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Transverse seismic analysis of underground cross interchange
utility tunnel( II ) : Results and discussion

LIANG Jianwen, CHEN Huifang, LI Dongqiao, GUAN Qilv
(School of Civil Engineering, Tianjin University, Tianjin 300350, China)

Abstract; A load-structure model for the underground interchange utility tunnel was established based on the
response displacement method. Transverse seismic analysis was carried out on the underground interchange utility
tunnel. The internal force, deformation, and damage responses of an underground cross interchange cast-in-place
utility tunnel under seismic excitations along two main axes were analyzed. The results indicate that under major
earthquakes, the inter-story displacement angle at the interchange node of the utility tunnel exceeds the standard
limit by 167.50% , with tensile damage reaching 0.985, far exceeding the tensile damage limit, which marking it as
the weakest part of the interchange utility tunnel. Due to significant differences in stiffness and deformation modes
between the interchange node and standard segments, the deformation at joints near the interchange node is the
greatest. Under major earthquakes, the deformation at the joints near the interchange node can be up to 20 mm and
18 mm in two directions, respectively. The maximum inter-story displacement angle between layers at the
interchange node may not occur simultaneously. Under major earthquakes, the maximum inter-story displacement
angle between layers exceeds that between the top and bottom slabs by 19.15%. Consequently, it is necessary to
determine the most unfavorable condition based on the maximum inter-story displacement angle between layers. The
findings can provide a reference for the transverse seismic design of interchange utility tunnels.
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Fig. 1  Cross interchange utility tunnel and seismic excitation direction diagram
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Fig.2 Distribution of internal forces along the longitudinal utility tunnel in X-direction ( SSE wave)
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Fig.3 Distribution of internal forces along the longitudinal utility tunnel in X-direction ( El Centro wave)
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Fig.4 Distribution of internal forces along the longitudinal utility tunnel in X-direction (Taft wave)
HIP 2~ &1 4 WA 78 3 FOBRR BT, 22219 mi Ak BT 7 |57 3 AR 4 Hh B A8 | W3 K
TONFEBRHEEE , A 758 A B N B TP LR NV A AR v B i g B ) R AR A i 4
JRIIPEARAL X R BN AR B N 3 23 A1 BEAT 32 IS A s IR0, ik ] LATE B, £ 22 IR EL Centro 52



%4 QS A N S A R AU T (1) —ZR S g 105

YERITS , 372879 B3 A4S 2 Z AL KRS A8 T 6 1 T35 8 A T WA R A A R 4630, 22 IR, I Ak, 487 R TE Taft
WAVERI T ity B9 7 25 AR (B 4K T-263F0% ( SSE wave ) Fil El Centro U , 16 B/ [] g2 % (1) M sZ 5 i A ]

PR T, LAZE PP ] S8R 1 Ca) HA oA g M DU AERTED TO | T1 T2 T3 (T Az 15 37 A8 719 A ) %o A 1] 45 JBR
FE X [ MR T BN AT A . e, TO A 3 A8 1 A SR BGE B AME B, T1 T3 B 7 T4
T A R A 1 5 A it 1) A8 T A AL | T2 AT 5 Tk [ A R A v B TR 2 8 R o) 5 R 5 A0 8 1 7 22 P AR
YERF I 153 DL 5,

A S AT, TO AT % WA BRAE ZE AR b7 24 174 Kb 85 1 25 R A A7 T 242 MR 5 IS M A 32 1Y
F a5, HLTO AE B9 B 7 BRI X T T AR AR R P WA, AT LT A A AN BEATE R R
NS FEA T T2 T3 T 5 77 B 77 A R e (35 % A AE 22 AR 5 IR ARORR 22 1) # s, e T T3 AT A9 9
FIVEAE B A3 A PRE— 350, HANIR) T T2 #A A% P g A 100 P RS v 455 B PR g i f ) ot o 0 782 6% i o) 10 4422 Ak
PIRFE AR, 38T L& B, ST 3815 0 452 22 (8] de ARH X A8 T X6 107 450 114 PN 3 W R A A 22 511488/

