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US&R SHORING OPERATIONS GUIDE
TABLE OF CONTENTS

The following Sections are contained in this SOG. Each Section
has an Outline that gives the order in which subjects are presented.

NO. CONTENTS of SECTION

1 Hazard I.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 Repair & Strengthening Techniques
Shoring Frequently Asked Questions
Glossary of Terms
Useful Engineering Tables

R Disaster Site Information for Rescue Specialist
Rescue Team Mgr & Rescue Squad Officer Duties
Medevac Proceedures
BOO Requirements

Initial Rescue Site Tasks
Sample Forms
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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 1-19
e FEMA US&R Shoring Symbols 1-31
e Design Loads & Quick Weight Estimating 1-32

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.1.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.
CRITICAL ISSUES:
e Buildings may be varied, of combined types, and complicated.
e Focus on determining the amount of Potential Energy that
remains (heavy structure/objects that can collapse or fall.
= Important to separate Brittle from Ductile Behavior.
= Judgments may not be able to be precise.
=  Partial collapse is most difficult to assess.
e 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,
void stability, and void 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. Racked 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.

e 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:

e Progressive Collapse — URM walls likely to disintegrate,
and interior structure may stand independently.

e E. Quake - Poor performance - out of plane ext wall failures,
loss of connection to floors leading to partial or total collapse.
Many 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 — Ext URM walls disintegrate upon
impact leaving lethal falling hazards & possible floor collapse.
Massive masonry is more resistant.

e Wind — Roof vulnerable to uplift, leading to partial or total
collapse or roof & walls. Massive masonry is more resistant.

e Struct Overload/Defect — Roof failures due to ponding and
snow. Wood decay, brick disintegration or remodeling in
older buildings.

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

HAZARD REDUCTION

Shut off gas and reduce other fire hazards.

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

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 and openings.
e Remove bricks by hand, excavator, or crane w/clamshell.
e Remove or shore hazards near victims, if required.
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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.
¢ Remove large wall panels and roof sections by crane.
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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
e 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
e Vertical access through thin horizontal sections from above.
e Horizontal entry through existing cavities and openings.
e Cut holes in wall panels, 2 feet min. from joints.
e  Carefully remove large wall/floor sections by crane.
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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:

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

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.

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.

High Energy Impact — Damage limited to area of impact.

Could leave damaged members of questionable strength.

Wind — Unlikely to be damaged by wind. Exterior skin and

curtain walls could be damaged/destroyed.

Struct Overload/Defect —Construction falsework failures

most common. Members break into pieces w/poor integrity.

CHECK POINTS

Beam/column connections above and below floors.

Badly confined concrete in columns (empty basket).

Diag. shear cracks in beams and cracking in slabs near cols.
Attachment of URM walls and other heavy objects.

Cracks in concrete shear walls and stairs.

HAZARD REDUCTION

Shore/avoid badly cracked slabs, beams and/or column.
Shore/avoid overloaded slabs due to punching shear.
Remove/shore unstable wall and floor elements.
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.
e 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.

1
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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

w >

COW» DOwWH

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

FEMA 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 ‘ " \ n
706

L J L

I I
600 700 BLOCK ALPHA STREET 800

[ 1T

e JL W, ) | ]

701
A\ Wy W /w W I

703 705 707 709

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

900 902 904 906 908

/ *‘ ’7 W ’—‘ ‘ 1 \ " “
L ] ] L
L ]
800 700 BLOCK ALPHA STREET 1000
[ !
1 J ! [ J
I Wy W /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

FEMA BUILDING MARKING SYS (continued)

STRUCTURE I.D. MARKING (continued)

Multi-story buildings must have each floor clearly identified. If not
clearly discernable, the floors should be numbered as referenced [l
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

Ll
L]

®0OOO

700 Block Alpha Street

L1
Im

1

CECKCXC

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

FEMA BUILDING MARKING SYS (continued)

STRUCTURE/HAZARDS EVALUATION MARKING

The depiction of the various markings is as follows:

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.

Medium 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.

z ¢+ XINL]

1-23



ve-1
"saimonus ajdwis A1aa 1o} ssueouiny buimojiod g

‘Juspioul
ay) Buunp sawi |le 1e Juesaid ale SIS usym sainpnis g

:Se yons ‘suonen)is Auew ul epew aq
10U 1YBIW e splezeH/ain1onaS 8yl 1ey) pajou ag os|e pinoys }

‘Buip|ing ay} jo sued ajeledas ul sUORIPUOD shoplezey
ajouap 0} (‘0}8 ‘s||lamlie)s ‘sAemjiey ‘Swool “'a'1) 8injonsis ay} uiyim
seale ol10ads ay) Jo yoes ul pade|d aq os|e Aew saxoq Bupiep

‘ajeudoudde yi pseoe|djjaqe| ayy aoejdal isnl 1o pajebiniw Ji plezey

8y} 1no-ssou0 Aew auo ‘spseoeld Jo sjage| Buisn usym suonlipuod
pabueyd ajeoipul 0] "}o0oysiaye ue se yons suonipuod ui abueyo Aue
JaYe 10 ‘Buop S| uonebiiw 8y} usym pappe aq Os|e pinod 3Jew mau
Ajoamus uy -uonebnw ay) pawiopad oym 4] pue swi} a8y} Buippe pue
INH 8y} nuyy au e buioeld e Aq passye 8q pjnoys yJew siy} ‘pawiouad
s| uonebniw jeyy usyp) ‘palebniw usaq pey (seb |einjeu) jewzeH ay}
[hun paJsjus 84 Jou pinom Bulpiing siy ey} poojsispun 8q pinoys §|
‘uobalQ Jo 91e1S By} wody 4] L# 9y} Aq spew

SEBM UOIJEN|BAS 8| ‘8JnjonJis ayj ul seb |einjeu Jo uonesipul Ue si
alayl ‘INd OL:L ¥ ‘Le6L ‘Gl AInr uo apew sem Juswssassy (‘1o
‘100}} Joddn ‘mopuim e A|qissod) Auua XS }SaMO| 8y} 0} UOdalIP Y}
$8]B2IpUl MOJIE 3y} pue ‘Buip|ing %Siy WnIpaj e Joj si ajdwexa siy |

Td41-40
seb |einleu - \NH

"'SIY OTET T6/ST/L

‘Buiuonisod J18y) ainsse 0y ade) 1onp Buisn

payoene aq o0} paau Aew spieoe|d uo-yons ‘(pJseogpled 1o) Jaded
9yl -uoAeid Jaquin| Jo oS juled yym apew S| Ojul SIy] “9pIS puey
-)ubu 8y} Je X0q 8y} SpISINO pajou aie ‘d| 41 Pue ‘J1va ‘JNIL dYL

(‘1u02) 'ONIMIVIN NOILVN VAT SAQYVZVH/AINLONGLS

V1va 3ON3IY343d 31IS ¥431SVvSId
3dINO SNOILYHIdO ONIHOHS d%Sn



US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

STRUCTURE/HAZARDS EVALUATION MARKING (cont.)

STRUCTURE/HAZARDS PLACARD

Should be printed on adhesive backed, 8.5" x 11" heavy white

paper, Rite-on Rain paper, or light cardboard. Cut in half to obtain
two placards.

White color was selected to avoid being confused with the Green —
Yellow — Red Placards that are placed during Safety Evaluation of
Structures by non-US&R Engineers.

Structural / Hazard Structural / Hazard Eval
Low Risk High Risk fer Low Risk Madium Risk High Risk for
for US&R Ops. for US&R Ops. US&R Ops. May for USER Ops. for USER Ops. USER Ops. May
Low probatility Structure is. be subject to Low probabifity Structure is be subject to
of further significantly sudden collapse of further significantly sudden collapse.
collapse: damaged. May Remote search collapse damaged, May Remote search
Victirms could need shoting, aperations may Victims n{m\hu need shoring. cperations may
be trapped by bracing, proceed at be trapped by bracing, proc
LR coenieo R revovelancior YR sionfeantrick LR conemsor R removal s XR s
building could monitoring of If Rescue Ops. buikding eould monitoring of If Ry
be completely hazards. The are undertaken be completely hazards. The are undestalken,
pancaked or structure may significant and pancaked or structure may signficant and
soft 1" story. be partly time-consuming soft 1% story. be partly T
collapsed mitigation should collapsed mit
be done be
Should the marking box need to be made remate from the indicated entrance, place an Should the marking box need to be made remote from the indicated entrance, place an
arrow nest to the bex ta indicate the directien to the lowest risk entrance to siructure. armow next to the box to to s
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US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

SEARCH ASSESSMENT MARKING (continued)

2-10-02
or-1 1400
2-10-02
1100

2-10-02

OR-1 40

2-10-02 RATS

1100

F =Floors

Q = Quadrants
or

No Entry

AFTER EXITING & DRAWING the
2nd SLASH, add the following
INFO:

TOP QUADRANT - Time and date
that the Search Team personnel left
the structure.

RIGHT QUADRANT - Personal
hazards.

BOTTOM QUADRANT - Number of
live and dead victims still inside the
structure. ['0" = no victims]

When the Recon Team leaves a
structure WITHOUT completing the
Search (aftershock, end of shift, etc),
then the second slash WILL NOT be
made. A Solid Circle is drawn at the
mid-length of the First Slash, and
Date/Time of Exit, Personal Hazards,
& Victim Info will be filled in. Also
indication of Quadrants or Floors
completed should be added in a BOX
below the X, or if the Bldg HAS NOT
been entered (as in Hurricanes) mark

No Entry in the BOX.

1-27
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US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

VICTIM LOCATION MARKING SYSTEM (cont.)

CA-6

<

XS

Make a large (2' x 2') "V" w/orange paint near

the location of the known or potential victim.

Mark the name of the search team as shown.
An arrow may need to be painted next to "V"
pointing towards the victims location is not
immediately near where the "V" is painted.

Show distance on arrow.

Paint a circle around the "V" when a potential
victim has been Confirmed to be alive either
visually, vocally, or by hearing sounds that
would indicate a high probability of a victim. If
more than one confirmed live victim, mark total
number under the "V".

Paint a horizontal line through the middle of
the "V" when a Confirmed victim is
determined to be deceased. If more than one
confirmed deceased victim, mark the total
number under the "V". Use both live and
deceased victim marking symbols when a
combination of live and deceased victims are
determined to be in the same location.

Paint an "X" through the Confirmed victim
symbol after all victims have been removed
from the specific location identified by the
marking.

e Paint new victim symbols next to
additional victims that are later located
near where the original victim(s) were
removed. (assuming original symbol has
been "X"ed out).

1-29
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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
e Vertical Shore (V-3 = 3 posts, V-2 = 2 posts) V-3
—
e Laced Post Shore
(at Plywood Laced Post use PLP in box) LP

e Cribbing

e Raker Shore

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

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

e Window or Door Shore (W or D) Wor D

1-31
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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 Parameters. Page 2-1
Estimated time to build Shores & Multi-Story Conditions. 2-2
Shoring Size-up, Inspection, and the Shoring Team. 2-4
Notes and Nailed Connections for Vertical Shores. 2-8
How to construct simple Vertical Shores 2-15
How to construct Laced Post & Ply'd Laced Post Shores  2-28
How to construct Sloped Floor Shores 2-38
Alternate Methods for building Vertical Shores 2-41
How to construct Cribbing +Window and Door Shores. 2-44
Vertical Shoring Systems using Pneumatic Struts. 2-53

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

e How to sequence the construction of US&R shoring in order to

Minimize Risk.
e Use of the Class 1, 2, and 3 System Approach:
= (Class1 1 Dimensional
= C(Class 2 2 Dimensional
= Class 3 = 3 Dimensional

e 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.

e 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 Class 2 shores may be built as 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:

1. Place T or Double T shores initially if very dangerous.
2. Then place pairs of 2-post Vertical Shores, 4 ft apart.
3. Lastly tie 2-post vert. shores together as Laced Posts.

2-1
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

TIME TO BUILD SHORES - SPECIFIC CONDITIONS

Example 1 (Vert, Crib, Laced Post & Sloped floor)

Like Pentagon, Puerto Rico, (similar to OKC)

1st & 2nd story, Shore your way in, remove debris as you go.
Material & cutting area within 200ft outside.

ADD 10 min for 1* floor and 15 min for 2nd floor.
Traveling thru heavy debris add 10minutes more.

Example 2 (Vert, Crib & Sloped floor)

10 story concrete bldg - Need to carry material upstairs into bldg.

Partly prefab in safe area on same floor. Need to move furniture,

desks, etc to go 60 to 100 ft across floor to collapsed area.

ADD 5 min for each additional floor ascended.

Example 3 Each Pair of Raker Shores

12 ft insertion point up Tilt-up wall - AC paving, parking lot next to
building not much debris.

Each Pair to be Assembled, Installed & Braced in 30 min.

Example 4 Each Pair of Raker Shores

9 ft insertion point up URM wall w/ some debris.

AC paving or Dirt next to wall.

Use Split sole Rakers w/ sloping sole.

Each Pair to be Assembled, Installed & Braced in 40 min.

MULTI-STORY CONDITIONS & SEQUENCING

When shoring a single damaged floor in multi-story building the

following approach may be used:

e For Wood-frame,1-undamaged fl can support 1-damaged fl.

For Steel-frame, 2- undamaged floors to support 1- damaged fl

For Reinf. Conc, 3-undamaged floors to support 1- damaged fl.

