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4.1 Introduction 

The material presented in Chapters I and II of 
this manual are a necessary prerequisite for a reasonable 
understanding of the material presented in this chapter. 

STRUDL treats a plane grid structure as a system 
of members lying in a plane, rigidly connected at their 
ends. The individual members must have one of their prin
cipal axes in the plane of the grid. The centroidal axis 
of each member will be the local X-axis. Each member is 
assumed to have the shear center axis at the longitudinal 
axis (local x-axis). Bending and torsion occur independently 
of one another if the shear center is taken as the longitu
dinal axis. For members symmetrical about both principal 
axes the shear center is actually located at the centroid of 
the member. 

All forces applied to the grid must be normal to 
the plane of the structure and all couples must have their 
moment vectors in the plane of the grid. The significant 
member displacements are the rotations about the two member 
axes in the plane of the structure. Shear deformations may 
also be considered in the analysis of members which have 
appreciable depth relative to their lengths. A brief review 
of shearing deformations is presented in Chapter I. Axial 
deformations are not considered in the analysis, thus in
plane membrane action is not considered.( 

STRUDL considers only uniform torsion. The effects 
of restrained torsion or warping are not considered in the 
analysis. For concrete bridge structures made up of rel
atively thick members the effects of warping are negligible 
and STRUDL will provide accurate results. For open, thin
walled cross sections such as ordinary steel rolled beams, 
the effect of restrained torsion or warping may be important, 
in which case the STRUDL analysis would not be applicable. 

A plane. grid structure may be placed on any one of 
the three global coordinate planes. However, the user can 
simplify the formulation and visualization of plane grid 
structures by placing them in the global XZ plane. In this 
plane the positive local Y axis of the individual members is 
in the same direction as the positive global Y axis for Beta 
= 0. Thus the required member properties, for Beta = 0, will 
be IX, the torsional rigidity, and IZ, the moment of inertia. 

The STRUDL grid analysis can be used to approximate 
the behavior of bridge decks by using an equivalent grid 
idealization, i.e., by replacing the bridge deck by a frame 
work of slender beam elements. The longitudinal members 
being a combination of the composite or non-composite girder 
and a strip of deck slab interconnected by transverse members 
to form a grid. The torsional rigidity of the system can be 
approximated by inducing torsio~al rigidities into the individ
ual members. 
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Using the new finite element capability available 

j 
in STRUDL II, a bridge deck can be analyzed as an idealized 
continuum using equivalent plate elements interconnected by 
beam elements. The finite element capability will be dis
cussed in Chapter VII. 

4.2 Plane Grid Problem (with EAVE command) 

To illustrate the analysis of a plane grid struc
ture and some additional STRUDL commands, consider the grid 
structure shown in Figure 4.2a. Subjected to the loading 
conditions shown in Figure 4.2Cl. 

The STRUDL SAVE and RESTORE capabilities are 

illustrated in this problem. 


Ix = 20 

= 200 

MATERIAL; 

STEEL E = 29,000 ksi 


Fig. 4.2 a 
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The location of the global axes and the joint 
member numbering scheme is shown in Figure 4.2b.(.· 

The plane grid is located in the XZ plane. 

y Global 

(
\-. 

z Global 

Fig. 4.2b 

( 
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The basic structure geometry is described in lines 
10 thru 410 of the coding below. Note that joints 1 to 3 are 
located with negative X coordinates. Joint coordinates are 
located relative to any right-handec orthogonal axes system
and may have either a positive or negative value. 
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Line 0420 illustrates the use of the individual 
form of the MEMBER RELEASE statement. The MEMBER RELEASE 
statement is used to define the start and end releases of 
any member. (JOINT RELEASES on the other hand apply only 
to support joints.) 

In a PLANE GRID structure we must consider the 
effect of our connections upon the end restraint of the mem
bers. For the beam connection in Figure 4.2c the support 
angles affect the end fixity of the beam. The possible com
ponents for release from the full fixity are: Force Y, 
Moment X and Moment z. 

Local y 

Local z J-Angles 

Fig. 4.2c 

Members 1-8 End Connection (Problems 4.2 & 4.3) 

If we consider the angles to be so small that they 
would not offer any torsional restraint (Moment X) or bending 
restraint (Moment Z) the appropriate releases would be Moment 
X and Moment z. Moment X (Torsion) should not be released at 
both ends of a member because it would be free to spin on its 
X-axis yielding an unstable memoer. 

For this problem we will assume the angles to be 
capable of transmitting shear and torsion. The release to be 
specified will be Moment Z at both ends of members 3 to 8 as 

( 
~, 

( 
\., 

coded on line 420. 

The commands shown below 
scribe the elastic properties and 
the structure. 

on lines 430 to 470 de
the member properties of 

·j·· ' . ' ' 

. I . 
j 
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I .. ' . 1 . ·~-L -~ ' •• . .. ! '"i 
; 

' 
I 

. . . . ' ' . I . 

. ' . ~- . .. . ~ . . 

50 11 

1.5 k/ft uniform 
(All Members) 

1.5 k/ft uniform 50k 
(All Members) 

LOADING I (t.E I LOADING 'TWO' 

Fig. 4.2d 

The two loading conditions shown in Figure 4.2d 
are coded on lines 490 thru 513. T~e structure and the two 
loading conditions a~e now completely described. 

The commands appearing on lines 520 to 570 instruct 
the computer to print the problem description as interpreted 
by STRUDL, perform an analysis and Drintout the resulting 
forces, reactions and displacements. 
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The last conunanli, !~i\\. E 'l'Rl)H. ·I •.'' , ,11 vcn l.lll 1 11\c:> 

600 instructs the computer to save the problem on secondary 
storage. The problem will be saved with the current status 
of the problem for a period of time requested in the JOB 
CONTROL LANGUAGE. The user should contact a STRUDL coor
dinator prior to submitting a problem to be saved for assist 
ance in this area. In Problem 4.3 this problem is restored, 
modified, reanalyzed and saved again. 

( 


('··. 
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4\ TRIJOL 1 PROA 4.2 1 'PlANE GRIO' 

• tr.ES STttUrL II Vt=R SH'!N l •00 1 •

THE ~TitUCTtJIUl OE~IGN LANGUA«:E 


..ASSACHUSI:TTS IN~TITUTF. OF TECH~OLOGY


• STATE OF CALIFCRNIA· •
• !RIOCE DfPAPTMf.NT DIVISION OF HWYS. •• SPECI\l STU~IES SECTION PH. ltlt5-61§l9 •• NIJVE~9fl\ 196q INSTAll~O APRIL 1970 •• 21:45:01 81'1 170 • 

TYPE PLANE t;R Yn XZ 

lJNTTS FHT 

JOINT COORDINATES 

, 
1 -12. l 18. 


-12. 7. 9. 


3 -ll. 


.. 7.. 18. SUPPORT 


'5 l q. 


6 SUPPOPT 


7• 12. "!. 18. 


8 12. l q. 

q 12. 


10 Zit. z tR. 


11 24. l 9. 


12 24. SUPPORT 


13 16. l 111. SUrtP,RT 


lit 30. l 9. SUPPORT 


JOINTS It 6 12 l1 14 RElE ISE MOMENB X l 

NE •f'ER INCIOENCF.S 

1 1 2 

2 2 1 

1 4 t; 

It 5 6 

IS 7 A 

S l4N 27 0010 ) 
•' 

' 

' 
' 

' 
' lltN 27 0020 

l4N 27 0030 

$ 14N 27 0040 

s lltN ?.7 0050 

$ lltN 27 0060 

s 14N 27 0070 

s 14N 27 coso 

14N 27 0090 

14N 27 0100 

s 11tfll 27 0110 

s 14N 27 0120 

s lltfll 27 cno 

s l4N 27 0140 

s l4N 27 0150 

s 14N 27 0160 

14N 27 Cl70 

s l4N 27 0180 

$ 14N 27 0190 

s 14N 27 0200 

$ 14N 27 0210 

I 14N '17 0220 

• l4N 27 0230 

s l4N 27 0240 ) 
t 14~ 27 0250 
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6 R q $ 14"4 27 0260 

( 
7 10 ll • lltN 27 0270 

8 11 12 s lltN 27 028t1 

q B 14 ' l4N 27 0290 

10 12 14 ' 11tN 27 0300 

I 1 l 4 s lltN 27 0'310 

17 4 7 s 14N 27 0320 

13 7 10 s lltN '7.7 0330 

14 10 13 ' lltN 27 031t0 

15 2 5 s lltN 27 0350 

16 "i R s lltN 21 0360 

17 q 11 s lltN 27 0'410 

If~ 11 14 s lltN 27 0380 

1C) 1 6 s lltN 27 0390 

20 ,., q s lltN 27 OltOO 

f
"' 

