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PREFACE 

This report is the result of work performed under Contract No. DACW39- 

76-M-0869, dated September 3, 1975, and No. DACW39-76-M-2230, dated December 

9, 1975, between U. S. Army Engineer Waterways Experiment Station (WES) and 

the author, Dr. Leroy Z. Emkin, Consulting Engineer, for development of a 

procedure to use Structural Design Language (STRUDL), a subsystem of the 

Integrated Civil Engineering System (ICES), for analysis and design of 3- 

girder tainter gates. The task was directed by the Automatic Data Pro¬ 

cessing Center (ADPC), Computer Analysis Branch (CAB), WES, as part of 

a project to furnish assistance to the sponsor, the Computer-Aided Struc¬ 

tural Design (CASD) Committee of the U. S. Army Engineer Division, lower 

Mississippi Valley (LMVD). The report is in two volumes, a theoretical 

and a procedural manual. 

The author would like to thank Dr. N. Radhakrishnan, Special Techni¬ 

cal Assistant to the Chief, ADPC, WES, who managed the project, Mr. W. A. 

Price III, Computer-Aided Structural Design P-oject Engineer, WES, Mr. D. R. 

Dressier, Chairman of the CASD Committee and Sponsor Representative, LMVD, 

and Mr. J. J. Smith, Structural Engineer, U. S. Army Engineer District, 

St. Louis, Missouri, for their expert advice and technical assistance dur¬ 

ing this study. 

The task was under the general supervision of J. B. Cheek, Chief, CAB, 

and D. L. Neumann, Chief, ADPC. COL G. H. Hilt, CE, was Director of WES, 

and F. R. Brown was Technical Director. 
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1. INTRODUCTION 

A comprehensive formulation for the analysis and design of tainter 

gates by a general purpose structural analysis and design computer 

program (ICES STRUDL II (2,3,4) ) is presented in Reference (1) 

However, the STRUDL II procedures used were only suitable for the 

formulation process, and not well suited for use in a design office 

environment 

Consequently, it is the intent of this report to describe a 

recommended procedure for the STRUDL II analysis and design of tainter 

gates for use in the design office. In order to illustrate the approach, 

a specific tainter gate was considered in this study. It was the 

Clarence Cannon Re-Regulation Dam and Spillway Tainter Gate 

are presented herein formulation 

Numbers in parentheses refer to references in the REFERENCES Section 

. 



2. THE ANALYSIS MODEL 

2.1 Introduction 

A typical tainter gate, as sketched in Fig. 1, is characterized by 

a skin plate to retain water, and vertical stiffening ribs, horizontal 

girders, strut arms, and a trunion girder, to support and stabilize the 

skin plate. In addition, hoisting cables are used to lift the gate on 

occasion to permit the flow of water. A complete and detailed description 

of the specific tainter gate considered in this study is shown in 

References (6) and (7). 

2.2 Geometry and Topology Conditions 

The geometry and topology of the Clarence Cannon Tainter Gate used 

for the recommended STRUDL II solution is shown in Figs. 2, 3, and 4. 

The skin plate is modeled using plate bending-and-stretching 

finite elements. McAuto's PBS2 proprietary finite element (4) was 

selected as having good characteristics for such a model. The mesh 

size plays an important role in the accuracy of the analysis results. 

A very fine mesh would be necessary to accurately compute the stress 

distribution in the skin plate. However, such a fine mesh would lead 

to an excessively costly analysis due to the large number of elements 

and joints that would have to be processed. It was felt that an 

accurate calculation of the skin plate stresses was not necessary at first. 

Rather, it was decided to use a coarser mesh size which would at least 

retain a proper representation of the skin plate's stiffness effects 

on the rest of the tainter gate structure. After the analysis, another 

analysis could be performed, using a finer mesh size, in those regions 

where high stresses are indicated, or calculations similar to current 

s*® 
Ip 
& :1 
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Corps practice for computing skin plate stresses could be used. Fig. 3 

shows the finite element incidences and joints in the skin plate of the 

Clarence Cannon Tainter Gate STR’JDL II model. The difference in skin 

plate thickness near the cables and away from the cables are accounted 

for by changing the finite element thicknesses in the respective regions. 

Note the finer mesh size used in the region where the hoisting cable is 

attached to the sk\n plate (near joints '52' and '520'). It should 

also be noted that the finite element incidences were all input in a 

clockwise order (from global Y to global Z), and always started with the 

longer side first. This is recommended, but not required, by the McAuto 

STRUDL manual (4). 

The main horizontal girders, stiffening ribs, and jointf in the 

skin plate are shown in Fig. 2. The joints are located on the inside 

(downstream) face of the skin plate. Consequently, although the incidences 

of the member elements are in terms of these joints, the centroidal axes 

of the members do not pass through the joints. This condition must be 

modeled properly, since at some member ends, the eccentricity of the 

joint from the actual end of a member which is incident upon it is almost 

two feet. This is modeled using the STRUDL MEMBER ECCENTRICITIES command. 

The members and joints in the struts and skin plate bracing system 

are shown iu Fig. 4. 

Rather than modeling the cable as a separate structural element, 

only its effect on the skin plate is modeled. At the connection of 

the cable to the skin plate, the cable is modeled either as a reaction 

component in the direction of the cable, i.e. in a direction which is 

tangent to the skin plate surface and in a vertical plane, or as a 



- ‘ '.,til*íy«‘S|fci<(iliHi.)|ilJ^M|i,"l*'<(liii,*l,IÂ»‘'' 'í,; ^RiiéMÜl 

known applied force (in the case of the gate bound at the side seals). 

The value of this reaction, or the known applied force, is the cable force. 

This part of the cable effect is accounted for in the structural boundary 

condition cases as described in Section 2.5. In addition, the cable 

exerts a radial pressure on the skin plate over the length of contact 

between the cable and skin plate, and is equal to the value of the cable 

force divided by the radius of curvature of the skin plate (since the 

skin plate has a constant radius of curvature in a vertical plane). 

This part of the cable effect is modeled as an applied load as is shown 

in Fig. 5, and described in Section 2.6. 

The connection of the hoisting cables to the skin plate is modeled 

by members 'Bl\ 'B2\ 'BB', 'BIO', ^O’, and 'BBO', and by joints ’SI', 

'52', 'S3', 'S10', '520', and '830'. The cable connection points are at 

joints 'SI' and '510'. Members 'Bl\ 'B2\ ’B3\ 'BIO', '620', and '630' 

are modeled with fictitiously high stiffnesses since it is .r.iy desired 

to transfer the equilibrium effect of the cable to the skin plate. 

The calculation of the joint coordinates and other geometric 

characteristics is shown in Appendix A. The calculation of the 

coordinates of the points of support of the cable to the skin plate, and 

the points of tangency of the cable to the skin plate is shown in 

Appendix B. Member element beta angle and end eccentricity calculations 

and memeber properties are shown in Appendix C. 

2.3 Design Loading Conditions 

The specification of design loading conditions must recogiize a 

variety of boundary conditions and geometric states of the gate . One 

is associated with the gate resting on the sill. Another is associated 

I 
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with both cables lifting the gate, but the gate may be in any position 

from one in which it is just beginning to open, to one in which it is 

fully open. Another is associated with only one cable lifting the gate 

(i.e. one cable has broken), but the gate may again be in any position 

fron just starting to open to fully open. In addition, for the one cable 

situation, lateral displacements of the gate may be large enough to cause 

the gate to touch the side pier walls which lead to another boundary 

condition. This is a non-linear behavior since it must be determined 

if the gate touches the side piers and if so (or if not), the boundary 

conditions may need to be changed. Another is associated with either 

one or two cables lifting the gate with the gate in any position, but 

in addition, the gate binds at the side seals and the force in the 

cable.(s) increase to the maximum hoisting force that the hoisting motor 

can exert. 

Considering this variety of gate states, it is clear that there are 

an infinite number of different loading conditions that could be used^ 

for design. It is, of course, the responsibility of the engineer and 

appropriate design specifications to select a finite number for actual 

use. For the specific gate used in this study, there were eight design 

loading conditions specified in the design notes (6) of the Clarence 

Cannon Re-Regulation Dam Tainter Gate Design. They were as shown in 

Table 1. It should be noted that the eighth loading, Loading Condition 

VIII, was not used i.r this study primarily because it was not considered 

to be worth the effort to recompute the gate geometry in view of the 

goal of this report to describe an analysis procedure to handle any 

gate geometry. Consequently, only Loading Conditions I - VII were 

...-... 
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TABLE 1 

Clarence Cannon le-Regulation Dam Talnter Gate 

Design Loading Conditions 

Loading Condition I 

a. Dead load of gate 
b. Hydrostatic load. Water to top of gate, elevation 530.0 ft. 

c. Hoist cables slack, gate resting on sill. All forces reacted 

by sill and trunions. 
d. Normal Group I loading - no overstress permitted. 

Loading Condition II 

a. Dead load of gate 
b. Hydrostatic load. Water to top of gate, elevation 530.0 ft. 

c. Gate supported by both hoisting cables. All forces reacted 

by trunion pins and hoisting cables. 
d. Gate strating to open. Friction factor of 0.3 at trunion 

pins and 0.5 at side seals. 
e. Normal Group I loading - no overstress permitted. 

Loading Condition III 

a. Same as Loading Condition I plus wave loading. 

b. Group II Loading - 1/3 overstress permitted. 

Loading Condition IV 

a. Dead load of gate 
b. Hydrostatic load. Water at elevation 528.0 ft. 

c. Impact load of 5 K/ft of gate width applied at elevation 528.0 ft. 

d. Gate resting on sill. All forces reacted by sill and trunions. 

e. Group II loading - 1/3 overstress permitted. _ 

Loading Condition V 

a. Dead load of gate 
b. Hydrostatic load. Water at elevation 528.0 ft. 
c. Impact load of 5 K/ft of gate width applied at elevation 528.0 ft. 

d. Gate supported by both hoisting cables. All forces reacted by 

trunions and hoisting cables. 
e. Gate starting to open. Friction factor of 0.3 at trunion pins 

and 0.5 at side seals. 
f. Group II loading - 1/3 overstress permitted._ _ 

Loading Condition VI 

a. Same as Loading Condition II, except all forces are reacted by 

trunions and only one hoisting cable. 

b. Group III loading - 50% overstress permitted. 



Loading Condition VII (See Note 1) 

Same as Loading Condition II, except gate is assumed held down 

by friction and binding. Hoist cable load becoming 280/. of 

normal cable tension due to development of maximum design 

torque in hoist. 
Group III loading - 50% overstress permitted. 

Loading Condition VIII (See Note 2) 

a. 

b. 

c. 

d. 

Dead load of gate 
Gate wide open against stops. Bottom of gate at elevation 53d.0 ft. 

Hoisting cable loads equal to 280% of normal maximum cable tension 

due to development of design torque in hoist. 
Gate supported by both hoisting cables. All forces reacted by 

trunions and hoisting cables. 
Group III loads - 50% overstress permitted. 

Note 1: (a) It is assumed that Loading Condition II forces, including 

cable force F and trunion moment M, are developed prior to binding. 

(b) Binding occurs, after which an additional 1.8F and 0.0M are applie 

to the bound gate developing additional gate forces which are added to 

the Loading Condition II gate forces. 

Note 2: Loading Condition VIII was not used in this study primarily 

t^Iie it was not considered to be worth the effort to recompute the 

gate geometry since the goal of this report was to describe an analysis 

procedure to handle any gate geometry. 
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considered. However, Loading Coi.dition VIII would make an excellent 

case to analyze in order to test one's understanding of many of the 

concepts presented in this report. 

2.4 Three Special Tainter Gate Characteristics 

There are three special characteristics of tainter gate structures 

which require special attention. The first is associated with friction 

forces (df/ds) caused by the skin plate neoprene side seals, along the 

skin plate side edge.-!, bearing against the side piers of the hyraulic 

channel (Fig. 5). This effect can be accounted for as an applied load 

as will be shown in Section 2.4.1. 

The second special characteristic is associated with the effect of 

friction forces at the trunion pin locations providing resisting moments 

M (Fig. 6). This moment M is a function of the unknown resultant R of 

the global X and Y components of trunion pin reaction, as well as the 

Z component, as will be shown in Section 2.4.2. 

The third special characteristic is associated with a situation 

when only one cable supports the gate. In this case, the gate experiences 

lateral deflections which may be large enough so that the gate will touch 

the side walls of the hydraulic channel. This is, of course, a non¬ 

linear behavior since, if the gate does in fact touch the side walls, 

the external boundary conditions must be changed to reflect the new 

side support and the analysis repeated. This procedure is described 

in Sections 2.4.3 and 3. 

2.4.1 Side Seal Friction Effect 

As was developed in the Theoretical Manual (1), the side seal 

: riction force per unit length along the skin plate edge (df/ds) is 
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equal to 

(y k + 0.0624y dh) K/ft.U) 
s s 

where U m coefficient of side seal friction, k “ normal force induced by 
s 

the preset of the neoprene "J" seal, d * effective width of the J seal, 

and h = distance from top of the skin plate to the point in question (this 

is conservative for water levels below the top of the gate). For the 

Clarence Cannon Tainter Gate under consideration, yg * 0.5 (from Corps 

Manual (8) EM 1110-2-2702, pg. 18), k = 0.048 K/ft applied uniformly 

along the entire length of the skin plate edge and due to a neoprene "J" 

seal preset of 0.25 inch, and d = 2.25 in. “ 0.1875 ft. So, 

(0.024 + 0.00585b) K/ft.(2) 

Note that df/ds is simply an externally applied force in a direction 

tangent to the skin plate side edges and opposite to the upward movement 

or cue gc*-e (Figs. 5 and 6). 

2.4.2 Trunion Pin Friction Effect 

Each trunion pin total reaction is composed of three global components, 

R R and R , which are parallel to the global X, Y, and Z axes as shown 
x’ y z 

in Fig. 6. Components R and R lead to a resultant force R which exerts 
x y 

pressure directly on the trunion pins. This pressure leads to a friction 

force around the trunion pin which is statically equivalent to a resisting 

moment about the global Z axis and a resultant force in a direction 

perpendicular to R. Component Rz reacts through a trunion yoke on end 

bearing plates, exerting pressure which leads to a friction force that is 

only statically equivalent to a resisting moment. 

Now, as was developed in the Theoretical Manual (1), the resultant 

1.,,,1,.1,11,,:1.1:,.1.1... Mi, 1..,U..k 
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trunion pia global reaction components, Rx> Ry, and Rz result in friction 

forces on the pin P ,, P ,» an^ M such that, 
X y 

Px' 

Py' 

o.o 

J777 
t V X y 

(3) 

M = 0.7854utrpjR^ + Ry ' + \\\\rv ^ 

where P , is in a direction perpendicular to R ^j¡R^ + Ry , and where 

y = coefficient of trunion pin friction, and rp = trunion pin radius. 

For the Clarence Cannon Tainter Gate under consideration, 0'3 (from 

Corps Manual (8) EM 1110-2-2702), and rp = 5.0 in. = 0.41667 ft. So, 

0.0 

, = 0.20|/R2 
r' • X 

+ R 

M = 0.098167 l/? + R£ + 0.1250|R I 
y z 

(4) 

Now, the calculation of the trunion pin friction forces depends 

on whether the tainter gate is supported by two cables or only one cable. 

The procedure will be summarized next. 

2.4.2.1 2-Cable Symmetrical Case 

When the tainter gate is supported by two cables (design Loading 

Conditions II, V, and VII, see Table 1), it experiences completely 

symmetrical behavior. Consequently, only the symmetrical part of the 

trunion pin friction moment effect needs to be considered, i.e. only 

one trunion pin and one cable need be included in the calculation. 

The Theoretical Manual (1) formulates the procedure required to 

compute the trunion pin friction moment M. Fig. 7 summarizes the equations 

that need to be solved for the Clarence Cannon Tainter Gate. The solution 

lili i i r !úiidÉÍiÉkáftikiy ht i mi ui inibir > ■iMitiiiiiftii1 y .u ,,¡,...'1.11,. hti.j ¡ji/ ...t 11.,.11.-..11. ¿j n vi n ,11,1.,. 
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Figure 7. 2-Cable Symmetrical Case 



is actually performed by a supplied program, XFTWO, at - appropriate 

point in the STR1IDL II structural analysis as described in Section 3. 

A listing of XFTWO is given in Appendix G. Example input to XFTWO 

for the STRUDL II analysis described in Section 3 is given in Appendix H. 

2.4.2.2 1-Cable Non-Symmetrical Case 

When the tainter gate is supported by only one cable (design Loading 

Condition VI), it experiences non-svmmetrical behavior. Consequently, 

trunion pin friction effects at both trunion pins in addition to the 

single supporting cable need to be considered in the analysis. 

The Theoretical Manual (1) formulates the procedure required to 

compute the trunion pin friction moments Ma and Mb at each trunion pin. 

Fig. 8 summarizes the equations that need to be solved for the Clarence 

Cannon Winter Gate. The solution is actually performed by a supplied 

program, XFONE, at the appropriate point in the STRUDL II structural 

analysis as described in Section 3. A listing of XFONE is given in 

Appendix G. Example input to XFONE for the STRUDL II analysis described 

in Section 3 is given in Appendix H. 

2.4.3 Non-Linear Lateral Boundary Contact Problem 

Since it is not known a-priori whether or not the tainter gate 

will make contact with the side pier walls while supported by only one 

hoisting cable, more than one analysis may be necessary. However, based 

upon the results of the initial STRUDL II analysis reported in the 

Theoretical Manual (1), it will first be assumed that the tainter gate 

does make contact with the side walls at joints 7 and 1001 (Fig. 2), 

so that the first analysis for the 1-cable case will include side support 

in addition to the other boundary conditions and loading conditions 
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(Load Group C - Table 4) associated with design Load Combination VI 

(Table 1). 

The results of this analysis are checked, and if the lateral 

reactions at the side supports are onl* in compression, then the tainter 

gate does in fact, contact the side walls. However, if the lateral reactions 

at joints 7 and 1001 are in tension, then the gate does not contact the 

side walls, and another analysis is necessary where the side supports 

are removed. This procedure is described in Section 3. Only one 

analysis was necessary, since the gate does make contact with the side 

walls at joints 7 and 1001. 

2.5 Structural Boundary Condition Cases 

Referring to the seven design loading conditions used in this study. 

Loading Conditions I - VII in Table 1, it is clear that there are 

four distinct structural boundary condition cases. These cases are 

identified here as Load Groups, where a Load Group is defined as a set 

of independent loads applied to the structure with a particular set of 

boundary condi-ions. The boundary conditions associated with each of the 

four Load Groups are as follows: 

Load Group A: gate resting on sill; translational force reactions 

in the global Y direction at each contact point with the sill; and 

translational force reactions in the global X, Y, and Z directions 

at each trunion pin (Fig. 9a). 

Load Group B: gate supported by two hoisting cables, just starting 

to open; single translational force reaction at both cable support 

points on skin plate, (to simulate cable effect at point of connection 

to skin plate), and in a direction which is tangent to skin plate; 

translational force reactions at each trunion pin in global X, Y, and 
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Figure 9. Boundary Condition Cases 
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Z directions (Fig. 9b). 

Load Group C: gate supported by only one hoisting cable, just 

starting to open; translational force reactions at one cable support 

point on skin plate (to simulate one cable effect at point of connection 

to skin plate), and in a direction which is tangent to skin plate; 

translational force reactions at each trunion pin in global X, Y, 

and Z directions (Fig. 9c). 

Load Group D: gate bound at side seals; effect of two hoisting 

cables at skin plate connections accounted for by applying known cable 

forces at both points of connection to skin plate; translational force 

reactions at each trunion pin in global X, Y, and Z directions, 

translational force reactions at side seals in directions which are 

tangent to skin plate edges and in a vertical plane (Fig. 9d). 

It should be noted that Load Group C may be divided into two 

different cases. One is associated with the gate not experiencing 

sufficient lateral displacements to touch the side piers, and another is 

associated with the gate experiencing sufficiently large lateral 

displacements (0.25 inches for the specific gate used in this study), 

so that lateral supports must be added to the Load Group C boundary 

conditions. 

The detailed specification of these boundary condition cases are 

described in Section 3. 

2,6 Independent Loading Conditions by Load Grgu£ 

Upon inspection of the seven design loading conditions considered 

in this study (see Table 1), it is seen that there are six distinct 

independent loading conditions which are (1) dead load of gate, 
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(2) hydrostatic load, water at elevation 530.0 ft., (3) hydrostatic load 

water at. elevation 528.0 ft., (4) impact load at elevation 528.0 ft., 

(5) wave load, water at elevation 530.0 ft., and (6) 1.8 x cable force 

from design Loading Condition II. In addition, as was shwon in Section 

2.4, the side seal friction effect may be considered as an applied 

loading condition. So, a seventh independent load is, (7) side 

seal friction. Also, as was shown in the Theoretical Manual (1), 

the trunion pin friction effect may be accounted for by a superposition 

technique which requires the application of two more independent loading 

conditions which are, (8) gate skin plate pressure due to a 1,000 K 

cable force, and (9) a 1,000 K-ft moment about the global Z axis 

applied at one or both trunion pins and in a direction which resists 

the upward movement of the gate. Finally, since Load Group C may be 

associated with the gate displacing laterally until it touches the 

side piers, after which it is restrained from further lateral movement 

at the points of contact, a tenth independent loading condition should 

be considered which is, (10) a specified lateral joint displacement 

(±0.25 inches for the specific gate considered in this study) applied 

at the joints which may be in contact with the side piers. 

Although there are ten independent loading conditions which can 

be identified, it is not clear that these are the ones which are 

used in a structural analysis. In particular, there are also four 

boundary condition (Load Group) cases which were identified in Section 

2.5, and most of these independent loading conditions are associated 

with two or more boundary condition cases. If an independent loading 

condition is associated with two boundary condition cases, for example. 
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it generates two independent loading conditions for structural analysis 

purposes since, even though the applied loads are the same, different 

structural analysis results will be generated for the different boundary 

conditions. Consequently, it is necessary to identify the independent 

loading conditions in terms of their corresponding boundary condition 

cases to properly account for the actual number of independent loads. 

For the specific gate under consideration in this study, there are 

twenty independent loading conditions which must be considered. Tables 

2, 3, 4, and 5 summarize them. Details of the loading computations are 

shown in Appendix D. 

2.7 Design Loading Combinations 

Section 2.3 and Table 1 summarize the seven design loading conditions 

considered for the specific tainter gate used in this study. In Section 

2.5, it was shown that these loading conditions are associated with 

four distinct boundary condition states, and in Section 2.6 and Tables 

2, 3, 4, and 5, it was shown that there are a total of twenty 

independent loading, conditions associated with these four boundary 

condition states. Also, the Theoretical Manual (1) demonstrates how 

the tainter gate final behavior is a superposition of cases involving 

forces identifico in Figs. 7 and 8 as W, radial pressure due to a 1,000 K 

cable force, and a 1,000 K-ft moment, as well as combination factors 

F/1000 and M/1000. This Section will describe the formulation for 

combining the independent loading conditions to form the design loading 

combinations in such a way as to be consistent with the superposition 

required in the computation of cable force F and trunion pin friction 

moment M. 
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TABLE 2 

Independent Loadings - Load Group A 

Gate Resting on Sill 

Independent 

Load Number 

Independent Load Description 

1 Dead load of gate structure 

2 Hydrostatic load, water at top of 

gate, elevation 530.0 ft. 

3 Wave load, elevation 530.0 ft. 

4 Hydrostatic load, water at 

elevation 528.0 ft. 

