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Fg.5.2.10 Arrangement for equalizing lifting loads

/ spreader beam

1 _ ralling block

equal force equal

. i on all lines

T

-

:
H

\ 3
= all
reactions
R R R R equal

lines equat. The member can then be analyzed as
a beam with varying load suppotted by equal re-

" actions.

The foree in inclined lift lines can be determined
from Fig. 5.2.7. '

5.2.8 Handling devices

The most common lifting devices are prestress-
ing strand or cable loops projecting from the con-
crete, threaded inserts, or special proprietary
devices.

Table 5.2.3 Capacity of % in. diameter; 270 ksi strands used as lifting loops

Since lifting devices are subject to dynamic loads,
ductility of the material is part of the design re-
quirement. Deformed reinforcing bars should not
be used since the deformations result in stréss
concentrations from the shackle pin. Also, rein-
forcing bars aré often hard-grade or re-rolled rail
steel with little ductility and low impact strength
at cold temperatures. Smooth bars of a known
steel grade may be used if adequate embedment
or mechanical arichorage is provided. The diam-
eter must be such that localized faiture will not
occur by bearing on the shackle pin.

Prestressing strand is often used for lifting loops.
The variables involved make it almost impassible
to calculate a capacity which can be used for all
situations. Generally, producers will establish
standard criteria for use in handling the standard
products manufactured by that plant. Tabie 5.2.3
is an example which has been used successfulty.

Reduced capacities for shorter embedment
lengths may be suitable. In shallow products, pro-
viding a 90° bend can reduce the required embed-
ment length significantly. Lightly rusted strand has
better bond than bright strand.

The diameter of the bend of the loop should be
at least 4 in. For smaller diameters, the loop ca-
“pacities in Table 5.2.3 should be reduced to:

1 in. diag. — 70 % g TN
2in. dla. —86 % -
3in. dia. —80 % - s

The angle of incline of lifting has lit’gie effect on'
the strand lifting loop capacity if the angle from
the horizontal is more than about 20°. Typical
handling methods are usually such that this angle
is no less than 60°.

Embedment Single Double Triple
{in.) {kips) {kips) (kips}
16 5 . 857 1.5
. 2 8 13 ¢ 175
S 28 10 N A
34 1 <1 29
A 16 75 125, 165
; 22 115 19 245
. Vertieal ) 155 . ‘255 | 3
e 34 16 325 - 21
T . .

1. These values are limited by slippage rather than strand strength, with a factor of _of 4. For other
strand diameters, muitiply table values by 0.76 for % in. diameter, 0.85 for s in. diameter, and 1.1 for
0.6 in.diameter. : 2 :

2. Minimum f; = 3000 psi.

3. Multiple strand loops must be fabricated o ensure equal force on each strand.

PCl Design Handbaok



| =gure 6.15.7A (continued) Design tensile strength for b > Hu, ¢P-—Case 3

4 3: Free edges on two opposite sides
"9Py = 02670 B (s + 2¢)
¥ ® o ¢ = 0.85
y where: X, and y, are the dimensions of the fiat
Yy | o e ‘ bottem of the part of the truncated pyramid.
| VY N ForCase3: X, =X+dg+dey Vi =y
X ] Note: Table values are based on
__"'de1 des A = 1.0and f: = 5000 psi;

< and y are the overall dimensions for different material properties, multiply table

aidth and length) of the stud group. values by 1 f¥ /5000
X{, Design tensile strength, 6P, (kips)

