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PREFACE

The A-layer pixel support frame is located between the DO central calorimeter and the
A-layer MDT. The frame is composed by 8 octant frames, each octant is mounted by
96 pixels and photomultipliers which are designed at specific locations in 12 rows.

The octant pixel frame is a 45 degree trapezoidal frame with sandwich type of structure

in cross section, see the drawing MID-372015 on page 2.9 as reference. The pixels and

photomultipliers are mounted to the octant frame as showing on photo-picture copy in
appendix.

The Strong-back Lifting Frame is a rectangular shape steel frame, which performs two
major functions:

1. As a “Structural and Mechanical Lifting Device”, give the assembled pixel
octant frame of the opportunity of moving, lifting and shipping to different
locations horizontally and vertically.

2. As a mechanical support device, give the assembled pixel octant frame supports
in far side surface to minimize the deflection during the shipment, and prevent
any permanent deformation to the pixel octant frame.

The attached engineering note outlines the Lifting Frame for designing and fabricating,
analyze the siructures per the specifications of ASME B30.20 and Fermi ES&H Manual
5022.1-1. The scope of this note only covered function #1, which is governed by the
safety of personnel and equipment to use the “Below The Hook Lifting Devices™.

Because of the unavailability of the detail drawings of the device at this moment, the
author feels sorry for using the design sketches and layouts as the reference in the

appendix. The related design drawings will be added to the appendix once they are
available.
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1-103

Y
ING STRUCTURAL TUBING
L TUB Rectangular Xttt X
gjular e Dimensions and properties
proper
Y
Dimensions Properties™*
T Nominal*|  Wall | Weight [t , X-X Axis Y-Y Axis ,
ry J Size | Thickness | per Ft I S Z f I, S, 2, r,
' m!“:s’“' m i in. In. th. ff w2 A w3 2wt i |
| 13.3 | 152“* 53.0 6x2 1037501 % | 17.27 || 5.08 [ 178 | 594 | 833 | 1.87 | 284 |2.84 | 3.61 [0.748| 872
‘061108 (157 |433 0.3125| %o | 14.83 || 436 | 16.0 | 534 | 7.33 | 192 | 262 |262 | 822 |0.775| 7.94
9.06 9.36 1.60 975 025001 4 | 12.21 || 359 | 138 | 460 | 6.18 | 196 231 {231 | 275 {0802 6.88
7.78 1‘63 912 0.1875 | % 042 i 277 | 111 | 370 | 488 | 200 190 [1.80 | 220 [0.82%| 556
6,06 166 | 242 5x4 1037501 % | 19.82 || 583 {187 | 7.50 | 944 | 179 {132 |658 | 808 | 150 1263
ga4l 112 | 298 03125 %e | 1696 || 498 | 166 | 665 | 824 | 1.83 117 1585 | 705 | 153 228
7'32 {18 25 4 0.2500] v | 13.91 § 409 | 141 | 565 | 689 | 186 9298 [4.99 | 580 | 156 | 194
6‘ 40 1‘?0 290 0.1875| %6 | 1070 1 344 [ 112 | 449 | 639 | 189 796 1398 | 463 | 159 |48

596|128 |185

) 14.6 5x3 10.5000] % | 2163 || 6.36 | 169 | 675 | 920 | 163 7.33 |4.88 | 635 1107 (162
421|126 " 087501 % | 17.27 1| 508 | 147 | 589 | 7.71 | 1.70 | 648 (432 | 535 [1.13 | 156
3190|0812 836 03125 %e | 14.83 || 486 | 132 | 527 | 677 [ 1.74 | 585 {380 | 472 1 1.16 [ 138
?(.54 0830 674 025001 v | 1221 [l 859 {118 | 452 | 570 | 1771 5056 |3.37 | 389 | 119 {117

0.1875| %6 | 942 || 2.77 | 906 3.62 | 449 | 181 408 |272 | 3.5 {121 | 9.21
160 | 186 |629
7 (129 1191 50.9
9401112 |1.94 43.9
. 9261197 1363
623 | 7.201200 28.1

5x2 10.3125] %4s | 1270 || 373 | 974 380 | 531 | 162 216 |2.16 | 270 |0.762 | 6.24
025001 v | 1051 || 3.09 | 848 3.39 | 451 | 166 | 1.92 |1.92 | 232 10789 543
0.1875| %6 | 8.15 || 239 | 689 275 | 369 | 1.70| 160 |1.60 | 1.86 10816 4.40