5 Impact load of 5 K/ft of gate 

width applied to gate skin plate 

at elevation 528.0 ft. 
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TABLE 3 

Independen!: Loadings - Load Group B 

Gate Supported by Two Cables, Just Starting to Open 

Independent 

Load Number Indtpendent Load Description 

6 Dead load of gate structure. 

7 Hydrostatic load, water at top of 

gate, elevation 530.0 ft. 

8 Hydrostatic load, water at 

elevation 528.0 ft. 

9 Impact load of 5 K/ft of gate 

width applied to gate skin plate 

at elevation 528.0 ft. 

10 Side seal friction in a direction 

resisting gate opening. 

11 Skin pressure due to 1,000 K. 

cable force in both cables 

12 1,000 K-ft trunion pin friction 

moment at both pins and in a 

direction resisting gate opening. 
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TABLE 4 

Independent Loadings - Load Group Ç 

Gate Supported by One Cable, Just Starting to Open 

Independent 

Load Number Independent Load Description 

13 Dead load of gate structure. 

14 Hydrostatic load, water at top 

of gate, elevation 530.0 ft. 

15 Side seal friction in a direction 

resisting gate opening. 

16 Skin pressure due to 1,000 K 

cable force in one cable. 

17 1,000 K-ft trunion pin friction 

moment at one pin (joint 38 in 

gate under study) in a direction 

resisting gate opening. 

18 1,000 K-ft trunion pin friction 

moment at one pin (joint 1038 

in gate under study) in a 
direction resisting gate opening. 

20 Joint displacement load, in gate 

under study, at joint 1001 » 

+0.25 inches, at joint 7 = -0.25 

inches, to simulate part of 
lateral constraint provided by 

side pier walls. 

1 

W ! 
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TABLE 5 

Independent Loadings - Load Group D 

Gate Bound at Side Seals. Supported by Two CaLles 

Independent 

Load Number Independent Load Description 

19 Skin pressure due to 1,000 K. cable 

force in both cables, and 1,000 K. 

force at both points of connection 

of the cable to the skin plate in 

an upward direction and tangent to 

the skin plate. 
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First it should be noted that Corps design specifications, as taken 

from Reference (6), require that allowable stresses, computed from 

the 1970 American Iron and Steel Institute Specifications (9), are 

to be reduced by 83-1/3%. This is precisely equivalent to increasing 

all analysis element force results by the factor 1.0/0.83333 = 1.20. 

In addition, the Corps specifications permit three cases of stress 

design. One case permits no overstress. In this case, the combination 

factor applied to the independent load combinations would be 1.2 x 1.0 = 1.2 

The second case permits a 1/3 overstress (i.e. computed stress may 

exceed allowable by 1/3 x allowable). In this case, the combination 

factor applied to the independent load combinations would be 

1.2 x 1.0/(4/3) = 1.2 x 0.75. The third case permits a 50% overstress. 

In this case, the combination factor applied to the independent load 

combinations would be 1.2 x 1.0/(3/2) = 1.2 x 0.6667. 

Now, in order to combine the Independent loading conditions for 

tainter gate analysis, it must be recognized that for any one load 

combination, all the independent loading conditions involved must be 

associated with the same boundary condition case. That is, for any one 

loading combination, the independent loads must all be taken from either 

Table 2 or 3 or 4 or 5, depending on the required boundary conditions. 

Now, design loading conditions I, III, and IV (see Table 1), are 

associated with Load Group A, the gate resting on the sill (Table 2), 

and reacted by sill and trunion pins, and not involving any cable 

force or trunion pin friction moment. The required combinations are, 

(I) - 1.2 x (1 + 2) 

(III) - 1.2 x 0.75 x (1 + 2 + 3) (5) 
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(IV) = 1.2 X 0.75 X (1 + A + 5) . 

where the integer numbers are independent load numbers from Table 2. 

Note that design loads III and IV permit a 1/3 overstress as described 

in Table 1. 

Design loading conditions II and V are associated with Load Group B, 

the gate supported by two cables, and the gate just starting to open 

(Table 3). Since these conditions must include the effects of the cable 

force F and trunion pin friction moment M, the combination of independent 

loads must be consistent with the formulation for computing F and M 

whereby a proper superposition of cases is required as represented by 

the Theoretical Manual (1) Eq. (29) and repeated here for reference, 

n , n + JL_ a + JL_ q .(6) 
Q ql + 1000 q2 + 1000 q3 

where Q may be interpreted as the design load combination force results, 

and therefore where ql » forces due to applied loads other than the 

effects of cable force F (i.e. forces due to W in Fig. 7, and independent 

loads 6, 7, 8, 9, and 10), q2 » forces due to the effect of the radial 

skin pressure equivalent of a 1,000 K cable force (independent load 11), 

and q3 * forces due to the effect of a 1,000 K-ft trunion pin friction 

moment (independent load 12). The required combinations are, 

(II) - 1.2 X (6 t 7 + 10 + ^ X 11 + X 12) 

(V) - 1.2 X 0.75 X (6 + 8 + 9 + 10 + x 11 + ÍQ00 X 12^ 

where the integer numbers are independent load numbers from Table 3, 

and F and M are the cable forces and trunion pin friction moments computed 

for the 2-cable symmetrical case by the computer program XFTWO fAppendix G) 
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according to Theoretical Manual (1) Eq. (34). Note that a 1/3 overstress 

is permitted in design load condition V. 

Design loading condition VI is associated with Load Group C, the 

gate supported by only one cable, and the gate just starting to open 

(Table 4). Since this condition must include the effects of cable force 

F, and trunion pin friction moments and the combination of 

independent loads must be consistent with the formulation for computing 

F, M , and for the 1-cable unsymmetrical case which requires a proper 

superposition of cases as represented by Theoretical Manual (1) Eq. (35) 

and repeated here for reference, 

F a . o 

Q " ql + 1000 q2 + 1000 q3 + 1000 q4 
(8) 

where Q may be interpreted as the design load combination force results, 

and therefore where q^ = forces due to applied loads other than the 

effects of cable force F (i.e. forces due to W in Fig. 8, and independent 

loads 13, 14, 15, and 20), q2 = forces due to the effect of the radial 

skin pressure equivalent of a 1,000 K cable force in one cable 

(independent load 16), q^ « forces due to the effect of a 1,000 K-ft 

trunion pin friction moment Ma in one trunion pin (independent load 17), 

and q = forces due to the effect of a 1,000 K-ft trunion pin friction 
4 

moment M^ in the other trunion pin (independent load 18). 

Now, since this is the unsymmetrical design loading condition, 

before the required combination is shown, it must be noted that there 

are two possible states for this combination. One state is associated 

with the gate experiencing small enough lateral displacements so that 

the gate does not touch the side pier walls. This state involves 
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independent loads 13 to 18 analyzed for Load Group C boundary conditions 

which do not include side wall constraints. The seconn state is 

associated with the gate experiencing sufficiently large lateral 

displacements so that the gate touches the side pier walls. This state 

involves independent loads 13 to 18 and 20 analyzed for Load Group C 

boundary conditions which include the side wall constraints. Each state 

mast, of course, be investigated, and the one which occurs used for 

design. From the Theoretical Manual (1), the second state, i.e. with 

side wall constraints, occurred for the specific tainter gate considered 

in this study as described in Section 3. So, the two different possible 

combinations are, 

M Mb 

(VI)no side = 1.2(0.6667)(13 + 14 + 15 + ]|õÕ(ie) + IÕÔÕ(17) + IÕÕÕ(18)) 
wall 

constraint .(9) 

or. M 

(VI)with side= l-2<°-6à67><13 + I* + I5 + 20 + i000 
(16) + :(17) + 1000 

wall 
constraint 

1000 

....(10) 

where the integer numbers are independent load numbers from Table 4, and 

F, M , and are the cable force, and trunion pin friction moments computed 

for the 1-cable unsymmetrical case by the computer program XFONE (Appendix G) 

according to Theoretical Manual (1) Eq. (36). Note that a 50% overatress 

is permitted in this design condition. 

Finally, design loading condition VII is associated with Load Group D, 

the gate bound at the side seals, and the gate supported by two cables 

(Table 5). This design load condition is specified to have the same 

load combination as design load II, but in addition, the force in the 

cable increases to a value of 280% of the cable force in design load II. 

(18)) 

mim 
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Consequently, this load condition first uses the same results as 

generated in design load II, and then adds the results of an analysis 

for an additional 180% of the design load II cable force applied to the 

gate with the side seals bound (Load Group D boundary conditions). 

The required combination is. 

(VII ) = 0.6667 X (II) + 1.2 X 0.6667 x (1.8 x -^(jö x 19)-(11) 

where the integer number is an independent load number from Table 5, the 

(II) refers to design load combination II (see Eq. (7)), and F = the 

cable force used in design load combination II. Note that a 50% 

overstress is permitted in this design load condition. 

Table 6 summarizes the required seven design load combinations 

considered for the specific tainter gate studied in this report. 

2.8 Summary 

This Section described the overall characteristics of the tainter 

gate analysis model. The geometric (joint coordinates) and topologie 

(member and element incidences) were described in Section 2.2 ad Figs. 2, 

3, and 4. Design loading conditions as specified by the Corps were 

described in Section 2.3 and Table 1. These loading conditions required 

the identification of four boundary condition cases, Section 2.5, each 

of which requires a separate analysis. 

Section °..4 described three special characteristics of the tainter 

gate which are the principal causes of difficulty in the computer 

analysis of tainter gates. These are the side seal friction effects, 

trunion pin friction effects, and non-linear lateral boundary contact 

problem. Side seal friction may be handled as an applied load, while 

the boundary contact problem may bo handled by pe’forming multiple 

r! 
i 'ii 
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TABLE 6 

Force Design Loading Combination Summary 

Design Load 
Combination Independent Load Combinations 

I 1.2 X (1 + 2) 

II 1.2 X (6 + 7 + 10 + 1000 X 11 + ^ X 12) 

III 1.2 X 0.75 X (1 + 2 + 3) 

IV 1.2 X 0.75 X (1 + 4 + 5) 

V 1.2 X 0.75 X {6 + 8 + 9 + 10 t^j-x 11 + ^ x 12) 

VI 
(ni) side wall 
constraint) 

VI 
(with side wall 
constraint) 

1.2 x 0.6667 x (13 + 14 + 15 + y~— x 16 + 

M M 

1000 x 17 + 10oo x 18) 

1.2 x 0.6667 x (13 + 14 + 15 + 20 + -^0 x 16 + 

Ma Mh 
1000 x 17 + 1000 x 18) 

VII 0.6667 x (II) + 1.2 x 0.6667 x (1.8 x 19) 

Final Combination Factors for Recommended STRUDL II Runs: 

II: F 
V: F 

VI: F 

24.871 K, M = 58.400 K-ft 
11.226 K, M = 58.963 K-ft 
49.879 K, M ■= 60.453 K-ft, «b = 56.323 K-ft 
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analyses. However, as formulated in the Theoretical Manual (1), the 

trunion pin friction effect required a special procedure involving 

a superposition of actual applied and special loading conditions. 

The Corps specified design loading conditions, required boundary 

conditions, and special loading conditions required by the formulation 

for trunion pin friction moment lead to the twenty independent loading 

conditions as summarized in Section 2.6 and Tables 2, 3, 4, and 5. 

Finally, the design load combinations, which are linear combinations 

of the twenty independent loading conditions, are formed in such a 

way as to be consistent with the superposition of loads required by the 

trunion pin friction moment formulation, while at the same time 

resulting in the design loading conditions. The load combination 

factors F, M, Ma, and are computed by the supplied FORTRAN programs 

XFTWO and XFONE. Table 6 summarizes the required combinations and final 

values of F, M, Ma, and Note that the cable force is represented 

by the value of F, while the trunion pin friction moments are represented 

by the values of M, M , and M^. 

Now, Section 3 describes the details of the recommended approach 

to analyzing and designing the tainter gate using STRUDL II, and 

incorporating the analysis model presented in this Section. 
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3. DETAILS OF THE RECOMMENDED STRUDL II ANALYSIS AND DESIGN PROCEDURE 

3.1 Introduction 

In order to use a general purpose computer program to perform an 

accurate structural analysis and design of the type of tainter gate under 

consideration, it must possess certain special and sophisticated 

capabilities including: 

1. the ability to perform multiple analyses in the same computer run, 

2. the ability to change the data base between the different analyses 

so that each analysis may be based on different boundary conditions, and/or 

loading condltons, etc., 

3. the ability to save on the computer, for any length of time, 

the status of a problem solution at any point, display results for 

engineering review, and subsequently continue the problem solution with 

a modified data base, 

4. the ability to combine analysis results for different loading 

conditions used in the same analysis, 

5. the ability to combine analysis results for different loading 

conditions used in several different analyses involving different 

boundary conditions, 

6. the ability to include in the model description such special 

conditions as the eccentricity of the end of a member element from the 

joint center it connects to, the location of the shear center of a member 

element from its centroid, and others, 

7. the ability to perform design of steel member elements 

according to AISC Specifications (9). 

! 
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The only commercially available general purpose structural analysis 

and design computer program that has all of the above, and many more 

advanced capabilities is the STRUDL II subsystem (2,3). This program 

was used through the facilities of the McDonnell Automation Co. (4). 

3.2 Overview of the Analysis and Design Approach 

The general approach that is recommended to be followed to analyze 

and design tainter gates of the kind considered in this report (the 

Clarence Cannon Tainter Gate (6,7)) first involves describing the 

structure’s geometry, topology, member and finite element properties, 

independent loading conditions, and boundary conditions in the first 

run. The analysis for Load Group A loading and boundary conditions 

(Table 2) is performed next. After verifying that the STRl'CL input 

and results are good, the third run is performed. The third run 

includes the three analyses for Load Group B, C, and D (Tables 3, 4, 

and 5) loading and boundary conditions. The analysis for Load Group C 

(1-cable case) includes the lateral support condition and Loading 20 

in the first Load Group C analysis. Although all four analyses could 

be performed in one run, it is felt that the first analysis should 

be run for one Load Group case to assure that all the input data 

and other conditions are correct. 

The results of the two analysis runs are saved on the computer 

for future use by the STRUDL II SAVE command. The first three runs 

involve the use of extensive data base management facilities, which 

are only contained in the ICES STRUDL II computer system. 

Following these STRUDL runs, the cable force F and trunion pin 

friction moment M for design Loading Conditions II and V are computed 
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by program XFTWO, and the cable force F and trunlon pin friction 

moments M and for design Loading Condition VI were computed by 

program XFONE. Then, Loading Combinations I to VII are formed for 

member and element forces and reactions using the loading combinations 

as summarized in Table 6 where the combination factors are. 

Design Load II; F * 24.871 K M = 58.400 K-ft 

Design Load V: F * 11.226 K M “ 58.963 K-ft 

Design Load VI: F = 49.879 K M * 60.453 K-ft Í1 = 56.323 K-ft 
a u 

The input to XFTWO and XFONE used to compute these values of cable 

forces and trunlon pin friction moments is shown in Appendix H. 

Seven additional combinations were formed, D1 to D7, for 

displacements corresponding to design loads I to VII. The displacements 

are formed by dividing the displacements from design loads I to VII 

by the stress decrease and/or increase factors, since these factors 

are only applicable to stresses and not displacements. Table 7 

summarizes the appropriate combinations. 

The reaction results for Load Combination VI are checked next to 

verify that the lateral reactions at joints 7 and 1001 are in 

compression. If they are, then the side support boundary condition 

was correct, i.e. the talnter gate contacts the side walls for the 

1-cable case. If not, the side supports would be removed, and the 

analysis and load combination procedures repeated for Load Group C 

and Loading Combination VI. For the case considered herein, the lateral 

reactions at joint 7 and 1001 are in compression, so no reanalysis is 

required. 

Finally, STRUDL II is used to perform a design check on the member 

elements of the existing Clarence Cannon Tainter Gate. This is 
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T ABIE 7 

jjg£laçeiDent Combination 

Load 

Combination Displacement Combination 

DI (D/l.2 

D2 (ID/1.2 

D3 (111)/(1.2 X 0.7j) 

D4 (IV)/(1.2 X 0 75) 

D5 (V)/(1.2 X 0.75) 

D6 (VI)/(1.2 X 0.6667) 

D7 
(VII)/(1.2 X 0.6667) 

■ 

: 
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followed b, . complete de.lgn of .11 for comparison with th. 

original member sizes. 

0.3 Berommended Step-by-Step ITRllDl 11 »ptlysls and Besinn Procedure 

A detailed description of the recommended STRUDL II analysis and 

design procedure Is presented in this section. Although the specific 

commands used relate to the Clarence Cannon Teinter Gate (6,7), the 

philosophical approach is sound and general in nature, and may be 

applied to any t.lnter gate with similar characteristics. It Is 

assumed that the reader is familiar with the language convention, and 

capabilities of STRUD1 II (7,3). * complete listing of the STRCDL 

commands described below is given in Appendix E. 

Run 1: First STRUDL II run. 

(1) Specify the complete structural geometry (Joint coordinates), 

topology (member and element incidences), -ember and structural boundary 

conditions, material properties (Including material »eight density), 

...her eccentricities, member bet. angles, and member and element properties, 

» 1, important to note that an, Joint which will be a support Joint 

during an, of the subsegnent analyses is defined a, a SUPPORT Joint from 

the start. Although this 1. not necessary, since a Join, may be »»de 

a support join, at any later point in the STRUDL solution. It is 

considered to he a better and less error prone pr.c.ice In the case under 

study. 

(2) Request STRUDL PLOT'S on the line printer to check the entire 

geometry and topology of the structure. Both member elements and finite 

elements can be displayed on the line printer with «cAuto'a STRUDL (4), 

1 

IF 

I 
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An alternative checking procedure is to use the McAuto FASTDRAW/2 (5) 

interactive graphies system to verify the geometry and topology. A 

description of how this is done, as well as how to generate and modify 

the geometry and topology of a tainter gate structure, is presented 

in Section 6. 

(3) Request the total frame weight to be displayed using the 

STEEL TAKEOFF command. This output weight should be verified against 

the actual frame weight, since STRUDL will later be requested to 

automatically generate the frame dead weight to be used in the various 

Load Groups. Note that only frame member dead weights, which includes 

the effect of member eccentricities, are computed and output. Finite 

element dead weights are not automatically computed and must be input 

by the user. 

(A) Request member lengths to be output to verify that member 

eccentricities are properly accounted for by STRUDL. 

(5) Impose the structural boundary conditions at the trunion pins, 

joints 38 and 1038, by releasing the support restraint on the rotation 

about the global Z axis. 

(6) Describe the Load Group A (Table 2) independent load conditions 

1, 2, 3, A, and 5, for the gate resting on sill case. Note that an 

automatic calculation of member dead loads is requested by the DEAD LOAD 

command, whereas the skin plate finite element dead loads are directly 

input. 

(7) Describe the Load Group B (Table 3) independent load conditions 

6, 7, 8, 9, 10, 11, and 12, for the gate supported by 2 cables case. 

(8) Describe the Load Group C (Table A) independent load 
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conditions 13, 14, 15, 16, 17, 18, and 20, for the gate supported by 

1 cable case. Note that load 20 is associated with the 1/4 inch 

lateral side support clearance that joints 7 and 1001 are assumed to 

displace just prior to contacting the side pier walls. This will be 

verified following the generation of design load VI reactions at 

joints 7 and 100]. 

(9) Describe the Load Group D (Table 5) independent load condition 

19 for the gate supported by 2 cables and bound at side seals case. 

(10) Issue a CHECK INPUT command which requests STRUDL to perform 

a data consistency check prior to analysis. This is advisable, since 

many data input errors may be detected during this check, and then 

they can subsequently be corrected prior to the first analysis. 

(11) Issue a SAVE command to save the current status of the 

problem solution on the computer. This permits the current state of 

the problem solution to be reviewed offline before proceeding further. 

SAVE 'GATE/CK1' 

Note that the data value 'GATE/CK1' is an arbitrary file name of the 

file which stores the current state of the problem at the time the 

SAVE command is given, on the DD1 data set which is a permanent data 

set defined on a private CORPS 2314 disk pack (see Job Control 

Language in Appendix F). 

Check results of first STRUDL run for input errors before proceeding. 

Run 2: Restore the SAVE'd Run 1 file 'GATE/CK1 by, 

STRUDL RESTORE 'GATE/CK1' 
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It should be noted that this RESTORE is non-destructive. This 

means that if the computer goes down during this run, or if an input 

error or any other condition causes the problem solution to terminate 

prematurely, the file associated with 'GATE/CK1' is not destroyed. The 

problem solution may again be RESTORE'd from the same file 'GATE/CK1' 

after the difficulty which caused premature termination is corrected. 

(1) Describe the special boundary conditions consistent with Load 

Group A, the gate¡»esting on the sill (Fig. 9(a)). 

(2) Activate Load Group A independent loads 1, 2, 3, 4, and 5 

(Table 2) using the LOAD LIST command, leaving all other defined loads 

(loads 6 thru 20) inactive. This has the effect that for any subsequent 

analysis, only loads 1 to 5 will be analyzed for the current boundary 

conditions. 

(3) Perform a STIFFNESS ANALYSIS NJP 4 for the Load Group A case. 

The number uf joint partitions (NJP) for analysis was specified as 4. 

This will increase the efficiency of the equation-solution-part of 

the stiffness analysis by partitioning the stiffness equations into 

4 joints/partition. 

(4) Output all reaction results. Other results, such as member 

and element forces and joint displacements are not output at this time 

since they are excessively voluminous and not considered to be useful at 

this point in the solution procedure. 

(5) Save the current state of the problem solution. 

SAVE 'GATE/CK2' 

Note that a different file name is used here to save than the previous 

one. This is done so that if it is desired to return to this exact status 
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of the problem solution, it can be done. This process of alternating 

SAVE file names from run to run is not absolutely necessary, but is 

recommended. 

Review results of Run 2, especially the reactions to verify that all 

boundary conditions for the gate on the sill case are correct. 

Run 3: Restore SAVE'd Run 2 file ,GATE/CK2' by, 

STRUDL RESTORE 'GAÏE/CK2' 

This run analyzes the tainter gate for the remaining Load Groups B, 

C, and D. In order to do this, the structural boundary conditions must, 

in each case, be modified using several of the STRUDL data base management 

facilities. 

(1) In the STRUDL DELETIONS mode, delete the special boundary 

conditions associated with Load Group A. This returns released joints at 

the cable support joints and on the sill to fully fixed SUPPORT joints. 

Then, in the STRUDL ADDITIONS mode, completely release the joints on 

the sill to make them free joints, and release the two cable support joints 

('SI’ and 'S10') in such a way as to retain a single translational restraint 

in a direction which is tangent to the skin plate (see Appendix B and 

Fig. 9(b)). 

(2) Activate Load Group B independent loads 6, 7, 8, 9, 10, 11, and 

12, using the LOAD LIST command leaving all other loads inactive. 

(3) Perform a STIFFNESS ANALYSIS NJP 4 for the Load Group B case, 

gate supported by two cables. 

(4) Output all reaction results. 
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(5) Issue an intermediate SAVE command to save the results of 

the current analyses, and to protect against a premature machine failure 

during toe next analysis. 

SAVE 'GATE/CK1' 

(6) In the DELETIONS mode, delete the boundary conditions for 

joint 1S10', one of the cable support points, and for joints 7 and 1001, 

the points assumed to contact the side pier walls. This returns these 

joints to fully fixed SUPPORT joints. Then, in the ADDITIONS mode, 

completely release joint '510' making it a free joint. This effectively 

leaves the tainter gate supported only at one support point, namely 

at joint '51' (Fig. 9(c)). Also, release joints 7 and 1001 in such a 

way as to retain a single translational restraint in the global Z direction. 

