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Abstract Summary:  
The support frame is specially designed to house four 2.5’ x 10’ scintillate panels and two 5’x 5’ scintillate panels together, two of these assembles will

be installed in the upstream or downstream of the detector as the Veto wall.  
The frame is composed by various unistut channels, fittings, brackets and other components.  For several critical areas, the working loads under different load cases, and the related working stresses of frame structure have been presented for discussion and calculation per the related respective industrial specification and codes.
Applicable Codes:
“Allowable Stress Design”, AISC, 9th edition

“Aluminum Design Manual”, the Alum. Association, 1st edition
“General Engineering Catalog”, Unistrut, Edition #12
Design the Support Frame for the MinervA Veto Wall
Design Criteria and Assumptions:
Total design load of the frame:
    Design lifting capacity:  Pt = (Pl +Pd) =  2,125 lbs 
      Where :  Frame weight Wf = 675 lbs. = Pd
                     Life load: Pl = (200 lbs x 4) +  (250 lbs x 2) + 150 lbs = 1,450 lbs

                     Assuming 200 lbs for each 2.5’x 10’ panel, there’re 4 panels per veto wall.
                     Assuming 250 lbs for each 5’x 5’ panel, there’re 2 panels per veto wall.

                     Assuming 150 lbs for the weight of cables and other components.

The material properties and the allowable stresses:

All unistrut channels: ASTM A1011 SS GD. 33 (A570, GD. 33):  Fy = 42 ksi
                      (See Page 9 for the material specifications)

The allowable stress for the vertical column P1001 of the frame,  Ly= 171.32 in:

        (See page 11 of the picture drawing for configuration of Ly)

Per section E2 of ASD 9th edition and page 10 of this note:
Assuming  K = 1.2 for the loading case of the support frame along the column direction, 
                   r =  (I/Ag)1/2 = 0.915 in (See page 5),  then:

   Cc = (2π2E / Fy )1/2
        = 116.75
   KLy / ґ = 1.2 x 171.32 in / 0.915 in

             =  224.68 > Cc = 116.75
The allowable stress for the axial load is:

  Fa = 12 π2E / 23(KyL/ґ)2
       = (12 x π2 x 29 x 103 ksi )÷ (23 x 224.682)
       = 2.958 ksi
The allowable moment for the unistrut member P1001 C41:

    Ma = 28,800 in-lbs,   Fb = 0.6 Fy = 25.20 ksi 
    ( Ac = 2.224 in2, I11= 1.86 in4, S11 = 1.144 in3,  I22 = 0.944 in4, S22 = 1.16 in3
       See pages 25 & 28 of Unistrut General Engineering catalog, #12, also see 

       page 9 of the note for the Fb value)
    All bolt materials: Grade 5 steel, Fu = 120 ksi, 
        Ft = 0.33 Fu = 39.6 ksi

        Fv = 0.17 Fu = 20.4 ksi

    All plates: ASTM A36: Fu = 58 ksi, Fy = 36 ksi, 

                      Fb = Ft = Fc  = 0.60 Fy = 21.6 ksi

                      Fv = 0.4 Fy = 14.4 ksi 

    All weld materials:  E70, where Fu = 70 ksi
                     The allowable stresses for the weld metals:

                     Fb = Fv = 0.30 Fu = 21 ksi

The frame is designed to function as:
As a structural frame to support 6 scintillate panels in the designated location to be as veto wall for the MinervA experimental purpose.
Figure 1 from page 3 is an overall configuration of the support frame. The frame is constructed by Unistrut components of P1000, P1001, P1001A, P1001B and P1001 C41 (12 gages), the frame is also connected and reinforced by various Unistrut fittings, nuts, bolts and other accessories, such as (but is not limited to): P1048,P1315, P1320, P1325, P1381, P1382, P2341(L, R), P2344(L, R), P2452, P2458, P2472(L,R)… Also, as it showing from figure 1, there are eight 45 degree tubing bracers in 4 corners to resist any 
Z  axis rotational movement in addition to the corner fittings.

The overall dimensions of the support frame are: 128.75” x 217.62” x 3.25”, the axial length of the frame to support the weight is : 126.75” -1.62” = 125.13”, the vertical columns of the frame are restrained from the bottom end to the top of the frame, the columns bear the vertical loads and also are restrained in lateral movement.
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               Figure 1. The overall dimensions, weight of the veto panels support frame    
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                 Figure 2. The lifting fixture of the support frame with 4 veto panels on.
The main frame supports 6 scintillate panels, and assumes that the frame supports 6 panels symmetrically both in x & z axes. 4 of those panels have dimensions of  2.5” x 10” with weight of  200 lbs for each, the other 2 panels have dimensions of 5’ x 5’ with about 250 lbs mass weight for each panel.  Figure 2 from page 4 is showing the configuration of the support frame and the veto panels. 

