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A Review on Risk Matrix Method and Its
Engineering Application

RUAN Xin, YIN Zhiyi, CHEN Airong
(Department of Bridge Engineering, Tongji University, Shanghai
200092, China)

Abstract; Risk matrix method (RMM) is widely used in
engineering field since it is succinct and practical to perform,
while the validity of its assessment results has also been
challenged since its appearance. By illustrating the
connotation of risk in RMM and the similarity between risk
matrix and covariance matrix, a general retrospection on the
origin of RMM is performed. The basic mathematical model of
risk matrix is introduced by adopting classification function,
and some theoretical issues of RMM are elucidated. According
to the accuracy issues of risk assessment, the notion of
uncertainty is proposed as an evaluation index. The meaning
of RMM uncertainty in engineering application is clarified.
Based on the mathematical model, a discussion is held on the

appearance of RMM uncertainty, sourcing from Risk Matrix
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establishment process, risk ties and the matrix evaluation
form. In the end, a general review on how to recognize and
control the corresponding uncertainties properly and
effectively is delivered and the future development directions

are proposed.
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T 4E 3k, KBS 45 B ¥F £ O ¥ (risk matrix
method, RMMD7E T/ B # B M F52 8] T % IR
o, HAE & R IS RS S, B A
TR TAER IR, 152 B R ot XA X ER ]
F BB AR A SR T RUBS: 48 B (R AT ) PEAG T
o, REERE R B ET s, Bk
HAE R F AR B XU PEAS T k0.

B FASRESR AR A S 5 BT =0 XU A B 45
AT EAE, RS TR T B AR —E
W32 RS, B AT FR TAE 25 BFEXT HPR A
BMERNTRNZ B, NT RS ETREIR AL
..

DA X B P9 A1 26 SCBR A 5T, A TR R
FR R £ B Xt XS 48 [ DA D7 SRR AT RS , B AR LK
SRRA PR AR S LA B A NS ) B, IR TR
TEAL TR Bt B v BE T ).
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JRUsE Crisk) —ia] B B SR EL A % RUBS: B TP
MEEW A B EAE . F DR Z R R MIERM
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AT BEHEBRR A RNRATRE, 5IAT XE 4
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B RAIRIET , KBS P-4 (risk assessment) 7B
HHRMERRR T EA, 512 T KR4 ER kL. 90
ERBIE, XM EMEEELS TR SRR T
2z, 2T KK ST e &7k B T 3
HE .

IR A B — I B BT B2 X XU P9 TR IR Z
. BRE RS AT ER G IS R
BHMERNEET , BEEHENIRNEEATLES
TR K A E A S, R AR A &
RA R, B ] DU & B U3 R B
EH™), BARTG 5, BF 58 3 % XU RS P9 3 4 38 A 3 A A
L0 B KB B R AR FES (risk
scenario) , X\ B& #% # (risk probability) F1 X\ & #3 &=
(risk loss). UBE4E MFIEAL J7 ik RMM B4 1) i bk
LT X U 3 IR LR, X R BRI MK
FHRZ—.

IR 4B P (risk matrix) 2 JXURS 48 B 1748 7 6 Y
HANG, B E5HEHEH L (portfolio selection)®]
T [ 22 46 B (covariance matrix) 72 7E 2 3 ) A
Ik, R A SER N NI T ZE SRR RS
BZHI A E , T2 FE AR P 5 B KU 75 BE (risk
attitude) BTG A [RITOL. JRURS: 46 P42 [ B S 7772 52
LB EMER, AARELXMN AW 5 R E R
BERBMEX.

1995 45, RESZEH F REH LEXR P A
B 55 R XU P4 TAE, IR R G iR di 35
T2 R T IR A PRA k.

RMM Jrik i 27 iz I 8 2 - B e i PE Al
FHREFR, HETRGES T, 45 BT E KR E
S T B XS 1R 31 C(risk identification) , B i & 7EAh
DR 35 2%, 3 R TR 8 7 T 3R AT U 49 A (riske
analysis) , DA#R & KU 5 AL SR AR R K5 B
JEBHURE PR EE, )3 R MR 55, &
SRS KB B AR 0L %o &5 X Sy 3 2 R AT XU T 4
(risk evaluation)™'2), & 1 25 T — B8 KU 48
R0,

*1 BIFREITEER
Tab.1 A typical risk matrix
BARBR

1 2 3 4 5
1 AN A WERE W% AEEH
2 AN A WERE  AEEH MeEs
3 WE&E  AEE AEEH REH ATERR
4
5

BRER

WEZ AEER REE AUEZ FTEZ
AR RS FUEE FAUEZ FUEZ

2 REEzEEMNEAYGFRE

IS 46 R A T AR AR [ %8, BT SR FH 43 9% PR B
e TR -
P << p<pwm

R = 7l:Rij7\ iy
fp,D=[ ]ézj<z<zm )

A Ry s KU 48 B o o B B HE 3R 55 © G XL
B REE § SN B Y (risk ranking); p; 5 1; 43
R « RN IRRE 7 BT
Pit1 5 L 53 B R AEXT R EFR.

