
Part 16

Pro gram FRÀMEPROGR,II.í222

Constructions with sl-opinq members loaded
with vertical- and horizontal member l-oads.

Examples EX1 to EX10 to click on.
Verticaf and/or horizontal member loads are
given, their components are determinated
by clicking OKF2F5. The subroutines applied
are ADDF2FW etc.
The code explained and written.

Example EX1 to EX6 with framè data and
member loads given.
These data, before the main caLcufation,
can also be stored with STORE NR: GET.
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9lg
Joiírt data C@.dinetês

lod fo@ NFV(P)

bad fo@ NQV(P)

-&-d
lo€d Ío@ NFH(P.

b8d foG NQH(P

ADDF2FW ADDFSFW ADDF2FHH ADDFSFHH

ADDQ3o4QW sroRE XB:J qEJ aDDQ3OIAHH

eooQ6OTOW Prb€amloadfoG ADDOoQTQHH

Êxí Éx2 Ex3 EX4 EXs EX6 ?t
EX7 EX8 EXg EXÍO

OKF2F5

f,f I t,3 
|2t,

With a click on Pr beam load forces the
components determinated with OKF2F5 are
shown, with riqht mouse button the original
horizontal and vertical member load forces.
(If data are stored before clicking OKE?VSt thryrcl-ick it
after qetting back these data, if data are stored after
clicking OKF2F5 then don't cfick'it again after getting
back those data. )

t
Fig.t.
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DANA(L,HXH,L) Shorvl Show2 MSMN(
Ux and Uy DSD6(L,HXH,L Reactione and displ.
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) 1ooinq members wlth

FR,iN{EPROGRÀ}í222

ca1 or horizontaf
Ns= I-*
P9= T*
Joint data Coordinates Aq",n I A94geln I

load forces NFV(P) _ load forces NFH(P;

toad forces Nov(P) OKF2FS 
bad forces NQH(P;

ADDF2RAI ADDFSFW ADDF2FHHADDFsFHH

ADDQ3Q4QW STORE NR=? GEï ADDQSQ4QHH

ADDQ6OTQW Prbeam load Íorces ADDQOQZQHH

EX1 EY\2 EX3 EX4 DG EX6 PrF

EX7 EX8 EXlO

1ê (t,t )--2,í'a

Fttg1l=/Tlrf

member load fo rcê s

Example. EX1 AOAgain

Fj-g. 1.
N9:2 joints and P9:l- member

Calculata

t7t

05o

EA:5008I

Type 2 in TN9, Tab, cursor in TSTRING'
click on Joint data and t\pe in TSTRING

for support 1

for support 2

pV(1):1 Enter, pH(1) Enter,
PV (2):1 Enter

The coordinates of the joints
r x1(r) Yr_ (r) r xl- (ï) Y1(r)
100242

Cl-ick Coordinates and type in TSTRfNG
1,0,0 Enter and 4 2 Enter

/Yl
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P t].HË
r 12

NEB (l l =1

HEA{11=1

The medber data.
PLLHHNLNHBAEI
1t-2Ll-11
Type 1 in TP9, tab, cursor in TSTRING,
1,,tr2r7, 1_,1-r1, 500 Enter.

EA
500

type

2rêrf

I

2t

EA LI
L 4t47

frë./.
C1ick Showl and Show2 to see the data put in.

Vertical member l-oad force 17 kN, clj-ck
load forces NFV(P),

P NF\i (P) r Fw (P, r) LH (P, r)
1L1a72.5
The horizontal distance to the load force aI-

fi ways from left membêr end, here member end 1.
Click in TSTRING and type

1 7't 2-5 Enter. (Or click EX1.)

Click OKF2F5 to get the verticaf force of 17 kN
resolved into components F2 perpendicular to
and F5 along the member.
Or click ADDF2FW and ADDFSFWT page ? and 9.

Next cLick Pr beam load forces to get tbe
components printed. With right Írouse button the
force data put in appearr not shown here-
ELg.2, . ;

MeÍnber lenqth L1= Sqr (2^2+4^2):Sqr(20):4, 41 n.

HZ PR TJR 5R

1 1

,
Eï
0
0
nt
CI

0

I

N9=
I
1
n

I
I
z,

P9=

F)9.2,

0 000
000CI

PVIIVSVXl
t 0 00,00
r 0 o4,oo
PIi UË 5H T1
1 0 0 0,00
o 0 0 2,00

llt HII BA EI
II I 1

a/4,47: 2,5/4 a=(2,5/4)*4,41: 2,79 m

E2/L't: 4/4,4'7 E2: L7* (4/4,4'7 )- 15,21 kN.
a positive value according to the beam axis
system placedËat member end 1.

I
E5/I1: 2/4,47 F5: 17* (2/4,47): 7.60 kN,
a positive val-ue according to the member axis
system [r'always placed at the lowest member
end number

IF2
I 15r 21
IF5
1 ?, Ë0

2

L2.
80
L5
8CI

w{l}=
w{2)=

HE{l'21= L6t334 IEI
IIE{2'1}= -L9,3Q4 lÊl

0,00
0,00

lEl uH{r)=
lEI IIll{2}=

RV{I)=
RV{2)=

0,09 lEI
0,00 /Er

€,3g L'lírr
10,63 k$m

Next Calculate and Reactions and displ

NL(1):1 and NH(1):1, member end hinges, there-
fore separately cafcul-ated member end slope de-
flecti-on HE(L,2) and HE (2,1) .

With Nt(L):0' member end 'real joint', oae will
find UR(1-) and tlE(2,L1 .

RE {l} = 0' 00 lsl{



x/

2

A*-

IFz
1 -15,21
e -?,15
IF5
! ?t6O
2 3,5S

0,00 /Er
25,29 lEL
a,ao lEL

-26,63 /Er

Exampl-e. EX2 AOAgain

Fiq. 1. .

N9:2 joints and P9=1 member. EA=5008
The beam axis system Pt" at member
end 2, the meÍiber axis systea member end 1.

Type 2 in TN9r Tab, cursor in TSTRING,
click on Joint data and t 1pe in TSTRïNG

L
e for support 1

for support 2
PV (1) =1 Enter,
Pv(2)=1 Enter.

PH (1) Enter,

The coordinates of the joints
r x1 (ï) Y1 (r) r x1 (r) Y1 (r)
100242
Click Coordinates and tlpe in TSTRING
1,0,0 Enter and 2,4,2 Entex.

lt/*r.gts *4t* 447 pr. t
$fB (1) =2

IIFÀ{1}=2

w(l,-
UR 1r1 =
IIy(21=
0R{?}=

r.2
1, €g
2,gL

t5
2rgQ
11 5?

I,H
?r 50
lr 40

uH (11 -
ÍtH {21=

The member data.
P L], HH NL NH BA NT
l_120021
Tlpe 1 in TP9, Tab, cursor in TSTRïNG,
LÍLt2,0t0t2t1r500 Flnter.

RA
s00

type
N!lI{t} =2 Ï ElI

1 l.?,0D
? €,00 Two vertical- member load forces l-7 kN and I kN,

P NFV(P) I EW(P,I) LH(P,I)
L2rL72.5
r2281-4
click load forces NFV(P) and-type in TSTRïNG

0,00 /Er

0,00 /EI

11,5S L{ftr
13,43 tsl{n

L7 2.5 Enter and1 2 1 1_,2,2,8,1.4 Enter

8Il{1}=

2

l{EB {11=2

NFÀ{1} =l

0'00 kll RY(11=
RV{z}=

t4trJ
ta/

;

Click OKF2F5 to resolve 17 and B kN ínto compo-
nênts or cl-ick ADDF2WV and ADDFSFW page 7 and 9.

Cl-ick Pr beam l-oad forces to print the compo-
nents, with riqht mouse button the start forces
are printed, see on the left

Fig.2.
The same beam but tmirrorredt with beam axis
system placed at menber end 1, BA(1):1, and
member axis system at member end 1.

Cl-ick AOAgain, type 2 in TN9, Tab, .foint data
and in TSTRÏNG
PV(11:1 Enter, PV (2):L Enter, PH(2\:I Enter

r xr_ (ï) Y1(r) ï x1(r) Y1(ï)
1,40202
click Coordinates and type i-n TSTRïNG
1" 0 Enter and 2,0,2 Enter.

It

2eo-
2

1"2

2rEg
l'' 5?

Í,5
2,80
11 57

ï.H
1,50
216Q

uïr (1, =

L-
há2.

I

I

IFz
1 -15,21
2 -7,L6
IF5
r 7r6a
2 3,5S

4

PILHHNLNHBAEl
1120011-
Tlpe 1 in TP9, Tab, cursor intstnlNc,
7,!,2r0,0,L,1,500 Enter.

EA
500

type

NEïI(11=2 ï fV
7 r7,0a
e 9,00

IJ'f {1} =
uR{1} =
w{2)=
ItB {2} =

P NFV (P) I FW (P. I)
121L"7
t228
Click load forces NEV(P)

LH (P, I)
1.5
2.6

and tlpe in TSTRING
!,2,2r8,2.6 Enter.1 12 L7 l-.5 Enter and

0, È0 /EI
-25,29 lEr

o,Qa lEr
26t63 IEI

0,00 /EI

Q,QI) ÍEI
Fig.1. with UR(1):25,29/EI , positive ansl{er,
so as assumed to the right.
Eí9.2. wi-th UR(1):-25, 29/EI' negative answer,
not to the right but to the left.
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LHy
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),í 2,2 n
LH3

4

Í qxamp.l e. Ex3 AOAgain

Fig. 1 .
EA is 500*ET. N9:2.
X1 {1):5, Y7(\):2, x1 (2)-0 and Y1 12):0 - The beam
axis system is placed at beam end 1, BA(p;:1.

Type in TNg a 2, click on Joint data
Click in TSTRING and t14pe,
gv( 1):1 Enter, PH(1):1 Enter, hinge support,
PV =1 Enterr roller hinge support.

ck on Coordinates, click in TSTRING' Lype
for
I, X1{f),Y1{I) L,5,2 Enter, 2,0,0 Enter.