For Precast Conc, the shoring should extend to the ground.

This does not apply to structures that are under construction,

subject to cascading/progressive collapse, or to structures that

have collapsed suddenly, without any apparent cause.

e Usually the best strategy for multi-story shoring is to start
directly under the damaged floor, and work down.
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

SHORING SIZEUP (continued)
Prepare the area to be shored:

1. May need to remove debris and floor coverings.

® Install temporary, spot shores if needed — reduce risk.
If soil supported, use an 18"x18" foot under post locations.
Consider temporary shores to reduce risk (T or Dbl-T).
Prefabricate shoring as much as possible to reduce risk.
Add bracing after wedges are tightened.

akrwbd

SHORING INSPECTION 2

Inspect shores every 12 hours (Shift Change), and/or following
any known loading change such as:

1. Aftershocks

2. High Winds,

3. Secondary Explosion,

4. Load Shift and/or Change.

Check for proper construction of shore

1. Check to see if posts are straight, plumb, and have full bearing
on header and wedges.

Are connections tight and wedges snhug?

Is header in full contact with supported structure?
Has sole deflected due to soft soil or support?
Are all components of shoring system in place?

akrwbd

Check for signs of overload.

6. Cupping of wedges and crushing of sole.

7. Crushing of header at post.

8. Splitting of header at end of overhang.

Actions to be taken if signs of overload are observed.

9. Add additional shoring.

10. Have structure re-evaluated by a StS to see if it is responding
differently than expected.

11. Check assumptions of original shoring design.

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

THE SHORING TEAMS (continued)

c. Tools and Equipment — directs the movement of tools
and equipment to be placed where they are requested,
anticipates logistical needs of the shoring team and keeps an
inventory checklist/log sheet for easier retrieval of tools and
equipment at the conclusion of rescue operations.

A single Rescue Squad can normally fill the six individual
shoring team positions during most shoring operations.

Larger or more complex shoring operations may require Two
Rescue Squads, with One squad assigned to the Shore
Assembly Team and the Other assigned to the Cutting Team. 2

Shore Assembly Team with a Six person Rescue Squad:

a. The Shoring Officer (Rescue Squad Officer)
b. The Measure

c. Shores

d. Shores

e. Safety

f.  Runner — ensures tools, equipment, and shoring materials
are moved from the shoring operation primary access point to
the shoring site and assists in the erection of shores as
needed.

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.

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

are moved from the cutting area to the shoring operation
primary access point.
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

NOTES for VERTICAL SHORING DIAGRAMS

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 each side, or a 2x Diagonal Brace one side and

Gusset to opposite side. Gussets may be cut from 5/8" or 3/4"
plywood or Oriented Strand Board (OSB).

For wood or light metal floor/roof systems, 1-sided connections,
at wedges, may be used in situations where lateral
displacement of the shore is unlikely. Displacement may be
caused by lateral loads, vibrations, and/or structural shifting.

Use of 4x4 Headers for 4ft o.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.
Backing above Headers may be required if one is supporting a
badly cracked concrete or masonry structure.
e May use 2x10 or 2x12, full length centered on top of
header, or 8ft long strips of 12" to 16" wide, 3/4" plywood.
Backing should be used under the Sole at each post when
bearing on soil. Use 3-2x6x18"or 2-layers of 18"x18"x 3/4"
plywood centered under posts. See below:
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

PLYWOOD GUSSETS and BRACES

Plywood may be 5/8" or 3/4" thick, (or may use OSB where wet
conditions will not occur) Use 8d nails.

_____________ 1

! L ]

1 [ ] [ ] o 1 I. .I

1 [ ) [ J | i |

e .o ___®1. [ ¢ 1
| ! i jle @1 "
& 012 | L 2
1 I n [
1 i ! | . i d () :
le .: 12" @ o1l g 1o o] |
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T-Shore — Header/Post Raker — 3 locations
FULL GUSSET — 12" X 12"
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ik b parriib el
o o |1 * :
| | ) : )
I
@ ol {0 @ 24" o o
I___.l [R— | I_—_J
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I I I n I I
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2-Post & Laced Post
HALF AND DOUBLE GUSSETS
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

NAILED CONNECTIONS of 2x6 and 2x4 to HEADER

2x4 & 2x6 diagonal braces are used here to provide bracing, as
well as connect the post to the header. Carefully place diagonal so
that required nails can be driven without splitting the post. (For
conditions where 5-16d will split the post, 3-16d may be used)

. 4x4 min header
(diag. covers post)
»

2x6 Diag

End Post to Header Connection at Vertical Shore

4x4 min header
(diag. covers part
of post)

I
\I
2x4 Diag

Post to Header Connection at 2-Post Shore

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

How to Construct Vertical Shores

e T-Shore Page 2-16
e Double T Shore 2-18
e Vertical Shore — Multi Post 2-20
e 2-Post Vertical Shore 2-24
e Laced Post Shore 2-28
e 2'x4' Plywood Laced Post Shore 2-32
e 4'x 4" Plywood Laced Post Shore 2-35
e Type 2 Sloped Floor Shore 2-38
e Alternate Methods for Vertical Shores 2-41

e Type 3 Sloped Post Shore 2-42
® Cribbing 2-44
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

HOW TO CONSTRUCT THE T SPOT SHORE

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

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

3. The 4x4 post should be 10'-3" max long, so that the total height
of the shore is not more than 11 feet.

4. Cut header and Sole to 3 feet long.

5. Cut post to proper height (remember to deduct header, sole and
wedge height when cutting post).

6. Prefabricate header to post.
e Toe-nail post to header and make square.

e Place and nail Full Gusset plate on one side.

e Flip shore over and place/nail another Full Gusset on other side.

7. Place T Shore in position, centered under the load.

8. Position header across (perpendicular to) the roof/floor joists
and position the post directly under a joist.

9. Slide sole plate under T and tap wedges into position.

10. Check for straightness & position directly under the load, and
then tighten the wedges.

11.Install bottom Half Gusset; nail 4-8d to post and to sole.

12.Note that a 2 x 4 x 18" cleat may be used, but the 3-16d nails to
post and sole may tend to split the cleat. Also the nailing of 16d
causes more impact within the danger zone than for 8d nails.

13. 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

HOW TO CONSTRUCT THE DOUBLE T SHORE

1.

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

The 4x4 post should be 11'-3" maximum long, so the total height
of the shore is not more than 12 feet.

. Measure and cut 4x4 header, sole and post (remember to

deduct header, sole and wedge height when cutting post).

Header and sole are 3 feet long.

Prefabricate header to posts.

Toe-nail posts to header and make square.

Place and nail Double Gusset plate on one side of both posts.
Nail 5-8d to each post and 14-8d to header.

Flip shore over and place another Double Gusset on other side.

Nail mid-height plywood, Double Gusset to one side of posts (8-
8d to each post).

5. Place Double T in position, centered under the load.

6. Slide sole plate under Double T and tap 2x4 wedges into

position.
Check for straightness plus stability, and then tighten wedges.

8. Install bottom Half Gussets and nail 4-8d to each post and sole.
9. Anchor the shore to floor above and sole to floor below, if

practical.

T |

]

mlzl=fulizla

3'to 6' high 6'to 12' high
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

HOW TO CONSTRUCT THE VERTICAL SHORE

1.

2.

Survey, install spot shores (if needed), and remove least
amount of debris required to place the shore.

Lay the sole plate on the floor or ground directly under and in
line where header will be installed. Sole plate should be level.
Add 3-2x6x18" (foot) under sole at posts for soft soil conditions.
Measure and cut the posts to the proper height:

Place the header on top of the sole plate.

Place the end of the tape measure on top of the header at both

ends and at its middle, to find the distances to the bottom of the
structure to be shored. After deducting for wedges, use smallest
dimension for all posts. (assumes near-level conditions)

If possible, anchor the header to the area that is to be shored,
square and in line with the sole plate. Secure it at the lowest
point and shim the structural elements down to the header
trying to keep it as level as possible.

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.

Install first two posts 12" from ends of header.

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.
Toenail behind the wedges to secure them.

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

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

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

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

Vertical shoring systems which are very long may require
several sets of diagonal braces.

Attach half-gussets to one side of header to post, except where
diagonal braces attach. Add Half Gussets to each side of each
post to sole plate, except where diagonal braces attach (then
only one side). Nail with 8-8d. (Also see note 5. On page 2-9)

2-21

2



éc¢

1sod 11jds 03 Aouspua)

99NpaJ 0} JapJo ul panwi| si adeds JI sisod pua ye p9T—g 01
Buljreu aonpai Ae|\ ‘sisod pue ‘ajos ‘Iapeay 01 ‘pua yoea p9T-g
(opis auo ‘adelq

-piw JaA0 pue uoneinbiyuod X ul 9oe(d) aloys Jo apIsS ydoea 9 x g

:saorlg X [euobeiq o1

‘Buo) 199} 2T uey) Ja1ealb are sysod 9 X 9 Jl asN

‘Buo] 199} 8 uey Jarealb are sisod ¢ X ¢ )l asN

1sod yoea 01 pg-§ ‘.9 X poomA|d uiw ,8/G 10 9XT asN
:s99eIg JUIod-PIN

"Ipim ey Jsjrel si Jspeay JI apis yoe3

'S109UU092 [euobelp

alaym 1daoxa ‘1sod se azis awes ay) sl Japeay JI apis auQ
:do] 1e sjassno JjeH

"9pIS auo Ajuo uayl

‘S108UU09 [euoBelp alaym 1daodxa ‘sabpam auljuod 0] apis yoe]
:wonoq 1e s}assno JleH

‘s1s0d 9x9 10} 9xy 10 9xZ % s1sod yX{ 10} Xz :Sabpapn
poomA|d .7/ X.8TX.8T 10 SIaAe| Z asn Ae\

“1sod yoea U0 palaluadd |0s Iapun ,8TX9XZ-E asN

:I0S U0 9]0S Japun Bupoeyg

‘paubisap aq p|noys Japeay

J19bre| ‘Aiuosew Jo a91a10u09 painioel) Ajpeq si gels pauoddns J|
"S9Se 1SoW Ul s)sod se azIs awes

:9|0S pue lapeaH

"18]U32 U0 189} G wnwixe :si1sod 9 x 9 10} Buloeds
"18]U32 U0 199} ¢ wnwixe :sisod ¢ X 1 10} Buoeds
‘wnwiuiw ¢ X ¢

:S1s0d

199} 0z :si1sod 9 X 9 10j ybBIay aioys wnwixep

"199) 2T :s1sod ¢ X ¥ 10) yBIay aioys wnwixep

" N o e

‘6

S N e ")

NOILVINHO4NI TVYNOILIady

SIW3LSAS ONIHOHS 1VvOILd3IA ONILONHLSNOD
3dINO SNOILVYH3IdO ONIHOHS d%SN



US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

VERTICAL SHORES — ALTERNATE CONFIGURATIONS

s

s s0e
® %o
) AN

77 N\

LIGHT FRAME STRUCTURE WITH NO LATERAL LOADING
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

Design Load 6 x 6 posts:

Height = 12 feet 40,000 Ib
Height = 14 feet 29,000 Ib
Height = 16 feet 24,000 |b

HOW TO CONSTRUCT THE 2-POST VERTICAL SHORE

1. Determine where to erect the 2-Post Vertical Shore, the
condition of the supporting structure and/or ground, and remove
least amount of debris required to place the shore.

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

e If using 4x4 posts, space 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 on center.

e May build 2-Post Shore in pairs, to later convert two, 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.

e Header shall have a 12 inch overhang each end.

e Toe-nail posts to header as assembly, first step, then make
them square with the header.

e Nail Half Gussets at posts to header. Make outside edge of half-
gusset flush with outside of posts.

¢ Nail Mid-Brace to both posts.

Nail upper 2x4 diagonal to posts and header.

Cut the sole and wedges. Sole is same length as header.
Place 2-Post Shore in position, centered under the load.
Slide sole plate under shore and tap wedges into position.
Check for straightness plus stability, then tighten wedges.
Install lower diagonal and half gussets and nail properly.

Backing under Sole on Sail:

Use 3-2x6x18" under sole centered on each post. (or 2-
18"x18"x 3/4" plywood)

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

¢ ® N O kAW
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

This Page Left Blank
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

HOW TO CONSTRUCT THE LACED POST SHORE

1. Survey, install spot shores (if needed), and remove the least
amount of debris required to place the shore.

2. Determine the length and height of the shore.

e Cut the header and sole plates 24 inches longer than width of
the shore to allow for 12 inch overhangs.

e Cut the posts to allow for header, sole and wedges.

3. Nail posts to header with toenails and keep them square.

e Check by comparing diagonal, full-height distances (outside top-
right to outside bottom-left, should be same as outside top-left to
outside-bottom right).

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

¢ Nail a half-gusset to one post/header joint, then nail the

midpoint brace (braces) in position. Re-check diagonal

measurement and pull-in any bow-out.

Measure and install the top diagonal, so it overlaps and ties into

the header. Use proper nail pattern.

Measure and install mid-diagonals, if required by height.

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.

9. Install wedges under each post, and check post spacing.

10. Nail the horizontal braces to the two sections on both sides.
Start with the lowest mid-brace and work up.

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

e Avoid intersecting too many diagonals on a post at a single
location.

