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CHAPTER 1

Introduction

C1. Introduction

Commentary is provided throughout tt
manual to provide additional background and
understanding of the guidance and is
mandatory.

1.1.PurposeThis manual prescribes guid- C1.1 The LRFD design criteria was initiat
ance for designing new Hydraulic Steel Struedthin USACE effective 31 March 1993. The
tures (HSS) and major rehabilitation of existirigad and resistance factors provided for
HSS by load and resistance factor des design of new HSS are calibrated specifically
(LRFD). Repairs to existing HSS shall follovior magnitude and frequency of loading events
Engineer Manual (EM) 1110-2-6054. Allowaanticipated during the design life of the struc-
ble Stress Design (ASD) guidance is providédre and material properties and condit
for those structure types where LRFD criter@ssociated with new construction. For evalua-
have yet to be developed. Mechanical ¢ tion and repair of existing HSS, the load and
electrical design considerations are addresseddsistance factors provided in this guidance do
EM 1110-2-2610. not take into account existing conditions and
evaluation life. These factors were not consid-
See ER 1110-2-8157, Responsibility fasred in the calibration process used to develop
Hydraulic Steel Structures, fatefinition of this guidance, howevenntil procedures ar
HSS. developed specifically for evaluation of existing
HSS, the design criteria outlined in this ETL
should be used for evaluatioRepairs to
existing HSS that were originally designed using
allowable stress design (ASD) may be designed
using AISC Allowable Strength Design (ASD)
procedures. EM 1110-2-6054 *“Inspection,
Evaluation, and Repair of Hydraulic Ste
Structures”, is currently under reion to
address repair considerations.

1.2. Applicability. This manual applies to
HQUSACE elements, major subordine
commands, districts, laboratories, and fi
operating activities having responsibility f
design of civil works projects.

1.3. ReferencesReferences are listed in
Appendix A.

1.4.Background Types of HSS. Typical HS¢ C1.4 Design of HSS is unique when compa
are lock gates, tainter gates, tainter val\ to other types of steel structures because o

1-1
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bulkheads and stoplogs, vertical lift gat unique loadings and environment to which H
components of hydroelectric and pumpi are exposed. This manual explains how design
plants, and miscellaneous structures sucl requirements are impacted by this unic
lock wall accessories, local flood protecti environment.

gates, and outlet works gates. HSS may

subject to submergence, wave action, hydradiee EM 1110-2-1610, “Hydraulic Design of
hammer, cavitation, impact, corrosion, a Lock Culvert Valves” for additional guidance
severe climatic conditions. on design of tainter valves.

1.5.Design Policy

1.5.1.Engineering responsibilities for tt C1.5.1. Chapter 3 includes ASD criteria that
design of HSS are given in ER 1110-2-815dpplied to those HSS where LRFD has not yet
LRFD is the required method of design & been developed.

shall be used for those structure types for which
LRFD guidance is provided. ASD is combined with LRFD for certai

mechanical components,e.qg., bearings
trunnion hubs, lifting eyes and connectio
etc., as LRFD procedures have not been devel-
oped for these components.

1.5.2.This manual provides the minimu C1.5.2 Application of this manual alone
requirements necessary to provide for safeiysufficient in ensuring all design limit stat:
reliability, and required performance. Or are adequately addressed, but must be supple-
those meeting the requirements for Engin mented with proper training, experience,
under ER 1110-2-8157 shall perform or overserercise of judgment by the Engineer.
the performance of the design and fabrication of
HSS.

Lifting beams are considered HSS but are Both ASME B30 and ASME BTH-1-201

included in this ETL at this time. Refer provides guidance on block shear, pin connec-

References in Appendix A for guidance covetion, stiffening requirements. For the mechani-

ing design of lifting beams. cal requirements and address design and best
detailing and fabrication practice in AISC 14th
ed., and AWS D1.5. A lifting beam cannot be
treated the same as other HSS and have specific
requirements regarding compact vs. non
compact sections, shear on bars, pins, plates,
and connection design.

1.6.Mandatory Requirement3he term

“shall” denotes a mandatory requirement
compliance with this manual. The ter
“should” indicates a strong preferge for a
given criterion. The term “may” indicates a
criterion that is usable, but other suital
documented, verified, and approved criter

1-2



ETL 1110-2-584

30 Jun 14
may also be used so long as it is in a mar
consistent with this design manual.
1.7.Reuse of Existing DesignAll newly C1.7 Existing designs may not comply w

fabricated HSS shall be designed in accordamcerent design requirements such as material
with this manual. Reuse of existing design: properties, standard detailing practice, ¢
not acceptable unless these designs are méaligue and fracture requirements, and therefore
fied to meet all provisions of this manual must be modified to meet current requirements.
include quality control and Quality Assurance

(QA) reviews.

1.8. Evaluation of Existing HSSThe provi- C1.8 See Section C.1.1.
sions of this manual are intended for design of
HSS. They can also be used for evaluation.
Many of the provisions, particularly as the
relate to modern materials and fabricat
processes, will not apply. Therefore, judgment
and experience must be exercised when evaluat-
ing existing structures under these provisions.
See EM 1110-2-6054 for guidance on evaluat-
ing existing HSS using Fitness for Servi
(FFS) procedures.

1.9.Non-Carbon Steel Hydraulic Structures Refer to AISC Guide 27: Structural Stainle
Steel, in Appendix A for guidance on design of

Designs for aluminum, timbercast iron, stainless steel. For design of aluminum struc-

stainless steel and cold form steel, shall canres, see the Aluminum Association document,

form to the respective industry standards apg\ ADM-1, “Aluminum Design Manual”
are not included in this manual but shall con-

form to the required load cases outlined in this
guidance.

1-3
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CHAPTER 2

Design Considerations

This chapter identifies the general conside C2. Design Considerations. This chapter, wt

tions for design of HSS. Specific requiremenltays the foundation for the remaining chapters,

are described in other chapters. is intended to give the user the big picture view
of the design of HSS.

2.1.Design PhilosophyHSS shall be de- C2.1. The limit state philosophy is employec
signed for the specified limit states to achietkese design requirements. The ductility re-
the objectives of constructability, safety, a quirement is to ensure ductile failure modes,
serviceability, with due regard to issues @fhich tend to redistribute loads under member
inspectability and economy. The structu failures and give warning time as opposed to
system of an HSS shall be proportioned i sudden, brittle failures that can be catastrophic
detailed to ensure the development of signifidth no warning. Redundancy (see this chapter)
cant and visible inelastic deformations at " is a contributing factor to overall ducti
strength and extreme event limit states befdyehavior and is encouraged in design. However,
failure. Multiple-load-path and continuous redundancy in HSS, particularly load p:
structures should be used unless there redundancy, may be uneconomical. Wh
compelling reasons to not do so. redundancy is not provided, additior
measures are necessary to ensure ductile failure.
See discussions on Failure and Fracture Critical
Members (FCMs).

2.1.1.Failure Modes. All possible mode¢ C2.1.1. Failure is defined as loss of strengtl
of unsatisfactory performance shall be consiserviceability that threatens the safety of the
ered when designing HS$ossible failure user or public, affects function or performance
modes are: general yieldingyr excessive to unacceptable levels, or reduces the reliability
plastic deformation, buckling or general instée unacceptable levels.
bility, subcritical crack growth leading to loss
of cross-section ro unstable crack growtt
unstable crack extension leading to failure of a
member, and excessive elastic deformation and
excessive vibration that lead to serviceability
failures.

2.1.2.Reliability. HSS shall be designe C2.1.2. Reliability is a measure of an HSS
to achieve a minimum level of reliability fc perform or function consistently for the given
each of the limit states evaluated. variability in loads and resistances. Design to
achieve the necessary reliability is inherent in
the design procedures, since minimum levels of
reliability were considered in the development
of the design criteria.

2-1
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2.1.3.Risk. Risk associated with HS C2.1.3. Risk is the expectation of adve

shall be considered in an overall project riskutcome and is commonly de&d as the

assessment in accordance with ER 1110gtebability of load times the probability «

1156. failure or unsatisfactory performance tim
consequences.

2.1.4.Limit States. HSS shall be design . : : -
to satisfy all applicable limit states, a limit stacz'l'4' The limit state design philosophy is

. ’ T : temployed within this guidance using the Load and
being a “condition in which a structural SySte'ﬁesistance Factor (LRFD) method. LRFD is:
or component becomes unfit for its intenc ’ '

purpose, when it is exceeded” (AISC™Ed). e Rationally based (based on scientific
Limit States applicable to HSS are listed amdethods);

described below. o
e Based on probabilistic models of loads

and resistance;

e Calibrated through statistical modeling,
by comparison with some standard (usu:
ASD structures) to achieve a desired level of
reliability, and;

e Verified by judgment and past experi-
ence, and by comparisons of previous or existing
designs with satisfactory performance history.

e Theresultis a set of load and resistance
factors for various load combinations f
various limit states where:

e The Load Factor is a statistically-based
multiplier applied to force effects accountil
primarily for the variability of loads, the lack of
accuracy in analysis, and the probability
simultaneous occurrence of different loads.

e The Resistance Factor is a statistically-
based multiplier applied to nominal resistance
accounting primarily for variability of material
properties, structural dimensions and workman-
ship, and uncertainty in the prediction
resistance.

Load and resistance factors are also related to
the statistics of each through the calibrat
process. Note that instrumentation of HSS is
being planned to further develop load a
resistant factors for HSS.

2-2
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2.1.4.1.Strength. The Strength Limit Sta C2.1.4.1 The Strength Limit State is appliec
ensures safety against failure (local or overadipsure that strength and stability, both local and
during the intended life of the structure and wilobal, are provided to resist the specifi
accommodate Unusudbad events with the statistically significant load combinations that
potential for some localized damage such @s HSS is expected to experience in its design
yielding or buckling while maintaining th life. Under the Strength.imit State, some
structural integrity of the member or system. localized damage may be allowed, but the HSS

will continue to function as required.

2.1.4.2 Serviceability. The Serviceabilit C2.1.4.2 Under the Serviceability Limit Sta
Limit State ensures that the HSS will function aamage is avoided under service loads to er
required under normal loading conditions.  that performance requirements are met over the
life of the structure through imposing re-
strictions on stress, deformation, and cracking
under regular service conditions.

2.1.4.3 Fatigue. The Fatigue Limit Sta C2.1.4.3 The Fatigue Limit State impos

ensures limited growth of cracks due to repeatestrictions on stress range because of a single

stress cycles so that serviceability of the HSSdissign load occurring at the number of expected

maintained and fracture is prevented. stress range cycles. This could be considered a
Serviceability Limit State as cracks degrade the
structure over time, but may not lead to failures.
It could be considered a Strength Limit State if
it does lead to fracture or if it does reduce the
strength of a member by an amount sufficient
enough to compromise function or safety.

2.1.4.4 Fracture. The Fracture Limit Sta C2.1.4.4 Tensile rupture is addressed in
ensures that fracture will not occur under giv&itrength Limit State. Brittle fracture is addressed
design conditions. at a minimum, by imposing atsef material
toughness and detailing requirements. This could
be considered a Strength Limit State if the stfengt
of a member or system is reduced by an am
sufficient to compromise function or safety.

2.1.4.5 Extreme. The Extreme Limit Sta C2.1.4.5 Extreme events include earthque
ensures survivability after an extreme event. flood, or vessel impact. Under an Extreme load
event, the system may maintain function
some defined level and/or life safety is ensured.

2.1.5.Design Life. The design life of HS C2.1.5. The LRFD procedures are calibratec

is taken as 100 years. Considerations for amyl00year design life. Some damage ¢
other design life should be in accordance witblated repairs are expected over the life of the
ER 1110-2-8159. In implementing ER 1110-Ztructure. HSS should maintain an acceptable
8159 procedures, Service Life is synonymolievel of performance assuming a reasonable
with Design Life in this context. amount of maintenance. Service life is intended

to be the design life. Service life is assured
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designing for the Service Limit State.

2.1.6.Constructability and Quality Assu C2.1.6. In general, the Engineer should
ance. The Engineer shall consider the effectsdaétate how HSS will be fabricated or erected
construction, including fabrication and erectioexcept where procedure, process, or sequence
on the design. Constriability issues shoulc has a deleterious effect on the design. Because
include, but not be limited to, consideration ?1SS are complex structures that exhibit 3-
deflection, strength of steel and stability durindjmensional (3-D) behavior, improper sequenc-
critical stages of construction. HSS should &y can create residual or locked-in stresses that
designed in a manner such that fabrication atemh have negative implications on des
erection can be performed without undygerformance. Therefore, the Engineer should
difficulty or distress and that construction forceonsider fabrication by specifying or excluding
effects, including residual effects, are withicertain sequencing.
tolerable limits. When the Engineer has assumed
a particular sequence of construction to prevdrte Engineer should conduct sufficient QA

certain stresses, that sequence shall be definedsiis to the fabrication shop and the construc-
the contract documents. tion site to ensure that HSS are fabricated and

erected in accordance with the design assump-
The Engineer shall review all fabrication antibns. See ER 1110-2157 for additional
erection submittals to ensure that the intendedormation on the Engineer’s role regardi
quality and design are achieved, and to ens@A on HSS.
that fabrication and erection of the HSS are
conducted such that the assembled components
are not overstressed or unstable during assembly.

2.2.Loads

2.2.1.Load Types. All loads to which a C2.2.1. HSS can be exposed to a variety
HSS is subjected shall be considered in loads including gravity (weight, ice, muc
design and in accordance with Chapter 3. Loagdatic and flowing water, operational a
that have a negligible impact on the design manachinery loads, debris, floating and thermal
be ignored. ice, barge impact and/or other environmental
loads (e.g., wind, temperature).

2.2.2.Frequency of Loading. Varying fre C2.2.2. Design requirements will vary f

guency of load applications shall be consideredrying frequenies of load applications t

in the design with three load categories, ensure economical and efficient designs.

terms of frequencies of occurrence, definedample, some localized damage is acceptable

below. under infrequent loading events given the limited
occurrences of these loads and the ability of steel
structures to redistribute loads @ndplastic
deformations. Designing HSS to respc
entirely elastically under these loading events
would result in increased weights, fabrication
costs, and operating costs. Frequency is deter-
mined through a statistical evaluation of the I
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data and defined as a specific return period.

2.2.2.1.Usual. The Usual loading categc C2.2.2.1 This load category is typically assc
represents daily or frequent operational conditicgi®d with the Service and Fatigue Limit States.
that require highly reliable performance. ThEhese loads should not cause damage. ¢
design criteria for the Usual loading categoshould remain within the elastic state and
apply to load cases with the predominant load {atigue cracking should be avoided or limited to
joint loads) having a mean return period ( non-critical size. Damage may accumulate due
between 1 and 10 years. to normal degradation (operational wear-and-

tear) over the service life of the project.

2.2.2.2.Unusual. The Unusual loading ci C2.2.2.2 This load category is typically assc
egory represents infrequent operational conditiated with the Strength anBracture Limit
that require a defined level of performance, i States. These loadings should not cause signifi-
that can be reasonably expected to occur witlsent damage or disruption of service. Localized
the service life of the project. The design créteryielding is acceptable (i.e., stresses may exceed
for the Unusualoading category apply to log the yield limit in localized areas). Damage may
cases with the predominant (or joint loads) haviagcumulate due to normal degradation (opera-
a mean return period (Tr) between 10 and 306nal wear-and-tear) over the service life, and
years. may require major rehabilitation or restoration

after 50 years of service.

2.2.2.3. Extreme. The Extreme loading ci C2.2.2.3 This load category is associated \

egory represents possible conditions that are ti Extreme Limit State. Significant dama

likely to occur within the service life of th may result from these loads in the form

project. The design criteria for Extreme load cag@astification, buckling, tearing, fracture, and/or

are applicable if the predominant load (or joisther damage, but sufficient redundancy exists to

loads) has a mean return period (Tr) greater thiadistribute the loads and prevent catastrophic

300 years. collapse. Limited operational capability may also
be required to maintain minimal project function
(e.g., maintain pool) until corrective measures
can be implemented.

2.2.3.Load Combinations. Loads a C2.2.3. Load combinations are based

combined to produce maximum effects for probailistic load modeling and a survey

given limit state under the varying load frereliabilities inherent in traditional desic

guencies. Several load combinations practice. Specific load combinations are based

defined and varying load factors applied on the notion that the maximum combined load

achieve a consistent level of reliability. effect occurs when one of the time-varying
loads is at the maximum lifetime value and the
remaining loads are taken at an arbitrary point
in time. The likelihood that two or more loads,
excluding self-weight, are at their maximums
coincidentdly is remote. Load factors ai
calibrated accoidgly to reflect the arbitran
nature of loading events.
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2.2.4.Cyclic and Non-cyclic Loading C2.2.4. For most HSS, the changes in stres:
Cyclically-Loaded structures are those thatduced through changes in position, primarily
repeatedly undergo significant changes under specific operating cycles (opening and
stresses during operation. Noncyclicallyr closing), changes in the loading (e.g., changesin
statically, loaded structures are defined as thdgelraulic head), or both. Two components used
that do not repeatedly undergo significi to define cyclically-loaded structures are: (1) the
changes in stresses in the process of operatimggnitude of the imposed stress-range cycles
Noncyclically-loaded structures may experienead (2) the frequency of the application of those
changes in applied stresses from loading antles. The implications of cyclic versus non-
unloading during the normal use of the strucyclic loading are largely related to fatigue
ture, but those changes only occur for a rel@acking. There is a practical lower limit
tively small number of operating cycle stress cycles to consider whether an HSS is
throughout the service life of the structure. cyclically-loaded or note.g., where fatigue
cracking is not likely, but is dependent
magnitude of stress range and number of cycles.
Design life and material strength are al
considerations as are hifiequency vibratior
and high stress / low cycle conditions. Given an
expected number of stress cycles over the life of
the HSS, and live load stress range at a detall,
the fatigue strength of a detail can easily be
determined and the results used to designate a
member as cyclically-loaded or not.

Common examples of cyclically-loaded HSS
include Lock Miter gates, Lock Lift gate
Spillway Tainter Gates and Tainter Valve
Common examples of noncyclically-loaded
HSS include dewatering bulkheads, stop logs,
and flood closure gates.

2.3.Materials Materials are selected to C2.3. ASTM A709 is the preferred structui
provide the required strength, ductility a steel due to the wide range of strengths and
other properties such that the associated dedigsirable welding and toughness characteristics,
meets all applicable limit states and the perfdine-grained characteristics, and availability.
mance requirements. Material propert High Performance Steels (HPS), available in 70
specifed may include yield and tensi and 100 ksi grades, are good alternates when
strengths, ductility, fracture toughness, ¢ higher strength steels are required due
corrosion resistance. Material certificati improved (compared to other steel specifica-
reports help ensure that the material requitesns) toughness properties and welding charac-
ments are met. American Society of Testirgristics. When compared to higher stren
and Materials (ASTM) A 709 is the preferre@A490) bolts, structural bolts conforming
structural steel specification for meeting t ASTM A325 are generally the preferre
appropriate limit states and performanadternative because of higher ductility a
criteria. ASTM A325 is the preferred structuradasier installation, and because they can be
fastener specification. Weld metal is selec galvanized. See Unified Facilities Gui
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based on strength and toughness requiren Specifications (UFGS) UFGS 05 50 15 1
and material types. Other materials, for attadjuidelines on selecting forgings, castings, seals,
ments, appurtenances, and connections, and other materials related to fabrication of
selected on a project-by-project basis. HSS.

2.4.Member TypesHSS are comprised of C.2.4. A distinction is made among the varic
various member types, each with spec member types to better apply the design crite-
functions and performance requirements. ria.

2.4.1.Primary and Secondary. Prima C2.4.1. Secondary members may act on @
members are the main load-carrying membegmmary members whether intended or not and
that provide load path from point of lo: under different loading conditions. For exam-
application to the supports. Secondary membgpts, a diaphragm supporting a skin plate may
provide support or stability (e.g., bracingact as the web of a beam with a portion of the
intercostals, and diaphragms) to the prim skin plate acting as the flange; walkway sup-
members.Secondary members also inclu ports on a bulkhead are secondary in terms of
attachments or other appurtenances on the H&8khead loading, but primary for those using
Failure of a secondary member is generallyttee walkway; bracing members in a stoplog are
localized failure, but can lead to a global failusecondary members when subjected to hydrau-
if it leads to failure of the primary membeiic loads, but may act as primary members
Impacts from secondary members on primamhen being lifted; attachments for acce
members must be considered in the des ladders and catwalks are secondary members
Some members may serve as both primary amithin HSS design, but may impact the fatigue
secondary members depending on loac resistance of primary members; and, bracing
conditions and system response. members can create distortion or out-of-plane

bending in primary members.

2.4.2.Redundancy. Redundancy is C2.4.2. There are generally three types
structural condition where there are m¢ redundancy considered in HSS:

elements of support than are necessary o | oad path redundancy, three or more

strength or stability and loads can be redistrigiain 10ad-carrying members or load paths are
uted throughout the structure to avoid collapsgovided between supports:

Non-redundant members are identified by the

Engineer through analysis or judgment. e Structural redundancy, provided by

continuity of load path from support to
Redundant or non-FCMs are members that&?pport and:

not qualify as FCMs or Failure Critical Mem-

bers. e Internal redundancy, a member con-
figuration that contains three or more ele-
ments that are mechanically fastened together.

2.4.2.1 Failure Critical Members. All Fail C2.4.2.1 A Failure Critical Member is ar
ure Critical Members in an HSS should bmember for which failure would cause collapse,
identified by the EngineerA determination partial collapse, or loss of functionality of the
should be made in the design phase wheth: structure. Because this category does not have
require additional material testing and NDd@urrent guidelines for the level of scrutiny
requirements Additional scrutiny should inclu needed, the Engineer must determine the a
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sufficient testing to assure the required per requirements for each specific structure. /
mance is achieved and improved reliability dfough the requirements for FCMs may be used
connections is obtained. By designating a meto-develop the requirements of Failure Critical
ber as Failure Critical, the Engineer may desiglembers, specifying these requirements in all
nate a defined level of additional scrutiny throughstances (i.e., noRailure Critical Members
the design and fabrication due to the possibilityay result in uneconomical and overly conserva-
that failure of the member would result in cotive connections. Failure Critical Members can
lapse or partial collapse of the structure or a losslude components loaded in compressi
of operational functionality. shear, or torsion. Failure critical behavior must
be considered under all load cases. Examples of
additional scrutiny include additional NDT ¢
welds, additional bolt testing, and excluding bolt
threads from the shear plane.

2.4.2.2 FCMs. All FCMs in an HSS sha C2.4.2.2 The definition of FCMs is contain

be identified by the Engineer and labeled in thathin ER 1110-2-8157. FCMs are subsets of

project plans, and materials and fabricatidtailure Critical Members. Some examples

requirements shall be included in the proj FCMs where failure may result in collapse of

specifications. the structure are truss members and girders in
non-redundant structures. Examples of FCMs
where failure may result in a significant loss of
functionality or collapse of the structure is the
gudgeon and diagonals on miter gates, tension
chord of a trus$ermed stoplog, lifting eyes
and tension component of a simple spar
cantilevered trunnion girder.

2.5. Analysis Individual HSS members are C2.5. HSS have traditionally been analyzec
sized to meet the performance requiremets member-by-member or component-by-
under all applicable limit states for the specif component basis using simple 2D models and
load combinations. The load effects in e: by combining 2D models to simulate &
member are determined through an understabdhavior. While this is generally conservative
ing of the distribution of loads throughout thand adequate for design of most HSS, there are
structue and application of proper analy: instances where this approach is not conserva-
techniques. Proper analysis techniques accotiveée and does not adequately megent the

for the overall response of the HSS as a systesponse of the HSS. In these instances, anal-
and not just individual members or componenises that are more refined may be warranted.

2.5.1.System Response to Loads. Ant C2.5.1. While HSS are generally compl

derstanding of load paths, how the appl structures with complex interaction between

loads are distributed throughout the varic members, connections, and moving pa

members and into the supports, and interact&implified analysis techniques are often em-

among HSS members is necessary to adequpteyed in their design and design is based more

ly design HSS. on individual member loading rather than overall
system response. In addition, while this is often
an acceptable approach to design, an understand-
ing of overall behavior, including the influen:
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of the fixity of connections, boundary conc
tions, and relative stiffness between members, is
necessary to produce functional designs.

2.5.2.Simplified Analysis. Simplified C2.5.2. Simplified analysis techniques he
analysis models are provided for each gate typeen used successfully to produce designs that
These models are typically 2D and conduciveperform as intended. However, problel
hand analysis or simified truss or frame (cracking, member overloads) have occur
models. due to the inability of these methods to ade-
quately depict overall system response.

2.5.3.Advanced Analysis. Advance C2.5.3. The simplified models identifie
analysis techniques, including finite eleme¢ previously may not represent 3D behav
methods and higher order numerical analysaglequately and lack of consideration for t
may be employed where complex loadi interaction can lead to poor gate performance
conditions and/or member configurations exister time. Advanced analysis techniqt
or where verification of simplified analyses iprovide a useful tool to better predict realistic
desired. When advanced analysis techniquestaebavior and more fully addressing member
used, they shall be sufficiently documented amderaction in the design. However, the designer
verified. Documentation shall include a commust fully understand the tool that is being used
plete description of the analysis model, includnd have sufficient experience to underst
ing element types and descriptions, mesl behavior of HSS for these analyses to
techniques, boundary conditions and nc meaningful.
connectivity, loads and load application, &
any other information necessary to adequately
describe the analysis and results. The documen-
tation should include all assumptions used in
the analysis, how they differ from reality and
why the differences are acceptable. Verification
should include hand calculations and/or inde-
pendent finite element analysis. See ER 1110-2-
1150 for requirements on use of software for
analysis.

2.6. Corrosion ControlCorrosion is con- C2.6. HSS can be subjected to severe envi
trolled through proper material selectior mental and operating conditions. Corrosion on
coating specifications, detailing, cathoc structural members leads to section loss
protection systems. Corrosion control extendgentually loss of strength if left unabate
the life of the HSS by minimizing deterioratiofCorrosion on moving parts such as pi
due to corrosion and impacting function increases friction forces and resulting stresses
moving parts. Corrosion control on HSS isia members. Design for corrosion cont
life cycle challenge that can be effective should include consultation with Mechanical
managed through the designer active particiggagineers and coating specialists. EM 1110-2-
tion in the development and implementation @704 provides design guidance for HSS cathod-
a Corrosion Mitigation Plan (CMP). ic protection systems, and EM 1110-2-3400
provides guidance on painting systems.
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2.7.Inspection and Maintenancespection C2.7. Inspection access includes access

and Maintenance are considered in the desfgnms, ladders and other means for phys

of HSS by providing good access for conduaecess to HSS members and access for visual

ing inspections and maintenance, specify inspection including inspection tools to

proper materials and corrosion protection, antembers and connections as well as non-

employing good detailing practices, and desigtestructive testing (NDTWwhere applicable

ing components for easy replacement. Maintenance access includes physical access
for greasing, painting, and other maintenance
activities. Good detailing practices inclu
detailing to provide access for painting, faste
and connection repairs, etdhe designel
should seek input fromperations personne
during the design process to help assure
operation and maintenance needs are consid-
ered in the design.

2.8.Plans and Specification$he HSS desigr C2.8. The plans and specifications should

is communicated to the fabricator through tltkctate how the contractor will construct the HSS

plans and specifications. All informatic except where it is necessary to ensure that the

necessary to fabricate the HSS as intendedH8S functions as intended in the design. The

the design is depicted in these documents. UFGS which are intended to be used w
Specs-Intactsoftware, and the A/E/C CAI
Standards (ERDC/ITL TR-09-2 and TR-12-1),
should be used to the greatest extent possible
when developing plans and specifications for
HSS. Specifications typically supersede plan
documents. Review plans and specs for conflicts.

2.9. Fabrication and Erectiofrabrication and C2.9. Fabrication and erection can indt

erection processes are considered in the desgnificant stresses in HSS. These processes

to include considerations for additional stressesist be understood to properly account

imposed from these processes, proper detailthgm in design. Assumptions are made during

to accommodate the processes, and handling plans and specifications phase to address

and shipping during fabrication and erectionthese loads and adjustments made as needed for
the fabrication and erection methods proposed
by the contractor. The designer should assure
appropriate tolerances exist in the plans and
specifications to effectively fabricate and erect
HSS.

2.10.Deviations from Prescribed Design
Where special conditions exist, propos
modifications to the design requirements shall
be submitted to CECW-CE.
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CHAPTER 3

Design

Design requirements, including load combil
tions, load and resistance factors, and li
states to be considered in design of HSS, are
addressed in this chapter. The design of mem-
bers and connections shall be consistent with
the intended behavior of the structural system
and the assumptions made in the struct
analysis. Capacities of HSS members shall be
in accordance with the current edition
American Institute of Steel Constructic
(AISC) Steel Construction Manual, Med.
(hence referred to as AISC) as modified within
this manual and unless otherwise specified.

3.1.Design Basis All HSS members an C3.1. LRFD is a method of proportionir
connections shall satisfy Eq. 3l1for each structures such that no applicable limit state is
limit state, unless otherwise specified. The basixceeded when the structure is subjected to all
safety check in LRFD may be expressed matla@propriate design load combinations. 1
matically as: expressioLyiQy is therequired strengtland the
productadR, is thedesign strength.oad factors
21iQu < @9R,  and load combinations for structural steel design
(3-1) are based on limit states of steel structures.
Description of the methodology used in develop-
where: ing load factors and load combinations

vi = load factors that account for variabilit?uildings and other structures may be found in

in loads to which they are assigne@SCE  (1990), Ellingwood el (1982),
Galambos et al. (1982), and McCormac (1990)

Qni = nominal (code-specified) load effectgnq the commentary of AISC. The magnitude of
a = performance factor (see paragraph 3.1.8 particular load factor is primarily a function of
_ the characteristics (predictability and variabjlity
¢ = resistance factor that reflects t o the |oad to which it is assigned and |
uncertainty in the resistance for the,nseryatism with which the load is specified. A
particular limit state and, in a relaye|| known load with little variability or
tive sense, the consequence of Qgnservatively specified load usually results in a
taining the limit state relatively low load factor. Dead loads and static
Rn = nominal resistance hydraulic loads are in this category. Transient
loads are less known and, hence, they usually

Load factors and load combinations are definﬁ ve a higher load factor

in paragraph 3.3.

3.1.1.Performance Factors for HSS. F C3.1.1. A performance factor is applied to Al
LRFD of HSS, resistance factors of AISC ¢ resistance factors for HSS design. This is
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multiplied by a performancedactor a. The reflect a higher level of reliability (compared

performance factar shall be 0.9 except for the building design) due to the exposure conditions

following structures where a shall be 0.85: to which HSS are subjected, consequences of

failures, and to be consistent with past designs.

e For those HSS where inspection & The variables that require additional considera-

maintenance are difficult because the HSStiisn for HSS include:

normally submerged and removal of the HSS

causes disruption of a larger project. Examples o Facility of inspection;

of this type of HSS include tainter valves and

leaves of vertical lift gates that are normally ® Maintenance and repair or replacement
may require dewatering or submerged work by

submerged. _
divers);
e Forthose HSS in brackish water or sea- . .
water. e Possibility of corrosion (water may be

fresh, polluted, brackish, or saline);

e Economic considerations (loss of bene-
fits due to shutdown of a larger peoj if
replacement becomes necessary);

e Possibility of severe vibrations or re-
peated stress reversals (hydraulic flow may
cause vibrations and operating procedures may
cause stress reversals);

¢ Relative importance (HSS may be criti-
cal in the project operation), and;

e Design life of the structure in severe en-
vironments (100 years).

For these reasons, reliability factors are applied
to the resistance factors specified by AISC to
effectively increase structural reliability.

3.1.2.Strength Limit State. Structure C3.1.2. Strength Limit States are related
shall have design strengths at all sections at lesefety and load-carrying capacity (e.g., the limit
equal to the required strengths calculated for silites of plastic moment and bucklngdhe
combinations of factored loads and forces. Thentrolling limit state is the one that results in
required strength of structural components shile lowest design strength. Formulas
be determined by structural analysis us calculating member strengths are given in AISC
appropriate factored load comhtions. Eacl design specifications.
relevant strength limit shall be consider
Elastic analysis is permitted unconditionally by
this manual. Plastic analysis is permitted only
with the approval of CECW-CE, and is subject
to restrictions similar to those provided by AISC.
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3.1.3.Service Limit State. The overe C3.1.3. Serviceability is a state of accepte
structure and the individual members, conngmerformance in which the function of an HSS, its
tions, and connectors shall be checked maintainability, durability, and operability are
serviceability. The following limit states shalpreserved under normalervice or operatin
be considered in design for serviceability: conditions. Serviceability should be maintained

e Deformation in the structural memberfsOr the expected life of the HSS.

and supports due to service loads shall notimggitgactions should be limited to ensure that
the operability or performance of the HSS.  poaings and other moving parts are not over-

« Vibrations of the seals, equipment, ressed, seals function properly, machinery

movable supports shall not impair the operabi‘f’-aCIS are not excgeded, and design assumptions
ity of the HSS. are not compromised.

o Loss of section or impacts to connec®als and the members to which they are at-

tions and moving parts that may impair servickiched should provide proper flow characteristic
ability or operability of the structure during it&"d have adequate stiffness to limit vibrations.

design life shall be limited by designing t Limiting values of structural behavior (maxi-

minimize corrosion potential. Closure provi- 9 : L

sions shall be provided for maintenance acce um deflections, V|b_rat|on_s_, et_c.) shall
chosen to ensure serviceability with due regard
to the intended function of the structure.

3.1.4.Fatigue Limit State. The Fatigt C3.1.4. The Fatigue Limit State is applied
Limit State shall be satisfied by selecting fatigusclically-loaded structures. See Chapter 4 for
resistant details that satisfy and the load comhirther discussion on evaluation of fatigue life.
nations of Section 3.3Nominal resistance i
defined in AASHTO/AISC design specifica-
tions. The applied stress range due to fatigue
loading shall be the maximum stress ral
produced by the Usual load condition for Fatigue
| and for Fatigue Il load combination (Infinite
Life). The number of stress cycles shall
determined based on the number of projected
operating cycles expected over the design life.

3.1.5.Fracture Limit State. The Fractu C3.1.5. See Chapter 4 for further discussior
Limit State shall be satisfied by limiting tt fracture and fracture control. Where Fracture
potential for fracture as prescribed in ChapterMechanics is used to compute a critical cracks
Additional requirements shall be imposed size, members will be sized using Equation 3-2
FCMs as defined within Chapters 3, 4, and (p 3-7).
Where load effects are computed to satisfy the
Fracture Limit State, the load and resista
factors for the Strength Limit State shall be used.

3.1.6.Extreme Limit State. The Extrerr C3.1.6. See Chapter 2 for further discussior
Limit State is based on the Extreme loate Extreme Limit State.
category. HSS shall be designed to sun
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extreme events and function as needed.

3.2.Loads Loads shall be applied as specifi
in this section and in combination with other
loads as prescribed in Section 3.3.

3.2.1.Self-weight. Self-weight or dea 3.2.1. Self-weight. The nominal section of
load includes the total weight of an HSS and itsember alone, without regard to connections
components. Self-weighshall be computer and coatings, will be sufficient for design
based on the nominal cross-sectioh the most individual members unless a mem
members plus all attachments and appurtentains an unusually large number of welds or
nances, all fasteners and welds, and any coafegfeners. The total self-weighincluding
system. Weight of the coating system shall bennections and coatings, is necessary for
based on the specified thickness of the coatishgsigning moving parts (bearings), machinery
system. Self-weight shall be treated as a Usdakign, various support members (diagon
load category. anchor bars, etc.), and pick points. Because the
self-weight is constant throughout the life of the
structure, excluding effects from corrosion, it is
treated as a Usual load.

3.2.2.Gravity Loads. Gravity loads cor C3.2.2. Silt and debris can accumulate on
sist of silt, debris, and atmospheric ice. Silt amrizontal or nearly horizontal surface that is
debris loads shall be based on site conditiguesrtially enclosed. Examples include horizontal
and past experience except that a minimumgpdfders in miter and tainter gates. Presence of
1-in. thick layer of silt shall be assumed actirdjaphragms and stiffeners can further compart-
in all areas where silt can accumulate withontentalize these members and contribute further
regard to drainage features. The unit weighttof accumulation. The presence of drain holes
silt shall be taken as 90 Ib§/funless site- should not exclude the consideration for silt
specific data is available. Atmospheric ice loadscumulation as drain holes may not function
shall be determined using guidance of ASCEsufficiently throughout the life of the HSS. The
Other ice loads are determined based on st#ual thickness of the accumulation of silt will
conditions. Gravity loads are considered Usua a function of the turbidity of the waterway
and maintenance and cleaning of the HSS. A
minimum thickness of 1 in. accumulation on alll
non-draining surfaces (excluding presence of
drain holes) should be considered for design.
Other types of ice accumulation include that
which occurs due to fluctuation of pool, spray
from leaking seals, etc.

3.2.3.Hydraulic Loads. Hydraulic load C3.2.3. Hydraulic loads are typically tl
consist of all loads due to water includi predominant loads, in terms of magnitude and
weight of water, wave action, and flowir frequency, on HSS.
water including flow induced vibration:
constricted flow, and water hammer.
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3.2.3.1.Hydrostatic Loads. Loads caused C3.2.3.1 While considered a hydrostatic lo
hydrostatic water shall consist of the hydraulibe hydraulic head can be a function of hydro-
head differential across the HSS, with due consibjnamic conditions, particularly the tailwat
eration from any tailwater effects. The magnitudeder flowing conditions. A Hydraulic Engi-
of load is a function of load category, Usuaheer should be consulted to quantify tailwater
Unusual, and Extreme, as defined in Chapter 2effects.

