[bookmark: _GoBack]3.4 SLIP-CRITICAL BOLTED CONNECTIONS

· High strength (A325 and A490) bolts can be installed with such a degree of tightness that they are subject to large tensile forces. 
· These large tensile forces in the bolt clamp the connected plates together. The shear force applied to such a tightened connection will be resisted by friction as shown in the Figure below.




· Thus, slip-critical bolted connections can be designed to resist the applied shear forces using friction. If the applied shear force is less than the friction that develops between the two surfaces, then no slip will occur between them. 
· However, slip will occur when the friction force is less than the applied shear force. After slip occurs, the connection will behave similar to the bearing-type bolted connections designed earlier.
· Table J3.1 summarizes the minimum bolt tension that must be applied to develop a slip-critical connection.
· Slip-critical connections shall be designed to prevent slip and for the limit states of bearing-type connections. 
· When bolts pass through fillers, all surfaces subject to slip shall achieve design slip resistance.
· The design slip resistance shall be determined for the limit state of slip as follows: 
Slip resistance = Rn =  Du hf Tb ns
where, 	 = 1.0 for standard size and short-slotted holes perpendicular to the direction of load
	 = 0.85 for oversized and short-slotted holes parallel to the direction of load
 = 0.70 for long-slotted holes
			 = mean slip coefficient for Class A or B surfaces
			0.30 for Class A surfaces (unpainted clean mill scale)
			  = 0.50 for Class B surfaces (unpainted blast cleaned surfaces)
Du = 1.13, a multiplier that reflects the ratio of the mean installed bolt pretension to the specified minimum bolt pretension.
		hf = factor for fillers
		    = 1 when no fillers or bolts have been added to distribute load in fillers
= 1 when bolts have not been added but there is only one filler between   connected parts
= 0.85 when bolts have not been added and there are two or more fillers between the connected parts 	(1.00 for STD, 0.85 for OVS and SSLT, 0.70 for LSLT)
		Tb = minimum bolt tension given in Table J3.1
		nNs = number of slip planes required to permit connection to slip
· See Table 7-3 on pages 7-24 and 7-25 of the AISC manual. This Table gives the shear resistance of fully tensioned bolts when slip is a serviceability limit state. It assumes Class A faying surfaces with =0.30.
· For example, the shear resistance of  Group A 1-1/8 in.  bolt in single shear fully tensioned to 56 kips (Table J3.1) for standard hole is equal to 19 22.1 kips (Class A faying surface). 
· When the applied shear force exceeds the Rn value stated above, slip will occur in the connection.
· 
See Table 7-4 on page 7-26 of the AISC manual. This Table gives the shear resistance of fully tensioned bolts when slip is a strength limit state. It assumes Class A faying surfaces with =0.35. 
For example, the shear resistance of 1-1/8 in. bolt fully tensioned to 56 kips is equal to 18.8 kips (Class A faying surface). 
· 
· The final strength of the connection will depend on slip resistance of the bolt (Table 7-3), the shear/tensile strength of the bolts calculated using the values in Table 7-1, 7-2 and on the bearing strength of the bolts calculated using the values in Table 7-45, 7-56. This is the same strength as that of a bearing type connection.
· 

Example 3.3 Design a slip-critical splice for a tension member subjected to 300 kips of tension loading. The tension member is a W8 x 28 section made from A992 (50 ksi) material. The unfactored dead load is equal to 50 kips and the unfactored live load is equal to 150 kips. Use A325 bolts. The splice should be slip-critical at service loads.

Solution

Step I. Service and Ffactored loads

· Service Load = D + L = 200 kips.

· Factored design load = 1.2 D + 1.6 L = 300 kips

· Tension member is W8 x 28 section made from A992 (50 ksi) steel. The tension splice must be slip critical (i.e., it must not slip) at service loads. 

Step II. Slip-critical splice connection

Rn of one fully-tensioned slip-critical bolt =  Du hfsc Tb Nns		
Considering standard holes (Class A Surface (No Fillers (hf=1), Bolts will be in single shear
· If db = 3/4 in.
Rn of one bolt = 1.0 x 0.35 x 1.13 x 1.00 x 28 x 1 = 11.19.49 kips 
	Rn of n bolts = 11.1 x n > 3200 kips 	          (splice must be slip-critical at service)
	Therefore, n > 3218

· If db = 17/8 in.
Rn of one bolt = 17.315.4 kips 				-from Table 7-3
Rn of n bolts = 17.315.4 x n > 3200 kips 	          (splice must be slip-criticall at service)
Therefore, n > 1813 bolts

Step III. Layout of splice connection

· Flange-plate splice connection



· Therefore, choose 2016 fully tensioned 7/81 in. A325 bolts (Group A) on either side of the splice connection with layout as shown above.
· Note, that the minimum bolt tension = 5139.0 kips from Table J3.1

· Minimum edge distance (Le) = 1-1/48in. from Table J3.4

· Design edge distance Le = 1.25 in. 
· Minimum spacing = s = 2-2/3 db = 2.67 x 1 7/8 = 2.67336 in.		(Spec. J3.3)
· Preferred spacing = s = 3.0 db = 3.0 x 17/8 = 32.625 in.		(Spec. J3.3)
· sfull = 32-11/16 in. 						     (see Table 7-412)
· Design s = 3.0 in. 	


Step IV. Connection strength as Bearing Connectiont factored loads
· The splice connection should also be designed as a normal shear/bearing connection beyond this point for the factored load of 300 kips.
· The shear strength of bolts = 31.821.6 kips/bolt x 2016 = 345.6636 kips 		          - (see  Table 7-1)

· Bearing strength of 17/8 in. bolts at edge holes (Le = 1.25 in.) = 42.00.8 kips/in. thickness
(see Table 7-56)

· Bearing strength of 17/8 in. bolts at non-edge holes (s = 3.0”) = 91.4113 kips/in. thickness
(see Table 7-45)

· Bearing strength of bolt holes in flanges of wide flange section 

= 4 x 420.8 x 0.465 +162 x 91.3 x 0.465 = 918.84673 kips


Step V. Design the splice plate (Using Grade A36 splice plate)

· Tension yielding:	0.9 Ag Fy > 300 kips; Therefore, 	Ag > 9.36.66 in2

· Tension fracture: 0.75 An Fu > 300 kips 

Therefore,  An =Ag - 4 x (17/8 +1/8) x t > 6.15 9 in.

· Beam flange thickness = 0.465 in.	Beam flange width = 6.535 in.

· Assume 6.5 in. wide splice plates with thickness = 0.751 in.

· The strength of the splice plate = 438.75421.2 kips (yielding) and 32969.75 kips (fracture)

· Block shear - student should check. Develop path and check.

Step VI. Check member strength (yield, fracture and block shear)

· Student on his own.
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