21 

"lEMRF.RS 

q 

) 

12 

THRIJ 8 RFLEASF STl\ lH ~OMFNT z ENO tot!CMENT Z 

s 

s 

lltN 

lltN 

27 

27 

OltlO 

Olti'O 

IJNTTS KTPS TNC!-IFS s llt,.. 27 0430 

CrNST~NTS F 2QOOO. ALL S 14N 21 C440 

"lEMRFR P~f')PfP.T TF:S PRISMATIC S l'tN 27 0450 

l TI-HHJ 10 IX 10. tl 40.0 s lltN 27 0460 

11 THOU 21 IX 20. IZ 200.C $ lltN 27 0470 

UNIT!\ FFFT s 14N 21 0480 

LOAD TN(! 'r.INF' s lltN 21 Clt90 

Jf'TNTS 1 3 LIJAO l=f'lPCE Y -50. s lltN 27 0500 

""f"4~ ~p <; 1 THRU 21 l~AO FORCE Y IJN I FO~"'' - l • 15 s lltN 27 C510 

LOAOHH~ •rwn• ; litN 21 0511 

J£1T"JTS 7 TO 11 l£1AD ~ORCE Y -50. • s 11tN 27 0512 

"'f"'8FR<; 1 rn 21 lf'lAD FORCE Y UNJF -1.5 s lltN 27 C5l3 

tr'1AfJINf: LIST hll s lltN 21 C520 

( 
.. IJN fT S H-lfHFS ' UN 27 C530 

Dl:llNT ru~ $ lltN 27 051t0 
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• PRO~fM DlTA 1'~10 INTERNAL STORar.F • ........................................ 


~~ 10 • PRIIR 4., 

.CTIVI l.llftTS - L~IIGTH III'IGHT Tfiii'I!UTU•E 
lllr.'l .... Df(;F 

••..•••••• StRur.T~AL OAT& •••••••••• 

ACTIYf cnn~l!t~ATf AXES X 

JOI"T r.on.nt~&T~S-··---·· STATUS···/-------------------------------1Jo:!INT X V 1 CON!l!Tir.N 

1 •144.1100 o.o zu.ooo ACTIVE 
r -144.000 o.c 101.000 ACTIVE .. -144.1100 o.o o.'l ACTlYE 

o.o o.o ?16.01!11 SUPI>f!U ir.TIY~•'I o.o o.o 1011.000 ACTIVE 
6 1).11 ll.n o.o SUP DOll T ACTIYf., 144.000 o.o 716.00(1 ACTIVI 
I 144.000 o.o 1CIIo000 ACTIVl 

144.000 o.o n.n &C-TIV£"10 ZllloOOO o.o 216.000 ACTIVE 
lt ZII'I.OOO o.o 1r11.000 ACTIYI! 
1! 2'11.000 o.c o.o SUPPORT ACT lYE 
1~ 432.0011 o.o 1U.c11o ,UPI'!III T ACTIYF 
14 ~•o.oo11 o.o 101.000 SUPPniiT ACTIVE 

JOINT RflEISfS-------------------------------------IFLASTIC SUPI'OIIT RELF&SFS•••••••·····················------------··•·•••••1 
JOINT FII•CE NONE~T THETA I T~ETI 7 lHF.TA J KFX KFY KFZ 'INX KIIY IIIOZ .. 11 z o.o o.n o.o o.o o.o o.o o.o o.o o.o

• z 1.0 o.o o.o 0.11 o.o o.o o.o o.o o.o•u II Z 0.0 0.0 0.0 0.0 o.o o.c o.c o.o o.o 
n x z o.n n.n o.o o.o o.o n.o o.o o.o o.o 
14 x z o.n o.n o.o o.o o.c o.o o.o o.o o.o 

..,..,_ INCIIII'NCES•····---··1 Lfllr.TH-·-···1 RELEASFS·---·--·····-·····-··f STATUS••/ 

"'"'"' SUitT ~~I) LCCll COOIIC • STUT END 
I<ORCF IOQIIENT Fcqce IICNI!NT 

1 1 2 101.000 &CTIYf 
z z 3 ltii.OOO &CTIVf 
1 4 1Cio000 z ACTIVE 

'I 6 1c1.ooo l &CTIVf• ., ' 
1011.000 z aCTIVE 

'I u:e.ono l ACTIVE6' " ., •10 It 10~.0011 z ACTIVE 
Ill 11 12 101.000 l aCTIVE 

t1 14 12'1.1100 ACTIVE•to 17 14 U'I.IIOO ACTIVE 
11 1 4 144.000 ACTIVE.,12 4 1<'4.000 ACTIVE.,13 10 144.000 ACTIVE 
\4. 10 11 1~4.000 ACTIVE 
1!5 2 144.000 ACTin 
16 'I II 144.001) &CTIVF 
11 11 144.000 ACTIVf 
Ill "ll 14 12.000 ACTIVE 
1" 3 6 t~4.noo &CTI¥! 
lO 6 'I 144.1100 ACTIVE 
21 'I 12 144.000 &CTtYf 

' 
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•••••••••• LI)AOIIIC nna •••••••••• 

Lnln!N!' - Ollf. SHTU~ • ICll'llf 

..,....,. AND FL!...,IIT LI)AD~-----------------------------···-------·----·------------·-···----------·-•••••··-------·-····1 
•t'•l'ln fFl F"FNT 
I 111111''111111 LOlli FCIICF. v -o.tn Ll c.c: Le t.c:eo 
l UN!I''liiiC lOll' I'I)IICE v ""Fll -o.tn LA o.n u 1.000(., 1 UNIFDIIII l!:AD FOIICF y Fit -o. u' Ll o.o Ll t.ooo 
~ LOAn I'I)IICF v Fill -o.tn LA n.o Ll t.ooo'"''"""" lOll) v •O.U'I o.o t.ooo11111"011" IIQIICE I'll u L"•.. 	 ...LI]All fiDIIC~ 'f -o.tn ll O.'l Lll t.ooo 

Ulltl'!lll• 	 LOlli 'f LA u? 	 "'"'"'"" FI)IICF -O.U'I o.o t.ooo 
II ....,..,... 	 LOAII 'ttl(I! v I'll"" -O.U'I ll o.o L8 t. 0011 

UIIJI'I)IIOII 	 LOAD F!'IIC!; 'f Fit -0.12'1 LA o.o L! t.ooo•to 	 Lt)AD I'OIICE v I'll -o.tn LA o.o Lll t.ooo 
l1 "'"""".Ullti'OIIN 	 LI)AD fii)IICE 'f ... -o.tn u o.e ll! t.ooo 
lZ IJIIIIIII'JII" 	 LOin Fr•Cf v Fll -o.u'J u o.o Lll t.ooo 
n ""'"011 .. 	 Lnao IIOIICE v ... -O.U'I u o.o ll' t.ooll 


L'll\11 I'I'JIIC" 'f Fll -O.U'I LA o.o Ll! t.ooo 

n 	 IINIIIOIIIC I'OIICE ... u u·~ """""'" L'llll 'f -o.tn c.o t.oon 

t6 L'lo\D I'('IICF 'f ,. -O.U'I u o.o L! t.ooo 


'17 UNII'OIIII~'""""' Ll)lO FOliC I' v ... -o. u• u n.o u t.ooo 

til 111111'0111'1 L'"" FoliC£ v Fit -0.12'1 Ll o.c Lfl 1.001) 


tJN 11101111 LUO "~""C" 'f II -0.12'1 u o.o LB t.ooo 

,, '"'0 LnAD Fr.•r.e I'll II -0.12'1 LA o.o u 1.001)
UIIIF'liiM v "" 


IIIIIF('IIIM Ll)liD Fn•C" 'f II -0.12'5 u o.o Lll t.ooo
"" 
JI)IIIT LOA"'·----------------------------------------1 ------------------------------------1 
JOINT ~Til• """CI' X 'f l IIOIIFNT r l 
I o.o _,r..nnc o.o o.o ' o.oo.o 
1 	 11.11 ·IJ'l.?CC e.c ____________________________________ 0.11 c.o o.o , 
JOJIIT nT~etat.F~IITS••••••••••••••••••••••••••··-----1 
Jill liT STf~ •usn. X l Onf. X 'f 7' 
JOINT Fnllt£ AS~~~~TtniiS ------·---········-·--··-····---------------····---------------------------------------·-•1 
JOINT T~TI 1 ' , l IIOMI!NT I 
Nil ~~~11""''""5 'lllfPII Filii THI~ L!llllt"r, 

NfOII~I'II """~~ ASIUIII~TICNS ----------·---··--·---f ----------------------------------1 
Nfll!lfll CI!IIIIO..fNT ntSUIICF YILUF . DISTANCe 

NO I~S~~TIOII~ GtlfEN F[)P THIS LOII)IIIG 


L041l!Nfl - TWO 	 SUTU$ - ICT!If! 

