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Abstract

In response to the overall uplift of a hot spring resort basement project during construction and
cracks in part of the basement floor and roof slab, a safety evaluation analysis of the structure was
conducted by means of on-site investigation and testing. The spacing and size of the members
were mainly inspected; the reinforcement of concrete members was tested; the compressive
strength of the concrete of the members was sampled; the beam slab elevation and column verti-
cality, the length, width and depth of cracks were tested and analyzed; geological radar was used
to presume the hollow bulge of the basement bottom slab; and the building floatation resistance
was tested and calculated. The results showed that: 1) The basement as a whole was unevenly
floated and tilted to the south-west direction as a whole, and the anti-floating did not meet the de-
sign requirements, which was the main cause of the accident. 2) The deviation of the axis position
of the column members is large, the spacing of the reinforcement of the wall members is not up to
standard, and the cross-sectional size of the members does not meet the standard, resulting in lo-
cal stress concentration in the members, which is the secondary cause of the accident. 3) It is sug-
gested that the basement as a whole should be reinforced after correcting the deviation, and the
construction measures to ensure structural safety during construction should be strictly imple-
mented.
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AR, R ST RIE FE M R S 40, T i T R e, Rt - S 1) S % 2 1] [2] 3]
SBORHAR AR L B0 TR B R R 22 AR 4]

WL BT AR G SR . FEIL MG B FL[5] [6] [7]- AXEeAR [8] LA 1475 1 2 15
T 5 TR 5, R0 T IRB SR RIA, 0T TR, ISR . AR BE,
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SR L L 1 AR Hh A RS AR 32
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8 FE R RE AT, I NI ST FE 57 55 38 SIS 1 S R 2 S 0 o S50 M 6 43 W 2 % A S5
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Yy 2%

AR, BRI (R S N R T, MR SRS 1013.04 m?, KRR I A FEFEZ) Y 4.85~7.05 m,
R FEEELE 7.80~8.00 m 2 [8], ZEMFHBM AT 1 fras. il A R B N =84k L%, TN EH0 K
B AN TAR HH B 4%, 3B MR A #E CAFTEB KL A (K 2).
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Figure 1. Planar axis network diagram
B 1 FEHmpE

Figure 2. Negative 1 floor basement and leakage situation
2. th 1 BT ERERER

3. MiHEERN BRI
3.1 HEERR

KR TR T REE BRI 25 A MK SO D7 248 0 A 5 DUREAT AR I, BLIAAG TN A I R S AR AR 4 i %
KRIELEEL 90 o, REEZ AN T oK BEAR DY A (151 3), # oy A BT 7 as, 4% KK 4500 mm, #
KFEFE 2.60 mm, HHABREBUCREER D N FIRSCRAERUD, B T ISRV (15 4), RgERK
KZ 4900 mm, O KFESE 0.52 mm; HU RS ZRMI FEMAIILMAMSG (5] 5) A /> B adat, REEZ RN T iE
fift, ZREEHNKE 3140 mm, R TEE 0.24 mm; R S b A BOR B DU JA AR R B 2 (151 6), RgE%
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FeHiE A

R, KU BEE, R4 K 1450 mm, REEHNTEE 2.40 mm; T = PH R b &
FETA AR AR AR (5] 7), SRABETE, HON R MR BRAT AL I 72 2 2% TE 2R 5% (14] 8), H K98 6.50 mm.,

-

Figure 3. Cracks in roof slab

B 3. Tthss

Figure 4. Cracks in the base plate
B 4 JRiRZGE

r

Figure 5. Wall cracks
B 5. k3
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Figure 6. Beam cracks
6. RR4E

Figure 7. Cracks on the top of column
7. HINZGE

Figure 8. Staircase column cracks

8. HERPIEREE

3.2. FEMRBEEZ

37K F SO C I BE AR VR LA TR BE R AT RGN, &5 SR ane 1 B, kS 10 AbvREe AL R EE, MR4E (TR
Yot - K TRt TR OO Y5 ) (GB50204-2015) 1 8.3.2 4431 5E, A MHhL i B R VF w2~ 8 mm,
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HIZE 1 W, SRR AL B A A 30 40.0%. A2k fi 22 5 9—202 mm E+13 mm. K ECKEE R
TR AR R AN A A, BRI TR gE