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

e Place a half-gusset plate onto the opposite side of this post and
to each side of the other posts at the base. (Outside edge flush)

13. Anchor the shore to the ceiling and floor, if practical.

»

© N O

14.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

MOST COMMON CONFIGURATION — LACED POST SHORE
Material List: (for 6ft to 11ft high)
2 each Header & Sole | 8 Half gussets

4 Posts 4 Wedge Sets
Diagonal and 4 for shore up to 6 feet high
Horizontal Bracing 8 for shore from 6ft tol1 ft

(number for each)

| )

AN

S\
—

DESIGN LOAD: 4x4 Posts = 32,000lb 6x6 Posts = 80,0001b
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

HOW TO CONSTRUCT THE 2' X 4' PLY LACED POST

1. Survey, install spot shores (if needed), and remove least
amount of debris required to place the shore.

Determine the height of the shore.
Cut the header and sole plates to 4 feet in length. (12" O.hangs)
Nail posts to header with toenails and keep them square.

e Check by comparing diagonal, full-height distances (outside top-
right to outside bottom-left, should be same as outside top-left to
outside-bottom right).

e If posts are not straight, set both with bow-out.
¢ Nail a double gusset: header to both posts.

¢ Nail the plywood mid braces in position. Re-check diagonal
measurement, & if posts bow-out, pull them in with the plywood
braces. Use proper nail pattern.

4. Fabricate the second section, using first as template.

w e N

5. Have the plywood braces precut for ease of assembly.

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

e Make sure that the prefabricated units are spaced 4 foot out to
out, to allow for 4 ft plywood braces.

7. Install wedges under each post, and check post spacing.

8. Nail the plywood braces to the two sections on both sides (start
with lower ones and climb up).

9. Nail the top and bottom plywood braces in place.

e Place a half-gusset plate on each side of each post to sole,
with outside edge of gusset flush w/ post outside face.

10. Anchor the shore to the ceiling and floor, if practical.

11.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

4' x4' PLYWOOD LACED POST (Vertical/Class 3)

High Capacity four post system, similar to standard
Laced Post, but braced together with plywood.

Material List:
2- each Header & Sole 12 - Half gussets
4 — Posts 4 - Wedge Sets

8" x 48" top/bottom braces Use 4 for all heights
Use 4 up to 9ft

24" x 48" ply mid-braces Use 8 from 9ft to 13ft
Use 12 from 13ft to 17ft

| -U A

I - °
}/ (I
A 4
= — 3
L oo '..
e P 0% v
«# Only when
A A there are 2
° e or more sets
o K of braces
0 e () A

.
»)

y
A

Q
»

| 2-0"max,

Design Load: 4 x 4 posts =32,000Ib 6 x 6 posts = 80,000 Ib
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

ADDITIONAL INFORMATION — 4'x4' Plywood Laced Post
1. Maximum shore height for 4 x 4 posts: 17 feet.

2. Maximum shore height for 6 x 6 posts: 17 feet.

3. Posts: 4 x4 and 6 x 6 are spaced the same.

© N o g e

Space 4 foot x 4 foot out to out (to match plywood).
Header and Sole: same size as posts.

Half Gusset on outside at top for each post.

Half Gussets each side each post at bottom.

Plywood top and bottom braces : 8" x 48" plywood.

Plywood middle braces: 24" x 48" plywood.
Distance from top or bottom of shore to nearest middle brace for

9 ft to 17 ft heights shall be 2'-0" maximum.

There shall be a middle brace placed, centered at the half-

height of the shore for 13 ft to 17 ft heights.
9. All plywood may be 5/8" or 3/4" (or OSB for dry conditions).
10. Plywood bracing configuration for various heights is shown

below:
]
0 ] [
||
Ab b b {b A A
4'to 9'high 9'to 13 13'to 17' high
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

HOW TO CONSTRUCT SLOPED FLOOR SHORE-TYPE 2
(May be constructed on Paving or on Soil)

1. Survey, install spot shores (if needed), and remove least
amount of debris required to place the shore.

2. Determine length and width of shore and post locations.

Header overhang is 12 inch maximum. Sole must extend 30"

longer from front of longer post, to allow for cleat & anchors.

Shore is built as pair of 2-post sections, like laced post.

The 2 sections should be placed from 4 ft to 8 ft on center

Cut and install the headers and soles.

If shore is installed on soil, the standard 18" x 18" foot should be

placed under sole at each post. (3-2x6x18" or 2-layers 3/4" ply)

4. Measure and install the two posts at each section.

e Make angle and return cuts similar to rakers.

e Toe-nail posts to headers, and drive bottoms of posts tight and

toe-nail.(no wedges, since they get in the way of the braces)

5. Install bottom cleats tight against each post.

6. Anchor the sole plates, as follows:

¢ Anchor sole using drilled-in anchors into concrete, or 1"dia. X
36" pickets to anchor to paving or soil, based on Structures
Spec. recommendations. (2 minimum per 2-post section).

e See page 3-9 for alternate Sole Plate Anchor system.

7. Measure for diagonal braces inside and outside each section.

8. Install 2x6 diagonal braces in position and nail to posts, headers
and sole plates.(may use 3-16d into posts to limit splitting)

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

¢ Need to place Half Gussets to clear the horizontal and diagonal
braces (to be installed next), or use 2x cleats instead of gussets.

9. Tie the two sections together, same as in Laced Posts. (See
Additional Information for alternatives).

e Ties are placed between posts at the taller and the shorter ends
of each shore section.

e Use a wide piece of 5/8" or 3/4" plywood (12" to 24" wide) if
short end of shore is too short to fit X braces.

e The plywood or 2x6 bracing may be installed on the inside of
the shorter posts, if that is easier.

10. Attach to the floor and ceiling. (If possible).

e W e o
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

ALTERNATE METHODS for building VERTICAL SHORES

1. Shoring Lumber: If Doug Fir & Southern Pine are not available
e May use Hem-Fir or Spruce-Pine-Fir, reduce strength by 15%

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

e This applies to 1x4, 2x4, 2x6, 4x4, and 6x6 lumber.
e May use 19/32 CDX plywood or Oriented Strand Board (OSB)

2. If 4 x4 lumber IS NOT available, may use 3-2x4s:

e For Posts, Headers, & Soles in Vertical, Sloped Fl, & Window
Shores, each 2x4 must be full length. -
2

o Nail 3-2x4s together with 16d sinker/cooler @ 5"o.c. stagger.
thus: % from each side. (.148 x 3.25" coated nails)

¢ If using 8ft long (3-2x4) for Raker Wall & Sole Plates: stagger all
joints by 2ft min, and locate only one joint in any location.
= 12ft long example: 8' 4'
6'l —T—— 16'
4 8'
e For Rakers & Laced Posts, may joint all 2 x 4 in same location,
and use Standard Plywood Splice. ( See Page 3-8)

= Example: 8' or more

= Locate splice within 2ft of brace point. See Structures Spec.
3. Sloped Floor Shore Special Notes:

e [f taller than 8ft for 4x4 & 12ft for 6x6 Posts:

= Add mid-point bracing and sets of diagonals same as for
Laced Posts. See page 2-30.

= Post spacing is 4ft o.c. for 4x4 and 5ft o.c. for 6x6.
=  Maximum height is 12ft for 4x4 and 16ft for 6x6.

e If slope of structure is greater than 45 deg., build shores to be
more like Rakers, spaced at 4ft o.c.

= Provide mid-brace if Raker/Post is more than 8ft long.
= Consult Struct Spec. for cleat nailing & sole anchors.
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

HOW TO CONSTRUCT SLOPED FLOOR SHORE-TYPE 3

1.

e o o N

Survey, install spot shores (if needed), and remove debris.
Determine length and width of shore and post locations.

Shore is built as pair of 2-post sections, like laced post.

The 2 sections should be placed from 4 ft to 8 ft on center
Header overhang is 12 inches on shorter end, but should be
increased to 30" at higher end for cleat and anchors. Sole plates
should extend 12 inches beyond each post.

Install headers and sole plates, and anchor header.

If shore is installed on soil, the standard 18" x 18" foot should be
placed under the sole at each post.

Prepare to install one,18 inch cleat, for each post on underside )
of header (pre-install as many as possible cleats on header w/
11-16d nails, to reduce nailing in Collapse Zone).

Measure, angle/return cut, and install the two posts for each
section; toe-nail to header, then drive posts tight and plumb.
Wedges are optional, but may be used as with vertical shores.
Make sure posts are plumb, and install remaining 18" top cleats.

Attached header to ceiling/slab bottom with 2 - 1/2" x 8 %"
wedge anch., or %" rebar/plain bar x 8" min. (embed at least 4")

Anchor the sole plate, and re-check/re-drive the post tight.
Measure for the diag. braces inside/outside of each section.

Install 2x6 diagonal braces in position and nail to posts, header,

and sole plate. (may use 3-16d into posts to limit splitting)

Place Half-Gusset plate the opposite side of the posts, top and

bottom, and complete gusset nailing — 4 & 4, 8d.

Note: Half-Gussets may be installed with posts — partly nailed.

Need to place Half-Gussets to clear the horizontal and diagonal

braces (to be installed next) -

Tie the two sections together, same as in Laced Posts. (See

Additional Information for alternatives).

Ties are placed between posts at the taller and the shorter ends
of each shore section.

Use a wide piece of 5/8" or 3/4" plywood (12" to 24" wide) if
short end of shore is too short to fit X braces.

The plywood or 2x6 bracing may be installed on the inside of
the shorter posts, if that is easier.

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

HOW TO CONSTRUCT CRIBBING

1.
2.

3.

9.

Survey, install spot shores (if needed), and remove debris.

Determine where Spot 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.

Determine the desired width dimensions of the crib.

Determine the size of the members to be used, and the
configuration of the crib layers.

Use 6x6 members if crib needs to be more than 4 ft high.

Note that the 3-member x 3-member configuration is more than

2 times as strong as 2-member x 2-member.

Decide if the first layer needs to be a solid layer, depending on
the type of bearing material. (soil or other surface softer than a
concrete slab.

If the supporting surface is concrete, make sure that it has the

required stiffness and capacity, and there is not a basement

story below.

Carefully slide the members in for each layer, and keep the crib
aligned and as square as possible.

When the crib reaches required height, add shims to make sure
that all intersections of crib members are in solid contact with
the supported structure.

Attach the crib to the supporting surface (or confine its
movement), if practical.

10.Where vibration and aftershocks may occur, interconnect the

crib layers with 3/8" min x 16" long plywood strips that are 1.5
times as high as the cribbing members.
The plywood strips need to be placed on all 4 sides of the crib.
Nail plywood strips at top and bottom edges to crib members
with 8d at 3 inches on center as shown below:

Z—Z1
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

CRIBBING at SLOPED FLOOR (Vertical/Class 3)

Cribbing can be built under a concrete sloped floor .
Wedges and shims should be added to each layer in
order to achieve the slope gradually. The Max. Slope
should be 30% off the horizontal (about 15 deg). The
Max. Height should be 4ft when using 4x4 lumber, and
6ft for when using 6x6 lumber.

Material List:

Depends on height, number of pieces per layer and the
height of each piece. See configurations below.
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

HOW TO CONSTRUCT THE WINDOW/DOOR SHORE

1. Survey, remove finishes (if required), and remove debris.

2. Measure and cut the sole plate and header to the proper length
deducting the width of the wedges to be used.

3. Make header 1" deep for every foot of opening; 4x4 min.

4. Have StS design header for opening over 4ft wide.

5. Measure and cut the posts to the proper height.

¢ Place the header on top of the sole plate.

e To determine post height, place 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 2
deducting the thickness of the wedges to be used. (Use the
shorter of the two measurements).

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

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

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

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

10. Install the posts between the header and sole, and against the
sides of the opening.

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

12.Keep posts in line and plumb with header and sole.

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

14. Attach cleat and half-gusset to at least one side of the header
and posts and nail in place.

15. 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.

e May use duplex nails for future adjustment of the wedges.