The member data.
DO-1

xt2

3,q2

?'v

l{QB(1}=I

l{QA tl) =1

l{Qvt1}=1

D5 {I, ?}= 0,
D6{1'2)- -ff'
HF{1'2}= 0'

.fa

o4
-7 ,43

Q7

-2r91

Fig,/

4?,
lt,/ I

F.ga

PR UR 5R,

000
000

LI
5,39

l4
Zr37

L7
2,37

T.IId

2,2Q

Q4V (P, r)
11

LH3 (Pt lj
1,5

LH4 (P,r)
2.2

/t

q

PLLHH
112

Click in TP9,

L, \3rr,-1&L999_ r!!9l
Cfick on Beam l-oad forces N

EA
500

type 1, click in TSTRING, type

BÀ
1

NH
1

NL
1

E1
1

F\r w 5v xl ltz
1 0 0 5,00 0
1 0 0 0,00 0

PH UE 5H Ï1
1 0 0 2,00
0 D 0 0,[0

OV P)- The data are

5

FY
0
0
Et(
CI

0

1

H9=
r
1
n

I
1

2

P9=
P

I
].f, HE ST. }M BA EI
12t1tl

Q3V Q4V llt3
Ê,00 11,00 lr 50

P NQV(P) I Q3V(P,I)
1118

Q3 /Ll:s /5,39
Q4/8 =5/5,39

Q6/71.=2/5,39 :+
Q7 /8 =2/5,39 +

Q3=11* t5/5,39): 10,20 kN,/m

Q4= g* (5/5,39)- 7,42 kN/m

Q6=11* (2/5,39): 4, 0B kN,/m

Q7: B* (2/5'39): 2,91 kN/m

Click ín TSTRING and type
1,1,L,8,LL,7.5,2.2 Ent.er- (Cf Èlick EX3- )

Then a click on ADDQ3Q4QW and ADDQ6QTQW, and
th e c ompon ent s oÏ-t tre -ïê.Ef 

" 
a r -aGE-ft rrIe-á

.loads are ca.lcu-Iated. Page ll and 12.
A click on Pr beam load forces prints the mem-

' ber load forces NQB(1) and NQA(I) . IÍíith right
mouse button the start vafues NQV(1), see the
print on the 1eft. Next Calculat etc.

Fí9.2
Ca-l-cul-ation of the components-
The beam axis system is placed at member end 1,
seen from this point foll-ows Q3 and not Q4, êx-
changement!, Q4 and not Q3.
The beam length is Sqr(2^2+5^2): 5,39 m.

T

1

I
1

I
1

Q3

,2L10

EA
500

l3
1,40

t6
1,40

Q6

-4,09
=+

00 I$r
9? klt
00 kl{u

D5 {2' 1} = 0' 00 ld{
D6{2'l)= -10'54 lL{
HF{?, l) = 0' 00 ldile

The printed values have a negative sign' that
is correct because the forces arê directed to-
wards end 1 wtrere the beam axís is placed, and
that is against the made assumption.
The needed distances are measured from end 1 as
we1f.
L3/5,39:1,,3/5 e L3=5,39*(1,3/5)= 1,40 m

L4/5,39=2,2/5 = L4=5,39* (2t215): 2,37 m
w{1}=
w1e;=

DA{l'2}=
HA(1,2)=
Mf{l' 2} =

0s lgr ult{u=
D0 /EI Ufl{z}=

RV(1)=
I{V(2) =

0,00 1EI
o,oB íEI

0,
0,

lÍE{1,2}= -35,9G9 íET
IíE {2 , 1) = 34 , 642 lEL

RH(tl= 0,00 kll

o

11,11 bl{
4,44 kl{
0,00 kl{m

DA{2, 1} =
l{A(2' 1}=
l{f 12, 1; =

11,9? IcUn

10,54 kl{ar

9, ?9 kl,I
3,92 LlI
0,00 td{m

The printed values are negative, correct since
the assumed directions of Q6 and Q7 is away
from that lowest member end nunber.
Distances L6 and L? are equal to L3 and L4.

3



/, I 2,2)r2 /t5
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Exannole. AOAgain EX4 -

Fig. 1 .
Lit<e on the preceding page, but mirrorred'
À rolfer support at member end 1 and a hinge
support at member end 2

EA is 500*EI. N9=2.
X1(1):5. YL{L):0, x1(2)=0 and Y1(2):2'

Steps for input data, c.lick Joint data.
PV(1)=1 Enter, a rolLer hinge support,
PV(2) =1 Enter, PH( 2)=1 Enter, a hinge suPport
CIick Coordinates.
r, x1 (ï), 5, U t;nter , 210,2 EnJcer

The beam ax.is systern is placed at beam end 2r
BA(P)=2. Both beam ends are assurned to be real-
joints, NL(1):0 and NH(1)=0, then there are al-
so two Primery moments.
P9:l-

L

2
tl

/q 9-/

Fg't

frí2

4

,t

t, 6,.

.z+ b 2,?/

?,
2 !

//, //

I{QB {1} =1

tÍQA(1)=1

DA(1' 2f =
I{A {1' 2} =
ilF 11, e; =

w(1)=
IIR(1)-
w{2t=
lrR{2}=

PLLHH Nt BA
2

NI{
0

E1
1

EA
500

IQ3
I LO,2L
IQ6
). 2,97

9, ?9 L{l
-3,92 kll
0,00 kl{u

DA{2,1}=
NA(2, 1) =
HF(2' l)=

11,11 lds

-4,44 LSI

0,00 ld{n

16 L?
62 2,37

-0t05 {EÍ

0,00 /EI

0,0É kl{a
3,10 kHe

Q4
43
Q7
09

1,3

L,4Q
L6

Ir62

L4
2'3'l

t?
2,37

1

7 t7 r2,

Click on Beam load forces NQV(P). The data are
P NQV(P) I Q3V(P,T) Q4V(P'I) LH3(P,I) LH4(P,T)
1 1 1 11 B 1.3 2-2

toad forces and distances always seen from the
left of the beam with order, Q3V and Q4v' LH3
and LH4 -

21

Or0,2,1,500 Enter.
7,

4,

0,00
-34,64

0,00
35,9?

00
64
00
97

íET
/ET.
/ET.
/EI

UH{l}= 0,0Q lEÍ

Iïfl {21= 0,00 /EI

A

1-,I, L, LL, 8,!.3,2.2 Entet. (Or click EX4 ')

À Then a ctick on ADDQ3QAQW and ADDQ6QTQW,

Eh. "o*pottents 
of the vertical distributed

Ioads are calculated. Or click OKF2F5'
Next Calculate etc.
pomparing thê results of the preceding page,
rotation ttR(1):-34,64 and HE í2,1): 34,64,
rotation uR(2): 35,97 and HE (1 ,2):-35'9'1 '

Eig.2.
E forces along the member axis : 0 ?

4.44 + 3r92 - 0,5* (2,97+4,O9r*2,37:
8,36 - 8137 :-O' 01 s 0

b,il
7,rb

Rg{2}=

NQB{1}=1 I Q3
1 10,2r

w{1}=
ItR(11-
w(2,=
IIR (2) =

ADDQ3Q4QW

RV(tl=
0' 00 klI RV{21=

RV(1!=
-?, ?6 kll I{V{21=

IIH (11=

ItlI {21=

BV{l1-
7,?6 t$I RV(2!=

Q4 ï,3 L4
7 ,43 1,40 2137

fil{11- 0,05 íEI

tH(z,= ' 0,00 /EI

E
10,54 L1Ín
Ê,e6 kh

54
97

10
11

Iclh
llfln

0

-34
0,

35'

I
/81
IEI.
/El
/ET

0,00 lÊl
0,00 /EI
Q,00 fÉr
0,00 /Er

^

í,11

frs-i'
I{ff (2) =

l{04{1} =0 I Q6
L 2t9'l

w(1)=
IJR{r}=
w{21=
IJR {2} =

ADDQ6QTQW

t

t
Q?
094 E mom. member end 2 = O ?

9,1 g* 5, 39- ('7, 43*2,3?) * (1, 4A+0, 5*2 | 3-l I

- ( 0, 5* l1o, 2L-7, 43j ) * 2, 37 * 1 11' / 3) * 2, 37 +!, 4O ) \

52,'7'7 - 45,52 - 7,27 - O,04 P 0

g E Click only ÀDDQ3Q4QW, Pr beam load forces
Calculate, Reactions and displ

L CLick only êPPgg!.?Elg, etc.

I
RH (2) = Results A : results B + results C.
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$êqple- AOAgain Ex5

Fig. 1 .
Again N9:2, EA:500*EI. First click Joint data.
À vertical rofler support at the top, PH(1)=1,
a hinge support below, PV(2)=7 atd.EIl2)-!.
The coordinates are X1 (1):4, Y1 (1):0, X1 (2):0

9r,?

//9,

l

and Y1 (2):7.
1 0 Enter,4

After
2, O,

clicking Coordinates-.-
7 Enter. Further BA(l-):.1'.

hit
Member end 2 is assumed to be a reaf joint, so
NH(1;=9, a zero for the highest member end num-
ber.
P9=1
PLLHTNLNHBAEIEA
112r021500

2

qt After a cfick on Beam load ces NOH {P} folfo-f4

\,
l"

Q4 t3
7,gr 0,00

Q? L6
0,00 3,30

trA{2' 1} = 1

l{A{?,1)=
HF (2, 1l =

sH{1}=
IIH{2) =

!*12.1tr=,
lB{3' lf =
.E{3'I}='

gE{U=
iI3{l}=

wing data can be tyPed in TSTRING,
P NQH(P) 1Q3H(P, I) Q4H(P,T) Ï,V3(P,1)
1t1902

LV4 (P,1)
ÈJ

DÀ{I' 2} = 10' ?1 lÍ{
l{À(1, 2} = 6' 12 ld{
HF(1'l)= 0'00 [1In

Wt1': OtfJA lEÍ
w{2}= 0,a0 lEI
UR(2'= B1' 13 /EI

NQB (1):1

!,ltÀ(11:1

ïí'i'B {}l =t

I{iBí1}=r

rà{1. !} ='
lLBil' ?) =,

!f {1'?tr=,

trf í1)='
trf {3}=
gRi2l='

el

1Q3
1 0,00
IQ6
1 -4,47

? 4f4{J

t -? È1* r a È4

I '!5
1 -4,{?

lt,Tl Hl
€.1A l1I
!.8Í llln

L4
5,76

L?
5r?6

?,{

t-r
5. ?6

lI, ?9 3![
i. ?3 i3ï
'1. 'lL1 lfgp

w{1}=
w{21=
ltR{2)=

t{H (1} =
RH (Ê) =

tÁ t starting from highest member end,
"í'-' e3H wirh LV3 and Q4H with 1,V4.