. !‘:]1 N2 T2 | 6| 8 |10 |12 |1a ] 16 |18 |20 |22 [2a| 26 | 28 | 30
) 2 4 6 8 o| 11| 18] 16| 17| 19| 21| 28| 25| 27 | 29
2 3 5 sl 10| 18| 15| 18] 21| 23| 25| 28 |"31 | 33| 36 | a9
4 3 7 ol 18] 16| 19| 23| 25| 20| 32| 35| 3@ | 42 | 45 | 48
6 4 gl 11| 5} 19| 23| 27| 31| 35| 39| 42| 46| 50| 54 | 58.
8 5 ol 13| 18| 23| 27| a1 | @6 | 41| 45| 49| 64| 59| 63 | &7
10 s| 10|l 8| 21| 25| 31| 36| &1 | 46| 51| 57 | 61 | 67| 72 | 77
12 6| 11| 17| 23| 20| 35 | 4 46| 52| 58| 63| e@ | 75| &1 87
14 7| 13| 19| 25| 32| 30| 45| 51| S8 | 64| 7t | 77| 8| 90 | %6
16 7| 1a| 21| 28| a5 | 42| 49| 57| &3 [ 7 | 77| 85 | 92 | 89 | 106
0 3 5 8l 0] 13| 5] 18| 21| 23| 25| 28| 31 | 38| 36 | a9
2 3 7 gl 13| 16| 19| 23| 25| 20| 32| 36| W | 4. 45 | 48
a 3 gl N 5| 19| 23| 27| 31| 35| 32| 42| 46| 50| 54 | 58
6 5 ol 3] 18| 28| 27| 31| 36| 41| 46| 49| 54| 69| & | &7
8 5| 10| i5| 20| 25| 31| 36| 41| 96| 51 | 57| 61 | 67 } 72 | 77
10 6t 11| 17| 23| 20| 35| 41| 46| 52| 58| 63| 69| 75 | &1 87
12 7| 3| 19| 25| 32| 39| 45| 51| 68| 84| 71| 77| 83 | W | 96
14 72| 14| 21| 28| a5 | 42| 4@ | 57| 63| 71| 77| 8 | 92| 9 | 106
16 a8l 15| 28| 31 39| 46| 54 | &1 6o | 77| 85 | ‘92 | 100 | 108 | 115
0 4 sl 111 5| 18| =8| 27| 31| 35| 30| 42| 46| 56 | 54 | 58
2 5 gl 13} 18| 23| 27| a1 | 38| 41| 45| 49| 54| 58 | &3 | &7
a 5| 10 5| 21| 25| 81| 8| 41| 48| 51| 57| 6t | &7 | 72 | 77
6 6| 11 17| 3| 20| 35| 41| 46| 52| 58| 63| 69| 75 | 81 | 87
8 7z 43| 19| 25| 32| 39} 45| 51| 58| 84| 71 | 77| 8 | 90 | 96
10 72| 14| 21| 28| 35| 42| a@¢| 57| 63| 71| 77| 85| 92 | 99 | 106
12 8l 15| 3| 31| 39| 46| 54| 61 72| 88| o2 | 100 | 108 | 115
14 al 171 o5 | 33| a2 | s0| s9| 67| 7| 83| @2 | 100 | 109 | 117 | 125
16 | 9| 18| 27| 36| 45| 54 72| 81| 90| @ | 108 | 117 | 125 | 136
0 51 10| 5| 21| 25| a1 | @ | 41| 46| 61| o7 | 61 | 67 | 72 | 77
2 el 11| 77| 23| 20| 25| a1 | 46| 52| 58| &3 | €9 | 75 | B1 | 87
4 2] 13 10| 25| 32| 29| a5 | 51| 58| 64 | 7t | 77| 83 | 9 | 96
6 71 1] 21| 28| 35| 42| 49| 57| 63| 71| 77| 85 | 82 | 9@ | 106
8 8| 5| 23| 31| 30| 46| 54| 6t | 60| 77| 85 | 92 | 100 | 108 | 115
10 9| 17| 5| 33| 42| so| 59| er| 75 | 83 | 92 | 100 | 109 | 117 | 125
12 ol 18| 27| 36| 45| 54| 68| 72| 81 | 0| 99| 108 | 117 | 125 | 135
14 ol 19| 0| 30| 48| s8| 67 | 77| 87 | 96| 106 | 115 | 125 | 135 | 144
16 | 10| 21| 3 a1 ] 51| a1 | 72| 82| o2 | 103 | 113 | 128 | 133 | 143 | 154

PC! Design Handbook/Ffth Editian 6—55
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{ bavTON Swift Lift® System
* SUPERIOR

P52 Swift Lift® Anchor Tensile and Shear Capacity
When anchors are used in the face of thin concrete elements

The following table lists the P52 Swift Lift Anchors that are currently
manufactured. Other sizes and lengths are available on special order.
However, the sizes and lengths of anchors shown will handle the majority
of flat precast concrete elements.