s S It
— 1 ] [ ]
&89 7.82 82
----1,=1,=7.82 s ----1,=1;=7.82 s o ]
‘1\888.76 —1,=7.84s —1,=7.84s :;3:’7‘_8182 s
—— 1000 kN —500 kN VR
536.32 450.14 —500 kN *m
), 532.04 458.33
\I\I\J/ D —
(a) TORK I A b 1 50 A (b)) TOWKIA A BT 153 Aii (e ) TORE T Y75 553 A1
T B s W— T ]
- 1,=1,=7.82 5 - 1,=,=7.82 5 T h=1=7.82 s
—1,=7.84 s —1,=7.84s —1,=7.84s
- 5100 kN —— 500 kN —500 kN *m
178.87 240.43
M 178.36 / /241.49 /ﬁz
E— T
Cd) TUE B3k 5 A (e ) TR BY I3 53041 Cf) TR AT A 25 4 4 A
: T ]
=t,= s H - 1,=1,=7.82 s
S :7.83 - 1,=1;=7.82 s h=13
T84 —1=7.84 5 — =784
500 kN — 500 kN H —500 kN-m
132.84 i 230.72
384 15935 N7 /KJ
(g) T2RE A b 1 53 A (h) T2 A 55 153 Aii (i) T2 AT A 25 4 4 Al
T T B st ES— T
- 1,=1,=7.82 s e 1y=1,=7.82 s - 1,=1,=7.82 s
—,=7.84s —1,=7.84s —,=7.84s
— 500 kN —— 500 kN —500 kN +m
1117.70 178.87 /240.43 /J
m 178.36 /241.49
f— wI—
() T3H M A5 7743 A (k) T3#IH Y 5 J) 534 (1) T3RIA Y 2R 53 A

5 XmEtEHM TEEEEBENEENN NS (RITR)

Fig.5 Distribution of internal forces of transverse utility tunnel monitoring sections in X-direction ( SSE wave)
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Fig.6 Distribution of internal forces along the longitudinal utility tunnel in Y-direction (SSE wave)

= — B ;
= z S mpmmpE]  ewaes | IV AE R IVAE
P - ---FV(£,=2.58 s) Z,
\S S 60f H =4
x k % s0F  sraetn iht Aeip = \/\/
22014 : = 40l 5 x :
R-30 e R ;8' . = i
= SEAEHT A —FN(==2565) | R b o —IM(=2.565)
=40} : - EN(-258 %) = 10} B FM(6=2.58'9)
ﬁ—SO L ' . . . -I§ . . #® O /.\. . . . -/.\ ]‘tE 60 | F ; i . §
-80-60 -40 -20 0 20 40 60 80 T280-60 —40 20 0 20 40 60 80 & -80-60 40 20 0 20 40 60 80
YN IR 7 /m YN R 07 B /m NGNS AT
(a) 535 (b) #5153 1 (o) HHS M

7 Y EERB TIEMNREERN 147 (El Centro i)

Fig.7 Distribution of internal forces along the longitudinal utility tunnel in Y-direction (El Centro wave)
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Fig.8 Distribution of internal forces along the longitudinal utility tunnel in Y-direction (Taft wave)
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Fig.9 Distribution of internal forces of transverse utility tunnel monitoring sections in Y-direction ( SSE wave)
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Fig. 10 Monitoring position of seismic deformation analysis of cross interchange cast-in-place utility tunnel
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Table 1 Inter-story displacement angle of each monitoring position of utility tunnel in X-direction( elastic)

LT 0.20 g El Centro % 0.20 g Taft # 0.20 g
AL
t,=t;=7.82s t,=7.84s t,=13=2.56 s t,=2.58s 1, =t,=t;=7.00 s
SIS T A 0, 0.0015 0.0015 0.0017 0.0017 0.0020
0, 0.0005 0.0005 0.0006 0.0006 0.0007
0, 0.0010 0.0010 0.0012 0.0012 0.0013
iAEREY 0, 0.0012 0.0012 0.0017 0.0017 0.0017
05 0.0012 0.0012 0.0017 0.0017 0.0017
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Table 2 Horizontal dislocation deformation of the deformation joint of

the transverse utility tunnel in X-direction ( elastic) mm
LI 0.20 ¢ El Centro 3% 0.20 g Taft I 0.20 g
eI
t,=t;=7.82 s t,=7.84s 1, = 1;=2.56s t,=2.58 s Ly =t,=t3=7.00 s

