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The following Sections are contained in this SOG. Each Section
has an Outline that gives the order in which subjects are presented
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1 Hazard 1.D. and Failure Modes by Building Type
US&R Field Communication Procedures
FEMA US&R Marking System
FEMA US&R Shoring Symbols
Design Loads & Quick Weight Estimating

2 Vertical Shoring Construction,
Graphics and Step by Step Text

3 Lateral Shoring Construction,
Graphics and Step by Step Text

4 Shoring Frequently Asked Questions
Glossary of Terms
Useful Engineering Tables
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US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

INTRODUCTION to SECTION 1

This section contains Documents that are Useful References
for the US&R Disaster Site, listed as follows:

e Hazard I.D. & Failure Modes by Bldg Type Page 1-2
e US&R Field Communication Procedures 1-16
e  On-Site Emergency Signaling Procedures 1-18
e US&R Building Marking System 1-22
e FEMA US&R Shoring Symbols 1-29
e Design Loads & Quick Weight Estimating 1-30

HAZARD I.D. and FAILURE MODE SUMMARY

The following pages contain brief descriptions and graphics of the
most common building classifications used for US&R Evaluations:

Building Types are:

Wall Systems Frame Systems
Light Frame, multi-story Heavy Floor, C.I.P.
Heavy Wall, URM & Tilt-Up Heavy Steel Bldgs
Precast Buildings Light Metal Bldgs

Pages for each bldg type present the characteristics, typical failure

modes, hazards, check points plus hazard reduction and victim

access suggestions.

REMEMBER:

e  Buildings may be varied, of combined types and complicated.

e Most important is to separate Brittle from Ductile Behavior.

e Judgments may not be able to be precise.

e Partial collapse is most difficult to assess.

e One needs to make judgments based on what type of forces
are expected after initial event (aftershock, high winds, etc).

e Victim Survivability is highly dependent on Void Formations
and their Accessibility.

e  One should always consider Risk/Reward Ratio.

e The viability of the various Mitigation Choices is dependent on
the potential for Ductile Behavior of the damaged structure.

1-1
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US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

MULTI-STORY LIGHT FRAME BUILDING (continued)

EXPECTED PERFORMANCE - for the following:

e Progressive Collapse — Extensive connection failures.
Members & components are likely to remain intact.

e E. Quake — Generally good performance - common failure
is ductile racking of first story. Raked stories are subject to
ratcheting and P-delta collapse in Aftershocks.

e Explosion —Walls become disconnected from floors
(horizontal diaphragms), leading to part or total collapse.

e Fire — Rapid combustion and collapse unless fire resistant.
High Energy Impact — Little resistance to collapse in
immediate area. Remainder of structure remains stable.

e Wind — Damage is highly dependent on wind speed vs.
shape and proper detailing. Tornados can destroy even well
constructed wood buildings.

e Struct Overload/Defect — Roof failures due to snow,
especially on longer span roofs.

CHECK POINTS
e Badly cracked and/or leaning walls.
Leaning first story in multi-story buildings.
Cracked, leaning/loose veneer or chimney.
Offset of building from foundation.
Separated porches, split level floors/roof.

e  Connection failures - nail pullout/bolt pull-through.
HAZARD REDUCTION

e  Shut off gas and reduce other fire hazards.

e Avoid or pull-down damaged veneer and chimneys.

e Place vertical and/or lateral (diagonal) shores.

e  Monitor changes in racked/leaning structures.

VICTIM ACCESS

e Vertical access through floor/roof from above collapsed area.

e Horizontal entry through existing cavities, or through walls.

e Remove or shore hazards near victims, if required.

1-3
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US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

HEAVY WALL- URM BUILDING (continued)

EXPECTED PERFORMANCE - for the following:

Progressive Collapse — URM walls likely to disintegrate,

and interior structure may stand independently.

E. Quake - Poor performance - out of plane ext wall failures, Bl
loss of connection to floors leading to partial or total collapse.
Many lethal Aftershock falling and collapse hazards.
Explosion — Walls become disconnected from floors
(horizontal diaphragms), leading to part or total collapse.
Fire — Loss of roof/floors will leave walls unbraced.
Collapsing roof/floors can thrust walls in or out.

High Energy Impact — Ext URM walls disintegrate upon
impact leaving lethal falling hazards & possible floor collapse.
Massive masonry is more resistant.

Wind — Roof vulnerable to uplift, leading to partial or total
collapse or roof & walls. Massive masonry is more resistant.
Struct Overload/Defect — Roof failures due to ponding and
snow. Wood decay, brick disintegration or remodeling in
older buildings.

CHECK POINTS

Loose, broken parapets and ornamentation.
Connections between exterior walls and roof/floors.
Cracked wall corners and openings, plus peeled walls.
Unsupported and partly collapsed roof/floors.

HAZARD REDUCTION

Shut off gas and reduce other fire hazards.

Diagonally shore. tie-back, avoid, remove hazardous walls.
Shore hazardous roof/floor beams, etc.

Monitor changes in racked/leaning structures.

VICTIM ACCESS

Vertical access through floor/roof from above collapsed area.
Horizontal entry through existing cavities and openings.
Remove bricks by hand, excavator, or crane w/clamshell.
Remove or shore hazards near victims, if required.

1-5
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US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

HEAVY WALL- TILT UP BUILDING (continued)

EXPECTED PERFORMANCE - for the following:

e Progressive Collapse — Out-leaning wall/walls could
progress to roof/floor collapse in bay adjacent to exterior.
Remainder could stand independently — but poorly braced. 1

e E. Quake — Pre 1995 - poor performance — out of plane ext
wall failures, loss of connection to roofs leading to partial or
total collapse. Lethal Aftershock falling and collapse hazards.

e Explosion —Walls become disconnected from floors
(horizontal diaphragms), leading to part or total collapse

e Fire — Loss of roof/floors will leave walls unbraced.
Collapsing roof/floors can thrust walls in or out.

e High Energy Impact — Impact on exterior walls likely to be
localized. Could lead to localized roof/floor collapse.

e Wind — Roof vulnerable to uplift, leading to partial or total
collapse or roof and walls. Penetration through large doors
can lead to critical uplift and blow-out pressures.

e  Struct Overload/Defect — Roof failures due to ponding and
snow. Wood decay in older buildings.

CHECK POINTS
e Connections between exterior walls and roof/floors.
e Beam to beam and other interior roof connections.

HAZARD REDUCTION
e Diagonal or Raker shore concrete walls.
e  Shore hazardous roof/floor beams, etc.
e  May pull-down leaning walls after dealing w/roof support.
e  Monitor changes in racked/leaning structures.

VICTIM ACCESS
e Vertical access through floor/roof from above collapsed area.
Horizontal entry through existing cavities and openings.
e Cut holes in wall panels, 2 feet min. from joints.
e Remove large wall panels and roof sections by crane.

1-7
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US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

PRECAST BUILDINGS (continued)

EXPECTED PERFORMANCE - for the following:

e Progressive Collapse — Failed single story columns have
lead to progressive collapse. Heavy elements vs. brittle
connections are critical issues. Members retain strength.

e E. Quake — Very poor performance — except for multi-wall
residence buildings. Failed connections lead to partial or total
collapse. Aftershock falling, shifting and collapse hazards.

e Explosion — Poor performance due to weak-link connections
leading to part or total collapse.

e Fire — Could cause annealing of tendons and prestress loss.

e High Energy Impact — Impact on ext elements likely to be
localized. Brittle connections could be damaged.

e Wind — Unlikely to be damaged by wind. Exterior skin and
curtain walls could be damaged/destroyed.

e Struct Overload/Defect — Failures in connections, leading to
cascading structure failure. Members should retain integrity.

CHECK POINTS
e  Beam/column connections, broken welds and cracked
corbels.
e  Column cracking at top, bottom and wall joints.
e Wall connections at floors, columns and foundation.
e Badly cracked walls and columns plus falling hazards.

HAZARD REDUCTION
¢ Remove/avoid leaning/hanging, concrete elements.
e  Shore damaged roof/floor beams, especially next to bad
columns.
¢ Remove/shore unstable wall and floor elements.
e  Monitor changes in racked/leaning structures.

VICTIM ACCESS

Vertical access through thin horizontal sections from above.
Horizontal entry through existing cavities and openings.
Cut holes in wall panels, 2 feet min. from joints.

Carefully remove large wall/floor sections by crane.

1-9
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US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

HEAVY FLOOR BLDGS (CIP non-DUCTILE) (continued)

EXPECTED PERFORMANCE - for the following:

e Progressive Collapse — Members likely to break into
smaller pieces. Rubble piles may shift.

e E. Quake — Very poor performance — Brittle failures of
columns and beam/column connections, leading to partial or
pancake collapse. Aftershocks cause added collapse, falling
hazards and shifting.

e Explosion — Poor slab performance due to reverse gravity
loading can lead to loss of column stability and collapse.

Fire — May cause spalling of concrete cover on all elements.

e High Energy Impact — Damage limited to area of impact.
Could leave damaged members of questionable strength.

e  Wind — Unlikely to be damaged by wind. Exterior skin and
curtain walls could be damaged/destroyed.

e Struct Overload/Defect —Construction falsework failures
most common. Members break into pieces w/poor integrity.

CHECK POINTS
e Beam/column connections above and below floors.
e Badly confined concrete in columns (empty basket).
e Diag. shear cracks in beams and cracking in slabs near cols.
e Attachment of URM walls and other heavy objects.
e Cracks in concrete shear walls and stairs.

HAZARD REDUCTION
e Shore/avoid badly cracked slabs, beams and/or column.
e Shore/avoid overloaded slabs due to punching shear.
e Remove/shore unstable wall and floor elements.
e  Monitor changes in racked/leaning structures.

VICTIM ACCESS

Vertical access through existing access shafts.

Vertical access by cutting through slabs from above victims.
Horizontal entry through existing cavities and openings.

Cut non-bearing/infill walls after careful assessment.
Remove large pieces by crane, after rebar has been cut.
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US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

HEAVY STEEL FRAME (continued)

EXPECTED PERFORMANCE - for the following:

e Progressive Collapse — Rare, since members maintain
integrity even with damaged/failed joints.

e E. Quake - Good performance of frame - Failure of diagonal
bracing and fracture of welded joints have occurred. Facing,
especially PC panels could fall and are danger in
Aftershocks.

e Explosion — Good performance of frame but wall & floor
panels could be dislodged. Frame collapse is unlikely.

e Fire — Plastic deformation of floors and some joint failure.
Strength is regained upon cooling. Collapse very rare.

e High Energy Impact — Impacted members are
severed/destroyed. Connection failures near impact only.

e Wind — Frame at low risk — Skin, especially glass may be
destroyed leading to interior partition failure.

e  Struct Overload/Defect — Failures during erection and long-
span failures are most common. Members maintain integrity
with failures at joints.

CHECK POINTS
e Indications of movement — plumb corners, stair and non-
structural damage — as clues to potential structure damage.
e Main beam to column connections — remove finishes as
required.
e Broken PC floor and miscellaneous beam bolt connections.

HAZARD REDUCTION
e  Shore beams near damaged or broken connections.
¢ Remove/avoid/tieback damaged exterior facing.
e  Monitor changes in racked/leaning structures.

VICTIM ACCESS
e Vertical access by cutting through slabs from above victims.
e Horizontal entry through existing cavities & openings.
e Remove or shore hazards near victims, if required.
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US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

LIGHT METAL BLDGS (continued)

EXPECTED PERFORMANCE - for the following:

e Progressive Collapse — Joint failure and member buckling
could lead to part or complete collapse.

e E. Quake — Good performance — Failure of rod bracing is
common, but collapse is rare. Minor aftershock response.

e Explosion — Skin blown away, possibly leading to frame/roof
collapse. Entire building blown away in some cases.

e Fire — Rapid loss of strength and collapse due to heating.
Long span structure could suddenly collapse.

e High Energy Impact — Little resistance to impact. Damage
may involve several bays of structure.

e Wind — At high risk — as skin is blown away, frames/trusses
can buckle and collapse. Frames can rack and collapse.

e  Struct Overload/Defect — Lateral torsion buckling of built-up
members. Joint failure and member buckling, leading to part
or complete collapse.

CHECK POINTS
e Broken, elongated and/or buckled rod bracing & connections.
e  Buckled purlins, truss members, and steel frames.
e Broken and/or elongated bolt connections + anchor bolts.

HAZARD REDUCTION
e Shore and/or diagonally brace racked building frames.
e Remove loose or lightly connected members and sheathing.
e  Monitor changes in racked/leaning structures.

VICTIM ACCESS
e Vertical/Horizontal access by removal or cutting sheathing.
e Horizontal entry through existing cavities and openings.
e Remove or shore hazards near victims, if required.
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US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

COMMUNICATIONS PROCEDURES (continued)

VOICE COMMUNICATIONS PROCEDURES

What To Do

LISTEN

THINK about what you will

say before you transmit.

MAKE THE CALL.

Give:

a. the call sign or
identification of the
station called.

b. the words "THIS IS”

c. the call sign or
identification of the
calling station.

COMMUNICATE.

Speak clearly.

Plain English/no codes.

Repeat back critical items

for confirmation.

USE PHONETICS for:

a. call signs.

b. station identification.

c. spelling words and
names that are not
easily understood

o w» m »

COwW>» COwWH

Why To Do It

To make sure your
transmission won't
interfere with another
communication.

To be aware of other
things going on.

To communicate your idea
effectively.

To use only the air time
needed.

To be clear.

To be understood reliably
on the first call.

To use a procedure that is
universally accepted.

To be understood.
To be fast.

To avoid confusion.
To be accurate.

To be clear.

To be accurate.

To be fast.

To use a procedure that is
universally accepted.
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US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

BUILDING MARKING SYS (continued)

STRUCTURE IDENTIFICATION MARKING

If at all possible, the existing street name and building number will
be used. If some numbers have been obliterated, attempt should -
be made to reestablish the numbering based on nearby structures.

If no numbers are identifiable on a given block, then US&R

personnel will assign and identify the street name and numbers
based on other structures in the proximity. The structures shall
then be numbered to differentiate them (using paint or crayon).

