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LIABILITY OF ENGINEERS FOR STRUCTURAL DESIGN
ERRORS: STATE OF THE ART
CONSIDERATIONS IN DEFINING THE
STANDARD OF CARE*

Jounn C. Peckt
Wyatt A. HocH?

Based on thewr delineation of four distinct strata of knowledge
within the engineering profession, the authors propose a standard
of care for engineers that reflects advances in knowledge and de-
sign theory but that stops short of strict Liability.

I. INTRODUCTION

N 1970, MAD Magazine’s “Scenes We’d Like to See”! fea-

tured a three frame cartoon entitled “The Ribbon Cutting
Ceremony.” The first frame depicts a new suspension bridge
over a harbor, an assembled crowd, and a tuxedo-clad mayor pre-
paring to cut the ceremonial ribbon. The second frame catches
the mayor carefully cutting the ribbon. The third frame portrays
disaster as, to everyone’s horror, the bridge collapses—the impli-
cation being that the ribbon alone had supported the entire
structure.

MAD Magazine’s satirical poke at the design profession and
construction industry bears a double-edged truth: the
cartoonist’s suspension bridge, with its long structural spans,
high strength materials, and infinite public access, symbolizes the
triumphs of twentieth century engineering and technology; new
structures continue to span greater distances with less matenal
and more aesthetic grace. Yet, during the past decade, some cata-
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current causes outside the design professional’s? control. These
include defects in materials, improper member fabrication, inade-
quate inspection or supervision during construction, and loads
exceeding design loads. Engineering design error, however, is a
major contributing cause which is wholly within the engineer’s
control. The advent of more complex structural systems, such as
the space frame,® the use of high-strength weldable metals,? the
increased magnitude and types of structural loadings,!? and the
industry’s reliance on minimum-cost systems'!' may have ex-
panded the engineer’s responsibilities and in turn heightened his
liability exposure.!?

Additionally, the continuing force of empirical research may

7. The terms “‘design professional,” “architect” and ‘‘engineer’ are used
interchangeably throughout this article to designate individuals responsible for
design services on a construction project.

8. Space frames or space frameworks are ““[t]hree-dimensional structures
composed of a number of bars hinged together in such a manner as to form a
rigid framework.” C. NORRis & J. WILBUR, ELEMENTARY STRUCTURAL ANALYSIS
116 (2d ed. 1960). Space frames have been defined alternatively as *‘three-di-
mensional structural systems composed of interconnected members, other than
bearing walls, and laterally supported to function as a complete, self-contained
unit, with or without the aid of horizontal diaphragms or floor bracing systems.”
STANDARD HANDBOOK FOR CiviL ENGINEERs § 15-12 (F. Merrit 3d ed. 1983).
One commentator has described the design advantages of space frames in the
following way:

Space frames possess a positive aesthetic quality by having a molecular-

type structure which tends to duplicate nature. Structural materials are

utilized efficiently, since space frames span in more than one direction.

With the use of high-strength materials, larger column-free spans can

be attained, thereby providing a greater flexibility of usage within the

structure. Space frames provide great rigidity and inherent redun-

dancy, which results in an increased safety factor. Most space frame
systems utilize extensive prefabrication in the shop, thereby eliminating

the need for highly skilled field labor. Many space frames can be as-

sembled on the ground, thus resulting in increased construction safety

and further reduction in skilled labor. Space frames possess a versatil-

ity of shape and form, and can utilize a standard module to generate

flat grids, barrel vaults, domes, and free-form shapes.

Cuoco, State-of-the-Art of Space Frame Roof Structures, in AMERICAN SOCIETY OF
CiviL ENGINEERS SymPOsiUM ON Lonc SpaN Roor StrucTurEs 1 (Oct. 26-30,
1981).

9. Recent accident investigations have uncovered a direct correlation be-
tween high-strength steel and catastrophic failures of buildings, aircraft wings,
and other steel products. Although alloyed steel offers the engineer added
strength, durability, and cost saving over conventional steel, ““[i]ts flaws are all
the more pernicious because designers specify its use in precisely those applica-
tions where the margin for error is the shmmest.”” High-Strength Steel Is Implicated
as Villain in Scores of Accidents, Wall St. J., Jan. 16, 1984, at 1, col. 6.

10. See Rolfe & Hall, Fracture Mechanics, Fracture Criteria, and Fracture Control
in Structures, in STRUCTURAL AND GEOTECHNICAL MecHANICs 70 (1977).

11. See id.

12. See 1d. at 70-71.
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engineer to limit his liability exposure and to reduce the risk of
catastrophic structural failures.

