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Introduction
While the terms “lag screw” and “lag bolt” often are used interchangeably1 in construction and maritime fields,
such imprecise terminology can be irritating those who assert that a “bolt” (i.e., a fastener with a machinethreaded end that can accept a nut) never should be considered a “screw”, which instead has helical ridges
(external “screw threads” that taper to a point) that engage with the comparable internal threading created when
these threads are rotated into a wood framing member.
In short, a bolt is a structural fastener that is assembled and tightened by rotating a nut onto “machine threads”,
while a screw instead is installed by rotating the head of the fastener. Since lag screws are neither secured with
nuts nor or are attached by rotating each fastener, the common term lag bolt can be highly misleading.
Similarly, “hanger screws” (which, to the bane of some professionals, commonly can be called “hanger bolts”)
have helical ridges at both ends – coarse threads (for screwing into wood) at one end and finer machine threads
that, similar to traditional “through bolts”, accommodate nuts and supporting washers at the other. Despite such
differences, hanger screws still comprise a distinct subset of the lag screw family.
A key advantage of using lag screws is convenience.2 Load-resisting connections to wood framing members can
be achieved without requiring access to both ends of a fastener. However, over time, the structural integrity of
this attachment more readily (compared with the long-term performance of through bolts) can be degraded by
the effects of rainwater intrusion, wood decay, overloading, and/or wood shrinkage.
Furthermore, it is difficult for later building inspectors to verify that code-prescribed installation procedures
have been followed by the contractor. Lastly, as demonstrated by the following case study, in many instances:
“Lag screws are typically used in connections where very little redundancy exists, and as such an individual
fastener failure can readily lead to global failure.”3
Investigation – Balcony Collapse Due to Sudden Lag Screw Withdrawal
At Figure 1, consider the ornamental wrought iron balcony serving a circa-1948 two-unit, three-story apartment
building in San Francisco. This balcony, installed in 1960, was first made accessible to the building’s occupants
and their guests via the aluminum-framed horizontal sliding (X-O-X)4 window installed in 1972. The two
operable sashes provide openings that are 24 in. (610 mm) wide and 74 in. (1880 mm) high.
In Fig. 2 and 3, note that an identical element at the upper apartment has fallen. Four partygoers were occupying
this balcony when it suddenly failed at midnight. While two young guests managed to safely leap back through
the openings, two others unfortunately were seriously injured during the fall. As would be expected, the ensuing
personal injury litigation process encompassed a wide range of expert-led analyses and disputes, including:
• Were these two balconies originally intended for solely “decorative” purposes (perhaps for flower boxes?)
or might they have been attached to this apartment building in a manner that afforded the minimum “live
load” capacity for human occupancy, as prescribed by the controlling 1956 San Francisco Building Code?
• Had these circa-1972 retrofitted windows (which had replaced original wood-framed windows) promoted
subsequent unsafe human usage of non-occupiable ornamental balconies?5
• Should the long-term property manager have known that tenants intermittently were using these narrow
balconies for various lifestyle purposes?
• Should the young tenants (and their after-dark partygoing guests) be expected to have sufficient knowledge
to recognize that these small (14.75 ft2) (1.37 m2) balconies might not be safe for human occupancy?
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Figure 1 – Wrought iron balcony, referred to as the “lower balcony” in this article, attached to a three-story apartment
building in San Francisco, California.

Figure 2 – Comparable window at upper apartment from which an identical wrought iron balcony has collapsed (see Fig. 3).
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Figure 3 – After its sudden collapse, the failed “upper balcony” was stored in the backyard for expert inspection.

Figure 4 – Bottom edge of failed balcony was secured to the stucco-clad wall with five “wood screws”. Note: 1 in. = 25.4 mm.
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Figure 5 – The lower balcony was attached at the upper corners with 4-in.-long (100 mm) 1/2-in.-diameter (13 mm) “hanger
screws”. This fastener exhibits evidence of an axial prying action and withdrawal, as compared with the opposite hanger screw
shown in Fig. 6.

