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ANALYTICAL STUDY OF REINFORCED CONCRETE MEMBERS SUBJECTED TO
AXIAL FORCES AND BI-AXIAL BENDING MOMENTS

Susumu MATSUMOTO

In this paper an analytical method for determining and the numerical results on the axial force
and bi-axial bending moment of reinforced concrete members were studied. First, a computer

program was developed based on the elasto-plastic theory using the equilibrium equations of hori-

zontal forces and bending moments. Secondly, the mechanical characteristics of the members

were examined numerically by the above computer program under various factors.

From the re-

sults obtained by this analysis, the mechanical characteristics of reinforced concrete members can
be better understood, both qualitatively and quantatively,
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'f’\j’ﬁ 100 7/ ANALYSIS OF BI-AXIAL BENDING MOMENT AND AXIAL FORCE
110 On error goto 3510
120 Open “LP:" for output as file |
130 Dim  AS(4L) + DISX(L) » DISY(L) o+ EPSS(L) o+ EPSSI(4) 4+ NS(4L) 4 MYNS(L) o MXNS (L)
1.0 ’
150 Print ®1 , *- 00 0000000000000000000000000000000000000000000000000000000000°"
160 Print «1 , = . ANALYSIS OF BI-AXIAL BENDING MOMENT AND AXIAL FORCE
170 Print 1 4 “esee PROGRAM NAME --~- FA1:(RCI2JIKMAN ----
180 Print w1 4 “eeee PROGRAMMED BY S.MATSUMOTO
190 Print #1 » “000000000000000000000000000000000000ccavessccaccscsvssasscesesesss™
200 Print ®1 , = =
210 Print ®1 , = =
220 7/ eeee INPUT DIMENSION eeee
230 Read B + H s FC + K3
2L0 Print #1 , *"B=" § B s+ "H=" § H . “FC=" i FC + "K3=" ; K3
250 Data 20 4+ 20 + 300 » 0.85
260 ’
270 Read EPSO » EPSU . EPSY , ES
280 Print ®1 » "EPSO=" ; EPSO + "EPSU=" § EPSU ., "EPSY=" i EPSY , “€S=" ; ES
290 Data 0.002 » 0.0038 + 0.0021 + 180000€1
300 /
310 For JJ =1 to 4
Read AS(J) .
320. Print ®1 o "AS(* § JJ i )= § ASWID) §
330 Next JJ
3s0 Data 1.267 » 1.267 » 1.267 + 1.267
350 Print #1 , = =
360 /
370 For J =1 to 4
Read DOISX(J)
380 Print #1 » “DISX(™ § J i ")=" § DISX(J) 3}
3%0 Next J
400 Data 34+ 17 4 34 17
410 Print =1 , = =
L1s /
420 For J =1 to &
L30 Read OISY())
LLo Print ®#1 o "DISY(" § J i *)=" i DISY(D) i
450 Next J
460 Data 3+ 34 17, 17
L65 Print 1 , = =
470 ’/
L90 Print w1 4, = =
500 /s
510 / eeee PREPARATION BEFORE CALCULATION eeee
515 7
520 Input “EX=" § EX » “EY=" ; EY
525 [f EX = 0 then end
527 7 -
. 530 Let EXY = sqr(EX~2+EY~2)
540 Let BETA = atn(EY/EX)
550 / Let ECCENO = EXYesin(ALPHA+BETA)
555 Let ECCENO = 2
560 Let GAMMA = atn(H/8)
570 Let DOIAG = sqr(H~2+8"2)
S5/
590 Print ®1 » "EX=" § EX » "EY=" | EY , “EXY=" i EXY
595 Print @1 , = =
600 ’
610 /
620 / eeess CAL. OF NEUTRAL AXIS seeeee
630 /
640 For 1 = 45 to 45 step 10
650 /
655 / eeee JUOGEMENT OF NEUTRAL AXIS eeee
660 Let N =1
670 It IEXY <= H/6 then goto 6827
672 If  EXY <= H then gnta 690
674 s eees [N CASE OFF EXY > H eeee
676 Let X = H/?2
678 Let X1 = H/?
680 Goto 710
682 7/ esse [N CASE OF EXY <= H/6& seee
684 Let X = SeH
686 Let X1 = SeH
688 Goto 710
690 s/ eeee IN CASE OF H/6 < EXY C H esse
692 Let X = 2eH
694 Let X1 = 2¢H
700 s
710 For HZM = 0.0038 to 0.0038 step 0.0001
720 /
7?30 /eese INITIAL VALUES eseses
740 /
750 Let EPSC = HZM
760 Let ALPHA = [*pi/180
770 /
780 /
790 Let GZAl X/sin(ALPHA)

