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Overview 

The Plat of Tolt River Terrace project is a proposed residential development consisting of 84 single-family 
homes and 56 units mixed between duplex and townhomes located on a 33.8-acre site. The site contains 
three existing tax parcels: 212507-9035, 212507-9062, and 212507-9063. The site is located within a portion 
of the northeast quarter, the northwest quarter, the southeast quarter, and the southwest quarter of the 
northeast quarter of Section 21, Township 25 North, Range 7 East, Willamette Meridian. Specifically, the site 
is located at 3660 Tolt Avenue in the City of Carnation, Washington. The project will clear, grade, and 
construct roads, utility extensions, features, and eventually single-family and multi-family residences on the 
lots. 

The site is polygonal in shape and is located to the immediate north of the Tolt River. The western edge of 
the site is Tolt Avenue, with the Tolt River Trail and Snoqualmie Valley Trail bordering the eastern edge. 
Immediately north of the site is Tolt Middle School. In the existing condition, the sites two most western 
parcels have been cleared and developed into an industrial storage yard. The eastern most parcel has also 
been largely cleared and was being used as an industrial maintenance and fabrication yard for concrete 
structures with two existing gantry cranes and a large warehouse with it's associated out buildings.  

There are fourteen Tracts on site, named A through N. There are two tracts that have alleys that are adjacent 
to retaining walls that match to existing grade. 

On the east side of Tolt Avenue, a pedestrian bridge is proposed over the existing pond to construct a 
sidewalk along the frontage road. 

 

Tolt Avenue Pedestrian Bridge 

As part of the frontage road requirements, a pedestrian bridge will be constructed over the existing pond to 
connect the 12' sidewalk. The existing pond currently serves as a detention pond but will be abandoned 
following construction. The pedestrian bridge will span an existing 60" culvert that discharges to the west 
side of Tolt Avenue. There is approximately an 8' elevation difference between the top of the pedestrian 
bridge and the bottom of the pond. Retaining walls will be constructed in both the north and south ends of 
the bridge. The north wall will be a rockery retaining wall adjacent to the bridge for the sidewalk to be graded 
to the existing grade. The south wall will be a lock and load retaining wall since fill will be used in this area to 
construct the 12' sidewalk adjacent to the detention pond. Please refer to Sheets 5, 6, 46, 49 and 50 in 
Appendix A for further detail on site limitations, retaining walls and the proposed pedestrian bridge. 

 
Guardrail Requirements 

The proposed non-traffic rated pedestrian bridge is located within the 10’ clear zone of Tolt Avenue, guardrail 
placement will be required according to the WSDOT Standards. The sections below have been provided to 
show compliance with the required standards. 

Guardrail Configuration and Location 

The Beam Guardrail Type 31 system was chosen due to the posted speed of 30 mph of Tolt Ave and 2023 
average daily demand (ADT). The ADT was calculated by transpogroup based off collected weekday PM 
hour counts in 2018, then compared to the WSDOT 2018 ADT volumes in the vicinity of the project. Resulting 
in approximately a 9 to 1 factor producing an ADT of 12,000 north and 12,600 south of the project site.  

When placing vertical curb in front of a guard rail the face of rail shall be flush to the flowline. An acceptable 
option is to place up to a 6-inch-high extruded curb at a maximum 6-inch offset in front of the rail face at any 
posted speed per section WSDOT 1610.04(4).  Standard guard rail post spacing of 6'-3" on center will be 
used for the length of system except in proximity of the existing 60-inch culvert.  Where the existing steel 
posts will be used between station 104+23.55 to 104+48.67 and Type 31 guardrail face will be installed.   
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A guardrail anchor is required at the end of a run of guardrail to develop tensile strength throughout its length. 
In addition, when the end of the guardrail is within the Design Clear Zone (DCZ) and subject to head-on 
impacts, a crash-tested guardrail terminal is required. The north bound lane guardrail is within the DCZ of 
10-feet requiring impact attenuator. The Impact Attenuator Selection Template prepared by WSDOT was 
used to select SCI70GM system, see Appendix C for more details. The south bound lane DCZ of 10-feet 
does not intersect the proposed guardrail system. Per 1610.074(7)(a) Case 2-31 A crash-tested terminal 
required at both ends of guardrail system.  Therefore, a SCI70GM system will be used at the north end of 
rail. 

Length of Need 

As described in the WSDOT Design Manual, the length of need refers to the total length of barrier needed to 
shield a fixed feature. As part of the length of need, an additional length of guardrail that extends from the 
end of the fixed feature needs to be provided. The WSDOT length of need equations are shown below and 
in Appendix B of this report. 

L1 = Length of barrier parallel to roadway from adjacent-side fixed feature to beginning of barrier flare. This 
is used if a portion of the barrier cannot be flared (such as a bridge rail and the transition)  

L2 = Distance from adjacent edge of traveled way to portion of barrier parallel to roadway  

L4 = Length of barrier parallel to roadway from opposite-side fixed feature to beginning of barrier flare  

L5 = Distance from centerline of roadway to portion of barrier parallel to roadway. Note: If the fixed feature is 
outside the Design Clear Zone when measured from the centerline, it may only be necessary to provide a 
crash-tested end treatment for the barrier  

LH1 = Distance from outside edge of traveled way to back side of adjacent-side fixed feature  

Note: If a fixed feature extends past the Design Clear Zone, the Design Clear Zone can be used as LH1. (10-
feet @ 30 MPH Posted Speed)  

LH2 = Distance from centerline of roadway to back side of opposite-side fixed feature. Note: If a fixed feature 
extends past the Design Clear Zone, the Design Clear Zone can be used as LH2  

LR = Runout length, measured parallel to roadway  

X1 = Length of need for barrier to shield an adjacent-side fixed feature 

X2 = Length of need for barrier to shield an opposite-side fixed feature  

F = Flare rate value  

Y = Offset distance needed at the beginning of the length of need  

Different end treatments need different offsets: 

• No offset is needed for the non-flared terminals or impact attenuator systems. Use Y = 0 

Adjacent-Side Fixed Feature – Barrier Flare Begins Before Fixed Feature 

X1 = 
(𝐿𝐻1+

𝐿1

𝐹
)−(𝐿2+𝑌)

(
1

𝐹
)+(

𝐿𝐻1

𝐿𝑅
)

 = 80.7 feet 

LH1 = 18.5 feet 

L1=70.2 feet 
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L2 = 1.5 feet  

F = 9 

Y = 0 feet 

LR = 110 feet (30 mph posted speed, over 10,000 ADT, See Appendix B) 

Opposite-Side Fixed Feature Barrier Parallel to Roadway  

X2 =  
𝐿𝐻2−(𝐿5+𝑌)

(𝐿𝐻2/𝐿𝑅)
 = 44.5 feet (75.0’ min per exhibit 1610-4) 

LH2 = 21 feet  

L5 = 12.5 feet  

Y = 0 feet 

LR = 110 feet (30 mph posted speed, over 10,000 ADT, See Appendix B) 

As shown in the equations above, the additional length of guardrail required adjacent to the traveled way is 
80.7 feet (+ 3 feet for gating) making the required length of 83.7 feet to account for the SCI70GM attenuator 
system. To minimize the south length of need (X1) and avoid a 6' gap for the temporary ADA ramp a 9:1 flare 
will be utilized for the last 13.8-feet of the run. 

See Appendix C for attenuator selection details. The length of guardrail required opposite of the traveled way 
is 44.5-feet and was increased to 75-feet to account for the minimum run length per Exhibit 1610-4 and 
includes the gating requirement for the SCI70GM attenuator system. See Appendix A and B for more 
information. 

 

 

 

 



Appendix A



6/
14
/2
3

T
O

LT
 R

IV
E

R
 T

E
R

R
A

C
E

PLAT OF TOLT RIVER TERRACE



6/
14
/2
3

T
O

LT
 R

IV
E

R
 T

E
R

R
A

C
E

PLAT OF TOLT RIVER TERRACE

SCALE: 1"=60'



6/
14
/2
3

T
O

LT
 R

IV
E

R
 T

E
R

R
A

C
E

PLAT OF TOLT RIVER TERRACE

SCALE: 1"=20'

SCALE: 1"=20'

SCALE: 1"=5'

SCALE: 1"=20'

SCALE: 1"=5'

SCALE: 1"=5'



6/
14
/2
3

T
O

LT
 R

IV
E

R
 T

E
R

R
A

C
E

PLAT OF TOLT RIVER TERRACE



6/
14
/2
3

T
O

LT
 R

IV
E

R
 T

E
R

R
A

C
E

PLAT OF TOLT RIVER TERRACE



Appendix B



Calculating-Length of Need

Length of Need Calculations

LH1= 10.0 L5= 12.5

LH2= 21.0 Y= 0.0

L1= 70.2 LR= 110.0

L2= 1.5 F= 9.0

L4=

LH1 -(L2+Y) LH2 -(L5+Y)

(LH1/LR) (LH2/LR)

10-(1.5+0) 21-(12.5+0)

(10/110) (21/110)

8.5 8.5

0.1 0.2

X1= 93.5 X2= 44.5

LH1 -(L2+Y) LH2 -(L5+Y)

(1/F)+(LH1/LR) (1/F)+(LH2/LR)

10-(1.5+0) 21-(12.5+0)

(1/9)+(10/110) (1/9)+(21/110)

8.5 8.5

0.2 0.3

X1= 42.1 X2= 28.1

(LH1+L1/F) -(L2+Y) (LH2+L4/F) -(L5+Y)

(1/F)+(LH1/LR) (1/F)+(LH2/LR)

(10+70.17/9)-(1.5+0) (21+/9)-(12.5+0)

(1/9)+(10/110) (1/9)+(21/110)

16.3 8.5

0.2 0.3

X1= 80.7 X2= 28.1

X1=

Opposite-Side Hazard

Barrier Parallel to Roadway  Barrier Parallel to Roadway

X2=

X2=

X2=

Adjacent-Side Hazard 

X1=

X2=X1=

X1=

Enter Values for Equations found in Chapter 1610 of the Design Manual and field conditions 

encountered.

Adjacent-Side Hazard Opposite-Side Hazard 

X1= X2=

Barrier Flare Begins at Hazard

X1=

X1=

X2=

Barrier Flare Begins Before Hazard

Opposite-Side Hazard

X2=

Adjacent-Side Hazard 

Barrier Flare Begins Before Hazard

Barrier Flare Begins at Hazard

X2=

X1=

X1= X2=

H:/misceng/Calculating-Length of Need
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South Greenway Section (1 of 6)

Tolt Avenue Section 2 – Tolt-MacDonald Park South Entrance to Fire Station
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 !"#$#%&'(')*+&,-.//#0&1.--#2-&340.%#456&45&784926&

:

'(');)<=<>=$>&?8.02@25%&#5&A2B#.5&340.%#456&

CDE:FGHHGIJKL:MNOOJEO:PQRES:TNQ:ME:USEV:JK:TEVJNKS:JK:KEI:JKSPNHHNPJGKSW:

XYZNSP:JK:RHN[E:VGUMHE\SJVEV]:SJKLHE\SHGRE]:[GK[OEPE:MNOOJEO:

XY ÔE[NSP:VGUMHE\SJVEV:SJKLHE\SHGRE:[GK[OEPE:MNOOJEO:

XY ĴKKEV:_\SDNRE:VGUMHE\SJVEV:[GK[OEPE:MNOOJEO:

XY K̀RJKKEV:_\SDNRE:VGUMHE\SJVEV:[GK[OEPE:MNOOJEO:

XYCQRE:ab:I\MENT:LUNOVONJH:

XYcGUMHE\SJVEV:CQRE:ab:I\MENT:LUNOVONJH:

XYdJLD\PEKSJGK:[NMHE:MNOOJEO::

eEHE[P:PDE:NRROGROJNPE:MNOOJEO:PQRE:USJKL:PDE:FGHHGIJKL:[OJPEOJNW:

XYZGKPN[P:df:cESJLK:IDEK:OEPOGFJPPJKL:KGK\FOEEINQS:IJPD:TEVJNK:MNOOJEO:gOELNOVHESS:GF:TEVJNK:IJVPDhi:

XYjVVOESS:PDE:VESJLK:VEFHE[PJGK:[DNON[PEOJSPJ[S:GF:PDE:MNOOJEO:PG:NkGJV:RHN[ETEKP:GF:MNOOJEO:IDEOE:PDE:

VESJLK:VEFHE[PJGK:ElPEKVS:JKPG:GK[GTJKL:PONFFJ[i:

XYmNOOJEO:TNQ:ME:ROGkJVEV:UKVEO:[EOPNJK:[GKVJPJGKS:NS:SERNONPJGK:MEPIEEK:N:FOEEINQ:TNJKHJKE:NKV:

[GHHE[PGO\VJSPOJMUPGO:OGNV:gSEE:ZDNRPEO:banohi:

XYpDEK:p\MENT:MNOOJEO:JS:RHN[EV:JK:N:TEVJNK:NS:N:[GUKPEOTENSUOE:FGO:[OGSS\TEVJNK:[ONSDES]:VESJLK:PDE:

MNOOJEO:PG:ME:SPOU[q:FOGT:EJPDEO:VJOE[PJGK:GF:PONkEHi:_GO:ElNTRHE]:PDE:JKSPNHHNPJGK:GF:MENT:LUNOVONJH:TJLDP:

ME:VGUMHE\SJVEV:gCQRE:ab\cehi:

XYrNOOGI:TEVJNKS:ROGkJVE:HJPPHE:SRN[E:FGO:NKQ:TNJKPEKNK[E:N[PJkJPJES]:JK[HUVJKL:OERNJO:GO:OERGSJPJGKJKL:GF:

PDE:MNOOJEOi:sKSPNHHJKL:MNOOJEOS:JK:TEVJNKS:PDNP:ROGkJVE:HESS:PDNK:t:FEEP:FOGT:PDE:EVLE:GF:PDE:PONkEHEV:INQ:

PG:PDE:FN[E:GF:PDE:MNOOJEO:IJHH:HJqEHQ:OEuUJOE:PETRGONOJHQ:[HGSJKL:PDE:NVvN[EKP:HNKE:VUOJKL:TNJKPEKNK[E:

N[PJkJPJESi:CDJS:IJHH:JTRN[P:PDE:PONkEHHJKL:RUMHJ[:NKV:JTRN[P:TNJKPEKNK[E:SPNFF]:NKV:TNJKPEKNK[E:SPNFF:

