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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 |.D. & Failure Modes by Bldg Type Page 1-2

e US&R Field Communication Procedures 1-16
¢ 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 L.D. and FAILURE MODE SUMMARY

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

Building Types are:

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

Pages for each bldg type present the characteristics, typical failure
modes, hazards, check points, plus hazard reduction and victim
access suggestions.
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.
= |mportant 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.
¢ 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



¢l

‘sebeueb Bupped Oy Jono Jjing ale Auepy e
SNOILVNIGINOD NOWINOD
‘asde||00 pue }oel UBD S9LI0)S YBSA\/UOS e
‘Aslou pue MO|S aq p|noys aJinjied e
'S|lepn J0 Bupjory — Bulyieays [lep) Ul ainjieq e
S3AOI FANTIVA TVIIdAL
‘asde||00 eyep-d
10 AJjiqissod @oueyua UeDd |1y JOOJ) 8}2J0U0D JO BoUSSald
"2dA1 Buiyieays uo juepuadap ‘sapowl
aJn|ie} a[I}ONP/M S2INJONJIS JUBPUNPAI 8)eald Ss|lem Auely e
S103dSV FONVINHO4H3d A3X
‘lerosawiwo)) Jybi Jo [enuspisey e
'S8lI0)s {7 0} dn — 8dA} xoq ‘swel) poom AjJsop e

SOILSIHALOVHEVHO
1N0 @31Ind 3IAVH
STIVN A1avd MOH NO aN3d3a SSVI9 NIOHE HOd LNO-OO0T e
TTIM INTLSAS DLHS 'OVId LSIX3 QYVZVH ONITIV4 TVH131
HO AMiATd 40 FONVINHOLYId Y3IINIA AHNOSYIN IAVH STIVM die
NOOHSHILAV NI 3SdV1109
370S OL Q3HOHONV NIVINIY

4O L4IHS NVO 95478 aadovy -«
advod WNSdAD H3IAO0 OJONLS o
AOOMATd H3IAO 0JJNLS e
ATINO 020N1S o

OLHS 9VIQ/AOOMATd

¢ ONIHLV3IHS S| LYHM

"AHOLS MVIM ‘dIMNOVH

Alave
™

NI HSINId a3aXovHd
I T
e

T . - A L Al
4“' F] v %S si 4
0 SINILNOD AAVIH or “Nsann
S 21412313 MO3HD
$17v4 % 35007 S3IW0D 35 95
371L 400 AAVIH ~

1ON AV T17VM 4O 3Svd

& N

(S43L3IW dNOYD
4O TVNAIAIGNT)
. SINIT HILVM %

SAYVZVH - ONIATING JNVYd LHOIT AJOLS-ILTNIN

V1va 3ON3H3I43Y 31IS ¥31svsia
3AINO SNOILVY3dO ONIYOHS d8sn



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. 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.
Fire — Rapid combustion and collapse unless fire resistant.

o 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.

e Leaning first story in multi-story buildings.

e Cracked, leaning/loose veneer or chimney.

e  Offset of building from foundation.

e Separated porches, split level floors/roof.

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

HAZARD REDUCTION

Shut off gas and reduce other fire hazards.

Avoid or pull-down damaged veneer and chimneys.
Place vertical and/or lateral (diagonal) shores.
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.
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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
e  Shut off gas and reduce other fire hazards.
e Diagonally shore. tie-back, avoid, remove hazardous walls.
[ ]
[ ]

Shore hazardous roof/floor beams, etc.
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.

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.

o 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

Diagonal or Raker shore concrete walls.

Shore hazardous roof/floor beams, etc.

May pull-down leaning walls after dealing w/roof support.
Monitor changes in racked/leaning structures.

VICTIM ACCESS
e Vertical access through floor/roof from above collapsed area.
Horizontal entry through existing cavities and openings.
e Cut holes in wall panels, 2 feet min. from joints.
e Remove large wall panels and roof sections by crane.
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US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

PRECAST BUILDINGS (continued)

EXPECTED PERFORMANCE - for the following:

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

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

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

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

HAZARD REDUCTION
Remove/avoid leaning/hanging, concrete elements.
Shore damaged roof/floor beams, especially next to bad
columns.
e Remove/shore unstable wall and floor elements.
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:

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

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

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

e 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.

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

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

CHECK POINTS
e Beam/column connections above and below floors.
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 1
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.

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

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

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

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

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

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

LIGHT METAL BLDGS (continued)

EXPECTED PERFORMANCE - for the following:

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

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

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

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

o 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

o wr

COW>» CDOwWH

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 ‘ l \ n
706

| | ] L

| | | |
600 700 BLOCK ALPHA STREET 800

! [ ! [

! ! [

701
! A\ Wy W\ W A\ "

703 705 707 709

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

900 902 904 906 908

! W ‘ 1 \ "
L | Il
L |
800 700 BLOCK ALPHA STREET 1000
[ 1
L] | ) : |
! W Wy A\ 7 W \ n

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
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

Naaaaan
@

[ M)
N

|}
G
O
I
G
G

Iml

O

P00 o6 6

700 Block Alpha Street
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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:

z ¢+ X N[

Low Risk for US&R Operations, with
low probability of further collapse.
Victims could be trapped by contents,
or building could be completely
pancaked or soft 15t 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.

1-23



ve-1
"saumonus ajdwis Asea Joj ssueouiny buimojiod g

Jusploul
ay) Buunp sawn |le e uesauid ale SIS Usym saINPNIS |

'se yons ‘suonenyis Auew Ul apew aq
10U JyBIW MJepy splezeH/ainonnS ay) Jey) pejou ag os[e pinoys j|

‘Buip|ing ayy jo sued ajesedas ul SUORIPUOD sShoplezey
ajouap 0} ("0)0 ‘s|lemile}s ‘sAem|jey ‘SWood 9°1) aINONJIS By} UIYIM
seaJe o110ads ay} Jo yoea ui paoeld aq os[e Aew saxoq Bupepy

-ajeudoudde Ji pieoejd/jaqe| ayy aoejdal isnl Jo payebiiw i plezey

8} IN0-ss0I0 Aew auo ‘spleoeld Jo sjage| Buisn usym SuoiIpPUOD
pabueyo ajedipul 0] "Yooysiaye ue se yons suonipuod ul abueyo Aue
Jaye Jo ‘auop si uonebiiw sy} usym pappe aq Os[e pjnod }Jew mau
Alpuua uy "uonebniw ayy pawlopad oym 4] pue awiy 8y Buippe pue
INH @y nay aui| e Buioed e Ag palsjje 8q pjnoys yJew siy} ‘pawLiopad
s| uonebniw jeyy usyp) palebniw ussq pey (seb [einjeu) jewzeH ay}
[hun pasejus 8q Jou pinom Buip|ing Siy} 1ey) PoojsIspuUn &g pNoys j|
‘uobaiQ Jo 8je)S By} wodj 41 L# ayy Aq apew

SEM UOIlBN|eAd 8y "ainjonJ)s ay) ul seb [ednjeu Jo uonesipul ue si
218yl ‘INd OL:L ¥ ‘LB6L ‘GL AN uo apew sem juawissassy ‘(-0}e
‘Jooj} Jaddn ‘mopuim e Ajqissod) Asjus sl 1SBMO| 8y} 0} UojoaJIP By}
S9)e2IpUI MOLIE Y} pue ‘BuIp|ing 3siy WnIpal\ e Joj si ajdwexs siy]

141-40
seb |eanjeu - NH

"SIy 0LEL L6/SLIL

‘Buiuonisod Jiay} ainsse o0} ade) 1onp Buisn

payoeyne aq 0} pasu Aew spleoe|d uo-yons ‘(pJeoqpJed Jo) Jjaded
a8yl "uoAeso Jaquin| Jo 3ons Juled Yum spewl si ojul SIyl opIs puey
-)yBu B} 1 XOQq By} BPISINO pPsjou Be ‘dl 41 Pue ‘J1va ‘JNIL dUL

("u02) ONIMEVIN NOILVNTVAT SGIVZVH/IINLONYLS

V1va 3ON3H3I43Y 31IS ¥31svsia
3AINO SNOILVY3dO ONIYOHS d8sn



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 Evaluation Structural / Hazard Evaluation

{ \ | |

Low Risk Medium Risk High Risk for
for USER Ops. for USER Ops. USSR Ops. May

Low Risk Medium Risk High Risk for

for US&R Ops. for USER Ops. USSR Ops. May

Low probability Structure is be subject to Low probability 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

Vitms coud neod Shoring aperatins may Victms could need shoring cperations may
be rapped by tracing proceed st be vapped by bracing, »
LR renmor MR removaandor XR - Sianteant i LR corersor MR remosanior XR
kg coud mononng o ifRescue Ops b ouid monteing o iR
e compiately hazards The e nderaken e compitely hazards. The
pancaked or Srcture iy Sgnicant and pancaked or srucure may signiicantand
o 1" sory be party imeconsuming o 1" sory b party time.consuming
cotapsed miigaton shou colapsed miigation shoue
e done be done
Should the marking box need to be made remte from the indicated entrance, place an Should the marking box need to be made remote from the indicated entrance, piace an
rtow e 10 e box  ncicateth drection 10 e (onest ik enrance 1 sucture townext o the ox 1 ndcate thedrection o the lowestnk enrance t srucure
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US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

SEARCH ASSESSMENT MARKING (continued)

2-10-02 AFTER EXITING & DRAWING the

1400 2nd SLASH, add the following
OR-1 INFO:
2-10-02 : , n
1100 TOP QUADRANT - Time and date

that the Search Team personnel left
the structure.

2-10-02

OR-1 140 RIGHT QUADRANT - Personal

2-10-02 RATS hazards.
1100

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
OR-1 Search (aftershock, end of shift, etc),
2-10-02 RATS  then the second slash WILL NOT be
1100 made. A Solid Circle is drawn at the
mid-length of the First Slash, and

2-L

3-D Date/Time of Exit, Personal Hazards,
& Victim Info will be filled in. Also
F =Floors indication of Quadrants or Floors
Q = Quadrants completed should be added in a BOX
or below the X, or if the Bldg HAS NOT
No Entry been entered (as in Hurricanes) mark

No Entry in the BOX.
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US&R SHORING OPERATIONS GUIDE
DISASTER SITE REFERENCE DATA

VICTIM LOCATION MARKING SYSTEM (cont.)

Make a large (2' x 2') "V" w/orange paint near
the location of the known or potential victim.
CA-6 Mark the name of the search team as shown.
efi’ 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).
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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

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

¢ Laced Post Shore
(at Plywood Laced Post use PLP in box) LP

¢ 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
e Horizontal Shore H-3

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

¢ Window or Door Shore (W or D) W or 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  2-30
How to construct Sloped Floor Shores 2-40
Alternate Methods for building Vertical Shores 2-43
How to construct Cribbing +Window and Door Shores. 2-44
Vertical Shoring Systems using Pneumatic Struts. 2-55

KEY DESIGN PARAMETERS

¢ 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:
= Class 1 = 1 Dimensional
= 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.
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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 15t 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. E
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.

ok wd

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 snug?

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?

o~ wbd

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 E
Assembly Team and the Other assigned to the Cutting Team.

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.

d. 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 stable1 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 E
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 o.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:

Iy .

%
i
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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.

: ° ° ° I o e
° ° ! I I

le__o o]/ | @
f 1 i |
:. .: 12" 1® ® 12"
e 1o Ve o
' ! I f o !
e @ 12" ® &, o1 @ :

: — ==
T-Shore — Header/Post Raker — 3 locations
FULL GUSSET — 12" X 12"
| B N L = =

" . . . .

: 6o :: ° ° ° ° . :
|__I'___2-_'|_I_.__.,__.___.____._I____._'
|. .: 12" @ .: ® o

I I |

I : | @ : @
e o o e 24" e o
L- -~ L__~ L —

Half Gusset Dbl Gusset to Header - Dbl T & 2'x 4' PLP
at Vertical Shore _

e —

' [ o6 @ ! o o, e o
1 1 1
e el e e |
1 ° o: le o:

I " I
° o2 o ! e |

1 1
° o ° o 24" 1o of
L__ 1 ——_ r___

Half Gusset at Dbl Gusset for Dbl T Mid-braces
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
i of post)

Nul
" " I
12 =\|
2x4 Diag

Post to Header Connection at 2-Post Shore

213
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

How to Construct Vertical Shores

e T-Shore (4x4) Page 2-16
e T-Shore (4-4x4) 218
e Double T Shore 2-20
e Vertical Shore — Multi Post 2-22
e 2-Post Vertical Shore 2-26
e Laced Post Shore 2-30

e 2'x4'Plywood Laced Post Shore 2-34
e 4'x4'Plywood Laced Post Shore 2-37

e Type 2 Sloped Floor Shore 2-40
e Alternate Methods for Vertical Shores 2-43
e Type 3 Sloped Post Shore 2-44
® Cribbing 2-46

Design Loads that are listed herein are for Shores
built using No. 1 Douglas Fir . For Design Loads when
using other lumber species, see page 2-43
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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). E

6. Prefabricate header to post.

o Toe-nail post to header and make square.

e Place and nail Full Gusset plate on one side.

¢ 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.
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

HOW TO CONSTRUCT THE 4-4x4 T SHORE

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

2. The 4x4 posts should be 12' ft max long, so that the total height
of the shore is not more than 12'-8"

= Note: For point shore longer than 12'-8" use single 6x6.
Design Load for these heights: 14ft Long = 15k ; 16ft =
12k; 18ft= 9k; 20ft = 7.5k.

3. Cut Headers and Soles to 3 feet long, and toenail them together
in pairs.
4. Cut post to proper height (remember to deduct header, sole andE
wedge height when cutting post).
5. Prefabricate posts and header to post.
e Toe-nail all 4 posts together - all 4 sides.
¢ Nail 96" long ply tie to posts, all 4 sides. Center on posts.
= Nail 8d@5"o.c. staggered to each 4x4.
¢ Nail 8" ply ties to posts, 2 sides top & bottom1/2" from ends.
= Nail 5-8d to each post.
e Toe-nail posts to headers and make square.
e Place and nail Full Gusset plate on one side (header to posts).
=  Nail 5-8d to each post and 8-8d to header
¢ Flip shore over and place/nail another Full Gusset on other side.
7. Place T Shore in position under the beam or girder
=  Position header directly under beam. Orient header
perpendicular to beam, and exactly centered on beam
8. Slide double sole plate under T and tap wedges into position.

9. Check for straightness & re-check position directly under the
load (centered on beam), and then tighten the wedges.

10. Install bottom Gussets each side
= Nail 5-8d to each post, and 8-8d to sole, each side.

11.Anchor the shore to floor above and sole to floor below, if
practical.
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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. E
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).
Place Double T in position, centered under the load.

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

Check for straightness plus stability, and then tighten wedges.

. Install bottom Half Gussets and nail 4-8d to each post and sole.

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

practical.

fjﬁ[i

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 smallestu
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)

2-23
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

VERTICAL SHORES — ALTERNATE CONFIGURATIONS

A

/A

7\

7

77 N\

D)
LI
.

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 Ib

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.

o [f using 4x4 posts, space 4 feet, max on center. 6x6 posts may E
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.

¢ 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 Soil:

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.

¢ ® NO O AW
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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
o 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.

4. 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.

¢ 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 to11 ft

(number for each)

| —7
ATES

S\
AL \—_—

Design Load: 4x4 Posts = 32,000lb 6x6 Posts = 80,000lb
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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.

o Nail a double gusset: header to both posts. E

¢ 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.

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

Y
| JJ - El,ﬂ
)25
v
e — 4
/ Only when
o e there are 2
°r e or more sets
o of braces

Design Load: 4 x 4 posts =32,000Ib 6 x 6 posts = 80,000 Ib

2-37



8¢-¢

‘pPesn alam

sulened jieu Jadoud ay) pue Bnus aie sabpom |je ains axe ||

‘leonoe.d Ji ‘1o0j) pue Buljied 8y} 0} 810YSs 8y} JOYoUY 0L

"90B) 9pIsINo }sod /M ysnjy 19ssnb Jo abBps apIsINo YIm
‘a]0s 0} }sod yoes Jo apis yoes uo aje|d }ossnb-jjey e aoe|d

-ooe|d ul seoeiq poomA|d wopoqg pue doj ayy |leN -

*(dn quiiio pue sBuo Jamo| yiim

1Ee)S) saplis Y1oq UO SUOIj0as 0M} 8U) 0} seoelq poomA|d ayj leN -

‘Buioeds 1so0d }ooyo pue ‘jsod yoes Japun sabpam [eisu] "/

"seoelq poomAld Y § Joy MOjje 0} ‘Ino
0} N0 100} ¢ paoeds ale sjun pajeoligesaid sy Jey) 8ins axyel

‘soje|d s|os ayj Jo doy uo syun pajestiqejaid sy

aoe|d pue uonisod ojul saje|d 8]0s 8y} pue suooas yjog buug -

‘Alqwasse jo ases 1o} Jnoaid saoeiq poomAd ay} aneH

‘aje|dwa) se }sJiy Buisn ‘uoljoas puodas ay} ajeolge]

‘usened jieu Jadolud asn 'saoelq

poomA|d a8y} yum ui way} nd ‘Ino-moq sisod Ji % ‘Juswainsesw
[euobelp }oayo-ay uonisod ul seoeig-piw poomAld ay) [leN
"s}sod yjoq 0} Jopeay wolj }assnb jjey e |ieN

"IN0-MOQ YIM Y30g 18s ‘ybiess jou ale sjsod §|

"(lybu wopog-spisino

0} }yo|-do} apIsINo Se swes aq p|Noys ‘Ya|-WonRog apisino o} ybu
-doy apisino) saouessip Jybiay-|in; ‘jeucbelp Buedwos Ag 3oay)

"aJenbs way) desy pue s|ieuso) yum Jspeay o} sysod jleN ‘€

(sbBuey-0 ,z1) yibus ui 199y 9 0} seje|d 8|0s pue Japesy 8y} IND
"aloys ay} Jo yipim pue Jybisy ey} sulwisieq

"aloys ay} 92e|d 0} palinbal sugap Jo Junowe
1Sea| anowal pue ‘(papaau JI) saloys jods |eisul ‘Aening

c

}

1S0d @3dv1 Ald .7 X.¥ 3HL LONYLSNOD Ol MOH

SINILSAS ONIMOHS TVIILYIA ONILONYLSNOD
904 1SITVIO3dS STANLIONULS ¥8SN



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.

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

w N

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

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. E
Plywood middle braces: 24" x 48" plywood.

© N O Ok~

Distance from top or bottom of shore to nearest middle brace for
9 ft to 17 ft heights shall be 2'-0" maximum.

e 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:
’:I
C u T

L W, W,

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

1.

(May be constructed on Paving or on Soil)

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.

:l> ._Qo.. L]

oo

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)

Measure and install the two posts at each section.

Make angle and return cuts similar to rakers.

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)

Install bottom cleats tight against each post.

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).

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

Measure for diagonal braces inside and outside each section.

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

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

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.

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

ALTERNATE METHODS for building VERTICAL SHORES

1. Shoring Lumber: If No 1 Douglas Fir is not available
e Use S. Pine, Hem-Fir or Spruce-Pine-Fir, at 85% Design Load

e Also may use Eastern Softwoods, Western Cedar, & Western
Woods, by reducing the Design Load to 75%.

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. E

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

¢ [f 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 : - ' 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:

o |[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.

o 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. 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.

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

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

3. 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.

4. Make sure posts are plumb, and install remaining 18" top cleats.

5. Attached header to ceiling/slab bottom with 2 - 1/2" x 8 %"
wedge anch., or %5" rebar/plain bar x 8" min. (embed at least 4")
6. Anchor the sole plate, and re-check/re-drive the post tight.
7. Measure for the diag. braces inside/outside of each section.
8. 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.
e Need to place Half-Gussets to clear the horizontal and diagonal
braces (to be installed next) -
9. Tie the two sections together, same as in Laced Posts. (See
Additional Information for alternatives).
o 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. Attached to the floor and ceiling. (If possible).