When the P52 Swift Lift Anchor is properly embedded in normal weight
concrete, the tabulated working loads are applicable for any direction of
load. This applies even if the direction of load is parallel to the axis of the
anchor, perpendicular to it or at any other angle.

Minimum distance between anchors is twice the minimum edge distance.

It is critical to remember that in order to obtain the safe working loads
listed in the table below, the normal weight concrete must have obtained
the minimum concrete strength shown, prior to initial load application.

Swift Lift Anchor Safe Working Minimum Minimum
Ton x Length Load . Concrete Strength | Edge Distance
1 ton x 2-5/8" 1,700 lbs. 3,500 psi 8"
1 ton x 3-3/8° 2,000 lbs. | 2,200 psi 10
1 ton x 4-3/4" 2,000 Ibs. 1,600 psi 10"
 ttonx8" 2,000 Ibs. SR o ey R
1 ton x 9-1/2" 2,000 Ibs. 1,600 psi 10"
2tonx2-34" | 21000Ms. | - 3500psi | S
2 ton x 3-3/8" 2,900 Ibs. 3,500 psi 10"
2 ton x 4-3/4" 4,0001bs. | 3,500 psi_ _ 10"
2 ton x 5-1/2" 4,000 lbs. 1,600 psi 13"
2 ton x 6" 40000bs. | 1,600 psi | 13"
2 ton x 6-3/4" 4,000 lbs. 1,600 psi 13"
2tonx 11" 4,0000bs. | 1,600 psi : S e
4 ton x 3-3/4" 4,000 lbs. 3,500 psi 12"
4 ton x 4-1/4" - 49001lbs. | 3,500 psi ] 13
4 ton x 4-3/4" 5,800 Ibs. 3,500 psi 14"
dtonx5-4/2° | 74000bs | 3,500 psi AP
4 ton x 5-3/4" 7,900 Ibs. 3,500 psi 1728
4 ton x 7-1/8" . 8,000 Ibs. 1,800 psi AR08,
4 ton x 9-1/2" 8,000 Ibs. 1,600 psi 17"
Adtonx14" 8,000 Ibs, 1,600 psi ' 18"
4tonx 19" 8,000 lbs. 1,600 psi 20"
8 ton x 4-3/4" | 6,400 Ibs. 3,500 psi 16"
8 ton x 5-1/4" 6,850 lbs, 3,500 psi 16"
8 ton x 6-3/4" | 11,200 1bs. SOET (Y e | 21
8 ton x 10" 16,000 Ibs. 3,500 psi 19"
8 ton x 13-3/8" 16,000 lbs. 1,600 psi 23
8 ton x 26-3/4" 16,000 Ibs. 1,600 psi 27"
. 20tonx 10" | 250001bs. | 3,500 psi 2a"
20 ton x 19-3/4" 40,000 Ibs. 3,500 psi 31"

Safe Working Loads provide a factor of safety of approximately 4 to1 in normal weight concrete. Safe Working Load is
based on anchor setback from face of concrete "X”dimension, as shown on page 26.

24 04/14
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Bridge 11, Clarendon, VT J. P. Carrara & Sons, Inc.
Abutment Handling Project 23476-015
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Bridge 11, Clarendon, VT
Abutment Handling

J. P. Carrara & Sons, Inc.
Project 23476-015
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Clarendon Bridge 11 J. P. Carrara & Sons, Inc.
Clarendon, VT Project 23476-015
1/14/16 Rev 0

