


TOTAL WEIGHT : 31.3 LBS

ALL STEEL IS GALVANIZED ACCORDING TO NS-EN ISO 1461

PART LIST

ITEM DESCRIPTION MATERIAL CUTTING L QTY wT. LBS

1 INNER TUBE   1 19.6

2 OUTER TUBE   1 11.7

3 WHITE ROPE NYLON 1500 1

4 BLUE ROPE NYLON 1500 1

Lincolnwood, Illnois  60712 USA
JVI DT SHOOTER

__ __ __

Tel. 847/675-1560 - Fax 847/675-0083

DATE DRAWN CHECKED SCALE

02.15.2016 JVI __ __ __

7131 North Ridgeway Avenue
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OUTER TUBE

NOTES:
1. PLASTIC TOP SHOULD BE REINFORCED TO PREVENT FAILURE DURING PULL

TOTAL WEIGHT : 11.7 LBS

PART LIST

ITEM DESCRIPTION MATERIAL CUTTING L QTY WT. LBS

1 L 100X75X8 L=90 S355 90 1 2.1

2 TS 120X60X3 L=540 S355 540 1 9.6

3
PLASTIC TOP 
(SEE NOTE 1)
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TOTAL WEIGHT : 19.6 LBS

PART LIST

ITEM DESCRIPTION MATERIAL CUTTING L QTY WT. LBS

1 TS 100X50X8 L=480 S355 480 1 16.9

2 FLAT BAR 40X8 L=480 S355 480 1 2.7

3 STOP LABEL  1

JVI DT SHOOTER

__ __ ____ __ __

Tel. 847/675-1560 - Fax 847/675-0083

DATE DRAWN CHECKED SCALE

06.23.2014 JVI

7131 North Ridgeway Avenue
Lincolnwood, Illnois  60712 USA
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Title: Job No.:  Date: 3.28.16

Subject: JVI 40 Kip Shooter Analysis 

 7131 North Ridgeway Ave.

Linco lnwood, Illino is 60712

1-800-742-8127

www.jvi-inc.com

 Strut-Tie Model                                                                                                                                            

Determine the forces at the front and the back of the inner tube using basic statics

Vertical Load Vu 40 kip⋅:=

Normal Load Nu 20% Vu⋅:=

Inner Tube Length Linner 480 mm⋅:=

Outer Tube Length Louter 540mm:=

Eccentricity ecc 3.25 in⋅:=

Tube Extention Tubeext 110mm:=

Concrete 28-day Strength f'c 5000 psi⋅:=

Concrete Bearing Width

Front bfront 90mm
8 in⋅

90 mm⋅
⋅:=

Back bback 60 mm⋅
7.5 in⋅

60 mm⋅
⋅:=

Strength Reduction Factor ϕ .65:=

Equations of Equilibrium

Sum of Forces Vu a2 .85⋅ ϕ⋅ f'c⋅ bback⋅+ a1 .85⋅ ϕ⋅ f'c⋅ bfront⋅− 0=

Sum of Moments Vu ecc
a1

2
+









⋅ a2 .85⋅ ϕ⋅ f'c⋅ bback⋅ Linner Tubeext−
a1

2
−









⋅− 0=

Solve Block Solution CompressionBlocks Find a1 a2, ( ):= a1 CompressionBlocks
1

:= a1 3.83 in⋅= a2 CompressionBlocks
2

:= a2 1.404 in⋅=

The front compression block will transfer the force in the concrete to tension bars located near the face of the double tee.  The centroid of

the tension bars, X, will be used in the strut-tie model to determine the node location for the strut-tie model.  The centroid of the back

compression block will be used to locate the node for the CF1 Strut.  The elevation of the node will be determined based on the centroid

of strut reinforcement.  CF2 will be located within ACI 318-11 A2.5 provisions and centered on the provided reinforcing. 