B 1 M ERBEEA T, A FEL
FE=J7 1 N 55 PR BY B RAE R S R B T
R R R F R AU, M BERIE T 174G
AT KU AR BE , 46 I O B0 = SR A
R ARG AR S AR AH B, X AR 2 A T SR AR 5
RAERKEH AT R SR HBRRFL 245
WM R T BARTE X, @b i e T XK S KT
R

TR R G TR AP, AR B BT AR
TWEE R MRRSE, 5T ARE R XK E
FEUS), Cox Jrt %of iy T IR 40 R 44 A 24 1 A 45
RIMEGERHETT O EE BRET =B TAN
DB %6 A B A 5 — B A HE (weak
consistency) . F &l {4/ (the betweenness axiom) .
—3 M/ 3 (consistency coloring). 2R, X =& A
AL 2 58 3 25 M (logical compatibility) ) £ B HY
K> K3 TR N FH B 8 XU 48 R DEAS T IR TE Y
SR, TR SMEREE. ARAT BB
PP TR E TR RN AT AR, BFARET]
BFSE, I8 B85 H A5 45 51 Hh B0 A D B B A I %of
K.

3 REREETHETZEZHARENE

B TP E AR B PPAS TR A &3
FRE, TRXE ISR RS —E RS,
SBEOPMLGR T AT & N AR,
{6 B A 808 B o B HE S HE AR X HfE AT 3R 4. HE T
JE BRI BT » AN 05 R X A 7 L S SR KU A A A
REME. ARRE S KSR B B X KU &
BRI, HI 5 RURE AL AR,

ISR B B XU 73BT B Bt LA B XUBs: A B
Bty 68 AR E IR AL XUBS TR 5 43 #r B Bt
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AT E A B AW R ARE RS E, ZiA
ARRERM N, X R R ZHEETEE AN
LU TSR, TTETE B KR PR B B A R
EEN 5 REAER A FERE VAR, R T ik
[ 5 ik [ BT AE » 0K g SRy XSk 48 [ DA vk 1Y
e

RAT 43 3% R 6 R SPAG O v &5 B B B A
FoE PR AR , HeET X2 O ik AR PR IR e,
FAT T R PEHT B B A e E .

3.1 ARG5S RN AREER

FEXB R BB B, B TS F AR S I BRI
JRURS SCAk R 25 7 45 O T A R B, Wl BB R BOn
TR R B4 IR A T, 8 BV 335 8 U B X
R , T H PR AR e .

TE XU 7387 By Bt » 76 RV 48 B IEAS 7 ik iz H
T2 B S A S (scenario construction theory)
o B Ak XU HE S R 2R (H B DA B WP HER BT 2R
AT S P HE 38 A A 5 U B T XU 43 T S SR AR IR
EEW TS HIARED, SBOTREE S REMN
PRMENF RMAIT, ZRA T RITHS RN ARE.
3.2 REIFMHMENARESE
3.2.1 RS A e PR i AR A AR T

FETLBY B TR XL 45 MR TEAR TR B A, RS 48 B
HMBEAETRHDBERESEDE “REER"H
FAlE R TR 2000 2 45 M 350 45 B T R R
95 L BRI R F R R 7 R, 22X R
— XU AT IR B SRR A, B 3 B R

PHES RPN ZER TS W, LT G H BTG
GRARE AT BAA UL

DAFEHR IR T A2 B KR PPAS A, SR 0% 1 B
7 B RES RE I, TR IR SR 2 #P 45 Y B (ED0H S [F MR SR A
MR FYPAFRBAT T RS BENRFS A H
R BEZR{E p=0. 34, XK HAKAH [=0. 56, 4 £
R PXRSERE F TT S0 R B PR 25 SR A “ T 32 "S5 1.