II. THE STRUCTURAL ENGINEERING STATE OF THE ART

An engineer’s level of skill depends upon his training, experi-
ence, and savvy. The gamut of expertise held by members of the
profession extends from that of a new structural engineering
graduate, to that of a newly-certified professional, to that pos-
sessed by a venerable pro with thirty years of experience. The law
of structural engineering hability, however, i1s not clearly de-
fined—at least not as clearly defined as products liability law. In
products liability, a product not designed to the *state of the
art’’1® can create liability for its manufacturer.!'® No such parallel
state of the art for engineers exists. Rather, the law has protected
structural engineers who have designed at the minimum profes-
sional level of competence but not necessarily at the state of the
art.20 If our proposed new standard of care were accepted,?!

18. See Note, Products Liability—Strict Liability—Elimination of ‘‘State of the Art”
Defense, 41 TENN. L. REv. 357 (1974). “State of the art” is defined as the extent to
which a product could have been safely designed given the scope of knowledge
and experience of the industry at the time of manufacture and sale. Id.

19. Compliance with the state of the art standard may operate as an affirma-
tive defense. See, e.g., Moorer v. Clayton Mfg. Corp., 128 Ariz. 565, 569, 627
P.2d 716, 720 (1980) (noting Arizona statute that allows the state of the art de-
fense in product hability cases), cert. denied, 454 U.S. 866 (1981); Heath v. Sears,
Roebuck & Co., 123 N.H. 512, 530, 464 A.2d 288, 299 (1983) (recognizing an
affirmative defense to product hability actions based on discoverability of the
risk as measured by the state of the art at the time of distribution or sale); Day v.
Barber-Coleman Co., 10 Ill. App. 2d 494, 508-10, 135 N.E.2d 231, 238-39
(1956) (permitting state of the art defense, including consideration of reasona-
bleness of defendant’s design choice, in a negligence action against a manufac-
turer for defective design of an overhead vertical door).

In some jurisdictions, compliance with the state of the art may be offered
only as evidence of the defendant manufacturer’s reasonableness in the design
and manufacture of its product. See, e.g., Rodriguez v. Compass Shipping Co.,
456 F. Supp. 1014, 1024 (S.D.N.Y. 1978) (adherence to the usual practice of an
industry is not, in itself, a complete defense to a charge of negligence); Gel-
sumino v. EW. Bliss Co., 10 Ill. App. 3d 604, 608, 295 N.E.2d 110, 113 (1973)
(evidence of conformity to the state of the art is not conclusive as to nonnegli-
gence, but may be considered along with other evidence in determining reason-
ableness of defendant’s conduct).

Determination of the state of the art is a question of fact and is proven by
expert testimony at trial. See Chown v. U.S.M. Corp., 297 N.W.2d 218, 222
(Iowa 1980); Chandler v. Neosho Memorial Hospital, 223 Kan. 1, 5, 574 P.2d
136, 139 (1977); Hancock v. Paccar, Inc., 204 Neb. 468, 478, 283 N.W.2d 25, 35
(1979). Few reported appellate decisions have attempted to define state of the
art in either strict liability or negligence actions based on defective products. See
Note, supra note 18, at 357-59. For a further discussion of state of the art in
products cases, see infra notes 22-35 and accompanying text.

20. See infra notes 69-115 and accompanying text.
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hability.25

Nonetheless, many courts continue to acknowledge the rele-
vance of state of the art in product hability actions,?6 but differ in
their definition and analytical application of the term “‘state of the
art.” Some jurisdictions define state of the art as scientific knowl-
edge at the time of manufacture or construction that can be incor-
porated into the product in an economically and practically
feasible manner.2? Under this definition, the manufacturer 1s held
to a higher standard than in negligence cases. Other jurisdictions
follow the negligence definition of state of the art as ““conformity
with industry-wide practice,” yet effectively refuse to apply this
standard by considering expert testimony as to whether the de-
sign was reasonable.28  Still other courts, while focusing on
whether a risk of harm from use of a product is unreasonable,
have considered factors such as the availability, cost, practicality,
and technological feasibility of alternative designs to establish the
state of the art.2° Recently, some courts have even injected rea-
sonableness into the equation by holding that the law does not
require manufacturers to be prescient, to recognize and utilize all
art and science everywhere, or to create the ultimate in design
and safety.30

25. See, e.g., Voss v. Black & Decker Mfg. Co., 59 N.Y.2d 102, 450 N.E.2d
204, 463 N.Y.S.2d 398 (1983). But see Caterpillar Tractor Co. v. Beck, 593 P.2d
871 (Alaska 1979); Gelsumino v. E.W. Bliss Co., 10 Ill. App. 3d 604, 295 N.E.2d
110 (1973).