Fíq.2.
thán a c]ick on ADDQ3Q4QHH and ADDQ6QT9HH to
cafcu1ate t}. e comp-cnents. See the resufts orr

the ]eft-
Q3=0 because the beam axis system i-s placed at
member end 2 where the load force ís zero' the
next load is Q4. The distances from member end

2 as wel1, L-a:O and L4=5r'1 6 m'

Q6 has a negative walue because the f orce is
not directed from L to H' The two distances are
measured from lowest member end number L' first
L6: 2,30, then L7: 5,76 m'

1, ?9 Ld
6, ?3 r*I
0,0D l{&n

Or cl-ick EX5
Íílth horizontal member loads di dtances afwavs

Below resuats when clicklng onLy ADD0304HII

0,00
0, oo

/ET.
/ET

ItE (1, ?): -80,53s lET BA ( 1 ) =Z

Itff {11 = -12' 34 L'}I

RH{2)= -13,5? t}l RV{?}= 0,00 lcl{m

íEt
IET
/EÍ

0, Il
0,0o

91, 14

lIH(l|= 0'0rl /EI
ÏlII{21= 0'Cr[ r'EI

t5

1fn

Lë
?f 3i

0rl

0{

U

lr

llE {1' 2}= -S0' 532 /EI

I{H{U= -12,34 kl{
ItH {2} = -?, 20 kl{ RV(?} = 11' 16 ld{n

Some results when clickÍng only on ADDQ6QTQHH'

w{1}=
w{2}=
UR{2) =

{1}= 0, o0 /Er
Ull (2) = 0' 00 /Eï

lÍE ( 1, 2) = -D , 097 íEI

11
00
01

-0
0

-0

l$.
ÍET.

/ET,

fi,IJO JEÏ
rl.t'l /Eï

Ê1,15 /'Eï

U
'tEï.iEt

ÍB
UIJ

FE il,3; =, -efi,539 lEr BA ( 1 ) =1

REil.l= -1Af 34 ltl
RE{3i= -13,5? }lt IË{íat=

-11,16 ldln

Due to forces along the mernË-êr, the member is
not bent, arises a slope of 0, OL/EI to the feft
whichl added to the slope due to the perpendi-
cular loads gtJ-ves the final values on the l-eft.

0,00 kl[
-6' 38 kll RV{2} =

tr'Iti tÏ&

5



NQB {L} =2

NQA{l} =2

NFB (e) =t

HrÀ (2) =1

2ta

IQ3
I 0100
2 4,00
IQ6
I 3,00
2 ?,40
IFz
I -€,40
IF5
1 -{f 30

Q4

4, 00
3, 20

Q?

0, 00
3,0o

?a

l, 13
L5

I OO

04v
5,0o
4, g0

tv
1, 50

D5{2'l}=
D€(2'1)=
Hf {2. l1=

D5 {3' 1} =
D6 {3' 1} =
llF{3.1}=

l-*
ly,

í ,/,

gZt/

/. Ps.t' L,3.2 0 Enter

L4
o, ÊÊ

1,63
L?

0, gg

L, €3

LË3
0,00
0,70

LH4
a,7A
lr 30

Example. EX6

Fig. 1 .
N9=3 joints, P9:2 members. EI:1 and EA:300.
Type 3 in TN9 and Tab cursor in TSTRING.
After clicking Joint data input follows for
both hinge supports, PV(2):1 Enter'

a PH(2):1 Enter, PV(3)=1 Enter_ and PH(3 Enter
After clicking Coordinates'
r, x1 (r) , Y1 (ï) ,

):1

,o'í' /'3 
, , 2t0r2.4 Enter. 3,5,2.4 Entêr.

rPt type*t Táu cuisóïin tstilrtre

0

0

3

1

ït

00
Ëó

L6
l3
50

Tab cursor in
and tlpe the tvto rows of member data fo]lowed
by Enter.
P9=2
PLLHHNLNHBAEIEA
1120r21300
2r30131300
After lnput of the coordinates Tab, cursor in
TP9, type 2 and Tab, cursor in TSTRÏNG and type
each row of member data followed by Enter.

Beam load forces of member 1.
Vertical beam load forces with distances al-ways
measured from t.hê left beam end.
P NQV(P) I Q3V(P,Ï) Q4V(P,I) LH3(P,I) LH4(P,T)
r 2 1 0 5 0 0.7
L 2 2 5 4 0."1 1.3
Click load forces NQV(P) and type in
TSTRfNG each row of the given data here above
followed by Enter.

Beam load force of member 2.
Horizontal beam load forces with dístances a1-
ways measured from the top end of the beam.
P NFH(P) I FHH(P,I) LV(P,I)
2 t 1 B 1.5
Click load forces tï!H-1i!l and type in
?STRING the given row of data Entêr.
(Or c]l-ck EX6. )

Click OKF2F5, or ADDQ3Q4QW and ADDQ6QTQW, and
ADDF2FHH and ADDFSHH.

I More on page 15.
Goinq on with th,is example.
Changing some data.
Support 3 becomes a horizontal roller support,
so PH(3):0 instead of PIt(3):1 and
joint 3 is loaded with a horizontal load force
of 2,90 kN to the right,freplacing' the reaction RH(3)= 2,90 kN.

l{$I(11=2 I O3V
1 0,00
2 5,0fl

IIFH {2 } =1 I FH

1 -9,00

D5 11,2; =
D€(1'2)=
HF {1,2} =

D5{1'31=
D6{l'3}=
!àF {1, 3) =

-5, r0 kl{
-0, ?0 lrll

3, ?8 ldln

5, 10 lilE

0, ?+ L-lI

-3, ?8 kl{m

5, 10 ld{
-8,80 kll
0,00 Llftn

z, 90 kl{
-0, ?0 1Í{
0.00 ld{m

w{l)=
IIR{1}=
w{2}=
II'/{3 } =

HE {2
irE {3

E,A6 lEr
-0t?L IEI
Q,AQ IEI
0,00 /Eï

IIH {2) =
Ull {3} =

RV(2)=
RV(3)=

a,Bg íEL
o,oo /EI

Ê,80 klrlm

0, 70 L:IIm

Q,00 lET
0, 01. /EI

9, 80 ld'lm
0, ?0 l$ltrl

IIH {1} = -0, 05 /EI

RIt {2} =
RH (31=

4,LEZ lEL
-L,794 lEI

5,10 lcll
2,9'l ku

1)=
l)=

Then click
UR(ï) zeÍo
Calculate

Again to make all UH(I), UV(I) and
, next click
and Reactions and dispI.

With PH(3):0 and Fx(3):2.90 kN

Click MSMAX for maximum bending moments and
bending moment zero points,

w{1)=
rrR 1r; =
[Iv{3)=
tlyí3)=

t},97 /Er.
-Q,'tL tEI
0,00 /Er
É',00 /EI

gH(2i =
UII(3)=

!15= 0, CtO

M5= 3,€È
H5= -0,01
!{5= -3, ?7

l{5= 0 | 00
t{5= -3,0?
lá5= 0, tll
ll5= 3,1'l

UH{1}= -0' 04 /EI kl{n
ld{m
tilm
klïEt

X- 0100 n P= I
X= Ir4€ n
X= 2r9ê n
X= 4100 m

X=0
X=1
X=l
X=3

IIE (3, 11= 4 
' 
L65 lEL

lïE (3,l, - -1,',t99 lEL

RH{z}= 5'10 lrl{ RV{?l=

t1ft6
Isl{m

kf&r
k!&r

00n
13m
9? ro

00n

6

RV{3) =

P=2
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Private Su-b ADDF2FVV()
ForP:1 To P9
For I1:1 ro NFV(P)

ïf C>0 Then
F2=F\IV (P,Il-) *C : L2=LH(P tÍ11 /C.
If BA(P):L Then
F22 lP,T-l:82 ; L22 (P, Tl:L2
Elself BA(P):I{ Then
r22 lP, I) =-F2 : L22 (P, I) :L7'L2
End If

ElseIf C<0 Then
F2--FW{P.f 1) +C: LZ:-T'H(P,1L') /C
If BA(P)=L Then
822 (P tÍ):-82 z L22 (P,Íl :LL-L2
ElseIf BA ( P) :i1 16"tt
822 (P,TI:FZ : L22 l,P. Tl :L2
End If
End ff

Next 11
Next P

End Sub

Subroutines for slopinq members with vertical
and horizontal member load forces.

Vertj-cal beam J-oads and sloping beamsr ttle beam
loads are not perpendicular to the beam axis-
Suppose ttrere are NEV(P) vertical forces, then
For I1=1 To NFV(P) load forces 822 (P,I) have to
be determj-ned. Each time Ï1 the number of per-
pendicu-Iar beam .Load forces is increasing with
1, therefore
NEts (P):NFB (P) +1. : Ï:NÉB (P) .

Fiq.La and Lb.
The beam with the assumptions belonging to the
xièvf axis system-
cos (h) =C:Da/LI and Cos (h):F2lEw(P, ï1) so that

F2=E'W ( P, 11) *c

Cos (h):LH (P' rtl, /L2 thus L2=LH ( P., r1) lC

C>0, the values of, E2 arrd LZ are posilive

Fig. 1a
The bearn axis system iJ i" placed at bearn end L,
in that case F2 and L2 are corrêct walues. So

ïf BA(P)=L Then
r22 e,Tl:F2 : L22 (P,I) :L2

Fiq. lb.
Now the beam axis sy$tem at member end H' The
pieture shows that F2 must get a negative value
and L2 must becomê LL-L2, a positive va1ue. all
according to the assumptions belonging to the
beam axis slrstem. Ttren follows

Elseïf BÀ{P):H Then
822 (P, Il:-F2 : L22 (P,Il:L1-L2
End If -

The second possibilitY.
Eig.2a and 2b- ,

Member end numbers L and H are exchangred

Aoain F2:FW(P,11)*C and LZ:LElP,T.L') /C

C<0, the values of FZ and L2 are neqative'
Multj"plied by - 'minus' makes them positive'

F2:-F\rV (P, I1l -c un6 lz:-ut (P, I1) /C

Fíg.2a.
The bêam axis system al L. Now Lhe figure shows
that F2 must have a negative va1ue, so -F2' and
L2 must become LL-L?, both positive values.

ïf BA(P):H Then
822 l,P, ï ) :-F2 : L22 lP,1) =L1-L2

Fig. 2b.
Now the bean axis system at member end H- Now

F2 must have a positive t'aluer it has, ar.d L2
must have a posÍtive value, it has as well ' So

Elself BA(P):H Then
F22 (P,Í) :t2 . L22 (P tÍ)- L2
End Tf
LH(P, Il) always ÍÍreasured from ttre left beam

endl C cannot be zero. division by zero!

/r

;

1:NFE (P)

D2:Yr (H) -Y1 (L)

tl)

FVvq t)

lq

4

fis.d.

Fig.2^.

F:?

I

t
L

NFB (P) =NFB (P)+1_ :
L=LL(P) : H:HH(P)
D1=X1 (H) -X1- (L) :

Ll-sqr (D1^2+D2^2'i
c:DI/Ll

H

Fi7:21

7

//

I



I

,?

