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ALL STEEL IS GALVANIZED ACCORDING TO NS-EN ISO 1461

PART LIST

ITEM DESCRIPTION MATERIAL | CUTTING L QTY

1 INNER TUBE 1 19.6

2 OUTER TUBE 1 11.7

3 WHITE ROPE NYLON 1500 1

4  |BLUE ROPE NYLON 1500 1 TOTAL WEIGHT : 31.3 LBS
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NOTES:
1. PLASTIC TOP SHOULD BE REINFORCED TO PREVENT FAILURE DURING PULL
PART LIST
ITEM| DESCRIPTION | MATERIAL | CUTTINGL| QTY WT. LBS
1 |L 100X75X8 L=90 S355 90 1 2.1
2 |TS 120X60X3 L=540 S355 540 1 9.6
PLASTIC TOP .
3 | SEENGTE A) 1 TOTAL WEIGHT : 11.7 LBS
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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 TOTAL WEIGHT : 19.6 LBS
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Title:

Job No.:

Subject:

Date: 3.28.16

7131North Ridgeway Ave.

JVI 40 Kip Shooter Analysis

Lincolnwood, lllinois 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

Inner Tube length

Vertical Load
Tube Normal Load
al
Ext P
1 Inner Tube Length
! 0.85fc Outer Tube Length
o Eccentricity

Tube E xtention

Wu

P 0.85f'c |_UJ
eccentricity ’ |
[s]

— from face
of DT, ecc
Outer Tube Length

Concrete 28-day Strength

Concrete Bearing Width
Front

Back

Strength Reduction Factor

Equations of Equilibrium

Solve Block Solution CompressionBlocks := Find(a],az) a] := CompressionBlocks

Sum of Forces

Vu + a2-.85-¢-fc-bpack — a1-.85-¢-f'¢-bfront = 0

al al
Sum of Moments Vu'(ecc+ ?) - az..ss.q).fcbback.(Linner ~ Tubee( - 3) =0

1 a] = 3.83:in

Vy = 40-kip

Nu = 20%-Vy

Linner := 480-mm

Louter := 540mm

ecc:= 3.25-in

Tubeext:= 110mm

f'c := 5000 psi
b 90 Sin
= 90mm-
front 90-mm
b 60 7.5-in
= 60-mm-
back 60-mm
¢:=.65
ap := CompressionBlocks, ap = 1.404-in

2

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.
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al

X:= X =1.915in
2

Y := Linner — Tubeext — X

Y = 12.652-in
d':=2.25in
H:=28in

S:=H-d -25:in
S =23.25:in
a2 = 1.404-in
Z:=Louter —X-Y

Z = 6.693-in
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Calculate Forces in Strut-Tie Model

TF1 TF1 = Vu-(L;HY) TF1 = 56.329 kip
TF2 TF2 := TF1 — Vy TF2 = 16.329-kip
TF3 TE3 := TF1 - TE2 TE3 = 40-kip
CF1 Angle 01 := atan(%) 01 = 61.446-deg
01 := S 81 =50.238d
CF2 Angle Py 1= onaoedes
min angle = 25 deg ACI318-11 A2.5
v2 4 s?
CF1 CFl:= T2 - CF1 = 18.59-kip
[ 2 2
CF2 CF2:= w CF2 = 52.035-kip
CF1 + CF2 CF1+CF2:= CFl + CF2 CF1+CF2 = 70.626-kip
Location of TF2 and TF3 Resultant Force 7,.- TF20in+ TF3-Z Zr = 4.753in
TF2 + TF3
HF1 HF1 = TFz-Gj + TF3(Y;: Z) 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.=s5000psi x:=10 Rebar fy := 60-ksi
Strength Reduction Factors Flexure ;=009 Shear ¢,=075  Strut-Tie Models ¢ = 0.75
Vertical Shear Along Diagonal Strut
Allowable Shear Stress
Shear Capacity of Concrete vg:=2.[fe/psix  Ve=141.421psi
[ACI 318-02 11.2.1.1]
Steel Shear Strength Limit  vy:=8./fc/psi Vg = 565.685-psi
ACI 318-11 11.4.7.9]f
hear capacity of Concrete and Steel  ¢vig1:= dy-(Ve + Vs) dViotal = 530.33-psi
Vertical Shear at Resultant Concrete Strut, CFR Stem Width @
Top of Sheoter
Stem Width @ Top of Shooter bop = (8)-in
Stem Width @ Bottom of Shooter  byy:= 7.5-in
biop + b _\ ZEANN //—
Avereage Stem Width b= “’bem b=775in ' {
Width of Outer Tube bout := 60-mm byt = 60-mm
Stem Width
Shear A @ Bottom
earArea A= (b— boy)-(H-d) of Shooter