2-45
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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:

271
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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.

e 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 E
tape up to the bottom of the structural element to be shored
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.
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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
) ) of '
) )
o0 JJ LX)
o0 [ X J
Tl &
o0 [ N J
Z
o0 e ‘/
® O [ J ./
o O ® ©

Design Load: 4x4 Header = 2,000 Ib 6x6 = 6000Ib
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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, DbI-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 Design Load 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

7 Angle Base or

N

J
b

Channel Base w/nails

— [6x HEADER| [

/

/

2x6 Diagonals
{1 each side)

Struts

w/' Rigid or
Swivel Bases,
{5"min Square)

j /Nails
[ BXSOLE] ]

¢

iy

|

= Angle Base or
Channel_Base w/nails

E

=
o

VERTICAL SHORE
Use 3 or more struts
with header, sole and
X-bracing as shown.
(6x Header & Sole
width is needed for
base plate full bearing)

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

2-POST VERTICAL SHORE

(e Use 2- vertical struts, plus

abt 35°

'y
Angle of// S/
S/
w/

Std Rigid or

Swivel Base
with nails

a diagonal strut that must

.|

X SOLE]
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US&R SHORING OPERATIONS GUIDE
CONSTRUCTING VERTICAL SHORING SYSTEMS

| 4x or 6x Header|

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
Design Load of more than 2,000Ib is needed to support the
opening.
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This section contains General Information, Graphics and

US&R STRUCTURES SPECIALIST FOG

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
Types of Rakers page 3-2

Raker Cleats & Gussets
How to determine Raker Angle & Length
Raker Shore Bracing
Backing for Rakers at Special Walls, & Raker Splice
Trough Base and Sole Anchor
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.

3-1
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US&R STRUCTURES SPECIALIST FOG
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.

2" 5" 5"o.c.

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

l|_5" | 5" .| 5%.c

3. Top Cleat for 6 x 6 Raker:

e 24 inches with 20 — 16d nails for 45 degree rakers.

¢ 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).

—-— =1 _——

1 \ 1
! i : 1 : N
o ol e o1 qon S e
E"'\ : . 12 \\. N
* N | @ 1 Allgd nais S e
e o *~_ |fo o 12" e . _
e o ol e e e 1 NG |
L I *T) o ;@ ° :l ° [ ) .
1 N} 1 i ° II [ ] [ ] 1
® o ~_ /e e, o oo ° ° .
Sl e -
Top of Raker Bottom of Raker Rear of Raker

6. Sole Anchor: All rakers need a Sole Anchor. (shown later)
3-3



v-€
L1HOI3H LNIOd NOILY3SNI NO a3svd HLON3T d3amvy

II8.Z L1} L.z IIV.L II.L ? 9. Z l;

) \\ B} D \&\l—
)

~C ) B

N BTSN\

vi Ll
saalbaqg 09 s9aibaqg G¥

(W 610,211 =L X ,8) sayoul u ‘dy o} di Jexel ay)
Jo y1bus| ayy anIb [m | Aq parjdiyinw 188} ul Juiod poddns aioys
Jayel 8y} Jo ybiay :aloys Jayel a|bue aaibap-09 e Jo yibus| sy

(w7 \b 1 10,9€1 = 2| X ,8) "saydul Ul ‘diy 0} dij “Jexes sy}
Jo y1bus| ayy anIb [m 2| Aq pardiyinw 188} ul Julod poddns aioys

Jayel ay} Jo ybiey :aloys Jayel a|bue aaibap-Gy e Jo yibus| syl -

Juiod Jey) Mojaq 198} Z U Isiop 1004 8y} Jo do]
ay) ussmiaq ag p|Noys Bp|g POOAA B 10} Julod uonIasu| ay |

“Joyey aalbap 09 e uey) Jaquin| Jobuo| sesinbal aioys Jeyel
a|Bue saibep G W "Jaquin| Jo syiBus| s|qejieA. syl Yim 1seq
Jom 0} ajbue sy} Aluspl [Im (JUI0d UOIRIASU]) [[EM BU) J08SI8)ul
0} Spasu aIoys Jaxel sy} Yoiym je Jybiay sy} Buluiwisyeqg

"8J0ysS Joyel e 108I0 Ajojes
0} pasn a|bue pspuswiWodsl WNWixew ayj si ajbue asibsp 09

v "sealbap 09 pue G ale pasn sa|bue UOWLIOD }SOW OM} 8y ‘Z

"aq ||Im Joyel 8y} Jusiolys aiow ay) ‘s|bue ay) Jemo| |

"AlaAnoays ylom |im saaibap 09 pue og usamiaq ajbue Auy

}

HLON3T 8 ITONV FHOHS ¥3IXMVY ONININYIL3A

SINFLSAS ONIYOHS V3LV ONILONYLSNOD
904 1SITVIO3dS STANLIONALS dBSN



US&R STRUCTURES SPECIALIST FOG
CONSTRUCTING LATERAL SHORING SYSTEMS

Insertion | 45° Raker L 60 ° Raker L 60 ° Horiz. Dist.
Point Inches / Feet | Inches/Feet | Inches/ Feet
3 ft 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"/ 211"

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" 1 12'-10" | 77"/ 6'-5"

12 204" [ 17'- 0" 168" / 14'- Q" 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'- Q" 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
by Sole Anchor, Steel
Pickets, or other

[[FE======) immovable object

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

FORCES in RAKER SHORES

3-5
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US&R STRUCTURES SPECIALIST FOG
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.

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

3. 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.

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

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

Horizontal

Raker

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

e 4 x4 raker: required if length of raker > 11 feet.
e 6 x 6 raker: required if length of raker > 16 feet.
6. Diagonal Bracing

e “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.)

e “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.)

3-7
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US&R STRUCTURES SPECIALIST FOG
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 soil.

Material List:

2—2 x 6 x 36" side pieces. 7-16d to bottom each side and
5-16d to raker each side.
1-2x4 or2x6 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\
Vo N pmmmmm
Yo eM-—-————
8 T, O T T e T Ty e
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 through-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 3 into Paving & 6 into Cohesive Soil.
Cohesionless soils (sands) Don't adequately support Pickets.

4x4 Sole Anchor
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US&R STRUCTURES SPECIALIST FOG
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
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US&R STRUCTURES SPECIALIST FOG
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:

e 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)

o Fit the shore into the Trough Base. n

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 STRUCTURES SPECIALIST FOG
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.

e ¢

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.

3-15
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US&R STRUCTURES SPECIALIST FOG
CONSTRUCTING LATERAL SHORING SYSTEMS

HOW TO CONSTRUCT A SOLID SOLE RAKER

1.

2.
3.

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

If area is not clear of debris, consider Split Sole Raker.

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

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

Angle-cut ends of raker with 1%2 " return cuts for full contact
with the wall and sole plates, cleats and wedges.

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

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

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

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

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

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.

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

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.

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)

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

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 STRUCTURES SPECIALIST FOG
CONSTRUCTING LATERAL SHORING SYSTEMS

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

4x4 Raker = 4,0001b 6x6 Raker = 5,6001b
2. Raker information:
e 4 x4 maximum length without mid-brace: 11 feet.
e 6 x 6 maximum length without mid-brace: 17 feet.

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

e Place a minimum of two 1/2" x 8 %5" 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.

e 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 %" E
wedge anchors, or 1/2" x 8" rebar/smooth bar through backing
into concrete wall (4" min embed) each side of Raker.

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

e 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.

5. Place an 18" x 18" Foot under the sole at intersection of raker,
when bearing on soil.
e Use3-2x6x18"or2—layers of 3/4" x 18" x 18" plywood.

6. 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.

e Timber Anchors should be as least 4x4 size lumber, (6x6 is
better). Place 6 — 1" diameter x 36" pickets per raker, spaced
about 12" o.c. into Cohesive Soil, and as noted on page 3-9.
Three 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 2" wedge anchors into concrete.

o Concrete curbs, walls and other nearby secure structures may
also be used.
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US&R STRUCTURES SPECIALIST FOG
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 172 " 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.
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US&R STRUCTURES SPECIALIST FOG
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 Anchor: 4-Pickets into paving (8 into cohesive soil)

2 feet at soil support:  3-2x 6 x 18" each or
(under sole ea Raker) 2 -3/4" x 18" x 18" square ply

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

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

The following applies to Soli

d, Split-Sole, & Flying Rakers.

If No.1 Douglas Fir is not available, construct rakers using

Southern Pine, Hem-Fir and

/or Spruce-Pine-Fir and reduce

Design Load to 85%. If Eastern Softwoods, Western Cedar, or
Western Woods are used, must reduce Design Load to 75%

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:

8 \ezﬁTYQ' stagger

8!

Nail 16d cooler/sinkers at

5" o.c. stagger thus: I%,
(.148 x 3.25")

/ Raker Splice

ya

o f
o oA 5

Solid Sole

Raker Splice
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US&R STRUCTURES SPECIALIST FOG
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.

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 STRUCTURES SPECIALIST FOG
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:

¢ 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)

¢ Loops may be made in cable using Wire Rope Clips to facilitate

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

WALL TIE-BACK BRACING

PARAPET & PART OF .
UPPER STORS WALL l )
NHAVE PALLEN 2-2% & STRONA
i BACK. N/CABLE
! AN TIEBACKS BETWN
ﬁ‘ : t
\ v
huy
\ A
f 7 o
x
- BFTXGFT
7| Wwinoowe
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N
®
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l
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4 STORY U.R.M. BUILDING WINDOW SECTION
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US&R STRUCTURES SPECIALIST FOG
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.
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).

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.

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.

One manufacturer has developed a strut bracing system where
the braces can resist both tension and compression forces.
The Raker Rails must be connected to concrete/masonry walls
using a minimum of two-1/2" x 5 4" 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).

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.

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.

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 STRUCTURES SPECIALIST FOG
CONSTRUCTING LATERAL SHORING SYSTEMS

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

with special connections

2x6 Dlag&Honz Bracg
-16d ea. end into

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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US&R STRUCTURES SPECIALIST FOG
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.Brac'y
5-16d ea. end into
» special nailers on
<3\, Struts by Mfrs

Need Dbl'X'Brac'g
to add support

where Horiz.
Strut/Brace E
2\ 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 STRUCTURES SPECIALIST FOG
REPAIRS, FAQ, and GLOSSARY

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
. Cribbing & Window Shores 4-23
. Nails 4-23
. Raker Shores 4-26
. Diagonal Bracing 4-28
. Lumber Grade Adjustments 4-29
. Shoring Construction Sequence 4-31

The Glossary of Terms is arranged alphabetically, starting on
Page 4-33.
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This page is blank
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US&R STRUCTURES SPECIALIST FOG
REPAIRS, FAQ, and GLOSSARY

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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US&R STRUCTURES SPECIALIST FOG
REPAIRS, FAQ, and GLOSSARY

Before After

® 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)

Plaster covered, metal lath
form to contain aggregate

Existing Beam, badly
distorted and surrounded by
fragmented concrete

Metal wire to tie form

Concrete at bottom

Column

Repair of Badly Damaged Column in Puerto Rico
4-7
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Damaged columns with completed encasement
4-9
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US&R STRUCTURES SPECIALIST FOG
REPAIRS, FAQ, and GLOSSARY

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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l [ 4TH FLOOR |

4" DIA PIPE N-S &
\ 6" DIA PIPE ON DIAG
\ TRUSS 4" PIPE TO REDUCE
" <EFFECTIVE LENGTH ﬁ»»

PIT AREA s :
; T
|

(AN

~it.

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" Fl, and they were in

danger of collapsing as the debris was being removed to access n
the buried victims.

Concourss

XTI ST T |

Bl 2 -75 6 x 67 £

B2

t-nnu ey

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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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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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.

Azteccontainer.com; Steelshippingcontainer.com;
Onsitestorage.com. 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 n
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%2” 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 +'2" plywood fill to adjacent side. Inter-nail with
16d@8’o.c.

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

or
Build-up 4-4x4 to from a 7”’x7” net post. Place 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.
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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.

e  When Cribbing is being used in a "Lift a little and Crib a little”
application the 2 to 1 ratio is more appropriate due to the more
dynamic nature of the potential loading.

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. n
Therefore it is recommended that cribs using 4x4 lumber be
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.
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US&R STRUCTURES SPECIALIST FOG
REPAIRS, FAQ, and GLOSSARY

NAILS (continued)

Question N-4 What nailing should be used if No. 1 Douglas.
Fir or Southern Pine lumber is unavailable? (Design Load for
Nails is shown on page 7-12)

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 use 85% of full strength.

e For Eastern Softwoods, Western Cedar & Western Woods 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 n
when using species with either 85% or 75% strength reduction

species listed above.

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.
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US&R STRUCTURES SPECIALIST FOG
REPAIRS, FAQ, and GLOSSARY

RAKER SHORES (continued)

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

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

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

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

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

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 STRUCTURES SPECIALIST FOG
REPAIRS, FAQ, and GLOSSARY

LUMBER GRADE

Question L-1 What adjustments are needed if No. 1 Douglas
Fir is not available? (Applies to Vertical and Laced Post Shores,
Cribbing, Sloped Floor and Raker Shores)

Ans. L-1 Design Loads and nail strength values , in general, are
based on the density of the wood species. The following reduction
in values should be used:
e  For Southern Pine, Hem-Fir and Spruce-Pine-Fir, reduce
Design Load to 85% (of the values given for Doug Fir No.1)
e For Eastern Softwoods, Western Cedar & Western Woods,
reduce Design Load to 75%
This means that the Design Load should be proportionally reduced
or the post spacing should be proportionally reduced.
Example 1: 85% of 4 ft post spacing, would be 3' - 6”, and 75% of
4 ft would be 3 ft.
Example 2: For Laced Post, 85% of 32k = 27k, & 75% = 24k
For Raker Shores, 85% of 4k = 3.4k, & 75% = 3k n

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

Ans. L-2a Most all commercially treated sawn lumber that has
been treated with a "Preservative” to reduce its susceptibility to
insects and decay, has been embedded with some sort of Copper-
based preservative or with Creosote. Chromated Copper Arsenate
(CCA) has been the most common for sawn lumber, but due to
environmental concerns, other 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.
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US&R STRUCTURES SPECIALIST FOG
REPAIRS, FAQ, and GLOSSARY

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 STRUCTURES SPECIALIST FOG
REPAIRS, FAQ, and GLOSSARY

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 STRUCTURES SPECIALIST FOG
REPAIRS, FAQ, and GLOSSARY
Collapse - continued

Soft 15t 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%t story when
compared to the remainder of the building

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. n

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

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

Cribbing- Short pieces of lumber used to support an object.

Curtain Wall- An exterior wall supported by the structural frame of
the building. Also called an infill wall. Usually has no structural
value, but may carry some load after a collapse.
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US&R STRUCTURES SPECIALIST FOG
REPAIRS, FAQ, and GLOSSARY

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.

Joist- A piece of lumber used as a floor or roof beam.
Kiln-Dried Lumber- Lumber that is 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.

Parapet Wall- A portion of an exterior, fire, or party wall that
extends above the roof line.

Partition- An interior wall, not more than one story in height, that
separates two areas in the same building but is not intended to
serve as a fire barrier (similar to curtain wall).

Party Wall- A wall that lies on a common lot line for two buildings
and is common to both buildings. Most of these walls may be
constructed in a wide range of materials or assemblies.

Pier- A supporting section of wall between two openings. Also a
short masonry column. Also a deep concrete foundation.
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US&R STRUCTURES SPECIALIST FOG
REPAIRS, FAQ, and GLOSSARY

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.

Slope of Grain- In lumber, the angle formed between the direct-
ion of wood fibers and the long axis of the member; usually ex-
pressed as a ratio of rise-to-run, for example, 1:12.

Snatch Block- A wood or steel shell single pulley block that can be
opened on one side to accept a rope or cable.

cement of the concrete which in results in tensile forces within the
concrete, causing it to break apart. Common occurrence when the
concrete is exposed to fire.

Spalling- The expansion of excess moisture trapped within the n

Spandrel- That part of a wall between the head of a window and
the sill of the window above.

Static Load- A load that remains constant.
Stress —

Definition- A force per unit area exerted upon a structural
member that strains or deforms its shape.

Compression- A stress pressing or squeezing a structure
together.

Shear - A stress causing a structure to collapse when
contacting parts or layers of the structure slide past one
another. (Shearwall, Beam Shear, Slab Punching Shear)

Tension- Stress placed on a structural member by the pull of
forces causing extension.

4-39
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

INTRODUCTION to SECTION 5

This section contains instructions for the operation of various
instruments that may be used by the Structures Specialist during a
US&R deployment.

Instructions and operating information are provided for the following
instruments:

Page
e US&R Field Documentation (Survey123 App) 5-2
e Global Positioning System (60CSx) 5-3
e  Global Positioning System (62st/64s) 5-13
e Global Positioning System (Rino 530HCx) 5-17
e  Garmin Software: BaseCamp 5-30
e  Total Station (Nikon Model NPL 352) 5-31
e Total Station (List of other acceptable models) 5-44
e  Wireless Building Monitoring System (WBMS) 5-45
e Laser Range Meter (Hilti PD32) 5-53
e Newer Laser Range Meter (Leica Disto D5) 5-57
e  Electronic Metal Locator (Zircon MT 6) 5-58

o Digital Electronic Levels (SmartLevel & SmartTool)  5-60

This information was developed to provide a quick refresher during
deployment and is not meant as a substitute for formal training with
each instrument. Additionally, the provided information is limited to
functions and usage most common to US&R operations and is not
meant as a complete documentation of each instrument’s
functionality.

5-1
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

GLOBAL POSITIONING SYSTEM (60CSx)

General Information

e Provides a position accuracy of +/- 20 ft. under normal
conditions, +/- 10 ft with WAAS enabled.

e Operates with 2-AA alkaline batteries. Each set should last
approximately 24 hours of normal usage. Stored data is not
lost when the batteries are removed or replaced.

¢ Remove the battery cover on the back of the unit by turning the
metal D-ring 1/4 turn ccw.

e The 60CSx unit provides expanded memory through the use of
a microSD card which is accessed by removing the batteries
and sliding the metal locking clip toward the top of the unit.

e Tointerface a Garmin GPS unit (including the GPSMAP
60CSx, 62st, 64s and 530HCx ) with a computer, you will need
“Garmin Express” and “BaseCamp” software.

Keypad Buttons
Using the GPSMAP 60CSx Keypad

POWER Key

«  Press and hold to turn the unit
on or off.

ROCKER Key

«  Press up, down, left, or right to
highlight options and to enter data, or
move the map panning arrow.

PAGE/COMPASS Key

Press and release to adjust the
backlighting.
IN/OUT Zoom Keys

«  Press to zoom in or out on the
Map Page.

*  Press and release to cycle through the
main pages.

Press and hold to turn the compass
on or off
MENU Key

* Press to scroll up or down a
list on any other page.
FIND/MOB Key

«  Press and release at any time
to view the Find Menu.
+ Press and hold for MOB*
MARK Key

* Press and release at any time
to mark your current location.

QUIT Key
¢ * Man Overboard (MOB) feature stores a waypoint and
* Press and release to cancel data entry or exit a page. then navigates back to t

5-3

+ Press and release to view page
options.
+ Press twice to view the Main Menu.
ENTER Key

« Press and release to enter highlighted
options, data or confirm on-screen
messages.
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

3. Use the Up/Down portion of the ROCKER to adjust
backlighting.

4. Press ENTER or PAGE, to return to the previous screen, or,
press QUIT to cancel the settings.

Main Display Pages
The Garmin 60CSx uses different main display pages to provide
information. The pages that are useful for US&R are:

1. Satellite Page — Provides the satellite signal status. At power
up, this page is displayed as satellites are acquired. Three
satellites are required for a two-dimensional fix (no altimeter)
and four satellites are required for a three-dimensional fix.

2. Trip Computer Page — Provides trip and navigation data such
as Trip Odometer, Maximum Speed, and Elevation. The fields
can be changed by pressing the MENU key and using the
ROCKER to highlight the Change Fields option. Use the
ROCKER and ENTER keys to view and edit the available
information for each field.

3. Map Page — Provides a detail map of the area surrounding the
current location. Detailed maps are provide by preloading
them using Garmin Express and/or Garmin BaseCamp E
Software. Descriptive information fields provided on this page
can be changed by pressing the MENU key and using the
ROCKER to highlight the Change Fields option. The
descriptive information fields can be assigned for both modes
of the Map Page (Navigating and Not Navigating). Use the
ROCKER and ENTER keys to view and edit the available
information for each field.