Figure 6 – The hanger screw at the opposite end of this lower balcony did not exhibit evidence of axial (overturning)
overloading and withdrawal comparable to that seen in Fig. 5.
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Figure 7 – Hanger screw removed from upper left corner (see Fig. 5) of the lower balcony had severely corroded threads.
(Photograph by Thomas H. Lutge, SE: http://www.quakestructural.com.)
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Figure 8 – San Francisco Police Department photograph of failed hanger screw from the night of the upper balcony collapse.

Figure 9 – The failed wood screw at Fig. 4 damaged the 1/4-in. layer of decorative plaster cement applied for aesthetic relief
(see overview photograph at Fig. 2) atop an underlying 3/4-in. stucco cladding assembly. Note: 1 in. = 25.4 mm.
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Figure 10 – The low invitingly 7 in. (178 mm) interior threshold height for the operable sashes at these circa-1972 horizontal
sliding (X-O-X) aluminum windows served to encourage tenant access to these two balconies.

The purpose of this case study is not to relitigate the merits of competing expert opinions in this now-settled
litigation. Instead, our goal for this article is to delve into long-term safety risks potentially associated with the
use of lag and hanger screws to “hang” such decorative or human-occupiable “Juliet balconies” – so named due
supposed similarities to the famous (but apocryphal6) balcony scene from William Shakespeare’s play Romeo
and Juliet.
Forensic Analysis
Our inspection found that these wrought iron balconies had been attached to this stucco-clad wall with: a) five
wood screws (Fig. 4) at the bottom with overall lengths of 2 in. (50 mm), and b) two 1/2-in.-diameter (13 mm)
4-in.-long (100 mm) (overall length)7 hanger screws at each upper corner (as seen in Fig. 5 and 6).
Because the combined thickness of the stucco cladding assembly, including the 1/4-in. (6 mm) decorative layer
of plaster cement seen in Fig. 2 and 9, and its underlying diagonal wood board sheathing totaled ~1.75 in. (~44
mm), only the two hanger screws were structurally engaged with the wood (Douglas fir) framing. Because the
exposed portion (see Fig. 5) of the overall 4-inch-long (100 mm) hanger screws measured ~1.5 in. (~38 mm),
approximately 1 inch (25 mm) of the tapering ends of these hanger screws penetrated into the wood framing.
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For the following reasons, we concluded that repeated human loading (since 1972) of these decorative balconies
had gradually compromised the physical engagement of the upper left-most fasteners at both Juliet balconies,
thereby intermittently exposing these critical connections to windblown rainwater infiltration:
• Our inspection had confirmed that a “progressive collapse”8 of the upper balcony had commenced at its top
left corner (viewed from the exterior);
• Various deposition testimony suggested that the most common route of tenant access onto these balconies
had been over the invitingly low 7 in. (178 mm) threshold, as seen in Fig. 10, at the right side (viewed from
the interior) of these windows; and
• The hanger screw seen in Fig. 5 at the left corner (as viewed from the exterior) of the still-attached lower
balcony exhibited clear evidence of axial (overturning) overloading and withdrawal.
We posited that the unexpected absence of severe wood decay within these two holes reflected:
• The relatively limited amounts of windblown rainwater that could migrate into these outwardly downwardsloping (see Fig. 5) and somewhat weather-sheltered holes,
• The ameliorating effects of solar heating of this highly sun-exposed wall, and/or
• The “moderately” decay-resistant properties of Douglas fir timber.9
Because such intermittent films of windblown moisture would have bonded (via “surface tension”10) to the
steel threads, multiple decades of ensuing “rust oxidation” had slowly degraded these screws’ axial load-bearing
capabilities. A consequence of this worsening degradation was to make these downward-sloping fasteners even
more susceptible (particularly when wetted) to the pull-out forces of unintended human loading of these Juliet
balconies.
Finally, we concluded that even though the helical threading at the partially failing hanger screw (see Fig. 5 and
7) at the lower balcony was more severely deteriorated than the failed screw (Fig. 8) from the upper balcony, it
was this top balcony that, due to human-loading circumstances related to this party, suddenly collapsed. Clearly,
this long-looming tragedy just as easily could have occurred at the lower Juliet balcony.
