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Main objectives of designing formwork: Fkk

1- Quality in produced concrete.
c\_,9“a,a.“ ‘\.JLw)oJ‘ CL\.)‘ 6_9 83 9o (9.\_9_‘>~.> 5
2- Safety for workers and project. |
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3- Economy for project.
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Types of formwork:

1- Formwork and Falsework.

2- Permanent and Temporary formwork.
3- Wooden, Metal and Plastic forms.

4- Traditional formwork.

5- Non traditional formwork.

. ——»Slip form
—» Jump form
- Tunnel form




1- Formwork and Falsework:

Formwork Falsework
Everything fram sheathing to Temporary structure to support
, supporting elements, hardware | work in the process of construction
and bracing. (usually for heavy construction as
bridges)
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2- Permanent and Temporary formwork:

Permanent s, x.0) oozl Temporary sss5.) olasl
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3- Wooden, Metal and Plastic forms:
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Plastic Forms: “iSiwyd) olal
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4- Traditional formwork:
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Elements of wooden formwork for slabs
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Elenients of wooden formwork for walls

(Board or Plywood) Sheathing __ //‘,, Studs
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-~ Available wood sizes are: 1'""x 4" ,2"x 4" ,2"x 6", 3"x 3"
and 4''x 4"
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Metal forms:
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5. Non traditional formwork:

A- Tunnel Forms: O A RYA |
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Design of formwork:
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Loads:

A- Vertical Loads:

Own weight offormwork.
Weight of reinforcement.
Weight of fresh concrete.

Weight of casting labor and equipment
' For ordinary concrete pouring = 200 kg/m

—» For using concrete pump = 500 kg/m & will be multiplied
with an impact factor [ 1= 1.10-1.20]

5- Parts of higher floors.
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B- Horizontal Loads:
- Wind and earthquake, it should be

L » Not less than 2 % vertical loads
L » Not less than 0.20 t/m




C- Lateral Concrete Pressure:
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—~—— Height of concrete
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Lateral pressure
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Typical envelop of pressure on formwork if concrete

doesn't act as fluid
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Actual & design envelop of pressure if concrete act

N act as fluid
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According to ACI Committee:

Lateral Pressure = P = Wx h b[

where: ..
w = Unit weight of concrete = 0 = 2.4 t/m’ |
h = Depth of plastic concrete Pruax

W3 aeo Prmax JIPLe3 Joas @i OB Lo 15 Bl il bits Gl a3

For the case of ordinary portland cement, no admixtures,
slump < 10 cm, normal internal vibration, the following formules
may be used

24 t/m° < Poge < 10 t/m’

For Placement rate (R)< 2 m/hr

149.40 R
32+1.8T

For Placement rate (R)< 3 m/hr

t /mZ

P = 0.754 +

_ 46.48 R 218.3 2
Puax = 0754 + 35 187 Y 24187 /™M

where:

R - = Rate of placement
T = Temprature

g 5 ’
2400 kg/m = 50 L)l Glus o8 Lol Blo,xl 0 b Wl

3 %
2500 kg/m’=a. .00 Jlad) Glus b sabaidl Bluysl 0 30 sl
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AW Gl ozl 2 Ag/E JU Slas ) lasi) wie
2400 kg/m’ < Prax < 10000 kg/ni
1- Walls:

Placement rate < 2 m/hr

Puax = 5.03( 150+ 9000 55238 . ke/m’

2 m/hr < Placement rate <3 m/hr

43400
32+18T

+ 2800 ==33R ) ke/m’

Py =5.03(150+ 32 +1.8T

where:

R = Rate of placement
T = Temprature

2~ Columns:

Prax = 5.03( 150+ 9000 55558  ke/m’



Own Weight of Slabs

Soild Slab
’/VO. w., = L5 Oc
One'way Hollow Blocks

W, 1. =ts Bc +2(b hxBc)

O.W. block
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Two.way Hollow Blocks

Wy, =ts B +2(b h*1.8x8c)

O.W. block
8 (00 )

h =15 cm or 20 em or 25 cm
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Structural analysis:

For Simple Span:

w
2 - i - I i
Mg = 2L s 2

Voae.= 0.5wL 0.5'wL vl

_ S wlL’ i
Amae=387 % E] AN A

0.5wL
For two Span: W

. WLZ L w 2 L
Mo =" A
Vomax. = 0.625 wL S+ 4 r D

y ' 0.625wL

A 7 2

) 0.625w L 0.375wlL
For three spans or more: |
. w |
I L L
wl’
AN AN ZANEE
0.4wL | 0.5wL 0.5wL 0.5wL

| | —
/N \4}3 | AF‘ r

w L 7wl :
M= 79~ Vmax= 0.6 WL Amee=T45% g

$Ssd) vae sasy o Lo 3 spans or more Lol gl Ulua)) 56 508) prens i




Design Criteria:
oo SWly Gallly L) Slolan] Glus e S aveas 8,55 aies
said) g Ul dpacad) of dlid) ssw Olelad)) Loyl (o J5T Lo
@ g saad) oo J31 deflection J) (1 (o ST () BLSIL

i.e Design is made using working stress design |
( I ) Working Bending stress 3 Allowable Bending stress
(i) Working Shear stress  + Allowable Shear stress

. Span
lii Deflect P
(1) eflection + 520 360

Ulso) 3 ollace allowable bending & shear stresses J) o3 S
For moderate strength wood:

- Allowable bending stress = 60 - 100 kg/cmz_
- Allowable shear stréss = 7 - 12 kg/cm*

0.7x All. bending stress

- Allowable axial compi'ession = least of { 0.3E (10 avoid buckiing)
. 0 avoi uckling :

(L/dY
- Young's modulus ~ 90 - 100 t/em?
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Example (1):

Design different wooden form elements used for construction of
reinforced flat slab with 20 cm thickness and height of the form is
3.0 m. The project specifications States that the max. deflection

value should be the least of (1.5 mm OR ?6"0” )

Draw to scale 1:20 an elevation showing the elements of the form

Given:

- Available wood sizes are: 4""x 4", 1""x 4", 2"x 4", 2"x 6"
- Young's modulus of wood =90 t/em? |
- Allowable bending stress for wood = 80 kg/cmz

- Allowable shear stress for wood = 9 kg/cmz
0.7x All. bending stress

0.3 E

Solution: - 14)

oda folie you paSl Llusy (Sheathing) gulil) #1503 gUas (5,5 -
(ki) 1T G Blasal = Gl 160 50 ) 9L

Z
- / /
& /u%&// . -

Joist

‘i*'i,-:}// ks ¢l
oles¥h oda) Jolie you @Sl Glusy (JOist )mpsla) o138 gUad (5,5 - ¥
(Gooe)) g1 G Blaad) = ki) #1901 o)
odn) Jilio sou guadl Clusy (Stringer) i)l #1503 glad (5,8 -
()5 G Bladd) = oyl 2ol 5on ) oled¥l
L guanmad) Lilusdl le oLy Check  Jocy o553 sleo] (5,8 - ¢

1 L) 5okl oy @

- Allowable axial compression = least of {

. Sheathing
(133)) Guks ¢1s)]




1 - Sheathing span [Joist spacing]:
055 Bl gulal) 101 (25x 10.0cm ) 1"x 4" #1)f pazins
oo I3T skl o1l G Blaaa) (655 of Jakys pe-v 9> 5 Ladslo
oY oo 53ST maskil) o1l 58 Lojysme dae s WLy o

Loads:

el (5 ollace 55 of 1591wl JLaWl o5
Dead load of slab = £, 5. = 0.20 x 2.5 = 0.50 t/m’

O.W. of shuttering = 30.0 - 60.0 kg/m°~ 40.0 kg/m’

Live load on slab = 200 kg/mz

> Wyorking= 0.50 + 0.04 + 0.20 = 0.74 t/m”’
—» Use1"x 4" =2.5c¢cm x 10.0 cm

Grbit) o1l G p Voo Housh e g

Straining actions: (more than 3 spans) Sheathing :