4. Compass Page — Provides an electronic graphical compass
and indicates direction to go and direction of travel.

5. Main Menu — This page provides a directory of advanced
features and settings.

6. Active Route Page — When the 60CSx is navigating,
information on this page is presented dependent on the type of
navigation:

5-5
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

Ensure that WAAS/EGNOS is enabled:

Main Menu  =——

Satellite Setup —_—
Trip Computer System
Map

Compass

WAAS/EGNOS
Enabled

(Press MENU key twice to display the Main Menu page)

Turn off key beep (this will turn off the key beep option and help to

conserve battery life):
Main Menu  =——
Satellite Setup —_—

Trip Computer
Map

Compass

—1

Key Beep
off

(Press MENU key twice to display the Main Menu page)

Set map page orientation North Up:

Main Menu ===

Satellite Setup —_—
Trip Computer Map
Map

Compass

Orientation
North Up

(Press MENU key twice to display the Main Menu page)
Set Local Time Zone:

Main Menu  =——

Satellite Setup —_—
Trip Computer Time
Map

Compass

Time Zone

(Press MENU key twice to display the Main Menu page)

The Time Format can also be set at this menu (12-hr vs. 24-hr).
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

Navigation

There are two methods of navigating with the 60CSx:
e Follow Road

e Off Road

The 60CSx will navigate to several types of locations. Without
detailed maps installed, the 60CSx can navigate to Cities, Interstate
Exits, Waypoints, and Recently Found places. With detailed maps
installed (purchased or downloaded); Points of Interest, Addresses,
or Intersections are also available.

To naviiate to any of the above mentioned locations:

Select ==
Type Select ==
POI GoTo

e A small icon will appear in the bottom left corner of the Map
Display page while the 60CSx is calculating the route.

e Press the IN key to zoom in close enough to see the route.

If the Follow Road option was selected, and the detailed maps
for that area are not installed, there may be a significant gap in E
the routing directions shown on the Map Display page.

e Press the PAGE key to display the turn by turn directions for
the Follow Road route.

¢ If the Off Road preference was selected a dark line will appear
on the Map Display page indicating the course you should
follow.

e Traveling direction is indicated by the small black arrow located
in the Map Display page.

e The 60CSx compass is only activated while the unit is moving.
It is suggested to move in one straight line for approximately
ten feet noting the direction of the black arrow.

e Try to align direction of travel (the tip of the black arrow) to the
dark line displayed.
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

To setup a Track Log:

Main Menu  =r—

Satellite Tracks e |
Trip Computer Setup
Map

Compass

(Press MENU key twice to display the Main Menu page)

e Use “Record Interval” to select the desired interval option
(Distance, Time, or Auto).

e Use “Normal” interval or enter the desired value.
Use “Wrap When Full” to check or uncheck this feature. (When
unchecked, the track log is recorded until the available memory
is full and then stops.)

To Record a New Track Log:

The 60CSx shares the data card memory with the loaded detail

maps. Therefore, it is suggested to remove as many unused tracks

as possible. This requires that the previous tracks be uploaded

through the Garmin software onto a computer having more

memory. It is also suggested that the track log be “Cleared” prior to
recording to ensure that only the desired data be recorded. E

To Delete a Track Log:

Main Menu ===

Satellite Tracks —_
Trip Computer Clear
Map Yes
Compass

(Press MENU key twice to display the Main Menu page)

To start recording a track, the radio button at the top of the track log
screen must be on. Once the track is completed use the ROCKER
to highlight the “Off” option and press ENTER once the desired
path has been completed.
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

GLOBAL POSITIONING SYSTEM (62st &64s)

General Information

e The Garmin 62st and 64s are replacements for the 60CSx in
the FEMA cache.

e Functionality is similar to the 60CSx except as noted below.

Adjusting Screen Backlighting

If lighting conditions make it difficult to see the display screen, you
can adjust the backlight. To adjust screen
backlighting:

1. Press the power key momentarily and a new window
appears for screen backlight settings.

2. Use the Left/Right portion of the ROCKER to adjust screen
backlight or press the power key to toggle between 3 possible
settings.

The remaining battery life indicator, GPS signal strength as well as
the date, time, and day of the week are also shown. E

Main Display Pages

The Garmin 62/64 uses different main display pages to provide
information. When the PAGE key is pressed repeatedly a
horizontal ribbon is displayed and sequenced through. Pausing on
any one highlighted page will open that page. (The QUIT key will
sequence backwards through the ribbon.) The following five main
display pages are suggested from US&R:

Main Menu
Map
Compass

Trip Computer
Elevation Plot

arON =
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

Position coordinates can be given in several different formats.
Typical formats for FEMA US&R operations are:

e Latitude/Longitude (Hdd.mm.mmm)
e USNG (WGS Datum)

Marking a Waypoint

A waypoint can be established by using the MARK key. Use the
ROCKER to highlight each of the dialogue options. When the
name or position options are selected the Garmin keypad input
dialogue will be displayed. Use the ROCKER to highlight the
desired letter and press the ENTER key to input that letter or
numeral.

To establish a Waypoint for a set of given coordinates, use the
FIND key and select Coordinates option. Use the ROCKER to
highlight the desired letter and press the ENTER key to input the
letters and numbers of the given coordinates.

To establish a Waypoint from a Recently Found location or Point of
Interest, use the FIND key and select the Waypoints of Recently E
Found option.

Navigation

There are numerous methods of navigating by Activity with the
62/64. The two most common Activity settings are:

e Direct Routing

e  Automobile Driving

The use of Track Logs in the 62/64 is similar to the 60SCx. The
Track Manager is accessed from the main menu page. Options for
the track logs are edited from the Tracks option from the Setup
option from the main menu page.
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

GLOBAL POSITIONING SYSTEM (Rino 530HCx)

General Information

e Provides a position accuracy of +/- 20 ft. under normal
conditions, +/- 10 ft with WAAS enabled.

e The built-in radio allows for voice communication up to 14 mi
away (line of sight).

e Operates with a rechargeable lithium-ion battery pack with an
A/C charger. A special clip (provided) must be used to charge
the battery (do not lose). An optional 2- AA alkaline battery
pack (transmitting power is limited to 2.0 W). Stored data is not
lost when the batteries are removed or replaced.

¢ Remove the battery pack on the back of the unit by turning the
metal D-ring 1/4 turn ccw.

e  The 530HCx unit provides expanded memory through the use
of a microSD card which is accessed by removing the batteries
and sliding the metal locking clip toward the top of the unit.

Keypad Buttons

the Rino 520/530

TFT Display
Power button: I
+ Press and hold to tum the unit On/Off
« Press to adjust contrast and backlighting / Thumb Stick
/+ Press In to enter highlighted opfions and to confirm

/

Call button: — messages

+ Press to send out Call Tone \"'\,\\ + Move Up, Down, Right or Left to

+ Sends position when released B move through lists, highlight fields, & )
(if enabled) on-screen butions, icons, enter data,

or move the map panning arrow

Talk button: + Press In and hold to display Shortcuts Menu.

« Press and hold fo talk

« Sends position when released
(if enabled) Zoom/Map (Z) button:
PagelQunt button: + From the Map Page, press to open Zoom control
window
« Press to cycle through main pages

+ From any other page, press to display Map Page
and press again fo open Zoom control

+ Press and hold to tum the electronic compass
On/Off (Rino 530 only)

« Used to quit or escape menu items

Volume (V) button:
+ Press to open volume/squelch confrol
+ Press and hold to mutefunmute the

Microphone:
spealer Speaker —

+ Hold unit 3-4 inches away when talking
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

If no satellites can be acquired, a dialog box will appear that
requests if the user desires to use the 530HCx indoors. This
provides limited functionality for position but enables the unit to be
loaded with maps and waypoint sets. With the Satellite Status Page
Options displayed, use the THUMB STICK keypad to highlight “Use
With GPS Off” and press the THUMB STICK keypad.

To turn the 530HCx off, press and hold the power key.

Adjusting Screen Contrast and Backlighting

If lighting conditions make it difficult to see the display screen, you
can turn on the backlight by momentarily pressing the POWER
key. Pressing the POWER again, causes a pop-up window to
appear that allows adjustment of the backlighting brightness with
the THUMB STICK. Use the PAGE/QUIT key to exit.

Main Display Pages

The 530HCx uses different main display pages to display

information. With the exception of the Mail Menu page, page

options can be changed by selecting Menu-Option on-screen

button to the left of the main page menu button. Six pages are
suggested for US&R operations: E

1. Satellite Page — Provides the satellite signal status. Three
satellites are required for a two-dimensional fix (no altimeter)
and four satellites are required for a three-dimensional fix.

2. Trip Computer Page — Provides trip and navigation data such
as Trip Odometer, Maximum Speed, and Elevation. The fields
can be changed by highlighting the field and selecting from the
list options using the THUMB STICK.

3. Map Page — Provides a detail map of the area surrounding the
current location. Detailed maps are provided by preloading
them using Garmin Express and/or BaseCamp Software.

4. Compass Page — Provides an electronic graphical compass
and indicates direction to go and direction of travel.

5. Main Menu — This page provides a directory of advanced
features and settings.
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

Electronic Compass Calibration

While at the Compass page, click on the Option Menu icon and
select the Calibrate Compass option. The device must be slowly
rotated in a horizontal plane two times.

Initial Setup of the 530HCx

There are several options that should be set or checked prior to
using the 530HCx:

Ensure that WAAS is enabled:

Main Menu ===

Satellite Setup e |

Trip Computer System =—=
Map WAAS
Compass Enabled
Radio

(Press Page/Quit key to display the Main Menu page)

Turn of key beep (this will turn of the key beep option and help to
conserve battery life):

Main Menu ==
Satellite Setup_l

Trip Computer Tones

Map Key Beep
Compass off
Radio
(Press Page/Quit key to display the Main Menu page)
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

Position coordinates can be given in several different formats.
Typical formats for FEMA US&R operations are:

e Latitude/Longitude (Hdd.mm.ss or Hdd.mm.mmm)
e USNG

The correct Map Datum must also be selected. WGS84 is used for
for both Lat/Long and USNG.

Marking a Waypoint

To establish a Waypoint for your current position, push and hold the
THUMB STICK to reveal the Shortcuts window, select Mark
Waypoints (can also Mark from the Main Menu page). Edit the
displayed information as required and select OK.

To establish a Waypoint for a set of given coordinates, mark a
waypoint for the current position as described above and edit the
coordinates as required using the THUMB STICK.

To establish a Waypoint from a Recently Found location or Point of
Interest, push and hold the THUMB STICK to reveal the Shortcuts
window, select Find, and then select either Recent Find or All E
Points of Interest. (The Find option can also be selected from the

Main Menu page.)

Navigation

There are three methods of navigating with the 530HCx:
e Following Roads by Fastest Time

e Following Roads by Shorter Distance

e Off Road (Land, Sea or Air)

The 530HCx will navigate to several types of locations. Without
detailed maps installed, the 530HCx can navigate to Cities,
Interstate Exits, Waypoints, and Recently Found places. With
detailed maps installed (purchased or downloaded); Points of
Interest, Addresses, or Intersections are also available.
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

b. If the “Off Road” option was selected for navigation
(over Land, Sea or Air) the Electronic Compass page
is displayed indicating required and current heading.
When you are traveling off course the inner arrow
(indicating required heading) will point in a different
direction.

The internal electronic compass of the 530HCx will only work
when it is actually turned on. Otherwise it will only relate your
moving position. Therefore when the compass is off you must
travel at least ten feet in order for the unit to provide accurate
heading information.

e Select the Compass page. The dark arrow displayed indicates
the direction of travel to reach desired location. Again it is
suggested to move in one straight line for approximately ten
feet noting the direction of the black arrow.

Using a Track Log

The path that the 530HCx unit takes can be recorded as a Track
Log (bread crumb trail) and includes information about points along
the path, including time and position. This is accomplished by the
60CSx automatically recording its position at predefined intervals of
time or distance. This feature is very useful for documenting travel
in a given time period. (i.e. houses searched in a neighborhood for
a specific day).

The track log can also be used to measure the area of any space
encompassed by a path as well as retracing or Tracking Back along
a recorded path.

The 530HCx has memory for 20 separate saved track logs with 500
points each. The memory used for each depends on the
preselected recording intervals. The interval chosen should
depend on the anticipated amount of overall travel. For example:
Searching a two-mile square area encompassing several city
streets for the entire day may best be recorded using Time at an
interval of five minutes. While documenting a city block area
encompassing a large debris pile may best be recorded using Time
at an interval of 5-seconds.
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

To Save a Track Log:

Main Menu 3

Satellite Tracks—'
Trip Computer Save
Map
Compass
Radio
(Press Page/Quit key to display the Main Menu page)

e The track log is saved using the current date. A different name
can be input by using the THUMB STICK to highlight the
Name option.

e Use the THUMB STICK to highlight the desired letters and
press the THUMB STICK to input that letter or numeral.

e Information (distance, number of points, and enclosed area) for
the track log is presented on this page.

e The units used for calculating area can be adjusted by using
the THUMB STICK to highlight the unit and pressing the
THUMB STICK.

e  Other options available on this page are: Show On Map —
permanently displays a dotted line on the Map Display page.
Delete — deletes the recorded log. Map — temporarily displays
the recorded log on the Map. Track Back — provides a point by
point set of directions for following the recorded track back to
its origin.
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

The 530HCx does allow for secure communications. This is
accomplished by turning on “Scramble” on the Radio Setup screen.
Both units must be set up identically for the two units to
communicate.

Peer-to-Peer Positioning:

A useful feature of the 530HCx is its ability to transmit its position to
other 530HCx units (positioning is updated every 30 seconds or
when the Call key is pressed). If this option is selected, your user
symbol will appear on the map page of other units that have given
permission to be added to their contact list. To enable position
information to be sent from your unit:

Radio 1

Main Menu Setup—l

Satellite Send Location

Trip Computer Yes

Map

Compass

(Press Page/Quit key to display the Main Menu page) E

When a signal is first received from another 530HCx unit, a
New Contact page will appear. By selecting MAP, the new
contact will appear on your Map page. To navigate to a
contact, select the contact from the list on Map page and
select GO TO.
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

TOTAL STATION (See page 5-44 for complete list)

A Total Station can determine XYZ coordinates.

Distances of approximately 300 ft. can be measured without
the need for a prism at the point measured. Greater range can
be obtained using a prism or a reflector-type target.

Some keys have menus specific to their function. These
menus can be shown by pressing the key in question down for
3 seconds. Nikon refers to these keys as "1-second keys".
Sometimes options are given in the display on the keyboard.
These options appear at the bottom of the screen and can be
selected by pressing one of the white keys below the screen.
These are called "soft keys" by Nikon.

The display window of the total station can show four different
data screens. Nikon calls these the Basic Measurement
Screens (BMS). The screens are indexed in the upper right
corner as 1/4, 2/4, 3/4 and 4/4. Most applications of the total
station for US&R purposes use screen 4/4, which displays the
XYZ coordinates. Pressing the DSP key toggles between the
different BMS screens. The up and down cursor keys can also
be used to navigate through the BMS screens.

Initial Setup Procedure

1.

3.

Set the tripod at a proposed station location without the total
station attached:

- With the legs together, extend them to chin height.

- Spread the legs so tripod mounting surface is approx. level.
- Set the far leg first, spacing the other two legs to level.

- Snugly fasten all the leg clamps, but do not over-tighten.
Remove the total station from the carrying case and mount it
on the tripod. Insert the tripod mounting screw into the center

hole of the base plate of the instrument, and snugly fasten the
screw, but do not over-tighten.

Level the total station by loosening a tripod leg clamp and

adjusting the leg length until the air bubble is in the center of the
circular level, (bull's-eye level). Lengthening a leg moves the
bubble towards that leg.
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

Create a New Job (continued)

The job settings can only be changed at this time. The default
settings suggested for US&R use are:

Scale: 1.000000
T-P corr: ON

Sea Level: OFF
C&R Corr: 0.132
Angle: DEG
Distance: US-Ft (Decimal-Ft)
Temp: °F

Press: inHg

VA zero: Zenith
AZ zero: North
Order: ENZ

HA: Azimuth

Use the left and right scroll keys to change an incorrect setting.

Press REC/ENT after each setting is verified. After pressing

the REC/ENT key for HA: Azimuth, you return to the BMS,

completing the creation of the new Job.

4. Now check the coordinate ordering and labeling convention. E
Press the MENU key and select “3.Settings” by pressing the
3 key. Select “3.Coord.” by pressing the 3 key again. Order
should be set to “ENZ”, Label should be set to “XYZ” and AZ
zero should be set to “North”. Press REC/ENT after each
setting is verified. After pressing the REC/ENT key for AZ
zero, you return to the Settings screen.

5. While still on the Settings screen, check the data recording
format. Select “8.Rec” by pressing the 8 key. Store DB
should be set to “RAW+XYZ”, and Data Rec should be set to
“Internal”’. Press REC/ENT after each setting is verified. After
pressing the REC/ENT key for Data Rec, you return to the
Settings screen.
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

Create a New Grid (continued)

2.

Use the center of the instrument as the new Station. Press the
STN key (the 7 key). Select “1.Known” by pressing the 1 key.
Number this Station as 1 (ST: 1), then press REC/ENT. Input
assumed coordinates for the new Station (use X = 1000 ft, Y =
100 ft, and Z = 10 ft) and press REC/ENT after entering each
coordinate. The cursor will skip to the CD line. Leave it blank
and press REC/ENT to return to the Input Station menu.

Enter the height of instrument as zero (HI: 0), press REC/ENT.

The next screen displayed is the Backsight (BS) screen. A
BS is used to orient the grid. Select “2.Angle” by pressing the
2 key. This brings you to the Input BS Point screen. Number
the BS as 9, press REC/ENT. Enter zero for the height of the
target (HT: 0), press REC/ENT. This brings you to the Input
BS Angle screen. Enter zero for the azimuth angle (AZ: 0),
press REC/ENT. Now the orientation of the total station must
be established. For US&R use, select a BS point that is
forward of the total station (towards the building being
monitored). Sight through the telescope so the line of sight is
approximately perpendicular to the face of the building to be
monitored (this will roughly align the X Y grid with the building
layout) and press REC/ENT. This returns you to the BMS. It
is not necessary to measure the location of the BS point as it is
only used for the initial orientation of the grid.

The instrument can now measure and record point
coordinates.

Sighting and Measuring Points

1.

2.

Loosen both the horizontal and vertical tangent screws.
Ensure that the telescope focuses properly. (See page 5-40).

Use the optical sight on top of the telescope to roughly point
the telescope at the target.
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

Reviewing Previously Recorded Data (continued)

The DAT screen data format can be changed. Starting in the BMS
screen, hold the DAT key (the 6 key) down for 3 seconds to
enter/check the data reporting format. The format should be “3.XYZ
data". Change it to “3.XYZ data" by pressing the 3 key. Ifitis
already set to “3.XYZ data" use the ESC key to exit out of this
option. If you change it from another option you are taken directly
to the XYZ data screen. Exit this screen by pressing the ESC key.

Building Monitoring Setup

Building movement should be monitored with the coordinate system
or grid aligned to the building plan.

Control points should be numbered using two digits (10, 20, etc.).
Monitoring points should be numbered using three digits (100, 200,
etc.). After additional measurements are taken on the same
monitoring point or control point, the number of the recorded point
should be incremented (Point 100 becomes 101, 102, etc. or Point

10 becomes 11, 12, etc.) when the point is recorded.
Y

A
‘ [
‘ P 200 (MP) \
20((cpP)
9 (BS) 300 (MP)
100 (MP) "
10/(CP)
1(IP) X
®30((CP) (1000,|100, 10)
I
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

Moving the Total Station within an Existing Grid (continued)

Enter HT = 0.0. Press REC/ENT. The cursor will move to the
CD line. Leave the CD line blank and press REC/ENT to return
to the Input PT1 screen.

4. The known point used as PT1 must now be sighted and
measured. Sight the point and press MSR2 or MSR1 and then
press REC/ENT after the instrument has completed the
distance measurement.

5. Select option “1.By Coord” by pressing the 1 key.

6. Input the point number of the known point to be used for PT2.
If the point has already been recorded in the current Job, the
coordinates will be shown after REC/ENT is pressed.
Otherwise, input the point number, press REC/ENT, enter the
known point coordinates, and press REC/ENT after each entry.

Enter HT = 0.0 Press REC/ENT.

8. Sight the point and press MSR2 or MSR1 and then press
REC/ENT after the instrument has completed the distance
measurement.

9. The new location of the total station on the existing grid is now
shown in the display screen. Press REC/ENT to record these E
coordinates.

10. A default number for this station is displayed. Delete that
number and enter a new station number for this point (2000 for
example) and press REC/ENT. We are using the center of the
total station as the position of the point, so HI = 0.00 and press
REC/ENT. Leave the CD line blank and press REC/ENT. The
cursor moves to the BS line, which displays the point number
of the point used for PT1. Accept this by pressing REC/ENT.

