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In current practice the design of base plates is controlled 
by bearing restrictions on the concrete (see Fig. 1); shear 
is transmitted to the concrete largely through anchor bolts, 
shear lugs or bars attached to the base plate and the tensile 
anchorage steel is generally proportioned only for direct 
stress. The embedment requirements for anchorage steel 
are not clearly defined by most codes and are left largely to 
the discretion of the design engineer. Also, there are no 
provisions to prevent a brittle failure in the concrete as 
opposed to a ductile failure in the anchor bolt, as provided 
for with a probability-based limit states design or Load and 
Resistance Factor Design (LRFD) for steel.8 Larger design 
forces now mandated in many areas due to the revised 
seismic and wind loads require design capacities for anchor 
bolts beyond any existing code values.6'11 Therefore, there 
is a need for a complete design procedure for anchor bolts 
that will accommodate these larger loads and incorporate 
the proposed design philosophy, i.e., probability-based limit 
states design (PBLSD).8 

THE HEADED BOLT AS AN ANCHORAGE 

The headed bolt, as designed herein, is recommended as the 
most efficient type of anchorage to use for both tension and 
shear loads. Other anchorages which have been used are 
L-bolts, J-bolts, rods with a bolted bearing plate and shear 
lugs. L-bolts have been shown to be less effective in resisting 
slip at service load levels than headed bolts.13 The authors 
are not aware of any published data that addresses the 
performance of J-bolts. For a threaded rod with a bolted 
washer or bearing plate embedded in concrete, tests have 
shown that unless the plate is properly sized it may actually 
decrease the anchor capacity by causing a weakened failure 
plane in the concrete.7'17 Shear lugs can fail in a brittle 
mode if not properly confined, and do not lend themselves 
to a shear friction analysis.7'17 

The headed bolt, when properly embedded and confined, 
will develop the full tensile capacity of even A490 high 
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strength bolts.3 When the tension capacity of the bolt is 
developed, a ductile failure can be ensured by the shear 
friction mechanism.3 

In this paper, anchor bolt design ductility is assured by 
causing a failure mechanism that is controlled by yielding 
of the anchor bolt steel, rather than brittle tensile failure 
of concrete. This is accomplished by designing the pullout 
strength of the "concrete failure cone" (Up) such that it 
equals the minimum specified tensile strength (FuAt) or 
ufull anchorage value" of the anchor bolt. See Figs. 2 and 
10 for illustrations of the concrete failure cone concept. See 
Appendix A for the derivation of L^ to satisfy this criteria. 
The design approach presented herein is compatible with 
the proposed AISC Specification for Nuclear Facilities,5 

ACI 318-77,2 and the proposed revisions to ACI 318-77.7 

The governing design approach is that presented in ACI 
349, Supplement 1979.3 

DESIGN PARAMETERS 

The design approach presented is generally applicable to 
any of a number of bolt or concrete strengths. However, the 
following representative materials are used in developing 
the design values. Anchor bolt materials used are ASTM 
A36, A307 (Grade B), A325, A449 and A687. Concrete 
is assumed to have a minimum compressive strength (fc) 
of 3,000 psi. Anchor bolts are heavy hex bolts or threaded 
steel bars with one heavy hex nut placed in concrete. Bolt 
threads at the embedded end of each threaded steel bar are 
"staked" at two places below the heavy hex nut. All bolts 
are brought to a "snug tight" condition as defined by AISC4 

to ensure good contact between attachments. The concrete 
is at least 14 days old prior to tightening the anchor bolts 
in order to prevent bolt rotation. Anchor bolts are designed 
for combined shear and tension loads; the area of steel re­
quired for tension and shear is considered additive. Criteria 
will be presented such that either Working Stress Design 
(WSD) or Ultimate Strength Design (USD) may be 
used. 

COMBINED TENSION AND SHEAR 

Many authors have presented data and interaction equa­
tions to account for the combined effects of tension and shear 
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Table 1A. Standard Anchor Bolt Basic Types 

fiAILt/fi* JON* DUe TO SH£A* iOAP(V^) 

•STANDARD AMCHO* &OLT 

Fig. 1. Example of base plate loading 

(see Refs. 1, 3, 12,14, 15 and 17). In this paper, the total 
required area of anchor bolt steel to resist tension and shear 
loads is considered to be additive (see Appendix B, and Figs. 
1 and 9). 
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Fig. 2. Effective stress area for limited depth (Ae) 

Type Description 

A Isolated 

B Shear reinforcement 
only 

C Shear reinforcement 
plus overlapping 
failure cones 

D Tension lap w/ 
reinforcement 

Bolt 
Spacing 

r 

r >rm 

r^rm 

r<rm 

r <rm 

Edge 
Distance 

m 

m > mv 

rm/2 <m< 
mv 

mt < m <mv 

Tm/2 

Comments 

mv > Tm/2, 

mv > 
mt 

rm/2 > mt 

mt < rm/2 

concrete pier 

Note: The bolt embedment depth shall be greater than or equal to Lj , 
as given in Table IB for all bolt types. 

The rationale for this basis is that the shear force (Vi) 
causes a bearing failure near the concrete surface and 
translates the shear load on the anchor bolt into an effective 
tension load by shear friction. In the absence of tension load 
( 7 » , an anchor bolt is developed for "full anchorage" to 
resist shear. In terms of Probability-Based Limit States 
Design (PBLSD), the anchor bolt design resistance is 
greater than or equal to the effective combined tension (7^) 
and shear (Vi) load effects as indicated below (see Appendix 
G). 

AtFy > T 

where 

AtFy = Nominal design resistance (capacity) equal to 
the product of the bolt tensile area (.4,) and the 
minimum specified steel yield strength (see 
Table 2A 

CVj + TF 

0 a 

C = Shear coefficient, equal to the inverse of the 
shear friction value, as per Ref. 3, for the par­
ticular base plate mounting 

Table IB. Values for Lj, rm, m v , mt 

Bolt 
Type 

(ASTM1 

A307 
A325 
A449 

Development 
Length 

Ld 

\2d 
lid 
17d 

Minimum 
. Bolt 

Spacing 

rm 

16d 
24d 
24d 

Minimum Edge 
Distance for 

Shear 
mv 

\2d 
\ld 
lid 

Minimum Edge 
Distance for 

Tension 
mt 

5d or 4" min. 
Id or 4" min. 
Id or 4" min. 

Note: The above values were derived per Table 2B and tabulated in Table 
2A for various bolt diameters. 
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Table 2A. Standard Anchor Bolt Basic Design Values 

Bolt 
Diameter 

d 
(in.) 

y2 
Ys 
% 
% 

i 
1% 
l'A 
1% 
i% 
1% 
2 
2'A 
2'/2 

2% 
3 

Tensile 
Stress 
Area 

At 

(in-2) 

0.142 
0.226 
0.334 
0.462 
0.606 
0.763 
0.969 
1.155 
1.405 
1.90 
2.50 
3.25 
4.00 
4.93 
5.97 

AtFy (kips) 

Fy - 36 ksi 

A36 
A307 

5.12 
8.14 

12.02 
16.64 
21.82 
27.46 
34.89 
41.59 
50.59 
68.4 
90.0 

117.1 
144.0 
177.5 
214.9 

Fy = 58 ksi 

A449 

110.2 
145.0 
188.5 
232.0 
285.9 
346.3 

Fy = 81 ksi 

A325 
A449 

61.80 
78.49 
93.56 

113.88 

\Fy = 92 ksi 

A325 
A449 

13.06 
20.79 
30.73 
42.40 
55.75 

Fy = 105 ksi 

A687 

14.91 
23.73 
35.07 
48.51 
63.63 
80.12 

101.7 
121.3 
147.5 
199.5 
262.5 
341.3 
420.0 
517.7 
626.9 

U 

\2d 

A36 
A307 

6 
7% 
9 

10% 
12 
13% 
15 
16% 
18 
21 
24 
27 
30 
33 
36 

it ™v (in 

17 d 

A325 
A449 

8% 
11 
13 
15 
17 
19 
21 y4 

24 
25% 
30 
34 
39 
43 
47 
51 

•) 

\9d 

A687 

9% 
12 
14% 
17 
19 
21% 
24 
26 
28% 
33% 
38 
43 
48 
52 
57 

mt 

Sd or 
4" min. 