SDGUHV:ME:[GKSUHPEVi:eEE:ZDNRPEO:aob:cESJLK:NKV:wNJKPEKNK[E:ZGGOVJKNPJGKi:

XY S̀E:SJKLHE:SHGRE:DJLD:REOFGOTNK[E:[GK[OEPE:MNOOJEO:gd̂:MNOOJEOh:GK:FOEEINQS:IJPD:TEVJNKS:xx\FEEP:IJVE:

NKV:HESSi:

XYjKQ:MNOOJEO:PQRE:HJSPEV:NMGkE:TNQ:ME:USEV:GK:FOEEINQS:IJPD:TEVJNKS:LOENPEO:PDNK:xx\FEEP:IJVEi:

XYsK:LEKEONH]:[NMHE:MNOOJEO:JS:OE[GTTEKVEV:IJPD:TEVJNKS:PDNP:NOE:ao:FEEP:GO:IJVEOi:dGIEkEO]:[NMHE:MNOOJEO:

TNQ:ME:NRROGROJNPE:FGO:KNOOGIEO:TEVJNKS:JF:NVEuUNPE:VEFHE[PJGK:VJSPNK[E:ElJSPSi:

:

:
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/0)-)%132,/'3$-.%43-'/'3$%/0)%6,**')*%,-%213-)%/3%/0)%2)$/)*%35%/0)%+)(',$%,-%43--'61)%-3%/0,/%/0)%*)23:)*;%

('-/,$2)%2,$%6)%+,D'+'E)(%53*%63/0%('*)2/'3$-8%F0)*)%+,;%6)%,%$))(%/3%355-)/%/0)%6,**')*%5*3+%/0)%513&%

1'$)%/3%,:3'(%'+4,2/-%/3%/0)%(*,'$,7)%513&8%

!"9/%132,/'3$-%&0)*)%/0)%*3,(&,;-%,*)%3$%'$()4)$()$/%,1'7$+)$/-%,$(%/0)*)%'-%,%('55)*)$2)%'$%)1):,/'3$%

6)/&))$%/0)%*3,(&,;-.%/0)%-134)%5*3+%/0)%C44)*%*3,(&,;%+'70/%6)%-/))4)*%/0,$%G?@=A8%#$%/0)-)%

132,/'3$-.%43-'/'3$%/0)%+)(',$%6,**')*%,13$7%/0)%C44)*%*3,(&,;%,$(%4*3:'()%()51)2/'3$%,$(%355-)/%

('-/,$2)%,-%('-2C--)(%4*):'3C-1;8%H,**')*%'-%7)$)*,11;%$3/%$))()(%,13$7%/0)%13&)*%*3,(&,;%)D2)4/%&0)*)%

/0)*)%,*)%5'D)(%5),/C*)-%'$%/0)%+)(',$8%

I3*%,(('/'3$,1%41,2)+)$/%7C'(,$2)%-))%J)2/'3$%=G=>8>K<=B%53*%2,61)%6,**')*.%-))%J)2/'3$%=G=>8>L<MB%53*%6),+%

7C,*(*,'1.%,$(%-))%J)2/'3$%=G=>8>G%53*%23$2*)/)%6,**')*8%
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WD4)2/%,11%6,**')*-.%)D2)4/%53*%2)*/,'$%/;4)-%35%*'7'(%6,**')*-%<-C20%,-%23$2*)/)%6*'(7)%*,'1-.%6,**')*%'$/)7*,1%/3%

*)/,'$'$7%&,11-.%3*%)+6)(()(%2,-/X'$X41,2)%6,**')*-B.%/3%()51)2/%&0)$%0'/%6;%,$%)**,$/%:)0'21)8%F0)%,+3C$/%35%

()51)2/'3$%'-%4*'+,*'1;%()4)$()$/%3$%/0)%-/'55$)--%35%/0)%-;-/)+8%?3&):)*.%:)0'21)%-4))(.%,$71)%35%'+4,2/.%,$(%

&)'70/%35%/0)%:)0'21)%,1-3%,55)2/%/0)%,+3C$/%35%6,**')*%()51)2/'3$8%

I3*%*3,(-'()%3*%&'()%+)(',$%'$-/,11,/'3$-%35%51)D'61)%,$(%-)+'X*'7'(%*3,(-'()%6,**')*-%<0'70%/)$-'3$%2,61)%6,**')*%

,$(%6),+%7C,*(*,'1B.%/0)%()51)2/'3$%('-/,$2)%'-%()-'7$)(%/3%4*):)$/%/0)%'+4,2/'$7%:)0'21)%5*3+%-/*'Y'$7%/0)%

36S)2/%6)'$7%-0')1()(8%I3*%C$*)-/*,'$)(%*'7'(%-;-/)+-%<C$,$203*)(%4*)2,-/%23$2*)/)%6,**')*B.%/0)%()51)2/'3$%

('-/,$2)%'-%()-'7$)(%/3%0)14%4*):)$/%/0)%6,**')*%5*3+%6)'$7%Y$32Y)(%3:)*%/0)%-'()%35%,%(*34X355%3*%-/))4%5'11%-134)%

<M?@=A%3*%-/))4)*B8%

I3*%$,**3&)*%+)(',$%'$-/,11,/'3$-.%()-'7$%-;-/)+-%-3%/0,/%/0)%,$/'2'4,/)(%()51)2/'3$%&'11%$3/%)$/)*%/0)%1,$)%35%

3443-'$7%/*,55'28%R0)$%):,1C,/'$7%$)&%6,**')*%'$-/,11,/'3$-.%23$-'()*%&0)/0)*%'+4,2/-%&3C1(%*)TC'*)%-'7$'5'2,$/%

/*,55'2%213-C*)-%/3%,223+41'-0%+,'$/)$,$2)8%Z'7'(%)+6)(()(%6,**')*%-;-/)+-%,*)%C-)(%&0)$%$3%6,**')*%()51)2/'3$%

'-%$)2)--,*;%3*%()-'*)(%<,*),-%-C20%,-%$,**3&%+)(',$-.%,/%/0)%)(7)%35%6*'(7)%()2Y-.%3*%3/0)*%:)*/'2,1%(*34X355%
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533/'$7-8%
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!"#$%$&'()(*+,'-./0$&12$/34'5366$76'87947:&$./'

;<==>?=@ABC?@ DBEF?G@ABC?@ H?IJ?KF>LM@H>EF<MK?@

NOPQRSTUVOWUXYZ[\TX[Z]]OT]XX \̂T_O[\TX
X̀aSXSWXbcXaSXSdeOYZ\XfbgX

hiTZVj]TkXa]WiXaZYTXWaX[Z]]OT]XSWXW[lTYSmX

nTZiXPjZ]k]ZO\oXpdeTVXboXbZoXqoXZUkXbcX rTiOR]OPOkX
sXaSXfsgX

hiTZVj]TkXa]WiXaZYTXWaX[Z]]OT]XSWXW[lTYSmX

tuvwxyzv{|{v}~�x�����}|u|x���u�x��xv�|x�X rTiOR]OPOkX
�XaSX

hiTZVj]TkXa]WiXUTZ]TVSXaZYTXWaX[Z]]OT]XSWX
W[lTYSmX

nTZiXPjZ]k]ZO\XpdeTXsbXX

hOUY\jkOUPXS�WRVOkTkXZUkXWiOSSTkXeWVSmX
�uw}�{}y}|X

�XaSX
hiTZVj]TkXa]WiXaZYTXWaX[Z]]OT]XSWXW[lTYSmX

�T]iZUTUSXe]TYZVSXYWUY]TSTX[Z]]OT]oXjUZUYQW]TkX
�OPOkX

�U]TVS]ZOUTkX

X̀aSX
hiTZVj]TkXa]WiX[ZY�XWaX[Z]]OT]XSWXW[lTYSoX

V\WeTX[]TZ�XeWOUSoXW]Xk]WeRWaamX

�T]iZUTUSXe]TYZVSXYWUY]TSTX[Z]]OT]oXjUZUYQW]TkX

h�QTUXe\ZYTkXOUXa]WUSXWaXZXq�bXW]Xa\ZSST]XaO\\XV\WeTXWUX
]OPQSXQZUkXVQWj\kT]VXZUkXUWSXVQOT\kOUPXZUdXaO_TkX
W[lTYSV�X�WUSZYSXN�X�TVOPUX[TaW]TXjVOUPXSQOVX

kTa\TYSOWUXYWUkOSOWUXaW]X[Z]]OT]Xe\ZYTkXOUXiTkOZUVmX

�OPOkX
�U]TVS]ZOUTkX

sXaSX

hiTZVj]TkXa]WiX[ZY�XWaX[Z]]OT]XSWXV\WeTX[]TZ�X
eWOUSmX

�T]iZUTUSXe]TYZVSXYWUY]TSTX[Z]]OT]oXZUYQW]TkX �OPOkX�UYQW]TkX

qXaSX

hiTZVj]TkXa]WiX[ZY�XWaX[Z]]OT]XSWXW[lTYSoX
V\WeTX[]TZ�XeWOUSoXW]Xk]WeRWaamX

pTieW]Z]dXe]TYZVSXYWUY]TSTX[Z]]OT]oXjUZUYQW]TkXf�gX
�OPOkX

�U]TVS]ZOUTkX

sXaSXfqgX
hiTZVj]TkXa]WiX[ZY�XWaX[Z]]OT]XSWXW[lTYSoX

V\WeTX[]TZ�XeWOUSoXW]Xk]WeRWaamX

pTieW]Z]dXe]TYZVSXYWUY]TSTX[Z]]OT]oXZUYQW]TkXf�gX �OPOkX�UYQW]TkX
bXaSXfqgXf�gX

hiTZVj]TkXa]WiX[ZY�XWaX[Z]]OT]XSWXW[lTYSoX
V\WeTX[]TZ�XeWOUSoXW]Xk]WeRWaamX

�ZVSXOUXe\ZYTXW]Xe]TYZVSXYWUY]TSTX[Z]]OT]oXTi[TkkTkX
�OPOkX

�i[TkkTkX
�WXkTa\TYSOWUXf̀gX

�WSTV�X

pQOVXT_QO[OSXe]W�OkTVXkTa\TYSOWUX�Z\jTVXaW]XVSZUkZ]kX]jUVXWaX[Z]]OT]�X�SXkWTVXUWSXe]W�OkTXkTa\TYSOWUX�Z\jTVXaW]XVeTYOZ\SdX[Z]]OT]X

VdVSTiVXW]XOUVSZ\\ZSOWUVXhT�P�X\WUPXVeZUXPjZ]k]ZO\XVdVSTiVhrSk�X�\ZUX�Rqc��cmoX[W_XYj\�T]SXPjZ]k]ZO\XVdVSTiVXhrSk�X�\ZUX�Rqc��bX

W]X�Rqc��smoXpdeTXsbX[Z]]OT]XOUVSZ\\TkXWUXZXa\Z]ToXSQTXTUkVXWaXpdeTXsbXPjZ]k]ZO\X]jUVX�QTUXST]iOUZSTkX�OSQXZUXZUYQW]XhrSk�X

�\ZUX�Rqc�b�XW]X�Rqc�b�moXTSY�m�X�TaT]XSWX]T\ZSTkXrSZUkZ]kX�\ZUVXWaXVeTYOZ\SdX[Z]]OT]XVdVSTiVXW]XOUVSZ\\ZSOWUXe\ZYTiTUSXYZVTVX

VQW�OUPXZkkOSOWUZ\XkTSZO\VXZ[WjSXkTa\TYSOWUVXZUkXkOiTUVOWUVXSQZSXZ]TXjVTaj\XOUXkTVOPU�X

fbg�rTTXrTYSOWUXb̀bc�c�hqmX
fqg��QTUXjVTkXZVXSTieW]Z]dX[]OkPTX]ZO\oXZUYQW]XZ\\X[Z]]OT]X�QTUXSQTX[ZY�XWaX[Z]]OT]XOVX\WYZSTkX�OSQOUXsXaTTSXWaXZX
k]WeRWaa�X

fsg��\ZYTXZUdXUT�XW[lTYSVXZXiOUOijiXWaX�XaTTSXa]WiXSQTXaZYTXWaXT_OVSOUPX[TZiXPjZ]k]ZO\XSdeTXb�X

f�g�rSTT\X[Z]]OT]XOVXZ\VWXZ�ZO\Z[\TXaW]XSTieW]Z]dXZee\OYZSOWUV�XrTTX�QZeST]XbcbcXaW]XiW]TXOUaW]iZSOWU�X
f�g��QTUXZUYQW]OUPXSTieW]Z]dXe]TYZVSXYWUY]TSTX[Z]]OT]XWUX[]OkPTVXW]XWSQT]Xk]WeRWaaVoXVTTXZee\OYZ[\TXrSZUkZ]kX
�\ZUVXaW]XZUYQW]ZPTXkTSZO\VoX\ZST]Z\XWaaVTSVoXZUkXkTa\TYSOWUXkOVSZUYTV�X

f̀g��QTUXe\ZYTkXOUXa]WUSXWaXZXaO\\XV\WeTXW]XWUXSWeXWaXZUX r�X�Z\\oXe]W�OkTXZXiOUOijiXkOVSZUYTXWaXqRaTTSXWaX�OkTUOUPX
�OSQXZXbc�bXW]Xa\ZSST]XV\WeTXa]WiXSQTX[ZY�XWaX[Z]]OT]XSWXSQTXV\WeTX[]TZ�XeWOUS�X
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*+,+-./01,+2/,3455-/5,6/78+2,9:,;//<,=6>;?,:95.@A40,.4B,C4AC@A4+/,3455-/5,5@7,A/78+20,+24+,45/,D@-+/,0295+,-7,