WA ROE S Ja 3.03 3.03 5.24 5.22 434
LIAE ], T 3.3 321 3.84 3.7 4.46
BEERLT S e 0 0 0 0 0
ZIpAE I, I 0 0 0 0 0

X [ LR IR & D1 R AT A8 A Sk o A 25 PF B B skOT AR A ) B s AR I L3R 3., i kn]
R 1) 4 TR L 9 I SEAEAN [R] T80 T AR 3K TR IE 29/ T 0.10 mm , A RLZ WS AN T 5 T 2 1) 45 G T A
FURARE 7 838 T S5 5 ROKT- KR HF AR T 430 3.09 ,0.56 mm 33 i 2 S5 A B0 N7 38 40 s R 1) A5 SR A 1 B
AT R TR, 2 1m0 457 R TOURS RV AR I 5 s A8 T 4 55 1) 5 S AR T O 0T, e KA 7.59 mm, G 1) 457 AR
W R AT B S 1 A AT B R 3.97 mm , G [ R AE TS 4 1 U3 16 4 Sl A FEAR XK  FEDUR LT T
PASHE,
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®3 X EMEHRD TAEEBERENKERFERNEEENTR ()

Table 3  Horizontal opening deformation and vertical dislocation deformation of the deformation

joint of the longitudinal utility tunnel in X-direction( elastic) mm
LT 0.20 g El Centro 3 0.20 g Taft J 0.20 g
s
t,=t;=7.82 s t,=7.84s t,=t;=2.56 s t,=2.58 s ty=t,=t;=7.00 s

W EREE A Jan 1.71 1.75 3.05 3.09 2.39
AT 4
IR Ty Jian -0.18 -0.15 0.51 0.56 -0.15

Jian 5.20 5.17 7.59 7.49 7.17

Jia 5.22 5.19 7.57 7.48 7.19
P GRS T 0.02 0.02 0.03 0.03 0.03
AR 4
AL L Joan -0.04 -0.04 -0.05 -0.05 -0.06

Juy 3.01 2.95 3.67 3.55 3.97

Joa s 2.94 2.87 3.58 3.47 3.86

2) IR A 7 M
X 6] M RURN A R A M D 7 E A AN [R] s R e s SR R o B 26 4 T R AR 1 W3 4 P T, 57
S R TP AR Z (B B JZ B A 0, B K, Taft WAEHTT 0,88 B HERRIE R 167.50 % , 22 T8 ™ 5 ; 1 0] 4 JiR A
RV B 1) 2= T SR8 A — B0, BEA 52 BISE A8 s B2, eoh, alT DU B, LRI E IR S22 1 i iRz
(i) 2 1) (5% £ 6 0 TOURE Al =2 (8] 2 TSRS AR 19 19.15 %, DRIt , A B84 T 2% P A 22 22 [) 1Y) e O 2 TB) S % £ Of
B2 BEAR S B B AR T8
R4 XEMEHBDTERSENCENEBLERH(EEMN)

Table 4 Inter-story displacement angle of each monitoring position of utility tunnel model in X-direction( elasto-plastic )

LI 0.38 ¢ El Centro J% 0.40 g Taft I 0.40 g
W7 &
t,=15.46 s t,=t;=15.88 s 1,=2.26 s t,=t;=2.58 s t,=t,=t3=7.10 s
SRS 6, 0.008 1 0.0084 0.008 3 0.008 8 0.0107
0, 0.0056 0.0047 0.003 1 0.0032 0.004 1
0, 0.006 8 0.006 6 0.0057 0.0060 0.0074
MEHAERE 0, 0.0057 0.0059 0.0056 0.0063 0.0075
05 0.0057 0.0059 0.0056 0.006 3 0.0075

X (i) HURZIR & A 10 4 R A S A S IR R A 25 F T AR RS S AR WA 5 R mT R A6 1) A JRR T
B AR 7 # A TR S5 1 B KA R B8 T 4308 1.67 ,18.06 mm , A8 TP 4k 22 A0 K, U6 I 37 3815 5 55 4 1)
RS B 2 T A A ) 2 5 it A e 72 S5 0 ) 8 T s P S 18R 7 T A 57 58 i S A v B 2 TR AR A 5K
ZESERTIL T R TELE IR
RS5 X EMEHTEEEMERLERKTENER (HEMYE)

Table 5 Horizontal dislocation deformation of the deformation joint of the transverse

utility tunnel in X-direction( elasto-plastic) mm
LT 0.38 ¢ El Centro I 0.40 g Taft I 0.40 g
WD
t,=15.46 s t,=t;=15.88 s 1,=2.26s t,=t;=2.58 s t,=t,=t3=7.10 s