A36 
A307 

4 
4 
4 
4% 
5 
5% 
6V4 

67/s 
7% 
8% 

10 

11V4 
12% 
13% 
15 

(in.) 
Id or 

4" min. 
A325 
A449 
A687 

4 
4% 
5V4 

6% 
7 

7% 
8% 
9% 

10% 
12V4 
14 
15% 
17% 
19V4 

21 

rm (in.) 

16d 

A36 
A307 

8 
10 
12 
14 
16 
18 
20 
22 
24 
28 
32 
36 
40 
44 
48 

24d 

A325 
A449 

12 
15 
18 
21 
24 
27 
30 
33 
36 
42 
48 
54 
60 
66 
72 

28d 

A687 

14 
18 
21 
25 
28 
32 
35 
39 
42 
49 
56 
63 
70 
77 
84 

Notes: 
1. The following formulas have been conservatively simplified by using the values in Table 2B: 

(a) Ld = \2d\\ — per AGI-349 Appendix B, Sect. B.4.2 
58 

(b) mt 

(c) mv - d 

V56V77: 

V7.5V77: 

per ACI-349 Appendix B, Sect. B.5.1.1 

per ACI-349 Appendix B, Sect. B.5.1.1 

2. Before entering this table, the total effective design load (T) shall include the appropriate load factors, stress increase factors or probability factors, capacity 
reduction factors ((f)) and shear coefficient (C). 

3. All computations are based on/ ' c = 3000 psi. 

For PBLSD or Ultimate Strength Design (USD): 

Vi = Shear design load effect equal to the product of 
the load factor(s) and the nominal shear load. 
The load factors are in accordance with appli­
cable codes. For example, using ACI 318-77, Vt 

= 1.4Z) + 1.7L 

Tp — Tension design load effect equal to the product 
of the load factor(s) and the nominal tension load. 
The load factors shall be in accordance with 
applicable codes. For example, using ACI 
318-77, 7> = 1.4D + 1.1L 

0 = Capacity reduction factor 
= 0.90 for factored design loads under USD 

Table 2B. Values Based on ACI 349-76 Provisions 

Note: Values listed in this table are based on/ r
c = 3000 psi. 

60 

Fu 

(ksi) 

58 
90 

105 
120 
150 

/ Fu 
Ld - \2d \i 

V 58000 

Actual 

\2d 
14.95</ 
16.15</ 
17.26J 
19.3W 

Use 

\2d 
17 d 
17 d 
17d 
\9d 

mt=d\/ 

Actual 

4.34J 
S.42d 
5.85d 
6.25d 
6.99d 

Fu 

56 V ? ; 

Use 

5d 
Id 
Id 
Id 
Id 

1 F» 
,n°-V7.svrc 

Actual 

11.88J 
14.80J 
\5.99d 
17.09 d 
\9.\0d 

Use 

\2d 
17 d 
17d 
\7d 
\9d 
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a = 1.0 for USD. Probability considerations are in­
cluded in the load factors. 

For Working Stress Design (WSD): 

Vi = Nominal shear load. For example, 
Vt=D + L 

Tf = Nominal tension load. For example, 
7> = D + L 

0 = Capacity reduction factor, which includes a , 
safety factor, used to convert yield capacity to 
working loads = 0.55 

a = Probability factor (PF) or reciprocal of the stress 
increase factor (l/SIF), i.e., seismic loads com­
bined with dead loads and live loads. PF = 0.75; 
therefore, a = PF = 0.75. SIF = 1.33; therefore, 
a = 1/SIF = 0.75. 

ANCHOR BOLT DESIGN 

The following section establishes limitations for the com­
bined effects of bolt spacing, embedment depth and edge 
distance, such that the heavy hex head on a standard anchor 
bolt provides "full anchorage" in concrete equal to the 
tensile capacity of the bolt. Several agencies/authors have 
published reports representing their test data and/or rec­
ommendations to account for these variables, (see Refs. 9, 
10, 13, 16 and 17). The recommendations which follow 
represent a composite of the published literature, modified 
for compatibility with ACI 349.3 Where plain bars are 
used, the equivalent anchorage may be accomplished by 
threading the embedded end of the bar and using one 
American Standard heavy hex nut of equal or higher 
strength steel with bolt threads "staked" at two places below 
the heavy hex nut. 

Refer to Tables 1A and IB for a summary of the various 
anchor bolt classifications and criteria for which design 
procedures are herein provided. Note that anchor bolts are 
defined as type A, B, C or D. These types represent various 
design conditions of anchor bolts such as spacing, edge 
distance and development length. 

Type A Anchor Bolts—Anchor bolts are classified as 
Type A, or isolated, when all the following apply: 

• The closest bolt spacing (r) is greater than or equal 
to the minimum spacing (rm) as specified in Table IB, 
(i.e., no overlapping failure cones). 

• The closest edge distance (m) is greater than or equal 
to the minimum edge distance for shear (mv) as 
specified in Table IB. Note: mv > rm/2; mv > mt 

• The bolt embedment depth is greater than or equal 
to Ld as specified in Table IB. 

The size of Type A anchor bolts is selected such that the 
design load (7") does not exceed the basic Nominal Design 
Resistance (AtFy) values tabulated in Table 2A. 

M/CC/X6 CD+J& 

*~U"6AKS 
&* SM64* 

Asv = TOTAL Of- ALL L6GS 

KM '***tK'a&¥6' 

COV6X 

PLAU 

NOT*: T/¥* K&tJto*OtV<$ 
MUST MT**C6PT W& 
WLU*e COA/& TO &e 
ef-tecT/ve. 

FAIUTA& COht6 

Fig. 3. Shear reinforcement 

Type B Anchor Bolts—Anchor bolts are classified as 
"Type B," or shear reinforcement only, when all of the 
following apply: 

• The closest bolt spacing (r) is greater than or equal 
torm . 

• The closest edge distance (m) is greater than or equal 
to r m / 2 but less than mv. Note: rm/2 > mt 

• The bolt embedment depth is greater than or equal 
toLd. 

The size of Type B anchor bolts is selected as per Type 
A anchor bolts. In addition, shear reinforcement (Asv) is 
provided on both sides of any critical plane of potential 
failure (see Fig. 3). The total area of horizontal shear 
reinforcing steel (Asv) is determined as follows: 

FutAt 
CFy cos 45 

where Fy is the specified minimum yield strength of the 
reinforcing steel. 

Type C Anchor Bolts—Anchor bolts are classified as 
Type C, or shear reinforcement plus overlapping failure 
cone considerations, when all the following apply: 

• The closest bolt spacing (r) is less than rm. 

• The closest edge distance (m) is greater than or equal 
to mt and less than mv. Note: mt < rm/2 
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Table 3. Standard Anchor Bolt Tensile Capacities 

Bolt 
Diameter 

d 
(in.) 

% 
% 
% 
% 

1 
1V8 

1V4 
1% 
1% 
1% 
2 
2V4 

2V2 

23/4 

3 

Tensile 
Stress 
Area 

4 
(in-2) 

0.142 
0.226 
0.334 
0.462 
0.606 
0.763 
0.969 
1.155 
1.405 
1.90 
2.50 
3.25 
4.00 
4.93 
5.97 

Fy = 58 ksi 

A36 
A307 

8.24 
13.11 
19.37 
26.80 
35.15 
44.25 
56.20 
66.99 
81.49 

110.2 
145.0 
188.1 
232.0 
285.9 
346.3 

Fy = 90 ksi 

A449 

171.0 
225.0 
292.5 
360.0 
443.7 
537.3 

FuAt (kips) 

Fy = 105 ksi 

A325 
A449 

80.12 
101.7 
121.3 
147.5 

Fy = 120 ksi 

A325 
A449 

17.06 
27.12 
40.08 
55.44 
72.72 

Fy = 150 ksi 

A687 

21.3 
33.9 
50.1 
69.3 
90.9 

114.5 
145.4 
173.3 
210.8 
285.0 
375.0 
487.5 
600.0 
739.5 
895.5 

• The bolt embedment depth must be determined by 
considering the effect of overlapping concrete tensile 
stress cones (see Fig. 2). Note: Lj (required) > Ld as 
tabulated in Table IB. 