95</5,+9,02-/A<,47,93E/C+,95,:/4+@5/F,G/845<A/00,9:,+2/,C4AC@A4+/<,3455-/5,6/78+2,9:,;//<1,3455-/5,5@70,5/D@-5/,4,

.-7-.@.,-70+4AA/<,A/78+2,-7,95</5,+9,5/+4-7,+2/-5,43-A-+B,+9,C97+4-7,47<,5/<-5/C+,47,-.H4C+-78,I/2-CA/F,,

J7,4<<-+-971,4,.4K-.@.,4AA9L43A/,5@7,A/78+2,-0,5/D@-5/<,:95,A978/5,5@70,9:,2-82M+/70-97,C43A/,3455-/5F,6978/5,

5@70,9:,2-82M+/70-97,C43A/,3455-/5,C47,3/,.95/,<-::-C@A+,+9,.4-7+4-7F,,

NK2-3-+,OPOQMR,8-I/0,+2/,5/D@-5/<,.-7-.@.,47<,.4K-.@.,A/78+20,:95,0+47<45<,5@70,9:,3455-/50,C@55/7+AB,@0/<,3B,

STU>VW,

XYZ[\[]̂_̀_abĉdeff[gf̂h]eijefĵklîm[i[nlnomeY[nlnp̂giq]Zr̂stgûXYZ[\[]v̂

wxyzz{|zw}~�|w w�{�{���w���w�|����w w�y�{���w���w�|����w

�-82MV/70-97,�43A/,�455-/5, ;9,�-7-.@., OQ1QQQM://+,�,

�/4.,�@45<54-A,VBH/,�O, ��M://+,�, ;9,�4K-.@.,

�/5.47/7+,H5/C40+,C97C5/+/,3455-/51,@747C295/<, �QQM://+, ;9,�4K-.@.,

�/5.47/7+,H5/C40+,C97C5/+/,3455-/51,47C295/<, OQQM://+, ;9,�4K-.@.,

V/.H9545B,H5/C40+,C97C5/+/,3455-/51,@747C295/<, �QQM://+, ;9,�4K-.@.,

V/.H9545B,H5/C40+,C97C5/+/,3455-/51,47C295/<, OQQM://+, ;9,�4K-.@.,

�40+,-7,HA4C/,C97C5/+/,3455-/51,/.3/<</<, RQM://+, ;9,�4K-.@.,

�5/C40+,C97C5/+/,3455-/51,/.3/<</<, �QM://+, ;9,�4K-.@.,

�,�-7-.@.�.4K-.@.,3455-/5,5@7,A/78+20,-7CA@</0,+2/,+/5.-74A,47<,47C2950,9:,+2/,�-82MV/70-97,�43A/,�455-/5,

47<,�/4.,�@45<54-A,0B0+/.0F,

�	�
�
 !�"������������

*,594<0-</,3455-/5,-0,C970-</5/<,:A45/<,L2/7,-+,-0,79+,H454AA/A,+9,+2/,/<8/,9:,+2/,+54I/A/<,L4BF,

�A45/,+2/,/7<0,9:,A978-+@<-74A,3455-/50,L2/5/,0-+/,C970+54-7+0,4AA9L,=0//,T/C+-97,OPOQFQO?F,V2/,:9@5,:@7C+-970,9:,4,

:A45/,45/,+9W,

���4K-.-�/,+2/,<-0+47C/,3/+L//7,+2/,3455-/5,=47<,-+0,+/5.-74A?,47<,+2/,+54I/AA/<,L4BF,

��G/<@C/,+2/,A/78+2,9:,7//<F,

��G/<-5/C+,47,/5547+,I/2-CA/F,

���-7-.-�/,4,<5�� ¡¢£¤¡ ¥¦§�̈©¤§̈¤§ª ¤�©§¡̈«¬¦§�̈©¤̈­¤¥©¤̈®̄ ¦§¤© ¥¡¤§ª ¤§¡¥� ° «¤±¥²³,

 ́ µ�©¶¤­°¥¡ ¤¡¥§ £¤¥£¤­°¥§¤¥£¤£�§ ¤¦̈©£§¡¥�©§£¤¥°°̈±¤µ¡ £ ¡� £¤§ª ¤®¥¡¡� ¡¢£¤¡ «�¡ ¦§�̈©¥°¤µ ¡­̈¡·¥©¦ ¤¥©«¤

.-7-.-�/0,+2/,478A/,9:,-.H4C+F,J+,240,4A09,3//7,029L7,+24+,47,93E/C+,=95,3455-/5?,CA90/,+9,+2/,+54I/A/<,L4B,.-82+,

C4@0/,4,<5-I/5,+9,02-:+,A4+/54AAB1,0A9L,<9L71,95,39+2F,V2/,:A45/,5/<@C/0,+2-0,5/4C+-97,3B,854<@4AAB,-7+59<@C-78,+2/,

3455-/5,09,+2/,<5-I/5,<9/0,79+,H/5C/-I/,+2/,3455-/5,40,47,93E/C+,+9,3/,4I9-</<F,V2/,:A45/,54+/0,-7,NK2-3-+,OPOQM�,

45/,-7+/7</<,+9,04+-0:B,+2/,:9@5,:@7C+-970,A-0+/<,439I/F,�A45/0,+24+,45/,.95/,854<@4A,.4B,3/,@0/<F,�A45/,54+/0,45/,

9::0/+,H454AA/A,+9,+2/,/<8/,9:,+2/,+54I/A/<,L4BF,V5470-+-97,0/C+-970,45/,79+,:A45/<F,

T-+@4+-970,/K-0+,L2/5/,245<L45/,-70+4AA4+-970,.4B,24I/,3455-/5,:A45/,54+/0,<-::/5/7+,+247,029L7,-7,NK2-3-+,

OPOQM�F,J:,4,̧¹º»¼º½¼¾¿Àº»,:95,4,3455-/5,-70+4AA4+-97,029L0,4,<-::/5/7+,:A45/,54+/,+247,-0,029L7,-7,NK2-3-+,OPOQM�1,

@0/,+2/,:A45/,54+/,029L7,97,+2/,T+47<45<,�A47,=0//,T+<F,HA47,�M�C,47<,�MR:,:95,3@AA790/,+/5.-74A01,47<,T+<F,�A47,

�M��FOP,:95,3@5-/<,+/5.-74A0?F,
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 !"#$#%&'(')*+&,-./#%01#.23&4255#65&73256&82%69&

:;<=>?@AB>>?@CDBEF@
GHIH?@J@GHIH?@KLME;N>?@

AO<=>D@
PLN><=NQHL>?@GHIH?@AO<=>D@ A>DHRNHIH?@

STUVWX YWZ[X [\Z[X [TZ[X

SWX [\Z[X [SZ[X []Z[X

TTX [SZ[X []Z[X [YZ[X

TWX []Z[X [YZ[X [[Z[X

]TX [YZ[X [[Z[X [WZ[X

]WX̂_X̀ab̂cX [[Z[X [WZ[X dZ[X

�	�
�
efgh�i������j��k��l�

manopqX̂rXnaasX_ara_tXp̂XpqaXp̂pubXbanopqX̂rXb̂novpwsvnubX̀u__va_XnaasasXp̂XtqvabsXuXrvxasXraupw_ayXzaaXbanopqX̂rX

naasX{ub{wbupv̂nXt|_austqaapyX

}nX~un�X{utat�Xpqa_aX~u�X̀aXuX|̂_pv̂nX̂rXpqaXp_urrv{X̀u__va_Xvntpubbupv̂nXpqupXvtXn̂pX_asv_a{pv�aXvnX{u|ùvbvp�yX�̂_X

vntpun{a�XvrXuX_wnX̂rX{̂n{_apaX̀u__va_XvtXpa_~vnupasXcvpqXunXv~|u{pXuppanwup̂_�Xpqa_aXcvbbXbv�ab�X̀aXuXta{pv̂nX̂rXpqaX

v~|u{pXuppanwup̂_XpqupXvtXn̂pX_asv_a{pv�aX�taaX�qu|pa_X[SYWXr̂_X~̂ _aXvnr̂_~upv̂n�yX�qa_ar̂_a�XvnX~̂ tpX{utat�XpqaX

manopqX̂rX�aasXŝatXn̂pXa�wubX�vyay�XvpXvtXtq̂_pa_Xpqun�XpqaXu{pwubX|q�tv{ubXbanopqX̂rXpqaXp_urrv{X̀u__va_Xvntpubbupv̂nX

_a�wv_asXp̂Xu{qva�aXpqupXbanopqX̂rXnaasyX

manopqX̂rXnaasXvtXsa|ansanpX̂nXpqaXb̂{upv̂nXunsXoâ~ap_v{tX̂rXpqaX̂̀ �a{p�Xsv_a{pv̂n�t�X̂rXp_urrv{�X|̂tpasXt|aas�X

~̂ p̂_X�aqv{baXp_urrv{X�̂bw~a�XunsXp�|aXunsXb̂{upv̂nX̂rXp_urrv{X̀u__va_yX

�qanXsatvonvnoXuX̀u__va_Xr̂_XuXrvbbXtb̂|aX�taaX�qu|pa_X[SWW��XpqaXbanopqX̂rXnaasX̀aovntXupXpqaX|̂vnpXcqa_aXpqaX

naasXr̂_X̀u__va_XvtX_a{̂~~ansasyX�̂_XrvxasX̂̀ �a{ptXunsXcupa_�X�xqv̀vpX[S[W�SXtq̂ctXsatvonX|u_u~apa_tXr̂_X

sapa_~vnvnoXpqaXnaasasXbanopqX̂rXuX̀u__va_Xr̂_X̀̂ pqXus�u{anpXunsX̂||̂tvnoXp_urrv{X̂nX_abupv�ab�Xtp_uvoqpXta{pv̂ntX

r̂Xqvoqcu�yX

�qanX̀u__va_XvtXp̂X̀aXvntpubbasX̂nXpqaX̂wptvsaX̂rXuXq̂_v�̂npubX{w_�a�XpqaXbanopqX̂rXnaasX{unX̀aXsapa_~vnasX

o_u|qv{ubb�XutXtq̂cnXvnX�xqv̀vpX[S[W�\yX�̂_Xvntpubbupv̂ntX̂nXpqaXvntvsaX̂rXuX{w_�a�Xsapa_~vnaXpqaXbanopqX̂rXnaasXutX

pq̂woqXvpXca_aXtp_uvoqpyX�bt̂�X{̂ntvsa_XpqaXrbu_aX_upa�X̀u__va_Xsarba{pv̂n�XunsX̀u__va_XansXp_aup~anpXp̂X̀aXwtasyX

�qanX̀au~Xowu_s_uvbXvtX|bu{asXvnXuX~asvun�X{̂ntvsa_XpqaX|̂panpvubXr̂_Xv~|u{pXr_̂~X̂||̂tvnoXp_urrv{XcqanX

{̂nsw{pvnoXuXbanopqX̂rXnaasXunub�tvtyX�qanXowu_s_uvbXvtX|bu{asX̂nXavpqa_XtvsaX̂rX̂̀ �a{ptXvnXpqaX~asvun�X{̂ntvsa_X

cqapqa_XpqaXp_uvbvnoXansX̂rXau{qX_wnX̂rXowu_s_uvbXcvbbXtqvabsXpqaXbausvnoXansX̂rXpqaX̂||̂tvnoXowu_s_uvbyXzqvabsXpqaX

bausvnoXansXcqanXvpXvtXcvpqvnXpqaX�atvonX�bau_X�̂naX̂rX̂||̂tvnoXp_urrv{X�taaX�xqv̀vpX[S[W�d�yX�qvtXvtXubt̂XuX

{̂ntvsa_upv̂nXcqanX̂̀ �a{ptXu_aX|bu{asXvnXpqaX̂wpa_Xta|u_upv̂ntX̀apcaanXpqaX~uvnXbvnaXunsX{̂bba{p̂_�svtp_v̀wp̂_tyX

�ar̂_aXpqaXu{pwubXbanopqX̂rXnaasXvtXsapa_~vnas�XatpùbvtqXpqaXbupa_ubXsvtpun{aX̀apcaanXpqaX|_̂|̂tasX̀u__va_X

vntpubbupv̂nXunsXpqaX̂̀ �a{pXtqvabsasyX�_̂�vsaXuXsvtpun{aXpqupXvtXo_aupa_XpqunX̂_Xa�wubXp̂XpqaXunpv{v|upasXsarba{pv̂nX

r̂XpqaXb̂novpwsvnubX̀u__va_yX�zaaX�xqv̀vpX[S[W��Xr̂_X̀u__va_Xsarba{pv̂nty�X�bu{aXpqaX̀u__va_XutXru_Xr_̂~XpqaXasoaX̂rX

pqaXp_u�abasXcu�XutX|̂ttv̀baXcqvbaX~uvnpuvnvnoXpqaXsarba{pv̂nXsvtpun{ayX

}rXpqaXansX̂rXpqaXbanopqX̂rXnaasXvtXcvpqvnX�WWXraapX̂rXun̂pqa_X̀u__va_X_wnX�avpqa_XaxvtpvnoX̂_X|_̂|̂tas��XvpXvtX

_a{̂~~ansasXpqupXpqaX̀u__va_tX̀aX{̂nna{pasXp̂Xr̂_~XuX{̂npvnŵwtX_wnXax{a|pXcqa_aXpqaXou|Xvn�̂b�atXuX̀w_vasX

pa_~vnubXunsX{wpXtb̂|ayX}nXpqataX{utatXunsXcqa_aX|_u{pv{ùba�XaxpansX̀u__va_X_wntX̀a�̂nsXpqaXbanopqX̂rXnaasXp̂XuX

ù{�tb̂|aXunsX|_̂�vsaXuX̀w_vasXpa_~vnubX�taaXza{pv̂nX[S[WyWS���Xr̂_X{̂n{_apaX̀u__va_X̀w_vasXpa_~vnub�XunsX

za{pv̂nX[S[WyW]�T�XunsXzpunsu_sX�bunX��YYy[SXr̂_X̀au~Xowu_s_uvbX̀w_vasXpa_~vnub�yX
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 !"#"$%&&"''$('$)""*"*$+"!()*$%$+%##("#$,"-.-$/%()0")%)&"$%&&"''1$20(3(04$5+6"&0'1$#5%*$%77#5%&!"'1$"0&-8$%)*$%)$

%30"#)%0(9"$%77#5%&!$05$7#59(*().$%&&"''$('$)50$7#%&0(&%+3"1$7#59(*"$%$.%7$()$0!"$+%##("#$0!%0$/""0'$0!"$%&&"''$

)""*$2'().$%$&5):(.2#%0(5)$;!"#"$0!"$0"#/()%0(5)$5:$0!"$*5;)'0#"%/$#2)$('$'(02%0"*$+"!()*$0!"$27'0#"%/$#2)1$

5#$('$50!"#;('"$520'(*"$0!"$<"'(.)$=3"%#$>5)"-$ !"#"$0!('$59"#3%77().$&5):(.2#%0(5)$('$)50$7#%&0(&%+3"1$7#59(*"$%$