26. See O’Donnell, Design Litigation and the State of the Art: Technology, Practice
and Reform, 11 AxroN L. Rev. 627 (1977-78) (citing Spurlin v. General Motors
Corp., 528 F.2d 612 (5th Cir. 1976); Hoppe v. Midwest Conveyor Co., 485 F.2d
1196 (8th Cir. 1973); Schneider v. Chrysler Motors Co., 401 F.2d 549 (8th Cir.
1968); Holmgren v. Massey Ferguson, Inc., 394 F. Supp. 910 (D.N.D. 1974)
(other citations omitted); Raleigh, The “‘State of the Art” in Product Liability: A New
Look at an “‘Old”’ Defense, 4 On1o N.U.L. Rev. 249 (1977); Strict Products Liability
and State of the Art Evidence in Texas, 45 J. AIr. L. Com. 711 (1980).

27. See Chown v. USM Corp., 297 N.W.2d 218, 221 (Iowa 1981); Boatland
of Houston, Inc. v. Bailey, 609 S.W.2d 743, 745 (Tex. 1980).

28. See 2 L. FRUMER & M. FrieDMAN, Propucts LiaBiLiTy § 16A[4][i]
(1980); Weinstein, Twerski, Piehler & Donaher, Product Liability: An Interaction of
Law and Technology, 12 Duq. L. Rev. 425, 450 (1974).

29. For examples of strict liability cases in which courts have permitted con-
sideration of technical feasibility, cost, practicality, and effect on the utility of the
product in defining state of the art, see Raney v. Honeywell, Inc., 540 F.2d 932,
935 (8th Cir. 1976); Caterpillar Tractor Co. v. Beck, 593 P.2d 871, 887 (Alaska
1979); Kerns v. Engelek, 76 Ill. 2d 154, 162-63, 390 N.E.2d 859, 864 (1979);
Gelsumino v. EW. Bliss Co., 10 Ill. App. 3d 604, 609, 295 N.E.2d 110, 113
(1973).

30. See Mitchell v. Machinery Center, Inc., 297 F.2d 883, 886 (10th Cir.
1961); Garst v. General Motors Corp., 207 Kan. 2, 20, 484 P.2d 47, 61 (1971).
But see Beshada v. Johns-Manville Sales Corp., 90 N.J. 191, 447 A.2d 539 (1982)
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ticing engineers. Some of this research, like the development of
the space frame, may transcend fundamental structural concepts.
Other research refines accepted principles or demonstrates the
need to consider alternative or additional design factors. This
advanced research is typically the subject of professional research
symposia, but usually would not be found in innovative structural
design.38

Once cutting edge research is proven and generally accepted
by professional associations, it becomes part of the second, “open
literature” horizon. Typically the research engineer will present a
paper formalizing his findings at a professional society meeting.
Many new theories are submitted to the American Society for
Civil Engineers (ASCE) committees, which review the underlying
research. Papers deemed worthy are then published.3® By pub-
lishing the research, the professional society impliedly gives the
findings its “‘stamp of approval.”

Publication of a new proposal, however, does not yet signify
total acceptance by the profession. For this reason, professional
journals encourage, solicit, and print responses to published pa-
pers as a medium for active dialogue between researchers and
practitioners. Moreover, contrary articles may appear in the jour-
nals. It is only after a period of maturation following publication
and testing in the literature, then, that the third horizon of “pro-
fessionally accepted knowledge’ arises. Proof of acceptance is in-
ferred from publication of corroborating articles as well as from
the absence of effective refutation. This third level defines the
upper limit of knowledge employed by quality structural engi-
neers who keep abreast of advances in the profession.

Finally, the fourth and bottom level of knowledge, the “un-
dergraduate’ horizon, encompasses the design information nec-
essary to complete a competent (by current legal standards),
traditional structural design. Presumably, all engineers holding a
bachelor of science degree in civil engineering have a basic grasp
of statics, dynamics, strength of materials, basic design concepts,
and industry design manuals.#® They do not, however, have

38. “A construction project should not be a design professional’s labora-
tory . . . .” Rubin & Goldberg, Foundation Failures and Rehabilitation, 3 CONSTR.
Law. 10 (1982).

39. For examples of ASCE Publications, see Cilv. ENGINEERING; ]J. STRUC-
TURAL ENGINEERING; ].. ENGINEERING MECHANICS; and ]J. CONSTRUCTION -
Division.

