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Representation of structural design specifications based on first-
order predicate logic

ZHANG Jisong, YU Zehan, ZHAO Lihua
(School of Civil Engineering, Dalian Jiaotong University, Dalian 116028, Liaoning, P. R. China)

Abstract: At present, the code compliance checking based on BIM model are done manually with heavy
workload and low information intelligence. It is of great significance to carry out the research on automatic
compliance checking. As an important step, standard translation involves many fields such as philosophy,
mathematics, mathematical logic, computer science, artificial intelligence, natural language processing and
semantics. It is not only a research issue of interdisciplinary integration, but also a prerequisite for realizing the
automation of building design and compliance checking. In the field of structural design, code representation
methods which can effectively support knowledge representation, reasoning, and automation of compliance

checking needs to be developed. Based on the first-order predicate logic, this paper proposes a method of

¥ H 83 :2021-12-16

E& WA L TARHEUT LR 30 54 (2019-BS-041); 1L T4 A T AERHEAA & 1 90 H (JDL2019036); 1L T4 H & T
AR5 H (JDL 2019018)

YEZ B A ks #2(1983-), 5, 1 4o, 2 E M F BIMEARBESE , E-mail : 13516000013@163.com
B GEGEA) , &0, 1, Bl #0482 , E-mail zhaolihual015@]126.com.,

Received: 2021-12-16

Foundation items: PhD Research Startup Foundation of Department of Science & Technology of Liaoning Province (No. 2019-
BS-041); Scientific Talents Breeding Foundation of Educational Department of Liaoning Province (No. JDI1.2019036);
Fundamental Research Foundation of Educational Department of Liaoning Province (No. JDL. 2019018)

Author brief: ZHANG Jisong (1983- ), PhD, main research interest: building information modelling technology, E-mail:
13516000013@163.com.
ZHAO Lihua (corresponding author), PhD, associate professor, E-mail: zhaolihual015@126.com.



%14

kER,F AT A HES LRI TR T T 255

expression and reasoning of structural design rules by translating the provisions in the “code for design of

concrete structures”. Through the definition of “predicate” and “function”, the design provisions, table and

formula in design specification are translated. It effectively solves the problem of insufficient and inaccurate

representation of structural design clauses by using traditional first order predicates, and thus provides a

reference for the computer expression of design specifications.

Keywords: structural design code; knowledge representation; first-order predicate logic; code compliance

checking; artificial intelligence

T A TR 8 40, &5 44 15 3 B0V B9 4 5 BL
F IR S BTES FLPE A A A BOR Rl 5 TR SR
PF o X T A5 BT A M A, B AT TR
THA A il B B E O #E s T sl A e
A AL 7 BT, il L A A A O A R
SRUA e XF 9 B 28 FEF 4 (28 AR 2 4 R0 A A A i o
PEBR I S5 9 A5 R o A Ao A R R RN T
AW IE (KR 84 B ATHEFEA D)
R FEAR . TAE & B A A o R L A AN A5 ]
T L A 0 2 AR R B b AR T A 8 A B3 X
FLA 0 L A2 0, T BOR: 50 25 R 1Y 3 LR B
BIM $ 7R 1% H B A5 55T BIM R AL 1) o 25 Bl R Ak
M) & e e #4 o I 5R AE B A0 A 1 (2016—2020 41 £
FOAF B ALK A ZE ), B I AE AR R IR K T BIM K
AU A RPE R 2 3 S BT A RCR S

H R, XA B 2 0 W 58 KR 43 Sk AN
T+ 35 T it T PTG o AR T BIM SRS ) o A
Eastman 2% 38 F BIM (194 H0M: 7 25 (101 7220 4 4
ASFRGY LN (BIM LR ME A IO $hUAT A4 B
AR AR A . o VI R R S A B A AL
WA AR SRR AR . B TRLERE R
T3V KEBOAT LA Gy B2 T AR Dy vk B TR 51 48 05
TR T TR DR AL T Oy kN Rk
LA — R BT DL R R BR A . o, AR R
M55 355 TF & By 3Fh 7 i A% B 28 LU kA7 #e 5%
1N TN N 1P ST 3 R SN T 7 P RN
IR 2835 PR AT At E SRAE BB 5 R K
1) WS 3 4 PR 58 TGV A DRSO 1 5 1Y) e R ) A
TG 5 A 345 R 45 3 BT ) P Ji o T 3k 38 8 1
TR VE TR 2 AR TR By A e B T sk T oAt
J7 VL WL S AT Fo A Ty vk — B i ) R A R
ST LUK @ HoC 2 5N %42 0 Hi T
— B i I 2 S HARTEF AR T X TR B Ak
) 2% 3 T 32 T AR 3l BT L S S 3 ek S ) AN D)
Fb M LN Y B S A, S Ah T B
VA 1) 2 45 5 AL 1 R TT IR I b A% ¥ SWRLE 7
M9 2, 78 5 B2 55 AL G W A B 34k 1Y F 5 h e %
HET AR, KN 51 B0 5 B AR A5 , e KRR B
RIS LI E RS