11. The total station is now oriented on the original coordinate grid.

12. If it becomes desired to verify if the total station has moved,
repeat steps 2 through 10 without moving the total station.
Use a new station number for this point (2001 for example), as
the coordinates for point 2000 are already set.
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

Drying a wet instrument

e  Wipe the total station carefully, remove the foam inserts from
the case and let them dry out completely.

e Allow the total station to air-dry before it is returned to its case.
This prevents the telescope optics from fogging.

Changing Batteries during Use

If it becomes necessary to change batteries on an NPL-352 while
using the total station, follow the procedure given below:

e Sight the telescope on a known or control point and snug the
tangent screws.

e Turn off the total station and replace the battery.

e Before turning the total station back on, assure that the
telescope is still locked on the known or control point.

e Turn the total station back on. Re-measure the known or
control point to verify that the total station is still oriented
correctly to the grid.

Nikon NPL 352 and Nivo 5M Keyboard and Display

MODE  MENU

'S [°C) B
7] e 5] e [5]
el ] wel T e [ 2]
o] ﬁf.f- L]

HOT

O 0] ]
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

Nikon NPL 352 Keyboard and Display (continued)

Key

Function

Starts distande measurement, using the measure mode
settings for the key.

Displays measurement mode settings, if held down for
one second.

Moves to the next available display screen.
Changes the fields that appear on the DSP1, DSP2,
and DSP3 screens, if held down for one second.

Displays the Angle menu.

Displays the Station Setup menu.
In numeric mode, enters 7. In alphanumeric mode,
enters A, B, C, or 7.

Displays the Stakeout menu.

Shows stakeout settings, if held down for one second.
In numeric mode, enters 8. In alphanumeric mode,
enters D, E, F, or 8.

Displays the Offset Point Measurement menu.
In numeric mode, enters 9. In alphanumeric mode,
enters G, H, |, or 9.

Displays the Programs menu, which contains additional
measuring programs.

In numeric mode, enters 4. In alphanumeric mode,
enters J, K, L, or 4.

In numeric mode, enters 5. In alphanumeric mode,
enters M, N, O, or 5.

Displays RAW, XYZ, or STN data, depending on your
setting.

In numeric mode, enters 6. In alphanumeric mode,
enters P, Q, R, or 6.
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

WIRELESS BUILDING MONITORING SYSTEM (WBMS)

The Wireless Building Monitoring System (WBMS) allows
monitoring and detection of the tilt angle of various building
structures. It is intended to provide a remote sensor for use at an
emergency rescue site where these structures may be unstable.
The system displays angular tilt information on an Android Based
Player, Smartphone or Tablet.

Email questions or suggestions to: admin@disasterengineer.org

Shipping Container Contents

There are 2 shipping containers for each four-sensor system. Each
container has the following equipment:

1) 2 Sensor Units
2) 1 Receiver Unit
3) 2 Sensor External Battery Units
(Various 12v batteries may be used including an Auto Battery)
4) 2 AC Charging Cables
5) 2 Battery Unit to Sensor Unit Power Cables
6) 1 Android Interface Unit (Samsung Galaxy 5 Player with
Android 2.3 Operating Sys) and Charger E
7) 1 Extended-life battery for Interface Unit
8) 1 Earpiece
9) Users Guide and Software

System Pre-Test & Operation

Prior to mounting the Sensor Units to structural members, a system
pre-test is highly recommended.

1. Unpack the system shipping container.

2. Verify that the Interface Unit, Receiver Unit, and Sensor Unit
batteries are fresh or fully charged. The Android Interface Unit
uses its own battery (an extended life battery may be
available). The Receiving Units operates on 8 — AA batteries.
The Sensor Units operate on an external battery (USACE
WBMS sensor units have optional AA internal batteries)
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

6. Select WBMS from the Applications screen — the WBMS home
screen will appear.

7. From the home screen of the WBMS application, select
Connect Receiver. On the next screen, tap Scan for devices
at the bottom of the screen. Select the device that
corresponds to label on your Receiver Unit. (If multiple
Receiver Units are powered on, multiple units will appear on
the screen. Note that both Receiver Units can monitor all 4
sensor units at the same time, however an Interface Unit can
be paired with only one Receiver Unit at a time.)

If “No devices are found,” return to the WBMS home screen
using the return arrow of the device, verify that the receiver box
in powered on, and repeat this step. If again no devices are
found, exit the WBMS application and toggle the Bluetooth
connection off and on as described in step 5, then restart the
WBMS application and repeat this step.

A successful connection will be indicated by text in the blue
bar across the top of the home screen “Connected — Receiver
##” where ## is the number of the Receiver Unit, e.g. 7A.
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12.

13.

14.

15.

16.

US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

Tilt each Sensor Unit by hand and verify that the alarm sounds,
then replace to its prior orientation to stop the alarm.

Once proper operation is confirmed, the Sensor Units are
ready to be mounted (see Sensor Unit Mounting section
below). Disconnect the power cable from the Sensor Units and
install Sensor Units in the desired locations. Re-attach the
power cable (if using external Battery Unit) or plug in the power
dongle to activate the internal battery pack.

On the Control Center menu, verify communications with the
appropriate Sensor Units. Tap the circular arrows to zero out
the Sensor Units in their installed position.

The system is ready for monitoring. Note however that
readings may fluctuate for the first few minutes as the sensors
come to equilibrium. In normal operation, readings may
fluctuate +/- 0.05 degrees. Larger fluctuations can occur due
to normal movement of the structure, such as those associated
with wind or temperature changes. These conditions may
require increasing the Alarm Thresholds.

From the WBMS main menu tap View History to bring up a
graphical presentation of sensor data. Note that the display
does not update with data received after the History screen is
opened. Tap the desired channels to display. Tap + then tap
that portion of the screen of interest to zoom in. Multiple taps
will zoom in to progressively smaller time windows. Tap —then
tap the screen, multiple times if necessary, to zoom out. Tap
the left arrow to return to the WBMS Menu.

5-49



0S-S9

‘elep ayy ul deb poys e Ajuo ypm ‘wajgqoid ayj sAj0sal
Ajjesauab im ueisal pue pixg ue ‘sbuiyy Ajjaannbs Jayjo seop
Jo sazaaJy welboud a8y} JI ‘snyl "8} B}Ep SWEeS a8y} Ul ejep
puadde 03 anunuod |IM welbold 8y S|oUUBYD dAIORUI BY)
a|gesIp pue Jun 19AI929Y 8y} 0} }osuu0dal 0} Alessadau aq ||Im
1 ‘SINGM SU} palelsal USYA\ "I9p|o} EJep SINGAA S} Ul palols
sulewal ejep JOSUSS PaAIeday 'SHuN JOosuasg ayj Ul palols
ulewsaJ spjoysaly} wieje pue spuiod 0487 "32IASP BY} JO UDBIOS
awoy 8y} 0} S}IXd pue alemyos SINGAM 84} UMOp Sinys JIxg

WBiay Aioys Yz e
Buiwnsse ‘yusoiad pue sayoui ul Jup Aiojs pue ajbue usemiaq

%4

diysuonejal ayj Jo a|qe) e sapinoid pey) Jesurq o} seinbuy "0g

"xo0q

JOSUaS 8y} JO SIXe yoea 1o}
suonoalp aAsod ajeoipul 0}
solydesb sapinolid suooaliq

JOSUBS BAIISO4 ‘Bl

‘elep
IIe Jo Buipeojumop Buimojjoy
‘pus 8y 1e Jo JuswAhojdep e

JO UB)s 8y} Je suop aq p|noys

syl -Aowsw SNEM 8y}
wioJy eyep Josuas ||e ajs[op
lm AiojsiH ses; gl

‘abelo)s

Jo Buissaooud ejep Jayuny
Jo} wesboud 198yspealds
e ojul pauodwi pue
Jandwoo e 0} papeojumop
aq Aew s|y syl "Jop|o}
soji4 A 8y} 0} 8|l & BJUM
lm AiojsiH podxg — °7)

{panunuod) uoneiladQ % 150 -01d WoJSAS SINGM

S34NA3O0¥Ud DONILVHIHO LNININOI
904 1SITVIOIdS STANLONULS ¥BSN



US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

WBMS Operation

Data from the sensors contained in the Sensor Unit is broadcast
every five seconds under normal operation, and broadcast every
second when a Sensor Unit is in an alarmed state. The alarm is
triggered when either clinometer measures an angular change
greater than the limit specified by the user. The allowable range for
the alarm threshold is from 0.1 degrees to 60 degrees. The
sensitivity of the clinometers is approximately 0.05° with a full-scale
range of +60 degrees.

The Sensor Units are color-coded and have a standard alphabetic
designation that corresponds to the Sensor Unit color. This color
corresponds to the Interface Unit screen where the angular data is
displayed.

The following information is shown on the main screen of the

Interface Unit:

- System ID number.

- Angle information for four Sensor Units.

- Sensor connection status.

- Sliding indicator that represents how close the current data is
to the alarm condition.

Sensor Unit Mounting

The Sensor Units must be mounted on structural elements that will
realize rotation in at least one of the monitored axes during an
impending collapse. Mounting a Sensor Unit to structural elements
that only translate during the early stages of a collapse will not
provide enough advanced warning. It may be necessary to mount
multiple Sensor units in the same region of the structure to insure
the appropriate rotation is captured.

The Sensor Unit case must be firmly attached to a surface, in an
upright position with the arrows on the sides of the Sensor Unit
pointing up. A cargo strap, bungee cord, or other suitable strapping
material can be used to securely attach the Sensor Unit to the
structure. The units should not be mounted loosely to the structure
because vibration or incidental contact could trip the alarms. If
mounting to a structure where vibration is unavoidable, the alarm
thresholds may have to have to be increased.
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

LASER RANGE METER (Hilti PD32)

e Allows for accurate measurement of
distances using emitted visible laser
beam with measuring waves, which are
reflected back to the range meter with a
phase shift.

e The measuring range depends on the
reflectivity and the surface structure of
the target surface.

e Calculations of area and volume can be
performed with multiple distance
measurements, as well as the addition
and subtraction of distances.

e Powered by 2-AA Alkaline batteries with
a life of approx. 15,000 single
measurements.

Laser Range Meter Operation — Direct Measurements

The normal maximum measurable distance is approximately 50 ft.
Longer distances may be possible depending on the target
reflectivity. A special target plate (Hilti PDA 50) is available to
extend the maximum distance that can be measured to over 100 ft.

Distance measurements generally improve with darker lighting
conditions. Shading the instrument from direct sunlight also
increases the measuring range. Measurement ranges are reduced
by very bright ambient light or when measuring through glass.

The Hilti PD32 has a magnified viewer that can be used to locate
the laser dot on the target.

The display can be illuminated by pressing the
illumination key located near the rear of the instrument.
Shorter battery life can be expected with frequent use
of the display illumination.
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

Two distance measurements can be added together by
pressing the “+” key (located to the right of the “Measure”
key) between the first and second measurements.

Two distance measurements can be subtracted from each

other by pressing the “-“ key. Pressing either the “+” or “-
activates the red laser dot for the second measurement.

Area or Volume measurements are taken by first pressing
either the “Area Function” or “Volume Function” keys to the
left of the “Measure” key.

The “Measure” key is then pressed once for each measure.
The area or volume is given in the display line with
individual distance measurements displayed above.

= [ b k2

Operation — Indirect Measurements (Triangle Method)

Distances can be measured indirectly by recording distances to
either end of the distance to be determined. This is useful for
measuring distances that cannot be done so directly, such as
building heights. The PD-32 uses the Pythagoras’s theorem to
calculate the distance. Either two (simple version) or three
(combined version) distances are recorded. For the simple version, E
the second recorded distance must be perpendicular to the
distance to be determined. If this is not possible, then the
combined version can be used with the middle recorded distance
perpendicular to the distance to be determined. The angle between
recorded distances must be greater than 10 degrees to avoid
unreliable calculations. If not, a double beep indicates an error and
the PD-32 terminates the operation.

1. Press the “Indirect Measurement” key. This activates
the combined version. Pressing the key again will §
active the simple version. (Either a combined or single

triangle symbol will be shown in the display.)

2. Aim the PD-32 at one end of the line to be determined and
press the “Measure” key.

5-55



9G6-G

"Jajaw abuel ay} Jo aoueIs|0} Aoeinooe oyoads ay)

UIyIIM 8q PINOYS SoUE)SIP UMOUY 38U} O} SUORBIASP 8y} JO ueawl ay]
'sawl G ‘yibus| ul i G| 0} ¢ Ajdrewxosdde yibus| umouy Jo 8oUelSIp
e Buunsesw Ag pawuojeld ag ueos Juswniisul 84} JO uoneiqied ay |
uoneiqiien

"aWl} Jo polad papusixe Ue 1o} pasn 8( 0}
Buiob jou si )1 JI Jejow abuel By} WO} paAOWSI 8g P|Noys sals)eq

‘uoneuodsuel; Jo abelo)s Jo
pouad 6uoj| e uaye pasn si ji uswdinba ay} Jo Aoeindoe ay) }oayH

-Aip Aj@191dwod si 1 saye Ajuo uswdinbs
oy} yoeday "salI0SSa00E pue ‘ased BulAlied ‘Jsyow abuel
BU} UB9|D "}om SaW009aq Jl JI 9SBO S) Woly Jajew abues ay) aroway

EREVEET

‘uiebe Jjo / uo, ayy buissaid Aq pajeuiws

sl nuaw Bumes ay] "syun pue [eubis deaq :ale pabueyo

aq ueo jey} sbuipeg PO pauln} SI JUBWINJISUI BY} YIM SPUOISS

Z Aie1ewixoidde 1oy Aay 4o / uo, 8y} Buissaid Aq passedoe si yoiym
nuaw Bumes ay} ul pabueyd aq ued sBueS JUSWNIISUI [BJOASS

sbumes

"9oue)sIp paje|nojed ay) Aejdsip o} Aay

2lnseay, oy} ssaid pue pauiwlia}ep ag 0} aul| 84} JO pud Jayjo

8y} Je Z€-Ad @Y} WIe ‘UOISISA paulquiod 8y} Jo4 ‘paAe|dsip aq
[lIM ©0UE]SIP 108JIpUl Paje|ndled 8y} 8sn S| UoIsIoA aidwis 8y} y| ¥

-aoue)sip (Jejnoipuadiad) 3sapoys jo juiod
BY} duIWIdep 0} pPash 8¢ UBD apow Juswalnseaw snonuijuod
ay] "eouejsip Jejnoipuadiad sy} ainsesw 0} zg-Ad @Yl Wiy '€

(panunuos) (poyja ajbuell]) syuswainsealy joalipu|
uoneladQ J9j9\ obuey JoseT

STUNAIO0Ud ONILVHIHO INIJNLIND3T
904 1SITVIOIdS STANLONULS ¥BSN



US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

NEWER LASER RANGE METER (Leica Disto D5)

This device has most of the features of the
Hilti PD-32, but also has a 2.4" color display

with 4x zoom that allows the user to more A |
easily see the target and position the laser at t 3 2%
distance, and in daylight. It has accuracy of 2 | 123' 1%
inches in up to 600 feet 310"
| ‘ 11" 5%

DISTO™ D5

Functions are similar to the Hilti PD-32. Special features are:
e Digital, 2.4" Color Viewfinder with 4 times zoom.

e  Built-in Tilt Sensor that determines tilts up to 45 degrees.
Function Keys for as shown below:

On/Measuring button
Digital point-finder \
Timer button & \@/ /e
Plus button @
Minus button
Area/volume button
Indirect Measurements
Trapezoid button
Functions button

. Reference button

. Storage/memory button

. Clear/Off button

. Menu/Equal button

©OoND>O A WN =

A A A A
w N -0
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

e The type of metal detected will be indicated by the
magnetic/nonmagnetic icon.

e Once a target has been located, reposition the unit over it and
scan perpendicular to the original scanning direction.

e Continue scanning to determine if there are multiple targets.
e If precise depth is important, recalibrate as outlined in following

section.

e  Turn off the unit by moving the mode switch to the OFF
position.

Calibration

The MT 6 automatically calibrates when turned on. However, the

depth sensitivity of the MT 6 can be increased by recalibrating in an

area free of metal, through the same medium. To recalibrate:

1. Locate an area that is on the surface where there is no
indication of metal.

2. Press and release the “Press to Calibrate” switch. All icons on
the display will light momentarily during calibration.

3. Rescan target areas. A more sensitive depth reading should
now be obtained.

Battery Installation/Replacement E

1. Slide-open the battery compartment located at the lower front
portion of the unit.

2. Connect a 9-volt battery into the battery clip. (lasts about 1-yr)

3. Insert battery into the battery compartment and replace door.

Additional Notes

e The depth readings of the MT 6 are calibrated for a #4 size
rebar (magnetic) and a 'z inch copper pipe (honmagnetic).

e If scanning surface is relatively rough, a thin piece of
cardboard can be placed between the unit and surface.
Cardboard thickness must be subtracted from the depth
reading.

e An auto power off feature turns off the MT 6 after five minutes
of inactivity. After it turns off, the unit loses its calibration.
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US&R STRUCTURES SPECIALIST FOG
EQUIPMENT OPERATING PROCEDURES

DIGITAL ELECTRONIC LEVEL (SmartLevel & SmartTool)
(continued)

Calibration — Plumb

1. Place level on a flat vertical surface (surface does not need to
be plumb), wait 10 seconds.

2. Push and hold the Calibrate (RESET) button for 2 seconds.
CAL1 will appear briefly on the display.

3. Rotate the level edge-for-edge so that the same end of the
level is pointing down, wait 10 seconds.

4. Push and hold the Calibrate (RESET) button. CAL2 will
appear briefly on the display. Calibration is complete.

Calibration — To Zero Reading

The digital electronic levels can be calibrated to provide a zero
reference reading on non-level or non-plumb surfaces. This is

useful when monitoring components for changes in level or

plumbness. To zero the reading, first secure the level on the

surface to be monitored. Follow the calibrations procedures listed
above, except, do not rotate level between the two calibrations. E
This tricks the level into thinking it is averaging two different

readings.

NOTES
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US&R STRUCTURES SPECIALIST FOG
GENERAL REFERENCE

INTRODUCTION to SECTION 6

This section contains information on various subjects that
could become needed References at a Disaster Site.

The References are arranged as follows:

e Rapid Structure Triage Page 6-2
e Sample Calculations of Shoring 6-7
e US&R Site Mapping Symbols 6-15
e  Critical Incident Stress Information 6-19
* Rope, Knot, and, Harness Refresher 6-26
e Design Loads for Pickets 6-31
e Crane Hand and Voice Signals 6-33
e Excavator Hand Signals 6-35

TYPICAL FIRST DAY'S DEPLOYMENT
Immediately following deployment,(depending on incident specific
conditions), the following tasks may need to be performed:

e Rapid Structure Triage, |.D. and Rating of Structures
Search — Detection and Location

Structure Hazard Evaluation and Marking

Search and Victim Marking

Develop Structure Hazard Mitigation List and Priorities

Deploy to site TYPICAL 15T HOURS

From Staging DEPLOYMENT
]
Base of Ops Four or more Buildings
Set Up _ Pre-prioritization of
v structures using
4 Rapid Structure Triage
Deploy Search
Teams & (1 or 2 RST Teams, including:
Re-prioritize StS, HMS, TIS & others, quickly
followed by Search Teams)
TF develops
Strategy for Ops

6-1
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US&R STRUCTURES SPECIALIST FOG
GENERAL REFERENCE
RST SCORING CRITERIA:

e The following will be evaluated in assessing the Probability of
having Viable Victims:

¢ Potential number trapped - HIGH MEDIUM LOW
¢ Victim access effort - EASY MEDIUM DIFFICULT
¢ Type of voids - OPEN SEPARATED COMPACT

e  The following will be evaluated in Assessing Risk:
¢ Chance of further collapse - LOW MEDIUM HIGH
¢ Number of Falling Hazards - LOW MEDIUM HIGH
¢ Void support condition - GOOD POOR UNKNOWN

The selection of the applicable level of relative risk requires that
the Structures Specialist uses his/her best judgment. The Rescue
Team Mgr should be consultation in selecting from the victim
probability criteria. All on the RST Team, including the StS must
be prepared to quickly make these decisions.

RST STRUCTURE RATINGS:

Each structure would be given a two letter Rating to indicate the
probability of being able to rescue viable victims, and a two letter
Rating for Assessment of Risk.

