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Grids and Centerlines
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Area of steel bars
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Simple beam
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é:: Bar schedule for beams

T P TR T No. OF NO:UVOEA?;RS TOTAL NO. CODE LENGTH | LENGTH | LENGTH | LENGTH LENGTH TOTAL LENGTH TOTAL WEIGHT
MEMBERS e OF BARS SHAPE 4 B ¢ D E (%)
L (mm) | (mm) | (am) | (om) | (o) (mm) L
1 #18 1 2 2 SH-5 | 550 | 6250 | 550 7205
8
% 2 #16 1 2 2 SH-1 4000 4000
<
% 3 #12 1 2 2 SH-4 | 550 | 1500 2005
&
4 #12 1 2 2 SH-1 3750 3750
5 @8 1 25 25 SH-8 550 200 1600
6 #18 2 2 4 SH-4 550 5950 6445
g ” #18 2 2 4 SH-1 | 4000 4000
m
‘§ 8 #12 2 2 4 SH-4 | 550 | 4055 4570
*g 9 #e2 2 2 4 SH-1 3840 3840
Y
10 g2z 2 3 6 SH—1 2500 2500
11 B8 2 50 50 SH-8 550 200 1600




;’; Bar schedule for solid slab

o rr e T N NO. OF NO. OF BARS TOTAL NO. CODE LENGTH | LENGTH | LENGTH | LENGIH | LENGIH TOTAL LENGTH TOTAL WEIGHT
MEMBERS ﬂ; ;;gf OF BARS SHAPE 4 B c D E
(um) | (wm) | (mm) | (wm) | (mm) (mm) (Xe)

- 1 P12 1 19 19 SH-1 | 2400 2400

2 P12 1 20 20 SH-1 3250 3250
_ 3 @8 1 14 14 SH—1 6250 6250
2
3 4 8 1 14 14 se-1 | 5750 5750
T
O
S 5 @8 1 10 10 SH-1 | 2750 2750
QL
e
£
3 6 #12 2 46 46 SH-1 | 5750 5750
wn
ﬁ'g'
3 7 #10. 2 57 57 SH—4 g0 | 1050 1100
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Solid one-way-slab
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Ribbed slab (one- and two-way)
Hidden beams
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Solid slabs
(with or without drop beams)
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Continuous beams (span difference <20%)

i - e -
i a B1 c ‘ C B2 F 4>g ‘ B3
| |
| |
| 1 X
' : |
‘ P=IN 1 i te ' te
| w4 ‘ ‘
‘ . Lng I Lno oo L L n3
_T/I(L_ _J\&,_ _J*,_
Fb—q \ % d | d
() gole puls .
() gole puls
0 < ek 75‘; djiu sl ol
() i 5 gyle b SRS [
> CTITET(adllghs ) oo gkt |4 O] (ki ) o gl
(z) %50 = () gsk gl F3] %50 = (d) gl ol
E c
%50 > o) lie gl %—f" |‘f—4 %50 > (3} liu puls }4—" k—wﬁm
C s 1 2
700 < (”uj-“[:,‘L” |‘_’{ H 750 \<~("'vi‘“t‘-‘l‘“ (")U"""C‘d“”
() oliw puls () i pabs
ST P
Beams' Table
TYPE Length Beam Bot. Rft. Top. RIt. Stirups/m [
a Min. 0.15 L1 Type |Long [short|At Supp. | Right id.| Left |Right | Mid. | Left
\
i b Min. 0.33 (bigger of L nor L) B1 e ¢ wravdlt)t
c Min. 0.20 (bigger of Ljor L)a B2 | =3 ¢ rdily g jgryr| Stirups/m
d Min. 0.33 (bigger of Lpzor L) B3 a 3 ¢ prdeb g pedsb ‘
e Max. 0.10 Lnq
f1 Max. 0.125 Ly
fz Max. 0.125 Ln2 uUn.m)l-a
g Min. 0.20 (bigger of Lpjor L)z (r-r=v=t) s Jan | dwladl Jla ¥ Sl gold) malatll ga () gkl -
h Bigger of 124 or 25 cm ol Do gUial SN 5 Lilwe 5 1S wund) i) Slolgal Zulys el -

(reo-v-2) wall Uisb 5luw¥l Ul g SLG Lol 48La¥) SLUI Glas el -

5350 axy o pa O

oo A5 BAE Jyl wes Y -



@ Columns

e (HUall) Hsud) o s

SK]

glis,) Guaine die gl Yl SYoy

wcl) 2l tLé’.'s_,'é’]

Ui oSLel dae 545 5 3 gecll

T il (W) sl O yesso




(M ) ("

, (o) »la (2) »l (o) »l
(s S E
AR

LN )
Sl el ¥/
1/

T S
1
L]

R
.-%
“(i
JJ_,J?