800 Let -IHTA = GZAletan(ALPHA)



BREXFEFLEHEHABE F 2658 (1984)

181

820
830
835
840
850
860
870
880

890
900

910
920
930
940
950
960
970
980
990
1000
1010
1020
1030
1040
1050
1060
1070
1080
1090
1100
1110
1120
1130
1140
1150

1160
1170
1180
1190
1200
1210

1220

1230
1240
1250
1260
1270
1280
1290

1300
1310
1320
1330
1340
1350
1360

1370

1380
1390
1400
1410
1420
1430
1440

1450
1460
1470
1480
1490
1500
1510

1520
1530

1540
1550

/eeee AX|AL FORCE OF STEEL eeee
/
Print "X=" § X 3§
For L =1 to ¢
Let EPSS(L) = EPSCe(1-(DISX(L)/GZAI)-(DISY(L)/IHTA))
Let EPSS1(L) = EPSS(L)
1t EPSS(L) ¢ O then goto 900
If EPSSI1(L) >= EPSY then
Let EPSS1(L) = EPSY

Goto 910
It abs(EPSS1(L)) >= EPSY then
Let EPSS1(L) = -EPSY
Let NS(L) = AS(L)*ES*EPSS1(L)
Next L
/
/
/ sese MOMENT DUE TO STEEL seeee
/
For Il =1 to 4
Let MAXNSCIT) = NSCII)e(H/2-DISY(I1))
Let MYNS(II) = NSCII)e(B/2-DISX(I1))
Next [1I
Let HMXALNS = O
Let MYALNS = O
For L =1 to 4
Let MXALNS = MXALNS+MXNS (L)
Let MYALNS = MYALNS+MYNS(L)
Next L
/ Print #1 , “ALPHA=" § | , “EPSC=" i EPSC » ~"X=" i X , "GZAl=" i G2Al
/ Print #1 + “"EPSS 1,2:3,4=" § EPSS(1) + EPSS(2) + EPSS(3) » EPSS(4L)

/ Print ®1 , “NS 1,2+¢344=" 5 NS(1) » NS(2) 4 NS(3) , NS(&)
Print “MXALNS=" § MXALNS » “MYALNS=" i MYALNS

/

/

/eeeee AXIAL FORCE OF CONCRETE e¢seece

/
Let NC = O
Let NC1
Let NC2
Let NC3
Let NC4 0

/ eeee (0) AXIAL FORCE NCO essee

/

wowon o
[eNe N}

Let EPSX =
Let XX = X
Let TEI1l = GZAl/cos(ALPHA)
It EPSC > EPSO

Gosub 3630
Lf EPSC <= €EPSO

Gosub 3560

EPSC

Let NCO = NC
Let NC =0
/
/ sese (1) AXIAL FORCE NC1 ecoce
/
It GzZAlI-B > O
Goto 1320
Let NC1 =0
Goto 1440
Let EPSCX1 = EPSCe(1-B/GZAl)
Let EPSX = EPSCX]1
Let XX = (GZAI-B)esin(ALPHA)
Let TEI1l = (GZRI-B)/cos(ALPHA)
[f EPSCX1 > EPSO
Gosub 3630
[f EPSCX1 <= EPSO
Gosub 3560

Let NC1 = NC
Let NC = O
/
/ sees (2) AXIAL FORCE NC2 sees
/
[f IHTA-H > O
Goto 1470
Let NC2 = O
Goto 1560
Let EPSCX2 = EPSCe (1-H/IHTA)
Let EPSX = EPSCX2
Let XX = (IHTA-H)ecos(ALPHA)
Let TEI1 = (IHTA-H)/sin(ALPHA)
If EPSCX2 > EPSO