702 704 708 710

/ W 1 \ 1
706

L | I L

L L
600 700 BLOCK ALPHA STREET 800

[ [

1 ! [

701
A\ A \ /W \ m

703 705 707 709

CASE 1 — IF SOME NUMBERS ARE KNOWN, FILL IN BETWEEN

900 902 904 906 908

/ W ‘ I \ I
L J I
1 [
800 700 BLOCK ALPHA STREET 1000
f 1
I | N | | ]
/W Wy \ /W \ "

901 903 905 907 909

CASE 2 — IF NO NUMBERS ARE KNOWN, FILL IN USE SMALL
NUMBERS
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US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

BUILDING MARKING SYS (continued)

STRUCTURE |.D. MARKING (continued)

Multi-story buildings must have each floor clearly identified. If not
clearly discernable, the floors should be numbered as referenced 1
from the exterior. The Grade (or Street) Level Floor would be
designated Floor 1 and, moving upward the Second Floor would be
Floor 2, etc. Conversely, the First Floor below Grade (or Street)

level would be B-1, the Second B-2, etc. For buildings where the
street slopes, all at the incident must be informed as to which level

will be called the First Floor

If a structure contains a grid of structural columns, they should be
marked with 2" high, orange letters/numbers to further identify
enclosed areas. If plans are available, use the existing numbering
system. If plans are not available, Letter the columns across the
Long Side (Side A in this Example) starting from the left, and
Number the columns along the Short Side (Side B in this example)
starting from the front, Side A. The story level should be added to
each marked Column, and be placed below the Column Locator
Mark. Example: “FL-2” = Floor 2.

Column Grid Layout

» Use existing column grid - If Known

EEEEEE
L L]

® 0000

700 Block Alpha Street

M)
Im

O ©®OE

1-21
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US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

BUILDING MARKING SYS (continued)

STRUCTURE/HAZARDS EVALUATION MARKING

The depiction of the various markings is as follows:

z ¢ X N[

Low Risk for US&R Operations, with
low probability of further collapse.
Victims could be trapped by contents,
or building could be completely
pancaked or soft 1% story

Moderate Risk for US&R Ops, and
structure is significantly damaged. May
need shoring, bracing, removal, and/or
monitoring of hazards. The structure
may be partly collapsed.

High Risk for US&R Ops, and may be
subject to sudden collapse. Remote
search operations may proceed at
significant risk. If rescue operations are
undertaken, significant and time-
consuming mitigation should be done.

Arrow located next to a marking box
indicates the direction to the lowest risk
entrance to the structure, should the
marking box need to be made remote
from the indicated entrance.

Indicates that a Hazardous Material
condition exists in or adjacent to the
structure. Personnel may be in
jeopardy. Consideration for operations
should be made in conjunction with the
Hazardous Materials Specialist. Type of
hazard may also be noted.

1-23



ve-1
"sainponus adwis Asen 1oj seueoluny Bumojio4 g
"Juspioul sy} Buunp sewn |[e je esaid ale SIS usym sbpilg g

'se yons ‘suonen)is Auew Ul speuw aq
10U YBIW MJepy spJezeH/einoNnS syl Jeyl peiou ag os|e pinoys

‘Buip|ing ayj jo syed ajesedas Ul SUORIPUOD SnopJezey
ajousp 0] (*030 ‘s|jemilels ‘shem|jey ‘SWood ‘*a°1) InoNnJs sy} UIyim
seaJe ol10ads ay) Jo yoes ul paoe|d aq osje Aew saxoq Bupjiep

-ajendoidde Ji pseoe|d/eqge| ayy aoejdau 1snl Jo pajebniw Ji plezey

8y} IN0-Ss0I0 Aew auo ‘spaeoed Jo sjpge| Buisn usym suoRIpuod
pabueyo ajedipul 0] Yooysiaye ue se yons suonipuod ul abueyo Aue
Jaye Jo ‘auop S| uoiebiiw 8y} Usym pappe ag OSs|e pjnod Ylew mau
Apanus uy ‘uonebiiw ayy pawiopad oym 4] pue awiy oy} Buippe pue
INH @u3 niyy aul| e Buioed e Aq paJe)je aq pjnoys 3ew siy} ‘pawopad
s uonebniw jey) usypn "parebniw usaq pey (seb [einjeu) jewzeH sy}
[hun paJejus 84 Jou piNom Bulp|ing siy} 1ey) poojsiepun &g pINOYs §|
‘uobaiQ Jo 81e)S By} Wod 41 L# 9y} Ag opew sem uoien|eAd

8yl ‘aJnjonyis 8y} ul seb |einjeu jo uopedlpul ue siaieyl Ad
OL:l 1B ‘1661 ‘Gl AN uo spew sem Juswssassy (019 ‘Jooy) Jaddn
‘mopuim e Ajgissod) Ajua ¥sil 1S9MOo| 8y} 03 UOIIDBIIP By} SjedIpul
MoOJle 8y} pue ‘Buip|ing sy d1elopol\ e Joj si aidwexs siyl

T41-40O
seb [einjeu - \NH

'SIY OTET T6/ST/L

‘Buluonisod Jivy} ainsse 0} ade) 1onp Buisn

payoeye aq 0} paau Aew spieoe|d uo-ons ‘(pJeogpseo Jo) Jaded
8yl "uoAeso Jagquuni Jo 3ons juied yiim spew Siojul SIy| "apis puey
-IyBu By} 1 X0Q BY} BPISINO pajou aJe ‘Ql 41 Pue ‘J1vd ‘JNIL dUL

("1u02) ONIMIVIN NOTLVNTVAT SAAdVZVH/AIN1IONA 1S

V.1VvA 3AON3IH3I43 31IS ¥431SVvSId
3dINDO SNOILVH3IdO ONIHOHS d%SN



US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

BUILDING MARKING SYS (continued)

SEARCH ASSESSMENT MARKING

A separate and distinct marking system is necessary to denote
information relating to the victim location determinations in the
areas searched. This separate Search Assessment marking
system is designed to be used in conjunction with the Structure
and Hazards Evaluation marking system. The Canine Search
Specialists, Technical Search Specialists, and/or Search Team
Manager (or any other Task Force member performing the search
function) will draw an "X" that is 2' X 2'in size with International
Orange paint stick, lumber crayon or color spray paint (note that
K9 may be adversely effected by the Fumes from Spray Paint).
This X will be constructed in two operations - one slash drawn upon
entry into the structure (or room, hallway, etc.) and a second
crossing slash drawn upon exit.

Single slash drawn upon entry to a
structure or area indicates search

OR-1 operations are currently in progress.
2-10-02 Upon entering a building or a
1100 separate wing of a large building, add

the Search Team 1.D., Date and Time
(24hr) of entry. (Next to main entry)

Note: OR-1 is used instead of
OR-TF1 to save time. Also 1100 is

OR-1 used to abbreviate 1100hrs

2-10-02

1100
Crossing slash is drawn as personnel
exit from the structure or area.

Distinct markings will be made inside the remaining quadrants of
the X to clearly denote the search status and findings at the time
of this assessment. The marks will be made with carpenter chalk
or lumber crayon. The following illustrations define the Search
Assessment marks:
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US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

BUILDING MARKING SYS (continued)

SEARCH ASSESSMENT MARKING (continued)

In most cases, extemporaneous information will not be conveyed
using the marking system. This type of communication will usually
take place as a result of face-to-face meetings between Search,
Rescue, and other components of the Task Force.

Search Markings should be made at each area within a structure,
such as rooms, voids, etc, but only information related to the results
of the search will be marked upon exiting each space (No Time or
TF designation).

A stick-on search mark has been approved for use in incidents like
Hurricanes and large earthquakes where many structures are
involved. All FEMA Task Forces have been supplied with the
graphic to be used in creating the stick-on search marks, which
should be printed on orange paper.

VICTIM LOCATION MARKING SYSTEM

B During the search function it is necessary to identify the
location of potential and known victims.

B The amount and type of debris in the area may completely
cover or obstruct the location of any victim.

B The victim location marks are made by the search team or
others aiding the search and rescue operations whenever a
known or potential victim is located and not immediately
removed.

B The victim location marking symbols should be made with
orange spray paint (using line marking or “downward” spray
can) or orange crayon.

B The following illustrates the marking system:
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US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

FEMA US&R SHORING SYMBOLS

These symbols were developed by the FEMA US&R Structures
Sub-group, and should be used to map locations of US&R Shoring

e Tee Shore T

e Double T Shore DT

o Vertical Shore (V-3 = 3 posts, V-2 = 2 posts) V-3
—

e Laced Post Shore -
e Cribbing

e Raker Shore

—
o

- Place vertical side of triangle against wall
- Each triangle represents one Raker
- Rakers should be installed groups of two
or larger
e Horizontal Shore H-3

(H -3 =3struts, H - 2 = 2 struts)

¢ Window or Door Shore (W or D) Wor D
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

INTRODUCTION to SECTION 2

This section contains General Information, Graphics and
Detailed Explanations of how to construct FEMA Vertical
Shoring —arranged as follows:

Key Design Issues

Estimated time to build FEMA Shores & Multi-Story Conditions

The Shoring Team

How to construct Vertical Shores, 3 & 2-Post, T & Laced Post

How to construct Sloped Floor Shores

Pre-constructed Shoring Systems

Alternate Vertical Shoring Systems using Pneumatic Struts

KEY DESIGN ISSUES

How to configure US&R Shoring to ensure a Predictable and
Slow initial Failure Mode.

How to sequence the construction of US&R shoring in order to
Minimize Risk.

Use of the Class 1, 2, and 3 System Approach:

- Class1 = 1 Dimensional

- Class 2 = 2 Dimensional

- Class 3 = 3 Dimensional

FEMA DESIGN PARAMETERS

All posts should be proportioned and/braced so that cupping of
the wedges and crushing of header will occur before post
buckling. This is assured if post L/D (Ht/Width) is 25 or less.

Basic construction sequence should proceed as follows:

- Invery dangerous areas, it would be prudent to reduce
risk by quickly installing Class 1 Spot Shores

- Follow w/ Class 2 (two or more post) Vertical Shores
®" In some cases these Class 2 shores may be

installed as the initial shoring

- Finally, assure that all Shoring has all Posts braced in two
directions as Class 3 Shores

An efficient way that this can be achieved is as follows:

- Place T or Double T shores initially if very dangerous

- Then place pairs of 2-post Vertical Shores, 4 ft apart

- Finally tie the 2-post Vert. Shores together as Laced Posts

2-1



¢¢

(Buioelq ayenbape + siaxey bap 09 10 Gy — 2)
wa1SAS Jaxey xy jo yibuans ubisaq si Mg
1sod padeT yx Jo yibuans ubisaq si Mze

quD X Jo dn-Ae| gxz Jo yibuans ubisaq si Mg

Buo| YzT ‘1sod 9x9 Jo ybuans ubisaq s %0z
Buo| 18 1sod vxv Jo yibuans ubisaq si Mg

G'ce ‘ve ‘oz ‘s

(Buid "0S % 114 BnoqQ) Jaqwaway o] slaqwnN bulioys

"uoisua] 1sisal 0] paiinbal Ajuo si Jaquiaw yoea aduls ‘Buoj
199} alow Jo 0T aq Aew Buioeig-X 9xg % Xz Jo yibua ayL

.9~/ 0} pajwi| 8q pjnoys (uoissaidwo
pue uoisua] yioq Bunsisal jo ajqeded aJe eyl siaquiaw
Buioelq reuobelp) Buioe] gxz % Xz Jo yibua fejol ayl

1slfe10ads sainlonns YsSN e Ag ‘peo| [enioe ay) 1o}
paubisap aq pjnoys JapeaH ay} ‘SuonIpuod Iyl | JoH
wnwiuiw Xy — ueds Jo 100} yoea Jo} T 0 yidap

© 3Q p|noys JapeaH ay} ‘1oo}; poom e Buruoddns usypn
MO S! Japeay 9xg 10 yx{7 ‘810j8I8y "Japeay poom e ueyl
Jayns yonuwi si 81n1onJ)s a18Jouod 8y} ‘*2'0 Y 7 uey) alow
ou aJe sjsod pue sge|s 91810u09 19ejul Buiuoddns usypn

:pauoddns Buiag ainyonas ay 0} pasedwod
Japeay ay} Jo ssauyns ay) uo spuadap JopesH e Jo azIs a3yl

9|0S Mojaq gejs Joojy/punolb jo yibuans

9|0S pue JapeaH jo yibuans

(ypbua) wbieH uo paseq) s1sod Jo Aloeded [eanapn
lapeaH uo 1s0d Jo Bureaq ureib 01 Jejnaipuadiad

:Buimoljo} ay) uo puadap swaISAS PoopA Jo yibuails ayl

HLONIHLS ONIHOHS 9NILO3T44V SHOL10VA

SINFLSAS ONIHOHS TVIILd3IA ONILONHLSNOD
3dINDO SNOILVYHIdO ONIHOHS d%SN



US&R SHORING OPERATIONS GUIDE

CONSTRUCTING VERTICAL SHORING SYSTEMS

ESTIMATED TIME TO BUILD SHORES

The following table assumes that one, 6-person Rescue Squad is
used, who has worked together before and has had proper training
in constructing shoring. Also it is assumed that the tools, lumber

and equipment are all laid out ready to go, along with a cutting table

For Pre-Fab Shoring Placed in a Relatively Open Area

Shore Type Pre-fab Time | Install Time
T-Shore 5 -8 min 60 sec

Dbl -T Shore 8 —10 min 90 sec
2-Post Vert 8 — 10 min 90 sec
3-Post Vert N/A See In-place
Laced Post 10 — 12 min 12 — 15 min
Pr, Solid Sole Raker 20 min 12 —15 min
Pr, Split Sole Raker 30 min 15 — 20 min
One Flying Raker 10 min 5 min
Prefab Window Shore 5 -8 min 60 sec

For Builtin Place Shores in a Relatively Open Area

Shore Type Erection Time
2-Post Vert 10 — 12 min
3-Post Vert — 10ft max High 12 — 15 min
Laced Post 25 — 30 min
Crib-2x2 wi4x4 — 3ft High 5-8min
Crib-2x2 wi/4x4 — 6ft High 10 — 16 min
Crib 2x2 w/6x6 — 3ft High 8 — 10 min
Crib 2x2 w/6x6 — 6ft High 10 — 20 min
Window Shore 8 — 10 min
Door Shore 10 — 14 min
Pair, Sloped Floor Shores 20 — 25 min

NOTE for CARRY CONDITIONS

These times Do Not account for moving the pre- assembled shore
into position or moving the material into position for the Built in
Place Shores. That would have to be determined On-Scene at

each event, and each area on the Site. (Carry Distance)

2-3
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

THE SHORING TEAMS

To conduct Shoring Operations safely and efficiently, two separate
Shoring Teams are formed.