EYO(
o 4+
T -
Y gle w ¥
—

- Yo.
an

?
<olel

TS

Uaill 5u85 wie saac ¥l Sy Jaolis

R ()4




A:~ . Typical column sections
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A‘~  Tvoical column sections
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Formwork design




e

_— —]

-1

3asic principles of design } hl(

’_M

-

— serviceability (how well the structure performs
in term of appearance and deflection);

— economy (an efficient use of materials and
labor); and

e Several alternative designs should be
prepared and their costs compared.




Dead loads - permanent; including self-weight, floor
covering, suspended ceiling, partitions, etc.

Live loads — not permanent; the location is not fixed;
including furniture, equipment, and occupants of buildings

Wind load (exerts a pressure or suction on the exterior of a
building);

Earthquake loads (the effects of ground motion are
simulated by a system of horizontal forces);

Snow load (varies with geographical location and drift);
Other loads (hydrostatic pressure, soil pressure)

If the load is applied suddenly, the effects of IMPACT must be
accounted for.

Vibrations
Any nearby loading that may affect the structure



Minimum loads

live load should not be less than |
(3.6 kPa). ;

e The design load for combined dead
and live loads should not be less

than (4.8 kPa) or (6.0 kPa) if
motorized carts are used



_~—Wood forms Sheathing

~—Wire snap ties
e

_—Walers

Footing
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SNAP TIE WITH SMALL CONE SPREADER

ﬂ Wum Seal (Optional) l]
_WASHER SPREADER, CRIMPED FOR BREAK BACK

;‘I CONE SPREADER L
Wosher End
{| Oplionull
NO SPREADER; MAY BE PULLED OR MAY "|

BE EQUIPPED WITH BREAK POINTS o
L=

| OO e

—]

e ———— —— THREADED BAR WITH UNTTACHED PLASTIC SLEEVE

STRAP TIE USED WITH PANELS

TAPER TIE TO BE WITHDRAWN

@m@m

LOOP END TIE USED WITH PANELS
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ACI| 347

p = lateral pressure of concrete

 h=depth of fluid or plastic concrete from top of
placement to point of consideration,

 w=unit weight of concrete,
e R=rate of placement,

« T=temperature of concrete during placement, {
 C,= unit weight coefficient; and 3 4/
e Cc=chemistry coefficient. s & & «A



e p= pgh:

e p=lateral pressure (kPa);

 w=unit weight of concrete,

 p=density of concrete,
kg/m3;

e g= gravitational constant,
9.81 N/kg; and

e hH=depth of fluid or plastic
concrete from top of
placement

e to point of consideration in
form, (m).




_————
————

—]

on for application of s -
design equations . k

— placed with normal internal vibration
— to adepth of 1.2 m or less,

— formwork can be designed for a lateral
pressure as follows




hydrostatuc head of concrete wh plus a
minimum allowance of 25% for pump surge
pressure.

* |n certain instances, pressures can be as
high as the face pressure of the pump
piston.

-



Definitions

— Columns are defined as vertical elements
with no plan dimension exceeding (2 m).

— Walls are defined as vertical elements 4

with at least one plan dimension greater 7~
than (2 m). e




 For columns, the formula used to determine
the design pressure is

Pmax = CwCe |:7-2 +

7T85R }
T+17.8

e with
— a maximum required pressure of 3000 C,, C,and
— a minimum of 600 C,,
— but never more than wh.



‘ Density of concrete

Less than 2240 kg/m>

‘ 2240 to 2400 kN/m’ 1
‘ More than 2400 kg/m3 C,, =w/2320 kg mS

C,, =0.5[1 + (w/2320 kg/m?)]
but not less than 0.80




Cement type or blend C.

