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Fig. 1 Map showing temperature variation zone of Xialiaoche-Bohai-Huanghua

{(based on seismic intensity map compiled by the State Scismological Bureau of China in 1979)
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Figa 3 Mechanical model of long narrow zone of temperature variation
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r + iy = Cch(E + in) (16)
A
x = Cch&cosy, y = Cshfsiny a7
Ay €\ (18) 3Uk7%E
a = Cch&,, & == Csh&, (18)

SEHR BB S R — kR



52 i1 = # # 7%

044 122 giy =9, 9T,
Ox 1+ Ox
OA L 1=v a9, OT (19)
oy 14+ oy
KA
A=_al+_al,
Ox oy
o 8
V2= +____ 20
8s 8y (20)

“fo&H xRy BRANAES &, T(x,y) HEEERR. HEINERRRMEMY
KA AR EIRB R ER:

O, =

B8« 0
1 — 2*L 8x oy

E [60 Ou ]
B0 4 9% (1 42)eT
—olay T %8, L TPeT)

E Ov 6u>
Tyy = —_— 4+ — 21
( 2(1 +v)(6x oy 2

— (1 + v)aT],

gy =

[UES
Vi = (1 + v)eT (22)
i
0, , -0 (23)

HEWEEHHRE (19) R, ¢FRAUBYE. DBRERTURI—AHBESE (22) R
BRI
o= a____(14+ v)SST(s, Din[(x — )+ (y — £)*13dsde (24)

B EH ARRR R B RN 2R UBE B S ¢ HQHMQDARY. HER
MEIRNE R R M X B BL S 5076 , B AR B B A AR s e, 5B i AR AR AR 3045 2 FI AR IR A 4
RINHIBL S35 B

o = —;— (o, + 0y) + %(Ux — 0y)cos2f + 7,y sin2f

Oy = ‘%‘ (0: +0y) — —;—(Ux — 0y)cos2f — T.ysin2f

Tey = — -;— (0. — 0y)sin28 + v,ycos2f (25)
R R T =HHRNWHKRNTLRE » 8RR H. B AXRA:
igf = cthétgy (26)
¥ (21).(23) #1 (26) RARRA (25) REZIHRABE T AR PR HFBEERRN:

8y |, &P (32¢ 3] <IJ>
= 2|22 4+ 8¢ a1 + p)aT + (T8 - TP «
T [axz By (1 +2)a ox2 By



1 3 kZy: ELHERNROHR 53

2
X (1 — 2C*SchEsin’n) + a—"’czs’shzgsinzn] ,
0x0y

- ¢, O o'y _ 8%
a',,—y[az+a—z+2(1+v)aT+ ((—9?—§>x

2
X (1 — 2C*S*chEsinty) — 2L Ci§%sh2E sin 2,,] ,
Ox0y

2 2
Tey = i [—1—(6—"’ — -6—¢>Czszsh2§sin2n

2 \oy? ox’
8¢ _ 202325 3.2
+ 2—— (1 — 2C?S*ch’Esin’y) Q27)
8x8y
AH
§? = 2/C*(ch28 — cos2n), u=E[2(1 + ») (28)

HEEEFERKEEREEMXRAN HEREH, RRN DA TREF XD S,
RN T #B T RKABERT, XEXAH &> & IHREE AR BENIIR NS
BXM R 3BT RLRRA:
i 2 (244 L8500 1 05 00)
: 8  28* B O 28 8y On /)
o, =2 S’(@_—Lgs_z.a_‘b.i_-l_a_sz%)
! § oy’ 28 8t B¢ 28* 8y 8q ’
_ . [ 8¢ 2y 2x 2, 08 8¢
Tey = 248 {6§6 + C%h’5cos’y 811 Bt
+ [C‘S’ch3§sin3n <-68i§z chEsiny + —66_11— sh& cosn>
— C'S*%h&chE(sh*Ecos™y — ch@sin’q)]ﬂ} (29)
on.

frig s o AIPLRER
o = -1—(1 4+ v)aTab(e cos2y + 2&) (30)

HBORFITH  HERRA (29) BEFHE:
o = aETS%ab { e ¥cos2y — C—;— [e¥® — (1 — ¢7*%) cos2ny — ¢ cosdq] },