3.2.3.2 Hydrodynamic Loads. The magr C3.2.3.2 For consistency in application
tude of hydrodynamic loads is a function of Ic LRFD, the coincident effects of hydrostatic and
category, Usual, Unusual, and Extremes hydrodynamic conditions that produce t
defined in Chapter 2. maximum load effects for each load category
should be used. However, for convenience and
3.2.3.2.1Wave Loads. Wave loads shall beonservatively, the individual maximum events,
considered for all HSS subject to significant winghder each load category, can be determined

and fetch and will be additive to the coincid' separately and applied together to produce the
hydrostatic load. When determining wave-loadifgaximum effects.

effects, the load category will reflect the coiecitd
water surface elevation and wind conditions - Flow induced vibrations can be controlled or
produce the maximum effects. minimized through proper seal detailing a
through control of gate operation, e.g., select
3.2.3.2.2Flow Induced Vibrations. Vi- gate openings where vibration is accepta
brations shall be minimized through prof Where high heads exist or geometry promotes
detailing and operation considerations. Othefisruption of flow (e.g., tainter valves), modeling
wise, hydrodynamic loading shall be detemay be requiredConsult with the Hydraulic
mined through modeling. Engineer for modeling requirements.

3.2.3.2.3Gate Overtopping. Gate overSome HSS are designed and operated t
topping shall be considered for gates wh overtopped (submerged tainter gates, c
overtopping is required for the gate operatiggates) either on a regular basis or randomly and
and shall be considered uswual unusual as must be designed accordingly. Some HSS may
applicable. Overtopping may be considered fpé overtopped under an extreme event (spill
gates where overtopping is not considered pgfinter gates) and may need to be designed to
of the operation, but is possible under Extrens@rvive this event, e.g., to continue to maintain
loading conditions. pool until the event has past.

3.2.3.2.40ther Hydrodynamic Effects. Allwater hammer is another form of hydrodynam-
other hydrodynamic effects shall be addressed@®ad.

applicable using accepted fluid mechanics theory or
as required for specific gate types.

3.2.3.3.0perational Loads. Operation C3.2.3.3 Operational loads include all actic
loads shall be defined as follows: 3.2.3 resulting from operating the HSS includil
machnery loads applied directly to the HS
3.2.3.3.1Usual. Usual loads are thos and any loads resisting operation of the gate. In
caused by normal HSS operation. Normal gaiéme load cases, machinery loads are reactions
operation is that operation encountered underother applied loads while in other cases, e.g.,
Usual design loads. Usual operational lo¢ a jammed gate condition, they are an app
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include machinery loads (acting throu load.
hydraulic cylinders, wire ropes, gate arms, or
other mechanisms) directly applied to the HS& normal machinery load is that expected under
resistance to motion of the HSS through frict hormal operating condition to include desi
between moving parts such as bearings, buBpdrostatic and hydrodynamic load conditions
ings, or seals, and resistance to the operat{blsual or Unusual depending on the limit state
from externally applied loads. evaluated) and design friction forces withc
the need for additional machinery load due to
3.2.3.3.2Unusual. Loads caused by aldebris, jammed gate, etc. See EM 1110-2-2610
normal gate operation, where abnormal gdte more detail on machinery design loads.
operation includes unbalanced hoists, unbalanced
operation, or jammed gate condition whi The machinery safe limit is one that is deter-
machinery is operated up to its safe limit. Tieined through design, in consultation with the
safe limit is that imposed within the machinerfg§roject Mechanical and Electrical Engineer,
design through use of load-limiting devices. With the intent to limit the machinery load to
some reasonable limit after which the machin-

3.2.3.3.3Extreme. Loads caused by ery will stop operating due to a load-limiting
jammed gate subject to the full capacity of tltevice.
machinery. The HSS shall be designed
function as needed when subjected to this loddre full capacity of the machinery can be
Gate machinery loads shall be coordinated wiignificant and can cause failures. The extreme
the project Mechanical Engineer. machinery load will be considered in the design
if the HSS must function under or after tl
3.2.3.3.4 Gate machinery loads shall béoading.
coordinated with the project Mechanic
Engineer.

3.2.3.4 Environmental Loads. Environme C3.2.3.4 Environmental loads will generally r
tal loads include wind acting on HSS and loadsvern the design of HSS except for possibly
induced through thermal movement, which a@calized members. Consider thermal loading
applied as Unusual loads only. for determining impacts.

3.2.3.5.Impact Loads. Impact loads inclur C3.2.3.5 Thermally expanding ice is includ
floating debris and ice, thermally expanding i here because as defined, it is assumed to have
and barge impacts. Floating debris and ice the same magnitude as floating debris and ice
thermally expanding ice shall be taken as 5,080d is applied in the same manner. These loads
Ibs/ft applied uniformly over a 2-ft depth acrosshould be applied to any location on the gate
the HSS members exposed to ice. The ice awvitere they have a reasonable chance of occur-
debris loads shall be applied at or above the losnce. Impact loads are not considered in skin
water elevation for the Usual or Unusual loguate design because load effects are generally
condition to produce maximu effects in eaclt localized and the added weight and correspond-
member. Barge impact loads and application amg machinery requirements resulting frc
defined within the gate specific guidance. Thesecommodating these loads are not justified.
loads need not be applied to the design of skifhere debris loading is a concern from over-
plates. topping of an HSS, these loads will be consid-
ered in member design or provisions shall
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made to protect members from these loads

3.2.3.6.Earthquake. Earthquake loads st C3.2.3.6 The OBE is defined as that earthqt
be based on the operational basis earthqubkeing a 50% chance of being exceeded in 100
(OBE). The Earthquake load, E, shall be basedy@ars. This translates into a probability
the inertial dynamic forces due to water. Ttanual exceedance of 0.0069, or approximately
inertial dynamic force due to water shall be145-year mean recurrence interval.
determined using Westergaard’s equation:

.
p= E'Y Wac\/wy
(3-2)

where:

p = lateral pressure at a distance y below
the pool surface

Yw = unit weight of water

a.= max. acceleration of pier or lock wall (a
fraction of gravitational acceleration
9)

H = pool depth to dam foundation

y = distance below the pool surface

The earthquake inertial forces due to the self-
weight and gravity loads generally are insignif-
icant when compared to the force due to the
water and need not be considered except for
large mass HSS.

3.3.Load Factors and Load Combinatiol C3.3. Load factors provide for load variati

Load factors for each load and loading with time, uncertainty of load location on HSS,

condition are defined for each HSS type in tlikesign idealizations such as assumption of load

appendices. The load combinations defined distribution, and uncertainties in structu

the appendices shall be used to satisfy Equanalysis. Different load combinations m

tion 3-2 (p 3-7). control the design of different elements of HSS.
For a given member, different limit states may
be controlled by different load combinations.

3.4.Allowable Strength Design (ASD)The
ASD shall only be used on those structures
where the LRFD method has not been devel-
oped. HSS designed by the ASD method shall
conform to specifications contained in AISC,
except as specified herein, and to the gate
specific guidance.
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3.4.1.Design Basis. ASD is a method
proportioning structures such that allowal
stresses are not exceeded when the structure is
subjected to specified workingpads. An
elastically computed stress is compared to an
allowable stress as represented by:

o)) < Ra/0Q
(3-3)

where:

f(XQi) = elastically computed stress arisi
from the appropriately combine:
nominal loads

o = allowable stress modifier (see 3.4.c.(2))
Q= safety factor specified in AISC
Rn = nominal resistance

3.4.2.Loads. Loads are divided intc C3.4.2. ASD guidance for HSS consids
Group I and Group Il loadings as follows:  Groups | and Il loading, and Types A, B, and C
stresses.,. Because of the environment in which

3.4.2.1.Group | HSS are placed, modifications to AISC allowa-
ble stresses for HSS types are applied to increase
Dead load Buoyancy load the factor of safety above that used in building
Live load (serviceway) Hydrostatic load design.
Thermal stress load Operating equipment load

Group | loads include those loads that are
relatively constant for a significant time period,
and Group |l loads are those that vary with time.

Ice loads (static)

3.4.2.2.Group I Ice loads may be considered either Group | or
Group Il depending on the circumstances. If ice
Impact (vessel, debris, ice) Water hammer hanging on the structure is being considered as
Wind loads Ice loads (transient) additional dead Ioa_d or it is applying a Iate_ra_ll
force due to expansion from thermal effects, itis
Wave loads . . .
34230 ol Basis Earth kcon3|dered a Group | load. Ice is considered a
©ose) perational -~ Basis  Earthquakes o, || load when it acts dynamically on the

structure (waves, flowing water, etc.).

Ice loads may be considered as Group | (st
load) or Group Il (impact, short duration loa
loads depending on circumstances..

ffe 1/3 allowable stress increase used

revious versions of this guidance has b
rescinded and is no longer permitted for group |
and Il loads combinations. The reason for this is
that code-specified ASD load combinations
provide for the proper amplification of loads.
This accomplishes what the one-third str
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increase used to accomplish on the mate
strength side of the equation. Consequently, the
one-third stress increase is inappropriate for use
with current ASD load combinations. Engineers
that “double-dip,” i.e., use both the one-third
stress increase on the material side and reduced
ASD load combinations are violating the code
in an unconservative way.

3.4.3.Strength Limit State. The Streng
Limit State is addressed in ASD by limitir
member stresses as described in the following
paragraphs.

3.4.3.1.Stressedt is considered necessa
to reduce the allowable stresses given in AISC for
HSS design. Allowable stresses for three main
types of HSS are specified in paragraph 3.4.3.2. If
a structure has characteristics of more than one
type, the lesser allowable stress is required.

3.4.3.2 Modifications for Allowable Stress C3.4.3.2 In general, it is considered that HSS
es. The allowable stress modifier, applied in subjected to more extreme environments and are
Equation 3-3 (p 3-8) shall be taken as follows feubject to less predictable loads than are build-
the particular HSS Type: ings. Therefore, an increase in the design factor
of safety over that used for building design is
3.4.3.2.1Type A.HSS, which are usedconsidered necessary for HSS design.
for emergency closures and which are subject to
severe dynamic (hydraulic) loading or & The grouping by HSS type is a means to distin-
normally submerged vete maintenance i guish characteristics of different HSS. Type Ais
difficult, and removal of the HSS caus considered to be the most extreme case, and
disruption of the project. For Type A HSS, théype C the least extreme case.

allowable stress modifies, shall be 1.33. ) _
Type A includes those structures that are subject

3.4.3.2.2 Type BHSS, which are normal-to unpredictable dynamic loading, or those that
ly hydraulically loaded and are not subjected &e normally submerged where maintenance is
unknown dynamic loading. For Type B HSilifficult. Unpredictable dynamic loading may

the allowable stress modifiex, shall be 1.2. occur as a result of hydraulic fluctuations in
velocity and pressure due to abrupt changes in

3.4.3.2.3Type C.HSS, which are usedstructure geometry or gate position as it
for maintenance and are not considered emeperated. Severe, unpredictable vibrations may
gency closures. For Type C HSS, the allowalsitso occur on structures subject to significant
stress modifierg, shall be 0.9. The allowableamounts of passing ice. Type A HSS include
stresses resulting from the application of modifgmergency gates, regulating gates where the
ing factors are the maximum allowable valué#ucture passes through moving water under full

and may not be further increased due to Grougpiessure and flow conditions (unpredicta
dynamic loading may occur), and lock valy
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loading.

3.4.4.Serviceability and Fatigue Lim
States. Serviceability and fatigue Bhbe

(normally submerged and difficult to maintai

Type B includes structures for which dynamic

loading is not significant and maintenance and
inspection can be performed on a regular basis.
HSS that may be classified as Type B include
power intake gates designed for top of power
pool, lock gates (miter gates, lift gates, and

sector gates), and floodwall closures.

Type C structures include temporary closure
items that are used to dewater for maintenance or
inspection of gaw gate slots, and draft tube
Stoplogs, bulkheads, draft tube gates,
bulkhead gates are included in this type. Such
structures are not considered emergency closures
and are usually opened and closed under bal-
anced head conditions. The 1.1 factor reflects a
1/3 increase of the Type B allowable stresses.
This increase is considered appropriate because
such structures are used on a temporary basis
under essentially constant loading.

evaluated in accordance with LRFD procedures

of Sections 3.1.3 and 3.1.4.

3.4.5.Extreme Limit State. The Extren

Limit State is not addressed through ASD.

3.4.6.Design for Operations and Maint

nance. See Chapter 6 for guidance on designing

for operations and maintenance.
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CHAPTER 4

Fatigue and Fracture

4.1.Design for FatigueAll cyclically-loaded C4.1. HSS that are routinely operated

HSS shall be designed for the Fatigue Limit subject to cyclic loading. HSS that are suscepti-

State. ble to fatigue cracking will depend on tl
number operating cycles anticipated throughout
the life of the structure and number of stress
cycles and stress magnitude associated with the
operating cycles.

4.1.1.Stress Life. The Stress Life proc C4.1.1. The Stress Life approach evaluates s
dures, as defined in AISC and AASHTO, shathnges, stress cycles, and detail category to
be used to design for fatigue. Either referencalistermine the potential for fatigue. Generally,
acceptable for design. Two design conditionlsie to high stress ranges typically encountered
will be considered, Finite Life and Infinite Lifein HSS, the Finite Life condition will control

except that Infinite Life will govern where high
cycles and low stresses exist, e.g., gate vibration
due to hydrodynamic effects. Ti
AASHTO/AISC procedures are intended 1
load induced fatigue, i.e., members subjected to
tension from the primary loading direction (axial
and flexural tension or the principal tensi
component from shear).

4.1.2.Selecting Fatigue Details. Detal C4.1.2. Detail categories A through C have b
shall be selected to ensure that fatigue crackstgown to provide sufficient fatigue resistance
will not occur over the life of the structur except under Unusual loading conditions. Detail
Details with higher fatigue resistance, Fatiguategories D through' Enay prove sufficient in
Detail Categories A through C, are generalfstigue strength under low stressesit may
preferred. Detail Categories D through Bperform poorly due to unanticipated or unpre-
should be avoided. The detail category that bdgtted stresses. Therefore, these detail categories
matches those provided in AISC and AASHTGhould be avoided. Note that bolted details are
in terms of geometry, configurations, a Category B details only if installed as a slip-
degree of stress concentration, should be usétical connection.
for design.

The Fatigue Detail Categories presented in
AISC and AASHTO were developed specifical-
ly for connection detailencountered in thi
industries (buildings and bridges) subject
these specifications. Therefore, HSS specific
details may not be addressed and some judg-
ment is necessary in selecting the proper detail
category.

4-1



ETL 1110-2-584
30 Jun 14

4.1.3.Selecting Stress Ranges. Str C4.1.3. Fatigue cracks propagate under
ranges are calculated for live load stresses oldgd tensile stresses. Therefore, if the live load
and are the peak-to-peak values over one stitessile stress does not exceed the dead load
cycle. Where compression and tension e compressive stress (net compressive stre
within one cycle, the compression and tensitimen a crack will likely not propagate.
stresses are combined to compute the f
stress cycle. Fatigue should not be considefe@nservative design assumptions should lead to
when the entire stress range is in compressgsiservative fatigue design. The simplified load
or when the tension component of the maxnodels are generally considered a conservative
mum live load stress range will never exceégpresentation of load distribution. However,
compression stresses due to dead load. In @etual load distribution may be quite different
latter case, fatigue can be ignored where tiiem that assumed for design. It may change
compression stresses due to dead load exce® time so that the simplified models may not
the tension component of the design live lo&¢ adequate. In some cases, it may be desirable
stress range by a factor of two. to conduct refined analyses to better accoun
changes in boundary conditions and to more
Stresses shall be determined through analysisurately determine stress distributions.
with proper consideration of load path, lo
distribution, and boundary conditions. Stressége AASHTO/AISC fatigue provisions a
may be determined using the simplified lo. based on a Constant Amplitude Fatigue Load-
models provided in the appendices. Alternatividg (CAFL) to better facilitate laborator
ly, stresses may be determined using instrum&gsting, where in reality, stresses are variable.
tation of HSS with similar configurations ando apply the fatigue provisions, a CAF

operation to the HSS designed in conjunctié@presenting an equivalent stress range for all
with more refined analyses. stress cycles must be assumed. Both stress

range and stress cycles impact fatigue behavior
The loads selected for computing stress rangé@th stress range predominating (stress has a
shall be the normally occurring load for eadatubic relationship whereas as number of cycles
loading cycle. Alternatively, the statistic is linear). A reasonably assumed value is one
variation in loading and resulting stresses ctrat occurs normally (the mean value). A
be determined and an equivalent fatigue loac conservatively assumedalie is less thai
computed. normal, say one or two standard deviatic
above the mean value. Variable amplitt
stress ranges can be converted to cons
amplitude through use of stress histograms and
summing techniques.

4.1.4.Selecting Number of Cycles. Tt
number of stress cycles considered in fatigGé.1.4. The number of stress cycles can
design shall be based on the stress re calculated as follows:
selected and shall consider multiple str
ranges occurring during that load cycle. N =365*Y *n*ADOC (4-1)

Where:

Y = design life in years
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ADOC = the Average Daily Operating Cyclt

n = the number of stress cycles
operating cycle, recognizing th
each operating cycle may have mul-
tiple stress ranges.

4.1.5.Distortion Induced Fatigue. Disto C4.1.5. Distortion induced fatigue, more comm

tion induced fatigue shall be addressed throulgiseen in bridges, is caused by out-of-plane force

proper detailing and/or through fatigue desighhese effects can be reduced or minimized through

Where fatigue design is used, stresses shalbbaper detailing. Alternatively, the details can

determined through refined analysis and tleealuated (e.g., Hot Spot analysis) and the stress

Fatigue Detail Category shall be based on ttamges compared to an equivalent Fatigue Detail

behavior of the connection. Category. The category selected should possess
similar fatigue characteristics, in terms of str
flow and stress concentration, associated with the
detail evaluated. See References for reference on
Hot Spot Analyses.

4.2.Design for FractureThe Fracture Limii C4.2. Cracking is undesirable in HSS due
State shall be considered in design of HSS tonpacts to performance and safety and because
minimize crack growth potential and preventit can reduce service life. The potential for
brittle fracture. Design for fracture shall fracture can be reduced significantly through
include minimizing stress concentrations, simple means. Parameters that influe
constraint, and specifying proper material fracture include temperature, loading rate,
properties. Stress concentrations shall be material toughness, average or nominal stress in
controlled through proper detailing and a member, flaws or discontinuities that induce
fabrication specifications. Detailing practicesstress concentrations, and constraint. In design
for fracture control shall follow practices usedf HSS, temperature and loading rate
in fatigue design. generally a given, material toughness can be
specified, member stress is controlled through
member design and selection of cross-section,
discontinuities and stress concentrations
controlled through fabrication specificatio
and proper detailing, and constraint is avoided
(see below). Good Fatigue Detail Categories,
A-C, are also good for fracture design because
they limit the amount of stress concentration in
the detail.In addition, details that inherent
provide crack arresting mechanisms should a
crack develop, are considered to be favorable.

4.2.1.FCM. FCMs and/or componen C4.2.1. The FCP is contained within Chaptel

shall be designed and fabricated in accordardeAWS D1.5. The FCP ensures an acceptable
with the AASHTO/ AWS (American Weldingmaterial toughnessminimizes discontinuity
Society) Fracture Control Plan (FCP). S sizes, and limits the potential for hydrog
Chapter 7 for guidance on FCP developmentracking. The FCP is a collaborative effo
between the Engineer and the fabricator.
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Engineer is responsible for identifying touc
ness requirements, acceptance criteria, etc. The
fabricator is responsible for selecting we
procedures, weld procedure specifications, etc.

4.2.2.Constraint. Constraint should I C4.2.2. Constraint is induced through existe
avoided at all connections through proj of intersecting welds, intersecting membe

detailing and fabrication.

thick weldments, and any other situation that
does not allow members to deform free
through Poisson’s effect, and that can lead to
sudden and brittle failureSBrittle fractures
generally occur with little plastic deformation
and cannot be predicted using modern inspec-
tion and analysis techniques and therei
should be avoided. Where constraint cannot be
avoided, increased toughens, proper w
sequence, joint type, proper joint geometry, and
heat treatment should be considered.

4.2.3.Fracture Mechanics. In lieu of tt C4.2.3. Fracture mechanics can be uset
guidance for the design of fracture, the Fractudetermine acceptable discontinuity sizes for a
Limit State can be addressed directly througfiven set of design conditions including mem-

Fracture Mechanics.

ber stress and material properties. The results
from this analysis can be applied directly to the
FCP. This is more common in evaluation than
in design.
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CHAPTER 5

Connections and Detailing

5.1.Design of Connection€onnection desigi C5.1. Design of Connections. Connectic
shall conform to the specifications contained oonsist of connecting elements (e.g., stiffeners,
AISC and AASHTO/AWS except as specifiedgusset plates, angles, brackets) and connectors
herein. All connections shall be detailed by thiolts, welds, or for older HSS, rivets). Connec-
Engineer. Any deviation from details original-tions for HSS are usually in a more sev
ly specified by the Engineer shall be revieweenvironment than connections for building
and approved by the Engineer. Details that AISC can be used as guidance on design of
result in safe economical fabrication, erectiongonnections, but should be supplemented with
and maintenance methods shall be used. = AASHTO/AWS since many HSS members have
Connection details shall be consistent with thenore in common with bridges (sizes, types of
assumptions used in the design analysis of tt@nnections, and loads) than with steel building
structure and shall be capable of transferringframes. The forces may consist of any combina-
the required forces between connected memtion of axial or shear loadgnd bending ol
bers. torsional moments. Connections may also
provide stiffness to limit relative moveme
between members. See the HSS Stan
Detailing Manual posted on the TEN site at the
following URL under Reference Documents:
https://ten.usace.army.mil/TechExNet.aspx?p=s
&a=COPS;127

5.1.1.Design Considerations. Connectic C5.1.1. Design Considerations.
shall be designed to transfer the required forces
obtained from the structural analysis, and shall
maintain sufficient ductility and rotation capacity
to satisfy the particular design assumptic
Connection designs shall consider stress concen-
trations, eccentricities, field splices, impos
restraints (fixity), and fatigue resistance. Con-
straint shall be avoided in connections by using
copes to avoid intersecting welds, limiting weld
sizes, and avoiding stiff and constrained connec-
tions at intersecting members.

5.1.1.1.Stress Concentrationhe design a. Stress Concentratior&ress concentratior
shall aoid abrupt transitions in thickness in connections are often ignored in design with
width, sharp corners, notches, and other stressdecrease in load-carrying capacity. This is
raising conditions where such stress concentoecause ductility ofthe steel redistribute
tions have adverse effects on performance. localized high stresses. However, this does not
mean details that cause stress concentrations can
be ignored. Attention should be given to areas of
large change in cross-section such as termin:
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of cover plates, welds where backing bars h
not been removed, and at sharp discontinuities.

5.1.1.2.Eccentricities. The design of co b. Eccentricities. Concentric connection det

nections shall account for effects of eccentricighould be provided for all connections. A

of fastener groups and intersecting members. concentric connection is detailed so that
centers of gravity of all members framing into
the connection pass through a common point.
This ensures that the axial force in an intersect-
ing member does not produce additional forces
in the connection. Axial loads eccentric from
fastener group centroids can significar
increase local stresses or individual fastener
loads due to additional shear and benc
imposed by the eccentricity. While eccentricities
in statically loaded single-angle, double-angle,
and similar members may be of minor conse-
guence, connections for members subjec
cyclic loading should be balanced about their
center of gravity axes. However, the use of seal
welds will preclude this consideration fro
design, and in these cases, provisions must be
made for the effects of eccentricity. Eccentric
connections can often be avoided through good
detailing. In some cases, a concentric connection
will result in undesirable details, such as inter-
secting welds, intersecting members, or limited
weld access. In these cases, eccentric connec-
tions may not be avoidable.

5.1.1.1.Splices. Splices should be locatec c. Splices. Shipping restrictions, and operat

uncongested areas of low or moderate stress. Wénieth maintenance requirements, may req

splices are necessary, they should be shown orldinge HSS to be delivered in sections, wh

drawings with accompanying splice details. makes field splimg necessary to form th
completed structure.

5.1.1.2 Fatigue.Connections shall be d
signed to minimize the possibility of fatigt
damage by using proper detailing practices and
designing for fatigue. Corrosion-induced fatigue
shall be controlled with a well digned anc
maintained corrosion protection system. In
general, connections that include tensile stress
should be detailed as fatigue resistant details to
minimize stress concentration, even if fatic
loading is not present.
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5.1.2.Welded Connections. Most HSS ¢ C5.1.2. Welded Connections. AISC and AV
constructed using welded connections. Weldiage useful aids to selecting the connect
requirements of AISCand AWS shall be details. Many HSS contain thick (greater than
followed. Thick plate weldments shall | 1.5 in. thick) plate weldments. Critical connec-

designed considering heat

requirementgns on HSS often consist of full penetration or

toughness requirements, and geometric farge fillet welds to develop the full strength of a
quirements (see AASHTO/AWS). Intersectingart. Heavy welding is labor intensive and may
overlapping, and intermittent weldghall be result in member distortion and large residual
avoided. Through-thickness welds should has&esses. Thick plates and jumbo rolled shapes
backing bars removed, where used, and shoaften exhibit low toughness away from rolled
be ground smooth. The Engineer shall reviesurfaces, and lamellar discontinuities are more
and approve the contractor's proposed weldipggvalent than in thinner plates. Thermal effects

procedures and shop drawings.

due to welding further decrease material tough-
ness and produce high residual stresses that act
on these low toughness areas and lamellar
discontinuities creating high potential f
cracking. The adversehdrmal effects ar
reduced with gradual heating and cooling of the
weldment as it is welded, and with proper
selection of weld process and procedu
Residual stresses in weldments are increased
with increasing external constraint so the design-
er should detail connections to minimize con-
straint. While post-weld stress relieving can be
used to reduce residual stress its application is
typically limited based on the size of tl
weldment.

5.1.2.1 Welding Codes. AWS D1.5shou C5.1.2.1 Welding Codes. Whereas AWS D
be used for fabrication of all HSS. AWS D1.i5 intended for the fabrication of highw:
may be used on redundant, noncyclically-loadeddges and AWS D1.1 is intended for t
HSS where fatigue and fracture are not desigbrication of buildings and other similar type
considerations. Alternatively, weld acceptanstructures, there are no fabrication specifica-
criteria may be determined through applicationtdns specific to HSS. AWS D1.5 is the pre-

fracture mechanics principles.

ferred welding code as it offers a higher degree
of fabrication controls and fabrication quality
when compared to AWS D1.1. Advantages of
using AWS D1.5 over AWS D1.1 includ
provides for a Fracture Control Plan or F
(required for fabrication of FCM), provide
more stringent inspection requirements, re-
quires that all detected flaws be reported on
fracture critical members, requires a fabricator
have a quality control plan, requires specific
material and welding material toughne
properties, has additional requirements
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welder certification, weld procedure qualific
tion, and quality control within the fabrication
shop, specifies controls on welding processes,
heat treatment, and repair welding, restricts the
selection of base materials (ASTM A 709) and
weld materials, greater restrictions on material
tracking and handling, requires qualification of
weld procedures for certain processes
welding to other steels or castings, and provides
for stricter controls on hydrogen diffusion. For
those HSS where fatigue or fractures anot
design considerations, cracking can lead
serviceability issues and reduced service life;
therefore, AWS D1.5 is still preferred, because
welding to this code minimizes the potential for
cracking. See EM 1110-2-6054 for additional
information on alternative acceptance criteria
based on fracture mechanics and fitness
service concepts

5.1.2.2Weld Metal. Weld metal shall b C5.1.2.2. Weld Metal. An undermatched wt
selected to suit the connection design includisggengthwill result in lower residual stresst
considerations for toughness, strength, and basd higher resistance to weld cracking than
metal specification. When welding to highdsing a high-strength weld metal because of the
strength steel, use of undermatching weld mdttk of ductility and toughness of high
strength should be considered to limit residugtrength weld materials. When undermatched
stresses. weld metal is usedthe connection must k
designed to ensure proper capacity using the
lower strength weld material.

5.1.2.3 Fracture Control Plan (FCP). Tt C5.1.2.3. Fracture Control Plan (FCP). T
Engineer shall be responsible for developin FCP is a joint effort between the Engineer and
Fracture Control Plan for HSS with FCM and fahe fabricator. The Engineer is responsible for
reviewing and approving the fabricator's FC&esign and quality requirements includi
submittal. An FCP may be developed for merselection of material toughness, refitut of
bers not designated FCM where control stress concentrations through proper detailing
fracture is desired. However, these members shaltl acceptance criteria, imposition of welding
not be designated FCM for the purposes and inspection requirements, and by require-
implementing the FCP, but will be subject to thraents for quality certifications of the fabrication
specific requirements of an FCP. Toughn shop, welders, and testers, and to some extent,
limits shall be based on ASTM A709. fabrication processes and sequencing, at least as

they affect the design. The fabricator is respon-
sible for weld procedures and processes includ-
ing sequencing and control of distortion &
quality control procedures.
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5.1.2.4 Fracture Critical Welds (FCW). Al C5.1.2.4 Fracture Critical Welds (FCW). Wh
welds to FCMs shall be considered fractutiee Engineer is responsible for identifying FCM on
critical. The Engineer shall ensure that all FCntract drawings, the labeling of FCW is oft
are identified in the shop drawings. left to the fabricator. The Engineer is responsible
for reviewing the shop drawings and ensuring
all FCWs have been properly identified.

5.1.3.Bolting. Fully tensioned high C5.1.3. Bolting. In the past many HSS he
strength bolts shall be used for all HSS strugsed riveted connections; however, the use of
tural applications. Sligritical connections rivets has been replaced by use of high strength
should be used for cyclically-loaded HSS whebelts. Bolted connections have an advant
higher fatigue resistance is required or wheoger welded connections in that the bol
slip of the connection may result in inoperabitonnection interface provides a natural crack
ity of the structure. Creep of the coating systesmrestor should a crack develop in one of the
due to bolt tension shall be accommodal members being connecte®er AISC, full
Bolts shall be proportioned for the sum of theghtening is required for cyclic loads, for bolts
external load and tension resulting from pryirig oversize holes, and when it is necessary to
action produced by deformation of the conneataprove water tightness, or if corrosion of the
ed parts. Bolting procedures shall be specifigdnt is a concern. Thefare, for all HSS
that ensure that proper tensioning is demastructural applications, fully tensioned high-
strated through calibration testing. strength bolts shall be used. Bolted connections
are much less common on HSS than on build-
ings or bridges. Typically, bolted connections
for HSS are limited to machinery and appurte-
nances, splices, sill plates, thick plates or jumbo
sections (over 1.5 in. thick), steel members
embedded in or supported by concrete, loca-
tions where future adjustments may be required,
or elements that may need replacing sometime
during the life of the structure. Bolts that are
not installed to slip critical requirements ¢
classified as fatigue detail category D; there-
fore, where a higher fatigue resistance
required, the bolts will need to be installed to
slip critical requirements.

5.1.3.1 High-Strength Bolts. High-strengi C5.1.3.1 High-Strength Bolts. Only ASTI
bolts used in the fabrication and erection A325 and A490 bolts are permitted by code to
structural connections in HSS shall be ASTBE used in structural connections. ASTM A307
A325 or ASTM A490 bolts with compatible nutdolts are common steel bolts fabricated fr
and washers. ASTM A307 bolts or graded bokgnilar material to that of ASTM A36 steel.
(SAE J429 Grade 5 or Grade 8) shall notbe . ASTM A307 bolts are not permitted in ten-
for structural conmgions in accordance wit sioned connections or connections subjected to
AISC and Research Council on Structur fatigue or dynamic load. A325 and A490 bolts
Connections (RCSpecification for Structuralare designed for steel-to-steel connections
Joints Using High-Strength Bolts incorporating heavy hex dimensions &
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shortened thread lengths to ensure that thr
are excluded from the shear plane.

The use of washers in structural connections is
not required by code (AISC) for bolts
standard sized holes. For bolts in oversized or
long slotted holes, hardened washers
required under the nut side of the connection
only by code.If the Engineer would like
washers to be used on both sides of the connec-
tion, or in all instances, then this requirement
must be specified on the drawings or in the
specifications. The presence of washers on one
or both sides of the connection will affect the
length of bolt required and must be specified to
ensure that the contractor orders the proper bolt
for the grip length required. Bolts that are too
short or too long cannot be properly tensioned
due to bolt run-out (bolt contacts the threads
before elongation) or due to inability to achieve
firm contact between the faying surfaces in a
connection if the bolt body length is too long.
Additional washers to correct for this issue are
not permitted by code.

References that should be consulted for design
of bolted connections include: the RCSC
Specification for Structural Joints Using High-
Strength Boltsthe AISC 350Steel Construc-
tion Manual the AISCGuide to Design Crite-

ria for Bolted and Riveted Joingd the AISC
Steel Design Guide 1High Strength Bolts, A
Primer for Structural Engineers

5.1.3.2.Bearing Connections. Bearing cc C5.1.3.2 Bearing Connections. Bearing conr
nections are connections in which a snugns are often required on HSS for bear
tightened joint or pretensioned joint with boltslocks, seals, miscellaneous attachments etc.
transmits shear loads and for which the desifhe Engineer must ensure that threads
criteria are based on the shear strength of tte bekcluded from the shear plane where required
and the bearing strength of the connected matarithe calculations. The drawings must specify
als.Bearing connections rely on bearing betwi A325-X if threads are to be excluded in bearing
the bolt and joining plate material to transfedloaconnections, or if connections are not required
Bearing connections may either be made with be fully pretensioned.
snug-tightened bolts or with fully pretensioned
bolts. Bearing capacity will be dictated by the
thickness of the base metal being joined, the size

and grade of the bolts being used in the con
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tion, and the presence or absence of threads i
shear plane. The Engineer should ensure that all
bearing connections are properly designed and
detailed to ensure that threads are excluded from
the shear plane where appropriate. Bearing
connections should not be used where fatigue or
dynamic loads are applied to the connection as
bearing connections will permit movement in the
joint.

5.1.3.3.Pretensioned Connections. Fu C5.1.3.3 Pretensioned Connectio
pretensioned connections shall be used for Riketensioned connections are defined in
structural connections on HSS. Structural conn&CSCSpecification for Structural Joints Using
tions are those connections that transmit primatigh-Strength BoltsPretensioned connections
live and dead load through the structumaust be verified with testing and verification.
Pretensioning bolts reduces the possibility Bfetensioned connections elongate the bolt so
loosening a connection when it is subjected ttwat all subsequent loads imposed on the bolt do
loads, particularly vibration loading. Pretensioneabt result in additional elongation. It is critical
joints transmit shear and or tensile loads throuthfat external loads that would decrease the load
the bolts and through bearing of the bolts against bolted connections be considered before
the connected material. As a result, the prepdrdly pretensioning connections. For example, if
tion of faying surfaces does not require specibk weight of the structure is applied to
preparation.The surfaces being joined in bearing block that has been pretensioned, the
pretensioned connection may be uncoa conne&tion may deflect sufficiently such th.
coated, or galvanized in any manner since the glip pretensioned bolts become loose. For this
resistance is not being considered as resistiegson, it is critical that the Engineer ident
applied loads. Pretensioned installation involvesen in the assembly sequence pretensic
the inelastic elongation of the portion of theonnections shall be verified.
threaded length between the nut and the thread
run-out. Pretensioned connections are required for
all joints where movement of the joirg not
desired. Pretensioned connections are required for
all connections in oversized bolt holes &
required for all connections where water tightness
is required.

5.1.3.4.Slip-Critical Connections. Slip C5.1.3.4 Slip-Critical Connections. Slip-critic
critical connections shall be used for all cyclicatonnections require additionaksting and
ly-loaded connections and for all connectiongrification to ensure that the faying surfac
where movement of the connection under appliedl develop the assumed coefficient of friction.
load is considered detrimental to structure péeditional considerations include installatic
formance (i.e.lifting lugs, dogging brackets sequence, tensioning sequence, and verification
gudgeon anchorages etc.). Slip-critical connexf-tension. The use of slip-critical connections
tions are also required for all connections that @ not common in typical building fabrication
to be designed in accordance w with the exception of some bracing systems. As
AISC/AASHTO as a fatigue category B conne a result, the Engineer should take special ca
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tion. Slip-critical connections should be usec ensure that the connections that are intende
the following instances for connections involvinge installed as slipritical connections ar:
shear or combined shear and tension: specifically identified on the drawings.

1. Connections that are subject to fatigue
Jload with reversal of the loading direction.

2. Connections that use oversized holes,

3. Connections that use slotted holes, except
those with applied load approximately normal
(within 80 to 100 degrees) to the direction of
the long dimension of the slot, and,

4. Connections in which slip at the faying
surfaces would be detrimental to the perfor-
mance of the structure.

5.1.3.4.1Slip-critical connections trans
fer shear loads or shear loads in combination
with tensile loads through the clamping force
between two properly prepared faying surfaces
of a connection. Sligritical connections
require both proper faying surface preparation
and proper installation of pretensioned bolts.
Slip-critical connections are those connections
that have specified faying surface conditic
that, in the presence of the clamping fo
provided by pretensioned fasteners, resis
design load solely by friction and witho
displacement at the faying surfaces. Conse-
quently, it is necessary to prepare the faying
surfaces in a manner so that the desired slip
performance is achieved.

5.1.3.4.2Faying Surface Preparation. C5.1.3.4.2 Faying Surface Preparation. Cc
accordance with the RCSSpecification for mon USACE paint systems such as vinyl and
Structural Joints Using High-Strength Badisd coal tar epoxy do not provide adequate faying
AISC 350Steel Construction Manuafaying surfaces for slip-critical connections. In addi-
surfaces of sliritical connections must b tion to not providing a sufficient coefficient of
properly prepared to provide the frictional slifsiction, vinyl paint systems permit creep
resistance. Proper preparation of faying surfaassembled connections. The Engineer should be
es requires the use of abrasive techniques ordlare of these limitations and should
application of appropriate paint coatin prepared to evaluate the use of alternative paint
designed to create slip resistance. The Enginggstems or faying surface preparation in these
should consider the effects of corrosion areas.Verification of faying preparation an
faying surfaces as a function of the H resultant coefficient of friction requires testil
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structures exposure/ submergence and sh in accordance with Appendix A of the RCS
specify the use of protective coatings or sealiBgecification foiStructural Joints Using High-
methods as required to prevent corrosior Strength Bolts

pack rust from forming resulting in reduced slip

resistance and potential failed connections.