Types L, II, and III without retarders” 1.0

Types I, II, and III with a retarder 1.2

Other types or blends containing less than 70% slag

B3 1 .2
or 40% fly ash without retarders

Other types or blends containing less than 70% slag

B 1 .4
or 40% fly ash with a retarder

Blends containing more than 70% slag or 40% fly ash 1.4

%k . . . .

Retarders include any admixture, such as a retarder, retarding water reducer, retarding
midrange water-reducing admixture, or high-range water-reducing admixture (super-
plasticizer), that delays setting of concrete.




 For walls with a rate of placement of less
than 2.1 m/h and a placement height not
exceeding 4.2 m

785R }
T+17.8

Pmax

-C,C, [7.2 "

e with a minimum of 30C,_ kPa, but in no case
greater than pgh.



 For walls with a placement rate less than
2.1 m/h where placement height exceeds
4.2 m, and for all walls with a placement
rate of 2.1 to 4.5 m/h

1156 N 244R}

, ,=C,C 7.2+
Pmax W C|: T+17.8 T+17.8

e with a minimum of 30C,, kPa, but in no case
greater than pgh.



Accessory [Safety factor Type of construction

Form tie All applications

Formwork supporting form weight and
concrete pressures only

Form anchor
Formwork supporting weight of forms,
concrete, construction live loads, and impact

Form hangers All applications

Anchoring
inserts used 2.0 Precast-concrete panels when used as formwork

as form ties

“Safety factors are based on the ultimate strength of the accessory when new.
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Slab from design

Step 1: Estimate design loads

— Step 2: Determine sheathing thickness and the
spacing of its supports (joist spacing)
— Step 3: Determine joist size and spacing of supports
(stringer spacing)
— Step 4: Determine stringer size and span (shore !
spacing) i
— Step 5: Perform shore design to support stringers 3//;
— Step 6: Check bearing stresses s & o $7¢

A7

— Step 7: Design lateral b'_'aci"ﬁ'ﬁ.. w 8

>



— the weight of forms themselves (dead

load); and

— the live loads imposed during the
construction process (material storage, a
personnel and equipment). !/Z



When slab form members are continuous over several
supporting shores, dumping concrete on one span of the
form member may cause uplift of the form in other spans.

Forms must me designed to hold together under such
conditions. If form members are not secured to resist this
uplift, they should be built as a simple pan.

Fresh Concrete Produces Upward Movement Here,
Her Unless Forms and Shores
t are Joined Securely and

Attached to Base Support




 Design forms to support a flat slab floor 8 inches thick of high-
strength concrete with a unit weight of 138 Ib/ft3, using
construction grade Douglas Fir-Larch form in members and
steel shoring. Ceiling height is 8 feet and bays are 15x15 feet.

 Assume forms will have continuing reuse.

Ya-inch plywood

o s e o -




Longitudinal




Major elastic constants for five wood species at 12% moisture content.*

Property Loblolly pine Sitka spruce Red oak Yellow poplar Balsa

EAE 0.078 0.043 0.082 0.043 0.015

VEL 0.113 0.078 0.154 0.092 0.046
G/ By 0.082 0.064 0.089 0.075 0.054
GLT/E; 0.081 0.061 0.081 0.069 0.037
Gl B 0.013 0,003 — 0.011 0.005
Uik 0.328 0372 0.350 0318 0.229
Uiy 0.292 0.467 0.448 0.392 0.488
. 0.382 0.435 0.560 0.703 0.665
U 0.362 0.245 0.292 0.392 0.231

a Values for uy, and ur are small, seldom used, and often not available. Values of £; may be estimated by multiplying the modulus of elasticity in
static bending given in Table 2 by 1.10.

Mechanical properties for five wood species at 12% moisture content.®

Bending Compression Shear Tension

Modulus Modulus Parallel to Perpendicular ~ Parallel to Parallel  Perpendicular Side
of rupture of elasticity grain to grain grain to grain to grain hardness
Species (MPa) (GPa) (MPa) (MPa) (MPa) (MPa) (MPa) (kN)e

Loblolly pine 88.0 12.3 49.2 54 9.6 88.0 32 3.1
Sitka spruce 70.0 10.8 38.7 4.0 7.9 75.8 : .