• Under no condition will the closest bolt edge distance 
be less than mt or 4 in. 

The size of Type C anchor bolts is selected as per Type 
A anchor bolts. Shear reinforcement is provided as per 
Type B anchor bolts. Also, the bolt embedment depth is 
calculated as follows: 

• First, calculate the effective concrete tensile stress area 
Ae (see Fig. 2) based on r, m and an assumed em­
bedment depth greater than L^ The effective concrete 
tensile stress area (Ae) is the projected area bounded 
by the intersection between 45 degree lines radiating 
from the edge of the bolt head and the concrete surface 
at which the loads are applied, minus the area of the 
bolt heads (refer to Fig. 2). 

• Then, calculate the pullout strength (Up), where 
4/5 y/fc is the allowable uniform concrete tensile 
stress applied over the effective stress area Ae: 

Up = [4PVTc\Ae > FuAt 

• Note that Up must be greater than or equal to the 
minimum specified tensile strength (FuAt) of the 
standard anchor bolt as tabulated in Table 3. If Up is 
less than FuAt, continue to increase the bolt embed­
ment depth until a solution is obtained. 

• The tensile strength of the concrete failure cone in a 
slab or wall is limited by the thickness of concrete and 
the out-to-out dimensions of the anchors. If 45 degree 

lines extending from the exterior bolt heads toward 
the compression face do not intersect within the con­
crete, then the effective stress area is limited as shown 
in Fig. 2. 

Type D Anchor Bolts—Anchor bolts are classified as 
Type D, or tension lap with reinforcement, when all the 
following apply: 

• The closest bolt spacing (r) is less than rm. 

• The closest edge distance (m) is greater than or equal 
to mt and less than rm/2. 

• The required bolt embedment depth is greater than 
or equal to L^ 

• The projected area of the overlapping concrete tensile 
stress cones (Ae) are extremely limited, such that 
failure mechanism is controlled by the reinforced 
section rather than by the yielding of the anchor bolt 
steel. Such situations commonly arise in concrete 
piers. 

The size of Type D anchor bolts is selected as per Type 
A anchor bolts. Shear reinforcement is provided as per 
Type B anchor bolts. Additional tension reinforcement is 
provided as follows: 

• Additional tension reinforcement is provided by 
concentrically located reinforcing steel (Ast), such that 
the anchor bolts are developed for "full anchorage." 
Refer to Fig. 4 for the recommended tension rein­
forcement practice. 

• The total area of tension reinforcement (Ast) as de­
termined by the following equation is developed on 
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Fig. 4. Tension lap 

both sides of the critical plane of potential failure: 

Ast '= nFuAt/Fy 

where 

n = total number of bolts in the bolt group 
Fy = minimum yield strength of reinforcing 

steel 

NUMERICAL EXAMPLES 

The application of the criteria presented in this paper is 
illustrated by the following three example problems. The 
examples demonstrate Type A and D anchor bolts. An 
example is also presented for a column base plate for which 
special attention is given to concrete strength and anchor 
bolt head placement. 

Example 1: Type A (Isolated Bolt), see Fig. 5 

Design Data: 

Tp = 35 kips) 
F, = 15 kipsj 

f'c = 3000 psi 
SIF=\.33; 

DL + LL + WL 

a = 1/SIF = 0.75 
0 = 0.55 (working stress design) 
C = 1.85 (grouted base plate) 

kcoL.JeAs&/i 

r$QUA*t 

Fig. 5. Example 1: Type A anchor bolt 

Design: 

\CVj + TF 
T = 

0 
a 

1.85(15)+ 35 
0.55 

0.75 = 86 kips 

Refer to Table 2A and select 1%-in. dia. A325 bolts: 

AtFy = 93.6 kips > 86 kips 

Use 1%-in. dia. A325 bolts; rm = 33 in. and Lj = 24 in. 

Example 2: Type D (Bolts in a Confined Pier), 
see Figs. 6 and 7 

Design Data: 

Design anchor bolts for cylindrical heater foundation. 

For empty + wind load combination: 
Tp = 1 kip; V{ = 3 kips 
Fy = 60 ksi; f'c = 3000 psi 

SIF=\.0; a = 1.0 
r = 12; ra=4 
0 = 0.55 (working stress design) 
C = 1.85 (grouted base plate) 

Design: 

T = 
CVl + 7)1 

0 
a 

1.85(3) + ! 
0.55 

= 11.9 kips 

From Table 2A, for 3/4-in. dia. A307 anchor bolt: 

AtFy = 12.02 kips > 11.9 kips 

r = 12 in. < rm = 12 in. 

mt < m <mVi where mt — 4 in. 

Ld = 9 in. 

FuAt = 19,370 lbs (see Table 3) 

A ( r o n i i m n - futAt ~ 1 9 ) 3 7 ° ^ ( r e q u i r e d ) - 4 ^ ^ - - 4 ( ( ) 6 5 ) V _ _ 

= 136 sq. in. 

Ae = 102 = 100 sq. in. < 136 sq. in. n.g. 
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Ae (to OM BOLT) AR6A COST 

CRITICAL 
PLAM Ofi 
POTtNTIAL 

tLMATION "'"** 

Fig. 6. Example 2: Type D anchor bolt 

Increase pier size to 24 in. square, (to avoid placement of 
tension reinforcement), such that: 

Ae = 122 = 144 sq. in. > 136 sq. in. o.k. 

Next, check the reinforced section and provide tension lap 
reinforcement. 

u 

m 

i2Mse 

m 
- COL tetMA 

Ft*-Vifl -BARS 
(SH6A* fi&tJA) 

& 

3* 

PLAN 

m 
a-acou&Mf.-

o • 

-*4\t*3A*S 
(T&/S/CM X6/A/*) 

t+'*WB4*S 
(T&JSIOht Kfrtffi ) 

*3T/6S<P<t"M*K. 
THKU BOLTS 6M3. 
OtPTH (Lj) 

CRITICAL 

8 

PLAM& OP 
POT&tffAL 
FAILUte 

Fig. 7. Example 2: Pier for Type D anchor bolt 

Thus, we have a Type D anchor bolt. 

= nFuAt = 4(19.37) 
st Fy (60) 

= 1.29 sq. in. < 1.60 sq. in. ( 8 -#4 bars) 

Use4-#4U-bars . 

Shear reinforcement must also be provided. 

FuAt 19.37 
ASv 

u^t 
CFy cos 45° (1.85)(60)(.707) 

= 0.25 sq. in. < 0.40 sq. in. ( l - # 4 U-bar) 

Use: l - # 4 U-bar in each direction. 

Example 3: (See Figs. 8 and 9) 

Design: 

Ae s Trr2 = TT(28)2 = 2463 in.2 

Up=4pVFcAe*FuAt 

= 4 (.85) 4000 (2463) = 529,630 lbs 

FuAt = 110,200(4) = 440,600 lbs < 529,630 lbs (see Table 3) 

EFFECTIVE CONCRETE 
STRESS AREA (Ae) FOR 
FOUR ANCHOR BOLTS /A/ 
TENS/ON h 
APPROXIMATE RAPH4S (r) = E8 

COL.. 

IN 01VI DUAL BOLT 
STRESS ARBA 

(OVERLAPPING) 

/%"/UAX.A307A3.CTjP, 

As .' 4'*O.S5 
eLGl/ATtOH 

Fig. 8. Example 3: Column base plate 
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10 TO 30 
ty (SH6AZ LO40j KtPS) 

INTeRACTtOM CURVES 
A 307 STb MCHO* BOLTS' 

Fig. 9. Example 3: Interaction curves 

Therefore, 4-l3/4-in. maximum diameter bolts may be 
used. 

Note: Ld = 24 in. not adequate \ifc = 3000 psi and /3 = 
0.65, i.e., anchor bolt head within far face reinforce­
ment. 

AtFy >T = 
CVi + 7>" 

0 
a 

Tcj> = 4>AtFy = 0.55AtFy = CVl + 7) 

C =1.85, a = 1.0 

0 = 0.55(WSD) 

T = AtFy (Table 2A) 

Anchor Bolt Working Stress Loads: See Fig. 9 for plot. 