2-49



0S-2
“(ypbusy) wbiay uo paseq buipeo INng

papuswwodal 10} 504 SIS JO / 108S Ul Sa|gel INIS 89S
‘uoipuod Bnus o1 — pauaiybi puey ag pjnoys

S$8I0yS diewnaud |[e pue ‘|Sd 0§ 0} panwi| 89 pjnoys
aInssald Jy ‘sjuaplode pasned sey ade|d ojul Saloys
9Say] aslel 0] 8INSSald 11V JO 8sn 3yl — ONINHVM

"8J0US [e2ILIaA ‘PaloNIISu09
-aid e apinoid 01 SINAIS BJ0OW IO OMI YIM pajquiasse-iad
aq Aew 1eU) [rey JapeaH e apiroid siainoeinuew awos

‘saloys Aresodwa) se pasn 1saq aJe saloys onewnaud

‘pajeIsul aq 0} Buioelq X 9xZ
pajreu Joj mojre eyl sBumiy dwejo [j9s slainoeinuew ay

"8]0S pue Japeay 0] pajieu ag pjNoYs Spua [e1aN

(210ys mopuip 1 Buimoljoy abed aas) "i1apeay |rel [elaw Jo
POOM UM S8I0US OM] JO WINWIUIW B YlIM ‘S3I10yS dlrewnaud

"8u0z asde||02 10 |lem snosabuep ay) WoJij ssuelsip
aJes e uononyisuod-aid mojje 0 si abeiueApe urep

*100[} punolf anoge suonedo| 01 dn Aued 0 Aneay
001 9q Aew saloys palonisuod-aid ‘sbuiuado abie| 104

‘sBuiuado pawioap asIMIBYI0 1o paxdel ul [eanoeld
80 10U [[IM S8I0US 100( % MOPUIAA Pa1oNIISU0-aid

‘wonoq ayl ye sabpam ayl areulw|d
01 A1 pjnoys auo ‘do} 8y} Je papaau ale SWIYS )|
‘'swiys pue Builoys ays Jo uonejelsul buunp uayel
aQ p|noys aJed 1ealb ‘pabewep Apeq sl Jspeay )l =
‘palinbal se swiys + Wwonog pue apis
auo 1e sabpam yum pauaybn usyl pue ‘uondalp yoea
ul Buiuado uey) ssa| 74 T 1SE9| 1e apew ag pjnoys AayL

"(abed 1xau) aloys J0o0Q/MOpPUIAN pareadliqelald
Ul UMOYS Se pajonJisuod-ald ag Aew saioys J00Q/MOPUIA

T

SINFLSAS ONIHOHS d310Nd1SNOJ-3dd

SIW3LSAS ONIHOHS 1VvOILd3IA ONILONHLSNOD
3dINO SNOILVYH3IdO ONIHOHS d%SN



US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

PREFABRICATED WINDOW/DOOR SHORE

Alternate to built in-place Window/Door Shore. Main
advantage is to allow pre-construction a safe distance
from the collapse zone. Also the shore can be reused.

Material List:

Header and Sole

4 - Wedge Sets

2 - Posts

8- Half Gussets

..J‘

=1

Design Load: 4x4 Header =2,000lb 6x6 = 6000lb
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

VERTICAL SHORING USING PNEUMATIC STRUTS

Pneumatic Strut Manufacturers have developed special
configurations that may be used to construct Vertical Shores. See
following pages for configurations.

1.

Struts may be configured as T, Dbl-T, Vertical 2-post and
Multi-Post Shores. In addition there are special configurations
such as: 3-Post Column, Sloped Floor Shore, Window/Door
Shore, and Laced Post Shore.

Wood headers are used in most cases, and Wood Soles are
needed when the load needs to be spread-out on the structure -
that is supporting the shore.

The standard Pneumatic Shore Base Plates may be used
when shore in bearing on an adequate concrete slab. Consult
qualified Structures Specialist.

The strength of these shores may be determined by knowing
the height and number of struts that are used. The Strut Load
Tables are shown in Sect 4 of SOG & Sect 7 of FOG. Consult
qualified Structures Specialist, since other factors such as
header or sole strength may govern the shore capacity.

Low pressure air (50psi max) may be used to extend the struts,
but care must be taken to not impact the structure.

Use hand tightening to snug-up all joints.
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

o T
7 i I

Angle Base or

= [6x HEADER| [~ :

Channel Base w/nails

-

/

2x6 Diagonals
{1 each side)

Struts

w/: Rigid or
Swivel Bases,
{5"min Square}

E

e

b

=  Angle Base or
Channel Base w/nails

4 B HEADER, [

N
AN

ey
Angle of /
abt 35° /

e
pd
W/

Std Rigi

Swivel Base
with nails

d or

|

Bx SOLE] T \
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VERTICAL SHORE
Use 3 or more struts
with header, sole and
X-bracing as shown.

Capacity may be
based on the length of
the struts as given in
the table in Sect 7.

2-POST VERTICAL
SHORE

Use 2- vertical struts,
plus a diagonal strut
that must be
configured to resist
both tension &
compression
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

Pt
&8 -

WINDOW OR DOOR SHORE
This shore uses 2-pneumatic struts with wood header / sole.
It would be used as a temporary shore when wood posts
were not available.

Shore capacity would be based on the size and strength of
the wood header.

A qualified Structures Specialist should be consulted if a
strength of more than 2,000Ib to support the opening is
needed.
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This section contains General Information, Graphics and

US&R SHORING OPERATIONS GUIDE

CONSTRUCTING LATERAL SHORING SYSTEMS

INTRODUCTION to SECTION 3

Detailed Explanations of how to construct FEMA Raker and
Horizontal Shoring — arranged as follows:

B Raker Shore — General Information
e Types of Rakers page 3-2
¢ Raker Cleats & Gussets

¢ How to determine Raker Angle & Length

e Raker Shore Bracing

e Backing for Rakers at Special Walls, & Raker Splice
e Trough Base and Sole Anchor

e Use of Framing Square

How to construct Raker Shores
Flying Raker — Spot Shore
Raker with backing for Wood or Masonry Walls
Solid Sole Raker
Split Sole Raker
Double Raker
Alternate — Using 3-2x4 studs to build Rakers
How to construct Horizontal Shores
Tiebacks and Alternate Raker Systems
Pneumatic Strut Systems: Horizontal & Raker Shores

3-3
3-4
3-6
3-8
3-9
3-10
3-11
3-12
3-15
3-16
3-20
3-23
3-25
3-26
3-29
3-31

Note: See Sect 2 for Size-up, and General Information and
Shoring Details.
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

RAKER SHORES: GENERAL INFORMATION

1. Raker Shores may be built in a progression, starting with Flying
Raker, to stabilize the wall, followed by a group of Full Triangle
Rakers (Since Full Triangle Rakers are mostly pre-fabricated,
they may be installed without first installing Flying Rakers).

2. Top Cleat for 4 x 4 Raker.

e 24 inches with 14 — 16d nails for 45 degree rakers.

° ° ° o °
° . ° .

° ° ° ° °

2" 5" 5"0.c.
1

e 30 inches with 20 - 16d nails for 60 degree rakers.
° ° ° ° ° . °
° ° ° ° ° °

° ° ° ° ° ° °

5 |5 | 5oc

I

3. Top Cleat for 6 x 6 Raker:

e 24 inches with 20 — 16d nails for 45 degree rakers.
e 30 inches with 29 - 16d nails for 60 degree rakers.
4. Bottom Cleat:

e 24 inches with 14 — 16d nails for 4 x 4 rakers.

e 24 inches with 20 - 16d nails for 6 x 6 rakers.

5. Plywood gussets: 5/8" or 3/4" (OSB if not wet area).
T roo
i1

I ' ~
o o) lo o1 1o 7 e~
=~ ! ' e o
L N | ® | Allgd nails N @ N
° i "
° o| AN o o 12 e _
[ J NE 1 - _\ —_— !
° :\\ ® o}l o v e @U@ o QI""‘
I N e I \ ° n ° ° !
e ol N /e oy o o|i|e ° ° X
Top of Raker Bottom of Raker Rear of Raker

6. Sole Anchor: All rakers need a Sole Anchor. (shown later)
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

RAKER LENGTH BASED ON INSERTION POINT HEIGHT

Insertion | 45° Raker L | 60° RakerL | 60° Horiz. Dist.
Point Inches / Feet Inches / Feet Inches / Feet
3ft 51"/4'-3" 42"/ 3- 6" 21" /1'-9"

4 68"/5'- 8" 56"/ 4'- 8" 28" [ 2'-4"

5 85"/ 7'-1" 70" /5'- 10" 35"/2'-11"

6 102"/ 8'- 6" 84"/ 7'-0" 42" | 3'-6"

7 119"/9'- 11" 98"/ 8'- 2" 49"/ 4'-1"

8 136" /11'- 4" 112"/ 9'- 4" 56" / 4'-8"

9 153" /12'- 9" 126"/ 10'- 6" 63" /5'-3"

10 170"/ 14'- 2" 140"/ 11'- 8" 70"/ 5'-10"

11 187" /15- 7" 154" /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"/ 21'- 3" 210"/ 17'- 6" 105"/ 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"/ 21'- 0" 126"/ 10'-6"

19 323"/26'- 11" | 266"/ 22'- 2" 133"/ 11'-1"
20 ft 340"/ 28'- 4" 280"/ 23'- 4" 140"/ 11'-8"

Vertical, force from Raker trends to cause Wall Plate
to move up the wall. Need to anchor Raker to wall

with Steel Bar Anchors, or bear part of wall plate on
existing wall projection.

INSERTION POINT
Horizontal force from Raker trends
to keep wall/bldg from moving.

Horizontal force from
Raker must be resisted
y Sole Anchor, or Steel

Pickets.

i

I Vertical force from Raker must be
resisted Paving, or special foot on soil.

FORCES in RAKER SHORES
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

BRACING BETWEEN RAKERS

1.

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

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

. 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 levels of X-bracing.

Horizontal Bracing: 2 x 6 or 2-2x4.

Butt splice at center of raker. Preferred if 16ft long.
3 — 16d nails at each horizontal brace to each raker.
Cover each splice with Half Gusset, 8-8d.

Horizontal

Raker

Middle Horizontal Bracing: (If raker has mid-point brace).

4 x 4 raker: required if length of raker > 11 feet.
6 x 6 raker: required if length of raker > 16 feet.

. Diagonal Bracing

“X” bracing: Use 2 x 6 or 2-2x4 (side by side). Allow no more
than 32 ft (4 bays) between bracing bays. 5-16d each end each
brace, and where they cross. ( X-bracing 40 ft max o.c.)

“V” bracing: Same as “X” bracing, but one member of the “X"is
placed on the next bay. Allow no more than three un-braced
bays between a “V” brace. ( 40 ft max. o.c.)
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

TROUGH BASE

1.
2.

Used as base for Split Sole and Flying/Friction Raker.
Place 18" x 18" foot under Trough for bearing on sail.

Material List:

2— 2 x 6 x 36" side pieces. 7-16d to bottom each side and
5-16d to raker each side.
1-2x4or2x6 x 36" bottom piece (match raker width).

1-2x4o0r2x6x 18" cleat (match raker width), and
place flush with end. 5-16d to bottom.

N\
N\
\\. ..\\ V Zaniana
@ OM————————
N I S
SOLE ANCHORS
3. Keeps rakers from moving away from wall. Length = 4ft min

Pickets are 1" dia. x 36" min., Grade A-36 plain steel rods or
Grade 60 rebar, driven a minimum of 24" into soil or paving.

Use 4 x 4 or 6 x 6 with at least 2 pickets placed in pre-drilled
holes throughe-it if high winds or aftershocks are possible.

Pickets may be placed behind in other conditions, however the
pre-drilled timber can act to guide pickets and keep them plumb.

Use 2 x 4 or 4 x 4 wedges. May use 2 x 6 wedges against 6 x 6.
Pickets per raker: Use 4 — into Soil & 2 into Paving (per raker).

6x6 Sole Anchor 4x4 Sole Anchor
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

HOW TO CONSTRUCT RAKER SHORES:

Flying Raker — Spot Shore page 3-12
Raker With Backing For Walls 3-15
Solid Sole Raker 3-16
Split Sole Raker 3-20
Double Raker 3-23

Alternate-Using 3-2x4 Studs for Rakers 3-25

HOW TO CONSTRUCT OTHER LATERAL SHORES:

Horizontal Shores page 3-26
Tiebacks 3-29
Raker Shores Using Pneumatic Struts 3-31

3-11



Z1-€
1axey 1ad qjoo0‘T S! peo ubiseQ

Ld
o
o ®

—

S19)21d .9€ X ., T — ¢ YIM JoYyduy 9|0S
(6-¢ Bd aas) aseg ybnoi

sioyoue areld |jem ul-||up ,.2/T- ¢ | sedelg .8y Xx9xz—-12¢

198 bpa P X 10y XZ—T 1ayey ¥ X ¥ suQ
1e3|0 ¢ X ¥7 X Z dUO 9leld I[BM U9 X ¥ X 1
2SI [eusre

"S1Igap BuIAOWAL INOYIM [[em & 0] IXaU Paldals ag ued j|
‘pajjeIsul 8g ued WLlSAS Jayel a|geljal 2J0W € |iun ‘aloys
[eniul ue se pasn 1saq sI eyl aloys pajeisul Apidey

(T sse|D [esa187) IHOHS (U01DLH) YIMVYE ONIATH

SINILSAS ONIHOHS 1vd31V1 ONILONYLSNOD
3dINO SNOILYH3dO ONIHOHS d%SN



US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

HOW TO CONSTRUCT THE FLYING RAKER

1. The area adjacent to where walls need support by rakers should
be considered as very hazardous. Pre-construct each Flying
Raker beyond the fall zone, and do not attempt to remove any
debris that has fallen next to the damaged wall.

2. Determine where to erect the Flying Raker and the height
required to support the wall. Determine height of Insertion Point.

e Flying Rakers may be used as single, spot shores, or may be
built in pairs with horizontal & X bracing between them.

3. Flying Raker order of construction outline is as follows:

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

e Prefabricate the Shore, Trough Base, & Anchor. (page 3-9)

e Fit the shore into the Trough Base.

e Place the Anchor for the Trough.

¢ Install wedge and/or shims.

e Attach to wall with 1/2" drill-in anchors (or nails for wood walls).

¢ Retighten the wedges.

4. Layout Wall Plate, Raker and Bottom Brace at selected angle,
and toe-nail Raker to Wall Plate. (60 or 45 degree angle OK)

5. Nail-on Top Cleat, then gusset to one side of this joint.

6. Nail one-Bottom Brace to Wall Plate in position to clear debris,
but only tack-nail it to Raker.

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

8. Anchor the Trough, then carry the partly assembled Raker into
place. Snug-up the Wedges, and complete the nailing of Bottom
Brace to Raker. See page 3-9 for sole anchor.