Historical Codes Review – Uniform Live Load and the Use of Lag Screws
As noted, these two balconies were installed in 1960. Our research confirmed that from 1956 through 1975,
successive editions of the San Francisco Building Code (SFBC): a) forbade reliance on lag screws to resist axial
(overturning) forces related to human occupancy, instead requiring the use of through bolts; 11 and b) required
occupiable balconies to provide 75 lb/ft2 (3.8 kPa) of “uniform live load” support. In short, if these 14.75 ft2
[1.37 m2] balconies had been intended for human occupancy, each should have supported ~1,100 lbs. (~500 kg).
By the mid-1970s, certain State of California agencies were nearing completion of their multi-decade political
battle to take control (via the model Uniform Building Code) of San Francisco’s long-independent “home rule”
codes-writing processes.12 The UBC had long prescribed a lesser minimum of 40 lb/ft2 (1.9 kPa) uniform live
load for occupiable residential balconies, even if secured only with lag screws. Still, despite acceding on this
uniform live load issue, the 1975 and 1984 editions of the SFBC continued to resist the use of lag screws for
such axial loading purposes: “Lag screws or lag bolts may be used in withdrawal only by prior written approval
by the Superintendent with special inspection as a requirement.”
Since 1988, all subsequent editions of the new statewide California Building Code have approved the use of lag
screws for resistance to axial loading. While the 1988 and 1991 editions of the CBC continued to prescribe a 40
lb/ft2 (1.9 kPa) minimum uniform live load for residential balconies, beginning with the 1994 CBC (as part of
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the early process of the eventual melding of the regional Uniform Building Code, Standard Building Code, and
National Building Code into a single model International Building Code),13 successive editions of the CBC and
the new nationwide model IBC have prescribed a minimum 60 lb/ft2 (2.9 kPa) uniform live load for residential
balconies.
Additionally, with certain local exceptions (for example, the City of Phoenix, due to concerns about excessive
wood shrinkage caused by Arizona’s hot climate14), most modern code agencies across North America broadly
accept engineer-prescribed uses of lag screws for resistance to axial loading at exterior balconies.
Juliet Balconies and Lag Screws – Discussion
Safe human usage of narrow balconies like that seen in Fig. 1 warrants close attention by designing architects
and engineers: “Balconies and decks are recognized as often having distinctly different loading patterns than
most interior rooms. …As always, the designer should be aware of potential unusual loading patterns in the
structure that are not covered by these minimum standards. ”15
As exemplified by this case study in which four partygoers readily could occupy a Juliet balcony measuring
only 14.75 ft2 (1.37 m2), a key design factor for such theoretically occupiable projections should be: will the
building code’s minimum live load provisions prove sufficient for potential future usages by unwary tenants?
Specifically, even if minimum axial withdrawal resistance requirements technically can be achieved with the
use of only two lag screws, shouldn’t an extra degree of engineered redundancy be warranted to minimize the
risk of progressive collapse if these structural bonds weaken over time?16
Further, even when the convenience of using lag screws does outweigh the increased degree of long-term safety
afforded by through bolts, might “special inspection” of their installation be warranted (for example, as required
by the City of Phoenix17)?
Promoting and maintaining life safety over the service life of the building should guide such decisions. To these
ends, code-prescribed minimums should never “replace the sound judgment of a competent professional, having
knowledge and experience in the appropriate field(s) of practice, nor to substitute for the standard of care
required of such professionals”18.
Lastly, we construction professionals and property managers who inspect older buildings certainly should pay
particular attention to human-occupiable small decks and balconies, whether built of wrought iron or wood, that
might originally have been constructed for only ornamental purposes. Nationwide, it is not uncommon for
severely injurious or fatal falls (due to guardrail deficiencies or structural collapse) to occur at non-live-loadresistive decorative Juliet balconies that only were accessible through window openings.19

*****

Lonnie Haughton, MCP, LEED AP is a senior partner with AVELAR (https://avelar.net/), a forensic
architectural, engineering, construction, and codes consulting firm in Walnut Creek, CA. (Founded in Oakland
in 1976 as Richard Avelar & Associates, the firm rebranded and relocated in 2020.) Haughton is a licensed
general contractor and one of about 1,100 active professionals worldwide certified by the International Code
Council as a Master Code Professional.
