
TECHNiCAL REPORT SL-88-32

ANALYSIS OF STRFSSES AND FORCE
o Ii"e - RESULTANTS IN OBLONG CONDUITS

UNDER UNIFORMLY DISTRIBUTED LOADS
AD-A198 853

uy

...... li ..'" Ranbir S. Sandhu, Chia-chi Chen

-- -Ohio State University
Research Foundation

1314 Kinnear Road
1< Columbus, Ohio 43212

L_-1 \ L

TJ!

ELECTE.
* SEPO0 21988

August 1988
Final Report

SAppro ed Fnr P,,it',h , Fio ase D,st, , Linimti ,

PrepareI tor DEPARTMENT OF THE ARMY
US Army Corps of Engineers
Washington. DC 20314-1000

Monitored by Structures Laboratory
US Army Engineer Waterways Experiment Station

LABORATORY PO Box 631, Vicksburg, Mississippi 39180-0631I88I9 2 109



r t t,



OJncass4fie
SECJR:T1 CASS,FICA O O TH5 AG

REPORT DOCUMENTATION PAGE CIMBe.NO 0704 0'BB8

Id REPORT SECURITY CLASSIFICATIONlbRSICVEMKNG
Unc lassi fied

2a SECURITY CLASSIFICATION AUTHORITY 3 OIS'RIBUTON 'AVAILABILITY OF REPORT

2b ECLASSIFICArION I DCVNGRAOING SCHEDULE uliitd

4 PERFORMING ORGANIZATION REPORT NUMBER(S) 5 MONITORING ORGANIZAT!ON REPORT N.uMBER(S)

Structural Engineering Report No. 18 Technical Report SL-88-Th
6aNM FPERFORMING ORGANIZATION 6b OFFICE SYMBOL 7a NAME OF MONITORING ORGANIZATION

Ohio State Uni;ersi ty l (I aplcbe ISAEWES
Reerhwudto Structures Laboratory

6C ADDRESS 'Oty State. and ZIP Code) Tb ADDRESSiCity, State, and ZIP Code)

1314I Kinnear Road F0 Box 631
Coliumbus, 1 Vicksburg, 1S 39160-16-31

8a NAME OF FUNDING. SPONSORING 8b OFFICE SYMSOL 9 PROCUREMENT INSTRUMENT IDENTIFICATION NuMBER

Bc. ADDRESS (City, State. and ZIP Code) 10 SOURCE OF FUNDING NUMBERS

PROGRAM IPROJECT ITASK WORK UNIT,;ashington, DC 20314-10,1- ELEMENT NO NC 14O ACCESSON NO

Analysis of Stresses arnd Force Resultants in 0blong CondUita Under horl' itrTe
Loads

12 PERSONAL AUTHOR(S)
Sandhu, Ranbir S., and Chen, Chia-chi

13a TYPE OF REOORT 13b TIME COVERED '4 DATE OF REPORT (Year, Manth, Day) 5S PAGE Crl NT
Final rpnort RMTOAugust 1 988

16 SUPPLEMENTARY NOTATION
Available from ivational Technical informa1-n Ser'rice, 5285 Port Royal Roau!, , rirgfield,
VA 22161.
17 COSATI CODES T8 SUB)ECT TERMS (Continue On reverse If necessary and odenE,fy by block number)

FIELD GROUP SU-RP
:)52onduits Reinfurced coricrete
Finitco leme..10  Z2lr Zz anal Lz_

19 A STRACT (Continue on reverse if necessary and identify by block number)

SFinit-e elo)men- techniques were used to evaluate the stresses and f.-_c re-an's
o)blong renore concrete conduits. Steel ratios were varied. Thie analyzes sncwed that
tne 7resence of steel has little effect on the force resultantsz bu-t de rfl_-_ the-
stress distribution in the vicinity of the reinforcement. Tables --f momient th'uro, and
shear parameters fo~r two shapes are included.Y'r

20 3iSTRl8UrfON, AIAILABILITv OF ABSTRACT 121 ABSTRACT SEtU;P TY ( ,ASS-ICATO.
O UNCLASSIFIEDIUNLMITEO 0 SAME AS RPT D OC USERS I Unclassified

22a NAME OF RESPONSIBLE ND(V'OUAL 22b) TELEPHONE (Include Area Code) I22c O;FCE S-%180

DD FORM 1473, 84 MAP 83 APR edtor maybe used Lt I eca~ted 5vVyCASS"ICA' 0% C - 5 PACE
Ail other edsucins are Obsolete '7nc lass ified



PREFACE

This study was conducted by the Department of Civil Engineering (DCE),

Ohio State University, under the sponsorship of Headquarters, US Army Corps of

Engineers. The Technical Monitor was Dr. Tony Liu. Dr. Ranbir S. Sandhu,

DCE, was the Principal Investigator. Mr. Chia-chi Chen, graduate assistant,

DCE, performed the calculations and assisted with the compilation of the

report.

The work was monitored by the US Army Engineer Waterways Experiment Sta-

tion (WES) under the supervision of Messrs. Bryant Mather, Chief, Structures

Laboratory (SL); James T. Ballard, Assistant Chief, SL; and Dr. Jimmy P.

Balsara, Chief, Structural Mechanics Division (SMD), SL. Dr. Robert L. Hall,

SMD, monitored the study.

COL Dwayne G. Lee, CE, is Commander and Director of WES. Dr. Robert W.

Whalin is Technical Director.

Acoessios For

NTIS GRA&I
DTIC TAB
Unannounced
JuatIf loation

Distribut ion/ -_

Avs 4-1hllity Codes
Avail and/or

Dist SpecialIA I



TABLE OF CONTENTS

Page

PREFACE....................................

LIST OF TABLES............................. .. .. ..

LIST OF FIGURES...............................v

CONVERSION FACTORS, NON-SI TO SI (METRIC) UNITS OF MEASUREMENT .. ..... vi

SECT ION

I. INTRODUCTION..............................1

11. FINITE ELEMENT ANALYSIS OF OBLONG REINFORCED CONCRETE
CONDUITS................................2

THE FINITE ELEMENT MODELS. ....................... 2
STRESS DISTRIBUTION IN THE CONDUITS....................6
FORCE RESULTANTS.............................23
NONDIMENSIONAL FACTORS FOR CALCULATING FORCE RESULTANTS. ..... 34