5.1.3.5 Fitted Bolts/Fitted Connections. F C5.1.3.5 Fitted Bolts/Fitted Connections. Th
ted bolts are often used in existing structuresaie no standard procedures for the desig
create a slip-critical connection, or a connectiamstallation of fitted bolts. As a result, the use of
where movement between parts is detrimentafitted bolts should be evaluated before selecting
performance of the structure. Drawings will oftditted bolts over other structural bolted connec-
refer to “Fitted Bolts,” “Body Fit Bolts,” “Turned tions.
Bolts” or “Match Drilled Bolts.” In all instances,
the holes are drilled and reamed in the connection
to the diameter of the bolt, or the bolt is turted
the diameter of the hole. Clearances range from
hundredths to thousands of an inch depending on
the criticality of location and the degree
movement permitted in the connection. These fits
are often referred to as “Force Fit,” “Press Fit” o
“Freeze Fit” and are symbolized as LN (Location
Interference Fit) or FN (Force or Shrink Fit).
Unlike slip-critical connections designed under
AISC/RCSC guidance using clamping force ¢
friction, fitted connections are designed simply to
ensure that shear is occurring in all bolts equally
on the application of load.

There is no AISC code guidance regarding the
design of a fitted connection. Clearance be-
tween the bolt hole and the fitted bolt must be
determined based on materials being joined,
degree of movement permitted in the connec-
tion, and ease of installation.

Fitted connections designed for new construc-
tion should consider the use of A449 bar stock,
which is equivalent in material properties
that of A325 bolts.Consultation with ar
experienced bolting igineer, typically &
mechanical Engineer, is recommended.

5.1.3.6.0ther Bolts. For nonstructural a C5.1.3.6 Other Bolts. A307 bolts cannot
plications, use of A307 bolts or snug-tight higlpretensioned. As a result, A307 bolts may only
strength bolts is allowed, provided requiremeriie used to carry shear loads in nonstruct
of AISC are followed. connections.
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5.2.Detailing for PerformanceAll HSS shall C5.2. Detailing for Performance. Detailing f
be detailed to provide acceptable performanBerformance refers to the practice of selecting
including prevention of fatigue and fracture, details that will perform during the design life
to provide concentric connections, proper for a given set of in-service conditions. This
weld access, copes, snipes, and constructibiacludesselecting details that are resistant
tolerances, and to avoid points of stress fatigue and fracture as well as detailing
concentration. minimize corrosion and other factors contrib-
uting to long-term degradation of HSS. Detail-
ing for performance relates to the functionality
or use of the HSS, with the aim of ensuring a
long service life and extending the time be-
tween periodic maintenance inspections.

5.2.1.Detailing for Minimize Residua C5.2.1. Detailing for Minimize Residual Stre:
Stress. The Engineer should design HSS dpabor weld quality can lower the toughness of the
HSS details to minimize residual stress, rheat-affected zone if the heating and cooling are
straint, and constraint. Fabrication requirememtst controlled. Thick plates and jumbo rolled
including weld sequence and inspection rehapes often exhibit low toughness and
quirements shall be specified for thick plé residual stress away from air exposed ro
weldments or highly constrained weldme! surfaces due to slow cooling during the manu-
that will include large tensile residual stressdacturing process, and lamellar discontinuit
Stress relieving should be considered for larggnd to be more prevalent when compared to
weldments, girders with thick plates, and highinner plates or sections. Thermal effects due to
restraint. welding can also decrease material toughness
and produce high residual stresses. The residual
stresses can act on these low toughness areas in
the base metal that increases the potential for
cracking. The potential is further increased
where lamellar discontinuities exist. The adverse
thermal effects are reduced with gradual heating
and cooling of the weldment as it is welded, and
through proper selection of weld process and
procedures. The residual stresses creal
significant stress profile in the materials &
consequently can cause issues with fatigue and
fracture. These highly localized stresses may
commonly reach the yield point of the material.
As weld metal is built up, the residual stresses
will increase, and should be a consideration in
weld sizing (i.e., minimize weld size and/
strength). Along with controlling residua
stresses, proper weld detailing and sequencing
the placement of welds will minimize unneces-
sary constraint. Similar residual stress effeats ca
occur at flame cutting surfaces.
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Multiple welds in an isolated area can prodt
residual stresses that caxceed the yielc
strength of the parent material due to constraint.
Intersecting welds, intersecting members, |
thick weldments can result in highly restrained
and highly constrained conditions and increases
the potential for constraint-induced fracture.

Residual stresses can increase with an increase
in volume of weld material, thus a complete
joint penetration weld (CJP) may have a higher
degree of residual stress compared to a fillet
weld in the same application. Welds placed on a
member directly opposite each other have the
potential to create time delayed through-
thickness laminar tearing in the parent material
between the welds due to residual stress result-
ing from weld shrinkage during the cooli
process. Ways to manage residual stress include
proper selection of weld joint geometry, weld
process, weld sequencing, weld peening, and
post-weld stress relieving.

5.2.2.Detailing for Fatigue Resistanc C5.1.2. Detailing for Fatigue Resistance. |
The Engineer shall select fatigue resist HSS where vibration may produce significant
details for all cyclically-loaded HSS, includingycles of stress, details with high fatig
those subject to vibration and high cy« resistance will help to reduce the potential for
fatigue, to minimize the potential for crackracking.
initiation and propagation in accordance with
Chapters 3 and 4.

5.2.3.Detailing for Fracture ResistanceC5.1.3. Detailing for Fracture Resistance. See
The Engineer shall select fracture resist Chapters 3 and 4 for a discussion of fracture
details for all HSS toavoid restraint anc resistance.
constraint to reduce the potential for cracking.

5.2.4.Corrosion Control. Detailing fo C5.1.4. Corrosion Control. Consistent weld size
corrosion control includes providing for suffishould be maintained throughout wrapy
cient drainage and sealing of all connectiongelds to ensure weld quality. Detailing should
The Engineer should ensure that properly sizedsure that the weld wrap lies in one plane to
and located drain holes are provided. Minimumaintain good quality. Weld wraps should be
size welds that comply with AISC and AWspected for undercut, although small under-
criteria are required for seal welds. Sufficiermuts may not affect the fatigue resistance of the
room should be provided, through copes addtail significantly (Spadea and Frank 2002).
access holes, to accommodate wrappin¢ EM 1110-2-2704Cathodic Protection Syste
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welds. In non-submerged conditions or wh for CW Structuregyrovides additional detaile
the detail will not be exposed to a significamfuidance regarding corrosion control for HSS.
amount of moisture, welds may be terminated

%-in. short of copesln bolted connections

fully pretensioned bolts should be specified and

a sufficient number of bolts should be provided

to ensure thamoisture is excluded from th

connection.

5.3. Detailing for FabricationAll HSS shall be C5.3. Detailing for Fabrication. Detailing fc
detailed to accommodate fabrication proces$-abrication refers to the practice of providing
es. Individual members should be fabricatedthose details that promote fabrication quality,
before final assembly of the components intdacilitate fabrication, ensure good fit-up, and
the global structure. Provide sufficient accesprovide sufficient working access, whi
for welding, sandblasting, painting and otheraccommodating standard fabrication processes.
coatings, and inspection equipment and It is recommended to prale a minimum of
provisions (such as access hatches and saféyn. of working room at a 45-degree angle to
railing) to provide an inspector access to  pempendicular members at a weld joint.
frequently inspected areas. tighter working room is required by oth
constraints, potential fabricators should
consulted for requirements. Fabricators, erec-
tors, and material suppliers should be contacted
during the design process if there is conc
about constructability.

5.3.1.Distortion Control. Provide fo C5.3.1. Distortion Control. For long continuo
proper fitup, weld sequencing, and avc welds, control of the heat input (i.e., voltage,
warping. Weld sequencing is critical to controturrent and travel speed for a given process) is
ling residual stress during fabrication. Simplynportant to controlling the buckling of tr
stated, individual pieces (e.chutt welds in member due to restraint. A backstepping proce-
girder flanges) need to have welds completddre may be used to control the localized warping
before assembling the pieces into the final a plate. Backstepping includes breaking up a
structure. In general, welds should be dleng catinuous fillet weld into sections ar
quenced to minimize constraint during t welding back into the previous weld.
fabrication process. Beforéabrication, the
fabricator should develop (and the Engineliris recommended that a sequencing plan be

should review) a weld sequencing plan. required as a prefabrication submittal. For
example, on a plate girder, the fabrication

should begin from the inside and work toward
the outside.This is accomplished if the we
plates are butt welded before welding the fla
plates to ensure that components will fit without
having to introduce unneeded restraint :
residual stresses. It can also be beneficial in
reducing warpage of a flange welded to a girder
web by balancing placement of the longitudinal
welds connecting the flange to the web. C
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sideration should be given to the entire menr
being heat soaked before welding to prevent a
large temperature gradient near the w
location thatcould lead to warping of th
member. The cooling rates should also
controlled to provide for uniform cooling of the
member. This requirement should be included
in the design specifications to avoid any issues
if the fabricator will not allow the input of the
Engineer in the fabrication procedures.

Heat straightening guidance has been developed
by Federal Highway Administration (FHWA)
(see reference in Appendix A) that can be used
to help shape steel both in the fabrication shop
our in the field during erection.

5.3.2.Support and Restraint. An adequ. C5.3.2. Support and Restraint. Although -
amount of support and restraint should Engineer is responsible to detail the connection,
provided during fabrication to maintain that thine actual fabrication procedures are developed
member remains straight during fabricatioby the fabricator. The fabrication procedures
The member should not be overly restrained,raed to be reviewed and accepted by
previously discussed, since this can introduE@gineer before fabrication is initiated. Quality
large residual stresses. Rather than introducfabrication is a result of accurate design draw-
very large localized residual stresses, 1ings, specifications, clear and concise sl
restraint should spread the residual stre: drawings, and an internal shop quality control

globally across the member.

program. The fabrication shop is responsible for
providing specified materials, proper weld joint
preparation and processes)d an organize
quality control plan. These fabrication proce-
dures and submittals need to be reviewed by the
Engineer to ensure that the weld will he
acceptable qualityThe Engineer should b
knowledgeable about the AISC Quality Certifi-
cation Program and other similar indus
quality programs for fabricators, and should
consider the applicability of these certifications
requirements in the specifications.

5.3.3.Access for nondestructive testit C5.3.3. Access for nondestructive test
(NDT). This should be taken into consideratigiNDT). Magnetic particle testing is not general-
during development of design drawings ¢ ly used for overhead testing, but can be per-

shop drawings.

formed on almost any ferrous contour
surface. Probes for testing are spaced approxi-
mately 6-in. apart and can be adjusted to almost
any configuration.Welds with normal welc
access holes, snipes, or clips generally al
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adequate room to perform testing.

Ultrasonic testing. The area adjacent to the
weld needs to be smooth with no weld spatter.
The distance fnm the centerline of welt
required for testing on each side of the weld
area varies proportional to thickness of
material. The minimum distance will be ap-
proximately 2 in. on each side of the centerline
of the weld, and this will increase as the thick-
ness increases.

Radiographic testing requires access to both
sides of the weld. The weld must be in straight
alignment so the radiographic film can be
complete contact with the weld. Any type of
kink or bend will not allow for full contact.
Radiographic testing may be used on a large
radius, but the image will be distorted. The
weld area must be clean with no weld spatter.

5.3.4.Bolting Access. If a bolted conne C5.3.4. Bolting Access. Bolted connectic
tion will be used, sufficient access should t#hould be detailed with sufficient access
provided to allow for installation and tighteningllow pretensioning of the connection. The

of the bolts.

Engineer should not rely on the table entering
and tightening clearances presented in AISC.
This table only prowes clearances for tk
socket body itself. The use of hydraulic torque
wrenches will affect the required access to
bolts. The Engineer should consider the use of
3D CADD software to model both the connec-
tion and the hydraulic torque wrench to ensure
that sufficient access has been provided.
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CHAPTER 6

Designing for Operations and Maintenance

This chapter contains guidelines for design

to facilitate operation and maintenance and to
ensure long-term performance. See the gate
specific appendices (C-F) for additional guide-
lines for specific gate types.

6.1. Operability Gates shall be designed fol C6.1 Operability.
high degree of operational reliability. Consider-
ations include: Sidesway and binding can be limited by incor-
porating bumpers, guides, rollers, and ot
e Limiting sidesway and binding. devices.

e Incorporate deicing systems, such Excessive deflections are the result of inade-
heating systems and air bubbler systems, whguate stiffness and can result in poor seal
ice may accumulate and inhibit gate operatigmerformance and excessive gate vibration.

e Limiting deflections under service loadSome USACE Divisions design HSS and HSS
so that serviceability or operability is not imeomponents to a common regional standard
paired. way to benefit from interchangeability and to

o _ ] _improve operability systematically.

e Providing debris protection, debris re-
moval, and/or debris passage. Having the Engineer actively participating
. . the initial development of the HSS O&l

C° Conadenng_a systematic waterway d‘R?Ianual during the design process better assures
sign that improvesnteroperability qf parts integration between the design and operation
components, and HSS at other projects W'trﬁﬂases. Important design information includes,
the system. for example: self and dead weight assumptions,

« The Engineer's responsibility for partici—”ﬁing design and process, location of details

pating in the development of the HSS Operatig?lore vulnerable to cracking, location of FCM,

and Maintenance Manual at the time of desighOtential failure modes, estimated projection of
scope and cost anticipated for future budgeting

e Minimizing FCM to the greatest exten®f HSS rehab and repair.

possible. I
SMART technology for HSS has been initiated

e Considering the implementation oby ERDC-ITL and is planned for implementa-
technology such as Structural Monitoring arftbn at several locationsThe technology
Analysis in Real Time (SMART) on HSS as provides real time information regarding tl
way to improve operational reliability. structural performance on HSS in service. See

ERDC web site URL:
e Lifting connections should be designed

for safe and quick connect and disconn http://itl.erdc.usace.army.mil/
operability.
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6.2. MaintenanceStructural systems for whic C6.2 Maintenance. Maintenance is accc
maintenance is expected to be difficult shoulshodated in the design by providing protective
be avoided. Inaccessible cavities and cornersystems that minimize maintenance activi
should be avoided. Provisions shall be madeand that provide sufficient access to conduct
for lubrication of all moving parts as requiredmnaintenance activities.

by mechanical design.
Connections for components that reqt

Design decisions that have a relatively signifiemoval for routine maintenance such as seals,

cant maintenance cost should consider contact blocks, timber bumpers, mechani

cycle cost in the decision process. equipment, removable walkways, cathoc
protection sacrificial components, bushings, etc.

HSS components that have a short life expegrould not be welded.

tancy, or that, by the inherent nature of their

functional requirements,involve abrasior The Engineer should discuss with O&

should have connections other than welds Rooduct Development Team (PDT) if there are

more readily enhance efficient replacement aady unique O&M components, details and/or

maintenance. features that they prefer to be included with the
design of the HSS.

6.2.1.Corrosion Control. Structural ste C6.2.1. Corrosion Control. For a more detai
shall have long life coating systems or cathodigscussion and guidance on corrosion control
protection. Member thickness shall be increasegthods see EM 1110-2-3400 and EM 1110-2-
a minimum of 1/8-in. beyond what is required704. A minimum and increased thickness of
by design for those members that will steel members implies some corrosion
difficult to access for maintenance. The mingsection loss will occur over the design life of
mum steel thickness of any member shall bee HSS.
3/8-in.

6.2.1.1.Mechanisms. Design for corrosic C6.2.1.1 Mechanisms. Corrosion mechanis
control shall account for the mechanisms thatlude localized corrosion (e.g., crevi
cause corrosion. corrosion or pitting corrosion), general atmos-
pheric corrosion, mechanically assisted corro-
sion, or galvanic corrosion.

6.2.1.2.Material Selection. Materials shalll C6.2.1.2 Material Selection. Corrosion-resist
selected for corrosion control based on expo steel should only be used in locations wh
conditions and based dhe provided corrosiol corrosion is expected to be severe or where it is
protection system while satisfying all design Lir expected tampair the normal efficiency of gal
States. Considerations shall be given for compaigeration.

bility with connecting materials and cost.
Flame spraying of corrosiomsistant stee

Weathering steel shall not be used for subarticles on surfaces subject to corrosion may
merged conditions. be desirable where the use of solid stainless or
clad steel is not practical or economical.

6.2.1.3.Coatings. HSS shall be protect
from corrosion by applying a protective coati
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system or using cathodic protection. Memkt
shall be proportioned to accommodate access for
future coatings, coating repairs, and maintenance
of cathodic protection systems.

6.2.1.4.Cathodic Protection. For gates C6.2.1.4 Cathodic Protection. Brief theoretis
portions of gates that are usually submergeliscussions on corrosion are presented in EM
cathodic protection should be considered 1110-2-3400 and CASE (1993).
supplement paint coatings.

6.2.1.5.Galvanic Corrosion Consideratior C6.2.1.5 Galvanic Corrosion Considerations
Contact between dissimilar materials should general, the difference the anodic index fo
avoided by using coatings, isolation devices, dissimilar metals provides an indicator of mate
other methods that will ensure thatintact is compatibility and the likelihood of galvan
avoided. corrosion. Metalliccontamination of the met:
surface can cause galvanic corrosion. Nonmetallic
contamination on stainless steel can result in loss
of passivity at the contamination sites or canterea
oxygen concentration cells, which can ca
pitting. Such components as stainless steel rpllers
wheels, axles, track plates, seal plates, and guide
should be passivated after fabrication with aitri
acid solution according to ASTM A380. Durir
manufacturing, metals may acquire contamination
from metal forming and machining operations.
Avoidance of contamination, or the discovery ¢
removal of prior contamination on metals,
critical at the construction site during erection o
installation of the structure or equipment.

6.2.1.6.Detailing. Detailing consideratior C6.2.1.6 Detailing. The designer should con:
to ensure satisfactory operation and to minimige all locations where water can be trapped for
maintenance are: all gate positions. Lonterm standing wate
: . . should be avoided since it contributes
e Place drain holes in any horizontal, near .
. corrosion and becomes stagnant ponds of scum.
horizontal, or surfee where water can t . b .
, - The drain hole should have a minimum diame-
trapped. The holes shall be placed in locations . i
ter of 2 in. Cope holes can be used to avoid

where the structural integrity is not compro- . :
. ockets of water between stiffeners. Holes in
mised. The cut edges of holes shall meet the

surface finish requirements of AWS. langes should generally be avoided.

e Configure seals to minimize gate vibraEOr c_ie3|gns_ with enclosed spaces, It may
tions. possible to fill and seal the space with a noncor-

rosive liquid or solid. This technique has been

 Detail members so that all exposed pa#sed on tanks for floating fish entrance gates.

tions of the structure can be properly painted or L _ _ _
coated. In some cases, specifying a uniform increase in

member component thickness provides
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e Seal weld so that water cannot Structure with increased resistance to corros
trapped between the connected plates. Consldmage. However, because specifying such an
eration shall be given to minimum weld siz increase is not effective for localized corrosion
per AISC and AWS. and because it increases weight and cost, this

strategyis not recommended as a gene
e Grind slag, weld splatter, or any othgsractice.

deposits off the steel. These are areas that form
crevices that can trap water.

e Break or grind sharp corners or edges to
a minimum radius to allow paint or coating to
properly cover the surface.

¢ Avoid designs with enclosed spaces. If
such spaces caaonhbe avoided, make the
large enough for maintenance work and paint-
ing, or provide sustainable cathodic protection.

e Consider using corrosion-resistant metal
for areas that will be inaccessible for replace-
ment.

e Avoid crevices and areas where water
may pond.

¢ Avoid using dissimilar metals that result
in galvanic corrosion.

6.2.2.Access for maintenance and insp C6.2.2. Access for maintenance and inspect

tion. Members should be located and prop@ufficient access for cleaning, painting, and

tioned to provide workers and required equipyspection equipmentshould be allowed

ment with sufficient access to perform maint&rovisions (such as access hatches and safety

nance and repairs. Where practical, accesgaiing) should be made to provide inspectors

permit manual or visual inspection and maintaecess to frequently inspected areas. For very

nance shall be provided. large members, access manholes may
necessary. Access is accommodated by provid-
ing ladders, walkways, catwalks, access holes,
platforms, tie-off points, lighting, and accom-
modations to ease removal and handling of HSS
parts.

6.2.2.1 Dewatering. Provisions shallbeme C6.2.2.1 Dewatering. Bulkheads and stopl
for maintenance and inspection dewatering.  are typically used to dewater. HSS that cannot
be dewatered should include provisions
removal for maintenance and inspection.

6.2.2.2 Lifting attachments. Lifting attact Lifting attachments should include conside
ments, including dogging devices, etc. are use tions for lift load, impact requirements, mir
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accommodate fabrication, shipping movit mum thickness of the lug pin, lug projecti
maintenance and repairs. If possible, they shoaltd clearance as well as tensile and shearing
be designed by the Engineer during the de modes of failure and lits on combinec
phase. If designed during construction or opesdresses.

tion phases,the Engineer shall review ar

approve the design.
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CHAPTER 7

Fabrication

7.1.Fabrication Responsibilitie§ he fabrica- C7.1 Fabrication Responsibilities. Fabricatior
tion of HSS is unique in that the structures aSS in accordance with ER 1110-2-8157
not frequently fabricated similar to buildings requires extensive designer involvement in the
or bridges. While a fabricator may be familiareview and approval of fabrication and erection
with applicable building or bridge code details. Unlike many Corps’ constructio
requirements, welding procedures, and QA contracts where the Government Quality Assur-
techniques, the requirements necessary for tice Representative, or Contracting Officer's
fabrication of HSS are specialized and uniquRepresentative is authorized to review ¢
As a result, the responsibility for fabrication approve drawings, submittals, test results, etc
oversight is more involved and detailed for behalf of USACE, the responsibilities for HSS
the fabrication of HSS than many other differ from this standard practice. In accordance
Corps’ projects. The designer of each HSS with ER 1110-2-815Responsibility for Hydrau-
must be familiar with the fabrication respon- lic Steel Structureshe Engineer, as designated
sibilities associated with each structure in by the District's Chief of the Engineering
accordance with ER 1110-2-81%esponsi- Division,

bility for Hydraulic Steel Structuresn

accordance with ER 1110-2-8157, the Engi-  shall be a licensed professional Engineer, be

neer is responsible for the following tasks a structural Engineer, have continuing edu-

during the fabrication phase of HSS: cation that includes structural steel design,
experience irthe design, inspection, ar

1. Shop Drawing Review and Approval evaluation of HSS ... An Engineer conduct-

ing or leading the team conducting quality

2. Construction Site Visits control or Quality Assurance shall have at

_ ~least the same qualifications as the Engi-
3. Review of VE Proposals/Contract Modi-  peer.

fications

) ~_In accordance with ER 1110-2-8157, the Engi-

4. Consultation on Plans and Specificationger shall participate as part of the District's

Interpretation Quality Assurance team. In addition, fabrication
: . according to AWS D1.5 requires Engine

5. Final Inspection Of Completed Structuregy a1 for welding repairs and resolution of

6. Maintenance of Permanent Records 8}her fabrication deficienciesThe level of

Construction, Including Testing Reports to tpegrtu:lpat_lon requ_wed Is extensive for HSS and
: will require additional funding s®urces anc
used for Future Evaluations. " L :
additional communication between the design
staff and the construction office. The Engineer
should document important communication and
decisions in writing, and share that documenta-
tion appropriately with fellow PDT members to

assure effective communication.
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7.2.Use of Guide Specification®New HSS C7.2 Use of Guide Specifications. Gui
shall be fabricated in accordance with UFGSspecifications for fabrication of HSS structures
055913 Fabrication of Hydraulic Steel have been provided to ensure that structures are
Structures The guide specification is availa- fabricated in accordance with ER 1110-2-8157.
ble as a Specs-Intact MasterFormat File andEach HSS should begin with the appropri
shall be amended as appropriate. The guideguide specification. However, eaddSS is
specification incorporates several key re-  unique requiring the guide specification to be
quirements in accordance with ER 1110-2- edited.

8157,Responsibility for Hydraulic Steel

Structures These requirements include:

1. Responsibility of the Enginegrcluding 1. Responsibility of the Engineetn ac-

submittal review, shop drawing review, etc. cordance with ER 1110-2-8157 and AWS D1.5,
the Engineer is responsible for reviewing and
appoving all submittals related to fabricatic
of the HSS. The guide specification addresses
this issue by incorporating an extensive list of
government-approved submittals that are
required to be submitted for Engineer approval.
These submittals include Shop Drawings, FCP,
Procedure Qualification Records, Weld Proce-
dure Specifications, Weld Tracking Lo
Welding Repairs, Delivery and Shipping Plan,
and Control Dimensions. Many of these submit-
tals are not required in general construct
fabrication including structural steel fabrication
for buildings. As a result, previous guid
specifications for structural steel fabricati
may not have required many of these submit-
tals. The guide specification UFGS 0559
should be used to ensure that the proper submit-
tals are being requested and reviewed by the
Engineer.

2. Fracture and Fatigue Requirements. 2. Fracture and Fatigue Requirements.
accordance with ER 1110-2-8157, new HSS are
to be detailed with fracture and fatigue re-
quirements in mind. To fabricate structures with
fracture and fatigue requirements, a fabricator
must be familiar with the concepts of fractt
and fatigue and must be familiar with t
requirements to eliminate fracture and fatic
prone details. Much of the work that has been
done to minimize the effects of fracture and
fatigue has been done in the bridge fabrication
industry. AWS D1.5Bridge Welding Code
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incorporates good fabrication practices
minimize fracture and fatigue including proper
welding procedures, removal of temporary and
or tack welds, prohibited welded joint configu-
rations, removal of weld backing bars and other
details thathave been shown to reduce t
fracture and fatigue resistance of welc
structures. FCM require special weldin
procedures in accordance with AWS D1.5. All
welds to FCMs are considered FCW in accord-
ance with AWS D1.5. In addition, all FCMs
identified on HSS must be fabricated frc
material that possesses toughness to minimize
the initiation of fracture.

3. FCM Fabrication The fabrication ol

componentsncluding addressing the fabricaFCMs requires the use of techniques and testing

tion of FCMs.

4. Incorporation of the Fracture Contrc

in accordance with AWS D1.5. AWS D1.1 does
not address the fabrication of FGMr the
requirements of a FCP. The relevant compo-
nents of AWS D1.5 have been incorporated into
the guide specification to ensure that FCMs are
properly fabricated.

4. Fracture Control Plaftn accordance witt

Planin accordancewith ER 1110-2-8157 andER 1110-28157 and AWS D1.5, the guic

AWS D1.5.

specification requires the contractor to develop
and submit an FCP. An FC&ldresses th
fabricators quality control requirements associ-
ated with FCMs. The FCP addresses how the
fabricator and steel erector will handle, c
weld, bolt, assemble, and finish fracture critical
components of the HSS in accordance v
AWS D1.5 Chapter 12, Fracture Critical
Requirements.” The FCP addresses consumable
requirements including storage and handl
requirements, diffusible hydrogen contr
control of electrode exposure and shield
requirements. The FCP additionally addresses
Welding Procedure Specification requirements,
fabricator ertification requirements, therm.
cutting and prepping requirements, repair
base metal, straightening, repair weldil
record keeping, and general handling ¢
storage requirements for fracture critic
material including the use of protective slings
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prevent nicks and scratches, which are proh
ed by AWS D1.5 to minimize stress concentra-
tions, which can lead to fracture and fatigue.

5. Special welding provisionfor HSS in- 5. Special Welding Provisions for HS:
cluding the prohibition of tack and temporaridSS are unique structures tree primarily
weldsand the incorporation of seal welds. submerged in water. To prevent corrosion of

these structures, “seal welds” are often required.
“Seal welds” is a generderm used for an
weld with a primary purpas of providing a
specific degree of tightness against leakage
versus transferring structural loads. AWS D1.5
prohibits the use of seal welds on many bridge
connections as discussed above to minimize the
initiation of fracture and fatigueThe guide
specification UFGS 055913 specifically ad-
dresses seal weld requirements ensuring that all
welds are made with the same level of quality
and receive the same level of inspection and
testing.

6. Bolting requirementincluding specify- 6. Bolting Requirements. In accordan
ing and testing slip-critical connections to meetith AASHTO fatigue categories, bolte
AASHTO fatigue category Bln accordance connections are categorized as a Category B
with AWS D1.5 and UFGS 055913, each FCMatigue Detail provided they are fully
on an HSS must be identified on the plans. Altetensioned and installed as slip-critical
members not identified as FCMs are assumedtmnections. The guide specification UF'GS
be non-FCMs. Non-FCBI are subject to 055913 incorporates the necessary QA testing
different/lesser level of quality control the required to verify fully pretensioned bolte
FCMs. Itis important that those performing QA&onnections and slip-critical connections.
on HSS understand the requirements associated
with FCMs.

7.3. Fabrication Shop Certificatiorin accord- C7.3 Fabrication Shop Certification. Fabric
ance with AWS D1.5 Chapter 12, all fabrica-tion shop certification is required to ensure that
tors performing fracture critical work the fabricator has sufficient capabilities
perform the quality control requiremer
... shall be certified under the AISC Qualitgssociated with an FCihcluding material
Certification Program, Category Ill, Majohandling and consumable storage. In addition,
Steel Bridges with Fracture Critical Ratingshop certification ensures that the fabricator is
or an equivalent program acceptable to thgniliar with developing and qualifying Proce-
Engineer. dure Qualification Records and Welding

_ o o Procedure Specifications, and that the fabricator
Alternate fabricator certification criteria (Ameryas the necessary skills to perform repairs to

ican Society of Mechanical Engineers [ASMEECMs in accordance with AWS D1.5.
API, AISC Simple Steel Bridge, Standard for

Steel Buildings etc.) may be specified by 1
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Engineer if deemed appropriate. Note that
FCP and fracture critical requirements specified
in ER 1110-28157 will not be met with a
alternate certification.

In addition to certification, the fabrication shop
must be capable of handling and fabricat
HSS components.Size limitations, crant
capacity, and shipping access will dictate the
size of HSS components thdte shop car
fabricate. A restriction in component size may
result in additional shop or field splices. The
size and capabilities of the fabrication shop and
steel erector, along with weight and s
restrictions along the shipping route to f
project site, must be considered when desig!
HSS components.

7.4.Welding

ETL 1110-2-584
30 Jun 14

7.4.1.Welding Codes. AWS D1.5 shou C7.4.1 Welding Codes. Whereas AWS D1.!

be used for fabrication of all HSS. AWS D1.ihtended for the fabrication of highway bridges

may be used on redundant, noncyclicallgnd AWS D1.1 is intended for the fabrication of

loaded HSS where fatigue and fracture are rtildings and other similar type structures, there
design considerations and where no FCMs ae no fabrication specifications specific to HSS.
present in the struate. Alternatively, weld AWS D1.5 is the preferred welding code as it
acceptance criteria may be determined througffiers an appropriate higher degree of fabrication
application of fracture mechanics principles. controls and fabrication quality when compared

to AWS D1.1. There are a number of advantages
in using AWS D1.5 over AWS DL1.Ih that
AWS D1.5:

e Provides for an FCP (required for fabri-
cation of FCM);

e Provides more stringent inspection re-
quirements;

e Requires that all detected discontinuities
and defects be reported on FCMs;

¢ Requires a fabricator implement a quali-
ty control plan;

¢ Requires specific material and welding
material toughness properties;
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¢ Includes additional requirements for welc
certification, weld procedure qualifttan, and
quality control within the fabrication shop;

e Specifies controls on welding processes,
heat treatment, and repair welding;

e Restricts the selection of base materials
(ASTM A 709) and weld materials;

e Places greater restriction® onaterial
tracking and handling;

e Requires qualification of weld proce-
dures for certain processes and welding to other
steels or castings, and;

e Provides for stricter controls on hydro-
gen diffusion.

For those HSS where fatigue or fracture are
design considerations, cracking can lead to ser-
viceability issues and reduced service life. There-
fore, AWS D1.5 s still preferred, because welding
to this code minimizes the potential for cracking.

It should be additionally noted that AWS D1.5
commentary does not recommend the combina-
tion of use of AWS D1.1 and AWS D1
without careful consideration. The foreword of
AWS D1.5 2010 state that:

While the D1.1 and D1.5 codes do share a
number of common provisions, it shot

not be assumed that revisions to one docu-
ment provision automatically revises i
analogous provision in the other. Therefore,
users are encouraged to treat each code as
an independent document.

Requiring the use of both AWS D1.1 and AWS
D1.5 on a structure requires careful considera-
tion and drawing preparation to ensure that the
fabricator is capable of differentiating compo-
nents of the structure. Fabricators who possess
AISC certification to perform work to AW:
D1.5 do not typically have AWS D1.1 work

7-6



ETL 1110-2-584
30 Jun 14

the same shop simply to avoid the compli
tions associated with quality control including
consumable storage, material handling require-
ments, and testing requirements.

7.4.2.Acceptance Criteria. AWS D1.5 pre C7.4.2 Acceptance Criteria The use of existin
vides visual weld inspection acceptance critenaginal contract drawings when fabricating a new
and ultrasonic inspection acceptance criteria f86S should be avoided. Existing drawings are
both tension and compression welds in Clauseu6ually not labeled to current acceptance criteria
Contract drawings must identify all fractu and often contain welds that do not meet current
critical members as well as all tension membetsde requirements. That is to salge welds
The labeling of fracture critical members arghown may not be permissible by code. For
tension members is critical to define whi example, they may lack weld access holes in CJP
ultrasonic inspection criteria will be used by theelds. Alternate acceptance criteria for weld
fabricator. The Engineer should also considespection (ASME Boiler and Pressure Vessel
adding testing notes to the tail of critical welols Code, API, or Engineer generated requirements)
avoid confusion during fabrication. should be considered carefully before be
required. A fabricator who is unfamiliar with
these requirements may have difficulty meeting
these requirements. It should be noted that the
AWS codes are minimum standards for work-
manship. The codes have proven through time to
produce quality welds that perform adequately for
the applications asemted with each cod
(Buildings and Bridges). Additional requirements
for testing are at the discretion of the Engineer
and should be considered where applicable for
fracture critical structures or structures that have
shown performance issues. The Engineer must be
familiar with the advantages and disadvantages of
the various testing methods.

7.4.3.Welding Procedure Specification C7.4.3. Welding Procedure Specificatiol
Welding procedure specifications shall Generating a WPS requires that key welding
submitted and reviewed for all welds on parameters be defined for each weld produced.
HSS regardless of prequalification. AWS D1.bhese key welding parameters are known as
only permits pre-qualified welds for A709 steéEssential Variables” in the AWS code. Essen-
joined with approved low hydrogen 70: tial variables include preheat, interpass temper-
SMAW electrodes. Tanaintain records an ature, changes in amperage or voltage, shield-
compliance with ER 1110-8157, guide ing gas, groove angle etc. Changes to essential
specification 055913 requires that all we variables require a new PQR for all WPSs. As a
performed on HSS be qualified by testing. WR8sult of this, the guide specification UF(
qualified by testing shall be qualified in accor®355913 requires that all WPS be qualified by
ance with AWS D1.5. To qualify a WPS byesting. This ensures that all essential variables
testing, a Pre-Qualification Record (PQR) teate established for all new WPS and that any
shall be performed to test the proposed Weldingriation in essential variables can be moni-
Procedure Specification. In accordance w tored during fabrication. The Engineer shall
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AWS D1.5 the Engineer or his/her designa familiar with the process of WPS generatior
representative shall be present for PQR testingview and approve WPS submitted.
The welding procedure specification shall be

reviewed and approved by the Engineer. The

use of materials other than A709 requi

Engineer approval and a PQR and WPS to be

generated for each combination of base metals

(A709 welded to A572, A709 welded to A35,

etc.). There are often components of HSS that

are manufacturedrom material other thai

A709 e.g., steel rub blocks or bearing blocks

thicker than 4 in(the maximum thickness ¢

A709). In these instances, it is necessary that

the Engineer define the materials that may be

welded per the AWS D1.5 code and ensure that

the proper PQR and WPS for joining the

materials is requested and submitted.

In addition to WPS generated and submitted for
new fabrication, a WPS is additionally required
for all repair welding performed on an HSS.
The WPS for repair welding in accordance with
AWS D1.5 Chapterl2 will require separat
essential variables including increased preheat
and post-weld heat treatment or cooling times.
Repair welding should be expected by
Engineer. In accordance with AWS D1.
requirements, approval of all weld repairs shall
be by the Engineer.

7.4.4.Fracture Control Plan. The fabric C7.4.4 Fracture Control Plan. An FCP addre:
tor is responsible for generating the FCP. Ahe fabricators quality control requiremer
FCP is required for all HSS in accordance widssociated with FCMs. The FCP addresses how
ER 1110-2-8157 and AWS D1.5. The Enginetre fabricator and erector will handle, cut, weld,
shall specify any specific requirements that shblt, assemble, and finish fracture critic
be addressed in the FCP in the contract speafmponents of the HSS in accordance with
cations. Examples of specific requirements maAyvVS D1.5 Chapter 12 Fracture Critical Re-
include the prohibition of specified splices ajuirements. The FCRddresses consumalk
field welds or the requirement for individuatequirements includo storage and handlin
components to be shop assembled before fidduirements, diffusible hydrogen contr
installation. The Engineer shall review tt control of electrode exposur@nd shielding
submitted FCP to ensure that the contractor maguirements. The FCP additionally addresses
addressed all fracture critical requireme Welding Procedure Specification requirements,
including base metal, consumable, preh fabricator certification requirements, thern
handling, and testing requirements. cuttingand prepping requirements, repair of b
metal, straightening, repair welding, recc

7-8



7.5.Installation ~ of  Bolted  Structure
Connections Structural bolted connectior
shall be installed per RCSC specifications.
The Engineer should ensure that adequate
clearance is available for installation of all
bolted connections. The Engineer should
verify the dimensions of hydraulic torque
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keeping, and general handling and stor
requirements for fracture critical mater
including the use of protective slings to prevent
nicks and scratches, which areolpibited by
AWS D1.5 to minimize stress concentrations,
which can lead to fracture and fatigue.