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“Residential Structural Design Guide: A State-of-the-Art Engineering Resource for Light-Frame Homes, Apartments, and
Townhouses”, U.S. Department of Housing and Urban Development, October 2017: “Lag screws (often called lag bolts) function as
bolts in joints where the main member is too thick to be economically penetrated by regular bolts. They are also used when one face of
the member is not accessible for a ‘through-bolt’.” (https://www.huduser.gov/publications/pdf/residential.pdf)
2
“Wood Handbook – Wood as an Engineering Material”, General Technical Report FPL-GTR-190, U.S.D.A Forest Products
Laboratory, Madison, WI, 2010: “Lag screws are commonly used because of their convenience, particularly where it would be
difficult to fasten a bolt… Lag screws have a hexagonal-shaped head and are tightened by a wrench (as opposed to wood screws,
which have a slotted head and are tightened by a screw driver).” (https://www.fpl.fs.fed.us/documnts/fplgtr/fpl_gtr190.pdf)
3
“Lag Screws and Lag Bolts – Use and Installation”, City of Phoenix Planning and Development Department, January 2019:
https://www.phoenix.gov/pddsite/Documents/TRT/dsd_trt_pdf_00251.pdf.
4
Perhaps confusingly, “operable” sashes in windows are designated with an “X” while fixed “lites” are designated with an “O”. An
X-O-X horizontal sliding window has two operable sashes that slide open toward a fixed center lite.
5
The majority of the residential buildings in this particular San Francisco district date to the post-World War II construction boom.
Because America’s soldiers and sailors had returned from Europe and Asia with new design perspectives, savvy (but cost-conscious)
developers successfully marketed many of these new homes with narrow ornamental balconies (wrought iron and wood) that were not
intended for human occupancy. Unfortunately, over the ensuing decades, many of these decorative elements have been occupied by
unwary homeowners.
6
Lois Leveen, “Romeo and Juliet Has No Balcony”, Atlantic magazine, October 28, 2014: “It’s perhaps the most famous scene in all
of English literature: Juliet stands on her balcony with Romeo in the garden below, star-crossed lovers meeting by moonlight.
Colloquially known as ‘the balcony scene,’ it contains Romeo and Juliet's most quoted lines… There’s only one problem: There is no
balcony scene in Romeo and Juliet. The word ‘balcony’ never appears in Shakespeare’s play. In fact, Shakespeare didn’t know what a
balcony was. Not only was there no balcony in Romeo and Juliet, there was no balcony in all of Shakespeare’s England.”
(https://www.theatlantic.com/entertainment/archive/2014/10/romeo-and-juliets-balcony-scene-doesnt-exist/381969/)
7
Note that even though the nominal dimensions of a 4-in.-long (100 mm) lag screw and 4-in.-long (100 mm) hanger screw are the
same, the hanger screw (as seen at Fig. 5 and 8) provides significantly shorter net penetration into a structural member due to the
positioning of the machine-threaded nuts.
8
“Minimum Design Loads and Associated Criteria for Buildings and Other Structures”, ASCE/SEI 7-16, American Society of Civil
Engineers, 2016, Section C1.4: “Progressive collapse is defined as the spread of an initial local failure from element to element
resulting, eventually, in the collapse of an entire structure or a disproportionate large part of it.” (https://www.asce.org/structuralengineering/asce-7-and-sei-standards/)
9
Reference Chapter 14 (Biodeterioration of Wood) of the Wood Handbook: Wood as an Engineering Material, U.S.D.A. Forest
Products Laboratory, Madison, WI, March 2021: https://www.fpl.fs.fed.us/documnts/fplgtr/fplgtr282/fpl_gtr282.pdf.