40. See AMERICAN CONCRETE INSTITUTE, ACI MANUAL OF CONCRETE PrAC-
TICE (1984); AMERICAN INSTITUTE OF STEEL CONSTRUCTION, MANUAL OF STEEL
ConsTtrucTION (8th ed. 1980); AMERICAN SOCIETY FOR TESTING & MATERIALS,
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Moreover, some courts will not recognize a tort action for
economic injury absent privity of contract.’® Although the
landmark MacPherson v. Buick Motor Co.>° decision and its progeny
have abrogated the privity doctrine for personal injuries,5° most
project owners will not suffer personal injury as a result of struc-
tural failure. Thus, the owner not in privity with the engineer
might be left without a tort cause of action for negligent perform-
ance of the engineer’s contractural duties.

A growing number of jurisdictions,®! however, refuse to rec-
ognize privity as a defense to economic injury actions arising from
a design professional’s conduct unless the plaintff is beyond the
foreseeable scope of harm.62 The owner’s position at the apex of
the construction project triangle clearly places him within this

58. See, e.g., Peyronnin Constr. Co. v. Weiss, 137 Ind. App. 417, 208 N.E.2d
489 (1965) (complaint by contractor against engineers for economic loss suf-
fered as a result of engineers’ negligence did not state a cause of action because
the contractor failed to show a contractual relation between itself and the engi-
neers); Delta Constr. Co. v. City of Jackson, 198 So. 2d 592 (Miss. 1967) (deny-
ing recovery for economic loss in the absence of privity of contract).

59. 217 N.Y. 382, 111 N.E. 1050 (1916).

60. See Montijo v. Swift, 219 Cal. App. 2d 351, 853, 33 Cal. Rptr. 133, 134-
35 (1963) (privity of contract not required in an action to recover damages for
physical injuries); Paxton v. Alameda County, 119 Cal. App. 2d 393, 259 P.2d
934 (1953) (without discussing issue, court affirmed recovery for injuries despite
lack of privity); Inman v. Binghamton Hous. Auth., 3 N.Y.2d 137, 144, 164
N.Y.S.2d 699, 703, 143 N.E.2d 895, 898-99 (1957) (those who plan and build a
defective improvement on real estate are liable for physical injuries resulting
from the defect, regardless of privity of contract). See generally Note, Liability of
Architects and Engineers to Third Parties: A New Approach, 53 NOTRE DAME Law. 306,
307-09 (1977).

61. E.C. Ernst, Inc. v. Manhattan Constr. Co., 551 F.2d 1026 (5th Cir.) (ar-
chitect liable for economic injury to contractor), reh'g denied in part and granted in
part, 559 F.2d 268 (5th Cir. 1977), cert. denied, 434 U.S. 1067 (1978); Detweiler
Bros., Inc. v. John Graham & Co., 412 F. Supp. 416 (E.D. Wash. 1976) (privity of
contract not necessary in order for contractor to maintain a tort action against
architect); Cooper v. Jeune, 56 Cal. App. 3d 860, 128 Cal. Rptr. 724 (1976)
(right of recovery against negligent architect by those not in privity of contract
with him extends to economic loss); A.R. Moyer, Inc. v. Graham, 285 So. 2d 397
(Fla. 1973) (third party general contractor has right of recovery in tort against
architect or engineer despite lack of privity); Redarowicz v. Ohlendorf, 95 Ill.
App. 3d 444, 420 N.E.2d 209 (1981), aff'd in part, 92 1ll. 2d 171, 441 N.E.2d 324
(1982) (builder liable to subsequent purchasers for economic loss resulting from
latent defects in construction); Kristek v. Catron, 7 Kan. App. 2d 495, 644 P.2d
480 (1982) (purchaser of a residence may recover damages for economic loss
caused by negligence of builder despite lack of privity); Craig v. Everett M.,
Brooks Co., 351 Mass. 497, 222 N.E.2d 752 (1967) (privity is not a requirement
for recovery for economic loss caused by contractor’s negligence in performing
his duty); McMillan v. Brune-Harpenau-Torbeck Builders, 8 Ohio St. 3d 3, 455
N.E.2d 1276 (1983) (privity of contract is not a necessary element in negligence
action for economic injury).

62. See J. SWEET, supra note 42, at 730.
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ing storm.?> Noting that an entire profession cannot hide behind
“customary’’ but negligent practices,®¢ Judge Hand wrote that

[t]here are, no doubt, cases where courts seem to make
the general practice of the calling the standard of proper
diligence . . . . Indeed in most cases reasonable pru-
dence is in fact common prudence; but strictly it is never
its measure; a whole calling may have unduly lagged in
the adoption of new and available devices. . . . [Tlhere
are precautions so imperative that even their universal
disregard will not excuse their omission.®?