C7.5 Installation of Bolted Structural Conne

tions. The Engineer should note that previous
structural guide specifications and those incorpo-
rated into previous designs primarily focused on
bolting requirements associated with buildi

industry standards. Buildings are not typically
designed with either fully pretensioned or slip-

wrenches and adequate clearance on both thatical connections. In addition, the numbers of

nut and bolt head side of the connection.

7.5.1.Installation Sequence. The instal

connections in a typical building are extensive.
As aresult, the independent testing and verifica-
tion of bolt installation was previously consid-
ered cost prohibitive As a result, previou:
guidance and specifications did not address the
need for adequate testing and verification. HSS
are more appropriately compared to bridges in
terms of the criticality of connections. HSS are
typically designed to minimize weight and size.
As a result, the redundancy of bolted connec-
tions is often limited by space requirements. As
a result, the critical nature of bolted connections
and therefore the need to verify the pro
installation and performance of these connec-
tions is increased over that of a building. In
accordance with this, the Engineer shall ensure
that structural bolted connections in HSS are
adequately tested and verified before placing the
structure in service.

tion and tensioning sequence for complex bolted
connections should be identified on the draw-
ings. Connections should be installed from the
interior of the connection working outwar
Drawings and specifications shall ensure that all
connections are snug-tightened. Connections that
are fully pretensioned shall be snug-tightened
before being fully pretensioning. This ensures
that all plies of the connection are in contact
before tensioning.
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7.5.2.Installation procedures. The RCS
specification should be consulted for a descrip-
tion of the pre-installation verification proce-
dures, installation procedures, and inspec
procedures. UFGS 055913 includes notes that
must be added to design specifications
structures with bolted connections to ens
that proper installation and testing procedures
are used.

7.5.3.Testing of Bolted Structural Cor
nections. The testing and verification of bolted
structural connections shall be defined in
specifications. Testing and verification re-
quirements are highlighted in the Notes con-
tained in UFGS 055913. This will require the
Engineer to edit the specifications to ensure that
the testing requirements are moved from
Notes section of the specifications to the main
text of the specifications.

7.6.Fabrication Shop Quality Assuranc C 7.6 Fabrication Shop Quality Assuran
Quiality assurance for fabrication of HSS is aFabrication shop Quality Assurance is a team
Team approach. As outlined in ER 1110-2- effort between USACE Engineers and Con-
8157, the Engineer has a considerable role istruction Staff. Effective lines of communica-
performing QA for HSS. As described in tions and roles/responsibilities should
Section 7.1 above, The designer of each HS&stablished before award of any HSS contract.
should be familiar with the fabrication While the specifications require a certain level
responsibilities associated with each structuied fabricator experience, there are still few
in accordance with ER 1110-2-81%espon- fabricators who are familiar with the require-
sibility for Hydraulic Steel Structures ments of HSS fabricatiorAs each HSS i
unique and differs from the typical fabrication
In executing the requirements listed above, ittigat the construction office and the fabricator is
critical that the Engineer establish roles ¢ ysed to, it is critical that the Engineer be pres
responsibilities closely with the constructit to explain these requirements, both in writing in
staff. It is critical that the Engineer becom the form of instructions to construction person-
part of the Quality Assuranceeam for the nel and in person in shop and site visits. It is
fabrication and erection of an HSS. critical that the Engineer work closely with the
fabricator and erector to understand fabrication
and erection capabilities and requirements.

7.6.1.Responsibility for Shop Inspectiol
In accordance with ER 1110-2-8157 and UFGS
055913, Fabrication of Hydraulic Steel Struc-
tures,the Engineer will be performing periodic
site visits to the fabrication facilityit is the
responsibility of the Engineer to coordine

7-10



ETL 1110-2-584
30 Jun 14

these visits with the appropriate USAC
construction personnelAt a minimum, the
Engineer should be present at “Witness Points”
as established in the specifications. Witness
points are critical points in the fabrication and
assembly of HSS where assembly det¢
dimensional tolerances, and fabrication details
are verified. These witness points are estab-
lished as hold points that ensure that fabrication
does not proceed until the Engineer and
USACE Construction Personnel are satist
that the fabrication is proceeding in accordance
with the plans and specifications. At a mini-
mum, witness points shall be established for the
Initial Quality Assurance Inspection, Intermedi-
ate Quality Assurance Inspection, and Fi
Inspection. UFGS 055913 provides additional
guidance on establishing witness points. The
Engineer should address witness points in both
the specifications andn the engineering
considerations document prepared for construc-
tion. Depending on the complexity of HSS and
the experience of the construction Quality
Assurance staff, additional fabrication inspec-
tion should be anticipated.

7.6.2.Transport. The Engineer should1 C7.6.2 Transport. The guide specificati
view the contractor’'s transport plan for i requires that the contractor’s picking plan and
components fabricated at the shop and deldesign of any picking points be submitted for
ered to the work siteThe Engineer shoul approval by the Engineer. The Engineer should
review the pick plan, the shipping plan, a consider transport capabilities when designing
should inspect the delivered product al and detailing the structure. Transport capabili-
transport. The contractor shall address transpaes of the fabricator and erector will dictate the
and handling of the structure in the FCP aplicing and field installation of the structure. If
referenced above. transport will require field splicing of th
strudure due to shipping considerations, !
Engineer should detail and locate these splices
in areas of low stress where possible.

7.6.3.Field Fabrication Inspection R¢ C7.6.3 Field Fabrication Inspection Requi
quirements. The intent of the rules for fabricasents. Inspection Requirements. Quali
tion and QA in the field are no different thaassurance procedures for field fabrication are
those performed in the fabrication shop. Theentical to shop fabrication requirements. In
Engineer should anticipate participating in fi¢ addition to inspection requirements, the Engi-
fabrication inspectionsField fabrication is neer should be present for installation ¢
typically required for large HSS, particularlpperational testing of HSS.
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both welded and bolted splices of prime
members due to shipping restrictions. The
Engineer should be present to perform similar
QA inspections of assembled compone
including splices, installation of hoistir
components (wire ropes, chains etc.), sacrificial
anode installation etc. Quality assurance must
be maintainedn the field to ensure that tf
FCP is adhered to.
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APPENDIX B

Types of Hydraulic Steel Structures

B.1. General USACE designs, constructs, and operates many types oftpradjee primary project
purposes are flood control (reservoirs), navigation, and local flood protedt8ACE projects
sometimes include hydropower and water supply as secondary purpasegqrgject uses HSS
(gates) to control the flow of water in various ways. This appemdixdes a brief overview of the
types and uses of various gates. The following Appendixgglproore detailed design information
about specific types of gates, including:

Lock gates (Appendix C);

Tainter gates (Appendix D);

Lift gates (Appendix E);

Flood closure gates (Appendix F);

Bulkheads and stoplogs (Appendix G).

B.2. Project Types

B.2.1.Navigation Dams. Navigation projects permit navayabetween different water levels up-
stream and downstream of the dam. The navigatitrelght varies considerably in different geogreph
areas. In coastal areas, lifts are often 10 ftg8.|Along the Mississippi and Ohio Rivers, liftd5 to
25 ft are common. In more hilly or mountainous syeapecially in the Pacific Northwest, lift height
can reach 100 ft. Lock gates obviously open argbdim pass navigation traffic. There are some eniqu
issues for design of these gates:

e Barge impacts on the gate;

¢ A need to pass ice and debris accumulating upstream of the gate;
e Subject to many load cycles and frequent operation of machinery;
e Require bulkheads or other closure systems for lock maintenance;

Lock gates, similar to gates for flood control projects, canaffect dam safety. In addition, failure
of a lock gate could cause a lengthy halt to navigation. This could result in ¢argam@c losses,
especially on waterways with large traffic volumes.

B.2.2.Flood Control Dams. Flood control dams provide wodun the reservoir to store incoming
flows to prevent downstream flooding. They usegtieetain water during high inflows, release wate
after the high inflows to recover flood storageasaty, and regulate low flows for downstream water
supply or water quality. Reservoir levels are ugkaipt low to provide the flood storage capaditgod
control reservoirs use gates for spillways, slugcesintake towers. Spillway gates are frequeaithger
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gates. Sluice gates are used mostly for low fldwwsugh the lower part of the dam, or through intake
towers.

The gates can be a critical component affecting dafety, so reliable performance is essential.
Failure to close the gates can result in excess flows doanstpossibly resulting in flooding.
Failure to open the gates to release flows can result img peol possibly overtopping the dam.
Erosion due to the overflow could cause dam failure. Structuhaddaif a gate can result in sudden
excess flows downstream, with possible flooding. This could also regalindation erosion and
dam failure.

B.2.3.Hydropower. Although USACE projects do not incliyelropower as the primary func-
tion, it may be included as a secondary functiditoot control or navigation dams. Gates for prigec
with hydropower are similar to other dam gates.ré@lae usually gates to control flows through the
turbines, and bulkheads to allow turbine mainteaa®ne difference at dams with hydropower is that
reservoir levels are usually kept as high as plessbnaximize power generation. So while a spjlwa
gate at a flood control dam (with the reservoirtheyw) might not have any water against it mucthef
time, hydropower dams often have large heads a@dghmspillway gates most of the time.

B.2.4.Local Flood Protection. Local flood control progdften consist of levees or floodwalls
surrounding a populated area. Openings are prothdedgh the levees or walls to permit road, radro
or pedestrian traffic without going over the levégates are provided to close these openingsvapro
the occasional flood protection. These gates haméety of hinged and rolling configurations shla
for the different height and width of the openingkese gates are seldom in use, but must operate
reliably during floods.

B.2.5.Water Supply. Water supply is generally not thenpry function of USACE projects, but
may be included as a part of a mixed-use resdo/miclude flood control and hydropower. Pool lsyel
which fluctuate based on need, must be balancédbivier uses.

B.3. Gate Types

B.3.1.Lock Gates. Several types of gates are used ks.[dbe most common is a miter gate. Mi-
ter gates consist of two leaves mounted on thedadls. These gates are fairly simple in construction
andoperation and can be opened or closed more rapaypther types of gates. Maintenance costs
generally aréow. A disadvantage of this gate is that it carr@tlosed during an emergency situation
with an appreciable flow through the chamber. When closecetaiding pool, they form a shallow
three-hinged arch, with the arch pointing in thettgam direction. When open, they rotate into s&ses
in the lock walls. The arch action is an efficiesaty to span between lock walls, and miter gatasneg
relatively small force to operate. However, to perf safely, it is critical that the two leaves meet
properly when closed. Figure B-1 shows a typicééngate.

A navigation lock requires closure gates at both ends of the lockisbehaater level in the lock
chamber can be varied to coincide with the upper and logpgoach channels. The sequence of
“locking” a vessel upstream is: (1) lower the water léwehe lock to the downstream water level,
(2) open the lower gate and move the vessel into the lock chambegg@}ie lower gate and fill
the lock chamber to the level of the upper pool, and (4) open the upstresandaove the vessel
out of the lock. Lockage of a vessel downstream involves a siradaesce in reverse order. Lock
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gates may also serve as guard gates, valves fogfdhd emptying the lock chamber, for passing ice
and debris, to unwater the lock chamber, and to provide access from one lock wall to thg other
means of walkways installed on top of the gates.

Two types of lift gates are used for locks, submersibte @verhead. Submersible lift gates are
sometimes used as the upstream gate. In the raised positiorggis¢ypool. To pass navigation,
they lower behind the upstream sill of the lock. These gates usoakbyst of two or three leaves
that can move independently. Sometimes the upper leaf is loweagletlydtielow the water surface
to allow accumulated floating ice or debris to pass throughottie Figure B-2 shows a typical
submersible lift gate.

An overhead lift gate is sometimes used as the downstraarfoghigh-head locks. The closed gate
retains high pool levels, and the gate is raised to allow barges to pass beneath the tgpehed ga
provide the required clearance, the gate must be raised high, thusgelquge towers to house the
machinery. Lift gates have a simple structural configurabiotrequire large machinery to provide
the lifting force.

Sector gates are used for very low lift navigagiates, such as encountered in coastal areas. These
gates consist of two leaves that join at the cagfttre lock and rotate into recesses in the lodk wa
when open. Each leaf is shaped as a sector of a cylindep wettical axis. The advantage of sector
gates is that they can be opened and closed under small diffieneiads, or with flow through the
lock. This can eliminate the need for a separatadithnd emptying system for the lock, providing a
major cost savings. Figure B-3 shows a typical sector gate.

There are several other types of gates used for locks. M&streqguire culverts to fill and empty
the lock chamber. These culverts require valvestarol flows. The valves are usually fabricated
steel gates, with sizes from 12 to 16 ft vertically and horizigntather types of lock chamber gates
are occasionally used, such as a submersible tainter gate. Ap@atidcusses design of lock gates
in detail.

B.3.2.Tainter Gates. The most common type of gate foitlevay crest is a tainter gate. The shape
of a tainter gate is similar to a sector gateylilt the axis horizontal. The gate is raised daéfspillway
to permit controlled flows over the dam. The curgbdpe of the gate provides favorable hydraulic
discharge characteristics. The radial configurati@ans that hydraulic forces cause no moment about
the axis of the gate, and thus do not affect opgradads. This reduces the required hoist capaaitly
can simplify machinery design. Appendix D discuskesgn of tainter gates in detail. Figure B-4 show
a typical tainter gate.

B.3.3.Spillway Lift Gates. Lift gates are also commonuee as spillway crest gates. These are
much narrower than lift gates used as lock gatesy Tisually consist of a single leaf that is raised to
permit controlled flows. Sometimes the leaf istsptd an upper and lower section, and the uptiose
may be raised to permit flows between the sections.

B.3.4.Flood Closure Gates. A wide variety of gate typassied to close openings in levees and
floodwalls. This is largely due to the variety aiths, heights, and slopes of the openings (roasiasey
often not flat). There are other consideration® sischow fast the gate must be operated (smalhstre
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can flood very quickly compared to major rivers) anciiipe of equipment is required to close the
gate. Common closure gates include:

e Swing Gate;
e Miter Gate;

¢ Rolling Gate;
e Trolley Gate;
e Stoplogs.

Swing gates are mounted on hinges, like a door. They are simply speingnd closed. For wider
openings, there can be dual swing gates, that closeshgaiemovable post located at the center of
the opening. Miter gates for flood closures are similar to rgaggs for locks, but usually much
shallower. They provide an efficient arch action to spaematbsures. Rolling gates have wheels so
they can simply be rolled open and closed. This requires a trattiefatheels across the opening.
Trolley gates are similar to rolling gates, but the gateispended from an overhead track. This
eliminates the tracks across the roadway, but requiresea@support structure. Stoplogs provide
the simplest closure gate configuration. Beams are simply stacteeslots on each side of the
opening. For wider openings, removable posts can be used for use wigtgblods, but the posts
must be adequately supported. Appendix F further describes various cldsste ga

B.3.5.Bulkheads. Bulkheads are steel gates used to pegemétering of sections of a project to
permit maintenance. Similar to a lift gates, bulideoften consist of a single fabricated steelhaiis
lowered into slots on each side of an openingldfger openings, the maintenance closure gatelysual
consists of shallow units that are stacked to doessary height. This seems to match the desarigtio
stoplogs used for flood closures. However, usadbeoferms bulkheads and stoplogs is inconsistent
among various offices. Sometimes the terms are ingg@hangeably for the same configuration of
stackable units. Alternatively, the term bulkheaghtbe used only for a full-height, single unit the
other hand, stoplog might be used to refer to ®msfaicked beams, while bulkhead is used for stacked
units consisting of more elaborate horizontal ®asgvhen using either term, be sure that your mgani
is clear to your audience. In this manual, bulkhisagsed as a general term referring to all tyges o
maintenance closure units.

For narrower openings, such as some spillway crests or hydrog@ebarges, bulkheads might
consist of horizontal girders, with a skinplate between girdensa narrow opening, it is more
likely that taller units will be used, even a singlé-height bulkhead. For wider openings, such as
locks, bulkheads usually consist of stacked units, each severagfeetdnsisting of two horizontal
trusses with a skinplate between the trusses. Figure B-6 shows this @didigu

Other configurations can also be used to provide a damming surfeecelibmaintenance dewater-
ing. For wider openings and shallower water depths, removable fam@ésstalled at intervals
across the opening and attached to the concrete base. To proddmthang surface, panels span
between the frames or beams span between the framlegamitls or beams spanning vertically
between the beams. One version of this type of configuratiofersee to as a poiree dam (Figure
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B-7). This configuration can be dangerous, however, becaeifmthes are attached to the concrete
using embedded steel attach points. These attachmentshnderwater and cannot be inspected
adequately as FCMs.

Appendix G further discusses bulkhead configurations.
B.3.6.0ther Gate Types.

The types of gates described above are the most common types uS&dg Projects, and they
are further discussed in Appendices C through G. However ghis iot comprehensive. There are
many other types of gates.

Prefabricated gates are often used as sluice Jdteg can be purchased from gate suppliers, come
in a variety of sizes, and are suitable for a watee of heads. Prefabricated flap gates are used to
permit flows in one direction only, e.g., to provide interior drainage to aniasile a levee.

Dam crest gates come in many shapes. Only taintefifaigates are discussed in detail in this
manual. Roller gates are used on some older, low head navigation daseaiédshaped like a
hollow tube and are operated by rolling up a toothed track mounted on thmetalWicket gates

are used on some dams where the gates only need to be closetsfof paeason. Wickets fold

down on the top of the dam when not in use. They are propped up into position when in use. Bear
trap, clamshell, inflatable, and other types of gates are also used on sosne da

The main body of this manual contains basic gate design requiethabi@apply to all types of
gates. Appendixes C through G provide geometry, detadlsgther information about specific types
of gates. Some of the information in those Appendixes might also tog faselesign of other types
of gates. The best source for geometry and detailing informatidess common gate types is
usually the design and construction records from previous projectseudowsuch information
should be modified to comply with current design requirements gsugbod joint detailing practice
to resist fatigue.
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Figure B-2. Submersible Lift Gate.
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Figure B-3. Sector Gate.
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Figure B-6. Bulkhead.
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APPENDIX C

Miter Gates

C.1.Introduction This appendix provides guidance for the structural design of miter gateatuse
navigation projects.

C.2.Miter Gate ConfigurationA large percentage of the locks in the United States are eduippe
with double-leaf miter gates, which are used for moderate andifiilyitks. These gates are fairly
simple in construction and operation and can be opened or closed pidhgtrean other types of
gates. Maintenance costs are generally low. A disadvantage gfatiei is that it cannot be closed
during an emergency situation with an appreciable flow through the chamber.

The two leaves of a miter gate form a shallow thregdd arch angled upstream. In the closed
position, under head, each leaf bears on a lock wall and on the othartleatenter of the lock.
This arch shape is very efficient for spanning ladistances between lock walls. Usually the angle
of the leaf in plan, in the closed position is 1:3. Platesbxdwsmiter gate geometry for a horizon-
tally framed gate.

Miter gates are framed either horizontally or \aatily. The skin plate of a horizontally framed gate
is supported by horizontal members that may be either stgirglets acting as beams, or circular
arches. Each horizontal member is supported by the vertical quost pfosend near the lock wall
and the miter post at the other end. All water loadaissimitted through the girders to the quoin
blocks and into the walls. A vertically framed gate redlstswvater pressure by a series of vertical
girders. The girders span from the sill at the bottom to adwtal girder at the top. The top girder
spans between walls similar to a horizontally frdrgate. Vertically framed gates have been used
primarily for long, shallow gates, usually when the height-to-widtio of a leaf is less than about
0.5.

In the open position, miter gates fit into recesses in the wadlbdttom of the recess should extend
below the gate bottom to preclude operating difficultrem silt and debris collection. Enlarged
recesses are sometimes used to facilitate the mmbaccumulated ice. An air bubbler system is
recommended to help clear ice and debris from gate recesses.

C.3.Design Requirement€hapter 3 and this appendix describe design requiremenjatis,
using Load and Resistance Factor Design (LRFD).

C.3.1.Loads.Chapter 3 describes loads for all gates. Loadstkapplicable to miter gate
design include self-weight, gravity loads, hydrostand hydrodynamic loads, operating loads,
barge and other impact loads, ice loads, and eskiegoads:

e Self-weight. Dead load, D.

e Gravity loads, G. Gravity loads include mud wei@Wl), and ice weight (C), and shall
be determined based on site-specific conditions.
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e Hydrostatic loads. Hydrostatic loadg,Honsists of hydrostatic pressure on the gate
considering both upper and lower pools.

e Hydrodynamic loads. Hydrodynamic gHoads shall be equal to 30 psf (pounds per
square foot) and shall be applied to produce maxirtfoad effects.

e Operating loads. Operating load, Q, shall be theimmam loadthatcan be exerted by
the operating machinery (obtained from the meclaBingineer that designed the machinery).
See Section 3.2.3.3 for further discussion on dperal loads.

e Bargeimpact.Barge impact loadM, shallbe specified as a point load (Figure C-1). The
load shall be applied in the downstream direction to girders above pebhte(a) the miter point
(symmetric loading), and (b) anywhere in the girgj@n at which a single barge may impact (un-
symmetrical loading). This location is anywhere in ¢ipan at least 35 ft, or the standard barge
width, from either lock wall. Both impact locations Bl investigated to determine the maximum
structural effect. The magnitude of load shall be equal to 250 kipsm$ymmetrical loading and
400 kips for symmetric loading

e Earthquakedesign loads E. See Section 3.2.3.6 for earthglaaking.
e Diagonals. See attachment A.

C.3.2.Load cases. Generaldds and loading combinations for gates are destnibSection
3.3 Miter gates shall be designed for the Strengthrelixt, and Fatigue Limit States for each of the
following load cases and corresponding load contioing Table C-1 lists load factors for miter gates
The Serviceability Limit State is addressed in 5ac3.1.3.

« Case 1: Strength Limit State I, Gate Closed. Loadsist of unusual hydrostatic head differ-
ential and usual Hydrodynamic (temporal head) load as follows:

o Upper gate subjected to unusual hydrostatic headwithilwater (dewatered condition):
Yrs2Hs2 (C-1)

o Lower gate subjected to unusual hydrostatic headrdifteal with usual Hydrodynamic
(temporal head) load:

Yhs2Hs2+ YHa1Ha1 (C-2)
e Case 2: Strength Limit State Il, Gate Open, Tabl&dtigate subjected to dead, gravity, and

hydrodynamic (temporal hydraulic load) or maximum maery load, whichever produces the
maximum effects:

Yp2D2 + 76262 + (YHa1Hda1 OF Y2 Q2) (C-3)
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e Case 3: Extreme Limit State, Gate Closed. Loads consisiusiual hydrostatic head differ-
ential and barge impact or earthquake, whichever produeesakimum effects:

Yhs2Hs2+ (yimzIM 3 or yeE) (C-4)

e Case 4a: Fatigue Limit State |. Stress range for Ineemmomputed based on usual operating
conditions to include emptying filling plus coincident temporal head:

YhsiHs1+ YHa1Hg (C-5)
e Case 4b: Fatigue Limit State Il. Stress range for besrnomputed based on unusual operat-

ing conditions (hydrostatic head differential) to include emptfiihgg plus coincident temporal
head:

Yhs1Hs2+ YHa1Hd (C-6)

Table C-1. Load Factors for Miter Gates.

L oadg/L oad Factors
Load Cases D G Hs Hq Q EV IM EQ
Limit State Description | Case Yb Yo YHs Yhd Yo Yev Yim YEQ
Strength | Gate Closeqi la 0 0 14 0 0 0 @ )
Strength | Gate Closed 1b 0 0 14 10 @ 0 ( )
Strength Il Gate Open 2 1.2 1.4 0 @lo 1.2% o0 0 0
Extreme | Gate Closed 3 0 0 1.4 0 0 0 ™o 1.0Y
Fatigue | Finite Life 4a 0 0 1.0 1.4 0 0 0 0
Fatigue Il Infinite Life 4b 0 0 1.0 1.0 0 0 0 0
Notes: (1) Select one at a time
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Figure C-1. Point load impact for miter gate girders.
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C.4.Miter Gate Types

C.4.1.Horizontally Framed Miter Gates.

C.4.1.1.Girder geometry. The primary structural elemengssihgle gate leaf consist of a series of
horizontal girders (Plate C-1). The horizontal gndare a series of three-hinged arches that titthem
water pressures to the lock walls through the quéilgure C-2 and Plate C-3 show a horizontal girde

(half of a three-hinged arch) acted on by watessanee, and illustrate a way to calculate end i@asti
The following symbols are used in these figures:

R = reaction of the girder at the wall quoin and miter blocks

N = component of R perpendicular to work line of leaf

P1 = component of R parallel to work line of leaf

P2 = the corresponding water force on the end of each girderpieed from the water
pressure on the surface extending from the contact point to theampside of the skin
plate

W = total water force on each girder.

The three-hinged arch formed by the two leaves issgtmcal about the center line of the lock,
therefore, the miter end reaction R is perpendicular to this centeSlimee the geometry of each

leaf is also symmetrical about its own centerlihe,dngle that R forms with the leaf is identical at
both ends.
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Figure C-2. Girder Data, Horizontally Framed Miter Gate.
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The girder is subject to bending and compression. The downstreage fAalh be generally in
tension near the center of the leaf, but in compression near thé&seadtest economy is usually
achieved by keeping the work line as far downstream the neutral axis as is practicable. (The
work line is the imaginary line between the bearing contaotpat the miter and quoin ends of the
leaf.)

Efficient girder design can be achieved through trial and enitiallapproximate dimensions may
be taken as follows:

e The gate angle can be 1:3, thusarc tan 1/3.

e The length of the leaf is then 0.527 times the distance betveggact points of the gate at
each wall.

e For the girder depth for gates of moderate height, a first guess can be 0DL.time
e The distance from the downstream girder flange face tathk line may be set at 4 in.

C.4.1.2.Loads and Reactions. Required loads and load catiins are defined in the main body
of this manual. Prestressing loads in the gateodig should be treated as an external applied load
Reactions at the hinge and pintle are only thosdalgravity and machinery loads. Reactions towate
and impact loads are assumed to be entirely alittle and quoin blocks (Plate C-8).

C.4.1.3.Skin plate. The skin plate is located onujpstream face of the girders and is designed
for the watetoad, with the edges of panels assumed fixed atdfter line of intercostals and the
edge of girder flangesxcept that where the flanges are greater than. Midethe skin plate is
assumed fixed at a point 6 in. from tieater line of the welRlate-bending stresses can be obtained
from textbooks, e.g., Roark and Yourithe skin plate is also considered an effectivé plathe
upstream girder flange. When a section has a $kiea pf a higher yield than the resttoé girder,
the effective width of skin plate shall be detémed by the higher yield point. Skinplate stresses
should be checked for the combined effects of flataling, plus stresses due to bending as part
of the girder flange

C.4.1.4.Intercostals. Intercostals are designed as veiitiesl-end beams supported at the cen-
ter lines of girdewebs.An effective section of skin plate is assumeddisg with the intercostal.
The effective width shall be based on a stiffemedypact or noncompact sectigahuniform water
pressurés used for desigaf the intercostal, with the loading extending bextw the flanges of the
girders.

C.4.1.5.Diaphragms. The end diaphragms are desigsguhnels acting as skin plate, with
the effective pandleing between the stiffener angle and the nextrigisger. The stiffener is located
at midpoint betweegirders. The head at the center of the effectiveelps used as the design
pressure. Intermediate diaphragms should be spacksized as follows:

e To provide support for horizontglrders (weight and lateral buckling);
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e For shear forces resulting from the diaphratending to equalize differential deflections
between adjacent horizontal girders due to variation ofdsydtic and impact loads;

e To resist operating machinery, jacking support, diadonal tension-related loads.

Generally the end diaphragms are a minimum of ¥z iralfgizes of gates. Intermediate diaphragms
are usually a minimum 6% in, or %z in for larger gates. Diaphragms are made gsatethe girder
webs, and usually have vertical stiffeners simitatongitudinal stiffeners on the girder webs.
Critical buckling stresses in flat plates in edge comsgioa and shear and can be found in textbooks
such as Timoshenko (1936), Bleich (1952), and Priest (1954).

C.4.1.6.Horizontal Girders. Horizontal girders are subjedbending plus axial compression.
Theyare spaced so that variation in fieler flange sizes and skin plate thicknessebeltetoa
minimum. The spacing usually varies from a maxin of 6 ft at the top to a minimum of 4 ft at
the botom of the leafGirder spacing also influences the size of intaedessirder loading is primar-
ily the differential water load on the gate. Baapact loads usuallgovern the uniformly spaced
upper girders.

The ratio of the depth of girder web to the length of leaf vémes 1/8 to 1/15 for most gates, the
greater value for gates having higher heads. Deemlargimake the leaf torsionally stiffer, but may
require web stiffeners. The web depth-to-thickness shiould be such that no reduction in flange
stress is necessary. Girder webs should have horizontal stfterraeet the criteria for web buck-
ling for axial loaded columns, using diaphragm spacing as the effective cangth.IMinimum
horizontal stiffeners are generally used on girder webs even thougtgnoed by web buckling
(Plates C-3 and C-5).

Buckling of the girder about the major axis is not a concern sirecekin plate provides lateral
support to each girder. However, lateral stability of inertstream flange should be checked where
that flange is in compression near the end diaphragms.

Most girder flanges are symmetric about the web. &éler, the flanges of the bottom girder may be
offset to provide adequate clearance between thgdland sill. Girder flange size may change
along the length of the girder due to changing bending stresargeRransitions should be config-
ured as a good fatigue category details (Plate C-5).

The load in the diagonal is resisted by members connected todbet glate. The horizontal com-
ponent of this load is distributed among several girders. The desahgnfders attached to the
gusset plate shall include provisions for this additional ecceatiad load. A discussion of the
distribution of this load among the girders may be found in TechnigarRE'L-87-4, Report 7
(USAEWES 1987).
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Figure C-3. Girder Tapered End Section.

C.4.1.7. The tapered end sections are used to transfer assumed linear bearing loads along the quoin
and miter bearing blocks to discrete loads on individual girders. The load is primarily compression, but
the stress distribution is difficult to determine due to complex geometries. Conservative assumptions and
liberal use of stiffeners should be used to prevent local buckling of structural elements. Finite element
analysis can be used to provide a more thorough understanding of actual stress distribution. The mini-
mum bottom girder web thickness over the pintle is usually % in. and is machined to a 250 finish or to
match the machine finish to the top of the pintle socket casting (Figure C-3). The top and bottom
webs are wider at the quoin end to accommodate the gudgeon pin and pintle. Plates C-3, C4, and C-5
present additional information on girders. Drain holes shall be provided in all girder webs. If the web of
the top girder forms part of the damming surface during high water drain holes can be placed in the
upstream flange.

C.4.1.8. Thrust Diaphragm. The thrust diaphragm distributes the reaction of the girders from the
quoin block into the girder webs. It also acts as the damming surface between the end plate and the
end diaphragm. Part of the thrust diaphragm is also considered effective in the quoin post, making
it subject to horizontal and vertical compression and plate-bending stresses. It is subject to shear
stresses as it transfers gate reactions from bearing blocks to girder webs. Analysis of this complex
behavior should be based on conservative assumptions and liberal use of stiffeners, or on finite
element analyses as mentioned above for the girder tapered end sections.

C.4.1.9. Quoin Post. A section of the thrust diaphragms, vertically from top to bottom girders,
forms a column to support the dead weight of the leaf. The end plate and two vertical stiffeners
form one flange of the column. A plate perpendicular to the thrust diaphragm with vertical stiffeners
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on the outside edges forms the other flaRtgge C-5 shows a typical layout of the quoin pdise
axial load on the quoin post consists of the degidht of the leaf plus ice and mud load. Due to the
eccentrigty of the pintle and gudgeon pin with respecttedentroid of the quoin post, the quoin
post is also subjectedib@nding stresses, plus the skin péat@n of the thrust platéhe maximum
combined stress may occur at the center of therledge of the thrust diaphragm panel, or at any
of the extreme corners of the qupiost cross-section

C.4.1.10Gudgeon Pin Hood. The gudgeon pin hood is an araegt of plates forming the hinge
connection at the top of the miter gate leaf (RIz®. The recommended distance between the center
lines of the top web and the top pin plate is &%t,in. This is with a 1-in. top pin plate and Xi/gin
plate welded to the top girder web. The top pitedfeas sections of it sloping from the top heigiwial
to the girder web. The downstream edge of the toplate is attached to the bulkhead plate. The
upstream part of the hood is formed by a vertizepnormally %-in. minimum thickness, that ovesla
the upstream girder flange, with the edge of tiéoat hood plate being welded on the center liibe
horizontal girder web. Steel rings varying in thieks fron/is in. to ¥4 in. are used to adjust the vertical
clearance between the gudgeon pin barrel and thsooid.

The top pin plate should be designed as a curved beam with a unifornatioar than assume the
plate to be an eye bar. Plate C-7 illustrates fornfutas Seely and Smith (1952). The pin generally
has a minimum diameter of 12 in., to give an additional factor dfysarfe to standardize the barrel
and hood arrangement. The pin is usually made of forged alloy steeglizerand tempered. The
bushing is normally of bronze with the bearing pressure kept below 1,500 psi.

C.4.1.11 Gudgeon Anchorage. The upper anchorage systemrsingbe miter gate leaves is
comprised of: gudgeon pin barrel, anchorage liek#hedded anchorage. The design loads are the
calculated gate reaction forces, increased 10%mipact. The governing loads usually occur at the
recessed (open) or mitered (closed) positionseftie leaf. To develop maximum operating strut
forces, the leaf is assumed obstructed near s emtd. Plates C-11 and C-15 show the layout afdlyp
anchorage systems.

e Gudgeon pin barrel. The gudgeon pin barrel, congbo$evelded carbon steel plates or
forged alloy steel plates, @&signed as a continuous beam supported by vestitfahers, and at
the same time as a curved beam, which is mmpd# a horizontal plate and an effective section
of the plate cylinder that forms the pin barrel. Ttmeckness of the barrel or horizontal plate
should not be less thd#z in.Plate C-9shows a typical barrafrrangement and formulas. The
alternate method of analysis (shownRlate C-1) may be used in lieu of the more precise
method beginning iRlate C-9 Since thebarrel is a critical item, the design stressiesuld be
kept low, in the range of approximaté€ly33 F;.

e Anchorage links. The pinned end links connect to the embedded anchoragé¢hnatded
section between the embedded anchorage and the gudgeon pin. Each ligkegidesa tension or
compression member individually, and the two links are checkadmig, (Plate C-11). Plate C-15
shows an alternate top anchorage. This assembly is madéwmparichor arms and two gudgeon
links. The links are welded to the arm, which is normal ¢oféice of the lock wall. Adjustment of
this anchorage assembly is accomplished by meawsdgfes. The links acting as a unit are assumed
to have a maximum misalignment of 2% in. at point B, shown ite Rlall. This introduces a
bending stress in conjunction with the axial load. Allowable stsease usually governed by the
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fatigue design requirements. The threaded section of each link,uparfea forged steel section
with a minimum diameter of 6 in., and a hexagonal sleeweare used for adjustment of the gate
leaf. Right- and left-hand threads, giving a turnbuckle efegetrecommended, with %2-in. square
threads being used for the sleeve nuts. After allsagjents to the gate leaf have been made, a
channel may be welded between the sleeve nuts to lock them ini&ceutside diameter of the
section threaded for the sleeve nut should be the same as thedargasion of the rectangular
section. The rectangular section of the link, a minimum of 6 by 4 in., is also mimtgeuf steel.

The pin-connected ends of the rectangular sectiordeargned as eye bars. Pins should be designed
for both bending and bearing. The dimensions and sizes shown in Alat@r€recommended as a
minimum.

¢ Embedded anchorage. The embedded anchorage distributes the top reéutideadinto
the lock wall. It is designed as a triangular framee VFértical and horizontal sides of the triangle are
normally 9 ft. The horizontal member is for fabrication and construatiors assumed to carry no
design load. Plates C-12 and C-15 show a typical layout of endbeddborage. The reactions of
the triangular unit are applied to the concrete through platesdsrgathe lower points of the
triangle. Bolts are used in conjunction with the beaglages, with the bolts prestressed so that
bearing on the concrete will never be completelieveld by the loads from the gate leaf. The
prestressed bolts should have an anchor at the ends to carry badudissuming that there is no
load transfer through bond and that mastic is used to prevent bondoitshBolt length should be
sufficient to extend into at least two lifts of coeta. The use of strain gages or an ultrasonic bolt
stress monitor is recommended for determining the loads in thega®ed bolts, as the nuts some-
times bind on one edge and thereby distort torque readings and maketbéthe nut method
unreliable.

C.4.1.12 Pintle Assembly. The pintle and related comporgport the dead weight of each leaf
of the miter gate. The unit is made up of four ma@mponents: pintle socket, pintle, pintle shoe, a
pintle base (Plates C-13 and C-14). The centerliriee pintle (vertical axis of rotation) is loedt
eccentric (upstream) relative to the center of atume of the bearing face of the quoin contactkbloc
This center of curvature is on the thrust line. Gdeter line of the pintle should be located orpibiat
of intersection of the bisector of the angle forrogdhe mitered and recessed gate leaf work lings an
the perpendicular line from the bisector to thamjgontact point resulting in an offset of approatety
7 in. as in the details shown in Plate C-4. Studies experience show that these eccentricities will
minimize interference and binding between the bedlocks.

e Pintle Socket. The pintle socket is made of cast steel and is connected to the bditom of t
lower girder web with turned Monel or stainless steel bohis.bolts are sized to carry the gate leaf
reaction in shear, but, as an added safety factor, a thrust platé Bhautlded to the underside of
the bottom girder web, with a milled contact surface betwegpldlte and pintle socket. The mini-
mum plate size should be 1¥s-in. thick and 12 in. wide, with a length asaeyithe girder web.