111. DISCUSSION...............................41

REFERENCES..................................42



LIST OF TABLES

Table paye

1. Tangential stress (psi) at the innermost element centez of
conduit I ........... .......................... 7

2. Tangential stress (psi) at the outermost element centers of
conduit 1 .......... ..........................

3. Radial shear stress (psi) at the innermost element centers
of conduit I ........... ....................... 9

4. Radial shear stress (psi) at tne outerrust element centers
of conduit I ......... ........................ .lu

5. Tangential stress (psi) at the innermost element centers ot
conduit 2 ........... .......................... 1b

6. Tangential stress (psi) at tre outermost element centers of
conduit 2 .......... ........................... 16

7. Radial shear stress (psi) at the innermost element centers
of conduit 2 ......... ........................ .. 17

8. Radial shear stress (psi) at the outermost element centers

of conduit 2 . . . . . . . . . . . . . . . . . . . . . . . . id

9. Bending moment (kip-in) at various sections of conauit I .... 24

10. Shear force (kip) at various sections cofidut I ........... Z

11. Thrust (kip) at various sections of conduit 1 .... ......... 2b

12. Bending moment (kip-in) at various sections of conault 2 . . . 29

13. Shear force (kip) at various sections of conduit 2 ......... 3U

14. Thrust (kip) at various sections of conduit 2 .... ......... 31

15. Nondimensional factor ot at various sections or conduit I .... 35

16. Nondimensional factor t3 at various sections of conduit 1 36....b

- iii -



17. Nondimensional factor r at various sections of cnuit I . . . . 7

18. Nondimensional factor at at various sections of conduit 2 ...... 3

19. Nondimensional factor is at various sections of conduit Z . ... 39

20. Nondimensional factor r at various sections of conduit 2 . ... 4U

- iv-



LIST OF FIGURES

Figure page

1. Dimensions of the conduits ......... .................. 3

2. Finite element mesh for conduit 1 ....... ............... 4

3. Finite element mesh for conduit 2 ....... ............... b

4. Tangential stress (psi) at the innermost element centers of
conduit 1 .......... .......................... .. 11

5. Tangential stress (psi) at the outermost element centers of
conduit 1 ......... .......................... ...

6. Radial shear stress (psi) at the innermost element centers
of conduit 1 ......... ........................ .13

7. Radial shear stress (psi) at the outermost element centers
of conduit 1 ......... ........................ .14

8. Tangential stress (psi) at the innermust element centers ot
conduit 2 .......... .......................... 19

9. Tangential stress (psi) at the outermost element centers ot
conduit 2 .......... .......................... u

10. Radial shear stress (psi) at the innermost element centers
of conduit 2 ......... ........................ .. 1

1i. Radial shear stress (psi) at the outermost element centers
of conduit 2 . . . . . . . . . . . . . . . . . . . . . . . . 2Z

12. Line of thrust for conduit I with Wx/Wy = U.25 .... ......... 27

13. Line of thrust for conduit 1 with Wx/Wy = 0.5u ......... . . ... 8

14. Line of thrust for conduit 2 with Wx/Wy = 0.25 ... ......... 3

15. Line of thrust for conduit 2 with Wx/Wy = U.5U ........... .33

V



CONVERSION FACTORS, NON-SI TO SI (METRIC) UNITS OF MEASUREMENT

Non-SI units of measurement used in this report can be converted to SI (metric)

units as follows:

Multiply By To Obtain

feet 0.3o48 metres

inches 25.4 millimetres

kips (force) per square inch 6.894757 megapascals

pounds (force) per square inch o.oo6894757 megapascals

- vi -



SECTIUN I

INTROVUCTION

The purpose of this study was to evaluate the stresses ano force

resultants, under uniformly distributed loads, in two oblong reinforced

concrete conduits, designed by the U. S. Army Waterway Experi,'ent Sta-

tion, with various steel ratios.

In a previous report Li], finite element solutions were compareu

with the exact solution for a circular conduit. Elenent QN4 was found

to best combine accuracy and economy of solution. In the present re-

search the procedure was applied to oblong conduits to study aistribu-

tion of stresses and to generate tables for" calculation of force resul-

tants.

Section 11 describes the finite element models ana lists the nu-

merical results for stresses and force resultants of the proolews. or

design -urpose, nondimensional factors for calculating the force resul-

tants of conduits which have the same geometries as the two designed

conduits are listed.

-1-



SECTION II

FINITE ELEMENT ANALYSIS OF OBLONG RLINFORCEU CUNCRETE
CUNDU 1 TS

2.1 THE FINITE ELEMENT MODELS

Two oblong reinforced concrete coduits designated as conOut lio.

1 and No. 2 were analyzed under two uniformly distributed luaoiny cases,

viz, a unit hori-intal load ar-a a unit vertical load applied to the ex-

terior surface. For any other uniformly distributeo loaoin, the

stresses and force resultants for the conduits can be obtainec by super-

posing the solutions for these two loading cases.

The dimensions of the two conduits are shown in higure I. 1h ree

steel ratios, viz, O.41%, O.076, O.87% respectively equivelant to to. U

bars with 6 inches spacing, No. 7 bars with 5-in.' spacing and No. 8

bars with 5 inches spacing were considered.

Finite element meshes for the two conduits are shown in Fi~ures L

and 3. Because of symmetry of trie structure, only one quarter ut tne

conduit was used in the calculations. QMr4 eleraent, intriduceo by LienK-

iewicz et al. L2], was used for modeliny the two reintorced concrete

structures. This element was selected because of its excellent economy

and accuracy in analysis of circular reinforced conduits Li].

A table of factors for converting non-Si units of measurement to SI
(metric) units presented on page VI.

-2-
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L I I I\NY

R N

Condu it k~ H S WX WY Steel Lover steel ratlo
NO. (FT) (FT) (FT) (KSI) (KSI ) (Ili)

1 9 3 b 1 U 4.b .41k6
1 0 4.b . b 7)
1 U 4.5.8)
0 1 4.5 .1
O 1 4.b56)
O 1 4.5 .7

2 4.5 3 1.5 1 U 4.5 .4,1-/
1 U 4.5 )7
1 0 4.5 86
U 1 4.5 A7
U 1 4.5 .7
U 1 4.b5871

Figure 1: Dimensions of the conduits
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Section 20

7 7 ~i~7 Secton 22

Figure 2: Finite element maeSh for conduit I
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Figqure 3: Finite element mesh for conduit
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The conduits were assumed to be in plane strain state and a unit thick-

ness was used in analysis. One-dimensional elements used to model the

steel bars were assumed to be perfactly bonded to the concrete.

2.2 STRESS DISTRIBUTION IN THE CONUITS

Tables I and 2 give the circumferential distribution of values ot

tangential stress at the centers of the innermost and the outermost ele-

ments of conduit No. 1, which are the most critical parts ot the con-

duit, with various steel ratios under the two loading cases. lables j

and 4 list the values of radial shear stress at the centers of the in-

nermost and the outermost elements of conauit No. I with various steel

ratios under the two loading cases. Figures 4 through 7 illustrate the

variation.

Tables 5 and b give the circumferential distribution of values ut

tangential stress at the centers of the innermost and the outermost ele-

ments of conduit No. 2, which are the most critical parts of the con-

duit, with various steel ratios under the two loading cases. Tables 7

and 8 list the values of radial shear rtress at the centers of the in-

nermost and the outermost elements of conduit No. 2 with various steel

ratios under the two loading cases. Figures 8 through 11 illustrate the

-stress distribution.