OII£M!IFII AIID fl!OII!IIT L!l•ns----------------------------------------------------------------------------------------------1 
OllfiOIIIEIIIFUIII!IIIT 

l IINU1011111 lt:Ail FOliC!' 'f Fit -c. u~ lA o.c lf t.ono 
..,l 	 1111111'011111 Ll'lAO Ft"ICE ,,. . " -o. t:•<~ Ll o.o H 1.000 


11111"1)11"1 lDID FI!IIC£ II -c.,,~ l~ 'l.O l" t.ooo 

~ ' UN IMilII 	 LOAD I'O~CF ..,"' ... II - l~ o.o Lll t.noo-n. "~ 

t.INI1'!111" LOAD Fo•cF v r.~ lj -!1.1'~ l~ r.r. l~ t.nlln
' 6 Ullll'!ltlll LI]ID •n•r.~ 'f ,. -o. 11'~ L~ o.n u t.nno 

? liNt flo•• l'lAD "llDCF .., co \j -~.12~ I l c.~ ~~ 1.o11o 


"• 
111111'(111"1 LOAD Fn•c• .., FR -

~ -!'.12~ t.• r..c L~ 1.000 

Ullll'OII"' LOAD F'l•C• ~ -'l .M~ l' r.~ L• t.ncn
.. FQ 

tn 	 LDo\n l'l'tQr'F .. FO w -0.1?~ n.'l t• t.cnn' ~ ,_..,IJfflf'OIII'I li'IAII -n.l''l p 

u IJII!PrJIIN LOAD Fll"C" v r.e II l~ ~.1) L" '·"""
ll 	 ""'"""" ""'"C" v ~· ~ L" 

-n.t'"~ 1.0011 

u Lt)l'l f'r•CF .. F~ It -o.•z<~ LA ~.f'! L" l.'lr.n
liN'"""" ., ,. 
·~ 

111111'011"1 LOAI'J Ft:IICF II -1).12~ l4 11.'1 LP !. 00'1 


" u-!1111)11'1 LOan f'OIICF ., II -n.p~ .. ~ c.c 1.00')
.,. 	 L".. 	 L"16 IJIIti'I'JIIIC t.nao I'OIICe 'f "" -n.tz~ Ll ~.n 1.'10(1 

n 111111'1]11"1 L!IAD •c•ce I'll II -0.11'1 ~~ o.o l• t.coo 

u UIIJFnll• ltlAO FOIICE v"' F• II -11.12'1 ~~ o.n lfl t.onn 


LOAD l'I)IICF v II -0.12'1 lA o.o L• t.nnn 

lO UIIIIIIJII'I 	 L'lAI) "OIICF v ""... -c.tn ll c.n 1.01)11'" 	 """""" Le 
u IIN!fiOII• 	 LOo\0 FI!IICF ., ... " .. -0.11~ ll n.o lll 1.001) ____________________________________ , 
Jtlt liT LOAnS--·--···-·---···········--·········-··--· I 
.,J[)INT n"" f''l•C£ • l ~II[NT r v ,' c.o -•o.ooc c.o o.o o.o a.~• o.o -se.orc o.o o.o o.o 1).0

!1.0 •'ll!.11oc o.o o.o o.o 11.11"10 o.o -~0.1100 o.n 1).0 e.o o.o 
II 0.'1 -'l'l.nno c.o o.o 11.0 C.'l ____________________________________, 
JOINT ftl~~lACFMfiiTS----------~-----------------·-···1 
JOINT 	 ~'!'1!11 nrs... • ' z •n,.. ll v l 

JOINT Fn•Cf -S~UIIIITIOIIS -----------------···-·····-··-····--····----····--······••••••••••--·--·--·-··••••••••••••I 
JOI"' 	 'nt!TI 1. l J 'f , 
~ A~S~IITIOIIS Gllf!ll POll THIS LOACTIIG 	 .""""'' . 
~"~!• I'~Cf ASSUOII~TinNS -----------··•••••••••1 ----------------------------------1 
~I!III!ER C"l'llltiii!~T OISTINCF YALUF OUTI!IICf VA lUI!

( .n ASSo-•TIONS GIVEN "011 THIS L'11DIIIG 

........................................ 

• FNO OF 	 O~TI "ROll I~TF.IINAL STOllar.£ t ........................................ 
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""·~~ -•n,!!•Tifs---------------------------------------------------------------------------------------------------1 
M!!MfiU/S~G TY-~ nr..t COMP U/YO AY/lO &lfVC U/ZC 1'1/EY IU!l "' u 

. I ,.ISMAT!f. o.o c.o o.o 10.000 o.o tto.ooo o.o o.o 

' P.•I~IIUIC 
o.o 
o.o 

c.o 
o.o 

c.o 
o.o 

o.n 
10.000 

o.o 
o.o 

o.o 
tto.ooo o.e o. 0 

, -IIISMATIC 
o.o 
ti.O 

o.o 
c.o 

o.o 
o.o 

o.o
10.000 

o.o 
o.o 

o.o 
tto.ooo o.o o.o 

" 
~ 

Pill SIUTIC 

'"ISM AT If. 

o.o 
o.c 
o. 0 
o.o 

o.o 
o.o 
o.o 
o.o 

o.o 
o.n 
o.o 
o.o 

o.o
1o. 000 
o.o

10.000 

o.o 
o.o 
o.o 
o.o 

a.o 
toO.OO'l 
a.o 

tto.ooo 
o.o 
o.o 

o.c 
o.o 

6 PIIISIIA'I'IC 
o.o 
o.o 

o.o 
o.o 

o.o 
o.o 

o.o
1o.ooo 

o.o 
o.o 

o.o 
tto.onn o.c o.o 

7 

s 

""ISM& TIC 

l'tllSMATJC 

o.o 
o.o 
o.o 
o.o 

o.o 
c.o 
o.o 
o.o 

o.o 
o.o 
1),0 
o.o 

o.o
10.000 
o.o

10.000 

o.o 
o.o 
o.o 
o.o 

o.o
40.001) 
o.o 

tto.ooo 
o.c 
o.o 

o.o 
o.o 

q l'tllS"&TlC 
o.o 
o.o 

o.o 
c.o 

o.o 
o.o 

o.o
10.000 

o.o 
o.o 

o.o
40.000 o.o o.c 

10 PlllSMUIC 
n.o 
o.o 

c.o 
c.o 

o.o 
o.o 

o.o
10.000 

o.o 
o.o 

o.o
40,001) o.r o.o 

11 Pill SO! AT lC 
o.o 
n.o 

o.o 
c.o 

o.o 
o.n 

o.o 
zo.ooo 

n.o 
o.o 

o.o
100.000 o.o o.c 

lZ I>IIISMATIC 
n.o 
n.o 

c.o 
o.o 

o.o 
o.o 

o.o 
zo.ooo 

o.o 
o.o 

n.o 
200.000 o.o o.o 

11 1'111 ~"'AT IC 
o.o 
o.o 

o.o 
o.o 

o.o 
o.o 

o.o 
zo.ooo 

o.o 
o.o 

o.o 
zoo.ooo o.n n.o 

"' PIIISMATIC 
o.o 
n.o 

c.o 
o.o 

o.o 
O,tl 

o.o
20,000 

o.o 
o.o 

o.o 
zoo.ooo e.e o.o 

~~ 

16 
PRn•ATtC 

Plln•ATU 

o.o
1'1,0 
o.o 
Q,l) 

o. 0 

o.o 
o.o 
c.o 
o.o 
o.n 

n.o 
o.o 
o.o 
c.o 
o.o 

o.o
10.000 
o.o

20.000 
o.o 

o.o 
o.o 
o.o 
o.o 
o.o 

n.o 
zoo.ooo

11.0 
zoo.ooo 

o.o 

o.o 
o.o 

o.o 
o.o 

IT 

Ill 

1'1 

I'Rl501UI~ 

PRIS!IIUIC 

PRI~OUTIC 

o.o 
o.o 
o.o 
o. 0 
o.c 

o.o 
c.o 
c.o 
o.o 
o.o 

c.o 
o.o 
c.o 
o.o 
o.o 

zo.ono
1),0

20.000 
OoO 

zo.ooo 

o.o 
o.o
0.o
1),0 
o.o 

zoo.ooo 
o.o 

zoo.ooo 
o.o

200.000 

a .e 

o.c 
o.o 

o.o 
o.o 
o.c 

?0 1>111 S•ATTt 
o.o 
o.o 

o.o 
o.o 

n.o 
c.o 

o.o
20.000 

o.o 
o.c 

o.o 
zoo.ooo o.o o.o 

?t I'll IS!IIAT IC 
o.o 
o.c 

o.o
0.1) 

o.o 
o.o 

o.o 
zo.ooo 

o.o 
o.o 

o.o 
zoo.ooo o.o o. c 

o.o o.o o.o o.o o.o o.o 

"'ftll\(11 r.n~ST.NTS---------------------------------------------------------------------------------------------------1 
cn"~U~T STAiolllAR~ VAUJ~ on•ar~o~, VlLUF •E•PIER liST 