Precast Abutment CG Calculation

Clarendon Bridge C-AB1

size
Area X y thick x-bar y-bar Volume x-bar*V y-bar*v
in in in in in ftr3
1 69 112 42 rect 345 0 187.83333 6480.25 0
2 69 112 42 rect 4335 0 187.83333 81425.75 0
3 124.25 66.875 42 rect 131.125 0 201.96018 26482.03 0
4 124.25 2.125 42 tri 151.8333 0 3.2087131 tri 487.1896 0
5 93.5 69 42 rect 240 0 156.80729 37633.75 0
6 112.25 66.5 42 rect 342.875 0] 181.43186 62208.45 0
7 112.25 2.5 42 tri 324.1667 0 3.4103733 tri 1105.529 0
8 60 43 -42 tri 20 0] -31.354167 tri -627.083 0
9 60 43 -42 tri 448 0 -31.354167 tri -14046.7 0
10 12 67.13154 -1 ¢yl 84 0 -17.574996 cyl -1476.3 0
11 12 68.41424 -1 ¢yl 159 0 -17.910805 cyl -2847.82 0
12 12 69 -1 oyl 234 0 -18.064158 cyl -4227.01 0
13 12 68.50445 -1 oyl 309 0 -17.934424 cyl -5541.74 0
14 12 66.83408 -1 cyl 384 0 -17.49712 cyl -6718.89 0
180337.4 0
770.79524 i3
233.9628 in. 0 in.
115,619 |bs. x-bar y-bar
5781 T 19.4969 ft. 0 ft.
19'5-15/16" 0'0Q"
Clarendon Bridge C-AB2
size
Area X y thick x-bar y-bar Volume x-bar*Vv y-bar*V
in in in in in ftr3
1 69 112 42 rect 34.5 0 187.83333 6480.25 0
2 81 112 42 rect 439.5 0 220.5 96909.75 0
3 124.25 66.25 42 rect 131.125 0 200.0727 26234.53 0
4 124.25 2.75 42 tri 151.8333 0 4.1524523 tri 630.4807 0
5 93.5 69 42 rect 240 0 156.80729 37633.75 0
6 112.25 67.125 42 rect 342.875 0 183.13704 62793.11 0
7 112.25 1.875 42 tri 324.1667 0 2.5577799 tri 829.147 0
8 60 43 -42 tri 20 0 -31.354167 tri -627.083 0
9 72 43 -42 tri 456 0 -37.625 tri -17157 0
10 12 66.58199 -1 ¢yl 84 0 -17.431125 cyl -1464.21 0
11 12 68.24195 -1 ¢yl 159 0 -17.865701 cyl -2840.65 0
12 12 69 -1 oyl 234 0 -18.064158 cyl -4227.01 0
13 12 68.62834 -1 ¢yl 309 0 -17.966858 cyl -5551.76 0
14 12 67.37556 -1 cyl 384 0 -17.63888 cyl -6773.33 0
192870 0
797.11471 ft*3
241.9601 in. 0 in.
119,567 |Ibs. x-bar y-bar
59.78 T 20.16334 ft. 0 ft.

20'1-15/16" o0'0"
Page 1 of 1
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Fig. 5.210 Arrangement for equalizing lifting loads

/ spreader beam
[ c.g. | _~ rolling block
equal | equal force equal
on all lines
| |

bl LTI

"~ all
reactions
R R R R equal

lines equal. The member can then be analyzed as
a beam with varying load supported by equal re-
actions.

The force in inclined lift lines can be determined
from Fig. 5.2.7.

5.2.8 Handling devices

The most common lifting devices are prestress-
ing strand or cable loops projecting from the con-
crete, threaded inserts, or special proprietary
devices.

Since lifting devices are subject to dynamic loads
ductility of the material is part of the design re.
quirement. Deformed reinforcing bars shoyld not
be used since the deformations result in stress
concentrations from the shackle pin. Also, rejn.
forcing bars are often hard-grade or re-rolled raijl
steel with little ductility and low impact strength
at cold temperatures. Smooth bars of a known
steel grade may be used if adequate embedment
or mechanical anchorage is provided. The diam-
eter must be such that localized failure will not
occur by bearing on the shackle pin.

Prestressing strand is often used for lifting loops,
The variables involved make it almost im possible
to calculate a capacity which can be used for all
situations. Generally, praducers will establish
standard criteria for use in handling the standard
products manufactured by that plant. Table 5.2.3
is an example which hes been used successfully,

Reduced capacities for shorter embedment
lengths may be suitable. In shallow products, pro-
viding a 80° bend can reduce the required embed-
ment length significantly. Lightly rusted strand has
better bond than bright strand.

The diameter of the bend of the loap should be
at least 4 in. For smaller diameters, the loop ca-
pacities in Table 5.2.3 should be reduced to:

1in. dia. — 70 %
2 in. dia. — 85 %
3 in. dia. — 90 %

The angle of incline of lifting has little effect on
the strand lifting loop capacity if the angle from
the horizontal is more than about 20°. Typical
handling methods are usually such that this angle
is no less than 60°.