These Ratings would be based on the Scoring Criteria presented
above, and require "Expert Judgment" to be applied by the StS,
HMS, and other members of the RST Team. n

e For probability of being able to rescue viable victims:
¢ XP indicates HIGH PROBABLY (to be consistent with XR
¢ MP indicates Medium Probability
¢ LP indicates Low Probability
¢ For Assessment of Risk
¢ LRindicates Low Risk
¢ MR indicates Medium Risk
¢ XRindicates High Risk (HR is used for Human Remains)

6-3
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US&R STRUCTURES SPECIALIST FOG
GENERAL REFERENCE
HOW RST RATINGS ARE APPLIED:

e After assessing each of the three Criteria for Victim Probability,
each structure would be given a Rating of LP, MP, or XP.

e  After assessing each of the three Criteria for Risk , each structure
would be given a Rating of LR, MR, or XR

¢ This process required the StS & HMS to make rapid, value
judgments in a very short time.

¢ Victim probability should include considerations such as
potential numbers and ease/difficulty/risks involved with
their extrication.

¢ It should be understood that it is possible to have more
than one structure with the same rating.

RST FORMS:
RST Forms were developed, and they are shown in Sect 9.

RST -1 - allows space for a crude location map of the assigned
structures (or at least the first group that are being evaluated). It
also has three sections for recording the data from three structures.

RST -2 has three additional three sections for recording the data
from three structures, plus instructions for filling-out the forms and a
guide for determining collapse risk. It is shown in Sect 9

EXAMPLES OF RISK LEVEL: n

e Low Risk — would include Pancaked Concrete Slabs, Soft 1st
Story Collapse, and Wood 1 & 2-story Structures.

e Medium Risk — would include Partly Collapsed Concrete
Bldgs, Racked 3 & 4-story Wood Bldgs, Free-standing
URM/Concrete -Plumb Walls, and URM Structures w/ Lean-
to, V, & Wall Fall Collapses.

e High Risk — partly collapsed Precast or PT Concrete Bldgs,
Un-collapsed and leaning Structures, Free-standing
URM/Concrete —Leaning Walls, Structures w/ many Falling
Hazards.

6-5
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US&R STRUCTURES SPECIALIST FOG
GENERAL REFERENCE
SAMPLE STRUCTURAL CALCULATIONS of
EMERGENCY SHORING

MATERIAL PROPERTIES USED IN CALCULATIONS
Concrete Properties

Weight = 150 pcf Fc' = 3000 psi (28-Day Strength)
Wood Allow Stress Design Properties — D. Fir & So. Pine
One may increase these values by 25% for US&R Shores
See Section 5 (FAQ) for Strength of other Wood Species
Mod. of Elasticity = E = 1,400 to 1,600 ksi

Bending Stress = F, = 1500 psi for 4x and 1200 psi for 6x
(Sect. Modulus S = BD?%6, Mom. of Inertia = | = BD3/12)
Horiz. Shear Stress = F, = 95 psi for 4x and 85 psi for 6x

(Fv has been increased by about 100% in the 2001 NDS)
Compression Parallel to Grain = F. = 1100 psi
Compression Perpendicular to Grain = F;;, = 625 psi
Buckling Strength = F, = 480,000 psi / (L/D)?

L/D = 25 max. (to see crushed cross-grain before buckling)
L/D = 50 max. (but failure may be by sudden buckling)

INDEX of SHORING CALCULATIONS

I1-880  Vertical shoring of typical bent at the 2-story highway
bridge (1989 Loma Prieta Quake) using 12x12 posts. n

Pun-1 Vertical shoring scheme to reduce possibility of punching
shear failure in typical flat-slab floor w/drop panel at
column. This example uses 6x6 posts.

4-Story Diagonal bracing used from curb to 2" floor in Marina
Dist. (1989 Loma Prieta Quake) to stabilize 4-story wood
apartment bldg. Work was done by Trost House Movers.

Rak2 Sample calc of Solid Sole, Double Raker System.

Rak1  Sample calc using Flying (Friction) Raker. lllustrates that
capacity is reduced due to bending stress in Raker.

Tieback Sample calc for use of Tied-back Strong-backs, to
restrain un-collapsed but damaged URM multi-story wall.
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US&R STRUCTURES SPECIALIST FOG

GENERAL REFERENCE
2 SIMILAR FLOORS
COLLAPSED AS RUBBLE
@ @ 20,
P aeae L ;S
r 1 N » ; T
dorxs" DROF @ ESTIMATED LOAD
: ' sLAB 125PSF
18"58 col @ by DROP 4 col 25
28" 0.c. EA WA WALLS 10
CONTENTS |0
L TOTAL 170/FLOOR
\-% X 28X 28X 2 = 400K
< ® CHECK PERIF. SHEAR
) (AT DISTANCE d/2 FROM FACE
X G —— = oF pRoP (D 4 FACE oF coL @)
SPACER Xm
AT ToP X " ATO 240K,
& BoTT B . v, (AOOK-BIKSF%1006&') X 1.4 UT
— 8ex(a'"-2" 4 (1o8"+12")
Vu= 171 P2l ALLOW 4\Fz =220P5]
FOR 2000P%| CONC
24-TOTAL GX& ] AT
POSTSX 10 LONA @
(TIE POSTS To col Vi 2 HOOKBK) XA e os) N,
25X (14-2>4(18+12)
0o% 06 POSTS o INCREASE PERIPHERS - ADD GX G n
/A= 200K/ LAXDO.D VERT. WooD POSTS TO PROVIDE
= BBOPSI 472" SRUARE
L/D = 120/5V2 = 22 S1OKOX 1.
, v 2 BOOKACKXLA ) o ooe
Fa = 480,000/272=1010P2| B5X (14-2)4 (42+12)

POSTS FIAURE FOR PERP. TOo aRAIN BEARINZ (720PS1 MAX)
S0 SHIMS & SPREADER MAY BE USED. LOAD MUST BE SPREAD
To FLOORS BELOW (THRU PERIF SHEAR OR ON To EXISTINA
FOOTINA. ONE MUST ALSO CONDIDER IF THE ©LAB SHOULD

BE SHORED AT MID-©PAN ETC. B OBOERVINA CRACKS SINCE
THEY ARE NORMALLY VISIBLE FROM BOTTOM OF SLAB.
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US&R STRUCTURES SPECIALIST FOG
GENERAL REFERENCE

EMERGENCY SHORING RAKER1 PG2
RAK1-2-8

CHECK MEMBER ©TRESSES

X RAKER

L/D = 240"/55 = 44 Fa= 4’90,000/44’z = 250P%|

P/A = |10/ X A22#/20.259K.IN. = 5|P2I
M/ = A4@'¥X12/27.7IN = 4|0PSI

INTERACTION = Bl/250 + 4lo/1200-51 = 56 ALLOW 1.25

4X @ WALL PLATE

M = |44%#X% 2' =288'% OR 52%x8° /9 =4I0'#
M/S =41e X 12/11.2 (WEAKIWAY) = 445P5|

2-2XK@ BOTTOM BRACE

L/D (INDIVIDUAL PIECE) = 70"/I.5"2= 47 Fa = 220
P/A =120#/2X1.5X5.5 =|4P2]|

CONNECTIONS

ALLOW FOR ONE |1od NAIL = 140#X |.&:*=zzo#

(190 FOR VINTL COATED COOLER NAIL)
* USE 1.0 INCREASE FOR TRANSIENT LOADS ON NAILS
OTHERWIGE USE 1.25 INCREASE ON WooD STRESSES

CLEAT ON WALL PL = 1085%  USE 14-16d MIN, ﬂ
BOTTOM BRACE = 220 % USE B-16d E.. MIN,
COMMENT

MEMBERS cOULD SUPPORT 2 TIMES THE B%LOAD OR
ABOUT 10% & WHICH |1© RECOMMENDED. THE CRITICAL
199UE REMAINS "HOW To RELIABLY RESIST THE VERT.
REACTION AT THE WALL FACE'.

ONE 9B'¢ STEEL DOWEL OR DRILL-IN ANCHOR WILL

RESIST A FORCE OF ©OMEWHERE BETWEEN 500 %
looo#, DEPENDING ON KRUALITY OF THE MASONR™Y.
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US&R STRUCTURES SPECIALIST FOG

GENERAL REFERENCE
aox.oexg 27 Q' URM RAK2-8
_2GPLF Z dxanss |CAPACITY OF 14FT 4x4
lao% — -1 WALL PL. |L/D = 168/25 = 48
+24' 2X4X2 Fa = 480,000/49*= 210PS|
2204 B CLEAT ALLOW = 210X 12.% = 2000%
' 'y B15%
20 X40 L2 BENDINZ IN 4% 4 ON WALL
X 4 =220 . .
M=B2PLF X | 178 =725
120X & e M/S =785%X12/7.1 = 1230P5|
=52 PLF
2% @ MIN X-BRACINA
W/2ZX& LoNalT AT 2
oro#- —|=3 LEVELS
. 12" URM
X4 %2
+12 CLEAT
{;._,_, 2-2%4
220% I %
q
za0%-—-3| § H
O RAKERS
I7Tox% &
~GBPLF r j’:ji'{;. NEED SoLE
. S ANCHOR
: — 17" URM S
Q |12zt e 4% 4% 20"
) AUSSET E.S. W/2ZX4%2'
—5“ CLEATS
'y
1 v : } 2 / ‘
2120% VERT. FORCE a4X 4 I's ¢ 15 # *‘l| n
MUST BE RESISTED — | DOLE PLATE QT X g 9%(9*
B~ FRICTION,OR |- - N N 3 \
DRILL-IN ANCHOR = \ =
zizo# 1445 % 1200 #
LOADING @ 5% & MULTI-MEMBER RAKER @ 8' 0.c.

WALL LEANINZ ABOUT 1&" AT TOP OF 27" HEIAHT
WoULD BE 5% oUT OF PLUMB. TS UNREALISTIC TO
THINK ONE WOULD FIND A URM WALL THAT 1© MORE
OUT OF PLUMB AND HAS NOT COLLAPSED. DUE TO
POSSIBLE ADDITIONAL LOAD FROM AFTERSHOCK
IT 1© RECOMMENDED THAT THE ©HORES & CONND.
FIAURE FOR 1094 (FORCES SHOWN WoULD DOUBLE)
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US&R STRUCTURES SPECIALIST FOG
GENERAL REFERENCE

ICS BASE MAP SYMBOLOGY

e Time denoted—22Aug03 0700hrs
- (with arrow pointing to activity site)

¢ Incident Command Post

¢ Incident Base

e Camp

e Decon Area

e Fire Station

e Helibase

e Telephone

¢ Repeater/Mobile Relay

¢ Staging Area (by name)

e Mobile Weather Station

e First Aid Station

HeePOe0EN

¢ Drop Point

¢
v
®
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US&R STRUCTURES SPECIALIST FOG
GENERAL REFERENCE

OTHER STANDARD DRAWING SYMBOLS

These symbols should be used as needed for FEMA US&R
Sketches, Maps and Drawings

Roads

Foot Path

Bridge

Culvert

Roads and Buildings
Car

Path of Car

Skid Marks

Path of Pedestrian
Point of Impact

Traffic Signal

%)
i‘

Street Light *

Pole (Telephone or Power) <

Telephone or Power Line —+———
Fence e
Railroad e

e
Streams {,/;._./_\\4_—
Tree @
Hedge GOS0 E
Pond @

\\\I/,’ ‘\\ll/,

Marsh M iy,

Cultivated Field g///////
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US&R STRUCTURES SPECIALIST FOG
GENERAL REFERENCE

CRITICAL INCIDENT STRESS -1

CRITICAL INCIDENT STRESS (CIS) results from a crisis event, so
overwhelming to the individual that it is likely to cause short or long
term malfunctioning.

GENERAL.:

1. The effects of CIS impair functioning on-scene and may
continue to emerge upon demobilization or thereafter.

2. Self monitoring and management of CIS is critical for both
short and long term personal well being and team
performance.

3. As a Structures Specialist, you will be working in an
environment that is difficult (at best) that may produce CIS
reactions because of the following factors:

a. Exposure to extreme stimulus involving death,
mutilation, destruction, and threat under arduous
conditions.

b. Pressure to make consequential decisions under
aggravated conditions of uncertainty, fatigue, and
duress.

c. Role conflict, competing demands, shifting command
and assignments, and an changing scope of work.

ALERT:

1.  If after self examination you feel unready to proceed with n
the assignment, do not accept it. It is better to remain fit
for future assignments than to become impaired from this.

2. Following factors can create special vulnerability to CIS:
Prior Trauma
Background Stress
Family Disruption/Discord
Physical Fatigue
Psychological Need
Recent Changes/Loss
Feelings of Inadequacy
Overly Optimistic or Pessimistic Beliefs
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US&R STRUCTURES SPECIALIST FOG
GENERAL REFERENCE

CRITICAL INCIDENT STRESS - 3

ASR normally consists of some combination of these symptoms
into one of two general categories: AGITATED or DEPRESSED.
Look for the following:

AGITATED ( 25% of ASR Cases):
Appearance: Flushed, sweating, agitated
Mood: Panicked, enraged, hysterical
Behavior: Rapid, frenzied, ineffectual, uncontrolled

DEPRESSED (75% of ASR Cases):
Appearance: Pale, submissive, shock-like
Mood: Blunted, numb, emotionally unresponsive
Behavior: Slowed, automatic, paralyzed, immobilized

SELF MANAGEMENT:

Remember and resist your tendency to ignore your own needs. If

you are not functioning fully, you will be a danger to others on-

scene, to yourself, and later on to your family.

If you are experiencing some of the signs of ASR:
Let your partner and supervisor know about it.
Act on your own behalf: n
Take an extended break away from the disaster scene.

Take fluids and nourishment (cut down caffeine and
sugar - increase carbohydrates).

Discuss your experiences and reactions with others.
Listen to the advice of trusted others.

Do not resume duties until you are reoriented and
re-stabilized.

Ask for and accept support services, such as on-scene
consultation or debriefing ASAP.
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US&R STRUCTURES SPECIALIST FOG
GENERAL REFERENCE

CRITICAL INCIDENT STRESS - 5

HOME STATION (POST DEPLOYMENT):

Delayed stress reactions are possible in the days, weeks, or
months following your return from the disaster.

SELF-MONITORING:

Self-monitoring is just as important after returning home as it is
during US8 R operations. You should monitor yourself for any of
the following reactions:

Flashbacks

Nightmares

Problems at Home

Problems at Work
Depression

Anxiety

Guilt

Fears

Isolation

Difficulty Relating to Others
Problems with Self-Control
Disproportionate Emotionality
Obsessive Thoughts About Incident n
Psychosomatic lliness
Precipitous Life Changes
Unhappiness/Dissatisfaction

These reactions, if moderate, are fairly normal and transient. If they
last more than four to six months, however, or are negatively
effecting your personal or work life, you should get help in working
through those thoughts, feelings or attitudes engendered by the
disaster experience.
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US&R STRUCTURES SPECIALIST FOG
GENERAL REFERENCE

HAZMAT FIRST RESPONDER AWARENESS

Structures Specialists should carry their Department of
Transportation's Emergency Response Guidebook (DOT P 5800.5)
during deployment.

As a Structures Specialist conducting an initial evaluation of an
incident, you may be the first to encounter or discover a HAZMAT
condition.

When surveying the incident, be aware of potential HAZMAT
indicators:

Unusual colors/odors

People running from scene

Evidence of Leak

Unusual noise in fittings/valves

Container Shapes

Placards or Signs

Occupancy/Location

Upon discovery or suspicion of a HAZMAT situation your mission is
as follows:

SAFETY of yourself and team members.
ISOLATE & DENY ENTRY.
NOTIFICATION of Team HAZMAT specialist or local

authorities.

THINK SAFETY AT ALL TIMES.
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US&R STRUCTURES SPECIALIST FOG
GENERAL REFERENCE

ROPES, KNOTS & HARNESSES - 2

FIGURE EIGHT STOPPER

::@"—'—"

FIGURE EIGHT ON A BIGHT
/l

A. B. C.”

ATTACHMENT of FIGURE EIGHT
on BIGHT to ANCHOR SLING

ek

THREE WRAP PRUSIK HITCH

(%E
rnooel e
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US&R STRUCTURES SPECIALIST FOG
GENERAL REFERENCE

ROPES, KNOTS & HARNESSES -4

MODIFIED TRUCKER'S HITCH

d Q First Half Hitch
(Half Hitch with
Bight is 0.K.)

Prusik
at Anchor

Attach the end of the Modified Trucker's
Hitch Line to the Anchor Prusik with a
Carabiner, and adjust tension as required
by sliding the Prusik Hitch up and down
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US&R STRUCTURES SPECIALIST FOG
GENERAL REFERENCE

DESIGN LOAD OF PICKETS (PINS) IN SOILS

The following pickets have been tested during StS2 Training since
2004. These tests were performed in relativly firm cohesive soil.

40 - 1" dia x 48" plain bar driven 36" to 42" into ground
8 - 1"dia x 48" rebar driven 36" into ground

8 - 1"dia x 36" rebar driven 24" to 30" into ground

13 - 5/8 x 36" screed pins driven 24" to 30" into ground

Based on these tests the Recommended Design Lateral Load
Capacity for these Pickets in Firm Cohesive Soils is as follows:

1. 750 Ib for 1"dia x 36"(min) plain bar or rebar driven
24"(min) into ground.

2,
ground.

375 Ib for 5/8 x 36" screed pins driven 24" (min) into

The table below is based on July 1984, FHWA-IP-84-11,
Handbook, Design of Piles & Drilled Shafts Under Lateral Load.
Pin Design Load is based on approx 50% of Capacity

Design Lateral Load Capacity of Pin in Cohesive Soil
1" dia, 42 to 48-inch pin, driven 36 inches into soil

Soil Type Soil Capacity, Ib/sq Pin Design Load
ft

Poor 1400 500

Average 2200 750

Good/Hard 3200 1000

Design Lateral

Load Capacity in Cohesionless Soil

1-inch dia, 48-inch pin, driven 36 inches into soil

Soil Type Soil density, Ib/sq ft | Pin Design Load
Loose 100 50
Medium 115 55
Dense 125 63

Design Lateral

Load Capacity of Pin in

Cohesive Soil
5/8-inch dia, 36-inch Screed Pin, driven 30 inches into soil

Soil Type Soil Capacity, Ib/sq Pin Design Load
ft

Poor 1400 250

Average 2200 375

6-31




ce9

‘Buiggem

uojAu , | jo deim a|gnop e yum Jayjabn pan pue ‘uede 198} ¢ paoeds
‘10S @AIS8YOD WLl OJUl "UlW ,0E USALIP s}oxold [99)s Jajawelp

.1 Jo Jied e 1o} papuswiwodal si sqj00Z1 0 peo ubisaqg

*S)S9) 9SOy} UO paseq

"aJn|ie} 0} paisa} aJom siied Z| JO [e)o} e pue ‘1exoid
JUOJ} BU} JO [9AS] punoib sy Je paljdde sem peojjse}ay] e

"19)01d Jeas ay} Jo [9A9] punolb sy} o} 3oxo1d Juody
ay} jo doj wouy paoed sem Buiggam uojAu | jo deim aignopy e

‘punolb aroge pesodxe Ys| sem ,Z| IN0ge pue ‘[edisA sy} o
sea.ibap Oz pue 0JoZ Jo sa|bue Je UaALIp aJem s}ayold Jo slled e

"Jegal pue Jeq Yjoows Yjoq aJam sieq ay| "punosb

By} OJUI ,0E JO WNWIUIW B papaguId pue ‘19juad uo 1o}
€ 1noge paoeds asam syoxoId [99]S , 81 puUB ,OF X JoJoWelp .l e
:SMOJ|0} Se pawiopad alom s)se) ay |
‘Buiuies] zSis Buunp palse) aiam siaxaid jo siied ‘QLog ul Bunels

'syexo1d Jo Jaquinu |e}o} 8y} sawiy 19xo1d a|buls e Jo jey; ueyy
$S9] 89 ||Im aJow Jo Jied e jo Auoedeo ay} ‘JenamoH 1oxoid ajbuls
e ueyy Jojealb si eyl Auoeded apinoid pjnoys sinoAe| 19x01d pinpy

S13IXOld ONISN SYOHIONV 3d0d

FONFATJFA TVHINTO
904 1SITVIOIdS STANLONULS ¥BSN



US&R STRUCTURES SPECIALIST FOG
GENERAL REFERENCE

CRANE SIGNALS

ALWAYS STAND IN CLEAR VIEW
OF YOUR CRANE HOIST ENGINEER

BE SURE TO STAY A SAFE DISTANCE
FROM HOOK, BLOCK OR BOOM

USE MAIN HOIST { USE WHIP LINE

RAISE BOOM

& LOWER LOAD

LOWER BOOM
& RAISE LOAD

EMERGENCY

_ @ Y

TRAVEL

= (.