/()(/2/$'(?"$.%7$()$0!"$.2%#*#%(3$#2)$05$/""0$0!"$%&&"''$)""*$%)*$"9%32%0"$0!"$)""*$:5#$+%##("#$0"#/()%3'$5)$

0!"$27'0#"%/$%)*$*5;)'0#"%/$#2)'-$$
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!"#$%$&'()(*+)',-..$/.'0/12&#'34'5//6'31'7-12/1&'8/9&$31:'

;

<=>?@;;

A=B;CDEE=B>FGH;I?GH>J;=K;G??L;?MDN>F=G;KNO>=BCP;C??;QRJFSF>;TUTVWXY;

Z??;I?GH>J;=K;G??L;ONIODIN>F=G;CEB?NLCJ??>Y;
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!"#$%$&'()(*+,'-.//$0/'1023&#'45'6007'

89:;<=>
?@<<=>

AB@CD>

E<:FGH>8IJIB<;<J:>

KEL> MIJJF<J>LN@<>

OP<J>QRSRRR>
TSRRR>;9>
QRSRRR>

QSRRR>;9>
USVVV>

WH=<J>
QSRRR>

XFGF=>Y>XFGF=>
KHZC9J<=>
MIJJF<J>

XFGF=>
WHJ<:;JIFH<=>
MIJJF<J>

?<BF[JFGF=>
MIJJF<J>

\X>A];D> \X>A];D> \X>A];D> \X>A];D> >̂ >̂ >̂

_̀a bc̀a bb̀a dèa df̀a d̀a gha gfa

cfa bb̀a dèa df̀a ddfa d̀a gha gfa

c̀a b̀ à df̀a dg̀a d̀ à gha gca gia

ffa dcfa dd̀a ghfa g_fa gca gia gda

f̀a db̀a gèa gc̀a gf̀a gia gda gga

ifa gefa gc̀a gbfa gdfa gda gga g̀a

ìa gc̀a gb̀a gg̀a g̀ à gga g̀a ea

bfa gbfa gg̀a efa hfa gga g̀a ea

b̀a gg̀a èa h̀a _̀a gga g̀a ea

dfa gg̀a èa h̀a _̀a gga g̀a ea

jgakajlmnopaqrastuuvluawtutxxlxaoqauqtyzt{aruq|aty}t~lmo��vylarv�lyarlto�ulaoqaslnvmmvmnaqrastuuvluarxtul�a�pv�av�a

��lyavratawquovqmaqraoplastuuvlua~tmmqoaslarxtulya���~pat�atasuvynlautvxatmyaoplaoutm�vovqm��a

jdaka�v�otm~laruq|aty}t~lmoalynlaqraout�lxlyazt{aoqawquovqmaqrastuuvluawtutxxlxaoqauqtyzt{�a

jiakajlmnopaqrastuuvluawtutxxlxaoqauqtyzt{aruq|aqwwq�vol��vylarv�lyarlto�ulaoqaslnvmmvmnaqrastuuvluarxtul�a

jfaka�v�otm~laruq|a~lmoluxvmlaqrauqtyzt{aoqawquovqmaqrastuuvluawtutxxlxaoqauqtyzt{�a�qol�a�raoplarv�lyarlto�ulav�a

q�o�vylaopla�l�vnma�xltua�qmlazplma|lt��ulyaruq|aopla~lmoluxvml�avoa|t{aqmx{aslaml~l��tu{aoqawuq�vylata~ut�p�

ol�olyaolu|vmtxarquaoplastuuvlua��lla�l~ovqmagcg̀�̀i�_��t�a�lt|a��tuyutvxa�xt~l|lmoa�t�l���a

j�gaka�v�otm~laruq|aq�o�vylalynlaqraout�lxlyazt{aoqast~�a�vylaqraty}t~lmo��vylarv�lyarlto�ul�a

�qol�a�ratarv�lyarlto�ulal�olmy�awt�oaopla�l�vnma�xltua�qml�aopla�l�vnma�xltua�qmla~tmasla��lyat�aj�g�a

j�daka�v�otm~laruq|a~lmoluxvmlaqrauqtyzt{aoqast~�a�vylaqraqwwq�vol��vylarv�lyarlto�ul�a�qol�a�ratarv�lyarlto�ula

l�olmy�awt�oaopla�l�vnma�xltua�qml�aopla�l�vnma�xltua�qmla~tmasla��lyat�aj�d�a

j�aka��mq�oaxlmnop�a|lt��ulyawtutxxlxaoqauqtyzt{�a

�gakajlmnopaqramllyarquastuuvluaoqa�pvlxyatmaty}t~lmo��vylarv�lyarlto�ul�a

�dakajlmnopaqramllyarquastuuvluaoqa�pvlxyatmaqwwq�vol��vylarv�lyarlto�ul�a

�aka�xtulautola�tx�l�a

�aka�rr�loayv�otm~lamllylyatoaoplaslnvmmvmnaqraoplaxlmnopaqramlly�a

EF]]<J<H;><H=>;J<I;B<H;:>H<<=>=F]]<J<H;>9]]:<;:�>

���quaopla���abf̀atmya�j���abf̀�a��la�akag�harllo�a

���qual�tx�tovmnal�v�ovmna�����a��la�akag�harllo�a

���quaopla�j���a�j�d�a��la�akà�harllo�a

���qaqrr�loav�amllylyarquaoplamqm�rxtulyaolu|vmtx�aquav|wt~oatoolm�toqua�{�ol|��a��la�akà�a
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CDEFGA<GA<H<IJHKFGLHM<N@?F>O<P>J<O@?@JNGQGQI<?F@<M@QI?F<>P<Q@@O<P>J<RHJJG@J<>Q<?F@<>S?AGO@<>P<H<LSJT@U<

CDVQ<H<ALHM@<OJHWGQIX<OJHW<H<?HQI@Q?<PJ>N<?F@<LSJT@<?><?F@<RHLY<>P<?F@<PGZ@O<P@H?SJ@U<[>NKHJ@<E<?><\]<

PJ>N<̂ZFGRG?<_̀_abc<HQO<SA@<?F@<AF>J?@J<THMS@U<

CDdP<SAGQI<\]X<P>MM>W<̂ZFGRG?<_̀_ab̀<HQO<̂ZFGRG?<_̀_abcU<

CDdP<SAGQI<EX<OJHW<?F@<GQ?@JA@L?GQI<RHJJG@J<JSQ<?><ALHM@<HQO<N@HASJ@<?F@<M@QI?F<>P<Q@@OU<

!"#$%$&'()(*+e'-0.f'g9./7/.$h'i/.$h$23'!27'jh.k0f02&'54/'l$:$707'm$3#n.o;'

<

�	�
�
pqrs�����
������
����
t��

]@P@J<?><[FHK?@J<_aua<P>J<RHJJG@J<O@MGQ@H?G>Q<J@vSGJ@N@Q?AU<



���������	�
� �����
������
����

���������
���������������
����� ������	�
��	�

�����������
���

 ! "#"$%&'()%*+(,-,(./%

0123456738169:;<=>65?=2@2=AB6=4@61C2A<6;<=>65?=2@2=AB6=2<68<>A:2A5A@6;=22A<286?8<@672<@3>A4=41BD6346
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;<=>?@AB:CDE>>F:G@H@GIG:>E:IHJK?BA:LM>INAB=:E=>G:BAOB:>E:JK?BGBHF:F>:LN>JB:P=BKQJ>@HF:@H:HBR:S>HLF=ISF@>H:

KHA:LM>INAB=:R@ABH@HO:F>:J=BLB=?B:FMB:BAOB:>E:JK?BGBHF:KHA:L@AB:LN>JBL:E=>G:B=>L@>H:TUBB:VWM@P@F:CXYZD[\]:

>̂FBL_:
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àcKLBL:LM>RH:>HNk:KJJNk:F>:LFKHAK=A:OIK=A=K@N:=IH:@HLFKNNKF@>HL:FMKF:K=B:JNKSBA:JK=KNNBN:F>:FMB:=>KARKk]:
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àUBB:VWM@P@F:CXYZD[:E>=:LM>INAB=:R@ABH@HOrO=KA@HO:ABFK@NL:KLL>S@KFBA:R@FM:OIK=A=K@N]:
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Table 1 - List of Attenuators

Project:

Location:

NCHRP 350 or MASH 16 Compliant: 

By (Name): Date:
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LM 350 B > 60 2.5/3.0 /3.5/.6.3/8.0 2.0/2.5/3.0 /5.8/7.5
(10) 27.1 3.3 C Posted Speed

LM 350 B <  45 2.5/3.0 /3.5/6.3/8.0 2.0/2.5/3.0 /5.8
(10)

/7.5
(10) 18 3.3 C Not MASH

LM MASH  B > 60 2.5 2.0 26.2 2.2 C Posted Speed

LM MASH  B > 60 6.3 5.8 26.2 2.2 D Posted Speed

LM 350 B > 60 4.0 3.0 30.5 4.3 D Not MASH

LM 350 B <  55 4.0 3.0 20 4.3 D Posted Speed

LM 350 B <  45 4.0 3.0
(10) 15.5 4.3 D Posted Speed

LM 350 B > 60 5.2/8.2/10.2 5.0/8.0
(10)

/10.0
(10) 32.8/36.8/36.8 4.3 D Not MASH

LM 350 B <  45 5.2/8.2/10.2 5.0
(10)

/8.0
(10)

/10.0
(10) 21 4.3 D Posted Speed

LM MASH B > 60 3.1 2.0/2.5/3.0 21.5/24.4/25.9 3 C Posted Speed

LM MASH B > 60 3.3-3.4/3.5-4.0/4.1-4.7 3.1-3.2/3.3-3.8/3.9-4.5 29.1/31.1/33.1 3 C Posted Speed

LM MASH B > 60 4.8-5.4/5.5-6.1/6.2-6.7 4.6-5.2/5.3-5.9/6.0-6.5 35.0/37.0/39.0 3 C Posted Speed

LM MASH B > 60 6.8-7.4/7.5-8.0/8.1-8.8 6.6-7.2/7.3-7.8/7.9-8.6 40.9/42.9/44.8 3 C Posted Speed

LM MASH B > 60 8.9-9.4/9.5-10.0/10.1-10.8 8.7-9.2/9.3-9.8/9.9-10.6 46.8/48.7/50.7 3 C Posted Speed

LM MASH B <  45 3.1 2.0/2.5/3.0 13.5/15.4/16.9 3 C Option 1

LM MASH B > 60 3.3-3.4/3.5-4.0/4.1-4.7 3.1-3.2/3.3-3.8/3.9-4.5 21.1/23.1/25.1 3 C Posted Speed

LM MASH B > 60 4.8-5.4/5.5-6.1/6.2-6.7 4.6-5.2/5.3-5.9/6.0-6.5 27.0/29.0/31.0 3 C Posted Speed

LM MASH B > 60 6.8-7.4/7.5-8.0/8.1-8.8 6.6-7.2/7.3-7.8/7.9-8.6 32.9/34.9/36.8 3 C Posted Speed

LM MASH B > 60 8.9-9.4/9.5-10.0/10.1-10.8 8.7-9.2/9.3-9.8/9.9-10.6 38.8/40.7/42.7 3 C Posted Speed

350 P > 60 2.5 2.0 31.3 18.8 A Posted Speed

350 P > 60 1.3 2.0
(10) 20 10.5 A Posted Speed

(8-Bay, 30" width) 350 P > 60 2.9 2.5 25.4 3.0 D Posted Speed

(8-Bay, 42"/48"/54"/60" widths) 350 P > 60 4.4/4.9/5.4/5.9 3.9/4.4/4.9/5.4 27.1 3.0 D Posted Speed

(7-Bay, 66"/72"/78"/84"/90"/96" widths) 350 P > 60 6.4/6.9/7.4/7.9/8.4/8.9 5.9
(10)

/6.4
(10)

/6.9
(10)

/7.4
(10)

/7.9
(10)

/8.4
(10) 24.2 3.0 D Posted Speed

(7-Bay, 30" width) 350 P <  55 2.9 2.5
(10) 22.7 3.0 C Not MASH

(7-Bay, 42"/48"/54"/60" widths) 350 P <  55 4.4/4.9/5.4/5.9 3.9
(10)

/4.4
(10)

/4.9
(10)

/5.4
(10) 24.2 3.0 D Not MASH

(5-Bay, 72"/78"/84"/90"/96" widths) 350 P <  55 6.9/7.4/7.9/8.4/8.9 6.4
(10)

/6.9
(10)

/7.4
(10)

/7.9
(10)

/8.4
(10) 18.6 3.0 D Not MASH

(5-Bay, 30" width) 350 P <  50 2.9 2.5
(10) 16.9 3.0 C Not MASH

(5-Bay, 42"/48"/54"/60" widths) 350 P <  50 4.4/4.9/5.4/5.9 3.9
(10)

/4.4
(10)

/4.9
(10)

/5.4
(10) 18.6 3.0 D Not MASH

(4-Bay, 66"/ 72"/78"/84"/90"/96" widths) 350 P <  50 6.4/6.9/7.4/7.9/8.4/8.9 5.9
(10)

/6.4
(10)

/6.9
(10)

/7.4
(10)

/7.9
(10)

/8.4
(10) 16 3.0 D Not MASH

(4-Bay, 30" width) 350 P <  45 2.9 2.5 14.5 3.0 C Not MASH

(4-Bay, 42"/48"/54"/60" widths) 350 P <  45 4.4/4.9/5.4/5.9 3.9
(10)

/4.4
(10)

/4.9
(10)

/5.4
(10) 16 3.0 C Not MASH

(8-Bay, 30" width) 350 P > 60 2.9 2.5 25.4 3.0 D Posted Speed

(8-Bay, 36"/42"/48"/54"/60" widths) 350 P > 60 3.8/4.4/4.9/5.4/5.9 3.3/4.4/4.9/5.4 27.1 3.0 D Posted Speed

(7-Bay, 66"/72"/78"/84"/90"/96" widths) 350 P > 60 6.4/6.9/7.4/7.9/8.4/8.9 5.9
(10)

/6.4
(10)

/6.9
(10)

/7.4
(10)

/7.9
(10)

/8.4
(10) 24.2 3.0 D Posted Speed

(7-Bay, 30" width) 350 P <  55 2.9 2.5
(10) 22.7 3.0 C Not MASH

(7-Bay, 36"/42"/48"/54"/60" widths) 350 P <  55 3.8/4.4/4.9/5.4/5.9 3.3
(10)

/3.9
(10)

/4.4
(10)

/4.9
(10)

/5.4
(10) 24.2 3.0 D Not MASH

(6-Bay, 66"/72" widths) 350 P <  55 6.4/6.9 5.9
(10)

/6.4
(10) 19.9/19.0 3.0 D Not MASH

(5-Bay, 78"/84"/90"/96" widths) 350 P <  55 6.9/7.4/7.9/8.4/8.9 6.4
(10)

/6.9
(10)

/7.4
(10)

/7.9
(10)

/8.4
(10) 18.6 3.0 D Not MASH

(5-Bay, 30" width) 350 P <  50 2.9 2.5
(10) 16.9 3.0 C Not MASH

QuadGuard Elite M10 (8-Bay) - 24" width

QuadGuard Elite M10 Wide (8-Bay) - 69" width

SCI70GM with Variable Width Wide Transition (104" to 127" widths)

SCI70GM with Variable Width Wide Transition (79" to 103" widths)

SCI70GM with Variable Width Wide Transition (55" to 78" widths)

SCI70GM with Variable Width Wide Transition (37" to 54" widths)

REACT 350 Wide TL-2  ( 60"/96" widths)

SCI100GM

SCI70GM

SCI100GM with Variable Width Wide Transition (37" to 54" widths)

SCI100GM with Variable Width Wide Transition (55" to 78" widths)

SCI100GM with Variable Width Wide Transition (79" to 103" widths)

SCI100GM with Variable Width Wide Transition (104" to 127" widths)
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CAT 350 (1)

QuadTrend 350 (4)

IMPACT ATTENUATOR SELECTION TEMPLATE     (Form Date 9/24/21)

MASH

Tolt Ave in Carnation WA

Tolt River Terrace Subdivision

Trenton Skoda, PE
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11/17/2021

REACT 350 (4-Bay)

REACT 350 Wide TL-3 (60"/96"/120" widths)

IMPACT ATTENUATOR SYSTEM NAME:

Click on the name below for a description of the system’s purpose, 

parts, and function, as well as transition needs, foundation, and slope 

requirements for the attenuator.