Gosub 3630
If EPSCX2 <= EPSO
Gosub 3560

Let NC2 = NC
Let NC = O

"IHTA="

H

IHTA
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1560
1570
1580
1590
1600
1610
1620
1630
1640

1650

1660
1670
1680
1690
1700
1710
1720
1730
1740
1750
1760
1770
1780
1790
1800
1810
1820
1830
1835
1840
1850
1860
1870
1880
1890
1900
1910
1920
1930
1940
1950
1960

1970

1980
1990
2000
2010
2020

2030
2040
2050
2060
2070
2080
2090

2100

2110
2120
2130
2140
2150

2160
2170
2180
2190
2200
2210

2220

2230
22460
2250
2260
2270
2280
2290
2300
2310
2320
2330
2340

;
/

/

NN NN

~

NN NNNN

/

/7 esee

/

ENENENEN

seoe

ssee (3) AXIAL FORCE NC3 eeecee

Print #1

1f X <= DIAGesin(GAMMA+ALPHA) then goto 1680

Let EPSCX3 = EPSCe(1-B8/GZAl-H/IHTA)
Let EPSX = EPSCX3
Let XX = ((GZ2A1-B)etan(ALPHA)-H)«cos(ALPHA)
Let TEIl = ((GZA1-B)etan(ALPHA)-H)/sin(ALPHA)
1f EPSCX3 > EPSO then

Gosub 3630
If EPSCX3 <= EPSO then

Gosub 3560
Let NC3 = NC
Goto 1710

Let NC3 = O
Let NC =0

» "NC 0+1,2+3s4=" 3 NCO » NC1 » NC2 » NC3 » NC&

eees TOTAL OF AXIAL FORCE i NS + NC

esss CAL.

Let SUMNS = O
For L =1 to 4
Let SUMNS = SUMNS+NS(L)
Next L
Let SUMNC = NCO-NC1-NC2+NC3

Let TOTALN = SUMNS+SUMNC
1f TOTALN <= O then gato 3180

Print "SUMNS=" § SUMNS , “SUMNC=" § SUMNC » “TOTALN="

OF ARM LENGTH OF CONCRETE FORCES seee

eses (0) ARM LENGTH OF NCO esee

Let EPSXX = EPSC
Let TAKASA = X
Let TEI = GZAI/cos(ALPHA)
Let NC = NCO
1f EPSC <= EPSO
Gosub 3700
1t EPSC > EPSO
Gosub 3760
Let ARMOO = ARMI

eees (1) ARM LENGTH DUE TO NC1 sese

1f GZAl1 > B
Goto 2050
Let ARMI1 = O
Goto 2130
Let TAKASA = (GZAI-B)ssin(ALPHA)
Let TEI = (GZA1-B)/cos(ALPHA)
Let NC = NCI
Let EPSXX = EPSCX]
If EPSCX1 <= EPSO

Gosub 3700
If EPSCX1 > EPSO
Gosub 3760

Let ARM11 = ARM1

(2) ARM LENGTH OF NC2 eecee

1f IHTA > H
Goto 2180
Let ARM22 = O
Goto 2240
Let TAKASA = (IHTA-H)esin(pi/2-ALPHA)
Let TEI = (IHTA-H)/cos(pi/2-ALPHA)
Let NC = NC2
1f EPSCX2 (= EPSO
Gosub 3700
If EPSCX2 > EPSO
Gosub 3760
Let ARM22 = ARM

(3) ARM LENGTH OF NC3 eecee

1t X <= DIAGssin(GAMN+Al PHA) then qoto 2390

Let TAKASA = ((GZA1-B)etan(ALPHA)-H) ecos (ALPHA)
Let TEI = ((GZAI-B)etan(ALPHA) -H)/sin(ALPHA)
Let NC = NC3

Let EPSXX = EPSCX3

1f EPSCX3 <= EPSO then

TOTALN



ERBAFI¥HBARRS

w26 B (1934)