9. Make whatever connection to wall that is selected, see
ADDITIONAL INFORMATION.

10. Retighten the Wedges.

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

RAKER BACKING — USED WHEN SUPPORTING WOOD WALLS
See page 3-8 for detail information including nailing.

The plywood backing shown may be also used with Split Sole
and Flying Rakers.

Plywood is 24" high x 36" wide x 3/4" or 5/8" thick.

Nail 16-16d from ply into back of wall plate, and 8-16d each
side of raker into studs and/or edge of floor.

The top of the plywood backing should be placed at the
Insertion Point. Center Raker on a stud.

SR SRR N
o..o ) .'. S e %e e S

Raker Backing — Used when supporting badly cracked
Concrete and Masonry Walls

Plywood is 48" high (minimum) x 48" wide x 3/4" thick.

Nail 16-16d from ply into back of wall plate.

Connect Raker to wall using 2 or more 1/2" x 5 ¥2" wedge
anchors, or 1/2" x 8" rebars (or smooth steel bars) through the
backing material into the concrete wall (4" min. embed. in wall)
on each side of the Raker.
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

HOW TO CONSTRUCT A SOLID SOLE RAKER

1. Determine where to erect the raker shores, the height of
supported wall, and the height of Insertion Point.

2. If areais not clear of debris, consider Split Sole Raker.

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

e Sole and Wall Plate extends at least 30" from where the raker
intersects them to allow for the Cleats.

e Angle-cut ends of raker with 1% " return cuts for full contact
with the wall and sole plates, cleats and wedges.

4. Pre-fabricate Wall Plate, Raker, Sole, and Sole Anchor.

e Toe-nail Sole to base of Wall Plate, square inside to 90deg, and
secure with gusset plate on one side.

e Layout Raker at selected angle, intersection with Wall Plate and
Sole. Anchor to Wall Plate with 16d nail, install top cleat and 3
nail-on gusset one side.

¢ Nail one Sole Gusset to Raker, but not to Sole at this time, since
Raker may need later adjusting.

e Mark Sole for position of Bottom Cleat, allowing for Wedges.

o 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.

5. Carefully move the partially prefabricated Rake Shore in place
at the wall and make sure it is plumb (side to side).

e With Raker Shore placed against the wall, the Sole should be
carefully driven-in so the Wall Plate is snug against the Wall,
and then the Bottom Cleat should be completely nailed, allowing
space for the Wedges.

e Full contact must be maintained between the wall plate and the
insertion point as well as at base of wall. (If the wall bulges out,
add shims to maintain full contact)

6. After anchoring Sole Plate (see 12.), install wedges between the
bottom cleat and base of the Raker and tighten them slightly.

e After adjusting the shims/spacers (if any) between the wall plate
and the wall being shored to ensure full contact, above, finish
tightening wedges and complete nailing of gusset on each side.
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

ADDITIONAL INFORMATION — Solid Sole Raker
1. Design Load for one Raker.

4x4 Raker = 2,5001b 6x6 Raker = 3,600lb

. Raker information:

4 x 4 maximum length without mid-brace: 11 feet.
6 x 6 maximum length without mid-brace: 17 feet.

. To attach wall plate directly to a concrete/masonry wall use 1/2"
drill-in anchors as noted below:

Place a minimum of two 1/2" x 8 ¥2" wedge anchors, or 1/2" x 8"
long rebar or smooth bar (4" min embed in wall) through wall
plate for 45 deg rakers. Use 3 anchors for 60 deg rakers.

At concrete walls, if 3/4" plywood backing is needed, attached it
to wall plate with 16-16d nails, and use at least two 1/2"x 5 2"
wedge anchors, or 1/2" x 8" rebar/smooth bar through backing
into concrete wall (4" min embed) each side of Raker.

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

Use 2 ft high x 3ft wide (min) x 3/4" or 5/8" ply backing nailed
with 16-16d to the wall plate. Center raker on a stud, and use at
least 8-16d nails through the backing material into studs and/or
edge of floor, each side of Raker.

. Place an 18" x 18" Foot under the sole at intersection of raker,
when bearing on soil.
Use 3—2x 6 x 18" or 2 —layers of 3/4" x 18" x 18" plywood.

. A Sole Anchor can be secured to the ground or floor behind the
sole plate to prevent sole plate from backing away from the wall.

Timber Anchors should be as least 4x4 size lumber, (6x6 is
better). Place 4 — 1" diameter x 36" pickets per raker, spaced
about 12" o.c. into Soil, and as noted on page 3-9. Two pickets
may be used into concrete or paving.

Specially made steel anchor brackets may be used with a
minimum of 2- 1/2" x 5 %" wedge anchors into concrete.

Concrete curbs, walls and other nearby secure structures may
also be used.

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

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

If there is rubble next to wall, wall plate will not extend to
ground, and Bottom Brace will be attached at bottom of Wall
Plate, and slope to within 6” of Trough Base.

Raker angle may be 45 or 60 deg into Trough Base.
Angle-cut both ends of Raker with 1% " return cuts for full
contact with wall plate, top cleat, and Trough Cleat.

. Pre-fabricate and cut, Raker, Wall Plate, Bottom Brace, and
Sole Anchor to proper length, and perform raker angle cuts.
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, 6” from bottom, or in
position to clear debris, but only tack-nail it to Raker.

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

Tack-nail Bottom Braces to Raker, so it can be moved to wall.

Assemble the Trough, as well as the 18” x 18" foot ( if bearing
on soil), and place in approximate position.

. Move the partially prefabricated Split Sole Raker Shore in place
at the wall and make sure it is plumb (side to side).

After securing the Sole Anchor, adjust the Trough, and drive
wedges slightly against it.

Maintain full contact between the wall plate at the insertion point
and at base of wall plate and the wall.

For bulging walls, add tight shims/spacers, then finish tightening
wedges & finish nailing of Bottom Braces.

Anchor shore to concrete or masonry walls, by placing 2- 1/2"
drill-in anchors for 45 deg. & 3- 1/2" anchors for 60 deg through
the wall plate into wall, per ADDITIONAL INFO. 3. For wood
walls, center raker on stud and see ADDITIONAL INFO. 4.
Place the Mid-Brace, if required by length of Raker, and erect
the Horizontal and X-bracing, per Solid Sole.

Secure the Sole Anchor as shown on page 3-9, and as noted in
ADDITIONAL INFORMATION 6 on next page.

3-21



ec¢€

‘pasn aq os|e

Aeuw saInonJis a1ndas AgJeau Jayio pue sjfem ‘sgind a1a1ouo)
"8]210U09 0] SI0YdUE. Ul-||UP ,.Z/T - OM] JO Wnwiuiw

B UIM pasn ag Aew s1axdei( Joyodue [931s apew Ajreinads
‘Buined 1o 91910U09 Ol pasn aqg Aew

s19x91d om] "g-¢ abed uo pajou se pue ‘|I0S Ol "9°'0 ,, 2T Inoge
padeds ‘Jaxel Jad s19xa1d ,9¢ X Ja1owelp T — 7 92e|d "(Janaq
S1 9xQ) ‘laquin| 9zIs yXi 1Ses| St aq P|NoYS SIoyduy Jaquul |
‘Irem ay)

wou) Aeme Buiyoeq wouy areld ajos ay Juaraid 01 are|d ajos ayl

puiyaq Jooj} 10 punolb syl 01 paindas ag pnoys Joyouy 8joS v °

‘poomA|d ,8T X .8T X ./S JO S1ake| - 2 10 ,.8T X 9 X Z — € 9s( '|I0S
uo Buireaq uaym ‘aseg ybnoi] Japun 1004 8T X .8T € ade|d

*10youy 2[0S e yum aseq ybnoi) ay asn -

*loyey Jo apIs yoes ‘100|}

10 abpa Jo/pue spnis ojul [earew Bupjoeq ayl ybnoiyl sjreu poT
-8 1SBa| Je asn pue ‘pnis e uo Jayel Ja1ua) "ae|d [jem ayl 01 P9t
-9T yum pajreu Buyoeq Ad 8/ 10,1/€ X 8pIm Y7 X ybiy Y z asn
‘[rem pawrel) poom e 01 Apoalip areld jrem ayl yoene o

“J9yel JO apIs yoea (pagwia uiw i) [[em 31840U0d ol

Bupjoeq ybnoiyy Jeq yioows/regal 8 x ,2/T J0 ‘loyosue abpam
W% G X ,Z/T OM11Sed| Je 8sn pue ‘s|ieu p9T-9T yum are(d |jem o}
11 payoene ‘papaau si Bupjorg poomA|d /€ H ‘S|fem 91819U09 1Y
‘s1axel Bap 09 1o} sioyoue g asn ‘siaxel bap Gy 1o} are|d

|rem ybnouys (jrem ur paquia uiw , i) feq yioows Jo Jegal Buoj

.8 X .2/T 10 ‘sioyoue abpam ,z4 8 X ,.2/T OM] JO WNWIUIW e 89e|d

:MOJ3( pPajou Se SIoydue Ul-[|lIp

.2/T 8sn [rem Aluosew/a1810uo2 e 0] Apoalip areld |jem yoene o] -

199] /T :99eig-piw o/m Y1Bus| Xew 9 X 9

1o9) TT =dri(g-pil O/m L|16U8| Xew 7 X 7 1o)ey -

g1009°c = Jaxey 9x9 gl100G‘g = 1axey vxy
;19xey auo 1o} peo ubisag

T

19>eY 3]0S 1|dS — NOILYINHOANI T¥YNOILIdayY

SINILSAS ONIHOHS 1vd31V1 ONILONYLSNOD
3dINO SNOILYH3dO ONIHOHS d%SN



US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

DOUBLE RAKER (May make from 4x4 or 6x6)

Is a Modified Solid Sole, full triangle, raker may be used to
stabilize 2-story buildings & high walls. It has the same
requirements and is built similar to Solid Sole, see pg 3-16

Material List: (per raker — need two or more)

1 - Wall Plate 3 - 1/2" drill-in wall plate anchors
(4x4, 4x6) for 45 deg. & 5 anchors for 60 deg.

2 Rakers (4x4, 6x6) | 8 - Full Gussets
2 - Midpoint braces* | 2 -2 x 4 or 4 x 4 Wedge Sets

* = 4 Mid-braces if 4- 24" long cleats, 14-16d each for
Insertion Pt is 16ft+ | 45 degree rakers

1 - Sole Plate Top cleats are 30" long, 20-16d for

60 degree rakers (24" at bottom)
Sole Plate Anchors: 3 — Pickets into paving or 6 into soil
2 feet at soil support:  3- 2 x 6 x 18" each or

(under sole ea Raker) 2 - 3/4"x 18" x 18" square ply

3
:} //
Ot 7
4
b\ %4
:-:o:. e,
(LI
L)
N N
(2T +
//f/ R )
////// - -
7,7 | Insertion Point up to 16 ft |
D oo
oA <

Insertion Point - 16 ft to 24 ft for 4x4 Rakers (see pg 3-24) |
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

ALTERNATE-USING 3-2x4 STUDS for RAKERS
(Only if 4x4 lumber is NOT available)

The following applies to Solid, Split-Sole, & Flying Rakers.

If Doug Fir & Southern Pine are not available, rakers may be
constructed using Hem-Fir and/or Spruce-Pine-Fir by reducing
strength by 15%. If use Eastern Softwoods, Western Cedar, &
Western Woods, reduce strength by 25%

Raker may be made from
two-3-2x4 pieces that are
required length to have
splice located above mid-
brace intersection. Use Std
plywood splice, per pg 3-9

Wall Pl & Sole Pl are made
from 3-2x4 staggered 2ft
minimum thus:

g IéZ'ﬂTyQ. stagger

8-

Nail 16d cooler/sinkers at

5" o.c. stagger thus: N
(.148 x 3.25")

/ Raker Splice

. ' /)

Solid Sole

Split Sole ﬁ]
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

HOW TO CONSTRUCT HORIZONTAL SHORE

1.

Determine where to erect the horizontal shore.

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

A clearance of three to four feet wide is usually adequate.
Measure and cut the wall plates & struts to the proper length.

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

Place both wall plates next to each other and attach 2 x 4 x 18"
cleats and single 4x wedges to the wall plates w/ 5-16d each,
just below where the struts will be installed.

If 4x wedge is not available, use 2x wedge on top of a 2x cleat,
And nail with 5-16d.

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.

3

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 Strut, then tap them together simultaneously until the
struts are tight.

Toenail the wedges from top into wall plate. May need to use
duplex nails for future adjustment.

Add 2 x 4 x 14" cleats on top of struts at wedge end, and secure
with 3-16d to strut plus 2-16d toenalis to Wall Plate.

7. At non-wedge end of strut, place half gusset one side.

8. If possible, attach the wall plates to the walls. (as for rakers)

9. Attach the diagonal braces to each side of the horizontal shore

when not used for access or egress.