F2 REEEMESREERMR

Tab.2 Probability and loss ranking description in

risk matrix

BMRBZARME RRBR BRBSARE
7n=0, p2=0.2 h=0, §»=0.2
$2=0.2, p3=0.4 1p=0.2, I3=0.4
p3=0.4, p4=0.6 I3=0.4, 4,=0.6
$4=0.6, ps=0.8 1,=0.6, 5=0.8
5=0.8, ps=1.0 5 15=0.8, [s=1.0

BB TAR b 0 XU A 3 A4 2k 1 RS T B A
WM, IR = A5 T8 2 BESE R 155 34 A B
H BT M AT HE R, RPN S JRURS 45 e A HE 2R
MREGONRE (BBEDERAFEELSBN
£0. 1X [EFEE PR =510, BBUEAE AT,

EREXT KU S A, B F R AE ps R4 1
BUEAHE , i IS R G TR I E R, 2 1y
A 4, BYBUE S BIFEL0. 34, 0. 50]#0[0. 56, 0. 701

L, M S A WIPME RS A& e R WE
MEIPAR G R —BL, AT 2759 52 08 & MG
ERAFETHRER SN S EEREH, B
BERA TR 1. 4% 23. 6%, BARIERIAE 3.

BRER

G W N
[ QIO

F3 HPIREES AREERUITER

Tab.3 Risk ranking calculation for risk scenario A

REEH R
FERR it AEEH Gif;: 3
HE5Hh FAEBETE Bl 0. 30<Cp3=<00. 34 0. 30<Cp3<00. 34 0. 34<Cp3=<0. 50 0. 34<Cp3=<20. 50
WA AEBE T 0. 50<7,=<C0. 56 0. 56=<1,<20. 70 0. 50</,<0. 56 0. 56<C1,<C0. 70
BEE A/ % 1.4 6.6 17 75

T B RPN RRUE RS2 R R AR T KU AR
BE G — R, RS R R RRRE W E
SERR. 7 RS AR R RS T ik TR R, B2 TEAG
FHAHRREEE RN, KNS MWEFEE
B RE E WA FEYLE, F— TRTE P ARER
FIRER BN RAERE , RBCT & AL 45 R , 15 BLIEAS
ARE .

3.2.2 RS EE BMARE

TR B KRR E, KA A
A T I 22 DRI 325 A PEAG B, Bl IXUBS: 2 R B 45
YRR, /TR BB KR AL T R — R

B, MBS (risk tie). KL RIEL TR —%
SR T R 598 8 W] LA4k S 40 73 Y XL R AR
B

DAFE T TART B 61, 76 £ XU R 3 A2
Mija S 8 X RS, R R S5HURER /N
W22 A. i85 3. 2 15 A8 [ B s P A M A TR
o, AR BB S MR ER R O. TSRS
8 MR HAEF 1A BM"EY, 2 R AT
BRZEY 2 AR EIER"EH, 3 NN TR
H7EGE. WA, 76 2 RS S R o, L
JRUBS: 45 B RE SRR . AR ol SR L, X KR S
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Tab.4 Risk assessment result for multi risk scenarios
i Plivg iR KB R 5%

0.33 0. 65 AP
0.56 0.38 GiE: 33
0.71 0.43 TR
0.28 0.59 GiE: 33
0. 34 0.26 gl
0.69 0.21 BEEH
0.45 0.72 TR
0. 41 0. 66 JERBIE

IR 5, IR 48 4R 3 %o 7 2 A XL s
H5HREFHITEBLIER, FFRANBEFEHER
FEHERE AR R KT, BT XRS5 H B 4T R —
PR &5 H Fg XU S S 4 T 2= B b JH D — 28, T
ST SHET , B BT S R A RUE .
3.2.3 RRIMEMIEHIERT R ARRE

R 6 R P B A SR O 2% X AT
A A RFEFWR KESBRERMES
BUMEXE T E X4

HAMRLEERRRE RWNEESE TRE
RS PEAS AN T A EE . DASEBF R TR IR B A XS
HA& T A6, HAERE SHARMESHIHN 1. 0X107°F0
0.82; B ERNKFS K, HERE SR MEST A
0. 78F0 0. 17. SRR FH IO By KUBS: 13 2% B R (H R AE
RSB OXUB (= BE SR X R ED M BT, BT M
REEBRENTFHES K XRAS 3.2 MHREMR
W48 ME AT R PP BT, B T IR R A “ A3
FEH7E5, MHES K AR EH.

ERXMERNEEZDAN. ET KRR
128 R TEAL Jr ik 55 IXURS: 4B R A T i XU {EL” P
R 5RIBAE. KB RAL B M2 REEHE,
HA R —MEMS R, 5 ISR % V1A 5%, 7E ML
Pk 78 e 25T BR A A o 3 3L SR P KRR 26 B TR
LB RE B2 5 KR B 38R, L 5 X
Rk B Rz R ERIFTLRE X.

