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A Fundamental Characteristic of the Rechargeable Na/S(IV) Molten Salt Cell
using 3 ”-Almina Solid Electrolyte

Kazuyoshi SHIMAKAGE, Mitsuhiro SAKUMA *, Shigeo TODA and Tadao SATO

Abstract

Recently, the development of new rechargeable cell has been interested in the load leveling of an electric
power and the use as an electric automobile power. In the current investigation, the fundamental characteristic
of a rechargeble sodium/sulfur(IV) molten salt cell, which was previously developed by G. Mamantov in U. S.
A., has been examined from the analysis of the charge-discharge curve. A laboratory cell was made of pyrex
glass containing £ “-alumina solid electrolyte. The experimental results obtained were summarized as follows:
The laboratory cell constructed could be continuously moved for 3 months at the temperature of 473 K. Two
plateaus giving stable electromotive forces were observed at the discharge process. Electromotive forces for
the corresponding plateaus were thermodynamically based on chemical reactions of cell. The average voltage
was high above 3.5 V for the first plateau region. The charafteristic of cell such as energy efficiency, energy
density and utilization of sulfur was to depend on the current density at the discharge process. The perform-
ance of cell was also considered to be affected by the ionic conductivity of soild elecrolyte. The cycle number
of the charge-discharge was above 175 and the final dischange capacity was about 21.2 Ah.
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2.1 EBRILERIS
BMA TR 2ERLEREIR, 14y OBRLFMBIY B 0522 22 M LIz £ 2R
DRSRDE ) IzEb S YT,

HBBUE
BE N
First step 4Na=4Na "+ 4e¢ (1)
&
Second step 2 Na 2 Nat+ 2e (2)
N
N e B
First step SCls™ + 4 e%§8+ 4 Cl (3)

WE
4Nat (Ef) = 4Na®* (IFHR) (4)
TE
BREWRXEMAGDLELZ LIZENERSELNS,
wE
SCls*+ 4Nat+ 4 e%S-l- 4 NaCl (5)

(B3)B L UE)XDIISIE SCls™ 1 F ¥ DEEWD 720\ FEPER A 751 THATS 2,
Second step (EEMERIES)

BE
S+ALCl, + 2 eEAlsCHAlcu‘ +2C1° (6)
+ B +
2 Na (ﬁ@);;ZNa (1EA®R) (7)

B E(MNRNEMABEDELZ LIZL YRR AELNS,
WE
S+ 2Na®+AlLClL, + 2 eg AISCI+ AICly ™ + 2 NaCl (8)

(6)3 & VBRIt 3B AR+ TRe = 2,
O E@RDFISTHEB L Cl A 4 VI3 AIC, 44 ¥ B L, ALCL,™ 4K+ 2,
Second step (HEEEMiAmRiE )
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WE
S+AICL + 2e==AISCl,"+ 2Cl~ (9)
FE
+ Ll +
2 Na (ﬁ’@)gZNa (IFAR) (10

O LAROMASLEL I LIZL VOB LN S,
BE
S+ 2Nat+AICI, + 2e gAlsc12—+ 2 NaCl ay

(9)B L R e 3 E RN ERIER TR Z 4,
B EB)R, X EFHAELELI LIZL D1, YAIELNL,

WE
SCl3*+ 6 Na* +ALCl, +6 egAlSCH- 6 NaCl+AICl, (12
+ + - e - :
SCl3™+ 6 Na” +AICly +6 egAISClz + 6 NaCl 13

(1250 MR TR 0 2 DOBI TR 2ETBRCTOLEBRIGEEb L, 9 3mtkEm
Yarh O — B R L IR ENERET OB BB OREZ 2 6 BTARTOEBERE ¥ EbT. Thb
WTENOEAICH, BETFORBRIZAKRIIBLWCIREBRTET SN SClt 1 E)VE721) NaCl 6
ENOEMERE -

2.2 BREBHIVIINX-BE

2 D OMEBEI ST HIERER ), (2), 6)8 L VR ERASHE S L LTV

I a-BbF P T ADBREAVSZ EIZE 5 TESLNEYT,

BB

SCI3AICI4+ 4 Na=S+ 4 NaAICly 14
5 BRE

S+NaAICly+ 2 Na=NaAlISClz+ 2 NaCl 15
SRS

SCI3AICl4+3/2A15Clg+ 6 Na=NaAISClz+ 3 NaAICls+ 2 NaCl 16

B EE (Open circuit voltage : OCV) L HEmARB L T AV F—HE 1198 L ORI
DWTEHE SN,

HBROCV =4.35V
REHE =126.8Ah/kg
I AVF - =552Wh/kg

BTBRMIOCYV =2.75V
RERE =63.4Ah/kg
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TANF—FRE=174Wh/kg

N . Tungsten wire
ELANF—FE=T26Wh/ke
HmAREL AV -FEIZL -T2 L

T, b, BRBLUEEREBRVNE
BREIIBTLEDEOERE,SFHE SR
%o

3. EBAHE (

3.1 it
KB % AT - 2B OHEE ORI % Fig 1 Sulfur + AICI+NaCl salt
VRS ER L 7-Eith 13442 20mm, 2 &
#1190mm O Pyrex Bt L THh 5, B S T—_ f-alunina
LUCEBOBEBIZIZY v VAT Vi % fH '+ Tungsten mesh
L, RERICE0A y L 205 v 725> 1
REWES V727 U RICHBE LAY ¥ Sodiun
2o FFERD B"-T7 IV 3+ 2 — 704l
ISR MUY 2%, AN IZTEERA
& AICI3-NaCl (49.8-50.2mo1 %) i
BEEEAL, TNEIFET (10 Torr) THEH L7z B7-7IL 3 513 NaO+ 5 ~ 7 Al,03 D
LR A/ TS Na" o+ L BEKRTH D, ETHEW LR L VD, KREBRCTIERE L
LTERT 20T, Bl e BRE 58T 2L — 5 L LT ORE #7070,

BB, FHLELLTR"-7IL 3 F12900°C T 3 HEEZ/ A L7~ QDEFHLZ, 725
7' AT 2 #RiE NaOH25%, NaNO210% DK CEMBFEE %477 1>, BRALRIE 2 HLD R 72 8 0
ALz,

B7=7 v I F13KE Ceramatec # D ALM-1-2182-14 Grade A (54£10.5mm X £ % 100mm X &
& 1mm) AV, B7-7T IV IFONMB & DI DERER I Z N 219 2cm, 23.9cm? TH -
72

HYE L LTA A 70.144g, AICIs-NaCl  (49.8-50 . 2mol %) REE6.70g A L7,
AlCl-NaClIREROERIL -7V I FF 2 — TORMES L VREHOTE poisE L, 1 +
VOREIXFOXS4 (Z 0&HIE 4 X 96500 X 0.144/32.064 = 1737C) % THE L 7= & X |-
AICl3/NaCl=67.8/33.0127% % & 5 IZFHEIC & 5 TikE L 7=,

SORMOEE & |2 It step T120.482Ah, 2nd step TI30.241Ah TEE0.723Ah Th 5,

Fig. 1 Laboratory cell.
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3.2 EREBSSLUVHE Vt, It

EERBEEOKE % Fig2 IIRT, BHO
ERB L UAEBICHESFREES )T 1
L, 2hes - HAEECHR LT, E5% | - .

I/ EF BRI T453K B & U473K 124
L, £ HEEXBRIELITZY, £OL N
XOBRBENTHE L. IO OERRE
iF R YA, 4 4B LU AICK-NaCl )
REeHEOME L ZEE L CRE L,

¥ 72 B o RENT OEBUI L EAIETIZ \’
305 Tk T, WEMETIRISHT L ICEE ¢ 5 !
BEFHEL, B-TNIFFa—TDA 3 7
BOKRERK (19.2em”) CHESE, X%
BV TR & 5 TR 727,

1.Charge-discharge unit 2. Recorder
R=[ccv—oCv | /i (Om®) 7 3. Thermo-regulator 4, Thermocouple

ZZT, RIIE (ﬁ’,@ﬁ%ﬂ)‘@?ﬁh, OoCV 5. Laboratory cell 6.Electric furnace
SEBAE, | SEREE TS, T Thermoneter

B, £-HEEEELIELHR

HJ-201B % Fv: 72, Fig. 2 Setup diagram of the experlmental
apparatus.

4. ERBRBIUEE

4.1 T - IERER

453K 12 B 5 KEBRBETOTR - WEBRE Figd [IRT, ZORICIUL, LEBETE
WFNOBEREETH REBHBOTIRICE LVEERD S e ws, KEARETIIERRE, S
FHINDL L) ICRENG—EL %5 2 OOFHEEIRO LN, FLERBEEIRKEIVITER
EEIZIZ B HRENHMET T LM ER L7

AT3K 2B A R BHREETOR - MEMBZ Figd 17T, O H 453K D & & LAk
ORERIE SN, BREESKE VI EE—OFHER L F O PHFEBOBRHIWE T L &
LI ENH S,

453K 3 L DM73K O BREEIC BT ARERRFHET 5 L, 10A/m® TIZHB007 — 1 ¥ 54
12007 — 0 >~ & 1.58512, 30A/m TIEH4007 — O > > H 580027 — T & 2 IR L7,
#—OFHEHOARESN $10A/m*TIiE3.6V 20 53.75V 12, 30A/m® TI32.6V 5H3.2VAEZ
neEntLREFBEL LN, ’
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Fig. 3 Galvanostatic charge-discharge curves at sev-
eral current densities at 453K.
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Fig. 4 Galvanostatic charge-discharge curves at sev-
eral current densities at 473K.
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7 - MEME S S RD-EHERE % Table [ IRT . WTFNOEREE T 473K DF7%453K
DL XN, BENSLER L7z, %38, Table | TIE—OFHBEBKH T COFHEEEZE
bLEDT, Fig3, dDBMEL /NS REEZRL TV,

¥ 72, BIBEFEIIA3K TROWTHOERBETL4.0V DL, 473K TiRlZE A EH%4.2V DL E
%R L72o 473K DFTH53K O & X ICANTRES), HEHFE L D REL R 2DERED EA
KEoTR -TIVIFBIUORGEOELEIS ML 72720 EZ 55,

453K B L 473K (2 BT A BIHEE L FHEE DR % Figh B L U Figb IZRT, LEMAE
TRERBEIRKEVZEPHEES LR L, REARTIEREENIKE VIE EFYEEIE
THoEfERL, MEEEEEGRTEDTIENTEL, REARICBITAFHELEO LA I
Fig322bbnn 5912, REMBOBRICLZEATIEIARL, REFEDRIICLILELDLE
ZoNb, WEBRICETAFEHEEVETIIHL 2 IIKERMBROTIKROE(L, TabbEEN
DIETIZE B2 EABOLEND, 453K B & 473K OFHERE % BRBEE20A/m® 2FIICL 5T
HEEd 2L, $—0THERTIZ3.0V 2°53.3V AL E - OFHFH TIZ2.0V 2252.3V e wn
FTNHH0.3V O LA TED L7z,

Table I Typical parameters for Na/S (IV) cell No. 1*

Current*™|Averacge voltage ([V]
Cycle density Open circuil
Temp.| No. [A/m?] Discharge vollage (OCV)
Charge (v]
ch bcC 1st 2nd
13 2.5 5 3. 95 3.79 2. 61 4. 11
29 5 10 4. 28 3.46 2. 43 4. 05
21 7.5 15 4. 26 3.22 2. 24 4. 10
453K 25 10 20 4. 31 3.07 2. 04 4. 02
16 12.5 25 4. 35 2.86 1. 95 4. 07
17 15 30 4. 37 2.60 1. 86 4. 04
27 17.5 35 4. 54 2. 31 1. 72 4. 05
42 2.5 5 4. 08 3.88 2.95 4. 33
32 5 10 4. 15 3.69 2. 72 4. 21
35 7.5 15 4. 31 3.41 2.47 4. 27
31 10 20 4. 32 3. 34 2.43 4. 19
473K 41 12.5 25 4. 31 3.11 2. 1°3 4. 23
33 15 30 4. 38 3.009 2. 05 4. 23
38 17.5 35 4. 33 2. 88 1. 80 4. 21
34 20 40 4. 35 2. 78, 1. 76 4. 20
43 22.5 45 4. 34 2.69 1.79 4. 18

% Initial composition of positive mix : AICIs-NaCl(49.8-50.2mo1%) 6.70X 10 °kg and sulfur 0.144X10"°ke.
#+ Current density based on the inner surface area of 8 "-alumina.
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Fig. 5 Relation between the current density and the
average voltage.
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Fig. 6 Relation between the current density and the
average voltage.