4X3 10.3125) %e | 1270 || 3.73 | 745|372 | 475 | 141 | 471 |34 | 388 [ 142 | 9.89
025001 v | 1051 || 3.09 | 6451 3.23 | 403 | 145| 410 (274 | 330 {115 | 841

148 |421 -
921 1115 018751 %e | 8.15 || 239 | 523|262 | 320 | 148 ] 334 223 | 262 {118 | 667

044 | 154 1346
g21 1157 {801
5841160 | 250
5341163 |195

4x2 103125 %6 | 1058 || 3.41 | 532|266 | 360 | 1.81 ] 171 {171 | 217 |0743] 458
0.25001| v4 8.81 ]| 259 | 469|235 | 309 | 135 154 | 154 | 1.88 | 0770 4.01
018761 %6 | 687 || 2.02 | 3.87| 1.93 | 248 | 138 | 129 |1.20 | 152 {0798 3.26

. 0.3
6.34 ilg %7'9 35%2.5 0.2500 | v4 B.81 | 250 | 3971227 | 286 |1.24| 233 |1.86 | 228 | 0948 499
22(; 1'21 5. 01875 %6 | 687 || 202 | 326 1.86 | 231 | 1.27 | 193 | 154 | 1.83 | 0977 | 4.02

3221 368|124 1.9 3x2 10.2500] v 741 [} 209 | 221} 147 1 182 1103 115 {115 | 144 [0.742] 2.63

0.18751 %1 | 550 || 164 | 186] 1.24 | 157 | 1.06 | 09770877 | 1.18 |0.771| 2.16

ML_*M_
R ! “OUtSide dimensions across flat sides.

P : . ' A |
. | to two times the wall foperties are based upon a nominal outside corner radius equal to two times the wall
outsiue corner radius equa /*M&J

kness.
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BOLTS AND THREADED PARTS
ASTM Specifications

TABLE I-C. MATERIAL FOR ANCHOR BOLTS

AND TIE RODS

ASTM Strength, Ksi Maximum Type of Headed
Specification Proof | Yield | Tensile Diameter Material or
Load | (Min) | (Min.) In. Unheaded
A207 - e 60 4 C H
A325° 85 92 120 Yo to 1, incl. Cc, QT H
74 81 105 1% to 112 incl.
A354 Gr. BD 120 130 150 Y4 10 2V2 incl. A, QT H, U
] 105 | 115 | 140 | over 210 4 incl.
o| A354 Gr. BC 105 | 108 | 125 | ato 2% incl. A, QT H, U
o 95 99 115 | over 22 1o 4 incl.
B| A449 ‘85 | 92 | 120 | vato 1 indl c, QT H, U
74 81 105 1% 10 12 incl.
55 58 80 1% to 3 incl.
AA4SO 120 — 150 Ve to 12 incl. A, QT H
AGB7 e 105 150° | % to 3 incl. A, OT, NT U
x| A36 - 36 | 58 8 c U
pe!
g AB72 Gr. 50 e 50 65 2 HSLA 8
j
2| asr2 Gr. 42 - 42 60 6 HSLA
2| asss — 50 | 70 | To4incl. HSLA, ACR
g e 46 67 | over 410 5 incl
= e 42 63 | over 510 8 inch

apvailable with weathering (atmosphetic corrosion resistance) characleristics compatable to

ASTM A242 and ASES siesl.

G « garbon

ar = gquenched and tempered

A = alioy

NT = potch tough (Charpy V-notch 15 ft-lb. @ —20°F)

it

HSLA = high-strength low alloy

ACR = atmosphetic corrosion-resistant
“Maxdimum (ulimaie tensile strength)
Motes:

ASTM specified material for anchor bolts, tie rods and similer applications can be obtained
from either specifications for threaded boflts and siuds nonmally used as connectors or for
structural material available in round stock that may then be threaded. The material supplier

should be consulted for availability of size and length.

Suitable nuts by grade may be obtained from ASTM Spegcification A563.
Anchor bolt material that is quenched and tempered should not be welded or heated.

Threaded rod with properties meeting A325, A490 or A449 Specifications may be obtained
by the use of an appropriate steel (such as AISI C1040 or (C4140), quenched and tempered

after fabrication.

