Paper No. 984006
An ASAE Mesting Presentation

LRFD versus ASD for Wood Design

by

John “Buddy” Showalter, P.E.
Director, Technology Transfer
American Forest & Paper Association
American Wood Council
1111 19th St., NW, #800
Washington, D.C., USA

and

Dr. Harvey B. Manbeck, P.E.
Distinguished Professor
Department of Agricultural and Biological Engineering
The Pennsylvania State University
210 Agricultural Engineering Building
University Park, PA, USA

and

Dr. David G. Pollock, Jr., P.E.
Assistant Professor
Civil and Environmental Engineering
Washington State University
Pullman, WA, USA

Written for Presentation at the
1998 ASAE Annual International Meeting
Sponsored by ASAE

Disney’ s Coronado Springs Resort
Orlando, Florida
July 12-16, 1998

Summary: Load and resistance factor design (LRFD) for wood was recently adopted in US building codes. Several case
studies have recently been conducted to comparethe new LRFD methodol ogy to allowabl e stressdesign (A SD) methodol ogy
for wood. These case studies will be discussed and their relevance to wood buildings identified. Potential benefitsto using
LRFD will be shown.
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INTRODUCTION

In structural engineering, thereisagrowing trend to replace existing allowabl e stressdesign (ASD) methodol ogieswith load and resistance
factor design (LRFD) procedures, Pollock, et al. (1994). Thewood industry responded to this emerging preference by publishing the Load
and Resistance Factor Design (LRFD) Manual for Engineered Wood Construction, AF& PA (1996).

The wood industry chose to adopt two out of a possible three-stage process to transition from deterministic design (ASD) to areliability
(LRFD) basis. LRFD for wood adopts code accepted load factors (stage 1) that smooth reliability across load cases. It also adopts the
concept of atarget reliability index (stage 2) for areference design case and adjusts designs to match that target. The final stage 3, that
permitsadditional adjustment of designsbased onindividual dataset analysis, isnot currently being employed (eventhoughitis permitted
inthe underlying standards). Thewood industry does not believe that there is sufficient consensus regarding techniques for adopting this
level of refinement in a uniform and equitable manner across construction materials.

CASE STUDIES

Case studies comparing designs using LRFD methodology to those using ASD procedures as prescribed in the National Design
Foecification® (NDS®) for Wood Construction, AF& PA (1997), indicate similar results for beams and connectionswith live to dead | oad
ratios of 3:1. Showalter, et al., (1998) indicated that a 15% smaller cross-section was achieved for certain column designs using LRFD
versus ASD, due primarily to load factoring for combinations of wind, snow, and crane loads on the column.

Additional calculationsindicate as much as 30% smaller cross sectionsfor structural members carrying multiple transient loads (roof live
and occupancy) - again due to load factoring. These are further discussed in the results section of this paper.

Riegel and Manbeck (1997a,b) determined that for post-frame construction, post sizes will rarely be affected by use of LRFD instead of
ASD. Review of their results, however, also indicatesthat |oad combinationsplay asignificant rolein differencesbetween LRFD and ASD.
One apparent anomaly revealed by their results is an approximate 50% increase in design stresses for certain load combinations.
Specifically, they reported that,

“full snow and reduced wind loads controlled most post-frame designs greater than 40 ft. wide in LRFD, whereas half
snow plusfull wind controlled most post designsin ASD. Both CSI values and shear ratioswere between 40% and 55%
greater for LRFD than for ASD for the full snow and reduced wind load combination. However, only three out of 36
frames examined required larger posts under LRFD for thisload case.”

LOAD COMBINATIONS

Table 1 outlines ASD loads and |oad reductions from ASCE 7-95 (1995). Applicable load duration factors are taken from AF& PA’sNDS
for Wood Construction Table 2.3.2. Note that several building codes, as well as ASCE 7-95, allow reductions to transient loads used in
combination. For example, ASCE 7-95 allows a 25% reduction in transient loads used in combination. SBCCI’ s Sandard Building Code
(1997) allows either the wind or snow load to be reduced 50% when used in combination. The 25% reduction as shown in column 7 of
Table 1 was accounted for in thisload combination comparison.

For LRFD loads and load factors, AF&PA/ASCE 16-95 Sandard Table 1.4-2 outlines load combinations and time effect factors. For
comparison purposes, identical load combinations are shown asthose for ASD in Table 1.

Due to the varied treatment of seismic loads in combination with other loads in the various building codes, they have been omitted from
this comparison. Impact |oads also were not included.

Sixteen load combinations are shown in Table 1 combining dead, live, construction, snow, and wind loads. Load magnitudes commonly
specified in building codes are used to cal culate atotal load, which isadjusted by applicable reduction factorsfor ASD or load factorsfor
LRFD. Notethat results provided in Table 1 would differ for other |oad magnitudes. Theload duration factor, C,, for ASD and time effect
factor, A, for LRFD are divided out of the total load to determine a comparable strength limit state. Column 16 shows the ratio of
LRFD/ASD adjusted total loads. Thisratio isthen divided by 2.16 to allow relative comparison of these two methodologies (see ASTM
D5457 for details). A ratio lessthan oneindicatesthat LRFD should provide amore efficient design should that load combination control.
Conversely, aratio greater than unity indicates a benefit using ASD loads.

Several load combinationsin ASD are repeated (e.g., lines6 & 7, 10 & 11, etc.). Thisis because two comparable |load combinations are
evaluated in LRFD, with the larger of the two controlling. Again, results would change with different load magnitudes.