2¢Q2
oy = aETS%b {CSS [ — (1 — e *)cos2n — e *cos4n] — c"2§c05211},

s = aE TSzab{r:'2§ sin 29 [1 + —él— CiS%h2& (CzSzch2§ sin4q + El- sh’Ecos™y

- % ch2§sin2n)] + C*S*sin ncos*nsh’E (e *# cos2y + 1)} (31)
5 ER 1 R 45° J5 MIBYRAKSEBI R 124:
Tmax = % (O'ﬂ - 0'5) (32)

U EEREH, HEARBEERAXNRNEIAIERSRE: ERESCXUANIERR S



54 H B = iR 7 %

oe MEARN 7 oy FRER N FREEMX U 0r HIER ST, 0, HTREL ST, BEB IR
NS BBHRR, REERETAXNODEHME o REBRKKITKR S, KB
N Tmae BERAE. RENSHHAEASEEREE. FAEATEEXHRZEHE
ARERMAEREAN. EHEEEEAXNLE § =& .7 GO MG RE
SR FIREE R TSR R B H A BT

R, r =04

o5 = —aET,,/(l +—3),
Oy = Tax = aET,,/(l + %) (33)
TSR B 1 = 24
or = —aETo/<1 + —‘;—),
Gy = Tomsx = aETo/(l + %) (34)

BB 1 BARE 7, AIRLE & = & BR L, REMOREIRK, HHwRH0
BBARNRER/NTZEBZR. WA REAXRNESHEABREX. B8 2HER

o/adET

Oy *ﬂl'mu

0.6
0.4 .
Oy AETHI Tour @ ET
0.2 # 1.0 ¢
1 | [ L oo K
0 /4 T/ 0.8 1
e —'\“" It 0.5 |
s -
‘ 9 0.4 L -
/ LA
/ NE S b
/ e
1 L L l
0 0.25 p.50 0.75 1.0 bl
7 EHEREEAREAR LR B FRRN o, MAKFBR S o
T4 BREAHT 7 L 4R FEMEX REEL 2/« FZE{LELk
Fig. 7 Variation curves of thermal stress components Fig. 8 Variation curves of stress
with coordinate-7 along the border of an elliptical zone components, 0, and Tp.ys with

aspect ratio, 5/a, of an elliptical zone

BiF3 o FIKEBIRLST vimex BEMEEIEBEE BB EE BRI ERZIL 6/ ML,
P EMBEIEFARE, REDGHO R DEEE oET, HHMRELTE, ITKRKER
BETUXNER -8, UHMEEERN, KRG MR RN I EAREE , 3§ me



18 k2 ELH AR IIRAOT R 55

[ﬂ%lz‘l‘%%,‘?{%%Jﬁﬁ%&iﬁ@?ﬁ&ﬁzﬂﬁ*ﬁ%,%ﬁ%?%wn, XA LR EEREERL
XA E SR

HERHMEREECXAREL o/a, P0SBEELE To, R FNAREK AR
o RS HEH E, AT G (32) REHBEMERX BR R AR UM SR EHF
RN HEFEKE(ABEXE). NTHE L Rl TLm —#h—%% L RBERs

B, KRR b/ e&m@% W T, = 50°C, a =3 X 10%(1/C), E =

8.3 X 10" RH/EX, MEZHESEFARE ANAN HERTDEERL W
EN = 0 M (KB, 0p = —996 B, 0,= Pru = 996 3
TEq = =/4 BACELMHIK), 0p = —300 B, 0, = ma = 300 I3
= =/2 WACER), op = —249E, 0, = Tma = 249 B

h & R

P ERMDAHETHERX, RRNREEREHEN T —#Hh—RE LB
ERERFEEELRX SRR . LRI R AERR X 8D 5 H =
BRI HHY B > AR E B REIAKE BN, BH ARAIHKEL 1, T8y 5K A
REGBBERENN OISR, BILREFAT FIA—#P—8% LhgEEmRX (&
FURHIERXOBE, AR WA TR REESEFOR IR, 2R EEITE, WA HD
REELRX SRR NRELZRML, #FHEMLS50°C, BE5IE 600 BRI AP
BT, #EZEM10°C, BREZ 518 120 BAGRAKFEHR . RHERMNAELHBENZEN
RES FRBDTIEREDHERN, B ILBEN EE IR AZEAME /A FREA.