G FUPE A A Y 3l 1k B O T L R
T BIM #8193 1115 B AR T35 B iy 1 4%
FAEE . WIHE BT LIRR B F 57, M4
FAFE AR R AN RHETEZ2ED
5 B2, T UAE R R ) 3L atl . T — i
AR HER R S A T H S A e A R
R oot Gl 2 SN R D) A A A I o A
) et (R G B UATF 6 ) s B ke S 2 ] L
T4 RN A PR A CRE SRRV AR B R BIM B 7 fF
B A (B SR ) N e R 5T R
7 Ch 5 & Ef R e r R AR, Z5H
O 8 A A R T 1 R S AR I P R DU R
BEAT, 4n 2R 15 B A H 48 s B 8 LU B B
SCIE i R, U AT DL L2 4 A B4k g Oy Sk
T M A ERE R, Bl KEERME —
(unification) [r] &, W] DA7E € 28 8¢ Ry BL2A Y 32 5 4 2
HLH (logic reasoners ) i Ji",

rh ] R TR A 5 A BT R BT 4y
RO BE B 2 A B AT R B SRR A R
MR 7 5 B RCPE s R A AR SO o R T I SRR AL 45
P T RS T L Rk B R TAE W T i 2
ME 0 H R S R R kb W OB S e, B T
SCRYRRIRE | 33 26 4% SROAR M v A L 5 15 R o F S AL
5L T LA R OE 09 7 B R T B T AEME S
ORCHERTIE . A BT —Wrif a2 4 2 th—Fhah
P BT R 2 3K O i, O 3 B IR B 1 45 4 2 1
) R o A HE AT e R LR W L AT AT M L TG,
i 2k 4 B — B VS 12 4R R A R A R T R A
Rl E AU SR B BB AR R
A2, Uk A T A R e ST R B L7
PIFR 5 3, 5 R BT B il 5 28 RS S AN
s VBT S5, X 45 48 15 T I Y 2% s A7 G i
78 DIAE SRR G SeEBRS RE A . B e, SEE —
By 1 1) 32 % 78 R0 % 35 5 T80 1 Jey PR PR O T 85 M8 3
H AL B ) DL R A SR B 5 L

1 FRIVK
ST R PRI T 15 KB UG 42 3



256 + K5 3% L FHKOP E X

% 46 %

BET AT E BTN G EE T 2 ST E IR DT
AT BT T AKK I LT, Zarli
SEUPHL Wang 55153 5 R R T3 SO A (R R
e At T XU R R S R 2R N G AR O
FHEST T — SR A A 2 2R ST R 5
BT ME S TAEJT R B T, i SWRL
(Semantic Web Rule Language)¥L 1| , Ding %"/l Lu
SEUOLOY R T M XU AR A it TR AR A4 R

A A P MR A R IR P A A R b (A A SWRL B
S R A T AL A A U 5 R G R A A AR
144 Solibri Model Checker (SMC) #1 CORENE T Te-
PlanCheck 45 fff F B T HL 00 &% J7 ik, (B T B GA
BIM & FE A5 7 Wit T B e A AR
Bt XL AT R G0 A B R S B T A
PRS2, 0T 450 BT 0 G FLPE A 2 T o S a b
ARFEWERIEF ARG MR LR,

®1 HHMEERS

Table 1 Code compliance checking system

2R [EP fai /v
Solibri Model o525 BT Java iy BIM BAERTISF 6 L BEAS 1 A il T 2§ A2 b A B8 1 () B, A A 0 4 02 DLIFC TR R IA BT AL, 55
Checker (SMC)'™! it A A 17 A ) 2 A 2 A A% 1 4 AT (hard-coded ) Ay I I 7T L) A 2 A T 300k 92 B B S A0 A, A SCRFEIF RN
RN YR .
CORENET e- B n] S B SRR AN A SR 55 R 2R A H AR S PR, PR AR AT R T 4N
PlanCheck™® e FORNAX [0 G4 38 o K 3 sl R T C A5 8 ke ) 2 5 X 5 3 0L R 98y 00 000 33 SC, DT S5 S 00 1y | )
Express Data o HR AL XS GBI OF SR IR Y EXPRESS 1 5 19 BLIGAS A 7 & FI L A9 i L e — YO0 KB 000 H sl 2 A4 &

Manager (EDM)"!
AL

UL AL . Al T EDM IR 55 i 508 H T S 9 el S oMU i sz MU Al LR E A BE UM EXPRESS 3 5 1)

SMARTcodes™  36[E  F if = B 11 5 0 Il A 5 14 5700y 0308 K6 05, T 300 3o 20 2 7 000 0 SHOF B 28 11 2K 376 35 R 9 LI . LA A7
T i S BT A Xk G (T C 45 ) M) FH 45 ) Mt 12 A5 O DX 17 Fy 782 =, DTG 552 B 22 4 O A A
JUHGABIM A IE RRRSHET TR R ST s I REEE T BTN R R R ARG, fiE SO Revit Tekla Fl Magicad 4 3t BIM

)

BAFRIRe A (T SRR AG A A ML DA P9 8 4G 2 A IR BLA AL TRTB0KF 55 A [ RIS 5 b A — SE 22 1

PO TR BT A %F B S ) BV SRR T A PR A 26 BIM AR BT AR R e ) S G — e A B RO A T AR S Bk

SCPF A B RS

ARG EE R K B VR N7 T B T RESE Ll B RE A, SEBLH AR AR I IR DA TR — e .