Notethat in Table 1, transient load combinationsincluding wind (lines 9-16) only addressinstanceswherewind is cumulative with gravity
loads for design of wood members. Wind uplift loading (e.g., nail withdrawal from roof sheathing; top chords of trusses resisting wind
uplift; etc.) andwindlateral loading (e.g., sheathing nailsin shearwalls; splice connectionsin diaphragm/shearwall chords) arenot explicitly
addressed in Table 1.

Additionally, column buckling and beam buckling are not explicitly addressed in Table 1, sincein those casesit isnot appropriateto divide
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loadsdirectly by C or A. By extension, many cases of combined loading are not completely addressed by the simplified treatment in Table
1 (since most combined loading scenarios involve column buckling and/or beam buckling).

Table1l. LRFD/ASD Load Combination Comparisons

Allowable Stress Design Load and Resistance Factor Design LRFD
Load Types ASCE 7 Load Types load/ (L RFDA(
load | C, | loads load/ | ASD |216°A
DL |C|[S|W/| tator C, D|L]J|L | S|W A A load SD)
1 1 1 09 1) 14 06 2333 210 097
2 1 1 1 1 5001 12[ 16 08 95.00 190 088
3 1 1 1 125 24000 12 16 08 55.00 2.9 1.06
4 1 1 1 115 A 12 16 08 7500 2.16 100
5 1 1 1 16 2188 12 13 1 4450 203 094
6 1 1 1 0.75 115 53] 12[ 16 05 08| 11375 2.09 097
7 1 1 1 0.75 115 53] 12[ 05 16 08| 10000 184 085
8 1 1 1 0.75 125 400 12| 16 05 08| 10750 244 113
9 1 1 1 1 0.75 16 4609 12| 05 16 08 80.00 174 0.80
10 1 1 1 1 0.75 16 50.78] 12 16 08 08| 10000 197 091
11 1 1 1 1 0.75 16 50.78] 12[ 05 05 13 1 7950 157 0.72
12 1 1 1 0.75 16 3672 12[ 05 13 1 64.50 176 081
13 1 1 1 0.75 16 2034 12 16 08 08 80.00 293 135
14 1 1 1 0.75 16 2034 12 05 13 1 54,50 199 092
15 1 1 1 0.75 16 3203 12 16 08 08| 10000 312 145
16 1 1 1 0.75 16 3203 12 05 13 1 59.50 186 0.86
D = dead, L = floor live, C = congtruction (roof live), Lr = roof live, S = snow, W = wind
D=10pd, L=40pdf, Cor L =20 psf, S=30 pef, W=25 psf

For “extraordinary events’ such asfire, ASCE 7-95 Commentary section 2.5 providesfor the use of factored loadsin strength design. For
example, heavy timbers are often designed for one-hour fire endurance using code approved methodol ogy shown in AF& PA’s Design for
Code Acceptance No. 2, Design of Fire-Resistive Exposed Wood Members. Loads are typically determined using ASD |oad combinations
as shown in Table 1. ASCE 7-95 provides the following factored loads for checking the capacity of a structure or structural element to
withstand the effect of an extraordinary event, using the following load combinations:

1.2D + A, + (0.5L +0.29)
(0.90r1.2)D + A, + 0.2W

where:

D = dead load

L =floor live load

S = snow load

W =wind load

A, = value of load or load effect resulting from an extraordinary event.

Again, factored loads reflect the small probability of ajoint occurrence of the extraordinary load and the design live, snow or wind load.
Thus, LRFD will also provide more efficient results in designing for fire resistance.

RESULTS

Asnoted in the discussion of case studies above, as much as 30% smaller cross sectionsfor structural members carrying multiple transient
loads (roof live and occupancy) are possible using LRFD versus ASD. Asshownin Table 1, load combinations6 and 7 would show a 30%
benefit using LRFD versus ASD. Examples of thiswould be headers and studs on the first floor of multi-story buildings. These members
will typically carry snow and occupancy live loads. Specific results comparing several types of structural headers are shown in Table 2.

Table2. ASD/LRFD Comparison of Structural Headersfor Multi-Story Structures



Structural Headers ASD LRFD

Visually graded #2 Southern Pine two-2x10 two-2x8

16F Glued-laminated timber 3"x8-1/4" 3-1/8"x6-7/8"
1.8E Laminated Veneer Lumber two 1-3/4"x7-1/4" two 1-3/4"x5-1/2"

Also noted in the discussion of case studies above is an apparent anomaly in results of comparisons of columns in post-frame structures
under combined wind and snow loads. These results indicate that LRFD is approximately 50% more conservative than ASD for this
scenario. The main reason for the difference appearsto be that these particular load combinations usea 1.3 and 0.8 load factor on thewind
load, rather than the 1.0 and 0.5 that is used for the comparable ASD load combinations. Thisalone resultsin a 30-60% increasein lateral
load depending on which combination controls. This, coupled with the fact that aA = 0.8 isused for the LRFD load combination shown
inlines 13 and 15 of Table 1, rather than the A = 1.0 for other lateral loads, substantiates the conservative results shown by Riegel and
Manbeck (1997a,b). This should be addressed by the appropriate committee.

SUMMARY

Load factors seem to contribute significantly to differencesin design results using LRFD versus ASD. In many cases, more economical
designsresult using LRFD procedures. The underlying premise of load factoring isto move more of the safety factor, or reliability, to the
loads side, since more information is available on loadstoday. It is reasonable to expect that more efficiency in the design process results
from this knowledge.

Post-frame buildings, as well as other wood structures, can benefit from LRFD procedures; especialy in cases where multiple transient
loads are present.
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