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Force required to cause com
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splitting in order to m
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C
O

M
M

U
N

IC
ATIO

N
S PR

O
C

ED
U

R
ES

Effective com
m

unication is vital to the safe and successful opera-
tions of personnel assigned to a m

ission in the urban disaster 
environm

ent. This is extrem
ely im

portant for clear, concise 
com

m
unications betw

een the separate entities, or betw
een 

personnel w
ithin those entities, that w

ill be involved in a m
ajor 

response to an urban disaster. This w
ould include em

ergency 
response and com

m
and personnel from

 the effected and adjacent 
jurisdictions, D

O
D

 personnel, state and federal officials and the 
various U

S&R
 task forces deployed to the disaster. 

The follow
ing procedures are identified to prom

ote this 
standardization for the Structures Specialist: 

 
Phonetic Alphabet  
Voice C

om
m

unications Procedures 
 

O
n-Site Em

ergency Signaling Procedures 

PH
O

N
ETIC A

LPH
A

B
ET 

A - alpha (Al fah) 
B - bravo (BR

AH
 voh) 

C
 - charlie (C

H
AR

 lee) 
D

 - delta (D
ELL tah) 

E - echo (EC
K oh) 

F - foxtrot (FO
KS trot) 

G
 - golf (G

O
LF) 

H
 - hotel (H

O
H

 tell) 
I - india (IN

 dee ah) 
J - juliet (JEW

 lee ett) 
K - kilo (KEY low

) 
L - lim

a (LEE m
ah) 

M
 - m

ike (M
IKE) 

N
 - novem

ber (no VEM
 ber) 

O
 - oscar (O

SS car) 
P - papa (pah PAH

) 
Q

 - quebec (keh BEC
K) 

R
 - rom

eo (R
O

W
 m

e oh) 
S - sierra (SEE air rah) 
T - tango (TAN

G
 go) 

U
 - uniform

 (YO
U

 nee form
) 

V - victor (VIK tah) 
W

 - w
hiskey (W

ISS key) 
X - x-ray (EC

KS ray) 
Y - yankee (YAN

G
 key) 

Z - zulu (ZO
O

 loo)  
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1

C
O

M
M

U
NI

C
A

TI
O

N
S 

PR
O

C
ED

U
R

ES
 (c

on
tin

ue
d)

 

VO
IC

E 
CO

M
M

U
NI

C
A

TI
O

N
S 

PR
O

C
ED

U
R

ES
 

 
W

ha
t T

o 
D

o
 

W
hy

 T
o 

D
o 

It

1.
   

 L
IS

TE
N

 
A.

 
To

 m
ak

e 
su

re
 y

ou
r 

tra
ns

m
is

si
on

 w
on

’t 
in

te
rfe

re
 w

ith
 a

no
th

er
 

co
m

m
un

ic
at

io
n.

 
B.

 
To

 b
e 

aw
ar

e 
of

 o
th

er
 

th
in

gs
 g

oi
ng

 o
n.

 
2.

   
TH

IN
K 

ab
ou

t w
ha

t y
ou

 w
ill 

sa
y 

be
fo

re
 y

ou
 tr

an
sm

it.
 

A.
 

To
 c

om
m

un
ic

at
e 

yo
ur

 id
ea

 
ef

fe
ct

iv
el

y.
 

B.
 

To
 u

se
 o

nl
y 

th
e 

ai
r t

im
e 

ne
ed

ed
. 

3.
   

M
A

K
E 

TH
E 

C
A

LL
.

 
G

iv
e:

 
 

a.
 t

he
 c

al
l s

ig
n 

or
 

id
en

tif
ic

at
io

n 
of

 th
e 

st
at

io
n 

ca
lle

d.
 

 
b.

 t
he

 w
or

ds
 ”T

H
IS

 IS
” 

 
c.

 t
he

 c
al

l s
ig

n 
or

 
id

en
tif

ic
at

io
n 

of
 th

e 
ca

llin
g 

st
at

io
n.

 

A.
 

To
 b

e 
cl

ea
r. 

B.
 

To
 b

e 
un

de
rs

to
od

 re
lia

bl
y 

on
 th

e 
fir

st
 c

al
l. 

C
. 

To
 u

se
 a

 p
ro

ce
du

re
 th

at
 is

 
un

iv
er

sa
lly

 a
cc

ep
te

d.
  

4.
   

CO
M

M
U

N
IC

A
TE

.
 

Sp
ea

k 
cl

ea
rly

. 
 

Pl
ai

n 
En

gl
is

h/
no

 c
od

es
. 

 
R

ep
ea

t b
ac

k 
cr

iti
ca

l i
te

m
s 

fo
r c

on
fir

m
at

io
n.
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 b
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de
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to
od

. 
B.

 
To

 b
e 

fa
st

. 
C

. 
To

 a
vo

id
 c

on
fu

si
on

. 
D

. 
To

 b
e 

ac
cu

ra
te

. 

5.
   

U
SE

 P
HO

N
ET

IC
S 

fo
r: 

 
a.

 c
al

l s
ig

ns
. 

 
b.

 s
ta

tio
n 

id
en

tif
ic

at
io

n.
 

 
c.

 s
pe

lli
ng

 w
or
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 a

nd
 

na
m
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 th

at
 a

re
 n

ot
 

ea
si

ly
 u

nd
er

st
oo
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O
N

-SITE EM
ERG

EN
C

Y SIG
N

ALIN
G

 PR
O

C
ED

U
R

ES 
Effective em

ergency signaling procedures are essential for the safe 
operation of rescue personnel operating at a disaster site. These 
signals m

ust be clear and universally understood by all personnel 
involved in the operation. Air horns or other appropriate hailing 
devices shall be used to sound the appropriate signals as follow

s: 

C
ease O

peration/A
ll Q

uiet 
1 long blast (3 seconds) 

(Q
UIET) 

Evacuate the Area 
3 short blasts (1 second each) 

(O
U

T, O
U

T, O
U

T) 
R

esum
e O

perations 
1 long and 1 short (O

 - K
A

Y) 

B
U

ILD
ING

 M
AR

K
IN

G
 SYSTEM

G
EN

ER
A

L: 
A uniform

 building m
arking system

 has been developed by the 
N

ational U
S&R

 R
esponse System

. 
There are 4 categories of structural m

arkings: 
 

Identification M
arking 

 
Structure/H

azards Evaluation M
arking 

 
Victim

 Location M
arking 

 
Search Assessm

ent M
arking 

The building m
arking system

 w
as established to ensure: 

 
D

ifferentiation of structures w
ithin a geographic area. 

 
C

om
m

unicate the structural condition and status of U
S&R

 
 

operations w
ithin the structure. 

Identification m
arkings on structures m

ay be m
ade w

ith 
International O

range spray paint (or crayon), placed on the building 
surface. In the case of hurricanes w

here m
any structures are 

involved, a system
 using a “Stick-on” Label should be used   

M
arkings should be placed on norm

al address side of the structure. 
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1

B
U

IL
D

IN
G

 M
AR

K
IN

G
 S

YS
 (c

on
tin

ue
d)

 

ST
R

U
C

TU
R

E 
ID

EN
TI

FI
C

A
TI

O
N

 M
A

R
K

IN
G

 

If 
at

 a
ll 

po
ss

ib
le

, t
he

 e
xi

st
in

g 
st

re
et

 n
am

e 
an

d 
bu

ild
in

g 
nu

m
be

r w
ill 

be
 u

se
d.

 If
 s

om
e 

nu
m

be
rs

 h
av

e 
be

en
 o

bl
ite

ra
te

d,
 a

tte
m

pt
 s

ho
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It is also im
portant to identify locations w

ithin a single structure. 
The address side of the structure shall be defined as SID

E A.  
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ther sides of the structure shall be assigned alphabetically in a 
clockw

ise m
anner from
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here the SID
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ber) w

ill 
outline a 2' X 2' square box at any entrance accessible for 
entry into any com

prom
ised structure. Paint sticks, lum

ber 
crayons 

or 
aerosol 

spray-paint cans 
(International O

range 
color) w

ill be used for this m
arking system

. Peel & Stick labels 
or stiff paper placards m

ay be used to avoid paint dam
age.) 

M
aterials and m

ethods used for m
arking shall be coordinated 

w
ith FEM

A IST as w
ell as local Authority H

aving Jurisdiction, in 
order to avoid confusion w

ith search and other m
arking.   

It is im
portant that an effort is m

ade to m
ark all norm

al entry 
points (Side A if possible) to a building under evaluation to 
ensure that Task Force personnel approaching the building 
can identify that it has been evaluated. 
The specific m

arkings w
ill be m

ade inside the box to indicate 
the condition of the structure at the tim

e of the assessm
ent. 