It can be seen from these tables that the reinforcing steel helps

relieve stresses in concrete in its vicinity. Ihe more the steel used,

the lower is the stress in the concrete arouna the steel.
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TABLE 1

Tangential stress (psi) at the innermost element centers of conauit I

------------------------------------------------

SECTION HORIZONTAL LOAU = 1 KSI VERTICAL LUAU = I KSI

NO. .41%STEEL .67%STEEL .871STLEL .411STEEL .67%STLEL .87%STLEL
-- - 1 - - 1---------------------------------

1 -18590. -15370. -13540. 9372. 7674. 6723.
2 -18190. -15050. -13260. 9075. 7430. 65U8.
3 -17420. -14420. -1270U. 8494. 6951. 6087.
4 -16300. -13490. -11890. 7650. 6255. 5475.
5 -14860. -12310. -10850. 6573. 5366. 4692.
6 -13140. -10890. -9608. 530. 4314. 3766.
7 -11190. -9287. -8195. 3872. 3133. 2725.
8 -9064. -7530. -6648. 2332. 1859. IbUl.
9 -6804. -5662. -5004. 726. 529. 428.

10 -4460. -3726. -3299. -901. -820. -761.
11 -2081. -1761. -1569. -2505. -e148. -1933.
12 283. 191. 149. -4040. -3419. -3U54.
13 2586. 2090. 1820. -5462. -4596. -4U92.
14 4782. 390. 3410. -6731. -5645. -51Ub.
15 6831. 5588. 4894. -7808. -6536. -8u2.
16 8699. 7131. 6254. -8665. -774b. -6432.
17 10320. 8493. 7466. -92b. -775b. -6891.
18 11370. 9359. 8228. -9374. -7841. -6958.
19 11820. 9684. 8484. -9072. -7548. -667.
20 12210. 10000. 8759. -8892. -7392. -6b23.
21 12660. 10390. 9111. -8915. -7428. -6bb7.
22 12880. 10580. 9284. -8927. -7443. -bb63.
---------------------- ------------------------



TABLE 

Tangential stress (psi) at the outervost element centers of conauit I

SECTION HORIZONTAL LUAD = I KSI VERTICAL LOAU = I KSI

NO. .41%STEEL .b7%STEEL .87%STEEL .41%STEEL .b7hSlELL .871STELL

1 9717. 7878. b854. -815U. -b7bb. -59b4.
2 9467. 7b75. bb7b. -7971. -bbU9. -583b.
3 897b. 7274. b32b. -7b2U. -b32J. -bbb.
4 8258. bb88. 5814. -7111. -5907. -5Z21.
5 7335. 5934. 5154. -b4bU. -5375. -4755.
b b234. 5033. 43b5. -bb92. -4746. -4204.
7 4983. 4007. 34b5. -4b29. -4039. -Jb84.
8 3612. 2881. 2478. -390U. -3276. -2lb.
9 2151. Ibbi. 1424. -2931. - 4bU. -ezib.

10 b31. 431. 327. -1949. -ib72. -1bu/.
11 -919. -844. -792. -981. -877. -bU9.
12 -249. -2117. -1910. -55. -lib. -141.
13 -3987. -3364. -3004. b03. 568. 47/.
14 -5441. -4558. -4051. 15bb. 1IZ. iUb.
15 -b799. -5671. -b027. Z204. 073o. 14bi.
lb -8028. -bb74. -5902. Z699. 213/. 1633.
17 -9103. -7531. -bb3b. 3037. Z4U3. ub9.
18 -1027U. -8475. -7457. I31b. 2b19. 2242.
19 -11500. -9505. -8377. 3557. 2615. Z41e.
20 -12340. -i0190. -898. 3bb2. 289z. 2414.
21 -127b. -10510. -9248. 3658. Z676. Z454.
22 -12960. -10670. -9381. 3648. 2866. 2441.

... . . ......... .............. ..... - - --,-.... - - - - - - - - - - --,- - - - - - -i- -
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TABLE 3

Radial shear stress (psi) at the innermost element centers of conduit I

SECTION HORIZONTAL LUAU = 1 KSI VERTICAL LUAU = 1 KSI

NO. .41%STEEL .b7%STEEL .87%STELL .41kSTEEL .07VTLLL .87VTLLL

1 51.3 42.1 3b.8 -39.7 -32.6 -Z8.
2 153.8 12b.U 11U.5 -118.5 -9/.b -bb.b
3 255.2 209.4 183.8 -19b.8 -Ibl.3 -141.9
4 354.0 291.1 255.7 -29.6 -M22.b -19b.u
5 447.9 369.0 324.5 -337.9 -279.4 -24b.3
6 533.7 44U.b 387.9 -397.7 -J29.4 -z9U.8
7 b07.8 5U2.6 442.9 -44b.1 -370.1 -32/.U
8 66b.7 551.9 486.8 -48U.3 -399.0 -ibz.8
9 707.6 58b.1 517.2 -498.3 -414.1 -3bt.3

10 728.5 603.5 532.5 -498.7 -414.6 -3bt.7
11 728.9 603.b 532.4 -481.7 -4UU.2 -3b3.9
12 709.8 587.1 517.5 -448.2 -372.0 -3z2.7
13 673.7 556.4 489.9 -4UO.b -332.0 -Z93.1
14 624.5 514.9 452.9 -342.0 -283.U -Z49.b
15 567.4 468.0 411.8 -76.2 -228.b -2u1.7
lb 507.4 422.4 374.4 -207.7 -174.7 -ibb.O
17 429.1 366.b 331.1 -129.8 -115.9 -107.8
18 13b.O 98.3 76.6 101.7 1U1.6 1UZ.1
19 30.7 8.9 -4.0 IZ8.5 121.b 118.2
20 149.7 133.3 123.6 -13.2 -19.7 -2j.1
21 91.6 78.7 71.3 -b.7 -8.2 -8.9
22 30.U 25.0 22.2 -1.b -1.5 -1.5

--- -- -- -- --- -- -- -- --- -- -- -- -- ----i-- -- --- ---i-- -
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TAbLE 4

Radial shear stress (psi) at the outermost element centers of conauit i

SECTIUN HORIZONTAL LOAD = 1 KSI VER)ILAL LUAU = I KSI

NO. .41%STEEL .b7%STEEL .87%SIEEL .41%STEEL .67kSTEEL .b7%SIELL

1 68.2 63.9 bl.4 -b2.2 -59.0 -57.2
2 203.8 190.b 183.3 -185.5 -175.9 -17u.t
3 336.2 314.3 302.1 -305.0 -2b9.0 -z8U.I
4 462.9 432.3 415.2 -417.b -395.5 -383.2
5 580.2 541.3 519.5 -520.0 -492.2 -47b.7
6 b84.2 637.6 b11.4 -bU8.3 -575.5 -b57.1
7 770.6 717.1 687.1 -b78.9 -641.9 -b21.2
8 835.3 776.4 743.1 -72n.3 -bbb.4 -o0b.9
9 875.2 812.3 77b.8 -754.0 -712.5 -bo9.1

10 888.1 823.1 78b.3 -7b4.6 -713.0 -b89.b
11 873.7 80b.3 771.4 -73U.0 -b89.6 -bu7.3
12 833.1 769.1 733.0 -b81.5 -644.2 -bzJ.4
13 768.4 707.5 073.1 -11.4 -576.L -5b9.o
14 b82.8 b2b.2 594.4 -5Z.b -494.b -478.b
15 58U.3 529.2 5UU.5 -418.8 -J9b.5 -Jt$4.U
1l 4b4.7 418.2 39Z.1 -3u3.7 -28b.9 -271.b
17 338.0 29U.3 zbJ.b -183.3 -Ib9.8 -1o.4
Id 355.8 jU4.8 Z7o.5 -115.U -1u1.4 -94.U
19 32b.9 279.9 253.9 -ol.5 -50.b -44.4
20 135.5 O.9 b1.b U.6 b.b 8.1
21 76.8 59.3 49.6 5.u b.1 b.b
22 25.8 20.b 17.7 1.8 1.8 1.9

