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All mechanical systems fail
eventually.
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We cannot predict how likely it 1s
for a complex system to fail!
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Safety glasses saved this guy's eye from an
exploding angle grinder disc...
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Make a list of unsafe
behaviour in the lab.
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What does the law say? (1)

You must work safely
You must not endanger others

You must not misuse safety
equipment

m Penalty — up to 2 year in
prison &/or an unlimited fine
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What does the law say? (2)

m The Management of
Health and Safety at
Work Regs 1999

m Control of Substances
Hazardous to Health
Regs 2004

m You must perform
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Proper Dress and PPE
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Safety Equipment
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Behavior

www.MehdiParvini.com 337

www.MehdiParvini.com

12/24/2018

148



Chemical Hazards
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Chemical Name
MSDS# Date

REACTIVITY
(Susceptibility to Release Energy)

PERSONAL PROTECTION
(Check all protective equipment that apply))
[ safety Glasses O Apron

[ Face Shield [ Full Suit

[ Splash Goggles [ Boots

[ Vapor Respirator [ Dust Respirator
[ Gloves [ Other:
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1. NFPA method 1. HMIG method
or HMIS Method

National Fire Protection Agency | Hazardous Material Information Guide
Hazardous Material Information System

National Fire Protection Agency | National Paint & Coating Association

HMIG (vgy 4 6510 o> 3 8yt slgwg
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’ 1,1, 1, Trichloroethane
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1,1, 1, Trichloroethane

Ml HEALTH

N FLAMMABILITY

~ |REACTIVITY

PROTECTIVE

EQUIPMENT

4. Severe Hazard
HEALTH B 3. Serlous Hazard
FLAMMABILITY 2. Moderate Hazard
REACTIVITY 1. Slight Hazard
PERSONAL PROTECTION 0. Minimal Hazard
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Specific Hazard Reactivity
ACID - Acid May Detonate
ALK - Alkali @ Shock/Heat May Detonate

COR - Corrosive (2) Violent Chemical Change
OXY - Oxidizer (1) unstable If Heated

. —

i‘ - Radioactive @ Stable

W - Use No Water
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Emergency Response Planning Guideline (ERPG)
Threshold Limit Value (TLV)

Immediately Dangerous to Life and Health (IDLH)
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Emergency Response Planning Guideline
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American Industrial Hygiene Association
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Threshold Limit Values ® from ACGIH ® 2008 TLVs and BEIs

Chemical Substance TWA (8-hour Average) STEL (15-Minute Average)
Ammonia 25 ppm 35 ppm
Benzeze 0.5 ppm 2.5 ppm
Carbon Dioxide 5,000 ppm 30,000 ppm
Carbon Monoxide 25 ppm -

Chlorine 0.5 ppm 1 ppm
Diesel Fumes 15 ppm -
Gasoline 300 ppm 500 ppm
Hydrogen Sulfide 10 ppm 15 ppm
Nitrogen Simple Asphyxiant
Nitrous Oxide 50 ppm -
Nitrogen Dioxide 3 ppm 5 ppm
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POISON & POISONING

@ Toxin is a material, chemical or natural, that if
contact and enter to body, can cause
difficulties to physiological system

@ Poisoning is the exposure to toxin and appear
the effects of this
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KINDS OF POISONING

¥ Acute
& Chronic
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POISON ABSORPTION

@ Breathing
@ Digestion
@ Skin

@ Injection
@ Placenta
®Eye
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@ Type of poison

@ Concentration

€ Mode of Entry

@ Exposure duration
@ Health situation
¥ Sex

®Age

€ Combined Effects
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POISONING SYMPTOMS

@ Ache - &
& Fever SRR ¢
@ Vertigo 309
@ Digestive problems 4 g @
@ Nervous problems e1e5 Sles1b @
€ Muscleoskeletal Problems e Slei1sb @
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PREVENTION OF POISONING

@ Technical and engineering
methods

@ Medical methods
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TECHNICAL & ENGINEERING METHODS

@ Measurement of
contaminates

& 0T (55 o3Il @
@ Deletion of dangerous &6 o Sl 03l Si> @

material Sy o otk e b K> @

il 4997 (Slgum 3 0Oliu! @

@ Replacement with less
dangerous material

@ Industrial ventilation
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MEDICAL METHODS