Any identified hazards w
ill be indicated, outside of the box, on 

the 
right 

side. 
(Placards 

have 
space 

below
 

the 
box 

for 
com

m
ents on hazards) 

N
orm

ally the m
arking (or placards) w

ould, also, be m
ade 

im
m

ediately adjacent to the entry point identified as low
est risk.  

An arrow
 w

ill be placed next to the box indicating the direction 
of the low

est risk entrance if the Structure/H
azards Evaluation 

M
arking m

ust be m
ade som
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hat rem

ote from
 this entrance. 

All Task Force personnel m
ust be aw

are of the possibility of, 
and 

look 
for 

other 
Structure/H

azards 
Evaluation 

m
arkings 

m
ade on the interior of the building.   

As each subsequent assessm
ent is perform

ed throughout the 
course of the m

ission, a new
 TIM
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ATE, and TASK FO
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ID

 entry w
ill be m

ade below
 the previous entry, or a com

pletely 
new
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arking m

ade if the original inform
ation is now

 incorrect. 
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The TIM
E, D

ATE, and TF ID
, are noted outside the box at the right-

hand side.  This info is m
ade w

ith paint stick or lum
ber crayon.  The 

paper (or cardboard), stick-on placards m
ay need to be attached 

using duct tape to assure their positioning.  

This exam
ple is for a M

oderate R
isk building, and the arrow

 
indicates the direction to the low

est risk entry (possibly a w
indow

, 
upper floor, etc.). Assessm

ent w
as m

ade on July 15, 1991, at 1:10 
PM

.  There is an indication of natural gas in the structure.  The 
evaluation w

as m
ade by the #1 TF from

 the State of O
regon.  

It should be understood that this building w
ould not be entered until 

the H
azm

at (natural gas) had been m
itigated. W

hen that m
itigation is 

perform
ed, this m

ark should be altered by a placing a line thru the H
M

 
and adding the tim

e and TF w
ho perform

ed the m
itigation.  An entirely 

new
 m

ark could also be added w
hen the m

itigation is done, or after 
any change in conditions such as an aftershock. To indicate changed 
conditions w

hen using labels or placards, one m
ay cross-out the 

hazard if m
itigated or just replace the label/placard if appropriate.  

M
arking boxes m

ay also be placed in each of the specific areas 
w

ithin the structure (i.e., room
s, hallw

ays, stairw
ells, etc.) to denote 

hazardous conditions in separate parts of the building. 
It should also be noted that the Structure/H

azards M
ark m

ight not 
be m

ade in m
any situations, such as: 

Bldgs w
hen StS are present at all tim

es during the incident. 

Follow
ing hurricanes for very sim

ple structures.

7/15/91 1310 hrs.
H

M
 - natural gas
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SEAR
C

H
 ASSESSM

ENT M
AR

K
IN

G
 (continued) 

A
FTER

 EXITIN
G

 & D
R

A
W

IN
G

 the 
2nd SLA

SH
, add the follow

ing IN
FO

:  
TO

P Q
U

A
D

R
A

N
T - Tim

e and date that 
the Search Team

 personnel left the 
structure.  

R
IG

H
T Q

U
A

D
R

A
N

T - Personal 
hazards. 

B
O

TTO
M

 Q
U

A
D

R
A

N
T - N

um
ber of 

live and dead victim
s still inside the 

structure.  ["0" = no victim
s] 

W
hen the R

econ Team
 leaves a 

structure W
ITHO

U
T com

pleting the 
Search (aftershock, end of shift, etc), 
then the second slash W

ILL NO
T be 

m
ade. A Solid C

ircle is draw
n at the 

m
id-length of the First Slash, and 

D
ate/Tim

e of Exit, Personal H
azards, 

& Victim
 Info w

ill be filled in. Also 
indication of Q

uadrants or Floors 
com

pleted should be added in a BO
X 

below
 the X, or if the Bldg H

A
S N

O
T

been entered (as in H
urricanes) m

ark 
N

o Entry in the BO
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1

B
U
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D
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G
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K
IN

G
 S
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SE
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SS

ES
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EN
T 

M
AR

K
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G
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d)

 
In

 m
os

t c
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, e

xt
em

po
ra

ne
ou

s 
in

fo
rm

at
io

n 
w

ill 
no

t b
e 

co
nv

ey
ed

 
us

in
g 

th
e 

m
ar

ki
ng

 s
ys

te
m

. T
hi

s 
ty

pe
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f c
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m
un

ic
at
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w
ill 
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ua
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ta
ke

 p
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, b
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VIC
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C
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A
R

K
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G
 SYSTEM

 (cont.) 

5’
C

A
-6

5’
C

A
-6

C
A

-6

M
ake a large (2’ x 2’ )  "V" w

/orange paint near 
the location of the know

n or potential victim
. 

M
ark the nam

e of the search team
 as show

n. 
An arrow

 m
ay need to be painted next to "V" 

pointing tow
ards the victim

s location is not 
im

m
ediately near w

here the "V" is painted. 
Show

 distance on arrow
. 

2

C
A

-6

2

C
A

-6

Paint a circle around the "V" w
hen a potential 

victim
 has been C

onfirm
ed to be alive either 

visually, vocally, or by hearing sounds that 
w

ould indicate a high probability of a victim
.  If 

m
ore than one confirm

ed live victim
, m

ark total 
num

ber under the "V". 

2

C
A

-6

2

C
A

-6

Paint a horizontal line through the m
iddle of 

the "V" w
hen a C

onfirm
ed victim

 is 
determ

ined to be deceased. If m
ore than one 

confirm
ed deseased victim

, m
ark the total 

num
ber under the "V". U

se both live and 
diseased victim

 m
arking sym

bols w
hen a 

com
bination of live and deseased victim

s are 
determ

ined to be in the sam
e location 

2

C
A-6

2

C
A-6

Paint an "X" through the C
onfirm

ed victim
 

sym
bol after all victim

s have been rem
oved 

from
 the specific location identified by the 

m
arking. 

Paint new
 victim

 sym
bols next to 

additional victim
s that are later located 

near w
here the original victim

(s) w
ere 

rem
oved. (assum

ing original sym
bol has 

been X
ed out). 
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IALS
N
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einforced C
oncrete = 150 pcf = .087 lbs per cubic inch              

Struct. Steel = 490 pcf  =  .28 lbs per cubic inch 
Alum

inum
     = 165 pcf  = .095 lbs per cubic inch 

M
asonry and C

em
ent Plaster = 125 pcf 

D
ry W

ood = 35 pcf                  W
et W

ood = 45 to 60 pcf 
W

ood Joist@
16
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3/4
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ood Flooring 
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 Board  
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ood & m
etal stud w
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ore for storage) 
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eigh 10 psf to 25 psf (25 w
ith 1.5
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ith m
etal deck & conc fill w

eigh 50 to 70 psf 
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oncrete Floors w
eigh from

 80 to 150 psf 
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E LIVE LO
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S

Add 10 to 15 psf for R
escuers  (4-250lb in 100 sq ft = 10 psf) 

(Also need to account for heavy tools)
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TH

    
The strength of W

ood System
s depend on the follow

ing: 
-

Perpendicular to grain bearing of Post on H
eader 

-
Vertical capacity of Posts (based on H

eight (Length) 
-

Strength of H
eader and Sole 

-
Strength of ground/floor slab below

 Sole 

The size of a H
eader depends on the stiffness of the header 

com
pared to the structure being supported: 

-
W

hen supporting intact concrete slabs and posts are no 
m

ore than 4 ft o.c., the concrete structure is m
uch stiffer 

than a w
ood header. Therefore, 4x4 or 6x6 header is O

K  
-

W
hen supporting a w

ood floor, the H
eader should be a 

depth of 1" for each foot of span – 4x4 m
inim

um
 

-
For all other conditions, the H

eader should be designed 
for the actual load, by a U

S&R
 Structures Specialist 

The Total Length of 2x4 & 2x6 Lacing (diagonal bracing 
m

em
bers that are capable of resisting both Tension and 

C
om

pression) should be lim
ited to 7’-6” 

 The Length of 2x4 & 2x6 X-bracing m
ay be 10 or m

ore feet 
long, since each m

em
ber is only required to resist Tension. 