B7-T IV 3 FEREMRE £ REICH V72 Na/S(W) @ aiE Eith 04

4.2 Tt BEHT DIEM

12O0F « WE A 7 MBI AEORENTOEIMOEIL % Fig7 IIRT, REBEIZBIT
HEMOBEIISEIIBEIMOREAIKE L, L, HEBETIEE—DBEBICHL HEZ
DEBE~DOBIEI BV TR O RO S b, TEEIIIB T A IO 2807 8
S EMRE TH D AlCI-NaCl REET O Nat A + V EBEABIT L, BEEOBEEIEKT
FTHIECERT 0L E LYY BEBRIZBT 2RO BLIIEWE TH S+ O]
ROBILIEET 5 b DR BYY,

BEBLVOERBE 2L SEHEOEBRO RENT OEILOZEAL % Fig8 1T T, Eithd
7 - MEARICB TS RET OGN Fig?7 L FELREBLRL, REBLIVEREEL RS
CCLEE L 2N LRSI NS,

P, TITRENVOEILE L0, ZOMEIZIEEMOERZIT TR, B-TIVIFR
AICIz-NaCl IRAHEDEINE D FEATVWDBELEEZLNLEDNLTH S,

I i I [

01— © CHARGE MS-11-87] —
D1SCHARGE

81— ° 453K —

6| T -

4 B

9 -

0

—_—

(ELL RESISTANCE / 10" Qn”

5.0 |- 1
- CHARGE 10 A/m*(0. 01924)
: 4.0~
<30 S
2.0] —_— | ' S
DISCHARGE 20 A/m(0. 03844)
10 | I | | |

0 1 1 3 4 h b 1
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Fig. 7 Variations of cell resistance and cell volt-
age during a charge-discharge cycle.
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Fig. 8 Variations of cell resistance and cell volt-
age during a charge-discharge cycle.
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BHORMEZ RS LAV F— %, TAVF—HES L0 + v OF AR IE 22 hi8~C05k:
PHOWCEHET 2 L Tx 510,

oy — CTIIBERE ) X (HUERSH) X (BB )

T CFRREE) X (M) < (Kdin) 0% s
gy — CTAIBCRTIE) X (AN X (M)
TARNF-FHE= LT (Wh/kg) 19
BB A SR
1A ORI =" Cromang  <1000%) 20

BLED &K% HTTE - BRI S B OREIZ D W CTHRE 24774 5 720 Z0RES % Table
MRS ZORITINE, ZAVF-RK, THIVF-FEB LA 4+ OFEEOFRIC
BUTHOERFEIKEVIIE, ZREROMEAMET T 210 %R L7 3 72473K O F 453K
WCHNTOWIFNR S REWERZRT I EABD SN,

TAVF—HEIL Figd BLOFiglO IR & B OFHFHOL T s EAE TR E—0
P L LT, Eheioko 7z, 10A/m® (0.0192A) T453K 12813 5 L4 L ¥ — B, 5
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Table I Typical parameters for Na/S(IV) cell No. 1*

Cycle Current“ Energy Enersgy Utilization
Temp.|No. density efficiency|]density of S (IN)
[A/ m?] (%] (Wh/ kgl [%
13 5 85. 5 132. 5 43. 2
29 10 78. 6 101. 7 41. 9
21 15 69. 3 92. 1 30. 2
453K 4 20 68. 8 78. 1 24. 8
16 25 59. 4 64. 8 22. 8
24 30 50. 6 36. 1 16. 4
28 35 42. 9 27. 4 12. 4
8 40 35. 4 8. 3 4.1
42 5 86. 1 178. 9 48. 4
32 10 81. 3 160. 3 47. 8
35 15 77. 0 155. 1 46. 6
31 20 71. 9 130. 8 42. 8
473K 41 25 62. 7 107. 1 36. 3
33 30 58. 2 85. 6 30. 3
38 35 56. 7 79. 9 29. 5
34 40 47. 6 68. 2 26. 4
43 45 44. 5 62. 5 24. 6

VOLTAGE / V

*

Initial composition of positive mix :

A1C1s-NaCl (49.8-50. 2molX) 6.

Current density based on the inner surface area of B"-alumina.

5.0

4.0

3.0

2.0

1.0

70X10"°kg and sulfur 0.144 X 10 °kg.

NO. OF COULOMBS / 10t

Fig. 9 Galvanostatic charge-discharge curve.
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Fig. 10 Galvanostatic charge-discharge curve.

—BLUBEZOFHEETZNZN83.7Wh/kg, 18.0Wh/kg TH 5 D%t L, 473K Tt
104.3Wh/kg, 56.1Wh/kg & ZNZHHEML, & IZHE O FHEE CHEMOES VAKX H 5
72

Table [ D% 70 5 F L2 % Figll~13 1R, TALF -3, TR LF—HEB L
A4 T OFIARONT IS EHEBROKLT 5 2 &A% 5 72,

Figll DFFRIZINIE, TAVF LRI BREEISKEVIILE /NS RMEE2 R LY. $7-
473K TI4S3K IZHARTHOMMATRO b7, BHEE Y 27 20B%EEY L shTnb
70% LA b O#I13453K TIX15A/m® LT, 473K Ti320A/m? L FOBHEE TR LN, T8
TRHEBEDR & 1T E453K A HATIK ~DIRE LRI L B L3N F —FRORNOE EHK X b5
726

Figl2 OFfFRIZENE, TANF-BEEERBEICKRE CKEL, F7:473K O#EFI3453K
ICHAT, BEREEL TI0~60Wh/kg BEDHME IR L 72, SREBIMOERD T A V¥ — %
35Wh/kg" LA EOD#IZ453K TIZ30A/m? BAF, 473K TlIT~COBRBEDS LB 6N/,

Figl3 ORRIZENE, 41+ Y OFHFIBRELICKE CKFEL, FTBRBEIAEI VT
E453K 2> H4AT3K ~DIREE L7 L 2FIAROMIMOE & 3R AT 2 M %77 L7
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Fig. 11 Effect of the current density on the percent
energy efficiencey
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Fig. 12 Effect of the current density on the energy density.
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Fig. 13 Effect of the current density on the percent
utilization.
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Fig. 14 Average voltage and percent utilization of sulfur
vs. number of cycles.
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LISP #HE M ICAL ¥ 2 7 L D%
g F - BA E-EE Al BE K
The Construction of the ICAI System for Tutoring LISP
TosHIKATSU ITOH, HAJIME SHIMAMOTO, TOSHIKAZU KUROSHIMA ‘and ICHIRO SUGIOKA

Abstract

Traditional computer-assisted instruction (CAI) has advantages and also has some of disadvantages that should
be improved. To study intelligent CAI (ICAI) is regarded as a trial to better CAl by using techniques in know-
ledge engineering. The system that was constructed in this research consists of three different modules —a spe-
cial knowledge module, a student model module and a guide rule module— to solve some problems of conven-
tional CAIL For future researchers, the opportunity for engaging the study concerned in some topics in the field
of artificial intelligence (Al) is increasing, and it will be necessary for them to learn LISP, one of the program-
ming languages for Al In consideration of this tendency, the purpose of this research is to construct the ICAI
system for tutoring LISP language.
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The design of logic programming learning system with Prolog

Hiroyoshi BABA, Toshikazu KUROSHIMA and Ichiro SUGIOKA

Abstract

The purpose of this research is to design a logic programming learning system as a type of computer-
assisted instruction by adopting Prolog language. This system presents practical programming problems to stu-
dents so that they can understand the concept of logic programming in a process of solving practical problems.
This system has the feature that realizes multi-windows on screen that attracts students’ interests for learning,
and has the help function that corresponds to requests from students. By using the function, students are able

to control the courseware in this system of their own accord.

1. Introduction

The concept of logic programming comes from a result knowledge and understanding both with
regards to programming theory and logic in general. Strictly speaking, logic programming consists
of a set of truth clauses and their logical reduction, but practically speaking, it is realized by two
programming methods —— database and recursive functions'. More concretely, logic programming
is related to declarative programming based on static notation instread of procedural programming
based on dynamic notation. Prolog language, that is derived from predicate logic, is available to ex-
ecute logic programming in reality on a computer.

A computer operates various coursewares depending on the degrees of the students’ understand-
ing. Namely, it has some aspects that superior to human beings in education because it enables to
show them the optimal learning steps in a courseware?. This tutoring system is designed with
Prolog and it has two control modes —— learner control mode and author mode. The students can

change the mode in this system when they need some helps in learning.
2.  Logic programming

2.1 Definitions
There are two kinds of definitions of logic programming® :

1). Logic programming is to write a program using “logic programming language” based on pre-
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dicate logic form.

2) Logic programming is to formalize a problem using logic forms and to produse a program
under converting from the formalization.

The difference between their ways of thinking is that the first definitions stresses on the lan-
guage itself while the second one stresses on the processes in making a program. In other words,
the first logic program may include nonlogical expression and the second logic program may be
written in a procedural language such as Pascal or FORTRAN. The common concept of logic prog-
ramming is how describes a problem logically and how interprets such an logical expression pro-
cedurally.

On the other hand, Prolog is the language that can realize logic programming on a real computer.
Also, it is the fact that Prolog language has some procedural expressions and it cannot cover all
concepts of logic programming. But Prolog is the first programming language as the result of many
years of the research of logic programming.

2.2 Database programming

Logic database consists of a set of facts and their rules. As an example, “Family” database is
discussed here to descride database programming. When we define the relationship between
‘father’ and 'child’ as one of facts, just define the following predicate:

father(Father, Child).

Instead of the above expression, when we define the relationship by using rules and suppose the
relationship 'parent’ and 'male’ have already defined as facts, define a new rule as follows:

father(Dad, Child) : —parent(Dad, Child), male(Dad).

It means that if Dad is a parent of Child and Dad is a male, then Dad is a father of Child. From
the viewpoint of logic, it is not significant that the relationship is defined whether as a fact or as a
rule.

As an application of database programming, to arrange the structure of data is significant. By
structurizing of data, it is possible to describe data which have more semantics and it is possible
to rules more abstractly, in other words, the property of module in programming comes to be more
important. When all of data are structurized well, a program has clearer perspective especially in
the condition of programming of complicated problem.

2.3 Recursive programming

‘To apply mathematical functions in programming, it is necessary to have a kind of infinite struc-

ture in the program. Recursive data type can realize such an infinite structure and also can realize

more elegant program as the result.
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The following procedure is recursive because the last line is a call to the procedure itself?.
Thus, any recusive procedure includes at least one of each of the following components:

(1) A nonrecursive clause where the recursion stops;

(2) A recursive rule. In the body of this rule, the first subgoals generate new argument values.
Then follows a recursive subgoal utilizing the new argument values.
2.4 Prolog

Prolog programming consists of a set of a following sentence:

A —B1,B2, ..., Bn.

“A” is the head of a sentence and “B1, B2, ...... , Bn” are called the body of it. The symbol, “:—"”
is the same meaning as “if”. This sentence can be classified three patterns as follows:

1). Facts. “A.” (A is fact(true).)

2). Queries to the database. “? :— B1, B2, ..., Bn.” (B1, B2, ..., Bn are fact(trues)?)

3). Rules. “A :—B1, B2, ..., Bn.” (If B1, B2, ..., Bn are facts(trues), then A is fact(trues).)

These three patterns are called Horn clauses that are restricted predicate logic forms based on

first order predicate logic.
3. Computer-assisted instruction

3.1 Learner control mode

As one of ways of computer-assisted instruction, learner control mode is a kind of student-
driven system that students can learn subjectively, that is, the efficiency of learning is gained in
the interaction between the students and computers. To do this, the following conditions are re-
quired:

1). To implement easily of the pregress of courseware, the level of contents, and the choice of
the direction of learning which the system prepares depending on the intention of the students’
side.

2). To understand the requests and questions from the students in a natural language or in
other ways of communication.

3.2 Author control mode

This mode is also called program-driven mode which means all of processes and stages are con-
trolled in the courseware the author designed. So the students traverse the courseware under the
author’s guide. But it is hard to reflect students’ desire in this control mode because all of the

steps in the courseware have already been implemented.
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4, Tutoring system

4.1 system environment

IBM PC true compatible computer (comptalk, Inc.) is used as Hardware environment, and Turbo
Prolog which is a compiler of Prolog language and Turbo Prolog Toolbox which can enhance Tur-
bo Prolog are used as software environment under MS-DOS Ver.3.3, an operating system.