(B139) Guls o))
| Wyorking= 0.74 t/m* N ¢
W%M% Designed s_trip

L L }

2

My = 2L = 0.074 L° m.t/m"

Viae.= 0.6 wL = 0.6 x 0.74 L = 0.44 L t/m’

4
waL

Dmax=Tg5* ET

Flexure requirements:

1
|
!
|

L2.5 cm

- WL2 — 2 \ 1

F=2' <Fu & Fu=80kg/m’ =800 tm’

2 2 }
7 = b6t _ 1.0x60.025 =1.04><104m3

M
—» F=7=Fau

2

0.074 L
= T =800 L =106m —@




Shear reqiurements:

Viae.= 044 L t/m

F =g—><AL < Fgq & Fa11,=9kg/cm2 =90 t/m’°

_ 0.44L - _ _ °
=2 Toxoes -0 L=34m —Q

Deflection requirements:

4
1 X WL e i - - - - ~-112.5 cm

Ama= 145 * T
3 3 -6
; =Bt __L0x0.025° _ ., 456 4

100 cm

12 12
E =90 e’ =90x10" t/m® |
4 o
1 0.74 L -3 4
A=Ay =4.36x10" L
" 1457 99x10°x1.30 x10° " "
| 1.5 mm
Amax. < Aan. & D= least of {
Span
' , 360
—» 4.36x10° L% = 0.0015 L=076m —0Q
> 436x107 L = = L=08m —@
Take least of 1, 2, 3 and 4
| L =0.76 m

|
OB s Wiad eV = skt ] Slias (] ol oas sslasdl ode
st =ov0=Er = GLSWI sae 131 pe= bl Gubil pl T Jsb
O = R ) Bl Vo= Lls ) SLSWI ) o0 555 JWLy
el Ol (@BL (B awV1 ) pasinl o Jrawil)
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2 - Joist span [Stringer spacing]:

L oa dS.’ Sheathing
(135) Gals ¢l

| Wworking= 0.74 t/m’ |

l— L =0.76 m—] ?R

] Sheathing span f— ..

W oist = Reaction of sheathing ~ :
= wxL =0.74 x 0.76 = 0.56 t/m’ aots o)

—» Use2"x 4" =5.0cm x 10.0 cm

A=bt=0.10%0.05=0.005 m’
_bt’ _ 0.05x0.10° _ -6 4 — [0 em
1 =12 = 12 =4.167x10 m
2 2 _
Z = b6t - 0.05x60°10 =8.33.x105 m’ — 50 emi—
Flexure requirements:
w L’ 2
Moy = 0 = 0.056 L m.t
—> F=—ZM‘= all.
’ 2
0.056 L
= - = 800 = ].
o 833x10° L=1Om —Q@
Shear reqiurements:
V. =06 wL = 0.6 x 0.56 L = 0.34 L t
—> F—-23— Al= all
_3,034L _ _ ]
=2%70.005 90 L =088m —2




Deflection requirements:

1  wr’

Dmax=T45* F
4
=1L 0.56 L —1.03x10° L* m
145~ 99510 x4.167x10°
— > 103x10°L?= 00015 - L=109m —Q
I -3 4 L [}

—> 1.03x10 L = W L =1.39m —@
Take least of 1, 2, 3 and 4

L =0.88 m

3 - Stringer span [Shores spacing]:

Loads:

55550 Jlaal (55 Stringer JV W) Joist )| o Uginadl JLa™dl (o500

5,50 Sheathing )l ;o i, oyse Jlant L,lic) (Se Joawil Sy
Load from Sheathing

Load from Joist

Sheathing
(B13) Guks ¢t

l Wworking = 0.74 t/m2
L =0.88m—} ? Iy m
|— Joistspan—-—l : R ¥

Stringer




Wsiringer= Reaction of sheathing
= wWx L =0.74 x 0.88 = 0.65 t/m’