Shoring N
um

bers To R
em

em
ber (D

oug Fir &
 So. Pine) 

-
8, 20, 24, 32, 5 

-
8K

 is D
esign Strength of 4x4 Post, 8ft long

-
20K

 is D
esign Strength of 6x6 Post, 12ft long

-
24K

 is D
esign Strength of 2x2 lay-up of 4x4 C

rib
-

32K
 is D

esign Strength of 4x4 Laced Post 
-

5K
 is D

esign Strength of 4x R
aker System

 
(2 – 45 or 60 deg R

akers + adequate bracing) 
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b. 
The C
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aterial. 

 
c. 

Tools and Equipm
ent – directs the m

ovem
ent of tools 

and equipm
ent to be placed w

here they are requested, anticipates 
logistical needs of the shoring team

 and keeps an inventory 
checklist/log sheet for easier retrieval of tools and equipm

ent at the 
conclusion of rescue operations. 

5. 
A single R

escue Squad can norm
ally fill the six individual 

shoring team
 positions during m

ost shoring operations. 

6. 
Larger or m

ore com
plex shoring operations m

ay require Tw
o 

R
escue Squads, w

ith O
ne squad assigned to the Shore 

Assem
bly Team

 and the O
ther assigned to the C

utting Team
. 

7. 
Shore A
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bly Team

 w
ith a Six person R

escue Squad: 

 
a. 

The Shoring O
fficer (R

escue Squad O
fficer) 
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The M
easure

 
c. 

Shores

 
d. 

Shores

 
e. 

Safety

 
f. 

R
unner – ensures tools, equipm

ent, and shoring m
aterials 

are m
oved from

 the shoring operation prim
ary access point to 

the shoring site and assists in the erection of shores as 
needed. 
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VERTIC
AL SHO

R
E  (continued)

H
O

W
 TO

 CO
N

STR
U

C
T TH

E VER
TIC

A
L SHO

R
E 

1. 
D

eterm
ine w

here to erect the vertical shore. 

a. 
After initial tem

porary shoring has been installed as 
needed, clear the area of debris dow

n to the floor, 
rem

oving thick  carpeting if necessary. A clearance of 
three to four foot w

ide is usually adequate. 

b. 
If the vertical shore is to bear directly on soil, exam

ine the 
ground for stability. If the earth is soft, additional supports 
should be installed under the sole plate to transfer the load 
over a w

ider area. (2x8, or 2x10 under sole, or if very soft, 
3-2x6x18” placed perpendicular under sole at each post) 

2. 
Lay the sole plate on the floor or ground directly under and in 
line w

here the header w
ill be installed.  The sole plate should 

be as level as possible. 

3. 
M

easure and cut the posts to the proper height. 

 
a. 

Place the header on top of the sole plate. 

b. 
W

ith the end of the tape m
easure on top of header w

here 
the posts are to be installed, slide the tape up to the 
bottom

 of the structural elem
ent to be shored & m

easure 
in at least three places deducting the w

idth of the w
edges. 

4. 
If possible, anchor the header to the area that is to be  shored, 
square and in line w

ith the sole plate. Secure it at the low
est 

point and shim
 the structural elem

ents dow
n to the header 

trying to keep it as level as possible.  
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They should be m

ade at least 1 ½
” less than opening in 

each direction, and then tightened w
ith w

edges at one 
side and bottom

 + shim
s as required. 

If header is badly dam
aged, great care should be 

taken during installation of the shoring and shim
s. 

It shim
s are needed at the top, one should try to 

elim
inate the w

edges at the bottom
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b. 
Pre-constructed W
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ill not be 

practical in racked or otherw
ise deform

ed openings. 
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For large openings, pre-constructed shores m
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 the dangerous w
all or collapse zone. 
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etal rail header. (see page follow
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 Shore) 
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etal ends should be nailed to header and sole. 
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The m
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p fittings that allow

 for nailed 
2x6 X bracing to be installed. 
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atic shores are best used as tem
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ore struts to provide a pre-

constructed, vertical shore. 
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 – The use of Air Pressure to raise these 
shores into place has caused Accidents. Air Pressure 
should be lim

ited to 50 PSI, and all Pneum
atic Shores 

should be hand tightened – to snug condition 
f. 

See Strut Tables in Sect 7 of Struct. Spec FO
G

 for 
recom

m
ended Strut Loading based on H

eight (length) 
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4. 
C

arefully m
ove the partially prefabricated R

ake Shore in place 
at the w

all and m
ake sure it is plum

b. 

a. 
W

ith R
aker Shore placed against the w

all, the Sole should 
be carefully driven-in so the W

all Plate is snug against the 
W

all, and the Bottom
 C

leat should be com
pletely nailed, 

allow
ing space for the W

edges  

b. 
Full contact m

ust be m
aintained betw

een the w
all plate 

and the support point of the R
aker, and betw

een the base 
of the w

all plate and the w
all.  

If the w
all has bulged out, shim

s m
ay need to be 

added near bottom
 of w

all plate  
5. 

After Anchoring the Sole Plate as noted in 10. on page 3-14, 
install w

edges betw
een the bottom

 cleat and the base of the 
R

aker and tighten them
 slightly. 

a. 
After adjusting the shim

s/spacers (if any) betw
een the w

all 
plate and the w

all being shored to ensure full contact, as 
in 4a. above, finish tightening the w

edges and com
plete 

nailing of gusset plates on each side. 

6. 
W

ith R
aker shore erected, prevent the R

aker shore from
 

sliding up the w
all. See R

aker Shore - C
leats, C

uts & Anchors. 

 
a. 

To attach w
all plate directly to a concrete/m

asonry w
all. 

A m
inim

um
 of tw

o 1/2" drill-in anchors, lag screw
s or 

rebar should be placed through the w
all plate or four 

1/2" drill-in anchors through tw
o 9" long channel 

brackets attached w
ith tw

o on each side of the w
all 

plate near the m
iddle. 

O
n concrete w

alls, if backing m
aterial is needed, then 

attached to w
all plate, and use at least five 3" pow

der 
charge pins w

ith w
ashers through the backing 

m
aterial on each side of the R

aker (also m
ay use 3 - 

3/8x4
 C

oncrete Screw
s each side.) 
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10. M
ethods to A

nchor the Sole Plate, in order to prevent the 
assem

bled shore from
 sliding back aw

ay from
 the w

all. 

a. 
To attach the sole plate directly to concrete, asphalt or 
soil: drill a m

inim
um

 of tw
o 1" holes through the sole plate, 

concrete, or asphalt and drive 1" x 48”steel pickets or 
rebar directly into the ground. N

eed at least 4 – 1"x 48” 
pickets if driven directly into ground, but m

ay be m
ore 

practical to use Sole Anchor in 10 c. below
. 

b. 
To attach the sole plate to concrete and m

asonry. 

A m
inim

um
 of tw

o 1/2" drill-in anchors, lag screw
s or 

rebar should be placed through the sole plate or four 
1/2" drill-in anchors through tw

o 9" long channel 
brackets attached w

ith tw
o on each side of the sole 

plate. 

O
n concrete only, w

hen backing m
aterial is attached 

to the sole plate, the use of at least five 3" pow
der 

charge pins w
ith w

ashers through the backing 
m

aterial on each side of the sole plate is acceptable. 

c. 
An Sole Anchor can be secured to the ground or floor 
behind the sole plate to prevent the sole plate from

 
backing aw

ay from
 the w

all. 

Tim
ber Anchors should be as least 4x4 size lum

ber, 
(6x6 is better). Place 4 – 1” dia x 48” pickets, spaced 
about 12” o.c., directly behind Anchor on Soil. Tw

o 
pickets m

ay be used into Paving.  

Steel anchors or channel brackets should be at least 
1/4 inches thick. 

C
oncrete curbs, w

alls and other nearby secure 
structures m

ay also be used. 
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4. 
C

arefully m
ove the partially prefabricated Split Sole R

aker 
Shore in place at the w

all and m
ake sure it is plum

b. 

a. 
U

-C
hannel Base requires a shallow

 hole dug at a 30 to 45 
degree angle for the R

aker bearing  

Place the w
edges on the top of the 4 x 4 x 18" bottom

 
piece of the U

-channel and drive them
 slightly. 

b. 
W

hen a Trough Base is used, after securing the Sole 
Anchor, drive w

edges slightly against the Trough. 

c. 
Full contact m

ust be m
aintained betw

een the w
all plate 

and the support point of the R
aker, and betw

een the base 
of the w

all plate and the w
all.  

If the w
all has bulged out, shim

s m
ay need to be 

added near bottom
 of w

all plate)  

d. 
After adjusting the shim

s/spacers (if any) betw
een the w

all 
plate and the w

all being shored to ensure full contact, 
finish tightening the w

edges and/or com
plete nailing of the 

Bottom
 Brace on each side. 