1. The Shore Assembly Team — Performs the actual shoring
size-up and construction of the shores.

2. The Cutting Team — Establishes the equipment area and cuts
the shoring lumber.

3. The Shore Assembly Team consists of the following:

a. The Shoring Officer (Rescue Squad Officer) —is in-
charge of the operation and works with the Structures
Spec to determine where to place and erect the shores.

b. The Measure — performs all the measuring required in the
erection of the shoring and relays all measurements and
lumber size to the Layout of the Cutting Team.

c. Shores — clears away debris and obstructions that could
interfere with shore construction. He also assists the
Measure as needed to erect the shores.

4. The Cutting Team

The initial responsibility of the cutting team is to secure an area as
close as possible to the collapse operation to minimize the number
of personnel needed to relay the materials to the shore assembly
team. The assistance of several other personnel may be required
to help expedite the movement of lumber and tools to the collapse
area.

a. The Layout —is in charge of setting up the cutting station
and preparing the materials to be cut.

e Performs all measuring, layout of angle and should be
in direct contact with the shore assembly team
“measure” via portable radio to eliminate mis-
communications on dimensions, etc.

2-5
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

THE SHORING TEAMS (continued)

8.

Cutting Team with a complete Six person Rescue Squad:
a. The Cutting Team Officer (Rescue Squad Officer)
b. The Layout

c. The Feeder — moves and feeds measured and marked
shoring material from the Layout to the Cutter and helps
secure it when being cut.

d. The Cutter
e. Tools and Equipment
f.  Runner — ensures tools, equipment, and shoring materials

are moved from the cutting area to the shoring operation
primary access point.

NOTES for VERTICAL SHORING DIAGRAMS

1.

Maximum Post Heights have been specified as 10-3", 12’-3”,
etc. , and Shore is then limited to next Full Foot in Height

Design Load (Safe Working Load) for Class 1 & 2 Shores is
based on Shore Height. (Not Post Length)

The use of 4x4 & 6x6 Headers is desirable, since this
maintains a relatively stablel to 1 height to width ratio. This
allows the use of one sided connections to headers.

It is desirable to use 2-sided connections at Posts to Sole
Plates at Wedges. The connectors should be 6"x12", Half
Gussets. This is change from the 12"x 12" gusset, and it uses
fewer nails + allows a better view to see Cupped Wedges.

Use of 4x4 Headers for 4ft 0.c. Posts and 6x6 for 5ft 0.c. Posts
is based on supporting Normal Wood Floors and Intact
Concrete Floors. For supporting badly cracked Concrete
Floors, and for shores with larger post spacing, obtain special
design by US&R Structures Specialist.

2-7
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

HOW TO CONSTRUCT THE “T” SPOT SHORE

Determine where Spot Shores should be built in order to
quickly reduce risk. (Prior to building more stable shores).

Determine overall height of area to be shored and remove
least amount of debris required to place shore.

a. The 4x4 post should be 10’-3” max long, so the Total
Height of the shore is not more than 11 feet

Measure and cut header, sole & post (remember to deduct
header, sole and wedge height when cutting post).

Prefabricate header to post by placing the 12"x 127, Full-

Gusset plate on one side, then flip over and place another Full-

Gusset on other side. Nail 5-8d to Post & 8-8d to Header

Place “T” in position, centered under the Load.

Slide sole plate under “T” and tap wedges into position.

Check for straightness plus stability, then tighten wedges.

Install bottom half-gusset and nail 4-8d to post and to sole.

a. Note that a 2 x 4 x 18" cleat may be used, but the 3-16d
nails to post and to sole may tend to split the cleat, and

16d require stronger nailing within the danger zone

Anchor the shore to floor above and sole to floor below, if
practical.
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10.

US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

HOW TO CONSTRUCT THE DOUBLE “T” SHORE

Determine where Shores should be built in order to
quickly reduce risk.

Determine overall height of area to be shored and remove
least amount of debris required to place shore.

a. The 4x4 post should be 11’-3” max long, so the Total
Height of the shore is not more than 12 feet

Measure and cut header, sole & post (remember to deduct
header, sole and wedge height when cutting post).

Prefabricate header to posts by first toe-nailing posts to

header, then placing the 12"x 24", double- gusset plate on one

side, then flip over and place another dbl- gusset on other side.

(Nail 5- 8d ea post, 14-8d to header)

a. One post may be only tacked to header and temporarily
configured on a slope to meet the other post at the bottom,
if needed to provide for easier access

Nail mid-height plywood, dbl-gusset to one side of posts
(8-8d to each post)

Place Double “T” in position, centered under the Load.

a. If one post has been configured on slope for access,
straighten it and complete nailing on Gussets

Slide sole plate under Dbl “T” and tap wedges into position.
Check for straightness plus stability, then tighten wedges.
Install bottom half-gussets and nail 4-8d to ea. post & sole.

Anchor the shore to floor above and sole to floor below, if
practical.

2-11
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

VERTICAL SHORE (continued)

Load from Wood, Steel or Concrete Structure SHOR-1R9 0309
. Header 124 1| ({see below) 7] 3/4"PLYWOOD HALF-GUSSETS
- * AT EA.END OF ALL INTERIOR POSTS

N 6" {1 SIDE MIN. and EACH SIDE AT BOTT.
{except if no vibration/shock will accur)
4-8d TO HEADER/SOLE, 4-8d TO POST

+— 2x6 DIAGONAL BRACES ON OPPOSITE
SIDES OF POSTS. (in X pattern)
- 5-16d EACH END & AT EACH MID POST

5 FULL WIDTH WEDGES, W/KEEPER NAILS
{pair of wedges need to be full or
overdriven or won't bear tight)

DIAG. BRACE IS ALIGNED TO PROVIDE
NAILING TO POST & SOLE +COVER WEDGES
Add Half-Gusset on opp side of diag. [N
brace except for short-term Rescue when
vibration or shock loading will not occur
.~.:|(reduce sole roll-over & wedge pop-out)
N

12" Typ. 4-0" Max.
O.Hang Post Spacing

1
o4

HEIGHT = H

n

2 Sole Plate

Support from firm/sound slab,floor or ground\ MID-POINT BRACE is placed one side
Align posts w/structure or shoring below when 4x4 post is > 8-0" long and
6x6 post is > 120" long

4x4 POST SYSTEM - USE 4X4 SOLE PLATE
HEIGHT=H DESIGN LOAD, EA. POST HEADER SIZE

8.0" 8,000 LB % Use 4x4 min. if place posts directly

'y under floor beams or when supporting
10;0“ 5,000 LB intact/rigid concrete slab or beam.
120 3,500 LB See Structure Specialist for other conditions

6x6 POST SYSTEM - USE 6x6 SOLE PLATE
HEIGHT=H  DESIGN LOAD, EA. POST HEADER SIZE

120" 20,000 LB % Use 6x6 min. if place posts directly
14%0" 14,500 LB under floor beams or when supporting
16-0" 12,000 LB intact/rigid concrete slab or beam.

18-0" 9,000 LB See Structure Specialist for other conditions
200" 7.500 LB

SPECIAL NOTES:

o % = Limited by 660 psi Cross Grain Bearing on Wood.

* Spacing of Posts may be closer than 4ftin order to increase system capacity
and/or align Posts under floor beams or joist.

e Header Size is HIGHLY dependent on ability of The Shored Structure to
bridge between the Shoring Posts. If in doubt check w/Structure Spec.

VALUES GIVEN FOR ALL WOOD SHORES IN THIS TEXT HAVE AN APPROXIMATE FACTOR OF
SAFETY OF 2 TO 1 IF NO. 1 DOUGLAS FIR OR SOUTHERN PINE ARE USED. PIECES SHOULD
BE SELECTED FOR GOOD GRAIN ( MIN. OF 8 RINGS PER INCH, SLOPE OF GRAIN NOT
GREATER THAN 8 TO 1, AND HAVING 1 1/2 INCH OR SMALLER TIGHT KNOTS / 3/4" MAX

LOOSE KNOTS})

2-13
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

HOW TO CONSTRUCT THE VERTICAL SHORE (continued)

Install the posts between the header and sole plate under each
structural element to be supported. 4x4 Posts should be
spaced 4 feet on center, maximum

a. The first two posts are installed 12" from ends of header.

b. Toe-nail each post to header and sole, and keep the posts
in line & plumb with header and sole plate.

Install a set of 2x4 wedges under each post, on top of Sole,
and tap them together simultaneously until the posts are tight. [
Nail behind the wedges to secure them in place.

Attach the diagonal braces to each side of the vertical shore.

a. Mid-point brace, when needed, should be installed prior to
the diagonal braces.

b. The diagonal braces should be long enough to span its
entire length and be attached to the sole plate and header
and each post.

c. If possible, diagonal braces should be installed in a "X"
pattern on opposite sides of the system.

d. Vertical shoring systems which are very long may require
several sets of diagonal braces to connect multiple posts

Attach 6"x 12" half-gusset plates to at least one side of the
header and posts and nail in place if not done previously.

Attach half-gussets to at least one side of the sole plate and
posts and nail in place. Half-gussets should be placed both
sides to confine the wedges in all cases where any type of
vibration or shock loading might occur.

2-15
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

HOW TO CONSTRUCT THE 2-POST VERTICAL SHORE
1. Determine where to erect the 2-Post vertical shore and the

condition of the supporting structure and/or ground.

a. |If practical, this shore should be partially prefabricated,
same as for the Laced Post

b. If using 4x4 posts, space them 4 feet, max on center. 6x6
posts may be 5 feet max on center. If access is limited,
Post Spacing may be reduced to 3 feet o.c.

c. The intent would be to support the damaged structure as
quickly and safely as possible, but be able to later convert
two adjacent, single 2-post vertical shores into a Laced
Post for better stability

2. Measure and cut the posts to the proper height. (remember to
deduct for header, sole & wedges when cutting posts) Also, cut
the mid-brace and diagonals to proper lengths.

a. Header shall have a 12 inch overhang each end
b. Nail the header, posts, mid brace and upper diagonal
together outside the damage zone, if practical. Use half-
gussets at post to header and post to sole
3. Cut the sole and wedges. Sole is same length as header
4. Place 2-Post Shore in position, centered under the Load.
5. Slide sole plate under shore and tap wedges into position.
6. Check for straightness plus stability, then tighten wedges.

7. Install bottom cleats/gussets and nail properly.

8. Anchor the shore to floor above and sole to floor below, if
practical.

2-17
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

Standard Gusset Plates

. 8 - =
*
= »
L All 8d Nails
¢ . . -
»
* % . - -
Full Gusset Half Gusset

12"x 12"x ¥ Ply
(Rakers & T- Shore)
“5and 8in Full
Gusset Plate”

6”"x 12"x ¥4" Ply
(All Vertical Shores)

“Only 8 in Half
Gusset Plate”

Special Gusset Plates

L k=3

- L - L J
L ] * -
- *. »
- -
- L

Double Gusset

12"x 24" x 3" Ply

(Double T- Shore)
14-8d + 2 times 5 -8d

2-19

Triangle Gusset

12"x 12"x %" Ply
cut on diagonal
(Window Shores)
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HOW TO CONSTRUCT A LACED POST SHORE

1.

N o gk

©

10.

11.

12.
13.

US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

Survey area and determine load displacement , based on
structurally unstable elements & clean area to be shored

a. Install temporary, spot shores if required.
Determine the length of the shore.

a. Cutthe header and sole plates 24 inches longer than
length of the shore to allow for 12 inch overhangs.

Nail posts to header with toenails and keep them square.

a. Check by making X measurements (outside top right to
outside bottom left, should be same as outside top left to

outside bottom right)

b. If posts are not straight, set both with bow-out

Nail a half-gusset to one post/header joint, then nail the
midpoint brace in position. Re-check X measurement.

Measure and install the top diagonal.
Fabricate the second section, using first as template
Have the horizontal tie-in braces precut for ease of assembly.

Bring both sections and the sole plates into position and place
the prefabricated units on top of the sole plates.

Install wedges under each post, and check post spacing.
Nail the horizontal braces to the two sections on both sides.

Measure for all the diagonals, and configure in K or parallel
layout, as best works for the situation.

a. Avoid intersecting too many diagonals on a post at a

single location

At the sole plate, make sure the bottom diagonal extends past
the post and nails into the sole plate.

a. Place a half-gusset plate onto the opposite side of this
post and to each side of the other posts at the base.

Anchor the shore to the ceiling and floor, if practical.
Make sure all wedges are snug and the proper nail patterns

were used.
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

SHORES FOR SLOPED FLOORS e CRIBBING e TYPE 4

CENTER OF LOAD
SHOULD BE CONTAINED
WITHIN MIDDLE HALF
OF CRIB WIDTH

SLOPED FLOOR

SHOR-104
GRAVITY LOAD 04/05
BEARING FORCE

AL

SLOPE FORCE OFTEN MUST
BE RESISTED BY FRICTION
(ESPECIALLY IN CONC SLAB)

4x4 OR LARGER

SET EACH PIECE
IN APPROX. 4"

FROM ENDS FOR
BETTER STABILITY

BUILD CRIBBING INTO
LOAD BY ADDING THINNER
PIECES LIKE 1x6 & 2x6
AT NUMEROUS LEVELS

NOTE THAT BOTTOM LAYER
MAY NEED TO BE SOLID IN
ORDER TO SPREAD THE LOAD
[ON SOIL & A.C. PAVING)

FORCE IN CRIB WILL BE
MOSTLY VERTICAL, BUT
THERE WILL BE HORIZ.
FORCES DUE TO THE SLOPE
& DURING AFTERSHOCKS
{CHECK FOR SLIPPING ALL
DURING S.A.R. OPERATION}

NOTE THAT IF GREEN LUMBER
e IS USED, THE CRIB PIECES

/| WILL SHRINK IN TIME. THEY
)] ] WILL NEED TO BE TIGHTENED
[ EVERY FEW DAYS - NOT

\ USUALLY A PROBLEM IN S.AR,

CRIBBING CAN BE MADE
MORE RESISTANT TO HORIZ
FORCES BY NOTCHING 6x
INTO EACH OTHER
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

Determine length and width of shore and post locations.

a. Header overhang is 12 inch max. and sole plate must be
at least 24 inches longer at the base of the back post.

b. If Shore is installed on Soil, a 2x6, flat, should be nailed to
bottom of the Sole with 16d @ 8" o.c.

c. Install the header and sole plates, and anchor header.