Frg.ta-

- 
Íf S>0 Then
T2:FHH (P, 11) *S L2:Lv (P,1I) /S

If BA(P):L Then
F22 (P,I):-F2 : L22 {P,T):L2
Elserf BA(P):g 1'1t"t
F22 (P,ï)=F2 : L22 (P'L):LI-LZ
End If

Private Sub ADDF2FI{Ho

ForP=1 To P9

For f 1:l- To NFH(P)
NFB(P):NFB(P)+1 : 1:NFBiP)

r.:tI, {p) : H:HH (P)
D1:X1 (H)-x1 (l) : D2:Yt (H) -Y1 (L)
L1:Sqr (DL^2+D2n2)
S:Dz/LI

Subroutine ADDF2FHH

Horizonta.I beam foads and sloping beams, Lhre
beam loads are not perpendicular to the beam
axis.
f f there are NFH(P) horizonta.l forces, then
For I1:1 To NFH(P) load forces F22(P'I) have to
be determined. Each time Ï1 the nurnL'er of per-
pendicular beam load forces is increasing with
1, therefore
NFB(P)=NFB(P)+1 : I:NFB(P) .

Fig. l-a and 1b.
The beam with the assumptions belonging to the
X1-Y1 axis system.
sin (h) :s:D2/LI and sin (h) =F2IFHH (P, r1) so that

F2:FHH{P,11)*S

Sin (h):LV (P, I1) lLz thus L2:L1í ( P, 11 ) /S

S)0, the values of F2 and L2 are positive

/
/"

FF

a2

ï-
19

{

tr
t!

s,
h

q
Èg. tl.

Fig. 1a.
The beam axis systen j= is placed at beam
in that case F2 must qet a negative value,
has the correct val-ue. So

C<0, the values of Y2 and L2 are neqative:
MultipJ-ied by - rminus' makes them positive'

L2--LV (P, 11) ,/S

If BA(P)=L Then
F22 lP'Il:F2 : L22 (P,I):L1-L2
ElseIf BA(P):P 1i..tt
F22 (P,I) =-82 : L22 lP' Í) :L2
End If

- 
End ff

Next ï1
Next P
End Sub

s-

rf BA(P):r, Then
822 lP, Í):-F2 : L22 (P,I) -L2

Fiq. 1b.
Nob, thê beam axis system at member end H. The
picture shows that F2 has the assumed direction,
ar'd L2 must become L1-L2. Then follows

Elself BA (P) :11 11t.tt
F22 (P, I):F2 z L22 (P,I\ :Ll-L2
End ff-

The second possibility.
Eí9.2a and 2b.
Member end numbers L and H are exchanged

À9a in F2=FHH ( P,11) *S and 1,2:rV (P' T1-),/S

end L,
L2

- 
EfseIf S<0 Then
F2:_FHH (P; 11 ) *S

d

F2=-Fw(P'11)*C and L2=-LH( P,II) /C

Fig .2a.
The beam axis system Pt L. Now the figure shor^ts
that F2 has the correet direction, and L2 must
become L7-L2, both positive values'

If BA (P) =1, then
F22 lP,Il:F2 z L22(P,I)-L1-L2

Fí9.2b.
Now the beam axis system at menlcer end H. Now
F2 must have a negative va-Iue, and L2 must have
a positivc \ralLlÊ. Sa

Elself BA(P):H Then
F22 (P tA) =Í2 : L22 (P, I):L2
End ïf
Lv(P,11) always measured from Èhe top ênd of
the beam. S cannot be zero, divísion by zero!

\- È ,È2

/

1J

0

297 2a
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--_ Private Sub ,ADDFSFVV o
For P=L To P9

- For I1:l- To NÏV(P)
NFATP)=NrA(P)+1 : I:NFAiP)
L=LL(P) : H:HH(P)
D1:x1 (H) -x1(L) : D2=Y1(H)-Y1(L)
l1:Sqr (D1,^2+D2^2)
C:D1/L1 : S:D2/L1
F5:rW (P, ï1) *S : L5:LH (P,11,) /C

If S>0 Or S<0 Then F55(P,t;:P5
If C>0 Then L55(P,l;=15
If C<0 Then L55(P,I;:1,11tr5

- Next ï1
Next P

- 
End Sub

L //

Subroutine ADDF5Fï/V

Fig. 1 .
The vertical beam l-oad FW(P, 11) has a compo-
nent perpendicular to the beam axis, and also
a component along the beam axís.
Then For I1=1 To NFV(P) vertÍcal load
iorces F5(P,r) mÈst be deterruined- Each time
the number NFA(P) load forces alonq the member
axls increases ltith 1t
NFA(P):NFA(P)+1 : I_NFA(P) .

sin(h):s:D2lL1 and sin(h):r5,/Fvv(P,I1) so rhat

F5:wV(P,11)*S

S is pos, so F5 is, as the figure shows F5 i-s
indeed directwed as assumed from L to H.

Cos {h):LH(P, ï7], /L5, then Ï:5:LH(P'Ii-) /C

C is pos, so L5 is, it is the L5 of the fígure

Fi1.2.
The member end numbers L and H are exchanged,
now S and C are negative,

Again are F5:FW(P, I1) *S and LS:LH ( P,TL\ /C

F5 has a negative val-ue' so it is not directed
as drar.rn, but opposite directed, that is as as-
sumed from L to H' so correct'
L5 is negative, to get the correct L5 measured
from L write L5=L1+L5 instead of L5:L1-L5.
Then the following code aPplies.

ïf S>0 Or S<0 Then F55(P'I):F5
rf C>0 Then L55(P,t;=15
ïf C<0 Then L55(P't1=11a15

Subroutine ADDFSFHH

Fog.1 .

Now with FHH(P,Í1) and LV(P'11)' like above, C

becomes S and S becomes C.
Cos{h):C:D1lL1 and Cos(h)=FSIFHH(P'11) so that

FS:FHH (Pr 11) *C

C is pos. then F5 is,
from L to H.

F5 is indeed directed

a

l te(Èu),

->1

H

tig.t

h.t

i
LVPbt)

ID2

F-

F6

H

F5
3/

frb., rg.z.

- 
Private Sub ,ADDF5THH0
For P=1 To P9

- For I1:1 To NFH(P)
NFA(P):NrA{P) +1 : Ï:NFA(P)
L=Í,L (P) : H:IIH (P)
D1=X1 {H) -x1 (L) : D2=1L (H) -Y1 (L)
L1:Sgr (Dt^2+D2^2)
C:D1,/L1, : s:D2lLL
FS:FHH (P, f 1 ) *C : L5:LH (P, 11 ) ,/S

Íf, C>0 Ar C/,0 Thon F55(p,I)-F5
ff S>0 Then L55(P,I;=15
If S<0 Then L55(P,r;:11*"t

- Next 11
Next P

Sin (h):LV (P, I1-) /L5,

S is pos. so T.5 ís'

then L5:LV(P,f1),/S

as the figure shows.

Fj-q.2.
!Íith member end numbers exchanqed, cosinus C

and sinus S are neqati-ve.

Aga in are FS-FHH{ P, fl) *C and L5=LV{P,11)/S.

F5 ir negati.rre, inriccd di rertpd frnm T' tn H

L5 is negative, and like above not L5:L1-L5 but
L5:L1+L5. Then fo1]-ows

C>0 Or C<0 Then F55(P'I)=F5
S>0 Then L55 (P, I) =L5
S<0 Then L55 (P, ï):Í,1+L5

ïf
If
If

I
- 

End sub
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Example.

Fig. 1a .

Calculation of F22 (P,I)'
There is one vertical force
FvV(P,T1):pvv(P,1)= 7 kN, and a distance
LH(P'11):LH(P,1): 2,5 m'
This distance is always measured from the l-eft
of the beam, whether its l-eft member end number
isLorHornot. i
With construction axis system X1-Y1 given are
X1 (T,)=0, Y1 (L):2, Xl (H):4 and Y1 (H):0 m.
D1:x1 (H) -x1 (L):4-0: 4 m

D2=YL (H) -Y1 (L):0-2:-2 m

Ll:Sqr (DL^2+D2^2):Sqr (L6+4) : 4, 41 m

cos (h) =C:DI /L1:4 / 4, 4'l=0, 895
c>0
F2:WV (Pr 1) *C:7*0r 895: 6,2? kN

L2:tH lP,I) /C:2,5/O,895: 2,19 m

BA(P):L
822(PtÍl--F2:6,27 kN
L22\PrI't=L2: 2r1 9 m, ttrêse va.Lues are correct.

Fig. 1b.
BA(P)=H
F22(P,Í):-F2:-6,27 kN, yes it must be negative
L22 (P' Í) -I.1-L2: 4 | 47 -2,79= 1' 68 m'
Fig.2a -

The member end munbers are exchanged'
x1 (L) =4, Y1 (L) 0, X1 (H) =0' Y]- (H) =2.
D1:xi- (H)-x1 (L) =0-4:-4 m

D2:Y1 (H) -x1- (L):2-0: 2 m

L1:Sqr(16+4):4,47 m

Cos (h) :C:D1 /L1:- 4 / 4,47:0,895
c<0
Idith C<0 F2 and L2 would become negative, a
minus sign is added to make them positlve,
F2:-F\IV(p, I) *C:-7* (-0, 895): 6,2? kN

L2:_LH(P,Í) /C:2,5/ (-0,895)= 2,79 m

BA (P):L
822(P,tI--T2:-6,27 kN
L22 (P'f ) :t1:I2:4, 4-J -2' 7 9: 1'' 68
Tig.2b.
BA (P):H
F22(P,I'):f2= 6'2'l kN
L22(P,Íl=L2= 2,79 m

Calcul-ation of F55 (P' I) ,
Fig.3a.
Coordinates, L and H, like fig.1a.
cos (h) -c:DI /L1.: 4/4,4'l:0,895 C>0
Sin (h):5:p2/LL: (-2') / 4, 47='O, 447 S<0
rS-FVv (P, Í) *S: 7* (-0, 4471:-3,13 kN
1,5:LH (P'I) /C:2,5/O'895: 2,79 m

Correct values,

Fig.3b like fig.1b.
Cos (h):c:-0- 895 C<0
Sin (h):S: 0r 447 S>0
F5:FW(P, r)*S= 7*O,441= 3,!3
Ls:LH (P,T) /C=2,5/ (-O,895)=-2,19 ^F5 correct but 1,5 nêgative.
Then for both cases

S>0 Or S<0 Then F55(P,I)=F5, -3,L3 Or 3,13.
C>0 Then L55(P'r):L5: 2,79 m

C<O Theb L55(P'I):L1+L5= 4,47=(-2,79)= 1r68 m.
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Private Sub ADDQ3Q4QW Click ( )
For P:1 Tó P9

- 
For I1:1 To NQV(P)

Subroutine ADDQ3Q4QW

With this subroutÍne vertical dj-stributed beam
loads, e.g'. own weight, on a sloping beam are
divi.ded iáto loads perpendicular to and along
the beam axis.