1) 4 B AT 49 4 Ju 1.56 1.67 1.61 1.54 1.30

LI ], Jhi 13.29 14.16 15.37 14.28 18.06
1) B 19 4 Jo 0 0 0 0 0

I EEAEIE T, Jia 0 0 0 0 0

X [ bR, 1) A R AR TR A A S B S B S5 AF R AT R AR TE RN R [l 5 B AR TR LR 6., 3R
AL, YN )RR T S AR A KO AR I LU AE A 32, FE i it R 4.61 mm 3 2 1) 48 R 30T 79 5078 T 4% T Al /K
AR LA A 3 SR SR KO 13.91 mm, N RARKT-ASTE L6 0 3 R 4h i i KR 4.36 mm, %25 5% 3
TR AT AT 15 YA ) b o B 2 ) AR AR AR R) 5505 2 ) A5 TR T A AR RS A e 1 a5 2 T 4 1% [l 4 3 AR T
KA 14.49 (13.31 mm , D\ [0 48 BRI 55 5 AR TR 88 ) 5 Bl B A 4323, B KoM 11,99 mm,



110 WwoE L B 5 T ®B & 3 545 45

®6 X EMEMR TMEEBERENKFERFERMNEEENTR (RE M)

Table 6 Horizontal opening deformation and vertical dislocation deformation of the deformation joint

of the longitudinal utility tunnel in X-direction ( elasto-plastic) mm
P 0.38 ¢ El Centro i 0.40 g Taft #% 0.40 g
AL
t,=15.46 s t,=t;=15.88 s 1,=2.26s t,=t3=2.58 s t,=t,=t3=7.10 s
P BERIET  Jay 13.47 9.77 10.63 10.90 13.91
HAIAE I, i3 -4.36 -4.26 -2.66 -2.76 -3.20
Ja. 14.49 14.46 8.89 9.12 10.45
Jia s 13.31 13.01 8.47 8.45 9.69
WP EHRIET S -4.61 -4.37 -0.01 -0.01 -0.52
ST s Jhan -0.58 -0.61 -0.10 -0.11 -0.23
Jua 11.99 11.97 5.63 5.76 7.15
Jha 11.24 11.23 5.45 5.57 6.91
2.2.2 Y [ R IE AT

1) AR S H

Y I REEUAN T A R4S AL M I 7 A SR S BT 26 AF R B R L RS A UL 7 RTINS A A,
JEARZ (6] JZ [ LR Ff1 60, fie K, S5 1) 45 R J= ) (S o B D 12630, T 4 R, 3758719 i PR =2 1] )2 [8] 437
o 1 IR [v) A5 JHR J22 [B) (2% £ 2288 L AR EFRAEL Y 16.67 %, X5 X [ MR s 00 T 192 1817 7% £ 43 A LA
A TSR] 3 A AR AT AV R AN () MR el 5 160 1 A6 1) A R R R AN (], G2 i J= S A% A 5 ) 52 T A
[, A7 A2 T s AR i 1 3 % ,  EE PRL A i B A [ i 77 7 22 5, i S SO A I AR UK R A
SEACAE SRR [F) ML R A 7 18] T AR A 2 R 8 2119 B A8, TR TR B B S R AL, A, P
El CentroVEHIT | 372875 s 2 22 (6] de JAR RS AL T X5 1oy UL 1) J2 [l (2 £ B A 22 311 A8/

RT Y EMEHMD TERESENCERNR B A (3HHE)

Table 7 Inter-story displacement angle of each monitoring position of utility tunnel in Y-direction( elastic)

LA 0.20 ¢ El Centro 3% 0.20 g Taft I 0.20 g
AL
t,=t;=7.82s t,=7.84s t,= 13=2.56 s t,=2.58 s t,=t,=t3=7.00 s
NS, 0, 0.0005 0.0005 0.0006 0.0006 0.0006
0, 0.0016 0.0015 0.0018 0.0017 0.002 1
0, 0.0010 0.0010 0.0012 0.0012 0.0013
i [i7) 55 JER 0, 0.0016 0.0016 0.0018 0.0018 0.0021
05 0.0016 0.0016 0.0018 0.0018 0.0021