BOLTS, THRE
All
Ti
ASTM Conn-
Desig- oction | 110
nation Type® Type
A307 —~ 181D
NSL
STD
Sca
Class | OVS,
A SSL
A325 LSt
N 8TD,
NSL
4 X |sTD
& NSL
STD
sce
ovs,
Class | ‘g5,
A4S0 LSt
N |STD,
NSL
X |'sTD,
NSL
o | AB02 — | &TD
@
& | As02-2 | 87D
AB02-3
A36 N 8T
{F.~58 ksi)
s X |80
o | As72,Gr. 50 | N | §TD
g | (F=65ksi)
2 X 1sTD
e
£
= | 588 N STD
{Fu=70 ksi)
X |'§TD

*8C = Slip critical connaction,

N: Bearing-type connection with thre
X: Bearing-type connsction with thre
*STD: Standard round holes (d + Y
L8L: Long-slotied holes normal to
NSL: Long-or short-slotted hole nor

(required in bearing-type conr
°S: Single shear D: Double she
For threaded parts of materials not lis
plane, and £, = 0.22F, when threads
To fully pretension bolis 1%-in. dia. ai
When bearing-type connsctions used
measured parallel to the line of force,
AlSC ASD Commentary Sect. J3.4.

Anerican INsTITUTE OF STEEL CONSTRUCTION

AMERICA




ADED PARTS
ications

R ANCHOR BOLTS

BOLTS, THREADED PARTS AND RIVETS
Shear
Allowable load in kips

TABLE I-D. SHEAR

JDS
ngimum Type of Headed
Diameter Material or
In. Unheaded
4 C H
y 1, incl. C, QT H
to 12 incl.
y 2V incl. A, QT H, U
"2V to 4 incl.
+ 2% incl, A, QT H, U
2Yz 10 4 incl,
v 1 ingl. G, Qr H, U
[V R
0%
1 1¥e incl A, QT H
-3 incl, AQT,NT | U
8 i
2 HSLA
6 HSLA U
incl, HSLA, ACR| U
4 %o 5 incl.
5 to 8 incl.

sistance) characteristics comparable to

~20°F)

'd similar applications can be obtained
ds normally used as connectors of fof
hen be threaded. The material supplier
h.

| Specification A563.

should not be welded or heated. .
rA4°" “pecifications may be obtained
40.  140), quenched and tempered

————

CoNSTRUCTION

Nominal Diameter d, in.

ASTM o | e | Fy | toaa | 56 1 % [ Lt T T [ [ 1%

?zzégn‘ Tm on Type® | ksi | ing® Area (Based on Nominal Diameter) in.2
f ype 3068 | 4418 | 6013 | .7854 | 9940 | 1.057 | 1.488 | 1767
A307 — | ST 1001 8 13144 60|78 | 0923|148 175
NSL O 161188 |120 [157 | 199)24%5 | 207] 253
S0 11701 s | 522| 751|102 [134 [ 169 | 209 | 252] 30.0
D 1104 115.0°1204 1267 | 338 | 41.7 | 505] 601
o (ove. [ 1505 | 460| 663] 90517135 149|184 | 223| 265
W | SsL D 19200133 |18.0 1236 | 208|368 | 446 630
925 LSL | 120 | & | 38| 530 7.22( 942|119 | 147 | 178 375
5 D _1736/106 |144 |188 | 239|204 | 356 424
N [SID,[210] & | 64 |93 [126 [165 | 200|258 | 375|471
NSL D _J129 1186 1253 |330 | 417 | 516 | 624] 742
28 X 181D, 1300 S | 021133 |180 [23.6 | 298 | 36.8 | 445| 530
] NSt D _[184 1265 1361 |47.1 | 596 | 736 | 89.%]106.0
STD | 21.0| & | 644| 928/126 [165 | 209 | 266 | 312] 571
. D 1129 118.6 |253 1330 | 417 | 515 | 624] 742
@Sggés OVS, | 180 | S | 652] 7951108 |14.1 | 17.0 | 22.1 | 26.7] 518
W | est D 1110 1159 1216 |283 |a358 | 442 | 535] o3
A LSL 11501 S 1 460| 6.63] 902[11.6 | 149 | 18.4 | 223| 265
480 D 1920]133 1180 |23.6 | 208 | 36.8 | 446| 530
N |STD | 280 & | 86 [124 (168 |22.0 | 276 | 344 | 416 405
NSL. D {172 [247 337 [440 | 857|887 | g32| 990
KoLSID 400§ 1123 1177 (241 (314 [ 308 | 401 | 504 70.7
NSL, D 1245 1853 148.1 1628 | 795 | 8822 | 1190] 1410
ABGE- | STD TS| S | 64 77 105 (157 | 17.4 | 215 | 260] 305
g D 1107 1155 1210 1275 | 348 | 429 | 520) 6in
Z | Asgaa — 8T 2201 s | 67 | 07 (132 [175 | 219 | 27.0 | 52.7] 365
A502-3 D 1135 1194 1265 |346 | 437 | 5410 653| 777
A36 N I8 90| & | a0 | 44 [60 | 78 | 98|21 147|178
(F,=58 ksi) D [ 6187 119 |156 | 197 | 243 | 204| 350
X (8 9281 8 | 89 167 | 77 [104 |127] 157 190] 256
8 D 179 1113 |164 |20 | 254|314 aso| 452
o | "AS72, Gr. 50 N ISTD 1ty 8 134149 167 | 87 | 110|136 165] 166
2 | (=65 ksi) D | 68|98 133 174 | 229|272 3s0| 2o
b X 18143 s | 4al63 |86 |112 [142]175] 213 253
: D | 88 [126 |17.2 {225 | 284 | 3511 | 425] 50%
= | Asgs N | STD) 19} 8 137 |63 | 72 [ 03 [ 1181461 177 310
{Fu=70 ksi) D 1781105 1143 |87 | 237 {2902 | 353| 424
X | STD[154) S | 47 | 68 | 93 [121 | 153|169 220] 575
- D 194 [136 185 [242 1306|378 457 644