A307 
Bolt Dia. 

(in.) 

v2 

1 

1V2 

1% 

0.554*V 

2.82 

12.00 

27.82 

37.62 

Vi 

0 
1.52 

0 
6.49 

0 
15.04 

0 
20.34 

TF 

2.82 
0 

12.00 
0 

27.82 
0 

37.62 
0 

L+e/t 

PLAN 

6L6VAT/OM 

Fig. 10. Projected area of heavy hexagonal head 

NOMENCLATURE 

Ae = Effective projected stress area to which the al­
lowable uniform concrete tensile stress is ap­
plied to determine the pullout strength of con­
crete 

Ast = Total area of reinforcing steel across a potential 
tension failure plane(s) 

Asv = Total area of reinforcing steel across a potential 
shear failure plane(s) 

At = Tensile stress area of anchorage per AISC4 

C = Shear coefficient applied to standard anchors 
which accounts for effects of various shear 
failure surfaces 

= 1.10 when steel plates are embedded with ex­
posed surface flush with concrete surface 

= 1.25 when steel plates are recessed in grout with 
bottom of plate in concrete surface 

= 1.85 when steel plates are supported on grout 
mortar with exposed surface exterior to con­
crete surface 

c = Equivalent circle for hex head 
d = Nominal diameter of a bolt or plain bar 

fc = Specified compressive strength of concrete 
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Fy = Minimum specified yield strength of steel or 
rebar as tabulated below: 

Fy (ksi) 

36 
92 
81 
92 
81 
58 

105 

60 
40 

ASTM 

A307 
A325 
A325 
A449 
A449 
A449 
A687 

A615 
A615 

Bolt Diameter (in.) 

All 
V2 to 1, incl. 
Over 1 to IV2, incl. 
V2to l,incl. 
Over 1 to 1V2, incl. 
Over 1V2 to 3, incl. 
% to 3, incl. 

Type S, Grade 60 Rebar 
Grade 40 Rebar 

Fu — Minimum specified tensile strength of steel as 
tabulated below: 

Fu (ksi) 

58 
120 
105 
120 
105 
90 

150 

ASTM 

A307 
A325 
A325 
A449 
A449 
A449 
A687 

Bolt Diameter (in.) 

All 
V2 to 1, incl. 
Over 1 to 1V2, incl. 
1/2 to 1, incl. 
Over to 1 to l1^, incl. 
Over 1V2 to 3, incl. 
% to 3, incl. 

h = Thickness of a concrete slab or wall 
Ld = Minimum embedded length required to fully 

develop the tensile strength of an anchor bolt 
Id = Basic development length for reinforcement 

Idh = Development length of reinforcement with a 
standard hook 

m = Edge distance from the center of an anchor to 
the edge of concrete 

mt = Minimum edge distance to prevent failure due 
to lateral bursting forces at a standard anchor 
bolt head 

mv = Minimum edge distance to develop the full 
tensile capacity of an anchor bolt in shear 
within additional reinforcement when the shear 
load acts toward the free edge 

n = Number of bolts in a bolt group 
PF = Probability Factor 

r = Spacing of multiple anchors 
rm = Minimum spacing of multiple anchor bolts 

SIF = Stress Increase Factor 
T = Total effective anchor bolt design tension load 

due to bending and direct load 
Tp = Tension load acting on an individual anchor 

bolt or wedge anchor 
Up = Pullout strength of concrete equal to the tensile 

capacity of the concrete failure cone 
V = Total shear in an anchorage 

V{ = Shear load acting on an individual anchor 
0 = Capacity reduction factor 

= 0.90 for factored design loads under Ultimate 

Strength Design (USD) for steel tensile 
stress 

= 0.55 for service design loads under Working 
Stress Design (WSD); complies with AISC 
allowable Ft values 

ji = Coefficient of friction 
a = Probability Factor (PF) or reciprocal of the 

stress increase factor (X/SIF) 
j8 = Concrete tensile stress reduction factor 

= 0.65 for concrete tensile stress when embedded 
anchor head is within far face reinforcement 

= 0.85 for concrete tensile stress when embedded 
anchor head is beyond the far face reinforce­
ment 
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APPENDIX A. 
MINIMUM SPACING AND EMBEDMENT 

An equivalent circle is assumed equal to the projected area 
of a heavy hexagonal head (see Fig. 10). 

Ahex = \ ^ F 2 = 0 .866^ 

Acircle = 7rC2/4 

0.866F2 = TTC 2 /4 

Table 4. Tabulated Values of L 

Bolt 
Diameter 

d 
(in.) 

% 
% 
74 
% 

1 
l'A 
IV2 
1% 
2 
2'A 
2V2 

2 % 
3 

Tensile 
Stress 
Area 

(in.2) 

0.142 
0.226 
0.334 
0.462 
0.606 
0.969 
1.41 
1.90 
2.50 
3.25 
4.00 
4.93 
5.97 

Heavy 
Hex 

Width 
Across 
Flats 

F 
(in.) 

0.875 

1.25 

1.625 

2.375 

3.125 

3.875 

4.625 

Eff. 
Dia. 

C 
(in.) 

0.92 

1.32 

1.71 

2.50 

3.28 

4.07 

4.86 

A36, A307 

L 
(in.) 

3.9 

6.0 

8.1 

12.4 

16.5 

20.9 

25.5 

*L/d 

7.8 

8.0 

8.1 

8.3 

8.3 

8.4 

8.5 

A325, 

L 
(in.) 

5.8 

8.9 

12.0 

17.0 

22.7 

28.7 

35.1 

A449 

*L/d 

11.6 

11.9 

12.0 

11.4 

11.4 

11.5 

11.7 

A687 

L 
(in.) 

6.5 

10.0 

13.4 

20.5 

27.3 

34.6 

42.3 

*L/d 

12.9 

13.3 

13.4 

13.6 

13.7 

13.8 

14.1 

* To ensure ductile failure, use the value of L/d obtained by multiplying the largest L/d value in each column by an arbitrary factor of safety of 1.33: 
For A36, A307: L/d = 1.33 (8.5) = 12 
For A325, A449: L/d = 1.33 (12.0) = 16 
For A687: L/d = 1.33 (14.1) = 19 

Tensile stress area Ae = A\ — A2 
= ir(L + C/2)2 - 7T (C/2)2 

= ir [L2 + CL + C2/4 - C2/4] 
= ir[L2 + CL] 

Up = Ae[4j3 y/fc (assume 0 = 0.65) 
= TT[L2 + CL][4(0.65)V3000] 
= ir[L2 + CL]U2 
= 447(L2 + CL) 

Also, Up = FuAt , in pounds (see Table 3). 

Therefore, 

0 = 447.4L2 + 447ACL - FuAt 

0 = L2 + CL- (FuAt/UlA) 

-C±yJ 
1 — 

C2 + 4 
FM 
447] 

L~ 2 

V c 2 + 'FuAt 

112 
- c 

See Table 4 for tabulated values. The design criteria are 
as follows: 

1. Minimum spacing of bolts (rm): 

ForA307: 2 X 8.0J = I6d 

For A325/A449: 2 X I2.0d = 24d 

ForA687: 2 X 14.0J = 2Sd 

67 

SECOND QUARTER / 1983 



2. Formula for embedment length (Ld): 

Ld = \2d 
V 58000' 

where Fu is in ksi. 

3. Embedment length (Ld): 

ForA307: Ld = \2d 

For A325/A449: Ld = \7d 

ForA687: Ld = \9d 

4. Values are tabulated in Table 2. 

APPENDIX B. BOLT TENSION/ 
SHEAR INTERACTION EQUATIONS 

The area of steel required for tension and shear is consid­
ered additive. 

Av = 
aCV 

= area of steel required for shear 

AT = —— = area of steel required for tension 
J1

 A 

where 

Fv = allowable shear stress 
FA == allowable tension stress 

a = Probability factor (PF) or reciprocal of the 
stress increase factor (i/SIF). 
Note: a <1.0. 

AV + AT = At 

where At = tensile stress area of anchorage 

aCV , aTF A 

+ -=— = At Fv 

CV 
+ 

FA 

TF 

a FvAt • FAAt 

The shear force (V) causes a crushing/bearing failure near 
the surface and translates the shear load into an effective 
tension load in the anchorage. 