Shear Stress v, = FL
A

v

vy = 406.018-psi

Shear Capacity as Defined by ACI 318-11 is Adequate

ShooterAnalysis_Document.xmcd
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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 A5.2.3]

Effective Compressive Strength of Concrete Strut
[ACI 318-11 A5.2]

Bs:=0.6-X

Ofce = bsr-0.85-Bsfe  dfce = 1912.5psi

I
Compression Stress at Resultant Concrete Strut CFR @ Node | —Incline
| Width
Strut geometry is dependent on reinfocing. The distance
beween reinforcing bars + 2 (cover) should be used to determine /
the width of the strut. |
T}
Strut Width Vertical SWoyertical := 1.5-in-2 + 2.5-in Es “\\“-h A
[ACI 318-11 RA 4.2] s_ 8T N ~— N
SWyertical = 5.5in 2o . iy -
. =8 ¢ ¥ B
Strut Width Horizontal swygrizontal := 1.5-in2 + 2.5-in 1’::3 a - b
= [ 1% |
ACI 318-11 RA 4.2 c|=> \
[ ] SWhorizontal = 5.5-in ﬁ ghﬁ - '|
e %] f/ sl \l\
Zone Thickness = on
Madal / L Dirmn. L
Zone Width wi= \/S\)"vertical2 + vahorizontal2 Zone CO:E[' {;::l"uf'EI"
w = 7.778-in Stru.t Width
Harizontal
Area of Nodal Zone Anzi= Wt Ang = 46.669-in>
Stress in Compression Strut fyi= CF:CFZ fy = 1513.328psi
nz

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]

Effective Compressive Strength of Concrete Strut
[ACI 318-11 A3.]

Bs = 0.75-\

Ofce = bst-0.85-Bsfc dfce = 2390.625psi

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

Strut Thickness t:=b—bout t=5.388in Strut Thickness reduced by outer tube thickness
Resultant Compression Strut Angle OCER = atan( S j OCER = 53.182-deg
Y+ 7
SWoerti

Nodal Zone Angle 0j0ne = atan(mj) B0ne = 45-deg

SWhorizontal
Inclined Width W= \/S\)"vertical2 + Swhorizontalz'COS(go - OCFR — ezone) w=7.379-in
Area of Strut Acsi= Wt Acs = 39.756-in
Stress in Compression Strut fu:= CE1+CR2 fy = 1776.481psi

w-t

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

ShooterAnalysis_Document.xmcd
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Required Reinforcement for TF1(Hanger Reinforcement)  tr1 = 56.329-kip

X—Location

Required Steel A = ;F; Supplied Steel X—Location
-1y
5 "Quantity" "Bar Size" | "X-Location"
As] = 1.043:in 2 5 1 . '
2 5 2.25 !
o]

Steel Supplied SupplicdAs] = 1.24-in’

Supplied As1 Steel is Adequate
Input CG for Hanger Reinforcement was 1.91 Acutal CG is 1.63

Required Reinforcement for TF2 TF2 = 16.329-kip
Assumes Stirrup Geometry when considering quantity
Required Steel sy j:= 2=

ort Supplied Steel Stirrup Quantity Calculator
f-ly

"Quantity" | "Stirrup Size" Preferred Stirrup Size stirrup:= 5
2 3

Asy | = 0.302-in”

Quantity Required ~ qry:= Ceﬂ( L J

Arbg tirrup’ 2

QTY =1

Steel Supplied SuppliedAsy | = 0.44-in”

Supplied As2_1 Steel is Adequate

Required Reinforcement for TF3 TF3 = 40-kip
Assumes Stirrup Geometry when considering quantity

Required Steel  Aq 5= % Supplied Steel Stirrup Quantity Calculator

_ £y . .
) "Quantity" | "Stirrup Size" Preferred Stirrup Size stirrup:= 4
Asp 2= 0.741-in 4 3

Quantity Required ~ qry:= Ceﬂ( _ A2 J

Arbg tirrup’ 2

QTY=2

Steel Supplied SuppliedAsy 2 = 0.88-in”

Supplied As2_2 Steel is Adequate

ShooterAnalysis_Document.xmcd
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Required Reinforcement for HF1 HF1 = 42.167-kip
Hook As, Reinforcement
_ ® Yes
to Satisfy Asg ON Input Not Required Supplied Steel
L No
Based on As1
Required Steel asg.= HFL Supplied Steel
d?f'fy .
AsSteel =
2 "Quantity" "Bar Size"
Ass = 0.781-in 2 5
Steel Supplied SupplicdAss = 1.24-in”