3. A Strict Liability Standard

Strict liability provides a second alternative to the “profes-
sional” standard of care for structural engineers. Injured owners
or third parties could conceivably recover under two strict liability
theories: (1) a products liability claim based on a defective condi-
tion in the structure; or (2) a warranty claim based on representa-
tions made by the engineer. Few courts, however, have allowed
recovery against design professionals under either theory.

Strict liability for defective products imposes liability on
“sellers” of “products” without fault.%8 Under section 402A of
the Second Restatement of Torts, the injured party need only es-
tablish that the product exhibits a condition of safety below that
imposed by operation of law and that it was expected to and did
reach the consumer substantially unchanged.®® It makes no differ-
ence that the seller exercised all possible care in preparing the
product.'®® In the construction context, the application of this
theory could raise the specter of liability of the structural engi-
neer in two ways, assuming that an engineer sells some finished
product.

First, if the structural engineer’s “product” is the finished
building, then he would be liable to the owner for any injury
caused by either design or construction errors. The complexity
of building projects, the sheer number of construction partici-

95. Id. at 739-40.

96. Id. at 740.

97. Id. (citations omitted). )

98. RESTATEMENT (SECOND) OF TorTs § 402A (1965). For a discussion of
§ 402A and strict liability in products cases, see supra notes 24-30 and accompa-
nying text.

99. ResTATEMENT (SECOND) oF TorTs § 402A (1965).

100. See id. Section 402A focuses on the safety of the product, not on the
conduct of the manufacturer.
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gated regulations that establish a special federal standard of care
for consulting engineers on new waste water treatment plant
funded under the Clean Water Act.!'? The EPA encourages own-
ers to incorporate new ‘“‘innovative’’ methods of sewage treatment
in EPA-funded plants.!!® In return, the consulting design engi-
neers are given contractual immunity from lhability for innovative
designs in the absence of gross negligence.!'* This lower stan-
dard has not been adopted in other agency design contracts and
remains an unlikely candidate for projects involving great safety
risks to the public.!15

IV. DEFINING AN APPROPRIATE STANDARD OF CARE

Identification of the four horizons of engineering design
knowledge and information prompts the pressing question of
whether the courts are applying the appropriate standard of care
to engineers. As Judge Hand recognized in The T.]. Hooper, courts
will not permit an entire profession to absolve itself from liability
by adopting negligent methods as its industry standard.!'¢ Cer-
tainly no American court has gone as far toward immunizing the
engineer as one English court did in 1853:

[I]f the building is of an ordinary description, in which
[the engineer] has had abundance of experience, and it
proved a failure, this is evidence of want of skill or atten-
tion. But if the building is out of the ordinary course,
and you employ him about a novel thing, . . . if it has
not had the test of experience, fatlure may be consistent with
skall 117

A court’s choice between strict liability and liability based on the
engineer’s negligence reflects a decision to evaluate either the fin-

112, 33 U.S.C. §§ 1251-1376 (1982). The act authorizes the EPA to fi-
nance construction of waste treatment works, and to promulgate standards for
their construction. See 40 C.F.R. §§ 35.900-.970 (1982).

113. 40 C.F.R. § 35.908(a) (1983).

114. 40 CF.R. § 35.900 app. C-1 § 2(d) (1983). This immunity extends
only to the use of innovative processes or techniques, not to standard design
and construction processes. /d.

115. See Clovis Heinsath & Assocs., NASA B.C.A. No. 180-1 ¢ 16,133
(1983) (adopting the “locality” rule, a standard different from the innovative
design immunity proposed by the EPA for an engineering design error case).

116. For a discussion of the Hooper decision, see supra notes 94-97 and ac-
companying text.

117. Turner v. Garland & Christopher, 2 Hudson’s B.C. 127 (1853), quoted
in W. BaLrL, THE Law AFFeECTING ENCINEERS 53 (1909) (emphasis added).



1985] ENGINEERS’ LIABILITY 427

ished product or the process employed in the design.!!'® The fol-
lowing discussion suggests a rationale for adopting a negligence
theory of liability for engineers and proposes an appropriate stan-
dard of care.

A. A Reection of Strict Liability

Despite the forceful arguments of two student commenta-
tors,!!9 courts have correctly refused to apply either absolute or
strict liability to design professionals.!2° Both legal and policy ar-
guments support this position. First, a supplier of services is ex-
pressly outside the scope of section 402A.!2! Even those courts
that recognize strict liability in the residential construction con-
text, thus blurring the fine line between buildings and consumer
products, continue to distinguish the engineer’s service contract
from the design-build contract.!??2 Second, a negligence standard
1s more consistent with the reasonable expectations of the owner
and engineer because of the engineer’s inherent inability to con-
trol the entire construction process.'?3 By contrast, an automo-
bile manufacturer typically has absolute control of the component
assembly process from frame to custom interior.