Y Ja) MR T 1] 4 R AR S SE AR SR AT AR AF R BOUKP AR SR WA 8, Hhy R RN ) A Rt
SBTCAEAE AR TO0 T BKFAE S 9 0,5 X (0] b 7= Rl T 00 [R], 15 B AS W] b 52 Rl O ), 4 1) 7
JER A 9 B 22 [ iy 248 S — BRORAR AR 3 5 TS i) 7 R TOOA R AT 19 i A T S ) B KOK P8 s 7 A 3] g 1,71
3.13 mm S0 25 5 [F) R SR 37 S8 A5 R [ AR A v BRI RO ) S By, Wl AN () b R R O 1)
PR ST S A 5 S e BRI AR 22 S R A1y AR TR S R

RS Y EMBFHMTEEAEREMENKTENER ()

Table 8 Horizontal dislocation deformation of the deformation joint of

the transverse utility tunnel in Y-direction( elastic) mm
LZIF 0.20 g El Centro 3% 0.20 g Taft J 0.20 ¢
W7
t,=t;=7.82's t,=7.84s t,= 13=2.56 s t,=2.58s t,=t,=t3=7.00 s
% o) 7B 3T A Ju 0.92 1.02 1.56 1.71 1.36
BT ], Jii 2.15 2.14 3.13 3.10 2.90
5 16 45 SRR 1T R Jo 0 0 0 0 0
ILLEETE J, Jia 0 0 0 0 0

Y ) MR T i A B SE AR A 0 A SR A B K SKOT AR A B 1) B SR WL 9, k]
R, A1) A TR L Y S I BTN [R] 00 T /KRR 44/ T 0.10 mm, AT LAZ AN 5 2 1] A7 R TOOAS RS A
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W S AR S KOS LU R 3 S R0 1.75 4.04 mm ; 20 15 45 TR THUB R RS AU 1 A 20 1 4 W% 1l s 3
AETE 4351 h 6.83 770 mm, T2\ [ 857 B TOUA RIS A 328 15 0, 8 T 4 188 ) 485 Bl AR TR 8 M 43230, fe KK 3.82 mm,
FESL A AE SRR PR BT v 07 T A 1) 45 G AR T 4 8 [ 4 B AR

£9 Y EMERHTHNEEHMERENKTRF SRR EEHTRH ()

Table 9  Horizontal opening deformation and vertical dislocation dislocation of

the deformation joint of the longitudinal utility tunnel in Y-direction( elastic) mm
LAV 0.20 g El Centro % 0.20 g Taft I 0.20 ¢
WA
t,=t;=7.82 s t,=7.84s t,=1t;=2.56 s t;=2.58 s ty=t,=t;=7.00 s
Jan -0.68 -0.67 -1.75 -1.74 -1.07
S RET S Jaa -2.38 -2.38 -4.04 -4.01 -3.46
ILE I Ja 4.15 4.18 6.83 6.80 5.94
T 5.03 5.06 7.70 7.66 7.13
1o -0.01 -0.01 -0.01 -0.01 -0.01
YT A T S -0.01 -0.01 -0.01 -0.01 -0.01
Lt J, T 2.43 2.45 3.81 3.80 3.41
Tois 2.44 2.46 3.82 3.81 3.42
2) FRIAVEASIE o3 by

Y [l MR T, A RS 7 B A s SR S A 25 A R R RIS F WK 10, | R, S AT A
JEARZ BRI AL A 0, K, ZAF AR R, 0,8 IR R 132.50 %0, A0 7™ B 5 A 1) 45 JRE A T o
HEBZ INLRS A — B, A 2 BN AW ARSI, Ak, rT LUK, 0B E T 32287 s AR Z 8] 1 /2
[F) (5L B f it TRURE Al =22 18] 2= AR FS A 7Y 6.90 %

R10 Y EEHBH TERESENCE R B R (EEH)

Table 10 Inter-story displacement angle of each monitoring position of utility tunnel model in Y-direction( elasto-plastic )

AT 0.38 ¢ El Centro % 0.40 g Taft % 0.40 ¢
WA
t,=15.46 s t;=t;=15.88 s 1,=2.26s t,=t;=2.58 s ty=t,=t3=7.10 s
SEAETT 0, 0.0042 0.0043 0.0039 0.004 5 0.0059
0, 0.0093 0.0087 0.0072 0.0072 0.0087
0, 0.0067 0.0065 0.0056 0.0059 0.0073
Tk 1) 45 R 0, 0.0079 0.0075 0.0060 0.0059 0.0073
05 0.0079 0.0075 0.0060 0.0059 0.0073

Y [ RURN T R A RS AR SE AR S I R 3 M 26 A T KRS S AR DL 11, phy 2T A 1) AR
TEURR AR AR 55 13 A8 T 48 B KK P45 3078 T8 4351 8.68 141 mm , 3XFf 22 St [RI A SR 37 3219 o 5 86 ) 4 R s
HE BB R A o