Measure, install the two posts, Anchor to header, and drive the
bottoms up tight (wedges may be used between post & bottom
cleat, but they tend to interfere with diagonal bracing

Nail down the bottom cleats with the proper nail patterns.
Posts can usually be driven tight without wedges.

Anchor down the sole plate, as follows:

a. Anchor sole using drilled-in anchors or %" rebar to anchor
to concrete or paving, based on Struct Spec.
recommendations.

b. Alternate sole anchor using Sole Plate Anchor system
shown with Rakers.

Measure for the diagonal braces inside and outside each
section.

Install the 2x6 diagonal braces in position and nail into posts
and header and sole plate.

a. Cleat/Half-Gusset plate the opposite side of the posts, top
and bottom, using the 4 and 4 nail pattern.

b. Need to place Half-Gussets to clear the horizontal and
diagonal braces (to be installed next), or use 2x cleats
instead of gussets.(but cleats w/ 16d are not preferred)

Brace the two sections together, same as in Laced Posts or
Raker Shores (depending on spacing).

a. Do this at both posts to tie the two sections together.

b. You may use a wide piece of 3/4" plywood (12" to 24"
wide) if shore is too short to fit X braces.

Attached to the floor and ceiling. (If possible).
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

Determine length and width of shore and post locations.

a. Header overhang is 12 inches on lower end, but should be
increased to 24 inches at high end. Sole plate should
extend 12 inches beyond each post.

b. Install the header and sole plates, and anchor header.

c. If Shore is installed on Soil, a 2x6, flat, should be nailed to
bottom of the Sole with 16d @ 8" o.c.

Measure, install the two posts and Anchor to header. Make

sure posts are vertical

a. Install one 18 inch cleat for each post on underside of
header with 11-16d nails (should pre-install one or more i
of these cleats on header, when practical, to reduce
nailing in Collapse Zone)

Place wedges in position and only snug up, then place a half-
gusset one side of each post, but only nail to post.

Attached header to ceiling with at least 2 — 1/2” bar or rebar,
embedded at least 3"

Anchor the sole plate, if required, and "pressurize" the wedges.
Measure for the diag. braces inside and outside each section.
Install the 2x6 diagonal braces in position and nail into posts
and header and sole plate.

a. Half-Gusset plate the opposite side of the posts, top and
bottom, and complete the gusset nailing — 4 & 4, 8d.

b. Need to place Half-Gussets to clear the horizontal and
diagonal braces (to be installed next), or use 2x cleats
instead of half-gussets. (cleats w/ 16d are not preferred)

Brace the two sections together, same as in Laced Posts or
Raker Shores (depending on spacing).
a. Do this at both posts to tie the two sections together.

b. You may use a wide piece of 3/4" plywood (12" to 24"
wide) if shore is too short to fit X braces.
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

BRACING BETWEEN PAIRS of SLOPED FLOOR SHORES
(When shores are spaced 8-0" 0.c. maximum.)

2x6

When Sloped Floor Shores are spaced more than 5’-0” but no
more than 8'-0" o.c., brace the two sections together, same as
in Raker Shores.

a. Do this at both posts to tie the two sections together.

b. The 2x6 diagonals should be placed so that one nails to
the vertical posts, and the other nails to the horizontal
braces (just beyond the nailing from horizontal to post.

c. All 2x6 should be nailed with a 5-16d nail pattern.

The diagonals should be internailed with at least 3-16d
where they cross.
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

CONSTRUCT THE WINDOW AND DOOR SHORE (continued)
4. Measure and cut the posts to the proper height.
a. Place the header on top of the sole plate.

b. With the end of the tape measure on top of the header
where the posts are to be installed, slide the tape up to the
bottom of the structural element to be shored on both
sides deducting the width of the wedges to be used.

c. Use the shorter of the two measurements.

5. Install the sole plate with a set of wedges at one end and tap
them together simultaneously until the sole plate is tight.

a. The sole plate should be as level as possible: use shims
as necessary under the sole plate.

6. Install the header with a set of wedges at the opposite end of
the sole plate and tap them together until the header is tight.

a. The header should be as level as possible; use shims as
necessary above the header.

7. Install the posts between the header and sole plate and
against the sides of the opening.

a. Install the first post under the wedge side of the header to
prevent movement if the header wedges loosen.

b. Keep posts in line and plumb with header & sole plate.

Install a wedge set under each post, on top of the sole
plate. Wedges are then tightened to lock shore in place.

8. Attach cleat and triangular-gusset to at least one side of the
header and posts (as shown) and nail in place.

9. Confine the wedges by placing a cleat against the inside face
of each post at the bottom and nail them in place with 3-16d
nails to each post and 2-16d toe nails to the sole plate.

a. Nails may need to be Duplex for future adjustment of the
wedges.

10. Install diagonal braces on the window and door shore when the
opening is not used for access or egress.
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

(ALT« WINDOW & DOOR SHORE )

PRE-CONSTRUCT, PLACE IN OPENING, AND TIGHTEN WEDGES

~

THE HEADER REQUIRES 1 in. OF THICKNESS
FOR EVERY FOOT OF HORIZONTAL OPENING
(Example: 3' opening = min. 4" X 4" Header

g‘IIMS
S . ‘. IF NEEDED
Ne o |
PLYWOOD *
GUSSET SN 2
EACH SIDE WEDGES
ALL CORNERS
POSTS
(4"x4") —1p
MINIMUM

PRE-CONSTRUCT AS BOX-FRAME
AT LEAST 11/2"LESS THAN OPENING
SIZE IN EACH DIRECTION.

ADD WEDGES AT ONE SIDE & BOTTOM
(SHIM TIGHT ABOVE HEADER IF REQ'D)

WEDGES

SOLE PLATE

SHORING PRINCIPLE W
HEADER, POSTS &

SOLE PLATE MUST

BE SAME WIDTH
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

([ VERTIGAL SHORE |

ALTERNATE METHOD - PNEUMATIC STRUTS
: ~—7 Angle Base or

ﬂ {_Channel Base w/nails
iy

6x HEADER] [ "

Airshore or

/ Paratech Struts
Limited by w/Std Rigid or
Minimum // Swivel Bases.

Angle of/ (5"min Square)

Std Rigid or
Swivel Base
with nails

! - 6x SOLE PSHOR2V |

E ) E E (
Need 6x Header and Sole due to width of Std Base
See previous pages, this Sect for notes on Vertical Shores
See Strut Tables in Sect.7 of Struct.Spec FOG for
Recommended Strut Loading, based on Height (Length)

MAX AIR PRESSURE = 50 PSI, SEE WARNING Pg 3-32
HAND TIGHTEN ALL PNEUMATIC STRUTS -SNUG TIGHT
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

([ bBL *r* sHops |

Position the HEADER & SOLE PLATE across the floor
and ceiling joists and align the POST under the joists

Double T is more Stable than T Spot Shore

ALTERNATE METHOD - PNEUMATIC STRUTS

E

= AY
m PSHOR-DT ﬂ

6x or 4x HEADER
3ft long in
Channel Base
with nails

18" to 24" ||

Airshore or
Paratech Struts

. w/Std Rigid
E Channel Base
* |4xor 6x-3ft Sole

T

Use 4x or 6x depending on Width of Channel Base
Note that Channel Bases are not as strong as Gussets

See previous pages in this Section for Notes regarding
Wood Double T Shores

MAX AIR PRESSURE = 50 PSI, SEE WARNING Pg 3-32

HAND TIGHTEN ALL PNEUMATIC STRUTS -SNUG TIGHT
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US&R SHORING OPERATIONS GUIDE

CONSTRUCTING VERTICAL SHORING SYSTEMS

| SLOPED FLOOR SHORE |

|ON EARTH SURFACE |

ALTERNATE METHOD
PNEUMATIC STRUTS

Damaged Sloped Floor
Concrete or Wood 4

Floor slab needs
to be kept from

Struts by Airshore or Paratech with
Std Swivel Bases or 12"sq Base Plates
depending on Soil Strength

See previous pages in this Section,
Wood Sloped Floor Shores for Notes
and Details

MAX AIR PRESSURE = 50 PSI,
HAND TIGHTEN ALL STRUTS -SNUG
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

(ALT« WINDOW & DOOR SHORE |
ALTERNATE METHOD -PNEUMATIC STRUTS

A e o ZA
TR 2 N\l

| 4x or 6x Header|
PSHOR-WD

4x or 6x Sole

Use min. of 2 Airshore or Paratech Struts
Wedges at one end of Header and Sole
See previous pages in this Section, Wood
Window and Door Shores for Notes, etc.
See Strut Tables in Sect.7 of Struct. Spec FOG
for Recommended Strut Loading, based on
Height (Length)

MAX AIR PRESSURE = 50 PSI, SEE Pg 3-32
HAND TIGHTEN ALL STRUTS -SNUG TIGHT
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

INTRODUCTION to SECTION 3

This section contains General Information, Graphics and
Detailed Explanations of how to construct FEMA Horizontal
Shoring —arranged as follows:

How to construct Horizontal Shores
Raker Shore Design Information
How to construct Raker Shores

e  Flying Raker — Spot Shore

e Solid Sole Raker
e  Split Sole Raker
Raker Shore Design Examples
Tiebacks and Alternate Raker Systems
Horizontal & Raker Shoring Systems using Pneumatic Struts

RAKER LENGTH (L) BASED ON INSERTION POINT HEIGHT

Insertion | 45° Raker L | 60° Raker L | 60° Horiz. Dist.
Point, Ft | Inches/ Feet | Inches/Feet | Inches/ Feet
3 51"/ 4-3" 42" | 3- 6" 2171 1-9”

4 68" /5-8" 56" /4'- 8" 28" [ 2’-4”

5 85"/ 7-1" 70"/ 5-10" 35" /211"
6 102" / 8’- 6" 84" /7-0" 42" | 3-6”

7 119”7/ 9-11" 98" /8- 2" 49" [ 4'-1”

8 136"/ 11- 4” 1127/ 9-4” 56" / 4’-8"

9 1537 /12-9” 126"/ 10’- 6" 63" /5-3"
10 170"/ 14’- 2" 140"/ 11- 8" 70"/ 5-10"
1 187"/ 15-7" 154" 1 12-10" | 77"/ 6'-5”
12 204" /17°-0” 168"/ 14’- 0" 84"/ 7’-0”
13 221" /18- 5" 182"/ 15- 2" 91"/ 7-7"
14 238" /19-10" | 196/ 16'- 4" 98” /8’-2"
15 255" 121-3” 210" /17- 6" 1057/ 8'-9”
16 272" | 22’- 8” 224" [ 18- 8” 112"/ 9'-4”
17 289" /24’-1” 238" /19-10" | 119" 9-11”
18 306" / 25'- 6” 252" 121-0" 126"/ 10-6”
19 323"/26’-11" | 266"/ 22'-2" 133”7 11°-1”
20 3407/ 28- 4” 280"/ 23’- 4” 140"/ 11’-8”

3-1
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS
HOW TO CONSTRUCT THE HORIZONTAL SHORE

Measure and cut the wall plates & struts to the proper length.
a. Place both wall plates against the walls.

b. Measure between the wall plates where the struts are to
be installed, deducting the width of the wedges to be used.

Place both wall plates next to each other and attach cleats to
the wall plates just below where the struts will be installed.

Place the wall plates in the area that is to be shored, square
and in line with each other and as plumb as possible by
shimming any void spaces behind the wall plates.

Install the struts between the wall plates. Keep the struts in line
and plumb with the wall plates. -

Install a set of wedges horizontally between the Wall Plate and
each end of each strut and tap them together simultaneously
until the struts are under compression and tight.

a. Secure the wedges by placing the back of a shim on top of
the wedges and nail it to the wall plate or toe-nail the
wedges to the wall plate.

b. May need to be Duplex for future adjustment of wedges.

Attach cleats or half-gusset plates to at least one side of the
wall plates and struts, where aftershocks or vibrations may
occur.

If possible, attach the wall plates to the walls.

Attach the diagonal braces to each side of the horizontal shore
when not used for access or egress.

a. The diagonal braces should be long enough to span entire
length and be attached to both wall plates and each strut.

b. When used, diagonal braces should be installed in a "X"
pattern on opposite sides of the system.

3-3
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

RAKER SHORE — DESIGN INFORMATION

There are three types of Raker Shores that are used in US&R
Incidents to stabilize leaning and/or damaged walls. They are:

a. Flying (or Friction) Rakers are used as temporary, spot
rakers when debris are piled next to the base of the wall

b. Solid Sole, full triangle, Rakers are the most desirable
rakers, and are normally built in groups of 2 or more as
Class 3 (3 dimension) Systems with lateral bracing.

=  They are most appropriately used where hard
surfaces are adjacent to the wall, and there is no
debris pile in the way

=  However they may be used when bearing on soil, if
spreaders (2x6x18” or 2 thickness of plywood) are
placed under the Sole at the intersection of the Raker [

c. Split Sole, full triangle, Rakers are intended to be used
when there is soil adjacent to the wall, and/or there is a
limited amount of debris next to the wall. They , also,
should be built as Class 3 Systems

d. Rakers are normally spaced at 8 feet on center maximum.
However, actual conditions may require closer spacing.

e. NOTE: The nailing of the 2x4x24” Cleat has been
reduced from 17 to 14 -16d nails. The 14 -16d have
adequate strength, and will also reduce splitting.