This simulates the lateral support which occurs when the gate is assumed 

to make contact with the side walls. | 

(7) Activate Load Group C independent loads 13, 14, 13, 16, 17, 

18, and 20, using the LOAD LIST command leaving all other loads inactive. 

(8) Perform a STIFFNESS ANALYSIS NJP 4 for the Load Group C case, 

gate supported by only one cable, with side support. 

(9) Output all reaction results. 

(10) Issue an intermediate SAVE command to save the results of the 

current analyses, and to protect against a premature machine failure 

during the next analysis. 

SAVE 'GATE/CK1' 

The current file 'GATE/CK1' is now replaced by the new file 

'GATE/CKl*. 

(11) In the DELETIONS mode, delete the boundary conditions for 

: 

!i 

"U 

;Vi' 



^ i 

joint 'SI', the remaining cable support point, and for ail joints along 

both side edges. This returns these joints to fully fixed SUPPORT joints. 

Then, in the ADDITIONS mode, completely release joint '51' making it 

a free joint. This effectively leaves the tainter gate free from cable 

"support," permitting the application of a known cable force for the gate 

bound at side seals case. Also, release the joints along the side edges 

in such a way as to retain a single translational restraint at each side 

edge joint in a direction which is tangent to the skin plate side edges. 

This effectively binds the side seals to the side pier walls. 

(12) Activate Load Group D independent load 19, using the LOAD LIST 

command leaving all other loads inactive. Load 19 is associated with 

the cables pulling on the former cable support joints ('SI' and S10') 

with a specified cable force as well as with the cable pressure on the skin 

plate. 

(13) Perform a STIfFNESS ANALYSIS NJ» 4 for the Load Group D case, 

gate bound at side seals, known cable force avplied. 

(14) Output all reaction results. 

(15) Save the current state of the problem sox-ition. 

SAVE 'GATE/CK1' 

Review results of Run 3, especially the reactions from each of the 

three analyses for Load Groups B, C, and D, to verify that all boundary 

conditions for each analysis are correct. 

Now, form the necessary combinations representing the results for 

loads W in Figs. 7 and 8, and output reactions for loads W and the 1,000 K 

d 1.000 K-ft trunion pin friction moments to be used to cable force, 

!: 

i 
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compute the actual values of cable force F and trunion pin friction 

moments M (Fig. 7), and Ma and ^ (Fig. 8) using FORTRAN programs 

XvTWO and XFONE respectively. 

Run 4: Restore the SAVE'd Run 3 file 'GATE/CK1' by, 

STRUDL RESTORE 'GATE/CK1' 

(1) Activate all twenty independent loading conditions. 

(2) Let load combination 101 be the results of the 2-cable structural 

analysis due to loads W in Fig. 7, and associated with design load II 

(Table 6). So, form load combination 101 by summing the analysis results 

for independent loads 6, 7, and 10 where load 101 «= 6 + 7 + 10. 

(3) Output reactions at joints '51' and '510' (cable support points), 

and joints 38 and 1038 (trunion pins), for loadings 101,xl, and 12. 

(4) Output reactions at all previously defined support joints 

for loads 101, 11, and 12. 

(5) Let load combination 102 be the results of the 2-cable structural 

analysis due to loads W in Fig. 7, and associated with design load V 

(Table 6). So, form load combination 102 by summing the analysis results 

for independent loads 6, 8, 9, and 10 where load 102 = 6 + 8 + 9 + 10. 

(6) Output reactions at joints 'SI', 'S10', 38, and 1038 for loads 

102, 11, and 12. 

(7) Output reactions at all previously defined support joints for 

loads 102, 11, and 12. 

(8) Let load combination 103 be the results of the 1-cable structural 

analysis due to loads W in Fig. 8, and associated with design load VI 

(Table 6). So, form load combination 103 by summing the analysis results 
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for independent loads 13, 14, 15, and 20 where load 103 *13 + 14 + 15 +,,20. 

(9) Output reactions at joints ’SI', 38, and 1038 for loads 103, 

16, 17, and 18. 

(10) Output reactions at all previously defined support joints for 

loads 103, 16, 17, and 18. 

(11) Save the current state of the problem solution. 

cavp 'r.ATF./CK2' 

Review results. Verify that non-zero reactions exist only at joints 

•SV, '510', 38, and 1038 for loads 101, 102, 11, and 12, and that non-zero 

reactions exist only at joints 'Sl* , 38, and 1038 for loads 103, 16, 17, 

and 18. 

Using the reaction values at joints 'SI', '510 , 38, and 1038 

loads 101, 11, and 12, compute F and M for the 2-cable case (for use in 

design loads II and VII) using the FORTRAN program XFTW0 (Fig. 7 and 

Appendix H). The results for use in forming design loads II and VII 

(Table 6) were: 

F - 24.8708 K, M = 58.3999 K-ft 

(F » cable force, M = trunion pin friction moments at joints 38 

Using the reaction values at joints '51', 'S10\ 3o, and 1038 for 

loads 102, 11, and 12, compute F and M for the 2-cable case (for use 

design load V) using FORTRAN program XFTWO (Fig. 7 and Appendix H). The 

results for use in forming design load V (Table 6) were. 

F - 11.2262 K, M » 58.9627 K-ft 
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(F = cable force, M = trunion pin friction moments at joints 38 and 1038) 

Using the reaction values at joints 'SI', 38, and 1038 for loads 

103, 16, 17, and 18, compute F, Ma, and for the 1-cable case (for 

use in design load VI) using FORTRAN program XFONE (Fig. 8 and Appendix H). 

The results for use in forming design load VI (Table 6) were: 

F = 49.8795 K, Ma = 60.4530 K-ft, * 56.3227 K-ft 

(F = cable force, Ma « trunion pin friction moment at joint 38, = trunion 

pin friction moment at joint 1038) 

Run 5: Restore the SAVE'd Run 4 file 'GATE/CK2' by, 

STRUDL RESTORE 'GATE/CK2' 

(1) Form design load combinations I, III, and IV (Table 6). 

(2) Form design load combinations II and V (Table 6) using the values 

of F and M computed following Run 4. 

(3) Form design load combination VII (Table 6) using load II 

results and the value of 1.8 x F of load II computed following Run 4. 

(4) Form design load combination VI (Table 6) using the values of 

F, Ma, and computed following Run 4. 

(5) Form displacement combinations Dl to D7 (Table 7). 

(6) Activate displacement combinations Dl to D7 using the LOAD LIST 

command for displacement result output. 

(7) Output displacements for all joints for loads Dl to D7. 

(8) Activate load combinations I to VII using the LOAD LIST command 

for force result output. 

(9) Output reactions at all support joints for design loads I to VII. 
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(10) Output all member end forces for design loads I to VII. 

(11) Output all finite element stresses for design loads I to VII. 

Reference (4) describes how to interpret these results. 

(12) Output all finite element principal stresses for design loads 

I to VII. Note that a special McAuto command was used, since the formal 

STRUDL command was not available at the time of this writing. 

(13) Save the current state of the problem solution. 

SAVE 'GATE/CK1' 

Review all results. Check equilibrium, displacements, etc. Verify 

that trunion pin friction moments in the cable supported cases are properly 

related to the trunion pin translational reactions Rx, Ry, and Rz by the 

equations in Figs. 7 and 8 (see Section 4). 

Check lateral (global Z-direction) reactions at the side supports 

(joints 7 and 1001) for design load VI. The resulting reactions were in 

compression, which verified that the tainter gate did in fact make contact 

with the side pier walls as first assumed in Run 3, step no. 6. If these 

reactions were in tension, then the lateral restraint at joints 7 and 1001 

would have had to be removed and the struc ure reanalyzed, F, Ma> and 

recomputed, and load and displacement combinations VI and D6 reformed. 

This completes the full analysis of the tainter gate. 

The next STRODE II rm is used to CHECK the existing (input) 

Clarence Cannon Tainter Gate member sizes for satisfaction of the 1970 

AISC (9) steel design code. The check is applied to all W-shape, angle- 

shape, and T-shape members for design load combination I to VII forces. 
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It should be noted that CHECK'Ing can only be performed for member elements 

whose properties are represented by TABLE section sizes. 

Before proceeding, it must be pointed out that a STRUDL II Design/Check 

difficulty exists which cannot be overcome in certain special circumstances. 

Consider the strut members 103 to 111, and 1103 to 1111 in Fig. 4. These 

members have lateral bracing at their ends for buckling considerations 

about their local y-axes (minor axis), but no lateral support, except at 

the trunion pin ends (joints 38 and 1038 in Fig. 4) of members 103, 106, 

109, 1103, 1106, and 1109, and the skin plate ends of members 105, 108, 

111, 1105, 1108, and 1111 for buckling considerations about their local 

z-axes (major axis). For example, members 103, 105, and 106 must be 

considered as three separate members when computing their minor axis 

buckling characteristics, but must be considered as one long member when 

computing their major axis buckling characteristics. Part of the problem 

may be accounted for by specifying an unbraced buckling length equal to 

the three-member length (see the 'LZ' parameter input in Run 6) for local 

z-axis buckling, while the local y-axis unbraced buckling length is 

allowed to be the actual length of each of the three members respectively. 

Now, the computation of Cm and Cb factors depend on the value of member 

end-moments. For the z-axis buckling, these moments should be at the ends 

of the three member length, i.e. at the trunion pin end and skin plate 

end, but modified for the presence of the gussett plates. However, STRUDL II 

only uses end moments at the real member ends, i.e. at the joints the 

member connects. Therefore, the Cm and Cb factors are not computed correctly 

for the strut members. Consequently, for these strut members, STRUDL can 

only be used to generate a code design or check which is approximate, but 
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which must be verified using a more accurate hand check that accounts for 

the multi-member length for buckling about the local z-axis more correctly. 

It should also be noted that gussett plates exist at the trunion 

pin and skin plate ends of the strut members 103 to 111. This reduces 

the unbraced length about the local z-axis by 2 feet at the skin plate end, 

and reduces the unbraced length about the local y-axis by 4 feet at the 

trunion pin ends. In addition, stress calculations for member design 

or checking should not be performed in the gussett plate regions. The 

SECTION command is used to control this. 

In all cases, the member eccentricity effect is also included in 

the unbraced length calculation. 

Run 6: Restore the SAVE'd Run 5 file 'GATE/CK1 by, 

STRUDL RESTORE 'GATE/CK1' 

(1) In order to check members by the 1970 AISC code, certain design 

information is required, while other information is optional. This 

information, referred to as PARAMETERS, is described in References (3) and 

(4). PARAMETER values specified for this design CHECK were: 

(a) 'CODE' 'SP69' ALL, the 1970 AISC code was requested. 

(b) 'FYLD' 50.0 ALL, yield stress for all members. 

(c) 'UNLCF' 0.0 MEMBERS 49 TO 102, 1049 TO 1102, unsupported 

length of compression flange » 0.0 for skin plate stiffening ribs. 

(d) 'KY' 1.0 ALL BUT 1.2 MEMBERS 10 TO 39, 1010 TO 1039, 103 TO 

119, 1103 TO 1119, effective length factors for named members about their 

local y-axes. 

(e) 'KZ' 1.0 ALL BUT 1.2 MEMBERS 10 TO 39, 1010 TO 1039, 103 TO 119, 

1103 TO 1119, effective length factors for named members about their local z-axes, 

(f) 'LZ' 323.293 103 TO 105, 1103 TO 1105 

'LZ' 322.942 106 TO 111, 1106 TO 1111, unbraced length of named 

! 
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members relative to local z-axis buckling and including member eccentricity 

and gussett plate (at skin plate end) effects on length. 

(g) 'LY' 110.204 103,106,109,1103,1106,1109, unbraced length of 

named members relative to local y-axis buckling and including member 

eccentricity and gusset plate (at trunion pin end) effects on length. 

(h) 'SDSWAYY' ’NO’ ALL 

'SDSWAYZ' 'NO' ALL BUT 'YES' MEMBERS 103 TO 111,1103 TO 1111, 

no sidesway assumed for all members about their local y-axes for Cray 

calculations, and no sidesway assumed for all members about their local 

z-axes for C calculations except for the strut arm members, 
mz 

(i) 'TRACE' 4 ALL, specifies that only summary information i.or the 

critical load condition be printed for each member CHECK'd. 

(2) A listing of all current design data was requested. This shows 

all current values of PARAMETERS, CONSTRAINTS, etc. to be used by the 

CHECK or SELECT commands. 

(3) Print all current member and finite element properties for 

reference purposes. 

(4) Points along members which are to be stress checked are specified 

by the SECTION command. 

(5) Design or checking code specifications is costly on the computer. 

It is important to request them to be performed only for those loading 

conditions which are considered to be the design load.'ng conditions. In 

this case, only design load combinations I to VII (Tables 1 to 6) need 

be considered. However, loads I to V and VII lead to perfectly symmetrical 

structural behavior, while load VI leads to unsymmetrical behavior. 

Therefore, only a symmetrical set of member elements were CHECK'ed for 



loads I to V and VII, and all members were checked for load VI. So, 

(a) Activate load VI by the LOAD LIST command. 

(b) Request a code check on all members. 

(c) Activate loads I to V and VII by the LOAD LIST command. 

(d) Request a code check on the symmetrical set of members. 

(e) Save the current state of the problem solution. 

SAVE 'GATE/CK2' 

Review all results. 

Ail members passed the 1970 AISC code check except the skin plate 

stiffening ribs (WT-shapes). Every stiffening rib member failed the code 

check. Although the remaining members passed the code check, it was 

obvious from the critical check conditions that many of these members 

were overdesigned. 

Consequently, the next run will request STRUDL to perform a redesign 

of all L, V, and WT-shape members in the structure. 

Run 7: Restore the SAVE'd Run 6 file 'GATE/CK2' by, 

STRUDL RESTORE 'GATE/CK2' 

(1) By successively using the INACTIVE MEMBERS, ACTIVE uEMBERS, and 

STEEL TAKEOFF commands, the dead weight of the W, L, and WT-shape 

members are output. 

(2) The code check procedures in the previous Run 6 did not require 

knowledge of the specific section table names, since each member section's 

name implied the table to which it belonged. However, for design purposes 
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the table name from which members are to be selected for design is required. 

Therefore, the PARAMETERS command is given and followed by, 

'TBLNAM' 'STEELW' 10 TO 39, 1010 TO 1039, 103 TO 119, 

1103 TO 1119 $ W-Shapes 

'TBLNAM' 'STEELL' 1 TO 9, 1001 TO 1009 $ L-Shapes 

'TBLNAM' 'STEELWT' 49 TO 102, 1049 TO 1102, 541, 601, 10541, 

10601, 120 TO 127, 1120 TO 1122, 1124 TO 1126 $ WT-Shapes 

(3) Print all current design data showing all current values of 

PARAMETERS, CONSTRAINTS, etc. to be used by the SELECT commands following. 

(4) Since design load combination VI is not symmetrical, all members 

are designed for it. So, activate load VI using the LOAD LIST command, 

and then request design for all W-shape, L-shape, and WT-shape members 

respectively using the SELECT MEMBERS command. It should be noted that it 

is advised to design all the members of one shape before designing the 

members of another shape. This avoids continually changing tables each 

time a member is selected which would be very inefficient. Also note 

that the words 'COMBINED' and 'BEAM' only refer to the method used to 

select the starting section in a table for design purposes. They do 

not affect which code formulae are checked during the design which is 

instead a function of the state of the forces, etc. on a member. 

(5) Following design, all member properties are output. 

(6) The new dead weight of the designed members are output. 

(7) All members must now be designed for the symmetrical design 

loads. So, activate design loads '1', 'II', 'III', 'IV', 'V, and VII 

using the LOAD LIST command, and then request design only for 1/2 of the 

t 
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W, L, and WT-shape members on one symmeirical side of the structure, as 

well as the two WT shape members in the skin bracing system on the axis of 

symmetry, using the SELECT MEMBERS comm, nd successively. 

(8) Output all member properties. 

(9) The new dead weight of the designed members are output. 

(10) All members are activated. 

(11) Save the current state of the problem solution. 

SAVE 'GATE/CK1' 

Review all results. 

As discussed in Section 4, most members designed are different in 

size within any group of sections (i.e. W, L, or WT-shape sections). 

This is not a cost effective specification for construction purposes. 

Consequently, it is necessary to impose certain constraints on the sizes 

to make them more uniform in size. Certain members were easy to adjust 

by inspection. These included all L-shape members, WT-shape members, 

and W-shape lacing members between the strut arms. However, the W-shape 

members in the horizontal girders had to be redesigned (Run 8) to satisfy 

an additional constraint on their nominal depths. By inspection, it was 

decided that the strut arms should be constrained to W14 shapes, and 

the horizontal girders should be constrained to W21 shapes (this could 

be smaller, but skin plate displacements were estimated to be too high 

if a smaller nominal depth than 21 inches were selected). Note that this 

could not be accomplished in the first design cycle (Run 7), since it was 

not known what depth members would be initially selected by the design 

procedures. 
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Now, in srder to constrain the horizontal girder and strut arm member 

depths to W21 and W14 shapes, two procedures may be followed, Th'- first 

involves specifying member depth constraints using the MEMBER CONSTRAINTS 

command to constrain the 'INT/YD' parameter (Reference 4, page 90) to be 

less than 20.0 in and greater than 19 in. for the W21 shape, and less 

than 13.5 in. and greater than 12.0 in. for the W14 shape. There is 

a potential danger in doing this, however. The problem emerges when 

STRUDL selects an initial trial section in a section table which has 

a depth larger than the depth constraint bounds. Since STRUDL only 

increments sections up the section table (to a larger size), it may 

not be able to satisfy the depth constraint. To avoid this situation, 

it is advised to use the second procedure to constrain depth. 

The second procedure involves using the TABLE I subsystem to build 

n-!W section tables that contain those sections which satisfy any 

specified constraint, such as nominal depth. This is done in the next 

Run by building two tables called 'W21' and 'W14\ There are several 

ways of doing this, as described in detail in Reference 4, pages 135-137. 

Example B.4 on page 137 of Reference 4 is followed herein. Note that 

at the end of the next Run, these two tables are deleted with the 

QDELETE command. 

Run 8: Build new section tables, and restore SAVE'd Run 7 file 'GATE/CK1' 

to continue design. First, build the new tables by, 

TABLE 'W21/W14' 

(1) Transfer all W21 sections from table 'STEELW' to table 'W21' 
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on the DD1 user data set (see STRUDL JCL in Appendix F). 

(2) Order table 'W21' as required by STRUDL. 

(3) Transfer all W14 sections from table 'STEELW' to table 'W14' 

on the DD1 user data set. 

(4) Order table ’W14' as required by STRUDL. 

(5) List tables 'W21' and ’WH'. 

Now, restore Run 7 file 'GATE/CK1' by, 

STRUDL RESTORE 'GATE/CKl' 

(1) Output the current weight of the skin plate L-shape members, the 

skin plate WT-shape stiffening ribs, the skia plate WT-shape bracing 

members, the horizontal girder W-shape members, and the strut W-shape 

members on a symmetrical side of the frame, as well as the two skin plate 

WT-shape bracing members on the axis of symmetry. 

(2) In the CHANGES mode, change the table names to 'W21' for members 

10 to 39, and to 'WlA' for members 103 to 111, and change the member 

section sizes for those members which were modified by inspection of 

the Run 7 design results. Return to ADDITIONS mode. Print all design 

data (PARAMETERS, CONSTRAINTS, etc.). 

(3) Since the design results from Run 7 indicate that design load 

VI did not control any member design, only design loads 'II', HI » 

,TV, 'V, and 'VII' are activated by the LOAD LIST command. 

(4) Request design of the horizontal girders (10 to 39) and strut arms 

(103 to 111). 

( ) Modify the newly designed members, and their symmetrical counterparts, 

to impose size uniformity within any one horizontal girder or any one 

strut arm 

(6) Print all member properties to verify that all members are of the 

desired section sizes. 
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(7) Output the current dead weight of all L, WT, and W-shape members. 

(8) Activate all members. 

(9) Save the current state of the problem solution. 

SAVE 'GATE/CK2' 

(10) Delete temporary section tables 'W21' and 'WlA'. 

Review all results. Section A presents an evaluation of the results. 

All designed members and their symmetric counterparts have new section 

sizes, ’ü a reanalysis were desired based on the new sizes, all that is 

rec Ared is to repeat Run Numbers 2 through 5. Then, the existing member 

sizes can be checked based on the new analysis results by repeating Run 

Number 6. 

This concludes the description of the complete recommended analysis 

and design procedure for tainter gates using ICES STRUDL II. 
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4. INTERPRETATION AND EVALUATION OF RESULTS 

4.1 Verify Cable Force and Trunion Pin Friction Moment Effect 

The reactions for design load combinations II, V, and VI (Table 6) 

include the cable force and trunion pin friction moments which must be 

consistent with the special superposition equations shown in Figs. 7 and 8. 

It is of interest to verify that this is in fact true. 

4.1.1 F and M Check for 2-Cable Load Combination II 

Load Combination II is a symmetrical case, so only the reactions at 

joints ’SI’ and 38 need be checked. At joint ’SI' the reaction components 

output by STRUDL are, 

,S1 
16.405 K. 

,S1 
24.930 K. 

Rz,si = 0-° K- 
Since load II has a load factor 1.2 applied to it, the cable force 

F , used to compare to F^ computed by program XFTWO for this case, 
C,II 

is the resultant of \ ^si’ and RZ,S1 a11 dlvided by 1-2- So’ 

F, 
:,ii “Æ SI + <S1 + r2 Z,S1 

/1.2 

=/(16.405)2 + (24.930)2 + 02 /1.2 

= 29.843/1.2 

- 24.870 K. 

The cable fcrce computed by XFTWO for Load II, F , following ST)UDL 

Run 4 (Section 3.3) was. 

FIX - 24.871 K. 

Since F “ FT,, the result is consistent, since rc>II jjt 

At trunion pin joint 38, the translation reaction components output 

i!il .ùlilUU, Jl. I-Im.-íUIiIÍÍJ.ILm k 

.—--- 
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by STRUDi, are. 

38 = 520.600 K. 

S.3S = -251-628 K‘ 

RZ,38 = 106-412 K- 

520.600 K. 

106.412 K. 

In addition, the moment about the global Z-axis, i.e. the trunion pin 

friction moment, output is, 

M = 70.080 K-ft, Anti-clockwise 
Z, 38 

These results must also be divided by the load factor 1.2 before 

comparing to the trunion pin friction moment M computed by program XFTW0. 

So, 

88.677 K. 

* M_ „/1.2 » 58.400 K-ft, Anti-clockwise 
Z « 38 

According to Fig. 7, the trunion pin friction moment, M, must be 

related to R^j, \ and RZ II by 

0.3, r » 0.41667 ft. So, 
P_ 

where f = 0.7854ytrp, g =■ yt 

M = 0.098167 + 0.1250 88.677 

« 47.302 + 11.085 

* 58.387 K-ft, Anti-clockwise 

Since M = H- TT • 58.400 K-ft, and also since XFTWO computed M » 58.400 K-ft 

following Run 4 (Section 3.3), then the result is consistent. 

4.1.2 F and M Check for 2-Cable Load Combination V 

Load Combination V is also symmetrical, so only the reactions at 
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joints '81' and 38 need be checked where the STRUDL reaction components 

at joint '81' are, 

V8i * 5.553 K. 

Ysi = 8-438 K- 

Ysi * 0-°K- 
The load factor applied to load V which must be divided out for 

comparison purposes is 1.2 x 0.75. So, 

Fc,v ■'/»» s. 1 R'.si * Rz.si' * »■”> 
1 o 9 0 ' ^(5.553)2 + (8.438)2 + 02 /(1.2 x 0.75) 

- 10.101/(1.2 x 0.75) 

- 11.224 K. 

The cable force computed by XFTWO for load V, Fv, following STRUDL 

Run 4 was. 