The socket encloses the bronze bushing, which fits over the lpaiitl A maximum bearing stress of
1,500 psi is desirable, but may not always be practical.uAonaatic greasing system allows a
higher bearing stress, but it should not exceed 2,500 psi. Plate EskBigradditional information.

e Pintle. The pintle is generally made of cast all@ebtvith a nickel content of 3 to 5%. It
usually has a diameter of 10 to 20 in., with the top bearirigeiin the shape of a half sphere and a
cylindrical shaped bottom shaft. For salt or brackish water ggisthould be of forged alloy steel
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with bearing surfaces of corrosion-resisting steel déeggbs weld passes to a thickness of not less
than'z in. and machined to the required shape. The pintle ball and bushihgisired to a 16-
microinch (un) finish where the two come in contact.

¢ Pintle Shoe. There are two types of pintle assemblies for horigoingamed miter gates:
fixed and floating.

o Fixed pintle. Plate C-16 shows a typical fixed pintle. Tyj of pintle is recommended
for new construction and major gate rehabilitatiohe Pintle fits into the pintle shoe, which is
bolted to the embedded pintle base. The degree of fixity of the pieplends on the shear capacity
of the pintle shoe bolts. The pintle should be designed so that aéteingkhe load on the pintle by
jacking, the pintle assembly is easily removable.dih#e base, made of cast steel, is embedded in
concrete, with the shoe fitting into a curved section of the upperesgghthe base. The curved
section, of the same radius as the pintle shoe, is formed so thahondat operation the reaction
between the shoe and base is always perpendicular to the curvesifdmtnd base at the point of
reaction.

o Floating pintle. Plate C-13 shows a typical floating pintle. Type of pintle is not rec-
ommended for new construction. The pintle is fitted into a caststtee| with a shear key provided
to prevent the pintle from turning in the shoe. The shoe is not fadtetiedbase, thereby allowing
the gate leaf to move outward in case of debris between the quoimbgdem preventing the leaf
from seating properly. Damage to the pintle bearirsgdeaurred frequently with this type of pintle
due to the relative movement between the pintle shoe and baseoVement can consist of the
shoe sliding on the base during leaf operation from either the tchderecessed position, until the
leaf reaches approximately the mid-position, at whitle the shoe slides back against the flange on
the base. This type of movement is generally visubdtgctable and causes serious wear. However,
an alternative to the floating circular shoe is to makshioe three sided with one corner having the
same radius as the circular shoe, and attach a steel keefmeth@aembedded base in front of the
shoe. This would prevent the shoe from rotating on the embedded basevand ghieepintle from
moving out of pocket. Again, the degree of fixity would depend on the shsuityeof the bolts in
the keeper bar. This alternative will meet the reguoinets of the fixed pintle as well as the capacity
to minimize damage in case of emergency.

¢ Pintle Base. The pintle base is designed so thet thid be a compressive force under all
parts of the bas@.he overturning moment is causedthg horizontal force on the pintle and
will be resisted by the reaction on the section being inysstd.

C.4.1.13Operating Strut Connection.

e Hood. Plate C-28hows typical details for th®od-type connection. This connectiemt-
tached above the top girddihe operating strut is connected to the hooadMmypins, one larger
vertical pin and a smaller horizontal gimrough the vertical pin, forming a universal joint to
minimize moment in the strut. The hood supportsgims through a set of plates and tees.
Moment caused by the offset between the strut bedjirder web is resisted by a series of
diaphragms that span between the top two girdérs fabrication cost for the hood type will
geneally be higher than for the other types of connections.
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e Verticalshaft. The vertical-shafipe connection is somewhat similar to the vertical pin of
the hood-type connection. However in this caseréngcal pin extends between the top two girders
to resist the momermiaused by the offset between the strut and thgitdpr web, and the pin
extends as a cantilever above the top giffl@s. system is simpler than the hood type. However,
the cantilevered length of the mbove the top girder can make design difficult.

e Direct-acting. This connectioimas normally been used offity direct-acting-cylinder ma-
chinery. It is bolted directlfo a section of the upstream flange of the top girtlee flange thick-
ness is increased near the connection and stiffengrsdisttibute the load into the girdérhe
operating strut is connected by the same univeypaivertical and horizontal pins as the hood
connection (Plate C-27or typical arrangement of this type of connection. The direct-acting
connection is the simplest the three types, but it migrgquire a wider wall recess if used with
machinery other than the direct-acting cylinderisifidue to having tmove the machinery back
from the face of the lock wallf the machinery is kept in the same position agHehood
or vertical-shaft connections, the strut wobnlave to be reduced in length, thereby creating
potentialinterference between parts of the strut.

C.4.1.14 DiagonalsEach miter gate leaf is similaradhorizontal cantilever beam. Resistance
to vertical loads is provided by the skinplatejregcts a girder web. However, a cross-sectioneof th
leaf looks like a stacked series of channels. Brgcal shear center of channel members is on the
opposite side of the web from the flanges. Theebtietween the leaf shear center and the center of
gravity loads causes the leaf to twist so thahther post is no longer vertical. Since C-sectianes
very flexible torsionally, diagonals are addedhe back side of the leaf to increase the torsional
stiffness and the diagonals are prestressed tstdldgiplumbness of the miter pddtateC-17 (a and
b) shows an example diagonal configuration.

The diagonals may be pin connected or welded to the gusset platasuckles or brackets on the
end of the diagonals are used to prestress the diagonals. An adwdrtagbrackets is that no

compression can be placed in the diagonal during prestressiam giges should be used for
determining the stress in each diagonal. The maximum stressyfporary conditions, should not
exceed 0.75F

Information for the design of diagonals is provided orsional Deflection of Miter-Type Lock
Gates and Design of the Diagondl$SAED 1960) and in the Attachment to this appendix. The
stiffness of welded miter gates appears to be considenadateg than that assumed in the reference
material. While this does not affect the overall pattern of dialgdesign, it should be kept in mind
when selecting the values for deflection of the leaf.

C.4.1.15Miter and Wall Quoins. Plate C-18 shows typicaliguand miter block details.

e Miter blocks.Miter blocksform abearing and sealing surface between the miter ends
of theleaves. Jacking and holding bolts are used for temporary suppaitadjustment of the
miter blocks to assure full contact between leaves in theedipositionMiter blocks are usually
8 x5%2-in. rectangular blocks with one miter block lmaa concave surface with a radius of 1 ft,

6 in. and the othdraving a convex surface with a radius of 1 ft, 4¥4hese blocks ammade
up of 15 to 20-ft-long sections with transvejsmts occurring at the center lines of horizontal
girderwebs.
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e Wall quoin. The quoin block on the lock wallssentially the same as the miter block with
the wall quoin having the concave surface with g &-fh. radius and the quoin block on each leaf
having a convex surface with a radius of 1-ft, 4%fihere are two recommended types of wall
guoin systems. The first system, an adjustable ggesists of a 10 x 3%-in. bar, welde@tbYa x
1 ft, 5-in. base plate. The base platatiached to a vertical beam with jacking and hadiolts
to facilitate adjustment and replacement. The vertical heambedded in second-pour concrete
and tranmits the quoin reaction forces into the wall. Thacebetween the base plate and the
embedded beam is filladith epoxy filler after final adjustments have beevade. Zinc has
also been used as a backing material,tbathightemperatures involved may damage the
concreteThe second system, a fixed type, consists i a 3%-in. bar, welded to a vertical
beam aglescribed previously.

e Quoin materials. Adjustable and replaceable caoresesisting clad steel or solid corro-
sion-resistingsteel blocks are recommended for both miter antdguains. When carbon steel
quoin and miter blocks are installed, they are bditetthe gate with zinc or epoxy filler behind
them. Theblocks and the zinc can be protected with cathpditection. As a minimum, the
sides of the blocks can and should be painted.

e Backing material. After final adjustments hdgen made to the miter and quoin blocks,
a gap of abou¥z in. between the backing plate and the blagkdied with zinc or epoxy. The
filler layer assures a uniform transfer of the le&@m the leainto the blocksln the past, epoxy
was easier and safer to work with, but new typesjofpment for heating zinc and preheating
theends of the gate leaves have greatly reduced mgagtions to its use. The initial investment
in the equipmenheeded in using zinc is expensive and the placementbmaglightly more
expensive, but with the life expectammyzinc being 2 to 4 times that of epoxy, the ukemc
will be less expensive during the life of a projétriecautions should be taken to prevent leakage
of eitherfiller, and to prevent air entrapment.band-breaking materiahould be applietb
jacking bolts, holding boltgnd contact surface®¥vhere zinc is used, a seal weld is needed at
theend joints of the blocks after cooling. Welds slldoground smooth to prevent interfer-
ence with bearing staces.

C.4.1.16 Seals. Rubber seals should be installed on therbatt each leaf to seal the gate to the
miter sill, as shown in Plate C-20. These detailgehbeen successful in reducing vibrations and in
accommodating large temperature variations. Isslass susceptible to damage from debris than oth
seal arrangements. Seals might also be requiree @&nds of the quoin and miter blocks if a watgntti
surface is required above that point.

C.4.1.17 Miter Guide. Proper miter between the gate leavestical to miter gate performance.
The miter guide is used to bring both leaves ofjtite into the mitered position simultaneouslylifat:
ing seating of the miter blocks. The guide assemidy be located on the upstream side of the top
girders or on top of the top girder web of each leaf. The itiele is made up of two major compo-
nents, the roller, mounted on an adjustable braakdtthe two-piece, adjustable, v-shaped coritazkt b
with its support. The roller bracket and the caritémck are connected to their supports with aesenf
bolts to permit field adjustment. Steel shims avxgpfiller may be used to secure the miter guide
components in their final positions. Plate C-19&htypical details.
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C.4.1.18 Walkway. Miter gates should le=juipped with a walkwagcross the top of the gate.
It should have a width ¢f ft, with the top othe walkway flush with the top of the lock wall.
Instead of a walkway, a maintenafxc&lgeway may be provided over (and supportechayfotwer
miter gates to accommodate a mobile criameeeby eliminating the frequent need for a flagaprant
for many maintenance and repair operations.

C.4.1.19Fenders and bumpers. Miter gates shbeléquipped with fenders pootect the
gate from impact and to prevent damage by passwgwhen the gate is in the recess. Fenders
can bewood, rubber, metal or other materials, installedi® downstream flanges of all horizontal
girders subject to ampact loading. Generally, this extends from a patror slightly below the
minimum pool up to a poirdpproximately 6 ft above the maximum pdaking lock operation.
Consideration should be givenptacing fenders 2 ft on center vertically in aredeereheavier
tows are likely to cause considerable damaggmtes. Vertical beams spanning between horizontal
girders should be used to support the extra fenders.

Bumpers are fastened to the wall of the recess,tbetgate, to cushion any impact between the gate
leaf and the wall as the gate is opened. There shoulddestatwo bumpers, possibly more on tall
gates.

C.4.1.20Gate Latches. Latches should be provided to&ath leaf in the recess against tem-
poral hydraulic loads and in case of an emergeksingle latch at the top of the leaf is normally
sufficient. Where the lock is used as a floodwasirduhigh flows additional latchesnay be
required. Latches should be so stoncted that the leaf is held snug against thepeusnsahe
potential vibration is kept to a minimu#latch or tieshould also be provided to tie the leaves in
the mitermosition, again with the ability to pull the leategetheso as to reduce the probability of
vibration.Plates C-21, C-22, and C-23 show a variety of iatctevices.

C.4.2.Arch Type Miter Gates. A horizontally framed gate oge arches instead of girders. For
high-head gates, the arch should be more effitigmhinimizing bending moments. Other than the
arches, the basic components are the same agdta with girders. Plate C-24 shows a typical loorz
tal arch layout.

C.4.3.Vertically Framed Miter Gates. A vertically frameatgresists the water pressure by a se-
ries of vertical girders. The girders span fromditiet the bottom to a horizontal girder at thp.tThe
top girder spans between walls similar to a hotalnframed gate. The lower ends of all vertical
members are supported directly by the sill, witlo&om girder acting to transfer the concentratads
into a more uniform reaction on the sill.

Vertically framed gates have been used primarily for longlashaates, usually when the height-
to-width ratio of a leaf is less than about 0.5. Plate C-2 showsample of a vertically framed
miter gate.

C.4.3.1.Skinplate and intercostalBhe analysis of skin plate and intercostals is#nee as
for horizontally framed gates, except the interalgstpan horizontally between girders. The skipjdat
generally on the downstream side of the verticahige to minimize uplift forces on the gate. Howgver
that position also maximizes opportunity for siliesiccumulate above the bottom girder.
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C.4.3.2.Vertical girders. Vertical girdefanction as vertical beams asgrve as support mem-
bers for the top and bottogirders.They are located so thatctically all vertical forces caused by
the diagonals arearried by the vertical girder$he vertical girders and tHeottom girder are
normally the same depth so asitaplify framing and make the bottom girder flangesre directly
effective in taking the components of ttiagonals.

C.4.3.3.Vertical beams. Vertical beams also span bettveztop and bottom girders and are lo-
cated between the vertical girdegpacing of thdeams is determined largely by support require-
ments for the skin plate system, with a normal isyggeing at the quarter points between vertical
girders.The beams are assumedtéxsimply supported top and bottom, with simple miand shear
dictating beam size.

C.4.3.4.Top horizontal girder. The top horizontal girteedesigned to withstand a simultane-
ous load of water force and boat impatke top girder design esssentially the same as that for
girders in ahorizontally framed gate. The reaction of the goder is transmitted through steel
bearing blocks at eadnd of the girder. These blocks are similar tolthamng arrangement for
horizontally framed gates, having the same conuexcancave faces and the same adjustment.

C.4.3.5.Bottom horizontal girder. Under normal catiwhs, the bottom girder does not func-
tion as a girder, buiather as a member to transfer the concentratédaléseam and girder loads
into a uniformly distributed harontal force on the sill. For most gates, the botymaler center line
is located approximately 4 in. belae top of the sill to provide sufficient bearingrface
between the girder and the embedded metal. Therggrdlso checked for sufficient capacity to
carry the rea@n from any vertical beam or girder to adjacesdin or girder points if irregularities or
obstructions between trs#ll and bottom girder prevent bearing at a velrtismam location. The
minimum effective length for this shoube twice the vertical beam spacingneTbottom girder is
also in compression, due to cantilever action efgate leaf, and prestress in the diagonals. The
girder is also subject to vertical bending duedifipressures or silt load, depending on location
of the skinplate.

C.4.3.6.Diagonals. Design of the diagonals for a wally framed gate is essentially the
same as that forlarizontally framed gatéf. the skin plate i®n the downstream face of the leaf,
diagonals are positioned on the upstream fetoe numbeof panels of diagonatfepends on the
spacing of vertical girderklsually leaf dimensions are such that three setgagfonals are used.
Due toflexibility of a vertically framed gate, turnbucklare recommended on all diagonals to allow
for easier adjustents.

C.4.3.7 Miter and Wall Quoins. The bearing block arrangetsi@ne similar to a horizontally
framed gate, except for thrertical height of the bearing area. The wabthin of a vertically framed
gate is abol ft, O in. high and 1 ft, 8 in. wide.dhould be of sufficient size to maintain bearing o
the concret#o approximately 600 psi or less, so that crackisenoncrete around the corner of the
gate recess will be kepp a minimum. The beam is generally placed hotelbynin first-pour
concrete with the bearing being detachable, witlipions for adjustment.

C.4.3.8.SealsPlates C-25 and C-26 sh@eme seal details for vertically framed galeseals
are used along the vertical edges of the leahéwtiter end, low the web of thbeottom girder, two
rectangular rubber blocks, one on each leaf, mm the vertical J-seal to the sillhe bottom seal is
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formed by the contact between the bottom girdertl@mbedded metal of the gate silmétal
bearing plate is attached to the downstream flafdjfge bottom girder and this also acts as a seal
plate. Atthe end of the leaf adjacent to the pintle, a solber block seal attached to the leaf is
used between the learfid pintle base.

C.4.3.9.0ther Components. Other components such as pisttes,connections, walkways,
fenders and latches, are similar to those used fiwdmtally framed gates.

C.5.Erection and TestingMiter gates should be completely shop assembled, if size permits, with
adjoining pieces fitted together to ensure satisfactory field aions. The tolerances should not
exceed/sin. for individual members up to 30 ft long and not more than 1/8 in. for members

30 ft long. Rubber seals should be fitted and assembled to &leagkin the shop, with holes drilled

to match the seal supports on the gate leaf and then removed foeshiBefore disassembly of the
leaf each piece should be match-marked to facilitate erectithre ifield.

The bottom pintle casting must be adjusted to proper elevation andpasitl then properly
concreted in place before erection of the leaf. Themgaurface of the pintle and bushing should
be thoroughly cleaned and lubricated before setting in place. plteement of the leaf, the top
anchorage links should be installed and adjusted so that the centegodigfe®n pin is in vertical
alignment with the center of the pintle.

After diagonals have been prestressed and final adjustmentbd®venade to the anchorage, the
leaves are mitered and securely held in this position whileotitact blocks at the quoin and miter
ends are brought into firm contact by adjusting the bolts behinddblksblAfter adjustment of the
blocks, the leaves should be swung out and zinc or epoxy filler poureedrethe seal blocks and
the end plates of the leaves. If zinc is used, blocks and platesridjathe zinc shall be preheated
to a temperature between 200 and 250 °F, immediately precedipguhieg to prevent the zinc
from cooling before it can fill the area behind the blocks. Theipgtemperature of the zinc shall
be maintained between 810 and 900 °F to avoid volatilizing or oxidizimgeted and to ensure that
it will fill the area behind the blocks. Pouring holes should be located 2 to 3 it apar

After completion of the gate, including prestressing of the diagdnatallation of all seals, and all
adjustment, the gate leaves should be swung through a sufficiehenofropening and closing
operations to assure that the leaves are in true aligrandrthat necessary clearances have been
provided. After this trial operation the leaves should be swung out arsgtbad-pour concrete
placed in the sill and wall quoins.

The miter guide should be installed after the trial operation asahdepour concreting has been
completed. The guide bracket and roller bracket assemblies sfeonidunted on their respective
leaves with the gate in the mitered position. Adjustmshtaild be made to the brackets so that
either leaf may be mitered or opened without disturbing the other leaf.

The final test on the gate should consist of operating the gatepmaer, by means of the perma-
nent operating machinery, first during the unwatered condition and teemwater is allowed in the
lock chamber. The leaves should be operated through their enteleatufficient number of times
to indicate that all parts and equipment are in proper operating condition.
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C.6.Operating MachineryOperating machinery for miter gates is described inlEID-2-2610. It
generally consists of electric motors, bull geansl strut and sector arms, or it might be a directly
connected hydraulic cylinder. The primary factor affecting simratdesign of the gate is the force
that the machinery can exert on the gate.

C.7.Gate Recess Bubbler Systems

Miter gate operation can be disrupted by accumulation of iceboisde the recess behind the gate.
This prevents the gate from fully opening to pass vessels. ldighafr bubblers placed in the gate
recess can effectively clear this ice and debris. Standardspiped for the supply and distribution
lines. The supply feed is from the quoin end. Proper spacing and sizzzleill ensure maximum
nozzle flow for a given air supply.

Output pressure must be high enough to overcome hydrostatic presbersidimergence depth,
frictional losses in the supply and distribution lines, and stittwide a pressure differential at the
last orifice to drive the air out at the desired rate. Supplydatdbution line diameters should be
large enough so that frictional pressure losses along the éngvall. A small increase in line
diameters often results in significant reduction in frictionaséssand results in more uniform
discharge rates along the line. Orifice diameterspating should be selected to maximize rates.
Too large an orifice diameter can result in all thebaing discharged at one end. Submergence
depth will be dictated by operational limitations, Bobuld be lower than the expected depth of
trash pile-up. Typical installation depths are 10 to 15 ft.
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Plate C-3. Typical Girder Data, Horizontally Framed MitereSat
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Plate C-4. Pintle and Recess Geometry, Horizontally Framtt Mates.
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Plate C-5. Quoin Post, Horizontally Framed Miter Gates.
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Plate C-6. Gudgeon Pin Hood, Horizontally Framed Miter Gates.
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Plate C-7. Gudgeon Pin Hood Design Data, Horizontally and Vertically Framed Gétes.
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Plate C-8. Anchorage Links Design Data, Horizontally andid&ly Framed Miter Gates.
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HORIZONTAL PLATE AND BARREL SECTION ANCHORAGE LINKS
1 2 3 4 5 6 7 8 9 10 GUDGEON PIN BARREL

LOCAL BENDING IN BARREL

Plate C-9. Anchorage Links Gudgeon Pin Barrel, Horizontally and Verticallgdetdliter Gates.
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= RADIUS TO NEUTRAL AXIS

ro= A _ (Tx1 1/2)+(15x1 1/2)
[ oA - 838 - 15.38
J r 15 | dr + 151 dr
| —r— | —r—
- -
6.88 8,38
fh= 33.0 = 853"
8.38 15.38
15xL0G, 228 W(1.5L0G, 1298
(15xL0G, =22 )+ Tl

Y = DISTANCE FROM NEUTRAL AX|S TO THE POINT OF STRESS

-

ANCHORAGE LINKS

ALTERNATE METHOD OF PIN BARREL ANALYSIS

ASSUME THE COMPOSITE SECTION OF THE BARREL AND
HORIZONTAL PLATE ACTS AS A CURVED BEAM WITH A UNIFORM
LOADING ACROSS THE DIAMETER.(WHERE RIS TO

THE CENTRQID, AND D = 2R)

SEE "ADVANCED MECHANICS OF
MATERIALS", SEELY & SMITH,
(1952) 2ND, ED.

A
| = —— 1 A MA AND MB ARE MAXIMUM
\ I /] MOMENTS MA = -MB

SR | MY — _ _WR? _  wd
M= ! (r-re)dr 5 Lt MA = =
A J&S ARRRRRERRN “ *
—WIDTH OF - WIDTHxr, ~WIDTH OF —WIDTHxr,
. | BARREL | My | HORIZONTAL B/
- 1
Rné |'/ ?&?’rg_ 127 g; [ ‘Zfi 15 'I ( 1r2'r3'_812 80 1 1;‘?8 MAX. STRESS = (DIRECT TENSION)+(CURVED BEAM STRESS)
) : ) : [ : (POINT A, INSIDE FACE)+(LOCAL BENDING IN BARREL)
6.88 6.88 8.38
(171,68) (-191,93) (124.74)
[rdr=r2
8,38 2 ]
re 8.38 6.88
15[ rdr=15 [ ( > ) ( > ) } =171.68 % {FOR THE EXAMPLE
6.88 /838 SHOWN)
| = 8,38-6,88 =
127.95 | dr=127.95 [{ ) J 191,93 (RS THE RADIUS TO THE
6'185833 POINT UNDER CONSIDERATION)
P . 2 2
15 |rdr=15 [ {15538) {8'233) } =124.74 MITER GATES
a8 (Y IS THE DISTANCE FROM
j THE NEUTRAL AXIS) HORIZONTALLY AND
(1938 VERTICALLY FRAMED
1280 [ dr=1280 |: (15.38-8.38) :| =89.60 DESIGNDATA

8,38

ANCHORAGE LINKS
GUDGEON PIN BARREL

Plate C-10. Design Data on Gudgeon Pin Barrel, Horizontally and Vbrficained Miter Gates.
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A LINK T1

9-10"

/./
<LINK T2
@)= 180" {(62°-06") = 117°-54'
2
BC = 86% 2 52 2(86x2.5) COS(117°-54')

ANCHORAGE LINKS

DIMENSIONS SHOWN ARE TYPICAL AND ARE USED FOR EXPLANATION.

DIMENSIONS MAY VARY WHERE NECESSARY.

10"

1-7%"

+.004

BORE 6,000 000

THE RECTANGULAR. BAR SECTION MAY BE
MADE A MINIMUM OF 6"x4" WITH THE RELATED

RADII AND THREADED DIAMETERS CHANGED

MITER GATES
HORIZONTALLY AND
VERTICALLY FRAMED

ANCHORAGE LINKS

DESIGN DATA

BC=687.20" PLAN BORE 5:500"
86,00 _ SIN@» oo .
87.20 T SIN117°-54", Lol L | te X
@, = 180° {(60°-39')+(117°-54")] = 1°-27" .-='l:"_"|_|"T"_| / ]
ECCENTRICITY (e) = 22"XTAN(1°-27") = 0.557" o _£[ L e T AN T-
™ I 1 I - f -
o K ERYA A =13 s —"—"I—,L'L"—l <
o
‘ —7" DIA. 1 1/3 THD/INCH -
s JEn SECTIONB-B -
. AV —_— =
| s s /\/ g 4| __ ACCORDINGLY,
RRZ%\ i i I\ N S
Y. |
If
10" /6" 10" HEX SLEEVE NUT
GREASE HOLE (PLUG)
SECTION A-A

Plate C-11. Anchorage Links Design Data, Horizontally andid&hy Framed Miter Gates.
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FORCE

P, P,V

P, = FORCE= 0,707

P, =P, H=P \,=FORCE

Qfﬂ_
ﬁ%

END VIEW

| VARIABLE | VARIABLE
I[SHOULD BE A4 =
o 1 sy
(A)—— |SHORT as —HA f
\[ [PRACTICAL J r
—I-__I ,
e
e T
Lo },“__/ w
I ' |
I ;’ z VARIABLE | o
n/ = 1 =
| 374" MINIMUM o | I | <
LPLATE THICKNESS J — ;
N A
Py 1 m n i

NOTES:

ENTIRE SURFACE ANCHOR BOLTS TO BE PRESTRESSED TO

<

m

‘g

p-d

p
VARIABLE

UN BONDED ~— THE MAXIMUM TENSILE LOAD PLUS 5%
™ ANCHOR UNITS ON LOWER END OF BOLTS TO
BE DESIGNED FOR MAXIMUM LOADS, ASSUMING
e A7 | NO LOAD CARRIED BY BOND ON BOLTS,
LT | [0 i
! PLATE TO BE
| CHECKED FOR UPLIFT BOLTS UNBONDED
| ~BOLTS AS WELL AS BEARING (PRESTRESSED)
I UNBONDED
|| (PRESTRESSED)
% | MITER GATES
' HORIZONTALLY AND
VERTI|CALLY FRAMED
ELEVATION EMBEDDED ANCHORAGE

Plate C-12. Embedded Anchorage, Horizontally and Vertically Framed Mites.Ga
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2
AREA OF 1/2 CIRCLE = lTaD—
| =0.109757 R*
m=0,424413 R

DRILL AND TAP FOR
1/2" DIA, LUBE LINE ———

PINTLE BASE
LOWER MITER GATE

DIMENSIONS SHOWN ARE TYPICAL AND USED FOR

AREA OF 1/2 ELLIPSE = 112D H
2 . EXPLANATION ONLY. DIMENSIONS MAY VARY WHERE
| = ba® (TI/8 - 8/97T) R /> | NECESSARY,
n = 4a/3TT e i o
R | —PINTLE | 2-0% |
< | SOCKET |
WEIGHT | \ ¢ PINTLE | |~ Face oF
| RN\—GREASE RETURN \\ | LOCKWAL
: LINE, DRILL 1/2" DIA. ,
| TYP. |
3/16" GREAS ' \\\__f 5/8"x1/2" ANNULAR |
AT 30° CTRS, + GREASE PICK-UP | GOFPINTLE
e ] GROOVE | PARALLELTO
N N - SILL
|'I /' | { Ry = \Q ! N
| I KEEPER RING | - 1
| | PINTLE . e ;
PINTLE T .
PINTLE RH IS THE RESULTANT @ SCREW PATTERN
OF Ra AND Rb
o SEEPLATE B8 DETAIL A
EPOXY OR ZINC : 2" DIA, CORED
” | FLLER | E | HOLES (TYP)
QUOIN l !
— & & ' — MILLED BEARNG
SEAL | hy I | SURFACE - CWEB
bl = T AT A
| [ [ 4
N S .
f T f TLE BUSHING \
= : =
PINTLE = l ILA =3[ THRUSTPLATE ~ -
SOCKET 78 |( S| 1 2w
— I
PINTLE < i PLAN
PROJECTED AREA - : NN\ -
J * L, 5 i’ | o
. a e "PINTLE SHOE MITER GATES
BEARING ONBUSHING  &| _—____~ > .4 | 1]
BEARING ON BUSHING 2| cniroin o - e HORIZONTALLY FRAMED
A= R, MC HORIZONTAL BEARING | ~— PINTLE BASE LOWER GATE
MOM= 2+ T . —! . FLOATING PINTLE
R wme AREA e ASSEMBLY
MINIMURM =82 =k 5= SECTION THRU PINTLE ASSEMBLY

Plate C-13. Lower Gate Pintle Assembly, Horizontally FraMédr Gates.
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RH

REF. AXIS

RH IS THE RESULTANT
OF Ra AND Rb (SEE PLATE B-8)

AREA OF 1/2 CIRCLE = TrE—DZ
| =0,109757 R
m=0424413 R
AREA OF 1/2 ELLIPSE = WQLb

| = ba® (TT/8 - 8/97TT)
n=4a/3T — {
BEARING ON BUSHING = % + “lﬂ—c
2" DIA. CORED
HOLE (TYP)
PROJECTED AREA
/~EPOXY OR ZINC
/ FILLER | , GATE
: N -1 REACTION
|
QUOIN SEAL i e
| .
. N
T
PINTLE SOCKET —
! PINTLE BUSHING
0
| ~PINTLE 3
- Al
e

1-3'%¢"

7 TR
P

T I“~PINTLE BASE

PINTLE BASE
(UPPER MITER GATE)

DIMENS|ONS SHOWN ARE TYPICAL AND USED FOR
EXPLANATION ONLY. DIMENSIONS MAY VARY WHERE
NECESSARY.

2-0%"
I 8
g PINTLE N FACE OF LOCK
N\ 4 WALL
i € OF PINTLE
PARALLEL TO

SILL -

{

NOTE:
PINTLE BASE FOR VERTIGALLY
FRAMED GATES SIMILAR[TO MITER GATES
THE PINTLE BASE SHOWHI. HORIZONTALLY FRAMED
SEE PLATE B-32 FOR UPPER GATE
PLAN OF PINTLE BASE FQR
VERTICALLY FRAMED FLOATING PINTLE
GATE, ASSEMBLY

Plate C-14. Upper Gate Pintle Assembly, Horizontally Framier Nbates.
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o TOP OF LOCK WALL

A Ay g
T.I 12-1%" R,
6'-2" RECESS 20" 70"
_on 2 3" L. - -
7'-2 | 2 - I < 7, 1._3}{2-. 50" 20"
21om 50" | = - i l
i ! ! ”
: WEDGE PIN —| GUDGEON a
COVER IN I 8
i &

EMBEDDED ANCHORAGE |

"'J"" LINK PIN
% GUDGEON LINK —, \L
\
ANCHOR ARM L E
| N

—— SHIMS |7
[=—— WEDGE PIN = e
N =~ SUPPORT
, || BLOCKS
2
A, PR ‘M—|‘ 2 A y A

SECTION A=f

HOLES FOR CAP SCREWS

HOLES FOR ANCHOR BOLTS

ELAN
100"
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-4
= NOTES
i ENTIRE SURFACE LUNBONDED 1. DIMENS|ONS AND DETAILS SHOWN ARE TYP|CAL
%] BY COATING WITH 1/2 ASPHALT AND VARY AS REQUIRED BY GATE SIZE,
9 SATURATED PREFORMED
e STRIFS APPLIED WITH a 2, ANCHOR BOLTS TO BE PRESTRESSED TO THE
8 ASPHALT CEMENT x MAXIMUM TENSILE LOAD PLUS 5%,
i .
E I'nl 3, ANCHOR UNITS ON LOWER END OF BOLTS
\ 2 TO BE DESIGNED FOR MAXIMUM LOADS
/ ": ' ASSUMING NO LOAD CARRIED BY BOND OM
. 2 BOLTS
| g
. ] =}
@HOLES FOR—~=—_F—
ANCHOR BOLTS =
PLATE TO BE CHECKED - - .
FOR UPLIFT AND BEARING T
e MITER GATES
Ra” 00 T__
o s HORIZONTALLY FRAMED
ANCHOR BOLTS ~ ELEVATION ANCHOR BOLTS TOP ANCHORAGE
UNBONDED BY
COATING  _EMBEDDED ANCHORAGE ASSEMBLY
TOP ANCHORAGE ASSEMBLY WIASPHALT MASTIC

Plate C-15. Top Anchorage Assembly, Horizontally Framed Miter Gates.




€e-0

12

___________ 4 FACE OF
LOCK WaLL

19,0000 DIA, 2

1
=T
k2

ﬁ
%
&
\\ lI|
N
I II
6 /
- )

%‘/

o3

g2

A
3"

26" DIA.
2-11" BOLT CIRCLE
35" DIA

:FCONIAC] FIREE

1/2"@ SET SCREW

TOP OF SLCOND i

|
,
|
,
| e
i <
—_—
= | \
(&}
s 1
=
z |
8w FACE OF 3
a0
z E | LOCK WALL %
S o b
S - i
T

|
| I T L S N e L A I - I s W i S— A —— -
L & i SECTION B3
i . r E!OT GIRDER PINTLE BASE
7
B /I '/ I/II/IIIIII/II/II/II -'/IIIIIIIII/II/II/II/II/fI S A

o\l \\\II\\\\\\\___\\\\\\\\\\\\\\\\\\\/////////

£ A A?'I THRUST
3, PLATE
-

/,_ NOTES
=1 1. DIMENSIGNS AND DETAILS SHOWN ARE TYPICAL
3E AND VARY AS REQUIRED BY GATE SIZE.

I} §
o PINTLE %
e 2 %&\X\\ PINTLE BASE

7)) ////-}
s\\\\\\\\\\\\\\\\\\
\

POUR CONCRETE

MITER GATES

ANCF‘R'A .
N A T HORIZONTALLY FRAMED
HEX SLEEVE . FIXED PINTLE
PLAN ., § ASSEMBLY DETAILS

FINTLE SOCKET

SECTION A=A

Plate C-16. Fixed Pintle Assembly, Horizontally Framed M&aates.
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534"

60"

—— QUOIN SEAL

a8

a0

DIMENSIONS AND SIZES SHOWN ARE TYPICAL AND USED ONLY
FOR EXPLANATION, BOTH MAY VARY WHERE NECESSARY,

487"

|T—GUSSET R.

EQUAL TO FLANGE

-

™
el
! %\ T——_DETALB

BB ~
GUSSETR ——— —\f” /)
(GUSSET PLATE THICKNESS ,

THICKNESS)

——— BAR-1 1/2x6
(POSITIVE DIAGONAL)

S BARAXE

[-——GUSSET R
= (GUSSET PLATES SHOULD
BE THE SAME THICKNESS AS THE

MAXIMUM DOWNSTREAM FLANGE)

(NEGATIVE DIAGONAL)

DIAGONALS

WELD AFTER
PRE STRESSING

DETAIL B

1._01/é|| | 1r_0‘1/21|

[
A
I | 1
L

(5] &
SECTION A-A

P-3/4x6 1/2

S~ MITER SEAL

TEMPORARY
BRACKET

DETAILC®

NOTE;

BRACKET AND THREADED BAR MAY BE REMOVED
AFTER PRE STRESSING AND ALL ADJUSTMENTS
HAVE BEEN COMPLETED, OR LEFT IN PLACE FOR
FUTURE USE.

—STIFFENER ANGLE

MITER GATES

E‘é / GUSSET PLATE

HORIZONTALLY AND

|
(?F'INTLE

g

5

ELEVATION

VERTICALLY FRAMED

SECTION B-B DIAGONALS

Plate C-17. Diagonals, Horizontally and Vertically FrameteMiates (Sheet 1 of 2).
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GE-O

534"

DIMENSIONS AND SIZES SHOWN ARE TYPICAL AND USED ONLY
FOR EXPLANATION, BOTH MAY VARY WHERE NECESSARY.

-

487" :
7.7 , 5

g e e TAPE—="""
. . A |
g ~— GUSSET I SR
2 GUSSETR ————— /éo?yf?f‘ |

(GUSSET PLATE THICKNESS % il

-—- , -——- EQUAL TO FLANGE - ——=— F=----
| THICKNESS) |
| |
1 = BAR-1 1/2x6 1
: (POSITIVE DIAGONAL) :
| |
| |
| |
| |
| |
| |
| |
: =~ BAR-1x6 :
! (NEGATIVE DIAGONAL)
| |
| |
= 1 1
18 | |
w | |
= | |
o 1 1
=2 | |
(s 1 1
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |
| |

1N

U4 |-~ cusseTR

GUSSET R

(GUSSET PLATES SHOULD
BE THE SAME THICKNESS AS THE
MAXIMUM DOWNSTREAM FLANGE)

\—MlTER SEAL

|
?_PINTLE

ELEVATION

LOCK NUT —, (c
= 1=\ T ’1_
3 2|\w 6" | 2-8" TS
o ;\au \
& & J/ X R1* 5
@j:——l—r;{—t:::::;';:_ —
: _f e E
i Dy Y B :
/ [S] 35 “R112
R a'x7 314" (U;) )/ CUSSETR = 0| 5
R.4"x9 1/4" (Up) @ | ®
A
C—
SECTION A-A
1" —
9" ”,. 2 gr | & 4 i é—’
P b R
.f".; ~|7e " I".
B112 7 =1= | eusseTe |
3|8 \_$ R 4"%7 3/4" (Lo)
= 1e CRA™X9 114" (Ly)
SECTION B-B
9" 16" 9"
= IENE |
B 112" _—— DIAGONAL
AN GUSSET #
SECTION C-C
MITER GATES
HORIZONTALLY AND
VERTICALLY FRAMED
DIAGONALS

Plate

C-17.