As with Vertical Shores, Raker Shores may be built in a logical
progression, starting with Flying Raker, Spot Shores to initially
stabilize the wall, followed by a group of Full Triangle Rakers
(Since Full Triangle Rakers are mostly pre-fabricated, they
may be installed w/o first installing Flying Rakers)

a. Lateral Bracing between rakers is normally built using 2x6
horizontals and X-bracing

b. Depending on height of insertion point, rakers may have
mid-bracing to reduce to potential of buckling. In this case
the lateral bracing will have a horizontal placed near the
intersection of mid-brace and raker, and there will be two
rows of X-bracing

3-5



W3IHL N3IMLI8 ONIDVYE TVYILYT HLIM 'TYOW YO OML 4O SINILSAS NI
17INg 39 dTNOHS SIYOHS HINVYH 'NOILVZITIGVLS AYVHOJWIL “TVILINI ¥Od 1d3DX3

¥IIVY @3IXH 4311VD 05TV 24OHS 10dS TVILINI SV ATNO 350
d43Xvd 3TONVIHL T11nd (091 3sN) YIANVY DNIATL

I 3dAl 370S LI1dS ISn 0S1V -
NMOHS SI 3dAl 3170S dI10$ -

SIDdIM M

&y

Ny

SL13INDd B
SIDAIM/M
YOHONY 3705

+
3SvE HONOYL

SL3INoId

$3DA3IM M
dOL sY JWVS

Iva1o xz 9L X9X9
(o XA oy
5L 4310

30OV aIN 9xT
HINVY 9X9'Pxp

SNIF1TI¥Q /M
TIYM OL LHBIL
ALV d 9% vxp

wisped yeu s Uy pgy-¢l
1V¥31> @ITIVN 9XT ‘bXT

Ald INOYd .9 @ PYL
ILVd 9y ‘vX¥

"NIN 7/l SHIAVT-EZ

Y3IAVIUdS AMATd

padde1d Ajpeq s jlem 1 3dA1 Jsyus
12 Jopeasds asn o) pasu Aew =%

SIHOHS Y3aXMvd NI S304dO0d
ONIAVd ‘ANNOYS A8 LSIST¥ 38 NVD ATTVINEON NOILIVIN TYIILYIA-"
SYOHONY % ‘S3IDAIM 'SLVITD HLM 3LV1d 3105 AS HO

‘84N ILIYINOD LSNIVOV SNIHSNd A8 ‘ONNOYD OLNI X201d
1SNYHL SNILLND A8 d3LSIS3Y¥ 38 AVIN NOILDV3IY TVLINOZIYOH

a B9 ow u " u u i x9
Buo| 3411 1980 1 Bupesq juiod plw sABY PNOYS Xy

NOIDTYG HOYF M QIAINOHd S| DNIDVHE pum pue
TVHILYT J¥IHM SLNIOd NIIMLIA HIONIT SII NO SYo0ysIBLE YUY/
ONION3dIa X9 ¥O X¥ 38 AV - JHOHS TVYNOSVIQ ORIy o AJ31 JU0g

T1¥M OL GILIINNOD 34
40 35037 ¥V NO dvid

. OL SQ33IN JYOHS IHL
ONIAQW INOYS DNIATING HO/ANY SIHL LSIS3¥ OL "T1VM 3HL
TI¥M d33X OL SAN3L IDUOH “ZIYOH dn JAOW OL JYOHS 3snvD
L‘; OL SAN3L 3DHO4 T¥IILYIA

80/ 3 Z1-HOHS S3HOHS (d43axvd) TVNOOVIA

(panunu02) NOILYIWNHOANI NDISIA — FHOHS dIMVH

SINFLSAS ONIHOHS 1VH31VT ONILONYLSNOD
3dINDO SNOILVYHIdO ONIHOHS d%SN



US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

DETERMINING RAKER SHORE ANGLE & LENGTH
Any angle between 30 and 60 degrees will work effectively.
a. The lower the angle, the more efficient the raker will be.

The two most common angles used are 45 and 60 degrees. A
60 degree angle is the maximum recommended angle used to
safely erect a raker shore.

a. 24" Cleats w/ 14-16d nails are used with a 45 deg angle,
and a 30” Top Cleat w/ 20-16d is used for 60 deg angle.

Determining the height at which the raker shore needs to
intersect the wall (Insertion Point) will identify the angle to work
best with the available lengths of lumber. A 45 degree angle
raker shore requires longer lumber than a 60 degree Raker.

a. The Insertion Point for a Wood Bldg should be between
the Top of the Floor Joist and 2 feet below that point.

The length of a 45-degree angle raker shore: Height of the
raker shore support point in feet multiplied by 17 will give the
length of the raker, tip to tip, in inches. See Pg 3-1

(8" X 17 =136"or 11'4").

The length of a 60-degree angle raker shore: Height of the
raker shore support point in feet multiplied by 14 will give the
length of the raker, tip to tip, in inches. See Pg 3-1

(8" X14=112"0or 9'4").
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

HOW TO CONSTRUCT FLYING RAKER SHORES
(Prefabricate as much as possible — Less Risk to Erect)

The areas to be supported by Raker Shores should be
considered extremely dangerous. Temporary (Flying) Friction
Raker Shores may need to be erected prior to building more
permanent (Full Triangle) Fixed Raker shoring systems

a.

Determine where to erect the Raker Shores and the height
of its support points. Determine height of Insertion Point

Flying Rakers can be erected against the wall without
removing the Debris that may be piled up against it.

a.

b.

They may be used as single Spot Shores, or may be built
in pairs with horizontal & X bracing added between pairs.

Flying Rakers should be prefabricated, fit into their U-
Channel or Trough Base, Wedged and/or Shimmed, and
then attached to the wall with drill-ins.

In some cases the drill-ins may be omitted if the top of the

Wall Plate can bear against a protrusion in brick/conc wall
or

At brick/conc wall, Raker may be built at one edge of a

window, with a single or double 2x4 (24” min w/14-16d)

pre-nailed to the Wall Plate so it will bear on the bottom of

window header (Only if header is not badly cracked)

In order to pre-fabricate, Cut Raker, Wall Plate and Bottom
Brace to proper length, and perform angle cuts on Raker

a.

b.

Layout Wall Plate, Raker and Bottom Brace at selected
angle, and toe-nail Raker to Wall Plate

Nail-on Top Cleat, then gusset to one side of this joint
Nail one-Bottom Brace to Wall Plate in position to clear
debris, but only tack-nail it to Raker

Turn shore over and nail-on other gusset plus other
Bottom Brace (nailed to Wall Plate, tack to Raker)

Dig-in U-Channel (or anchor Trough), then carry the partly
assembled Raker into place. Snug-up the Wedges, and
complete the nailing of Bottom Brace to Raker

a.

Make whatever connection to wall that is selected, as
indicated above, and retighten the Wedges

3-9
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

HOW TO CONSTRUCT SOLID SOLE RAKER SHORES
(Prefabricate as much as possible — Less Risk to Erect)

Determine where to erect the raker shores and the height of its
support points. Determine height of Insertion Point

a. After initial temporary shoring has been installed as
needed, clear the area of debris.

b. For each raker clear three feet wide and at least the height
of the support point out from the wall.

Select angle of Raker, then measure and cut the Wall Plate,
Sole Plate and Raker to the proper length.

from where the raker intersects them to allow for the
Cleats to be nailed.

a. Sole plate and Wall Plate must extend at least 24 inches -

b. Both ends of the raker to be angle-cut with 1% " return
cuts for full contact with the wall plate, top cleat, sole plate,
and wedges.

Pre-fabricate Wall Plate, Raker and Sole

a. Toenail Sole to base of Wall Plate, square inside to 90deg,
and secure with bottom, full- gusset plate on one side

b. Layout Raker at selected angle, intersection with Wall
Plate and Sole. Install Top Cleat and nail on gusset one
side of this top joint

c. Nail one Sole Gusset to Raker, but not to Sole at this time,
since Raker may need adjusting when moved to wall.

d. Mark Sole for approximate position of Bottom Cleat,
allowing for Wedges

e. Flip Raker Shore over and nail gussets on opposite side,
but remember to nail the Raker to Sole Gusset, to Raker
only, not to Sole to allow for later adjustment

3-11
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

b. To attach the wall plate directly to a wood framed wall.

= A minimum of two 1/2" lag screws should be placed
through the wall plate directly into the wall studs.

=  When plywood backing material is attached to the
wall plate, use at least 8-16d nails through the
backing material into wall studs, each side of Raker

c. Another method is to attach an engineered ledger (2x6
minimum) to the wall above the wall plate.

Attach Mid Point Braces (required if 4x4 Raker is longer than
11 feet and/or 6x6 Raker is longer than 16 feet)

a. One 2x6 are nailed to both sides of the Wall Plate/Sole
Plate connection and mid-point on the Raker. (if 2x6 is
not available, 2x4 may be used)

Attach Horizontal Braces

a. Connect Raker shores together near the top and bottom of
the Raker with at least 2x6 size material, or two 2x4s.

b. For Insertion Point greater than 8 feet, a Horizontal Brace
shall be placed at mid-point of the Raker, right where the
Mid-Point Braces intersect

c. Horiz braces may be butt-spliced at center of any raker.
Use 3-16d ea end plus half-gusset with 4-8d ea side splice

Attach X or V Braces

a. All Raker shore systems must be connected with either X
or V bracing near the top and bottom of the Raker
between at least two Raker shores with 2x4 or 2x6.

b. Attach the first brace to the Rakers near the top and
bottom between the upper and lower horizontal braces.

c. Attach the second brace to the upper and lower
horizontal braces near the Rakers.

3-13
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

( RAXER spons OH-16%09

( BRACES & BACKING MATERIAL )

OPTIONAL PLYWOOD
BACKING MATERIAL HORIZONTAL BRACES

Minimum of 3/4" or two!
( ) ALTERNATE-1 BUTT SPLICE AT CENTER OF RAKER

sheets of 1/2" plywood TWOo
nailed toegther and to the S XE X A *3-16d EA PIECE TO RAKER
=COVER SPLICE W/ HALF-GUSSET
E

back of the wall plate or sole
with 16d @ 6".c. SHEETS 4-8d TO EACH HORIZ BRAC|

Nail backing to wood wall with
8-16d each side of raker

ALTERNATE-2

ONE .
4'X 4 X 3/4"
SHEET Middle
Horizontai
. M Brace
. it raker
2" X 8", 10° > 11" long
under sole plate, | for 4X4
ALTERNATE-3 > 16' long
- for6X6
2" X LUMBER .
. o A3,
the wall plate or sole 4l B T\','
with 16d@6".c. and y o L
to wood wall, 8-16d ¢ SPLICE
each_side_raker £ {where
/ needed) o

X 8' MAXIMUM
BRACES BETWEEN
RAKER SHORES

3-15
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

HOW TO CONSTRUCT SPLIT SOLE RAKER SHORES
1. Determine where to erect the Raker Shores and the height of
its support points. Determine height of Insertion Point

a. After initial temporary shoring has been installed as
needed, clear the area of debris.

b. For each Raker clear three feet wide and at least the
height of the support point out from the wall.
2. Select angle of Raker, then measure and cut the Wall Plate,
Raker, and Bottom Brace to the proper length.

a. If thereis rubble next to wall, Wall plate will not extend to
the ground, and Bottom Brace should be attached 6” from
bottom of Wall Plate, and slope down to Base

b. Raker angle should be 60 deg if U-Channel Base is used,
but may be 45 or 60 deg if Trough Base is used

c. If Trough Base is used, both ends of the Raker to be
angle-cut with 1%z " return cuts for full contact with the wall
plate, top cleat, and Trough Cleat

d. For U-Channel Base, one end of Raker will be angle cut.

3. In order to pre-fabricate, Cut Raker, Wall Plate and Bottom
Brace to proper length, and perform angle cuts on Raker

a. LayoutWall Plate, Raker and Bottom Brace at selected
angle, and toe-nail Raker to Wall Plate

Nail-on Top Cleat, then gusset to one side of this joint
Nail one-Bottom Brace to Wall Plate, 12” from bottom, or
in position to clear debris, but only tack-nail it to Raker

d. Turn shore over and nail-on other gusset plus other
Bottom Brace to Wall Plate

e. Tack-nail Bottom Braces to Raker, so it can be moved into
place at the wall.
= |f there is rubble against the wall the Bottom Brace

should slope down from the wall to the Raker Base,
and intersect as close to the Base as possible

3-17
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

RAKER SHORE CONNECTIONS SHOR -158 06/08

112t
N Add ply gusset each side. 7
24"cleat ,14-16d at 45° 1 5-8d to Raker ea side o ' |
30"cleat, 20-16d at 60° ‘]I 8-8d to Wall Plate ea side far]
in five pattern,shown
{if 2x tends to split,
pre-drill nail holes
w/8/32"bit) 60°
NAILED TOP RAKER END CUT
3-2x6x18;,|2-16d each
2x4 or 4x4 wedges or ayers
(if required) ¢ ST 3/4 x18" sq. plywood,
internailed with 8de8"
U channel made from | ea way, then 3-16d to 4x4
4x4x18"with 12'x 3/4x 12" /
plywd gusset ea side
13-8d ea gusset (5&8) %\
\ add picket for U-gruasnnEI
¥ n S
uplift force 18" square D) \
use compacted soil Wood Foot_ )

for additional adjustment

Raker w/ end cut

Add 18" square Wood Foot

2x4x18" 5-16d ea side {same as under U-Channel) _
5-16d to bottom under Trough at Raker
place flush with end \ A if on Soil
Picket
ea sideﬁt‘
B stability o i
. [ e
2x6x36" each side of
2x4x36" 7-16d ea.side SOLE ANCHOR Wedges

2x4 are best
4x4 are OK

{many alternatives)
TROUGH DETAIL 6x6x48" is shown

Use 4-1x48"Pickets into soil
or 2-Pickets into Paving at ea.Raker
DETAILS at TROUGH BASE ]
Preferred Base at Split Sole & Flying Rakers. No need for digging

FABRICATION AND ERECTION

@® ALL RAKERS SHOULD BE FABRICATED IN AN AREA AWAY FROM A DAMAGED
MASONRY WALL, SINCE AFTERSHOCK COULD CAUSE COLLAPSE

@ AFTER FABRICATION, THE RAKERS NEED TO BE CARRIED OR WALKED TO THE
WALL, AND ADJUSTED FOR TIGHT FIT.