4 XA REMR SHIEE

RS FE RS IT R — B0 5 T HAT 45
R PG TR FE TN AP LS+ B 8. A
BT BN AR IT IR , KIS PR P05 Jr ik 5
RSN B KA BRI T, A AT A B AR
DI TARSE F A B B PSR OT B R AR AR5

- T QO EOOw

I R A TR, 382 T3 bR i TR X PF
FEI0 H , B AP S B T R iE R,
F RIS R A EN AR E R BE
WE,

4.1 SRR ERFEHETE

411 HRT IR 75 BE B R 4 R A

WA E WP R & W e+ 2%
B EL T LTRSS BN Z. RS ERR
FE R 2 N e B B AR AR RS B L
BRSNS EEQE =, 25 R AE
T % B B8 (utility theory)M 71 7 B 3 5
(prospect theory)['],

AR BV R SR R 4 AN 2R A B DAOH
MR HTRE, ELTTH TR W HD R
TS AT MR A R XL A AR T 3, 3
TRRAS X E =AY 4 MR FH
A BB U B 3R 3 KU A BE L SR AR 22 R oty
2R S SRR R S PR A i A HE T R R
LHATE.

4.1.2  EOMIRUAE R

Markowski F1 Mannan[?1 7 X\ j& 45 ¥4 A4 ¥4 2 ot
B 5] AR 2 8 (Fuzzy Logic) ®it, % H
Mamdani R 35 DM S5 I 1y 22 o (9 M HE U 5%
B BE R, &5 E T EOE AN AR H X
HEMREAL, 45 MR F ST 45 R

Markowski #1 Mannan™? &%} 4 MRBEELS,
Sk F = 57 43 A o MR SR AR R AE AT R R U, R
145 & 46 B (traditional risk matrix) FIAEURT K&
%8 (fuzzy risk matrix) 2 FUHEAT T PPAR , BOMI XU
5B B M IEAR G R BB, BB T A X S
HIHERE.

BRI XU A8 8 5 BRUE 20 XU 25 Y
B EHEAT T KA, #R T R AR B KX 56
WA s e 2 PR 8 A 5 (B IR AR T XU 4 T
A5 T7 R e PRI, HLBE T T X o 3 KU 2 BE 19
W, ToHk B B Hi R 5R 35 76 B % XU 35 245 i By B 58
4.2 $3RELENTFE

W HE B E B T ReE T KB 45 DR
7, I BT A R E A AT B SR, H BT &
KEB O FXERFR#ETYGE, A ERRT&
SERER. BRIEONE WA Ao 2T XK E
PR ik B E A HE &, R Borda J¥ (B Bk % XU
FABATREE 2.
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Garvey F1 Lansdowne?1 ) 7 4N XS 4R 41,
SRR A& G2 R 46 B A Borda FR{E IR #E1T T 9F
i, K GG XIS R P FE 4 MRS
BAEF R —A R 45, Borda JFEEMIEAE R F
UE 2 MREFEBLTFR—AESES, A5 BEN
e B

Borda JPEIR & T KU 6 B A O vk o XU
BER AR R M RE S, SR A B HE P T 20 2 KU
AT T HF  FRF B RE RS E, A6k
7 TR PRI gL K.

4,3 $tTREERETEM R

B Xt RS AR TR TE A8 R A AR e, B R
FRIMTHE K ZE BN A R T EF AR
HEAT B E T80 A [ XU A ik o XL S PR 3 )
RS AR, AR ISR ZEBRSTHE
EER, BRI AU R B3 B AT B AL
Xt RGBS S A AR,

5 HitERE

JRUBS R AL RMIM $E48E:8 B M, (3 FH 78 53 , B
RIE SRS S, E T RS TAENHT, 7
TARRLH A IRAR T R R B ST, ST HIEAEA
P05 7 R 7E TR L Fh 77 8 B9 R, 4243 T i
JXIBS: HEL I PPA 7 ¥ A R s R ) L B, TR o ek XL
TR S 2T RO B 3 KR B P g R ER
WA

RMM 10 XU B 8 3 i 5 D TR, B8 WA 45
REEHERRE A F L WRE.THEZRKFELU R
T E % &R 0L F R E VIR, 785 S s A K
B PR PP AL T Bk A ReUE MR BT ST o, W0 A SRR R
PR B HE R TR A BT ST 4R

A —TJ7 T, SR FAZSCR B v %o 2 SR IR 78 B 3
AT » 32 T A 2 XRS5 » T 280080 20 R o
RRERELRERZ TN SBHAREE ET
R FH AT I E R IR 25 B A RS R R T
R TRRBTE, SRR N BAT B, Il
50 FE R AT A SO A
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