Calculations and Analysis: 

Loading case I:
Conservatively assuming the two vertical columns of the frame are bearing all  the weight force from the 6 scintillate panels plus the dead load force from the frame, as showing from figure 3 of page 5. Though there are lateral supports (z direction) for the frame, we conservatively assuming it is fixed at the bottom, restrained against the rotation and free move lateral in the top for the vertical Unistrut channel columns (See page 10).
Assuming 50% of the Pt = 2,125 lbs will apply to the top of the each vertical column:
   Pv = 0.50 x 2,125 lbs. = 1,063 lbs.
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    Figure 3. Lateral supports for the Frame and the column loading configuration.
    1).  Find out the critical force Pcr to cause the column to buckling:

           Pcr =  (π2E) Ag/ (KLy/r)2 
                 =  (π2x 29 x 1000 ksi) x 1.112 in2 / (1.20 x 171.32 in /0.915 in)2
                 =  6.304 kip > Pv = 1.063 kip                   

                             (See section 6.3,  Steel Structures Design & Behavior, 3rd edition)  

           So there is no buckling under the current load condition.*
          where: E = 29 x 106 ksi,   modulus of elasticity of the subjected member 

                   Ag= 1.112 in2, for Unistrut p1001 gross cross-section area

                    L = 171.32 in, the length of the subjected member

                    K = 1.20, assuming effective length factor

                    r =  0.915 in, radius of gyration

                   *: The actual load case of the column is that Pv = 1,063 lbs is applying to the 

                       subject column by several location along the column rather than the 

                       concentrated load at the top, this is a conservative and simple assumption.
     2). Find out the allowable stresses vs. the computed working stresses:

                fa = Py / Ag = 1,063 lbs / 1.112 in2
                 = 0.956 ksi < Fa = 2.958 ksi, 

The computed axial working stress is satisfactory subjecting the axial applying  force to the vertical column beam P1001.  
Loading case II:

Two lifting brackets for applying the hoist lifting rings (5/8”– 11, UNC-2B) installed to the location which is about 10.5” away from the both ends of the upper beam of the frame. Figure 4 of page 6 shows the near view of the lifting bracket and the support frame, the force distribution beam is P1001 C41 in this model.
Assuming 6 scintillate panels are supported by two vertical side beam columns, when the veto wall (6 scintillate panels with the support frame) lifting by the crane through two lifting hoist rings, all forces apply to the upper beam through two vertical beams and the various fittings and accessories can be conservatively assumed as the model of: 
    Two equal concentrated loads symmetrical overhang at the ends, with simple beam 
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Figure 4. The whole view of the veto wall & the partial near view of the lifting hoist ring.
supports at two equal distances “a” from both ends.( per case 22, page VII-120, Part VII,  Aluminum Design Manual, 1st edition, 1994)
Figure 5 is the force distribution diagram for the above load case. 
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      Figure 5. The force distribution diagram of the MinervA veto wall is lifting through 

                                                           two lifting hoists.
       The maximum moment Mmax between two lifting hoists is:
       Mmax = P1 * a = Pv a

            = 1,063 lbs x 10.50 in

            = 11,162 in-lbs.< Ma = 28,800 in-lbs

       The calculated working bending stress subject to the lifting load will be:

        fb = Mmax / S11 = 11,162 in-lbs. ÷ 1.144 in3
             = 9.757 ksi < Fb =  25.20 ksi
         The calculated working shear stress subject to the lifting load will be:

          fv = P1 / Ag = Pv / Ag = 1,063 lbs. ÷ 2.224 in2
              = 0.478 ksi < Fv =  14.40 ksi

        The working stresses and moment are satisfactory subject to the apply load per   

        the designated configuration.*

        Where: 
            P1 = P2 = Pv = R1 = R2 =  1,063 lbs
            a:  = 10.50”, the distance between support and load apply
        *: As showing from figures 1 & 2, the frame is also reinforced by four double 45 

            degree bracers and middle column, for the simplicity, the above calculation has 

             not included these factors, to this end, the above calculations are very 

             conservative.
A brief discussion of the fittings, nuts and bolts::

The support frame is jointed by various different fittings, figure 6 is showing the details of the fitting which connects the vertical column and horizontal lateral beam channels together as shown from figure 5 of page 6.