Diagonals, Horizontally and Vertically FrameteMGates (Sheet 2 of 2).
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BAR—3.|'4")<3"—.II
SLEEVENUT —| '.I & PINTLE AND ﬂ,‘: PINTLE AND
ANCHOR BOLT o \GUDG ON}HN GUDGEON PIN
\\‘ .y . \ ) =5,
' - s v s
-1 1/4x15

CLAD OR SOLID C.R.
STEEL QUOIN BLOCK
——PUSH, PULL BOLTS
ALTERNATE S|DES OF BLOCK)

POXY FILLER OR ZINC
P .1x16 1/2"

ANCHOR BOLT -
PLAN 1

) z’/ SEE NOTE "A" ON
L. PLATE B-5

ANCHOR EOLT/

P -3/4x2 3/4 ° PUSH, PULL BOLTS

__(ALTERNATE SIDES OF BLOCK)
————CLAD OR SOLID C.R,

ANCHOR BOLT STEEL QUOIN BLOCK
-1 1/4x15

EPOXY FILLER OR ZINC
| \—BAR3/4x3

S RAx16 12"

B.1 1/8x21

PLAN 2

SECTIONS THRU WALL QUOIN

DIMENSIONS AND SIZES SHOWN ARE TYPICAL AND USED ONLY
FOR EXPLANATION, BOTH MAY VARY WHERE NECESSARY.

E’:gHCé E’ER A * CONCAVER = 16"
L4y ! eaRan CONVEX R = 1'4 1/2"
S5 : | | —
E BAR-3/4 =
M:::‘m_‘ |-1’5 , | \ /}";"
e | pi—
& S THRUST DIAPHRAGM
® %\T_ /_
M~
L “h—1-3 1/2x3x3/8
A S PUSH, PULL BOLTS,
=, % ALTERNATE SIDES
RIGHT LEAF T

THIS SPACE TO BE FILLED WITH
MOLTEN ZING OR EPOXY AFTER
FINAL ADJUSTMENT OF SEALS

PLAN OF GATES IN MITERED POSITION

(SHOWING CONVEX AND CONCAVE BLOCK)
MITERING GUIDE NOT SHOWN)

¢ PINTLE AND
& PINTLEAND . GUDGEON PIN

UDGEON PIN
o0y
: ~ SEE NOTE "A" ON

FLATE B-5
_——R-11/4x15

——CLAD OR SOLID C.R,
STEEL QUOIN BLOCK

SLEEVE NUT 7

ANCHOR BOLT -

S 15x50
T ————MC 6x15.3

MITER GATES

QUOIN AND MITER
BLOCKS

ANCHOR BDL\

PLAN 3

: HORIZONTALLY FRAMED

Plate C-18. Quoin and Miter Blocks, Horizontally Framed Miter Gates.
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LE-D

CURRENT

SPRING —
LINE I|

¢ LocK

BRACKET

o 00000 GCO0
0 o
o] HO
I
o e
o 1O
0 o o
Lo} - O
[o} CoCcOoQooo

— 1" RAISED WEB
(TYP.)

~—— RIGHT LEAF LEFT LEAF —

PLAN OF MITERING DEVICE

113"

30" 30"
W 3%
e T
[ T
L= / “Héﬁpo Xy ST ROLLER BRACKET
GUIDE —_ ~ g

————— END DIAPHRAGM WEB ———__

-y v = Y,

SECTION A-A

MITER GATES
HORIZONTAL LY FRAMED
MITER GUIDE

Plate C-19. Miter Guide, Horizontally Framed Miter Gates.
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“Q FLOW
g SKIN PLATE ——— | e
-
SKIN f — —1 H-BEAM (77 77 77 77 77 A
BOTTOM GIRDER L rLance LATE FWEBR \". 2 d\\
> —x e S
— 75" e J
 STIFFENER 'da-‘f- CLUNPBARS I =
o —— || PLATE . - g N
En i ——J-SEAL
C B RUBBER SEAL 2 4x1al-7" ;(é 14 pSS
PRESET 118" - -
TOP OF SILL ANCHORS —A4—— .
. SILLPLATE ~ & banaes | | 7w e J v 7.
o = + 4
— SECOND POUR
T T - CONCRETE
o I-ancHor| | o
7y 2 BOLTS ~ . II
8 K f
= 5 —
T I~ |
o el SECOND POUR |
L. O 1 CONCRETE f . -
e 157 | SECTION THRU S|LL -
|
Tt~ ANCHORBOLTS SPACED | e
“ OMAPPROX, 1-10" ALT, CTRS
' SILL ANGLE
’ ” ’ 4“‘1"“('_“'___L'___l"__-_-f’
P m ‘F m T m P 6 " @ F A P
SECTION A-A i :
<&
FAGE OF
LOCK WALL -
— PINTLE BASE NOTE:
, 1. DIMENSIONS AND DETAILS SHOWN ARE
TYPICAL AND VARY AS REQUIRED BY
GATE SIZE,
SILL PLATE
MITER GATES
*  SEENOTE"A" ON PLATE B-5 HORIZONTALLY FRAMED
SILL ANGLE AND SEAL

Plate C-20. Sill Angle and Seal, Horizontally Framed Miter &ate
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TIE BACK AND MITER LATCH

| GATE RECESS
1
. _|1
|
A
- _IICJI___)’W;{__
-\__i_- L
PLAN OF MITER LATCH L fﬁ)
< )
T GLATCH
| ; PLAN OF TIE BACK
B T = .\;Q_TIE BACK | N
M Tl = "_‘lf_‘_,‘?fﬁ% ''''' fee=tmma | DIMENSIONS SHOWN ARE TYPICAL
| R TH-=t=-= AND USED FOR CLARIFICATION ONLY,
| . =] Ve DIMENSIONS MAY CHANGE WHERE
. = T L SAFETY . NECESSARY.
\ \ | cLIP .
T \ | MITER GATES
€ TOP GIRDER e ! — it HORIZONTALLY AND
: H g VERTICALLY FRAMED
) GATE LATCHES
SECTION A-A SECTION B-B

Plate C-21. Gate Latches, Horizontally and Vertically Fe@duliter Gates.
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[
TOCPINTLE

TOLPINTLE

UFPFERTATC

TOCPINTLE LOWER LATCH. _r

-—STEM COVER

- TOP OF
3 ] / LockwaLL

TOP OF LOCK WaALL

.9_;'_|;[_" | : =
T I | B
il i il

STEM COVER

NUT
~NUT RETAINER

BASE . AND

4 .
£ 1 b
1 &
il
1! B FACE OF
J S, "I” LOCK WALL|
T 1} P
d sl | FLE[=F
w = ) AT -
g T AN &
é ) S ! . . &
w|d =l n i
wlo 3 I 5
[ = v i
=1/ Wl e 4
a5 - ["OPPER LATCH
el &y
5 @ T 1II
[3] L
N 2
[+
e |||
Il
SN E N 1
I -
I i
0 €
i a
. Wi LT
I 1
I
i /
:w I'H'l |
L |
o | |7 /
N GATE LEAF —'
= | LATCH
N
o
4@* LATCH RECESS —
[ LOWERLATCH NOT SHOWN |
SECTION A

UPPER AND LOWER LATCH ASSEMBLY

i

GUIDE

LATCH ROD
2 DEL, EXT, 5TG, PIPE

SECTION C-C

5 v

? G

RIGHT LEAF

T
|
|

LEFT LEAF

ASSEMBLY-TOP GATE LATCH

|
nlE P fpe——
o= P NOTE;
9 2 g 1, DIMENSIONS AND DETAILS SHOWN ARE
N =5 TYFICAL AND VARY AS REQUIRED BY
= 2 GATE SIZE.
= i
MITER GATES
HORIZONTALLY FRAMED
' —_ UPPER AND LOWER
= S Frars LATCHING DEVICES
GIRDER WEB £ AL
SECTION B-B by

GATE LEAF LATCH

Plate C-22. Upper and Lower Latching Devices, Horizontalamed Miter Gates.
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—— TOP OF LOCK WALL

T
/MITERGATE [\__’
/ e B——
==
ook N —H—F—=1 7 - -
\” L L .E—ﬁ.]:l\ |‘I’-' v
s — 2L
e NS — “
PLAN 1 -
[ . w;
@_ A ‘ 2 .
/ L 2
LIMITSWITCH7 y T
I
g
<T

LATCH N /'41/
HOOK \ s, ~

?
K
\

TOP
GIRDER
'S__f'\l ..
I."I
i
A
\
7\
\ |
'.
¥
/

1
D
10" "

J P
e . 39‘?1!— T
GATE CATCH— - \
|
y
MITER GATE /o
1114+ | LIMIT SWITCH

ﬂs f

<'SECOND POUR

DIMENSIONS SHOWN ARE
TYPICAL AND USED FOR
CLARIFICATION ONLY,
DIMENSIONS MAY CHANGE
WHERE NECESSARY.

MITER GATES
HORIZONTALLY FRAMED
AUTOMATIC

FACE OF LOCK WALL \

LATCHING DEVICE

ELEVATION.
LATCHING DEVICE

Plate C-23. Automatic Latching Device, Horizontally FrameteMGates.
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Plate C-25. Quoin Block and Seals, Vertically Framed Mitee&at
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ATTACHMENT 1

Miter Gate Diagonal Design

Al.1. Diagonal Design

The following information is applicable to open framates and is essentially the same as that
presented in “Torsional Deflection of Miter-Type Lock Gatesl &esign of the Diagonals”
(USAED, Chicago, 1960) with only minor modifications.

Al.2. Definitions of Terms and Symbols

Deviations from these symbols are noted at the places of exception:

A = Total torsional deflection of the leaf measurédha miter end, by the movement of the
top girder relative to the bottom girder (see Figutel). The deflection is positive if the
top of the miter end is moved upstream relative to the bottom.

Positive diagonal: A diagonal that decreased inttength a positive deflection of the leaf (see

Figure Al-4).

a = The cross-sectional area of that part of a horizontadigilgit lies outside the midpoint
between the skin and the flange (see Figure A1-6).

A = Cross-sectional area of diagonal.

A' = Stiffness of the leaf in deforming the diagonaltilUmore test data are available, it is

suggested tha#' be taken as the sum of the average cross-sectisas of the two ver-
tical and two horizontal girders that bound a panel times:

1/8 for welded horizontally framed leaves with skin of flat plates,

1/20 for riveted vertically framed leaves with skin of buckle pi@ee paragraph
Al1.4.9.1).

b = Distance from the center line of the skin plate to thegiaof a horizontal girder (see
Figure A1-6).

= The smaller dimension of a rectangular cross section.
= Pitch diameter of the threaded portion of the diagonals.

O
I

Prestress deflection for a diagoiais the deflection of the leaf required to reduce the
stress in a diagonal to zefdis always positive for positive diagonals and negative for
negative diagonals.

= Bending modulus of elasticity.
Shearing modulus of elasticity.
= Height of panel enclosing diagonal.

T > m m
I

= Vertical height over whicl is measured, usually distance between top and bottom
girders.
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Moment of inertia about the vertical axis of any horizogtaler.

Moment of inertia, about the horizontal centroidal axis, of a \&rsiection through a
leaf (see Figure A1-5).

Modified polar moment of inertia of the horizontal and vertical members of the leaf.
A constant, taken equal to 4 (see paragraph A1.4.9.1).

The larger dimension of a rectangular cross section.

Length of a diagonal, center to center of pins.

Torque required to turn the sleeve nut to prestress diagonal (refer to Equafi8nh Al
Number of threads per inch in sleeve nut of diagonal.

Number of turns of nut to prestress diagonal (refer to Equation A1-27).

Elasticity constant of a leaf without diagonals (see pa@EgAl.4.9.2).

Elasticity constant of diagonal defined by Equation A1-18.

Ratio of change in length of diagonal to deflection of leaf wthi@gonal offers no
resistance (refer to Equation A1-1R).is positive for positive diagonals and negative
for negative diagonals.

Ratio of actual change in length of diagonal to deflectioradf(refer to Equation Al-
13).Ris positive for positive diagonals and negative for negative diagonals.

Unit stress in diagonal.
Total force in diagonal.

Distance from center line of skin plate to center line ofalel (for curved skin plate,
see paragraph A1.4.8).

Torque area. Product of the torguef an applied load and the distarct® the load
from the pintlezis measured horizontally along the I€ais positive if the load produc-
es a positive deflection.

Distance from center line of pintle to extreme miter end of leaf.
Width of panel (refer to Figure Al-1).

Distance from center line of skin plate to et shear center axis of leaf (refer to
Equation A1-30).

Distance to any horizontal girder from the hortabonentroidal axis of a vertical section
through a leaf.

Distance to any horizontal girder from the horizontal shear ceamis of a vertical
section through a leaf.

Distance to horizontal shear center axis fromhitbrézontal centroidal axis of a vertical
section through a leaf (refer to Equation A1-29).
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Al.3. Introduction

Alock gate leaf is a very deep cantilever girdehwaitelatively short span. The skin plate is the we
of this girder. If the ordinary equations for the deflectionadtilever under shearing and bending
stresses are applied, the vertical deflection of the averageilelé iound to be only a few hun-
dredths of an inch. Because the skin plate imparts such a greealveiffness to the leaf, the
stresses in the diagonals are a function of only the torsitmatiGg) forces acting on the leaf.
These forces produce a considerable torsional deflection whgatthis being opened or closed. It
is this torsional deflection and the accompanyingssigs in the diagonals with which this chapter is
concerned.

The shape of the twisted leaf is determined geomeiricalien the work done by the loads is
equated to the internal work of the structure. From thisigbistance that each diagonal offers to
twisting of the leaf is computed as a function & tbrsional deflection of the leaf and the dimen-
sions of the structure. Equations for torsional deflection of theleh$tresses in the diagonals are
derived.

Experiments were made on a model of the proposed gates for thetMacliock at Sault Ste.
Marie. Tests were also conducted in the field on the lgatas of the auxiliary lock at Louisville,
KY. Both experiments indicate that the behavior gate leaf is accurately described by the torsion-
al deflection theory.

Examples of the application of the theory are presented togeith alternate methods for prestress-
ing the diagonals of a leaf.

Al.4. Geometry

To make a torsional analysis of a lock gate, the geometry deftected structure must be known.
The change in length of the diagonal members williéermined as a function of the torsional
deflection of the leaf. For the present, the restraint offeredébgliagonals will not be considered.

Al.4.1.Diagonal deformatiorin Figures A1-2 and Al-3, the panel ak of FigurelA$ consid-
ered separately. As the leaf twists the panel ak twistelested by the dotted lines. In Figure A1-3,
movements of all points are computed relativeedlthee reference axes gf, gb, and gk shown ind-igu
Al1-2. The girders and skin plate are free to twist, but teaain rectangles, except for second-order
displacements. Therefore, the three referenceaagedways mutually perpendicular. betequal the
change in length of either diagonal of Figure A1-3.
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Hotes:
A and B are positive for
clockwise rotatioms.

t is the distance from the center
1ine of the skin plate toO the center
iine of the diagonal.

Plane of
skin plafe

Figure Al-1. Schematic Drawing of a Typical Miter-Type Lock-Gate Leaf.
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A1.4.2. Sign convention. For the necessary sign convention, let the deflection d be positive when
the top of the leaf moves upstream in relation to the bottom. With a positive deflection, those diagonals
that decrease in length are considered positive diagonals. With negative deflection, where the top of the
gate moves downstream in relation to the bottom, those diagonals that decrease in length are considered

negative diagonals.
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Figure A1-2. Schematic Drawing of Panel ak.

A1.4.3. Ratio of diagonal deformation to panel deflection. In the following information a decrease
in any diagonal length, either positive or negative diagonal, is designated as a positive change in length.

Let 4 be defined as follows:

60
To=—,
d (A1-2)
which, from Equation A1-1, becomes:
=% #’;”1
(w+h")"" (A1-3)

rg is positive for positive diagonals and negative for negative diagonals. Figure A 1-4 illustrates the

positive and negative diagonals of a typical leaf.
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Figure A1-4. Positive and Negative Diagonals of a Typical Leaf.

Al.4.4. Diagonal restraint. Up to this point, the restraint offered by the diagonal members has not
been considered. Equation Al-1 gives the change in length of a diagonal if the diagonal offers no
resistance. However, unless a diagonal is slack, it does offer resistance to change in length. Therefore,
when a deflection d is imposed on the panel, the length of the diagonal does not change an amount .
The actual deformation is 8, which is less than 6y by some amount 3"

6=98,-¢ (A1-4)
It is evident that d is inversely proportional to the resistance of the diagonal and that &' is inversely
proportional to the ability of the panel to elongate the diagonal. Let the resistance of the diagonal be
measured by its cross-sectional area 4. Then:
s A
5 A (A1-5)
in which A4"is a measure of the stiffness of the panel in deforming the diagonal. The significance of

A" and the method of determining its magnitude will be discussed later. Let it be assumed for the
present, however, that 4" is known.

Solving Equation A1-4 for 8' and substituting its value in Equation A1-5:

0 (A1-6)

Let r be defined as the ratio of the actual deformation of the diagonal to the deflection of the panel:
d (A1-7)
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Using Equations A1-2 and A1-7, Equation A1-6 can be written:
rd A
rd—-rd A
and solving for r:
A!
r= r ,:’J
A+A (A1-8)

(note) when the diagonal offers no restraint (that is to say that 4 = o), r = ry.

Let A be defined as the torsional deflection of the whole leaf; see Figure A1-1. It is evident that the
relative deflection d from one end of a panel to the other is proportional to the width of the panel:

wA
d=
v (A1-9)
Let R be defined as follows:
R{J = %
A (A1-10)

Substituting the values of 8y and A from Equations A1-2 and A1-9, respectively:

Rl‘i = i ")2‘1’1'? 2
v(w® +h‘)”‘

which, from Equation A1-3, becomes:

2wt
Rn:i{ 2 ;2 uz}
V(“r’ +h ) (Al‘ll)
Let R be defined by:
r=2
A (A1-12)

Substituting in Equation A1-12 the values of 8 and A obtained from Equations A1-7 and A1-9,
respectively:

rd —w

=—r

B (viwd v
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which, from Equation A1-8 becomes:

EJ‘ Af _R Af
v TA+A" TA+A (A1-13)

R=

Al.4.5. Deflection of leaf and stresses in diagonals. In general, the diagonals of any lock-gate leaf
will have, as a result of adjustments, an initial tension that is here called a prestress. The prestress in all
diagonals is not the same. However, for any diagonal the leaf can be deflected by some amount A, such
that the stress in that diagonal is reduced to zero. The magnitude of this deflection is a measure of the
initial tension in the diagonal and will be called the prestress deflection D for that diagonal. By selecting
the value of D, the designer can establish a definite prestress in any diagonal (see Section A1.5 and A1.6
in this attachment). It can be seen from the definition of a positive diagonal that D is positive for positive
diagonals and negative for negative diagonals.

Al.4.5.1. Deflection of leaf. Referring to Equation A1-12, it is seen that the prestress in any diago-
nal results from a change in length equal to R (-D). If an additional deflection A is imposed on the leaf,
the total change in length will be:

6= R(-D)+ R(A)= R(A- D) (Al-14)
and similarly:
50 =R”(A—D) (Al-l4d)

Since a positive value of d represents a decrease in length, the elongation of a diagonal is (-0) and
the total force is:

G (—8)EA
L
which, from Equation A1-14, becomes:
S= ﬂ( A—D)
L (A1-15)

If the diagonal offered no resistance to change in length, its deformation would be, from Eq. A-4,
0, =0+ &’. The force in the diagonal, therefore, not only elongates the diagonal an amount o'. The
total work done by the force S in the diagonal is, therefore:

1 1
W,==(0-98)=—S0
D 2( ) 2 0

which, by adapting Equation A1-14a, becomes:
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1
W, =—=SR,(A-D)
2 (Al-15a)
Substituting the value of S from Equation A1-15:
—RR EA 2
p =" (A= DY’
2L (A1-16)

The force § in the diagonal is produced by some external torque 7. The work done is:

W, =110
2

It is evident from Figure A1-1 that the angle of rotation 0 of any section of the leaf is proportional to
the distance z from the pintle. If the leaf is twisted an amount (A-D), the angle of rotation at the end
is (A—D)/h. Therefore, at any section:

_(A-D)z
h v

0

making this substitution for ) in the equation for Wr.
(A-D) .
2hv (A1-17)

T=

The term T is the area of the torque diagram for the torque 7. 7. will hereinafter be called “torque-
area’ (see definitions).

Equating the sum of Wy and Wr as given by Equations A1-16 and A1-17, respectively, to zero and
simplifying:
_ RR,EAhy

T. (A-D)=0
Let:
RR, EAhv
Q=—"—
L (A1-18)
Then:
T.+Q(D-A)=0

(A1-19)

Since T is the torque-area of the external load, the quantity Q(D-A) may be called the resisting
torque-area of the diagonal. All factors of Q are constant for any diagonal. Q, therefore, is an elas-
ticity constant of the diagonal. Even if there were no diagonals on a leaf, the structure would have
some resistance to twisting. Let the resisting torque-area of the leaf without diagonals be defined as
Qp(A). A prestress deflection D is not included in this definition since the leaf does not exert any
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torsional resistance when it is plumb. In other words, D for the leaf is zero. O, will be evaluated
later. For the present, let it be assumed that Q, is known.

The total torque-area of all external loads plus the torque-area of all resisting members must equal
zero. Therefore, Equation A1-19 may be written as follows:

2A(T)-Q,A+X[Q(D-A)]=0 (A1-20)
in which Z[Q(D-A)] includes all diagonals of the leaf.

Since A is a constant for any condition of loading, Equation A1-20 may be solved for A:

A Z(T)+30(D)
0,+20 (A1-21)

which is the fundamental equation for deflection.

If the leaf is to hang plumb (A = 0) under dead load, the numerator of the right-hand member of
Equation A1-21 must equal zero:

S(T,)p, +3(QD)=0 (A1-22)

Equation A1-22 represents the necessary and sufficient condition that a leaf hang plumb under dead
load.

If the live-load and dead-load torque-arcas are separated, Equation A1-21 may be written:

_ 2T ) +2(T )p, +2(9D)
Q,+20

A

But if Equation A1-22 is satisfied, 2(77)ps. + 2 (QD) =0,

therefore:

XA
Q,+20 (A1-23)

which is the fundamental equation for deflection of a leaf with all diagonals prestressed. Equation
A1-23 shows that the live load deflection of a leaf is independent of the prestress deflection D for
any diagonal.
Stress in Diagonals. The unit stress in a diagonal is obtained by dividing Equation A1-15 by A:
§= E(D -A)
L (A1-24)

which is the fundamental equation for unit stress in a diagonal.
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A1.4.5.2. Maximum numerical value of D. If the maximum allowable unit stress is substituted for s
in Equation A1-24, the maximum allowable numerical value of (D-A) will be obtained. Since the maxi-
mum values of A are known from Equation A1-23, the maximum numerical value of D for any diagonal
can be determined.

Al.4.5.3. Minimum numerical value of D. The diagonals of a gate leaf should be prestressed so that
all of them are always in tension (see paragraph Al1.4.10). If this is to be so, the quantity (D-A) must
always represent an elongation of the diagonal. Therefore, for positive diagonals, D must be positive and
greater than the maximum positive value of A. For negative diagonals, D must be negative and numeri-
cally greater than the maximum negative deflection. These then are the minimum numerical values of D.

Al1.4.5.4. Values of D. Values of D shall be selected such that they satisfy Equation A1-22 and lie
within the limits specified above. If this is done, the leaf will hang plumb under dead load, and none of the
diagonals will ever become overstressed or slack. In addition, the deflection of the leaf will be held to a
minimum since a prestressed tension diagonal is in effect a compression diagonal as well.

A1.4.6. Preliminary area of diagonals. In the design of diagonals, it is desirable to have a direct
means of determining their approximate required areas. With these areas, the deflection and stresses can
then be found and, if considered unacceptable, the areas could be revised and the process repeated. A close
approximation to the required area can be found by equating Equations Al-15a and A-17:

(A-D)
2hv

%SR{,(A—D):— T.

Treating R, as equal for all diagonals, substituting s4 for S, and taking  for all diagonals in a set:

$A=-2 (A1-25)

Rohv

With the above, the maximum positive 7. will give the total area required in the set of negative
diagonals and the maximum negative 27~, the area for the positive diagonals.

Al.4.7. Vertical paneling of leaf. By differentiatin% O with respect to 4, it has been found that the
most effective slope for a diagonal exists with / = w(2)""2. If h approaches 2.5 w, it will be desirable to
subdivide the panel vertically to reduce the area of the diagonals or, possibly, to reduce their total cost.
The example in paragraph A 1.6.8shows the slight modification necessary to apply this method of design
to panels subdivided vertically. In general, diagonals are most effective in panels having the ratio of:

Greater dimension 12
=(2)

Lesser dimension
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A1.4.8. Curved skin plate. The geometric relationships derived herein apply equally well to a leaf
with curved or stepped skin plating and the more general value of 7 is the plan view divided by the width.
The plan-view area is the area bounded by the skin plate, the center line of the diagonals, and the side
boundaries of the panel.

A1.4.9. Discussion.

A1.4.9.1. The constant A'. Except for the constants A' and O, all properties of the gate leaf are
known, and the deflection of the leaf and the stresses in the diagonals can be determined. A' appears in
the equations for both R and Q as follows:

— A’ R
A+A" " (from Eq. Al1-13)

_ RR,EAhy  R2Ahv A’
L L A+ A (from Eq. A1-18)

1. Measurements were made on the 1/32-size celluloid model of the gates for the MacArthur
Lock at Sault Ste. Marie (Soo). Field measurements were also made on the lower gate at Louisville,
KY, and 29 gate leaves in the Rock Island District on the Mississippi River. The Soo and Louisville
gates are horizontally framed and have flat skin plates and the Mississippi gates are vertically framed
and have buckle skin plates. In all cases, 6 was determined from strain gage readings on the diagonal
and A was measured directly as the leaf was twisted. Equation A1-12 gave the value of R. A' was
then calculated from Equation A1-12 in which the theoretical value of R, obtained from Equation
Al-11 was substituted.” Values of A" obtained are:

Sault Ste. Marie 4" = 0.025 in.> (model)

=0.025 x (32)* = 26 in.” (prototype)
Louisville = 13 in.”
Mississippi River Gates = 10 in.”

2. It seems reasonable to suppose that the size of the horizontal and vertical girders to which the
diagonal is attached can be used as a measure of A". At Sault Ste. Marie, 4'is 0.14 of the sum of the
cross-sectional areas of the girders that bound the diagonal. At Louisville the factor is 0.07 and for
the Mississippi River gates, 0.045. Additional experiments are desirable. However, until more data
are obtained, it is believed that a conservative value of A’ for the average diagonal is the sum of the
average cross-sectional areas of the girders that bound the diagonals times 1/8 for the heavier,
welded, horizontally framed leaves with flat skin plate and 1/20 for the lighter, riveted, vertically
framed leaves with buckle plates.

3. Itis believed that for any gate leaf diagonal, A’ will usually be as large or larger than A. There-
fore, a large error in A’ will result in a much smaller error in the fraction A’/(4 + A"). Hence, it is

" In the model test, the experimental value of R, was also determined and was found to agree with the
theoretical value within 1 percent.
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necessary to know the approximate value of 4’ in order to apply the foregoing theory. This is espe-
cially true of the diagonal stress, as can be seen from Equation A1-24 where an error in 4’ produces
an error R, which is opposite to that produced in (D - A). Thus, stress is nearly independent of A",

A1.4.9.2. The constant Q,. O, is an elasticity constant that is a measure of the torsional stiffness of
a leaf ' without diagonals. Q, is a function of many properties of the leaf. However, it seems reasonable
that the torsional work done on the typical main members of the leaf, as the leaf twists, might be used as
a measure of O,

1. When a leaf twists, the horizontal and vertical members rotate through angles of A/ and Alv,
respectively. The work done in any member is:

1EJ (A)
W = 2 v K , for horizontal members
1EJ A)
W = 2 h v , for vertical members
E; = shearing modulus of clasticity
J = modified polar moment of inertia.

The work done by an external torque is, from Equation A1-17

A

2hv

In this case, the value of D in Equation A1-17 is zero since the members are not sup-
plying a resisting torque when the deflection is zero. Equating Wr to W and solving 7.

E¢J

A
Tz = H , for horizontal members
EJ A
Tz = H | forvertical members

The quantities EJ/4 and EJ/v might be called the values of O, for horizontal and ver-
tical members, respectively, hence:

Q,=KE,S(J/h+J/V) (A1-26)

where the value of K as determined experimentally for the Sault Ste. Marie model and
the Louisville prototype is approximately 4. Until additional measurements can be
made, this value should be used.

2. Nearly all members of a leaf subject to torsion are made up of narrow rectangles. For these,
the value of J is:
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1 (3)°
3

Where plates are riveted or welded together, with their surfaces in contact, they are
considered to act as a unit with ¢ equal to their combined thickness.

3. Using Equation A1-26, Q, can be evaluated very easily, as will be demonstrated in the exam-
ples. However, in many cases O, can be neglected entirely without being overly conservative. In
neglecting Q,, the stiffness of the leaf itself, without diagonals, is neglected. An experiment has
shown this stiffness to be small. Furthermore, anyone who has seen structural steel shapes handled
knows how easily they twist. Unless closed sections are formed, the total stiffness of a leaf is just the
arithmetic sum of the stiffness of all members taken individually and this sum can be shown to be
small. The lack of torsional stiffness is also illustrated by a known case in which a leaf erected
without diagonals twisted several feet out of plumb under its own dead weight. O, is included in
examples | and 2 but its values are only 5% and 3%, respectively, of the total stiffnesses, O, contrib-
uted by the diagonals.

A1.4.9.3. Load torque-areas. By definition, a load applied through the shear center of a section will
cause no twisting of the section. In computing dead load torque-area the moment arm of the dead load is,
therefore, the distance from the vertical plane through the shear center to the center of gravity of the leaf.
The method of locating the shear center of a lock-gate leaf is given in paragraph Al.4.11. The water
offers resistance against the submerged portion of the leaf as it is swung. There is also an inertial re-
sistance to stopping and starting. Since the resultant of these resistances is located near or below the
center height of leaf and the operating force is near the top of the leaf, a live load torsion results. From
tests performed to determine operating machinery design loads, the maximum value of the above-
mentioned resistances was found to be equivalent to a resistance of 30 psf on the submerged portion of
the leaf. Until additional data become available, it is recommended that this value be generally used in
computing the live load torque-area. However, in the case of locks accommodating deep-draft vessels,
water surges are created during lockages that appear to exceed the above-mentioned equivalent load.
Until more data are obtained, it is recommended that for these cases, 45 psf or higher be used.” The
diagonals will also be checked for obstruction loads and temporal hydraulic loads and the governing
loading condition will be used for diagonal design. For definition of obstruction and temporal hydraulic
loads, refer to paragraphs A1.4.2 and A1.8, respectively.

A1.4.9.4. Skin plate consisting of buckle plates. The theory is based on the assumption that the skin
plate remains rectangular at all times. If the skin consists entirely of buckle plates and if the shear in the
skin is large, this assumption may be in error. However, if the diagonals extending downward toward the
miter end are made larger or prestressed higher than the others, the prestress in them can be made to
carry a large part, if not all, of the dead load shear. Although the action of buckle plates in shear is not
understood, it is recommended that they be treated as flat plates. As a precaution, however, the diagonals
should be prestressed to carry as much of the dead load as possible within the restrictions imposed on D
(see paragraph A1.4.5). The reader is referred to paragraph A 1.6, Example 2.

" The operating strut mechanism should also then be designed for these larger forces.
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A1.4.10. Methods for prestressing diagonals. It is essential that all diagonals be prestressed. With
all diagonals prestressed, none will ever alternately bow out and then snap back into position during
operation of the leaf. It is certain that this buckling was responsible for some of the failures of diagonals
that occurred in the past. Prestressing also reduces the torsional deflection of the leafto a minimum, since
all diagonals are always acting. There are two general methods of prestressing diagonals. In one method,
the leaf is twisted a precomputed amount and the slack in the diagonals is removed. In the other, the
sleeve nut on the diagonal is turned a precomputed amount. Caution should be taken when using the
twist of the leaf method where the leaf has top and bottom torque tubes. Due to the increased leaf stiff-
ness, there is the need for a higher jack capacity (150+ tons), and a possibility that damage could be
caused to the leaf or other gate components. The high jacking loads could cause damage such as local-
ized buckling of plates, excessive deflection in the quoin post, and damage to the grease seals, pintle, and
pintle socket, etc. These two methods are discussed in the following paragraphs.

A1.4.10.1. Twist-of-the-leaf-method. The quoin end of the leaf is made plumb and the miter end is
anchored to prevent horizontal movement in either direction. This is done by either tying the miter end to
the sill or tying the top miter end to the lock wall and using a hydraulic jack at the bottom. Then with a
power-operated cable attached to the top of the miter end, the leaf'is twisted the computed D for one set
of diagonals and the slack is removed from this set. During this operation, the other set of diagonals must
be maintained slack. The leaf'is then twisted in the opposite direction the computed D for the other set of
diagonals, and the slack is removed from them (see paragraph A1.6, Example 2). It is important that all
the slack be removed without introducing any significant tension in the diagonal. This can best be
accomplished by lubricating the nut and manually turning it with a short wrench. Since the turning
resistance increases abruptly with the removal of the slack, the point of removal can he felt. As a further
precaution, a strain gage is recommended on the diagonal being tightened. The maintained deflection of
the leaf should also be watched, since more than a slight tension in the diagonal will cause a change in
deflection of the leaf. On existing gates in which the diagonals were not designed by this method, it may
be necessary to overstress some diagonals during the prestress operation. For this one-time load, a stress
of 0.67F is considered permissible where F is the yield strength of the diagonal material. The prestress-
ing force required (normal to the leaf, at the upper miter corner) is obtained from Equation A1-21 as:

AQ, = £Q)-2Q-GXT.) D.L.
P= hv |

where Q includes only the active diagonals (see paragraph A1.6.8 Example 2).

A1.4.10.2. Tum-of-the-nut-method. In this method, it is essential that the nut be very well lubricat-
ed with a heavy lubricant. Initially, all diagonals must be slack and, during the prestressing operation,
each diagonal must be maintained slack until it is reached in the prestressing sequence. Then the slack is
removed from the first diagonal to be prestressed and the diagonal is clamped to the leaf, as close to both
ends of the nut as possible, to prevent twisting of the diagonal during the nut-turning operation. The
clamping should restrain twisting of the diagonal without preventing elongation of the full length. In
removing the slack, the same precautions should be observed as in the previous method. The nut is then
turned the precomputed N for the diagonal. This procedure is repeated for each succeeding diagonal. (See
paragraph Al.5, Example 1) The large torque required to fully tighten the nut can be provided by a
mechanically supplied force at the end of a long wrench. The nut must be turned to shorten the diagonal
an amount = R, (D-A). Therefore, if 7 is the number of threads per inch, the number of turns required is:

C-67



ETL 1110-2-584
30 Jun 14

_ nR,(D—-A)
2 (A1-27)

N

in which A is the initial deflection measured in the field. From textbooks on machine design, the
torque M required to turn the nut to obtain the desired prestress, s4, is:

M = sA tan(6+o)d

where d is the pitch diameter of the threads. 0 is the friction angle, which from tests, may be taken
equal to tan "'(0.15)=8°30", and « is the helix angle, which, within the size range that would be used
on diagonals, may be taken as a constant angle of 1°30'". Further the maximum unit stress s is given
by Equation A1-24.

Therefore:

0.18 REAd(D— A)
L (A1-28)

M =0.185Ad =

in which A is determined from Equation A1-21, with only the active diagonals included.

A1.4.10.3. Comparison of methods. The twist-of-the-leaf method has been used, with excellent re-
sults, considerably more than the turn-of-the-nut method. While the turn-of-the-nut method appears to
have some merit, such as reduction in setup time, the elimination of overstressing any diagonal during
prestressing, and the elimination of strain gages, this method is not recommended due to the difficulties
encountered during prestressing. The diagonal bar tends to twist and it is extremely difficult to provide
sufficient torque to the sleeve nut or turnbuckle without first deflecting the leaf. The turn-of-the-nut
method is included for information but for normal installations the twist-of-the-leaf method should be
used.

Al.4.11. General method for locating shear center of a lock gate leaf. The shear center of a gate
leaf is the point through which loads must be applied if the leaf is not to twist.

Al.4.11.1. Horizontal shear center axis. Consider the leaf restrained against rotation about the
hinge. To prevent twisting of the leaf due to horizontal forces, the resultant of these forces must be
located so that the load to each horizontal girder is proportional to their relative stiffnesses. This is
equivalent to saying that the resultant must be located along the horizontal gravity axis of the girder
stiffnesses. This gravity axis is then the horizontal shear center axis and is located a distance from the
centroidal axis equal to:

_2(1,Y)
xl, (A1-29)

Y

in which 7,,, is the moment of inertia of any horizontal girder about its vertical centroidal axis.

Al.4.11.2. Vertical shear center axis. A lock-gate leaf’is a cantilever beam supported by the pintle
gudgeon. A vertical load on the leaf causes tension above and compression below the centroidal axis.
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Therefore, longitudinal shearing stresses exist in the structure and shearing stresses of equal magnitude
and at right angles to the longitudinal shearing stresses exist in the plane of any vertical cross section.

1. A shear diagram with arrows to indicate the direction of the shear is shown in Figure Al-5.
Since the shears of the flanges of the top and bottom girders are small and since the shear on one
side of a flange is usually equal and opposite to the shear on the other side of the same flange, these
shears will be neglected. The horizontal shears in the webs of the top and bottom girders produce a
torsional moment on the section, which must be balanced by the torsional moment VX of the vertical
forces if the leaf is not to twist.