Table 1. Column member spacing test results

1 HEAHEREANER

A=) = PR it (mm) SEWAE (mm) 7z
1 (b-1)-(b-2)/(1/b-A) b 2k 1) 25 7800 7797 -3
2 (b-2)-(b-3)/(1/b-A) R 2 1] 2E 8000 8013 +13
3 (b-3)-(b-4)/(1/b-A) R 1] 2R 8000 7986 —14
4 (b-4)-(b-5)/(1/b-A) 2 1) 8000 8000 0
5 (b-5)-(b-6)/(1/b-A) R A 7800 7800 0
6 (b-4)/(b-A)-(1/b-A) 5l 2% 18] BE 4700 4713 +13
7 (b-4)/(1/b-A)-(2/b-A) A Al 2% [ B 6250 6248 -2
8 (b-4)/(2/b-A)-(3/b-A) bk 1A 2E 6600 6611 +11
9 (b-4)/(3/b-A)-(b-B) A A 2% [ 7050 7032 —-18
10 (b-3)/(2/b-A)-(3/b-A) 2 1A 2R 7800 7598 202

33 MEERT

L7 R NG FRORVBAR I SR SR MR S TR AR i A RS P A RO AT A I, S rp i i
AP J5E FEEAGHIN A FH AT T FLAN GRS 2CAerll - 20 JlibAe: 10 ARAEAIMF . 5 IREMIFE. 5 BURAR. 7 BRIN
BRI 3 Heabdi, RHE RS 25k TR it T p R Ae SORYE) (GB50204-2015)Ki5E , TRkt AA 4k R
FEVF 22 A+10 mm, —5mm, HAZAH ¢ RS 2 SR EA KT SR 2 1.5 .

SRS 2 PR: PR MBI R S A% 308 60.0%,  FR 7 AE A 48 T 0 P58 fi 25 R o A0 Vi 22
(K1 1.5 1, ARFEPRAEEER . Bl S P H R R 22 B % 208 80.0%, AV ZER . BTG iR
PR RO I 22 54 /RN 80.00%, AP A RV ZER o s OO PHAE T RS I 22 B 1% 5 R 0N 85.7%,
PG IVEEOR . it i P A RO i 22 S 4% i 80.0%, FF e AIVE 2R . S5 SRR MR MRl R~
BN REE ML

Table 2. Component section size failure results
=2 MEHERTIABER

LR Jraas WHHE (mm) SEE-4(E (mm) iz
(b-1)/(1/b-A) fE 400%400 412*390 +12,-10
(b-5)/(1/b-A) FE 400400 405*505 +5, +105
(b-1)/(2/b-A) fE 400*400 412*388 +12,-12
(b-1)/(3/0-A) i 400*400 411*389 +11, =11

(b-1)-(b-2)/(2/b-A) 7 350*650 350*640 0,-10
(b-1)-(b-2)/(b-A)-(1/b-A) e 300 330 +30
(0-3)-(b-4)/(2/b-A)-(3/b-A) 7 ik 250 270 +20
(0-2)-(b-3)/(b-B) 1% 300 290 -10
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3.4. BTG RE R EREEAN

K FH AN A I SO TR B i L AR SRR AN OR 2 R B AT SRR A, A3 i EL 8 BRTIAR . 8
HAMEERD 6 MMM, $RHR QREE T PRI AR BFE Y (JGI/T152-2019) M, Frimtasitaft 96
AMRYZEFEN S, A% R 38 A, BRI A OR A 2 JEL R Sl i 22 B S b AU 39.6%, ANTF
GREER s BT A TR A 1F 96 MR 2 B EEM firh, A% 5580 52 S, BRI O 2 B 5
M ZEAE A R ZN 54.2%, ARFERITEER: Frimi 2 25 MR ZEEEN s, &% miEch
114, BERAAN A PR3 2 5 FE S 2218 & 4 s %60 54.0%, ARFERITEEKR .. RYZEEAEE S
AR, BPRAREE 2 ST SR, R EVE GRS VR ) AR, S 2 SR, 5
PR,