Table 5.2.3 Capacity of % in. diameter, 270 ksi strands used as lifting loops

Embedment Single Double Triple
Lifting angle length loop loop leop
(in.) (kips) (kips) (kips)
16 5 85 115
2 8 13 175
45 degrees 78 10 18 23
34 1 23 29
16 7.5 129 16.5
. 115 19 245
WAL 8 155 255 3
A, > 18 325 . #a
1. These values are limited by slippage rather than ‘strand strength, with a factor of safety of 4. For other
strand diameters, muitiply table values by 0.75 for % in. diameter, 0.85 for % in. diameter, and 1.1 for
0.6 in.diameter. -
2. Minimum f. = 3000 psi.
: T
3. Multiple strand loops must be fabricated to ensure equal force on each strand.

PCl Dasign Handbook



Figure 6.15.7A (continued) Design tensile strength for h > h,,,, ¢P.,—Case 6

| Case 6: Free edges on four adjacent sides
| 30 0Py = ¢2.67h 1 (x,)(yy)
d_j;;_ e o ¢ =085
where: x; andy; are the dimensions of the flat bottom
oy of the part of the truncated pyramid.
A
d,:— ¢ o ForCase 6: X; = X+ dey + dea” y; = y + dog + d,
TL Note: Table values are based on
_ X _ A =1.0andf; = 5000 psi;
e deo for different material properties, multiply table
x and y are the overall dimensions values by A /f: /5000
(width and length) of the stud group.
Design tensile strength, ¢P., (kips)
2o in. 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 1 1 2 3 3 4 5 5 6 7 7 8 9 9 9
4 1 3 4 5 7 8 9| 10 11 13 14 15 17 | 18 19
6 2 4 6 8 9 11 13 15 17 19 21 23 25 27 29
3 8 3 5 8 10 13 15 18 21 23 25 29 31 33 36 39
10 3 7 9 13 16 19 23 25 29 32 35 39 42 45 48
12 4 8 1" 15 19 23 27 31 35 39 42 46 50 54 58
14 5 9 13 18 23 27 31 36 4 45 49 54 59 63 67
16 5 10 15 21 25 31 36 41 46 51 35 61 67 72 77
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 1 1 2 3 3 4 5 5 6 7 7 8 9 9 9
4 1 3 4 5 7 8 9 10 11 13 14 15 17 18 19
6 2 4 6 8 9 11 13 15 17 19 21 23 25 27 29
4 8 3 5 8 10 13 15 18 21 23 25 28 31 33 36 39
10 3 7 9 13 16 19 23 25 29 32 35 39 42 45 48
12 4 8 11 15 19 23 27 31 35 39 42 46 50 54 58
14 5 9 13 18 23 27 31 36 41 45 49 54 59 63 67
16 5 10 15 21 25 31 36 41 46 51 57 61 67 72 77
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 1 1 2 3 3 4 5 5 6 7 7 8 9 9 9
4 1 3 4 5 7 8 9 10 11 13 14 15 17 18 19
6 2 4 6 8 9 11 13 15 17 19 21 23 25 27 29
6 8 3 5 8 10 13 15 18 21 23 25 28 31 33 36 39
10 3 7 9 13 16 19 23 25 29 32 35 39 42 45 48
12 4 8 11 15 19 23 27 31 35 39 42 46 50 54 58
14 5 9 13 18 23 27 31 36 41 45 49 54 59 63 67
16 5 10 15 21 25 31 36 41 46 51 57 61 67 72 | 77
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
2 1 1 2 3 3 4 5 5 6 7 7 8 9 9 9
4 1 3 4 5 7 8 o 10 11| 18| 14| 15| 17| 18| 19
6 2 4 6 8 9 11 13 15 17 19 21 23 25 27 29
8 8 3 5) 8 10 13 15 18 21 23 25 28 31 33 36 39
10 3 7 9 13 16 19 23 25 29 32 35 39 42 45 48
12 4 8 11 15 19 23 27 31 35 39 42 48 50 54 58
14 5 9 13 18 23 27 31 36 41 45 49 54 59 63 67
16| 5| 10| 15[ 21| 25| 31| 36| 41| 46| 51| 57| 61| 67 | 72| 72
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