3-19
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

RAKER

(

SFORE

(CLEATS, CUTS & ANCHORS)

0/H-17 09
06/08

(

\
TOP & BOTTOM CLEAT
Raker at 45 Degrees or Less
4" X 4" 6" X 6"
Raker 2"to0 end Raker
N
|| oo
" . %
5" Typical ol
ea 5-nail ¢,
. .
group tes
2" X 4" X 24" 2" X 6" X 24"
(14 -16d nails) (20-16d nails)
\ -

B
TOP CLEAT ONLY {Bottom same as 45°)

Raker at 60 Degrees

4" X 4" Raker 6" X 6" Raker
5"at end ved
L] .
I
5" Typical Tes
ea 5-nail xRS
group : . M
%
2" X 4" X 30" 2"X6"X 30"

(20 -16d nails) (29-16d nails)

HOW TO CUT THE TOP & BOTTOM ENDS OF THE RAKER

\.

6" X 6" -5 1/2"= (45°) -9"= (60°) J

6" X 6" -5 1/2"= (45°) -3"= (30°)°

TOP END R BOTTOM END
s @— STEP 2: -1 172" STEP 2: -1 172" — P
D"+, (from the cut side) (from the cut side) -
[a5°is0°] 259 130
STEP 1:4" X 4" 3 1/2°= (45°) 6"= (60°) || 4" X 4" -3 1/2"= 457) -2"= (30°). oyep 4

HOW TO ANCHOR THE WALL PLATE & SOLE PLATE OF A RAKER SHORE
(Many alternatives are shown - need only one type at Wall and at Sole)

WASHERS
{five-3" on)
each side :
CONCRETE| | s

( CONCRETE & MASONRY ANCHOR

ONLY PLATE

NAIL CHANNEL or ANGLE @ X 4"

BACKING BRACKETS (Minimum of two) minimum

MATERIAL (12"long with two) OR 172 drill-in anchors, or curb

16dat 6"o.c. 1/2" drill anchors lag screws or rebar OR

ta%:vgglglate on each side Long Anchor

Ty Plate with
Ssigig?ni?h several steel

studs or 2" X LUMBER or pickets or

2nd floor METAL BRACKET Rebal: for

woOoD ANCHORS multiple
FRAME raker shores

ONLY

POWDER
CHARGE
PINS w/

ONLY

3-21
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

( CUTTING TABLE & JIG ]

4'X 8' SHEET OF
3/4" PLYWOOD
(raise off ground)
32°- 36"
(ALT.4'X4' SHT OK)

WITH 8'LONG SHEET
CAN CUT FROM BOTH

FEED LUMBER FROM THIS END

AREA TO*
SECURE & CUT
WIDER LUMBER

*

5 3/4"
GAP

*

3 3/4"
GAP

13/4"
GAP

OH-19R 08/06

—3' MARK

—30"MARK

— 18" MARK

— 1" MARK

CUT LUMBER

31/2"
SPACE

FROM THIS
-4 END

Maximum Spread for Wedges with Full Surface Contact
(Wedges must be connected cut side to cut side)

4x4
Post

4x4

" 4x4x18"
| 1 i. Wedges

Post

51/2||
Max.

3-23
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

RAKER SHORES — EXAMPLE DESIGNS

FULL HEIGHT RAKER ¢SPLIT SOLE TYPE SHOR-17:

7 4x4x20FT/16FT WALL PLATE 06/08

»~ 2x4x30" NAILED CLEAT, 20-16d <_
o
Tn] . Axdx20FT/I6FT RAKER SHORE L2/ f#er o %5

PLYWOOD GUSSET EA SIDE AT TOP

218"
-2

N

1

=
s

LATERAL BRACING IS REQUIRED AT MID-HEIGHT OF

4x4 OVER 11FT LONG TO REDUCE L/D TO ABOUT 35

IT IS ALSO REQD NEAR TOP & BOTT. OF RAKER ALONG
WITH DIAG. BRACING TO COMPLETE SYSTEM.

174"
13-10"

DOUBLE 2x6, BOTTOM BRACE PLACED JUST ABOVE
GROUND LEVEL AND RAKER BEARS ON SOLE PLATE
(for this system on pavement or hard ground, one
needs to use the Trough Base & Sole Anchor}

WHEN RAKER IS FABRICATED AWAY FROM

WALL, SOME FINAL ADJUSTMENT MAY NEED

TO BE DONE AT THIS JOINT (duplex nails)
WEDGES, U-CHANNEL + FOOT,

or TROUGH BASE & SOLE ANCHOR (Preferred)

201t System welghs 270 lbs *
8‘ 0" 16FT SYS 767t System welghs 220 /bs *

60°is sh t height and h
force nta. ol Thi i+ referses c::ﬁg"grr': sZ.'u'z RAKER ELEVATION

due to it's weaker resistance to horiz. thrust

2x6 EA SIDE
5-16d EA END

20FT SYSTEM
16FT SYSTEM

|

rd— RAKERS @ 8ft %X MAX O.C.
[_] DEPENDING ON WALL—;h

yd

2X6 HORIZ. BRACES
5-16d EACH RAKER
or 22x4, 3-16d ea end

{Iéd @g"TYP

s ST 0% K 115*%
TZXG DIAG. BRACES
5-16d EA END * If raker spacing
(i’s i‘z\';' 4'0;7‘;'(54;'55:3 needs to bef evgended
+ to 9 or 101t due to
depending on need for window location, etc.
access. use m:fn)one need to add x4 flat
Voor X ea 40ft to 2x6 horiz brace.
Due to L/D Ratio

= N -: )}

GROUND LEVEL
RAKER BRACING ELEVATION

3-25
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

RAKER SHORE ALTERNATIVES

PNEUMATIC STRUTS AS RAKERS

=Y
SHOR-16F et

SE
X h%

SPECIAL RAIL

SPECIAL
CONNECTION
- & BASE PL
I/ TYPICAL
| STRUTS
o
=
STEEL ANGLE
WOOD ANCH PLATE
® INDIVDUAL RAKERS CAN BE CONFIGURED
FROM TWO STRUTS (UP TO 16FT LONG) +
A SPECIAL RAIL WITH CONNECTION HOLES

® MANUFACTURED BASE PLATE CAN BE
CONNECTED TO PAVING THRU EXISTING
HOLES USING STEEL BARS/DRILL-INS. +
STEEL ANGLE CAN BE ADDED UNDER BASE
PLATE TO PROVIDE SURFACE TO BEAR ON
TYPICAL WOOD SOLE PLATE ANCHOR

® THESE CAN BE MADE INTO SYSTEM USING
TWO OR MORE RAKERS, INTERCONNECTED
WITH HORIZONTAL + DIAGONAL 2x6 WOOD
BRACING CONNECTED TO MANUFACTURED
CLIPS (THAT HAVE WOOD NAILERS)

® RAKER RAILS NEED TO BE PINNED TO
WALL AS W/TYP RAKERS. THESE CAN
PROVIDE A QUICKLY PLACED, INITIAL
SYSTEM TO BE FOLLOWED WITH STD.
WOOD RAKER SYSTEM

® HAND TIGHTEN ALL PNEUMATIC STRUTS
USING AIR HAS CAUSED INJURY
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

WALL TIE-BACK BRACING

~ PARAPET & PART OF

| UPPER STORS WALL 4

| HAVE FALLEN BK___

(e
|
|
i

%—)

1-1A & STRONA
BACK W/CABLE

| TIEBACKS BETIWN

NN \\@:}

N

7

LY

4 STORY U.R.M. BUILDING

® THIS SYSTEM COULD BE USED TO KEEP A HAZARDOUS WALL FROM
FALLING ON RESCUE OPERATIONS WHERE THE WALL IS TOO HIGH TO

USE RAKER SHORES

® THE STRONG-BACKS COULD BE MADE FROM 4x4, 4x6, OR 2-2x6.
® THE STRONG-BACKS SHOULD EXTEND FROM FLOOR TO FLOOR IN

/

4+

- BFTXGFT
WINDOWS
&loFTo.c.

17" UIRM

|12'-0" &TeRrR~ HEIAHT

%

WINDOW SECTION

ORDER TO HAVE THE FLOOR PLANES TO PULL AGAINST.
o THE TIE-BACKS COULD BE MADE FROM UTILITY ROPE, CABLE, OR

EVEN LONG PIECES OF 2x4 THAT WERE TIED TOGETHER. THEY
COULD BE EXTENDED ACROSS THE BUILDING TO THE OPPOSITE
WALL OR BE CONNECTED TO FLOOR BEAMS OR COLUMNS.
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

([ RAKER SHORE |

ALTERNATE METHOD -PNEUMATIC STRUTS
Airshore or Paratech
|

Struts with Special Rail
as Wall Plate. Note that
Wall Plate is connected
to wall with min. of

2 -1/2" anchors

2 x6 Bracing
5-16d ea end
(no nail on nail)

| - Sole Anch
Special Base Plate, with Steel
Bearing Angle, and Pickets
Connections by

Strut Manufacturers PSHOR-RN

See previous pages in this Section for Notes on
Wood Raker Systems inc. Wall and Sole Anchors

See Strut Tables,Sect 7, Structures Spec FOG for
Recommended Load on Pairs of Braced Rakers,
based on Height of Insertion Point ,
HAND TIGHTEN STRUTS USED AS RAKERS-NO AIR

3-31



ce-€

41V ON-SYINVY SV d3sn SLNYLS NILHDIL ANVH
‘wa3shs Jo Aypeded adnpal jou sI0p Ing
dqgny Jedd> 0} } SMO|E INJIS wollog padols
julod uolIdsu] Jo YBISH uo paseq

's1a)ey padelg JO slied UO PeOT PIPUIWWOIDY
10} D04 »3d§ s8in3dNu3S ‘£ 1095 sd|qeL INIIS 93§
Jainidejnuew nils
Aq suondauuod

F pue‘sbuy Buleag
&'91e|d aseg |e1dads

ubisaq aie|d aseq
SN uo spuadapiy
adoj|s jo aaubag

91e|d Iseg 03
$329UUOD |[135 1Ng

sado|s 1n1ls (9]0S)
wo3jog 1eyy 310N

S10Y2UV,7/1-Z “ '
yim jjem 01} N (i
Pa13uu0> si 31ed [|eMm | ¥

AY-SOHSd
S1INYLS JILVIANIN - AOHLIWN JLVNHILTV
( 3ovua WoLlo8 a3dols HLM )

EEEEEE)

SINFLSAS ONIHOHS 1VH31VT ONILONYLSNOD
3dINDO SNOILVYHIdO ONIHOHS d%SN



US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

(FLYING RAKER SHORE]
ALTERNATE METHO -PNEUMATIC STRUTS

This Raker needs special
horizontal Brace/Strut
with special connections

Conn. Wall Plate to wall
w/min. of 1-1/2"anchor

2x6 Diag & Horiz.Bracg

5-16d ea. end into

sg .special nailers on

Y Struts by Mfrs
N

05
[\

Need Dbl "X'Brac'g
to add support
\ where Horiz.
Strut/Brace
7\ connects to

Sole Anchor
with Steel
Pickets

Special Base Plate,
Bearing Angle, and
Connections by
Strut Manufacturer
See previous pages in this Sect.for Notes on Wood
Flying Rakers. These Rakers are weaker than Full-Ht
Rakers, but may be useful as Initial, Spot Rakers

There are No Recommended Values for Flying Rakers
in the Strut Tables, Sect.7, Struct. Spec FOG. Flying
Raker strength may be less than for Full Triangle
Rakers, depending on the condition of the Wall

HAND TIGHTEN ALL STRUTS USED AS RAKERS-NO AIR
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US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

INTRODUCTION to SECTION 4

This section contains Frequently Asked Questions and their
Answers for FEMA US&R Shoring, a Glossary of Building &
Engineering Terms, plus some Engineering Tables.

The FAQ are arranged as follows: Page
. Headers 4-2
. Posts 4-3
. Laced Posts 4-4
. Cribbing & Window Shores 4-5
. Nails 4-6
. Raker Shores 4-8
. Diagonal Bracing 4-10
. Lumber Grade Adjustments 4-11
. Shoring Construction Sequence 4-13

The Glossary of Terms is arranged alphabetically, starting
on Page 4-15 and ending on page 4-23

The following useful Engineering Tables are shown:

Table: Page
e Intro to Useful Tables — Crane & Rigging 4-24
e Rigging Safe Working Loads 4-25
e Crane Stability — Tipping & Safety Factors 4-25
e  Wire Rope Slings Capacities 4-27
e  Sling Information 4-28
e  Wire Rope Discard Conditions 4-29
e Wire Rope Inspection and Replacement 4-30
e  Wire Rope Terminations 4-31
e  Crosby Clip Installation 4-32
e  Synthetic Sling Information 4-33
e Hoist Rings & Eye Nuts 4-34
e Wedge Anchor Allowable Loads 4-35
e  Concrete Screw Information 4-36
e Airshore Struts and Rakers — Design Strength 4-37
e Paratech Struts and Rakers — Design Strength 4-39
e Crane Hand Signal 4-42
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US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

POSTS

Question P-1 If only 2x4, 2x6, 2x8 and 4x4 are available, how to
create a 6x6 or 8x8 post?

Ans. P-1a To construct a 6x6 one may use the following:
Build-up 4-2x6 to form a 572" x 6" net post. Inter-nail with
16d@8"o.c. staggered plus add 2" carriage bolt 6" from
each end and 3ft o.c. As alternate to the bolts add 6"x %"
x 12" plywood gussets on 6" faces at same spacing

As a less desirable option, add 2x6 to side of 4x4, plus
2x4 +'%2" plywood fill to adjacent side. Inter-nail with
16d@8"o.c.

Ans. P-1b To construct an 8x8 one may use the following:
Build-up 5-2x8 and inter-nail with 16d@8" o.c., plus add
2" carriage bolt 6" from each end and 3ft o.c. As alternate
to the bolts add 6"x %" x 12" plywood gussets on 8" faces
at same spacing

or
Build-up 4-4x4 to from a 7"x7" net post. Place 12" long x n

%" plywood gussets on all 4 sides at top and bottom, plus
3ft max. o.c. Nail each gusset to each 4x4 with 8d in 5-nail
pattern

Question P-2 What to do if post spacing is not exactly as
shown in FOG?