This tutoring system has the feature that appears multi-windows on screen. Screen 1 shows an

example of multi-window and that of a status line.

——CHECK POINT: gl
Do you need help?|

Pre ——————

Realize as programming

Let’s think about programming!.
1. Describe three poles, and disks as varijable.
[——————————programming(cont.)

....make the
HANOI (TH (a) is an integer variable which describes
TH the # of disks.
TH (b), (c) and (d) are symbolic variables which
TH describe the poles as starting, destination

and temporary working.

— In this program, suppose the left pole as
(b), the right one (c) and the middle (d).

Understand the programming in Prolog.

Screen. 1 An example of multi-windows.

4.2 Courseware

WHOLE SYSTEM

COURSEWARE

STEP BY STEP
TUTORIAL FOR ANSWERS

CONFIRMATION

A MODEL
ANSWER

EXPLANATION OF
BASIC PREDICATES

COURSEVARE

Fig. 1 A diagram of the t»
whole system.

Fig. 2 A flow chart of

courseware.
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This tutoring system presents concrete programming problems to the students and the student
will understand logic programming in a process how to solve practical programming problems.

Figure 1 shows the whole construction of the tutoring system. The diagram shows that students
select a specific problem and the corresponding courseware opens. Once the student finishes a
courseware, one can feedback to the stage that selects another problem depending on the student’s
intention. The tutqring system is closed if the student desires to quit to learn.’

Figure 2 shows the flow chart of a courseware. Each step is realized on a sccreen by using a
multi-window.

There are two stages in each courseware —— a fundamental part and a applicated part. The left
side of the chart corresponds the fundamental part and the right side does the applicated one.

There are three steps in a fundamental part —— ’explanation of a problem’, 'explanation of basic
predicates’ and ‘quizzes’.

At the step 'explanation of a problem’, the student makes sense an outline or rules of the speci-
fic problem one selected. The following step ’explanation of basic predicates’ makes the student
understand the specific some of predicates in Prolog programming that are required to solve the
practical problem. And the student is able to deepen one’s knowledge by answering quizzes oper-
ated the step 'quizzes’. The quizzes have a shape of multi-choices, namely, the student choose the
proper choices by pressing the Return key seeing the menu on a screen.

Before finishing a fundamental part, some of feedbacks can be operated depending on the level
of the students’ understanding; the same quizzes are repeated until the student can find correct
answer(s), otherwise, the student returns back to the step ’explanation of basic predicates’ in order
to review the correspond basic predicates.

There are five steps in an applicated part —— 'step by step tutorial for answers’, 'confirmation’,
'a model answer’, ’execution’ and 'summary of the problem’.

1) ’Step by step tutorial for answers’

After understanding of basic predicates, the student is led to the answer step-by-step under a
top-down method.

2) ’Confirmation’

The student can confirm the approaches that a courseware presents by reiterating the same mul-
ti-windows or by using the help function on this stage. Like the last part of a fundamental part of
a courseware, some of feedbacks will be operated between the stages 'step by step tutorial for
answers’ and 'confirmation’.

3) ’'A model answer’
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predicates
hanoi(int
movel (int

The object of the
the disks over to the ri

a time, so that they end| Input

order on that pole. The

used as a temporary rest Move

but at no time is larger Move

Figur| a smaller one. Move

Move

| | 1 Move

1 | | Move

*% ok \ | Move
*kKKK !

KKK KK ! !

KEKEKKK KK j
KEKKKKKKKKK !
KKKKKKKERK KKK !
KRR FKRKKKKKKK |

/* HANOIEXE.PRO */ [——————————Welcome to Towers of Hanoi!
Explan. (cont.) —_—

r————Execution of Towers of Hanoi——~

oi

the number of disks3

a
a
a
a
a
a
a

disk
disk
disk
disk
disk
disk
disk

#1
#2
#1
#3
#1
#2
#1

from
from
from
from
from
from
from

left to right
left to middle
right to middle
left to right
middle to left
middle to right
left to right

Here we can execute of this problem.

Screen. 2 An example

of the stage of

"Execution’

The stage that the student can see through the whole programming list of the problem.

4) ’'Execution’

The student executes the program of the specific problem one selected.

5) ’Summary of the problem’

As a summary of solving the problem, this stage presents a brief background of the problem,

some supplements from a view point of logic programming, or formulas as the standard solving

methods.

Before entering the final stage 'summary of the problem’, if there are other solution of the prob-

lem, it is possible to occur feedback returns to the beginning of a fundamental part of the course-

ware. Screen 2 shows an example of the stage of 'Execution’.
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4.3 File structure

There are ten different files that consist the tutoring system —— ’'main.pro’, 'menu.pro’, "help-
.pro’, 'compred.pro’, 'dangcéve.pro’, ‘'nqueens.pro’, 'hanoi.pro’, 'caveexe.pro’, 'queenexe.pro’ and
hanoiexe.pro’. The function of each file is described as follows:

1) ’main.pro’

This file contains a main menu of the system and sub menus for the problems which have plural
solutions.

2) ’menu.pro’

This file is the software tool to realize a menu window on a screen.

3) ’compred.pro’

This file contains the explanations of basic predicates and quizzes for understanding their pre-
dicates.

4) ’help.pro’

This file organizes the help function of the tutoring system. When the student loses a way in the
courseware toward the complete understanding of the problem, this file is called by the student’s
request. The file 'help.pro’ provides a list of items in the problem using a menu window with the
student, and make the student choose the topic that one should review. The student can open the
file "help.pro’ by selecting the HELP in the menu that appears several times in each courseware.

5) ’dangcave.pro'

6) ’nqueens.pro’

7) ’hanoi.pro’

These files are the coursewares for learning the practical problems such as 'A DANGEROUS
CAVE’, 'N QUEENS PROBLEM’ and 'TOWERS OF HANOT’, respectively.

8) ’caveexe.pro’

9) ’queenexe.pro’

10) ’hanoiexe.pro’

These are the files that contain source lists for executing the problem 'A DANGEROUS CAVE’,
'N QUEENS PROBLEM’ and 'TOWERS OF HANOI'. These file are also compiled when the whole
system is compiled at the same time because Turbo Prolog is a compiler, not an interpreter like
other Prolog syStems.

Figure 3 shows the relationship among all of files for the system by a diagraph chart. Arrows
express which file includes others, namely, 'main.pro’ includes six other files —— 'menu.pro’, 'help-

.pro’, ‘compred.pro’, '"dangcave.pro’, 'nqueens.pro’ and 'hanoi.pro’. Also each file contains a course-
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ware for the specific problem includes
the file has its programming source list
such that ’caveexe.pro’ is included in
"dangcave.pro’, etc.

Figure 4 shows the whole structure of
the tutoring system. A student picks up
one problem of the three, and if the prob-
lem has two different solutions, one
chooses one of them by sub menu. Each
‘problem’ has its own courseware and it
accesses a set of 'basic predicates’ for
fundamental parts of courseware, 'prog-
ramming methods’ for applicated parts,
general explanations’ for the summary of

the problem.

5. Consideration

On-screen multi-windows in this
tutoring system generate two advan-
tages: the one is that windows
attract the student to the system,
namely, they don’t lose their in-
terests. The other is that windows
can indicate the end of each step in
the specific courseware firmly by
driving multi-windows one after
another on a screen. It also helps the
student to check until which step
one reaches.

This tutoring system provides the
student a help up to the student’s
request. By using this function, the

student can control the courseware,

HELP.PRO

MAIN.PRO

l OMPRED
-l .PRO

HANOI.PRO

HANOIEXE
-PRO

T
DANGCAVE NQUEENS
\ .rro Tjk/o

CAVEEXE QUEENEXE
-PRO -PRO

~_

Fig. 3 A digraph of the relationship

among files.

MAIN MENU
[ 9T e
N
SUB MENU
T L SUB MENU
Q

PROBLEM

|
] \ |
i N
> | o
PROBLEM
1] 2

A

PREDICATES

BASIC

R v

GENERAL
EXPLANATIONS

PROGRAMMING
METHODS

~_

M|

HELP
FUNCTIONS

Fig. 4 The whole structure of system.
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therfore, this tutoring system can be regarded as one of type of student-driven system.

But the concept of logic programming itself is still under researching and it is restricted to the
use of Prolog only as the logic programming language in this system. It is also a firm fact that Pro-
log has some nonlogical functions and it cannot cover all the categories in logic.

This system has a help function for the student who need a help, but the function is operated by
menu window, not by a true interactive condition such as natural languages. Therefore, this tutor-
ing system does not understand the student’s true request with or without one’s ambiguous inten-
tion. To fulfill the purpose of designing true intellectual tutoring system, it may be required to

arrange man-machine interactive communication feature in some of natural languages.
6. Conclusion

This tutoring system has an important aim to make students learn logic programming, not only
to make them understand Prolog language, so that the student who uses this system can confirm
the essential thought of Prolog and the reason why Prolog language should be available to realize
logic programs on a computer. The method of this system which provides the student practical
programming problems is able to be called 'top down method’ so that the student can recognize the
effects of one’s learning with grasping the concrete purpose —— to solve the specific program.
Also, the student is able to master some practical required techniques for logic programming such

as database programming and recursive programming.
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On the Distributed Coupled-Line Digital Frequency Multipliers
— Part I. the Frequency Domain Behaviour

Iwata SAKAGAMI

Abstract

Functions of coupled-line type digital frequency multipliers are described from the aspect of frequency do-
main by using Fourier transforms. Discrete frequency components of both a train of periodical impulses and
that of pulses are firstly introduced. It has been shown that the proposed multipliers act as a kind of passive
filter, that is, certain discrete frequency components are eliminated and others are passed. Secondly, this paper
has proved that the attenuation of the transmitted components is minimized in the frequency characteristics of
coupled-line type multipliers. Lastly, referring to a train of Gaussian pulses, it has been demonstrated that the
proposed multipliers can function well under the network transfer functions based on TEM wave approxima-

tions.

. Introduction

The multiplication of pulse repetition frequencies in the microwave frequency bands distributed
coupled-line networks has been reported, and experiments have shown good agreement with the
predictions of network systhesis theory[l], [2]. In the process of network systhesis, it has been
convenient to treat a train of input pulses as a train of impulses. This is so that the principle of
the coupled-line type multipliers can be understood easily, and because the output responses from
arbitrary input waveforms can be obtained by the convolution integral(3].

The train of impulses possesses equi«amplitudé equi-spacing discrete frequency components over
— o0 < w <o but no problems crop up as far as the network transfer functions are concerned.
Expressed by the delay oprator z ! or the Richards variable t=jtan @ , the network transfer func-
tions have periodical frequency characteristics at all frequencies of —o0 < w < oo, Therefore, con-
ditions for the multiplication of the periodical impulses can be satisfied.

In general, the frequency characteristics in actual networks will show good agreement with
those of the network transfer functions at the first or second period. However, as the frequency in-
creases, the frequency characteristics stray from those of network transfer functions by the para-
sitc reactances at discontinuity interfaces or by conductor dielectric losses. Therefore, a pulse of
finite duration should be introduced in real inputs and real networks as discussed at following
sections.

The main topics here are: (i) discrete frequency components of periodical impulses, (ii) those of
periodical pulses of finite duration, (iii) behavior of the proposed multipliers in the frequency do-
main, (iv) verification on the minimum insertion loss of the transmitted discrete frequency compo-
nents, and (v) a train of Gaussian pulses.
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Il.  Frequency Components of a Train of Input Pulses

(i) Discrete frequency components of periodical impulses.

Fig.1(a) shows the constant-resistance n-section coupled-line network. Figs.1(b)(c) are the equiva-
lent circuits. They are similar to Figs.4(b)(c) in [2], differing in the position of b;. Fig.1 will be ex-
plained in section IV again. Refs.[1,2] have shown three kinds of multipliers with regard to
Fig.1(a). Figs. 2, 3 and 4 are the most simple input/output responses. They are realized by 1-
section and 2-section networks in Fig.1(a).

In general, a train of unipolar impulses and a train of bipolar impulses are represented by[4]

at (0= 38 (t—kT) (1a)

a7 (D=3 (=16 (t—kT) (1b)
The Fourier transforms of (1) are

Flat(0]=0* = 0(0—ka™) (2a)

Fla 0)=0” 3 oj(o—BtDel (20)

where @ V=27 /T. T is the impulse interval. Although the period of (1a) is T, that of (1b) is tre-
ated as 2T in this paper. When eqs.(1) are applied to port A; in Fig.1(a), T must be T=2m+1) 7,
where 7 is a time delay in the line length £ .