SRS, AR A AR LA M, > 6.0 oKW 1966 EFBEHE, 1967 &
R TR AR , 1969 SFHEIS TR, 1975 FERIBRMB IR 1983 FREN M, = 5.9 HUH
EHREA T TLA—#T —AR LB ESRFNIZHX, BREMTHRE AN
HEWE, LREMAMEREX D %EE SR FHRERS, ZREINEREN
PE, ARETELBEN RS, ETLH PR L HREEEEFAMEER
BEERET M, 250 #IRONEELURIHRIVIELERY, FHXREEMZIR
WSS IR B R D ERDN, FIUBEEARNATEAGRERBHHX, XEREE
L RPIRE LRSS, EAXIEE L ENTRE HELSE ER HESHERZE
BERORE W, E KN L RENENKR.

HTHRURESNAR, B 1 FrrnlBEX NERBILE, BERNEROEE, R
64 L EREHRAVSE R,

R XIE R A F R R = RS TR,



56 H B L= i3 7 %

g F X W

[1]1 ZarZEHE A %R G e IR TS, B RO BRI B ¥, B ER, 2,111-129,
1980,

[2] BREREUIAKER DL, T L, AAMMBRIH KK 1976 450 MBI A s8R, HRYEE R,
23, 201—216, 1979,

[3] ERMMB«—ILEAEELRMB»RIEH, 1976 FELME, HIBHER L, 1982,

[41 e ZFEHE, LR BTN T, MR d R, 1980,

[5] #BERBERIEEIREHREESHERESHBIRXR MRYEER, 25,264—269,1982.

[6]1 xiE#k XERELEMEX MR FRBRERESFERREEDIRR, PTEMFE, BHE,1132-1140,
1982,

(71 XERE B BHHIMNE GRS XER, FRERE R ERE 5T g i L S mEsiE
KR HRYEFEMR, 26, 149—157, 1983,

[8]1 £ SHEKBEKUERG,RIP FERTTRE RO ME 16 XA, HRFR,3,304—-316,1983,

[91 HZar XHEKRER, KRS IEN WS SRR, D EH %, 9, 891—898, 1980,

[10] #%Z%,HENE ARZFHRIL, 1979,

(111 £ £ @EH BETR FARL LK BT SHEORERRMBER, 2, 3212, 1980,

INVESTIGATION ON THE THERMAL FORCE SOURCES OF
1976 TANGSHAN EARTHQUAKE

ZBANG ZHILI

(Institute of Geophysics, State Seismological Bureau)

Abstract

In thjs paper, the possible force sources of the 1976 Tangshan earthquake are dis-
cussed from the view point of stress field. The Tangshan area was affected obviously by
the neighbouring geothermal sources besides the action of the Pacific Ocean and Indian
Plates before the earthquake. The rising temperature zone of upper mantle uplift of
Xialiaohe—Bohai-—Huanghua centred on the Bohai Bay center and the horizontal tem-
perature gradient zone of Cangdong Fault made the Tangshan area concentrated with
geothermal stresses. Based on the observation data, three mechanical models, siraplified
the temperature variation area as a circle, a long narrow rectangle and an ellipse res-
pectively, are presented in order to evaluate the magnitude of geothermal stresses. The
analytical solutions of the geothermal stress field of above the models are calculated.
The results show that the normal stresses are all compressive stresses and shear stress is
small within the temperature rising area; the radial stress is compressive stress but the
hoop stress is tensile stress. All the stresses attenuate outside the temperature rising
area. The hoop stress and horizontal shear stress are maximum on the edge of the tem-
perature rising area and their value may reach several handreds bars. Therefore, the
geothermal stresses resulting from the thermal sources of the Xialiaohe—Bohai—Huang-
hua uplift and Cangdong Fault zones may be an important foree sources for the Tangshan
earthquake.

Besides the Tangshan earthquake, several present strong earthquakes such as the
Xingtai, Hejian, Bohai, Haicheng, and Heze earthquakes occurred in north China were
also located on the high value zones of the geothermal stresses. Their occurrences may
all be connected with the above geothermal force sources.