@ Well Person Screening Before WS IAREEINL 4

Employment

@ Periodic examinations
@ Health Outlook

@ Prevention of eating,
drinking and smoking in
working area

@ Decreasing exposure Time
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U Emergency Response Planning Guideline (ERPG)

U

Threshold Limit Value (TLV)

U Immediately Dangerous to Life and Health (IDLH)
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Threshold Limit Values ® from ACGIH ® 2008 TLVs and BEIs

Chemical Substance TWA (8-hour Average) STEL (15-Minute Average)
Ammonia 25 ppm 35 ppm
Benzeze 0.5 ppm 2.5 ppm
Carbon Dioxide 5,000 ppm 30,000 ppm
Carbon Monoxide 25 ppm -
Chlorine 0.5 ppm 1 ppm
Diesel Fumes 15 ppm -
Gasoline 300 ppm 500 ppm
Hydrogen Sulfide 10 ppm 15 ppm
Nitrogen Simple Asphyxiant
Nitrous Oxide 50 ppm -
Nitrogen Dioxide 3 ppm 5 ppm
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Ventilatlon Rate, Gy ——

Concentration of VYelatile, C

(Mass/Volume)

Encliosure Volume, V

Evelution Rate of Volatile, Q

(Mass/Time) m

Qp RgT
¢ ppm — X 10 6
kQ, PM

Figure 3-3 Mass balance for volatile vapor in an enclosure.
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(Purging) zsls; s (Inerting) ojle s

Purpose: To reduce the oxvgen or fuel
concentration to below a target value using an
inert gas. Can use nitrogen, carbon dioxide,
others. Nitrogen is the most common.

Reduce oxvgen concentration to
—D\_r_r"‘ a safe level.
|

| |
Y

www.MehdiParvini.com 243



Inerting Procedures

1. Vacuum Purge - evacuate and replace with inert.

2. Pressure Purge - pressurize with inert, then relieve
pressure.

3. Sweep Purge - continuous flow of inert.

4. Siphon Purge - fill with liquid, then drain and replace
liquid with inert.

5. Combined: pressure and vacuum purge, others.

Vacuum Purge -1

Concentration is constant.

Moles oxygen constant Time —>
A
BV A
AtA: g, :yo[ L J 1L Ry
\ R,T o T _ RgT/, _ :[i\
AtB: 7 _r e BV UR)
tB: Tlror RT RT

2 g
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e A B ng\.u ‘.51_1

PuV : End of second

ny =

R,T 'je  vacuum purge
i

|
| i
(2 = (22
PH [_ yl—y‘) nH - yU PH . y2
‘ T
(nmy)l[ = ¥, / (nmiy)ﬂ'l = Yoy »
\
xy)IL

ARG

Any, = f(PH P——

Pressure

°
-

I

Ty = = yok ) ser of moles
Ay n

col oxygen is

ronatant rongtant

("oxy)zl. ny n '\’
= =V =Y\ —

ny niy ny

1-7J5
%&LMLSJ}.EMMAJJGJ@&SLA@;&JJ\

= 0.21 Ib“mol O,/total mol, ) ppm 1L u}-ﬁk\
J3a s sl Sh
y:=1ppm =1 % 10"°Ib-mol Oz,totalmol 5 Loy 2 drulae

P ase hayf yd ang
yr=y0(_P_H)~ ZOéXkA‘)LISM
r. walla 0530
¥y <
ln(—l) = jln( ) S0k
Yo PH
) In{107%/0.21)
ji=— = 3.37.
In{20 mm Hg/760 mm Hg)

20mm H
ELLLY

4 —_—
760 mm H )(1 7 psia) = 0.387 psia,

. v
Ang, = j(Pu— Pl,)ﬁ
13

(1000 gal)(1 f1%/7.48 gal)
(10.73 psia t/Ib-mol°R)(75 + 460)°R

It

4(14.7 — 0.387) psia

i

1.33 1b-mol = 37.2 b of nitrogen.
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Pressure Purge

Concentration is constant.

Time —>

Faster than vacuum purge, but uses more nitrogen.