{

TELESCOPING BOOM - 2 HANDS

EXTEND BOOM [RETRACT BOOM

L
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US&R STRUCTURES SPECIALIST FOG
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EXCAVATOR HAND SIGNALS -1

\

SLOW ANY
FUNCTION

THIS FAR

COUNTER
ROTATE LEFT
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US&R STRUCTURES SPECIALIST FOG
USEFUL TABLES

INTRODUCTION to SECTION 7

This section contains Information and Engineering Tables that
may become useful during US&R Operations.

The following sets of Tables are contained in this section:

Table Page
Wind Pressure Table 7-2

Timber Design Guide 7-3

Plywood for Uniformly Loaded Floors 7-5

Plywood Floors Supporting Fork-Lift Truck Traffic 7-6

Bolts in Wood (Double Shear) 7-7

Bolts in Wood (Single Shear) 7-9

Lag Screws Single Shear Values 7-11
Working Load Values - Wire Nails 7-12
Lag Screw Withdrawal Values 7-12
Steel Design Guide 7-13
Structural Steel Allowable Stress — Compression 7-14
Structural Steel Tubing Dimensions and Properties 7-15
Structural Steel Pipe Dimensions and Properties 7-16
Allowable Steel Bolt Loads — Shear and Tension 717
Concrete Design Guide & Area/Weight of A615 Rebar 7-18
Rigging - Working Load Limit/design Load 7-22
Crane Stability — Percent of Tipping & Safety Factors 7-22
Wire Rope Slings Capacities 7-24
Sling Information 7-25
Wire Rope Discard Conditions 7-26
Wire Rope Inspection and Replacement 7-27
Synthetic Sling Information 7-30
Wedge Anchor Allowable Loads — Tension and Shear 7-32
Anchors — Epoxy & Acrylic Adhesives 7-34
Airshore Struts and Rakers — Design Capacity 7-35
Paratech Struts and Rakers 7-37
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US&R STRUCTURES SPECIALIST FOG
USEFUL TABLES

INTRODUCTION TO USEFUL TABLES - TIMBER DESIGN
Following this page there are tables that provide:

e Allowable (Design) Loads for Plywood

e Allowable (Design) Loads in Bolts and Lag Screws

e Allowable (Design) Loads in Nails & Screws

This information is provided for Douglas Fir, Southern Pine, Hem-
Fir Group and Spruce-Pine-Fir Species.

The Tables have been reproduced from “National Design
Specifications for Wood Construction, 1991 Edition”.

DESIGN LOAD STRESSES - No. 1 Douglas Fir
One may increase these values by 25% for US&R Shores

(On page 7-12, note that a 60% increase is recommended when
using nails that resist transient loading — Raker Shores)

Mod. of Elasticity = E = 1,400 to 1,600 ksi

Bending Stress = F, = 1500 psi for 4x & 1200 psi for 6x
(Sect. Modulus =S =BD?%6, Mom. of Inertia = | = BD%/12)

Horiz. Shear Stress = F, = 95 psi for 4x & 85 psi for 6x
(Fv has been increased by about 100% in the 2001 NDS)

Compression Parallel to Grain =F. = 1100 psi

Compression Perpendicular to Grain =F;, = 625 psi
Buckling Strength = F, = 480,000 psi / (L/D)?

L/D = 25 max. (to see crushed cross-grain before buckling)

L/D = 50 max. (but failure may be by sudden buckling)

Note that Design Load Stresses for Southern Pine &
Hem-Fir Group are 85% of those listed above, and
Spruce-Pine-Fir Species are 75% of those listed above.

7-3
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US&R STRUCTURES SPECIALIST FOG
USEFUL TABLES

Allowable Uniformly Loaded Plywood Floors
(APA Rated and Sturd-I-Floor)

Span Rating Spacing of Supports, in.
(Nom. Inch
Thickness) 12 16 24
24/16 (.437) 267 150 67
32/16 (.469) 308 173 77
160c (.594) 346 195 86
200c (.594) 400 225 100
40/20 (.594) 521 293 130
240c (.719) 533 300 133
48/24 (.719) 704 396 176
320c (.875) 725 408 181
480c (1.125) 1333 750 333

Notes: 1. Table from APA Nov 2001. Normal load
duration, dry conditions, 2" nom. wide supports (min.).
Bending governs. Duration factors may be used.

2. For APA Rated Sheathing: 24/16 style rating, 24 = roof
rating with L/180 deflection and 16 = floor rating with
L/360 deflection. For Sturd-I-Floor: 160c style rating,
floor span rated with L/360 deflection.

3. Order “Rated” panels by “Span Rating” (stamped on the
plywood) not thickness. Can be plywood or OSB.

4. Face grain perpend. to span. Block all edges, unless
T&G or separate wearing surface. Reduce bending
strength by up to a factor of 5 for face grain parallel.
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US&R STRUCTURES SPECIALIST FOG
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BOLT VALUES e DOUBLE SHEAR (three member)

for sawn lumber with all members of identical species

THICKNESS o G=0.50 G=0.43
~ = :E DOUGLAS FIR-LARCH HEM-FIR

z o o 1o

Za2 | B2 B2 | Rorsounioan g | SPRUCE-PINE-FIR
21:2.1 w E =)

e incies bnetes] ©! ot Ee| Zn Za Ze

inches | inches [inches| Ibs. Ibs. Ibs. Ibs. 1bs. Ibs.

172 1050 730 470 | 410 250 250

5/8 | 1310 1040 530 | 520 300 300

1-1/2 | 1-1/2 | 3/4 }1580 1170 590 | 620 350 350

7/8 11840 1260 630 | 720 390 390

1 12100 1350 680 | 830 440 440

172 | 1230 730 860 | 350 320 380

5/8 11760 1040 1190 | 790 420 440

1-172 } 3/4 | 2400 1170 1370 /1100 460 500

7/8 | 3180 1260 1470 | 1370 500 550

3-1/2 1 14090 1350 1580 | 1570 540 600

172 1430 970 970 | 660 440 440

5/8 | 2240 1410 1230 | 1040 600 600

3-1/2 | 3/4 |3220 1750 1370 | 1450 740 740

7/8 | 4290 2130 1470 | 1690 910 910

114900 2580 1580 }.1930 1030 1030

5/8 [1760 1040 1190 | 790 420 530

1-1/2 | 3/4 |2400 1170 1580 | 1100 460 700

7/8 | 3180 1260 2030 | 1460 500 780

5-1/2 1 14090 1350 2480 | 1800 540 860

5/8 | 2240 1410 1460 | 1040 600 660

3-1/2 | 3/4 | 3220 1750 2050 [1490 740 920

7/8 | 4390 2130 2310 [ 1950 920 1030

1 15330 2580 2480 |2370 1140 1150

5/8 [1760 1040 1190 | 790 420 530

1-172 | 374 |2400 1170 1580 | 1100 460 700

7/8 |3180 1260 2030 | 1460 500 900

7-1/2 1 14090 1350 2530 |1800 540 1130

5/8 {2240 1410 1460 | 1040 600 660

3-172 | 3/4 }3220 1750 2050 |1490 740 920

718 43900 2130 2720 | 1950 920 1210

1 {5330 2580 3380 }2370 1140 1340
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US&R STRUCTURES SPECIALIST FOG
USEFUL TABLES

BOLT VALUES (Z) for SINGLE SHEAR (two member

for sawn lumber with both members of identical species

THICKNESS o G=0.50 G=0.43
— — = E DOUGLAS FIR-LARCH HEM-FIR
z = w & |Q = | ANCREASE VALUES BY SPRUCE-PINE-FIR
== 2= |® = | 0% FOR SOUTHERN PINE)
= E =z E (=
tm ts D Z 1 Zsy Znt Z|| Zey Zm
inches | inches |inches| Ibs. Ibs. Ibs. Ibs. Ibs. Ibs.
1/2 | 480 300 300 410 250 250
5/8 | 600 360 360 520 300 300
1-1/2 | 1-1/2 | 3/4 | 720 420 420 620 350 350
7/8 | 850 470 470 720 390 390
1 970 530 530 830 440 440
72 | 610 370 430 | 550 320 380
5/8 | 880 520 540 790 420 440
1-1/2 | 3/4 1200 590 610 1100 460 500
7/8 11590 630 680 1370 500 550
3-1/2 1 |1830 680 740 1570 540 600
12 | 720 490 490 660 440 440
s/8 |1120 700 700 f 1040 600 600
3-12 | 3/4 {1610 870 870 |1450 740 740
7/8 11970 1060 1060 1690 910 910
1 {2260 1230 1230 j1930 1030 1030
5/8 | 880 520 590 790 420 530
1-172 | 3/4 11200 590 790 J1100 460 700
7/8 11590 630 980 1460 500 780
5-1/2 1 |2050 680 1060 1800 540 860
5/8 | 1120 700 730 [1040 600 660
3-12 | 3/4 [1610 870 1030 1490 740 920
7/8 12190 1060 1260 [1950 920 1030
1 |2660 1290 1390 R2370 1140 1150
5/8 | 880 520 590 790 420 530
1-1/2 | 3/4 |1200 590 790 [j1100 460 700
7/8 |1590 630 1010 [ 1460 500 900
7-1/2 1 |2050 680 1270 J1800 540 1130
5/8 1120 700 730 J1040 600 660
312 | 3/4 1610 870 1030 1490 740 920
7/8 12190 1060 1360 [1950 920 1210
1 |2660 1290 1630 [2370 1140 1340
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US&R STRUCTURES SPECIALIST FOG
USEFUL TABLES

LAG SCREW DESIGN VALUES for SINGLE SHEAR
CONNECTIONS with both members of identical species

G=0.50 G=0.43
DOUGLAS FIR-LARCH] HEM-FIR
SIDE LAG
winer | sciiw [BCREE AR Bl | SPRUCEPINER
[THICKNESS | DIAMETER

kg D ZH Z, Z., Z” Zg, Zot
inches inches 1bs. 1bs. Ibs. Ibs. 1bs. Ibs.
1/4 160 110 120 150 90 110

1/2 5/16 210 120 170 190 100 150
3/8 260 130 200 230 110 180

1/4 170 120 130 160 110 120

5/8 5/16 240 150 170 220 130 160
3/8 290 170 210 270 140 190

1/4 180 130 140 160 110 120

3/4 5/16 250 170 180 230 150 170
3/8 310 200 220 280 170 200

1/4 220 170 170 210 150 150

5/16 320 230 230 300 200 210

3/8 400 260 280 370 230 260

7/16 540 310 380 480 270 340

1/2 650 370 450 580 330 400

1-1/2 5/8 910 520 620 820 420 550
3/4 1220 560 800 1120 460 720

7/8 1600 600 1020 1470 500 920

1 2040 650 1260 1800 540 1150

LAG SCREW DESIGN VALUES for
SINGLE SHEAR CONNECTIONS with steel side plate

G=0.50 G=0.43
DOUGLAS FIR-LARCH HEM-FIR
STEEL LAG -~
sk | scew DRSS R, [ SPRUCETINE IR
PLATE DIAMETER
t, D Zy z, Zy zZ,
inches inches 1bs. Ibs. Ibs. Ibs.
/4 300 210 280 200
5/16 400 270 370 250
3/8 480 320 460 300
7/16 620 470 580 370
172 770 560 730 440
1/4" 5/8 1140 780 1070 610
3/4 1580 1050 1490 820
7/8 2120 1620 1990 1050
1 2730 1970 2570 1310
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US&R STRUCTURES SPECIALIST FOG
USEFUL TABLES
INTRODUCTION TO USEFUL TABLES - STEEL DESIGN
Following this page there are tables used in steel design:
e Allowable Stress for 50ksi Columns
e Dimensions and properties for Steel Tubes
e Dimensions and properties for Steel Pipes
e Allowable Loads for Steel bolts
The Tables have been reproduced from “Manual of Steel
Construction — ASD, 9t Edition”
USEFUL INFORMATION - A36 STEEL DESIGN GUIDE

Mod. of Elasticity =E = 29,000 ksi

Bending Stress = Fp = 22 ksi

(Assumes lateral bracing is spaced 16 x width, max.)

(Sect. Modulus of W sect =38 = 0.1 x wt. per ft. x depth )
( Moment of Inertia = | = S x d/2)

Shear Stress = F, = 14 KSI

Radius of Gyration — X direction = r, = (I/A) 12

Radius of Gyration — Y direction of W sect = Flange Width/4
Strength of E60 Weld = Fyeq = 1kip/in. per 1/16" thickness

Wi. of Steel Sections per ft = 3.4 Ibs x Area of cross-section
( See Pg 1-30 for Quick Weight Estimating (per sq ft) Method)
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US&R STRUCTURES SPECIALIST FOG

USEFUL TABLES
STRUCTURAL TUBING
Square
Dimensions and properties
Dimensions Properties
N°"?”‘a' Wall Thickness Area 1 S r
Size
In. In. In.2 In.* in.? In.
8x8 0.6250 % 17.4 153 383 296
0.5625 %6 15.9 143 357 3.00
0.5000 V2 144 131 329 3.03
0.3750 Y 1.1 106 26.4 3.09
0.3125 Ye 9.36 909 227 3.12
0.2500 Ya 7.59 751 18.8 3.15
0.1875 Yie 577 58.2 14.6 3.18
6x6 05625 | %e 11.4 54.1 18.0 218
0.5000 Y2 10.4 50.5 16.8 221
0.3750 % 8.08 416 139 227
0.3125 Ye 6.86 36.3 121 2.30
0.2500 Ya 5.59 303 10.1 2.33
0.1875 Yis 427 238 7.93 2.36
5x5 0.5000 VA 8.36 270 108 1.80
0.3750 Y% 6.58 228 9.1 1.86
0.3125 Y18 5.61 20.1 8.02 1.89
0.2500 Ya 459 16.9 6.78 1.92
0.1875 Yo 3.52 134 5.36 1.95
4x4 0.5000 Ve 6.36 123 6.13 1.39
03750 | % 508 | 107 5.35 1.45
03125 | %e 436 9.58 479 1.48
02500 | % 359 8.22 an 1.51
0.1875 Yie 277 6.59 3.30 1.54
35x35 | 03125 | %e 373 6.09 3.48 1.28
0.2500 Ya 3.09 529 3.02 1.31
0.1875 | % 239 429 245 1.34
3x3 03125 | % an 358 239 1.07
02500 | % 259 3.16 210 1.10
0.1875 Yie 202 260 1.73 1.13
2%2 0.2500 Ya 1.59 0.766 0.766 0.694
0.1875 Yo 1.27 0.668 0.668 0.726
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US&R STRUCTURES SPECIALIST FOG
USEFUL TABLES

BOLTS IN AISC STEEL

Shear « Allowable load in kips

ASTH Nominal Diameter d, in.
Dot m‘n Wl | F, |Loa-| % ] % ] % [ 1 [ 1% ] ™
naton | Type Type | ksi | ing | Area (Based on Nominal Diameter) in?
3068 | 4418 | 6013 | .7854 | 9940 | 1.227
A307 — |smDj100] S [ 31446079 99123
NSL D | 6188|120 [157 | 199245
STID[170 | S [ 5.22] 7.51{10.2 [13.4 [ 169 | 209
D 104 [150 |204 [267 | 338|417
Class |OVS. [ 180 | S | 460 663 9.02[11.8 [ 149 184
A | SSL D | 920[133 180 (236 | 20.8 | 36.8
§ A325 LSL [120| S | 368| 5.30| 7.22] 9.42] 11.9 ] 147
D | 7.36/106 |144 (188 | 239 [ 29.4
STD,|210( S | 64 | 93 [126 [165 | 209258
NSL D [129 (186 |253 (330 | 417|515
STD,[ 300 S | 92 [133 [18.0 [236 [ 298 36.8
B NSL D [184 (265 |36.1 |47.1 | 596 | 736
Allowable loads in kips
Tension on gross (nominal) area
Nominal Diameter d, In.
§ 3 7 1 1
ASTM SEAEAEARRRAE
Designation Ksi Area (Based on Nominal Diameter), In.2
0.3068 | 0.4418 | 0.6013 | 0.7854 | 0.9940 | 1.227
A307 bolts 20.0 6.1 88 | 120 | 157 | 199 | 245
A325 bolts 440 | 135 | 194 | 265 | 346 | 43.7 | 54.0
A490 bolts 540 | 166 | 239 | 325 | 424 | 53.7 | 66.3
AS02-1rivets | 230 | 7.1 | 102 | 138 | 181 | 229 | 282
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US&R STRUCTURES SPECIALIST FOG
USEFUL TABLES

INTRO TO USEFUL TABLES - CRANE & RIGGING

Following this page there are tables that provide information that
needs to be considered when ordering a Crane, information on the
following:

Crane Stability Safety Factors
Wire Rope Slings

Wire Rope Inspection
Terminations

Synthetic Slings

Hoist Rings

Wedge Anchors

Concrete Screws

This Information has been reproduced from various sources,
including:

The Crosby Group Inc, P.O. Box 3128 Tulsa, OK
1-800-777-1555
www.thecrosbygroup.com

The very useful Crosby User’s Pocket Guide is highly
recommended as a reference to be used during all Urban Search &

Rescue Activities. It may be obtained directly from The Crosby
Group.
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US&R STRUCTURES SPECIALIST FOG
USEFUL TABLES

20 QUESTIONS to ANSWER WHEN ORDERING A CRANE
(continued)

11.

12.

13.
14.

15.

16.

17.

18.

19.

20.

Are there limitations on delivery of crane or parts?
Posted bridges?
Low clearances?
Underground utilities?
What areas of operation are anticipated?
Over rear?
Over side?
Over front?
On rubber?
Are two crane (simultaneous) picks anticipated?
Will work be performed on a continuous (24 hr) basis? Is
auxiliary lighting available?
Will radio communication be required to control load? Are
dedicated radios available?
How much boom is required? Are special boom features
(offset, open-throat) needed?
What size hook block is needed? Are shackles to fit hook
available?
Will jib be needed?
Jib length?
Offset?
Load?
Are additional rigging components needed?
Load cell?
Lift beams?

Slings
Shackles?

Who is the contact person and who is the person directing the
rigging operations?

7-21



ccL

8Ll g8 3}onJ] woog

ee’l GL (saurL uo) sjiqopy

oLl o9 (s196b61y e(”)qg%

€el Gl sig|mel)

8Ll %S8 BAIJOWO0207
Buiddi |

ER 10 % adA] aueln

(suelo pajons) J0y) Jojoe4 Ajejeg g Buiddi] jo Jusaled
ALITIGVLS INVYHO

(adoy aiIM DUMI ‘Mojd parosduy)

suoj] Gx,Q saponquin
(VedALse a )
suojl ¥Z X, d sBuls ureyd
SU0L 68X @ (uogieo) seppes
uol GZL X, Q (Aojy) sepjoeys
SuoJ G'gX,q sbuils edoy aum
SU0L 6X ;@ (6="4's) adoy aum
suo|
ul peo Bupjiopp ajes e

2 J9jawelq Jo suwLd} ul UsAID
avo1 NOIS3A/LINIT AVOT ONIMYIOM - ONIDOIY

s31avi ind3sn
904 1SITVIOIdS STANLONULS ¥BSN



US&R STRUCTURES SPECIALIST FOG
USEFUL TABLES

GENERAL SLING INFORMATION

Center of Gravity

The center of gravity of an object is that point at which the entire
weight may be considered as concentrated. In order to make a
level lift, the crane hook must be directly above this point. While
slight variations are usually permissible, if the crane hook is too far
to one side of the center of gravity, dangerous tilting and/or
swinging will result and should be corrected at once. For this
reason, when the center of gravity is closer to one point of the sling
attachment than to the other, the slings must be of unequal length.
The sling stresses and sling angle will also be unequal.

Working Load Limit or Design Load

The working load limit or design load is the useful rated capacity of
a sling. This varies, depending upon the type of hitch. The working
load limit table indicates, by illustration the applications for which
the various useful loads apply, when the slings are new. All ratings
are in tons or 2,000 pounds.