35 MERELTIMESE

DX RS 5 . A AT IR B LT R SR BRI, MR SRR BY g A A TR R R
44 C30. R FH (a1 g g e sy AT A (WL 55 3 A3 4), 43 i 8 TS AN 8 ARAE M1, JhARS: SR
TN B RE R IS B VR B L bR 5 A E OK T 60 MPa, 1R &l ES 4l A (b-4)-(b-5)/(3/b-A) Fli 1
(b-5)-(b-6)/(3/b-A) i BY 77 5E 4 A1 I 168 HAVR ¢ 30 H 9 B2 HE e 5 73731 76.9 MPa il 65.5 MPa,  HH T [R] 3t &
BTN G F v TRV, SO R — R AR A AT DX R R R A AT S, S 2 R s T
TR PUE SR M BN 71.2 MPa Fl 67.4 MPa. 4kt il K (b-3)-(b-4)/(b-A)-(1/b-A) i |
(b-3)-(b-4)/(3/b-A)-(b-B)Fi 1 (b-5)-(b-6)/(1/b-A)-(2/b-A) il th T % JeS A LI 1 VR 4t - 70 s o i o {2 90 Tl M
49.3 MPa. 42.3 MPa fll 47.5 MPa. 45 %H3& VR AL 2448 3138 2 th TR PRl s A 2 i R o

Table 3. Compressive strength testing of concrete for beam members by rebound method
2 3. EEEERMRMERRTINERE

Al LR iR Beit A AR P 1558 B (MPa) NI GREEE(MPa) S8 E (H(MPa)
B (b-4)/(b-A) C30 / >60 >60
Iia (b-4)/(2/b-A) C30 / 52.6 /
#* (b-2)/(b-A) C30 / >60 >60
H (b-2)/(1/b-A) C30 54.2 51.0 51.0
e (b-5)/(2/b-A) C30 / 56.0 /
iz (b-4)/(1/b-A) C30 / 495 /
fE (b-3)/(2/b-A) C30 / 48.4 /
¥ (b-1)/(b-A) C30 / >60 >60
i (b-3)-(b-4)/(b-A) C30 / >60 >60
i (b-1)-(b-2)/(b-A) C30 / >60 >60
i (b-1)/(b-A)-(1/b-A) C30 / >60 >60
8% (b-5)-(b-6)/(b-A) C30 / 56.5 /
1 6/(2/b-A)-(3/b-A) C30 / 58.1 /
i (b-5)-(b-6)/(3/b-A) C30 / >60 >60
i (b-4)-(b-5)/(3/b-A) C30 / >60 >60
it (b-1)/(1/b-A)-(2/b-A) C30 / >60 >60
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Table 4. Drilling core method for testing the compressive strength of concrete of beam members
4. ENERNREERRIINERE

I Rl
UL BIEH mromest SEWRESRE O REOMEEL  SUEONRELUE
PUESREM(MP)  SREEHEE(E(MP)  BURSREEME(MPa) SRS E (E(MPa)
51.3
(b-3)-(b-4)/(b-A)-(1/b-A) JERAR 49.3 49.3 / /
49.7
423 /
(b-3)-(b-4)/(3/b-A)-(b-B) JEEAR 423 /
479
475
(b-5)-(b-6)/(1/b-A)-(2/b-A) JEEHT 51.7 475 / /
49.2
79.3 75.7
(b-4)-(b-5)/(3/b-A) i 76.9 76.9 71.2 71.2
80.2 76.9
72.3 74.4
(b-5)-(b-6)/(3/b-A) 1k 74.2 65.5 75.5 67.4
65.5 67.4