2-7 Jis

L.Jf - < ’\‘F‘)Jbﬁjddjh&dbm' “;Suda
A Yo = [02])(P_)1-J\JC‘)M\1 7dhAJA@\MLM‘$_|)MJJ
Ppm’|uu_)mln_\.blcumlﬁg\}b)ua‘)}adud‘)\aéh

7‘ 021)‘ 14.7 psia | = 0.0326. )_5‘)_u.| J\ saldl ) Loy
N _L80 “‘_,‘4?1_’5_1{‘ S Audae culg 4
P, oo J\-)-' Ase o5 laia
n (PH
- In(10-%0.0326)
77 1n[147 psia/(80 + 14.7) psia]’
1%
Anyg, = j(Pu — PU)
R.T

133.7 1%
(10.73 psia f¥/Ib-mol°R )(535°R)

6(94.7 — 14.7) psia

= 11.1 Ib-mol = 311 ib of nitrogen.
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Combined Pressure / Vacuum - 1

1. Evacuate first:
Concentration is constant.

N / = /
PP,
P, . Yo \
Moles oxygen constant Time >
\]
v.=y (i I Best to evacuate first - uses less
YT e

\ By ) nitrogen.

Combined Pressure / Vacuum - 2

2. Pressurize first:
Concentration is constant.

/

Time -—>

\ I
Moles oxygen constant

i P, ’
Yo = Vou [g} v, = vo[é] j + 1 cycles

www.MehdiParvini.com

12/24/2018

247



Inerting with Impure Nitrogen

Let y, = concentration of oxygen in nitrogen.

Then, the following equation applies:

H

Sweep Purging

Q" QT
C, C = oxygen conc.
‘Well Stirred-Tank
Reactor
Mass Bal owygen: 7 _¢
ass Balance on Oxygen: 14 o =C,0,-CO,
. . C] - (j : T
Solution is: O,/ =71n CiCo = Total Nitrogen Volume

e, 0. Oi- Vh{ [} } Uses lots if inert!!
C Assumes well-stirred
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Cordon off the area below the work site
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(Safety Net ) wlxi o

: bogiw jI CHl> glewy

A safety net should be placed
as close as is practical to the
area that employees are
working, though no more than
30 feet (9.1 m) below. A net
must be wide enough to catch
a worker falling away from the
building. For example, if a
safety net is placed within 5
feet (1.5 m) of the work area, it
needs to extend at least 8 feet
(2.4 m) from the structure.
After installation and at least
every six months thereafter, a
net must be tested by dropping
a 400 pound bag of sand from
the highest height employees
will be working
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When collective protective systems are not feasible on a work site, &
personal fall arrest system iz required. This equipment is designed
to secure a person to an anchorage peint in such a way that a
fall from height is either totally prevented or safely arrested.
Whilst a worker will hopefully never have a fall, the equipment

L should be comfortable enough fue all day wear.

A ANCHORAGE POINT & CONNECTOR
Poiats Cammunly refeseed Lo as a secure te-oll point
(eg: a girdes, scaffolding, lifeline). The anchorage point:
* must have a static resdstance >1CkN during 3 minubes (ENTS5Y)
+ should be located high enough te aveid contact wilh a lowe level
should the wocker fall and be as vertical as possble to the working place.
Anchorage Connectors Used to jein the intermediste attachment to the
ancharage pelnt (eq webbing strap, steel sling, girder grip).
# should be adapted to the arihorage point asd have & minimum static
resissance of 15kN for 3 mimates (EN362)

Full Body Harnesss The personal protective equipment worn by the worker.

» Tta rale fs to hald the werker if a fall sceurs, so that the worker will
st be injired nos slip out of the hamess,

* The salest form of body wear for wse in lall armest applications s the
full body hamess. Beltn can he used for work pasitianing and
restraint agplications.

* It should be selected based on the wark o be pedusmed and the work
environment,

= Eack anchoraqe point an the hames sbould have o statle reslstance
>15kN for 3 minutes (EN361 ansd ENISE).