Ul2 ~"""· '1'160'14 

r. o.o All 

l)f~~ITV 1),001000 All 

en t.onoooo All 

flfTA o.o All 

PCTSSO!oi o.o All 

STtFFNFSS ANALYSIS I l4N 27 

UNITS HFT KIPS S 14N 27 0560 

liST FO~CF.S RFACTJCNS OISPLACEMENTS t l4N 27 0570 
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•••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••• 

••• 

••!:Sill TS OF LATEn ANAL YSES• 

PRr"l E" - Ptll)! ~. 1 T !Tl E - Pllllf I;Rl 0 

ACl!Vf .IIIIIITS FEET KID RIC I:ECF SH 

ACl!VF ~TRUCT~E IYPf •L~IIE G~tn 

ACTIVE CO!IIIIDIN~TE IX~S X 

LCIDI'fl; - !!NE 

JIHNT 1-------------------- FORCf --------------------11-------------------- ~NFNT --------------------1IXIAL S"EI• Y ~HEIR l TORSIONAL IENOINI; Y lfNOING l 

I I 17.1\15681 -11.111'1055 '!.uotc:n 
t ' _,,. 811~111~ ·n.tn5055 

' 
ITI. '!l"ll~li· 

'I -Zl.U25U~ 13. TTI411'1 -166.641!4!11 
? l".~lll"'~'!l -1]. TTf411'1 -•.11'11 11: IT 
l " 4 6.T4'1'1••o -11.4'5'1'5032 o.o 
1 ~ l8.4'5't5012 0.116.1"'""'" 

5 6ol4'"'t't0 14.'1511146'1 o.o" 4 , 6.14't.'914 -t4.••n146'1 o.o 
'I 7 6.74'1'9'1'10 12.46~1461 n.o 
'I A 6.74'1'1'914 -U.465'J461 o.o 
~ ~ ... 14'1'1'1'10 -"·41'112'!12 o.o 

6.74...,'1H l'lo415125l."7 "Ill fl.74'1'1'"0 n.J6'J'!I406 o.a 
7 II. 11.74'1'1'114 -Zl.l61'!1406 n.o 

II 6.74'l'l't'tll -;U.1Zl6fl'5 a.o" 12 6.74'1'1'114 U.1ZT61l5 o.o" 13 'l.06ll@47 n.unue 14.1011111.," 

( 

14 ll.1611~61 -l7.4285lll!t -41.l0U!III 
1(1 17 4.'1'1278111 -z7.TO'l5'111'1 -!'t.1..1146'!10 
10 14 l1.212Ul5 ;n.TO'!I'l'l6't _,_,..,46'1 
ll 1 -87.lll'l52'9 -1.4101025 -n.nnon 
11 4 tn5.111.,2'1 1.41!101075 -uu.sn:ri:H 
12 4 ...6.l666161 -1.410107.'l 1100. U!'51!Z4 
l2 1 -411.266647] 1.41101025 -u:r.•rneu 
n 1 •1.nu4n -1 ...1101025 4n.1•un1 
l1 10 -7'J.~l6667" 1.4101025 -15.l'IHUI 
14 tO ·' .... 7666626 -1.41101025 U.'!l'l'!I051T 
14 n a.n11.Z6'1 1.4101025 10.144nn 
15 l 47.• 6'1&"11 -4.'1501:'23 10.'15~'1'!26 
15 ~ -l'l.f'l&l ~11 4.~'JOOU3 l'll.MTlCU 
l6 ~ l6.1'ffolf70 -4.~'1110'"" -n•.'ll'I4'1ZZ 
l6 ~ l.II0:!~2l"5 ....500'!123 446.'J114'16l 
17 A -I 'l.l0'!'1l4'1 -4.'1100'!1ll -4?4.ll!l4 till 
17 It ·n.10111C25 4.'1500'!In ..,.,....". 

II -u. eoncz!' -4 ...00'!121 -ne.nnen_..,_,.,.,.,·~ 14 4.'1'lOO'!IZ1Ill ,.lll3l!l2,.. 1 -117.18'~~11 'f.O'!IIIon -n.nun• 
('I I> tn5.'JU'l~n -'1.0511011 -llU.tiUOIU 

6 lO.tl'l6'1'140 ... 0'!111017 liOl.85UlU'"'0 -'!12.'1'!l024'!1 -'1.0'!111017 -163.flltll602 
21 " 46.2HIJ245 ••0511017 !1'1.1044414 
21 "12 - 211.147111'111 -9.0'lt 1017 6l.6'!1'Cl441 

~Hill TIIIIT JIIT~T l'IADS - SII~Pf'ATS 

1-------------------- FD•CE --------------------11------------------- ~lilT -------------------/X rn-CF Y FORCE 1 FCIICF I ~~liT T -oiiiENl l ~III!IIT 

1111. 31016-tl -c.eooooeo -c.oocoooo 
1111.12'15411 -o.ooeoooo o.o 

12 -16.'!104241'1 -a...ooon o.ooaoot• 
n 6.2'151126 o.oeooo11 -a.coaoon 
14 18.19'1111'1 o.oeooooo o.naccooo 

"6 

RFSUl TIN.T JOINT nnPUCf~ENTS - SUOPIIRTS 

JOT 'IT /-----------------llfS~&CEMENT-----------------1/-------------------~0TATIIIN-------------------I 
I ll!SD. Y OISP. l OI~P. I ~OT. T IIOT. I IIIIJT. 

4 o.o - ·--- ----- -:.o.roiiilf,- - o;;r41u4--a.,.,,,.,.6 o.o o.tl"'"'"' _.,.......,
12 o.o -0.01.... 1!10 
n o.o -o.otonu -a.0511CC1 
14 o.o 0.15616!4 O.MUUt 

t!F~tll UNT .JI11111T !IISPUCEI!FIITS • FIIIEE JOINTS 

Jnt!IT I-----------------Df5'LACEIIIEIIIT-----------------I/-------------------IIIOTaTION----------~-------I 
X DTSP. T IIUP. l t:nP. I IIOT. T IIIIT. l lllfJTo 

l _,_..,,,... -0.111'1622 ..nonu 
2 -4.61141040 0.0211221 -O.C1!1Cif44 
l •lo'!I112M3 o.uzno4 0.1U!2U 
'5 -4.'12354'17 o.o6nuc o.otl!!ll 
7 l.l6'1tjC'!I -O.IIIIZUCl 11.004!!16 
II -1.'176•Ul9 Ool001fl4 Oo1411Ct? 

O.l20'll04 0.11415001 -O.UI41""Ill O.l'-116161 -o.O'!I6rooo •C.G11!?r'l6 
11 -1.!14461611 0.13ll101 ·o.UTC:Cl4 
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JOINT 1-------------------- FORCF ---------------·----11-------------------- ~O~E~T --------------------1AXI \l SHE~~ Y ~HfAR ~ Tl:'~~ lfi"'AL ~EWH .. r; Y ~F .. 'lT"'r ! 

l I 52.~?35!C<l -21.1~2~1'1~ H.0@711C4 
1 ' -l'1.1215"6l 27."''2~1'15 3'l~.7744Hl 

' 2 -l6.f5~4015 ~·. ~~~~?E44 -~~5.e3T4C23 
?. ' '>0.15AH~2 -37. 385?f44 -4.P17'1~ 17 
3 " 6. H'l'lqQQ .q.>4B~~c o.o 
l 5 6. 71t'I'1'1H 9.2421000 c.o 

" 5 6. 71t9'l'1'10 19.'1575651 o.o 

" 6 6.149"'14 -l~.q575651 o.o 
'I 7 6.74'1'1~qc 18.6535645 O.'l 
5 
6 

8 
A 

6.H'I<I~\4 

6. 74'1'1G'1C 
-1@.6535645
-u.o4e11oe 

o.o 
o.o 

6 q 6. 74'1Qqj4 U.04f11De c.o 
7 10 6. 74'1'1'1'10 27.3lC734' c.o 
7 11 6. H9"914 -27.~10B4l o.o 
~ 11 6.l4G'1'1q0 -11.53<~423 O.Q 
8 12 6. H'1q~14 ~1.51'16473 O.IJ 
q D 2.6M0@41 21.01221~e •2.P'1 H'l? 