Third, the policy bases underlying strict products liability
generally do not apply to structural engineers. For example, the
product owner’s difficulty in proving a manufacturer’s negligent
design of a mass-produced product is not present when a single
structural engineering firm designs a single structure for a known

118. See J. SWEET, supra note 42, at 111-12.

119. Comment, supra note 101 at 1379-91 (current means of shifting risk of
loss, such as contractual arrangements or insurance, are inadequate to protect
the rights of .he injured); Note, Products and the Professional: Strict Liability in the
Sale-Service Hybrid Transaction, 24 Hastings L.J. 111, 129-131 (1972) (advocating
strict liability in hybrid transactions as a way of balancing the tremendous bene-
fits which accrue to professionals against their responsibility to those harmed by
their failure to perform).

120. See supra notes 103-10 and accompanying text. In the construction
context, absolute liability would render an engineer liable for any structural fail-
ure, even one caused by the negligence of a third party—like a steel erector
leaving a critical connection unbolted. By contrast, the erector’s intervening act
would supersede an engineer’s liability under a general products lability theory.
See generally PROSSER AND KEETON, supra note 53, § 102,

121. RESTATEMENT (SECOND) OF ToRrTs § 402A, comments e & f (1965). See
Abdul-Warith v. Arthur G. McKee & Co., 488 F. Supp. 306, 310 & n.3 (E.D. Pa.
1980) (§ 402A does not extend to parties who provide only services), aff'd mem.,
642 F.2d 440 (3d Cir. 1981). ’

122. For an explanation of the design-build contract, see supra note 111
and accompanying text.

123. See Note, Liability of Design Professionals—The Necessity of Fault, 58 Iowa L.
Rev. 1221, 1246 (1978).
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history of science shows that even in the proclaimed exact sci-
ences such as physics, the principles and laws accepted at any
given time are subject to change.!4” As stated by Poincare:

[N]o particular law will ever be more than approximate
and probable. Scientists have never failed to recognize
this truth; only they believe, right or wrong, that every
law may be replaced by another closer and more prob-
able, that this new law will itself be only provisional, but
that the same movement can continue indefinitely, so
that science in progressing will possess laws more and
more probable, that the approximation will end by dif-
fering as little as you choose from exactitude and the
probability from certitude.!48

147. See M. GoLDSTEIN & I. GoLDSTEIN, How WE KNOW—AN EXPLORATION
OF THE SCIENTIFIC PROCESS (1978). Goldstein and Goldstein use Newton'’s theo-
rems as an example:

[Newton’s] laws [of motion] could be written in the form of math-
ematical equations on half a page, and they governed all motions in
universe as well as on earth . . . In this century Newton’s laws were
found to fail when bodies move at very high speeds approaching the
velocity of light. New laws that apply to these high speeds were formu-
lated by Einstein. The results of Newton’s laws became in turn a spe-
cial case—the special case when things move slowly.

Id. at 198-99. Another commentator has observed that ““the fact is that every
theory, however majestic, has hidden assumptions which are open to challenge
and, indeed, in time will make it necessary to replace.” J. BRoNowsKI, THE As-
CENT OF Man 240 (1973).

148. H. PoINCARE, THE FOUNDATIONS OF ScIENCE 341 (1913). See also J.
BRONOWSKI, supra note 147; B. RusseLL, RELIGION aND ScieENcE 14-15 (1935)
(science is always tentative, expecting that modifications in its present theories
will sooner or later be found necessary); Weaver, Imperfections of Science, in Sci-
ENCE: METHOD AND MEANING 23-24 (S. Rapport & H. Wright eds. 1963) (perfect
accuracy is unattainable in any measurement and certainty is impossible in any
prediction).

Recent writers in the legal literature seem to find more exactness in engi-
neering and science than do the philosophers of science. For example, the Kan-
sas Supreme Court recently stated:

[I]t can be said certain professionals, such as doctors and lawyers, are

not subject to such an implied warranty. However, an architect and an

engineer stand in much different posture as to insuring a given result

than does a doctor or lawyer. The work performed by architects and engineers

ts an exact science; that performed by doctors and lawyers is not. A per-

son who contracts with an architect or engineer for a building of a cer-

tain size and elevation has a right to expect an exact result.