K1Y EMEMTEAERERENKTENER (EEME)

Table 11  Horizontal dislocation deformation of the deformation joint of

the transverse utility tunnel in Y-direction( elasto-plastic) mm
P 0.38 g El Centro J¥ 0.40 g Taft % 0.40 g
W
t,=15.46 s t;=t;=15.88 s 1,=2.26s t,=t;=2.58 s ty=t,=t3=7.10 s
W R s 8.68 8.17 6.95 8.22 8.40
IR ), T 1.40 1.40 1.41 1.29 118
T s Je 0 0 0 0 0
EHZ?@QT& .]2 ]hz 0 0 0 0 0

Y R HBEE IR T, O\ ) R AR T A AR SRR A BT S F T B KT sk F AR TR RN ) £ Sh AR T WL ER 12, Rk
AIAT, YN R 1 S A T A KA T LU A 3, R4 Bt KR 2.43 mm 9 ) 45 JHR 30 71 o5 748 T 4% THAR /K
AT LA iR i R KR 4.64 mm, T RARK AR T LU 46 32, R4 e KR 18.85 mm , BEHH 7. 28
TR S YN ) B TR B v B =2 () AR AR 25 S X A AR T A 1045 i [ A R A A S R R A A
JEIR TR RS W 3T 1 i AR T 48 e AR ) Al B 43 SN 16.56 20,41 mm, 177 2 1) 455 B TR R0 JEG Az 4 5 28 E 5%



112 WwoE L B 5 T ®B & 3 545 45

IR [ S SR BON G, e KN 14.45 mm , G 10465 R AZ T 48 68 1) B S AR T A KRR AR T R 0 3, I 5 1k
FATF ISR TR BT,
F12 Y R THEERERLERN KT KT TR E @SSR (SEEM)

Table 12 Horizontal opening deformation and vertical dislocation deformation of the deformation joint

of the longitudinal utility tunnel in Y-direction ( elasto-plastic) mm
LA 0.38 ¢ El Centro % 0.40 g Taft % 0.40 g
W
t,=15.46 s t,=t;=15.88 s 1,=2.26s 1, =t;=2.58 s t,=t,=t3=7.10 s
ENDR-1 5 I P 3.74 3.37 4.22 4.28 4.64
HATPAE I, i3 -11.07 —-7.98 -12.60 -14.60 -18.85
s 14.72 15.53 13.56 14.37 16.56
Jis 18.56 18.71 16.35 17.20 20.41
Jan -0.42 -0.84 -0.16 -0.23 -0.50
PR T S -1.96 -2.43 -0.53 -0.63 -1.78
RIETEE T, Ju 12.64 13.86 9.00 10.33 13.08
Joay 13.11 14.48 9.06 10.43 13.45

A7 B R NI A7 AE B R 22 5% Holh T 1E38 2 A7 )48 R IR AN ), 3l 1757 38 48 A 1) 2 F A
2 55 0 o7 DR b R 0 Jr ) BN R I AEAE 2200 285 DA RS IR AR TR 285 S, Rl IR, b R s 7 1) Ry X
(RGBS R Al ) ) BF 7385 A TP AR 22 (]2 [ B8 AR 0, ok, M A2 SR 5 ) oy Y (MR A 3 45 TR 174 il
] ) B, 37385 s PR Z B2 RS AR 6, 5 K, H IR TAREB Y 2 B A2 A, Uk B S AT s Ab 1 A8 T e
TEE 2% HAUAS I RE S 855 , 76 37 38 B R P LA i T o 5 [ FE A

HBAEF T O\ 45 SRS T SE A7 AE /KT 3 T AR T RN 58 ) 585 2 AR T | 6 1) A5 JER S0 0 o AR TR A A7 e /K T4t )
AN o T ER TG AR R 1) A5 JER b o B 3 A A 22 1 B i I 2 S N I A DB A 1 A B Y AR T
N IE K TERRR T T 43 0 AT 3k 20 18 mm , W A3 19 S 4 PR it . eAh, 4 AR 59 s A8 P
S TE IO RN AR AL A7 7E 0 38 AR TG 22 57 IR TE 25 5 2 B 7 A1 s S A vE B TRl A AR TE AR 2 3 30, 1 5|
OGBS T S A AR AR IR ST 28 A TR AE AR A I (R AR T R, X 57 38 BG4S R HE AT AR 43 B
A, B TR A A 37 57 38T AR B BE A v BUE AR BT A