Safety Factor

In general, a safety factor of approximately five is maintained
throughout these tables. However, certain sling fittings, such as
hooks, which will straighten without breaking, or links, which will
deform beyond usefulness before breaking, cannot be assigned a
definite numerical safety factor. In such cases, suitable safe loads
are listed, based upon wide experience and sound engineering
practice.

Sling Care

Proper care and usage are essential for maximum service and
safety. Wire rope and especially synthetic slings should be
protected from sharp bends and cutting edges by means of corner
saddles, burlap padding, or wood blocking. Heavy or continuous
over-loading should be avoided as well as sudden jerks, which can
build up a momentary over-load sufficient to break the sling. Wire
rope slings should be stored where they are protected from
moisture, and properly coiled when not in use.
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US&R STRUCTURES SPECIALIST FOG
USEFUL TABLES

SPECIAL SLING CAPACITY INFORMATION
Wire Rope, Chain & Synthetic Basket Slings

Sling | Capacity as P

Angle | Percent of Single By,
Vertical Hitch ( K&..;‘*{y ““Q;\%

90 200% =

60 170%

45 141%

30 100%

Choker Hitches — Reduction Due to Angle

/7 K 25
CHOKE ANGLE CAPACITY

120° - 180° 75% of Vertical
90° - 1Q9° 85% of Vertical
80° - 89¢© 55% of Vertical
30© . 59° 40% of Vertical
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US&R STRUCTURES SPECIALIST FOG
USEFUL TABLES

Wire Rope Inspection & Replacement

Replace rope if there are:

6 broken wires in one lay

3 broken wires in one strand in one lay

3 broken wires in one lay in Standing Ropes

Estimate rope condition at
section showing maximum
deterioration

Replace if:

1. See criteria above

2. One or more broken wires at a fitting

3. If any wire breaks in the valley between strands.

4. If any wire in a strand is worn by 1/3 it's diameter
5. Reduction in rope diameter should not exceed:

3/64" for 3/4" rope 1/16" for 7/8 to 1-1/4" ropes
3/32" for larger ropes

6. Normal stretch for newer ropes can be expected to
be 6" in 100" for 6 strand rope and 9" for 8 strand. -
7. Corroded, kinked, cut, crushed, heat burnt, or bulging
wires indicate improper handling - Discard Conditions

Note that broken wires should not be cut due to sharp
edges. Bend wire back and forth until it breaks off
inside the rope and is tucked away

Keep ropes well lubricated inside and out to prevent
deterioration. Document any broken wires
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US&R STRUCTURES SPECIALIST FOG
USEFUL TABLES

WIRE ROPE CLIP INSTALLATION

Turnback, place 1st clip & torque/tighten.
Place 2nd clip only snug, no torque.
Place other clips at equal spacing.

Apply some tension and torque/tighten.

gk~

WIRE ROPE CLIP SPLICES

1. Use two loop ends with thimble eye.
2. Overlap rope, use twice number clips reqd for 1 loop
3. Clips must be properly installed.

O.K.

e S fanaaw Regrsss
SESITRIN IIITD SRS
QLD Ly

el B
SRR S SS

T R O . K .
SSEISINNN Wr on g ! ! !
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US&R STRUCTURES SPECIALIST FOG
USEFUL TABLES

Use washer that
comes with ring
+ washer from

Wedge Anchor

Bushing Flange
Replace bolt that
comes w/ring with
Wedge Anchor

Allowable Tension & Shear Loads

Expansion Working Working Required
Bolt Dia. Load of Load of Torque
Ring (Ibs) Anchor (Ibs) (ft-lbs)
3/8 1000 1200 25
1/2 2500 2000 50
5/8 4000 2700 100
3/4 5000 3700 225

CAST STEEL HOIST RINGS

EYE NUTS

Forged, Quenched & Tempered

e Place over installed Wedge Anch

* Safe Working Load for Vertical
Tension Load is Same as Anchor_

® Working load at 45°is 25% of
Vertical Tension Load

e Recommended for Vertical or
nearly vertical loading ONLY
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US&R STRUCTURES SPECIALIST FOG
USEFUL TABLES

CONCRETE SCREW INFORMATION

INFO on 1/4" SCREWS

(by Hilti, Simpson or ITW
Buildex)

INFO on 3/8" SCREWS
( by Simpson StrongTie )

As alternative to wedge

Use to connect devices.
(WBMS & Smartlevel)

HammerDirill hole, 5/32" bit

Drive with Driver Drill & 74"
Hex Socket

Use ¥4” x 1 V4 " screw with 1"
min embed.

Design Load/Allowable Load
=1751b Ten. & 350 Ib Shear

anchor for lifting concrete

Drill 5" deep hole w/ 3/8" bit

Drive w/Socket or Impact Wrench & 9/16" Socket

Use 3/8" x 6" TITAN Screw with 4 72" min. embed.
Design Load/Allowable Load = 2000 Ib Tension & Shear
Use with Swivel Hoist Ring or Steel Tee

(WT 3x7.5x 0' - 4")
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US&R STRUCTURES SPECIALIST FOG
USEFUL TABLES

HURST- AIRSHORE RESCUE STRUTS

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

(see Hurst-Airshore for available lengths, www.jawsoflife.com)
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 STRUCTURES SPECIALIST FOG
USEFUL TABLES

PARATECH LONG SHORE STRUTS
(GOLD ANODIZED COLOR)

B 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)

B See Section 2 & 3 for other recommendations.

B Struts are available in various ranges of length.
( see www.paratech.com )

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

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

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

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

Length | Recommended | Comment

Feet Load Ibs (kg)

16 ft 3500lbs  (1600) | Use strut plus extension
15 4500 (2000) | orsingle adjustable strut
14 5500 (2500) | "
13 6500 (3000) | "

12 7500 (3400) | "

11 10,000 (4500) | "

10 12,000 (5400) | Do not use extensions

9 16,000 (7200) | "

8 20,000 (9100) | "

7&6ft | 22,000 (10,000) | "
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US&R STRUCTURES SPECIALIST FOG
USEFUL TABLES

PARATECH RESCUE STRUTS
(DARK GREY ANODIZED COLOR)

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

See Section 2 & 3 for other recommendations

Struts are available in 1.5 to 2ft, 2ft to 3ft, 3ft to 5ft, & 5ft to
7.2ft ranges of length. (12", 24" & 36" extensions are also
available)

Listed loads are based on 3 " O.D. struts, tested with swivel
ends, with and without one extension.

See Pg 7-35 for Paratech 3 2" O.D. Long Shore (Gold
Color) Struts.

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

The following Load Table is based on tests performed by
PARATECH and reviewed by Wiss, Janney, Elstner,
Assoc., Engineers.

PARATECH RESCUE STRUTS LOAD TABLE
Based on compression tests using swivel bases

Length Average Failure Design Strength

Strut Force based on the following

Feet

(Ultimate strength)

Safety Factors

3to1 4101

2ft

87,000 Ibs

29,000 Ibs 21,750 Ibs

4 ft

71,750 Ibs

23,920 Ibs 17,940 Ibs

6 ft

56,500 lbs

18,830 Ibs 14,125 Ibs

8 ft

48,100 Ibs

16,030 Ibs 12,025 Ibs
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US&R STRUCTURES SPECIALIST FOG
USACE GENERAL INSTRUCTIONS

INTRODUCTION to SECTION 8

This section contains information that is primarily useful for
the Structures Specialists that are deployed by the U.S. Army
Corps of Engineers. USACE Structures Specialists may be
deployed to a FEMA or non-FEMA US&R response.

The Information in Sect 8 is presented in the following order:

Page
e Description of Duties and Mission Priorities 8-2
e Management of Structures Specialist Cadre 8-3
e Personal Equipment List 8-4
e Regular Deployable Equipment Cache 8-6
e  Operational Checklists and Procedures 8-8
e  System Description 8-17
e ICS Terminology 8-20
e INSARAG Marking System 8-24

(To be used in Foreign Deployments only)
Section 9 contains FEMA Structures Specialist General Instructions
that includes: Position Descriptions, Operational Checklists,
Equipment Checklists, and StS Forms

Both USACE and FEMA Structures Specialist should review
Section 9, prior to every incident.

8-1
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US&R STRUCTURES SPECIALIST FOG
USACE GENERAL INSTRUCTIONS

MISSION PRIORITIES (continued)

Priority 2: Support to the Military by providing Structures
Specialist augmentation with technical rescue operations.

Priority 3: Technical assistance to State, Regional, and Local
jurisdictions with rescue efforts.

Priority 4: Other agency support.

MANAGEMENT OF STRUCTURES SPECIALIST CADRE

To effectively provide a management strategy and ensure the
Structures Specialist Cadre is used effectively, the Urban Search
and Rescue Program will be responsible for composition of the
teams, which will be dependent on the scope and type of US&R
mission. Once in the field, the Incident Commander should
coordinate any action with the Disaster Field Office (DFO) and
US&R staff members supporting the mission. The staff will normally
be the US&R Mission Managers for the Corps. The Mission
Managers may physically be located at the IST and be part of the
IST engineering element, and coordinate with the Corps, DFO,
IST, and other StS Cadre members
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US&R STRUCTURES SPECIALIST FOG
USACE GENERAL INSTRUCTIONS

PERSONAL EQUIPMENT CHECKLIST (continued)

2. ESSENTIAL PERSONAL ITEMS PROVIDED BY StS
Structures Specialist Forms (multiple copies)

Rain Gear & Extra Clothing for 7-10 Days

Sleeping Bag and Backpack

Cash, Personal |.D., Credit Cards, etc.

Personal Hygiene and Medication ltems.

Eyeglasses, Safety Glasses + Extras

Cellular Phone & Charger

Sun Glasses, Sun Screen, Lip Balm, & Insect Repellent
Non-cotton underwear, including Boot Socks

3. RECOMMENDED PERSONAL EQUIPMENT
Paper/Notebook, Pens/Pencils.

Pocket Calculator w/ batteries & Inexpensive Watch.
Radio Harness and/or Hand Mike.

Tape Measure (20' steel or 50' cloth) and Duct Tape.
Laser Distance Meter, Inclinometer

Knife Tool, Field Glasses, Geology Hammer.

Digital Camera w/ Charger or Extra Batteries.

Extra Gloves, Laser Pointer, & Whistle.

4. SUGGESTED ADDITIONAL EQUIPMENT
Small Portable Radio.
Voice Activated Tape Recorder.
Pocket Air Horn & 6-foot Folding Tape Measure.

5. PERSONAL ITEMS AND SUGGESTED CLOTHING

Emer. Phone NOs, Shot Card, & Medical Insurance Info.
Bandannas and/or Cloth Neck Shield, Cotton Socks.
Underwear (inc long), Tee-Shirts, Pants, Heavy Sweater.
Wool Socks, Gym-Type Shorts, Sneakers, Sweatshirt.
Coat or Heavy Jacket, & Synthetic Absorbent Towel.

Ball Cap, Sweat Suit, & Light Jacket

Nail Clippers, Blister Repair Kit, & Laundry Soap (small)
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US&R STRUCTURES SPECIALIST FOG
USACE GENERAL INSTRUCTIONS

Monitoring/Measurement

Total Station — one Nivo 5M, w/ extra battery & prism
Spotting Scope w/ tripod

6 - Rino 553 Hex GPS w/radio, US Maps, & battery adaptor
6 — Smart Levels and 1- Hilti Laser Level

Crack Gage Kit

Handheld Satellite Phone (planned 2012)

Office Equipment

® FOGs & SOGs, plus Field Notebooks

® Mobile Printer, Hand Scanner, & External 500 GB Hard Drive
e Office Supply Kit (pens, paper, etc), and US&R StS Forms

® Calculator and Digital Camera

®  Surge Protector/International Adaptors and Duct Tape

[ ]

[ ]

S

2 - Solar Notebook Charger
HAZMAT Response Guidebook

afety
Full Body Harness (Rescue Rope + Hardware)

[ J

® Tarps and Rope/Straps

® 6 - Life Jackets, Additional PPE, and First Aid Kit
e 2-LED Lantern
T

Hilti Laser Level and 2 — Electronic Distance Meters
DeWalt Inspection Camera and Flashlights/glow-sticks
Plumb-Bob, Wind Meter, Penetrometer, and Binoculars
3lb Hammer, 2 - Geologist Hammer, and Pry Bar
Various size Tape Measures and Chalk Line w/Chalk

2 —Tarps

Wireless Building Monitoring System

® 2 .-Sensors

® 1 -Receiver n
® 2 - Android Control Units

Tools/WBMS Mounting Kit

® Tools: Screwdrivers, Ratchet Set, Utility Blade, Pliers, & Clamp
e \WBMS Mounting Plates and Straps

® 18v. Hammer Drill and 1/4"x 2" Tapcon Fasteners w/Drill
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US&R STRUCTURES SPECIALIST FOG
USACE GENERAL INSTRUCTIONS

OPERATIONAL CHECKLISTS (continued)

DEPLOYMENT CHECKLIST

A DEPLOYMENT message indicates that you are being activated
and will deploy to the disaster.

PROCEDURES:

Point of departure

Point of arrival

Travel instructions

Initial situation briefing

Weather and climate conditions

Maps of local disaster area (if possible)
Reporting instructions

HQ USACE & US&R PM POC

O]
%
=
o
=

Prepare family (See Family Preparedness Checklist).

Monitor disaster-related information from local sources.

Gather, prepare and pack equipment.

Pack clothing and personal items for disaster area climate.
Notify Supervisor and Emergency Management POC.

Notify home station Critical Incident Stress provider.

Move to Point of Departure (POD). n
At POD, notify HQ USACE and/or the US&R PM of status.

Review Triage and Structures/Hazards Evaluation Forms.
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US&R STRUCTURES SPECIALIST FOG
USACE GENERAL INSTRUCTIONS

OPERATIONAL CHECKLISTS (continued)

FAMILY PREPAREDNESS CHECKLIST

Ensuring that your family is taken care of and is informed about
your deployment is an important part of your duties.

Some of the items on this checklist need to be taken care of prior to
any alert or deployment message. Such items are in italics, and the
checklist serves as a verification that you have reviewed them with
your family.

Will (location, etc.)

Power of Attorney (location, scope, and provisions).

Contact number at HQ USACE or USACE US&R Program
Office.

Employee Assistance Program telephone number.

Critical Incident Stress Management (CISM) information.
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US&R STRUCTURES SPECIALIST FOG
USACE GENERAL INSTRUCTIONS

OPERATIONAL CHECKLISTS (continued)

INCIDENT CHECKLIST

The INCIDENT is the actual disaster site, which may be a single or
multiple collapse, and may require light, medium or heavy US&R.

PROCEDURES:

Obtain incident briefing from Incident Commander, IST
or Unit Leader.

Obtain pertinent building data (occupancy, special
conditions, citizen reports, etc.).

Gather appropriate building plans, etc., as available.
Contact local structural engineers, contractors, and/or
building department officials to determine construction
data.

Ensure use of all safety practices and procedures.

Ensure your physical readiness through proper
nutrition, water intake, rest and stress control techniques.

Report any signs/symptoms of critical incident stress
exhibited by yourself/coworkers.

Brief your shift replacement fully on all ongoing operations
when relieved at work cycle rotations.

Participate in daily briefing. n
Assist remaining Task Force/Unit members as required.

Support other IST missions.
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US&R STRUCTURES SPECIALIST FOG
USACE GENERAL INSTRUCTIONS

OPERATIONAL CHECKLISTS (continued)

STRUCTURAL ASSESSMENT CHECKLIST (continued)

Provide assessment to Task Force/Team Leader,
including:
- Recommendations for areas requiring hazard mitigation:
- Shoring and bracing
- Removal
- Monitor with warning escape system
- Avoidance
- Discuss the most productive method of access
relative to probable location of victims

Work with search and rescue personnel. Brief team on

structural considerations. Mark building in accordance with

the Structure/Hazards Evaluation and Search Assessment

procedures. Determine the most appropriate course of

action to gain access to victims, including:

- Most appropriate routes to conduct searches.

- Available tools and shoring materials.

- Structural materials likely to be found while gaining
access.

- Effects of rescue operations on other building elements.

- Special precautions required during breaching
operations.

- Special considerations for buildings with basements.

- Advice on the placement of shoring and bracing.

- Monitor the assigned structures for changing conditions.

Re-assess structures as required.
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US&R STRUCTURES SPECIALIST FOG
USACE GENERAL INSTRUCTIONS

SYSTEM DESCRIPTION

FEMA US&R TASK FORCES

MISSION:

STRENGTH:

AUGMENTATION:

AREA OF OPERATIONS:

STRUCTURES SPECIALIST:

DATA:

Heavy Rescue

70 positions / 24-hour
operations

DoD Liaison Team
(4 Personnel)

Single Incident or
Geographic Area

2/Task Force

Multi-disciplinary
Task Force

Self Contained
for 72 hrs.

Extensive Medical
& Equipment Cache

Organic Internal
Communications

Extensive & Specialized
Rescue Training
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US&R STRUCTURES SPECIALIST FOG
USACE GENERAL INSTRUCTIONS

SYSTEM DESCRIPTION (continued)

CORPS US&R

Trains and maintains cadre of Structures Specialists using
specialised equipment.

Corps US&R StS Cadre is a HQ USACE resource.
The StS Cadre is managed by the US&R Program Manager.

After coordination with the FEMA IST or DoD, the StS Cadre will be
activated upon order from HQ USACE and the US&R Program
Manager will assist with their notification and mobilization. The
ENGLink system will indicate the available StS Red, White, or Blue
Strike Team that is on call each month. All 3 Strike Teams may be
activated depending on the type and size of the response.

HQ USACE UOC will conduct StS Cadre notification and
mobilization in the event that the US&R Program Manager is
unabile to fulfill that function.

By direction of HQ USACE, operational overhead and management
support will be provided by US&R Program Manager.

Upon arrival at the Mobilization Area, Structures Specialists
assignments will be coordinated through the IST or the DFO.

Upon assignment, Structures Specialists will operate under the
tactical control of the IC or Unit/Task Force Leader.

Logistical support will be provided by the receiving unit with DoD
support if needed. n

Corps Overhead personnel may be assigned to assist StS Cadre
members with mobilization and demobilization.
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US&R STRUCTURES SPECIALIST FOG
USACE GENERAL INSTRUCTIONS

SYSTEM DESCRIPTION (continued)

INCIDENT COMMAND SYSTEM (continued)

US&R OPERATIONS

Below is an example of an ICS Flow Chart in its most basic form.
US&R Task Forces normally operate under the Operations Section:

I INCIDENT COMMAND I

PUBLIC
—] INFORMATION
COFFICER

SAFETY OFFICER
LIAISON OFFICER

OPERATIONS PLANNING LOGISTICS EINAHCE)

ADMINISTRATION
SECTION SECTION SECTION SECTION
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US&R STRUCTURES SPECIALIST FOG
USACE GENERAL INSTRUCTIONS

SYSTEM DESCRIPTION (continued)

INCIDENT COMMAND SYSTEM (continued)

ICS TERMINOLOGY (continued)
Division. That organizational level having responsibility over a
defined geographic area. It sits between the Strike Team/Task

Force and the Branch.

Group. A functionally organized Division (i.e., Rescue, Fire
Suppression).

Helibase. A location within the incident area for parking, fueling,
maintaining and loading helicopters.

Mobilization Center. An off-incident location where resources are
temporarily located pending assignment, reassignment, or release.

Operational Period. The period of time scheduled for the execu-
tion of a given set of operational actions.

Staging Area. That location where incident personnel and
equipment are assigned on a 3-minute available status.

Strike Team. Specified combinations of the same type of resource
with common communications and a leader.

Task Force. A group of resources with a leader and common
communications temporarily assembled for a given mission.
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US&R STRUCTURES SPECIALIST FOG
FEMA StS GENERAL INSTRUCTIONS & FORMS

INTRODUCTION to SECTION 9

This section contains information that is useful for all
Structures Specialists, and should be reviewed while in transit
to an incident.

The Information in Section 9 is presented as follows:

e Description of Duties Page 9-1
e Personal Equipment Checklists 9-2
e  Operational Checklists and Procedures 9-4
e Ten StS Talking Points — What StS can do for T.F. 9-10
e Fire Service Uniform Insignia — How to I.D. Leadership  9-10
e  Structures Spec Forms (small scale examples) 9-11

The Structures Specialist is responsible for performing various
structural assessments for the Task Force during incident
operations. The Structures Specialist reports directly to the
Planning Team Manager, but during operations, will normally be
assigned to the Search Team Manager or Rescue Team Manager.