Note: The "Impact Attenuator Selection Template" is updated on a periodic basis. As 

a result, there may be MASH compliant impact attenuators accepted onto the 

WSDOT QPL that are not shown on this selection template. Always check the 

WSDOT QPL to ensure that all MASH compliant impact attenuators accepted onto  

the QPL are considered for the project.

QuadGuard Elite(8-Bay) - 24"/30"/36"/69"/90" widths

QuadGuard Elite (5-Bay) - 24"/30"/36"/69"/90" widths

REACT 350 (9-Bay)

REACT 350 (6-Bay)

PERMANENT ATTENUATORS

Page 1 of 5



Table 1 - List of Attenuators
(5-Bay, 36"/42"/48"/54"/60" widths) 350 P <  50 3.8/4.4/4.9/5.4/5.9 3.3

(10)
/3.9

(10)
/4.4

(10)
/4.9

(10)
/5.4

(10) 18.6 3.0 D Not MASH

(4-Bay, 66"/ 72"/78"/84"/90"/96" widths) 350 P <  50 6.4/6.9/7.4/7.9/8.4/8.9 5.9
(10)

/6.4
(10)

/6.9
(10)

/7.4
(10)

/7.9
(10)

/8.4
(10) 16 3.0 D Not MASH

(4-Bay, 30" width) 350 P <  45 2.9 2.5 14.5 3.0 C Not MASH

(4-Bay, 36"/42"/48"/54"/60" widths) 350 P <  45 3.8/4.4/4.9/5.4/5.9 3.3
(10)

/3.9
(10)

/4.4
(10)

/4.9
(10)

/5.4
(10) 16 3.0 C Not MASH

MASH B > 60 2.9 2.5 22.8 2.5 C Posted Speed

MASH B <  45 2.9 2.5 14.2 2.5 C Option 2 - Not LM

(6-Bay, 24"/30"/36"/90"/120" widths) 350 B > 60 2.5/3.0 /3.5/8.0/10.5 2.0/2.5
(10)

/3.0
(10)

 /7.5
(10)

/10
(10) 22.1 3.3 C Posted Speed

(5-Bay, 24"/30"/36"/90" widths) 350 B <  55 2.5/3.0 /3.5/8.0 2.0
(10)

/2.5
(10)

/3.0
(10)

 /7.5
(10) 19.1 3.3 C Posted Speed

(4-Bay, 24"/30"/36"/69"/90" widths) 350 B <  50 2.5/3.0 /3.5/6.3/8.0 2.0
(10)

/2.5
(10)

/3.0
(10)

 /7.5
(10) 16.1 3.3 C Posted Speed

(3-Bay, 24"/30"/36"/69"/90" widths) 350 B <  45 2.5/3.0 /3.5/6.3/8.0 2.0/2.5
(10)

/3.0
(10)

 /5.7
(10)

/7.5
(10) 13.1 3.3 B Not MASH

(5-Bay, 24"/30"/36"/90" widths) 350 B > 60 2.5/3.0 /3.5/8.0 2.0
(10)

/2.5
(10)

/3.0
(10)

 /7.5
(10) 19.1 3.3 C Posted Speed

(4-Bay, 24"/30"/36"/69"/90" widths) 350 B <  55 2.5/3.0 /3.5/6.3/8.0 2.0
(10)

/2.5
(10)

/3.0
(10)

 /5.8
(10)

/7.5
(10) 16.1 3.3 C Posted Speed

(3-Bay, 24"/30"/36"/69"/90" widths) 350 B <  50 2.5/3.0 /3.5/.6.3/8.0 2.0
(10)

/2.5
(10)

/3.0
(10)

 /5.8
(10)

/7.5
(10) 13.1 3.3 B Posted Speed

(2-Bay, 24"/30"/36" widths) 350 B <  45 2.5/3.0 /3.5 2.0
(10)

/2.5
(10)

/3.0
(10) 10 3.3 B Not MASH

MASH B > 60 2.5 2.0 22.1 3.3 D Posted Speed

MASH B <  45 2.5 2.0 13.1 3.3 D Option 3 - Not LM and Cost

350 B > 60 3.0 2.0 26 5.0 D Posted Speed

350 B > 60 4.1 3.0
(10) 21.3 3.0 D Posted Speed

350 B ≥ 60 3.0 2.0 24.8 5.5 A Posted Speed

HEART

QuadGuard M10 TL-2 - 24" width
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rd

Q
u

a
d

G
u

a
rd

 I
I

QuadGuard M10 TL-3 - 24" width

X-TENuator

TAU-M TL-3 (7-Bay) - 30" width

TAU-M TL-2 (4-Bay) - 30" width

Compressor
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350 T > 60 2.0 2.0 32.0 N/A
 (2) B Temporary

350 T <  45 2.0 2.0 19.3 N/A
 (2) B Temporary

MASH T > 60 2.0 2.0 30.0 N/A
 (2) A Temporary

MASH T <  45 2.0 2.0 14.6 N/A
 (2) A Temporary

350 T <  45 2.7 2.0 30.0 14.1 B Temporary

(6-Bay, 24"/30"/36" widths) 350 T > 60 2.5/3.0 /3.5 2.0/2.5/3.0 22.1 3.3 D Temporary

(5-Bay, 24"/30"/36" widths) 350 T <  55 2.5/3.0 /3.5 2.0/2.5/3.0 19.1 3.3 D Temporary

(4-Bay, 24"/30"/36" widths) 350 T <  50 2.5/3.0 /3.5 2.0/2.5/3.0 16.1 3.3 C Temporary

(3-Bay, 24"/30"/36" widths) 350 T <  45 2.5/3.0 /3.5 2.0/2.5/3.0 13.1 3.3 C Temporary

350 T <  45 1.9 2.0 10.0 N/A
 (2) B Temporary

350 T 
(6) > 60 2.6 2.0 21.3 8.0 B Temporary

350 T 
(6) <  45 2.6 2.0 14.3 8.0 B Temporary

350 T > 60 1.8 2.0 40.0 N/A
 (2) A Temporary

350 T <  45 1.8 2.0 40.0 N/A
 (2) A Temporary

350 T > 60 3.0/3.5/4.0 2.0/2.5/3.0 28.0 3.5 B Temporary

350 T <  45 3.0/3.5/4.0 2.0/2.5/3.0 22.0 3.5 B Temporary

350 T > 60 1.7 2.0 31.6 N/A
 (2) A Temporary

350 T <  45 1.7 2.0 18.4 N/A
 (2) A Temporary

350 T > 60 2.0 2.0 26.0 N/A
 (2) B Temporary

350 T <  45 2.0 2.0 19.0 N/A
 (2) B Temporary

[1]

[2]

[3]

[4] 

[5] 

[6]

[7] 

[8]

[9]

SLED TL-2

See manufacturer’s requirements for slope and clear area behind the device.

ABSORB 350 TL-2

ADIEM 350 

Q
u

a
d

G
u

a
rd

 

C
Z

N-E-A-T

TRACC

ABSORB-M TL-2 

ACZ-350 TL-2

This attenuator does not provide redirection for vehicles striking the side of the system. Test Level 3 version on high-speed facilities should be limited to locations where the likelihood of side impacts is low.

QUEST TL-3  (24"/30"/36" widths)

QUEST TL-2 (24"/30"/36" widths)

ACZ-350 TL-3 (5)

SLED TL-3 (5)

May be considered for permanent installations with concurrence of the Area Maintenance Superintendent.

NOTES
Generally for use with double-sided beam guardrail

The ABSORB 350, ABSORB-M, N-E-A-T,  Triton CET, ACZ 350, and SLED may only be used beyond the barrier length of need. The entire attenuator system is gating and does not redirect vehicles impacting the side of the attenuator.

It is acceptable to use an attenuator rated for a higher posted speed on a roadway with a lower posted speed. For example: an attenuator rated for > 60 mph may be used on a roadway with posted speed of 50 mph (see DM 1620.03).

ABSORB-M TL-3 (5)

The given dimension is the approximate system length. The effective length may vary depending on such factors as the physical design and type of anchorage used. To verify the total length needed, refer to the manufacturer’s specifications and 

drawings.

Cost Category: A ($5,000 to $10,000); B ($10,000 to $15,000); C ($15,000 to $25,000); D ($25,000 to $50,000). 

These are rough initial cost estimates of the base impact attenuator unit only. Impact attenuator transitions, other custom parts, installation costs, foundation construction costs, and overhead & profit costs are not included in these price 

estimates. Verify actual costs through manufacturers/suppliers. Some products are priced very close to the margin between cost categories.

For Impact Attenuators - Check QPL Standard Specification 8-17.1

ShorTRACC 

Triton CET TL-3 (5)

Triton CET TL-2

TEMPORARY ATTENUATORS

IMPACT ATTENUATOR SYSTEM NAME:

Click on the name below for a description of the system’s purpose, 

parts, and function, as well as transition needs, foundation, and slope 

requirements for the attenuator.

Note: The "Impact Attenuator Selection Template" is updated on a periodic basis. As 

a result, there may be MASH compliant impact attenuators accepted onto the 

WSDOT QPL that are not shown on this selection template. Always check the 

WSDOT QPL to ensure that all MASH compliant impact attenuators accepted onto  

the QPL are considered for the project.

ABSORB 350 TL-3 (5)
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[10]

[11]

ID

SQ1

SQ2

SQ3

SQ4

SQ5

SQ6

SQ7

SQ8

SQ9

SQ10

Type 31 Beam guardrail

Yes, 6 inch curb.  Direcly infront

Eliminate and highlight in red all attenuators or attenuator transitions 

that cannot be connected to the barrier or object shown in answer #9. 

(see manufacturer's online installation guide and/or contact the 

manufacturer)

Eliminate and highlight in red all attenuators which: 

(A) Do not allow curb to be placed in front-of or adjacent to the 

attenuator 

OR 

(B) Allow curb but the curb on the project is taller than the maximum 

curb height allowed for the attenuator 

(see manufacturer's installation guide, and/or contact the 

manufacturer) 

IMPACT ATTENUATOR SELECTION QUESTIONS

Permanent

30

0

3'

compacted soil

n/a

3 to 1

Note: The impact attenuator selection questions shown below are common selection criteria requiring evaluation. There may be other attenuator selection criteria needing evaluation not shown. See DM 1620.03, 1620.03(1), and 1620.03(2) for comprehensive guidance concerning 

impact attenuator selection. Use the space provided in SQ13 "Other Impact Attenuator Selection Considerations" section to evaluate and document any attenuator selection criteria not addressed in the given selection questions.

Selection Questions (SQ) Selection Question Answers Instructions
Eliminate and highlight in red all attenuators not meeting answer #1 

criteria for attenuator type

Eliminate and highlight in red all attenuators whose rated speed is less 

than the speed shown in answer #3

Eliminate and highlight in red all attenuators whose maximum 

shielded object width is less than the width shown in answer #4

Eliminate and highlight in red all attenuators whose system length and 

width is greater than the length and width shown in answer #5

Eliminate and highlight in red all attenuators which cannot be placed 

on the surface shown in answer #6 

(see manufacturer's online installation guide and/or contact the 

manufacturer) 

Eliminate and highlight in red all attenuators whose foundation 

length, width, and depth requirements are greater than the 

dimenstion shown in answer #7. 

(see manufacturer's online installation guide and/or contact the 

manufacturer)

Eliminate and highlight in red all attenuators which require cross and 

longitudinal slopes flatter than the slopes shown in answer #8 

(see manufacturer's online installation guide and/or contact the 

manufacturer)

Is there curb placed between the impact attenuator and traffic? (directly in front-of or in advance-of 

the attenuator)

If there is curb, what is the height of the curb? 

(See DM 1620.02 for guidance on impact attenuators and curbs)

If a Low-Maintenance attenuator is needed, eliminate and highlight in 

red all attenuators not considered Low-Maintenance. 

If a foundation is being constructed for the attenuator because the existing roadway surface is not 

suitable for use of the attenuator foundation, what is the available length, width, and depth of the 

area for the attenuator foundation construction?

What type of barrier or object is the impact attenuator connecting to? (i.e. Type F or Single-Slope 

concrete barrier, Type 31 beam guardrail or thrie beam, back-up structure, bridge pier, other)  

What is the available length and width of area to place the attenuator?