- -m m m~ -- - - - - - - - - -- -- - - - - - - - - - - - - - - - - - - - - -- - -- - - - - - - - - -
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conduit 1



14

.41 STEEL UNDER UNIT HORIZONTRL LORD

A .67% STEEL UNDER UNIT HORIZONTRL LORD
+ .87% STEEL UNDER UNIT HORIZNTRL LORD

X .41 STEEL UNDER UNIT VERTICRL LORD
0 0 .67% STEEL UNDER UNIT VERTICRL LORD

+ .87% STEEL UNDER UNIT VERTICRL LORD

0to

cL.

CD

LU

o

CC0

0
o

CE0

I0 5 I I

0 5 Ido 15 20 25
SECTION NO.

Figure 7: Radial shear stress (psi) at the outermost element centers ot

conduit 1
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TABLE 5

Tangential stress (psi) at the innermost element centers of conauit 2

SECTION HORIZONTAL LOAD 1 1 KSI VERTILAL LUAU = I KSI

NO. .41%STEEL .67%STEEL .871STLEL .41STEEL .b7%SlEEL .87%STLLL

1 -4908. -4145. -3707. 2212. 18b5. 1b75.
2 -4806. -4059. -3630. 2123 1790. boUb.
3 -4607. -3890. -3479. 1949. ib4e. 147b.
4 -4313. -3642. -325b. 1b93. 14db. ibu.
5 -3934. -3322. -2969. 13b4. 114b. 1U3U.
6 -3478. -2936. -25b4. 971. 813. 73u.
7 -2958. -2497. -2230. b5b. 43b. 49U.
8 -2388. -2015. -1798. 41. 23. eU.
9 -1783. -15U4. -14U. -4ob. -4U. -0b8.

10 -1159. -977. -808. -98b. -848. -7uj.
11 -534. -449. -394. -149b. -bIb. -iibj.
12 77. 68. b9. -1983. -Ib9b. -ibl7.
13 6bb. 558. b09. -2433. -2079. -i&/z.
14 1189. 1OU9. 914. -283U. -2419. -21/9.
15 1657. 1407. 1272. -3159. -2701. -2435.
16 2041. 1733. 15b5. -34UI. -2910. -Zbe4.
17 2313. 1961. 17b9. -352b. -3013. -271b.
18 2430. 2049. 1838. -3483. -Z958. -2bbz.
19 2428. 2027. 180b. -3316. -2/84. -24/3.
20 2393. 1981. 1753. -3188. -2bb. -23.jb.

-- -- -------------------------------------------------------------------
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TABLE b

Tangential stress (psi) at the outermost element centers of conauit 2

SECTION HORIZONTAL LOAU = I KSI VLRTILAL LUAU = I KSi

NO. .41%STEEL .b7%5TLEL .87T1sLL .417SIELL .blSIELL .b/,6lLLL

1 574. 425. 348. -Io4. -1395. -izuu.
2 543. 399. 32b. -IbbOU -lI/b. -iZ47.
3 480. 347. 279. -1552. -1335. -1Z12,
4 389. 271. 211. -1482. -1277. -1lbU.
5 270. 173. 124. -1392. -iZU2. -IU .
6 128. 54. 19. -128b. -1113. -I014.
7 -34. -80. -101. -11b4. -IUIZ. -924.
8 -213. -229. -233. -1033. -903. -827.
9 -403. -387. -374. -89b. -789. -/2b.

10 -600. -551. -519. -758. -b73. -b2z.
11 -800. -717. -6b7. -bel. -56U. -521.
12 -997. -880. -81 . -492. -452. -425.
13 -1187. -1038. -951. -373. -354. -336.
14 -13b7. -118b. -108 . -2b8. -2b8. -2b1.
15 -1534. -1322. -1201. -178. -195. -im,
lb -1689. -1446. -1308. -103. -135. -140.
17 -184U. -15bb. -1410. -37. -8J. -lue.
18 -2032. -1728. -1557. 3o. -24. - Z.
19 -222b. -1901. -1719. 105. 31. -3.
20 -2334. -1999. -1811. 144. 62. b.

-------- -------------------------------------------------------
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TA[* L 7

Radial shear stress (psi) at the innermost element centers uf conduit 2

---------------------------------------------------------
SECTION HORIZONTAL LOAD = I KSI VERTICAL LUAD = 1 KSI

-----------------------------------------------------
NO. .41%STEEL .b7%STELL .87%STEEL .41%STEEL .b71STEEL .87%SILLL

1 36.6 31.2 28.2 -31.8 -27.3 -24.7
2 108.5 92.5 83.5 -94.4 -8U.3 -73.2
3 177.0 150.9 136.2 -153.7 -131.b -119.1
4 240.0 204.b 184.5 -2U7.9 -177.9 -1b1.U
5 295.8 252.0 227.2 -255.3 -21b.4 -197.5
6 343.1 292.1 263.3 -294.6 -Zbl.9 -2z.8
7 380.8 324.0 292.0 -324.8 -277.7 -b1.u
8 408.4 347.4 312.9 -345.b -295.3 -250.9
9 425.7 362.0 325.9 -35b.2 -3U4.5 -27b.?

10 432.4 367.7 331.1 -35b.8 -3U5.1 -21b.9
11 428.7 364.b 328.4 -347.4 -297.4 -2b9.1
12 414.5 352.9 318.U -328.1 -Zb1.4 -2bb.U
13 389.6 332.3 299.9 -298.8 -257.2 -235.b
14 353.4 302.3 273.3 -zb9.U -224.2 -2U4.3
15 3U3.5 2bU.4 235.9 -eUb.4 -179.8 -Iu4.b
lb 235.0 201.4 182.2 -134.9 -117.3 -10U.U
17 135.3 112.b 99.U -2b.t) -1b.7 -ie.7
18 -12.3 -27.0 -jb.7 141.3 148.b 152.9
19 -6U.5 -b8.2 -72.9 15U.7 154.2 Ibb.4
20 -10.5 -12.7 -14.1 32.b 3.2 14.1

, -- -,- -,--l-- ----.-- --- ton- -i----- --- -- n-I n----- -l- I-



TABLE 8

Radial shear stress (psi) at the outermost element centers of concit 2

SECTION HORIZONTAL LOAD = 1 KSI VtRIILAL LUAU = I KSI

NO. .41%STELL .b7kSTEEL .87%STEEL .41%STEEL .b7%STEEL .871S1LLL

1 52.7 51.7 b1.1 -51.4 -5U.b -bu.l
2 156.7 153.6 151.9 -152.5 -IbU.2 -14b.9
3 25b.1 251.U 248.2 -249.2 -24b.3 -243.2
4 348.1 341.1 337.3 -338.5 -333.1 -i5u.4
5 429.9 421.2 41u.4 -417.6 -411.U -40.4
6 499.2 488.9 483.3 -484.1 -4/b.b -47i.3
7 553.6 542.1 535.7 -b3b.0 -521.5 -b44.9
8 591.b 579.1 572.2 -571.5 -562.4 -b57.5
9 611.9 598.b 591.4 -589.5 -58U.1 -575.U