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

When used, diagonal braces should be installed in a "X" pattern
on opposite sides of struts. 5-16d each end.
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

WALL TIEBACKS

Tiebacks may be used to stabilize hazardous walls that are above

the height that can be braced by Raker Shores. Tiebacks are

constructed using the following:

e Strong-backs that extent from at least one floor to the one
above or below. This allows the force placed in the strong-back
by the tiebacks to be resisted by the floors of the structure.

e Strong-backs may be made from 4x4, 4x6, or double 2x8 or
2x10, depending on floor height. (depending on need)

e Tiebacks may be made from very strong rope or wire rope
cable. (1/4" to 1/2" diameter wire rope cable)

e Cable tiebacks can be anchored to the tiebacks using a double
basket or choker hitch. (Dbl basket is twice as strong as choker)

e Loops may be made in cable using Wire Rope Clips to facilitate
the connections.

e Cables may be anchored to concrete structure using swivel
hoist rings and drilled-in anchors .

WALL TIE-BACK BRACING

=

\ uPPEERFeTogcf NALL I )
| HAVE FALLEN
It Shommtery r%l}ﬁ-zxe STRONA
IL \ | ///’ (BAéK N/CABLE
U S A\ TIEBACKS BETHN
T R O R O | | ] |
b Lo b g 8 b g L
4_ p
r\LA_r\ILF_\TI"—IA_'\ . §
1 7 u
h
I m I*\n oETxaET
WINDOWS
@loFToC. §
-
P
11— S 3
7 3
17" LUIRM =
D I

PARAPET & PART OF

4 STORY U.R.M. BUILDING
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

RAKER & HORIZ. SHORES w/ PNEUMATIC STRUTS

Pneumatic Strut Manufacturers have developed special
configurations that may be used to construct Raker and Horizontal
Shores. See following pages for configurations.

¢ Individual Rakers can be configured from two struts plus a
special wall plate rail, and special connections.

¢ Manufactured base plates can be connected into paving with 1"
x 36" steel pickets driven through existing base plate holes.

e When system is constructed on soil, a special angle must be
added to the base plate in order to bear on a standard Sole
Anchor. (see page 3-9).

e A pair of Strut Rakers can be configured as a braced system,
using wood X bracing that is connected to special clamp-on
brackets that have wood nailers. -

e When the Raker Strut is longer than 11 feet a mid-brace must
be used, and the cross bracing must be a Double X. Note that
the mid-brace must be a special strut that is able to resist both
tension and compression.

e One manufacturer has developed a strut bracing system where
the braces can resist both tension and compression forces.

e The Raker Rails must be connected to concrete/masonry walls
using a minimum of two-1/2" x 5 %" wedge anchors, or 1/2" x 8"
rebar/smooth steel bars with 4" min. embedment in wall. (Two
bars for 45 deg., and three bars for 60 deg. rakers).

e When supporting wood walls the Raker Rail must be carefully
centered on a stud, and two 1/2" x 5" lag screws placed through
the pre-drilled holes in the rail. 3/8" lead holes should be drilled
at least 4" into the stud.

e Low pressure air (50psi max) may be used to extend the struts,
but care must be taken to not impact the structure.

e Use hand tightening to snug-up all joints.

e See Section 7 for the tabled that give the Design Strength for
Strut Raker Systems. Note that the connections that anchor the
systems to wall and to ground may limit the strength. Consult a
qualified Structures Specialist.
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING LATERAL SHORING SYSTEMS

i 2 For this Raker, Strut
Manufacturer needs to
provide Mid-Point Brace

with special connections

2x5 Dlag&Honz Bracg
-16d ea. end into
speqal nailers on
: A Struts by Mfrs

where Mid-
Point Brace
connectsto

Special Base Plate;
Bearing Angle, and
Connections by

Strut manufacturer

> Sole Anch
with Steel Pickets

FULL TRIANGLE STRUT RAKER
In this case the Raker Strut is longer than 11 feet, so a mid-
brace must be used as well as Double X-bracing.
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CONSTRUCTING LATERAL SHORING SYSTEMS

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
s special nailers on
<y Struts by Mfrs

Need Dbl'X'Brac'g
[P to add support
where Horiz.
Strut/Brace
N connects to

Sole Anchor
with Steel
Pickets

Special Base Plate, |
Bearing Angle, and
Connections by

Strut Manufacturer

FLYING STRUT RAKER
This raker may be used as an initial, spot raker when there is
a significant amount of debris at the base of the wall.
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US&R SHORING OPERATIONS GUIDE
REPAIRS, FAQ, GLOSSARY, & ENGINEERING TABLES

INTRODUCTION to SECTION 4

This section contains Repair Techniques for Damaged
Structures and Frequently Asked Questions and their
Answers for FEMA US&R Emergency Shoring, plus a Glossary
of Terms, regarding Building Construction and Engineering.

The Repair Techniques are arranged as follows: Page

. Non-Contact Fiber Wrap 4-4

. Epoxy Concrete Repair 4-6
. Steel Jacket Column Repair 4-8
. Steel Jacket Joint Repair 4-10
° Column Stability Repair 4-12
. Spray Applied Concrete Repair 4-14
. Steel Straps Used To Confine Concrete 4-16
. Protected Entry 4-18
) Protective Barriers 4-19
The FAQ are arranged as follows: Page
. Headers 4-20
. Posts 4-21
. Laced Posts 4-22
o Cribbing & Window Shores 4-23
o Nails 4-23
o Raker Shores 4-26
. Diagonal Bracing 4-28
. Lumber Grade Adjustments 4-29
o Shoring Construction Sequence 4-31

The Glossary of Terms is arranged alphabetically, starting on
Page 4-33.

Useful Engineering Tables are shown, starting on page 4-42
with a list of the included tables including page numbers.
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P I T PR P

Installation Sequence:

Trowel on 2-part epoxy.

Initially place FRP cylindrical shell.

Adjust the shell so the 2 layers are in contact.

Place ratchet straps to temporarily hold the shell's shape.

Mix and pour the non-shrink grout, and use small vibrator or rod
to consolidate. 45
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8 =
Before After
Repair of Badly Damaged Column in Puerto Rico

* Carefully pour clean, small
aggregate in form to fill all voids.
* Inject low viscosity epoxy into
aggregate, starting from bottom.
(It takes 24 hrs to develop
reasonable strength - at 20°C)

Existing Beam, badly
distorted and surrounded by
fragmented concrete

Metal wire to tie form

Concrete at bottom

Column

4-7
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Damaged columns with completed encasement
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This steel jacket was used to provide strengthening at
several column joints at the bomb damaged Murrah Federal
Office Building in Oklahoma City.

It was placed where the concrete floor beam had been blown
away from the concrete column, leaving a badly cracked,
and unbraced joint.
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J [ 4TH FLOOR

& = !
4" DIA PIPE N5 &
\ [/’B'EMA PIPE ON DIAG
\ TRUSS 4" PIPE TO REDUCE
' { <EFFECTIVE LENGTH
= 1 ——
Tl [
1
1
1
1

PIT AREA

(AN

This cross-section at the Murrah Federal Office Building in
Oklahoma City shows how a truss work of pipes was used to
laterally brace Columns F22 and F20. The floors on all sides of
these columns had collapsed up to the 4" FI, and they were in
danger of collapsing as the debris was being removed to access

the buried victims.

Concouras

N
YT ITIYH YT

z '71

B2

t-uuu Ty

2 -T5 6 x 6 &5

This schematic, partial cross-section of the World Trade Center
Basement following the 1993 Truck Bombing shows the
configuration of steel tube bracing that was used to brace the steel
basement columns after the basement parking garage concrete
floor slabs had collapsed, leaving the steel columns standing 70 ft

tall without lateral support.
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Wall Before
Shotcrete

Wall After
Shotcrete

Overall View of
Repair Using
Shotcrete
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US&R SHORING OPERATIONS GUIDE
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N

Column F-22 at the Murrah Federal Office Building in
Oklahoma City, where the Third Floor used to be.

Steel strapping was used as a temporary measure prior to
installing a grout filled steel jacket.
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US&R SHORING OPERATIONS GUIDE
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PROTECTIVE BARRIERS

Repair/Retrofit Method: Use Rigid Containers & Boxes as
Barriers.
Use shipping containers and/or rigid boxes as protective barriers.

Manufacturers/Distributers:
Shipping companies, Concrete vault suppliers, and waste disposal
companies. See internet

Applications

Use shipping containers, dumpsters, and/or concrete vaults as
barriers adjacent to hazardous buildings and vulnerable rock faces.
Considerations/Limitations

Easy to use, and available locally.

Shipping containers are available in 20, 40, 45 and 48 foot lengths.

Steel debris boxes (dumpsters) may also be used, and are
available in 3, 5, 8, 15, 18, 20, 30, and 40 cubic yard sizes.

These rigid containers can be ballasted with heavy objects, such as
water bladders, sand bags, and steel scrap, in order to add sliding
and overturning resistance.

Containers may be stacked up to 3-high, but should be connected
together using chains or high strength straps.

Containers may be placed 2-wide to improve resistance.
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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 5% x 6” net post. Inter-nail with
16d@5"0.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 +V%" plywood fill to adjacent side. Inter-nail with
16d@5"0.c.

Ans. P-1b To construct an 8x8 one may use the following:
Build-up 5-2x8 and inter-nail with 16d@5” o.c., plus add
2" carriage bolt 6” from each end and 3ft o.c. As alternate
to the bolts add 6”x %4” x 12” plywood gussets on 8" faces
at same spacing
or
Build-up 4-4x4 to from a 7”x7” net post. Place 8ft” long x n
%" plywood gussets on all 4 sides at mid-height, plus 16"
long x %" ply, all 4 sides near each end. Nail each gusset
to each 4x4 with 8d @ 3"o.c. stagger.

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.

4-21
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US&R SHORING OPERATIONS GUIDE
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CRIBBING

Question CB-1 Maximum height to width ratio is specified as 3
to 1 in 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.

¢ 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.

e For both cases the height of cribbing should be minimized,
since differences in the hardness of adjacent pieces of wood
can cause differential deflection that can lead to instability.
Therefore it is recommended that cribs using 4x4 lumber be n
limited to 4ft in height (6x6 limit to 6ft in height). If greater
height in needed, these effects can be minimized by using a 3
member x 3 member layout.

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.

4-23
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US&R SHORING OPERATIONS GUIDE
REPAIRS, FAQ, GLOSSARY, & 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%
(Use 85% of full strength)

e  For Eastern Softwoods, Western Cedar & Western Woods
reduce strength by 25% (Use 75% of full strength)

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.

4-25



9C-v
abeloyoue elxe
1o} pasu 8y} ajenjeAs 0} -0adg Sainjonug e }Nsuo) "S}exold Z uey)
2I0W pue Joyouy 9]0 e Buisn paioyoue aq 0} pasu Aew ybnoi |
ay] -aseg ybnou] ayy 0} paldde 8210} [BJUOZIIOY BY) O} ppe pue
Jaxey ay} puaq o} Aouapus) e s alay) ‘|ejuozioy e se painbiyuod
s 90elg Wonog oy} 92uIS ‘|lem pabewep ay} Jo aseq a8y} e punoy
aJe slgap Uaym |njasn ale Jnq ‘Iayey Jo adA) 1sexeam ay) si pue
‘aloys jods/eniul e aq 0} papusiul si Jaxey BulA|4 8yl ¢€-y'suy

¢iayey (uonong4
10) Buif|4 ay} jo uoneinbiyuo 3saq ay} SI JeYAA £-y uolsanpd

*J8UI0D By} WOoJ) g 01 Yy woly paodeds aq Aew
Jaxey sl 8y} ‘obewep o3| 9ABY SIBUI0D [|[em USUAL qZ-Y ‘Suy

*JBUJ0D By} Jeau uonodalIp
yoea Ul siayey aJow Jo auo aoe|d 0} pasu Aew auo ased Siy} U]
"JauJod 8y} wodj [je} o} Aluosew jo abpam able| e mojje 0} spus} jey}
/\. B WwJioj 0} Jeadde jey} syoeuo jeuobeip abie| aney Aew siauiod
INYN S8seod Auew ul 0S|y "8|qIssod Se JauJ0d 8y} Jeau Se Jayey
18414 8y} 9oed 0} ajelidosdde aq pjnom §1 ‘payoe.d Ajpeq si Joulod
I'EM BU} §| "[[EM BU} JO UOIIPUOD B} UO SpuSdap SIYL BZ-Y "suy

Zlauloo
8y} wouy paseds aq Ja)ey e p|noys Jej MOH Z-y uonsanpd

"188} g uey) alow paoseds aq
10U p|noys saioys Jayey ased Aue u| ‘Buioeds palinbai ay) Ajioads
pue ‘uonenyis ay} ajen|eAs 0} payse aq p|noys isije1oads ainonis

V/ '92J0} [BJUOZIIOY SQ|00GZ € Hoddns 0) paubisap si Jayey
9103 J1ds Jo 908 pljos yoe3 ‘pauoddns Buleq ||lem ayj JO UORIPUOD
pue jybiam ‘ybiay ay} uo paseq aqg pinoys Buioeds ay] L-y'suy

ésaloys
Jayey 10} Buioeds ajerndoidde jsow ayj si Jeypn -y uonsand

SIYOHS ¥IMVY

S319V.L ONIMIINIONT ? ‘AYVSSO1D ‘DOV4 ‘SHIvdIy
3dINO SNOILVY3IdO ONI-MOHS d8sNn



US&R SHORING OPERATIONS GUIDE
REPAIRS, FAQ, GLOSSARY, & 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 considered when bracing a One-
Sided Trench or Basement Excavation.