Red oak 99.0 12.5 46.6 7.0 12.3 101.4
Yellow poplar 70.0 10.9 38.2 34 8.2 154.4
Balsa 21.6 34 14.9 — 2.1 —

a Force at 5.6mm indention.




Design Values

— Bending stress, F,

— Tension stress parallel to grain, F,
— Shear stress, F,

— Compressive stress parallel to grain, F_ 4
— Compressive stress perpendicular. to grain, F,
— Modulus of Elasticity, E L & ﬁ P $ S

y :
.‘]-" ‘\ \‘ q



—— —

S~
————

vable bending strength } “‘k

for wood e 4

 C, : Temperature factor
« C, : Beam stability factor
 C¢: Size factor

e C, : Repetitive member factor
e Cq,: Flat-use factor
 C, :Incising Factor
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Wood can support higher stresses if the loads are
applied for a short period of time. The tabulated
stresses in the NDS apply to normal load duration (floor
live load duration=10 years). For other loads, Cglies in
the range of 0.9 to 2.0.

Duration of load refers to the accumulated length of
time that a load is applied during the life of a structure.

It is the full design load that is of concern, and not the
length of time over which a portion of the load may be
applied.

Cpdoes not apply to F_, and E.



Shortest-Duration
Load in Combination

Dead load
Floor live load




Property (MPa (Ib/in?))

Coefficients MOR uTsS Ucs

B 16.6 (2,415)  21.7 (3,150) 9.6 (1,400)
B, 0.276 (40) 0.552 (80)  0.234 (34)

®MOR is modulus of rupture; UTS, ultimate tensile stress;
and UCS, ultimate compressive stress.

P, :PI+( A5 )(Ml—Mz)

2 1

where M| is moisture content 1 (%), M, is moisture content
2 (%), and B, B, are constants from Table 6-7.

For E, the following equation applies:

~(1.857-(0.0237M,)
1 1.857-(0.0237M,)

where £ is property (MPa, Ib/in®) at moisture content 1 and
E, is property (MPa, Ib/in’) at moisture content 2.

For MOR, ultimate tensile stress (UTS), and ultimate
compressive stress (UCS), the following ASTM D1990

equations apply:
For MOR < 16.7 MPa (2,415 1b/in’)
UTS <21.7 MPa (3,150 Ib/in%)
UCS <9.7 MPa (1,400 1b/in’)
R=P

Thus, there is no adjustment for stresses below these levels.
For MOR > 16.6 MPa (2,415 Ib/in’)
UTS > 21.7 MPa (3,150 1b/in’)
UCS > 9.7 MPa (1,400 Ib/in’)

Also,
Cy=1.0
In-service moisture contentldess than 19%




Design values

Fi, E
FbrFVrFCsFCL

In-service
moisture content

Wet or dry
Dry

Wet

T<37°C
(T < 100°F)

1.0
1.0

1.0

Factor

37°C < T<52°C
(100°F < T < 125°F)

0.9
0.8

0.7

52°C < T< 65°C
(125°F < T < 150°F)

0.9
0.7

0.5




Exponent MOR UTsS

w 0.29 0.29
/ 0.14 0.14

*MOR is modulus of rupture;
UTS, ultimate tensile stress; and
UCS, ultimate compressive stress.

where

P, is property value (MPa, Ib/in?) at volume 1,

P, property value (MPa, Ib/in?) at volume 2,

W, width (mm, in.) at ~,,

W2 width (mm, In.) at /2,

L, length (mm, in.) at 7, and L, length (mm, in.) at /~,.
Exponents are defined in Table



Cc : Size factor

strength. For dimension lumber, the size affects
F. , and F,. The values of CF are given at the
beginning o t3‘Table 4A.

* For timbers, C¢ applies only to
— C¢=(300/d)"®
— When d, depth of timber, is less than 300
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~

- No Iess than three parallel members actmg in the system.

— All members must be joined together by some load
distributing element (plywood, sheathing, flooring,
roofing, etc.) in order to distribute the load amongst the

various members.

e Then a 15% increase in the capacity of the
members can be used (Cr =1.15)

f h ﬁ L% %
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x 2
1+FbE/Fb:| _ by /B

1.9 0.95

where:

 F,* =reference bending design value
multiplied by all applicable adjustment
factors except Cy,, Cy, and C,_ and

e F,e=1.20E,,,. '/ R,?