36. WTERRSEMEEEERN

KA R A B KON N A TR TV = A . 3R SRR M = FE . R A
R I P AT A o

GERRI: MM E TR I RO AR IbE . PR R, s v AL, HoEFE N 66.0999 m,
BARME N PERG M, Ry 65.3977 mo 5T 5 THUAGA 20t AR T 52 15 7 (65.200 m)AHLL, HbF 2%
& B, EFEIS 0.1977~0.8999 m. M4k LML RN =@ PR Oy WAL, SibE, 7Hm R R R
21.4%0~24.4%0, T4 ] J5)FBMURI . 2.5%0~4.5%0; Hh T &AM I 78 £ H AR AL PR IR AL, sk
ZRARM, HrmFEoN 59.7918 m, S ARAL A TE R A HomiFE N 59.1788 m. L5t T = JEAR AR 1 % 1 =1 (59.100
m)AIEL, MR =R B, FiFETA 0.0788~0.6918 m, Sk N R IR mAEHEE LI BARE —EE R,
i TR 2 M R =Tk G H BB A . B LN = r a7 e, S5, v SRR
25.1%0~27.1%o0, [ [] JR 3B A2 2.2%0~3.9%o-

R 5 A, MR 200 A R R AR R f ik 27.7%0, 4 1) )5 BRI RE 3 2.5%0~5.5%0, St T S AR
RHAETF o

HH% 6 Aln, AR T AR 2 22.7%0~30.0%0, FE AL 77 RIHIARL 2 0.5%0~4.5%o, [F]FE 5 AR 51 A
Fo

&R, HNEKIFES F R TN = |5 I EA AR M, BN = R A2 R B AS
[, fith N =8k 2RAYS LiF, BSE0MTR, BEEAFEENAEHAGEM 4.
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Table 5. Basement beam elevation testing
2 5. MITRE RN

RS A7 3 1= AR () A )iy L R () 10IR} 28 (%o)
(b-2)-(b-3)/(2/b-A) 63.3058 63.3268 26
(b-2)-(b-3)/(3/b-A) 63.1268 63.1528 33
(b-3)-(b-4)/(3/b-A) 63.1528 63.1968 55
(b-3)-(b-4)/(2/b-A) 63.3268 63.3548 35
(b-3)-(b-4)/(1/b-A) 63.4956 63.5158 25
(b-2)-(b-5)/(2/b-A) 63.3548 63.3898 44
(b-2)-(b-5)/(1/b-A) 63.3058 63.1268 271

(1/b-A)-(2/b-A)/(b-3) 63.4956 63.3268 21.7
(2/b-A)-(3/b-A)/(b-3) 63.3268 63.1528 26.4
(1/b-A)-(2/b-A)/(b-4) 63.5158 63.3548 26.4
(2/b-A)-(3/b-A)/(b-4) 63.3548 63.1968 23.9
(1/b-A)-(2/b-A)/(b-5) 63.4968 63.3898 175

ik 1) REGABEMBRN, A ACMBTEM. 2) FERER = P ERE .

Table 6. Column verticality testing
2 6. HEHERN

i T 22 (mm) A4} 2 (%o)
RO A
R IT T [EElwa! FRFETT I [Elvaam|

(b-5)/(L/b-A) 90.0 7.0 231 19
(b-4)/(1/b-A) 97.0 5.0 24.6 14
(b-3)/(L/b-A) 91.0 5.0 233 12
(b-2)/(L/b-A) 95.0 7.0 242 17
(b-5)/(2/b-A) 88.0 2.0 227 05
(b-4)/(2/b-A) 117.0 18.0 30.0 45
(b-3)/(2/b-A) 98.0 3.0 25.4 08
(b-2)/(2/b-A) 114.0 4.0 293 11
(b-3)/(3/b-A) 102.0 11.0 25.8 27

ik 1) HEEE DRV, TR SRR IE, RO, 2) HEMREE = KB 22/ B hR e — BRI bR ), BRI
i, PN IE.