Question R-5 How should one connect the upper end of a 60
degree Raker, since we no longer recommend that the wall
plate has been notched out 1 inch? n

ANS. R-5 The 1” notch is no longer recommended for 60 degree

Rakers. Use a 2x4x30" cleat with 20-16d nails for a 4x4 Raker
System, and a 2x6x30" cleat with 29-16d nails for 6x6 Raker .
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US&R SHORING OPERATIONS GUIDE
REPAIRS, FAQ, GLOSSARY, & 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, 4 ft would become 3’ -
6”. For 25% reduction, 4 ft would become 3 ft.

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

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 preservatives are being introduced.

Ans. L-2b No "Significant” reduction in wood strength occurs due
to treatment using Copper based or other preservative 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.

4-29



0c-v

‘padois sI Japeay auy) J Ajjeroadss ‘wopnoq Jojpue

doy ay) Je swiys Jo/pue sabpam aAey pjnod auo JOO/MOPUIAA
pajeoligejald JO saseo ||e ul joej u| "do} ay} je sabpam

ay) Buiney ur wajqold ou si alay} ‘@sed (Aue 1o) Ssiy} u| "Ja)em Japun
J1 ‘usjybi-a1 pue ¥o8yd SUO p|NOM Moy INg ‘©SeD SIU} Ul WOoRoq du}
1e sabpam ayj buioe|d ur wajqold [einjonuis ou sl aloyl ¢€-IN SNV

ipabilawgns awo29q [|Im wopoq ay} yeys Ajiqissod ayj si
913y} Uaym ‘a10yg MOpPUIp\ 10 J00( pajedliqesald e Jo woloq
ay} je 1o doy ayj je sabpam ayj aoejd am pjnoys ¢-|\ uonsanpd
‘|eoyouaq AlsA aq pjnoo

8J0s ay} Buunoas pue ‘a|qejoipaidun Jeymawos aq pPiNOM SI0O|}
padols 1SO|\ '8]0S 8y} 84n23s P|NOYs auo sak ‘Aj@Injosqy Z-IN "SNV

éaloys
Jooj} padojs e jJo 9]0S 3y} 91N23s aM p|Noys Z-INl uonsanp

‘uoienys
Jejnoied Aue uo adinpe noA anIb Q1S e aAey 0} 1Saq SI)| e
"9A0Qe Pa)s|| ‘suolelapisuod Jaylo ay} Buidaay
‘leonjoeud se uoneoo| jeyy Jeau se saloys ay} aoe|d
uasald s| Buioeuq ‘ssniy ay} 0} Jejnolpuadiod swos §| e
‘s|euobelp ssnu} 8y} Jo 8UO Aue pPeOJISAO 0} JOU SE 0S
a|qissod se yonw se peoj 8y} Jno pealds ‘sl jey| ‘sassnly
10 dnoub swes ay) Jo} UOIIEI0| BUO UBY} JOW Ul SIaquiawl
gam 8y} JO UOoNoasIajul 8y} Japun Ajoallp Saioys ade|d e
‘(S1Q) 1sljeI0adg saunjonS JNOA Yyim yoay) e
:Buimoljoy
8y} Op O} SPAaU BUO BSED JBY} U] "82I10Y2 9|qeuoseal Jayjo Aue
aABY J,UOP NOA alaym saseo aq Aew a1dy} ‘JoABMOH *(XgZ wol) apew
sassnuy Jaquiy 8y1]) ssnJi [jel ‘uiyy Aue Jo isiof Jeq jo wopoq 8y}
Japun Ajoalip walsAs Buloys e aoe|d Jou pjnoys suQ L-INl "'SNV
é(paoyo doj) doj ayy sapun dn waysAs
Bunioys ayj ase|d 0} paau am op 1o ‘(pi1oyoH wolpog) wopoq
a9y} wouy Isiof Jeg |99)S 9I10ys am p|noys |L-|N uonsanp

SNOILS3IND SNO3NVTIIOSIN

S319V.L ONIMIINIONT ? ‘AYVSSO1D ‘DOV4 ‘SHIvdIy
3dINO SNOILVY3IdO ONI-MOHS d8sNn



US&R SHORING OPERATIONS GUIDE
REPAIRS, FAQ, GLOSSARY, & 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 provides
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.
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US&R SHORING OPERATIONS GUIDE
REPAIRS, FAQ, GLOSSARY, & 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.
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US&R SHORING OPERATIONS GUIDE
REPAIRS, FAQ, GLOSSARY, & ENGINEERING TABLES

Collapse — continued

Soft 1% Story Collapse — Occurs when only the first story of a
building collapses (usually due to earthquake) due to the
weakness and/or reduced stiffness of the 1% story when
compared to the remainder of the building.

Collapse Zone — usually defined as the area that will be occupied
on the ground when a structure completely collapses.

Column- Vertical structural member subject to compressive forces.

Compression- Force that 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 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.
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
erected as part of a structure.
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- beam supported at both ends and at one or
more interior supports.
Cornice- A horizontal projection which crowns or finishes the eaves
of a building.
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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. (also the plywood gusset plate
connections used for US&R shoring)

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. n

Joist- A piece of lumber used as a floor or roof beam.

Kiln-Dried Lumber- Lumber that is artificially dried in an oven-like
structure.

Kip- One thousand pounds.

Knot- A hard, irregular lump formed at the point where a branch
grew out of a tree.

Nonbearing Wall- A wall that supports only its own weight.
Open Web Joist- A lightweight steel truss used as a floor or roof

beam. It is made from a steel bar, bent at 90 degree angles, and
welded between angle irons at the top and bottom bar bends.

Operating Radius- The horizontal distance from the centerline of
rotation (the center pin of the cab) to a vertical line through the
center of the sheave at the end of the boom.
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Rafter- A 2x or 3x member, usually spaced at 16” or 24” that
supports a sloped roof, and may form a simple truss.

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.

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 (aftershocks, wind
show, etc. rescue equipment, rescuers, etc.), settling of collapsed
structures, drying of the soil,. Secondary Collapse can occur if
significant Potential Energy is still present in the structure. Potential
Energy may be characterized as heavy structure and objects that
remain elevated and may move downward under force of Gravity.

Sheathing- The covering applied to the floor/roof or wall framing of
a building to which siding is applied.

Sheeting- Generally speaking, wood planks and wood panels that
support trench walls when held in place by shoring.

Shoring- The general term used for lengths of timber, screw jacks,
hydraulic and pneumatic jacks and other devices that can be used
to hold sheeting against trench walls. Individual supports are called
shores, cross-braces, or struts.

Simply Supported Beam- A beam supported at both ends.
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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. Example: when a pipe wrench is used to
tighten or loosen the pipe or end fitting, it exerts a Torsional Load
on the pipe.

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

Vertical (or Wall) Collapse Zone- The expected ground area that
a falling wall will cover when it collapse. For safety, it is normally
estimated as 1.25 to 1.5 times the height

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 steel beam between the flanges. n

(Steel beams that are called | or W Beams have a thicker steel
Flange at top and bottom with a thinner Web that is the vertical
member between the Flanges.)

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

Wind load- Horizontal and vertical pressure imposed on a structure
by the wind. The Wind Pressure is proportional to the Speed
Squared (for twice the speed there is four times the pressure)

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
REPAIRS, FAQ, GLOSSARY, & 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%x9 Tons

Wire Rope Slings D %x 8.5 Tons

Shackles (Alloy) D 2x 12.5 Ton

Shackles (carbon) D 2x 8.5 Tons

Chain Slings 2

(1.D. as Type A) D “x 24 Tons

Turnbuckles D?x5 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
I(\gcr)\blok.a Riggers) 85 1.18
Mobile (on Tires) 75 1.33
Boom Truck 85 1.18

4-43



v

"asn Ul jJou
uaym pajiod Apadoud pue ‘ainisiow wodj payosjold ale Aay) aiaym
palols aq pjnoys sbuiis adou alip) ‘Bulis ay) yeauq o} Jusioiyns
peoj-1ano Asejuswow e dn pjing ued ysiym ‘syual usppns se ||lom

Se paploAe ag p|noys Bulpeoj-laAo snonunuod Jo AreaH "Buyoolq
poom Jo ‘Buipped depinq ‘sajppes Jaulod jo sueaw Aq sabpa Bumno
pue spuaq dieys wolj payoajoid aq pinoys sbuiis ados asip Alajes
pue 92IA18S WNWIXew Joj |eljuasse ale abesn pue aied Jadoid

a1e3 Buils

-aonoe.d

Burieauibus punos pue sousuadxs apim uodn paseq ‘pajsl| ale
SpeO| 8jeS 9|ge}NS ‘S9SED YINS U] "J0}oe} A19jes |eouswnu ajuap
e paubisse aq jouued ‘Bunjealq a10jaq SSaUNBSN puoAaq wioep
(1M y21ym ‘syull Jo ‘Bupiesiq Jnoyym usiybiesss |Im yolym ‘syooy
se yons ‘sbunyy Buljs ulenao ‘1enamoH "sa|ge} asay} Jnoybnouy
pauleluiew si oAl Aj@jewixosdde jo Joyoey Alajes e ‘|eiauab u|
Jojoeq Ajojes

‘'spunod Q0Q‘Z 10 suoy uj aJe
sbBunel |y ‘mau ale sbujjs ay) uaym ‘Aidde speo| snouea ay} ysiym
J0} suoneoldde ayy uonensn| Aq ‘seyesipul a|ge} Jwi| peoj bujiom

ayl "youy jo adAy ayy uodn Buipuadap ‘saliea siy] “buis e jo
Ayoeded Buppom |nyasn ayy si peoj ubisap Jo ‘Jwil peoj bujiom ay |
peoT ubisaq 10 Jwi peo bunjiopy

‘lenbaun aq osje [m ajbue Buljs pue sassadls Bulls ay L

‘yibus| |enbaun jo aq 1snw sbulls ay} ‘18yj0 8y} 0} uey} JUBWIYOEYR
Bulls ay} Jo uiod auo 0} J8so|a si Ajaelb Jo J8luad ay) uaym ‘uoseal
SIY} 104 "92UO Je pa}oallod aq p|noys pue }nsal |iIm Buibuims
Joj/pue Bunjy snosabuep ‘Alaelb Jo 181uad dy) JO SpIS BUO O}

Je} 00} sI Yooy aueud ay} JI ‘g|qissiwiad Ajlensn ale suoneuea jybijs
3JIUM “ulod siy} Aoge Aj}oaJip 8q Isnuw ooy aueld ay} ‘Y| [9A9)

B 9w 0} J8pJO U] "Pajesjusduod se palapisuod aq Aew jybiom
aJnua ay} yoiym e uiod jey si 108(qo ue jo Ajaelb jo Jsjusd ay |
KiAelS Jo 1gjua)

NOILVINYOLNI ONITS TVHINTO

S319V.L ONIMIINIONT ? ‘AYVSSO1D ‘DOV4 ‘SHIvdIy
3dINO SNOILVY3IdO ONI-MOHS d8sNn



US&R SHORING OPERATIONS GUIDE
REPAIRS, FAQ, GLOSSARY, & ENGINEERING TABLES

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

Rope / \
Dia. ARNZANEFS
Inch «\ ( N 1
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
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
REPAIRS, FAQ, GLOSSARY, & ENGINEERING TABLES

Wire Rope «Discard Conditions

- Core
NORMAL DIAMETER REDUCED DIAMETER -
\ 52N Failure

lay angle
Reduces

/

one rope lay

== Rope
~__ Stretch

il
Core
Protrude

4-47



8v-v

sallm uadolq Aue juswnoo@ “uolleiolalap
1usnald 01 1no pue apisul paleauqn] [|oM sadol doay
Aeme padoni si1 pue ados ay} apisul
JJo sdealq 1l |llUn Yylio) pue oeq allm puag "sabpe
dieys o1 anp 1nd 8g 10U P|NOYS SalIM uayo.g leyl 910N
suollipuo) pieosiq - Bulpuey Jadoidwy 91eolpul Saiim
Buibing 10 ‘yuing 1eay ‘paysnid ‘o ‘payuly ‘papotion /
‘puells g o} ,6 pue ados puelis g Jo} ,00L Ul 9 o]
0} paloadxs oq ued sados Jomau 10} Ydlalls |BWION 9
sadol Jobie| 10} ,ZE/E
sedoJ ,p/L-L O} 8/L 10} 9L/  edol ,p/¢ o} p9/€

pesdxa jou pjnoys Jejawelp ados ul uolonpay g
Ialowelp sM g/1 Aq ulom sI pueils e ul allm Aue §| p
‘spuells usamilaq Asj|eA 8yl ul syealq alim Aue j| ‘g
Buillly e 1B salim usdoig 8iowl IO BauQ g

anoge BLI9}D 998 |

1 aoe|day

uoljeiolalep
wnuwixew Buimoys uolloas
}e uonipuod adols 8jewlls]

sadoy Bulpuelg ul Ae| auo ul salim uaouq ¢
Ae| auo ul puells auo ul SalIm uajoiq €
Ae] auo ul salm uaolq 9

:ale alayl J ados aoejday

juswaoe|day @ uol}oadsu] adoy alp

S319V.L ONIMIINIONT ? ‘AYVSSO1D ‘DOV4 ‘SHIvdIy
3dINO SNOILVY3IdO ONI-MOHS d8sNn




US&R SHORING OPERATIONS GUIDE
REPAIRS, FAQ, GLOSSARY, & 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.