—» Use2"x4" =5.0cm x 10.0 cm

A=bt =0.10x0.05= 0.005 m’
_ bt _ 0.05x0.10° _ 6 4 —-—{Hoen
I == 12 =4.167x10 m
2 2 ) -
z = bL_005x0007 _ g 355, 15° I o Rl
Flexure requirements:
wLl’ _ 2
Mo = 0 = 0.065L m.t
—> F =7M = Fan, |
2
0.065 L :
= = 800 — .
933 10" L=101m —Q
Shear reqiurements: |
Vina. = 0.6 wL = 0.6 x 0.65 L = 0.39 L ¢
—> F=g—x_/lli = Fa
=3x82L — 90 L=076m —Q
Deﬂeétion requirements: H
A, = I ., wl’
max. 145  EI
4
1 0.65 L -3 _ 4
= X 5 =1.195%10 L m
145" 99x10"x4.167x10°
s LI95x10° L* = 0.0015 L=106m —Q
—» L195x10° L% = <= L=132m —Q@
Take least of 1, 2, 3 and 4
| L=076m EEY




4 - S h ores. Load of Stringer

Loads:

—] Stringer span |—

P = Reaction of stringers : S

‘IllllllllllllllIIIIIIIIIlllllllllllllIlilllllll‘r

0.65 t/m’

Wstringer = 0.65 m

|~ L =0.76 m—| R

wx L =0.65 x 0.76 = 0.49 t/m’

—» Use4"x4" =10.0cm x 10.0 cm

Check axial compression:

F actual =

F . = least of

—> Fall. = 300 t/mz = Factual

P__ 049 _
AT 010x010 49.0 t/m”

0.7x All, bending stress = 0.7x 800 = 560 t/m’

0.3E 03X90X10 = 300 t/m
(Ldy (37017

O.K
Safe



Elevation to show the elements of the form:

Stringer
G sl

Sheathing Joist (2"x4")
(135)) Gl 1) -/ ks sl at 0.88 m
(1"x4") (2"x4") at 0.76 m .
NN N NN %\\\K\\\T\ NSNS NN NNANN \///\/\(\\\\Q,\\\\\\A DN NN ?\\TL\“ AN
/ 7 i/
0.7 —————! ,
| Shores
! 2153
! (4nx 4" )
- at0.76 m

i

Bracing /

el



Example (2):
Design different wooden form elements used for construction of
reinforced wall with height of 3.6 m.

Draw to scale 1:20 an elevation showing the elements of the form
Given: ' |

- Available wood sizes are: 2.0cm x 10.0 cm  (For Sheathing)
5.0cm x 10.0 cm (For Studs)
10.0 cm x 10.0 cm (For Wales)
- Young's modulus of wood =90 t/cm*
- Allowable bending stress for wood = 70 kg/cmz

- Allowable shear stress for wood = 9 kg/cmz

' ~ 0.7 flexure
- Allowable axial compression for wood = least of { 0.3 E
| 2
- Allowable deflection = L (L/d)

240 -
- Rate of placement = 1 m /hr

- Temperature = 30° C

_ 3.3R 2
Prax = 5.03(150+ 9000 5575 65 )  kg/m

Solution: |
o Bl il Ol (Sheathing ) Galsd) ¢159 ¢Uas o255 - )
(Sheathing span = Studs spacing ) Studs J)

O glall) Lia) AyUis Ulos Mgt Olusy (Studs) U g3 (555 - ¥
( Studs span = Wales spacing ) Wales J\

o ¢ Ua) 1da) Bllis Blows sl Gl y (Wales ) U glad ;2,5 -
( Wales span = Ties spacing ) Ties J)

Bracing )| pess -o Ties JI psos - &

o)



1 - Sheathing design:

Loads:
s eolodl Blepdl oty g Guli)) o)l (le 5550) Jlo¥) L
P Aoy e S5l bedll ol ab . Lateral concrete pressure
3.3R |

| . . v
Puax = 5.03 (150 + 9000 55224 )=2491 keym”
2400 kg/m’ < Ppax < 10000 kg/ni’ '
0K
To get h 1.0; é i
P = 6 X h == Pmax ) 255 - 3.60
2400x h = 2491 —» h=1.04 m B N