The transient responses will be over in several nanoseconds in distributed networks of micro-
wave frequency bands[5]. Therefore let eqs.(1) be incident impulse trains covering —oo<t< oo Ip
(1), it is assumed that a positive polarity impulse comes to port A; at t=0. Eqgs.(2) show that the
unit 1 +1 1 %1 impulse trains possess discrete frequency components of equi-amplitude @ © and
equi-spacing w +

(ii) Discrete frequency components of periodical unipolar pulses.

Now let us consider a train of pulses vr, (t) [for instance, see Fig.5]. It is assumed that the con-
stituent single pulse v(t) is time-limitted and the duration is less than 2 7 in order that the pulses
not overlap at output port Az. Designating the Fourier transform of v(t) by V(w),

v =5 V(w)expljot)de (3a)

V(w)=]" V(texp(—jwt)dt (3b)

Let to be an arbitrary real number. As v(t) can be expressed as a linear combination of exp(ik w *
t) on interval (to, to+T), the linear combination of v, (t) holds on (— o0 <t< o),

oo

viet)=, = Vilko Mexp(jke 1), (—oo<t<oo) (4a)
1 -
Vilko )= T I_T/zv(t)exp( jkw Tt)dt (4b)
Using (3b), (4b) and an assumption that v(t) is zero on |t | >T/_2,
Vilko )=V(ko")/T (5)

Therefore (4a) and the Fouier transform are
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=S}

vTr(t)=%k:2_mv(kw+)exp(jkw+t), (—oo< <o) (6a)

Flunl=w" 3 V(ko®)d(o—ke™) (6)

Thus, the Fourier series expansion of periodic pulses can be obtained by using the Fourier trans-
form of single pulse v(t). It is seen that (6b) is given by the product of (2a) and V(w)

(iii) Discrete frequency components of periodical pulses.

Let us consider the periodical bipolar pulses [for instance, see Fig.6] When w(t) consists of posi-
tive single pulse v(t) and negative single pulse. —v(t—T),

w(t)=[v(t]—=v(t—T), (—to=t=2T—to) (7a)
0 . (1< —to, t>2T —tp)
W(w)=F[w(t)]=V(w){1—exp(—joT)} (7b)

Let a train of bipolar pulses consisting of w(t) be wr,(t), and the period be 2T. Similarily to (4a)
and (4b),

wi= = Wilko"/2)exp(jko '1/2),  (—eo<t<eo) (8a)
Wtk */2) =] W(texp(—jko* /2)at (8b)
At —ty — — o0, 2T—to =  in (8b),
Wi(ko */2)=W(ko */2)/2T, (9)
From (7b),
Wilko™/2)=| 0 (k:even number)
Vikw"/2)/T (k:odd number) (10)

Therefore wr.(t) and the Fourier trasform are written by

wi=% 3 Vi(2k+D) o /2lexpliZtD o * 2], (meo<t<e) (11a)

[ w+ w+
Flwr(t)]= w+k=2—oow (2k+21) B (2k+21)

Similarily to the results of (6b), the train of periodical bipolar pulses can be represented using the
Fourier transform V(®), and (11b) is equal to the product of (2b) and V(w).

fofw | (11b)

IIl. Behavior of the Coupled-Line Type Multipliers in the Frequency Domain

(i) The case of faster unipolar pulses of time interval 2 T being output from input unipolar
pulses of time interval 2(n+1) 7.

The examples of this case (i) are given by Fig.10 in [1], Figs.2(a)(b)and Figs.3(a)(b).

The network transfer function of Fig.1(a) is written as [1][2]

n n '
I'n(z)= Zoqkz”k/{l-i- lekz_k} (12)
k= k=
where 2z~ !=exp(—2jw 7).
The condinions for the faster unipolar output impulses and output amplitude Sq were described

in (22) of [1]. Using the same notations as in [2],
Q=0q1=. . .= qn, (13a)
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Sd:qO/“+k§1pk} (13b)

Let the numerator of (12) be fy(z ). From (13a),
fz(2_1)=qo (1+z27 '+, . AzTm)
Here (1—z " Vf2(z ) =qol1—2" "V} holds. Using @ = /(n+1) t, the transmission zeros
and their angular frequencies are given by
zne=explj27k/(n+1)} =exp|2j(kw*) r | (14a)
@, =kw™" (14b)
where k#m(n+1); km: integer.
Comparing (14b) with (2a) and (6b), it is seen that discrete frequency components of input unipo-
lar impulse trains (or pulse trains) correspond to network transmission zeros, except for the case
of k=m(n+1). Therefore, the penetration of input impulse trains (or pulse trains) arises at k=m(n
+1). From (14b) and T=2(n+1) 7, the transmitted angular frequency components can be given
by
=mn/tT. (15)
(15) is equ1va1ent to z=1. One period of (12) corresponds to one turn on the unit c1rcule of z-
plane, that the insertion loss at (15) is constant.
Fa(z™) [ ,=1=(n+1)sd (16)
Referring to (2a), as the amplitude is @ T, the amplitude of transmitted frequency components is
given by

@ (n+1)S4=7Sy/ © (17)
By (15) and (17), the discrete output responses in the frequency domain can be written as
S 3 8 (w—"") (18)

This equation also represents the Fourier transform of an output unipolar impulse train of time in-
terval 2 ©

Fig.7 shows the transmitted frequency characteristics of Fig.9 in [1]. The center frequency f,
was 192[MHz]. About 4 periods of the frequency characteristics are photographed. According to
I1(ii), because @ ¥ =2« fo, the discrete frequency components of the input unipolar pulse train
which was given by Fig.10(a) in [1] are located just at frequencies of the maximum and minlmum
attenuation. The discrete frequency components at the maximum attenuation are rejected, and
those of minimum are transmitted to the output port along with network insertion losses. In this
way, the resultant output pulse train become twice as fast as input one.

Ref.[2] has shown two other functions:

(i) The case of faster bipolar pulses of time interval 2 being output from input unipolar

pulses of time interval 2(n+1) ¢ .

The input and output relations in Figs.2(a)(c) of this paper and Figs.8(a)(b) of [2] are the exam-
ples of this case(ii).

The realization conditions and the output amplitude S, were given in (14) of [2].

Q= —q1=qz=...=—q, ' (19a)

S:=qo/ 11+ 2 (=DpJ | (19b)

n:odd number
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Further explanations of this case will be omitted.

(iii) The case of faster bipolar pulses of time interval 2 7 being output from input bipolar

pulses of time interval 2(n+1) 7.

Figs.8(b)(c) in [2] and Fig.4 of this paper are the example of this case (iii).

The frequency domain behaviours will be described below, although the discussions are similar
to cases of (i) and (ii).

The realization conditions and the output :implitude S, were given in (22) of [2].

Q= —q1=qz=...=q, (19a)

sp=qo/il+él(—1)“pk} (19b)

n:even number
As the numerator of (12) is given by f2(z ') =qo(1—z '+z ?—.. . +z™ "),
(142 Dz ") =qol1+2z~ """} holds. Therefore the transmission zeros and the anglar frequen-
cies are

zk=exp{j(2k+n+1)n/(n+1)}=exp{2j-%4;“)lz”- (20a)

0 =2k+n+1)w*/2 (20b)
k**m(n+1); km: integer
Comparing (20b) with (2b) and (11b), it will be understood that the discrete frequency components
of input bipolar impulse trains (or pulse trains) coincide with network transmission zeros, except
for the case of k=m(n+1). Therefore, the peneration occurs at k=m(n+1). The transmitted
angular frequency components can be given by

w=02m+1)7/27 (21)
(21) corresponds to z=—1, and the insertion loss at (21) is
Iz | ,=—1=(n+1)Sp ' (22)
Since the amplitude of (2b) is @,
o (n+1)S,=7S,/ (23)
Thus, the discrete output responses in the frequency domain can be written by
2 2m+1
TS S b fe—2milT (24)
T m=— 00 2 T

(24) represents the Fourier transform of an output bipolar impulse train of time interval 2 7.

Fig.8 shows thoeretical frequency characteristics of 2-section coupled line digital frequency tri-
plers. The solid curve and the chain curve indicate the cases of (i) and (iii), respectively. In the
case of chain curve, the input bipolar impulse train possesses the normalized discrete frequency
components 1/3, 1, 5/3 in the first period of 0=f/f,<2. The frequency components 1/3 and 5/3
are rejected by the network, and the frequency components f/fo=1 transmits to output port. The
transmitted frequency components are =1, =3, £5, .. . at all frequency bands, and these compo-
nents will form a three times faster impulse train than input.

The reader may wonder whether the distributed line networks could not satisfy the specified
frequency characteristics at all frequencies, since the network transfer functions are based on the
TEM wave approximations, and moreover the train of impulses is not an actual one. However, this
question is answered in the light of (2), (6b) and (11b). In the case of a pulse train whose consti-
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tuent pulses have finite duration, the amplitudes of discrete frequency components are determined
by w +V( w). In general, the Fourier transform V() of single pulse v(t) converges to zero as the
frequency increases. Therefore if the energy of input pulse trains concentrates on the region of the
specified frequency characteristics being satisfied, the proposed multipliers function well [See last
section VI].

IV. The Non-Negative Constant

In this section, the non-negative constant will be taken up in preparation for discussion of the
minimum instraction loss in the next section. The non-negative constant is occasionally used in the
synthesis of cascaded transmission line networks[6],[7]. The phasical nature will be clarified.

Let us start at different derivations of network transfer functions from (3) and (4) in [2]. The re-
flection and transmission coefficients of the network shown in Fig.1(a) are defind as

T(z7") =bo/ao (25a)

To(z7 ") =cy /a0 (25b)

(25a) is the same as network transfer function from port A; to port As.

In Figs.1(b)(c), the ag, by, a1, by, . . ., a, by, c¢ are the power waves|[8]. The r,; and to; (i=1,2, . .
., n+1) are defined in the same way as in [1,2] and represent the reflection transmission coeffi-
cients'at the ith interface. Paying attention to the ap, by, am+1, by +1 at the (m+ 1) —section in
Fig.1(b) or (c),

rzﬁlam 1 1 r'e,m-i-lz_1 Zﬁl/zam+l
—1/2 = —1
z bm tem+1 |Tem+1 2 bm+1
Therefore the relation of a;, by, a,, by, is given by
rz V2, 1 n 1 femZ | z~1/2an
e =— {11 -1 (26)
z (n 1)/Zbl m=2 |Tem z bn

where £’ =(testes . . . ten).
On ay, by, ay, by at first section,

FZ—(n+1)/2a0 1 1 relzwl Z—n/Za1
Z—(n+1)/2b0 = rol -1 Z~(n—1)/zbl

At the place of conductance g1,
P o—1/2
z a

o] Ve, 1
bn te,n+1 Ten+1

These conditions lead (26) to

.Z—(n+1)/2ao z_l/zce \ 1 Yeml_l 1
Z—(n+l)/2b0] — ,,El [rem 1 ] [re,n+1 ] (27)
where Y2 =(telte2 N te_n+1).
Calculating the matrices inside the {} , the resultant elements f;(z ') and fo(z 1) are n-th order

polinomials of z~! whose coefficient of each term is composed of products and sums of r,,(m=1,2,
....n). Therefore, (27) can be rewritten as

Z—(n+1)/2a0 Z_l/ZCe f1(2_1) (
g~ (D2 |Gy 28)

From (25) and (28),
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Tz D=6(:z""/f(z") (29a)

Tolz )=z V¥/1,(z7") (29b)
In Fig.1(b), regarding the even mode cascaded transmission-line(EMCTL) between 1 —1; and (n+
1)—(n+1); as a black-box, ag, bp and ¢ respectively represent the incident, reflected and trans-
mitted power waves of the black-box. As the conductance g; is not inculded and the EMCTL is
lossless, | ag | 2= | bg | 24+ | ¢y | 2 Therefore, from (25) and (29),

1z H* (27 ) =2z DE* (271 = p? (30)

* . complex conjugate
In this way, it has been demonstrated that the non-negative constant stated in [6],[7] is given by
the square of the product of the transmission coefficient at the discontinuity interface of each unit
element.