Ans. P-2 Most types of shores that we build have posts spaced at
between 30" and 4ft o.c. and headers should be sized accordingly
(as indicated in Ans. H1 through H3). The total capacity of the posts
should always be more than the total load. Remember that the
capacity of a 4x4x8ft high post is 8000lb and a 6x6x12ft high post
is 20,000Ib.

e If the post spacing is more than 5ft o.c. the header size should
be increased, or the capacity should be decreased. Decrease
capacity 10% for a 6" increase in post spacing , and 25% for a
1ft increase in spacing.

4-3
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US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

CRIBBING

Question CB-1 Maximum height to width ratio is specified as 3
to 1in the Shoring Training (SCT, Mod 2) and 2 to 1 in Lifting
and Moving Training (SCT Mod4), which is correct?

Ans.CB-1 Actually, both are correct. For normal shoring where
Cribbing is constructed to support a damaged structure the 3 to 1
ratio may be used, assuming that the Crib is being loaded, more or
less, uniformly.

e When Cribbing is being used in a “Lift a little and Crib a little”

application the 2 to 1 ratio is more appropriate due to the more
dynamic nature of the potential loading.

WINDOW SHORES

Question W-1 Why do we need to provide wedges in both
Horizontal and Vertical directions for these shores?

Ans.W-1 The need for the wedges in the Vertical direction is easily
understood. The wedges that bear on the Sides of the openings at
top and bottom are very important is situations where the Openings
will tend to Rack or Bulge, such as Earthquakes, and the Window
Shore should be strongly "X" braced in this case.

4-5
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US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

NAILS (continued)

Question N-4 What nailing should be used if Doug. Fir or
Southern Pine lumber is unavailable?

Ans.N-4 As previously discussed, the nail strength value is
approximately based on the density of wood, therefore reduce all
nail values for the following:

e For Hem-Fir and Spruce-Pine-Fir reduce strength by 15%

e For Eastern Softwoods, Western Cedar & Western Woods
reduce strength by 25%

This means that one should, accordingly, reduce the capacity of
shoring, built using these species. However, for Raker Shores,
since the strength is effectively based on the Cleat nailing or the
Picket/Soil strength, one may add 3-nails to the 17-nail pattern
when using species with either 15% or 25% strength reduction
species.

Question N-5 What nailing should be used to connect rough
cut 2x lumber, that is a full 2" thick?

Ans.N-5 In order to obtain adequate embedment, one should use

20d box nails instead of 16d. The 20 box nail has about 90% the
strength of 16d common and same as the 16d cooler.

4-7



8-v

‘a|qissod se aseq [puueyd-n ay} jo doy ayj o}

Jeau se Jayey a8y} J0asiajul 0} umop padols aq pjnoys aoelg wopog
8y} ‘aiojaiay] "punoI9 auyj Je INQ ) 4O Pue Jexey 8y} pusaq

0} Aouapusa] e S| a1y} ‘|ejuoziioy e se palnbyuod si aoelg wopog
By} UsyA ‘llem pabewep ayj Jo 8seq 8y} 1B punoy aJe sLIgap Usym
[njosn aJe Ing ‘Joxey Jo adA} 1sayeam ay) si ey BulA|4 ¢-y suy

¢iayey (uonorig
10) Buif|4 ay} jo uoneinbyyuod 3saq ayj si JeYp £-3 uonsand

"JOUIOD 8Y) WU g 0} Ui Wolj peoeds aq Aew
Joyey 1s41} sy} ‘ebewep o)l 9ABY SISUIOD [[em USUA dZ-Y "Suy

*JUI0D 9y} Jeau uonoalp
yoea U| sieyey aiow Jo auo aoe|d 0} paau Aew auo ased siyj U]
"J9UI0D 9y} woly |ey 0} Aiuosew jo abpam able| e mojle 0} spus} jey}
A\, B wioy} 0] Jeadde 1ey) syoelo [euobeip abie| aney Aew siauioo
INYN sesed Auew ul os|y "9|qissod Se Jaulod 8y} Jeau Se Jayey
1841 8y} 92e(d 0} ajedoidde aq pjnom J1 ‘paxoeld A|peq si Jauioo
[EM 8U} J| “|[BM BU} JO UOHIPUOD BY} UO Spusdap SIy| BZ-Y "suy

éiaui0o
8y} woly paseds aq Jayey e pjnoys Jey MOH Z-y uolsanp

"}Jo9} g Uey)} aJow paodeds aq

JOU p|Noys saloys Jaxey ased Aue u| ‘Buioeds palinbal ayy Ajoads
pue ‘uoneniis ay} alenjeAd 0} payse aq pinoys jsijeloads ainjonig
V 9240} [ejuoziIoy sq|00sg e Hoddns o) paubisap aJe siexey

8|08 }|dS pue 8|0g pijog "papoddns Buleq |lem 8y} J0 UORIPUOD
pue ybiam ‘Jybiay ay) uo paseq aq pjnoys Buioeds ay] -y suy

ésaloys
Jayey Joj Buioeds ajedoidde 3sow ayj st Jeypp L-y uonsanp

STAUOHS ¥INVY

S379VL ONINIIANIONT ® ‘SIWHIL Jo ANVSSOT9 ‘OVA
3AINO SNOILVYIdO ONRIOHS d?sn



US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

RAKER SHORES (continued)

Question R-4 When should one use a 30 degree Raker?

Ans. R-4 The 30 degree Raker is the most efficient Raker, since
the flatter angle allows the horizontal resistance to be 86% of the
Raker Force, and the Vertical lift is only 50% of the Raker Force.
However, access, and height of insertion point may not allow the 30
degree configuration to be easily constructed.

e Also it takes a longer Raker to reach the same insertion point
as for 45 & 60 degree Rakers

e 30 degree Rakers should be used when bracing the One-Sided
Trench (if possible)

Question R-5 How should one cut the ends of the Raker when
construction a 60 degree Raker when the wall plate has been n
notched out as per instructions?

ANS. R-5 The 1” notch is no longer recommended for 60 degree
Rakers. Use a 30” cleat with 20-16d nails for a 4x4 Raker System

4-9
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US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

LUMBER GRADE

Question L-1 What adjustments are needed if Douglas Fir or
Southern Yellow Pine timber is not available?

(Applies to Vertical and Laced Post shores, Cribbing, Sloped Floor
and Raker shores)

Ans. L-1 Lumber strength and nail strength values , in general, are
based on the density of the wood species. The following reduction
in strength values should be used:

e For Hem-Fir and Spruce-Pine-Fir, reduce strength by 15%

e For Eastern Softwoods, Western Cedar & Western Woods,

reduce strength by 25%

This means that the capacity of the shoring should be reduced
proportionally or the post spacing should be reduced proportionally
Example: for 15% reduction in post spacing, 4ft would become 3’ -
6". For 25% reduction, 4ft would become 3ft

Question L-2 What is strength reduction if pressure treated
lumber is used? (may be called CCA, Wolmanized, n
NatureWood, Natural Select )

Ans. L-2a Most all commercially treated sawn lumber that has
been treated with a “Preservative” to reduce its susceptibility to
insects and decay, has been embedded with some sort of Copper-
based preservative or with Creosote. Chromated Copper Arsenate
(CCA) has been the most common for sawn lumber, but due to
environmental concerns, other Copper based preservatives are
being introduced.

Ans. L-2b No “Significant” reduction in wood strength occurs due
to treatment using Copper based compounds. However, most
pressure treated sawn lumber will be sold in a “Dry” condition which
makes it more susceptible to splitting caused by nailing. Also some
treated wood may be split and or warped.

One should use a “Common Sense” approach and avoid badly split
or warped wood, especially for critical parts of shoring like Raker
Cleats and the Diagonals in Laced Post Systems
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US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

PREFERRED SHORE CONSTRUCTION SEQUENCE

Shoring during long-term incidents should be constructed with as
much prefabrication as practical, and in a sequence that provided
an increasingly safer rescue environment.

However, there will be many incidents that have a relatively short
duration, and may only require spot shores and/or 2 and 3 post
vertical shores. In these and other cases it also may not be
practical to prefabricate the shoring.

The “Preferred Sequence” that is suggested here, should be
followed, only if it is practical, as in a damaged concrete structure
that requires a prolonged shoring operation.

e Vertical Shoring should begin with the installation of spot
shores, such as a Tee Shore, Double Tee Shore, Pneumatic
Struts or a single post.

- These may be called Class 1 Shores (one dimensional).
- Class 1 shores are intended to quickly reduce risk, for a

short period of time. n
- The Double Tee is actually more like a Class 2 Shore.

e If the Rescue Scenario is prolonged, then one should further
reduce risk by installing 2-Post Vertical Shores (or single
Sloped Floor Shores)

- The 2-Post Vertical is just half of a Laced Post, and can be
partly prefabricated, and quickly carried into place.

- These may be Class 2 Shores (two dimensional)

- Vertical Shores with 3 or more posts are difficult to
prefabricate and to develop into a full 3-Dimensional
Systems. However they may be very useful in providing
continuous support under damaged beams or a series of
broken wood, floor joist.

4-13



14514
"wis)sAs a8y Jo Aljigels ay) anoidwi 0) pajjelsul aoeiq
Wiod-piw e aABY UeD ABy) OSs|e ‘padelq SS0J0 8( O} sieyey
JO Jled B MOJ|[e Jey} S|ge|ieAe aie SWISAS 1N4)S onewnaud

‘pojo|dwiod sI WoISAS Joyey [eul) 8y} Jaye paAowal pue
‘JOA0 }INg 8q Aew }I 0S ‘SWISISAS [euld 8Y} Uey} Jojews
S| WoISAg Jaxey Asesodwa) ay) Jey) ains ayew o0} uejdaid

‘wBlsAg Jaxey Asesodws) ‘lenul sy}
se pasn aq Aew SWo}SAS J0 WISISAS Joyey ‘InJiS dljewnaud v

"a|qissod se yonw se psjeoligejeid aq pjnoys siexey |V

‘llem paBewep sy} jo YiBus| [N} 8y} pusixe
1ey) sioyey Jo sales ainus ue AQ pamojjoy 8q pinod SIy L

"wiay) ussmiaq
Buioeiq X UM ‘1sdi) oY) Yum palied ag pjnoo Jayjoue usy |

"e0e|d 0)JUl PEAOW pUE }|ING 8F P|NOM JSYeY 8uo 1Sl

uoissaJlbold Jejiwis e Buisn pajjeisul 8q pinoys saioys sJoyey

"sloyouy 9|0S ayey O} Jejiwis
SoI|qWaSSE JO S}|0q Joyoue Buisn Ag ge|s 81840U09 8} Uo
Buipls wo.lj paule}sal 8g OS|e p|Noo slequiaw aseq ay |

"SI9UI0D By} Je pa|eisul 8q
Aew sdijo [e1owi 10 ‘sapIs § |je uo poomA|d yym payieays
aq Aew squo ‘paJisap si Buoelq [eseie| aAlsod aiowl §|

‘Buioe.q [eiaje| 1o} UONOL
‘Ajuo ‘uo Aol squo 1sow Inq ‘wa)sAs |eisuswip-¢ e si buiqqu)

"ge|s 8)2JoU00 8y} 0) S8)e|d 8|0S 8y}
Bulioyoue Aq o|ge)s aJow Way} ayew Aew auo pue ‘pjing
ued oM Jey) SWa)sAs a|ge)s 1Sow 8y} aJe saloys ¢ sse|)

"S8I0yg € sse|D pa|ed aq
Kew pue ‘swie)sAg [euOISUBWI-E PaoeI] [[oM aJe 8say ]

‘(sired peoeig se seioyg Joo|
pado|g a8y} 819|dwo9 J0) $8I0YS 1SO4 paodeT Ojul Saloys 1sod-Z
8} LeAu0D 0} 8q pjnom sousnbeg Buuoysg ayy ul deys 1xau ay |

(panuuod) IININDIS NOILINYLSNOD FHOHS AIH¥I43dd

S379VL ONINIIANIONT ® ‘SIWHIL Jo ANVSSOT9 ‘OVA

3AINO SNOILVYIdO ONRIOHS d?sn



US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

GLOSSARY OF TERMS

Arch- A curved structure used as a support over an open space. It
produces an outward thrust as well as downward forces at its
supported ends.

Axial load- A tension or compression load which passes through
the center of a structural member (like a column, beam, truss
member, diagonal brace or hanger rod)

Bay- The space between beams/trusses or between rows of
columns considered in transverse planes

Beam- A horizontal structural member, subject to compression,
tension, and shear, usually found in any one of three different
configurations: cantilever, continuous, and simple.

Bearing Wall- An interior or exterior wall that supports a load in
addition to its own weight.

Brick Veneer- A single thickness of brick wall facing placed over n
frame construction or structural masonry.

Buttress- A wall reinforcement or brace built on the outside of a
structure, sometimes called a "wall column." When separated from
the wall and connected by an arch at the top, it is called a flying
buttress.

Cantilever Beam- A beam that has two or more supports but
extends beyond one end support and ends in clear space (similar
to a diving board).

Cavity Wall- A wall of two parallels wythes (vertical wall of bricks,
one masonry unit thick) separated by an air space. Wythes are
connected by metal ties.

Chair- A device of bent wire used to hold reinforcing bars in
position.

4-15
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US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

Column- A vertical structural member subject to compressive
forces.

Compression- A force which tends to push the mass of a material
together.

Concentrated Load- A load applied at one point or within a limited
area of a structure.

Concrete —

Definition- A material used in construction that is extremely
versatile and relatively noncombustible. Extremely effective in
compression, but weak in tension and requires the use of
reinforcing steel, either deformed bars *Rebar) or high
strength cable.

Post-tension- Tension is applied to the reinforcing steel
cable after the concrete is hardened and anchored only at the
ends of the structure. n

Poured in place- Concrete that is poured into the location
where it is going to exist.

Precast- Concrete that is cast, allowed to harden, and then
placed.

Pretension- Tension is applied to the reinforcing steel cable
in a factory, prior to pouring the concrete. The concrete is then
poured and bonds to the reinforcing.

Confined Space- Any space that lacks ventilation; usually the
space is larger in area than the point of entry.

Continuous Beam- A beam supported at both ends and at the
center.

Cornice- A horizontal projection which crowns or finishes the eaves
of a building.
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US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

Fascia- A flat vertical board located at the outer face of a cornice.