2. The shear diagram for the web of the right-hand part of the top girder is redrawn to a larger
scale in Figure A1-6. The trapezoidal shape of this diagram is based on the assumption that the
thickness of the web is constant within the limits of the diagram. The ordinate of the diagram at any
point is ¥Q/I. The area of the shear diagram is the total horizontal shear S on this part of the girder.
This area is (VQ/I)b in which VQ/I is the ordinate at the center of the diagram. Therefore, Q is the
statical moment, about the centroidal axis of the whole section, of that part of the section lying
within the circle of Figure A1-6. If a is the area of this part of the section, then O = ay, and:

§=Yay
1

The torsional moment of all these horizontal shearing forces about the horizontal shear
center axis is:

Vay

T=%X i b.\'!n = %E(G}’b}’”)

If the leaf is not to twist, the sum of the moments of the vertical and horizontal forces
must equal zero:

VX + % 2(ayby,)=0

and solving:

X=— [.Z(f*.;b}’” ) }

(A1-30)
which is the horizontal distance from the center line of the skin to the shear center of
the section. In this equation, a is always positive and b and X are positive when meas-

ured to the right of the skin and negative when measured to the left.

3. Equations A1-29 and A1-30 are general expressions, independent of the number of horizontal
girders, and as such apply equally well to horizontally framed gates.
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Figure A1-5. Shear Diagram for Typical Vertically Framed Lock-Gate Leaf.
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Figure A1-6. Shear Diagram for Web of the Right-Hand Part of the Top Girder.

Al.5. Example 1, Horizontally Framed Gate

Lower operating gates, MacArthur Lock, Sault Ste. Marie (see Figure A1-7).

Al.5.1. Evaluation of A'. The bottom and top girders and the vertical end girders are W36X150
with a cross-sectional area of 44.16 in’. Therefore, A’ is (see paragraph A1.4.9.1):

A'=1/8 (4 x 44.16) =22 in.”
A1.5.2. Evaluation of Q, (see paragraph A1.4.9.2and Table Al-1).

Q,=KE X(jlh+jlv)

06 4320.0 N 590
3x684.0 3x529

=120.0%10%n.1b.

0,=4x12x1

(from Eq. A1-26)

A1.5.3. Location of shear center (see Figure A1-5). Computations for the centroidal axis and mo-
ment of inertia of the vertical section through the leaf (see Figure A1-7) are not given. Tables A1-2 and
Al-3, respectively list computations of distances x and y:

Y=310in. /=42.6 x 106 in.*

Horizontal shear center axis:

_X(1,y) _ —1.61x10°
i} 162,000

n

Y =-10.0in.

(From Eq. A1-29)
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Vertical shear center axis:
The value of b for all girders is -36.1 in.

-36.1

m)x13.54><10“’=11.4 in.
O X

b
X=—X(ayy,)= _(
4 (from Eq. A1-30)

A1.5.4. Load torque areas (see paragraph A 1.4.9.3). The forces that produce twisting of the leaf are
shown in Figure A1-8. Table A1-4 lists computation of the torque area. Computations for the location of
the center of gravity and deadweight of the leaf are not given. Because this lock handles deep-draft
vessels, a water resistance of 45 psf'is used.

A1.5.5. Evaluation of R,, R, and Q.

R =t ?2w:2 _ 2x483%37 8 00822
viw? +h*)2 7 529(483% + 6842)"

Required size of diagonals:

For diagonal U,L,,

6
P ~11,570 10 o152
sRhv {18,000 %0.0822 x 684 x 529

(from Eq. A1-25)

For diagonal L,U,,

9,200 % 10° . 2
A=-— =17.11in.
18,000 % 0.0822 x 684 x 529

For diagonal L, U, the dead load torque is not now included since diagonal U, L; will be prestressed
to support this load. The following diagonal sizes will be used throughout the remainder of the
design and revised later, if necessary:
__A -R, =% 22 % (.822
A+A A+22 (from Eq. A1-13)

_ RR,EAhv  Rx0.0822x29 X 10° x Ax 684 x 529
L 771

=112x10" x RA

Table A1-5 lists computation of the constant Q.
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Figure A1-7. Lower Gate Leaf, MacArthur Lock, Sault Ste. Marie.
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Table Al-1. Computation of Modified Polar Moment of Inertia J.
nic®
n (No. of Horizontal Vertical

Elements Elements)| 1(in.) c(in.) Members Members
Horizontal Girders
US flange, 3 12.0 2.44 520.0 —
Web, 3 34.0 0.63 30.0 —
DS flange, (G1, 2, and 12) 3 12.0 0.94 30.0 —
US flange, 16.5 2.78 3190.0 —
Web, 9 335 0.77 140.0 —
DS flange, (G3 9 16.5 1.26 300.0 —
through G11)
Skin (between flanges)
Yo—in. plate 1 203.0 0.50 30.0 —
5/8—in. plate 1 308.0 0.63 80.0 —
Vertical Girders
UsS flange 12.0 1.57 — 190.0
Web 4 34.0 0.62 — 30.0
DS flange 12.0 0.94 — 40.0
Quoin & Miter Posts
Web 2 30.0 0.63 — 20.0
Flange 2 12.0 1.00 — 20.0
Block 2 8.0 2.63. — 290.0
Total = 4320.0 590.0
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Table A1-2. Computation of Distance Y.

Girder Ln (in.% y (in.) lny (in.>x 10°)
G-1 9,000 +374.0 +3.37
G-2 9,000 +272.0 +2.44
G-3 15,000 +200.0 +3.00
G-4 15,000 +128.0 +1.92
G-5 15,000 +73.3 +1.10
G-6 15,000 +18.5 +0.28
G-7 15,000 +36.3 -0.55
G-8 15,000 -91.0 -1.36
G9 15,000 -145.8 -2.18
G-10 15,000 -200.5 -3.00
G-11 | 15,000 -255.3 3.84
G-12 9,000 -310.0 -2.79

> 162,000 > -l161

Table A1-3. Computation of Distance X.

Girder | a(in®) | Y(in.) | Yn(in.) | ayyn(in.*x 10°
G-1 |22.1 [+374.0 |+384.0 3.17
G-2 |22.1 |+272.0 | +282.0 1.69
G-3 [33.9 |+200.0 | +210.0 1.42
G-4 |339 |+128.0 | +138.0 0.60
G5 |339 |+733 | +833 0.21
G6 |339 |+185 | +285 0.02
G-7 |339 |-36.3 [26.3 0.03
G-8 [339 |-91.0 |-81.0 0.25
G-9 |339 |-1458 |-135.8 0.67
G-10 [33.9 |-200.5 |-190.5 1.29
G-11 [33.9 |-255.3 |-245.3 2.13
G-12 [22.1 |-310.0 |-300.0 2.06
5 13.54
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T
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=
< Resuitont wafler
o - resistonce 74,500 1b.
§ L~ {__—Skin plate
.wl
- - £ Giz
Bottom of 1eaf A 1

End View — Miter End (Gate being opened)

Figure A1-8. Forces Acting on Leaf Being Opened.

Table A1-4. Computation of Torque Area.

Moment
Load Force (Ib) | Arm (in.) z (in.) T,(in.”1b x 10°%)
Dead load 290,000 27.5° 253 -2,020
Ice & mud 50,000 27.5 253 -350
Water 74,500 465.0 265 +9,200"

* From determinations of shear center and center of gravity for various
horizontally framed gates, this arm is approximately 3/4t

® Plus value for gate opening.

Table A1-5. Computation of Constant Q.

Diagonal | A (in.2) R Q (in-Ib x 10°)
UL, 24.0 +0.0393 | 1,050.
LU, 18.0 0.0452 910.
Q= 1,960
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A1.5.6. Deflection of leaf.
Ao ET. _ 9.200x10°
- = -=4.
Gate opening Q,+20  (120+1,960)x10 (from Eq. A1-23)
- — 6 _ _ 6
Gate closing A = (-9,200 350)><106 _ _462200 350)x1(l - 46
(120+1,960)X10 (120+1,960)X10

A1.5.7. Prestressed deflections and stresses in diagonals. Table A 1-6 lists prestress deflections. The
minimum numerical values of D (line 3) are the maximum deflections of the leaf. Maximum numerical
values of (D - A) are found by solving Equation A1-24.

s 18,000x771 0478
(D-A)=—-—= — =
RE  Rx29x10 R

Having the maximum numerical values of (D - A), the maximum values of D are determined and
placed in line 5. Values of D (line 6) are then selected between the above limits such that Equation
A1-22 is satisfied that is, Z(QOD) must equal +2,020 x 10%n.%1b. Further, to ensure that the diagonals
will always be in tension, D should be such that the minimum stress is more than 1 kip per in.>
Stresses that occur during normal operation of the gate are computed from

§= R—b(D -A)
L (from Eq. A1-24)

and are placed in lines 8, 9, and 10.
From Table A1-6, it is seen that the diagonal sizes chosen are quite satisfactory.

Table A1-6. Stresses in Diagonals during Normal Operation.

Negative Diagonal
Line |Positive Diagonal Parameter U,L, L, U,
1 |R +0.0393 -0.0452
2 |Q (in-Ib. x 106) 1,050 910
3 |Minimum numerical value of D (in.) +4.4 -4.6
4 |Maximum numerical value of D-1) (in.) +12.1 -10.6
5 |Maximum numerical value of D (in.) +7.5 -6.2
6 |D (selected value) (in.) +6.7 -5.5
7 1QO (in .2-1b. x 106) +7,030 -5,000
¥(QD) = 2,030 x 10° in.*Tb
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Operation Stress ksi
8 |Gates stationary A=0 9.9 9.4
9 |Gates being opened A =+4.4 3.4 16.8
10 |Gates being closed A =+4.6 16.7 1.5

A1.5.8. Method of prestressing. The turn-of-the-nut method will be used. After the diagonals are
made slack, the deflection of the leaf is measured in the field. Since this actual initial deflection is
unknown at this time, the theoretical value will be used (with diagonals slack O - zero):

_ 6
N Z(T)+I0MD) _ET, _ 2,020x1£ lesin
Q,+X0 Q, 12010 (from Eq. A1-21)

A1.5.8.1. Diagonal U,L,. The slack is removed from this diagonal only and the diagonal is
clamped. The required prestress is then obtained by tightening the sleeve nut the following number of
turns:

S MRD=A) _ 29XO00822 |67 (~16.8)]=2.41 tums
> 2 (from Eq. A1-27)

N

The torque required to accomplish this is found from Equation A1-28 after determining the resulting
leaf deflection from:

A= ZT 430y _ (-2,020+1,050%6.7)x10°

g =44 in.
0,+Z0 (120+1,050)x 10 (from Eq. A1-21)
M = 0.18REA,(D—-A)
L
~ 0.18x0.0393x29 x 10° x 12x4.75(6.7—-4.4)

= 35,000 in.-Ib
771 (from Eq. A1-28)

or 490 1b required at the end of a 6-ft wrench. In this option, it is assumed that both members of
diagonal U,L are prestressed simultancously.

A1.5.8.2. Diagonal L, U;. The theoretical initial deflection of the leaf for this diagonal is the final
leaf deflection of 4.4 in. after prestressing the previous diagonal. To prestress this diagonal the required
amount, it is necessary to tighten the nut through the following turns, after first removing the slack:

N= 2.75(-0.0822)(-5.5-44) —1.12 tumns
2 (from Eq. A1-27)
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This tightening will make the leaf plumb (A = 0) and will require a maximum torque of:

6
_ 0.18(-0.0452)x29 x10” X9 x4.25(-5.5-0) _ 64.000 in-Ib
771 (from Eq. A1-28)

M

or 900 1b required at the end of a 6-ft wrench.

A1.5.8.3. Plumb/out of plumb. With the completion of this operation, the leaf will nearly always
hang plumb. If it does not, the corrected prestress deflection for this diagonal can be found from Equation
Al-21 with A equal and opposite to the out-of-plumb deflection. This prestress deflection can then be
substituted in Equation A1-27 to obtain the corrected number of turns required to make the leaf hang
plumb. For instance, for a final out-of-plumb deflection of +1/2 in., the corrected prestress deflections

would be found from 0D = (AQ, + £0) - (T7)D.L. to be 980 in.*1b x 10°. With D for diagonal L, U,
maintained at -5.5 in., the D then required for diagonal U,L; would be +5.7 in. and N for this diagonal
would become 2.30 turns. The remainder of the computations would be repeated.

Al.6. Example 2. Vertically Framed Gate
See Figures A1-9 and A1-10.

A1.6.1. Evaluation of A’. The cross-sectional area of the bottom girder (see Figure A1-10)is 36.7
in’, the cross-sectional area of any vertical girder is 37.0 in.%, (see Figure A1-9), and the cross-sectional

area of the top girder is 112.5 in.”. Therefore, the value of 4’ (see definition) for all diagonals is:

A'=(1/20) (36.7 + 74.0 + 112.5)=11.0 in.

A1.6.2. Evaluation of R,,, R, and Q. Since this is an existing lock, the diagonal sizes are fixed.

R =+ 22w;r7 — 2>22321 = 4000110¢
viw"+h")'" 723(232°+5357)"° (from Eq. Al-11)
R=—2_R =s00121—— =1L g
A+A (A+1D)  (A+1D) (from Eq. A1-13)
6
0= RR,EAhv _ RR,x29x10”x Ax535X723 =238x10° x RR A
L 471 (from Eq. A1-18)

Table A1-7 lists computation of the elasticity constant Q.
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Table A1-7. Computation of Elasticity Constant Q.
Diagonal A(in2) | t(in.) R, R Q (in.lb x 10°)
* D'stream UgL, 10.00 31.5 +0.0347 +0.0182 150.0
" D'stream U, L, 8.00 35.2 +0.0388 +0.0224 165.0
* D'stream U, L; 4.50 313 +0.0345 +0.0244 90.0
* Upstream LoU; 4.50 18.3 +0.0202 +0.0143 31.0
* Upstream LU, 4.50 14.4 +0.0159 +0.0112 19.0
* Upstream L,Uj 4.50 17.9 +0.0197 +0.0140 30.0
® Upstream UpL; | 10.00 | 17.2 -0.0189 -0.0099 45.0
® Upstream U, L, 8.00 13.3 -0.0146 -0.0085 24.0
b Upstream U, L3 4.50 17.0 -0.0187 -0.0133 27.0
® D'stream LoU,; 4.50 32.6 -0.0359 -0.0255 98.0
b D'stream LU 4.50 36.2 -0.0399 -0.0282 120.0
> D'stream L,Us 4.50 32.2 -0.0355 -0.0252 96.0
Q= 895
* Positive diagonals
b Negative diagonals

A1.6.2.1. Because all the skin in the end panels is not in the same plane, 7 (in the end panels) is
measured from the mean skin shown in Figure A1-9 (see paragraph A1.4.8 for the determination of 7 for

skin not in a plane).

A1.6.2.2. This example provides a good illustration of the inefficiency of past designs. The up-
stream diagonals are quite ineffective because they are so close to the skin plate. If all the upstream
diagonals were omitted (in other words, the number of diagonals cut in hail) and the skin plate placed in
their location instead, the leaf would he stiffer and the stresses in the remaining diagonals would be
lower. Further, with a flat skin plate, all positive diagonals could have been made the same size and all
negative diagonals, another size (for simplification of details and reduction in cost).

A1.6.3. Evaluation of Qg (see paragraph A1.4.9.2 and Table A1-8).

Q,=KxXE xX(J/h+J/v)

=4x12x10(‘[

310

700

+
3x535 3x723
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Table A1-8. Computation of Modified Polar Moment of Inertia J.
No. of Horizontal | Vertical
Elements Elements| 1 (in.) c (in.) Elements | Members
Horizontal Girders
U/S flange, 1 18.0 2.38 240
Web, (Top) 1 72.0 0.50 10
D/S Flange, 2 14.0 0.88 20
U/S flange, 1 12.0 0.50
Web, (Bottom) 1 48.0 0.38
D/S flange 1 8.0 1.13 10
Skin plate 1 535.0 0.38 30
Vertical Girders
U/S flange 8 10.0 0.50 10
Intermed. Flange 6 7.0 0.38 0
Web 4 48.0 0.38 10
U/S flange 8 10.0 0.50 10
Vertical Beams 9 11.5 1.73 540
US flange 9 314 0.58 60
Web 9 115 0.86 70
DIS flange
Total 5 310 700
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Figure A1-9. Schematic Drawing of a Vertically Framed Leaf.
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Figure A1-10. Average Vertical Section through Leaf.
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Al.6.4.Location of shear centésee Equation Al-26Computations for the centroidal axis and
the moment of inertia of the vertical section tlylothe leaf are not shown (see Figure A1-9).

y=325in.
| =14.3 x 16in.
Horizontal shear center axis:

Moment of inertia of Top girder = 84,1004n

_ 2(IpXy) _ 84,100x210-12,100x325

Y IR 56,200 = +142 (from Eq. A1-29)
Vertical shear center axis:
Table A1-9 lists computation of the distare
_ X(aybyn)] _ —-69.9x10%) .
X = - [FE| = (Z2250) = 449, (from Eq. A1-30)

Table A1-9. Computation of Distance X for Vertically FearnGate.

ayby, (in.>x
Girder a(in? b(in.) y(in) Va (in.) 10°
Top girder - U/S 62.8 +37.4 +210 +68 +33.5
Top girder - D/S 31.8 -35.1 +210 +68 -15.9
Bottom girder - U/S 8.2 +13.1 -325 -467 +16.3
Bottom girder - D/S 195 -35.1 -325 -467 -103.8
Y= 69.9

A1.6.5.Load torque aredsee discussion in paragraph A1.4.9.3). The fohe¢produce twisting
of the leaf are shown in Figure A1-11. Again, comafians for locating the center of gravity and
deadweight of the leaf are not shown. Since tlaigt channel handling only shallow-draft vesszls
water resistance of 30 psf is used.

For dead load:

T, =-235,000 (10.7 + 4.9) x 355
=-1,300 x 106 ik:lb
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Operating Center of moments
strut force . s
] ;]
£ skin B 2.
X=49" |,
Center of Gravity of Vertica! sheor
dead locad 235,000 ib | - center oxis
o7 . ¢
<
Max. pooi <}
ﬁ____-%r_ i
- _ Yy Water resistance
0 o 27,000 ib
L AN S
Figure Al-11. Torsional Forces on Leaf.
For live load:
T. = +£27,000x 464 x 362
= 44,350 x 10° in*-Ib
(positive value for gate opening)
Deflection of leaf:
6
A= 2T EAS30A0T _ g9, (from Eq. A1-23)

T Qu+XQ  (25+895)%106
where positive value is for gate opening.

A1.6.6. Prestress deflections and stresses in diagonals. Table A1-10 lists the prestress deflections.
The minimum numerical values of D (column 4) are the maximum deflections of the leaf. Maximum
numerical values of (D - A) are found by solving Equation A1-24:
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(D— Aymax = 3L — 18.000x471 _ 0.292
RE Rx29x10° R

Having the maximum numerical values of (D - A), the maximum numerical values of D are deter-
mined and placed in column 6. Values of D (column 7) are then selected such that Equation A1-22 is
satisfied; that is, ZOD must equal +1,300 x 10° in.’-Ib. Because all but the top 10 ft of the skin
consists of buckle plates (see paragraph A1.4.9.4), an attempt is made to have the diagonals carry as
much of the vertical dead load shear as possible. Therefore, values of D are made as large as possible
for the diagonals extending downward toward the miter end, and as small as possible for the other
diagonals. Further, to ensure that the diagonals are always in tension, D should also be such that the
minimum stress is more than 1,000 psi. The unit stresses in the diagonals are found from:

RE
s=—(D-A
L( )

(from Eq. A1-24)

Before computing normal stresses (columns 10, 11, and 12), the stresses that occur during the
prestressing operation are computed (column 9) as a check on the value of D. The twist-of-the-leaf
method for prestressing is used. Because of the large value of D for some of the negative diagonals,
it is best to prestress all negative diagonals first.

A1.6.7. Dead load shear in skin (buckle plates). Prestressing of many gates in the Rock Island Dis-
trict has proved that buckle plates can support the shear imposed on them during and after the pre-
stressing operation without any apparent distress. However, it is still considered desirable to have the
diagonals carry as much of the vertical dead load shear as possible. If the skin had been flat plate, this
consideration would have been omitted. Table Al-11 lists the dead load shear remaining in the skin
(buckle plates).

A1.6.8. Method of prestressing. The twist-of-the-leaf method will be used as outlined in paragraph
A1.4.10.1. The maximum force will be required when the leafis deflected +10.0 in. against the action of
the negative diagonals (which are prestressed, in this case, first):

_ A(Q, +ZQ)-X0D~(XT,)DL

- hv

_[+10.0(25 +410)~ (2,620)— (1,300)]x 10"
- 535%723

P

=21,000 Ib

On completion of this prestressing operation, the leaf is very rarely out of plumb. Should it be,
however, the corrected prestress deflections can be found from Equation A1-21 with A equal and
opposite to the out-of-plumb deflection, as:

ZQD =A(Qo +2Q) - ET2)nL

In this example, for a final out-of-plumb deflection of +1/2 in., revised values of D would be select-
ed to make 20D equal to +840 x 10° in.”-1b. The leaf would then hang plumb. Repeat computations,
if necessary.
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Table A1-10. Computation of Diagonal Stresses.
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Table A1-11. Computation of Dead Load Shear in Buckle Plates.
Panel | Diagonal A(@n? | s(blin? | As(lb) |=(As(h/L) (Ib) Panel SKkin

DSUpL 1 10.0 11,200 +112,000

0-1 USWL 4 10.0 7,300 + 73,000
USLoU; 4.5 6,600 - 29,000 +119,000 Ib| - 196,000 #7000 Ig
DSLyU; 4.5 8,300 - 37,000
DSU; L 8.0 10,300 + 82,000

1-2 USUL» 8.0 6,300 + 50,000
USL;U; 4.5 5,200 - 23,000 + 68,000 +117,000+449,000 I
DSL;U; 4.5 9,100 - 41,000
DSU,L 3 4.5 9,800 + 44,000

2-3 USUL3 4.5 4,300 + 19,000 +41,000 Ib
USL,U3 4.5 6,500 - 29,000 - 2,000 -39,000 Ib
DSL,U; 4.5 8,100 - 36,000

Al.7. Vertical Paneling of Leaf

The previous design applies to miter gate leaves that are dinitdgobinels (not necessarily equal)

longitudinally. With a slight modification of the terRy the design is extended to apply to leaves
that are divided into panels vertically as well as lomitally. Figure A1-12 shows the most general
arrangement of paneling. In practice, an effort would be naihake the panel heights and widths
the same. To design the diagonals use Equation A1-11:

2w-h-t
R,=+|————
? <H-v-(w2+h2)%>

This value oRR, replaces that given in Equation Al-11, being a more genguedsion. It is seen
that for a value dfi = H (no vertical paneling) the derivative from Equation A1-11 (p C-@%nts

to Equation A1-11. With the above valueRaf all the other expressions and the method of analysis
remain identical to that previously outlined.
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Figure A1-12. Vertical and Longitudinal Arrangement of Leaf Panels.

A1.8. Derivation of Equation A-11 (p C-79)

The general value of R, can be found as follows (refer to paragraph A1.4.4). Let d = deflection of
panel; other symbols are as defined previously. Figure A1-13 illustrates the displacements of points
of a vertical divided panel.

Let 8¢ = change in length of any diagonal

d d . dt w dt h
8,=| —tcosa |+| —tsin0 |=—| ———5 |+ —| —5 577
w h w| (w*+h")"" wl(w +h")'"

5“ _ 2dt
w
2 )u:

(W™ +h (See Figure A1-13)

where /1 and d are the height and deflection of one panel,

then:
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The relation between the deflection of the panel and the leaf becomes:
() ()2
v J\H w )\ h
R(} = i = ) 2dr') 1
A | (wr+hH)2 [")(H]d

2wht
Ra= 2 2112
Hv(w +h™)"'"

(from Eq. Al-11)

The remainders of the expressions are the same as before, for distance:

S EACQAOOC

Therefore:

s et ) ()
Hv(w?+h*)"?2 |\ A+ A A+ A

In similar manner it can be shown that the expressions for Q and Qg (Equations A1-18 and A1-26,
respectively) still apply with A substituted for 4.
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Figure A1-13. Displacement of Points of a Vertical Divided Panel.
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Al1.9. Temporal Hydraulic Loads

The effect of temporal hydraulic loads on the miter gate degtesign will be evaluated at each
lock with appropriate conditions selected for the design. A mimitemmporal hydraulic load of 1.25
ft (with a period exceeding 30 sec) will be used for gate diagtesadin if it governs, with a leaf
submergence corresponding to normal navigation pool conditions. For this load condition, a 33'5%
overstress is allowed for diagonal design. Temporal hydraulic inals lock chamber and/or lock
approaches may be caused singly or in combination by the following:

¢ Wind waves and setup;

e Ship waves;

e Propeller wash;

e Lock overfill and/or over empty;

e Lock upstream intake and downstream exit discharges.
e Landslide waves;

e Tributary and/or distributary flow near lock;

e Surges and reflected waves in canals;

e Seiches;

e Changes in spillway or powerhouse discharges;
e Tides.

A1.10.Procedure for Prestressing Diagonals

A1.10.1.The following steps establish a procedure for peesing diagonals. There are different
procedures for stressing diagonals, this beingojust Use Figure A1-14 with this procedure:

e With all diagonals slack, adjust anchorage bars so quoin end is plurbbtso girder is
horizontal. Pintle shoe shall be fully seated against the back of the pintle base.

e Lubricate the nuts on the diagonals so they can turn easily.

e Place rosettes for strain gages on all diagonals a minimum of 20 hours betregsing
unless approved quick-setting cement is used.

¢ Without the restraint of any guys or jacks, the leaf délllect in a negative direction under
its own dead load weight. Measure this deflection.

e Guy the leaf at its miter end to the tieback anchor and pleks @ the miter end.
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e Jack the miter end away from the wall until the leaf has adeifeequal tdD;.

¢ Hold the deflection and tighten diagonals 1 and 3. Tighten these diagorthht there is no
horizontal bow. Do not attempt to remove all vertical sag.

e Tighten diagonals 2 and 4.

e Proceed with the jacking until a deflecti@? is obtained. During this operation do not
change the adjustment of diagonals 1 and 3. However, continue tightening diagonals 2 and 4 until
there is a slight tension in the members when the leaf is inasdeflection position.

e During the prestressing operation use a strain gagetéomine the stress in the diagonals.
The maximum allowable stress shall be 0,/5F

e After the final adjustments of the diagonals remove the guygaksl. The leaf should re-
turn to the plumb position. A deflection +1/4 in. vl permitted in the lower leaf and £1/8 in. on
the upper leaf. A larger tolerance is allowed for tower leaf because it is much taller than the
upper leaf.

¢ Final minimum and maximum stresses, unless otherwise approtbd Bypntracting Of-
ficer, shall be 0.45Fminimum and 0.55Fmaximum for all diagonals.
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LOWER GATE LEAF

NOTE:

A deflection of the leaf is defined as a twisting of the leaf such that the miter end is out of plumb. A
pasitive deflection of the leaf is one in which the top of the miter end is moved upstream relalive to the bottom.
The magnitude of the deflection is the amount by which the top of the miter end is out of plumb, as shown in the
figure.

When any diagonals are tightened, they shall be taken up just to the point where all of the slack is
removed and a very slight tension exists. Care shall be exercised that the amount ol this initial tension is as small
as possible. The slack shall be considered to be remaved when the diagonal does not bow in or out from the
leaf. No attempt shall be made to remove the slight vertical sag which will always exist in the diagonal because
of its dead weight.

Figure A1-14. Methods for Prestressing Diagonal.
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Al1.11.New Information on Diagonal Design

Al1.11.1.New preliminary information has been gained thratngHinite element study made by
Drs. L. Z. Elkin, K. M. Will, and B. J. Goodno df¢ Georgia Institute of Technology regarding torque
tubes and leaf stiffness (USAEWES 1987). For aitenu gates designed with the 2.5-ft differential
head, it appears that the values arrived at througfinite element analysis of Bankhead Lock lower
gate in Tuscaloosa, AL, are realistic. This inchittee values of leaf stiffness without diagonaigh w
diagonals, and with horizontal top and bottom tergibes. These values are only a recommendation and
consideration should be given to any variatioeat tonfiguration and modifications made to adfest
design factors accordingly.

Al1.11.2.The use of top and bottom torque tubes is suggastaduitable means of increasing leaf
stiffness, although it appears that the conventimethod of prestressing by twisting the leaveb wit
jack may need to be altered. On the Oliver Lockuecaloosa, AL, where the torque tubes were used
and diagonals sized for surge loading, it appeiuadhe twist-of-the-leaf method of prestresshng t
diagonals had about reached its maximum. Due to the iedrésef stiffness and corresponding jack
capacity (+150 tons), it appeared that damageettett, such as localized buckling of plates, estees
deflection of the quoin post, damage to the greaats, pintle, pintle socket, etc., could be immine

The values representing leaf stiffness for this particular study wererdeéd to be:

Qo = stiffness factor of leaves without diagonals
D = stiffness factor of diagonals

Q = stiffness factor of top and bottom torque tubes
(one 6-ft girder space at top and one 4-ft girder space at bottom)

D = 2@0
Qt = Qo

A1.11.3.Itis recommended that consideration be givendstpgssing new gate leaves with torque
tubes by turning the nuts on the ends of the diag@mnd using suitable means to prevent twistirigeof
diagonals. This would simplify the prestressing eatlice the risk of damage to the gate leaveslas we
as reduce the risk to personnel. There may be cotrahsources that have equipment available that
could be readily adapted to this means of prestressirigas been the case in prestressing the anchor
bolts of the embedded anchorage.

Al.11.4.Additional studies are needed to advance the uagheling of miter gate leaf stiffness.
Significant factors are dead load deflection, jaekls, if used, strain gage readings, problemsugnco
tered, alignment of gudgeon pin over pintle, andaher information thought to possibly be pertinen
For additional information, see USAEWES (1987).
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APPENDIX D

Spillway Tainter Gates

D.1. General This appendix provides guidance for the desididation, and inspection of spillway
tainter gates, and associated trunnion girders and trunnion-girderages, for navigation and
flood control projects.

Controlled spillways include crest gates that ses/@ anovable damming surface allowing the
spillway crest to be located below the normal operating levetegexvoir or channel. Information
on the use of various crest gates and related spillway desigdeaiiins is provided in EM 1110-
2-1603, EM 1110-2-1605, and EM 1110-2-2607. Tainter gates are consideraxstieEamomical
and usually the most suitable type of gate for controlled spilvaaie to their simplicity, light
weight, and low hoist-capacity requirements. A tainter gateségment of a cylinder mounted on
radial arms that rotate vertically on trunnions anchored to the piersv&pilow is regulated by
raising or lowering the gate to adjust the discharge under the gate.

Submergible tainter gates can be used as a locktgpitsally at the upstream end of the lock, caas
spillway gate. For lock gate applications, the gateis®dato close the lock chamber and lowered
into the lock chamber to open it. The end frames are recededle lock wall so the end frames do
not project into the lock width. This type of gate might be less expensive than a datdibheter
gate, and it permits the length of the approach chaamel reduced slightly. There are two potential
problem areas in the operation of this type of gate: skewing oflgatey opening and closing, and
vulnerability to damage if hit by lock traffic. However, with goodigesind operational practices,
these problems can be minimized. Figures D-27 and D-28 show tgpatEtame and cross-section
of this type of gate.

D.1.1.Configuration. This manual describes a conventitaialer gate configuration. However,
there are numerous unigue variations of tainter gygies. Figure D-1 shows a dam with tainter gates.
Figure D-2 gives a downstream view of a typicatttai gate. Gates are composed primarily of straictur
steel and are generally of welded fabrication.ciimal members are typically rolled sections. Haosvev
welded built-up girders may be required for largteg. Various components of the trunnion assembly
and operating equipment may be of forged or caslt, stopper alloys, or stainless steel. Basedmgeqbr
requirements, trunnion girders are either posti®ersl concrete girders or steel girders.

The configuration and design of a submergible taigéte is similar to that of a spillway tainter
gate, as described in Appendix D of this manual. Navigationgatgs are usually wider and might
have lower heads than spillway gates. Because of the greateiitthok, the gates main horizontal
structural members will be trusses or plate girdeesaBse of lock width clearance requirements,
struts, trunnions and lifting devices might all be locatetecesses in the lock walls. Plate C-33
illustrates a submergible tainter lock gate.

D.1.2.Advantages of Tainter Gates.
Advantages of tainter gates include that:
e The radial shape provides efficient transfer of hydrostatic loads througfumiméon.
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e A lower hoist capacity is required.
e Tainter gates operate relatively quickly and efficiently.

e Side seals are used so gate slots are not reqlinsdeduces problems associated with cavi-
tation, debris collection, and buildup of ice.

e Tainter gate geometry provides favorable hydraulic disgd characteristics.
D.1.3.Disadvantages of Tainter Gates.

e To accommodate location of the trunnion, the pier and foundatibikely be longer in the
downstream direction than would be necessary for vertical gdtedidist arrangement may result
in taller piers especially when a wire rope hoistegn is used. (Gates with hydraulic cylinder hoists
generally require shorter piers than gates with wire ropéshoigrger piers increase cost since they
necessarily contain more concrete, which usually gikesstructures a less favorable seismic
resistance due to their greater height and mass.

¢ End frame members may encroach on water passagdsthore critical with inclined end
frames.

e Long strut arms are often necessary where flood levelsigineto allow the open gate to
clear the water surface profile.

D.1.4.Use on Corps of Engineers Projects. Spillway tainter gagegsed on projects for flood
control, navigation, and hydropower. Although natign and flood control tainter gates are struijura
similar and generally have the same maximum design Ittedsprmal loading and function may be
very different. Generally, gates on navigation prg@re subject to significant loading and disobarg
conditions most of the time, whereas gates on ftamtrol projects are loaded significantly onlyidgr
flood events. These differences may influence 8efeof the lifting hoist system, emphasis on dietai
for resistance to possible vibration loading, agldction of corrosion protection systems.

D.1.4.1.Navigation Projects. Navigation projects are nolyradilt in conjunction with a lock.
Navigation gates are designed to maintain a cemsipbol necessary for navigation purposes, while
offering minimum resistance to flood flows. Gatkssire generally placed near the channel bottoth, a
during normal flows, damming to the required upperigation pool elevation is provided by tainter
gates. Under normal conditions, most gates onigaieon dam are closed, while several other gages a
partially open to provide discharge necessary tmtaia a consistent upper lock pool. During flood
events, gates are open and flood flow is not régalld he upper pool elevation often rises signitiga
during flood events and the open gate must cleawtter surface profile to allow debris to passaAs
result, the trunnion elevation is often relativeigh and the gate radius is often long. Under nbrma
conditions, navigation gates are often partiallynsarged and significantly loaded with the upstream-
downstream hydrostatic head. Figure D-3 showsieghgross-section of a navigation dam with tainter
gates.

D.1.4.2.Flood Control and Hydropower Projects. Flood cdipirgjects provide temporary storage
of flood flows. Many projects include gated spillygdo regulate outflow. On flood control projeciw
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gated spillways, gate sills are generally locatezh gshat the gates are dry or only partially wetaern
normal conditions. In general, gates are expostmttatmosphere and are subject to slight loaaisyif
Only infrequently (during floods) are gates loadephificantly due to increases in pool. Trunniore a
typically located at an elevation approximately-tinied the height of the gate above the sill. Some
unique multipurpose projects (projects that profimtad control and reservoir storage) and mostdvydr
power projects include aspects of flood control@adgation gates. Gates on these projects areaorm
ly subject to significant hydrostatic loading oe tipstream side and may be used to regulate flaw on
regular basis. Figure D-4 shows a typical crosieseof a flood control or hydropower dam with tain
gates.

D.2. Gate Design

D.2.1.Gate Geometry. Sizing of the gates is an important eagyirs the design process. Gate
size affects other project components, project eostoperation and maintenance. This sectiordaslu
various considerations for selecting a practicdleronomical tainter gate size. Related guidancbe&a
found in EM 1110-2-1603, EM 1110-2-1605, and EM@212607.

D.2.1.1.Gate size. The Hydraulic Engineer will normallyadédish the limiting parameters for gate
height and width. Within those limits, various Heigp-width ratios should be studied to find thesino
suitable gate size for the project. The structdeaigner should coordinate closely with the Hydcaul
Engineer in determining the basic limiting requiesnts for size and shape. The size, shape, anchffami
system of the gates should be selected to minitnézeverall cost of the spillway, rather than theeg
itself.

D.2.1.2.Gate width. The gate width will be determined baseduch factors as maximum desira-
ble width of monoliths, length of spillway, bridgpans, drift loading, overall monolith stabilityyca
loads on trunnions and anchorages. On navigat@eqts, the gates may be set equal to the widkieof
lock, so that one set of bulkheads can serve lotttgres. It is usually desirable to use talleathan
shallow gates for a given discharge, since theathvagillway width is reduced and results in a more
economical spillway.

D.2.1.3.Gate radius. The skin plate radius will normallysbeequal to or greater than the height
of the gate. The radius of the gate will also becé#d by operational requirements concerningatear
between the bottom of the gate and the water supiaxdile. This is often the case for navigatiomda
on rivers where the gate must clear the flood-stager surface profile to pass floating debrissOGch
projects requiring larger vertical openings, taésnmon to use a larger radius, up to four timegéte
height, to allow for a greater range of openings Will require longer piers for satisfactory laoat of
the trunnion girder.

D.2.1.4.Trunnion location. It is generally desirable tcdtecthe trunnion above the maximum wa-
ter surface profile to avoid contact with floating and debris and to avoid submergence of thatapgr
parts. However, it is sometimes necessary to aldwnergence for flood events, especially on naviga-
tion dams. Designs allowing submergence 5 to 10%eofime are common. Gates incorporating a
trunnion tie (a structural member along the gateis) should not be subject to trunnion submergdince
will usually be advantageous to locate the trunmiorthat the maximum reaction is approximately
horizontal (with the trunnion girder about one-dtne height of the gate above the sill). This alibw
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for simplified design and construction by allowthg trunnion post-tensioned anchorage to be piaced
horizontal layers.