V. The Minimum Insertion Losss

According to three capabilities as digital frequency multipliers, the numerators of (29a) are
given by
(1) f2(2*1>=(10(1+271+‘ Az
(i) f(z7 D =qo(l—z '+...—2 ")
n:odd number
(i) 2z )=qo(1—z '+, 4z ")
n:even number
Values of the above-mentioned three equations are respectively equal to
f2(z71) | ,=+1=qo(n+1) (31)
at z=1, —1, —1. Here q9=r.;, and 0<r.; <1 holds as r.; represents a reflection coefficient at
the discontinuity interface 1 —1; in Fig.1(b). Taking the triangle inequality to the three numer-

ators,

lqo(l+z "4z 7%+ ... +z ™) |

Sqo(1+ | z7" [+ ...+ [z ])=qo(n+1) (32)
Dividing (30) by fi(z )i *(z7")

C.z O * () =1— %0z Hu* Y (33)

(31) indicates a maxmum value. Also f;(z ')f;*(z ') reaches a maxmum due to (30). As a result,
(33) gives the value which is the closest to 1. Represented by —10log I'y(z™ )T, *(z71), the atte-
nuation of the discrete transmitted frequency components is the minimum in the frequency charac-
teristics of the proposed coupled-line type multipliers

VI. Discrete Frequency Components of a Train of Gaussian Pulses

Let v(t) described in IL(ii) be a Gaussian pulse. Then, the Fourier transform of v(t) is also Gaus-
sian, and (3) can be given by

v(t)=|m}l/4expl-(ﬁ)zf (34a)
V)=l y g Vsl = (5 )" (34b)

where At and A& @ are called effective duration and effective bandwidth. It is known that more
than 99.7% of total energy is included in the range of |t | <3Ator | @ | <3A w. In the case
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of a Gaussian pulse, from the uncertainty relation [9],[10] (See Appendix),
At Aw=0.5 ) (35)
Because of

[* 1 1 7ae=1,

.the total energy of (34) is 1.

The Fourier series expansion and its Fourier transform to a train of Gaussian pulses can be
obtained by substituting (34) into (6) or (11). As seen from (34), the Gaussion pulse could not be
called a time-limited pulse waveform in a strict sense. However, assuming both the edges of the
waveform represented by (34) reach zero, so that no overlap occurs with adjacent pulses, we can
acknowledge following equations with respect to (6a) and (11a):

T/2
29,
[ 7, vme(®) 7a=1

T/2
J. [ wre(t) | %dt=1
-T/2

The energy spectra of input pulse trains are given by multiplying the periods by the mean power
of periodical pulses. Therefore:
(a) in the case of a train of unipolar Gaussian pulses

~/2 [ee]
Ta o, S opl—(ko'/8w)/21=1 (36a)
(b) in the case of a train of bipolar Gaussian pulses
(e o)
# S expl—1(2k+1) 0 /28 w]2/2]=1 (36b)
W k=—oo

However, (36b) is obtained by multiplying the half-period T by the mean power. The energy spec-
tra are also discrete and given by each term of the left sides of (36) [See Fig.9(b) and Fig.10(b),
where negative components are omitted)|.

In Fig.8(a) of[2], the pulse width generated by P. G. was arround 1.1nsec. Assuming a train of
Gaussian pulses with period T=5.2nsec, fundamental frequency f*=192MHz and pulse width 3
At=0.55nsec, as shown in Fig.5, almost all the energy (99.63%) of the Gaussian pulse train con-
centrates within 3 Af. Here, 3 Af=1.3GHz gue to (35). Figs.9(a)(b) indicate the frequency charac-
teristics of the test circuit A of [2], and the energy spectrum of Fig.5. In Fig.9(b), fO indicates the
direct current(DC) component and f1=f", £2=2f", . . hold. For the design of proposed multipliers,
it is desirable that the frequency characteristics are satisfied in the region of 0 —1.3GHz. As seen
from Fig.1 in [2], test circuit A is a directional coupler, which cuts off the DC component complete-
ly. The frequency components 2, f4,. . . in Fig.9(b) are rejected, and others f1,3, . . transmit to
output port Ay, In this way, output pulses can be formed twice as fast as input.

Similar arguments are valid in test circuit B in [2]. Figs.10(a)(b) show the frequency characteris-
tics of test circuit B, and the energy spectrum of Fig.6, respectively. As seen from (36b), the DC
component is not included in the train of bipolar pulses. Comparing both figures, it is understand-
able that f1,£3,f4,...are rejected and {2 15,... penetrate to output port B,. Higher frequencies than {5
can safely be neglected. According to the consideration from the frequency domain, it can be said
that most of the waveform in Fig.8(c) of [2] comes from the transmitted discrete frequency compo-
nent f2. The pulse width being shortened, the frequency domain spectra spread to higher bands.
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As a result, the continuous waveform in Fig.8(c) of [2] is separated into single pulses.

Referring back to Fig.8, the frequency characteristics have two different peak values in a
period: for a chain line, one is at f/f,=1, and the other is at {/f,=0 (or =2.0). The same. thing
can be said in Fig.10(a). The verification in section V ensures that attenuation of the transmitted
components is a minimum even if the frequency characteristics have different peak values within a
period.

VIl. Conclusions

A train of periodical impulses consists of equi-amplitude equi-spacing discrete frequency compo-
nents. On the other hand, in case of a train of periodical pulses, it possesses the same discrete fre-
quency components as that of impulses, but the amplitudes are different and are given by the
Fourier transform of the constituent single pulse waveform. Therefore, generally, as the frequency
is increased, the amplitudes are close to zero. Regarding the input pulses generated by the pulse
generator as Gaussian pulses of duration 1.1nsec, the frequency band where almost all the energy
of the train of Gaussian pulses concentrates is 0—1.3GHz. This fact means that the distributed
coupled-line networks can be used as digital frequency multipliers even if the specified frequency
characteristics are damaged in the higher frequency region.

In section III, functions of coupled-line type multipliers have been explained, and it has been
shown that a coupled-line type multiplier works as a kind of a passive filter which eliminates cer-
tain discrete frequency components and transmits other components to the output port. As a re-
sult, the transmitted components from a train of output pulses with a higher repetition frequency
than the input one in the time domain.

In section IV and V, it has been proved that attenuation of the transmitted components is the
minimum.

The proposed multipliers have the dratback of lowering amplitude level and need amplitude
amplifiers for actual use. Or, a train of higher amplitude level pulses should be input in advance in
order to have necessary output level. However, it could be said that the multiplication by passive
elememts only would be worthy of note.

In part II, which will be presented in the near future, energy ratio at a specified frequency and
computer output Simulation will be demonstrated with respect to Cosine half wave inputs.

Appendix[9]
The Definition of At and A w

Under the condition of .[_ t | v(t) | 2dt=0,

(ap2af” v | %t (A1)
(Aw)ZAJ—Iw w? [ V(w) [ *de ‘ (A.2)
- 27T — o0 .
Uncertainty Relation
At A w=05 (A3)
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Fig. 1 (a) A constant-resistance n-section coupled-line network.
(b) An even mode equivalent circuit.
(¢) An equivalent signal flow graph.
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> 2Tk
(¢)

Fig. 2 Input/output responses in case of n=1.
(a) A train of input unipolar impulses.
(b) Output unipolar impulses - In case of Section ITI(i).
(c) Output bipolar impulses - In case of Section III(ii).

—6T —>|
o)

N I O

> 27T k-

(b)

Fig. 3 Input/output responses in case of n=2.
(a) A train of input unipolar impulses.
(b) Output unipolar impulses - In case of Section III(i).
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- k—6T—
(2)

| | |
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Fig. 4 Input/output responses in case of n=2.
(a) A train of input bipolar impulses.
(b) Output bipolar impulses - In case of Section III(iii).

Input wave$orm

"1 00 ' 000 500
Time <nsec>

Fig. 5 A train of unipolar Gaussian pulses.
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Input Wave+oym

5.0
Time <nsec>

Fig. 6 A train of biplolar Gaussian pulses.
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Fig. 9 (a) Frequency characteristics of the test circuit A in (2]).
Solid line : measurement. Broken line : theory.
(b) Energy spectrum of input pulse train in Fig. 5.
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Fig. 7 A photograph of the transmitted frequency characteristics
of Fig. 9 in (1.
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00 05 10 15 20
NORMALIZED FREQUENCY

Fig. 8 Theoretical frequency characteristics of the 2-section coupled-
line digital frequency triplers. re=0.2.
The solid line I case of III(i). The chain line : case of ITI(iii).
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Fig. 10 (a) Frequency characteristics of the test circuit B in (2],
Solid line ! measurement. Broken line . theory.
(b) Energy spectrum of input pulse train in Fig. 6.
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Admissible Sectional Dimensions of R/C Floor Elements
to be Designed without Deflection Check
Part 1: Transverse Beams

MEFH E B F - HE OEFE-BA R
Akira SuciNoME* !, Satoru INo™*2, Masayosi ITo*? and Tamaki KomaGoME **

Abstract

By use of our proposed modified method, a parametric deflection analysis is attempted for transverse beam
models with their dimensions varied within a major practical range in typical cases of their end condition de-
pending on whether or not they have, at one end and/or both, adjoining beams in a slab-beam-girder floor sys-
tem; the analysis being intended to result in necessary criteria for beam section sizes admissible in floor de-
sign without intricacy of deflection check.

Some other design criteria needed for maintained serviceability are derived at the same time.

1. Introduction

Our most recent report indicated that a tenably adequate or practicable estimation system for

long-time deflections of r/c flexural members had been provided by use our renovated method.t!]

(2] was developed mainly incorporating D. E. Branson’s accepted quasi-empirical

Its -earlier form
formula and using the ACI's time-dependent multiplier; later to be modified reflecting Yu-Winter’s
well-documented test results combined with sustained elastic modulus used in the original paper

31 And correspondingly the modified version adopted a more rigorous treat-

for their evaluation.
ment at difference mesh level of member stiffness in preference to its average whose expediential
use is common in most design codes, generally tolerated as practically sufficing.

By use of this improved approach the subject matter has already been examined at the least for
discrete beams; the result having been obtained and checked for three elementary cases of end re-
straint of a member viz. due to to its being supported and/or fixed at one and/or both member
ends.!!! 1%

Succeeding to this adequacy check of our method in such simpler cases, herein to be examined

*1 Muroran Institute of Technology, Muroran 050; *? Faculty of Engineering, Hokkaido University, Sapporo 060;
*3 Hokkaido Institute of Technology, Sapporo 006; ** Hokkaido Branch, Sumitomo Construction Co., Sapporo 060.
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Fig. 1 Used System of sional Moments.
Numbered Difference Fig. 2 Vertical Forces and Moments Acting on
Points. a Joint.

are beam elements of two-way slab-beam-girder systems; specifically regarding major serviceabil-
ity limiting data including admissible beam section size ranges in case of their being designed in
default of deflection check.

For this purpose, long-time deflection analysis at the infinite member age is carried out on a reg-
ularly graduated set of member sizes within a commonly well-used range of total system models
under working loads. Preliminarily, the present analysis requires some additional finite difference

formulation as follows.
2. Equations of Equilibrium at Member Intersections [*!

2. 1 \Vertical Forces
For vertical forces acting on four members spanning in orthogonal directions x and y, as shown
in Fig. 2(a), the following condition of equilibrium holds at their mutual joint.
(Qo1—Qos) + (Qoz—Qos) =Py (1)
where Qo1~Qos=member end shearing forces and Po=concentrated load acting at the joint.
For any member in the x-direction, the finite difference forms of end shearing force Q, are to be

obtained from the governing equation (2) and its first integral (3) for beam deflection w.
d*w q
2( Iy e )= : (2)

d ,dw.,  Q

o g )=,

where [, =moment of inertia and q,=intensity of load distribution corresponding to Q,.

Initially the above two are given their corresponding difference expressions (4) and (5).

EI
0 {kl j—1Wiej—2 Z(kl j“"l+kl ])Wl 3—1+(k1 )—1+4k| ]+k1 ]+1)W|J
_Z(ki‘j+ki'j+1)wi'j+1+ki'j+lwi'j+2} “Qxi-j = 0 (4)
El
Qx=—2T;:3 f_ki-j—1Wi~j—2+2ki-j-1Wi-j—1_(ki~j—1*ki-j+1)Wij
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=2k 1wy 1 kw2l (5)
Then performing such operations as (5)—(4)X Ax/2 and (5)4(4)X Ax/2 results in the end shear-
ing forces' required above in difference form, Qo1 or Qos.
Qo1 Qo3=%;£o (ki 1w — (2K Ky ) Wi
+(ki.j+Zki.j+m)wi.j+m—ki.j+mwi.j+2,~n} +qxi.ij/2 (6)
provided: Qo1 =end shearing force for m=1; Qy3=that for m=—1; E,=concrete elastic modulus;
Qxi-j = self weight, acting at joint O, of member in the direction x; ki.j=1xi.j/lo=f1exural stiffness
ratio of member at any of its points of subdivision; lo=reference moment of inertia of member; Ax
= width of subdivision of member; and w’ = imaginary deflection at an exterior point of subdivi-
sion.
2. 2 Equations of Moments
On our assuming the signs of moments acting in the y-direction on joint O of members the fol-
lowing requirement for equilibrium is to hold.
(Mos—Moz) + (Mos—Mos) + (To1— Toz) =My (7)
where: Mos, Moz=end moments for member in the y-direction; Myos, My06=those column end mo-
ments in the y-direction acting respectively at the column bottom and top; To1, Tos= torsional mo-
ments for member spanning in the x-direction; and Mo=external moment acting at the mutual joint

of members; with all these given as follows.