Fire Cut Beam- A gravity support beam end designed to release
itself from the masonry wall during collapse.

Fire Wall- A wall of sufficient durability and stability to withstand the
effects of the most severe anticipated fire exposure. Openings in
the wall, if allowed, must be protected.

Flashing- Sheet metal used in roof and wall construction to keep
water out.

Footing- The part of a building which rests on the bearing soil and
is wider than the foundation wall. Also the base for a column.

Furring- Wood strips fastened to a wall, floor, or ceiling for the
purpose of attaching covering material.

Girder- A structural element that supports a floor or roof beam.

Gusset Plate- A metal fastener in the form of a flat plate used to
connect structural members.

Header Beam- A support used to reinforce an opening in the floor
of a wood frame, ordinary, or heavy timber building.

Hollow Wall- A wall of two parallel wythes which are separated by
an air space between them, but lack ties to hold the wythes
together.

Hydraulic Shoring- Trench shores or jacks with movable parts that
are operated by the action of hydraulic fluid.

Impact Load- A sudden load applied to a structure suddenly, such
as a shock wave or a vibrating load.

Joist- A piece of lumber used as a floor or roof beam.
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US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

Platform Construction- most common method of wood frame
residential building construction (older structures may be balloon
framed ). A building of this construction has one complete level of
single or double 2" x flat plates at every floor level

Pneumatic Shoring- Trench shores or jacks with movable parts
that are operated by the action of a compressed gas.

Purlin- A horizontal member between trusses which supports the
roof. These are usually 4x or 6x members

Rafter- A 2x or 3x member, usually spaced at 16” or 24” that
supports a sloped roof.

Restrained beam- A beam who’s ends are so securely welded or
bolted so that they cannot rotate.

Ridgepole- (Ridge Beam) A horizontal timber that frames the
highest point of a peak roof. Roof rafters fastened to the ridgepole. n
Sandwich Wall- A nonbearing wall whose outer faces enclose an
insulating core material. (some may be used as bearing walls)

Scab- A short piece of lumber generally cut from 2" x 4" stock, that
is nailed to an upright to prevent the shifting of a shore.

Screw Jack- A trench shore or jack with threaded parts. The
threading allows the jack to be lengthened or shortened.

Secondary Collapse- A collapse which follows the initial collapse.
Can be caused by application of additional loads (rescue
equipment, rescuers, etc.), settling of collapsed structures, drying of
the soil, aftershocks, etc.

Sheathing- The covering applied to the floor/roof or wall framing of
a building to which siding is applied.
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US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

Stud- Vertical structural uprights (2x4, 2x6 spaced 16” to 24”)
which make up the walls and partitions in a frame building.

Suspended Ceiling- A ceiling built several inches or feet below the
supporting roof or floor beams above, sometimes called a
"hanging" or "dropped" ceiling. The concealed space is sometimes
called a "cockloft" or "plenum" if it is used for HVAC.

Tensile Strength- The rated strength of a structural element or
rope when it is loaded in tension. (Also Breaking Strength)

Torsional Load- A load that creates a twisting stress on a
structural member.

Truss- A braced arrangement of steel or wood frame work made
with triangular connecting members.

Vertical Collapse Zone- The expected ground area that a falling
wall will cover when it collapse.

Wane- An edge or corner defect in lumber characterized by the
presence of bark or the lack of wood.

Web- The wide vertical part of a beam between the flanges.

Web member- Secondary members of a truss contained between
chords, usually configured diagonally.

Wind load- Horizontal and vertical pressure imposed on a structure
by the wind.

Wood frame- Type of construction using small wood, horizontal
and vertical members, usually spaced at 16 to 24 inches, that is
then covered by some sort of sheathing.

Wythe- A single vertical stack of bricks that are most often found in
a multi-brick wall.
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US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

WORKING LOAD LIMIT or DESIGN LOAD

Given in terms of Diameter 2

ITEM Working Load in
Tons

Wire Rope (S.F.=5) D %x 9 Tons

Wire Rope Slings D %x 8.5 Tons

Shackles (Alloy) D 2x 12.5Ton

Shackles (carbon) D %x 8.5 Tons

Chain Slings 2

(1.D. as Type A) D “x 24 Tons

Turnbuckles D %x 5 Tons

(Improved Plow, IWRC Wire Rope)

CRANE STABILITY

Percent of Tipping & Safety Factor (for leveled crane)

Crane Type % of S.F.
Tipping

Locomotive 85% 1.18
Crawlers 75 1.33
Mobile

(on O. Riggers) 85 1.18
Mobile (on Tires) 75 1.33
Boom Truck 85 1.18
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US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

WIRE ROPE SLINGS CAPACITIES — FLEMISH EYE
Allowable Loads in Lbs (S.F. = 5) — 6 x 19 Improved Plow

Rope /@‘\
i AN O i
|?llcah . "'eox e S R
1/4 1120 800 2200 1940 1500 1120
5/16 1740 1280 3400 3000 2400 1740
3/8 2400 1840 4800 4200 3400 2400
7/16 3400 2400 6800 5800 4800 3400
1/2 4400 3200 8800 7600 6200 4400
9/16 5600 4000 11200 9600 7900 5600
5/8 6800 5000 13600 | 11800 9600 6800
3/4 9800 7200 19600 | 16900 | 13800 9800
7/8 13200 9600 26400 | 22800 | 18600 13200
1 17000 | 12600 34000 | 30000 | 24000 17000 n
11/8 20000 | 15800 40000 | 34600 | 28300 20000
11/4 26000 | 19400 52000 | 45000 | 36700 26000
13/8 30000 | 24000 60000 | 52000 | 42400 30000

A Basket Hitch has Twice the Capacity
of a Single Leg only If the D/d Ratio is
25/1 and the Legs are Vertical

In order for ANY of the above Sling
Capacities to be correct the Size of any
SHACKLE used Must be One Size
GREATER or LARGER
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US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

Wire Rope «Discard Conditions

N Core
NORMAL DIAMETER REDUCED DIAMETER A
X > Failure

lay angle
Reduces

/

one rope lay
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US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

WIRE ROPE SOCKET TERMINATIONS

B Swaged & Spelter Sockets are used on standing ropes

and permanent ropes like pendants
B Wedge Sockets are used to attach Crane Whip Line to

the Headache Ball, etc.
Do not attach dead end to live with wire rope clip

By

0.K. NO
Swaged Socket Spelter Socket Wedge Socket
(100%) (100%) (75 to 90%)

WIRE ROPE LOOP TERMINATIONS
B Without thimble, eye efficiency may be reduced as

much as 10%
B Wire Rope Clips must be properly installed

:“(ﬁg Q A

Flemish Eye old Back Wire Rope Clips
Eye Eye U bolt & Fist Grip

(95-100%) (Don’t use for lifting) (80%)
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US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

SYNTHETIC SLING INFORMATION
e  Must include manufacturer's sewn on Tag
- Gives Fiber Type & Safe Working Load
Provided with seamless protective cover
Use corner protection
Need careful Inspection
Slings stretch as much as 10%, Polyethylene 1%

IS PN S I P

| AL

Triangle Double Dbl Rev Endless  Return
Choker  Triangle Eye Eye Loop Eye
ENDLESS ROUND SLING CAPACITY
Safe Working Load, in pounds
COLOR | Wt #ft | Vertical | Choker | Basket
Purple 0.2 2,6501b | 2,120 5,300
Black 0.25 4,000 3,200 8,000
Green 0.3 5,300 4,240 10,600
Yellow 0.4 8,400 6,720 16,800
Tan 0.55 10,600 8,500 21,200
Red 0.6 13,200 10,560 26,400
White 0.9 16,800 13,400 33,600
Blue 1.0 21,200 17,000 42,400
Grey 2.15 31,000 24,800 62,000
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US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

WEDGE ANCHORS

Collar Wedges
/

Impact Section Anchor Body Expansion Cone

RKwik-bolt, Wedge-all or 7Trubolt
Allowable Tensile Loads (Ibs)

Nut N ; o Washer

Dia- Required f. = fl =
meter |EMbedment| Torque (ft-lb)| 2000 psi | 3000 psi
15/8” 20 530 605
g 21f2" use 25 1130 1210
47" 25 1200 1230
21/a" 40 870 970
V2 312" use 50 1750 2000
6” 65 1970 2170
234" 85 1430 1690
/g 47 use100| 2170 2670
7" 110 3000 3270
31/a" 150 1850 2180
s 43107 use 225| 2750 3630
8" 235 3750 4630
a1 250 2930 3650
1" 6” use 350| 4000 5310
9" 450 6070 7070
Allowable Shear Loads (Ibs)
Dia- f. = fl =
meter Embedment 2000 psi 3000 psi
o 1557 930 970
i =21 1100 1100
o 2147 1810 1840
l2 >3+ 1840 1840
s 234" 2880 2880
8 47 3140 3140
_ 31a” 3880 3880
“ 2 434" 4220 4220
" 412" 6620 7120
26" 8620 8620
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US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

AIRSHORE RESCUE TOOL (A.R.T.)

Adjustable aluminum, pneumatic struts. DO NOT USE AIR TO
EXTEND STRUTS FOR US&R

See Section 2 & 3 for other recommendations.

Struts are available in various ranges of length ( F strut =7
to 11 ft, E strut = 4 to 7ft, long) see Manufacturers Data for
available lengths.

Use adjustable collar and double pin system to transfer load
from inner to outer tube.

Listed loads are for use of 3 2" O.D. struts with SWIVEL
ENDS and WITH or WITHOUT ONE 6ft, or 4ft EXTENSION
placed on large (3 '2") end.

Adequacy of supporting material under strut, and need for
header and sole should be verified by a competent
Professional Engineer.

RECOMMENDED DESIGN STRENGTH
AIRSHORE STRUTS USED IN US&R

Length | Recommended Comment
Feet Load Ibs (kg)

16 ft 3500Ibs (1600 kg) | Use strut plus extension
15 4500 (2000) or single adjustable strut
14 5500  (2500) "

13 6500  (3000) "

12 7500  (3400) "

11 10,000 (4500) "

10 12,000 (5400) Do not use extensions
9 14,000 (6400) !

8 15,000 (6800) "

7 18,000 (8200) "

6ft& 20,000 (9100 kg) | Max. Recommended
less Load for Airshore Strut
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US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

PARATECH LONG SHORE STRUTS
(GOLD ANODIZED COLOR)

B Adjustable aluminum, pneumatic struts. Use Acme Nut
to transfer load from inner to outer tube.

B See Section 2 & 3 for other recommendations.

B Struts are available in three ranges of length.

( 10ft to 16ft, 8 ft to 12ft and 6 ft to 10ft long)

B Listed loads are for use of 3 2" O.D. struts with
SWIVEL ENDS and WITH or WITHOUT ONE 6ft, 4ft
or 2ft EXTENSION.

B Listed loads are NOT for Paratech 3” O.D. LOCK
STRUT & ACME THREAD, RESCUE STRUT. See 2™
page following for Paratech Rescue Struts.

B Adequacy of supporting material under strut, and need
for header and sole should be verified by a competent
Professional Engineer.

RECOMMENDED DESIGN STRENGTH
PARATECH LONG SHORE STRUTS USED IN US&R

Length | Recommended | Comment

Feet Load Ibs (kg)

16 ft 3500lbs (1600) | Use strut plus extension
15 4500 (2000) | or single adjustable strut
14 5500 (2500) | "

13 6500 (3000) | "

12 7500 (3400) | "

11 10,000 (4500) | "

10 12,000 (5400) [ Do not use extensions
9 16,000 (7200) | "

8 20,000 (9100) | "

7&6ft | 22,000 (10,000) | "

4-39
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US&R SHORING OPERATIONS GUIDE
FAQ, GLOSSARY of TERMS, & ENGINEERING TABLES

PARATECH RESCUE STRUTS

(DARK GREY ANODIZED COLOR)

Adjustable aluminum, pneumatic struts. Use Acme Nut to
transfer load from inner to outer tube.

See Section 2 & 3 for other recommendations

Struts are available in 1.5 to 2ft, 2ft to 3ft, 3ft to 5ft, & 5ft to

7.2ft ranges of length. (12", 24" & 36" extensions are also
available)

Listed loads are based on 3 " O.D. struts, tested with swivel

ends, with and without one extension.

See Pg 4-40 for Paratech 3 '2" O.D. Long Shore (Gold
Color) Struts

Adequacy of supporting material under strut, and need for
header and sole should be verified by a competent
Professional Engineer.

The following Load Table is based on tests performed by

PARATECH and reviewed by Wiss, Janney, Elstner,
Assoc., Engineers

PARATECH RESCUE STRUTS LOAD TABLE

Based on compression tests using swivel bases

Length

Feet

Average Failure
Strut Force
(Ultimate strength)

Design Strength
based on the following
Safety Factors

3to1 4to1

2ft

87,000 Ibs

29,000 1bs 21,750 lbs

4 ft

71,750 Ibs

23,920 lbs 17,940 lbs

6 ft

56,500 lbs

18,830 Ibs 14,125 Ibs

8 ft

48,100 lbs

16,030 Ibs 12,025 lbs

4-41
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ENGLISH TO METRIC

To convert

Lengths
inches
inches
inches

feet

yards

yards

miles
Surfaces
square inches
square feet
square yards
square miles
acres
Volumes
cubic inches
cubic inches
cubic feet
cubic feet
cubic yards
liquid ounces
gallons (U.S.A))
gallons (U.S.A))
teaspoons
tablespoons
fluid ounces
cups

pints

quarts
Weights
grains
ounces
ounces
pounds
pounds

tons (U.S.A)
tons (U.S.A)
tons (long)
tons (long)

km?
hectares

cm?®
liters
m3
liters
m3
cm?®
m3
liters
ml
ml
ml
liters
liters
liters

grams
grams

kg

kg

tons (metric)
kg

tons (metric)
kg

tons (metric)

multiply by

254
2.54
0.0254
0.3048
914.4
0.9144
1.609

6.452
0.0929
0.8361
2.59
0.4047

16.387
0.016387
0.028317
28.317
0.7646
29.57
0.003785
3.785

5.0

15.0

30.0
0.24
0.47

0.95

0.0648
28.35
0.02835
0.4536
0.000454
907.2
0.9072
1016.0
1.0160
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