€ CONNECTING DEVICE

Intermediats sttachment: This is the critioal link that jolra the harness
1o the ancherage poinl os sunnectur {eg. shesk abssibing Lanyasd, fall
liniters and self-retracting lifelines, rope grab).
* Mz rule is Lo imit the free fall of the worker and should be selected
based on wark ta be performed and the work environment.
* The potential fal distance must be calaalated b determine Lhe type
of intermediste attachment to be used. (1ee previous 2 pages)

these will protectian from a fall.
W:MehdiParvinitgamss i b og@i o e

om the jobsite and the overall fall protection pregramme.
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: (Slopping)asls s ©

Soil type Height/Depth ratio
Stable Rock Yertical

Type & 31

Type B 11

Type C 11401

Type & (shart-term) 1l
{For a maximum excavation depth of 12 ft)

Slope angle

age
53
450
34
g3°
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TYFE & 50IL TYPEE S0IL TYPELC S0IL
Simple Slope Excavation Simple Slope Excavation Simple Slope Excavation
[ -
20" Maximum 20' Magimum g 2 Wi "\‘ /1"/1
. -
— 2
A
Type B Soil Type A Soil Typs & Soil
_ o-.';r auer auer
Tupe & Soil . Type B Soil S Type C Soil
T B Tupe B AT A
\ /' T Tupe }‘:\"a\‘ / dwe
............ P R -
- o 1
Tupe El\\ .(,-41 ypeC ‘\_/’/1%
.
Type C Soil Type C Soil Type B Sail
e aver aver aner
Typ\ Typed Sail Type B Soil - Type C Soil Vo
s e | I i “yppeE /.%1
s S
Tupe &% i A' i
ST Tupe e
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(Benching) ;s ,5 sl 4l ®

TYPEESOIL TYPEBSOL
Single Bench Exeavation Multiple Bench Excavation
[Permitted in cohesive soil anly) —  [Permitted in cobesive ol anly]

20" Mazimum 20" Maimum

I ’
L I".'1mc.J 3

|' LV VS l-i' M.

www.MehdiParvini.com 909

www.MehdiParvini.com 373



12/24/2018

www.MehdiParvini.com 910

www.MehdiParvini.com on

www.MehdiParvini.com 374



12/24/2018

(support system) ;Lasci/ leSS sl ol

Slhbl jo cow) ) Slawwli/laly/le o5le 5l cblas jelaie 4y L3 slo g, ;)
39 (oo o3liwl Groc sl JlogT

SIS Sl b @318 sl lgs ©

bl sk e

Sl G s ©

soil nailing ¢ J38 & ©

www.MehdiParvini.com 912

www.MehdiParvini.com 375



12/24/2018

Helical Tiebacks

| | €)2009, InterNACHI

r— Existing Grade

Laggmg Fa(_E —_—

L= Assumed Failure
Soldier Pile H Plane
Thread Bar Adapter ﬂ :L J;
Thread Bar =——— " ?\\F
R Chance Tieback

Bottom of Excavation

Extension Rodd
Embedment '
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Shoring ;e

Shoring is one of the
most common used
methods of worker

It is light- protection.
weight, portable and
easy to install.

This photo shows an example of
aluminum hydraulic shoring.

www.MehdiParvini.com 920

Excavation of material to a
level no deeper than 2
feet below the bottom of
the members of a
support system is
permitted only if:

- the system is designed
to resist the forces
calculated for the full

depth of the trench,

- there are no indications
while the trench is
open of a possible loss

of soil from behind or
below the bottom of
the support system.
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{ 2" maximum
s from bottom

", of trench
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Wertical Aluminem Hydraulic Shoring
(Spol Bracing)
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“Wertical Aleminem Hydraulic Shoring
{(With Phywood)
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Frieurmatic § hydralic jacks
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Hydraulic Trench Support

www.MehdiParvini.com 925

www.MehdiParvini.com 381



www.MehdiParvini.com

ADJUSTABLE LOCATION
HAMGIMG BRACKET ./
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—LIFTHANDLE

HYDRAULIC STRUT

— 15 LONG
.—/ HEAVY DUTY

I WALER RAIL

N ADJUSTABLE

CYLINDER
LOCATION
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Trench Shield
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Egress - Trench Excavation 1esssio2)

25 feet

Ramp, ladder or stairs required at 4 feet or deeper.
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946

3 Pain Contact

EELSL
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A stairway, ladder, or
ramp must be present
in excavations that are 4
or more feet deep, and
within 25 feet of the
employees

-

www.MehdiParvini.com

The ladder should extend 3 feet
above the excavation

949
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Access and Egress
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These two
ladders
which are
lashed
together are

not an
adequate
means of

egress
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ater is Hazardo
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When water is present
in an excavation it is
extremely hazardous
to enter
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These workers must be protected from cave-in. Note the water
in the bottom of the trench. This is a very hazardous condition!
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