183

2350

2360
2370
2380
2390
2400
2410
2420
2430
2440
2450
2460
24670
2480
2490
2500
2510

2520
2530
2540
2550
2560
2570
2580
2590
2600

2610
2620
2630
2640
2650
2660
2670
2680
2690
2700
2710
2720
2730
2740

2750
2760
2770
2780
2790
2800
2810
2820
2830
2840
2850
2860
2870
2880
2890
2900
2910
2920
2930
2940
2950
2960
2970
2980
2990
3000
3010
3020
3030
3040
3050
3060
3070
3080
3090
3100
3110
3120
3130
3140
3150
3160
3170

~ NNNNNNN N

NN

~

NN NN NN

NN

ANEN NN NN

N

CAL. OF NOMENT

Gosub

3700

1f EPSCX3 > EPSO then

Gosub
Let
Goto
Let

Print w1l

eses CENTER OF CONCRETE FORCES

cose

(0) CENTER OF

ARM33 =
2610

“ARM 00+ 11422, 33="

3760
ARM1

ARM33 = O

ARMOO + ARMI1 + ARM22 + ARM33

seee

CONCRETE FORCE » NCO

Let GXO = 0.5¢(X-ARMO0) *GZAI/X
Let GYO = 0.5¢(X-ARMO0) *tan (ALPHA) «GZAl/X
eeee (1) CENTER OF CONCRETE FORCEs NCI1
If GzAl > 8
Goto 2560
Let GX1 =0
Let GY1 = O
Goto 2590
Let GX1 = 0.5¢((GZAI-B)esin(ALPHA) -ARM11)/sin(ALPHA)+B
Let GY1 = 0.5+ ((GZAI-B)ssin(ALPHA)-ARM11)/cos (ALPHA)
eese (2) CENTER OF CONCRETE FORCE:» NC2
It IHTA-H > O
Goto 2650
Let Gx2 =0
Let GY2 = O
Goto 2680
Let GX2 = 0.5¢((IHTA-H) ¢cos(ALPHA) -ARM22)/sin (ALPHA)
Let GY2 = 0.S5¢((IHTA-H)scos(ALPHA)-ARM22) /cos (ALPHA) +H
sees (3) CENTER OF CONCRETE FORCE)NC3
If X <= DIAGesin(GAMMA+ALPHA) then goto 2740
Let GX3 = 0.5¢(((GZAI-B)e«tan (ALPHA) -H) scos (ALPHA) -ARM33) /sin (ALPHA) +8
Let GY3 = 0.5¢(((GZAI-B)etan(ALPHA) -H) scos (ALPHA) -ARM33) /cos (ALPHA) +H
Goto 2760 :
Let GX3 =0
Let GY3 =0
Print #1 , “GX 0+1+2+3=" 3 GXO s GX1 » GX2 » GX3
Print #1 , “GY 0+1+2,3=" i GYO » GY1 » GY2 » GY3

DUE TO EACH CONCRETE FORCES

Let MRXNCO = (H/2-GYO)eNCO

Let MYNCO = (B/2-GX0)eNCO

Let MXNC1 = (H/2-GY1)eNC}

Let MYNC1 = (B/2-GX1)eNC1

Let MXNC2 = (H/2-GY2)eNC2

Let MYNC2 = (13/2-GX2)eNC2

Let MXNC3 = (H/2-GY3)eNC3

Let MYNC3 = (B/2-GX3)sNC3

Print “MXNC 0s152:3=" 5 MXNCO » MXNC1 » MXNC2 + MXNC3

Print "MYNC 0,152,3=" i MYNCO » MYNC1 » MYNC2 » RMYNC3
CAL. OF TOTAL MOMENT

Let MXALL = MXALNS+MXNCO-MXNC1-MXNC2+MXNC3

Let MYALL = NMYALNS+MYNCO-MYNC1-MYNC2+MYNC3

Let MAXXYY = MXALLeMXALL+MYALL*MYALL

Let RXYALL = sqr (NAXXYY)
Print ®1 » "MXALL=" i MXALL » “MYALL=" i MYALL +» “MXYALL=" i MXYALL
eese JUDGEMENT OF ECCENTRICITY eeee

Let ECCEN = NMXYALL/TOTALN N

Print “ECCEN=“ i ECCEN , "ECCENO=" ;i ECCENO
Print %1 » =
Print #1 , = "