DESCRIPTION OF DUTIES

e The Structures Specialist is responsible for evaluating the
immediate structural condition of the area to be entered at the
rescue site during task force operations.

e The Structures Specialist is responsible for determining the
appropriate type and amount of structural hazard mitigation in
order to minimize risks to task force personnel on site.

e The Structures Specialist is responsible for cooperating with
and assisting search and rescue resources.

e The Structures Specialist is accountable for all issued
equipment.

e The Structures Specialist performs additional tasks or duties n
as assigned during a mission.

9-1
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US&R STRUCTURES SPECIALIST FOG
FEMA StS GENERAL INSTRUCTIONS & FORMS

PERSONAL EQUIPMENT CHECKLIST (continued)

2. RECOMMENDED SUPPLEMENTAL TECHNICAL ITEMS

[
[
[
[
[
[

]
]
]

] DIGITAL CAMERA, EXTRA BATTERIES & STORAGE MEDIA

]
]

MECHANICS GLOVES & MULTI-PURPOSE TOOL
StS FOG, ATC 20-1 FIELD GUIDE, ALL StS FORMS
DUCT TAPE, LASER POINTER, & SOIL PENETROMETER

VOICE ACTIVATED TAPE RECORDER & WHISTLE
POCKET AIR HORN & 3 FT FOLDING TAPE MEASURE

3. ESSENTIAL PERSONAL ITEMS

[
[
[
[
[
[
[

]
]
]
]
]
]
]

RAIN GEAR & EXTRA CLOTHING FOR 7 DAYS
CASH, PERSONAL I.D., CREDIT CARD, ETC.
PERSONAL HYGIENE & MEDICATION ITEMS

SUN SCREEN, LIP BALM, & INSECT REPELLENT
EYEGLASSES, SAFETY GLASSES, + EXTRAS
PERSONAL MEDICAL & MEDICAL INSURANCE INFO
NON COTTON UNDERWEAR, INC BOOT SOCKS

4. RECOMMENDED SUPPLEMENTAL PERSONAL ITEMS

[
[
[
[
[
[
[
[
[
[
[
[
[

]
]
]
]
]
]
]
]
]
]
]
]
]

EMERGENCY PHONE NUMBERS, POCKET NOTE PAD
CELL PHONE & PERSONAL ELECTRONICS + CHARGER
INEXPENSIVE WRIST WATCH & SUN GLASSES
BANDANNAS, AND/OR CLOTH NECK SHIELD

NAIL CLIPPERS & BLISTER REPAIR KIT

MOUTHWASH (small bottle) or BREATH STRIPS
LAUNDRY SOAP (small quantity)

SYNTHETIC ABSORBENT TOWEL

PEPERMINT OIL (to avoid scene odors)

LONG UNDERWEAR, COTTON SOCKS

UNDERWEAR, TEE SHIRTS, TROUSERS, HVY SWEATER
WOOL SOCKS, GYM-TYPE SHORTS, SNEAKERS

BALL CAP, SWEAT SUIT, & LIGHT JACKET
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US&R STRUCTURES SPECIALIST FOG
FEMA StS GENERAL INSTRUCTIONS & FORMS
OPERATIONAL CHECKLIST continued)

AT POINT OF DEPARTURE

[ ] Assemble for a task force briefing from the Task Force Leader
and appropriate officials.

[ ] Assist with the movement and loading of equipment.

[ 1 Ensure that you receive any appropriate issue of gear (radio,
functional vest, etc.) pertinent to the position.

[ 1 Ensure that you have personal day pack, ear plugs, warm
clothes for flight.

[ 1 Ensure that the battery is removed from your portable radio
prior to boarding aircraft.

IN TRANSIT

[ ] Review the latest disaster-related information as it becomes
available.

[ 1 Review the FEMA US&R Field Operations Guide for
information pertinent to your position description, operational
check-list, operational procedure, and safety procedures.

[ ] Take advantage of available travel time for rest prior to arrival.
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US&R STRUCTURES SPECIALIST FOG
FEMA StS GENERAL INSTRUCTIONS & FORMS

OPERATIONAL CHECKLIST (continued)
ON-SITE OPERATIONS (continued)

[ 1 Conduct Rapid Structure Triage operations as directed:
e Concise ID/location of structures.
e Rapid assessment of the affected area.
e ID potential buildings that require a more detailed
assessment/search.
e  Use the Rapid Structure Triage Form (see Sec. 8).

[ ] Perform an assessment of assigned structures exterior and
interior to determine structure type, location of falling or
collapse hazards, and access points. This would include:

e Use StS Checklist Form HAZ-3.
e  Seek the following information:
=  Type, age & occupancy of structure
= Availability of Structural, Arch & MEP plans
= Layout of bldg & probable location of occupants
= Location and status of utilities, emergency generators,
fuel tanks, batteries and solar electric systems
=  Pre-existing problems and/or ongoing construction
e  Clearly mark the structure(s) assessed at the point of
entry in accordance with the standard marking system.
e Draw a crude plan to indicate possible access points,
locations of structural hazards, and the most productive
methods of hazard reduction.
e Note the indication of all access/egress routes
(i.e., corridors, stairs, elevators, duct & pipe access) for
possible voids, victim locations, and access.
e Clearly mark off hazardous areas that are to be avoided.

[ 1 Participate in RST operations as directed. Task Force
on structural considerations. Mark buildings in accordance
with the Structure/Hazards Evaluation Marking Sys.

[ 1 Gather Structural, Architectural & MEP plans, etc. as
available from facilities staff, building officials, engineer of
record & contractors. (coordinate this with IST StS). n

[ 1 Work with HERS to determine availability of heavy equipment
and contractors.
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US&R STRUCTURES SPECIALIST FOG
FEMA StS GENERAL INSTRUCTIONS & FORMS

OPERATIONAL CHECKLIST (continued)

REASSIGNMENT / DEMOBILIZATION

[ ] Assemble for a team briefing on the mission status and
reassignment/demobilization determinations.

[ 1 Ensure that assigned tools and equipment are inventoried,
returned to the cache, and prepared for movement.

[ ] Prepare personal belongings for demobilization.

[ 1 Notify the Logistics Specialist of losses or potential
maintenance requirements of any tools and equipment.

[ ] Assist with the break down and policing of the Base of
Operations.

[ ] Assist with the packaging, movement, and loading of the
equipment cache.

[ 1 Submit personal notes to the Planning Team Manager for
inclusion in the after-action reports. This should include
reviewing pertinent position descriptions and operational
checklists and procedures for recommended changes.

[ 1 Ensure the return of items issued during the activation phase.

[ 1 Upon return, participate in the task force mission critique and
CISD debriefing.
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US&R STRUCTURES SPECIALIST FOG
FEMA StS GENERAL INSTRUCTIONS & FORMS
FEMA STRUCTURES SPECIALISTS FORMS

The following shows samples of Forms that should be used by
FEMA US&R Structures Specialists in order to efficiently
document their activities during an incident.

The Forms are arranged as follows:

e Rapid Structure Triage Forms - RST-1 & RST-2 (see Sect 6)

e  Structure/Hazard Assessment Forms - HAZ-1 and HAZ-2

e  Structure/Hazard Assessment Checklist - HAZ-3

e  Struct Hazard Mitigation - Forms MIT-1 and MIT-Log

e Landscape Structure Monitoring Forms - MON-1, MON-2,
CP-Log, and MON-Log

e  Portrait Structure Monitoring Log Form - MON-Log-P

e  Structures. Spec. Shift Change Form - Hand-Off

e Crane Use Form - CU-1

e  Shoring Checklist - SHOR-1

e Tunnel/Hazards Evaluation Form - T-HAZ-1

e Rapid Bridge Assessment Form - RBA-1

Full size copies of these forms may be downloaded from

DisasterEngineer.org in the Library Section.

MIT-1 is formatted like a Termite Report Form, where a sketch is
used as a location map where specific types of Mitigation are
located by writing in a Locator Number. This number is then related
to a specific type of Mitigation, that is defined in the upper right of
the form by an abbreviation. A numerical priority is also assigned to
this specific Mitigation. More than one Mitigation may have the
same number used to specify its priority. Form MIT-Log is then
used to record actions taken to complete the specific mitigations,
and used as a communication tool to Hand-off to the oncoming StS.
MON-1, MON-2, CP-Log, & MON-Log in landscape orientation are
intended for use with the Total Station. They are used to identify
monitoring setup, and to record periodic readings. MON-Log-P
(portrait) provides more reading on single sheet. MON-1, MON-
Log, & MON-Log-P may be used to record data from other n
monitoring devices. All MON forms are good docs for Handoff.

Hand-Off, CU-1, T-HAZ-1, & RBA-1 are good for communication,
as checklists and for record. SHOR-1 is a reminder checklist.
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US&R STRUCTURES SPECIALIST FOG
FEMA StS GENERAL INSTRUCTIONS & FORMS

Rapid Struct Triage RST-2 Date/Time: By: Page of
CIRCLE ALL INFORMATION OR ITEMS THAT APPLY. NOTE: AFTERSHOCKS MAY CAUSE ADDITIONAL DAMAGE OTHER THAN NOTED
STRUCT. ID: PROBABILITY of VIABLE VICTIMS STRUCT, RATING
OGCUPANGY: POTENTIAL NUMBER TRAPPE! HIGH MEDIUM Low
FLOOR AREA: VICTIM ACCESS EFFOR EASY MEDIUM oiFAcuLT | XP MP LP
No. STORIES: TYPE of VOIDS:  OPEN  SEPARATED  COMPACT
X ASSESSMENT of RISK
GMU  WOOD STEEL CIPGONG. | PROBABIL. of FURTHER COLLAPSE:  LOW MEDIUM HIGH
URM  TLT-UP PTCONC. PCCONC. NUMBER of FALLING HAZARD: Low MEDIUM HIGH LR MR XR
OTHER VOID SUPPORT CONDITIO! GOOD POOR UNKNOWN
COORD: SLOW-GO: FIRE  HAZWAT OTHER:
PREV. SEARCHED? Y N UNKN NOTES:
STRUCT. | PROBABILITY of VIABLE VICTIMS STRUCT, RATING
OCCUPANC' POTENTIAL NUMBER TRAPPE! HIGH MEDIUM Low
FLOOR AREA: VICTIM ACCESS EFFOR EASY MEDIUM oiFAcuLT | XP MP  LP
No. STORIES: TYPE ofVOIDS:  OPEN  SEPARATED COMPACT
. ASSESSMENT of RISK.
CMU  WOOD STEEL CIPCONC. | PROBABIL. of FURTHER COLLAPSE:  LOW MEDIUM HIGH
URM  TLT-UP PTCONC. PCCONC. NUMBER of FALLING HAZARD: Low MEDIUM HIGH LR MR XR
OTHER VOID SUPPORT CONDITIO! GooD POOR UNKNOWN
COORD: X SLOW-GO: FIRE  HAZWAT OTHER:
PREV. SEARCHED? Y N UNKN NOTES:
PROBABILITY of VIABLE VICTIMS STRUCT. RATING
POTENTIAL NUMBER TRAPPED:  HIGH MEDIUM Low
VICTIM ACCESS EFFOR EASY MEDIUM DIFFiCULT [ XP MP LP
TYPE of VOIDS:  OPEN  SEPARATED COMPACT
. ASSESSMENT of RISK
CMU  WOOD STEEL CPCONC. | PROBABIL. of FURTHER COLLAPSE:  LOW MEDIUM HIGH
URM  TILT-UP PTCONC. PCCONC. NUMBER of FALLING HAZARDS Low MEDIUM HIGH LR MR XR
OTHER: VOID SUPPORT CONDITION:  GOOD POOR UNKNOWN
COORD: _ ) SLOW-GO: FIRE  HAZWAT OTHER:
PREV. SEARCHED? Y N UNKN NOTES:
STRUCT. | PROBABILITY of VIABLE VICTIMS STRUCT, RATING
OCCUPANCY: POTENTIAL NUMBER TRAPPED:  HIGH MEDIUM Low
FLOOR AREA: VICTIM ACCESS EFFOR EASY MEDIUM oiFAcuLT | XP MP LP
No. STORIES: TYPE ofVOIDS:  OPEN  SEPARATED COMPACT
X ASSESSMENT of RISK
CMU  WOOD STEEL CPGONG. | PROBABIL. of FURTHER COLLAPSE:  LOW MEDIUM HIGH
URM  TLT-UP PTCONC. PCCONC. NUMBER of FALLING HAZARD! Low MEDIUM HIGH LR MR XR
OTHER: VOID SUPPORT CONDITIO! GooD POOR UNKNOWN
COORD: X SLOW-GO: FIRE  HAZWAT OTHER:
PREV. SEARCHED? Y N UNKN NOTES:

Instructions for RST Forms

P

Note:

XRis used to indicate High Risk, since HR indicates Human Rerains. XP = High Probability
The purpose of RST- 1 & 2 is to aid in rapicly determining Probability of Viable Victims and Relative Risk for numbers of structures.
The forms would be used when US&R forces need Lo respond Lo a large nunber of damaged structures following a sudden event

Each structure is given a Rating for Viable Victim Probability: LP = Low, MP = Medium, and XP = High Probabilty.

(Note: Input from Search Team Mgr & Rescue Team Ldr or Squad Officer should be saught in determining Victim Viability Rating.)

NEEES

Each structure is given a Rating for Risk: LR = Low, MR = Medium, and XR = High Risk
These ralings should be based on the criteria listed, and more than one structure may have the same rating
The ratings should be based on the best judgments of the team, and must be made very rapidly. This form is only a guide.

Record GPS coordinates in the provided box. Specify format (always check with IST or Plans to determine proper format & datum).
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US&R STRUCTURES SPECIALIST FOG
FEMA StS GENERAL INSTRUCTIONS & FORMS

Hazards Evaluation Form HAZ-2 Date/Time: By: Page of
CIRCLE ALL INFORMATION OR ITEMS THAT APPLY NOTE: AFTERSHOCKS MAY CAUSE ADDITIONAL DAMAGE OTHER THAN NOTEL

STRUCT. ID:

SKETGH: T B - sibECc .

SIDEE -
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US&R STRUCTURES SPECIALIST FOG
FEMA StS GENERAL INSTRUCTIONS & FORMS

By: Page

Hazards Mitigation Form MIT-1 Date/Time:
CIRCLE ALL INFORMATION OR ITEMS THAT APPLY NOTE: AFTERSHOCKS MAY CAUSE ADDITIONAL DAMAGE OTHER THAN NOTEI
STRUCT. ID: MITIGATION MBOLS:
OCCUPANCY: ABB - Avoid & Barracade M-Exp < Minimizo Exposure
No.STORIES: . . BASEMENTS: __ Remo — Remove Shid  — Shield
VATERIALS. Mon . Wonitor T« Singlo Spot Shoro
cmu Wwoop STEEL CIPCONC. V:Sho - Vrtical Shro TT - Double Tee Shore
URM TILT-UP PT CONG. PC CONC. H-Sho . Horizontal Shor V-2 2post Vert Shore
OTHER: Rkr  « Rakor Shoro « 3-post Vert Shore
DB - Diagonal Brace — Laced Post
PANCAKE SOFT 1st FLOOR WALL FAILURE V-TB  — Vertical Tioback Crbing
TORSION MIDDLE STORY OVERTURNING. H-TB  — Horizontal Tieback
OTHER:
HAZARD MIT METHOD PRIORITY TIME REQD COMMENT
(From HAZ)  (Uso abbre. & murk on skatoh) (1 igh, 8 Low) (st in hours)

®

CNCHONCNCNCNOC

SIDE E

SIDE C

SIDE A

SIDE C
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US&R STRUCTURES SPECIALIST FOG
FEMA StS GENERAL INSTRUCTIONS & FORMS
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ADDITIONAL INSTRUMENT SETUP LOCATIONS

Location

D,

By: Date:

Mon-2 Sh of

Job Name

IP Coordinates

[CONTROL POINTS - at least three (see CP-LOG)

Name

MONITORING POINT # (MP.

Location

Location

o

ALERT displacement =
ALARM displacment =

Location

D

ALERT displacement =
ALARM displacment =

[CONTROL POINTS - at least three (see CP-LOG)

Name

Location

Location

D

ALERT displacement =
ALARM displacment =

[CONTROL POINTS - at least three (see CP-LOG)

Name

[MONITORING POINT# ___(MP____ )

Location

Location

o,

ALERT displacement =
ALARM displacment =

SINYO4 '8 SNOILONYLSNI TVHINTO SIS VINTL
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Date:

5
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US&R STRUCTURES SPECIALIST FOG
FEMA StS GENERAL INSTRUCTIONS & FORMS

3

SITE PLAN SKETCH

P |
TIME | Loc_|Comments notes. angles..

READINGS*

CONTROL

POINT

9-21

ical (VA) Angle.

Horizontal (HA) and Verii

olite record

d

ates. Theot

ord X, Y, Z coordin

“NOTE: Total Station rect
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US&R STRUCTURES SPECIALIST FOG
FEMA StS GENERAL INSTRUCTIONS & FORMS

US&R Structure Monitoring Log - MON-Log-P By: Sht of
DATE TIME REF (Control) POINT |MONITORING POINT [COMMENT
Example
mm /dd /yy 1000 Hrs RP1-1 actual reading [Temp = 77F, establish control #1
1000 Hrs RP1-2 actual reading Establish control #2
1005 Hrs. MP1-1 inifial reading Establish monitoring point #1
1015 Hrs MP1-1 reading No change from previous reading.
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US&R STRUCTURES SPECIALIST FOG
FEMA StS GENERAL INSTRUCTIONS & FORMS

US&R Crane Use/Order Form -CU-1

By:

Date: Page

Situation Name:

Date and Time of Lift:

Rigging Task:

Task Force Name:

Weather C

Task Force Leader:

Load Description:

Crane Operator:

Load Weight:

Crane Make & Model:

Block Weight:

Crane Serial No:

Rigging Weight:

Boom Length:

Jib Weight:

Jib Length:

Jib Ball Weight:

Jib Position:

Hoist Line Weight;

[Cretractea [ Joffset at

Size of Counterweights Installed:

Stowed

Other Weight:

Front Outrigger Installed: Yes No

Jotal Weight:

SetupOn: [ |crawters [ outriggers [ |Tires

Lift will be On:

[CJon main Biock

[Jonain

[Cextended [ Jretractea [ Jotner

Max. Intended Working Radius Boom Angle: Rated Capacity: Percent of Capagity :
(Fotal Load / Rated Gapacity)
Over Rear: Over Rear: Over Rear: Over Rear:
Over Side: Overside: _____ Over Side: _ OverSide: ____
Over Front: Over Front: Over Front: Over Front:
Hazards: [ Etectrical [ ]Fire [Junderground [ ]other Are Crane Mats, Blocking Reqd:
SKETCH:
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US&R STRUCTURES SPECIALIST FOG
FEMA StS GENERAL INSTRUCTIONS & FORMS

US&R Tunnel / Hazards Evaluation Form T-HAZ-1
Need to re-evaluate following Aflershocks or Secondary Collapse

Tunnel Name:
Struct. Number:

Begin Station:
Other 1 D Information

End Station:

By:

[QVERALL MARKING:

[

[ Low Hazard

Date/Time of Eval:
Date/Time of Disaster:

[A Wedium Hazard B4 High Hazard

LINERTYPE: _ (Circle lype that applies)

UR = Unlined Rock CIPNR = Cast-in-place, no Reinf.

CIPR = CIP Conc, Reinf. 8G = Shotcrete/Gunite
PCLS = Precast Conc. Liner Segments URM

SCB = Steel Columns & Beams, Jack Arches TIMBER

VICTIM & OTHER INFORMATION:

LOCATION OF BEST ACCESS & SAR STRATEGY:

TUNNEL COMPONENT HAZARD MARK DEFINITIONS

M = Medium Hazard
N = Not Applicable/No Hazard

L = Low Hazard
X = High Hazard

Miscellaneous

Upper Plenum
Underside of Roof

Safely Walks  mm
Top of Ceiling Slab J— Ralngs e

Right Wall Utilty Support =
Left Wall J— Other

Lower Plenum Porfals

Underside of Roadway Slab  mmmm  TF Enly End J—
Bott. 0f Plenum Slab e TF Exit End

Right Wall

Left Wall Other:

Roadway

Underside of Ceil/Raof Slab
Top of Roadway Slab
Right Wall
Left Wall

SKETCH:

9-27
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