Fv = 11.226 K. 

Since Fc v “ Fv» the result is consistent. 

At trunion pin joint 38, the translation reaction components, 

and global Z-axis moment (trunion pin friction moment), output by 

STRUDL were. 

Rx,38 - 405.431 K. 

V38 “ -161-498 K- 

RZ,38 “ 81-708 K- 

M -Q » 53.066 K-ft, Anti-clockwise 
Z, 38 

These results must also be divided by the load factor 1.2 x 0.75. So 

Rx V “ Rx 38/(1-2 X °,75) “ A50-A79 K- 

S V " RY,38/(1-2 X °-75> ’ -179-AA2 K- 

Yv * Rz’,38/(1-2 X °-75) “ 9°-787 K- 

“ MZ,38/(1-2 X °'75) 
58.962 K-ft, Anti-clockwise 



But the trunion pin friction moment M must be. 

M = 0.098167 ^(450.479)^ + (-179.442)Z + 0.1250)90.787 

= 47.601 + 11.348 

= 58.950 K-ft, Anti-clockwise 

Since M = Mp v = 58.962, and also since XFTWO computed M = 58.963 

K-ft following Run 4, then the result is consistent. 

4.1.3 F, and Check for 1-Cable Load Combination VI 

Load Combination VI with side wall constraints (Table 6) is 

unsymmetrical, so the reactions at joints 'SI', 38, and 1038 need to be 

checked. At joint '51' the reaction components output by STRUDL are. 

^,51 

Vsi 

RZ,S1 

21.928 K. 

33.324 K. 

0.0 K. 

The load factor applied to load VI is 1.2 x 0.6667. So, 

C,VI ■K 

■i/ 

si + rU + rU /(1-2 - 0-6667> 
(21.928)2 + (33.324)2 + 02 /(1.2 x 0.6667) 

39.891/(1.2 x 0.6667) 

49.862 K. 

The cable force computed by XFONE for load VI following Run 4 was, 

FVi = 49-879 K- 

Since Fc VI ~ FyI, the result is consistent. 

At trunion pin joints 38 and 1038, the translational reaction 

components and global Z-axis moment (trunion pin friction moments) output 

by STRUDL were, 
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V38 - 359-15AK- 

V38 = -172-186 K- 

1038 

1038 

R 
Z, 38 

74.103 K. 

48.362 K-ft, 

R 
Z,1038 

335.025 K. 

-163.328 K. 

- 67.758 K. 

45.058 K-ft, 

So, 

'1 — -r \j • O N“" l L j 
Z,38 Antl-clockwise ’ Anti-clockwise 

These results must also be divided by the load factor 1.2 x 0.6667, 

'S,,VI,38 ■ h.2i,ni-2 X 0-6667> ' ^8,92° K' 

S.vi.je • NV«-2 x 0•666,, • -215-222 K- 

RZ,VI,38 ' RZ,38/(1-2 x °-66f7) * ,2-624 K- 

M .-/(1.2 x 0.6667) 
Z, Jo 

60.449 K-ft, Anti-clockwise 

and, 

R = R. ,,,.0/(1-2 x 0.6667) = 418.760 K. 
‘Sc,VI,1038 x,1038' v 

R = R. -„/(1.2 x 0.6667) = -204.150 K. 
S',VI,1038 Y ,1038 

R = R ,„.„/(1.2 x 0.6667) = - 84.693 K. 
RZ,VI,1038 ¿,1038'v 

■ "z.lOJB2'1-2 x °-6667) 
56.320 K-ft, Anti-clockwise 

S.VI.b 

But the trunion pin friction moments Ma and must be, 

M = .0981671/(448.920)2 + (-215.222)2 ’ + 0.1250|92.624| 

- 48.872 + 11.578 

= 60.450 K-ft, Anti-clockwise 

0.0981671/(418.760)2 + (-204.150)2 + 0.12501-84.693) 

= 45.733 + 10.587 

= 56.320 K-ft, Anti-clockwise 

Since Ma = = 60.449 K-ft, and ^ - Mp>VI>b - 56.320 K-ft, 

and also since XFONE computed Ma - 60.453 K-ft and ^ = 56.323 K-ft 

following Run 4, then the results are consistent. 
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4•2 Final Trunion Pin Reactions 

As was noted in Eqs. (3) and (A), the trunion pin friction moment 

is also associated with a resultant force, Pyt» actin8 in a direction 

perpendicular to the resultant of the trunion pin reaction components 

and R^, and is equal to, 

2' 
+ ry 

where y = 0.3 for the gate under consideration. So, 

Py, = 0.2|/r£ + 

Now, using reaction components R^ and R^ with the load factors divided 

out, the value of Py, for load cases II, V, and VI are. 

V.H 

J -. ■ . .— . . . 

.2/(433.833)2 + (-209.690)2 

96.370 K. 

p , = .2 /(450.479)2 + (-179.442)' 
y |V 

= 96.981 K. 

P , UT _a = .2/(448.920)2 + (-215.222)^ 
y ,VI,38 

99.569 K. 

Py’,VI,1038 
.2/(418.760)2 +(-204.150)2 

- 93.174 K. 

So, the final trunion pin reaction components consist of R^ Ry, 

V: R M and P , acting in a direction perpendicular to the resultant 
*'2 * * V * ° 

T"' 

+ Rv • reaction R * )/R^ 

4.3 STRUDL 'll Design/Check Difficulty 

A difficulty exists which cannot be overcome in certain special 

situations. Consider the strut members 103 to 111, and 1103 to 1111 in 

Fig. 4. These members have later'1 bracing at their ends for buckling 
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considerations about their local Y-axes (minor axis), but no^ lateral support, 

except at the trunion pin ends (joints 38 and 1038 in Fig. 4) of members 

103, 106, 109, 1103, 1106, and 1109, and the skin plate ends of members 

105, 108, 111, 1105, 1108, and 1111 for buckling considerations about 

their local Z-axes (major axis). For example, members 103, 105, and 106 

must be considered as three separate members when computing their minor 

axis buckling characteristics, but must be considered as one long member 

when computing their major axis buckling characteristics. Part of the 

problem may be accounted for by specifying an unbraced buckling length 

equal to the three member length (see 'LZ' parameter input in Run 6) 

for local Z-axis buckling. However, the computation of Cm and Cb 

factors depend on the value of member end-moments. For the Z-axis 

buckling, these moments should be at the ends of the three member length, 

i.e. at the trunion pin end and skin plate end. However, STRUDL II uses 

end moments at the real member ends, i.e. at the joints the member 

connects. Therefore, the and Cb factors are not computed correctly 

for the strut members. Consequentlv, for these strut members, STRUDL 

can only be used to generate a code design or check which is approximate, 

but which must be verified using a more accurate hand check that accounts 

fr, the multi-member length for buckling about the local Z-axis. 

Another problem with the struts is that there is a large gussett 

plate at the trunion pin end of the strut members. Consequently, 

checking or designing the strut members for moments and îhears at the 

trunion pin end is too conservative. Strut sections should not be 

checked any closer to the t-union pin than at the edge of the gussett 

plates. This was specified by the SECTION command given in Run 6. 
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4.4 STRUDL II SAVE/RESTORE Commands 

The STRUDL II SAVE/RESTORE feature is non-destructive. That is to 

say, if during a run which has been RESTORE'd, the computer goes down, 

or some command causes a premature termination prior to the next SAVE, 

the run that was RESTORE'd from is not destroyed and may be RESTORE'd 

again. 

Furthermore, in the STRUDL runs described in Section 3 and listed 

in Appendix E, two SAVE file names were alternately used, 'GATE/CK1' 

and 'GATE/CK2'. The utility of this approach is best demonstrated by 

a simple example. Suppose a STRUDL run is SAVE'd using file name 

GATE/CK1'. The next run RESTORE'd 'GATE/CK1', executes, and SAVE's 

using file name 'GATE/CU¿'. Now, the review of the last run determines 

certain errors which produced erroneous results. It is desired to rerun 

this last run, with the errors removed. All that is required is to 

RESTORE 'GATE/CK1' and execute again, but this time with the command 

errors corrected. 

Although this procedure is not necessary, it is considered to be 

more convenient for the type of analysis and design procedures described 

herein. 

4.5 CHECK/DESIGN Results 

Following the complete analysis of the tainter gate in Run 5, 

STRUDL II was used to check the starting member sizes for satisfaction 

of the 1970 AISC (9) steel design code. The check was performed in 

Run 6 as described in Section 3. 

* 
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in many cases. On the other hand, all WT-shape skin plate stiffening 

2 
ribs failed the code check, and many by a considerable amount. The total 

dead weight of the starting member L, WT, and W-shapes was 33.066 Kips 

(L-shapes = 0.494 Kips, WT-shapes - 11.763 Kips, and W-shapes - 20.809 Kips). 

In Run 7, all L, WT, and W-shape members were designed by STRUDL 

for all seven design load combinations. The results of these designs 

are shown in Tables 8, 9, 10, 11, and 12. The unsymmetrical design 

load VI did not control the design of any member. In fact only design 

loads I, II, IV, and V were effective in controlling the design of all 

the members. The total dead weight of the designed members was 27.798 Kips 

(L-shapes * 0.182 Kips, WT-shapes = 14.020 Kips, and W-shapes = 13.594 

Kips). 

The L-shape members decreased in size by 0.312 Kips (63.2X reduction). 

The WT-shape members increased in size by 2.257 Kips (19.2% increasef* 

The W-shape members decreased in size by 7.215 Kips (34.7% decrease). 

Finally, the total L, WT, and W-shape member weight decreased by 

5.268 Kips or a 15.9% reduction in total weight. 

Although this seems to be a substantial weight reduction, it is 

not realistic since there were many different section sizes selected 

with little uniformity. However, lack of uniformity is not cost 

effective from a fabrication and construction point of view. Consequently, 

STRUDL Run 8 was executed to provide for more uniformity in the W shape 

horizontal girders, and the W-shape strut arm members. Uniformity and final 

design of the remaining members was provided either by inspection of the Run 7 

design results, or by Appendix I hand design in the case of the WT-shape skin 

plate stiffencing ribs. 

2See Appendix I for further clarification of this eroneous result for the 

WT-shape skin plate stiffening ribs. 
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TABLE 8 

Results of L-Shape Skin Plate Top Member Design 

(Design J.S Symmetrical) 

Member 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Initial 

Size 

L8x4x7/16 

do 

do 

do 

do 

do 

do 

do 

do 

STRUDL 

Design 

LS^xZ^xk 

LS^xZ^xH 

L3x2*sxH; 

LAxSxH 

LSxS^xk 

Lbxlhxh. 

LóxS^xV 

LSxSHxV 

LóxS'-íx1! 

Critical 
Condition 

V 

IV 

IV 

IV 

IV 

IV 

IV 

IV 

IV 

Final Selected 

Design Size * 

LóxS^xk 

do 

do 

do 

do 

do 

do 

do 

do 

* All L-shape skin plate members at top of skin plate the same size. 
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TABLE 9 

Results of WT-Shape Skin Plate Stiffening Rib Design 

(Design is Symmetrical) 
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Member 

Initial 

Size 

STRUDL 

Design * 

Critical 

Condition 

Final Selected 

Design Size ** 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

89 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

WT7xl7 

WT7xl5 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

WT10x22 

WT12x27 

WT9xl7 

WT10x22 

WT10x24 

WT10x24 

WT10x22 

WT12x27 

Vm0x22 

WT10x22 

VJT10x24 

WT10x24 

WT10x24 

WT10x27 

WT10x22 

WT10x22 

WT10x22 

V/T10x22 

WT10x22 

WT10x24 

WT10x22 

WT10x22 

WT10x22 

WT10x22 

I 

IV 

V 

II 

II 

I 

I 

IV 

V 

II 

II 

II 

I 

V 

V 

II 

II 

I 

I 

V 

V 

II 

II 

II 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

WT7xl7 

WT7xl5 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 
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Member 

Inital 

Size 

STRUDL 

Design * 

Critical 

Condition 

Final Selected 

Design Size ** 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

WT7xl5 

WT10x22 

WT10x24 

WT10x2? 

WT9x20 

WT10x22 

WT10x22 

WT10x22 

WT10x24 

Vn,10x22 

WT9x20 

WT10x22 

WT10x22 

WT9x20 

I 

V 

V 

II 

II 

II 

I 

V 

V 

II 

II 

II 

I 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 

do 
i 
1 

do 

WT7xl5 

* Eased on STRUDL II design of the WT-shape skin plate stiffening ribs 

acting non-compositely with the skin plate. 

'* Based on Appendix I hand design of skin plate stiffening ribs acting 

compositely with the skin plate. Also, size uniformity retained for 

cost-effective design. 
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TABLE 10 

Results of WT-Shape Skin Plate Bracing Design 
(Design is Symmetrical) 

Member 

Initial 

Size 

STRUDL 

Design 

Critical 

Condition 

Final Selected 

Design Size * 

120 

121 

122 

123 

124 

125 

126 

127 

WT7xll 

do 

do 

do 

do 

do 

do 

do 

WT3x4 

WT3x4 

WT3x4 

WT3x4 

WT3x4 

WT3x4 

WT3x4 

WT4x5 

SLNDRNSS 

do 

do 

do 

do 

TENSION 

SLNDRNSS 

TENSION 

WT4x5 

do 

do 

do 

do 

do 

do 

do 

*A11 skin plate bracing members the same size. 



TABLE 11 

Results of W-Shape Horizontal Girder Design in Skin Plate 

(Design is Symmetrical) 

I Member 

Initial 

Size 

STRUDL 

Design 

Critical 

Condition 

Final Selected 

Design Size * 

! 10 

11 

I 12 

! 13 

14 

! 15 

! 16 

1 17 

18 

; 19 

1 20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

W24x55 

do 

do 

do 

do 

do 

do 

do 

do 

do 

W24x76 

do 

do 

do 

do 

do 

do 

do 

do 

do 

W6x8 

W12xl9 

W14x26 

W12x40 

W14x38 

W12x31 

W12xl9 

W12xl6 

W12xl9 

W12xl6 

WlOxll 

W14x26 

W14x43 

W21x55 

W24x61 

W21x49 

W14x30 

V14x22 

W14x26 

W14x22 

II 

V 

V 

V 

V 

V 

V 

IV 

IV 

IV 

II 

II 

II 

II 

II 

II 

II 

I 

I 

I 

W21x49 

do 

do 

do 

do 

do 

do 

do 

do 

do 

W21x62 

do 

do 

do 

do 

do 

do 

do 

do 

do 
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Member 

Initial 

Size 

STRUDL 

Design 

Critical 

Condition 

Final Selected 

Design Size * 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

do 

do 

do 

d j 

do 

do 

do 

do 

do 

do 

W12xl4 

W14x30 

W18x45 

W24x68 

W24x68 

W21x55 

W18x35 

W14x34 

W18x35 

W14x38 

II 

I 

II 

II 

II 

I 

I 

II 

II 

II 

W21x68 

do 

do 

do 

do 

do 

do 

do 

do 

do 

¿Main horizontal gilders (Fig. 2) selected so that same section 

size in any one level, but all three levels have the same nominal 

depth (W21) members. 



76 

TABLE 12 

Results of W-Shape Strut Member Design 

(Design is Symmetrical) 

Member 

103 

104 

105 

1% 

107 

108 

109 

110 

111 

112 

113 

114 

115 

116 

117 

118 

119 

Initial 

Size 

u 

W14x43 

do 

do 

W14x78 

do 

do 

do 

do 

Jc 

W14x22 

do 

do 

do 

do 

do 

do 

do 

STRUDL 

Design 

W14x38 

W12x40 

W12x40 

W12x53 

W14x48 

W2ix55 

W14x61 

'114x68 

W18x60 

W6x8 

W6x8 

W6xl5 

W6xl5 

W6x8 

W6x8 

W6xl5 

W4xl3 

Critical 

Condition 

V 

V 

V 

II 

II 

II 

II 

II 

I 

II 

II 

II 

SLNDRNSS 

do 

do 

do 

do 

Final Selected 

Design Size * 

W14x43 

do 

do 

W14x61 

do 

do 

W14x68 

do 

do 

W6xl5 

do 

do 

do 

do 

do 

do 

do 

* To provide cost-effective section size uniformity. 
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Tables 8, 9, 10, 11, and 12 also summarize the final selected 

member sizes. Th¿ final dead weight of all L, WT, and W-shape members was 

28.3/.5 Kips (L-shapes = 0.225 Kips, WT-shapes = 10.656 Kips, and W-shapes - 

17.AAA Kips). 

Compared to the original starting member sizes, the final design results 

changed as follows. The L-shape members decreased in size by 0.269 Kips (5A.5X 

reduction). The WT-shape members decreased in size by 1.107 Kips (9.A% decrease). 

The W-shape members decreased in size by 3.365 Kips (16.2% decrease). Finally, 

the total L, WT, and W-shape member weight decreased by A.7A1 Kips or a IA.3% 

decrease in total weight compared to the original starting member weight. 

Weight results are summarized in Table 13. 

4.6 Summary of Computer Costs 

All computer runs were made on the computer facilities of the McDonnell 

Automation Co., St. Louis, Missouri. 

Table 1A summarizes the cost for each STRUDL II run as well as the total 

cost for the recommended STRUDL II tainter gate analysis and design procedure. 

It should be noted that the structure analyzed and designed was a space structure 

with 161 joints, 262 member elements, 238 plate bending and stretching finite 

elements, 20 independent loading conditions, 7 design loading combinations for 

force design, 7 displacement combinations for displacement output, A structural 

analyses, 1 member design code check, and 2 member design cycles, in a total of 

8 separate STRUDL II runs. 

The total computer cost was $3,AA7. 



TABLE 13 

Steel Dead Weights (Kips) 

Shape Original 

Sizes 

First STRUDL II 

Design 

Final Design 

L-Shapes 

WT-Shapes 

W-Shapes 

0.494 

11.763 

20.809 

0.182 (-63.2%) 

14.020 (+19.2%) 

13.594 (-34.7%) 

0.225 (-54.5%) 

10.656 ( -9.4%) 

17.444 (-16.2%) 

All L, WT, S, 
W-.Shapes 

33.066 27.798 (-15.9%) 28.325 (-14.3%) 

TABLE 14 

Summary of Computer Costs 

Run No. Computer 

Cost ($)* 

STRUDL Fee 
Unit Surcharge 

($)* 

Total Cost 

($)* 

1 

2 

3 

4 

5 

6 

7 

8 

246 

282 

1,129 

191 

605 

225 

276 

144 

61 

182 

26 

72 

8 

246 

343 

1,311 

191 

605 

251 

348 

152 

TOTAL = $3,098 $349 $3,447 

£ 
Rounded to the nearest dollar. 

Space Frame : 161 joints 
26? member elements 

238 finite elements 
20 independent loading conditions 

7 design force combinations 

7 displacement combinations 

4 structural analyses 

1 member design code check 
2 member 1970 AISC Code design cycles 

8 STRUDL II runs 
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5. SPECIAL ANALYSIS PROCEDURES 

It is of interest to note how two special analysis procedures may 

be executed in STRUDL for tainter gate analysis. One is associated with 

temperature loadings, and the other is associated with a more refined 

finite element analysis in regions of high stress. 

5.1 Temperature Problems 

Two types of temperature effects may be accounted for in STRUDL. 

One is associated with temperature that causes pure axial strain in a 

member or finite element. This is due to a temperature change at the 

centroidal axis position of members, or midsurface plane of finite 

elements. The other is associated with a pure bending strain caused 

by a linear temperature variation from one side to another of a member 

element with zero temperature change at the centroidal axis, or from 

one face to another of a finite element with zero temperature change 

at the midsurface plane. 

These may be included in any loading condition using the MEMBER 

TEMPERATURE LOADS command (2) for member elements, and the ELEMENT 

TEMPERATURE LOADS command (3,4) for finite elements. 

5.2 Refined Finite Element Analysis 

The finite element grid size used to model the skin plate is good 

to represent the skin plates*stiffening effect on the tainter gate 

structure, but is not too good for an. accurate computation of the 

stress distribution in the skin plate. If it were desired to obtain 

a more accurate representation of the skin plate stresses in certain 

regions, the following procedures may be followed. 
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1. Use a much more refined finite element mesh from the start of 

the analysis. This is considered to be unjustifiably costly, especially 

since there are satisfactory hand analyses which can be performed for 

the tainter gate skin plate design(6). 

2. If a more refined analysis were desired following a coarse 

mesh analysis, the region in question may be isolated as a separate 

structure, a fine finite element mesh established, any required loads 

applied, and, most importantly, displacement boundary conditions 

applied along the boundary of the region in question. These displacement 

boundary conditions are the displacements of the joints along the 

boundary of the region in question, which were computed in the coarse 

mesh analysis. This refined analysis should produce more reasonable 

skin plate stresses. 



6. USE OF INTERACTIVE GRAPHICS, FASTDRAW/2 

6.1 Introduction 

The structural model of the tainter gate shown in Figures 2, 3, and 

4 is fairly complex and not very regular. There are four major groupings 

of membei - -’-nts, and finite elements which are the skin plate member 

elements and joints (Figure 2), the skin plate finite elements and joints 

(Figure 3), and the strut and bracing members and joints (Figure 4). 

The generation of the geometry of the tainter gate m ./ ie done in 

several ways for a STRUDL II Analysis, including (1) specifying all joint 

coordinates and element incidences in the STRUDL run as is shown in Appendix 

E, (2) using the automatic generation features o* tut ICES TOPOLOGY (10) 

subsystem, and (3) using the automatic generation features of McDonnell 

Automation's proprietory interactive graphics system FASTDRAW/2 (5). 

This section describes how FASTDRAW/2 may be used to both display and 

generate the geometry of the tainter gate. 

6.2 Display Existing Tainter Gate Geometry 

The recommended STRUDL analysis and design procedure described in this 

report specified the geometry of the tainter gate as part of the input 

commands (Appendix E). In order to display this geometry on an interactive 

CRT (Cathode Ray Tube) screen using FASTDRAW/2, the following script may 

be used. It should be noted that more than one procedure to display the 

tainter gate is possible, as described in the FASTDRAW/2 manual (j), but only 

one is presented here. It should also be noted that it was not possible to 
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obtain hard copy of the display screen for the following FASTDRAW/2 script. 

In order to see the results of the commands, this script should be executed 

at an interactive graphics terminal. 

(1) The following job is run in a remote batch mode to load the joint 

coordinate, nember incidences, element incidences, and element properties 

from a STRUDL input deck of cards into a file named "LZESRCE" on the McAuto 

SIGMA 9 Computer: 

//name JOB (S.accnt,'LZEGATE/WES'),'name',MSGLEVEL-(1,1), 

// LIM=(5,5,10),REGION«60K 

//* SIG7sigaccnt name filename 

//♦PROCESS PRINT 

//*FORMAT PR,PDNAME-SYSMSG,DEST=t ermid 

//*FORMAT PR,DPNAME-SYSMSG,DEST“SIGB 

// *FORMAT PR,DDNAME=DATA,CONTROL'SINGLE,DEST'SIGB 

//♦DATASET DDNAME-DAÏA 

STRUDL 1_' ’_’ 

JOINT COORDINATES 

MEMBER INCIDENCES 

ELEMENT INCIDENCES 

ELEMENT PROPERTIES 

FINISH 

//*ENDDATASET 

//♦ENDPROCESS 

where, 

name » your last name but less than or equal to eight 

alphanumeric characters beginning with an alphabetic character. 

ÜÍM-, ii.dúil.ilkjtluJk-iiiiik AtJiLyiiLkjL^ifa 
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accnt = account number for use on the IBM computer assigned 

by McAuto. 

sigaccnt = account number for use on the SIGMA 9 computer assigned 

by McAuto. 

filename = file name which stores the STRUDL geometry data source 

(LZESRCE as described herein). 

termid = terminal ID of the remote batch terminal from which the 

STRUDL source data is submitted. 