5. 
W

ith Split Sole R
aker shore erected, prevent the R

aker shore 
from

 sliding up the w
all. See Solid Sole R

aker Shore 

6. 
Place the M

id-Brace, if required by length of R
aker, and erect 

the H
orizontal and X-bracing 

7. 
Secure the Sole Anchor w

hen Trough is used, sam
e as for 

Solid Sole R
aker Sole Anchor 

8. 
Add H

orizontal Braces and X or V  bracing as described under 
Split Sole R

aker  
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4-2

H
EAD

ER
S

Q
uestion H-1 W

hat to do if need 4x6 header and only have 4x4 
and 2x4 m

aterial? 
A

ns.H
-1a  N

ail 2x4 to top of 4x4 w
ith 16d@

3" o.c. This build-up  is 
about 80%

 as strong as 4x6 
A

ns.H
-1b  Stack 2-4x4 and toenail together. This build-up is slightly 

stronger than 4x6
A

ns.H
-1c Place 2-2x6 side-by-side w

ith ½
" or ¾

" plyw
ood in 

betw
een. Inter-nail w

ith 16d@
8

 o.c.
Q

uestion H-2 W
hat to do if need 4x8 header and only have 4x4 

and 2x4 m
aterial? 

A
ns.H

-2 Stack 2-4x4 and place ½
" or ¾

" plyw
ood each side. N

ail 
8d@

4" o.c. each side to each 4x4.
Q

uestion H
-3

H
ow

 big of a H
eader is needed?

A
ns.H

-3a To support a dam
aged w

ood structure, use a 4x4 header 
as m

inim
um

 and add 1" to depth for each additional foot of span 
larger than 4 ft. Exam

ple use 4x6 for 5 ft span and 4x8 for 8 ft 
spans. For 6x6 posts you m

ay use a 6x6 header for 5ft o.c.
A

ns.H
-3b  To support a dam

aged concrete structure, header size 
depends on the condition of the concrete structure. 
To support a m

inim
ally cracked concrete beam

 or slab, w
ith 

4x4 posts spaced at 4 ft o.c., use a 6x6 header w
ith 6x6 post 

spaced 5ft o.c.  Since the concrete structure is stiffer and 
stronger than m

ost any w
ood header, the concrete w

ill span 
betw

een posts so the header functions m
ostly as an 

interconnection of the posts and diagonal bracing 
To support badly cracked concrete slabs and beam

s, the 
header should be sized by the Structure Specialist (StS)  
- 

 If StS is not available, then use 4x8 header for 4x4x 8ft 
long posts (8000lb capacity) spaced up to 4 feet. U

se 
6x12 for 6x6x12ft long posts for spans up to 4ft. For 5ft 
spans the capacity w

ould be reduced by 10%
, and for 6ft 

spans the capacity w
ould be reduced by 25%
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LAC
ED

 PO
STS

Q
uestion LP-1  W

hat is the correct configuration of the 
diagonals, and does it really m

atter? 
A

ns. LP-1  The follow
ing standard has been adopted: 

The tw
o sides of the Laced Post should be m

ade the 
sam

e (for sim
plicity) and the diagonals should be in a K

configuration. W
hen one looks through the finished Laced 

Post from
 the side, the diagonals should form

 an X
After the end horizontals are placed, the end diagonals 
should also be configured as a K

.  W
hen one looks 

through the Laced Post from
 the end, the diagonals should 

form
 an X

This configuration is the easiest to rem
em

ber, but any other 
configuration m

ay be used, as long as one does not have too m
any 

diagonals intersecting at sam
e location on a single post.  

In previous editions of the U
SAC

E StS FO
G

, it w
as stated that 

having the diagonals at one side of the Laced Post configured as a 
reverse K (and the other 3 as a K) w

as preferred. H
ow

ever, w
hen 

this is done, there w
ill be 4 diagonals and 2 horizontal braces 

intersecting at one location on one 4x4 post. This can cause 
splitting of the post. 
It should be noted that tw

elve Laced Post System
s,  (13ft high)  

w
ere tested from

 April 2000 to M
ay 2006 -  All failures occurred at 

m
ore than 3 tim

es the design load. Also significant cupping of 
w

edges w
as observable w

hen the load reached 2 tim
es the design 

load, giving am
ple w

arning of system
 failure. Various configurations 

of diagonals w
ere used.  

Q
uestion LP-2  If the M

axim
um

 H
eight to W

idth R
atio of Laced 

Post is 4 to 1, w
hy can you build a system

 w
ith 4x4 post at 4ft 

o.c. up to 17ft high ?
A

ns. LP-2  The 4 to 1 m
ax. is based on the out to out dim

ension, 
and for posts 4ft o.c., the 4x out to out is 17’-2” U

SE 17 feet   
(Please note that the m

axim
um

 height tested is 13 feet)
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SE 17 feet   
(Please note that the m

axim
um

 height tested is 13 feet)
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N
AILS

Q
uestion N-1  W

hat em
bedm

ent is required to develop the full 
value of a nail? 

A
ns.N

-1 In general, nails should be em
bedded a little m

ore than 
one half their length in the piece into w

hich they are anchored. 
Exam

ple: 16d is 3.5" long and required full em
bedm

ent is 1.94".  

Q
uestion N-2  W

hat should w
e do w

hen nailing a 2x to a 2x, 
since the em

bedm
ent is only 1.5"? 

A
ns.N

-2  The strength of these nails is 77%
 since the em

bedm
ent 

ratio is 1.5/1.94. Since m
ost 2x to 2x nailing involves lateral bracing 

connections, this is close enough. 

Q
uestion N-3  C

an w
e use 16d C

ooler N
ails (9gax3.25") instead 

of 16d com
m

on? (8ga.x3.5") 

A
ns.N

-3  Yes, since it is very im
portant to m

inim
ize the splitting of 

w
ood in nailed joints, and 16d vinyl coated nails cause m

uch less 
splitting and drive easier. These cooler nails m

ay be used in FEM
A 

shoring w
ithout significant reduction in strength. 

8d & 16d cooler nails have been used in R
akers as w

ell as 
Laced Posts that have been tested during Struct Spec 
Training. There w

as no significant difference in test results, 
from

 those tests using com
m

on nails 

U
S&

R
 SH

O
RIN

G
 O

PER
A

TIO
N

S G
UID

E 
FA

Q
, G

LO
SSA

R
Y of TERM

S, & ENG
IN

EERIN
G

 TA
B

LES 

4-6

N
AILS

Q
uestion N-1  W

hat em
bedm

ent is required to develop the full 
value of a nail? 

A
ns.N

-1 In general, nails should be em
bedded a little m

ore than 
one half their length in the piece into w

hich they are anchored. 
Exam

ple: 16d is 3.5" long and required full em
bedm

ent is 1.94".  

Q
uestion N-2  W

hat should w
e do w

hen nailing a 2x to a 2x, 
since the em

bedm
ent is only 1.5"? 

A
ns.N

-2  The strength of these nails is 77%
 since the em

bedm
ent 

ratio is 1.5/1.94. Since m
ost 2x to 2x nailing involves lateral bracing 

connections, this is close enough. 

Q
uestion N-3  C

an w
e use 16d C

ooler N
ails (9gax3.25") instead 

of 16d com
m

on? (8ga.x3.5") 

A
ns.N

-3  Yes, since it is very im
portant to m

inim
ize the splitting of 

w
ood in nailed joints, and 16d vinyl coated nails cause m

uch less 
splitting and drive easier. These cooler nails m

ay be used in FEM
A 

shoring w
ithout significant reduction in strength. 

8d & 16d cooler nails have been used in R
akers as w

ell as 
Laced Posts that have been tested during Struct Spec 
Training. There w

as no significant difference in test results, 
from

 those tests using com
m

on nails 



U
S&

R
 S

H
O

RI
N

G
 O

PE
R

A
TI

O
N

S 
G

UI
D

E 
FA

Q
, G

LO
SS

A
R

Y 
of

 T
ER

M
S,

 &
 E

NG
IN

EE
RI

N
G

 T
A

B
LE

S 

4-
7

4

N
AI

LS
 (c

on
tin

ue
d)

Q
ue

st
io

n 
N-

4 
 W

ha
t n

ai
lin

g 
sh

ou
ld

 b
e 

us
ed

 if
 D

ou
g.

 F
ir 

or
 

So
ut

he
rn

 P
in

e 
lu

m
be

r i
s 

un
av

ai
la

bl
e?