X
a1

2
:= X 1.915 in⋅=

Y Linner Tubeext− X−:=

Y 12.652 in⋅=

d' 2.25 in⋅:=

H 28 in⋅:=

S H d'− 2.5 in⋅−:=

S 23.25 in⋅=

a2 1.404 in⋅=

Z Louter X− Y−:=

Z 6.693 in⋅=

ShooterAnalysis_Document.xmcd  
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 Calculate Forces in Strut-Tie Model                                                                                                          

TF1 TF1 Vu
ecc X+ Y+

Y







⋅:= TF1 56.329 kip⋅=

TF2 TF2 TF1 Vu−:= TF2 16.329 kip⋅=

TF3 TF3 TF1 TF2−:= TF3 40 kip⋅=

CF1 Angle θ1 atan
S

Y






:= θ1 61.446 deg⋅=

θ1 atan
S

Y Z+







:= θ1 50.238 deg⋅=
CF2 Angle 
min angle = 25 deg ACI 3 18 -11 A2.5

CF1 CF1 TF2
Y

2
S

2
+

S
⋅:= CF1 18.59 kip⋅=

CF2 CF2
TF3 Y Z+( )

2
S

2
+⋅

S
:= CF2 52.035 kip⋅=

CF1 + CF2 CF1+CF2 CF1 CF2+:= CF1+CF2 70.626 kip⋅=

Location of TF2 and TF3 Resultant Force Zr
TF2 0⋅ in⋅ TF3 Z⋅+

TF2 TF3+
:= Zr 4.753 in⋅=

HF1 HF1 TF2
Y

S






⋅ TF3
Y Z+

S







⋅+:= HF1 42.167 kip⋅=

HF2 HF2 HF1:= HF2 42.167 kip⋅=

 Beam Reinforcement as Required by forces in Strut-Tie Model                                                           

Material Properties Concrete f'c 5000 psi⋅= λ 1.0:= Rebar fy 60 ksi⋅:=

Strength Reduction Factors Flexure ϕf 0.9:= Shear ϕv 0.75:= Strut-Tie Models ϕst 0.75:=

Vertical Shear Along Diagonal Strut
 Allowable Shear Stress

Shear Capacity of Concrete
[ACI 318-02 11.2.1.1]

Vc 2 f'c⋅ psi⋅ λ⋅:= Vc 141.421 psi⋅=

Steel Shear Strength Limit
[ACI 318-11 11.4.7.9]

Vs 8 f'c⋅ psi⋅:= Vs 565.685 psi⋅=

Shear capacity of Concrete and Steel ϕVtotal ϕv Vc Vs+( )⋅:= ϕVtotal 530.33 psi⋅=

 Vertical Shear at Resultant Concrete Strut, CFR

Stem Width @ Top of Shooter btop 8( ) in⋅:=

Stem Width @ Bottom of Shooter bbot 7.5 in⋅:=

Avereage Stem Width b
btop bbot+

2
:= b 7.75 in⋅=

Width of Outer Tube bout 60 mm⋅:= bout 60 mm⋅=

Shear Area Av b bout−( ) H d'−( )⋅:=

Shear Stress vu
TF1

Av
:= vu 406.018 psi⋅=

Shear Capacity as Defined by ACI 318-11 is Adequate
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Diagonal Compression Strut

 Allowable Compression Strut Stess @ Node Zone ACI 318-11 A.5

Factor to account for the effect of cracking and reinforcement
[ACI 318-11 A 5.2.3]

βs 0.6 λ⋅:=

Effective Compressive Strength of Concrete Strut
[ACI 318-11 A 5.2 ]

ϕfce ϕst 0.85 βs⋅⋅ f'c⋅:= ϕfce 1912.5psi=

 Compression Stress at Resultant Concrete Strut CFR @ Node

Strut geometry is dependent on reinfocing.  The distance

beween reinforcing bars + 2 (cover) should be used to determine

the width of the strut.

Strut Width Vertical

[ACI 318-11 RA 4.2]

SWvertical 1.5 in⋅ 2⋅ 2.5 in⋅+:=

SWvertical 5.5 in⋅=

Strut Width Horizontal

[ACI 318-11 RA 4.2]

SWhorizontal 1.5 in⋅ 2⋅ 2.5 in⋅+:=

SWhorizontal 5.5 in⋅=

t 6 in⋅:=
Zone Thickness

Zone Width w SWvertical
2

SWhorizontal
2

+:=

w 7.778 in⋅=

Area of Nodal Zone Anz w t⋅:= Anz 46.669 in
2

⋅=

Stress in Compression Strut fu
CF1+CF2

Anz
:= fu 1513.328psi=

Compressive Strut Limit as Defined by ACI 318-11 is Adequate

 Allowable Compression Strut Stess @ Strut  ACI 318-11 A.3

Factor to account for the effect of cracking and reinforcement
[ACI 318-11 A 3.2.2 (b)]

βs 0.75 λ⋅:=

Effective Compressive Strength of Concrete Strut
[ ACI 318-11 A 3. ]