" 14 n.•H•P'l6 -21.07221~· -'>5 .17'l'l '77 
10 12 5.1542730 -31. 1]'14714 -?~.JC74H6 

10 14 1\ .0706<78 !J. 71'14714 -?.~'l0~251 

II 1 -52.62)580'1 -14.C~171C4 -2'7 .. ~'!2!1c;-; 
11 4 70.6B5504 H.OAT71C4 -712.t5C~~C6 
12 " 104.'1'151177 -14.0fT11C4 702.'1~79~90 

1? T -~6.'1'151172 l~t.onnc• 44'l.Ol?44'1 
13 T 10.245118? -14.01171104 -43fJ.H'lH2~ 

11 10 -12.2451115'1 14.0@H!C4 M~.?22C215 
!It 10 -44.5047'11' -14.0817104 -f~7.'l'll4~51 
14 n h2.~047'113 H.'le771C4 15.9?~~·~0 

B 2 T5.T~1'1A24 -12.qJ6'l45C ~4.711H40 
I~ ~ -~7. 1H~'l11 1Z.'I16'145C 73~.66H156 

lh ~ 44.2~'012<> -12.'l~M4~C -707.466C~It'< 
I~ ~ -26,29201?'l 12.'l36'l4~0 t1•0.~5CJit18 

17 ~ - ,1. 2\?9~~~ -IZ.'llh'l451J -1160.5524'102 
\7 11 ~~.217'1"6• 12.'116'l45~ ~05.<;37CIIT 

I~ 11 ·11~.7179UC -12,q36'l4~C -~64.P,07?730 

18 "' 127.71 TQ?6C 12 .'l ?6CI450 -T4.5001C68 
1CI 1 -~o.t~~·e6? 4.R~7'l517 -H.3P~H44 

'" 6 6•.1~Rl5~1 -4.Rl7'l517 ·H2.51~~PC'l 
20. 6 77.16J,f06 4.Rli'1517 ~5?.55THI1 
'0 q -•q.tn1"11 -4.A37'l517 16~.40UJ17 

71 q 2.<114r?6 4.A17'l~l7 -t~~t.3~~@fte 

?I 12 1•. ·~~• n~ -4.Rn9Sl7 75 •• 147!!3 

RFSUI H~T Jnr .. r LOAilS Sll'""'~T~ -
.I'll 'IT 1-------------------- •r•cc --------------------11------------------- ~o~~"'T -------------------1

K ~OOCF V cnoro 7 FCRCF K ~0"Hi1 Y MO"E"'T MQMF~T 

4 
6 

tq?.36e'?R6 
lc?.CTIPH 

o.o 
o.ooooooc 

o.ccr.ccoc 
C.()CCCCCC 

12 ?T.4<10~~nc -0.000001l O.OOOCC15 
11 
14 

~5.lql•1•2 

15?.??1t47~1 

o.oiJ00023 
-o.oooooryo 

-c.oocccn 
o.rocooo0 

JOI~T 1-----------------IJISPLACf~f~T-----------·-··-·II---~---------------~OTATfQ"'·------------------t 
X DISD. Y <liSP. l OJSP. X ROT. Y ~OT. ~ ltfJT. 

~ o.o -0.1'165~76 -0.07CC!I6 
6 o.o o.ll28on o.o~t~~n., 

12 0.0 0.0407375 0.07 2C ~ 28 
lJ o.o O.li820~C C.l H~lcq 
l't o.o C.21>1'14B 0.41'1CH'1 

~F.SUlTANT JOI~T O!SDLACFMFNT~ - cprf JOI~TS 

Jf'li"'T 1-----------------0lSPLACfMF~T-----------------II-------------------ROTATT'l"'----------------·--t 
X or<n, Y OISF. l CISP. X OCT. Y ~OT. ~ RI1T, 

I 0.04015~0 --O,l015118 O,OZ661q'l 
2 -2.0014115 -0.07~3056 -C. ZT!l"';Ol 
3 -1. '437045 0.1488407 O.l?~'l!16 
5 -4.95241?1 C.021M7"3 -o. n!2'!04 .., -1.,1~1111 -o.O'Il6~'l -o.t024n1 
~ -5.4~2·4"' O.IIHIO C.105~1@1 

'! -~.05072~f 0.076171'1 -C.OI75L'7 
10 -1.65Hll~ 0.013215@ 0.06<;(165 
11 -2.4355l'l? o.•n76e2 0.3H42"''1 
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Results 

The interpretation of output results for several 
members of the plane grid structure analyzed are illustrated 
using the free body diagrams on the following pages. The 
torsional couples and bending moments are dra\'ln with double 
headed arrows in the direction of the local coordinate axes, 
the sense being determined by the sign of the reported force. 
The actual moments and torques act in planes normal to the 
arrows, their direction being determined by the right hand 
screw rule. Following is a statement of the rule: 

Point the right hand thuml:: in the direction of 
the moment or torque·vector. Fingers now point 
in the direction of the actual moment or torque. 

To illustrate the apJ;lication of the right hand 
rule, consider the free body djagram of member 11 shown in 
Figure 4. 2e below. 

( 


··· ..(
~.-.• 
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y 

M2 = 712.150 

--H----+--· 5 • X 

Mx = 14.088
M2 = 27.333 

Vy = 70.623 

Fig. 4.2e 

LO ~0 T1'\G - T\-IIJ 

JrJ HIT ·------ FOP.C~ -----------------------------------------1 
SHE-'\~ V TOQS Ifl"JAL AEN'lPJC ! 

. 
l t 1 -52.623580q -14.08771C4 -27.??2~1<;'5 
l l 4 70.623'5504 14.0877lC4 -712.1'5C3<;C6 
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--

The output results for the members end forces of 
t. member 11 are shown above. Th£~ double headed torque (M )

X 

and moment (M ) vectors are shown in the upper free bodyz 
diagram, their direction being determined directly from the 
output results. The right hanc rule is applied to the vectors 
to determine how the torques and moments act on the ends of 
the member as shown in the lower free body diagram 

Shown in Figure 4.2f below is a free body diagram 
of joint 4, followed by the outpu~ re~u~ts for the me~7rs 
meeting at joint 4 and the result1ng J01nt forces at J01nt 
4 for LOADING TWO. 

X Global 

X 
z 

Y Global 
y Loca 1 Out of paper 

Vy =6.750 
Mz =0 

Mx =9.242 
Mz = 712. 150 

Mx =14.088 

Member@ 
- I 

----~----~ M -
Vy = 70.b24 Vy =·104.995X 

14'.088 , lr M 
z = 702.907 

Global 

Fig. 4.2f 

(.' 
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\ 

JOT~lT FORC~ -------------------------·---------------/
SH~~~ Y TO~St~~Al 8EN~T~C 1 

~ E S Ul T A ~J T J 0 I NT l 0 A I) S - S! J0 or; R T S 

-------- ~CQCC ---------------------------------1 
V Fn~(~ X '"0•-IENT ! ~OVFt.,; T 

4 o.o o.cccccco 

The vectors of the moments and torques acting on 

the ends of the members are directed as indicated by the 

output results in the local coordinate system for each of 

the members. Equal and opposite torques and moments acting 

on joint 4 are also snown in the diagram. These forces are 

in the global coordinate system. Resolution of the member 

end forces applied to the joint should be equal and opposite 

to the forces reported for the RESULTANT JOINT LOADS -

SUPPORTS for joint 4. These forces are resolved in the 

calculations below, note that the results are equal and 

opposite to the results reported at joint 4 and the joint 

is in equilibrium. 


= -14.0877 + 14.0877 = 0.0000 KIP FT.Mx 

Mz = 712.1504 - 9.2423 - 702. 907~l = 0.0002 KIP FT. 

~ 
v = -70.6236 - 6.7500 - 104.995] = 182.3687 KIPSy 
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To further illustrate this techniaue consider a 
more general case with non-orthogonal members meeting at a 
joint such as at joint 13 shown in Figure 4.2g. The out
put results for the members meeting at the joint and the 
joint follow. 

X Global 

Z Global 

y Global1 Out of 
y Local 

v "'62.505 y 

Mz • 15.934 

Fig. 4.2g 

LOMH t..:G - nm 

! 