FV=FA 

FvAt = FAAt = d>T 

J_ 
a 

\CV+ 7>1 
<j>T 4>T' 

T = 
</> a 

Note that AT may be solved for as follows: 

aCV , aTF _ 

Fv
 + FA ~At 

FV=FA= 4>Fy 

. \CV+ TF 

4>Fy 

Expressed as an interaction equation: 

CV 

(j)FyAt 4>FyAt a 

APPENDIX C. PROBABILITY-
BASED LIMIT STATES DESIGN (PBLSD) 

1. The PBLSD design criterion is expressed in general 
form as follows: 

Design Resistance > Effect of Design Loads 

j 
In equation form: 0 R > ye X! Qklk 

k—\ 

where 

0 = resistance factor, less than 1.0, accounts for 
uncertainties in material strength 

R = nominal design resistance (capacity), equal 
to the plastic strength of a structural 
member 

ye = analysis factor 
jk = load factor, normally greater than 1.0, and 

provides for load variations 
Qk = nominal design load effect 

J 

X = denotes the combined load effects from 
k=\ various causes 

2. The PBLSD uses the concept of "limit state" design. 
The nominal resistance (R) is always related to a 
specific "limit state." Two classes of limit states are 
pertinent to structural design: the "ultimate limit 
state" and the "serviceability or working limit state." 
Violation of the "ultimate limit state" involves loss 
of all or parts of the structure mechanism. "Service­
ability limit state" involves excessive deflection, ex­
cessive vibration and gross yielding. 

3. The anchor bolt design equation expressed in 
PBLSD form may be derived as follows: 

<t>R>yei Qkjk 
k=\ 

Let R = FyAt 

where 

Fy = minimum yield strength of steel 
At = bolt tensile area 

Let ye = a 

Let L ykQk = CV, + 7> 
k=\ 

(the combined effect of tension and shear loads 
as derived in Appendix B.) 

where 

C = Shear coefficient 
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Vi = ylVl + y2V2 + ...ykVk 
TF = y1T1 + y2T2 + ...ykTk 

71 = Load factor for load case number 1 
72 = Load factor for load case number 2 

By substitution: 0 FyAt > [CVl + TF]a 

\CV1 + T£] 
FyAt> 

0 a = T 

where FyAt values are tabulated in Table 2A. 

Note: 0 = 0.90 is a resistance factor which ac­
counts for uncertainties in material 
strength (USD). 

0 = 0.55 is a resistance factor which converts 
the yield capacity to working loads 
(WSD) 
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	Bednar, David
	Brogan, Darryl
	Culver, Charles

	Preliminary Wind Analysis of Multistory Bents
	Ben-Arroyo, Abraham

	Composite Open-Web Steel Joists
	Galambos, Theodore V.
	Tide, Raymond H.R.

	Errata: A Modification to the Subassemblage Method of Designing Unbraced Multi-story Frames (pp. 142, 144, 145)
	De Buen, Oscar


	2nd Quarter
	Design of Steel Bearing Plates
	Fling, Russell S.
	Discussion

	Straight-Element Grid Analysis of Horizontally Curved Beam Systems
	Weissman, Herbert A.
	Errata

	Preliminary Design of Curved Bridges
	Heins, Conrad P.
	Siminou, Javid

	Calculator for Beam-column Design
	Ting, Ea-Lu

	One Engineer's Opinion (Rectangular Section Beams)
	Milek, W.A.


	3rd Quarter
	Approximate Torsional Analysis of Curved Box Girders by the M/R-Method
	Fountain, Richard S.
	Tung, David H.H.

	Maximum A325 and A490 Bolt Loads at a Glance
	Stetina, Henry J.

	Design of Composite Beams with Formed Metal Deck
	Fisher, John W.
	Discussion

	Minimum Cost Structures by Dynamic Programming
	Goble, George G.
	Moses, Fred

	Errata: Straight-Element Grid Analysis of Horizontally Curved Beam Systems (pp. 44, 45)
	Weissman, Herbert A.


	4th Quarter
	Temperature Effects on Tall Steel Framed Buildings Part 1-Response of Steel Columns to Temperature Exposure
	McLaughlin, E.R.

	Temperature Effects on Tall Steel Framed Buildings Part 2-Structural Analysis
	Kar, Anil K.
	West, Harry H.

	Temperature Effects on Tall Steel Framed Buildings Part 3-Design Considerations
	Khan, Fazlur R.
	Nassetta, Anthony F.

	One Engineer's Opinion (Multistory Bracing)
	Disque, Robert O.

	Discussion: Design of Steel Bearing Plates
	Gogate, Anand B.
	Sling, Russell S.



	1971
	1st Quarter
	The Behavior of A514 Steel Tension Members
	Kulak, Geoffrey L.
	Discussion

	Painting Structural Steel
	Keane, John D.

	Noncombustible Schools for Omaha
	Alsmeyer, William C.

	Which Design Concept for Prestressed Steel?
	Amrhein, Francis Gene
	Tochacek, Miloslav

	Discussion: Design of Composite Beams with Formed Metal Deck
	Fisher, John W.
	Winter, George


	2nd Quarter
	The Effective Length of Columns in Unbraced Frames
	Yura, Joseph A.
	Discussion
	Discussion
	Discussion

	Automated Optimum Design of Unstiffened Girder Cross Sections
	Goble, George G.
	Moses, Fred

	Plastic Behavior of Eccentrically-Loaded Connections
	Shermer, Carl L.
	Discussion

	Treatment of Eccentrically-loaded Connections in the AISC Manual
	Higgins, T.R.

	Shear Strength of Stud Connectors in Lightweight and Normal-Weight Concrete
	Fisher, John W.
	Ollgaard, Jorgen G.
	Slutter, Roger G.
	Discussion
	Errata


	3rd Quarter
	Cyclic Yield Reversal in Steel Building Connections (T.R. Higgins Award)
	Pinkney, R. Bruce
	Popov, Egor P.

	Adapting the AISC Specification to Computer-Aided Design
	Fenves, Steven J.
	Gaylord, Edwin H.
	Goel, Surendra K.

	Lightweight Concrete-on-Steel Composite Beams
	Baldwin, James W., Jr.
	McGarraugh, Jay B.

	Classification of Steels for Structures
	Column Research Council

	Discussion: The Effective Length of Columns in Unbraced Frames
	Gogate, Anand B.

	Discussion: The Behavior of A514 Steel Tension Members
	Macadam, John N.


	4th Quarter
	Load Factor Design for Steel Highway Bridges
	Hansell, W.C.
	Viest, Ivan M.

	Applied Plastic Design of Unbraced Multistory Frames
	Disque, Robert O.
	Discussion

	Simplified Plastic Analysis for Reinforced Web Holes
	Redwood, R.G.

	Recommended Design Procedures for Beams with Web Openings
	Bower, John E.

	The Staggered Truss System-Structural Considerations
	Scalzi, John B.

	Discussion: Plastic Behavior of Eccentrically-Loaded Connections
	Kulak, Geoffrey L.



	1972
	1st Quarter
	Tables for Plastic Design of Beams with Rectangular Holes
	Redwood, R.G.

	Vibration and Deflection of Steel Bridges
	Walker, William H.
	Wright, Richard N.
	Discussion

	The Case for the Semi-Box Girder
	Schlenker, Norman E.
	Errata

	Discussion: The Effective Length of Columns in Unbraced Frames
	Adams, Peter F.
	Johnston, Bruce G.
	Yura, Joseph A.
	Zweig, Alfred


	2nd Quarter
	Simplified High-Rise Drift Analysis and Optimized Adjustment
	Fleischer, Walter H.

	Buckling of Hyperbolic Paraboloids
	Buchert, Kenneth P.
	Discussion

	Experimental Study of a Schwedler Rigid Framed Dome
	Beaufait, Fred
	Beavers, James E.

	Torsional Properties of Composite Girders
	Heins, Conrad P.
	Kuo, John T.C.

	Discussion: Shear Strength of Stud Connectors in Lightweight and Normal-Weight Concrete
	Chinn, James


	3rd Quarter
	A Stub-Girder System for High-Rise Buildings
	Colaco, Joseph P.