Assuming the fitting material is ASTM A575 ( See page 12), then  
                      Fu = 55 ksi, Fy = 30 ksi, 

                      Fb = Ft = Fc  = 0.60 Fy = 18.0 ksi

                      Fv = 0.4 Fy = 12.0 ksi 

From Figures5 & 6, it is found out that: 

Acf : The cross section area of the fitting bracket P2344 to bearing the column axial load    

        (conservatively excluding the gusset value) Pca (= 0.5Pv = 1,063 lbs x 0.5 = 532 lbs.)

         = 0.25” x 1.625” = 0.40625 in2 
The calculated working shear stress subject to the lifting load will be:

          fv = Pca / Acf = 532 lbs. ÷ 0.40625 in2
              = 1.31 ksi < Fv =  12.0 ksi
For simplicity, we can assume this is a simple support connection, therefore, there is no significant moment at the fitting subject the applying force.
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           Figure 6. A large detail view of the fitting bracket used in figure 5.
Page 13 of the note has the data for the allowable pull-out and slip loads for the channel nut, it is found the allowable pull-out strength is 2,000 lbs. per nut, and the resistance to slip is 1,500 lbs per nut for ½” – 13 nut using for 12 gage channel,, both data are much  higher than any apply loads in the veto wall design application.
Conclusions:

It is found that the calculated working load (stresses, moment ) are much lower than the allowable moment, stresses and critical force from the above load case studies. The discussion of the fittings and its accessories even further presented the satisfactory results subject the design applications.
References:
1. The yielding & the allowable bending stresses of the channel material (See page 9).
2. Models for the frame column loading and the Buckling (See page 10).
3. Lateral supporting configurations of the frame, and its Ly value (See page 11).

4. Unistrut General Fittings Specifications (See Page 12)

5. Allowable Pull-out & Slip Loads for the Channel Nuts (See page 13)

6. Overall view of the MinervA Veto Wall (Page 14).
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MEMORANDUM

Date:  December 2, 2005

Subject: ~ Strength Increase from Cold Work of Forming,
Safety Factors and Bending Stresses

From:  David J. Jeltes
Sales Engineering Manager

The American Iron and Stee! Institute (AISI) Specification for the Design of
Cold-Formed Steel Structural Members recognizes that yield strength
increases during cold forming. Section A7 of AIS allows subsfitution of
the increased strength for virgin yield strength when designing cold-
formed members

Unistrut uses ASTM A1011 SS GR33 steel strip for forming channels. This
material has virgin yield strength of 33,000 psi. Tests performed by
Unistrut show that after cold-forming, strength has increased to 42,000

psi. As allowed by AISI, this s the yield strength is used for determining
the beam and column loads in the General Engineering Catalog

The beam and column load tables in the Engineering Catalog are in
accordance with the 2001 Edition of AIST's Cold-Formed Steel Design
Manual. Per AIS], beam loads have a 1.67 safety factor, while column
loads have a 1.80 safety factor.

For beams, the allowed bending stress = 42,000 psi/ 1.67 = 25,000 psi
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UNISTRUT

I Columns

s are structural members
allel 1o their length. Most

are vertical and are used o
carry loads from a higher level t & lower
level. However any member subjected
to compression loads, such as a diagonal
or prop brace, is a colum.

A column fails by “buckling”, which is 4
sudden loss of straightness and subse-
quent collapse. Allowable column load
is dependent on:

(@ the length of column,

() the type of loading,

(©) the support conditions, and

(@) the column’s crosssectional shape
and material.

COLUMN LENGTH

‘The column length is measured from
braced point to braced point. A braced
point is where the column is restrained
from lateral movement (translation) in all
directions.

COLUMN LOADING ~
CONCENTRIC LOADING

Loads applied o the center of gravity of
the column crosssection are considered
concentric. A beam that passes over and
rests on the t0p of a column is an
example of concentic loading.

COLUMN LOADING -
ECCENTRIC LOADING

is not concen

cecentric, entric
(in inches) has a major cffect on the load-
carrying capacity of any particular
column. A load that is transmitted t0 4
Unistrut Metal Framing column using 1
standard fitting bolted to the slot fac is
considered eccentric.

‘The load tables give allowable loads for
both concentric loaded at C.G.) and
certain cccentric (loaded at slot face)
loading. Allowable loads for other
cccentric loading must be determined by
a qualified design professional

SUPPORT CONDITIONS

Based on the support condition:
appropriate “K” value is selected. This
K value, which mathematically
describes the column end conditions, is
wsed in the column design equations.
‘The most common support condition
combinations are as follows:

.