ϕfce ϕst 0.85 βs⋅⋅ f'c⋅:= ϕfce 2390.625psi=

 Compression Stress at Resultant Concrete Strut CFR @ Shooter Elevation ACI 318-11 A.3

Strut Thickness t b bout−:= t 5.388 in⋅= Strut Thickness reduced by outer tube thickness

Resultant Compression Strut Angle θCFR atan
S

Y Zr+









:= θCFR 53.182 deg⋅=

Nodal Zone Angle θzone atan
SWvertical

SWhorizontal

















:= θzone 45 deg⋅=

Inclined Width w SWvertical
2

SWhorizontal
2

+ cos 90 θCFR− θzone−( )⋅:= w 7.379 in⋅=

Area of Strut Acs w t⋅:= Acs 39.756 in
2

⋅=

Stress in Compression Strut fu
CF1+CF2

w t⋅
:= fu 1776.481psi=

Compressive Strut Limit as Defined by ACI 318-11 is Adequate
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Required Reinforcement for TF1(Hanger Reinforcement) TF1 56.329 kip⋅=

 Required Steel As1
TF1

ϕf fy⋅
:=  Supplied Steel

"Quantity" "Bar Size" "X-Location"

2 5 1

2 5 2.25

As1 1.043 in
2

⋅=

 Steel Supplied SuppliedAs1 1.24 in
2

⋅=

Supplied As1 Steel is Adequate

Input CG for Hanger Reinforcement was 1.91 Acutal CG is 1.63

Required Reinforcement for TF2
Assumes Stirrup Geometry when considering quantity

TF2 16.329 kip⋅=

 Required Steel As2_1
TF2

ϕf fy⋅
:=  Supplied Steel  Stirrup Quantity Calculator

"Quantity" "Stirrup Size"

2 3

Preferred Stirrup Size Stirrup 5:=

As2_1 0.302 in
2

⋅=

Quantity Required QTY ceil
As2_1

ArbStirrup
2⋅









:=

QTY 1=

 Steel Supplied SuppliedAs2_1 0.44 in
2

⋅=

Supplied As2_1 Steel is Adequate

Required Reinforcement for TF3
Assumes Stirrup Geometry when considering quantity

TF3 40 kip⋅=

 Required Steel As2_2
TF3

ϕf fy⋅
:=  Supplied Steel  Stirrup Quantity Calculator

"Quantity" "Stirrup Size"

4 3

Preferred Stirrup Size Stirrup 4:=

As2_2 0.741 in
2

⋅=

Quantity Required QTY ceil
As2_2

ArbStirrup
2⋅









:=

QTY 2=

 Steel Supplied SuppliedAs2_2 0.88 in
2

⋅=

Supplied As2_2 Steel is Adequate
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Required Reinforcement for HF1 HF1 42.167 kip⋅=

Hook As1 Reinforcement 

to Satisfy As5 Input Not Required Supplied Steel
Based on As1

 Required Steel As5
HF1

ϕf fy⋅
:=  Supplied Steel

AsSteel
"Quantity" "Bar Size"

2 5

:=

As5 0.781 in
2

⋅=

 Steel Supplied SuppliedAs5 1.24 in
2

⋅=

Supplied As5 Steel is Adequate

Steel Quantities and Bar Size information Based on As1 Input

Required Reinforcement for HF2 HF2 42.167 kip⋅=

 Concrete Compression Strut Capacity

Factor to account for the effect of cracking and reinforcement
[ACI 318-02 A 3.2.2 (b)]

βs 0.75 λ⋅:=

Effective Compressive Strength of Concrete Strut
[ACI 318-02 A 3.2]

ϕfcu ϕv 0.85 βs⋅⋅ f'c⋅:= ϕfcu 2390.625psi=

Compressive Stress Area
Ac d' 2⋅ b⋅:= Ac 34.875 in

2
⋅=

 Estimated Required Steel  Supplied Steel

"Quantity" "BarSize"

-81·10 4As3
HF2 Ac ϕfcu⋅−

ϕf fy⋅
:=

As3 0.763− in
2

⋅=

Supplied Steel Capacity is Reduced based on supplied development length as Compression development length,

where the assumed supplied development length is equal to the zone width.  Concrete Compressive stress area is

reduced by the area of compression steel supplied.