10
Water molecules (H2O) are commonly described as being “sticky”: because “opposites attract”, the two slightly positively charged
hydrogen atoms are attracted to any available oxygen atom (which are slightly negatively charged), including the open oxygen atoms
at the surface of bare steel fasteners. This hydrogen-oxygen bond (“surface tension”) between water molecules and iron-based
materials is the first step in the complex process of corrosive degradation known as “rust oxidation”.
11
Section 2704(e) of the 1956 San Francisco Building Code, “Lag screws shall only be used to resist stress in shear.”
12
L. Haughton, “An Abridged History of the Statewide ‘California Building Code’”: http://www.ravelar.com/articles/AbridgedHistory-of-the-Statewide-California-Building-Code.pdf.
13
March 2008 edition of the ICC’s Building Safety Journal: “Not surprisingly, each of the regional organizations felt that its codes
were excellent, so it took a remarkable level of give-and-take by all involved to reexamine every section of the draft documents,
thoroughly debate the associated concepts and agree on specific language.”
14
“Lag Screws and Lag Bolts – Use and Installation”, City of Phoenix Planning and Development Department, January 2019: “Lag
screws have been observed to loosen over time and as a consequence they lose capacity with more severe capacity loss in withdrawal
loading. This is very likely due to moisture loss of the wood into which the lag screws are installed outside in Phoenix, and to a lesser
degree inside.” (https://www.phoenix.gov/pddsite/Documents/TRT/dsd_trt_pdf_00251.pdf)
15
“Minimum Design Loads and Associated Criteria for Buildings and Other Structures”, ASCE/SEI 7-16, American Society of Civil
Engineers, 2016, Section C4.3. (https://www.asce.org/structural-engineering/asce-7-and-sei-standards/)
16
“Minimum Design Loads for Buildings and Other Structures”, ASCE 7-05, American Society of Civil Engineers, 2005, Section 1.4:
“Buildings and other structures shall be designed to sustain local damage with the structural system as a whole remaining stable and
not being damaged to an extent disproportionate to the original local damage. This shall be achieved through an arrangement of the
structural elements that provides stability to the entire structural system by transferring loads from any locally damaged region to
adjacent regions capable of resisting those loads without collapse.” (https://ascelibrary.org/doi/book/10.1061/9780784408094)
17
“Lag Screws and Lag Bolts – Use and Installation”, City of Phoenix Planning and Development Department, January 2019: “The
exterior structural connections for stair or ramp landings, deck or balcony floors, guards or guardrails, and stair stringers shall not be
constructed using lag screws unless they meet an exception below. Exceptions: 1. For projects within the scope of the IRC with City
of Phoenix amendments [unless] (t)he connections are prescriptive or designed by a registered design professional [and] (t)he initial
installation is placed under special inspection...” (https://www.phoenix.gov/pddsite/Documents/TRT/dsd_trt_pdf_00251.pdf)
1
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“Minimum Design Loads and Associated Criteria for Buildings and Other Structures”, ASCE/SEI 7-16, American Society of Civil
Engineers, 2016. (https://www.asce.org/structural-engineering/asce-7-and-sei-standards/)
19
https://www.pennlive.com/news/2017/02/mike_clark_bowers_harrisburg_b.html: “A Harrisburg [Pennsylvania] codes officer
inspected a three-story apartment building downtown in 2015 that was the site of a fatal fall Saturday, but didn’t inspect the balcony.
That’s because the balcony …is only accessible through a third-story window. And as such, it’s considered decorative and an
architectural feature, rather than a part of routine inspections, said …the city’s assistant codes director. ‘With the Juliet balconies with
windows, they’re just there so you can open the window and stick your head out. …Should it have been stable? Yes. But typically we
don’t ask our inspectors to walk out on something that’s not designed for loads. It’s not a deck. It wasn’t designed with a door.’
…[The decedent] …took a smoke break on the balcony Saturday afternoon. But when he leaned on the wood railing, it broke loose,
sending him plummeting to his death on the sidewalk below.”
18