10 613.8 bUO.2 592.8 -589.3 -579.9 -574.8
11 597.4 583.8 57b.3 -571.U -561.9 -zb51.u
12 5b3.1 549.8 542.4 -535.2 -526.6 -522.u
13 512.4 499.5 492.4 -483.1 -475.2 -471.U
14 447.0 434.6 427.7 -416.7 -4U9.b -40b.8
15 369.5 357.3 350.6 -338.b -33 .2 -328.b
16 283.5 271.1 264.3 -252.2 -24b.4 -243.3
17 199.1 186.3 179.4 -163.5 -157.9 -t5b.U
18 149.1 138.0 132.1 -83.8 -7b.8 -7Z.9
19 102.4 94.7 90.7 -35.8 -29.7 -2o.i
20 29.b 26.3 24.6 -IU.9 -9.1 -8.1

------------------------------------------------------------
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The finite element results for distribution of radial shear stress

show an oscillatory variation near the horizontal diameter in stress

along the centers of the innermost elements. All other stresses vdry

smoothly with angle around the circumference.

2.3 FORCE RESULTANTS

Numerical values of bending moment, shear force, and thrust re-

spectively at various sections of a unit thickness (inch) of conduit No.

1 with various steel ratios under the two loading cases are listed in

Tables 9 through 11. Figures 12 and 13 show the lines of tlirust for

conduit No. 1 with horizontal load over vertical load ratios equal to

0.25 and 0.5 respectively.

Tables 12 through 14 list the numerical values of benaing moment,

shear force, and thrust respectively at various sections of d unit

thickness (inch) of conduit No. 2 with various steel ratius under the

two loading cases. Figures 14 and 15 show the lines ot thrust for cun-

duit No. 2 with horizontal load over vertical load ratios equal to U.25

and 0.5 respectively.

The finite element results show that the values of shear force,

thrust and bending moment are almost the same for a conduit with aiffer-

ent steel ratios. The difference among these values is so small that it

can be ignored in design.
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TABLE 9

Bending moment (kip-in) at various sections uf conduit I

-----------------------------------------------------------
SECTION HORIZONTAL LOAD = 1 KSI VLRTICAL LUAU I KJ'.

------ ---------------------------------------------------
NO. .41%STEEL .b7%STEEL .87%STEEL .41%STEEL .67%STLEL .87%STELL

1 5227. 5234. 5237. -3217. -3219. -322u.
2 5109. 5117. 5120. -313U. -3132. -3134.
3 4878. 488b. 489U. -?959. -2962. -29b4.
4 454U. 4549. 4553. -2712. -2715. -2717.
5 4105. 4115. 412U. -239b. -2399. -24U1.
6 358b. 3596. 3b0t. -2U20. -ZUZ4. -ZUZU.
7 2997. 30Ub. 3UIU. -lbUU. -1lU2. -IbU4.
8 23b2. 23b9. 23be. -114b. -1147. -i14b.
9 lbb5. lbb9. Ib71. -b73. -b72. -071.

10 951. 953. 952. -19J. -19U. -16b.
11 22b. 224. 222. 280. ebb. ebb.
12 -497. -5U. -bUb. 73e. 749. i43.
13 -12U2. -12U9. -121b. lbl. 11b9. 114.
14 -187b. -1885. -1891. 1523. 1532. 157.
15 -2504. -2514. -2521. 1838. 1847. 1851.
16 -3074. -3U84. -3091. 2084. ZU9. e097.
17 -3574. -3584. -3591. 2253. 22b1. 22oo.
18 -3997. -4UU7. -4U14. Z341. 2349. 2353.
19 -4331. -4342. -4349. 23b. 2374. 2379.
20 -4571. -4583. -459U. Z3bb. e374. 2379.
21 -4731. -4743. -4751. 23bb. 2374. 2379.
22 -4812. -4824. -4832. 23b6. 2374. ?379.

-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --!- -
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TABLE WU

Shear force (kip) at various sections conauit I

SECTION HORIZONTAL LOAD = 1 KSI VLRTICAL LUAU = 1 KSl

NO. .41,STLEL .b71STEEL .87%,STLEL .417SE-L .b71SIEL .b7%STLLL

1 7.11 7.1U 7.U9 -5.52 -5.bl -b.b1
2 21.15 21.11 21.10 -lb.38 -lb.37 -lb.3u
3 34.62 34.57 34.55 -2b.74 -2b.71 -2b.b9
4 47.19 47.13 47.10 -3b.25 -36.22 -3b.17
5 58.53 58.48 58.45 -44.65 -44.62 -44.bU
b 68.38 b8.34 68.32 -51.67 -51.64 -51.bj
7 7b.52 76.49 7b.47 -57.11 -57.10 -57.U9
8 82.77 82.75 82.74 -60.82 -bU.81 -bU.bl
9 87.02 87.02 87.01 -b2.70 -b2.70 -(Z.b9

10 89.21 89.21 89.21 -62.69 -b2.69 -b2.bY
11 89.32 89.32 89.32 -60.79 -6U.79 -bu.79
12 87.40 87.39 87.39 -57.07 -57.Ob -b7.Ub
13 83.53 83.51 83.50 -51.61 -51.bU -51.59
14 77.8b 77.82 77.81 -44.59 -44.57 -44.5b
15 7U.54 7U.51 70.50 -3b.20 -35.18 -4b.17
lb 51.86 61.83 bl.81 -2b.7U -2b.b8 -Zb.bb
17 52.09 52.U7 52.Ob -16.38 -lb.3b -io.35
18 41.5b 41.5b 41.b4 -5.5b -5.55 -5.b
19 31.50 31.50 31.bU U.00 U.UU U.UU
20 22.50 22.bu 22.5U 0.00 U.U U.UU
21 13.5U 13.50 13.bU O.U U.UU u.UU
22 4.5U 4.50 4.5U U.UU U.UU U.uu

--- -- -- -- --- -- -- -- --- -- -- -- - - --- -- -- -- --- -- -- -- --
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TAbLL 11

Thrust (kip) at various sections of conauit I

-------------------------------------------------------
SECTION HORIZONTAL LOAD = I KSJ VERTICAL LUAU = I KSI

NO. .41%STEEL .b7%STEEL .87%STEEL .41%STLLL .b7%STEEL .87SILLL

I -lbl.2 -lbl.2 -lbl.3 -U.6 -0.5 -0.5
2 -159.0 -159.0 -159.1 -2.5 -2.4 -?.4
3 -154.6 -154.7 -154.8 -6.3 -6.2 -0.2
4 -148.3 -148.4 -148.4 -11.8 -11.7 -11.7
5 -140.1 -140.2 -140.3 -18.9 -18.8 -lb.7
6 -13U.4 -130.b -130.b -27.2 -z7.z -27.1
7 -119.4 -119.5 -119.5 -3b.7 -3b.b -3b.b
8 -107.3 -107.4 -IU7.5 -4b.9 -4b.9 -40.9
9 -94.6 -94.7 -94.7 -07.1 -b7.b -b7.b