3.7. MR XM

ST FE M5 T i SR HE 1 Hh R S RS B L, AR YRR AR IS SO 9 R 10), AR biF
SEU I S B TG AN SR AR 2 SRR, AR s S5 248 0.55~0.75 m, PEIN i =5 5 204 0.10~0.40 m,
1T T ra At m AR i e 2 S PR AR — B0, F040 DX 3 AT BEAZAE IR B A 2k S BUR e T AN -4

DOI: 10.12677/hjce.2021.105051 457 T ARTHE


https://doi.org/10.12677/hjce.2021.105051

’ MMWWM“ o »

W;mm My

(TN L

Figure 9. Radar photo of the measurement line between axis b1~b2 (from east to west)
9. HhZk b1~b2 Z BN (H K@) F LR A

e e G R A

WAV I M) A b Map 0,
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Figure 10. Radar photo between axis 1/b-A-2/b-A (from north to south)
[ 10. #hZk 1/b-A-2/b-A Z [E)(FILERE)E LR A

38 BRMTRE

W R G IR BRI AT B VR SR TR A TR BV SR TR X IR K EED BJR
WK, BT, BT ALAR R % T 7E I i 3 4 =5 40 (65.000 m).

RIS R DU U0 R 22 4 AR MO 0.242, BEARPUPR I8 55 42 4 A 80 0.377, Hiz /1 e B5R4E 1.05,
N EFUFAB LR RSO T E RSB AT = s R 2 A /.

3.9. BuH%& A H ftb FR Ein) &

SR FFVAD f o WU 4SOt VR i 1 358 RS EM 73 [ BE 3EAT FASE AN, 23 04 E 8 6 RN 8 Bebida, AR (V&
AR R TR AR AR (IGIIT152-2019), i i = (b-1)-(b-2)/(b-A)~ (b-2)-(b-3)/(b-A)+ (b-3)-(b-4)/(b-A)-
(b-6)/(L/b-A)-(2/b-A) S5 R HHIR R IR FEA TR S AR, W S8t T =52 A, A 54,

DOI: 10.12677/hjce.2021.105051 458 TARTHE


https://doi.org/10.12677/hjce.2021.105051

HH

W

3E

4. BAERSEWEA S

HRAE I A A 0T, 15 T 2t N S R A SR ISE A0 R 1) FERMEERIZR 07 B W 22 50K,
EHREIUE . 2) FEMAREII RS ARFEFREER . B2, AR, TR, Bk Rk ROHE BRI bRt .
3) K. M. RAPFINE TRYE R R K . 4) S PE N ] B AN BIRVEARAE, AR (A B
HIVEE R . 5) FIRIBMNNZ N FHEEF AR, 2 I IHRER AR ER. 6) . .
JEE AR TRk - 70 s 0 P i MELA B SR A5 2. 7) R RS IR, REPUR R 1A R BIRE
0.242, FyvEfHKIE 0.6928 m. 8) AR MUIJECAR Bt 2 45 v M e AR J0E 2 JE B, ZR I 2 JE B 2029 0.55~0.75 m

MR DL IR A AT AE B, 0Tz = VR 1 A SR T MR R AT

1) ZLREPURARAIE AT & DAL RGO, MU R 5 BT 7E 37 M 3R I = AR NPz KA B S
PUIF 24 REOE /N TREE, AR5 B AR EE 5, T =R SR IR S 15 0L, LB 2 )5 R i
0.75m, BPSEBRYTIFAKAL G WA HUF AN AR, T =Bk F7 = 1022 5T 2 3 ECE MR A R

2) HBIT A AL B 22 AL R TR RS A DR AP 2 SRR L B A [ PR AN R BT 2R, e L,
A AT, WL RAATERE, St miietEARA BB E witE, SEuh FENIEARY, 75
BKIFIMERT, FPEAERREET, MK —H%4%,

G, MfFit This 2, ANHREATTEER, NREHORERIRERR.

5. &R 5EW

HRE X R EL A AR 4, R0 AR EZER AL

1) iz N BN TN LR U AR AL S WU K AL BN, B T = AR I L 0.69 m,
HARFEINE KB BRI I ARt o o e e ) E EE LA

2) MfFlE TR, AR E AT A SRR, i T A KRR, ST S BRI AL,
FEEFIIE R R P AL R B /15 IR i TR A

3) HEVOMHL T = BARALY ) LT AR SN AL B BEXT AR AR R R OB AR B s X 2R (Mt
R AROBE 2 DXS AT ] A B

4) L TR A N R S A OV AT BT EOR, AN AT RS e TS, AT THER, A
PRI 157, 252 J7 R, VIS AT R 20T % .

S E 3k
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