 

A
ns

.N
-4

  A
s 

pr
ev

io
us

ly
 d

is
cu

ss
ed

, t
he

 n
ai

l s
tre

ng
th

 v
al

ue
 is

 
ap

pr
ox

im
at

el
y 

ba
se

d 
on

 th
e 

de
ns

ity
 o

f w
oo

d,
 th

er
ef

or
e 

re
du

ce
 a

ll 
na

il 
va

lu
es

 fo
r t

he
 fo

llo
w

in
g:

 

Fo
r H

em
-F

ir 
an

d 
Sp

ru
ce

-P
in

e-
Fi

r r
ed

uc
e 

st
re

ng
th

 b
y 

15
%

 

Fo
r E

as
te

rn
 S

of
tw

oo
ds

, W
es

te
rn

 C
ed

ar
 &

 W
es

te
rn

 W
oo

ds
 

re
du

ce
 s

tre
ng

th
 b

y 
25

%
 

Th
is

 m
ea

ns
 th

at
 o

ne
 s

ho
ul

d,
 a

cc
or

di
ng

ly
, r

ed
uc

e 
th

e 
ca

pa
ci

ty
 o

f 
sh

or
in

g,
 b

ui
lt 

us
in

g 
th

es
e 

sp
ec

ie
s.

 H
ow

ev
er

, f
or

 R
ak

er
 S

ho
re

s,
 

si
nc

e 
th

e 
st

re
ng

th
 is

 e
ffe

ct
iv

el
y 

ba
se

d 
on

 th
e 

C
le

at
 n

ai
lin

g 
or

 th
e 

Pi
ck

et
/S

oi
l s

tre
ng

th
, o

ne
 m

ay
 a

dd
 3

-n
ai

ls
 to

 th
e 

17
-n

ai
l p

at
te

rn
 

w
he

n 
us

in
g 

sp
ec

ie
s 

w
ith

 e
ith

er
 1

5%
 o

r 2
5%

 s
tre

ng
th

 re
du

ct
io

n 
sp

ec
ie

s.
 

Q
ue

st
io

n 
N-

5 
 W

ha
t n

ai
lin

g 
sh

ou
ld

 b
e 

us
ed

 to
 c

on
ne

ct
 ro

ug
h 

cu
t 2

x 
lu

m
be

r, 
th

at
 is

 a
 fu

ll 
2"

 th
ic

k?
 

A
ns

.N
-5

  I
n 

or
de

r t
o 

ob
ta

in
 a

de
qu

at
e 

em
be

dm
en

t, 
on

e 
sh

ou
ld

 u
se

 
20

d 
bo

x 
na

ils
 in

st
ea

d 
of

 1
6d

. T
he

 2
0 

bo
x 

na
il 

ha
s 

ab
ou

t 9
0%

 th
e 

st
re

ng
th

 o
f 1

6d
 c

om
m

on
 a

nd
 s

am
e 

as
 th

e 
16

d 
co

ol
er

.  

U
S&

R
 S

H
O

RI
N

G
 O

PE
R

A
TI

O
N

S 
G

UI
D

E 
FA

Q
, G

LO
SS

A
R

Y 
of

 T
ER

M
S,

 &
 E

NG
IN

EE
RI

N
G

 T
A

B
LE

S 

4-
7

4

N
AI

LS
 (c

on
tin

ue
d)

Q
ue

st
io

n 
N-

4 
 W

ha
t n

ai
lin

g 
sh

ou
ld

 b
e 

us
ed

 if
 D

ou
g.

 F
ir 

or
 

So
ut

he
rn

 P
in

e 
lu

m
be

r i
s 

un
av

ai
la

bl
e?

 

A
ns

.N
-4

  A
s 

pr
ev

io
us

ly
 d

is
cu

ss
ed

, t
he

 n
ai

l s
tre

ng
th

 v
al

ue
 is

 
ap

pr
ox

im
at

el
y 

ba
se

d 
on

 th
e 

de
ns

ity
 o

f w
oo

d,
 th

er
ef

or
e 

re
du

ce
 a

ll 
na

il 
va

lu
es

 fo
r t

he
 fo

llo
w

in
g:

 

Fo
r H

em
-F

ir 
an

d 
Sp

ru
ce

-P
in

e-
Fi

r r
ed

uc
e 

st
re

ng
th

 b
y 

15
%

 

Fo
r E

as
te

rn
 S

of
tw

oo
ds

, W
es

te
rn

 C
ed

ar
 &

 W
es

te
rn

 W
oo

ds
 

re
du

ce
 s

tre
ng

th
 b

y 
25

%
 

Th
is

 m
ea

ns
 th

at
 o

ne
 s

ho
ul

d,
 a

cc
or

di
ng

ly
, r

ed
uc

e 
th

e 
ca

pa
ci

ty
 o

f 
sh

or
in

g,
 b

ui
lt 

us
in

g 
th

es
e 

sp
ec

ie
s.

 H
ow

ev
er

, f
or

 R
ak

er
 S

ho
re

s,
 

si
nc

e 
th

e 
st

re
ng

th
 is

 e
ffe

ct
iv

el
y 

ba
se

d 
on

 th
e 

C
le

at
 n

ai
lin

g 
or

 th
e 

Pi
ck

et
/S

oi
l s

tre
ng

th
, o

ne
 m

ay
 a

dd
 3

-n
ai

ls
 to

 th
e 

17
-n

ai
l p

at
te

rn
 

w
he

n 
us

in
g 

sp
ec

ie
s 

w
ith

 e
ith

er
 1

5%
 o

r 2
5%

 s
tre

ng
th

 re
du

ct
io

n 
sp

ec
ie

s.
 

Q
ue

st
io

n 
N-

5 
 W

ha
t n

ai
lin

g 
sh

ou
ld

 b
e 

us
ed

 to
 c

on
ne

ct
 ro

ug
h 

cu
t 2

x 
lu

m
be

r, 
th

at
 is

 a
 fu

ll 
2"

 th
ic

k?
 

A
ns

.N
-5

  I
n 

or
de

r t
o 

ob
ta

in
 a

de
qu

at
e 

em
be

dm
en

t, 
on

e 
sh

ou
ld

 u
se

 
20

d 
bo

x 
na

ils
 in

st
ea

d 
of

 1
6d

. T
he

 2
0 

bo
x 

na
il 

ha
s 

ab
ou

t 9
0%

 th
e 

st
re

ng
th

 o
f 1

6d
 c

om
m

on
 a

nd
 s

am
e 

as
 th

e 
16

d 
co

ol
er

.  



U
S&

R
 SH

O
RIN

G
 O

PER
A

TIO
N

S G
UID

E 
FA

Q
, G

LO
SSA

R
Y of TERM

S, & ENG
IN

EERIN
G

 TA
B

LES 

4-8

R
AK

ER
 SH

O
R

ES

Q
uestion R-1  W

hat is the m
ost appropriate spacing for Raker 

Shores?  

A
ns.R

-1  The spacing should be based on the height, w
eight and 

condition of the w
all being supported. Solid Sole and Split Sole 

R
akers are designed to support a 2500lbs horizontal force. A 

Structure Specialist should be asked to evaluate the situation, and 
specify the required spacing. In any case R

aker Shores should not 
be spaced m

ore than 8 feet. 

Q
uestion R-2  H

ow
 far should a R

aker be spaced from
 the 

corner?  

A
ns. R-2a  This depends on the condition of the w

all. If the w
all 

corner is badly cracked, it w
ould be appropriate to place the first 

R
aker as near the corner as possible. Also in m

any cases U
R

M
 

corners m
ay have large diagonal cracks that appear to form

 a “V” 
that tends to allow

 a large w
edge of m

asonry to fall from
 the corner. 

In this case one m
ay need to place one or m

ore R
akers in each 

direction near the corner. 

A
ns. R-2b  W

hen w
all corners have little dam

age, the first R
aker 

m
ay be spaced from

 4ft to 8ft from
 the corner. 

Q
uestion R-3 W

hat is the best configuration of the Flying (or 
Friction) R

aker? 

A
ns.R

-3  Flying R
aker is the w

eakest type of R
aker, but are useful 

w
hen debris are found at the base of the dam

aged w
all. W

hen the 
Bottom

 Brace is configured as a horizontal, there is a tendency to 
bend the R

aker and Kick it O
ut at the G

round. Therefore, the 
Bottom

 Brace should be sloped dow
n to intersect the R

aker as near 
to the top of the U

-channel base as possible. 
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Q
uestion D

B
-1  U

nder w
hat conditions does one need to use 

D
iagonals in a 

X
 configuration, and w

hen is a single 
D

iagonal acceptable (as in Laced Posts)? 