10 -81.6 -81.b -81.7 -b8.b -bb.5 -bb.5
11 -b8.6 -bb.b -b8.b -79.2 -79.2 -79.e
12 -55.8 -b5.8 -55.8 -89.5 -89.5 -89.b
13 -43.7 -43.7 -43.6 -98.9 -98.9 -9b.9
14 -32.5 -32.5 -32.5 -107.3 -107.3 -107.3
15 -22.6 - 2.5 -2Z.5 -114.3 -114.3 -114.4
16 -14.1 -14.0 -14.0 -119.8 -119.8 -119.9
17 -7.3 -7.2 -7.1 -123.b -i23.b -123.b
18 -2.2 -2.2 -2.1 -125.b -izb.b -12b.b
19 0.0 0.0 0.0 -12b.0 -12t.U -1b.U
20 0.0 O.U 0.0 -12(.0 -izb.0 -12b.0
21 0.0 0.0 0.0 -12b.u -12b.U -Ib.U
22 U.0 U.0 U.0 -12b.0 -12b.0 -lb.U

-- ----------------------------------
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Figure 11: line of thrust for conduit I with Wx/Wy =U.2b



Zb

Figure 13: Line of thrust for conduit I with WxlWy U-bU
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TA8LE 12

Bending moment (kip-in) at various sections of conduit Z

SECTION HORIZUNTAL LUAU = I KSI VLRTICAL LUAU = I KSI

NO. .41,STEEL .67%STEEL .87,STEEL .41,STLLL .b71STEEL .b7lSlLL

1 949.9 947.9 945.1 -b4b.b -b4b.9 -bb.4
2 927.1 925.U 922.1 -6Z7.3 -6Z9.7 -b3Z.1
3 882.0 879.8 87b.9 -589.5 -b91.7 -594.Z
4 815.9 813.6 blU.b -534.1 -53t.3 -536.7
5 730.5 728.U 724.9 -4b3.U -4bb.U -4t61.3
6 b28.O 6bZ5.3 b2.l -378.1 -3bU.U -382.2
7 511.2 508.3 5U5.U -282.Z -2bi.9 -Zbb.U
8 383.2 380.U 376.5 -178.1 -179.2 -bi1.5
9 247.2 243.7 24U.1 -b8.9 -7U.z -/.i

10 lb.8 103.1 99.4 41.9 4u.b 39.1
11 -34.4 -38.3 -42.2 ibl.1 15U.2 146.5
12 -172.7 -176.9 -181.0 255.2 Z54.5 5j.O
13 -304.8 -3U9.3 -313.5 351.1 3bU.b 349.2
14 -427.5 -432.2 -43b.5 435.9 435.b 434.2
15 -538.0 -542.9 -547.3 bU7.1 5ub.9 50b.6
16 -633.8 -638.9 -643.4 562.6 bb2.4 5b1.?
17 -713.1 -718.3 -722.9 00.7 UU.7 599.5
18 -774.6 -779.9 -784.6 b2U.7 62U.8 619.b
19 -817.1 -822.5 -827.2 b27.5 b27.5 62.4
20 -837.3 -842.7 -847.5 b27.9 bZ7.9 020.8
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1A8LL 13

Shear force (kip) at various sections of conauit e

-------------------------------------------------------

SECTION HORIZONTAL LOAU = I KSI VbRkTCAL LUAU = I KS

NO. .41%STEEL .b7%STEEL .871STEEL .41%SILEL .b7kSTLLL .87IISELL

1 3.52 3.52 3.52 -3.13 -3.13 -3.13
2 10.47 10.47 1U.47 -9.30 -9.30 -9.30
3 17.13 17.31 17.31 -15.19 -15.19 -15.19
4 23.32 23.32 23.32 -20.b2 -2U.b -20.bLI
5 28.85 28.85 28.85 -25.42 -25.42 -Zb.4
6 33.59 33.59 33.59 -29.45 -29.45 -29.45
7 37.41 37.41 37.41 -32.58 -42.bb -32.b8
8 40.20 40.19 40.19 -34.72 -34.72 -34.72
9 41.89 41.88 41.88 -35.81 -35.81 -3b.bl

10 42.44 42.44 42.44 -35.81 -35.81 -35.81
11 41.86 41.85 41.85 -34.72 -34.72 -34.72
12 40.1b 40.1b 4U.1b -32.58 -32.b -32.5b
13 37.42 37.42 37.42 -29.45 .-29.45 -29.45
14 33.72 33.72 33.72 -25.42 -25.42 -25.4e
15 29.19 29.19 29.19 -20.2 -2U.b2 -,u.02
lb 23.97 23.97 23.97 -ib.ZU -15.ZU -Ib.4U
17 18.23 18.23 18.23 -9.32 -9. -9..
18 12.13 12.14 IZ.14 -3.15 -3.15 - .lb
19 b.75 b.75 o.75 U.UU O.UU U.UU
20 2.2b 2.25 2.25 .UU U.UU U.UU

-- - - - - - -- - - - - - -- - - - - - -- - - - - - --------- --------



TABLE 14

Thrust (kip) at various sections of conduit 2

SECTION HORIZONTAL LOAD = I KSI VLRTICAL LUAU = I K&I
- -- - -- - -- - - -- - -- --------. . . .- . - -------------_---------_

NO. .41%STEEL .b7%STEEL .87%STEEL .41%STELL .671STLEL .87,kSl1EL

1 -8(J.59 -8U.b2 -8U.b4 -U.31 -U.29 -U.27
2 -79.44 -79.47 -79.48 -1.40 -I.37 -1.ju
3 -77.17 -77.n0 -77.21 -3.53 -J.5i -3.bu
4 -73.85 -73.87 -73.89 -b.5b -b.63 -b.
5 -b9.57 -b9.59 -b9.bl -1U.bb -lU.bb -iU.u4
6 -64.46 -64.48 -b4.49 -1b.44 -lb.43 -I:.4
7 -58.67 -58.bb -b.b9 -20.85 -2U.84 -2U. i
8 -52.35 -52.37 -b.37 -2b.7 -Zb.71 -2b./i
9 -45.71 -45.71 -45.72 -32.87 -3Z. b -32.bo

10 -38.91 -38.91 -38.92 -39.11 -39.11 -39.1i
11 -32.17 -32.1/ -32.1b -45.25 -45.27 -4b.Z/
12 -25.b7 -25.b6 -25.65 -51.13 -51.14 -51.14
13 -19.59 -19.b7 -19.57 -5b.54 -55.55 -b5.bb
14 -14.10 -14.09 -14.U8 -6l.32 -oil.33 -01.i4
15 -9.3b -9.34 -9.33 -bb.33 -bb.3b -bb.3b
16 -5.49 -5.47 -5.45 -b8.4b -bbi.47 -bb.46
17 -2.59 -2.56 -2.b5 -70.59 -70.61 -70.02
18 -U.72 -O.b9 -0.b8 -71.b9 -71.71 -71.71
19 O.U 0.UO O.U0 -72.UU -72.0U -72.0u

-----------------------------------------------------------
20 0.00 0.00 0.00 - 72.00 -72.00 -72.00



Figure 14: Line of thrust for conduit 2 with Wx/Wy U.Zb



Figure 1b: Line of thrust for conauit with Wx/Wy U.bU



34

2.4 NONDIMENSIONAL FACTORS FOR CALCULATING FORCE RESULTANTS

ForcP resultants for conldueL 'iving the same geometry are func-

tions of their size. Therefore, it is possible to express the force re-

sultants in a parametric form using parameters which define the geome-

tric shape.