	A Unified Approach to the Elastic Lateral Buckling of Beams
	Nethercot, D.A.
	Rockey, K.C.
	Discussion

	Load Factor Design of Steel Buildings
	Galambos, Theodore V.

	Stiffness Coefficients of Beam-Columns with Non-Prismatic Members
	Eimer, N.
	Stack-Staikidis, W.J.

	Discussion: Applied Plastic Design of Unbraced Multistory Frames
	Wiesner, Kenneth B.

	Errata: The Case for the Semi-Box Girder
	Schlenker, Norman E.

	Errata: Shear Strength of Stud Connectors in Lightweight and Normal-Weight Concrete. (Paper presented April, 1971)
	Chinn, James


	4th Quarter
	Investigation of Triangular Heats Applied to Mild Steel Plates
	Nicholls, J.I.
	Weerth, D.E.

	Direct Design of Columns Subjected to Combined Loading
	Celenza, Eugene
	Phang, Michael K.S.

	Effective Length of Columns with Intermediate Axial Load
	Sandhu, Balbir S.

	Calculation of Effective Lengths and Effective Slenderness Ratios of Stepped Columns
	Anderson, John P.
	Woodward, James H.

	Discussion: The Effective Length of Columns in Unbraced Frames
	Yura, Joseph A.

	Discussion: Vibration and Deflection of Steel Bridges
	Murray, Thomas M.

	Discussion: Buckling of Hyperbolic Paraboloids
	Koo, Benjamin



	1973
	1st Quarter
	Bolt Tension Control with a Direct Tension Indicator
	Fisher, John W.
	Oyeledun, Abayomi O
	Struik, John H.A.

	Plastic Design of Biaxially Loaded Beam-Columns
	Baseheart, T.M.
	McDonough, J.F.
	Ringo, B.C.

	Graphical Solution for Selection of Web Splice Bolts
	Mehta, Narendra K.
	Powers, J.J.

	Fast Check for Ponding
	Burgett, Lewis B.

	Plastic Design Applied to Trusses
	Croucher, Meredith W.
	Fisher, James M.


	2nd Quarter
	Inelastic K-factor for Column Design
	Disque, Robert O.

	A Prestressed Composite Girder for Short Span Bridges
	Anand, Subhash C.

	Headed Steel Anchor under Combined Loading
	Fisher, John W.
	McMackin, Patrick J.
	Slutter, Roger G.

	A Rapid Solution of Vierendeel Frames
	Abdul-Shafi, A.

	Selection of a ""Trial"" Column Section
	Burgett, Lewis B.

	Discussion: A Unified Approach to the Elastic Lateral Buckling of Beams
	Chinn, James
	Piepenburg, Dwayne D.


	3rd Quarter
	Commentary on Highly Restrained Welded Connections
	American Institute of Steel Construction
	Discussion

	Composite Floor System for Sears Tower
	Iyengar, S.H.
	Zils, J.J.
	Errata

	Fire Resistance of Protected Steel Columns
	Lie, T.T.
	Stanzak, W.W.
	Discussion


	4th Quarter
	Recent Developments in Steel Building Design
	Beedle, Lynn S.
	Lu, Le-Wu
	Ozer, Erkan

	Quality Control in Design and Supervision Can Eliminate Lamellar Tearing
	Thornton, Charles H.

	Steel Box Girder Bridges
	Lally, Andrew

	Steel Column Base Plate Design
	Sandhu, Balbir S.
	Discussion

	Discussion: Fire Resistance of Protected Steel Columns
	Lie, T.T.
	Stanzak, W.W.
	Stetina, Henry J.

	Errata: Composite Floor System for Sears Tower
	Iyengar, S.H.
	Zils, J.J.



	1974
	1st Quarter
	Cable-Stayed Bridges
	Podolny, Walter, Jr.

	Yield Line Analysis of Column Webs with Welded Beam Connections
	Stockwell, Frank W., Jr.
	Discussion
	Discussion

	Optimum Belt Truss Locations for High-Rise Structures
	Taranath, B.S.
	Errata

	Rapid Selection of W Columns (AASHO Method of Design)
	Mehta, Narendra K.


	2nd Quarter
	Composite Action Without Shear Connectors
	Barnoff, Robert M.
	Mead, Edwin
	O'Neil, Richard
	Watson, James

	Experimental Investigation of Lug Stresses and Failures
	Hackett, R.M.
	Tolbert, R.N.

	Yield Line Analysis of a Web Connection in Direct Tension
	Kapp, Richard

	Light Gage Steel Infill Panels in Multistory Steel Frames
	Miller, Craig J.

	Discussion: Steel Column Base Plate Design
	Sandhu, Balbir S.

	Errata: Optimum Belt Truss Locations for High Rise Structures
	Taranath, B.S.


	3rd Quarter
	Simplified Seismic Drift Analysis of High-Rise Steel Frames
	Fleischer, Walter H.

	Simplified Approach to AISC Bending Formulas
	Stockwell, Frank W., Jr.
	Errata

	Dynamic Analysis of Multistory Buildings
	Sandhu, Balbir S.

	Lateral Instability of Castellated Beams
	Chesson, Eugene, Jr.
	Pattanayak, Umesh C.

	Discussion: Yield Line Analysis of Column Webs with Welded Beam Connections
	Kapp, Richard


	4th Quarter
	Errata: Partial Tube Concept for Mid-Rise Structures
	Colaco, Joseph P.

	Partial Tube Concept for Mid-Rise Structures
	Colaco, Joseph P.
	Errata

	Innovative Approaches to the Erection of Tension Roof Structures
	Cuoco, Daniel A.
	Thornton, Charles H.

	Approximate Analytical Model for Multistory Frames
	LeMessurier, William J.
	McNamara, Robert J.
	Scrivener, J.C.

	Cable Connections in Stayed Girder Bridges
	Podolny, Walter, Jr.
	Discussion

	Errata: Simplified Approach to AISC Bending Formula
	Stockwell, Frank W., Jr.



	1975
	1st Quarter
	Application of AISC Design Provisions for Tapered Members
	Lee, G.C.
	Morrell, M.L.

	Directional Moment Connections--A Proposed Design Method for Unbraced Steel Frames
	Disque, Robert O.
	Discussion

	Panel Zone Effect on the Strength and Stiffness of Steel Rigid Frames
	Becker, Roy

	Simplified Solution to Interaction Equation
	Babyak, R. Carey
	Phang, Michael K.S.

	One Engineer's Opinion (Interaction Equations)
	Stockwell, Frank W., Jr.

	Discussion: Commentary on Highly Restrained Welded Connections
	Jones, Norman B.
	Milek, W.A.


	2nd Quarter
	Structural System; Standard Oil of Indiana Building (T.R. Higgins Award)
	Picardi, E. Alfred

	Eccentrically Loaded Slip-Resistant Connections
	Kulak, Geoffrey L.

	Seismic Drift Control Criteria
	Teal, Edward J.
	Errata

	Nomograph for Design of Channel Section Beams
	Maitra, N.

	Discussion: Cable Connections in Stayed Girder Bridges
	Kavanagh, Thomas C.


	3rd Quarter
	Design of Columns Subject to Biaxial Bending
	Springfield, John

	Design to Prevent Floor Vibrations
	Murray, Thomas M.

	Drift Reduction Factors for Belted High-Rise Structures
	McNabb, J.W.
	Muvdi, B.B.
	Errata
	Discussion

	Preliminary Base Plate Selection
	Stockwell, Frank W., Jr.

	Errata: Seismic Drift Control Criteria
	Teal, Edward J.


	4th Quarter
	Seismic Design Practice for Steel Buildings
	Teal, Edward J.
	Discussion
	Errata

	Discussion: Yield Line Analysis of Column Webs with Welded Beam Connections
	Stockwell, Frank W., Jr.

	Errata: Drift Reduction Factors for Belted High-Rise Structures
	McNabb, J.W.
	Muvdi, B.B.



	1976
	1st Quarter
	AISC Column Design Logic Makes Sense for Composite Columns, Too
	Furlong, Richard W.