D.2.1.5.0perating equipment location. The type and posiidihe gate-lifting equipment can
have a significant effect on gate forces as theigahoved through its range of motion. The wiggero
system incorporates wire ropes that wrap aroundpbgeam side of the skin plate assembly (Figure D
3) and attach near the bottom of the skin plate.hiydraulic hoist system incorporates hydraulic eylin
ders that attach to the downstream gate framingllysat the end frames (Figure D-5). Figure D-6
shows the three possible variations in cable layoatwire rope hoist system:

e Cable more than tangent to the skin plate;
e Cable tangent to the skin plate, and;
e Cable less than tangent to the skin plate.

The ideal configuration is when the rope is pulled vertically andnigent to the arc of the skin
plate. For this condition, horizontal forces exerted on the hoist equiameainsignificant and rope
contact forces act radially on the gate. With a rope imtbee-than-tangent condition, an edge
reaction force exists at the top of the skin plate due to an altrapge in rope curvature. This force
affects the rope tension, trunnion reaction, and rib design forcd® ftbpe is in the less-than-
tangent configuration, the rope force required to lift the gate iseseaxponentially as the direction
of rope becomes further from tangent. The large liftingdaffects the hoist and gate. Due to
various constraints, some compromise on location of the hoist is ugeliyed. Many gates have
non-vertical wire ropes and many gates include ropasare non-tangent at or near the closed
and/or full opened positions.

D.2.1.6.Hydraulic cylinder hoist system. Some newer gasggis use hydraulic cylinder hoist
systems. However, these systems have some disageargnd are not suited for all applications. A
hydraulic cylinder hoist system generally comprisescylinders, one located at each side of the.gat
Each cylinder pivots on a trunnion mounted on thacaljt pier, and the piston rod is attached to the
gate. The magnitude and orientation of cylindezdawill change continually throughout the range of
motion. In determining the optimum cylinder positithe location of the cylinder trunnion and piston
rod connection to the gate are interdependent.r@ignehe piston rod connection position is sedect
first and then the cylinder trunnion position igedtmined to minimize effects of lifting forces. For
preliminary design layouts, it is often assumed e cylinder will be at a 45-degree angle from-ho
zontal when the gate is closed, although optinunagtudies may result in a slightly different oration.
Generally, the most suitable location for the pistel connection is on the gate end frame at arthea
intersection of a bracing member and strut. ltrefgrable to have the piston rod connection above
tailwater elevations. However, partial submergemes be acceptable for navigation projects. The
connection location influences the reaction foafdke gate trunnion. When the connection is latate
upstream of the gate center of gravity, the deadlleaction at the gate trunnion will be downwandev
the gate is lifted off the sill. However, if therceection is downstream of the center of gravitg, th
reaction at the gate trunnion will act upward wihiile gate is lifted off the sill.

D.2.1.7.0ther geometry considerations. The face of theagat¢he stop log slots should be locat-
ed far enough apart to permit the installation aintenance scaffolding. Spillway bridge clearamzk a
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any crane operations are factors in determiningdkeeradius and trunnion location. Operating alear
es from the bridge and the location of the hoiitwgually require that the sill be placed dowrestne
from the crest, but this distance should be ad simabssible to economize on height of gate adosi
pier. Additional considerations could include statization of gate sizes on a project or amondayear
projects. The standardization of sizes could résgiavings by eliminating multiple sets of bulkdiea
standardizing machinery, and reducing stored repiaat parts, etc.

D.2.2.Standard Gate Structure.

D.2.2.1.Primary gate components. The principal elemengsaainventional tainter gate are the
skin plate assembly, horizontal girders, end fraierad trunnions (Figure D-7). The skin plate as$gmb
which forms a cylindrical damming surface, congiéta skin plate stiffened and supported by curved
vertical ribs. Structurally, the skin plate acteypmsitely with the ribs (usually structural teetgets) to
form the skin plate assembly. The skin plate askeisbupported by the horizontal girders that ghan
gate width. The downstream edge of each rib istathto the upstream flange of the horizontal gitde
The horizontal girders are supported by the emddsa End frames consist of radial struts or strasa
and bracing members that converge at the trunwibich is anchored to the pier through the trunnion
girder. The end frames may be parallel to the d&tiee pier (support the horizontal girders atghds)
or inclined to the face of the pier (support theazamtal girders at some distance away from the end).
The trunnion is the hinge on which the gate rot&tes trunnion is supported by the trunnion girder.

D.2.2.2.0ther structural members.

e Horizontal girder lateral bracing. Bracing is gefiigralaced between adjacent girders in a
plane perpendicular to the girder axes, sometimes at ses@tbhs along the length of the girders.
Lateral bracing that is located in the same plaiie tive end frames is generally made up of signifi-
cant structural members. Lateral bracing, which casigsficant vertical forces from the skin plate
assembly to the end frame, is often considered aop#re end frame (Figure D-8). Intermediate
bracing, which is located away from the end framesyiges girder lateral stability. It can be
considered as one of the secondary members.

e Downstream vertical truss. The downstream vertical trassists of bracing provided be-
tween the downstream flanges of the horizontal girders. Various noatiighs have been used
depending on the gate size and configuration (Figure D-9). Fes géth more than two girders, the
downstream vertical truss does not lie in a singd@g Since the horizontal girders are arranged
along the arc of the skin plate assembly, the downstrean fiadges do not lie in the same plane.
This out-of-plane geometry is commonly ignored for design purposes.

e End frame bracing. Figure D-10 shows bracing provided for the end framee Jine end
frame bracing members are ordinarily designed to brace tite atvout the weak axis to achieve
adequate slenderness ratios. As such, these meanbexnsidered secondary members. However,
depending on their configuration and connection details, these braamigargeemay carry signifi-
cant forces and act as primary members.

e Trunnion tie. A trunnion tie is a tension member provided on some gatemuelined strut

arms that is designed to resist lateral end frameticen loads (loads that are parallel to trunnion pin
axis). Trunnion ties are not generally provided on gates with pasaillit arms, since the lateral
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reaction loads are small. The trunnion tie, which is oftefalar member that extends across the
gate bay from one end frame to the other, is attached to eaétame near the trunnion (Figure D-
11).

D.2.3.Alternative Gate Structure. Many alternatives tdtandard framing system have been de-
signed and constructed. A brief description of samdigurations is provided for information. The
design guidelines presented herein are not nedgsgaplicable to these gates.

D.2.3.1.Vertical girders. For the standard gate configaratgeometry at the trunnion normally
limits the number of end frame strut arms to a maxn of four on each side. This would limit the
number of horizontal girders to four. For tall gateertical girders have been used to transfeslivach
more girders to fewer strut arms, to simplify thel #ame and trunnion configuration.

D.2.3.2.Vertically framed gates. In vertically framed gatestical girders support ribs that are
placed horizontally on the skinplate. The ribs aeplthe horizontal girders. The vertical girdees ar
supported by two or more struts. This system has bsed on small gates and gates with low hydrostat
ic head.

D.2.3.3.0rthotropic gates. An alternative design approacdh design the gate as an orthotropic
system. With the orthotropic approach, the skiteplibs, and horizontal girders are assumed tasat
stiffened shell. Typically, the ribs are framedittie horizontal girder webs. This approach cae sav
material and gate weight, but fabrication and neaahce costs are often higher. Its use has begn ver
limited.

D.2.3.4.Stressed skin gates. Stressed skin gates are aftgghotropic gate in which the skin
plate assembly is considered a shell or tubulactstre spanning between trunnion arms. The skia pla
is stiffened with horizontal and vertical diaphragand intermediate stiffening members (usually
horizontal tee sections parallel to the intermedatmidlevel horizontal diaphragm). As with other
orthotropic gates, this type of gate can save mhterd gate weight, but fabrication and mainteeanc
costs are often higher.

D.2.3.5.Truss-type or space frame gates. Three-dimengrasalor space frame gates were some-
times used in early tainter gate designs in th®488d 1940s. These early gates were designed as a
series two-dimensional (2-D) trusses and wereregldp as truss-type gates. They were typically as
heavy as (or heavier than) girder designs, sodaiion and maintenance costs were very high. ior th
reason, they were not adopted as a standard desige.rétently, the use of computer designed 3-D
space frame gates constructed with tubular sedt@ambeen investigated and may be practical in some
situations.

D.2.3.6.0verflow/submersible gates. These gates, are digrwdiastandard configuration, but are
designed to allow water to pass over the top tke geeflector plates are often provided on the down
stream side of the gate to allow water and debip@ss over the framing with minimal impact. Other
gates have been designed to include a downstreamlate, so the gate is completely enclosed. Vibra
tion problems have been prevalent with this tyge.ga

D.2.4.Loads. Loads and loading combinations for gatesleseribed in the main body of this
manual. Loads that are applicable to tainter gegtigyd include gravity loads, hydrostatic loadsraioey
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loads, ice and debris loads, and earthquake |&&d&tions are not listed below or in the load cases
Reactions loads are not factored since they agerdeted from equilibrium with factored loads apglie
As a result, reaction forces reflect the load fiesctd the applied loads:

e Self-weight. Dead load, (D).

e Gravity loads. Gravity loads include dead load or weight of tke (@3, mud weight (M),
and ice weight (C), and shall be determined based on site-specific conditions.

e Hydrostatic loads. Hydrostatic loads consist of hydtospressure on the gate considering
both upper and lower pools. Three levels of hydrostatic loads arelemetsas described in Section
3.2.3.1.

e Gate-lifting system (operating machinery) loads. Seetion 3.2.3.3.3 for further discussion
on operational loads. Operating machinery is provided to supportdyateg lifting or lowering
operations. Under normal operating conditions, the machinery providestemessary to support
the gate, and for the load cases described heresg fhrces are treated as reaction forces. Loads Q
are machinery loads for conditions where the machinery exerte@gptces on an otherwise
supported gate. There are three levels of loads applied by theimgpenathinery to the gate. The
hydraulic cylinder maximum downward load Q1 istteximum compressive downward load that a
hydraulic hoist system can exert if the gate jamdendiosing, or if when the gate comes to rest on
the sill. The hydraulic cylinder at-rest load Q2 is the downwaad that a hydraulic cylinder exerts
while the gate is at rest on the sill (due to cylinder pressuiehe weight of the piston and rod).
Loads Q1 and Q2 do not exist for wire rope hoist systems. Tkienma upward operating machin-
ery load Q3 is the maximum upward load that can be applied by teeape or hydraulic hoist
systems when a gate is jammed or fully opened. The gatgrl#ystems exert forces on specific
gate members whether the forces are reactions tedppads. For example, where the wire rope
bears on the skin plate, the rope exerts a contact pressutedtii@n the skin plate. The contact
pressure force is equal to the rope tension force divided by theaghus. If the wire rope is not
tangent to the skin plate, the rope will exert an additional concediicatd on the gate (Figure D-6).
Concentrated forces that typically vary with gate fi@sin magnitude and direction are present at
the attachment points for both gate-lifting systems. Opegratexchinery loads must be quantified in
consultation with the mechanical Engineer that desitpe machinery. Determination of load
magnitudes and suggested coordination are discussed in Section D.6.

¢ Ice-impactload IM. The ice-impact load is specified twoamt for impact of debris (timber,
ice, and other foreign objects) or lateral loading due to thexpaheion of ice sheets. Additionally,
this load provides the overall structure with a margin of safgéynst collapse under barge impact.
(Barge impact is an accidental event that is not padbalesign for and is not specifically consid-
ered in design.) IM is specified as a uniform distributedl of 5.0 kips/ft that acts in the down-
stream direction and is applied along the width of the gate apiter pool elevation. Ice shall be
placed to produce maximum effects.

e Side-seal friction. Loads exist along the radius of the skie pltause of friction between
the side seals and the side-seal plate when thesggpeming or closing. The friction force is equal
to the product of the coefficient of friction and nornaice between the seal plates and the side
seals. For rubber seals, a coefficient of friction of 0.5 is recemded. (Seals that have Teflon
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rubbing surfaces provide a lower coefficient of friction and aremeeended for serviceability.
However, wear of the Teflon is a concern, and applying a lowericeetf of friction for design
purposes is not recommended.) The normal force on the side saaicsiart of the preset force in
the seal and the hydrostatic pressure on the susfabe seal. For normal tainter gate configura-
tions, side-seal friction can be approximated by Equation D-1.

Fy = S+ v 4o (1 1/ + hi) (D-1)
where:
us=  coefficient of side-seal friction
| = total length of the side seal
1= length of the side seal from the headwater todaihedter elevations or bottom of the seal if
there is no tailwater on the gate
I2 = length of the side seal from the tailwater elevationedothttom of the seal (equals zero if

there is no tailwater on the gate)

S = force per unit length induced by presetting the seal and camppreximated as
S = BEI/d3, where) is the seal preset distance

YW = unit weight of water
d = width of the J-seal exposed to upper pool hydrostatic pressure
h = vertical distance taken from the headwater sutfatee tail water surface or the bottom of

the seal if there is no tailwater on the gate

e Trunnion pin friction, Ft. During opening or closing of gates, frictmads exist around the
surface of the trunnion pin between the bushing and the pin and at the end of the hub between t
hub bushing and side plate (yoke plate for yoke mounted pins). Thdsmnftaads result in a
trunnion friction moment Ft about the pin that must be considered in débmgfriction moment is
a function of a coefficient of friction, the trunnion reaction faramponent R that acts normal to the
surface of the pin (parallel to the pier face), and the raditregfin. The friction moment at the end
of the hub is a function of a coefficient of friction, the trunnicacten force component Rz that
acts normal to the end of the pin (normal to the pier face), anavrage radius of the hub. A
coefficient of friction of 0.3 shall be used. This is a reasanablue that applies for any bushing
material that may be slightly worn or improperlyintained and includes effects thrust washer
friction and bearing misalignment.

e Earthquake design loads E. See Section 3.2.3.6 for earthquake loading.

¢ Hydrodynamic Loads. The primary hydrodynamic loadsidered in design is the wave load
WA. See Section 3.2.3.2 for determining wave loads. Flow inducedieibrghall be limited as
discussed in Section 3.2.3.2 and this appendix.

e Environmental Loads. The environmental load considered for taateedgsign is wind, W.
Wind loads shall be based on a 300-year return period per ASKE @eed not be taken greater

D-8



ETL 1110-2-584
30 Jun 14

than 50 psf. Wind loads are small when compared to hydrostatic loadslgadfect gate reactions
when the gate is in an open position.

D.2.5.Load and Resistance Factor Design. Design requimsmeing LRFD are provided in the
main body of this manual and as follows. Theseiprans apply to non-submergible gates only. For
submergible tainter gates, see Section 3.4.2 fuicaple loads and Section 3.4 design requirements.

D.2.5.1.Load cases. Tainter gates shall be designed f&ttaegth and Extreme Limit States for
each of the following load cases and correspordamjcombinations. Table D-1 lists load factore Th
Serviceability Limit State is addressed in Secbop.6

e Case 1: Strength Limit State |, Gate Closed. Leadsist of unusual hydrostatic head differ-
ential with gate subjected to self-weight, gravity Igadaximum hydraulic cylinder pressure, Q1
alone or hydraulic cylinder residual pressure and weight, Q2 phes evampact, whichever con-
trols:

Yp2D2 + 76262 + Yrs2Hs2 + [Y02Q1 ORY02Q2 + (YrazH a2 OF Yimz2 1M 5)] (D-2)

e Case 2.a: Strength Limit State I, Gate Open, Gageaiing on two hoists. Loads consist of
extreme hydrostatic head differential with gate sotgd to self-weight, gravity loads, and side seal
and trunnion friction:

Yp2D2 + 162Gz + YhsoH s3 + Y02Qks2 + Y01Qkt2 (D-3)

e Case 2.b: Strength Limit State Il, Gate Open, Gageaimg on two hoists. Loads consist of
unusual hydrostatic head differential with gate subjected tovesifnt, gravity loads, and side seal
and trunnion friction plus wave or impact, whichever controls:

Y02D2 + 762Gz + YhsoHs2 + ¥02Qks2 + Y01Qkt2 + (hazHaz OF yim2IM 2) (D-4)

e Case 3: Strength Limit State 1l, Gate Open, Gate tipgran one hoist. Loads consist of un-
usual hydrostatic head differential with gate sulgedd self-weight, gravity loads, and side seal and
trunnion friction:

Yp2D2 + 76262 + Yhs?Hs2 + 102Qrs2 + Y01QFe2 (D-5)

o Case 4.a: Extreme Limit State, Gate Closed. Loadsstmfsxtreme hydrostatic head dif-
ferential with gate subjected self-weight, and hydraulimdgr residual pressure and weight, Q2:

Yp2D2 +762G2 + YhsoH sz +702Q2 (D-6)

e Case 4.b: Extreme Limit State, Gate Closed. Loadsstarisisual hydrostatic head differen-
tial with gate subjected to self-weight, gravity loads, and earthquake

Yp2D2 + 76262 + yhsoHs1 + 7e0EQ (D-7)
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e Case 5: Extreme Limit State, Gate Jammed. Loadsstafisisual hydrostatic head differen-
tial with gate subjected to self-weight, gravity loads] enaximum hydraulic cylinder OR wire rope
forces, whichever is applicable:

Y02D2 + 76262 + Yhs2Hs1 +702Q3 (D-8)

e Case 6: Extreme, Gate Fully Opened. Loads consgtlbiveight and gravity loads plus
wind, earthquake, OR maximum hydraulic cylinder OR wire rope $qmehichever is applicable),
whichever controls:

Yp2D2 +v62G2 + (YevEV + yeoEQ +792Q3) (D-9)

Table D-1. Load Factors for Tainter Gates.

Load Cases L oads/L oad Factors
D G Hs Hd Q EV IM EQ
Limit State Description Case yD YG yHs yHd ¥Q YEV yIM YEQ
Strength | Gate Closed 1 12 1.6 1.4Hs2 0 1.2Q1 0 0 0
Strength | Gate Closed 1 12 1.6 1.4Hs2 1.2(1) 1.2Q2 0 1.6(1) 0
Strength 11 Usual Operation 2.a 1.2 1.6 1.4Hs3 0 1.4QFs2+ 0 0 0
1.0QFt2
Strength |1 Usual Operation 2b 12 16 1.4Hs2 1.2(1) | 1.4QFs2+ 0 1.6(2) 0
1.0QFt2
Strength |1 Unusual Operatign 3 12 16 1.4Hs2 0 1.4QFs2+ 0 0 0
1.0QFt2
Extreme | Gate Closed 4.a 12 16 1.4Hs3 0 1.2Q2 0 0 0
Extreme | Gate Closed 4.b 1.2 1.6 14Hs1 0 0 0 0 1.0EQ
Extreme | Gate Jammed 5 1.2 1.6 1.4Hs2 0 1.2Q3 0 0 0
Extreme | Gate Opened 6 yD2(2) | vG2(2) |0 0 12Q3(1)|  1.3w( 0 1.0EQ()
Notes: (1) Select one at a time
(2) Use max or min values, whichever produces maui effects

D.2.6.Serviceability Requirements. Serviceability requieats for gates are provided in Section
3.1.3. Consider whether bulkhead slots are neadpdrinit gate maintenance. Following are a few
operational issues specific to tainter gates.

D.2.6.1.Sidesway and binding. Gates may include varioues lsisnpers or rollers to limit side
sway deflection and binding such that gate operaioot impeded. For the condition where the igate
supported on only one side, the gate may rotateasthe gate bumpers bear on the side-seal glates.
this occurs, the normal force between the bumpempéate influences the potential for gate binding
between piers due to frictional forces that ocatln gate movement. A 3-D finite element analysig ma
be required to determine the normal forces andesplent potential for binding. If operational requir
ments include lifting or closing the gate whersisupported on one side only, the designer should
consider possibilities of roller failure or degrdaembedded metal surface conditions (due to comosi
or presence of foreign materials/growths) on tfecete roller drag or frictional resistance.

D.2.6.2.Ice control. Where ice may accumulate and inhitie @peration, heaters shall be consid-
ered in the design.
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D.2.6.3.Vibration. Vibration due to flow under the gatelsba considered in the design and de-
tailing of the tainter gate. To limit vibration ghvottom lip of the tainter gate and sill shouldlbtailed
as described in the design details section below.

D.2.6.4.Debris. Consideration should be given to debrigdbpiin cases where there will be
downstream submergence. In extreme cases, flaing swirling behind the gate has damaged lighter
members such as bracing members. To avoid dan@ge, gates have been fitted with downstream
deflector plates to protect the framing from imghet to debris. Debris protection should be pralate
needed on the end frames and on the downstreage$an girders to avoid debris impact damage and
binding of lodged debris.

D.2.7.Fatigue and Fracture Control.

D.2.7.1.Chapter 4 provides gate design requirements reflafatigue and facture control. Spill-
way tainter gates usually do not experience sefitdoad cycles for fatigue to be a concern. Howeve
vibrations due to flows can create localized faigtacking.

D.2.7.2.Trunnion yoke plates, trunnion bushing assemblpjecattachment brackets, steel
trunnion girders, and built-up members may inclvdielments with thick plates and/or high constraint.
These areas are often especially susceptible torpaterial properties and cracking. Appropriate
fabrication requirements, including weld sequemakiaspection, should be specified for thick plate
weldments or highly constrained weldments. See €hag, 5, and 7 for guidance on controlling
cracking in these members.

D.2.8.Material Selection. Material selection guidelinesdates are provided in Section 2.3.
D.2.9.Analysis and Design Considerations.

D.2.9.1.Two-dimensional Analytical Models. In the desigriahter gate structural members, it
has been common practice to model the 3-D behaititoseveral independent 2-D models. With the 2-
D approach, the overall behavior is simulated byleling separately the behavior of the skin plate
assembly (composed of the skin plate and suppaitisy horizontal girder frames (composed of a
horizontal girder and the two adjacent struts)icarend frames (composed of struts and braced), a
the vertical downstream truss. Analysis of the @@lels is interdependent. Various loads on one mode
can be reactions from another (girder frame loeglslatained from the rib model reactions), and many
of the same loads are applied to each model. Addilly, struts include member forces from separate
models. (The strong axis flexural behavior of tingts is simulated with the girder frame model.a\xi
and weak axis flexural forces are provided by titeffeame model.) An alternative for each 2-D maglel
described in the following subsections. In thewlsgon for each model, loads for all load conditiare
described. Various loads that are applied to thdatscare not factored, since they are calculated as
reactions caused by applied factored loads.

e Skin plate assembly. For 2-D analysis, the skin plateibadre assumed to have zero cur-
vature. The skin plate serves two functions: each unit width ofpdéie is assumed to act as a
continuous beam spanning between ribs. An effective portion of the skengidat acts as the
upstream flange of the ribs. The ribs, with the skin platege, are continuous beams supported by
the horizontal girders. Analysis of the skinplate should include hydim&tads, plus wire rope
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reaction forces acting normal to the skinplate. Analysis of bBseshiould include hydrostatic load-
ing, plus the sill reaction load at the bottom of the skin plate aredreype reaction forces acting
normal to the skinplate.

e Girder frame. The analytical model is a simple fraepresenting the horizontal girder and
end struts (Figure D-12). The model is symmetric, but sime&ame is not fully restrained lateral-
ly, for certain conditions, the frame should be subjected to a caddatesway. Where cylindrical
pins are used at the trunnion, a fixed support should be assumed. Wiegieaspearings are used
at the trunnion, a pinned support should be assumed. Girder loading is basetiamfaces from
the rib analysis. There might be additional concentrated loagslifilic cylinders are used to
operate the gate. It is assumed that girder labesaing resists girder torsional forces that areedu
by gravity loads. All reactions from this analysis should be coresidehen calculating effects of
friction at the trunnion.

e End frame model. Although the analytical model for the eardé consists of struts and strut
bracing, it should also include the bracing members in theepdé the end frame between the
horizontal girders and members representing the girder webs.nthizaene model is used to
determine: sill reaction load, operating machinery reaction load, trunniororeatid end frame
member forces. Since there is no moment restraint at the trutireonpdel must be made stable by
providing some rotational reaction representing the sill, operatjoipment, or gate stops. Applied
loads represent girder reactions, gravity loads, and operating eaqifonges. Once trunnion
reactions are determined, there should be a moment applied atrthionrto represent friction
forces when the gate is being moved. Since trunnion friction fact @quipment forces, and
equipment forces affect trunnion reactions, it might bessaey to iterate a few times to determine a
consistent set of trunnion friction forces and equipment forces.

e Downstream vertical truss model. Bracing membersrtfzde up the downstream vertical
truss are proportioned for forces that occur when the gate is suppbdee side. To determine
these forces accurately, a 3-D analysis is requiredubeaaf the complex interaction of the skin
plate assembly, end frames, and bracing memberseowa 2-D model can be used to conserva-
tively approximate the forces. Continuous frame elements singitder flanges, and the bracing
members are represented by truss elements. The oadeé assumed pinned at one lower corner,
and supported horizontally at the opposite upper corner. Applied loads shouwdtkiooly gravity
loads. This should result in conservative memhbee®since the skinplate assembly would certainly
help carry these loads.

D.2.9.2.Skin Plate Assembly. The skin plate assembly ctansighe skin plate and vertical ribs.
Horizontal intercostals are not used because bEhigbrication and maintenance costs. The required
skin plate thickness is dependent on the rib spdskin plate span), and the required rib sizejgedd-
ent on the skin plate thickness since an effegibréon of skin plate acts as a rib flange.

e Skin plate. At equally spaced interior ribs, the skiteptaan be designed for the fixed-end
moment, spanning between ribs. Spacing between the exterior hbseaids of the gate should be
adjusted such that the moment does not exceed the moment of the interior spaneskatiga
wire rope hoist, thicker plate and/or closer rib spacing is normedlyired under the wire rope due
to the rope pressure exerted on the plate. Because of thepdaading on the skin plate, it may be
economical to vary the thickness of the plate over the height ofatkee Ity is recommended to
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maintain a minimum thickness #fin., while a thickness greater than % in. will rarely be reguir
for any gate.

¢ Ribs. Ribs are usually structural tee sections with the veddbad to the skin plate. An effec-
tive width of skin plate acts as the upstream flangbefib. Girder spacing is adjusted to equalize
maximum rib bending moments at various locations along the rib.

e Fabrication and maintenance. Skin plate splices are full penatvalds. Due to expected
wear and deterioration, it is appropriate to increase the skintpieit@ess along the bottom of the
gate and under wire rope locations. Ribs must be proportioned to proeigigadel clearances for
welding and painting. The minimum rib depth is usually 8 in.

D.2.9.3.Horizontal Girder. The girders are generally loddtepermit an economical design for
the ribs. However, the location of girders alseetf the load on each girder.

¢ Design. Horizontal girders may be rolled sectionsudt-p plate girders. They are designed
primarily for flexure about their major axis, whighsignificantly influenced by where the struts
intersect the girders. With inclined struts, latéoasional buckling of the girder should be checked
since a significant length of the downstream flanfgé@girder will be in compression. The down-
stream vertical truss provides lateral stability esgistance to torsional buckling for the girdetse T
tension flange of some girders might be considered FCMs.

e Fabrication and maintenance. Use of a minimum number of girdéssmyilify fabrication
and erection and facilitate maintenance. Drain holes with smoo#s stiguld be provided in the
girder webs at locations most appropriate for drainage.

D.2.9.4.End Frames. End frames include the struts, aseddiafcing, and trunnion hub flange
plates. The arrangement and orientation of thdrantes affects the magnitude and distribution df en
frame and horizontal girder forces, trunnion fadian, trunnion pin binding, and thrust forces ithte
pier.

e Design. Struts must resist significant axial forced fiexure about both axes. End frame
bracing should be spaced to achieve adequate wé&aklanderness ratios for the struts. Bracing
members may experience significant flexure depenaiinend frame geometry and trunnion friction.
Trunnion hub flanges are proportioned to resist the strut flexural, shear, andadsal |

e Fabrication and maintenance. Strut bracing are usuallyflgidge sections with the same
depth as the struts, to simplify connections. Struts are welttethtoon hub flanges, with clearance
provided between the ends of intersecting struts (Figure D-13)e Thesections generally involve
full penetration butt splices involving thick plates, thus complicating faboitaéiquirements.

e Parallel end frames. End frames that are paraltelepier and perpendicular to the horizon-
tal girders will minimize debris accumulation anterference to flow. This will simplify geometry
at the trunnion hub flange connections. However, this will greattgase flexural loads in the struts
and girders, and will limit clearance for maintenance pairetween the pier and struts.
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¢ Inclined end frames. By inclining the end frames from thefpie, girder and strut flexural
forces are reduced. The component of the end frame loads perpendicular toithegnemitted
either directly to the pier or is resisted by a tionrtie. While inclined end frames are usually
desirable for flood control projects, they are often not feasibleawigation dam projects where
floating debris is a concern. The struts are usually positionesimgi vertical plane. In this case,
only two strut/girder connections can be at the same horizon&hdestrom the pier face. For gates
with more than two girders, this results in differing supporttiooa for the horizontal girders.
However, fabrication of the strut-to-trunnion hub flange connection is $ieabdince all struts fall
in a single plane. Struts can also be positioned such that the gnd@f each strut is an equal
horizontal distance from the pier face. This complicates geosietey the struts would then lie on a
conical surface with the apex at the trunnion. This results in canfgdbeication of the strut-to-
trunnion hub flange connection, since the struts are rotated withtrespae another and do not lie
in one plane.

D.2.9.5.Downstream Vertical Truss. The downstream vettiiaab provides lateral bracing for the
horizontal girders and adds torsional rigidity wiigsmgate is supported only at one end. It alsages
gate rigidity for resisting gravity loads with syratric hoist support conditions, and structuraldityi
during field erection. For gates that have a loiglteto-width ratio, it may not be practical to dgsa
bracing system that would prevent significant Etdisplacements if the gate were supported on only
one side. In these cases, it may be necessarguig@iside bumpers to limit lateral movement.

D.2.10.Design Details.

D.2.10.1.Seals.The seals used in tainter gates follow standarmgildeHowever, there
will be somedifferences based on operational requirements f@degree of water tightness
required for the specifiproject.Devices for preventing the formation of ice or floawing ice
adhering to the gates and seals will be necessattyef gate to function during subfreezing weath-
er. Qperation in winter will be facilitated by the usiedeicingsystems and (as in all seasons) by
clearing trash

e Side seals. The seal attachment plate must have slotted lesitballlow for field adjust-
ment of the seals. The seals are normally installdda pre-compression against the side-seal plate,
which allows for construction irregularities anéates a tighter seal under low heads. The standard
side-seal configuration provides for an increase in the sealiogih proportion to increased head.
Seals usually tend to leak under low heads rather than high heads.

e Bottom seals. The lip of the tainter gate should form a shagegatthe downstream side of
the lip should be perpendicular to the sill (Figure D-14). For natesgthe preferred seal configura-
tion is provided by direct contact between the skin @dtge and the sill plate. It is recommended
that rubber seals not be used on the gate bottom unless leakagebeatubetated. If leakage is
critical, a narrow rubber bar seal attached rigidly to tlok bale of the gate lip should be used, or a
rubber seal can be embedded in the gate sill plate.

D.2.10.2 Lifting Attachments. Lifting attachments are oftezated as FCMs for design. The force
in the attachment due to machinery operating airmanx stall pull normally governs the design. The
magnitude of this loading will be obtained from thechanical Engineer responsible for the machinery
design and will be based on the capabilities ofiftieg equipment. The wire rope attachment often
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must be designed with a rotating attachment to allowehlke ¢o pull away from the skin plate as the
gate approaches the full open position. Many gaseshave skin plate extensions of smaller radius a
the top to allow the rope to wrap over the tomefgate when fully closed. Figure D-15 shows actlpi
wire rope attachment detail.

D.2.10.3.Drain Holes. Drain holes should be located abefifions where water could be trapped,
for all gate positions. This includes the websmalays, end frames, strut-to-trunnion hub connactad
bracing members. Typical hole size has a diamégi Additionally, half round holes can be pabvi
ed in stiffener plates, along with extra large eoropes to avoid pockets of water between stiffene
Holes in flanges should generally be avoided.

D.2.10.4.Gate Stops. Many structures are provided with gate &idjpsit the gate movement.
The machinery is designed to stop before the gatiacting the gate stops, but the stops keep tee ga
from over-traveling due to wind or water loadingiimusual situations. Stops are more often used with
the wire rope hoist system since the ropes offeesistance to upward movement. The stops ardyisual
a short section of steel beam embedded and anantwete pier. The stops will contact a bumper on
the gate if the gate travels beyond a certainipaosit

D.2.10.5.Bumpers. To help ensure that the gate moves snydagttween the piers, even if lifted
from only one side, bumpers or rollers are gengladiated at the ends of the top and bottom hot@on
girders near the upstream or downstream flangempBrs are usually fitted with a bronze rubbing
surface. Figure D-16 shows a common bumper d&allers or ultra-high molecular weight plastic
rubbing surfaces may be used to reduce frictiggrdgent gate binding.

D.2.10.6.Dogging Devices. Some gates are provided with devictemporarily support the gate
in a full or partially raised position. These daggdevices will relieve the load on operating maehy
and can facilitate maintenance or repair of thehimacy or gate while the gate is raised.

D.3. Trunnion Assembly

D.3.1.General Description. The trunnion assembly provadggort for the tainter gate while al-
lowing for rotation for operational use. The desijtubrication systems, determination of tolerasioe
finish requirements, material selection, and datetion of allowable stresses should all be coattdith
with a mechanical Engineer.

D.3.1.1.Conventional Trunnion System. The trunnion asseishigually bolted to the upsteam
face of the trunnion girder. It is made up of @éixrunnion yoke, a trunnion hub, and a trunniarwgih
a bushing or bearing. Bushings or bearings aragedto minimize friction and wear during rotatmhn
the gate about the trunnion pin. The trunnion abieimdesigned to transmit gate loads directiho
trunnion girder. Figures D-17 and D-18 show typitthils for cylindrical and spherical bearing asse
blies, respectively. Spherical bearings are gelyeraire expensive than cylindrical bearings dubao
complexity. However, spherical bearings will compensat a degree of misalignment of gate arms,
construction tolerances, thermal movement, andameuate lifting. When compared to cylindrical
bearings, spherical bearings are generally narrangthe use of spherical bearings produces a more
uniform pressure distribution over the trunnion, piotentially reduces trunnion pin moments and gate
arm stresses due to misalignment. Spherical beaniigagccommodate an angular rotation transverse t
the pin centerline in the range of 6 to 10 degiepgending on bearing size. A tradeoff exists widhise
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of spherical bearings over cylindrical bushingshat the gate arms associated with spherical lgsan
usually heavier due to an increased buckling length

D.3.1.2.Center-Mounted Trunnion Pin. Center-mounted trumhare commonly used in combi-
nation with steel box trunnion girders. The trumnpn is supported at the geometric centroid of the
girder by plates that are oriented perpendiculdénégin centerline. The pin can bear directlylon t
supporting plates or within a housing tube attadbdtie plates. Use of the tube provides for a more
accurate bore for the pin. This arrangement canifisigntly reduce torsion applied to the trunniaaeyr
since load eccentricity is reduced or eliminategufe D-19 shows a center-mounted arrangement.

D.3.2.Structural Components. Figure D-20 shows the lagbgtructural components of the
trunnion assembly.

D.3.2.1.Trunnion Yoke. The yoke is typically fabricateds#lded structural steel and consists of
two parallel plates (yoke plates) welded to aestiéfd base plate (Figure D-21). The yoke plates are
machined to receive the trunnion pin and assocateghonents. The assembly is bolted to the trunnion
girder after final installation adjustments haverbmade by horizontal and vertical jackscrews rféate
shear loads at the interface with the trunnionegindight be large enough to require shear barathat
welded to the base plate, to transfer loads tdrtimmion girder. The trunnion yoke is bolted to the
trunnion girder. Consideration should be givendiog partially prestressed high-strength stud bolts
minimize movement relative to the trunnion girddre yoke side plates are sized to resist trunriron p
bearing load and lateral gate loads. The basegdtstiffeners are be designed to resist conegsre
between the yoke bearing plate and trunnion glvdsed on gate reaction forces and bolt prestressing
loads.

D.3.2.2.Trunnion Hub. The hub can be fabricated of casggi, or structural steel. Castings and
forged steel are typically more costly than weldtskl construction. The inside bore is machined to
tolerance for proper fit with the trunnion bushorgearing. The hub is welded to the gate arm exten
sions and is joined to the yoke with the trunniom Pphe hub is typically wider than the gate arrteax
sions to allow for a uniform distribution of stres®l to provide clearance for a welded conneciiba.
centerline of bearing of the trunnion hub is commonlyedfwith respect to the centerline of the gate
arms (Figure D-20). This offset is recommendechab @ uniform bearing stress distribution occurs
under maximum loading. A bushing or bearing is jaled between the hub and trunnion pin to reduce
friction. The trunnion hubs and yokes should behimesd after fabrication welding is completed ared th
parts are stress relieved by heat treatment.

D.3.2.3.Trunnion Pin. The trunnion pin transfers the gat&s from the hub to the yoke side
plates. A retainer plate that is welded to thegiiited with shear pin to prevent the trunnion from
rotating. The retainer plate and pin are connectd¢de yoke with a keeper plate. The trunnion gin i
designed as a beam with simple supports at thertieas of the yoke plates. The retainer plateshedr
pins are designed to carry frictional loads prodweken the tainter gate is raised or lowered. Téld w
connecting the retainer plate to the trunnion pilgyre D-22) shall be sized to prevent rotation.
Trunnion pins may be designed with a hole drillesh@ the pin centerline for entry of a radioactive
source to facilitate radiographic testing. The huokey also be tapped for handling, installation, and
removal purposes.
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D.3.2.4.Trunnion Bushing. Bushings are provided betweetrtimmion pin and hub and between
the hub and yoke plates. The bushings providefarambearing surface and reduce torsional loads due
to friction. The required thickness will dependtba size of the trunnion pin. However, to maintin
true shape during machining, bushings should leastt’2-in. thick. Bushings are usually furnishét w
two side disk bushings and one cylindrical trunrponbushing. Shear pins between the side bushing
and trunnion yoke plates are used to prevent bgsbtation. A light drive fit between the hub and
cylindrical bushing is generally specified to preteifferential rotation between the hub and bughin
The bushing is usually give