:

Swaged Socket Spelter Socket Wedge Socket
(100%) (100%) (75 to 90%) n

WIRE ROPE LOOP TERMINATIONS

B Without thimble, eye efficiency may be reduced as
much as 10%.

B Wire Rope Clips must be properly installed.

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
REPAIRS, FAQ, GLOSSARY, & ENGINEERING TABLES
SYNTHETIC SLING INFORMATION
B Must include manufacturer's sewn on Tag.
(Gives Fiber Type & Safe Working Load)

-

)

AU
y,

Provided with seamless protective cover.
Use corner protection.

Need careful Inspection.
Slings stretch as much as 10%, Polyethylene 1%.

[N PN

PP

Y

J \J 0O LU J
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
REPAIRS, FAQ, GLOSSARY, & ENGINEERING TABLES

WEDGE ANCHORS

- Washer Collar Wedges
— N /

Impact Section Anchor Body Expansion Cone

RKwik-bolt, Weadge-all or 7rubolt
Allowable Tensile Loads (Ibs)

Nut

N

Dia- Emb ' Required f. = f =
meter |EMbedment| Torque (ft-lb)| 2000 psi | 3000 psi

15/8” 20 530 605

Yg" 21/ use 25 1130 1210

47" 25 1200 1230

2a” 40 870 970

2 32" use 50 1750 2000

6” 65 1970 2170

234" 85 1430 1690

Sfa 47 use100| 2170 2670

7" 110 3000 3270

31/a” 150 1850 2180

3ar 4302 use 225| 2750 3630

8” 235 3750 4630

4" 250 2930 3650

1" 6” use 350| 4000 5310

9" 450 6070 7070

Allowable Shear Loads (Ibs)

Dia- fé = fe =
meter Embedment 2000 psi 3000 psi
e 15/g” 930 970
° o z2vpert 1100 1100
ar 2104 1810 1840
2 231" " 1840 1840
. 294" 2880 2880
8 4 3140 3140 |

- 31" 3880 3880
“ Z 4370 4220 4220
4 412" 6620 7120
>6" 8620 8620
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US&R SHORING OPERATIONS GUIDE
REPAIRS, FAQ, GLOSSARY, & ENGINEERING TABLES

HURST- AIRSHORE RESCUE STRUT

Adjustable aluminum, pneumatic struts. (May use up to 50 psi
air pressure to gently extend these struts).

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 7 ft, 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 3000Ibs (1350 kg) | Use strut plus extension
15 3400 (1530) or single adjustable strut
14 3800 (1710) "

13 5000 (2250) "

12 7000 (3150) "

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
REPAIRS, FAQ, GLOSSARY, & ENGINEERING TABLES

PARATECH LONG SHORE STRUTS
(GOLD ANODIZED COLOR)

Adjustable aluminum, pneumatic struts. Use Acme Nut
to transfer load from inner to outer tube. (May use up to
50 psi air pressure to gently extend these struts)

See Section 2 & 3 for other recommendations.

Struts are available in three ranges of length.

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

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

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

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 lbs (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

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

)
20,000 (9100) | "
)
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US&R SHORING OPERATIONS GUIDE
REPAIRS, FAQ, GLOSSARY, & ENGINEERING TABLES

PARATECH RESCUE STRUTS
(DARK GREY 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 availablein 1.5t0 2 ft, 2 ftto 3 ft, 3ftto 5 ft, & 5 ft

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

available).

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

ends, with and without one extension.

B See Pg 4-40 for Paratech 3 2" 0.D. Long Shore (Gold
Color) Struts

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

M 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 Average Failure Design Strength
Strut Force based on the following
Feet (Ultimate strength) Safety Factors
3to01 4101
2ft 87,000 Ibs 29,000 Ibs 21,750 lbs
4 ft 71,750 Ibs 23,920 Ibs 17,940 lbs
6 ft 56,500 Ibs 18,830 1lbs 14,125 1bs
8 ft 48,100 Ibs 16,030 lbs 12,025 Ibs

4-59
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US&R SHORING OPERATIONS GUIDE
RESCUE SPECIALIST REFERENCE DATA

INTRODUCTION to SECTION R

This section contains information that provides useful data for
the Rescue Specialist at the US&R Disaster Site, listed as
follows:

e Personnel Assignments Page R-2
¢ Radio Channels R-3
e Team briefing Components R-4
e Squad POA Requirements R-5
e Rescue Team Manager Duties R-6
e Rescue Squad Officer Duties R-8
e Medevac Procedures R-9
e BOO Requirements R-10
e  Strategic Considerations R-21
e Initial Rescue Site Tasks R-22
e Site Assessment Form R-23
e LCES and Cribbing Information R-24
e ICS 214: Unit Activity Log Example R-26

R-1
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US&R SHORING OPERATIONS GUIDE
RESCUE SPECIALIST REFERENCE DATA

Radio Channels

TFL 1 TFL 2
RTM 1 RTM 2
LOG 1 LOG 2
MED 1 MED 2
BOO1 BOO 2

R-3
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US&R SHORING OPERATIONS GUIDE
RESCUE SPECIALIST REFERENCE DATA

Squad POA Requirements

Sign in/Check in

Personal Pack inspection

Vehicle keys

Contact Information sheet

Family Support Team information sheet
Medical review/Shot Record

MRE/Water

Communications equipment issue
Passport (if required)

Brief Relief issue

R-5
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US&R SHORING OPERATIONS GUIDE
RESCUE SPECIALIST REFERENCE DATA

Rescue Team Manager
On Site Duties

Overall assessment process to determine:
e Functional requirements
e Work schedules and rotation periods
e Adequacy of support facilities
Coordinate activities with Search & Recon
Assist in development of team action plan

Coordinate objectives and personnel
assignhments

Ensure proper worksite setup, control &
safety

Evaluate operations and modify as needed

Evaluate capacity of resources to complete
assighment

Order additional resources as needed

Resolve coordination, personnel and
communication issues E

Provide periodic progress reports to the TFL
Identify completion of assignments

Identify availability of resources

Submit daily reports to Plans

Ensure proper information exchange at
relief or demob

Notify Logistics of equipment, supply or
maintenance issues

R-7
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US&R SHORING OPERATIONS GUIDE
RESCUE SPECIALIST REFERENCE DATA

Medevac Procedures

Select and Secure Landing Site:
Size depends on number and type of aircraft
Ground slope <15 degrees
Ensure surface free of rocks and debris
Avoid dust, sand and snow

Ensure ground firm enough to prevent
aircraft from bogging down during
loading/unloading

At approach/departure ends, clearly mark
obstructions that cannot be removed

Ensure 10:1 horizontal clearance to vertical
obstructions
Mark landing/touchdown site E

Use smoke, signalman and or lights

When dark, mark touchdown point with
inverted “Y” composed of four lights

R-9
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US&R SHORING OPERATIONS GUIDE
RESCUE SPECIALIST REFERENCE DATA

BOO Site Requirements
Preferred Size 200x200ft (61x61m)
Minimum size 110x150ft (33.5x46m)
Cultural/social considerations
Access to work sites
Runoff/flooding
Noise considerations
Utilities
Damaged structures
Prevailing winds/air hazards

BOO Setup Priorities

Task Priority
Cache setup and organization
Task Force Command Center
Medical
Personnel Shelters
Sanitation/Hygiene
Community Tent
Canine Shelter
Security/Hazards (constant)

J%OJOOI\)HI—\I—‘I—\
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US&R SHORING OPERATIONS GUIDE
RESCUE SPECIALIST REFERENCE DATA

BOO Setup Responsibilities

Site Requirements (Immediate)

e Task Force Leader, Rescue Team Manager, Log
Chief & Comm Specialists

Cache Setup and Organization (Priority 1)
e Log Chief, Log Specialists, Squads 3 & 4
TFCC Setup (Priority 1)

e Task Force Leader, Plans Chief, Comm
Specialists, Technical Info Specialist & Safety

Medical Treatment Area Setup (Priority 1)
e Medical Manager & Medical Specialists
Personnel Shelter Setup (Priority 1)

e Squad 2
Sanitation/Hygiene Issues (Priority 2)
e Safety

Canine Exercise Area (Priority 3)

e Search Team Manager & Canine Specialists
Community Tent Setup (Priority 3)

e Log Chief & Technical Info Specialist

R-13
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US&R SHORING OPERATIONS GUIDE
RESCUE SPECIALIST REFERENCE DATA

BOO Setup (Cache) Procedures

Size (approximately) 50x60ft (15x18m)

Layout/mark Cache area adjacent to BOO
entrance and main travel/access

Post conspicuous sign

Mark perimeter with fireline tape and establish
entry control point

Mark location/layout for cache setup
e 4rows Rescue

e 1row Technical

e 1row WMD (as needed)

e 1row Logistics

Erect 19x35ft Western Shelter tent for weather
sensitive equipment and office E

Provide electricity and light
Identify empty boxes for counter space/seating
Provide tarps/sheeting for weather/security

R-15
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US&R SHORING OPERATIONS GUIDE
RESCUE SPECIALIST REFERENCE DATA

BOO Setup (Medical) Procedures
Size (approximately) 25x50ft (7.5x15m)
Mark perimeter with fireline tape and post sign
Erect 19x35ft Western Shelter tent
Provide electricity and light
Establish the following:
e Patient treatment area, with privacy
e Acute care equipment

e Office workspace with shelving and seating

BOO Setup (Shelter) Procedures
Size (approximately) 80x110ft (24x33.5m) E

Mark perimeter with fireline tape and post sign
Erect Personnel Shelter tents
Provide electricity and lighting

Provide smoke & carbon monoxide detectors
and fire extinguishers

Affix identification signs to tents

Consider weather and runoff issues

R-17
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US&R SHORING OPERATIONS GUIDE
RESCUE SPECIALIST REFERENCE DATA

BOO Setup (Security/Hazards) Procedures

Identify/Mark Hazards within or adjacent to the
BOO

Isolate fuel storage

Provide fire extinguisher at fuel storage and
refueling locations

Post “No Smoking” signs as appropriate
Cover cache, supplies and equipment as
appropriate

Request additional generators/lighting for
improved safety/security

Post and announce plan for evacuation and
assembly points

Identify availability of local police/military
BOO Setup Tent Assignments

Assignment Tent
TFL, RTM, Safety, Plans, TIS ENG
TFL, RTM, Safety, Plans, TIS ENG
Squad 3 & HM Specialist
Squad 1 & HM Specialist
Squad 4 & Driver/Mechanic
Squad 2 & Driver/Mechanic
Canine Specialists & Canines
STM, Search Specs. & HER Spec.
Non-Task Force Personnel
Medical Personnel Medical
Communications Personnel Comm

Logistics Personnel Log
R-19
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US&R SHORING OPERATIONS GUIDE
RESCUE SPECIALIST REFERENCE DATA

Strategic Considerations The most effective rescue strategy
should blend all viable tactical capabilities into a logical plan of
operation. The general strategic considerations are outlined as
follows:

Rescue Site Management and Coordination_Each rescue
work site must have one person in charge to maintain unity of
command. The Rescue Squad Officer of each rescue squad is
responsible for all activities of the assigned rescue site including
safety when a single squad operates alone. At large or complex
rescue operations that require the commitment of two or more
rescue squads to a single operation, the Rescue Team Manager
may assume command or assign one of the Rescue Squad Officers
to be in charge of the site. A Safety Officer should be identified at
each rescue site.

Search Phases There are generally five phases of organized
search and rescue operations at collapse incidents:
®  Phase One: Assessment of the collapse area.

® Phase Two: Removal of all surface victims as quickly and
safely as possible.

®  Phase Three: Search and rescue of victims from accessible
void spaces.

®  Phase Four: Selected debris removal to locate and rescue
victims.

®  Phase Five: General debris removal. Usually conducted after
all known victims have been removed.

R-21
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US&R SHORING OPERATIONS GUIDE
RESCUE SPECIALIST REFERENCE DATA

Site Assessment

Date: Time: Sitett:

Type of Occupancy:

GPS:

# of levels:

Above ground:

Below ground:

Possible # of victims/location:

Hazards:

Utilities controlled:
Electricity Water
Gas Other

R-23
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US&R SHORING OPERATIONS GUIDE
RESCUE SPECIALIST REFERENCE DATA

LCES

Lookouts

e Appoint site Safety Officer

e Observe only
Communications

e Request radio channel(s)

e Review evacuation signals
Escape Routes

e Pre-established path to safe area
Safe Zones

e Pre-established areas of refuge

e Pre-identified assembly area

Cribbing
4x4 - 6000Ibs (2700kg) per full contact point
(Recommended Maximum Height = 4'-0")

6x6 - 15,000lbs (6750kg) per full contact point E
(Recommended Maximum Height = 6'-0")

Overlap corners by 4” (10cm)
Up to 15 degree slope max. (3 feet in 10 feet)

Allowable Height to Width Ratios

= All bearing 3to1l
= Lifting or moving 2to 1
» 2 of 4 bearing 15to1
» 1 of 4 bearing ltol

R-25
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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
ms
liters
m3
cm®
m3
liters
mi
ml
ml
liters
liters
liters

grams
grams

kg

kg

tons (metric)
kg

tons (metric)
kg

tons (metric)

multiply by

25.4
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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