NQV(P) is the number of these vertical loads.
For each, Ioad ï1 the number of loads NQB(P)
perpendicular to the beam axis increases with l-,
NQB(P)=NQB(P)+1/ then that load has number
ï=NQB(P).
The distances mêasured from the feft are

LH3(P,11) and LH4(P,ï1) and the load values are

Q3V(P,I1) and Q4V(P,I1).

Fig.l-a and l-b.

Cos (h) =C=D1lL1 and cos {h):43/Q3V (P, r1) so that.

Q3:Q3v(P,11) *C, then 6ls6 Q4:Q4V{P,11) *C.

Cos {h):rH3 {P,]1) /L3 thus

L3=LH3 (P, I1) /C, then also L4=LH4 ( P,rj.) /C.

C>0, the values of Q3, Q4, L3 and L4 are posi-
ti-ve.

Fig. 1a .

The beam axis systern p is placed at beam end ï,'
in that case Q3, Q4' L3 and L4 are correct va-
-lues. So

If BA ( e) =1 tn.tt
Q33 (P, I) =Q3 : Q44 {P,I)=Q4
L33(P.Ï):L3:. L44 (P'Í):L4

Fig. 1b.
Now the beam axis system at meÍrdcer end H. The
picture shows that Q3 and Q4 must get negative
values and exchanged!' and L3 must become L1-
ï.3-L4, L4 stays L4. Then foll-ows

Elself BA(P):H Then
Q33 (P, ï) =-Q4 : Q44 (P, ï):-Q3
L33 (P, ï)-L1-L3-I4 z L44(P'r;:14
End rf.

The second possibility.
ELq.2a and 2b, see next page,
l'lember end nulibers L and H are exchanged.
And again are

Q3=Q3V(P, I1) *C, then- also Q4=Q4V (P, Il-) *C and

L3:LH3 (p, r1),/C then also I4:LH4 (P, ï1) /C.

C<0, the calculated values are neqatlve/ to
make them positive a minus sign is added, so
that they coDrespond with the fi-gurues 2a and
2b. Thus

Q3:-Q3V(P,I1)*C and Q4:-Q4V (P, 11 ) *C,

//

/.ril?s,), l*+7P,*,7
--ï------------ ----------------

Qqv(Êct)/

/

I

NQB ( P) =NQB ( P) +1 :

L:LL(P) : H=HH(P)
D1-x1 (H) -x1 (L) :

L1:Sqr {Dt^2+D2^2)
c=DL/L\

,u

a

e4

Èg./a,

ff C>0 Then

Q3:03v(P, I1) *C
L3=LH3 (P,r7) /C

- ïf BA(P).:L Then

,Q33 (P,
L33 (P,

)=Q3 : Q44(P,I):Q 
)=L3: L44(PtI):L4

92

*

FQ.tá.

I=NOB ( P)

D2:YL (H) -Y1 (r)

Q4:Q4V (P, ï1) *C
L4=LH4 (P,17) /c

Q4:-Q4V (P, 11 ) *C

L4:-LH4 (P,n ) /C

I
I

- ElseIf BA{P):11 1h"tt

Q33 (P,I)=-Q4 : Q44 lP'I):-Q3
L33 (P, 1)=],1-L3-L4 t L44 (P, I)=L4

- End ff

ElseIf C<0 Then
g3:-93v(P, r1) *c

L3=-IH3 (P,IL ) ,/C : L3=-LH3 (P, ï1) /C and L4:-LH 4 I,P , Í1\ /C



,
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- If BA(P):L Then

Q33 (P, ï):-Q4 : Q44 (P, ï):-43
L33 (P, I):L1-L3-L4 : L44 (P,t1:14

- Elseïf BA(P)-H Then
Q33 (P, I)=Q3 : Q44 (P, I):Q4
L33(P'I):L3 : L44(P,I)=L4

- End ïf

- 
End If
Next f1
Next P
Bnd Sub

lb,3 ,l//4
qJv

/ *r'

,?

T;-g.2a.
The beam axis system placed at member end 1, q3
and Q4 must hawe negatiwe wa.Iues, and must be
exchanged!, L3 becomes L3=L1-L3-L4 and'L4 stays
the same- Then is
If BA(P):L rhen
Q33 (P, I):-Q4 t Q44 (P, I) =-Q3
L33 (P, r):Ll--L3-L4 : L44 (P't):t'4
Fí9.2b.
The beam axis system at menber end H. The figu-
re shows that Q3 and Q4, which got positive va-
1ues, are directed as assumed' L3 and L4 are
correct as rve]-l.
ElseIf BA(P)=11 1'1"tt
Q33 (P.ï):Q3 : Q44 (P,1):Q4
1,33 (P, ï) =L3 : Q44 (P,Il =L4
End If

Subroutine ADDQ6QTQw

Next the components of the distributed loads
along the member axis.
Fig. 1a.
Sin(h):S:Dz/LI and Sin(h)=Q6lQ3v(P, I1) so that
Q6:Q3V (P, 11) *S, then also Q7:Q4.V (P, 11) *S.
cos (h):LH3 (P, Í7) /L6 thus
L6=LH3 ( P, I1- ) ./C, then also L7=LH 4 (P ,ït) /C.

Fig.1a. See the code befow.
S>0, Q6 and O7 have correct directions,
C>0, L6 and L7 are correct,
Fig. 1c.
S<0, Q6 and Q7 have negative values, correct
because not di-rected from l, to lI.
C>0, L6 and L7, also correct, positive walues-
Fj-9. 1b.
S<0, Q6 and Q? have negative val-ues, correct,
not directed from L to H. But, seen from L, the
values have to be exchanged.
C<0, L6 and L7 have negative walues, addinq a
minus sign makes them positlve. Then follows,
L66 (P,ï) :L1-L6-L7 : L'77 (P, I):L?.

Fourth possibility, not drawn, with S>0 and C(0,
correct like fiq.1b. The four cases can be dis-
tinguished with C>0 and C<0,

Private Sub ÀDDQ6QTQW o
For P:1 To P9
For ï1=1 To NQV(P)
NOA(P):NQA(P) +L : ]=NFA(P)
L:LL(P) : H:HH(P)
D1=x1(H) -x1(i,) l D2:YL (H) -Y1(L)
tl-:Sqr (D1^2+D2^2,
c:D1lt1 z S:D2/L1

If C>0 Then
Q66 (P,1):Q6 : Q77 íP,Í)=Q7
L66(P, Ï)=L6 : L17 (P,Í)=L7
Elseff C<0 Then
066(P,I):O7 t O77 (P,I)=06
L6:-IJI3 (P'11) /C : t'l:-t'H{ (P,It) lC
L66{P'I)=L1-L6-L7 = L77 (P,t1:17
End Tf
Next T1
Next P

End Sub

a)
'g??44

/9t
/

.!

4q

*

írp
c>o
5>o

96

r-(v,/a..
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H

C<o
s(o

L

)ILb
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f{g:rs z
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If BA(P)=L Then
Q33 (P, I):-Q3 : Q44 (P,I):-Q4
r33 (P,I):L3 : L44 (P,I):L4

Elself BA(P):11 15"tt
Q33 (P,I):Q4: Q44(P, ï):Q3
L33 (P, I) =L1-L3-L4 : L44 (P, I):L4
End If

Elseff S<0 Then
Q3:-Q3H (P, Il-) *S : Q4:-Q4H (P, I1) *S
Í,3:-LV3 (P,I1) /S : t 4:-w4 (P,ÍL) /S

Subroutine ADDO3O4OHH

In this case horizonta] distributed beam 1oads
and a sloping beam. They wí11- be divided in
components Q3 and Q4 perpendicular to the bearn
axis, and Q6 and Q7 along the beam axis on next
page'

NQH(P) is the number of these horizontal loads.
For each load 11 the number of l-oads NFB (P)
perpendicular to the beam axis increases with 1,
NQB(P)-NQB{P)11, then that load has number
ï=NQB (P) .

The distances measured from the top are

LV3(P,11) and LVA(P, ï1) and the load values are

Q3H(P,I1) and Q4H(P,r1)

Fig.1a and 1b

sin{h):S:DZ/LI and Sin(h):Q3lQ3H(P,ï1) so that

e3:e3H ( p, I1 ) *S, then al5e e4:e4H ( p, I1 ) *S

Sin (h)=LV3 (P' II) /L3 thus

13:LV3 (P, I1) /S, then also L4:LV4 (Ptl1l /S

S>0, the val-ues of Q3, Q4, L3 and L4 are posi-
tive.

Fig. 1a.
The beam axis system is placed at beam end L,
in that case L3 and L4 have correct values, but
Q3 and Q4 must be negative. So

rf BA(P):L Then
Q33(P, I)=-Q3 : Q44(P,l)=1Q4
L33 (P, ï):L3 : L44 (P, I):L4

Fiq. 1b.
Now the beam axis system at menber end H. The
picture shows that Q3 and Q4 harre correct wa-
l-ues but have to be exchanged. The new L3 must
become L1-L3-L4, L4 stays L4. Then fol-fows

ElseÏf BA(P):11 11t"tt
Q33(P,I):Q4 : Q44 (P,T):Q3
L33 (P, r):L1-L3-L4 : L44(P,t):r.4
End If.

The second possi-bility.
Eig.2a and 2b, see next page.
Member end nurnbers L and H are exchanged
And aqa-in are

Q3=Q3H(P,ï1)*S, then also Q4=Q4V(P,11)*S and

L3:LV3 (P,11) /S, then al-so L4=LV4 (P,II) /S.

S<0, the cal-cufated values are neqative, to
make them positive a minus sign is added, so
that they coorespond with the fígurues 2a and
2b. Thus

Q3:-Q3H(P,r1) *S and Q4=-Q4H (P, r1)*S,

L3:-LV3 (P, I1),/S and L4=-LV4 (P, ï1) /S.