JOHIT FORCE -------------------------~---------------/
SH~h~ Y TOqStONAl BEN~T~G ! 

q 13 2.6-RqCE4l 21.01221c;e -z.e~31Ec;? 

q 14 13.~35PEq6 -21.07221~e -'55.77<;<;~77 
.. --- -------- ---·------·- - --------------------··--------------- --~---. ------------------- ... ··-· ---- -- -----.------- - --. -

14 10 -44.5047Gl3 -14.0877104 -657.<;9llf~5l 

14 13 62.~047913 14.0e771C4 15.9?~8':l:O 
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o f Sl. ;L Ta~l T J ) I 'J T l :1 .'\ (') '; - S ~ Ir. 1' r ~ T<; 

J~l "'JT -------- ~CQCC ---------------------------------/
V F11t'C:~ X ""0'4ENT ! -..o~~~ T 

lJ 0.010'1023 -c.cccc~21 

The vectors of the moments and the torque acting 
on the members are directed as indicated by the output results. 
Equal and opposite forces act on the joint as shown on the 
free body diagram. These forces now acting in the global 
coordinate system must be resolved into the direction of the 
global coordinate axes. The forces are resolved in the 
following calculations and agree with those reported in the 
output results for the RESULTANT JOINT LOADS - SUPPORTS. 

+ _3_IM = -14.0877 (2.8832) + __l_ (21.0722)
X ..jf3 03 

= -14.0877 + 2.3990 + 11.6888 = +.0001 KIP FT. 

2 + _3_-15.9338 -- (2.8832) (21. 0722)EMZ = 
vTI .../13 

= -15.9338 - 1. 59~3 + 17.5331 = .0000 KIP FT. 

= -62.5048 - 2. 68~·0 = -65.1938 KIPS:EVY 



4.3 Revised Plane Grid Problem (with RESTORE command) 

~he plane grid structure shown in Figure 4.2a will 
now be rev1sed by removing the support as shown in Figure 4.3a 
below: 

Y Global 

Z Global 

Fig. 4.3a 

The revised structure will be reanalyzed for the 
loading conditions shown in Figure 4.2d. The command STRUDL 
RESTORE 'PROB. 4.2' given on line 0010 restores the problem 
with the same status that it had when it was saved in the 
previous problem. The commands shown on lines 0020 thru 0060 
are given to revise the structure. Following these are 
commands requesting print out of the STRUDL interpretation 
of the revised structure. The structure is then reanalyzed 
and saved for a subsequent analysis. The STRUDL output for 
the revised structure is on the following pages. 
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• • • • • • 

• • • • • • 

•••••••••••••••••••••••••••••••••••••••• 

STRUOL RESTORE 1 PP.OA 4. 2' 	 $ l4N 28 0010 

*********************************************** 

ICFS STR UOL II VFR SION 1 MOD 1 


THE STRIIC 'fUR.&L 01: Sl GN LANGUAGE


• ~A SSI\CHUSETTS t~STITUTE OF TECHNnLn:; Y • 

STATF 	 OF CALl FORNI A• 	 * 

• 	 RR II')GE OEPA~TMFNT OtVJSION OF HWVS • •• 	 SPFC tAl. S TUIJ IE S SECTION PH. 445-6'5lq * 

NOVFMRER 1C}69 J NSTALLEI'l APRIL tcno 


20: 12: 54 9101110 

*********************************************** 
OFLFT I DillS 	 s 14N 28 !)020 

JflllllT 14 RELEASES M1ME~T X 7 	 $ 14N 28 00~0 

CHANGES 	 s 14N 78 0040 

JOINT 14 COOROI~ATES FREF 	 $ 14~ 28 0050 

CHANGE 10 1 PROR 4. ,. 1 PR 0 E\ 4.2 WITH JOINT 14 SUP.PtJRT REMOVED s 14N 28 0060 

UNITS 	 INCHFS s 14N 28 0070 

PRINT 	 JOINT cnOROI'IATES $ l4N 28 00~0 

··················*·····················* PRO~l F'~ DATA 	 f"Rl\1 JNTFR~I\l <:,T)Q:AGE * 
·································******* 

A(TIVF II'<(T~ -	 lF'IIGTH >rf',>iT A"'~lF TF~PFRAr J~f Tl~F 

JO(~T C~ORDI~ATr~-f~f4----------•tP-----------~A~---------/ nFGF srr 
JOI"'T X Y 7 CON~ I T1 0"1 

' 
I -l44.rnn o.n 21~."1'10 

2 -144.f'l("lr) 0.0 1 n~. oon 
-144.00'J n.o o.~ 

4 	 n.n n.~- 2 I~. 0•'0 
'1." o.o 1 n•.nnfl, ~.n 1>,0 o.o 

1 144.000 0.0 no. oo1 
~ 144,000 o.o I r·~. <'flO 
q l44.nnn 1).0 n.n 
10 7~P.OIJO n.o ?l•.ono 
ll "AR.rtf)n o.,., 1 fl~. ono 
1? ?AB.~Ofl n.o o. n SIJP'fl'll'q 
13 4~.='.non n.o 716,010 SlJDP'lOT 

14 leO.OOO o.n 1 0~ .(If)() 

JOI•H R£lf~SfS-------------------------------------f>l~STJ( SUPPO~T ~FlEISfS-------------------------------------------------1 
JOII'IT rrwcr MO~FNT THCcTA I THfT4 7 THETA -. t«X ~FV KF7 (~X K~V K"l 
4 x 7 "·". o.o o.n o.'l 1.1 o.o o.o n.o o.o 
6 	 z o.o o.n o.o n., 1.1 o.o o,o o.o o.o 
12 z o. o o. n o. n o. o 1.1 o.o o,n o.o o.o 
13 z n.o o.o o.o 1.0 n.o o.o o.o o.o n.n 

···········•****••······················o f'Hl OF 06TA fO~W INTFR~~l <;TO~AGF • 
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•••••••••••••••••••••••••••••••••••••••• 

•••••••••••••••••••••••••••••••••••••••• 
•••••••••••••••••••••••••••••••••••••••• 

PRINT JOINT RELEASFS S l4N 7.R 0090 

........................................

* PRry~lE~ QAT4 F~~~ l~T~R~Al_ ~Tn~AGF * 

Jf1R TITlf -

ACTIVE II'<ITS - l.f~GTH W'lf.HT 4'<GlF Tf~PrPAT'JRF fl~~= 


JCINT RELEASFS----t~FH----------*fP-----------~~~--/FLA~Tf( BRBPnor ••LF\S~5F------------------------------------------------/

Jf'INT FOI\CF ,.f111f"'l THeTA 1 THnA ? THFH ~ KF~ KFY ~f7 ~~· ·~v K'4Z 

" x T o.n n.o n.o J.o o.J n.o n.o o.o r~.o 


6 x r n.n o.o o.o 0.~ ~.J o.o o.o n.o n.o 
17 x z o.n o.~ o.n ~.J o.'1 o.o n.n 0.0 0.r 
13 X l O.n 0.0 D.O 1., n.Q o.n o.o 'l.{' o.o 

• fNO "F DATA FR"~ l~TFR'<AL STnRAGF 
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ST IFFNE'SS ANAl VSIS S HN ?8 noo 

UNITS FEFT I(JPS S l4N ?8 0110 

LIST FORCES ~fACTIO~S DISPLACEMF.~TS S l4N 28 0120 

lO~OJIIjG - TWO 

J'lllliT 1-------------------- r,RCf --------------------11-------------------- MJ~f~T --------------------1 
~XIAI S~F~R Y S>JFAR l TOOSJfllljAl 8F~O!'IG Y SFN'J(IIjG 1 

1 1 ~l. 76••?'13 - , •• 16 500~~ -4.56?1055 
1 2 -40. 2'>oq2'13 34. '6~00~' lt'7·"''11,.11;QII; 
? 2 -•7.l0~74(\4 4~.131l471 -416. 3•0~5<>4 
2 3 5(). A0~72~1 -4'i.ll!l477 1<l.R7'1340P 

' 4 6.7.. '1'1'1'10 -1~.38b367R o.o 

' ~ 6.14'1'1'114 !~.JPf-3'>78 n.o 
4 .. ~ 

6 
6.74'19'1'11") 
f-.74'1'1'1!4 

27 .'113<10'l'l 
-71. q 13'109'1 

'l.O 
f).l) 

5 7 6.74'19'1'1() !1.4A311?3 o.o 
5 
6 • 

6.74'19'114 
6.71tQQQQ(1 

-11.48>1123 
-3.4401>1,, 

n.o 
(l.O 

6 q b. 74'1'1'114 3.4406161> n.o 
7 10 "· 14'1'1'1'10 '~·"'>'i?2'i? o.o 
7 II b.74'1'1'114 -to .'1&52252 o.n 

ll ~.74'19'1'10 -75.2487640 o.o 

" ll 6. 74'1'1914 25.?48H40 o.o 
q n 17.701>0~47 37.P1'1,?Q?O 311. 7H(l3<>3 

10 
14 
17 

-11.4~11401•o. M'~l742 -H.RH.7'170 
-•.l>'lli14'Hl 

77>.'l¥;A••7 
?I. 4 3(174 04 

10 14 -64.4447?'11 3.691~qo 7i!>3.3A<>~nz" 