What type of surface is the attenuator being placed on? (i.e. concrete pavement, asphalt pavement, 

concrete foundation, compacted soil, other)

What are the longitudinal slope and cross slope that the impact attenuator is being placed upon? 

What are the slope(s) adjacent/advance to the attenuator?  

Is a Low-Maintenance Category impact attenuator needed at the location? 

(See DM 1620.03(1) for guidance)

What is the width of the object being shielded?

Is the impact attenuator permanent or temporary?

What is the posted speed limit of the roadway where the impact attenuator is located?

n/a

MASH or NCHRP 350 compliant attenuators are allowed in temporary applications. See Std. Spec. 8-17.3 and Std. Spec. 1-10.2(3)

NCHRP 350 compliant attenuators are allowed with approval [See DM 1620.03(2)] where: 

Posted Speed Limit - Greater than 45 mph

Shielded object width is 2.0-feet or less and the required attenuator system length is less than 21.5-feet 

Shielded object width is 2.1- to 2.5-feet and the required attenuator system length is less than 22.8-feet

Shielded object width is 2.6- to 3.0-feet and the required attenuator system length is less than 25.9-feet

Shielded object width is 3.1- to 5.8-feet and the required attenuator system length is less than 26.2-feet

Shielded object width is 5.9-feet and the required attenuator system length is less than 37.0-feet

Shielded object width is 6.0- to 6.5-feet and the required attenuator system length is less than 39.0-feet

Shielded object width is 6.6- to 7.2-feet and the required attenuator system length is less than 40.9-feet

Shielded object width is 7.3- to 7.8-feet and the required attenuator system length is less than 42.9-feet

Shielded object width is 7.9- to 8.6-feet and the required attenuator system length is less than 44.8-feet

Shielded object width is 8.7- to 9.2-feet and the required attenuator system length is less than 46.8-feet

Shielded object width is 9.3- to 9.8-feet and the required attenuator system length is less than 48.7-feet

Shielded object width is 9.9- to 10.6-feet and the required attenuator system length is less than 50.7-feet

NCHRP 350 compliant attenuators are allowed with approval [See DM 1620.03(2)] where:

Posted Speed Limit - 45 mph or less

Shielded object width is 2.0-feet or less and the required attenuator system length is less than 13.1-feet

Shielded object width is 2.1- to 2.5-feet and the required attenuator system length is less than 14.2-feet

Shielded object width is 2.6- to 3.0-feet and the required attenuator system length is less than 16.9-feet

Shielded object width is 3.1- to 3.2-feet and the required attenuator system length is less than 21.1-feet

Shielded object width is 3.3- to 3.8-feet and the required attenuator system length is less than 23.1-feet

Shielded object width is 3.9- to 4.5-feet and the required attenuator system length is less than 25.1-feet

Shielded object width is 4.6- to 5.2-feet and the required attenuator system length is less than 27.0-feet

Shielded object width is 5.3- to 5.9-feet and the required attenuator system length is less than 29.0-feet

Shielded object width is 6.0- to 6.5-feet and the required attenuator system length is less than 31.0-feet

Shielded object width is 6.6- to 7.2-feet and the required attenuator system length is less than 32.9-feet

Shielded object width is 7.3- to 7.8-feet and the required attenuator system length is less than 34.9-feet

Shielded object width is 7.9- to 8.6-feet and the required attenuator system length is less than 36.8-feet

Shielded object width is 8.7- to 9.2-feet and the required attenuator system length is less than 38.8-feet

Shielded object width is 9.3- to 9.8-feet and the required attenuator system length is less than 40.7-feet

Shielded object width is 9.9- to 10.6-feet and the required attenuator system length is less than 42.7-feet
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SQ11

SQ12

SQ13

SQ14

ATTENUATORS ACCEPTABLE FOR USE AT PROJECT LOCATION

Other impact attenuator selection considerations (Document any other impact attenuator selection criteria not shown in the questions above, and elimination of impact attenuators not meeting additional selection criteria):

List the attenuators to be included as Contractor options at this location 

(Note: If using an NCHRP 350 compliant permanent attenuator instead of a MASH compliant permanent attenuator, see DM 1620.03(2) for necessary approvals.)

n/a If an aesthetic treatment is needed, eliminate and highlight in red all 

attenuators which do not allow aesthetic treatments to be applied to 

their surfaces 

(see manufacturer's online installation guide and/or contact the 

manufacturer)

Consider the concerns raised by maintenance about the remaining 

attenuators and determine if those concerns result in a fatal flaw that 

cannot be addressed. Eliminate and highlight in red all attenuators 

with maintenance concerns. 

(Provide documentation on this sheet in "answer section" or attached 

to sheet when eliminating an attenuator due to maintenance 

concerns)

Are there any MASH impact attenuators listed on the WSDOT QPL that are not shown on the "Impact Attenuator Selection Template"? If yes, please list the name(s) of the attenuator(s) in this section and whether or not they can be used at the 

project location. If the attenuator(s) cannot be used, please note which Selection Question (SQ1 - SQ13) eliminated the attenuator. Provide any additional discussion as required. 

After SQ1 through SQ12 have been answered, consider whether maintenance has concerns about 

installing any of the remaining impact attenuators on the project and how those concerns might be 

addressed.  (See DM 1620.02 for guidance on consulting with maintenance) 

Does the impact attenuator need an aesthetic treatment? (i.e. reactive coloring agent such as Natina, 

powder coating, other -- See DM 1610.08(2))
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Smart Cushion Innovations SCI100GM / SCI70GM 

1. Purpose: The SCI100GM and SCI70GM are end treatments for concrete barrier, beam 

guardrail, and fixed objects up to 36-inches (3-feet) wide. In addition, Variable Width Wide 

Transitions are available for use with the SCI 100 GM or SCI 70 GM to shield objects up to 

127-inches (10.5-feet) wide. 

2. Description: The system for both models consists of a front sled assembly, telescoping steel 

side panels mounted to collapsing steel frames, a shock arresting cylinder, and a steel cable 

routed around sheave assemblies. It is mounted on a base with a series of tubular steel side 

frame assemblies. 

3. Function: During a head-on impact, the system telescopes backwards and dissipates impact 

energy with a combination of friction between the steel cable and sheaves as well as 

variable resistance from the shock arresting cylinder. During a side impact, a vehicle is 

redirected by the steel side panels. It is anticipated that this system will not need many 

replacement parts or extensive repairs following typical head-on or side impacts. 

4. Foundation: The system is installed on a concrete foundation (see manufacturer's 

installation information for details).  

5. Slope: Longitudinal and cross slopes at the installation site must be 10H:1V or flatter. 

6. Transitions: A transition section is not needed for concrete barrier and fixed objects 

exposed to traffic from only one direction. A custom transition section per manufacturer’s 

specifications is needed for connection to a concrete barrier or fixed object exposed to bi-

directional traffic. If used as an end treatment for beam guardrail, the system must be 

connected to a transition section. (See Chapter 1610 and the Standard Plans for the type of 

transition section required.) Connection of the transition section to the attenuator must be 

per the manufacturer’s specifications using custom connection pieces (included in the cost 

of the attenuator). 

 7. Manufacturer/Supplier: Hill and Smith, Inc. / Work Area Protection Corp. 

 

  

 

SCI100GM – Permanent and Work Zone Installations 



The World’s Only  
Speed-Dependent  
Crash Attenuator

Hill & Smith Inc.
987 Buckeye Park Road  •   Columbus, OH 43207

Phone: 614 340.6294  •   Fax: 614.340.6296
Web:www.hi l landsmith .com

M A S H  2 0 1 6  |  N C H R P  3 5 0  C o m p l i a n t

 SCI70GM AND SCI100GM
DESIGN,  INSTALLATION AND MAINTENANCE  

MANUAL

SMART CUSHION®SMART CUSHION®
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OVERVIEW
Product 
The SMART CUSHION® impact attenuators are manufactured by Hill and Smith, Inc. The Test Level 3 model is NCHRP 350/MASH 
approved by the FHWA.  The Test Level 2 is NCHRP 350 approved and has passed the MASH capacity test #2-31.  Based on that 
test, it is MASH approved in many states.  They and are fully redirective, non-gating, and bi-directional. SMART CUSHION® 
impact act attenuators are used to help protect motorists from hazards in both permanent and temporary work zone locations. 
They can be attached to most types of median and roadside barriers.
 
The SMART CUSHION® attenuators use a patented system for stopping vehicles. The system is speed dependent and stops 
small and large vehicles by automatically regulating the stopping force exerted on a vehicle. Essentially, the system provides the 
necessary forces based on the speed of the vehicle automatically compensating for the mass of the vehicle.

The SMART CUSHION® attenuators are slightly tapered from front to rear. This allows the side panel sections to collapse over the 
next section without stress or damage. During collapse, the parts move freely past each other and do not become wedged during 
the impact. 

Wide temperature variations and temperature extremes do not affect the performance of SMART CUSHION® impact attenuators.

Maintenance
SMART CUSHION® impact attenuators are low-maintenance units.  A trained, two-person maintenance crew can return most im-
pacted SMART CUSHION® attenuators to full service within 30 minutes. This short repair time reduces the maintenance workers’ 
exposure to traffic and minimizes traffic congestion. Side impacts rarely require a repair which eliminates worker exposure, repair 
costs and traffic delays/exposure.

Crash Performance
The SMART CUSHION® broke new ground during NCHRP Report 350 crash testing. In the high-speed test, 100 kilometers per hour 
(63 miles per hour), the small vehicle’s deceleration rate was significantly lower than any previously recorded value (-9.8 G’s as 
compared to previous low of –13.4 G’s). This means less impact forces on the vehicle’s occupants and a reduced risk of injury due 
to a much lower impact severity.

The NCHRP 350 Test Level 3 Smart Cushion performed and passed ALL MASH tests to exact MASH standards with no modifica-
tions.  The NCHRP Test Level 2 Smart Cushion also performed and passed the pickup capacity test #2-32 with no modifications. 
These tests were performed by an accredited independent testing facility.  As with the NCHRP 350 tests, MASH frontal impacts 
only needed two shear bolts to reset the unit back to full operation status. 
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 SPECIFICATIONS
Description
The SMART CUSHION® is a re-directive, non-gating crash attenuator that consists of a base, supporting frames, a sled, side 
panels, a wire rope cable, sheaves, and a shock-arresting cylinder. The base is anchored to the mounting surface and provides 
support for the frames that are mounted on it. The support frames hold the side panels that provide a flat outer redirective surface 
for side impacts. The sled provides redirective support for side impacts and deceleration force for frontal impacts. The SMART 
CUSHION® telescopes rearward upon frontal impact and can be reset with minimal repair parts.

System Dimensions & Weight

SCI 70 GM SCI 100 GM

Width 24 inch (610 mm) 24 inch (610 mm)

Length 13 ½ feet (4115 mm) 21 ½ feet (6550 mm)

Height 33 inch (840 mm) 33 inch (840 mm)

Weight 2465 lbs. (1120 kg) 3450 lbs. (1570 kg)

Test Level MASH / NCHRP 350   Level 2 MASH / NCHRP 350 Level 3

DESIGN CRITERIA
General 
SMART CUSHION® impact attenuators comply with MASH and NCHRP Report 350.  They are designed for temporary work zone 
and permanent applications. 

Foundations 
Foundations must be a flat surface with longitudinal and cross slopes of 10:1 (horizontal: vertical) or less. SMART CUSHION® 
impact attenuators should not be located over drainage basins or expansion joints. Portland cement concrete foundation pads are 
preferred for permanent installations; asphaltic concrete foundation pads are appropriate for temporary work zone installations.
The following table describes the foundations that may be used. See Appendices for drawings.

 Foundations       
Pad Material and Thickness Anchor Embedment

6 inch (150 mm) reinforced PCC 1 5 ½ inch (140 mm) 

8 inch (205 mm) non-reinforced PCC 5 ½ inch (140 mm)

3 inch (75 mm) AC 2,3 over 3 inch (75 mm) non-reinforced PCC 16 ½ inch (420 mm)

6 inch (150 mm) AC over 6” compacted subgrade 3 16 ½ inch (420 mm)

8 inch (205 mm) AC 3 16 ½ inch (420 mm)

Notes:    1. Portland cement concrete         2. Asphaltic concrete         3. Minimum compaction: 95% of optimal
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Concrete compressive strength shall be 4000 psi (28 MPa) at 28 days. 
Foundation lengths may vary when using wide transitions.

Support Structure 
SMART CUSHION® impact attenuators are self-supporting and do not require an additional support structure.

Location 
The SMART CUSHION® impact attenuator’s location determines its position and transition requirements. 

1.	 Approach Zone – SMART CUSHION® impact attenuators should not be placed directly behind raised curbs that exceed 	
		  4 inches in height. The longitudinal and cross slopes in front of the device should not exceed 10:1 (horizontal: vertical).

2.	 Barrier Width – SMART CUSHION® impact attenuators are 24 inch (610 mm) wide at the rear. Barriers  
		  24 inch (610 mm) wide, or less, can be shielded without using a transition if there is no reverse direction traffic. Barriers 	
		  that are wider than 24 inch (610 mm) and/or have reverse direction traffic require a transition, available from  
		  Hill and Smith, Inc. 

3.	 Barrier Height – SMART CUSHION® impact attenuators are approximately 33 3/8 inch  (848 mm) high. 

4.	 Barrier Shape – SMART CUSHION® transitions allow for connection to many barrier shapes. 

Transition Design
SMART CUSHION® impact attenuators can be attached to many different barrier shapes. The attenuators are designed for 
direct attachment to 24 in wide barriers and Jersey/F-Shape barriers. The SMART CUSHION® side panels must have an 
unobstructed travel zone for 30” behind the attenuator to allow a full collapse.. SMART CUSHION® transitions provide 
this travel zone in front of wide hazards. 

See appendices for SMART CUSHION® transition drawings. Additional transitions are available for other frequently used 
applications. Contact us for drawings and details. 
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Transitions 
Necessary Locations (see Figure 1 – Necessary Locations):

•	 There is reverse direction traffic within the clear zone.

•	 The barrier intrudes into the side panels’ travel zone.

Figure 1 – Necessary Locations

Examples are median applications with bidirectional traffic, two lane roads with crossover potential, etc.

Unnecessary Locations (see Figure 2 – Unnecessary Locations):

•	 No reverse direction traffic within the clear zone.

•	 The barrier does not intrude into the side panels’ travel zone.

