reaction in transverse/ not critical 2.0 °
direction > = tan 5~ = 45

2.0

Max. force in diagonals ( F piggonal max. ) =/er:;x~ == Sg;ﬁ, 5 = 2.54 t

No. of diagonals

 =18¢ m

Max. force in Horizontal = Q



Case (b): Temporary cables in longitudinal direction

0.46

% ' O = tan %— = 35.53°
- v AN
- / N
S e N
I yd N
R s ~
~ yd N
9 / N
N // | O</\\
pd N
'r 14.0 |24 14.0 |
R, = 046 + 0314 x L = 203 reoscx 2 l R,
_ R1 _ 2.03 _ T
T_coso( "~ cos 35.53 =2.491 3
A, = 2.498x0£0000 = 0.31 cm?

—»  Very small value use minimum
available cables

Case (c): Temporary cables in longitudinal and transverse direction

We designed temp. cables in logitudinal direction in previous step

0.07x2= 0.14

N
N
S
/ 30"/\ N
Z N

R, =576+ 014xL =646+ [RoZ

We designed temp. cables in

R; 6.46 loneitudi A .
— = — gitudinal direction in previous
T COS CX cos 30 7.46 1 step |
7.46 x 1000

A= sgo0 = 0.93 cm’ — Very small value usi’
min. available cable m