This job will return a message to the remote batch terminal indicating 

no EXEC card used, and job not submitted to MAIN. This is normal, as the 

job was submitted to the SIGMA 9, not the IBM. 

(2) The SIGMA 9 Computer is now dialed (1-80U-325-8037) from an inter¬ 

active graphics terminal, such as a Tektronix 4014 (large screen), and the 

terminal is loged on with: 

Username, Usernumber, Password where Usernumber and Password are assigned 

by McAuto, and Usernumber is the same as sigaccnt used in step (1) above. 

Now, in what follows, the characters //, *, >, and : are prompt characters 

requesting a user response. 

(?) //CAT list the catalog of file names fo Usernumber. 

(3) //OLD LZESRCE reference existing STRUDL source file generated from 

batch me de in Step (1) above. 

(4) //EDIT enter the Edit mode. 

(5) *FTO-9999,/STRUDL/ find and display the line where the string 

"STRUDL" appears. 

alliluliiliiitl iii'l ililir ■ iLáiLdiim-J 
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n STRUDL . will appear where n is the line number. 

(6) *DEO-m delete all information (JCL, etc.) on file from lines 

0 to m where m=n-l. 

(7) FTO-9999,/FINISH/ find and display the line where the string 

"FINISH" appears. 

i FINISH will appear. 

(8) *DEj-9999 delete all information on file from line j=i+l to 

end of file line < 9999. 

(9) *END exit EDIT 

(10) (/SAVE file LZESRCE now only contains STRUDL source from the 

command STRUDL to the command FINISH inclusive. 

(11) //FAS2 request entry into FASTDRAW/2. 

(12) *BUILD GTEM FROM LZESRCE build the FASTDRAW model file name 

GTEM from existing STRUDL file LZESRCE 

(13) :STRUDL response to "LMGUAGE" prompt indicating file LZESRCE 

is in STRUDL language. 

(14) >TER request that any errors detected be displayed on CRT 

terminal 

(15) *END exit FASTDRAW/2. 

(16) (/BYE log off. 

At any future time, we may sign on again and use FASTDRAW/2 STRUDL 

model file "GTEM" to display the STRUDL model. Note that there are a large 

number of ways in which display may be made. See FASTDRAW/2 (5) manual 

for more details. 
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(17) Dial SIGMA 9 and Log on as in Step (2). 

(18) #FAS2 request entry into FASTDRAW/2 

(19) *USE GTEM requests FASTDRAW/2 to use existing file GTEM as 

the model file. 

(20) *DISPLAY enter DISPLAY modf. Model file can only be displayed, 

not modified, in this mode. The *APPEND command would be used 

to modify model. 

(21) :T14 terminal code response for a Tektronix 4014 (large screen) 

interactive graphics terminal. 

(22) :N0NE response to TABLET CODE prompt indicating no tablet to 

be used for command input. 

(23) :0,00 response to request for @z,9y, and 9x angles (see Appendix 

F, p. 87 of FASTDRAW/2 manual (5) for angle definition. The 

model file GTEM is displayed on the screen. 

(24) >REORIENT -20,40,-15 the model file GTEM is displayed now In a 

ne7 orientation. 

(25) >PLANE cursor cross-hairs will appear. Select any three non colinear 

points, where the first two points are oriented left to right on 

bottom of screen. For example, orient cursor over joints 7, 1007 

1006, each time hitting any key except the carriage return key. The 

identified plane is displayed. 2D mode is entered. 

(26) >PLANE 7,1007,1006 this will do the same display as in Step (25). 

(27) >WIND0W cursor appears. Select any two points on the display. 

This forms a diagonal of a rectangular boundary on the 2-D display, 

within which the structure will be enlarged and displayed on the 

screen. The points selected do not have to be. on the structure 

itself. 

(28) >PAN slide the window over the current image. With cursor, select 
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one new point on plane displayed in Step (27), and this becomes the 

new center of a window for the display of Step (26). This point 

does have to be on structure. 

(29) >3D request 3-D mode. 

(30) :0,90,0 model file GTEM is displayed. If this is not desired, 

hit the BREAK key. 

(31) >DRAW £(201-314,1201-1314,2111,2112,2122,2121,12111,12112,12121, 

12122) only the finite element skin plate elements named are 

displayed. 

(32) >FULL the model begins being displayed. Hit BREAK key to stop. 

(33) >REORIENT 0,0,0 the model begins being displayed. Hit BREAK 

key to stop. 

(34) >DRAW M(103-119) only member elements 103 to 119 in strut are 

displayed. 

(35) >DRAW M(1103-1119) members 1103-1119 in the other strut are 

displayed. 

(36) >FULl as display begins, hit BREAK key. 

(37) >REORIENT -20,40,-15 is display begins, hit BREAK key. 

(38) >DRAW M(103-119,1103-1119) both struts are drawn. 

(39) >END exit DISPLAY mode entered in Sto^ (20). 

(40) *END exit FASTDRAW/2 mode. 

(41) #BYE Log Off. 

There, are many other options for displaying the model filä. Refer 

to the FaSTDRAW/2 Manual (5) for these o* ions. 
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6-3 Create New Tainter Gate Geometry 

Section 6.2 described a procedure to display the »-ainter gate 

geometry which was first prepared in card form for a STRUDL analysis, 

and then read into the SIGMA 9 computer at McAuto for processing by 

FASTDRAW/2. This Section describes how to create the tainter gate 

geometry directly using FASTDRAW/2 from a Tektronix 4014 interactive 

CRT graphics terminal, using the script of commands presented below. 

Unfortunately, during the preparation of this script, it was not possible 

to obtain a hard copy of the images which appeared on the CRT screen. 

However, if this script is followed, it would be obvious to the user the 

process being executed and the prompts displayed by FASTDRAW/2 which re¬ 

quire user response. 

(1) The SIGMA 9 computer is dialed, 1-800-325-8037, from an inter¬ 

active graphics terminal, such as a Tektronix 4014 (large screen), and 

the terminal is Loged On with: 

Username, Usernumber, Password 

where Usernumber and Password are assigned by McAuto. 

Now, in what follows, the characters #, *, >, and : are prompt 

characters requesting a user response. Sometimes they are preceeded by 

a prompt message. When the user runs the following script, these will be 

obvious. Also, a blank space or a comma may be used to separate input 

data. 

It is important that the user have a copy of the FASTDRAW/2 (5) User 

Manual readily accessible as he proceeds through the script. It is also 

advised that the user first become familiar with terminal operation and 
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FASTDRAW/2 by displaying a more simple structure than the tainter gate and 

following the script outlined in Section 6.2. 

When the cursor, cross-hairs, appear on the screen, they may be used to 

select points on the screen depending on which FASTDRAW/2 command is being used 

After the cursor is positioned at a point, indicate this poJnt by touching any 

key on the keyboard except the carriage return key. To exit the cursor mode, 

hit. the carriage return key. 

(2) #CAT list the catalog of file names for Usernumber. 

(3) //FAS2 request entry into FASTDRAW/2. 

Now the first model file to be created will consist of all joints in the 

skin plate and cable support points as chown in Fig. 10. Note that the joint 

and element names in Figs. 10, 11, and 12 correspond to the original joint 

names used in the actual STRUDL analysis (Aypendix E). However, FASTDRAW/2 

currently assigns its own joint and element names as they are created. The 

user, at present, cannot modify these labels. Although this is a serious 

disadvantage of FASTDRAW/2, it is the author's understanding that the capability 

to modify labels consistent with the user's desires will be available in the 

near future. In what follows, the word "original" will refer to the labels in 

Figs. 10, 11, and 12, while FASTDRAW/2 labels will be different. 
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Figure 10. FASTDRAW/2 Member/Joint Creation Model (Joint and Member Names 

'Original' Names and are NOT FASTDRAW/2 Names) are 
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Figure 11. FASTDRAW/2 Finite Element Creation Model (Joint and Element 

K-mes are 'Original' Names and NOT FASTDRAW/2 Names) 
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Figure 12* 
:DRAW/2 Strut/Brace Member Creation Mo<lel (Joint^nd 

>er Names are ’Original’ Names and are NOT FASTDRAW/2 
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(4) *BUILD GTSKNPTS. FROM TABLET 

Identify model file name GTSKNPTS which will contain skin plate 

and cable support joints, and which will be created from the TABLET, 

where TABLET can be the CRT screen (Step 7 below) or the terminal 

Tablet. This command automatically puts the user in the 2D mode. 

(5) :STRUDL response to LANGUAGE prompt indicating that the file or files 

to be generated should be placed in the STRUDL II format when STORE’d 

at end (Step 141). 

(6) :T14 terminal code response for a Tektronix 4014 (large screen) 

interactive graphics terminal. Enter TXX if a Tektronix 4010 or 

4012 small screen terminal. 

(7) : SCREEN indicates TABLET to be interpreted as the CRT screen for 

FASTDRAW/2 command input. 

(8) :XY plane in which the current geometry model is to be created. 

This may be changed at e.ny future time. 

(9) :0.013 scale factor to fit model to be created on screen since actual 

tainter gate dimensions will be usad. 

(10) :200,-10,8 origin of current XY coordinate system. 

(11) Cursor will appear and user prompted to locate three points defining 

positive XY axis Directions. Locate first point at lower left of 

screen, second point at lower right of screen, and third point at 

upper left of screen. This defines X-axis positive right and Y-axis 

positive up. 

(12) >KEYIN indicates to FASTDRAW/2 that series of point coordinates 

are to be entered. Since current mode is 2D and in the XY plane, 

only X and Y coordinates need be entered. Also, since the origin of 

the current XY plane being displayed is at Z-8.0, all the Z coordinates 

be entered are taken as Z^B.O. of points to 
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(13) The user is now prompted with FASTDRAW/2 point labels, and must now 

respond with the X and Y coordinates. Note that original (Fig. 10) 

joint numbers are sliwn in parentheses to right for reference only. 

(1) 1:359.399,372. 

(2) 2:371.344,298.086 

(3) 3:368.024,221.756 

4:349.180,147.715 

(5) 5:319.532,85.518 

(6) 6:278.922,29.857 

(7) 7:249 415,0.0 

8:hit carriage return. 

(14) >LABEL P displays FASTDRAW/2 point labels. 

(15) >L NP place a FASTDRAW/2 geometry line (not a STRUDL member element) 

successively between points 1, 2, 3, 4, 5, 6, and 7. To do this, 

use cursor to identify point 1, then 2, then 3, 4, 5, 6, and 7. Then 

hit carriage return key to exit cursor mode. 

(16) >LABEL E displays FASTDRAW/2 line labels 1 to 6. 

(17) >PLANE Z-8.0 displays plane where 7.=8.0. 

(18) >TRANSLATE E(l-6) elements 1 to 6 will be translated to Z=22.5 one 

time. Respond to prompt as, 

?Y generate new points 

:0,0,22.5 translate to Z»22.5 

:1 translate onl one time. 

(19) >LAB P 

(20) >LAB E 
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(21) ^-Translate E(7-12) elements 7-12 will be translated to 2=43.5, 

a distance of 21.0 inches in Z direction. Repeat this 21.0 inch 

translation process 15 times. 

?Y 

:0, 0, 43.5 

:15 

(22) > Lab P 

(23) > Lab E 

(24) > Translate E(97-102) translate elements 97-102 to 2=352.0 one time. 

?Y 

:0,0,352.0 

:1 

(25) > Lab P 

(26) >Lab E 

(27) > Delete E(l-108) delete all FASTDRAW/2 line elements 1-108 just 

created. This leaves only the points. 

(28) >3P enter 3-D mode 

(29) > 0, 60, 10 good 3-D viewing angle. The points in current model 

file are displayed. 

(30) >KEYIN keyin X, Y, and 2 coordinates of all additional skin plate 

and cable support joints not yet created. Original joint names 

are shown in parentheses for reference. 

127: 359.399, 372., 180. 

128: 371.344, 298.086, 77.75 (29) 

129: 371.344, 298.086, 180. (1074) 

130: 371.344, 298.086, 282.25 (1029) 

131: 368.024, 221.756, 180. (75) 

132: 349.18, 147.715, 77.75 (30) 
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133: 349.18, 147.715, 180. 

134: 349.18, 147.715, 282.23 

135: 319.532, 85.518, 180. 

136: 278.922, 29.857, 77.75 

137: 278.922, 29.857, 180. 

138: 278.922, 29.857, 282.25 

139: 249.415, 0.0, 180. 

140: 268.1174, 6.7175, 15.25 

141: 262.4728, 12.3866, 15.25 

142: 262.4728, 12.3866, 8.0 

143: 262,4728, 12.3866, 22.50 

144: 268.1174, 6.7175, 344.75 

145: 262.4728, 12.3866, 344.75 

146: 262.4728, 12.3866, 352.0 

147: 262.4728, 12.3866, 337.5 

íí senti? 

(1075) 

(1030) 

(76) 

(31) 

(1076) 

(1031) 

(77) 

(’SI’) 

('82') 

('S3') 

('84') 

CS10') 

('820’) 

('830') 

('840’) 

148: hit carriage return 

(31) > REDRAW displays current model file in current orientation. 

(32) > WINDOW use cursor to locate ends of an imaginary diagonal of 

imaginary rectangle which bounds the lower left cable support point 

area to be magnified and displayed on the screen for checking purposes. 

(33) > FULL redraw the full model file 

(34) > WINDOW use cursor to identify lower right cable support point area to 

be magnified and displayed. 

(35) > FULL 

(36) > DEFINE defines the current created GTSKNPTS model file as a user 

defined "super element" which is stored in file GTSKNPTS. Respond to 

prompt as, 

:N 

.mààÊMU^M.....UMUÊM mm 
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:1 one definition ooint to be selected 

Use cursor to identify original joint 1001 as to définition point. 

Use cursor to identify original joint 1001 as the label point. 

Hit carriage return in response to attribute prompt. 

(37) ÆND model file GTSKNPTS is now defined and stored on the SIGMA9 computer 

under user account number usernumber for future use by FASTDRAW/2. 

LUuLili Máâ 
U..IÍ 
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Now, the second model file, GTSKNMEM, will be created to contain all the 

STRUDL member elements and joints in the skin plate and at cable supports (Fig. 10) 

(38) * BUILD GTSKNMEM FROM GTSKNPTS 

Copy model file GTSKNPTS into model file GTSOFEM. Although the same 

joint labels are used, this causes no problem since they ate changed 

when building entire structure from these super elements at a later time. 

(39) :MODEL response to LANGUAGE prompt. 

(AO) *APPEND FROM TABLET indicates user wishes to modify file GTSKNEM which is 

now a copy of file GTSKNPTS. FASTDRAW/2 enters 3D mode. 

(41) :0, 90, 0 model file is displayed in this viewing angle. 

(42) > ELI generages a STRUDL member element between two successively identified 

points using the cursor. Hit carriage return to exit this mode. Now, 

generate all STRUD, member elements in the skin plate using the cursor. 

(43) > WINDOW use cursor to window in on lower left cable support area. 

(44) > ELI generate lower left cable support members. 

(45) > 3D 

(46) :0, 9O, 0 displays current model file. 

(47) > WINDOW use cursor to window in on lower right cable support area. 

(48) > ELI generate, lower right cable support members. 

(49) > LAB M 

(50) > LAB P 

(51) > FULL 

(52) > DEFINE to define model file GTSKNMEM. 

:N 

:4 

Use cursor to identify original joints 7, 4, 1, and 1001 as the four 

definition points. 

Use cursor to identify original joint 1001 as the label point 

..................U..,,.... 



Hit carriage return in response to attribute prompt. 

(53) > END 



Now, the third model file, GTSKNPLi, will be created to contain all the 

STRUDL finite elements in the top row of the skin plate (Fig. 11). 

(54) *BUILD GTSKNPLI FROM GTJKNPTS 

(55) :MODEL 

(56) *APPEND FROM TABLET 

(57) :0, 90, 0 model file is displayed. 

(58) > EL3 generates a STRUDL PBS2 finite element between three successively 

identified points using the cursor. Use the cursor to generate all 

finite elements in top row on left of axis of symmetry. 

(59) > PLAN'1' use cursor to select three points (lower left, lower right, 

upper left) on plane just created in Step (58). This plane alone will now 

be displayed. 

(60) > LAB E displays labels of all FASTDRAW/2 element labels displayed on 

screen. 

(61) > ROTATE E (109-127) request a rotation of finite element plane about 

axis of symmetry to generate elements on right side. Respond, 

:N 

:2 

Select original joints 1074 and 74 using cursor. This is axis of rotation. 

:180 rotate 180°. 

:1 rotate only one time. The new finite elements will be displayed. 

(62) > 3D 

(63) :0, 90, 0 current model file will be displayed. 

(64) > SAVE intermediate save of file in case computer goes down. 

(65) »DELETE use cursor to delete all points outside of this element plane. 

A previously defined definition point could not be deleted. This 

caused no problem and was not of concern. 

■ 
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(66) >REDRAW 

(67) >PLANE same as Step (59). 

(68) >DEFINE 

:N 

:3 

Use cursor to Identify original joints 2, 1, and 1001 as definition points. 

Use cursor to identify original joint 1001 as the label point. 

Hit carriage return in response to attribute prompt. 

(69) >END 

ilk ¡iáiÜÉÉÜÉÉ ÉÉÉÉHilKttrfi 
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Now, the fourth model file, GTSKNVL2, will be created to contain all the 

STRUDL finite elements in the second row of the skin plate (Fig. 11). 

(70) *BU1 '.D GTSKNPL2 FROM GTSKNPTS 

(71) :MODEL 

(72) *APPEND FROM TABLET 

(73) :0, 90, 0 

(74) > EL3 generate STRUDL PBS2 finite elements in second row of skin plate 

to left of axis of symmetry. 

(75) > PLANE selected three points in created plane with cursor. 

(76) > LAB E 

(77) > ROTATE £(109-127) 

:N 

:2 

Select original joints 75 and 1074 as rotation axis using cursor. 

:180 

:1 

(78) > 3D 

(79) :0, 90, 0 

(80) > SAVE 

(81) > DELETE use cursor to delete all points outside this element plane. 

(82) > REDRAW 

(83) > PLANE same as Step (75) 

(84) > DEFINE 

:N 

:3 

Use cursor to identify original joints 3, 2 and 1002 as definition poi ts 

Use cursor to identify original joint 1002 as the label point. 
Hit carriage return in response to attribute prompt. 
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Now, the fifth model file, GTSKNPLT, will be created using model files 

GTSKNPL1 and GTSKNPL2 to contain all the STRUDL PBS2 finite elements in the 

skin plate (Fig. 11). 

(86) *BUILD GTSKNPLT FROM GTSKIiPTS 

(87) :MODEL 

(88) *'»FPEND FROM TABLET 

(89) :0, 90, 0 

(90) > ELEMENT indicates that the STRUDL element menu on p. 73 of the FASTDRAW/2 

manual (5) is to be modified to include the two super elements GTSKNPL1 

and GTSKNPL2. Respond as follows, 

:4, GTSKNPL1 

:5, GTSKNPL2 

:Hit t j-riage return, current model file is redrawn. 

(91) > EL4 identify original joints 2, 1, and 1001 with cursor. Model 

file GTSKNPL1 will then be drawn in. 

(92) > EL5 identify original joints 3, 2, and 1002 with cursor. Model file 

GTSKNPL2 will then be drawn in. 

(93) > EL4 identify original joints 4, 3, and 1003 with cursor. Model file 

GTSKNPL1 will then be drawn in. 

(94) > EL5 identify original joints 5, 4, and 1004 with cursor. Model file 

GTSKNPL2 will then be drawn in. 

(95) > EL4 identify original joints 6, 5, and 1005 with cursor. Model 

file GTSKNPL1 will then be drawn in. 

(96) > WINDOW in on bottommost level 

(97) > EL3 generate each finite element in bottommost level successively using 

cursor. 

(98) > FULL 

(99) > SAVE 
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(100) > CONVERT E converts all joint coordinates of GTSKNPLl and GTSKNPL2 

to global GTSKNPLT coordinates and labels all new joints and elements 

just added. 

(101) > DEFINE 

:N 

:4 

Use cursor to identify original joints 7, 4, 1 and 1001 as the four 

definition points. 

i Use cursor to identify original joint 1001 as the label point. 

Hit carriage return in response to attribute request. 

(102) > END 
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Now the sixth model file, GTSTRUT, will be created (Fig. 12) directly 

from the screen. 

(103) *BUILD GTSTRUT FROM TABLET 

(104) :STRUDL 

(105) Since 3D mode is desired, hit carriage return in response to plane, 

scale, and origin prompts. Then use cursor to locate axis anywhere 

on screen. 

(106) > 3D enter 3D mode. 

(107) :0, 0, 0 

(108) > KEYIN the X, Y, and Z coordinates of joints in the strut are now keyed 

in. Original joint numbers are shown in parentheses. 

1: 371.344, 298.086, 77.75 

2: 349.130, 147.715, 77.75 

3: 278.922, 29.857, 77.75 

4: 0.0, 276. , 15. 

5: 263.534, 291.674, 59.532 

6: 247.805, 184.959, 59.532 

7: 197.945, 101.318, 59.532 

8: 155.725, 285.262, 41.315 

9: 146.430, 222.203, 41.315 

10: 116.967, 172.779, 41.315 

11: Hit carriage return 

(109) > 3D 

(110) :0, 0, 0 

(111) > ELI use this command and cursor to locate all member elements in 

strut. 

(112) > DEFINE 

:N 

(29) 

(30) 

(31) 

(38) 

(32) 

(33) 

(34) 

(35) 

(36) 

(37) 

:4 : 4 
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Use cursor to identify original joints 29, 30, 31, and 38 as the four 

definition points. 

Use cursor to identify original joint 38 as the label point. 

Hit carriage return in response to attribute request. 

(113) > END 

' 

.. 
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Now tht seventh model file, GTSKBRAC, will be created (Fig. 12) directly 

from the screen. 

(114) *BUILD GTSKBRAC FROM TABLET 

(115) : STRUOL 

(116) Repeat step (105) 

(117) > 3D 

(118) :0, 90, 0 

(119) > KEYIN the X, Y, and Z coordinates of joints in the skin brace are now 

keyed in. Original joint numbers are shown in p da. entheses. 

1: 371.344, 298.086, 8. 

2: 349.180, 147.715, 8. 

3: 278.922, 29.857, 8. 

4: 371.344, 298.086, 180. 

5: 349.180, 147.715, 180. 

6: 278.922, 29.857, 180. 

7: 371.344, 298.086, 352. 

8: 349.180, 147.715, 352. 

9: 278.922, 29.857, 352. 

10: 349.180, 147.715, 77.75 

U: 349.180, 147.715, 282.25 

12: Hit carriage return 

(120) > 3D 

(121) :0, 90, 0 

(122) > ELI Use this command and cursor to locate all member elements in skin 

brace. 

(123) > DEFINE 

:N 

:4 

(2) 

(4) 

(6) 

(1074) 

(1075) 

(1076) 

(1002) 

(1004) 

(1006) 

(30) 

(1030) 



Use cursor to identify original joints 6, A, 2, and 1002 as the four 

definition points. 

Use cursor to identify original joint 1002 as the label point. 

Hit carriage return in response to attribute request. 

(12A) > END 
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Now, the eighth model file, GTTNTRGT, will be created to contain all joints, 

members, and finite elements of the tainter gate using model files, GTSKNMEM, 

GTSKNPLT, GTSTRUT, and GTSKBRAC. 