Tamarac Dev. Co. v. Delamater, Freund & Assocs., 234 Kan. 618, 622, 675 P.2d
361, 365 (1984) (emphasis added). And a recent American Bar Association Journal
article noted a ‘““cultural difference” between technology and law:

Both legal and physical precedents are changeable, the first by courts

themselves or by legislatures, the second by confirmation of subse-

quent, differing theory.

Another frequently cited difference in the two cultures turns on
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cepted theories and practices in designing structures. The recent
plethora of structural failures, some with loss of life, dictates that
the law, like science, should move in the direction of progress.
Courtroom proof of hability 1s difficult under the current stan-
dard, but it should be no more difficult or uncertain under our
proposal. An objection based on the absence of rigid, immutable
scientific laws could be raised against any legal standard. Even
design principles taught in undergraduate curricula could be su-
perseded eventually. To concede that scientific theories are never
fixed is not to say each is not an improvement over its
predecessor.!52

D. Defensive Measures

A review of alternative defensive measures for the practi-
tioner is appropriate, lest engineers and their counsel reject the
“informed” standard out of hand as patently unreasonable. Six
“office practice”” suggestions and one possible legal solution are
proposed as available alternatives to limit the impact of the “in-
formed” standard of care.

1. Office Practices

First, as a cardinal rule, an engineer must know the limits of
his or her capabilities and never undertake more than he or she
can professionally—not merely competently—complete.!>3 Sec-

152. The interface between law and scientific or technological advances is
discussed in a series of articles developed by the National Conference of Law-
yers and Scientists and published in the American Bar Association Journal. See
Green, Should Technology Assessment Guide Public Policy?, 69 A.B.A. J. 930 (1983)
(assessment of the risks, benefits, and costs of technical advancements should be
based on democratic principles); Jasanoff & Nelkin, Science, Technology, and the
Limits of Judicial Competence, 68 A.B.A. J. 1094 (1982) (traditional processes of
adjudication are inadequate to handle technological litigation); Markey, Science
and the Law: A Dialogue on Understanding, 68 A.B.A. J. 154 (1982) (scientific ques-
tions should be capable of definitive answers before expert testimony is admit-
ted; courts should not attempt to determine scientific truth); Myrick & Sprowl,
Patent Law for Programmed Computers and Programmed Life Forms, 68 A.B.A. J. 920
(1982) (development of laboratory life forms underscores the necessity of flexi-
bility in the law regarding scientific advances); Nyhart & Jones, supra note 117
(legal decisions are not the best answers to technical questions); Ramo, Regula-
tion of Technological Activities: A New Approach, 67 A.B.A. J. 1456 (1981) (all factors,
not just harm to the environment, must be considered before regulations are
promulgated); Thornton, Uses and Abuses of Forensic Science, 69 AB.A. J. 288
(1983) (the law frequently errs in deeming science a product rather than a
process).

153. The codes of ethics of various professional engineering societies ad-
here to the same rule. For example, the code of the American Society of Civil
Engineers says that “‘[e]ngineers shall perform services only in areas of their
competence.” AMERICAN SOCIETY OF CIvIL ENGINEERS, CoDE OF ETHics Canon
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ond, at least one member of the firm should continually review
the professional journals and periodically attend seminars to ac-
quire knowledge of advances prior to their inclusion in design
manuals.!>* Third, each design should incorporate a review of all
available information on the performance of similar structures
based on data obtained through AEPIC or other sources.!3>
Fourth, the structural engineer should retain an independent
proof engineer to analyze all major designs, not just to check
mathematical computations.!*¢ Fifth, the engineer might request
scale model strength tests of innovative designs, components, or
member-critical systems like the space frame. Even full-scale test-
ing might be done in some cases.!5? Sixth, the owner and engi-
neer should consider full-time engineering supervision during the
erection of critical elements of systems to ensure proper construc-
tion sequencing and procedures.!5® This suggestion is made de-

2 (1980). Section 6 of the Code of Ethics of the National Society of Professional
Engineers states: ‘“The Engineer will undertake engineering assignments for
which he will be responsible only when qualified by training or experience; and
he will engage, or advise engaging, experts and specialists whenever the client’s
or employer’s interests are best served by such service.” NATIONAL SOCIETY OF
PROFESSIONAL ENGINEERS, ETHICS FOR ENGINEERS. CobE oF ETHIcs § 6. Breach
of one of the duties under an ethical code can lead to expulsion from the
Society.

154. See supra notes 39 & 144.

155. For a discussion of the role AEPIC can play in facilitating dissemina-
tion of advances in the engineering field, see supra note 143 and accompanying
text.