*SC = Slip critical connection.

N: Bearing-type connaction with threads included in sheer plans.

X: Bsaring-type connection with throads excluded from shear plane.
"STD: Standard round holes (d + Ve in.) OVS: Oversize round holes

LBL: Long-slotted holes normal to load direction S8L: Short-slotied holes

NSL: Long-or short-stotted hole normal to load direction

{required in bearing-type connection).
°S: Single shear D: Double shear.
For threaded paris of materials not listed, use F, = 0.17F, when threads are included in a shear
plane, and F, = 0.22F, when threads are excluded from a shear plane.
To fully pretension bolts 1%-in. dia. and greater, special impact wrenches may be required.
hen bearing-type connections used to splice tension members have a fastener pattern whose length,

Moasured parallel to the line of force, excesds 50 in., tabulated values shall be reduced by 20%. See

AISC ASD Commentary Sect. J3.4.
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for the design of connec-
secific applications. More
ns are given in two com-

| design and detailing
neers.

uction, explanations,
nd drawings.

ign' 1d be checked against

Tension
Allowable loads in kips

BOLTS, THREADED PARTS AND RIVETS

TABLE I-A. BOLTS AND RIVETS
Tension on gross (nominal) area

Nominal Diameter d, In.

ASTM El % | %l | 1 1% | Ve | 1% | 1%
Designation Ksi Area (Based on Nominal Diameter), in.?

0.3068 | 0.4418 | 06013 | 0.7854 | 0.9940 | 1.227 | 1485 | 1.767

A307 bolts 20.0 6.1 8.8 | 120 | 157 | 198 | 245 | 297 | 353
A325 boits 44.0 135 | 194 | 265 | 34.6 | 43.7 54.6 653 | 77.7
A4S0 bolis 54.0 16.6 | 239 | 325 | 424 | 537 | 663 | B02 | 954
AB02-1 rivels 23.0 7.4 10.2 | 13.8 18.1 229 1 282 | 342 | 408
AB02-2,3 rivels 20.0 8.9 28 | 174 | 228 | 288 | 356 | 451 51.2

tural fasteners.
See AISC Specification. Appendix K4.

and J3.6.

The above table lists ASTM specified malsrials that generally are intended for use as strue-
For dynamic and fatigue loading, only A325 or A480 bigh-strength bolis should be specified.

For allowable combined shear and tension loads, see AISC ASD Specilication Secls. J3.5

Tension on gross (nominal) area

TABLE I-B. THREADED FASTENERS

Nominal Diameter o, In.

s |k e | R | % % % 1 1% ] e | 1% | 1V

Designation | Ksi | kel | kst

Area (Based on Norinal Diameter), In2

(.3088 1 04416 1 0.6013 [ 0.7854 | 0.9840 | 1.227 | 1.485 | 1.767
A6 36 | 88191 5.9 64 | 116 | 150 | 190 | 234 | 28.4 | 337
A572, Gr. 50| 850 | 65215 6.6 95| 129 | 169 | 214 | 264 | 319 | 38.0
AG8E 50 | 70 |23.1 7.1 1 102 | 13.9 | 181 | 230 | 28.3 | 343 | 408
Ad49
d=1 92 11201396 121 | 176 | 238 | 311 e e o —
1<d=1% 81 1105|347 | - m e e 3456 | 426 | 515 | 61.3

times 0.6F.
F, = specified minimum tensile strength of the fastener material.
F = 0.33F, = allowable tensile stress in threaded fastener.