GyAN AEAR I A, S AE T A5 2 Z AR KA AR T A v BEANTE R — B 20 & A hBEHT T 45 2 2 18]
e KA XTSI X o T30 4 2 [ 5 A A 22 0 AR 5 TR AE T T, 45 J2 Z IRl K2 A7 8% # i H TOUIC Al 2 1) 23
(B RE A1) 19.15% , PRI, 7 WA AR 45 2 22 18] ) S5 K2 (B 8 A R At o e AN R T
23 WMo
2.3.1 X [a HOR B A5 A b

DLZFE A B, %o H RSl 7 ) oA X (BRI AE TR 1) il 1w ) B )+ 7 S I G A BR A T e BT . oF
S BRAE R GEAE T 2 it = B WL 11, 2 hidbi 5 R FBRIEZ R 0.15,

TEFEAERT O & AR EBOR K A 2 i 497, 3 32 22 ol T Y\ ) e B U BE ) 5 , VR
A RRLN JT B INITELEL 11 (a) o B A R 1 B 1 A2 P A A S AR R 2 AR TOURR A A2 Y A1 A
AR 5 SR AR AE 1) AR A, B B 5 AR AR 28 1 A A, S RS2 Rr i 20 0.27 3% F2 202 i T4 1) 45 R A
HE B Hb A= RN 7 1) P A B K I BT VI AR TR | S BRI 8 AR S hr B 3 R, S 28T s Az b i R AR
551 2 1IE MRS M AR AH S Ff S 8 LA KSR 2 )2 1E A8 AR A 7 M AR 43} ] 24 45° 7 1], fe R 32 P dii
297k 0.91, " H R H TR BE - Z P BRAE , FLAS A0 R 02 g T8 1) A R v B . A EE B DE A i B, 37385 4
I SR, FR R R T AL AT A A 1 A A bR AR TR O DA I, 5 B0 A A5 T Y
INWJE LN

FERFZAVERT , S5 RS2 P55 ™ 5, W VR A P (28 UL IR 11 (b) o AT 5 TR s o B () MO A A v B e 1
BRI 45°MBUARHY 2 P45 403 DX 3, LV 26 MR 08 £ 5 HH B0 5 25 TOUAR U T ) 9 475 X 38, 3 5% I L 0 ) 8 T 9 bt
SYUIRE IR PGA MBG I bk 2 R, H 0 7 B 3G K, e KRB 29°8 0.91, it MR BE + 2 hr 45 45 FRAEL
A5 1) A5 TR A 1 B A 2 A 0 07 5 TP R TR — B, (R AR 3 B W G K, e K2 bt 297 0.899 , i
HOTRBE L 2 Hi I B AR, 73S SR AR | A AT 38 3™ AZ AR A, 03 R A R T e R R, H
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R ZAARAIZ 0 0.985 , P H TR BE - 32 A5 0 BRAEL , ELA5 0 P J8E 38 R T 40 1) A R o o B MV 17 78 G A
HEBL, WEAh, AT RUR B, 57 A48 R 25 2 22 T die KRS AR I X o 00 T 9 32 At 4 2 S 28/

il
SNEG, (fraction=-1.0)

tion=-1.0)

Ca) LIFIE0.20 g

b

~\r( (fraction=—1.0)
49.851e-01
8210001 3

+R 210e- 07
+0.000e+00

,=15.46s . t,=t;=15.88 s
(b) “&IFJk0.38 g

B 1 +FAXIRERE X MRS B THZRRGZE

Fig. 11  Tensile damage cloud diagram of the cross interchange cast-in-place utility tunnel in the X-direction