	Stiffness Design of Unbraced Steel Frames
	Cheong-Siat-Moy, F.
	Errata

	Tension-Field Design of Tapered Webs
	Falby, W.E.
	Lee, G.C.
	Errata

	A Simplified Method for the Flexural Design of Stiffened Hybrid Girders
	Chong, Ken P.
	Errata

	The Effective Length of Unbraced Single Story Columns
	Marx, Christopher
	Discussion


	2nd Quarter
	Modern Approaches to Solution of the Wind Problems of Long Span Bridges (T.R. Higgins)
	Scanlon, Robert H.

	Structural Steel and Fire; More Realistic Analysis
	Lie, T.T.
	Stanzak, W.W.

	Rapid Selection of Column Base Plates
	Bird, William R.
	Errata
	Discussion
	Discussion

	Design Example for Beams with Web Openings
	Cooper, Peter B.
	Kussman, Richard L.
	Errata
	Discussion

	Discussion: Seismic Design Practice for Steel Buildings
	SEAOC Seismology Committee
	Teal, Edward J.

	Discussion: Directional Moment Connections-A Proposed Design Method for Unbraced Steel Frames
	Wiesner, Kenneth B.

	Errata: Seismic Design Practice for Steel Buildings
	Teal, Edward J.

	Errata: Tension-Field Design of Tapered Webs
	Falby, W.E.
	Lee, G.C.


	3rd Quarter
	The New Guide to Stability Design Criteria for Metal Structures
	Johnston, Bruce G.

	In-Plane Fatigue Strength of Plates with Laminar Discontinuities
	Brockenbrough, R.L.
	Owens, D.E.

	A Simple Approach to Truss Deflections
	Tsai, Wan-Tswan

	Girder Stiffness Distribution for Unbraced Columns
	Stockwell, Frank W., Jr.

	On Inelastic Column Buckling
	Smith, C.V., Jr.
	Discussion

	Errata: Design Example for Beams with Web Openings
	Cooper, Peter B.
	Kussman, Richard L.

	Errata: Stiffness Design of Unbraced Steel Frames
	Cheong-Siat-Moy, F.

	Errata: Rapid Selection of Column Base Plates

	4th Quarter
	A Practical Method of Second Order Analysis Part 1; Pin Jointed Systems
	LeMessurier, William J.
	Errata

	Rapid Selection of Beam-Columns for Wind or Earthquake Effects
	Fiesenheiser, E.I.
	Ronan, J.G.

	A New Design For Torsion Resistant Suspension Bridges
	Samelson, Harold
	Errata
	Discussion

	Effective Length of Columns with Semi-Rigid Connections
	Driscoll, George C., Jr.
	Errata

	Discussion: The Effective Length of Unbraced Singal Story Columns
	Green, Robert W.

	Discussion: Design Example for Beams with Web Openings
	Redwood, R.G.

	Discussion: Rapid Selection of Column Base Plates
	Douty, R.T.



	1977
	1st Quarter
	Fracture and Fatigue Control in Steel Structures
	Rolfe, S.T.

	Capacity of Columns with Splice Imperfections
	Popov, Egor P.
	Stephen, Roy M.

	Composite Beams with Formed Steel Deck
	Fisher, John W.
	Grant, John A., Jr.
	Slutter, Roger G.

	Errata: A Practical Method of Second Order Analysis (Part 1 - Pin Jointed Systems)
	LeMessurier, William J.

	Errata: A New Design For Torsion Resistant Suspension Bridges
	Samelson, Harold

	Disscussion: Drift Reduction Factors for Belted High-Rise Structures
	McNabb, J.W.
	Muvdi, B.B.

	Disscussion: On Inelasic Column Buckling
	Matz, Charles A.

	Disscussion: Rapid Selection of Column Base Plates
	Bird, William R.


	2nd Quarter
	A Practical Method of Second Order Analysis Part 2; Rigid Frames
	LeMessurier, William J.

	Multistory Rigid Frames with Composite Girders Under Gravity and Lateral Forces
	Schaffhausen, Robert J.
	Wegmuller, Anton W.

	Direct Feasible and Optimal Design of Laterally Unsupported Beams*
	Brandt, G. Donald


	3rd Quarter
	Floor Vibrations and Cantilevered Construction
	Hendrick, William E.
	Murray, Thomas M.

	Yield Line Analysis of Bolted Hanging Connections
	Dranger, Thomas S.
	Discussion

	Simplified Design for Torsional Loading of Rolled Steel Members
	Lin, Phillip H.
	Discussion
	Discussion
	Errata

	A Rational Approach to Fire Engineering Design of Steel Buildings
	Magnusson, Sven Erik
	Pettersson, Ove
	Thor, Jorgen

	Discussion: A New Design For Torsion Resistant Suspension Bridges
	Birdsall, Blair
	Samelson, Harold

	Errata: Effective Length of Columns with Semi-Rigid Connections
	Driscoll, George C., Jr.


	4th Quarter
	Fatigue Strength of Steel Members with Welded Details (T.R. Higgins Award)
	Fisher, John W.
	Yen, Ben T.

	Mill Building Design Procedure
	Bakota, John F.
	Discussion
	Discussion

	The Mysterious 1/3 Stress Increase
	Ellifritt, Duane S.

	History of Steel Beam Design
	Galambos, Theodore V.



	1978
	1st Quarter
	An Introduction to Load and Resistance Factor Design for Steel Buildings
	Hansell, W.C.
	Pinkham, C.W.

	Proposed Criteria for Load and Resistance Factor Design
	Galambos, Theodore V.
	Ravindra, M.K.
	Errata

	LRFD Design Office Study
	Wiesner, Kenneth B.

	Discussion: Simplified Design for Torsional Loading of Rolled Steel Members
	Lin, Phillip H.

	Discussion: Yield Line Analysis of Bolted Hanging Connections
	Dranger, Thomas S.


	2nd Quarter
	Seismic Drift Control and Building Periods (T.R. Higgins Award)
	Teal, Edward J.
	Discussion

	A Fresh Look at Bolted End- Plate Behavior and Design
	Krishnamurthy, N.
	Errata
	Discussion

	Graphical Aid for Design of Base Plate Subjected to Moment
	Maitra, N.
	Errata

	End Restraints on Steel Joist Floor Vibrations
	Carrle, Gunther
	Wang, Leon Ru-Liang

	Fire Safety Of External Building Elements--The Design Approach
	Law, Margaret
	Errata

	Discussion: Mill Building Design Procedure
	Gogate, Anand B.

	Discussion: Simplified Design for Torsional Loading of Rolled Steel Members (Lin)
	Lin, Phillip H.

	Errata: Proposed Criteria for Load and Resistance Factor Design
	Galambos, Theodore V.
	Ravindra, M.K.


	3rd Quarter
	Design of an Eccentrically Braced Steel Frame
	Popov, Egor P.
	Roeder, Charles W.

	Shear in Beam-Column Joints in Seismic Design of Steel Frames
	Krawinkler, Helmut

	Discussion: Seismic Drift Control and Building Periods
	Berg, Glen V.

	A Method for the Plastic Design of Unbraced Multistory Frames
	De Buen, Oscar

	The AISC Quality Certification Program
	Peshek, Charles, Jr.

	Errata: Fire Safety of External Building Elements--The Design Approach
	Law, Margaret


	4th Quarter
	Behavior of Bearing Critical Double-Angle Beam Connections
	Birkemoe, Peter C.
	Gilmor, Michael I.

	Fire Resistance of Structural Steel
	Lie, T.T.

	Box Girder Bridge Design; State of the Art
	Heins, Conrad P.

	Discussion: Mill Building Design Procedure
	Diefenderfer, C.F.

	Errata: A Fresh Look at Bolted End-Plate Behavior and Design
	Krishnamurthy, N.

	Errata: Graphical Aid for Design of Base Plate Subjected to Moment
	Maitra, N.



	1979
	1st Quarter
	Plastic Design Aids for Pinned-Base Gabled Frames
	Beskos, Dimitrios E.
	Manolis, George D.

	Allowable Axial Stresses in Segmented Columns
	Barnes, D.W.
	Mangelsdorf, C.P.

	Analysis of Vierendeel Frames for Deflections
	Abdul-Shafi, A.

	Combined Shear and Tension on Grouted Base Details
	Adihardjo, Rianto
	Soltis, Lawrence A.