Bk MR R TR i O & ) U7 ¥ | Eastman
N T TEAS A MR 55 A L g ) B O — F
A2 5 PR PR A R0 B R L W TAVA SQL
LA, Lee FWIF R T #F B M il &
(Building Environment Rule and Analysis, BERA),
FH %65 550 3 3 R 25 ] B0 R 3 AT TR A 4 9 AR A 4
T AR A Ay, JF 38 T T A SR B RN R i
T A AT A TR A, DL PR A [R) R R R AT A
PEAS 2 1L

H T2 B 0 R 15 7 B A AR I ] R A
R HGE 5 AT LB W) 3 oy A B 7 7 0 - 2 =
Bt BB 18] 1969 4F , i Fenves 2514
PEHD A W] T PSR 3R B 52 2% R 2% 3 RS i 17 2 1
e R F % M5 Fenves 22T 1987 4E & W T
FH T 378 LA 385 11 bR e 9 bR 1 53 B 25 A fL R s
(SASEWERY, J5 AR 22 2735 B x0T S AL 3 Bl Ak TT e K
o HAB AR A 5T A & TAE (Nyman 55% Harris 55|
Garret 27 Wang™! | Dym %™’ Cronembold 2™
Lopez%5°") o i ] SASE BRI AT BT 45 3B 0R
B 2 3 Y 0 28 5 AR 8 40 21 1) 3 P 4% 5 1
U AL BEAL A o Horp SS 1V RAS 2 e T LB 4L
LAY A PR, 5 325 SC T AR R IE B b B, R

H 33 R AE T AR BA R AL R, B F 1990 4F 42
A A TG R — A I I B[R, 25 B 2 AL B
3 A Sk C 28 2058 AN U T 2515t
Salama 25 B P SCOF RSO RIS 1 F B K L is
FHIZ 8 A R B AR SR (9 A B4y 2R3 il
Jei, R T R B S 1 T e, Solihin ZFPHE Y T —
T 5 AR 2 T O ) G e v AR A T TR R 0 ) A
AL M ST A TR0 L A SRR M B JE S
EATRRERE 5 ST A TR il T A £
FERANE, 51— o R a1 i RO 2 il
FHHEE F I RHLA B A BT 5 T hR i
— WV i) 2 R Y R AR RO R B RO AR R
G LA — DB 0 3, WA FR A5 12 4
O R AT S A o R s e e i B A
HERL A EABUE 5 R R R B AT 510 5
JE 25 Hh A RO ) ke ST MERRAR R . BB A A
R A5 A TR R T — [ 3 TR 2 R R A Y
FER EERAY, o e ABDE B, CH2 AL ITLL CJ&BL”
XA A i 2 R N BB BT A AR Y (BRI 3
AN 50K p g o, WIIE AR B4 Y X8 8 (pAg)—>r,
TEIEH p oq o T oAt (R B 334 3 B0 AS B 57, 3k
JEUL X AR RO EE T 2 B R T A e



% 14 REM,F AT AZ 80 S MR LT TH & 257

F8 3 Aol g BR AP, AELE R — 25 T f7 B0 i AL, D) o 207 2
FIAE ) A B DR ] p S, R T 5 L2 A 00
A, T 1 2 A

— Wi T ) 22 B SRR — A% U T A 3R
T A T AR AR BT R A R TR B T S LA I8 R K 4 R
A E E IR A 812 R O B AT

B XS5 H Z R BT UE TA OC AR B T S i B A
V5 1A 32 B I PR (I 8 1) 32 R G 28 Bds % vh
(0 8CHE 718 7 FRon HORIR IR ) (30E (U BEAS B
AYL) N TR e R 25 7 AR A AR )2 B R .
1R/ Wi - £ R 22 5 A o L P 2 N T
i) ] 2 R DL TR AT R 1R .

—fHia, b, SHFFER

— B v,y FFFR

MU, —BH ) e@) R

AR, SRR MRS

EHZAAME, @R MERR R

]

—AGTRRAN_HR P, ER" A, (hY
e B G _tom et iy S, 1903
W, AN
5, R
L N

mCENT RS e

5 51E S, BN, NS i SO AT L 2w

B1 —MiBAAXNAER

Fig.1 First order predicate formula composition
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Table 2 Translation of provision 11.3.5 and 11.3.7 of Concrete Code
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Table3 Translation of provision 11.4.16 (compression ratio)of Concrete Code
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Table 4 Translation of provision 11.4.6 (formula)of Concrete Code
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