2491

2400 kg/m’= o5l L) Glus 5 Balll Blo,sl §aab el
2500 kg/m’® 1) Jled) Olas b salaid) Bla,sl § sl Lals

Sheathing Studs

d :

Designed strip e
L Pworking=2.491ym L]
<  TO T OI T TT T %
| AN . JAN |~
| I I
—] Sheathing sp;wlo— 1*;” = { |
_ o N 2.491 ¢/
—> P yorking =2.491 t/m" "L m
—» Use 2.0cm x 10.0 cm 100 em
2
A=bt=002%x100=0.02 m/m f— ———— zscm

_ bt _ 1.00x0.02° _ 74,
[ = =277 =6.67 x10" m/m

7 = b1’ _ 100x0.02° _ . 05 3N @

6 6




Flexure requirements:

_PL®_ 2491L° _ 2
— F =7M F ol
02491L
= 700 =
6.67x10° L=0Bm —O
Shear reqiurements: ,

Vmax.= 06PLnet = 0.6 X 2.491Lnet = 1.495Lnet t

3.V
—»> F—j A _Fall.

1.495 L e
0.02

=5 =90  Lu

=0.80 m

—» L = L, + Support width (Width of Studs)

= 0.80+ 0.05 = 0.85m L =

0.85m —Q

wast oY _UJJ oaill Sholaa) Glus wie Lo Jay Lner plasas) ai;

% 7 SUPPOTD) on 5 dic 4S5 ail) olas

w |
Deﬂectwn requtrements:

1. PL
Dmax= 5% 1

1 2.491L°

X - =2862x10" L* m

1457 90%10°% 6.67 x10
L

s 2862x10° L% = 22— L=052m —Q

240

Take least of 1, 2 and 3

L =043 m —

L =040 m

—» Spacing between studs = 0.40 m

o



2- Stud design: | Studs

L oads . Sheathing
. K’
2 | orl | |4
W = Pressure /m°x Spacing bet. studs | A I,
- 491 t/m
= 2.491x 0.40 = 0.996 t/m’ =%
U -
—» Use 5.0cm x 10.0 cm T
. . 5 ~/\/ (/0 .o%s?‘}

A=bt =0.10x%0.05= 0.005 m o

3 3 -
1 =L - 005X010° _ 4 167 70°° m’ {0

2 2 ;
7 = b6t _ 0.05x60.10 =8.33><]05 o

—1 5.0 cm -
Flexure requirements:
_wIL® 099 L° _ 2
— F =—ZM‘ = Fan,
2 .
0.0996 L
= = = 700 = (), —D
833 x10° L =076m

Shear reqiurements:

Ve = 0.6 WL et = 0.6 % 0.996 Lyt = 0.598 Lot ¢

— » F=

s I =

%Xj;i = Fan.

_3_,0598L ,er _ _

=% 0,005 = 90 Lyet =0.50 m
Lyt + Support width (Width of Wale )

0.50+ 0.10 = 0.60m L =060m —Q




Deflection requirements:

: _ 1wl
Amax= 45 ET
4
Y 0.996 L _ -3 4
= < =1.83 x10 L
145 " 99x10'x4.167x10° ° "
-3 4 L
—» 1.83x10 L = 240 L =131m —3)
Take least of 1, 2 and 3
L =0.60 m

—» Spacing between wales = 0.60 m

3- Wale design:

Loads:

55500 Jal 5555 Wale 3V JI Stud IV ;o 3l Jlea™d) (o5 80))

5500 Sheathing J) ;o 3 s8he ic)ge Jlanl boylic) (Se Jrnwsill (5,
Studs '

Load from Sheathing

Load from Studs

!I‘

Wales _

-

2

W = Pressure /m’x Spacing bet. wales |
= 2.491x 0.60 = 1.50 t/m’



—» Use 10.0cm x 10.0 cm

A=bt=010%010=0.01 m’
3 3 ’ _ -
[ =20 - 00010 _ g 33,70 m’ L
il
2 2 )
7 = b6t _ 0.1020.10 =1.67><104 m3 By y—
Flexure requirements:
 wI? L50L% 2
— F=*ZM = all,
0.15 L :
= - = 700 =
167 10" L =088m —D