(125) *BUILD GTTNTRGT FROM GTSKNMEM 

(126) :MODEL 

(127) *APPEND FROM TABLET 

(128) :0, 90, 0 

(129) > ELEMENT 

:4, GTSKNPLT 

:5, GTSTRUT 

:6, GTSKBRAC 

:Hit carriage return, current model file will b3 redrawn. 

(130) > EL6 identify original joints 6, 4, 2, and 1002 with cursor. Mode file 

GTSKBRAC will then be drawn in. 

(131) > KEYIN the X, Y, and Z coordinates of original joints 38 and 1038 are 

keyed into current model file on screen. 

Jl: 0,276,15 (38) 

J2: 0, 276,345 (1038) 

J3: Hit carriage return. 

(132) > EL5 identify original joints 29, 30, 31, and 38 with cursor. Model 

file GTSTRUT will then be drawn in at one end of tainter gate. 

(133) > EL5 identify original joints 1029, 1030, 1031, and 1038 with cursor. 

Model file GTSTRUT will then be drawn in at the other end of the tainter 

gate. 

(134) > EL4 identify original joints 7, 4, 1 and 1001 with cursor. Model file 

GTSKNPLT will then be drawn in. 

(135) > SAVE 

(136) > CONVERT E 

(137) > 3D 

Il i! i1 It li 1.1,1,1. id I i ,1 
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(138) :0, 60, 10 observe ano check model, 

(139) > DEFINE 

:Y FASTDRAW/2 will indicate that 500 elements and 166 points exist in 

current model file. However, 5 points will be unconnected since they 

could not be deleted (they were definition points) when building GTSKNPL1 

and GTSKNPL2. Thit does not matter since the points were unconnected 

in those two model files and will be neglected in the subsequent STORE 

command in Step (141). 

:4 

Use cursor to identify original joints 7, A, 1, and 1001 as the four 

definition points. 

Use cursor to identify original joint 1001 as the label point. 

Hit carriage, return in response to attribute request. 

(1A0) > END 

(141) *STORE GTSTRGTE the current complete tainter gate model file, GTTNTRGT, is 

converted into STRUDLinput commands for JOINT COORDINATES, MEMBER INCIDENCES, 

and ELEMENT INCIDENCES, and stored in STRUDL input file GTSTRGTE. 

FASTPRAW/2 responds that 161 joints were generated, that 5 unconnected joints 

were neglected, and that 262 members and 238 elements were generated. This 

is exactly correct. 

:N 

(142) *END exit from FASTDRAW/2. 
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(143) //LIST GTSTRGTE list STRUDL II source input Oeometry file on screen 

for review. The word SUPPORT may be added to SUPPORT joints by 

EDIT'ing file GTSTRGTE. 

It is desireable to also route file GTSTRGTE to a local line printer for 

a permanent copy for review. 

(144) //HOST 

(145) +PRINT 

(146) :accnt,PRINT response to prompt, where accnt = McAuto IBM account 

number assigned by McAuto. 

(147) :LZE/GATE response to prompt. 

(148) Hit carriage return in response to next prompt. 

(149) ?N response to next prompt. 

(150) :terminalid respond with remoti batch terminal ID to which output 

is to be directed. 

(151) :132 response to prompt. 

(152) :GTSTRGTE(NLN) response to file name and options response. 

(153) :Hit carriage Return key in response to next file prompt. 

(154) ?Y response to prompt. 

(155) +END exit PRINT command. 

(156) //BYE log off. 

End of FASTDRAW/2 tainter gate geometry creation session. 
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6.4 Evaluation of FASTDRAM/2 for Talnter Gate Geometry Display and Creation 

The display of an existing tainter gate geometry input from computer 

cards, and the creation of a tainter gate geometry using FASTDTAW/2 (5) 

is described in Sections 6.2 and 6.3, respectively. 

In regard to the display procedures, FASTDRAW/2 proved to be easy to 

use, as well as considerably powerful in its ability to display any part 

of, or the entire geometry in any orientation necessary for effective 

observation. In just a few hours, it was possible to display and review 

the entire structure and verify that the complete geometry was correct. 

However, as described in Section 3, STRUDL Run 1, and Appendix E, a 

complete verification of the tainter gate geometry was performed using a 

series of STRUDL PLOT commands to display the geometry on the line printer. 

Although the precision of these line printer plots are not as good as the 

FASTDRAW/2 displays on the CRT screen they were sufficient for the 

verification of the geometry. 

In regard to the creation of a tainter gate geometry, FASTDRAW/2 

also proved to be considerably powerful, and easy to use once the 

philosophy of the system is mastered. It turns out that FASTDRAW has a 

great deal of versatility as long as the geometry to be created displays 

a moderate amount of regularity. 

However, the tainter gate considered in this study (Figures 2, 3, and 

4) does not display very much regularity. In fact, there is sufficient 

irregularity that it took an expert in the use of FASTDRAW approximately 

eight hours to create the tainter gate at an interactive terminal. It 

is estimated that it would take approximately fourteen to sixteen hours 

of effort to create the tainter gate geometry by someone who is less than 

an expert, but still thoroughly familiar with FASTDRAW. This is considered 

1U .. ■' .. j .■ Ü .unit , .ill 
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to be excessive and counterproductive. Worse than this, it is not possible 

to arbitrarily assign or change joint and element names using VASTDRAW. 

This is considered to be a serious disadvantage. 

Therefore, in regard to tainter gate structures, it is recommended 

that creation of the geometry is performed directly in STRUDL through the 

use of the JOINT COORDINATE, MEMBER INCIDENCE, AND ELEMENT INCIDENCE 

commands. This should be followed by a complete display of the geometry 

using the STRUDL PLOT commands as shown in Appendix E. Only after this is 

done is it recommended that FASTDRAW/2 be used to display three-dimensional 

views of the geometry for final verification as described in Section 6.2. 

If geometry errors are found using FASTDRAW/2, corrections can be applied 

directly through FASTDRAW/2 using commands described in Section 6.3. However, 

since the original geometry was generated in computer card form, it is also 

recommended that corrections are applied directly to the input card deck. 

It is not recommended to use FASTDRAW/2 to create the tainter gate geometry. 

L.. ... . ..-, W..J. . . . 
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7. CONCLUSIONS AND RECOMMENDATIONS 

This report has demonstrated that the anlaysis and design of a 

tainter gate may be performed by a general purpose computer structural 

analysis and design program, and include the effect of cable supports, 

side seal friction, and trunion pin friction moments, provided the 

program embodies cer-ain special characteristics. These include: 

(1) the ability to perform multiple analyses in the same computer run; 

(2) the ability to change the data base between the different analyses 

so that each analysis may be based on different boundary conditions, and/or 

loading conditions, etc.; (3) the ability to save on the computer, for 

any length of time, the status of a problem solution at any point, 

display results for ergineering review, and subsequently continue the 

problem solution with a modified data base; (4) the ability to combine 

analysis results for different loading conditions used in the same 

analysis; (5) the ability to combine analysis results for different 

loading conditions used in several different analyses involving different 

boundary conditions; (6) the ability to include in the model description 

such special conditions as the eccentricity of the end of a member 

element from the joint center it connects to, the location of the shear 

center of a member element from its centroid, and others; and (7) the 

ability to perform design of steel member elements according to AISC 

Specifications (9). 

The only commerciilly available general purpose structural analysis 

and design computer program that has all of these, and many more, 

advanced capabilities is the ICES STRUDL II subsystem (2,3). 



, 11..-11111 i1 I« 

122 

The formulated analysis procedure for the tainter gate involves a 

superposition of results from a variety of different load cases, and 

even different boundary conditions. The linear combination factors 

for the superpositions are computed by solving highly non-linear systems 

of equations, as programmed in the supplied computer programs XFONE and 

XFTWO (Appendix G). 

The finite element model used for the skin plate is a highly 

accurate representation of the skin plate stiffness effect on the 

tainter gate behavior. Although the stresses computed in the coarse 

mesh finite elements are not sufficiently accurate for design purposes, 

they are uniformly very low for the skin plate thickness used, and 

consequently, they justify a conclusion that the existing thickness 

is adequate from a strength point of view. If a reduction in thickness 

were desired, a more refined finite element grid size would be required, 

or the current Corps skin plate design technique could be used. If a 

more refined finite element analysis were desired, it is only necessary 

to select the more highly stressed portions of the skin plate based on 

the coarse grid analysis, break these regions up into finer mesh sizes, 

and then apply the appropriate external loads to these regions, as 

well as applying displacement boundary conditions using the displacement 

values along the region's boundary that were computed in the original 

coarse mesh analysis (Section 5.2). 

However, based upon the discussion in Appendix I, it is recommended that 

a more convenient model of the skin plate and rib stiffening system be used 

than the finite element and rib model used in this study. The recommended model 

would simply consist of vertical ribs whose properties were the same as an 

equivalent composite section composed of the actual WT-shape rib section and 

t ..1 UiLaHiil■ :.. .. „iL.d !’ .,. .. .. 



123 

an effective width of skin plate. This model would then be consistent with 

the composite section required fcr design purposes as shown in Appendix I. 

The design of the frame L and W-s^ape members was successfully performed 

by 3TRUDL II. Not only were AISC Specifications satisfied, but member depth 

constraints and equating member sizes were also satisfied. 

The design of the WT-shape members were not performed properly by STRUDI. II 

since these members really behave compositely with the skin plate. Consequently, 

they must be designed by hand as discussed in Appendix I. 

The final design of the tainter gate using STRUDL II to design the L and 

W-shape members, and using hand computations to design the WT-shape members 

acting compositely with the skin plate, led to a 14.3% (4.741 Kips) reduction 

in the tainter gate weight of steel. This is a significant result not only 

because of the large weight reduction, but also because the accuracy and 

reliability of the analysis and design results are at the same time much higher. 

The total computer cost of $3,447 has proven STRUDL II to be a cost-effective 

tool for the complete analysis and design of tainter C.-1-6 structures. 

The use of FASTDRAW/2 proved to be desireable for three-dimensional displays 

of the trinter gate geometry for final check purposes, but not desireable for 

tainter gate geometry creation. 
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APPENDIX A 

Calculation of Joint Coordinate and 

Other Characteristic Geometry 

This Appendix contains calculations for the relative angular 

positions of characteristic joints on the STRUDL structural model 

shown in Fig. 2, and the computations of joint coordinates. 
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APPENDIX B 

Calculation of Cable Reaction Force F Direction and Support Points, and 

Cable Points of Tangency to the Skin Plate 

This Appendix contains the calculations for the direction of the 

cable reaction force F at joints 'SI' and '810' in Fig. 2* This force 

acts in a direction whose line of action is tangent to the skin plate 

near the bottom of the skin plate. In addition, the calculation of 

the location of the points of tangency of the cable to the skin plate 

at the top and bottom of the skin plate are shown. 
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APPENDIX C 

Calculations for Member Beta Angles, Minber Eccentricities, and 
Menber Properties 

This Appendix contains the calculations of the STRUDL Beta angles 

for those members which have non-zero Beta angles. Also, the calculation 

of the non-zero eccentricities of member ends from joint centers they 

are incident upon are shown. Finally, member properties are summarized. 

After joint coordinates and member incidences are specified, the 

Beta angles are the final geometric parameters which exactly orient 

the members in the structure with respect to the global reference frame. 

Member eccentricities are required since the ends of many members 

are attached to joints at points which are not at the center of the 

specified joint locations. 



BETA Ansies and Properf/es 

Members / ro 3 • L8x4*7/'¿ 

STR U PL S/je - L804-07 

Meno ber s /00/ ro /oc3‘ L 2x4*7/è 

S TFu $'J € -L8O407 

^ +7s-.oH7°(ir pm XJ, Smith) 

Corfs, St Um/s~Pisbief) 
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//¡embers /o tv /B ■ W2-4- x ss' 

¡/¡e/nbers /0/0 to /019 ; W2.4)(^ 

t'° ^ = -bSé.srjùi’ 

1-.-1 ... ..... . .|, ..uijJHI , 11.,],,, ükm.1 ... iLÍi ; [iiiLULij 111.1,, I..*,., ...¡ill ilium», .i .i>,^,Luiak,,ii^, a.uiuüL¿ 
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Members 2-0 7t> £9 • WZ4 x 7/ 

f5? 
e4 ^ 20, Hl 7S °(fyprr <J¡7 A) 

§--3o-e+ 
_ s ól.az-iiz' 

//)e/rj¿>€rs /020 ro /ÕZ9 ' W¿4 * 7& 

* \Ra ^ 

¿I - 4t- 4-Z7S0 ' (/fyffn oíi 'x /4) 

$ ^90-fy 

- 4-<?‘S7ZZ' 

Members /030 rv /033 ¡ W2 4*76 

-4J.S722' 

J ,1 ,alj^J¿, I 11,1 ,,, , T-lk^Ukm .LUI:. I. t .1 I .1. ,11 ¡H.|..L¡J| U.. La. ...„i I , I, Il M.I ,¡ .lilJjjjj'LI;. ,i I .,¡11, IJ.lil 1 i j J il,i.|.il.¿J>TfclL 
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ktiy-u^i.iMuai 

/yle/nbfrs -4-0 td 4-8 s /QW to /$4-& : 

r*b 

Mil 

É-o 

Ir-*-¿bi3~0./TS2 /r)+. 

JL ^ 4^-3 = ¿7.033¿ /*}+■ 
JZ. 

JT¿ - -y^ ~2Z.7SS /hf- 

/Í - b>t * 3.y?S m\ 7t 

laáUU Mül 

m 
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(â) /02 Tz, /or 7 , „ 
t W/4x 43> (b) //03, TZ) //os j 

Y 

f tron* T T, S/r>/M j Corps ^_<■ - 
St. ¿¿>u/s 7>/sfrt¿t ) 

$^-30.3-7* 

Melber 2% La) /06 rz> /03 7 wi4-»7# 
ß) t/os /» //^ J 

& ~ Q6M° (b) 

i= -áf.74» ^ 
f—4—I 

i ' „ -- ^ (, rom T» T* S/rtfM¿Corps Sf, ¿014/5 'P/s/r/cCj 

A 
■I —^y 

Members : fa) /os w /// 

yr/M'b";///}w,4*7S r 

(q 
filCLCL 

(b) 

- -S/.gt - 

(ftV*, J. J", Sm. fb y Cùr/s ¿0U~P/s/ztC~f) 

.»^^'i iii lililiiililiiiUi*^""'J ILi i<^JUh,i.iu[iauiáu, 

áÉ
É

¿t
ÍÉ

M
l>

¿ 
i 

T
 
r
"

- 
—

:-
- 

—
H
-

 



143 

41 ro 78 lwr7*/7} ¢ = 
/¿?4-j» /C /¿7<? J 

O 

Memben 79 ro /oí ^ k/r7x/5; p0* 

/¿57^ 7Z> //^- 

/tfembers /2.0 ro /27 

í //¿’o rv //¿2 \WT7x/() $-0° 

//Z4- rv Z/2.& 

/l/oi^ {rom yJ^vTT SmiH) ) Corps St-Ucus l>isfri 'ci > 

//2 ^ ,V3 7 ít//xlx¿i 
///2 /3? ///5 J 

Members HZ) //3, //^ //7; 7 g = 90 0* 

///2,///3,///6,///7 J 

//4, ¢= <PA¿^e 

///^ ¢--7/.63° 

//5) Vo.Su* 

///r, ¢--90.80° 

//2, Ç--79,14-° 

///8J -79,24-' 

//¾ (?=92,Z^° 

///5, $--9Z-2<9° 

Members : 
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■iNMMHKNMnMNMMr 

::1¾. 
.* 
. 

:. 

M€mher Éccen-Zrici'hés 

Tftfsf Art fñe <//s fauces from a jo/n / f¿> 7%e 
€f)¿ of ¿X hnfmber /vtasyrec/ ^ara/ffl 'b 
fht a loba! X; X; a*<f z ws. See J/shtiy 
jrj Af/vaJ/'x £ frrftt lfcf of bfe Gf/poo/vj 

dp fa : 

II milj . i, i . .¡L ■ —L ■ . , ,i 1 !_■ il, i_.l iti . ilr j. i»4i4 h L .-> !. .( Aik «aini. iiu^JI i.. i. . 

u: iÍLiiJ.lálUL;iili.iL^ii:i ilii,-..ii£^lJy¡yj.j|jij,j.j|Jj|Jjjj»y 1,1.1111 
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Mtmbtrs 20-2-9, /ôzû Tv //9^, Veri ica h S' 
/os, /jos tt. • > / 

1 V H'ililli1 HUjL.lik;iJ-L-k.A.lJ 
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!; r 

M/mber^ 30-33, 'Dio VÄ3 ?,///; HU ,Verhc*ls ST,,_ 
--- 

f » s 

&& ) ~7'Zi,, / 
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APPENDIX D 

Calculation of Independent Loading Conditions 

The calculation of the independent loading conditions, some of 

which are contained in more than one Load Group, are shown in this 

Appendix. 

I i 

iW/Wtpp 



. /' > 

K .-i'l' '‘y,: 

. > 
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/0/?? GrROUPS 

Definition * A tiaJ ^troup is a Sf/ of 

/oads Clpp/kd to th* stiucfar* u//ti 

a porfjcoikr set of boundary conditions 

¿00d G-tôup A : Gof* restinj on Sill. 

load Group B • Gate supported hy two 

höis tins Caí Us j dust starting to open- 

Load Group C • Gate supported by on/y one 

hofst/hj cable) Just starting to open. 

Load Group P : Gate bound at side sea/j 

Supper dec/ by tu>o hoistmj Cables, 

<t| 

|J till i I 

UktÉ^LídAliAataà ykáJUhàtl U1' ..! i- 



I-T-'I Huf • ■"rr -iftillrt- 

/oA~p Gtroup A 
G-&i'ï fîesf//?9 O” S/// 

J'rtJtpenJtriJ’ 
¿ood A/o, loa J Vesct/phò# 

3, 

S, 

~Péá<J Joacl of 
MydrosMic /oadj voter ai top of 

¡jâ e /et/a t/oa S3o ft, 

Vf a ve food y efevation sso fi» 

t/ydrostat/'c /ood} va irr ai e/e va f/onSZâf/ 

jbvtfacf /ood of S~/<//-7: of gaie vidM 
apphèd ai e/evoiy'on sze fi. 

tm 

ii:;.' i 

y:, iiij 

■«'•,■"■*13 
>< 'WM 

■ «, kjcl 

I üi 

I...... ....i.ni........ 
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Zoai? G-Koup B 

6rû fe SupporffJ b* /'ajo C& îles 

Tust Sfùrtirti h Ope* 

1a Je/>e/) Je a f 
/õ&d ASP’_ /g a J Vescripho/? 

6, Dead load of gate. 

7, /i/yJrosMic Joac!> usa/er a/ it>p of 
e/ei/aiiDn S3õ -fr* 

£, //y c/fõ sfy "f/c /ûàJj lA/û/ef" de UQ'fiO/i S28 /7^ 
9. Jyrjpact UûJ of S ï/ak of gate wiJU 

appJ/êcJ crd e/et/orM'f &2.S rr~. 

jo, Side seo! fric ho/] resJlh/iy gtie openinj. 

U, Ski/) pressure due it J^ooû J<, Ctkle fvrcp 
jo each co b le. 

!Z, 1,000 k-FT frurjon fric+jcn rrome^d 
ûi eoch pin resjs h ñy g* le ope fl )/)j. 



/ôAV G-roup C_ 

&ate Supported by Osie Cable 

Tu&f Start/ùg to Ope<n 

/3/ Pca d /o&d o-f 3^^. 

/4, //ycJrosdaij'c /ûûdj Wahr ai tof> of 
v/ 30hj e/ev*M»^o 

/s: S/à/e sea/ fr/ef/ôn resjsf/ry 3a -fç 
ope/> /»j • 

/6, Sk//) pressure due 'h 4 00D K eai/p 
force /'n o/oe cahJe. 

jrj j S) s\ a 1^ i/iM -friS hrt fH OStf¿if 

3¿r/e ope/)')*j. 

00 k'fr. dru/f/ 'os) -prief/ô/) mo/ne/jf t 
Or?e p/r? (a t fo/hf /*3*) res/s f//?f 
3QÏe op*>/>/'i?' 

9//7/ dfsp/Acemen/ load ai Jo/ài /00/ 
-/-0,2 S j and ai y]or/)f Tx-OilS” 

fe> sïntmlûje /aiir*/ cons+r&m/ 
pro/ided by side p/er we/Js* 



¿O/) "P ¿TKOUP D 

G-ait Bound of Side Sea/ 

Supporieé ht/ TbJo Cables 

J^n dependen'/’ . . _ ... 
load No, ¿oad Vescripj/o/? 

/9* Skïn pressure due ft) h ooo k. cok le farce 
/h each coble. 



WrpQT' If »"r|f'T I " ' r-V" ; ! :1 

i, / j* • 

r WÊÊIIÊÊlÊtÊÊBÊÊIÊBÊÊfff 
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Shy /%/if ¿ogd¿ 

ßeboeen jo/ñt kudò ! An è 2. ‘ 

/-(£)2rrK ~ 6.2S-i>osf+' 

x„ 14.5" ~ L<J, - (i.ZTVor ')(^^-)(^)(49° 

= 23/^2^44 lb- 

-^- = s-y-szn Ik 

m 2/ "toid-tf) j t^z = (¾. zroos') (tí'){^ )(+90 
= 167'4-8/8 ¡¡O. 

~ = -f/. Z104-S- /¿- 

^ Zl>6.0¡932> !U- 

-5-9.004-98 Jk 

T„ ¿/"^M, W4*(6-1790^)(^)(^)(490 IWW) 

-/70.9/098 lb. 

—¡T = 42« 72775" )lo, 



ßef-uoren jo/ñf Mi/e/s J-anJ s~, S'and è f 

Q 

/ * (MS') ZTTt* &. 7SO04-^> 

0-/0. 6Z7S/' 

Xh '4'S" vïJ+hj K- = (s'. 7svo4-')( ^rr)('-jf )(^90 ^ 
* 212. 7912-3 lk 

^ s S~3, /SS-32 lk 

Tn 2t" - (s-.iscoi') (ir)(‘*7/* )(W° 
= /T4.08ZOO !k 

2>8‘ S'207S ¡¡ü. 

joiñf lêi/els £ ûnd ~7 ? . &- éAíSso 

/rÆjzF^ 3.4933^ M 

Tn 14-,S9 (oidff) ) W7 ~faAM9¿)l!u )(~7T )&3D U>./Ç+}) 

- /23. S!CU II*. 

32.179/7 

Jn 2! H A^/VM, W6 = (3.4W¿ 9 (¾ f ^ ) (4*0 /1//1.3) 

= 9Z.7£7S3 /k 

-ç- = 23A4698 /b. 

•lat -li .ni, -i.ii.l.,4al: I, iik.iul. il h .J. l;^.-iÁ:i ^4iiÜilL^.Lil-.ii . kll^A Uli., -,ll „I uji niiMiUl.liJj^ l,L..i-il ,.ili .. »minH ili.i 1.1, .li Jli, ¿iUi. ll -.útiA ... 
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/¡ssurtt. each full fw/it! ski* pldie dead lead 

disfribuhs 'A W b ea¿b ¿t>rn<r noJf 

^4 W/4 

l U 
Soi_^r_jolryhs^ : 

1,1001 : P- - -S~!. 32II Uo- 

2,!00Z '» P~ ~ (W,M ^ " —H(k SZCOS lb. 
■i, ¡OOi-. P-- -(W3M tWl^) = -US. 0093Í /¿. 

4, /004- t P-- - ("-‘A p WsA) - -"*■ ¿0030 Ik. 

s') loos ; P- ■ -(**^4 * ^rA\ - /P&< 2>5oí4- !b. 

e, /OOÍ -. P--(Ws/4 -SS.S74-49 lb. 