1f abs(ECCENO-ECCEN)/ECCENO <= 0.001 then goto 3230

It ECCEN > ECCENO then goto
IN CASE OF ECCENO < ECCEN eeee

LYY RS

3180

Let X = X-X1/(2°N)
Let N = N+1
Goto 780
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3180 / eees IN CASE OF ECCENO > ECCEN sese

3190 Let X = X+X1/(2°N)
3200 Let N = N+)
3210 Goto 780
3220 v/
ggzg / esee END OF CALCULATION AND OUTPUT OF RESILTS seee
’
3250 Print #1 , “ALPHA=" ; | , “EPSC=" ; EPSC » “X=* ; X
3253 Print #1 , “EPSS 1,2,3,4=" ; EPSS(1) , EPSS(2) » EPSS(3) , EPSS(4)
3256 Print #1 , “NS 1,2,3,4=" ; NS(1) » NS(2) » NS(3) 4 NS(4)
3259 Print #1 , “PMXAULNS=* ; PXALNS 1+ "MYALNS=" ; MYALNS
3260
3262 Print #1 » “NC 0+41+2+3=" ;i NCO » NC1 4+ NC2 » NC3
3265 Print #1 » “SUMNS=" ; SUMNS , “SUMNC=" ; SUMNC » "TOTALN=* ; TOTALN
gg?g , Print ®1 , "MXNC 0s1+2+43=" § MXNCO MXNC1 s+ MXNC2 » MXNC3
327 Pr?nt 1 » “MYNC 0+142,3=> ; MYNCO + MYNC1 » MYNC2 +» MYNC3
gg;; , Print w1 , “mMXALL=" ; MXALL , SAYALL=" ; MYALL + *“MXYALL=" ; MXYALL
3277 Print W1 , = =
3280 Print #1 , = =
3360 s
33720
3380 / eeee PREPARATION OF NEXT CALCULATION seee
3390 Let ARMOO = 0
Let ARMII = 0
Let ARM22 = 0
Let ARM33 = 0
3400 Let GX0 = 0
Let GX1 = 0
Let GX2 = 0
Let GX3 =0
- 3410 Let GY0O = O
Let GYl =0
Let GY2 = 0
Let GY3 =0
3420 7/
3430 7/
3440 Next  HZn
3450 s/
3460 Next | .
3u70 7
3480 7/ eees CAL. OF ANOTHER ECCENTRICITY seee
3490 Goto 510
3500 7
3505 / seee END OF CALCULATION eeoee
3510 Print ®1 4+ "ERRL=" ; errl s "ERR=" ; err
3520 Close 1
3530 End
3540 7/
3550 7
3560 / SUBROUTINE eee CAL. OF NC ;EPSXC(=EPSQ eee
3570 Let NC = XXeK3IeFCeTE[1e((EPSX/EPSO)/3-( (EPSX/EPSO)~2)/12)
3580 / Print #1 , “NC(1515)=" ; NC '
3590 Return
3600 End
3610 7
3620 7
3630 7 SUBROUTINE ees CAL. OF NC FEPSX > EPSQ ese
3640 Let NC = XXeK3IeFCeTEI1e(0.5-(EPSO/EPSX)/3+((EPSO/EPSX)~2)/12)
3650 / Print %1 , "NC=" ; NC
3660 Return
3670 End
3680 7
3690 7/
3700 / SUBROUTINE see CAL. OF ARM LENGTH ; EPSXX <= EPSQ see
3710 Let ARMI = (TAKASA™2) «K3eFCeTE[ » ( (EPSXX/EPSO) 76 - ( (EPSXX/EPSO) ~2) 720) /NC
3720 Return
3730 End
3J7?2¢0 s/
3750 v/
3760 / SUBROUTINE eee CAL. OF ARM LENGTH ; EPSXX > EPSO ese
3770 Let ARM = (TAKASA™2) eK3IeFCeTEL ¢ (1/6~-((EPSO/EPSXX)~2) /12+((EPSO/EPSXX)~3)/30) /NC
3780 Return
3790 End

3800 s