Shear reqiurements:

Vinax. =0.6 WL ot = 0.6 x 1.50 Lyer = 090Lne, 4
3

» F_jx— Fan,
3, 09L,, _ | _
—2 X 0.01 - 90 Lnet - 0.66 m
—» L = Ly, + Support width (Washer of Tie )
= 0.66+ 0.05 = 071m L =071m —Q
Deflection requirements:
1 wL
Amee= 145 E]
L LSOL a0 160 L7 m
T I45 7 99x10°x 8.33 x10°
> 138x107 L% = = L=145m —0O
Take least of 1, 2 and 3
L =071m—>|L =0.70 m|

—»  Spacing between ties = 0.70 m



4- Tie design:

- Loads:

® 2
Tension = Pressure /mi’x ~ Wales span  x  Stud span

= Pressure /ni’ x Spacing bet. ties x Spacing bet. wales
= 2.491x 0.70 x 0.60 = 1.05 t

—» Select a tie with a capacity of at least 1.10 t
5- Bracing design:

Loads:
Bracing shall be designed to withstand the following forces as

minimum:
- Wind load (distributed )= 100 kg/m2
- Top horizontal load (line load )= 200 kg/m"
' 200 kg/m .

OR
100 kg/m”*

Typical Bracing System 0 '_ |




—»  We shall try 2 loading cases to get the critical case

200 kg/m® OR
____> - -
QF_ Ra y | &——Ra -
: , &
LS 100 kg/m L3
<K 4 R 4
R,x 3.0=200x36 Ryx 3.0 =100 % 3.6 x 36
—» R, = 240 kg/m’ > R, = 216 kg/m’

—» Design bracing on the most critical value = 240 kg/m®

|

- Bracing members are designed as axially loaded members
under compresion /
—» Use 5.0cm x 10.0 cm ‘

. — L _ 424 _
L pyckiing in plan = =73 =212 m

L pychiing 0out of plan=1L = 4.24 m

_ 212 _
> (L) pryy =212 =424
' _ 4.24 _
(L/d)outofplan 010 =42.4 >
buckling ~
in plan




0.7% All. bending stress = 0.7 x 700 = 490 t/mz

F gy = least of { 4
| 0.3E2 _ 03x 90><2]0 = 150 t/mZ
(L) (42.4)

Fo =150 t/m”

Jl¢— R x Spacing
R x Spacing
<k
. e . R x Spacing 240 x Spacing
Force in diagonal bracing = oS = cos 45
= 339 kg/m" x Spacing
= 0.34t/m> x Spacing
P
- —  Factual = 4 ~Lal
0.34x Spacing
0.10 % 0.05 =150

—» Max. spacing = 2.20 m
Choose spacing < 2.20 m

Take spacing = 1.50 m

o™



Elevation to show the elements of the form:

Studs

reoks 71501
(5cmx 10cm)
at 0.40 m

Wale o
Geresog s | -
(10cmx 10cm) [ T =
at 0.60 m ; /
- Sheathin E , \05 °
RN BN é |
(2emx 10cm) \j /
/ -
T 0~ —
L1 /
Tie spaced / / / 06
at 0.7 m / 1 Bracing
— —] (5cmx 10cm)
- g at 1.50 m
E /
g
/ / 0.6
/ :
EH—— B
/
—1_F /
TR D / [
| |
[
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Important Notes
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Comparison of units

Comparison between Metric system & International system

Force

1kg=98IN=10N "~ gl 0,5
I ton =9.81 kN = 10 kN

Example

if Normal force = 230 ton = 2300 kN

Stress

1 kg/em? = 0.1 N/mm? = 0.1 MPa
1 t/m? = 10 kN/m?

Example
w, = 0.85 t/m? = 8.5 kN/m?
f.,.= 250 kg/em?= 25 N/mm’

£, = 3600 kg/cm?= 360 N/mm?

Dimension

Il cm=10mm

Example
-depth = 55 cm = 550 mm