 Supplied Compression Capacity CompressionCapacity 83.373 kip⋅=

Supplied Compression Capacity is Adequate

Required Reinforcement for Fnu

 Required Steel  Supplied Steel

"Quantity" "BarSize"

2 3

As4
Nu

ϕf fy⋅
:=

As4 0.148 in
2

⋅=

 Steel Supplied
Supplied As4 Steel is Adequate

SuppliedAs4 0.22 in
2

⋅=
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Design is Sufficient for:

Vu = 40 kips

Nu = 8 kips

Image may not reflect bar quantities required in table below.  Supply steel per table and not per image.

Quantity Bar Size

X-

Location Quantity

Stirrup 

Size Quantity

Stirrup 

Size

2 5 1 2 3 4 3

2 5 2.25

Quantity BarSize Quantity BarSize Quantity Bar Size

0.00 4 2 3 2 5

2 5

As1 Steel

As3 Steel As4 Steel As5 Steel

As2_1 Steel As2_2 Steel
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Pad Geometry
Pad Width b1 4 in⋅:=

Pad Length w1 4 in⋅:=

Thickness t .5 in⋅:=

Loading
Service Level Reaction Vservice 29.845 kip⋅:=

Calculations

Shape Factor

SF
b1 w1⋅

2 b1 w1+( )⋅ t⋅
:= SF 2=

Maximum Allowable Compressive Load

emax 40:= Recommended Design Value

Vnr 0.6 SF⋅ 2+( ) emax
1.8⋅ b1⋅ w1⋅ psi⋅:= Vnr 39.172 kip⋅=

Angle of Rotation A 0.025 rad⋅:=

Rotation of Shooter in outer tube counter acts
DT Camber.  Shooter rotation is 0.017 rad.  Assume
a total rotation under a deflected DT of .025 rad.

Bearing Length w/ Rotation w2 min w1
40 t⋅

100 tan A( )⋅
, ⎛⎜

⎝
⎞⎟
⎠

:= w2 4 in⋅=

Maximum Compressive Stress Snr
Vnr

b1 w2⋅
:= Snr 2448.262 psi⋅= Must be less than 2500 psi

Reduction Factor
kt 500=

R
1

kt
A

rad
⎛⎜
⎝

⎞⎟
⎠

2
⋅ 1+

:= R 0.762=

Allowable Compressive Load w/ Rotation Var R Vnr⋅:= Var 29.845 kip⋅=
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Shooter Inner Tube is not wide enough to engage entire bearing area of pad.  Install Pad with a plate on top to
distribute load to the entire pad.  Determine Plate Thickness by modeling the plate using 2-D shell elements with
the bearing pad modeled assuming linear compression springs.  

Determine spring constant assuming a shape factor for the entire pad geometry and applying the stress to an
area equal to the element area.

Shape Factor for 4 x 4 pad SF 2=

Stress equation for SF 2=    σ e( ) 0.6 SF⋅ 2+( ) e1.8⋅ psi⋅:=

Strain Distribution
e 0 .01, emax..:=

Element Area Areaelement .5 .5⋅ in2⋅:=

Areaelement 0.25 in2⋅=

0 0.05 0.1 0.15 0.2
0

0.2

0.4

0.6

0.8

Actual Data
Linear Approximation

Force vs. Displacement

Displacement, in

Fo
rc

e,
 k

ip

The slope of the linear fit, assuming a y intercept of zero will be used as a spring constant

k Slope
kip
in

⋅:= k 2.5
kip
in

⋅=

Apply a surface load to shell elements at the location of the inner tube only.

Distributed Load Applied over 1.5" x 4" of Tube Bearing Area ω

Vservice
1.5in 4⋅ in⋅

:= ω 716.28
kip

ft2
⋅=

Check FEA output to ensure that 

Maximum displacement is not greater than 
emax
100

t⋅ 0.2 in⋅=1.

2.   Maximum  Reaction at any Compression Spring is less than the maximum compressive stress without
      rotation x element area Reactionmax Areaelement Snr⋅( ):= Reactionmax 0.612 kip⋅=

3.  Stresses in plate, not within the inner tube bearing area, are less than yield 
     (increase element thickness at inner tube bearing area to simulate additional stiffness due to tube bearing.)

BearingPadDesign.xmcd  



Title: Job No.  Date: 7.25.14

Subject: Example Bearing Pad Design for Shooter Bearing

 7131 North Ridgeway Ave.
Linco lnwood, Illino is 60712

1-800-742-8127
www.jvi-inc.com

Analysis run with a plate thickness of 1/2" and A36 Steel at areas without inner tube bearing and 1" thick and
A36 steel at areas with direct inner tube bearing.  Tube was assumed to be offset 1/2"  from the center of the
plate to create a worst case condition.
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