SUPPORT CONDITIONS -
FIXED TOP - FIXED BOTTOM

Both ends are

restrained against na
rotation and lateral
movement
Gransiation).
K
i

SUPPORT CONDITIONS -
PINNED TOP - FIXED BOTTOM

The top s restrained
s}
ment (tandatiomy butls
alowed toratwe. The -
botiom s restetned

gaing roaion and

it movesneat

“This s a common
support condition and
s e 0 conmamuet the
alowable columnload 4
applicd at the Slot Face

ables

SUPPORT CONDITIONS -
PINNED TOP — PINNED BOTTOM

Both ends are
restrained against

teral movement
(ransiation) by

SUPPORT CONDITIONS -

FIXED / FREE TOP - FIXED BOTTOM
K]

The top is restrained

against rotation but is

allowed to move

laterally. The bottom is | /

cd against

rotation and lateral

movement (translation).

t

Unistrut General Engineering CatalogiPage 15 of 262

ek of Unistrt. Corporition ander s afilises in the United Stutes ander other countris.

CROSS-SECTIONAL SHAPE

The crossssectional shape of a column,
member determines the value of its
“Radius of Gyration” or '¢". In general, a
member with a large °r’ makes a better
column than a member with a small *r"
Each axis of a column has a diffcrent "r"
Typically the axis with the smallest *r"
determines the final design.

BOLT TORQUE

Bolt torque values are given to cnsure the
proper connection between Unistrut
Metal Framing components. It s impor-
tant (0 understand that there is a direct,
but not necessarily consistent, relation-
ship between bolt torgue and tension in
the bolt. Too much tension in the bolt
can cause it o break o crush the
component parts. Too ltde tension in
the bolt can prevent the connection from
developing its full load capacity. ‘The
torque values given have been developed
over many years of experience and
testing

Recommended Bolt Torque

Bt W U K K KW
Size 20 18 16 13 11 10

e 119 s 10 125

Nem 8 15 25 70 13 170

These are based on using a properly
calibrated torque wrench with a clean dry.
(nondubricated) Unistrut fiting, bolt and
nut. A lubricated bolt or nut can cause
extremely high tension in the connection
and may lead to bolt failure. It must be
noted that the accuracy of commercial
torque wrenches varies widely and it is
the responsibility of the installer to
ensure that proper bolt torque has been
achieved

tyca / Efectrical &
' Metal Products.
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= Fiings, unless nated, are made from hot-rolled, pickled and ailed steel plates, strip or cail, and canform to ASTM specifications ASTS,

A58, 4635, or A3, The fiting stes! also meets ihe physical requirements of ASTM A1011 55 GR 3. The pickling of the steel produces a
smooth surface free from scale.

= Many fiings are also available in stainless steel, aluminum and fiverglass. Consultfactory for ordering information.

Application:

= All parts drawings illusirate only one application of each fiting. In most cases many other applications are possible. The channels shown
inthe illustrations are P1000, 1-5/8" square, exceptwhere noted otherwise

= All 116" diameter holes use 112" x 15116 hex head cap screws and 172" nuts — P1010, P4010 or P5510 - depending on the channel used.
Nuts and bolts are not included with the fiting and must be ordered separately.

Design Bott Torque:

oo [ F
SzE | 20 |16 |6 |13 |41 |0

FooT, 9 5
£98 o [ [ 1o [s0 [1o0 ]z

Nm | 8 |15 | 25 | 70 | 135 | 170

Design Set Screw Torque:

BOLT
SIZE
INCH
LBS

Nm

141 282|452 751

Dimensions:

= Imperial dimensions are llustrated in inches. Metric dimensions are shown in parenthesis or as noted. Unless noted, all metric
dimensions are in millimeters and rounded to ane decimal place.

= Many Unistrut nuts, bolts and hardware items are also available in standard metric dimensions. Consult factory for ordering information.

Design Load:

= Design Ioad data, where shown, is bassd on the ultimats strength ofthe connection with a safety factor of 2.5, unless otherwise noted
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I Maximum Allowable Pull-out And Slip Loads

Channel Mot Pur G S Torue
SieThread Gauge  Chamel  Lbs(ky) b (ky) Fuibs (Nem)

w0 1 2500 1.700 125
1134 771 170

w2 2500 1500 “100
. 1134 680 135
R 2000 1500 50
P1000 %07 &80 7

O o0 1400 1000 3
Pso00 635 454 50

wae 1 pss0 1,000 0 19
454 363 2

Weas 12 800 500 ]
363 227 15

w12 600 300 6
7 1% ]

ECIP 7500 500 E]
a0 80 )

w6 12 1000 0 19
Paz00 454 363 2

Feds 1 300 500 1
— 363 27 15

12 600 300 6

72 1% 8

ECT Ta00 000 E]
635 454 )

R 7000 750 19
- il 454 340 2
EET T 300 00 1
Fa100 363 181 15

wa 600 300 6
72 1% 8
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