11 
11 
17 

1 
4 
4 

-~3.16~R2'13 
11. u,.r,•• 
111~.4·-~7?0 

4.'ib730~5 

-4.56 7305' 
•. ,&no" 

-14. 365005'; 
-11R. Rf,QA><IA 

107. 414} 652 
I? 1 -•7.4R%7?1J -4. S6 23055 455. 35315'18 
n 7 3'l. 11'i7J 7A 4."230'i'i -44l.R701>0S5 
11 10 -17. 7"3'iH30 -4.~~?305'i 704."><>9718'1 
14 10 -44.014l'il7 4. 56 230~5 -6A4.7341311'1 
14 1• 6?.0147517 -4.51\?305~ 4R.~63lM6 

1'5 2 77.5745544 -11.1'i0731,1\ 7<>.4'11\3 ... 84 
15 5 -5'1. 574S~~n ll.3507166 741.3'184375 
II\ 
~~ 

s 

" 
46. 074'iR50 

-2R. 0745 •so 
-11. 1'i07.66 

I 1.'150731\1\ 
-l'lqQ.OqP-1445 
1143."911641 

17 -35. 425384' -1 t. 3'i()731>'> -1156.'~1674Rn 

[7 ll 51.42~1.45 11.1507361\ 625.Rl2?559 
lA 11 -111,.'1253540 -11. •sont.'> -1\71.!'261?30 
I 'I ]4 125.'12~3S40 II. 3507161\ -57.5?5R4R4 
1'l 1 -so. ~057251 -I 'I. ~1'134RR -lt'i.l31 3477 
lq 
?!l 

b 
6 

~·· '10%7'13
74.01\711\7 7 

l'I.A7'H4R'I 
-l'l.R7'134RR 

-67?.'i173'il5 
"-'44.621 5357 

?0 q -56. 01,>377<> 1'~.~7'134~· ! 36.124A01 b 
21 q -().6R760'11\ -1'1.'17<>3486 -13?.684?1'14 
?I ll 1P.6~7')q}f, lQ.A79~4AR I6.43?Rq1 R 

A.Hilt Th"l Jl'f"'T l '1~0$ - SIJPP1Rg 

1------------------- Fll~~F 
X FOR~F Y F'lRCF 

--------------------11------------------- ~,~[~T -------------------1 
l FORCF r ~n~E~T Y ~~~FIIjT 7 MO~FNT 

" , 1 R4. 00454 71 
l4'>.61R04?0 

0.00000110 
1.0000000 

n.ooooooo 
o.ooooono 

12 
n 

101\.10~7<>63

I'"· 720~~?2 
o.oonn31o 

-0.11007'17 
-o.ooot''~' 
0.01100~4~ 

RfStllTA .. T JOINT IHS•LAr.<~f'ITS- ~UPOOPTS 

f-----------------OJSPLACFMFNT-----------------If-------------------•1TAT1~~-------------------I 
X fi!~P. Y OJSP. ~ f'ISP. X RflT. Y RrJT. 7 PflT. 

4 o.o -ry.3M'i~12 -0.074"4"0 
6 O.l) J.3Zl'B'- 0.0541444 
p o.o 1.6!14676 0.0111'45 
13 o.o -O.It70lt7~2 0.1 R4'1bl7 

RFSUlT4~T Jnl~T OJSPLACF~F~T~- FRFF JOINTS 

J"'JIIjT /-----------------OTSPLACF~FNT-----------------II--------------------1T-TIJ~-------------------/ 
X ~~~P. Y OISP. Z OISP. X ROT. Y ROT. 1 R<lT. 

1 o. 0917717 -0."34Cj4qq o. 021 '157'i 
? -?.1 11>21 Olo -1.0Ai14'1'4 -0.161 <>R71 
3 -1.'1<1?14?3 ~ .173?1>61> · 0. !'12241S 
s -t..O'I'I5'1<>R 1.01'77940 -('.?~11714 

7 -1. 42'>4014 -0.412~1?i!> -0.1060'1~7 

" -7.t.4~2R56 o.oen•H 0.0221 "R4 
<I -o. 0051 "20 0.4694006 -0.011>2416 
10 -1. 17 llt'l<l4 -J.4.61t'l3'1 o.n703644 
11 -~. 'iQ77?1 q 0 .!11AAO'I 0.2934?1t? 
14 -3.63~81~') 1.2141~?6 0.31'l7S'l~ 
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•••••••••••••••••••••••••••• 
·········~~················· *~ES!JL Tc; ['r: L4TJ.c;T 6.\I~LVSrS* 

A(.TJVF lfVTT~ f"~J:'T a<[P >1An nrGF <;f'C 

4CTIVE ~TQIICTll~r Tvor Pl.\"< GPI'l 

tn~OI~!G - ONF 

JOPH 1-------------------- F!I9Cf --------------------1/-------------------
~Y.IAL Sl1~~q V ~~F~Q 7 T,PSI'l"'~l 

~'l~F~T --------------------1 
8fNrt!Y:; Y ~f'IOI'Ir. 7 

1 ~7.<101'>04'> -40, 7R 17R"II -6. 0'1'>7'1'>~ 
1 -74olt01'>1J4'i 41,7R77An• 711,,4'>17617 
~ _,,,,14~ACJ') \1, 7~'>1'154 -7•7.12?011 'i 
1 1l,714qA~'i -17. 75'>1J,'>4 1,6lRI)7l0 
'l 4 6,74'1~'1<10 -77ol7101'i? (l,l) 

1 'i 1-,14<>'1<>14 7? o17101'>7 OoO 
It 
4 

~ 

" 
''· 74qqqqn 
"· 74<>'1'!1 4 

J~,fJ4"H044 

-10,04llfl44 
(l,l) 

O.'l 
s 1 "· 74'19'1<>0 A,784?371 Oof'l 
5 ~ 6,749<>'114 -· o711471?1 n,o 
6 q tt.74ctqqqo -llo'>O'I~387 OoO 
6 Q ,,74qqqy4 llo'>ri<>51R7 o.o 
1 
7 

10 
11 

b,74'1'1'>'l0 
6,74'1'1'114 

73o'iA730'i<> 
-71o~8210~'1 

n.o 
"·" q II 6, 749'1'>'>0 -7'>oO"P.II40 0,1) 

A \2 f>oH9'1Q14 :>'i,JQRJI40 n,o 
Cj ll 4~.'l734?t;1 16,1'~~7'>71 •1.1612'>111 
'I 14 -71o H~44'17 _,,,1)">57'>?1 1'>7 0 ,0777'>4 
10 12 43.7(,00403 -17 0 77'1'171>11 -1.PH2'>M 
1~ 14 -77,51'>(),47 p,?7'l<ln• 1AQ,,.,nt.P 
II I -~7.'10149'1' "·oq4zo~5 -40,7871POR 
II 4 I O'i, '10141101 -hoC'142'1<;5 -1172.03007'!1 
17 4 6~.51841?6 ~,0<>47Q5~ 10<>'1,'101079 
12 7 -4P. '>I q47114 _,,O'l47'l55 -lt09,68!1')73 
n 7 41, 76•47114 f,,)Q47Q55 41•.46'i'i7h2 
ll 10 -?1o7&114'117 -f. .09J'·~c:p;t; -7'>. 24177•6 
14 10 17.0JR4q17 ~.f)<>47'1"i"i ""· s7~ov.~ 
lit 11 0,91114~'>~ -'-.0'147'1'>'> 47.1"~""'~' 
I~ 2 4llo6ll\40'11 -4.1l'>7l~'i T... 51t?Rll4 
15 
I~ 

11\ 

~ 

~ 

" 
- 1(), "'1>40'11 

l7ol1 64?46 
O,M1'>1'>41 

4,11'>716'> 
-4 0' 157l(,'i 

.... B~n<~s 

l'lh, 8~1t01'1'1 

-,~ ... ""'~'"7 
"~'.081'Pll''i 

17 8 -l4o3~35'>7l -4.11~71b5 -471.1745117 
17 II l7.llll'i44'1 4.1~'>716~ I'IZ, 771 Rb~R 
I• 11 -45, M1~44'> -4ol35736~ -24lo49?.11'>8 
!A 
ICJ 

14 
1 

~4ollll1'>''17-•1. 7\'-8'>'!(1 
4oll'>736'i 

-1.638""" 
-'-0, "4RA770 
-~7.7';501'>4 

l'l 6 1 f'l'io 11411'>'10 lo63R<'7l0 -IPZ,8B4M1 
20 ,., ha.4'l49R':\I) -3,,380710 1101,711007<13 
?n 'I -'>1.40~0446 1.6390710 -178.'119(,777 
?.I 'I 44,6'i'>O'i<IR _,,63AI'73~ 3'1(), 478Q';51 
Zl I? -7fl. 6511i05CJ~ 3,61P0730 37,431 lt270 