./

è

(s

NQB (P):NQB (P) +1 :
t:LL(P) : H:HH(P)
D1:x1 (H) -x1 (L) :

L1:Sqr (Dl^2+D2^2)
S=D2/LI

If S>0 Then

Q3:Q3H (P, r1) *S :

L3:IV3 (P, I1),/S :

qà,yc,o/ /vJne)

ltny(2,2)

E a/?t/)

,?

qà

4t

4 Êg.t'

q3 Qq'lCt)

q3C?E

Qr

/

E
39

ï-
d

z

Q+

,/

It

Private Sub ÀDDQ3Q4QHH()
For P:1 To P9
For I1:l- To NQH(P)

t-
Ot

F"

I=NQB (P)

D2-Y7 (H) -Y1 (L)

Q4:Q4H (P, r1) *S
LA:LV4 (P, t1) /S

/3



t3tït)

E9.za Èg.zó.

If BA(P):L Then
033 (P,l)=Q4 : Q44(P,I)=Q3
L33 (P, r):1,1-L3-L4 z L44 (P, r;:14

ElseIf BA(P):H Then
Q33 (P, ï):*Q3 : Q44 (P, r) =-Q4
L33(P,I)=L3 : L44 (P,I;:14

End rf
-_ End If

- 
Next 11
Next P
End Sub

/ ii4c(!<o

Fí9 .2a .

The beam axis system placed at meÍtber end L, 93
and Q4 now hawe correct walues, but must be
exchanged. L3 becomes L3:L1-L3-L4 and L4 stays
the same. Then is
If BA(P):L Then
Q33(P,I):Q4 : Q44 (P,I)=Q3
L33 (Prï):L1-L3-L4 : L44(P,t1:14

Fiq.2b.
The beam axis system at member end H. The figu-
re shows that Q3 and Q4, which got positive va-
lues, must become negative. L3 and L4 are have
correct values.
Elseff BÀ(e;:g 11t"tt
Q33 (P, I) =-Q3 : Q44 (P, ï)--Q 
t33 (P, I) =L3 : Q44 (P, I) =L4
End If

Subroutine ADD06QTQHH

Now the components Q6 and Q1 of the distribu-
ted loads along the member axis.
Fig. 1a.
Cos{h):C:D1,/L1 and Cos(h)=Q6la3H(P.Í1) so that
o6:o3H (P, r1) *C then also O7=O4H (P, Ï1 ) *C

Sin (h) =LV3 (p, rll /te rhus
L6=LV3 (P,II) /S' then also L7:LV4 (P.ILl /S

Fig. 1a.
C>0, Q6 and Q7 have correct directj-ons, from L
t.o H. And S>0, then L6 and L7 are correct.
Fig. 1c.
C<0, Q6 Snd Q7 have negative val-ues' correctt
Unotu directed from L to H.
S>0, L6 and L7 have positive values, correct.
riq. 1b.
C<0, Q6 and Q7 are neqative, correct' not di-
rected from L to H. But seen from member end L'
Q6 and Q7 must be exctranged'
S<0, L6 and L7 are negative, adding a minus
sign makes them positive. And after that the
correct distancesr texchangedt, become
t66 (P' I) =L1-t6-L7 t L1'l (P' t;:1,7-
Fí9. d
C>0, Q6 and Q7 positive, correct, but have to
be exchanged.
S<0, ï,6 and L7 are neqative, made positive and
'exchanqed' like fiq.1b.
The four cases can be distinguished with S>O

and S(0, see the code below.

D1:x1 (H) -x1 (L) : D2:'ít (H) -Y1 (L)
l,1=sqr (D1"^2+D2^21
c:Dt/t"a I s:D2/L1
Q6=Q3H (P, I1 ) *C : Q7=Q4H (Pr f1 ) *C
L6=LV3 (P, I1) /S : L?=LV4 (P, f1) /S

If S>0 Then
Q66 (P, r)=Q6 : Q1"7 lP,I)=Q7
L66(P,I):L6 : L'l'? (P,I)=L7
Elseff S<0 Then
Q66(Frï)-07 r Q77 (nrr)"AG
L6--LV3 (P, 11) /S : L7--LY4 (P,Í1) /S
L66lP,I):L1-L6-L7 : L77 (P,t;:17
End If

- 
Next 11

_ Next P

g3
a?

Fo,/

+

Lt-
d

!)

/

(í

,:8>D
'(y'o

t

{t

Q.h

3)o
alrt

q66A4

Fg-Á.

/y .F(o

4"

È-a.o.

qpet)
@

*

4/,

I
// I

hb'.tc
Private Sub ÀDDQ6QTQHH()
For P:1 To P9
For ï1:1 To NQH(P)
NQA(P):NQA(P)+1 : r:NQA(P)
L:Lï,(P) : H:HH(P)

4,rd

- 
End sub
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Continuation of le EX6 of 6-
NQB {1} =2

NQÀ(1) =2

NEB (?' =1

HF'À{2} =l

DÀ(1,2l=
t{a(1, ?1=
llF (1' 2) =

DÀ{1' 3} =
trA(1' 31=
llF{I'3)=

0
4

3
t

-61

-4|

3162
3,66
3,78

I
I
z
I
I
2
I
1

I
I

Q3

00
00

Q6
00
{0
F2
40
F5
s0

{
3

CI

3

I

I

Q4
CI0

20
Q?
00
00
ta

13
L5
Àa

L3
0.00
0, gs

L6
3, 13
11 50

L4
0, g8

Ir 63
L7

0, gg

lr 63

Click EX6 and OKF2F5r
or ADDQ3Q4QW and ADDQSQTQW. next
pr E&m T6áo forces for the components of the
vertical member loads' and

Calculate and DANA(L'H) (H.L).

Fig. 1 .

rhá member load components perpendicular to the
mernber axis.

-3,66 !N
3,62 kl{

-3,7g E[&

DÀ{3' }} =
sa(3,1) =
HF(3,1)=

3,70ív
DANA{L,HXH,L) Showl Shou2 MSMA,\

D5D6(L,HXH,L Reactions and disp!.

oK lcts

El{ !

lvlember end forces and momeots,
DA(1.2): 3'62 kll DA(3'l): 3'92 kN
MF(tÍ2):3.78 kN MF(2Í10:0 kN
DraÍ.rn with their real directions.

Eguilibrium calculation. f, mom. joint 2:0 ?

( (4"0,881 /2)* ((2/3) *0,88): !,76*0,59: 1,04

(3,2*3.,63) * (0,88+L,63/2): 5t22*L,'lO: 8, 85

4t0-3,2= 0,8 kN/m
(0,8*1, 63/2)* (0,88+1, 63/3): 0' 65*1' 42: 0,92 kNm

MF(1,2): 3,78 kNm
DA(L.2'): 3' 62 klt
3,62*4: L4,48 kNm to the left

f, mom. = 7,04+8,85+0,92+3,78 -L4,48: 0,11 ok

Equilibrium perpendicural to the member axis?
(4*0, BB) /2+ ( (4,0+3t2) /2)*r,63 -3, 98-31 62:

It"l 6 +5, 87 -3,9B -3,62: 0r03 ok

Ei-g.2.
Member 1 with the load force components along
the member axis.

The components of the vertically distributed
member loads are calculated with
ADDQ6QTQW. or OKF2F5 with both subrouÈines.

Membêr end forces.
NA(1,2)= 3,66 kN and NA(2,1)= -9,36 kN

Equilibrium along the member?
3,66 + (3*0,88) /2 +((3,0+2,4) /21*L,63 -9,36=
3,66 +1 ,32 +4,40 -9,36:0,O2 ok

Private Sub LOKF2FS Click o

IN DÀ{2' L}=
$r NÀ{2,ll:
klb HF(2'l|=

3,9S kl{
-9,35 klt
0,00 lílh

-2,74 kl{
1, rs Is
0,00 Elh

370á\tto
I

t)
),6J L*

o,

L 3,2

Joint data Coordinates 4ger I AQêsein I

load forces NFV(P) load forces NFH(P;

toad forces novin OKF2FS 
bad forces NQH(P,

ADDFzFW ADDFsFW ADDF2FHH ADDFsFHH

ADDQ3Q4QW STORE NR=? GEï ADDO3Q4QHH

ADDQOQTQW Pr beam load forces ADDQOQZQHH

EX1 EIA EX3 EX4 EXs EX6 PrF

ÊX7 EX8 EXg EXIO

Ur4'6é

Ux and Uy

rc= l-
Pe= l--

l:;g-t.

I' ADDF2EW
ADDF5FVV
ADDO30$Qw
ADDQ6QEQCC

ADDF2FHH
ADDFsFHH
ADDQ3Q4QHH
ADDq6QTQHH

page 7
page 9
page 1-1-

page L2

pa9e
page
paqe
page

0

I
9

13
L4

4so

ht
t)

F;g.2.

End Sub
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1ro, t&

6

h

;o"' E;' _fo. xi -r.i ;E ?R 5F,
t:. rii
4, Slrt

i.3g
ï1

liL. ti5

à*
utt

ri

iL
;-1r. fg

2

8B

l

È;q.za

3l

3

2

Exampfe t"A I

Fig. 1 .

N9:3 joints an P9:2 members.
Type 3 J-n TN9, Tab, cursor in TSTRfNG.
Click Joint data and tlpe in TSTRïNG for the
two h-inge supports PV (1 :1 Enter
PH (1):1 Enter, PV(3):1 Enter, PH(3 ):1 Ent.er.

42 N9:3 joints

7 I
4

ó

.3

2

2.' r X1(I)
0

9.3

Y1(r)
3.6

6

x1(r)
4.5

Y1(r)
0

r
1

3

1

2

3
Cl-ick Coordinates and type in TSTRïNG

3. 6 Enter , 2,4.5,0 Enter, 3 9.3 6 Enter.
P9:2 members.
PLLHHNLNHBAEI
1121,011
2230131-
Type 2 in TP9, Tab, and tlpe in TSTRïNG
r,1,,2,1,0,1.1 ,300 Enter and
2,2,3,0, L,3,1, ,300 Enter.

NOV(1):1 vertical distributed load forces.
P NQV(p) r Q3v (p,r) Q4v (p. r) LH3 (p, r) LH4 (p, r)1 1 1 7 0 1-.2 3.3
Click load forces (P) and tyge in TSTRING
1,,L,7,'t,0,r.2 ,3.3 Enter

NQH(2)=1 horizontal distributed foad forces.
P NQH(P) Ï Q3H(P, I) Q4H(P,I) LV3(P,I) LV4(P,T)
2 1" 1 -5 0 1.8 4.2
Click l-oad forces NOH(p),
2 I -5 0 4.2 Enter.a.o

0
Fig. r.

EA
300
300

ïï3=, 3
T E'tI

ï,1

*Íu

i t-t

J$

3,3
ai { r. itq

Ira
a tI ÈiFI

'-l

,.! rJ rJ 'l
r-tit]i,n
',-l È r: t

I tt

I I ÍI

I rí rl

I ': ,.-i :r iÈ
! ,J ',J ÍJ. lju

; Èa,r..