Moz, Moa=EJok;-j( —Wi+mj T2 ;=W )/ By (8)

M, 05 =4El,050y;-;/Los

My06=4E.l,068y:-;/Los (9)

To1, To3=G Jo ri+j(0y;.; =01 40)/ Bx (10
with Moz, To1 = moments for m =1; Mos, Toz=those for m= —1; Ay =width of subdivision of

member in the y-direction; I 05, I;06=moments of inertia in the y-direction of respective upper- and
lower-stair columns connected to the mutual joint; Los, Los = repective heights of upper and lower
storeys; G =shear elastic modulus; Jo=reference torsional resistance; ri.j——‘in.j/Jo:torsional stiff-
ness ratio at any point of subdivision of member; and 8, = torsional angle of rotation about mem-
ber axis in the x-direction.

The terms for imaginary exterior points are to be eliminated by use of end condition dw/dy
=9y, or its difference form in practice, Eq. (1), set up at exterior member ends.

Wiem i = Wit T2mAy0 ;. 1)
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3.

For a subsequent review of our pre-

W OF %W A B

Previous Result

. sent calculation result as compared with
those earlier, its substance is necessarily
reproduced beforehand; viz. it is con-
cerned with the above three elementary 600 | 300
cases with their span, load allocation

width, section sizes shown in Table 1

Table 1 Dimensions of Earlier Calculation

Models.
Mod- | Span | Half Bay Beam ¥eb Width Additional Annotation
el Lx | Width Ly b

Beam | 450 200 25, 30, 35 (for Lx = 450)

750 400
900

35, 40, 45 (for Lx = 900)

30, 35, 40 (for Lx = 600, 750)

Slab Thickness = 15

with AlJ Code Effec-
tive Width Assumed:

All Entries in cm

and material properties and loading conditions in Table 2. Long-time deflections were calculated

for the members designed with their tensile reinforcement allowed up to two layers of the steel.

All calculation results may be plotted in terms of final deflection ratios, viz. final or terminative

deflections divided by span lengths. Among these f.d. ratios, those for simply supported cases refer

to the critical or most adverse conditions for deflection control; thus being shown in Fig. 3 re-

latively to depth/span ratios as abscissas.

Therein noticed are extremely larger rates of increase in final deflection ratios as beam depth/

span ratios become smaller than 0.075. This is ascribable to a significantly lowered minimum

depth of members capable of two-layered reinforcement which is pursuant to the design practice of

assumed medial sections to be tee-shaped.

Table 2 Material Properties and Loads for the Calculation
Models, Earlier and Present.

Assumed [tems

Adopted Values with Supplementary Note

For Concrete, in kg/cm?:
Compressive Strength
Modulus of Rupture

Bond Strength

Elastic Modulus
Sustained Modulus
Poisson’s Ratio

210 = Fc: AlJ Code Value/ A.C.V. for short
26.1 = 1.8 JFc: Suggested in Code

Fc/15 for End-Top Deformed Steel: A.C.V
210,000 : A.C.V.

26,600 at Infinite Age (t = o)

0.2 : ACV ;

For Steel, in kg/cm?:
Allowable Tensile Stress
Elastic Modulus

2,000 for Code No. SD300 Steel: A.C.V.
2.1x 10° with Modular Ratio n = 10: A.C.V

Loads, in kg/m?:
Construction Load

Full Design Live Load -
Long-Time Sustajined
Portion of Live Load -
Wt. of Ceiling & Finish

Conventional 2.1 times Wt
300 & 100 :

of an R/C Floor
A.C. V. for respective
Office and Living Room
= 1/3 of the above Values
80 : A.C.V. (in Ordinary Use)
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Table 3 Dimensions of Current Calculation

Models.
Iten Dimensions in cm Note
Lx Lx Hx
Tt Span Lx | 300, 375, 450 Measurements
between Sup-
[ ] 3180 Ly | 450, 600, 750, 900 port Centrs.
Girder By | 40 + 2.5(Ly - 900)/150 Provided :
without Effective
Ly Beam, GY |Hy | 0. ILy + 5(600 - Ly)/150 | Widths are
given Al]
Girder Bx | 40 + 5(2Lx - 750)/150 Code Values
with for All Mem-
v I”‘ s« Beam. GX | Hx | 0.2Lx + 5(900 - 2Lx)/150 | bers in the
i ] Left Franmes:
8 B Bean b | 40 + 2.5(Ly-900)/150 h is made
x : ' =t equal to Hx
uu_ru,, UU—T" [_JU h | Ly/10. Ly/12, Ly/15 for h ) Hx.
By b By Column Bz | 60 + 5(Ly - 750)/150 Bz = Hz
N Hz "

Fig. 6 Introduced Calculation Models with Storey |lz| 360 Both Figures
Identified Notation for their Dimen- Height Conventional
sions. or Assumably

Flange t 15 Most Frequent
Depth in Practice

Now let serviceability limit depflection be span/500 which is a justifiable standard as the com-
mon maximum in the majority of the available Western design codes.™)  Then it can be said that
based on this value the above smallest depth will be determined at beam interior ends where rein-

forcement is to be designed for a customarily assumed rectangular section.

4. Beams as Elements of Floor System

4. 1 Assumption

The chosen calculation models consist of three types of beams in a slab-beam-girder flooor sys-
tems as illustrated inclusively in Fig. 6; where, except for a type lastly to be defined, an infinite
multitude of identical bays are supposed to extend in the x- or y-direction.

Namely, depending on whether a floor system stretches outward at only one or both of the beam
ends, any introduced beam is to be treated as what we call exterior or interior structure in the fol-
lowing. The said last type refers to a member with none to adjoin it at both its ends in a floor sys-
tem longitudinally having only one span, henceforth being referred to as none-adjoining beam, for
simplicity.

Sectional sizes of all model members are shown in Table 3, with the concurrent assumption of
material properties and loading conditions in Table 2. Reinforcement is calculated with deformed

bars D25 and D22 of nominal diameter respectively for girders and beams under gravity loads
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alone. 0.005 —
Symbol: + for Lx = 300 cm
O 7 lx=315
Column tops and bottoms are assumed as before to . 0 " G-
0.004 —
be rigidly built-in at the considered floor level. The
o e
L . . 2 0.003-
number of span subdivision is six for center-to- 2 &
s o8
center span Lx for adopted square difference  « %% %*"'a
-]
meshes. 0.001 — 8
4. 2 Calculation Result and Review o ool
"o.00 0.05 .10 2.15
(1) None-Adjoining Beams Beam Depth/Span Ratio

Final deflection ratios are calculated for beams Fig. 7 F. D. Ratios plotted against Beam

Depth/Span Ratios for None-Ad-

assumed to be reinforced in one to two layers as C
joining Beams.

beam depths get successively smaller than a max-

imum of Ly/10 at 5cm intervals and the results are plotted in relation with beam depth/span
ratios in Fig. 7; where beam/span ratios corresponding to final deflection ratios exceeding 1/500
are more or less smaller than simply supported cases. This means that designing beams with stiff-
ness ratios more than 0.075(=1/13.3) can seldom cause this serviceability limit deflection ratio
to be exceeded. Major part of Figs. 8 shows how deflection orders change depending on spans and
half bay widths delimiting load allocation to beams for differently assumed beam depth ratios of
1/10, 1/12 and 1/15.

For girders in the x-direction, to be labeled GX for convenience, relevant calculation results are
not referred to here, in that we have only last reported their being found within the serviceability
limit deflection ratio when the girders can be reinforced double layered and be treated as fixed at
both ends due to their being interior structures in the defined context.

In Figs. 8(a) and 8(b) final deflection ratios are given as partly mentioned above for girders in
the y-direction, called GY like above, and for beams, respectively.

With decreased beam depths negative moments at beam ends increase due to correspondingly
larger relative stiffness of beam supporting girders GX's, concurrent with their torsional deforma-
tion, so as to bring about the noted slight increases in final deflection ratios for GY girders; admit-
ting that these values are practically insignificant, being of the order of at most 0.0005 or so and
far less than the serviceability limit deflection ratio.

On the other hand, beams with depths less than 1/15 of their spans which a;‘e 7m at the longest
are noted in the pertinent data to be capable of deflection exceeding the above serviceability limit
due to their half bay widths for load allocation being increased.

Also needed to be examined is another relative final deflection defined as the ratio to the di-
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agonal measurement of the considered bay of summed final deflections of pertinent beams and gir-
ders of a floor system. Namely in Fig. 8(c) distributions of that ratio are plotted. Reviewing them
in comparison with an assumed total system deflection limit of 20mm, commonly adopted by most
foreign building codes 1 shows any associated hazard of detrimental deflection for the beam
depths less than 1/12 of the span and for the beam spans over 7.5m.
(2) Exterior and Interior Beams

Plotted distributions of the above total system final deflection ratio is represented as well for
exterior and interior beams respectively in Figs. 9(a) and 9(b); wherein noted in all cases of beams
capable of double layered reinforcement are the corresponding ratios being kept within the preced-
ing deflection limit; provided that in the case of exterior beams, reinforcement has proved impossi-
ble for those assumed here to have depths of span/15 and any half bay widths of load allocation

other than 3m. -
5. Summary and Concluding Remark

The whole foregoing results of current observation are summarized into the following items.
Namely, given an admissible limit of beam deflection ratio of 1/500 as customarily assumed we
note at first for individual beams capable of double layered reinforcement:

(1) deflection check is always unneeded for beams across interior or exterior span; including re-
spective extreme cases of their being fixed at both ends or being fixed at one and supported at the
other; »
(2) the above check is needed for beams across single-span floor systems or for simply supported
beams, notably for cases with depths smaller than 1/12 or 1/13 respectively because of their being
capable of causing detrimental deflections.

And secondly for total floor frame systems:

(3) when we assume a usual limit of 20mm on their deflection as totaled for their beams and gir-
ders, interior and exterior beams have no possibility of their deflection exceeding this limit, while
none-adjoining structures have any even when their beam depth is more than 1/13 of the span,
naturally to require a check.

However, the limiting sectional dimensions obtained at this time are based on idealized assump-
tions, tending toward criteria practically as conservative as may be expected from the actual in-
cidental conditions, including the practically natural trapezoidal load allocation dictating some
greater amount of load than is confirmed to be the case and also beam-supporting GX girders in

one-span structures regarded in most cases as latently having appreciably larger stiffness than
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here assumed due to sagging wall or spandrel elements then monolithically attached to them.

(1]

(2]

(3]

(4]
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Admissible Sectional Dimensions of R/C Floor Elements
to be Designed without Deflection Check
Part 2: Floor Slabs
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Akira SucINoME*!, Satoru IN0 ™2, Masayosi IT0*? and Shuji Yosuino**

Abstract

We review the adequacy of the slab thickness equation in the r/c design code by the Architectural Institute
of Japan, in comparison with the related data obtained by our recently renovated method which employs the
known effective stiffness and an experimentally estimated time-dependent reduced elastic modulus and whose
practical accuracy to tolerable degrees has been observed in our earlier reports. Using this method we try
series of deflection estimate for slab models of graduated dimensions in a practically chosen wide range, for
the purpose of examining the subject matter of defined possibility for rational slab sections to be designed

without deflection check.
1. Introduction

The provisions for slab thickness in the current Japanese Code for the design of r/c construc-
tions by the Architectural Institute, here simply called the AIJ Code!Y, had been derived from re-
sults of long-time experiments and field researches mainly concerning domestic types of two-way
floor systems. The derivation is known to have assumed a long-time deflection of built-in slabs of
the order of 16 times the elastic deflection and an admissible or limiting long-timé deflection of 1/
250 of short span Lx of a slab; while both criteria can in fact be regarded more or less too large,
respectively implying overestimated longtime deflections and insufficient restriction on them; in
view of cases published so far of their field measurement and examples of their code treatment.