Figure 2 – Unnecessary Locations

Examples are traffic splits, shoulder applications with no crossover potential, one-way roads, etc.

Determining Side of Transition
The transition’s side is determined by standing at the front of the attenuator looking rearward toward the barrier to choose 
between left and right. 

MedianSMART CUSHION

Transition required on this side

BarrierSMART CUSHION
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INSTALLATION
Installation and Performance Statements
Proper performance within MASH/NCHRP 350 design limits depends on correct installation of the SMART CUSHION® on an 
approved foundation. Any SMART CUSHION® not installed according to the drawings and the requirements of this installation 
manual may present an unsafe condition and should be reinstalled accordingly.

Impacts with vehicles whose size or mass are outside of those tested according to MASH/NCHRP 350 or with vehicles traveling at 
speeds greater than those tested according to MASH/NCHRP 350 will not necessarily produce results within the test criteria. The 
crash cushion is in conformance with all requirements of MASH Test Level 3 , MASH Test Level 2 test #2-31 and NCHRP 350 Test 
Levels 2 & 3.

Safety
All work during installation, repair and inspection of the SMART CUSHION® should be performed according to fed-
eral, state and local laws. 

Equipment List
See Appendix B 

Site Preparation
Check to make sure there are no drains, expansion joints, or buried conduit, cables or utility lines in the footprint space where 
the attenuator will be placed. Remove any curbs >4 inch or obstacles in front of or beside where the attenuator will be installed 
for a minimum distance of 12 feet from any edge of the attenuator. Be sure to set up proper traffic control before beginning any 
installation or repair work at the site. 

Foundations – (reference Appendices E and E2)
New foundations should be installed according to Appendix E – Foundation Drawing. Concrete cure strength should reach 4,000 
psi minimum before use. The surface of the foundation must be cleaned of all debris, dirt, mud, sand, etc., as the crash cushion 
must sit on a flat plane, although longitudinal and/or cross slope of up to 10:1 (horizontal:vertical) is allowed.
 
Any of the following foundations will meet the minimum requirements:

•	 6 inch reinforced concrete pad 

•	 8 inch non-reinforced concrete pad 

•	 3 inch asphalt over 3 inch of concrete 

•	 6 inch asphalt over 6 inch of compacted sub base 

•	 8 inch asphalt 

Note: Concrete should be 28 MPa or 4000 psi minimum at full cure. The slope should not exceed 10:1.
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Installing the SMART CUSHION® on an existing foundation may result in anchor bolt locations corresponding to rebar positions in 
the foundation. When rebar is encountered, rebar bits should be used as concrete bits may bend around the rebar and continue to 
drill at an angle while the anchors will not bend.

Prior to installing the SMART CUSHION® on an existing foundation, the concrete must be thoroughly inspected for slope, signs 
of cracking, surface wear, shifting from original position, undercut of earth below or to the sides supporting the foundation, 
settling, and any other signs of age or deterioration which may make the foundation unusable. If any of these signs are evident, 
the foundation should be removed and a new one must be installed according to requirements stated. If prior bolt patterns are 
present, use proper engineering calculations to assure adequate strength in the new holes.

Placement of the SMART CUSHION®

Measure the correct distance and offset of the SMART CUSHION® according to the type of object being shielded and the type of 
transition being used. The dimensions shown on the transition drawings may be used as a guide for this. System drawings are 
also available.

The crash cushion is shipped in one piece, fully assembled. Use a choked four-point attachment on panel support frames 3 & 4 
behind the sled for the Test Level 3 unit. Do not lift using the side panels only!  The lift points on the Test Level 2 unit are the 
1st and 2nd frames behind the sled. Lift the SMART CUSHION® off the transporting vehicle with a boom or forklift of sufficient 
capacity and place it in the position marked on the foundation. 

Once in place, double-check the measurements to be sure of the proper location of the SMART CUSHION®.

Warning: On a full collapse, the last set of side panels will telescope 30 inches beyond the last terminal brace at the 
rear of the crash cushion. All objects that may interfere with this motion can affect the performance of and cause 
undue damage to the crash cushion. 

Anchor Installation 
Embedment Requirements are as follows:

1.	 6 inch reinforced concrete pad – anchor embedment of 5 ½ inch / torque value of 170 N-m (125 ft-lbs)

2.	 8 inch non-reinforced concrete pad – anchor embedment of 5 ½ inch /  torque value of 170 N-m (125 ft-lbs)

3.	 3 inch asphalt over 3 inch of concrete – anchor embedment of 16 ½ inch / torque value of less than N-m (10 ft-lbs) 

4.	 6 inch asphalt over 6 in of compacted sub base – anchor embedment of 16 ½ inch / torque value of less than 14 N-m  	
		  (10 ft-lbs.)

5.	 8 inch asphalt – anchor embedment of 16 ½ inch and a torque value of less than 14 N-m (10 ft-lbs)
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Using the holes in the base as a template, drill 7/8 inch diameter holes to the proper depth as previously defined. If the SMART 
CUSHION® is being installed on an existing foundation and the drills are hitting rebar, use a core drill or rebar cutter to ensure 
that straight, vertical holes are made at each location. Take care that the holes do not break out the bottom of the foundation as 
this may result in loss of epoxy during anchor placement.
 
Once the holes are drilled, clean the hole of all debris using suitable means. To ensure epoxy adhesion, concrete holes MUST 
be cleaned with a bottle brush to remove embedded dust, and a final check conducted that all holes are clean of debris. 
Inject the epoxy into each hole at an angle to avoid air entrapment. Use a sufficient amount of epoxy so that the hole will be 
filled when the bolt is inserted. Screw the nut on the anchor bolt flush with the end, put the washer on the stud, and immediately 
insert the anchor stud all the way to the bottom while turning the anchor. This method assures the anchor bolts are vertically 
plumb and the threads are coated with epoxy. Bolts should not project more than ½ inch above the nut after final torque 
is completed. 

There is a quantity of 48 anchors for the SCI 100 GM, TL-3 attenuator.
There is a quantity of 34 anchors for the SCI 70 GM, TL-2 attenuator.

The epoxy should be ready for bolt tightening after 30 minutes at 80 degrees F (27 degrees C). See the container label for other 
temperatures and bolt up times. Allow the epoxy to cure. Torque the anchor nuts to 170 N-m (125 ft-lbs). Substitute epoxy must 
match our specifications. Asphalt anchors are longer and should have a torque value of 14 N-m (10 ft-lbs). The SCI uses  Redhead 
A7+ Epoxy. Concrete TL2 and TL3 units require 3 and 4 tubes of epoxy, respectively while Asphalt TL2 and TL3 units require 9 and 
12 tubes of epoxy, respectively. 

Delineator Panel Attachment 
Installation of the front delineation plate will be determined by the location of the attenuator and state regulations. A delineation 
plate is shipped with a yellow powder coat background and no striping. It is attached with four bolts. Applying the striping to the 
plate is easier while it is removed from the attenuator. Examples of the delineation plate are as follows:

                                    Left Shoulder                     Chevron for Median                    Right Shoulder

Transition Installation
Transitions may be required. Any use of a SMART CUSHION® with a possible reverse direction impact will require a the transition 
drawings for details of the required anchor locations. For horizontal stud installation in concrete use mechanical anchors.  
Transition drawings and parts explosions are in the appendices.  System drawings are available for additional details such as 
foundation lengths. Transition Concrete Drop-in anchors only expose the head of the anchor to reduce snag potential.
For guardrail transition connections <30” behind the attenuator, you must use guardrail bolt heads (not nuts) to provide unobstructed
side panel travel.
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Final Inspection
After the anchor bolts have been tightened to the proper torque value, check that the SMART CUSHION® is not distorted in any 
way as might happen if the unit is secured to a foundation which is not a flat plane. Check that the front section is pulled out 
to within 1 inch of the front stop bolts and that no part of the unit has been damaged by shipping and handling. Verify that all 
assembly bolts are tight and have not come loose during shipping or installation. Finally, check that no tools or other equipment 
have been left within the SMART CUSHION® structure.

Resetting SMART CUSHION® after Impact
In the event of any impact, the crash cushion will require a full evaluation to determine the necessary repairs to return it to ser-
vice. To do this, proceed as follows:

Site Preparation - Do not begin work until the area is declared 
safe and accessible.

Re-Extension and Inspection after Frontal Impact 

1.	 Remove the front delineator panel and attach pulling means to the  		

	 bottom brace of the front sled.

2.	 Use wire/bungee cord on the bottom brace at the front of the sled to 		

	 hold the spelter socket up in the air while pulling out or it will catch on 	

	 the base frame cross braces. (See Fig. 1)

3.	 Remove the front cable bracket that is located on the front sheave at the 	

	 front of the attenuator. (See Fig. 2)

4.	 Attach a ½” Grade 100 chain to the bottom brace of the front sled. 

5.	 Pull the sled forward one to two feet to give you slack on the cable.

6.	 If necessary, use the cable release tool to break cable loose from the 		

	 sheave at the front of the attenuator if the zinc coating has attached 		

	 the cable to the sheave. (See Fig. 3)                                                                                          

Loop Cable out the front of 
the unit

Remove Front Bracket

Pull Cable Release 
Tool with Pry Bar

Fig. 1

Fig. 2

Fig. 3
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7.	 Pull out in two foot increments while helping the cable feed out of the front of 	
	 the unit. (See Fig. 4)

8.	 Pull the sled out the rest of the way in short smooth increments so you can 	
	 help feed the cable out the front of the attenuator. This will give you a cable 	
	 loop in front of the attenuator. When you are past the last cross brace, 	
	 you will need to remove the strap or wire to allow the cable to follow 	
	 the path down into the front sheave. The sled must be fully extended to	
	  replace the shear bolts. The sled should be no more than 1 inch from the stop 		
	 bolts in the front.												          
	 **During any pullout, do not stand within the snap radius of the chain in case of failure**.

 

9.	 During frame pullout, inspect the front part of the cable from the spelter socket, as it will be partially  
	 obscured after extension of the mobile frames and sheaves. See the cable inspection procedure.

10.	 Remove the front and rear sheave cover plates at each end of the cylinder by removing the two hex  
	 bolts that hold them down. Perform steps 11 and 12 when you have access to them.  Access may be restricted until the 	
	 unit if fully pulled out.	

11.	 Remove the anti-rotation pins, which are the two outer pins, inserted through 	
	 the holes in the sheaves from both the front and back sheaves. This will be	
	 easily done with the  anti-rotation pin removal tool. Caution: Do not remove 	
	 the center pin. The rear sheave pins are longer than the front sheave 	
	 pins and cannot be intermixed so leave them by their locations.  
	 (See Fig. 5)

12.	 Remove shear bolt remnants in the holes on both sides of the mobile sheaves. 	
	 These are grade 8 bolts so they can be difficult to remove without a 90 degree 	
	 pry bar with a claw to pry out. (See Fig. 6)

13.	 Attach a pulling means to the shackle on the mobile sheave assembly.  
	 (See Fig. 6) 

14.	 Slowly pull out the mobile sheaves. Do not stand inside the cable loop or be in the pulling strap danger zone.

Fig. 4

Fig. 5

Fig. 6

Remove Anti-Rotation 
Pins

Replace Shear Bolts

Pull Sled with Shackle
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15.	 Finish pulling out the mobile sheaves until you can see through the shear bolt holes but do not put in the shear 		
	 bolts yet. 

16.	 If the cable passes inspection, release any tension on your pulling means and reinstall the anti-rotation pins in the 	
	 front and back sheave assemblies and reinstall the cover plates for those sheaves using marine grade anti-seize on 	
	 the bolt threads. The sheaves may be aligned by inserting a pry bar into the sheave holes. Work your way from the 	
	 bottom up.

17.	 Re-tension your chain and replace the two ¼ inch Grade 8 shear bolts in the front corners of the mobile sheaves.  

18.	 Inspect the cylinder, anchor bolts and side panels according to the subsequent procedures listed. 

Side Impact Inspection and Repair 
1.	 Inspect and replace any damaged side panels.

2.	 Inspect and replace any damaged side keeper bolts on all panels. There are three styles of side keeper bolts.  
	 The winged style is for the panel connected to the sled and bolts through the first frame behind the sled.  
	 The center side keepers have a ½ inch shoulder while the last side keeper, which is bolted to the terminal frame,  
	 has a ¼ inch shoulder.

3.	 Inspect and repair any damaged side guides. 

Cable Inspection Procedure
The cable should be visually inspected for damage. The most common sign of rope 
deterioration is broken wires. The wire must be clean to perform a visual inspection. 
The visual inspection should include looking for broken wire strands, localized wear or 
crowns. A sharp awl or marlin spike can be used to separate wires to check if internal 
damage is present, indicated by loose wires or crowns. If internal inspection shows 
any damage to any core wires, remove the unit from service. If there are more than six 
random broken wires in one rope lay or three broken wires in one strand in one rope 
lay, remove the unit from service. A rope lay is the length along the rope in which one 
strand makes a complete revolution around the rope. (See Fig. 7)

Inspect the spelter socket for broken wires, damaged eyes or other fatigue. Any signs of 
broken wires at the spelter socket will require the unit to be removed from service. 

Cable damage is the indication of an over-design impact. You should replace the attenuator if the cable does not pass inspection.  
This is a clear sign that an over design impact occurred and other parts could possibly be compromised.

Length of Rope Lays

One Rope Lay
Understanding a Rope Lay

STRAND NUMBER
6 65 4 3 2 1

Fig. 7
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Cylinder Inspection
The cylinder should be inspected for:

•	 Dented or swollen tube jacket

•	 Visible cracks in any welds and fluid leakage from the welds

•	 Piston rod surface damage, bending or fluid leakage in seal area

If any of these inspections are suspect, remove the unit from service. Current models have PTFE seals with an unlimited static life. 

Anchor Bolt Inspection
Loose or damaged anchor bolts should be extracted and reinstalled.

Side Panel Inspection
Side Panels are designed to nest and collapse with minimal or no damage upon frontal impact. The side keepers sustain a shock 
upon impact. These side keepers should be replaced if there are any signs of fatigue, bending or other visible damage. Inspect 
the side panels for any bending or torn metal. If damage is found, any side panel is removable by removing four bolts. The side 
keepers used to hold the large front sled panels are different than the side keepers on the center panels. Also, the side keeper 
used on the last terminal brace, which is the rearmost support, has a shorter collar (¼ inch vs. ½ inch), as it does not have a panel 
overlap. These shoulders must seat into the outer overlapping panel and pin the inside panel to the frames using a torque value 
of 270 N-m (200 ft-lbs). Be careful to fully insert the collar into the panel slot so you do not pin the edge of the outside panel as it 
will restrict free sliding of that panel. 