7) /007 : P---( W'/4) ' -32. V79/7 l±. 

9, /009 ■■ p,-(^Ap^A)- -93.Í9/SS lb. 

$,/009 : P; - (*/4 /^/4^/4 P W*/4) - -2-0/.414ZS lb, 
ID,)OW- P=-(*‘/4 ^/4 ^/4^/4) ~ -24>3-4(S-4é lb- 

//,/01/ •■ P- -(^J/4+ ^4 P ^4 + W‘U) --195,44S30 lb, 
L/om 3---(^4/ W*/4+W‘/4 P W‘/4) = -/92 - 432/4 \b, 
/3,/0/3 : P-- -(^A + ^‘A + WA P-^A) --147. S4ZZZ lb» 
14.1014:P^-C% 4 ^/4)- -ss.szé/sr lb. 



KSJii.iüi ; jut;1 ' u’mj, :¡ lîu. 
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/s; zzj 3?, 4Í, ¿ûj £ 3 /¿vs} /¿»/Zj/cj^j /Oit, /ûs3) )0(0j !0t 7 ■ 
f>---(*i/f. + Wi/4) - -S3.740S0 /¿, 

/¿,Z3, 40,47)34) él, U) /OU) /011)/044)/047) IC’S4)IOélj !OéÎ ' 

p-.-(wi/4 4^/44^/4 *W*U) = -U3.I9UO Ik 

!7) 24, 41, 4S, STjÍZ.M) 'Wj MA, /041, !D4S, /03^ /Oiz, I0Í3 ; 
Ÿ---(^/44^/4 * ^+/44 ^/4)--/70.9/09S /t. 

/2,13, 42,4$,si,iiy 70, /OU) /027)/042,/044, Wré, /04-3,/070 ; 

Ÿ--(^)44 w4k 4- ^‘U 4 ^/4) --/¿Z. 49700 llo, 

/3,24,4-3,SO,S7, é4,7/, /0/3, /Oli,/043,/030,/0S7, /Oé4, /07/ ■■ 
p-_ -(m‘/4 4 W‘U 4-W‘U 4 W/f): -/S-4, 08300 /¿. 

Zû,27 44, S/, 438, lS,7Z, /020, /027,/044, /OS'/, /030,/0/S, /072 s 

{>--( Wi/4 4 w‘/4 4W*/44 w,/4) =-/23.93S4f Ib. 

Z/, Z8) 4S, SZ,S3) il,73, /02/, /Oit, /04S, /032, /033, /OU, /073 : 
P--(»4/4 4-^0/4) = -4é.S9396 

7ôUh /6, /8S~. 672.43 /¿- 
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r/yc/rosh/k ¿oad ¿7/ ¿ki/aho/} 5*30 

f> : fipplíed p erp<?rfJ;c&/ar jd skïn piafe. 

£ -r-'V 

( 
J 

i 
/ 

where : 

p.^ô.õízAh; k/ft* 

A 
UL 

k 

4- 

k 

S’ 

6 

7 

k 

^ » 

A 

£/€*.493* 
JhpHt toSTRuvùzp 

• 
/ <?/ h; (fr) R Mn1) 

/ /4. tSTl O'O 0,0 OJ92Z 

2 3.40313 6. Uo 0.3344 0.542.9 

3 *■1*453 U.szö 0.78/Z O.9739 

4 Zo, 17173 /¿. ¿30 /.Kd /•3Z80 

JT 30,3061} 23 874 /*48)7 /U344 

c 4/.4ZH6 Z8.SIZ / 779) /,85-48 

> '47. Mi 3/'ooo /,9344 — 

jjlllLjl l¡ I 
ib.ili. i , HL mil! 
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loadni_£/eva+t£± SZ3 fl- 

p : /4f/>Jji</ ferptnJ/cu'Âr fo ¿ki» plâfZ' 

where i 

f>, -0.062.4h¡ k/fñ 

Irtish ^ 
0-2)3/^)6) 

ihiiáAiMUMáÉÉtiákláiydÍiÉÍiitWÉIttl^ÉAíiÉÉIiAll*«ÍbÉUilttlÉkÉÉÉiÉÉttáÉltaiiÉÉÉrilÉUlÉÉÍÉÉÉMÉttièlWfeiyillÉIÉiÍÉlÍÉyèiÉiÉtMliiÉlHÉA 

• 

/ 
• 

0; h; (FT/) k, (klftk) 7; (*/PTl) 

/ 14,9SS3 0.0 0,0 0.0877 

2 3.40363 4,/éò 0.2S$¿ 0.4S80 

3 *,3USê /o.szo 0,6s¿4 0.843 o 

4 20./7178 /6.690 /.04/S AZÕ3Z. 

5 30.8001$ ZI. 874- /.364$ /,Sü36 

¿ 4/.41700 2L6.S/Z /,ís4i /, 7320 

7 47, litt 29.0 /,8036 — 
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pad lead a / Ehva ïm SZ8 fi. 

dsum< skirj plaif is -ple/iblt tnouyh so dip-/ /oad 
/s QffJ/fJ dirfC'f/^ ft i/erfical rtbs as Ck. 

Concenfra-fed food para He! io ffit 4wb*J X-#xte' 
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V^äi/e Loading âï £/€va~h'on ^30 //> 

// ; /ïppltid perpovj/cular tt> s/cm p/^e. 

Xofni lb sjjsupur- 

P. takts>-Prom Fe-fajultiior) 
/ ’PtSÏJ/} À/ofaij b/ov. J¿} Ij'JOj 

r$‘So, 

fot fr,)A K/rr* 

» 

/ P/ Mît:*) 7/ (*/rr*) 

/ ô,o4i ô.OJï 

2 o,i 4v o.nis 

3 0, //34 O. /OOP 

4 o.oss 0. 0777- 

5 O.Oééï 0,0S~¿7 

£ 0.047 Ö.042Z/ 

7 0.037 — 

Jl .. . lamKÉ.-..— üftrifi ÜÉlÉkl ùàààim 
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wl'in i lili1 III"1) ItlIIIIIWMWMÉWWTWI Il'MIPlfffl1 ITMIW'I ' HTWH 

161 

S'ldt Seal Friction Resisiihy Gait OpM/rij 

(from"MiJrauhe Sfruedurfs Research Rtforf', h Von VrfSiler, 
January ç 1970) 

/ /.a *=4* IWH.=OMi xjFr- 
lí ds/ieopren? J-seal diameter 
' - n ocr11 - n ian<=f > Z /oûi - 2.ZS,f -OJ87S 

^-(Hsk +.0¿z4ftS) *¡ft. 
Joos dS . » 
A M A. direction ftyrallpl 

4\,oo+ h ^3e‘ 

\\ =(sx.CM t.òM*. €* jiirh) 
S-X'oor //, 

^ - 0-OZ4 00585h k/FT, 

ff = (-¿¿). =O.OZ4 +0-oosssh; x/rr. 

ft âtnJïtd pnrollfl -fa edft member /oco/ Z-aXAs ai~ 
both edjes of skfn PUte. . __ : 

• 
/ h,- (ft:) f, (k/FT.) 

/ 0,0 0,02.4 

2 6./60 0.06004 

$ /z.szo o, 0972.4 
4 /8e 690 0./3334 
S Z3. 874 0./6366 

c zr. S-/2 0./9090 
'sy zs. 3 £70 O. /993 

7 1 3A 000 O.20S3S' 

iáfááUfaÉl ItaUMMLi 
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££/■*7 Pressure ~Pue fb ¿ûûû K, Gâbfe Force 

cable pomi t<xn)*riC</ 

Cabk f>oifitop forjeflctj 

&t -M, 9SSS* 

10, goo zÿ* 
¿I '-4;,4Z180* 

g * radial parce due do A 
/} OOû je. Parce /» each oxbk. 

= Vt = 
3/ rr. 

7j /007 
o( - 39, Z/Z3S* 
M s-, 8éS7p 
y* 3Z,24^S9 

radio! pressure or) a ski* plate - /4.$-*- 
- * A 

=0.1*54* be-hw» 
joints 2-S, /OOL-/O0S. 

= 26,6976 K/rr*-. 

ihdÉAalït^iiÉfal ..U,, iii.Lij.LniiiLj^m.m,.ü,i i;ily.jl4jjaLÍdi^LLiaiii,k,iLiiLÍLjijJiij]1i^l.jjJlii^kkL^lii,JJai..ii.-iUJtJUiii,i.,iiiifa,uu..iidUi Ji..idülj^iijL...iiii1 „itk,,. 
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Mölq; //? ifce r?3ion • 

Befaüfi» joi/jfa J.-Z > /¿>o/ — /¿>ôz * 

</, - (-|^J (*■ V*) » !■ 33* » f* ■ 

dl ■- i*£f') {in-*)-é.zras-#■ 

J~$k7Í~ Jts4D (-TiSrs) 

- .03$S~Z le/j'n1-. 

^ - s. iSoss *At? 

BfJioefrt jO">k s--¿j And /oof-/QO¿ : 

SIWS 4 '^'3^CX't,r4* AÍ777/' 

4 ' ^&^Z)(2Wje) =S.73-004 ' 

^ f^x^./W^1222-) J & <J4 15-,-7 OÎA4.V 

Surw/r?äry ', 
~¡fo ß/i/ToZn^S • 

‘ S.ISSÖA 

= .Ô444Z. K/fo* 

f 33é48 k/*rî 

JTnptrf fi) STjLü'Pi ZT 

20!^ZÙZ ^/20^ noz 
ici -zoZj nos-no* 
ZO^ZJOj 120% Jilo 

-=* I = S'. ¿308 8 kjfr1-. 
-*>£*2.6.6976 *Ar*: 
-^f- 6^9642 lclFr\ 
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¿000 K-FT- Frumpy) Friche Mom es? ï 

FesjsF¿9 P 4 F Open/rfj 
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Gaft Bound ai S ¡Je Seal 

h 00b k. Force, /n £oth CabJt 

■'J ... ... 111 11.. jj iiM in 1.1, 
JikUiliiiiiiii ' ¡iiiiUÁLii1.Ul-I. i 11»iiiikiiil'i , Ik’u 
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lateral Jo/vt- 'P/spUcp/Hfsih A^soc/àJeJ ujJH, 
SicJe Pier Süfppúri Co^siraiñ I 

dUáUàUá kUdááÉttiü.. 



f~ÏAI/4L PâSlGM ¿O/4 VIA/O- ComBIW/I TZQiïS 

Í fû. k€/0 -ftrono : C/AFtriCt CawMS) l&h0* Pûm Tú //? ~t*r 
6rAte ÿes/j/i Poles"Secbôn 2.l) 

Potes. : Is? a// eases, 4TSC a//ou/aI)P siresses are 
fp be reduced by 8Vfa7¿> oreg-un/a-kr+l^ 
increase Ql! Applied io ads by y*93Z - l’2-ù. 
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APPENDIX E 

Listing of Recommended STRUDL II Problem Solution Cor.unands 

Section 3.3 describes the stcp-by-step procedures used in the recommended 

STRUDL II analysis and design problem solution. A complete listing of the 

recommenced STRUDL II commands for the analysis and design procedure which is 

suitable in a design office environment, and which is directly based upon the 

problem formulation summarized in this report, and presented in the Theoretical 

Manual (1), is contained in this Appendix. 
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APPENDIX F 

STEDDL Job Control Language 

The Job Control Language (JCL) used to run the STRUDL runs at 

McDonnell Automation Co. are shown in this Appendix. It should be 

noted that the size of the DD1 data set on the private Corps pack 

V0L»SER=GA11IF must be large enough to store all SAVE’d files. Also, 

the DD4 data set must be large enough to store the STIFFNESS ANALYSIS 

generated data, as well as all other input/output cata generated in 

a problem run. Guidelines for the size of these data sets ace given 

in Reference (*). 

lili -J'ilii'JjiiijiÍL L i.jj ■ ’||.i U -i 1-11 fi-M .|i. lHÍjí¿|ünJ-|' lili 
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1. .TCL for Run 1 

//name JOB (S.accnt,'LZEGATiJ/WES'),'EMKIN USAE8’,MSGLEVEL-(1,1), 

// LIM=(60,300,100),REGION»300K 

// EXEC STRUDL,PRI-300 

//GO.DDl ED ONIT-2314,DISP-(NEW,KEEP),DCB-(DSORG-DA,BLKSIZE-7288), 

// VOL-SER-GAITTF, SPACE»(TRK,(800,100)),DSN-SAVE.CLARCANN.WES.LZR2 

//GO.FT05F001 DD * 

QTITLF DEPTH 60 

PAGE LINE 1 

STRUDL '-' '-' 

FINISH 

/* 

where, 

name - any less-than-or-equal-to eight alphanumeric character string 

beginning with an alpha character. 

accnt- an assigned account number 

GAITTF = name of the Corps of Engineers WES 2314 disk pack used for 

this study. 

SAVE.CLARCANN.WES.LZE2 » name of the file on disk pack GAITTF into 
which STRUDL SAVE files are placed. 

Now, it should be noted that the values in the LIM, REGION, PRI, and 

SPACE parameters depend on the problem being solved and may be highly 

variable from problem to problem. Care should be taken when selecting these 

since they will effect the total cost of a computer run. Reference (4) 

should be consulted for guidelines. 
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JCL for all subsequent Runa following Run 1 

Same as above, except change: 

REGION=500K 

DISP-(OLD,KEEP) 

on JCL cards 2 and 4 respectively. 

,,, 
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APPENDIX G 

Descriptions and Listings of Programs 

This Appendix describes the input requirements for computing F, M, 

M , and by FORTRAN programs XFTWO and XFONE. In addition, listings 

of the compilations and output of programs XFTWO and XFONE are also 

included. See Appendix H for the input to these two programs for the 

initial STRUDL II run considered in this report. 



lí ï 
" S 

INPUT to FORTRAN Program XFTWO 

Program XFTWO is used to compute values of F and M for the 2-cable 

cases (Load Combinations II .and V in the initial STRUDL II run 

considered in this report). The following assumes the user is familiar 

wit., standard FORTRAN FORMAT conventions. 

Card 1: READ: MAX,TOL,XSTART 

FORMAT(110,2F10.3) 

where. 

MAX ■* maximum number of Newton-Raphson iteration cycles permitted 
to compute F and M to satisfy tolerance TOL. 

TOL » convergence tolerence of Newton-Raphson iteration 

for the 2-cable case (0.01 is recommended). 

XST'Jti’ “ starting value of M (or X) in the Newton-Raphson 

iteration for the 2-cable Case (1.0 is recommended). 

Card 2: READ: F,G 

FORMAT(2F10.3) 

where. 

F = friction factor f associated with resultant reaction 

i -j ? 

R -ft + Ry in Fig. 7. 

G “ friction factor g associated with reaction component R^ 

in Fig. 7* 

Card 3: READ: FIX.FIY,RX1,RY1,RZ1 

FORMAT(5F15.3) 

wht ’•e, 

FIX,FlY - average of the global X-direction and Y-direction 

mmàuàM 

¡:,'fcr-4ï 
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reaction components respectively at cable support 

joints '51' and '810' for load combinations 
associated with the W forces in Fig. 7 (load 101 

or 102 in initial STRITDL run) 

RX1,RY1,RZ1 = average of tne global X, Y, and Z-direction reaction 
components respectively, associated with the W load 

case in Fig. 7, at trunion pin joints 38 and 1038. 

Card 4: READ: F2X,F2Y,RX2,RY2,RZ2 

FORMAT(5F15.3) 

where, 

F2X.F2Y same as F1X,F1Y, except for the load case associated 
with the application of the 1,000 k. cable force in 

Fig. 7 (load 11 in initial STRODE II run) but 

divided by the factor 1,000. 

RX2,RY2,RZ2 same as RX1.RY1, RZ1, except for the 1,000 K. cable 
force case in Fig. 7, but also divided by the factor 

1,000. 

Card 5: REKD: F3X,F3Y,RX3,RY3,kZ3 

FCRMAT(5F15.3) 

where, 

F3X.F3Y sane as F2X, F2Y, except for the load case associated 

with the application of the 1,000 K-ft moment at the 

trunion pins (load 12 in initial STRODE II run), and 

also divided by a factor of 1,000. 

RX3.RY3.RZ3 = same as RX2, RY2, RZ2, except for the 1,000 K-ft 
trunion pin moment case in Fig. 7, and also divided 

by a factor of 1,000. 

-Ukx-- II .„liáMlUl.UIIÚ 
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INPUT to FORTRAN Program XFONE 

Program XFONE is used to compute values of F, Ma, and ^ for the 

1-cable case (Load Combination VI in the initial STRUDL II run 

considered in this report). The following assumes the user is 

familiar with standard FORTRAN FORMAT conventions. 

Card 1: READ: MAX.TOL.XIO,X20 

FORMAT(110,3F10.3) 

where, 

MAX = same as for XFTWO, but for F, and M^ 

TOL = same as for XFTWO, but for F, Mfl and 

X10 « starting value of M (or Xa> in the Newton-Raphson 

iteration for the i-cable case (1.0 is recommended). 

X20 = starting value of Mb (òr \) in the Newton-Raphson 

iteration 

Card 2: READ: F,G 

FORMAT(2F10.3) 

where, 

F = friction factor f associated with resultant reaction 

2 
RÇ in Fig. 8. 

G =» friction factor 2 associated with reaction component 

Rj, in Fig. 8. 

Card 3: READ: RXIA.RYIA.RZIA.RXIB.RYIB.RZÃB,F <,F1Y 

FORMAT(8F10.3) 
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where, 

RXIA.RYIA.RZIA = global X, Y, and Z-directlon reaction components 
at trunion pin joint 38 for load combination 
associated with W forces in Fig. 8 (load 103 in 

initial STRUDL II run). 

RXIB.RYIB.RZIB = same as RX1A, RY1A, RZ1A, except at trunion pin 

joint 1038. 

FIX.FIY = global X and Y-direccion reaction componerts at 
cable support joint 'SI' for W load case in Fig. 8. 

Card A: READ: RX2A,RY2A,RZ2A,RX2B1RY2B,RZ2B,F2X,F2Y 

FORMAT(8F10.3) 

where. 

global X, Y, and Z-direction reaction components at 

trunion oin joint 38 for 1,000 K. cable force load 

case in Fig. 8 (load 16 ir. initial STRUDL II run), 

but divided by a factor of 1,000. 

RX2A,RY2A,RZ2A 

RX2B,RY2B,RZ2B = same as RX2A, RY2A, RZ2A, except at trunion pin 

joint 1038. 

F2X F2Y » global X and Y-direction reaction components at 
cable support joint 'SI' for 1,000 K. cable force 
load case in Fig. 8, but divided by a factor of M00. 

Card 5: READ: RX3A,RY3A,RZ3A,RX3B,RY3B,RZ3B,F3X,F3Y 

FORMAT(8F10.3) 

where, 

RX3A,RY3A,RZ3A - same as RX2A,RY2A,RZ2A, except for tne 1,000 K-ft 
trunion pin joint 38 moment load case in Fig. 8 

(load case 17). 

RX3B,RY3B,RZ3B » same as RX3A, RY3A, RZ3A, except at trunion pin 

joint 1038. 

same as F2X.F2Y, except for the 1,000 K-ft moment 

at joint 38 load case (load case 17). 
F3X.F3Y 
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Card 6: READ: RX4A,RY4A,RZ4A,RX4B,RYAB,RZ4B,F4X,FAY 

FORMAT(8F10.3) 

where, 

RX4A.RY4A.RZ4A » same as RX3A,RY3A,RZ3A, except for the 1,000 K-ft 

moment at joint 1038 load case (load case 18 in 

initial STRUDL II run). 

RX4B.RY4B.RZ4B - same as RX4A.RY4A.RZ4A, except reactions are at 

trunion pin joint 1038. 

F4X.F4Y - same as F2X.F2Y, except for the 1,000 K-ft moment 

at joint 1038 load case (load case 18). 
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Program XFTWO source and assembly listings 
are available separately as provided by 
Engineer Regulation ER 18-1-6 on request to: 

Director 

USAE Waterways Experiment Station 
ATTN: WESKA 
P. 0. Box 631 

Vicksburg, Mlsslssl’-pl 33180 
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Program XFONE source and assembly listlngf 
are available separately as provided by 
Engineer Regulation ER 18-1-6 on request to: 

Director 
USAE Wateways Experiment Station 

ATTN: WESKA 
P. 0. Box 631 
Vicksburg, Mississippi 39180 
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APPENDIX H 

Input to XFTWO and XFONE to Compute Values 

of F, M, M^, and Shown in Table 8 

This Appendix shows the data values input to FORTRAN programs 

XFTWO and XFONE to compute values of F, M, Ma> and shown in Table 

6. The definition of variable names used and FORMAT of data is 

given in Appendix G. It is assumed that the reader is familiar with 

the FORTRAN FORMAT conventions. 
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F and M for Use in Design Load Combination ,II 
Using Program XFTWO 

Reaction values for STRUDL II loading combinations 101, 11, and 12 

are used, except that the values from loads 11 and 12 are first divided 

by 1,000. Also, since behavior is symmetrical, reaction values at joints 

*51» and '510', and joints 38 and 1038 respectively were averaged before 

inputting them. 

So. data cards to XFTWO; 

Card 1; MAX.TOL.XSTART in (I10.2F10.3) FORMAT 

data: 100, 0.01, 1.0 

Card 2: F,G in (2F10.3) FORMAT 

data: 0.098167, 0.12500 

Card 3: F1X,F1Y,RX1,RY1,RZ1 in (5F15.3) FORMAT 

(load 101) 

data: 12.634942, 19.200768, 418.717651, -204.174294, 85.883614 

Card 4: F2X,F2Y,RX2,RY2,RZ2 in '5F15.3) FORMAT 

(load (11)/1000) 

data: -.000037970, -.000057701, .649691, -.158610, .114416 

Card 5: F3X,F3Y,RX3,RY3,RZ3 in (5F15.3) FORMAT 

(load (12)/1000) 

data: .017735, .0269r'0, -.017734, -.026947, .000828 

Result: F “ 24.8708 K.. M - 58.3999 K-ft 

* if 

ij 

«M 

I i ■HP'ITil 

: i-»’ i 1 \mm 

.... .... mm 



í i tmémmmmmvimw •Wnr-wm .i iim"M<i|MütltiirH I ^ÉÉIIIkUflMúMi^ibmrjialMidUbM 

231 

F and M for Use in Design Load Combination V 
Using Program XFTVJO 

Reaction values for STRUDL II loading combinations 102, 11, and 12 

are used, except that the values from loads 11 and 12 are first divided 

by 1,000- Also, since behavior is symmetrical, reaction values at joints 

'51' and '810', and joints 38 and 1038 respectively were averaged before 

inputting them. 