:The above table lists ASTM specified materials available in round bar stock that are generally
intended for use in threaded applications such as tie rods, cross bracing and similar uses.
The tensile capacity of the threaded portion of an upset rod shall be larger than the body area

AmeRICAN InstiTure oF SteEL CONSTRUCTION
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BODY, RING: 4140 STEEL, HEAT TR

EATED RC 43-48

BOLT: ALLOY STEEL, HEAT TREATED RC 39-43
BLACK OXIDE FINISH OR CADMIUM PLATED

Swivel Hoist Rings (lefl) are designed
1o withstand much greater side loads
than eye bolis {right).

~ F

RADIUS

e WP

A

180° PVOT/[.
f o [
Dig,

Pivots 180° and rotates 360° simulta- ! i

neously to allow lifting from any direc- AN - i

tion. Choice of bolt lengths available: () | e

Use the shortest only Tor steel plates, S e - FETANING

she other lengths for weaker materials 5 < AING
i for through-hole mounting with a & ﬁ
.aher and nut. See safety precau- .

tlons on page 27. 360° ROTATION

BLACK OXIDE FINISH (USA)
(OAD INSTALLATION|  REPLACEMENT
RATING E TORQUE BOLT (WiTH
PART NO. {(LBS)” A &8 C D DiA F G Hi J K L (FT-LB) RETAINING RING)
CL-800-SHA-1 ey 29 . 7 PP 5 7 |CL-B00-SHRB-1
T -B00-6HRS 800 5/16-18 B 72 2.71 38 716 1-8/8 1.8201.0312.35 S 800 SHRE 3
CL-1000-5HR-1 1000 38-16 54 72 2.71 38 7116 158 ] 1 11.82)11.0912.35 2 C1.-1000-SHRB-1
CL-2500-SHR-1 J7 CL-2500-SHRB-1
CL-2500-SHR-2 2500 213 102 | 1.23 | 4.77 3/4 78 344} 2 |3.82]1.7314.24 28 CL-2500-SHRB-2
CL-2500-3HH-3 1.27 CL-2500-SHRB-3
CL-4000-5HR-1 NI CL-4000-SHRB-1
CL-4000-SHR-2 4000 5/8-11 1.02 | 1.23 | 477 34 78 3144 | 2 13.52]1.86{4.24 80 CL.-4000-SHAB-2
CL-4000-SHR-3 1.27 CL-4000-SHRB-3
CL-5000-SHH-1 1,02 CL-5000-SHRB-1
(O v 1. 7 -1 . . 4,
CEoh0.8HR 2 s000 | asfo 1024 12| az7 | %4 | 7R | 34| 2)85211981424) 100 {Eooomgn
CL-7000-SHR-1 1.03 - CL-7000-SHRB-1
4-1 . . - . - . K .

CL.7000-6HR2 7000 3/4-10 TE3 172 1 855 | 1-1/16 {1-13/32(4-15/16] 3 |5.06{2.47|5.80 100 17000 SHAB 2
€1-8000-SHA-1 ; 103 ] R ] . C1..8000-SHRB-1
&1 B000-SHAS 8000 7/8-2 755 172 1 655 { 1-1/16 | 1-13/32|4-15/16] 3 |5.06|2.60)5.80 160 CL-B000 SIIAB 3
CL-10000-SHR-1 1.28 CL-10000-SHRAB-1
CL-10000-S5HR-2 10000 1-8 TE3] 1.72 | 655 | 1-1/16 | 1-13/32|4-15/16] 3 |5.06|2.72|5.80 230 CL-10000-SHAB-2
CL.-10000-SHR-3 2.28 CL-10000-SHRB-3
CL-15000-SHR-1 15000 1.9/4~7 | 1.89 | 241 | 873 | 1-1/4 1-3/4 6 |37616.50]/3.3617.76 470 CL-15000-SHRB-1
CL-24000-SHR-1 24000 1-1/2-6 | 270 4.36 CL-24000-SHRB-1

R R T 50000 | 2-d-i/2 | 26| 281 | 1247 | 14 | 24 | B [ B55153g(1112 800  [ci30000-5HAB:1

3afety tactor = 5:1. Larger sizes available as specials...please contact factory.

\\ m*wLﬁe

®

MANUFACTURING CO.
4200 Carr Lana Ct., P.O. Box 191970
St Louis, Missourt 63118-7870
Phone: 314-647-6200, FAX: 314-847-5736
Web Site; www.carriane com
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