A
ns.D

B
-1  Based on the M

axim
um

 Length to W
idth R

atio of 50 
(L/D

=50 m
ax.), if a 2x D

iagonal Brace is m
ore than 7’-6” long, one 

m
ust use an X

 since it m
ust be assum

ed that the 2x can only 
resist a tension force. If the D

iagonal is 7’-6” or less in length, the 
2x can resist tension or com

pression, and, therefore a single 
D

iagonal m
ay be used. 

Based on this inform
ation, it should be understood that the 

m
axim

um
 spacing for Laced Posts is 4 ft for 4x4 & 5 ft for 6x6 

- 
If the Laced Post is m

ore than 11 feet high, a configuration 
of three D

iagonals per side is required. 

- 
If the Laced Post is m

ore than 17 feet high, a configuration 
of four D

iagonals per side is required. 

Q
uestion D

B
-2  Is it necessary to nail one X-brace to the other 

at the crossing? 

A
ns. D

B-2  Technically, no nailing is required, but it is a good idea, 
since it could m

ake the bracing system
 stiffer by allow

ing each 
brace to partly restrain the other in the w

eak (1 1/2") direction. A 
m

inim
um

 of 3 nails should be used
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M
ISCELLAN

EO
US Q

UESTIO
NS

Q
uestion M

-1
Should w

e shore Steel B
ar Joist from

 the 
bottom

 (B
ottom

 C
hord), or do w

e need to place the shoring 
system

 up under the top (Top C
hord)? 

A
N

S. M
-1  O

ne should not place a shoring system
 directly under 

the  bottom
 of bar joist or any thin, tall truss (like tim

ber trusses 
m

ade from
 2x). H

ow
ever, there m

ay be cases w
here you don’t 

have any other reasonable choice. In that case one needs to do the 
follow

ing: C
heck w

ith your Structures Specialist (StS)  
Place shores directly under the intersection of the w

eb 
m

em
bers in m

ore than one location for the sam
e group of 

trusses. That is, spread out the load as m
uch as possible 

so as not to overload any one of the truss diagonals. 
If som

e perpendicular to the truss, bracing is present, 
place the shores as near that location as practical, 
keeping the other considerations, listed above  
It is best to have a StS give you advice on any particular 
situation 

Q
uestion M

-2  Should w
e secure the sole of a sloped floor 

shore?
A

N
S. M

-2  Absolutely, yes one should secure the sole. M
ost sloped 

floors w
ould be som

ew
hat unpredictable, and securing the sole 

could be very beneficial
Q

uestion M
-3  Should w

e place the w
edges at the top or at the 

bottom
 of a Prefabricated D

oor or W
indow

 Shore, w
hen there 

is the possibility that the bottom
 w

ill becom
e subm

erged? 
A

N
S. M

-3  There is no structural problem
 in placing the w

edges at 
the bottom

 in this case, but how
 w

ould one check and re-tighten, if 
under w

ater. In this (or any) case, there is no problem
 in having the 

w
edges at the top. In fact in all cases of Prefabricated 

W
indow

/D
oor one could have w

edges and/or shim
s at the top 

and/or bottom
, especially if the header is sloped. 
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H
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ev
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, t

he
re

 w
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nd
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PR
EFER

R
ED

 SH
O

R
E C

O
N

STR
U

C
TIO

N
 SEQ

U
EN

C
E (continued)

The next step in the Shoring Sequence w
ould be to convert the 

2-Post Shores into Laced Post Shores (or com
plete the Sloped 

Floor Shores as Braced Pairs).  
-

These are w
ell braced 3-D

im
ensional System

s, and m
ay 

be called C
lass 3 Shores. 

-
C

lass 3 Shores are the m
ost stable system

s that w
e can 

build, and one m
ay m

ake them
 m

ore stable by anchoring 
the Sole Plates to the concrete slab.    

C
ribbing is a 3-dim

ensial system
, but m

ost cribs rely on, only, 
friction for lateral bracing. 

If m
ore positive lateral bracing is desired, cribs m

ay be 
sheathed w

ith plyw
ood on all 4 sides, or m

etal clips m
ay 

be installed at the corners. 
The base m

em
bers could also be restrained from

 sliding 
on the concrete slab by using anchor bolts or assem

blies 
sim

ilar to R
ake Sole Anchors. 

R
akers Shores should be installed using a sim

ilar progression   
First one R

aker w
ould be built and m

oved into place. 
Then another could be paired w

ith the first, w
ith X bracing 

betw
een them

.  
This could be follow

ed by an entire series of R
akers that 

extend the full length of the dam
aged w

all. 
All R

akers should be prefabricated as m
uch as possible. 

A Pneum
atic Strut, R

aker System
 or System

s m
ay be used as 

the initial, tem
porary R

aker System
. 

Preplan to m
ake sure that the tem

porary R
aker System

 is 
sm

aller than the Final System
s, so it m

ay be built over, 
and rem

oved after the final R
aker System

 is com
pleted. 

Pneum
atic Strut System

s are available that allow
 a pair of 

R
akers to be cross braced, also they can have a m

id-point 
brace installed to im

prove the stability of the system
. 
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C
heck- A lengthw

ise separation of w
ood fibers, usually extending 

across the annular rings. C
heck com

m
only result from

 stresses 
that develop in w

ood during the seasoning process. 

C
hoker Hitch-  A sling w

here one end passes through the eye of 
the opposite end (or through the inside of the opposite loop of an 
endless sling) and is pulled tight around the object that is to be 
lifted (like a Larks Foot). 

C
hord- M

ain m
em

bers of trusses as distinguished from
 diagonals. 

C
ollapse

D
efinition- The failure of any portion of a structure. 

C
antilever C

ollapse- w
hen m

any sections of floor collapse, 
and one or m

ore sections extend out from
 the rem

ainder, like 
a diving board. 

C
urtain Fall W

all C
ollapse- O

ne of the three types of 
m

asonry w
all collapse, it occurs w

hen an exterior m
asonry 

w
all drops like a falling curtain cut loose at the top. 

Lean-over C
ollapse- typical w

ood fram
e building collapse 

w
hen the structure starts to R

ack (form
 a parallelogram

), and 
eventually collapses so that the structure is offset by the story 
height of how

ever m
any stories collapse . 

Lean-to-Floor C
ollapse- A floor collapse in w

hich one end of 
the floor rem

ains partially supported by the bearing w
all and 

the other end of the floor collapses on to the floor below
. 

N
inety D

egree W
all Fall C

ollapse- The w
all falls straight out 

as a single piece at a 90 degree angle, sim
ilar to a falling tree. 

Pancake Floor C
ollapse- collapse of one or m

ore floors 
upon the floors or ground below

 into a pancake configuration. 

Tent Floor C
ollapse-  floor collapse into the shape of a tent. 

 V-shape Floor C
ollapse- The collapse of a floor at the 

interior of a building, so that one end of tw
o adjoining sections 

of floor are no longer supported (by a beam
 or w

all) 
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C
ribbing- Short pieces of lum

ber used to support and stabilize an 
object. 

C
urtain W

all- An exterior w
all supported by the structural fram

e of 
the building. Also called an infill  w

all. U
sually has no structural 

value (but m
ay carry som

e load after a collapse. 

D
ead Load- O

ne of the five m
ajor loads that m

ust be considered in 
the design of a building (live, w

ind, im
pact, and seism

ic loads are 
the others). A D

ead Load is a static or fixed load created by the 
structure itself and all perm

anent elem
ents w

ithin. 

D
eck- A horizontal surface covering supported by floor or roof 

beam
s. 

D
eflection- The m

ovem
ent of a structural elem

ent under a load. 

D
ryw

all- A system
 of interior w

all finish using sheets of gypsum
 

board and taped joints. 

Efflorescence- C
rystals of salt appearing as a w

hite pow
der on 

concrete and m
asonry surfaces, usually indicating the presence of 

m
oisture. 

Enclosure W
all- An interior w

all that separates a vertical opening 
for a stairw

ay, elevator, duct space, etc. that connects tw
o or m

ore 
floors. 

Expansion Joint- A flexible joint in concrete used to prevent 
cracking or breaking because of expansion and contraction due to 
tem

perature changes. 

Exterior W
all- A w

all that form
s a boundary to a building and is 

usually exposed to the w
eather. 

Facade- The front or face of a building. 
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C
ribbing- Short pieces of lum

ber used to support and stabilize an 
object. 

C
urtain W

all- An exterior w
all supported by the structural fram

e of 
the building. Also called an infill  w

all. U
sually has no structural 

value (but m
ay carry som

e load after a collapse. 

D
ead Load- O

ne of the five m
ajor loads that m

ust be considered in 
the design of a building (live, w

ind, im
pact, and seism

ic loads are 
the others). A D

ead Load is a static or fixed load created by the 
structure itself and all perm

anent elem
ents w

ithin. 