Herein made is a systematic recalculation accordingly needed of the above long-time multiplying
ratio for slabs as it varies with graduated dimensions in a major practical range, in order for us to
clarify main specific aspects of actual distribution of this ratio, when depending on our system.
Thus we try to. set up a more rational deflection limitation as well as to examine criteria for the

slab design as in the title.

*! Muroran Institute of Technology, Muroran, 050; *2 Faculty of Engineering, Hokkaido University, Sapporo, 060;
*3 Hokkaido Institute of Technology, Sapporo, 006; *4 Graduate Student, Faculty of Engineering, Hokkaido Universi-
ty, 006 Japan.
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Those attempts are made by applying our procedure to the above set of floor slab models rein-

forced according to the AIJ Code with their thicknesses observing its cited thickness provision

whose latest amendment is said to have largely T L -

Lx Lx

[ ]

— 1

— 1

contributed to reported minimized cases since a-

bout that time of large deflection complaint as

Ly

to a floor system of the later design.

All our present calculation is to depend on

g
Lr
k]

2

M
53

our recently modified approach here designated | L u! Y / [33.
T =
efiective.E.sustai 2 I e e
L-efiective-E-sustained procedure'® based on us RN T Ty U I
o) LJ
ing reduced values of both moment of inertia . o o
) ) (a) Slabs without Beams  (b) Slabs with Beams
and elastic modulus respectively due to crack- (Types-A) (Types-B)
ing and time-dependency of the concretel? Fig. 1 Introduced Types of Calculation Models with

Identified Notation for their Dimensions.

2. Calculation Models

Table 1 Dimensions of Calculation Models.

System | Restraint/ | Geometric Items for Assumed Overall and Sec-
Beam Types | Floor Elmnts. in cm tional Dimensions in cm

Note
(Numerals in cm)

Slabs All-Edge- Slab Thickness Code Vals. & Usual 15,18,20 | Edge-Fixed and Girder-
without | Fixed Short-Span Length 450 to 900 at 50 Intervals Restrained Slabs are
Beams Aspect Ratio 1.0 to 2.0 at 0.2 Intervals | Assumed to be Equal
or in Thickness, Short-
Types A | Al1-Edge- Girder Width 40 + 2.5(L - 900)/150 Span Length and Aspect
Restrained " Depth 0.1 L + 5(600 - L)/150 Ratio: L = Center-to-
on Girders Center Member Length.
Slabs Transverse | Slab Thickness Code Values with 12 at its Lowest:
with only in y- | Short-Span Length 300, 375, 450 Span Length between
Beans direction Long-Span " 450 to 1350 at 150 Intervals | Centers of Supports.
or at Mid-Bay
Types B *| Girders: ¥idth | 40 + 5(2Lx - 750)/150 Respective Lx and Ly
with Beams | Depth | 0.2 Lx + 5(900 - 2Lx)/150 being Center-to-Center
Span Lengths along
without Width | 40 + 2.5(Ly - 900)/150 Short and Long Edges :
Beans Depth | 0. ILy + 5(600 - Ly)/150
Beam Depth less than
Beams ¥idth | 40 + 2.5(Ly - 900)/150 Girder Depth Hx being
Depth | Ly/15 Assumed to be Hx.
Transverse | Slab Thickness 12
in both x- | Short Span Length 225 to 675 at 75 Intervals Center-to-Center Span.
and y-di- Aspect Ratio 1.0
rections
at Mid-Bay | Girders Width | 40 + 5(2Lx - 750)/150 Lx being Length of
( with Two Depth | 0. 2Lx + 5(900 - 2Lx)/150 Span of Member over
Crossing ) Short Edge.
Beams ¥idth | 40 - 5(900 - 2Ly)/150

Depth | 2Lx/15 5 2Lx/20
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Table 2 Material Properties and Loads for Calculation Models.

Assumed [tems

Adopted Values

with Supplementary Definition

Compressive Strength : 210 kg/cn® : Code Value in Ordinary Use;
Modulus of Rupture : 26.1 " = 1.8 JFc Suggested in Code;
Bond Strength : 14 n = F¢/15 for End-Top Deformed
Concrete Steel;
Elastic Modulus : 210, 000 " : Code Value;
Sustained Elastic Modulus: 26,600 at Infinite Age (t = o0);
Poisson’s Ratio : . 0.2 : Code Value;
Rein- Allowable Tensile Stress : 2,000 kg/cn®  for Code No. SD300 Steel:
force-
ment Elastic Modulus : 2. 1x108 " with Modular Ratio n = 10;
Construction Load : |  -=------- = Conventional 2.1 times
¥eight of an R/C Floor:
Loads Full Design Live Load : 300, 180 kg/m® : Code Values for respective
Long-Time Sustained Office and Living Room;
Portion of Live Load : 100, 60 " = 1/3 of do.. respectively:
¥Wt. of Ceiling & Finish : 80 n: Code Value in Ordinary Use

Shown in Fig. 1, calculation models to be discussed are grouped into: (a) types-A slabs, viz., all-
edge-fixed rectangular slabs as well as interior slabs of a slab-girder floor system with an infinite
number of identical bays continuous in both x- and y-directions, here respectively to be designated
type-Al and type-A2 structures; and (b) types-B structures or interior slabs with beams in a slab-
beam-girder floor system with identical bays endlessly continuous as above; in which case (b) a
slab is supposed to have a mid-span transverse beam or two crossing, with either case of structure
to be called in the following type-Bl or type-B2 slab, respectively.

Table 1 covers the assumed geometric items viz. short spans, aspect ratios, slab thickness and
sectional dimensions; where slab thickness is to have the AIJ Code values while customary 12, 15
and 18cm are also used for types-A slabs without beams.

Listed in Table 2 are currently assumed material properies and types and amounts of loads;
where design live loads are adopted for here generally supposed office floors but equally for re-
sidence floors in the case of types-A slabs; since efforts are then also made to obtain any practical
measure of the order of effect of different live load assumption on deflection result.

All deflections are obtained for a long-time sustained load composed of dead load plus 1/3 of
design live load; while reinforcing resorts to the design load designated in the Code and the mo-
ments provided for in its section 9; in such a way that the restrictive clauses of Section 13 may be

observed and any combination of the used D10 and the D13 deformed steel may be made so as to
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minimize their total weight. However, for calculating reduced moments of inertia of initially crack-
ed slab and beam sections, construction loads are used exclusively, in due consideration of their
being deservedly rated as maximum loads in the whole loading history; which treatment is also the
case generally in the pertinent literature.l!

Reinforcement is arranged with a covering depth of the slab main steel of 3cm and with a heav-
iest limit of the end top reinforcement amounting to the D13 steel spaced @100mm.

The adopted difference mesh is square with a width of Lx/6 or Lx/10 respectively for struc-

tures of types-A and B; with Ly then contatining either fraction.

3. Long-Time Slab Deflection

3.1 Rectangular Slabs

Table 3 provides the predicted values of causally different deflections of rectangular floor slabs,
to be used for offices and residences when their short-edge lengths and aspect ratios are varied
systematically. “LTD”, short for “long-time deflection”, will be used also in diagrams.

Compared office with residence floor slab thicknesses both due to the AIJ Code show the former
smaller by about one or two centimeters than the latter provided any two slabs of the respective
types have equal short-span lengths and aspect ratios. Accordingly in all cases long-time deflection
values at an infinite structural age or terminative deflection values for former slabs prove to be
larger than those for the latter strutures despite rather smaller loads applied on them.

Incidentally, there are some few entries of seemingly incoherent calculations of terminative de-
flection larger for slabs with smaller, not as usually thought larger aspect ratios, although they are
equal in short-span length and thickness; in fact being minor irregularity attributable to different
amounts of reinforcement between any two compaired cases.

Though this table relates to the cases of structures with long-span lengths within 13.5m and
slab thickness less than 30cm due to the AlJ Code, other more practical cases with conventional
12, 15 and 18cm of thickness are taken up in Fig. 2 provided reinforcement then has a quantity
maximum of the steel spaced @ 10cm.

Fig. 2 shows for each of the prior introduced type-Al slabs the distrbution of ratios of long-time
deflection to its elastic portion, or long-time deflection multipliers for short. Here both maximum
and average values are noted of long-time deflection multipliers of respectively 12.5 and 9.1 for
offices as well as 13.8 and 9.8 for living floor parts of residences, all being values considerably
smaller than 16 on which the AIJ Code depends for its provision for slab thickness as referred to

above.
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Table 3 Predicted Deflections under Working Loads of Type-Al Slabs

of the AIJ Code Design

Slab Thickness | Elastic De- Inmediate De- | Additional De- | Long-Time De- | LTD Multiplier | Recip. of LTD
Short | Aspect flection flection flection | flection. LTD Ratio
Span | Ratio tcm) As (am) 4. (am) A: tnm) Sa4=4:+ 4 L4/ 4 L./%4 Note
L.Cem) | Lo /L Ofc. Res. Ofc. Res. Ofc Res. Ofc. I Res 0fc 1 Res. . Ofc Res. Ofc. Res.
450 1.0 13 12 0.7 0.8 0.7 0.8 0. 0.0 £9 7 5% 7.0 7.0 918 804 | As = Additional
1.2 14 13 0.8 0.9 Lo 1.2 1. 3.0 ‘ 80 | 102 10.0 11.3 563 441 | Deflection due
1.4 15 14 0.8 0.9 Il 1.3 2 3.3 1 85 | 10.6 10.6 1.8 529 425 | to Bond-Slip of
1.6 15 14 0.9 1.0 1.4 L7 2. 42 11001 ¢ 125 1.2 12.5 446 360 | Steel Anchorage:
1.8 15 15 1.0 0.9 1.6 1.6 3. 40 0107 11.5 10.7 12. 8 421 391
2.0 16 15 0.9 0.9 1.4 1.7 2. 42 | 95 11. 8 10.6 13.2 474 378 | Av=A cpesnt
500 1.0 15 14 0.8 0.8 0.8 0.8 0. 0.0 ' 51 537 0 6.4 71 980 877
12 16 15 0.9 1.0 1.3 e o2 38 . 9.8 1.7 0 10.9 1.7 510 427 | LTD = Long-Time
1.4 17 16 0.9 1.0 1.4 1.6 2. 420 99 123 | 110 12.3 505 407 | Deflection (Ab-
1.6 17 16 11 1.1 L7 1.9 3. 40 1 11129 10.1 1.7 450 388 | breviated):
1.8 18 17 1.0 Lo 1.6 1.9 3 4.2 ( 10.6 i 12.4 4 10.6 12.4 472 403
2.0 18 17 1.0 1.1 1.8 2.1 3. 41 [ 10.6 | 125 | 10.6 11.4 472 400 | Subhead "Ofc. "
550 1.0 16 15 1.0 1.1 14 1.5 3. 3.8 | IL1 | 124 1.1 1.3 485 444 | or "Res.” re-
1.2 18 17 1.0 1.1 1.5 1.6 3. 4.2 1.3 0127 11.3 1.5 487 433 | spectively re-
1.4 19 18 11 11 1.6 1.8 3. 3.8 Ry i2.5 10.0 11. 4 500 440 | lates to the
1.6 20 8 L1 13 1.7 2.2 3. 41 1.1, 138 10.1 10. 8 495 399 | Cases of Office
1.8 20 19 1.1 1.2 1.9 2.2 3. 40 | 113 130 10.3 10.8 487 423 | or Residence
2.0 20 19 1.2 1.2 2.1 2.4 2 3.9 ;111 . 130 9.3 10.8 495 423 | Floors:
600 1.0 18 17 11 11 1.5 L7 3 47 1.7 40 | 10.6 12.7 513 429
1.2 20 19 L1 1.2 L7 1.9 3 46 121 0 141§ 110 1.8 496 426
14 21 20 12 1.3 Le L2 3. $4 1210 1| 101 | 108 | 496 426
1.6 22 20 12 1.4 2.0 2.5 3 4.0 1 1.7 4.3 } 9.8 10. 2 513 420
1.8 22 21 1.3 14 2.3 2.5 2. 40§ 1L7 | 13.8 i 9.0 9.9 513 435
2.0 22 21 1.3 1.4 2.5 2.8 3. 3.8 1222 7 13.4 | 9.4 9.6 492 448
650 1.0 20 19 1.2 1.2 L7 L9 3. 4.9 12.8 ¢ 14.8 0.7 12.3 508 439
1.2 22 21 1.3 1.3 1.9 2.1 3. 4.7 12.8 1 14.8 1 9.8 11. 4 508 439
1.4 23 22 1.4 1.4 2.2 2.4 3. 4.3 12.9 W7l 92 10.5 504 442
1.6 24 23 1.4 1.4 2.4 2.6 3. 4.0 12.9 2 92 101 504 458
1.8 25 23 1.3 1.5 2.4 2.9 3. 3.8 1.9 140 ; 9.2 8.3 546 464
2.0 25 23 1.4 1.6 2.6 3.3 3. 4.0 12.2 4.4 | 87 9.0 533 451
700 1.0 22 21 1.2 1.3 1.8 2.0 3 4.6 131 15.1 ' 10. 9 11.6 534 464 | Cases of L.
1.2 25 23 1.3 1.4 1.9 2.3 3 4.1 12.7 4.9 © 9.8 10.6 551 470 |over 13.5m
1.4 26 24 1.4 1.6 2.2 2.7 3. 4.4 12. 6 157 7 9.0 ‘9.8 556 446 | Excluded:
1.6 27 25 1.4 1.6 2.5 3.0 3. 4.1 13.0 15.1 t 9.3 9.4 538 464
1.8 27 26 1.5 1.6 2.8 3.0 3. 3.8 12.7 140 | 85 8.8 551 500
750 1.0 24 23 1.4 1.4 2.0 2.2 3 4.3 13.4 15. 4 ' 9.6 11. 0 560 487
1.2 27 26 1.4 1.5 2.2 2.4 3. 4.0 13.3 14.8 | 9.5 9.9 564 507
1.4 28 27 1.6 1.6 2.5 2.7 3. 3.7 13. 4 4.7 8.4 9.2 560 510
1.6 29 28 1.6 1.6 2.8 3.1 3. 4.1 13.7 15.1 : 8.6 9.4 547 497
1.8 30 28 1.6 1.8 2.9 3.5 2 3.7 12.6 151 | 7.9 8.4 595 497
800 1.0 27 25 1.3 1.5 2.0 2.4 3. 4.2 13.1 16.0 | 10.1 10.7 611 500 | Cases of t
1.2 29 28 1.6 1.6 2.4 2.6 3. 4.0 4.1 156 | 88 9.8 567 513 | over 30 cm
1.4 - 29 - 1.8 - 31 - 3.6 - 155 | — 8.6 - 516 | Excluded.
1.6 - 30 - 1.8 - 3.4 - 3.8 - 15.8 | - 8.8 - 506
850 1.0 29 27 1.5 1.6 2.2 2.6 3.0 3.5 13.7 158 | 9.1 9.9 620 538