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 g, .= 0.75:x
[ACI 318-02 A3.2.2 (b)]

Effective Compressive Strength of Concrete Strut Ofcy = byv-0.85-Bsfe  dfey = 2390.625psi
[ACI 318-02 A3.2]
Compressive Stress Area 2
Aci=d'2b  Ac=34.875in
Estimated Required Steel Supplied Steel
HF2 — Ag dfoy "Quantity" "BarSize"
Asgi=————————— 10-
s3 orty 1-10-8 4

As3 = —0.763-in°

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 F

Required Steel Supplied Steel
Ny
Asg:= of-fy "Quantity; "BarSize:;‘

Asg = 0.148-in”

Steel Supplied SuppliedAss = 0.22-in”
Supplied As4 Steel is Adequate

ShooterAnalysis_Document.xmcd
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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.

[ Assed  [IECESEI s, Stee
X- Stirrup Stirrup
Quantity Bar Size Location| Quantity Size Quantity  Size
2 5 1 2 3 4 3
2 5 2.25
As, Steel
Quantity BarSize Quantity BarSize Quantity Bar Size
0.00 4 2 3 2 5
2 5

ShooterAnalysis_Document.xmcd
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Pad Geometry

|

Pad Width b1 := 4-in
Pad Length w1 = 4-in
Thickness t:= 5in
Loading

Service Level Reaction  vggpyice := 29.845-kip

Calculations

Shape Factor
b1-wq

SF:= SF=2
2<ib1 + Wlh

Maximum Allowable Compressive Load

emax:= 40 Recommended Design Value

Vnr = (OGSF + Z)Emaxlgb]_WlpSI Vnr = 39172k|p

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  mi L) —4i

9 g wy: mln(wl, 100.tan(A) w2 = 4-in

Maximum Compressive Stress Snri= anr Snr = 2448.262.psi Must be less than 2500 psi
W2

Reduction Factor
kt = 500

el we| ve| s | 1;2“[ 5/g" 3;4u1 1"

Maximum Deflection and Tolerance Rotation Angle

R:= v R =0.762

2
k- (Aj +1
rad

Allowable Compressive Load w/ Rotation  vg:=R-Vpy  Var = 29.845-kip

|
K, | 4000 \ 2500 | 1500 | 500 ‘ 400 | 325 ‘ 275

BearingPadDesign.xmcd
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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

- R R
. 18 = L - .u.Lu - il
Stress equation for sF=2 o(e) = (0.6-SF + 2)-¢°-psi P ot S s s
e e e T e T e T .
B . . . & - T b P T T .:...‘.. 1 M L B
Strain Distribution P A e A = N L W N
e:=0,.01..emax o T o S N N B B .
. - -"'T' | 5:*: | e - - -
Element Area Areaglement = .55-in PP "T : i R T A
2 o i di St T S G

Areaglement = 0.25-in

)
W
L]

Force vs. Displacement

0.8 T T T

0.6~
= .
g 0
g o4 T
=
=

o e — Actual Data

________ --=-- Linear Approximation
————— T
0
0 0.05 0.1 0.15 0.2

Displacement, in

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

Kip 5P

k := Slope:-—
in in

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

Vearvi .
service e 716.28-k—|§

ft

Distributed Load Applied over 1.5" x 4" of Tube Bearing Area = e
.2oINn-4-1n

Check FEA output to ensure that

. . . €
1. Maximum displacement is not greater than %{: 0.2-in

2. Maximum Reaction at any Compression Spring is less than the maximum compressive stress without
rotation x element area  Reactionmax = (Areaglement-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
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Sig1 Tap

bizi

236

216

106

176

156

126

116

ag

TE

&6

26
L Jaint Label K Y [K] Z[H Wi k-] | MY [k-f] | ME [k-1T)
1 M28 ] 1] ] 1] ]
1 M2T 0 1] 0 1] 0
1 m28 ] 1] ] 1] ]
1 M26 1] 1] 1] 1] 1]
L Jaoint Label #[in Y [in] Z[in] # Rotation [rad] | % Rotat...
1 M28 1] 1] -h.602e-7 -1.885e-2
1 M2T 1] 1] -184 1.862e-4 -1.884e-2
1 M28 1] 1] -1848 -1.261e-4 -1.868e-2
1 MH26 1] 1] -.184 2.502e-4 -1.867e-2

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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