The geometry of an oblong conduit can be represented by two Vdri-

ables x, andu where x is the ratio of R0 over Ri and A is the ratio ot h

over S (Figure 1). Then, the force resultants of a unit thicK conduit

may be written in the following form.

BENUING MOMENT = W * R.2  a1

SHEAR FURCE = W * Ri *

THRUST - W * R. * r

where W is the intensity of the uniformly distributed load, k i is the

inner radius of the conduit and a, , r are scalar coefficients.

Tables Ib to 17 list the values of cc, and r for conduit I wnich

has A = 1.4 and 0 = U.5. Tables 163 to 2U list the values uf dL, q ani r

for conduit 2 which has N = 2.U and = 2.U. Tables fur other cuuibina-

tions of values of X,)u can be easily generated.
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TABLL 15

Nondimensional factor at at various sections of conduit i

SECTION HORIZONTAL LUAU = I/UNII AREA VERTICAL LUAU = 1/UNII AREA

NO. .41%STEEL .67%STEEL .87%STEEL .41%STEEL .b7*SIEEL .b71TEEL

1 92.92 93.05 93.10 -57.19 -57.23 -57.24
2 9U.83 90.97 91.02 -55.b4 -55.b8 -5b.72
3 8b.72 86.8b 86.93 -52.b4 -52.6 -52.b9
4 80.71 8U.87 80.94 -48.21 -48.27 -48.3U
5 72.98 73.16 73.24 -42.58 -42.bb -42.68
6 b3.75 b3.93 b4.U2 -35.91 -3b.98 -3b.U2
7 53.28 53.44 53.51 -28.44 -28.48 -z8.b2
8 41.81 41.94 41.99 -2U.37 -Z0.39 -2U.41
9 29.bO 29.67 29.71 -11.9b -11.95 -11.93

10 16.91 16.94 10.92 -3.43 -3.3b -J. 4

11 4.02 3.98 3.95 4.97 5.Ut b.12
12 -8.84 -8.92 -9.0U 13.UO 13.14 13.21
13 -21.37 -ZI.49 -21.bU 20.4o z0.b0 2u.ob
14 -33.35 -33.51 -33.b2 27.U8 Z7.24 2T.7.s
15 -44.52 -44.b9 -44.82 32.0b le.84 Je.91
lb -54.65 -54.83 -54.95 37.05 37.19 Jl..l
17 -b3.54 -63.72 -b3.84 4U.Ub 4U.2U 4U.Z
18 -71.0b -71.24 -71.3b 41.62 41.7b 41.83
19 -77.0U -77.19 -71.32 42.U 42.2U 42.29
20 -81.2b -81.48 -81.60 42.Ub 4Z.2U 42.29
21 -84.11 -84.32 -84.4b 42.Ub 42.2U 42.29
22 -85.55 -8b.76 -85.9U 4Z.Ob 42.2U 42.29

---- ,---- ---- -- =.---- -.-- ---- ---- ---- ---- --- ni--- ---- ----
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TABLE 1

Nondimensional factor (a at various sections of conduit I

SECTION HORIZONTAL LOAD = 1/UNIT AREA VLRTICAL LOAU = 1/UNi ARLA

NO. .41%STLEL .b71STELL .87%STLEL .41%STELL .b7%STEL .b7lSlLEL

1 0.95 U.95 U.95 -u.74 -U.74 -U.14
2 2.82 2.82 Z.81 -2.18 -2.1b -2.18
3 4.b2 4.bl 4.b1 -3.57 -3.5b -Jbu
4 b.29 b.2 b.2b -4.83 -4.83 -4.b,)
5 7.8U 7.80 7.79 -5.95 -b.95 -5.95
b 9.12 9.11 9.11 -b.83 -b.89 -b.99
7 I0.20 IU.20 10.20 -7.b2 -7.bi -i.bl
8 11.04 11.03 I.03 -8.11 -8.11 -8.11
9 11.bU 11.bU 11.bU -8.3b -8.3b -b.36

10 11.90 11.90 11.90 -8.36 -8.3b -8.3b
11 11.91 11,91 11.91 -8.11 -8.11 -6.11
12 11.65 11.65 11.b5 -7.bl -7.bl -7.bi
13 11.14 11.14 11.13 -6.88 -b.88 -b.88
14 10.38 10.38 10.38 -5.9b -5.94 -5.94
15 9.41 9.40 9.40 -4.83 -4.82 -4.82
16 8.25 8.24 8.24 -3.5b -3.56 -3.bo
17 6.95 b.94 b.94 -2.18 -Z.18 -2.18
18 5.54 5.54 5.55 -0.74 -U.74 -U.74
19 4.20 4.20 4.20 U.0U U.OU U.UU
20 3.00 3.00 3.00 U.OU U.00 U.UU
21 1.80 1.80 1.80 U.UU U.OU U.UU
22 0.60 O.bO U.bO 0.00 0.00 U.00



TABLE 17

Nondimensional factor r at various sections of conauit i

SECTION HORIZONTAL LOAU = I/UNIT AREA VERTICAL LUAI = I/UNI ARLA

NO. .41%STEEL .h7,STEEL .87,STEEL .41,,STE.L .b71STEEL .b7 ,SIELL

1 -21.49 -21.49 -21.51 -0.08 -U.07 -U.U7
2 -21.20 -21.2U -21.21 -0.33 -0.3z -0.32
3 -20.61 -20.63 -20.b4 -0.84 -u.83 -O.b
4 -19.77 -19.79 -19.79 -1.57 -1.5b -1.56
5 -18.68 -18.9 -18.71 -2.52 -2.51 -2.49
6 -17.39 -17.40 -17.41 -3.b3 -3.63 -3.b1
7 -15.92 -15.93 -15.93 -4.89 -4.86 -4.db
8 -14.31 -14.32 -14.33 -b.25 -b.25 -b.2b
9 -12.61 -12.63 -12.63 -7.b9 -7.68 -7.bb