	2nd Quarter
	Analysis and Design of Framed Columns Under Minor Axis Bending
	Kanchanalai, T.
	Lu, Le-Wu
	Discussion

	Strength Design in Steel Using Programmable Calculators
	Anderson, James C.

	Discussion: A Fresh Look at Bolted End-Plate Behavior and Design
	Agerskov, Henning
	Griffiths, John D.
	Krishnamurthy, N.
	McGuire, William
	Rimmer, Norman W.
	Wooten, J.M.


	3rd Quarter
	Human Response to Wind-Induced Motion of Buildings (T.R. Higgins Award)
	Hansen, Robert J.
	Reed, John W.
	Vanmarcke, Erik H.

	Prefabricated Press-Formed Steel T-Box Girder Bridge System
	GangaRao, H.V.S.
	Taly, Narendra

	Optimum Design of Steel Pipe Racks
	Arya, Suresh C.
	Feng, Edward G.
	Pincus, George

	A Simple Formula for the Polar Second Moment of Area of a Regular Skew-Symmetric Bolt Group
	Bradfield, C.D.
	Irvine, H.M.


	4th Quarter
	A Specification for the Design of Steel-Concrete Composite Columns
	Structural Stability Research Council, Task Group 20

	Efficiency of Tubular Framing for Medium-Height Buildings
	Leffler, Robert E.

	Plastic Design of Steel Floor Beams
	Hawes, William H.
	Errata

	Discussion: Analysis and Design of Framed Columns Under Minor Axis Bending
	Nethercot, D.A.

	Errata: A Simplified Method for the Flexural Design of Stiffened Hybrid Girders
	Chong, Ken P.



	1980
	1st Quarter
	Moment Resisting Connections for Mixed Construction
	Hawkins, Neil M.
	Mitchell, Denis
	Roeder, Charles W.

	Steel Supported Masonry Walls
	Soltis, Lawrence A.
	Tuan, Young-Bee

	One Engineer's Opinion
	Fisher, James M.

	Elastic Buckling of a Column Under Varying Axial Force
	Shrivastava, Suresh C.

	Anchor Bolt Design for Shear and Tension
	Kharod, Umesh J.


	2nd Quarter
	Computer-Aided Design of Stub-Girder System
	Gotschall, John A.
	Wang, P.C.

	Torsional Strength and Stiffness of Steel Structures
	Shermer, Carl L.

	The Analysis and Design of Single Plate Framing Connections
	Gillett, Paul E.
	Kriegh, James D.
	Lewis, Brett A.
	Richard, Ralph M.


	3rd Quarter
	Some Aspects of Stub-Girder Design (T.R. Higgins Award)
	Bjorhovde, Reidar
	Zimmerman, T.J.

	An Update on Eccentric Seismic Bracing
	Popov, Egor P.

	A Cautionary Note on Beam Copes
	Milek, W.A.

	Fast Design of Beams with Cb Greater Than 1.0
	Burgett, Lewis B.
	Tide, Raymond H.R.

	8th Edition Manual Errata

	4th Quarter
	Plastic Design of Unbraced Multistory Steel Frames with Composite Beams
	De Buen, Oscar

	Eccentrically Loaded Weld Groups; AISC Design Tables
	Tide, Raymond H.R.
	Errata

	Calculation of Effective Lengths of Stepped Columns
	Agrawal, Krishna M.
	Stafiej, Andrew P.
	Errata

	Detailing to Achieve Practical Welded Fabrication
	Blodgett, Omer W.



	1981
	1st Quarter
	An Experimental Look at Bracket-Loaded Webs
	Ainso, Heino
	Hoptay, Joseph M.
	Discussion

	Generalized Design of Columns Subjected to Combined Axial Load and Bending Moment
	Monasa, Frank
	Snyder, John K.

	Connections Between Steel Frames and Concrete Walls
	Hawkins, Neil M.
	Roeder, Charles W.

	Errata: Eccentrically Loaded Weld Group--AISC Design Tables
	Tide, Raymond H.R.

	Errata: Plastic Design of Steel Floor Beams
	Hawes, William H.


	2nd Quarter
	Preliminary Analysis and Member Sizing of Tall Tubular Steel Buildings
	El Nimeiri, Mahjoub M.
	Tang, John W.
	Wong, Chow H.

	Analysis and Design of a Web Connection in Direct Tension
	Anand, Subhash C.
	Bertz, Richard F.

	A Graphical Method for Design of Cantilevered and Suspended Span Beams
	Mehta, Purushottam B.

	Nomograph for Design of Power Plant and Industrial Precipitator Shell
	Maitra, N.

	Stress Reduction Factor for Unsupported Lengths
	Roy, Ranjit

	Acceptability Criterion for Occupant-Induced Floor Vibrations
	Murray, Thomas M.


	3rd Quarter
	Load and Resistance Factor Design (T.R. Higgins Award)
	Galambos, Theodore V.

	Structural Details in Industrial Buildings
	Fisher, James M.
	Discussion
	Discussion

	Stability of Metal Structures- A World View (Part 1)
	SSRC, ECCS, LRCJ,CMEA
	Discussion

	Discussion: An Experimental Look at Bracket-Loaded Webs
	Sears, Frank D.

	Errata: Calculation of Effective Lengths of Stepped Columns
	Agrawal, Krishna M.
	Stafiej, Andrew P.

	Book Review: Structural Design of Tall Steel Buildings, Vol. SB
	Haaijer, Geerhard


	4th Quarter
	Design Aids for Single-Plate Framing Connections
	Disque, Robert O.
	Young, Ned W.
	Discussion

	Eccentrically Braced Frame Construction--A Case History
	Libby, James R.
	Discussion

	Stability of Metal Structures- A World View (Part 2)
	SSRC, ECCS, LRCJ,CMEA
	Discussion



	1982
	1st Quarter
	Predesigned Bolted Framing Angle Connections
	American Institute of Steel Construction

	Computing The Effective Plastic Moment
	Carskaddan, Phillip S.
	Grubb, Michael A.
	Haaijer, Geerhard

	Suggestions for Avoiding Beam- to- Column Web Connection Failure
	Beedle, Lynn S.
	Driscoll, George C., Jr.

	Plastic Behavior of Beams with Mid-Depth Web Openings
	Afifi Aglan, Ahmed
	Qaqish, Samih

	Stability of Metal Structures--A World View (Part 3)
	SSRC, ECCS, LRCJ,CMEA


	2nd Quarter
	Design of W-Shapes for Combined Bending and Torsion
	Johnston, Bruce G.
	Errata
	Discussion
	Discussion
	Discussion
	Errata
	Correction

	Steel Members Subject to Axial Tension and Biaxial Bending Moments
	Hsu, C.T.T.

	Errata: Simplified Design for Torsional Loading of Rolled Steel Members
	Lin, Phillip H.

	Calculator Program for Determining Properties of Built-up or Composite Members
	Gossett, Stephen R.
	Discussion

	Rapid Determination of Ultimate Strength of Eccentrically Loaded Bolt Groups
	Brandt, G. Donald
	Discussion
	Discussion
	Discussion

	Stability of Metal Structures- A World View (Part 4)
	SSRC, ECCS, LRCJ,CMEA

	Discussion: Structural Details in Industrial Buildings
	Fisher, James M.
	Marx, Christopher

	Discussion: Stability of Metal Structures--A World View (Part 2)
	Wolchuk, Roman

	Discussion: Stability of Metal Structures--A World View (Part 1)
	Clark, J.W.


	3rd Quarter
	Seismic Steel Framing Systems for Tall Buildings
	Popov, Egor P.

	A General Solution for Eccentric Loads on Weld Groups
	Brandt, G. Donald

	Lateral Wind Bracing Requirements for Steel Composite Bridges
	Heins, Conrad P.
	Hou, C.K.
	Kato, H.

	Errata: Design of W-Shapes for Combined Bending and Torsion
	Johnston, Bruce G.

	Effect of Hole-Making on the Strength of Double Lap Joints
	Iwankiw, Nestor R.
	Schlafly, Thomas

	Discussion: Design Aids for Single-Plate Framing Connections
	Griffiths, John D.


	4th Quarter
	Tips for Avoiding Crane Runway Problems
	Ricker, David T.
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