D
eck- A horizontal surface covering supported by floor or roof 

beam
s. 

D
eflection- The m

ovem
ent of a structural elem

ent under a load. 

D
ryw

all- A system
 of interior w

all finish using sheets of gypsum
 

board and taped joints. 

Efflorescence- C
rystals of salt appearing as a w
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concrete and m
asonry surfaces, usually indicating the presence of 

m
oisture. 

Enclosure W
all- An interior w

all that separates a vertical opening 
for a stairw

ay, elevator, duct space, etc. that connects tw
o or m

ore 
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Expansion Joint- A flexible joint in concrete used to prevent 
cracking or breaking because of expansion and contraction due to 
tem

perature changes. 

Exterior W
all- A w

all that form
s a boundary to a building and is 

usually exposed to the w
eather. 

Facade- The front or face of a building. 
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K
iln-D

ried Lum
ber- Lum

ber that is artificially dried in an oven-like 
structure. 

K
ip- O

ne thousand pounds. 

K
not- A hard, irregular lum

p form
ed at the point w

here a branch 
grew

 out of a tree. 

N
onbearing W

all- A w
all that supports only its ow

n w
eight. 

O
pen W

eb Joist- A lightw
eight steel truss used as a floor or roof 

beam
. It is m

ade from
 a steel bar, bent at 90 degree angles, and 

w
elded betw

een angle irons at the top and bottom
 bar bends. 

O
perating R

adius- The horizontal distance from
 the centerline of 

rotation (the center pin of the cab) to a vertical line through the 
center of the sieve at the end of the boom

. 

Parapet W
all- A portion of an exterior, fire, or party w

all that 
extends above the roof line. 

Partition- An interior w
all, not m

ore than one story in height, that 
separates tw

o areas in the sam
e building but is not intended to 

serve as a fire barrier (sim
ilar to curtain w

all). 

Party W
all- A w

all that lies on a com
m

on lot line for tw
o buildings 

and is com
m

on to both buildings. M
ost of these w

alls m
ay be 

constructed in a w
ide range of m

aterials or assem
blies. 

Pier- A supporting section of w
all betw

een tw
o openings. Also a 

short m
asonry colum

n. Also a deep concrete foundation 

Pilaster- A m
asonry or concrete colum

n bonded to and built as an 
integral part of the inside of a m

asonry w
all. 

Plate- The top or bottom
 horizontal structural m

em
ber of a w

ood 
fram

e w
all or partition. 
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Sheeting- G
enerally speaking, w

ood planks and w
ood panels that 

support trench w
alls w

hen held in place by shoring. 

Shoring- The general term
 used for lengths of tim

ber, screw
 jacks, 

hydraulic and pneum
atic jacks and other devices that can be used 

to hold sheeting against trench w
alls. Individual supports are called 

shores, cross-braces, or struts. 

Sim
ply Supported B

eam
- A beam

 supported at both ends. 

Slope of G
rain- In lum

ber, the angle form
ed betw

een the direct- 
ion of w

ood fibers and the long axis of the m
em

ber; usually ex-
pressed as a ratio of rise-to-run, for exam

ple, 1:12. 

Snatch B
lock- A w

ood or steel shell single pulley block that can be 
opened on one side to accept a rope or cable. 

Spalling- The expansion of excess m
oisture trapped w

ithin the 
cem

ent of the concrete w
hich in results in tensile forces w

ithin the 
concrete, causing it to break apart. C

om
m

on occurrence w
hen the 

concrete is exposed to fire. 

Spandrel- That part of a w
all betw

een the head of a w
indow

 and 
the sill of the w

indow
 above. 

Static Load- A load that rem
ains constant. 

Stress –

D
efinition- A force per unit area exerted upon a structural 

m
em

ber that strains or deform
s its shape. 

C
om

pression- A stress pressing or squeezing a structure 
together.  

Shear - A stress causing a structure to collapse w
hen 

contacting parts or layers of the structure slide past one 
another. (Shearw

all, Beam
 Shear, Slab Punching Shear) 

Tension- Stress placed on a structural m
em

ber by the pull of 
forces causing extension. 
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INTR
O

 TO
 USEFUL TAB

LES – C
R

AN
E &

 R
IG

G
IN

G
 

Follow
ing this page there are tables that provide inform

ation that 
needs to be considered w

hen ordering a C
rane, inform

ation on the 
follow

ing: 

 
C

rane Stability Safety Factors   
 

W
ire R

ope Slings  
 

W
ire R

ope Inspection  
 

Term
inations  

 
Synthetic Slings  

 
H

oist R
ings & Eye N

uts  
 

W
edge Anchors   

 
C

oncrete Screw
s 

Pneum
atic Strut D

esign Strength Tables 
C

rane H
and Signals 

This Inform
ation has been reproduced from

 various sources, 
including: 

The C
rosby G

roup Inc, P.O
. Box 3128 Tulsa, O

K 
1-800-777-1555 
w

w
w

.thecrosbygroup.com
 

The very useful C
rosby U

ser’s Pocket G
uide is highly 

recom
m

ended as a reference to be used during all U
rban Search & 

R
escue Activities. It m

ay be obtained directly from
 The C

rosby 
G

roup. 
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G
EN
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A

L SLING
 IN

FO
RM

A
TIO

N
C

enter of G
ravity 

The center of gravity of an object is that point at w
hich the entire 

w
eight m

ay be considered as concentrated. In order to m
ake a 

level lift, the crane hook m
ust be directly above this point. W

hile 
slight variations are usually perm

issible, if the crane hook is too far 
to one side of the center of gravity, dangerous tilting and/or 
sw

inging w
ill result and should be corrected at once. For this 

reason, w
hen the center of gravity is closer to one point of the sling 

attachm
ent than to the other, the slings m

ust be of unequal length. 
The sling stresses and sling angle w

ill also be unequal. 
W

orking Load Lim
it or D

esign Load 
The w

orking load lim
it, or design load is the useful w

orking capacity 
of a sling. This varies, depending upon the type of hitch. The 
w

orking load lim
it table indicates, by illustration the applications for 

w
hich the various  loads apply, w

hen the slings are new
. All ratings 

are in tons or 2,000 pounds. 
Safety Factor 
In general, a safety factor of approxim

ately five is m
aintained 

throughout these tables. H
ow

ever, certain sling fittings, such as 
hooks, w

hich w
ill straighten w

ithout breaking, or links, w
hich w

ill 
deform

 beyond usefulness before breaking, cannot be assigned a 
definite num

erical safety factor. In such cases, suitable safe loads 
are listed, based upon w

ide experience and sound engineering 
practice. 
Sling C

are 
Proper care and usage are essential for m

axim
um

 service and 
safety. W

ire rope slings should be protected from
 sharp bends and 

cutting edges by m
eans of corner saddles, burlap padding, or w

ood 
blocking. H

eavy or continuous over-loading should be avoided as 
w

ell as sudden jerks, w
hich can build up a m

om
entary over-load 

sufficient to break the sling. W
ire rope slings should be stored 

w
here they are protected from

 m
oisture, and properly coiled w

hen 
not in use. 
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A
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W
ire R

ope, C
hain &

 Synthetic B
asket Slings 

C
hoker H

itches – R
eduction D

ue to A
ngle 

Sling 
Angle

C
apacity as 

Percent of Single 
Vertical H

itch 
90 

200%
 

60 
170%

 
45 

141%
 

30 
100%
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W
IR

E R
O

PE C
LIP IN

STALLATIO
N

 

1. 
Turnback, place 1st clip &

 torque/tighten 
2. 

P
lace 2nd clip only snug, no torque 

3. 
P

lace other clips at equal spacing 
4. 

A
pply som

e tension and torque/tighten 
5. 

R
echeck torque after initial operations 

W
IR

E R
O

PE C
LIP SPLIC

ES 

1. 
U

se tw
o loop ends w

ith thim
ble eye 

2. 
O

verlap rope, use tw
ice num

ber clips reqd for 1 loop  
3. 

C
lips m

ust be properly installed 
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3. 
P

lace other clips at equal spacing 
4. 

A
pply som

e tension and torque/tighten 
5. 

R
echeck torque after initial operations 

W
IR

E R
O

PE C
LIP SPLIC

ES 

1. 
U

se tw
o loop ends w

ith thim
ble eye 

2. 
O

verlap rope, use tw
ice num

ber clips reqd for 1 loop  
3. 