Fig. 3 represents the last graph of distribution of long-time deflection multipliers; here for struc-

tures of A2-type, designed for offices, different in aspect ratio and dimensions. In this case, the re-

spective maximum and average of the long-time multipliers are 9.7 and 6.9; amounts both reflect-

ing significantly less bond-slip than edge-fixed cases, mitigated by girder deflection to lower both

indices as much.

3.2 Slabs with Beams

For either set of slabs of Bl- or B2-type, distribution of long-time deflection multipliers is

shown in Fig. 4 where their maximal and mean values are 5.3 and 4.5 for the former slabs and

8.1 and 6.3 for the latter, respectively, all being evidently smaller than those preceding, showing a
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dominant edge restraining effect of peripheral girder frames.

4. Admissible Deflections of Floor Slabs

Deflection problems on reinforced concrete floor structure related to its design are said to have
almost ceased to arise, presumably in consequence to a large extent of the latest Code revision.

Here we attempt to introduce an admissible floor deflection, based on the largest of the ratios of
long-time predictions to span length, hereafter called lqng-time deflection ratios.

The rightmost figure column of Table 3 shows the reciprocals of the relevant long-time deflec-
tion ratios and Fig. 5 shows two curves of cumulative frequency distribution of these values each

for either set of slabs for office or residence floors. Correspondingly noted is a minimum of the

30 30—
r Population n =143 n = 168
- Mean =9 I % =9.8
= Standard Dev. ¢ = | = 6=1.9
20 2 20
2 101~ 2 10
(o] (o]
5 6 7 8 9 10 11 12 5 6 7 8 9 10 n 12 13
LTD Multiplier LTD Multiplier
(a) Office (b) Residence
Fig. 2 Frequency Distributions of Long-Time Deflection Multiplier
for Slabs of Type-Al.
30 60— 60
n =152 — n=2] n=34
i F— X =6.9 - X = 4.5 - % = 6.3
52’0_ ¢ =1.0 T a0l 6 =0.4 gw_gzl,o
o o :
@ 10} 5 20| 3 20|
0 0 ' o1
5 6 7 8 9 3 4 5 6 7 8 3 4 5 6 7 8
LTD Multiplier LTD Mu]tjph’er LTD Multiplier
(a) Slabs of B1-Type (b) Slabs of B2-Type
Fig. 3 Frequency Distribution of . o
& Long-Time Deflection Mul- Fig. 4 Frequency Distribution of Long-Time Deflection
tipliers for Slabs of Type- Multipliers for Slabs of Type-B.

A2.
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Admissible Sectional Dimensions of R/C Floor Elements to be Designed without Deflection Check

cited reciprocal as large as ca. 360 for Ly/Lx=
1.6, with the values less than 400 remaining
only within 10 percent of the total entries even
for residence floors and the rest mostly ranging
from ca. 420 to 560 for both floor types.

Thus, we may be allowed to suggest an
admissible value of floor slab deflection limit in
practical design of 1/350 of short-span length,
based on the judgement that 1/360 cannot be
exceeded in most cases of the AIJ Code floor de-
sign. It may be safe to say that there will be no
significant change in order of those values even
if the whole analysis are again tried including
partial more elaborate calculation and allowing
for reliable extents of certain sectional dimen-
sions relatively prone to field deviation in the
execution process.

In the subsequent consideration we are to use
these crieria coupled with another required
measure of absolute deflection limit of 20mm on
a totaled deflections of both slabs and frame
elements joining them, which value we adopt re-
garding it as most frequently used of the avail-
able code deflection limits; and this total will be
called, more practically, bay maximum deflec-

tion.

LTD Ratio to Short Span (x107°)

(%)

T T

o B
-
= I

Symbol:
O for Residence
| a » Office
I S |
%55 400 500 600 700 800 900
Short-Span/LTD

Cumulative Rel. Freq.
R

1000

Fig. 5 Short-Span/Long-Time Deflection
Ratios for Type-Al Slabs of Code
Thickness.

10

Symbol & Type of Line:
L @ for Code Thickness
A n 12cmThickness
O »  15cw-Thickness
B X #n  18cwThickness
A (of Slabs)
for Res. Floor
—— n Ofc. Floor

(3]

Lx/350 Limit

Bay Max.
20m Linit

1
750
Short Span (cm)

900

Fig. 6 Long-Time Deflection Ratios to Their

Short-Spans for Type-Al Slabs when
Ly/Lx=1.8.

5. Floor Slabs Capable of Design without Deflection Check

The smallest of the slab thicknesses allowed to be designed without deflection check may easily

been obtained as the result of our plotting long-time deflections of types-A slabs or rectangular

slabs with all edge rigidly fixed or restrained with girders, as respectively in Fig. 6 or 7, and then

drawing into them serviceability deflection limits introduced in the preceding section.

Likewise, Fig. 8 refers to introduced types-B interior slabs with beams; provided that Fig. 6
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250 600 750 900 450 900 1350 825 450 675
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(a) Type-Bl Slabs (b) Type-B2 Slabs
Fig. 7 Long-Time Deflections to Fig. 8 Long-Time Deflection Ratios to Bay
Bay Diagonal Length for Diagonal Length for Slabs of Type-B.:
Slabs of Type Al when
Ly/ILx=1.6.

treats long-time deflection ratios as ratios of deflections to short-span length, in which case a line
and a curve respectively mark the coupled limits of 1/350 and 20mm; while in Figs. 7 and 8 only
the latter limit is drawn, when defined inclusive of girder deflection, and relevant deflection ratios
are taken in proportion to diagonal measurements across bays of a slab-girder floor or a slab-
beam-girder floor.

Further, plotted intersections of the curves of long-time deflection ratio and the serviceability
limiting curves defined now give limiting curves in Fig. 9, showing the limiting aspect ratios and
overall dimensions, with which a slab is designed without care of deflection in our currently de-
fined context. Namely, Fig. 9(a) and 9(b) respectively provide the thickness of designed slabs with-
in the admissible long-time deflection ratio as well as slab thicknesses satisfying the absolute limit
on bay maximum deflections.

Connectedly, long-time deflections of slabs each designed with the corresponding AIJ Code thick-
ness are kept within the associated admissible deflection ratios but are not always below the
above absolute 20mm limit on bay maxima.

On the contrary, as for types-B of structures, this 20mm limit will not be exceeded if corre-
sponding span/beam depth ratios are less than 15 in either case of the slab with one mid-bay
tranverse beam or two crossing. In this latter case, a slab with crossed beams may be designed
with span/beam depth ratios assumed up to 20 without deflection check if the beam span or corre-

sponding column-to-column distance is less than 9m.
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Admissible Sectional Dimensions of R/C Floor Elements to be Designed without Deflection Check

6. Summary VR 900, Symbol & Type of Line:
2“3"59 of AlJ Code 1 @ for Codo hicknnss
;mlsknesg(’h‘f A 7 12cm-Thickness
) ) “ceed ing 30cm O 7 15cm-Thickness
The foregoing observations may be summa- UL X 7 18n-Thickness
SAynbol & Type of Line: * — for 3? g:
. = | for 12cm-Thicki _ —~= 7 Res.
rized as follows: & 70 O 7 tSom Thickness B
- X 7 18cm-Thickness -
(1) . . P . -4 : for Ofc. Floor s
long-time deflection multipliers as ratios of @ " Res. Floor &
s 4
. . . . . 2 S
long-time deflections to their elastic portions © &
fall in a wide range of 6 to 12;
(2) since being, if implicitly, based on its cited
. . ¥ . 450 L 1 L 1 1 1 L L
ratio of 16 in the same context, the AlJ’s provi- 10 12 1416 18 20 ez 1w 16 18 20
Aspect Ratio Aspect Ratio
sions for slab thickness are conservative )
(a) Case of Type-Al (b) Case of Type-A2 [,
enough and Slabs Slabs

(3) there is scarcely any possibility that long- Fig. 9 Limitation on Dimensions vs. Aspect Ratios

time deflections of slabs of the AI] Code design of Slabs Designed without Deflection Check.

under working loads may exceed 1/360 of its span length;
while, in view of floor slabs of the latest revised AI] Code design being reported to have expe-
rienced almost no deflection damage:
(4) we assume an admissible deflection ratio of 1/350, construing it as most usually acceptable;
(5) with this limit observing we can design slabs with even less thickness than those provided for
in the AIJ Code;
(6) long-time deflection check is needless if a slab thickness is more than that required in the
Code;
(7) in this case, however, there is the other possibility that the above 20mm limit is exceeded,;
notably, this can be true for slabs with significantly greater panel sizes with correspondingly large
thicknesses required in the Code, due to excessive increases in self-weight of the floor system; and
(8) for interior slabs with beams, long-time deflection check is dispensable if beam depths are
larger than 1/15 of spans.

While this report is exclusively concerned with interior slabs with their combined action with
that of girders taken into account, in an immediate further writing we will examine either exterior

slabs or one-span cases of floor systems.
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The Effect of Reducing Methods for NOx Concentration on the Property of
Spark-Ignition Methanol Engines

Shigenobu HAYASHI, Yuzuru KUBOTA, Norihiro SAWA™

Abstract

Methanol as a fuel of internal combustion engine, it can be burnt in lean mixure region from a oxygenic fuel,
and it should have high theoretical efficiency because it is high Octane Number.

There are hopful methods and activitily investigated for reducing the NOx concentration, that are the water-
fuel blend method and the exhaust gas recirculation method (EGR). But, they raised a new questions on engine
property, that these methods make worse the combustion character in cylinder.

In this report, to examine the effects of above methods for reducing the NOx concentration on the engine
performance and combustion variance of Methanol Fueled Four-Cycle Spark Ignition Engines, with carburetor
and with electronically controiled fuel injection into the intake manifold. Moreover, their results were com-
pared with gasoline fueled ones. The results obtained as follows:

Methanol fuel is useful for the improvement of exhaust emission without loss of engine performance, if select

the optimum operating conditions.
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