2.3.2 Y [ R0 o B
Ko b R 5 ) Ry Y (RS A A R R Bt T ) SE A ST A8 B A R R AT 05 00 A, A R AR R AR 2 DEDR
HERAIREIE A N Wz P i = LA 12,

it
SNE

it

_ e

=
=

t,=t,=7.82 s

(a) “ZPFH0.20 g

i

ifli
SNE

1=t,=15.88 s

,=15.46 s

(b) ZiP0.38 ¢
E12 +FIXHWREHE Y HMERHAE THZRRGEE

Fig. 12 Tensile damage cloud diagram of the cross interchange cast-in-place utility tunnel in the Y-direction
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AP 12 (a) AT, FEFRRRAEHTT DN A SRR AR v B S AR 2447, 3K 55 X 1) MR 30 T 00— 2k, Ui A
6] 45 JER s B AN ] b =Rl 7 1) R S REOR 5 KA AOS99 DIRE s , BV AR vh B A R BT 39 VT RE U 52 1R
ARSI o A 1o A7 R B v B A2 1451 0 32 2t B 7 R 5 TR S8 1) £ A A U5 TR AR AR 52 19 A A
A B AR 5 TR A 58 ) £ 0, B RS2 H 05 200 0.4, 88 3 2 R 5 FRAEL , ELRB A X 1) b FR Sl T R A9
FUGHEL, 1 2 W [0 5 R A BT ML A=A O 15 2R B9 BT D) ARE S SRE UI AR O S 3219 o R AME B
A8 A R SRR AT P, LA B %A R 0 SN a8 AR I 27 T s R A DX, 1X 5 X 1)
bR W A T D], G R B DR S 52 R SR AT U — B, T Bt 2 A AR B 3 = il
7 [ AN RN T AE A, AR DR AR A AR RO o S AR s e RZ AR 290 0.9 , P H 2 R A FR{E, H.
PR 8 R 1) A SRR PR TE BE

HIP 12(b) IR FERFRAE IR | A7 A R RS AR A2 A 7 B, WA R BE O 1) 8 TG s o B 52 37 40
15 252 H B MR A B A, ELJE R T 4560 45U 32 R 475 X, e R Z REi 01290 0.92, 5 X [) L
VRN T B0 BB 5 A H3ET 3 2 T 1) A R A R RR A T B A A8 5 52 Ml 3= Al 7 1) )52 i /0N
A58 1) A7 R B o BEA A5 07 15 v R T 0 Py — B R 0 Y P 5 ), e RS2 P 49 0.9 , 1 B 2 Fsi
BRAE S A B 2% A i 0 A L SRR AT A | e RS2 REAAT 24008 0.98 , A 4 6 1] 1453 4 78 B it K
TYNIE R ERAREBL, S350, SE AL RS TR Z 1Al i KA AR B T 00 T 52 it O AR 22 e A K

L b AR TR MBI 7 1) &, 3T 57 A2 R A4t O e E RIS £ 4 L ey A ) B8 A T AR e A A e 2 22
S, BN AT RIS TE RS A, BRI RE ) 8555 HL e AR AR 2Ok AT , 2% A UFA A ™ i A 1 2 vh 3
G, HAX B DR B S 5 R A I . DRI, S7 5848 R RO Re MERE (AR OGTE o A, il LUK IR, S 5328
JBR 2% 2 22 () B R AT AR X L T8 9 32 P u 413 (07 B S Az P P e B AR 22 S AN R

3 #Hig

ARSCR SIS B8 05 S 57 S AE SRR A 2 A R e TS Y | U+ 7 S BB B A WFFE R R W
T2 AR M R T S A R N g ST ARG M R, A5 LR R

1) AR R MR+ S s R B L A8 A B B SR R B AR R RO R oK)=
)L £ 53 31 8 R BR HERRABLY 16.67% (167.50% , 52 44545 53 1) T 1% 0.910,0.985 , ™ HH ) 32 F 458 43 FR 1L,
I, 57 R AL S R R S L, I E AR ST S AR PR i

2) HRRAE T, 1o A8 SRR A T B A A /K- 5K T A R 0 68 o ity Sl AR | 8 1) A7 G 72 4 A A /K - 4t 3 22
o, T LA A SRR B Z AR S W RE 22 53 | a9 SR S A I i e R, KR AT A1) A SR A
[ 5 R T A I BE R AR 430 AT 3K 20 18 mm, R, W 45 25 R 9 IR SE YRR B, BB X A 52
PG AE R EATHURR S BTN L[ IS 57 57 S8 A B e AR v B R A A 7

3) BERIA SO T XUZR AL AR , 57581 1545 J2= Z [ e KA A AT T BEANTE Al — I 2 K 2, e fiE
B2 Z AR R B T BRI A ) JR LR A2 BT A2 AN R TR AR R, 45 )2 Z ek
JE MRS A G TR AR Z [R]Z AR AR B 19.15% , 0T AT AL, HEH A 3T XSUZ KR 2250, A b 24
1175 845 2 Z AR KR MR A, AR E e A T8

SEH .
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