C
lips m

ust be properly installed 
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C
O

N
C

R
ETE SC

R
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 IN
FO

R
M

A
TIO

N
 

IN
FO

 on 1/4
 S

C
R

EW
S

 
(by H

ilti or ITW
 B

uildex) 

U
se to connect devices 

 
( W

BM
S

 &
 Sm

artlevel) 

H
am

m
erD

rill hole, 5/32
 bit 

D
rive w

ith D
river D

rill &
 ¼

H
ex S

ocket 

U
se 1/4

 x 1 ¼
  screw

 w
ith 1

m
in em

bed 

D
esign Load/A

llow
able Load 

= 175 lb Ten. & 350 lb S
hear

IN
FO

 on 3/8
 S

C
R

EW
S

 
( by Sim

pson S
trongTie ) 

A
s alternative to w

edge anch 
for lifting concrete  

D
rill 5

 m
in hole w

/ 3/8
 bit 

D
rive w

/S
ocket or Im

pact W
rench &

 9/16
 S

ocket 

U
se 3/8

 x 6
 TITA

N
 S

crew
 w

ith 4 ½
 m

in. em
bed. 

D
esign Load/A

llow
able Load = 2000 lb Tension &

 S
hear 

U
se w

ith S
w

ivel H
oist R

ing or S
teel Tee                           

( W
T 3x7.5 x 0' - 4

)
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for lifting concrete  
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llow
able Load = 2000 lb Tension &

 S
hear 

U
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ith S
w

ivel H
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( W
T 3x7.5 x 0' - 4
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tru
ts
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Se
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St
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in

 v
ar

io
us

 ra
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( F
 s

tru
t =

 7
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 1
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 E
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t =
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 to

 7
ft,
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AIR
SH

O
R

E R
AK

ER
 SH

O
R

E SYSTEM
 

System
 is m

ade from
 2 rakers spaced 8ft m

ax. apart w
ith X 

bracing. See Section
3

U
se adjustable struts W

ith or W
ithout one 4ft or 6ft exten-

sion per strut, placed on large end  
 R

aker System
s should be configured w

ith the angle betw
een 

the R
aker and the G

round being betw
een 40 and 60 degrees 

Add 12
 long, 4

 high, ½
 thick angles to Base Plates to 

provide a vertical bearing surface.   
R

akers should be attached to the w
all surface and restrained 

at the ground as in tim
ber rakers. 

The Safe W
orking Strength  for a pair of Airshore R

akers used 
in U

S&R
 should be determ

ined by a U
S&R

 Structure Specialist 
from

 the follow
ing chart:  

(Safe H
orizontal load at Point of Insertion) 

    R
EC

O
M

M
EN

D
ED D

ESIG
N

 STR
ENG

TH
 

    AIR
SH

O
R

E R
AK

ER
 SYSTEM

 at 45degrees 
R

aker 
Length  

H
eight to P

oint 
of Insertion 

H
orizontal Load on 

2 R
akers w

/ X-bracing 
16 ft 

11.0 ft 
5000 lbs    (2300 kg)  

15 ft 
10.5 ft 

6400 lbs    (2900 kg) 
14 ft 

10.0 ft 
7800 lbs    (3500 kg) 

13 ft   
 9.0  ft 

9200 lbs    (4200 kg) 
12 ft  

 8.5 ft 
10,600lbs  (4800 kg) 

    AIR
SH

O
R

E R
AK

ER
 SYSTEM

 at 60degrees 
16 ft 

13.8 ft 
3500 lbs    (1600 kg)  

15 ft 
13.0 ft 

4500 lbs    (2000 kg) 
14 ft 

12.0 ft 
5500 lbs    (2500 kg) 

13 ft  
11.3 ft 

6500 lbs    (3000kg) 
12 ft 

10.4 ft 
7500 lbs    (3400 kg) 

11 ft 
  9.5 ft 

10,000 lbs (4500 kg) 
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R

akers should be attached to the w
all surface and restrained 

at the ground as in tim
ber rakers. 

The Safe W
orking Strength  for a pair of Airshore R

akers used 
in U

S&R
 should be determ

ined by a U
S&R

 Structure Specialist 
from

 the follow
ing chart:  

(Safe H
orizontal load at Point of Insertion) 
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11 ft 
  9.5 ft 

10,000 lbs (4500 kg) 
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System
 is m

ade from
 2 rakers spaced 8ft m

ax. apart w
ith X 

bracing. See Section 3.
U

se 6 to 10 ft or 8 to 12 ft struts W
ith or W

ithout one 2ft, 
4ft, or 6ft extension per strut. 
R

aker System
s should be configured w

ith the angle betw
een 

the R
aker and the G

round being betw
een 40 and 60 degrees. 

Add 12
 long, 4

 high, ½
 thick angles to Base Plates to 

provide a vertical bearing surface.  
R

akers should be attached to the w
all surface and restrained 

at the ground as in tim
ber system

s. 
The Safe W

orking Strength  for a pair of Paratech R
akers used 

in U
S&R

 should be determ
ined by a U

S&R
 Structure Specialist 

from
 the follow

ing chart:  
(Safe H

orizontal load at Point of Insertion) 

   R
ECO

M
M

EN
D

ED
 D

ESIG
N STREN

G
TH

 
   PAR

ATEC
H

 R
AK

ER
 SYSTEM

 at 45degrees 
R

aker 
Length  

H
eight to P

oint 
of Insertion 

H
orizontal Load on 

2 R
akers w

/ X-bracing 
16 ft 

11.0 ft 
5000 lbs    (2300 kg)  

15 ft 
10.5 ft 

6400 lbs    (2900 kg) 
14 ft 

10.0 ft 
7800 lbs    (3500 kg) 

13 ft   
 9.0  ft 

9200 lbs    (4200 kg) 
12 ft  

 8.5 ft 
10,600lbs  (4800 kg) 

   PAR
ATEC

H
 R

AK
ER

 SYSTEM
 at 60degrees 

16 ft 
13.8 ft 

3500 lbs    (1600 kg)  
15 ft 

13.0 ft 
4500 lbs    (2000 kg) 

14 ft 
12.0 ft 

5500 lbs    (2500 kg) 
13 ft  

11.3 ft 
6500 lbs    (3000 kg) 

12 ft 
10.4 ft 

7500 lbs    (3400 kg) 
11 ft 

  9.5 ft 
10,000 lbs (4500 kg) 

U
S&

R
 SH

O
RIN

G
 O

PER
A

TIO
N

S G
UID

E 
FA

Q
, G

LO
SSA

R
Y of TERM

S, & ENG
IN

EERIN
G

 TA
B

LES 

4-40

PAR
ATEC

H
 LO

NG
 STR

UT R
AK

ER
 SH

O
R

E SYSTEM
 

System
 is m

ade from
 2 rakers spaced 8ft m

ax. apart w
ith X 

bracing. See Section 3.
U

se 6 to 10 ft or 8 to 12 ft struts W
ith or W

ithout one 2ft, 
4ft, or 6ft extension per strut. 
R

aker System
s should be configured w

ith the angle betw
een 

the R
aker and the G

round being betw
een 40 and 60 degrees. 

Add 12
 long, 4

 high, ½
 thick angles to Base Plates to 

provide a vertical bearing surface.  
R

akers should be attached to the w
all surface and restrained 

at the ground as in tim
ber system

s. 
The Safe W

orking Strength  for a pair of Paratech R
akers used 

in U
S&R

 should be determ
ined by a U

S&R
 Structure Specialist 

from
 the follow

ing chart:  
(Safe H

orizontal load at Point of Insertion) 

   R
ECO

M
M

EN
D

ED
 D

ESIG
N STREN

G
TH

 
   PAR

ATEC
H

 R
AK

ER
 SYSTEM

 at 45degrees 
R

aker 
Length  

H
eight to P

oint 
of Insertion 

H
orizontal Load on 

2 R
akers w

/ X-bracing 
16 ft 

11.0 ft 
5000 lbs    (2300 kg)  

15 ft 
10.5 ft 

6400 lbs    (2900 kg) 
14 ft 

10.0 ft 
7800 lbs    (3500 kg) 

13 ft   
 9.0  ft 

9200 lbs    (4200 kg) 
12 ft  

 8.5 ft 
10,600lbs  (4800 kg) 

   PAR
ATEC

H
 R

AK
ER

 SYSTEM
 at 60degrees 

16 ft 
13.8 ft 

3500 lbs    (1600 kg)  
15 ft 

13.0 ft 
4500 lbs    (2000 kg) 

14 ft 
12.0 ft 

5500 lbs    (2500 kg) 
13 ft  

11.3 ft 
6500 lbs    (3000 kg) 

12 ft 
10.4 ft 

7500 lbs    (3400 kg) 
11 ft 

  9.5 ft 
10,000 lbs (4500 kg) 
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