1

Click 9ff2F5, Showl, Show2 and with left button
and right button resp. pr beam load forces.

IQ3
f 5, {?
IQ6
7 -4,37
IQ3
I 0,00
rQe
1 -3,12

t{QB (1} =1

NQÀ {t} =1

![QB {2} =1

t{OA {2} =1

NQf {1}=l

I{0H (2} =1

w{1}=
w{2f =
rJR{?}=
w{3}=

I Q3V
I ?,00
IQ6
I -5,00

Q4
0,00

Q7
0, 00

Q4

-3, g0

o?
0,00

Q4V
0,00

Q?
0r9fJ

t,

1,54
L6

11 54
t3

0,00
L6

2r 3l

L4
4,23

t?
4,23

L4
5,3E

L7
5,3Ê

LH4

,30
t?

,2Q

3

I.Ií3
I,2A

t6
Lrea

3

{
Eiq.2a and 2b.
With the components of the member l_oads
Click
the ir

Cafculate and Reactions and displ. for
esul-ts here beIow,

I
ht o,oE lEL

0,22 íEr
2,57 iÊr
0,00 /EI

ïJIt{1}=
IIH {21=

fr,ao lEl
-0 r l0 ,/EI3B

,,L

2 UH{3)- fr,rJ! íEI

IIE{1'2;= 9,399
IIE(3,2)= -1A,917

/EI
/EI

RII {1}=
lUit3)=

lN RV(l'=
tt{ RV{3} =

rQ, a9
3r 35

co

31
12, lcl{ar

Lfin

h!a|.

/ó



/r2 3 Fig. 3

Likê preceding page with same joint numbering,
but different meÍnlcer numbering and beam axls
system at other member ends.

P9:2 members-

2
7

ó

I P

L
,>

EI
1

L

NH

1

0

NL
0
1

HH

3
Z

LL
z
1

BA
at

EA
300
300

2
2,

3 NQV(2):1 vertical distributed load forces.
P NQV(P) I Q3V(p,r) Q4V(p, I) LH3(p,ï) LH4(p, I)
2rL701.23.3

NQH(1):L horizontal distributed load forces.
p NQH (p) r Q3H (p, I) Q4H (p, r) LV3 (p, r) LV4 (p, ï)
1 1 1 -5 0 1.8 4.2

Click @, Showl , Show2 and with left button
and rlght button resp, Pr beam load forces.
And Calculate, Reactions and displ.
Final resul-ts are the same.

I

1,r,, g,B
Fo, 3

9, 3

BÀ EI
?l
BÀ EI
2L

F I,t !ïE
1tàLA

P TLHË
2 L2

P9= 2

l{QB (ll =1

NQÀ{11=1

I'IQB(?) =1

NQA{2} =1

NQE (11 =1

l{OV{2} =1

7

}$. NII
01
NL I.IH

10

E[
300
E[
300

LT
, r G!

ï.1
5 176

IQ3
1 3,90
IQ6
1 -3,1l
IQ3
1 0.00
IQ6
1 -4? 37

IQ6
I -5,00
I Q3V
r ? too

Q4
0,00

Q7
0,00

04
-5r47

Q?
0,00

0, oo
Q4V

0,00

9,&

Q4
0r 00

Q7
4 r37

Qit
0,00

Q7
0,00

Q4Y
0,00

o?
0, oo

r.3
2,31

L6
2,3t

t3
0,00

t6
1r 54

L6
1,80
I.II3

Lr?fi

L4
5,38

L7
Ê to

t4
4,23

t?
4r23

L7
4,2Q

LH4
3,30

w{1}=
wt2l=
llR(2)=
w{31=

IIE(3,2)= -I9,97'l lEI
IIE (1,2) = 9, 399 /EI

RH(l)= 10,09 l$I
t{Íl(3}= 3'35 lt{

w(ll= * 0,22 íEl
IIR{l}= 2,57 lEI
w{2}= 0,00 /Er
w{3}= 0,00 /81

IIE(3,1)= 9'399 IEI
IIE {2' ll = -19, 977 lÊT

ItH{2}= 3,35 lí}l
Rlt(3)= .10'Ctg g1I

00
,2
57
00

0

0
'}

0

NL
0
0

ÍET
/ET,
ÍET
/ET

UH {11 =
ufl{il=

UH {3} =

RV{1}=
BV{3}=

0,00 /EI
-0, l0 /Er

0,00 /EI

1?,58 rtfia
?,21 ld{n

3

2J

frn

g

Frp/3

í

Fig.4.
Some other changes.
PV(2):1 , PH(2):1 , PV(3):1 and PH(3):1 .

r xL (r) Y1 (r) ï x1 (ï) Y1 (r)
1 4.5 0 2 9.3 6
3 0 3.6
A chahge in member data!
P9:2 members.

EA
300
300

NQV(l-):1 horizontal distributed load forces.
p NQV(p) r Q3V(p,ï) Q4v(p,Í) LH3(p,r) LH4(p,r)
1 1 L 7 0 1_.2 3.3

NQH(2):1 vertical distributed l-oad forces.
P NQH(P) I Q3H(p,I) Q4H(p,r) LV3(p,r) LV4(p,r)
2 1- 1 -5 0 1.8 4.2

tt LI
l-

1

P

1
2

HH

3
2

NH
1

1

BA
3I

EI
l_

1

2,

NOB {1} =1

t{QA(1)=1

l{QB {21=1

l{0À(?}=1

N'QV{1} =1

l{QH {2} =1

103
L 5,4'l
106
1 0,00
IQ3
I 3!90
rc6
L -3tL2

T Q3V
I T|QO
ïQ6
I -5,00

t6
0, oo

L3
2,3L

L6
2,3I

tlt3
I, lo

L6
1, go

142

l4
4, e3

L7
4r23

T4
5,39

L7
51 3g

tH4
3,30

LI
4,ZA

ull {11=

rrH{2}=
uH (3' =

RV{2)=
RV(31=

-0,10

o,0Ë
0 rC)0

2rAI
L2t5A

t3
1, 54 /ET

íET.
/ET.

[1[n
Fl{n

Arrd see, final resul-ts the same!!
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t 3.3
Example

Fig.1.
The 'mj-rrorred' construction of page 16. Beam
axis systems also now at member ends_ 1 and 3.
ï x1(r) Y1(ï) r x1(r) Yr. (r)
1 9.3 3.6 2 4.8 0
306
PLLHHNLNHBAElEA
1t-2]-011_300
223015r.300

I

th
ï

'T

r-x/
J,

2

7fu/'n

Fb.,,

41 00 xll
0,3? kl{
0,00 IXSn

12,5$ klb
2,21 hltu

P NOV(P)
t_ t-

P NQH(P)
2L

LH3 (P, ï)
0

LV3 (Pí r)
t_. I

LH4 (P, r)
a?

r,va@, r1
4.2

t
6.)

-l

3

fa r Q3v(P.ï) Q4V(P,r)
1,07
r Q3H(P,r) O4H(P,r)
150

at

,Jl/t,t1
NÁC.,'

x,/

óÀ&,/

3

6,50 lll
g, g3 kll

12,27 kllm

-9t399 lEt.
r8t977 lEt

22

t), I

^/4(12.)

L24L2,2J 5aA0,L)
x

4,o4z)

A

o3
\

tílv f,t
3

3,

oo frq-%

3,52 kll
15, ?4 kll
0,00 l![B

NA{2'l}= -6'50 kll
HF{211}= -12'27 klh

hg zÁ 4j71

Click 9II4, Showl, Show2 and with left button
DA{2,1}= I' kt{ and right button resp . Pr beam load forces toDA(1, ?f =

HA{r,2} =
HF{1' 2} =

DA{2' 3)=
HA(2' 31=
ItF{2" 3}=

w(l1=
W(21=
IIR (21=
ull1s1=

HE {l' 2} =
HE (3' 2l =

Etg tll *
RH{3}=

Da(3,21=
EA{3'2}=
HF {3, ?} =

RV{Il=
rrl/1r; =

0
0

-2
0

IET.

IET.

íET
tÍr

00
22
5?
00,

utstll= Q,00 lET
UI(el= 0' l0 /gI

tlB{3}= 0,Ag lEI

check the data.
Next Calculate and DANA(L,H) (H,L) and
Reactions and displ.

Fíq.2a and 2b.
The member axis syste* {Ji" always placed at
the lowest member end nrímber. The diréction of
the member end forces DA(r) is assumed like the
y axis, the dlrection of, the member end forces
NA(,) is assumed like the x axis. A negaive
answer then opposite directed.
The direction of the member end moments MF(, )

arê assumed to the right.

Results fig.1 page 16
HE(1 ,2)= 9,399/Er and HE(3,2)= -18,977 /EÍ.,

and here the 'mirrorred' fig.1 with
HE(L,21= -9,399/EI and HE ( (3,2): 18,91'l /EÍ.

09 HC

35 E$
l0
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2 2.

5!,,r,
T-ï

2,03
4rZG

L2
3,35

t5
3,35

tE
I,60

LC
ZrgA
4r20

LA
1,50

Example.

Fig. 1.

r xl_ (r) Y1
10
3 r"0
P9:3 members.

EXB

é

Ir
(,

+

HÍB 1r1 =1

t{FA{1}=1

t{EE {2} =t

HfA{3}=2

NFg {31 =1

EFA{3f =}

I'IEII{1}=l

t{!v{21=2

r{EV{31-1

gtry

4

02

PV (1):1 PH (1):1 PV (4 ) =1 PH (a) -r

N9=4 joints.
(" ï

2
4

(r)
7

0

x1(r)
4

13

Y1(ï)
l"

6

ET
1

1

1

2

F9.,.
I

Fq.t,
6o,

8r 05

IEV
1 12,00
ITV
1 ?,00
? 5,oo
IFY
1 9,00

P

1
t-

3

NL
1
0
0

LL
1
2
3

2
3
4

NH

0

0

1

BA
1

2
3

EA
100
100
100

6
I
L

I
1

I
1
,'

I
I
,
I
I
I
1

Ï.3
n êÉ

T5{ ëê

L2
e,03
4,26

t5

F5

66
FE

98
ga

9rJ

93
s5
t5
É?