Us of Elasticity for Beam
and Column Stability, E,.

min

= reference modulus of elastici Y,

1.03 = adjustment factor to convert E to a pure bending basis
except that the factor is

1.05 for glued laminated timber,
1.66 = factor of safety, and

COV. = coefficient of variation in modulus of elasticity (given Q
in NDS Appendix F).

E...(represents an approximate 5% lower exclusi
pure bending modulus of elasticity, divide :
of safety), \ Bp -«

N\



* For the modulus of elasticity, C; 0.95

 For bending, tension, shear, and
compression parallel to grain, C, 0.80.

 For compression perpendicular to
grain as well as for non-incised
treated lumber, the incising factor is
taken as 1.0.



C;,: Flat-use factor




yable bending strength
for wood

e Cy : Wet service factor
e C, : Temperature factor
* C; :Incising Factor




Max. A; = allow. A
Max. Ay, = allow. Aqy,

- E'=EC, C,C,

e Cy : Wetservice factor A, : Live load deflection
e C, : Temperature factor A1 : Live load deflection
 C, :Incising Factor



Fc '=Fc CyC.C,C,

Cu : Wet service factor
C, : Temperature factor
C, : Incising Factor

C,: bearing area factor=1.0 is
conservative conservatively




oression parallel to the
grains

e Cy : Wet service factor
e C, : Temperature factor
* Cr: Size factor

* C; : Incising Factor




Axial tension

e Cy : Wetservice factor

e C, : Temperature factor

¢ C_: Beam stability factor f
e C;: Size factor

e C, :Incising Factor




Axial compression

M- servi
e C, : Temperature factor

 C, : Beam stability factor

e C¢: Size factor Q
* Cp: Column stability factor
 C, :Incising Factor




e Cp=1.0for fully supported column

1+ Fy/F\2 F/F o 0.822F i,
T - ck

¢ - (L/d)?

e ¢ = buckling and crushing interaction factor for
columns
= 0.80 for sawn lumber columns
= 0.85 for round timber poles and piles
= 0.90 for glulam or structural composite lumber columns
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Personal Protective Equipment
PPE

Hisham Qasrawi




Personal Protective Equipment




What is PPE?

J PPE is defined in the Regulations as ‘all
equipment (including clothing affording protection
against the weather) which is intended to be worn
or held by a person at work and which protects
him against one or more risks to his health or
safety’, e.g. safety helmets, gloves, eye
protection, high visibility clothing, safety foo NE
and safety harnesses. o




Eyes & Face

JHazards: chemical or metal splash, dust,
projectiles, gas and vapour, radiation.

Options: safety spectacles, goggles <l s
43l 5, face shields, visors 4=,




Head

JHazards: impact from falling or flying
objects, risk of head bumping, hair
entanglement.

JOptions: a range of helmets and
bump caps.




Breathing

JHazards: dust, vapour, gas, oxygen deficient
atmospheres.

1 Options: disposable filtering face piece or
respirator, half-or full-face respirators, air-
fed helmets, breathing apparatus.




Protecting the body

JHazards: temperature extremes, adverse
weather, chemical or metal splash, spray
from pressure leaks or spray guns, impact or
penetration, contaminated dust, excessive
wear or entanglement of own clothing.

J Options: conventional or disposable overalls,
boliler suits, specialist protective clothing, e.g. -
chain mail aprons, high visibility clothing.
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Hands and arms

JHazards: abrasion, temperature extremes,
cuts and punctures, impact, chemicals,
electric shock, skin infection, disease or
contamination.

JOptions: gloves, gauntlets, mitts, wrist cuffs, ..
armlets _ st )




Feet and legs

1 Hazards: wet, electrostatic buildup, slipping,
cuts and punctures, falling objects, metal and
chemical splash, abrasion.

1 Options: safety boots and shoes with

protective toe caps and penetration resistant
mid-sole, gaiters, spats.




Special equipment

1 Protect body from falling
1 Safety harnesses
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Key points to remember

J PPE is provided,;
it offers adequate protection for its intended use;

 those using it are adequately trained Iin its safe
use;

1t is properly maintained and any defects are
reported,;
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