10 -10.88 -10.88 -10.89 -9.13 -9.13 -9.13
11 -9.15 -9.15 -9.15 -10.55 -iU.5b -u.btb
12 -7.44 -7.44 -7.44 -11.93 -11.93 -11.93
13 -b.83 -5.83 -5.81 -13.19 -13.19 -13.19
14 -4.33 -4.33 -4.33 -14.31 -14.31 -14.31
15 -3.01 -3.00 -3.UU -15.24 -1b.24 -b.24
16 -1.88 -1.87 -1.87 -15.97 -15.97 -15.99
17 -0.97 -U.gb -U.7b -10.48 -Ib.46 -lo.48
18 -U.2 1 -0.29 -U.2b -ib.73 -Io.73 -l0./3
19 0.0 0.U O.0 -Ib.bU -lb.8U -lt.8U
2U 0.0 0.0 0.U -lo.8u -ib.8U -Io.bu
21 0.0 U.U U.U -lb.8U -lb.bU -1u.8b
22 0.0 0.0 0.0 -lb.80 -ib.bu -It.tLu

- -- - -- -- -- - - - -- - - - - -- -- - -- - -- - - - -- -- --- - - --- -- --- --



TABLE 18

Nondimensional factor tA at various sections of conduit 2

--------------------------------------------------------
SECTION HORIZONTAL LOAD = I/UNIT AREA VERTILAL LOAU = I/UNIT ARLA

NO. .41%STLEL .67%STEEL .871STEEL .4lSTEEL .b7%STEEL .87ISTLEL
--------------------------------------------------------

1 105.54 105.32 iUb.Ul -71.83 -72.1u -7z.36
2 1U3.01 102.78 IU2.45 -b9.7U -b9.97 -70.24
3 98.OU 97.75 97.43 -65.50 -65.47 -bb.U2
4 9U.6b 90.4U 90.Ub -59.34 -59.95 -b9.bb
5 81.17 8U.89 8U.54 -51.44 -bi.b/ -b!1.9
6 69.78 b9.48 b9.1Z -42.01 -4Z.2e -42.4
7 5b.80 56.48 bb.11 -31.3b -31.54 -51./b
8 42.58 42.22 40.83 -19.79 -19.91 -2U.17
9 27.47 27.U 2b.b7 -7.66 -7.b0 -8.U1

1u 11.87 11.4b i.04 4.bb 4.53 4. 4
11 -3.82 -4.2b -4.b9 16.79 lb.b9 io.5U
12 -19.19 -19.bt -20.I ?8.3b 28.2b 8.lI
13 -33.87 -34.37 -34.83 39.01 3b.96 38.8
14 -47.50 -48.02 -48.5U 48.43 48.4u 4b.24
15 -59.78 -60.32 -60.81 bb.34 56.32 bb.16
16 -70.42 -70.99 -71.49 62.51 b2.49 b2.3b
17 -79.23 -79.81 -8U.32 66.74 bb.74 Ob.bl
18 -8b.07 -8b.bb -87.18 b8.97 bb.9b b8.84
19 -90.79 -91.39 -91.91 b9.72 b9.72 U9.00
20 -93.03 -93.63 -94.17 b9.77 b9.77 9.b4

-------------------------------------------



TABLE 19

Nondimensional factor (3 at various sections ot conduit i

SECTION HORIZONTAL LOAD = I/UNIT AREA VERTICAL LUAU = I/UNIl AREA

NO. .41kSTLEL .67%STEEL .87%STEEL .417.STEEL .b7%STEEL .87%S1EEL

1 1.17 1.17 1.17 -1.U4 -i.U4 -I.U4
2 3.49 3.49 3.49 -3.IU -3.1u -3.10
3 5.71 5.71 5.71 -5.0b -b.Ob -5.Ub
4 7.77 7.77 7.77 -6.87 -b.87 -b.W
5 9.2 9.62 9.b2 -8.47 -8.47 -8.47
6 11.20 11.20 11.20 -9.82 -9.82 -9.82
7 12.47 12.47 12.47 -10.8b -IU.8b -1U.8o
8 13.4U 13.40 13.40 -11.51 -11.57 -11.57
9 13.96 13.96 13.9b -11.94 -11.94 -11.94

10 14.15 14.15 14.15 -11.94 -11.94 -11.94
11 13.95 13.95 13.95 -11.57 -11.57 -11.57
12 13.39 13.39 13.39 -10.8b -lU.8b -IU.8O
13 12.47 12.47 12.47 -9.82 -9.82 -9.8i
14 11.24 11.24 11.24 -8.47 -8.47 -8.47
15 9.73 9.73 9.73 -b.87 -b.87 -b.b
16 7.99 7.99 7.99 -b.U7 -b.U7 -5.07
17 b.08 b.U8 b.U8 -3.11 -3.11 -3.11
18 4.04 4.u5 4.Ob -1.0b -1.U5 -i.U
19 2.25 2.25 Z.2b U.0U U.U U.UU
20 0.75 u.75 0.75 U.UU U.UU U.UU
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TABLE 20

Nondimensional factor r at various sections of conduit 2

-----------------------------------------------------------------------

SECTION HORIZONTAL LUAU = 1/UNIT AREA VERTICAL LOAU = I/UNI1 AREA

NO. .41%STEEL .67%STEEL .87%STEEL .41VSTELL .b7%STEEL .67%SIELL

1 -2b.8b -2b.87 -26.88 -U.1U -0.10 -U.U9
2 -2b.48 -2b.49 -2b.49 -0.47 -U.47 -0.47
3 -25.72 -25.73 -25.74 -1.i -1.17 -1.1?
4 -24.62 -24.b2 -24.63 -2.2Z -4.21 -2.l
5 -23.19 -23.20 -Z3.20 -3.5b -3.bb -J.bb
6 -21.49 -21.49 -21.bU -5.1b -5.15 -b.15
7 -19.5b -19.5b -19.b -6.95 -b.9b -b.94
8 -17.45 -17.4b -17.46 -8.91 -8.9U -8.9
9 -15.24 -15.24 -15.24 -IU.9b -IU.9b -IU.9b

10 -12.97 -12.97 -12.97 -13.03 -13.03 -iJ.U3
11 -10.72 -10.72 -10.72 -15.U9 -lb.U9 -lb.U9
12 -8.56 -8.55 -8.55 -17.04 -17.05 -1/.0b
13 -6.53 -6.52 -6.b2 -18.85 -18.8b -16.8b
14 -4.70 -4.70 -4.69 -ZU.44 -2U.44 -2U.4b
15 -3.12 -3.11 -3.11 -21.78 -21.76 -21.78
lb -1.83 -1.82 -1.82 -22.82 -22.82 -22.83
17 -0.86 -U.85 -0.85 -Z3.b3 -23.53 -L3.b3
18 -0.24 -0.23 -0.23 -23.90 -23.90 -23.90
19 0.00 U.UO U.0U -24.00 -24.UU -24.UU
20 0.U0 U.U 0.00 -24.00 -24.U -24.UU

-- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -



SECTION III

DISCUSSION

Application of the finite element method to reinforced concrete

conduits shows that the presence of steel has little effect on the force

resultants but does influence the stress distribution in the vicinty ot

the reinforcement. Thus design can be based on force resultants ob-

tained by analyzing the conduits ignoring the reinforcing steel. The

presence of steel would also increase the conduit stiffness somewhat and

result in slightly reduced displacements.

For conduits of a given geometric shape, it is possible to paramet-

rically represent the force resultants. Tables of moment, thrust ana

shear parameters for two shapes have been included in this report. Ta-

bles for other values can be easily generated using an appropriate ti-

nite element technique.
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