So. data cards to XFTWO: 

Card 1: same as for Load II 

Card 2: same as for Load II 

Card 3: F1X,F1Y,RX1,RY1,RZ1 in (5F15.3) FORMAT 

(load "102) 

data: 5.124974, 7.788200, 444.234009, -176.077103, 89.553574 

Card 4: same as for Load II 

Card 5: same as for Load II 

Result: F = 11.2262 K., M - 58.9627 K-ft 

llllijkiillk. .illlll 1.,1.1..H.¡Ü,.li:k 111 :'IL -..11 ...... UJuull .11!, ill 
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/■^-iú-gndJl^igr^tLse in Design LoaH rnmblnatlon VT 
Using Program XFONE~ — 

Reaction values for STRUDL II loading combinations 103, 16, 17, and 

18 are used, except that the values from loads 16, 17, and ,3 are first 

divided by 1,000. Reaction values taken from joints 'SI', 38, and 

1038. This case includes side support constraints. 

Uo, data cards to XFONF- 

Card—1: MAX,TOL,X10,X20 in (I10.3F10.3) FORMAT 

data: 100, 0.01, 1.0, 1.0 

Card—2: F,G, in (2F10.3) FORMAT 

data: 0.098167, 0.12500 

nSrÍ03)X1A'RYlA'RZ1A'mB'iiY1,'RZ1B'F1X'm <aH0-3) FORMAT. 

data: ¡^5;S:3;8855iSr°- 426-9?7559’ 

T?är(16)/^M)2A'',Z2A'EX2,'R’'2B’RZ2,'F2X'r2'’ ‘n (8FI0-!> FORMAT. 

d,ta: "160105' -038388^ -022235 

fíâra7)/ÍM5)3A’RZ3A’IUÍ3B'RY3B''iZ3BlP3X'F3Y F" W10.3) format. 

d.t.: -.020021,-.02^3,0, -.001201, .002286, -.00013645, -.00036277, 

@Sr(18S5rA'RZ4A'RX4B'R’"'B’R24B’F4X’W'' F8F10.3) FORMAT. 

• ¿««”’.¿26959°' '•002°89' -°0«« -.030756, -.001214, 

Result : F » 49.8795 K. 

Mn J 60.4530 K-ft 

- 56.3227 K-ft 

il, ¡lililí iil¿ ÁJMiuiUiiJiiJhi^n 'miii.l“.,,. 
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APPENDIX I 

Final Design of the WT-Shape Skin Plane Stiffening Ribs 

The STRUDL II design of the WT-shape skin plate stiffening ribs, as 

shown in Table 9, led to eroneously large section sizes. Tnis was due to 

the fact that STRUDL assumed these members to be acting as WT-shapes between 

the joints they connect. However, in reality, these members behave corapositely 

with the skin plate. Consequently, cheir design must reflect this composite 

action, or be overly conservative as the STRUDL design shown in Table 9. 

Since STRUDL II design procedures cannot account for this case at the present 

time, these WT-shapes must be designed by hand. 

Now, in order to determine tne proper forces acting ot) the composite 

section, the WT-shape member end forces must be added to the skin plate 

finite element forces, and then reduced to equivalent forces acting at the 

centroid of the composite section. This is demonstrated in the following 

two critical rib member designs in Parts (A) and (B). 

It should first be noted, however, that since composite action mist be 

considered for design of the stiffening rib/skln plate system, then it would 

be more convenient to model this composite system for analysis purposes by 

replacing the rib/finite element structural model with an equivalent composite 

member model. This new model would consist of a system of vertical ribs whose 

properties are the same as an equivalent composite section composed of the 

actual WT-shape ribs acting compositely with an effective width of skin plate 

(see composite section property calculations in Parts (A) and (B) below). 

It is believed that this new model would lead to analysis results for which 

final design would not be any different from the design obtained using the 

rib/finite element model discussed in this report. Due to time and cost 

limitations, this was not considered in this report. However, it is the 

recommended structural model. 



Part (A): Design of MT-Shape Member Numbers 49 to 78 

As can be seen in Table 9, members 49 to 78 designed by STRUDL II as 

non-composite WT-shapes are much larger than their initial starting size 

of a WT7xl7 section. However, it can be shown that the WT7xl7 section is 

adequate if designed as a section acting compositely with the skin plate. 

This will be shown for member 73 at end joint 40 where a review of the 

STRUDL II output shows maximum forces acting, and associated with design 

load combination IV, for the group of members 49 to 78. 

Note that this design check for member 73 is based in part on the 

Clarence Cannon Re-Reg Tainter Gate design computations(ll) by J. J. Smith 

September, 1974. 
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(^i) {orrjpí/f* Composi/t Seeho* Proper^** 
WT7k/7 SÁ'/r? Plate 

zkirj plate 

7,375^ 

7.0' 
W 

1 

ri 
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' r 

\ 

/54 

-L 

0.37S 

C J °l composite section 
y 

WT7X/7 

y^c.^ôí WT7K/7 

ë-X. 

WT7* /7 

A * 57.0/ in1. 

4-0.297 
J** ~2U /of 

0.4S3 
1^=//.6 inf 

Í.7S0' 

$>ec i/Prf Proper H*s 

coe - ef&c/n/e un dit o-P skm p/aie 
(loy Corps B/71 H¡0-2-2702.) 

*l.sfÇ t = ASlJ?Zæ (.17S-) 

UJ* ~ /3# S // 

- _ P3.5r)(. 175)(7. /9)+ (5.0))0‘ ^4-) _ 44-. H 
% ~ (U,S’Y. 375-; +5-.01 ~ /0.07 

= 4.Í8 // 

y * 7. /3 - 4.2>$ - Z. S/" 
u - 4.S8-/. S4 - 2.B4'' 

-"i 
•vH 



í/3.S'Y. 375-) ? / //3. s-y. i7S)(2^/)Z/^h l + S-OI (2. 84^ 
' /2. 

- y-35.974 -^--2A 4-0-4-09 
= /¿7A 5^4 /4f 

7- . (.ním-sf s-j/.é 
■*3 /2 

- 76.887 +//•£ 
= 4^7 /4^ 

,4 = (/3,. 5-) í. 375-) +S~.0/ 
-10,01 /n2-. 

(A2\ Ma-ferial Properties 

5 k/h PM te = A-4-41 sMe( 
WT-Shape -A-44/ s4e*/ 
Crrt/np 4 Shape 

Fy - 50 ksi. 

(Ai) Check Compactness and Com?* +* /¾^ 

AXSC ) /9 70) SecZ/on /, S. J, 4 - 

P (a) ok, 
1?0>) by. = £Z7* = 7.45^ , . S2¿ 

* ‘^3 ^/t> J? 
5^2,2 . S-2.2 ^7.3,8 , \ rt>/! \ 
-J=pr - jçg non- compact by PikJ, 

/?(ç) nof app/icab/e 

/7(^) dy - 7,0 = 22. 8! 
/¿ ,Z87 



73. &" > 12. ss'j :. non-compact by P’(e). 

So, must use #I$>c Sect i,s.i.4.6a~ \ 

lik” WT7*J7 

HI 
lii 

35 
k 

tto.4S3' 

4 
6.7 S'" 

d, ^ i(4.ZS-.4-57,) =/.3/" 

¿4 -I.ZI+- .452 - /.76" 

r.4s3)^.7j-j , (¿i/Ud/JT): 

/2. 

= //. //7 
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A » (.45^)(6,75-) +(/.2>i)(»287) 
= Z.4Z4 in1; 

//. Uz1 
/: " 

3>.43>4 
= /.£35 

-4 

So. 

j73 73. Í // 

-, .-. 4-0./3. 
rt /.535 

NoiMj fake C^- /.0 (consent-hte) 

V 
/oZh/D* Cl 

^/¿?¿ %IQlxt-0 
5Ü 

- 4S.I 

anJ> 'tin -=40./1 < 4s. ! 
1 

.: /¿x ~ ô.£Fp - o.(f5T>) 
- 3>¿) >c¿/. 

(koooPvtrj by Corps Speci-ficabonsj 

Fh^Ù.SZ3> X J 

This is accounted (hr in Me des/yn /oodmj 
Com km at tin IV }atim hy Apply inj 
th* &ctvr J.0/0.833. (s*? STMP¿ output 
or input in Flppendi-x 0 

- 0.6 Fy 

F^ = 30 ksi. 
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{44) Compute ^ 

- 0•£> - £)•(> f<ns) 
7 -ZOksi. 

//ooo-euerj by Carps S,f>*ci {'t'ca.-ho^ ¿ 
= 0. £33 X (ü.íFy) 

TAss is accou/) ~fa<J -for in ih*. design Icmdinj 
CombanAho'n ,V iir,vuIfhen by applymj 
+h* -Pac hr /.¿>/¿>-£33 (see Sr#uj>L ouJpah 

‘ ' * ^ ia/> or i ripai /n /ip/ntod/x £) 

Soj Sif 

Fty ~3õ ks,/\ 

(f\s) Compute Forces o* Composti< Menybtr 73 
To'iivt’ 4-0 -for ¿ûAdihq CûmbinAhon IV' 

7~/}€ STPXPL ocniptff /baiiox hs rr?ax/myi/r) /»Affe/ji dor 

Members *9 fhroutjh 78 occurs aijwri 40 end of 
Member 73 per /pa chinj Comb/re Am /17. 

The design drees dr ib)% com pos) te member ah 
end join i 40 are Compose </ of ibe member 9/)d frees 
ai joird 40 p/us hite §k¡n piaie /orces o i jo/t i 4C 
assumed ho aefouer a full 2l" us/dib o/ p/aie 
(ba/f H/e disiance beiween adjacerb r/bs summed 
up)' fbis js e/e cessar y io assure Ht ai ail He /orees 
Cire ACCoO/nied -for euer Hioujb He ef/ec/iu* sJc/Pi 
p/aie oui dH? for efes/j/n is fake* as /3,-5- v 
/>? SHp /41) , 

BjSHffSff lii.<.:-jii',ii'. • .IL i¿íi.iiii-,Íí Jllillii ^ ! .-ul, |,|!. I iLLii.j jiL^kii.; iiil 'vlltJljJii „ill, liiiliJiilt] iki-ihliffl 

MiiÜ-lLäiiii.Li.i«iyiLLi.aJjl^LlilUijt,Jki,JLJ.L.L4,uIii,.UlJjU.Ilina1*1 ii..im..ii, ...^LiJiai.li.a 



it)* Axial (cree ar)d benJ/hy /nosnenbs 
,n rnémber 73 adjoint yo -Prono ihe 
AmIíS/s S' (cr /oAeltnj Cõ/vbmàtiôr 11/ M * 

«dianto 

/^3 “24.7 Cco/v/>ress/o^) 
Mx -Z1.M *-&• srewO 
M> = J, 4o £~Çh (Mj in STTorpL) 

Ti)* ir-/otane Arres Ar JoAchnj comb/naho'r /1/ 
m iti* sk/r p/ate qí po/ñi -4-Dj Ard para/Jet ho 
/ne/nber 73, ts obh-ired by aiseraj/bj ttie 
Ay y s /-ress - res« Ji*rr/s &>r a H fin) h * te no en is 
(nos. 239,24^2^2^25-7) tbr/den/ <on j'omi 4-0. Sû, 

[/'A/fc 33 A .¿^ 
(On y A/v 

X 
/Z. 

()5,4-01 +/5.430-1-13.413+11^74 f/4, élsjli 

•* [ 
-21 (/‘/20 K/'n) 

= 24..7// k. J f-ensicn aef/ny fUrouyb ib* 
/vidphne o-P 4t\psk/* plate 
ai jom'i 4-0. 

skin plaie 

C.g. of composite 
seef/àn 

c.$. of wt?*/?- 
je ^WT7)r/7 

I 

... .Lt^iitXlJikJkà, 



F *^4.7 - 24.18 - 0.0$£ . 
OC O. 0 hr. 

rfy ^/-40 tc-ïf- /s.<65-, 

My - 2.7.6& +24-.1( —TT) 
- 35. S~9 K-t+’ 

S//ic€ ^*//4 ^ iis-t FTSC £^'(/f¿ 2) 

{& + A* + fèi ±/-o 
Fl F/ ^by 

P Ö 
/ "1 /HiTj«/*y4,3gJ 

= /¿>/. -T4 

= 2¿?. 45 /r>s/. 

» _ ^/,4 x/z) 

^by 83.487 

= J.Z8 Icsi. 

S>0, 

0 + 
ZO.44 , —-- y- 

30 

/.2 8 

30 

? 
/.O 

0 -h 0. 68 i- 0.Ô 4- - 0.73 ^ /* 

_ . „ à ,.¿4. lui, ' .lit .«iv ' 1.1 w . .un i^-i.Ji.. I ti^l'4 .,111 llllliri 
pi'liriifmHIITWipfilippi'iHïffH juéém 
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(a¿) Pesulf 

STKUVl cjes/jf? O-t fat WT-zloupt 
rfa zicZ/atM ttaZ-fa* iA/r7x/7 

//lAcleQuafa. 7%/s C'Jaj due H) a des/ÿv basea 
O/? Tht \a7r~shape á/oney aod ooh aceou/rhinj 
{br fae Cõnjp>0Si/-t âcHon ou/fa the p /a te, 

Mû*/ever, after properly Aceourth/bj Por 
//*? Compos/he ftcHo*?j // ¿s seen that Hie 
WT7X/7 H adefruaht after all ¡ 

Sc/; Jeh~ all me/rter numbers *4$ fio 78 
and /04-9 ho /D7S = U/T7x/7 as Or/j,rally 
desißfied by hite Corps, 



‘W§W. 
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Part (B): Design of WT-Shape Member Numbers /3 to 102 

As can be seen in Table 9, members 79 to 102 designed by STRUDL II as 

non-composite WT-shapes are much larger than their initial starting size 

of a WT7xl5 section. However, it can be shown that the WT7xl5 section is 

adequate if designed as a section acting compositely with the skin plate. 

This will be shown for member 79 at end joint 47 where a review of the 

STRUDL II. output shows maximum forces acting, and associated with design 

load combination V, for the group of members 79 to 102. 

Note that this design check for member 79 is based in part on the 

Clarence Cannon Re-Reg Tainter Gate design computations(11) by J. J. Smith 

September, 1974. 

S 

..i.. iiÉiiiiiii Uli 



IgfflBFUEr mm ■—*•■• 'Ml. 

2A4 

(ßl) Compute Composite Sectio* Properstes of 

~ WT7X/5 Ski/? Pfate 

Secf/û/7 Proper f/es 

¿ue- effecfn/e ot sk/* p¡¿te 
(kif Corps EM III0-Z-Z7OZ) 

t - /.s-jmãr (.37S-J 

UJC - /3.5" 

(>3.5-)^3 7 $-)(7. /2-) + ÑAOO'S'S ), _ 42,.029 
y~ (/3‘SrJ(.37sîy-4,42 Î.4-9S 

= 4.S4" 

y, = 7/2 - 4,54 ^Z.ss1' 
- 4. S4~ J.S8 - 2.3èv 

íLjjhUk 
■..... L.'iijyiju,iii,... u ... iiLLijjuiijjiLLiiiJ,y.iii;iilijiui.jijkiii,iM||| .luiiiiAtwttt.t11^'^ .... l:i' .. 



!WIWi«fiWWWW» 

2A5 

r ^3.5^^375-^ /.(/2,.^)(.**>7s)(2.5-8)^/9-0 + 4-42-(2^^) 
J*~ /2 

=• .OS3 + 33.63# +/3‘0-f 30'7Z6 

= 9/.4S M4. 

r ^ ¿375-)Os-S? 1-1.76 
Jâ /Z 

- 76. 8S7 y 3.7£ 
- 8¿. èsr /»f 

A - (/-b. s) (. 3759 7- 4,42 
- 9.48 /rf 

(B2) Material Proper He s. 

Sk/h P/ate -A-44I site/ 
WT-shape =A-44I S+ee! 
àrruup i Shape 

- F'O ksi, 

(B*,) Check ConpactMSS Computa ñ>x 

AISC ) 1370) Seci/or) /-5-/-4 - 

n 

h/t > tif 
non- Comp*c+ 6y AFfkX 

F fa) ok. 
/p(b) b/. = àiZ^ = 8.73 

't .353 

5-2-7 - 5-2F - 7.38 
^ 'T& 

/p(c) not (kpp/icahk 
/P(d) = 6.91- .383_^z4 2S 

4 -270 

52.2. 
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This m-ciribtr /s in 'hns/'o^ (ste £>ttp (/55"^). 

- - ^/z- - 5“ff.27 So, ^ HouJibU d/£ - -j==r ^j=f 
(f 

.-. d/¿ —2.4.2S <alliiw.d/i =S?.Z7 ■> ok. 

/f>Ce) 76.0 h -réíé.yn')- 

^ ~ JSD1 J7Ç ■ .-.///ou. SU*7Z-37" 

2¿>j 000 - ZOjOoo ^-14/. / 

(M ‘ä^N) 
"/ ' v ^.733)^3^3) 

ßu t -4j73 = 73' 77,/> 7Z•37^ .•.rfort-CQMfiAchb'i fFCe)' 

$>Oj must us<z /}ISC S-ect. /.S.1*4» 6a ; 

i 

' 1 
^ i ly" " ■" i^r/^/ 

T 
ih 

—□ ^ I f 6/.3^3^ 

k 
-J 

^.733^ 

4 - 3 (^» ^ - » 3 33) -/.35^ 

dz- /.3>9 /-.383 =/.77* 

, ¿3*3Y&733)3. 6/.39)(*Z70¿ 
J.. ~ .- ' 

7 ' ^ 

= 9.744;*? 

/2. 

JOkaU.iiLiiU.ij.:..11. iiiUji.Likui.Aj 4¡ii¡j|iii‘| ¡11U1I1 iiHliiHii lili ... lililllltiiiliIII 
Li! JLJJjlj .luiiiilUUI :,1,.. i.,__ iu....ii I . 
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A= f. ^>ãz)(é.7ZÍ)^ (/.33) (.Z7o) 
= 2..95-4 in': 

F = /S~’ ^ /3-74^ _ jn2 // 
t \)j 1/ 2.354 ~/S 

73. 77' 

SOj U' '¡21 _ lèã2 _ 
/.82 

40.5-3 

A/oiUj Take C±=/.0 (cotosPri/aii **) 

/ozx/03 Cl ' /O2*/0%x/.0 

5-0 - 4s./ 

and) -/¡¡¿¡i _ ^ 4AS3 < 4 s: / 

•■•^ =^-4/p ^o.í(sà) 
~2õ ksT 

!-/¿¡toei/er-j k>y (bhps Sped -P/ca í~iònsj 

kiy =0.033 (O’t 

T¿)/s is occounked (or in Mo design /cadirtf 
COm fa i# J/ formt* laüon Apply )nj 

khe -ftAdhr I.0/0.833 (see SrPUPL ouirut 
or input Tn /^ppend/yf £) 

So. 
- 0.4/p 

/¿y = 2>0 ks/. 

..,: JLLÍJLJUIJiI. lili i.,. llli.ll'iliiilitjli^JÜu.lltt.liiLUlljU¿AilJiu^l¿fcyl J.lJ li II ),.ii.ilLUIjiLI ■in,,j. I"-" I, ‘"I'H ^ ..iilujHü..JMl.i, di 
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(34) Compute 

/%u = 0-(> ñ¡ ^Õ.ê(sv) 
7 =3>CkSf\ 

//oujeuff) by Ct>rps Sp<ci Çi'c*h'oni>) 
r^o.sz^río.éfy) 

r/l/s ù ficcouniec/ fa ï» rte deù$n /W/>y 
Com bin a. f¡ on y -form u lobt on by Apply iny 
fhe ¿¿¿fa 1,0/0.9^3, (see smotVL outpuf 
or infxi //J /Appendix E), 

S>oJ Fhy ^û.é £ 
Fty -30 ksi. 

(BS') Compu+e Forces on (bmpostk* Member 79 
dt Jo,fit Al forloodaini CombM&bo/i \/ 

r/e S7#up¿ output t/id¡(Uni*s. mAX/murr momen-i fbr 
members 79 fkroujh /02 occurs afjónrt 47 end cf 
member 79 for J0 ad thy Ccmbma-hi* K 

T/?e dcs/jn forces for compos'/be member a-/ 
endjo/r/ 47 Dire composée/ of Ike member erf {brees 
Of )o/t)f 47 p/us /be sh'/i P/a/e farces *fp>m+ /7 
dCSumec/ /0 AC f 0 Leer 0 fall £! i^/d-ib of piere 
(/)a/P /fa disfance befio<en odjacen/ r'/bs summed 
Ku<p)' this /$ necessary fo assure fh*/&/! Me farces 
Are Accounted fan eren bhouyh Me effec/n/e sk/h 
p/a/e u>i<///> for /esijM is Mfe* /5-^ 

S/ep (3/). 

iii 
... 

^Wi: ... u r jlkxiLlij ■ ‘ i-laiJlh-LijJJ.:i-lll'i-tj^IL ,liL i^i llL.il.ill i-ll -'Uiu Ullil -Mi I, .: 
^ i;i- -1^1 ..i.unLi.i„iüniii 1mfcdiiiiiLUi.... kuiiduMiu UkiiJill 



Mdu)) -fat ax/'a/ farce ard hemdihy wowe/J:1* 
in member 73 at jothl 47 ¿rom the STZUPL 
ana/ysis Run S for /o&din/ combination 1/ is ' 

/¾ - /8.61) k, (compresiivn) 

Mxn^2Z.794K-f* m STRUVO 
Mv i ^0.3/Zk-if (M¥ in STfiUTPLj 

V) 's 

Tfje )n-plane forces for Uadinj Combinat/on ]/ 
in 'fae Skin plate at Joint -^7, and parallel to 
/member 73, as oh ta,neo/ by AuerAj/ny tte 
M/y stress-fesu Hants for a!\ finite elements 
(nos, zséjZS/ps-^zsrjZÉSjZCB) /neiden/ or J ent 47. òo, 

7+AJ?y* rify/v. y 7t j 

=2! 
(/2.060+I4-.7Z3 +l4.zoD+J0,e34ssrl4.4of)^/z 

=2! (!• Hin) 

~22*2S£ /ír. j tension At+my ttroujU tte 
m/dpMne of -fae ¿k'm píate 
A t Joint 4 7. 

skin pl& te 

Cjj. oi composite 
sec hon 

C.3. o-Ç U/T7//S-) 

794 b-Pt. 

wrix/f 

Llxàdr. .‘JjJ i..ll 
iPlIlfl "IWWiP""! ■ ,, 
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F = ZZ. 22>é -/8. Ch 
- 2,.60(, Ar. (ferision} 

Fiy^o.sn^ff, ~ (s* j ! r T * j 
Mx~ 2Z,794-b/S.te(2.Hx¿)+¿Z.Z3¿ (2.SS-X±) 

-22,.194 -h 4. S'+4.18! 
= 2>2>.no *-£f, 

Strict £a '* fenstbnfUS^FXSC £g,(/.è~z) /'» Ht< -form ‘ 

fl,* , A -b Sh ± ho 
»Y 

**>x~ 9/.+8 
= /9.75- ks>/. 

P = (0.912^11)0^5/2) 

lUv &/L ¿tr Th y 86. és 

= 0.8s- ksi. 

So ±) 'J: ZL + Sl*£ < /, o 
3o 30 

O. é 6 y 0.0(3 ~ O» F9 4 /. p k 

lili lililí : , ,1 i, ,¡.1, 11.,.,,,111111 .111,ill,h 'illlJIU: .lUii.l I li i. 1:1:,,1 11 .... 1   „11.,, .1 .iiluLtl. 11,   u,„lli,L. J i j J , l „i .ill! UlUi I, HJi. ¡«t U »till 

•I 

tuH 
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(né) Result 

77?€ STRUVi design of -ft)€ l^r-sJnApe 
Sf/f-fen/rtJ rib thdicabtei -hha-f th* WriY/S" U/as. 
/riAdtfUáh . /¾ was dut -h <s design based 
Or) -rhe U/T-£h*/>e d/one^ And oof accounfmq 
•fir fht Sompo.'/M ClcHon (¿jïtfi ffoe sb/n p ! aft * 

/At*/ever, ¿kffcr properly acconnfins 
•fhe composffe Acfonj ff is seen fh*f +fe 
WTiy/s /s adefrUAfe o-ßfev afí I 

So. Jef ell member numbers 79 /°2. 
And /079 ft) //oz. - WT7x/S As or,jin*/1/ 

designed by lhe Corps. 

I 

,lii.LkLLLlál^.^kâü --M,,,. 
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