R[Stll TA'IT JOINT LOAO~ - SIJDD'lOTS 

Jf)INT 1-------------------- F'lRf.F --------------------11------------------- ~J~F~T -------------------1 
X F'l~r.F V F'lltC< 7 FORCE X "'O,.rNT Y MCI"'F'4T 7 IO()Mf ..T 

4 17'1olh<l9~?'! -),0~00000 -0.1)1)()(1'1()0, 1AioA6'1QJPA J,'lOOOOOfJ O, OOOOflllO 
17 n, A'i4<1f,57 Oo0~'101"i2 -O,OrJil017R 
11 44, "i"i4<>116 -n,n,fJ01'>7 lloll000177 

RFSUITA'4T JOI~T IJISPI A:r~F~TS- SUPPnRTS 

1-----------------ni~DLACriOf~T-------------- -11------------------->JTATIJ~-------------------1 

X "ISP, Y 'liSP, 7 DISP, X ""'• Y Q1T, 7 R'lT, 

6 0,0 -).1Qf>31'>1 0.7271q"4, !loll 1.721'H•7~ 0,1P774~3 

17 o,n ,,n,1~>71 -I',07<o<>II•P 
11 OoO -~. 33?.4QI2 -o. oo;?A'1~7 

J'li'IT /-----------------~I~PLACf"f'IT-----------------//-------------------•JTlTIJ~-------------------1 
X 'liSP, Y 'liSP, l OISP. ~ ll'lT. Y 11.::11. 1 ~OT, 

-~.CJ47'l6l~ -Joi'>09731 0,177'1041> 
~ -It • ?t;'lqTI§Q :l .OZ111141> -oon777'~'" 

3 -3.'>11>3770 1.1 <14~700 0 ........0714 
'> -~. '>174531 1,054,197 -':1.07~0114 

1 I,IH67~R -o. ?417071 !'. 00?6R~? 
q -li-.l')'ti.SQ7~ :l,OR'i47'R 0• IOOA773 

I 

., O,H3'l47h J,7490,C,47 -o.n?77f>?IJ 
10 0,1>'14149<> -:l,1R71'9'>7 -o. no;8n484 
II -1,16~4Ab1 ~ .11 h776° c. ?0'\47?Q 
14 -1, RhRO'>foP :l oi'H\7'>'1 n. 71 qo;451 
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4.4 EXAMPLE PLANE GRID PROBLEM
( .. 

YGlobal 

20' 	 30' 

Bent 	3 

z 

Using STRUDL determine the following for the grid structure shown 
in the sketch above: 

1. 	 The member forces at the 1/5 points for all three spans 
due to the imposed dead load and overturning force. Use 
2200 pounds per ft. for the dead load. The overturning 
for.ce is 200 pounds per foot and is applied at the right 
edge of the soffit. 

2. 	 The live load moment envelope, local moment z, for the 
curved span. Use the 1/5 points also for the moment 
envelope. The intensity of the live loading is 85 pounds 
per square foot. 

( .. 
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3. 	 The torsional constant IX, for the two celled box 
section using the method of simultaneous equations I 

i 

or the method of successive corrections as outlined 
in Appendix C of the Bridge STRUDL manual. Compare 
the torsional constant computed using one of these 
two methods with the torsional constant computed 
neglecting the interior web. The torsional constants 
for standard closed sections are also given in this 
appendix on page C-6. 

Include the curb sections in calculating the 
torsional stiffness. 

Note the skew angle at Abutment 1. The support conditions at 
the abutment are such that the structure is restrained from 
rotating about the x• axis and free to rotate about the z• 
axis. 

10~011 

g" 	 4'-'3" g" 

E = '3000 ksi 

TYPICAL SECTION 
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The ICES/STRUDL coding for this problem is as follows: 

STRVDL 1 PROB 4.4• 1 EXAMPLE PLANE GRID PRObLEM, POC 1 s 14T 60 ()() l<.J 

s .s. 14T 60 ooze. 

TYPE PLAN I= GRID xz s. l4T 60 0030 

UNITS FEET 1<1 PS DEGREES $ 14T 6J U040 

JOINT C.OOROJNHES $ 1~1 60 0100 

1 c. o. eo. SUPPORT $ 14T 60 0110 

2 20. o. so. SUPPORT s 14T 60 0120 

3 29.271 o. 78.532 $ 14T 60 0130 

4 37.634 o. 74.£71 s 14T 60 0140 

5 44.271 o. 67.634 $ 14T bO 0150 

6 48.532 o. 59.211 $ 141 60 0160 

1 50.000 o. 50.000 SUPPORT $ 14T bO 0110 

8 50.000 o. (). SUPPORT $ 141 60 () 18 0 

MEM~ER INCIDENCES s 141 60 0200 

1 1 2 $ 14T 60 0210 

2 2 3 $ 141 bO 0220 

3 3 4 $ 141 60 0230 

4 4 5 $ 14T 60 0240 

5 5 6 $ 141 60 0250 

6 6 1 $ 14T 60 0260 

7 7 8 s. 14T 60 0270 

CONSTANTS E 432.E3 ALL $ 14T 60 0260 

$POSSIBLE DEGREES Of FREEDOM INCLUDE TRANSLATION Y ROTATION X Z $ 141 60 0290 

JOINT RE:LFASE $ 141 60 0300 

2 7 MI)MENT X Z $ J.I.T bO 0310 

1 MOMENT z TH2 -30. $ 14T 60 0320 

MEMbER 1 TO 7 PROPERTIES PRIS~ATlL IX 38.15 lZ 19.79 ~ 141 60 0330 
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lOADING 1 'DEAD LOAD' $ CROSS SECTIONAL AR~A=14.65 S 14T 60 03t.O 

MEMBERS 1 TO 7 LOAD FORGE V GlOBAL UNIFORM W -2.2 S 14T bO 0350 

LOADING 2 1 0Vt-RTliRNING 1 $ 141 60 0360 

~tMBERS 1 TO 7 lOAD FORGE Y GLOBAL UNIFORM W 0.2 $ 14T 60 0370 

MtMBfRS 1 TO 7 LOAD MOMENT X UNIFORM W -.7 $ 14T 60 0380 

LOADING 3 'LIVE LOAD SPAN 1 1 S 14T 60 0390 

MEMBER 1 LOAO FORCE Y GlOBAL UNIFORM W -.68 S J4T 60 0400 

LOADING 4 'LIVE LOAD SPAN 2' $ •141 60 0410 

MEMBt:R z·To· 6 lOAD FORCE Y GLOBAL UNIFORM W -.6EI $ 14T 60 Ci420 

LOADING 5 1 LIVE LOAD SPAN 3' $ 14T 60 O't30 

M~MB~R 1 LOAD FORCE Y GLOBAL UNIFORM W -.68 $ 14T 60 044u 

LOADING 6 1 LIVf LOAD SPAN 1-2 1 $ 14T 60 0450 

MEMBfR 1 TO b LOAD FORCE Y GLOBAL UNIFORM W -.68 $ 14T 60 O't60 

LOADING 7 'LIVE LOAD SPAN 2-3• $ 14T 60 0470 

MEMBER 2 TO 7 LOAD FORCE Y GLOBAL UNIFORM W -.oB· $ 14T 60 0480 

LOADING 8 1 LIVE lOAD SPAN 1-3• S 141 bO 0490 

MEMBER 1 1 LOAD FORCE Y GLOBAL UNIFORM W -.68 S 14T 60 0500 

LOADING q 1 LIVE LOAD All SPANS' $ 14T 60 0510 

MEMBFR 1 TO 7 lOAD FORCE Y GLOBAL UNIFORM W -.68 $ 14T 60 0520 

PRINT DATA $ 141 60 ObOO 

DUMP TIME $ 141 60 0610 

STIFFNt-SS ANALYSIS S 14T 60 0620 

LIST FORCES REACTIONS DISPLACEMENTS S 141 bO Ob30 

. LOAD LIST 3 TO 9 $ 1'tl 60 Ot>40 

LISl fORCE ENVELOPE MEMBERS 2 TO 6 SECTION fRACT NS 2 O. 1.0 $ 141 60 Ob50 

LOAD LIST 1 ? s 14T 60 0660 

liST SECTION FORCES MEMBERS 1 7 SECTION FRACT OS O••2 S 14T 60 0670 

LIST SECTION FORCES MlM~ERS 2 TO 6 SECTION _FRACT NS 2 o. 1.0 $ 141 60 0675 
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