156. See Thornton, supra note 151, at 91.

157. For example, engineers load tested the space frame roof of the Gerald
R. Ford Presidential Museum in Grand Rapids, Michigan, prior to application of
the roof deck. Total cost: $40,000, or 1.3% of the building’s total $3,000,000
cost. Space Frame Safety Issue Sparks Full-Scale Load Test, ENGINEERING NEws REC.,
Sept. 18, 1980, at 39.

158. Support for this proposition comes from the profession itself. See, ¢.g.,
AlA, supra note 3, at 8, 12 (by supervising construction, engineers put them-
selves in a better position to discover defects in the work); Thornton, supra note
151, at 89, 90, 94-95.

Full time supervision may; however, create liability for construction site ac-
cidents. See Balagna v. Shawnee County, 233 Kan. 1068, 668 P.2d 157 (1983);
Hanna v. Huer, Johns, Neel, Rivers & Webb, 233 Kan. 206, 662 P.2d 243 (1983);
Comment, Architects’ Liability for Construction Site Accidents, 30 U. Kan. L. REv. 429
(1982) (architect must contractually assume control of contractor’s methods and
procedures before a duty to protect workers arises).

In 1983, the Florida legislature enacted a law that requires employment of a
full-time, qualified inspector during the erection of structural components of all
major buildings. Fra. STaT. ANN. § 553.79(5)(A) (West 1983). Any structure
that exceeds 25,000 square feet in floor area, that is greater than two stories or
twenty-five feet in height, that has an assembly occupancy greater than 5,000
square feet, or is of unusual design or construction technique triggers the in-
spector provision. /d. § 553.71(6). Residential structures of three stories or less
are exempt from the inspection requirement. /d.
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spite changes in the AIA and NSPE standard contract documents
that have moved the design professional away from project super-
vision into periodic inspection.!?® Compliance with the first three
suggestions satisfies the engineer’s duty to stay informed, while
the review involved in the last three should help eliminate negli-
gent procedures and result in a safe, suitable structure. More-
over, design review, testing, and supervision costs are all directly
chargeable to the project owner.

2. A Contractural Alternative: Indemnity Clauses

A crucial but unspoken issue underlying the structural engi-
neer’s liability is which of the parties should bear responsibility
for developmental risks?!6% In economic terms, the engineer can
either increase precautions against failure by providing design re-
dundancy, thus increasing construction costs, or, if his bargaining
position 1s strong enough, seek indemnification from the owner
for any resulting liability.!6! Either alternative has the effect of
allocating the risk of liability and/or the costs of avoiding hability
to the project owner.'2 Owners’ agreements to indemnify engi-
neers for negligent performance of design responsibilities are
strictly construed but generally upheld'®® unless prohibited by

159. AIA, supra note 43, Document A-201, § 2.2.3 (1976 ed.) (architect
shall visit construction site at intervals appropriate to the stage of construction
to familiarize himself with the progress and quality of work); NSPE, supra note
51, Document 1910-1, 9 1.6.2 (1979 ed.). See also Wheeler & Lewis v. Slifer, 195
Colo. 291, 577 P.2d 1092 (1978) (contractual authority of architect to stop work
to assure proper execution of contract did not impose a duty on architect to see
that work was performed safely); Brown v. Gamble Constr. Co., 537 S.W.2d 685
(Mo. Ct. App. 1979) (architects under no duty to supervise construction unless
they expressly agree to do so).

160. See Stanton & Dugdale, supra note 102, at 585.

161. When owners have the bargaining edge, they might insist on just the
opposite, 1.e., that the engineer indemnify the owner. One commentator notes
that

[d]uring the past five years, architects and engineers have increasingly

been besieged with demands from their clients for indemnification pro-

visions in professional services agreements requiring the architect or
engineer to indemnify their clients. This recent trend, which started on

the west coast, has now swept the country.

P. Purcell, Dangers of Hold Harmless and Indemnification Agreements: Legal
Liability and Insurability 1, Presentation at 24th Annual Meeting of Invited At-
torneys, Savannah (May 10, 1985) (available at Villanova Law Review office).

162. Id. See Coase, The Problem of Social Cost, 3 J. Law & Econ. 1, 10-11
(1960).

163. See Batson-Cook Co. v. Industrial Steel Erectors, 257 F.2d 410, 413-14
(5th Cir. 1958); DeFelice v. English, 91 Misc. 2d 1109, 399 N.Y.S.2d 417 (1977)
(a tortfeasor may not be denied indemnification because his negligence was ac-
tive), aff'd, 63 A.D.2d 976, 406 N.Y.S.2d 702 (1978); see also RESTATEMENT (SEC-
OND) OF CoNTRACTS § 192 comment b (1981) (a promise to indemnify is