Side Guide Inspection
At the bottom of each support frame, there are two guides to stabilize and guide collapse of the attenuator. Inspect each side 
guide for damage. The torque value for the side guides is 920 N-m (680 ft-lb). These side guides are stronger than the rail, so 
visually inspect the rail for crowns. Any crowning of the rail can be straightened using a large maul to flatten it back to its’ 
original position. 
 

Final Inspection
After the resetting of the SMART CUSHION® is complete, verify by visual inspection that all assembly bolts are tight and show no 
sign of damage. Finally, check that no tools and other equipment or debris have been left within the SMART CUSHION® structure. 
Verify that no other damage unrelated to the most recent impact has occurred and that no significant corrosion or other deteriora-
tion has taken place.
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Non-Repairable Impacts
There can be instances where the impact is outside the scope of the SMART CUSHION® design. This may render the SMART 
CUSHION® unsafe to reuse and it should be replaced.

Periodic Maintenance
Maintenance is site dependent. Small amounts of debris and trash will not affect the performance of the SMART CUSHION®. 
Accumulations of dirt/mud can impede the collapse of any system. We suggest an annual clean-out of the system in the fall of the 
year. If sites are in locations prone to heavy rain/mud runoff, a bi-annual cleaning may be required. 
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APPENDIX A - SCI SMART CUSHION® PARTS LIST
 
 Prod   Unit of  

No. Description Measure 
270128 Attenuator 24" wide w/Concrete Anchors TL3   
270127 Attenuator 24" wide w/Asphalt Anchors TL3   
270126 Attenuator 24" wide w/Concrete Anchors TL2   
270125 Attenuator 24" wide w/Asphalt Anchors TL2   
270667 Bolt Concrete Anchor 3/4" X 7"  TL3  (Included in P/N 270128) KIT/48 pcs. 
270663 Bolt Asphalt Anchor 3/4" x 18"  TL3  (Included in P/N 270127)  KIT/48 pcs. 
270666 Bolt Concrete Anchor 3/4" X 7"  TL2  (Included in P/N 270126) KIT/34 pcs. 
270664 Bolt Asphalt Anchor 3/4" x 18"  TL2  (Included in P/N 270125)  KIT/34 pcs. 
271242 Epoxy 28 oz. Cartridge and Nozzle      EACH 
273113 Nozzle Epoxy Mixing EACH 
272612 Epoxy Kit for TL3 Concrete Attenuator EACH 
272610 Epoxy Kit for TL3 Asphalt Attenuator EACH 
272611 Epoxy Kit for TL2 Concrete Attenuator EACH 
272609 Epoxy Kit for TL2 Asphalt Attenuator EACH 
270683 Bolt Shear                   EACH 
270770 Brace Terminal            EACH 
272527 Keeper Side #3  (Sled Panels)  TL2 & TL3         EACH 
272593 Keeper Side #1  (Side Panels)  TL2 & TL3            EACH 
272595 Keeper Side #2  (Rear Panels)   TL2 & TL3         EACH 
273378 Panel Delineator (Painted Yellow)  TL3          EACH 
273386 Panel Delineator (Painted Black)  TL3          EACH 
273381 Panel Delineator Diamond Grade Chevron 6 inch stripes TL3          EACH 
273383 Panel Delineator Diamond Grade Left 6 inch stripes TL3          EACH 
273389 Panel Delineator Diamond Grade Right 6 inch stripes TL3          EACH 
273380 Panel Delineator (Painted Yellow)  TL2          EACH 
273385 Panel Delineator (Painted Black)  TL2          EACH 
273382 Panel Delineator Diamond Grade Chevron 6 inch stripes TL2          EACH 
233928 Panel Delineator Diamond Grade Left 6 inch stripes TL2          EACH 
273388 Panel Delineator Diamond Grade Right 6 inch stripes TL2         EACH 
273401 Panel Side  TL2 & TL3                   EACH 
273402 Panel Sled                   EACH 
273399 Panel Rear                   EACH 
274649 Sled (with guide rollers)  24"  TL3                            EACH 
274648 Sled (with guide rollers)  24"  TL2                            EACH 
271946 Dispenser Epoxy EACH 
270707 Boot Cylinder TL3 EACH 
233937 Boot Cylinder TL2 EACH 
272621 Reset Parts Kit TL3 EACH 
272620 Reset Parts Kit TL2 EACH 
273994 Tool Anti Rotation Pin Removal EACH 
270069 Anchor Drop In EACH 
275224 Cable Release Tool EACH 
238247 Shear Bolt Removal Tool EACH 
270952 Hole Brush-Nylon EACH 
264383 Drop-in Anchor Setting Tool EACH 
262004 SCI Debris Hood Assembly- DH3 EACH 
262006 Fiberglass Stay Kit for Debris Hood - DH3 KIT 
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APPENDIX B - EQUIPMENT LIST
 

 
 
 
The following tools and equipment will be required to install and repair the Crash 
Cushion: 
 

 Standard roadside work area safety equipment 
 Personal safety equipment (gloves, latex gloves for epoxy, eye/face protection, etc.) 
 Means of safely unloading 3500 lbs.   
 Compressed air source/vacuum 
 1 inch nylon bottle brush (Part # 270952)  
 Safety goggles 
 Four lifting slings or four-point sling 
 Bosch rotary hammer drill 13 ½ amp #11263EVS Model 0 611 263 739 or equal 
 ⅞ inch X 22 inch concrete drill bit for concrete installations or ⅞ inch X 28 inch drill 

bit for asphalt installations 
 Relton rebar eater bit #RB-14 - ⅞ inch rebar cutter bit or equal  
 1 inch X 12 inch concrete drill bit for drop-in anchors on transitions 
 Punch or setting tool for drop in anchors (Part # 264383) 
 ½ inch electric drill for rebar bit and bottle brush (cordless will work for bottle brush) 
 Epoxy dispenser for 28 oz. dual cartridge system. A spare is recommended in case of 

malfunction. (Part # 271946) 
 Socket wrench and breaker bar  
 Torque wrench (225 ft-lb capacity) with 3 ft extension 
 Measuring and layout equipment (tape measure, chalk line, markers, etc.) 
 Combination wrenches, deep sockets (Including 7/16 inch - ⅝ inch, 1 ¼ inch, 1 ½ 

inch, 1 ⅝ inch) and 3+ inch extension  
 5 foot wedge and round-ended pry bar 
 Loctite #34395 marine grade anti-seize 
 Suitable pulling means – Chain 20’ x ½” Grade 100 
 Misc. small tools (hammers, pliers, screw drivers, vise grips, etc.) 
 Bear claw pry bar to remove ¼ inch shear bolt remnants (Part # 238247) 
 Anti-rotation pin removal tool (Part # 273994) 
 Cable release tool (Part # 275224) 
 Piece of wire or bungee cord to hold up spelter socket during pullout 

 
This list is adequate for general installation and repair.  Depending on site conditions, 
additional tools and equipment may be required. 
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APPENDIX C - SMART CUSHION, TEST LEVEL II

01 - Front TL2 Sled Item 274648 
02 - Cable Assembly 
05 - Sled Panel Item 273402 
07 - Terminal Brace Item 270770 
09 - Anchor Bolts 
12 - Side Panels Item 273401 
14 - Mobile Sheave Assembly 
17 - Cable Adjuster Bolt 
18-20 - Mobile Frames 4-6 
27 - Real Panel Item 273399 
28 - TL2 Cylinder 
08 - Sled Side Keeper #3 Item 272597 
06 - Center Side Keeper #1 Item 272593 
29 - Rear Side Keeper #2 Item 272595 

270126 - Testl Level 2,  Concrete
270125  - Test Level 2,   Asphalt
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APPENDIX D - SMART CUSHION, TEST LEVEL III
01 - Front TL3 Sled Item 274649 
02 - Cable Assembly 
05 - Sled Panel Item 273402 
07 - Terminal Brace Item 270770 
09 - Anchor Bolts 
12 - Side Panels Item 273401 
14 - Mobile Sheave Assembly 
17 - Cable Adjuster Bolt 
18-23 - Mobile Frames 1-6 
26 - TL3 Cylinder 
27 - Real Panel Item 273399 
08 - Sled Side Keeper #3 Item 272597 
06 - Center Side Keeper #1 Item 272593 
29 - Rear Side Keeper #2 Item 272595 

270128 - Testl Level 3,  Concrete
270127  - Test Level 3,   Asphalt
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APPENDIX E - TEST LEVEL II FOUNDATION
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APPENDIX E(2) - TEST LEVEL III FOUNDATION
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APPENDIX F - NCHRP 350 TRANSITION, JERSEY/F SHAPE BARRIER
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APPENDIX F(2) - NCHRP 350 TRANSITION, JERSEY/F SHAPE BARRIER



21

APPENDIX G - MASH TRANSITION, JERSEY/F SHAPE BARRIER PERMANENT
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APPENDIX G(2) - MASH TRANSITION, JERSEY/F SHAPE BARRIER TEMPORARY
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APPENDIX G(3) - MASH TRANSITION, JERSEY/F SHAPE BARRIER PERM. & TEMP
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APPENDIX H - TRANSITION, MEDIAN BARRIER - SINGLE SLOPE 24"- 26.75" (610 - 679mm) Base
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APPENDIX H(2) - TRANSITION, MEDIAN BARRIER - SINGLE SLOPE 24"- 26.75" (610 - 679mm) Base
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APPENDIX I - TRANSITION, JERSEY/F SHAPE, VARIABLE WIDTH BASE
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APPENDIX I(2) - TRANSITION, JERSEY/F SHAPE, VARIABLE WIDTH BASE
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APPENDIX J - TRANSITION, CONCRETE BLOCK, 24 INCH (610mm)
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APPENDIX J(2) - TRANSITION, CONCRETE BLOCK, 24 INCH (610mm)
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APPENDIX K - TRANSITION, CONCRETE BLOCK, 30 INCH (762mm)
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APPENDIX K(2) - TRANSITION, CONCRETE BLOCK, 30 INCH (762mm)
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APPENDIX L - MASH TRANSITION, CONCRETE BLOCK, 36 INCH (915mm) 
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APPENDIX L(2) - MASH TRANSITION, CONCRETE BLOCK, 36 INCH (915mm) 
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APPENDIX M - TRANSITION, CONCRETE BLOCK, 38-44 INCH  (965-1118mm)
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APPENDIX M(2) - TRANSITION, CONCRETE BLOCK, 38-44 INCH  (965-1118mm)
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APPENDIX N - TRANSITION, THRIE BEAM WIDE TAPER
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APPENDIX N(2) - TRANSITION, THRIE BEAM WIDE TAPER
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APPENDIX O - TRANSITION TO THRIE BEAM 
**FOR USE WITH BIDIRECTIONAL TRAFFIC**
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APPENDIX O(2) - TRANSITION TO THRIE BEAM  
** FOR USE WITH BIDIRECTIONAL TRAFFIC**
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APPENDIX P - TRANSITION TO W BEAM 
**FOR USE WITH BIDIRECTIONAL TRAFFIC**
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APPENDIX P(2) - TRANSITION TO W BEAM  
** FOR USE WITH BIDIRECTIONAL TRAFFIC**
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APPENDIX Q - TRANSITION, W BEAM 28" HIGH 
**Unidirectional Traffic Only**
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APPENDIX R - TRANSITION, W BEAM 31"  HIGH 
** Unidirectional Traffic Only
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APPENDIX Q(2) & R(2) - TRANSITION, W BEAM 28" & 31" 
HIGH
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APPENDIX S - TRANSITION, SPANNER FOR CONCRETE BLOCK
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APPENDIX S(2) - TRANSITION, SPANNER FOR CONCRETE BLOCK
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APPENDIX T - TRANSITION, OFFSET CONCRETE BLOCK
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APPENDIX T(2) - TRANSITION, OFFSET CONCRETE BLOCK



THE BUYER AGREES TO INSPECT THE PRODUCT ON RECEIPT AS FULLY AS THE BUYER DESIRES AND TO NOTIFY HSI 
PRODUCTS INC. OF ANY REVEALED DEFECT.

SCI70/100GM CRASH CUSHION COMMERCIAL 1-YEAR WARRANTY
Hill and Smith, Inc. warrants this product to be free from defects in material and workmanship under normal use and service for a period of one 

(1) year beginning on the date of installation. Hill and Smith Inc. will repair or replace without charge to the original customer any defective 

component. This is the sole and exclusive remedy.

This warranty is contingent upon proper use of the System and does not cover Systems that have been modified (including the addition of parts) 

without the approval of Hill and Smith Inc. or which are in need of repair due to damage from external cause, including accident, collision, im-

proper handling, improper transporting, failure to properly maintain the System as recommended by Hill and Smith Inc. abuse, misuse or which 

have been damaged by outside parties not employed by Hill and Smith Inc., whether in installation or otherwise.

THIS IS A LIMITED WARRANTY AND IT IS THE ONLY WARRANTY MADE BY HILL AND SMITH, 
INC. HILL AND SMITH, INC. MAKES, AND CUSTOMER RECEIVES, NO OTHER WARRANTY, 
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE IMPLIED WARRANTIES OR 
MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE. SCI PRODUCTS INC. SHALL 
HAVE NO LIABILITY WITH RESPECT TO ITS OBLIGATIONS UNDER THIS WARRANTY FOR 
CONSEQUENTIAL, EXEMPLARY OR INCIDENTAL DAMAGES EVEN IF IT HAS BEEN ADVISED OF 
THE POSSIBILITY OF SUCH DAMAGES. THERE ARE NO WARRANTIES WHICH EXTEND BEYOND 
THIS DOCUMENT WITH RESPECT TO THE PRODUCT INDICATED ABOVE. BUYER ACKNOWLEDGES 
THAT ANY STATEMENTS MADE WHICH ARE NOT FOUND IN THIS DOCUMENT ARE NOT 
PROMISES TO BE RELIED UPON.

ATT2019

Hill & Smith Inc.
987 Buckeye Park Road  •   Columbus, OH 43207
Phone: 614 340.6294  •   Fax: 614.340.6296
Web:www.hi l landsmith .com