F2
tJz

r5

Vertical menber l-oad forces.
ï F\IV(P, ï)
rt2
L7
25
19

PP

l-
a

2
3

N11/
L

2
2
t-

LH(Prï)
1.6

2

-9,

6,
4,

-1,

4.2
1.5

&[{?, 3} =
tra{3,3;=
ltF{?, 3} =

={' 45 }CS

I, a5 FI{

-?,22 klh

EA{311}=
SA{3' 21=
l{F {3, 2} =

-?,39 kl,I

-Ë,3? IN
12,15 lF![B

-0

4, .r2,/5,blat

t,tÍ q&L g
2

iII/{1}=
w{2}=
ïIR{2}=
1Í1Í{3} =
uR(31=
II1r(4!-

HE {1,2} =
llE {4, 3) =

RHlr;=
t{Ë {{t =

gL5
2

4

7
fi4.sa.. f-g- 3Á'

Fig. 3a. Eguílibri-um check.
frvert. r :Q 4,45-6,90-4,93+7,39: 0,01 ok
f, mom. )x.2 :0
6,90*2,03 +4,93*4,26 +L2,15 -2,22 -7t39*
14,00 +21,,00 +9,93 -44,93:0 ok

Fiq.3b.
f, 'hor. r :Q 8,25 -a'15 -0.82 -6,21: O,OL ok

I

3

3

7r

3

I ,

Frg.2e

492 5

3 0,ot

s

é64
g,0g

41.,97
-3r?4

-23,95
-?' 59
0,0o

l.J{nr

Li{E
klfia
]Í{n
klfie

íET
/EI
/EI
/ET
fEt
íEI.

ïrs {1} =
gE {2}=

us{31-

uH{41=

6l
CÍ

49,95 íEï

8,oCI /gI

IEÍ
/ET

fio
t!

,
t

)

12,52'? íEI
-q,21? íEÍ

?,40 r}l
-?,40 kf2

/, Rií{U= 1?'?5 5EIB

Rf{41= 15'25 ldilu

0,00 n Ê= 2,

Click M5MAX for bending maximun bending moments
and moment zero points.

0,50 m

3, r.l3 ra

4,44 m

6,08 m

frgu

lÉ5= -2r 23
lá5= 0, frÍ,..
l{5= 6, '24
!15= -0,01
l{5=-1?, 15

$=
}{=
{=
)l=
$=
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l'3^ t

Example. ' EX9

Fj-g. 1a . PV (l- ) =1 PH (1) =1 PV ( 3 ) =1-

N9=4 ioints.

4

Eg.ta.

L4
6r ?1

L'?

6' ?1

tlt4
3, So

ï x1(r)
10
311
P9=3 members

ï
2

Y1(r)
6
6

xr- (r)
3

Y1(r)
0

IISB (11 =1

S@(ll=I

I{FE (?} =2

aFA(21=2

N{l\l{l} =1

!ÍEE (21=2

4

Q3

0, 99
Q{

0,89
Q?

-1' ?9

0{v
2,Ag

tv
2, o0
4,00

T,3
g,00

L6
or 00

I,E3
o,00

0r 00
3,42
0, t0

-2.A2
0,00
3r'17

UH {l} =

uH{2}=

uní3)=

x1(r)
11

EA
300
300
300

L4V (P, 1)
3

EA
300
30ó
300

LH4JP, I)
3

I

P

L

2
3

NL
0
0
0

HH

2

3
3

LL
1
2
1_

BA
t"

3
1_

NH

0
0
0

EI
1
1_

l-

NOV(1):1 vertical- distributed 1oad.

T

t
I
I
I
I
J

I
I
a

ï
l
I
I
2

r,4
617L

t?
6t7I

lJul
3,0o

IET
IET
/EI
/Êr
ÍET
/EI

p NQV(P) ï Q3v(pr r) Q4V(P, r) LV3 (P, ï)
111220
NFE(2) =2 horizontaL loads
P NFH (P, I F'VV (PI I) LH (P' I)
221-'72
22274

L2
6,67
3,33

m
3,33
6tê'l

Q6

-1r 79
F2

-4, e0
4,20

r5
-5,60
5,60

I]Ytll=
UR(1,=
mr{2)=
IIR(21=
w(31=
UR{31=

r x1(r)
t-B
30
P9:3 members

,
Q3IlT

00
EA

00
00

0,00 /Eï

Q,Az lEL

0rl3 /Er

12r86 ÏIEn
0,56 kNn

-'l I
1l

RE 111= 0,00 líI{ BIV(i } =
Rlf{3}=

Example. ' EX10

Fig.1b. PV(2):1 PH(2)=I PV(3)=1

N9=4 joints.
1,í/n

Y1

{
7

LL
z
1
L

)=

P

l-

2

3

7 l^/
(r)
0
6

ï
2

Y1(ï)
6

ó

2

F;g.tÁ.

NL
0
0
0

HH
3

3
2

BA
3

9

+

NH

0
0
0

EI
I
1
1

NOV í 3
NQV(P) r Q3V(p, r) Q4v(p, r) LH3 (p,I)

11220
FH(2'l :2 horizontal loads.

1 verticaf distributed 1oad.

NFB {2) =2

DIEA{2 

' 

=2

FQts{31=l

llQÀ{3} =}

NrE (2) =? I Ir
1 -?,00
2 'l ,oQ

E€ltf {31=1 I 03fi/
1 e,00

P

3
N

P

2
z

r12
L -4,2O
2 4,20
IF5
1 5,50
2 -s,60r03
1 0,89
r06
I 1,79

TA

3r 33
Er67

t5
5.' 6?
3,33

Q4
0, 89

Q?
l. ?9

LV
4r 00
2,00

Q41T

2,0o

t3
0,00

ï.6
s,00

I.H3
0,00

NFH (P)
a

2

IIV{tt=
rrR{1} =
w{21=
uRla;=
w(3t=
ItR(31=

ÏÍH {Il =

IIË (2) =

IIE í31=

ï FHH(P, I)
I7

LV (P, I)
2
4

0,e0 /EI
2,92 lEÍ
0,00 /Er

-3,42 lzl
0,00 lEr

-3,77 lEl

-0, 02 ,íEï

g,Qg lz!

-0,13 /Er

BE {2t = 0. 00 klI EV{2} =
tfir{31=

t"2
0

HSE
klÊÊ

86
56

20



é 44

?

Example, see Partl5 page 15.

Fj-rst type 5 in TP9' Tab, cursor i-n TSTRÏNG.
Click Joint daÈa and type in TSrRINGI

2

lïI? {31=1

!{IBqel =1

liT'f {13 =t

a

I13
I 5.;5
tÍ5
1 -e, '13

-3re{ /81

+1

4,

PH (L) =1 Enter,
PH (5):l- Enter,

PV (1) =1 Ettt.t,
PV (5) =1 Enter,

PR(1) =1 Enter
PR (5):1 Enter.

4 N9=5 joints
T

2
4

I
L

3
5

x1

9
5

x1(r) Y1(r)
0 6.51
4.62 0

9 .24 6. 51
Click Coordinates and type in TSTRING

0 6.51 Entêr 2,0,L.66 Enter,
4.62 0 Enter, 4,9.24,1.66 Entêr and

5,9.24,6.51 Enter

P9=4 members

I)
66
66

Y1
L

l"

(ï)
0
24

42

1

PLLHHNLNHït

1. €4
tq

1.64

1.54
Í'É
t {t I

f , *'i /g.I
rj. t! .fEï
8. tiE ,r'EI
5,35 iEr
9.13 ,ÍEr

11
22
33
44
Type 4

0

0

0

0

2
3
4

5

0
0

0
0

BA
1

2
3
5

EI
1

1

1

L

EA
300
300
300
300

in TP9 Tab and type in TSTRINGI
I 1 1 2 0 1 L0 300 Enter

2, 2,3,0,0 r2 r1,300 Entex etc.

Vertical load force on member 2.
P NFV(P) r FVV(P, r) LH(P, ï)
2 L 1 6 1.54
Click load forces NFV(P) and type in TSTRïNG
2, I,1,6, 1 . 54 Enter

Next 9efculale, D5D6(L,H) (H,L) and
Reactions and displ, see results on the left.

Now with 6 kN on member 3, start all over ag'a1n
or going on as follows, see 1êft bottom.

ïI'rïi 1l =,

ïIR ill =,
ïtr'rÍ{i} =,
I3Ri3l=
ilf {3} =,

13R133 =,

$E {1}=,

ilÊ{ll-

ïIE q31=

ïIB {él =,

E,8íi i''EI

4.3;,iEr

?,53 r'EI

1'j? Eé .iEIïIJ{41=
trR141=,
IIf í51='
I]H'lS!=,

j'Cï
iEz
/Er
íE,7

i.J, rll
*tt?
t. $tl
tl 

? 
.-it

+,
l

+

*,

2

íEÍ
,ÍEf
1EI
.'tlT

IIE {5}= È, ti8 ./Ef

R5 {1} =,

RlÍ1t3 =,

tlE í5! =,

RHtsl=,

ÏF'f {J.} =,
gRl'11=,

ïrf {:} =
i3R{?l=
ïI'f {3} ='
ïtR
SJ{{}='
ÏlR(4!=
ïIV i5 l =,

uf,.{-q} =,

RB {1}=,
tLï{11=,
RElSl =,

RH{5}='

9,9{ rf
f.09 Ir&

-0f9È lË
-3,3Í ttb

FS{lt=

l$í5!=

5.1.í Xl&

[, B€ l?b

-7t59 /g'7.

-4,3i i'EI

Ér ri8 .'EI

':. e€ LlïE

5,14 ll&

/"1^/

BE{l}= g'È'i,'EI

ïrE -I'l

Click load forc NFV
2 1 L Enter to

l{fr*{21=Ê

1tF'3{3}=1

lïÍá{3} =,1

and tlpe in TSTRING
'removet 6 kNt

1.3

L, €'4

1.64
15

1f Gií

l, €4
E

T 'Jï

15
J.ÊiJ

11 54
!E

3' tlg

and ad 6 kN to member 3

3, 1, 1, 6, 3.08 Enter.

Cl-ick OKF2F5 and left and right button on
Pr beam load forces.

Possible problems of double values after
OKE2F5, to avoid them start all over again!

Iíí:? lf,l =3

Ëa
*n
{1
3A
-t1

oÀá
UC

{iÊ

0'l

8.
$.
!.

-Ê.
g.

8.

rj.
Ê,

íEZ
trl
/Fï
/9t

JEÏ
,/EI

!,gf.J Ilï
3,3E l1ÈÊ

-l], !g i1ï
-1. 'jg ltFs

ItE {31=

EE {,t} =

IIE {51=

R"/ {ltr -

F&t'{5} =

I
I
a

I
1
.,

I
1
I
1

33
5. €5

15
-3í 83

a. !3

5,65
r'5

lífrr {3} =l

lïÍ.''i {3} =t

Click Againl !

Next Calculate,

ï Fcl
1 -€. 'iÊI Í'J
I á, tiÈ

and Reactions and displ.
Ànd compare, sêe the tsymmetryr in results

2/


